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Background and Meeting Objectives  
The Nipah Research and Development (R&D) Roadmap provides a 6-year framework beginning in 2024 for identifying the vision, underpinning 
strategic goals, and prioritizing areas and activities for accelerating the collaborative development of medical countermeasures (MCMs) – 
diagnostics, therapeutics, and vaccines – against Nipah virus infection. The roadmap is a key component of the World Health Organization’s 
(WHO’s) R&D Blueprint Initiative, and was first drafted in 2017/2018 with input from subject matter experts, including a core group of taskforce 
members. WHO now aims to finalize and formally launch the Nipah R&D Roadmap, and the draft has been updated to incorporate recent 
scientific advances and research. The roadmap will be delivered to WHO in late 2023 for publication on the WHO website. 
 
The meeting objectives include the following: 

1. Briefly recap each of the four topic areas of the Nipah R&D Roadmap (cross-cutting, diagnostics, therapeutics, and vaccines). 
2. Review the goals and milestones in each section and develop consensus on the wording and timelines for each milestone, as time 

allows. 
3. Identify the milestones or issues that are highest priority. 
4. Discuss challenges and opportunities for implementing the roadmap goals and milestones.  

Meeting Participants and Observers  
Meeting participants and observers joined both in-person and virtually. Those who participated virtually are noted with an asterisk (*). Sushmita 
Barmen was also present in-person as the meeting organizer for Wellcome.  
 

Meeting Participants 
Christopher Broder Tabitha Kazaglis* Michael Osterholm 
Emmie de Wit Eve Lackritz Julie Ostrowsky 
Petra Fay Stephen Luby Shahana Parveen 
Alex Freiberg Alison Mack Marie-Pierre Preziosi 
Pierre Formenty* Anje Mehr* Mahmudur Rahman 
Josie Golding Joel Montgomery Christina Spiropoulou 
Emily Gurley Kristine Moore Anaelia Siya Temu* 
Kim Halpin Nicolina Moua* Angela Ulrich 

 
Guest Observers 

Zakiul Hassan Cathy Roth Laura Mazzola 
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Cross-Cutting Issues in the Nipah R&D Roadmap  
Emily Gurley served as the facilitator for discussion of cross-cutting issues in the draft roadmap.  
 
Emily began the session with a review of important advances, barriers, challenges, and key needs for Nipah (NiV) vaccines. Key points from that 
discussion:  

 Various entities (e.g., the National Institute of Allergy and Infectious Diseases [NIAID]) have been providing financial support for this 
work (Spiropoulou, Gurley).  

 Researchers and developers have made significant contributions to NiV vaccines in the last 5 years; that’s been the main R&D push, but 
we’re now coming to a bit of a roadblock (Spiropoulou).  

 The discovery of other henipaviruses, such as Langya, raises the importance of NiV and henipaviruses in general (Montgomery). 
 Surveillance is lacking (Montgomery); the more we look for henipaviruses, the more we’ll find and they will continue to be a global 

problem (Broder).  
 The Centers for Disease Control and Prevention (CDC) supports NiV activities, but not to the same extent as NIAID; for example, 

surveillance isn’t adequately supported in Bangladesh, India, or Southeast Asia (Montgomery). CDC’s investment in Bangladesh has been 
crucial, but more effort is needed (Luby).  

 More surveillance is needed in Bangladesh and India as well as other countries (e.g., Philippines, Malaysia). Undiagnosed NiV infections 
likely are occurring and we need to better understand the burden of disease and transmission; we are potentially missing a lot of cases 
(Montgomery, Luby).   

 We also need better surveillance of bats to improve our ecological understanding, including in SE Asia, where there are likely more 
strains of NiV circulating in wildlife than we are currently aware of (Montgomery).  

 CDC is working on modifying case definitions and respiratory surveillance. We are missing cases because our surveillance is not good 
enough, and this affects diagnostics and other MCMs. Identifying cases earlier in illness (e.g., respiratory phase) is critical but not yet 
accomplished (Montgomery).  

 Surveillance for Japanese encephalitis (JE) is ongoing in Bangladesh, including the collection and characterization of blood samples.  
These samples could potentially also be tested for NiV if funding can be made available (Rahman).  

 In the past, incident-based surveillance was conducted, but funding has weakened and now only large clusters of infections are 
identified, missing sporadic cases. The JE surveillance program could be leveraged, and this is being pushed by the WHO South-East Asia 
Regional Office (SEARO), along with JE vaccination (Rahman).  

 Surveillance is the key to making a business case for development of NiV MCMs (Gurley).  
 Minimally invasive diagnostic methods are needed that avoid cultural reluctance for postmortem exams (Halpin). 
 Bangladesh has made significant advancements over the last 5 years in postmortem exams through minimally invasive sampling. These 

updates could possibly be added to the epidemiology/surveillance section of the roadmap (Gurley).   
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 Risk communication is important and potentially a cross-cutting issue; it should be addressed somewhere in the roadmap. The roadmap 
also should address the need to involve media, policymakers, and the general public in NiV prevention efforts (Rahman).  

 Political buy-in is important for surveillance, reporting, and prevention (Gurley).  
 We should consider linking NiV to other surveillance efforts, including influenza and postmortem work. If we can create a common 

platform and case definitions, we can identify cases for further testing (Parveen).  
 The Coalition for Epidemic Preparedness Innovations (CEPI) is engaged in discussion with regulatory authorities on advancements in 

licensure and approval of NiV MCMs (Rahman).  
 The long-term goal is to have a rapid, bedside diagnostic test. Antibodies/antigens are available that could be used to develop such a 

test, but investment is lacking (multiple participants).  
 

Emily then led a discussion of the draft roadmap strategic goals and milestones for cross-cutting issues. Discussion highlights are detailed in the 
tables below. 
 

Cross-Cutting Issues: Strategic Goal 1 and Aligned Milestones 
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 1: Identify additional and 
ongoing sources of private- and public-
sector funding and develop appropriate 
incentives and competitions to promote 
R&D of NiV MCMs. 

 No comments.  No edits suggested.  

Milestone 1: By 2025, develop a public 
value proposition to effectively advocate 
for the development and sustainability of 
NiV MCMs that: (1) articulates the 
potential global threat of NiV infection, 
(2) outlines the social and economic 
benefits of generating accessible and 
affordable NiV MCMs, and (3) details the 
positive impact on the health systems in 
affected areas.  

 Persuading people that this issue is a reasonable 
investment is challenging, given few recognized cases 
(Luby).  

 It might be worth emphasizing the risks posed by gain-of-
function research with NiV, especially given the 
democratization of synthetic biological tools (Luby). All 
disease roadmaps should acknowledge this risk (Gurley).  

 The COVID-19 pandemic showed what can happen and 
how either humans or nature can make viruses bigger 
threats. Even without nefarious actors, nature will give us 
more challenging viruses; roadmaps should acknowledge 
potential for enhanced transmission (Osterholm).  

 Three quarters of the world’s population is at risk from 
NiV and henipaviruses, not just SE Asia. Henipaviruses 

 The group agreed that the 
value proposition is still 
needed (and should remain a 
milestone). 

 Add phrasing to the 
Introduction to acknowledge 
recent experience with 
coronaviruses to capture the 
point about nature and 
humans both capable of 
more challenging viruses. 

 Remove “potential” from 
point #1 of the milestone; 
emphasize that this is a 
global threat that requires 
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should be emphasized as the virus being focused on, as it 
is more inclusive (Montgomery).  

 While milestones under this Strategic Goal are important 
and should be addressed soon, no timelines should be 
earlier than 2024, as the roadmap will not be published 
until 2024 (Moore).  

global engagement (Luby, 
Gurley).  

 Modify milestone language 
to the “global threat of NiV 
and related henipaviruses” 
(Moore, Gurley).  

 Add a comment to the 
Introduction about the risk to 
the global population.  

 Change the timeline from 
2025 to 2024. 

Milestone 2: By 2026, create a funding 
plan based on the value proposition for 
moving NiV diagnostics, therapeutics, 
and vaccines toward clinical evaluation, 
licensure/approval, acceptance, and 
sustainable access.  

 Since 2017, the funding situation has improved (e.g., 
CEPI, Gates Foundation). The shortfall of indirect funds is 
the major current roadblock (Broder).  

 An expert able to provide economic calculations to 
inform a clearly-articulated value proposition is important 
for NiV MCMs (Preziosi).  

 A value proposition has been developed for Lassa fever 
therapeutics; the group could consider reaching out to 
the team that developed that proposition (Hassan).  

 In addition to a solid economic calculation for NiV MCMs, 
we need the vision and explanation of importance from 
NiV experts (Gurley).  

 Change the timeline from 
2026 to 2025 (Gurley, 
Moore).  

Milestone 3: By 2026, develop a 
coordinated strategy for promoting and 
incentivizing greater industry 
engagement in R&D for NiV MCMs.  

 CEPI and pharmaceutical companies in Bangladesh are 
discussing stockpiling vaccines; they might also be 
interested in stockpiling monoclonal antibodies (mAbs) 
(Rahman).  

 At a CEPI meeting in June 2023, concern was expressed 
that mAb therapies are not feasible due to expense, even 
though their cost has been reduced drastically the last 5-
6 years. Because NiV and Hendra do not mutate a lot, 
mAbs could be useful for a longer period of time and they 
could be combined in cocktails (of >1 antibody) to 
prevent viral escape (Broder).  

 Add mention of indirect costs 
and shortfalls. 

 Add in-country industry 
partners. 

 Change the timeline from 
2026 to 2025 (Gurley, 
Moore). 
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 Indirect costs and shortfalls are lacking but needed for 
industry partners to produce GMP products that are 
ready; the money is not currently there (Broder).  

 Industry interest in NiV MCMs may have changed from 
what it was previously as a result of the COVID-19 
pandemic (Roth).  

 In addition to industry work on MCMs, there are US 
federal scientists and industry partners who will produce 
countermeasures for the public benefit. It is important to 
promote that the technology for the MCMs is available 
and that it be given to affected countries so those 
countries can evaluate and manufacture for their own 
use (Broder).  

 Participants raised the importance of engagement of in-
country industry partners.  

 
Cross-Cutting Issues: Strategic Goal 2 and Aligned Milestones 
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 2: Improve understanding 
of NiV epidemiology and ecology to 
better define the disease burden, risk 
factors for infection, and risk of spillover 
events in affected countries. 

 Instead of “affected” countries, use “countries at risk” or 
“countries with appropriate reservoir hosts” (Gurley, 
Rahman, Moore).  

 Change goal language from 
“affected” countries to “at-
risk” countries and include 
reservoirs in the revised 
Strategic Goal (Moore).  

Milestone 1: By 2025, develop a plan for 
enhancing human NiV surveillance in 
India and Bangladesh outside of existing 
surveillance areas (i.e., where cases 
previously have been identified). This 
should include securing funding, 
identifying additional surveillance 
catchment areas, engaging key partners 
in those areas, generating standardized 
surveillance protocols, and conducting 
training for implementation.  

 Discussion for milestones 1 and 2 (which currently 
separate development and initiation of a NiV surveillance 
plan) had significant overlap, and the group agreed that 
they should be combined. 

 Consider adding leveraging of existing surveillance 
platforms for other disease, such JE (Rahman).  

 It is also important to collaborate with organizations 
already in place, e.g., CDC and WHO (Parveen).  

 Surveillance should not be restricted to human 
surveillance; instead, this should include all relevant 

 Combine milestones 1 and 2; 
the revised milestone 
timeline should be 2025 
(Gurley, Moore). [Note: In 
the edited version, original 
milestone 1 is now milestone 
3.] 

 Add a new milestone on 
human surveillance outside 
of India and Bangladesh with 
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Milestone 2: By 2026, initiate enhanced 
human NiV surveillance to better 
characterize NiV epidemiology (including 
the potential for spillover events), 
promote early case detection, and better 
define the disease burden in India and 
Bangladesh, particularly outside of areas 
where cases previously have been 
identified.  

efforts, such as surveillance in domestic animals and 
wildlife (Roth).   

 Surveillance must be clearly embedded in comprehensive 
strategies for prevention and control. We want India and 
Bangladesh to lead in surveillance and extend their 
leadership to other countries (Formenty). This highlights 
the importance of broadening surveillance to include 
henipaviruses, and the importance of disease prevention 
(Gurley).  

 One Health issues are important in relation to 
surveillance for spillover into domestic animals and 
livestock (Broder). Such issues are an important part of a 
value proposition (Gurley). Tests for some diseases are 
required of certain species for international 
transportation (Halpin).  

 Instead of using the word “Nipah” throughout the 
roadmap, it should say “Nipah and Nipah-like” or 
“Henipavirus” (Gurley, Broder).  

 Hendra virus genotype 2 (HeV-g2) taught us that PCR 
tests will miss related viruses, and therefore we need 
serology on samples (Broder).   

 Add a milestone on conducting human surveillance in 
areas other than India and Bangladesh. 

a timeline of 2025. [Note: In 
the edited version this new 
milestone is now milestone 
4.]  

 Add a milestone on 
conducting surveillance 
outside of India and 
Bangladesh in animals with a 
timeline of 2025. [Note: In 
the edited version this new 
milestone is now milestone 
5.] 

 Expand language in the 
roadmap, as appropriate, 
from just “Nipah” to include 
Nipah-like and/or 
Henipaviruses (Gurley, 
Broder).  

Milestone 3: By 2026, generate and 
implement standardized protocols for 
case investigation that are aimed at 
identifying risk factors for primary NiV 
infection and at conducting case-contact 
studies to better understand chains of 
transmission (Hedge 2023).  

 Incorporate One Health for this milestone (Rahman, 
Gurley).   

 Bangladesh already has a protocol for this, and the 
milestone could be moved to 2024 (Rahman). However, it 
might take time for India to meet this milestone (Luby).  

 WHO could help by hosting a standardized protocol and, 
if spillovers happen in other countries, they could go 
through WHO to avoid inter-country tension (Luby).  

 WHO has developed several standardized protocols for 
other diseases, such as Crimean Congo Hemorrhagic 
Fever (CCHF). Part of that work involves WHO developing 
a standardized protocol for appropriate and in-depth case 

 Change the timeline from 
2026 to 2024. 

 This will now be milestone 1 
in the edited version because 
of the date change. 

 Add One Health language to 
the milestone.    
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investigation. This is needed well before 2026 
(Formenty).  

 Bangladesh and India have protocols in place; the push is 
to share, modify, and expand into other countries, and to 
have funding for that work (Montgomery). 

 “Standardizing” includes adaptability to individual 
countries/regions (Gurley, Osterholm).  

Milestone 4: By 2026, develop plans for 
conducting additional research in India 
and Bangladesh to identify the potential 
for and drivers of spillover events, 
particularly in areas where NiV cases 
have not yet been identified.  

 Additional research should not be restricted to India and 
Bangladesh; for example, Malaysia has requested work 
on such protocols (Formenty, Gurley).  

 Change the timeline from 
2026 to 2025.  

 Revise milestone so it is not 
restricted to India and 
Bangladesh (Formenty, 
Gurley). Instead, refer to at-
risk countries. [Milestone 6 in 
the edited version.] 

Additional considerations   The following comment was made in another section: 
Country-level capacity will need to be assessed and gaps 
identified as part of standard clinical protocol 
development (Parveen). This work could be included in 
one of the surveillance-related issues (Gurley). 

 Later in the discussion, participants suggested the 
following milestone (originally milestone 4 under 
Strategic Goa 4) be moved to this goal: By 2026, establish 
capacity at selected surveillance sites in India and 
Bangladesh to investigate NiV-related deaths by using 
post-mortem minimally invasive tissue sampling to 
enhance understanding of NiV disease pathogenesis 
(Bassat 2021). 

 Consider adding the 
following milestone to this 
goal: “By 2025, assess 
country-level capacity in 
affected countries to 
implement standardized 
clinical protocols for case 
investigation and address key 
gaps in implementation.” 
[Milestone 2 in the edited 
version.] 

 Move the following 
milestone to this goal: “By 
2026, establish capacity at 
selected surveillance sites in 
India and Bangladesh to 
investigate NiV-related 
deaths by using post-mortem 
minimally invasive tissue 
sampling to enhance 
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understanding of NiV disease 
pathogenesis (Bassat 2021).” 
[Milestone 7 in the edited 
version.] 

 
Cross-Cutting Issues: Strategic Goal 3 and Aligned Milestones 
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 3: Determine the 
requirements for clinical trials, regulatory 
pathways, and other considerations that 
will affect licensure or approval of NiV 
MCMs by engaging an international 
regulatory working group representing 
NRAs in affected areas and other key 
international stakeholders. 

 No comments.  No edits suggested (although 
the comment below on 
changing the wording from 
an international regulatory 
group also applies to the 
wording of the goal).  

Milestone 1: By 2024, conduct scenario 
planning to clarify the regulatory 
procedures and determine the 
acceptable pathways for approval and 
emergency use authorization of NiV 
MCMs (including vaccines, novel 
candidate therapeutics, repurposed 
therapeutics, and diagnostics) in 
countries at highest risk for NiV 
outbreaks (i.e., Bangladesh and India) 
through an international NiV-focused 
regulatory group.  

Discussion and comments for Milestones 1 and 2 are 
combined in the following bullets:  
 The group touched on CEPI’s accomplishments specific to 

vaccines, but noted that this milestone is broader than 
just vaccines (Gurley, Moore).  

 In 2018, NIAID and country partners (e.g., Bangladesh) 
created a protocol for use of mAbs. However, this was 
not the work of an established international regulatory 
group (Broder). 

 Regulatory issues are major barriers to industry 
engagement and private sector participation. It would be 
helpful to understand these issues better and have an 
advocacy strategy to overcome those issues (Luby).   

 Look to WHO’s work with the African Vaccine Regulatory 
Forum (AVAREF), which allows for interfacing with 
regulators. It might be possible to create a subgroup from 
that group for relevant discussions (Roth).  

 WHO’s work with African regulators to involve the 
regulators on reviewing protocols and dossiers – mostly 
for vaccines – has been very positive, allowing for 

 Replace “international NiV-
focused regulatory group” 
with “international forum of 
regulators” or similar 
language (Moore, Preziosi).  

 Marie-Pierre Preziosi will ask 
a colleague at WHO for input 
on this milestone wording.  

 Milestone language should 
clarify that this is scenario 
planning to identify gaps 
(Moore, Gurley).  

 Remove “countries at highest 
risk for NiV outbreaks (i.e.,)” 
and “through an 
international focused 
regulatory group.” 

 No change to timeline.  
Milestone 2: By 2025, determine if any 
key gaps exist for regulatory approval 

 Milestone 2 should be 
reworded to “develop 
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and emergency use authorization of 
candidate NiV MCMs in affected 
countries and develop strategies to 
address those gaps, with specified 
timelines for completion.  

progress made on regulatory harmonization. Broader 
efforts are being led now, such as working on mAbs 
(Preziosi).  

 The regulatory agencies in India and Pakistan are already 
involved, and therefore the focus should first be with 
them, followed by engaging others more broadly. There is 
a potential for bottlenecks if the work goes too broad at 
first (Gurley).  

 What constitutes a regulatory body (Gurley)? Examples 
provided were FDA, EMA, national regulatory agencies 
(Moore).  

 International regulatory groups cannot focus on 
individual diseases; their reviews are thematic. As such, 
the milestone wording should be adjusted and also 
expanded to include fast review of adaptive platform 
trials (Preziosi).  

 We need engagement from the countries themselves 
(Formenty).  

 An understanding of how this work is coordinated should 
be linked to this milestone, perhaps through WHO. For 
example, the WHO portal could be adapted for this 
purpose (Parveen, Gurley, Rahman, Preziosi).  

strategies” and focus on 
developing strategies to 
address the gaps identified as 
part of milestone 1 (Moore, 
Gurley).  

 No change to timeline.  

Milestone 3: By 2026, ensure that any 
issues affecting approval and emergency 
use of candidate MCMs in affected 
countries have been resolved and that 
consensus has been achieved on the 
necessary regulatory steps and 
procedures. 

 The group noted that this milestone may not be realistic. 
It may be better for focus on a system for monitoring 
regulatory issues.  

 Assessing the need/capacity to conduct clinical trials must 
be included; it does not exist now (Hassan).  

 Capacity is a “key gap,” so consider having a nod to 
capacity here, as this is a cross-cutting issue (Gurley). A 
milestone on plans/protocols for emergency use of 
candidate NiV MCMs is needed. 

 Revise this milestone to 
creating a system for 
monitoring regulatory issues 
for licensure and use of 
candidate NiV MCMs.   

 Add another milestone on 
developing plans for 
emergency use of candidate 
NiV MCMs. 

 Add another milestone on 
assessing capacity to conduct 
clinical trials and field studies 
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of MCMs, particularly during 
outbreaks. 

 
Cross-Cutting Issues: Strategic Goal 4 and Aligned Milestones 
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 4: Support basic science 
research to improve understanding of 
NiV virology, pathogenesis, and the 
immune response to infection in humans 
and animal models. 

 Consider expanding to include non-animal models, such 
as organoids. Several countries have non-animal models 
in place, mainly for basic research (Halpin).  

 Possible edits suggested include adding “non-animal 
models” to the goal language and editing the language to 
“in vitro and in vivo models” (Gurley, de Wit). Instead, the 
group agreed to revise the goal by just shortening the 
language to remove reference to animal models.  

 Delete “in human and animal 
models” (Gurley, Moore).   

 Consider adding non-animal 
models activities (e.g., 
organoids, using AI 
technology, etc.) to the 
additional research priorities.  

Milestone 1: By 2025, generate 
standardized and well-characterized 
assays, reagents, antibodies, nucleic 
acids, and stocks of NiV challenge strains 
to facilitate R&D of NiV MCMs.  

 CEPI, NIAID, and CDC are already doing this work 
(multiple participants).  

 Unclear whether this milestone should be kept or if it 
should be moved to research priorities (Gurley).  

 We should not lock into challenge strain, etc.; we need to 
know more about epidemiology (de Wit).  

 We need standardized assays, reagents, etc., for clinical 
trials, but these are continually improved and revised. 
These resources are needed now; some are available and 
some are in-progress (multiple participants).  

 Change timeline from 2025 
to 2024.  

 

Milestone 2: By 2025, conduct additional 
research to further optimize animal 
models that recapitulate disease in 
humans for use in preclinical studies of 
NiV MCMs.  

 Consider changing to “standardized” animal models, 
since they are well-defined already (Freiberg).  

 Milestone could potentially be combined with an earlier 
milestone on assay standardization (Freiberg).  

 Discussion on whether we do or do not know which 
animal model is the best for MCM development, and 
whether it is the African green monkey (AGM) or if the 
AGM is just the best that we have currently (Broder, de 
Wit).  

 There is a lack of understanding on pathogenesis in 
humans (de Wit), but that is data we may never have 
(Broder).  

 Leave the milestone as is for 
now. 

 Consider adding a new 
milestone on better 
understanding human 
pathology (Gurley, Moore). 
Wording related to this could 
potentially be “pathogenesis 
investigation protocol” or 
“standardized human 
pathology investigation” 
(Gurley). [New milestone 4.] 
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 Any pathogenesis investigation has to be linked to 
surveillance: picking up cases early, developing MCMs to 
address early disease, understanding disease progression, 
optimizing animal models, etc. (Broder).  

 We need to do better clinical investigation to better 
optimize animal models of early-stage 
disease/pathophysiology (Montgomery).  

 The International Severe Acute Respiratory and Emerging 
Infection Consortium (ISARIC) developed clinical 
characterization protocols for a number of diseases. They 
are designed to be simple, capture evolution, natural 
history of disease, and can be made targeted and 
sophisticated. They were widely used for COVID-19 and 
other diseases. Such an approach would fit both 
surveillance and identifying cases where they happen 
(Roth).  

 Country-level capacity will need to be assessed and gaps 
identified as part of standard clinical protocol 
development (Parveen). This work could be included in 
one of the surveillance-related issues (Gurley).  

 

Milestone 3: By 2026, conduct 
sequencing of NiV strains from existing 
clinical samples obtained from past NiV 
cases to assess variability of NiV strains in 
India and Bangladesh (CEPI 2023a).  

 This is an ongoing activity (Gurley).  
 

 Delete this milestone 
(Gurley) and instead add to 
additional research priorities.  

 

Milestone 4: By 2026, establish capacity 
at selected surveillance sites in India and 
Bangladesh to investigate NiV-related 
deaths by using post-mortem minimally 
invasive tissue sampling to enhance 
understanding of NiV disease 
pathogenesis (Bassat 2021).  

 Participants suggested that this milestone be moved to 
Strategic Goal 2. 

 Move this milestone to the 
surveillance-focused 
Strategic Goal 2 (Moore).  

 

Milestone 5: By 2028, conduct research 
in animal models to determine if strain 
variability impacts efficacy of promising 

 The timeline for this milestone seems far off (Gurley).  
 Much of this may not require animal models (de Wit).  

 Change milestone language 
to de-emphasize animal 
models, i.e., “conduct 
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NiV MCMs or the accuracy of diagnostic 
tests.  

research to determine if 
strain variability…” (Moore).  

 Move up the timeline by one 
year. 

 

Diagnostics in the Nipah R&D Roadmap  
Joel Montgomery served as facilitator for discussion on diagnostics in the draft roadmap. 
 
Joel led the group in a review of important advances, barriers, challenges, and key needs for NiV diagnostics. Key points from that discussion:   

 At the previous meeting of this group, two diagnostic platforms were discussed: a gene expert platform developed in India, possibly 
being moved to Bangladesh, and Linfa Wang’s lateral flow platform (Gurley). Meeting participants were not aware of those diagnostic 
platforms progressing further (i.e., no one was aware of additional announcements or updates).  

 Challenges for NiV diagnostics include lack of RDTs (e.g., lateral flow tests) or bedside diagnostics. Of note, bedside diagnostics would 
require changes to infection control practices.  

 The CDC serology assay is low-cost and could be helpful in ecological studies, but supporting research has not yet been published; also, 
this assay can’t differentiate IgM from IgG antibodies. CDC is also working with FIND to evaluate rapid diagnostic tests (RDTs); progress 
with RDTs will be driven by the perceived need for these tests in the US or Europe (Montgomery).  

 Even severe cases of NiV are often not diagnosed; regular use of an RDT for severely ill patients could be justified (Gurley).  
 Improved diagnostics are needed for the following reasons: (1) improve early detection when therapeutic intervention is viable; (2) 

ensure adequate infection prevention and control (IPC) practices; and (3) enhance surveillance to better understand the burden of 
disease. Point-of-care (POC) diagnostics are particularly useful for outbreaks and IPC implementation. RDTs can be used in rural settings 
that lack adequate surveillance or specimen transportation. Diagnostics can also be useful in postmortem surveillance (Broder).  

 RDTs, despite limitations, are useful in remote locations, such as where NiV outbreaks have occurred. Tests that have longer shelf lives 
and resist heat and humidity (e.g., patch technologies) are being pursued. However, there is no market for rapid POC tests that would 
save frontline healthcare workers (HCWs) during an outbreak (Roth, Broder).  

 POC tests for henipaviruses (i.e., broader than just tests for NiV) would increase the geographic area where the tests could be used 
(Gurley).  

 Serially testing of contacts during an outbreak could be used to gather data for developing tests for early diagnosis (Montgomery, 
Broder).  

 Patients generally do not present to the hospital before day 4 of illness, at which point they are severely ill. We want tests to work early, 
but we have no way to evaluate those tests. One approach would be to retest (2 days after initial testing) suspected cases that initially 
test negative if they are still symptomatic (Gurley).  
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Joel then led a discussion of the draft roadmap strategic goals and milestones for NiV diagnostics. Discussion highlights are detailed in the tables 
below. 
 

Diagnostics: Strategic Goal 1 and Aligned Milestones 
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 1: Support development 
of diagnostic assays through creation of a 
virtual reference repository of clinical 
samples from NiV-infected patients. 

 Some participants were unclear on what was meant by a 
virtual repository.  

 Delete the words “virtual 
reference” in front of 
repository.  

Milestone 1: By 2026, develop and 
standardize plans and protocols 
(including the governance structure) for 
creating a virtual reference repository of 
well-characterized clinical samples to be 
maintained in the two primary NiV-
affected countries (Bangladesh and 
India).  

Discussion of milestones 1 and 2 was as follows: 
 Discussion on what would be needed with a “virtual 

reference repository” highlighted the following:  
centralized registry for samples located in/owned by 
multiple countries; requests can be made but not 
necessarily granted; location is known and documented; 
control over samples is maintained in-country; bilateral 
agreements between individual researchers (Montgomery, 
Broder, Rahman, Moore, Osterholm).  

 The repository of samples “to be collected in future 
outbreaks” in milestone 2 is centralized within countries, 
whereas in milestone 1 the samples remain in labs and 
their locations are known through an online 
registry/catalogue. For the repository in milestone 1, a 
governance structure dictates rules for gaining access to 
samples (Broder, Mazzola, Osterholm).  

 The goal is to have samples accessible for diagnostic assay 
evaluation; a repository of well-characterized samples 
(Montgomery).  

 A governance structure is critical for several reasons, 
including that sample sharing must conform to the Nagoya 
Protocol and a prioritization of sharing requests for limited 
samples. This will not just involve India and Bangladesh, 
but also CDC (Rahman, Mazzola, Montgomery).  

 Remove the words “virtual 
reference” and change to 
“repositories” (Moore, 
Rahman, Gurley).  

 The milestone should note 
that the samples are “well-
documented” (i.e., full 
clinical history of patient), as 
well as “well-characterized” 
(multiple participants). 

 Potential milestone 
language to address the 
previous bullet: “well-
characterized with a 
recommended set of 
metadata (i.e., age, sex, 
days since symptom onset)” 
(Moore, Gurley).  

 The milestone should also 
include both acute and 
convalescent samples 
(multiple participants).  

 Change milestone timeline 
from 2026 to 2024.  
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Milestone 2: By 2027, identify 
sustainable, long-term funding, 
determine sites for sample storage, and 
initiate creation of the virtual reference 
repository in Bangladesh and India, with 
samples to be collected during future 
outbreaks.  

 CEPI created a reference panel, but its usefulness for 
validating rapid or POC diagnostics is limited (Preziosi).  

 Determining repository location should be determined by 
a governance structure; creating the governance structure 
will be a hurdle (Gurley, Montgomery, Osterholm).  

 Repository location will raise issues of biosecurity and 
security in the home countries and where samples are 
shared (multiple participants).  

 A WHO workgroup could be involved with the governance 
structure (Preziosi) and it would need to be wider than NiV 
alone (e.g., henipaviruses) (Montgomery).  

 Repository samples would need to be well-characterized, 
requiring a minimum set of metadata on samples (e.g., 
gender, age, onset date) (Gurley, Montgomery). However, 
excluding samples without that information might 
discourage sample sharing (Gurley).  

 Revise this milestone to be 
appropriate with changes 
made to milestone 1 (e.g., 
remove “virtual”) (Rahman, 
Gurley, Moore).  

 “Repository” language 
should stay in this 
milestone, since locations is 
detailed (i.e., Bangladesh, 
India) (Rahman, Gurley, 
Moore).  

 Change milestone timeline 
from 2026 to 2025. 

 
Diagnostics: Strategic Goal 2 and Aligned Milestones  
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 2: Continue to develop 
and assess affordable, highly sensitive 
and specific (as needed depending on 
intended use), point-of-care or near-
patient NiV diagnostic tests that are 
suitable for use in peripheral settings and 
that have minimal requirements for 
biosafety precautions and staff training. 

 Milestone should be POC “and” near-patient, not “or” 
(Gurley).  

 We want tests that a community worker can perform with 
minimal biosafety risks (Montgomery).  

 Pan-henipavirus testing is the ultimate goal, but we need a 
NiV diagnostic now (Gurley).  

 In addition to “suitable for use,” we want to specify 
sustained storage/shelf life of tests (Roth).  

 Test affordability is the key to POC adoption 
(Montgomery).  

 The target product profile (TPP) for these tests is vague, so 
it is worthwhile to state “extended shelf life” or they might 
have a short shelf life, which impacts affordability (Roth).  

 Change goal language from 
“point-of-care or near-
patient” to “point-of-care 
and near-patient” (Gurley) 
and include language on 
extended shelf life (Roth).  

Milestone 1: By 2025, engage 
appropriate regulatory agencies and 

 “Commercialization” is intended to mean test approval 
and that tests are made commercially available. The 

 Change timeline from 2025 
to 2024. 
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NRAs to inform commercialization 
pathways for NiV diagnostic assays. This 
effort should include clarifying regulatory 
pathways for approval (including 
approval for emergency use) of NiV 
diagnostics.  

milestone describes a discussion with regulators about 
what is needed to put a product on the market (Gurley, 
Broder, Moore). 

 Work towards this milestone can begin with existing 
samples (i.e., does not need to wait until repositories 
detailed under Strategic Goal 1 are created) (multiple 
participants).  

 NiV diagnostics might qualify for the Expert Review Panel 
for Diagnostics (ERPD) pathway hosted by WHO. Decisions 
would be made in light of difficulty to obtain clinical 
samples (Preziosi, Mazzola). 

 The existing use cases and TTPs for NiV diagnostics have 
not yet been finalized, so a new milestone should be 
added to accomplish this in 2024 (Mazzola). 

 Add a new milestone for 
2024 to finalize the draft 
TTPs and use cases for NiV 
diagnostics.  

 

Milestone 2: By 2026, complete 
preclinical evaluation for at least two of 
the most promising NiV point-of-care or 
near-patient diagnostic assays that align 
with the TPP and can be used in 
peripheral sites.  

 “Preclinical evaluation” is a FIND term that means 
laboratory work, not clinical samples. Consider changing to 
“analytical evaluation” or other term (Gurley, 
Montgomery, Moore).  

 Milestone timeline has to follow after the repository 
activities detailed under Strategic Goal 1 (multiple 
participants).  

 Participants were not aware of promising candidates with 
potential to seek approval in 2025 or 2026.  

 Technologies that can be applied to POC testing may 
advance in the next 2 years (Osterholm). Participants 
recommended that the milestone timeline stay at 2026, 
with recognition that there may be technological 
advancements that could be leveraged for NiV diagnostics 
by that time (Luby, Montgomery).  

 A suggestion was made to add a new milestone calling for 
the acceleration of POC and near-patient testing using 
existing technologies (Mazzola, Montgomery).  

 Matchmaking between diagnostic test 
developers/platforms and available reagents (e.g., mAbs) 

 No change to the timeline o 
wording.   

 Create a new milestone 
(which will be a new 
milestone 2) that calls for 
the acceleration of POC and 
near-patient testing using 
existing technologies. 
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could be done (e.g., as FIND did with Duke University) 
(Montgomery, Mazzola, Roth).  

 For milestones 2 and 3: WHO sets international reference 
standards and is creating an antibody standard. Standards 
have to be completed before the preclinical evaluation, so 
the order for milestones 2 and 3 should be reversed 
(standards [milestone 3] by 2025, preclinical work 
[milestone 2] by 2026) (Mazzola, Gurley, Moore, 
Montgomery). 

Milestone 3: By 2026, create 
international reference standards for 
calibrating and harmonizing NiV 
diagnostic assays.  

 The milestone timeline has to follow after the repository 
activities detailed under Strategic Goal 1 (multiple 
participants). 

 For original milestones 2 and 3: WHO sets international 
reference standards and is creating an antibody standard 
for NiV. Standards have to be completed before the 
preclinical evaluation, so the order for milestones 2 and 3 
should be reversed (standards [original milestone 3] by 
2025, preclinical work [original milestone 2] by 2026) 
(Mazzola, Gurley, Moore, Montgomery).  

 Change timeline from 2026 
to 2025 (this will also 
change the order of original 
milestones 2 and 3, as 
milestone 3 will remain 
2026).  

 

Milestone 4: By 2026, develop a 
minimum protocol or set of best 
practices (that biosafety committees will 
accept) for inactivation of clinical samples 
from humans and animals that are being 
tested for NiV.  

 Remove the word “minimum” from the milestone and 
change the timeline to 2024 (Rahman, Gurley, Moore).  

 Questions related to this have likely been addressed 
before, such as with PCR for suspected NiV patients in 
Bangladesh (Luby). However, new technologies (e.g., those 
on the horizon that would be considered “plug-and-play”) 
require consideration (Montgomery).  

 Standardized methods for inactivation would be desired 
(Gurley).  

 Every inactivation method has to be tested for use in the 
US. For companies, deactivation information is usually 
proprietary information and divulged only to regulatory 
agencies (de Wit).  

 Revise the milestone: 
remove “minimum” and 
change the timeline to 2024 
(Rahman, Gurley, Moore).  

 

Milestone 5: By 2027, complete clinical 
validation of performance and 
operational suitability for at least two of 

 No comments.  
 

 No change to the timeline or 
wording.   
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the most promising NiV point-of-care or 
near-patient diagnostic assays that align 
with the TPP and can be used in 
peripheral sites.  
Milestone 6: By 2028, obtain regulatory 
approval for at least one rapid, point-of-
care or near-patient care NiV diagnostic 
test that can be commercialized and 
standardized.  

 Milestone wording leaves standardization up to the 
developer (Mazzola). 

 This is an aspirational milestone (Montgomery).  
 The company Molbio has emergency use authorization 

(EUA) in India for its Truenat test, but that test might not 
be used currently. While an EUA isn’t regulatory approval, 
it can continue to be used for a long time (e.g., Ebola test) 
(Mazzola, Moore).  

 Change “obtain” to “promote” and/or “support” (Mazzola, 
Moore); leave the timeline at 2028 since milestone 5 is for 
2027.  

 Change “obtain” to 
“promote” and/or “support” 
(Mazzola, Moore).  

 

 
Diagnostics: Strategic Goal 3 and Aligned Milestones  
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 3: Enhance laboratory 
diagnostic preparedness in areas of 
known spillover risk to promote early 
detection of NiV. 

 No comments. 
  

 No edits suggested. 

Milestone 1: By 2026, expand national 
laboratory networks for NiV detection in 
the primary affected countries 
(Bangladesh and India) that include plans 
for enhancing laboratory preparedness to 
enable earlier and timely detection of NiV 
infection during future outbreaks.  

 As discussed previously, the milestone should refer to 
leveraging existing platforms and infrastructure, 
particularly given what was established for COVID (Gurley, 
de Wit, Rahman).  

 This needs to happen quickly to keep systems online. One 
strategy would be to assess post-COVID genomic activities 
related to materials and personnel, and seek alternative 
funding to keep this running, not just for NiV but for any 
potential pandemic threat (Preziosi, multiple participants). 
[Note: This was not added as a milestone to the roadmap, 
as this seems to be more of an implementation issue.]  

 Use “at-risk countries” instead of “affected countries” 
(Rahman).  

 Remove “India and 
Bangladesh” from the 
milestone (Moore).  

 Change “affected countries” 
to “at-risk countries” 
(Rahman).  

 Change timeline from 2026 
to 2025.  

 Verify that any related 
milestones in the cross-
cutting section are revised, 
if needed, per diagnostics 
discussions.  
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 Staffing is the key and there needs to be a system in place 
to keep places running. It is difficult to get funding for 
surveillance and detection activities (Roth, multiple 
participants).  

 Biosafety can be an issue (Montgomery).  
 Vigilance, safety, and training are necessary. We want 

active virus for some applications (Gurley, Montgomery).  
 Using serology to detect spillovers in humans and inform 

acute surveillance might be useful in other countries 
(Montgomery).  

 Consider adding other countries given need for lab 
capacity to diagnose NiV (for milestones 1-3) (Moore).  

 

Milestone 2: By 2027, generate well-
characterized and up-to-date proficiency 
panels for NiV diagnostic testing to be 
used in selected laboratories in 
Bangladesh and India.  

 This work might be done earlier than 2026 in India and 
Bangladesh; the timeline represents other at-risk 
countries.  

 Consider adding other countries (i.e., at-risk countries) 
given need for lab capacity to diagnose NiV (for milestones 
1-3) (Moore). 

 Remove “India and 
Bangladesh” from the 
milestone (Moore).  

 Revise to “…proficiency 
panels and network quality 
controls for NiV diagnostic 
testing.” 

 Add at-risk countries.  
 Change timeline from 2027 

to 2026.  
Milestone 3: By 2029, implement routine 
EQA monitoring of NiV diagnostic testing 
at selected laboratories in Bangladesh 
and India.  

 Consider adding other countries given need for lab 
capacity to diagnose NiV (for milestones 1-3) (Moore). 

 

 Remove “India and 
Bangladesh” from the 
milestone (Moore).  

 Add at-risk countries. 
 Change timeline from 2029 

to 2026.  
 
Joel concluded the diagnostics section with a facilitated discussion on roadmap implementation, including barriers to implementation and ideas 
for implementation. Key points from the discussion:  

 Barriers: 
o Financial support and coordination (Roth) 
o In-country leadership attention/support (Gurley) 
o The lack of a sense of urgency (Gurley) 
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o The lack of in-country champions (Rahman) 
 Ideas for implementation:  

o WHO’s role is critical.  
o A sense of urgency and buy-in is needed, specifically from:  

 Community and the affected/vulnerable populations (Rahman, Lackritz) 
 Political leadership in affected countries (Formenty, Osterholm)  

o Involving clinicians in overcoming barriers to sample sharing (Gurley) 
 Physicians would likely get behind this effort (Gurley); people already give samples to iccdr,b (which has decades of 

trust/presence in the community) (Rahman, Lackritz). 
o Funding should be internationally sourced by global public-private partnerships; this is a global pandemic prevention issue and 

we shouldn’t ask the countries that are already stretched thin to protect wealthy countries. 
 

Therapeutics in the Nipah R&D Roadmap  
Emmie de Wit served as facilitator for discussion on therapeutics in the draft roadmap.  
 
Emmie led the group in a review of important advances, barriers, challenges, and key needs for NiV therapeutics. Key points from that discussion 
focused on current challenges in the therapeutics field:  

 Funding clinical trials is a challenge (multiple participants). 
 IV administration of mAbs is also a challenge (Broder, Montgomery).  
 NIAID funded grants for NiV antiviral discovery, for which Christopher Broder’s group partnered with Novartis.  
 In Bangladesh, patients often do not present until day 4 after symptom onset (Gurley). Because of that, a potent anti-NiV monoclonal 

likely to prevent significant mortality associated with diagnosed disease would be useful (Broder).  
 With therapeutics, more patients would likely survive NiV, but would have sequelae unless an agent crosses the blood-brain barrier or 

cases are treated upon suspicion, like with rabies (de Wit, Broder). Patients would be surviving with neurological deficits (Luby). 
 It’s not clear whether mRNA therapeutics would be successful unless there is gene therapy (Broder).  
 Expense will be a barrier, as was seen with COVID therapeutics (Rahman).  
 The few numbers of patients presenting each year is a huge barrier to therapeutics development; this could maybe be overcome with 

better surveillance, although that is somewhat unlikely (Luby).  
 Numerous challenges exist with developing NiV therapeutics; however, we should be considering the fact that the critical target here is 

to have therapeutics not just to treat current patients, but to have drugs available in case of a catastrophic pandemic caused by NiV or a 
related virus (Luby).  

 Guidelines for supportive care are needed that can apply whether or not clinical trials are successful (Gurley).  
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Emmie then led a discussion of the draft roadmap strategic goals and milestones for NiV therapeutics. Discussion highlights are detailed in the 
tables below: 
 

Therapeutics: Strategic Goal 1 and Aligned Milestones  
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 1: Enhance preparedness 
to conduct clinical trials of therapeutic 
agents during future NiV outbreaks. 

 No comments.  No edits suggested, other 
than expanding to include 
related viruses (per earlier 
discussions). 

Milestone 1: By 2024, convene a 
consortium of key stakeholders—in 
affected areas and internationally—to 
address the key challenges with 
conducting clinical trials of therapeutic 
agents during future NiV outbreaks. This 
consortium could potentially be modeled 
after the West Africa Lassa Fever 
Consortium (WALC) (ISARIC 2023).  

 Clinical trial guidelines for Bangladesh and India should 
come first, but other affected countries should be included 
(multiple participants).  

 Add related viruses (per 
earlier discussions). 

 No change in the timeline.  

Milestone 2: By 2025, develop NiV 
standard of care guidelines to be used in 
affected countries, disseminate the 
guidelines, and conduct outreach to 
clinicians as appropriate.  

 Based on Lassa and CCHF experience of developing and 
implementing training modules for physicians in Africa, 
consider how to raise awareness of symptoms and 
standards of care in affected regions. For the time being, 
consider adapting standards of care for other infectious 
diseases (Formenty).  

 We need to develop a network/critical mass of clinicians 
to adopt these standards of care if we want to enhance 
NiV detection (Formenty).  

 Consider adding another milestone on clinician 
awareness/training on standards of care; infection control 
could be tied to that (de Wit). Training is needed at the 
university level (Formenty).  

 Shahana Parveen noted that a training module that 
includes infection control was developed; she can share 
that.  

 Revise milestone to add 
“infection control and 
standard of care guidelines” 
(Gurley, Moore).  

 Change timeline from 2025 
to 2024. 

 Create a new milestone on 
training clinicians regarding 
infection control and 
standards of care guidelines, 
with a 2025 target date (de 
Wit, Moore).   
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 In Bangladesh, family members provide most of the hands-
on care in hospitals. That creates closed loops that limit 
hospital-wide outbreaks. As health systems develop, there 
are more opportunities for transmission (Gurley). Family 
members providing patient care need to be instructed in 
infection control (Parveen).  

 Training is easy compared with supply chains and running 
water for infection control (Gurley).  

Milestone 3: By 2025, complete an 
agreed-upon generic prepositioned 
protocol for conducting safety and 
efficacy clinical trials of promising 
therapeutic candidates (mAbs and small 
molecules, including repurposed drugs) 
to be implemented in NiV-affected areas 
during outbreaks and develop plans for 
operationalizing the protocol.  

 WHO is working on a rolling protocol (Roth). 
 COVID has changed the way such activities are approached 

and can serve as an example; as such, the dates can be 
moved up (multiple participants).  

 NIAID developed a generic protocol for mAbs with an 
intent that it could be used for other therapeutics. This 
could be reinvigorated. It was written for post-exposure 
prophylaxis (PEP) but could be modified to include pre-
exposure prophylaxis (PREP) (Moore, Broder, de Wit, 
Gurley).  

 Semantics of pre- and post-exposure can be tricky: if you 
have been exposed but it is not detected, it is pre-
exposure.  

 In an outbreak with pandemic potential, both those with 
known exposure and likely exposure should be treated 
(Osterholm).  

 Change timeline from 2025 
to 2024. 

 

Milestone 4: By 2025, complete an 
agreed-upon generic prepositioned 
protocol for conducting PEP trials of 
promising therapeutic candidates (mAbs 
and small molecules, including 
repurposed drugs) to be implemented in 
NiV-affected areas during outbreaks and 
develop plans for operationalizing the 
protocol.  

 Change timeline from 2025 
to 2024. 

 Add PREP to this milestone.  
 

Milestone 5: By 2026, complete a 
broader, harmonized regional protocol 
(to be used across Bangladesh and India) 
for conducting clinical trials of promising 

therapeutic candidates to be 
implemented in NiV-affected areas 
during outbreaks or potentially during 
periods of endemic disease (if 
comparable data can be generated over 

 Milestone 3 and 5 are essentially the same; the group 
agreed to remove milestone 5.  

 

 Remove this milestone.  
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time and across different clinical sites) 
and develop plans for operationalizing 
the protocol.  
Milestone 6: By 2026, generate a reliable 
source or stockpile of a mAB (m102.4 or 
other mAb) to be used in outbreak-
related clinical trials for both PEP and 
early clinical treatment.  

 CEPI is working on this, but does not support enough 
indirect costs to make production feasible. There are 
people ready to do this work if there was sufficient 
funding (Broder).  

 mAbs have  long shelf lives (Gurley, Broder).  

 No change to timeline or 
wording.  

 

 
Therapeutics: Strategic Goal 2 and Aligned Milestones  
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 2: Develop and evaluate 
therapeutic agents for the treatment of 
NiV infection and for PEP to prevent NiV 
infection. 

 No comments.  No edits suggested. 

Milestone 1: By 2025, create and 
implement a prioritization process for 
determining which promising NiV 
therapeutic candidates should be further 
evaluated in clinical trials, once adequate 
animal data demonstrating safety and 
efficacy are available.  

 This should be done as quickly as possible to determine 
qualifying animal data (de Wit).  

 This timeline works well with the current NIH Antiviral 
Drug Discovery (AViDD) Centers for Pathogens of 
Pandemic Concern, which have 2 years of funding left 
(Freiberg).  

 Add a reference to a 
“governance structure” in 
the milestone.  

 No change to timeline.  
 

Milestone 2: By 2026, complete 
preclinical evaluation in animal models—
with administration of the therapeutic 
agent more than 24 hours after challenge 
and potentially after symptom onset—of 
the preliminary safety, tolerability, and 
efficacy of at least two promising small-
molecule therapeutic candidates or 
combination therapies for the treatment 
of NiV infection.  

 AViDD Centers should be pushing out antivirals; the 2026 
timeline is realistic (de Wit).  

 

 No change to the wording or 
timeline.  

 

Milestone 3: By 2027, further explore in 
animal models whether two or three of 
the most promising small-molecule 

 This milestone can be removed (de Wit).  
 

 Remove this milestone.  
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therapeutic candidates are likely suitable 
for PEP and, therefore, should be 
assessed as PEP in clinical trials.  
Milestone 4: By 2027, determine the 
most cost-effective and feasible routes of 
administration for use in real-world 
settings for at least two promising small-
molecule therapeutic candidates.  

 This milestone can be removed (de Wit).  
 

 Remove this milestone.  
 

Milestone 5: By 2027, complete at least 
one additional clinical trial (phase 2 or 
2/3) in a NiV-affected area of m102.4 or 
other suitable mAb to further assess 
safety, tolerability, and efficacy (if NiV 
incidence allows efficacy assessment).  

 Revise the milestone so it is not focused on m102.4 
specifically (multiple participants).  

 The group agreed that this milestone should be changed 
to a phase 1 trial. 

 Then develop a new milestone on phase 2 or phase 2/3 
trials for a mAb or mAb cocktail; this milestone should 
have a later timeline (de Wit).  

 

 Change the milestone to; 
“complete one additional 
phase 1 clinical trial of a 
monoclonal antibody” (i.e., 
do not specify 102.4) 
(Moore).  

 With language revision, 
allow for a mAb cocktail, 
e.g., “mAb(s)” (Broder, 
Roth).  

 Change the timeline from 
2027 to 2025 (Preziosi).  

 Create a new milestone on 
phase 2 or 2/3 trials for 
mAbs with a timeline of 
2027.  

Milestone 6: By 2028, complete clinical 
evaluation of the preliminary safety, 
tolerability, and (possibly) efficacy of at 
least two promising small-molecule 
therapeutic candidates or combination 
therapies for the treatment of NiV 
infection.  

 The group agreed with the language “combination 
therapies”; there is no need to specify monoclonal 
antibodies.  

 Consider a separate milestone for combination 
therapeutic trials; alternatively, that could be two arms of 
the same phase 1 trial (Moore, Preziosi, Gurley). This 
milestone might be maintained with revisions to the 
language (vs. creating a new milestone).  

 Possible revision: “By 2028, 
complete at least one phase 
1 clinical trial of at least two 
small molecule therapeutic 
agents or combination 
therapies …” [Note: The 
language was not finalized 
during the meeting and will 
be revised based on written 
feedback from the group].  

 No change to the timeline. 
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Emmie concluded the therapeutics section with a facilitated discussion on roadmap implementation, including barriers to implementation and 
ideas for implementation. Key points from the discussion:  

 Barriers: 
o Money 
o Lack of coordination  
o Lack of urgency 
o Time 
o Delays in ethical clearance; phase 1 trials would mitigate this, given acceptance of results from other countries (clinical trial 

harmonization).  
o Therapeutics for NiV are not going to make money, they’re mainly for pandemic preparedness. 
o The number of detected cases is small, which is a barrier to drug R&D. 

 Ideas for implementation:  
o Synergy with other efforts (e.g., JE work) (Preziosi). 
o Use existing capacity for conducting clinical trials in affected countries (Bangladesh and India); leverage existing clinical trial 

infrastructure (Preziosi). 
o Build capacity for participating hospitals/facilities:  

 Find ways to improve overall quality of care as part of trials, rather than funding high-expense treatment for a few 
patients (Gurley).  

 There must be continuity for enrolled patients in all circumstances (Hassan).  

 

Vaccines in the Nipah R&D Roadmap  
Christopher Broder served as facilitator for discussion.  
 
Chris began the session with a review of important advances, barriers, challenges, and key needs for NiV vaccines. Key points from that 
discussion focused on recent advancements in the vaccine field:  

 The measles NIV construct vaccine from the University of Tokyo is a candidate of note (Luby).  
 Another vaccine candidate of note is the ChAdOx1 NiV vaccine, with a phase 1 trial starting by December 2023 (Broder).  
 It has been amazing to see a robust set of vaccine candidates in the last 5 years, with much thanks to CEPI (Luby).  
 Vaccines currently in phase 1 trials are: the NIH-Moderna mRNA vaccine, an rVSV vaccine that expresses the envelope glycoproteins of 

both Ebola virus (EBOV) and NiV, and a soluble G protein vaccine (Preziosi, Broder). 
 Stocks are available and standardized at this stage (Preziosi). 
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 Elements still needed for the soluble G program include a correlate of protection (CoP) study, challenge strain selection, and 
identification of who will conduct the studies (Broder).  

 The SG protein candidate is the furthest along; researchers are now characterizing polyclonal immune responses from subjects (Broder).  
 A subunit vaccine could be ready quickly, which could help stop an outbreak from spreading, as well as be used for laboratory workers 

and first responders (Broder).   
 
Chris then led a discussion of the draft roadmap strategic goals and milestones for NiV vaccines. Discussion highlights are detailed in the tables 
below.  
 
 

Vaccines: Strategic Goal 1 and Aligned Milestones  
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 1: Develop the tools and 
policies necessary for evaluating and 
potentially approving one or more NiV 
candidate vaccines through a 
nontraditional regulatory pathway. 

 No comments.  No edits suggested. 

Milestone 1: By 2024, generate a fully 
characterized and controlled virus 
challenge stock (or potentially one each 
for NiV-M and NiV-B) for assessing 
candidate vaccines in animal models.  

 Other than the mRNA vaccine, all candidate vaccines are 
based on the G protein, which is nearly identical between 
the Malaysian and Bangladesh strains, and therefore 
multiple strains are not needed for challenge studies 
(Broder).  

 One challenge strain from NiV-B is apparently established 
(Broder, de Wit). 

 All NiV strains are 98% identical. Hendra (at 20% 
divergent) is 100% protective against both NiV-B and NiV-
M, which is a proof of concept for using a single challenge 
strain in an animal model vaccine efficacy trial (Broder).  

 It would be helpful for this group to share what makes the 
most sense for the field. NiV-B is responsible for more 
outbreaks, spillovers, and appears more transmissible and 
causes more severe disease. As such, the challenge stock 
should be NiV-B. There might be disagreement on that 
suggestion, but that choice would be focused and 
achievable (Luby).  

 Remove “(or potentially one 
each for NiV-M and NiV-B).” 

 Add (preferably a NiV-B 
strain). . .  
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Milestone 2: By 2024, establish 
benchmark parameters (e.g., route of 
challenge, timing of challenge, and 
challenge dose) for testing of NiV 
candidate vaccines in animal models, 
with particular focus toward meeting 
criteria necessary for approval via a 
nontraditional pathway.  

Discussion for milestones 2 and 3 is combined as follows: 
 This timeline (2024) seems too soon, unless a program 

funding vaccine development wants this path forward. So 
far, there are limited experiments in primates with 
aerosolized devices. The model must be interpretable in a 
small number of animals (Broder).  

 An animal challenge model must be coordinated with 
regulatory authorities because of the expense (de Wit).  

 Repeated testing has not been performed by many 
different routes. There is one (intertracheal and 
internasal) that is accepted; other models on aerosol 
exposure are being pursued (Broder).  

 It is possible that the existing serum neutralizing IgG 
antibody will be the CoP.  

 We will never be done characterizing animal models 
(Broder).  

 There is significant overlap between milestones 2 and 3. 
They can be merged and given a timeline of 2025. CEPI is 
aiming for Accelerated Approval, so we need a good 
surrogate marker; this will be easier than the Animal Rule 
pathway (de Wit, Broder, Moore).  

 With accelerated approval, the animal model will most 
likely be the African green monkey (Broder).  

 Change timeline from 2024 
to 2025.  

 Add language that the work 
in this milestone be done “in 
conjunction with regulatory 
authorities” (Moore).  

 Add language to specify a 
“well-characterized animal 
model” (Moore). 

 Add surrogate markers per 
discussion of the next 
milestone.   

Milestone 3: By 2024, further 
characterize as needed at least one 
animal model suitable for determining 
surrogate markers that correlate with 
vaccine efficacy.  

 Remove milestone 3 (given 
overlap with milestone 2) 
and add determining 
surrogate markers to the 
previous milestone (Moore).  

 

Milestone 4: By 2025, define the 
protective threshold against NiV infection 
for serum neutralizing IgG antibodies (as 
a CoP or surrogate marker), which can be 
used in animal studies and for 
immunobridging to humans.  

 Traditionally, we do not see high neutralizing titers early 
on. With our intranasal vaccine, we see good antibody 
response and good protection in hamsters. We are moving 
to nonhuman primates (NHPs) in September 2023 
(Spiropoulou).  

 The challenge route and the animal model are going to be 
different each time. But for vaccines used in human trials, 
antibody response in serum will be measured (Broder).  

 The group discussed whether neutralizing antibodies 
should be the sole CoP.  

 Avoid language in the milestone that locks into serum 
neutralizing antibodies despite its prominence as a likely 

 Change language to include 
“serum neutralizing 
antibodies or other 
functional CoPs” (Broder, 
Spiropoulou, Moore).  

 No change to timeline.  
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CoP. Include “other” CoPs due to the ability to induce T-
cell responses.  

Milestone 5: By 2025, convene a group of 
key stakeholders to agree on, through a 
consensus approach, the most suitable 
assays (e.g., assays that are developed 
using live NiV vs. assays developed using 
pseudoviruses) for determining serum 
neutralizing IgG antibody titers for NiV 
vaccine R&D and develop a strategy for 
standardizing those assays.  

 A WHO anti-NiV antibody standard is already developed 
and due for publication in October 2023. This milestone 
may not be needed (Broder).  

 

 Remove this milestone. 
 

Milestone 6: By 2026, generate 
standardized assays to measure 
neutralizing IgG antibodies for NiV 
vaccine R&D, with a particular focus on 
assays to be used for regulatory approval 
via nontraditional pathways.  

 This should be antibodies in general, not specifically 
“neutralizing” (Spiropoulou).  

 The WHO antibody standard is forthcoming and should be 
used; therefore, this milestone is essentially done 
(multiple participants).  

 

 Remove the word 
“neutralizing” from the 
milestone.  

 Change timeline from 2026 
to 2024 and reorder the 
milestones.  

 
Vaccines: Strategic Goal 2 and Aligned Milestones  
Strategic Goal or Milestone Discussion highlights Suggested actions 
Strategic Goal 2: Continue to move the 
current NiV vaccine pipeline forward 
toward licensure. 

 Based on group discussion around milestones 4-6, 
consider revising Strategic Goal 2 to be on moving the 
pipeline forward (i.e., using language from milestones 1 
and 2), and the other milestones remaining in this section 
would be part of that revised Strategic Goal. 

 Revise the Strategic Goal as 
detailed in the discussion 
column.  

Milestone 1: By 2024, complete current 
phase 1 clinical trials for at least three 
promising NiV candidate vaccines.  

 This work is underway. Keep this as “at least three” as 
written currently (Broder, de Wit).  

 

 No changes to timeline or 
wording. 

Milestone 2: By 2024, define use cases 
for NiV vaccines to inform vaccine 
deployment and manufacturing plans.  

 We need to understand which vaccines will come through 
phase 2 for this work (Gurley).  

 

 Change timeline from 2024 
to 2025.  

 
Milestone 3: By 2026, further assess 
vaccine safety and immunogenicity 
through additional phase 1 and initial 
phase 2 clinical trials (preferably in affect 

 The CEPI trial in Bangladesh with a subunit vaccine will 
likely begin before 2026, as they plan to start phase 2 in 
2024 (Broder). 

 Revise milestone to “initiate 
phase 2 trials by 2025” 
(multiple participants).  
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areas) for at least two of the most 
promising NiV candidate vaccines.  

 The VSV vaccine might start phase 2 in Bangladesh in 
2024, and the subunit vaccine would follow. Not many 
patients are needed, but approval will take some time. 
Two clinical phase 2 trials by 2026 is realistic (Luby). 

 The financial support and commitment are there (Luby).  
 This milestone is not entirely dependent on CEPI, as NIAID 

also could do phase 2 trials (de Wit).  
Milestone 4: By 2027, complete 
immunogenicity and efficacy studies in a 
well-characterized animal model for at 
least one cross-protective NiV vaccine 
candidate and define a surrogate marker 
that demonstrates likely clinical benefit 
of candidate vaccines.  

 The group agreed that this milestone should be removed 
because this is covered in Strategic Goal 1 of this section.   

 

 Remove this milestone.  
 

Milestone 5: By 2029, conduct well-
controlled clinical trials (preferably in 
affected areas) to assess a surrogate 
endpoint in human subjects for at least 
one NiV candidate vaccine.  

 Trials for a surrogate endpoint might be necessary to 
repeat in affected areas with different populations 
(Broder, Preziosi).  

 Going back to Strategic Goal 1, and then following the 
progression of activities, we have 1) characterizing the 
virus stock, 2) establishing benchmark parameters for 
well-characterized animal model, 3) defining protective 
thresholds to be used in animal studies for 
immunobridging, 4) generate/use WHO standard NiV 
assay, and then 5) clinical trials.  

 This milestone date is currently for completely trials; could 
be changed to initiating trials (and date moved up) 
(Moore). Completing phase 2 trials could be done faster 
than by 2029 if initiated by 2025; they could be done by 
2027 (Broder).  

 We may need to do more than one phase 2 trial (e.g., 
children in Bangladesh). If these are going to be only 
human studies with efficacy via bridging, questions will be 
raised, including by regulators, who will want more than 
initial phase 2 or a more robustly powered trial. It is hard 
to anticipate an area that has few precedents, but 

 Revise language: for at least 
two candidates (instead of 
one) and remove 
“preferably.” Additionally, 
see discussion highlights for 
possible other revisions 
(e.g., additional clinical trials 
including vulnerable 
populations).  

 Ensure that the milestone is 
clearly for phase 2 (i.e., 
appropriate phase 2 
context). 

 Keep the current timeline.  
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expectations should not be for “normal” vaccine 
development (Luby, Preziosi). Given that, a 2029 date is 
appropriate (Moore).  

 Trials will already include humans, and the language 
should be expanded to detail certain populations. 
Specifically, children, pregnant women, and women of 
childbearing age should be noted (Broder, Roth, Luby, 
Osterholm). We would be compromised in an outbreak 
without data on pregnant women (Luby).  

 Discussion on milestone rewording included a few 
recommendations, including: keep the 2029 date and add 
additional clinical trials including children and pregnant 
women; detail at least two vaccines; “in affected area” 
should be a requirement, not “preferably”.   

Milestone 6: By 2030, complete a 
regulatory dossier for at least one NiV 
vaccine candidate based on a suitable 
animal model with subsequent 
immunobridging to humans for review 
via a nontraditional approval pathway.  

 By 2030 is reasonable for this milestone, but it is unclear if 
this is for licensure or EUA (Broder, Preziosi).  

 

 Add language on “(for 
licensure or emergency 
use)” to the milestone 
(Moore).  

 

 
Chris concluded the vaccines section with a facilitated discussion on roadmap implementation, including barriers to implementation and ideas 
for implementation. Key points from the discussion:  

 Barriers:  
o Money 
o Lack of stakeholder engagement and buy-in 
o Lack of readiness/coordination for trials during outbreaks  

 Consider adding a milestone in the cross-cutting section, applying to vaccines, therapeutics, and diagnostics (e.g., 
Strategic Goal 3) (Luby)  

 Include research protocol development (Gurley)  
 There are lessons learned from Ebola that apply; consider use of universal protocols beyond currently affected 

countries for pandemic prevention (Montgomery)  
 [Note: We added a milestone in the cross-cutting section on developing protocols for emergency use of candidate NiV 

MCMs during outbreaks.] 
o Regulatory uncertainty, given alternate pathways (Rahman, Luby)  
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o Requirements for stockpiling 
 Ideas for implementation:  

o A lot of forward movement currently exists, with huge strides since 2017; keep up the momentum (Gurley)  
o CEPI is committed to take these vaccines through phase 2 (Rahman, Broder) 
o Stockpiling and plans for use  
o Advocacy plans among stakeholders within affected countries 
o Ensure that trials are conducted in affected countries  

Roadmap Implementation 
Marie-Pierre Preziosi led a facilitated discussion on roadmap implementation, with questions to panelists Shahana Parveen and Mahmudur 
Rahman and open discussion to all participants.  

 Question: Given the discussions from the last 2 days, what are the most important issues for Bangladesh specifically that align with the 
goals and milestones for moving NiV diagnostics, therapeutics, and vaccines forward?  

o To deal with small outbreaks, we need POC diagnostics, followed by therapeutics and vaccines (Rahman). 
o Vaccines will come first if the situation changes and there is a large outbreak (Rahman).  
o Rapid tests, especially for hospitalized patients, are the most pressing need (Parveen).  
o Vaccine stockpiles are important, but the vaccines shouldn’t remain stockpiled until a major outbreak. It would be better to use 

the vaccines, even in a research protocol, or offer them to healthcare and laboratory workers for prevention (Gurley).  
 The mistake for mpox (which we can avoid with NiV) is that the vaccine was stockpiled but not released to healthcare 

workers and laboratory workers who were at risk (Broder). This also happened with Ebola (Roth).  
o Enable voluntary preventive use of vaccines to prevent pandemics; don’t wait until a pandemic starts (Gurley).  
o Countries should have a vaccination strategy that prioritizes who gets vaccines, such as healthcare workers (Rahman).  
o Countries need to improve patient outcomes now with supportive care. There is a need to improve clinical care capacity, along 

with laboratory and research capacity, and in support of clinical trials (Hassan).  
o WHO is currently revising treatment guidelines and long-term care for people with neurological sequelae and brain infections 

(Preziosi).  
 Question: What are the most critical resources that you need in Bangladesh to support development of NiV diagnostics, therapeutics, 

and vaccines?  
o Strong collaboration with CDC and WHO; we need a common platform and collaboration with existing efforts at country-level 

(Parveen).  
o Technology transfer to countries to enable development of MCMs (Rahman).  
o Consider taking advantage of the money that is moving through One Health efforts now, including from the World Bank 

(Rahman).  
o There should be a mapping initiative (Rahman, Preziosi).  
o Countries need investment in research; WHO is a potential organizer of such support (Lackritz).  
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o SEARO is engaged in helping at-risk countries. It is easier for national institutions to push for surveillance and diagnostics. There
are many cases going undiagnosed and we could change that (Formenty).

 Question: What role do you see WHO playing in promoting R&D of NiV MCMs and implementing the goals and milestones in the NiV
roadmap?

o WHO should oversee the development and implementation of an action plan to accomplish roadmap milestones, and designate
who will accomplish the milestones. WHO can play an important role in initiating/collaborating on regulatory issues. WHO can
initiate international collaborations, and specifically between India and Bangladesh (Parveen).

o WHO must have a coordinating role in Bangladesh for multiple players, including CDC, CEPI, and the EcoHealth Alliance. An
example is the Asia Pacific Strategy for Emerging Diseases and Public Health Emergencies (APSED III, formerly APSED) (Rahman).

o Regarding a follow-up question as to whether other stakeholders (e.g., agriculture, veterinary) should be involved (Preziosi):
 In Bangladesh, One Health is institutionalized. Other ministries will come forward during outbreaks. World Bank is also

an important partner, as are UNICEF, CDC, and the Bill & Melinda Gates Foundation (Rahman).
 Stakeholder mapping needs to be done (Rahman).

o We can ask WHO to play a role, but the technical experts on NiV are responsible for advancing this agenda. It is great if
Wellcome, the Bill & Melinda Gates Foundation, etc. fund this work generously, but the reality is that those contributions are
incremental. We have to continue to push on the value of this agenda throughout our work and networks (Luby).

o Champions are needed; we can assemble a group to make the investment case for NiV MCMs (Preziosi).
o SEARO is developing strategy documents to prepare countries in the region for NiV outbreaks, including MCM R&D along with

surveillance. We need to push for this beyond SEARO and the Western Pacific Regional Office (WPRO), notably in Africa
(Formenty).

o Governments need to fund NiV R&D, as well as development partners. Within countries, NiV researchers need to be networked
(Rahman).

o While grateful for the work CEPI is doing to push NiV vaccine development, there needs to be similar funding support for
therapeutic development (Formenty).

o From the One Health consideration, we need rapid, field-based diagnostics that can be used in species other than humans
(Gurley).

 This consideration could be added as a TPP-focused milestone (Preziosi).
 While scientifically a simple issue, the application of such a diagnostic is complex with regard to different agencies

involved at the country level (e.g., agriculture, health) (Gurley).
 [Note: Diagnostics for animal species was not added to the roadmap, as the taskforce had decided originally (in 2017-18)

that issues related to animals were out of scope for the R&D roadmap.]
o The roadmap has milestones that include protocols and epidemiological studies, but we should verify that they

adequately/explicitly mention continuing epidemiological studies (Rahman, Gurley).
 Question: Who do you think are the most important external partners and what do you think are the most critical roles for those

partners in R&D of NiV MCMs?
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o In Bangladesh, the national government, specifically the Ministry of Health, is the central resource for engaging external 
partners, connecting with in-country experts, and engaging with external groups. This applies to the stakeholder mapping that 
we hope to accomplish, and other activities, such as those related to One Health (Parveen).  

o A consortium for engagement based on the One Health platform could be created, potentially by early 2024 (Preziosi, Parveen).  
 Question: What is the best way to encourage other in-country experts on issues related to NiV MCMs, including WHO regional 

representatives?  
o Bangladesh has a One Health Forum, initiated in 2007, now with more than 1000 members. It regularly convenes and has an 

executive committee representing animal, human, and environmental health. The forum acts as a catalyst to push the 
government to work. There is also a One Health steering committee at the inter-ministerial level; both can be leveraged toward 
NiV MCMs (Rahman).  

 Question: What are the best ways to promote regional coordination between India and Bangladesh?  
o There should be a memorandum of understanding (MOU) between India and Bangladesh regarding validation. We had this in 

the past for leishmaniasis, and included Nepal. We tried [to have these] for avian influenza and anthrax, but failed. These MOUs 
must be negotiated at the highest government level and are effective because they become an obligation for each country and 
work well at the local level. They would be useful for MCMs, regional coordination, and cooperation. There are, however, 
challenges in getting these set up (Rahman). [Note: Mahmudur Rahman agreed to provide the leishmaniasis MOU to Marie-
Pierre Preziosi.] 

o SEARO is a potential forum for engagement between India and Bangladesh, to encourage bilateral exchanges (Luby).  
o Engaging at the community level is challenging, but communities can be leveraged carefully (Rahman).  

Publication Process  
Kristine Moore shared an overview on next steps for the roadmap and an accompanying manuscript. Key points: 

 The roadmap will be revised per this meeting, finalized, and published on the WHO website in early 2024.   
 Once the updated draft roadmap is ready (i.e., following revisions from this meeting), it will be shared with the taskforce and select 

other experts (e.g., CEPI) to sign off.  
 A manuscript will also be developed. Group comments on the manuscript:  

o A journal for publishing should be selected with policymakers and funders in mind; we want to make it easy for them to 
recognize the roadmap’s purpose and goals (Golding).  

o We should consider more than one publication, with different objectives for different target audiences (e.g., One Health 
community, development world/development banks beyond World Bank, etc.). Many groups would take a wider interest in 
short, clear, nontechnical publications that lay out problems and benefits relevant to the roadmap. This is a promotion, not just 
a single publication (Roth). This could include WHO promotion two-pager (Preziosi) and/or policy briefs (Roth).  

o A full communication package, including sizeable, usable versions of the roadmap that is useful for graphics and seminar 
presentations, could be shared with stakeholders, via targeted webinars, etc. This would be part of a one-year communication 
that WHO would develop (Golding).  
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o Journals suggested by group members for manuscript publication consideration included: PLOS Neglected Tropical Diseases, 
BMJ Global Health, and Emerging Infectious Diseases.  

 
 

APPENDIX: Nipah R&D Roadmap Taskforce Meeting Agenda 
 
Nipah R&D Roadmap Taskforce Meeting 
July 31 & August 1, 2023 
London, UK 
 
Agenda times listed in British Standard Time (BST) 
 
Day 1: Monday, July 31 
 

8:45 am Registration, tea, coffee, and light breakfast  
 

Session 1: Welcome, Introductions, and Overview  
9:15 am Welcome (Josie Golding, Wellcome) 
 

9:20 am  Introductions (Michael Osterholm, Center for Infectious Disease Research and Policy [CIDRAP]) 
 

9:30 am Update on the WHO Blueprint Initiative (Marie-Pierre Preziosi, WHO) 
 

9:40 am Overview and meeting objectives (Kristine Moore, CIDRAP) 
 

Session 2: Nipah Cross-Cutting Issues 
Session Facilitator: Emily Gurley, Johns Hopkins Bloomberg School of Public Health 
 

9:50 am General comments on Nipah cross-cutting issues in the current roadmap draft  
 Key progress in the past 5 years 
 Critical areas where additional efforts are needed  

 

10:10 am Review the Nipah cross-cutting goals and milestones  
 

10:30 am Break 
 

10:45 am Review the Nipah cross-cutting goals and milestones (continued)  
 

11:45 am Concluding comments for Nipah cross-cutting issues  
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 Barriers to implementing the goals and milestones 
 Ideas for Roadmap implementation for this section 

 

Session 3: Nipah Diagnostics 
Session Facilitator: Joel Montgomery, US Centers for Disease Control and Prevention (US CDC) 
 

12:05 pm General comments on Nipah diagnostics in the current roadmap draft  
 Key progress in the past 5 years 
 Critical areas where additional efforts are needed  

 

12:30 pm Lunch 
 

1:30 pm Review the Nipah diagnostics goals and milestones  
 

2:50 pm Break 
 

3:05 pm Concluding comments for Nipah diagnostics  
 Barriers to implementing the goals and milestones 
 Ideas for Roadmap implementation for this section 

 

Session 4: Nipah Therapeutics  
Session Facilitator: Emmie de Wit, US National Institute of Allergy and Infectious Diseases (NIAID)  
 

3:25 pm General comments on Nipah therapeutics in the current roadmap draft  
 Key progress in the past 5 years 
 Critical areas where additional efforts are needed  

 

3:45 pm Review the Nipah therapeutics goals and milestones 
 

5:10 pm Concluding comments for Nipah therapeutics   
 Barriers to implementing the goals and milestones 
 Ideas for Roadmap implementation for this section 

 

5:30 pm  Adjourn Day 1 
Drinks and reception 

 

6:00 pm Dinner 
 

Day 2: Tuesday, August 1 
 

8:45 am Registration, tea, coffee, and light breakfast 
 

9:15 am Welcome for Day 2 (Michael Osterholm, CIDRAP) 
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Session 5: Nipah Vaccines 
Session Facilitator: Christopher Broder, Uniformed Services University of the Health Sciences  
 

9:20 am General comments on Nipah vaccines in the current roadmap draft  
 Key progress in the past 5 years 
 Critical areas where additional efforts are needed  

 

9:40 am Review the Nipah vaccines goals and milestones 
 

10:15 am Break 
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Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a 6-year framework beginning in 2024 for identifying the vision, 
underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced 
development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating 
the collaborative development of medical countermeasures (MCMs)—diagnostics, therapeutics, and 
vaccines—against Nipah virus infection.  

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000, Paton 1999). As part of 
that outbreak, 265 human cases of NiV disease (NiVD) were identified in Malaysia, and 11 abattoir 
workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate 
of 40%. No new outbreaks have been reported in these countries since May 1999. NiVD was 
subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks have occurred 
in that country since (Hsu 2004, WHO 2018, Agrawal 2023). NiVD has also been identified periodically in 
eastern India (in 2001 and 2007) and, in 2018, an outbreak occurred for the first time in southern India 
(Arunkumar 2019, Chadha 2006, Chattu 2018, Sharma 2018, Soman Pillai 2020). Additionally, one case 
was reported from Kerala state in 2019 (Sudeep 2021). Case-fatality rates during outbreaks in 
Bangladesh and India have generally ranged from 50% to 100% (Sharma 2018). NiV infection in humans 
results in neurologic and respiratory syndromes, with fever, headache, altered mental state or 
unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV 
infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience 
long-term neurological sequelae (Goh 2000, Hossain 2008, Tan 2002). A summary of 14 years of NiVD 
investigations in Bangladesh found no evidence of asymptomatic infection (Nikolay 2019). 

The primary natural reservoir host for NiV in South Asia, where cases continue to occur, is Pteropus bats. 
A recent study suggests that discrete multiannual local epizootics in bat populations contribute to the 
ongoing sporadic nature of human NiV outbreaks in South Asia (Epstein 2020). The zoonotic potential of 
NiV is significant, particularly because of its ability to amplify in livestock and other domestic animals, 
which can serve as a source of exposure to humans (Islam 2023). Other regions may be at risk for NiV 
infection, as serologic evidence for NiV has been found in Pteropus bats and several other related bat 
species in Southeast Asia, the Western Pacific, and Africa (Anderson 2019, Breed 2010, Epstein 2008, 
Hasebe 2012, Iehlé 2007, Plowright 2019, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, Yob 
2001). In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-
pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, 
dogs were found to be infected with NiV on the farms involved in the outbreak (Field 2001). In 
outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role to 
date, with the primary modes of NiV transmission being human consumption of bat-contaminated raw 
date palm sap and subsequent person-to-person transmission (Arunkumar 2019, Gurley 2007, Islam 
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2016, Luby 2009, Nikolay 2019, Rahman 2008). However, a recent study in Bangladesh found NiV 
antibodies in cattle, dogs, and cats from six sites where spillover human NiV infection cases occurred 
during 2013–2015 (Islam 2023), suggesting the potential of zoonotic spread via intermediary hosts. 
Respiratory transmission via droplet spread may play an important role in propagating outbreaks 
(Nikolay 2019, Spiropoulou 2019). The virus could have pandemic potential if a more human-adapted 
strain, with greater person-to-person transmission emerges (Luby 2013). 
The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock and 
other domestic animals, which can serve as a source of exposure to humans (Islam 2023). NiV is part of 
the Henipavirus genus; this genus also includes another zoonotic pathogen—Hendra virus (HeV)—which 
predominantly causes infection in horses and also can lead to human disease (usually following contact 
with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe 
respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia 
(Murray 1995, Selvey 1995). To date, at least 66 spillover events—all in Australia—involving more than 
100 horses and seven humans have been identified (Wang 2023). Changes in bat behavior related to 
habitat loss and climate change appear to have increased the spillover risk of HeV from bats to horses 
(Eby 2023). Another henipavirus (Langya virus) was recently identified as the probable cause of febrile 
illness among a group of people in China (Zhang 2022). An outbreak of an unidentified henipavirus 
(possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014 
(Ching 2015). This outbreak likely involved spillover of the virus into horses and subsequent disease in 
humans following consumption of contaminated horsemeat; disease also occurred in healthcare 
workers who cared for infected patients. Detailed genomic information for this virus is limited. 
 
Several other henipaviruses have been identified, although the zoonotic and pathogenic potential of 
such viruses remains unknown (Li H 2023) and additional research is needed to better understand the 
global health threat of these viruses. Since additional bat species (particularly in Africa) and potentially 
other animals may serve as reservoir hosts for henipaviruses, the risk of spillover to humans may 
encompass up to three-fourths of the world’s population. Although this roadmap is primarily focused on 
NiV, many of the issues identified also apply to other henipaviruses. While the current incidence of 
detected disease caused by henipaviruses is low, the COVID-19 pandemic clearly demonstrated that 
viruses can transform into serious global threats without significant warning; therefore, vigilance is 
needed to better understand the epidemiology of henipaviruses and to monitor their global occurrence.  

Genomic sequencing has demonstrated that there are two main clades of NiV: the M genotype, which 
comprises the Malaysian NiV isolates (NiV-M), and the B genotype, which includes Bangladesh (NiV-B) 
and India NiV isolates (NiV-I) (Liew 2022, Yadav 2019). These three strains share a high percentage of 
homology (NiV-M and NiV-B strains share 91.8% homology, and NiV-I strains share 85.14to 96.15% 
homology with both NiV-M and NiV-B). Some strain-related differences, however, have been noted in 
the clinical features of infection in humans and experimentally infected non-human primates, with 
strains of the B clade appearing to be more pathogenic than those of the M clade (Mire 2016). Recent 
data indicate that strains from Bangladesh are segregated into two additional distinct sublineages that 
have intermingled geographically and temporally in that area over time (Rahman 2021, Whitmer 2020). 
At this time, however, the molecular epidemiology of NiV remains somewhat unclear and issues around 
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strain diversity and strain evolution require further elucidation (Rahman 2021). One recent summary 
involving the most comprehensive analysis of available genomic data to date suggests that only about 
15% of the overall NiV genetic diversity has been uncovered. Moreover, findings from that analysis 
demonstrated co-circulation of distinct lineages among bats, coupled with slow migration over large 
spatial areas (Cortés Azuero 2023). 
 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of MCMs to enable effective and timely emergency 
response to infectious disease epidemics. NiVD is identified in the Blueprint’s list of “priority diseases” 
(defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no 
MCMs exist) (WHO 2023). The Blueprint calls for the development of R&D roadmaps for the priority 
diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic 
assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges 
from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and 
endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for 
areas that apply broadly to more than one MCM category), diagnostics, therapeutics, and vaccines. 
(Note: These topics are not presented in order of public health priority.) Each section includes barriers 
(inherent obstacles or technical challenges that may influence the likelihood of success for development 
of NiV MCMs) and gaps (key needs or unresolved limitations in knowledge that are critical to the 
development of new NiV MCMs). These are followed by strategic goals and milestones, which build on 
the gaps and barriers and are focused on achievements for the next 6 years (beginning in 2024) that are 
necessary for moving NiV MCMs forward. The roadmap milestones will be tracked over time, with 
periodic assessment of progress and updating as needed. Each section also includes additional ongoing 
priorities that should be considered for NiV MCM R&D.  

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 
include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), 
ensuring adequate hand hygiene and environmental hygiene, promoting effective community 
engagement, implementing adequate infection prevention and control practices, developing adequate 
infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce 
development and training in endemic and at-risk regions. Many of these issues are beyond the scope of 
this R&D roadmap, but need to be addressed as part of a broader public health control strategy. Further 
research of NiV and related henipaviruses in animal species, including development of appropriate 
MCMs targeted to animal populations (such as vaccines [McLean 2019]), also is needed, since disease in 
animals may amplify occurrence of NiV (or a related henipavirus species) in humans and virus 
transmission can occur at the human-animal interface. 
 

VISION 
Robust MCMs to detect, prevent, treat, and control human outbreaks of NiV infection (and other 
closely related henipaviruses) that are readily available and accessible for use in areas of known or 
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potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care or near patient 
diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and 
effective vaccines to prevent disease, disability, and death.  
 

CROSS-CUTTING ISSUES 

Barriers and Gaps 
Barriers 

• Securing funding for NiV/henipavirus research represents a substantial challenge, since 
economic incentives to invest in NiV research are not readily apparent because the disease 
primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so 
far, been low with small and sporadic outbreaks (Gómez Román 2020). The development of a 
sustainable value proposition for industry and international philanthropic public-private 
partnerships is needed to secure funding to complete development, licensure, manufacture, and 
deployment of NiV MCMs. The value proposition should be informed by a robust assessment of 
the risk of future outbreaks of NiV and related henipaviruses and the economic, societal, and 
health impacts that such outbreaks could generate.  

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 
developers in the absence of a predictable demand (Gouglas 2018). In addition, licensure of 
vaccines and therapeutics using alternative regulatory pathways can be very costly, given the 
regulatory requirements for such approval. 

• National regulatory authorities in countries where NiV/henipavirus outbreaks are likely to occur 
have different regulatory requirements for authorization, licensure, or emergency use of NiV 
medical countermeasures, which complicates the approval process, particularly for candidate 
vaccines and therapeutics (Gómez Román 2022). Engagement of international regulators An 
international, NiV-focused regulatory group has been created and will be an important 
mechanism for coordinating regulatory issues as NiV MCMs are moved forward (Gómez Román 
2020). 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (biosafety level 4 [BSL-4]) conditions (Geisbert 2020, Gómez Román 
2022), which can increase the cost and complexity of MCM development. 

• To date, NiV spillovers to human communities have been identified most commonly in rural 
communities in Bangladesh and India; the healthcare facilities that serve these communities 
have limited laboratory and clinical infrastructure for diagnosis and treatment.  

• The primary natural reservoir for NiV and henipaviruses is fruit bats of the Pteropus genus; these 
bats have a wide geographic range that stretches across much of the Western Pacific region, 
Southeast and South Asia, and Madagascar (Bruno 2022). Evidence also suggests that other fruit 
bats of the Pteropodidae family may harbor NiV or related viruses; such bats can be found 
across Africa and parts of the Middle East (Bruno 2022). This broad host range increases the 
likelihood of additional spillover events from bats to humans or livestock in new areas where 
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the disease has not yet been detected, which may make accurate and timely diagnosis, disease 
recognition, and treatment more difficult owing to the lack of clinical experience with the 
condition, lack of available laboratory testing, and the occurrence of other diseases that have 
similar clinical presentations.  

• The development and accessibility of animal models that recapitulate human NiV disease are 
critical for NiV MCM development, given the limitations on clinical samples and the infeasibility 
of traditional clinical efficacy trials. While ferrets and Syrian golden hamsters are well-
established animal models for NiV research, the African green monkey (AGM) is regarded as the 
most relevant animal model for evaluation of candidate therapeutics and vaccines intended for 
use in humans (Foster 2022, Geisbert 2010, Geisbert 2020, Geisbert 2021, Johnston 2015, Price 
2021, van Doremalen 2022, Woolsey 2023). Studies involving the AGM model may be required 
for licensure of MCMs via alternative regulatory pathways; however, costs, space requirements 
(particularly in BSL-4 containment facilities) and ethical concerns constrain their use (Arnason 
2020, Bossart 2012, Geisbert 2010, Johnston 2015). 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV 
infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major 
challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate 
MCM efficacy with adequate statistical power (Gómez Román 2020). It may be possible to 
address this issue by enhancing case detection through improved surveillance and by combining 
clinical trial data over time, including across outbreaks; however, it is likely that at least vaccines 
will need to be licensed via nontraditional regulatory pathways.  

• Patients usually present late in the clinical course of disease and disease progression is often 
rapid, making it difficult to collect clinical samples before patients succumb to the disease. 
Additionally, autopsies are often not the standard of care in affected areas, which further 
reduces opportunities to collect clinical specimens. These barriers hinder the ability to 
understand disease pathogenesis and immunologic responses to infection, which are important 
for MCM R&D (Amaya 2020, Arunkumar 2019, Gurley 2020, Liew 2022, Mazzola 2019). 

• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 
could reduce acceptance of NiV vaccines and therapeutics.  

Gaps 
• Continued R&D, improved manufacturing processes, deployment, and assessment of 

NiV/henipavirus MCMs, as well as other preventive measures, depend on accurate and current 
information on the ecology and epidemiology of NiV infection, using a One Health approach. 
Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to 
determine the true incidence of human disease in endemic areas and to monitor the occurrence 
of spillover incidents from bats to humans or livestock in new geographic areas (Bruno 2022, 
Singhai 2021). Improved surveillance might also support the business case for investment in NiV 
MCMs by identifying a higher incidence of disease than previously demonstrated and revealing a 
broader geographic range of risk. 



Revised August 2023—FOR REVIEW ONLY—NOT FOR DISTRIBUTION 
 

6 
 

• Additionally, continued research is needed to better define and assess the occurrence of NiV 
and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats 
and potentially other bat species around the globe (Gómez Román 2020, Plowright 2019). 

• Additional research is needed to optimize and further characterize relevant animal challenge 
models (particularly ferret, Syrian golden hamster, and AGM models) for promoting 
development and evaluation of NiV MCMs (Geisbert 2020, Gómez Román 2020, Price 2021, 
Rockx 2014). Examples of additional issues involving animal models include the following 
(Dhondt 2013, Gómez Román 2020, Johnston 2015, Mathieu 2015, Mire 2019, Price 2021): 

o Determine the appropriate animal model(s) for screening assay development. 
o Standardize the challenge strain and dose, and determine the most appropriate lethal 

NiV dose for MCM development. 
o Determine when after-challenge MCMs should be administered in animal models to 

best mimic realistic timing of MCM use in humans. 
o Identify the best models for studying chronic (relapsing) infection. 
o Determine if different animal models are needed for different clinical endpoints such as 

infection, disease, and transmission. 
o Determine if models perform differently based on the route of virus administration. 
o Improve overall standardization of the models. 

• Other research needs include the following: 
o Improved understanding of the virology, immunology, and pathogenesis of NiV in 

humans and animals to inform development of NiV MCMs (Gurley 2020, Liew 2022). 
This includes evaluating the pathophysiologic differences between different NiV strains, 
determining the mechanisms that allow NiV to escape immunologic clearance and cause 
delayed onset or recurrent encephalitis, and identifying factors influencing the 
development of permanent neurologic sequelae.  

o Ongoing phylogenetic and evolutionary analyses of NiV strains to monitor viral 
heterogeneity and antigenic changes that may affect the epidemiologic and clinical 
features of disease over time and thereby influence MCM development (Cortés Azuero 
2023, Gurley 2020, McKee 2022, Rahman 2021). 

o Additional research to determine if: (1) NiV strain variations influence the ability to 
detect NiV infections; (2) different strains have different phenotypic characteristics, 
such as different clinical manifestations or transmission dynamics, and (3) if strain 
variability impacts efficacy of vaccines or therapeutics (CEPI 2023a, Gurley 2020, 
Whitmer 2020).  

o Whole-genome sequencing of NiV isolates to generate a comprehensive phylogenetic 
mapping of the global genetic variability among henipaviruses (CEPI 2023a).  

o Sociological and anthropological research to understand how to best engage 
populations at high risk of exposure (such as persons who consume date palm sap, 
healthcare workers, and workers at the human-animal interface) and vulnerable 
populations (such as children, immunocompromised individuals, and pregnant women) 
for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially 
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if therapeutics and vaccines do not consistently prevent disease (Singhai 2021, Lancet 
2018). 

o Prospective serosurveillance of henipavirus exposure from susceptible animal species 
and proximate human populations in areas of predicted risk to assess the potential of 
human spillover and to build preparedness for detection of human cases and for limiting 
exposure (Daszak 2020, Deka 2018, Gómez Román 2020, Plowright 2019). 

o Expanded use of machine-learning approaches can facilitate an improved understanding 
of the risk of NiV/henipavirus spillover events (Plowright 2019). Ecological studies are 
also needed to enhance understanding of the dynamics governing prevalence and 
shedding of NiV and other henipaviruses in bats (Plowright 2019). 

• Other important needs include the following: 
o Funding sources (such as public-private partnerships, government agencies, and 

philanthropic organizations) and industry incentives and competitions for non-dilutive 
funding to encourage innovation and secure private-sector commitments to develop 
and manufacture NiV MCMs (Gómez Román 2020).  

o Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk 
areas to promote early diagnosis, treatment, surveillance, and implementation of 
vaccination programs for NiV prevention and control (Bruno 2022).  

o Advocacy to policy makers in affected countries and to global stakeholders to ensure 
they understand the potential health, societal, and economic benefits of devoting 
resources to improving NiV surveillance, detection, prevention, and control measures 
(Gómez Román 2020). 

o Scenario planning to clarify regulatory pathways for product approval in countries 
where NiV/henipavirus outbreaks are likely to occur, including determining whether or 
not efficacy data from animal models is sufficient for regulatory approval. Such planning 
should take into consideration the local epidemiology of NiV infection and the different 
requirements of local national regulatory authorities for product approval and 
emergency use authorization (Gómez Román 2022). Regulatory pathways and NRA 
capabilities vary between countries; therefore, early engagement, potentially with 
support from WHO and other key international stakeholders, is essential to identify 
country-specific considerations. While it is critical to focus on approaches that make 
ethical and scientifically valid clinical trials feasible whenever possible, alternative 
regulatory pathways may need to be considered for licensure of NiV vaccines or 
therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are 
not feasible.  

o Standardized and well-characterized assays (to be further defined based on end use), 
reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs 
for NiV infection (Rampling 2019, Satterfield 2016). Assays that can be used at lower 
biosafety levels are an important priority. WHO international standards should be used 
(when available) as calibrators and reported in units/ml to harmonize assay results.  

o Outreach and education to clinicians and community health workers to improve NiV 
awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical 
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management, and infection prevention and control) and to ensure availability of 
diagnostic tools in endemic areas to increase the likelihood of accurate and timely 
diagnosis and treatment of NiV infection (Singhai 2021).  

o Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to 
support collaborative clinical research, including methods for collecting, standardizing, 
and sharing clinical data.  

o Collaboration between public health authorities in endemic and at-risk areas and 
international development partners to support NiV surveillance and strengthen disease 
prevention and preparedness activities. This effort could potentially involve linking NiV 
surveillance with other surveillance efforts, such as surveillance for Japanese 
encephalitis (JE). Human health, animal health, and wildlife officials should be engaged 
as part of a long-term collaborative effort.  

o Clarification regarding the potential for and possible strategies to promote technology 
transfer for NiV MCM development and manufacturing to endemic and at-risk areas.  

o Efforts to reduce the cost of medical countermeasure development and ongoing 
production. 

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Identify additional and ongoing sources of private- and public-sector funding and 
develop appropriate incentives and competitions to promote R&D of NiV MCMs.  

Milestones: 
1. By 20245, develop a public value proposition to effectively advocate for the development and 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV and related 
henipaviruses (including the risk of gain-of-function research involving such viruses), (2) 
demonstrates the need for global engagement to address the threat, and (3) outlines the global 
social and economic benefits of generating accessible and affordable NiV MCMs. , and (3) details 
the positive impact on the health systems in affected areas..  

2. By 20256, create a funding plan based on the global value proposition for moving NiV 
diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, 
acceptance, and sustainable access. 

3. By 20256, develop a coordinated strategy (to include addressing indirect costs and shortfalls) for 
promoting and incentivizing greater industry engagement in R&D for NiV MCMs, particularly in 
affected countries.  
 

Strategic Goal 2: Improve understanding of NiV the epidemiology and ecology of NiV and related 
henipaviruses to better define the disease burden, risk factors for infection, reservoir hosts, and risk of 
spillover events in affected at-risk countries.  

Milestones: 
1. By 20246, generate and implement standardized protocols for case investigation in at-risk 

countries, using a One Health approach, that are aimed at identifying risk factors for primary NiV 
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infection and at conducting case-contact studies to better understand chains of transmission 
(Hedge 2023). 

2. By 2025, assess country-level capacity in at-risk countries for implementing standardized clinical 
protocols for case investigation, and develop plans for addressing key gaps in implementation. 

1.3. By 2025, develop and initiate a plan for enhancing human NiV surveillance for NiV and related 
henipaviruses in India and Bangladesh outside of existing surveillance areas (i.e., where cases 
previously have been identified). This should include securing funding, identifying additional 
surveillance catchment areas, engaging key partners in those areas, generating standardized 
surveillance protocols, and conducting training for implementation, and leveraging other 
surveillance activities (such as surveillance for JE).  

2. By 2026, initiate enhanced human NiV surveillance to better characterize NiV epidemiology 
(including the potential for spillover events), promote early case detection, and better define 
the disease burden in India and Bangladesh, particularly outside of areas where cases previously 
have been identified.  

3.4. By 2025, develop plans for conducting human surveillance for NiV and related henipaviruses in 
at-risk countries other than India and Bangladesh.  

5. By 2025, develop plans for conducting animal surveillance for NiV and related henipaviruses in 
at-risk countries other than India and Bangladesh.  

6. By 20256, develop plans for conducting additional research in at-risk countries India and 
Bangladesh to identify the potential for and drivers of spillover events for NiV and related 
henipaviruses, using a One Health approach, particularly in areas where NiV cases have not yet 
been identified. 

4.7. By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate 
NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance 
understanding of NiV disease pathogenesis (Bassat 2021).  
 

Strategic Goal 3: Determine the requirements for clinical trials, regulatory pathways, and other 
considerations that will affect licensure or approval of NiV MCMs by engaging an international 
regulatory working group regulators representing NRAs in affected areas and other key international 
stakeholders. 

Milestones:  
1. By 2024, conduct scenario planning to identify gaps, clarify the regulatory procedures, and 

determine the acceptable pathways for approval and emergency use authorization of NiV MCMs 
(including vaccines, novel candidate therapeutics, repurposed therapeutics, and diagnostics) in 
countries at highest risk for NiV outbreaks (i.e., Bangladesh and India) through an international 
NiV-focused regulatory group. forum of regulators. 

2. By 2025, determine if any key gaps exist for regulatory approval and emergency use 
authorization of candidate NiV MCMs in affected countries and develop strategies to address 



Revised August 2023—FOR REVIEW ONLY—NOT FOR DISTRIBUTION 
 

10 
 

those gaps in regulatory approval and emergency use authorization of candidate NiV MCMs, 
with specified timelines for completion.  

2. By 2025, assess capacity in affected countries to conduct clinical trials and field studies of 
MCMs, particularly during outbreaks. 

3. By 2026, create a system for monitoring regulatory issues related to licensure or use of 
candidate NiV MCMs over time. ensure that any issues affecting approval and emergency use of 
candidate MCMs in affected countries have been resolved and that consensus has been 
achieved on the necessary regulatory steps and procedures.  

3. By 2026, develop protocols for emergency use of candidate NiV MCMs during outbreaks.  
  

Strategic Goal 4: Support basic science research to improve understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animal models.  

Milestones: 
1. By 20245, generate standardized and well-characterized assays, reagents, antibodies, nucleic 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 

2. By 2025, conduct additional research to further optimize animal models that recapitulate 
disease in humans for use in preclinical studies of NiV MCMs.  

3.1. By 2026, conduct sequencing of NiV strains from existing clinical samples obtained from past 
NiV cases to assess variability of NiV strains in India and Bangladesh (CEPI 2023a).  

3. By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate 
NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance 
understanding of NiV disease pathogenesis (Bassat 2021).  

4. By 2026, develop a standardized human pathology investigation protocol for improving 
understanding of NiV pathogenesis.  
 

5. By 20278, conduct research in animal models to determine if strain variability impacts efficacy 
of promising NiV MCMs or the accuracy of diagnostic tests.   

 
Additional Priority Areas/Activities 

Research 
• Continue to expand research to further understand the ecology and epidemiology of NiV and 

other pathogenic henipaviruses in human and animal populations (wild and domestic) over time 
and across geographic areas, using a One Health approach. Such research should include 
serosurveys in different animal species and ecologic studies in bats, and should utilize 
computational approaches, such as machine-learning.  

• Continue to perform phylogenetic and evolutionary analyses, using whole-genome sequencing, 
of NiV strains to monitor antigenic changes and characterize genetic diversity over time.  

• By 2026, Continue to conduct sequencing of NiV strains from existing clinical samples obtained 
from past NiV cases to assess variability of NiV strains in India and Bangladesh (CEPI 2023a).  



Revised August 2023—FOR REVIEW ONLY—NOT FOR DISTRIBUTION 
 

11 
 

• Incorporate, on an ongoing basis, additional NiV strains into preclinical research as newer 
strains become available.  

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 
NiV infections to inform development of MCMs. 

• Continue to explore alternative strategies to using animal models for research (e.g., use of 
organoids, other in-vitro approaches, computational modeling). 

• Determine key differences in pathogenesis for different NiV strains that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Conduct research studies to enable a more comprehensive mapping of genetic variability of 
henipaviruses to improve understanding of their global distribution. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection, including potential 
regulatory pathways for MCM licensure and approval.  

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 
human or animal populations.  

• Develop an open-access shared data platform to facilitate sharing of NiV sequence and strain 
data.  

• Collaborate with local government authorities (including human health, animal health, and 
wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
affected and at-risk areas.  

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. These should include efforts to reduce 
production costs and ensure equitable global access as needed.  
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• Support the development of affordable pricing mechanisms to promote accessibility of NiV 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 
and fair” price is one that can reasonably be paid by patients and health budgets and 
simultaneously sustains research and development, production, and distribution within a 
country.) 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
DIAGNOSTICS 

Barriers and Gaps 

Barriers 
• Initial signs and symptoms of NiV infection are nonspecific, and infection is often not suspected 

at the time of presentation. This can hinder accurate diagnosis and creates challenges in 
outbreak detection and implementation of effective and timely infection control measures and 
outbreak response activities. Additionally, latent infection can last for months to years after 
initial exposure, which can complicate epidemiologic investigation (CDC 2020).  

• The accuracy of laboratory results can be affected by a variety of factors, such as clinical sample 
quality, quantity, type, timing of collection, and the time necessary to transfer the sample from 
the patient to the laboratory (WHO 2019, Mazzola 2019).  

• The time required to perform diagnostic testing using conventional laboratory methods is 
problematic, given the potential for rapid disease progression of NiV infection (Sayed 2019).  

• Diagnostic needs vary across the latent, acute, and convalescent phases of NiV infection (Bruno 
2023).  

• Limited laboratory infrastructure and diagnostic capabilities in peripheral settings can lead to 
delays in diagnosis and in outbreak investigation and response (Berge 2019, Bruno 2022, Chua 
2013, Wang 2012, WHO 2019).  

• Owing to the high biosafety precautions necessary when working with NiV, diagnostic testing of 
clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with 
regard to collection, handling, transport, and laboratory analysis (Watanabe 2020, Widerspick 
2022).  

• Limited NiV-positive clinical samples are available, which are important for validation of 
diagnostic tests (Mazzola 2019). 

• Pteropus species (and likely other bat species) may carry other henipaviruses in addition to NiV 
and HeV, some of which could be pathogenic in humans and livestock. Antibodies to different 
henipaviruses appear to be highly cross-reactive, making it difficult to discriminate the particular 
henipaviruses that are in circulation using serologic assays, which is critical to ensuring 
diagnostic preparedness to respond to future outbreaks (Mazzola 2019, Wang 2012, WHO 2019, 
Yang 2022).  

Gaps 
• Further research is needed to: 
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o Improve understanding of the kinetics of NiV detection in cerebrospinal fluid, blood, 
saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to 
enhance the ability to diagnose infection at different stages of disease (Arunkumar 
2019, Berge 2019, Mazzola 2019, Thakur 2019).  

o Determine criteria for test performance and further evaluate performance 
characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and 
quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as 
rapid diagnostic tests) and tests that are designed to detect more than one henipavirus. 
Further testing of diagnostics should be conducted in animal models before field trials in 
humans are pursued.  

o Continue to develop commercialized or standardized rapid nucleic acid tests that can 
quickly confirm active NiV infection at the point of care or at the level of near-patient 
care (Berge 2019, Pollack 2023, WHO 2019). This effort may require clarification of the 
regulatory pathways for commercialization of NiV diagnostic tests. To date, one rapid 
test has been approved for emergency use in India during an outbreak that occurred in 
2018 (Yadav 2021). 

o Generate international reference standards to calibrate diagnostic assays to ensure 
proficiency testing of new diagnostics (Berge 2019, WHO 2019).  

o Clinically validate the performance and operational suitability of new promising 
diagnostics, particularly rapid diagnostic tests, in endemic geographic regions (Berge 
2019, Pollack 2023).  

o Continue to assess and operationally validate safe and simple methods of sample 
inactivation that do not interfere with diagnosis and that can be used at peripheral sites 
(Pollack 2023, WHO 2019, Watanabe 2020, Widerspick 2022, Yadav 2021). 

o Establish operational suitability at the point of care (i.e., at peripheral community 
settings) for NiV diagnostic tests by developing an integrated approach to facilitate 
rapid, accurate, and safe testing procedures (Pollack 2023).This could include a minimal 
protocol or best practices approach for sample inactivation before testing (WHO 2019). 

• Other needs include the following: 
o Development of a virtual repository (with specimens being held and maintained in the 

countries of origin) of clinical samples to assess and validate diagnostic tests (Berge 
2019, WHO 2019). As part of this process, a clear approach is needed to: (1) determine 
what clinical samples should be collected, based on what would be most useful (e.g., 
plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of sample 
collection; (3) determine what organizations will be responsible for the activities related 
to creating and maintaining the repositories; (4) establish standardized protocols for 
sample collection and maintenance; (5) establish an appropriate governance structure; 
(6) identify who would have access to the samples; (7) prioritize use of samples and 
sample distribution; and (8) ensure that material transfer agreements (MTAs) are in 
place. (Samples obtained from laboratory animals also can be used to assess diagnostic 
assays during the timeframe when the virtual repository is being created.) 
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o Optimal deployment strategies for diagnostics in different geographic areas based on 
the risk and epidemiology of NiV infection (Berge 2019, WHO 2019).  

o In-country laboratories able to conduct proficiency testing to monitor reproducibility 
and performance of NiV diagnostic assays in the field.  

o Systems for external quality assessment (EQA) monitoring of tests using up-to-date 
clinical specimen panels and reference standards (Mazzola 2019). 

o A sufficient number of laboratories committed to using the diagnostics on a regular 
basis to support the business case for NiV diagnostics, particularly given the costs of 
regulatory approval. 

o Improvement of diagnostic preparedness in at-risk areas to detect NiV, HeV, and other 
emergent henipaviruses as they arise (Wang 2012). 

o Ongoing efforts to develop affordable and easy-to-use multiplex panels for detection of 
a range of pathogens using a syndromic approach, if such panels can be deemed cost-
saving (Mazzola 2019). 

• Use cases and target product profiles (TPPs) have been developed drafted for NiV diagnostics 
(WHO 2019); however, these need to be finalized and the criteria may need to be modified over 
time as new lineages are identified (Mazzola 2019).  

• Since NiV strains are continuing to evolve, it’s possible that current diagnostic tests could fail to 
detect an emergent variant of NiV. Recently, a novel strain of HeV was identified in Australia 
that was not detected through conventional PCR testing owing to gene sequence mismatches 
(Annand 2022). Diagnostic tools that can detect a broader range of NiV, HeV, or related viruses 
capable of spillover may be needed to advance the ability to forecast spillover risks and to 
detect emergent viruses (Peel 2022).  
 

Strategic Goals and Aligned Milestones 

Strategic Goal 1: Support development of diagnostic assays through creation of reference repository 
repositories of clinical samples from NiV-infected patients. 

Milestones:  
1. By 20246, develop and standardize plans and protocols (including the governance structure) for 

creating a virtual reference repositoryrepositories of well-characterized acute and convalescent 
clinical samples to include a recommended set of metadata (i.e., age, sex, days since symptom 
onset), as feasible, and to be maintained in the two primary NiV-affected countries (Bangladesh 
and India).  

2. By 20257, identify sustainable, long-term funding, determine sites for sample storage, and 
initiate creation of the virtual reference repositoryrepositories in Bangladesh and India, with 
samples samples and associated metadata to be collected during future outbreaks.  

 
Strategic Goal 2: Continue to develop and assess affordable, highly sensitive and specific (as needed 
depending on intended use), point-of-care andor near-patient NiV diagnostic tests that are suitable for 
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use in peripheral settings, have extended shelf lives, and that have minimal requirements for biosafety 
precautions and staff training.  

Milestones:  
1. By 2024, finalize the draft use cases and TPPs for NiV diagnostics. 

2. By 20245, engage appropriate regulatory agencies and NRAs to inform commercialization 
pathways for NiV diagnostic assays. This effort should include clarifying regulatory pathways for 
approval (including approval for emergency use) of NiV diagnostics. 

1.3. By 2024, generate a call to accelerate the development of point-of-care and near-patient 
diagnostic testing for NiV. 

4. By 2024, develop a protocol or set of best practices (that biosafety committees will accept) for 
inactivation of clinical samples from humans and animals that are being tested for NiV.  

5. By 2025, create international reference standards for calibrating and harmonizing NiV diagnostic 
assays.  

2.6. By 2026, complete preclinical evaluation for at least two of the most promising NiV point-of-care 
or near-patient diagnostic assays that align with the TPP and can be used in peripheral sites. 

3. By 2026, create international reference standards for calibrating and harmonizing NiV diagnostic 
assays.   

4. By 2026, develop a minimum protocol or set of best practices (that biosafety committees will 
accept) for inactivation of clinical samples from humans and animals that are being tested for 
NiV.  

5.7. By 2027, complete clinical validation of performance and operational suitability for at least two 
of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP 
and can be used in peripheral sites. 

6.8. By 2028, obtain promote regulatory approval for at least one rapid, point-of-care or near-
patient- care NiV diagnostic test that can be commercialized and standardized.  

 
Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known spillover risk to 
promote early detection of NiV.  

Milestones:  
1. By 20256, continue to expand national laboratory networks for NiV detection in  the primary 

affected at-risk countries (Bangladesh and India)  that include plans for enhancing laboratory 
preparedness to enable earlier and timely detection of NiV infection during future outbreaks.  

2. By 20267, generate well-characterized and up-to-date proficiency panels and network quality 
controls for NiV diagnostic testing to be used in selected laboratories in Bangladesh and Indiaat-
risk countries. 

3. By 20269, implement routine EQA monitoring of NiV diagnostic testing at selected laboratories 
in Bangladesh and India.at-risk countries.   
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Additional Priority Areas/Activities 

Research 
• Continue to explore new diagnostic approaches that may allow earlier detection of infection.  
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine criteria for test performance and continue to evaluate performance characteristics 
for promising new assays for diagnosis of NiV infection. 

• Continue to conduct field evaluation studies to assess and validate new diagnostic tests for NiV 
infection as they become available.  

• Continue to research methods of diagnostic testing that are able to differentiate between 
various pathogenic henipaviruses. 

• Continue to develop affordable and easy-to-use multiplex panels for detection of a range of 
pathogens using a syndromic approach.  

• Consider development of diagnostic tools that can detect a broader range of NiV, HeV, or 
related viruses capable of spillover. 

 Product development 
• Refine over time, as needed, criteria in the existing TPPs to include identification of different NiV 

lineages/strains.  
• Continue to develop and evaluate point-of-care andor near-patient rapid diagnostic tests for 

NiV infection that are affordable, highly sensitive and specific (as needed, depending on their 
intended use), can capture antigenically diverse strains of the virus, and can be performed 
accurately and safely in peripheral settings under a variety of circumstances.  

• Expand diagnostic test development for other henipaviruses over time.  

Key capacities 
• Establish operational suitability in peripheral laboratories of rapid diagnostic tests over time, as 

new tests become available.  
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  

Policy and commercialization 
• Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available.  
 
THERAPEUTICS 

Barriers and Gaps 
Barriers  

• Patients typically present late in the clinical course of disease, which decreases the likelihood of 
successful treatment. 
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• A limiting constraint to assessing the effectiveness of promising therapeutics is the number of 
patients with NiV infection who can be enrolled in clinical trials over time, given the small 
number of cases that are identified annually.  

• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 
creates an important challenge in providing early treatment of patients and PEP for exposed 
persons, which can significantly impact clinical evaluation of therapeutic candidates.  

• NiV can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in affected countries often do not have adequate infection control–
programs in place to prevent person-to-person transmission. They also lack the ability to rapidly 
identify contacts most likely to benefit from PEP therapy.  

• One promising therapy is the monoclonal antibody (mAb) m102.4; however, the projected cost 
per patient for this agent is expected to be more than $1,000 (Gómez Román 2022); this high 
cost poses an important barrier to its use.  

Gaps  
• Patients may benefit from optimal supportive care, independent of treatment with specific NiV 

therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions. 
Standard of care guidelines will be important for conducting clinical efficacy trials of therapeutic 
agents.  

• During the 1998-99 NiV outbreak in Malaysia, clinicians used ribavirin to treat 140 patients. 
Outcomes data revealed a lower mortality rate among treated patients (Chong 2001), but the 
findings may have been biased by the use of historical controls. No additional clinical studies of 
ribavirin have been conducted, and limited studies in animals have not demonstrated efficacy of 
ribavirin following NiV or Hendra virus challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, 
however, may prove useful for PEP (Banerjee 2019); therefore, further challenge studies in 
animal models should considered to explore this possibility.  

• Studies in animals have evaluated the usefulness of several agents (including remdesivir, 
favipiravir, and fusion inhibitory peptides) when delivered prior to disease onset or early during 
the disease course (Dawes 2018, Lo 2019, Mathieu 2018). One recent study showed that AGMs 
were only partially protected when remdesivir was administered 3 days post-inoculation; 
therefore, early administration seems critical for effective treatment (de Wit 2023). Patients 
with NiV infection are often detected late in the clinical course, which creates challenges for 
predicting how well a therapeutic agent will work in the field. Additional challenge studies in 
animals, therefore, are needed to: (1) assess the clinical benefit of these therapeutics as 
treatment options when administered after symptom onset or at least more than 24 hours after 
initial exposure, (2) determine whether these agents may be appropriate for PEP, and (3) clarify 
the most feasible and cost-effective route of administration (e.g., oral, intranasal, intravenous) 
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appropriate for real-world conditions, particularly if being considered for mass prophylaxis in an 
outbreak setting (Gómez Román 2022).  

• m102.4 has demonstrated protection against lethal NiV challenge in animal models and has 
been provided under compassionate use programs for a small number of individuals exposed to 
either HeV or NiV (Broder 2012, Guillaume 2004, Playford 2020). Several other mAbs have also 
been assessed in animal models and appear promising (Gómez Román 2022). A phase 1 clinical 
trial for m102.4 with 40 human participants was completed in Australia during 2015 and 2016 
(Playford 2020). In that trial, m102.4 was well tolerated and safe, with no evidence of an 
immunogenic response. 

• Additional research needs for mAbs as treatment or PEP for NiV infection include: 
o Additional clinical trials in endemic areas to further assess the safety, tolerability, 

efficacy, and pharmacokinetic parameters of m102.4 (and possibly other mAbs with 
adequate preclinical data) for PEP and potentially early treatment of clinical disease 
(CEPI 2023b).  

o Additional research to determine the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with m102.4, it may be 
necessary to consider mAb cocktails (Borisevich 2016, Playford 2020). 

o Animal studies to determine if mAb cocktails that combine several different mAbs into 
one formulation are more efficacious than administering one mAb alone (Dang 2021).  

o Future studies to ascertain the efficacy of m102.4 for treatment and prophylaxis against 
different viral strains of NiV and Hendra viruses, particularly among populations living in 
settings where there is the potential for an outbreak. 

o Adequate stockpiles of m102.4 (or potentially other mAbs) to ensure urgent access at 
the onset of a NiV outbreak. 

• Given the limited number of NiV cases identified each year, a transparent and collaborative 
process is needed to determine which agents are most appropriate for study in future clinical 
trials and how best to allocate scarce resources for conducting such trials. 

• A prepositioned, agreed-upon protocol for conducting clinical trials of promising therapeutics 
during NiV outbreaks would be of value in advancing clinical evaluation of such agents 
(Spiropoulou 2019).  

• Diagnostic criteria and standardized testing are needed for including patients in clinical trials of 
therapeutics. 

• Additional research needs include the following:  
o Further research to broaden the number of novel antiviral candidates (including 

repurposed drugs) for treatment of NiV infection and strengthen the therapeutic 
pipeline. Computational aided drug design is one tool that can be useful for this 
discovery (Yang 2023).   

o Additional data to establish the pharmacokinetic/pharmacodynamic (PK/PD) 
relationship of promising therapeutic candidates. 

o Additional data to determine the role of PEP and to inform development of guidance on 
the types of exposures that warrant such intervention and the most appropriate agents 
to administer. This determination should include feasibility for PEP stockpiling and 
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distribution in both affected and at-risk areas, particularly Bangladesh, which has 
hundreds of potentially exposed persons annually that could be candidates for PEP.  

o Additional information to determine whether or not strain differences will affect the 
response to therapeutic candidates and results from clinical trials. 

o Additional data to determine the therapeutic windows for promising therapeutics for 
the different NiV strains, as highlighted by a recent study in AGMs that showed that the 
therapeutic window for m102.4 against a strain from Bangladesh/India was shorter than 
for a strain from Malaysia (Mire 2016). 

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future 
outbreaks of NiV or related viruses. outbreaks.  

Milestones:  
1. By 2024, convene a consortium of key stakeholders—in affected areas and internationally—to 

address the key challenges with conducting clinical trials of therapeutic agents during future NiV 
outbreaks of NiV or related viruses. This consortium could potentially be modeled after the 
West Africa Lassa Fever Consortium (WALC) (ISARIC 2023). 

2. By 20245, develop NiV infection control and standard of care guidelines to be used in affected 
countries and , disseminate the guidelines. , and conduct outreach to clinicians as appropriate. 

3. By 20245, complete an agreed-upon generic prepositioned protocol for conducting safety and 
efficacy clinical trials of promising therapeutic candidates (mAbs and small molecules, including 
repurposed drugs) to be implemented in NiV-affected areas during outbreaks and develop plans 
for operationalizing the protocol.  

4. By 20245, complete an agreed-upon generic prepositioned protocol for conducting PEP (and 
potentially pre-exposure prophylaxis [PREP]) trials of promising therapeutic candidates (mAbs 
and small molecules, including repurposed drugs) to be implemented in NiV-affected areas 
during outbreaks and develop plans for operationalizing the protocol.  

5. By 2025, conduct outreach and training to clinicians on the NiV infection control and standard of 
care guidelines in India and Bangladesh. 

1. By 2026, complete a broader, harmonized regional protocol (to be used across Bangladesh and 
India) for conducting clinical trials of promising therapeutic candidates to be implemented in 
NiV-affected areas during outbreaks or potentially during periods of endemic disease (if 
comparable data can be generated over time and across different clinical sites) and develop 
plans for operationalizing the protocol.  

6. By 2026, generate a reliable source or stockpile of a mAB (m102.4 or other mAb) to be used in 
outbreak-related clinical trials for both PEP, possibly PREP, and early clinical treatment. 
 

Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection.  
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Milestones:  
1. By 2025, create and implement a prioritization process, with a governance structure, for 

determining which promising NiV therapeutic candidates should be further evaluated in clinical 
trials, once adequate animal data demonstrating safety and efficacy are available.  

2. By 2026, complete preclinical evaluation in animal models—with administration of the 
therapeutic agent more than 24 hours after challenge and potentially after symptom onset—of 
the preliminary safety, tolerability, and efficacy of at least two promising small-molecule 
therapeutic candidates or combination therapies for the treatment of NiV infection. 

3. By 2027, further explore in animal models whether two or three of the most promising small-
molecule therapeutic candidates are likely suitable for PEP and, therefore, should be assessed as 
PEP in clinical trials.  

4. By 2027, determine the most cost-effective and feasible routes of administration for use in real-
world settings for at least two promising small-molecule therapeutic candidates.  

3. By 20257, complete at least one additional phase 1 clinical trial (phase 2 or 2/3) in a NiV-
affected area of m102.4 or other suitable a promising mAb or mAb cocktail to further assess 
safety and , tolerability. , and efficacy (if NiV incidence allows efficacy assessment).  

5.4. By 2027, complete at least one phase 2/3 clinical trial in a NiV-affected area of a promising mAb 
or mAb cocktail to further assess safety, tolerability, and potentially efficacy (if NiV incidence 
allows efficacy assessment). 

6.5. By 2028, complete at least one phase 1 clinical evaluation trial of the preliminary safety, and 
tolerability , and (possibly) efficacy of at least two promising small-molecule therapeutic 
candidates or combination therapies for the treatment of NiV infection. 
 

Additional Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 

(such as m102.4, other mAbs, remdesivir, and favipiravir) for treating and preventing NiV 
infection, including conducting additional studies in animal models and clinical trials as 
appropriate and feasible. This should include determining the therapeutic windows for use of 
therapeutic agents as treatment or PEP. 

• Clarify, in animal models, the potential for development of escape mutants from use of mAbs. 
• Continue to conduct preclinical research on mAbs other than m102.4 and on mAb cocktails to 

assess safety, tolerability, and efficacy for treating NiV infection  
• Continue to expand the pipeline of new therapeutic options for treating and preventing NiV 

infection that should undergo further evaluation, potentially using pseudotyped viruses for 
initial screening of compounds (Li T 2023). 

• Consider conducting additional challenge studies in animal models to assess whether or not 
ribavirin may be suitable for PEP following NiV exposure.  
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• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Continue to develop, evaluate, and license safe and effective therapeutic agents for the 

treatment of NiV infection that are active against different NiV strains and other henipaviruses, 
and that can cross the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains  and 
other pathogenic henipaviruses that may emerge. 

Key capacities 
• Ensure that clinical trial protocols are in place and are ready to be operationalized in advance of 

outbreaks, including obtaining appropriate approvals and conducting necessary training. 
• Promote enhancements to the healthcare delivery systems in affected areas to improve clinical 

management and supportive care of patients with NiV infection and to improve infection control 
practices to limit person-to-person spread. 

• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 
therapeutics for further clinical testing and outbreak control.  

Policy and commercialization 
• Explore strategies for decreasing the costs associated with m102.4 or other mAbs, such as 

exploring the possibility of administering mAbs subcutaneously rather than intravenously.  
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

VACCINES 

Barriers and Gaps 

Barriers  
• Large clinical efficacy trials, which typically are required for vaccine licensure, will likely not be 

feasible for NiV vaccines, owing to the sporadic and unpredictable nature of NiV outbreaks and 
the low case numbers usually involved (Gómez Román 2022, Nikolay 2021, Satterfield 2016). 

• In the absence of large clinical efficacy trials, authorization and licensure will likely involve 
nontraditional regulatory pathways to guide the evaluation of safety and efficacy (Gómez 
Román 2022). However, experience is limited with these routes (such as the US FDA’s Animal 
Rule or Accelerated Approval Program, the EMA’s conditional market authorization, and 
authorization under exceptional circumstances) and there are few successful models for vaccine 
authorization and approval. 

• The limited commercial value of NiV vaccines may impede industry’s involvement in developing 
and producing NiV vaccines without significant financial support (e.g., through partnerships with 
organizations such as CEPI, PATH, and high-income country government agencies) (Gómez 
Román 2022). 
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• The affordability of creating and maintaining a NiV vaccine stockpile and deploying vaccines 
during outbreaks is a key issue for low- and middle-income countries; supplementary funding 
will likely be required to ensure vaccine preparedness for NiV outbreaks (Gómez Román 2022).  

• The absence of improved diagnostic assays for the timely diagnosis of infection creates an 
important challenge by delaying implementation of a rapid reactive vaccination strategy for NiV 
outbreak control.  

Gaps  
• NiV vaccines are needed that: (1) are readily accessible with adequate supply chains, particularly 

in low-resourced areas, (2) can protect against different NiV strains, and (3) provide rapid onset 
of immunity to adequately prevent and control outbreaks in a timely manner. 

• Use cases for NiV vaccines need to be better defined, as how vaccines are to be used will affect 
vaccine deployment and manufacturing plans.  

• Reference standards for NiV antibodies are needed to evaluate candidate NiV vaccines.  
• Expanded partnerships among researchers, funders, and regulators are needed to advance the 

development of promising NiV vaccine candidates (Amaya 2020, Gómez Román 2022). NiV 
vaccine candidates in preclinical development target the F/G glycoproteins and a variety of 
platform technologies are being considered (e.g., virus vectors, protein subunits, mRNA, and 
virus-like particles) (Amaya 2020, Geisbert 2021, Gómez Román 2022, Loomis 2021, Monath 
2022). NiV vaccine candidates based on three different platforms (protein subunits, mRNA, and 
viral vectors) are currently in phase 1 clinical trials (Auro Vaccines 2022, NIAID 2023, Public 
Health Vaccines 2023).  

• Demonstrating vaccine-induced protection against NiV infection or disease in an animal model 
will require an immune correlate of protection (CoP) or immune surrogate that can predict the 
likelihood of protective efficacy and that reflects the protective immune responses generated in 
humans (Amaya 2020, Escudero-Pérez 2023, Price 2021).  

o Accurate and reliable CoPs for determining the protective efficacy of NiV vaccines have 
not yet been identified (Loomis 2021). Neutralizing IgG is generally used as a CoP, 
although the protective threshold still needs to be defined to allow additional vaccine 
testing in animal challenge models and eventual immunobridging of antibody responses 
to humans, through phase 1/2 clinical studies (Escudero-Pérez 2023, Price 2021).  

o Once the protective threshold for neutralizing IgG antibodies is determined, the most 
appropriate and feasible assays (e.g., assays that are developed using live NiV vs. assays 
developed using pseudoviruses expressing the NiV F and G glycoproteins [Luo 2023]) 
need to be identified and standardized for use in animal models (Price 2021). 

o Different types or titers of CoPs may ultimately be needed for different vaccine 
platforms, antigens, clinical outcomes (e.g., protection against infection, severe disease, 
chronic disease, or death) and potentially host or population characteristics to support 
the assessment of candidate NiV vaccines using immunogenicity and efficacy data from 
preclinical studies. 

o Other humoral immune responses that may be relevant as COPs include specific titers of 
IgM, antibodies and numbers of plasmablasts and activated B cells (Escudero-Pérez 



Revised August 2023—FOR REVIEW ONLY—NOT FOR DISTRIBUTION 
 

23 
 

2023). With regard to cellular immune responses, CD8+ T cell measurements may be 
useful as a CoP (Escudero-Pérez 2023). Additional research is needed to better define 
these potential CoPs, which may be particularly important for next-generation vaccines.  

• Most current NiV vaccine candidates target the immunodominant fusion (F) and attachment (G) 
glycoproteins, which elicit potent neutralizing antibody responses (Byrne 2023, Geisbert 2021, 
Ithinji 2022, Loomis 2020, Loomis 2021, van Doremalen 2022, Wang 2022, Woolsey 2023). Data 
are needed on the potential role of additional immunogens, such as nucleoproteins and other 
non-enveloped proteins, in stimulating B and T cell responses that contribute to viral clearance, 
cross-protection, or immune memory. Robust vaccine-induced humoral and cell-mediated 
immunity to NiV might include protective antibodies with durable immunologic memory and 
rapid and efficient effector functions (Escudero-Pérez 2023). 

• Additional immunologic research is needed to assess the following key elements of protective 
immunity against NiV infection and disease:  

o The relative contributions of innate, cell-mediated, and humoral immune responses that 
lead to protective immunity against NiV. 

o Specific cell types and interactions between different immune compartments in 
achieving viral clearance, surviving acute disease, and modulating chronic infection 
(Escudero-Pérez 2023, Liew 2022).  

o The roles of neutralizing and non-neutralizing or binding antibodies in protection against 
NiV (Liew 2022). 

o Mechanisms and cell subsets of cellular immune responses (e.g., CD8 T cell activation) 
that play a role in cross-neutralizing (heterologous) protection against co-circulating NiV 
strains (e.g., NiV-M, NiV-B, and NiV-I) (Amaya 2020, Arunkumar 2019, Escudero-Pérez 
2023, Liew 2022). 

• If researchers and regulators agree that a nontraditional regulatory pathway is appropriate 
for licensure of NiV vaccines, then a number of issues need to be addressed, such as the 
following (Price 2021):  

o Generate a fully characterized and controlled virus challenge stock (or potentially 
one each for NiV-M and NiV-B) for assessing candidate vaccines in animal models.  

o Further characterize, as needed, at least one animal model suitable for vaccine 
efficacy evaluation.  

o Standardize the challenge strain and dose, and determine the most appropriate 
lethal NiV dose for MCM development. Challenge strains used in experimental 
research also need to be compared against any circulating strains in humans (CEPI 
2023a).  

o Determine the most appropriate CoP or surrogate marker (e.g., IgG neutralizing 
antibodies) for measuring protection and generate standardized assays for 
measurement.  

o Bridge NiV vaccine efficacy data from animal models to humans, including 
identifying thresholds of vaccine protection, to determine appropriate human 
vaccine doses. 
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o If the accelerated approval process is deemed an acceptable regulatory approval 
pathway for NiV vaccines, then plans will be needed to conduct well-controlled 
clinical trials to establish that vaccines have an effect on an appropriate surrogate 
endpoint that is likely to predict clinical benefit against NiVD. 

o Post-licensure clinical trials will also be needed to confirm the clinical benefit of any 
NiV vaccines that are approved via nontraditional pathways.  

• Additional research is also needed to address the following areas: 
o Clarification of vaccine attributes (such as time from administration to immune 

protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines.  

o Alternative vaccine delivery approaches, such as oral tablets or transdermal 
patches, to facilitate rapid NiV vaccine deployment in response to NiV outbreaks in 
low-resource settings. 

o Further evaluation of optimal NiV antigen combinations (e.g., including stabilized 
prefusion F protein trimers, multimeric G constructs, and chimeric proteins 
containing both pre-F and G glycoproteins), and antigen/vaccine platform 
combinations for generating rapid and durable protective responses to NiV infection 
(Byrne 2023, Loomis 2020, Loomis 2021, Srivastava 2023).  

o Research in animal models to determine if vaccine candidates are cross-protective 
between different NiV strains, including recently identified strains; only a few 
studies demonstrating cross-protection have been performed to date.  

• Mathematical modelling and forecasting may be useful in (Nikolay 2021): (1) assessing 
whether or not disease incidence is high enough in endemic areas for conducting clinical 
trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development 
of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines 
become available), (4) estimating disease risk based on risk behaviors and practices in 
communities or specific population groups, and (5) estimating the vaccine quantity that may 
be necessary to maintain vaccine stockpiles.  

• Researchers should consider efforts toward developing pan-henipavirus vaccines to 
maximize potential benefit, similar to projects aimed at developing pan-coronavirus 
vaccines or universal influenza vaccines (Tan 2023). One strategy for developing broadly 
protective henipavirus vaccines involves identifying conserved epitopes or cross-reactive 
antibodies targeting Henipavirus F proteins (Byrne 2023, Ithinji 2022). Public communication 
outreach strategies that address possible vaccine uptake hesitancy in target populations and 
guidance for community sensitization to vaccine acceptation and promotion within the 
community. 

• Once vaccines are available, the following will be needed: 
o  Guidance on the use of NiV vaccines to include vaccination strategies for special 

populations (such as children, immunocompromised individuals, and pregnant 
women); different epidemiologic scenarios; and different vaccine attributes.  

o Enhanced surveillance capacity to assess the impact of vaccination programs and to 
refine vaccination strategies over time. 
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o Strategic planning for stockpiling and deploying NiV vaccines.  
 

Strategic Goals and Aligned Milestones 

Strategic Goal 1: Develop the tools and policies necessary for evaluating and potentially approving one 
or more NiV candidate vaccines through a nontraditional regulatory pathway. 

Milestones: 
1. By 2024, generate a fully characterized and controlled virus challenge stock (preferably using a 

NiV-B strain) (or potentially one each for NiV-M and NiV-B) for assessing candidate vaccines in 
animal models.  

2. By 20246, generate standardized assays to measure neutralizing IgG antibodies for NiV vaccine 
R&D, with a particular focus on assays to be used for regulatory approval via nontraditional 
pathways. 

2.3. By 20254, in conjunction with regulatory authorities, establish benchmark parameters (e.g., 
route of challenge, timing of challenge, and challenge dose) for testing of NiV candidate vaccines 
in well-characterized animal models, with particular focus toward meeting criteria necessary for 
approval via a nontraditional pathway, including identifying surrogate markers that correlate 
with vaccine efficacy. 

3. By 2024, further characterize as needed at least one animal model suitable for determining 
surrogate markers that correlate with vaccine efficacy.  

4. By 2025, define the protective threshold against NiV infection for serum neutralizing IgG 
antibodies or other functional CoPs,  (as a CoP or surrogate marker), which can be used in 
animal studies and for immunobridging to humans. 

5. By 2025, convene a group of key stakeholders to agree on, through a consensus approach, the 
most suitable assays (e.g., assays that are developed using live NiV vs. assays developed using 
pseudoviruses) for determining serum neutralizing IgG antibody titers for NiV vaccine R&D and 
develop a strategy for standardizing those assays. 

6.1. By 2026, generate standardized assays to measure neutralizing IgG antibodies for NiV vaccine 
R&D, with a particular focus on assays to be used for regulatory approval via nontraditional 
pathways. 

 
Strategic Goal 2: Continue to move the current NiV vaccine pipeline forward through clinical trials. 
toward licensure. 

Milestones:  
1. By 2024, complete current phase 1 clinical trials for at least three promising NiV candidate 

vaccines.  

2. By 20254, define use cases for NiV vaccines to inform vaccine deployment and manufacturing 
plans. 
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3. By 20256, further assess vaccine safety and immunogenicity throughinitiate additional phase 1 
and initial phase 2 clinical trials (preferably in affect areas) to further assess immunogenicity and 
safety for at least two of the most promising NiV candidate vaccines.  

4. By 2027, complete immunogenicity and efficacy studies in a well-characterized animal model for 
at least one cross-protective NiV vaccine candidate and define a surrogate marker that 
demonstrates likely clinical benefit of candidate vaccines.  

5.4. By 2029, conduct additional well-controlled phase 2 clinical trials (preferably in affected areas) 
to assess a surrogate endpoint in human subjects (to include children and pregnant women) for 
at least twoone NiV candidate vaccines. 

6.5. By 2030, complete a regulatory dossier (for licensure or emergency use) for at least one NiV 
vaccine candidate based on a suitable animal model with subsequent immunobridging to 
humans for review via a nontraditional approval pathway. 

 
Additional Priority Areas/Activities 

Research 
• Improve understanding of humoral (e.g., NiV-specific IgG and IgM antibodies) and cellular (e.g., 

CD8 T cell) immune responses to NiV infection in animal models to inform the design of vaccines 
and the identification of correlates of protection (Arunkumar 2019, Escudero-Pérez 2023).  

• Improve understanding of innate immune responses (e.g., involving interferon impairment and 
pro-inflammatory cytokine release) in relation to humoral and cellular immune responses to NiV 
infection (Escudero-Pérez 2023). 

• Continue research on identifying the key NiV antigens (including surface glycoproteins and 
internal proteins) that modulate the host immune response to NiV infection to inform future 
vaccine design (Escudero-Pérez 2023). 

• Continue to research different types of CoPs (both humoral and cell-mediated) for NiV vaccines 
that are currently in the R&D pipeline and next-generation vaccines, taking into consideration 
different vaccine platforms, antigens, and clinical outcomes.  

• Generate international reference standards to calibrate serologic assays for vaccine potency 
analyses. 

• Continue to conduct preclinical evaluation of promising candidate NiV vaccines (current and 
future vaccines) for safety, immunogenicity, efficacy in animal models, correlates of protection, 
and durability. 

• Further study cross protection of various vaccine candidates against different NiV strains, and 
between NiV strains and HeV strains.  

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

• Explore the possibility of creating pan-henipavirus vaccines that will protect against NiV, HeV, 
and other henipaviruses.  

Product development 
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• Continue to develop and clinically evaluate safe and effective monovalent NiV vaccines for 
humans.  

• Expand partnerships among researchers, government agencies, and industry to provide the 
resources necessary for ongoing R&D of NiV vaccines. 

• Define vaccine attributes (such as time from administration to immune protection, durability of 
protection, and the need for booster doses) for the most promising candidate vaccines. 

Key capacities 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 

(once vaccines become available). 
• Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical 

evaluation and use when outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Develop guidance for community sensitization to vaccine acceptance and promotion within the 

community. 
• Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, 

if NiV is used as a bioterrorism agent or if a NiV strain emerges with increased capacity for 
person-to-person transmission and potential for faster spread.  
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Dear colleagues: First, I want to thank all of you who participated in the Nipah R&D Roadmap
Taskforce meeting on July 31 and August 1, 2023. The discussions were highly productive and your
input was extremely valuable. Also, it was great to see so many of you in person.
 
I would also like to again thank those of you who facilitated the meeting: Emily Gurley, Joel
Montgomery, Emmie de Wit, Chris Broder, and Marie-Pierre Preziosi—you all did a great job!
 
Attached please find a summary report of the meeting and a revised version of the Nipah Virus R&D
Roadmap that includes all of the changes that were made based on discussions at the meeting (track
changes are included). We also added a couple of additional references.
 
We would very much appreciate your review of the attached roadmap and any edits or comments
that you may have. During the meeting, we mainly focused on the goals and milestones, and that’s
where the majority of the edits are, but we would very much appreciate your review of the whole
document at this point in the process. Please send any feedback on the document no later than
September 15, 2023.
 
Also, if you see any glaring omissions or inaccuracies in the summary report, please let me know
(although we certainly don’t expect you to review and comment on the meeting summary—we are
providing it to you for your information only).
 
Over the coming weeks, I’ll be preparing a manuscript about the roadmap and will be sending that to
you for your review—tentatively in early October.
 
Again, thank you all for your support of this important project and for sharing your extensive
expertise with us.
 
Kind regards,
 
Kris
--------------------------------------
Kristine Moore, MD, MPH
Senior Advisor for Public Health Science and Policy
Center for Infectious Disease Research and Policy (CIDRAP)
University of Minnesota
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[bookmark: _Toc143687420]Background and Meeting Objectives 

The Nipah Research and Development (R&D) Roadmap provides a 6-year framework beginning in 2024 for identifying the vision, underpinning strategic goals, and prioritizing areas and activities for accelerating the collaborative development of medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against Nipah virus infection. The roadmap is a key component of the World Health Organization’s (WHO’s) R&D Blueprint Initiative, and was first drafted in 2017/2018 with input from subject matter experts, including a core group of taskforce members. WHO now aims to finalize and formally launch the Nipah R&D Roadmap, and the draft has been updated to incorporate recent scientific advances and research. The roadmap will be delivered to WHO in late 2023 for publication on the WHO website.



[bookmark: _GoBack]The meeting objectives include the following:

1. Briefly recap each of the four topic areas of the Nipah R&D Roadmap (cross-cutting, diagnostics, therapeutics, and vaccines).

2. Review the goals and milestones in each section and develop consensus on the wording and timelines for each milestone, as time allows.

3. Identify the milestones or issues that are highest priority.

4. Discuss challenges and opportunities for implementing the roadmap goals and milestones. 

[bookmark: _Toc143687421]Meeting Participants and Observers 

Meeting participants and observers joined both in-person and virtually. Those who participated virtually are noted with an asterisk (*). Sushmita Barmen was also present in-person as the meeting organizer for Wellcome. 
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		Kristine Moore

		Anaelia Siya Temu*



		Kim Halpin

		Nicolina Moua*

		Angela Ulrich







		Guest Observers



		Zakiul Hassan
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[bookmark: _Toc143687422]Cross-Cutting Issues in the Nipah R&D Roadmap 

Emily Gurley served as the facilitator for discussion of cross-cutting issues in the draft roadmap. 



Emily began the session with a review of important advances, barriers, challenges, and key needs for Nipah (NiV) vaccines. Key points from that discussion: 

· Various entities (e.g., the National Institute of Allergy and Infectious Diseases [NIAID]) have been providing financial support for this work (Spiropoulou, Gurley). 

· Researchers and developers have made significant contributions to NiV vaccines in the last 5 years; that’s been the main R&D push, but we’re now coming to a bit of a roadblock (Spiropoulou). 

· The discovery of other henipaviruses, such as Langya, raises the importance of NiV and henipaviruses in general (Montgomery).

· Surveillance is lacking (Montgomery); the more we look for henipaviruses, the more we’ll find and they will continue to be a global problem (Broder). 

· The Centers for Disease Control and Prevention (CDC) supports NiV activities, but not to the same extent as NIAID; for example, surveillance isn’t adequately supported in Bangladesh, India, or Southeast Asia (Montgomery). CDC’s investment in Bangladesh has been crucial, but more effort is needed (Luby). 

· More surveillance is needed in Bangladesh and India as well as other countries (e.g., Philippines, Malaysia). Undiagnosed NiV infections likely are occurring and we need to better understand the burden of disease and transmission; we are potentially missing a lot of cases (Montgomery, Luby).  

· We also need better surveillance of bats to improve our ecological understanding, including in SE Asia, where there are likely more strains of NiV circulating in wildlife than we are currently aware of (Montgomery). 

· CDC is working on modifying case definitions and respiratory surveillance. We are missing cases because our surveillance is not good enough, and this affects diagnostics and other MCMs. Identifying cases earlier in illness (e.g., respiratory phase) is critical but not yet accomplished (Montgomery). 

· Surveillance for Japanese encephalitis (JE) is ongoing in Bangladesh, including the collection and characterization of blood samples.  These samples could potentially also be tested for NiV if funding can be made available (Rahman). 

· In the past, incident-based surveillance was conducted, but funding has weakened and now only large clusters of infections are identified, missing sporadic cases. The JE surveillance program could be leveraged, and this is being pushed by the WHO South-East Asia Regional Office (SEARO), along with JE vaccination (Rahman). 

· Surveillance is the key to making a business case for development of NiV MCMs (Gurley). 

· Minimally invasive diagnostic methods are needed that avoid cultural reluctance for postmortem exams (Halpin).

· Bangladesh has made significant advancements over the last 5 years in postmortem exams through minimally invasive sampling. These updates could possibly be added to the epidemiology/surveillance section of the roadmap (Gurley).  

· Risk communication is important and potentially a cross-cutting issue; it should be addressed somewhere in the roadmap. The roadmap also should address the need to involve media, policymakers, and the general public in NiV prevention efforts (Rahman). 

· Political buy-in is important for surveillance, reporting, and prevention (Gurley). 

· We should consider linking NiV to other surveillance efforts, including influenza and postmortem work. If we can create a common platform and case definitions, we can identify cases for further testing (Parveen). 

· The Coalition for Epidemic Preparedness Innovations (CEPI) is engaged in discussion with regulatory authorities on advancements in licensure and approval of NiV MCMs (Rahman). 

· The long-term goal is to have a rapid, bedside diagnostic test. Antibodies/antigens are available that could be used to develop such a test, but investment is lacking (multiple participants). 



Emily then led a discussion of the draft roadmap strategic goals and milestones for cross-cutting issues. Discussion highlights are detailed in the tables below.



		Cross-Cutting Issues: Strategic Goal 1 and Aligned Milestones



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 1: Identify additional and ongoing sources of private- and public-sector funding and develop appropriate incentives and competitions to promote R&D of NiV MCMs.

		· No comments.

		· No edits suggested. 



		Milestone 1: By 2025, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas. 

		· Persuading people that this issue is a reasonable investment is challenging, given few recognized cases (Luby). 

· It might be worth emphasizing the risks posed by gain-of-function research with NiV, especially given the democratization of synthetic biological tools (Luby). All disease roadmaps should acknowledge this risk (Gurley). 

· The COVID-19 pandemic showed what can happen and how either humans or nature can make viruses bigger threats. Even without nefarious actors, nature will give us more challenging viruses; roadmaps should acknowledge potential for enhanced transmission (Osterholm). 

· Three quarters of the world’s population is at risk from NiV and henipaviruses, not just SE Asia. Henipaviruses should be emphasized as the virus being focused on, as it is more inclusive (Montgomery). 

· While milestones under this Strategic Goal are important and should be addressed soon, no timelines should be earlier than 2024, as the roadmap will not be published until 2024 (Moore). 

		· The group agreed that the value proposition is still needed (and should remain a milestone).

· Add phrasing to the Introduction to acknowledge recent experience with coronaviruses to capture the point about nature and humans both capable of more challenging viruses.

· Remove “potential” from point #1 of the milestone; emphasize that this is a global threat that requires global engagement (Luby, Gurley). 

· Modify milestone language to the “global threat of NiV and related henipaviruses” (Moore, Gurley). 

· Add a comment to the Introduction about the risk to the global population. 

· Change the timeline from 2025 to 2024.



		Milestone 2: By 2026, create a funding plan based on the value proposition for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access. 

		· Since 2017, the funding situation has improved (e.g., CEPI, Gates Foundation). The shortfall of indirect funds is the major current roadblock (Broder). 

· An expert able to provide economic calculations to inform a clearly-articulated value proposition is important for NiV MCMs (Preziosi). 

· A value proposition has been developed for Lassa fever therapeutics; the group could consider reaching out to the team that developed that proposition (Hassan). 

· In addition to a solid economic calculation for NiV MCMs, we need the vision and explanation of importance from NiV experts (Gurley). 

		· Change the timeline from 2026 to 2025 (Gurley, Moore). 



		Milestone 3: By 2026, develop a coordinated strategy for promoting and incentivizing greater industry engagement in R&D for NiV MCMs. 

		· CEPI and pharmaceutical companies in Bangladesh are discussing stockpiling vaccines; they might also be interested in stockpiling monoclonal antibodies (mAbs) (Rahman). 

· At a CEPI meeting in June 2023, concern was expressed that mAb therapies are not feasible due to expense, even though their cost has been reduced drastically the last 5-6 years. Because NiV and Hendra do not mutate a lot, mAbs could be useful for a longer period of time and they could be combined in cocktails (of >1 antibody) to prevent viral escape (Broder). 

· Indirect costs and shortfalls are lacking but needed for industry partners to produce GMP products that are ready; the money is not currently there (Broder). 

· Industry interest in NiV MCMs may have changed from what it was previously as a result of the COVID-19 pandemic (Roth). 

· In addition to industry work on MCMs, there are US federal scientists and industry partners who will produce countermeasures for the public benefit. It is important to promote that the technology for the MCMs is available and that it be given to affected countries so those countries can evaluate and manufacture for their own use (Broder). 

· Participants raised the importance of engagement of in-country industry partners. 

		· Add mention of indirect costs and shortfalls.

· Add in-country industry partners.

· Change the timeline from 2026 to 2025 (Gurley, Moore).







		Cross-Cutting Issues: Strategic Goal 2 and Aligned Milestones



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to better define the disease burden, risk factors for infection, and risk of spillover events in affected countries.

		· Instead of “affected” countries, use “countries at risk” or “countries with appropriate reservoir hosts” (Gurley, Rahman, Moore). 

		· Change goal language from “affected” countries to “at-risk” countries and include reservoirs in the revised Strategic Goal (Moore). 



		Milestone 1: By 2025, develop a plan for enhancing human NiV surveillance in India and Bangladesh outside of existing surveillance areas (i.e., where cases previously have been identified). This should include securing funding, identifying additional surveillance catchment areas, engaging key partners in those areas, generating standardized surveillance protocols, and conducting training for implementation. 

		· Discussion for milestones 1 and 2 (which currently separate development and initiation of a NiV surveillance plan) had significant overlap, and the group agreed that they should be combined.

· Consider adding leveraging of existing surveillance platforms for other disease, such JE (Rahman). 

· It is also important to collaborate with organizations already in place, e.g., CDC and WHO (Parveen). 

· Surveillance should not be restricted to human surveillance; instead, this should include all relevant efforts, such as surveillance in domestic animals and wildlife (Roth).  

· Surveillance must be clearly embedded in comprehensive strategies for prevention and control. We want India and Bangladesh to lead in surveillance and extend their leadership to other countries (Formenty). This highlights the importance of broadening surveillance to include henipaviruses, and the importance of disease prevention (Gurley). 

· One Health issues are important in relation to surveillance for spillover into domestic animals and livestock (Broder). Such issues are an important part of a value proposition (Gurley). Tests for some diseases are required of certain species for international transportation (Halpin). 

· Instead of using the word “Nipah” throughout the roadmap, it should say “Nipah and Nipah-like” or “Henipavirus” (Gurley, Broder). 

· Hendra virus genotype 2 (HeV-g2) taught us that PCR tests will miss related viruses, and therefore we need serology on samples (Broder).  

· Add a milestone on conducting human surveillance in areas other than India and Bangladesh.

		· Combine milestones 1 and 2; the revised milestone timeline should be 2025 (Gurley, Moore). [Note: In the edited version, original milestone 1 is now milestone 3.]

· Add a new milestone on human surveillance outside of India and Bangladesh with a timeline of 2025. [Note: In the edited version this new milestone is now milestone 4.] 

· Add a milestone on conducting surveillance outside of India and Bangladesh in animals with a timeline of 2025. [Note: In the edited version this new milestone is now milestone 5.]

· Expand language in the roadmap, as appropriate, from just “Nipah” to include Nipah-like and/or Henipaviruses (Gurley, Broder). 



		Milestone 2: By 2026, initiate enhanced human NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), promote early case detection, and better define the disease burden in India and Bangladesh, particularly outside of areas where cases previously have been identified. 

		

		



		Milestone 3: By 2026, generate and implement standardized protocols for case investigation that are aimed at identifying risk factors for primary NiV infection and at conducting case-contact studies to better understand chains of transmission (Hedge 2023). 

		· Incorporate One Health for this milestone (Rahman, Gurley).  

· Bangladesh already has a protocol for this, and the milestone could be moved to 2024 (Rahman). However, it might take time for India to meet this milestone (Luby). 

· WHO could help by hosting a standardized protocol and, if spillovers happen in other countries, they could go through WHO to avoid inter-country tension (Luby). 

· WHO has developed several standardized protocols for other diseases, such as Crimean Congo Hemorrhagic Fever (CCHF). Part of that work involves WHO developing a standardized protocol for appropriate and in-depth case investigation. This is needed well before 2026 (Formenty). 

· Bangladesh and India have protocols in place; the push is to share, modify, and expand into other countries, and to have funding for that work (Montgomery).

· “Standardizing” includes adaptability to individual countries/regions (Gurley, Osterholm). 

		· Change the timeline from 2026 to 2024.

· This will now be milestone 1 in the edited version because of the date change.

· Add One Health language to the milestone.   





		Milestone 4: By 2026, develop plans for conducting additional research in India and Bangladesh to identify the potential for and drivers of spillover events, particularly in areas where NiV cases have not yet been identified. 

		· Additional research should not be restricted to India and Bangladesh; for example, Malaysia has requested work on such protocols (Formenty, Gurley). 

		· Change the timeline from 2026 to 2025. 

· Revise milestone so it is not restricted to India and Bangladesh (Formenty, Gurley). Instead, refer to at-risk countries. [Milestone 6 in the edited version.]



		Additional considerations 

		· The following comment was made in another section: Country-level capacity will need to be assessed and gaps identified as part of standard clinical protocol development (Parveen). This work could be included in one of the surveillance-related issues (Gurley).

· Later in the discussion, participants suggested the following milestone (originally milestone 4 under Strategic Goa 4) be moved to this goal: By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance understanding of NiV disease pathogenesis (Bassat 2021).

		· Consider adding the following milestone to this goal: “By 2025, assess country-level capacity in affected countries to implement standardized clinical protocols for case investigation and address key gaps in implementation.” [Milestone 2 in the edited version.]

· Move the following milestone to this goal: “By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance understanding of NiV disease pathogenesis (Bassat 2021).” [Milestone 7 in the edited version.]







		Cross-Cutting Issues: Strategic Goal 3 and Aligned Milestones



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 3: Determine the requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure or approval of NiV MCMs by engaging an international regulatory working group representing NRAs in affected areas and other key international stakeholders.

		· No comments.

		· No edits suggested (although the comment below on changing the wording from an international regulatory group also applies to the wording of the goal). 



		Milestone 1: By 2024, conduct scenario planning to clarify the regulatory procedures and determine the acceptable pathways for approval and emergency use authorization of NiV MCMs (including vaccines, novel candidate therapeutics, repurposed therapeutics, and diagnostics) in countries at highest risk for NiV outbreaks (i.e., Bangladesh and India) through an international NiV-focused regulatory group. 

		Discussion and comments for Milestones 1 and 2 are combined in the following bullets: 

· The group touched on CEPI’s accomplishments specific to vaccines, but noted that this milestone is broader than just vaccines (Gurley, Moore). 

· In 2018, NIAID and country partners (e.g., Bangladesh) created a protocol for use of mAbs. However, this was not the work of an established international regulatory group (Broder).

· Regulatory issues are major barriers to industry engagement and private sector participation. It would be helpful to understand these issues better and have an advocacy strategy to overcome those issues (Luby).  

· Look to WHO’s work with the African Vaccine Regulatory Forum (AVAREF), which allows for interfacing with regulators. It might be possible to create a subgroup from that group for relevant discussions (Roth). 

· WHO’s work with African regulators to involve the regulators on reviewing protocols and dossiers – mostly for vaccines – has been very positive, allowing for progress made on regulatory harmonization. Broader efforts are being led now, such as working on mAbs (Preziosi). 

· The regulatory agencies in India and Pakistan are already involved, and therefore the focus should first be with them, followed by engaging others more broadly. There is a potential for bottlenecks if the work goes too broad at first (Gurley). 

· What constitutes a regulatory body (Gurley)? Examples provided were FDA, EMA, national regulatory agencies (Moore). 

· International regulatory groups cannot focus on individual diseases; their reviews are thematic. As such, the milestone wording should be adjusted and also expanded to include fast review of adaptive platform trials (Preziosi). 

· We need engagement from the countries themselves (Formenty). 

· An understanding of how this work is coordinated should be linked to this milestone, perhaps through WHO. For example, the WHO portal could be adapted for this purpose (Parveen, Gurley, Rahman, Preziosi). 

		· Replace “international NiV-focused regulatory group” with “international forum of regulators” or similar language (Moore, Preziosi). 

· Marie-Pierre Preziosi will ask a colleague at WHO for input on this milestone wording. 

· Milestone language should clarify that this is scenario planning to identify gaps (Moore, Gurley). 

· Remove “countries at highest risk for NiV outbreaks (i.e.,)” and “through an international focused regulatory group.”

· No change to timeline. 



		Milestone 2: By 2025, determine if any key gaps exist for regulatory approval and emergency use authorization of candidate NiV MCMs in affected countries and develop strategies to address those gaps, with specified timelines for completion. 

		· 

		· Milestone 2 should be reworded to “develop strategies” and focus on developing strategies to address the gaps identified as part of milestone 1 (Moore, Gurley). 

· No change to timeline. 



		Milestone 3: By 2026, ensure that any issues affecting approval and emergency use of candidate MCMs in affected countries have been resolved and that consensus has been achieved on the necessary regulatory steps and procedures.

		· The group noted that this milestone may not be realistic. It may be better for focus on a system for monitoring regulatory issues. 

· Assessing the need/capacity to conduct clinical trials must be included; it does not exist now (Hassan). 

· Capacity is a “key gap,” so consider having a nod to capacity here, as this is a cross-cutting issue (Gurley). A milestone on plans/protocols for emergency use of candidate NiV MCMs is needed.

		· Revise this milestone to creating a system for monitoring regulatory issues for licensure and use of candidate NiV MCMs.  

· Add another milestone on developing plans for emergency use of candidate NiV MCMs.

· Add another milestone on assessing capacity to conduct clinical trials and field studies of MCMs, particularly during outbreaks.







		Cross-Cutting Issues: Strategic Goal 4 and Aligned Milestones



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 4: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models.

		· Consider expanding to include non-animal models, such as organoids. Several countries have non-animal models in place, mainly for basic research (Halpin). 

· Possible edits suggested include adding “non-animal models” to the goal language and editing the language to “in vitro and in vivo models” (Gurley, de Wit). Instead, the group agreed to revise the goal by just shortening the language to remove reference to animal models. 

		· Delete “in human and animal models” (Gurley, Moore).  

· Consider adding non-animal models activities (e.g., organoids, using AI technology, etc.) to the additional research priorities. 



		Milestone 1: By 2025, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 

		· CEPI, NIAID, and CDC are already doing this work (multiple participants). 

· Unclear whether this milestone should be kept or if it should be moved to research priorities (Gurley). 

· We should not lock into challenge strain, etc.; we need to know more about epidemiology (de Wit). 

· We need standardized assays, reagents, etc., for clinical trials, but these are continually improved and revised. These resources are needed now; some are available and some are in-progress (multiple participants). 

		· Change timeline from 2025 to 2024. 





		Milestone 2: By 2025, conduct additional research to further optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs. 

		· Consider changing to “standardized” animal models, since they are well-defined already (Freiberg). 

· Milestone could potentially be combined with an earlier milestone on assay standardization (Freiberg). 

· Discussion on whether we do or do not know which animal model is the best for MCM development, and whether it is the African green monkey (AGM) or if the AGM is just the best that we have currently (Broder, de Wit). 

· There is a lack of understanding on pathogenesis in humans (de Wit), but that is data we may never have (Broder). 

· Any pathogenesis investigation has to be linked to surveillance: picking up cases early, developing MCMs to address early disease, understanding disease progression, optimizing animal models, etc. (Broder). 

· We need to do better clinical investigation to better optimize animal models of early-stage disease/pathophysiology (Montgomery). 

· The International Severe Acute Respiratory and Emerging Infection Consortium (ISARIC) developed clinical characterization protocols for a number of diseases. They are designed to be simple, capture evolution, natural history of disease, and can be made targeted and sophisticated. They were widely used for COVID-19 and other diseases. Such an approach would fit both surveillance and identifying cases where they happen (Roth). 

· Country-level capacity will need to be assessed and gaps identified as part of standard clinical protocol development (Parveen). This work could be included in one of the surveillance-related issues (Gurley). 

		· Leave the milestone as is for now.

· Consider adding a new milestone on better understanding human pathology (Gurley, Moore). Wording related to this could potentially be “pathogenesis investigation protocol” or “standardized human pathology investigation” (Gurley). [New milestone 4.]





		Milestone 3: By 2026, conduct sequencing of NiV strains from existing clinical samples obtained from past NiV cases to assess variability of NiV strains in India and Bangladesh (CEPI 2023a). 

		· This is an ongoing activity (Gurley). 



		· Delete this milestone (Gurley) and instead add to additional research priorities. 





		Milestone 4: By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance understanding of NiV disease pathogenesis (Bassat 2021). 

		· Participants suggested that this milestone be moved to Strategic Goal 2.

		· Move this milestone to the surveillance-focused Strategic Goal 2 (Moore). 





		Milestone 5: By 2028, conduct research in animal models to determine if strain variability impacts efficacy of promising NiV MCMs or the accuracy of diagnostic tests. 

		· The timeline for this milestone seems far off (Gurley). 

· Much of this may not require animal models (de Wit). 

		· Change milestone language to de-emphasize animal models, i.e., “conduct research to determine if strain variability…” (Moore). 

· Move up the timeline by one year.
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Diagnostics in the Nipah R&D Roadmap 

Joel Montgomery served as facilitator for discussion on diagnostics in the draft roadmap.



Joel led the group in a review of important advances, barriers, challenges, and key needs for NiV diagnostics. Key points from that discussion:  

· At the previous meeting of this group, two diagnostic platforms were discussed: a gene expert platform developed in India, possibly being moved to Bangladesh, and Linfa Wang’s lateral flow platform (Gurley). Meeting participants were not aware of those diagnostic platforms progressing further (i.e., no one was aware of additional announcements or updates). 

· Challenges for NiV diagnostics include lack of RDTs (e.g., lateral flow tests) or bedside diagnostics. Of note, bedside diagnostics would require changes to infection control practices. 

· The CDC serology assay is low-cost and could be helpful in ecological studies, but supporting research has not yet been published; also, this assay can’t differentiate IgM from IgG antibodies. CDC is also working with FIND to evaluate rapid diagnostic tests (RDTs); progress with RDTs will be driven by the perceived need for these tests in the US or Europe (Montgomery). 

· Even severe cases of NiV are often not diagnosed; regular use of an RDT for severely ill patients could be justified (Gurley). 

· Improved diagnostics are needed for the following reasons: (1) improve early detection when therapeutic intervention is viable; (2) ensure adequate infection prevention and control (IPC) practices; and (3) enhance surveillance to better understand the burden of disease. Point-of-care (POC) diagnostics are particularly useful for outbreaks and IPC implementation. RDTs can be used in rural settings that lack adequate surveillance or specimen transportation. Diagnostics can also be useful in postmortem surveillance (Broder). 

· RDTs, despite limitations, are useful in remote locations, such as where NiV outbreaks have occurred. Tests that have longer shelf lives and resist heat and humidity (e.g., patch technologies) are being pursued. However, there is no market for rapid POC tests that would save frontline healthcare workers (HCWs) during an outbreak (Roth, Broder). 

· POC tests for henipaviruses (i.e., broader than just tests for NiV) would increase the geographic area where the tests could be used (Gurley). 

· Serially testing of contacts during an outbreak could be used to gather data for developing tests for early diagnosis (Montgomery, Broder). 

· Patients generally do not present to the hospital before day 4 of illness, at which point they are severely ill. We want tests to work early, but we have no way to evaluate those tests. One approach would be to retest (2 days after initial testing) suspected cases that initially test negative if they are still symptomatic (Gurley). 



Joel then led a discussion of the draft roadmap strategic goals and milestones for NiV diagnostics. Discussion highlights are detailed in the tables below.



		Diagnostics: Strategic Goal 1 and Aligned Milestones



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients.

		· Some participants were unclear on what was meant by a virtual repository. 

		· Delete the words “virtual reference” in front of repository. 



		Milestone 1: By 2026, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India). 

		Discussion of milestones 1 and 2 was as follows:

· Discussion on what would be needed with a “virtual reference repository” highlighted the following:  centralized registry for samples located in/owned by multiple countries; requests can be made but not necessarily granted; location is known and documented; control over samples is maintained in-country; bilateral agreements between individual researchers (Montgomery, Broder, Rahman, Moore, Osterholm). 

· The repository of samples “to be collected in future outbreaks” in milestone 2 is centralized within countries, whereas in milestone 1 the samples remain in labs and their locations are known through an online registry/catalogue. For the repository in milestone 1, a governance structure dictates rules for gaining access to samples (Broder, Mazzola, Osterholm). 

· The goal is to have samples accessible for diagnostic assay evaluation; a repository of well-characterized samples (Montgomery). 

· A governance structure is critical for several reasons, including that sample sharing must conform to the Nagoya Protocol and a prioritization of sharing requests for limited samples. This will not just involve India and Bangladesh, but also CDC (Rahman, Mazzola, Montgomery). 

· CEPI created a reference panel, but its usefulness for validating rapid or POC diagnostics is limited (Preziosi). 

· Determining repository location should be determined by a governance structure; creating the governance structure will be a hurdle (Gurley, Montgomery, Osterholm). 

· Repository location will raise issues of biosecurity and security in the home countries and where samples are shared (multiple participants). 

· A WHO workgroup could be involved with the governance structure (Preziosi) and it would need to be wider than NiV alone (e.g., henipaviruses) (Montgomery). 

· Repository samples would need to be well-characterized, requiring a minimum set of metadata on samples (e.g., gender, age, onset date) (Gurley, Montgomery). However, excluding samples without that information might discourage sample sharing (Gurley). 

		· Remove the words “virtual reference” and change to “repositories” (Moore, Rahman, Gurley). 

· The milestone should note that the samples are “well-documented” (i.e., full clinical history of patient), as well as “well-characterized” (multiple participants).

· Potential milestone language to address the previous bullet: “well-characterized with a recommended set of metadata (i.e., age, sex, days since symptom onset)” (Moore, Gurley). 

· The milestone should also include both acute and convalescent samples (multiple participants). 

· Change milestone timeline from 2026 to 2024. 



		Milestone 2: By 2027, identify sustainable, long-term funding, determine sites for sample storage, and initiate creation of the virtual reference repository in Bangladesh and India, with samples to be collected during future outbreaks. 

		

		· Revise this milestone to be appropriate with changes made to milestone 1 (e.g., remove “virtual”) (Rahman, Gurley, Moore). 

· “Repository” language should stay in this milestone, since locations is detailed (i.e., Bangladesh, India) (Rahman, Gurley, Moore). 

· Change milestone timeline from 2026 to 2025.







		Diagnostics: Strategic Goal 2 and Aligned Milestones 



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 2: Continue to develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are suitable for use in peripheral settings and that have minimal requirements for biosafety precautions and staff training.

		· Milestone should be POC “and” near-patient, not “or” (Gurley). 

· We want tests that a community worker can perform with minimal biosafety risks (Montgomery). 

· Pan-henipavirus testing is the ultimate goal, but we need a NiV diagnostic now (Gurley). 

· In addition to “suitable for use,” we want to specify sustained storage/shelf life of tests (Roth). 

· Test affordability is the key to POC adoption (Montgomery). 

· The target product profile (TPP) for these tests is vague, so it is worthwhile to state “extended shelf life” or they might have a short shelf life, which impacts affordability (Roth). 

		· Change goal language from “point-of-care or near-patient” to “point-of-care and near-patient” (Gurley) and include language on extended shelf life (Roth). 



		Milestone 1: By 2025, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays. This effort should include clarifying regulatory pathways for approval (including approval for emergency use) of NiV diagnostics. 

		· “Commercialization” is intended to mean test approval and that tests are made commercially available. The milestone describes a discussion with regulators about what is needed to put a product on the market (Gurley, Broder, Moore).

· Work towards this milestone can begin with existing samples (i.e., does not need to wait until repositories detailed under Strategic Goal 1 are created) (multiple participants). 

· NiV diagnostics might qualify for the Expert Review Panel for Diagnostics (ERPD) pathway hosted by WHO. Decisions would be made in light of difficulty to obtain clinical samples (Preziosi, Mazzola).

· The existing use cases and TTPs for NiV diagnostics have not yet been finalized, so a new milestone should be added to accomplish this in 2024 (Mazzola).

		· Change timeline from 2025 to 2024.

· Add a new milestone for 2024 to finalize the draft TTPs and use cases for NiV diagnostics. 





		Milestone 2: By 2026, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP and can be used in peripheral sites. 

		· “Preclinical evaluation” is a FIND term that means laboratory work, not clinical samples. Consider changing to “analytical evaluation” or other term (Gurley, Montgomery, Moore). 

· Milestone timeline has to follow after the repository activities detailed under Strategic Goal 1 (multiple participants). 

· Participants were not aware of promising candidates with potential to seek approval in 2025 or 2026. 

· Technologies that can be applied to POC testing may advance in the next 2 years (Osterholm). Participants recommended that the milestone timeline stay at 2026, with recognition that there may be technological advancements that could be leveraged for NiV diagnostics by that time (Luby, Montgomery). 

· A suggestion was made to add a new milestone calling for the acceleration of POC and near-patient testing using existing technologies (Mazzola, Montgomery). 

· Matchmaking between diagnostic test developers/platforms and available reagents (e.g., mAbs) could be done (e.g., as FIND did with Duke University) (Montgomery, Mazzola, Roth). 

· For milestones 2 and 3: WHO sets international reference standards and is creating an antibody standard. Standards have to be completed before the preclinical evaluation, so the order for milestones 2 and 3 should be reversed (standards [milestone 3] by 2025, preclinical work [milestone 2] by 2026) (Mazzola, Gurley, Moore, Montgomery).

		· No change to the timeline o wording.  

· Create a new milestone (which will be a new milestone 2) that calls for the acceleration of POC and near-patient testing using existing technologies.





		Milestone 3: By 2026, create international reference standards for calibrating and harmonizing NiV diagnostic assays. 

		· The milestone timeline has to follow after the repository activities detailed under Strategic Goal 1 (multiple participants).

· For original milestones 2 and 3: WHO sets international reference standards and is creating an antibody standard for NiV. Standards have to be completed before the preclinical evaluation, so the order for milestones 2 and 3 should be reversed (standards [original milestone 3] by 2025, preclinical work [original milestone 2] by 2026) (Mazzola, Gurley, Moore, Montgomery). 

		· Change timeline from 2026 to 2025 (this will also change the order of original milestones 2 and 3, as milestone 3 will remain 2026). 





		Milestone 4: By 2026, develop a minimum protocol or set of best practices (that biosafety committees will accept) for inactivation of clinical samples from humans and animals that are being tested for NiV. 

		· Remove the word “minimum” from the milestone and change the timeline to 2024 (Rahman, Gurley, Moore). 

· Questions related to this have likely been addressed before, such as with PCR for suspected NiV patients in Bangladesh (Luby). However, new technologies (e.g., those on the horizon that would be considered “plug-and-play”) require consideration (Montgomery). 

· Standardized methods for inactivation would be desired (Gurley). 

· Every inactivation method has to be tested for use in the US. For companies, deactivation information is usually proprietary information and divulged only to regulatory agencies (de Wit). 

		· Revise the milestone: remove “minimum” and change the timeline to 2024 (Rahman, Gurley, Moore). 





		Milestone 5: By 2027, complete clinical validation of performance and operational suitability for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP and can be used in peripheral sites. 

		· No comments. 



		· No change to the timeline or wording.  





		Milestone 6: By 2028, obtain regulatory approval for at least one rapid, point-of-care or near-patient care NiV diagnostic test that can be commercialized and standardized. 

		· Milestone wording leaves standardization up to the developer (Mazzola).

· This is an aspirational milestone (Montgomery). 

· The company Molbio has emergency use authorization (EUA) in India for its Truenat test, but that test might not be used currently. While an EUA isn’t regulatory approval, it can continue to be used for a long time (e.g., Ebola test) (Mazzola, Moore). 

· Change “obtain” to “promote” and/or “support” (Mazzola, Moore); leave the timeline at 2028 since milestone 5 is for 2027. 

		· Change “obtain” to “promote” and/or “support” (Mazzola, Moore). 









		Diagnostics: Strategic Goal 3 and Aligned Milestones 



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known spillover risk to promote early detection of NiV.

		· No comments.

	

		· No edits suggested.



		Milestone 1: By 2026, expand national laboratory networks for NiV detection in the primary affected countries (Bangladesh and India) that include plans for enhancing laboratory preparedness to enable earlier and timely detection of NiV infection during future outbreaks. 

		· As discussed previously, the milestone should refer to leveraging existing platforms and infrastructure, particularly given what was established for COVID (Gurley, de Wit, Rahman). 

· This needs to happen quickly to keep systems online. One strategy would be to assess post-COVID genomic activities related to materials and personnel, and seek alternative funding to keep this running, not just for NiV but for any potential pandemic threat (Preziosi, multiple participants). [Note: This was not added as a milestone to the roadmap, as this seems to be more of an implementation issue.] 

· Use “at-risk countries” instead of “affected countries” (Rahman). 

· Staffing is the key and there needs to be a system in place to keep places running. It is difficult to get funding for surveillance and detection activities (Roth, multiple participants). 

· Biosafety can be an issue (Montgomery). 

· Vigilance, safety, and training are necessary. We want active virus for some applications (Gurley, Montgomery). 

· Using serology to detect spillovers in humans and inform acute surveillance might be useful in other countries (Montgomery). 

· Consider adding other countries given need for lab capacity to diagnose NiV (for milestones 1-3) (Moore). 

		· Remove “India and Bangladesh” from the milestone (Moore). 

· Change “affected countries” to “at-risk countries” (Rahman). 

· Change timeline from 2026 to 2025. 

· Verify that any related milestones in the cross-cutting section are revised, if needed, per diagnostics discussions. 





		Milestone 2: By 2027, generate well-characterized and up-to-date proficiency panels for NiV diagnostic testing to be used in selected laboratories in Bangladesh and India. 

		· This work might be done earlier than 2026 in India and Bangladesh; the timeline represents other at-risk countries. 

· Consider adding other countries (i.e., at-risk countries) given need for lab capacity to diagnose NiV (for milestones 1-3) (Moore).

		· Remove “India and Bangladesh” from the milestone (Moore). 

· Revise to “…proficiency panels and network quality controls for NiV diagnostic testing.”

· Add at-risk countries. 

· Change timeline from 2027 to 2026. 



		Milestone 3: By 2029, implement routine EQA monitoring of NiV diagnostic testing at selected laboratories in Bangladesh and India. 

		· Consider adding other countries given need for lab capacity to diagnose NiV (for milestones 1-3) (Moore).



		· Remove “India and Bangladesh” from the milestone (Moore). 

· Add at-risk countries.

· Change timeline from 2029 to 2026. 







Joel concluded the diagnostics section with a facilitated discussion on roadmap implementation, including barriers to implementation and ideas for implementation. Key points from the discussion: 

· Barriers:

· Financial support and coordination (Roth)

· In-country leadership attention/support (Gurley)

· The lack of a sense of urgency (Gurley)

· The lack of in-country champions (Rahman)

· Ideas for implementation: 

· WHO’s role is critical. 

· A sense of urgency and buy-in is needed, specifically from: 

· Community and the affected/vulnerable populations (Rahman, Lackritz)

· Political leadership in affected countries (Formenty, Osterholm) 

· Involving clinicians in overcoming barriers to sample sharing (Gurley)

· Physicians would likely get behind this effort (Gurley); people already give samples to iccdr,b (which has decades of trust/presence in the community) (Rahman, Lackritz).

· Funding should be internationally sourced by global public-private partnerships; this is a global pandemic prevention issue and we shouldn’t ask the countries that are already stretched thin to protect wealthy countries.



[bookmark: _Toc143687424]Therapeutics in the Nipah R&D Roadmap 

Emmie de Wit served as facilitator for discussion on therapeutics in the draft roadmap. 



Emmie led the group in a review of important advances, barriers, challenges, and key needs for NiV therapeutics. Key points from that discussion focused on current challenges in the therapeutics field: 

· Funding clinical trials is a challenge (multiple participants).

· IV administration of mAbs is also a challenge (Broder, Montgomery). 

· NIAID funded grants for NiV antiviral discovery, for which Christopher Broder’s group partnered with Novartis. 

· In Bangladesh, patients often do not present until day 4 after symptom onset (Gurley). Because of that, a potent anti-NiV monoclonal likely to prevent significant mortality associated with diagnosed disease would be useful (Broder). 

· With therapeutics, more patients would likely survive NiV, but would have sequelae unless an agent crosses the blood-brain barrier or cases are treated upon suspicion, like with rabies (de Wit, Broder). Patients would be surviving with neurological deficits (Luby).

· It’s not clear whether mRNA therapeutics would be successful unless there is gene therapy (Broder). 

· Expense will be a barrier, as was seen with COVID therapeutics (Rahman). 

· The few numbers of patients presenting each year is a huge barrier to therapeutics development; this could maybe be overcome with better surveillance, although that is somewhat unlikely (Luby). 

· Numerous challenges exist with developing NiV therapeutics; however, we should be considering the fact that the critical target here is to have therapeutics not just to treat current patients, but to have drugs available in case of a catastrophic pandemic caused by NiV or a related virus (Luby). 

· Guidelines for supportive care are needed that can apply whether or not clinical trials are successful (Gurley). 



Emmie then led a discussion of the draft roadmap strategic goals and milestones for NiV therapeutics. Discussion highlights are detailed in the tables below:



		Therapeutics: Strategic Goal 1 and Aligned Milestones 



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

		· No comments.

		· No edits suggested, other than expanding to include related viruses (per earlier discussions).



		Milestone 1: By 2024, convene a consortium of key stakeholders—in affected areas and internationally—to address the key challenges with conducting clinical trials of therapeutic agents during future NiV outbreaks. This consortium could potentially be modeled after the West Africa Lassa Fever Consortium (WALC) (ISARIC 2023). 

		· Clinical trial guidelines for Bangladesh and India should come first, but other affected countries should be included (multiple participants). 

		· Add related viruses (per earlier discussions).

· No change in the timeline. 



		Milestone 2: By 2025, develop NiV standard of care guidelines to be used in affected countries, disseminate the guidelines, and conduct outreach to clinicians as appropriate. 

		· Based on Lassa and CCHF experience of developing and implementing training modules for physicians in Africa, consider how to raise awareness of symptoms and standards of care in affected regions. For the time being, consider adapting standards of care for other infectious diseases (Formenty). 

· We need to develop a network/critical mass of clinicians to adopt these standards of care if we want to enhance NiV detection (Formenty). 

· Consider adding another milestone on clinician awareness/training on standards of care; infection control could be tied to that (de Wit). Training is needed at the university level (Formenty). 

· Shahana Parveen noted that a training module that includes infection control was developed; she can share that. 

· In Bangladesh, family members provide most of the hands-on care in hospitals. That creates closed loops that limit hospital-wide outbreaks. As health systems develop, there are more opportunities for transmission (Gurley). Family members providing patient care need to be instructed in infection control (Parveen). 

· Training is easy compared with supply chains and running water for infection control (Gurley). 

		· Revise milestone to add “infection control and standard of care guidelines” (Gurley, Moore). 

· Change timeline from 2025 to 2024.

· Create a new milestone on training clinicians regarding infection control and standards of care guidelines, with a 2025 target date (de Wit, Moore).  





		Milestone 3: By 2025, complete an agreed-upon generic prepositioned protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates (mAbs and small molecules, including repurposed drugs) to be implemented in NiV-affected areas during outbreaks and develop plans for operationalizing the protocol. 

		· WHO is working on a rolling protocol (Roth).

· COVID has changed the way such activities are approached and can serve as an example; as such, the dates can be moved up (multiple participants). 

· NIAID developed a generic protocol for mAbs with an intent that it could be used for other therapeutics. This could be reinvigorated. It was written for post-exposure prophylaxis (PEP) but could be modified to include pre-exposure prophylaxis (PREP) (Moore, Broder, de Wit, Gurley). 

· Semantics of pre- and post-exposure can be tricky: if you have been exposed but it is not detected, it is pre-exposure. 

· In an outbreak with pandemic potential, both those with known exposure and likely exposure should be treated (Osterholm). 

		· Change timeline from 2025 to 2024.





		Milestone 4: By 2025, complete an agreed-upon generic prepositioned protocol for conducting PEP trials of promising therapeutic candidates (mAbs and small molecules, including repurposed drugs) to be implemented in NiV-affected areas during outbreaks and develop plans for operationalizing the protocol. 

		

		· Change timeline from 2025 to 2024.

· Add PREP to this milestone. 





		Milestone 5: By 2026, complete a broader, harmonized regional protocol (to be used across Bangladesh and India) for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas during outbreaks or potentially during periods of endemic disease (if comparable data can be generated over time and across different clinical sites) and develop plans for operationalizing the protocol. 

		· Milestone 3 and 5 are essentially the same; the group agreed to remove milestone 5. 



		· Remove this milestone. 





		Milestone 6: By 2026, generate a reliable source or stockpile of a mAB (m102.4 or other mAb) to be used in outbreak-related clinical trials for both PEP and early clinical treatment. 

		· CEPI is working on this, but does not support enough indirect costs to make production feasible. There are people ready to do this work if there was sufficient funding (Broder). 

· mAbs have  long shelf lives (Gurley, Broder). 

		· No change to timeline or wording. 









		Therapeutics: Strategic Goal 2 and Aligned Milestones 



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for PEP to prevent NiV infection.

		· No comments.

		· No edits suggested.



		Milestone 1: By 2025, create and implement a prioritization process for determining which promising NiV therapeutic candidates should be further evaluated in clinical trials, once adequate animal data demonstrating safety and efficacy are available. 

		· This should be done as quickly as possible to determine qualifying animal data (de Wit). 

· This timeline works well with the current NIH Antiviral Drug Discovery (AViDD) Centers for Pathogens of Pandemic Concern, which have 2 years of funding left (Freiberg). 

		· Add a reference to a “governance structure” in the milestone. 

· No change to timeline. 





		Milestone 2: By 2026, complete preclinical evaluation in animal models—with administration of the therapeutic agent more than 24 hours after challenge and potentially after symptom onset—of the preliminary safety, tolerability, and efficacy of at least two promising small-molecule therapeutic candidates or combination therapies for the treatment of NiV infection. 

		· AViDD Centers should be pushing out antivirals; the 2026 timeline is realistic (de Wit). 



		· No change to the wording or timeline. 





		Milestone 3: By 2027, further explore in animal models whether two or three of the most promising small-molecule therapeutic candidates are likely suitable for PEP and, therefore, should be assessed as PEP in clinical trials. 

		· This milestone can be removed (de Wit). 



		· Remove this milestone. 





		Milestone 4: By 2027, determine the most cost-effective and feasible routes of administration for use in real-world settings for at least two promising small-molecule therapeutic candidates. 

		· This milestone can be removed (de Wit). 



		· Remove this milestone. 





		Milestone 5: By 2027, complete at least one additional clinical trial (phase 2 or 2/3) in a NiV-affected area of m102.4 or other suitable mAb to further assess safety, tolerability, and efficacy (if NiV incidence allows efficacy assessment). 

		· Revise the milestone so it is not focused on m102.4 specifically (multiple participants). 

· The group agreed that this milestone should be changed to a phase 1 trial.

· Then develop a new milestone on phase 2 or phase 2/3 trials for a mAb or mAb cocktail; this milestone should have a later timeline (de Wit). 



		· Change the milestone to; “complete one additional phase 1 clinical trial of a monoclonal antibody” (i.e., do not specify 102.4) (Moore). 

· With language revision, allow for a mAb cocktail, e.g., “mAb(s)” (Broder, Roth). 

· Change the timeline from 2027 to 2025 (Preziosi). 

· Create a new milestone on phase 2 or 2/3 trials for mAbs with a timeline of 2027. 



		Milestone 6: By 2028, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising small-molecule therapeutic candidates or combination therapies for the treatment of NiV infection. 

		· The group agreed with the language “combination therapies”; there is no need to specify monoclonal antibodies. 

· Consider a separate milestone for combination therapeutic trials; alternatively, that could be two arms of the same phase 1 trial (Moore, Preziosi, Gurley). This milestone might be maintained with revisions to the language (vs. creating a new milestone). 

		· Possible revision: “By 2028, complete at least one phase 1 clinical trial of at least two small molecule therapeutic agents or combination therapies …” [Note: The language was not finalized during the meeting and will be revised based on written feedback from the group]. 

· No change to the timeline.







Emmie concluded the therapeutics section with a facilitated discussion on roadmap implementation, including barriers to implementation and ideas for implementation. Key points from the discussion: 

· Barriers:

· Money

· Lack of coordination 

· Lack of urgency

· Time

· Delays in ethical clearance; phase 1 trials would mitigate this, given acceptance of results from other countries (clinical trial harmonization). 

· Therapeutics for NiV are not going to make money, they’re mainly for pandemic preparedness.

· The number of detected cases is small, which is a barrier to drug R&D.

· Ideas for implementation: 

· Synergy with other efforts (e.g., JE work) (Preziosi).

· Use existing capacity for conducting clinical trials in affected countries (Bangladesh and India); leverage existing clinical trial infrastructure (Preziosi).

· Build capacity for participating hospitals/facilities: 

· Find ways to improve overall quality of care as part of trials, rather than funding high-expense treatment for a few patients (Gurley). 

· There must be continuity for enrolled patients in all circumstances (Hassan). 
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Vaccines in the Nipah R&D Roadmap 

Christopher Broder served as facilitator for discussion. 



Chris began the session with a review of important advances, barriers, challenges, and key needs for NiV vaccines. Key points from that discussion focused on recent advancements in the vaccine field: 

· The measles NIV construct vaccine from the University of Tokyo is a candidate of note (Luby). 

· Another vaccine candidate of note is the ChAdOx1 NiV vaccine, with a phase 1 trial starting by December 2023 (Broder). 

· It has been amazing to see a robust set of vaccine candidates in the last 5 years, with much thanks to CEPI (Luby). 

· Vaccines currently in phase 1 trials are: the NIH-Moderna mRNA vaccine, an rVSV vaccine that expresses the envelope glycoproteins of both Ebola virus (EBOV) and NiV, and a soluble G protein vaccine (Preziosi, Broder).

· Stocks are available and standardized at this stage (Preziosi).

· Elements still needed for the soluble G program include a correlate of protection (CoP) study, challenge strain selection, and identification of who will conduct the studies (Broder). 

· The SG protein candidate is the furthest along; researchers are now characterizing polyclonal immune responses from subjects (Broder). 

· A subunit vaccine could be ready quickly, which could help stop an outbreak from spreading, as well as be used for laboratory workers and first responders (Broder).  



Chris then led a discussion of the draft roadmap strategic goals and milestones for NiV vaccines. Discussion highlights are detailed in the tables below. 




		Vaccines: Strategic Goal 1 and Aligned Milestones 



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 1: Develop the tools and policies necessary for evaluating and potentially approving one or more NiV candidate vaccines through a nontraditional regulatory pathway.

		· No comments.

		· No edits suggested.



		Milestone 1: By 2024, generate a fully characterized and controlled virus challenge stock (or potentially one each for NiV-M and NiV-B) for assessing candidate vaccines in animal models. 

		· Other than the mRNA vaccine, all candidate vaccines are based on the G protein, which is nearly identical between the Malaysian and Bangladesh strains, and therefore multiple strains are not needed for challenge studies (Broder). 

· One challenge strain from NiV-B is apparently established (Broder, de Wit).

· All NiV strains are 98% identical. Hendra (at 20% divergent) is 100% protective against both NiV-B and NiV-M, which is a proof of concept for using a single challenge strain in an animal model vaccine efficacy trial (Broder). 

· It would be helpful for this group to share what makes the most sense for the field. NiV-B is responsible for more outbreaks, spillovers, and appears more transmissible and causes more severe disease. As such, the challenge stock should be NiV-B. There might be disagreement on that suggestion, but that choice would be focused and achievable (Luby). 

		· Remove “(or potentially one each for NiV-M and NiV-B).”

· Add (preferably a NiV-B strain). . . 





		Milestone 2: By 2024, establish benchmark parameters (e.g., route of challenge, timing of challenge, and challenge dose) for testing of NiV candidate vaccines in animal models, with particular focus toward meeting criteria necessary for approval via a nontraditional pathway. 

		Discussion for milestones 2 and 3 is combined as follows:

· This timeline (2024) seems too soon, unless a program funding vaccine development wants this path forward. So far, there are limited experiments in primates with aerosolized devices. The model must be interpretable in a small number of animals (Broder). 

· An animal challenge model must be coordinated with regulatory authorities because of the expense (de Wit). 

· Repeated testing has not been performed by many different routes. There is one (intertracheal and internasal) that is accepted; other models on aerosol exposure are being pursued (Broder). 

· It is possible that the existing serum neutralizing IgG antibody will be the CoP. 

· We will never be done characterizing animal models (Broder). 

· There is significant overlap between milestones 2 and 3. They can be merged and given a timeline of 2025. CEPI is aiming for Accelerated Approval, so we need a good surrogate marker; this will be easier than the Animal Rule pathway (de Wit, Broder, Moore). 

· With accelerated approval, the animal model will most likely be the African green monkey (Broder). 

		· Change timeline from 2024 to 2025. 

· Add language that the work in this milestone be done “in conjunction with regulatory authorities” (Moore). 

· Add language to specify a “well-characterized animal model” (Moore).

· Add surrogate markers per discussion of the next milestone.  



		Milestone 3: By 2024, further characterize as needed at least one animal model suitable for determining surrogate markers that correlate with vaccine efficacy. 

		

		· Remove milestone 3 (given overlap with milestone 2) and add determining surrogate markers to the previous milestone (Moore). 





		Milestone 4: By 2025, define the protective threshold against NiV infection for serum neutralizing IgG antibodies (as a CoP or surrogate marker), which can be used in animal studies and for immunobridging to humans. 

		· Traditionally, we do not see high neutralizing titers early on. With our intranasal vaccine, we see good antibody response and good protection in hamsters. We are moving to nonhuman primates (NHPs) in September 2023 (Spiropoulou). 

· The challenge route and the animal model are going to be different each time. But for vaccines used in human trials, antibody response in serum will be measured (Broder). 

· The group discussed whether neutralizing antibodies should be the sole CoP. 

· Avoid language in the milestone that locks into serum neutralizing antibodies despite its prominence as a likely CoP. Include “other” CoPs due to the ability to induce T-cell responses. 

		· Change language to include “serum neutralizing antibodies or other functional CoPs” (Broder, Spiropoulou, Moore). 

· No change to timeline. 





		Milestone 5: By 2025, convene a group of key stakeholders to agree on, through a consensus approach, the most suitable assays (e.g., assays that are developed using live NiV vs. assays developed using pseudoviruses) for determining serum neutralizing IgG antibody titers for NiV vaccine R&D and develop a strategy for standardizing those assays. 

		· A WHO anti-NiV antibody standard is already developed and due for publication in October 2023. This milestone may not be needed (Broder). 



		· Remove this milestone.





		Milestone 6: By 2026, generate standardized assays to measure neutralizing IgG antibodies for NiV vaccine R&D, with a particular focus on assays to be used for regulatory approval via nontraditional pathways. 

		· This should be antibodies in general, not specifically “neutralizing” (Spiropoulou). 

· The WHO antibody standard is forthcoming and should be used; therefore, this milestone is essentially done (multiple participants). 



		· Remove the word “neutralizing” from the milestone. 

· Change timeline from 2026 to 2024 and reorder the milestones. 







		Vaccines: Strategic Goal 2 and Aligned Milestones 



		Strategic Goal or Milestone

		Discussion highlights

		Suggested actions



		Strategic Goal 2: Continue to move the current NiV vaccine pipeline forward toward licensure.

		· Based on group discussion around milestones 4-6, consider revising Strategic Goal 2 to be on moving the pipeline forward (i.e., using language from milestones 1 and 2), and the other milestones remaining in this section would be part of that revised Strategic Goal.

		· Revise the Strategic Goal as detailed in the discussion column. 



		Milestone 1: By 2024, complete current phase 1 clinical trials for at least three promising NiV candidate vaccines. 

		· This work is underway. Keep this as “at least three” as written currently (Broder, de Wit). 



		· No changes to timeline or wording.



		Milestone 2: By 2024, define use cases for NiV vaccines to inform vaccine deployment and manufacturing plans. 

		· We need to understand which vaccines will come through phase 2 for this work (Gurley). 



		· Change timeline from 2024 to 2025. 





		Milestone 3: By 2026, further assess vaccine safety and immunogenicity through additional phase 1 and initial phase 2 clinical trials (preferably in affect areas) for at least two of the most promising NiV candidate vaccines. 

		· The CEPI trial in Bangladesh with a subunit vaccine will likely begin before 2026, as they plan to start phase 2 in 2024 (Broder).

· The VSV vaccine might start phase 2 in Bangladesh in 2024, and the subunit vaccine would follow. Not many patients are needed, but approval will take some time. Two clinical phase 2 trials by 2026 is realistic (Luby).

· The financial support and commitment are there (Luby). 

· This milestone is not entirely dependent on CEPI, as NIAID also could do phase 2 trials (de Wit). 

		· Revise milestone to “initiate phase 2 trials by 2025” (multiple participants). 





		Milestone 4: By 2027, complete immunogenicity and efficacy studies in a well-characterized animal model for at least one cross-protective NiV vaccine candidate and define a surrogate marker that demonstrates likely clinical benefit of candidate vaccines. 

		· The group agreed that this milestone should be removed because this is covered in Strategic Goal 1 of this section.  



		· Remove this milestone. 





		Milestone 5: By 2029, conduct well-controlled clinical trials (preferably in affected areas) to assess a surrogate endpoint in human subjects for at least one NiV candidate vaccine. 

		· Trials for a surrogate endpoint might be necessary to repeat in affected areas with different populations (Broder, Preziosi). 

· Going back to Strategic Goal 1, and then following the progression of activities, we have 1) characterizing the virus stock, 2) establishing benchmark parameters for well-characterized animal model, 3) defining protective thresholds to be used in animal studies for immunobridging, 4) generate/use WHO standard NiV assay, and then 5) clinical trials. 

· This milestone date is currently for completely trials; could be changed to initiating trials (and date moved up) (Moore). Completing phase 2 trials could be done faster than by 2029 if initiated by 2025; they could be done by 2027 (Broder). 

· We may need to do more than one phase 2 trial (e.g., children in Bangladesh). If these are going to be only human studies with efficacy via bridging, questions will be raised, including by regulators, who will want more than initial phase 2 or a more robustly powered trial. It is hard to anticipate an area that has few precedents, but expectations should not be for “normal” vaccine development (Luby, Preziosi). Given that, a 2029 date is appropriate (Moore). 

· Trials will already include humans, and the language should be expanded to detail certain populations. Specifically, children, pregnant women, and women of childbearing age should be noted (Broder, Roth, Luby, Osterholm). We would be compromised in an outbreak without data on pregnant women (Luby). 

· Discussion on milestone rewording included a few recommendations, including: keep the 2029 date and add additional clinical trials including children and pregnant women; detail at least two vaccines; “in affected area” should be a requirement, not “preferably”.  

		· Revise language: for at least two candidates (instead of one) and remove “preferably.” Additionally, see discussion highlights for possible other revisions (e.g., additional clinical trials including vulnerable populations). 

· Ensure that the milestone is clearly for phase 2 (i.e., appropriate phase 2 context).

· Keep the current timeline. 





		Milestone 6: By 2030, complete a regulatory dossier for at least one NiV vaccine candidate based on a suitable animal model with subsequent immunobridging to humans for review via a nontraditional approval pathway. 

		· By 2030 is reasonable for this milestone, but it is unclear if this is for licensure or EUA (Broder, Preziosi). 



		· Add language on “(for licensure or emergency use)” to the milestone (Moore). 









Chris concluded the vaccines section with a facilitated discussion on roadmap implementation, including barriers to implementation and ideas for implementation. Key points from the discussion: 

· Barriers: 

· Money

· Lack of stakeholder engagement and buy-in

· Lack of readiness/coordination for trials during outbreaks 

· Consider adding a milestone in the cross-cutting section, applying to vaccines, therapeutics, and diagnostics (e.g., Strategic Goal 3) (Luby) 

· Include research protocol development (Gurley) 

· There are lessons learned from Ebola that apply; consider use of universal protocols beyond currently affected countries for pandemic prevention (Montgomery) 

· [Note: We added a milestone in the cross-cutting section on developing protocols for emergency use of candidate NiV MCMs during outbreaks.]

· Regulatory uncertainty, given alternate pathways (Rahman, Luby) 

· Requirements for stockpiling

· Ideas for implementation: 

· A lot of forward movement currently exists, with huge strides since 2017; keep up the momentum (Gurley) 

· CEPI is committed to take these vaccines through phase 2 (Rahman, Broder)

· Stockpiling and plans for use 

· Advocacy plans among stakeholders within affected countries

· Ensure that trials are conducted in affected countries 
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Marie-Pierre Preziosi led a facilitated discussion on roadmap implementation, with questions to panelists Shahana Parveen and Mahmudur Rahman and open discussion to all participants. 

· Question: Given the discussions from the last 2 days, what are the most important issues for Bangladesh specifically that align with the goals and milestones for moving NiV diagnostics, therapeutics, and vaccines forward? 

· To deal with small outbreaks, we need POC diagnostics, followed by therapeutics and vaccines (Rahman).

· Vaccines will come first if the situation changes and there is a large outbreak (Rahman). 

· Rapid tests, especially for hospitalized patients, are the most pressing need (Parveen). 

· Vaccine stockpiles are important, but the vaccines shouldn’t remain stockpiled until a major outbreak. It would be better to use the vaccines, even in a research protocol, or offer them to healthcare and laboratory workers for prevention (Gurley). 

· The mistake for mpox (which we can avoid with NiV) is that the vaccine was stockpiled but not released to healthcare workers and laboratory workers who were at risk (Broder). This also happened with Ebola (Roth). 

· Enable voluntary preventive use of vaccines to prevent pandemics; don’t wait until a pandemic starts (Gurley). 

· Countries should have a vaccination strategy that prioritizes who gets vaccines, such as healthcare workers (Rahman). 

· Countries need to improve patient outcomes now with supportive care. There is a need to improve clinical care capacity, along with laboratory and research capacity, and in support of clinical trials (Hassan). 

· WHO is currently revising treatment guidelines and long-term care for people with neurological sequelae and brain infections (Preziosi). 

· Question: What are the most critical resources that you need in Bangladesh to support development of NiV diagnostics, therapeutics, and vaccines? 

· Strong collaboration with CDC and WHO; we need a common platform and collaboration with existing efforts at country-level (Parveen). 

· Technology transfer to countries to enable development of MCMs (Rahman). 

· Consider taking advantage of the money that is moving through One Health efforts now, including from the World Bank (Rahman). 

· There should be a mapping initiative (Rahman, Preziosi). 

· Countries need investment in research; WHO is a potential organizer of such support (Lackritz). 

· SEARO is engaged in helping at-risk countries. It is easier for national institutions to push for surveillance and diagnostics. There are many cases going undiagnosed and we could change that (Formenty). 

· Question: What role do you see WHO playing in promoting R&D of NiV MCMs and implementing the goals and milestones in the NiV roadmap?

· WHO should oversee the development and implementation of an action plan to accomplish roadmap milestones, and designate who will accomplish the milestones. WHO can play an important role in initiating/collaborating on regulatory issues. WHO can initiate international collaborations, and specifically between India and Bangladesh (Parveen). 

· WHO must have a coordinating role in Bangladesh for multiple players, including CDC, CEPI, and the EcoHealth Alliance. An example is the Asia Pacific Strategy for Emerging Diseases and Public Health Emergencies (APSED III, formerly APSED) (Rahman).

· Regarding a follow-up question as to whether other stakeholders (e.g., agriculture, veterinary) should be involved (Preziosi): 

· In Bangladesh, One Health is institutionalized. Other ministries will come forward during outbreaks. World Bank is also an important partner, as are UNICEF, CDC, and the Bill & Melinda Gates Foundation (Rahman). 

· Stakeholder mapping needs to be done (Rahman). 

· We can ask WHO to play a role, but the technical experts on NiV are responsible for advancing this agenda. It is great if Wellcome, the Bill & Melinda Gates Foundation, etc. fund this work generously, but the reality is that those contributions are incremental. We have to continue to push on the value of this agenda throughout our work and networks (Luby). 

· Champions are needed; we can assemble a group to make the investment case for NiV MCMs (Preziosi). 

· SEARO is developing strategy documents to prepare countries in the region for NiV outbreaks, including MCM R&D along with surveillance. We need to push for this beyond SEARO and the Western Pacific Regional Office (WPRO), notably in Africa (Formenty). 

· Governments need to fund NiV R&D, as well as development partners. Within countries, NiV researchers need to be networked (Rahman). 

· While grateful for the work CEPI is doing to push NiV vaccine development, there needs to be similar funding support for therapeutic development (Formenty). 

· From the One Health consideration, we need rapid, field-based diagnostics that can be used in species other than humans (Gurley). 

· This consideration could be added as a TPP-focused milestone (Preziosi).

· While scientifically a simple issue, the application of such a diagnostic is complex with regard to different agencies involved at the country level (e.g., agriculture, health) (Gurley). 

· [Note: Diagnostics for animal species was not added to the roadmap, as the taskforce had decided originally (in 2017-18) that issues related to animals were out of scope for the R&D roadmap.]

· The roadmap has milestones that include protocols and epidemiological studies, but we should verify that they adequately/explicitly mention continuing epidemiological studies (Rahman, Gurley).  

· Question: Who do you think are the most important external partners and what do you think are the most critical roles for those partners in R&D of NiV MCMs?

· In Bangladesh, the national government, specifically the Ministry of Health, is the central resource for engaging external partners, connecting with in-country experts, and engaging with external groups. This applies to the stakeholder mapping that we hope to accomplish, and other activities, such as those related to One Health (Parveen). 

· A consortium for engagement based on the One Health platform could be created, potentially by early 2024 (Preziosi, Parveen). 

· Question: What is the best way to encourage other in-country experts on issues related to NiV MCMs, including WHO regional representatives? 

· Bangladesh has a One Health Forum, initiated in 2007, now with more than 1000 members. It regularly convenes and has an executive committee representing animal, human, and environmental health. The forum acts as a catalyst to push the government to work. There is also a One Health steering committee at the inter-ministerial level; both can be leveraged toward NiV MCMs (Rahman). 

· Question: What are the best ways to promote regional coordination between India and Bangladesh? 

· There should be a memorandum of understanding (MOU) between India and Bangladesh regarding validation. We had this in the past for leishmaniasis, and included Nepal. We tried [to have these] for avian influenza and anthrax, but failed. These MOUs must be negotiated at the highest government level and are effective because they become an obligation for each country and work well at the local level. They would be useful for MCMs, regional coordination, and cooperation. There are, however, challenges in getting these set up (Rahman). [Note: Mahmudur Rahman agreed to provide the leishmaniasis MOU to Marie-Pierre Preziosi.]

· SEARO is a potential forum for engagement between India and Bangladesh, to encourage bilateral exchanges (Luby). 

· Engaging at the community level is challenging, but communities can be leveraged carefully (Rahman). 
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Kristine Moore shared an overview on next steps for the roadmap and an accompanying manuscript. Key points:

· The roadmap will be revised per this meeting, finalized, and published on the WHO website in early 2024.  

· Once the updated draft roadmap is ready (i.e., following revisions from this meeting), it will be shared with the taskforce and select other experts (e.g., CEPI) to sign off. 

· A manuscript will also be developed. Group comments on the manuscript: 

· A journal for publishing should be selected with policymakers and funders in mind; we want to make it easy for them to recognize the roadmap’s purpose and goals (Golding). 

· We should consider more than one publication, with different objectives for different target audiences (e.g., One Health community, development world/development banks beyond World Bank, etc.). Many groups would take a wider interest in short, clear, nontechnical publications that lay out problems and benefits relevant to the roadmap. This is a promotion, not just a single publication (Roth). This could include WHO promotion two-pager (Preziosi) and/or policy briefs (Roth). 

· A full communication package, including sizeable, usable versions of the roadmap that is useful for graphics and seminar presentations, could be shared with stakeholders, via targeted webinars, etc. This would be part of a one-year communication that WHO would develop (Golding). 

· Journals suggested by group members for manuscript publication consideration included: PLOS Neglected Tropical Diseases, BMJ Global Health, and Emerging Infectious Diseases. 
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Nipah R&D Roadmap Taskforce Meeting

July 31 & August 1, 2023

London, UK



Agenda times listed in British Standard Time (BST)



Day 1: Monday, July 31



8:45 am	Registration, tea, coffee, and light breakfast 



Session 1: Welcome, Introductions, and Overview 

9:15 am	Welcome (Josie Golding, Wellcome)



9:20 am 	Introductions (Michael Osterholm, Center for Infectious Disease Research and Policy [CIDRAP])



9:30 am	Update on the WHO Blueprint Initiative (Marie-Pierre Preziosi, WHO)



9:40 am	Overview and meeting objectives (Kristine Moore, CIDRAP)



Session 2: Nipah Cross-Cutting Issues

Session Facilitator: Emily Gurley, Johns Hopkins Bloomberg School of Public Health



9:50 am	General comments on Nipah cross-cutting issues in the current roadmap draft 

· Key progress in the past 5 years

· Critical areas where additional efforts are needed 



10:10 am	Review the Nipah cross-cutting goals and milestones 



10:30 am	Break



10:45 am	Review the Nipah cross-cutting goals and milestones (continued) 



11:45 am	Concluding comments for Nipah cross-cutting issues 

· Barriers to implementing the goals and milestones

· Ideas for Roadmap implementation for this section



Session 3: Nipah Diagnostics

Session Facilitator: Joel Montgomery, US Centers for Disease Control and Prevention (US CDC)



12:05 pm	General comments on Nipah diagnostics in the current roadmap draft 

· Key progress in the past 5 years

· Critical areas where additional efforts are needed 



12:30 pm	Lunch



1:30 pm	Review the Nipah diagnostics goals and milestones 



2:50 pm	Break



3:05 pm	Concluding comments for Nipah diagnostics 

· Barriers to implementing the goals and milestones

· Ideas for Roadmap implementation for this section



Session 4: Nipah Therapeutics 

Session Facilitator: Emmie de Wit, US National Institute of Allergy and Infectious Diseases (NIAID) 



3:25 pm	General comments on Nipah therapeutics in the current roadmap draft 

· Key progress in the past 5 years

· Critical areas where additional efforts are needed 



3:45 pm	Review the Nipah therapeutics goals and milestones



5:10 pm	Concluding comments for Nipah therapeutics  

· Barriers to implementing the goals and milestones

· Ideas for Roadmap implementation for this section



5:30 pm 	Adjourn Day 1
Drinks and reception



6:00 pm	Dinner



Day 2: Tuesday, August 1



8:45 am	Registration, tea, coffee, and light breakfast



9:15 am	Welcome for Day 2 (Michael Osterholm, CIDRAP)



Session 5: Nipah Vaccines

Session Facilitator: Christopher Broder, Uniformed Services University of the Health Sciences 



9:20 am	General comments on Nipah vaccines in the current roadmap draft 

· Key progress in the past 5 years

· Critical areas where additional efforts are needed 



9:40 am	Review the Nipah vaccines goals and milestones



10:15 am	Break



10:30 am	Review the Nipah vaccines goals and milestones (continued)



11:10 am	Concluding comments for Nipah vaccines  

· Barriers to implementing the goals and milestones

· Ideas for Roadmap implementation for this section



Session 6: Nipah R&D Roadmap Implementation and Next Steps



11:30 am	Discussion: Roadmap implementation (Marie-Pierre Preziosi, WHO)

Discussion panelists:

· Shahana Parveen, International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b)

· Mahmudur Rahman, Eastern Mediterranean Public Health Network (EMPHNET)



12:15 pm	Discussion: Publication process (Kristine Moore, CIDRAP)



12:25 pm	Wrap up and next steps (Michael Osterholm, CIDRAP)



12:30 pm	Meeting close



12:30 pm 	Lunch
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a 6-year framework beginning in 2024 for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against Nipah virus infection. 



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000, Paton 1999). As part of that outbreak, 265 human cases of NiV disease (NiVD) were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiVD was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks have occurred in that country since (Hsu 2004, WHO 2018, Agrawal 2023). NiVD has also been identified periodically in eastern India (in 2001 and 2007) and, in 2018, an outbreak occurred for the first time in southern India (Arunkumar 2019, Chadha 2006, Chattu 2018, Sharma 2018, Soman Pillai 2020). Additionally, one case was reported from Kerala state in 2019 (Sudeep 2021). Case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 50% to 100% (Sharma 2018). NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae (Goh 2000, Hossain 2008, Tan 2002). A summary of 14 years of NiVD investigations in Bangladesh found no evidence of asymptomatic infection (Nikolay 2019).



The primary natural reservoir host for NiV in South Asia, where cases continue to occur, is Pteropus bats. A recent study suggests that discrete multiannual local epizootics in bat populations contribute to the ongoing sporadic nature of human NiV outbreaks in South Asia (Epstein 2020). The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock and other domestic animals, which can serve as a source of exposure to humans (Islam 2023). Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in Pteropus bats and several other related bat species in Southeast Asia, the Western Pacific, and Africa (Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Iehlé 2007, Plowright 2019, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, Yob 2001). In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, dogs were found to be infected with NiV on the farms involved in the outbreak (Field 2001). In outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role to date, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission (Arunkumar 2019, Gurley 2007, Islam 2016, Luby 2009, Nikolay 2019, Rahman 2008). However, a recent study in Bangladesh found NiV antibodies in cattle, dogs, and cats from six sites where spillover human NiV infection cases occurred during 2013–2015 (Islam 2023), suggesting the potential of zoonotic spread via intermediary hosts. Respiratory transmission via droplet spread may play an important role in propagating outbreaks (Nikolay 2019, Spiropoulou 2019). The virus could have pandemic potential if a more human-adapted strain, with greater person-to-person transmission emerges (Luby 2013).

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock and other domestic animals, which can serve as a source of exposure to humans (Islam 2023). NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia (Murray 1995, Selvey 1995). To date, at least 66 spillover events—all in Australia—involving more than 100 horses and seven humans have been identified (Wang 2023). Changes in bat behavior related to habitat loss and climate change appear to have increased the spillover risk of HeV from bats to horses (Eby 2023). Another henipavirus (Langya virus) was recently identified as the probable cause of febrile illness among a group of people in China (Zhang 2022). An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014 (Ching 2015). This outbreak likely involved spillover of the virus into horses and subsequent disease in humans following consumption of contaminated horsemeat; disease also occurred in healthcare workers who cared for infected patients. Detailed genomic information for this virus is limited.



Several other henipaviruses have been identified, although the zoonotic and pathogenic potential of such viruses remains unknown (Li H 2023) and additional research is needed to better understand the global health threat of these viruses. Since additional bat species (particularly in Africa) and potentially other animals may serve as reservoir hosts for henipaviruses, the risk of spillover to humans may encompass up to three-fourths of the world’s population. Although this roadmap is primarily focused on NiV, many of the issues identified also apply to other henipaviruses. While the current incidence of detected disease caused by henipaviruses is low, the COVID-19 pandemic clearly demonstrated that viruses can transform into serious global threats without significant warning; therefore, vigilance is needed to better understand the epidemiology of henipaviruses and to monitor their global occurrence. 

Genomic sequencing has demonstrated that there are two main clades of NiV: the M genotype, which comprises the Malaysian NiV isolates (NiV-M), and the B genotype, which includes Bangladesh (NiV-B) and India NiV isolates (NiV-I) (Liew 2022, Yadav 2019). These three strains share a high percentage of homology (NiV-M and NiV-B strains share 91.8% homology, and NiV-I strains share 85.14to 96.15% homology with both NiV-M and NiV-B). Some strain-related differences, however, have been noted in the clinical features of infection in humans and experimentally infected non-human primates, with strains of the B clade appearing to be more pathogenic than those of the M clade (Mire 2016). Recent data indicate that strains from Bangladesh are segregated into two additional distinct sublineages that have intermingled geographically and temporally in that area over time (Rahman 2021, Whitmer 2020). At this time, however, the molecular epidemiology of NiV remains somewhat unclear and issues around strain diversity and strain evolution require further elucidation (Rahman 2021). One recent summary involving the most comprehensive analysis of available genomic data to date suggests that only about 15% of the overall NiV genetic diversity has been uncovered. Moreover, findings from that analysis demonstrated co-circulation of distinct lineages among bats, coupled with slow migration over large spatial areas (Cortés Azuero 2023).



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of MCMs to enable effective and timely emergency response to infectious disease epidemics. NiVD is identified in the Blueprint’s list of “priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist) (WHO 2023). The Blueprint calls for the development of R&D roadmaps for the priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for areas that apply broadly to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) Each section includes barriers (inherent obstacles or technical challenges that may influence the likelihood of success for development of NiV MCMs) and gaps (key needs or unresolved limitations in knowledge that are critical to the development of new NiV MCMs). These are followed by strategic goals and milestones, which build on the gaps and barriers and are focused on achievements for the next 6 years (beginning in 2024) that are necessary for moving NiV MCMs forward. The roadmap milestones will be tracked over time, with periodic assessment of progress and updating as needed. Each section also includes additional ongoing priorities that should be considered for NiV MCM R&D. 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), ensuring adequate hand hygiene and environmental hygiene, promoting effective community engagement, implementing adequate infection prevention and control practices, developing adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of this R&D roadmap, but need to be addressed as part of a broader public health control strategy. Further research of NiV and related henipaviruses in animal species, including development of appropriate MCMs targeted to animal populations (such as vaccines [McLean 2019]), also is needed, since disease in animals may amplify occurrence of NiV (or a related henipavirus species) in humans and virus transmission can occur at the human-animal interface.



VISION

Robust MCMs to detect, prevent, treat, and control human outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care or near patient diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING ISSUES

Barriers and Gaps

Barriers

· Securing funding for NiV/henipavirus research represents a substantial challenge, since economic incentives to invest in NiV research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with small and sporadic outbreaks (Gómez Román 2020). The development of a sustainable value proposition for industry and international philanthropic public-private partnerships is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The value proposition should be informed by a robust assessment of the risk of future outbreaks of NiV and related henipaviruses and the economic, societal, and health impacts that such outbreaks could generate. 

· Demonstrating whether or not a product provides meaningful benefit without undue risk, which is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product developers in the absence of a predictable demand (Gouglas 2018). In addition, licensure of vaccines and therapeutics using alternative regulatory pathways can be very costly, given the regulatory requirements for such approval.

· National regulatory authorities in countries where NiV/henipavirus outbreaks are likely to occur have different regulatory requirements for authorization, licensure, or emergency use of NiV medical countermeasures, which complicates the approval process, particularly for candidate vaccines and therapeutics (Gómez Román 2022). Engagement of international regulators An international, NiV-focused regulatory group has been created and will be an important mechanism for coordinating regulatory issues as NiV MCMs are moved forward (Gómez Román 2020).

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (biosafety level 4 [BSL-4]) conditions (Geisbert 2020, Gómez Román 2022), which can increase the cost and complexity of MCM development.

· To date, NiV spillovers to human communities have been identified most commonly in rural communities in Bangladesh and India; the healthcare facilities that serve these communities have limited laboratory and clinical infrastructure for diagnosis and treatment. 

· The primary natural reservoir for NiV and henipaviruses is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar (Bruno 2022). Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV or related viruses; such bats can be found across Africa and parts of the Middle East (Bruno 2022). This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations. 

· The development and accessibility of animal models that recapitulate human NiV disease are critical for NiV MCM development, given the limitations on clinical samples and the infeasibility of traditional clinical efficacy trials. While ferrets and Syrian golden hamsters are well-established animal models for NiV research, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines intended for use in humans (Foster 2022, Geisbert 2010, Geisbert 2020, Geisbert 2021, Johnston 2015, Price 2021, van Doremalen 2022, Woolsey 2023). Studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways; however, costs, space requirements (particularly in BSL-4 containment facilities) and ethical concerns constrain their use (Arnason 2020, Bossart 2012, Geisbert 2010, Johnston 2015).

· Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical power (Gómez Román 2020). It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks; however, it is likely that at least vaccines will need to be licensed via nontraditional regulatory pathways. 

· Patients usually present late in the clinical course of disease and disease progression is often rapid, making it difficult to collect clinical samples before patients succumb to the disease. Additionally, autopsies are often not the standard of care in affected areas, which further reduces opportunities to collect clinical specimens. These barriers hinder the ability to understand disease pathogenesis and immunologic responses to infection, which are important for MCM R&D (Amaya 2020, Arunkumar 2019, Gurley 2020, Liew 2022, Mazzola 2019).

· Sociocultural issues may hinder trust in the formal healthcare and public health systems, which could reduce acceptance of NiV vaccines and therapeutics. 

Gaps

· Continued R&D, improved manufacturing processes, deployment, and assessment of NiV/henipavirus MCMs, as well as other preventive measures, depend on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to determine the true incidence of human disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas (Bruno 2022, Singhai 2021). Improved surveillance might also support the business case for investment in NiV MCMs by identifying a higher incidence of disease than previously demonstrated and revealing a broader geographic range of risk.

· Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and potentially other bat species around the globe (Gómez Román 2020, Plowright 2019).

· Additional research is needed to optimize and further characterize relevant animal challenge models (particularly ferret, Syrian golden hamster, and AGM models) for promoting development and evaluation of NiV MCMs (Geisbert 2020, Gómez Román 2020, Price 2021, Rockx 2014). Examples of additional issues involving animal models include the following (Dhondt 2013, Gómez Román 2020, Johnston 2015, Mathieu 2015, Mire 2019, Price 2021):

· Determine the appropriate animal model(s) for screening assay development.

· Standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development.

· Determine when after-challenge MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans.

· Identify the best models for studying chronic (relapsing) infection.

· Determine if different animal models are needed for different clinical endpoints such as infection, disease, and transmission.

· Determine if models perform differently based on the route of virus administration.

· Improve overall standardization of the models.

· Other research needs include the following:

· Improved understanding of the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs (Gurley 2020, Liew 2022). This includes evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, and identifying factors influencing the development of permanent neurologic sequelae. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains to monitor viral heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of disease over time and thereby influence MCM development (Cortés Azuero 2023, Gurley 2020, McKee 2022, Rahman 2021).

· Additional research to determine if: (1) NiV strain variations influence the ability to detect NiV infections; (2) different strains have different phenotypic characteristics, such as different clinical manifestations or transmission dynamics, and (3) if strain variability impacts efficacy of vaccines or therapeutics (CEPI 2023a, Gurley 2020, Whitmer 2020). 

· Whole-genome sequencing of NiV isolates to generate a comprehensive phylogenetic mapping of the global genetic variability among henipaviruses (CEPI 2023a). 

· Sociological and anthropological research to understand how to best engage populations at high risk of exposure (such as persons who consume date palm sap, healthcare workers, and workers at the human-animal interface) and vulnerable populations (such as children, immunocompromised individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease (Singhai 2021, Lancet 2018).

· Prospective serosurveillance of henipavirus exposure from susceptible animal species and proximate human populations in areas of predicted risk to assess the potential of human spillover and to build preparedness for detection of human cases and for limiting exposure (Daszak 2020, Deka 2018, Gómez Román 2020, Plowright 2019).

· Expanded use of machine-learning approaches can facilitate an improved understanding of the risk of NiV/henipavirus spillover events (Plowright 2019). Ecological studies are also needed to enhance understanding of the dynamics governing prevalence and shedding of NiV and other henipaviruses in bats (Plowright 2019).

· Other important needs include the following:

· Funding sources (such as public-private partnerships, government agencies, and philanthropic organizations) and industry incentives and competitions for non-dilutive funding to encourage innovation and secure private-sector commitments to develop and manufacture NiV MCMs (Gómez Román 2020). 

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, surveillance, and implementation of vaccination programs for NiV prevention and control (Bruno 2022). 

· Advocacy to policy makers in affected countries and to global stakeholders to ensure they understand the potential health, societal, and economic benefits of devoting resources to improving NiV surveillance, detection, prevention, and control measures (Gómez Román 2020).

· Scenario planning to clarify regulatory pathways for product approval in countries where NiV/henipavirus outbreaks are likely to occur, including determining whether or not efficacy data from animal models is sufficient for regulatory approval. Such planning should take into consideration the local epidemiology of NiV infection and the different requirements of local national regulatory authorities for product approval and emergency use authorization (Gómez Román 2022). Regulatory pathways and NRA capabilities vary between countries; therefore, early engagement, potentially with support from WHO and other key international stakeholders, is essential to identify country-specific considerations. While it is critical to focus on approaches that make ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

· Standardized and well-characterized assays (to be further defined based on end use), reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection (Rampling 2019, Satterfield 2016). Assays that can be used at lower biosafety levels are an important priority. WHO international standards should be used (when available) as calibrators and reported in units/ml to harmonize assay results. 

· Outreach and education to clinicians and community health workers to improve NiV awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection prevention and control) and to ensure availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely diagnosis and treatment of NiV infection (Singhai 2021). 

· Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support collaborative clinical research, including methods for collecting, standardizing, and sharing clinical data. 

· Collaboration between public health authorities in endemic and at-risk areas and international development partners to support NiV surveillance and strengthen disease prevention and preparedness activities. This effort could potentially involve linking NiV surveillance with other surveillance efforts, such as surveillance for Japanese encephalitis (JE). Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

· Efforts to reduce the cost of medical countermeasure development and ongoing production.



Strategic Goals and Aligned Milestones

Strategic Goal 1: Identify additional and ongoing sources of private- and public-sector funding and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 

Milestones:

1. By 20245, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV and related henipaviruses (including the risk of gain-of-function research involving such viruses), (2) demonstrates the need for global engagement to address the threat, and (3) outlines the global social and economic benefits of generating accessible and affordable NiV MCMs. , and (3) details the positive impact on the health systems in affected areas.. 

2. By 20256, create a funding plan based on the global value proposition for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.

3. By 20256, develop a coordinated strategy (to include addressing indirect costs and shortfalls) for promoting and incentivizing greater industry engagement in R&D for NiV MCMs, particularly in affected countries. 



Strategic Goal 2: Improve understanding of NiV the epidemiology and ecology of NiV and related henipaviruses to better define the disease burden, risk factors for infection, reservoir hosts, and risk of spillover events in affected at-risk countries. 

Milestones:

1. By 20246, generate and implement standardized protocols for case investigation in at-risk countries, using a One Health approach, that are aimed at identifying risk factors for primary NiV infection and at conducting case-contact studies to better understand chains of transmission (Hedge 2023).

2. By 2025, assess country-level capacity in at-risk countries for implementing standardized clinical protocols for case investigation, and develop plans for addressing key gaps in implementation.

3. By 2025, develop and initiate a plan for enhancing human NiV surveillance for NiV and related henipaviruses in India and Bangladesh outside of existing surveillance areas (i.e., where cases previously have been identified). This should include securing funding, identifying additional surveillance catchment areas, engaging key partners in those areas, generating standardized surveillance protocols, and conducting training for implementation, and leveraging other surveillance activities (such as surveillance for JE). 

4. By 2026, initiate enhanced human NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), promote early case detection, and better define the disease burden in India and Bangladesh, particularly outside of areas where cases previously have been identified. 

5. By 2025, develop plans for conducting human surveillance for NiV and related henipaviruses in at-risk countries other than India and Bangladesh. 

6. By 2025, develop plans for conducting animal surveillance for NiV and related henipaviruses in at-risk countries other than India and Bangladesh. 

7. By 20256, develop plans for conducting additional research in at-risk countries India and Bangladesh to identify the potential for and drivers of spillover events for NiV and related henipaviruses, using a One Health approach, particularly in areas where NiV cases have not yet been identified.

8. By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance understanding of NiV disease pathogenesis (Bassat 2021). 



Strategic Goal 3: Determine the requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure or approval of NiV MCMs by engaging an international regulatory working group regulators representing NRAs in affected areas and other key international stakeholders.

Milestones: 

1. By 2024, conduct scenario planning to identify gaps, clarify the regulatory procedures, and determine the acceptable pathways for approval and emergency use authorization of NiV MCMs (including vaccines, novel candidate therapeutics, repurposed therapeutics, and diagnostics) in countries at highest risk for NiV outbreaks (i.e., Bangladesh and India) through an international NiV-focused regulatory group. forum of regulators.

2. By 2025, determine if any key gaps exist for regulatory approval and emergency use authorization of candidate NiV MCMs in affected countries and develop strategies to address those gaps in regulatory approval and emergency use authorization of candidate NiV MCMs, with specified timelines for completion. 

3. By 2025, assess capacity in affected countries to conduct clinical trials and field studies of MCMs, particularly during outbreaks.

4. By 2026, create a system for monitoring regulatory issues related to licensure or use of candidate NiV MCMs over time. ensure that any issues affecting approval and emergency use of candidate MCMs in affected countries have been resolved and that consensus has been achieved on the necessary regulatory steps and procedures. 

5. By 2026, develop protocols for emergency use of candidate NiV MCMs during outbreaks. 

 

Strategic Goal 4: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

Milestones:

1. By 20245, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.

2. By 2025, conduct additional research to further optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs. 

3. By 2026, conduct sequencing of NiV strains from existing clinical samples obtained from past NiV cases to assess variability of NiV strains in India and Bangladesh (CEPI 2023a). 

4. By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance understanding of NiV disease pathogenesis (Bassat 2021). 

5. By 2026, develop a standardized human pathology investigation protocol for improving understanding of NiV pathogenesis. 



6. By 20278, conduct research in animal models to determine if strain variability impacts efficacy of promising NiV MCMs or the accuracy of diagnostic tests.  



Additional Priority Areas/Activities

Research

· Continue to expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach. Such research should include serosurveys in different animal species and ecologic studies in bats, and should utilize computational approaches, such as machine-learning. 

· Continue to perform phylogenetic and evolutionary analyses, using whole-genome sequencing, of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Continue to conduct sequencing of NiV strains from existing clinical samples obtained from past NiV cases to assess variability of NiV strains in India and Bangladesh (CEPI 2023a). 

· Incorporate, on an ongoing basis, additional NiV strains into preclinical research as newer strains become available. 

· Continue to conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Continue to explore alternative strategies to using animal models for research (e.g., use of organoids, other in-vitro approaches, computational modeling).

· Determine key differences in pathogenesis for different NiV strains that may have implications for the development of safe and effective NiV vaccines or therapies.

· Conduct research studies to enable a more comprehensive mapping of genetic variability of henipaviruses to improve understanding of their global distribution.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection, including potential regulatory pathways for MCM licensure and approval. 

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve active and passive surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations. 

· Develop an open-access shared data platform to facilitate sharing of NiV sequence and strain data. 

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic affected and at-risk areas. 

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas. These should include efforts to reduce production costs and ensure equitable global access as needed. 

· Support the development of affordable pricing mechanisms to promote accessibility of NiV MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable and fair” price is one that can reasonably be paid by patients and health budgets and simultaneously sustains research and development, production, and distribution within a country.)

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



DIAGNOSTICS

Barriers and Gaps

Barriers

· Initial signs and symptoms of NiV infection are nonspecific, and infection is often not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in outbreak detection and implementation of effective and timely infection control measures and outbreak response activities. Additionally, latent infection can last for months to years after initial exposure, which can complicate epidemiologic investigation (CDC 2020). 

· The accuracy of laboratory results can be affected by a variety of factors, such as clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory (WHO 2019, Mazzola 2019). 

· The time required to perform diagnostic testing using conventional laboratory methods is problematic, given the potential for rapid disease progression of NiV infection (Sayed 2019). 

· Diagnostic needs vary across the latent, acute, and convalescent phases of NiV infection (Bruno 2023). 

· Limited laboratory infrastructure and diagnostic capabilities in peripheral settings can lead to delays in diagnosis and in outbreak investigation and response (Berge 2019, Bruno 2022, Chua 2013, Wang 2012, WHO 2019). 

· Owing to the high biosafety precautions necessary when working with NiV, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis (Watanabe 2020, Widerspick 2022). 

· Limited NiV-positive clinical samples are available, which are important for validation of diagnostic tests (Mazzola 2019).

· Pteropus species (and likely other bat species) may carry other henipaviruses in addition to NiV and HeV, some of which could be pathogenic in humans and livestock. Antibodies to different henipaviruses appear to be highly cross-reactive, making it difficult to discriminate the particular henipaviruses that are in circulation using serologic assays, which is critical to ensuring diagnostic preparedness to respond to future outbreaks (Mazzola 2019, Wang 2012, WHO 2019, Yang 2022). 

Gaps

· Further research is needed to:

· Improve understanding of the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease (Arunkumar 2019, Berge 2019, Mazzola 2019, Thakur 2019). 

· Determine criteria for test performance and further evaluate performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as rapid diagnostic tests) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· Continue to develop commercialized or standardized rapid nucleic acid tests that can quickly confirm active NiV infection at the point of care or at the level of near-patient care (Berge 2019, Pollack 2023, WHO 2019). This effort may require clarification of the regulatory pathways for commercialization of NiV diagnostic tests. To date, one rapid test has been approved for emergency use in India during an outbreak that occurred in 2018 (Yadav 2021).

· Generate international reference standards to calibrate diagnostic assays to ensure proficiency testing of new diagnostics (Berge 2019, WHO 2019). 

· Clinically validate the performance and operational suitability of new promising diagnostics, particularly rapid diagnostic tests, in endemic geographic regions (Berge 2019, Pollack 2023). 

· Continue to assess and operationally validate safe and simple methods of sample inactivation that do not interfere with diagnosis and that can be used at peripheral sites (Pollack 2023, WHO 2019, Watanabe 2020, Widerspick 2022, Yadav 2021).

· Establish operational suitability at the point of care (i.e., at peripheral community settings) for NiV diagnostic tests by developing an integrated approach to facilitate rapid, accurate, and safe testing procedures (Pollack 2023).This could include a minimal protocol or best practices approach for sample inactivation before testing (WHO 2019).

· Other needs include the following:

· Development of a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples to assess and validate diagnostic tests (Berge 2019, WHO 2019). As part of this process, a clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of sample collection; (3) determine what organizations will be responsible for the activities related to creating and maintaining the repositories; (4) establish standardized protocols for sample collection and maintenance; (5) establish an appropriate governance structure; (6) identify who would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples obtained from laboratory animals also can be used to assess diagnostic assays during the timeframe when the virtual repository is being created.)

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection (Berge 2019, WHO 2019). 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· Systems for external quality assessment (EQA) monitoring of tests using up-to-date clinical specimen panels and reference standards (Mazzola 2019).

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for NiV diagnostics, particularly given the costs of regulatory approval.

· Improvement of diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent henipaviruses as they arise (Wang 2012).

· Ongoing efforts to develop affordable and easy-to-use multiplex panels for detection of a range of pathogens using a syndromic approach, if such panels can be deemed cost-saving (Mazzola 2019).

· Use cases and target product profiles (TPPs) have been developed drafted for NiV diagnostics (WHO 2019); however, these need to be finalized and the criteria may need to be modified over time as new lineages are identified (Mazzola 2019). 

· Since NiV strains are continuing to evolve, it’s possible that current diagnostic tests could fail to detect an emergent variant of NiV. Recently, a novel strain of HeV was identified in Australia that was not detected through conventional PCR testing owing to gene sequence mismatches (Annand 2022). Diagnostic tools that can detect a broader range of NiV, HeV, or related viruses capable of spillover may be needed to advance the ability to forecast spillover risks and to detect emergent viruses (Peel 2022). 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Support development of diagnostic assays through creation of reference repository repositories of clinical samples from NiV-infected patients.

Milestones: 

1. By 20246, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repositoryrepositories of well-characterized acute and convalescent clinical samples to include a recommended set of metadata (i.e., age, sex, days since symptom onset), as feasible, and to be maintained in the two primary NiV-affected countries (Bangladesh and India). 

2. By 20257, identify sustainable, long-term funding, determine sites for sample storage, and initiate creation of the virtual reference repositoryrepositories in Bangladesh and India, with samples samples and associated metadata to be collected during future outbreaks. 



Strategic Goal 2: Continue to develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care andor near-patient NiV diagnostic tests that are suitable for use in peripheral settings, have extended shelf lives, and that have minimal requirements for biosafety precautions and staff training. 

Milestones: 

1. By 2024, finalize the draft use cases and TPPs for NiV diagnostics.

2. By 20245, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays. This effort should include clarifying regulatory pathways for approval (including approval for emergency use) of NiV diagnostics.

3. By 2024, generate a call to accelerate the development of point-of-care and near-patient diagnostic testing for NiV.

4. By 2024, develop a protocol or set of best practices (that biosafety committees will accept) for inactivation of clinical samples from humans and animals that are being tested for NiV. 

5. By 2025, create international reference standards for calibrating and harmonizing NiV diagnostic assays. 

6. By 2026, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP and can be used in peripheral sites.

7. By 2026, create international reference standards for calibrating and harmonizing NiV diagnostic assays.  

8. By 2026, develop a minimum protocol or set of best practices (that biosafety committees will accept) for inactivation of clinical samples from humans and animals that are being tested for NiV. 

9. By 2027, complete clinical validation of performance and operational suitability for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP and can be used in peripheral sites.

10. By 2028, obtain promote regulatory approval for at least one rapid, point-of-care or near-patient- care NiV diagnostic test that can be commercialized and standardized. 



Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known spillover risk to promote early detection of NiV. 

Milestones: 

1. By 20256, continue to expand national laboratory networks for NiV detection in  the primary affected at-risk countries (Bangladesh and India)  that include plans for enhancing laboratory preparedness to enable earlier and timely detection of NiV infection during future outbreaks. 

2. By 20267, generate well-characterized and up-to-date proficiency panels and network quality controls for NiV diagnostic testing to be used in selected laboratories in Bangladesh and Indiaat-risk countries.

3. By 20269, implement routine EQA monitoring of NiV diagnostic testing at selected laboratories in Bangladesh and India.at-risk countries.  



Additional Priority Areas/Activities

Research

· Continue to explore new diagnostic approaches that may allow earlier detection of infection. 

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine criteria for test performance and continue to evaluate performance characteristics for promising new assays for diagnosis of NiV infection.

· Continue to conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection as they become available. 

· Continue to research methods of diagnostic testing that are able to differentiate between various pathogenic henipaviruses.

· Continue to develop affordable and easy-to-use multiplex panels for detection of a range of pathogens using a syndromic approach. 

· Consider development of diagnostic tools that can detect a broader range of NiV, HeV, or related viruses capable of spillover.

 Product development

· Refine over time, as needed, criteria in the existing TPPs to include identification of different NiV lineages/strains. 

· Continue to develop and evaluate point-of-care andor near-patient rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific (as needed, depending on their intended use), can capture antigenically diverse strains of the virus, and can be performed accurately and safely in peripheral settings under a variety of circumstances. 

· Expand diagnostic test development for other henipaviruses over time. 

Key capacities

· Establish operational suitability in peripheral laboratories of rapid diagnostic tests over time, as new tests become available. 

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses as needed. 

Policy and commercialization

· Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available. 



THERAPEUTICS

Barriers and Gaps

Barriers 

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· A limiting constraint to assessing the effectiveness of promising therapeutics is the number of patients with NiV infection who can be enrolled in clinical trials over time, given the small number of cases that are identified annually. 

· The absence of improved diagnostic assays for timely diagnosis and surveillance of infection creates an important challenge in providing early treatment of patients and PEP for exposed persons, which can significantly impact clinical evaluation of therapeutic candidates. 

· NiV can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in affected countries often do not have adequate infection control–programs in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

· One promising therapy is the monoclonal antibody (mAb) m102.4; however, the projected cost per patient for this agent is expected to be more than $1,000 (Gómez Román 2022); this high cost poses an important barrier to its use. 

Gaps 

· Patients may benefit from optimal supportive care, independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions. Standard of care guidelines will be important for conducting clinical efficacy trials of therapeutic agents. 

· During the 1998-99 NiV outbreak in Malaysia, clinicians used ribavirin to treat 140 patients. Outcomes data revealed a lower mortality rate among treated patients (Chong 2001), but the findings may have been biased by the use of historical controls. No additional clinical studies of ribavirin have been conducted, and limited studies in animals have not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may prove useful for PEP (Banerjee 2019); therefore, further challenge studies in animal models should considered to explore this possibility. 

· Studies in animals have evaluated the usefulness of several agents (including remdesivir, favipiravir, and fusion inhibitory peptides) when delivered prior to disease onset or early during the disease course (Dawes 2018, Lo 2019, Mathieu 2018). One recent study showed that AGMs were only partially protected when remdesivir was administered 3 days post-inoculation; therefore, early administration seems critical for effective treatment (de Wit 2023). Patients with NiV infection are often detected late in the clinical course, which creates challenges for predicting how well a therapeutic agent will work in the field. Additional challenge studies in animals, therefore, are needed to: (1) assess the clinical benefit of these therapeutics as treatment options when administered after symptom onset or at least more than 24 hours after initial exposure, (2) determine whether these agents may be appropriate for PEP, and (3) clarify the most feasible and cost-effective route of administration (e.g., oral, intranasal, intravenous) appropriate for real-world conditions, particularly if being considered for mass prophylaxis in an outbreak setting (Gómez Román 2022). 

· m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided under compassionate use programs for a small number of individuals exposed to either HeV or NiV (Broder 2012, Guillaume 2004, Playford 2020). Several other mAbs have also been assessed in animal models and appear promising (Gómez Román 2022). A phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia during 2015 and 2016 (Playford 2020). In that trial, m102.4 was well tolerated and safe, with no evidence of an immunogenic response.

· Additional research needs for mAbs as treatment or PEP for NiV infection include:

· Additional clinical trials in endemic areas to further assess the safety, tolerability, efficacy, and pharmacokinetic parameters of m102.4 (and possibly other mAbs with adequate preclinical data) for PEP and potentially early treatment of clinical disease (CEPI 2023b). 

· Additional research to determine the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with m102.4, it may be necessary to consider mAb cocktails (Borisevich 2016, Playford 2020).

· Animal studies to determine if mAb cocktails that combine several different mAbs into one formulation are more efficacious than administering one mAb alone (Dang 2021). 

· Future studies to ascertain the efficacy of m102.4 for treatment and prophylaxis against different viral strains of NiV and Hendra viruses, particularly among populations living in settings where there is the potential for an outbreak.

· Adequate stockpiles of m102.4 (or potentially other mAbs) to ensure urgent access at the onset of a NiV outbreak.

· Given the limited number of NiV cases identified each year, a transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials and how best to allocate scarce resources for conducting such trials.

· A prepositioned, agreed-upon protocol for conducting clinical trials of promising therapeutics during NiV outbreaks would be of value in advancing clinical evaluation of such agents (Spiropoulou 2019). 

· Diagnostic criteria and standardized testing are needed for including patients in clinical trials of therapeutics.

· Additional research needs include the following: 

· Further research to broaden the number of novel antiviral candidates (including repurposed drugs) for treatment of NiV infection and strengthen the therapeutic pipeline. Computational aided drug design is one tool that can be useful for this discovery (Yang 2023).  

· Additional data to establish the pharmacokinetic/pharmacodynamic (PK/PD) relationship of promising therapeutic candidates.

· Additional data to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP stockpiling and distribution in both affected and at-risk areas, particularly Bangladesh, which has hundreds of potentially exposed persons annually that could be candidates for PEP. 

· Additional information to determine whether or not strain differences will affect the response to therapeutic candidates and results from clinical trials.

· Additional data to determine the therapeutic windows for promising therapeutics for the different NiV strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia (Mire 2016).



Strategic Goals and Aligned Milestones

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future outbreaks of NiV or related viruses. outbreaks. 

Milestones: 

1. By 2024, convene a consortium of key stakeholders—in affected areas and internationally—to address the key challenges with conducting clinical trials of therapeutic agents during future NiV outbreaks of NiV or related viruses. This consortium could potentially be modeled after the West Africa Lassa Fever Consortium (WALC) (ISARIC 2023).

2. By 20245, develop NiV infection control and standard of care guidelines to be used in affected countries and , disseminate the guidelines. , and conduct outreach to clinicians as appropriate.

3. By 20245, complete an agreed-upon generic prepositioned protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates (mAbs and small molecules, including repurposed drugs) to be implemented in NiV-affected areas during outbreaks and develop plans for operationalizing the protocol. 

4. By 20245, complete an agreed-upon generic prepositioned protocol for conducting PEP (and potentially pre-exposure prophylaxis [PREP]) trials of promising therapeutic candidates (mAbs and small molecules, including repurposed drugs) to be implemented in NiV-affected areas during outbreaks and develop plans for operationalizing the protocol. 

5. By 2025, conduct outreach and training to clinicians on the NiV infection control and standard of care guidelines in India and Bangladesh.

1. By 2026, complete a broader, harmonized regional protocol (to be used across Bangladesh and India) for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas during outbreaks or potentially during periods of endemic disease (if comparable data can be generated over time and across different clinical sites) and develop plans for operationalizing the protocol. 

6. By 2026, generate a reliable source or stockpile of a mAB (m102.4 or other mAb) to be used in outbreak-related clinical trials for both PEP, possibly PREP, and early clinical treatment.



Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection. 

Milestones: 

1. By 2025, create and implement a prioritization process, with a governance structure, for determining which promising NiV therapeutic candidates should be further evaluated in clinical trials, once adequate animal data demonstrating safety and efficacy are available. 

2. By 2026, complete preclinical evaluation in animal models—with administration of the therapeutic agent more than 24 hours after challenge and potentially after symptom onset—of the preliminary safety, tolerability, and efficacy of at least two promising small-molecule therapeutic candidates or combination therapies for the treatment of NiV infection.

3. By 2027, further explore in animal models whether two or three of the most promising small-molecule therapeutic candidates are likely suitable for PEP and, therefore, should be assessed as PEP in clinical trials. 

4. By 2027, determine the most cost-effective and feasible routes of administration for use in real-world settings for at least two promising small-molecule therapeutic candidates. 

5. By 20257, complete at least one additional phase 1 clinical trial (phase 2 or 2/3) in a NiV-affected area of m102.4 or other suitable a promising mAb or mAb cocktail to further assess safety and , tolerability. , and efficacy (if NiV incidence allows efficacy assessment). 

6. By 2027, complete at least one phase 2/3 clinical trial in a NiV-affected area of a promising mAb or mAb cocktail to further assess safety, tolerability, and potentially efficacy (if NiV incidence allows efficacy assessment).

7. By 2028, complete at least one phase 1 clinical evaluation trial of the preliminary safety, and tolerability , and (possibly) efficacy of at least two promising small-molecule therapeutic candidates or combination therapies for the treatment of NiV infection.



Additional Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of available investigational therapies (such as m102.4, other mAbs, remdesivir, and favipiravir) for treating and preventing NiV infection, including conducting additional studies in animal models and clinical trials as appropriate and feasible. This should include determining the therapeutic windows for use of therapeutic agents as treatment or PEP.

· Clarify, in animal models, the potential for development of escape mutants from use of mAbs.

· Continue to conduct preclinical research on mAbs other than m102.4 and on mAb cocktails to assess safety, tolerability, and efficacy for treating NiV infection 

· Continue to expand the pipeline of new therapeutic options for treating and preventing NiV infection that should undergo further evaluation, potentially using pseudotyped viruses for initial screening of compounds (Li T 2023).

· Consider conducting additional challenge studies in animal models to assess whether or not ribavirin may be suitable for PEP following NiV exposure. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Continue to develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against different NiV strains and other pathogenic henipaviruses that may emerge.

Key capacities

· Ensure that clinical trial protocols are in place and are ready to be operationalized in advance of outbreaks, including obtaining appropriate approvals and conducting necessary training.

· Promote enhancements to the healthcare delivery systems in affected areas to improve clinical management and supportive care of patients with NiV infection and to improve infection control practices to limit person-to-person spread.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for further clinical testing and outbreak control. 

Policy and commercialization

· Explore strategies for decreasing the costs associated with m102.4 or other mAbs, such as exploring the possibility of administering mAbs subcutaneously rather than intravenously. 

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



VACCINES

Barriers and Gaps

Barriers	

· Large clinical efficacy trials, which typically are required for vaccine licensure, will likely not be feasible for NiV vaccines, owing to the sporadic and unpredictable nature of NiV outbreaks and the low case numbers usually involved (Gómez Román 2022, Nikolay 2021, Satterfield 2016).

· In the absence of large clinical efficacy trials, authorization and licensure will likely involve nontraditional regulatory pathways to guide the evaluation of safety and efficacy (Gómez Román 2022). However, experience is limited with these routes (such as the US FDA’s Animal Rule or Accelerated Approval Program, the EMA’s conditional market authorization, and authorization under exceptional circumstances) and there are few successful models for vaccine authorization and approval.

· The limited commercial value of NiV vaccines may impede industry’s involvement in developing and producing NiV vaccines without significant financial support (e.g., through partnerships with organizations such as CEPI, PATH, and high-income country government agencies) (Gómez Román 2022).

· The affordability of creating and maintaining a NiV vaccine stockpile and deploying vaccines during outbreaks is a key issue for low- and middle-income countries; supplementary funding will likely be required to ensure vaccine preparedness for NiV outbreaks (Gómez Román 2022). 

· The absence of improved diagnostic assays for the timely diagnosis of infection creates an important challenge by delaying implementation of a rapid reactive vaccination strategy for NiV outbreak control. 

Gaps 

· NiV vaccines are needed that: (1) are readily accessible with adequate supply chains, particularly in low-resourced areas, (2) can protect against different NiV strains, and (3) provide rapid onset of immunity to adequately prevent and control outbreaks in a timely manner.

· Use cases for NiV vaccines need to be better defined, as how vaccines are to be used will affect vaccine deployment and manufacturing plans. 

· Reference standards for NiV antibodies are needed to evaluate candidate NiV vaccines. 

· Expanded partnerships among researchers, funders, and regulators are needed to advance the development of promising NiV vaccine candidates (Amaya 2020, Gómez Román 2022). NiV vaccine candidates in preclinical development target the F/G glycoproteins and a variety of platform technologies are being considered (e.g., virus vectors, protein subunits, mRNA, and virus-like particles) (Amaya 2020, Geisbert 2021, Gómez Román 2022, Loomis 2021, Monath 2022). NiV vaccine candidates based on three different platforms (protein subunits, mRNA, and viral vectors) are currently in phase 1 clinical trials (Auro Vaccines 2022, NIAID 2023, Public Health Vaccines 2023). 

· Demonstrating vaccine-induced protection against NiV infection or disease in an animal model will require an immune correlate of protection (CoP) or immune surrogate that can predict the likelihood of protective efficacy and that reflects the protective immune responses generated in humans (Amaya 2020, Escudero-Pérez 2023, Price 2021). 

· Accurate and reliable CoPs for determining the protective efficacy of NiV vaccines have not yet been identified (Loomis 2021). Neutralizing IgG is generally used as a CoP, although the protective threshold still needs to be defined to allow additional vaccine testing in animal challenge models and eventual immunobridging of antibody responses to humans, through phase 1/2 clinical studies (Escudero-Pérez 2023, Price 2021). 

· Once the protective threshold for neutralizing IgG antibodies is determined, the most appropriate and feasible assays (e.g., assays that are developed using live NiV vs. assays developed using pseudoviruses expressing the NiV F and G glycoproteins [Luo 2023]) need to be identified and standardized for use in animal models (Price 2021).

· Different types or titers of CoPs may ultimately be needed for different vaccine platforms, antigens, clinical outcomes (e.g., protection against infection, severe disease, chronic disease, or death) and potentially host or population characteristics to support the assessment of candidate NiV vaccines using immunogenicity and efficacy data from preclinical studies.

· Other humoral immune responses that may be relevant as COPs include specific titers of IgM, antibodies and numbers of plasmablasts and activated B cells (Escudero-Pérez 2023). With regard to cellular immune responses, CD8+ T cell measurements may be useful as a CoP (Escudero-Pérez 2023). Additional research is needed to better define these potential CoPs, which may be particularly important for next-generation vaccines. 

· Most current NiV vaccine candidates target the immunodominant fusion (F) and attachment (G) glycoproteins, which elicit potent neutralizing antibody responses (Byrne 2023, Geisbert 2021, Ithinji 2022, Loomis 2020, Loomis 2021, van Doremalen 2022, Wang 2022, Woolsey 2023). Data are needed on the potential role of additional immunogens, such as nucleoproteins and other non-enveloped proteins, in stimulating B and T cell responses that contribute to viral clearance, cross-protection, or immune memory. Robust vaccine-induced humoral and cell-mediated immunity to NiV might include protective antibodies with durable immunologic memory and rapid and efficient effector functions (Escudero-Pérez 2023).

· Additional immunologic research is needed to assess the following key elements of protective immunity against NiV infection and disease: 

· The relative contributions of innate, cell-mediated, and humoral immune responses that lead to protective immunity against NiV.

· Specific cell types and interactions between different immune compartments in achieving viral clearance, surviving acute disease, and modulating chronic infection (Escudero-Pérez 2023, Liew 2022). 

· The roles of neutralizing and non-neutralizing or binding antibodies in protection against NiV (Liew 2022).

· Mechanisms and cell subsets of cellular immune responses (e.g., CD8 T cell activation) that play a role in cross-neutralizing (heterologous) protection against co-circulating NiV strains (e.g., NiV-M, NiV-B, and NiV-I) (Amaya 2020, Arunkumar 2019, Escudero-Pérez 2023, Liew 2022).

· If researchers and regulators agree that a nontraditional regulatory pathway is appropriate for licensure of NiV vaccines, then a number of issues need to be addressed, such as the following (Price 2021): 

· Generate a fully characterized and controlled virus challenge stock (or potentially one each for NiV-M and NiV-B) for assessing candidate vaccines in animal models. 

· Further characterize, as needed, at least one animal model suitable for vaccine efficacy evaluation. 

· Standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development. Challenge strains used in experimental research also need to be compared against any circulating strains in humans (CEPI 2023a). 

· Determine the most appropriate CoP or surrogate marker (e.g., IgG neutralizing antibodies) for measuring protection and generate standardized assays for measurement. 

· Bridge NiV vaccine efficacy data from animal models to humans, including identifying thresholds of vaccine protection, to determine appropriate human vaccine doses.

· If the accelerated approval process is deemed an acceptable regulatory approval pathway for NiV vaccines, then plans will be needed to conduct well-controlled clinical trials to establish that vaccines have an effect on an appropriate surrogate endpoint that is likely to predict clinical benefit against NiVD.

· Post-licensure clinical trials will also be needed to confirm the clinical benefit of any NiV vaccines that are approved via nontraditional pathways. 

· Additional research is also needed to address the following areas:

· Clarification of vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines. 

· Alternative vaccine delivery approaches, such as oral tablets or transdermal patches, to facilitate rapid NiV vaccine deployment in response to NiV outbreaks in low-resource settings.

· Further evaluation of optimal NiV antigen combinations (e.g., including stabilized prefusion F protein trimers, multimeric G constructs, and chimeric proteins containing both pre-F and G glycoproteins), and antigen/vaccine platform combinations for generating rapid and durable protective responses to NiV infection (Byrne 2023, Loomis 2020, Loomis 2021, Srivastava 2023). 

· Research in animal models to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date. 

· Mathematical modelling and forecasting may be useful in (Nikolay 2021): (1) assessing whether or not disease incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating disease risk based on risk behaviors and practices in communities or specific population groups, and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles. 

· Researchers should consider efforts toward developing pan-henipavirus vaccines to maximize potential benefit, similar to projects aimed at developing pan-coronavirus vaccines or universal influenza vaccines (Tan 2023). One strategy for developing broadly protective henipavirus vaccines involves identifying conserved epitopes or cross-reactive antibodies targeting Henipavirus F proteins (Byrne 2023, Ithinji 2022). Public communication outreach strategies that address possible vaccine uptake hesitancy in target populations and guidance for community sensitization to vaccine acceptation and promotion within the community.

· Once vaccines are available, the following will be needed:

·  Guidance on the use of NiV vaccines to include vaccination strategies for special populations (such as children, immunocompromised individuals, and pregnant women); different epidemiologic scenarios; and different vaccine attributes. 

· Enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time.

· Strategic planning for stockpiling and deploying NiV vaccines. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Develop the tools and policies necessary for evaluating and potentially approving one or more NiV candidate vaccines through a nontraditional regulatory pathway.

Milestones:

1. By 2024, generate a fully characterized and controlled virus challenge stock (preferably using a NiV-B strain) (or potentially one each for NiV-M and NiV-B) for assessing candidate vaccines in animal models. 

2. By 2024, generate standardized assays to measure IgG antibodies for NiV vaccine R&D, with a particular focus on assays to be used for regulatory approval via nontraditional pathways.

3. By 20254, in conjunction with regulatory authorities, establish benchmark parameters (e.g., route of challenge, timing of challenge, and challenge dose) for testing of NiV candidate vaccines in well-characterized animal models, with particular focus toward meeting criteria necessary for approval via a nontraditional pathway, including identifying surrogate markers that correlate with vaccine efficacy.

4. By 2024, further characterize as needed at least one animal model suitable for determining surrogate markers that correlate with vaccine efficacy. 

5. By 2025, define the protective threshold against NiV infection for serum neutralizing IgG antibodies or other functional CoPs,  (as a CoP or surrogate marker), which can be used in animal studies and for immunobridging to humans.

6. By 2025, convene a group of key stakeholders to agree on, through a consensus approach, the most suitable assays (e.g., assays that are developed using live NiV vs. assays developed using pseudoviruses) for determining serum neutralizing IgG antibody titers for NiV vaccine R&D and develop a strategy for standardizing those assays.

7. By 2026, generate standardized assays to measure neutralizing IgG antibodies for NiV vaccine R&D, with a particular focus on assays to be used for regulatory approval via nontraditional pathways.
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Strategic Goal 2: Continue to move the current NiV vaccine pipeline forward through clinical trials. toward licensure.

Milestones: 

1. By 2024, complete current phase 1 clinical trials for at least three promising NiV candidate vaccines. 

2. By 20254, define use cases for NiV vaccines to inform vaccine deployment and manufacturing plans.

3. By 20256, further assess vaccine safety and immunogenicity throughinitiate additional phase 1 and initial phase 2 clinical trials (preferably in affect areas) to further assess immunogenicity and safety for at least two of the most promising NiV candidate vaccines. 

4. By 2027, complete immunogenicity and efficacy studies in a well-characterized animal model for at least one cross-protective NiV vaccine candidate and define a surrogate marker that demonstrates likely clinical benefit of candidate vaccines. 

5. By 2029, conduct additional well-controlled phase 2 clinical trials (preferably in affected areas) to assess a surrogate endpoint in human subjects (to include children and pregnant women) for at least twoone NiV candidate vaccines.

6. By 2030, complete a regulatory dossier (for licensure or emergency use) for at least one NiV vaccine candidate based on a suitable animal model with subsequent immunobridging to humans for review via a nontraditional approval pathway.



Additional Priority Areas/Activities

Research

· Improve understanding of humoral (e.g., NiV-specific IgG and IgM antibodies) and cellular (e.g., CD8 T cell) immune responses to NiV infection in animal models to inform the design of vaccines and the identification of correlates of protection (Arunkumar 2019, Escudero-Pérez 2023). 

· Improve understanding of innate immune responses (e.g., involving interferon impairment and pro-inflammatory cytokine release) in relation to humoral and cellular immune responses to NiV infection (Escudero-Pérez 2023).

· Continue research on identifying the key NiV antigens (including surface glycoproteins and internal proteins) that modulate the host immune response to NiV infection to inform future vaccine design (Escudero-Pérez 2023).

· Continue to research different types of CoPs (both humoral and cell-mediated) for NiV vaccines that are currently in the R&D pipeline and next-generation vaccines, taking into consideration different vaccine platforms, antigens, and clinical outcomes. 

· Generate international reference standards to calibrate serologic assays for vaccine potency analyses.

· Continue to conduct preclinical evaluation of promising candidate NiV vaccines (current and future vaccines) for safety, immunogenicity, efficacy in animal models, correlates of protection, and durability.

· Further study cross protection of various vaccine candidates against different NiV strains, and between NiV strains and HeV strains. 

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

· Explore the possibility of creating pan-henipavirus vaccines that will protect against NiV, HeV, and other henipaviruses. 

Product development

· Continue to develop and clinically evaluate safe and effective monovalent NiV vaccines for humans. 

· Expand partnerships among researchers, government agencies, and industry to provide the resources necessary for ongoing R&D of NiV vaccines.

· Define vaccine attributes (such as time from administration to immune protection, durability of protection, and the need for booster doses) for the most promising candidate vaccines.

Key capacities

· Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies (once vaccines become available).

· Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical evaluation and use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Develop guidance for community sensitization to vaccine acceptance and promotion within the community.

· Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent or if a NiV strain emerges with increased capacity for person-to-person transmission and potential for faster spread. 
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Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a 6-year framework beginning in 2024 for identifying the vision, 
underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced 
development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating 
the collaborative development of medical countermeasures (MCMs)—diagnostics, therapeutics, and 
vaccines—against Nipah virus infection.  

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000, Paton 1999). As part of 
that outbreak, 265 human cases of NiV disease (NiVD) were identified in Malaysia, and 11 abattoir 
workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate 
of 40%. No new outbreaks have been reported in these countries since May 1999. NiVD was 
subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks have occurred 
in that country since (Hsu 2004, WHO 2018, Agrawal 2023). NiVD has also been identified periodically in 
eastern India (in 2001 and 2007) and, in 2018, an outbreak occurred for the first time in southern India 
(Arunkumar 2019, Chadha 2006, Chattu 2018, Sharma 2018, Soman Pillai 2020). Additionally, one case 
was reported from Kerala state in 2019 (Sudeep 2021). Case-fatality rates during outbreaks in 
Bangladesh and India have generally ranged from 50% to 100% (Sharma 2018). NiV infection in humans 
results in neurologic and respiratory syndromes, with fever, headache, altered mental state or 
unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV 
infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience 
long-term neurological sequelae (Goh 2000, Hossain 2008, Tan 2002). A summary of 14 years of NiVD 
investigations in Bangladesh found no evidence of asymptomatic infection (Nikolay 2019). 

The primary natural reservoir host for NiV in South Asia, where cases continue to occur, is Pteropus bats. 
A recent study suggests that discrete multiannual local epizootics in bat populations contribute to the 
ongoing sporadic nature of human NiV outbreaks in South Asia (Epstein 2020). Other regions may be at 
risk for NiV infection, as serologic evidence for NiV has been found in Pteropus bats and several other 
related bat species in Southeast Asia, the Western Pacific, and Africa (Anderson 2019, Breed 2010, 
Epstein 2008, Hasebe 2012, Iehlé 2007, Plowright 2019, Reynes 2005, Sendow 2013, Wacharapluesadee 
2005, Yob 2001). In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led 
to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. 
Additionally, dogs were found to be infected with NiV on the farms involved in the outbreak (Field 
2001). In outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major 
role to date, with the primary modes of NiV transmission being human consumption of bat-
contaminated raw date palm sap and subsequent person-to-person transmission (Arunkumar 2019, 
Gurley 2007, Islam 2016, Luby 2009, Nikolay 2019, Rahman 2008). However, a recent study in 
Bangladesh found NiV antibodies in cattle, dogs, and cats from six sites where spillover human NiV 
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infection cases occurred during 2013–2015 (Islam 2023), suggesting the potential of zoonotic spread via 
intermediary hosts. Respiratory transmission via droplet spread may play an important role in 
propagating outbreaks (Nikolay 2019, Spiropoulou 2019). The virus could have pandemic potential if a 
more human-adapted strain, with greater person-to-person transmission emerges (Luby 2013). 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock and 
other domestic animals, which can serve as a source of exposure to humans (Islam 2023). NiV is part of 
the Henipavirus genus; this genus also includes another zoonotic pathogen—Hendra virus (HeV)—which 
predominantly causes infection in horses and also can lead to human disease (usually following contact 
with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe 
respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia 
(Murray 1995, Selvey 1995). To date, at least 66 spillover events—all in Australia—involving more than 
100 horses and seven humans have been identified (Wang 2023). Changes in bat behavior related to 
habitat loss and climate change appear to have increased the spillover risk of HeV from bats to horses 
(Eby 2023). An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred 
among horses and humans in the Philippines in 2014 (Ching 2015). This outbreak likely involved spillover 
of the virus into horses and subsequent disease in humans following consumption of contaminated 
horsemeat; disease also occurred in healthcare workers who cared for infected patients. Detailed 
genomic information for this virus is limited.  
 
Genomic sequencing has demonstrated that there are two main clades of NiV: the M genotype, which 
comprises the Malaysian NiV isolates (NiV-M), and the B genotype, which includes Bangladesh (NiV-B) 
and India NiV isolates (NiV-I) (Liew 2022, Yadav 2019). These three strains share a high percentage of 
homology (NiV-M and NiV-B strains share 91.8% homology, and NiV-I strains share 85.14to 96.15% 
homology with both NiV-M and NiV-B). Some strain-related differences, however, have been noted in 
the clinical features of infection in humans and experimentally infected non-human primates, with 
strains of the B clade appearing to be more pathogenic than those of the M clade (Mire 2016). Recent 
data indicate that strains from Bangladesh are segregated into two additional distinct sublineages that 
have intermingled geographically and temporally in that area over time (Rahman 2021, Whitmer 2020). 
At this time, however, the molecular epidemiology of NiV remains somewhat unclear and issues around 
strain diversity and strain evolution require further elucidation (Rahman 2021).  
 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of MCMs to enable effective and timely emergency 
response to infectious disease epidemics. NiVD is identified in the Blueprint’s list of “priority diseases” 
(defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no 
MCMs exist) (WHO 2023). The Blueprint calls for the development of R&D roadmaps for the priority 
diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic 
assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges 
from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and 
endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for 
areas that apply broadly to more than one MCM category), diagnostics, therapeutics, and vaccines. 
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(Note: These topics are not presented in order of public health priority.) Each section includes barriers 
(inherent obstacles or technical challenges that may influence the likelihood of success for development 
of NiV MCMs) and gaps (key needs or unresolved limitations in knowledge that are critical to the 
development of new NiV MCMs). These are followed by strategic goals and milestones, which build on 
the gaps and barriers and are focused on achievements for the next 6 years (beginning in 2024) that are 
necessary for moving NiV MCMs forward. The roadmap milestones will be tracked over time, with 
periodic assessment of progress and updating as needed. Each section also includes additional ongoing 
priorities that should be considered for NiV MCM R&D.  

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 
include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), 
ensuring adequate hand hygiene and environmental hygiene, promoting effective community 
engagement, implementing adequate infection prevention and control practices, developing adequate 
infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce 
development and training in endemic and at-risk regions. Many of these issues are beyond the scope of 
this R&D roadmap, but need to be addressed as part of a broader public health control strategy. Further 
research of NiV and related henipaviruses in animal species, including development of appropriate 
MCMs targeted to animal populations (such as vaccines [McLean 2019]), also is needed, since disease in 
animals may amplify occurrence of NiV (or a related henipavirus species) in humans and virus 
transmission can occur at the human-animal interface. 
 

VISION 
Robust MCMs to detect, prevent, treat, and control human outbreaks of NiV infection (and other 
closely related henipaviruses) that are readily available and accessible for use in areas of known or 
potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care or near patient 
diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and 
effective vaccines to prevent disease, disability, and death.  
 

CROSS-CUTTING ISSUES 

Barriers and Gaps 
Barriers 

• Securing funding for NiV research represents a substantial challenge, since economic incentives 
to invest in NiV research are not readily apparent because the disease primarily occurs in under-
resourced areas of South Asia and reported disease incidence has, so far, been low with small 
and sporadic outbreaks (Gómez Román 2020). The development of a sustainable value 
proposition for industry and international philanthropic public-private partnerships is needed to 
secure funding to complete development, licensure, manufacture, and deployment of NiV 
MCMs. The value proposition should be informed by a robust assessment of the risk of future 
outbreaks and the economic, societal, and health impacts that such outbreaks could generate.  
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• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 
developers in the absence of a predictable demand (Gouglas 2018). In addition, licensure of 
vaccines and therapeutics using alternative regulatory pathways can be very costly, given the 
regulatory requirements for such approval. 

• National regulatory authorities in countries where NiV outbreaks are likely to occur have 
different regulatory requirements for authorization, licensure, or emergency use of NiV medical 
countermeasures, which complicates the approval process, particularly for candidate vaccines 
and therapeutics (Gómez Román 2022). An international, NiV-focused regulatory group has 
been created and will be an important mechanism for coordinating regulatory issues as NiV 
MCMs are moved forward (Gómez Román 2020). 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (biosafety level 4 [BSL-4]) conditions (Geisbert 2020, Gómez Román 
2022), which can increase the cost and complexity of MCM development. 

• To date, NiV spillovers to human communities have been identified most commonly in rural 
communities in Bangladesh and India; the healthcare facilities that serve these communities 
have limited laboratory and clinical infrastructure for diagnosis and treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar (Bruno 2022). Evidence also suggests that other fruit bats of the 
Pteropodidae family may harbor NiV or related viruses; such bats can be found across Africa and 
parts of the Middle East (Bruno 2022). This broad host range increases the likelihood of 
additional spillover events from bats to humans or livestock in new areas where the disease has 
not yet been detected, which may make accurate and timely diagnosis, disease recognition, and 
treatment more difficult owing to the lack of clinical experience with the condition, lack of 
available laboratory testing, and the occurrence of other diseases that have similar clinical 
presentations.  

• The development and accessibility of animal models that recapitulate human NiV disease are 
critical for NiV MCM development, given the limitations on clinical samples and the infeasibility 
of traditional clinical efficacy trials. While ferrets and Syrian golden hamsters are well-
established animal models for NiV research, the African green monkey (AGM) is regarded as the 
most relevant animal model for evaluation of candidate therapeutics and vaccines intended for 
use in humans (Foster 2022, Geisbert 2010, Geisbert 2020, Geisbert 2021, Johnston 2015, Price 
2021, van Doremalen 2022, Woolsey 2023). Studies involving the AGM model may be required 
for licensure of MCMs via alternative regulatory pathways; however, costs, space requirements 
(particularly in BSL-4 containment facilities) and ethical concerns constrain their use (Arnason 
2020, Bossart 2012, Geisbert 2010, Johnston 2015). 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV 
infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major 
challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate 
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MCM efficacy with adequate statistical power (Gómez Román 2020). It may be possible to 
address this issue by enhancing case detection through improved surveillance and by combining 
clinical trial data over time, including across outbreaks; however, it is likely that at least vaccines 
will need to be licensed via nontraditional regulatory pathways.  

• Patients usually present late in the clinical course of disease and disease progression is often 
rapid, making it difficult to collect clinical samples before patients succumb to the disease. 
Additionally, autopsies are often not the standard of care in affected areas, which further 
reduces opportunities to collect clinical specimens. These barriers hinder the ability to 
understand disease pathogenesis and immunologic responses to infection, which are important 
for MCM R&D (Amaya 2020, Arunkumar 2019, Gurley 2020, Liew 2022, Mazzola 2019). 

• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 
could reduce acceptance of NiV vaccines and therapeutics.  
 

Gaps 
• Continued R&D, improved manufacturing processes, deployment, and assessment of NiV MCMs, 

as well as other preventive measures, depend on accurate and current information on the 
ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance 
(or dedicated prospective research with a surveillance focus) is needed to determine the true 
incidence of human disease in endemic areas and to monitor the occurrence of spillover 
incidents from bats to humans or livestock in new geographic areas (Bruno 2022, Singhai 2021). 

• Additionally, continued research is needed to better define and assess the occurrence of NiV 
and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats 
and potentially other bat species around the globe (Gómez Román 2020, Plowright 2019). 

• Additional research is needed to optimize and further characterize relevant animal challenge 
models (particularly ferret, Syrian golden hamster, and AGM models) for promoting 
development and evaluation of NiV MCMs (Geisbert 2020, Gómez Román 2020, Price 2021, 
Rockx 2014). Examples of additional issues involving animal models include the following 
(Dhondt 2013, Gómez Román 2020, Johnston 2015, Mathieu 2015, Mire 2019, Price 2021): 

o Determine the appropriate animal model(s) for screening assay development. 
o Standardize the challenge strain and dose, and determine the most appropriate lethal 

NiV dose for MCM development. 
o Determine when after-challenge MCMs should be administered in animal models to 

best mimic realistic timing of MCM use in humans. 
o Identify the best models for studying chronic (relapsing) infection. 
o Determine if different animal models are needed for different clinical endpoints such as 

infection, disease, and transmission. 
o Determine if models perform differently based on the route of virus administration. 
o Improve overall standardization of the models. 

• Other research needs include the following: 
o Improved understanding of the virology, immunology, and pathogenesis of NiV in 

humans and animals to inform development of NiV MCMs (Gurley 2020, Liew 2022). 
This includes evaluating the pathophysiologic differences between different NiV strains, 
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determining the mechanisms that allow NiV to escape immunologic clearance and cause 
delayed onset or recurrent encephalitis, and identifying factors influencing the 
development of permanent neurologic sequelae.  

o Ongoing phylogenetic and evolutionary analyses of NiV strains to monitor viral 
heterogeneity and antigenic changes that may affect the epidemiologic and clinical 
features of disease over time and thereby influence MCM development (Gurley 2020, 
McKee 2022, Rahman 2021). 

o Additional research to determine if: (1) NiV strain variations influence the ability to 
detect NiV infections; (2) different strains have different phenotypic characteristics, 
such as different clinical manifestations or transmission dynamics, and (3) if strain 
variability impacts efficacy of vaccines or therapeutics (CEPI 2023a, Gurley 2020, 
Whitmer 2020).  

o Whole-genome sequencing of NiV isolates to generate a comprehensive phylogenetic 
mapping of the global genetic variability among henipaviruses (CEPI 2023a).  

o Sociological and anthropological research to understand how to best engage 
populations at high risk of exposure (such as persons who consume date palm sap, 
healthcare workers, and workers at the human-animal interface) and vulnerable 
populations (such as children, immunocompromised individuals, and pregnant women) 
for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially 
if therapeutics and vaccines do not consistently prevent disease (Singhai 2021, Lancet 
2018). 

o Prospective serosurveillance of henipavirus exposure from susceptible animal species 
and proximate human populations in areas of predicted risk to assess the potential of 
human spillover and to build preparedness for detection of human cases and for limiting 
exposure (Daszak 2020, Deka 2018, Gómez Román 2020, Plowright 2019). 

o Expanded use of machine-learning approaches can facilitate an improved understanding 
of the risk of NiV spillover events (Plowright 2019).Ecological studies are also needed to 
enhance understanding of the dynamics governing prevalence and shedding of NiV and 
other henipaviruses in bats (Plowright 2019). 

• Other important needs include the following: 
o Funding sources (such as public-private partnerships, government agencies, and 

philanthropic organizations) and industry incentives and competitions for non-dilutive 
funding to encourage innovation and secure private-sector commitments to develop 
and manufacture NiV MCMs (Gómez Román 2020).  

o Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk 
areas to promote early diagnosis, treatment, surveillance, and implementation of 
vaccination programs for NiV prevention and control (Bruno 2022).  

o Advocacy to policy makers in affected countries and to global stakeholders to ensure 
they understand the potential health, societal, and economic benefits of devoting 
resources to improving NiV surveillance, detection, prevention, and control measures 
(Gómez Román 2020). 
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o Scenario planning to clarify regulatory pathways for product approval in countries 
where NiV outbreaks are likely to occur, including determining whether or not efficacy 
data from animal models is sufficient for regulatory approval. Such planning should take 
into consideration the local epidemiology of NiV infection and the different 
requirements of local national regulatory authorities for product approval and 
emergency use authorization (Gómez Román 2022). Regulatory pathways and NRA 
capabilities vary between countries; therefore, early engagement, potentially with 
support from WHO and other key international stakeholders, is essential to identify 
country-specific considerations. While it is critical to focus on approaches that make 
ethical and scientifically valid clinical trials feasible whenever possible, alternative 
regulatory pathways may need to be considered for licensure of NiV vaccines or 
therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are 
not feasible.  

o Standardized and well-characterized assays (to be further defined based on end use), 
reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs 
for NiV infection (Rampling 2019, Satterfield 2016). Assays that can be used at lower 
biosafety levels are an important priority. WHO international standards should be used 
(when available) as calibrators and reported in units/ml to harmonize assay results.  

o Outreach and education to clinicians and community health workers to improve NiV 
awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical 
management, and infection prevention and control) and to ensure availability of 
diagnostic tools in endemic areas to increase the likelihood of accurate and timely 
diagnosis and treatment of NiV infection (Singhai 2021).  

o Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to 
support collaborative clinical research, including methods for collecting, standardizing, 
and sharing clinical data.  

o Collaboration between public health authorities in endemic and at-risk areas and 
international development partners to support NiV surveillance and strengthen disease 
prevention and preparedness activities. Human health, animal health, and wildlife 
officials should be engaged as part of a long-term collaborative effort.  

o Clarification regarding the potential for and possible strategies to promote technology 
transfer for NiV MCM development and manufacturing to endemic and at-risk areas.  

o Efforts to reduce the cost of medical countermeasure development and ongoing 
production. 

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Identify additional and ongoing sources of private- and public-sector funding and 
develop appropriate incentives and competitions to promote R&D of NiV MCMs.  

Milestones: 
1. By 2025, develop a public value proposition to effectively advocate for the development and 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 
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outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 
and (3) details the positive impact on the health systems in affected areas. 

2. By 2026, create a funding plan based on the value proposition for moving NiV diagnostics, 
therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and 
sustainable access. 

3. By 2026, develop a coordinated strategy for promoting and incentivizing greater industry 
engagement in R&D for NiV MCMs.  
 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to better define the disease 
burden, risk factors for infection, and risk of spillover events in affected countries.  

Milestones: 
1. By 2025, develop a plan for enhancing human NiV surveillance in India and Bangladesh outside 

of existing surveillance areas (i.e., where cases previously have been identified). This should 
include securing funding, identifying additional surveillance catchment areas, engaging key 
partners in those areas, generating standardized surveillance protocols, and conducting training 
for implementation.  

2. By 2026, initiate enhanced human NiV surveillance to better characterize NiV epidemiology 
(including the potential for spillover events), promote early case detection, and better define 
the disease burden in India and Bangladesh, particularly outside of areas where cases previously 
have been identified.  

3. By 2026, generate and implement standardized protocols for case investigation that are aimed 
at identifying risk factors for primary NiV infection and at conducting case-contact studies to 
better understand chains of transmission (Hedge 2023). 

4. By 2026, develop plans for conducting additional research in India and Bangladesh to identify 
the potential for and drivers of spillover events, particularly in areas where NiV cases have not 
yet been identified.  

 
Strategic Goal 3: Determine the requirements for clinical trials, regulatory pathways, and other 
considerations that will affect licensure or approval of NiV MCMs by engaging an international 
regulatory working group representing NRAs in affected areas and other key international stakeholders. 

Milestones:  
1. By 2024, conduct scenario planning to clarify the regulatory procedures and determine the 

acceptable pathways for approval and emergency use authorization of NiV MCMs (including 
vaccines, novel candidate therapeutics, repurposed therapeutics, and diagnostics) in countries 
at highest risk for NiV outbreaks (i.e., Bangladesh and India) through an international NiV-
focused regulatory group.  
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2. By 2025, determine if any key gaps exist for regulatory approval and emergency use 
authorization of candidate NiV MCMs in affected countries and develop strategies to address 
those gaps, with specified timelines for completion.  

3. By 2026, ensure that any issues affecting approval and emergency use of candidate MCMs in 
affected countries have been resolved and that consensus has been achieved on the necessary 
regulatory steps and procedures.  
  

Strategic Goal 4: Support basic science research to improve understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animal models.  

Milestones: 
1. By 2025, generate standardized and well-characterized assays, reagents, antibodies, nucleic 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 

2. By 2025, conduct additional research to further optimize animal models that recapitulate 
disease in humans for use in preclinical studies of NiV MCMs.  

3. By 2026, conduct sequencing of NiV strains from existing clinical samples obtained from past 
NiV cases to assess variability of NiV strains in India and Bangladesh (CEPI 2023a).  

4. By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate 
NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance 
understanding of NiV disease pathogenesis (Bassat 2021).  

5. By 2028, conduct research in animal models to determine if strain variability impacts efficacy of 
promising NiV MCMs or the accuracy of diagnostic tests.   

 
Additional Priority Areas/Activities 

Research 
• Continue to expand research to further understand the ecology and epidemiology of NiV and 

other pathogenic henipaviruses in human and animal populations (wild and domestic) over time 
and across geographic areas, using a One Health approach. Such research should include 
serosurveys in different animal species and ecologic studies in bats, and should utilize 
computational approaches, such as machine-learning approaches.  

• Continue to perform phylogenetic and evolutionary analyses, using whole-genome sequencing, 
of NiV strains to monitor antigenic changes and characterize genetic diversity over time.  

• Incorporate, on an ongoing basis, additional NiV strains into preclinical research as newer 
strains become available.  

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 
NiV infections to inform development of MCMs. 

• Determine key differences in pathogenesis for different NiV strains that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Conduct research studies to enable a more comprehensive mapping of genetic variability of 
henipaviruses to improve understanding of their global distribution. 
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• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection, including potential 
regulatory pathways for MCM licensure and approval.  

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 
human or animal populations.  

• Develop an open-access shared data platform to facilitate sharing of NiV sequence and strain 
data.  

• Collaborate with local government authorities (including human health, animal health, and 
wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
and at-risk areas.  

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. These should include efforts to reduce 
production costs and ensure equitable global access as needed.  

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 
and fair” price is one that can reasonably be paid by patients and health budgets and 
simultaneously sustains research and development, production, and distribution within a 
country.) 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
DIAGNOSTICS 

Barriers and Gaps 

Barriers 
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• Initial signs and symptoms of NiV infection are nonspecific, and infection is often not suspected 
at the time of presentation. This can hinder accurate diagnosis and creates challenges in 
outbreak detection and implementation of effective and timely infection control measures and 
outbreak response activities. Additionally, latent infection can last for months to years after 
initial exposure, which can complicate epidemiologic investigation (CDC 2020).  

• The accuracy of laboratory results can be affected by a variety of factors, such as clinical sample 
quality, quantity, type, timing of collection, and the time necessary to transfer the sample from 
the patient to the laboratory (WHO 2019, Mazzola 2019).  

• The time required to perform diagnostic testing using conventional laboratory methods is 
problematic, given the potential for rapid disease progression of NiV infection (Sayed 2019).  

• Diagnostic needs vary across the latent, acute, and convalescent phases of NiV infection (Bruno 
2023).  

• Limited laboratory infrastructure and diagnostic capabilities in peripheral settings can lead to 
delays in diagnosis and in outbreak investigation and response (Berge 2019, Bruno 2022, Chua 
2013, Wang 2012, WHO 2019).  

• Owing to the high biosafety precautions necessary when working with NiV, diagnostic testing of 
clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with 
regard to collection, handling, transport, and laboratory analysis (Watanabe 2020, Widerspick 
2022).  

• Limited NiV-positive clinical samples are available, which are important for validation of 
diagnostic tests (Mazzola 2019). 

• Pteropus species (and likely other bat species) may carry other henipaviruses in addition to NiV 
and HeV, some of which could be pathogenic in humans and livestock. Antibodies to different 
henipaviruses appear to be highly cross-reactive, making it difficult to discriminate the particular 
henipaviruses that are in circulation using serologic assays, which is critical to ensuring 
diagnostic preparedness to respond to future outbreaks (Mazzola 2019, Wang 2012, WHO 2019, 
Yang 2022).  
 

Gaps 
• Further research is needed to: 

o Improve understanding of the kinetics of NiV detection in cerebrospinal fluid, blood, 
saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to 
enhance the ability to diagnose infection at different stages of disease (Arunkumar 
2019, Berge 2019, Mazzola 2019, Thakur 2019).  

o Determine criteria for test performance and further evaluate performance 
characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and 
quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as 
rapid diagnostic tests) and tests that are designed to detect more than one henipavirus. 
Further testing of diagnostics should be conducted in animal models before field trials in 
humans are pursued.  

o Continue to develop commercialized or standardized rapid nucleic acid tests that can 
quickly confirm active NiV infection at the point of care or at the level of near-patient 
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care (Berge 2019, Pollack 2023, WHO 2019). This effort may require clarification of the 
regulatory pathways for commercialization of NiV diagnostic tests. To date, one rapid 
test has been approved for emergency use in India during an outbreak that occurred in 
2018 (Yadav 2021). 

o Generate international reference standards to calibrate diagnostic assays to ensure 
proficiency testing of new diagnostics (Berge 2019, WHO 2019).  

o Clinically validate the performance and operational suitability of new promising 
diagnostics, particularly rapid diagnostic tests, in endemic geographic regions (Berge 
2019, Pollack 2023).  

o Continue to assess and operationally validate safe and simple methods of sample 
inactivation that do not interfere with diagnosis and that can be used at peripheral sites 
(Pollack 2023, WHO 2019, Watanabe 2020, Widerspick 2022, Yadav 2021). 

o Establish operational suitability at the point of care (i.e., at peripheral community 
settings) for NiV diagnostic tests by developing an integrated approach to facilitate 
rapid, accurate, and safe testing procedures (Pollack 2023).This could include a minimal 
protocol or best practices approach for sample inactivation before testing (WHO 2019). 

• Other needs include the following: 
o Development of a virtual repository (with specimens being held and maintained in the 

countries of origin) of clinical samples to assess and validate diagnostic tests (Berge 
2019, WHO 2019). As part of this process, a clear approach is needed to: (1) determine 
what clinical samples should be collected, based on what would be most useful (e.g., 
plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of sample 
collection; (3) determine what organizations will be responsible for the activities related 
to creating and maintaining the repositories; (4) establish standardized protocols for 
sample collection and maintenance; (5) establish an appropriate governance structure; 
(6) identify who would have access to the samples; (7) prioritize use of samples and 
sample distribution; and (8) ensure that material transfer agreements (MTAs) are in 
place. (Samples obtained from laboratory animals also can be used to assess diagnostic 
assays during the timeframe when the virtual repository is being created.) 

o Optimal deployment strategies for diagnostics in different geographic areas based on 
the risk and epidemiology of NiV infection (Berge 2019, WHO 2019).  

o In-country laboratories able to conduct proficiency testing to monitor reproducibility 
and performance of NiV diagnostic assays in the field.  

o Systems for external quality assessment (EQA) monitoring of tests using up-to-date 
clinical specimen panels and reference standards (Mazzola 2019). 

o A sufficient number of laboratories committed to using the diagnostics on a regular 
basis to support the business case for NiV diagnostics, particularly given the costs of 
regulatory approval. 

o Improvement of diagnostic preparedness in at-risk areas to detect NiV, HeV, and other 
emergent henipaviruses as they arise (Wang 2012). 
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o Ongoing efforts to develop affordable and easy-to-use multiplex panels for detection of 
a range of pathogens using a syndromic approach, if such panels can be deemed cost-
saving (Mazzola 2019). 

• Use cases and target product profiles (TPPs) have been developed for NiV diagnostics (WHO 
2019); however, the criteria may need to be modified over time as new lineages are identified 
(Mazzola 2019).  

• Since NiV strains are continuing to evolve, it’s possible that current diagnostic tests could fail to 
detect an emergent variant of NiV. Recently, a novel strain of HeV was identified in Australia 
that was not detected through conventional PCR testing owing to gene sequence mismatches 
(Annand 2022). Diagnostic tools that can detect a broader range of NiV, HeV, or related viruses 
capable of spillover may be needed to advance the ability to forecast spillover risks and to 
detect emergent viruses (Peel 2022).  
 

Strategic Goals and Aligned Milestones 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 
repository of clinical samples from NiV-infected patients. 
 
Milestones:  

1. By 2026, develop and standardize plans and protocols (including the governance structure) for 
creating a virtual reference repository of well-characterized clinical samples to be maintained in 
the two primary NiV-affected countries (Bangladesh and India).  

2. By 2027, identify sustainable, long-term funding, determine sites for sample storage, and initiate 
creation of the virtual reference repository in Bangladesh and India, with samples to be 
collected during future outbreaks.  

 
Strategic Goal 2: Continue to develop and assess affordable, highly sensitive and specific (as needed 
depending on intended use), point-of-care or near-patient NiV diagnostic tests that are suitable for use 
in peripheral settings and that have minimal requirements for biosafety precautions and staff training.  
 
Milestones:  

1. By 2025, engage appropriate regulatory agencies and NRAs to inform commercialization 
pathways for NiV diagnostic assays. This effort should include clarifying regulatory pathways for 
approval (including approval for emergency use) of NiV diagnostics. 

2. By 2026, complete preclinical evaluation for at least two of the most promising NiV point-of-care 
or near-patient diagnostic assays that align with the TPP and can be used in peripheral sites. 

3. By 2026, create international reference standards for calibrating and harmonizing NiV diagnostic 
assays.  

4. By 2026, develop a minimum protocol or set of best practices (that biosafety committees will 
accept) for inactivation of clinical samples from humans and animals that are being tested for 
NiV.  
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5. By 2027, complete clinical validation of performance and operational suitability for at least two 
of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP 
and can be used in peripheral sites. 

6. By 2028, obtain regulatory approval for at least one rapid, point-of-care or near-patient care NiV 
diagnostic test that can be commercialized and standardized.  

 
Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known spillover risk to 
promote early detection of NiV.  
 
Milestones:  

1. By 2026, expand national laboratory networks for NiV detection in the primary affected 
countries (Bangladesh and India) that include plans for enhancing laboratory preparedness to 
enable earlier and timely detection of NiV infection during future outbreaks.  

2. By 2027, generate well-characterized and up-to-date proficiency panels for NiV diagnostic 
testing to be used in selected laboratories in Bangladesh and India. 

3. By 2029, implement routine EQA monitoring of NiV diagnostic testing at selected laboratories in 
Bangladesh and India.  

Additional Priority Areas/Activities 

Research 
• Continue to explore new diagnostic approaches that may allow earlier detection of infection.  
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine criteria for test performance and continue to evaluate performance characteristics 
for promising new assays for diagnosis of NiV infection. 

• Continue to conduct field evaluation studies to assess and validate new diagnostic tests for NiV 
infection as they become available.  

• Continue to research methods of diagnostic testing that are able to differentiate between 
various pathogenic henipaviruses. 

• Continue to develop affordable and easy-to-use multiplex panels for detection of a range of 
pathogens using a syndromic approach.  

• Consider development of diagnostic tools that can detect a broader range of NiV, HeV, or 
related viruses capable of spillover. 

 Product development 
• Refine over time, as needed, criteria in the existing TPPs to include identification of different NiV 

lineages/strains.  
• Continue to develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV 

infection that are affordable, highly sensitive and specific (as needed, depending on their 
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intended use), can capture antigenically diverse strains of the virus, and can be performed 
accurately and safely in peripheral settings under a variety of circumstances.  

Key capacities 
• Establish operational suitability in peripheral laboratories of rapid diagnostic tests over time, as 

new tests become available.  
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  

Policy and commercialization 
• Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available.  
 
THERAPEUTICS 

Barriers and Gaps 
Barriers  

• Patients typically present late in the clinical course of disease, which decreases the likelihood of 
successful treatment. 

• A limiting constraint to assessing the effectiveness of promising therapeutics is the number of 
patients with NiV infection who can be enrolled in clinical trials over time, given the small 
number of cases that are identified annually.  

• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 
creates an important challenge in providing early treatment of patients and PEP for exposed 
persons, which can significantly impact clinical evaluation of therapeutic candidates.  

• NiV can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in affected countries often do not have adequate infection control–
programs in place to prevent person-to-person transmission. They also lack the ability to rapidly 
identify contacts most likely to benefit from PEP therapy.  

• One promising therapy is the monoclonal antibody (mAb) m102.4; however, the projected cost 
per patient for this agent is expected to be more than $1,000 (Gómez Román 2022); this high 
cost poses an important barrier to its use.  

Gaps  
• Patients may benefit from optimal supportive care, independent of treatment with specific NiV 

therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions. 
Standard of care guidelines will be important for conducting clinical efficacy trials of therapeutic 
agents.  
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• During the 1998-99 NiV outbreak in Malaysia, clinicians used ribavirin to treat 140 patients. 
Outcomes data revealed a lower mortality rate among treated patients (Chong 2001), but the 
findings may have been biased by the use of historical controls. No additional clinical studies of 
ribavirin have been conducted, and limited studies in animals have not demonstrated efficacy of 
ribavirin following NiV or Hendra virus challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, 
however, may prove useful for PEP (Banerjee 2019); therefore, further challenge studies in 
animal models should considered to explore this possibility.  

• Studies in animals have evaluated the usefulness of several agents (including remdesivir, 
favipiravir, and fusion inhibitory peptides) when delivered prior to disease onset or early during 
the disease course (Dawes 2018, Lo 2019, Mathieu 2018). One recent study showed that AGMs 
were only partially protected when remdesivir was administered 3 days post-inoculation; 
therefore, early administration seems critical for effective treatment (de Wit 2023). Patients 
with NiV infection are often detected late in the clinical course, which creates challenges for 
predicting how well a therapeutic agent will work in the field. Additional challenge studies in 
animals, therefore, are needed to: (1) assess the clinical benefit of these therapeutics as 
treatment options when administered after symptom onset or at least more than 24 hours after 
initial exposure, (2) determine whether these agents may be appropriate for PEP, and (3) clarify 
the most feasible and cost-effective route of administration (e.g., oral, intranasal, intravenous) 
appropriate for real-world conditions, particularly if being considered for mass prophylaxis in an 
outbreak setting (Gómez Román 2022).  

• m102.4 has demonstrated protection against lethal NiV challenge in animal models and has 
been provided under compassionate use programs for a small number of individuals exposed to 
either HeV or NiV (Broder 2012, Guillaume 2004, Playford 2020). Several other mAbs have also 
been assessed in animal models and appear promising (Gómez Román 2022). A phase 1 clinical 
trial for m102.4 with 40 human participants was completed in Australia during 2015 and 2016 
(Playford 2020). In that trial, m102.4 was well tolerated and safe, with no evidence of an 
immunogenic response. 

• Additional research needs for mAbs as treatment or PEP for NiV infection include: 
o Additional clinical trials in endemic areas to further assess the safety, tolerability, 

efficacy, and pharmacokinetic parameters of m102.4 (and possibly other mAbs with 
adequate preclinical data) for PEP and potentially early treatment of clinical disease 
(CEPI 2023b).  

o Additional research to determine the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with m102.4, it may be 
necessary to consider mAb cocktails (Borisevich 2016, Playford 2020). 

o Animal studies to determine if mAb cocktails that combine several different mAbs into 
one formulation are more efficacious than administering one mAb alone (Dang 2021).  

o Future studies to ascertain the efficacy of m102.4 for treatment and prophylaxis against 
different viral strains of NiV and Hendra viruses, particularly among populations living in 
settings where there is the potential for an outbreak. 

o Adequate stockpiles of m102.4 (or potentially other mAbs) to ensure urgent access at 
the onset of an NiV outbreak. 
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• Given the limited number of NiV cases identified each year, a transparent and collaborative 
process is needed to determine which agents are most appropriate for study in future clinical 
trials and how best to allocate scarce resources for conducting such trials. 

• A prepositioned, agreed-upon protocol for conducting clinical trials of promising therapeutics 
during NiV outbreaks would be of value in advancing clinical evaluation of such agents 
(Spiropoulou 2019).  

• Diagnostic criteria and standardized testing are needed for including patients in clinical trials of 
therapeutics. 

• Additional research needs include the following:  
o Further research to broaden the number of novel antiviral candidates (including 

repurposed drugs) for treatment of NiV infection and strengthen the therapeutic 
pipeline. Computational aided drug design is one tool that can be useful for this 
discovery (Yang 2023).   

o Additional data to establish the pharmacokinetic/pharmacodynamic (PK/PD) 
relationship of promising therapeutic candidates. 

o Additional data to determine the role of PEP and to inform development of guidance on 
the types of exposures that warrant such intervention and the most appropriate agents 
to administer. This determination should include feasibility for PEP stockpiling and 
distribution in both affected and at-risk areas, particularly Bangladesh, which has 
hundreds of potentially exposed persons annually that could be candidates for PEP.  

o Additional information to determine whether or not strain differences will affect the 
response to therapeutic candidates and results from clinical trials. 

o Additional data to determine the therapeutic windows for promising therapeutics for 
the different NiV strains, as highlighted by a recent study in AGMs that showed that the 
therapeutic window for m102.4 against a strain from Bangladesh/India was shorter than 
for a strain from Malaysia (Mire 2016). 

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 
outbreaks.  
 
Milestones:  

1. By 2024, convene a consortium of key stakeholders—in affected areas and internationally—to 
address the key challenges with conducting clinical trials of therapeutic agents during future NiV 
outbreaks. This consortium could potentially be modeled after the West Africa Lassa Fever 
Consortium (WALC) (ISARIC 2023). 

2. By 2025, develop NiV standard of care guidelines to be used in affected countries, disseminate 
the guidelines, and conduct outreach to clinicians as appropriate. 

3. By 2025, complete an agreed-upon generic prepositioned protocol for conducting safety and 
efficacy clinical trials of promising therapeutic candidates (mAbs and small molecules, including 
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repurposed drugs) to be implemented in NiV-affected areas during outbreaks and develop plans 
for operationalizing the protocol.  

4. By 2025, complete an agreed-upon generic prepositioned protocol for conducting PEP trials of 
promising therapeutic candidates (mAbs and small molecules, including repurposed drugs) to be 
implemented in NiV-affected areas during outbreaks and develop plans for operationalizing the 
protocol.  

5. By 2026, complete a broader, harmonized regional protocol (to be used across Bangladesh and 
India) for conducting clinical trials of promising therapeutic candidates to be implemented in 
NiV-affected areas during outbreaks or potentially during periods of endemic disease (if 
comparable data can be generated over time and across different clinical sites) and develop 
plans for operationalizing the protocol.  

6. By 2026, generate a reliable source or stockpile of an mAB (m102.4 or other mAb) to be used in 
outbreak-related clinical trials for both PEP and early clinical treatment. 
 

Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for 
PEP to prevent NiV infection.  
 
Milestones:  

1. By 2025, create and implement a prioritization process for determining which promising NiV 
therapeutic candidates should be further evaluated in clinical trials, once adequate animal data 
demonstrating safety and efficacy are available.  

2. By 2026, complete preclinical evaluation in animal models—with administration of the 
therapeutic agent more than 24 hours after challenge and potentially after symptom onset—of 
the preliminary safety, tolerability, and efficacy of at least two promising small-molecule 
therapeutic candidates or combination therapies for the treatment of NiV infection. 

3. By 2027, further explore in animal models whether two or three of the most promising small-
molecule therapeutic candidates are likely suitable for PEP and, therefore, should be assessed as 
PEP in clinical trials.  

4. By 2027, determine the most cost-effective and feasible routes of administration for use in real-
world settings for at least two promising small-molecule therapeutic candidates.  

5. By 2027, complete at least one additional clinical trial (phase 2 or 2/3) in an NiV-affected area of 
m102.4 or other suitable mAb to further assess safety, tolerability, and efficacy (if NiV incidence 
allows efficacy assessment). 

6. By 2028, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) 
efficacy of at least two promising small-molecule therapeutic candidates or combination 
therapies for the treatment of NiV infection. 
 

Additional Priority Areas/Activities 
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Research 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 

(such as m102.4, remdesivir, and favipiravir) for treating and preventing NiV infection, including 
conducting additional studies in animal models and clinical trials as appropriate and feasible. 
This should include determining the therapeutic windows for use of therapeutic agents as 
treatment or PEP. 

• Clarify, in animal models, the potential for development of escape mutants from use of mAbs. 
• Continue to conduct preclinical research on mAbs other than m102.4 and on mAb cocktails to 

assess safety, tolerability, and efficacy for treating NiV infection  
• Continue to expand the pipeline of new therapeutic options for treating and preventing NiV 

infection that should undergo further evaluation, potentially using pseudotyped viruses for 
initial screening of compounds (Li 2023).  

• Consider conducting additional challenge studies in animal models to assess whether or not 
ribavirin may be suitable for PEP following NiV exposure.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Continue to develop, evaluate, and license safe and effective therapeutic agents for the 

treatment of NiV infection that are active against different NiV strains and other henipaviruses, 
and that can cross the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains  and 
other pathogenic henipaviruses that may emerge. 

Key capacities 
• Ensure that clinical trial protocols are in place and are ready to be operationalized, including 

obtaining appropriate approvals and conducting necessary training. 
• Promote enhancements to the healthcare delivery systems in affected areas to improve clinical 

management and supportive care of patients with NiV infection and to improve infection control 
practices to limit person-to-person spread. 

• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 
therapeutics for further clinical testing and outbreak control.  

Policy and commercialization 
• Explore strategies for decreasing the costs associated with m102.4, such as exploring the 

possibility of administering mAbs subcutaneously rather than intravenously.  
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

VACCINES 

Barriers and Gaps 

Barriers  
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• Large clinical efficacy trials, which typically are required for vaccine licensure, will likely not be 
feasible for NiV vaccines, owing to the sporadic and unpredictable nature of NiV outbreaks and 
the low case numbers usually involved (Gómez Román 2022, Nikolay 2021, Satterfield 2016). 

• In the absence of large clinical efficacy trials, authorization and licensure will likely involve 
nontraditional regulatory pathways to guide the evaluation of safety and efficacy (Gómez 
Román 2022). However, experience is limited with these routes (such as the US FDA’s Animal 
Rule or Accelerated Approval Program, the EMA’s conditional market authorization, and 
authorization under exceptional circumstances) and there are few successful models for vaccine 
authorization and approval. 

• The limited commercial value of NiV vaccines may impede industry’s involvement in developing 
and producing NiV vaccines without significant financial support (e.g., through partnerships with 
organizations such as CEPI, PATH, and high-income country government agencies) (Gómez 
Román 2022). 

• The affordability of creating and maintaining an NiV vaccine stockpile and deploying vaccines 
during outbreaks is a key issue for low- and middle-income countries; supplementary funding 
will likely be required to ensure vaccine preparedness for NiV outbreaks (Gómez Román 2022).  

• The absence of improved diagnostic assays for the timely diagnosis of infection creates an 
important challenge by delaying implementation of a rapid reactive vaccination strategy for NiV 
outbreak control.  

Gaps  
• NiV vaccines are needed that: (1) are readily accessible with adequate supply chains, particularly 

in low-resourced areas, (2) can protect against different NiV strains, and (3) provide rapid onset 
of immunity to adequately prevent and control outbreaks in a timely manner. 

• Use cases for NiV vaccines need to be better defined, as how vaccines are to be used will affect 
vaccine deployment and manufacturing plans.  

• Reference standards for NiV antibodies are needed to evaluate candidate NiV vaccines.  
• Expanded partnerships among researchers, funders, and regulators are needed to advance the 

development of promising NiV vaccine candidates (Amaya 2020, Gómez Román 2022). NiV 
vaccine candidates in preclinical development target the F/G glycoproteins and a variety of 
platform technologies are being considered (e.g., virus vectors, protein subunits, mRNA, and 
virus-like particles) (Amaya 2020, Geisbert 2021, Gómez Román 2022, Loomis 2021, Monath 
2022). NiV vaccine candidates based on three different platforms (protein subunits, mRNA, and 
viral vectors) are currently in phase 1 clinical trials (Auro Vaccines 2022, NIAID 2023, Public 
Health Vaccines 2023).  

• Demonstrating vaccine-induced protection against NiV infection or disease in an animal model 
will require an immune correlate of protection (CoP) or immune surrogate that can predict the 
likelihood of protective efficacy and that reflects the protective immune responses generated in 
humans (Amaya 2020, Escudero-Pérez 2023, Price 2021).  

o Accurate and reliable CoPs for determining the protective efficacy of NiV vaccines have 
not yet been identified (Loomis 2021). Neutralizing IgG is generally used as a CoP, 
although the protective threshold still needs to be defined to allow additional vaccine 
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testing in animal challenge models and eventual immunobridging of antibody responses 
to humans, through phase 1/2 clinical studies (Escudero-Pérez 2023, Price 2021).  

o Once the protective threshold for neutralizing IgG antibodies is determined, the most 
appropriate and feasible assays (e.g., assays that are developed using live NiV vs. assays 
developed using pseudoviruses expressing the NiV F and G glycoproteins [Luo 2023]) 
need to be identified and standardized for use in animal models (Price 2021). 

o Different types or titers of CoPs may ultimately be needed for different vaccine 
platforms, antigens, clinical outcomes (e.g., protection against infection, severe disease, 
chronic disease, or death) and potentially host or population characteristics to support 
the assessment of candidate NiV vaccines using immunogenicity and efficacy data from 
preclinical studies. 

o Other humoral immune responses that may be relevant as COPs include specific titers of 
IgM, antibodies and numbers of plasmablasts and activated B cells (Escudero-Pérez 
2023). With regard to cellular immune responses, CD8+ T cell measurements may be 
useful as a CoP (Escudero-Pérez 2023). Additional research is needed to better define 
these potential CoPs, which may be particularly important for next-generation vaccines.  

• Most current NiV vaccine candidates target the immunodominant fusion (F) and attachment (G) 
glycoproteins, which elicit potent neutralizing antibody responses (Byrne 2023, Geisbert 2021, 
Ithinji 2022, Loomis 2020, Loomis 2021, van Doremalen 2022, Wang 2022, Woolsey 2023). Data 
are needed on the potential role of additional immunogens, such as nucleoproteins and other 
non-enveloped proteins, in stimulating B and T cell responses that contribute to viral clearance, 
cross-protection, or immune memory. Robust vaccine-induced humoral and cell-mediated 
immunity to NiV might include protective antibodies with durable immunologic memory and 
rapid and efficient effector functions (Escudero-Pérez 2023). 

• Additional immunologic research is needed to assess the following key elements of protective 
immunity against NiV infection and disease:  

o The relative contributions of innate, cell-mediated, and humoral immune responses that 
lead to protective immunity against NiV. 

o Specific cell types and interactions between different immune compartments in 
achieving viral clearance, surviving acute disease, and modulating chronic infection 
(Escudero-Pérez 2023, Liew 2022).  

o The roles of neutralizing and non-neutralizing or binding antibodies in protection against 
NiV (Liew 2022). 

o Mechanisms and cell subsets of cellular immune responses (e.g., CD8 T cell activation) 
that play a role in cross-neutralizing (heterologous) protection against co-circulating NiV 
strains (e.g., NiV-M, NiV-B, and NiV-I) (Amaya 2020, Arunkumar 2019, Escudero-Pérez 
2023, Liew 2022). 

• If researchers and regulators agree that a nontraditional regulatory pathway is appropriate 
for licensure of NiV vaccines, then a number of issues need to be addressed, such as the 
following (Price 2021):  

o Generate a fully characterized and controlled virus challenge stock (or potentially 
one each for NiV-M and NiV-B) for assessing candidate vaccines in animal models.  
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o Further characterize, as needed, at least one animal model suitable for vaccine 
efficacy evaluation.  

o Standardize the challenge strain and dose, and determine the most appropriate 
lethal NiV dose for MCM development. Challenge strains used in experimental 
research also need to be compared against any circulating strains in humans (CEPI 
2023a).  

o Determine the most appropriate CoP or surrogate marker (e.g., IgG neutralizing 
antibodies) for measuring protection and generate standardized assays for 
measurement.  

o Bridge NiV vaccine efficacy data from animal models to humans, including 
identifying thresholds of vaccine protection, to determine appropriate human 
vaccine doses. 

o If the accelerated approval process is deemed an acceptable regulatory approval 
pathway for NiV vaccines, then plans will be needed to conduct well-controlled 
clinical trials to establish that vaccines have an effect on an appropriate surrogate 
endpoint that is likely to predict clinical benefit against NiVD. 

o Post-licensure clinical trials will also be needed to confirm the clinical benefit of any 
NiV vaccines that are approved via nontraditional pathways.  

• Additional research is also needed to address the following areas: 
o Clarification of vaccine attributes (such as time from administration to immune 

protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines.  

o Alternative vaccine delivery approaches, such as oral tablets or transdermal 
patches, to facilitate rapid NiV vaccine deployment in response to NiV outbreaks in 
low-resource settings. 

o Further evaluation of optimal NiV antigen combinations (e.g., including stabilized 
prefusion F protein trimers, multimeric G constructs, and chimeric proteins 
containing both pre-F and G glycoproteins), and antigen/vaccine platform 
combinations for generating rapid and durable protective responses to NiV infection 
(Byrne 2023, Loomis 2020, Loomis 2021, Srivastava 2023).  

o Research in animal models to determine if vaccine candidates are cross-protective 
between different NiV strains, including recently identified strains; only a few 
studies demonstrating cross-protection have been performed to date.  

• Mathematical modelling and forecasting may be useful in (Nikolay 2021): (1) assessing 
whether or not disease incidence is high enough in endemic areas for conducting clinical 
trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development 
of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines 
become available), (4) estimating disease risk based on risk behaviors and practices in 
communities or specific population groups, and (5) estimating the vaccine quantity that may 
be necessary to maintain vaccine stockpiles.  

• Researchers should consider efforts toward developing pan-henipavirus vaccines to 
maximize potential benefit, similar to projects aimed at developing pan-coronavirus 
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vaccines or universal influenza vaccines (Tan 2023). One strategy for developing broadly 
protective henipavirus vaccines involves identifying conserved epitopes or cross-reactive 
antibodies targeting Henipavirus F proteins (Byrne 2023, Ithinji 2022). Public communication 
outreach strategies that address possible vaccine uptake hesitancy in target populations and 
guidance for community sensitization to vaccine acceptation and promotion within the 
community. 

• Once vaccines are available, the following will be needed: 
o  Guidance on the use of NiV vaccines to include vaccination strategies for special 

populations (such as children, immunocompromised individuals, and pregnant 
women); different epidemiologic scenarios; and different vaccine attributes.  

o Enhanced surveillance capacity to assess the impact of vaccination programs and to 
refine vaccination strategies over time. 

o Strategic planning for stockpiling and deploying NiV vaccines.  
 

Strategic Goals and Aligned Milestones 

Strategic Goal 1: Develop the tools and policies necessary for evaluating and potentially approving one 
or more NiV candidate vaccines through a nontraditional regulatory pathway. 

1. By 2024, generate a fully characterized and controlled virus challenge stock (or potentially one 
each for NiV-M and NiV-B) for assessing candidate vaccines in animal models.  

2. By 2024, establish benchmark parameters (e.g., route of challenge, timing of challenge, and 
challenge dose) for testing of NiV candidate vaccines in animal models, with particular focus 
toward meeting criteria necessary for approval via a nontraditional pathway. 

3. By 2024, further characterize as needed at least one animal model suitable for determining 
surrogate markers that correlate with vaccine efficacy.  

4. By 2025, define the protective threshold against NiV infection for serum neutralizing IgG 
antibodies (as a CoP or surrogate marker), which can be used in animal studies and for 
immunobridging to humans. 

5. By 2025, convene a group of key stakeholders to agree on, through a consensus approach, the 
most suitable assays (e.g., assays that are developed using live NiV vs. assays developed using 
pseudoviruses) for determining serum neutralizing IgG antibody titers for NiV vaccine R&D and 
develop a strategy for standardizing those assays. 

6. By 2026, generate standardized assays to measure neutralizing IgG antibodies for NiV vaccine 
R&D, with a particular focus on assays to be used for regulatory approval via nontraditional 
pathways. 

 
Strategic Goal 2: Continue to move the current NiV vaccine pipeline forward toward licensure. 

Milestones:  
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1. By 2024, complete current phase 1 clinical trials for at least three promising NiV candidate 
vaccines.  

2. By 2024, define use cases for NiV vaccines to inform vaccine deployment and manufacturing 
plans. 

3. By 2026, further assess vaccine safety and immunogenicity through additional phase 1 and 
initial phase 2 clinical trials (preferably in affect areas) for at least two of the most promising NiV 
candidate vaccines.  

4. By 2027, complete immunogenicity and efficacy studies in a well-characterized animal model for 
at least one cross-protective NiV vaccine candidate and define a surrogate marker that 
demonstrates likely clinical benefit of candidate vaccines.  

5. By 2029, conduct well-controlled clinical trials (preferably in affected areas) to assess a 
surrogate endpoint in human subjects for at least one NiV candidate vaccine. 

6. By 2030, complete a regulatory dossier for at least one NiV vaccine candidate based on a 
suitable animal model with subsequent immunobridging to humans for review via a 
nontraditional approval pathway. 

 
Additional Priority Areas/Activities 

Research 
• Improve understanding of humoral (e.g., NiV-specific IgG and IgM antibodies) and cellular (e.g., 

CD8 T cell) immune responses to NiV infection in animal models to inform the design of vaccines 
and the identification of correlates of protection (Arunkumar 2019, Escudero-Pérez 2023).  

• Improve understanding of innate immune responses (e.g., involving interferon impairment and 
pro-inflammatory cytokine release) in relation to humoral and cellular immune responses to NiV 
infection (Escudero-Pérez 2023). 

• Continue research on identifying the key NiV antigens (including surface glycoproteins and 
internal proteins) that modulate the host immune response to NiV infection to inform future 
vaccine design (Escudero-Pérez 2023). 

• Continue to research different types of CoPs (both humoral and cell-mediated) for NiV vaccines 
that are currently in the R&D pipeline and next-generation vaccines, taking into consideration 
different vaccine platforms, antigens, and clinical outcomes.  

• Generate international reference standards to calibrate serologic assays for vaccine potency 
analyses. 

• Continue to conduct preclinical evaluation of promising candidate NiV vaccines (current and 
future vaccines) for safety, immunogenicity, efficacy in animal models, correlates of protection, 
and durability. 

• Further study cross protection of various vaccine candidates against different NiV strains, and 
between NiV strains and HeV strains.  

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  
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• Explore the possibility of creating pan-henipavirus vaccines that will protect against NiV, HeV, 
and other henipaviruses.  
 

Product development 
• Continue to develop and clinically evaluate safe and effective monovalent NiV vaccines for 

humans.  
• Expand partnerships among researchers, government agencies, and industry to provide the 

resources necessary for ongoing R&D of NiV vaccines. 
• Define vaccine attributes (such as time from administration to immune protection, durability of 

protection, and the need for booster doses) for the most promising candidate vaccines. 
  
Key capacities 

• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 
(once vaccines become available). 

• Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical 
evaluation and use when outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Develop guidance for community sensitization to vaccine acceptance and promotion within the 

community. 
• Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, 

if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for 
person-to-person transmission and potential for faster spread.  
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Background 
The Nipah Research and Development (R&D) Roadmap provides a 6-year framework beginning 
in 2024 for identifying the vision, underpinning strategic goals, and prioritizing areas and 
activities for accelerating the collaborative development of medical countermeasures – 
diagnostics, therapeutics, and vaccines – against Nipah virus infection. The roadmap is a key 
component of the World Health Organization’s (WHO’s) R&D Blueprint Initiative, and was first 
drafted in 2017/2018 with input from subject matter experts, including a core group of 
taskforce members. WHO now aims to finalize and formally launch the Nipah R&D Roadmap, 
and the draft has been updated to incorporate recent scientific advances and research. The 
roadmap will be delivered to WHO in late 2023 for publication on the WHO website. 

Meeting Objectives 
The meeting objective include the following: 

1. Briefly recap each of the four topic areas of the Nipah R&D Roadmap (cross-cutting,
diagnostics, therapeutics, and vaccines).

2. Review the goals and milestones in each section and develop consensus on the wording
and timelines for each milestone, as time allows.

3. Identify the milestones or issues that are highest priority.
4. Discuss challenges and opportunities for implementing the roadmap goals and

milestones.

Meeting Format 
The meeting will be held in a hybrid format; participants will join either in person at Wellcome 
in London, UK, or virtually. Presentations and facilitated discussions will be used throughout the 
1.5-day meeting. 

Meeting Agenda 
Agenda times listed in British Standard Time (BST) 

Day 1: Monday, July 31 

8:45 am Registration, tea, coffee, and light breakfast 

Session 1: Welcome, Introductions, and Overview 

9:15 am Welcome (Josie Golding, Wellcome) 

9:20 am Introductions (Michael Osterholm, Center for Infectious Disease Research and 
Policy [CIDRAP]) 

9:30 am Update on the WHO Blueprint Initiative (Marie-Pierre Preziosi, WHO) 
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9:40 am Overview and meeting objectives (Kristine Moore, CIDRAP) 
 
Session 2: Nipah Cross-Cutting Issues 
Session Facilitator: Emily Gurley, Johns Hopkins Bloomberg School of Public Health 
 

9:50 am General comments on Nipah cross-cutting issues in the current roadmap draft  
 Key progress in the past 5 years 
 Critical areas where additional efforts are needed  

 

10:10 am Review the Nipah cross-cutting goals and milestones  
 

10:30 am Break 
 

10:45 am Review the Nipah cross-cutting goals and milestones (continued)  
 

11:45 am Concluding comments for Nipah cross-cutting issues  
 High-priority milestones 
 Barriers to implementing the goals and milestones 
 Ideas Roadmap implementation for this section 

 
Session 3: Nipah Diagnostics 
Session Facilitator: Joel Montgomery, US Centers for Disease Control and Prevention (US CDC) 
 

12:05 pm General comments on Nipah diagnostics in the current roadmap draft  
 Key progress in the past 5 years 
 Critical areas where additional efforts are needed  

 

12:30 pm Lunch 
 

1:30 pm Review the Nipah diagnostics goals and milestones  
 

2:50 pm Break 
 

3:05 pm Concluding comments for Nipah diagnostics  
 High-priority milestones 
 Barriers to implementing the goals and milestones 
 Ideas Roadmap implementation for this section 

 
Session 4: Nipah Therapeutics  
Session Facilitator: Emmie de Wit, US National Institute of Allergy and Infectious Diseases (US 
NIAID)  
 

3:25 pm General comments on Nipah therapeutics in the current roadmap draft  
 Key progress in the past 5 years 
 Critical areas where additional efforts are needed  

 

3:45 pm Review the Nipah therapeutics goals and milestones 
 

5:10 pm Concluding comments for Nipah therapeutics   
 High-priority milestones 
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 Barriers to implementing the goals and milestones 
 Ideas Roadmap implementation for this section 

 

5:30 pm  Adjourn Day 1 
Drinks and reception 

 

6:00 pm Dinner 
 
Day 2: Tuesday, August 1 
 

8:45 am Registration, tea, coffee, and light breakfast 
 

9:15 am Welcome for Day 2 (Michael Osterholm, CIDRAP) 
 
Session 5: Nipah Vaccines 
Session Facilitator: Pending 
 

9:20 am General comments on Nipah vaccines in the current roadmap draft  
 Key progress in the past 5 years 
 Critical areas where additional efforts are needed  

 

9:40 am Review the Nipah vaccines goals and milestones 
 

10:15 am Break 
 

10:30 am Review the Nipah vaccines goals and milestones (continued) 
 

11:10 am Concluding comments for Nipah vaccines   
 High-priority milestones 
 Barriers to implementing the goals and milestones 
 Ideas Roadmap implementation for this section 

 
Session 6: Nipah R&D Roadmap Implementation and Next Steps 
 

11:30 am Discussion: Roadmap implementation (Marie-Pierre Preziosi, WHO) 
 

12:15 pm Discussion: Publication process (Kristine Moore, CIDRAP) 
 

12:25 pm Wrap up and next steps (Michael Osterholm, CIDRAP) 
 

12:30 pm Meeting close 
 

12:30 pm  Lunch 
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Wellcome in London

Date: Thursday, July 13, 2023 2:55:19 PM
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Dear Colleagues: Attached please find the revised version of the Nipah R&D Roadmap for your
review. This version contains extensive updates from progress made over the past 5 years and
includes many additional references from the recent literature.

Please review this version in advance of the Nipah taskforce meeting. In the interest of time, during
the meeting we will focus primarily on discussing the goals and milestones. We would also like to
spend some time discussing roadmap implementation.

Following the meeting, we will revise the roadmap and will send it out to taskforce members for
your written feedback and comments.

We have also included a near-final agenda of the meeting for your information.

Thank you, again, for your involvement in this important effort. I look forward to seeing many of you
either in-person or virtually at the end of the month.  

Kind regards,

Kris
-------------------------------
Kristine Moore, MD, MPH
Senior Advisor for Public Health Science and Policy
Center for Infectious Disease Research and Policy (CIDRAP)
University of Minnesota
420 Delaware Street, SE
C315 Mayo Memorial Building, MMC 263
Minneapolis, MN  55455
612-626-6770 (office)
303-998-1697 (direct line)
303-818-2594 (cell)
612-626-6783 (fax)
kamoore@umn.edu
http://www.cidrap.umn.edu
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a 6-year framework beginning in 2024 for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against Nipah virus infection. 



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000, Paton 1999). As part of that outbreak, 265 human cases of NiV disease (NiVD) were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiVD was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks have occurred in that country since (Hsu 2004, WHO 2018, Agrawal 2023). NiVD has also been identified periodically in eastern India (in 2001 and 2007) and, in 2018, an outbreak occurred for the first time in southern India (Arunkumar 2019, Chadha 2006, Chattu 2018, Sharma 2018, Soman Pillai 2020). Additionally, one case was reported from Kerala state in 2019 (Sudeep 2021). Case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 50% to 100% (Sharma 2018). NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae (Goh 2000, Hossain 2008, Tan 2002). A summary of 14 years of NiVD investigations in Bangladesh found no evidence of asymptomatic infection (Nikolay 2019).



The primary natural reservoir host for NiV in South Asia, where cases continue to occur, is Pteropus bats. A recent study suggests that discrete multiannual local epizootics in bat populations contribute to the ongoing sporadic nature of human NiV outbreaks in South Asia (Epstein 2020). Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in Pteropus bats and several other related bat species in Southeast Asia, the Western Pacific, and Africa (Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Iehlé 2007, Plowright 2019, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, Yob 2001). In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, dogs were found to be infected with NiV on the farms involved in the outbreak (Field 2001). In outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role to date, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission (Arunkumar 2019, Gurley 2007, Islam 2016, Luby 2009, Nikolay 2019, Rahman 2008). However, a recent study in Bangladesh found NiV antibodies in cattle, dogs, and cats from six sites where spillover human NiV infection cases occurred during 2013–2015 (Islam 2023), suggesting the potential of zoonotic spread via intermediary hosts. Respiratory transmission via droplet spread may play an important role in propagating outbreaks (Nikolay 2019, Spiropoulou 2019). The virus could have pandemic potential if a more human-adapted strain, with greater person-to-person transmission emerges (Luby 2013).

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock and other domestic animals, which can serve as a source of exposure to humans (Islam 2023). NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia (Murray 1995, Selvey 1995). To date, at least 66 spillover events—all in Australia—involving more than 100 horses and seven humans have been identified (Wang 2023). Changes in bat behavior related to habitat loss and climate change appear to have increased the spillover risk of HeV from bats to horses (Eby 2023). An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014 (Ching 2015). This outbreak likely involved spillover of the virus into horses and subsequent disease in humans following consumption of contaminated horsemeat; disease also occurred in healthcare workers who cared for infected patients. Detailed genomic information for this virus is limited. 



Genomic sequencing has demonstrated that there are two main clades of NiV: the M genotype, which comprises the Malaysian NiV isolates (NiV-M), and the B genotype, which includes Bangladesh (NiV-B) and India NiV isolates (NiV-I) (Liew 2022, Yadav 2019). These three strains share a high percentage of homology (NiV-M and NiV-B strains share 91.8% homology, and NiV-I strains share 85.14to 96.15% homology with both NiV-M and NiV-B). Some strain-related differences, however, have been noted in the clinical features of infection in humans and experimentally infected non-human primates, with strains of the B clade appearing to be more pathogenic than those of the M clade (Mire 2016). Recent data indicate that strains from Bangladesh are segregated into two additional distinct sublineages that have intermingled geographically and temporally in that area over time (Rahman 2021, Whitmer 2020). At this time, however, the molecular epidemiology of NiV remains somewhat unclear and issues around strain diversity and strain evolution require further elucidation (Rahman 2021). 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of MCMs to enable effective and timely emergency response to infectious disease epidemics. NiVD is identified in the Blueprint’s list of “priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist) (WHO 2023). The Blueprint calls for the development of R&D roadmaps for the priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for areas that apply broadly to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) Each section includes barriers (inherent obstacles or technical challenges that may influence the likelihood of success for development of NiV MCMs) and gaps (key needs or unresolved limitations in knowledge that are critical to the development of new NiV MCMs). These are followed by strategic goals and milestones, which build on the gaps and barriers and are focused on achievements for the next 6 years (beginning in 2024) that are necessary for moving NiV MCMs forward. The roadmap milestones will be tracked over time, with periodic assessment of progress and updating as needed. Each section also includes additional ongoing priorities that should be considered for NiV MCM R&D. 

[bookmark: _GoBack]Other aspects of public health preparedness and response, in addition to R&D for diagnostics, therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), ensuring adequate hand hygiene and environmental hygiene, promoting effective community engagement, implementing adequate infection prevention and control practices, developing adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of this R&D roadmap, but need to be addressed as part of a broader public health control strategy. Further research of NiV and related henipaviruses in animal species, including development of appropriate MCMs targeted to animal populations (such as vaccines [McLean 2019]), also is needed, since disease in animals may amplify occurrence of NiV (or a related henipavirus species) in humans and virus transmission can occur at the human-animal interface.



VISION

Robust MCMs to detect, prevent, treat, and control human outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care or near patient diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING ISSUES

Barriers and Gaps

Barriers

· Securing funding for NiV research represents a substantial challenge, since economic incentives to invest in NiV research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with small and sporadic outbreaks (Gómez Román 2020). The development of a sustainable value proposition for industry and international philanthropic public-private partnerships is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The value proposition should be informed by a robust assessment of the risk of future outbreaks and the economic, societal, and health impacts that such outbreaks could generate. 

· Demonstrating whether or not a product provides meaningful benefit without undue risk, which is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product developers in the absence of a predictable demand (Gouglas 2018). In addition, licensure of vaccines and therapeutics using alternative regulatory pathways can be very costly, given the regulatory requirements for such approval.

· National regulatory authorities in countries where NiV outbreaks are likely to occur have different regulatory requirements for authorization, licensure, or emergency use of NiV medical countermeasures, which complicates the approval process, particularly for candidate vaccines and therapeutics (Gómez Román 2022). An international, NiV-focused regulatory group has been created and will be an important mechanism for coordinating regulatory issues as NiV MCMs are moved forward (Gómez Román 2020).

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (biosafety level 4 [BSL-4]) conditions (Geisbert 2020, Gómez Román 2022), which can increase the cost and complexity of MCM development.

· To date, NiV spillovers to human communities have been identified most commonly in rural communities in Bangladesh and India; the healthcare facilities that serve these communities have limited laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar (Bruno 2022). Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV or related viruses; such bats can be found across Africa and parts of the Middle East (Bruno 2022). This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations. 

· The development and accessibility of animal models that recapitulate human NiV disease are critical for NiV MCM development, given the limitations on clinical samples and the infeasibility of traditional clinical efficacy trials. While ferrets and Syrian golden hamsters are well-established animal models for NiV research, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines intended for use in humans (Foster 2022, Geisbert 2010, Geisbert 2020, Geisbert 2021, Johnston 2015, Price 2021, van Doremalen 2022, Woolsey 2023). Studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways; however, costs, space requirements (particularly in BSL-4 containment facilities) and ethical concerns constrain their use (Arnason 2020, Bossart 2012, Geisbert 2010, Johnston 2015).

· Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical power (Gómez Román 2020). It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks; however, it is likely that at least vaccines will need to be licensed via nontraditional regulatory pathways. 

· Patients usually present late in the clinical course of disease and disease progression is often rapid, making it difficult to collect clinical samples before patients succumb to the disease. Additionally, autopsies are often not the standard of care in affected areas, which further reduces opportunities to collect clinical specimens. These barriers hinder the ability to understand disease pathogenesis and immunologic responses to infection, which are important for MCM R&D (Amaya 2020, Arunkumar 2019, Gurley 2020, Liew 2022, Mazzola 2019).

· Sociocultural issues may hinder trust in the formal healthcare and public health systems, which could reduce acceptance of NiV vaccines and therapeutics. 



Gaps

· Continued R&D, improved manufacturing processes, deployment, and assessment of NiV MCMs, as well as other preventive measures, depend on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to determine the true incidence of human disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas (Bruno 2022, Singhai 2021).

· Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and potentially other bat species around the globe (Gómez Román 2020, Plowright 2019).

· Additional research is needed to optimize and further characterize relevant animal challenge models (particularly ferret, Syrian golden hamster, and AGM models) for promoting development and evaluation of NiV MCMs (Geisbert 2020, Gómez Román 2020, Price 2021, Rockx 2014). Examples of additional issues involving animal models include the following (Dhondt 2013, Gómez Román 2020, Johnston 2015, Mathieu 2015, Mire 2019, Price 2021):

· Determine the appropriate animal model(s) for screening assay development.

· Standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development.

· Determine when after-challenge MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans.

· Identify the best models for studying chronic (relapsing) infection.

· Determine if different animal models are needed for different clinical endpoints such as infection, disease, and transmission.

· Determine if models perform differently based on the route of virus administration.

· Improve overall standardization of the models.

· Other research needs include the following:

· Improved understanding of the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs (Gurley 2020, Liew 2022). This includes evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, and identifying factors influencing the development of permanent neurologic sequelae. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains to monitor viral heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of disease over time and thereby influence MCM development (Gurley 2020, McKee 2022, Rahman 2021).

· Additional research to determine if: (1) NiV strain variations influence the ability to detect NiV infections; (2) different strains have different phenotypic characteristics, such as different clinical manifestations or transmission dynamics, and (3) if strain variability impacts efficacy of vaccines or therapeutics (CEPI 2023a, Gurley 2020, Whitmer 2020). 

· Whole-genome sequencing of NiV isolates to generate a comprehensive phylogenetic mapping of the global genetic variability among henipaviruses (CEPI 2023a). 

· Sociological and anthropological research to understand how to best engage populations at high risk of exposure (such as persons who consume date palm sap, healthcare workers, and workers at the human-animal interface) and vulnerable populations (such as children, immunocompromised individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease (Singhai 2021, Lancet 2018).

· Prospective serosurveillance of henipavirus exposure from susceptible animal species and proximate human populations in areas of predicted risk to assess the potential of human spillover and to build preparedness for detection of human cases and for limiting exposure (Daszak 2020, Deka 2018, Gómez Román 2020, Plowright 2019).

· Expanded use of machine-learning approaches can facilitate an improved understanding of the risk of NiV spillover events (Plowright 2019).Ecological studies are also needed to enhance understanding of the dynamics governing prevalence and shedding of NiV and other henipaviruses in bats (Plowright 2019).

· Other important needs include the following:

· Funding sources (such as public-private partnerships, government agencies, and philanthropic organizations) and industry incentives and competitions for non-dilutive funding to encourage innovation and secure private-sector commitments to develop and manufacture NiV MCMs (Gómez Román 2020). 

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, surveillance, and implementation of vaccination programs for NiV prevention and control (Bruno 2022). 

· Advocacy to policy makers in affected countries and to global stakeholders to ensure they understand the potential health, societal, and economic benefits of devoting resources to improving NiV surveillance, detection, prevention, and control measures (Gómez Román 2020).

· Scenario planning to clarify regulatory pathways for product approval in countries where NiV outbreaks are likely to occur, including determining whether or not efficacy data from animal models is sufficient for regulatory approval. Such planning should take into consideration the local epidemiology of NiV infection and the different requirements of local national regulatory authorities for product approval and emergency use authorization (Gómez Román 2022). Regulatory pathways and NRA capabilities vary between countries; therefore, early engagement, potentially with support from WHO and other key international stakeholders, is essential to identify country-specific considerations. While it is critical to focus on approaches that make ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

· Standardized and well-characterized assays (to be further defined based on end use), reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection (Rampling 2019, Satterfield 2016). Assays that can be used at lower biosafety levels are an important priority. WHO international standards should be used (when available) as calibrators and reported in units/ml to harmonize assay results. 

· Outreach and education to clinicians and community health workers to improve NiV awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection prevention and control) and to ensure availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely diagnosis and treatment of NiV infection (Singhai 2021). 

· Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support collaborative clinical research, including methods for collecting, standardizing, and sharing clinical data. 

· Collaboration between public health authorities in endemic and at-risk areas and international development partners to support NiV surveillance and strengthen disease prevention and preparedness activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

· Efforts to reduce the cost of medical countermeasure development and ongoing production.



Strategic Goals and Aligned Milestones

Strategic Goal 1: Identify additional and ongoing sources of private- and public-sector funding and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 

Milestones:

1. By 2025, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.

2. By 2026, create a funding plan based on the value proposition for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.

3. By 2026, develop a coordinated strategy for promoting and incentivizing greater industry engagement in R&D for NiV MCMs. 



Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to better define the disease burden, risk factors for infection, and risk of spillover events in affected countries. 

Milestones:

1. By 2025, develop a plan for enhancing human NiV surveillance in India and Bangladesh outside of existing surveillance areas (i.e., where cases previously have been identified). This should include securing funding, identifying additional surveillance catchment areas, engaging key partners in those areas, generating standardized surveillance protocols, and conducting training for implementation. 

2. By 2026, initiate enhanced human NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), promote early case detection, and better define the disease burden in India and Bangladesh, particularly outside of areas where cases previously have been identified. 

3. By 2026, generate and implement standardized protocols for case investigation that are aimed at identifying risk factors for primary NiV infection and at conducting case-contact studies to better understand chains of transmission (Hedge 2023).

4. By 2026, develop plans for conducting additional research in India and Bangladesh to identify the potential for and drivers of spillover events, particularly in areas where NiV cases have not yet been identified. 



Strategic Goal 3: Determine the requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure or approval of NiV MCMs by engaging an international regulatory working group representing NRAs in affected areas and other key international stakeholders.

Milestones: 

1. By 2024, conduct scenario planning to clarify the regulatory procedures and determine the acceptable pathways for approval and emergency use authorization of NiV MCMs (including vaccines, novel candidate therapeutics, repurposed therapeutics, and diagnostics) in countries at highest risk for NiV outbreaks (i.e., Bangladesh and India) through an international NiV-focused regulatory group. 

2. By 2025, determine if any key gaps exist for regulatory approval and emergency use authorization of candidate NiV MCMs in affected countries and develop strategies to address those gaps, with specified timelines for completion. 

3. By 2026, ensure that any issues affecting approval and emergency use of candidate MCMs in affected countries have been resolved and that consensus has been achieved on the necessary regulatory steps and procedures. 

 

Strategic Goal 4: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

Milestones:

1. By 2025, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.

2. By 2025, conduct additional research to further optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs. 

3. By 2026, conduct sequencing of NiV strains from existing clinical samples obtained from past NiV cases to assess variability of NiV strains in India and Bangladesh (CEPI 2023a). 

4. By 2026, establish capacity at selected surveillance sites in India and Bangladesh to investigate NiV-related deaths by using post-mortem minimally invasive tissue sampling to enhance understanding of NiV disease pathogenesis (Bassat 2021). 

5. By 2028, conduct research in animal models to determine if strain variability impacts efficacy of promising NiV MCMs or the accuracy of diagnostic tests.  



Additional Priority Areas/Activities

Research

· Continue to expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach. Such research should include serosurveys in different animal species and ecologic studies in bats, and should utilize computational approaches, such as machine-learning approaches. 

· Continue to perform phylogenetic and evolutionary analyses, using whole-genome sequencing, of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Incorporate, on an ongoing basis, additional NiV strains into preclinical research as newer strains become available. 

· Continue to conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine key differences in pathogenesis for different NiV strains that may have implications for the development of safe and effective NiV vaccines or therapies.

· Conduct research studies to enable a more comprehensive mapping of genetic variability of henipaviruses to improve understanding of their global distribution.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection, including potential regulatory pathways for MCM licensure and approval. 

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve active and passive surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations. 

· Develop an open-access shared data platform to facilitate sharing of NiV sequence and strain data. 

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic and at-risk areas. 

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas. These should include efforts to reduce production costs and ensure equitable global access as needed. 

· Support the development of affordable pricing mechanisms to promote accessibility of NiV MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable and fair” price is one that can reasonably be paid by patients and health budgets and simultaneously sustains research and development, production, and distribution within a country.)

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



DIAGNOSTICS

Barriers and Gaps

Barriers

· Initial signs and symptoms of NiV infection are nonspecific, and infection is often not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in outbreak detection and implementation of effective and timely infection control measures and outbreak response activities. Additionally, latent infection can last for months to years after initial exposure, which can complicate epidemiologic investigation (CDC 2020). 

· The accuracy of laboratory results can be affected by a variety of factors, such as clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory (WHO 2019, Mazzola 2019). 

· The time required to perform diagnostic testing using conventional laboratory methods is problematic, given the potential for rapid disease progression of NiV infection (Sayed 2019). 

· Diagnostic needs vary across the latent, acute, and convalescent phases of NiV infection (Bruno 2023). 

· Limited laboratory infrastructure and diagnostic capabilities in peripheral settings can lead to delays in diagnosis and in outbreak investigation and response (Berge 2019, Bruno 2022, Chua 2013, Wang 2012, WHO 2019). 

· Owing to the high biosafety precautions necessary when working with NiV, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis (Watanabe 2020, Widerspick 2022). 

· Limited NiV-positive clinical samples are available, which are important for validation of diagnostic tests (Mazzola 2019).

· Pteropus species (and likely other bat species) may carry other henipaviruses in addition to NiV and HeV, some of which could be pathogenic in humans and livestock. Antibodies to different henipaviruses appear to be highly cross-reactive, making it difficult to discriminate the particular henipaviruses that are in circulation using serologic assays, which is critical to ensuring diagnostic preparedness to respond to future outbreaks (Mazzola 2019, Wang 2012, WHO 2019, Yang 2022). 



Gaps

· Further research is needed to:

· Improve understanding of the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease (Arunkumar 2019, Berge 2019, Mazzola 2019, Thakur 2019). 

· Determine criteria for test performance and further evaluate performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as rapid diagnostic tests) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· Continue to develop commercialized or standardized rapid nucleic acid tests that can quickly confirm active NiV infection at the point of care or at the level of near-patient care (Berge 2019, Pollack 2023, WHO 2019). This effort may require clarification of the regulatory pathways for commercialization of NiV diagnostic tests. To date, one rapid test has been approved for emergency use in India during an outbreak that occurred in 2018 (Yadav 2021).

· Generate international reference standards to calibrate diagnostic assays to ensure proficiency testing of new diagnostics (Berge 2019, WHO 2019). 

· Clinically validate the performance and operational suitability of new promising diagnostics, particularly rapid diagnostic tests, in endemic geographic regions (Berge 2019, Pollack 2023). 

· Continue to assess and operationally validate safe and simple methods of sample inactivation that do not interfere with diagnosis and that can be used at peripheral sites (Pollack 2023, WHO 2019, Watanabe 2020, Widerspick 2022, Yadav 2021).

· Establish operational suitability at the point of care (i.e., at peripheral community settings) for NiV diagnostic tests by developing an integrated approach to facilitate rapid, accurate, and safe testing procedures (Pollack 2023).This could include a minimal protocol or best practices approach for sample inactivation before testing (WHO 2019).

· Other needs include the following:

· Development of a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples to assess and validate diagnostic tests (Berge 2019, WHO 2019). As part of this process, a clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of sample collection; (3) determine what organizations will be responsible for the activities related to creating and maintaining the repositories; (4) establish standardized protocols for sample collection and maintenance; (5) establish an appropriate governance structure; (6) identify who would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples obtained from laboratory animals also can be used to assess diagnostic assays during the timeframe when the virtual repository is being created.)

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection (Berge 2019, WHO 2019). 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· Systems for external quality assessment (EQA) monitoring of tests using up-to-date clinical specimen panels and reference standards (Mazzola 2019).

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for NiV diagnostics, particularly given the costs of regulatory approval.

· Improvement of diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent henipaviruses as they arise (Wang 2012).

· Ongoing efforts to develop affordable and easy-to-use multiplex panels for detection of a range of pathogens using a syndromic approach, if such panels can be deemed cost-saving (Mazzola 2019).

· Use cases and target product profiles (TPPs) have been developed for NiV diagnostics (WHO 2019); however, the criteria may need to be modified over time as new lineages are identified (Mazzola 2019). 

· Since NiV strains are continuing to evolve, it’s possible that current diagnostic tests could fail to detect an emergent variant of NiV. Recently, a novel strain of HeV was identified in Australia that was not detected through conventional PCR testing owing to gene sequence mismatches (Annand 2022). Diagnostic tools that can detect a broader range of NiV, HeV, or related viruses capable of spillover may be needed to advance the ability to forecast spillover risks and to detect emergent viruses (Peel 2022). 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients.



Milestones: 

1. By 2026, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India). 

2. By 2027, identify sustainable, long-term funding, determine sites for sample storage, and initiate creation of the virtual reference repository in Bangladesh and India, with samples to be collected during future outbreaks. 



Strategic Goal 2: Continue to develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are suitable for use in peripheral settings and that have minimal requirements for biosafety precautions and staff training. 



Milestones: 

1. By 2025, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays. This effort should include clarifying regulatory pathways for approval (including approval for emergency use) of NiV diagnostics.

2. By 2026, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP and can be used in peripheral sites.

3. By 2026, create international reference standards for calibrating and harmonizing NiV diagnostic assays. 

4. By 2026, develop a minimum protocol or set of best practices (that biosafety committees will accept) for inactivation of clinical samples from humans and animals that are being tested for NiV. 

5. By 2027, complete clinical validation of performance and operational suitability for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP and can be used in peripheral sites.

6. By 2028, obtain regulatory approval for at least one rapid, point-of-care or near-patient care NiV diagnostic test that can be commercialized and standardized. 



Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known spillover risk to promote early detection of NiV. 



Milestones: 

1. By 2026, expand national laboratory networks for NiV detection in the primary affected countries (Bangladesh and India) that include plans for enhancing laboratory preparedness to enable earlier and timely detection of NiV infection during future outbreaks. 

2. By 2027, generate well-characterized and up-to-date proficiency panels for NiV diagnostic testing to be used in selected laboratories in Bangladesh and India.

3. By 2029, implement routine EQA monitoring of NiV diagnostic testing at selected laboratories in Bangladesh and India. 

Additional Priority Areas/Activities

Research

· Continue to explore new diagnostic approaches that may allow earlier detection of infection. 

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine criteria for test performance and continue to evaluate performance characteristics for promising new assays for diagnosis of NiV infection.

· Continue to conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection as they become available. 

· Continue to research methods of diagnostic testing that are able to differentiate between various pathogenic henipaviruses.

· Continue to develop affordable and easy-to-use multiplex panels for detection of a range of pathogens using a syndromic approach. 

· Consider development of diagnostic tools that can detect a broader range of NiV, HeV, or related viruses capable of spillover.

 Product development

· Refine over time, as needed, criteria in the existing TPPs to include identification of different NiV lineages/strains. 

· Continue to develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific (as needed, depending on their intended use), can capture antigenically diverse strains of the virus, and can be performed accurately and safely in peripheral settings under a variety of circumstances. 

Key capacities

· Establish operational suitability in peripheral laboratories of rapid diagnostic tests over time, as new tests become available. 

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses as needed. 

Policy and commercialization

· Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available. 



THERAPEUTICS

Barriers and Gaps

Barriers 

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· A limiting constraint to assessing the effectiveness of promising therapeutics is the number of patients with NiV infection who can be enrolled in clinical trials over time, given the small number of cases that are identified annually. 

· The absence of improved diagnostic assays for timely diagnosis and surveillance of infection creates an important challenge in providing early treatment of patients and PEP for exposed persons, which can significantly impact clinical evaluation of therapeutic candidates. 

· NiV can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in affected countries often do not have adequate infection control–programs in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

· One promising therapy is the monoclonal antibody (mAb) m102.4; however, the projected cost per patient for this agent is expected to be more than $1,000 (Gómez Román 2022); this high cost poses an important barrier to its use. 

Gaps 

· Patients may benefit from optimal supportive care, independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions. Standard of care guidelines will be important for conducting clinical efficacy trials of therapeutic agents. 

· During the 1998-99 NiV outbreak in Malaysia, clinicians used ribavirin to treat 140 patients. Outcomes data revealed a lower mortality rate among treated patients (Chong 2001), but the findings may have been biased by the use of historical controls. No additional clinical studies of ribavirin have been conducted, and limited studies in animals have not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may prove useful for PEP (Banerjee 2019); therefore, further challenge studies in animal models should considered to explore this possibility. 

· Studies in animals have evaluated the usefulness of several agents (including remdesivir, favipiravir, and fusion inhibitory peptides) when delivered prior to disease onset or early during the disease course (Dawes 2018, Lo 2019, Mathieu 2018). One recent study showed that AGMs were only partially protected when remdesivir was administered 3 days post-inoculation; therefore, early administration seems critical for effective treatment (de Wit 2023). Patients with NiV infection are often detected late in the clinical course, which creates challenges for predicting how well a therapeutic agent will work in the field. Additional challenge studies in animals, therefore, are needed to: (1) assess the clinical benefit of these therapeutics as treatment options when administered after symptom onset or at least more than 24 hours after initial exposure, (2) determine whether these agents may be appropriate for PEP, and (3) clarify the most feasible and cost-effective route of administration (e.g., oral, intranasal, intravenous) appropriate for real-world conditions, particularly if being considered for mass prophylaxis in an outbreak setting (Gómez Román 2022). 

· m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided under compassionate use programs for a small number of individuals exposed to either HeV or NiV (Broder 2012, Guillaume 2004, Playford 2020). Several other mAbs have also been assessed in animal models and appear promising (Gómez Román 2022). A phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia during 2015 and 2016 (Playford 2020). In that trial, m102.4 was well tolerated and safe, with no evidence of an immunogenic response.

· Additional research needs for mAbs as treatment or PEP for NiV infection include:

· Additional clinical trials in endemic areas to further assess the safety, tolerability, efficacy, and pharmacokinetic parameters of m102.4 (and possibly other mAbs with adequate preclinical data) for PEP and potentially early treatment of clinical disease (CEPI 2023b). 

· Additional research to determine the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with m102.4, it may be necessary to consider mAb cocktails (Borisevich 2016, Playford 2020).

· Animal studies to determine if mAb cocktails that combine several different mAbs into one formulation are more efficacious than administering one mAb alone (Dang 2021). 

· Future studies to ascertain the efficacy of m102.4 for treatment and prophylaxis against different viral strains of NiV and Hendra viruses, particularly among populations living in settings where there is the potential for an outbreak.

· Adequate stockpiles of m102.4 (or potentially other mAbs) to ensure urgent access at the onset of an NiV outbreak.

· Given the limited number of NiV cases identified each year, a transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials and how best to allocate scarce resources for conducting such trials.

· A prepositioned, agreed-upon protocol for conducting clinical trials of promising therapeutics during NiV outbreaks would be of value in advancing clinical evaluation of such agents (Spiropoulou 2019). 

· Diagnostic criteria and standardized testing are needed for including patients in clinical trials of therapeutics.

· Additional research needs include the following: 

· Further research to broaden the number of novel antiviral candidates (including repurposed drugs) for treatment of NiV infection and strengthen the therapeutic pipeline. Computational aided drug design is one tool that can be useful for this discovery (Yang 2023).  

· Additional data to establish the pharmacokinetic/pharmacodynamic (PK/PD) relationship of promising therapeutic candidates.

· Additional data to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP stockpiling and distribution in both affected and at-risk areas, particularly Bangladesh, which has hundreds of potentially exposed persons annually that could be candidates for PEP. 

· Additional information to determine whether or not strain differences will affect the response to therapeutic candidates and results from clinical trials.

· Additional data to determine the therapeutic windows for promising therapeutics for the different NiV strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia (Mire 2016).



Strategic Goals and Aligned Milestones

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks. 



Milestones: 

1. By 2024, convene a consortium of key stakeholders—in affected areas and internationally—to address the key challenges with conducting clinical trials of therapeutic agents during future NiV outbreaks. This consortium could potentially be modeled after the West Africa Lassa Fever Consortium (WALC) (ISARIC 2023).

2. By 2025, develop NiV standard of care guidelines to be used in affected countries, disseminate the guidelines, and conduct outreach to clinicians as appropriate.

3. By 2025, complete an agreed-upon generic prepositioned protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates (mAbs and small molecules, including repurposed drugs) to be implemented in NiV-affected areas during outbreaks and develop plans for operationalizing the protocol. 

4. By 2025, complete an agreed-upon generic prepositioned protocol for conducting PEP trials of promising therapeutic candidates (mAbs and small molecules, including repurposed drugs) to be implemented in NiV-affected areas during outbreaks and develop plans for operationalizing the protocol. 

5. By 2026, complete a broader, harmonized regional protocol (to be used across Bangladesh and India) for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas during outbreaks or potentially during periods of endemic disease (if comparable data can be generated over time and across different clinical sites) and develop plans for operationalizing the protocol. 

6. By 2026, generate a reliable source or stockpile of an mAB (m102.4 or other mAb) to be used in outbreak-related clinical trials for both PEP and early clinical treatment.



Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for PEP to prevent NiV infection. 



Milestones: 

1. By 2025, create and implement a prioritization process for determining which promising NiV therapeutic candidates should be further evaluated in clinical trials, once adequate animal data demonstrating safety and efficacy are available. 

2. By 2026, complete preclinical evaluation in animal models—with administration of the therapeutic agent more than 24 hours after challenge and potentially after symptom onset—of the preliminary safety, tolerability, and efficacy of at least two promising small-molecule therapeutic candidates or combination therapies for the treatment of NiV infection.

3. By 2027, further explore in animal models whether two or three of the most promising small-molecule therapeutic candidates are likely suitable for PEP and, therefore, should be assessed as PEP in clinical trials. 

4. By 2027, determine the most cost-effective and feasible routes of administration for use in real-world settings for at least two promising small-molecule therapeutic candidates. 

5. By 2027, complete at least one additional clinical trial (phase 2 or 2/3) in an NiV-affected area of m102.4 or other suitable mAb to further assess safety, tolerability, and efficacy (if NiV incidence allows efficacy assessment).

6. By 2028, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising small-molecule therapeutic candidates or combination therapies for the treatment of NiV infection.



Additional Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of available investigational therapies (such as m102.4, remdesivir, and favipiravir) for treating and preventing NiV infection, including conducting additional studies in animal models and clinical trials as appropriate and feasible. This should include determining the therapeutic windows for use of therapeutic agents as treatment or PEP.

· Clarify, in animal models, the potential for development of escape mutants from use of mAbs.

· Continue to conduct preclinical research on mAbs other than m102.4 and on mAb cocktails to assess safety, tolerability, and efficacy for treating NiV infection 

· Continue to expand the pipeline of new therapeutic options for treating and preventing NiV infection that should undergo further evaluation, potentially using pseudotyped viruses for initial screening of compounds (Li 2023). 

· Consider conducting additional challenge studies in animal models to assess whether or not ribavirin may be suitable for PEP following NiV exposure. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Continue to develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against different NiV strains and other pathogenic henipaviruses that may emerge.

Key capacities

· Ensure that clinical trial protocols are in place and are ready to be operationalized, including obtaining appropriate approvals and conducting necessary training.

· Promote enhancements to the healthcare delivery systems in affected areas to improve clinical management and supportive care of patients with NiV infection and to improve infection control practices to limit person-to-person spread.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for further clinical testing and outbreak control. 

Policy and commercialization

· Explore strategies for decreasing the costs associated with m102.4, such as exploring the possibility of administering mAbs subcutaneously rather than intravenously. 

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



VACCINES

Barriers and Gaps

Barriers	

· Large clinical efficacy trials, which typically are required for vaccine licensure, will likely not be feasible for NiV vaccines, owing to the sporadic and unpredictable nature of NiV outbreaks and the low case numbers usually involved (Gómez Román 2022, Nikolay 2021, Satterfield 2016).

· In the absence of large clinical efficacy trials, authorization and licensure will likely involve nontraditional regulatory pathways to guide the evaluation of safety and efficacy (Gómez Román 2022). However, experience is limited with these routes (such as the US FDA’s Animal Rule or Accelerated Approval Program, the EMA’s conditional market authorization, and authorization under exceptional circumstances) and there are few successful models for vaccine authorization and approval.

· The limited commercial value of NiV vaccines may impede industry’s involvement in developing and producing NiV vaccines without significant financial support (e.g., through partnerships with organizations such as CEPI, PATH, and high-income country government agencies) (Gómez Román 2022).

· The affordability of creating and maintaining an NiV vaccine stockpile and deploying vaccines during outbreaks is a key issue for low- and middle-income countries; supplementary funding will likely be required to ensure vaccine preparedness for NiV outbreaks (Gómez Román 2022). 

· The absence of improved diagnostic assays for the timely diagnosis of infection creates an important challenge by delaying implementation of a rapid reactive vaccination strategy for NiV outbreak control. 

Gaps 

· NiV vaccines are needed that: (1) are readily accessible with adequate supply chains, particularly in low-resourced areas, (2) can protect against different NiV strains, and (3) provide rapid onset of immunity to adequately prevent and control outbreaks in a timely manner.

· Use cases for NiV vaccines need to be better defined, as how vaccines are to be used will affect vaccine deployment and manufacturing plans. 

· Reference standards for NiV antibodies are needed to evaluate candidate NiV vaccines. 

· Expanded partnerships among researchers, funders, and regulators are needed to advance the development of promising NiV vaccine candidates (Amaya 2020, Gómez Román 2022). NiV vaccine candidates in preclinical development target the F/G glycoproteins and a variety of platform technologies are being considered (e.g., virus vectors, protein subunits, mRNA, and virus-like particles) (Amaya 2020, Geisbert 2021, Gómez Román 2022, Loomis 2021, Monath 2022). NiV vaccine candidates based on three different platforms (protein subunits, mRNA, and viral vectors) are currently in phase 1 clinical trials (Auro Vaccines 2022, NIAID 2023, Public Health Vaccines 2023). 

· Demonstrating vaccine-induced protection against NiV infection or disease in an animal model will require an immune correlate of protection (CoP) or immune surrogate that can predict the likelihood of protective efficacy and that reflects the protective immune responses generated in humans (Amaya 2020, Escudero-Pérez 2023, Price 2021). 

· Accurate and reliable CoPs for determining the protective efficacy of NiV vaccines have not yet been identified (Loomis 2021). Neutralizing IgG is generally used as a CoP, although the protective threshold still needs to be defined to allow additional vaccine testing in animal challenge models and eventual immunobridging of antibody responses to humans, through phase 1/2 clinical studies (Escudero-Pérez 2023, Price 2021). 

· Once the protective threshold for neutralizing IgG antibodies is determined, the most appropriate and feasible assays (e.g., assays that are developed using live NiV vs. assays developed using pseudoviruses expressing the NiV F and G glycoproteins [Luo 2023]) need to be identified and standardized for use in animal models (Price 2021).

· Different types or titers of CoPs may ultimately be needed for different vaccine platforms, antigens, clinical outcomes (e.g., protection against infection, severe disease, chronic disease, or death) and potentially host or population characteristics to support the assessment of candidate NiV vaccines using immunogenicity and efficacy data from preclinical studies.

· Other humoral immune responses that may be relevant as COPs include specific titers of IgM, antibodies and numbers of plasmablasts and activated B cells (Escudero-Pérez 2023). With regard to cellular immune responses, CD8+ T cell measurements may be useful as a CoP (Escudero-Pérez 2023). Additional research is needed to better define these potential CoPs, which may be particularly important for next-generation vaccines. 

· Most current NiV vaccine candidates target the immunodominant fusion (F) and attachment (G) glycoproteins, which elicit potent neutralizing antibody responses (Byrne 2023, Geisbert 2021, Ithinji 2022, Loomis 2020, Loomis 2021, van Doremalen 2022, Wang 2022, Woolsey 2023). Data are needed on the potential role of additional immunogens, such as nucleoproteins and other non-enveloped proteins, in stimulating B and T cell responses that contribute to viral clearance, cross-protection, or immune memory. Robust vaccine-induced humoral and cell-mediated immunity to NiV might include protective antibodies with durable immunologic memory and rapid and efficient effector functions (Escudero-Pérez 2023).

· Additional immunologic research is needed to assess the following key elements of protective immunity against NiV infection and disease: 

· The relative contributions of innate, cell-mediated, and humoral immune responses that lead to protective immunity against NiV.

· Specific cell types and interactions between different immune compartments in achieving viral clearance, surviving acute disease, and modulating chronic infection (Escudero-Pérez 2023, Liew 2022). 

· The roles of neutralizing and non-neutralizing or binding antibodies in protection against NiV (Liew 2022).

· Mechanisms and cell subsets of cellular immune responses (e.g., CD8 T cell activation) that play a role in cross-neutralizing (heterologous) protection against co-circulating NiV strains (e.g., NiV-M, NiV-B, and NiV-I) (Amaya 2020, Arunkumar 2019, Escudero-Pérez 2023, Liew 2022).

· If researchers and regulators agree that a nontraditional regulatory pathway is appropriate for licensure of NiV vaccines, then a number of issues need to be addressed, such as the following (Price 2021): 

· Generate a fully characterized and controlled virus challenge stock (or potentially one each for NiV-M and NiV-B) for assessing candidate vaccines in animal models. 

· Further characterize, as needed, at least one animal model suitable for vaccine efficacy evaluation. 

· Standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development. Challenge strains used in experimental research also need to be compared against any circulating strains in humans (CEPI 2023a). 

· Determine the most appropriate CoP or surrogate marker (e.g., IgG neutralizing antibodies) for measuring protection and generate standardized assays for measurement. 

· Bridge NiV vaccine efficacy data from animal models to humans, including identifying thresholds of vaccine protection, to determine appropriate human vaccine doses.

· If the accelerated approval process is deemed an acceptable regulatory approval pathway for NiV vaccines, then plans will be needed to conduct well-controlled clinical trials to establish that vaccines have an effect on an appropriate surrogate endpoint that is likely to predict clinical benefit against NiVD.

· Post-licensure clinical trials will also be needed to confirm the clinical benefit of any NiV vaccines that are approved via nontraditional pathways. 

· Additional research is also needed to address the following areas:

· Clarification of vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines. 

· Alternative vaccine delivery approaches, such as oral tablets or transdermal patches, to facilitate rapid NiV vaccine deployment in response to NiV outbreaks in low-resource settings.

· Further evaluation of optimal NiV antigen combinations (e.g., including stabilized prefusion F protein trimers, multimeric G constructs, and chimeric proteins containing both pre-F and G glycoproteins), and antigen/vaccine platform combinations for generating rapid and durable protective responses to NiV infection (Byrne 2023, Loomis 2020, Loomis 2021, Srivastava 2023). 

· Research in animal models to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date. 

· Mathematical modelling and forecasting may be useful in (Nikolay 2021): (1) assessing whether or not disease incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating disease risk based on risk behaviors and practices in communities or specific population groups, and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles. 

· Researchers should consider efforts toward developing pan-henipavirus vaccines to maximize potential benefit, similar to projects aimed at developing pan-coronavirus vaccines or universal influenza vaccines (Tan 2023). One strategy for developing broadly protective henipavirus vaccines involves identifying conserved epitopes or cross-reactive antibodies targeting Henipavirus F proteins (Byrne 2023, Ithinji 2022). Public communication outreach strategies that address possible vaccine uptake hesitancy in target populations and guidance for community sensitization to vaccine acceptation and promotion within the community.

· Once vaccines are available, the following will be needed:

·  Guidance on the use of NiV vaccines to include vaccination strategies for special populations (such as children, immunocompromised individuals, and pregnant women); different epidemiologic scenarios; and different vaccine attributes. 

· Enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time.

· Strategic planning for stockpiling and deploying NiV vaccines. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Develop the tools and policies necessary for evaluating and potentially approving one or more NiV candidate vaccines through a nontraditional regulatory pathway.

1. By 2024, generate a fully characterized and controlled virus challenge stock (or potentially one each for NiV-M and NiV-B) for assessing candidate vaccines in animal models. 

2. By 2024, establish benchmark parameters (e.g., route of challenge, timing of challenge, and challenge dose) for testing of NiV candidate vaccines in animal models, with particular focus toward meeting criteria necessary for approval via a nontraditional pathway.

3. By 2024, further characterize as needed at least one animal model suitable for determining surrogate markers that correlate with vaccine efficacy. 

4. By 2025, define the protective threshold against NiV infection for serum neutralizing IgG antibodies (as a CoP or surrogate marker), which can be used in animal studies and for immunobridging to humans.

5. By 2025, convene a group of key stakeholders to agree on, through a consensus approach, the most suitable assays (e.g., assays that are developed using live NiV vs. assays developed using pseudoviruses) for determining serum neutralizing IgG antibody titers for NiV vaccine R&D and develop a strategy for standardizing those assays.

6. By 2026, generate standardized assays to measure neutralizing IgG antibodies for NiV vaccine R&D, with a particular focus on assays to be used for regulatory approval via nontraditional pathways.



Strategic Goal 2: Continue to move the current NiV vaccine pipeline forward toward licensure.

Milestones: 

1. By 2024, complete current phase 1 clinical trials for at least three promising NiV candidate vaccines. 

2. By 2024, define use cases for NiV vaccines to inform vaccine deployment and manufacturing plans.

3. By 2026, further assess vaccine safety and immunogenicity through additional phase 1 and initial phase 2 clinical trials (preferably in affect areas) for at least two of the most promising NiV candidate vaccines. 

4. By 2027, complete immunogenicity and efficacy studies in a well-characterized animal model for at least one cross-protective NiV vaccine candidate and define a surrogate marker that demonstrates likely clinical benefit of candidate vaccines. 

5. By 2029, conduct well-controlled clinical trials (preferably in affected areas) to assess a surrogate endpoint in human subjects for at least one NiV candidate vaccine.

6. By 2030, complete a regulatory dossier for at least one NiV vaccine candidate based on a suitable animal model with subsequent immunobridging to humans for review via a nontraditional approval pathway.



Additional Priority Areas/Activities

Research

· Improve understanding of humoral (e.g., NiV-specific IgG and IgM antibodies) and cellular (e.g., CD8 T cell) immune responses to NiV infection in animal models to inform the design of vaccines and the identification of correlates of protection (Arunkumar 2019, Escudero-Pérez 2023). 

· Improve understanding of innate immune responses (e.g., involving interferon impairment and pro-inflammatory cytokine release) in relation to humoral and cellular immune responses to NiV infection (Escudero-Pérez 2023).

· Continue research on identifying the key NiV antigens (including surface glycoproteins and internal proteins) that modulate the host immune response to NiV infection to inform future vaccine design (Escudero-Pérez 2023).

· Continue to research different types of CoPs (both humoral and cell-mediated) for NiV vaccines that are currently in the R&D pipeline and next-generation vaccines, taking into consideration different vaccine platforms, antigens, and clinical outcomes. 

· Generate international reference standards to calibrate serologic assays for vaccine potency analyses.

· Continue to conduct preclinical evaluation of promising candidate NiV vaccines (current and future vaccines) for safety, immunogenicity, efficacy in animal models, correlates of protection, and durability.

· Further study cross protection of various vaccine candidates against different NiV strains, and between NiV strains and HeV strains. 

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

· Explore the possibility of creating pan-henipavirus vaccines that will protect against NiV, HeV, and other henipaviruses. 



Product development

· Continue to develop and clinically evaluate safe and effective monovalent NiV vaccines for humans. 

· Expand partnerships among researchers, government agencies, and industry to provide the resources necessary for ongoing R&D of NiV vaccines.

· Define vaccine attributes (such as time from administration to immune protection, durability of protection, and the need for booster doses) for the most promising candidate vaccines.

 

Key capacities

· Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies (once vaccines become available).

· Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical evaluation and use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Develop guidance for community sensitization to vaccine acceptance and promotion within the community.

· Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for person-to-person transmission and potential for faster spread. 
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Background

The Nipah Research and Development (R&D) Roadmap provides a 6-year framework beginning in 2024 for identifying the vision, underpinning strategic goals, and prioritizing areas and activities for accelerating the collaborative development of medical countermeasures – diagnostics, therapeutics, and vaccines – against Nipah virus infection. The roadmap is a key component of the World Health Organization’s (WHO’s) R&D Blueprint Initiative, and was first drafted in 2017/2018 with input from subject matter experts, including a core group of taskforce members. WHO now aims to finalize and formally launch the Nipah R&D Roadmap, and the draft has been updated to incorporate recent scientific advances and research. The roadmap will be delivered to WHO in late 2023 for publication on the WHO website.



Meeting Objectives

The meeting objective include the following:

1. Briefly recap each of the four topic areas of the Nipah R&D Roadmap (cross-cutting, diagnostics, therapeutics, and vaccines).

2. Review the goals and milestones in each section and develop consensus on the wording and timelines for each milestone, as time allows.

3. Identify the milestones or issues that are highest priority.

4. Discuss challenges and opportunities for implementing the roadmap goals and milestones. 



Meeting Format

The meeting will be held in a hybrid format; participants will join either in person at Wellcome in London, UK, or virtually. Presentations and facilitated discussions will be used throughout the 1.5-day meeting.



Meeting Agenda

Agenda times listed in British Standard Time (BST)



Day 1: Monday, July 31



8:45 am	Registration, tea, coffee, and light breakfast 



Session 1: Welcome, Introductions, and Overview 



9:15 am	Welcome (Josie Golding, Wellcome)



9:20 am 	Introductions (Michael Osterholm, Center for Infectious Disease Research and Policy [CIDRAP])



9:30 am	Update on the WHO Blueprint Initiative (Marie-Pierre Preziosi, WHO)



9:40 am	Overview and meeting objectives (Kristine Moore, CIDRAP)



Session 2: Nipah Cross-Cutting Issues

Session Facilitator: Emily Gurley, Johns Hopkins Bloomberg School of Public Health



9:50 am	General comments on Nipah cross-cutting issues in the current roadmap draft 

· Key progress in the past 5 years

· Critical areas where additional efforts are needed 



10:10 am	Review the Nipah cross-cutting goals and milestones 



10:30 am	Break



10:45 am	Review the Nipah cross-cutting goals and milestones (continued) 



11:45 am	Concluding comments for Nipah cross-cutting issues 

· High-priority milestones

· Barriers to implementing the goals and milestones

· Ideas Roadmap implementation for this section



Session 3: Nipah Diagnostics

Session Facilitator: Joel Montgomery, US Centers for Disease Control and Prevention (US CDC)



12:05 pm	General comments on Nipah diagnostics in the current roadmap draft 

· Key progress in the past 5 years

· Critical areas where additional efforts are needed 



12:30 pm	Lunch



1:30 pm	Review the Nipah diagnostics goals and milestones 



2:50 pm	Break



3:05 pm	Concluding comments for Nipah diagnostics 

· High-priority milestones

· Barriers to implementing the goals and milestones

· Ideas Roadmap implementation for this section



Session 4: Nipah Therapeutics 

Session Facilitator: Emmie de Wit, US National Institute of Allergy and Infectious Diseases (US NIAID) 



3:25 pm	General comments on Nipah therapeutics in the current roadmap draft 

· Key progress in the past 5 years

· Critical areas where additional efforts are needed 



3:45 pm	Review the Nipah therapeutics goals and milestones



5:10 pm	Concluding comments for Nipah therapeutics  

· High-priority milestones

· Barriers to implementing the goals and milestones

· Ideas Roadmap implementation for this section



5:30 pm 	Adjourn Day 1
Drinks and reception



6:00 pm	Dinner



Day 2: Tuesday, August 1



8:45 am	Registration, tea, coffee, and light breakfast



9:15 am	Welcome for Day 2 (Michael Osterholm, CIDRAP)



Session 5: Nipah Vaccines

[bookmark: _GoBack]Session Facilitator: Pending



9:20 am	General comments on Nipah vaccines in the current roadmap draft 

· Key progress in the past 5 years

· Critical areas where additional efforts are needed 



9:40 am	Review the Nipah vaccines goals and milestones



10:15 am	Break



10:30 am	Review the Nipah vaccines goals and milestones (continued)



11:10 am	Concluding comments for Nipah vaccines  

· High-priority milestones

· Barriers to implementing the goals and milestones

· Ideas Roadmap implementation for this section



Session 6: Nipah R&D Roadmap Implementation and Next Steps



11:30 am	Discussion: Roadmap implementation (Marie-Pierre Preziosi, WHO)



12:15 pm	Discussion: Publication process (Kristine Moore, CIDRAP)



12:25 pm	Wrap up and next steps (Michael Osterholm, CIDRAP)



12:30 pm	Meeting close



12:30 pm 	Lunch









 



A. BACKGROUND AND SIGNIFICANCE. Paramyxoviruses, nairoviruses, and arenaviruses are widely
distributed RNA viruses that cause severe human syndromes. Because of their geographical distribution and 
expansion, changes in human demographics and increased exposures to wild animals including rodents and 
bats, and their capacity for human-to-human spread, these viruses have the potential to cause pandemics. 
Together with the other investigators in PABVAX, we have selected several important prototype 
paramyxoviruses, nairoviruses, and arenaviruses to study to learn the rules governing immunity to these 
pathogens. The work on the pathogens selected is justified based on their prevalence and severity alone, but 
also because of their ability to serve as prototypes for genetically related viruses. We chose the viruses for focus 
in this RP4 on human antibody development because of their clinical relevance and because several will be 
studied as prototypes for vaccine development in RP1 (arenaviruses, nairoviruses) and RP2 (paramyxoviruses). 
Among the arenaviruses, we will target Lassa virus (LASV) and Machupo virus (MACV), and among the 
nairoviruses, we will study Crimean–Congo hemorrhagic fever virus (CCHFV). In tandem with the vaccine project 
in RP2 focused on paramyxoviruses, we will study Nipah virus (NiV) and Hendra virus (HeV) as the prototypes. 
Information about the principles we discover about critical neutralizing epitopes identified here in RP4 with 
prototype viruses can feed back into all other Projects that address the subsequent plug and play test cases in 
later years (Lujo, Chapare, Kasokero, Langya). 

LASV is an Old World arenavirus (OWAV) with a single-stranded RNA virus belonging to the Arenaviridae family. 
Infection in humans is often the result of exposure to infected excreta from the rodent reservoir, Mastomys 
natalensis where up to 500,000 cases and an estimated 5,000 deaths occur annually in West Africa2.  While 
rodent infection is largely benign, human infection can result in severe hemorrhagic disease with neurological 
complications and long-term hearing and vision sequelae3,4. There are no approved vaccines or treatments for 
LASV infection. MACV is a New World Arenavirus (NWAV) and the causative agent of Bolivian Hemorrhagic 
fever. Humans are infected after exposure to excreta from the reservoir, Calomys callosus, the large vesper 
mouse. Disease in humans has a slow onset, but can progress to severe hemorrhagic fever coupled to insidious 
neurological complications including tremors, seizures, and paralysis5. There are no approved vaccines or 
therapies approved for MACV. CCHFV is a highly pathogenic tick-borne virus classified under the Nairovirus 
genus within the Bunyaviridae family6. CCHF outbreaks have a case fatality rate of up to 40%, and there are no 
vaccines or treatments approved for human use. NiV/HeV. Bat-borne, NiV and HeV are enveloped, negative-
sense, single-stranded RNA viruses belonging to the Henipavirus genus within the Paramyxoviridae family7. 
These emerging zoonotic viruses pose a significant threat to human and animal health due to their high fatality 
rates and broad host range. As with the other prototype virus in the PABAX Center, there are no vaccines or 
treatments against henipaviruses licensed for human use. 

Antibodies (Abs) are important correlates of protection for paramyxoviruses, nairoviruses, and arenaviruses. 
Immune sera against members of each of these groups of viruses has been shown to exhibit protective efficacy 
in vivo, which supports the use for Abs as treatment options. However, the specificity, functional properties, and 
other attributes of protective antibodies are poorly defined for most of these viruses. MAbs to the attachment and 
fusion surface proteins of paramyxoviruses (such as the G and F proteins of Hendra/Nipah8,9 and the GP proteins 
of the arenaviruses like LASV10,11) can neutralize and protect against infection in rodent models. CCHFV is a bit 
of a conundrum in that ultrapotent human neutralizing antibodies to the related Rift Valley fever virus surface 
proteins are highly protective in vivo12,13, but CCHFV neutralizing antibodies are not protective. In contrast, some 
non-neutralizing antibodies do protect partially for CCHFV14. Clearly, there is a lot to learn about the rules of 
immunity to these viruses, and the genetic, molecular, and structural basis of antibody-mediated protection for 
viruses like CCHFV. Based on these data, we propose the use of mAbs as treatment options to learn the rule of 
how to protect against emerging paramyxoviruses, nairoviruses, and arenaviruses and to develop candidate 
antibody countermeasures for translational development with Core D. To do so, we will further develop our 
technical methods for rapidly discovering mAbs, in the case of a future unexpected epidemic caused by viruses 
of these families. Most importantly, we will define the principles governing combination antibody therapy to 
prevent virus escape from treatment or prevention and to optimize the efficacy of the beneficial effects conferred 
by passive immunity. 

B. SCIENTIFIC PREMISE. The work proposed here in RP4 is based on the extensive basic, translational, and
clinical trial data on the role of neutralizing Abs in protection against infection and disease caused by
paramyxoviruses, nairoviruses, and arenaviruses. Although a significant amount of data supports the use of
mAbs to prevent or control paramyxovirus, nairovirus, and arenavirus infection, many questions remain, such as
the ideal epitopes to target with mAb combination therapy to improve upon neutralization potency, in vivo efficacy,
and resistance to viral escape. Identifying these epitopes can help inform vaccine design to elicit optimal
protective polyclonal responses (in RP1 and RP2, especially with designs for test cases in years 4 and 5). Here
we aim to refine our understanding of the correlates of mAb protection against paramyxoviruses, nairoviruses,
and arenaviruses to enable the design of a modular “plug-and-play” workflow to rapidly respond to potential



pandemics by generating optimized combinations of vaccine-like mAbs with an extended half-life that could be 
used for long-term prophylaxis (> 6 months) and therapy. 

C. INNOVATION. RP4 has many innovative conceptual and technical features including: Conceptual. (1) 
determining the principles that govern optimal combinations of human mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses for protection and resistance to viral escape; (2) the development of a clear 
workflow that generates therapeutic or preventative antibodies (long half-life mAbs that serve as vaccine 
surrogates) against emerging or new paramyxoviruses, nairoviruses, and arenaviruses with pandemic potential. 
Our goal is to define the principles and features, including epitope, combination ratios, and mechanisms of action, 
that result in optimal efficacy of mAbs against paramyxoviruses, nairoviruses, and arenaviruses in animal models 
and create a higher barrier for resistance. These studies will serve as paradigms for rapid antibody discovery in 
response to future paramyxovirus, nairovirus, and arenavirus pandemic threats. Technical. (3) large-scale B cell 
repertoire sequencing with customized methods and software; (4) use of humanized (Alloy) mice and novel 
immunogens from RP1 and RP2 and Core D; (5) single B cell functional (neutralization) assays performed on a 
Beacon instrument; (6) development of high-throughput real-time label-free virus neutralization assays 
(xCELLigence platform); and (7) use of simultaneous in parallel screening with several different high-throughput 
virus-specific B cell isolation approaches (Beacon, 10X Genomics, Rhapsody) to generate and validate best-in-
class human mAbs as candidate medical countermeasures.  

D. LINKAGE TO OTHER PABVAX PROJECTS AND CORES. The group will focus on developing a modular 
test case platform for rapid selection of highly neutralizing and/or protective mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses. Members of our group have active collaborations with most members of the 
PABVAX Center as reflected in previous collaborations and publications (see Overall document). We will 
interact extensively with the Animal Model and Preclinical Evaluation Core (Core E) to study neutralization 
against authentic viruses and to test for protection in small and large animals as well as with RP3 for testing 
paramyxovirus mAbs. The knowledge gained from our studies on the structure-function relationships of 
neutralizing mAb combinations can be applied to rational vaccine design for RP 1 and RP2 in later years of the 
effort when we pivot to apply the lessons learned to the same test case targets as RP1 and RP2. Numerous 
antigens will be made available to our RP. Finally, long-half-life Fc mutations are now available based on 
engineering of human IgG1 for enhanced binding to the neonatal Fc receptor (FcRn) such as LS (M428L 
/N434S)15, or YTE (M252Y/S254T/T256E)16 mutations. With ≥ 90 days half-life in humans, our approach will 
generate mAbs with vaccine-like properties that remain effective for months during a virus epidemic and thus 
provides a platform for response to future paramyxovirus, nairovirus, and arenavirus pandemic threats, a key 
goal of our PABVAX Center. Our laboratory previously validated this vaccine surrogate concept when we 
isolated the human mAbs that formed the basis for Evusheld with YTE long-half-life Fc mutations (used in 70 
countries and millions of people) that exhibited > 6 months protective levels in humans after single IM injections.  

E. APPROACH  

E.1. Specific Aim 1. Discover potently neutralizing arenavirus mAb combination therapies. For the 
prototypes, we will focus on LASV, an Old-World virus and MACV, a New-World virus. We will investigate the 
principles underlying antibody-mediated arenavirus protection. Preliminary evidence suggests that potent virus 
neutralization is a mechanistic correlate of protection for arenaviruses17,18. RP1/Core D will provide optimized 
antigens for mAb selection for the Prototype LASV and MACV (or subsequent Test Cases). We will use a 
workflow for rapid identification of potently neutralizing mAb combinations for LASV and MACV. We will generate 
mAbs from individuals with prior natural infection or use transgenic mice with human antibody repertoires. A large 
panel of human anti-LASV and anti-MACV mAbs will be generated using multiple approaches (immune human 
B cells and immunized humanized mice), and highly neutralizing mAbs will be evaluated to identify optimal 
combinations. The best mAb combinations will be assessed to determine the minimal effective dose for 
protection, and the lead mAb combination therapy(ies) will be transferred to Core E for further evaluation and 
ultimately testing in an NHP model of LASV or MACV infection. Leads will be transferred to Core D for further 
translational development as medical countermeasures. The prototype LASV and MACV will be studied in years 
1 to 3, followed by mAb discovery efforts for Test Cases Lujo and Chapare viruses based on the established 
principles in years 4-5.  

Preliminary Data. (a) Potently neutralizing human anti-arenavirus mAbs. The Crowe laboratory has 
previously characterized panels of neutralizing human anti-viral human mAbs from virus-immune or vaccinated 
individuals for about 50 viruses, mostly RNA viruses. Isolated peripheral blood mononuclear cells (PBMCs) are 
used to generate hybridomas or alternatively antigen-sorted at single B cell level and antibody variable genes 
sequenced to generate mAbs recombinantly. Panels of human anti-viral mAbs are produced rapidly (we recently 



reported isolation of 15,000 mAb gene pairs from single Ebola-virus-specific 
human B cells from a single blood sample of an immune individual19. Previous 
studies by others clearly show that representative neutralizing and protective 
human antibodies can be isolated from LASV-immune subjects20-24. In this Aim, 
we will refine the approaches we have developed previously for other RNA 
viruses in a proof-of-concept study by identifying potently neutralizing 
combinations of anti-LASV and anti-MACV human mAbs. We will rapidly 
discover human anti-LASV mAbs from LASV-immune individuals and human 
anti-MACV mAbs by immunizing Alloy transgenic mice. Synergy studies will be 
performed to identify optimal mAb combinations by pairing them. Through these 
studies, we aim to identify optimal anti-LASV and anti-MACV mAb combinations 
and further advance the discovery platform for rapid response against emerging 
arenaviruses. 

(b) Advanced mAb technologies. The Crowe laboratory has developed some 
of the highest yield systems to isolate naturally occurring human mAbs using 
human hybridoma or advanced single-cell RNA-seq methods (Fig 1). We have 
used sorting of antigen-specific cells with recombinant viral surface protein 
antigens (like the GP1 and GP2 proteins we will use here), cloning of Ab 
variable genes, and then expression of mAbs as recombinant IgG. Alternatively, 
cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and 
BAFF. One variation we will use is to capture Ab genes directly from viral 
glycoprotein-specific Ab-secreting B cells on the Berkeley Lights Beacon® 
optofluidic platform or through single-cell RNA-seq approaches (10X Genomics 
and BD RhapsodyTM), as we have done for Ebola virus19,25 and SARS-CoV-21,26-

31. These single-cell techniques enhance the capture of rare antigen-specific B 
cells.  

E.1.1. Rapid isolation of human anti-LASV and anti-MACV mAbs. (a) 
Immune cells. We have obtained human PBMCs from one previously LASV-infected individual who was 
medically managed previously by Emory University in their infectious diseases containment unit. This person 
has a documented robust neutralizing serum antibody response, suggesting isolation of neutralizing human 
mAbs from these PBMC aliquots will be straightforward for us. Our colleagues in RP1 have ongoing field 
operations for over a decade in Sierra Leone, Liberia, and Nigeria. This work is currently in association with the 
NIH-Centers for Research on Emerging Infectious Diseases (CREID) with a heavy focus on the study of LASV 
ecology, epidemiology, and host responses.  RP4 is currently working with RP1 on obtaining PBMCs from ~10 
individuals with prior laboratory-confirmed cases of LASV. The acquisition of these samples is being managed 
by the Vanderbilt Vaccine Center Biorepository with separate institutional funding to be de-identified prior to use 
in the studies proposed here. Blood samples are only obtained after informed consent, de-identified, and 
assigned random specimen numbers. The studies have been approved by the Vanderbilt University Medical 
Center IRB. PBMCs isolated from the blood samples will be deposited into the Vanderbilt Vaccine Center 
Biorepository, but we can designate their used for mAb generation in this RP4, if funded. For anti-MACV mAbs, 
as a human PBMC source is not readily available, we will immunize Alloy humanized mice. These animals yield 
PBMCs that secrete fully human mAbs. Alloy mice are used routinely in the Crowe lab workflow. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-LASV and anti-MACV mAbs in a 
rapid manner to mimic a pandemic response to an outbreak. We will single-cell sort antigen-specific B cells using 
recombinant LASV or MACV proteins (e.g., Table 1) or non-infectious viral particles as bait. These cells will be 
expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF for downstream applications, including 
LASV and MACV neutralization assays. Alternatively, we will use the Berkeley Lights 
Beacon® optofluidic platform, which can functionally ascribe GP protein or virus-particle 
binding to single B cells. These cells are exported for sequencing of the variable gene 
regions and analysis using the PyIR software developed in the Crowe laboratory. We will 
select a panel of up to 500 neutralizing anti-LASV mAbs and a similar number of anti-MACV 
mAbs to express recombinantly and advance for further characterization. We can easily 
conduct multiple approaches simultaneously in parallel1,32. 

(c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions for cloning, 
expression, and downstream functional assays to validate the mAb sequence. We will perform high-throughput 
synthesis of mAb genes using a custom, commercial synthesis platform (Twist Bioscience). MAb genes are 
Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors.  

Table 1. Antigens 
from Core D 

Lassa Josiah NP 
Lassa Josiah GPe 
Machupo GPe 
Machupo NP 

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows us to 
further assess the functionality of the B 
cells or for antibody sequencing. 
Recombinant mAb expression validates 
the mAb sequence and functional 
activity. Figure is adapted from 1. 



(d) Micro-scale mAb expression. The Crowe laboratory has the capacity for large-throughput micro-scale mAb 
expression and purification. The lower end of this range allows expression of thousands of mAbs, which will feed 
into automated mAb purification platforms. This approach allows early-stage assays to identify candidate mAbs 
that will then be produced at larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated 
effector functions in vivo (Core E).  

(e) A CPE-based LASV and MACV neutralization assay using RTCA. We have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of cytopathic effect (CPE). Here, 
we will apply this method to assess neutralization of LASV. Recently, we validated the inclusion of simultaneous 
live-cell fluorescence microscopy into this real-time CPE-based screening platform (xCelligence RTCA eSight). 
These capabilities expand the platform to screen viruses that may or may not induce CPE, allowing us to also 
use a replication-competent vesicular stomatitis virus (VSV) LASV surrogate that expresses LASV surface 
proteins and causes CPE33. Currently, we have a VSV-LASV-Josiah (lineage IV)33 and a Sauerwald version 
(lineage II) of these recombinants. Making additional LASV VSV-LASVs is not difficult, and RP1 will make the 
other missing lineages or needed arenaviruses based on the same approaches as previously published. RP1 
also can easily make versions of these VSVs that express the green fluorescent protein (GFP) reporter gene. 
Existing VSV-CCHFV, VSV-NiV, and VSV-HeV vectors34-36 will be provided by Dr. Geisbert overall PI and Lead 
of Core E. We already have Vanderbilt IBC approval for use of these constructs. A decrease in cell impedance 
due to CPE and a corresponding decrease in GFP expression if used will identify mAbs with neutralizing activity 
against LASV. These mAbs will be moved forward for additional studies to identify an optimal anti-LASV mAb 
combination.  Similar processes will be followed to determine neutralization capacity of MACV mAb candidates. 

E.1.2. Identifying LASV and MACV mAb combinations. (a) Epitope mapping through competition-binding 
studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb 
pairs that can simultaneously bind LASV or MACV and validate their epitopes. We will perform competition-
binding studies with GP or subunit proteins (as above) or virus-like particles (VLPs)37 available from Core E at 
UTMB. Core E will also inactivate LASV and MACV virus particles that they have at UTMB by gamma irradiation 
and safety test and send those to our Vanderbilt site (we have previously accomplished this transfer with Ebola 
and Marburg particles). Inactivated virus particles will be used in ELISA. We will include positive controls made 
recombinantly from previously reported antibodies for the identification of mAbs that can concurrently bind LASV 
or MACV with a goal of finding more potent clones at those sites or clones that complement these inhibitory 
mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-LASV or anti-MACV 
mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb 
combinations for each virus, using rational selection based on preliminary epitope mapping data. We can assess 
for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select mAb pairs, 
with our priority on combinations with synergistic effects. (c) Identification of key residues binding residues 
of human anti-LASV and anti-MACV mAbs. To determine the key residues for binding of down-selected mAbs, 
we will perform deep mutational scanning38. Briefly, all amino acids of the GP proteins will be mutated to the 
other 19 amino acids with a unique barcode using PCR-based mutagenesis. The LASV or MACV GP protein 
library will be incubated with the appropriate mAbs to identify residues with loss-of-binding phenotypes. A 
sequence ‘logo’ showing the relative contributions of each amino acid mutation will identify residues critical for 
binding. Multiple amino acid substitutions can then be assessed by reverse genetics at UTMB to confirm the 
epitopes recognized by the down-selected mAbs. This method also serves as a surrogate for in vitro 
neutralization escape studies. (d) Neutralization escape analysis. The generation of mAb combinations should 
increase the barrier to viral escape. To assess whether mAb pairs reduce the incidence of viral escape, we will 
perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-LASV or VSV-
MACV constructs at BSL2 in the presence of saturating concentrations of mAbs (single or combination) using 
the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be 
extracted for sequencing. Confirmatory reverse genetics studies will be performed by introducing mutations into 
an infectious cDNA clone of LASV or MACV by RP1 to test neutralization. We hypothesize that escape will be 
less likely in the presence of mAb combinations than single mAbs. Even if partial escape occurs, virus fitness 
may suffer. We can test this concept in vivo by determining the level of infection of escape variants in the 
presence of mAbs. 

E.1.3. Structural basis of neutralization by mAb combinations. The studies above should identify optimal 
anti-LASV and anti-MACV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
viral escape under mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 



combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for arenavirus by identifying key epitope targets (RP1). 

E.1.4. Protective efficacy of human anti-arenavirus mAbs. (a) Studies in guinea pigs. MAbs that satisfy the 
criteria stated above and that display stage-appropriate manufacturability characteristics will advance to in vivo 
testing. We will use established models of LASV11,39 and MACV40,41 infection in guinea pigs. PABVAX Core E 
has access to many strains from different LASV and MACV lineages, which will be tested. For prioritization, we 
will focus on LASV lineage II, III, and IV strains and MACV lineage I, II, and VIII strains for which uniformly lethal 
models are available. Groups of 6 outbred Hartley guinea pigs will be treated with low, medium, and high doses 
of single or combinations of anti-LASV or anti-MACVs mAb, or isotype controls at day +1 after inoculation with 
the LASVs or MACVs This approach allows us to determine whether combinations provide advantage over the 
best monotherapy treatments. These experiments will be repeated at least two independent times. We expect 
to test 10 single mAbs and 5 pairs of anti-LASV and anti-MACV mAbs in these studies. Protection will be 
assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements (blood) at day 5 or 6 after LASV or MACV challenge and the day 35 study endpoint by plaque 
and qRT-PCR assays. For any animals that show virological breakthrough of infection, deep sequencing will be 
performed from recovered viruses to assess for possible emergence of in vivo resistance. From these studies, 
we expect to down-select further to 2 optimal LASV and MACV mAb pairs that are comparable to or outperform 
previously reported mAbs for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-LASV and anti-MACV mAb 
combination against LASV or MACV in NHPs. As a final test of an optimal anti-LASV and anti-MACV mAb 
combinations, we will assess protective efficacy of the lead anti-LASV mAb pair in NHPs as well as the anti-
MACV mAb pair in NHPs.  These anti-LASV and anti-MACV mAb pairs will be selected based on the in vitro and 
guinea pig data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus 
monkeys will only be considered pending success in the guinea pig studies and consultation with the external 
Scientific Advisory Board (SAB) and NIAID program staff.  

E.1.5. Applying lessons learned in LASV and MACV research with the selected test case pathogens for 
mAb generation: Lujo and Chapare mAbs. Once we have completed the LASV and MACV discovery 
campaigns, will turn to the test case pathogens to see if we can use the prototype pathogen approach to related 
viruses, Lujo (LUJV) and Chapare (CHAPV). We do not have access to human PBMCs from LUJV - or CHAPV-
immune donors. As an alternative approach, we will use humanized mouse models as a source of B cells 
encoding fully human monoclonal antibodies. The Vanderbilt core investigators have an established fully 
executed agreement to use Alloy human antibody mice for this purpose (See Letter of Support). The Alloy ATX-
Gx™ mouse is one of the most effective in vivo human antibody discovery platforms, with over 140 partners and 
counting. This mouse system was originally invented and validated inside a major pharma company and then 
further developed by Alloy. This foundational suite of highly immunocompetent transgenic mice is engineered to 
drive the greatest potential diversity of unique human antibodies binding to the viral target of interest, with broad 
epitopic coverage. The comprehensive functional human antibody repertoire in these mice is optimized for 
human Ab sequence developability and diversity. Alloy and Vanderbilt have already executed a simple licensing 
process for use of the ATX-Gx platform, and as an established partner the Vanderbilt core team will access the 
expanding portfolio of transgenic Alloy strains designed to address a range of discovery challenges (including 
diverse Ab isotypes). Mice will be immunized with conformationally correct recombinant 
protein antigens (Table 2), cDNAs encoding protective antigens, or replication-competent 
VSV strains encoding protective antigens for the target of interest. After the immunization 
protocol is completed, animals will be sacrificed humanely, spleens collected, and 
suspensions of splenocytes (enriched in B cells) will be purified by density gradient 
selection. Downstream, the generation of human mAbs follows our well-established 
methods as above for making human mAbs from B cells using single-cell RNAseq or 
human hybridoma methods. The development will follow as for LASV and MACV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
LASV and anti-MACV mAb combinations with optimal neutralizing and protective activity. These mAb 
combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like 
therapy options (for humans) for rapid response to emerging LASV, MACV, or related arenaviruses. Given our 
previous ability to generate human antiviral mAbs, we do not anticipate problems in isolating anti-LASV or anti-
MACV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not 
identify potently neutralizing anti-LASV or anti-MACV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B 
cells (i.e., memory B cells) isolated from human LASV-immune PBMC samples. In addition, we can deep 
sequence the B cell repertoires present in LASV-immune PBMC samples and identify clonal lineages, including 

Table 2. Antigens 
available from RP1 

LUJV NP NTD 
LUJV GPe 
LUJV NP NTD +GPe 
CHAPV NP NTD 
CHAPV GPe 
CHAPV NP NTD +GPe 



siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly 
from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + 
single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-LASV mAbs. We also 
anticipate defining key epitopes targeted by potently neutralizing anti-LASV mAb combinations that can inform 
vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-LASV 
does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization 
assays that detect VSV-LASV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, 
for competitive binding assays, biolayer interferometry using the high-throughput Octet HTX instrumentation also 
can be used to assess binding of mAbs in solution.  

E2. Specific Aim 2. Discover a protective CCHF virus mAb combination therapy. Establishing the generality 
of protection approaches against nairoviruses, we will perform a mAb discovery proof-of-concept campaign for 
the Prototype CCHFV. Preliminary studies have identified human anti-CCHF 
mAbs with varying levels of protection in experimentally infected 
animals14,42,43. We will isolate a large panel of human anti-CCHFV mAbs and 
determine the rules governing optimal mAb combinations through 
competition-binding, epitope mapping, neutralization, and viral escape 
studies. Lead antibodies with acceptable manufacturability characteristics 
(Core D) and the highest capacity to overcome resistance while maintaining 
potency of protection will be selected. The structural basis of their activity 
will be established using structural biology techniques (electron 
microscopy and crystallography). Lead mAb cocktail therapies will be 
evaluated for in vivo protective efficacy in STAT1−/− mice (with Core E). As 
a final test of an optimal anti-CCHFV mAb combination, we will assess 
protective efficacy of the lead anti-CCHFV mAb pair in NHPs, to be selected 
based on the in vitro and mouse data from Core E and manufacturability 
data from Core D. Down-selection for testing in cynomolgus monkeys 
studies would only be considered pending success in the mouse studies and 
consultation with the external Scientific Advisory Board and NIAID program 
staff.   In years 4-5, we will apply the lessons learned to the plug and play 
test case Kasokero virus (KASV) in collaboration with RP1, Core D, and 
Core E.  

Preliminary Data. (a) Potently neutralizing and non-neutralizing human 
anti-CCHFV mAbs. In this Aim, we will rapidly discover human anti-CCHFV 
mAbs from CCHFV-immune individuals and perform synergy studies to 
identify optimal mAb combinations by pairing them. Through these studies, 
we aim to identify an optimal anti-CCHFV mAb combination and further 
advance the discovery platform for rapid response against emerging 
nairoviruses. In preliminary experiments in collaboration with 
investigators in RP1 and Core E, the Crowe laboratory has previously 
isolated and characterized panels of neutralizing human anti-CCHFV 
human mAbs from individuals who were convalescent after naturally-
acquired laboratory-confirmed infection in Spain or Turkey. We 
isolated a panel of antibodies against CCHFV that recognize the M-
segment in transfected cells, and they exhibit a diversity of 
recognition patterns in that they fall into multiple competition-binding 
groups (Fig 2). This panel contains cross-binding and cross-
neutralizing antibodies for diverse strains. We observed a human 
mAb designated CCHF-82 competing with competition group 1 and 
group 2 antibodies from the previously isolated GP38-reactive murine 
antibodies. CCHF-82 showed some protection in a STAT1−/− mouse 
model of infection conducted by investigators in RP1 (Fig 3). Further 
investigation with this antibody in the IbAr10200 prophylaxis and 
therapeutic models is warranted. In contrast, the CCHFV-neutralizing 
mAbs that we isolated and tested in vivo did not perform well in the 
Turkish strain STAT1−/− mouse model. We now know protection in this 
model is possible, given the work from Fels et al., 2021 who showed 
that potent antibodies against various sites on the Gc surface can 
afford protection in this model42. However, in their study they did not 
test GP38-reactive antibodies. To our knowledge, our preliminary 

Figure 3. Human mAb CCHF-82 provides 
partial protection as a post-exposure 
prophylaxis against the Turkish strain of 
CCHFV in the STAT1−/− mouse model. 
A single dose of mAb was administered by the 
IP route to mice (n=6 per group (3 male, 3 
female)) at 30 min post infections. A lethal dose 
of Turkish strain of CCHFV was administered. 
CCHF mAbs or DENV-2D22 (an isotype-
matched negative control mAb) were tested in a 
single dose of 250 μg per mouse. Kaplan-Meier 
survival curves were statistically analyzed using 
a log-rank (Mantel-Cox) test where mAb-treated 
animals (P value shown in figure) were 
compared to animals treated with the DENV-
2D22 negative control mAb. Unpublished data. 

Figure 2. Competition assessment 
of human Abs to CCHFV using M-
segment expressing cells. We 
tested 28 mAbs in competition assays. 
MAbs are displayed in 8 groups (A-H) 
based on their ability to compete for 
binding. Values shown are the % of 
binding that occurred during 
competition compared to non-
competed binding of the mAb. This 
value was normalized to 100%. The 
values are also indicated by the box fill 
color; darker colors toward black 
indicate higher competition and lighter 
colors toward white indicate less 
competition, on a gradient scale.  



data is the first indication that a human GP38-targeting antibody can provide some protection in this mouse 
model. 

Non-neutralizing murine mAbs protect in mouse models of infection14, but it is unknown if the human antibody 
response could provide similar levels of protection. Murine mAb 13G8 binds to GP38 and does not neutralize 
CCHFV. This mAb provides protection against lethal challenge as a prophylaxis and a therapeutic against 
CCHFV. In preliminary experiments we sought to understand if human survivors of CCHFV infection possess B 
cells encoding mAbs that bind a similar epitope as 13G8 and provide protection. CCHF-82 competes for binding 
with 13G8 to preGn-transfected cells containing GP38. This antibody offered some protection as a post-exposure 
prophylaxis against the Turkish strain of CCHFV (Fig 3). Human antibodies like this should be further studied 
and the frequency of these clones should be elucidated to understand if this is a feasible strategy for future 
vaccine efforts for humans. The epitope that 13G8 and CCHF-82 identifies could inform vaccine design if these 
antibodies offer protection in larger animal models. Understanding how non-neutralizing antibodies function is 
critical in efforts to validate the GP38-binding class of antibodies. Golden et al. undertook a study to understand 
the mechanisms 13G8 functioned and observed that complement activation contributes to the protective capacity 
of this antibody14. Here, in studies of CCHF-82, we also will assess complement activation in mouse models of 
infection to fully understand the function of this mAb in vivo. Furthermore, if this mAb protects in the CCHFV 
IbAr10200 strain challenge model, assessing its mechanism is warranted. Together with Core D, we will assess 
IgG molecules with complement knockout (“KA”) and Fc gamma receptor knockout (LALA-PG) mutations in the 
Fc domain to study this matter. Human mAb CCHF-82 displayed limited cross-protection against experimental 
infection with the Turkish strain of CCHFV. Our antibody isolation here will aim to identify cross-protective non-
neutralizing antibodies reactive with GP38. Recently, vaccinating with NP was shown to be another way to elicit 
non- neutralizing antibodies44. The NP of CCHFV is more conserved than the glycoproteins and might also be a 
non-canonical target for the identification of cross-protective non-neutralizing antibodies44. 

(b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific cells with 
recombinant viral surface protein antigens, cloning of Ab variable genes, and then expression of mAbs as as 
described above in Specific Aim 1.  

E.2.1. Rapid isolation of human anti-CCHFV mAbs. (a) Immune cells. We have obtained human PBMCs 
from a number of previously CCHFV-infected individuals. One was a health care survivor who was infected while 
caring for a patient in Spain45. We also collected a panel of 10 fully de-identified PBMC samples from individuals 
naturally infected in Turkey, in sample acquisition work supervised by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding. Blood samples were only obtained after informed consent, de-
identified, and assigned random specimen numbers. The studies were approved by the Vanderbilt University 
Medical Center IRB. PBMCs isolated from the blood samples were deposited into the Vanderbilt Vaccine Center 
Biorepository, but we can designate their used for mAb generation in this RP4, if funded. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-CCHFV mAbs rapidly, as if we 
had to respond to a nairovirus outbreak in real time. Our ability to respond rapidly in the setting of outbreaks is 
well-documented in the lay press (60 Minutes features and others) and the scientific literature, e.g., 78 days from 
sample to protection of NHPs for Zika virus32, and 25 days from PBMC sample receipt to delivery of the antibody 
genes for the approved COVID-19 drug Evusheld to AstraZeneca1. Here, we will single-cell 
sort antigen-specific B cells using recombinant CCHFV proteins (GP38, Gc, Gn, Gc/Gn) or 
non-infectious particles as bait as described in Specific Aim 1. We will generate 
recombinant GP antigens for selecting GP-specific B cells, based on prior validated designs 
in the field, and use the antigens produced by Core D, (Table 3) or by RP1 (Table 4). 

(c) Recombinant mAb cloning. As described in Specific Aim 1 above. 

(d) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(e) A CPE-based CCHFV neutralization assay using RTCA. As above, we have 
established a high-throughput assay to assess mAb-mediated neutralization of viruses 
through the detection of CPE. In this aim, we will apply this method to assess neutralization 
of CCHFV. We will use a rVSV CCHFV surrogate that expresses CCHFV surface proteins 
and causes CPE35. Investigators in RP1 have the VSV-CCHFV-GFP versions of clades 1 
through 7 based on this publication. We will obtain these VSV constructs from investigators 
in PABVAX. Existing VSV vectors will be provided by investigators in RP1 and Core E. A 
decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify mAbs with 
neutralizing activity against CCHFV. These mAbs will be moved forward for additional studies to identify an 
optimal anti-CCHFV mAb combination. GP38-reactive clones will be advanced based on avidity ranking since 
they are not likely to be neutralizing but may be protective in vivo. 

Table 3. Core D 
CCHFV antigens 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF NP 

Table 4. Antigens 
available from RP1 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF Turkey NP 
CCHF Turkey 
GnGc+GP38+NP 
CCHF Turkey GnGc+GP38 
CCHF Turkey GP38+NP 
CCHF Turkey GnGc+NP 



E.2.2. Identifying CCHFV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind CCHFV surface proteins and validate their epitopes. We will 
perform competition-binding studies with CCHFV Gc/Gn or subunit proteins (as above) or CCHFV virus-like 
particles (VLPs) made from a replicon system in hand. Core E will inactivate CCHFV virus particles that they 
have at UTMB by gamma irradiation and safety test and send those to our Vanderbilt site. Inactivated virus 
particles will be used in ELISA. We will include positive controls made recombinantly from some of the mAbs 
shown in the unpublished preliminary data above for the identification of mAbs that can concurrently bind CCHFV 
proteins with a goal of finding more potent clones at those sites or clones that complement these mAbs. (b) 
Synergy studies using RTCA. To assess functional compatibility of the anti-CCHFV mAb pairs, we will assess 
neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational 
selection based on preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of 
neutralization. Based on these results, we will down-select neutralizing mAb pairs, with our priority on 
combinations with synergistic effects. GP-38-reactive clones will be screened for synergistic binding as they are 
not expected to be neutralizing. (c) Identification of key binding residues of human anti-CCHFV mAbs by 
neutralization escape analysis. The generation of mAb combinations should increase the barrier to viral 
escape. To assess whether combination mAb pairs reduce the incidence of viral escape, we will perform in vitro 
neutralization escape mutant analyses. For these analyses, we will passage VSV-CCHFV constructs at BSL2 in 
the presence of saturating concentrations of CCHFV mAbs (single or combination) using the RTCA platform to 
detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be extracted for sequencing. 
Even if partial escape occurs, virus fitness may suffer. We can test this concept in vivo by determining the level 
of infection of VSV-CCHFV escape variants in the presence of mAbs. 

E.2.3. Structural basis of neutralization by anti-CCHFV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.2.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies in STAT1−/− mouse models. MAbs that 
meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. 
We will use an established STAT1−/− mouse model of CCHFV infection that the RP1 and Core E investigators 
have deployed35. To benchmark our mAbs, a separate set of STAT1−/− mice will be treated with CCHF-82, which 
we showed in unpublished preliminary data above confers substantial but incomplete protection (Fig 3). The 
Core E laboratory has access to strains representing all 6 clades that can be tested.  Groups of 6-8 STAT1−/− 
mice will be treated with low, medium, and high doses) of single or combinations of anti-CCHFV mAb, or isotype 
controls at day +1 after inoculation with CCHFVs. This approach allows us to determine whether combinations 
provide advantage over the best CCHFV monotherapy treatments. These experiments will be repeated at least 
two independent times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. 
Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral 
burden measurements at day 3 after CCHFV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal CCHFV mAb pairs that are comparable to or outperform the mAbs we reported 
above. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-CCHFV mAb combination against 
CCHFV in NHPs. As a final test of an optimal anti-CCHFV mAb combination, we will assess efficacy of the lead 
anti-CCHFV mAb pair in NHPs (Core E), to be selected based on the in vitro, STAT1−/− mice, and 
manufacturability data (Core D). Down-selection for testing in cynomolgus monkeys would only be considered 
with success in the STAT1−/− mouse studies and in consultation with the external SAB and NIAID program staff.  

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human mAbs, as 
described above. Mice will be immunized with conformationally correct recombinant protein antigens (Table 5), 
cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for 
Kasokero. After the immunization protocol is completed, animals will be sacrificed humanely, spleens collected, 
and suspensions of splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, 
the generation of human mAbs follows our well-established methods as above for making human mAbs from B 
cells using single-cell RNAseq or human hybridoma methods. The development will follow as for CCHFV. 



Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
CCHFV mAb combinations with optimal protective activity. These mAb combinations can be endowed genetically 
with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid response 
to emerging CCHFV or related nairoviruses. Given our previous ability to generate human anti-CCHFV mAbs, 
as shown in preliminary data, we do not anticipate problems in isolating anti-CCHFV mAbs. We may observe 
that mAb combinations do not add any benefit over individual mAbs. If we do not identify 
potently protective anti-CCHFV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD 
RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human CCHFV-
immune PBMC samples. In addition, we can deep sequence the B cell repertoires present 
in CCHFV-immune PBMC samples and identify clonal lineages, including siblings. Often, 
additional Abs in the lineages may be more potently neutralizing than the ones obtained 
directly from human B cells. Together, through these complementary approaches (antigen-
specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can select a diverse 
panel of human anti-CCHFV mAbs. We also anticipate defining key epitopes targeted by 
potently neutralizing anti-CCHFV mAb combinations that can inform vaccine design (RP1) 
for related viruses being used as test cases in years 4 and 5. In the case that VSV-CCHFV does not cause 
sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization assays that 
detect VSV-CCHFV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, for 
competitive binding assays, biolayer interferometry using the Octet HTX instrumentation also can be used to 
assess binding of mAbs in solution.  

E3. Specific Aim 3. Establish optimal mAb combination therapies against henipaviruses Hendra (HeV) 
and Nipah (NiV) viruses. We will use a large panel of potent anti-henipavirus mAbs that we previously made 
from the memory B cells of immune individuals and generate new antibodies targeting the fusion (F) protein. 
RP2 will provide new antigens for mAb selection and BSL-2-compatible viruses for neutralization screens 
including Cedar virus constructs displaying HeV and NiV F and G proteins. We will identify optimal mAb 
combinations to enhance henipavirus therapy, minimize viral escape, and improve treatment efficacy through 
synergy. In vitro competition-binding, neutralization, and mechanistic studies will be conducted, including 
authentic virus neutralization with PABVAX Core E. We will refine the recognized epitopes and investigate 
the structural basis for optimal combination neutralization of henipaviruses using HeV and NiV as prototypes. In 
vivo assessment of mAb combinations will determine the minimal effective dose for protection and the ability to 
prevent in vivo escape. Protective efficacy of lead mAb combinations will be assessed in hamster models of NiV 
and HeV infection with Core E. Leads will be transferred to Core D. As a final test of optimal henipavirus mAb 
combinations, we will assess protective efficacy of the lead henipavirus mAb pairs in NHPs, to be selected based 
on the in vitro and hamster data from Core E and manufacturability data from Core D. Down-selection for testing 
in African green monkey (AGM) henipavirus model studies would only be considered pending success in the 
hamster studies and consultation with the external SAB and NIAID program staff. The HeV and NiV studies will 
be conducted in years 1-3 and then applied to the plug-and-play test case Langya virus in years 2-5. If RP2 and 
Core E cannot rescue recombinant Langya virus, the lessons learned in Years 1-3 will be applied to the alternate 
“plug and play” test viruses Angavokely or Sosuga (SOSV) virus. Preliminary data on SOSV mAbs are provided. 

Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-NIV/HeV mAbs. In this Aim, 
we will further adapt approaches we have developed in preliminary experiments with henipavirus mAb studies 
by identifying a potently protective combination of anti-NiV/HeV human mAbs. Through these studies, we aim to 
identify an optimal anti-NiV+HeV mAb combination and further advance the discovery platform for rapid response 
against emerging paramyxoviruses, especially henipaviruses. In previous experiments in collaboration with 
investigators in RP2 and Core E, the Crowe laboratory has isolated characterized panels of neutralizing human 
anti-G NiV/HeV human mAbs from an individual with G-based immunity following occupational exposure to an 
equine HeV G subunit vaccine. Isolated peripheral blood mononuclear cells (PBMCs) were used to generate 
human B cell hybridomas secreting human mAbs to G, and antibody variable genes were sequenced to generate 
mAbs recombinantly. We isolated a panel of antibodies against the G protein that recognize the HeV G, NiV 
Bangladesh G, and NiV Malaysia G proteins. The mAbs exhibited a diversity of recognition patterns in that they 
fall into multiple competition-binding groups. This panel contains cross-binding and cross-neutralizing antibodies 
for diverse NiV and HeV strains. In the work proposed here, we will rapidly discover human NiV/HeV anti-F mAbs 
from NiV-immune individuals and outstanding potency anti-G antibodies with extensive characterization, 
including synergistic neutralization.    

(b) Applying mAb technologies for new mAb isolation.  We will use sorting of antigen-specific cells with 
recombinant henipavirus F protein antigens, as described above in Specific Aim 1. 

Table 5. Antigens 
available from RP1 

Kasokero GnGC 
Kasokero GP38 
Kasokero NP 
Kasokero GnGc 
+GP38 +NP 
Kasokero GnGc 
+GP38 
Kasokero GnGc +NP 
Kasokero GP38 +NP 



E.3.1. Rapid isolation of human anti-HeV/NiV mAbs. (a) Immune cells. We are obtaining human PBMCs 
from a number of previously NiV-infected individuals who acquired immunity following natural infection in 
collaboration with the icddr,b, an international health research institute based in Dhaka, Bangladesh. We are 
collecting a panel of 10 fully de-identified PBMC samples from individuals naturally infected in Bangladesh, in 
sample acquisition work supervised by the Vanderbilt Vaccine Center Biorepository with separate institutional 
funding. Blood samples are only obtained after informed consent, de-identified, and assigned random specimen 
numbers. The studies are approved by the icddr,b and Vanderbilt University Medical Center IRBs. PBMCs 
isolated from the blood samples are deposited into the Vanderbilt Vaccine Center Biorepository, but we can 
designate their use in this RP4, if funded. (b) Applying mAb technologies for new mAb isolation. We will use 
sorting of antigen-specific B cells, cloning of Ab variable genes, and then expression of mAbs as recombinant 
IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, 
we can use high-throughput systems to capture Ab genes directly from viral protein-specific Ab-secreting B cells 
on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics 
and BD RhapsodyTM), and this may be helpful for rarer antigen-specific B cells. We will sort soluble fusion (sF) 
or attachment (G) protein-specific cells with recombinant viral surface protein antigens from Core D (Table 6). 

(c) Ab screening and sequence analysis. Our goal is to identify human anti-NiV/HeV mAbs rapidly, as if we 
had to respond to a paramyxovirus outbreak in real time. We will single-cell sort antigen-specific B cells using 
recombinant HeV and NiV proteins (sF or G) as bait as described in Specific Aim 1 above.  

(d) Recombinant mAb cloning. As described in Specific Aim 1 above.  

(e) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(f) CPE-based HeV/NiV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In 
this aim, we will apply this method to assess neutralization of HeV and NiV. We will use 
rVSV HeV and NiV surrogates that expresses henipaviurs surface proteins and cause CPE. 
Investigators in RP2 and RP3 have VSV-NiV F and VSV-NiV G with GFP34, VSV-NiV G 
without GFP36 and VSV-HeVG (Geisbert and Cross, unpublished). We will obtain these all 
these VSV constructs from investigators in PABVAX. A decrease in cell impedance due to 
CPE and a corresponding decrease in GFP expression will identify mAbs with neutralizing 
activity against HeV and NiV. We also can use Cedar virus constructs for neutralization assays as the have 
reduced pathogenicity46 and can be used in high-throughput screening assays for henipavirus antiviral 
discovery47. Cedar viruses will be provided by Dr. Broder of RP2. The mAbs with most potent activity will be 
moved forward for additional studies to identify an optimal anti-HeV/NiV mAb combination.  

E.3.2. Identifying HeV/NiV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind HeV/NiV surface proteins and validate their epitopes. We 
will perform competition-binding studies with HeV/NiV sF or G proteins (as above). We will include positive 
controls made recombinantly from some of the mAbs shown in the preliminary data above for the identification 
of mAbs that can concurrently bind HeV/NiV proteins with a goal of finding more potent clones at those sites or 
clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of 
the anti- HeV/NiV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate 
testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can 
assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select 
neutralizing mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key 
binding residues of human anti-HeV/NiV mAbs by neutralization escape analysis. The generation of mAb 
combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the 
incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we 
will passage VSV-NiV F, VSV-NiV G and VSV-HeV G constructs at BSL-2 in the presence of saturating 
concentrations of HeV/NiV mAbs (single or combination) using RTCA to detect virus-induced CPE. Resistant 
virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus 
fitness may suffer. We can test the level of infection of VSV-HeV/NiV escape variants in the presence of mAbs. 

E.3.3. Structural basis of neutralization by anti-HeV/NiV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.3.4. Protective efficacy of human anti-henipavirus mAbs. (a) Studies in hamsters. MAbs that meet the 
above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will 
use an established hamster model of NiV or HeV infection that the Core E investigators have deployed. To 

Table 6. Core D 
Henipavirus 

antigens 
Nipah sF 
Hendra sF 
NiV G 



benchmark our mAbs, a separate set of hamsters will be treated with G mAbs HENV-103+HENV-117, which we 
showed in previous data above confers substantial protection8. Groups of 6-8 hamsters will be treated with low, 
medium, or high IgG doses) of single or combinations of anti-HeV/NiV mAbs, or isotype controls at day +1 after 
inoculation with HeV or NiV. This approach allows us to determine whether combinations provide advantage over 
the best HeV or NiV mAb monotherapy treatments. These experiments will be repeated at least two independent 
times. We expect to test 10 single mAbs and 5 pairs of anti-HeV and anti-NiV mAbs in these studies. Protection 
will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements at day 3 after HeV or NiV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal HeV/NiV mAb pairs that are comparable to or outperform the mAbs we reported 
previously. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-HeV/NiV mAb combination 
against HeV and NiV in NHPs. As a final test of an optimal anti-HeV/NiV mAb combination, we may assess 
efficacy of the lead anti-HeV/NiV mAb pair in NHPs (Core E), selected based on the in vitro, hamster data, and 
manufacturability data (Core D). Down-selection for testing in AGMs would only be considered with success in 
the hamster studies and in consultation with the external SAB and NIAID program staff.  

 E.3.5. Applying lessons learned in HeV/NiV research to 
Langya, Angavokely and Sosuga viruses. Once we have 
completed the HeV/NiV discovery campaigns, will turn to the test 
case pathogen Langya (or alternate Angavokely and Sosuga 
(SOSV) viruses) to see if we can use the prototype pathogen 
approach for this virus. We have plenty of human PBMCs from the 
sole identified SOSV-immune individual and have already shown 
that it is possible to obtain HN- and F-specific neutralizing antibodies 
from this individual’s B cells48 and Fig 4. We also have already 
prepared recombinant SOSV prefusion F and HN proteins48. We do 
not have access to human PBMCs from Langya- or Angavokely-
immune donors. For those mAb discovery campaigns, we will use 
Alloy humanized mouse models as a source of B cells encoding 
human mAbs, as above. Mice will be immunized with recombinant 
protein antigens (Table 7), cDNAs encoding protective antigens, or 

replication-competent VSV strains encoding 
protective antigens for Langya or 
Angavokely. After the immunization protocol 
is completed, animals will be sacrificed 
humanely, spleens collected, and 
suspensions of splenocytes (enriched in B 

cells) will be purified by density gradient selection. Downstream, the 
generation of human mAbs follows our well-established methods as 
above using single-cell RNAseq or human hybridoma methods. The 
development will follow as for Hev/NiV described above. 

Anticipated results, potential problems, and alternative 
approaches. In this Aim, we will identify human anti-HeV/NiV mAb combinations with optimal protective activity. 
These mAb combinations will be endowed genetically with half-life-extended Fc modifications to produce 
vaccine-like therapy options (for humans) for rapid response to emerging HeV/NiV or related paramyxoviruses. 
Given our previous ability to generate human anti- HeV/NiV mAbs, as shown in preliminary data, we do not 
anticipate problems in isolating anti-HeV/NiV mAbs. We may observe that new mAb combinations do not add 
any benefit over individual mAbs. If we do not identify potently protective anti-HeV/NiV mAbs via the planned 
approaches, we can also take a target-agnostic approach and perform single-cell RNA-seq (10X Genomics and 
BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human NiV-immune PBMC samples. 
In addition, we can deep sequence the B cell repertoires present in NiV-immune PBMC samples and identify 
clonal lineages, including siblings. Often, additional Abs in the lineages may be more potently neutralizing than 
the ones obtained directly from human B cells. Together, through these complementary approaches (antigen-
specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-
HeV/NiV mAbs. We also anticipate defining key epitopes targeted by potently neutralizing anti-HeV/NiV mAb 
combinations that can inform vaccine design (RP2) for related viruses used as test cases in years 2 through 5.  

Table 7. 
Paramyxovirus 

antigens from Core D 
Mojang sF  
Angavokely sF  
Langya sF 

 
Figure 4. Neutralization assay of SOSV 
mAbs against live virus. SOSV mAbs were 
tested for inhibition of authentic rSOSV-ZsG in 
quadruplicate on Vero-E6 cell culture 
monolayers. (A) Neutralization data for anti-F 
mAbs. Data are grouped according to the 
pattern of antigen-reactivity: pre-fusion F, pre- 
and post-fusion F, or post-fusion F protein. (B) 
Neutralization data for the HN-specific mAbs. 



F. Scientific rigor. Experimental design. Experiments will include biological and technical replicates, and 
results will be analyzed by parametric or non-parametric analyses (depending on data distribution) and 
corrections for multiple comparisons. EC50 (binding) and IC50 (neutralization) values will be reported only 
following at least 3 identically conducted experiments. All mAb screening will incorporate appropriate + and - 
controls. Positive signals in binding assays will be defined as >3 SD above background. Protein quality. We 
have a high capacity to purify proteins using a Protein Maker workstation that allows purification chromatography 
on 24 parallel columns. We perform QC on protein reagents using a Maurice instrument with capillary 
electrophoresis technology to automate our protein profiling either by size or charge, providing cIEF and CE-
SDS data. Animal studies will be performed blinded with independent replicates and include negative (e.g., 
placebo), and positive (when available) controls. We will use power calculations (Data Management Core B) to 
determine sample sizes. For virological studies, power analysis was performed using accepted values for type I 
error (0.05) and power (80%). The values for population variance (15) are based on existing data sets and our 
experience with rodent challenge studies. We will perform experiments at least 2-3 independent times (n = 4-5 
each) to attain n = 12-15 per arm. Smaller group sizes can be used if differences are larger than expected. 

G. Relevant biological variables. The human mAbs are derived from immune human donors or Alloy mice. 
Humans. Human Abs will be isolated for biological, structural, and functional studies at a clonal level. The sample 
size is not powered for large scale epidemiologic or clinical study conclusions. There is no evidence that sex, 
age, body mass index, or underlying health conditions other than immunodeficiency or immunosuppressive 
treatments alters the activity of cloned Abs in structure/function studies. The samples are de-identified without 
patient specific identifiers to protect the health information of the donors; thus, research with these samples is 
considered Not Human Subjects Research category activity. Mice, hamsters, guinea pigs, NHP, and viruses are 
also biological systems used in this application. Conventional animal housing conditions will be used because 
there is no evidence that altered room temperatures and light/dark cycles influence paramyxovirus, nairovirus, 
or arenavirus pathogenesis. Mice, hamsters, guinea pigs, and NHPs of both sexes will be used, and phenotypes 
will be monitored for sex-based differences. Virus stocks will be either low passage seed stocks from natural 
isolates or generated from existing cDNA clones and sequence-confirmed prior to use for infection studies. 

H. Milestones and quantitative Go/No-Go criteria. Through Aims 1-3, we have proposed experiments that 
will advance our knowledge of the mAb-mediated mechanisms of action against paramyxoviruses, nairoviruses, 
and arenaviruses. In each Aim, we will use down-selection criteria (as below) to advance mAb combinations or 
variants for additional studies. By year 3, we will have defined the principles that govern optimal mAb 
combinations for paramyxoviruses, nairoviruses, and arenaviruses and the rational approaches needed to select 
mAbs for potency and breadth. We will use the following metrics to advance mAbs: (a) Neutralizing activity. All 
mAbs will have neutralizing potency < 10 ng/mL, EC50 value; (b) Binding affinity. MAbs will be of high affinity 
to surface proteins or virions (KD < 5 nM). (c) Protein stability and production quality. MAbs must produce at 
high levels without optimization (> 100 mg/L) and show biochemical/functional stability at 4°C or -80°C (>90% 
retention of binding and neutralization activity at 30 d). (d) Synergy. Combinations of 2 mAbs against a given 
virus ideally will show synergy of neutralization in vitro or at a minimum, additive inhibition (no antagonism); (e) 
Epitopes. To avoid resistance, mAbs in combination will bind 2 epitopes (determined by competition binding 
(<20% reduction in binding), mapping, and structural studies. (f) Resistance against mAbs will be assessed for 
virus escape. Deep sequencing of viruses that emerge from cells or animals treated with mAbs will inform 
prioritization. Combinations of mAbs with high genetic barriers to resistance (<10 loss in EC50) will be advanced. 
(g) Protection in mice, hamsters, guinea pigs, or NHPs. The following metrics can be used: (i) Protection 
against lethal challenge by homologous virus (>90% survival; (ii) Protection against clinical disease by 
homologous virus (>80%); (iii) Protection against infection by homologous virus (>100-fold reduction in viral titers 
in multiple organs). (h) pK measurements. For lead protective mAbs with mutations that should confer extended 
half-life, we will perform pK studies in NHPs (with Core D and E) to assess levels over time with a goal of a 
human predicted serum half-life of >6 months. 

  
  

Timeline for RP4 Year 1 Year 2 Year 3  Year 4 Year 5 
Prototype mAb generation and testing:  LASV and MACV mAbs X X X  X  
Test case mAb generation and testing:   Lujo and Chapare mAbs   X  X X 
Prototype mAb generation and testing:  CCHFV mAbs X X X  X  
Test case mAb generation and testing:   Kasokero mAbs   X  X X 
Prototype mAb generation and testing:  NiV/HeV mAbs  X X X    
Test case mAb generation:       Langya, Angavokely/Sosuga mAbs  X X  X X 
In vivo efficacy studies with Core E X X X  X X 
Translational activities with Core D X X X  X X 
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A. BACKGROUND AND SIGNIFICANCE. Paramyxoviruses, nairoviruses, and arenaviruses are widely
distributed RNA viruses that cause severe human syndromes. Because of their geographical distribution and 
expansion, changes in human demographics and increased exposures to wild animals including rodents and 
bats, and their capacity for human-to-human spread, these viruses have the potential to cause pandemics. 
Together with the other investigators in PABVAX, we have selected several important prototype 
paramyxoviruses, nairoviruses, and arenaviruses to study to learn the rules governing immunity to these 
pathogens. The work on the pathogens selected is justified based on their prevalence and severity alone, but 
also because of their ability to serve as prototypes for genetically related viruses. We chose the viruses for focus 
in this RP4 on human antibody development because of their clinical relevance and because several will be 
studied as prototypes for vaccine development in RP1 (arenaviruses, nairoviruses) and RP2 (paramyxoviruses). 
Among the arenaviruses, we will target Lassa virus (LASV) and Machupo virus (MACV), and among the 
nairoviruses, we will study Crimean–Congo hemorrhagic fever virus (CCHFV). In tandem with the vaccine 
projects in RP2 focused on paramyxoviruses, we will study Nipah virus (NiV) and Hendra virus (HeV) as the 
prototypes. Information about the principles we discover about critical neutralizing epitopes identified here in 
RP4 with prototype viruses can feed back into all other Projects that address the subsequent plug and play test 
cases in later years (Lujo, Chapare, Kasokero, Langya). 

LASV is an Old World arenavirus (OWAV) with a single-stranded RNA virus belonging to the Arenaviridae family. 
Infection in humans is often the result of exposure to infected excreta from the rodent reservoir, Mastomys 
natalensis where up to 500,000 cases and an estimated 5,000 deaths occur annually in West Africa2.  While 
rodent infection is largely benign, human infection can result in severe hemorrhagic disease with neurological 
complications and long-term hearing and vision sequelae3,4. There are no approved vaccines or treatments for 
LASV infection. MACV is a New World Arenavirus (NWAV) and the causative agent of Bolivian Hemorrhagic 
fever. Humans are infected after exposure to excreta from the reservoir, Calomys callosus, the large vesper 
mouse. Disease in humans has a slow onset, but can progress to severe hemorrhagic fever coupled to insidious 
neurological complications including tremors, seizures, and paralysis5. There are no approved vaccines or 
therapies approved for MACV. CCHFV is a highly pathogenic tick-borne virus classified under the Nairovirus 
genus within the Bunyaviridae family6. CCHF outbreaks have a case fatality rate of up to 40%, and there are no 
vaccines or treatments approved for human use. NiV/HeV. Bat-borne, NiV and HeV are enveloped, negative-
sense, single-stranded RNA viruses belonging to the Henipavirus genus within the Paramyxoviridae family7. 
These emerging zoonotic viruses pose a significant threat to human and animal health due to their high fatality 
rates and broad host range. As with the other prototype virus in the PABAX Center, there are no vaccines or 
treatments against henipaviruses licensed for human use. 

Antibodies (Abs) are important correlates of protection for paramyxoviruses, nairoviruses, and arenaviruses. 
Immune sera against members of each of these groups of viruses has been shown to exhibit protective efficacy 
in vivo, which supports the use for Abs as treatment options. However, the specificity, functional properties, and 
other attributes of protective antibodies are poorly defined for most of these viruses. MAbs to the attachment and 
fusion surface proteins of paramyxoviruses (such as the G and F proteins of Hendra/Nipah8,9 and the GP proteins 
of the arenaviruses like LASV10,11) can neutralize and protect against infection in rodent models. CCHFV is a bit 
of a conundrum in that ultrapotent human neutralizing antibodies to the related Rift Valley fever virus surface 
proteins are highly protective in vivo12,13, but CCHFV neutralizing antibodies are not protective. In contrast, some 
non-neutralizing antibodies do protect partially for CCHFV14. Clearly, there is a lot to learn about the rules of 
immunity to these viruses, and the genetic, molecular, and structural basis of antibody-mediated protection for 
viruses like CCHFV. Based on these data, we propose the use of mAbs as treatment options to learn the rule of 
how to protect against emerging paramyxoviruses, nairoviruses, and arenaviruses and to develop candidate 
antibody countermeasures for translational development with Core D. To do so, we will further develop our 
technical methods for rapidly discovering mAbs, in the case of a future unexpected epidemic caused by viruses 
of these families. Most importantly, we will define the principles governing combination antibody therapy to 
prevent virus escape from treatment or prevention and to optimize the efficacy of the beneficial effects conferred 
by passive immunity. 

B. SCIENTIFIC PREMISE. The work proposed here in RP4 is based on the extensive basic, translational, and
clinical trial data on the role of neutralizing Abs in protection against infection and disease caused by
paramyxoviruses, nairoviruses, and arenaviruses. Although a significant amount of data supports the use of
mAbs to prevent or control paramyxovirus, nairovirus, and arenavirus infection, many questions remain, such as
the ideal epitopes to target with mAb combination therapy to improve upon neutralization potency, in vivo efficacy,
and resistance to viral escape. Identifying these epitopes can help inform vaccine design to elicit optimal
protective polyclonal responses (in RP1 and RP2, especially with designs for test cases in years 4 and 5). Here
we aim to refine our understanding of the correlates of mAb protection against paramyxoviruses, nairoviruses,
and arenaviruses to enable the design of a modular “plug-and-play” workflow to rapidly respond to potential



pandemics by generating optimized combinations of vaccine-like mAbs with an extended half-life that could be 
used for long-term prophylaxis (> 6 months) and therapy. 

C. INNOVATION. RP4 has many innovative conceptual and technical features including: Conceptual. (1) 
determining the principles that govern optimal combinations of human mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses for protection and resistance to viral escape; (2) the development of a clear 
workflow that generates therapeutic or preventative antibodies (long half-life mAbs that serve as vaccine 
surrogates) against emerging or new paramyxoviruses, nairoviruses, and arenaviruses with pandemic potential. 
Our goal is to define the principles and features, including epitope, combination ratios, and mechanisms of action, 
that result in optimal efficacy of mAbs against paramyxoviruses, nairoviruses, and arenaviruses in animal models 
and create a higher barrier for resistance. These studies will serve as paradigms for rapid antibody discovery in 
response to future paramyxovirus, nairovirus, and arenavirus pandemic threats. Technical. (3) large-scale B cell 
repertoire sequencing with customized methods and software; (4) use of humanized (Alloy) mice and novel 
immunogens from RP1 and RP2 and Core D; (5) single B cell functional (neutralization) assays performed on a 
Beacon instrument; (6) development of high-throughput real-time label-free virus neutralization assays 
(xCELLigence platform); and (7) use of simultaneous in parallel screening with several different high-throughput 
virus-specific B cell isolation approaches (Beacon, 10X Genomics, Rhapsody) to generate and validate best-in-
class human mAbs as candidate medical countermeasures.  

D. LINKAGE TO OTHER PABVAX PROJECTS AND CORES. The group will focus on developing a modular 
test case platform for rapid selection of highly neutralizing and/or protective mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses. Members of our group have active collaborations with most members of the 
PABVAX Center as reflected in previous collaborations and publications (see Overall document). We will 
interact extensively with the Animal Model and Preclinical Evaluation Core (Core E) to study neutralization 
against authentic viruses and to test for protection in small and large animals as well as with RP3 for testing 
paramyxovirus mAbs. The knowledge gained from our studies on the structure-function relationships of 
neutralizing mAb combinations can be applied to rational vaccine design for RP 1 and RP2 in later years of the 
effort when we pivot to apply the lessons learned to the same test case targets as RP1 and RP2. Numerous 
antigens will be made available to our RP. Finally, long-half-life Fc mutations are now available based on 
engineering of human IgG1 for enhanced binding to the neonatal Fc receptor (FcRn) such as LS (M428L 
/N434S)15, or YTE (M252Y/S254T/T256E)16 mutations. With ≥ 90 days half-life in humans, our approach will 
generate mAbs with vaccine-like properties that remain effective for months during a virus epidemic and thus 
provides a platform for response to future paramyxovirus, nairovirus, and arenavirus pandemic threats, a key 
goal of our PABVAX Center. Our laboratory previously validated this vaccine surrogate concept when we 
isolated the human mAbs that formed the basis for Evusheld with YTE long-half-life Fc mutations (used in 70 
countries and millions of people) that exhibited > 6 months protective levels in humans after single IM injections.  

E. APPROACH  

E.1. Specific Aim 1. Discover potently neutralizing arenavirus combination therapies. For the prototypes, 
we will focus on LASV, an Old-World virus and MACV, a New-World virus. We will investigate the principles 
underlying antibody-mediated arenavirus protection. Preliminary evidence suggests that potent virus 
neutralization is a mechanistic correlate of protection for arenaviruses17,18. RP1/Core D will provide optimized 
antigens for mAb selection for the Prototype LASV and MACV (or subsequent Test Cases). We will use a 
workflow for rapid identification of potently neutralizing mAb combinations for LASV and MACV. We will generate 
mAbs from individuals with prior natural infection or use transgenic mice with human antibody repertoires. A large 
panel of human anti-LASV and anti-MACV mAbs will be generated using multiple approaches (immune human 
B cells and immunized humanized mice), and highly neutralizing mAbs will be evaluated to identify optimal 
combinations. The best mAb combinations will be assessed to determine the minimal effective dose for 
protection, and the lead mAb combination therapy(ies) will be transferred to Core E for further evaluation and 
ultimately testing in an NHP model of LASV or MACV infection. Leads will be transferred to Core D for further 
translational development as medical countermeasures. The prototype LASV and MACV will be studied in years 
1 to 3, followed by mAb discovery efforts for Test Cases Lujo and Chapare viruses based on the established 
principles in years 4-5.  

Preliminary Data. (a) Potently neutralizing human anti-LASV and anti-MACV mAbs. The Crowe laboratory 
has previously characterized panels of neutralizing human anti-viral human mAbs from virus-immune or 
vaccinated individuals for about 50 viruses, mostly RNA viruses. Isolated peripheral blood mononuclear cells 
(PBMCs) are used to generate hybridomas or alternatively antigen-sorted at single B cell level and antibody 
variable genes sequenced to generate mAbs recombinantly. Panels of human anti-viral mAbs are produced 
rapidly (we recently reported isolation of 15,000 mAb gene pairs from single Ebola-virus-specific human B cells 



from a single blood sample of an immune individual19. Previous studies by 
others clearly show that representative neutralizing and protective human 
antibodies can be isolated from LASV-immune subjects20-24. In this Aim, we will 
refine the approaches we have developed previously for other RNA viruses in 
a proof-of-concept study by identifying potently neutralizing combinations of 
anti-LASV and anti-MACV human mAbs. We will rapidly discover human anti-
LASV mAbs from LASV-immune individuals and human anti-MACV mAbs by 
immunizing Alloy transgenic mice. Synergy studies will be performed to identify 
optimal mAb combinations by pairing them. Through these studies, we aim to 
identify optimal anti-LASV and anti-MACV mAb combinations and further 
advance the discovery platform for rapid response against emerging 
arenaviruses. 

(b) Advanced mAb technologies. The Crowe laboratory has developed some 
of the highest yield systems to isolate naturally occurring human mAbs using 
human hybridoma or advanced single-cell RNA-seq methods (Fig 1). We have 
used sorting of antigen-specific cells with recombinant viral surface protein 
antigens (like the GP1 and GP2 proteins we will use here), cloning of Ab 
variable genes, and then expression of mAbs as recombinant IgG. Alternatively, 
cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and 
BAFF. One variation we will use is to capture Ab genes directly from viral 
glycoprotein-specific Ab-secreting B cells on the Berkeley Lights Beacon® 
optofluidic platform or through single-cell RNA-seq approaches (10X Genomics 
and BD RhapsodyTM), as we have done for Ebola virus19,25 and SARS-CoV-21,26-

31. These single-cell techniques enhance the capture of rare antigen-specific B 
cells.  

E.1.1. Rapid isolation of human anti-LASV and anti-MACV mAbs. (a) 
Immune cells. We have obtained human PBMCs from one previously LASV-
infected individual who was medically managed previously by Emory University in their infectious diseases 
containment unit. This person has a documented robust neutralizing serum antibody response, suggesting 
isolation of neutralizing human mAbs from these PBMC aliquots will be straightforward for us. Our colleagues in 
RP1 have ongoing field operations for over a decade in Sierra Leone, Liberia, and Nigeria. This work is currently 
in association with the NIH-Centers for Research on Emerging Infectious Diseases (CREID) with a heavy focus 
on the study of LASV ecology, epidemiology, and host responses.  RP4 is currently working with RP1 on 
obtaining PBMCs from ~10 individuals with prior laboratory-confirmed cases of LASV. The acquisition of these 
samples is being managed by the Vanderbilt Vaccine Center Biorepository with separate institutional funding to 
be de-identified prior to use in the studies proposed here. Blood samples are only obtained after informed 
consent, de-identified, and assigned random specimen numbers. The studies have been approved by the 
Vanderbilt University Medical Center IRB. PBMCs isolated from the blood samples will be deposited into the 
Vanderbilt Vaccine Center Biorepository, but we can designate their used for mAb generation in this RP4, if 
funded. For anti-MACV mAbs, as a human PBMC source is not readily available, we will immunize Alloy 
humanized mice. These animals yield PBMCs that secrete fully human mAbs. Alloy mice are used routinely in 
the Crowe lab workflow. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-LASV and anti-MACV mAbs in a 
rapid manner to mimic a pandemic response to an outbreak. We will single-cell sort antigen-specific B cells using 
recombinant LASV or MACV proteins (e.g., Table 1) or non-infectious viral particles as bait. These cells will be 
expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF for downstream applications, including 
LASV and MACV neutralization assays. Alternatively, we will use the Berkeley Lights 
Beacon® optofluidic platform, which can functionally ascribe GP protein or virus-particle 
binding to single B cells. These cells are exported for sequencing of the variable gene 
regions and analysis using the PyIR software developed in the Crowe laboratory. We will 
select a panel of up to 500 neutralizing anti-LASV mAbs and a similar number of anti-MACV 
mAbs to express recombinantly and advance for further characterization. We can easily 
conduct multiple approaches simultaneously in parallel1,32. 

(c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions for cloning, 
expression, and downstream functional assays to validate the mAb sequence. We will perform high-throughput 
synthesis of mAb genes using a custom, commercial synthesis platform (Twist Bioscience). MAb genes are 
Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors.  

Table 1. Antigens 
from Core D 

Lassa Josiah NP 
Lassa Josiah GPe 
Machupo GPe 
Machupo NP 

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows us to 
further assess the functionality of the B 
cells or for antibody sequencing. 
Recombinant mAb expression validates 
the mAb sequence and functional 
activity. Figure is adapted from 1. 



(d) Micro-scale mAb expression. The Crowe laboratory has the capacity for large-throughput micro-scale mAb 
expression and purification. The lower end of this range allows expression of thousands of mAbs, which will feed 
into automated mAb purification platforms. This approach allows early-stage assays to identify candidate mAbs 
that will then be produced at larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated 
effector functions in vivo (Core E).  

(e) A CPE-based LASV and MACV neutralization assay using RTCA. We have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of cytopathic effect (CPE). Here, 
we will apply this method to assess neutralization of LASV. Recently, we validated the inclusion of simultaneous 
live-cell fluorescence microscopy into this real-time CPE-based screening platform (xCelligence RTCA eSight). 
These capabilities expand the platform to screen viruses that may or may not induce CPE, allowing us to also 
use a replication-competent vesicular stomatitis virus (VSV) LASV surrogate that expresses LASV surface 
proteins and causes CPE33. Currently, we have a VSV-LASV-Josiah (lineage IV)33 and a Sauerwald version 
(lineage II) of these recombinants. Making additional LASV VSV-LASVs is not difficult, and RP1 will make the 
other missing lineages or needed arenaviruses based on the same approaches as previously published. RP1 
also can easily make versions of these VSVs that express the green fluorescent protein (GFP) reporter gene. 
Existing VSV-CCHFV, VSV-NiV, and VSV-HeV vectors34-36 will be provided by Dr. Geisbert overall PI and Lead 
of Core E. We already have Vanderbilt IBC approval for use of these constructs. A decrease in cell impedance 
due to CPE and a corresponding decrease in GFP expression if used will identify mAbs with neutralizing activity 
against LASV. These mAbs will be moved forward for additional studies to identify an optimal anti-LASV mAb 
combination.  Similar processes will be followed to determine neutralization capacity of MACV mAb candidates. 

E.1.2. Identifying LASV and MACV mAb combinations. (a) Epitope mapping through competition-binding 
studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb 
pairs that can simultaneously bind LASV or MACV and validate their epitopes. We will perform competition-
binding studies with GP or subunit proteins (as above) or virus-like particles (VLPs)37 available from Core E at 
UTMB. Core E will also inactivate LASV and MACV virus particles that they have at UTMB by gamma irradiation 
and safety test and send those to our Vanderbilt site (we have previously accomplished this transfer with Ebola 
and Marburg particles). Inactivated virus particles will be used in ELISA. We will include positive controls made 
recombinantly from previously reported antibodies for the identification of mAbs that can concurrently bind LASV 
or MACV with a goal of finding more potent clones at those sites or clones that complement these inhibitory 
mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-LASV or anti-MACV 
mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb 
combinations for each virus, using rational selection based on preliminary epitope mapping data. We can assess 
for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select mAb pairs, 
with our priority on combinations with synergistic effects. (c) Identification of key residues binding residues 
of human anti-LASV and anti-MACV mAbs. To determine the key residues for binding of down-selected mAbs, 
we will perform deep mutational scanning38. Briefly, all amino acids of the GP proteins will be mutated to the 
other 19 amino acids with a unique barcode using PCR-based mutagenesis. The LASV or MACV GP protein 
library will be incubated with the appropriate mAbs to identify residues with loss-of-binding phenotypes. A 
sequence ‘logo’ showing the relative contributions of each amino acid mutation will identify residues critical for 
binding. Multiple amino acid substitutions can then be assessed by reverse genetics at UTMB to confirm the 
epitopes recognized by the down-selected mAbs. This method also serves as a surrogate for in vitro 
neutralization escape studies. (d) Neutralization escape analysis. The generation of mAb combinations should 
increase the barrier to viral escape. To assess whether mAb pairs reduce the incidence of viral escape, we will 
perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-LASV or VSV-
MACV constructs at BSL2 in the presence of saturating concentrations of mAbs (single or combination) using 
the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be 
extracted for sequencing. Confirmatory reverse genetics studies will be performed by introducing mutations into 
an infectious cDNA clone of LASV or MACV by RP1 to test neutralization. We hypothesize that escape will be 
less likely in the presence of mAb combinations than single mAbs. Even if partial escape occurs, virus fitness 
may suffer. We can test this concept in vivo by determining the level of infection of escape variants in the 
presence of mAbs. 

E.1.3. Structural basis of neutralization by mAb combinations. The studies above should identify optimal 
anti-LASV and anti-MACV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
viral escape under mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 



combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for arenavirus by identifying key epitope targets (RP1). 

E.1.4. Protective efficacy of human anti-arenavirus mAbs. (a) Studies in guinea pigs. MAbs that satisfy the 
criteria stated above and that display stage-appropriate manufacturability characteristics will advance to in vivo 
testing. We will use established models of LASV11,39 and MACV40,41 infection in guinea pigs. PABVAX Core E 
has access to many strains from different LASV and MACV lineages, which will be tested. For prioritization, we 
will focus on LASV lineage II, III, and IV strains and MACV lineage I, II, and VIII strains for which uniformly lethal 
models are available. Groups of 6 outbred Hartley guinea pigs will be treated with low, medium, and high doses 
of single or combinations of anti-LASV or anti-MACVs mAb, or isotype controls at day +1 after inoculation with 
the LASVs or MACVs This approach allows us to determine whether combinations provide advantage over the 
best monotherapy treatments. These experiments will be repeated at least two independent times. We expect 
to test 10 single mAbs and 5 pairs of anti-LASV and anti-MACV mAbs in these studies. Protection will be 
assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements (blood) at day 5 or 6 after LASV or MACV challenge and the day 35 study endpoint by plaque 
and qRT-PCR assays. For any animals that show virological breakthrough of infection, deep sequencing will be 
performed from recovered viruses to assess for possible emergence of in vivo resistance. From these studies, 
we expect to down-select further to 2 optimal LASV and MACV mAb pairs that are comparable to or outperform 
previously reported mAbs for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-LASV and anti-MACV mAb 
combination against LASV or MACV in NHPs. As a final test of an optimal anti-LASV and anti-MACV mAb 
combinations, we will assess protective efficacy of the lead anti-LASV mAb pair in NHPs as well as the anti-
MACV mAb pair in NHPs.  These anti-LASV and anti-MACV mAb pairs will be selected based on the in vitro and 
guinea pig data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus 
monkeys will only be considered pending success in the guinea pig studies and consultation with the external 
Scientific Advisory Board (SAB) and NIAID program staff.  

E.1.5. Applying lessons learned in LASV and MACV research with the selected test case pathogens for 
mAb generation: Lujo and Chapare mAbs. Once we have completed the LASV and MACV discovery 
campaigns, will turn to the test case pathogens to see if we can use the prototype pathogen approach to related 
viruses, Lujo (LUJV) and Chapare (CHAPV). We do not have access to human PBMCs from LUJV - or CHAPV-
immune donors. As an alternative approach, we will use humanized mouse models as a source of B cells 
encoding fully human monoclonal antibodies. The Vanderbilt core investigators have an established fully 
executed agreement to use Alloy human antibody mice for this purpose (See Letter of Support). The Alloy ATX-
Gx™ mouse is one of the most effective in vivo human antibody discovery platforms, with over 140 partners and 
counting. This mouse system was originally invented and validated inside a major pharma company and then 
further developed by Alloy. This foundational suite of highly immunocompetent transgenic mice is engineered to 
drive the greatest potential diversity of unique human antibodies binding to the viral target of interest, with broad 
epitopic coverage. The comprehensive functional human antibody repertoire in these mice is optimized for 
human Ab sequence developability and diversity. Alloy and Vanderbilt have already executed a simple licensing 
process for use of the ATX-Gx platform, and as an established partner the Vanderbilt core team will access the 
expanding portfolio of transgenic Alloy strains designed to address a range of discovery challenges (including 
diverse Ab isotypes). Mice will be immunized with conformationally correct recombinant 
protein antigens (Table 2), cDNAs encoding protective antigens, or replication-competent 
VSV strains encoding protective antigens for the target of interest. After the immunization 
protocol is completed, animals will be sacrificed humanely, spleens collected, and 
suspensions of splenocytes (enriched in B cells) will be purified by density gradient 
selection. Downstream, the generation of human mAbs follows our well-established 
methods as above for making human mAbs from B cells using single-cell RNAseq or 
human hybridoma methods. The development will follow as for LASV and MACV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
LASV and anti-MACV mAb combinations with optimal neutralizing and protective activity. These mAb 
combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like 
therapy options (for humans) for rapid response to emerging LASV, MACV, or related arenaviruses. Given our 
previous ability to generate human antiviral mAbs, we do not anticipate problems in isolating anti-LASV or anti-
MACV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not 
identify potently neutralizing anti-LASV or anti-MACV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B 
cells (i.e., memory B cells) isolated from human LASV-immune PBMC samples. In addition, we can deep 
sequence the B cell repertoires present in LASV-immune PBMC samples and identify clonal lineages, including 

Table 2. Antigens 
available from RP1 

LUJV NP NTD 
LUJV GPe 
LUJV NP NTD +GPe 
CHAPV NP NTD 
CHAPV GPe 
CHAPV NP NTD +GPe 



siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly 
from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + 
single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-LASV mAbs. We also 
anticipate defining key epitopes targeted by potently neutralizing anti-LASV mAb combinations that can inform 
vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-LASV 
does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization 
assays that detect VSV-LASV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, 
for competitive binding assays, biolayer interferometry using the high-throughput Octet HTX instrumentation also 
can be used to assess binding of mAbs in solution.  

E2. Specific Aim 2. Discover a protective CCHF virus mAb combination therapy. Establishing the generality 
of protection approaches against nairoviruses, we will perform a mAb discovery proof-of-concept campaign for 
the Prototype CCHFV. Preliminary studies have identified human anti-CCHF 
mAbs with varying levels of protection in experimentally infected 
animals14,42,43. We will isolate a large panel of human anti-CCHFV mAbs and 
determine the rules governing optimal mAb combinations through 
competition-binding, epitope mapping, neutralization, and viral escape 
studies. Lead antibodies with acceptable manufacturability characteristics 
(Core D) and the highest capacity to overcome resistance while maintaining 
potency of protection will be selected. The structural basis of their activity 
will be established using structural biology techniques (electron 
microscopy and crystallography). Lead mAb cocktail therapies will be 
evaluated for in vivo protective efficacy in STAT1−/− mice (with Core E). As 
a final test of an optimal anti-CCHFV mAb combination, we will assess 
protective efficacy of the lead anti-CCHFV mAb pair in NHPs, to be selected 
based on the in vitro and mouse data from Core E and manufacturability 
data from Core D. Down-selection for testing in cynomolgus monkeys 
studies would only be considered pending success in the mouse studies and 
consultation with the external Scientific Advisory Board and NIAID program 
staff.   In years 4-5, we will apply the lessons learned to the plug and play 
test case Kasokero virus (KASV) in collaboration with RP1, Core D, and 
Core E.  

Preliminary Data. (a) Potently neutralizing and non-neutralizing human 
anti-CCHFV mAbs. In this Aim, we will rapidly discover human anti-CCHFV 
mAbs from CCHFV-immune individuals and perform synergy studies to 
identify optimal mAb combinations by pairing them. Through these studies, 
we aim to identify an optimal anti-CCHFV mAb combination and further 
advance the discovery platform for rapid response against emerging 
nairoviruses. In preliminary experiments in collaboration with 
investigators in RP1 and Core E, the Crowe laboratory has previously 
isolated and characterized panels of neutralizing human anti-CCHFV 
human mAbs from individuals who were convalescent after naturally-
acquired laboratory-confirmed infection in Spain or Turkey. We 
isolated a panel of antibodies against CCHFV that recognize the M-
segment in transfected cells, and they exhibit a diversity of 
recognition patterns in that they fall into multiple competition-binding 
groups (Fig 2). This panel contains cross-binding and cross-
neutralizing antibodies for diverse strains. We observed a human 
mAb designated CCHF-82 competing with competition group 1 and 
group 2 antibodies from the previously isolated GP38-reactive murine 
antibodies. CCHF-82 showed some protection in a STAT1−/− mouse 
model of infection conducted by investigators in RP1 (Fig 3). Further 
investigation with this antibody in the IbAr10200 prophylaxis and 
therapeutic models is warranted. In contrast, the CCHFV-neutralizing 
mAbs that we isolated and tested in vivo did not perform well in the 
Turkish strain STAT1−/− mouse model. We now know protection in this 
model is possible, given the work from Fels et al., 2021 who showed 
that potent antibodies against various sites on the Gc surface can 
afford protection in this model42. However, in their study they did not 
test GP38-reactive antibodies. To our knowledge, our preliminary 

Figure 3. Human mAb CCHF-82 provides 
partial protection as a post-exposure 
prophylaxis against the Turkish strain of 
CCHFV in the STAT1−/− mouse model. 
A single dose of mAb was administered by the 
IP route to mice (n=6 per group (3 male, 3 
female)) at 30 min post infections. A lethal dose 
of Turkish strain of CCHFV was administered. 
CCHF mAbs or DENV-2D22 (an isotype-
matched negative control mAb) were tested in a 
single dose of 250 μg per mouse. Kaplan-Meier 
survival curves were statistically analyzed using 
a log-rank (Mantel-Cox) test where mAb-treated 
animals (P value shown in figure) were 
compared to animals treated with the DENV-
2D22 negative control mAb. Unpublished data. 

Figure 2. Competition assessment 
of human Abs to CCHFV using M-
segment expressing cells. We 
tested 28 mAbs in competition assays. 
MAbs are displayed in 8 groups (A-H) 
based on their ability to compete for 
binding. Values shown are the % of 
binding that occurred during 
competition compared to non-
competed binding of the mAb. This 
value was normalized to 100%. The 
values are also indicated by the box fill 
color; darker colors toward black 
indicate higher competition and lighter 
colors toward white indicate less 
competition, on a gradient scale.  



data is the first indication that a human GP38-targeting antibody can provide some protection in this mouse 
model. 

Non-neutralizing murine mAbs protect in mouse models of infection14, but it is unknown if the human antibody 
response could provide similar levels of protection. Murine mAb 13G8 binds to GP38 and does not neutralize 
CCHFV. This mAb provides protection against lethal challenge as a prophylaxis and a therapeutic against 
CCHFV. In preliminary experiments we sought to understand if human survivors of CCHFV infection possess B 
cells encoding mAbs that bind a similar epitope as 13G8 and provide protection. CCHF-82 competes for binding 
with 13G8 to preGn-transfected cells containing GP38. This antibody offered some protection as a post-exposure 
prophylaxis against the Turkish strain of CCHFV (Fig 3). Human antibodies like this should be further studied 
and the frequency of these clones should be elucidated to understand if this is a feasible strategy for future 
vaccine efforts for humans. The epitope that 13G8 and CCHF-82 identifies could inform vaccine design if these 
antibodies offer protection in larger animal models. Understanding how non-neutralizing antibodies function is 
critical in efforts to validate the GP38-binding class of antibodies. Golden et al. undertook a study to understand 
the mechanisms 13G8 functioned and observed that complement activation contributes to the protective capacity 
of this antibody14. Here, in studies of CCHF-82, we also will assess complement activation in mouse models of 
infection to fully understand the function of this mAb in vivo. Furthermore, if this mAb protects in the CCHFV 
IbAr10200 strain challenge model, assessing its mechanism is warranted. Together with Core D, we will assess 
IgG molecules with complement knockout (“KA”) and Fc gamma receptor knockout (LALA-PG) mutations in the 
Fc domain to study this matter. Human mAb CCHF-82 displayed limited cross-protection against experimental 
infection with the Turkish strain of CCHFV. Our antibody isolation here will aim to identify cross-protective non-
neutralizing antibodies reactive with GP38. Recently, vaccinating with NP was shown to be another way to elicit 
non- neutralizing antibodies44. The NP of CCHFV is more conserved than the glycoproteins and might also be a 
non-canonical target for the identification of cross-protective non-neutralizing antibodies44. 

(b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific cells with 
recombinant viral surface protein antigens, cloning of Ab variable genes, and then expression of mAbs as as 
described above in Specific Aim 1.  

E.2.1. Rapid isolation of human anti-CCHFV mAbs. (a) Immune cells. We have obtained human PBMCs 
from a number of previously CCHFV-infected individuals. One was a health care survivor who was infected while 
caring for a patient in Spain45. We also collected a panel of 10 fully de-identified PBMC samples from individuals 
naturally infected in Turkey, in sample acquisition work supervised by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding. Blood samples were only obtained after informed consent, de-
identified, and assigned random specimen numbers. The studies were approved by the Vanderbilt University 
Medical Center IRB. PBMCs isolated from the blood samples were deposited into the Vanderbilt Vaccine Center 
Biorepository, but we can designate their used for mAb generation in this RP4, if funded. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-CCHFV mAbs rapidly, as if we 
had to respond to a nairovirus outbreak in real time. Our ability to respond rapidly in the setting of outbreaks is 
well-documented in the lay press (60 Minutes features and others) and the scientific literature, e.g., 78 days from 
sample to protection of NHPs for Zika virus32, and 25 days from PBMC sample receipt to delivery of the antibody 
genes for the approved COVID-19 drug Evusheld to AstraZeneca1. Here, we will single-cell 
sort antigen-specific B cells using recombinant CCHFV proteins (GP38, Gc, Gn, Gc/Gn) or 
non-infectious particles as bait as described in Specific Aim 1. We will generate 
recombinant GP antigens for selecting GP-specific B cells, based on prior validated designs 
in the field, and use the antigens produced by Core D, (Table 3) or by RP1 (Table 4). 

(c) Recombinant mAb cloning. As described in Specific Aim 1 above. 

(d) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(e) A CPE-based CCHFV neutralization assay using RTCA. As above, we have 
established a high-throughput assay to assess mAb-mediated neutralization of viruses 
through the detection of CPE. In this aim, we will apply this method to assess neutralization 
of CCHFV. We will use a rVSV CCHFV surrogate that expresses CCHFV surface proteins 
and causes CPE35. Investigators in RP1 have the VSV-CCHFV-GFP versions of clades 1 
through 7 based on this publication. We will obtain these VSV constructs from investigators 
in PABVAX. Existing VSV vectors will be provided by investigators in RP1 and Core E. A 
decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify mAbs with 
neutralizing activity against CCHFV. These mAbs will be moved forward for additional studies to identify an 
optimal anti-CCHFV mAb combination. GP38-reactive clones will be advanced based on avidity ranking since 
they are not likely to be neutralizing but may be protective in vivo. 

Table 3. Core D 
CCHFV antigens 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF NP 

Table 4. Antigens 
available from RP1 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF Turkey NP 
CCHF Turkey 
GnGc+GP38+NP 
CCHF Turkey GnGc+GP38 
CCHF Turkey GP38+NP 
CCHF Turkey GnGc+NP 



E.2.2. Identifying CCHFV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind CCHFV surface proteins and validate their epitopes. We will 
perform competition-binding studies with CCHFV Gc/Gn or subunit proteins (as above) or CCHFV virus-like 
particles (VLPs) made from a replicon system in hand. Core E will inactivate CCHFV virus particles that they 
have at UTMB by gamma irradiation and safety test and send those to our Vanderbilt site. Inactivated virus 
particles will be used in ELISA. We will include positive controls made recombinantly from some of the mAbs 
shown in the unpublished preliminary data above for the identification of mAbs that can concurrently bind CCHFV 
proteins with a goal of finding more potent clones at those sites or clones that complement these mAbs. (b) 
Synergy studies using RTCA. To assess functional compatibility of the anti-CCHFV mAb pairs, we will assess 
neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational 
selection based on preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of 
neutralization. Based on these results, we will down-select neutralizing mAb pairs, with our priority on 
combinations with synergistic effects. GP-38-reactive clones will be screened for synergistic binding as they are 
not expected to be neutralizing. (c) Identification of key binding residues of human anti-CCHFV mAbs by 
neutralization escape analysis. The generation of mAb combinations should increase the barrier to viral 
escape. To assess whether combination mAb pairs reduce the incidence of viral escape, we will perform in vitro 
neutralization escape mutant analyses. For these analyses, we will passage VSV-CCHFV constructs at BSL2 in 
the presence of saturating concentrations of CCHFV mAbs (single or combination) using the RTCA platform to 
detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be extracted for sequencing. 
Even if partial escape occurs, virus fitness may suffer. We can test this concept in vivo by determining the level 
of infection of VSV-CCHFV escape variants in the presence of mAbs. 

E.2.3. Structural basis of neutralization by anti-CCHFV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.2.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies in STAT1−/− mouse models. MAbs that 
meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. 
We will use an established STAT1−/− mouse model of CCHFV infection that the RP1 and Core E investigators 
have deployed35. To benchmark our mAbs, a separate set of STAT1−/− mice will be treated with CCHF-82, which 
we showed in unpublished preliminary data above confers substantial but incomplete protection (Fig 3). The 
Core E laboratory has access to strains representing all 6 clades that can be tested.  Groups of 6-8 STAT1−/− 
mice will be treated with low, medium, and high doses) of single or combinations of anti-CCHFV mAb, or isotype 
controls at day +1 after inoculation with CCHFVs. This approach allows us to determine whether combinations 
provide advantage over the best CCHFV monotherapy treatments. These experiments will be repeated at least 
two independent times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. 
Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral 
burden measurements at day 3 after CCHFV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal CCHFV mAb pairs that are comparable to or outperform the mAbs we reported 
above. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-CCHFV mAb combination against 
CCHFV in NHPs. As a final test of an optimal anti-CCHFV mAb combination, we will assess efficacy of the lead 
anti-CCHFV mAb pair in NHPs (Core E), to be selected based on the in vitro, STAT1−/− mice, and 
manufacturability data (Core D). Down-selection for testing in cynomolgus monkeys would only be considered 
with success in the STAT1−/− mouse studies and in consultation with the external SAB and NIAID program staff.  

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human mAbs, as 
described above. Mice will be immunized with conformationally correct recombinant protein antigens (Table 5), 
cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for 
Kasokero. After the immunization protocol is completed, animals will be sacrificed humanely, spleens collected, 
and suspensions of splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, 
the generation of human mAbs follows our well-established methods as above for making human mAbs from B 
cells using single-cell RNAseq or human hybridoma methods. The development will follow as for CCHFV. 



Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
CCHFV mAb combinations with optimal protective activity. These mAb combinations can be endowed genetically 
with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid response 
to emerging CCHFV or related nairoviruses. Given our previous ability to generate human anti-CCHFV mAbs, 
as shown in preliminary data, we do not anticipate problems in isolating anti-CCHFV mAbs. We may observe 
that mAb combinations do not add any benefit over individual mAbs. If we do not identify 
potently protective anti-CCHFV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD 
RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human CCHFV-
immune PBMC samples. In addition, we can deep sequence the B cell repertoires present 
in CCHFV-immune PBMC samples and identify clonal lineages, including siblings. Often, 
additional Abs in the lineages may be more potently neutralizing than the ones obtained 
directly from human B cells. Together, through these complementary approaches (antigen-
specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can select a diverse 
panel of human anti-CCHFV mAbs. We also anticipate defining key epitopes targeted by 
potently neutralizing anti-CCHFV mAb combinations that can inform vaccine design (RP1) 
for related viruses being used as test cases in years 4 and 5. In the case that VSV-CCHFV does not cause 
sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization assays that 
detect VSV-CCHFV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, for 
competitive binding assays, biolayer interferometry using the Octet HTX instrumentation also can be used to 
assess binding of mAbs in solution.  

E3. Specific Aim 3. Establish optimal mAb combination therapies against henipaviruses Hendra (HeV) 
and Nipah (NiV) viruses. We will use a large panel of potent anti-henipavirus mAbs that we previously made 
from the memory B cells of immune individuals and generate new antibodies targeting the fusion (F) protein. 
RP2 will provide new antigens for mAb selection and BSL-2-compatible viruses for neutralization screens 
including Cedar virus constructs displaying HeV and NiV F and G proteins. We will identify optimal mAb 
combinations to enhance henipavirus therapy, minimize viral escape, and improve treatment efficacy through 
synergy. In vitro competition-binding, neutralization, and mechanistic studies will be conducted, including 
authentic virus neutralization with PABVAX Core E. We will refine the recognized epitopes and investigate 
the structural basis for optimal combination neutralization of henipaviruses using HeV and NiV as prototypes. In 
vivo assessment of mAb combinations will determine the minimal effective dose for protection and the ability to 
prevent in vivo escape. Protective efficacy of lead mAb combinations will be assessed in hamster models of NiV 
and HeV infection with Core E. Leads will be transferred to Core D. As a final test of optimal henipavirus mAb 
combinations, we will assess protective efficacy of the lead henipavirus mAb pairs in NHPs, to be selected based 
on the in vitro and hamster data from Core E and manufacturability data from Core D. Down-selection for testing 
in African green monkey (AGM) henipavirus model studies would only be considered pending success in the 
hamster studies and consultation with the external SAB and NIAID program staff. The HeV and NiV studies will 
be conducted in years 1-3 and then applied to the plug-and-play test case Langya virus in years 2-5. If RP2 and 
Core E cannot rescue recombinant Langya virus, the lessons learned in Years 1-3 will be applied to the alternate 
“plug and play” test viruses Angavokely or Sosuga (SOSV) virus. Preliminary data on SOSV mAbs are provided. 

Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-NIV/HeV mAbs. In this Aim, 
we will further adapt approaches we have developed in preliminary experiments with henipavirus mAb studies 
by identifying a potently protective combination of anti-NiV/HeV human mAbs. Through these studies, we aim to 
identify an optimal anti-NiV+HeV mAb combination and further advance the discovery platform for rapid response 
against emerging paramyxoviruses, especially henipaviruses. In previous experiments in collaboration with 
investigators in RP2 and Core E, the Crowe laboratory has isolated characterized panels of neutralizing human 
anti-G NiV/HeV human mAbs from an individual with G-based immunity following occupational exposure to an 
equine HeV G subunit vaccine. Isolated peripheral blood mononuclear cells (PBMCs) were used to generate 
human B cell hybridomas secreting human mAbs to G, and antibody variable genes were sequenced to generate 
mAbs recombinantly. We isolated a panel of antibodies against the G protein that recognize the HeV G, NiV 
Bangladesh G, and NiV Malaysia G proteins. The mAbs exhibited a diversity of recognition patterns in that they 
fall into multiple competition-binding groups. This panel contains cross-binding and cross-neutralizing antibodies 
for diverse NiV and HeV strains. In the work proposed here, we will rapidly discover human NiV/HeV anti-F mAbs 
from NiV-immune individuals and outstanding potency anti-G antibodies with extensive characterization, 
including synergistic neutralization.    

(b) Applying mAb technologies for new mAb isolation.  We will use sorting of antigen-specific cells with 
recombinant henipavirus F protein antigens, as described above in Specific Aim 1. 

Table 5. Antigens 
available from RP1 

Kasokero GnGC 
Kasokero GP38 
Kasokero NP 
Kasokero GnGc 
+GP38 +NP 
Kasokero GnGc 
+GP38 
Kasokero GnGc +NP 
Kasokero GP38 +NP 



E.3.1. Rapid isolation of human anti-HeV/NiV mAbs. (a) Immune cells. We are obtaining human PBMCs 
from a number of previously NiV-infected individuals who acquired immunity following natural infection in 
collaboration with the icddr,b, an international health research institute based in Dhaka, Bangladesh. We are 
collecting a panel of 10 fully de-identified PBMC samples from individuals naturally infected in Bangladesh, in 
sample acquisition work supervised by the Vanderbilt Vaccine Center Biorepository with separate institutional 
funding. Blood samples are only obtained after informed consent, de-identified, and assigned random specimen 
numbers. The studies are approved by the icddr,b and Vanderbilt University Medical Center IRBs. PBMCs 
isolated from the blood samples are deposited into the Vanderbilt Vaccine Center Biorepository, but we can 
designate their use in this RP4, if funded. (b) Applying mAb technologies for new mAb isolation. We will use 
sorting of antigen-specific B cells, cloning of Ab variable genes, and then expression of mAbs as recombinant 
IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, 
we can use high-throughput systems to capture Ab genes directly from viral protein-specific Ab-secreting B cells 
on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics 
and BD RhapsodyTM), and this may be helpful for rarer antigen-specific B cells. We will sort soluble fusion (sF) 
or attachment (G) protein-specific cells with recombinant viral surface protein antigens from Core D (Table 6). 

(c) Ab screening and sequence analysis. Our goal is to identify human anti-NiV/HeV mAbs rapidly, as if we 
had to respond to a paramyxovirus outbreak in real time. We will single-cell sort antigen-specific B cells using 
recombinant HeV and NiV proteins (sF or G) as bait as described in Specific Aim 1 above.  

(d) Recombinant mAb cloning. As described in Specific Aim 1 above.  

(e) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(f) CPE-based HeV/NiV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In 
this aim, we will apply this method to assess neutralization of HeV and NiV. We will use 
rVSV HeV and NiV surrogates that expresses henipaviurs surface proteins and cause CPE. 
Investigators in RP2 and RP3 have VSV-NiV F and VSV-NiV G with GFP34, VSV-NiV G 
without GFP36 and VSV-HeVG (Geisbert and Cross, unpublished). We will obtain these all 
these VSV constructs from investigators in PABVAX. A decrease in cell impedance due to 
CPE and a corresponding decrease in GFP expression will identify mAbs with neutralizing 
activity against HeV and NiV. We also can use Cedar virus constructs for neutralization assays as the have 
reduced pathogenicity46 and can be used in high-throughput screening assays for henipavirus antiviral 
discovery47. Cedar viruses will be provided by Dr. Broder of RP2. The mAbs with most potent activity will be 
moved forward for additional studies to identify an optimal anti-HeV/NiV mAb combination.  

E.3.2. Identifying HeV/NiV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind HeV/NiV surface proteins and validate their epitopes. We 
will perform competition-binding studies with HeV/NiV sF or G proteins (as above). We will include positive 
controls made recombinantly from some of the mAbs shown in the preliminary data above for the identification 
of mAbs that can concurrently bind HeV/NiV proteins with a goal of finding more potent clones at those sites or 
clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of 
the anti- HeV/NiV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate 
testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can 
assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select 
neutralizing mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key 
binding residues of human anti-HeV/NiV mAbs by neutralization escape analysis. The generation of mAb 
combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the 
incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we 
will passage VSV-NiV F, VSV-NiV G and VSV-HeV G constructs at BSL-2 in the presence of saturating 
concentrations of HeV/NiV mAbs (single or combination) using RTCA to detect virus-induced CPE. Resistant 
virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus 
fitness may suffer. We can test the level of infection of VSV-HeV/NiV escape variants in the presence of mAbs. 

E.3.3. Structural basis of neutralization by anti-HeV/NiV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.3.4. Protective efficacy of human anti-henipavirus mAbs. (a) Studies in hamsters. MAbs that meet the 
above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will 
use an established hamster model of NiV or HeV infection that the Core E investigators have deployed. To 

Table 6. Core D 
Henipavirus 

antigens 
Nipah sF 
Hendra sF 
NiV G 



benchmark our mAbs, a separate set of hamsters will be treated with G mAbs HENV-103+HENV-117, which we 
showed in previous data above confers substantial protection8. Groups of 6-8 hamsters will be treated with low, 
medium, or high IgG doses) of single or combinations of anti-HeV/NiV mAbs, or isotype controls at day +1 after 
inoculation with HeV or NiV. This approach allows us to determine whether combinations provide advantage over 
the best HeV or NiV mAb monotherapy treatments. These experiments will be repeated at least two independent 
times. We expect to test 10 single mAbs and 5 pairs of anti-HeV and anti-NiV mAbs in these studies. Protection 
will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements at day 3 after HeV or NiV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal HeV/NiV mAb pairs that are comparable to or outperform the mAbs we reported 
previously. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-HeV/NiV mAb combination 
against HeV and NiV in NHPs. As a final test of an optimal anti-HeV/NiV mAb combination, we may assess 
efficacy of the lead anti-HeV/NiV mAb pair in NHPs (Core E), selected based on the in vitro, hamster data, and 
manufacturability data (Core D). Down-selection for testing in AGMs would only be considered with success in 
the hamster studies and in consultation with the external SAB and NIAID program staff.  

 E.3.5. Applying lessons learned in HeV/NiV research to 
Langya, Angavokely and Sosuga viruses. Once we have 
completed the HeV/NiV discovery campaigns, will turn to the test 
case pathogen Langya (or alternate Angavokely and Sosuga 
(SOSV) viruses) to see if we can use the prototype pathogen 
approach for this virus. We have plenty of human PBMCs from the 
sole identified SOSV-immune individual and have already shown 
that it is possible to obtain HN- and F-specific neutralizing antibodies 
from this individual’s B cells48 and Fig 4. We also have already 
prepared recombinant SOSV prefusion F and HN proteins48. We do 
not have access to human PBMCs from Langya- or Angavokely-
immune donors. For those mAb discovery campaigns, we will use 
Alloy humanized mouse models as a source of B cells encoding 
human mAbs, as above. Mice will be immunized with recombinant 
protein antigens (Table 7), cDNAs encoding protective antigens, or 

replication-competent VSV strains encoding 
protective antigens for Langya or 
Angavokely. After the immunization protocol 
is completed, animals will be sacrificed 
humanely, spleens collected, and 
suspensions of splenocytes (enriched in B 

cells) will be purified by density gradient selection. Downstream, the 
generation of human mAbs follows our well-established methods as 
above using single-cell RNAseq or human hybridoma methods. The 
development will follow as for Hev/NiV described above. 

Anticipated results, potential problems, and alternative 
approaches. In this Aim, we will identify human anti-HeV/NiV mAb combinations with optimal protective activity. 
These mAb combinations will be endowed genetically with half-life-extended Fc modifications to produce 
vaccine-like therapy options (for humans) for rapid response to emerging HeV/NiV or related paramyxoviruses. 
Given our previous ability to generate human anti- HeV/NiV mAbs, as shown in preliminary data, we do not 
anticipate problems in isolating anti-HeV/NiV mAbs. We may observe that new mAb combinations do not add 
any benefit over individual mAbs. If we do not identify potently protective anti-HeV/NiV mAbs via the planned 
approaches, we can also take a target-agnostic approach and perform single-cell RNA-seq (10X Genomics and 
BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human NiV-immune PBMC samples. 
In addition, we can deep sequence the B cell repertoires present in NiV-immune PBMC samples and identify 
clonal lineages, including siblings. Often, additional Abs in the lineages may be more potently neutralizing than 
the ones obtained directly from human B cells. Together, through these complementary approaches (antigen-
specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-
HeV/NiV mAbs. We also anticipate defining key epitopes targeted by potently neutralizing anti-HeV/NiV mAb 
combinations that can inform vaccine design (RP2) for related viruses used as test cases in years 2 through 5.  

Table 7. 
Paramyxovirus 

antigens from Core D 
Mojang sF  
Angavokely sF  
Langya sF 

 
Figure 4. Neutralization assay of SOSV 
mAbs against live virus. SOSV mAbs were 
tested for inhibition of authentic rSOSV-ZsG in 
quadruplicate on Vero-E6 cell culture 
monolayers. (A) Neutralization data for anti-F 
mAbs. Data are grouped according to the 
pattern of antigen-reactivity: pre-fusion F, pre- 
and post-fusion F, or post-fusion F protein. (B) 
Neutralization data for the HN-specific mAbs. 



F. Scientific rigor. Experimental design. Experiments will include biological and technical replicates, and 
results will be analyzed by parametric or non-parametric analyses (depending on data distribution) and 
corrections for multiple comparisons. EC50 (binding) and IC50 (neutralization) values will be reported only 
following at least 3 identically conducted experiments. All mAb screening will incorporate appropriate + and - 
controls. Positive signals in binding assays will be defined as >3 SD above background. Protein quality. We 
have a high capacity to purify proteins using a Protein Maker workstation that allows purification chromatography 
on 24 parallel columns. We perform QC on protein reagents using a Maurice instrument with capillary 
electrophoresis technology to automate our protein profiling either by size or charge, providing cIEF and CE-
SDS data. Animal studies will be performed blinded with independent replicates and include negative (e.g., 
placebo), and positive (when available) controls. We will use power calculations (Data Management Core B) to 
determine sample sizes. For virological studies, power analysis was performed using accepted values for type I 
error (0.05) and power (80%). The values for population variance (15) are based on existing data sets and our 
experience with rodent challenge studies. We will perform experiments at least 2-3 independent times (n = 4-5 
each) to attain n = 12-15 per arm. Smaller group sizes can be used if differences are larger than expected. 

G. Relevant biological variables. The human mAbs are derived from immune human donors or Alloy mice. 
Humans. Human Abs will be isolated for biological, structural, and functional studies at a clonal level. The sample 
size is not powered for large scale epidemiologic or clinical study conclusions. There is no evidence that sex, 
age, body mass index, or underlying health conditions other than immunodeficiency or immunosuppressive 
treatments alters the activity of cloned Abs in structure/function studies. The samples are de-identified without 
patient specific identifiers to protect the health information of the donors; thus, research with these samples is 
considered Not Human Subjects Research category activity. Mice, hamsters, guinea pigs, NHP, and viruses are 
also biological systems used in this application. Conventional animal housing conditions will be used because 
there is no evidence that altered room temperatures and light/dark cycles influence paramyxovirus, nairovirus, 
or arenavirus pathogenesis. Mice, hamsters, guinea pigs, and NHPs of both sexes will be used, and phenotypes 
will be monitored for sex-based differences. Virus stocks will be either low passage seed stocks from natural 
isolates or generated from existing cDNA clones and sequence-confirmed prior to use for infection studies. 

H. Milestones and quantitative Go/No-Go criteria. Through Aims 1-3, we have proposed experiments that 
will advance our knowledge of the mAb-mediated mechanisms of action against paramyxoviruses, nairoviruses, 
and arenaviruses. In each Aim, we will use down-selection criteria (as below) to advance mAb combinations or 
variants for additional studies. By year 3, we will have defined the principles that govern optimal mAb 
combinations for paramyxoviruses, nairoviruses, and arenaviruses and the rational approaches needed to select 
mAbs for potency and breadth. We will use the following metrics to advance mAbs: (a) Neutralizing activity. All 
mAbs will have neutralizing potency < 10 ng/mL, EC50 value; (b) Binding affinity. MAbs will be of high affinity 
to surface proteins or virions (KD < 5 nM). (c) Protein stability and production quality. MAbs must produce at 
high levels without optimization (> 100 mg/L) and show biochemical/functional stability at 4°C or -80°C (>90% 
retention of binding and neutralization activity at 30 d). (d) Synergy. Combinations of 2 mAbs against a given 
virus ideally will show synergy of neutralization in vitro or at a minimum, additive inhibition (no antagonism); (e) 
Epitopes. To avoid resistance, mAbs in combination will bind 2 epitopes (determined by competition binding 
(<20% reduction in binding), mapping, and structural studies. (f) Resistance against mAbs will be assessed for 
virus escape. Deep sequencing of viruses that emerge from cells or animals treated with mAbs will inform 
prioritization. Combinations of mAbs with high genetic barriers to resistance (<10 loss in EC50) will be advanced. 
(g) Protection in mice, hamsters, guinea pigs, or NHPs. The following metrics can be used: (i) Protection 
against lethal challenge by homologous virus (>90% survival; (ii) Protection against clinical disease by 
homologous virus (>80%); (iii) Protection against infection by homologous virus (>100-fold reduction in viral titers 
in multiple organs). (h) pK measurements. For lead protective mAbs with mutations that should confer extended 
half-life, we will perform pK studies in NHPs (with Core D and E) to assess levels over time with a goal of a 
human predicted serum half-life of >6 months. 

  
  

Timeline for RP4 Year 1 Year 2 Year 3  Year 4 Year 5 
Prototype mAb generation and testing:  LASV and MACV mAbs X X X  X  
Test case mAb generation and testing:   Lujo and Chapare mAbs   X  X X 
Prototype mAb generation and testing:  CCHFV mAbs X X X  X  
Test case mAb generation and testing:   Kasokero mAbs   X  X X 
Prototype mAb generation and testing:  NiV/HeV mAbs  X X X    
Test case mAb generation:       Langya, Angavokely/Sosuga mAbs  X X  X X 
In vivo efficacy studies with Core E X X X  X X 
Translational activities with Core D X X X  X X 
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A. BACKGROUND AND SIGNIFICANCE. Paramyxoviruses, nairoviruses, and arenaviruses are widely 
distributed RNA viruses that cause severe human syndromes. Because of their geographical distribution and 
expansion, changes in human demographics and increased exposures to wild animals including rodents and 
bats, and their capacity for human-to-human spread, these viruses have the potential to cause pandemics. 
Together with the other investigators in PABVAX, we have selected several important prototype 
paramyxoviruses, nairoviruses, and arenaviruses to study to learn the rules governing immunity to these 
pathogens. The work on the pathogens selected is justified based on their prevalence and severity alone, but 
also because of their ability to serve as prototypes for genetically related viruses. We chose the viruses for focus 
in this RP4 on human antibody development because of their clinical relevance and because several will be 
studied as prototypes for vaccine development in RP1 (arenaviruses, nairoviruses) and RP2 (paramyxoviruses). 
Among the arenaviruses, we will target Lassa virus (LASV) and Machupo virus (MACV), and among the 
nairoviruses, we will study Crimean–Congo hemorrhagic fever virus (CCHFV). In tandem with the vaccine 
projects in RP2 focused on paramyxoviruses, we will study Nipah virus (NiV) and Hendra virus (HeV) as the 
prototypes. Information about the principles we discover about critical neutralizing epitopes identified here in 
RP4 with prototype viruses can feed back into all other Projects that address the subsequent plug and play test 
cases in later years (Lujo, Chapare, Kasokero, Langya). 

LASV is an Old World arenavirus (OWAV) with a single-stranded RNA virus belonging to the Arenaviridae family. 
Infection in humans is often the result of exposure to infected excreta from the rodent reservoir, Mastomys 
natalensis where up to 500,000 cases and an estimated 5,000 deaths occur annually in West Africa2.  While 
rodent infection is largely benign, human infection can result in severe hemorrhagic disease with neurological 
complications and long-term hearing and vision sequelae3,4. There are no approved vaccines or treatments for 
LASV infection.  MACV is a New World Arenavirus (NWAV) and the causative agent of Bolivian Hemorrhagic 
fever. Humans are infected after exposure to excreta from the reservoir, Calomys callosus, the large vesper 
mouse. Disease in humans has a slow onset, but can progress to severe hemorrhagic fever coupled to insidious 
neurological complications including tremors, seizures, and paralysis5. There are no approved vaccines or 
therapies approved for MACV.  CCHFV is a highly pathogenic tick-borne virus classified under the Nairovirus 
genus within the Bunyaviridae family6. CCHF outbreaks have a case fatality rate of up to 40% and there are no 
vaccines or treatments approved for human use. NiV/HeV. Bat borne, NiV and HeV are enveloped, negative-
sense, single-stranded RNA viruses belonging to the Henipavirus genus within the Paramyxoviridae family7. 
These emerging zoonotic viruses pose a significant threat to human and animal health due to their high fatality 
rates and broad host range. As with the other prototype virus in the PABAX Center there are no vaccines or 
treatments against henipaviruses licensed for human use. 

Antibodies (Abs) are important correlates of protection for paramyxoviruses, nairoviruses, and arenaviruses. 
Immune sera against members of each of these groups of viruses has been shown to exhibit protective efficacy 
in vivo, which supports the use for Abs as treatment options. However, the specificity, functional properties, and 
other attributes of protective antibodies are poorly defined for most of these viruses. MAbs to the attachment and 
fusion surface proteins of paramyxoviruses (such as the G and F proteins of Hendra/Nipah8,9 and the GP proteins 
of the arenaviruses like LASV10,11) can neutralize and protect against infection in rodent models. CCHFV is a bit 
of a conundrum in that ultrapotent human neutralizing antibodies to the related Rift Valley fever virus surface 
proteins are highly protective in vivo12,13, but CCHFV neutralizing antibodies are not protective. In contrast, some 
non-neutralizing antibodies do protect partially for CCHFV14. Clearly, there is a lot to learn about the rules of 
immunity to these viruses, and the genetic, molecular, and structural basis of antibody-mediated protection for 
viruses like CCHFV. Based on these data, we propose the use of mAbs as treatment options to learn the rule of 
how to protect against emerging paramyxoviruses, nairoviruses, and arenaviruses and to develop candidate 
antibody countermeasures for translational development with Core D. To do so, we will further develop our 
technical methods for rapidly discovering mAbs, in the case of a future unexpected epidemic caused by viruses 
of these families. Most importantly, we will define the principles governing combination antibody therapy to 
prevent virus escape from treatment or prevention and to optimize the efficacy of the beneficial effects conferred 
by passive immunity. 

B. SCIENTIFIC PREMISE. The work proposed here in RP4 is based on the extensive basic, translational, and 
clinical trial data on the role of neutralizing Abs in protection against infection and disease caused by 
paramyxoviruses, nairoviruses, and arenaviruses. Although a significant amount of data supports the use of 
mAbs to prevent or control paramyxovirus, nairovirus, and arenavirus infection, many questions remain, such as 
the ideal epitopes to target with mAb combination therapy to improve upon neutralization potency, in vivo efficacy, 
and resistance to viral escape. Identifying these epitopes can help inform vaccine design to elicit optimal 
protective polyclonal responses (in RP1 and RP2, especially with designs for test cases in years 4 and 5). Here 
we aim to refine our understanding of the correlates of mAb protection against paramyxoviruses, nairoviruses, 
and arenaviruses to enable the design of a modular “plug-and-play” workflow to rapidly respond to potential 



pandemics by generating optimized combinations of vaccine-like mAbs with an extended half-life that could be 
used for long-term prophylaxis (> 6 months) and therapy. 

C. INNOVATION. RP4 has many innovative conceptual and technical features including: Conceptual. (1) 
determining the principles that govern optimal combinations of human mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses for protection and resistance to viral escape; (2) the development of a clear 
workflow that generates therapeutic or preventative antibodies (long half-life mAbs that serve as vaccine 
surrogates) against emerging or new paramyxoviruses, nairoviruses, and arenaviruses with pandemic potential. 
Our goal is to define the principles and features, including epitope, combination ratios, and mechanisms of action, 
that result in optimal efficacy of mAbs against paramyxoviruses, nairoviruses, and arenaviruses in animal models 
and create a higher barrier for resistance. These studies will serve as paradigms for rapid antibody discovery in 
response to future paramyxovirus, nairovirus, and arenavirus pandemic threats. Technical. (3) large-scale B cell 
repertoire sequencing with customized methods and software; (4) use of humanized (Alloy) mice and novel 
immunogens from RP1 and RP2 and Core D; (5) single B cell functional (neutralization) assays performed on a 
Beacon instrument; (6) development of high-throughput real-time label-free virus neutralization assays 
(xCELLigence platform); and (7) use of simultaneous in parallel screening with several different high-throughput 
virus-specific B cell isolation approaches (Beacon, 10X Genomics, Rhapsody) to generate and validate best-in-
class human mAbs as candidate medical countermeasures.  

D. LINKAGE TO OTHER PABVAX PROJECTS AND CORES. The group will focus on developing a modular 
test case platform for rapid selection of highly neutralizing and/or protective mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses. Members of our group have active collaborations with most members of the 
PABVAX Center as reflected in previous collaborations and publications (see Overall document). We will 
interact extensively with the Animal Model and Preclinical Evaluation Core (Core E) to study neutralization 
against authentic viruses and to test for protection in small and large animals as well as with RP3 for testing 
paramyxovirus mAbs. The knowledge gained from our studies on the structure-function relationships of 
neutralizing mAb combinations can be applied to rational vaccine design for RP 1 and RP2 in later years of the 
effort when we pivot to apply the lessons learned to the same test case targets as RP1 and RP2. Numerous 
antigens will be made available to our RP. Finally, long-half-life Fc mutations are now available based on 
engineering of human IgG1 for enhanced binding to the neonatal Fc receptor (FcRn) such as LS (M428L 
/N434S)15, or YTE (M252Y/S254T/T256E)16 mutations. With ≥ 90 days half-life in humans, our approach will 
generate mAbs with vaccine-like properties that remain effective for months during a virus epidemic and thus 
provides a platform for response to future paramyxovirus, nairovirus, and arenavirus pandemic threats, a key 
goal of our PABVAX Center. Our laboratory previously validated this vaccine surrogate concept when we 
isolated the human mAbs that formed the basis for Evusheld with YTE long-half-life Fc mutations (used in 70 
countries and millions of people) that exhibited > 6 months protective levels in humans after single IM injections.  

E. APPROACH  

E.1. Specific Aim 1. Discover potently neutralizing arenavirus combination therapies. For the prototypes, 
we will focus on LASV, an Old World virus and MACV, a New World virus. We will investigate the principles 
underlying antibody-mediated arenavirus protection. Preliminary evidence suggests that potent virus 
neutralization is a mechanistic correlate of protection for arenaviruses17,18. RP1/Core D will provide optimized 
antigens for mAb selection for the Prototype LASV and MACV (or subsequent Test Cases). We will use a 
workflow for rapid identification of potently neutralizing mAb combinations for LASV and MACV. We will generate 
mAbs from individuals with prior natural infection or use transgenic mice with human antibody repertoires. A large 
panel of human anti-LASV and anti-MACV mAbs will be generated using multiple approaches (immune human 
B cells and immunized humanized mice), and highly neutralizing mAbs will be evaluated to identify optimal 
combinations. The best mAb combinations will be assessed to determine the minimal effective dose for 
protection, and the lead mAb combination therapy(ies) will be transferred to Core E for further evaluation and 
ultimately testing in an NHP model of LASV or MACV infection. Leads will be transferred to Core D for further 
translational development as medical countermeasures. The prototype LASV and MACV will be studied in years 
1 to 3, followed by mAb discovery efforts for Test Cases Lujo and Chapare viruses based on the established 
principles in years 4-5.  

Preliminary Data. (a) Potently neutralizing human anti-LASV and anti-MACV mAbs. The Crowe laboratory 
has previously characterized panels of neutralizing human anti-viral human mAbs from virus-immune or 
vaccinated individuals for about 50 viruses, mostly RNA viruses. Isolated peripheral blood mononuclear cells 
(PBMCs) are used to generate hybridomas or alternatively antigen-sorted at single B cell level and antibody 
variable genes sequenced to generate mAbs recombinantly. Panels of human anti-viral mAbs are produced 
rapidly (we recently reported isolation of 15,000 mAb gene pairs from single Ebola-virus-specific human B cells 



from a single blood sample of an immune individual19. Previous studies by 
others clearly show that representative neutralizing and protective human 
antibodies can be isolated from LASV-immune subjects20-24. In this Aim, we will 
refine the approaches we have developed previously for other RNA viruses in 
a proof-of-concept study by identifying potently neutralizing combinations of 
anti-LASV and anti-MACV human mAbs. We will rapidly discover human anti-
LASV mAbs from LASV-immune individuals and human anti-MACV mAbs by 
immunizing Alloy transgenic mice. Synergy studies will be performed to identify 
optimal mAb combinations by pairing them. Through these studies, we aim to 
identify optimal anti-LASV and anti-MACV mAb combinations and further 
advance the discovery platform for rapid response against emerging 
arenaviruses. 

(b) Advanced mAb technologies. The Crowe laboratory has developed some 
of the highest yield systems to isolate naturally occurring human mAbs using 
human hybridoma or advanced single-cell RNA-seq methods (Fig 1). We have 
used sorting of antigen-specific cells with recombinant viral surface protein 
antigens (like the GP1 and GP2 proteins we will use here), cloning of Ab 
variable genes, and then expression of mAbs as recombinant IgG. Alternatively, 
cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and 
BAFF. One variation we will use is to capture Ab genes directly from viral 
glycoprotein-specific Ab-secreting B cells on the Berkeley Lights Beacon® 
optofluidic platform or through single-cell RNA-seq approaches (10X Genomics 
and BD RhapsodyTM), as we have done for Ebola virus19,25 and SARS-CoV-21,26-

31. These single-cell techniques enhance the capture of rare antigen-specific B 
cells.  

E.1.1. Rapid isolation of human anti-LASV and anti-MACV mAbs. (a) 
Immune cells. We have obtained human PBMCs from one previously LASV-
infected individual who was medically managed previously by Emory University in their infectious diseases 
containment unit. This person has a documented robust neutralizing serum antibody response, suggesting 
isolation of neutralizing human mAbs from these PBMC aliquots will be straightforward for us. Our colleagues in 
RP1 have ongoing field operations for over a decade in Sierra Leone, Liberia, and Nigeria. This work is currently 
in association with the NIH-Centers for Research on Emerging Infectious Diseases (CREID) with a heavy focus 
on the study of LASV ecology, epidemiology, and host responses.  RP4 is currently working with RP1 on 
obtaining PBMCs from ~10 individuals with prior laboratory-confirmed cases of LASV. The acquisition of these 
samples is being managed by the Vanderbilt Vaccine Center Biorepository with separate institutional funding to 
be de-identified prior to use in the studies proposed here. Blood samples are only obtained after informed 
consent, de-identified, and assigned random specimen numbers. The studies have been approved by the 
Vanderbilt University Medical Center IRB. PBMCs isolated from the blood samples will be deposited into the 
Vanderbilt Vaccine Center Biorepository, but we can designate their used for mAb generation in this RP4, if 
funded. For anti-MACV mAbs, as a human PBMC source is not readily available, we will immunize Alloy 
humanized mice. These animals yield PBMCs that secrete fully human mAbs. Alloy mice are used routinely in 
the Crowe lab workflow. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-LASV and anti-MACV mAbs in a 
rapid manner to mimic a pandemic response to an outbreak. We will single-cell sort antigen-specific B cells using 
recombinant LASV or MACV proteins (e.g., Table 1) or non-infectious viral particles as bait. These cells will be 
expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF for downstream applications, including 
LASV and MACV neutralization assays. Alternatively, we will use the Berkeley Lights 
Beacon® optofluidic platform, which can functionally ascribe GP protein or virus-particle 
binding to single B cells. These cells are exported for sequencing of the variable gene 
regions and analysis using the PyIR software developed in the Crowe laboratory. We will 
select a panel of up to 500 neutralizing anti-LASV mAbs and a similar number of anti-MACV 
mAbs to express recombinantly and advance for further characterization. We can easily 
conduct multiple approaches simultaneously in parallel1,32. 

(c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions for cloning, 
expression, and downstream functional assays to validate the mAb sequence. We will perform high-throughput 
synthesis of mAb genes using a custom, commercial synthesis platform (Twist Bioscience). MAb genes are 
Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors.  

Table 1. Antigens 
from Core D 

Lassa Josiah NP 
Lassa Josiah GPe 
Machupo GPe 
Machupo NP 

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows us to 
further assess the functionality of the B 
cells or for antibody sequencing. 
Recombinant mAb expression validates 
the mAb sequence and functional 
activity. Figure is adapted from 1. 



(d) Micro-scale mAb expression. The Crowe laboratory has the capacity for large-throughput micro-scale mAb 
expression and purification. The lower end of this range allows expression of thousands of mAbs, which will feed 
into automated mAb purification platforms. This approach allows early-stage assays to identify candidate mAbs 
that will then be produced at larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated 
effector functions in vivo (Core E).  

(e) A CPE-based LASV and MACV neutralization assay using RTCA. We have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of cytopathic effect (CPE). Here, 
we will apply this method to assess neutralization of LASV. Recently, we validated the inclusion of simultaneous 
live-cell fluorescence microscopy into this real-time CPE-based screening platform (xCelligence RTCA eSight). 
These capabilities expand the platform to screen viruses that may or may not induce CPE, allowing us to also 
use a replication-competent vesicular stomatitis virus (VSV) LASV surrogate that expresses LASV surface 
proteins and causes CPE33. Currently, we have a VSV-LASV-Josiah (lineage IV)33 and a Sauerwald version 
(lineage II) of these recombinants. Making additional LASV VSV-LASVs is not difficult, and RP1 will make the 
other missing lineages or needed arenaviruses based on the same approaches as previously published. RP1 
also can easily make versions of these VSVs that express the green fluorescent protein (GFP) reporter gene. 
Existing VSV-CCHFV, VSV-NiV, and VSV-HeV vectors34-36 will be provided by Dr. Geisbert overall PI and Lead 
of Core E. We already have Vanderbilt IBC approval for use of these constructs. A decrease in cell impedance 
due to CPE and a corresponding decrease in GFP expression if used will identify mAbs with neutralizing activity 
against LASV. These mAbs will be moved forward for additional studies to identify an optimal anti-LASV mAb 
combination.  Similar processes will be followed to determine neutralization capacity of MACV mAb candidates. 

E.1.2. Identifying LASV and MACV mAb combinations. (a) Epitope mapping through competition-binding 
studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb 
pairs that can simultaneously bind LASV or MACV and validate their epitopes. We will perform competition-
binding studies with GP or subunit proteins (as above) or virus-like particles (VLPs)37 available from Core E at 
UTMB. Core E will also inactivate LASV and MACV virus particles that they have at UTMB by gamma irradiation 
and safety test and send those to our Vanderbilt site (we have previously accomplished this transfer with Ebola 
and Marburg particles). Inactivated virus particles will be used in ELISA. We will include positive controls made 
recombinantly from previously reported antibodies for the identification of mAbs that can concurrently bind LASV 
or MACV with a goal of finding more potent clones at those sites or clones that complement these inhibitory 
mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-LASV or anti-MACV 
mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb 
combinations for each virus, using rational selection based on preliminary epitope mapping data. We can assess 
for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select mAb pairs, 
with our priority on combinations with synergistic effects. (c) Identification of key residues binding residues 
of human anti-LASV and anti-MACV mAbs. To determine the key residues for binding of down-selected mAbs, 
we will perform deep mutational scanning38. Briefly, all amino acids of the GP proteins will be mutated to the 
other 19 amino acids with a unique barcode using PCR-based mutagenesis. The LASV or MACV GP protein 
library will be incubated with the appropriate mAbs to identify residues with loss-of-binding phenotypes. A 
sequence ‘logo’ showing the relative contributions of each amino acid mutation will identify residues critical for 
binding. Multiple amino acid substitutions can then be assessed by reverse genetics at UTMB to confirm the 
epitopes recognized by the down-selected mAbs. This method also serves as a surrogate for in vitro 
neutralization escape studies. (d) Neutralization escape analysis. The generation of mAb combinations should 
increase the barrier to viral escape. To assess whether mAb pairs reduce the incidence of viral escape, we will 
perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-LASV or VSV-
MACV constructs at BSL2 in the presence of saturating concentrations of mAbs (single or combination) using 
the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be 
extracted for sequencing. Confirmatory reverse genetics studies will be performed by introducing mutations into 
an infectious cDNA clone of LASV or MACV by RP1 to test neutralization. We hypothesize that escape will be 
less likely in the presence of mAb combinations than single mAbs. Even if partial escape occurs, virus fitness 
may suffer. We can test this concept in vivo by determining the level of infection of escape variants in the 
presence of mAbs. 

E.1.3. Structural basis of neutralization by mAb combinations. The studies above should identify optimal 
anti-LASV and anti-MACV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
viral escape under mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 



combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for arenavirus by identifying key epitope targets (RP1). 

E.1.4. Protective efficacy of human anti-arenavirus mAbs. (a) Studies in guinea pigs. MAbs that satisfy the 
criteria stated above and that display stage-appropriate manufacturability characteristics will advance to in vivo 
testing. We will use established models of LASV11,39 and MACV40,41 infection in guinea pigs. PABVAX Core E 
has access to many strains from different LASV and MACV lineages, which will be tested. For prioritization, we 
will focus on LASV lineage II, III, and IV strains and MACV lineage I, II, and VIII strains for which uniformly lethal 
models are available. Groups of 6 outbred Hartley guinea pigs will be treated with low, medium, and high doses 
of single or combinations of anti-LASV or anti-MACVs mAb, or isotype controls at day +1 after inoculation with 
the LASVs or MACVs This approach allows us to determine whether combinations provide advantage over the 
best monotherapy treatments. These experiments will be repeated at least two independent times. We expect 
to test 10 single mAbs and 5 pairs of anti-LASV and anti-MACV mAbs in these studies. Protection will be 
assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements (blood) at day 5 or 6 after LASV or MACV challenge and the day 35 study endpoint by plaque 
and qRT-PCR assays. For any animals that show virological breakthrough of infection, deep sequencing will be 
performed from recovered viruses to assess for possible emergence of in vivo resistance. From these studies, 
we expect to down-select further to 2 optimal LASV and MACV mAb pairs that are comparable to or outperform 
previously reported mAbs for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-LASV and anti-MACV mAb 
combination against LASV or MACV in NHPs. As a final test of an optimal anti-LASV and anti-MACV mAb 
combinations, we will assess protective efficacy of the lead anti-LASV mAb pair in NHPs as well as the anti-
MACV mAb pair in NHPs.  These anti-LASV and anti-MACV mAb pairs will be selected based on the in vitro and 
guinea pig data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus 
monkeys will only be considered pending success in the guinea pig studies and consultation with the external 
Scientific Advisory Board (SAB) and NIAID program staff.  

E.1.5. Applying lessons learned in LASV and MACV research with the selected test case pathogens for 
mAb generation: Lujo and Chapare mAbs. Once we have completed the LASV and MACV discovery 
campaigns, will turn to the test case pathogens to see if we can use the prototype pathogen approach to related 
viruses, Lujo (LUJV) and Chapare (CHAPV). We do not have access to human PBMCs from LUJV - or CHAPV-
immune donors. As an alternative approach, we will use humanized mouse models as a source of B cells 
encoding fully human monoclonal antibodies. The Vanderbilt core investigators have an established fully 
executed agreement to use Alloy human antibody mice for this purpose (See Letter of Support). The Alloy ATX-
Gx™ mouse is one of the most effective in vivo human antibody discovery platforms, with over 140 partners and 
counting. This mouse system was originally invented and validated inside a major pharma company and then 
further developed by Alloy. This foundational suite of highly immunocompetent transgenic mice is engineered to 
drive the greatest potential diversity of unique human antibodies binding to the viral target of interest, with broad 
epitopic coverage. The comprehensive functional human antibody repertoire in these mice is optimized for 
human Ab sequence developability and diversity. Alloy and Vanderbilt have already executed a simple licensing 
process for use of the ATX-Gx platform, and as an established partner the Vanderbilt core team will access the 
expanding portfolio of transgenic Alloy strains designed to address a range of discovery challenges (including 
diverse Ab isotypes). Mice will be immunized with conformationally correct recombinant 
protein antigens (Table 2), cDNAs encoding protective antigens, or replication-competent 
VSV strains encoding protective antigens for the target of interest. After the immunization 
protocol is completed, animals will be sacrificed humanely, spleens collected, and 
suspensions of splenocytes (enriched in B cells) will be purified by density gradient 
selection. Downstream, the generation of human mAbs follows our well-established 
methods as above for making human mAbs from B cells using single-cell RNAseq or 
human hybridoma methods. The development will follow as for LASV and MACV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
LASV and anti-MACV mAb combinations with optimal neutralizing and protective activity. These mAb 
combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like 
therapy options (for humans) for rapid response to emerging LASV, MACV, or related arenaviruses. Given our 
previous ability to generate human antiviral mAbs, we do not anticipate problems in isolating anti-LASV or anti-
MACV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not 
identify potently neutralizing anti-LASV or anti-MACV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B 
cells (i.e., memory B cells) isolated from human LASV-immune PBMC samples. In addition, we can deep 
sequence the B cell repertoires present in LASV-immune PBMC samples and identify clonal lineages, including 

Table 2. Antigens 
available from RP1 

LUJV NP NTD 
LUJV GPe 
LUJV NP NTD +GPe 
CHAPV NP NTD 
CHAPV GPe 
CHAPV NP NTD +GPe 



siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly 
from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + 
single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-LASV mAbs. We also 
anticipate defining key epitopes targeted by potently neutralizing anti-LASV mAb combinations that can inform 
vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-LASV 
does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization 
assays that detect VSV-LASV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, 
for competitive binding assays, biolayer interferometry using the high-throughput Octet HTX instrumentation also 
can be used to assess binding of mAbs in solution.  

E2. Specific Aim 2. Discover a protective CCHF virus mAb combination therapy. Establishing the generality 
of protection approaches against nairoviruses, we will perform a mAb discovery proof-of-concept campaign for 
the Prototype CCHFV. Preliminary studies have identified human anti-CCHF 
mAbs with varying levels of protection in experimentally infected 
animals14,42,43. We will isolate a large panel of human anti-CCHFV mAbs and 
determine the rules governing optimal mAb combinations through 
competition-binding, epitope mapping, neutralization, and viral escape 
studies. Lead antibodies with acceptable manufacturability characteristics 
(Core D) and the highest capacity to overcome resistance while maintaining 
potency of protection will be selected. The structural basis of their activity 
will be established using structural biology techniques (electron 
microscopy and crystallography). Lead mAb cocktail therapies will be 
evaluated for in vivo protective efficacy in STAT1−/− mice (with Core E). As 
a final test of an optimal anti-CCHFV mAb combination, we will assess 
protective efficacy of the lead anti-CCHFV mAb pair in NHPs, to be selected 
based on the in vitro and mouse data from Core E and manufacturability 
data from Core D. Down-selection for testing in cynomolgus monkeys 
studies would only be considered pending success in the mouse studies and 
consultation with the external Scientific Advisory Board and NIAID program 
staff.   In years 4-5, we will apply the lessons learned to the plug and play 
test case Kasokero virus (KASV) in collaboration with RP1, Core D, and 
Core E.  

Preliminary Data. (a) Potently neutralizing and non-neutralizing human 
anti-CCHFV mAbs. In this Aim, we will rapidly discover human anti-CCHFV 
mAbs from CCHFV-immune individuals and perform synergy studies to 
identify optimal mAb combinations by pairing them. Through these studies, 
we aim to identify an optimal anti-CCHFV mAb combination and further 
advance the discovery platform for rapid response against emerging 
nairoviruses. In preliminary experiments in collaboration with 
investigators in RP1 and Core E, the Crowe laboratory has previously 
isolated and characterized panels of neutralizing human anti-CCHFV 
human mAbs from individuals who were convalescent after naturally-
acquired laboratory-confirmed infection in Spain or Turkey. We 
isolated a panel of antibodies against CCHFV that recognize the M-
segment in transfected cells, and they exhibit a diversity of 
recognition patterns in that they fall into multiple competition-binding 
groups (Fig 2). This panel contains cross-binding and cross-
neutralizing antibodies for diverse strains. We observed a human 
mAb designated CCHF-82 competing with competition group 1 and 
group 2 antibodies from the previously isolated GP38-reactive murine 
antibodies. CCHF-82 showed some protection in a STAT1−/− mouse 
model of infection conducted by investigators in RP1 (Fig 3). Further 
investigation with this antibody in the IbAr10200 prophylaxis and 
therapeutic models is warranted. In contrast, the CCHFV-neutralizing 
mAbs that we isolated and tested in vivo did not perform well in the 
Turkish strain STAT1−/− mouse model. We now know protection in this 
model is possible, given the work from Fels et al., 2021 who showed 
that potent antibodies against various sites on the Gc surface can 
afford protection in this model42. However, in their study they did not 
test GP38-reactive antibodies. To our knowledge, our preliminary 

Figure 3. Human mAb CCHF-82 provides 
partial protection as a post-exposure 
prophylaxis against the Turkish strain of 
CCHFV in the STAT1−/− mouse model. 
A single dose of mAb was administered by the 
IP route to mice (n=6 per group (3 male, 3 
female)) at 30 min post infections. A lethal dose 
of Turkish strain of CCHFV was administered. 
CCHF mAbs or DENV-2D22 (an isotype-
matched negative control mAb) were tested in a 
single dose of 250 μg per mouse. Kaplan-Meier 
survival curves were statistically analyzed using 
a log-rank (Mantel-Cox) test where mAb-treated 
animals (P value shown in figure) were 
compared to animals treated with the DENV-
2D22 negative control mAb. Unpublished data. 

Figure 2. Competition assessment 
of human Abs to CCHFV using M-
segment expressing cells. We 
tested 28 mAbs in competition assays. 
MAbs are displayed in 8 groups (A-H) 
based on their ability to compete for 
binding. Values shown are the % of 
binding that occurred during 
competition compared to non-
competed binding of the mAb. This 
value was normalized to 100%. The 
values are also indicated by the box fill 
color; darker colors toward black 
indicate higher competition and lighter 
colors toward white indicate less 
competition, on a gradient scale.  



data is the first indication that a human GP38-targeting antibody can provide some protection in this mouse 
model. 

Non-neutralizing murine mAbs protect in mouse models of infection14, but it is unknown if the human antibody 
response could provide similar levels of protection. Murine mAb 13G8 binds to GP38 and does not neutralize 
CCHFV. This mAb provides protection against lethal challenge as a prophylaxis and a therapeutic against 
CCHFV. In preliminary experiments we sought to understand if human survivors of CCHFV infection possess B 
cells encoding mAbs that bind a similar epitope as 13G8 and provide protection. CCHF-82 competes for binding 
with 13G8 to preGn-transfected cells containing GP38. This antibody offered some protection as a post-exposure 
prophylaxis against the Turkish strain of CCHFV (Fig 3). Human antibodies like this should be further studied 
and the frequency of these clones should be elucidated to understand if this is a feasible strategy for future 
vaccine efforts for humans. The epitope that 13G8 and CCHF-82 identifies could inform vaccine design if these 
antibodies offer protection in larger animal models. Understanding how non-neutralizing antibodies function is 
critical in efforts to validate the GP38-binding class of antibodies. Golden et al. undertook a study to understand 
the mechanisms 13G8 functioned and observed that complement activation contributes to the protective capacity 
of this antibody14. Here, in studies of CCHF-82, we also will assess complement activation in mouse models of 
infection to fully understand the function of this mAb in vivo. Furthermore, if this mAb protects in the CCHFV 
IbAr10200 strain challenge model, assessing its mechanism is warranted. Together with Core D, we will assess 
IgG molecules with complement knockout (“KA”) and Fc gamma receptor knockout (LALA-PG) mutations in the 
Fc domain to study this matter. Human mAb CCHF-82 displayed limited cross-protection against experimental 
infection with the Turkish strain of CCHFV. Our antibody isolation here will aim to identify cross-protective non-
neutralizing antibodies reactive with GP38. Recently, vaccinating with NP was shown to be another way to elicit 
non- neutralizing antibodies44. The NP of CCHFV is more conserved than the glycoproteins and might also be a 
non-canonical target for the identification of cross-protective non-neutralizing antibodies44. 

(b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific cells with 
recombinant viral surface protein antigens, cloning of Ab variable genes, and then expression of mAbs as as 
described above in Specific Aim 1.  

E.2.1. Rapid isolation of human anti-CCHFV mAbs. (a) Immune cells. We have obtained human PBMCs 
from a number of previously CCHFV-infected individuals. One was a health care survivor who was infected while 
caring for a patient in Spain45. We also collected a panel of 10 fully de-identified PBMC samples from individuals 
naturally infected in Turkey, in sample acquisition work supervised by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding. Blood samples were only obtained after informed consent, de-
identified, and assigned random specimen numbers. The studies were approved by the Vanderbilt University 
Medical Center IRB. PBMCs isolated from the blood samples were deposited into the Vanderbilt Vaccine Center 
Biorepository, but we can designate their used for mAb generation in this RP4, if funded. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-CCHFV mAbs rapidly, as if we 
had to respond to a nairovirus outbreak in real time. Our ability to respond rapidly in the setting of outbreaks is 
well-documented in the lay press (60 Minutes features and others) and the scientific literature, e.g., 78 days from 
sample to protection of NHPs for Zika virus32, and 25 days from PBMC sample receipt to delivery of the antibody 
genes for the approved COVID-19 drug Evusheld to AstraZeneca1. Here, we will single-cell 
sort antigen-specific B cells using recombinant CCHFV proteins (GP38, Gc, Gn, Gc/Gn) or 
non-infectious particles as bait as described in Specific Aim 1. We will generate 
recombinant GP antigens for selecting GP-specific B cells, based on prior validated designs 
in the field, and use the antigens produced by Core D, (Table 3) or by RP1 (Table 4). 

(c) Recombinant mAb cloning. As described in Specific Aim 1 above. 

(d) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(e) A CPE-based CCHFV neutralization assay using RTCA. As above, we have 
established a high-throughput assay to assess mAb-mediated neutralization of viruses 
through the detection of CPE. In this aim, we will apply this method to assess neutralization 
of CCHFV. We will use a rVSV CCHFV surrogate that expresses CCHFV surface proteins 
and causes CPE35. Investigators in RP1 have the VSV-CCHFV-GFP versions of clades 1 
through 7 based on this publication. We will obtain these VSV constructs from investigators 
in PABVAX. Existing VSV vectors will be provided by investigators in RP1 and Core E. A 
decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify mAbs with 
neutralizing activity against CCHFV. These mAbs will be moved forward for additional studies to identify an 
optimal anti-CCHFV mAb combination. GP38-reactive clones will be advanced based on avidity ranking since 
they are not likely to be neutralizing but may be protective in vivo. 

Table 3. Core D 
CCHFV antigens 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF NP 

Table 4. Antigens 
available from RP1 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF Turkey NP 
CCHF Turkey 
GnGc+GP38+NP 
CCHF Turkey GnGc+GP38 
CCHF Turkey GP38+NP 
CCHF Turkey GnGc+NP 



E.2.2. Identifying CCHFV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind CCHFV surface proteins and validate their epitopes. We will 
perform competition-binding studies with CCHFV Gc/Gn or subunit proteins (as above) or CCHFV virus-like 
particles (VLPs) made from a replicon system in hand. Core E will inactivate CCHFV virus particles that they 
have at UTMB by gamma irradiation and safety test and send those to our Vanderbilt site. Inactivated virus 
particles will be used in ELISA. We will include positive controls made recombinantly from some of the mAbs 
shown in the unpublished preliminary data above for the identification of mAbs that can concurrently bind CCHFV 
proteins with a goal of finding more potent clones at those sites or clones that complement these mAbs. (b) 
Synergy studies using RTCA. To assess functional compatibility of the anti-CCHFV mAb pairs, we will assess 
neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational 
selection based on preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of 
neutralization. Based on these results, we will down-select neutralizing mAb pairs, with our priority on 
combinations with synergistic effects. GP-38-reactive clones will be screened for synergistic binding as they are 
not expected to be neutralizing. (c) Identification of key binding residues of human anti-CCHFV mAbs by 
neutralization escape analysis. The generation of mAb combinations should increase the barrier to viral 
escape. To assess whether combination mAb pairs reduce the incidence of viral escape, we will perform in vitro 
neutralization escape mutant analyses. For these analyses, we will passage VSV-CCHFV constructs at BSL2 in 
the presence of saturating concentrations of CCHFV mAbs (single or combination) using the RTCA platform to 
detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be extracted for sequencing. 
Even if partial escape occurs, virus fitness may suffer. We can test this concept in vivo by determining the level 
of infection of VSV-CCHFV escape variants in the presence of mAbs. 

E.2.3. Structural basis of neutralization by anti-CCHFV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.2.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies in STAT1−/− mouse models. MAbs that 
meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. 
We will use an established STAT1−/− mouse model of CCHFV infection that the RP1 and Core E investigators 
have deployed35. To benchmark our mAbs, a separate set of STAT1−/− mice will be treated with CCHF-82, which 
we showed in unpublished preliminary data above confers substantial but incomplete protection (Fig 3). The 
Core E laboratory has access to strains representing all 6 clades that can be tested.  Groups of 6-8 STAT1−/− 
mice will be treated with low, medium, and high doses) of single or combinations of anti-CCHFV mAb, or isotype 
controls at day +1 after inoculation with CCHFVs. This approach allows us to determine whether combinations 
provide advantage over the best CCHFV monotherapy treatments. These experiments will be repeated at least 
two independent times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. 
Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral 
burden measurements at day 3 after CCHFV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal CCHFV mAb pairs that are comparable to or outperform the mAbs we reported 
above. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-CCHFV mAb combination against 
CCHFV in NHPs. As a final test of an optimal anti-CCHFV mAb combination, we will assess efficacy of the lead 
anti-CCHFV mAb pair in NHPs (Core E), to be selected based on the in vitro, STAT1−/− mice, and 
manufacturability data (Core D). Down-selection for testing in cynomolgus monkeys would only be considered 
with success in the STAT1−/− mouse studies and in consultation with the external SAB and NIAID program staff.  

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human mAbs, as 
described above. Mice will be immunized with conformationally correct recombinant protein antigens (Table 5), 
cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for 
Kasokero. After the immunization protocol is completed, animals will be sacrificed humanely, spleens collected, 
and suspensions of splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, 
the generation of human mAbs follows our well-established methods as above for making human mAbs from B 
cells using single-cell RNAseq or human hybridoma methods. The development will follow as for CCHFV. 



Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
CCHFV mAb combinations with optimal protective activity. These mAb combinations can be endowed genetically 
with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid response 
to emerging CCHFV or related nairoviruses. Given our previous ability to generate human anti-CCHFV mAbs, 
as shown in preliminary data, we do not anticipate problems in isolating anti-CCHFV mAbs. We may observe 
that mAb combinations do not add any benefit over individual mAbs. If we do not identify 
potently protective anti-CCHFV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD 
RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human CCHFV-
immune PBMC samples. In addition, we can deep sequence the B cell repertoires present 
in CCHFV-immune PBMC samples and identify clonal lineages, including siblings. Often, 
additional Abs in the lineages may be more potently neutralizing than the ones obtained 
directly from human B cells. Together, through these complementary approaches (antigen-
specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can select a diverse 
panel of human anti-CCHFV mAbs. We also anticipate defining key epitopes targeted by 
potently neutralizing anti-CCHFV mAb combinations that can inform vaccine design (RP1) 
for related viruses being used as test cases in years 4 and 5. In the case that VSV-CCHFV does not cause 
sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization assays that 
detect VSV-CCHFV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, for 
competitive binding assays, biolayer interferometry using the Octet HTX instrumentation also can be used to 
assess binding of mAbs in solution.  

E3. Specific Aim 3. Establish optimal mAb combination therapies against henipaviruses Hendra (HeV) 
and Nipah (NiV) viruses. We will use a large panel of potent anti-henipavirus mAbs that we previously made 
from the memory B cells of immune individuals and generate new antibodies targeting the fusion (F) protein. 
RP2 will provide new antigens for mAb selection and BSL-2-compatible viruses for neutralization screens 
including Cedar virus constructs displaying HeV and NiV F and G proteins. We will identify optimal mAb 
combinations to enhance henipavirus therapy, minimize viral escape, and improve treatment efficacy through 
synergy. In vitro competition-binding, neutralization, and mechanistic studies will be conducted, including 
authentic virus neutralization with PABVAX Core E. We will refine the recognized epitopes and investigate 
the structural basis for optimal combination neutralization of henipaviruses using HeV and NiV as prototypes. In 
vivo assessment of mAb combinations will determine the minimal effective dose for protection and the ability to 
prevent in vivo escape. Protective efficacy of lead mAb combinations will be assessed in hamster models of NiV 
and HeV infection with Core E. Leads will be transferred to Core D. As a final test of optimal henipavirus mAb 
combinations, we will assess protective efficacy of the lead henipavirus mAb pairs in NHPs, to be selected based 
on the in vitro and hamster data from Core E and manufacturability data from Core D. Down-selection for testing 
in African green monkey (AGM) henipavirus model studies would only be considered pending success in the 
hamster studies and consultation with the external SAB and NIAID program staff. The HeV and NiV studies will 
be conducted in years 1-3 and then applied to the plug-and-play test case Langya virus in years 2-5. If RP2 and 
Core E cannot rescue recombinant Langya virus, the lessons learned in Years 1-3 will be applied to the alternate 
“plug and play” test viruses Angavokely or Sosuga (SOSV) virus. Preliminary data on SOSV mAbs are provided. 

Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-NIV/HeV mAbs. In this Aim, 
we will further adapt approaches we have developed in preliminary experiments with henipavirus mAb studies 
by identifying a potently protective combination of anti-NiV/HeV human mAbs. Through these studies, we aim to 
identify an optimal anti-NiV+HeV mAb combination and further advance the discovery platform for rapid response 
against emerging paramyxoviruses, especially henipaviruses. In previous experiments in collaboration with 
investigators in RP2 and Core E, the Crowe laboratory has isolated characterized panels of neutralizing human 
anti-G NiV/HeV human mAbs from an individual with G-based immunity following occupational exposure to an 
equine HeV G subunit vaccine. Isolated peripheral blood mononuclear cells (PBMCs) were used to generate 
human B cell hybridomas secreting human mAbs to G, and antibody variable genes were sequenced to generate 
mAbs recombinantly. We isolated a panel of antibodies against the G protein that recognize the HeV G, NiV 
Bangladesh G, and NiV Malaysia G proteins. The mAbs exhibited a diversity of recognition patterns in that they 
fall into multiple competition-binding groups. This panel contains cross-binding and cross-neutralizing antibodies 
for diverse NiV and HeV strains. In the work proposed here, we will rapidly discover human NiV/HeV anti-F mAbs 
from NiV-immune individuals and outstanding potency anti-G antibodies with extensive characterization, 
including synergistic neutralization.    

(b) Applying mAb technologies for new mAb isolation.  We will use sorting of antigen-specific cells with 
recombinant henipavirus F protein antigens, as described above in Specific Aim 1. 

Table 5. Antigens 
available from RP1 

Kasokero GnGC 
Kasokero GP38 
Kasokero NP 
Kasokero GnGc 
+GP38 +NP 
Kasokero GnGc 
+GP38 
Kasokero GnGc +NP 
Kasokero GP38 +NP 



E.3.1. Rapid isolation of human anti-HeV/NiV mAbs. (a) Immune cells. We are obtaining human PBMCs 
from a number of previously NiV-infected individuals who acquired immunity following natural infection in 
collaboration with the icddr,b, an international health research institute based in Dhaka, Bangladesh. We are 
collecting a panel of 10 fully de-identified PBMC samples from individuals naturally infected in Bangladesh, in 
sample acquisition work supervised by the Vanderbilt Vaccine Center Biorepository with separate institutional 
funding. Blood samples are only obtained after informed consent, de-identified, and assigned random specimen 
numbers. The studies are approved by the icddr,b and Vanderbilt University Medical Center IRBs. PBMCs 
isolated from the blood samples are deposited into the Vanderbilt Vaccine Center Biorepository, but we can 
designate their use in this RP4, if funded. (b) Applying mAb technologies for new mAb isolation. We will use 
sorting of antigen-specific B cells, cloning of Ab variable genes, and then expression of mAbs as recombinant 
IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, 
we can use high-throughput systems to capture Ab genes directly from viral protein-specific Ab-secreting B cells 
on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics 
and BD RhapsodyTM), and this may be helpful for rarer antigen-specific B cells. We will sort soluble fusion (sF) 
or attachment (G) protein-specific cells with recombinant viral surface protein antigens from Core D (Table 6). 

(c) Ab screening and sequence analysis. Our goal is to identify human anti-NiV/HeV mAbs rapidly, as if we 
had to respond to a paramyxovirus outbreak in real time. We will single-cell sort antigen-specific B cells using 
recombinant HeV and NiV proteins (sF or G) as bait as described in Specific Aim 1 above.  

(d) Recombinant mAb cloning. As described in Specific Aim 1 above.  

(e) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(f) CPE-based HeV/NiV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In 
this aim, we will apply this method to assess neutralization of HeV and NiV. We will use 
rVSV HeV and NiV surrogates that expresses henipaviurs surface proteins and cause CPE. 
Investigators in RP2 and RP3 have VSV-NiV F and VSV-NiV G with GFP34, VSV-NiV G 
without GFP36 and VSV-HeVG (Geisbert and Cross, unpublished). We will obtain these all 
these VSV constructs from investigators in PABVAX. A decrease in cell impedance due to 
CPE and a corresponding decrease in GFP expression will identify mAbs with neutralizing 
activity against HeV and NiV. We also can use Cedar virus constructs for neutralization assays as the have 
reduced pathogenicity46 and can be used in high-throughput screening assays for henipavirus antiviral 
discovery47. Cedar viruses will be provided by Dr. Broder of RP2. The mAbs with most potent activity will be 
moved forward for additional studies to identify an optimal anti-HeV/NiV mAb combination.  

E.3.2. Identifying HeV/NiV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind HeV/NiV surface proteins and validate their epitopes. We 
will perform competition-binding studies with HeV/NiV sF or G proteins (as above). We will include positive 
controls made recombinantly from some of the mAbs shown in the preliminary data above for the identification 
of mAbs that can concurrently bind HeV/NiV proteins with a goal of finding more potent clones at those sites or 
clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of 
the anti- HeV/NiV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate 
testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can 
assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select 
neutralizing mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key 
binding residues of human anti-HeV/NiV mAbs by neutralization escape analysis. The generation of mAb 
combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the 
incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we 
will passage VSV-NiV F, VSV-NiV G and VSV-HeV G constructs at BSL-2 in the presence of saturating 
concentrations of HeV/NiV mAbs (single or combination) using RTCA to detect virus-induced CPE. Resistant 
virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus 
fitness may suffer. We can test the level of infection of VSV-HeV/NiV escape variants in the presence of mAbs. 

E.3.3. Structural basis of neutralization by anti-HeV/NiV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.3.4. Protective efficacy of human anti-henipavirus mAbs. (a) Studies in hamsters. MAbs that meet the 
above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will 
use an established hamster model of NiV or HeV infection that the Core E investigators have deployed. To 

Table 6. Core D 
Henipavirus 

antigens 
Nipah sF 
Hendra sF 
NiV G 



benchmark our mAbs, a separate set of hamsters will be treated with G mAbs HENV-103+HENV-117, which we 
showed in previous data above confers substantial protection8. Groups of 6-8 hamsters will be treated with low, 
medium, or high IgG doses) of single or combinations of anti-HeV/NiV mAbs, or isotype controls at day +1 after 
inoculation with HeV or NiV. This approach allows us to determine whether combinations provide advantage over 
the best HeV or NiV mAb monotherapy treatments. These experiments will be repeated at least two independent 
times. We expect to test 10 single mAbs and 5 pairs of anti-HeV and anti-NiV mAbs in these studies. Protection 
will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements at day 3 after HeV or NiV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal HeV/NiV mAb pairs that are comparable to or outperform the mAbs we reported 
previously. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-HeV/NiV mAb combination 
against HeV and NiV in NHPs. As a final test of an optimal anti-HeV/NiV mAb combination, we may assess 
efficacy of the lead anti-HeV/NiV mAb pair in NHPs (Core E), selected based on the in vitro, hamster data, and 
manufacturability data (Core D). Down-selection for testing in AGMs would only be considered with success in 
the hamster studies and in consultation with the external SAB and NIAID program staff.  

 E.3.5. Applying lessons learned in HeV/NiV research to Langya, Angavokely and Sosuga viruses. Once 
we have completed the HeV/NiV discovery campaigns, will turn to the test case pathogen Langya (or alternate 
Angavokely and Sosuga (SOSV) viruses) to see if we can use the prototype pathogen approach for this virus. 
We have plenty of human PBMCs from the sole identified SOSV-immune individual and have already shown 
that it is possible to obtain HN- and F-specific neutralizing antibodies from this individual’s B cells48. We also 
have already prepared recombinant SOSV prefusion F and HN proteins48. We do not have access to human 
PBMCs from Langya- or Angavokely-immune donors. For those mAb discovery 
campaigns, we will use Alloy humanized mouse models as a source of B cells encoding 
human mAbs, as above. Mice will be immunized with recombinant protein antigens (Table 
7), cDNAs encoding protective antigens, or replication-competent VSV strains encoding 
protective antigens for Langya or Angavokely. After the immunization protocol is 
completed, animals will be sacrificed humanely, spleens collected, and suspensions of 
splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, the generation of 
human mAbs follows our well-established methods as above for making human mAbs from B cells using single-
cell RNAseq or human hybridoma methods. The development will follow as for Hev/NiV described above. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
HeV/NiV mAb combinations with optimal protective activity. These mAb combinations will be endowed 
genetically with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid 
response to emerging HeV/NiV or related paramyxoviruses. Given our previous ability to generate human anti- 
HeV/NiV mAbs, as shown in preliminary data, we do not anticipate problems in isolating anti-HeV/NiV mAbs. We 
may observe that new mAb combinations do not add any benefit over individual mAbs. If we do not identify 
potently protective anti-HeV/NiV mAbs via the planned approaches, we can also take a target-agnostic approach 
and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) 
isolated from human NiV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires 
present in NiV-immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in 
the lineages may be more potently neutralizing than the ones obtained directly from human B cells. Together, 
through these complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), 
we likely can select a diverse panel of human anti-HeV/NiV mAbs. We also anticipate defining key epitopes 
targeted by potently neutralizing anti-HeV/NiV mAb combinations that can inform vaccine design (RP2) for 
related viruses being used as test cases in years 2 through 5.  

F. Scientific rigor. Experimental design. Experiments will include biological and technical replicates, and 
results will be analyzed by parametric or non-parametric analyses (depending on data distribution) and 
corrections for multiple comparisons. EC50 (binding) and IC50 (neutralization) values will be reported only 
following at least 3 identically conducted experiments. All mAb screening will incorporate appropriate + and - 
controls. Positive signals in binding assays will be defined as >3 SD above background. Protein quality. We 
have a high capacity to purify proteins using a Protein Maker workstation that allows purification chromatography 
on 24 parallel columns. We perform QC on protein reagents using a Maurice instrument with capillary 
electrophoresis technology to automate our protein profiling either by size or charge, providing cIEF and CE-
SDS data. Animal studies will be performed blinded with independent replicates and include negative (e.g., 
placebo), and positive (when available) controls. We will use power calculations (Data Management Core B) to 

Table 7. 
Paramyxovirus 

antigens from Core D 
Mojang sF  
Angavokely sF  
Langya sF 



determine sample sizes. For virological studies, power analysis was performed using accepted values for type I 
error (0.05) and power (80%). The values for population variance (15) are based on existing data sets and our 
experience with rodent challenge studies. We will perform experiments at least 2-3 independent times (n = 4-5 
each) to attain n = 12-15 per arm. Smaller group sizes can be used if differences are larger than expected. 

G. Relevant biological variables. The human mAbs are derived from immune human donors or Alloy mice. 
Humans. Human Abs will be isolated for biological, structural, and functional studies at a clonal level. The sample 
size is not powered for large scale epidemiologic or clinical study conclusions. There is no evidence that sex, 
age, body mass index, or underlying health conditions other than immunodeficiency or immunosuppressive 
treatments alters the activity of cloned Abs in structure/function studies. The samples are de-identified without 
patient specific identifiers to protect the health information of the donors; thus, research with these samples is 
considered Not Human Subjects Research category activity. Mice, hamsters, guinea pigs, NHP, and viruses are 
also biological systems used in this application. Conventional animal housing conditions will be used because 
there is no evidence that altered room temperatures and light/dark cycles influence paramyxovirus, nairovirus, 
or arenavirus pathogenesis. Mice, hamsters, guinea pigs, and NHPs of both sexes will be used, and phenotypes 
will be monitored for sex-based differences. Virus stocks will be either low passage seed stocks from natural 
isolates or generated from existing cDNA clones and sequence-confirmed prior to use for infection studies. 

H. Milestones and quantitative Go/No-Go criteria. Through Aims 1-3, we have proposed experiments that 
will advance our knowledge of the mAb-mediated mechanisms of action against paramyxoviruses, nairoviruses, 
and arenaviruses. In each Aim, we will use down-selection criteria (as below) to advance mAb combinations or 
variants for additional studies. By year 3, we will have defined the principles that govern optimal mAb 
combinations for paramyxoviruses, nairoviruses, and arenaviruses and the rational approaches needed to select 
mAbs for potency and breadth. We will use the following metrics to advance mAbs: (a) Neutralizing activity. All 
mAbs will have neutralizing potency < 10 ng/mL, EC50 value; (b) Binding affinity. MAbs will be of high affinity 
to surface proteins or virions (KD < 5 nM). (c) Protein stability and production quality. MAbs must produce at 
high levels without optimization (> 100 mg/L) and show biochemical/functional stability at 4°C or -80°C (>90% 
retention of binding and neutralization activity at 30 d). (d) Synergy. Combinations of 2 mAbs against a given 
virus ideally will show synergy of neutralization in vitro or at a minimum, additive inhibition (no antagonism); (e) 
Epitopes. To avoid resistance, mAbs in combination will bind 2 epitopes (determined by competition binding 
(<20% reduction in binding), mapping, and structural studies. (f) Resistance against mAbs will be assessed for 
virus escape. Deep sequencing of viruses that emerge from cells or animals treated with mAbs will inform 
prioritization. Combinations of mAbs with high genetic barriers to resistance (<10 loss in EC50) will be advanced. 
(g) Protection in mice, hamsters, guinea pigs, or NHPs. The following metrics can be used: (i) Protection 
against lethal challenge by homologous virus (>90% survival; (ii) Protection against clinical disease by 
homologous virus (>80%); (iii) Protection against infection by homologous virus (>100-fold reduction in viral titers 
in multiple organs). (h) pK measurements. For lead protective mAbs with mutations that should confer extended 
half-life, we will perform pK studies in NHPs (with Core D and E) to assess levels over time with a goal of a 
human predicted serum half-life of >6 months. 

   

Timeline for RP4 Year 1 Year 2 Year 3  Year 4 Year 5 
Prototype mAb generation and testing: LASV and MACV mAbs X X X  X  
Test case mAb generation and testing: Lujo and Chapare mAbs   X  X X 
Prototype mAb generation and testing: CCHFV mAbs X X X  X  
Test case mAb generation and testing: Kasokero mAbs   X  X X 
Prototype mAb generation and testing: NIV/HENV mAbs  X X X    
Test case mAb generation: Langya, Angavokely/Sosuga mAbs  X X  X X 
In vivo efficacy studies with Core E X X X  X X 
Translational activities with Core D X X X  X X 
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A. BACKGROUND AND SIGNIFICANCE. Paramyxoviruses, nairoviruses, and arenaviruses are widely
distributed RNA viruses that cause severe human syndromes. Because of their geographical distribution and
expansion, changes in human demographics and increased exposures to wild animals including rodents and
bats, and their capacity for human-to-human spread, these viruses have the potential to cause pandemics.
Together with the other investigators in PABVAX, we have selected several important prototype
paramyxoviruses, nairoviruses, and arenaviruses to study to learn the rules governing immunity to these
pathogens. The work on the pathogens selected is justified based on their prevalence and severity alone, but
also because of their ability to serve as prototypes for genetically related viruses. We chose the viruses for focus
in this RP4 on human antibody development because of their clinical relevance and because several will be
studied as prototypes for vaccine development in RP1 (arenaviruses, nairoviruses) and RP2 (paramyxoviruses).
Among the arenaviruses, we will target Lassa virus (LASV) and Machupo virus (MACV), and among the
nairoviruses, we will study Crimean–Congo hemorrhagic fever virus (CCHFV). In tandem with the vaccine
projects in RP2 focused on paramyxoviruses, we will study Nipah virus (NiV) and Hendra virus (HeV) as the
prototypes. Information about the principles we discover about critical neutralizing epitopes identified here in
RP4 with prototype viruses can feed back into all other Projects that address the subsequent plug and play test
cases in later years (Lujo, Chapare, Kasokero, Langya).

LASV is an Old World arenavirus (OWAV) with a single-stranded RNA virus belonging to the Arenaviridae family. 
Infection in humans is often the result of exposure to infected excreta from the rodent reservoir, Mastomys 
natalensis where up to 500,000 cases and an estimated 5,000 deaths occur annually in West Africa2.  While 
rodent infection is largely benign, human infection can result in severe hemorrhagic disease with neurological 
complications and long-term hearing and vision sequelae3,4. There are no approved vaccines or treatments for 
LASV infection. The virus possesses a bi-segmented genome comprising large (L) and small (S) segments, both 
of which are enclosed within a lipid envelope. The L segment (~7.2 kb) encodes the RNA-dependent RNA 
polymerase (RdRp) and a zinc-binding protein (Z), while the S segment (~3.4 kb) codes for the nucleoprotein 
(NP) and the glycoprotein precursor (GPC). The GPC is further cleaved into two surface glycoproteins, GP1 and 
GP2, which play critical roles in viral entry. The genetic diversity of LASV can be classified into six lineages (I-
VI), with lineages III and IV being the most prevalent5. Genetic variation arises mainly due to the error-prone 
nature of the viral RNA polymerase, leading to the emergence of quasi-species. This diversity contributes to the 
virus's ability to evade host immune responses and pose challenges to vaccine development6. The surface 
glycoproteins GP1 and GP2, are responsible for receptor binding and membrane fusion, respectively. While GP1 
is highly variable among strains, GP2 is more conserved. The nucleoprotein (NP) is another major antigen, and 
its immunodominant epitopes are targeted by the host's immune response. Its genetic diversity and antigenic 
properties complicate diagnosis and vaccine development, emphasizing the need for continued research on 
medical countermeasures. 

MACV is a New World Arenavirus (NWAV) and the causative agent of Bolivian Hemorrhagic fever. Humans are 
infected after exposure to excreta from the reservoir, Calomys callosus, the large vesper mouse. Disease in 
humans has a slow onset, but can progress to severe hemorrhagic fever coupled to insidious neurological 
complications including tremors, seizures, and paralysis7. MACV has a similar genomic organization and 
contains a GPC, NP, Z, and L polymerase proteins. Genetic diversity of MACV is delineated into 8 lineages (I-
VIII) where there is growing concern of an expanding host range of C. callosus is responsible for outbreaks 
outside the known endemic region8. While the host entry receptor for NWAV is not shared with OWAV, the role 
for GP to drive immunity as a major antigen alongside NP.  The better studied Junin has a regionally approved 
vaccine9 and convalescent plasma program10 available to prevent and treat disease, respectively. There are no 
approved vaccines or therapies approved for MACV.any other NWAV, including MACV. Further, it is not well 
established whether these countermeasures have potential for cross protect other NWAV such as MACV, 
underscoring the value of continued efforts to develop broadly active countermeasures to safeguard against 
lethal disease. 

CCHFV is a highly pathogenic tick-borne virus classified under the Nairovirus genus within the Bunyaviridae 
family11. CCHF outbreaks have a case fatality rate of up to 40% and there are no vaccines or treatments approved 
for human use.It has a negative-sense, single-stranded RNA genome comprising three segments: Small (S), 
Medium (M), and Large (L). These segments are enclosed within a lipid envelope and code for various structural 
and non-structural proteins. The S segment (~1.7 kb) encodes the nucleocapsid protein (N), which is essential 
for viral replication and assembly. The M segment (~5.3 kb) codes for the glycoprotein precursor (GPC), which 
is post-translationally cleaved into two surface glycoproteins, Gn and Gc. These glycoproteins are involved in 
viral entry and fusion. The L segment (~12.1 kb) encodes the RNA-dependent RNA polymerase (RdRp), 
responsible for viral RNA synthesis. CCHFV exhibits significant genetic diversity, with at least seven distinct 
clades (Europe 1, Europe 2, Africa 1-3, and Asia 1-2) based on the partial S segment sequences12. This diversity 
is attributed to the segmented genome, geographical distribution, and error-prone viral RNA polymerase, leading 
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to the emergence of various quasi-species. The major antigens of CCHFV include the surface glycoproteins Gn 
and Gc, as well as the nucleocapsid protein (N)13,14. These antigens are targeted by the host immune response. 
CCHFV is genetically diverse, so breadth of reactivity will be a focus of our discovery efforts.  

NiV/HeV. Bat borne, NiV and HeV are enveloped, negative-sense, single-stranded RNA viruses belonging to the 
Henipavirus genus within the Paramyxoviridae family15. These emerging zoonotic viruses pose a significant 
threat to human and animal health due to their high fatality rates and broad host range. The genomes of NiV and 
HeV are approximately 18.2 kb or 18.4 kb in length, respectively, and share a similar gene organization. They 
encode six major structural proteins: nucleocapsid (N), phosphoprotein (P), matrix (M), fusion (F), attachment 
glycoprotein (G), and large polymerase (L) proteins. The N, P, and L proteins form the viral RNA-dependent RNA 
polymerase (RdRp) complex necessary for transcription and replication, whereas the M, F, and G proteins are 
essential for virus assembly and entry. Genetic diversity in henipaviruses is relatively low compared to other RNA 
viruses, with NiV strains showing 91-100% nucleotide similarity and HeV strains displaying 83-100% similarity16. 
However, the error-prone nature of the RdRp can still generate genetic variability, leading to the emergence of 
distinct lineages. The major surface antigens of Nipah and Hendra viruses are the attachment glycoprotein (G) 
and fusion protein (F). The G protein facilitates receptor binding, while the F protein mediates viral membrane 
fusion. Both antigens are involved in host immune responses and are potential targets for vaccine development, 
and the neutralizing antibody approaches we propose here. NiV and HeV exhibit relatively low genetic diversity, 
and in preliminary studies, we have identified human mAbs that neutralize HeV, NiV Bangladesh and NiV 
Malaysia strains17-19. Antibodies to the major surface antigens, the G and F proteins, are therefore, promising 
candidates for development as prophylactic or therapeutic molecules.As with the other prototype virus in the 
PABAX Center there are no vaccines or treatments against henipaviruses licensed for human use. 

Antibodies (Abs) are important correlates of protection for paramyxoviruses, nairoviruses, and arenaviruses. 
Immune sera against members of each of these groups of viruses has been shown to exhibit protective efficacy 
in vivo, which supports the use for Abs as treatment options. However, the specificity, functional properties, and 
other attributes of protective antibodies are poorly defined for most of these viruses. MAbs to the attachment and 
fusion surface proteins of paramyxoviruses (such as the G and F proteins of Hendra/Nipah18,20 and the GP 
proteins of the arenaviruses like LASV21,22) can neutralize and protect against infection in rodent models. CCHFV 
is a bit of a conundrum in that ultrapotent human neutralizing antibodies to the related Rift Valley fever virus 
surface proteins are highly protective in vivo23,24, but CCHFV neutralizing antibodies are not protective. In 
contrast, some non-neutralizing antibodies do protect partially for CCHFV25. Clearly, there is a lot to learn about 
the rules of immunity to these viruses, and the genetic, molecular, and structural basis of antibody-mediated 
protection for viruses like CCHFV. Based on these data, we propose the use of mAbs as treatment options to 
learn the rule of how to protect against emerging paramyxoviruses, nairoviruses, and arenaviruses and to 
develop candidate antibody countermeasures for translational development with Core D. To do so, we will further 
develop our technical methods for rapidly discovering mAbs, in the case of a future unexpected epidemic caused 
by viruses of these families. Most importantly, we will define the principles governing combination antibody 
therapy to prevent virus escape from treatment or prevention and to optimize the efficacy of the beneficial effects 
conferred by passive immunity. 

B. SCIENTIFIC PREMISE. The work proposed here in RP4 is based on the extensive basic, translational, and 
clinical trial data on the role of neutralizing Abs in protection against infection and disease caused by 
paramyxoviruses, nairoviruses, and arenaviruses. Although a significant amount of data supports the use of 
mAbs to prevent or control paramyxovirus, nairovirus, and arenavirus infection, many questions remain, such as 
the ideal epitopes to target with mAb combination therapy to improve upon neutralization potency, in vivo efficacy, 
and resistance to viral escape. Identifying these epitopes can help inform vaccine design to elicit optimal 
protective polyclonal responses (in RP1 and RP2, especially with designs for test cases in years 4 and 5). Here 
we aim to refine our understanding of the correlates of mAb protection against paramyxoviruses, nairoviruses, 
and arenaviruses to enable the design of a modular “plug-and-play” workflow to rapidly respond to potential 
pandemics by generating optimized combinations of vaccine-like mAbs with an extended half-life that could be 
used for long-term prophylaxis (> 6 months) and therapy. 

C. INNOVATION. RP4 has many innovative conceptual and technical features including: Conceptual. (1) 
determining the principles that govern optimal combinations of human mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses for protection and resistance to viral escape; (2) the development of a clear 
workflow that generates therapeutic or preventative antibodies (long half-life mAbs that serve as vaccine 
surrogates) against emerging or new paramyxoviruses, nairoviruses, and arenaviruses with pandemic potential. 
Our goal is to define the principles and features, including epitope, combination ratios, and mechanisms of action, 
that result in optimal efficacy of mAbs against paramyxoviruses, nairoviruses, and arenaviruses in animal models 
and create a higher barrier for resistance. These studies will serve as paradigms for rapid antibody discovery in 
response to future paramyxovirus, nairovirus, and arenavirus pandemic threats. Technical. (3) large-scale B cell 
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repertoire sequencing with customized methods and software; (4) use of humanized (Alloy) mice and novel 
immunogens from RP1 and RP2 and Core D; (5) single B cell functional (neutralization) assays performed on a 
Beacon instrument; (6) development of high-throughput real-time label-free virus neutralization assays 
(xCELLigence platform); and (7) use of simultaneous in parallel screening with several different high-throughput 
virus-specific B cell isolation approaches (Beacon, 10X Genomics, Rhapsody) to generate and validate best-in-
class human mAbs as candidate medical countermeasures.  

D. LINKAGE TO OTHER PABVAX PROJECTS AND CORES. The group will focus on developing a modular 
test case platform for rapid selection of highly neutralizing and/or protective mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses. Members of our group have active collaborations with most members of the 
PABVAX Center as reflected in previous collaborations and publications (see Overall document). We will 
interact extensively with the Animal Model and Preclinical Evaluation Core (Core E) to study neutralization 
against authentic viruses and to test for protection in small and large animals as well as with RP3 for testing 
paramyxovirus mAbs. The knowledge gained from our studies on the structure-function relationships of 
neutralizing mAb combinations can be applied to rational vaccine design for RP 1 and RP2 in later years of the 
effort when we pivot to apply the lessons learned to the same test case targets as RP1 and RP2. Numerous 
antigens will be made available to our RP. Finally, long-half-life Fc mutations are now available based on 
engineering of human IgG1 for enhanced binding to the neonatal Fc receptor (FcRn) such as LS (M428L 
/N434S)26, or YTE (M252Y/S254T/T256E)27 mutations. With ≥ 90 days half-life in humans, our approach will 
generate mAbs with vaccine-like properties that remain effective for months during a virus epidemic and thus 
provides a platform for response to future paramyxovirus, nairovirus, and arenavirus pandemic threats, a key 
goal of our PABVAX Center. Our laboratory previously validated this vaccine surrogate concept when we 
isolated the human mAbs that formed the basis for Evusheld with YTE long-half-life Fc mutations (used in 70 
countries and millions of people) that exhibited > 6 months protective levels in humans after single IM injections.  

E. APPROACH  

E.1. Specific Aim 1. Discover potently neutralizing arenavirus combination therapies. For the prototypes, 
we will focus on LASV, an Old World virus and MACV, a New World virus. We will investigate the principles 
underlying antibody-mediated arenavirus protection. Preliminary evidence suggests that potent virus 
neutralization is a mechanistic correlate of protection for arenaviruses28,29. 
RP1/Core D will provide optimized antigens for mAb selection for the Prototype 
LASV and MACV (or subsequent Test Cases). We will use a workflow for rapid 
identification of potently neutralizing mAb combinations for LASV and MACV. We 
will generate mAbs from individuals with prior natural infection or use transgenic 
mice with human antibody repertoires. A large panel of human anti-LASV and 
anti-MACV mAbs will be generated using multiple approaches (immune human 
B cells and immunized humanized mice), and highly neutralizing mAbs will be 
evaluated to identify optimal combinations. The best mAb combinations will be 
assessed to determine the minimal effective dose for protection, and the lead 
mAb combination therapy(ies) will be transferred to Core E for further evaluation 
and ultimately testing in an NHP model of LASV or MACV infection. Leads will 
be transferred to Core D for further translational development as medical 
countermeasures. The prototype LASV and MACV will be studied in years 1 to 
3, followed by mAb discovery efforts for Test Cases Lujo and Chapare viruses 
based on the established principles in years 4-5.  

 

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows us to 
further assess the functionality of the B 
cells or for antibody sequencing. 
Recombinant mAb expression validates 
the mAb sequence and functional 
activity. Figure is adapted from 1. 
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E.1. Specific Aim 1. Discover potently neutralizing arenavirus combination therapies. For the prototypes, 
we will focus on LASV, an Old World virus and MACV, a New World virus. We will investigate the principles 
underlying antibody-mediated arenavirus protection. Preliminary evidence suggests that potent virus 
neutralization is a mechanistic correlate of protection for arenaviruses28,29. 
RP1/Core D will provide optimized antigens for mAb selection for the Prototype 
LASV and MACV (or subsequent Test Cases). We will use a workflow for rapid 
identification of potently neutralizing mAb combinations for LASV and MACV. We 
will generate mAbs from individuals with prior natural infection or use transgenic 
mice with human antibody repertoires. A large panel of human anti-LASV and 
anti-MACV mAbs will be generated using multiple approaches (immune human 
B cells and immunized humanized mice), and highly neutralizing mAbs will be 
evaluated to identify optimal combinations. The best mAb combinations will be 
assessed to determine the minimal effective dose for protection, and the lead 
mAb combination therapy(ies) will be transferred to Core E for further evaluation 
and ultimately testing in an NHP model of LASV or MACV infection. Leads will 
be transferred to Core D for further translational development as medical 
countermeasures. The prototype LASV and MACV will be studied in years 1 to 
3, followed by mAb discovery efforts for Test Cases Lujo and Chapare viruses 
based on the established principles in years 4-5.  

Preliminary Data. (a) Potently neutralizing human anti-LASV and anti-
MACV mAbs. The Crowe laboratory has previously characterized panels of 
neutralizing human anti-viral human mAbs from virus-immune or vaccinated 
individuals for about 50 viruses, mostly RNA viruses. Isolated peripheral blood 
mononuclear cells (PBMCs) are used to generate hybridomas or alternatively 
antigen-sorted at single B cell level and antibody variable genes sequenced to 
generate mAbs recombinantly. Panels of human anti-viral mAbs are produced 
rapidly (we recently reported isolation of 15,000 mAb gene pairs from single 
Ebola-virus-specific human B cells from a single blood sample of an immune 
individual30. Previous studies by others clearly show that representative 
neutralizing and protective human antibodies can be isolated from LASV-
immune subjects31-35. In this Aim, we will refine the approaches we have 
developed previously for other RNA viruses in a proof-of-concept study by 
identifying potently neutralizing combinations of anti-LASV and anti-MACV 
human mAbs. We will rapidly discover human anti-LASV mAbs from LASV-
immune individuals and human anti-MACV mAbs by immunizing Alloy 
transgenic mice. Synergy studies will be performed to identify optimal mAb 
combinations by pairing them. Through these studies, we aim to identify optimal 
anti-LASV and anti-MACV mAb combinations and further advance the 
discovery platform for rapid response against emerging arenaviruses. 

(b) Advanced mAb technologies. The Crowe laboratory has developed some 
of the highest yield systems to isolate naturally occurring human mAbs using 
human hybridoma or advanced single-cell RNA-seq methods (Fig 1). We have 
used sorting of antigen-specific cells with recombinant viral surface protein 
antigens (like the GP1 and GP2 proteins we will use here), cloning of Ab 
variable genes, and then expression of mAbs as recombinant IgG. Alternatively, 
cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and 
BAFF. One variation we will use is to capture Ab genes directly from viral 
glycoprotein-specific Ab-secreting B cells on the Berkeley Lights Beacon® optofluidic platform or through single-
cell RNA-seq approaches (10X Genomics and BD RhapsodyTM), as we have done for Ebola virus30,36 and SARS-
CoV-21,37-42. These single-cell techniques enhance the capture of rare antigen-specific B cells.  

E.1.1. Rapid isolation of human anti-LASV and anti-MACV mAbs. (a) Immune cells. We have obtained 
human PBMCs from one previously LASV-infected individual who was medically managed previously by Emory 
University in their infectious diseases containment unit. This person has a documented robust neutralizing serum 
antibody response, suggesting isolation of neutralizing human mAbs from these PBMC aliquots will be 
straightforward for us. Our colleagues in RP1 have ongoing field operations for over a decade in Sierra Leone, 
Liberia, and Nigeria. This work is currently in association with the NIH-Centers for Research on Emerging 
Infectious Diseases (CREID) with a heavy focus on the study of LASV ecology, epidemiology, and host 
responses.  RP4 is currently working with RP1 on obtaining PBMCs from ~10 individuals with prior laboratory-

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows us to 
further assess the functionality of the B 
cells or for antibody sequencing. 
Recombinant mAb expression validates 
the mAb sequence and functional 
activity. Figure is adapted from 1. 
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confirmed cases of LASV. The acquisition of these samples is being managed by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding to be de-identified prior to use in the studies proposed here. 
Blood samples are only obtained after informed consent, de-identified, and assigned random specimen numbers. 
The studies have been approved by the Vanderbilt University Medical Center IRB. PBMCs isolated from the 
blood samples will be deposited into the Vanderbilt Vaccine Center Biorepository, but we can designate their 
used for mAb generation in this RP4, if funded. For anti-MACV mAbs, as a human PBMC source is not readily 
available, we will immunize Alloy humanized mice. These animals yield PBMCs that secrete fully human mAbs. 
Alloy mice are used routinely in the Crowe lab workflow. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-LASV and anti-MACV mAbs in a 
rapid manner to mimic a pandemic response to an outbreak. We will single-cell sort antigen-specific B cells using 
recombinant LASV or MACV proteins (e.g., Table 1) or non-infectious viral particles as bait. These cells will be 
expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF for downstream applications, including 
LASV and MACV neutralization assays. Alternatively, we will use the Berkeley Lights 
Beacon® optofluidic platform, which can functionally ascribe GP protein or virus-particle 
binding to single B cells. These cells are exported for sequencing of the variable gene 
regions and analysis using the PyIR software developed in the Crowe laboratory. We will 
select a panel of up to 500 neutralizing anti-LASV mAbs and a similar number of anti-MACV 
mAbs to express recombinantly and advance for further characterization. We can easily 
conduct multiple approaches simultaneously in parallel1,43. 

(c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions for cloning, 
expression, and downstream functional assays to validate the mAb sequence. We will perform high-throughput 
synthesis of mAb genes using a custom, commercial synthesis platform (Twist Bioscience). MAb genes are 
Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors.  

(d) Micro-scale mAb expression. The Crowe laboratory has the capacity for large-throughput micro-scale mAb 
expression and purification. The lower end of this range allows expression of thousands of mAbs, which will feed 
into automated mAb purification platforms. This approach allows early-stage assays to identify candidate mAbs 
that will then be produced at larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated 
effector functions in vivo (Core E).  

(e) A CPE-based LASV and MACV neutralization assay using RTCA. We have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of cytopathic effect (CPE). Here, 
we will apply this method to assess neutralization of LASV. Recently, we validated the inclusion of simultaneous 
live-cell fluorescence microscopy into this real-time CPE-based screening platform (xCelligence RTCA eSight). 
These capabilities expand the platform to screen viruses that may or may not induce CPE, allowing us to also 
use a replication-competent vesicular stomatitis virus (VSV) LASV surrogate that expresses LASV surface 
proteins and causes CPE44. Currently, we have a VSV-LASV-Josiah (lineage IV)44 and a Sauerwald version 
(lineage II) of these recombinants. Making additional LASV VSV-LASVs is not difficult, and RP1 will make the 
other missing lineages or needed arenaviruses based on the same approaches as previously published. RP1 
also can easily make versions of these VSVs that express the green fluorescent protein (GFP) reporter gene. 
Existing VSV-CCHFV, VSV-NiV, and VSV-HeV vectors45-47 will be provided by Dr. Geisbert overall PI and Lead 
of Core E. We already have Vanderbilt IBC approval for use of these constructs. A decrease in cell impedance 
due to CPE and a corresponding decrease in GFP expression if used will identify mAbs with neutralizing activity 
against LASV. These mAbs will be moved forward for additional studies to identify an optimal anti-LASV mAb 
combination.  Similar processes will be followed to determine neutralization capacity of MACV mAb candidates. 

E.1.2. Identifying LASV and MACV mAb combinations. (a) Epitope mapping through competition-binding 
studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb 
pairs that can simultaneously bind LASV or MACV and validate their epitopes. We will perform competition-
binding studies with GP or subunit proteins (as above) or virus-like particles (VLPs)48 available from Core E at 
UTMB. Core E will also inactivate LASV and MACV virus particles that they have at UTMB by gamma irradiation 
and safety test and send those to our Vanderbilt site (we have previously accomplished this transfer with Ebola 
and Marburg particles). Inactivated virus particles will be used in ELISA. We will include positive controls made 
recombinantly from previously reported antibodies for the identification of mAbs that can concurrently bind LASV 
or MACV with a goal of finding more potent clones at those sites or clones that complement these inhibitory 
mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-LASV or anti-MACV 
mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb 
combinations for each virus, using rational selection based on preliminary epitope mapping data. We can assess 
for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select mAb pairs, 

Table 1. Antigens 
from Core D 

Lassa Josiah NP 
Lassa Josiah GPe 
Machupo GPe 
Machupo NP 



with our priority on combinations with synergistic effects. (c) Identification of key residues binding residues 
of human anti-LASV and anti-MACV mAbs. To determine the key residues for binding of down-selected mAbs, 
we will perform deep mutational scanning49. Briefly, all amino acids of the GP proteins will be mutated to the 
other 19 amino acids with a unique barcode using PCR-based mutagenesis. The LASV or MACV GP protein 
library will be incubated with the appropriate mAbs to identify residues with loss-of-binding phenotypes. A 
sequence ‘logo’ showing the relative contributions of each amino acid mutation will identify residues critical for 
binding. Multiple amino acid substitutions can then be assessed by reverse genetics at UTMB to confirm the 
epitopes recognized by the down-selected mAbs. This method also serves as a surrogate for in vitro 
neutralization escape studies. (d) Neutralization escape analysis. The generation of mAb combinations should 
increase the barrier to viral escape. To assess whether mAb pairs reduce the incidence of viral escape, we will 
perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-LASV or VSV-
MACV constructs at BSL2 in the presence of saturating concentrations of mAbs (single or combination) using 
the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be 
extracted for sequencing. Confirmatory reverse genetics studies will be performed by introducing mutations into 
an infectious cDNA clone of LASV or MACV by RP1 to test neutralization. We hypothesize that escape will be 
less likely in the presence of mAb combinations than single mAbs. Even if partial escape occurs, virus fitness 
may suffer. We can test this concept in vivo by determining the level of infection of escape variants in the 
presence of mAbs. 

E.1.3. Structural basis of neutralization by mAb combinations. The studies above should identify optimal 
anti-LASV and anti-MACV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
viral escape under mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 
combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for arenavirus by identifying key epitope targets (RP1). 

E.1.4. Protective efficacy of human anti-arenavirus mAbs. (a) Studies in guinea pigs. MAbs that satisfy the 
criteria stated above and that display stage-appropriate manufacturability characteristics will advance to in vivo 
testing. We will use established models of LASV22,50 and MACV51,52 infection in guinea pigs. PABVAX Core E 
has access to many strains from different LASV and MACV lineages, which will be tested. For prioritization, we 
will focus on LASV lineage II, III, and IV strains and MACV lineage I, II, and VIII strains for which uniformly lethal 
models are available. Groups of 6 outbred Hartley guinea pigs will be treated with low, medium, and high doses 
of single or combinations of anti-LASV or anti-MACVs mAb, or isotype controls at day +1 after inoculation with 
the LASVs or MACVs This approach allows us to determine whether combinations provide advantage over the 
best monotherapy treatments. These experiments will be repeated at least two independent times. We expect 
to test 10 single mAbs and 5 pairs of anti-LASV and anti-MACV mAbs in these studies. Protection will be 
assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements (blood) at day 5 or 6 after LASV or MACV challenge and the day 35 study endpoint by plaque 
and qRT-PCR assays. For any animals that show virological breakthrough of infection, deep sequencing will be 
performed from recovered viruses to assess for possible emergence of in vivo resistance. From these studies, 
we expect to down-select further to 2 optimal LASV and MACV mAb pairs that are comparable to or outperform 
previously reported mAbs for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-LASV and anti-MACV mAb 
combination against LASV or MACV in NHPs. As a final test of an optimal anti-LASV and anti-MACV mAb 
combinations, we will assess protective efficacy of the lead anti-LASV mAb pair in NHPs as well as the anti-
MACV mAb pair in NHPs.  These anti-LASV and anti-MACV mAb pairs will be selected based on the in vitro and 
guinea pig data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus 
monkeys will only be considered pending success in the guinea pig studies and consultation with the external 
Scientific Advisory Board (SAB) and NIAID program staff.  



E.1.5. Applying lessons learned in LASV and MACV research with the selected test case pathogens for 
mAb generation: Lujo and Chapare mAbs. Once we have completed the LASV and MACV discovery 
campaigns, will turn to the test case pathogens to see if we can use the prototype pathogen approach to related 
viruses, Lujo (LUJV) and Chapare (CHAPV). We do not have access to human PBMCs from LUJV - or CHAPV-
immune donors. As an alternative approach, we will use humanized mouse models as a source of B cells 
encoding fully human monoclonal antibodies. The Vanderbilt core investigators have an established fully 
executed agreement to use Alloy human antibody mice for this purpose (See Letter of Support). The Alloy ATX-
Gx™ mouse is one of the most effective in vivo human antibody discovery platforms, with over 140 partners and 
counting. This mouse system was originally invented and validated inside a major pharma company and then 
further developed by Alloy. This foundational suite of highly immunocompetent transgenic mice is engineered to 
drive the greatest potential diversity of unique human antibodies binding to the viral target of interest, with broad 
epitopic coverage. The comprehensive functional human antibody repertoire in these mice is optimized for 
human Ab sequence developability and diversity. Alloy and Vanderbilt have already executed a simple licensing 
process for use of the ATX-Gx platform, and as an established partner the Vanderbilt core team will access the 
expanding portfolio of transgenic Alloy strains designed to address a range of discovery challenges (including 
diverse Ab isotypes). Mice will be immunized with conformationally correct recombinant 
protein antigens (Table 2), cDNAs encoding protective antigens, or replication-competent 
VSV strains encoding protective antigens for the target of interest. After the immunization 
protocol is completed, animals will be sacrificed humanely, spleens collected, and 
suspensions of splenocytes (enriched in B cells) will be purified by density gradient 
selection. Downstream, the generation of human mAbs follows our well-established 
methods as above for making human mAbs from B cells using single-cell RNAseq or 
human hybridoma methods. The development will follow as for LASV and MACV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
LASV and anti-MACV mAb combinations with optimal neutralizing and protective activity. These mAb 
combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like 
therapy options (for humans) for rapid response to emerging LASV, MACV, or related arenaviruses. Given our 
previous ability to generate human antiviral mAbs, we do not anticipate problems in isolating anti-LASV or anti-
MACV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not 
identify potently neutralizing anti-LASV or anti-MACV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B 
cells (i.e., memory B cells) isolated from human LASV-immune PBMC samples. In addition, we can deep 
sequence the B cell repertoires present in LASV-immune PBMC samples and identify clonal lineages, including 
siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly 
from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + 
single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-LASV mAbs. We also 
anticipate defining key epitopes targeted by potently neutralizing anti-LASV mAb combinations that can inform 
vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-LASV 
does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization 
assays that detect VSV-LASV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, 
for competitive binding assays, biolayer interferometry using the high-throughput Octet HTX instrumentation also 
can be used to assess binding of mAbs in solution.  

E2. Specific Aim 2. Discover a protective CCHF virus mAb combination therapy. Establishing the generality 
of protection approaches against nairoviruses, we will perform a mAb discovery proof-of-concept campaign for 
the Prototype CCHFV. Preliminary studies have identified human anti-CCHF mAbs with varying levels of 
protection in experimentally infected animals25,53,54. We will isolate a large panel of human anti-CCHFV mAbs 
and determine the rules governing optimal mAb combinations through competition-binding, epitope mapping, 
neutralization, and viral escape studies. Lead antibodies with acceptable manufacturability characteristics (Core 
D) and the highest capacity to overcome resistance while maintaining potency of protection will be selected. The 
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LUJV NP NTD +GPe 
CHAPV NP NTD 
CHAPV GPe 
CHAPV NP NTD +GPe 



structural basis of their activity will be established using structural biology techniques (electron microscopy and 
crystallography). Lead mAb cocktail therapies will be evaluated for in vivo protective efficacy in STAT1−/− mice 
(with Core E). As a final test of an optimal anti-CCHFV mAb combination, 
we will assess protective efficacy of the lead anti-CCHFV mAb pair in NHPs, 
to be selected based on the in vitro and mouse data from Core E and 
manufacturability data from Core D. Down-selection for testing in 
cynomolgus monkeys studies would only be considered pending success in 
the mouse studies and consultation with the external Scientific Advisory 
Board and NIAID program staff.   In years 4-5, we will apply the lessons 
learned to the plug and play test case Kasokero virus (KASV) in 
collaboration with RP1, Core D, and Core E.  

Preliminary Data. (a) Potently neutralizing and non-neutralizing human 
anti-CCHFV mAbs. In this Aim, we will rapidly discover human anti-CCHFV 
mAbs from CCHFV-immune individuals and perform synergy studies to 
identify optimal mAb combinations by pairing them. Through these studies, 
we aim to identify an optimal anti-CCHFV mAb combination and further 
advance the discovery platform for rapid response against emerging 
nairoviruses. In preliminary experiments in collaboration with investigators 
in RP1 and Core E, the Crowe laboratory has previously isolated and 
characterized panels of neutralizing human anti-CCHFV human mAbs from 
individuals who were convalescent after naturally-acquired laboratory-
confirmed infection in Spain or Turkey. We isolated a panel of antibodies 
against CCHFV that recognize the M-segment in transfected cells, and they 
exhibit a diversity of recognition patterns in that they fall into multiple 
competition-binding groups (Fig 2). This panel contains cross-binding and 
cross-neutralizing antibodies for diverse strains. We observed a human mAb 
designated CCHF-82 competing with competition group 1 and group 2 
antibodies from the previously isolated GP38-reactive murine 
antibodies. CCHF-82 showed some protection in a STAT1−/− mouse 
model of infection conducted by investigators in RP1 (Fig 3). Further 
investigation with this antibody in the IbAr10200 prophylaxis and 
therapeutic models is warranted. In contrast, the CCHFV-neutralizing 
mAbs that we isolated and tested in vivo did not perform well in the 
Turkish strain STAT1−/− mouse model. We now know protection in this 
model is possible, given the work from Fels et al., 2021 who showed 
that potent antibodies against various sites on the Gc surface can 
afford protection in this model53. However, in their study they did not 
test GP38-reactive antibodies. To our knowledge, our preliminary 
data is the first indication that a human GP38-targeting antibody can 
provide some protection in this mouse model. 

Non-neutralizing murine mAbs protect in mouse models of infection25, 
but it is unknown if the human antibody response could provide 
similar levels of protection. Murine mAb 13G8 binds to GP38 and 
does not neutralize CCHFV. This mAb provides protection against 
lethal challenge as a prophylaxis and a therapeutic against CCHFV. 
In preliminary experiments we sought to understand if human 
survivors of CCHFV infection possess B cells encoding mAbs that 
bind a similar epitope as 13G8 and provide protection. CCHF-82 
competes for binding with 13G8 to preGn-transfected cells containing 
GP38. This antibody offered some protection as a post-exposure 
prophylaxis against the Turkish strain of CCHFV (Fig 3). Human antibodies like this should be further studied 
and the frequency of these clones should be elucidated to understand if this is a feasible strategy for future 
vaccine efforts for humans. The epitope that 13G8 and CCHF-82 identifies could inform vaccine design if these 
antibodies offer protection in larger animal models. Understanding how non-neutralizing antibodies function is 
critical in efforts to validate the GP38-binding class of antibodies. Golden et al. undertook a study to understand 
the mechanisms 13G8 functioned and observed that complement activation contributes to the protective capacity 
of this antibody25. Here, in studies of CCHF-82, we also will assess complement activation in mouse models of 
infection to fully understand the function of this mAb in vivo. Furthermore, if this mAb protects in the CCHFV 
IbAr10200 strain challenge model, assessing its mechanism is warranted. Together with Core D, we will assess 

Figure 3. Human mAb CCHF-82 provides 
partial protection as a post-exposure 
prophylaxis against the Turkish strain of 
CCHFV in the STAT1−/− mouse model. 
A single dose of mAb was administered by the 
IP route to mice (n=6 per group (3 male, 3 
female)) at 30 min post infections. A lethal dose 
of Turkish strain of CCHFV was administered. 
CCHF mAbs or DENV-2D22 (an isotype-
matched negative control mAb) were tested in a 
single dose of 250 μg per mouse. Kaplan-Meier 
survival curves were statistically analyzed using 
a log-rank (Mantel-Cox) test where mAb-treated 
animals (P value shown in figure) were 
compared to animals treated with the DENV-
2D22 negative control mAb. Unpublished data. 

Figure 2. Competition assessment 
of human Abs to CCHFV using M-
segment expressing cells. We 
tested 28 mAbs in competition assays. 
MAbs are displayed in 8 groups (A-H) 
based on their ability to compete for 
binding. Values shown are the % of 
binding that occurred during 
competition compared to non-
competed binding of the mAb. This 
value was normalized to 100%. The 
values are also indicated by the box fill 
color; darker colors toward black 
indicate higher competition and lighter 
colors toward white indicate less 
competition, on a gradient scale.  



IgG molecules with complement knockout (“KA”) and Fc gamma receptor knockout (LALA-PG) mutations in the 
Fc domain to study this matter. Human mAb CCHF-82 displayed limited cross-protection against experimental 
infection with the Turkish strain of CCHFV. Our antibody isolation here will aim to identify cross-protective non-
neutralizing antibodies reactive with GP38. Recently, vaccinating with NP was shown to be another way to elicit 
non- neutralizing antibodies55. The NP of CCHFV is more conserved than the glycoproteins and might also be a 
non-canonical target for the identification of cross-protective non-neutralizing antibodies55. 

(b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific cells with 
recombinant viral surface protein antigens, cloning of Ab variable genes, and then expression of mAbs as as 
described above in Specific Aim 1.  

E.2.1. Rapid isolation of human anti-CCHFV mAbs. (a) Immune cells. We have obtained human PBMCs 
from a number of previously CCHFV-infected individuals. One was a health care survivor who was infected while 
caring for a patient in Spain56. We also collected a panel of 10 fully de-identified PBMC samples from individuals 
naturally infected in Turkey, in sample acquisition work supervised by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding. Blood samples were only obtained after informed consent, de-
identified, and assigned random specimen numbers. The studies were approved by the Vanderbilt University 
Medical Center IRB. PBMCs isolated from the blood samples were deposited into the Vanderbilt Vaccine Center 
Biorepository, but we can designate their used for mAb generation in this RP4, if funded. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-CCHFV mAbs rapidly, as if we 
had to respond to a nairovirus outbreak in real time. Our ability to respond rapidly in the setting of outbreaks is 
well-documented in the lay press (60 Minutes features and others) and the scientific literature, e.g., 78 days from 
sample to protection of NHPs for Zika virus43, and 25 days from PBMC sample receipt to delivery of the antibody 
genes for the approved COVID-19 drug Evusheld to AstraZeneca1. Here, we will single-cell 
sort antigen-specific B cells using recombinant CCHFV proteins (GP38, Gc, Gn, Gc/Gn) or 
non-infectious particles as bait as described in Specific Aim 1. We will generate 
recombinant GP antigens for selecting GP-specific B cells, based on prior validated designs 
in the field, and use the antigens produced by Core D, (Table 3) or by RP1 (Table 4). 

(c) Recombinant mAb cloning. As described in Specific Aim 1 above. 

(d) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(e) A CPE-based CCHFV neutralization assay using RTCA. As above, we have 
established a high-throughput assay to assess mAb-mediated neutralization of viruses 
through the detection of CPE. In this aim, we will apply this method to assess neutralization 
of CCHFV. We will use a rVSV CCHFV surrogate that expresses CCHFV surface proteins 
and causes CPE46. Investigators in RP1 have the VSV-CCHFV-GFP versions of clades 1 
through 7 based on this publication. We will obtain these VSV constructs from investigators 
in PABVAX. Existing VSV vectors will be provided by investigators in RP1 and Core E. A 
decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify mAbs with 
neutralizing activity against CCHFV. These mAbs will be moved forward for additional studies to identify an 
optimal anti-CCHFV mAb combination. GP38-reactive clones will be advanced based on avidity ranking since 
they are not likely to be neutralizing but may be protective in vivo. 

E.2.2. Identifying CCHFV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind CCHFV surface proteins and validate their epitopes. We will 
perform competition-binding studies with CCHFV Gc/Gn or subunit proteins (as above) or CCHFV virus-like 
particles (VLPs) made from a replicon system in hand. Core E will inactivate CCHFV virus particles that they 
have at UTMB by gamma irradiation and safety test and send those to our Vanderbilt site. Inactivated virus 
particles will be used in ELISA. We will include positive controls made recombinantly from some of the mAbs 
shown in the unpublished preliminary data above for the identification of mAbs that can concurrently bind CCHFV 
proteins with a goal of finding more potent clones at those sites or clones that complement these mAbs. (b) 
Synergy studies using RTCA. To assess functional compatibility of the anti-CCHFV mAb pairs, we will assess 
neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational 
selection based on preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of 
neutralization. Based on these results, we will down-select neutralizing mAb pairs, with our priority on 
combinations with synergistic effects. GP-38-reactive clones will be screened for synergistic binding as they are 
not expected to be neutralizing. (c) Identification of key binding residues of human anti-CCHFV mAbs by 
neutralization escape analysis. The generation of mAb combinations should increase the barrier to viral 
escape. To assess whether combination mAb pairs reduce the incidence of viral escape, we will perform in vitro 

Table 3. Core D 
CCHFV antigens 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF NP 

Table 4. Antigens 
available from RP1 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF Turkey NP 
CCHF Turkey 
GnGc+GP38+NP 
CCHF Turkey GnGc+GP38 
CCHF Turkey GP38+NP 
CCHF Turkey GnGc+NP 



neutralization escape mutant analyses. For these analyses, we will passage VSV-CCHFV constructs at BSL2 in 
the presence of saturating concentrations of CCHFV mAbs (single or combination) using the RTCA platform to 
detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be extracted for sequencing. 
Even if partial escape occurs, virus fitness may suffer. We can test this concept in vivo by determining the level 
of infection of VSV-CCHFV escape variants in the presence of mAbs. 

E.2.3. Structural basis of neutralization by anti-CCHFV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.2.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies in STAT1−/− mouse models. MAbs that 
meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. 
We will use an established STAT1−/− mouse model of CCHFV infection that the RP1 and Core E investigators 
have deployed46. To benchmark our mAbs, a separate set of STAT1−/− mice will be treated with CCHF-82, which 
we showed in unpublished preliminary data above confers substantial but incomplete protection (Fig 3). The 
Core E laboratory has access to strains representing all 6 clades that can be tested.  Groups of 6-8 STAT1−/− 
mice will be treated with low, medium, and high doses) of single or combinations of anti-CCHFV mAb, or isotype 
controls at day +1 after inoculation with CCHFVs. This approach allows us to determine whether combinations 
provide advantage over the best CCHFV monotherapy treatments. These experiments will be repeated at least 
two independent times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. 
Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral 
burden measurements at day 3 after CCHFV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal CCHFV mAb pairs that are comparable to or outperform the mAbs we reported 
above. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-CCHFV mAb combination against 
CCHFV in NHPs. As a final test of an optimal anti-CCHFV mAb combination, we will assess efficacy of the lead 
anti-CCHFV mAb pair in NHPs (Core E), to be selected based on the in vitro, STAT1−/− mice, and 
manufacturability data (Core D). Down-selection for testing in cynomolgus monkeys would only be considered 
with success in the STAT1−/− mouse studies and in consultation with the external SAB and NIAID program staff.  

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human mAbs, as 
described above. Mice will be immunized with conformationally correct recombinant protein antigens (Table 5), 
cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for 
Kasokero. After the immunization protocol is completed, animals will be sacrificed humanely, spleens collected, 
and suspensions of splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, 
the generation of human mAbs follows our well-established methods as above for making human mAbs from B 
cells using single-cell RNAseq or human hybridoma methods. The development will follow as for CCHFV. 

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human mAbs, as 
described above. Mice will be immunized with conformationally correct recombinant protein antigens (Table 5), 
cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for 
Kasokero. After the immunization protocol is completed, animals will be sacrificed 
humanely, spleens collected, and suspensions of splenocytes (enriched in B cells) will be 
purified by density gradient selection. Downstream, the generation of human mAbs follows 
our well-established methods as above for making human mAbs from B cells using single-
cell RNAseq or human hybridoma methods. The development will follow as for CCHFV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we 
will identify human anti-CCHFV mAb combinations with optimal protective activity. These 
mAb combinations can be endowed genetically with half-life-extended Fc modifications to 
produce vaccine-like therapy options (for humans) for rapid response to emerging CCHFV 
or related nairoviruses. Given our previous ability to generate human anti-CCHFV mAbs, 
as shown in preliminary data, we do not anticipate problems in isolating anti-CCHFV mAbs. We may observe 
that mAb combinations do not add any benefit over individual mAbs. If we do not identify potently protective anti-

Table 5. Antigens 
available from RP1 

Kasokero GnGC 
Kasokero GP38 
Kasokero NP 
Kasokero GnGc 
+GP38 +NP 
Kasokero GnGc 
+GP38 
Kasokero GnGc +NP 
Kasokero GP38 +NP 



CCHFV mAbs via the planned approaches, we can also take a target-agnostic approach and perform single-cell 
RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human 
CCHFV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires present in CCHFV-
immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in the lineages 
may be more potently neutralizing than the ones obtained directly from human B cells. Together, through these 
complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can 
select a diverse panel of human anti-CCHFV mAbs. We also anticipate defining key epitopes targeted by potently 
neutralizing anti-CCHFV mAb combinations that can inform vaccine design (RP1) for related viruses being used 
as test cases in years 4 and 5. In the case that VSV-CCHFV does not cause sufficient CPE via the RTCA platform 
(highly unlikely), established focus reduction neutralization assays that detect VSV-CCHFV-infected foci will be 
used to identify mAbs with synergistic properties. Furthermore, for competitive binding assays, biolayer 
interferometry using the Octet HTX instrumentation also can be used to assess binding of mAbs in solution.  

E3. Specific Aim 3. Establish optimal mAb combination therapies against henipaviruses Hendra (HeV) 
and Nipah (NiV) viruses. We will use a large panel of potent anti-henipavirus mAbs that we previously made 
from the memory B cells of immune individuals and generate new antibodies targeting the fusion (F) protein. 
RP2 will provide new antigens for mAb selection and BSL-2-compatible viruses for neutralization screens 
including Cedar virus constructs displaying HeV and NiV F and G proteins. We will identify optimal mAb 
combinations to enhance henipavirus therapy, minimize viral escape, and improve treatment efficacy through 
synergy. In vitro competition-binding, neutralization, and mechanistic studies will be conducted, including 
authentic virus neutralization with PABVAX Core E. We will refine the recognized epitopes and investigate 
the structural basis for optimal combination neutralization of henipaviruses using HeV and NiV as prototypes. In 
vivo assessment of mAb combinations will determine the minimal effective dose for protection and the ability to 
prevent in vivo escape. Protective efficacy of lead mAb combinations will be assessed in hamster models of NiV 
and HeV infection with Core E. Leads will be transferred to Core D. As a final test of optimal henipavirus mAb 
combinations, we will assess protective efficacy of the lead henipavirus mAb pairs in NHPs, to be selected based 
on the in vitro and hamster data from Core E and manufacturability data from Core D. Down-selection for testing 
in African green monkey (AGM) henipavirus model studies would only be considered pending success in the 
hamster studies and consultation with the external SAB and NIAID program staff. The HeV and NiV studies will 
be conducted in years 1-3 and then applied to the plug-and-play test case Langya virus in years 2-5. If RP2 and 
Core E cannot rescue recombinant Langya virus, the lessons learned in Years 1-3 will be applied to the alternate 
“plug and play” test viruses Angavokely or Sosuga (SOSV) virus. Preliminary data on SOSV mAbs are provided. 

Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-NIV/HeV mAbs. In this Aim, 
we will further adapt approaches we have developed in preliminary experiments with henipavirus mAb studies 
by identifying a potently protective combination of anti-NiV/HeV human mAbs. Through these studies, we aim to 
identify an optimal anti-NiV+HeV mAb combination and further advance the discovery platform for rapid response 
against emerging paramyxoviruses, especially henipaviruses. In previous experiments in collaboration with 
investigators in RP2 and Core E, the Crowe laboratory has isolated characterized panels of neutralizing human 
anti-G NiV/HeV human mAbs from an individual with G-based immunity following occupational exposure to an 
equine HeV G subunit vaccine. Isolated peripheral blood mononuclear cells (PBMCs) were used to generate 
human B cell hybridomas secreting human mAbs to G, and antibody variable genes were sequenced to generate 
mAbs recombinantly. We isolated a panel of antibodies against the G protein that recognize the HeV G, NiV 
Bangladesh G, and NiV Malaysia G proteins. The mAbs exhibited a diversity of recognition patterns in that they 
fall into multiple competition-binding groups. This panel contains cross-binding and cross-neutralizing antibodies 
for diverse NiV and HeV strains. In the work proposed here, we will rapidly discover human NiV/HeV anti-F mAbs 
from NiV-immune individuals and outstanding potency anti-G antibodies with extensive characterization, 
including synergistic neutralization.    

(b) Applying mAb technologies for new mAb isolation.  We will use sorting of antigen-specific cells with 
recombinant henipavirus F protein antigens, as described above in Specific Aim 1. 

E.3.1. Rapid isolation of human anti-HeV/NiV mAbs. (a) Immune cells. We are obtaining human PBMCs 
from a number of previously NiV-infected individuals who acquired immunity following natural infection in 
collaboration with the icddr,b, an international health research institute based in Dhaka, Bangladesh. We are 
collecting a panel of 10 fully de-identified PBMC samples from individuals naturally infected in Bangladesh, in 
sample acquisition work supervised by the Vanderbilt Vaccine Center Biorepository with separate institutional 
funding. Blood samples are only obtained after informed consent, de-identified, and assigned random specimen 
numbers. The studies are approved by the icddr,b and Vanderbilt University Medical Center IRBs. PBMCs 
isolated from the blood samples are deposited into the Vanderbilt Vaccine Center Biorepository, but we can 
designate their use in this RP4, if funded. (b) Applying mAb technologies for new mAb isolation. We will use 



sorting of antigen-specific B cells, cloning of Ab variable genes, and then expression of mAbs as recombinant 
IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, 
we can use high-throughput systems to capture Ab genes directly from viral protein-specific Ab-secreting B cells 
on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics 
and BD RhapsodyTM), and this may be helpful for rarer antigen-specific B cells. We will sort soluble fusion (sF) 
or attachment (G) protein-specific cells with recombinant viral surface protein antigens from Core D (Table 6). 

(c) Ab screening and sequence analysis. Our goal is to identify human anti-NiV/HeV mAbs rapidly, as if we 
had to respond to a paramyxovirus outbreak in real time. We will single-cell sort antigen-specific B cells using 
recombinant HeV and NiV proteins (sF or G) as bait as described in Specific Aim 1 above.  

(d) Recombinant mAb cloning. As described in Specific Aim 1 above.  

(e) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(f) CPE-based HeV/NiV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In 
this aim, we will apply this method to assess neutralization of HeV and NiV. We will use 
rVSV HeV and NiV surrogates that expresses henipaviurs surface proteins and cause CPE. 
Investigators in RP2 and RP3 have VSV-NiV F and VSV-NiV G with GFP45, VSV-NiV G 
without GFP47 and VSV-HeVG (Geisbert and Cross, unpublished). We will obtain these all 
these VSV constructs from investigators in PABVAX. A decrease in cell impedance due to 
CPE and a corresponding decrease in GFP expression will identify mAbs with neutralizing 
activity against HeV and NiV. We also can use Cedar virus constructs for neutralization assays as the have 
reduced pathogenicity57 and can be used in high-throughput screening assays for henipavirus antiviral 
discovery58. Cedar viruses will be provided by Dr. Broder of RP2. The mAbs with most potent activity will be 
moved forward for additional studies to identify an optimal anti-HeV/NiV mAb combination.  

E.3.2. Identifying HeV/NiV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind HeV/NiV surface proteins and validate their epitopes. We 
will perform competition-binding studies with HeV/NiV sF or G proteins (as above). We will include positive 
controls made recombinantly from some of the mAbs shown in the preliminary data above for the identification 
of mAbs that can concurrently bind HeV/NiV proteins with a goal of finding more potent clones at those sites or 
clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of 
the anti- HeV/NiV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate 
testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can 
assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select 
neutralizing mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key 
binding residues of human anti-HeV/NiV mAbs by neutralization escape analysis. The generation of mAb 
combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the 
incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we 
will passage VSV-NiV F, VSV-NiV G and VSV-HeV G constructs at BSL-2 in the presence of saturating 
concentrations of HeV/NiV mAbs (single or combination) using RTCA to detect virus-induced CPE. Resistant 
virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus 
fitness may suffer. We can test the level of infection of VSV-HeV/NiV escape variants in the presence of mAbs. 

E.3.3. Structural basis of neutralization by anti-HeV/NiV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.3.4. Protective efficacy of human anti-henipavirus mAbs. (a) Studies in hamsters. MAbs that meet the 
above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will 
use an established hamster model of NiV or HeV infection that the Core E investigators have deployed. To 
benchmark our mAbs, a separate set of hamsters will be treated with G mAbs HENV-103+HENV-117, which we 
showed in previous data above confers substantial protection18. Groups of 6-8 hamsters will be treated with low, 
medium, or high IgG doses) of single or combinations of anti-HeV/NiV mAbs, or isotype controls at day +1 after 
inoculation with HeV or NiV. This approach allows us to determine whether combinations provide advantage over 
the best HeV or NiV mAb monotherapy treatments. These experiments will be repeated at least two independent 
times. We expect to test 10 single mAbs and 5 pairs of anti-HeV and anti-NiV mAbs in these studies. Protection 
will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements at day 3 after HeV or NiV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 

Table 6. Core D 
Henipavirus 

antigens 
Nipah sF 
Hendra sF 
NiV G 



recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal HeV/NiV mAb pairs that are comparable to or outperform the mAbs we reported 
previously. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-HeV/NiV mAb combination 
against HeV and NiV in NHPs. As a final test of an optimal anti-HeV/NiV mAb combination, we may assess 
efficacy of the lead anti-HeV/NiV mAb pair in NHPs (Core E), selected based on the in vitro, hamster data, and 
manufacturability data (Core D). Down-selection for testing in AGMs would only be considered with success in 
the hamster studies and in consultation with the external SAB and NIAID program staff.  

 E.3.5. Applying lessons learned in HeV/NiV research to Langya, Angavokely and Sosuga viruses. Once 
we have completed the HeV/NiV discovery campaigns, will turn to the test case pathogen Langya (or alternate 
Angavokely and Sosuga (SOSV) viruses) to see if we can use the prototype pathogen approach for this virus. 
We have plenty of human PBMCs from the sole identified SOSV-immune individual and have already shown 
that it is possible to obtain HN- and F-specific neutralizing antibodies from this individual’s B cells59. We also 
have already prepared recombinant SOSV prefusion F and HN proteins59. We do not have access to human 
PBMCs from Langya- or Angavokely-immune donors. For those mAb discovery 
campaigns, we will use Alloy humanized mouse models as a source of B cells encoding 
human mAbs, as above. Mice will be immunized with recombinant protein antigens (Table 
7), cDNAs encoding protective antigens, or replication-competent VSV strains encoding 
protective antigens for Langya or Angavokely. After the immunization protocol is 
completed, animals will be sacrificed humanely, spleens collected, and suspensions of 
splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, the generation of 
human mAbs follows our well-established methods as above for making human mAbs from B cells using single-
cell RNAseq or human hybridoma methods. The development will follow as for Hev/NiV described above. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
HeV/NiV mAb combinations with optimal protective activity. These mAb combinations will be endowed 
genetically with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid 
response to emerging HeV/NiV or related paramyxoviruses. Given our previous ability to generate human anti- 
HeV/NiV mAbs, as shown in preliminary data, we do not anticipate problems in isolating anti-HeV/NiV mAbs. We 
may observe that new mAb combinations do not add any benefit over individual mAbs. If we do not identify 
potently protective anti-HeV/NiV mAbs via the planned approaches, we can also take a target-agnostic approach 
and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) 
isolated from human NiV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires 
present in NiV-immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in 
the lineages may be more potently neutralizing than the ones obtained directly from human B cells. Together, 
through these complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), 
we likely can select a diverse panel of human anti-HeV/NiV mAbs. We also anticipate defining key epitopes 
targeted by potently neutralizing anti-HeV/NiV mAb combinations that can inform vaccine design (RP2) for 
related viruses being used as test cases in years 2 through 5.  

F. Scientific rigor. Experimental design. Experiments will include biological and technical replicates, and 
results will be analyzed by parametric or non-parametric analyses (depending on data distribution) and 
corrections for multiple comparisons. EC50 (binding) and IC50 (neutralization) values will be reported only 
following at least 3 identically conducted experiments. All mAb screening will incorporate appropriate + and - 
controls. Positive signals in binding assays will be defined as >3 SD above background. Protein quality. We 
have a high capacity to purify proteins using a Protein Maker workstation that allows purification chromatography 
on 24 parallel columns. We perform QC on protein reagents using a Maurice instrument with capillary 
electrophoresis technology to automate our protein profiling either by size or charge, providing cIEF and CE-
SDS data. Animal studies will be performed blinded with independent replicates and include negative (e.g., 
placebo), and positive (when available) controls. We will use power calculations (Data Management Core B) to 
determine sample sizes. For virological studies, power analysis was performed using accepted values for type I 
error (0.05) and power (80%). The values for population variance (15) are based on existing data sets and our 
experience with rodent challenge studies. We will perform experiments at least 2-3 independent times (n = 4-5 
each) to attain n = 12-15 per arm. Smaller group sizes can be used if differences are larger than expected. 

G. Relevant biological variables. The human mAbs are derived from immune human donors or Alloy mice. 
Humans. Human Abs will be isolated for biological, structural, and functional studies at a clonal level. The sample 
size is not powered for large scale epidemiologic or clinical study conclusions. There is no evidence that sex, 
age, body mass index, or underlying health conditions other than immunodeficiency or immunosuppressive 
treatments alters the activity of cloned Abs in structure/function studies. The samples are de-identified without 

Table 7. 
Paramyxovirus 

antigens from Core D 
Mojang sF  
Angavokely sF  
Langya sF 



patient specific identifiers to protect the health information of the donors; thus, research with these samples is 
considered Not Human Subjects Research category activity. Mice, hamsters, guinea pigs, NHP, and viruses are 
also biological systems used in this application. Conventional animal housing conditions will be used because 
there is no evidence that altered room temperatures and light/dark cycles influence paramyxovirus, nairovirus, 
or arenavirus pathogenesis. Mice, hamsters, guinea pigs, and NHPs of both sexes will be used, and phenotypes 
will be monitored for sex-based differences. Virus stocks will be either low passage seed stocks from natural 
isolates or generated from existing cDNA clones and sequence-confirmed prior to use for infection studies. 

H. Milestones and quantitative Go/No-Go criteria. Through Aims 1-3, we have proposed experiments that 
will advance our knowledge of the mAb-mediated mechanisms of action against paramyxoviruses, nairoviruses, 
and arenaviruses. In each Aim, we will use down-selection criteria (as below) to advance mAb combinations or 
variants for additional studies. By year 3, we will have defined the principles that govern optimal mAb 
combinations for paramyxoviruses, nairoviruses, and arenaviruses and the rational approaches needed to select 
mAbs for potency and breadth. We will use the following metrics to advance mAbs: (a) Neutralizing activity. All 
mAbs will have neutralizing potency < 10 ng/mL, EC50 value; (b) Binding affinity. MAbs will be of high affinity 
to surface proteins or virions (KD < 5 nM). (c) Protein stability and production quality. MAbs must produce at 
high levels without optimization (> 100 mg/L) and show biochemical/functional stability at 4°C or -80°C (>90% 
retention of binding and neutralization activity at 30 d). (d) Synergy. Combinations of 2 mAbs against a given 
virus ideally will show synergy of neutralization in vitro or at a minimum, additive inhibition (no antagonism); (e) 
Epitopes. To avoid resistance, mAbs in combination will bind 2 epitopes (determined by competition binding 
(<20% reduction in binding), mapping, and 
structural studies. (f) Resistance against mAbs 
will be assessed for virus escape. Deep 
sequencing of viruses that emerge from cells or 
animals treated with mAbs will inform 
prioritization. Combinations of mAbs with high 
genetic barriers to resistance (<10 loss in EC50) 
will be advanced. (g) Protection in mice, 
hamsters, guinea pigs, or NHPs. The 
following metrics can be used: (i) Protection 
against lethal challenge by homologous virus 
(>90% survival; (ii) Protection against clinical 
disease by homologous virus (>80%); (iii) Protection against infection by homologous virus (>100-fold reduction 
in viral titers in multiple organs). (h) pK measurements. For lead protective mAbs with mutations that should 
confer extended half-life, we will perform pK studies in NHPs (with Core D and E) to assess levels over time with 
a goal of a human predicted serum half-life of >6 months. 
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A. BACKGROUND AND SIGNIFICANCE. Paramyxoviruses, nairoviruses, and arenaviruses are widely 
distributed RNA viruses that cause severe human syndromes. Because of their geographical distribution and 
expansion, changes in human demographics and increased exposures to wild animals including rodents and 
bats, and their capacity for human-to-human spread, these viruses have the potential to cause pandemics. 
Together with the other investigators in PABVAX, we have selected several important prototype 
paramyxoviruses, nairoviruses, and arenaviruses to study to learn the rules governing immunity to these 
pathogens. The work on the pathogens selected is justified based on their prevalence and severity alone, but 
also because of their ability to serve as prototypes for genetically related viruses. We chose the viruses for focus 
in this RP4 on human antibody development because of their clinical relevance and because several will be 
studied as prototypes for vaccine development in RP1 (arenaviruses, nairoviruses) and RP2 (paramyxoviruses). 
Among the arenaviruses, we will target Lassa virus (LASV) and Machupo virus (MACV), and among the 
nairoviruses, we will study Crimean–Congo hemorrhagic fever virus (CCHFV). In tandem with the vaccine 
projects in RP2 focused on paramyxoviruses, we will study Nipah virus (NiV) and Hendra virus (HeV) as the 
prototypes. Information about the principles we discover about critical neutralizing epitopes identified here in 
RP4 with prototype viruses can feed back into all other Projects that address the subsequent plug and play test 
cases in later years (Lujo, Chapare, Kasokero, Langya). 

LASV is an Old World arenavirus (OWAV) with a single-stranded RNA virus belonging to the Arenaviridae family. 
Infection in humans is often the result of exposure to infected excreta from the rodent reservoir, Mastomys 
natalensis where up to 500,000 cases and an estimated 5,000 deaths occur annually in West Africa2.  While 
rodent infection is largely benign, human infection can result in severe hemorrhagic disease with neurological 
complications and long-term hearing and vision sequelae3,4. There are no approved vaccines or treatments for 
LASV infection. The virus possesses a bi-segmented genome comprising large (L) and small (S) segments, both 
of which are enclosed within a lipid envelope. The L segment (~7.2 kb) encodes the RNA-dependent RNA 
polymerase (RdRp) and a zinc-binding protein (Z), while the S segment (~3.4 kb) codes for the nucleoprotein 
(NP) and the glycoprotein precursor (GPC). The GPC is further cleaved into two surface glycoproteins, GP1 and 
GP2, which play critical roles in viral entry. The genetic diversity of LASV can be classified into six lineages (I-
VI), with lineages III and IV being the most prevalent5. Genetic variation arises mainly due to the error-prone 
nature of the viral RNA polymerase, leading to the emergence of quasi-species. This diversity contributes to the 
virus's ability to evade host immune responses and pose challenges to vaccine development6. The surface 
glycoproteins GP1 and GP2, are responsible for receptor binding and membrane fusion, respectively. While GP1 
is highly variable among strains, GP2 is more conserved. The nucleoprotein (NP) is another major antigen, and 
its immunodominant epitopes are targeted by the host's immune response. Its genetic diversity and antigenic 
properties complicate diagnosis and vaccine development, emphasizing the need for continued research on 
medical countermeasures.  

MACV is a New World Arenavirus (NWAV) and the causative agent of Bolivian Hemorrhagic fever. Humans are 
infected after exposure to excreta from the reservoir, Calomys callosus, the large vesper mouse. Disease in 
humans has a slow onset, but can progress to severe hemorrhagic fever coupled to insidious neurological 
complications including tremors, seizures, and paralysis7. MACV has a similar genomic organization and 
contains a GPC, NP, Z, and L polymerase proteins. Genetic diversity of MACV is delineated into 8 lineages (I-
VIII) where there is growing concern of an expanding host range of C. callosus is responsible for outbreaks 
outside the known endemic region8. While the host entry receptor for NWAV is not shared with OWAV, the role 
for GP to drive immunity as a major antigen alongside NP.  The better studied Junin has a regionally approved 
vaccine9 and convalescent plasma program10 available to prevent and treat disease, respectively. There are no 
approved vaccines or therapies approved for MACV.any other NWAV, including MACV. Further, it is not well 
established whether these countermeasures have potential for cross protect other NWAV such as MACV, 
underscoring the value of continued efforts to develop broadly active countermeasures to safeguard against 
lethal disease.   

CCHFV is a highly pathogenic tick-borne virus classified under the Nairovirus genus within the Bunyaviridae 
family11. CCHF outbreaks have a case fatality rate of up to 40% and there are no vaccines or treatments approved 
for human use.It has a negative-sense, single-stranded RNA genome comprising three segments: Small (S), 
Medium (M), and Large (L). These segments are enclosed within a lipid envelope and code for various structural 
and non-structural proteins. The S segment (~1.7 kb) encodes the nucleocapsid protein (N), which is essential 
for viral replication and assembly. The M segment (~5.3 kb) codes for the glycoprotein precursor (GPC), which 
is post-translationally cleaved into two surface glycoproteins, Gn and Gc. These glycoproteins are involved in 
viral entry and fusion. The L segment (~12.1 kb) encodes the RNA-dependent RNA polymerase (RdRp), 
responsible for viral RNA synthesis. CCHFV exhibits significant genetic diversity, with at least seven distinct 
clades (Europe 1, Europe 2, Africa 1-3, and Asia 1-2) based on the partial S segment sequences12. This diversity 
is attributed to the segmented genome, geographical distribution, and error-prone viral RNA polymerase, leading 
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to the emergence of various quasi-species. The major antigens of CCHFV include the surface glycoproteins Gn 
and Gc, as well as the nucleocapsid protein (N)13,14. These antigens are targeted by the host immune response. 
CCHFV is genetically diverse, so breadth of reactivity will be a focus of our discovery efforts.  

NiV/HeV. Bat borne, NiV and HeV are enveloped, negative-sense, single-stranded RNA viruses belonging to the 
Henipavirus genus within the Paramyxoviridae family15. These emerging zoonotic viruses pose a significant 
threat to human and animal health due to their high fatality rates and broad host range. The genomes of NiV and 
HeV are approximately 18.2 kb or 18.4 kb in length, respectively, and share a similar gene organization. They 
encode six major structural proteins: nucleocapsid (N), phosphoprotein (P), matrix (M), fusion (F), attachment 
glycoprotein (G), and large polymerase (L) proteins. The N, P, and L proteins form the viral RNA-dependent RNA 
polymerase (RdRp) complex necessary for transcription and replication, whereas the M, F, and G proteins are 
essential for virus assembly and entry. Genetic diversity in henipaviruses is relatively low compared to other RNA 
viruses, with NiV strains showing 91-100% nucleotide similarity and HeV strains displaying 83-100% similarity16. 
However, the error-prone nature of the RdRp can still generate genetic variability, leading to the emergence of 
distinct lineages. The major surface antigens of Nipah and Hendra viruses are the attachment glycoprotein (G) 
and fusion protein (F). The G protein facilitates receptor binding, while the F protein mediates viral membrane 
fusion. Both antigens are involved in host immune responses and are potential targets for vaccine development, 
and the neutralizing antibody approaches we propose here. NiV and HeV exhibit relatively low genetic diversity, 
and in preliminary studies, we have identified human mAbs that neutralize HeV, NiV Bangladesh and NiV 
Malaysia strains17-19. Antibodies to the major surface antigens, the G and F proteins, are therefore, promising 
candidates for development as prophylactic or therapeutic molecules.As with the other prototype virus in the 
PABAX Center there are no vaccines or treatments against henipaviruses licensed for human use. 

Antibodies (Abs) are important correlates of protection for paramyxoviruses, nairoviruses, and arenaviruses. 
Immune sera against members of each of these groups of viruses has been shown to exhibit protective efficacy 
in vivo, which supports the use for Abs as treatment options. However, the specificity, functional properties, and 
other attributes of protective antibodies are poorly defined for most of these viruses. MAbs to the attachment and 
fusion surface proteins of paramyxoviruses (such as the G and F proteins of Hendra/Nipah18,20 and the GP 
proteins of the arenaviruses like LASV21,22) can neutralize and protect against infection in rodent models. CCHFV 
is a bit of a conundrum in that ultrapotent human neutralizing antibodies to the related Rift Valley fever virus 
surface proteins are highly protective in vivo23,24, but CCHFV neutralizing antibodies are not protective. In 
contrast, some non-neutralizing antibodies do protect partially for CCHFV25. Clearly, there is a lot to learn about 
the rules of immunity to these viruses, and the genetic, molecular, and structural basis of antibody-mediated 
protection for viruses like CCHFV. Based on these data, we propose the use of mAbs as treatment options to 
learn the rule of how to protect against emerging paramyxoviruses, nairoviruses, and arenaviruses and to 
develop candidate antibody countermeasures for translational development with Core D. To do so, we will further 
develop our technical methods for rapidly discovering mAbs, in the case of a future unexpected epidemic caused 
by viruses of these families. Most importantly, we will define the principles governing combination antibody 
therapy to prevent virus escape from treatment or prevention and to optimize the efficacy of the beneficial effects 
conferred by passive immunity. 

B. SCIENTIFIC PREMISE. The work proposed here in RP4 is based on the extensive basic, translational, and 
clinical trial data on the role of neutralizing Abs in protection against infection and disease caused by 
paramyxoviruses, nairoviruses, and arenaviruses. Although a significant amount of data supports the use of 
mAbs to prevent or control paramyxovirus, nairovirus, and arenavirus infection, many questions remain, such as 
the ideal epitopes to target with mAb combination therapy to improve upon neutralization potency, in vivo efficacy, 
and resistance to viral escape. Identifying these epitopes can help inform vaccine design to elicit optimal 
protective polyclonal responses (in RP1 and RP2, especially with designs for test cases in years 4 and 5). Here 
we aim to refine our understanding of the correlates of mAb protection against paramyxoviruses, nairoviruses, 
and arenaviruses to enable the design of a modular “plug-and-play” workflow to rapidly respond to potential 
pandemics by generating optimized combinations of vaccine-like mAbs with an extended half-life that could be 
used for long-term prophylaxis (> 6 months) and therapy. 

C. INNOVATION. RP4 has many innovative conceptual and technical features including: Conceptual. (1) 
determining the principles that govern optimal combinations of human mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses for protection and resistance to viral escape; (2) the development of a clear 
workflow that generates therapeutic or preventative antibodies (long half-life mAbs that serve as vaccine 
surrogates) against emerging or new paramyxoviruses, nairoviruses, and arenaviruses with pandemic potential. 
Our goal is to define the principles and features, including epitope, combination ratios, and mechanisms of action, 
that result in optimal efficacy of mAbs against paramyxoviruses, nairoviruses, and arenaviruses in animal models 
and create a higher barrier for resistance. These studies will serve as paradigms for rapid antibody discovery in 
response to future paramyxovirus, nairovirus, and arenavirus pandemic threats. Technical. (3) large-scale B cell 
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repertoire sequencing with customized methods and software; (4) use of humanized (Alloy) mice and novel 
immunogens from RP1 and RP2 and Core D; (5) single B cell functional (neutralization) assays performed on a 
Beacon instrument; (6) development of high-throughput real-time label-free virus neutralization assays 
(xCELLigence platform); and (7) use of simultaneous in parallel screening with several different high-throughput 
virus-specific B cell isolation approaches (Beacon, 10X Genomics, Rhapsody) to generate and validate best-in-
class human mAbs as candidate medical countermeasures.  

D. LINKAGE TO OTHER PABVAX PROJECTS AND CORES. The group will focus on developing a modular 
test case platform for rapid selection of highly neutralizing and/or protective mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses. Members of our group have active collaborations with most members of the 
PABVAX Center as reflected in previous collaborations and publications (see Overall document). We will 
interact extensively with the Animal Model and Preclinical Evaluation Core (Core E) to study neutralization 
against authentic viruses and to test for protection in small and large animals as well as with RP3 for testing 
paramyxovirus mAbs. The knowledge gained from our studies on the structure-function relationships of 
neutralizing mAb combinations can be applied to rational vaccine design for RP 1 and RP2 in later years of the 
effort when we pivot to apply the lessons learned to the same test case targets as RP1 and RP2. Numerous 
antigens will be made available to our RP. Finally, long-half-life Fc mutations are now available based on 
engineering of human IgG1 for enhanced binding to the neonatal Fc receptor (FcRn) such as LS (M428L 
/N434S)26, or YTE (M252Y/S254T/T256E)27 mutations. With ≥ 90 days half-life in humans, our approach will 
generate mAbs with vaccine-like properties that remain effective for months during a virus epidemic and thus 
provides a platform for response to future paramyxovirus, nairovirus, and arenavirus pandemic threats, a key 
goal of our PABVAX Center. Our laboratory previously validated this vaccine surrogate concept when we 
isolated the human mAbs that formed the basis for Evusheld with YTE long-half-life Fc mutations (used in 70 
countries and millions of people) that exhibited > 6 months protective levels in humans after single IM injections.  

E. APPROACH  

E.1. Specific Aim 1. Discover potently neutralizing arenavirus combination therapies. For the prototypes, 
we will focus on LASV, an Old World virus and MACV, a New World virus. We will investigate the principles 
underlying antibody-mediated arenavirus protection. Preliminary evidence suggests that potent virus 
neutralization is a mechanistic correlate of protection for arenaviruses28,29. 
RP1/Core D will provide optimized antigens for mAb selection for the Prototype 
LASV and MACV (or subsequent Test Cases). We will use a workflow for rapid 
identification of potently neutralizing mAb combinations for LASV and MACV. We 
will generate mAbs from individuals with prior natural infection or use transgenic 
mice with human antibody repertoires. A large panel of human anti-LASV and 
anti-MACV mAbs will be generated using multiple approaches (immune human 
B cells and immunized humanized mice), and highly neutralizing mAbs will be 
evaluated to identify optimal combinations. The best mAb combinations will be 
assessed to determine the minimal effective dose for protection, and the lead 
mAb combination therapy(ies) will be transferred to Core E for further evaluation 
and ultimately testing in an NHP model of LASV or MACV infection. Leads will 
be transferred to Core D for further translational development as medical 
countermeasures. The prototype LASV and MACV will be studied in years 1 to 
3, followed by mAb discovery efforts for Test Cases Lujo and Chapare viruses 
based on the established principles in years 4-5.  

 

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows us to 
further assess the functionality of the B 
cells or for antibody sequencing. 
Recombinant mAb expression validates 
the mAb sequence and functional 
activity. Figure is adapted from 1. 
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E.1. Specific Aim 1. Discover potently neutralizing arenavirus combination therapies. For the prototypes, 
we will focus on LASV, an Old World virus and MACV, a New World virus. We will investigate the principles 
underlying antibody-mediated arenavirus protection. Preliminary evidence suggests that potent virus 
neutralization is a mechanistic correlate of protection for arenaviruses28,29. 
RP1/Core D will provide optimized antigens for mAb selection for the Prototype 
LASV and MACV (or subsequent Test Cases). We will use a workflow for rapid 
identification of potently neutralizing mAb combinations for LASV and MACV. We 
will generate mAbs from individuals with prior natural infection or use transgenic 
mice with human antibody repertoires. A large panel of human anti-LASV and 
anti-MACV mAbs will be generated using multiple approaches (immune human 
B cells and immunized humanized mice), and highly neutralizing mAbs will be 
evaluated to identify optimal combinations. The best mAb combinations will be 
assessed to determine the minimal effective dose for protection, and the lead 
mAb combination therapy(ies) will be transferred to Core E for further evaluation 
and ultimately testing in an NHP model of LASV or MACV infection. Leads will 
be transferred to Core D for further translational development as medical 
countermeasures. The prototype LASV and MACV will be studied in years 1 to 
3, followed by mAb discovery efforts for Test Cases Lujo and Chapare viruses 
based on the established principles in years 4-5.  

Preliminary Data. (a) Potently neutralizing human anti-LASV and anti-
MACV mAbs. The Crowe laboratory has previously characterized panels of 
neutralizing human anti-viral human mAbs from virus-immune or vaccinated 
individuals for about 50 viruses, mostly RNA viruses. Isolated peripheral blood 
mononuclear cells (PBMCs) are used to generate hybridomas or alternatively 
antigen-sorted at single B cell level and antibody variable genes sequenced to 
generate mAbs recombinantly. Panels of human anti-viral mAbs are produced 
rapidly (we recently reported isolation of 15,000 mAb gene pairs from single 
Ebola-virus-specific human B cells from a single blood sample of an immune 
individual30. Previous studies by others clearly show that representative 
neutralizing and protective human antibodies can be isolated from LASV-
immune subjects31-35. In this Aim, we will refine the approaches we have 
developed previously for other RNA viruses in a proof-of-concept study by 
identifying potently neutralizing combinations of anti-LASV and anti-MACV 
human mAbs. We will rapidly discover human anti-LASV mAbs from LASV-
immune individuals and human anti-MACV mAbs by immunizing Alloy 
transgenic mice. Synergy studies will be performed to identify optimal mAb 
combinations by pairing them. Through these studies, we aim to identify optimal 
anti-LASV and anti-MACV mAb combinations and further advance the 
discovery platform for rapid response against emerging arenaviruses. 

(b) Advanced mAb technologies. The Crowe laboratory has developed some 
of the highest yield systems to isolate naturally occurring human mAbs using 
human hybridoma or advanced single-cell RNA-seq methods (Fig 1). We have 
used sorting of antigen-specific cells with recombinant viral surface protein 
antigens (like the GP1 and GP2 proteins we will use here), cloning of Ab 
variable genes, and then expression of mAbs as recombinant IgG. Alternatively, 
cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and 
BAFF. One variation we will use is to capture Ab genes directly from viral 
glycoprotein-specific Ab-secreting B cells on the Berkeley Lights Beacon® optofluidic platform or through single-
cell RNA-seq approaches (10X Genomics and BD RhapsodyTM), as we have done for Ebola virus30,36 and SARS-
CoV-21,37-42. These single-cell techniques enhance the capture of rare antigen-specific B cells.  

E.1.1. Rapid isolation of human anti-LASV and anti-MACV mAbs. (a) Immune cells. We have obtained 
human PBMCs from one previously LASV-infected individual who was medically managed previously by Emory 
University in their infectious diseases containment unit. This person has a documented robust neutralizing serum 
antibody response, suggesting isolation of neutralizing human mAbs from these PBMC aliquots will be 
straightforward for us. Our colleagues in RP1 have ongoing field operations for over a decade in Sierra Leone, 
Liberia, and Nigeria. This work is currently in association with the NIH-Centers for Research on Emerging 
Infectious Diseases (CREID) with a heavy focus on the study of LASV ecology, epidemiology, and host 
responses.  RP4 is currently working with RP1 on obtaining PBMCs from ~10 individuals with prior laboratory-

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows us to 
further assess the functionality of the B 
cells or for antibody sequencing. 
Recombinant mAb expression validates 
the mAb sequence and functional 
activity. Figure is adapted from 1. 

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows us to 
further assess the functionality of the B 
cells or for antibody sequencing. 
Recombinant mAb expression validates 
the mAb sequence and functional 
activity. Figure is adapted from 1. 

Field Code Changed



confirmed cases of LASV. The acquisition of these samples is being managed by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding to be de-identified prior to use in the studies proposed here. 
Blood samples are only obtained after informed consent, de-identified, and assigned random specimen numbers. 
The studies have been approved by the Vanderbilt University Medical Center IRB. PBMCs isolated from the 
blood samples will be deposited into the Vanderbilt Vaccine Center Biorepository, but we can designate their 
used for mAb generation in this RP4, if funded. For anti-MACV mAbs, as a human PBMC source is not readily 
available, we will immunize Alloy humanized mice. These animals yield PBMCs that secrete fully human mAbs. 
Alloy mice are used routinely in the Crowe lab workflow. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-LASV and anti-MACV mAbs in a 
rapid manner to mimic a pandemic response to an outbreak. We will single-cell sort antigen-specific B cells using 
recombinant LASV or MACV proteins (e.g., Table 1) or non-infectious viral particles as bait. These cells will be 
expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF for downstream applications, including 
LASV and MACV neutralization assays. Alternatively, we will use the Berkeley Lights 
Beacon® optofluidic platform, which can functionally ascribe GP protein or virus-particle 
binding to single B cells. These cells are exported for sequencing of the variable gene 
regions and analysis using the PyIR software developed in the Crowe laboratory. We will 
select a panel of up to 500 neutralizing anti-LASV mAbs and a similar number of anti-MACV 
mAbs to express recombinantly and advance for further characterization. We can easily 
conduct multiple approaches simultaneously in parallel1,43. 

(c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions for cloning, 
expression, and downstream functional assays to validate the mAb sequence. We will perform high-throughput 
synthesis of mAb genes using a custom, commercial synthesis platform (Twist Bioscience). MAb genes are 
Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors.  

(d) Micro-scale mAb expression. The Crowe laboratory has the capacity for large-throughput micro-scale mAb 
expression and purification. The lower end of this range allows expression of thousands of mAbs, which will feed 
into automated mAb purification platforms. This approach allows early-stage assays to identify candidate mAbs 
that will then be produced at larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated 
effector functions in vivo (Core E).  

(e) A CPE-based LASV and MACV neutralization assay using RTCA. We have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of cytopathic effect (CPE). Here, 
we will apply this method to assess neutralization of LASV. Recently, we validated the inclusion of simultaneous 
live-cell fluorescence microscopy into this real-time CPE-based screening platform (xCelligence RTCA eSight). 
These capabilities expand the platform to screen viruses that may or may not induce CPE, allowing us to also 
use a replication-competent vesicular stomatitis virus (VSV) LASV surrogate that expresses LASV surface 
proteins and causes CPE44. Currently, we have a VSV-LASV-Josiah (lineage IV)44 and a Sauerwald version 
(lineage II) of these recombinants. Making additional LASV VSV-LASVs is not difficult, and RP1 will make the 
other missing lineages or needed arenaviruses based on the same approaches as previously published. RP1 
also can easily make versions of these VSVs that express the green fluorescent protein (GFP) reporter gene. 
Existing VSV-CCHFV, VSV-NiV, and VSV-HeV vectors45-47 will be provided by Dr. Geisbert overall PI and Lead 
of Core E. We already have Vanderbilt IBC approval for use of these constructs. A decrease in cell impedance 
due to CPE and a corresponding decrease in GFP expression if used will identify mAbs with neutralizing activity 
against LASV. These mAbs will be moved forward for additional studies to identify an optimal anti-LASV mAb 
combination.  Similar processes will be followed to determine neutralization capacity of MACV mAb candidates. 

E.1.2. Identifying LASV and MACV mAb combinations. (a) Epitope mapping through competition-binding 
studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb 
pairs that can simultaneously bind LASV or MACV and validate their epitopes. We will perform competition-
binding studies with GP or subunit proteins (as above) or virus-like particles (VLPs)48 available from Core E at 
UTMB. Core E will also inactivate LASV and MACV virus particles that they have at UTMB by gamma irradiation 
and safety test and send those to our Vanderbilt site (we have previously accomplished this transfer with Ebola 
and Marburg particles). Inactivated virus particles will be used in ELISA. We will include positive controls made 
recombinantly from previously reported antibodies for the identification of mAbs that can concurrently bind LASV 
or MACV with a goal of finding more potent clones at those sites or clones that complement these inhibitory 
mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-LASV or anti-MACV 
mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb 
combinations for each virus, using rational selection based on preliminary epitope mapping data. We can assess 
for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select mAb pairs, 

Table 1. Antigens 
from Core D 

Lassa Josiah NP 
Lassa Josiah GPe 
Machupo GPe 
Machupo NP 



with our priority on combinations with synergistic effects. (c) Identification of key residues binding residues 
of human anti-LASV and anti-MACV mAbs. To determine the key residues for binding of down-selected mAbs, 
we will perform deep mutational scanning49. Briefly, all amino acids of the GP proteins will be mutated to the 
other 19 amino acids with a unique barcode using PCR-based mutagenesis. The LASV or MACV GP protein 
library will be incubated with the appropriate mAbs to identify residues with loss-of-binding phenotypes. A 
sequence ‘logo’ showing the relative contributions of each amino acid mutation will identify residues critical for 
binding. Multiple amino acid substitutions can then be assessed by reverse genetics at UTMB to confirm the 
epitopes recognized by the down-selected mAbs. This method also serves as a surrogate for in vitro 
neutralization escape studies. (d) Neutralization escape analysis. The generation of mAb combinations should 
increase the barrier to viral escape. To assess whether mAb pairs reduce the incidence of viral escape, we will 
perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-LASV or VSV-
MACV constructs at BSL2 in the presence of saturating concentrations of mAbs (single or combination) using 
the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be 
extracted for sequencing. Confirmatory reverse genetics studies will be performed by introducing mutations into 
an infectious cDNA clone of LASV or MACV by RP1 to test neutralization. We hypothesize that escape will be 
less likely in the presence of mAb combinations than single mAbs. Even if partial escape occurs, virus fitness 
may suffer. We can test this concept in vivo by determining the level of infection of escape variants in the 
presence of mAbs. 

E.1.3. Structural basis of neutralization by mAb combinations. The studies above should identify optimal 
anti-LASV and anti-MACV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
viral escape under mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 
combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for arenavirus by identifying key epitope targets (RP1). 

E.1.4. Protective efficacy of human anti-arenavirus mAbs. (a) Studies in guinea pigs. MAbs that satisfy the 
criteria stated above and that display stage-appropriate manufacturability characteristics will advance to in vivo 
testing. We will use established models of LASV22,50 and MACV51,52 infection in guinea pigs. PABVAX Core E 
has access to many strains from different LASV and MACV lineages, which will be tested. For prioritization, we 
will focus on LASV lineage II, III, and IV strains and MACV lineage I, II, and VIII strains for which uniformly lethal 
models are available. Groups of 6 outbred Hartley guinea pigs will be treated with low, medium, and high doses 
of single or combinations of anti-LASV or anti-MACVs mAb, or isotype controls at day +1 after inoculation with 
the LASVs or MACVs This approach allows us to determine whether combinations provide advantage over the 
best monotherapy treatments. These experiments will be repeated at least two independent times. We expect 
to test 10 single mAbs and 5 pairs of anti-LASV and anti-MACV mAbs in these studies. Protection will be 
assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements (blood) at day 5 or 6 after LASV or MACV challenge and the day 35 study endpoint by plaque 
and qRT-PCR assays. For any animals that show virological breakthrough of infection, deep sequencing will be 
performed from recovered viruses to assess for possible emergence of in vivo resistance. From these studies, 
we expect to down-select further to 2 optimal LASV and MACV mAb pairs that are comparable to or outperform 
previously reported mAbs for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-LASV and anti-MACV mAb 
combination against LASV or MACV in NHPs. As a final test of an optimal anti-LASV and anti-MACV mAb 
combinations, we will assess protective efficacy of the lead anti-LASV mAb pair in NHPs as well as the anti-
MACV mAb pair in NHPs.  These anti-LASV and anti-MACV mAb pairs will be selected based on the in vitro and 
guinea pig data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus 
monkeys will only be considered pending success in the guinea pig studies and consultation with the external 
Scientific Advisory Board (SAB) and NIAID program staff.  



E.1.5. Applying lessons learned in LASV and MACV research with the selected test case pathogens for 
mAb generation: Lujo and Chapare mAbs. Once we have completed the LASV and MACV discovery 
campaigns, will turn to the test case pathogens to see if we can use the prototype pathogen approach to related 
viruses, Lujo (LUJV) and Chapare (CHAPV). We do not have access to human PBMCs from LUJV - or CHAPV-
immune donors. As an alternative approach, we will use humanized mouse models as a source of B cells 
encoding fully human monoclonal antibodies. The Vanderbilt core investigators have an established fully 
executed agreement to use Alloy human antibody mice for this purpose (See Letter of Support). The Alloy ATX-
Gx™ mouse is one of the most effective in vivo human antibody discovery platforms, with over 140 partners and 
counting. This mouse system was originally invented and validated inside a major pharma company and then 
further developed by Alloy. This foundational suite of highly immunocompetent transgenic mice is engineered to 
drive the greatest potential diversity of unique human antibodies binding to the viral target of interest, with broad 
epitopic coverage. The comprehensive functional human antibody repertoire in these mice is optimized for 
human Ab sequence developability and diversity. Alloy and Vanderbilt have already executed a simple licensing 
process for use of the ATX-Gx platform, and as an established partner the Vanderbilt core team will access the 
expanding portfolio of transgenic Alloy strains designed to address a range of discovery challenges (including 
diverse Ab isotypes). Mice will be immunized with conformationally correct recombinant 
protein antigens (Table 2), cDNAs encoding protective antigens, or replication-competent 
VSV strains encoding protective antigens for the target of interest. After the immunization 
protocol is completed, animals will be sacrificed humanely, spleens collected, and 
suspensions of splenocytes (enriched in B cells) will be purified by density gradient 
selection. Downstream, the generation of human mAbs follows our well-established 
methods as above for making human mAbs from B cells using single-cell RNAseq or 
human hybridoma methods. The development will follow as for LASV and MACV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
LASV and anti-MACV mAb combinations with optimal neutralizing and protective activity. These mAb 
combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like 
therapy options (for humans) for rapid response to emerging LASV, MACV, or related arenaviruses. Given our 
previous ability to generate human antiviral mAbs, we do not anticipate problems in isolating anti-LASV or anti-
MACV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not 
identify potently neutralizing anti-LASV or anti-MACV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B 
cells (i.e., memory B cells) isolated from human LASV-immune PBMC samples. In addition, we can deep 
sequence the B cell repertoires present in LASV-immune PBMC samples and identify clonal lineages, including 
siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly 
from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + 
single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-LASV mAbs. We also 
anticipate defining key epitopes targeted by potently neutralizing anti-LASV mAb combinations that can inform 
vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-LASV 
does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization 
assays that detect VSV-LASV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, 
for competitive binding assays, biolayer interferometry using the high-throughput Octet HTX instrumentation also 
can be used to assess binding of mAbs in solution.  

E2. Specific Aim 2. Discover a protective CCHF virus mAb combination therapy. Establishing the generality 
of protection approaches against nairoviruses, we will perform a mAb discovery proof-of-concept campaign for 
the Prototype CCHFV. Preliminary studies have identified human anti-CCHF mAbs with varying levels of 
protection in experimentally infected animals25,53,54. We will isolate a large panel of human anti-CCHFV mAbs 
and determine the rules governing optimal mAb combinations through competition-binding, epitope mapping, 
neutralization, and viral escape studies. Lead antibodies with acceptable manufacturability characteristics (Core 
D) and the highest capacity to overcome resistance while maintaining potency of protection will be selected. The 

Table 2. Antigens 
available from RP1 

LUJV NP NTD 
LUJV GPe 
LUJV NP NTD +GPe 
CHAPV NP NTD 
CHAPV GPe 
CHAPV NP NTD +GPe 



structural basis of their activity will be established using structural biology techniques (electron microscopy and 
crystallography). Lead mAb cocktail therapies will be evaluated for in vivo protective efficacy in STAT1−/− mice 
(with Core E). As a final test of an optimal anti-CCHFV mAb combination, 
we will assess protective efficacy of the lead anti-CCHFV mAb pair in NHPs, 
to be selected based on the in vitro and mouse data from Core E and 
manufacturability data from Core D. Down-selection for testing in 
cynomolgus monkeys studies would only be considered pending success in 
the mouse studies and consultation with the external Scientific Advisory 
Board and NIAID program staff.   In years 4-5, we will apply the lessons 
learned to the plug and play test case Kasokero virus (KASV) in 
collaboration with RP1, Core D, and Core E.  

Preliminary Data. (a) Potently neutralizing and non-neutralizing human 
anti-CCHFV mAbs. In this Aim, we will rapidly discover human anti-CCHFV 
mAbs from CCHFV-immune individuals and perform synergy studies to 
identify optimal mAb combinations by pairing them. Through these studies, 
we aim to identify an optimal anti-CCHFV mAb combination and further 
advance the discovery platform for rapid response against emerging 
nairoviruses. In preliminary experiments in collaboration with investigators 
in RP1 and Core E, the Crowe laboratory has previously isolated and 
characterized panels of neutralizing human anti-CCHFV human mAbs from 
individuals who were convalescent after naturally-acquired laboratory-
confirmed infection in Spain or Turkey. We isolated a panel of antibodies 
against CCHFV that recognize the M-segment in transfected cells, and they 
exhibit a diversity of recognition patterns in that they fall into multiple 
competition-binding groups (Fig 2). This panel contains cross-binding and 
cross-neutralizing antibodies for diverse strains. We observed a human mAb 
designated CCHF-82 competing with competition group 1 and group 2 
antibodies from the previously isolated GP38-reactive murine 
antibodies. CCHF-82 showed some protection in a STAT1−/− mouse 
model of infection conducted by investigators in RP1 (Fig 3). Further 
investigation with this antibody in the IbAr10200 prophylaxis and 
therapeutic models is warranted. In contrast, the CCHFV-neutralizing 
mAbs that we isolated and tested in vivo did not perform well in the 
Turkish strain STAT1−/− mouse model. We now know protection in this 
model is possible, given the work from Fels et al., 2021 who showed 
that potent antibodies against various sites on the Gc surface can 
afford protection in this model53. However, in their study they did not 
test GP38-reactive antibodies. To our knowledge, our preliminary 
data is the first indication that a human GP38-targeting antibody can 
provide some protection in this mouse model. 

Non-neutralizing murine mAbs protect in mouse models of infection25, 
but it is unknown if the human antibody response could provide 
similar levels of protection. Murine mAb 13G8 binds to GP38 and 
does not neutralize CCHFV. This mAb provides protection against 
lethal challenge as a prophylaxis and a therapeutic against CCHFV. 
In preliminary experiments we sought to understand if human 
survivors of CCHFV infection possess B cells encoding mAbs that 
bind a similar epitope as 13G8 and provide protection. CCHF-82 
competes for binding with 13G8 to preGn-transfected cells containing 
GP38. This antibody offered some protection as a post-exposure 
prophylaxis against the Turkish strain of CCHFV (Fig 3). Human antibodies like this should be further studied 
and the frequency of these clones should be elucidated to understand if this is a feasible strategy for future 
vaccine efforts for humans. The epitope that 13G8 and CCHF-82 identifies could inform vaccine design if these 
antibodies offer protection in larger animal models. Understanding how non-neutralizing antibodies function is 
critical in efforts to validate the GP38-binding class of antibodies. Golden et al. undertook a study to understand 
the mechanisms 13G8 functioned and observed that complement activation contributes to the protective capacity 
of this antibody25. Here, in studies of CCHF-82, we also will assess complement activation in mouse models of 
infection to fully understand the function of this mAb in vivo. Furthermore, if this mAb protects in the CCHFV 
IbAr10200 strain challenge model, assessing its mechanism is warranted. Together with Core D, we will assess 

Figure 3. Human mAb CCHF-82 provides 
partial protection as a post-exposure 
prophylaxis against the Turkish strain of 
CCHFV in the STAT1−/− mouse model. 
A single dose of mAb was administered by the 
IP route to mice (n=6 per group (3 male, 3 
female)) at 30 min post infections. A lethal dose 
of Turkish strain of CCHFV was administered. 
CCHF mAbs or DENV-2D22 (an isotype-
matched negative control mAb) were tested in a 
single dose of 250 μg per mouse. Kaplan-Meier 
survival curves were statistically analyzed using 
a log-rank (Mantel-Cox) test where mAb-treated 
animals (P value shown in figure) were 
compared to animals treated with the DENV-
2D22 negative control mAb. Unpublished data. 

Figure 2. Competition assessment 
of human Abs to CCHFV using M-
segment expressing cells. We 
tested 28 mAbs in competition assays. 
MAbs are displayed in 8 groups (A-H) 
based on their ability to compete for 
binding. Values shown are the % of 
binding that occurred during 
competition compared to non-
competed binding of the mAb. This 
value was normalized to 100%. The 
values are also indicated by the box fill 
color; darker colors toward black 
indicate higher competition and lighter 
colors toward white indicate less 
competition, on a gradient scale.  



IgG molecules with complement knockout (“KA”) and Fc gamma receptor knockout (LALA-PG) mutations in the 
Fc domain to study this matter. Human mAb CCHF-82 displayed limited cross-protection against experimental 
infection with the Turkish strain of CCHFV. Our antibody isolation here will aim to identify cross-protective non-
neutralizing antibodies reactive with GP38. Recently, vaccinating with NP was shown to be another way to elicit 
non- neutralizing antibodies55. The NP of CCHFV is more conserved than the glycoproteins and might also be a 
non-canonical target for the identification of cross-protective non-neutralizing antibodies55. 

(b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific cells with 
recombinant viral surface protein antigens, cloning of Ab variable genes, and then expression of mAbs as as 
described above in Specific Aim 1.  

E.2.1. Rapid isolation of human anti-CCHFV mAbs. (a) Immune cells. We have obtained human PBMCs 
from a number of previously CCHFV-infected individuals. One was a health care survivor who was infected while 
caring for a patient in Spain56. We also collected a panel of 10 fully de-identified PBMC samples from individuals 
naturally infected in Turkey, in sample acquisition work supervised by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding. Blood samples were only obtained after informed consent, de-
identified, and assigned random specimen numbers. The studies were approved by the Vanderbilt University 
Medical Center IRB. PBMCs isolated from the blood samples were deposited into the Vanderbilt Vaccine Center 
Biorepository, but we can designate their used for mAb generation in this RP4, if funded. 

(b) Ab screening and sequence analysis. Our goal is to identify human anti-CCHFV mAbs rapidly, as if we 
had to respond to a nairovirus outbreak in real time. Our ability to respond rapidly in the setting of outbreaks is 
well-documented in the lay press (60 Minutes features and others) and the scientific literature, e.g., 78 days from 
sample to protection of NHPs for Zika virus43, and 25 days from PBMC sample receipt to delivery of the antibody 
genes for the approved COVID-19 drug Evusheld to AstraZeneca1. Here, we will single-cell 
sort antigen-specific B cells using recombinant CCHFV proteins (GP38, Gc, Gn, Gc/Gn) or 
non-infectious particles as bait as described in Specific Aim 1. We will generate 
recombinant GP antigens for selecting GP-specific B cells, based on prior validated designs 
in the field, and use the antigens produced by Core D, (Table 3) or by RP1 (Table 4). 

(c) Recombinant mAb cloning. As described in Specific Aim 1 above. 

(d) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(e) A CPE-based CCHFV neutralization assay using RTCA. As above, we have 
established a high-throughput assay to assess mAb-mediated neutralization of viruses 
through the detection of CPE. In this aim, we will apply this method to assess neutralization 
of CCHFV. We will use a rVSV CCHFV surrogate that expresses CCHFV surface proteins 
and causes CPE46. Investigators in RP1 have the VSV-CCHFV-GFP versions of clades 1 
through 7 based on this publication. We will obtain these VSV constructs from investigators 
in PABVAX. Existing VSV vectors will be provided by investigators in RP1 and Core E. A 
decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify mAbs with 
neutralizing activity against CCHFV. These mAbs will be moved forward for additional studies to identify an 
optimal anti-CCHFV mAb combination. GP38-reactive clones will be advanced based on avidity ranking since 
they are not likely to be neutralizing but may be protective in vivo. 

E.2.2. Identifying CCHFV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind CCHFV surface proteins and validate their epitopes. We will 
perform competition-binding studies with CCHFV Gc/Gn or subunit proteins (as above) or CCHFV virus-like 
particles (VLPs) made from a replicon system in hand. Core E will inactivate CCHFV virus particles that they 
have at UTMB by gamma irradiation and safety test and send those to our Vanderbilt site. Inactivated virus 
particles will be used in ELISA. We will include positive controls made recombinantly from some of the mAbs 
shown in the unpublished preliminary data above for the identification of mAbs that can concurrently bind CCHFV 
proteins with a goal of finding more potent clones at those sites or clones that complement these mAbs. (b) 
Synergy studies using RTCA. To assess functional compatibility of the anti-CCHFV mAb pairs, we will assess 
neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational 
selection based on preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of 
neutralization. Based on these results, we will down-select neutralizing mAb pairs, with our priority on 
combinations with synergistic effects. GP-38-reactive clones will be screened for synergistic binding as they are 
not expected to be neutralizing. (c) Identification of key binding residues of human anti-CCHFV mAbs by 
neutralization escape analysis. The generation of mAb combinations should increase the barrier to viral 
escape. To assess whether combination mAb pairs reduce the incidence of viral escape, we will perform in vitro 

Table 3. Core D 
CCHFV antigens 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF NP 

Table 4. Antigens 
available from RP1 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF Turkey NP 
CCHF Turkey 
GnGc+GP38+NP 
CCHF Turkey GnGc+GP38 
CCHF Turkey GP38+NP 
CCHF Turkey GnGc+NP 



neutralization escape mutant analyses. For these analyses, we will passage VSV-CCHFV constructs at BSL2 in 
the presence of saturating concentrations of CCHFV mAbs (single or combination) using the RTCA platform to 
detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be extracted for sequencing. 
Even if partial escape occurs, virus fitness may suffer. We can test this concept in vivo by determining the level 
of infection of VSV-CCHFV escape variants in the presence of mAbs. 

E.2.3. Structural basis of neutralization by anti-CCHFV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.2.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies in STAT1−/− mouse models. MAbs that 
meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. 
We will use an established STAT1−/− mouse model of CCHFV infection that the RP1 and Core E investigators 
have deployed46. To benchmark our mAbs, a separate set of STAT1−/− mice will be treated with CCHF-82, which 
we showed in unpublished preliminary data above confers substantial but incomplete protection (Fig 3). The 
Core E laboratory has access to strains representing all 6 clades that can be tested.  Groups of 6-8 STAT1−/− 
mice will be treated with low, medium, and high doses) of single or combinations of anti-CCHFV mAb, or isotype 
controls at day +1 after inoculation with CCHFVs. This approach allows us to determine whether combinations 
provide advantage over the best CCHFV monotherapy treatments. These experiments will be repeated at least 
two independent times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. 
Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral 
burden measurements at day 3 after CCHFV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal CCHFV mAb pairs that are comparable to or outperform the mAbs we reported 
above. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-CCHFV mAb combination against 
CCHFV in NHPs. As a final test of an optimal anti-CCHFV mAb combination, we will assess efficacy of the lead 
anti-CCHFV mAb pair in NHPs (Core E), to be selected based on the in vitro, STAT1−/− mice, and 
manufacturability data (Core D). Down-selection for testing in cynomolgus monkeys would only be considered 
with success in the STAT1−/− mouse studies and in consultation with the external SAB and NIAID program staff.  

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human mAbs, as 
described above. Mice will be immunized with conformationally correct recombinant protein antigens (Table 5), 
cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for 
Kasokero. After the immunization protocol is completed, animals will be sacrificed humanely, spleens collected, 
and suspensions of splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, 
the generation of human mAbs follows our well-established methods as above for making human mAbs from B 
cells using single-cell RNAseq or human hybridoma methods. The development will follow as for CCHFV. 

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human mAbs, as 
described above. Mice will be immunized with conformationally correct recombinant protein antigens (Table 5), 
cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for 
Kasokero. After the immunization protocol is completed, animals will be sacrificed 
humanely, spleens collected, and suspensions of splenocytes (enriched in B cells) will be 
purified by density gradient selection. Downstream, the generation of human mAbs follows 
our well-established methods as above for making human mAbs from B cells using single-
cell RNAseq or human hybridoma methods. The development will follow as for CCHFV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we 
will identify human anti-CCHFV mAb combinations with optimal protective activity. These 
mAb combinations can be endowed genetically with half-life-extended Fc modifications to 
produce vaccine-like therapy options (for humans) for rapid response to emerging CCHFV 
or related nairoviruses. Given our previous ability to generate human anti-CCHFV mAbs, 
as shown in preliminary data, we do not anticipate problems in isolating anti-CCHFV mAbs. We may observe 
that mAb combinations do not add any benefit over individual mAbs. If we do not identify potently protective anti-

Table 5. Antigens 
available from RP1 

Kasokero GnGC 
Kasokero GP38 
Kasokero NP 
Kasokero GnGc 
+GP38 +NP 
Kasokero GnGc 
+GP38 
Kasokero GnGc +NP 
Kasokero GP38 +NP 



CCHFV mAbs via the planned approaches, we can also take a target-agnostic approach and perform single-cell 
RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human 
CCHFV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires present in CCHFV-
immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in the lineages 
may be more potently neutralizing than the ones obtained directly from human B cells. Together, through these 
complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can 
select a diverse panel of human anti-CCHFV mAbs. We also anticipate defining key epitopes targeted by potently 
neutralizing anti-CCHFV mAb combinations that can inform vaccine design (RP1) for related viruses being used 
as test cases in years 4 and 5. In the case that VSV-CCHFV does not cause sufficient CPE via the RTCA platform 
(highly unlikely), established focus reduction neutralization assays that detect VSV-CCHFV-infected foci will be 
used to identify mAbs with synergistic properties. Furthermore, for competitive binding assays, biolayer 
interferometry using the Octet HTX instrumentation also can be used to assess binding of mAbs in solution.  

E3. Specific Aim 3. Establish optimal mAb combination therapies against henipaviruses Hendra (HeV) 
and Nipah (NiV) viruses. We will use a large panel of potent anti-henipavirus mAbs that we previously made 
from the memory B cells of immune individuals and generate new antibodies targeting the fusion (F) protein. 
RP2 will provide new antigens for mAb selection and BSL-2-compatible viruses for neutralization screens 
including Cedar virus constructs displaying HeV and NiV F and G proteins. We will identify optimal mAb 
combinations to enhance henipavirus therapy, minimize viral escape, and improve treatment efficacy through 
synergy. In vitro competition-binding, neutralization, and mechanistic studies will be conducted, including 
authentic virus neutralization with PABVAX Core E. We will refine the recognized epitopes and investigate 
the structural basis for optimal combination neutralization of henipaviruses using HeV and NiV as prototypes. In 
vivo assessment of mAb combinations will determine the minimal effective dose for protection and the ability to 
prevent in vivo escape. Protective efficacy of lead mAb combinations will be assessed in hamster models of NiV 
and HeV infection with Core E. Leads will be transferred to Core D. As a final test of optimal henipavirus mAb 
combinations, we will assess protective efficacy of the lead henipavirus mAb pairs in NHPs, to be selected based 
on the in vitro and hamster data from Core E and manufacturability data from Core D. Down-selection for testing 
in African green monkey (AGM) henipavirus model studies would only be considered pending success in the 
hamster studies and consultation with the external SAB and NIAID program staff. The HeV and NiV studies will 
be conducted in years 1-3 and then applied to the plug-and-play test case Langya virus in years 2-5. If RP2 and 
Core E cannot rescue recombinant Langya virus, the lessons learned in Years 1-3 will be applied to the alternate 
“plug and play” test viruses Angavokely or Sosuga (SOSV) virus. Preliminary data on SOSV mAbs are provided. 

Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-NIV/HeV mAbs. In this Aim, 
we will further adapt approaches we have developed in preliminary experiments with henipavirus mAb studies 
by identifying a potently protective combination of anti-NiV/HeV human mAbs. Through these studies, we aim to 
identify an optimal anti-NiV+HeV mAb combination and further advance the discovery platform for rapid response 
against emerging paramyxoviruses, especially henipaviruses. In previous experiments in collaboration with 
investigators in RP2 and Core E, the Crowe laboratory has isolated characterized panels of neutralizing human 
anti-G NiV/HeV human mAbs from an individual with G-based immunity following occupational exposure to an 
equine HeV G subunit vaccine. Isolated peripheral blood mononuclear cells (PBMCs) were used to generate 
human B cell hybridomas secreting human mAbs to G, and antibody variable genes were sequenced to generate 
mAbs recombinantly. We isolated a panel of antibodies against the G protein that recognize the HeV G, NiV 
Bangladesh G, and NiV Malaysia G proteins. The mAbs exhibited a diversity of recognition patterns in that they 
fall into multiple competition-binding groups. This panel contains cross-binding and cross-neutralizing antibodies 
for diverse NiV and HeV strains. In the work proposed here, we will rapidly discover human NiV/HeV anti-F mAbs 
from NiV-immune individuals and outstanding potency anti-G antibodies with extensive characterization, 
including synergistic neutralization.    

(b) Applying mAb technologies for new mAb isolation.  We will use sorting of antigen-specific cells with 
recombinant henipavirus F protein antigens, as described above in Specific Aim 1. 

E.3.1. Rapid isolation of human anti-HeV/NiV mAbs. (a) Immune cells. We are obtaining human PBMCs 
from a number of previously NiV-infected individuals who acquired immunity following natural infection in 
collaboration with the icddr,b, an international health research institute based in Dhaka, Bangladesh. We are 
collecting a panel of 10 fully de-identified PBMC samples from individuals naturally infected in Bangladesh, in 
sample acquisition work supervised by the Vanderbilt Vaccine Center Biorepository with separate institutional 
funding. Blood samples are only obtained after informed consent, de-identified, and assigned random specimen 
numbers. The studies are approved by the icddr,b and Vanderbilt University Medical Center IRBs. PBMCs 
isolated from the blood samples are deposited into the Vanderbilt Vaccine Center Biorepository, but we can 
designate their use in this RP4, if funded. (b) Applying mAb technologies for new mAb isolation. We will use 



sorting of antigen-specific B cells, cloning of Ab variable genes, and then expression of mAbs as recombinant 
IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, 
we can use high-throughput systems to capture Ab genes directly from viral protein-specific Ab-secreting B cells 
on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics 
and BD RhapsodyTM), and this may be helpful for rarer antigen-specific B cells. We will sort soluble fusion (sF) 
or attachment (G) protein-specific cells with recombinant viral surface protein antigens from Core D (Table 6). 

(c) Ab screening and sequence analysis. Our goal is to identify human anti-NiV/HeV mAbs rapidly, as if we 
had to respond to a paramyxovirus outbreak in real time. We will single-cell sort antigen-specific B cells using 
recombinant HeV and NiV proteins (sF or G) as bait as described in Specific Aim 1 above.  

(d) Recombinant mAb cloning. As described in Specific Aim 1 above.  

(e) Micro-scale mAb expression. As described in Specific Aim 1 above.  

(f) CPE-based HeV/NiV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In 
this aim, we will apply this method to assess neutralization of HeV and NiV. We will use 
rVSV HeV and NiV surrogates that expresses henipaviurs surface proteins and cause CPE. 
Investigators in RP2 and RP3 have VSV-NiV F and VSV-NiV G with GFP45, VSV-NiV G 
without GFP47 and VSV-HeVG (Geisbert and Cross, unpublished). We will obtain these all 
these VSV constructs from investigators in PABVAX. A decrease in cell impedance due to 
CPE and a corresponding decrease in GFP expression will identify mAbs with neutralizing 
activity against HeV and NiV. We also can use Cedar virus constructs for neutralization assays as the have 
reduced pathogenicity57 and can be used in high-throughput screening assays for henipavirus antiviral 
discovery58. Cedar viruses will be provided by Dr. Broder of RP2. The mAbs with most potent activity will be 
moved forward for additional studies to identify an optimal anti-HeV/NiV mAb combination.  

E.3.2. Identifying HeV/NiV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind HeV/NiV surface proteins and validate their epitopes. We 
will perform competition-binding studies with HeV/NiV sF or G proteins (as above). We will include positive 
controls made recombinantly from some of the mAbs shown in the preliminary data above for the identification 
of mAbs that can concurrently bind HeV/NiV proteins with a goal of finding more potent clones at those sites or 
clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of 
the anti- HeV/NiV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate 
testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can 
assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select 
neutralizing mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key 
binding residues of human anti-HeV/NiV mAbs by neutralization escape analysis. The generation of mAb 
combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the 
incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we 
will passage VSV-NiV F, VSV-NiV G and VSV-HeV G constructs at BSL-2 in the presence of saturating 
concentrations of HeV/NiV mAbs (single or combination) using RTCA to detect virus-induced CPE. Resistant 
virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus 
fitness may suffer. We can test the level of infection of VSV-HeV/NiV escape variants in the presence of mAbs. 

E.3.3. Structural basis of neutralization by anti-HeV/NiV mAb combinations. For a limited number of mAb 
pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described 
in Specific Aim 1 above. 

E.3.4. Protective efficacy of human anti-henipavirus mAbs. (a) Studies in hamsters. MAbs that meet the 
above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will 
use an established hamster model of NiV or HeV infection that the Core E investigators have deployed. To 
benchmark our mAbs, a separate set of hamsters will be treated with G mAbs HENV-103+HENV-117, which we 
showed in previous data above confers substantial protection18. Groups of 6-8 hamsters will be treated with low, 
medium, or high IgG doses) of single or combinations of anti-HeV/NiV mAbs, or isotype controls at day +1 after 
inoculation with HeV or NiV. This approach allows us to determine whether combinations provide advantage over 
the best HeV or NiV mAb monotherapy treatments. These experiments will be repeated at least two independent 
times. We expect to test 10 single mAbs and 5 pairs of anti-HeV and anti-NiV mAbs in these studies. Protection 
will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements at day 3 after HeV or NiV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
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NiV G 



recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal HeV/NiV mAb pairs that are comparable to or outperform the mAbs we reported 
previously. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-HeV/NiV mAb combination 
against HeV and NiV in NHPs. As a final test of an optimal anti-HeV/NiV mAb combination, we may assess 
efficacy of the lead anti-HeV/NiV mAb pair in NHPs (Core E), selected based on the in vitro, hamster data, and 
manufacturability data (Core D). Down-selection for testing in AGMs would only be considered with success in 
the hamster studies and in consultation with the external SAB and NIAID program staff.  

 E.3.5. Applying lessons learned in HeV/NiV research to Langya, Angavokely and Sosuga viruses. Once 
we have completed the HeV/NiV discovery campaigns, will turn to the test case pathogen Langya (or alternate 
Angavokely and Sosuga (SOSV) viruses) to see if we can use the prototype pathogen approach for this virus. 
We have plenty of human PBMCs from the sole identified SOSV-immune individual and have already shown 
that it is possible to obtain HN- and F-specific neutralizing antibodies from this individual’s B cells59. We also 
have already prepared recombinant SOSV prefusion F and HN proteins59. We do not have access to human 
PBMCs from Langya- or Angavokely-immune donors. For those mAb discovery 
campaigns, we will use Alloy humanized mouse models as a source of B cells encoding 
human mAbs, as above. Mice will be immunized with recombinant protein antigens (Table 
7), cDNAs encoding protective antigens, or replication-competent VSV strains encoding 
protective antigens for Langya or Angavokely. After the immunization protocol is 
completed, animals will be sacrificed humanely, spleens collected, and suspensions of 
splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, the generation of 
human mAbs follows our well-established methods as above for making human mAbs from B cells using single-
cell RNAseq or human hybridoma methods. The development will follow as for Hev/NiV described above. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
HeV/NiV mAb combinations with optimal protective activity. These mAb combinations will be endowed 
genetically with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid 
response to emerging HeV/NiV or related paramyxoviruses. Given our previous ability to generate human anti- 
HeV/NiV mAbs, as shown in preliminary data, we do not anticipate problems in isolating anti-HeV/NiV mAbs. We 
may observe that new mAb combinations do not add any benefit over individual mAbs. If we do not identify 
potently protective anti-HeV/NiV mAbs via the planned approaches, we can also take a target-agnostic approach 
and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) 
isolated from human NiV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires 
present in NiV-immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in 
the lineages may be more potently neutralizing than the ones obtained directly from human B cells. Together, 
through these complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), 
we likely can select a diverse panel of human anti-HeV/NiV mAbs. We also anticipate defining key epitopes 
targeted by potently neutralizing anti-HeV/NiV mAb combinations that can inform vaccine design (RP2) for 
related viruses being used as test cases in years 2 through 5.  

F. Scientific rigor. Experimental design. Experiments will include biological and technical replicates, and 
results will be analyzed by parametric or non-parametric analyses (depending on data distribution) and 
corrections for multiple comparisons. EC50 (binding) and IC50 (neutralization) values will be reported only 
following at least 3 identically conducted experiments. All mAb screening will incorporate appropriate + and - 
controls. Positive signals in binding assays will be defined as >3 SD above background. Protein quality. We 
have a high capacity to purify proteins using a Protein Maker workstation that allows purification chromatography 
on 24 parallel columns. We perform QC on protein reagents using a Maurice instrument with capillary 
electrophoresis technology to automate our protein profiling either by size or charge, providing cIEF and CE-
SDS data. Animal studies will be performed blinded with independent replicates and include negative (e.g., 
placebo), and positive (when available) controls. We will use power calculations (Data Management Core B) to 
determine sample sizes. For virological studies, power analysis was performed using accepted values for type I 
error (0.05) and power (80%). The values for population variance (15) are based on existing data sets and our 
experience with rodent challenge studies. We will perform experiments at least 2-3 independent times (n = 4-5 
each) to attain n = 12-15 per arm. Smaller group sizes can be used if differences are larger than expected. 

G. Relevant biological variables. The human mAbs are derived from immune human donors or Alloy mice. 
Humans. Human Abs will be isolated for biological, structural, and functional studies at a clonal level. The sample 
size is not powered for large scale epidemiologic or clinical study conclusions. There is no evidence that sex, 
age, body mass index, or underlying health conditions other than immunodeficiency or immunosuppressive 
treatments alters the activity of cloned Abs in structure/function studies. The samples are de-identified without 
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Paramyxovirus 
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patient specific identifiers to protect the health information of the donors; thus, research with these samples is 
considered Not Human Subjects Research category activity. Mice, hamsters, guinea pigs, NHP, and viruses are 
also biological systems used in this application. Conventional animal housing conditions will be used because 
there is no evidence that altered room temperatures and light/dark cycles influence paramyxovirus, nairovirus, 
or arenavirus pathogenesis. Mice, hamsters, guinea pigs, and NHPs of both sexes will be used, and phenotypes 
will be monitored for sex-based differences. Virus stocks will be either low passage seed stocks from natural 
isolates or generated from existing cDNA clones and sequence-confirmed prior to use for infection studies. 

H. Milestones and quantitative Go/No-Go criteria. Through Aims 1-3, we have proposed experiments that 
will advance our knowledge of the mAb-mediated mechanisms of action against paramyxoviruses, nairoviruses, 
and arenaviruses. In each Aim, we will use down-selection criteria (as below) to advance mAb combinations or 
variants for additional studies. By year 3, we will have defined the principles that govern optimal mAb 
combinations for paramyxoviruses, nairoviruses, and arenaviruses and the rational approaches needed to select 
mAbs for potency and breadth. We will use the following metrics to advance mAbs: (a) Neutralizing activity. All 
mAbs will have neutralizing potency < 10 ng/mL, EC50 value; (b) Binding affinity. MAbs will be of high affinity 
to surface proteins or virions (KD < 5 nM). (c) Protein stability and production quality. MAbs must produce at 
high levels without optimization (> 100 mg/L) and show biochemical/functional stability at 4°C or -80°C (>90% 
retention of binding and neutralization activity at 30 d). (d) Synergy. Combinations of 2 mAbs against a given 
virus ideally will show synergy of neutralization in vitro or at a minimum, additive inhibition (no antagonism); (e) 
Epitopes. To avoid resistance, mAbs in combination will bind 2 epitopes (determined by competition binding 
(<20% reduction in binding), mapping, and 
structural studies. (f) Resistance against mAbs 
will be assessed for virus escape. Deep 
sequencing of viruses that emerge from cells or 
animals treated with mAbs will inform 
prioritization. Combinations of mAbs with high 
genetic barriers to resistance (<10 loss in EC50) 
will be advanced. (g) Protection in mice, 
hamsters, guinea pigs, or NHPs. The 
following metrics can be used: (i) Protection 
against lethal challenge by homologous virus 
(>90% survival; (ii) Protection against clinical 
disease by homologous virus (>80%); (iii) Protection against infection by homologous virus (>100-fold reduction 
in viral titers in multiple organs). (h) pK measurements. For lead protective mAbs with mutations that should 
confer extended half-life, we will perform pK studies in NHPs (with Core D and E) to assess levels over time with 
a goal of a human predicted serum half-life of >6 months. 

  

 



LITERATURE CITED – RP4 

 

1. Zost, S.J., et al. Rapid isolaƟon and profiling of a diverse panel of human monoclonal anƟbodies 
targeƟng the SARS-CoV-2 spike protein. Nat Med 26, 1422-1427 (2020). 

2. Fischer, W.A., II & Wohl, D.A. Moving Lassa Fever Research and Care Into the 21st Century. The Journal 
of InfecƟous Diseases 215, 1779-1781 (2017). 

3. Ezeomah, C., et al. Sequelae of Lassa Fever: Postviral Cerebellar Ataxia. Open Forum Infect Dis 6, ofz512 
(2019). 

4. Li, A.L., et al. Ophthalmic manifestaƟons and vision impairment in Lassa fever survivors. PloS one 15, 
e0243766 (2020). 

5. Whitmer, S.L.M., et al. New Lineage of Lassa Virus, Togo, 2016. Emerging infecƟous diseases 24, 599-
602 (2018). 

6. Ibukun, F.I. Inter-Lineage VariaƟon of Lassa Virus Glycoprotein Epitopes: A Challenge to Lassa Virus 
Vaccine Development. Viruses 12(2020). 

7. Webb, P.A., Johnson, K.M., Mackenzie, R.B. & Kuns, M.L. Some characterisƟcs of Machupo virus, 
causaƟve agent of Bolivian hemorrhagic fever. Am J Trop Med Hyg 16, 531-538 (1967). 

8. Aguilar, P.V., et al. Reemergence of Bolivian hemorrhagic fever, 2007-2008. Emerging infecƟous diseases 
15, 1526-1528 (2009). 

9. Enria, D.A., Ambrosio, A.M., Briggiler, A.M., Feuillade, M.R. & Crivelli, E. [Candid#1 vaccine against 
ArgenƟne hemorrhagic fever produced in ArgenƟna. Immunogenicity and safety]. Medicina (B Aires) 
70, 215-222 (2010). 

10. Enria, D.A. & Maiztegui, J.I. AnƟviral treatment of ArgenƟne hemorrhagic fever. AnƟviral research 23, 
23-31 (1994). 

11. Hawman, D.W. & Feldmann, H. Crimean–Congo haemorrhagic fever virus. Nature Reviews Microbiology 
(2023). 

12. Chinikar, S., et al. GeneƟc Diversity of Crimean Congo Hemorrhagic Fever Virus Strains from Iran. J 
Arthropod Borne Dis 10, 127-140 (2016). 

13. Shepherd, A.J., Swanepoel, R. & Leman, P.A. AnƟbody response in Crimean-Congo hemorrhagic fever. 
Rev Infect Dis 11 Suppl 4, S801-806 (1989). 

14. Lombe, B.P., et al. Mapping of AnƟbody Epitopes on the Crimean-Congo Hemorrhagic Fever Virus 
Nucleoprotein. Viruses 14(2022). 

15. Mackenzie, J., Wang, L. & Broder, C.C. Henipaviruses. in Fields Virology, Vol. 2 1070-1085 (2013). 
16. Whitmer, S.L.M., et al. Inference of Nipah virus evoluƟon, 1999–2015. Virus EvoluƟon 7(2020). 
17. Dong, J., et al. Potent Henipavirus NeutralizaƟon by AnƟbodies Recognizing Diverse Sites on Hendra 

and Nipah Virus Receptor Binding Protein. Cell 183, 1536-1550 e1517 (2020). 
18. Doyle, M.P., et al. CooperaƟvity mediated by raƟonally selected combinaƟons of human monoclonal 

anƟbodies targeƟng the henipavirus receptor binding protein. Cell Rep 36, 109628 (2021). 
19. Mire, C.E., et al. A Cross-ReacƟve Humanized Monoclonal AnƟbody TargeƟng Fusion Glycoprotein 

FuncƟon Protects Ferrets Against Lethal Nipah Virus and Hendra Virus InfecƟon. J Infect Dis 221, S471-
S479 (2020). 

20. Dang, H.V., et al. Broadly neutralizing anƟbody cocktails targeƟng Nipah virus and Hendra virus fusion 
glycoproteins. Nat Struct Mol Biol 28, 426-434 (2021). 

21. Cross, R.W., et al. AnƟbody therapy for Lassa fever. Curr Opin Virol 37, 97-104 (2019). 
22. Cross, R.W., et al. Treatment of Lassa virus infecƟon in outbred guinea pigs with first-in-class human 

monoclonal anƟbodies. AnƟviral research 133, 218-222 (2016). 
23. Cartwright, H.N., Barbeau, D.J. & McElroy, A.K. Isotype-Specific Fc Effector FuncƟons Enhance AnƟbody-

Mediated RiŌ Valley Fever Virus ProtecƟon In Vivo. mSphere 6, e0055621 (2021). 



24. Gutjahr, B., et al. Two monoclonal anƟbodies against glycoprotein Gn protect mice from RiŌ Valley 
Fever challenge by cooperaƟve effects. PLoS Negl Trop Dis 14, e0008143 (2020). 

25. Golden, J.W., et al. GP38-targeƟng monoclonal anƟbodies protect adult mice against lethal Crimean-
Congo hemorrhagic fever virus infecƟon. Sci Adv 5, eaaw9535 (2019). 

26. Zalevsky, J., et al. Enhanced anƟbody half-life improves in vivo acƟvity. Nat Biotechnol 28, 157-159 
(2010). 

27. Dall'Acqua, W.F., et al. Increasing the affinity of a human IgG1 for the neonatal Fc receptor: biological 
consequences. J Immunol 169, 5171-5180 (2002). 

28. Enria, D.A., Briggiler, A.M., Fernandez, N.J., Levis, S.C. & Maiztegui, J.I. Importance of dose of 
neutralising anƟbodies in treatment of ArgenƟne haemorrhagic fever with immune plasma. Lancet 2, 
255-256 (1984). 

29. Jahrling, P.B. & Peters, C.J. Passive anƟbody therapy of Lassa fever in cynomolgus monkeys: importance 
of neutralizing anƟbody and Lassa virus strain. InfecƟon and immunity 44, 528-533 (1984). 

30. Chen, E.C., et al. SystemaƟc analysis of human anƟbody response to ebolavirus glycoprotein shows high 
prevalence of neutralizing public clonotypes. Cell Rep 42, 112370 (2023). 

31. Buck, T.K., et al. Neutralizing AnƟbodies against Lassa Virus Lineage I. mBio 13, e0127822 (2022). 
32. Enriquez, A.S., et al. DelineaƟng the mechanism of anƟ-Lassa virus GPC-A neutralizing anƟbodies. Cell 

Rep 39, 110841 (2022). 
33. HasƟe, K.M., et al. Convergent Structures Illuminate Features for Germline AnƟbody Binding and Pan-

Lassa Virus NeutralizaƟon. Cell 178, 1004-1015 e1014 (2019). 
34. HasƟe, K.M., et al. Structural basis for anƟbody-mediated neutralizaƟon of Lassa virus. Science 356, 

923-928 (2017). 
35. Li, H., et al. A cocktail of protecƟve anƟbodies subverts the dense glycan shield of Lassa virus. Sci Transl 

Med 14, eabq0991 (2022). 
36. Gilchuk, P., et al. Pan-ebolavirus protecƟve therapy by two mulƟfuncƟonal human anƟbodies. Cell 184, 

5593-5607 e5518 (2021). 
37. Chen, E.C., et al. Convergent anƟbody responses to the SARS-CoV-2 spike protein in convalescent and 

vaccinated individuals. Cell Rep 36, 109604 (2021). 
38. Dong, J., et al. GeneƟc and structural basis for SARS-CoV-2 variant neutralizaƟon by a two-anƟbody 

cocktail. Nat Microbiol 6, 1233-1244 (2021). 
39. Greaney, A.J., et al. Complete Mapping of MutaƟons to the SARS-CoV-2 Spike Receptor-Binding Domain 

that Escape AnƟbody RecogniƟon. Cell Host Microbe 29, 44-57 e49 (2021). 
40. Kramer, K.J., et al. Potent neutralizaƟon of SARS-CoV-2 variants of concern by an anƟbody with an 

uncommon geneƟc signature and structural mode of spike recogniƟon. Cell Rep 37, 109784 (2021). 
41. Suryadevara, N., et al. Neutralizing and protecƟve human monoclonal anƟbodies recognizing the N-

terminal domain of the SARS-CoV-2 spike protein. Cell 184, 2316-2331 e2315 (2021). 
42. Zost, S.J., et al. Potently neutralizing and protecƟve human anƟbodies against SARS-CoV-2. Nature 584, 

443-449 (2020). 
43. Gilchuk, P., et al. Integrated pipeline for the accelerated discovery of anƟviral anƟbody therapeuƟcs. 

Nat Biomed Eng 4, 1030-1043 (2020). 
44. Cross, R.W., et al. A recombinant VSV-vectored vaccine rapidly protects nonhuman primates against 

heterologous lethal Lassa fever. Cell Rep 40, 111094 (2022). 
45. Mire, C.E., et al. Single injecƟon recombinant vesicular stomaƟƟs virus vaccines protect ferrets against 

lethal Nipah virus disease. Virol J 10, 353 (2013). 
46. Rodriguez, S.E., et al. Vesicular StomaƟƟs Virus-Based Vaccine Protects Mice against Crimean-Congo 

Hemorrhagic Fever. Sci Rep 9, 7755 (2019). 
47. Foster, S.L., et al. A recombinant VSV-vectored vaccine rapidly protects nonhuman primates against 

lethal Nipah virus disease. Proc Natl Acad Sci U S A 119, e2200065119 (2022). 



48. Branco, L.M., et al. Lassa virus-like parƟcles displaying all major immunological determinants as a 
vaccine candidate for Lassa hemorrhagic fever. Virol J 7, 279 (2010). 

49. Starr, T.N., et al. Deep MutaƟonal Scanning of SARS-CoV-2 Receptor Binding Domain Reveals Constraints 
on Folding and ACE2 Binding. Cell 182, 1295-1310 e1220 (2020). 

50. Deschambault, Y., et al. An Outbred Guinea Pig Disease Model for Lassa Fever Using a Host-Adapted 
Clade III Nigerian Lassa Virus. Viruses 15(2023). 

51. Bell, T.M., et al. Pathogenesis of Bolivian Hemorrhagic Fever in Guinea Pigs. Vet Pathol 53, 190-199 
(2016). 

52. Golden, J.W., et al. An aƩenuated Machupo virus with a disrupted L-segment intergenic region protects 
guinea pigs against lethal Guanarito virus infecƟon. Sci Rep 7, 4679 (2017). 

53. Fels, J.M., et al. ProtecƟve neutralizing anƟbodies from human survivors of Crimean-Congo 
hemorrhagic fever. Cell 184, 3486-3501 e3421 (2021). 

54. Mishra, A.K., et al. Structural basis of synergisƟc neutralizaƟon of Crimean-Congo hemorrhagic fever 
virus by human anƟbodies. Science 375, 104-109 (2022). 

55. Leventhal, S.S., et al. ReplicaƟng RNA vaccinaƟon elicits an unexpected immune response that 
efficiently protects mice against lethal Crimean-Congo hemorrhagic fever virus challenge. EBioMedicine 
82, 104188 (2022). 

56. Negredo, A., et al. Autochthonous Crimean-Congo Hemorrhagic Fever in Spain. N Engl J Med 377, 154-
161 (2017). 

57. Laing, E.D., et al. Rescue and characterizaƟon of recombinant cedar virus, a non-pathogenic 
Henipavirus species. Virol J 15, 56 (2018). 

58. Amaya, M., et al. A recombinant Cedar virus based high-throughput screening assay for henipavirus 
anƟviral discovery. AnƟviral research 193, 105084 (2021). 

59. Parrington, H.M., et al. Potently neutralizing human mAbs against the zoonoƟc pararubulavirus Sosuga 
virus. JCI Insight 8(2023). 

 



A. BACKGROUND AND SIGNIFICANCE. Paramyxoviruses, nairoviruses, and arenaviruses are widely 
distributed RNA viruses that cause severe human syndromes. Because of their geographical distribution and 
expansion, changes in human demographics and increased exposures to wild animals including rodents and 
bats, and their capacity for human-to-human spread, these viruses have the potential to cause pandemics. 
Together with the other investigators in PABVAX, we have selected several important prototype 
paramyxoviruses, nairoviruses, and arenaviruses to study to learn the rules governing immunity to these 
pathogens. The work on the pathogens selected is justified based on their prevalence and severity alone, but 
also because of their ability to serve as prototypes for genetically related viruses. We chose the viruses for focus 
in this RP4 on human antibody development because of their clinical relevance and because several will be 
studied as prototypes for vaccine development in RP1 (arenavirus and nairovirus vaccines) and RP2 
(paramyxovirus vaccines). Among the arenaviruses, we will target Lassa mammarenavirus (LASV) and Machupo 
mammarenavirus (MACV), and among the family Nairoviridae of RNA viruses, we will study Crimean–Congo 
hemorrhagic fever orthonairovirus (CCHFV). In tandem with the vaccine projects in RP2 focused on 
paramyxoviruses, we study Nipah virus (NiV) and Hendra virus (HeV) as the prototypes, and already have 
preliminary data with Sosuga virus as a test case. Information about the principles we discover about critical 
neutralizing epitopes identified here in RP4 with prototype viruses can feed back into all other Projects that 
address the subsequent test cases in later years (Lujo, Chapare, Kasokero, Langya, Sosuga). 

     LASV is an Old World arenavirus (OWAV) with a single-stranded RNA virus belonging to the Arenaviridae 
family. Infection in humans is often the result of exposure to infected excreta from the rodent reservoir, Mastomys 
natalensis where up to 500,000 cases and an estimated 5,000 deaths occur annually in West Africa2.  While 
rodent infection is largely benign, human infection can result in severe hemorrhagic disease with neurological 
complications and long-term hearing and vision sequelae3,4. The virus possesses a bi-segmented genome 
comprising large (L) and small (S) segments, both of which are enclosed within a lipid envelope. The L segment 
(~7.2 kb) encodes the RNA-dependent RNA polymerase (RdRp) and a zinc-binding protein (Z), while the S 
segment (~3.4 kb) codes for the nucleoprotein (NP) and the glycoprotein precursor (GPC). The GPC is further 
cleaved into two surface glycoproteins, GP1 and GP2, which play critical roles in viral entry. The genetic diversity 
of LASV can be classified into six lineages (I-VI), with lineages III and IV being the most prevalent5. Genetic 
variation arises mainly due to the error-prone nature of the viral RNA polymerase, leading to the emergence of 
quasi-species. This diversity contributes to the virus's ability to evade host immune responses and pose 
challenges to vaccine development6. LASV antigens includeT the surface glycoproteins GP1 and GP2, are 
responsible for receptor binding and membrane fusion, respectively. While GP1 is highly variable among strains, 
GP2 is more conserved. The nucleoprotein (NP) is another major antigen, and its immunodominant epitopes are 
targeted by the host's immune response. Its genetic diversity and antigenic properties complicate diagnosis and 
vaccine development, emphasizing the need for continued research on medical countermeasures. 

     MACV is a New World Arenavirus (NWAV) and the causative agent of Bolivian Hemorrhagic fever. Humans 
are infected after exposure to excreta from the reservoir, Calomys callosus, the large vesper mouse. Disease in 
humans has a slow onset, but can progress to severe hemorrhagic fever coupled to insidious neurological 
complications including tremors, seizures, and paralysis7. MACV has a similar genomic organization and 
contains a GPC, NP, Z, and L polymerase proteins. Genetic diversity of MACV is delineated into 8 lineages (I-
VIII) where there is growing concern of an expanding host range of C. callosus is responsible for outbreaks 
outside the known endemic region8. While the host entry receptor for NWAV is not shared with OWAV, the role 
for GP to drive immunity as a major antigen alongside NP.  The better studied Junin has a regionally approved 
vaccine9 and convalescent plasma program10 available to prevent and treat disease, respectively. There are no 
approved vaccines or therapies approved for any other NWAV, including MACV. Further, itis not well established 
whether these countermeasures have potential for cross protect other NWAV such as MACV, underscoring the 
value of continued efforts to develop broadly active countermeasures to safeguard against lethal disease. 

     CCHFV is a highly pathogenic tick-borne virus classified under the Nairovirus genus within the Bunyaviridae 
family11. It has a negative-sense, single-stranded RNA genome comprising three segments: Small (S), Medium 
(M), and Large (L). These segments are enclosed within a lipid envelope and code for various structural and 
non-structural proteins. The S segment (~1.7 kb) encodes the nucleocapsid protein (N), which is essential for 
viral replication and assembly. The M segment (~5.3 kb) codes for the glycoprotein precursor (GPC), which is 
post-translationally cleaved into two surface glycoproteins, Gn and Gc. These glycoproteins are involved in viral 
entry and fusion. The L segment (~12.1 kb) encodes the RNA-dependent RNA polymerase (RdRp), responsible 
for viral RNA synthesis. CCHFV exhibits significant genetic diversity, with at least seven distinct clades (Europe 
1, Europe 2, Africa 1-3, and Asia 1-2) based on the partial S segment sequences12. This diversity is attributed to 
the segmented genome, geographical distribution, and error-prone viral RNA polymerase, leading to the 
emergence of various quasi-species. The major antigens of CCHFV include the surface glycoproteins Gn and 



Gc, as well as the nucleocapsid protein (N)13,14. These antigens are targeted by the host immune response. 
CCHFV is genetically diverse, so breadth of reactivity will be a focus of our discovery efforts. 

     NiV/HeV. Bat borne, NiV and HeV are enveloped, negative-sense, single-stranded RNA viruses belonging to 
the Henipavirus genus within the Paramyxoviridae family15. These emerging zoonotic viruses pose a significant 
threat to human and animal health due to their high fatality rates and broad host range. The genomes of NiV and 
HeV are approximately 18.2 kb or 18.4 kb in length, respectively, and share a similar gene organization. They 
encode six major structural proteins: nucleocapsid (N), phosphoprotein (P), matrix (M), fusion (F), attachment 
glycoprotein (G), and large polymerase (L) proteins. The N, P, and L proteins form the viral RNA-dependent RNA 
polymerase (RdRp) complex necessary for transcription and replication, whereas the M, F, and G proteins are 
essential for virus assembly and entry. Genetic diversity in Henipaviruses is relatively low compared to other 
RNA viruses, with NiV strains showing 91-100% nucleotide similarity and HeV strains displaying 83-100% 
similarity16. However, the error-prone nature of the RdRp can still generate genetic variability, leading to the 
emergence of distinct lineages. The major surface antigens of Nipah and Hendra viruses are the attachment 
glycoprotein (G) and fusion protein (F). The G protein facilitates receptor binding, while the F protein mediates 
viral membrane fusion. Both antigens are involved in host immune responses and are potential targets for 
vaccine development, and the neutralizing antibody approaches we propose here. NiV and HeV exhibit relatively 
low genetic diversity, and in preliminary studies, we have identified human mAbs that neutralize HeV, NiV 
Bangladesh and NiV Malaysia strains17-19. Antibodies to the major surface antigens, the G and F proteins, are 
therefore, promising candidates for development as prophylactic or therapeutic molecules. 

Antibodies (Abs) are important correlates of protection for paramyxoviruses, nairoviruses, and arenaviruses. 
Immune sera against members of each of these groups of viruses has been shown to exhibit protective efficacy 
in vivo, which supports the use for Abs as treatment options. However, the specificity, functional properties, and 
other attributes of protective antibodies are poorly defined for most of these viruses. MAbs to the attachment and 
fusion surface proteins of paramyxoviruses (such as the G and F proteins of Hendra/Nipah18,20 and the GP 
proteins of the arenaviruses like LASV21,22 can neutralize and protect against infection in rodent models. CCHFV 
is a bit of a conundrum in that ultrapotent human neutralizing antibodies to the related Rift Valley fever virus 
surface proteins are highly protective in vivo23,24, but CCHFV neutralizing antibodies are not protective. In 
contrast, some non-neutralizing antibodies do protect partially for CCHFV25. Clearly, there is a lot to learn about 
the rules of immunity to these viruses, and the genetic, molecular, and structural basis of antibody-mediated 
protection for viruses like CCHFV. Based on these data, we propose the use of mAbs as treatment options to 
learn the rule of how to protect against emerging paramyxoviruses, nairoviruses, and arenaviruses and to 
develop candidate antibody countermeasures for translational development with Core D. To do so, we will further 
develop our technical methods for rapidly discovering mAbs, in the case of a future unexpected epidemic caused 
by viruses of these families. Most importantly, we will define the principles governing combination antibody 
therapy to prevent virus escape from treatment or prevention and to optimize the efficacy of the beneficial effects 
conferred by passive immunity. 

B. SCIENTIFIC PREMISE. The work proposed here in RP4 is based on the extensive basic, translational, and 
clinical trial data on the role of neutralizing Abs in protection against infection and disease caused by 
paramyxoviruses, nairoviruses, and arenaviruses. Although a significant amount of data supports the use of 
mAbs to prevent or control paramyxovirus, nairovirus, and arenavirus infection, many questions remain, such as 
the ideal epitopes to target with mAb combination therapy to improve upon neutralization potency, in vivo efficacy, 
and resistance to viral escape. Identifying these epitopes can help inform vaccine design to elicit optimal 
protective polyclonal responses (in RP1 and RP2, especially with designs for test cases in years 4 and 5). Here 
we aim to refine our understanding of the correlates of mAb protection against paramyxoviruses, nairoviruses, 
and arenaviruses to enable the design of a modular ‘plug-and-play’ workflow to rapidly respond to potential 
pandemics by generating optimized combinations of vaccine-like mAbs with an extended half-life that could be 
used for long-term prophylaxis (> 6 months) and therapy. 

C. INNOVATION. RP4 has many innovative conceptual and technical features including: Conceptual. (1) 
determining the principles that govern optimal combinations of human mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses for protection and resistance to viral escape; (2) the development of a clear 
workflow that generates therapeutic or preventative antibodies (long half-life mAbs that serve as vaccine 
surrogates) against emerging or new paramyxoviruses, nairoviruses, and arenaviruses with pandemic potential. 
Our goal is to define the principles and features, including epitope, combination ratios, and mechanisms of action, 
that result in optimal efficacy of mAbs against paramyxoviruses, nairoviruses, and arenaviruses in animal models 
and create a higher barrier for resistance. These studies will serve as paradigms for rapid antibody discovery in 
response to future paramyxovirus, nairovirus, and arenavirus pandemic threats. Technical. (3) large-scale B cell 
repertoire sequencing with customized methods and software; (4) use of humanized (Alloy) mice and novel 
immunogens from RP1 and RP2 and Core D; (5) single B cell functional (neutralization) assays performed on a 



Beacon instrument; (6) development of high-throughput real-time label-free virus neutralization assays 
(xCELLigence platform); and (7) use of simultaneous in parallel screening with several different high-throughput 
virus-specific B cell isolation approaches (Beacon, 10X Genomics, Rhapsody) to generate and validate best-in-
class human mAbs as candidate medical countermeasures.  

D. LINKAGE TO OTHER PABVAX PROJECTS AND CORES. The group will focus on developing a modular 
test case platform for rapid selection of highly neutralizing and/or protective mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses. Members of our group have active collaborations with most members of the 
PABVAX Center as reflected in previous collaborations and publications (see Overall document). We will 
interact extensively with the Animal Model and Preclinical Evaluation Core (Core E) to study neutralization 
against authentic viruses and to test for protection in small and large animals as well as with RP3 for testing 
paramyxovirus mAbs. The knowledge gained from our studies on the structure-function relationships of 
neutralizing mAb combinations can be applied to rational vaccine design for RP 1 and RP2 in later years of the 
effort when we pivot to apply the lessons learned to the same test case targets as RP1 and RP2. Numerous 
antigens will be made available to our RP. Finally, long-half-life Fc mutations are now available based on 
engineering of human IgG1 for enhanced binding to the neonatal Fc receptor (FcRn) such as LS (M428L 
/N434S)26, or YTE (M252Y/S254T/T256E)27 mutations. With ≥ 90 days half-life in humans, our approach will 
generate mAbs with vaccine-like properties that remain effective for months during a virus epidemic and thus 
provides a platform for response to future paramyxovirus, nairovirus, and arenavirus pandemic threats, a key 
goal of our PABVAX Center. Our laboratory previously validated this vaccine surrogate concept when we 
isolated the human mAbs that formed the basis for Evusheld with YTE long-half-life Fc mutations (used in 70 
countries and millions of people) that exhibited > 6 months protective levels in humans after single IM injections.  

E. APPROACH  

E.1. Specific Aim 1. Discover potently neutralizing arenavirus combination therapies. For the prototypes, 
we will focus on Lassa virus (LASV), an Old World virus and Machupo virus (MACV), a New World virus. We will 
investigate the principles underlying antibody-mediated arenavirus protection. Preliminary evidence suggests 
that potent virus neutralization is a mechanistic correlate of protection for 
arenaviruses28,29. RP1/Core D will provide optimized antigens for mAb 
selection for the Prototype LASV and MACV (or subsequent Test Cases). We will 
use a workflow for rapid identification of potently neutralizing mAb combinations 
for LASV and MACV. We will generate mAbs from individuals with prior natural 
infection or use transgenic mice with human antibody repertoires. A large panel 
of human anti-LASV and anti-MACV mAbs will be generated using multiple 
approaches (immune human B cells and immunized humanized mice), and 
highly neutralizing mAbs will be evaluated to identify optimal combinations. The 
best mAb combinations will be assessed to determine the minimal effective dose 
for protection, and the lead mAb combination therapy(ies) will be transferred to 
Core E for further evaluation and ultimately testing in an NHP model of LASV 
infection. Leads will be transferred to Core D for further translational 
development as medical countermeasures. The prototype LASV and MACV will 
be studied in years 1 to 3, followed by mAb discovery efforts for Test Cases Lujo 
and Chapare viruses based on the established principles in years 4-5.  

Preliminary Data. (a) Potently neutralizing human anti-LASV and anti-
MACV mAbs. The Crowe laboratory has previously characterized panels of 
neutralizing human anti-viral human mAbs from virus-immune or vaccinated 
individuals for about 50 viruses, mostly RNA viruses. Isolated peripheral blood 
mononuclear cells (PBMCs) are used to generate hybridomas or alternatively 
antigen-sorted at single B cell level and antibody variable genes sequenced to 
generate mAbs recombinantly. Panels of human anti-viral mAbs are produced 
rapidly (we recently reported isolation of 15,000 mAb gene pairs from single 
Ebola-virus-specific human B cells from a single blood sample of an immune 
individual30. Previous studies by others clearly show that representative 
neutralizing and protective human antibodies can be isolated from LASV-immune 
subjects31-35. In this Aim, we will refine the approaches we have developed previously for other RNA viruses in a 
proof-of-concept study by identifying potently neutralizing combinations of anti-LASV and anti-MACV human 
mAbs. We will rapidly discover human anti-LASV mAbs from LASV-immune individuals and human anti-MACV 
mAbs by immunizing Alloy transgenic mice. Synergy studies will be performed to identify optimal mAb 
combinations by pairing them. Through these studies, we aim to identify optimal anti-LASV and anti-MACV mAb 
combinations and further advance the discovery platform for rapid response against emerging arenaviruses. 

Figure 1. Single cell mAb discovery. 
PBMC samples are used to enrich for B 
cells, which can be sorted for antigen-
specific B cells. Expansion allows usof 
these B cells is done to further assess 
the functionality of the B cells or for 
antibody sequencing to determine the 
variable genes contributing to antigen 
reactivity. Recombinant mAb 
expression validates the mAb 
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(b) Advanced mAb technologies. The Crowe laboratory has developed some of the highest yield systems to 
isolate naturally occurring human mAbs using human hybridoma or advanced single-cell RNA-seq methods (Fig 
1). We have used sorting of antigen-specific cells with recombinant viral surface protein antigens (like the GP1 
and GP2 proteins we will use here), cloning of Ab variable genes, and then expression of mAbs as recombinant 
IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. One 
variation we will use is to capture Ab genes directly from viral glycoprotein-specific Ab-secreting B cells on the 
Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics and 
BD RhapsodyTM), as we have done for Ebola virus30,36 and SARS-CoV-21,37-42. These single-cell techniques 
enhance the capture of rare antigen-specific B cells.  

E.1.1. Rapid isolation of human anti-LASV and anti-MACV mAbs. (a) Immune cells. We have obtained 
human PBMCs from one previously LASV-infected individual who was medically managed previously by Emory 
University in their infectious diseases containment unit. This person has a documented robust neutralizing serum 
antibody response, suggesting isolation of neutralizing human mAbs from these PBMC aliquots will be 
straightforward for us. Our colleagues in RP1 have ongoing field operations for over a decade in Sierra Leone, 
Liberia, and Nigeria. This work is currently in association with the NIH-Centers for Research on Emerging 
Infectious Diseases (CREID) with a heavy focus on the study of LASV ecology, epidemiology, and host 
responses.  RP4 is currently working with RP1 on obtaining PBMCs from ~10 individuals with prior laboratory-
confirmed cases of LASV. The acquisition of these samples is being managed by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding to be de-identified prior to use in the studies proposed here. 
Blood samples are only obtained after informed consent, de-identified, and assigned random specimen numbers. 
The studies have been approved by the Vanderbilt University Medical Center IRB. PBMCs isolated from the 
blood samples will be deposited into the Vanderbilt Vaccine Center Biorepository, but we can designate their 
used for mAb generation in this RP4, if funded. For anti-MACV mAbs, as a human PBMC source is not readily 
available, we will immunize Alloy humanized mice. These animals yield PBMCs that secrete fully human mAbs. 
Alloy mice are used routinely in the Crowe lab workflow. 

 (b) Ab screening and sequence analysis. Our goal is to identify human anti-LASV and anti-MACV mAbs in a 
rapid manner to mimic a pandemic response to an outbreak. We will single-cell sort antigen-specific B cells using 
recombinant LASV or MACV proteins (e.g. Table 1) or non-infectious viral particles as bait. These cells will be 
expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF for downstream applications, including 
LASV and MACV neutralization assays. Alternatively, we will use the Berkeley Lights 
Beacon® optofluidic platform, which can functionally ascribe GP protein or virus-particle 
binding to single B cells. These cells are exported for sequencing of the variable gene 
regions and analysis using the PyIR software developed in the Crowe laboratory. We will 
select a panel of up to 500 neutralizing anti-LASV mAbs and a similar number of anti-MACV 
mAbs to express recombinantly and advance for further characterization. We can easily 
conduct multiple approaches simultaneously in parallel1,43. 

We will generate recombinant GP antigens for selecting GP-specific B cells, based on prior 
validated designs in the field, and use the antigens produced by Core D   listed in Table 1. 

(c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions 
for cloning, expression, and downstream functional assays to validate the mAb sequence. We will perform high-
throughput synthesis of mAb genes using a custom, commercial synthesis platform (Twist Bioscience). MAb 
genes are Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors.  

(d) Micro-scale mAb expression. The Crowe laboratory has the capacity for large-throughput micro-scale mAb 
expression and purification. The lower end of this range allows expression of thousands of mAbs, which will feed 
into automated mAb purification platforms. This approach allows early-stage assays to identify candidate mAbs 
that will then be produced at larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated 
effector functions in vivo (Core E).  

(e) A CPE-based LASV and MACV neutralization assay using RTCA. We have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of cytopathic effect (CPE). Here, 
we will apply this method to assess neutralization of LASV. Recently, we validated the inclusion of simultaneous 
live-cell fluorescence microscopy into this real-time CPE-based screening platform (xCelligence RTCA eSight). 
These capabilities expand the platform to screen viruses that may or may not induce CPE, allowing us to also 
use a replication-competent vesicular stomatitis virus (VSV) LASV surrogate that expresses LASV surface 
proteins and causes CPE44. Currently, we have a VSV-LASV-Josiah (lineage IV)44 and a Sauerwald version 
(lineage II) of these recombinants. Making additional LASV VSV-LASVs is not difficult, and RP1 will make the 
other missing lineages or needed NWAV (MACV and CHAPV for test case evaluation) based on the same 
approaches as previously published. RP1 also can easily also make versions of these VSVs that express the 

Table 1. Antigens 
from Core D 

 
Lassa Josiah NP 
Lassa Josiah GPe 
Machupo GPe 
Machupo NP 

Table 1. Antigens 
from Core D 

Lassa Josiah NP 
Lassa Josiah GPe 
Machupo GPe 
Machupo NP 

Formatted Table

Formatted: Font: Italic

Formatted: Font color: Text 1



green fluorescent protein (GFP) reporter gene. We will obtain these all these VSV constructs from investigators 
in PABVAX. Existing VSV-CCHFV, VSV-NiV, and VSV-HeV vectors45-47 will be provided by Dr. Geisbert overall 
PI and Lead of Core E. We already have Vanderbilt Institutional Biosafety Committee approval for use of these 
constructs in this format and assay. A decrease in cell impedance due to CPE and a corresponding decrease in 
GFP expression if used will identify mAbs with neutralizing activity against LASV. These mAbs will be moved 
forward for additional studies to identify an optimal anti-LASV mAb combination.  Similar processes will be 
followed to determine neutralization capacity of MACV mAb candidates. 

E.1.2. Identifying LASV and MACV mAb combinations. (a) Epitope mapping through competition-binding 
studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb 
pairs that can simultaneously bind LASV or MACV and validate their epitopes. We will perform competition-
binding studies with GP or subunit proteins (as above) or virus-like particles (VLPs)48 available from Core E at 
UTMB. Core E will also inactivate LASV and MACV virus particles that they have at UTMB by gamma irradiation 
and safety test and send those to our Vanderbilt site (we have previously accomplished this transfer with Ebola 
and Marburg particles). Inactivated virus particles will be used in ELISA. We will include positive controls made 
recombinantly from previously reported antibodies for the identification of mAbs that can concurrently bind LASV 
or MACV with a goal of finding more potent clones at those sites or clones that complement these inhibitory 
mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-LASV or anti-MACV 
mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb 
combinations for each virus, using rational selection based on preliminary epitope mapping data. We can assess 
for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select mAb pairs, 
with our priority on combinations with synergistic effects. (c) Identification of key residues binding residues 
of human anti-LASV and anti-MACV mAbs. To determine the key residues for binding of down-selected mAbs, 
we will perform deep mutational scanning49. Briefly, all amino acids of the GP proteins will be mutated to the 
other 19 amino acids with a unique barcode using PCR-based mutagenesis. The LASV or MACV GP protein 
library will be incubated with the appropriate mAbs to identify residues with loss-of-binding phenotypes. A 
sequence ‘logo’ showing the relative contributions of each amino acid mutation will identify residues critical for 
binding. Multiple amino acid substitutions can then be assessed by reverse genetics at UTMB to confirm the 
epitopes recognized by the down-selected mAbs. This method also serves as a surrogate for in vitro 
neutralization escape studies. (d) Neutralization escape analysis. The generation of mAb combinations should 
increase the barrier to viral escape. To assess whether mAb pairs reduce the incidence of viral escape, we will 
perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-LASV or VSV-
MACV constructs at BSL2 in the presence of saturating concentrations of mAbs (single or combination) using 
the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be 
extracted for sequencing. Confirmatory reverse genetics studies will be performed by introducing mutations into 
an infectious cDNA clone of LASV or MACV by RP1 to test neutralization. We hypothesize that escape will be 
less likely in the presence of mAb combinations than single mAbs. Even if partial escape occurs, virus fitness 
may suffer. We can test this concept in vivo by determining the level of infection of escape variants in the 
presence of mAbs. 

E.1.3. Structural basis of neutralization by mAb combinations. The studies above should identify optimal 
anti-LASV and anti-MACV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
viral escape under mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 
combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for arenavirus by identifying key epitope targets (RP1). 

E.1.4. Protective efficacy of human anti-arenavirus mAbs. (a) Studies in guinea pigs. MAbs that satisfy the 
criteria stated above and that display stage-appropriate manufacturability characteristics will advance to in vivo 
testing. We will use established models of LASV22,50 and MACV51,52 infection in guinea pigs. PABVAX Core E 
has access to many strains from different LASV and MACV lineages, which will be tested. For prioritization, we 
will focus on LASV lineage II, III, and IV strains and MACV lineage I, II, and VIII strainsfor which uniformly lethal 
models are available. Groups of 6 outbred Hartley guinea pigs will be treated with low, medium, and high doses) 
of single or combinations of anti-LASV or anti-MACVs mAb, or isotype controls at day +1 after inoculation with 
the LASVs or MACVs This approach allows us to determine whether combinations provide advantage over the 
best monotherapy treatments. These experiments will be repeated at least two independent times. We expect 
to test 10 single mAbs and 5 pairs of anti-LASV mAbs and 10 single mAbs and 5 pairs of anti-MACV mAbs in 
these studies. Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical 



scores; (iv) viral burden measurements (blood) at day 5 or 6 after LASV or MACV challenge and the day 35 
study endpoint by plaque and qRT-PCR assays. For any animals that show virological breakthrough of infection, 
deep sequencing will be performed from recovered viruses to assess for possible emergence of in vivo 
resistance. From these studies, we expect to down-select further to 2 optimal LASV mAb pairs and two additional 
MACV mAb pairs that are comparable to or outperform previously reported mAbs for further testing in Core E 
for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-LASV and anti-MACV mAb 
combination against LASV or MACV in NHPs. As a final test of an optimal anti-LASV and anti-MACV mAb 
combinations, we will assess protective efficacy of the lead anti-LASV mAb pair in NHPs as well as the anti-
MACV mAb pair in NHPs.  These anti-LASV and anti-MACV mAb pairs will be selected based on the in vitro and 
guinea pig data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus 
monkeys will only be considered pending success in the guinea pig studies and consultation with the external 
Scientific Advisory Board (SAB) and NIAID program staff.  

E.1.5. Applying lessons learned in LASV and MACV research with the selected test case pathogens for 
mAb generation: Lujo and Chapare mAbs. Once we have completed the LASV and MACV discovery 
campaigns, will turn to the test case pathogens to see if we can use the prototype pathogen approach to related 
viruses, Lujo (LUJV) and Chapare (CHAPV). We do not have access to human PBMCs from LUJV - or CHAPV-
immune donors. As an alternative approach, we will use humanized mouse models as a source of B cells 
encoding fully human monoclonal antibodies. The Vanderbilt core investigators have an established fully 
executed agreement to use Alloy human antibody mice for this purpose (See Letter of Support). The Alloy ATX-
Gx™ mouse is one of the most effective in vivo human antibody discovery platforms, with over 140 partners and 
counting. This mouse system was originally invented and validated inside a major pharma company and then 
further developed by Alloy. This foundational suite of highly immunocompetent transgenic mice is engineered to 
drive the greatest potential diversity of unique human antibodies binding to the viral target of interest, with broad 
epitopic coverage. The comprehensive functional human antibody repertoire in these mice is optimized for 
human Ab sequence developability and diversity. Alloy and Vanderbilt have already executed a simple licensing 
process for use of the ATX-Gx platform, and as an established partner the Vanderbilt core team will access the 
expanding portfolio of transgenic Alloy strains designed to address a range of discovery challenges (including 
diverse Ab isotypes). Mice will be immunized with conformationally correct recombinant 
protein antigens (Table 2), cDNAs encoding protective antigens, or replication-competent 
VSV strains encoding protective antigens for the target of interest. After the immunization 
protocol is completed, animals will be sacrificed humanely, spleens collected, and 
suspensions of splenocytes (enriched in B cells) will be purified by density gradient 
selection. Downstream, the generation of human mAbs follows our well-established 
methods as above for making human mAbs from B cells using single-cell RNAseq or 
human hybridoma methods. The development will follow as for LASV and MACV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
LASV and anti-MACV mAb combinations with optimal neutralizing and protective activity. These mAb 
combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like 
therapy options (for humans) for rapid response to emerging LASV, MACV, or related arenaviruses. Given our 
previous ability to generate human antiviral mAbs, we do not anticipate problems in isolating anti-LASV or anti-
MACV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not 
identify potently neutralizing anti-LASV or anti-MACV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B 
cells (i.e., memory B cells) isolated from human LASV-immune PBMC samples. In addition, we can deep 
sequence the B cell repertoires present in LASV-immune PBMC samples and identify clonal lineages, including 
siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly 
from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + 
single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-LASV mAbs. We also 
anticipate defining key epitopes targeted by potently neutralizing anti-LASV mAb combinations that can inform 
vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-LASV 
does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization 
assays that detect VSV-LASV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, 
for competitive binding assays, biolayer interferometry using the high-throughput Octet HTX instrumentation also 
can be used to assess binding of mAbs in solution.  

 

Table 2. Antigens 
available from RP1 

LUJV NP NTD 
LUJV GPe 
LUJV NP NTD +GPe 
CHAPV NP NTD 
CHAPV GPe 
CHAPV NP NTD +GPe 



E2. Specific Aim 2. Discover a protective CCHF virus mAb combination therapy. Establishing the generality 
of protection approaches against nairoviruses, we will perform a mAb discovery proof-of-concept campaign for 
the Prototype CCHFV. Preliminary studies have identified human anti-CCHF 
mAbs with varying levels of protection in experimentally infected 
animals25,53,54. We will isolate a large panel of human anti-CCHFV mAbs and 
determine the rules governing optimal mAb combinations through 
competition-binding, epitope mapping, neutralization, and viral escape 
studies. Lead antibodies with acceptable manufacturability characteristics 
(Core D) and the highest capacity to overcome resistance while maintaining 
potency of protection will be selected. The structural basis of their activity 
will be established using structural biology techniques (electron 
microscopy and crystallography). Lead mAb cocktail therapies will be 
evaluated for in vivo protective efficacy in STAT1−/− mice (with Core E). As 
a final test of an optimal anti-CCHFV mAb combination, we will assess 
protective efficacy of the lead anti-CCHFV mAb pair in NHPs, to be selected 
based on the in vitro and mouse data from Core E and manufacturability 
data from Core D. Down-selection for testing in cynomolgus monkeys 
studies would only be considered pending success in the mouse studies and 
consultation with the external Scientific Advisory Board and NIAID program 
staff.   In years 4-5, we will apply the lessons learned to the plug and play 
test case Kasokero virus (KASV) in collaboration with RP1, Core D, and 
Core E. 

E2. Specific Aim 2. Discover a protective Crimean-Congo hemorrhagic 
fever (CCHF) virus mAb combination therapy. Establishing the generality 
of protection approaches against nairoviruses, we will perform a mAb 
discovery proof-of-concept campaign for the Prototype CCHFV. Preliminary 
studies have identified human anti-CCHF mAbs with varying levels of 
protection in experimentally infected animals25,53,54. We will isolate a large 
panel of human anti-CCHFV mAbs and determine the rules governing optimal mAb combinations through 
competition-binding, epitope mapping, neutralization, and viral escape studies. Lead antibodies with acceptable 
manufacturability characteristics (Core D) and the highest capacity to overcome resistance while maintaining 
potency of protection will be selected. The structural basis of their activity will be established using structural 
biology techniques (electron microscopy and crystallography). Lead mAb cocktail therapies will be evaluated for 
in vivo protective efficacy in STAT1−/− mice (with Core E). As a final test of an optimal anti-CCHFV mAb 
combination, we will assess protective efficacy of the lead anti-CCHFV mAb pair in NHPs, to be selected based 
on the in vitro and mouse data from Core E and manufacturability data from Core D. Down-selection for testing 
in cynomolgus monkeys studies would only be considered pending success in the mouse studies and 
consultation with the external Scientific Advisory Board and NIAID program staff.   In years 4-5, we will apply the 
lessons learned to the plug and play test case Kasokero virus (KASV) in collaboration with RP1, Core D, and 
Core E. 

Figure 2. Competition assessment 
of human Abs to CCHFV using M-
segment expressing cells. We 
tested 28 mAbs in competition assays. 
MAbs are displayed in 8 groups (A-H) 
based on their ability to compete for 
binding. Values shown are the % of 
binding that occurred during 
competition compared to non-
competed binding of the mAb. This 
value was normalized to 100%. The 
values are also indicated by the box fill 
color; darker colors toward black 
indicate higher competition and lighter 
colors toward white indicate less 
competition, on a gradient scale. 
Unpublished data. 
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Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-CCHFV mAbs. In this Aim, we 
will rapidly discover human anti-CCHFV mAbs from CCHFV-immune individuals and perform synergy studies to 
identify optimal mAb combinations by pairing them. Through these studies, we aim to identify an optimal anti-
CCHFV mAb combination and further advance the discovery platform for rapid response against emerging 
nairoviruses. In preliminary experiments in collaboration with investigators in RP1 and Core E, the Crowe 
laboratory has previously isolated and characterized panels of neutralizing human anti-CCHFV human mAbs 
from individuals who were convalescent after naturally-acquired laboratory-confirmed infection in Spain or 
Turkey. PBMCs were used to generate hybridomas and antibody variable genes sequenced to generate mAbs 
recombinantly. We isolated a panel of antibodies against CCHFV that recognize the M-segment in transfected 
cells, and they exhibit a diversity of recognition patterns in that they fall into multiple competition-binding groups 
(Fig 2). This panel contains cross-binding and cross-neutralizing antibodies for diverse strains. We observed a 
human mAb designated CCHF-82 competing with competition group 1 and group 2 antibodies from the 
previously isolated GP38-reactive murine antibodies. CCHF-82 showed some protection in a STAT1−/− mouse 
model of infection conducted by investigators in RP1 (Fig 3). Further investigation with this antibody in the 
IbAr10200 prophylaxis and therapeutic models is warranted. In 
contrast, the CCHFV-neutralizing mAbs that we isolated and tested 
in vivo did not perform well in the Turkish strain STAT1−/− mouse 
model. We now know protection in this model is possible, given the 
work from Fels et al., 2021 who showed that potent antibodies against 
various sites on the Gc surface can afford protection in this model53. 
However, in their study they did not test GP38-reactive antibodies. To 
our knowledge, our preliminary data is the first indication that a 
human GP38-targeting antibody can provide some protection in this 
mouse model of infection. 

Non-neutralizing murine mAbs protect in mouse models of infection25, 
but it has not been shownis unknown if the human antibody response 
could provide similar levels of protection. Murine mAb 13G8 binds to 
GP38 and does not neutralize CCHFV. This mAb provides protection 
against lethal challenge as a prophylaxis and a therapeutic against 
CCHFV. In preliminary experiments we sought to understand if 
human survivors of CCHFV infection possess B cells encoding mAbs 
that bind a similar epitope as 13G8 and provide protection. CCHF-82 
competes for binding with 13G8 to preGn-transfected cells containing 
GP38. This antibody offered some protection as a post-exposure 
prophylaxis against the Turkish strain of CCHFV (Fig 3). Human 
antibodies like this should be further studied and the frequency of 
these clones should be elucidated to understand if this is a feasible strategy for future vaccine efforts for humans. 
The epitope that 13G8 and CCHF-82 identifies could inform vaccine design if these antibodies offer protection 
in larger animal models.  

Understanding how non-neutralizing antibodies function is critical in efforts to validate the GP38-binding class of 
antibodies. Golden et al. undertook a study to understand the mechanisms 13G8 functioned and observed that 
complement activation contributes to the protective capacity of this antibody25. Here, in studies of CCHF-82, we 
also will assess complement activation in mouse models of infection to fully understand the function of this mAb 
in vivo. Furthermore, if this mAb protects in the CCHFV IbAr10200 strain challenge model, assessing its 
mechanism is warranted. Together with Core D, we will assess IgG molecules with complement knockout (“KA”) 
and Fc gamma receptor knockout (LALA-PG) mutations in the Fc domain to study this matter. Human mAb 
CCHF-82 displayed limited cross-protection against experimental infection with the Turkish strain of CCHFV. Our 
antibody isolation here will aim to identify cross-protective non-neutralizing antibodies reactive with GP38. 
Recently, vaccinating with NP was shown to be another way to elicit non- neutralizing antibodies55. The NP of 
CCHFV is more conserved than the glycoproteins and might also be a non-canonical target for the identification 
of cross-protective non-neutralizing antibodies55. 

(b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific cells with 
recombinant viral surface protein antigens, cloning of Ab variable genes, and then expression of mAbs as 
recombinant IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and 
BAFF. As above, we can use high-throughput systems to capture Ab genes directly from viral protein-specific 
Ab-secreting B cells on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq 
approaches (10X Genomics and BD RhapsodyTM), and this may be helpful for rarer GP-38-specific B cellsas 
described above in Specific Aim 1.  

Figure 3. Human mAb CCHF-82 provides 
partial protection as a post-exposure 
prophylaxis against the Turkish strain of 
CCHFV in the STAT1−/− mouse model. 
A single dose of mAb was administered by the 
IP route to mice (n=6 per group (3 male, 3 
female)) at 30 min post infections. A lethal dose 
of Turkish strain of CCHFVvirus was 
administered. CCHF mAbs-23, CCHF-135, 
CCHF-65, CCHF-82, CCHF-79, or DENV-2D22 
(an isotype-matched negative control mAb) were 
tested in a single dose of 250 μg per mouse 
except for CCHFV-135 at 125 μg per mouse. 
Kaplan-Meier survival curves were statistically 
analyzed using a log-rank (Mantel-Cox) test 
where mAb-treated animals (P value shown in 
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E.2.1. Rapid isolation of human anti-CCHFV mAbs. (a) Immune cells. We have obtained human PBMCs 
from a number of previously CCHFV-infected individuals. One was a health care survivor who was infected while 
caring for a patient in Spain56. We also collected a panel of 10 fully de-identified PBMC samples from individuals 
naturally infected in Turkey, in sample acquisition work supervised by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding. Blood samples were only obtained after informed consent, de-
identified, and assigned random specimen numbers. The studies were approved by the Vanderbilt University 
Medical Center IRB. PBMCs isolated from the blood samples were deposited into the Vanderbilt Vaccine Center 
Biorepository, but we can designate their used for mAb generation in this RP4, if funded. 

 (b) Ab screening and sequence analysis. Our goal is to identify human anti-CCHFV mAbs rapidly, as if we 
had to respond to a nairovirus outbreak in real time. Our ability to respond rapidly in the setting of outbreaks is 
well-documented in the lay press (60 Minutes features and others) and the scientific literature, for ex., 78 days 
from sample to protection of NHPs for Zika virus43, and 25 days from PBMC sample receipt to delivery of the 
antibody genes for the approved COVID-19 drug Evusheld to AstraZeneca1. Here, we will 
single-cell sort antigen-specific B cells using recombinant CCHFV proteins (GP38, Gc, Gn, 
Gc/Gn) or non-infectious viral particles as bait as described above in Specific Aim 1.. These 
cells will be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF for 
downstream applications, including VSV-CCHFV neutralization assays. Alternatively, we 
will use the Berkeley Lights Beacon® optofluidic platform, which can functionally ascribe 
CCHFV protein or virus-particle binding to single B cells. These cells will be exported for 
sequencing of the variable gene regions and analysis using the PyIR software. We will 
select a panel of up to 500 neutralizing anti-CCHFV mAbs to express as recombinant mAbs 
and advance for further characterization. We have demonstrated the capacity to execute 
multiple approaches simultaneously in parallel1,43, which enhances the diversity of clones 
obtained. We will generate recombinant GP antigens for selecting GP-specific B cells, 
based on prior validated designs in the field, and use the antigens produced by Core D, 
listed in Table 3 or by RP1 (Table 4). 

 (c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions 
for cloning, expression, and downstream functional assays to validate the mAb sequence. We will perform high-
throughput synthesis of mAb genes using the custom, commercial synthesis platform (Twist Bioscience). MAb 
genes are Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors. We will 
design human anti-LASV mAbs as IgG1 with the Fc mutation, LALA-PG, to abrogate Fc effector functions to 
assess role of Fc-mediated effector functions to protection in animal models. We also will engineer IgG1 
molecules with extended-half-life Fc mutations based on enhanced binding to FcRn including LS (M428L 
+N434S)26 and YTE (M252Y +S254T +T256E)27 mutations. These Fc engineering approaches will generate 
mAbs with vaccine-like properties. The LS and YTE mutations were developed in commercial settings (and have 
been used safely in the clinic), but the patent life of these mutations will expire prior to approval of antibodies 
developed here.As described in Specific Aim 1 above. 

(d) Micro-scale mAb expression. The Crowe laboratory will perform large-throughput micro-scale mAb 
expression and purification that, with our integrated approach allows, screening assays to identify candidate 
mAbs This approach allows early-stage assays to identify candidate mAbs that will then be produced at larger 
scale by Core D with diverse Fc mutants to assess the role of Fc-mediated effector functions in vivo (Core E).As 
described in Specific Aim 1 above.  

(e) A CPE-based CCHFV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In this aim, we will apply 
this method to assess neutralization of CCHFV. We will use a replication-competent vesicular stomatitis virus 
(VSV) CCHFV surrogate that expresses CCHFV surface proteins and causes CPE46. Investigators in RP1 have 
the VSV-CCHFV-GFP versions of clades 1 through 7 based on this publication. We will obtain these all these 
VSV constructs from investigators in PABVAX. Existing VSV vectors will be provided by investigators in RP1 
and Core E. We already have Vanderbilt Institutional Biosafety Committee approval for use of these constructs 
in this format and assay. A decrease in cell impedance due to CPE and a corresponding decrease in GFP 
expression will identify mAbs with neutralizing activity against CCHFV. These mAbs will be moved forward for 
additional studies to identify an optimal anti-CCHFV mAb combination. GP38-reactive clones will be advanced 
based on avidity ranking since they are not likely to be neutralizing but may be protective in vivo. 

E.2.2. Identifying CCHFV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind CCHFV surface proteins and validate their epitopes. We will 

Table 3. Core D 
CCHFV antigens 

from Core D 
 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF NP 

Table 4. Antigens 
available from RP1 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF Turkey NP 
CCHF Turkey 
GnGc+GP38+NP 
CCHF Turkey GnGc+GP38 
CCHF Turkey GP38+NP 
CCHF Turkey GnGc+NP 
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perform competition-binding studies with CCHFV Gc/Gn or subunit proteins (as above) or CCHFV virus-like 
particles (VLPs) made from a replicon system in hand. Core E will inactivate CCHFV virus particles that they 
have in the UTMB center by gamma irradiation and safety test and send those to our Vanderbilt site (we have 
previously accomplished this transfer with Ebola and Marburg particles). Inactivated virus particles will be used 
in ELISA. We will include positive controls made recombinantly from some of the mAbs shown in the unpublished 
preliminary data above for the identification of mAbs that can concurrently bind CCHFV proteins with a goal of 
finding more potent clones at those sites or clones that complement these mAbs. (b) Synergy studies using 
RTCA. To assess functional compatibility of the anti-CCHFV mAb pairs, we will assess neutralization potency 
using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational selection based on 
preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of neutralization. Based 
on these results, we will down-select neutralizing mAb pairs, with our priority on combinations with synergistic 
effects. GP-38-reactive clones will be screened for synergistic binding as they are not expected to be neutralizing. 
(c) Identification of key binding residues of human anti-CCHFV mAbs by neutralization escape analysis. 
The generation of mAb combinations should increase the barrier to viral escape. To assess whether combination 
mAb pairs reduce the incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. 
For these analyses, we will passage VSV-CCHFV constructs at BSL2 in the presence of saturating 
concentrations of CCHFV mAbs (single or combination) using the RTCA platform to detect virus-induced CPE. 
Resistant virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, 
virus fitness may suffer. We can test this concept in vivo by determining the level of infection of VSV-CCHFV 
escape variants in the presence of mAbs. 

E.2.3. Structural basis of neutralization by anti-CCHFV mAb combinations. The studies above should 
identify optimal anti-CCHFV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
CCHFV to escape mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, as described in Specific Aim 1 abovefor which 
we have all capabilities and equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural 
Biology Core, and external synchrotron sources. An understanding of the structural basis and rules governing 
an optimal neutralizing mAb combination can be applied to mAb therapy development against arenavirus 
pandemic threats and inform vaccine design for nairoviruses by identifying key epitope targets (RP1). 

E.2.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies in STAT1−/− mouse models. MAbs that 
meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. 
We will use an established STAT1−/− mouse model of CCHFV infection that the RP1 and Core E investigators 
have deployed46. To benchmark our mAbs, a separate set of STAT1−/− mice will be treated with CCHF-82, which 
we showed in unpublished preliminary data above confers substantial but incomplete protection (Fig 3). The 
Core E laboratory has access to strains representing all 6 clades that can be tested.  Groups of 10 STAT1−/− 
mice will be treated with low, medium, and high doses) of single or combinations of anti-CCHFV mAb, or isotype 
controls at day +1 after inoculation with CCHFVs. This approach allows us to determine whether combinations 
provide advantage over the best CCHFV monotherapy treatments. These experiments will be repeated at least 
two independent times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. 
Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral 
burden measurements at day 3 after CCHFV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal CCHFV mAb pairs that are comparable to or outperform the mAbs we reported 
above. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

 (b) Validation of the protective efficacy of a down-selected human anti-CCHFV mAb combination against 
CCHFV in NHPs. As a final test of an optimal anti-CCHFV mAb combination, we will assess efficacy of the lead 
anti-CCHFV mAb pair in NHPs (Core E), to be selected based on the in vitro, STAT1−/− mice, and 
manufacturability data (Core D). Down-selection for testing in cynomolgus monkeys would only be considered 
with success in the STAT1−/− mouse studies and in consultation with the external SAB and NIAID program staff.  

Table 5. Antigens 
available from RP1 
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E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have 
completed the CCHFV discovery campaigns, will turn to the test case pathogen Kasokero 
virus to see if we can use the prototype pathogen approach for this virus. We do not have 
access to human PBMCs from Kasokero-immune donors. We will use Alloy humanized 
mouse models as a source of B cells encoding fully human monoclonal antibodies, as 
described above. Mice will be immunized with conformationally correct recombinant protein 
antigens (Table 5), cDNAs encoding protective antigens, or replication-competent VSV 
strains encoding protective antigens for Kasokero. After the immunization protocol is completed, animals will be 
sacrificed humanely, spleens collected, and suspensions of splenocytes (enriched in B cells) will be purified by 
density gradient selection. Downstream, the generation of human mAbs follows our well-established methods 
as above for making human mAbs from B cells using single-cell RNAseq or human hybridoma methods. The 
development will follow as for CCHFV. 

 

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human monoclonal 
antibodies, as described above. Mice will be immunized with conformationally correct recombinant protein 
antigens (Table 5), cDNAs encoding protective antigens, or replication-competent VSV strains encoding 
protective antigens for Kasokero. After the immunization protocol is completed, animals will be sacrificed 
humanely, spleens collected, and suspensions of splenocytes (enriched in B cells) will be purified by 
densitygradient selection. Downstream, the generation of human mAbs follows our well-established methods as 
above for making human mAbs from B cells using single-cell RNAseq or human hybridoma methods. The 
development will follow as for CCHFV. 
 gradient selection. Downstream, the generation of human mAbs follows our well-established methods as above 
for making human mAbs from B cells using single-cell RNAseq or human hybridoma methods. The development 
will follow as for CCHFV. 
Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
CCHFV mAb combinations with optimal protective activity. These mAb combinations can be endowed genetically 
with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid response 
to emerging CCHFV or related nairoviruses. Given our previous ability to generate human anti-CCHFV mAbs, 
as shown in preliminary data, we do not anticipate problems in isolating anti-CCHFV mAbs. We may observe 
that mAb combinations do not add any benefit over individual mAbs. If we do not identify potently protective anti-
CCHFV mAbs via the planned approaches, we can also take a target-agnostic approach and perform single-cell 
RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human 
CCHFV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires present in CCHFV-
immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in the lineages 
may be more potently neutralizing than the ones obtained directly from human B cells. Together, through these 
complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can 
select a diverse panel of human anti-CCHFV mAbs. We also anticipate defining key epitopes targeted by potently 
neutralizing anti-CCHFV mAb combinations that can inform vaccine design (RP1) for related viruses being used 
as test cases in years 4 and 5. In the case that VSV-CCHFV does not cause sufficient CPE via the RTCA platform 
(highly unlikely), established focus reduction neutralization assays that detect VSV-CCHFV-infected foci will be 
used to identify mAbs with synergistic properties. Furthermore, for competitive binding assays, biolayer 
interferometry using the Octet HTX instrumentation also can be used to assess binding of mAbs in solution.  

E3. Specific Aim 3. Establish optimal mAb combination therapies against henipaviruses Hendra (HeV) 
and Nipah (NiV) viruses. We will use a large panel of potent anti-henipavirus mAbs that we previously made 
from the memory B cells of immune individuals and generate new antibodies targeting the fusion (F) protein. 
RP2 will provide new antigens for mAb selection and BSL-2-compatible viruses for neutralization screens 
including Cedar virus constructs displaying HeV and NiV F and G proteins. We will identify optimal mAb 
combinations to enhance henipavirus therapy, minimize viral escape, and improve treatment efficacy through 
synergy. In vitro competition-binding, neutralization, and mechanistic studies will be conducted, including 
authentic virus neutralization with PABVAX Core E. We will refine the recognized epitopes and investigate 
the structural basis for optimal combination neutralization of henipaviruses using HeV and NiV as prototypes. In 
vivo assessment of mAb combinations will determine the minimal effective dose for protection and the ability to 
prevent in vivo escape. Protective efficacy of lead mAb combinations will be assessed in hamster models of NiV 
and HeV infection with Core E. Leads will be transferred to Core D. As a final test of optimal henipavirus mAb 

Kasokero GP38 
Kasokero NP 
Kasokero GnGc 
+GP38 +NP 
Kasokero GnGc 
+GP38 
Kasokero GnGc +NP 
Kasokero GP38 +NP 
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combinations, we will assess protective efficacy of the lead henipavirus mAb pairs in NHPs, to be selected based 
on the in vitro and hamster data from Core E and manufacturability data from Core D. Down-selection for testing 
in African green monkey (AGM) henipavirus model studies would only be considered pending success in the 
hamster studies and consultation with the external SAB and NIAID program staff. The HeV+NiV studies will be 
conducted in years 1-3 and then applied to the plug-and-play test case Langya virus in years 2-5. If RP2 and 
Core E cannot rescue recombinant Langya virus, the lessons learned in Years 1-3 will be applied to the alternate 
plug-and-play test viruses Angavokely or Sosuga (SOSV) virus. Preliminary data on SOSV mAbs are provided. 

Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-NIV/HeV mAbs. In this Aim, 
we will further adapt approaches we have developed in preliminary experiments with henipavirus mAb studies 
by identifying a potently protective combination of anti-NiV/HeV human mAbs. We already have in hand 
someperform synergy studies to identify optimal mAb combinations by pairing them with each other and with 
anti-G antibodies. Through these studies, we aim to identify an optimal anti-NiV+HeV mAb combination and 
further advance the discovery platform for rapid response against emerging paramyxoviruses, especially 
henipaviruses. In previous experiments in collaboration with investigators in RP2 and Core E, the Crowe 
laboratory has isolated characterized panels of neutralizing human anti-G NiV/HeV human mAbs from an 
individual with G-based immunity following occupational exposure to an equine HeV G subunit vaccine. Isolated 
peripheral blood mononuclear cells (PBMCs) were used to generate human B cell hybridomas secreting human 
mAbs to G, and antibody variable genes were sequenced to generate mAbs recombinantly. We isolated a panel 
of antibodies against the G protein that recognize the HeV G, NiV Bangladesh G, and NiV Malaysia G proteins. 
The mAbs exhibited a diversity of recognition patterns in that they fall into multiple competition-binding groups 
(Fig 4). This panel contains cross-binding and cross-neutralizing antibodies for diverse NiV and HeV strains. In 
the work proposed here, we will rapidly discover human NiV/HeV anti-F mAbs from NiV-immune individuals and 
outstanding potency anti-G antibodies with extensive characterization, including synergistic neutralization. In the 
work proposed here, we will rapidly discover human NiV/HeV anti-F mAbs from NiV-immune individuals and 
perform synergy studies to identify optimal mAb combinations by pairing them with each other and with anti-G 
antibodies. Through these studies, we aim to identify an optimal anti-NiV+HeV mAb combination and further 
advance the discovery platform for rapid response against emerging paramyxoviruses, especially henipaviruses. 
In previous experiments in collaboration with investigators in RP2 and Core E, the Crowe laboratory has isolated 
characterized panels of neutralizing human anti-G NiV/HeV human mAbs from an individual with G-based 
immunity following occupational exposure to an equine HeV G subunit vaccine. Isolated peripheral blood 
mononuclear cells (PBMCs) were used to generate human B cell hybridomas secreting human mAbs to G, and 
antibody variable genes were sequenced to generate mAbs recombinantly. We isolated a panel of antibodies 
against the G protein that recognize the HeV G, NiV Bangladesh G, and NiV Malaysia G proteins. The mAbs 
exhibited a diversity of recognition patterns in that they fall into multiple competition-binding groups (Fig 4). This 
panel contains cross-binding and cross-neutralizing antibodies for diverse NiV and HeV strains.  



(b) Applying mAb technologies for new mAb isolation.  We 
will use sorting of antigen-specific cells with recombinant 
henipavirus F protein antigens, perform cloning of Ab 
variable genes, and then express mAbs as recombinant IgGs. 
Alternatively, F-specific B cells will be expanded on feeder 
layers expressing CD40 ligand, IL-21, and BAFF. As 
above, we can use high-throughput systems to capture Ab 
genes directly from viral protein-specific Ab-secreting B cells 
on the Berkeley Lights Beacon® optofluidic platform or 
through 2 different single-cell RNA-seq approaches (10X 
Genomics & Rhapsody)as described above in Specific Aim 1. 

E.3.1. Rapid isolation of human anti-HeV/NiV mAbs. (a) 
Immune cells. We are obtaining human PBMCs from a 
number of previously NiV-infected individuals who 
acquired immunity following natural infection in 
collaboration with the icddr,b, an international health 
research institute based in Dhaka, Bangladesh. We are 
collecting a panel of 10 fully de-identified PBMC samples from 
individuals naturally infected in Bangladesh, in sample 
acquisition work supervised by the Vanderbilt Vaccine 
Center Biorepository with separate institutional funding. Blood 
samples are only obtained after informed consent, de-
identified, and assigned random specimen numbers. The 
studies are approved by the icddr,b and Vanderbilt 
University Medical Center IRBs. PBMCs isolated from the blood 
samples are deposited into the Vanderbilt Vaccine Center Biorepository, but we can designate their use in this 
RP4, if funded. 

 (b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific B cells, cloning 
of Ab variable genes, and then expression of mAbs as recombinant IgG. Alternatively, cells can be expanded on 
feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, we can use high-throughput systems to 
capture Ab genes directly from viral protein-specific Ab-secreting B cells on the Berkeley 
Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X 
Genomics and BD RhapsodyTM), and this may be helpful for rarer antigen-specific B cells. 
We will sort soluble fusion (sF) or attachment (G) protein-specific cells with recombinant 
viral surface protein antigens from Core D (Table 6). 

(c) Ab screening and sequence analysis. Our goal is to identify human anti-NiV/HeV 
mAbs rapidly, as if we had to respond to a paramyxovirus outbreak in real time. We will 
single-cell sort antigen-specific B cells using recombinant HeV and NiV proteins (sF or G) 
as bait as described in Specific Aim 1 above. . These cells will be expanded on feeder layers expressing CD40L, 
IL-21, and BAFF for downstream applications, including VSV-CCHFV neutralization assays. We also can use 
the Berkeley Lights Beacon® optofluidic platform, which can functionally ascribe CCHFV protein or virus-particle 
binding to single B cells. These cells will be exported for sequencing of the variable gene regions and analysis 
using the PyIR software. We will select a panel of up to 500 neutralizing anti-HeV/NiV mAbs to express as 
recombinant mAbs and advance for further characterization. 

(d) Recombinant mAb cloning. As described in Specific Aim 1 aboveWe will synthesize heavy and light chain 
variable regions for cloning, expression, and downstream functional assays to validate the mAb sequence. We 
will perform high-throughput synthesis of mAb genes using the custom, commercial synthesis platform (Twist 
Bioscience). MAb genes are Gibson-assembly-cloned on-instrument into our custom full-length Ig expression 
vectors. We will design human anti-LASV mAbs as IgG1 with the Fc mutation, LALA-PG, to abrogate Fc effector 
functions to assess role of Fc-mediated effector functions to protection in animal models. We also will engineer 
IgG1 molecules with extended-half-life Fc mutations based on enhanced binding to FcRn including LS (M428L 
+N434S)26 and YTE (M252Y +S254T +T256E)27 mutations. These approaches will generate mAbs with vaccine-
like properties.  

(e) Micro-scale mAb expression. As described in Specific Aim 1 aboveThe Crowe laboratory will perform large-
throughput micro-scale mAb expression and purification that, with our integrated approach allows, screening 
assays to identify candidate mAbs. Early-stage assays will identify candidate mAbs that will then be produced at 
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larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated effector functions in vivo 
(Core E).  

(f) CPE-based HeV/NiV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In this aim, we will apply 
this method to assess neutralization of HeV and NiV. We will use replication-competent vesicular stomatitis virus 
(VSV) HeV and NiV surrogates that expresses henipaviurs surface proteins and cause CPE. Investigators in 
RP2 and RP3 have VSV-NiV F and VSV-NiV G with GFP45, VSV-NiV G without GFP47 and VSV-HeVG (Geisbert 
and Cross, unpublished). We will obtain these all these VSV constructs from investigators in PABVAX. We 
already have Vanderbilt Institutional Biosafety Committee approval for use of these constructs in this format and 
assay. A decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify 
mAbs with neutralizing activity against HeV and NiV. We also can use Cedar virus constructs for neutralization 
assays as the have reduced pathogenicity57 and can be used in high-throughput screening assays for 
henipavirus antiviral discovery58. Cedar viruses will be provided by Dr. Broder of RP3. The mAbs with most 
potent activity will be moved forward for additional studies to identify an optimal anti-HeV/NiV mAb combination.  

E.3.2. Identifying HeV/NiV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 24) or high-throughput analytical flow cytometry (using an iQue Plus screener), 
we will identify mAb pairs that can simultaneously bind HeV/NiV surface proteins and validate their epitopes. We 
will perform competition-binding studies with HeV/NiV sF or G proteins (as above). We will include positive 
controls made recombinantly from some of the mAbs shown in the preliminary data above for the identification 
of mAbs that can concurrently bind HeV/NiV proteins with a goal of finding more potent clones at those sites or 
clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of 
the anti- HeV/NiV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate 
testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can 
assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select 
neutralizing mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key 
binding residues of human anti-HeV/NiV mAbs by neutralization escape analysis. The generation of mAb 
combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the 
incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we 
will passage VSV-NiV F, VSV-NiV G and VSV-HeV G constructs at BSL2 in the presence of saturating 
concentrations of HeV/NiV mAbs (single or combination) using RTCA to detect virus-induced CPE. Resistant 
virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus 
fitness may suffer. We can test the level of infection of VSV-HeV/NiV escape variants in the presence of mAbs. 

E.3.3. Structural basis of neutralization by anti-HeV/NiV mAb combinations. The studies above should 
identify optimal anti-HeV/NiV mAb combinations that simultaneously bind, neutralize, and increase the barrier 
for CCHFV to escape mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, as described in Specific Aim 1 above.for which 
we have all capabilities and equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural 
Biology Core, and external synchrotron sources. An understanding of the structural basis and rules governing 
an optimal neutralizing mAb combination can be applied to mAb therapy development against arenavirus 
pandemic threats and inform vaccine design for henipaviruses by identifying key epitope targets. 

 

E.3.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies hamster models. MAbs that meet the 
above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will 
use an established hamster model of NiV or HeV infection that the Core E investigators have deployed. To 
benchmark our mAbs, a separate set of hamsters will be treated with G mAbs HENV-103+HENV-117, which we 
showed in previous data above confers substantial protection18. Groups of 10 hamsters will be treated with low, 
medium, or high IgG doses) of single or combinations of anti-HeV/NiV mAbs, or isotype controls at day +1 after 
inoculation with HeV or NiV. This approach allows us to determine whether combinations provide advantage over 
the best HeV or NiV mAb monotherapy treatments. These experiments will be repeated at least two independent 
times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. Protection will be 
assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements at day 3 after HeV or NiV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal HeV/NiV mAb pairs that are comparable to or outperform the mAbs we reported 
previously. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 



(b) Validation of the protective efficacy of a down-selected human anti-HeV/NiV mAb combination 
against HeV and NiV in NHPs. As a final test of an optimal anti-HeV/NiV mAb combination, we may assess 
efficacy of the lead anti-HeV/NiV mAb pair in NHPs (Core E), selected based on the in vitro, hamster data, and 
manufacturability data (Core D). Down-selection for testing in African green monkeys would only be considered 
with success in the hamster studies and in consultation with the external SAB and NIAID program staff.  

 E.3.5. Applying lessons learned in HeV/NiV research to Langya, Angavokely and Sosuga viruses. Once 
we have completed the HeV/NiV discovery campaigns, will turn to the test case pathogen Langya, Angavokely 
and Sosuga (SOSV) viruses to see if we can use the prototype pathogen approach for this virus. We have plenty 
of human PBMCs from the sole identified SOSV-immune individual and have already shown that it is possible to 
obtain HN- and F-specific neutralizing antibodies from this individual’s B cells59. We also have already prepared 
recombinant SOSV prefusion F and HN proteins59. We do not have access to human PBMCs from Langya- or 
Angavokely-immune donors. For those mAb discovery campaigns, we will use Alloy 
humanized mouse models as a source of B cells encoding human mAbs, as above. 
Mice will be immunized with recombinant protein antigens (Table 7), cDNAs encoding 
protective antigens, or replication-competent VSV strains encoding protective antigens 
for Langya or Angavokely. After the immunization protocol is completed, animals will be 
sacrificed humanely, spleens collected, and suspensions of splenocytes (enriched in B 
cells) will be purified by density gradient selection. Downstream, the generation of 
human mAbs follows our well-established methods as above for making human mAbs 
from B cells using single-cell RNAseq or human hybridoma methods. The development will follow as for Hev/NiV 
described above. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
HeV/NiV mAb combinations with optimal protective activity. These mAb combinations will be endowed 
genetically with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid 
response to emerging HeV/NiV or related paramyxoviruses. Given our previous ability to generate human anti- 
HeV/NiV mAbs, as shown in preliminary data, we do not anticipate problems in isolating anti-HeV/NiV mAbs. We 
may observe that new mAb combinations do not add any benefit over individual mAbs. If we do not identify 
potently protective anti-HeV/NiV mAbs via the planned approaches, we can also take a target-agnostic approach 
and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) 
isolated from human NiV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires 
present in NiV-immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in 
the lineages may be more potently neutralizing than the ones obtained directly from human B cells. Together, 
through these complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), 
we likely can select a diverse panel of human anti-HeV/NiV mAbs. We also anticipate defining key epitopes 
targeted by potently neutralizing anti-HeV/NiV mAb combinations that can inform vaccine design (RP2) for 
related viruses being used as test cases in years 2 through 5.  

F. Scientific rigor. Experimental design. Experiments will include biological and technical replicates, and 
results will be analyzed by parametric or non-parametric analyses (depending on data distribution) and 
corrections for multiple comparisons. EC50 (binding) and IC50 (neutralization) values will be reported only 
following at least 3 identically conducted experiments. All mAb screening will incorporate appropriate + and - 
controls. Positive signals in binding assays will be defined as >3 SD above background. Protein quality. We 
have a high capacity to purify proteins using a Protein Maker workstation that allows purification chromatography 
on 24 parallel columns. We perform QC on protein reagents using a Maurice instrument with capillary 
electrophoresis technology to automate our protein profiling either by size or charge, providing cIEF and CE-
SDS data. Animal studies will be performed blinded with independent replicates and include negative (e.g., 
placebo), and positive (when available) controls. We will use power calculations (Data Management Core B) to 
determine sample sizes. For virological studies, power analysis was performed using accepted values for type I 
error (0.05) and power (80%). The values for population variance (15) are based on existing data sets and our 
experience with rodent challenge studies. We will perform experiments at least 2-3 independent times (n = 4-5 
each) to attain n = 12-15 per arm. Smaller group sizes can be used if differences are larger than expected. 

G. Relevant biological variables. The human mAbs are derived from immune human donors or Alloy mice. 
Humans. Human Abs will be isolated for biological, structural, and functional studies at a clonal level. The sample 
size is not powered for large scale epidemiologic or clinical study conclusions. There is no evidence that sex, 
age, body mass index, or underlying health conditions other than immunodeficiency or immunosuppressive 
treatments alters the activity of cloned Abs in structure/function studies. The samples are de-identified without 
patient specific identifiers to protect the health information of the donors; thus, research with these samples is 
considered Not Human Subjects Research category activity. Mice, hamsters, guinea pigs, NHP, and viruses are 
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also biological systems used in this application. Conventional animal housing conditions will be used because 
there is no evidence that altered room temperatures and light/dark cycles influence paramyxovirus, nairovirus, 
or arenavirus pathogenesis. Mice, hamsters, guinea pigs, and NHPs of both sexes will be used, and phenotypes 
will be monitored for sex-based differences. Virus stocks will be either low passage seed stocks from natural 
isolates or generated from existing cDNA clones and sequence-confirmed prior to use for infection studies. 

H. Milestones and quantitative Go/No-Go criteria. Through Aims 1-3, we have proposed experiments that 
will advance our knowledge of the mAb-mediated mechanisms of action against paramyxoviruses, nairoviruses, 
and arenaviruses. In each Aim, we will use down-selection criteria (as below) to advance mAb combinations or 
variants for additional studies. By year 3, we will have defined the principles that govern optimal mAb 
combinations for paramyxoviruses, nairoviruses, and arenaviruses and the rational approaches needed to select 
mAbs for potency and breadth. We will use the following metrics to advance mAbs: (a) Neutralizing activity. All 
mAbs will have neutralizing potency < 10 ng/mL, EC50 value; (b) Binding affinity. MAbs will be of high affinity 
to surface proteins or virions (KD < 5 nM). (c) Protein stability and production quality. MAbs must produce at 
high levels without optimization (> 100 mg/L) and show biochemical/functional stability at 4°C or -80°C (>90% 
retention of binding and neutralization activity at 30 d). (d) Synergy. Combinations of 2 mAbs against a given 
virus ideally will show synergy of neutralization in vitro or at a minimum, additive inhibition (no antagonism); (e) 
Epitopes. To avoid resistance, mAbs in combination will bind 2 epitopes (determined by competition binding 
(<20% reduction in binding), mapping, and 
structural studies. (f) Resistance against mAbs 
will be assessed for virus escape. Deep 
sequencing of viruses that emerge from cells or 
animals treated with mAbs will inform 
prioritization. Combinations of mAbs with high 
genetic barriers to resistance (<10 loss in EC50) 
will be advanced. (g) Protection in mice, 
hamsters, guinea pigs, or NHPs. The 
following metrics can be used: (i) Protection 
against lethal challenge by homologous virus 
(>90% survival; (ii) Protection against clinical 
disease by homologous virus (>80%); (iii) Protection against infection by homologous virus (>100-fold reduction 
in viral titers in multiple organs). (h) pK measurements. For lead protective mAbs with mutations that should 
confer extended half-life, we will perform pK studies in NHPs (with Core D and E) to assess levels over time with 
a goal of a human predicted serum half-life of >6 months. 
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A. BACKGROUND AND SIGNIFICANCE. Paramyxoviruses, nairoviruses, and arenaviruses are widely
distributed RNA viruses that cause severe human syndromes. Because of their geographical distribution and 
expansion, changes in human demographics and increased exposures to wild animals including rodents and 
bats, and their capacity for human-to-human spread, these viruses have the potential to cause pandemics. 
Together with the other investigators in PABVAX, we have selected several important prototype 
paramyxoviruses, nairoviruses, and arenaviruses to study to learn the rules governing immunity to these 
pathogens. The work on the pathogens selected is justified based on their prevalence and severity alone, but 
also because of their ability to serve as prototypes for genetically related viruses. We chose the viruses for focus 
in this RP4 on human antibody development because of their clinical relevance and because several will be 
studied as prototypes for vaccine development in RP1 (arenavirus and nairovirus vaccines) and RP2 
(paramyxovirus vaccines). Among the arenaviruses, we will target Lassa mammarenavirus (LASV) and Machupo 
mammarenavirus (MACV), and among the family Nairoviridae of RNA viruses, we will study Crimean–Congo 
hemorrhagic fever orthonairovirus (CCHFV). In tandem with the vaccine projects in RP2 focused on 
paramyxoviruses, we study Nipah virus (NiV) and Hendra virus (HeV) as the prototypes, and already have 
preliminary data with Sosuga virus as a test case. Information about the principles we discover about critical 
neutralizing epitopes identified here in RP4 with prototype viruses can feed back into all other Projects that 
address the subsequent test cases in later years (Lujo, Chapare, Kasokero, Langya, Sosuga). 

     LASV is an Old World arenavirus (OWAV) with a single-stranded RNA virus belonging to the Arenaviridae 
family. Infection in humans is often the result of exposure to infected excreta from the rodent reservoir, Mastomys 
natalensis where up to 500,000 cases and an estimated 5,000 deaths occur annually in West Africa2.  While 
rodent infection is largely benign, human infection can result in severe hemorrhagic disease with neurological 
complications and long-term hearing and vision sequelae3,4. The virus possesses a bi-segmented genome 
comprising large (L) and small (S) segments, both of which are enclosed within a lipid envelope. The L segment 
(~7.2 kb) encodes the RNA-dependent RNA polymerase (RdRp) and a zinc-binding protein (Z), while the S 
segment (~3.4 kb) codes for the nucleoprotein (NP) and the glycoprotein precursor (GPC). The GPC is further 
cleaved into two surface glycoproteins, GP1 and GP2, which play critical roles in viral entry. The genetic diversity 
of LASV can be classified into six lineages (I-VI), with lineages III and IV being the most prevalent5. Genetic 
variation arises mainly due to the error-prone nature of the viral RNA polymerase, leading to the emergence of 
quasi-species. This diversity contributes to the virus's ability to evade host immune responses and pose 
challenges to vaccine development6. LASV antigens include the surface glycoproteins GP1 and GP2, 
responsible for receptor binding and membrane fusion, respectively. While GP1 is highly variable among strains, 
GP2 is more conserved. The nucleoprotein (NP) is another major antigen, and its immunodominant epitopes are 
targeted by the host's immune response. Its genetic diversity and antigenic properties complicate diagnosis and 
vaccine development, emphasizing the need for continued research on medical countermeasures. 

     MACV is a New World Arenavirus (NWAV) and the causative agent of Bolivian Hemorrhagic fever. Humans 
are infected after exposure to excreta from the reservoir, Calomys callosus, the large vesper mouse. Disease in 
humans has a slow onset, but can progress to severe hemorrhagic fever coupled to insidious neurological 
complications including tremors, seizures, and paralysis7. MACV has a similar genomic organization and 
contains a GPC, NP, Z, and L polymerase proteins. Genetic diversity of MACV is delineated into 8 lineages (I-
VIII) where there is growing concern of an expanding host range of C. callosus is responsible for outbreaks 
outside the known endemic region8. While the host entry receptor for NWAV is not shared with OWAV, the role 
for GP to drive immunity as a major antigen alongside NP.  The better studied Junin has a regionally approved 
vaccine9 and convalescent plasma program10 available to prevent and treat disease, respectively. There are no 
approved vaccines or therapies approved for any other NWAV, including MACV. Further, itis not well established 
whether these countermeasures have potential for cross protect other NWAV such as MACV, underscoring the 
value of continued efforts to develop broadly active countermeasures to safeguard against lethal disease. 

 CCHFV is a highly pathogenic tick-borne virus classified under the Nairovirus genus within the Bunyaviridae 
family11. It has a negative-sense, single-stranded RNA genome comprising three segments: Small (S), Medium 
(M), and Large (L). These segments are enclosed within a lipid envelope and code for various structural and 
non-structural proteins. The S segment (~1.7 kb) encodes the nucleocapsid protein (N), which is essential for 
viral replication and assembly. The M segment (~5.3 kb) codes for the glycoprotein precursor (GPC), which is 
post-translationally cleaved into two surface glycoproteins, Gn and Gc. These glycoproteins are involved in viral 
entry and fusion. The L segment (~12.1 kb) encodes the RNA-dependent RNA polymerase (RdRp), responsible 
for viral RNA synthesis. CCHFV exhibits significant genetic diversity, with at least seven distinct clades (Europe 
1, Europe 2, Africa 1-3, and Asia 1-2) based on the partial S segment sequences12. This diversity is attributed to 
the segmented genome, geographical distribution, and error-prone viral RNA polymerase, leading to the 
emergence of various quasi-species. The major antigens of CCHFV include the surface glycoproteins Gn and 



Gc, as well as the nucleocapsid protein (N)13,14. These antigens are targeted by the host immune response. 
CCHFV is genetically diverse, so breadth of reactivity will be a focus of our discovery efforts. 

     NiV/HeV. Bat borne, NiV) and HeV are enveloped, negative-sense, single-stranded RNA viruses belonging 
to the Henipavirus genus within the Paramyxoviridae family15. These emerging zoonotic viruses pose a 
significant threat to human and animal health due to their high fatality rates and broad host range. The genomes 
of NiV and HeV are approximately 18.2 kb or 18.4 kb in length, respectively, and share a similar gene 
organization. They encode six major structural proteins: nucleocapsid (N), phosphoprotein (P), matrix (M), fusion 
(F), attachment glycoprotein (G), and large polymerase (L) proteins. The N, P, and L proteins form the viral RNA-
dependent RNA polymerase (RdRp) complex necessary for transcription and replication, whereas the M, F, and 
G proteins are essential for virus assembly and entry. Genetic diversity in Henipaviruses is relatively low 
compared to other RNA viruses, with NiV strains showing 91-100% nucleotide similarity and HeV strains 
displaying 83-100% similarity16. However, the error-prone nature of the RdRp can still generate genetic variability, 
leading to the emergence of distinct lineages. The major surface antigens of Nipah and Hendra viruses are the 
attachment glycoprotein (G) and fusion protein (F). The G protein facilitates receptor binding, while the F protein 
mediates viral membrane fusion. Both antigens are involved in host immune responses and are potential targets 
for vaccine development, and the neutralizing antibody approaches we propose here. NiV and HeV exhibit 
relatively low genetic diversity, and in preliminary studies, we have identified human mAbs that neutralize HeV, 
NiV Bangladesh and NiV Malaysia strains17-19. Antibodies to the major surface antigens, the G and F proteins, 
are therefore, promising candidates for development as prophylactic or therapeutic molecules. 

Antibodies (Abs) are important correlates of protection for paramyxoviruses, nairoviruses, and arenaviruses. 
Immune sera against members of each of these groups of viruses has been shown to exhibit protective efficacy 
in vivo, which supports the use for Abs as treatment options. However, the specificity, functional properties, and 
other attributes of protective antibodies are poorly defined for most of these viruses. MAbs to the attachment and 
fusion surface proteins of paramyxoviruses (such as the G and F proteins of Hendra/Nipah18,20 and the GP 
proteins of the arenaviruses like LASV21,22 can neutralize and protect against infection in rodent models. CCHFV 
is a bit of a conundrum in that ultrapotent human neutralizing antibodies to the related Rift Valley fever virus 
surface proteins are highly protective in vivo23,24, but CCHFV neutralizing antibodies are not protective. In 
contrast, some non-neutralizing antibodies do protect partially for CCHFV25. Clearly, there is a lot to learn about 
the rules of immunity to these viruses, and the genetic, molecular, and structural basis of antibody-mediated 
protection for viruses like CCHFV. Based on these data, we propose the use of mAbs as treatment options to 
learn the rule of how to protect against emerging paramyxoviruses, nairoviruses, and arenaviruses and to 
develop candidate antibody countermeasures for translational development with Core D. To do so, we will further 
develop our technical methods for rapidly discovering mAbs, in the case of a future unexpected epidemic caused 
by viruses of these families. Most importantly, we will define the principles governing combination antibody 
therapy to prevent virus escape from treatment or prevention and to optimize the efficacy of the beneficial effects 
conferred by passive immunity. 

B. SCIENTIFIC PREMISE. The work proposed here in RP4 is based on the extensive basic, translational, and 
clinical trial data on the role of neutralizing Abs in protection against infection and disease caused by 
paramyxoviruses, nairoviruses, and arenaviruses. Although a significant amount of data supports the use of 
mAbs to prevent or control paramyxovirus, nairovirus, and arenavirus infection, many questions remain, such as 
the ideal epitopes to target with mAb combination therapy to improve upon neutralization potency, in vivo efficacy, 
and resistance to viral escape. Identifying these epitopes can help inform vaccine design to elicit optimal 
protective polyclonal responses (in RP1 and RP2, especially with designs for test cases in years 4 and 5). Here 
we aim to refine our understanding of the correlates of mAb protection against paramyxoviruses, nairoviruses, 
and arenaviruses to enable the design of a modular ‘plug-and-play’ workflow to rapidly respond to potential 
pandemics by generating optimized combinations of vaccine-like mAbs with an extended half-life that could be 
used for long-term prophylaxis (> 6 months) and therapy. 

C. INNOVATION. RP4 has many innovative conceptual and technical features including: Conceptual. (1) 
determining the principles that govern optimal combinations of human mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses for protection and resistance to viral escape; (2) the development of a clear 
workflow that generates therapeutic or preventative antibodies (long half-life mAbs that serve as vaccine 
surrogates) against emerging or new paramyxoviruses, nairoviruses, and arenaviruses with pandemic potential. 
Our goal is to define the principles and features, including epitope, combination ratios, and mechanisms of action, 
that result in optimal efficacy of mAbs against paramyxoviruses, nairoviruses, and arenaviruses in animal models 
and create a higher barrier for resistance. These studies will serve as paradigms for rapid antibody discovery in 
response to future paramyxovirus, nairovirus, and arenavirus pandemic threats. Technical. (3) large-scale B cell 
repertoire sequencing with customized methods and software; (4) use of humanized (Alloy) mice and novel 
immunogens from RP1 and RP2 and Core D; (5) single B cell functional (neutralization) assays performed on a 



Beacon instrument; (6) development of high-throughput real-time label-free virus neutralization assays 
(xCELLigence platform); and (7) use of simultaneous in parallel screening with several different high-throughput 
virus-specific B cell isolation approaches (Beacon, 10X Genomics, Rhapsody) to generate and validate best-in-
class human mAbs as candidate medical countermeasures.  

D. LINKAGE TO OTHER PABVAX PROJECTS AND CORES. The group will focus on developing a modular 
test case platform for rapid selection of highly neutralizing and/or protective mAbs against paramyxoviruses, 
nairoviruses, and arenaviruses. Members of our group have active collaborations with most members of the 
PABVAX Center as reflected in previous collaborations and publications (see Overall document). We will 
interact extensively with the Animal Model and Preclinical Evaluation Core (Core E) to study neutralization 
against authentic viruses and to test for protection in small and large animals as well as with RP3 for testing 
paramyxovirus mAbs. The knowledge gained from our studies on the structure-function relationships of 
neutralizing mAb combinations can be applied to rational vaccine design for RP 1 and RP2 in later years of the 
effort when we pivot to apply the lessons learned to the same test case targets as RP1 and RP2. Numerous 
antigens will be made available to our RP. Finally, long-half-life Fc mutations are now available based on 
engineering of human IgG1 for enhanced binding to the neonatal Fc receptor (FcRn) such as LS (M428L 
/N434S)26, or YTE (M252Y/S254T/T256E)27 mutations. With ≥ 90 days half-life in humans, our approach will 
generate mAbs with vaccine-like properties that remain effective for months during a virus epidemic and thus 
provides a platform for response to future paramyxovirus, nairovirus, and arenavirus pandemic threats, a key 
goal of our PABVAX Center. Our laboratory previously validated this vaccine surrogate concept when we 
isolated the human mAbs that formed the basis for Evusheld with YTE long-half-life Fc mutations (used in 70 
countries and millions of people) that exhibited > 6 months protective levels in humans after single IM injections.  

E. APPROACH  

E.1. Specific Aim 1. Discover potently neutralizing arenavirus combination therapies. For the prototypes, 
we will focus on Lassa virus (LASV), an Old World virus and Machupo virus (MACV), a New World virus. We will 
investigate the principles underlying antibody-mediated arenavirus protection. Preliminary evidence suggests 
that potent virus neutralization is a mechanistic correlate of 
protection for arenaviruses28,29. RP1/Core D will 
provide optimized antigens for mAb selection for the Prototype 
LASV and MACV (or subsequent Test Cases). We will use a 
workflow for rapid identification of potently neutralizing 
mAb combinations for LASV and MACV. We will generate mAbs 
from individuals with prior natural infection or use transgenic mice 
with human antibody repertoires. A large panel of human anti-
LASV and anti-MACV mAbs will be generated using multiple 
approaches (immune human B cells and immunized humanized 
mice), and highly neutralizing mAbs will be evaluated to identify 
optimal combinations. The best mAb combinations will be 
assessed to determine the minimal effective dose for protection, 
and the lead mAb combination therapy(ies) will be transferred to 
Core E for further evaluation and ultimately testing in an NHP 
model of LASV infection. Leads will be transferred to Core D for 
further translational development as medical countermeasures. 
The prototype LASV and MACV will be studied in years 1 to 3, 
followed by mAb discovery efforts for Test Cases Lujo and 
Chapare viruses based on the established principles in years 4-
5.  

Preliminary Data. (a) Potently neutralizing human anti-LASV 
and anti-MACV mAbs. The Crowe laboratory has previously 
characterized panels of neutralizing human anti-viral human 
mAbs from virus-immune or vaccinated individuals for about 50 
viruses, mostly RNA viruses. Isolated peripheral blood 
mononuclear cells (PBMCs) are used to generate hybridomas or 
alternatively antigen-sorted at single B cell level and antibody 
variable genes sequenced to generate mAbs recombinantly. 
Panels of human anti-viral mAbs are produced rapidly (we 
recently reported isolation of 15,000 mAb gene pairs from single 
Ebola-virus-specific human B cells from a single blood sample of 
an immune individual30. Previous studies by others clearly show 

Figure 1. Single cell mAb discovery. PBMC 
samples are used to enrich for B cells, which can be 
sorted for antigen-specific B cells. Expansion of 
these B cells is done to further assess the 
functionality of the B cells or for antibody sequencing 
to determine the variable genes contributing to 
antigen reactivity. Recombinant mAb expression 
validates the mAb sequence and functional activity. 
Figure is adapted from 1. 



that representative neutralizing and protective human antibodies can be isolated from LASV-immune subjects31-

35. In this Aim, we will refine the approaches we have developed previously for other RNA viruses in a proof-of-
concept study by identifying potently neutralizing combinations of anti-LASV and anti-MACV human mAbs. We 
will rapidly discover human anti-LASV mAbs from LASV-immune individuals and human anti-MACV mAbs by 
immunizing Alloy transgenic mice. Synergy studies will be performed to identify optimal mAb combinations by 
pairing them. Through these studies, we aim to identify optimal anti-LASV and anti-MACV mAb combinations 
and further advance the discovery platform for rapid response against emerging arenaviruses. 

(b) Advanced mAb technologies. The Crowe laboratory has developed some of the highest yield systems to 
isolate naturally occurring human mAbs using human hybridoma or advanced single-cell RNA-seq methods (Fig 
1). We have used sorting of antigen-specific cells with recombinant viral surface protein antigens (like the GP1 
and GP2 proteins we will use here), cloning of Ab variable genes, and then expression of mAbs as recombinant 
IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. One 
variation we will use is to capture Ab genes directly from viral glycoprotein-specific Ab-secreting B cells on the 
Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics and 
BD RhapsodyTM), as we have done for Ebola virus30,36 and SARS-CoV-21,37-42. These single-cell techniques 
enhance the capture of rare antigen-specific B cells.  

E.1.1. Rapid isolation of human anti-LASV and anti-MACV mAbs. (a) Immune cells. We have obtained 
human PBMCs from one previously LASV-infected individual who was medically managed previously by Emory 
University in their infectious diseases containment unit. This person has a documented robust neutralizing serum 
antibody response, suggesting isolation of neutralizing human mAbs from these PBMC aliquots will be 
straightforward for us. Our colleagues in RP1 have ongoing field operations for over a decade in Sierra Leone, 
Liberia, and Nigeria. This work is currently in association with the NIH-Centers for Research on Emerging 
Infectious Diseases (CREID) with a heavy focus on the study of LASV ecology, epidemiology, and host 
responses.  RP4 is currently working with RP1 on obtaining PBMCs from ~10 individuals with prior laboratory-
confirmed cases of LASV. The acquisition of these samples is being managed by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding to be de-identified prior to use in the studies proposed here. 
Blood samples are only obtained after informed consent, de-identified, and assigned random specimen numbers. 
The studies have been approved by the Vanderbilt University Medical Center IRB. PBMCs isolated from the 
blood samples will be deposited into the Vanderbilt Vaccine Center Biorepository, but we can designate their 
used for mAb generation in this RP4, if funded. For anti-MACV mAbs, as a human source is not readily available, 
we will immunize Alloy humanized mice. These animals yield PBMCs that secrete fully human mAbs. Alloy mice 
are used routinely in the Crowe lab workflow. 

 (b) Ab screening and sequence analysis. Our goal is to identify human anti-LASV and anti-MACV mAbs in a 
rapid manner to mimic a pandemic response to an outbreak. We will single-cell sort antigen-specific B cells using 
recombinant LASV or MACV proteins or non-infectious viral particles as bait. These cells will be expanded on 
feeder layers expressing CD40 ligand, IL-21, and BAFF for downstream applications, including LASV and MACV 
neutralization assays. Alternatively, we will use the Berkeley Lights Beacon® optofluidic platform, which can 
functionally ascribe GP protein or virus-particle binding to single B cells. These cells are exported for sequencing 
of the variable gene regions and analysis using the PyIR software developed in the Crowe laboratory. We will 
select a panel of up to 500 neutralizing anti-LASV mAbs and a similar number of anti-MACV mAbs to express 
recombinantly and advance for further characterization. We can 
easily conduct multiple approaches simultaneously in parallel1,43. 

We will generate recombinant GP antigens for selecting GP-specific 
B cells, based on prior validated designs in the field, and use the 
antigens produced by Core D   listed in Table 1. 

(c) Recombinant mAb cloning. We will synthesize heavy and light 
chain variable regions for cloning, expression, and downstream functional assays to validate the mAb sequence. 
We will perform high-throughput synthesis of mAb genes using a custom, commercial synthesis platform (Twist 
Bioscience). MAb genes are Gibson-assembly-cloned on-instrument into our custom full-length Ig expression 
vectors.  

(d) Micro-scale mAb expression. The Crowe laboratory has the capacity for large-throughput micro-scale mAb 
expression and purification. The lower end of this range allows expression of thousands of mAbs, which will feed 
into automated mAb purification platforms. This approach allows early-stage assays to identify candidate mAbs 
that will then be produced at larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated 
effector functions in vivo (Core E).  

(e) A CPE-based LASV and MACV neutralization assay using RTCA. We have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of cytopathic effect (CPE). Here, 

Table 1. Antigens from Core D 
Antigen Manufacturer  

(expression system) 

Lassa Josiah NP Mapp (bacteria) 
Lassa Josiah GPe Genovac (mammalian) 
Machupo GPe Genovac (mammalian) 
Machupo NP Mapp (bacteria) 



we will apply this method to assess neutralization of LASV. Recently, we validated the inclusion of simultaneous 
live-cell fluorescence microscopy into this real-time CPE-based screening platform (xCelligence RTCA eSight). 
These capabilities expand the platform to screen viruses that may or may not induce CPE, allowing us to also 
use a replication-competent vesicular stomatitis virus (VSV) LASV surrogate that expresses LASV surface 
proteins and causes CPE44. Currently, we have a VSV-LASV-Josiah (lineage IV)44 and a Sauerwald version 
(lineage II) of these recombinants. Making additional LASV VSV-LASVs is not difficult, and RP1 will make the 
other missing lineages or needed NWAV (MACV and CHAPV for test case evaluation) based on the same 
approaches as previously published. RP1 also can easily also make versions of these VSVs that express the 
green fluorescent protein (GFP) reporter gene. We will obtain these all these VSV constructs from investigators 
in PABVAX. Existing VSV-CCHFV, VSV-NiV, and VSV-HeV vectors45-47 will be provided by Dr. Geisbert overall 
PI and Lead of Core E. We already have Vanderbilt Institutional Biosafety Committee approval for use of these 
constructs in this format and assay. A decrease in cell impedance due to CPE and a corresponding decrease in 
GFP expression if used will identify mAbs with neutralizing activity against LASV. These mAbs will be moved 
forward for additional studies to identify an optimal anti-LASV mAb combination.  Similar processes will be 
followed to determine neutralization capacity of MACV mAb candidates. 

E.1.2. Identifying LASV and MACV mAb combinations. (a) Epitope mapping through competition-binding 
studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb 
pairs that can simultaneously bind LASV or MACV and validate their epitopes. We will perform competition-
binding studies with GP or subunit proteins (as above) or virus-like particles (VLPs)48 available from Core E at 
UTMB. Core E will also inactivate LASV and MACV virus particles that they have at UTMB by gamma irradiation 
and safety test and send those to our Vanderbilt site (we have previously accomplished this transfer with Ebola 
and Marburg particles). Inactivated virus particles will be used in ELISA. We will include positive controls made 
recombinantly from previously reported antibodies for the identification of mAbs that can concurrently bind LASV 
or MACV with a goal of finding more potent clones at those sites or clones that complement these inhibitory 
mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-LASV or anti-MACV 
mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb 
combinations for each virus, using rational selection based on preliminary epitope mapping data. We can assess 
for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select mAb pairs, 
with our priority on combinations with synergistic effects. (c) Identification of key residues binding residues 
of human anti-LASV and anti-MACV mAbs. To determine the key residues for binding of down-selected mAbs, 
we will perform deep mutational scanning49. Briefly, all amino acids of the GP proteins will be mutated to the 
other 19 amino acids with a unique barcode using PCR-based mutagenesis. The LASV or MACV GP protein 
library will be incubated with the appropriate mAbs to identify residues with loss-of-binding phenotypes. A 
sequence ‘logo’ showing the relative contributions of each amino acid mutation will identify residues critical for 
binding. Multiple amino acid substitutions can then be assessed by reverse genetics at UTMB to confirm the 
epitopes recognized by the down-selected mAbs. This method also serves as a surrogate for in vitro 
neutralization escape studies. (d) Neutralization escape analysis. The generation of mAb combinations should 
increase the barrier to viral escape. To assess whether mAb pairs reduce the incidence of viral escape, we will 
perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-LASV or VSV-
MACV constructs at BSL2 in the presence of saturating concentrations of mAbs (single or combination) using 
the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be 
extracted for sequencing. Confirmatory reverse genetics studies will be performed by introducing mutations into 
an infectious cDNA clone of LASV or MACV by RP1 to test neutralization. We hypothesize that escape will be 
less likely in the presence of mAb combinations than single mAbs. Even if partial escape occurs, virus fitness 
may suffer. We can test this concept in vivo by determining the level of infection of escape variants in the 
presence of mAbs. 

E.1.3. Structural basis of neutralization by mAb combinations. The studies above should identify optimal 
anti-LASV and anti-MACV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
viral escape under mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 
combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for arenavirus by identifying key epitope targets (RP1). 

E.1.4. Protective efficacy of human anti-arenavirus mAbs. (a) Studies in guinea pigs. MAbs that satisfy the 
criteria stated above and that display stage-appropriate manufacturability characteristics will advance to in vivo 
testing. We will use established models of LASV22,50 and MACV51,52 infection in guinea pigs. PABVAX Core E 



has access to many strains from different LASV and MACV lineages, which will be tested. For prioritization, we 
will focus on LASV lineage II, III, and IV strains and MACV lineage I, II, and VIII strainsfor which uniformly lethal 
models are available. Groups of 6 outbred Hartley guinea pigs will be treated with low, medium, and high doses) 
of single or combinations of anti-LASV or anti-MACVs mAb, or isotype controls at day +1 after inoculation with 
the LASVs or MACVs This approach allows us to determine whether combinations provide advantage over the 
best monotherapy treatments. These experiments will be repeated at least two independent times. We expect 
to test 10 single mAbs and 5 pairs of anti-LASV mAbs and 10 single mAbs and 5 pairs of anti-MACV mAbs in 
these studies. Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical 
scores; (iv) viral burden measurements (blood) at day 5 or 6 after LASV or MACV challenge and the day 35 
study endpoint by plaque and qRT-PCR assays. For any animals that show virological breakthrough of infection, 
deep sequencing will be performed from recovered viruses to assess for possible emergence of in vivo 
resistance. From these studies, we expect to down-select further to 2 optimal LASV mAb pairs and two additional 
MACV mAb pairs that are comparable to or outperform previously reported mAbs for further testing in Core E 
for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-LASV and anti-MACV mAb 
combination against LASV or MACV in NHPs. As a final test of an optimal anti-LASV and anti-MACV mAb 
combinations, we will assess protective efficacy of the lead anti-LASV mAb pair in NHPs as well as the anti-
MACV mAb pair in NHPs.  These anti-LASV and anti-MACV mAb pairs will be selected based on the in vitro and 
guinea pig data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus 
monkeys will only be considered pending success in the guinea pig studies and consultation with the external 
Scientific Advisory Board (SAB) and NIAID program staff.  

E.1.5. Applying lessons learned in LASV and MACV research with the selected test case pathogens for 
mAb generation: Lujo and Chapare mAbs. Once we have completed the LASV and MACV discovery 
campaigns, will turn to the test case pathogens to see if we can use the prototype pathogen approach to related 
viruses, Lujo (LUJV) and Chapare (CHAPV). We do not have access to human PBMCs from LUJV - or CHAPV-
immune donors. As an alternative approach, we will use humanized mouse models as a source of B cells 
encoding fully human monoclonal antibodies. The Vanderbilt core investigators have an established fully 
executed agreement to use Alloy human antibody mice for this purpose (See Letter of Support). The Alloy ATX-
Gx™ mouse is one of the most effective in vivo human antibody discovery platforms, with over 140 partners and 
counting. This mouse system was originally invented and validated inside a major pharma company and then 
further developed by Alloy. This foundational suite of highly immunocompetent transgenic mice is engineered to 
drive the greatest potential diversity of unique human antibodies binding to the viral target of interest, with broad 
epitopic coverage. The comprehensive functional human antibody repertoire in these mice is optimized for 
human Ab sequence developability and diversity. Alloy and Vanderbilt have already executed a simple licensing 
process for use of the ATX-Gx platform, and as an established partner the Vanderbilt core team will access the 
expanding portfolio of transgenic Alloy strains designed to address a range of discovery challenges (including 
diverse Ab isotypes). Mice will be immunized with conformationally correct recombinant 
protein antigens (Table 2), cDNAs encoding protective antigens, or replication-competent 
VSV strains encoding protective antigens for the target of interest. After the immunization 
protocol is completed, animals will be sacrificed humanely, spleens collected, and 
suspensions of splenocytes (enriched in B cells) will be purified by density gradient 
selection. Downstream, the generation of human mAbs follows our well-established 
methods as above for making human mAbs from B cells using single-cell RNAseq or 
human hybridoma methods. The development will follow as for LASV and MACV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
LASV and anti-MACV mAb combinations with optimal neutralizing and protective activity. These mAb 
combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like 
therapy options (for humans) for rapid response to emerging LASV, MACV, or related arenaviruses. Given our 
previous ability to generate human antiviral mAbs, we do not anticipate problems in isolating anti-LASV or anti-
MACV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not 
identify potently neutralizing anti-LASV or anti-MACV mAbs via the planned approaches, we can also take a 
target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B 
cells (i.e., memory B cells) isolated from human LASV-immune PBMC samples. In addition, we can deep 
sequence the B cell repertoires present in LASV-immune PBMC samples and identify clonal lineages, including 
siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly 
from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + 
single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-LASV mAbs. We also 
anticipate defining key epitopes targeted by potently neutralizing anti-LASV mAb combinations that can inform 

Table 2. Antigens 
available from RP1 

LUJV NP NTD 
LUJV GPe 
LUJV NP NTD +GPe 
CHAPV NP NTD 
CHAPV GPe 
CHAPV NP NTD +GPe 



vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-LASV 
does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization 
assays that detect VSV-LASV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, 
for competitive binding assays, biolayer interferometry using the high-throughput Octet HTX instrumentation also 
can be used to assess binding of mAbs in solution.  

E2. Specific Aim 2. Discover a protective Crimean-Congo hemorrhagic fever (CCHF) virus mAb 
combination therapy. Establishing the generality of protection approaches against nairoviruses, we will perform 
a mAb discovery proof-of-concept campaign for the Prototype 
CCHFV. Preliminary studies have identified human anti-CCHF mAbs 
with varying levels of protection in experimentally infected 
animals25,53,54. We will isolate a large panel of human anti-CCHFV 
mAbs and determine the rules governing optimal mAb combinations 
through competition-binding, epitope mapping, neutralization, and 
viral escape studies. Lead antibodies with acceptable 
manufacturability characteristics (Core D) and the highest capacity 
to overcome resistance while maintaining potency of protection will 
be selected. The structural basis of their activity will be established 
using structural biology techniques (electron microscopy and 
crystallography). Lead mAb cocktail therapies will be evaluated for in 
vivo protective efficacy in STAT1−/− mice (with Core E). As a final test 
of an optimal anti-CCHFV mAb combination, we will assess 
protective efficacy of the lead anti-CCHFV mAb pair in NHPs, to be 
selected based on the in vitro and mouse data from Core E and 
manufacturability data from Core D. Down-selection for testing in 
cynomolgus monkeys studies would only be considered pending 
success in the mouse studies and consultation with the external 
Scientific Advisory Board and NIAID program staff.   In years 4-5, we 
will apply the lessons learned to the plug and play test case Kasokero 
virus (KASV) in collaboration with RP1, Core D, and Core E. 

Preliminary Data. (a) Potently neutralizing and non-neutralizing 
human anti-CCHFV mAbs. In this Aim, we will rapidly discover 
human anti-CCHFV mAbs from CCHFV-immune individuals and 
perform synergy studies to identify optimal mAb combinations by 
pairing them. Through these studies, we aim to identify an optimal 
anti-CCHFV mAb combination and further advance the discovery 
platform for rapid response against emerging nairoviruses. In 
preliminary experiments in collaboration with investigators in RP1 
and Core E, the Crowe laboratory has previously isolated and 
characterized panels of neutralizing human anti-CCHFV human 
mAbs from individuals who were convalescent after naturally-
acquired laboratory-confirmed infection in Spain or Turkey. PBMCs 
were used to generate hybridomas and antibody variable genes 
sequenced to generate mAbs recombinantly. We isolated a panel of 
antibodies against CCHFV that recognize the M-segment in 
transfected cells, and they exhibit a diversity of recognition patterns 
in that they fall into multiple competition-binding groups (Fig 2). This 
panel contains cross-binding and cross-neutralizing antibodies for 
diverse strains. We observed a human mAb designated CCHF-82 
competing with competition group 1 and group 2 antibodies from the 
previously isolated GP38-reactive murine antibodies. CCHF-82 
showed some protection in a STAT1−/− mouse model of infection 
conducted by investigators in RP1 (Fig 3). Further investigation with 
this antibody in the IbAr10200 prophylaxis and therapeutic models is 
warranted. In contrast, the CCHFV-neutralizing mAbs that we 
isolated and tested in vivo did not perform well in the Turkish strain 
STAT1−/− mouse model. We now know protection in this model is 
possible, given the work from Fels et al., 2021 who showed that 
potent antibodies against various sites on the Gc surface can afford 
protection in this model53. However, in their study they did not test 

Figure 3. Human mAb CCHF-82 provides 
partial protection as a post-exposure 
prophylaxis against the Turkish strain of 
CCHFV in the STAT1−/− mouse model. 
A single dose of mAb was administered by 
the IP route to mice (n=6 per group (3 male, 3 
female)) at 30 min post infections. A lethal 
dose of Turkish strain of CCHFVvirus was 
administered. CCHF-23, CCHF-135, CCHF-
65, CCHF-82, CCHF-79, or DENV-2D22 (an 
isotype-matched negative control mAb) were 
tested in a single dose of 250 μg per mouse 
except for CCHFV-135 at 125 μg per mouse. 
Kaplan-Meier survival curves were statistically 
analyzed using a log-rank (Mantel-Cox) test 
where mAb-treated animals (P value shown in 
figure) were compared to animals treated with 
the DENV-2D22 negative control mAb. 
Unpublished data. 

Figure 2. Competition assessment of 
human Abs to CCHFV using M-segment 
expressing cells. We tested 28 mAbs in 
competition assays. MAbs are displayed in 8 
groups (A-H) based on their ability to compete 
for binding. Values shown are the % of 
binding that occurred during competition 
compared to non-competed binding of the 
mAb. This value was normalized to 100%. 
The values are also indicated by the box fill 
color; darker colors toward black indicate 
higher competition and lighter colors toward 
white indicate less competition, on a gradient 
scale. Unpublished data. 



GP38-reactive antibodies. To our knowledge, our preliminary data is the first indication that a human GP38-
targeting antibody can provide some protection in this mouse model of infection. 

Non-neutralizing murine mAbs protect in mouse models of infection25, but it has not been shown if the human 
antibody response could provide similar levels of protection. Murine mAb 13G8 binds to GP38 and does not 
neutralize CCHFV. This mAb provides protection against lethal challenge as a prophylaxis and a therapeutic 
against CCHFV. In preliminary experiments we sought to understand if human survivors of CCHFV infection 
possess B cells encoding mAbs that bind a similar epitope as 13G8 and provide protection. CCHF-82 competes 
for binding with 13G8 to preGn-transfected cells containing GP38. This antibody offered some protection as a 
post-exposure prophylaxis against the Turkish strain of CCHFV (Fig 3). Human antibodies like this should be 
further studied and the frequency of these clones should be elucidated to understand if this is a feasible strategy 
for future vaccine efforts for humans. The epitope that 13G8 and CCHF-82 identifies could inform vaccine design 
if these antibodies offer protection in larger animal models. 

Understanding how non-neutralizing antibodies function is critical in efforts to validate the GP38-binding class of 
antibodies. Golden et al. undertook a study to understand the mechanisms 13G8 functioned and observed that 
complement activation contributes to the protective capacity of this antibody25. Here, in studies of CCHF-82, we 
also will assess complement activation in mouse models of infection to fully understand the function of this mAb 
in vivo. Furthermore, if this mAb protects in the CCHFV IbAr10200 strain challenge model, assessing its 
mechanism is warranted. Together with Core D, we will assess IgG molecules with complement knockout (“KA”) 
and Fc gamma receptor knockout (LALA-PG) mutations in the Fc domain to study this matter. Human mAb 
CCHF-82 displayed limited cross-protection against experimental infection with the Turkish strain of CCHFV. Our 
antibody isolation here will aim to identify cross-protective non-neutralizing antibodies reactive with GP38. 
Recently, vaccinating with NP was shown to be another way to elicit non- neutralizing antibodies55. The NP of 
CCHFV is more conserved than the glycoproteins and might also be a non-canonical target for the identification 
of cross-protective non-neutralizing antibodies55. 

(b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific cells with 
recombinant viral surface protein antigens, cloning of Ab variable genes, and then expression of mAbs as 
recombinant IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and 
BAFF. As above, we can use high-throughput systems to capture Ab genes directly from viral protein-specific 
Ab-secreting B cells on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq 
approaches (10X Genomics and BD RhapsodyTM), and this may be helpful for rarer GP-38-specific B cells.  

E.2.1. Rapid isolation of human anti-CCHFV mAbs. (a) Immune cells. We have obtained human PBMCs 
from a number of previously CCHFV-infected individuals. One was a health care survivor who was infected while 
caring for a patient in Spain56. We also collected a panel of 10 fully de-identified PBMC samples from individuals 
naturally infected in Turkey, in sample acquisition work supervised by the Vanderbilt Vaccine Center 
Biorepository with separate institutional funding. Blood samples were only obtained after informed consent, de-
identified, and assigned random specimen numbers. The studies were approved by the Vanderbilt University 
Medical Center IRB. PBMCs isolated from the blood samples were deposited into the Vanderbilt Vaccine Center 
Biorepository, but we can designate their used for mAb generation in this RP4, if funded. 

 (b) Ab screening and sequence analysis. Our goal is to identify human anti-CCHFV mAbs rapidly, as if we 
had to respond to a nairovirus outbreak in real time. Our ability to respond rapidly in the setting of outbreaks is 
well-documented in the lay press (60 Minutes features and others) and the scientific literature, for ex., 78 days 
from sample to protection of NHPs for Zika virus43, and 25 days from PBMC sample receipt to delivery of the 
antibody genes for the approved COVID-19 drug Evusheld to 
AstraZeneca1. Here, we will single-cell sort antigen-specific B cells 
using recombinant CCHFV proteins (GP38, Gc, Gn, Gc/Gn) or non-
infectious viral particles as bait. These cells will be expanded on 
feeder layers expressing CD40 ligand, IL-21, and BAFF for 
downstream applications, including VSV-CCHFV neutralization 
assays. Alternatively, we will use the Berkeley Lights Beacon® optofluidic platform, which 
can functionally ascribe CCHFV protein or virus-particle binding to single B cells. These 
cells will be exported for sequencing of the variable gene regions and analysis using the 
PyIR software. We will select a panel of up to 500 neutralizing anti-CCHFV mAbs to express 
as recombinant mAbs and advance for further characterization. We have demonstrated the 
capacity to execute multiple approaches simultaneously in parallel1,43, which enhances the 
diversity of clones obtained. We will generate recombinant GP antigens for selecting GP-
specific B cells, based on prior validated designs in the field, and use the antigens produced 
by Core D, listed in Table 3 or by RP1 (Table 4). 

Table 3. CCHFV antigens from Core D 
Antigen Manufacturer  

(expression system) 

CCHF Turkey GnGc Mapp (Drosophila) 
CCHF Turkey GP38 Mapp (Drosophila) 
CCHF NP Genovac (mammalian) 

Table 4. Antigens 
available from RP1 

CCHF Turkey GnGc 
CCHF Turkey GP38 
CCHF Turkey NP 
CCHF Turkey 
GnGc+GP38+NP 
CCHF Turkey GnGc+GP38 
CCHF Turkey GP38+NP 
CCHF Turkey GnGc+NP 



 (c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions for cloning, 
expression, and downstream functional assays to validate the mAb sequence. We will perform high-throughput 
synthesis of mAb genes using the custom, commercial synthesis platform (Twist Bioscience). MAb genes are 
Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors. We will design human 
anti-LASV mAbs as IgG1 with the Fc mutation, LALA-PG, to abrogate Fc effector functions to assess role of Fc-
mediated effector functions to protection in animal models. We also will engineer IgG1 molecules with extended-
half-life Fc mutations based on enhanced binding to FcRn including LS (M428L +N434S)26 and YTE (M252Y 
+S254T +T256E)27 mutations. These Fc engineering approaches will generate mAbs with vaccine-like 
properties. The LS and YTE mutations were developed in commercial settings (and have been used safely in 
the clinic), but the patent life of these mutations will expire prior to approval of antibodies developed here. 

(d) Micro-scale mAb expression. The Crowe laboratory will perform large-throughput micro-scale mAb 
expression and purification that, with our integrated approach allows, screening assays to identify candidate 
mAbs This approach allows early-stage assays to identify candidate mAbs that will then be produced at larger 
scale by Core D with diverse Fc mutants to assess the role of Fc-mediated effector functions in vivo (Core E).  

(e) A CPE-based CCHFV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In this aim, we will apply 
this method to assess neutralization of CCHFV. We will use a replication-competent vesicular stomatitis virus 
(VSV) CCHFV surrogate that expresses CCHFV surface proteins and causes CPE46. Investigators in RP1 have 
the VSV-CCHFV-GFP versions of clades 1 through 7 based on this publication. We will obtain these all these 
VSV constructs from investigators in PABVAX. Existing VSV vectors will be provided by investigators in RP1 
and Core E. We already have Vanderbilt Institutional Biosafety Committee approval for use of these constructs 
in this format and assay. A decrease in cell impedance due to CPE and a corresponding decrease in GFP 
expression will identify mAbs with neutralizing activity against CCHFV. These mAbs will be moved forward for 
additional studies to identify an optimal anti-CCHFV mAb combination. GP38-reactive clones will be advanced 
based on avidity ranking since they are not likely to be neutralizing but may be protective in vivo. 

E.2.2. Identifying CCHFV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind CCHFV surface proteins and validate their epitopes. We will 
perform competition-binding studies with CCHFV Gc/Gn or subunit proteins (as above) or CCHFV virus-like 
particles (VLPs) made from a replicon system in hand. Core E will inactivate CCHFV virus particles that they 
have in the UTMB center by gamma irradiation and safety test and send those to our Vanderbilt site (we have 
previously accomplished this transfer with Ebola and Marburg particles). Inactivated virus particles will be used 
in ELISA. We will include positive controls made recombinantly from some of the mAbs shown in the unpublished 
preliminary data above for the identification of mAbs that can concurrently bind CCHFV proteins with a goal of 
finding more potent clones at those sites or clones that complement these mAbs. (b) Synergy studies using 
RTCA. To assess functional compatibility of the anti-CCHFV mAb pairs, we will assess neutralization potency 
using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational selection based on 
preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of neutralization. Based 
on these results, we will down-select neutralizing mAb pairs, with our priority on combinations with synergistic 
effects. GP-38-reactive clones will be screened for synergistic binding as they are not expected to be neutralizing. 
(c) Identification of key binding residues of human anti-CCHFV mAbs by neutralization escape analysis. 
The generation of mAb combinations should increase the barrier to viral escape. To assess whether combination 
mAb pairs reduce the incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. 
For these analyses, we will passage VSV-CCHFV constructs at BSL2 in the presence of saturating 
concentrations of CCHFV mAbs (single or combination) using the RTCA platform to detect virus-induced CPE. 
Resistant virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, 
virus fitness may suffer. We can test this concept in vivo by determining the level of infection of VSV-CCHFV 
escape variants in the presence of mAbs. 

E.2.3. Structural basis of neutralization by anti-CCHFV mAb combinations. The studies above should 
identify optimal anti-CCHFV mAb combinations that simultaneously bind, neutralize, and increase the barrier for 
CCHFV to escape mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 
combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for nairoviruses by identifying key epitope targets (RP1). 



E.2.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies in STAT1−/− mouse models. MAbs that 
meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. 
We will use an established STAT1−/− mouse model of CCHFV infection that the RP1 and Core E investigators 
have deployed46. To benchmark our mAbs, a separate set of STAT1−/− mice will be treated with CCHF-82, which 
we showed in unpublished preliminary data above confers substantial but incomplete protection (Fig 3). The 
Core E laboratory has access to strains representing all 6 clades that can be tested.  Groups of 10 STAT1−/− 
mice will be treated with low, medium, and high doses) of single or combinations of anti-CCHFV mAb, or isotype 
controls at day +1 after inoculation with CCHFVs. This approach allows us to determine whether combinations 
provide advantage over the best CCHFV monotherapy treatments. These experiments will be repeated at least 
two independent times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. 
Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral 
burden measurements at day 3 after CCHFV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal CCHFV mAb pairs that are comparable to or outperform the mAbs we reported 
above. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

 (b) Validation of the protective efficacy of a down-selected human anti-CCHFV mAb combination against 
CCHFV in NHPs. As a final test of an optimal anti-CCHFV mAb combination, we will assess efficacy of the lead 
anti-CCHFV mAb pair in NHPs (Core E), to be selected based on the in vitro, STAT1−/− mice, and 
manufacturability data (Core D). Down-selection for testing in cynomolgus monkeys would only be considered 
with success in the STAT1−/− mouse studies and in consultation with the external SAB and NIAID program staff.  

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the 
CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the 
prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune 
donors. We will use Alloy humanized mouse models as a source of B cells encoding fully 
human monoclonal antibodies, as described above. Mice will be immunized with 
conformationally correct recombinant protein antigens (Table 5), cDNAs encoding 
protective antigens, or replication-competent VSV strains encoding protective antigens for 
Kasokero. After the immunization protocol is completed, animals will be sacrificed 
humanely, spleens collected, and suspensions of splenocytes (enriched in B cells) will be 
purified by density gradient selection. Downstream, the generation of human mAbs follows 
our well-established methods as above for making human mAbs from B cells using single-
cell RNAseq or human hybridoma methods. The development will follow as for CCHFV. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
CCHFV mAb combinations with optimal protective activity. These mAb combinations can be endowed genetically 
with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid response 
to emerging CCHFV or related nairoviruses. Given our previous ability to generate human anti-CCHFV mAbs, 
as shown in preliminary data, we do not anticipate problems in isolating anti-CCHFV mAbs. We may observe 
that mAb combinations do not add any benefit over individual mAbs. If we do not identify potently protective anti-
CCHFV mAbs via the planned approaches, we can also take a target-agnostic approach and perform single-cell 
RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human 
CCHFV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires present in CCHFV-
immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in the lineages 
may be more potently neutralizing than the ones obtained directly from human B cells. Together, through these 
complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can 
select a diverse panel of human anti-CCHFV mAbs. We also anticipate defining key epitopes targeted by potently 
neutralizing anti-CCHFV mAb combinations that can inform vaccine design (RP1) for related viruses being used 
as test cases in years 4 and 5. In the case that VSV-CCHFV does not cause sufficient CPE via the RTCA platform 
(highly unlikely), established focus reduction neutralization assays that detect VSV-CCHFV-infected foci will be 
used to identify mAbs with synergistic properties. Furthermore, for competitive binding assays, biolayer 
interferometry using the Octet HTX instrumentation also can be used to assess binding of mAbs in solution.  

E3. Specific Aim 3. Establish optimal mAb combination therapies against henipaviruses Hendra (HeV) 
and Nipah (NiV) viruses. We will use a large panel of potent anti-henipavirus mAbs that we previously made 
from the memory B cells of immune individuals and generate new antibodies targeting the fusion (F) protein. 
RP2 will provide new antigens for mAb selection and BSL-2-compatible viruses for neutralization screens 
including Cedar virus constructs displaying HeV and NiV F and G proteins. We will identify optimal mAb 

Table 5. Antigens 
available from RP1 

Kasokero GnGC 
Kasokero GP38 
Kasokero NP 
Kasokero GnGc 
+GP38 +NP 
Kasokero GnGc 
+GP38 
Kasokero GnGc +NP 
Kasokero GP38 +NP 



combinations to enhance henipavirus therapy, minimize viral escape, and improve treatment efficacy through 
synergy. In vitro competition-binding, neutralization, and mechanistic studies will be conducted, including 
authentic virus neutralization with PABVAX Core E. We will refine the recognized epitopes and investigate 
the structural basis for optimal combination neutralization of henipaviruses using HeV and NiV as prototypes. In 
vivo assessment of mAb combinations will determine the minimal effective dose for protection and the ability to 
prevent in vivo escape. Protective efficacy of lead mAb combinations will be assessed in hamster models of NiV 
and HeV infection with Core E. Leads will be transferred to Core D. As a final test of optimal henipavirus mAb 
combinations, we will assess protective efficacy of the lead henipavirus mAb pairs in NHPs, to be selected based 
on the in vitro and hamster data from Core E and manufacturability data from Core D. Down-selection for testing 
in African green monkey (AGM) henipavirus model studies would only be considered pending success in the 
hamster studies and consultation with the external SAB and NIAID program staff. The HeV+NiV studies will be 
conducted in years 1-3 and then applied to the plug-and-play test case Langya virus in years 2-5. If RP2 and 
Core E cannot rescue recombinant Langya virus, the lessons learned in Years 1-3 will be applied to the alternate 
plug-and-play test viruses Angavokely or Sosuga (SOSV) virus. Preliminary data on SOSV mAbs are provided. 

Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-NIV/HeV mAbs. In this Aim, 
we will further adapt approaches we have developed in preliminary experiments with henipavirus mAb studies 
by identifying a potently protective combination of anti-NiV/HeV human mAbs. We already have in hand some 
outstanding potency anti-G antibodies with extensive 
characterization, including synergistic neutralization. In 
the work proposed here, we will rapidly discover human 
NiV/HeV anti-F mAbs from NiV-immune individuals and 
perform synergy studies to identify optimal mAb 
combinations by pairing them with each other and with 
anti-G antibodies. Through these studies, we aim to 
identify an optimal anti-NiV+HeV mAb combination and 
further advance the discovery platform for rapid response 
against emerging paramyxoviruses, especially 
henipaviruses. In previous experiments in collaboration 
with investigators in RP2 and Core E, the Crowe 
laboratory has isolated characterized panels of 
neutralizing human anti-G NiV/HeV human mAbs from an 
individual with G-based immunity following occupational 
exposure to an equine HeV G subunit vaccine. Isolated 
peripheral blood mononuclear cells (PBMCs) were used 
to generate human B cell hybridomas secreting human 
mAbs to G, and antibody variable genes were sequenced 
to generate mAbs recombinantly. We isolated a panel of 
antibodies against the G protein that recognize the HeV 
G, NiV Bangladesh G, and NiV Malaysia G proteins. The 
mAbs exhibited a diversity of recognition patterns in that 
they fall into multiple competition-binding groups (Fig 4). 
This panel contains cross-binding and cross-neutralizing 
antibodies for diverse NiV and HeV strains.  

(b) Applying mAb technologies for new mAb isolation.  
We will use sorting of antigen-specific cells with recombinant henipavirus F protein antigens, perform cloning of 
Ab variable genes, and then express mAbs as recombinant IgGs. Alternatively, F-specific B cells will be 
expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, we can use high-throughput 
systems to capture Ab genes directly from viral protein-specific Ab-secreting B cells on the Berkeley Lights 
Beacon® optofluidic platform or through 2 different single-cell RNA-seq approaches (10X Genomics & 
Rhapsody). 

E.3.1. Rapid isolation of human anti-HeV/NiV mAbs. (a) Immune cells. We are obtaining human PBMCs 
from a number of previously NiV-infected individuals who acquired immunity following natural infection in 
collaboration with the icddr,b, an international health research institute based in Dhaka, Bangladesh. We are 
collecting a panel of 10 fully de-identified PBMC samples from individuals naturally infected in Bangladesh, in 
sample acquisition work supervised by the Vanderbilt Vaccine Center Biorepository with separate institutional 
funding. Blood samples are only obtained after informed consent, de-identified, and assigned random specimen 
numbers. The studies are approved by the icddr,b and Vanderbilt University Medical Center IRBs. PBMCs 

Figure 4. Identification of major antigenic sites for 
recognition of HeV RBP by human mAbs. SPR competition 
binding of human Abs against HeV-RBP. A first Ab was applied 
to a gold-coated sensor chip, and recombinant HeV-RBP head 
domain was associated to the coupled Ab. A second Ab was 
applied to the sensor chip to determine binding to RBP. Black 
boxes - a pairwise interaction in which the binding of the second 
Ab is blocked by the first. White - both Abs could bind 
simultaneously. Gray - intermediate competition phenotype. 



isolated from the blood samples are deposited into the Vanderbilt Vaccine Center Biorepository, but we can 
designate their use in this RP4, if funded. 

 (b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific B cells, cloning 
of Ab variable genes, and then expression of mAbs as recombinant IgG. Alternatively, cells can be expanded on 
feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, we can use high-throughput systems to 
capture Ab genes directly from viral protein-specific Ab-secreting B 
cells on the Berkeley Lights Beacon® optofluidic platform or through 
single-cell RNA-seq approaches (10X Genomics and BD 
RhapsodyTM), and this may be helpful for rarer antigen-specific B 
cells. We will sort soluble fusion (sF) or attachment (G) protein-
specific cells with recombinant viral surface protein antigens from 
Core D (Table 6). 

(c) Ab screening and sequence analysis. Our goal is to identify human anti-NiV/HeV mAbs rapidly, as if we 
had to respond to a paramyxovirus outbreak in real time. We will single-cell sort antigen-specific B cells using 
recombinant HeV and NiV proteins (sF or G) as bait. These cells will be expanded on feeder layers expressing 
CD40L, IL-21, and BAFF for downstream applications, including VSV-CCHFV neutralization assays. We also 
can use the Berkeley Lights Beacon® optofluidic platform, which can functionally ascribe CCHFV protein or virus-
particle binding to single B cells. These cells will be exported for sequencing of the variable gene regions and 
analysis using the PyIR software. We will select a panel of up to 500 neutralizing anti-HeV/NiV mAbs to express 
as recombinant mAbs and advance for further characterization. 

(d) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions for cloning, 
expression, and downstream functional assays to validate the mAb sequence. We will perform high-throughput 
synthesis of mAb genes using the custom, commercial synthesis platform (Twist Bioscience). MAb genes are 
Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors. We will design human 
anti-LASV mAbs as IgG1 with the Fc mutation, LALA-PG, to abrogate Fc effector functions to assess role of Fc-
mediated effector functions to protection in animal models. We also will engineer IgG1 molecules with extended-
half-life Fc mutations based on enhanced binding to FcRn including LS (M428L +N434S)26 and YTE (M252Y 
+S254T +T256E)27 mutations. These approaches will generate mAbs with vaccine-like properties.  

(e) Micro-scale mAb expression. The Crowe laboratory will perform large-throughput micro-scale mAb 
expression and purification that, with our integrated approach allows, screening assays to identify candidate 
mAbs. Early-stage assays will identify candidate mAbs that will then be produced at larger scale by Core D with 
a variety of Fc mutants to assess the role of Fc-mediated effector functions in vivo (Core E).  

(f) CPE-based HeV/NiV neutralization assay using RTCA. As above, we have established a high-throughput 
assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In this aim, we will apply 
this method to assess neutralization of HeV and NiV. We will use replication-competent vesicular stomatitis virus 
(VSV) HeV and NiV surrogates that expresses henipaviurs surface proteins and cause CPE. Investigators in 
RP2 and RP3 have VSV-NiV F and VSV-NiV G with GFP45, VSV-NiV G without GFP47 and VSV-HeVG (Geisbert 
and Cross, unpublished). We will obtain these all these VSV constructs from investigators in PABVAX. We 
already have Vanderbilt Institutional Biosafety Committee approval for use of these constructs in this format and 
assay. A decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify 
mAbs with neutralizing activity against HeV and NiV. We also can use Cedar virus constructs for neutralization 
assays as the have reduced pathogenicity57 and can be used in high-throughput screening assays for 
henipavirus antiviral discovery58. Cedar viruses will be provided by Dr. Broder of RP3. The mAbs with most 
potent activity will be moved forward for additional studies to identify an optimal anti-HeV/NiV mAb combination.  

E.3.2. Identifying HeV/NiV mAb combinations. (a) Epitope mapping through competition-binding studies. 
Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer 
interferometry) (as above, Fig 4) or high-throughput analytical flow cytometry (using an iQue Plus screener), we 
will identify mAb pairs that can simultaneously bind HeV/NiV surface proteins and validate their epitopes. We 
will perform competition-binding studies with HeV/NiV sF or G proteins (as above). We will include positive 
controls made recombinantly from some of the mAbs shown in the preliminary data above for the identification 
of mAbs that can concurrently bind HeV/NiV proteins with a goal of finding more potent clones at those sites or 
clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of 
the anti- HeV/NiV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate 
testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can 
assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select 
neutralizing mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key 
binding residues of human anti-HeV/NiV mAbs by neutralization escape analysis. The generation of mAb 

Table 6. Henipavirus antigens from Core D 
Antigen Manufacturer  

(expression system) 
Nipah sF Genovac (mammalian) 
Hendra sF Genovac (mammalian) 
NiV G Geneovac (mammalian) 



combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the 
incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we 
will passage VSV-NiV F, VSV-NiV G and VSV-HeV G constructs at BSL2 in the presence of saturating 
concentrations of HeV/NiV mAbs (single or combination) using RTCA to detect virus-induced CPE. Resistant 
virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus 
fitness may suffer. We can test the level of infection of VSV-HeV/NiV escape variants in the presence of mAbs. 

E.3.3. Structural basis of neutralization by anti-HeV/NiV mAb combinations. The studies above should 
identify optimal anti-HeV/NiV mAb combinations that simultaneously bind, neutralize, and increase the barrier 
for CCHFV to escape mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the 
structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and 
equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external 
synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb 
combination can be applied to mAb therapy development against arenavirus pandemic threats and inform 
vaccine design for henipaviruses by identifying key epitope targets. 

E.3.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies hamster models. MAbs that meet the 
above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will 
use an established hamster model of NiV or HeV infection that the Core E investigators have deployed. To 
benchmark our mAbs, a separate set of hamsters will be treated with G mAbs HENV-103+HENV-117, which we 
showed in previous data above confers substantial protection18. Groups of 10 hamsters will be treated with low, 
medium, or high IgG doses) of single or combinations of anti-HeV/NiV mAbs, or isotype controls at day +1 after 
inoculation with HeV or NiV. This approach allows us to determine whether combinations provide advantage over 
the best HeV or NiV mAb monotherapy treatments. These experiments will be repeated at least two independent 
times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. Protection will be 
assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden 
measurements at day 3 after HeV or NiV exposure and the day 35 study endpoint by plaque and qRT-PCR 
assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from 
recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to 
down-select further to 2 optimal HeV/NiV mAb pairs that are comparable to or outperform the mAbs we reported 
previously. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies. 

(b) Validation of the protective efficacy of a down-selected human anti-HeV/NiV mAb combination 
against HeV and NiV in NHPs. As a final test of an optimal anti-HeV/NiV mAb combination, we may assess 
efficacy of the lead anti-HeV/NiV mAb pair in NHPs (Core E), selected based on the in vitro, hamster data, and 
manufacturability data (Core D). Down-selection for testing in African green monkeys would only be considered 
with success in the hamster studies and in consultation with the external SAB and NIAID program staff.  

E.3.5. Applying lessons learned in HeV/NiV research to Langya, Angavokely and Sosuga viruses. Once 
we have completed the HeV/NiV discovery campaigns, will turn to the test case pathogen Langya, Angavokely 
and Sosuga (SOSV) viruses to see if we can use the prototype pathogen approach for this virus. We have plenty 
of human PBMCs from the sole identified SOSV-immune individual and have already shown that it is possible to 
obtain HN- and F-specific neutralizing antibodies from this individual’s B cells59. We also have already prepared 
recombinant SOSV prefusion F and HN proteins59. We do not have access to human PBMCs from Langya- or 
Angavokely-immune donors. For those mAb discovery campaigns, we will use Alloy humanized mouse models 
as a source of B cells encoding human mAbs, as above. Mice will be 
immunized with recombinant protein antigens (Table 7), cDNAs 
encoding protective antigens, or replication-competent VSV strains 
encoding protective antigens for Langya or Angavokely. After the 
immunization protocol is completed, animals will be sacrificed 
humanely, spleens collected, and suspensions of splenocytes 
(enriched in B cells) will be purified by density gradient selection. Downstream, the generation of human mAbs 
follows our well-established methods as above for making human mAbs from B cells using single-cell RNAseq 
or human hybridoma methods. The development will follow as for Hev/NiV described above. 

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-
HeV/NiV mAb combinations with optimal protective activity. These mAb combinations will be endowed 
genetically with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid 
response to emerging HeV/NiV or related paramyxoviruses. Given our previous ability to generate human anti- 
HeV/NiV mAbs, as shown in preliminary data, we do not anticipate problems in isolating anti-HeV/NiV mAbs. We 
may observe that new mAb combinations do not add any benefit over individual mAbs. If we do not identify 
potently protective anti-HeV/NiV mAbs via the planned approaches, we can also take a target-agnostic approach 

Table 7. Paramyxovirus antigens from Core D 
Antigen Manufacturer  

(expression system) 

Mojang sF  Genovac (mammalian) 
Angavokely sF  Genovac (mammalian) 
Langya sF Genovac (mammalian) 



and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) 
isolated from human NiV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires 
present in NiV-immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in 
the lineages may be more potently neutralizing than the ones obtained directly from human B cells. Together, 
through these complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), 
we likely can select a diverse panel of human anti-HeV/NiV mAbs. We also anticipate defining key epitopes 
targeted by potently neutralizing anti-HeV/NiV mAb combinations that can inform vaccine design (RP2) for 
related viruses being used as test cases in years 2 through 5.  

F. Scientific rigor. Experimental design. Experiments will include biological and technical replicates, and 
results will be analyzed by parametric or non-parametric analyses (depending on data distribution) and 
corrections for multiple comparisons. EC50 (binding) and IC50 (neutralization) values will be reported only 
following at least 3 identically conducted experiments. All mAb screening will incorporate appropriate + and - 
controls. Positive signals in binding assays will be defined as >3 SD above background. Protein quality. We 
have a high capacity to purify proteins using a Protein Maker workstation that allows purification chromatography 
on 24 parallel columns. We perform QC on protein reagents using a Maurice instrument with capillary 
electrophoresis technology to automate our protein profiling either by size or charge, providing cIEF and CE-
SDS data. Animal studies will be performed blinded with independent replicates and include negative (e.g., 
placebo), and positive (when available) controls. We will use power calculations (Data Management Core B) to 
determine sample sizes. For virological studies, power analysis was performed using accepted values for type I 
error (0.05) and power (80%). The values for population variance (15) are based on existing data sets and our 
experience with rodent challenge studies. We will perform experiments at least 2-3 independent times (n = 4-5 
each) to attain n = 12-15 per arm. Smaller group sizes can be used if differences are larger than expected. 

G. Relevant biological variables. The human mAbs are derived from immune human donors or Alloy mice. 
Humans. Human Abs will be isolated for biological, structural, and functional studies at a clonal level. The sample 
size is not powered for large scale epidemiologic or clinical study conclusions. There is no evidence that sex, 
age, body mass index, or underlying health conditions other than immunodeficiency or immunosuppressive 
treatments alters the activity of cloned Abs in structure/function studies. The samples are de-identified without 
patient specific identifiers to protect the health information of the donors; thus, research with these samples is 
considered Not Human Subjects Research category activity. Mice, hamsters, guinea pigs, NHP, and viruses are 
also biological systems used in this application. Conventional animal housing conditions will be used because 
there is no evidence that altered room temperatures and light/dark cycles influence paramyxovirus, nairovirus, 
or arenavirus pathogenesis. Mice, hamsters, guinea pigs, and NHPs of both sexes will be used, and phenotypes 
will be monitored for sex-based differences. Virus stocks will be either low passage seed stocks from natural 
isolates or generated from existing cDNA clones and sequence-confirmed prior to use for infection studies. 

H. Milestones and quantitative Go/No-Go criteria. Through Aims 1-3, we have proposed experiments that 
will advance our knowledge of the mAb-mediated mechanisms of action against paramyxoviruses, nairoviruses, 
and arenaviruses. In each Aim, we will use down-selection criteria (as below) to advance mAb combinations or 
variants for additional studies. By year 3, we will have defined the principles that govern optimal mAb 
combinations for paramyxoviruses, nairoviruses, and arenaviruses and the rational approaches needed to select 
mAbs for potency and breadth. We will use the following metrics to advance mAbs: (a) Neutralizing activity. All 
mAbs will have neutralizing potency < 10 ng/mL, EC50 value; (b) Binding affinity. MAbs will be of high affinity 
to surface proteins or virions (KD < 5 nM). (c) Protein stability and production quality. MAbs must produce at 
high levels without optimization (> 100 mg/L) and show biochemical/functional stability at 4°C or -80°C (>90% 
retention of binding and neutralization activity at 30 d). (d) Synergy. Combinations of 2 mAbs against a given 
virus ideally will show synergy of neutralization in vitro or at a minimum, additive inhibition (no antagonism); (e) 
Epitopes. To avoid resistance, mAbs in combination will bind 2 epitopes (determined by competition binding 
(<20% reduction in binding), mapping, and 
structural studies. (f) Resistance against mAbs 
will be assessed for virus escape. Deep 
sequencing of viruses that emerge from cells or 
animals treated with mAbs will inform 
prioritization. Combinations of mAbs with high 
genetic barriers to resistance (<10 loss in EC50) 
will be advanced. (g) Protection in mice, 
hamsters, guinea pigs, or NHPs. The 
following metrics can be used: (i) Protection 
against lethal challenge by homologous virus 
(>90% survival; (ii) Protection against clinical  



disease by homologous virus (>80%); (iii) Protection against infection by homologous virus (>100-fold reduction 
in viral titers in multiple organs). (h) pK measurements. For lead protective mAbs with mutations that should 
confer extended half-life, we will perform pK studies in NHPs (with Core D and E) to assess levels over time with 
a goal of a human predicted serum half-life of >6 months. 
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A. BACKGROUND AND SIGNIFICANCE. Paramyxoviruses, nairoviruses, and arenaviruses are widely distributed RNA viruses that cause severe human syndromes. Because of their geographical distribution and expansion, changes in human demographics and increased exposures to wild animals including rodents and bats, and their capacity for human-to-human spread, these viruses have the potential to cause pandemics. Together with the other investigators in PABVAX, we have selected several important prototype paramyxoviruses, nairoviruses, and arenaviruses to study to learn the rules governing immunity to these pathogens. The work on the pathogens selected is justified based on their prevalence and severity alone, but also because of their ability to serve as prototypes for genetically related viruses. We chose the viruses for focus in this RP4 on human antibody development because of their clinical relevance and because several will be studied as prototypes for vaccine development in RP1 (arenaviruses, nairoviruses) and RP2 (paramyxoviruses). Among the arenaviruses, we will target Lassa virus (LASV) and Machupo virus (MACV), and among the nairoviruses, we will study Crimean–Congo hemorrhagic fever virus (CCHFV). In tandem with the vaccine project in RP2 focused on paramyxoviruses, we will study Nipah virus (NiV) and Hendra virus (HeV) as the prototypes. Information about the principles we discover about critical neutralizing epitopes identified here in RP4 with prototype viruses can feed back into all other Projects that address the subsequent plug and play test cases in later years (Lujo, Chapare, Kasokero, Langya).

LASV is an Old World arenavirus (OWAV) with a single-stranded RNA virus belonging to the Arenaviridae family. Infection in humans is often the result of exposure to infected excreta from the rodent reservoir, Mastomys natalensis where up to 500,000 cases and an estimated 5,000 deaths occur annually in West Africa2.  While rodent infection is largely benign, human infection can result in severe hemorrhagic disease with neurological complications and long-term hearing and vision sequelae3,4. There are no approved vaccines or treatments for LASV infection. MACV is a New World Arenavirus (NWAV) and the causative agent of Bolivian Hemorrhagic fever. Humans are infected after exposure to excreta from the reservoir, Calomys callosus, the large vesper mouse. Disease in humans has a slow onset, but can progress to severe hemorrhagic fever coupled to insidious neurological complications including tremors, seizures, and paralysis5. There are no approved vaccines or therapies approved for MACV. CCHFV is a highly pathogenic tick-borne virus classified under the Nairovirus genus within the Bunyaviridae family6. CCHF outbreaks have a case fatality rate of up to 40%, and there are no vaccines or treatments approved for human use. NiV/HeV. Bat-borne, NiV and HeV are enveloped, negative-sense, single-stranded RNA viruses belonging to the Henipavirus genus within the Paramyxoviridae family7. These emerging zoonotic viruses pose a significant threat to human and animal health due to their high fatality rates and broad host range. As with the other prototype virus in the PABAX Center, there are no vaccines or treatments against henipaviruses licensed for human use.

Antibodies (Abs) are important correlates of protection for paramyxoviruses, nairoviruses, and arenaviruses. Immune sera against members of each of these groups of viruses has been shown to exhibit protective efficacy in vivo, which supports the use for Abs as treatment options. However, the specificity, functional properties, and other attributes of protective antibodies are poorly defined for most of these viruses. MAbs to the attachment and fusion surface proteins of paramyxoviruses (such as the G and F proteins of Hendra/Nipah8,9 and the GP proteins of the arenaviruses like LASV10,11) can neutralize and protect against infection in rodent models. CCHFV is a bit of a conundrum in that ultrapotent human neutralizing antibodies to the related Rift Valley fever virus surface proteins are highly protective in vivo12,13, but CCHFV neutralizing antibodies are not protective. In contrast, some non-neutralizing antibodies do protect partially for CCHFV14. Clearly, there is a lot to learn about the rules of immunity to these viruses, and the genetic, molecular, and structural basis of antibody-mediated protection for viruses like CCHFV. Based on these data, we propose the use of mAbs as treatment options to learn the rule of how to protect against emerging paramyxoviruses, nairoviruses, and arenaviruses and to develop candidate antibody countermeasures for translational development with Core D. To do so, we will further develop our technical methods for rapidly discovering mAbs, in the case of a future unexpected epidemic caused by viruses of these families. Most importantly, we will define the principles governing combination antibody therapy to prevent virus escape from treatment or prevention and to optimize the efficacy of the beneficial effects conferred by passive immunity.

B. SCIENTIFIC PREMISE. The work proposed here in RP4 is based on the extensive basic, translational, and clinical trial data on the role of neutralizing Abs in protection against infection and disease caused by paramyxoviruses, nairoviruses, and arenaviruses. Although a significant amount of data supports the use of mAbs to prevent or control paramyxovirus, nairovirus, and arenavirus infection, many questions remain, such as the ideal epitopes to target with mAb combination therapy to improve upon neutralization potency, in vivo efficacy, and resistance to viral escape. Identifying these epitopes can help inform vaccine design to elicit optimal protective polyclonal responses (in RP1 and RP2, especially with designs for test cases in years 4 and 5). Here we aim to refine our understanding of the correlates of mAb protection against paramyxoviruses, nairoviruses, and arenaviruses to enable the design of a modular “plug-and-play” workflow to rapidly respond to potential pandemics by generating optimized combinations of vaccine-like mAbs with an extended half-life that could be used for long-term prophylaxis (> 6 months) and therapy.

C. INNOVATION. RP4 has many innovative conceptual and technical features including: Conceptual. (1) determining the principles that govern optimal combinations of human mAbs against paramyxoviruses, nairoviruses, and arenaviruses for protection and resistance to viral escape; (2) the development of a clear workflow that generates therapeutic or preventative antibodies (long half-life mAbs that serve as vaccine surrogates) against emerging or new paramyxoviruses, nairoviruses, and arenaviruses with pandemic potential. Our goal is to define the principles and features, including epitope, combination ratios, and mechanisms of action, that result in optimal efficacy of mAbs against paramyxoviruses, nairoviruses, and arenaviruses in animal models and create a higher barrier for resistance. These studies will serve as paradigms for rapid antibody discovery in response to future paramyxovirus, nairovirus, and arenavirus pandemic threats. Technical. (3) large-scale B cell repertoire sequencing with customized methods and software; (4) use of humanized (Alloy) mice and novel immunogens from RP1 and RP2 and Core D; (5) single B cell functional (neutralization) assays performed on a Beacon instrument; (6) development of high-throughput real-time label-free virus neutralization assays (xCELLigence platform); and (7) use of simultaneous in parallel screening with several different high-throughput virus-specific B cell isolation approaches (Beacon, 10X Genomics, Rhapsody) to generate and validate best-in-class human mAbs as candidate medical countermeasures. 

D. LINKAGE TO OTHER PABVAX PROJECTS AND CORES. The group will focus on developing a modular test case platform for rapid selection of highly neutralizing and/or protective mAbs against paramyxoviruses, nairoviruses, and arenaviruses. Members of our group have active collaborations with most members of the PABVAX Center as reflected in previous collaborations and publications (see Overall document). We will interact extensively with the Animal Model and Preclinical Evaluation Core (Core E) to study neutralization against authentic viruses and to test for protection in small and large animals as well as with RP3 for testing paramyxovirus mAbs. The knowledge gained from our studies on the structure-function relationships of neutralizing mAb combinations can be applied to rational vaccine design for RP 1 and RP2 in later years of the effort when we pivot to apply the lessons learned to the same test case targets as RP1 and RP2. Numerous antigens will be made available to our RP. Finally, long-half-life Fc mutations are now available based on engineering of human IgG1 for enhanced binding to the neonatal Fc receptor (FcRn) such as LS (M428L /N434S)15, or YTE (M252Y/S254T/T256E)16 mutations. With ≥ 90 days half-life in humans, our approach will generate mAbs with vaccine-like properties that remain effective for months during a virus epidemic and thus provides a platform for response to future paramyxovirus, nairovirus, and arenavirus pandemic threats, a key goal of our PABVAX Center. Our laboratory previously validated this vaccine surrogate concept when we isolated the human mAbs that formed the basis for Evusheld with YTE long-half-life Fc mutations (used in 70 countries and millions of people) that exhibited > 6 months protective levels in humans after single IM injections. 

E. APPROACH 

E.1. Specific Aim 1. Discover potently neutralizing arenavirus mAb combination therapies. For the prototypes, we will focus on LASV, an Old-World virus and MACV, a New-World virus. We will investigate the principles underlying antibody-mediated arenavirus protection. Preliminary evidence suggests that potent virus neutralization is a mechanistic correlate of protection for arenaviruses17,18. RP1/Core D will provide optimized antigens for mAb selection for the Prototype LASV and MACV (or subsequent Test Cases). We will use a workflow for rapid identification of potently neutralizing mAb combinations for LASV and MACV. We will generate mAbs from individuals with prior natural infection or use transgenic mice with human antibody repertoires. A large panel of human anti-LASV and anti-MACV mAbs will be generated using multiple approaches (immune human B cells and immunized humanized mice), and highly neutralizing mAbs will be evaluated to identify optimal combinations. The best mAb combinations will be assessed to determine the minimal effective dose for protection, and the lead mAb combination therapy(ies) will be transferred to Core E for further evaluation and ultimately testing in an NHP model of LASV or MACV infection. Leads will be transferred to Core D for further translational development as medical countermeasures. The prototype LASV and MACV will be studied in years 1 to 3, followed by mAb discovery efforts for Test Cases Lujo and Chapare viruses based on the established principles in years 4-5. 

Preliminary Data. (a) Potently neutralizing human anti-arenavirus mAbs. The Crowe laboratory has previously characterized panels of neutralizing human anti-viral human mAbs from virus-immune or vaccinated individuals for about 50 viruses, mostly RNA viruses. Isolated peripheral blood mononuclear cells (PBMCs) are used to generate hybridomas or alternatively antigen-sorted at single B cell level and antibody variable genes sequenced to generate mAbs recombinantly. Panels of human anti-viral mAbs are produced rapidly (we recently reported isolation of 15,000 mAb gene pairs from single Ebola-virus-specific human B cells from a single blood sample of an immune individual19. Previous studies by others clearly show that representative neutralizing and protective human antibodies can be isolated from LASV-immune subjects20-24. In this Aim, we will refine the approaches we have developed previously for other RNA viruses in a proof-of-concept study by identifying potently neutralizing combinations of anti-LASV and anti-MACV human mAbs. We will rapidly discover human anti-LASV mAbs from LASV-immune individuals and human anti-MACV mAbs by immunizing Alloy transgenic mice. Synergy studies will be performed to identify optimal mAb combinations by pairing them. Through these studies, we aim to identify optimal anti-LASV and anti-MACV mAb combinations and further advance the discovery platform for rapid response against emerging arenaviruses.Figure 1. Single cell mAb discovery. PBMC samples are used to enrich for B cells, which can be sorted for antigen-specific B cells. Expansion allows us to further assess the functionality of the B cells or for antibody sequencing. Recombinant mAb expression validates the mAb sequence and functional activity. Figure is adapted from 1.



(b) Advanced mAb technologies. The Crowe laboratory has developed some of the highest yield systems to isolate naturally occurring human mAbs using human hybridoma or advanced single-cell RNA-seq methods (Fig 1). We have used sorting of antigen-specific cells with recombinant viral surface protein antigens (like the GP1 and GP2 proteins we will use here), cloning of Ab variable genes, and then expression of mAbs as recombinant IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. One variation we will use is to capture Ab genes directly from viral glycoprotein-specific Ab-secreting B cells on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics and BD RhapsodyTM), as we have done for Ebola virus19,25 and SARS-CoV-21,26-31. These single-cell techniques enhance the capture of rare antigen-specific B cells. 

E.1.1. Rapid isolation of human anti-LASV and anti-MACV mAbs. (a) Immune cells. We have obtained human PBMCs from one previously LASV-infected individual who was medically managed previously by Emory University in their infectious diseases containment unit. This person has a documented robust neutralizing serum antibody response, suggesting isolation of neutralizing human mAbs from these PBMC aliquots will be straightforward for us. Our colleagues in RP1 have ongoing field operations for over a decade in Sierra Leone, Liberia, and Nigeria. This work is currently in association with the NIH-Centers for Research on Emerging Infectious Diseases (CREID) with a heavy focus on the study of LASV ecology, epidemiology, and host responses.  RP4 is currently working with RP1 on obtaining PBMCs from ~10 individuals with prior laboratory-confirmed cases of LASV. The acquisition of these samples is being managed by the Vanderbilt Vaccine Center Biorepository with separate institutional funding to be de-identified prior to use in the studies proposed here. Blood samples are only obtained after informed consent, de-identified, and assigned random specimen numbers. The studies have been approved by the Vanderbilt University Medical Center IRB. PBMCs isolated from the blood samples will be deposited into the Vanderbilt Vaccine Center Biorepository, but we can designate their used for mAb generation in this RP4, if funded. For anti-MACV mAbs, as a human PBMC source is not readily available, we will immunize Alloy humanized mice. These animals yield PBMCs that secrete fully human mAbs. Alloy mice are used routinely in the Crowe lab workflow.
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(b) Ab screening and sequence analysis. Our goal is to identify human anti-LASV and anti-MACV mAbs in a rapid manner to mimic a pandemic response to an outbreak. We will single-cell sort antigen-specific B cells using recombinant LASV or MACV proteins (e.g., Table 1) or non-infectious viral particles as bait. These cells will be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF for downstream applications, including LASV and MACV neutralization assays. Alternatively, we will use the Berkeley Lights Beacon® optofluidic platform, which can functionally ascribe GP protein or virus-particle binding to single B cells. These cells are exported for sequencing of the variable gene regions and analysis using the PyIR software developed in the Crowe laboratory. We will select a panel of up to 500 neutralizing anti-LASV mAbs and a similar number of anti-MACV mAbs to express recombinantly and advance for further characterization. We can easily conduct multiple approaches simultaneously in parallel1,32.

(c) Recombinant mAb cloning. We will synthesize heavy and light chain variable regions for cloning, expression, and downstream functional assays to validate the mAb sequence. We will perform high-throughput synthesis of mAb genes using a custom, commercial synthesis platform (Twist Bioscience). MAb genes are Gibson-assembly-cloned on-instrument into our custom full-length Ig expression vectors. 

(d) Micro-scale mAb expression. The Crowe laboratory has the capacity for large-throughput micro-scale mAb expression and purification. The lower end of this range allows expression of thousands of mAbs, which will feed into automated mAb purification platforms. This approach allows early-stage assays to identify candidate mAbs that will then be produced at larger scale by Core D with a variety of Fc mutants to assess the role of Fc-mediated effector functions in vivo (Core E). 

(e) A CPE-based LASV and MACV neutralization assay using RTCA. We have established a high-throughput assay to assess mAb-mediated neutralization of viruses through the detection of cytopathic effect (CPE). Here, we will apply this method to assess neutralization of LASV. Recently, we validated the inclusion of simultaneous live-cell fluorescence microscopy into this real-time CPE-based screening platform (xCelligence RTCA eSight). These capabilities expand the platform to screen viruses that may or may not induce CPE, allowing us to also use a replication-competent vesicular stomatitis virus (VSV) LASV surrogate that expresses LASV surface proteins and causes CPE33. Currently, we have a VSV-LASV-Josiah (lineage IV)33 and a Sauerwald version (lineage II) of these recombinants. Making additional LASV VSV-LASVs is not difficult, and RP1 will make the other missing lineages or needed arenaviruses based on the same approaches as previously published. RP1 also can easily make versions of these VSVs that express the green fluorescent protein (GFP) reporter gene. Existing VSV-CCHFV, VSV-NiV, and VSV-HeV vectors34-36 will be provided by Dr. Geisbert overall PI and Lead of Core E. We already have Vanderbilt IBC approval for use of these constructs. A decrease in cell impedance due to CPE and a corresponding decrease in GFP expression if used will identify mAbs with neutralizing activity against LASV. These mAbs will be moved forward for additional studies to identify an optimal anti-LASV mAb combination.  Similar processes will be followed to determine neutralization capacity of MACV mAb candidates.

E.1.2. Identifying LASV and MACV mAb combinations. (a) Epitope mapping through competition-binding studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer interferometry) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb pairs that can simultaneously bind LASV or MACV and validate their epitopes. We will perform competition-binding studies with GP or subunit proteins (as above) or virus-like particles (VLPs)37 available from Core E at UTMB. Core E will also inactivate LASV and MACV virus particles that they have at UTMB by gamma irradiation and safety test and send those to our Vanderbilt site (we have previously accomplished this transfer with Ebola and Marburg particles). Inactivated virus particles will be used in ELISA. We will include positive controls made recombinantly from previously reported antibodies for the identification of mAbs that can concurrently bind LASV or MACV with a goal of finding more potent clones at those sites or clones that complement these inhibitory mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-LASV or anti-MACV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb combinations for each virus, using rational selection based on preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key residues binding residues of human anti-LASV and anti-MACV mAbs. To determine the key residues for binding of down-selected mAbs, we will perform deep mutational scanning38. Briefly, all amino acids of the GP proteins will be mutated to the other 19 amino acids with a unique barcode using PCR-based mutagenesis. The LASV or MACV GP protein library will be incubated with the appropriate mAbs to identify residues with loss-of-binding phenotypes. A sequence ‘logo’ showing the relative contributions of each amino acid mutation will identify residues critical for binding. Multiple amino acid substitutions can then be assessed by reverse genetics at UTMB to confirm the epitopes recognized by the down-selected mAbs. This method also serves as a surrogate for in vitro neutralization escape studies. (d) Neutralization escape analysis. The generation of mAb combinations should increase the barrier to viral escape. To assess whether mAb pairs reduce the incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-LASV or VSV-MACV constructs at BSL2 in the presence of saturating concentrations of mAbs (single or combination) using the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be extracted for sequencing. Confirmatory reverse genetics studies will be performed by introducing mutations into an infectious cDNA clone of LASV or MACV by RP1 to test neutralization. We hypothesize that escape will be less likely in the presence of mAb combinations than single mAbs. Even if partial escape occurs, virus fitness may suffer. We can test this concept in vivo by determining the level of infection of escape variants in the presence of mAbs.

E.1.3. Structural basis of neutralization by mAb combinations. The studies above should identify optimal anti-LASV and anti-MACV mAb combinations that simultaneously bind, neutralize, and increase the barrier for viral escape under mAb selective pressure. For a limited number of mAb pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, for which we have all capabilities and equipment in our laboratory in the Vanderbilt Vaccine Center, Vanderbilt Structural Biology Core, and external synchrotron sources. An understanding of the structural basis and rules governing an optimal neutralizing mAb combination can be applied to mAb therapy development against arenavirus pandemic threats and inform vaccine design for arenavirus by identifying key epitope targets (RP1).

E.1.4. Protective efficacy of human anti-arenavirus mAbs. (a) Studies in guinea pigs. MAbs that satisfy the criteria stated above and that display stage-appropriate manufacturability characteristics will advance to in vivo testing. We will use established models of LASV11,39 and MACV40,41 infection in guinea pigs. PABVAX Core E has access to many strains from different LASV and MACV lineages, which will be tested. For prioritization, we will focus on LASV lineage II, III, and IV strains and MACV lineage I, II, and VIII strains for which uniformly lethal models are available. Groups of 6 outbred Hartley guinea pigs will be treated with low, medium, and high doses of single or combinations of anti-LASV or anti-MACVs mAb, or isotype controls at day +1 after inoculation with the LASVs or MACVs This approach allows us to determine whether combinations provide advantage over the best monotherapy treatments. These experiments will be repeated at least two independent times. We expect to test 10 single mAbs and 5 pairs of anti-LASV and anti-MACV mAbs in these studies. Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden measurements (blood) at day 5 or 6 after LASV or MACV challenge and the day 35 study endpoint by plaque and qRT-PCR assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to down-select further to 2 optimal LASV and MACV mAb pairs that are comparable to or outperform previously reported mAbs for further testing in Core E for additional dose-down studies.

(b) Validation of the protective efficacy of a down-selected human anti-LASV and anti-MACV mAb combination against LASV or MACV in NHPs. As a final test of an optimal anti-LASV and anti-MACV mAb combinations, we will assess protective efficacy of the lead anti-LASV mAb pair in NHPs as well as the anti-MACV mAb pair in NHPs.  These anti-LASV and anti-MACV mAb pairs will be selected based on the in vitro and guinea pig data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus monkeys will only be considered pending success in the guinea pig studies and consultation with the external Scientific Advisory Board (SAB) and NIAID program staff. 
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E.1.5. Applying lessons learned in LASV and MACV research with the selected test case pathogens for mAb generation: Lujo and Chapare mAbs. Once we have completed the LASV and MACV discovery campaigns, will turn to the test case pathogens to see if we can use the prototype pathogen approach to related viruses, Lujo (LUJV) and Chapare (CHAPV). We do not have access to human PBMCs from LUJV - or CHAPV-immune donors. As an alternative approach, we will use humanized mouse models as a source of B cells encoding fully human monoclonal antibodies. The Vanderbilt core investigators have an established fully executed agreement to use Alloy human antibody mice for this purpose (See Letter of Support). The Alloy ATX-Gx™ mouse is one of the most effective in vivo human antibody discovery platforms, with over 140 partners and counting. This mouse system was originally invented and validated inside a major pharma company and then further developed by Alloy. This foundational suite of highly immunocompetent transgenic mice is engineered to drive the greatest potential diversity of unique human antibodies binding to the viral target of interest, with broad epitopic coverage. The comprehensive functional human antibody repertoire in these mice is optimized for human Ab sequence developability and diversity. Alloy and Vanderbilt have already executed a simple licensing process for use of the ATX-Gx platform, and as an established partner the Vanderbilt core team will access the expanding portfolio of transgenic Alloy strains designed to address a range of discovery challenges (including diverse Ab isotypes). Mice will be immunized with conformationally correct recombinant protein antigens (Table 2), cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for the target of interest. After the immunization protocol is completed, animals will be sacrificed humanely, spleens collected, and suspensions of splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, the generation of human mAbs follows our well-established methods as above for making human mAbs from B cells using single-cell RNAseq or human hybridoma methods. The development will follow as for LASV and MACV.

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-LASV and anti-MACV mAb combinations with optimal neutralizing and protective activity. These mAb combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid response to emerging LASV, MACV, or related arenaviruses. Given our previous ability to generate human antiviral mAbs, we do not anticipate problems in isolating anti-LASV or anti-MACV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not identify potently neutralizing anti-LASV or anti-MACV mAbs via the planned approaches, we can also take a target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human LASV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires present in LASV-immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-LASV mAbs. We also anticipate defining key epitopes targeted by potently neutralizing anti-LASV mAb combinations that can inform vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-LASV does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization assays that detect VSV-LASV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, for competitive binding assays, biolayer interferometry using the high-throughput Octet HTX instrumentation also can be used to assess binding of mAbs in solution. 

E2. Specific Aim 2. Discover a protective CCHF virus mAb combination therapy. Establishing the generality of protection approaches against nairoviruses, we will perform a mAb discovery proof-of-concept campaign for the Prototype CCHFV. Preliminary studies have identified human anti-CCHF mAbs with varying levels of protection in experimentally infected animals14,42,43. We will isolate a large panel of human anti-CCHFV mAbs and determine the rules governing optimal mAb combinations through competition-binding, epitope mapping, neutralization, and viral escape studies. Lead antibodies with acceptable manufacturability characteristics (Core D) and the highest capacity to overcome resistance while maintaining potency of protection will be selected. The structural basis of their activity will be established using structural biology techniques (electron microscopy and crystallography). Lead mAb cocktail therapies will be evaluated for in vivo protective efficacy in STAT1−/− mice (with Core E). As a final test of an optimal anti-CCHFV mAb combination, we will assess protective efficacy of the lead anti-CCHFV mAb pair in NHPs, to be selected based on the in vitro and mouse data from Core E and manufacturability data from Core D. Down-selection for testing in cynomolgus monkeys studies would only be considered pending success in the mouse studies and consultation with the external Scientific Advisory Board and NIAID program staff.   In years 4-5, we will apply the lessons learned to the plug and play test case Kasokero virus (KASV) in collaboration with RP1, Core D, and Core E. [image: A crossword puzzle with different colored squares  Description automatically generated with low confidence]Figure 2. Competition assessment of human Abs to CCHFV using M-segment expressing cells. We tested 28 mAbs in competition assays. MAbs are displayed in 8 groups (A-H) based on their ability to compete for binding. Values shown are the % of binding that occurred during competition compared to non-competed binding of the mAb. This value was normalized to 100%. The values are also indicated by the box fill color; darker colors toward black indicate higher competition and lighter colors toward white indicate less competition, on a gradient scale. 



Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-CCHFV mAbs. In this Aim, we will rapidly discover human anti-CCHFV mAbs from CCHFV-immune individuals and perform synergy studies to identify optimal mAb combinations by pairing them. Through these studies, we aim to identify an optimal anti-CCHFV mAb combination and further advance the discovery platform for rapid response against emerging nairoviruses. In preliminary experiments in collaboration with investigators in RP1 and Core E, the Crowe laboratory has previously isolated and characterized panels of neutralizing human anti-CCHFV human mAbs from individuals who were convalescent after naturally-acquired laboratory-confirmed infection in Spain or Turkey. We isolated a panel of antibodies against CCHFV that recognize the M-segment in transfected cells, and they exhibit a diversity of recognition patterns in that they fall into multiple competition-binding groups (Fig 2). This panel contains cross-binding and cross-neutralizing antibodies for diverse strains. We observed a human mAb designated CCHF-82 competing with competition group 1 and group 2 antibodies from the previously isolated GP38-reactive murine antibodies. CCHF-82 showed some protection in a STAT1−/− mouse model of infection conducted by investigators in RP1 (Fig 3). Further investigation with this antibody in the IbAr10200 prophylaxis and therapeutic models is warranted. In contrast, the CCHFV-neutralizing mAbs that we isolated and tested in vivo did not perform well in the Turkish strain STAT1−/− mouse model. We now know protection in this model is possible, given the work from Fels et al., 2021 who showed that potent antibodies against various sites on the Gc surface can afford protection in this model42. However, in their study they did not test GP38-reactive antibodies. To our knowledge, our preliminary data is the first indication that a human GP38-targeting antibody can provide some protection in this mouse model.[image: A picture containing text, screenshot, font, line  Description automatically generated]Figure 3. Human mAb CCHF-82 provides partial protection as a post-exposure prophylaxis against the Turkish strain of CCHFV in the STAT1−/− mouse model.
A single dose of mAb was administered by the IP route to mice (n=6 per group (3 male, 3 female)) at 30 min post infections. A lethal dose of Turkish strain of CCHFV was administered. CCHF mAbs or DENV-2D22 (an isotype-matched negative control mAb) were tested in a single dose of 250 μg per mouse. Kaplan-Meier survival curves were statistically analyzed using a log-rank (Mantel-Cox) test where mAb-treated animals (P value shown in figure) were compared to animals treated with the DENV-2D22 negative control mAb. Unpublished data.





Non-neutralizing murine mAbs protect in mouse models of infection14, but it is unknown if the human antibody response could provide similar levels of protection. Murine mAb 13G8 binds to GP38 and does not neutralize CCHFV. This mAb provides protection against lethal challenge as a prophylaxis and a therapeutic against CCHFV. In preliminary experiments we sought to understand if human survivors of CCHFV infection possess B cells encoding mAbs that bind a similar epitope as 13G8 and provide protection. CCHF-82 competes for binding with 13G8 to preGn-transfected cells containing GP38. This antibody offered some protection as a post-exposure prophylaxis against the Turkish strain of CCHFV (Fig 3). Human antibodies like this should be further studied and the frequency of these clones should be elucidated to understand if this is a feasible strategy for future vaccine efforts for humans. The epitope that 13G8 and CCHF-82 identifies could inform vaccine design if these antibodies offer protection in larger animal models. Understanding how non-neutralizing antibodies function is critical in efforts to validate the GP38-binding class of antibodies. Golden et al. undertook a study to understand the mechanisms 13G8 functioned and observed that complement activation contributes to the protective capacity of this antibody14. Here, in studies of CCHF-82, we also will assess complement activation in mouse models of infection to fully understand the function of this mAb in vivo. Furthermore, if this mAb protects in the CCHFV IbAr10200 strain challenge model, assessing its mechanism is warranted. Together with Core D, we will assess IgG molecules with complement knockout (“KA”) and Fc gamma receptor knockout (LALA-PG) mutations in the Fc domain to study this matter. Human mAb CCHF-82 displayed limited cross-protection against experimental infection with the Turkish strain of CCHFV. Our antibody isolation here will aim to identify cross-protective non-neutralizing antibodies reactive with GP38. Recently, vaccinating with NP was shown to be another way to elicit non- neutralizing antibodies44. The NP of CCHFV is more conserved than the glycoproteins and might also be a non-canonical target for the identification of cross-protective non-neutralizing antibodies44.

(b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific cells with recombinant viral surface protein antigens, cloning of Ab variable genes, and then expression of mAbs as as described above in Specific Aim 1. 

E.2.1. Rapid isolation of human anti-CCHFV mAbs. (a) Immune cells. We have obtained human PBMCs from a number of previously CCHFV-infected individuals. One was a health care survivor who was infected while caring for a patient in Spain45. We also collected a panel of 10 fully de-identified PBMC samples from individuals naturally infected in Turkey, in sample acquisition work supervised by the Vanderbilt Vaccine Center Biorepository with separate institutional funding. Blood samples were only obtained after informed consent, de-identified, and assigned random specimen numbers. The studies were approved by the Vanderbilt University Medical Center IRB. PBMCs isolated from the blood samples were deposited into the Vanderbilt Vaccine Center Biorepository, but we can designate their used for mAb generation in this RP4, if funded.
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		Table 4. Antigens available from RP1



		



		CCHF Turkey GnGc



		CCHF Turkey GP38



		CCHF Turkey NP



		CCHF Turkey GnGc+GP38+NP



		CCHF Turkey GnGc+GP38



		CCHF Turkey GP38+NP



		CCHF Turkey GnGc+NP





(b) Ab screening and sequence analysis. Our goal is to identify human anti-CCHFV mAbs rapidly, as if we had to respond to a nairovirus outbreak in real time. Our ability to respond rapidly in the setting of outbreaks is well-documented in the lay press (60 Minutes features and others) and the scientific literature, e.g., 78 days from sample to protection of NHPs for Zika virus32, and 25 days from PBMC sample receipt to delivery of the antibody genes for the approved COVID-19 drug Evusheld to AstraZeneca1. Here, we will single-cell sort antigen-specific B cells using recombinant CCHFV proteins (GP38, Gc, Gn, Gc/Gn) or non-infectious particles as bait as described in Specific Aim 1. We will generate recombinant GP antigens for selecting GP-specific B cells, based on prior validated designs in the field, and use the antigens produced by Core D, (Table 3) or by RP1 (Table 4).

(c) Recombinant mAb cloning. As described in Specific Aim 1 above.

(d) Micro-scale mAb expression. As described in Specific Aim 1 above. 

(e) A CPE-based CCHFV neutralization assay using RTCA. As above, we have established a high-throughput assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In this aim, we will apply this method to assess neutralization of CCHFV. We will use a rVSV CCHFV surrogate that expresses CCHFV surface proteins and causes CPE35. Investigators in RP1 have the VSV-CCHFV-GFP versions of clades 1 through 7 based on this publication. We will obtain these VSV constructs from investigators in PABVAX. Existing VSV vectors will be provided by investigators in RP1 and Core E. A decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify mAbs with neutralizing activity against CCHFV. These mAbs will be moved forward for additional studies to identify an optimal anti-CCHFV mAb combination. GP38-reactive clones will be advanced based on avidity ranking since they are not likely to be neutralizing but may be protective in vivo.

E.2.2. Identifying CCHFV mAb combinations. (a) Epitope mapping through competition-binding studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb pairs that can simultaneously bind CCHFV surface proteins and validate their epitopes. We will perform competition-binding studies with CCHFV Gc/Gn or subunit proteins (as above) or CCHFV virus-like particles (VLPs) made from a replicon system in hand. Core E will inactivate CCHFV virus particles that they have at UTMB by gamma irradiation and safety test and send those to our Vanderbilt site. Inactivated virus particles will be used in ELISA. We will include positive controls made recombinantly from some of the mAbs shown in the unpublished preliminary data above for the identification of mAbs that can concurrently bind CCHFV proteins with a goal of finding more potent clones at those sites or clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti-CCHFV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select neutralizing mAb pairs, with our priority on combinations with synergistic effects. GP-38-reactive clones will be screened for synergistic binding as they are not expected to be neutralizing. (c) Identification of key binding residues of human anti-CCHFV mAbs by neutralization escape analysis. The generation of mAb combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-CCHFV constructs at BSL2 in the presence of saturating concentrations of CCHFV mAbs (single or combination) using the RTCA platform to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus fitness may suffer. We can test this concept in vivo by determining the level of infection of VSV-CCHFV escape variants in the presence of mAbs.

E.2.3. Structural basis of neutralization by anti-CCHFV mAb combinations. For a limited number of mAb pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described in Specific Aim 1 above.

E.2.4. Protective efficacy of human anti-CCHF mAbs. (a) Studies in STAT1−/− mouse models. MAbs that meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will use an established STAT1−/− mouse model of CCHFV infection that the RP1 and Core E investigators have deployed35. To benchmark our mAbs, a separate set of STAT1−/− mice will be treated with CCHF-82, which we showed in unpublished preliminary data above confers substantial but incomplete protection (Fig 3). The Core E laboratory has access to strains representing all 6 clades that can be tested.  Groups of 6-8 STAT1−/− mice will be treated with low, medium, and high doses) of single or combinations of anti-CCHFV mAb, or isotype controls at day +1 after inoculation with CCHFVs. This approach allows us to determine whether combinations provide advantage over the best CCHFV monotherapy treatments. These experiments will be repeated at least two independent times. We expect to test 10 single mAbs and 5 pairs of anti-CCHFV mAbs in these studies. Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden measurements at day 3 after CCHFV exposure and the day 35 study endpoint by plaque and qRT-PCR assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to down-select further to 2 optimal CCHFV mAb pairs that are comparable to or outperform the mAbs we reported above. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies.

(b) Validation of the protective efficacy of a down-selected human anti-CCHFV mAb combination against CCHFV in NHPs. As a final test of an optimal anti-CCHFV mAb combination, we will assess efficacy of the lead anti-CCHFV mAb pair in NHPs (Core E), to be selected based on the in vitro, STAT1−/− mice, and manufacturability data (Core D). Down-selection for testing in cynomolgus monkeys would only be considered with success in the STAT1−/− mouse studies and in consultation with the external SAB and NIAID program staff. 

E.2.5. Applying lessons learned in CCHFV research to Kasokero mAbs. Once we have completed the CCHFV discovery campaigns, will turn to the test case pathogen Kasokero virus to see if we can use the prototype pathogen approach for this virus. We do not have access to human PBMCs from Kasokero-immune donors. We will use Alloy humanized mouse models as a source of B cells encoding fully human mAbs, as described above. Mice will be immunized with conformationally correct recombinant protein antigens (Table 5), cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for Kasokero. After the immunization protocol is completed, animals will be sacrificed humanely, spleens collected, and suspensions of splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, the generation of human mAbs follows our well-established methods as above for making human mAbs from B cells using single-cell RNAseq or human hybridoma methods. The development will follow as for CCHFV.

		Table 5. Antigens available from RP1



		



		Kasokero GnGC



		Kasokero GP38



		Kasokero NP



		Kasokero GnGc +GP38 +NP



		Kasokero GnGc +GP38



		Kasokero GnGc +NP



		Kasokero GP38 +NP





Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-CCHFV mAb combinations with optimal protective activity. These mAb combinations can be endowed genetically with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid response to emerging CCHFV or related nairoviruses. Given our previous ability to generate human anti-CCHFV mAbs, as shown in preliminary data, we do not anticipate problems in isolating anti-CCHFV mAbs. We may observe that mAb combinations do not add any benefit over individual mAbs. If we do not identify potently protective anti-CCHFV mAbs via the planned approaches, we can also take a target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human CCHFV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires present in CCHFV-immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-CCHFV mAbs. We also anticipate defining key epitopes targeted by potently neutralizing anti-CCHFV mAb combinations that can inform vaccine design (RP1) for related viruses being used as test cases in years 4 and 5. In the case that VSV-CCHFV does not cause sufficient CPE via the RTCA platform (highly unlikely), established focus reduction neutralization assays that detect VSV-CCHFV-infected foci will be used to identify mAbs with synergistic properties. Furthermore, for competitive binding assays, biolayer interferometry using the Octet HTX instrumentation also can be used to assess binding of mAbs in solution. 

E3. Specific Aim 3. Establish optimal mAb combination therapies against henipaviruses Hendra (HeV) and Nipah (NiV) viruses. We will use a large panel of potent anti-henipavirus mAbs that we previously made from the memory B cells of immune individuals and generate new antibodies targeting the fusion (F) protein. RP2 will provide new antigens for mAb selection and BSL-2-compatible viruses for neutralization screens including Cedar virus constructs displaying HeV and NiV F and G proteins. We will identify optimal mAb combinations to enhance henipavirus therapy, minimize viral escape, and improve treatment efficacy through synergy. In vitro competition-binding, neutralization, and mechanistic studies will be conducted, including authentic virus neutralization with PABVAX Core E. We will refine the recognized epitopes and investigate the structural basis for optimal combination neutralization of henipaviruses using HeV and NiV as prototypes. In vivo assessment of mAb combinations will determine the minimal effective dose for protection and the ability to prevent in vivo escape. Protective efficacy of lead mAb combinations will be assessed in hamster models of NiV and HeV infection with Core E. Leads will be transferred to Core D. As a final test of optimal henipavirus mAb combinations, we will assess protective efficacy of the lead henipavirus mAb pairs in NHPs, to be selected based on the in vitro and hamster data from Core E and manufacturability data from Core D. Down-selection for testing in African green monkey (AGM) henipavirus model studies would only be considered pending success in the hamster studies and consultation with the external SAB and NIAID program staff. The HeV and NiV studies will be conducted in years 1-3 and then applied to the plug-and-play test case Langya virus in years 2-5. If RP2 and Core E cannot rescue recombinant Langya virus, the lessons learned in Years 1-3 will be applied to the alternate “plug and play” test viruses Angavokely or Sosuga (SOSV) virus. Preliminary data on SOSV mAbs are provided.

Preliminary Data. (a) Potently neutralizing and non-neutralizing human anti-NIV/HeV mAbs. In this Aim, we will further adapt approaches we have developed in preliminary experiments with henipavirus mAb studies by identifying a potently protective combination of anti-NiV/HeV human mAbs. Through these studies, we aim to identify an optimal anti-NiV+HeV mAb combination and further advance the discovery platform for rapid response against emerging paramyxoviruses, especially henipaviruses. In previous experiments in collaboration with investigators in RP2 and Core E, the Crowe laboratory has isolated characterized panels of neutralizing human anti-G NiV/HeV human mAbs from an individual with G-based immunity following occupational exposure to an equine HeV G subunit vaccine. Isolated peripheral blood mononuclear cells (PBMCs) were used to generate human B cell hybridomas secreting human mAbs to G, and antibody variable genes were sequenced to generate mAbs recombinantly. We isolated a panel of antibodies against the G protein that recognize the HeV G, NiV Bangladesh G, and NiV Malaysia G proteins. The mAbs exhibited a diversity of recognition patterns in that they fall into multiple competition-binding groups. This panel contains cross-binding and cross-neutralizing antibodies for diverse NiV and HeV strains. In the work proposed here, we will rapidly discover human NiV/HeV anti-F mAbs from NiV-immune individuals and outstanding potency anti-G antibodies with extensive characterization, including synergistic neutralization.   

(b) Applying mAb technologies for new mAb isolation.  We will use sorting of antigen-specific cells with recombinant henipavirus F protein antigens, as described above in Specific Aim 1.

E.3.1. Rapid isolation of human anti-HeV/NiV mAbs. (a) Immune cells. We are obtaining human PBMCs from a number of previously NiV-infected individuals who acquired immunity following natural infection in collaboration with the icddr,b, an international health research institute based in Dhaka, Bangladesh. We are collecting a panel of 10 fully de-identified PBMC samples from individuals naturally infected in Bangladesh, in sample acquisition work supervised by the Vanderbilt Vaccine Center Biorepository with separate institutional funding. Blood samples are only obtained after informed consent, de-identified, and assigned random specimen numbers. The studies are approved by the icddr,b and Vanderbilt University Medical Center IRBs. PBMCs isolated from the blood samples are deposited into the Vanderbilt Vaccine Center Biorepository, but we can designate their use in this RP4, if funded. (b) Applying mAb technologies for new mAb isolation. We will use sorting of antigen-specific B cells, cloning of Ab variable genes, and then expression of mAbs as recombinant IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. As above, we can use high-throughput systems to capture Ab genes directly from viral protein-specific Ab-secreting B cells on the Berkeley Lights Beacon® optofluidic platform or through single-cell RNA-seq approaches (10X Genomics and BD RhapsodyTM), and this may be helpful for rarer antigen-specific B cells. We will sort soluble fusion (sF) or attachment (G) protein-specific cells with recombinant viral surface protein antigens from Core D (Table 6).

(c) Ab screening and sequence analysis. Our goal is to identify human anti-NiV/HeV mAbs rapidly, as if we had to respond to a paramyxovirus outbreak in real time. We will single-cell sort antigen-specific B cells using recombinant HeV and NiV proteins (sF or G) as bait as described in Specific Aim 1 above. 

(d) Recombinant mAb cloning. As described in Specific Aim 1 above. 

		Table 6. Core D Henipavirus antigens



		Nipah sF



		Hendra sF



		NiV G





(e) Micro-scale mAb expression. As described in Specific Aim 1 above. 

(f) CPE-based HeV/NiV neutralization assay using RTCA. As above, we have established a high-throughput assay to assess mAb-mediated neutralization of viruses through the detection of CPE. In this aim, we will apply this method to assess neutralization of HeV and NiV. We will use rVSV HeV and NiV surrogates that expresses henipaviurs surface proteins and cause CPE. Investigators in RP2 and RP3 have VSV-NiV F and VSV-NiV G with GFP34, VSV-NiV G without GFP36 and VSV-HeVG (Geisbert and Cross, unpublished). We will obtain these all these VSV constructs from investigators in PABVAX. A decrease in cell impedance due to CPE and a corresponding decrease in GFP expression will identify mAbs with neutralizing activity against HeV and NiV. We also can use Cedar virus constructs for neutralization assays as the have reduced pathogenicity46 and can be used in high-throughput screening assays for henipavirus antiviral discovery47. Cedar viruses will be provided by Dr. Broder of RP2. The mAbs with most potent activity will be moved forward for additional studies to identify an optimal anti-HeV/NiV mAb combination. 

E.3.2. Identifying HeV/NiV mAb combinations. (a) Epitope mapping through competition-binding studies. Using previously established methods for competition-binding assays in Octet HTX biosensor (biolayer interferometry) (as above, Fig 2) or high-throughput analytical flow cytometry (using an iQue Plus screener), we will identify mAb pairs that can simultaneously bind HeV/NiV surface proteins and validate their epitopes. We will perform competition-binding studies with HeV/NiV sF or G proteins (as above). We will include positive controls made recombinantly from some of the mAbs shown in the preliminary data above for the identification of mAbs that can concurrently bind HeV/NiV proteins with a goal of finding more potent clones at those sites or clones that complement these mAbs. (b) Synergy studies using RTCA. To assess functional compatibility of the anti- HeV/NiV mAb pairs, we will assess neutralization potency using the RTCA platform. We anticipate testing up to 15 mAb combinations, using rational selection based on preliminary epitope mapping data. We can assess for synergy, additivity, or antagonism of neutralization. Based on these results, we will down-select neutralizing mAb pairs, with our priority on combinations with synergistic effects. (c) Identification of key binding residues of human anti-HeV/NiV mAbs by neutralization escape analysis. The generation of mAb combinations should increase the barrier to viral escape. To assess whether combination mAb pairs reduce the incidence of viral escape, we will perform in vitro neutralization escape mutant analyses. For these analyses, we will passage VSV-NiV F, VSV-NiV G and VSV-HeV G constructs at BSL-2 in the presence of saturating concentrations of HeV/NiV mAbs (single or combination) using RTCA to detect virus-induced CPE. Resistant virus will induce CPE, and supernatants will be extracted for sequencing. Even if partial escape occurs, virus fitness may suffer. We can test the level of infection of VSV-HeV/NiV escape variants in the presence of mAbs.

E.3.3. Structural basis of neutralization by anti-HeV/NiV mAb combinations. For a limited number of mAb pairs (n = 3), we will determine the structural basis of this synergy with cryo-EM and crystallography, as described in Specific Aim 1 above.

E.3.4. Protective efficacy of human anti-henipavirus mAbs. (a) Studies in hamsters. MAbs that meet the above criteria and demonstrate acceptable manufacturability (Core D), will advance to in vivo testing. We will use an established hamster model of NiV or HeV infection that the Core E investigators have deployed. To benchmark our mAbs, a separate set of hamsters will be treated with G mAbs HENV-103+HENV-117, which we showed in previous data above confers substantial protection8. Groups of 6-8 hamsters will be treated with low, medium, or high IgG doses) of single or combinations of anti-HeV/NiV mAbs, or isotype controls at day +1 after inoculation with HeV or NiV. This approach allows us to determine whether combinations provide advantage over the best HeV or NiV mAb monotherapy treatments. These experiments will be repeated at least two independent times. We expect to test 10 single mAbs and 5 pairs of anti-HeV and anti-NiV mAbs in these studies. Protection will be assessed using the following metrics: (i) survival; (ii) weight loss; (iii) clinical scores; (iv) viral burden measurements at day 3 after HeV or NiV exposure and the day 35 study endpoint by plaque and qRT-PCR assays. For any animals that show virological breakthrough of infection, deep sequencing will be performed from recovered viruses to assess for possible emergence of in vivo resistance. From these studies, we expect to down-select further to 2 optimal HeV/NiV mAb pairs that are comparable to or outperform the mAbs we reported previously. The lead mAbs will be advanced for further testing in Core E for additional dose-down studies.

(b) Validation of the protective efficacy of a down-selected human anti-HeV/NiV mAb combination against HeV and NiV in NHPs. As a final test of an optimal anti-HeV/NiV mAb combination, we may assess efficacy of the lead anti-HeV/NiV mAb pair in NHPs (Core E), selected based on the in vitro, hamster data, and manufacturability data (Core D). Down-selection for testing in AGMs would only be considered with success in the hamster studies and in consultation with the external SAB and NIAID program staff. [image: A picture containing text, screenshot, diagram, line  Description automatically generated]

Figure 4. Neutralization assay of SOSV mAbs against live virus. SOSV mAbs were tested for inhibition of authentic rSOSV-ZsG in quadruplicate on Vero-E6 cell culture monolayers. (A) Neutralization data for anti-F mAbs. Data are grouped according to the pattern of antigen-reactivity: pre-fusion F, pre- and post-fusion F, or post-fusion F protein. (B) Neutralization data for the HN-specific mAbs.





		Table 7. Paramyxovirus antigens from Core D



		Mojang sF 



		Angavokely sF 



		Langya sF





 E.3.5. Applying lessons learned in HeV/NiV research to Langya, Angavokely and Sosuga viruses. Once we have completed the HeV/NiV discovery campaigns, will turn to the test case pathogen Langya (or alternate Angavokely and Sosuga (SOSV) viruses) to see if we can use the prototype pathogen approach for this virus. We have plenty of human PBMCs from the sole identified SOSV-immune individual and have already shown that it is possible to obtain HN- and F-specific neutralizing antibodies from this individual’s B cells48 and Fig 4. We also have already prepared recombinant SOSV prefusion F and HN proteins48. We do not have access to human PBMCs from Langya- or Angavokely-immune donors. For those mAb discovery campaigns, we will use Alloy humanized mouse models as a source of B cells encoding human mAbs, as above. Mice will be immunized with recombinant protein antigens (Table 7), cDNAs encoding protective antigens, or replication-competent VSV strains encoding protective antigens for Langya or Angavokely. After the immunization protocol is completed, animals will be sacrificed humanely, spleens collected, and suspensions of splenocytes (enriched in B cells) will be purified by density gradient selection. Downstream, the generation of human mAbs follows our well-established methods as above using single-cell RNAseq or human hybridoma methods. The development will follow as for Hev/NiV described above.

Anticipated results, potential problems, and alternative approaches. In this Aim, we will identify human anti-HeV/NiV mAb combinations with optimal protective activity. These mAb combinations will be endowed genetically with half-life-extended Fc modifications to produce vaccine-like therapy options (for humans) for rapid response to emerging HeV/NiV or related paramyxoviruses. Given our previous ability to generate human anti- HeV/NiV mAbs, as shown in preliminary data, we do not anticipate problems in isolating anti-HeV/NiV mAbs. We may observe that new mAb combinations do not add any benefit over individual mAbs. If we do not identify potently protective anti-HeV/NiV mAbs via the planned approaches, we can also take a target-agnostic approach and perform single-cell RNA-seq (10X Genomics and BD RhapsodyTM) on enriched B cells (i.e., memory B cells) isolated from human NiV-immune PBMC samples. In addition, we can deep sequence the B cell repertoires present in NiV-immune PBMC samples and identify clonal lineages, including siblings. Often, additional Abs in the lineages may be more potently neutralizing than the ones obtained directly from human B cells. Together, through these complementary approaches (antigen-specific mAb isolation + single-cell RNA-seq + bulk NGS), we likely can select a diverse panel of human anti-HeV/NiV mAbs. We also anticipate defining key epitopes targeted by potently neutralizing anti-HeV/NiV mAb combinations that can inform vaccine design (RP2) for related viruses used as test cases in years 2 through 5. 

F. Scientific rigor. Experimental design. Experiments will include biological and technical replicates, and results will be analyzed by parametric or non-parametric analyses (depending on data distribution) and corrections for multiple comparisons. EC50 (binding) and IC50 (neutralization) values will be reported only following at least 3 identically conducted experiments. All mAb screening will incorporate appropriate + and - controls. Positive signals in binding assays will be defined as >3 SD above background. Protein quality. We have a high capacity to purify proteins using a Protein Maker workstation that allows purification chromatography on 24 parallel columns. We perform QC on protein reagents using a Maurice instrument with capillary electrophoresis technology to automate our protein profiling either by size or charge, providing cIEF and CE-SDS data. Animal studies will be performed blinded with independent replicates and include negative (e.g., placebo), and positive (when available) controls. We will use power calculations (Data Management Core B) to determine sample sizes. For virological studies, power analysis was performed using accepted values for type I error (0.05) and power (80%). The values for population variance (15) are based on existing data sets and our experience with rodent challenge studies. We will perform experiments at least 2-3 independent times (n = 4-5 each) to attain n = 12-15 per arm. Smaller group sizes can be used if differences are larger than expected.

G. Relevant biological variables. The human mAbs are derived from immune human donors or Alloy mice. Humans. Human Abs will be isolated for biological, structural, and functional studies at a clonal level. The sample size is not powered for large scale epidemiologic or clinical study conclusions. There is no evidence that sex, age, body mass index, or underlying health conditions other than immunodeficiency or immunosuppressive treatments alters the activity of cloned Abs in structure/function studies. The samples are de-identified without patient specific identifiers to protect the health information of the donors; thus, research with these samples is considered Not Human Subjects Research category activity. Mice, hamsters, guinea pigs, NHP, and viruses are also biological systems used in this application. Conventional animal housing conditions will be used because there is no evidence that altered room temperatures and light/dark cycles influence paramyxovirus, nairovirus, or arenavirus pathogenesis. Mice, hamsters, guinea pigs, and NHPs of both sexes will be used, and phenotypes will be monitored for sex-based differences. Virus stocks will be either low passage seed stocks from natural isolates or generated from existing cDNA clones and sequence-confirmed prior to use for infection studies.

H. Milestones and quantitative Go/No-Go criteria. Through Aims 1-3, we have proposed experiments that will advance our knowledge of the mAb-mediated mechanisms of action against paramyxoviruses, nairoviruses, and arenaviruses. In each Aim, we will use down-selection criteria (as below) to advance mAb combinations or variants for additional studies. By year 3, we will have defined the principles that govern optimal mAb combinations for paramyxoviruses, nairoviruses, and arenaviruses and the rational approaches needed to select mAbs for potency and breadth. We will use the following metrics to advance mAbs: (a) Neutralizing activity. All mAbs will have neutralizing potency < 10 ng/mL, EC50 value; (b) Binding affinity. MAbs will be of high affinity to surface proteins or virions (KD < 5 nM). (c) Protein stability and production quality. MAbs must produce at high levels without optimization (> 100 mg/L) and show biochemical/functional stability at 4°C or -80°C (>90% retention of binding and neutralization activity at 30 d). (d) Synergy. Combinations of 2 mAbs against a given virus ideally will show synergy of neutralization in vitro or at a minimum, additive inhibition (no antagonism); (e) Epitopes. To avoid resistance, mAbs in combination will bind 2 epitopes (determined by competition binding (<20% reduction in binding), mapping, and structural studies. (f) Resistance against mAbs will be assessed for virus escape. Deep sequencing of viruses that emerge from cells or animals treated with mAbs will inform prioritization. Combinations of mAbs with high genetic barriers to resistance (<10´ loss in EC50) will be advanced. (g) Protection in mice, hamsters, guinea pigs, or NHPs. The following metrics can be used: (i) Protection against lethal challenge by homologous virus (>90% survival; (ii) Protection against clinical disease by homologous virus (>80%); (iii) Protection against infection by homologous virus (>100-fold reduction in viral titers in multiple organs). (h) pK measurements. For lead protective mAbs with mutations that should confer extended half-life, we will perform pK studies in NHPs (with Core D and E) to assess levels over time with a goal of a human predicted serum half-life of >6 months.
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External Email Warning: Do not click links or open attachments unless you recognize the
sender and expect the content. UTMB Email Phishing Awareness

To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>, Crowe, James
<james.crowe@vumc.org>, CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Cc: Cross, Robert W. <rwcross@UTMB.EDU>
Subject: Re: RP4

References are all set. Jim, in the timeline figure (I couldn’t edit it), please move
Machupo to Prototype with Lassa…
 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Date: Wednesday, June 7, 2023 at 8:30 AM
To: Crowe, James <james.crowe@vumc.org>, CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>, Larry Zeitlin <larry.zeitlin@mappbio.com>
Cc: Cross, Robert W. <rwcross@UTMB.EDU>
Subject: Re: RP4

OK I accepted all of Larry's changes and then some of my own and we were still
about half a page over.  The only way I could really make this work without
ripping the guts out of the approach was to cut back the Background section. 
This made it work.  Larry, you will need to fix the references.  If anyone is
inclined to add some text back to the Background we do have a little space left
now.  We have about a hour or so before I have to send this to Sponsored
Programs.  Many thanks!
 

From: Crowe, James <james.crowe@vumc.org>
Sent: Wednesday, June 7, 2023 7:12 AM
To: CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Larry Zeitlin
<larry.zeitlin@mappbio.com>
Cc: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Cross, Robert W.
<rwcross@UTMB.EDU>
Subject: Re: RP4
 

I’m happy to touch it again now. As needed.
Jim
 

From: Broder, Christopher <christopher.broder@usuhs.edu>
Date: Wednesday, June 7, 2023 at 6:33 AM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>
Cc: Geisbert, Thomas W. <twgeisbe@utmb.edu>, Crowe, James
<james.crowe@vumc.org>, Cross, Robert W. <rwcross@utmb.edu>



 
External Email Warning: Do not click links or open attachments unless you recognize
the sender and expect the content. UTMB Email Phishing Awareness

Subject: Re: RP4

Its nearly there
let me know if you need help this AM 
now Tom
 
On Wed, Jun 7, 2023 at 7:24 AM Larry Zeitlin <larry.zeitlin@mappbio.com>
wrote:

Tom is active on it now…
 

From: Larry Zeitlin <larry.zeitlin@mappbio.com>
Date: Wednesday, June 7, 2023 at 7:17 AM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>, Crowe, James
<james.crowe@vumc.org>, Cross, Robert W. <rwcross@utmb.edu>,
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: Re: RP4

I used my bag of tricks and cut it down 1 ½ pages…still ½ page to go…
 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Date: Wednesday, June 7, 2023 at 6:21 AM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>, Crowe, James
<james.crowe@vumc.org>, Cross, Robert W. <rwcross@utmb.edu>,
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: Re: RP4

Thanks Jim!  Larry is on it now.  I will take it when he is done.  Get
some rest.

From: Larry Zeitlin <larry.zeitlin@mappbio.com>
Sent: Wednesday, June 7, 2023 5:13 AM
To: Crowe, James <james.crowe@vumc.org>; Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>; Cross, Robert W. <rwcross@UTMB.EDU>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: Re: RP4
 

I’m trimming it now…
 

From: Crowe, James <james.crowe@vumc.org>
Date: Wednesday, June 7, 2023 at 3:02 AM
To: Thomas Geisbert (twgeisbe@UTMB.EDU) <twgeisbe@utmb.edu>,



Larry Zeitlin <larry.zeitlin@mappbio.com>, Robert Cross
<rwcross@utmb.edu>, Chris Broder (christopher.broder@usuhs.edu)
<christopher.broder@usuhs.edu>
Subject: RP4

Ok, I got all of the important pieces into this draft and cleaned it up
 
I need to give it a little rest.
 
Its 2 pages too long now
 
Tom, if you really reengage at ~5 am (3 hrs from now) I wont likely be up
yet. So you could review it, and if you wanted to start cutting the length,
that is good. There is methodologic redundancy in SA2 and SA3 that can
be cut and converted to “as in SA1 above”
 
I can do that in the morning if no one gets to it before I get up. But is
someone is in process of cutting it, let me know!
 
Cheers
 
Jim

[ WARNING : This email came from an external source. Please treat this
message with additional caution.]

[ WARNING : This email came from an external source. Please treat this message with additional
caution.]



RESEARCH STRATEGY – RP1 (Antigen Design and Testing of Arenavirus and Nairovirus 
Vaccines) 

1. SIGNIFICANCE
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare,
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one nairovirus-Crimean-Congo
Hemorrhagic Fever Virus (CCHFV) – are identified as NIAID Category A pathogens. This classification stems is
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality,
have potential for major public health impact, and require special action for public health preparedness3 . Threats
to public health are further heightened due to lack of internationally approved vaccines to address threats of
natural epidemics as well as the potential bio-weaponization of these viruses.

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocompromised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
arenaviruses and nairoviruses. 

The   Arenaviridae: All   mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe)8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible.9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).   

The Nairoviridae: Unique from other Bunyaviruses, orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 



which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 
efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC20. Like   
arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 7 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 

2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine. Of significance, very little pre-clinical data concerning the safety and efficacy of these 
vaccine candidates is currently available24. Further, four of the five deliver LASV GP as the sole immunogen, 
potentially limiting long-term durability and potential of the immune response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the virion), and to our knowledge, ours is the first LASV 
subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the 
authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction 
with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive 
of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to 
substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  
Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control   arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE34, 35 and LA36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 

3. APPROACH  

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 



families within Bunyavirales (Figure 1). In 
collaboration with Core D, RP1 will develop 
stabilized GP and NP epitope-based subunit 
vaccines allowing for broad cross-protection 
across mammarenavirus species. This will be 
achieved by tailoring antigen design from prototype 
applicable to related members of these viral 
families. These optimized vaccines will be 
produced in Core D and evaluated for protective 
efficacy and determination of immune correlates 
associated with protection in animal models under 
maximum (BSL4) containment in collaboration with 
Cores D and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
mammarenaviruses and orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using half-life extended 
antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core E to develop 
infectious clones using reverse genetics to develop BSL4 research tools and animal models for viruses that are 
otherwise not available to the research community. 

Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 

Preliminary Results 

Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a 
pair of cysteine mutations 
into GP1 and GP2, resulting 
in a stable disulfide linked 
GP1/GP2 monomer 
amenable to structural 
studies when stabilized by a 
fiduciary antibody Fab 
fragment8. Mapp has since 
made structure-based 
improvements to generate 
a stable GP immunogen 
representative of the 
authentic viral GP spike and 
suitable for use as a 
vaccine. We reverted the 
E329P mutant, 

Figure 1: Overall Research Strategy for RP and demonstration of interactions 
with other RP and Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 
and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-
J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



hypothesized to stabilize heptad repeat 1 in GP28 and added an additional 
trimerization motif to stabilize the GP spike in the absence of Fabs. The 
tagged trimeric LASV GP is expressed and secreted from Drosophila S2 
cells and purified from supernatant via affinity chromatography using a 
StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion 
chromatography (SEC) offer verification of trimerization (Figure 2). Pilot 
stability studies inclusive of freeze thaw cycles and storage at 4˚C are 
supportive of the stability required for a vaccine candidate.The 
engineering methodologies employed for LASV GP translated well to the 
NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of JUNV 
GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our 
GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  

LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong humoral response and high titers of nAbs 
to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, can play 
a potent and complementary role in the long-term protection against pathogens. Understanding that T cell 
responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 

Figure 3. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 
intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 
2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 
monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival whereas Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  

Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 

Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Bunyavirales Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  
 Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 

OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 

 New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  

 Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 
survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 
after 2 step purification (right electrophoresis gel). 



suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. Once 
a candidate subunit-patch vaccine approach is selected, RP1 will use lessons learned to enable a plug-and-
play approach to develop subunit vaccines against a representative “test case” pathogen from each prototype 
virus group for which no vaccines have been created and tested in animal models. 

 In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV in the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 In 1977, Kasokero virus (KASV), a bat associated orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  

Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 



viruses for research and vaccine design for several different virus 
families46, 61, 62 . An additional goal of RP1 is to generate and 
recombinant viruses to fill gaps and provide research tools where wild 
type viruses do not exist either because 1) only sequence information 
is available or 2) isolates exist but viruses are unable to be shared with 
the research community. In collaboration with Core E, RP1 develop and 
rescue of New World arenaviruses using existing reverse genetics 
approaches at UTMB or develop new ones to meet these needs. 

Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch vaccination approach employing arenavirus 
subunits in guinea pigs: Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the 
protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and 
manufactured in Core D either as individual subunit vaccines or combinations as outlined in Table 1 using an 
intramuscular (IM) vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be 
randomly assigned to groups as outlined in Table 1.  Blood will be collected prior to immunization and then on 
days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization 
assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. 
On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 
pfu of a guinea pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be 
monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may 
occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 

14, 21 and 28 days will be processed for measurement of viremia by 
plaque assay and qRT-PCR. Results from the IM vaccination then be 
compared head-to-head against an equivalent vaccination/challenge 
cohort where the subunit vaccines will be administered using the MNP 
patches prepared by CORE C. Patches are administered after shaving 
a small section of the abdomen and applied using gentle pressure for 
10-15 minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 

MACV Chicava strain64. Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford 
protection from challenge with MACV, we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 

Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 

and 6(Togo) established 
in the BSL4 evaluation 
Core E as outlined in Table 3. The vaccination, challenge, and 
sample collection will be identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to 
confer heterologous protection against three lineages of MACV 
genetically distinct from the prototype strain (Chicava-Lineage 2) 
after down selecting the optimal adjuvant and vaccination rout. 
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core E 
as outlined in Table 4. We will also utilize JUNV (Romero strain)65  
challenge to assess heterologous protection against a related but 

Table 1: Outline of LASV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 
Schedule for Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 
for Milestone 1.1.1.B 



distinct NWAV to begin to assess the potential for cross protection beyond MACV 
strains. The vaccination, challenge, and sample collection will be identical to that 
outlined in 1.1.1.A above. 
Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using 
optimized subunit-patch vaccination in NHP: 15 cynomolgus monkeys will be 
randomized into two experimental vaccine groups of 5 animals per group, a control 
vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be vaccinated using the 
down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.  
Animals in vaccine group 1 will receive only the initial single administration of vaccine 
while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 
14 days post prime. At 35 days post prime (21 days post boost for boosted animals), animals will be challenged 

with 3000 PFU of LASV-Josiah. The survival of infected macaques will be 
assessed, and clinical signs consistent with VHF (as measured by hematology, 
serum biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after challenge. In 
addition, blood will be collected before and after vaccination and at the study 
endpoint for determination of binding antibody and neutralizing antibody titers. 
Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table 6 using the identical experimental approach as 

outlined above for LASV challenge. The challenge virus will be 
the established MACV Chicava strain66. If Candid-1 confers 
protection in guinea pigs outlined in 1.1.1.A we will confirm 
protection in NHPs if demonstrated in guinea pigs46, 47 
Milestone 1.1.2.A: Development and optimization of patch 
vaccination approach employing nairovirus subunits: 
Here we will determine if our GPe + NP-NTD subunit vaccine 
approach can be deployed against CCHFV. We will compare 
the protective efficacy of two adjuvants coupled to our CCHFV 
GP and NP-NTD proteins developed and manufactured in 
collaboration with Core D either as individual subunit vaccines 
or combinations as outlined in Table 7 using an intramuscular 
(IM) vaccination approach. Eight 6-8 week STAT-1/KO mice 
(balanced sex) will be randomly assigned to groups as outlined in Table 7.  Blood will be collected prior to 
immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by 
ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with an equivalent dose 

as the priming vaccination IM. On day 56 post-immunization, 
animals will be transferred to BSL4 evaluation Core E and 
challenged with 100 pfu of a low passage CCHF-Hoti52. After virus 
challenge, animals will be monitored clinically a minimum of twice 
daily. Hands-on physical and visual assessment of infected 
animals may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 1, 4, 7, 
10, 14, 21 and 28 days will be processed for measurement of 
viremia by plaque assay and qRT-PCR. Results from the IM 
vaccination then be compared head-to-head against an 
equivalent vaccination/challenge cohort where the subunit 
vaccines will be administered using the MNP patches prepared 
by MNP Patch CORE C. Patches are administered after shaving 
a small section of the abdomen and applied using gentle pressure 
for 10-15 minutes so that the microneedles can fully dissolve. 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table 5: Outline of NHP efficacy 
studies for LASV Milestone 
1.1.1.C 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.C 

Table 7: Outline of efficacy studies for MACV Milestone 1.1.2.A 

Table 8: Outline of efficacy studies for CCHF Milestone 1.1.2.B 



Milestone 1.1.2.B: Determination of pan-CCHF protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and vaccination route down selected in 1.1.2.A, we will 
assess the potential for our CCHFV subunit vaccines to confer heterologous protection against four lineages of 
CCHFV endemic to geographically distinct areas from the prototype strain (CCHF-Hoti). Employing STAT-1KO 
mice for Clade 1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) established in the BSL4 evaluation Core 
C as outlined in Table 8. The vaccination, challenge, and sample collection will be identical to that outlined in 
1.1.2.A above.  

Milestone 1.1.2.C: Determination of protective efficacy using optimized 
subunit-patch vaccination in NHP: In collaboration with Core E, 15 
cynomolgus monkeys will be randomized into two experimental vaccine groups 
of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated 
effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, 
and a control group of five unvaccinated animals (Table 9). Animals in vaccine 
groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, 
adjuvants, and vaccination route identified in 1.1.2.A.  Animals in vaccine group 
1 will receive only the initial single administration of vaccine while animals in 
vaccine group 2 will receive the same vaccine as the prime vaccine 14 days 
post prime. At 35 days post prime (21 days post-boost for boosted animals), all 
animals will be challenged with 5000 PFU of CCHFV-Hoti. The disease of 
infected macaques will be assessed, and clinical signs consistent with VHF (as 
measured by hematology, serum biochemistry, and blood coagulation assays) 
will be documented. Surviving animals will be euthanized at the study endpoint 
4-5 weeks after CCHFV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody 
titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus 
isolation and genome detection. PBMCs will be isolated and cryopreserved for subsequent cellular phenotyping 
and functional analysis as outline in 1.1.1F. 

Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, 
guinea pigs and NHP: RP1 and Core D will produce 
optimized GPe and NP-NTD antigens to formulate 
vaccines for LUJV and CHAPV based off lessons 
learned from 1.1.1A-C. Protective efficacy studies 
then be carried out where Core E will vaccinate and 
challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10). RP1 and Core D 
will also produce optimized KASV GP and NP-NTD 
antigens to formulate subunit/MNP vaccines based off 
lessons learned from 1.1.1A-C. Protective efficacy 
studies will then be carried Core E will vaccinate and 
challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10).  

Milestone 1.1.3: Determination of cellular and 
humoral immune correlates associated with 
protection.  

Milestone 1.1.3.A: Define the phenotype and 
function of arenavirus or nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP 
compared to unvaccinated groups: We will perform 
a targeted analysis of T-cell phenotype and function in 
study participants with or without subunit-patch 
vaccination using established methods for 
measurement of cellular immune responses (flow 

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 Table 9: Outline of NHP efficacy studies 

for CCHF Milestone 1.1.1.C 

VACCINE LUJV  
NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15  

VACCINE CHAPV  
NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LUJV NP-NTD 8 

LUJV GPe 8 
LUJV GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE 
KASOKERO  

NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) KASV  NP 
KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 Table 10: Outline of efficacy studies for LUJV, CHAPV, & KASV Milestone 

1.1.1.D 



cytometry, LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their 
respective role as important correlates of protection in the NHP vaccine model and long-lasting response in 
natural immunity. Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell 
responses and expect responses in vaccinated EVD survivors to be superior to natural immunity.  

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences) 
then washed. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer 
using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols67, 68. PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing 
Fixative ) then washed. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 

Milestone 1.1.3.B: Systems serology characterization of arenavirus and nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 



with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument70, 72. Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 

Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  mammarenaviruses62, 73 and orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog74 but is still pathogenic in mice and humans. There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
 
Specific Aim 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months34-37. 

PREP 
JUNV NHP 

CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 

Table 11: PREP schedule outline in 
Milestone 2 



Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  
we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life 
of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D) for testing 
with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant 
IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11) 
Further details are described in Core E. These data will be reviewed by Scientific Advisory Board (SAB) to aid 
decision making around possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 

Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 
subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 
the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 
adjusting the requested budgets accordingly after consultation with NIAID and SAB. Please note: Discussion of 
expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 
2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 
within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by 
quarterly virtual meetings, written quarterly reports and data analysis, and annual meetings with Center 
participants. Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and 
early process development of the MNP-based vaccines will be researched in collaboration with Core 
C and Core D industry experts, and interface with the SAB. As vaccines are regulated by The Center for Drug 
Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities 
will be as per regulatory expectations. Consultation and input from Core D vaccine industrial partners 
(Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated into the 
translational development efforts of the MNP-based Bunyavirus vaccine platform. The expectation in the out 
years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to 
discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal 
strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for 
manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future 
IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings 
will be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” 
pandemic readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, 
ReVAMPP Centers. 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 
loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 
Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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RESEARCH STRATEGY – RP1 (Antigen Design and Testing of Arenavirus and Nairovirus 
Vaccines) 

 

1. SIGNIFICANCE 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV) – are identified as NIAID Category A pathogens. This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness3 . Threats 
to public health are further heightened due to lack of internationally approved vaccines to address threats of 
natural epidemics as well as the potential bio-weaponization of these viruses. 

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocompromised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
arenaviruses and nairoviruses. 

The   Arenaviridae: All   mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe)8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible.9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).   

The Nairoviridae: Unique from other Bunyaviruses, orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 



which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 
efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC20. Like   
arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 7 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 

2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine. Of significance, very little pre-clinical data concerning the safety and efficacy of these 
vaccine candidates is currently available24. Further, four of the five deliver LASV GP as the sole immunogen, 
potentially limiting long-term durability and potential of the immune response. 

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the virion), and to our knowledge, ours is the first LASV 
subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the 
authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction 
with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive 
of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to 
substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  

Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 

PREP “vaccination” as a measure to control   arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE34, 35 and LA36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 

3. APPROACH  

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 



families within Bunyavirales (Figure 1). In 
collaboration with Core D, RP1 will develop 
stabilized GP and NP epitope-based subunit 
vaccines allowing for broad cross-protection 
across mammarenavirus species. This will be 
achieved by tailoring antigen design from prototype 
applicable to related members of these viral 
families. These optimized vaccines will be 
produced in Core D and evaluated for protective 
efficacy and determination of immune correlates 
associated with protection in animal models under 
maximum (BSL4) containment in collaboration with 
Cores D and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
mammarenaviruses and orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using half-life extended 
antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core E to develop 
infectious clones using reverse genetics to develop BSL4 research tools and animal models for viruses that are 
otherwise not available to the research community. 

Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 

Preliminary Results 

Engineering trimeric glycoprotein antigens for the arenaviruses 

Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a 
pair of cysteine mutations 
into GP1 and GP2, resulting 
in a stable disulfide linked 
GP1/GP2 monomer 
amenable to structural 
studies when stabilized by a 
fiduciary antibody Fab 
fragment8. Mapp has since 
made structure-based 
improvements to generate 
a stable GP immunogen 
representative of the 
authentic viral GP spike and 
suitable for use as a 
vaccine. We reverted the 
E329P mutant, 

Figure 1: Overall Research Strategy for RP and demonstration of interactions 

with other RP and Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 

and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-

J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



hypothesized to stabilize heptad repeat 1 in GP28 and added an additional 
trimerization motif to stabilize the GP spike in the absence of Fabs. The 
tagged trimeric LASV GP is expressed and secreted from Drosophila S2 
cells and purified from supernatant via affinity chromatography using a 
StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion 
chromatography (SEC) offer verification of trimerization (Figure 2). Pilot 
stability studies inclusive of freeze thaw cycles and storage at 4˚C are 
supportive of the stability required for a vaccine candidate.The 
engineering methodologies employed for LASV GP translated well to the 
NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of JUNV 
GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our 
GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  

LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong humoral response and high titers of nAbs 
to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, can play 
a potent and complementary role in the long-term protection against pathogens. Understanding that T cell 
responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 

Figure 3. LASV NP subdomains and 

expression. (A) Crystal structure of LASV NP 

highlighting the two functional subdomains. (B) 

SDS-PAGE gel showing highly purified LASV NP 

antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 

intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 

2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 

monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival whereas Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  

Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 

Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Bunyavirales Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  

• Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 
OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 

• New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  

• Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 

survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 

after 2 step purification (right electrophoresis gel). 
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suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. Once 
a candidate subunit-patch vaccine approach is selected, RP1 will use lessons learned to enable a plug-and-
play approach to develop subunit vaccines against a representative “test case” pathogen from each prototype 
virus group for which no vaccines have been created and tested in animal models. 

• In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

• First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV in the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

• In 1977, Kasokero virus (KASV), a bat associated orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  

Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 



viruses for research and vaccine design for several different virus 
families46, 61, 62 . An additional goal of RP1 is to generate and 
recombinant viruses to fill gaps and provide research tools where wild 
type viruses do not exist either because 1) only sequence information 
is available or 2) isolates exist but viruses are unable to be shared with 
the research community. In collaboration with Core E, RP1 develop and 
rescue of New World arenaviruses using existing reverse genetics 
approaches at UTMB or develop new ones to meet these needs. 

Milestone 1.1 Subunit immunogens and MNP vaccination 

Milestone 1.1.1.A: Development and optimization of patch vaccination approach employing arenavirus 
subunits in guinea pigs: Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the 
protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and 
manufactured in Core D either as individual subunit vaccines or combinations as outlined in Table 1 using an 
intramuscular (IM) vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be 
randomly assigned to groups as outlined in Table 1.  Blood will be collected prior to immunization and then on 
days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization 
assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. 
On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 
pfu of a guinea pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be 
monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may 
occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 

14, 21 and 28 days will be processed for measurement of viremia by 
plaque assay and qRT-PCR. Results from the IM vaccination then be 
compared head-to-head against an equivalent vaccination/challenge 
cohort where the subunit vaccines will be administered using the MNP 
patches prepared by CORE C. Patches are administered after shaving 
a small section of the abdomen and applied using gentle pressure for 
10-15 minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 

MACV Chicava strain64. Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford 
protection from challenge with MACV, we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 

Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 

and 6(Togo) established 
in the BSL4 evaluation 
Core E as outlined in Table 3. The vaccination, challenge, and 
sample collection will be identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to 
confer heterologous protection against three lineages of MACV 
genetically distinct from the prototype strain (Chicava-Lineage 2) 
after down selecting the optimal adjuvant and vaccination rout. 
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core E 
as outlined in Table 4. We will also utilize JUNV (Romero strain)65  
challenge to assess heterologous protection against a related but 

Table 1: Outline of LASV Vaccination Schedule for 

Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 

Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 

Schedule for Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 

for Milestone 1.1.1.B 



distinct NWAV to begin to assess the potential for cross protection beyond MACV 
strains. The vaccination, challenge, and sample collection will be identical to that 
outlined in 1.1.1.A above. 
Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using 
optimized subunit-patch vaccination in NHP: 15 cynomolgus monkeys will be 
randomized into two experimental vaccine groups of 5 animals per group, a control 
vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be vaccinated using the 
down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.  
Animals in vaccine group 1 will receive only the initial single administration of vaccine 
while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 
14 days post prime. At 35 days post prime (21 days post boost for boosted animals), animals will be challenged 

with 3000 PFU of LASV-Josiah. The survival of infected macaques will be 
assessed, and clinical signs consistent with VHF (as measured by hematology, 
serum biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after challenge. In 
addition, blood will be collected before and after vaccination and at the study 
endpoint for determination of binding antibody and neutralizing antibody titers. 
Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.3.AF. 

Similarly, we will also determine the protective efficacy of MACV following the 

grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be 

the established MACV Chicava strain66. If Candid-1 confers 
protection in guinea pigs outlined in 1.1.1.A we will confirm 

protection in NHPs if demonstrated in guinea pigs46, 47 

Milestone 1.1.2.A: Development and optimization of patch 
vaccination approach employing nairovirus subunits: 
Here we will determine if our GPe + NP-NTD subunit vaccine 
approach can be deployed against CCHFV. We will compare 
the protective efficacy of two adjuvants coupled to our CCHFV 
GP and NP-NTD proteins developed and manufactured in 
collaboration with Core D either as individual subunit vaccines 
or combinations as outlined in Table 7 using an intramuscular 
(IM) vaccination approach. Eight 6-8 week STAT-1/KO mice 
(balanced sex) will be randomly assigned to groups as outlined in Table 7.  Blood will be collected prior to 
immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by 
ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with an equivalent dose 

as the priming vaccination IM. On day 56 post-immunization, 
animals will be transferred to BSL4 evaluation Core E and 
challenged with 100 pfu of a low passage CCHF-Hoti52. After virus 
challenge, animals will be monitored clinically a minimum of twice 
daily. Hands-on physical and visual assessment of infected 
animals may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 1, 4, 7, 
10, 14, 21 and 28 days will be processed for measurement of 
viremia by plaque assay and qRT-PCR. Results from the IM 
vaccination then be compared head-to-head against an 
equivalent vaccination/challenge cohort where the subunit 
vaccines will be administered using the MNP patches prepared 
by MNP Patch CORE C. Patches are administered after shaving 
a small section of the abdomen and applied using gentle pressure 
for 10-15 minutes so that the microneedles can fully dissolve. 

VACCINE LASV CHALLENGE 

 
LASSA NP-NTD 

10  
(TWO GROUPS OF 5) 

 

LASSA Gpe  

LASSA Gpe +      
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(VSV-LASV-GPC) 5 

 

TOTALS 15  

 
Table 5: Outline of NHP efficacy 

studies for LASV Milestone 

1.1.1.C 

VACCINE MACV CHALLENGE 

 
MACV CHICAVA 

NP NTD 

10 
(TWO GROUPS OF 5) 

 

MACV CHICAVA 
GPe 

 

MACV CHICAVA 
NP + GPe 

 

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(JUNV-Candid-1) 5 

 

TOTALS 15  

 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.C 

Table 7: Outline of efficacy studies for MACV Milestone 1.1.2.A 

Table 8: Outline of efficacy studies for CCHF Milestone 1.1.2.B 



Milestone 1.1.2.B: Determination of pan-CCHF protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and vaccination route down selected in 1.1.2.A, we will 
assess the potential for our CCHFV subunit vaccines to confer heterologous protection against four lineages of 
CCHFV endemic to geographically distinct areas from the prototype strain (CCHF-Hoti). Employing STAT-1KO 
mice for Clade 1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) established in the BSL4 evaluation Core 
C as outlined in Table 8. The vaccination, challenge, and sample collection will be identical to that outlined in 
1.1.2.A above.  

Milestone 1.1.2.C: Determination of protective efficacy using optimized 
subunit-patch vaccination in NHP: In collaboration with Core E, 15 
cynomolgus monkeys will be randomized into two experimental vaccine groups 
of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated 
effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, 
and a control group of five unvaccinated animals (Table 9). Animals in vaccine 
groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, 
adjuvants, and vaccination route identified in 1.1.2.A.  Animals in vaccine group 
1 will receive only the initial single administration of vaccine while animals in 
vaccine group 2 will receive the same vaccine as the prime vaccine 14 days 
post prime. At 35 days post prime (21 days post-boost for boosted animals), all 
animals will be challenged with 5000 PFU of CCHFV-Hoti. The disease of 
infected macaques will be assessed, and clinical signs consistent with VHF (as 
measured by hematology, serum biochemistry, and blood coagulation assays) 
will be documented. Surviving animals will be euthanized at the study endpoint 
4-5 weeks after CCHFV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody 
titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus 
isolation and genome detection. PBMCs will be isolated and cryopreserved for subsequent cellular phenotyping 
and functional analysis as outline in 1.1.1F. 

Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, 
guinea pigs and NHP: RP1 and Core D will produce 
optimized GPe and NP-NTD antigens to formulate 
vaccines for LUJV and CHAPV based off lessons 
learned from 1.1.1A-C. Protective efficacy studies 
then be carried out where Core E will vaccinate and 
challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10). RP1 and Core D 
will also produce optimized KASV GP and NP-NTD 
antigens to formulate subunit/MNP vaccines based off 
lessons learned from 1.1.1A-C. Protective efficacy 
studies will then be carried Core E will vaccinate and 
challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10).  

Milestone 1.1.3: Determination of cellular and 
humoral immune correlates associated with 
protection.  

Milestone 1.1.3.A: Define the phenotype and 
function of arenavirus or nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP 
compared to unvaccinated groups: We will perform 
a targeted analysis of T-cell phenotype and function in 
study participants with or without subunit-patch 
vaccination using established methods for 
measurement of cellular immune responses (flow 

VACCINE CCHF CHALLENGE 

 
CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

 

CCHF  GP38  

CCHF  NP  

CCHF  
GnGc+GP38+NP 

 

CCHF  GnGc+GP38  

CCHF  GP38+NP  

CCHF  GnGc+NP  

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(VSV-CCHF-M) 5 

 

  15  

 Table 9: Outline of NHP efficacy studies 

for CCHF Milestone 1.1.1.C 

VACCINE 
LUJV  

NHP CHALLENGE 
 

LUJV NP-NTD 

10 
 (TWO GROUPS OF 5) 

 

LUJV GPe  

LUJV GPe +       
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

 

 

 

 

 

 

 

 

 

VACCINE 
CHAPV  

NHP CHALLENGE 
 

 CHAPV NP NTD 

10 
 (TWO GROUPS OF 5) 

 

CHAPV GPe  

CHAPV GPe + 
NP-NTD 

  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

VACCINE 
LUJV  

NHP CHALLENGE 
 

LUJV NP-NTD 

10 
 (TWO GROUPS OF 5) 

 

LUJV GPe  

LUJV GPe +       
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

 

 

 

 

 

 

 

 

 

VACCINE 
CHAPV  

NHP CHALLENGE 
 

 CHAPV NP NTD 

10 
 (TWO GROUPS OF 5) 

 

CHAPV GPe  

CHAPV GPe + 
NP-NTD 

  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

VIRUS 

GUINEA PIG 
CHALLENGE 

LUJV 

LUJV NP-NTD 8 

LUJV GPe 8 

LUJV GPe + 
NP-NTD 8 

Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VACCINE 

GUINEA PIG 
CHALLENGE 

CHAPV 

 CHAPV NP NTD 8 

CHAPV GPe 8 

CHAPV NP + GPe 8 

Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VIRUS 

MOUSE 
CHALLENGE 

KASOKERO 
VIRUS 

KASV  GnGc 8 

KASV  NP 8 

KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VACCINE 
KASOKERO  

NHP CHALLENGE 
 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 

 

KASV  NP  

KASV  GnGc +NP  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 Table 10: Outline of efficacy studies for LUJV, CHAPV, & KASV Milestone 

1.1.1.D 



cytometry, LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their 
respective role as important correlates of protection in the NHP vaccine model and long-lasting response in 
natural immunity. Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell 
responses and expect responses in vaccinated EVD survivors to be superior to natural immunity.  

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences) 
then washed. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer 
using an NHP optimized panel of antibodies. 

Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols67, 68. PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing 
Fixative ) then washed. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer. 

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 

Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 

Milestone 1.1.3.B: Systems serology characterization of arenavirus and nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 



with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument70, 72. Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 

Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  

ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 

ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 

Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 

Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  mammarenaviruses62, 73 and orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog74 but is still pathogenic in mice and humans. There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 

 

Specific Aim 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months34-37. 

PREP 
JUNV NHP 

CHALLENGE  

 

5 mg/kg 5  

15mg/kg 5  

Control animals (NO PREP) 5  

TOTALS 15  

 Table 11: PREP schedule outline in 

Milestone 2 



Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  
we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life 
of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D) for testing 
with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant 
IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11) 
Further details are described in Core E. These data will be reviewed by Scientific Advisory Board (SAB) to aid 
decision making around possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 

Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 

Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 

targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 

subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 

the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 

adjusting the requested budgets accordingly after consultation with NIAID and SAB. Please note: Discussion of 

expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 

2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 

within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by 

quarterly virtual meetings, written quarterly reports and data analysis, and annual meetings with Center 

participants. Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and 

early process development of the MNP-based vaccines will be researched in collaboration with Core 

C and Core D industry experts, and interface with the SAB. As vaccines are regulated by The Center for Drug 

Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities 

will be as per regulatory expectations. Consultation and input from Core D vaccine industrial partners 

(Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated into the 

translational development efforts of the MNP-based Bunyavirus vaccine platform. The expectation in the out 

years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to 

discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal 

strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for 

manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future 

IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings 

will be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” 

pandemic readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, 

ReVAMPP Centers. 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 

loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 

Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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RESEARCH STRATEGY – RP1 (Antigen Design and Testing oOf Arenavirus Aand Nairovirus 
Vaccines) 

1. SIGNIFICANCE
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare,
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one nairovirus-Crimean-Congo
Hemorrhagic Fever Virus (CCHFV) – are identified as NIAID Category A pathogens. This classification stems is
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality,
have potential for major public health impact, and require special action for public health preparedness3 . Threats
to public health are further heightened due to lack of internationally approved vaccines to address threats of
natural epidemics as well as the potential bio-weaponization of these viruses.

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocompromised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
arenaviruses and nairoviruses. 

The   Arenaviridae: All   mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe)8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible.9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).   

The Nairoviridae: Unique from other Bunyaviruses, orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 



which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 
efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC20. Like   
arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 

2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine. Of significance, very little pre-clinical data concerning the safety and efficacy of these 
vaccine candidates is currently available24. Further, four of the five deliver LASV GP as the sole immunogen, 
potentially limiting long-term durability and potential of the immune response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the virion), and to our knowledge, ours is the first LASV 
subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the 
authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction 
with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive 
of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to 
substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  
Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control   arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE34, 35 and LA36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 

3. APPROACH  

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 



families within Bunyavirales (Figure 1). In 
collaboration with Core D, RP1 will develop 
stabilized GP and NP epitope-based subunit 
vaccines allowing for broad cross-protection 
across mammarenavirus species. This will be 
achieved by tailoring antigen design from prototype 
applicable to related members of these viral 
families. These optimized vaccines will be 
produced in Core D and evaluated for protective 
efficacy and determination of immune correlates 
associated with protection in animal models under 
maximum (BSL4) containment in collaboration with 
Cores D and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
mammarenaviruses and orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using half-life extended 
antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core E to develop 
infectious clones using reverse genetics to develop BSL4 research tools and animal models for viruses that are 
otherwise not available to the research community. 

Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 

Preliminary Results 

Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a 
pair of cysteine mutations 
into GP1 and GP2, 
resulting in a stable 
disulfide linked GP1/GP2 
monomer amenable to 
structural studies when 
stabilized by a fiduciary 
antibody Fab fragment8. 
Mapp has since made 
structure-based 
improvements to generate 
a stable GP immunogen 
representative of the 
authentic viral GP spike 
and suitable for use as a 
vaccine. We reverted the 

Figure 1: Overall Research Strategy for RP and demonstration of interactions 
with other RP and Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 
and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-
J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



E329P mutant, hypothesized to stabilize heptad repeat 1 in GP28 and 
added an additional trimerization motif to stabilize the GP spike in the 
absence of Fabs. The tagged trimeric LASV GP is expressed and secreted 
from Drosophila S2 cells and purified from supernatant via affinity 
chromatography using a StrepTrap HP column (GE Healthcare). SDS-
PAGE and Size-exclusion chromatography (SEC) offer verification of 
trimerization (Figure 2). Pilot stability studies inclusive of freeze thaw 
cycles and storage at 4˚C are supportive of the stability required for a 
vaccine candidate.The engineering methodologies employed for LASV 
GP translated well to the NWA GPs from JUNV and MACV (Figure 2). 
Negative stain EM of JUNV GP in complex with the neutralizing and 
protective Fab form of J199, reveals monodispersed trimeric GP/Fab 
complexes (Figure 2). Both the interaction with a well-characterized mAb 
and the EM data suggest our GP antigens closely recapitulate the 
authentic viral GP trimeric spike and support their use as a vaccine immunogen.  

LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong humoral response and high titers of nAbs 
to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, can play 
a potent and complementary role in the long-term protection against pathogens. Understanding that T cell 
responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 

Figure 3. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 
intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 
2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 
monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival whereas Addavax only conferred 50% 
protection. Interestingly, NP NTD vaccination with 
no adjuvant resulted in 100% survival. Conversely, 
the best protection from the LASV CTD was 
conferred when using Alhydrogel at 50% where 
both Addavax or no adjuvant groups were not 
protected.  

Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, which are linked together by a multiple membrane spanning 
region. These transmembrane domains complicate the in vitro expression of soluble GnGc, but we have 
designed a construct that replaces the transmembrane domains with a linker and have generated a stable 
drosophila cell line that expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, 
and GP38 proteins. We used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). 
We will use established protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 

Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Bunyavirales Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  
 Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 

OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 

 New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  

 Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 
survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 
after 2 step purification (right electrophoresis gel). 



suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. Once 
a candidate subunit-patch vaccine approach is selected, RP1 will use lessons learned to enable a plug-and-
play approach to develop subunit vaccines against a representative “test case” pathogen from each prototype 
virus group for which no vaccines have been created and tested in animal models. 

 In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV in the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 In 1977, Kasokero virus (KASV), a bat associated orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  

Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 



viruses for research and vaccine design for several different virus 
families46, 61, 62 . An additional goal of RP1 is to generate and 
recombinant viruses to fill gaps and provide research tools where wild 
type viruses do not exist either because 1) only sequence information 
is available or 2) isolates exist but viruses are unable to be shared with 
the research community. In collaboration with Core E, RP1 develop and 
rescue of New World arenaviruses using existing reverse genetics 
approaches at UTMB or develop new ones to meet these needs. 

Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch vaccination approach employing arenavirus 
subunits in guinea pigs: Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the 
protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and 
manufactured in Core D either as individual subunit vaccines or combinations as outlined in Table 1 using an 
intramuscular (IM) vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be 
randomly assigned to groups as outlined in Table 1.  Blood will be collected prior to immunization and then on 
days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization 
assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. 
On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 
pfu of a guinea pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be 
monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may 
occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 

14, 21 and 28 days will be processed for measurement of viremia by 
plaque assay and qRT-PCR. Results from the IM vaccination then be 
compared head-to-head against an equivalent vaccination/challenge 
cohort where the subunit vaccines will be administered using the MNP 
patches prepared by CORE C. Patches are administered after shaving 
a small section of the abdomen and applied using gentle pressure for 
10-15 minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 

MACV Chicava strain64. Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford 
protection from challenge with MACV, we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 

Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 

and 6(Togo) established 
in the BSL4 evaluation 
Core E as outlined in Table 3. The vaccination, challenge, and 
sample collection will be identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to 
confer heterologous protection against three lineages of MACV 
genetically distinct from the prototype strain (Chicava-Lineage 2) 
after down selecting the optimal adjuvant and vaccination rout. 
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core E 
as outlined in Table 4. We will also utilize JUNV (Romero strain)65  
challenge to assess heterologous protection against a related but 

Table 1: Outline of LASV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 
Schedule for Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 
for Milestone 1.1.1.B 



distinct NWAV to begin to assess the potential for cross protection beyond MACV 
strains. The vaccination, challenge, and sample collection will be identical to that 
outlined in 1.1.1.A above. 
Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using 
optimized subunit-patch vaccination in NHP: 15 cynomolgus monkeys will be 
randomized into two experimental vaccine groups of 5 animals per group, a control 
vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be vaccinated using the 
down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.  
Animals in vaccine group 1 will receive only the initial single administration of vaccine 
while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 
14 days post prime. At 35 days post prime (21 days post boost for boosted animals), animals will be challenged 

with 3000 PFU of LASV-Josiah. The survival of infected macaques will be 
assessed, and clinical signs consistent with VHF (as measured by hematology, 
serum biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after challenge. In 
addition, blood will be collected before and after vaccination and at the study 
endpoint for determination of binding antibody and neutralizing antibody titers. 
Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table 6 using the identical experimental approach as 

outlined above for LASV challenge. The challenge virus will be 
the established MACV Chicava strain66. If Candid-1 confers 
protection in guinea pigs outlined in 1.1.1.A we will confirm 
protection in NHPs if demonstrated in guinea pigs46, 47 
Milestone 1.1.2.A: Development and optimization of patch 
vaccination approach employing nairovirus subunits: 
Here we will determine if our GPe + NP-NTD subunit vaccine 
approach can be deployed against CCHFV. We will compare 
the protective efficacy of two adjuvants coupled to our CCHFV 
GP and NP-NTD proteins developed and manufactured in 
collaboration with Core D either as individual subunit vaccines 
or combinations as outlined in Table 7 using an intramuscular 
(IM) vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly assigned to groups 
as outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 and 56-days post-
immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days 
immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-
immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low 
passage CCHF-Hoti52. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-

on physical and visual assessment of infected animals may occur 
outside scheduled times, if required. Following challenge, 
additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days 
will be processed for measurement of viremia by plaque assay 
and qRT-PCR. Results from the IM vaccination then be compared 
head-to-head against an equivalent vaccination/challenge cohort 
where the subunit vaccines will be administered using the MNP 
patches prepared by MNP Patch CORE C. Patches are 
administered after shaving a small section of the abdomen and 
applied using gentle pressure for 10-15 minutes so that the 
microneedles can fully dissolve. 

Milestone 1.1.2.B: Determination of pan-CCHF protective 
efficacy using optimized subunit-patch vaccination in STAT-

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table 5: Outline of NHP efficacy 
studies for LASV Milestone 
1.1.1.C 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.CB 

Table 7: Outline of NHP efficacy studies for MACV Milestone 
1.1.2.A1.B 

Table 8: Outline of NHP efficacy studies for MACV CCHF 
Milestone 1.1.21.B 
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1KO mice: Using the adjuvant and vaccination route down selected in 1.1.2.A, we will assess the potential for 
our CCHFV subunit vaccines to confer heterologous protection against four lineages of CCHFV endemic to 
geographically distinct areas from the prototype strain (CCHF-Hoti). Employing optimized strain 13 or outbred, 
Hartley guinea pig modelsSTAT-1KO mice for Clade 1(Uganda), 3 (Nigeria), 4 
(Afghanistan) and 6(Greece) established in the BSL4 evaluation Core C as 
outlined in Table 8. The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.2.A above.  

Milestone 21.1.2.C: Determination of protective efficacy using optimized 
subunit-patch vaccination in NHP: In collaboration with Core E, 15 
cynomolgus monkeys will be randomized into two experimental vaccine 
groups of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, 
demonstrated effective in mice23 and NHP (Unpublished, Cross and Geisbert) 
with 5 animals, and a control group of five unvaccinated animals (Table 9). 
Animals in vaccine groups 1 and 2 will be vaccinated using the down selected 
CCHFV antigens, adjuvants, and vaccination route identified in 1.1.2.A.  
Animals in vaccine group 1 will receive only the initial single administration of 
vaccine while animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 days post prime (21 days post-boost 
for boosted animals), all animals will be challenged with 5000 PFU of CCHFV-
Hoti. The disease of infected macaques will be assessed, and clinical signs consistent with VHF (as measured 
by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will 
be euthanized at the study endpoint 4-5 weeks after CCHFV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody 

titers. Blood and tissues will also be taken after virus 
challenge for histopathology, immunohistochemistry, 
virus isolation and genome detection. PBMCs will be 
isolated and cryopreserved for subsequent cellular 
phenotyping and functional analysis as outline in 1.1.1F. 

Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, guinea 
pigs and NHP: RP1 and Core D will produce optimized 
GPe and NP-NTD antigens to formulate vaccines for 
LUJV and CHAPV based off lessons learned from 1.1.1A-
C. Protective efficacy studies then be carried out where 
Core E will vaccinate and challenge guinea pigs or NHP 
as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). 
RP1 and Core D will also produce optimized KASV GP 
and NP-NTD antigens to formulate subunit/MNP vaccines 
based off lessons learned from 1.1.1A-C. Protective 
efficacy studies will then be carried Core E will vaccinate 
and challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10).  

Milestone 1.1.3: Determination of cellular and 
humoral immune correlates associated with 
protection.  

Milestone 1.1.3.A: Define the phenotype and function 
of arenavirus or nairovirus specific T-cell responses in in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a targeted analysis of T-cell phenotype and function in study participants 
with or without subunit-patch vaccination using established methods for measurement of cellular immune 
responses (flow cytometry, LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells 
due to their respective role as important correlates of protection in the NHP vaccine model and long-lasting 
response in natural immunity. Thus, we will measure the strength and diversity of arena or nairo-specific CD4 
and CD8 T-cell responses and expect responses in vaccinated EVD survivors to be superior to natural immunity.  

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 Table 9: Outline of NHP efficacy studies 

for CCHFMACV Milestone 1.1.1.BC 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15  

VACCINE CHAPV  
NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LUJV NP-NTD 8 

LUJV GPe 8 
LUJV GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) KASV  NP 
KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 Table 10: Outline of NHP efficacy studies for MACV LUJV, CHAPV, & KASV 

Milestone 1.1.1.DB 
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Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences) 
then washed. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer 
using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols67, 68. PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing 
Fixative ) then washed. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 

Milestone 1.1.3.AB:: Systems serology characterization of arenavirus and nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  



Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument70, 72. Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 

Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  mammarenaviruses62, 73 and orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog74 but is still pathogenic in mice and humans. There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
 
Milestone Specific Aim 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody 
treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months34-37. 
Scientific Approach:  

A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In conjunction with Cores D and 
E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this product format 
will be an option for development with any of the other viruses being targeted by PABVAX. For this proof-of-

PREP JUNV NHP 
CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 

Table 11: PREP schedule outline in 
Milestone 2 
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concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  we have previously 
described will be produced with YTE and LA Fc point mutations to extend the serum half-life of the mAb. We will 
select the variant with the most favorable pharmacokinetic (described in Core D) for testing with Core E. Briefly, 
groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant IM and the animals 
will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11) Further details are 
described in Core E. These data will be reviewed by Scientific Advisory Board (SAB) to aid decision making 
around possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 
subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 
the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 

adjusting the requested budgets accordingly after consultation with NIAID and SAB. Please note: Discussion of 
expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 
2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 
within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 
virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 
Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 
development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 
experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 
(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 
expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 
Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 
MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 
leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 
Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 
vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 
the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 
NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-
MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 
and the overall goal of the NIAID, ReVAMPP Centers. 

 

 

 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 
loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 
Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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RESEARCH STRATEGY: 

1. SIGNIFICANCE 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV) – are identified as NIAID Category A pathogens. This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness3 . Threats 
to public health are further heightened due to lack of internationally approved vaccines to address threats of 
natural epidemics as well as the potential bio-weaponization of these viruses. 

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocompromised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
arenaviruses and nairoviruses. 

The   Arenaviridae: All   mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe)8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible.9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).   

The Nairoviridae: Unique from other Bunyaviruses, orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 
which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 



efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC20. Like   
arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 

2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine. Of significance, very little pre-clinical data concerning the safety and efficacy of these 
vaccine candidates is currently available24. Further, four of the five deliver LASV GP as the sole immunogen, 
potentially limiting long-term durability and potential of the immune response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the virion), and to our knowledge, ours is the first LASV 
subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the 
authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction 
with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive 
of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to 
substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  
Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control   arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE34, 35 and LA36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 

3. APPROACH  

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus species. This will 
be achieved by tailoring antigen design from prototype applicable to related members of these viral families. 



These optimized vaccines will be produced in Core 
D and evaluated for protective efficacy and 
determination of immune correlates associated 
with protection in animal models under maximum 
(BSL4) containment in collaboration with Cores D 
and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
mammarenaviruses and orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study 
to determine feasibility of PREP using half-life 
extended antibodies as an alternative to traditional 
vaccination. Lastly, RP1 will work closely with Core 
E to develop infectious clones using reverse 
genetics to develop BSL4 research tools and 
animal models for viruses that are otherwise not 
available to the research community. 

Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 

Preliminary Results 

Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked 
GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp 
has since made structure-based improvements to generate a stable GP immunogen representative of the 
authentic viral GP spike 
and suitable for use as a 
vaccine. We reverted the 
E329P mutant, 
hypothesized to stabilize 
heptad repeat 1 in GP28 
and added an additional 
trimerization motif to 
stabilize the GP spike in 
the absence of Fabs. The 
tagged trimeric LASV GP 
is expressed and secreted 
from Drosophila S2 cells 
and purified from 
supernatant via affinity 
chromatography using a 
StrepTrap HP column (GE 

Figure 1: Overall Research Strategy for RP and demonstration of interactions 
with other RP and Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 
and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-
J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer 
verification of trimerization (Figure 2). Pilot stability studies inclusive of 
freeze thaw cycles and storage at 4˚C are supportive of the stability 
required for a vaccine candidate.The engineering methodologies 
employed for LASV GP translated well to the NWA GPs from JUNV and 
MACV (Figure 2). Negative stain EM of JUNV GP in complex with the 
neutralizing and protective Fab form of J199, reveals monodispersed 
trimeric GP/Fab complexes (Figure 2). Both the interaction with a well-
characterized mAb and the EM data suggest our GP antigens closely 
recapitulate the authentic viral GP trimeric spike and support their use as 
a vaccine immunogen.  

LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong 
humoral response and high titers of nAbs to a target pathogen, increasing 
evidence25-30 suggests that the cellular response, mediated by T cells, can play a potent and complementary role 
in the long-term protection against pathogens. Understanding that T cell responses highly correlate with LASV 
recovery and that LASV NP plays a significant role in inducing those responses25, 38, we also generated LASV 
NP antigens. We also chose to deliver the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP 
separately as they have distinct functions in the virus lifecycle (Figure 3) and express to high levels (50-100 
mg/L) as two independent domains in bacteria using standard laboratory shaker flasks. We then evaluated our 
LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV infection. Our study was 
designed (Figure 3) to assess whether immune responses to GPe alone or GPe+NP would offer protective 
immunity from lethal LASV challenge. We chose to investigate several commercially available adjuvants with 
known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in combination 
(Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus supporting the 
long-term feasibility of the approach for potential human use. The results of our vaccination/challenge study were 
quite striking (Figure 3) and indicate a clear benefit to a combination immunization strategy with LASV GP and 
NP. The maximum survival benefit in the GP only groups were observed in groups using Alhydrogel and Addavax 
as adjuvants (75% survival). Half of the animals in the unadjuvanted group survived, while the control group had 
one survivor. Surprisingly, animals that were administered GP with MPLA as an adjuvant displayed rapid onset 
of clinical signs and succumbed to infection early in the experiment. In contrast, all animals that were 

Figure 3. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 
intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 
2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 
monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



immunized with LASV GP + NP-NTD + NP-CTD subunits and any of the adjuvants were completely 
protected from challenge with LASV. Only one animal succumbed to infection in the group receiving GP+NP 
with no adjuvant. In a follow-up study, we further examined the potential for NTD and/or CTD of LASV NP to 
confer protection to lethal challenge. While combination of NTD and CTD resulted in uniform protection when 
administered with Alhydryogel, the cohort supplemented with Addavax only resulted in 25% protection. 
Correspondingly, NTD vaccination with Allhydrogel resulted in 100% survival whereas Addavax only conferred 
50% protection. Interestingly, NP NTD vaccination with no adjuvant resulted in 100% survival. Conversely, the 
best protection from the LASV CTD was conferred when using Alhydrogel at 50% where both Addavax or no 
adjuvant groups were not protected.  

Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 

Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Bunyavirales Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  
 Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 

OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 

 New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  

 Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 
survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 
after 2 step purification (right electrophoresis gel). 



efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. Once 
a candidate subunit-patch vaccine approach is selected, RP1 will use lessons learned to enable a plug-and-
play approach to develop subunit vaccines against a representative “test case” pathogen from each prototype 
virus group for which no vaccines have been created and tested in animal models. 

 In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV in the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 In 1977, Kasokero virus (KASV), a bat associated orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  

Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 
viruses for research and vaccine design for several different virus families46, 61, 62 . An additional goal of RP1 is 
to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist 
either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared 



with the research community. In collaboration with Core E, RP1 
develop and rescue of New World arenaviruses using existing reverse 
genetics approaches at UTMB or develop new ones to meet these 
needs. 

Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs: Building on the success of our GPe + NP-NTD LASV vaccine, 
we will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core D either as individual subunit vaccines 
or combinations as outlined in Table 1 using an intramuscular (IM) vaccination approach. Eight outbred, 350 
gram Hartley guinea pigs (balanced sex) will be randomly assigned to groups as outlined in Table 1.  Blood will 
be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral 
immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted 
with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred 
to BSL4 evaluation Core E and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by 
our group63. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on 
physical and visual assessment of infected animals may occur outside scheduled times, if required. Following 
challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement 
of viremia by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head 
against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the 

MNP patches prepared by CORE C. Patches are administered after 
shaving a small section of the abdomen and applied using gentle 
pressure for 10-15 minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 
MACV Chicava strain64. Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV, 
we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 

Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 
and 6(Togo) established in the BSL4 evaluation Core E as outlined 
in Table 3. The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 

For our MACV subunit vaccines, we will assess the potential to 
confer heterologous protection against three lineages of MACV 
genetically distinct from the prototype strain (Chicava-Lineage 2) 
after down selecting the optimal adjuvant and vaccination rout. 
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core E 
as outlined in Table 4. We will also utilize JUNV (Romero strain)65  
challenge to assess heterologous protection against a related but 
distinct NWAV to begin to assess the potential for cross protection 
beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 

Table 1: Outline of LASV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 
Schedule for Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 
for Milestone 1.1.1.B 



Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using 
optimized subunit-patch vaccination in NHP: 15 cynomolgus monkeys will be 
randomized into two experimental vaccine groups of 5 animals per group, a control 
vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be vaccinated using the 
down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.  
Animals in vaccine group 1 will receive only the initial single administration of vaccine 
while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 
14 days post prime. At 35 days post prime (21 days post boost for boosted animals), 
animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected 
macaques will be assessed, and clinical signs consistent with VHF (as measured by 
hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be 

euthanized at the study endpoint 4-5 weeks after challenge. In addition, blood will 
be collected before and after vaccination and at the study endpoint for 
determination of binding antibody and neutralizing antibody titers. Blood and 
tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be the established 
MACV Chicava strain66. If Candid-1 confers protection in guinea pigs outlined in 
1.1.1.A we will confirm protection in NHPs if demonstrated in guinea pigs46, 47 

Milestone 1.1.2.A: Development and optimization of patch 
vaccination approach employing nairovirus subunits: 
Here we will determine if our GPe + NP-NTD subunit vaccine 
approach can be deployed against CCHFV.We will compare 
the protective efficacy of two adjuvants coupled to our CCHFV 
GP and NP-NTD proteins developed and manufactured in 
collaboration with Core D either as individual subunit vaccines 
or combinations as outlined in Table 7 using an intramuscular 
(IM) vaccination approach. Eight 6-8 week STAT-1/KO mice 
(balanced sex) will be randomly assigned to groups as outlined 
in Table 7.  Blood will be collected prior to immunization and 
then on days 28 and 56-days post-immunization to evaluate 
humoral immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be 
boosted with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be 
transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low passage CCHF-Hoti52. After virus 
challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual 
assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional 
biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque 

assay and qRT-PCR. Results from the IM vaccination then be 
compared head-to-head against an equivalent 
vaccination/challenge cohort where the subunit vaccines will be 
administered using the MNP patches prepared by MNP Patch 
CORE C. Patches are administered after shaving a small section 
of the abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 

Milestone1.1.2.B: Determination of pan-CCHF protective 
efficacy using optimized subunit-patch vaccination in STAT-
1KO mice: Using the adjuvant and vaccination route down 
selected in 1.1.2.A, we will assess the potential for our CCHFV 
subunit vaccines to confer heterologous protection against four 
lineages of CCHFV endemic to geographically distinct areas from 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table 5: Outline of NHP efficacy 
studies for LASV Milestone 
1.1.1.C 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.B 

Table 7: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 

Table 8: Outline of NHP efficacy studies for MACV Milestone 
1.1.1.B 



the prototype strain (CCHF-Hoti). Employing optimized strain 13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) established in the BSL4 evaluation Core C as outlined 
in Table 8. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.2.A above.  

Milestone 2.1.2.C: Determination of protective efficacy using optimized 
subunit-patch vaccination in NHP: In collaboration with Core E, 15 
cynomolgus monkeys will be randomized into two experimental vaccine 
groups of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, 
demonstrated effective in mice23 and NHP (Unpublished, Cross and Geisbert) 
with 5 animals, and a control group of five unvaccinated animals (Table 9). 
Animals in vaccine groups 1 and 2 will be vaccinated using the down selected 
CCHFV antigens, adjuvants, and vaccination route identified in 1.1.2.A.  
Animals in vaccine group 1 will receive only the initial single administration of 
vaccine while animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 days post prime (21 days post-boost 
for boosted animals), all animals will be challenged with 5000 PFU of CCHFV-
Hoti. The disease of infected macaques will be assessed, and clinical signs 
consistent with VHF (as measured by hematology, serum biochemistry, and 
blood coagulation assays) will be documented. Surviving animals will be 
euthanized at the study endpoint 4-5 weeks after CCHFV challenge. In 
addition, blood will be collected before and after vaccination and at the study endpoint for determination of 
binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for 
histopathology, immunohistochemistry, virus isolation and genome detection. PBMCs will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.1F. 

Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, guinea 
pigs and NHP: RP1 and Core D will produce optimized 
GPe and NP-NTD antigens to formulate vaccines for 
LUJV and CHAPV based off lessons learned from 1.1.1A-
C. Protective efficacy studies then be carried out where 
Core E will vaccinate and challenge guinea pigs or NHP 
as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). 
RP1 and Core D will also produce optimized KASV GP 
and NP-NTD antigens to formulate subunit/MNP vaccines 
based off lessons learned from 1.1.1A-C. Protective 
efficacy studies will then be carried Core E will vaccinate 
and challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10).  

Milestone 1.1.3: Determination of cellular and 
humoral immune correlates associated with 
protection.  

Milestone 1.1.3.A: Define the phenotype and function 
of arenavirus or nairovirus specific T-cell responses 
in in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a targeted 
analysis of T-cell phenotype and function in study 
participants with or without subunit-patch vaccination 

using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, 
ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important 
correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will 
measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect 
responses in vaccinated EVD survivors to be superior to natural immunity.  

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 Table 9: Outline of NHP efficacy studies 

for MACV Milestone 1.1.1.B 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15  

VACCINE CHAPV  
NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LUJV NP-NTD 8 

LUJV GPe 8 
LUJV GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) KASV  NP 
KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 



phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences) 
then washed. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer 
using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols67, 68. PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing 
Fixative ) then washed. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 

Milestone 1.1.3.A:: Systems serology characterization of arenavirus and nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 



GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument70, 72. Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 

Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  mammarenaviruses62, 73 and orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog74 but is still pathogenic in mice and humans. There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months34-37. 
Scientific Approach:  

A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In conjunction with Cores D and 
E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this product format 
will be an option for development with any of the other viruses being targeted by PABVAX. For this proof-of-
concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  we have previously 
described will be produced with YTE and LA Fc point mutations to extend the serum half-life of the mAb. We will 
select the variant with the most favorable pharmacokinetic (described in Core D) for testing with Core E. Briefly, 
groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant IM and the animals 

PREP JUNV NHP 
CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 

Table 11: PREP schedule outline in 
Milestone 2 



will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11) Further details are 
described in Core E. These data will be reviewed by Scientific Advisory Board (SAB) to aid decision making 
around possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 
subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 
the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 
adjusting the requested budgets accordingly after consultation with NIAID and SAB. Please note: Discussion of 
expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 
2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 
within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 
virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 
Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 
development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 
experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 
(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 
expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 
Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 
MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 
leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 
Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 
vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 
the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 
NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-
MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 
and the overall goal of the NIAID, ReVAMPP Centers. 

 

 

 

 

 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 
loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 
Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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RESEARCH STRATEGY: 

1. SIGNIFICANCE 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV) – are identified as NIAID Category A pathogens. This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness3 . Threats 
to public health are further heightened due to lack of internationally approved vaccines to address threats of 
natural epidemics as well as the potential bio-weaponization of these viruses. 

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocompromised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
arenaviruses and nairoviruses. 

The   Arenaviridae: All   mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe)8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible.9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).   

The Nairoviridae: Unique from other Bunyaviruses, orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 
which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 



efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC20. Like   
arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 

2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine. Of significance, very little pre-clinical data concerning the safety and efficacy of these 
vaccine candidates is currently available24. Further, four of the five deliver LASV GP as the sole immunogen, 
potentially limiting long-term durability and potential of the immune response. 

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the virion), and to our knowledge, ours is the first LASV 
subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the 
authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction 
with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive 
of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to 
substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  

Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 

PREP “vaccination” as a measure to control   arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE34, 35 and LA36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 

3. APPROACH  

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus species. This will 
be achieved by tailoring antigen design from prototype applicable to related members of these viral families. 



These optimized vaccines will be produced in Core 
D and evaluated for protective efficacy and 
determination of immune correlates associated 
with protection in animal models under maximum 
(BSL4) containment in collaboration with Cores D 
and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
mammarenaviruses and orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study 
to determine feasibility of PREP using half-life 
extended antibodies as an alternative to traditional 
vaccination. Lastly, RP1 will work closely with Core 
E to develop infectious clones using reverse 
genetics to develop BSL4 research tools and 
animal models for viruses that are otherwise not 
available to the research community. 

Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 

Preliminary Results 

Engineering trimeric glycoprotein antigens for the arenaviruses 

Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked 
GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp 
has since made structure-based improvements to generate a stable GP immunogen representative of the 
authentic viral GP spike 
and suitable for use as a 
vaccine. We reverted the 
E329P mutant, 
hypothesized to stabilize 
heptad repeat 1 in GP28 
and added an additional 
trimerization motif to 
stabilize the GP spike in 
the absence of Fabs. The 
tagged trimeric LASV GP 
is expressed and secreted 
from Drosophila S2 cells 
and purified from 
supernatant via affinity 
chromatography using a 
StrepTrap HP column (GE 

Figure 1: Overall Research Strategy for RP and demonstration of interactions 

with other RP and Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 

and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-

J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer 
verification of trimerization (Figure 2). Pilot stability studies inclusive of 
freeze thaw cycles and storage at 4˚C are supportive of the stability 
required for a vaccine candidate.The engineering methodologies 
employed for LASV GP translated well to the NWA GPs from JUNV and 
MACV (Figure 2). Negative stain EM of JUNV GP in complex with the 
neutralizing and protective Fab form of J199, reveals monodispersed 
trimeric GP/Fab complexes (Figure 2). Both the interaction with a well-
characterized mAb and the EM data suggest our GP antigens closely 
recapitulate the authentic viral GP trimeric spike and support their use as 
a vaccine immunogen.  

LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong 
humoral response and high titers of nAbs to a target pathogen, increasing 
evidence25-30 suggests that the cellular response, mediated by T cells, can play a potent and complementary role 
in the long-term protection against pathogens. Understanding that T cell responses highly correlate with LASV 
recovery and that LASV NP plays a significant role in inducing those responses25, 38, we also generated LASV 
NP antigens. We also chose to deliver the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP 
separately as they have distinct functions in the virus lifecycle (Figure 3) and express to high levels (50-100 
mg/L) as two independent domains in bacteria using standard laboratory shaker flasks. We then evaluated our 
LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV infection. Our study was 
designed (Figure 3) to assess whether immune responses to GPe alone or GPe+NP would offer protective 
immunity from lethal LASV challenge. We chose to investigate several commercially available adjuvants with 
known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in combination 
(Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus supporting the 
long-term feasibility of the approach for potential human use. The results of our vaccination/challenge study were 
quite striking (Figure 3) and indicate a clear benefit to a combination immunization strategy with LASV GP and 
NP. The maximum survival benefit in the GP only groups were observed in groups using Alhydrogel and Addavax 
as adjuvants (75% survival). Half of the animals in the unadjuvanted group survived, while the control group had 
one survivor. Surprisingly, animals that were administered GP with MPLA as an adjuvant displayed rapid onset 
of clinical signs and succumbed to infection early in the experiment. In contrast, all animals that were 

Figure 3. LASV NP subdomains and 

expression. (A) Crystal structure of LASV NP 

highlighting the two functional subdomains. (B) 

SDS-PAGE gel showing highly purified LASV NP 

antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 

intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 

2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 

monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



immunized with LASV GP + NP-NTD + NP-CTD subunits and any of the adjuvants were completely 
protected from challenge with LASV. Only one animal succumbed to infection in the group receiving GP+NP 
with no adjuvant. In a follow-up study, we further examined the potential for NTD and/or CTD of LASV NP to 
confer protection to lethal challenge. While combination of NTD and CTD resulted in uniform protection when 
administered with Alhydryogel, the cohort supplemented with Addavax only resulted in 25% protection. 
Correspondingly, NTD vaccination with Allhydrogel resulted in 100% survival whereas Addavax only conferred 
50% protection. Interestingly, NP NTD vaccination with no adjuvant resulted in 100% survival. Conversely, the 
best protection from the LASV CTD was conferred when using Alhydrogel at 50% where both Addavax or no 
adjuvant groups were not protected.  

Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 

Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Bunyavirales Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  

• Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 
OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 

• New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  

• Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 

survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 

after 2 step purification (right electrophoresis gel). 
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efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. Once 
a candidate subunit-patch vaccine approach is selected, RP1 will use lessons learned to enable a plug-and-
play approach to develop subunit vaccines against a representative “test case” pathogen from each prototype 
virus group for which no vaccines have been created and tested in animal models. 

• In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

• First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV in the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

• In 1977, Kasokero virus (KASV), a bat associated orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  

Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 
viruses for research and vaccine design for several different virus families46, 61, 62 . An additional goal of RP1 is 
to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist 
either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared 



with the research community. In collaboration with Core E, RP1 
develop and rescue of New World arenaviruses using existing reverse 
genetics approaches at UTMB or develop new ones to meet these 
needs. 

Milestone 1.1 Subunit immunogens and MNP vaccination 

Milestone 1.1.1.A: Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs: Building on the success of our GPe + NP-NTD LASV vaccine, 
we will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core D either as individual subunit vaccines 
or combinations as outlined in Table 1 using an intramuscular (IM) vaccination approach. Eight outbred, 350 
gram Hartley guinea pigs (balanced sex) will be randomly assigned to groups as outlined in Table 1.  Blood will 
be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral 
immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted 
with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred 
to BSL4 evaluation Core E and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by 
our group63. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on 
physical and visual assessment of infected animals may occur outside scheduled times, if required. Following 
challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement 
of viremia by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head 
against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the 

MNP patches prepared by CORE C. Patches are administered after 
shaving a small section of the abdomen and applied using gentle 
pressure for 10-15 minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 
MACV Chicava strain64. Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV, 
we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 

Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 
and 6(Togo) established in the BSL4 evaluation Core E as outlined 
in Table 3. The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 

For our MACV subunit vaccines, we will assess the potential to 
confer heterologous protection against three lineages of MACV 
genetically distinct from the prototype strain (Chicava-Lineage 2) 
after down selecting the optimal adjuvant and vaccination rout. 
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core E 
as outlined in Table 4. We will also utilize JUNV (Romero strain)65  
challenge to assess heterologous protection against a related but 
distinct NWAV to begin to assess the potential for cross protection 
beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 

Table 1: Outline of LASV Vaccination Schedule for 

Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 

Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 

Schedule for Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 

for Milestone 1.1.1.B 



Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using 
optimized subunit-patch vaccination in NHP: 15 cynomolgus monkeys will be 
randomized into two experimental vaccine groups of 5 animals per group, a control 
vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be vaccinated using the 
down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.  
Animals in vaccine group 1 will receive only the initial single administration of vaccine 
while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 
14 days post prime. At 35 days post prime (21 days post boost for boosted animals), 
animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected 
macaques will be assessed, and clinical signs consistent with VHF (as measured by 
hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be 

euthanized at the study endpoint 4-5 weeks after challenge. In addition, blood will 
be collected before and after vaccination and at the study endpoint for 
determination of binding antibody and neutralizing antibody titers. Blood and 
tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.3.AF. 

Similarly, we will also determine the protective efficacy of MACV following the 

grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be the established 

MACV Chicava strain66. If Candid-1 confers protection in guinea pigs outlined in 

1.1.1.A we will confirm protection in NHPs if demonstrated in guinea pigs46, 47 

Milestone 1.1.2.A: Development and optimization of patch 
vaccination approach employing nairovirus subunits: 
Here we will determine if our GPe + NP-NTD subunit vaccine 
approach can be deployed against CCHFV.We will compare 
the protective efficacy of two adjuvants coupled to our CCHFV 
GP and NP-NTD proteins developed and manufactured in 
collaboration with Core D either as individual subunit vaccines 
or combinations as outlined in Table 7 using an intramuscular 
(IM) vaccination approach. Eight 6-8 week STAT-1/KO mice 
(balanced sex) will be randomly assigned to groups as outlined 
in Table 7.  Blood will be collected prior to immunization and 
then on days 28 and 56-days post-immunization to evaluate 
humoral immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be 
boosted with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be 
transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low passage CCHF-Hoti52. After virus 
challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual 
assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional 
biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque 

assay and qRT-PCR. Results from the IM vaccination then be 
compared head-to-head against an equivalent 
vaccination/challenge cohort where the subunit vaccines will be 
administered using the MNP patches prepared by MNP Patch 
CORE C. Patches are administered after shaving a small section 
of the abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 

Milestone1.1.2.B: Determination of pan-CCHF protective 
efficacy using optimized subunit-patch vaccination in STAT-
1KO mice: Using the adjuvant and vaccination route down 
selected in 1.1.2.A, we will assess the potential for our CCHFV 
subunit vaccines to confer heterologous protection against four 
lineages of CCHFV endemic to geographically distinct areas from 

VACCINE LASV CHALLENGE 

 
LASSA NP-NTD 

10  
(TWO GROUPS OF 5) 

 

LASSA Gpe  

LASSA Gpe +      
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(VSV-LASV-GPC) 5 

 

TOTALS 15  

 
Table 5: Outline of NHP efficacy 

studies for LASV Milestone 

1.1.1.C 

VACCINE MACV CHALLENGE 

 
MACV CHICAVA 

NP NTD 

10 
(TWO GROUPS OF 5) 

 

MACV CHICAVA 
GPe 

 

MACV CHICAVA 
NP + GPe 

 

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(JUNV-Candid-1) 5 

 

TOTALS 15  

 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.B 

Table 7: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 

Table 8: Outline of NHP efficacy studies for MACV Milestone 

1.1.1.B 



the prototype strain (CCHF-Hoti). Employing optimized strain 13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) established in the BSL4 evaluation Core C as outlined 
in Table 8. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.2.A above.  

Milestone 2.1.2.C: Determination of protective efficacy using optimized 
subunit-patch vaccination in NHP: In collaboration with Core E, 15 
cynomolgus monkeys will be randomized into two experimental vaccine 
groups of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, 
demonstrated effective in mice23 and NHP (Unpublished, Cross and Geisbert) 
with 5 animals, and a control group of five unvaccinated animals (Table 9). 
Animals in vaccine groups 1 and 2 will be vaccinated using the down selected 
CCHFV antigens, adjuvants, and vaccination route identified in 1.1.2.A.  
Animals in vaccine group 1 will receive only the initial single administration of 
vaccine while animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 days post prime (21 days post-boost 
for boosted animals), all animals will be challenged with 5000 PFU of CCHFV-
Hoti. The disease of infected macaques will be assessed, and clinical signs 
consistent with VHF (as measured by hematology, serum biochemistry, and 
blood coagulation assays) will be documented. Surviving animals will be 
euthanized at the study endpoint 4-5 weeks after CCHFV challenge. In 
addition, blood will be collected before and after vaccination and at the study endpoint for determination of 
binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for 
histopathology, immunohistochemistry, virus isolation and genome detection. PBMCs will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.1F. 

Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, guinea 
pigs and NHP: RP1 and Core D will produce optimized 
GPe and NP-NTD antigens to formulate vaccines for 
LUJV and CHAPV based off lessons learned from 1.1.1A-
C. Protective efficacy studies then be carried out where 
Core E will vaccinate and challenge guinea pigs or NHP 
as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). 
RP1 and Core D will also produce optimized KASV GP 
and NP-NTD antigens to formulate subunit/MNP vaccines 
based off lessons learned from 1.1.1A-C. Protective 
efficacy studies will then be carried Core E will vaccinate 
and challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10).  

Milestone 1.1.3: Determination of cellular and 
humoral immune correlates associated with 
protection.  

Milestone 1.1.3.A: Define the phenotype and function 
of arenavirus or nairovirus specific T-cell responses 
in in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a targeted 
analysis of T-cell phenotype and function in study 
participants with or without subunit-patch vaccination 

using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, 
ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important 
correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will 
measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect 
responses in vaccinated EVD survivors to be superior to natural immunity.  

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
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CCHF  GnGc 

10 
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CCHF  NP  
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Control animals 
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Control vaccine 
(VSV-CCHF-M) 5 
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 CHAPV NP NTD 

10 
 (TWO GROUPS OF 5) 

 

CHAPV GPe  

CHAPV GPe + 
NP-NTD 

  

Control animals 
(NO VACCINE) 5 
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VIRUS 

GUINEA PIG 
CHALLENGE 

LUJV 

LUJV NP-NTD 8 

LUJV GPe 8 

LUJV GPe + 
NP-NTD 8 

Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VACCINE 

GUINEA PIG 
CHALLENGE 

CHAPV 

 CHAPV NP NTD 8 

CHAPV GPe 8 

CHAPV NP + GPe 8 

Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VIRUS 

MOUSE 
CHALLENGE 
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KASV  GnGc 8 

KASV  NP 8 

KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
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Control animals 
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 Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 



phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences) 
then washed. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer 
using an NHP optimized panel of antibodies. 

Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols67, 68. PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing 
Fixative ) then washed. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer. 

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 

Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 

Milestone 1.1.3.A:: Systems serology characterization of arenavirus and nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 



GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument70, 72. Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 

Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  

ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 

ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 

Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 

Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  mammarenaviruses62, 73 and orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog74 but is still pathogenic in mice and humans. There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 

Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months34-37. 

Scientific Approach:  

A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In conjunction with Cores D and 
E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this product format 
will be an option for development with any of the other viruses being targeted by PABVAX. For this proof-of-
concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  we have previously 
described will be produced with YTE and LA Fc point mutations to extend the serum half-life of the mAb. We will 
select the variant with the most favorable pharmacokinetic (described in Core D) for testing with Core E. Briefly, 
groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant IM and the animals 

PREP 
JUNV NHP 

CHALLENGE  

 

5 mg/kg 5  

15mg/kg 5  

Control animals (NO PREP) 5  

TOTALS 15  

 Table 11: PREP schedule outline in 

Milestone 2 



will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11) Further details are 
described in Core E. These data will be reviewed by Scientific Advisory Board (SAB) to aid decision making 
around possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 

Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 

Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 

targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 

subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 

the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 

adjusting the requested budgets accordingly after consultation with NIAID and SAB. Please note: Discussion of 

expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 

2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 

within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 

virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 

Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 

development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 

experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 

(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 

expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 

Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 

MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 

leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 

Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 

vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 

the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 

NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-

MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 

and the overall goal of the NIAID, ReVAMPP Centers. 

 

 

 

 

 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 

loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 

Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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RESEARCH STRATEGY: 
1. SIGNIFICANCE
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare,
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo
Hemorrhagic Fever Virus (CCHFV) – are identified as NIAID Category A pathogens. This classification stems is
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality,
have potential for major public health impact, and require special action for public health preparedness 3 . Threats
to public health are further heightened due to lack of internationally approved vaccines to address threats of
natural epidemics as well as the potential bio-weaponization of these viruses.

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other  
Arenaviruses and Nairoviruses. 
The   Arenaviridae: All   Mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge 7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe) 8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible. 9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).  
The Nairoviridae: Unique from other Bunyaviruses, Orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic Orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 
which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 
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efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC 20. Like   
Arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 

2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data 
concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the five 
deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the immune 
response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirusvirion), and to our knowledge, ours 
is the first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, 
representative of the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune 
response. In conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is 
known to be highly predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser 
extent GP, are known to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-
terminal immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient 
to confer 100% protection in a lethal, outbred guinea pig model.  Sequence conservation across NP is higher 
than GP across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more 
broadly protective vaccine 9, 10, 31, 32. Indeed, we have found that an immunogenic cocktail comprised of LASV 
GP and NP offered complete protection against LASV challenge in guinea pigs.  
Unique Nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation 20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface 20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge 33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control   Arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE 34, 35 and LA 36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 

3. APPROACH  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus species. This will 
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be achieved by tailoring antigen design from 
prototype applicable to related members of these 
viral families. These optimized vaccines will be 
produced in Core D and evaluated for protective 
efficacy and determination of immune correlates 
associated with protection in animal models under 
maximum (BSL4) containment in collaboration with 
Cores D and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
Mammarenaviruses and Orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study 
to determine feasibility of PREP using half-life 
extended antibodies as an alternative to traditional 
vaccination. Lastly, RP1 will work closely with Core 
E to develop infectious clones using reverse 
genetics to develop BSL4 research tools and animal models for viruses that are otherwise not available to the 
research community. 

Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 

PRELIMINARY RESULTS 
Preliminary Results 

Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked 
GP1/GP2 monomer 
amenable to structural 
studies when stabilized by 
a fiduciary antibody Fab 
fragment8. Mapp has since 
made structure-based 
improvements to generate 
a stable GP immunogen 
representative of the 
authentic viral GP spike 
and suitable for use as a 
vaccine. We reverted the 
E329P mutant, 
hypothesized to stabilize 
heptad repeat 1 in GP28 
and added an additional 
trimerization motif to 

Figure 1: Overall Research Strategy for RP and demonstration of interactions 
with other RP and Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 
and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-
J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 
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stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV 
GP is expressed and secreted from Drosophila S2 cells and purified from 
supernatant via affinity chromatography using a StrepTrap HP column (GE 
Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer 
verification of trimerization (Figure 2). Pilot stability studies inclusive of 
freeze thaw cycles and storage at 4˚C are supportive of the stability 
required for a vaccine candidate. 
The engineering methodologies employed for LASV GP translated well to 
the NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of 
JUNV GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our 
GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  
LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong humoral response and high titers of nAbs 
to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, can play 
a potent and complementary role in the long-term protection against pathogens. Understanding that T cell 
responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 

Figure 3. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 
intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 
2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 
monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% 
protection. Interestingly, NP NTD vaccination with 
no adjuvant resulted in 100% survival. Conversely, 
the best protection from the LASV CTD was 
conferred when using Alhydrogel at 50% where 
both Addavax or no adjuvant groups were not 
protected.  
Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, which are linked together by a multiple membrane spanning 
region. These transmembrane domains complicate the in vitro expression of soluble GnGc, but we have 
designed a construct that replaces the transmembrane domains with a linker and have generated a stable 
drosophila cell line that expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, 
and GP38 proteins. We used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). 
We will use established protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 

Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Arenavirus Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  
 Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 

OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 

 New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina 45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine 46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  

 Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 
survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 
after 2 step purification (right electrophoresis gel). 
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Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38.  

 Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen 
from each prototype virus group for which no research grade vaccines have been created and tested in animal 
models. 

 In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  Mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part ofin the Center’s Phase II research plan (RP1 with Cores C, D, 
and E). 

 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats 58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  
Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
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utilizing current molecular virology techniques to develop reverse 
genetics approaches to recover recombinant viruses for research and 
vaccine design for several different virus families 46, 61, 62 . An additional 
goal of RP1 is to generate and recombinant viruses to fill gaps and 
provide research tools where wild type viruses do not exist either 
because 1) only sequence information is available or 2) isolates exist 
but viruses are unable to be shared with the research community. In 
collaboration with Core E, RP1 develop and rescue of New World 
arenaviruses using existing reverse genetics approaches at UTMB or 
develop new ones to meet these needs. 
Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch vaccination approach employing arenavirus 
subunits in guinea pigs: Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the 
protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and 
manufactured in Core D either as individual subunit vaccines or combinations as outlined in Table 1 using an 
intramuscular (IM) vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be 
randomly assigned to groups as outlined in Table 1.  Blood will be collected prior to immunization and then on 
days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization 
assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. 
On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 
pfu of a guinea pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be 
monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may 
occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 
14, 21 and 28 days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from 

the IM vaccination then be compared head-to-head against an 
equivalent vaccination/challenge cohort where the subunit vaccines will 
be administered using the MNP patches prepared by CORE C. Patches 
are administered after shaving a small section of the abdomen and 
applied using gentle pressure for 10-15 minutes so that the 
microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 
MACV Chicava strain64. Given the lack of clarity on the potential for the 

JUNV Candid-1 vaccine to afford protection from challenge with MACV, we will assess its utility as a positive 
control vaccine against lethal challenge with MACV46, 47. 
Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 
and 6(Togo) established in the BSL4 evaluation Core E as outlined 
in Table 3. The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to confer heterologous protection against three 
lineages of MACV genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the 
optimal adjuvant and vaccination rout. Employing optimized strain 13 or outbred, Hartley guinea pig models for 
lineages 1, 5, and 8 established in the BSL4 evaluation Core E as outlined in Table 4. We will also utilize JUNV 
(Romero strain)65  challenge to assess heterologous protection against a related but distinct NWAV to begin to 
assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 

Table 1: Outline of LASV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 
Schedule for Milestone 1.1.1.B 



Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using optimized subunit-patch 
vaccination in NHP: 15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 5 
animals per group, a control vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated 

animals (Table 5). Animals in vaccine groups 1 and 2 will be 
vaccinated using the down selected LASV antigens, adjuvants, and 
vaccination route identified in 1.1.1.A.  Animals in vaccine group 1 
will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 days post prime (21 days 
post boost for boosted animals), all animals will be challenged with 
3000 PFU of LASV-Josiah. The survival 
of infected macaques will be assessed, 
and clinical signs consistent with VHF 
(as measured by hematology, serum 
biochemistry, and blood coagulation 

assays) will be documented. Surviving animals will be euthanized at the study 
endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody 
and neutralizing antibody titers. Blood and tissues will also be taken after virus 
challenge for histopathology, immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline 

in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be the established 
MACV Chicava strain66. If Candid-1 confers protection in guinea pigs study 
outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea 
pigs 46, 47 
Milestone 1.1.2.A: Development and optimization of patch vaccination 
approach employing nairovirus subunits: Here we will determine if our GPe + 
NP-NTD subunit vaccine approach can be deployed against CCHFV.We will 
compare the protective efficacy of two adjuvants coupled to our CCHFV GP and 
NP-NTD proteins developed and manufactured in collaboration with Core D 

either as individual subunit vaccines or combinations as outlined in Table 7 using an intramuscular (IM) 
vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly assigned to groups as 
outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 and 56-days post-
immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days 
immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-
immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low 
passage CCHF-Hoti52. After virus challenge, animals will 
be monitored clinically a minimum of twice daily. Hands-
on physical and visual assessment of infected animals 
may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 
1, 4, 7, 10, 14, 21 and 28 days will be processed for 
measurement of viremia by plaque assay and qRT-
PCR. Results from the IM vaccination then be compared 
head-to-head against an equivalent 
vaccination/challenge cohort where the subunit 
vaccines will be administered using the MNP patches 
prepared by MNP Patch CORE C. Patches are 
administered after shaving a small section of the 
abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table 5: Outline of NHP efficacy 
studies for LASV Milestone 
1.1.1.C 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 
for Milestone 1.1.1.B 

Table 7: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 



Milestone1.1.2.B: Determination of pan-CCHF 
protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and 
vaccination route down selected in 1.1.2.A, we will assess 
the potential for our CCHFV subunit vaccines to confer 
heterologous protection against four lineages of CCHFV 
endemic to geographically distinct areas from the prototype 
strain (CCHF-Hoti). Employing optimized strain 13 or 
outbred, Hartley guinea pig models for Clade 1(Uganda), 3 
(Nigeria), 4 (Afghanistan) and 6(Greece) established in the 
BSL4 evaluation Core C as outlined in Table 8. The 
vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.2.A above.  

Milestone 2.1.2.C: Determination of protective efficacy 
using optimized subunit-patch vaccination in NHP: In collaboration with Core E, 15 cynomolgus monkeys 
will be randomized into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-CCHFV-
GPC, demonstrated effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, and a control 

group of five unvaccinated animals (Table 9). Animals in vaccine groups 1 and 
2 will be vaccinated using the down selected CCHFV antigens, adjuvants, and 
vaccination route identified in 1.1.2.A.  Animals in vaccine group 1 will receive 
only the initial single administration of vaccine while animals in vaccine group 
2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 
days post prime (21 days post-boost for boosted animals), all animals will be 
challenged with 5000 PFU of CCHFV-Hoti. The disease of infected macaques 
will be assessed, and clinical signs consistent with VHF (as measured by 
hematology, serum biochemistry, and blood coagulation assays) will be 
documented. Surviving animals will be euthanized at the study endpoint 4-5 
weeks after CCHFV challenge. In addition, blood will be collected before and 
after vaccination and at the study endpoint for determination of binding antibody 
and neutralizing antibody titers. Blood and tissues will also be taken after virus 
challenge for 

histopathology, 
immunohistochemistry, 
virus isolation and 

genome detection. Peripheral blood mononuclear cells 
(PBMCs) will be isolated and cryopreserved for 
subsequent cellular phenotyping and functional analysis 
as outline in 1.1.1F. 

Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, guinea 
pigs and NHP: RP1 and Core D will produce optimized 
GPe and NP-NTD antigens to formulate vaccines for 
LUJV and CHAPV based off lessons learned from 
1.1.1A-C. Protective efficacy studies then be carried out 
where Core E will vaccinate and challenge guinea pigs 
or NHP as outlined in 1.1.1A and 1.1.1C, respectively 
(Table 10). RP1 and Core D will also produce optimized 
KASV GP and NP-NTD antigens to formulate 
subunit/MNP vaccines based off lessons learned from 
1.1.1A-C. Protective efficacy studies will then be carried 
Core E will vaccinate and challenge guinea pigs or NHP 
as outlined in 1.1.1A and 1.1.1C, respectively (Table 10)  

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 Table 9: Outline of NHP efficacy studies 

for MACV Milestone 1.1.1.B 
VACCINE 

LUJV  
NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15  

VACCINE CHAPV  
NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LUJV NP-NTD 8 

LUJV GPe 8 
LUJV GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 
KASV  NP 

KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 

Table 8: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 
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Milestone 1.1.3: Determination of cellular and humoral immune correlates associated with protection.  
Milestone 1.1.3.A: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a 
targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination 
using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, 
ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important 
correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will 
measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect 
responses in vaccinated EVD survivors to be superior to natural immunity.  

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences, 
Franklin Lakes, NJ) then washed. Cell populations are then acquired and quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols.67, 68. PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed. Stained, fixed cells will then be acquired using a Cytek 
Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
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flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 
Milestone 1.1.3.A:: Systems serology Characterization of Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument .70, 72. Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 
Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  Mammarenaviruses62, 73 and Orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog 74 but is still pathogenic in mice and humans . There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
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Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months(34-37). 
Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  
we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life 
of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D)  for testing 
with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant 
IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11) . 
For fFurther details of the NHP testing, pleaseare described in see Core E. These data will be used by 
thereviewed by Scientific Advisory Board (SAB) to inform aid decision making around possible additional IM mAb 
prophylaxis plug and play prototypes against other viruses. 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 
subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 
the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 
adjusting the requested budgets accordingly after consultation with NIAID and SAC. Please note: Discussion of 
expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 

2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 
within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 
virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 
Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 
development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 
experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 
(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 
expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 

PREP JUNV NHP 
CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 

Table 11: PREP schedule outline in 
Milestone 2 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 
loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 
Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 
MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 
leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 
Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 
vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 
the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 
NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-
MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 
and the overall goal of the NIAID, ReVAMPP Centers. 
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RESEARCH STRATEGY – RP1 (Antigen Design and Testing of Arenavirus and Nairovirus Vaccines)



1. SIGNIFICANCE

[bookmark: _Hlk136870281]The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) – are identified as NIAID Category A pathogens. This classification stems is owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special action for public health preparedness3 . Threats to public health are further heightened due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses.

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often durable protection from debilitating disease and death. However, as the global human population grows, the number of special populations with depressed immune systems (i.e., the elderly, immunocompromised, and/or pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes from different pathogens has been a central driver for a number of successful and approved vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale production, and potential for long-term, shelf stability5. Members of PABVAX, have developed protective protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other arenaviruses and nairoviruses.

The   Arenaviridae: All   mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge7. Recent crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe)8. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be possible.9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).  

The Nairoviridae: Unique from other Bunyaviruses, orthonairoviruses (Nairoviridae genus of human pathogens) are transmitted primarily by ticks in nature. While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC20. Like   arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across the 7 genomic clades with up to 95% amino acid homology20. Conversely, he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be afforded using a VSV vectored vaccine expressing the full GPC of CCHF23.

2. INNOVATION

Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a DNA-based vaccine. Of significance, very little pre-clinical data concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the immune response.

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV GP spike antigen (the primary structural antigen on the virion), and to our knowledge, ours is the first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine9, 10, 31, 32. Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection against LASV challenge in guinea pigs. 

Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in glycoprotein sequences across lineages which can be less than 75% amino acid conservation20. Given the glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface20 . Indeed, a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against heterologous challenge33. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy likely has the greatest potential for potent, cross-clade protection.

PREP “vaccination” as a measure to control   arenaviruses: For situations where a vaccine does not exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with YTE34, 35 and LA36, 37 Fc point mutations to determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal antibodies.

3. APPROACH 

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus species. This will be achieved by tailoring antigen design from prototype applicable to related members of these viral families. These optimized vaccines will be produced in Core D and evaluated for protective efficacy and determination of immune correlates associated with protection in animal models under maximum (BSL4) containment in collaboration with Cores D and E via intramuscular administration or Microneedle skin Patch (MNP). MNPs containing subunit vaccines manufactured in Core D and optimized for delivery efficiency in Core C. Using optimized delivery methods developed in collaboration with Cores C, D, and E, RP1 will provide stabilized GPe vaccines for select   mammarenaviruses and orthonairoviruses to RP4 and RP5 to produce broadly reactive monoclonal antibodies or nanobodies, respectively. RP1 and Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using half-life extended antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core E to develop infectious clones using reverse genetics to develop BSL4 research tools and animal models for viruses that are otherwise not available to the research community.Figure 1: Overall Research Strategy for RP and demonstration of interactions with other RP and Cores of PABVAX



Scientific Rigor

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been properly performed.

Preliminary Results

Engineering trimeric glycoprotein antigens for the arenaviruses

Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp has since made structure-based improvements to generate a stable GP immunogen representative of the authentic viral GP spike and suitable for use as a vaccine. We reverted the E329P mutant, hypothesized to stabilize heptad repeat 1 in GP28 and added an additional trimerization motif to stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV GP is expressed and secreted from Drosophila S2 cells and purified from supernatant via affinity chromatography using a StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer verification of trimerization (Figure 2). Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are supportive of the stability required for a vaccine candidate.The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of J199, reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the interaction with a well-characterized mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric spike and support their use as a vaccine immunogen. Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin.



Figure 3. LASV NP subdomains and expression. (A) Crystal structure of LASV NP highlighting the two functional subdomains. (B) SDS-PAGE gel showing highly purified LASV NP antigens for vaccine study. 



LASV subunit vaccine protects guinea pigs against lethal challenge

While classical vaccine approaches largely focus on evoking a strong humoral response and high titers of nAbs to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, can play a potent and complementary role in the long-term protection against pathogens. Understanding that T cell responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% survival whereas Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected. Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were monitored for 35 days post-challenge, and survival curves and weight change are plotted. 



Engineering glycoproteins antigens for CCHFV: The CCHF virus has a tripartite negative-sense RNA genome,composed of the the small (S), medium (M), and large (L) segments. The M segment encodes the viral glycoprotein precursor (GPC) complex, which is subsequently cleaved by host proteases into multiple proteins, including the envelope glycoprotein GnGc and secreted GP38 protein. GnGc is composed of Gn and Gc subunits, which are linked together by a multiple membrane spanning region. These transmembrane domains complicate the in vitro expression of soluble GnGc, but we have designed a construct that replaces the transmembrane domains with a linker and have generated a stable drosophila cell line that expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins.Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 after 2 step purification (right electrophoresis gel).



Specific Aim 1: Subunit immunogens and MNP vaccination Rationale: 

Scientific Approach: The choice of Bunyavirales Prototype Pathogens is justified as follows: RP1 proposes preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within each viral family further challenging effective vaccine approaches. 

· Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. There are existing guinea pig and NHP animal models.

· New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other approaches are warranted. 

· Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine development as is responsible for the largest global public health burden within the Nairoviridae family with an estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model53 and that human survivors (Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. Once a candidate subunit-patch vaccine approach is selected, RP1 will use lessons learned to enable a plug-and-play approach to develop subunit vaccines against a representative “test case” pathogen from each prototype virus group for which no vaccines have been created and tested in animal models.

· In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

· First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  mammarenavirus associated with development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have demonstrated clear human-to-human transmission risk during the acute phase evidenced by several nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The PABVAX Center will explore CHAPV in the Center’s Phase II research plan (RP1 with Cores C, D, and E).

· In 1977, Kasokero virus (KASV), a bat associated orthonairovirus, was first isolated from Ugandan bats and responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that processed infected bats58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure development is well advised. KASV has been demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective immunity against the target pathogen. 

Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant viruses for research and vaccine design for several different virus families46, 61, 62 . An additional goal of RP1 is to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared with the research community. In collaboration with Core E, RP1 develop and rescue of New World arenaviruses using existing reverse genetics approaches at UTMB or develop new ones to meet these needs.

Milestone 1.1 Subunit immunogens and MNP vaccination

Milestone 1.1.1.A: Development and optimization of patch vaccination approach employing arenavirus subunits in guinea pigs: Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and manufactured in Core D either as individual subunit vaccines or combinations as outlined in Table 1 using an intramuscular (IM) vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly assigned to groups as outlined in Table 1.  Blood will be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared by CORE C. Patches are administered after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the microneedles can fully dissolve.Table 2: Outline of MACV Vaccination Schedule for Milestone 1.1.1.A



Table 1: Outline of LASV Vaccination Schedule for Milestone 1.1.1.A



Similarly, we will determine the protective efficacy using MACV GPe and NP-NTD proteins developed and manufactured in Core D following the grouping described in Table 2 using the identical experimental approach as outlined above. The challenge virus will be the established MACV Chicava strain64. Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford protection from challenge with MACV, we will assess its utility as a positive control vaccine against lethal challenge with MACV46, 47.

Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV protective efficacy using optimized subunit-patch vaccination in guinea pigs: Using the adjuvant and vaccination route down selected in 1.1.1.A, we will assess the potential for our LASV subunit vaccines to confer heterologous protection against four lineages of LASV endemic to geographically distinct from the prototype strain (Josiah-lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 6(Togo) established in the BSL4 evaluation Core E as outlined in Table 3. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.1.A above.Table 3: Outline of PAN-LASV Vaccine Efficacy Schedule for Milestone 1.1.1.B



For our MACV subunit vaccines, we will assess the potential to confer heterologous protection against three lineages of MACV genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the optimal adjuvant and vaccination rout. Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 1, 5, and 8 established in the BSL4 evaluation Core E as outlined in Table 4. We will also utilize JUNV (Romero strain)65  challenge to assess heterologous protection against a related but distinct NWAV to begin to assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.1.A above.Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule for Milestone 1.1.1.B



[bookmark: _Hlk136853901]Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using optimized subunit-patch vaccination in NHP: 15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated animals (Table 5). Animals in vaccine groups 1 and 2 will be vaccinated using the down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.  Animals in vaccine group 1 will receive only the initial single administration of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 days post boost for boosted animals), animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected macaques will be assessed, and clinical signs consistent with VHF (as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be euthanized at the study endpoint 4-5 weeks after challenge. In addition, blood will be collected before and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus isolation and genome detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.3.AF.Table 6: Outline of NHP efficacy studes for MACV Milestone 1.1.1.C

Table 5: Outline of NHP efficacy studies for LASV Milestone 1.1.1.C



Similarly, we will also determine the protective efficacy of MACV following the grouping described in Table 6 using the identical experimental approach as outlined above for LASV challenge. The challenge virus will be the established MACV Chicava strain66. If Candid-1 confers protection in guinea pigs outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea pigs46, 47Table 7: Outline of efficacy studies for MACV Milestone 1.1.2.A



[bookmark: _Hlk136853916]Milestone 1.1.2.A: Development and optimization of patch vaccination approach employing nairovirus subunits: Here we will determine if our GPe + NP-NTD subunit vaccine approach can be deployed against CCHFV. We will compare the protective efficacy of two adjuvants coupled to our CCHFV GP and NP-NTD proteins developed and manufactured in collaboration with Core D either as individual subunit vaccines or combinations as outlined in Table 7 using an intramuscular (IM) vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly assigned to groups as outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low passage CCHF-Hoti52. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared by MNP Patch CORE C. Patches are administered after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the microneedles can fully dissolve.Table 8: Outline of efficacy studies for CCHF Milestone 1.1.2.B



[bookmark: _Hlk136853930]Milestone 1.1.2.B: Determination of pan-CCHF protective efficacy using optimized subunit-patch vaccination in STAT-1KO mice: Using the adjuvant and vaccination route down selected in 1.1.2.A, we will assess the potential for our CCHFV subunit vaccines to confer heterologous protection against four lineages of CCHFV endemic to geographically distinct areas from the prototype strain (CCHF-Hoti). Employing STAT-1KO mice for Clade 1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) established in the BSL4 evaluation Core C as outlined in Table 8. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.2.A above. 

[bookmark: _Hlk136853954]Milestone 1.1.2.C: Determination of protective efficacy using optimized subunit-patch vaccination in NHP: In collaboration with Core E, 15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, and a control group of five unvaccinated animals (Table 9). Animals in vaccine groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, adjuvants, and vaccination route identified in 1.1.2.A.  Animals in vaccine group 1 will receive only the initial single administration of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 days post-boost for boosted animals), all animals will be challenged with 5000 PFU of CCHFV-Hoti. The disease of infected macaques will be assessed, and clinical signs consistent with VHF (as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be euthanized at the study endpoint 4-5 weeks after CCHFV challenge. In addition, blood will be collected before and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus isolation and genome detection. PBMCs will be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.1F.Table 9: Outline of NHP efficacy studies for CCHF Milestone 1.1.1.C



[bookmark: _Hlk136853974]Milestone 1.1.2.D: Determination of protective efficacy against novel, emerging arenaviruses and nairovirus “test case” viruses using optimized subunit-patch vaccination in STAT-1/KO mice, guinea pigs and NHP: RP1 and Core D will produce optimized GPe and NP-NTD antigens to formulate vaccines for LUJV and CHAPV based off lessons learned from 1.1.1A-C. Protective efficacy studies then be carried out where Core E will vaccinate and challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). RP1 and Core D will also produce optimized KASV GP and NP-NTD antigens to formulate subunit/MNP vaccines based off lessons learned from 1.1.1A-C. Protective efficacy studies will then be carried Core E will vaccinate and challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). Table 10: Outline of efficacy studies for LUJV, CHAPV, & KASV Milestone 1.1.1.D



[bookmark: _Hlk136853997][bookmark: _Hlk136422618]Milestone 1.1.3: Determination of cellular and humoral immune correlates associated with protection. 

Milestone 1.1.3.A: Define the phenotype and function of arenavirus or nairovirus specific T-cell responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect responses in vaccinated EVD survivors to be superior to natural immunity. 

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences) then washed. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer using an NHP optimized panel of antibodies.

Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well established, previously published protocols67, 68. PBMCs will be directly stimulated with purified recombinant vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-well plates and supernatants will be harvested for further analysis.

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative ) then washed. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer.

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control (Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument.

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer.

Data Analysis: We will examine differences in immune responses across groups between each timepoint and baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell responses will be analyzed by t-SNE in R. 

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be banked to assess the presence of biomarkers associated with differences between groups.

[bookmark: _Hlk136854016]Milestone 1.1.3.B: Systems serology characterization of arenavirus and nairovirus specific Ig subtypes and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions (phagocytosis, NK cell activation, and complement fixation). 

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of antibodies against viral antigens using a MagPix xMAP instrument70, 72. Specifically, each viral antigen will be coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation of bound antibody, we will use pooled banked serum from NHP survivors.

Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity (ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived seropositive standard curve, and seronegative/isotype control. 

ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody conjugated to FITC (MP Biomedicals) and measured by flow cytometry.

ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry.

Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance. 

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis.

[bookmark: _Hlk136854030]Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available isolates: We will use existing  mammarenaviruses62, 73 and orthonairovirus61 reverse genetics systems present at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 homolog74 but is still pathogenic in mice and humans. There is currently no reverse genetics system for KASV. We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also to build a tool for beginning to understand KASV pathogenesis through loss of function studies.



[bookmark: _Hlk136854039]Specific Aim 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments.

Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal antibodies or immunoglobulins has been employed for providing instant barrier immunity to high-risk individuals for infections such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. The PABVAX consortium has a long track record of success developing monoclonal antibody (mAb) therapies against VHFs and emerging viruses. Building on this success, RP1 will perform pilot studies to examine the feasibility of PREP with a serum half-life extended mAb against JUNV. Clinically validated Fc mutations can result in improvement in serum half-life up 2-4 months34-37.Table 11: PREP schedule outline in Milestone 2



Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this product format will be an option for development with any of the other viruses being targeted by PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D) for testing with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11) Further details are described in Core E. These data will be reviewed by Scientific Advisory Board (SAB) to aid decision making around possible additional IM mAb prophylaxis plug and play prototypes against other viruses.

Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses adjusting the requested budgets accordingly after consultation with NIAID and SAB. Please note: Discussion of expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section. RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component.



Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, ReVAMPP Centers.
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RESEARCH STRATEGY – RP1 (Antigen Design and Testing of Arenavirus and Nairovirus 
Vaccines) 


 


1. SIGNIFICANCE 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV) – are identified as NIAID Category A pathogens. This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness3 . Threats 
to public health are further heightened due to lack of internationally approved vaccines to address threats of 
natural epidemics as well as the potential bio-weaponization of these viruses. 


Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocompromised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
arenaviruses and nairoviruses. 


The   Arenaviridae: All   mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe)8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible.9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).   


The Nairoviridae: Unique from other Bunyaviruses, orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 







which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 
efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC20. Like   
arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 7 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 


2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine. Of significance, very little pre-clinical data concerning the safety and efficacy of these 
vaccine candidates is currently available24. Further, four of the five deliver LASV GP as the sole immunogen, 
potentially limiting long-term durability and potential of the immune response. 


In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the virion), and to our knowledge, ours is the first LASV 
subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the 
authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction 
with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive 
of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to 
substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  


Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 


PREP “vaccination” as a measure to control   arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE34, 35 and LA36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 


3. APPROACH  


The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 







families within Bunyavirales (Figure 1). In 
collaboration with Core D, RP1 will develop 
stabilized GP and NP epitope-based subunit 
vaccines allowing for broad cross-protection 
across mammarenavirus species. This will be 
achieved by tailoring antigen design from prototype 
applicable to related members of these viral 
families. These optimized vaccines will be 
produced in Core D and evaluated for protective 
efficacy and determination of immune correlates 
associated with protection in animal models under 
maximum (BSL4) containment in collaboration with 
Cores D and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
mammarenaviruses and orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using half-life extended 
antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core E to develop 
infectious clones using reverse genetics to develop BSL4 research tools and animal models for viruses that are 
otherwise not available to the research community. 


Scientific Rigor 


The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 


Preliminary Results 


Engineering trimeric glycoprotein antigens for the arenaviruses 


Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a 
pair of cysteine mutations 
into GP1 and GP2, resulting 
in a stable disulfide linked 
GP1/GP2 monomer 
amenable to structural 
studies when stabilized by a 
fiduciary antibody Fab 
fragment8. Mapp has since 
made structure-based 
improvements to generate 
a stable GP immunogen 
representative of the 
authentic viral GP spike and 
suitable for use as a 
vaccine. We reverted the 
E329P mutant, 


Figure 1: Overall Research Strategy for RP and demonstration of interactions 


with other RP and Cores of PABVAX 


Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 


and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-


J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 







hypothesized to stabilize heptad repeat 1 in GP28 and added an additional 
trimerization motif to stabilize the GP spike in the absence of Fabs. The 
tagged trimeric LASV GP is expressed and secreted from Drosophila S2 
cells and purified from supernatant via affinity chromatography using a 
StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion 
chromatography (SEC) offer verification of trimerization (Figure 2). Pilot 
stability studies inclusive of freeze thaw cycles and storage at 4˚C are 
supportive of the stability required for a vaccine candidate.The 
engineering methodologies employed for LASV GP translated well to the 
NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of JUNV 
GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our 
GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  


LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong humoral response and high titers of nAbs 
to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, can play 
a potent and complementary role in the long-term protection against pathogens. Understanding that T cell 
responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 


Figure 3. LASV NP subdomains and 


expression. (A) Crystal structure of LASV NP 


highlighting the two functional subdomains. (B) 


SDS-PAGE gel showing highly purified LASV NP 


antigens for vaccine study.  


Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 


intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 


2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 


monitored for 35 days post-challenge, and survival curves and weight change are plotted.  







observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival whereas Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  


Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 


Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Bunyavirales Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  


• Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 
OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 


• New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  


• Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 


Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 


survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 


after 2 step purification (right electrophoresis gel). 
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suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. Once 
a candidate subunit-patch vaccine approach is selected, RP1 will use lessons learned to enable a plug-and-
play approach to develop subunit vaccines against a representative “test case” pathogen from each prototype 
virus group for which no vaccines have been created and tested in animal models. 


• In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  


• First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV in the Center’s Phase II research plan (RP1 with Cores C, D, and E). 


• In 1977, Kasokero virus (KASV), a bat associated orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 


Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  


Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 







viruses for research and vaccine design for several different virus 
families46, 61, 62 . An additional goal of RP1 is to generate and 
recombinant viruses to fill gaps and provide research tools where wild 
type viruses do not exist either because 1) only sequence information 
is available or 2) isolates exist but viruses are unable to be shared with 
the research community. In collaboration with Core E, RP1 develop and 
rescue of New World arenaviruses using existing reverse genetics 
approaches at UTMB or develop new ones to meet these needs. 


Milestone 1.1 Subunit immunogens and MNP vaccination 


Milestone 1.1.1.A: Development and optimization of patch vaccination approach employing arenavirus 
subunits in guinea pigs: Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the 
protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and 
manufactured in Core D either as individual subunit vaccines or combinations as outlined in Table 1 using an 
intramuscular (IM) vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be 
randomly assigned to groups as outlined in Table 1.  Blood will be collected prior to immunization and then on 
days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization 
assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. 
On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 
pfu of a guinea pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be 
monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may 
occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 


14, 21 and 28 days will be processed for measurement of viremia by 
plaque assay and qRT-PCR. Results from the IM vaccination then be 
compared head-to-head against an equivalent vaccination/challenge 
cohort where the subunit vaccines will be administered using the MNP 
patches prepared by CORE C. Patches are administered after shaving 
a small section of the abdomen and applied using gentle pressure for 
10-15 minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 


MACV Chicava strain64. Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford 
protection from challenge with MACV, we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 


Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 


and 6(Togo) established 
in the BSL4 evaluation 
Core E as outlined in Table 3. The vaccination, challenge, and 
sample collection will be identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to 
confer heterologous protection against three lineages of MACV 
genetically distinct from the prototype strain (Chicava-Lineage 2) 
after down selecting the optimal adjuvant and vaccination rout. 
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core E 
as outlined in Table 4. We will also utilize JUNV (Romero strain)65  
challenge to assess heterologous protection against a related but 


Table 1: Outline of LASV Vaccination Schedule for 


Milestone 1.1.1.A 


Table 2: Outline of MACV Vaccination Schedule for 


Milestone 1.1.1.A 


Table 3: Outline of PAN-LASV Vaccine Efficacy 


Schedule for Milestone 1.1.1.B 


Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 


for Milestone 1.1.1.B 







distinct NWAV to begin to assess the potential for cross protection beyond MACV 
strains. The vaccination, challenge, and sample collection will be identical to that 
outlined in 1.1.1.A above. 
Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using 
optimized subunit-patch vaccination in NHP: 15 cynomolgus monkeys will be 
randomized into two experimental vaccine groups of 5 animals per group, a control 
vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be vaccinated using the 
down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.  
Animals in vaccine group 1 will receive only the initial single administration of vaccine 
while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 
14 days post prime. At 35 days post prime (21 days post boost for boosted animals), animals will be challenged 


with 3000 PFU of LASV-Josiah. The survival of infected macaques will be 
assessed, and clinical signs consistent with VHF (as measured by hematology, 
serum biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after challenge. In 
addition, blood will be collected before and after vaccination and at the study 
endpoint for determination of binding antibody and neutralizing antibody titers. 
Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.3.AF. 


Similarly, we will also determine the protective efficacy of MACV following the 


grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be 


the established MACV Chicava strain66. If Candid-1 confers 
protection in guinea pigs outlined in 1.1.1.A we will confirm 


protection in NHPs if demonstrated in guinea pigs46, 47 


Milestone 1.1.2.A: Development and optimization of patch 
vaccination approach employing nairovirus subunits: 
Here we will determine if our GPe + NP-NTD subunit vaccine 
approach can be deployed against CCHFV. We will compare 
the protective efficacy of two adjuvants coupled to our CCHFV 
GP and NP-NTD proteins developed and manufactured in 
collaboration with Core D either as individual subunit vaccines 
or combinations as outlined in Table 7 using an intramuscular 
(IM) vaccination approach. Eight 6-8 week STAT-1/KO mice 
(balanced sex) will be randomly assigned to groups as outlined in Table 7.  Blood will be collected prior to 
immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by 
ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with an equivalent dose 


as the priming vaccination IM. On day 56 post-immunization, 
animals will be transferred to BSL4 evaluation Core E and 
challenged with 100 pfu of a low passage CCHF-Hoti52. After virus 
challenge, animals will be monitored clinically a minimum of twice 
daily. Hands-on physical and visual assessment of infected 
animals may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 1, 4, 7, 
10, 14, 21 and 28 days will be processed for measurement of 
viremia by plaque assay and qRT-PCR. Results from the IM 
vaccination then be compared head-to-head against an 
equivalent vaccination/challenge cohort where the subunit 
vaccines will be administered using the MNP patches prepared 
by MNP Patch CORE C. Patches are administered after shaving 
a small section of the abdomen and applied using gentle pressure 
for 10-15 minutes so that the microneedles can fully dissolve. 


VACCINE LASV CHALLENGE 


 
LASSA NP-NTD 


10  
(TWO GROUPS OF 5) 


 


LASSA Gpe  


LASSA Gpe +      
NP-NTD 


 


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(VSV-LASV-GPC) 5 


 


TOTALS 15  


 
Table 5: Outline of NHP efficacy 


studies for LASV Milestone 


1.1.1.C 


VACCINE MACV CHALLENGE 


 
MACV CHICAVA 


NP NTD 


10 
(TWO GROUPS OF 5) 


 


MACV CHICAVA 
GPe 


 


MACV CHICAVA 
NP + GPe 


 


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(JUNV-Candid-1) 5 


 


TOTALS 15  


 Table 6: Outline of NHP efficacy 


studes for MACV Milestone 1.1.1.C 


Table 7: Outline of efficacy studies for MACV Milestone 1.1.2.A 


Table 8: Outline of efficacy studies for CCHF Milestone 1.1.2.B 







Milestone 1.1.2.B: Determination of pan-CCHF protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and vaccination route down selected in 1.1.2.A, we will 
assess the potential for our CCHFV subunit vaccines to confer heterologous protection against four lineages of 
CCHFV endemic to geographically distinct areas from the prototype strain (CCHF-Hoti). Employing STAT-1KO 
mice for Clade 1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) established in the BSL4 evaluation Core 
C as outlined in Table 8. The vaccination, challenge, and sample collection will be identical to that outlined in 
1.1.2.A above.  


Milestone 1.1.2.C: Determination of protective efficacy using optimized 
subunit-patch vaccination in NHP: In collaboration with Core E, 15 
cynomolgus monkeys will be randomized into two experimental vaccine groups 
of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated 
effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, 
and a control group of five unvaccinated animals (Table 9). Animals in vaccine 
groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, 
adjuvants, and vaccination route identified in 1.1.2.A.  Animals in vaccine group 
1 will receive only the initial single administration of vaccine while animals in 
vaccine group 2 will receive the same vaccine as the prime vaccine 14 days 
post prime. At 35 days post prime (21 days post-boost for boosted animals), all 
animals will be challenged with 5000 PFU of CCHFV-Hoti. The disease of 
infected macaques will be assessed, and clinical signs consistent with VHF (as 
measured by hematology, serum biochemistry, and blood coagulation assays) 
will be documented. Surviving animals will be euthanized at the study endpoint 
4-5 weeks after CCHFV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody 
titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus 
isolation and genome detection. PBMCs will be isolated and cryopreserved for subsequent cellular phenotyping 
and functional analysis as outline in 1.1.1F. 


Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, 
guinea pigs and NHP: RP1 and Core D will produce 
optimized GPe and NP-NTD antigens to formulate 
vaccines for LUJV and CHAPV based off lessons 
learned from 1.1.1A-C. Protective efficacy studies 
then be carried out where Core E will vaccinate and 
challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10). RP1 and Core D 
will also produce optimized KASV GP and NP-NTD 
antigens to formulate subunit/MNP vaccines based off 
lessons learned from 1.1.1A-C. Protective efficacy 
studies will then be carried Core E will vaccinate and 
challenge guinea pigs or NHP as outlined in 1.1.1A 
and 1.1.1C, respectively (Table 10).  


Milestone 1.1.3: Determination of cellular and 
humoral immune correlates associated with 
protection.  


Milestone 1.1.3.A: Define the phenotype and 
function of arenavirus or nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP 
compared to unvaccinated groups: We will perform 
a targeted analysis of T-cell phenotype and function in 
study participants with or without subunit-patch 
vaccination using established methods for 
measurement of cellular immune responses (flow 


VACCINE CCHF CHALLENGE 


 
CCHF  GnGc 


10 
(TWO GROUPS OF 5) 


 


CCHF  GP38  


CCHF  NP  


CCHF  
GnGc+GP38+NP 


 


CCHF  GnGc+GP38  


CCHF  GP38+NP  


CCHF  GnGc+NP  


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(VSV-CCHF-M) 5 


 


  15  


 Table 9: Outline of NHP efficacy studies 


for CCHF Milestone 1.1.1.C 


VACCINE 
LUJV  


NHP CHALLENGE 
 


LUJV NP-NTD 


10 
 (TWO GROUPS OF 5) 


 


LUJV GPe  


LUJV GPe +       
NP-NTD 


 


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


 


 


 


 


 


 


 


 


 


VACCINE 
CHAPV  


NHP CHALLENGE 
 


 CHAPV NP NTD 


10 
 (TWO GROUPS OF 5) 


 


CHAPV GPe  


CHAPV GPe + 
NP-NTD 


  


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


VACCINE 
LUJV  


NHP CHALLENGE 
 


LUJV NP-NTD 


10 
 (TWO GROUPS OF 5) 


 


LUJV GPe  


LUJV GPe +       
NP-NTD 


 


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


 


 


 


 


 


 


 


 


 


VACCINE 
CHAPV  


NHP CHALLENGE 
 


 CHAPV NP NTD 


10 
 (TWO GROUPS OF 5) 


 


CHAPV GPe  


CHAPV GPe + 
NP-NTD 


  


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


VIRUS 


GUINEA PIG 
CHALLENGE 


LUJV 


LUJV NP-NTD 8 


LUJV GPe 8 


LUJV GPe + 
NP-NTD 8 


Control animals 
(NO VACCINE) 8 


TOTALS 32 


 


VACCINE 


GUINEA PIG 
CHALLENGE 


CHAPV 


 CHAPV NP NTD 8 


CHAPV GPe 8 


CHAPV NP + GPe 8 


Control animals 
(NO VACCINE) 8 


TOTALS 32 


 


VIRUS 


MOUSE 
CHALLENGE 


KASOKERO 
VIRUS 


KASV  GnGc 8 


KASV  NP 8 


KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 


TOTALS 32 


 


VACCINE 
KASOKERO  


NHP CHALLENGE 
 


KASV  GnGc 
10 


 (TWO GROUPS OF 5) 


 


KASV  NP  


KASV  GnGc +NP  


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 Table 10: Outline of efficacy studies for LUJV, CHAPV, & KASV Milestone 


1.1.1.D 







cytometry, LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their 
respective role as important correlates of protection in the NHP vaccine model and long-lasting response in 
natural immunity. Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell 
responses and expect responses in vaccinated EVD survivors to be superior to natural immunity.  


Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences) 
then washed. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer 
using an NHP optimized panel of antibodies. 


Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols67, 68. PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 


Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing 
Fixative ) then washed. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer. 


Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 


IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 


Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  


Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 


Milestone 1.1.3.B: Systems serology characterization of arenavirus and nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 







with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  


Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument70, 72. Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 


Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  


ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 


ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 


Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  


Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 


Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  mammarenaviruses62, 73 and orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog74 but is still pathogenic in mice and humans. There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 


 


Specific Aim 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months34-37. 


PREP 
JUNV NHP 


CHALLENGE  


 


5 mg/kg 5  


15mg/kg 5  


Control animals (NO PREP) 5  


TOTALS 15  


 Table 11: PREP schedule outline in 


Milestone 2 







Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  
we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life 
of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D) for testing 
with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant 
IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11) 
Further details are described in Core E. These data will be reviewed by Scientific Advisory Board (SAB) to aid 
decision making around possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 


Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 


Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 


targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 


subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 


the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 


adjusting the requested budgets accordingly after consultation with NIAID and SAB. Please note: Discussion of 


expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 


2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  


Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 


within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by 


quarterly virtual meetings, written quarterly reports and data analysis, and annual meetings with Center 


participants. Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and 


early process development of the MNP-based vaccines will be researched in collaboration with Core 


C and Core D industry experts, and interface with the SAB. As vaccines are regulated by The Center for Drug 


Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities 


will be as per regulatory expectations. Consultation and input from Core D vaccine industrial partners 


(Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated into the 


translational development efforts of the MNP-based Bunyavirus vaccine platform. The expectation in the out 


years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to 


discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal 


strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for 


manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future 


IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings 


will be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” 


pandemic readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, 


ReVAMPP Centers. 


RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 


loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 


Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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A. Significance

Henipaviruses (HNV) and arenaviruses (ARV) are two families of viruses that pose significant global public health 
concerns1-5. HNV, which includes Nipah virus (NiV) and Hendra virus (HeV), has caused outbreaks in Asia and 
Australia, resulting in severe respiratory and central nervous system (CNS) illnesses in humans6-8. These 
infections have been associated with high mortality rates ranging from 40% to 90%4,9-13. Similarly, ARV, such as 
Lassa virus (LASV) and Machupo virus (MACV), can cause severe illness and death in humans, with LASV 
being endemic in West Africa and MACV responsible for Bolivian hemorrhagic fever14-19. The geographical 
distribution and diversity of these viruses make them a global public health threat. While there are some vaccines 
and antiviral drugs available4,13,20,21, there are no licensed treatments specifically targeting these viruses. Thus, 
there is a pressing need to develop new therapies that can effectively neutralize and prevent the spread of these 
viruses. 
Significance of Developing Nanobody Therapy 

The urgent need for effective treatments against HNV and ARV infections, highlighted by the ongoing COVID-
19 pandemic, emphasizes the importance of rapid drug development and innovative antiviral therapies. 
Nanobodies, also known as VHH or single-domain antibodies, derived from camelid animals, offer unique 
advantages that make them promising candidates for antiviral therapy22-25. 
One significant advantage of nanobodies is their inherent stability26-28. Their small size and single-domain 
structure make them highly resistant to denaturation and degradation, allowing them to maintain their binding 
activity under various conditions. Nanobodies also offer ease of engineering. Their single-domain format 
simplifies the modification and optimization of their binding properties. Through techniques such as affinity 
maturation and structure-guided design, nanobodies can be readily engineered to enhance their affinity, 
specificity, and neutralization potency against specific viral targets. This flexibility in engineering enables the 
development of tailored nanobodies with improved therapeutic properties29,30. 
Also, nanobodies exhibit modular characteristics26. Their small size and independent folding domains allow for 
the construction of multi-specific or bi-specific nanobodies, where different specificities can be combined into a 
single molecule31,32. This modularity opens up possibilities for targeting multiple epitopes on viral proteins or 
simultaneously targeting different viral strains, providing enhanced breadth and efficacy in combating HNV and 
ARV infections. 
Combined with their specificity, small size, stability, ease of engineering, and modular nature, nanobodies 
represent a promising approach for developing effective antiviral therapies against HNV and ARV infections.  
Three nanobody development platforms to enhance diversity and coverage 
The use of multiple nanobody development platforms, including camelid animals, nanomice, and low-
immunogenic human nanobody libraries (Fig.1), enhances the diversity and coverage of nanobody libraries, 
increasing the likelihood of identifying potent nanobody candidates. Notably, Dr. Jianliang Xu, a nanobody 
research expert, is the inventor of the “nanomice” platform29, which was commented by Nature News and 
Views that “Just as the development of mice with antibodies containing human variable domains (such as 
Regeneron’s VelocImmune mouse) has helped to deliver the 100th FDA-approved monoclonal antibody, 
perhaps the nanomouse will give nanobody-based 
therapeutics a push in the same direction”33. In 
addition, we have recently cloned the CDR regions 
of human antibodies (IgM, IgD, IgG1-4, IgE, IgA1-2) 
heavy chain from 60 healthy donors of various 
demographic backgrounds, assembled them on 
Ighv3 family framework, and generated a human 
nanobody library that is close to natural human 
antibody heavy chain variable domain. The 
potentially low immunogenicity of such a library will 
enable us to quickly identify nanobody leads that 
need minimum optimization for clinical use. 
The deep sequencing of antigen-specific enriched 
nanobody libraries ensures a comprehensive 
exploration of the nanobody repertoire29, allowing 

Figure 1: Three nanobody development platforms. (A) Camelid 
animals; (B) Nanomouse; (C) Human nanobody phage library. 



for the rapid identification of leads with minimal optimization required for clinical use. This expedited development 
process is critical in responding to emerging viral threats and addressing the urgent need for effective antiviral 
therapies.  
Targeting CNS diseases caused by viral infection 
Nanobodies hold great promise for targeted therapy of CNS diseases as they can efficiently cross the blood-
brain barrier (BBB) due to their small size34-37. To further enhance brain delivery, we have developed a bi-specific 
nanobody strategy by coupling another nanobody that targets TfR138,39, a receptor expressed at the BBB. This 
bi-specific nanobody can cross-react with both human and mouse TfR1, facilitating enhanced cargo delivery to 
the brain. In our upcoming study, we will compare the brain delivery and therapeutic efficacy of un-engineered 
nanobodies with the bi-specific nanobodies using animal models in RP3 and Core E. This study aims to evaluate 
the abilities of these two approaches to effectively penetrate the BBB and deliver therapeutic nanobodies to the 
central nervous system. Through this evaluation, we hope to understand the benefits of utilizing bi-specific 
nanobodies for targeted therapy of CNS diseases caused by HNV and ARV infections. 
Generalizable research strategy 
The significance of developing nanobody therapy extends beyond the four selected prototypic viruses in HNV 
and ARV. By applying and testing the research strategy developed in this project during phase 2 of the project, 
the scope can be expanded to include other members of these viral groups, such as Langya virus (LayV)40, Lujo 
virus (LUJV)41, and Chapare virus (CHAV)42. This approach expands the scope of nanobody-based therapies, 
tackling global health risks from emerging viral diseases. 
B. Innovation 

The study incorporates several innovative aspects in the development of nanobody-based therapies for HNV 
and ARV infections: 

• Utilization of diverse nanobody sources: The study leverages nanobodies derived from camelid animals, 
nanomice, and low-immunogenic human nanobody libraries. This approach expands the repertoire of 
nanobodies available for antiviral therapy development. 

• Targeting viral entry machinery: Nanobodies are employed to target and neutralize viral proteins involved in 
viral attachment and entry. This innovative approach provides a novel avenue to inhibit viral infection at the 
early stages. 

• Integration of structural characterization techniques: The study integrates advanced structural 
characterization techniques such as X-ray crystallography and Electron Microscopy Single Particle Analysis. 
This enables a detailed understanding of nanobody epitopes and viral neutralization mechanisms, facilitating 
the rational design of nanobody-based therapies. 

• Development of BBB-penetrating nanobodies: The study focuses on designing nanobodies with the ability to 
penetrate the BBB, enabling effective targeting of the central nervous system. This is particularly relevant for 
combating the severe neurological manifestations associated with HNV and ARV infections. 

• Generalizable research strategy: The research strategy developed in this study can be applied to other 
members of the HNV and ARV viral groups, such as Langya virus, Lujo virus, and Chapare virus. This 
expands the potential impact of nanobody therapies to address a broader range of emerging viral diseases. 

• Deep sequencing for comprehensive coverage: The study utilizes deep sequencing to ensure 
comprehensive coverage of antigen-specific enriched nanobody libraries. This approach facilitates the rapid 
identification of potent nanobody leads with minimal optimization required for clinical use. 

• Rapid and efficient therapy development: By leveraging the advantages of nanobodies and employing a well-
designed research strategy, the study aims to rapidly and efficiently develop nanobody-based therapies. This 
contributes to the field of antiviral research and addresses the urgent need for effective treatments against 
HNV and ARV infections, thereby enhancing public health protection. 

C. Approach 

Scientific Premise: Our hypothesis is that nanobodies targeting viruses' key entry machinery can effectively 
inhibit virus infection. By utilizing structure-based analysis and rational design, we can enhance the efficacy of 
nanobody therapy by increasing its potency and breadth. Through the design of bi-specific nanobodies coupled 
with brain receptor-mediated transcytosis, we aim to enhance their ability to penetrate the blood-brain barrier, 
thus effectively combating central nervous system diseases caused by HNVs and ARVs. 



Aim 1: To identify cross-reactive nanobodies to HNVs. 
Rationale and Preliminary Data:  
Envelope fusion glycoprotein F and the attachment 
glycoprotein G of Hendra virus (HeV) and Nipah virus (NiV) 
play crucial roles in host cell receptor engagement and 
membrane fusion, making them the main targets of 
neutralizing antibodies43-46. The high degree of similarity, 
approximately 80-90%, between the glycoproteins of HeV 
and NiV presents an attractive opportunity to identify cross-
reactive neutralizing nanobodies capable of providing 
broad protection against both viruses1,47-49. To achieve this 
goal, we conducted immunization experiments using four 
groups of nanomice, with each group consisting of four 
mice. The mice were immunized with soluble F and G 
proteins of HeV and NiV, namely HeV_sF, HeV_sG, 
NiV_sF, and NiV_sG. These proteins, designed by Dr. Kai 
Xu and Dr. Christopher Broder's group, served as the 
immunogens43,50,51 (Fig. 2A). 
Following four injections in the nanomice, we observed 
various levels of serum antibody responses against all four 
immunogens, as depicted in Figure 2B for F proteins (data 
for G proteins not shown). To validate our approach, we 
isolated RNA from the bone marrow and spleen of mice 
immunized with NiV_sF and constructed nanobody phage 
libraries. Through a series of three rounds of phage panning using NiV_sF, subsequent individual colony picking, 
ELISA screening, and Octet affinity validation, we successfully identified several nanobody binders specific to 
NiV_sF. Of particular significance, one of the identified nanobodies, NiV_sF_Nb9, exhibited the ability to bind 
not only to NiV-sF protein but also to HeV-sF protein (Fig. 2C). This finding suggests that NiV_sF_Nb9 
recognizes an epitope shared by the F proteins of both NiV and HeV. The results obtained from these 
experiments clearly demonstrate the potential of nanomice as a convenient and efficient model for the 
development of nanobodies. Consequently, we are confident in our ability to identify nanobodies against other 
F/G proteins of HeV and NiV using the same approach applied to the immunized mice. 
In addition to the nanomice immunization strategy, we 
have also made significant progress using a human 
library version 1.0 (Fig. 1C) for screening purposes. 
Notably, we sequentially screened this human 
nanobody library with spikes of omicron variants 
(BA.4/5, BA.1) and WA-1, leading to the enrichment of 
numerous nanobody candidates. Among them, nine 
nanobodies exhibited binding affinity to the receptor-
binding domain (RBD) of BA.4/5, BA.1, WA-1, SARS, 
and WIV16, indicating their ability to recognize a range 
of sarbecoviruses (Fig. 3). Importantly, all nine of these 
human nanobodies demonstrated potent neutralization 
against WA-1, and five of them exhibited cross-
neutralization of Omicron subvariants (BA.4/5, BQ.1.1, 
XBB.1), SARS1, and Bat-WIV1. These results underscore the power and versatility of the human nanobody 
library platform, which holds significant potential for targeting various other antigens. 
Experimental Design:  
To expand our search for cross-reactive nanobodies against HeV and NiV glycoproteins, we will immunize 
additional groups of nanomice sequentially with either HeV or NiV F or G proteins. Each group will serve as a 
source for constructing in vivo matured nanobody phage libraries, using bone marrow, spleen, and/or peripheral 
blood mononuclear cells (PBMCs). These libraries will undergo sequential screening with HeV and NiV F or G 
proteins to identify nanobodies that exhibit cross-recognition of the F or G proteins of both viruses. To ensure 

Figure 3: SARS-CoV-2 neutralizing nanobodies identified 
by human nanobody library. Neutralization IC50 (ug/ml) of 9 
human nanobodies against various pseudotyped 
sarbecoviruses.  

 
Figure 2: Nanomouse immunization and NiV_sF_Nb9 
characterization. (A) Nanomouse immunization scheme. 
(B) HNV F proteins immunized nanomice serum response 
to the respective immunogen determined by ELISA; (C) 
Binding of NiV_sF_Nb9 to NiV_sF and HeV_sF 
determined by Octet. 



comprehensive coverage of potential binders, we will employ a two-pronged approach. Firstly, we will randomly 
pick colonies from the libraries, and secondly, we will subject the enriched libraries to deep sequencing using 
the MiSeq platform. This approach will enable us to identify nanobody candidates from all complementarity-
determining region 3 (CDR3) families. Subsequently, we will assess the target specificity of individual 
nanobodies through enzyme-linked immunosorbent assay (ELISA). Moreover, the neutralization activity of the 
identified nanobody candidates will be evaluated using RP2 assays. 
While nanomice have proven to be valuable for generating in vivo matured nanobodies, it is important to consider 
the potential immunogenicity associated with animal-derived nanobodies. Therefore, in parallel with the 
nanomice immunization strategy, we will also screen for F or G protein binders using a human nanobody library. 
By utilizing the human nanobody library, we can significantly minimize the risk of immunogenicity and obtain 
nanobody candidates that are better suited for therapeutic testing in human subjects. 
1.1: Nanomice immunization. Four groups of 
nanomice have already been immunized with 
soluble HNV F and G separately. Our preliminary 
data showed that almost all mice developed good 
immune response after 3 injections. We will next 
immunize 2 more groups, 8 mice each, sequentially 
with HNV F or G proteins (Fig.4). Injections (i.p.) will 
be performed at 3 weeks interval to allow more time 
for mouse immune system to react to each 
immunization. Specifically, for F proteins, mice will be immunized with HeV_sF at week 0, 3, 6, NiV_sF at week 
9, 12, and a mixture of HeV_sF and NiV_sF at week 15, followed by a final boost (i.v.) with HeV_sF and NiV_sF 
mixture 3 days later. Bone marrow, spleen and PBMCs will be harvested 3 days after the final i.v. injection. 
HeV_sG and NiV_sG proteins immunization will follow the same scheme. Test blood/serum will be collected one 
week after each injection except for the first and last two injections, and serum antibody response to F or G 
proteins will be monitored by ELISA. The same serum will be used for HNV neutralization test by RP2.  
1.2: Nanobody phage library construction. We 
have extracted RNA from bone marrow and 
spleen from NiV_sF immunized mice, 
constructed nanobody phage library, screened 
for NiV_sF binders, and identified NiV_sF_Nb9 to 
be NiV_sF and HeV-sF cross binder (Fig.2). We 
will complete the nanobody phage library 
construction for all immunization groups and 
perform sequential screening to identify cross 
binders. Specifically, total RNA will be extracted 
from bone marrow, spleen and PBMCs from the 
best responding mice based on ELISA and 
neutralization test results. Two-step PCR will be 
performed to amply VHH-DJ (nanobody sequence) from the matured heavy chain-only IgG1 mRNA molecules 
(Fig. 5). First, we will amplify VHH-DJ-CH2 domain from IgG1 using 30 forward primers aligning to the leading 
exons of 30 VHH genes and one reverse primer aligning to CH2 sequence of IgG1. Next, a mixture of 30 forward 
primers aligning to 5’ end of individual VHH exon and 4 reverse primers aligning to JH1~4 will be used to amplify 
nanobody sequences, which will be cloned to pMES4 phagemid and subsequently transformed to TG1 E.coli 
cells. 
1.3: Screening nanobody libraries for HNV F/G binders. We will produce phages expressing individual 
nanobodies fused to their coat protein by infecting TG1 cells with VCSM13 helper phages. To identify nanobodies 
that recognize both HeV_sF and NiV_sF, libraries from F proteins immunized mice will be sequentially screened 
with HeV_sF and NiV_sF proteins in wells of 96-well Maxisorp plate; to identify nanobodies that recognize both 
HeV_sG and NiV_sG, libraries from G proteins immunized mice will be sequentially screened with HeV_sG and 
NiV_sG proteins. Multiple rounds of screening (phage panning) will be performed to ensure ideally over 100 
times elution of phages from F or G protein coated wells than control wells (Fig. 6A). For each TG1 cell sub 
library from single or sequential F or G protein screening, 96 ~192 individual colonies will be picked and cultured 
in deep-well plates. Nanobodies (fused to phage coat protein pIII) induced by IPTG will be extracted from 

 
Figure 5: Nanobody phage library construction with nested PCR.  

 
Figure 4: Nanomice sequential immunization scheme for HNV 
F proteins. 



periplasmic region of TG1 cells and tested for binding to HNV F 
or G proteins by ELISA. Phagemid of ELISA positive clones will 
be extracted and Sanger sequenced, and then transformed into 
WK6 E.coli cells to produce individual nanobodies (monomer, 
13 kDa). In addition, sub libraries will be deep sequenced (Fig. 
6B) and nanobody sequences analyzed as described before29. 
Nanobodies will be clustered based on their CDR3 differences 
and cross checked with the sequences of ELISA-positive 
clones. Representative unique nanobodies from each CDR3 
class will be codon optimized and synthesized, cloned into 
pMES4 phagemid, and nanobodies will be produced in WK6 
cells. We will perform step 1.3 with our newly designed and 
constructed human nanobody library to identify less 
immunogenic nanobodies against HNV F and G protein.  
1.4: Nanobody binding validation and neutralizing activity 
assessment. To validate the binding of nanobodies to HNV 
F/G proteins, we will employ two methods: ELISA and Octet 
Bio-Layer Interferometry (BLI) affinity analysis. ELISA will allow 
us to determine the binding of nanobodies to the target proteins, 
while Octet BLI will provide detailed information on affinity. 
Additionally, we will perform Octet epitope binning assays using 
available F/G antibodies to map the epitopes recognized by the 
nanobodies. Furthermore, we will assess the neutralizing 
activity of the identified nanobodies with the neutralization 
assay developed by RP252,53. These comprehensive analyses 
will enable us to evaluate the binding specificity, affinity, and 
neutralizing capability of the nanobodies. We will further select 
representative neutralizing nanobodies for structural analysis 
(Aim 3) and consider various engineering approaches such as 
Fc conjugation and multimerization (Aim 4) to further optimize 
the properties and efficacy of the nanobodies. 

Expected results, potential pitfalls and alternatives:  
We expect to be able to produce 5-10 HNV F or G nanobodies that either specifically recognize and neutralize 
HeV or NiV, or cross-bind to HeV and NiV proteins and cross neutralize the two viruses. We also expect to 
identify nanobodies with novel epitopes compare to currently available human antibodies.  
Based on our success in identifying HeV_sF and NiV_sF cross binder (NiV_sF_Nb9 from nanomouse 
immunization) and SARS-CoV-2/SARS/WIV1 cross neutralizers (hNb3, 6, 17, 18 and 31 from human nanobody 
library screening), we do not anticipate any major technical or methodological pitfalls. While we have high 
expectations for our study, there are potential pitfalls that we need to consider. One challenge could be the 
limited number of nanobody candidates that meet our criteria, particularly if their affinity or neutralizing activity is 
not optimal. In such cases, we have a strategy in place to perform in vitro PCR-based CDR maturation to 
generate nanobody variants with improved properties. Additionally, there is a possibility that our efforts to identify 
HNV F or G cross binders/neutralizers using nanomice or the human nanobody library may not yield satisfactory 
epitope diversity. To overcome this limitation, an alternative approach would involve immunizing camelid animals 
and applying the same selection and screening processes to identify target-specific nanobodies.  
Aim 2: Identification of nanobodies to ARVs.  

Rationale and Preliminary Data:  
The surface of LASV and MACV virions is covered by the heavily glycosylated trimeric type-1 fusion glycoprotein 
precursor (GPC)54-57. The GPC trimer consists of receptor-binding GP1, fusion machinery GP2, and the 
associated stable signal peptide (SSP)57-62. The extensive glycan shield on GP1 and GP2 poses a challenge for 
the immune system to generate a robust GPC-directed antibody response, resulting in weak and inconsistent 
neutralizing antibody development during natural infection63-67. Only a few LASV-neutralizing antibodies have 
been isolated from convalescent patients to date68. While LASV GPC has shown neutralizing response in rabbit 

 
Figure 6: Phage screening, sanger sequencing, 
and MiSeq sequencing. (A) Nanobody phage 
screening strategy. (B) MiSeq sequencing library 
preparation. 1st round PCR will attach MiSeq F/R 
sequences to nanobodies, and 2nd round PCR will 
introduce P5/P7 adaptors to amplicon 5’ and 3’ ends. 



and guinea pig studies, serum neutralization has not been achieved 
in mouse models69-71. In contrast, MACV neutralizing antibodies 
have been successfully isolated from GPC immunized mice72. 
However, there are currently no FDA-approved treatments or 
vaccines for LASV or MACV infections. In our study, we aim to 
leverage the small size of nanobodies to develop glycan shield-
penetrating neutralizing nanobodies against LASV and MACV.  
In our experiments, we immunized 8 nanomice with a stabilized 
LASV GPC trimer, following a modified scheme. We performed an 
intravenous boost injection on day 45 and harvested bone marrow 
and spleen on day 48. With one mouse accidentally died on day 46, 
7 mice remain. Over time, 6 out of 7 mice developed an antibody 
response against GPC, reaching their highest titers on day 48 
(Fig.7). Importantly, the serum from nanomouse #3 on day 48 showed weak but detectable neutralization activity 
against LASV Josiah strain. These findings demonstrate the potential of nanomice as a valuable model for 
developing neutralizing nanobodies against LASV and MACV. 
Experimental Design:  
We will construct nanobody phage library using the top responders from the LASV immunized nanomice, with a 
particular focus on nanomouse #3 due to its detectable neutralization activity. We will immunize nanomice with 
alternative versions of soluble stabilized trimeric LASV GPC and MACV GPC proteins provided by RP1 and 
construct in vivo matured nanobody phage libraries. These libraries and the human nanobody library will be 
screened with GPC proteins to identify nanobody binders. Individual nanobodies will be assessed for target 
specificity by ELISA and Octet, and neutralization activity of nanobody candidates will be evaluated by RP1. 
2.1: Nanomice immunization and nanobody phage library construction. In our previous LASV GPC 
immunization attempt, 1 out of 8 nanomice developed serum neutralization titer at day 48. We will immunize two 
groups of nanomice separately with LASV GPC or MACV GPC designed by RP1 with slightly modified 
immunization regimen. For both LASV and MACV, injections (i.p.) will be performed once every 3 weeks, and 
test blood/serum will be collected one week after each injection except for the first injection. Serum antibody 
response to GPC proteins will be monitored by ELISA and send to RP1 for neutralization test. Immunization (i.p.) 
will stop until serum neutralization titer is observed, or the 6th injection is performed on week 15. Three days after 
a final boost (i.v.), bone marrow, spleen and PBMCs will be harvested for nanobody phage library construction 
following the same strategy listed in Aim1.  
2.2: Screening nanobody libraries for LASV GPC or MACV GPC binders. Nanobody phage library screening 
using LASV GPC or MACV GPC will be performed for multiple rounds until the ideally 100:1 ratio of eluted 
phages from coated vs uncoated wells is achieved. We will carry out random colony picking followed by ELISA 
and Sanger sequencing, as well as Miseq for comprehensive analysis of enrich sub libraries. Same screening 
will be applied to human nanobody library too. 13 kDa nanobody candidates will be produced in WK6 cells for 
further tests.  
2.3: Nanobody binding analysis and neutralizing activity assessment. Individual nanobodies will be 
validated using ELISA and Octet assays to confirm their interaction with GPC proteins. Precise affinity will be 
measured by BLI method. Epitope competition mapping and binning will be performed using known 
human/mouse GPC antibodies. Nanobodies with positive binding will be evaluated for neutralization activity by 
RP1. 
Expected results, potential pitfalls and alternatives: We expect to be able to produce 5-10 LASV or MACV 
neutralizing nanobodies targeting GPC proteins. The monoclonal antibodies that are currently known to have 
LASV neutralizing activity are categorized into four competition groups: GP1-A, GPC-A, GPC-B, and GPC-C68. 
We expect to identify LASV neutralizing nanobodies lie within these 4 groups. Given the small size of nanobodies 
and their potential to target hidden epitopes, we also expect to identify novel epitopes of vulnerability on LASV 
and MASC GPC surface. Even though the immunogenicity of LASV GPC seems to be very poor in mouse, 
nanomouse #3 developed serum neutralizing response to LASV Josiah strain. Furthermore, a nanobody 
neutralizer D5 was identified by screening the same LASV GPC with a naïve llama nanobody library69. Therefore, 
we do not anticipate any major technical or methodological pitfalls with nanomouse and human nanobody library 
platforms. However, if we are unsuccessful at isolating LASV/MACV binders and neutralizers using nanomice or 

 
Figure 7: Antibody response aginst LASV 
GPC in immunized nanomice sera. 



human nanobody library, we will immunize camelid animals instead. We have a standing by llama from 
Capralogics Inc. ready for immunization. In the past a few years, we have immunized this animal with HIV 
envelop trimer, SARS-CoV-2 spike and HMPV F proteins, and all three studies led to the identification of potent 
nanobody neutralizers against these virus targets. We expect this llama will perform well against LASV and 
MACV. If our selected nanobody candidates are less-than-optimal, in vitro PCR-based CDR maturation will be 
performed and nanobody variants with improved activity will be screened. 
Aim 3: Structural characterization.  
Rationale and Preliminary Data.  
Dr. Kai Xu is a distinguished researcher with a proven track 
record in the structural determination of Henipavirus (HNV) 
glycoproteins and their complexes with receptors and 
monoclonal antibodies50,73-75. Notably, he achieved a 
significant milestone by determining the first crystal structures 
of the Nipah virus (NiV) G protein head domain and NiV F 
protein in the prefusion conformation (Fig.8). Moreover, Dr. Xu 
possesses exceptional expertise in designing HNV protein 
constructs that faithfully present their native conformation43,74. 
This capability enables him to create accurate representations 

of HNV glycoproteins, facilitating a deeper understanding of their functional 
properties and enabling investigations into their interactions with receptors 
and antibodies51,76,77. With his comprehensive skill set in protein design and 
structural determination, Dr. Xu stands as a leading authority in the field of 
HNV research.  
Our proposed research is driven by the need to present the native 
conformation of viral antigens, which is essential for antigenicity, 
immunogenicity, and the induction of protective immune responses. 
Glycoproteins of HNVs and ARVs are particularly prone to conformational 
flexibility, resulting in sample heterogeneity. To overcome this challenge, 
our preliminary data demonstrate the feasibility of creating viral antigens 
that display their native protein conformation. We have successfully 
stabilized viral antigens in their native states by designing prefusion 
conformation stabilizing mutations and incorporating specific stabilizing 
tags, such as GCNt and GCN4, to F and G proteins, respectively50,73 
(described in RP1, 2 and Core D). This stabilization approach has been 
validated through structural analysis (Fig.9), biochemical and biophysical 
characterization, and functional assessments, including receptor binding 
and the induction of neutralizing antibody responses. 
Additionally, we have extensive experience in determining high-resolution 

structures of nanobodies in complex with viral antigens, such as SARS-CoV-2 spike proteins29 (Fig.10). 
Leveraging advanced structural and functional 
characterization techniques such as X-ray crystallography, 
cryo-electron microscopy, and binding assays, we aim to 
unravel the detailed structural features and functional 
properties of the native-like viral antigens. This 
comprehensive understanding will provide critical insights 
into the interactions between antigens and antibodies, as 
well as the mechanisms of immune recognition. Ultimately, 
this knowledge will guide the rational design of effective 
vaccines and therapeutics targeting viral infections.  
Experimental Design:  
Our experimental design aims to understand how 
nanobodies neutralize HNV and ARV viruses by analyzing 
their structure and interactions. Using X-ray crystallography 

 
Figure 8: Structures of NiV G and F glycoproteins 
by X-ray crystallography. (A) NiV G head domain; (B) 
NiV F in the native prefusion conformation. 
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Figure 9: Validation of HNV F and G 
protein used in this study by EM 
single particle analysis. (A) 
Orthogonal views of HNV F protein 
cryo-EM 3D reconstruction at 2.5 A 
resolution; (B) 2D analysis of HNV G 
protein tetramer. 
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Figure 10: Cryo-EM single particle analysis of broadly 
protective nanobody against SARS-CoV2. 2.6 
Angstrom high-resolution cryo-EM map (left) and 
structural model (right) of nanobody in complex with 
SARS-CoV2 spike protein. Nbs are in color blue. 



and EM methods, we will determine the structures of nanobody-viral glycoprotein complexes, providing insights 
into their binding. Additionally, we will employ structure-based mutagenesis techniques to investigate the impact 
of specific mutations on viral entry and neutralization in RP1 and 2. By combining these approaches, we will 
gain detailed knowledge of nanobody epitopes and their interactions, contributing to the development of antiviral 
therapeutics for HNV and ARV. 
3.1. Structural basis of nanobody cross-neutralization of both NiV and HeV. To determine the structure of 

the NiV or HeV F or G protein complexed with cross-
neutralizing nanobodies, a series of steps will be 
undertaken. Initially, the NiV and HeV F and G proteins will 
be prepared in their native prefusion conformation by Core 
D. Subsequently, the purified nanobodies will be incubated 
with the F or G proteins to form stable complexes, 
optimizing the incubation conditions. High-resolution 
structures of the F or G protein complexes bound to the 
cross-neutralizing nanobodies will be determined using 
both X-ray crystallography and cryo-EM single particle 
analysis. Epitope analysis, including sequence analysis to 
identify conserved regions between the NiV and HeV F 
proteins, will provide insights into the potential 
neutralization mechanism. Additional experiments, such as 
site-directed mutagenesis, binding assays, and functional 
studies, will be conducted to validate the interaction 

between the nanobodies and the F proteins, confirming the importance of specific residues and regions identified 
in the structural analysis. Notably, a negative stain electron microscopy (ns-EM) analysis of a cross-neutralizing 
nanobody targeting both HeV and NiV G protein head domain has been performed, employing a compatible 
monoclonal antibody hAH1.3 to enhance particle 2D alignment (Fig.11A) and 3D reconstruction (Fig. 11B). This 
study demonstrates the feasibility of obtaining high-resolution cryo-EM structures. Ultimately, this study will yield 
crucial insights into the molecular mechanisms of neutralization and facilitate the development of effective 
antiviral therapies against HNVs. 
3.2. Structural analysis of LASV or MACV GPC proteins in complex with neutralizing nanobodies. The 
arenavirus glycoprotein precursor (GPC) proteins are key components of the viral envelope and play a crucial 
role in the entry and infection process of arenaviruses78-80. Arenaviruses are a family of RNA viruses that can 
cause severe diseases in humans, including hemorrhagic fevers81,82. The GPC proteins are synthesized as a 
single polypeptide chain, which undergoes post-translational processing to generate mature glycoproteins. The 
mature glycoproteins consist of two subunits, GP1 and GP2, that are responsible for receptor recognition and 
membrane fusion, respectively. The GP1 subunit is involved in receptor binding and determines the host tropism 
of the virus, while the GP2 subunit mediates membrane fusion between the viral envelope and host cell 
membrane. The GPC proteins are highly immunogenic and are targets for neutralizing antibodies. Understanding 
the structure and function of ARV GPC proteins is essential for developing effective antiviral strategies and 
vaccines against arenavirus infections. To investigate the structure of LASV and MACV GPC complexed with 
nanobodies using EM and X-ray crystallography, the experimental procedure involves preparation of stabilized 
GPC constructs, such as GPCysR4 and GPCysRRLL by Core D58,83,84. These constructs, developed with specific 
mutations, have been extensively used in structural studies of GPC-neutralizing antibodies. The purified GPC 
constructs are then mixed with the nanobodies of interest to form stable GPC-nanobody complexes. Cryo-EM 
analysis is performed by preparing cryo-EM grids, imaging them using a cryo-electron microscope, and 
generating a 3D reconstruction of the complex. X-ray crystallography is employed to crystallize the GPC-
nanobody complex, collect diffraction data, and determine the crystallographic structure. The obtained structures 
are analyzed to identify nanobody-viral glycoprotein interactions and understand neutralization mechanisms. 
This combined approach provides valuable insights into the complex structures and guides the optimization of 
nanobody-based antiviral strategies. 
Expected results, potential pitfalls and alternatives:  
We anticipate that our research efforts will result in the generation of high-resolution structures of nanobody-
antigen complexes, providing detailed insights into the precise epitope information and neutralization 
mechanisms. However, obtaining high-quality crystals suitable for X-ray analysis can be a challenging task. We 
are aware that extensive optimization of crystallization conditions may be necessary to promote crystal formation. 

Figure 11: Anti-HeV-G nanobody epitope mapping by 
ns-EM analysis. (A) 2D classification; (B) 3D 
reconstruction showing a ternary complex of HeV-G head 
domain with a murine neutralizing antibody hAH1.3 and a 
nanobody nb25. 



To overcome this potential pitfall, we will employ various strategies and screening methods to enhance crystal 
quality and obtain the desired structural information. The conformational flexibility and heterogeneity of viral 
antigens and their complexes pose another challenge. In such cases, cryo-EM SPA can serve as a valuable 
alternative to X-ray crystallography. Through the application of computational algorithms, we can classify 
different particle conformations and extract high-resolution structural information from cryo-EM data. This 
approach will provide valuable insights into the structural features and dynamics of the viral antigens, despite 
their inherent flexibility. While our GPC stabilization strategy is primarily derived from LASV antigens, it may not 
be equally effective for MACV antigens due to their distinct structural and stability characteristics. As an 
alternative approach, we propose co-expressing MACV GPC with specific antibodies or nanobodies that can 
assist in stabilizing the native conformation of the antigens. This co-expression strategy will enhance the 
structural integrity of MACV antigens, enabling their characterization using various structural biology techniques. 
Aim 4: Enhancing efficacy and CNS bioavailability of nanobodies.  
Rationale and Preliminary Data.  

Our aim is to enhance the therapeutic efficacy of nanobodies through engineering strategies. We will achieve 
this by extending the half-life of nanobodies, enhancing their interaction with immune effector cells, and 
increasing their binding avidity and neutralization potency. In addition, we will focus on improving the therapeutic 
effectiveness and availability of nanobodies within the CNS. The BBB presents a challenge in delivering 
therapeutic substances to the brain and spinal cord85,86. This barrier, formed by specialized brain capillary 
endothelial cells, tightly regulates the passage of molecules into the CNS, limiting the transport of drugs and 
antibodies87-89. Nanobodies, with their small size, show promise for targeted therapy of CNS diseases as they 
have demonstrated the ability to cross the BBB in recent studies34-37. In Aim 4, our research focuses on 
enhancing the therapeutic effectiveness and availability of nanobodies within the CNS, specifically for addressing 
viral infections that affect the CNS. We propose utilizing receptor-mediated transcytosis (RMT) as a strategy to 
facilitate the transport of nanobodies across the BBB90,91. RMT has emerged as a promising approach for 
delivering biologics, including antibodies, to the CNS92. RMT involves targeting specific receptors or transporters 
on brain capillary endothelial cells to enhance the uptake of nanobodies into the CNS. By engineering bi-specific 
nanobodies to selectively bind to these receptors or transporters, we can improve their transport across the BBB. 
Our goal is to optimize the targeting and transcytosis efficiency of nanobodies through RMT, thereby improving 
their delivery and distribution within the CNS. This optimization will ultimately enhance the therapeutic efficacy 
of nanobodies in combating viral infections and CNS-related diseases. 
Experimental Design:  
4.1. Generate nanobody Fc-fusion and tri-
valent nanobodies: In our previous study 
focusing on SARS-CoV-2 nanobody therapy 
development, we successfully implemented two 
crucial engineering strategies: Human IgG1 Fc 
fusion and nanobody multimerization29 (Fig.12). 
These strategies have shown significant 
advancements in improving the effectiveness of 
nanobody-based therapeutics. 
To extend the half-life of nanobodies, we 
incorporated Human IgG1 Fc fusion through a 
flexible hinge region (Fig.12A). This fusion 
strategy substantially increased the duration of 
nanobody activity within the body by improving 
their stability and protection against 
degradation. The Fc region of the antibody 
played a crucial role in enhancing the 
therapeutic effect by providing enhanced 
durability. Furthermore, we designed nanobody 
multimers, specifically tri-valent structures, to 
enhance the binding affinity (Fig.12B) and 
neutralization potency of the nanobodies (Fig.12C and D). The multimeric arrangement allowed for stronger and 

Figure 12: Fc fusion and multimerization improve potency of nbs 
against SARS-CoV2. (A) Diagrams show nanobody monomers, dimer, 
and trimers (fused to human IgG1 Fc) (B). Comparison BLI binding of 
monomer and trimer binding 1000x affinity improvement due to avidity. 
(C). Neutralization shows of SARS-CoV-2 pseudovirus by various nbs 
and multimers. (D). Table summarizes pseudovirus neutralization 
potency of selected nanobodies. Values given in molarity and ng/ml. 
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more effective binding interactions with the target viral proteins, leading to improved neutralization of the virus 
and ultimately enhancing the therapeutic efficacy of the nanobodies.  
Our experimental strategy involves extending the half-life and enhancing the therapeutic efficacy of our top 
nanobody candidates through the generation of nanobody Fc-fusion proteins and tri-valent nanobodies. To 
extend the half-life, we will fuse the Fc region of IgG1 to the nanobodies using either the human or mouse IgG1 
hinge region or the llama IgG2a hinge region, taking advantage of the FcRn-mediated recycling process and 
stability conferred by these hinge regions, respectively. For the generation of nanobody trimers, we will design 
rational linkers based on structural information of viral glycoproteins and the approaching angle of nanobody 
recognition. This will ensure proper orientation and spatial arrangement of the nanobodies within the trimeric 
structure, leading to increased avidity, binding affinity, and improved target engagement. By implementing these 
strategies, we aim to enhance the stability, therapeutic potential, and neutralization potency of our nanobodies, 
ultimately contributing to the development of more effective therapeutic interventions against viral infections. 
4.2. Design multi-specific nanobodies by combining nanobodies with non-overlapping epitopes: In this 

aim, we will design nanobodies that target distinct and non-
overlapping epitopes on the viral glycoproteins. These 
nanobodies will be linked together in a tandem fashion to 
create a synergistic effect, enhancing their overall binding 
affinity and neutralization potency against the target viruses. 
The design of these multi-specific nanobodies will involve 
careful consideration of the orientation and flexibility of the 
linker regions, ensuring optimal cooperative binding 
properties. Through this approach, we aim to create a robust 
and comprehensive neutralizing response against viral 
infections, ultimately advancing the development of more 
effective therapeutic interventions. (Fig.13A) 

4.3. Design Bi-specific nanobody by coupling with TfR1-targeting specificity to facilitate CNS delivery: 
In this aim, we will explore the incorporation of TfR1-specific nanobodies to enhance the delivery of nanobodies 
to the CNS (Fig.13B). The high expression of TfR1 on the blood-brain barrier makes it an attractive target for 
facilitating CNS delivery. To improve the penetration of nanobodies across the blood-brain barrier and enhance 
their bioavailability within the CNS, we will design bi-specific nanobodies by genetically fusing our candidate 
nanobodies against highly pathogenic neurotropic HNVs or ARVs with TfR1-specific nanobodies. By combining 
the targeting specificity of both nanobodies, we aim to achieve enhanced CNS delivery and therapeutic efficacy. 
We will evaluate several published TfR1-specific nanobodies, including FC5, a camelid single-domain antibody 
with known sequence93. FC5 has demonstrated the ability to transcytose across the blood-brain barrier and 
effectively deliver bioactive molecules to the CNS36,94,95. With its cross-reactivity across species and strong 
binding affinity to brain endothelial cells, FC5 holds promise for enhancing the CNS delivery of our nanobodies. 
4.4. Efficacy test in both in vitro neutralization assay and animal studies. We will assess the efficacy of the 
original nanobodies identified in aims 1 and 2 and compare them with the engineered nanobodies in both in vitro 
neutralization assays and animal studies. Our goal is to evaluate the performance of the engineered nanobodies 
and determine their potential for therapeutic applications. The in vitro neutralization assays will assess the ability 
of the nanobodies to neutralize the target viruses, providing valuable insights into their antiviral potency. By 
measuring the reduction in viral replication or the inhibition of viral entry, we can determine the neutralization 
potency of the nanobodies. This will provide valuable insights into their antiviral activity and effectiveness. To 
further evaluate the efficacy of the nanobodies in vivo, we will utilize the rCedV-NiV-B chimera mouse model at 
the Uniformed Services University (USU) in RP3 for HNVs, as well as animal models of ARVs developed at the 
University of Texas Medical Branch (UTMB) in Core E. These animal models will allow us to assess the 
therapeutic efficacy of the original and engineered nanobodies in terms of nanobody brain delivery efficiency, 
viral load reduction, disease progression, and overall survival rates. By comparing the outcomes between the 
two groups, we can determine the superiority of the engineered nanobodies in terms of therapeutic effectiveness. 
Through these comprehensive in vitro and in vivo evaluations, we aim to demonstrate the improved efficacy of 
the engineered nanobodies compared to the original nanobodies. This assessment will provide crucial data for 
further development and optimization of nanobody-based therapeutics targeting HNVs and ARVs, with the 
ultimate goal of improving patient outcomes and combating viral infections. 
Expected results, potential pitfalls and alternatives:  

  
 
Figure 13: Bi-specific and multi-specific nanobody 
engineering. (A) Combination of epitope specificities to 
enable synergy, (B) Bi-specific nb with TfR1 specificity 
to improve brain targeted delivery.  
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We anticipate that the design of tandemly linked nanobodies will result in enhanced neutralization potency and 
viral inhibition. The incorporation of a hinge and Fc region is expected to improve the half-life and stability of 
nanobodies, increasing their therapeutic potential. Coupling with TfR1-specific nanobodies is likely to improve 
brain delivery efficiency. However, potential pitfalls of using VHH FC5 as bi-specific nanobodies include short 
half-life due to susceptible to proteolytic degradation, thus limiting its development for clinical use. Alternative 
strategies, such as utilizing alternative receptor targeting or seeking to identify an antibody that binds to the same 
epitope, but that is derived from a fully human antibody library and has the requisite properties for clinical 
development, will be explored if necessary. Overall, these enhancements in efficacy and CNS bioavailability of 
nanobodies will significantly contribute to the development of potent antiviral therapies against CNS infections. 
Aim 5: Expanding to other members of the viral groups. 
Rationale 
Building upon the valuable insights and progress achieved in Aims 1-4, Aim 5 aims to expand our nanobody-
based therapeutic approach to target other members of the HNV and ARV in the 2nd phase of this project. This 
expansion is based on the premise that the knowledge gained from studying NiV, HeV, LASV, and MACV can 
be extrapolated to other related viruses within these groups.  
Experimental Design:  
5.1. Langya virus: Langya virus (LayV) is a newly 
emerged member of the Henipavirus (HNV) family 
that has been linked to respiratory illness in 
humans40,96. LayV shares a close genetic 
relationship with Nipah virus and Hendra virus, both 
of which are known to cause severe disease in 
humans. To develop effective nanobody therapies 
against LayV infection, we have successfully 
generated native viral glycoprotein antigens by 
design, specifically the G and F glycoproteins (Fig. 
14). By following our established research strategy, 
we will utilize nanobody development platforms, 
employ structural characterization techniques, and implement optimization approaches to identify nanobodies 
with protective properties against LayV. This process will involve evaluating the selected nanobodies with the 
neutralization assay and the animal disease model developed in collaboration with RP2 and Core E, and ready 
during the phase 2 of this project. These efforts will not only contribute to development of nanobody-based 
therapies targeting LayV but also demonstrate the plug-and-play nature and rapid generalizability of our research 
strategy. By successfully applying our established approach to a newly emerged member of the Henipavirus 
family, we will showcase the versatility and effectiveness of our methodology in identifying and optimizing 
nanobodies against emerging viral pathogens. This will have broader implications for future studies on other viral 
infections, as our research strategy can be readily adapted and applied to different viral targets. 
5.2. Lujo virus and Chapare virus: In our continued research, we will apply a similar strategy to the one used 
in Aim 2-4 for Lujo virus (LUJV)41,97,98 and Chapare virus (CHAV)42,99,100, which are closely related to the prototype 
LASV and MACV Arenaviruses. This strategy involves stabilizing the glycoprotein complex (GPC) using existing 
mutation designs transferred from LASV, isolating nanobodies specific to LUJV and CHAV, and performing 
structural characterization. By leveraging the knowledge and techniques gained from previous aims, we aim to 
identify nanobodies that can effectively neutralize LUJV and CHAV. 
Expected results, potential pitfalls and alternatives:  
We anticipate that our research strategy, combined with the knowledge gained from the phase 1 study, will 
enable us to identify potent neutralizing nanobodies against LayV, LUJV, and CHAV, providing promising 
therapeutic options for these viral infections. However, it is important to acknowledge potential challenges, such 
as limited cross-reactivity due to the genetic and antigenic differences between these additional viral targets and 
the prototypes studied in phase 1. In such cases, alternative approaches, including structure-guided rational 
design, may be explored to combine viral specificity and expand the protection breadth. Another potential 
limitation could be the difficulty to generate native prefusion GPC for the additional ARVs. In such instances, we 
will focus on utilizing the immune-dominant GP1 subunit, which is more stable and contains vulnerable sites for 
neutralizing antibody recognition. Rational design will be employed to shield non-native surfaces and minimize 

 
Figure 14: LayV F and G protein analysis. 2D classification and 
3D reconstruction of LayV prefusion F (A), and G tetramer (B) 

A B

LayV F LayV G

2D
 c

la
ss

es
3D

 re
co

ns
tru

ct
io

n



the generation of non-neutralizing nanobodies. Overall, the successful expansion of our research to other 
members of the HNV and ARV groups will make a significant contribution to broadening the effectiveness of 
nanobody-based therapies and addressing the global health risks associated with these viral pathogens. 
D. Project Milestones and Timelines  

 
Milestones: (Same milestones are expected to be achieved during phase II with a faster pace).  
1. Serum neutralization activity observed (ID50>10). 
2. Nanobody phage library panning good enrichment achieved (enrichment>100:1). 
3. High affinity viral protein-specific nanobodies isolated (affinity<1 nM). 
4. Neutralizing nanobodies obtained (IC50<1 ug/ml; neutralize multiple strains). 
5. High resolution nanobody/antigen complex structure solved (resolution<3A). 
6. Engineered nanobody molecules with improved activity obtained (IC50<0.1 ug/ml; neutralize more strains). 
7. Positive therapeutic effect of nanobodies in virus-induced diseases achieved (no symptoms or weight loss at 
10 mg/kg or lower dose). 
Criteria to be met for each activity before moving forward (Go/NoGo): 

1. ELISA signal of post-immunization sera is at least 3 times higher than pre-immunization sera. 
2. Nanobody phage library panning reach to at least 5 times enrichment. 
3. Viral protein-specific nanobody with at least 1 nM affinity (if not achieved, No Go for Phase II). 
4. Nanobodies neutralize at IC50<10 ug/ml and/or multiple strains (if not achieved, NoGo for Phase II). 
5. Resolve structure with high enough resolution to define nanobody epitopes. 
6. Engineered nanobodies achieve better potency and breadth (IC50<0.1 ug/ml; neutralize more strains). 
7. Positive therapeutic effect achieved (no symptoms or weight loss at 10 mg/kg or lower dose). 
E. Industry Expertise and Regulatory Considerations:  
If new lead nanobodies engineered nanobodies are identified from Research Project 5 (RP5), collaboration with 
industry and regulatory experts in Core D and the Scientific Advisory Board (SAB) will be initiated. This 
collaboration will involve seeking their expertise in various areas such as the identification of correlates of 
protection, lead optimization, stability testing, and manufacturability testing of the newly discovered nanobodies. 
Nanobody candidates can be engineered as desired in collaboration with investigators from Core D. This may 
involve modifications such as altered N-glycans, Fc mutations to enhance effector functions and prolong half-
life, and evaluation of multimeric formats. The engineered nanobodies will then be further evaluated to correlate 
their mechanisms of action with maximal efficacy using the rCedV model explored in the RP3, and potentially 
transitioned to testing in authentic NiV/HeV animal models under the supervision of Core E. Throughout this 
process, stability and manufacturability assessment will be conducted to ensure the identification of a lead 
prototype format for further development. The goal will be to identify single domain mAb prototypes suitable for 
long-term intramuscular prophylaxis and/or intravenous post-exposure prophylaxis and therapy. As monoclonal 
antibodies are regulated by The Center for Drug Evaluation and Research (CDER), a division of the U.S. Food 
and Drug Administration. Therefore, all activities related to the development and evaluation of the mAbs will be 
performed in accordance with regulatory expectations set forth by CDER. 
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A. Significance 


Henipaviruses (HNV) and arenaviruses (ARV) are two families of viruses that pose significant global public health 
concerns1-5. HNV, which includes Nipah virus (NiV) and Hendra virus (HeV), has caused outbreaks in Asia and 
Australia, resulting in severe respiratory and central nervous system (CNS) illnesses in humans6-8. These 
infections have been associated with high mortality rates ranging from 40% to 90%4,9-13. Similarly, ARV, such as 
Lassa virus (LASV) and Machupo virus (MACV), can cause severe illness and death in humans, with LASV 
being endemic in West Africa and MACV responsible for Bolivian hemorrhagic fever14-19. The geographical 
distribution and diversity of these viruses make them a global public health threat. While there are some vaccines 
and antiviral drugs available4,13,20,21, there are no licensed treatments specifically targeting these viruses. Thus, 
there is a pressing need to develop new therapies that can effectively neutralize and prevent the spread of these 
viruses. 
Significance of Developing Nanobody Therapy 


The urgent need for effective treatments against HNV and ARV infections, highlighted by the ongoing COVID-
19 pandemic, emphasizes the importance of rapid drug development and innovative antiviral therapies. 
Nanobodies, also known as VHH or single-domain antibodies, derived from camelid animals, offer unique 
advantages that make them promising candidates for antiviral therapy22-25. 
One significant advantage of nanobodies is their inherent stability26-28. Their small size and single-domain 
structure make them highly resistant to denaturation and degradation, allowing them to maintain their binding 
activity under various conditions. Nanobodies also offer ease of engineering. Their single-domain format 
simplifies the modification and optimization of their binding properties. Through techniques such as affinity 
maturation and structure-guided design, nanobodies can be readily engineered to enhance their affinity, 
specificity, and neutralization potency against specific viral targets. This flexibility in engineering enables the 
development of tailored nanobodies with improved therapeutic properties29,30. 
Also, nanobodies exhibit modular characteristics26. Their small size and independent folding domains allow for 
the construction of multi-specific or bi-specific nanobodies, where different specificities can be combined into a 
single molecule31,32. This modularity opens up possibilities for targeting multiple epitopes on viral proteins or 
simultaneously targeting different viral strains, providing enhanced breadth and efficacy in combating HNV and 
ARV infections. 
Combined with their specificity, small size, stability, ease of engineering, and modular nature, nanobodies 
represent a promising approach for developing effective antiviral therapies against HNV and ARV infections.  
Three nanobody development platforms to enhance diversity and coverage 
The use of multiple nanobody development platforms, including camelid animals, nanomice, and low-
immunogenic human nanobody libraries (Fig.1), enhances the diversity and coverage of nanobody libraries, 
increasing the likelihood of identifying potent nanobody candidates. Notably, Dr. Jianliang Xu, a nanobody 
research expert, is the inventor of the “nanomice” platform29, which was commented by Nature News and 
Views that “Just as the development of mice with antibodies containing human variable domains (such as 
Regeneron’s VelocImmune mouse) has helped to deliver the 100th FDA-approved monoclonal antibody, 
perhaps the nanomouse will give nanobody-based 
therapeutics a push in the same direction”33. In 
addition, we have recently cloned the CDR regions 
of human antibodies (IgM, IgD, IgG1-4, IgE, IgA1-2) 
heavy chain from 60 healthy donors of various 
demographic backgrounds, assembled them on 
Ighv3 family framework, and generated a human 
nanobody library that is close to natural human 
antibody heavy chain variable domain. The 
potentially low immunogenicity of such a library will 
enable us to quickly identify nanobody leads that 
need minimum optimization for clinical use. 
The deep sequencing of antigen-specific enriched 
nanobody libraries ensures a comprehensive 
exploration of the nanobody repertoire29, allowing 


 
Figure 1: Three nanobody development platforms. (A) Camelid 
animals; (B) Nanomouse; (C) Human nanobody phage library. 







for the rapid identification of leads with minimal optimization required for clinical use. This expedited development 
process is critical in responding to emerging viral threats and addressing the urgent need for effective antiviral 
therapies.  
Targeting CNS diseases caused by viral infection 
Nanobodies hold great promise for targeted therapy of CNS diseases as they can efficiently cross the blood-
brain barrier (BBB) due to their small size34-37. To further enhance brain delivery, we have developed a bi-specific 
nanobody strategy by coupling another nanobody that targets TfR138,39, a receptor expressed at the BBB. This 
bi-specific nanobody can cross-react with both human and mouse TfR1, facilitating enhanced cargo delivery to 
the brain. In our upcoming study, we will compare the brain delivery and therapeutic efficacy of un-engineered 
nanobodies with the bi-specific nanobodies using animal models in RP3 and Core E. This study aims to evaluate 
the abilities of these two approaches to effectively penetrate the BBB and deliver therapeutic nanobodies to the 
central nervous system. Through this evaluation, we hope to understand the benefits of utilizing bi-specific 
nanobodies for targeted therapy of CNS diseases caused by HNV and ARV infections. 
Generalizable research strategy 
The significance of developing nanobody therapy extends beyond the four selected prototypic viruses in HNV 
and ARV. By applying and testing the research strategy developed in this project during phase 2 of the project, 
the scope can be expanded to include other members of these viral groups, such as Langya virus (LayV)40, Lujo 
virus (LUJV)41, and Chapare virus (CHAV)42. This approach expands the scope of nanobody-based therapies, 
tackling global health risks from emerging viral diseases. 
B. Innovation 


The study incorporates several innovative aspects in the development of nanobody-based therapies for HNV 
and ARV infections: 


• Utilization of diverse nanobody sources: The study leverages nanobodies derived from camelid animals, 
nanomice, and low-immunogenic human nanobody libraries. This approach expands the repertoire of 
nanobodies available for antiviral therapy development. 


• Targeting viral entry machinery: Nanobodies are employed to target and neutralize viral proteins involved in 
viral attachment and entry. This innovative approach provides a novel avenue to inhibit viral infection at the 
early stages. 


• Integration of structural characterization techniques: The study integrates advanced structural 
characterization techniques such as X-ray crystallography and Electron Microscopy Single Particle Analysis. 
This enables a detailed understanding of nanobody epitopes and viral neutralization mechanisms, facilitating 
the rational design of nanobody-based therapies. 


• Development of BBB-penetrating nanobodies: The study focuses on designing nanobodies with the ability to 
penetrate the BBB, enabling effective targeting of the central nervous system. This is particularly relevant for 
combating the severe neurological manifestations associated with HNV and ARV infections. 


• Generalizable research strategy: The research strategy developed in this study can be applied to other 
members of the HNV and ARV viral groups, such as Langya virus, Lujo virus, and Chapare virus. This 
expands the potential impact of nanobody therapies to address a broader range of emerging viral diseases. 


• Deep sequencing for comprehensive coverage: The study utilizes deep sequencing to ensure 
comprehensive coverage of antigen-specific enriched nanobody libraries. This approach facilitates the rapid 
identification of potent nanobody leads with minimal optimization required for clinical use. 


• Rapid and efficient therapy development: By leveraging the advantages of nanobodies and employing a well-
designed research strategy, the study aims to rapidly and efficiently develop nanobody-based therapies. This 
contributes to the field of antiviral research and addresses the urgent need for effective treatments against 
HNV and ARV infections, thereby enhancing public health protection. 


C. Approach 


Scientific Premise: Our hypothesis is that nanobodies targeting viruses' key entry machinery can effectively 
inhibit virus infection. By utilizing structure-based analysis and rational design, we can enhance the efficacy of 
nanobody therapy by increasing its potency and breadth. Through the design of bi-specific nanobodies coupled 
with brain receptor-mediated transcytosis, we aim to enhance their ability to penetrate the blood-brain barrier, 
thus effectively combating central nervous system diseases caused by HNVs and ARVs. 







Aim 1: To identify cross-reactive nanobodies to HNVs. 
Rationale and Preliminary Data:  
Envelope fusion glycoprotein F and the attachment 
glycoprotein G of Hendra virus (HeV) and Nipah virus (NiV) 
play crucial roles in host cell receptor engagement and 
membrane fusion, making them the main targets of 
neutralizing antibodies43-46. The high degree of similarity, 
approximately 80-90%, between the glycoproteins of HeV 
and NiV presents an attractive opportunity to identify cross-
reactive neutralizing nanobodies capable of providing 
broad protection against both viruses1,47-49. To achieve this 
goal, we conducted immunization experiments using four 
groups of nanomice, with each group consisting of four 
mice. The mice were immunized with soluble F and G 
proteins of HeV and NiV, namely HeV_sF, HeV_sG, 
NiV_sF, and NiV_sG. These proteins, designed by Dr. Kai 
Xu and Dr. Christopher Broder's group, served as the 
immunogens43,50,51 (Fig. 2A). 
Following four injections in the nanomice, we observed 
various levels of serum antibody responses against all four 
immunogens, as depicted in Figure 2B for F proteins (data 
for G proteins not shown). To validate our approach, we 
isolated RNA from the bone marrow and spleen of mice 
immunized with NiV_sF and constructed nanobody phage 
libraries. Through a series of three rounds of phage panning using NiV_sF, subsequent individual colony picking, 
ELISA screening, and Octet affinity validation, we successfully identified several nanobody binders specific to 
NiV_sF. Of particular significance, one of the identified nanobodies, NiV_sF_Nb9, exhibited the ability to bind 
not only to NiV-sF protein but also to HeV-sF protein (Fig. 2C). This finding suggests that NiV_sF_Nb9 
recognizes an epitope shared by the F proteins of both NiV and HeV. The results obtained from these 
experiments clearly demonstrate the potential of nanomice as a convenient and efficient model for the 
development of nanobodies. Consequently, we are confident in our ability to identify nanobodies against other 
F/G proteins of HeV and NiV using the same approach applied to the immunized mice. 
In addition to the nanomice immunization strategy, we 
have also made significant progress using a human 
library version 1.0 (Fig. 1C) for screening purposes. 
Notably, we sequentially screened this human 
nanobody library with spikes of omicron variants 
(BA.4/5, BA.1) and WA-1, leading to the enrichment of 
numerous nanobody candidates. Among them, nine 
nanobodies exhibited binding affinity to the receptor-
binding domain (RBD) of BA.4/5, BA.1, WA-1, SARS, 
and WIV16, indicating their ability to recognize a range 
of sarbecoviruses (Fig. 3). Importantly, all nine of these 
human nanobodies demonstrated potent neutralization 
against WA-1, and five of them exhibited cross-
neutralization of Omicron subvariants (BA.4/5, BQ.1.1, 
XBB.1), SARS1, and Bat-WIV1. These results underscore the power and versatility of the human nanobody 
library platform, which holds significant potential for targeting various other antigens. 
Experimental Design:  
To expand our search for cross-reactive nanobodies against HeV and NiV glycoproteins, we will immunize 
additional groups of nanomice sequentially with either HeV or NiV F or G proteins. Each group will serve as a 
source for constructing in vivo matured nanobody phage libraries, using bone marrow, spleen, and/or peripheral 
blood mononuclear cells (PBMCs). These libraries will undergo sequential screening with HeV and NiV F or G 
proteins to identify nanobodies that exhibit cross-recognition of the F or G proteins of both viruses. To ensure 


Figure 3: SARS-CoV-2 neutralizing nanobodies identified 
by human nanobody library. Neutralization IC50 (ug/ml) of 9 
human nanobodies against various pseudotyped 
sarbecoviruses.  


 
Figure 2: Nanomouse immunization and NiV_sF_Nb9 
characterization. (A) Nanomouse immunization scheme. 
(B) HNV F proteins immunized nanomice serum response 
to the respective immunogen determined by ELISA; (C) 
Binding of NiV_sF_Nb9 to NiV_sF and HeV_sF 
determined by Octet. 







comprehensive coverage of potential binders, we will employ a two-pronged approach. Firstly, we will randomly 
pick colonies from the libraries, and secondly, we will subject the enriched libraries to deep sequencing using 
the MiSeq platform. This approach will enable us to identify nanobody candidates from all complementarity-
determining region 3 (CDR3) families. Subsequently, we will assess the target specificity of individual 
nanobodies through enzyme-linked immunosorbent assay (ELISA). Moreover, the neutralization activity of the 
identified nanobody candidates will be evaluated using RP2 assays. 
While nanomice have proven to be valuable for generating in vivo matured nanobodies, it is important to consider 
the potential immunogenicity associated with animal-derived nanobodies. Therefore, in parallel with the 
nanomice immunization strategy, we will also screen for F or G protein binders using a human nanobody library. 
By utilizing the human nanobody library, we can significantly minimize the risk of immunogenicity and obtain 
nanobody candidates that are better suited for therapeutic testing in human subjects. 
1.1: Nanomice immunization. Four groups of 
nanomice have already been immunized with 
soluble HNV F and G separately. Our preliminary 
data showed that almost all mice developed good 
immune response after 3 injections. We will next 
immunize 2 more groups, 8 mice each, sequentially 
with HNV F or G proteins (Fig.4). Injections (i.p.) will 
be performed at 3 weeks interval to allow more time 
for mouse immune system to react to each 
immunization. Specifically, for F proteins, mice will be immunized with HeV_sF at week 0, 3, 6, NiV_sF at week 
9, 12, and a mixture of HeV_sF and NiV_sF at week 15, followed by a final boost (i.v.) with HeV_sF and NiV_sF 
mixture 3 days later. Bone marrow, spleen and PBMCs will be harvested 3 days after the final i.v. injection. 
HeV_sG and NiV_sG proteins immunization will follow the same scheme. Test blood/serum will be collected one 
week after each injection except for the first and last two injections, and serum antibody response to F or G 
proteins will be monitored by ELISA. The same serum will be used for HNV neutralization test by RP2.  
1.2: Nanobody phage library construction. We 
have extracted RNA from bone marrow and 
spleen from NiV_sF immunized mice, 
constructed nanobody phage library, screened 
for NiV_sF binders, and identified NiV_sF_Nb9 to 
be NiV_sF and HeV-sF cross binder (Fig.2). We 
will complete the nanobody phage library 
construction for all immunization groups and 
perform sequential screening to identify cross 
binders. Specifically, total RNA will be extracted 
from bone marrow, spleen and PBMCs from the 
best responding mice based on ELISA and 
neutralization test results. Two-step PCR will be 
performed to amply VHH-DJ (nanobody sequence) from the matured heavy chain-only IgG1 mRNA molecules 
(Fig. 5). First, we will amplify VHH-DJ-CH2 domain from IgG1 using 30 forward primers aligning to the leading 
exons of 30 VHH genes and one reverse primer aligning to CH2 sequence of IgG1. Next, a mixture of 30 forward 
primers aligning to 5’ end of individual VHH exon and 4 reverse primers aligning to JH1~4 will be used to amplify 
nanobody sequences, which will be cloned to pMES4 phagemid and subsequently transformed to TG1 E.coli 
cells. 
1.3: Screening nanobody libraries for HNV F/G binders. We will produce phages expressing individual 
nanobodies fused to their coat protein by infecting TG1 cells with VCSM13 helper phages. To identify nanobodies 
that recognize both HeV_sF and NiV_sF, libraries from F proteins immunized mice will be sequentially screened 
with HeV_sF and NiV_sF proteins in wells of 96-well Maxisorp plate; to identify nanobodies that recognize both 
HeV_sG and NiV_sG, libraries from G proteins immunized mice will be sequentially screened with HeV_sG and 
NiV_sG proteins. Multiple rounds of screening (phage panning) will be performed to ensure ideally over 100 
times elution of phages from F or G protein coated wells than control wells (Fig. 6A). For each TG1 cell sub 
library from single or sequential F or G protein screening, 96 ~192 individual colonies will be picked and cultured 
in deep-well plates. Nanobodies (fused to phage coat protein pIII) induced by IPTG will be extracted from 


 
Figure 5: Nanobody phage library construction with nested PCR.  


 
Figure 4: Nanomice sequential immunization scheme for HNV 
F proteins. 







periplasmic region of TG1 cells and tested for binding to HNV F 
or G proteins by ELISA. Phagemid of ELISA positive clones will 
be extracted and Sanger sequenced, and then transformed into 
WK6 E.coli cells to produce individual nanobodies (monomer, 
13 kDa). In addition, sub libraries will be deep sequenced (Fig. 
6B) and nanobody sequences analyzed as described before29. 
Nanobodies will be clustered based on their CDR3 differences 
and cross checked with the sequences of ELISA-positive 
clones. Representative unique nanobodies from each CDR3 
class will be codon optimized and synthesized, cloned into 
pMES4 phagemid, and nanobodies will be produced in WK6 
cells. We will perform step 1.3 with our newly designed and 
constructed human nanobody library to identify less 
immunogenic nanobodies against HNV F and G protein.  
1.4: Nanobody binding validation and neutralizing activity 
assessment. To validate the binding of nanobodies to HNV 
F/G proteins, we will employ two methods: ELISA and Octet 
Bio-Layer Interferometry (BLI) affinity analysis. ELISA will allow 
us to determine the binding of nanobodies to the target proteins, 
while Octet BLI will provide detailed information on affinity. 
Additionally, we will perform Octet epitope binning assays using 
available F/G antibodies to map the epitopes recognized by the 
nanobodies. Furthermore, we will assess the neutralizing 
activity of the identified nanobodies with the neutralization 
assay developed by RP252,53. These comprehensive analyses 
will enable us to evaluate the binding specificity, affinity, and 
neutralizing capability of the nanobodies. We will further select 
representative neutralizing nanobodies for structural analysis 
(Aim 3) and consider various engineering approaches such as 
Fc conjugation and multimerization (Aim 4) to further optimize 
the properties and efficacy of the nanobodies. 


Expected results, potential pitfalls and alternatives:  
We expect to be able to produce 5-10 HNV F or G nanobodies that either specifically recognize and neutralize 
HeV or NiV, or cross-bind to HeV and NiV proteins and cross neutralize the two viruses. We also expect to 
identify nanobodies with novel epitopes compare to currently available human antibodies.  
Based on our success in identifying HeV_sF and NiV_sF cross binder (NiV_sF_Nb9 from nanomouse 
immunization) and SARS-CoV-2/SARS/WIV1 cross neutralizers (hNb3, 6, 17, 18 and 31 from human nanobody 
library screening), we do not anticipate any major technical or methodological pitfalls. While we have high 
expectations for our study, there are potential pitfalls that we need to consider. One challenge could be the 
limited number of nanobody candidates that meet our criteria, particularly if their affinity or neutralizing activity is 
not optimal. In such cases, we have a strategy in place to perform in vitro PCR-based CDR maturation to 
generate nanobody variants with improved properties. Additionally, there is a possibility that our efforts to identify 
HNV F or G cross binders/neutralizers using nanomice or the human nanobody library may not yield satisfactory 
epitope diversity. To overcome this limitation, an alternative approach would involve immunizing camelid animals 
and applying the same selection and screening processes to identify target-specific nanobodies.  
Aim 2: Identification of nanobodies to ARVs.  


Rationale and Preliminary Data:  
The surface of LASV and MACV virions is covered by the heavily glycosylated trimeric type-1 fusion glycoprotein 
precursor (GPC)54-57. The GPC trimer consists of receptor-binding GP1, fusion machinery GP2, and the 
associated stable signal peptide (SSP)57-62. The extensive glycan shield on GP1 and GP2 poses a challenge for 
the immune system to generate a robust GPC-directed antibody response, resulting in weak and inconsistent 
neutralizing antibody development during natural infection63-67. Only a few LASV-neutralizing antibodies have 
been isolated from convalescent patients to date68. While LASV GPC has shown neutralizing response in rabbit 


 
Figure 6: Phage screening, sanger sequencing, 
and MiSeq sequencing. (A) Nanobody phage 
screening strategy. (B) MiSeq sequencing library 
preparation. 1st round PCR will attach MiSeq F/R 
sequences to nanobodies, and 2nd round PCR will 
introduce P5/P7 adaptors to amplicon 5’ and 3’ ends. 







and guinea pig studies, serum neutralization has not been achieved 
in mouse models69-71. In contrast, MACV neutralizing antibodies 
have been successfully isolated from GPC immunized mice72. 
However, there are currently no FDA-approved treatments or 
vaccines for LASV or MACV infections. In our study, we aim to 
leverage the small size of nanobodies to develop glycan shield-
penetrating neutralizing nanobodies against LASV and MACV.  
In our experiments, we immunized 8 nanomice with a stabilized 
LASV GPC trimer, following a modified scheme. We performed an 
intravenous boost injection on day 45 and harvested bone marrow 
and spleen on day 48. With one mouse accidentally died on day 46, 
7 mice remain. Over time, 6 out of 7 mice developed an antibody 
response against GPC, reaching their highest titers on day 48 
(Fig.7). Importantly, the serum from nanomouse #3 on day 48 showed weak but detectable neutralization activity 
against LASV Josiah strain. These findings demonstrate the potential of nanomice as a valuable model for 
developing neutralizing nanobodies against LASV and MACV. 
Experimental Design:  
We will construct nanobody phage library using the top responders from the LASV immunized nanomice, with a 
particular focus on nanomouse #3 due to its detectable neutralization activity. We will immunize nanomice with 
alternative versions of soluble stabilized trimeric LASV GPC and MACV GPC proteins provided by RP1 and 
construct in vivo matured nanobody phage libraries. These libraries and the human nanobody library will be 
screened with GPC proteins to identify nanobody binders. Individual nanobodies will be assessed for target 
specificity by ELISA and Octet, and neutralization activity of nanobody candidates will be evaluated by RP1. 
2.1: Nanomice immunization and nanobody phage library construction. In our previous LASV GPC 
immunization attempt, 1 out of 8 nanomice developed serum neutralization titer at day 48. We will immunize two 
groups of nanomice separately with LASV GPC or MACV GPC designed by RP1 with slightly modified 
immunization regimen. For both LASV and MACV, injections (i.p.) will be performed once every 3 weeks, and 
test blood/serum will be collected one week after each injection except for the first injection. Serum antibody 
response to GPC proteins will be monitored by ELISA and send to RP1 for neutralization test. Immunization (i.p.) 
will stop until serum neutralization titer is observed, or the 6th injection is performed on week 15. Three days after 
a final boost (i.v.), bone marrow, spleen and PBMCs will be harvested for nanobody phage library construction 
following the same strategy listed in Aim1.  
2.2: Screening nanobody libraries for LASV GPC or MACV GPC binders. Nanobody phage library screening 
using LASV GPC or MACV GPC will be performed for multiple rounds until the ideally 100:1 ratio of eluted 
phages from coated vs uncoated wells is achieved. We will carry out random colony picking followed by ELISA 
and Sanger sequencing, as well as Miseq for comprehensive analysis of enrich sub libraries. Same screening 
will be applied to human nanobody library too. 13 kDa nanobody candidates will be produced in WK6 cells for 
further tests.  
2.3: Nanobody binding analysis and neutralizing activity assessment. Individual nanobodies will be 
validated using ELISA and Octet assays to confirm their interaction with GPC proteins. Precise affinity will be 
measured by BLI method. Epitope competition mapping and binning will be performed using known 
human/mouse GPC antibodies. Nanobodies with positive binding will be evaluated for neutralization activity by 
RP1. 
Expected results, potential pitfalls and alternatives: We expect to be able to produce 5-10 LASV or MACV 
neutralizing nanobodies targeting GPC proteins. The monoclonal antibodies that are currently known to have 
LASV neutralizing activity are categorized into four competition groups: GP1-A, GPC-A, GPC-B, and GPC-C68. 
We expect to identify LASV neutralizing nanobodies lie within these 4 groups. Given the small size of nanobodies 
and their potential to target hidden epitopes, we also expect to identify novel epitopes of vulnerability on LASV 
and MASC GPC surface. Even though the immunogenicity of LASV GPC seems to be very poor in mouse, 
nanomouse #3 developed serum neutralizing response to LASV Josiah strain. Furthermore, a nanobody 
neutralizer D5 was identified by screening the same LASV GPC with a naïve llama nanobody library69. Therefore, 
we do not anticipate any major technical or methodological pitfalls with nanomouse and human nanobody library 
platforms. However, if we are unsuccessful at isolating LASV/MACV binders and neutralizers using nanomice or 


 
Figure 7: Antibody response aginst LASV 
GPC in immunized nanomice sera. 







human nanobody library, we will immunize camelid animals instead. We have a standing by llama from 
Capralogics Inc. ready for immunization. In the past a few years, we have immunized this animal with HIV 
envelop trimer, SARS-CoV-2 spike and HMPV F proteins, and all three studies led to the identification of potent 
nanobody neutralizers against these virus targets. We expect this llama will perform well against LASV and 
MACV. If our selected nanobody candidates are less-than-optimal, in vitro PCR-based CDR maturation will be 
performed and nanobody variants with improved activity will be screened. 
Aim 3: Structural characterization.  
Rationale and Preliminary Data.  
Dr. Kai Xu is a distinguished researcher with a proven track 
record in the structural determination of Henipavirus (HNV) 
glycoproteins and their complexes with receptors and 
monoclonal antibodies50,73-75. Notably, he achieved a 
significant milestone by determining the first crystal structures 
of the Nipah virus (NiV) G protein head domain and NiV F 
protein in the prefusion conformation (Fig.8). Moreover, Dr. Xu 
possesses exceptional expertise in designing HNV protein 
constructs that faithfully present their native conformation43,74. 
This capability enables him to create accurate representations 


of HNV glycoproteins, facilitating a deeper understanding of their functional 
properties and enabling investigations into their interactions with receptors 
and antibodies51,76,77. With his comprehensive skill set in protein design and 
structural determination, Dr. Xu stands as a leading authority in the field of 
HNV research.  
Our proposed research is driven by the need to present the native 
conformation of viral antigens, which is essential for antigenicity, 
immunogenicity, and the induction of protective immune responses. 
Glycoproteins of HNVs and ARVs are particularly prone to conformational 
flexibility, resulting in sample heterogeneity. To overcome this challenge, 
our preliminary data demonstrate the feasibility of creating viral antigens 
that display their native protein conformation. We have successfully 
stabilized viral antigens in their native states by designing prefusion 
conformation stabilizing mutations and incorporating specific stabilizing 
tags, such as GCNt and GCN4, to F and G proteins, respectively50,73 
(described in RP1, 2 and Core D). This stabilization approach has been 
validated through structural analysis (Fig.9), biochemical and biophysical 
characterization, and functional assessments, including receptor binding 
and the induction of neutralizing antibody responses. 
Additionally, we have extensive experience in determining high-resolution 


structures of nanobodies in complex with viral antigens, such as SARS-CoV-2 spike proteins29 (Fig.10). 
Leveraging advanced structural and functional 
characterization techniques such as X-ray crystallography, 
cryo-electron microscopy, and binding assays, we aim to 
unravel the detailed structural features and functional 
properties of the native-like viral antigens. This 
comprehensive understanding will provide critical insights 
into the interactions between antigens and antibodies, as 
well as the mechanisms of immune recognition. Ultimately, 
this knowledge will guide the rational design of effective 
vaccines and therapeutics targeting viral infections.  
Experimental Design:  
Our experimental design aims to understand how 
nanobodies neutralize HNV and ARV viruses by analyzing 
their structure and interactions. Using X-ray crystallography 


 
Figure 8: Structures of NiV G and F glycoproteins 
by X-ray crystallography. (A) NiV G head domain; (B) 
NiV F in the native prefusion conformation. 
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Figure 9: Validation of HNV F and G 
protein used in this study by EM 
single particle analysis. (A) 
Orthogonal views of HNV F protein 
cryo-EM 3D reconstruction at 2.5 A 
resolution; (B) 2D analysis of HNV G 
protein tetramer. 
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Figure 10: Cryo-EM single particle analysis of broadly 
protective nanobody against SARS-CoV2. 2.6 
Angstrom high-resolution cryo-EM map (left) and 
structural model (right) of nanobody in complex with 
SARS-CoV2 spike protein. Nbs are in color blue. 







and EM methods, we will determine the structures of nanobody-viral glycoprotein complexes, providing insights 
into their binding. Additionally, we will employ structure-based mutagenesis techniques to investigate the impact 
of specific mutations on viral entry and neutralization in RP1 and 2. By combining these approaches, we will 
gain detailed knowledge of nanobody epitopes and their interactions, contributing to the development of antiviral 
therapeutics for HNV and ARV. 
3.1. Structural basis of nanobody cross-neutralization of both NiV and HeV. To determine the structure of 


the NiV or HeV F or G protein complexed with cross-
neutralizing nanobodies, a series of steps will be 
undertaken. Initially, the NiV and HeV F and G proteins will 
be prepared in their native prefusion conformation by Core 
D. Subsequently, the purified nanobodies will be incubated 
with the F or G proteins to form stable complexes, 
optimizing the incubation conditions. High-resolution 
structures of the F or G protein complexes bound to the 
cross-neutralizing nanobodies will be determined using 
both X-ray crystallography and cryo-EM single particle 
analysis. Epitope analysis, including sequence analysis to 
identify conserved regions between the NiV and HeV F 
proteins, will provide insights into the potential 
neutralization mechanism. Additional experiments, such as 
site-directed mutagenesis, binding assays, and functional 
studies, will be conducted to validate the interaction 


between the nanobodies and the F proteins, confirming the importance of specific residues and regions identified 
in the structural analysis. Notably, a negative stain electron microscopy (ns-EM) analysis of a cross-neutralizing 
nanobody targeting both HeV and NiV G protein head domain has been performed, employing a compatible 
monoclonal antibody hAH1.3 to enhance particle 2D alignment (Fig.11A) and 3D reconstruction (Fig. 11B). This 
study demonstrates the feasibility of obtaining high-resolution cryo-EM structures. Ultimately, this study will yield 
crucial insights into the molecular mechanisms of neutralization and facilitate the development of effective 
antiviral therapies against HNVs. 
3.2. Structural analysis of LASV or MACV GPC proteins in complex with neutralizing nanobodies. The 
arenavirus glycoprotein precursor (GPC) proteins are key components of the viral envelope and play a crucial 
role in the entry and infection process of arenaviruses78-80. Arenaviruses are a family of RNA viruses that can 
cause severe diseases in humans, including hemorrhagic fevers81,82. The GPC proteins are synthesized as a 
single polypeptide chain, which undergoes post-translational processing to generate mature glycoproteins. The 
mature glycoproteins consist of two subunits, GP1 and GP2, that are responsible for receptor recognition and 
membrane fusion, respectively. The GP1 subunit is involved in receptor binding and determines the host tropism 
of the virus, while the GP2 subunit mediates membrane fusion between the viral envelope and host cell 
membrane. The GPC proteins are highly immunogenic and are targets for neutralizing antibodies. Understanding 
the structure and function of ARV GPC proteins is essential for developing effective antiviral strategies and 
vaccines against arenavirus infections. To investigate the structure of LASV and MACV GPC complexed with 
nanobodies using EM and X-ray crystallography, the experimental procedure involves preparation of stabilized 
GPC constructs, such as GPCysR4 and GPCysRRLL by Core D58,83,84. These constructs, developed with specific 
mutations, have been extensively used in structural studies of GPC-neutralizing antibodies. The purified GPC 
constructs are then mixed with the nanobodies of interest to form stable GPC-nanobody complexes. Cryo-EM 
analysis is performed by preparing cryo-EM grids, imaging them using a cryo-electron microscope, and 
generating a 3D reconstruction of the complex. X-ray crystallography is employed to crystallize the GPC-
nanobody complex, collect diffraction data, and determine the crystallographic structure. The obtained structures 
are analyzed to identify nanobody-viral glycoprotein interactions and understand neutralization mechanisms. 
This combined approach provides valuable insights into the complex structures and guides the optimization of 
nanobody-based antiviral strategies. 
Expected results, potential pitfalls and alternatives:  
We anticipate that our research efforts will result in the generation of high-resolution structures of nanobody-
antigen complexes, providing detailed insights into the precise epitope information and neutralization 
mechanisms. However, obtaining high-quality crystals suitable for X-ray analysis can be a challenging task. We 
are aware that extensive optimization of crystallization conditions may be necessary to promote crystal formation. 


Figure 11: Anti-HeV-G nanobody epitope mapping by 
ns-EM analysis. (A) 2D classification; (B) 3D 
reconstruction showing a ternary complex of HeV-G head 
domain with a murine neutralizing antibody hAH1.3 and a 
nanobody nb25. 







To overcome this potential pitfall, we will employ various strategies and screening methods to enhance crystal 
quality and obtain the desired structural information. The conformational flexibility and heterogeneity of viral 
antigens and their complexes pose another challenge. In such cases, cryo-EM SPA can serve as a valuable 
alternative to X-ray crystallography. Through the application of computational algorithms, we can classify 
different particle conformations and extract high-resolution structural information from cryo-EM data. This 
approach will provide valuable insights into the structural features and dynamics of the viral antigens, despite 
their inherent flexibility. While our GPC stabilization strategy is primarily derived from LASV antigens, it may not 
be equally effective for MACV antigens due to their distinct structural and stability characteristics. As an 
alternative approach, we propose co-expressing MACV GPC with specific antibodies or nanobodies that can 
assist in stabilizing the native conformation of the antigens. This co-expression strategy will enhance the 
structural integrity of MACV antigens, enabling their characterization using various structural biology techniques. 
Aim 4: Enhancing efficacy and CNS bioavailability of nanobodies.  
Rationale and Preliminary Data.  


Our aim is to enhance the therapeutic efficacy of nanobodies through engineering strategies. We will achieve 
this by extending the half-life of nanobodies, enhancing their interaction with immune effector cells, and 
increasing their binding avidity and neutralization potency. In addition, we will focus on improving the therapeutic 
effectiveness and availability of nanobodies within the CNS. The BBB presents a challenge in delivering 
therapeutic substances to the brain and spinal cord85,86. This barrier, formed by specialized brain capillary 
endothelial cells, tightly regulates the passage of molecules into the CNS, limiting the transport of drugs and 
antibodies87-89. Nanobodies, with their small size, show promise for targeted therapy of CNS diseases as they 
have demonstrated the ability to cross the BBB in recent studies34-37. In Aim 4, our research focuses on 
enhancing the therapeutic effectiveness and availability of nanobodies within the CNS, specifically for addressing 
viral infections that affect the CNS. We propose utilizing receptor-mediated transcytosis (RMT) as a strategy to 
facilitate the transport of nanobodies across the BBB90,91. RMT has emerged as a promising approach for 
delivering biologics, including antibodies, to the CNS92. RMT involves targeting specific receptors or transporters 
on brain capillary endothelial cells to enhance the uptake of nanobodies into the CNS. By engineering bi-specific 
nanobodies to selectively bind to these receptors or transporters, we can improve their transport across the BBB. 
Our goal is to optimize the targeting and transcytosis efficiency of nanobodies through RMT, thereby improving 
their delivery and distribution within the CNS. This optimization will ultimately enhance the therapeutic efficacy 
of nanobodies in combating viral infections and CNS-related diseases. 
Experimental Design:  
4.1. Generate nanobody Fc-fusion and tri-
valent nanobodies: In our previous study 
focusing on SARS-CoV-2 nanobody therapy 
development, we successfully implemented two 
crucial engineering strategies: Human IgG1 Fc 
fusion and nanobody multimerization29 (Fig.12). 
These strategies have shown significant 
advancements in improving the effectiveness of 
nanobody-based therapeutics. 
To extend the half-life of nanobodies, we 
incorporated Human IgG1 Fc fusion through a 
flexible hinge region (Fig.12A). This fusion 
strategy substantially increased the duration of 
nanobody activity within the body by improving 
their stability and protection against 
degradation. The Fc region of the antibody 
played a crucial role in enhancing the 
therapeutic effect by providing enhanced 
durability. Furthermore, we designed nanobody 
multimers, specifically tri-valent structures, to 
enhance the binding affinity (Fig.12B) and 
neutralization potency of the nanobodies (Fig.12C and D). The multimeric arrangement allowed for stronger and 


Figure 12: Fc fusion and multimerization improve potency of nbs 
against SARS-CoV2. (A) Diagrams show nanobody monomers, dimer, 
and trimers (fused to human IgG1 Fc) (B). Comparison BLI binding of 
monomer and trimer binding 1000x affinity improvement due to avidity. 
(C). Neutralization shows of SARS-CoV-2 pseudovirus by various nbs 
and multimers. (D). Table summarizes pseudovirus neutralization 
potency of selected nanobodies. Values given in molarity and ng/ml. 
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more effective binding interactions with the target viral proteins, leading to improved neutralization of the virus 
and ultimately enhancing the therapeutic efficacy of the nanobodies.  
Our experimental strategy involves extending the half-life and enhancing the therapeutic efficacy of our top 
nanobody candidates through the generation of nanobody Fc-fusion proteins and tri-valent nanobodies. To 
extend the half-life, we will fuse the Fc region of IgG1 to the nanobodies using either the human or mouse IgG1 
hinge region or the llama IgG2a hinge region, taking advantage of the FcRn-mediated recycling process and 
stability conferred by these hinge regions, respectively. For the generation of nanobody trimers, we will design 
rational linkers based on structural information of viral glycoproteins and the approaching angle of nanobody 
recognition. This will ensure proper orientation and spatial arrangement of the nanobodies within the trimeric 
structure, leading to increased avidity, binding affinity, and improved target engagement. By implementing these 
strategies, we aim to enhance the stability, therapeutic potential, and neutralization potency of our nanobodies, 
ultimately contributing to the development of more effective therapeutic interventions against viral infections. 
4.2. Design multi-specific nanobodies by combining nanobodies with non-overlapping epitopes: In this 


aim, we will design nanobodies that target distinct and non-
overlapping epitopes on the viral glycoproteins. These 
nanobodies will be linked together in a tandem fashion to 
create a synergistic effect, enhancing their overall binding 
affinity and neutralization potency against the target viruses. 
The design of these multi-specific nanobodies will involve 
careful consideration of the orientation and flexibility of the 
linker regions, ensuring optimal cooperative binding 
properties. Through this approach, we aim to create a robust 
and comprehensive neutralizing response against viral 
infections, ultimately advancing the development of more 
effective therapeutic interventions. (Fig.13A) 


4.3. Design Bi-specific nanobody by coupling with TfR1-targeting specificity to facilitate CNS delivery: 
In this aim, we will explore the incorporation of TfR1-specific nanobodies to enhance the delivery of nanobodies 
to the CNS (Fig.13B). The high expression of TfR1 on the blood-brain barrier makes it an attractive target for 
facilitating CNS delivery. To improve the penetration of nanobodies across the blood-brain barrier and enhance 
their bioavailability within the CNS, we will design bi-specific nanobodies by genetically fusing our candidate 
nanobodies against highly pathogenic neurotropic HNVs or ARVs with TfR1-specific nanobodies. By combining 
the targeting specificity of both nanobodies, we aim to achieve enhanced CNS delivery and therapeutic efficacy. 
We will evaluate several published TfR1-specific nanobodies, including FC5, a camelid single-domain antibody 
with known sequence93. FC5 has demonstrated the ability to transcytose across the blood-brain barrier and 
effectively deliver bioactive molecules to the CNS36,94,95. With its cross-reactivity across species and strong 
binding affinity to brain endothelial cells, FC5 holds promise for enhancing the CNS delivery of our nanobodies. 
4.4. Efficacy test in both in vitro neutralization assay and animal studies. We will assess the efficacy of the 
original nanobodies identified in aims 1 and 2 and compare them with the engineered nanobodies in both in vitro 
neutralization assays and animal studies. Our goal is to evaluate the performance of the engineered nanobodies 
and determine their potential for therapeutic applications. The in vitro neutralization assays will assess the ability 
of the nanobodies to neutralize the target viruses, providing valuable insights into their antiviral potency. By 
measuring the reduction in viral replication or the inhibition of viral entry, we can determine the neutralization 
potency of the nanobodies. This will provide valuable insights into their antiviral activity and effectiveness. To 
further evaluate the efficacy of the nanobodies in vivo, we will utilize the rCedV-NiV-B chimera mouse model at 
the Uniformed Services University (USU) in RP3 for HNVs, as well as animal models of ARVs developed at the 
University of Texas Medical Branch (UTMB) in Core E. These animal models will allow us to assess the 
therapeutic efficacy of the original and engineered nanobodies in terms of nanobody brain delivery efficiency, 
viral load reduction, disease progression, and overall survival rates. By comparing the outcomes between the 
two groups, we can determine the superiority of the engineered nanobodies in terms of therapeutic effectiveness. 
Through these comprehensive in vitro and in vivo evaluations, we aim to demonstrate the improved efficacy of 
the engineered nanobodies compared to the original nanobodies. This assessment will provide crucial data for 
further development and optimization of nanobody-based therapeutics targeting HNVs and ARVs, with the 
ultimate goal of improving patient outcomes and combating viral infections. 
Expected results, potential pitfalls and alternatives:  


  
 
Figure 13: Bi-specific and multi-specific nanobody 
engineering. (A) Combination of epitope specificities to 
enable synergy, (B) Bi-specific nb with TfR1 specificity 
to improve brain targeted delivery.  
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We anticipate that the design of tandemly linked nanobodies will result in enhanced neutralization potency and 
viral inhibition. The incorporation of a hinge and Fc region is expected to improve the half-life and stability of 
nanobodies, increasing their therapeutic potential. Coupling with TfR1-specific nanobodies is likely to improve 
brain delivery efficiency. However, potential pitfalls of using VHH FC5 as bi-specific nanobodies include short 
half-life due to susceptible to proteolytic degradation, thus limiting its development for clinical use. Alternative 
strategies, such as utilizing alternative receptor targeting or seeking to identify an antibody that binds to the same 
epitope, but that is derived from a fully human antibody library and has the requisite properties for clinical 
development, will be explored if necessary. Overall, these enhancements in efficacy and CNS bioavailability of 
nanobodies will significantly contribute to the development of potent antiviral therapies against CNS infections. 
Aim 5: Expanding to other members of the viral groups. 
Rationale 
Building upon the valuable insights and progress achieved in Aims 1-4, Aim 5 aims to expand our nanobody-
based therapeutic approach to target other members of the HNV and ARV in the 2nd phase of this project. This 
expansion is based on the premise that the knowledge gained from studying NiV, HeV, LASV, and MACV can 
be extrapolated to other related viruses within these groups.  
Experimental Design:  
5.1. Langya virus: Langya virus (LayV) is a newly 
emerged member of the Henipavirus (HNV) family 
that has been linked to respiratory illness in 
humans40,96. LayV shares a close genetic 
relationship with Nipah virus and Hendra virus, both 
of which are known to cause severe disease in 
humans. To develop effective nanobody therapies 
against LayV infection, we have successfully 
generated native viral glycoprotein antigens by 
design, specifically the G and F glycoproteins (Fig. 
14). By following our established research strategy, 
we will utilize nanobody development platforms, 
employ structural characterization techniques, and implement optimization approaches to identify nanobodies 
with protective properties against LayV. This process will involve evaluating the selected nanobodies with the 
neutralization assay and the animal disease model developed in collaboration with RP2 and Core E, and ready 
during the phase 2 of this project. These efforts will not only contribute to development of nanobody-based 
therapies targeting LayV but also demonstrate the plug-and-play nature and rapid generalizability of our research 
strategy. By successfully applying our established approach to a newly emerged member of the Henipavirus 
family, we will showcase the versatility and effectiveness of our methodology in identifying and optimizing 
nanobodies against emerging viral pathogens. This will have broader implications for future studies on other viral 
infections, as our research strategy can be readily adapted and applied to different viral targets. 
5.2. Lujo virus and Chapare virus: In our continued research, we will apply a similar strategy to the one used 
in Aim 2-4 for Lujo virus (LUJV)41,97,98 and Chapare virus (CHAV)42,99,100, which are closely related to the prototype 
LASV and MACV Arenaviruses. This strategy involves stabilizing the glycoprotein complex (GPC) using existing 
mutation designs transferred from LASV, isolating nanobodies specific to LUJV and CHAV, and performing 
structural characterization. By leveraging the knowledge and techniques gained from previous aims, we aim to 
identify nanobodies that can effectively neutralize LUJV and CHAV. 
Expected results, potential pitfalls and alternatives:  
We anticipate that our research strategy, combined with the knowledge gained from the phase 1 study, will 
enable us to identify potent neutralizing nanobodies against LayV, LUJV, and CHAV, providing promising 
therapeutic options for these viral infections. However, it is important to acknowledge potential challenges, such 
as limited cross-reactivity due to the genetic and antigenic differences between these additional viral targets and 
the prototypes studied in phase 1. In such cases, alternative approaches, including structure-guided rational 
design, may be explored to combine viral specificity and expand the protection breadth. Another potential 
limitation could be the difficulty to generate native prefusion GPC for the additional ARVs. In such instances, we 
will focus on utilizing the immune-dominant GP1 subunit, which is more stable and contains vulnerable sites for 
neutralizing antibody recognition. Rational design will be employed to shield non-native surfaces and minimize 


 
Figure 14: LayV F and G protein analysis. 2D classification and 
3D reconstruction of LayV prefusion F (A), and G tetramer (B) 
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the generation of non-neutralizing nanobodies. Overall, the successful expansion of our research to other 
members of the HNV and ARV groups will make a significant contribution to broadening the effectiveness of 
nanobody-based therapies and addressing the global health risks associated with these viral pathogens. 
D. Project Milestones and Timelines  


 
Milestones: (Same milestones are expected to be achieved during phase II with a faster pace).  
1. Serum neutralization activity observed (ID50>10). 
2. Nanobody phage library panning good enrichment achieved (enrichment>100:1). 
3. High affinity viral protein-specific nanobodies isolated (affinity<1 nM). 
4. Neutralizing nanobodies obtained (IC50<1 ug/ml; neutralize multiple strains). 
5. High resolution nanobody/antigen complex structure solved (resolution<3A). 
6. Engineered nanobody molecules with improved activity obtained (IC50<0.1 ug/ml; neutralize more strains). 
7. Positive therapeutic effect of nanobodies in virus-induced diseases achieved (no symptoms or weight loss at 
10 mg/kg or lower dose). 
Criteria to be met for each activity before moving forward (Go/NoGo): 


1. ELISA signal of post-immunization sera is at least 3 times higher than pre-immunization sera. 
2. Nanobody phage library panning reach to at least 5 times enrichment. 
3. Viral protein-specific nanobody with at least 1 nM affinity (if not achieved, No Go for Phase II). 
4. Nanobodies neutralize at IC50<10 ug/ml and/or multiple strains (if not achieved, NoGo for Phase II). 
5. Resolve structure with high enough resolution to define nanobody epitopes. 
6. Engineered nanobodies achieve better potency and breadth (IC50<0.1 ug/ml; neutralize more strains). 
7. Positive therapeutic effect achieved (no symptoms or weight loss at 10 mg/kg or lower dose). 
E. Industry Expertise and Regulatory Considerations:  
If new lead nanobodies engineered nanobodies are identified from Research Project 5 (RP5), collaboration with 
industry and regulatory experts in Core D and the Scientific Advisory Board (SAB) will be initiated. This 
collaboration will involve seeking their expertise in various areas such as the identification of correlates of 
protection, lead optimization, stability testing, and manufacturability testing of the newly discovered nanobodies. 
Nanobody candidates can be engineered as desired in collaboration with investigators from Core D. This may 
involve modifications such as altered N-glycans, Fc mutations to enhance effector functions and prolong half-
life, and evaluation of multimeric formats. The engineered nanobodies will then be further evaluated to correlate 
their mechanisms of action with maximal efficacy using the rCedV model explored in the RP3, and potentially 
transitioned to testing in authentic NiV/HeV animal models under the supervision of Core E. Throughout this 
process, stability and manufacturability assessment will be conducted to ensure the identification of a lead 
prototype format for further development. The goal will be to identify single domain mAb prototypes suitable for 
long-term intramuscular prophylaxis and/or intravenous post-exposure prophylaxis and therapy. As monoclonal 
antibodies are regulated by The Center for Drug Evaluation and Research (CDER), a division of the U.S. Food 
and Drug Administration. Therefore, all activities related to the development and evaluation of the mAbs will be 
performed in accordance with regulatory expectations set forth by CDER. 
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Please see attached documents from Jianliang and me.
Including:

1. Authentication of key resource (not sure if you received this last time)
2. Abstract (not sure if you received this last time)
3. LOS from me. (not sure if you received this last time)
4. MPI plan
5. Updated vertebrate animal
6. Updated specific aims

 
 
Research plan will be ready later today.
 
Thanks,
Kai
 

From: Xu, Kai <xu.4692@osu.edu>
Date: Thursday, June 1, 2023 at 3:31 AM
To: Haller, Sherry <shhaller@UTMB.EDU>
Cc: Lindsey Marie Hornsby <lhornsby@gsu.edu>, Jianliang Xu <jianliang.xu@gmail.com>,
Workman, Jeff <workman.45@osu.edu>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>,



CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, jxu40@gsu.edu <jxu40@gsu.edu>
Subject: Re: OSU/GSU RP5 Final Documents

Hi Sherry,
 
Here are the requested documents.
 
Thanks,
Kai
 

From: Jianliang Xu <jianliang.xu@gmail.com>
Date: Thursday, June 1, 2023 at 12:20 AM
To: Haller, Sherry <shhaller@UTMB.EDU>
Cc: Lindsey Marie Hornsby <lhornsby@gsu.edu>, Workman, Jeff <workman.45@osu.edu>, Xu,
Kai <xu.4692@osu.edu>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>, CHRISTOPHER
BRODER <christopher.broder@usuhs.edu>, jxu40@gsu.edu <jxu40@gsu.edu>
Subject: Re: OSU/GSU RP5 Final Documents
Hi Sherry, Thanks for the reminder. Attached please find my LOS for the application. Kai will be sending Abstract, Authentication of materials and his LOS shortly. My GSU position starts today, June 1, 2023. I am ccing my GSU email jxu40@ gsu. edu

 
Hi Sherry,
 
Thanks for the reminder. Attached please find my LOS for the application. Kai will be sending
Abstract, Authentication of materials and his LOS shortly.
 
My GSU position starts today, June 1, 2023. I am ccing my GSU email jxu40@gsu.edu and I will
communicate with the team from my GSU account from now on.
 
Best regards,
Jianliang
 
 
On Tue, May 30, 2023 at 1:31 PM Haller, Sherry <shhaller@utmb.edu> wrote:

Hello Dr. Xu and Dr. Xu,
This is a reminder of the documents that we still need to get from you both for RP5 on the
UTMB/USUHS U19 application. Our administrative review is this coming Thursday, June 1, so we
will need all of the items listed below in final form by EOB tomorrow, Wednesday, May 31.
 

Abstract- 30 lines, 1 for RP5
Authentication of Key Biological Materials- 1 for RP5
Letter of Support – If both PI’s could provide letters o support for your role on this project,
we can include them. This is optional, but strengthens the proposal.

 
For the final application, please provide the following by EOB Monday June 5 (hard deadline!).



Research Strategy – Please remember to include references for both items listed below
from the RFA for your research project:

 
Milestone Plan: In a clearly labeled section titled "Project Milestones and Timelines" include a
clear delineation of goals with measurable milestones, including detailed quantitative and
qualitative criteria for Go/No-Go decision-making, and a timeline for the attainment of each
goal and milestone and should be reflected in the Milestone Plan for the overall Program. This
plan must include Go/No-Go criteria to be met by the end of Year 3 of the award for
continuation to Phase II. Milestones must specify the outcome(s) for each activity. Milestones
should be quantifiable and scientifically justified, and include the completion of major
research study activities, for example, identification of protective epitopes, animal model
development, vaccine or mAb candidate down-selection, identification of correlates of
protection, validation of vaccine or mAb strategies for other family members, and analysis,
sharing and publication of final data. Milestone criteria should not simply be a restatement of
the specific aims. Using a Gantt chart or equivalent tool, describe the associated timelines and
identified outcomes for the research Center.  

Industry Expertise and Regulatory Considerations: For projects proposing early vaccine
development, describe how industry partners will be identified and incorporated into the
proposed project including a timeline for inclusion. For projects proposing IND-enabling later
stage vaccine development, NIAID requires Centers to include active participation of an
industry partner to ensure access to vaccine technology platforms, expertise in
manufacturing, clinical development, and regulatory pathways. Applicants should describe the
role of this partner in the proposed project and/or team to facilitate discovery, candidate
evaluation and/or product development. For the purpose of this FOA, "industry" is defined as
a large or small, domestic or foreign, pharmaceutical, biotechnology, bioengineering, or
chemical company, or a related non-profit entity. 

 
Please let me know if you have any questions about these or have any concerns about getting
them back to us by the deadlines.
Thank you,
 
Sherry L. Haller, PhD
Associate Director
Center for Biodefense and Emerging Infectious Diseases
The University of Texas Medical Branch
Keiller Bldg., Rm. 1.104D
301 University Blvd., Galveston, TX 77555-0609
 
C: (785) 554-1713  O: (409) 747-0766
Teams: Call Chat
E: shhaller@utmb.edu

 



RESEARCH STRATEGY: 
1. SIGNIFICANCE
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare,
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens. This classification stems is
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality,
have potential for major public health impact, and require special action for public health preparedness 3 . Threats
to public health are further heightened due to lack of internationally approved vaccines to address threats of
natural epidemics as well as the potential bio-weaponization of these viruses.

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
Arenaviruses and Nairoviruses. 
The   Arenaviridae: All   Mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge 7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe) 8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible. 9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).  
The Nairoviridae: Unique from other Bunyaviruses, Orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic Orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 
which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 



efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC 20. Like   
Arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 
2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data 
concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the five 
deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the immune 
response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known 
to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine 9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  
Unique Nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation 20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface 20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge 33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control   Arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE 34, 35 and LA 36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 
3. APPROACH  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus species. This will 
be achieved by tailoring antigen design from prototype applicable to related members of these viral families. 



These optimized vaccines will be produced in Core 
D and evaluated for protective efficacy and 
determination of immune correlates associated 
with protection in animal models under maximum 
(BSL4) containment in collaboration with Cores D 
and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
Mammarenaviruses and Orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study 
to determine feasibility of PREP using half-life 
extended antibodies as an alternative to traditional 
vaccination. Lastly, RP1 will work closely with Core 
E to develop infectious clones using reverse 
genetics to develop BSL4 research tools and 
animal models for viruses that are otherwise not 
available to the research community. 
Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 
PRELIMINARY RESULTS 
Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked 
GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp 
has since made structure-based improvements to generate a stable GP immunogen representative of the 
authentic viral GP spike and suitable for use as a vaccine. We reverted the E329P mutant, hypothesized to 
stabilize heptad repeat 1 in 
GP28 and added an 
additional trimerization 
motif to stabilize the GP 
spike in the absence of 
Fabs. The tagged trimeric 
LASV GP is expressed 
and secreted from 
Drosophila S2 cells and 
purified from supernatant 
via affinity 
chromatography using a 
StrepTrap HP column (GE 
Healthcare). SDS-PAGE 
and Size-exclusion 
chromatography (SEC) 
offer verification of 

Figure 1: Overall Research Strategy for RP and demonstration of interactions 
with other RP and Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 
and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-
J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



trimerization (Figure 2). Pilot stability studies inclusive of freeze thaw 
cycles and storage at 4˚C are supportive of the stability required for a 
vaccine candidate. 
The engineering methodologies employed for LASV GP translated well to 
the NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of 
JUNV GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our 
GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  
LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong 
humoral response and high titers of nAbs to a target pathogen, increasing 
evidence25-30 suggests that the cellular response, mediated by T cells, can 
play a potent and complementary role in the long-term protection against pathogens. Understanding that T cell 
responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 

Figure 3. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 
intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 
2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 
monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  
Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 
Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Arenavirus Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  
 Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 

OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 

 New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina 45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine 46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  

 Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 
survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 
after 2 step purification (right electrophoresis gel). 



towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38.  

Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in animal models. 
 In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 

quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  Mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and 
E). 

 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats 58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  
Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 
viruses for research and vaccine design for several different virus families 46, 61, 62 . An additional goal of RP1 is 
to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist 
either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared 



with the research community. In collaboration with Core E, RP1 
develop and rescue of New World arenaviruses using existing reverse 
genetics approaches at UTMB or develop new ones to meet these 
needs. 
Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs: Building on the success of our GPe + NP-NTD LASV vaccine, 
we will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core 
D either as individual subunit vaccines or combinations as outlined in Table 1 using an intramuscular (IM) 
vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly assigned to 
groups as outlined in Table 1.  Blood will be collected prior to immunization and then on days 28 and 56-days 
post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days 
immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-
immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 pfu of a guinea 
pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be monitored clinically a 
minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside 
scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 
days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the IM 
vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the 
subunit vaccines will be administered using the MNP patches prepared by CORE C. Patches are administered 
after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the 
microneedles can fully dissolve. 

Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 
MACV Chicava strain64. Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV, 
we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 
Milestone 1.1.1.B: 
Determination of pan-
LASV and Pan-MACV 

protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 
and 6(Togo) established in the BSL4 evaluation Core E as outlined in Table 3. The vaccination, challenge, and 
sample collection will be identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to confer heterologous protection against three 
lineages of MACV genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the 
optimal adjuvant and vaccination rout. Employing optimized strain 13 or outbred, Hartley guinea pig models for 
lineages 1, 5, and 8 established in the BSL4 evaluation Core E as outlined in Table 4. We will also utilize JUNV 
(Romero strain)65  challenge to assess heterologous protection against a related but distinct NWAV to begin to 
assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 

Table 1: Outline of LASV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 
Schedule for Milestone 1.1.1.B 



Milestone 1.1.1.C: Determination of LASV and MACV protective 
efficacy using optimized subunit-patch vaccination in NHP: 15 
cynomolgus monkeys will be randomized into two experimental 
vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be 
vaccinated using the down selected LASV antigens, adjuvants, and 
vaccination route identified in 1.1.1.A.  Animals in vaccine group 1 
will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 
days post prime (21 days post boost for 

boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The 
survival of infected macaques will be assessed, and clinical signs consistent with 
VHF (as measured by hematology, serum biochemistry, and blood coagulation 
assays) will be documented. Surviving animals will be euthanized at the study 
endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody 
and neutralizing antibody titers. Blood and tissues will also be taken after virus 
challenge for histopathology, immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline 

in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be the established 
MACV Chicava strain66. If Candid-1 confers protection in guinea pig study 
outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea 
pigs 46, 47 
Milestone 1.1.2.A: Development and optimization of patch vaccination 
approach employing nairovirus subunits: Here we will determine if our GPe + 
NP-NTD subunit vaccine approach can be deployed against CCHFV.We will 
compare the protective efficacy of two adjuvants coupled to our CCHFV GP and 
NP-NTD proteins developed and manufactured in collaboration with Core D 

either as individual subunit vaccines or combinations as outlined in Table 7 using an intramuscular (IM) 
vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly assigned to groups as 
outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 and 56-days post-
immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days 
immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-
immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low 
passage CCHF-Hoti52. After virus challenge, animals will 
be monitored clinically a minimum of twice daily. Hands-
on physical and visual assessment of infected animals 
may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 
1, 4, 7, 10, 14, 21 and 28 days will be processed for 
measurement of viremia by plaque assay and qRT-
PCR. Results from the IM vaccination then be compared 
head-to-head against an equivalent 
vaccination/challenge cohort where the subunit 
vaccines will be administered using the MNP patches 
prepared by MNP Patch CORE C. Patches are 
administered after shaving a small section of the 
abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table 5: Outline of NHP efficacy 
studies for LASV Milestone 
1.1.1.C 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 
for Milestone 1.1.1.B 

Table 7: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 



Milestone1.1.2.B: Determination of pan-CCHF 
protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and 
vaccination route down selected in 1.1.2.A, we will assess 
the potential for our CCHFV subunit vaccines to confer 
heterologous protection against four lineages of CCHFV 
endemic to geographically distinct areas from the 
prototype strain (CCHF-Hoti). Employing optimized strain 
13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) 
established in the BSL4 evaluation Core C as outlined in 
Table 8. The vaccination, challenge, and sample collection 
will be identical to that outlined in 1.1.2.A above.  
Milestone 2.1.2.C: Determination of protective efficacy 
using optimized subunit-patch vaccination in NHP: In 

collaboration with Core E, 15 cynomolgus monkeys will be randomized into two 
experimental vaccine groups of 5 animals per group, a control vaccine (VSV-
CCHFV-GPC, demonstrated effective in mice23 and NHP (Unpublished, Cross 
and Geisbert) with 5 animals, and a control group of five unvaccinated animals 
(Table 9). Animals in vaccine groups 1 and 2 will be vaccinated using the down 
selected CCHFV antigens, adjuvants, and vaccination route identified in 
1.1.2.A.  Animals in vaccine group 1 will receive only the initial single 
administration of vaccine while animals in vaccine group 2 will receive the same 
vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 
days post-boost for boosted animals), all animals will be challenged with 5000 
PFU of CCHFV-Hoti. The disease of infected macaques will be assessed, and 
clinical signs consistent with VHF (as measured by hematology, serum 
biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after CCHFV 
challenge. In addition, blood will be collected before and after vaccination and 
at the study endpoint for determination of binding antibody and neutralizing 

antibody titers. Blood and tissues will also be taken after 
virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) 
will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 
1.1.1F. 
Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, guinea 
pigs and NHP: RP1 and Core D will produce optimized 
GPe and NP-NTD antigens to formulate vaccines for 
LUJV and CHAPV based off lessons learned from 
1.1.1A-C. Protective efficacy studies then be carried out 
where Core E will vaccinate and challenge guinea pigs 
or NHP as outlined in 1.1.1A and 1.1.1C, respectively 
(Table 10). RP1 and Core D will also produce optimized 
KASV GP and NP-NTD antigens to formulate 
subunit/MNP vaccines based off lessons learned from 
1.1.1A-C. Protective efficacy studies will then be carried 
Core E will vaccinate and challenge guinea pigs or NHP 
as outlined in 1.1.1A and 1.1.1C, respectively (Table 10)  

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 Table 9: Outline of NHP efficacy studies 

for MACV Milestone 1.1.1.B 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15  

VACCINE CHAPV  
NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LUJV NP-NTD 8 

LUJV GPe 8 
LUJV GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE 
KASOKERO  

NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) KASV  NP 
KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 

Table 8: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 



Milestone 1.1.3: Determination of cellular and humoral immune correlates associated with protection.  
Milestone 1.1.3.A: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a 
targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination 
using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, 
ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important 
correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will 
measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect 
responses in vaccinated EVD survivors to be superior to natural immunity.  
Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences, 
Franklin Lakes, NJ) then washed. Cell populations are then acquired and quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols.67, 68 PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed. Stained, fixed cells will then be acquired using a Cytek 
Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 



Milestone 1.1.3.A:: Systems serology Characterization of Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  
Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument .70, 72 Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 
Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  Mammarenaviruses62, 73 and Orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog 74 but is still pathogenic in mice and humans . There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months(34-37). 

PREP JUNV NHP 
CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 

Table 11: PREP schedule outline in 
Milestone 2 



Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  
we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life 
of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D)  for testing 
with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant 
IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11). 
For further details of the NHP testing, please see Core E. These data will be used by the Scientific Advisory 
Board to inform decision making around possible additional IM mAb prophylaxis plug and play prototypes against 
other viruses. 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 
subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 
the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 
adjusting the requested budgets accordingly after consultation with NIAID and SAC. Please note: Discussion of 
expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 
2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 
within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 
virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 
Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 
development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 
experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 
(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 
expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 
Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 

MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 
leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 
Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 
vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 
the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 
NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-
MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 
and the overall goal of the NIAID, ReVAMPP Centers. 

 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 
loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 
Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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SPECIFIC AIMS 

The viral order Bunyavirales is composed of several viral families known to contain several high priority human 
pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic 
diseases in humans across the world with mortality rates up to 60% and significant, long-term sequelae in 
survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six 
Arenaviruses:Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) 
and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV), are  NIAID Category A pathogens due 
to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have 
potential for major public health impact, and require special action for public health preparedness. These threats 
are further heightened due to lack of internationally approved vaccines to counter natural epidemics and 
potential bio-weaponization. To address this unmet need, Research Project 1 (RP1) will leverage the combined 
expertise in high-containment virology, immunology, and biological product development, to develop Arenavirus 
and Nairovirus research tools and vaccine approaches which can be adapted across members of each viral 
family in a “plug-and-play” manner. Much of the work developing vaccines against high containment viruses 
has relied heavily on viral isolates derived over 40 years ago or longer, which creates concerns of efficacy as 
new related viruses continue to emerge and cause disease. However, recent advances in reverse genetics of 
viruses have allowed the generation of infectious clones and recombinant Arenaviruses (LASV, MACV, LUJV, 
JUNV) and Nairoviruses (CCHFV) which will make vaccine testing of genetically divergent isolates more feasible. 
Vaccine development for most Arenaviruses and Nairoviruses has largely centered on the critical role of the viral 
glycoproteins (GP) and nucleoproteins (NP) to incur natural immunity. We recently successfully engineered a 
recombinant, stabilized-trimeric form of the LASV GP to act as an antigenic mimic of viral surface displayed GP. 
We have found that this trimeric GPe alone, co-delivered with LASV NP subunits, or NP subunits alone, can 
fully protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as 
simple, safe, recombinant protein immunogens. Indeed, subunit vaccines are prime candidates for alternative 
vaccination approaches such as microneedle patches (MNP), which harness the potently immunoresponsive 
cutaneous microenvironments, using dissolvable MNPs embedded with recombinant viral glycoprotein antigens 
and adjuvants to elicit robust and long-lasting protective immunity against the target pathogen.  The importance 
of humoral immunity for affording potent protection or treatment against viral infections cannot be understated 
as evidenced by the recent success using monoclonal antibody therapies to treat Ebola virus disease and 
COVID-19, however little is known of the potential for pre-exposure prophylactic (PREP) administration of 
antibody therapies and what kind of prophylactic windows are possible.  The goals of RP1 are two-fold: (1) 
Develop novel vaccination approaches utilizing subunit-MNP vaccines developed against Old and New World 
Arenaviruses or emerging Nairoviruses. (2) Develop monoclonal antibody PREP strategies which can provide 
protective immunity. Specifically, we will:  

Specific Aim 1: Subunit immunogens and MNP vaccination.  Working with Core C, D, and E, we will 
determine optimal immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and 
CCHFV disease in animal models.  We will define detailed multi-parameter cellular and systems level humoral 
correlates of protection of candidate vaccination approaches. 

 Milestone 1.1.1.A-C:  Development and optimization of MNP vaccines using Arenavirus subunits in
guinea pigs and non-human primates.

 Milestone 1.1.2.A-C: Development and optimization of MNP vaccines using Nairovirus subunits;
protection in STAT-1/KO mice and non-human primates.

 Milestone 1.1.2.D:  Determine the protective efficacy of optimized MNP vaccines against emerging
Arenavirus and Nairovirus “test case” viruses in STAT-1/KO mice, guinea pigs and NHP.

 Milestone 1.1.3. A-B:  Define the cellular and humoral immune correlates associated with protection.

 Milestone 1.2: Recombinantly rescue important naturally occurring Arenaviruses and Nairoviruses
known only by genetic data.

Specific Aim 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Working with Core D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV 
monoclonal antibody re-engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics 
and determine protective efficacy and estimate conferred immunity correlates in animal studies performed in 
Core E. 



RESEARCH STRATEGY: 
1. SIGNIFICANCE 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens. This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness 3 . Threats 
to public health are further heightened due to lack of internationally approved vaccines to address threats of 
natural epidemics as well as the potential bio-weaponization of these viruses. 

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other  
Arenaviruses and Nairoviruses. 
The   Arenaviridae: All   Mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge 7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe) 8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible. 9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).  
The Nairoviridae: Unique from other Bunyaviruses, Orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic Orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 
which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 



efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC 20. Like   
Arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 
2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data 
concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the five 
deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the immune 
response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known 
to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine 9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  
Unique Nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation 20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface 20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge 33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control   Arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE 34, 35 and LA 36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 

3. APPROACH  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus species. This will 
be achieved by tailoring antigen design from prototype applicable to related members of these viral families. 



These optimized vaccines will be produced in Core 
D and evaluated for protective efficacy and 
determination of immune correlates associated 
with protection in animal models under maximum 
(BSL4) containment in collaboration with Cores D 
and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
Mammarenaviruses and Orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study 
to determine feasibility of PREP using half-life 
extended antibodies as an alternative to traditional 
vaccination. Lastly, RP1 will work closely with Core 
E to develop infectious clones using reverse 
genetics to develop BSL4 research tools and 
animal models for viruses that are otherwise not 
available to the research community. 
Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 
PRELIMINARY RESULTS 
Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked 
GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp 
has since made structure-based improvements to generate a stable GP immunogen representative of the 
authentic viral GP spike and suitable for use as a vaccine. We reverted the E329P mutant, hypothesized to 
stabilize heptad repeat 1 in 
GP28 and added an 
additional trimerization 
motif to stabilize the GP 
spike in the absence of 
Fabs. The tagged trimeric 
LASV GP is expressed 
and secreted from 
Drosophila S2 cells and 
purified from supernatant 
via affinity 
chromatography using a 
StrepTrap HP column (GE 
Healthcare). SDS-PAGE 
and Size-exclusion 
chromatography (SEC) 
offer verification of 

Figure 1: Overall Research Strategy for RP and demonstration of interactions 

with other RP and Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 

and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-

J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



trimerization (Figure 2). Pilot stability studies inclusive of freeze thaw 
cycles and storage at 4˚C are supportive of the stability required for a 
vaccine candidate. 
The engineering methodologies employed for LASV GP translated well to 
the NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of 
JUNV GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our 
GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  
LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong 
humoral response and high titers of nAbs to a target pathogen, increasing 
evidence25-30 suggests that the cellular response, mediated by T cells, can 
play a potent and complementary role in the long-term protection against pathogens. Understanding that T cell 
responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 

Figure 3. LASV NP subdomains and 

expression. (A) Crystal structure of LASV NP 

highlighting the two functional subdomains. (B) 

SDS-PAGE gel showing highly purified LASV NP 

antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 

intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 

2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 

monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  
Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 
Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Arenavirus Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  

• Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 
OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 

• New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina 45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine 46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  

• Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 

survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 

after 2 step purification (right electrophoresis gel). 

Gn/Gc Gn Gc GP38

20

25

210

215

220

H
u
m

a
n
 A

n
ti
-C

C
H

F
V

 I
g
G Convalescent

Naive



towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38.  

Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in animal models. 

• In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

• First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  Mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and 
E). 

• In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats 58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  
Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 
viruses for research and vaccine design for several different virus families 46, 61, 62 . An additional goal of RP1 is 
to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist 
either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared 



with the research community. In collaboration with Core E, RP1 
develop and rescue of New World arenaviruses using existing reverse 
genetics approaches at UTMB or develop new ones to meet these 
needs. 
Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs: Building on the success of our GPe + NP-NTD LASV vaccine, 
we will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core 
D either as individual subunit vaccines or combinations as outlined in Table 1 using an intramuscular (IM) 
vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly assigned to 
groups as outlined in Table 1.  Blood will be collected prior to immunization and then on days 28 and 56-days 
post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days 
immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-
immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 pfu of a guinea 
pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be monitored clinically a 
minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside 
scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 
days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the IM 
vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the 
subunit vaccines will be administered using the MNP patches prepared by CORE C. Patches are administered 
after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the 
microneedles can fully dissolve. 

Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 
MACV Chicava strain64. Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV, 
we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 
Milestone 1.1.1.B: 
Determination of pan-
LASV and Pan-MACV 

protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 
and 6(Togo) established in the BSL4 evaluation Core E as outlined in Table 3. The vaccination, challenge, and 
sample collection will be identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to confer heterologous protection against three 
lineages of MACV genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the 
optimal adjuvant and vaccination rout. Employing optimized strain 13 or outbred, Hartley guinea pig models for 
lineages 1, 5, and 8 established in the BSL4 evaluation Core E as outlined in Table 4. We will also utilize JUNV 
(Romero strain)65  challenge to assess heterologous protection against a related but distinct NWAV to begin to 
assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 

Table 1: Outline of LASV Vaccination Schedule for 

Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 

Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 

Schedule for Milestone 1.1.1.B 



Milestone 1.1.1.C: Determination of LASV and MACV protective 
efficacy using optimized subunit-patch vaccination in NHP: 15 
cynomolgus monkeys will be randomized into two experimental 
vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be 
vaccinated using the down selected LASV antigens, adjuvants, and 
vaccination route identified in 1.1.1.A.  Animals in vaccine group 1 
will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 
days post prime (21 days post boost for 

boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The 
survival of infected macaques will be assessed, and clinical signs consistent with 
VHF (as measured by hematology, serum biochemistry, and blood coagulation 
assays) will be documented. Surviving animals will be euthanized at the study 
endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody 
and neutralizing antibody titers. Blood and tissues will also be taken after virus 
challenge for histopathology, immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline 

in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 

grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be the established 

MACV Chicava strain66. If Candid-1 confers protection in guinea pig study 
outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea 

pigs 46, 47 
Milestone 1.1.2.A: Development and optimization of patch vaccination 
approach employing nairovirus subunits: Here we will determine if our GPe + 
NP-NTD subunit vaccine approach can be deployed against CCHFV.We will 
compare the protective efficacy of two adjuvants coupled to our CCHFV GP and 
NP-NTD proteins developed and manufactured in collaboration with Core D 

either as individual subunit vaccines or combinations as outlined in Table 7 using an intramuscular (IM) 
vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly assigned to groups as 
outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 and 56-days post-
immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days 
immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-
immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low 
passage CCHF-Hoti52. After virus challenge, animals will 
be monitored clinically a minimum of twice daily. Hands-
on physical and visual assessment of infected animals 
may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 
1, 4, 7, 10, 14, 21 and 28 days will be processed for 
measurement of viremia by plaque assay and qRT-
PCR. Results from the IM vaccination then be compared 
head-to-head against an equivalent 
vaccination/challenge cohort where the subunit 
vaccines will be administered using the MNP patches 
prepared by MNP Patch CORE C. Patches are 
administered after shaving a small section of the 
abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 

VACCINE LASV CHALLENGE 

 
LASSA NP-NTD 

10  
(TWO GROUPS OF 5) 

 

LASSA Gpe  

LASSA Gpe +      
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(VSV-LASV-GPC) 5 

 

TOTALS 15  

 
Table 5: Outline of NHP efficacy 

studies for LASV Milestone 

1.1.1.C 

VACCINE MACV CHALLENGE 

 
MACV CHICAVA 

NP NTD 

10 
(TWO GROUPS OF 5) 

 

MACV CHICAVA 
GPe 

 

MACV CHICAVA 
NP + GPe 

 

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(JUNV-Candid-1) 5 

 

TOTALS 15  

 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 

for Milestone 1.1.1.B 

Table 7: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 



Milestone1.1.2.B: Determination of pan-CCHF 
protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and 
vaccination route down selected in 1.1.2.A, we will assess 
the potential for our CCHFV subunit vaccines to confer 
heterologous protection against four lineages of CCHFV 
endemic to geographically distinct areas from the 
prototype strain (CCHF-Hoti). Employing optimized strain 
13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) 
established in the BSL4 evaluation Core C as outlined in 
Table 8. The vaccination, challenge, and sample collection 
will be identical to that outlined in 1.1.2.A above.  
Milestone 2.1.2.C: Determination of protective efficacy 
using optimized subunit-patch vaccination in NHP: In 

collaboration with Core E, 15 cynomolgus monkeys will be randomized into two 
experimental vaccine groups of 5 animals per group, a control vaccine (VSV-
CCHFV-GPC, demonstrated effective in mice23 and NHP (Unpublished, Cross 
and Geisbert) with 5 animals, and a control group of five unvaccinated animals 
(Table 9). Animals in vaccine groups 1 and 2 will be vaccinated using the down 
selected CCHFV antigens, adjuvants, and vaccination route identified in 
1.1.2.A.  Animals in vaccine group 1 will receive only the initial single 
administration of vaccine while animals in vaccine group 2 will receive the same 
vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 
days post-boost for boosted animals), all animals will be challenged with 5000 
PFU of CCHFV-Hoti. The disease of infected macaques will be assessed, and 
clinical signs consistent with VHF (as measured by hematology, serum 
biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after CCHFV 
challenge. In addition, blood will be collected before and after vaccination and 
at the study endpoint for determination of binding antibody and neutralizing 

antibody titers. Blood and tissues will also be taken after 
virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) 
will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 
1.1.1F. 
Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, guinea 
pigs and NHP: RP1 and Core D will produce optimized 
GPe and NP-NTD antigens to formulate vaccines for 
LUJV and CHAPV based off lessons learned from 
1.1.1A-C. Protective efficacy studies then be carried out 
where Core E will vaccinate and challenge guinea pigs 
or NHP as outlined in 1.1.1A and 1.1.1C, respectively 
(Table 10). RP1 and Core D will also produce optimized 
KASV GP and NP-NTD antigens to formulate 
subunit/MNP vaccines based off lessons learned from 
1.1.1A-C. Protective efficacy studies will then be carried 
Core E will vaccinate and challenge guinea pigs or NHP 
as outlined in 1.1.1A and 1.1.1C, respectively (Table 10)  

VACCINE CCHF CHALLENGE 

 
CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

 

CCHF  GP38  

CCHF  NP  

CCHF  
GnGc+GP38+NP 

 

CCHF  GnGc+GP38  

CCHF  GP38+NP  

CCHF  GnGc+NP  

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(VSV-CCHF-M) 5 

 

  15  

 Table 9: Outline of NHP efficacy studies 

for MACV Milestone 1.1.1.B 

VACCINE 
LUJV  

NHP CHALLENGE 
 

LUJV NP-NTD 

10 
 (TWO GROUPS OF 5) 

 

LUJV GPe  

LUJV GPe +       
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

 

 

 

 

 

 

 

 

 

VACCINE 
CHAPV  

NHP CHALLENGE 
 

 CHAPV NP NTD 

10 
 (TWO GROUPS OF 5) 

 

CHAPV GPe  

CHAPV GPe + 
NP-NTD 

  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

VACCINE 
LUJV  

NHP CHALLENGE 
 

LUJV NP-NTD 

10 
 (TWO GROUPS OF 5) 

 

LUJV GPe  

LUJV GPe +       
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

 

 

 

 

 

 

 

 

 

VACCINE 
CHAPV  

NHP CHALLENGE 
 

 CHAPV NP NTD 

10 
 (TWO GROUPS OF 5) 

 

CHAPV GPe  

CHAPV GPe + 
NP-NTD 

  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

VIRUS 

GUINEA PIG 
CHALLENGE 

LUJV 

LUJV NP-NTD 8 

LUJV GPe 8 

LUJV GPe + 
NP-NTD 8 

Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VACCINE 

GUINEA PIG 
CHALLENGE 

CHAPV 

 CHAPV NP NTD 8 

CHAPV GPe 8 

CHAPV NP + GPe 8 

Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VIRUS 

MOUSE 
CHALLENGE 

KASOKERO 
VIRUS 

KASV  GnGc 8 

KASV  NP 8 

KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VACCINE 
KASOKERO  

NHP CHALLENGE 
 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 

 

KASV  NP  

KASV  GnGc +NP  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 

Table 8: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 



Milestone 1.1.3: Determination of cellular and humoral immune correlates associated with protection.  
Milestone 1.1.3.A: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a 
targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination 
using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, 
ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important 
correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will 
measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect 
responses in vaccinated EVD survivors to be superior to natural immunity.  
Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences, 
Franklin Lakes, NJ) then washed. Cell populations are then acquired and quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols.67, 68 PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed. Stained, fixed cells will then be acquired using a Cytek 
Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 



Milestone 1.1.3.A:: Systems serology Characterization of Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  
Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument .70, 72 Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 
Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  Mammarenaviruses62, 73 and Orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog 74 but is still pathogenic in mice and humans . There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months(34-37). 

PREP 
JUNV NHP 

CHALLENGE  

 

5 mg/kg 5  

15mg/kg 5  

Control animals (NO PREP) 5  

TOTALS 15  

 Table 11: PREP schedule outline in 

Milestone 2 



Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  
we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life 
of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D)  for testing 
with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant 
IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11). 
For further details of the NHP testing, please see Core E. These data will be used by the Scientific Advisory 
Board to inform decision making around possible additional IM mAb prophylaxis plug and play prototypes against 
other viruses. 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 

Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 

targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 

subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 

the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 

adjusting the requested budgets accordingly after consultation with NIAID and SAC. Please note: Discussion of 

expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 

2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 

within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 

virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 

Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 

development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 

experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 

(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 

expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 

Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 

MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 

leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 

Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 

vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 

the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 

NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-

MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 

and the overall goal of the NIAID, ReVAMPP Centers. 

 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 

loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 

Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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ABSTRACT: 1 

The viral order Bunyavirales contains several high priority human pathogens. Notably, Arenaviridae and 2 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world 3 
with mortality rates up to 60% and some are associated with significant, long-term sequelae in survivors. Of 4 
these, rodent borne arenaviruses – Lassa (LASV), Lujo, Chapare, Guanarito, Junin and Machupo viruses and 5 
one tickborne Nairovirus-Crimean-Congo Hemorrhagic Fever Virus- are identified as NIAID Category A 6 
pathogens due to ease of dissemination or transmission person-to-person, production of significant morbidity 7 
and mortality, and have potential for major public health impact, and require special action for public health 8 
preparedness. Threats to public health are further heightened due to lack of internationally approved 9 
vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To 10 
address this unmet need, PABVAX RP1 will leverage combined expertise in high-containment virology, 11 
immunology, and biological product development, to develop arenavirus and nairovirus research tools and 12 
vaccine approaches using prototype members of each viral group which can be adapted across each viral family 13 
using a “plug-and-play” approach. Much of the work developing vaccines for these viruses has relied on 14 
isolates derived over 40 years ago, recent advances in viral reverse for these viral families is making vaccine 15 
testing of emerging isolates more feasible by improving access. Vaccine development for most arenaviruses and 16 
nairoviruses has centered on the understanding of the critical role for viral glycoproteins (GP) and nucleoproteins 17 
(NP) to drive natural immunity. We have recently successfully engineered a recombinant, stabilized prefusion 18 
LASV GPe to act as an antigenic mimic of viral surface displayed GP and found this trimeric GPe alone, co-19 
delivered with NP, or NP subunits alone, can protect guinea pigs against lethal challenge by LASV underscoring 20 
the value of these antigens as vaccine components. Subunit vaccines are prime candidates for alternative 21 
vaccination approaches like microneedle patches (MNP). MNP coupled antigens and adjuvants directly interact 22 
with the potently immunoresponsive cutaneous microenvironments using dissolvable MNPs to elicit robust and 23 
long-lasting protective immunity against the target pathogen. The importance of humoral immunity for affording 24 
potent protection or treatment against viral infections cannot be understated as evidenced by the recent success 25 
using monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential 26 
for pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows 27 
are possible. In this proposal, we will develop protective protein-based subunit-MNP vaccines, PREP treatment 28 
strategies, and recombinant virus tools using prototyped arenaviruses and nairoviruses which will template 29 
development of countermeasures against other related Bunyaviridae members.  30 
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RESEARCH STRATEGY:

1. SIGNIFICANCE

[bookmark: _Hlk136870281]The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens. This classification stems is owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special action for public health preparedness 3 . Threats to public health are further heightened due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses.

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often durable protection from debilitating disease and death. However, as the global human population grows, the number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes from different pathogens has been a central driver for a number of successful and approved vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other  Arenaviruses and Nairoviruses.

The   Arenaviridae: All   Mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge 7. Recent crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) 8. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be possible. 9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished). 

The Nairoviridae: Unique from other Bunyaviruses, Orthonairoviruses (Nairoviridae genus of human pathogens) are transmitted primarily by ticks in nature. While there are a number of human pathogenic Orthonairoviruses (e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC 20. Like   Arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be afforded using a VSV vectored vaccine expressing the full GPC of CCHF23.

2. INNOVATION

Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the immune response.

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine 9, 10, 31, 32. Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection against LASV challenge in guinea pigs. 

Unique Nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in glycoprotein sequences across lineages which can be less than 75% amino acid conservation 20. Given the glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface 20 . Indeed, a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against heterologous challenge 33. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy likely has the greatest potential for potent, cross-clade protection.

PREP “vaccination” as a measure to control   Arenaviruses: For situations where a vaccine does not exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with YTE 34, 35 and LA 36, 37 Fc point mutations to determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal antibodies.

3. APPROACH 

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus species. This will be achieved by tailoring antigen design from prototype applicable to related members of these viral families. These optimized vaccines will be produced in Core D and evaluated for protective efficacy and determination of immune correlates associated with protection in animal models under maximum (BSL4) containment in collaboration with Cores D and E via intramuscular administration or Microneedle skin Patch (MNP). MNPs containing subunit vaccines manufactured in Core D and optimized for delivery efficiency in Core C. Using optimized delivery methods developed in collaboration with Cores C, D, and E, RP1 will provide stabilized GPe vaccines for select   Mammarenaviruses and Orthonairoviruses to RP4 and RP5 to produce broadly reactive monoclonal antibodies or nanobodies, respectively. RP1 and Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using half-life extended antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core E to develop infectious clones using reverse genetics to develop BSL4 research tools and animal models for viruses that are otherwise not available to the research community.Figure 1: Overall Research Strategy for RP and demonstration of interactions with other RP and Cores of PABVAX



Scientific Rigor

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been properly performed.

PRELIMINARY RESULTS

Engineering trimeric glycoprotein antigens for the arenaviruses

Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp has since made structure-based improvements to generate a stable GP immunogen representative of the authentic viral GP spike and suitable for use as a vaccine. We reverted the E329P mutant, hypothesized to stabilize heptad repeat 1 in GP28 and added an additional trimerization motif to stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV GP is expressed and secreted from Drosophila S2 cells and purified from supernatant via affinity chromatography using a StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer verification of trimerization (Figure 2). Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are supportive of the stability required for a vaccine candidate.Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin.



Figure 3. LASV NP subdomains and expression. (A) Crystal structure of LASV NP highlighting the two functional subdomains. (B) SDS-PAGE gel showing highly purified LASV NP antigens for vaccine study. 



The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of J199, reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the interaction with a well-characterized mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric spike and support their use as a vaccine immunogen. 

LASV subunit vaccine protects guinea pigs against lethal challenge

While classical vaccine approaches largely focus on evoking a strong humoral response and high titers of nAbs to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, can play a potent and complementary role in the long-term protection against pathogens. Understanding that T cell responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% survival where as Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected. Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were monitored for 35 days post-challenge, and survival curves and weight change are plotted. 



Engineering glycoproteins antigens for CCHFV: The CCHF virus has a tripartite negative-sense RNA genome,composed of the the small (S), medium (M), and large (L) segments. The M segment encodes the viral glycoprotein precursor (GPC) complex, which is subsequently cleaved by host proteases into multiple proteins, including the envelope glycoprotein GnGc and secreted GP38 protein. GnGc is composed of Gn and Gc subunits, which are linked together by a multiple membrane spanning region. These transmembrane domains complicate the in vitro expression of soluble GnGc, but we have designed a construct that replaces the transmembrane domains with a linker and have generated a stable drosophila cell line that expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins.Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 after 2 step purification (right electrophoresis gel).



Specific Aim 1: Subunit immunogens and MNP vaccination Rationale: 

Scientific Approach: The choice of Arenavirus Prototype Pathogens is justified as follows: RP1 proposes preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within each viral family further challenging effective vaccine approaches. 

· Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. There are existing guinea pig and NHP animal models.

· New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina 45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine 46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other approaches are warranted. 

· Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine development as is responsible for the largest global public health burden within the Nairoviridae family with an estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 53 and that human survivors (Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. 

Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from each prototype virus group for which no research grade vaccines have been created and tested in animal models.

· In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

· First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  Mammarenavirus associated with development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have demonstrated clear human-to-human transmission risk during the acute phase evidenced by several nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

· In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that processed infected bats 58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure development is well advised. KASV has been demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective immunity against the target pathogen. 

Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant viruses for research and vaccine design for several different virus families 46, 61, 62 . An additional goal of RP1 is to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared with the research community. In collaboration with Core E, RP1 develop and rescue of New World arenaviruses using existing reverse genetics approaches at UTMB or develop new ones to meet these needs.

Milestone 1.1 Subunit immunogens and MNP vaccination

Milestone 1.1.1.A: Development and optimization of patch vaccination approach employing arenavirus subunits in guinea pigs: Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and manufactured in Core D either as individual subunit vaccines or combinations as outlined in Table 1 using an intramuscular (IM) vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly assigned to groups as outlined in Table 1.  Blood will be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared by CORE C. Patches are administered after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the microneedles can fully dissolve.Table 2: Outline of MACV Vaccination Schedule for Milestone 1.1.1.A



Table 1: Outline of LASV Vaccination Schedule for Milestone 1.1.1.A



Similarly, we will determine the protective efficacy using MACV GPe and NP-NTD proteins developed and manufactured in Core D following the grouping described in Table 2 using the identical experimental approach as outlined above. The challenge virus will be the established MACV Chicava strain64. Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford protection from challenge with MACV, we will assess its utility as a positive control vaccine against lethal challenge with MACV46, 47.

Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV protective efficacy using optimized subunit-patch vaccination in guinea pigs: Using the adjuvant and vaccination route down selected in 1.1.1.A, we will assess the potential for our LASV subunit vaccines to confer heterologous protection against four lineages of LASV endemic to geographically distinct from the prototype strain (Josiah-lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 6(Togo) established in the BSL4 evaluation Core E as outlined in Table 3. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.1.A above.Table 3: Outline of PAN-LASV Vaccine Efficacy Schedule for Milestone 1.1.1.B



For our MACV subunit vaccines, we will assess the potential to confer heterologous protection against three lineages of MACV genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the optimal adjuvant and vaccination rout. Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 1, 5, and 8 established in the BSL4 evaluation Core E as outlined in Table 4. We will also utilize JUNV (Romero strain)65  challenge to assess heterologous protection against a related but distinct NWAV to begin to assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.1.A above.

[bookmark: _Hlk136853901]Milestone 1.1.1.C: Determination of LASV and MACV protective efficacy using optimized subunit-patch vaccination in NHP: 15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated animals (Table 5). Animals in vaccine groups 1 and 2 will be vaccinated using the down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.  Animals in vaccine group 1 will receive only the initial single administration of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 days post boost for boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected macaques will be assessed, and clinical signs consistent with VHF (as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be euthanized at the study endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus isolation and genome detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.3.AF.Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule for Milestone 1.1.1.B

Table 5: Outline of NHP efficacy studies for LASV Milestone 1.1.1.C



Similarly, we will also determine the protective efficacy of MACV following the grouping described in Table 6 using the identical experimental approach as outlined above for LASV challenge. The challenge virus will be the established MACV Chicava strain66. If Candid-1 confers protection in guinea pig study outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea pigs 46, 47Table 6: Outline of NHP efficacy studes for MACV Milestone 1.1.1.B



[bookmark: _Hlk136853916]Milestone 1.1.2.A: Development and optimization of patch vaccination approach employing nairovirus subunits: Here we will determine if our GPe + NP-NTD subunit vaccine approach can be deployed against CCHFV.We will compare the protective efficacy of two adjuvants coupled to our CCHFV GP and NP-NTD proteins developed and manufactured in collaboration with Core D either as individual subunit vaccines or combinations as outlined in Table 7 using an intramuscular (IM) vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly assigned to groups as outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low passage CCHF-Hoti52. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared by MNP Patch CORE C. Patches are administered after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the microneedles can fully dissolve.Table 7: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B



[bookmark: _Hlk136853930]Milestone1.1.2.B: Determination of pan-CCHF protective efficacy using optimized subunit-patch vaccination in STAT-1KO mice: Using the adjuvant and vaccination route down selected in 1.1.2.A, we will assess the potential for our CCHFV subunit vaccines to confer heterologous protection against four lineages of CCHFV endemic to geographically distinct areas from the prototype strain (CCHF-Hoti). Employing optimized strain 13 or outbred, Hartley guinea pig models for Clade 1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) established in the BSL4 evaluation Core C as outlined in Table 8. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.2.A above. Table 8: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B



[bookmark: _Hlk136853954]Milestone 2.1.2.C: Determination of protective efficacy using optimized subunit-patch vaccination in NHP: In collaboration with Core E, 15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, and a control group of five unvaccinated animals (Table 9). Animals in vaccine groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, adjuvants, and vaccination route identified in 1.1.2.A.  Animals in vaccine group 1 will receive only the initial single administration of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 days post-boost for boosted animals), all animals will be challenged with 5000 PFU of CCHFV-Hoti. The disease of infected macaques will be assessed, and clinical signs consistent with VHF (as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be euthanized at the study endpoint 4-5 weeks after CCHFV challenge. In addition, blood will be collected before and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus isolation and genome detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.1F.Table 9: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B

Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B



[bookmark: _Hlk136853974]Milestone 1.1.2.D: Determination of protective efficacy against novel, emerging arenaviruses and nairovirus “test case” viruses using optimized subunit-patch vaccination in STAT-1/KO mice, guinea pigs and NHP: RP1 and Core D will produce optimized GPe and NP-NTD antigens to formulate vaccines for LUJV and CHAPV based off lessons learned from 1.1.1A-C. Protective efficacy studies then be carried out where Core E will vaccinate and challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). RP1 and Core D will also produce optimized KASV GP and NP-NTD antigens to formulate subunit/MNP vaccines based off lessons learned from 1.1.1A-C. Protective efficacy studies will then be carried Core E will vaccinate and challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10) 

[bookmark: _Hlk136853997][bookmark: _Hlk136422618]Milestone 1.1.3: Determination of cellular and humoral immune correlates associated with protection. 

Milestone 1.1.3.A: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect responses in vaccinated EVD survivors to be superior to natural immunity. 

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer using an NHP optimized panel of antibodies.

Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well established, previously published protocols.67, 68 PBMCs will be directly stimulated with purified recombinant vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-well plates and supernatants will be harvested for further analysis.

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer.

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control (Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument.

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer.

Data Analysis: We will examine differences in immune responses across groups between each timepoint and baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell responses will be analyzed by t-SNE in R. 

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be banked to assess the presence of biomarkers associated with differences between groups.

[bookmark: _Hlk136854016]Milestone 1.1.3.A:: Systems serology Characterization of Arenavirus and Nairovirus specific Ig subtypes and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions (phagocytosis, NK cell activation, and complement fixation). 

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of antibodies against viral antigens using a MagPix xMAP instrument .70, 72 Specifically, each viral antigen will be coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation of bound antibody, we will use pooled banked serum from NHP survivors.

Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity (ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived seropositive standard curve, and seronegative/isotype control. 

ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody conjugated to FITC (MP Biomedicals) and measured by flow cytometry.

ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry.

Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance. 

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis.

[bookmark: _Hlk136854030]Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available isolates: We will use existing  Mammarenaviruses62, 73 and Orthonairovirus61 reverse genetics systems present at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 homolog 74 but is still pathogenic in mice and humans . There is currently no reverse genetics system for KASV. We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also to build a tool for beginning to understand KASV pathogenesis through loss of function studies.

[bookmark: _Hlk136854039]Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments.

Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal antibodies or immunoglobulins has been employed for providing instant barrier immunity to high-risk individuals for infections such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. The PABVAX consortium has a long track record of success developing monoclonal antibody (mAb) therapies against VHFs and emerging viruses. Building on this success, RP1 will perform pilot studies to examine the feasibility of PREP with a serum half-life extended mAb against JUNV. Clinically validated Fc mutations can result in improvement in serum half-life up 2-4 months(34-37).Table 11: PREP schedule outline in Milestone 2



Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this product format will be an option for development with any of the other viruses being targeted by PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D)  for testing with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11). For further details of the NHP testing, please see Core E. These data will be used by the Scientific Advisory Board to inform decision making around possible additional IM mAb prophylaxis plug and play prototypes against other viruses.

Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses adjusting the requested budgets accordingly after consultation with NIAID and SAC. Please note: Discussion of expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section. RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component.



Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, ReVAMPP Centers.
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[bookmark: _Hlk136819034]SPECIFIC AIMS

The viral order Bunyavirales is composed of several viral families known to contain several high priority human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six Arenaviruses:Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV), are  NIAID Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special action for public health preparedness. These threats are further heightened due to lack of internationally approved vaccines to counter natural epidemics and potential bio-weaponization. To address this unmet need, Research Project 1 (RP1) will leverage the combined expertise in high-containment virology, immunology, and biological product development, to develop Arenavirus and Nairovirus research tools and vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” manner. Much of the work developing vaccines against high containment viruses has relied heavily on viral isolates derived over 40 years ago or longer, which creates concerns of efficacy as new related viruses continue to emerge and cause disease. However, recent advances in reverse genetics of viruses have allowed the generation of infectious clones and recombinant Arenaviruses (LASV, MACV, LUJV, JUNV) and Nairoviruses (CCHFV) which will make vaccine testing of genetically divergent isolates more feasible. Vaccine development for most Arenaviruses and Nairoviruses has largely centered on the critical role of the viral glycoproteins (GP) and nucleoproteins (NP) to incur natural immunity. We recently successfully engineered a recombinant, stabilized-trimeric form of the LASV GP to act as an antigenic mimic of viral surface displayed GP. We have found that this trimeric GPe alone, co-delivered with LASV NP subunits, or NP subunits alone, can fully protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as simple, safe, recombinant protein immunogens. Indeed, subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle patches (MNP), which harness the potently immunoresponsive cutaneous microenvironments, using dissolvable MNPs embedded with recombinant viral glycoprotein antigens and adjuvants to elicit robust and long-lasting protective immunity against the target pathogen.  The importance of humoral immunity for affording potent protection or treatment against viral infections cannot be understated as evidenced by the recent success using monoclonal antibody therapies to treat Ebola virus disease and  COVID-19, however little is known of the potential for pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows are possible.  The goals of RP1 are two-fold: (1) Develop novel vaccination approaches utilizing subunit-MNP vaccines developed against Old and New World Arenaviruses or emerging Nairoviruses. (2) Develop monoclonal antibody PREP strategies which can provide protective immunity. Specifically, we will: 

Specific Aim 1: Subunit immunogens and MNP vaccination.  Working with Core C, D, and E, we will determine optimal immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease in animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of protection of candidate vaccination approaches.

· Milestone 1.1.1.A-C:  Development and optimization of MNP vaccines using Arenavirus subunits in guinea pigs and non-human primates.  

· Milestone 1.1.2.A-C: Development and optimization of MNP vaccines using Nairovirus subunits; protection in STAT-1/KO mice and non-human primates.

· Milestone 1.1.2.D:  Determine the protective efficacy of optimized MNP vaccines against emerging Arenavirus and Nairovirus “test case” viruses in STAT-1/KO mice, guinea pigs and NHP.

· Milestone 1.1.3. A-B:  Define the cellular and humoral immune correlates associated with protection.  

· Milestone 1.2: Recombinantly rescue important naturally occurring Arenaviruses and Nairoviruses known only by genetic data.

Specific Aim 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. Working with Core D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective efficacy and estimate conferred immunity correlates in animal studies performed in Core E.






RESEARCH STRATEGY: 
1. SIGNIFICANCE 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens. This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness 3 . Threats 
to public health are further heightened due to lack of internationally approved vaccines to address threats of 
natural epidemics as well as the potential bio-weaponization of these viruses. 


Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other  
Arenaviruses and Nairoviruses. 
The   Arenaviridae: All   Mammarenaviruses (Arenaviridae genus of viruses infecting mammals) share a 
common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), 
glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic 
architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in 
attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV 
survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge 7. Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe) 8. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible. 9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert 
unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished).  
The Nairoviridae: Unique from other Bunyaviruses, Orthonairoviruses (Nairoviridae genus of human pathogens) 
are transmitted primarily by ticks in nature. While there are a number of human pathogenic Orthonairoviruses 
(e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by 
far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, 
Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing 
range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are 
contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including 
central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 
which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen 
list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for 
CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited 







efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented 
genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC 20. Like   
Arenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of 
CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, 
he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The 
genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based 
solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a VSV vectored vaccine expressing the full GPC of CCHF23. 
2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for 
Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine 
candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a 
DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data 
concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the five 
deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the immune 
response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known 
to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in 
a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV lineages 
suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine 9, 10, 31, 32. 
Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection 
against LASV challenge in guinea pigs.  
Unique Nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a 
divergent virus with up to six genetic clades. This diversity is evident in the variation observed most clearly in 
glycoprotein sequences across lineages which can be less than 75% amino acid conservation 20. Given the 
glycoprotein is a pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV 
vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was 
based on. Conversely, NP is highly conserved but not exposed on the virus surface cellular surface 20 . Indeed, 
a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection 
against heterologous challenge 33. Taken together, a similar strategy of coupling GP and NP into a vaccine 
strategy likely has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control   Arenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g., immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE 34, 35 and LA 36, 37 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 


3. APPROACH  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus species. This will 
be achieved by tailoring antigen design from prototype applicable to related members of these viral families. 







These optimized vaccines will be produced in Core 
D and evaluated for protective efficacy and 
determination of immune correlates associated 
with protection in animal models under maximum 
(BSL4) containment in collaboration with Cores D 
and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing 
subunit vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. Using 
optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for select   
Mammarenaviruses and Orthonairoviruses to RP4 
and RP5 to produce broadly reactive monoclonal 
antibodies or nanobodies, respectively. RP1 and 
Cores D and E will also collaborate on a pilot study 
to determine feasibility of PREP using half-life 
extended antibodies as an alternative to traditional 
vaccination. Lastly, RP1 will work closely with Core 
E to develop infectious clones using reverse 
genetics to develop BSL4 research tools and 
animal models for viruses that are otherwise not 
available to the research community. 
Scientific Rigor 


The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. 
PRELIMINARY RESULTS 
Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked 
GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp 
has since made structure-based improvements to generate a stable GP immunogen representative of the 
authentic viral GP spike and suitable for use as a vaccine. We reverted the E329P mutant, hypothesized to 
stabilize heptad repeat 1 in 
GP28 and added an 
additional trimerization 
motif to stabilize the GP 
spike in the absence of 
Fabs. The tagged trimeric 
LASV GP is expressed 
and secreted from 
Drosophila S2 cells and 
purified from supernatant 
via affinity 
chromatography using a 
StrepTrap HP column (GE 
Healthcare). SDS-PAGE 
and Size-exclusion 
chromatography (SEC) 
offer verification of 


Figure 1: Overall Research Strategy for RP and demonstration of interactions 


with other RP and Cores of PABVAX 


Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 


and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-


J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 







trimerization (Figure 2). Pilot stability studies inclusive of freeze thaw 
cycles and storage at 4˚C are supportive of the stability required for a 
vaccine candidate. 
The engineering methodologies employed for LASV GP translated well to 
the NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of 
JUNV GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our 
GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  
LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong 
humoral response and high titers of nAbs to a target pathogen, increasing 
evidence25-30 suggests that the cellular response, mediated by T cells, can 
play a potent and complementary role in the long-term protection against pathogens. Understanding that T cell 
responses highly correlate with LASV recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 


Figure 3. LASV NP subdomains and 


expression. (A) Crystal structure of LASV NP 


highlighting the two functional subdomains. (B) 


SDS-PAGE gel showing highly purified LASV NP 


antigens for vaccine study.  


Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 


intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 


2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 


monitored for 35 days post-challenge, and survival curves and weight change are plotted.  







subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  
Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 
Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Arenavirus Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the   Arenaviridae and the 
Nairoviridae. Generation of effective vaccines against members of both has potential great global benefit as both 
viral families have sprawling geographic endemic ranges which have resulted in marked genetic diversity within 
each viral family further challenging effective vaccine approaches.  


• Old Word Arenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype 
OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated 
cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-
endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 
times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 42-44 . There 
are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 
of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum 
for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. 
There are existing guinea pig and NHP animal models. 


• New World Arenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina 45, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine 46, 47. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations48. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola  as the prototype NWAVs as there are no approved vaccines 
or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  


• Nairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the Nairoviridae family with an 
estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year49. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy50. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages50; however only an MVA-CCHFV vaccine has begun to advance 


Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 


survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 


after 2 step purification (right electrophoresis gel). 
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towards clinical trials51. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP52. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 53 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38.  


Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in animal models. 


• In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa54. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach55 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  


• First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne  Mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%56, 57. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment57. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and 
E). 


• In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats 58. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV59. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible58. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 


Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments60. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  
Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 
viruses for research and vaccine design for several different virus families 46, 61, 62 . An additional goal of RP1 is 
to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist 
either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared 







with the research community. In collaboration with Core E, RP1 
develop and rescue of New World arenaviruses using existing reverse 
genetics approaches at UTMB or develop new ones to meet these 
needs. 
Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs: Building on the success of our GPe + NP-NTD LASV vaccine, 
we will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core 
D either as individual subunit vaccines or combinations as outlined in Table 1 using an intramuscular (IM) 
vaccination approach. Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly assigned to 
groups as outlined in Table 1.  Blood will be collected prior to immunization and then on days 28 and 56-days 
post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days 
immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-
immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 5000 pfu of a guinea 
pig adapted LASV-Josiah developed by our group63. After virus challenge, animals will be monitored clinically a 
minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside 
scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 
days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the IM 
vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the 
subunit vaccines will be administered using the MNP patches prepared by CORE C. Patches are administered 
after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the 
microneedles can fully dissolve. 


Similarly, we will determine the protective efficacy using MACV GPe and 
NP-NTD proteins developed and manufactured in Core D following the 
grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 
MACV Chicava strain64. Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV, 
we will assess its utility as a positive control vaccine against lethal 
challenge with MACV46, 47. 
Milestone 1.1.1.B: 
Determination of pan-
LASV and Pan-MACV 


protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 
and 6(Togo) established in the BSL4 evaluation Core E as outlined in Table 3. The vaccination, challenge, and 
sample collection will be identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to confer heterologous protection against three 
lineages of MACV genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the 
optimal adjuvant and vaccination rout. Employing optimized strain 13 or outbred, Hartley guinea pig models for 
lineages 1, 5, and 8 established in the BSL4 evaluation Core E as outlined in Table 4. We will also utilize JUNV 
(Romero strain)65  challenge to assess heterologous protection against a related but distinct NWAV to begin to 
assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 


Table 1: Outline of LASV Vaccination Schedule for 


Milestone 1.1.1.A 


Table 2: Outline of MACV Vaccination Schedule for 


Milestone 1.1.1.A 


Table 3: Outline of PAN-LASV Vaccine Efficacy 


Schedule for Milestone 1.1.1.B 







Milestone 1.1.1.C: Determination of LASV and MACV protective 
efficacy using optimized subunit-patch vaccination in NHP: 15 
cynomolgus monkeys will be randomized into two experimental 
vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be 
vaccinated using the down selected LASV antigens, adjuvants, and 
vaccination route identified in 1.1.1.A.  Animals in vaccine group 1 
will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 
days post prime (21 days post boost for 


boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The 
survival of infected macaques will be assessed, and clinical signs consistent with 
VHF (as measured by hematology, serum biochemistry, and blood coagulation 
assays) will be documented. Surviving animals will be euthanized at the study 
endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody 
and neutralizing antibody titers. Blood and tissues will also be taken after virus 
challenge for histopathology, immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline 


in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 


grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be the established 


MACV Chicava strain66. If Candid-1 confers protection in guinea pig study 
outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea 


pigs 46, 47 
Milestone 1.1.2.A: Development and optimization of patch vaccination 
approach employing nairovirus subunits: Here we will determine if our GPe + 
NP-NTD subunit vaccine approach can be deployed against CCHFV.We will 
compare the protective efficacy of two adjuvants coupled to our CCHFV GP and 
NP-NTD proteins developed and manufactured in collaboration with Core D 


either as individual subunit vaccines or combinations as outlined in Table 7 using an intramuscular (IM) 
vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly assigned to groups as 
outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 and 56-days post-
immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days 
immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-
immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low 
passage CCHF-Hoti52. After virus challenge, animals will 
be monitored clinically a minimum of twice daily. Hands-
on physical and visual assessment of infected animals 
may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 
1, 4, 7, 10, 14, 21 and 28 days will be processed for 
measurement of viremia by plaque assay and qRT-
PCR. Results from the IM vaccination then be compared 
head-to-head against an equivalent 
vaccination/challenge cohort where the subunit 
vaccines will be administered using the MNP patches 
prepared by MNP Patch CORE C. Patches are 
administered after shaving a small section of the 
abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 


VACCINE LASV CHALLENGE 


 
LASSA NP-NTD 


10  
(TWO GROUPS OF 5) 


 


LASSA Gpe  


LASSA Gpe +      
NP-NTD 


 


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(VSV-LASV-GPC) 5 


 


TOTALS 15  


 
Table 5: Outline of NHP efficacy 


studies for LASV Milestone 


1.1.1.C 


VACCINE MACV CHALLENGE 


 
MACV CHICAVA 


NP NTD 


10 
(TWO GROUPS OF 5) 


 


MACV CHICAVA 
GPe 


 


MACV CHICAVA 
NP + GPe 


 


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(JUNV-Candid-1) 5 


 


TOTALS 15  


 Table 6: Outline of NHP efficacy 


studes for MACV Milestone 1.1.1.B 


Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 


for Milestone 1.1.1.B 


Table 7: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 







Milestone1.1.2.B: Determination of pan-CCHF 
protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and 
vaccination route down selected in 1.1.2.A, we will assess 
the potential for our CCHFV subunit vaccines to confer 
heterologous protection against four lineages of CCHFV 
endemic to geographically distinct areas from the 
prototype strain (CCHF-Hoti). Employing optimized strain 
13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) 
established in the BSL4 evaluation Core C as outlined in 
Table 8. The vaccination, challenge, and sample collection 
will be identical to that outlined in 1.1.2.A above.  
Milestone 2.1.2.C: Determination of protective efficacy 
using optimized subunit-patch vaccination in NHP: In 


collaboration with Core E, 15 cynomolgus monkeys will be randomized into two 
experimental vaccine groups of 5 animals per group, a control vaccine (VSV-
CCHFV-GPC, demonstrated effective in mice23 and NHP (Unpublished, Cross 
and Geisbert) with 5 animals, and a control group of five unvaccinated animals 
(Table 9). Animals in vaccine groups 1 and 2 will be vaccinated using the down 
selected CCHFV antigens, adjuvants, and vaccination route identified in 
1.1.2.A.  Animals in vaccine group 1 will receive only the initial single 
administration of vaccine while animals in vaccine group 2 will receive the same 
vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 
days post-boost for boosted animals), all animals will be challenged with 5000 
PFU of CCHFV-Hoti. The disease of infected macaques will be assessed, and 
clinical signs consistent with VHF (as measured by hematology, serum 
biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after CCHFV 
challenge. In addition, blood will be collected before and after vaccination and 
at the study endpoint for determination of binding antibody and neutralizing 


antibody titers. Blood and tissues will also be taken after 
virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) 
will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 
1.1.1F. 
Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, guinea 
pigs and NHP: RP1 and Core D will produce optimized 
GPe and NP-NTD antigens to formulate vaccines for 
LUJV and CHAPV based off lessons learned from 
1.1.1A-C. Protective efficacy studies then be carried out 
where Core E will vaccinate and challenge guinea pigs 
or NHP as outlined in 1.1.1A and 1.1.1C, respectively 
(Table 10). RP1 and Core D will also produce optimized 
KASV GP and NP-NTD antigens to formulate 
subunit/MNP vaccines based off lessons learned from 
1.1.1A-C. Protective efficacy studies will then be carried 
Core E will vaccinate and challenge guinea pigs or NHP 
as outlined in 1.1.1A and 1.1.1C, respectively (Table 10)  


VACCINE CCHF CHALLENGE 


 
CCHF  GnGc 


10 
(TWO GROUPS OF 5) 


 


CCHF  GP38  


CCHF  NP  


CCHF  
GnGc+GP38+NP 


 


CCHF  GnGc+GP38  


CCHF  GP38+NP  


CCHF  GnGc+NP  


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(VSV-CCHF-M) 5 


 


  15  


 Table 9: Outline of NHP efficacy studies 


for MACV Milestone 1.1.1.B 


VACCINE 
LUJV  


NHP CHALLENGE 
 


LUJV NP-NTD 


10 
 (TWO GROUPS OF 5) 


 


LUJV GPe  


LUJV GPe +       
NP-NTD 


 


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


 


 


 


 


 


 


 


 


 


VACCINE 
CHAPV  


NHP CHALLENGE 
 


 CHAPV NP NTD 


10 
 (TWO GROUPS OF 5) 


 


CHAPV GPe  


CHAPV GPe + 
NP-NTD 


  


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


VACCINE 
LUJV  


NHP CHALLENGE 
 


LUJV NP-NTD 


10 
 (TWO GROUPS OF 5) 


 


LUJV GPe  


LUJV GPe +       
NP-NTD 


 


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


 


 


 


 


 


 


 


 


 


VACCINE 
CHAPV  


NHP CHALLENGE 
 


 CHAPV NP NTD 


10 
 (TWO GROUPS OF 5) 


 


CHAPV GPe  


CHAPV GPe + 
NP-NTD 


  


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


VIRUS 


GUINEA PIG 
CHALLENGE 


LUJV 


LUJV NP-NTD 8 


LUJV GPe 8 


LUJV GPe + 
NP-NTD 8 


Control animals 
(NO VACCINE) 8 


TOTALS 32 


 


VACCINE 


GUINEA PIG 
CHALLENGE 


CHAPV 


 CHAPV NP NTD 8 


CHAPV GPe 8 


CHAPV NP + GPe 8 


Control animals 
(NO VACCINE) 8 


TOTALS 32 


 


VIRUS 


MOUSE 
CHALLENGE 


KASOKERO 
VIRUS 


KASV  GnGc 8 


KASV  NP 8 


KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 


TOTALS 32 


 


VACCINE 
KASOKERO  


NHP CHALLENGE 
 


KASV  GnGc 
10 


 (TWO GROUPS OF 5) 


 


KASV  NP  


KASV  GnGc +NP  


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 


Table 8: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 







Milestone 1.1.3: Determination of cellular and humoral immune correlates associated with protection.  
Milestone 1.1.3.A: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a 
targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination 
using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, 
ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important 
correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will 
measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect 
responses in vaccinated EVD survivors to be superior to natural immunity.  
Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences, 
Franklin Lakes, NJ) then washed. Cell populations are then acquired and quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols.67, 68 PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or 
peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed. Stained, fixed cells will then be acquired using a Cytek 
Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our 
flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be 
banked to assess the presence of biomarkers associated with differences between groups. 







Milestone 1.1.3.A:: Systems serology Characterization of Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D69-71 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  
Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument .70, 72 Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 
Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing  Mammarenaviruses62, 73 and Orthonairovirus61 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog 74 but is still pathogenic in mice and humans . There is currently no reverse genetics system for KASV. 
We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also 
to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life 
up 2-4 months(34-37). 


PREP 
JUNV NHP 


CHALLENGE  


 


5 mg/kg 5  


15mg/kg 5  


Control animals (NO PREP) 5  


TOTALS 15  


 Table 11: PREP schedule outline in 


Milestone 2 







Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy75, 76  
we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-life 
of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D)  for testing 
with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant 
IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered IV (Table 11). 
For further details of the NHP testing, please see Core E. These data will be used by the Scientific Advisory 
Board to inform decision making around possible additional IM mAb prophylaxis plug and play prototypes against 
other viruses. 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 


Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 


targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 


subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any of 


the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 


adjusting the requested budgets accordingly after consultation with NIAID and SAC. Please note: Discussion of 


expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 


2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  


Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 


within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 


virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 


Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 


development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 


experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 


(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 


expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 


Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 


MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 


leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 


Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 


vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 


the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 


NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-


MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 


and the overall goal of the NIAID, ReVAMPP Centers. 


 


RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 


loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 


Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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ABSTRACT:

The viral order Bunyavirales contains several high priority human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to 60% and some are associated with significant, long-term sequelae in survivors. Of these, rodent borne arenaviruses – Lassa (LASV), Lujo, Chapare, Guanarito, Junin and Machupo viruses and one tickborne Nairovirus-Crimean-Congo Hemorrhagic Fever Virus- are identified as NIAID Category A pathogens due to ease of dissemination or transmission person-to-person, production of significant morbidity and mortality, and have potential for major public health impact, and require special action for public health preparedness. Threats to public health are further heightened due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address this unmet need, PABVAX RP1 will leverage combined expertise in high-containment virology, immunology, and biological product development, to develop arenavirus and nairovirus research tools and vaccine approaches using prototype members of each viral group which can be adapted across each viral family using a “plug-and-play” approach. Much of the work developing vaccines for these viruses has relied on isolates derived over 40 years ago, recent advances in viral reverse for these viral families is making vaccine testing of emerging isolates more feasible by improving access. Vaccine development for most arenaviruses and nairoviruses has centered on the understanding of the critical role for viral glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered a recombinant, stabilized prefusion LASV GPe to act as an antigenic mimic of viral surface displayed GP and found this trimeric GPe alone, co-delivered with NP, or NP subunits alone, can protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine components. Subunit vaccines are prime candidates for alternative vaccination approaches like microneedle patches (MNP). MNP coupled antigens and adjuvants directly interact with the potently immunoresponsive cutaneous microenvironments using dissolvable MNPs to elicit robust and long-lasting protective immunity against the target pathogen. The importance of humoral immunity for affording potent protection or treatment against viral infections cannot be understated as evidenced by the recent success using monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows are possible. In this proposal, we will develop protective protein-based subunit-MNP vaccines, PREP treatment strategies, and recombinant virus tools using prototyped arenaviruses and nairoviruses which will template development of countermeasures against other related Bunyaviridae members. 



PROJECT SUMMARY – CORE D: ANIMAL MODELS AND VACCINE EVALUATION
Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order
Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the
zoonotic henipavirus Hendra virus (HeV) is on the World Health Organizations (WHO) Priority Pathogens list.
Notably, henipaviruses stand out for their impressive lethality with case fatality rates averaging about 75%. The
Arenaviridae and Phelboviridae families contain viruses that cause severe hemorrhagic disease in humans.
These viruses include the arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phleboviruses Rift
Valley fever virus (RVFV) and severe fever with thrombocytopenia syndrome virus (SFTSV). LASV and RVFV
are also included among the WHO List of Priority Pathogens and pose threats to global public health due to the
absence of approved vaccines or therapeutics. There is a clear unmet need for medical countermeasures to
combat the threat of natural outbreaks, epidemics, or deliberate release. The synergistic activities of the Center
partners will be focused on developing novel vaccines, treatments, and tools to support pandemic
preparedness. Federal law requires that the paramyxoviruses, arenaviruses, and phleboviruses used in the
Center be handled in approved Biosafety Level (BSL)-3 and BSL-4 containment laboratories. Core D provides
approved BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities and a trained and highly experienced team of BSL-3 and
BSL-4 investigators and staff to perform studies that support Project 2 - 5. The services provided by Core D will
include 1) a secure repository of well characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses,
arenaviruses, and phleboviruses and know-how to rescue synthetic infectious clones (e.g. Ghana virus, GhV
for this U19); 2) in vitro antiviral activity assays; 3) procurement of UTMB IACUC approval of animal protocols;
4) procurement, housing, and husbandry of animals; 5); development and/or optimization of animal models for
GhV, Sosuga virus (SOSV) and JUNV to fill gaps where models are needed; 6) virus challenge, treatment, and
collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological,
immunological, and virological analysis of samples and to perform necropsies in BSL-3 and BLS-4
containment; 8) histopathological analysis of tissues collected from animals infected with BSL-3 and BSL-4
viruses; and 9) quality systems management of all records and data collected from animal studies. The Animal
Models and Vaccine Evaluation Scientific Core (Core D) provides BSL-3 and BSL-4 resources and expertise
for Projects 2 – 5. The goal of Core D is to work closely with Research Project and Scientific Core Leaders and
staff, the Scientific Advisory Board, and NIAID to advance the development of countermeasures against
Paramyxoviridae and Bunyaviridae.



SPECIFIC AIMS – CORE D: ANIMAL MODELS AND VACCINE EVALUATION

The main objective of the Animal Models and Vaccine Evaluation Scientific Core is to test and characterize the
host response and efficacy of the vaccines and monoclonal antibody (mAb) based treatments identified in
Projects 2, 3, 4 and 5 against paramyxoviruses, arenaviruses, and phleboviruses under BSL-3/ABSL-3 and
BSL-4/ABSL-4 containment. The Core will also develop select reporter viruses and conduct cell-based assays
to characterize vaccine-induced neutralizing antibody responses and mAbs.

The Specific Aims of the Animal Models and Vaccine Evaluation Scientific Core are to:

Aim 1: Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed
stocks of paramyxoviruses, arenaviruses, and phleboviruses as well as develop reporter viruses and
rescue a Ghana virus synthetic infectious cloneAim 2: Provide technical expertise and conduct in vitro
assays.

Aim 3: Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis.

Aim 4: Develop and/or optimize animal models for Ghana virus, Sosuga virus and Junin virus.

The Aims will be achieved by the following specific functions to be carried out by the Animal Models and
Vaccine Evaluation Scientific Core Leader, Co-Core Leaders, and personnel:

1. Maintain records of well characterized BSL-3 and BSL-4 Hendra virus (HeV), Sosuga virus (SOSV),
Lassa virus (LASV), Junin virus (JUNV), Rift valley fever virus (RVFV), and severe fever with
thrombocytopenia syndrome virus (SFTSV) seed stocks including background history, passage
history, genomic information, periodic monitoring of titer, mycoplasma testing, endotoxin testing, and
sterility testing.

2. Perform in vitro antiviral activity assays. Including high-throughput BSL-2 based neutralization
testing of henipavirus vaccine responses and mAbs.

3. Assist Center Investigators in designing animal studies, prepare animal protocols, and obtain
IACUC approval of BSL-3 and BSL-4 animal studies.

4. Perform animal challenges using well characterized HeV, SOSV, LASV, GhV, JUNV, RVFV, and
SFTSV seed stocks for Projects 2, 3, 4 and 5.

5. Perform vaccination and treatment of animals with vaccines and treatments provided by Projects 3,
4 and 5.

6. Provide samples from animals collected during the vaccination portion of studies to Project 2 for
immunological analysis.

7. Perform all duties associated with animal challenge studies including monitoring of animals,
collection of samples, and necropsies.

8. Perform clinical pathology assays including hematology and clinical chemistry assays.

9. Perform virology assays on blood and/or tissue samples collected from infected animals including
viral load by plaque assay and RT-PCR.

10. Perform gross pathology analysis on all animals at necropsy.

11. Perform histopathologic analysis on tissues from animals collected at necropsy.

12. Develop and/or optimize animal models for SOSV and JUNV to fill gaps; make these models
available to Center Research Projects and Scientific Cores as well as external ReVAMPP Centers

13. Provide all data generated in Core D to Data Management Core B.



RESEARCH STRATEGY – CORE D: ANIMAL MODELS AND VACCINE EVALUATION

SIGNIFICANCE
As discussed in the Overall Component, the Center will focus in Years 1-3 on Lassa Virus (LASV), Rift Valley
fever virus (RVFV), and Hendra Virus (HeV) and in Years 4-5, will target Junín virus (JUNV; Arenaviridae),
severe fever with thrombocytopenia syndrome virus (SFTSV; Phenuiviridae), Sosuga virus (SOSV;
Paramyxoviridae), and Ghanianan bat henipavirus (GhV; Paramyxoviridae).As HeV, LASV, JUNV, and RVFV
are CDC and/or USDA select agents, Federal regulations require that these viruses be handled in Biosafety
Level (BSL)-3 or BSL-4 containment. Core D provides approved BSL-3/ABSL-3 and BSL-4/BSL-4 facilities
and a trained and experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that
support Projects 2, 3, 4, and 5. The services provided by Core D will include 1) a secure repository of well
characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses, arenaviruses, and phenuiviruses and
know-how to rescue synthetic infectious clones (e.g. GhV for this U19); 2) in vitro antiviral activity assays; 3)
procurement of UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of
animals; 5) development and/or optimization of animal models for strains or variants of Sosuga virus (SOSV),
JUNV and Ghana virus (GhV) to fill gaps where models are needed; 6) virus challenge, treatment, and
collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological,
immunological, and virological analysis of samples and to perform necropsies in BSL-3 and BLS-4
containment; 8) histopathological analysis of tissues collected from animals infected with BSL-3 and BSL-4
viruses; and 9) quality systems management of all records and data collected from animal studies. Core D will
work closely with the Administrative Core to ensure all biosafety work is adequately monitored.

INNOVATION
Scientific Core D will be co-located within the Galveston National Laboratory (GNL) and Robert Shope
Laboratory at the University of Texas Medical Branch (UTMB) at Galveston. The GNL is a high and
maximum-containment facility that serves as a national resource in support of NIH’s biodefense and emerging
infectious diseases research agenda and stands ready to assist local, state, and national public health efforts
in the event of a public health emergency. The facility is unique in that it is one of two operational BSL-4
facilities in the United States that is located on an academic campus. This unique location benefits the Center
in several ways. Regarding physical resources, the GNL is a state-of-the-art facility with many specialized
assets including BSL-4 imaging, telemetry, and aerobiology equipment. In addition, being located on an
academic campus Drs. Geisbert, Cross, Freiberg, and Ikegami (Core D) are faculty members in the
Departments of Microbiology and Immunology and Pathology. This academic environment is a major strength
that fosters creativity and collaboration with other UTMB investigators, which will be beneficial to the overall
success of Core D. Dr. Broder, is faculty member of the Department of Microbiology and Immunology at
Uniformed Services University (USU). Drs. Broder and Geisbert have a long-standing emerging virus research
collaboration, which has included the development and characterization of the first nonhuman primate (NHP)
models for HeV and Nipah virus (NiV) that will be employed by Projects 2, 3, 4 and 5. Another strength within
the Core is that Drs. Geisbert, Broder, Cross, and Veesler currently collaborate and lead active henipavirus
projects focused on translational countermeasure development, which includes more traditional vaccine and
mAb therapeutics approaches. Their shared knowledge base and experience in these areas will greatly
enhance the Core’s abilities to support the Center’s research goals in experimentally testing advanced
machine learning-enabled designs of effective prototype pathogen vaccines and antibodies. Along with animal
model development and animal modeling expertise, many of the unique virological tools that will be employed
by the Core have been developed from the UTMB-USU collaboration, including recombinantly generated RNA
viruses, reporter gene-encoding viruses, and other pseudotype virus technologies.

APPROACH
Aim 1: Provide BSL-3 and BSL-4 resources including a secure repository of well-characterized seed
stocks of paramyxoviruses, arenaviruses, and phenuiviruses.
Paramyxovirus, arenavirus, and phenuivirus seed stocks. UTMB will provide fully equipped BSL-3/ABSL-3
and BSL-4/ABSL-4 facilities that are required to work with HeV, SOSV, LASV, JUNV, RVFV, SFTSV and GhV.
UTMB will also provide and maintain all required approvals to work with these viruses. The BSL-3 and BSL-4
paramyxovirus, arenavirus, and phenuivirus seed stocks have been or will be titered by conventional standard
plaque assay and qRT-PCR as detailed in Aim 2 below. The virus strain identity of each seed stock has been
or will be confirmed through sequencing, and deep-sequencing will be used to verify the complete viral



genome of each virus seed stock used for animal challenge studies. We have or will test each seed stock for
mycoplasma contamination. Endotoxin testing has been or will be performed on paramyxovirus, arenavirus,
and phenuivirus stocks using the Endosafe PTS system (Charles River Laboratories) following the
manufacturer’s instructions. The Endosafe PTS system is a cartridge-based testing system utilizing
FDA-licensed cartridges for ultrasensitive testing. Seed stocks will also be evaluated for morphological identity
by transmission electron microscopy (TEM). Virus particle counts will be determined using a Virus Counter and
confirmed by conventional TEM methods, if needed. The bacteriological and mycological sterility of the product
will be determined by selection of aliquots of the dispensed stock, inoculation of a sterile 500 ml bottle of
Dulbecco's high glucose MEM with 10% FBS, and then after 3 days subcultured to FTM and TBS media.
Paramyxovirus, arenavirus, and phenuivirus seed stocks will be inventoried in the UTMB BSL-4 and BSL-4
virus stock databases and secured in dedicated controlled access alarmed -80°C freezers in the GNL or
Robert Shope Laboratory. Paramyxovirus, arenavirus, and phenuivirus seed stocks are monitored periodically
for any changes in virus titer.

Plan for staffing, managing, and prioritizing Core use. The Core Leader and Co-Leaders have a cadre of
staff that are trained and highly experienced in all BSL-3 and BSL-4 procedures and assays needed to conduct
the proposed work. In addition to the Core Leader and Co-Leaders, this staff includes an ACVP board certified
veterinary pathologist, two BSL-4 contributing scientists, a BSL-4 Technical Director, a BSL-4 trained
postdoctoral fellow, six BSL-4 experienced technical staff, a BSL-4 trained histotechnologist, and a BSL-4
trained graduate student. We do not anticipate any BSL-3 or BSL-4 scheduling problems regarding studies
proposed in Projects 2, 3, 4, and 5. However, we have developed a mitigation strategy if unforeseen events
cause any needed prioritization of resources. A committee consisting of the Core D Leader, the PIs of the
Center, and the members of the external Scientific Advisory Board (SAB) will review the status of these
Projects and any circumstances necessitating a reprioritization of work. The SAB will also hold a meeting or
teleconference (Zoom, Teams) with the Project Leaders and Key Personnel to gather additional information.
After careful review of all available information, the SAB will then make a recommendation on prioritization to
the Center PI. The Center PI will then consult with NIAID/NIH program staff and make the final determination
on prioritization.

Aim 2: Provide technical expertise and conduct in vitro assays.
In vitro antiviral activity assays. Core D will perform authentic virus neutralization assays for Projects 2, 3,
4, and 5 to determine the ability of sera/plasma from immunized animals and mAbs to inhibit the replication of
paramyxoviruses, arenaviruses, and phenuiviruses in vitro using infectious viruses in the UTMB BSL-3 and
BSL-4 laboratories. In brief, cultures of Vero, Vero E6, SW13, or other cell types will be infected with a range of
multiplicity of infection (MOI) of paramyxoviruses, arenaviruses, and bunyaviruses and subsequently treated
various dilutions of sera/plasma or antibodies. Cells and/or culture fluids will be harvested at various time
points after infection and infectious virus enumerated by conventional plaque assay as detailed below.

Develop chimeric reporter-gene encoding viruses and virus neutralization assays for BSL-2 use.We
have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter
viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP)1,2, as
well as employed reverse genetics to rescue authentic ABLV and various reporter gene-encoding viruses3,4. In
addition, we have generated a reverse genetics platform for generating recombinant Cedar virus (rCedV) and
rCedV chimeras, whereby the fusion (F) and attachment (G) glycoprotein genes of rCedV were replaced with
those of NiV-Bangladesh (NiV-B) or HeV, generating replication competent chimeric viruses (rCedV-NiV-B and
rCedV-HeV), both with and without reporter genes4-8. The rCedV chimeras are a replication competent
authentic henipavirus platform that is a high-throughput surrogate neutralization assay that is rapid,
cost-effective, and can be utilized outside high containment. Similar approaches will be applied here to
generate new reporter viruses for Ghana bat virus (GhV). We will design, construct, and rescue both VSV and
rCedV chimeras that encode the envelope glycoproteins (fusion (F) and attachment (G) glycoproteins) of GhV.
Two reporter-gene encoding versions will be developed for VSV-GhV: one encoding GFP (VSV-GhV-GFP) and
the other encoding the Photinus pyralis (firefly) luciferase gene (VSV-GhV-Luc). We will also construct and
rescue GFP and Luc reporter gene encoding versions of rCedV chimeras encoding the GhV F and G genes
(rCedV-GhV-GFP and rCedV-GhV-Luc) (Fig. 1). The rescued viruses will be characterized using cell-based
infection tropism and growth kinetics assays.



Fig. 1. Schematic of chimeric reporter viruses. (A)The VSV-ABLV G-GFP
plasmid. Arrows indicate regions of self-cleavage. Unique sites MluI and KpnI to
construct VSV-GhV-GFP and VSV-GhV-Luc. (B) pOLTV5opt-rCedV plasmid.
Arrows indicate regions of self-cleavage. Unique sites MluI and SphI used to
construct rCedV-GhV-GFP.

The rCedV (NiV-B and HeV) chimeric virus platform serves as
a robust surrogate neutralization assay system for quantifying
antibody neutralization potency of anti-NiV and anti-HeV
antisera and mAbs8. The neutralizing potencies of several well-characterized cross-reactive NiV/HeV F and
G-directed mAbs against rCedV-NiV-B-GFP and rCedV-HeV-GFP are highly correlated with those obtained
using authentic NiV-B and HeV when tested in parallel by plaque reduction neutralization test (PRNT) and
high-throughput quantitative assay based on the reduction of GFP foci (fluorescent reduction neutralization test
(FRNT) (Fig. 2a-b). The Broder, Cross, Geisbert, and Veesler labs have previously used this platform for
high-throughput characterization of neutralizing mAbs and sera collaboratively5,49.

Figure 2. A) Pearson correlation for BSL-2 PRNT vs BSL-4 PRNT
(rCedV-NiV-B-GFP versus NiV-B (i-iv) and rCedV-HeV-GFP versus HeV
(v-viii)). B) Pearson correlation for PRNT vs FRNT ((rCedV-NiV-B-GFP
(i-iv) and rCedV-HeV-GFP (v-viii)).

Generation of a VSV encoding GhV envelope
glycoproteins. We will construct reporter gene-encoding
versions of a replication-competent VSV encoding the GhV
F and G glycoproteins (GFP and Luc) (Fig. 1A), which are
highly divergent from their HeV counterparts with which they
share 55% and 30% amino acid sequence identity. A large
gene cassette comprising VSV untranslated intergenic
regions flanking the GhV F and G coding sequences will be
synthesized. The GhV F and G coding sequences will be
based on the GhV isolate Eid_hel/GH-M74a/GHA/2009 (GenBank: NC_025256.1). The GenBank accession
number for GhV F is YP_009091837.1 and that for the GhV G protein is YP_009091838.1. Unique restriction
enzyme sites, MluI and KpnI will facilitate the insertion of the GhV F and G gene cassette into the VSV
backbone plasmid. The VSV-GhV-Luc will be similarly made. Cloning procedures are performed in E. coli Stbl2
and all plasmids verified by sequencing. Rescue will be performed in BSR-T7/5 cells, transfected helper
plasmids, VSV-N, VSV-P, and VSV-L and the VSV-GhV-GFP or VSV-GhV-Luc antigenome plasmids. After
48hrs the cells and supernatants are collected and subjected to freeze-thawing and clarified by centrifugation.
Amplification of rescued virus is performed using HEK293T cells by inoculation with the supernatant from step
1. When GFP fluorescence and/or cytopathic effects (CPE) is observed, the cells and supernatants are
harvested as above, and the virus stocks stored at -80°C. All virus stocks are deep sequenced. Virus stocks
are titered by serial dilution on HEK293T cells by plaque assay9.

Generation of rCedV encoding GhV envelope glycoproteins. rCedV-GhV-GFP will be produced by
synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the GhV
F and G coding sequences. The CedV non-coding intergenic regions are retained as is adherence to the
genomic “rule of six”. Unique restriction sites, MluI and SphI will facilitate the insertion of the GhV F and G
gene cassette into the genome clone (pOLTV5opt-rCedV) generating rCedV-GhV-GFP (Fig. 1B). Rescue is by
transfection of BSR-T7/5 cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P,
pCMV-CedV-L, and pOLTV5opt-rCedV-GhV-GFP antigenome plasmid. Typically, after 4 days, cells will be
observed for GFP expression and syncytia (henipavirus CPE). At maximal syncytia and GFP (~2–3 days),
supernatants are collected, clarified, and stored as single-use aliquots at -80°C. Virus stocks will be
characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by
plaque assay and stored as single use aliquots at -80°C7,10,11.

Characterization of the recombinant reporter viruses in cell-based infection assays. The
replication kinetics of the VSV-based and rCedV-based GhV F/G encoding viruses will be assayed by VeroE6
cell culture infection using MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and
titered. VSV-GhV F/G virus replication can be compared to expected virus production of wildtype VSV or
VSV-ABLV G1. Similarly, rCedV-GhV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV
chimeras. Unlike NiV and HeV, GhV G engages only the ephrin-B2 ligand to trigger membrane fusion12. The



GhV F/G bearing reporter viruses will be verified for this specific ephrin ligand tropism in cell infection and/or
syncytia formation experiments and comparisons made to wildtype VSV or VSV-ABLV G as well as to rCedV,
and rCedV NiV/HeV chimeras. The Broder lab has generated murine mAbs to GhV F and G (10C4-LY and
10D5-LY to GhV G; and 5B7-LY and 7C11-LY to GhV F) and these will be used in neutralization tests and
assay validation. The VSV-GhV-GFP assays will be conducted by FRNTs and VSV-GhV-Luc in luciferase
assays.

Rescue of a GhV infectious clone. UTMB will synthesize and rescue a GhV infectious clone, which
will be propagated in VeroE6 cells and sequenced-verified. Replication kinetics will be assessed as described
above and optimal infectious doses will be evaluated and determined in the hamster model based on prior
work done with NiV and HeV in this challenge model32. All experiments will be conducted at BSL-4, as done
with NiV and HeV work.

High-throughput neutralization assays. The Veesler lab has developed a high-throughput workflow
for ELISAs and pseudovirus neutralization assays using a Biomek robotic platform enabling 24/7 automation.
The neutralization assays use a safe, non-replicating vesicular stomatitis virus (VSV) encoding for luciferase
instead of the native G glycoprotein or murine leukemia virus (MLV) encoding for luciferase, which we
extensively used throughout the COVID-19 pandemic54-58. For henipaviruses, we will additionally use the
chimeric recombinant CedV harboring the HeV and NiV glycoproteins developed in the Broder lab5,49. In
collaboration with Projects 2, 3, 4, and 5, this platform will support evaluation of vaccine-elicited antibody
responses to guide and iteratively refine immunogen designs against paramyxoviruses, phenuiviruses and
arenaviruses, which have all been previously pseudotyped using the VSV or MLV backbones: Lassa virus42,
Junin virus43, RVFV44, and SFTFV45.

Evaluation of neutralization for mAbs and vaccine-elicited antibodies. Our rCeV chimeras
(rCedV-NiV-B-GFP and rCedV-HeV-GFP) will allow this Core to conduct large numbers of neutralization tests
by FRNT, using vaccine-elicited sera and mAbs that will be generated in Projects 2, 3, 4, and 5. In Center
years 1-3 the focus will be on HeV, and in years 4-5 the Core is expected to shift to GhV test case. The FRNT
assay is rapid (36hrs), high throughput, and performed in 96-well plates to establish typical 7-point dose
response virus neutralization data and performed at BSL-2. Typically, immune sera or mAbs are analyzed by
serial dilution and mixed with virus (rCedV-NiV-B-GFP or rCedV-HeV-GFP) for 2hrs then samples used in
triplicate to infect confluent Vero 76 cells in black-walled clear bottom 96-well plates and incubated 24hrs, and
then plates are fixed and imaged and fluorescent foci quantitated with CTL Basic Count software. The 50%
inhibitory concentration (IC50) is determined by 50% reduction in fluorescent foci versus untreated controls.

Generation and validation of neutralizing antibody titration assays using recombinant reporter
phenuiviruses. We plan to generate a recombinant strain of Rift Valley fever virus (RVFV), specifically the
MP-12 strain (rMP- 12), with the luciferase gene (such as NanoLuc) replacing the NSs gene utilizing our
existing reverse genetics system40,50. By comparing the luciferase activities with the neutralizing antibody titers
obtained from the plaque reduction neutralizing test51 (PRNT), we will establish the correlation between the two
assays for validation. This reporter assay will be employed for screening the antisera, while we will also
perform the authentic PRNT to determine the neutralizing antibody titers of selected antisera. Additionally, we
will develop a reverse genetics system for the SFTSV HB29 strain in order to establish a similar recombinant
SFTSV luciferase assay. As SFTSV does not form plaques in Vero cells, we will utilize the focus reduction
neutralization test (FRNT) with anti-SFTSV N antibody to determine the neutralizing antibody titers and validate
the reporter assay52,53.

Anticipated Results, Potential Pitfalls and Alternative Strategies. We anticipate the reporter viruses will
replicate to titers fit for purpose based on our success with these chimeric viruses. Neutralization assays will
typically be conducted as 3 independent repeats and the data generated from these assays will be analyzed
and graphed using GraphPad Prism 9. If we encounter unexpected limitations in rescuing VSV-based or
rCedV-based GhV F/G bearing reporter viruses; we will 1) test different ratios of helper plasmids and
antigenome plasmids; 2) perform rescue using different cell lines; 3) construct alternate versions of the GhV F
and G genes within the antigenome plasmids, such as truncating the GhV G protein which has been shown to
enhance GhV mediated F/G membrane fusion13. Alternatively, fusion of the GhV F and G ectodomains with the
transmembrane and cytoplasmic tail domains of the corresponding CedV F and G elements may facilitate virus
particle formation and membrane fusion activity. Reporter assays for RVFV and SFTSV will enhance the
throughput of screening of antisera-containing neutralizing antibodies. If the secretion of luciferase proves
suboptimal for assessing relative virus replication levels, we will evaluate non-secreting luciferases, such as
Renilla luciferase, utilizing cell lysates.



Aim 3: Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis.
The Core D Leader and Co-Leaders will work closely with the Project Leaders and key staff of Projects 2, 3, 4
and 5 to develop vaccination, treatment and sampling regimens, study protocols, and animal protocols that
utilize countermeasures identified in Projects 2, 3, 4 and 5. The Core Leader and Co-Leaders will write and
obtain UTMB IACUC approval for all animal protocols performed in Core D. The animal models and clinical
pathology, immunology, virology, and histopathology assays employed for Aim 3 are detailed below. All raw,
graphed, and tabulated data generated by Core D will be handled and analyzed in coordination with Core B.
Core D will employ established animal models for HeV, LASV, JUNV, RVFV, and SFTSV. While animal
models exist for SOSV and JUNV we will optimize these models to fill gaps and provide new tools as detailed
in Aim 4 below. Mice, guinea pigs, hamsters, ferrets, and cats have been used as small animal models of HeV
infection14. This project will employ Syrian golden hamsters as the small animal model of HeV disease because
they are more suitable than other small animals for screening large numbers of vaccines and mAbs. Using
hamsters will allow us to select optimal vaccine and mAb formulations and regimens prior to efficacy testing in
NHPs. In 2010 Drs. Geisbert and Broder developed the first highly lethal NHP model for henipavirus infection
(Nipah virus) using African green monkeys (AGM)15. They subsequently developed a lethal AGM model for
HeV infection16. Henipavirus NHP models mirror human disease with animals showing severe respiratory
pathology, neurological disease, and generalized vasculitis. Based on our extensive prior experience working
with NiV and HeV, we will develop a hamster challenge model for GhV, which uses the human ephrin B2
receptor59,60 (similar to NiV and HeV). For LASV and JUNV, Core D will use established lethal outbred guinea
pig models that cover several lineages of LASV17-21 and several genetically distinct strains of JUNV22-25 as
guinea pigs are the only immunocompetent small animal model for LASV and JUNV disease. Core D will also
use established cynomolgus monkey models that cover several genetically distinct lineages of LASV26-29 and
strains of JUNV30. For RVFV we will use established mouse models (such as BALB/c and C57/BL6 mice. In
addition, we will utilize the recently described ferret model to evaluate vaccine candidates and mAbs34. For
SFTSV, we will use the interferon a/b receptor knockout mouse model62.

Animal vaccinations. All animals will be obtained from commercial vendors and allowed to acclimate
prior to vaccination (~ 3-7 days for mice, hamsters, and guinea pigs and ~ 14 days for ferrets and NHPs).
Mice, hamsters, and guinea pigs will be vaccinated by intramuscular (i.m.) or intraperitoneal (i.p.) injection of
the vaccines provided by Projects 3, 4, and 5 whereas ferrets and NHPs will be vaccinated by i.m. injection.
All animals will be vaccinated in ABSL-2. Animals will be monitored daily for any reaction or adverse events
caused by the vaccination. Blood will be collected for plasma, serum, and PBMC isolations before vaccination
and at times after vaccination for assessment of the host immune response.

Animal challenges. Hamsters and NHPs will be challenged with infectious HeV or SOSV as previously
described31-33. After appropriate acclimation, hamsters and ferrets will be exposed to HeV or SOSV by
intranasal (i.n.) or i.p. administration of virus. NHPs will be challenged with HeV by the intratracheal (i.t.)
and/or i.n. routes. Mice, guinea pigs, and ferrets will be exposed to arenaviruses and phenuiviruses by i.p.
injection19,24,25,34,35. NHPs will be exposed to LASV or JUNV by i.m. injection28-30. For all animals, blood will be
collected with or without anticoagulants for plasma and serum isolations, respectively, before paramyxovirus,
arenavirus, or phenuivirus challenge, on the day of challenge, and daily after challenge. Animals will be
monitored for clinical signs daily. We will apply a scoring sheet approved by the UTMB IACUC depicted in the
Vertebrate Animals Section to assist in determining the time of euthanasia depending on clinical signs (e.g.,
respiratory distress, anorexia, activity, appearance, neurologic signs, etc.). Animals will be euthanized
according to the 2013 AVMA Guidelines on Euthanasia. Any surviving animals will be euthanized on day 35-42
days after paramyxovirus, arenavirus, or phenuiviruses challenge.

Clinical pathology assays. For NHP studies, we will measure the following parameters at time points
before and after HeV, LASV, or JUNV challenge using Abaxis VetScan HM5: total white blood cell counts
(WBC), percent lymphocytes (LY), percent monocytes (MO), percent neutrophils (NEU), percent eosinophils
(EOS), percent basophils (BAS), total lymphocyte counts (LY#), total monocyte counts (MO#), total neutrophil
counts (NEU#), total eosinophil counts (EOS #), total basophil counts (BAS #), red blood cell counts (RBC),
total hemoglobin (Hgb), hematocrit values (HCT), mean cell volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets
(PLT), and mean platelet volume (MPV), and Plateletcrit (PCT). Clinical chemistry on serum. The following
parameters will be measured before and after viral challenge using Abaxis Piccolo chemistry analyzer: Albumin
(ALB), amylase (AMY), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline



phosphatase (ALP), gamma-glutamyltransferase (GGT), glucose (GLU), total protein (TP), blood urea nitrogen
(BUN), and creatinine (CRE), C-reactive protein (CRP), Calcium (Ca2+), and uric acid (UA).

Viral load assays. PCR Assay: To assess viral loads in whole blood and tissues, RNA will be extracted
using a virus RNA isolation kit followed by TaqMan PCR for the viral genome being studied. Qiagen buffers
have been safety-tested for inactivation of paramyxoviruses, arenaviruses, and phenuiviruses. PCR assays
employed for HeV, SOSV, LASV, JUNV, RVFV, and SFTSV as previously described28-30,33,37-39.

Plaque Assay. The plaque assays employed for paramyxoviruses, arenaviruses, and phenuiviruses
have previously been described28-30,33,40. Briefly, 10-fold dilutions (10-1 to 10-6) of serum, plasma, or whole
blood samples are prepared in cell maintenance medium (DMEM/10%FBS/gentamicin) and adsorbed to
70-90% confluent monolayers of Vero E6 cells in 6-well plates. The incubation period is followed by addition of
1% agarose-containing medium (2X EBME/Hepes/10% FBS/gentamicin) to each well. After the agarose has
solidified, the plates are returned to the C02 incubator and maintained for 2-14 days until plaques are
visualized. At this time, PBS containing 5% neutral red and 5% FBS is added to each well incubated overnight.
The following day, the liquid stain overlay is removed from each well and plaques are counted.

Bead-based multiplex assays. Plasma inflammatory mediators, thrombosis markers, and fibrinolysis
analytes will be measured by FACS using Biolegend LegendPlex assays and a FACS Canto-II cytometer
(Becton Dickson). Samples will be processed in duplicate for each Nonhuman Primate Inflammation 13-plex ,
Human Thrombosis , and Human Fibrinolysis panel as previously described41-43.

Gross pathology and histopathology. A necropsy will be performed on all animals. We will examine
the external surfaces of the body, all orifices, and the thoracic and peritoneal cavities and their contents. Core
D will prepare a written report of the gross pathology findings of each animal. The following tissues will be
collected at necropsy, formalin fixed, embedded in paraffin, and stained by H&E: liver, spleen, lung, kidney,
adrenal gland, pancreas, axillary lymph node, inguinal lymph node, mesenteric lymph node, duodenum, ileum,
colon, brain, cervical spinal cord, urinary bladder, ovary or testis, prostate or uterus, and eye. A microscopic
evaluation will be performed on H&E slides of tissues collected from all animals by an ACVP board certified
veterinary pathologist. Reports of the histologic findings of each tissue from each animal will be provided to the
leaders of Projects 2, 3, 4, and 5. In consultation with them, Core D may also perform immunohistochemical
and/or special stains such as PTAH for fibrin as previously described28-30,33.

Quality systems management of all records and data collected from animal studies. Although the animal
studies conducted by Core D will not be required to be performed under GLP compliance, UTMB will provide
Quality Assurance that will achieve data quality and integrity when conducting animal experiments. Quality
refers to whether the study was conducted in accordance with the protocol, standard operating procedures,
and applicable standards of research. Integrity refers to assurance that the raw data and documentation are
consistent with reported results. All animal study personnel will be trained by the UTMB Office of Regulated
Nonclinical Studies (ORNcS). on Good Documentation Practices (GDP). All animal study data generated by
Core D will be provided to Core B as detailed in the Core B Research Strategy.

Aim 4: Develop and/or optimize animal models for GhV, SOSV and JUNV.
For HeV and LASV Core D will employ animal models that have already been developed and are well
established32,61. However, while animal models exist for JUNV, RVFV, and SFTSV, there are gaps that need to
be addressed. Recently, it was shown that i.n. or i.p. infection of hamsters with SOSV resulted in viremia and
mild clinical disease37 but there is no lethal model for SOSV. Core D will further explore the hamster model for
SOSV by 1) using higher challenge doses of SOSV which is often required to produce lethal disease in other
paramyxovirus hamster models32,44 or 2) serial passage of tissues in hamsters (i.e., repeated passage of 10%
organ homogenates until uniform lethality is achieved). Core D will also assess the pathogenic potential of
SOSV in ferrets as they are often used as animal models for paramyxoviruses. For arenaviruses such as
JUNV, serial adaptation is often required to produce lethal disease in outbred guinea pigs. While adapted
viruses have utility in assessing the protecting efficacy of medical countermeasures in animal models,
non-adapted wild type viruses are preferred to better assess vaccines and treatments. We and others recently
showed that for Ebolaviruses, while serial adaptation is required to produce lethality in mice, hamsters, and
guinea pigs, infection of ferrets with Zaire ebolavirus, Sudan ebolavirus, Bundibugyo ebolavirus, or Reston
ebolavirus resulted in uniform lethality with wild type viruses and did not require adaptation45-48. Therefore,
Core D will assess the pathogenic potential of JUNV in ferrets. Finally, we will investigate GhV replication and
pathogenicity in hamsters which is our small animal challenge model for HNVs since both HeV and GhV utilize
ephrin B2 as entry receptor59,60, to develop a suitable challenge model.
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PROJECT SUMMARY – CORE D: ANIMAL MODELS AND VACCINE EVALUATION
Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order
Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the
zoonotic henipavirus Hendra virus (HeV) is on the World Health Organizations (WHO) Priority Pathogens list.
Notably, henipaviruses stand out for their impressive lethality with case fatality rates averaging about 75%. The
Arenaviridae and Phelboviridae families contain viruses that cause severe hemorrhagic disease in humans.
These viruses include the arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phleboviruses Rift
Valley fever virus (RVFV) and severe fever with thrombocytopenia syndrome virus (SFTSV). LASV and RVFV
are also included among the WHO List of Priority Pathogens and pose threats to global public health due to the
absence of approved vaccines or therapeutics. There is a clear unmet need for medical countermeasures to
combat the threat of natural outbreaks, epidemics, or deliberate release. The synergistic activities of the Center
partners will be focused on developing novel vaccines, treatments, and tools to support pandemic
preparedness. Federal law requires that the paramyxoviruses, arenaviruses, and phleboviruses used in the
Center be handled in approved Biosafety Level (BSL)-3 and BSL-4 containment laboratories. Core D provides
approved BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities and a trained and highly experienced team of BSL-3 and
BSL-4 investigators and staff to perform studies that support Project 2 - 5. The services provided by Core D will
include 1) a secure repository of well characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses,
arenaviruses, and phleboviruses and know-how to rescue synthetic infectious clones (e.g. Ghana virus, GhV
for this U19); 2) in vitro antiviral activity assays; 3) procurement of UTMB IACUC approval of animal protocols;
4) procurement, housing, and husbandry of animals; 5); development and/or optimization of animal models for
GhV, Sosuga virus (SOSV) and JUNV to fill gaps where models are needed; 6) virus challenge, treatment, and
collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological,
immunological, and virological analysis of samples and to perform necropsies in BSL-3 and BLS-4
containment; 8) histopathological analysis of tissues collected from animals infected with BSL-3 and BSL-4
viruses; and 9) quality systems management of all records and data collected from animal studies. The Animal
Models and Vaccine Evaluation Scientific Core (Core D) provides BSL-3 and BSL-4 resources and expertise
for Projects 2 – 5. The goal of Core D is to work closely with Research Project and Scientific Core Leaders and
staff, the Scientific Advisory Board, and NIAID to advance the development of countermeasures against
Paramyxoviridae and Bunyaviridae.








SPECIFIC AIMS – CORE D: ANIMAL MODELS AND VACCINE EVALUATION


The main objective of the Animal Models and Vaccine Evaluation Scientific Core is to test and characterize the
host response and efficacy of the vaccines and monoclonal antibody (mAb) based treatments identified in
Projects 2, 3, 4 and 5 against paramyxoviruses, arenaviruses, and phleboviruses under BSL-3/ABSL-3 and
BSL-4/ABSL-4 containment. The Core will also develop select reporter viruses and conduct cell-based assays
to characterize vaccine-induced neutralizing antibody responses and mAbs.


The Specific Aims of the Animal Models and Vaccine Evaluation Scientific Core are to:


Aim 1: Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed
stocks of paramyxoviruses, arenaviruses, and phleboviruses as well as develop reporter viruses and
rescue a Ghana virus synthetic infectious cloneAim 2: Provide technical expertise and conduct in vitro
assays.


Aim 3: Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis.


Aim 4: Develop and/or optimize animal models for Ghana virus, Sosuga virus and Junin virus.


The Aims will be achieved by the following specific functions to be carried out by the Animal Models and
Vaccine Evaluation Scientific Core Leader, Co-Core Leaders, and personnel:


1. Maintain records of well characterized BSL-3 and BSL-4 Hendra virus (HeV), Sosuga virus (SOSV),
Lassa virus (LASV), Junin virus (JUNV), Rift valley fever virus (RVFV), and severe fever with
thrombocytopenia syndrome virus (SFTSV) seed stocks including background history, passage
history, genomic information, periodic monitoring of titer, mycoplasma testing, endotoxin testing, and
sterility testing.


2. Perform in vitro antiviral activity assays. Including high-throughput BSL-2 based neutralization
testing of henipavirus vaccine responses and mAbs.


3. Assist Center Investigators in designing animal studies, prepare animal protocols, and obtain
IACUC approval of BSL-3 and BSL-4 animal studies.


4. Perform animal challenges using well characterized HeV, SOSV, LASV, GhV, JUNV, RVFV, and
SFTSV seed stocks for Projects 2, 3, 4 and 5.


5. Perform vaccination and treatment of animals with vaccines and treatments provided by Projects 3,
4 and 5.


6. Provide samples from animals collected during the vaccination portion of studies to Project 2 for
immunological analysis.


7. Perform all duties associated with animal challenge studies including monitoring of animals,
collection of samples, and necropsies.


8. Perform clinical pathology assays including hematology and clinical chemistry assays.


9. Perform virology assays on blood and/or tissue samples collected from infected animals including
viral load by plaque assay and RT-PCR.


10. Perform gross pathology analysis on all animals at necropsy.


11. Perform histopathologic analysis on tissues from animals collected at necropsy.


12. Develop and/or optimize animal models for SOSV and JUNV to fill gaps; make these models
available to Center Research Projects and Scientific Cores as well as external ReVAMPP Centers


13. Provide all data generated in Core D to Data Management Core B.








RESEARCH STRATEGY – CORE D: ANIMAL MODELS AND VACCINE EVALUATION


SIGNIFICANCE
As discussed in the Overall Component, the Center will focus in Years 1-3 on Lassa Virus (LASV), Rift Valley
fever virus (RVFV), and Hendra Virus (HeV) and in Years 4-5, will target Junín virus (JUNV; Arenaviridae),
severe fever with thrombocytopenia syndrome virus (SFTSV; Phenuiviridae), Sosuga virus (SOSV;
Paramyxoviridae), and Ghanianan bat henipavirus (GhV; Paramyxoviridae).As HeV, LASV, JUNV, and RVFV
are CDC and/or USDA select agents, Federal regulations require that these viruses be handled in Biosafety
Level (BSL)-3 or BSL-4 containment. Core D provides approved BSL-3/ABSL-3 and BSL-4/BSL-4 facilities
and a trained and experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that
support Projects 2, 3, 4, and 5. The services provided by Core D will include 1) a secure repository of well
characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses, arenaviruses, and phenuiviruses and
know-how to rescue synthetic infectious clones (e.g. GhV for this U19); 2) in vitro antiviral activity assays; 3)
procurement of UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of
animals; 5) development and/or optimization of animal models for strains or variants of Sosuga virus (SOSV),
JUNV and Ghana virus (GhV) to fill gaps where models are needed; 6) virus challenge, treatment, and
collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological,
immunological, and virological analysis of samples and to perform necropsies in BSL-3 and BLS-4
containment; 8) histopathological analysis of tissues collected from animals infected with BSL-3 and BSL-4
viruses; and 9) quality systems management of all records and data collected from animal studies. Core D will
work closely with the Administrative Core to ensure all biosafety work is adequately monitored.


INNOVATION
Scientific Core D will be co-located within the Galveston National Laboratory (GNL) and Robert Shope
Laboratory at the University of Texas Medical Branch (UTMB) at Galveston. The GNL is a high and
maximum-containment facility that serves as a national resource in support of NIH’s biodefense and emerging
infectious diseases research agenda and stands ready to assist local, state, and national public health efforts
in the event of a public health emergency. The facility is unique in that it is one of two operational BSL-4
facilities in the United States that is located on an academic campus. This unique location benefits the Center
in several ways. Regarding physical resources, the GNL is a state-of-the-art facility with many specialized
assets including BSL-4 imaging, telemetry, and aerobiology equipment. In addition, being located on an
academic campus Drs. Geisbert, Cross, Freiberg, and Ikegami (Core D) are faculty members in the
Departments of Microbiology and Immunology and Pathology. This academic environment is a major strength
that fosters creativity and collaboration with other UTMB investigators, which will be beneficial to the overall
success of Core D. Dr. Broder, is faculty member of the Department of Microbiology and Immunology at
Uniformed Services University (USU). Drs. Broder and Geisbert have a long-standing emerging virus research
collaboration, which has included the development and characterization of the first nonhuman primate (NHP)
models for HeV and Nipah virus (NiV) that will be employed by Projects 2, 3, 4 and 5. Another strength within
the Core is that Drs. Geisbert, Broder, Cross, and Veesler currently collaborate and lead active henipavirus
projects focused on translational countermeasure development, which includes more traditional vaccine and
mAb therapeutics approaches. Their shared knowledge base and experience in these areas will greatly
enhance the Core’s abilities to support the Center’s research goals in experimentally testing advanced
machine learning-enabled designs of effective prototype pathogen vaccines and antibodies. Along with animal
model development and animal modeling expertise, many of the unique virological tools that will be employed
by the Core have been developed from the UTMB-USU collaboration, including recombinantly generated RNA
viruses, reporter gene-encoding viruses, and other pseudotype virus technologies.


APPROACH
Aim 1: Provide BSL-3 and BSL-4 resources including a secure repository of well-characterized seed
stocks of paramyxoviruses, arenaviruses, and phenuiviruses.
Paramyxovirus, arenavirus, and phenuivirus seed stocks. UTMB will provide fully equipped BSL-3/ABSL-3
and BSL-4/ABSL-4 facilities that are required to work with HeV, SOSV, LASV, JUNV, RVFV, SFTSV and GhV.
UTMB will also provide and maintain all required approvals to work with these viruses. The BSL-3 and BSL-4
paramyxovirus, arenavirus, and phenuivirus seed stocks have been or will be titered by conventional standard
plaque assay and qRT-PCR as detailed in Aim 2 below. The virus strain identity of each seed stock has been
or will be confirmed through sequencing, and deep-sequencing will be used to verify the complete viral







genome of each virus seed stock used for animal challenge studies. We have or will test each seed stock for
mycoplasma contamination. Endotoxin testing has been or will be performed on paramyxovirus, arenavirus,
and phenuivirus stocks using the Endosafe PTS system (Charles River Laboratories) following the
manufacturer’s instructions. The Endosafe PTS system is a cartridge-based testing system utilizing
FDA-licensed cartridges for ultrasensitive testing. Seed stocks will also be evaluated for morphological identity
by transmission electron microscopy (TEM). Virus particle counts will be determined using a Virus Counter and
confirmed by conventional TEM methods, if needed. The bacteriological and mycological sterility of the product
will be determined by selection of aliquots of the dispensed stock, inoculation of a sterile 500 ml bottle of
Dulbecco's high glucose MEM with 10% FBS, and then after 3 days subcultured to FTM and TBS media.
Paramyxovirus, arenavirus, and phenuivirus seed stocks will be inventoried in the UTMB BSL-4 and BSL-4
virus stock databases and secured in dedicated controlled access alarmed -80°C freezers in the GNL or
Robert Shope Laboratory. Paramyxovirus, arenavirus, and phenuivirus seed stocks are monitored periodically
for any changes in virus titer.


Plan for staffing, managing, and prioritizing Core use. The Core Leader and Co-Leaders have a cadre of
staff that are trained and highly experienced in all BSL-3 and BSL-4 procedures and assays needed to conduct
the proposed work. In addition to the Core Leader and Co-Leaders, this staff includes an ACVP board certified
veterinary pathologist, two BSL-4 contributing scientists, a BSL-4 Technical Director, a BSL-4 trained
postdoctoral fellow, six BSL-4 experienced technical staff, a BSL-4 trained histotechnologist, and a BSL-4
trained graduate student. We do not anticipate any BSL-3 or BSL-4 scheduling problems regarding studies
proposed in Projects 2, 3, 4, and 5. However, we have developed a mitigation strategy if unforeseen events
cause any needed prioritization of resources. A committee consisting of the Core D Leader, the PIs of the
Center, and the members of the external Scientific Advisory Board (SAB) will review the status of these
Projects and any circumstances necessitating a reprioritization of work. The SAB will also hold a meeting or
teleconference (Zoom, Teams) with the Project Leaders and Key Personnel to gather additional information.
After careful review of all available information, the SAB will then make a recommendation on prioritization to
the Center PI. The Center PI will then consult with NIAID/NIH program staff and make the final determination
on prioritization.


Aim 2: Provide technical expertise and conduct in vitro assays.
In vitro antiviral activity assays. Core D will perform authentic virus neutralization assays for Projects 2, 3,
4, and 5 to determine the ability of sera/plasma from immunized animals and mAbs to inhibit the replication of
paramyxoviruses, arenaviruses, and phenuiviruses in vitro using infectious viruses in the UTMB BSL-3 and
BSL-4 laboratories. In brief, cultures of Vero, Vero E6, SW13, or other cell types will be infected with a range of
multiplicity of infection (MOI) of paramyxoviruses, arenaviruses, and bunyaviruses and subsequently treated
various dilutions of sera/plasma or antibodies. Cells and/or culture fluids will be harvested at various time
points after infection and infectious virus enumerated by conventional plaque assay as detailed below.


Develop chimeric reporter-gene encoding viruses and virus neutralization assays for BSL-2 use.We
have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter
viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP)1,2, as
well as employed reverse genetics to rescue authentic ABLV and various reporter gene-encoding viruses3,4. In
addition, we have generated a reverse genetics platform for generating recombinant Cedar virus (rCedV) and
rCedV chimeras, whereby the fusion (F) and attachment (G) glycoprotein genes of rCedV were replaced with
those of NiV-Bangladesh (NiV-B) or HeV, generating replication competent chimeric viruses (rCedV-NiV-B and
rCedV-HeV), both with and without reporter genes4-8. The rCedV chimeras are a replication competent
authentic henipavirus platform that is a high-throughput surrogate neutralization assay that is rapid,
cost-effective, and can be utilized outside high containment. Similar approaches will be applied here to
generate new reporter viruses for Ghana bat virus (GhV). We will design, construct, and rescue both VSV and
rCedV chimeras that encode the envelope glycoproteins (fusion (F) and attachment (G) glycoproteins) of GhV.
Two reporter-gene encoding versions will be developed for VSV-GhV: one encoding GFP (VSV-GhV-GFP) and
the other encoding the Photinus pyralis (firefly) luciferase gene (VSV-GhV-Luc). We will also construct and
rescue GFP and Luc reporter gene encoding versions of rCedV chimeras encoding the GhV F and G genes
(rCedV-GhV-GFP and rCedV-GhV-Luc) (Fig. 1). The rescued viruses will be characterized using cell-based
infection tropism and growth kinetics assays.







Fig. 1. Schematic of chimeric reporter viruses. (A)The VSV-ABLV G-GFP
plasmid. Arrows indicate regions of self-cleavage. Unique sites MluI and KpnI to
construct VSV-GhV-GFP and VSV-GhV-Luc. (B) pOLTV5opt-rCedV plasmid.
Arrows indicate regions of self-cleavage. Unique sites MluI and SphI used to
construct rCedV-GhV-GFP.


The rCedV (NiV-B and HeV) chimeric virus platform serves as
a robust surrogate neutralization assay system for quantifying
antibody neutralization potency of anti-NiV and anti-HeV
antisera and mAbs8. The neutralizing potencies of several well-characterized cross-reactive NiV/HeV F and
G-directed mAbs against rCedV-NiV-B-GFP and rCedV-HeV-GFP are highly correlated with those obtained
using authentic NiV-B and HeV when tested in parallel by plaque reduction neutralization test (PRNT) and
high-throughput quantitative assay based on the reduction of GFP foci (fluorescent reduction neutralization test
(FRNT) (Fig. 2a-b). The Broder, Cross, Geisbert, and Veesler labs have previously used this platform for
high-throughput characterization of neutralizing mAbs and sera collaboratively5,49.


Figure 2. A) Pearson correlation for BSL-2 PRNT vs BSL-4 PRNT
(rCedV-NiV-B-GFP versus NiV-B (i-iv) and rCedV-HeV-GFP versus HeV
(v-viii)). B) Pearson correlation for PRNT vs FRNT ((rCedV-NiV-B-GFP
(i-iv) and rCedV-HeV-GFP (v-viii)).


Generation of a VSV encoding GhV envelope
glycoproteins. We will construct reporter gene-encoding
versions of a replication-competent VSV encoding the GhV
F and G glycoproteins (GFP and Luc) (Fig. 1A), which are
highly divergent from their HeV counterparts with which they
share 55% and 30% amino acid sequence identity. A large
gene cassette comprising VSV untranslated intergenic
regions flanking the GhV F and G coding sequences will be
synthesized. The GhV F and G coding sequences will be
based on the GhV isolate Eid_hel/GH-M74a/GHA/2009 (GenBank: NC_025256.1). The GenBank accession
number for GhV F is YP_009091837.1 and that for the GhV G protein is YP_009091838.1. Unique restriction
enzyme sites, MluI and KpnI will facilitate the insertion of the GhV F and G gene cassette into the VSV
backbone plasmid. The VSV-GhV-Luc will be similarly made. Cloning procedures are performed in E. coli Stbl2
and all plasmids verified by sequencing. Rescue will be performed in BSR-T7/5 cells, transfected helper
plasmids, VSV-N, VSV-P, and VSV-L and the VSV-GhV-GFP or VSV-GhV-Luc antigenome plasmids. After
48hrs the cells and supernatants are collected and subjected to freeze-thawing and clarified by centrifugation.
Amplification of rescued virus is performed using HEK293T cells by inoculation with the supernatant from step
1. When GFP fluorescence and/or cytopathic effects (CPE) is observed, the cells and supernatants are
harvested as above, and the virus stocks stored at -80°C. All virus stocks are deep sequenced. Virus stocks
are titered by serial dilution on HEK293T cells by plaque assay9.


Generation of rCedV encoding GhV envelope glycoproteins. rCedV-GhV-GFP will be produced by
synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the GhV
F and G coding sequences. The CedV non-coding intergenic regions are retained as is adherence to the
genomic “rule of six”. Unique restriction sites, MluI and SphI will facilitate the insertion of the GhV F and G
gene cassette into the genome clone (pOLTV5opt-rCedV) generating rCedV-GhV-GFP (Fig. 1B). Rescue is by
transfection of BSR-T7/5 cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P,
pCMV-CedV-L, and pOLTV5opt-rCedV-GhV-GFP antigenome plasmid. Typically, after 4 days, cells will be
observed for GFP expression and syncytia (henipavirus CPE). At maximal syncytia and GFP (~2–3 days),
supernatants are collected, clarified, and stored as single-use aliquots at -80°C. Virus stocks will be
characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by
plaque assay and stored as single use aliquots at -80°C7,10,11.


Characterization of the recombinant reporter viruses in cell-based infection assays. The
replication kinetics of the VSV-based and rCedV-based GhV F/G encoding viruses will be assayed by VeroE6
cell culture infection using MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and
titered. VSV-GhV F/G virus replication can be compared to expected virus production of wildtype VSV or
VSV-ABLV G1. Similarly, rCedV-GhV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV
chimeras. Unlike NiV and HeV, GhV G engages only the ephrin-B2 ligand to trigger membrane fusion12. The







GhV F/G bearing reporter viruses will be verified for this specific ephrin ligand tropism in cell infection and/or
syncytia formation experiments and comparisons made to wildtype VSV or VSV-ABLV G as well as to rCedV,
and rCedV NiV/HeV chimeras. The Broder lab has generated murine mAbs to GhV F and G (10C4-LY and
10D5-LY to GhV G; and 5B7-LY and 7C11-LY to GhV F) and these will be used in neutralization tests and
assay validation. The VSV-GhV-GFP assays will be conducted by FRNTs and VSV-GhV-Luc in luciferase
assays.


Rescue of a GhV infectious clone. UTMB will synthesize and rescue a GhV infectious clone, which
will be propagated in VeroE6 cells and sequenced-verified. Replication kinetics will be assessed as described
above and optimal infectious doses will be evaluated and determined in the hamster model based on prior
work done with NiV and HeV in this challenge model32. All experiments will be conducted at BSL-4, as done
with NiV and HeV work.


High-throughput neutralization assays. The Veesler lab has developed a high-throughput workflow
for ELISAs and pseudovirus neutralization assays using a Biomek robotic platform enabling 24/7 automation.
The neutralization assays use a safe, non-replicating vesicular stomatitis virus (VSV) encoding for luciferase
instead of the native G glycoprotein or murine leukemia virus (MLV) encoding for luciferase, which we
extensively used throughout the COVID-19 pandemic54-58. For henipaviruses, we will additionally use the
chimeric recombinant CedV harboring the HeV and NiV glycoproteins developed in the Broder lab5,49. In
collaboration with Projects 2, 3, 4, and 5, this platform will support evaluation of vaccine-elicited antibody
responses to guide and iteratively refine immunogen designs against paramyxoviruses, phenuiviruses and
arenaviruses, which have all been previously pseudotyped using the VSV or MLV backbones: Lassa virus42,
Junin virus43, RVFV44, and SFTFV45.


Evaluation of neutralization for mAbs and vaccine-elicited antibodies. Our rCeV chimeras
(rCedV-NiV-B-GFP and rCedV-HeV-GFP) will allow this Core to conduct large numbers of neutralization tests
by FRNT, using vaccine-elicited sera and mAbs that will be generated in Projects 2, 3, 4, and 5. In Center
years 1-3 the focus will be on HeV, and in years 4-5 the Core is expected to shift to GhV test case. The FRNT
assay is rapid (36hrs), high throughput, and performed in 96-well plates to establish typical 7-point dose
response virus neutralization data and performed at BSL-2. Typically, immune sera or mAbs are analyzed by
serial dilution and mixed with virus (rCedV-NiV-B-GFP or rCedV-HeV-GFP) for 2hrs then samples used in
triplicate to infect confluent Vero 76 cells in black-walled clear bottom 96-well plates and incubated 24hrs, and
then plates are fixed and imaged and fluorescent foci quantitated with CTL Basic Count software. The 50%
inhibitory concentration (IC50) is determined by 50% reduction in fluorescent foci versus untreated controls.


Generation and validation of neutralizing antibody titration assays using recombinant reporter
phenuiviruses. We plan to generate a recombinant strain of Rift Valley fever virus (RVFV), specifically the
MP-12 strain (rMP- 12), with the luciferase gene (such as NanoLuc) replacing the NSs gene utilizing our
existing reverse genetics system40,50. By comparing the luciferase activities with the neutralizing antibody titers
obtained from the plaque reduction neutralizing test51 (PRNT), we will establish the correlation between the two
assays for validation. This reporter assay will be employed for screening the antisera, while we will also
perform the authentic PRNT to determine the neutralizing antibody titers of selected antisera. Additionally, we
will develop a reverse genetics system for the SFTSV HB29 strain in order to establish a similar recombinant
SFTSV luciferase assay. As SFTSV does not form plaques in Vero cells, we will utilize the focus reduction
neutralization test (FRNT) with anti-SFTSV N antibody to determine the neutralizing antibody titers and validate
the reporter assay52,53.


Anticipated Results, Potential Pitfalls and Alternative Strategies. We anticipate the reporter viruses will
replicate to titers fit for purpose based on our success with these chimeric viruses. Neutralization assays will
typically be conducted as 3 independent repeats and the data generated from these assays will be analyzed
and graphed using GraphPad Prism 9. If we encounter unexpected limitations in rescuing VSV-based or
rCedV-based GhV F/G bearing reporter viruses; we will 1) test different ratios of helper plasmids and
antigenome plasmids; 2) perform rescue using different cell lines; 3) construct alternate versions of the GhV F
and G genes within the antigenome plasmids, such as truncating the GhV G protein which has been shown to
enhance GhV mediated F/G membrane fusion13. Alternatively, fusion of the GhV F and G ectodomains with the
transmembrane and cytoplasmic tail domains of the corresponding CedV F and G elements may facilitate virus
particle formation and membrane fusion activity. Reporter assays for RVFV and SFTSV will enhance the
throughput of screening of antisera-containing neutralizing antibodies. If the secretion of luciferase proves
suboptimal for assessing relative virus replication levels, we will evaluate non-secreting luciferases, such as
Renilla luciferase, utilizing cell lysates.







Aim 3: Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis.
The Core D Leader and Co-Leaders will work closely with the Project Leaders and key staff of Projects 2, 3, 4
and 5 to develop vaccination, treatment and sampling regimens, study protocols, and animal protocols that
utilize countermeasures identified in Projects 2, 3, 4 and 5. The Core Leader and Co-Leaders will write and
obtain UTMB IACUC approval for all animal protocols performed in Core D. The animal models and clinical
pathology, immunology, virology, and histopathology assays employed for Aim 3 are detailed below. All raw,
graphed, and tabulated data generated by Core D will be handled and analyzed in coordination with Core B.
Core D will employ established animal models for HeV, LASV, JUNV, RVFV, and SFTSV. While animal
models exist for SOSV and JUNV we will optimize these models to fill gaps and provide new tools as detailed
in Aim 4 below. Mice, guinea pigs, hamsters, ferrets, and cats have been used as small animal models of HeV
infection14. This project will employ Syrian golden hamsters as the small animal model of HeV disease because
they are more suitable than other small animals for screening large numbers of vaccines and mAbs. Using
hamsters will allow us to select optimal vaccine and mAb formulations and regimens prior to efficacy testing in
NHPs. In 2010 Drs. Geisbert and Broder developed the first highly lethal NHP model for henipavirus infection
(Nipah virus) using African green monkeys (AGM)15. They subsequently developed a lethal AGM model for
HeV infection16. Henipavirus NHP models mirror human disease with animals showing severe respiratory
pathology, neurological disease, and generalized vasculitis. Based on our extensive prior experience working
with NiV and HeV, we will develop a hamster challenge model for GhV, which uses the human ephrin B2
receptor59,60 (similar to NiV and HeV). For LASV and JUNV, Core D will use established lethal outbred guinea
pig models that cover several lineages of LASV17-21 and several genetically distinct strains of JUNV22-25 as
guinea pigs are the only immunocompetent small animal model for LASV and JUNV disease. Core D will also
use established cynomolgus monkey models that cover several genetically distinct lineages of LASV26-29 and
strains of JUNV30. For RVFV we will use established mouse models (such as BALB/c and C57/BL6 mice. In
addition, we will utilize the recently described ferret model to evaluate vaccine candidates and mAbs34. For
SFTSV, we will use the interferon a/b receptor knockout mouse model62.


Animal vaccinations. All animals will be obtained from commercial vendors and allowed to acclimate
prior to vaccination (~ 3-7 days for mice, hamsters, and guinea pigs and ~ 14 days for ferrets and NHPs).
Mice, hamsters, and guinea pigs will be vaccinated by intramuscular (i.m.) or intraperitoneal (i.p.) injection of
the vaccines provided by Projects 3, 4, and 5 whereas ferrets and NHPs will be vaccinated by i.m. injection.
All animals will be vaccinated in ABSL-2. Animals will be monitored daily for any reaction or adverse events
caused by the vaccination. Blood will be collected for plasma, serum, and PBMC isolations before vaccination
and at times after vaccination for assessment of the host immune response.


Animal challenges. Hamsters and NHPs will be challenged with infectious HeV or SOSV as previously
described31-33. After appropriate acclimation, hamsters and ferrets will be exposed to HeV or SOSV by
intranasal (i.n.) or i.p. administration of virus. NHPs will be challenged with HeV by the intratracheal (i.t.)
and/or i.n. routes. Mice, guinea pigs, and ferrets will be exposed to arenaviruses and phenuiviruses by i.p.
injection19,24,25,34,35. NHPs will be exposed to LASV or JUNV by i.m. injection28-30. For all animals, blood will be
collected with or without anticoagulants for plasma and serum isolations, respectively, before paramyxovirus,
arenavirus, or phenuivirus challenge, on the day of challenge, and daily after challenge. Animals will be
monitored for clinical signs daily. We will apply a scoring sheet approved by the UTMB IACUC depicted in the
Vertebrate Animals Section to assist in determining the time of euthanasia depending on clinical signs (e.g.,
respiratory distress, anorexia, activity, appearance, neurologic signs, etc.). Animals will be euthanized
according to the 2013 AVMA Guidelines on Euthanasia. Any surviving animals will be euthanized on day 35-42
days after paramyxovirus, arenavirus, or phenuiviruses challenge.


Clinical pathology assays. For NHP studies, we will measure the following parameters at time points
before and after HeV, LASV, or JUNV challenge using Abaxis VetScan HM5: total white blood cell counts
(WBC), percent lymphocytes (LY), percent monocytes (MO), percent neutrophils (NEU), percent eosinophils
(EOS), percent basophils (BAS), total lymphocyte counts (LY#), total monocyte counts (MO#), total neutrophil
counts (NEU#), total eosinophil counts (EOS #), total basophil counts (BAS #), red blood cell counts (RBC),
total hemoglobin (Hgb), hematocrit values (HCT), mean cell volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets
(PLT), and mean platelet volume (MPV), and Plateletcrit (PCT). Clinical chemistry on serum. The following
parameters will be measured before and after viral challenge using Abaxis Piccolo chemistry analyzer: Albumin
(ALB), amylase (AMY), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline







phosphatase (ALP), gamma-glutamyltransferase (GGT), glucose (GLU), total protein (TP), blood urea nitrogen
(BUN), and creatinine (CRE), C-reactive protein (CRP), Calcium (Ca2+), and uric acid (UA).


Viral load assays. PCR Assay: To assess viral loads in whole blood and tissues, RNA will be extracted
using a virus RNA isolation kit followed by TaqMan PCR for the viral genome being studied. Qiagen buffers
have been safety-tested for inactivation of paramyxoviruses, arenaviruses, and phenuiviruses. PCR assays
employed for HeV, SOSV, LASV, JUNV, RVFV, and SFTSV as previously described28-30,33,37-39.


Plaque Assay. The plaque assays employed for paramyxoviruses, arenaviruses, and phenuiviruses
have previously been described28-30,33,40. Briefly, 10-fold dilutions (10-1 to 10-6) of serum, plasma, or whole
blood samples are prepared in cell maintenance medium (DMEM/10%FBS/gentamicin) and adsorbed to
70-90% confluent monolayers of Vero E6 cells in 6-well plates. The incubation period is followed by addition of
1% agarose-containing medium (2X EBME/Hepes/10% FBS/gentamicin) to each well. After the agarose has
solidified, the plates are returned to the C02 incubator and maintained for 2-14 days until plaques are
visualized. At this time, PBS containing 5% neutral red and 5% FBS is added to each well incubated overnight.
The following day, the liquid stain overlay is removed from each well and plaques are counted.


Bead-based multiplex assays. Plasma inflammatory mediators, thrombosis markers, and fibrinolysis
analytes will be measured by FACS using Biolegend LegendPlex assays and a FACS Canto-II cytometer
(Becton Dickson). Samples will be processed in duplicate for each Nonhuman Primate Inflammation 13-plex ,
Human Thrombosis , and Human Fibrinolysis panel as previously described41-43.


Gross pathology and histopathology. A necropsy will be performed on all animals. We will examine
the external surfaces of the body, all orifices, and the thoracic and peritoneal cavities and their contents. Core
D will prepare a written report of the gross pathology findings of each animal. The following tissues will be
collected at necropsy, formalin fixed, embedded in paraffin, and stained by H&E: liver, spleen, lung, kidney,
adrenal gland, pancreas, axillary lymph node, inguinal lymph node, mesenteric lymph node, duodenum, ileum,
colon, brain, cervical spinal cord, urinary bladder, ovary or testis, prostate or uterus, and eye. A microscopic
evaluation will be performed on H&E slides of tissues collected from all animals by an ACVP board certified
veterinary pathologist. Reports of the histologic findings of each tissue from each animal will be provided to the
leaders of Projects 2, 3, 4, and 5. In consultation with them, Core D may also perform immunohistochemical
and/or special stains such as PTAH for fibrin as previously described28-30,33.


Quality systems management of all records and data collected from animal studies. Although the animal
studies conducted by Core D will not be required to be performed under GLP compliance, UTMB will provide
Quality Assurance that will achieve data quality and integrity when conducting animal experiments. Quality
refers to whether the study was conducted in accordance with the protocol, standard operating procedures,
and applicable standards of research. Integrity refers to assurance that the raw data and documentation are
consistent with reported results. All animal study personnel will be trained by the UTMB Office of Regulated
Nonclinical Studies (ORNcS). on Good Documentation Practices (GDP). All animal study data generated by
Core D will be provided to Core B as detailed in the Core B Research Strategy.


Aim 4: Develop and/or optimize animal models for GhV, SOSV and JUNV.
For HeV and LASV Core D will employ animal models that have already been developed and are well
established32,61. However, while animal models exist for JUNV, RVFV, and SFTSV, there are gaps that need to
be addressed. Recently, it was shown that i.n. or i.p. infection of hamsters with SOSV resulted in viremia and
mild clinical disease37 but there is no lethal model for SOSV. Core D will further explore the hamster model for
SOSV by 1) using higher challenge doses of SOSV which is often required to produce lethal disease in other
paramyxovirus hamster models32,44 or 2) serial passage of tissues in hamsters (i.e., repeated passage of 10%
organ homogenates until uniform lethality is achieved). Core D will also assess the pathogenic potential of
SOSV in ferrets as they are often used as animal models for paramyxoviruses. For arenaviruses such as
JUNV, serial adaptation is often required to produce lethal disease in outbred guinea pigs. While adapted
viruses have utility in assessing the protecting efficacy of medical countermeasures in animal models,
non-adapted wild type viruses are preferred to better assess vaccines and treatments. We and others recently
showed that for Ebolaviruses, while serial adaptation is required to produce lethality in mice, hamsters, and
guinea pigs, infection of ferrets with Zaire ebolavirus, Sudan ebolavirus, Bundibugyo ebolavirus, or Reston
ebolavirus resulted in uniform lethality with wild type viruses and did not require adaptation45-48. Therefore,
Core D will assess the pathogenic potential of JUNV in ferrets. Finally, we will investigate GhV replication and
pathogenicity in hamsters which is our small animal challenge model for HNVs since both HeV and GhV utilize
ephrin B2 as entry receptor59,60, to develop a suitable challenge model.
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A. Significance

Henipaviruses (HNV) and arenaviruses (ARV) are two families of viruses that pose significant global public health 
concerns1-5. HNV, which includes Nipah virus (NiV) and Hendra virus (HeV), has caused outbreaks in Asia and 
Australia, resulting in severe respiratory and central nervous system (CNS) illnesses in humans6-8. These 
infections have been associated with high mortality rates ranging from 40% to 90%4,9-13. Similarly, ARV, such as 
Lassa virus (LASV) and Machupo virus (MACV), can cause severe illness and death in humans, with LASV 
being endemic in West Africa and MACV responsible for Bolivian hemorrhagic fever14-19. The geographical 
distribution and diversity of these viruses make them a global public health threat. While there are some vaccines 
and antiviral drugs available4,13,20,21, there are no licensed treatments specifically targeting these viruses. Thus, 
there is a pressing need to develop new therapies that can effectively neutralize and prevent the spread of these 
viruses. 
Significance of Developing Nanobody Therapy 

The urgent need for effective treatments against HNV and ARV infections, highlighted by the ongoing COVID-
19 pandemic, emphasizes the importance of rapid drug development and innovative antiviral therapies. 
Nanobodies, also known as VHH or single-domain antibodies, derived from camelid animals, offer unique 
advantages that make them promising candidates for antiviral therapy22-25. 
One significant advantage of nanobodies is their inherent stability26-28. Their small size and single-domain 
structure make them highly resistant to denaturation and degradation, allowing them to maintain their binding 
activity under various conditions. Nanobodies also offer ease of engineering. Their single-domain format 
simplifies the modification and optimization of their binding properties. Through techniques such as affinity 
maturation and structure-guided design, nanobodies can be readily engineered to enhance their affinity, 
specificity, and neutralization potency against specific viral targets. This flexibility in engineering enables the 
development of tailored nanobodies with improved therapeutic properties29,30. 
Also, nanobodies exhibit modular characteristics26. Their small size and independent folding domains allow for 
the construction of multi-specific or bi-specific nanobodies, where different specificities can be combined into a 
single molecule31,32. This modularity opens up possibilities for targeting multiple epitopes on viral proteins or 
simultaneously targeting different viral strains, providing enhanced breadth and efficacy in combating HNV and 
ARV infections. 
Combined with their specificity, small size, stability, ease of engineering, and modular nature, nanobodies 
represent a promising approach for developing effective antiviral therapies against HNV and ARV infections.  
Three nanobody development platforms to enhance diversity and coverage 
The use of multiple nanobody development platforms, including camelid animals, nanomice, and low-
immunogenic human nanobody libraries (Fig.1), enhances the diversity and coverage of nanobody libraries, 
increasing the likelihood of identifying potent nanobody candidates. Notably, Dr. Jianliang Xu, a nanobody 
research expert, is the inventor of the “nanomice” platform29, which was commented by Nature News and 
Views that “Just as the development of mice with antibodies containing human variable domains (such as 
Regeneron’s VelocImmune mouse) has helped to deliver the 100th FDA-approved monoclonal antibody, 
perhaps the nanomouse will give nanobody-based 
therapeutics a push in the same direction”33. In 
addition, we have recently cloned the CDR regions 
of human antibodies (IgM, IgD, IgG1-4, IgE, IgA1-2) 
heavy chain from 60 healthy donors of various 
demographic backgrounds, assembled them on 
Ighv3 family framework, and generated a human 
nanobody library that is close to natural human 
antibody heavy chain variable domain. The 
potentially low immunogenicity of such a library will 
enable us to quickly identify nanobody leads that 
need minimum optimization for clinical use. 
The deep sequencing of antigen-specific enriched 
nanobody libraries ensures a comprehensive 
exploration of the nanobody repertoire29, allowing 

Figure 1: Three nanobody development platforms. (A) Camelid 
animals; (B) Nanomouse; (C) Human nanobody phage library. 



for the rapid identification of leads with minimal optimization required for clinical use. This expedited development 
process is critical in responding to emerging viral threats and addressing the urgent need for effective antiviral 
therapies.  
Targeting CNS diseases caused by viral infection 
Nanobodies hold great promise for targeted therapy of CNS diseases as they can efficiently cross the blood-
brain barrier (BBB) due to their small size34-37. To further enhance brain delivery, we have developed a bi-specific 
nanobody strategy by coupling another nanobody that targets TfR138,39, a receptor expressed at the BBB. This 
bi-specific nanobody can cross-react with both human and mouse TfR1, facilitating enhanced cargo delivery to 
the brain. In our upcoming study, we will compare the brain delivery and therapeutic efficacy of un-engineered 
nanobodies with the bi-specific nanobodies using animal models in RP3 and Core E. This study aims to evaluate 
the abilities of these two approaches to effectively penetrate the BBB and deliver therapeutic nanobodies to the 
central nervous system. Through this evaluation, we hope to understand the benefits of utilizing bi-specific 
nanobodies for targeted therapy of CNS diseases caused by HNV and ARV infections. 
Generalizable research strategy 
The significance of developing nanobody therapy extends beyond the four selected prototypic viruses in HNV 
and ARV. By applying and testing the research strategy developed in this project during phase 2 of the project, 
the scope can be expanded to include other members of these viral groups, such as Langya virus (LayV)40, Lujo 
virus (LUJV)41, and Chapare virus (CHAV)42. This approach expands the scope of nanobody-based therapies, 
tackling global health risks from emerging viral diseases. 
B. Innovation 

The study incorporates several innovative aspects in the development of nanobody-based therapies for HNV 
and ARV infections: 

• Utilization of diverse nanobody sources: The study leverages nanobodies derived from camelid animals, 
nanomice, and low-immunogenic human nanobody libraries. This approach expands the repertoire of 
nanobodies available for antiviral therapy development. 

• Targeting viral entry machinery: Nanobodies are employed to target and neutralize viral proteins involved in 
viral attachment and entry. This innovative approach provides a novel avenue to inhibit viral infection at the 
early stages. 

• Integration of structural characterization techniques: The study integrates advanced structural 
characterization techniques such as X-ray crystallography and Electron Microscopy Single Particle Analysis. 
This enables a detailed understanding of nanobody epitopes and viral neutralization mechanisms, facilitating 
the rational design of nanobody-based therapies. 

• Development of BBB-penetrating nanobodies: The study focuses on designing nanobodies with the ability to 
penetrate the BBB, enabling effective targeting of the central nervous system. This is particularly relevant for 
combating the severe neurological manifestations associated with HNV and ARV infections. 

• Generalizable research strategy: The research strategy developed in this study can be applied to other 
members of the HNV and ARV viral groups, such as Langya virus, Lujo virus, and Chapare virus. This 
expands the potential impact of nanobody therapies to address a broader range of emerging viral diseases. 

• Deep sequencing for comprehensive coverage: The study utilizes deep sequencing to ensure 
comprehensive coverage of antigen-specific enriched nanobody libraries. This approach facilitates the rapid 
identification of potent nanobody leads with minimal optimization required for clinical use. 

• Rapid and efficient therapy development: By leveraging the advantages of nanobodies and employing a well-
designed research strategy, the study aims to rapidly and efficiently develop nanobody-based therapies. This 
contributes to the field of antiviral research and addresses the urgent need for effective treatments against 
HNV and ARV infections, thereby enhancing public health protection. 

C. Approach 

Scientific Premise: Our hypothesis is that nanobodies targeting viruses' key entry machinery can effectively 
inhibit virus infection. By utilizing structure-based analysis and rational design, we can enhance the efficacy of 
nanobody therapy by increasing its potency and breadth. Through the design of bi-specific nanobodies coupled 
with brain receptor-mediated transcytosis, we aim to enhance their ability to penetrate the blood-brain barrier, 
thus effectively combating central nervous system diseases caused by HNVs and ARVs. 



Aim 1: To identify cross-reactive nanobodies to HNVs. 
Rationale and Preliminary Data:  
Envelope fusion glycoprotein F and the attachment 
glycoprotein G of Hendra virus (HeV) and Nipah virus (NiV) 
play crucial roles in host cell receptor engagement and 
membrane fusion, making them the main targets of 
neutralizing antibodies43-46. The high degree of similarity, 
approximately 80-90%, between the glycoproteins of HeV 
and NiV presents an attractive opportunity to identify cross-
reactive neutralizing nanobodies capable of providing 
broad protection against both viruses1,47-49. To achieve this 
goal, we conducted immunization experiments using four 
groups of nanomice, with each group consisting of four 
mice. The mice were immunized with soluble F and G 
proteins of HeV and NiV, namely HeV_sF, HeV_sG, 
NiV_sF, and NiV_sG. These proteins, designed by Dr. Kai 
Xu and produced by our collaborator Dr. Christopher 
Broder's group, served as the immunogens43,50,51 (Fig. 
2A). 
Following four injections in the nanomice, we observed 
various levels of serum antibody responses against all four 
immunogens, as depicted in Figure 2B for F proteins (data 
for G proteins not shown). To validate our approach, we 
isolated RNA from the bone marrow and spleen of mice 
immunized with NiV_sF and constructed nanobody phage libraries. Through a series of three rounds of phage 
panning using NiV_sF, subsequent individual colony picking, ELISA screening, and Octet affinity validation, we 
successfully identified several nanobody binders specific to NiV_sF. Of particular significance, one of the 
identified nanobodies, NiV_sF_Nb9, exhibited the ability to bind not only to NiV-sF protein but also to HeV-sF 
protein (Fig. 2C). This finding suggests that NiV_sF_Nb9 recognizes an epitope shared by the F proteins of both 
NiV and HeV. The results obtained from these experiments clearly demonstrate the potential of nanomice as a 
convenient and efficient model for the development of nanobodies. Consequently, we are confident in our ability 
to identify nanobodies against other F/G proteins of HeV and NiV using the same approach applied to the 
immunized mice. 
In addition to the nanomice immunization strategy, we have also made significant progress using a human 
library version 1.0 (Fig. 1C) for screening purposes. 
Notably, we sequentially screened this human 
nanobody library with spikes of omicron variants 
(BA.4/5, BA.1) and WA-1, leading to the enrichment of 
numerous nanobody candidates. Among them, nine 
nanobodies exhibited binding affinity to the receptor-
binding domain (RBD) of BA.4/5, BA.1, WA-1, SARS, 
and WIV16, indicating their ability to recognize a range 
of sarbecoviruses (Fig. 3). Importantly, all nine of these 
human nanobodies demonstrated potent neutralization 
against WA-1, and five of them exhibited cross-
neutralization of Omicron subvariants (BA.4/5, BQ.1.1, 
XBB.1), SARS1, and Bat-WIV1. These results 
underscore the power and versatility of the human 
nanobody library platform, which holds significant potential for targeting various other antigens. 
Experimental Design:  
To expand our search for cross-reactive nanobodies against HeV and NiV glycoproteins, we will immunize 
additional groups of nanomice sequentially with either HeV or NiV F or G proteins. Each group will serve as a 
source for constructing in vivo matured nanobody phage libraries, using bone marrow, spleen, and/or peripheral 
blood mononuclear cells (PBMCs). These libraries will undergo sequential screening with HeV and NiV F or G 

Figure 3: SARS-CoV-2 neutralizing nanobodies identified 
by human nanobody library. Neutralization IC50 (ug/ml) of 9 
human nanobodies against various pseudotyped 
sarbecoviruses.  

 
Figure 2: Nanomouse immunization and NiV_sF_Nb9 
characterization. (A) Nanomouse immunization scheme. 
(B) HNV F proteins immunized nanomice serum response 
to the respective immunogen determined by ELISA; (C) 
Binding of NiV_sF_Nb9 to NiV_sF and HeV_sF 
determined by Octet. 



proteins to identify nanobodies that exhibit cross-recognition of the F or G proteins of both viruses. To ensure 
comprehensive coverage of potential binders, we will employ a two-pronged approach. Firstly, we will randomly 
pick colonies from the libraries, and secondly, we will subject the enriched libraries to deep sequencing using 
the MiSeq platform. This approach will enable us to identify nanobody candidates from all complementarity-
determining region 3 (CDR3) families. Subsequently, we will assess the target specificity of individual 
nanobodies through enzyme-linked immunosorbent assay (ELISA). Moreover, the neutralization activity of the 
identified nanobody candidates will be evaluated using RP2 assays. 
While nanomice have proven to be valuable for 
generating in vivo matured nanobodies, it is 
important to consider the potential immunogenicity 
associated with animal-derived nanobodies. 
Therefore, in parallel with the nanomice 
immunization strategy, we will also screen for F or G 
protein binders using a human nanobody library. By 
utilizing the human nanobody library, we can 
significantly minimize the risk of immunogenicity and 
obtain nanobody candidates that are better suited for therapeutic testing in human subjects. 
1.1: Nanomice immunization. Four groups of nanomice have already been immunized with soluble HNV F and 
G separately. Our preliminary data showed that almost all mice developed good immune response after 3 
injections. We will next immunize 2 more groups, 8 mice each, sequentially with HNV F or G proteins (Fig.4). 
Injections (i.p.) will be performed at 3 weeks interval to allow more time for mouse immune system to react to 
each immunization. Specifically, for F proteins, mice will be immunized with HeV_sF at week 0, 3, 6, NiV_sF at 
week 9, 12, and a mixture of HeV_sF and NiV_sF at week 15, followed by a final boost (i.v.) with HeV_sF and 
NiV_sF mixture 3 days later. Bone marrow, spleen and PBMCs will be harvested 3 days after the final i.v. 
injection. HeV_sG and NiV_sG proteins immunization will follow the same scheme. Test blood/serum will be 
collected one week after each injection except for the first and last two injections, and serum antibody response 
to F or G proteins will be monitored by ELISA. The same serum will be used for HNV neutralization test by RP2.  
1.2: Nanobody phage library construction. We 
have extracted RNA from bone marrow and 
spleen from NiV_sF immunized mice, 
constructed nanobody phage library, screened 
for NiV_sF binders, and identified NiV_sF_Nb9 to 
be NiV_sF and HeV-sF cross binder (Fig.2). We 
will complete the nanobody phage library 
construction for all immunization groups and 
perform sequential screening to identify cross 
binders. Specifically, total RNA will be extracted 
from bone marrow, spleen and PBMCs from the 
best responding mice based on ELISA and 
neutralization test results. Two-step PCR will be 
performed to amply VHH-DJ (nanobody sequence) from the matured heavy chain-only IgG1 mRNA molecules 
(Fig. 5). First, we will amplify VHH-DJ-CH2 domain from IgG1 using 30 forward primers aligning to the leading 
exons of 30 VHH genes and one reverse primer aligning to CH2 sequence of IgG1. Next, a mixture of 30 forward 
primers aligning to 5’ end of individual VHH exon and 4 reverse primers aligning to JH1~4 will be used to amplify 
nanobody sequences, which will be cloned to pMES4 phagemid and subsequently transformed to TG1 E.coli 
cells. 
1.3: Screening nanobody libraries for HNV F/G binders. We will produce phages expressing individual 
nanobodies fused to their coat protein by infecting TG1 cells with VCSM13 helper phages. To identify nanobodies 
that recognize both HeV_sF and NiV_sF, libraries from F proteins immunized mice will be sequentially screened 
with HeV_sF and NiV_sF proteins in wells of 96-well Maxisorp plate; to identify nanobodies that recognize both 
HeV_sG and NiV_sG, libraries from G proteins immunized mice will be sequentially screened with HeV_sG and 
NiV_sG proteins. Multiple rounds of screening (phage panning) will be performed to ensure ideally over 100 
times elution of phages from F or G protein coated wells than control wells (Fig. 6A). For each TG1 cell sub 
library from single or sequential F or G protein screening, 96 ~192 individual colonies will be picked and cultured 
in deep-well plates. Nanobodies (fused to phage coat protein pIII) induced by IPTG will be extracted from 

 
Figure 5: Nanobody phage library construction with nested PCR.  

 
Figure 4: Nanomice sequential immunization scheme for HNV 
F proteins. 



periplasmic region of TG1 cells and tested for binding to HNV F or 
G proteins by ELISA. Phagemid of ELISA positive clones will be 
extracted and Sanger sequenced, and then transformed into WK6 
E.coli cells to produce individual nanobodies (monomer, 13 kDa). In 
addition, sub libraries will be deep sequenced (Fig. 6B) and 
nanobody sequences analyzed as described before29. Nanobodies 
will be clustered based on their CDR3 differences and cross 
checked with the sequences of ELISA-positive clones. 
Representative unique nanobodies from each CDR3 class will be 
codon optimized and synthesized, cloned into pMES4 phagemid, 
and nanobodies will be produced in WK6 cells. We will perform step 
1.3 with our newly designed and constructed human nanobody 
library to identify less immunogenic nanobodies against HNV F and 
G protein.  
1.4: Nanobody binding validation and neutralizing activity 
assessment. To validate the binding of nanobodies to HNV F/G 
proteins, we will employ two methods: ELISA and Octet Bio-Layer 
Interferometry (BLI) affinity analysis. ELISA will allow us to 
determine the binding of nanobodies to the target proteins, while 
Octet BLI will provide detailed information on affinity. Additionally, 
we will perform Octet epitope binning assays using available F/G 
antibodies to map the epitopes recognized by the nanobodies. 
Furthermore, we will assess the neutralizing activity of the identified 
nanobodies with the neutralization assay developed by RP252,53. 
These comprehensive analyses will enable us to evaluate the 
binding specificity, affinity, and neutralizing capability of the 
nanobodies. We will further select representative neutralizing 
nanobodies for structural analysis (Aim 3) and consider various 
engineering approaches such as Fc conjugation and 
multimerization (Aim 4) to further optimize the properties and 
efficacy of the nanobodies. 

Expected results, potential pitfalls and alternatives:  
We expect to be able to produce 5-10 HNV F or G nanobodies that either specifically recognize and neutralize 
HeV or NiV, or cross-bind to HeV and NiV proteins and cross neutralize the two viruses. We also expect to 
identify nanobodies with novel epitopes compare to currently available human antibodies.  
Based on our success in identifying HeV_sF and NiV_sF cross binder (NiV_sF_Nb9 from nanomouse 
immunization) and SARS-CoV-2/SARS/WIV1 cross neutralizers (hNb3, 6, 17, 18 and 31 from human nanobody 
library screening), we do not anticipate any major technical or methodological pitfalls. While we have high 
expectations for our study, there are potential pitfalls that we need to consider. One challenge could be the 
limited number of nanobody candidates that meet our criteria, particularly if their affinity or neutralizing activity is 
not optimal. In such cases, we have a strategy in place to perform in vitro PCR-based CDR maturation to 
generate nanobody variants with improved properties. Additionally, there is a possibility that our efforts to identify 
HNV F or G cross binders/neutralizers using nanomice or the human nanobody library may not yield satisfactory 
epitope diversity. To overcome this limitation, an alternative approach would involve immunizing camelid animals 
and applying the same selection and screening processes to identify target-specific nanobodies.  
Aim 2: Identification of nanobodies to ARVs.  

Rationale and Preliminary Data:  
The surface of LASV and MACV virions is covered by the heavily glycosylated trimeric type-1 fusion glycoprotein 
precursor (GPC)54-57. The GPC trimer consists of receptor-binding GP1, fusion machinery GP2, and the 
associated stable signal peptide (SSP)57-62. The extensive glycan shield on GP1 and GP2 poses a challenge for 
the immune system to generate a robust GPC-directed antibody response, resulting in weak and inconsistent 
neutralizing antibody development during natural infection63-67. Only a few LASV-neutralizing antibodies have 
been isolated from convalescent patients to date68. While LASV GPC has shown neutralizing response in rabbit 

 
Figure 6: Phage screening, sanger 
sequencing, and MiSeq sequencing. (A) 
Nanobody phage screening strategy. (B) MiSeq 
sequencing library preparation. 1st round PCR 
will attach MiSeq F/R sequences to nanobodies, 
and 2nd round PCR will introduce P5/P7 
adaptors to amplicon 5’ and 3’ ends. 



and guinea pig studies, serum neutralization has not been achieved 
in mouse models69-71. In contrast, MACV neutralizing antibodies 
have been successfully isolated from GPC immunized mice72. 
However, there are currently no FDA-approved treatments or 
vaccines for LASV or MACV infections. In our study, we aim to 
leverage the small size of nanobodies to develop glycan shield-
penetrating neutralizing nanobodies against LASV and MACV.  
In our experiments, we immunized 8 nanomice with a stabilized 
LASV GPC trimer, following a modified scheme. We performed an 
intravenous boost injection on day 45 and harvested bone marrow 
and spleen on day 48. With one mouse accidentally died on day 46, 
7 mice remain. Over time, 6 out of 7 mice developed an antibody 
response against GPC, reaching their highest titers on day 48 
(Fig.7). Importantly, the serum from nanomouse #3 on day 48 showed weak but detectable neutralization activity 
against LASV Josiah strain. These findings demonstrate the potential of nanomice as a valuable model for 
developing neutralizing nanobodies against LASV and MACV. 
Experimental Design:  
We will construct nanobody phage library using the top responders from the LASV immunized nanomice, with a 
particular focus on nanomouse #3 due to its detectable neutralization activity. We will immunize nanomice with 
alternative versions of soluble stabilized trimeric LASV GPC and MACV GPC proteins provided by RP1 and 
construct in vivo matured nanobody phage libraries. These libraries and the human nanobody library will be 
screened with GPC proteins to identify nanobody binders. Individual nanobodies will be assessed for target 
specificity by ELISA and Octet, and neutralization activity of nanobody candidates will be evaluated by RP1. 
2.1: Nanomice immunization and nanobody phage library construction. In our previous LASV GPC 
immunization attempt, 1 out of 8 nanomice developed serum neutralization titer at day 48. We will immunize two 
groups of nanomice separately with LASV GPC or MACV GPC designed by RP1 with slightly modified 
immunization regimen. For both LASV and MACV, injections (i.p.) will be performed once every 3 weeks, and 
test blood/serum will be collected one week after each injection except for the first injection. Serum antibody 
response to GPC proteins will be monitored by ELISA and send to RP1 for neutralization test. Immunization (i.p.) 
will stop until serum neutralization titer is observed, or the 6th injection is performed on week 15. Three days after 
a final boost (i.v.), bone marrow, spleen and PBMCs will be harvested for nanobody phage library construction 
following the same strategy listed in Aim1.  
2.2: Screening nanobody libraries for LASV GPC or MACV GPC binders. Nanobody phage library screening 
using LASV GPC or MACV GPC will be performed for multiple rounds until the ideally 100:1 ratio of eluted 
phages from coated vs uncoated wells is achieved. We will carry out random colony picking followed by ELISA 
and Sanger sequencing, as well as Miseq for comprehensive analysis of enrich sub libraries. Same screening 
will be applied to human nanobody library too. 13 kDa nanobody candidates will be produced in WK6 cells for 
further tests.  
2.3: Nanobody binding analysis and neutralizing activity assessment. Individual nanobodies will be 
validated using ELISA and Octet assays to confirm their interaction with GPC proteins. Precise affinity will be 
measured by BLI method. Epitope competition mapping and binning will be performed using known 
human/mouse GPC antibodies. Nanobodies with positive binding will be evaluated for neutralization activity by 
RP1. 
Expected results, potential pitfalls and alternatives: We expect to be able to produce 5-10 LASV or MACV 
neutralizing nanobodies targeting GPC proteins. The monoclonal antibodies that are currently known to have 
LASV neutralizing activity are categorized into four competition groups: GP1-A, GPC-A, GPC-B, and GPC-C68. 
We expect to identify LASV neutralizing nanobodies lie within these 4 groups. Given the small size of nanobodies 
and their potential to target hidden epitopes, we also expect to identify novel epitopes of vulnerability on LASV 
and MASC GPC surface. Even though the immunogenicity of LASV GPC seems to be very poor in mouse, 
nanomouse #3 developed serum neutralizing response to LASV Josiah strain. Furthermore, a nanobody 
neutralizer D5 was identified by screening the same LASV GPC with a naïve llama nanobody library69. Therefore, 
we do not anticipate any major technical or methodological pitfalls with nanomouse and human nanobody library 
platforms. However, if we are unsuccessful at isolating LASV/MACV binders and neutralizers using nanomice or 

 
Figure 7: Antibody response aginst LASV 
GPC in immunized nanomice sera. 



human nanobody library, we will immunize camelid animals instead. We have a standing by llama from 
Capralogics Inc. ready for immunization. In the past a few years, we have immunized this animal with HIV 
envelop trimer, SARS-CoV-2 spike and HMPV F proteins, and all three studies led to the identification of potent 
nanobody neutralizers against these virus targets. We expect this llama will perform well against LASV and 
MACV. If our selected nanobody candidates are less-than-optimal, in vitro PCR-based CDR maturation will be 
performed and nanobody variants with improved activity will be screened. 
Aim 3: Structural characterization.  
Rationale and Preliminary Data.  
Dr. Kai Xu is a distinguished researcher with a proven track 
record in the structural determination of Henipavirus (HNV) 
glycoproteins and their complexes with receptors and 
monoclonal antibodies50,73-75. Notably, he achieved a 
significant milestone by determining the first crystal structures 
of the Nipah virus (NiV) G protein head domain and NiV F 
protein in the prefusion conformation (Fig.8). Moreover, Dr. Xu 
possesses exceptional expertise in designing HNV protein 
constructs that faithfully present their native conformation43,74. 
This capability enables him to create accurate representations 

of HNV glycoproteins, facilitating a deeper understanding of their functional 
properties and enabling investigations into their interactions with receptors 
and antibodies51,76,77. With his comprehensive skill set in protein design and 
structural determination, Dr. Xu stands as a leading authority in the field of 
HNV research.  
Our proposed research is driven by the need to present the native 
conformation of viral antigens, which is essential for antigenicity, 
immunogenicity, and the induction of protective immune responses. 
Glycoproteins of HNVs and ARVs are particularly prone to conformational 
flexibility, resulting in sample heterogeneity. To overcome this challenge, 
our preliminary data demonstrate the feasibility of creating viral antigens 
that display their native protein conformation. We have successfully 
stabilized viral antigens in their native states by designing prefusion 
conformation stabilizing mutations and incorporating specific stabilizing 
tags, such as GCNt and GCN4, to F and G proteins, respectively50,73 
(described in RP1, 2 and Core D). This stabilization approach has been 
validated through structural analysis (Fig.9), biochemical and biophysical 
characterization, and functional assessments, including receptor binding 
and the induction of neutralizing antibody responses. 
Additionally, we have 

extensive experience in determining high-resolution 
structures of nanobodies in complex with viral antigens, such 
as SARS-CoV-2 spike proteins29 (Fig.10). Leveraging 
advanced structural and functional characterization 
techniques such as X-ray crystallography, cryo-electron 
microscopy, and binding assays, we aim to unravel the 
detailed structural features and functional properties of the 
native-like viral antigens. This comprehensive understanding 
will provide critical insights into the interactions between 
antigens and antibodies, as well as the mechanisms of 
immune recognition. Ultimately, this knowledge will guide the 
rational design of effective vaccines and therapeutics 
targeting viral infections.  
Experimental Design:  

 
Figure 8: Structures of NiV G and F glycoproteins 
by X-ray crystallography. (A) NiV G head domain; (B) 
NiV F in the native prefusion conformation. 
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Figure 9: Validation of HNV F and G 
protein used in this study by EM 
single particle analysis. (A) 
Orthogonal views of HNV F protein 
cryo-EM 3D reconstruction at 2.5 A 
resolution; (B) 2D analysis of HNV G 
protein tetramer. 
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Figure 10: Cryo-EM single particle analysis of broadly 
protective nanobody against SARS-CoV2. 2.6 
Angstrom high-resolution cryo-EM map (left) and 
structural model (right) of nanobody in complex with 
SARS-CoV2 spike protein. 



Our experimental design aims to understand how nanobodies neutralize HNV and ARV viruses by analyzing 
their structure and interactions. Using X-ray crystallography and EM methods, we will determine the structures 
of nanobody-viral glycoprotein complexes, providing insights into their binding. Additionally, we will employ 
structure-based mutagenesis techniques to investigate the impact of specific mutations on viral entry and 
neutralization in RP1 and 2. By combining these approaches, we will gain detailed knowledge of nanobody 
epitopes and their interactions, contributing to the development of antiviral therapeutics for HNV and ARV. 
3.1. Structural basis of nanobody cross-neutralization of both NiV and HeV. To determine the structure of 

the NiV or HeV F or G protein complexed with cross-
neutralizing nanobodies, a series of steps will be 
undertaken. Initially, the NiV and HeV F and G proteins will 
be prepared in their native prefusion conformation by Core 
D. Subsequently, the purified nanobodies will be incubated 
with the F or G proteins to form stable complexes, 
optimizing the incubation conditions. High-resolution 
structures of the F or G protein complexes bound to the 
cross-neutralizing nanobodies will be determined using 
both X-ray crystallography and cryo-EM single particle 
analysis. Epitope analysis, including sequence analysis to 
identify conserved regions between the NiV and HeV F 
proteins, will provide insights into the potential 
neutralization mechanism. Additional experiments, such as 
site-directed mutagenesis, binding assays, and functional 
studies, will be conducted to validate the interaction 

between the nanobodies and the F proteins, confirming the importance of specific residues and regions identified 
in the structural analysis. Notably, a negative stain electron microscopy (ns-EM) analysis of a cross-neutralizing 
nanobody targeting both HeV and NiV G protein head domain has been performed, employing a compatible 
monoclonal antibody hAH1.3 to enhance particle 2D alignment (Fig.11A) and 3D reconstruction (Fig. 11B). This 
study demonstrates the feasibility of obtaining high-resolution cryo-EM structures. Ultimately, this study will yield 
crucial insights into the molecular mechanisms of neutralization and facilitate the development of effective 
antiviral therapies against HNVs. 
3.2. Structural analysis of LASV or MACV GPC proteins in complex with neutralizing nanobodies. The 
arenavirus glycoprotein precursor (GPC) proteins are key components of the viral envelope and play a crucial 
role in the entry and infection process of arenaviruses78-80. Arenaviruses are a family of RNA viruses that can 
cause severe diseases in humans, including hemorrhagic fevers81,82. The GPC proteins are synthesized as a 
single polypeptide chain, which undergoes post-translational processing to generate mature glycoproteins. The 
mature glycoproteins consist of two subunits, GP1 and GP2, that are responsible for receptor recognition and 
membrane fusion, respectively. The GP1 subunit is involved in receptor binding and determines the host tropism 
of the virus, while the GP2 subunit mediates membrane fusion between the viral envelope and host cell 
membrane. The GPC proteins are highly immunogenic and are targets for neutralizing antibodies. Understanding 
the structure and function of ARV GPC proteins is essential for developing effective antiviral strategies and 
vaccines against arenavirus infections. To investigate the structure of LASV and MACV GPC complexed with 
nanobodies using EM and X-ray crystallography, the experimental procedure involves preparation of stabilized 
GPC constructs, such as GPCysR4 and GPCysRRLL by Core D58,83,84. These constructs, developed with specific 
mutations, have been extensively used in structural studies of GPC-neutralizing antibodies. The purified GPC 
constructs are then mixed with the nanobodies of interest to form stable GPC-nanobody complexes. Cryo-EM 
analysis is performed by preparing cryo-EM grids, imaging them using a cryo-electron microscope, and 
generating a 3D reconstruction of the complex. X-ray crystallography is employed to crystallize the GPC-
nanobody complex, collect diffraction data, and determine the crystallographic structure. The obtained structures 
are analyzed to identify nanobody-viral glycoprotein interactions and understand neutralization mechanisms. 
This combined approach provides valuable insights into the complex structures and guides the optimization of 
nanobody-based antiviral strategies. 
Expected results, potential pitfalls and alternatives:  
We anticipate that our research efforts will result in the generation of high-resolution structures of nanobody-
antigen complexes, providing detailed insights into the precise epitope information and neutralization 
mechanisms. However, obtaining high-quality crystals suitable for X-ray analysis can be a challenging task. We 

Figure 11: Anti-HeV-G nanobody epitope mapping by 
ns-EM analysis. (A) 2D classification; (B) 3D 
reconstruction showing a ternary complex of HeV-G head 
domain with a murine neutralizing antibody hAH1.3 and a 
nanobody nb25. 



are aware that extensive optimization of crystallization conditions may be necessary to promote crystal formation. 
To overcome this potential pitfall, we will employ various strategies and screening methods to enhance crystal 
quality and obtain the desired structural information. The conformational flexibility and heterogeneity of viral 
antigens and their complexes pose another challenge. In such cases, cryo-EM SPA can serve as a valuable 
alternative to X-ray crystallography. Through the application of computational algorithms, we can classify 
different particle conformations and extract high-resolution structural information from cryo-EM data. This 
approach will provide valuable insights into the structural features and dynamics of the viral antigens, despite 
their inherent flexibility. While our GPC stabilization strategy is primarily derived from LASV antigens, it may not 
be equally effective for MACV antigens due to their distinct structural and stability characteristics. As an 
alternative approach, we propose co-expressing MACV GPC with specific antibodies or nanobodies that can 
assist in stabilizing the native conformation of the antigens. This co-expression strategy will enhance the 
structural integrity of MACV antigens, enabling their characterization using various structural biology techniques. 
Aim 4: Enhancing efficacy and CNS bioavailability of nanobodies.  
Rationale and Preliminary Data.  

Our aim is to enhance the therapeutic efficacy of nanobodies through engineering strategies. We will achieve 
this by extending the half-life of nanobodies, enhancing their interaction with immune effector cells, and 
increasing their binding avidity and neutralization potency. In addition, we will focus on improving the therapeutic 
effectiveness and availability of nanobodies within the CNS. The BBB presents a challenge in delivering 
therapeutic substances to the brain and spinal cord85,86. This barrier, formed by specialized brain capillary 
endothelial cells, tightly regulates the passage of molecules into the CNS, limiting the transport of drugs and 
antibodies87-89. Nanobodies, with their small size, show promise for targeted therapy of CNS diseases as they 
have demonstrated the ability to cross the BBB in recent studies34-37. In Aim 4, our research focuses on 
enhancing the therapeutic effectiveness and availability of nanobodies within the CNS, specifically for addressing 
viral infections that affect the CNS. We propose utilizing receptor-mediated transcytosis (RMT) as a strategy to 
facilitate the transport of nanobodies across the BBB90,91. RMT has emerged as a promising approach for 
delivering biologics, including antibodies, to the CNS92. RMT involves targeting specific receptors or transporters 
on brain capillary endothelial cells to enhance the uptake of nanobodies into the CNS. By engineering bi-specific 
nanobodies to selectively bind to these receptors or transporters, we can improve their transport across the BBB. 
Our goal is to optimize the targeting and transcytosis efficiency of nanobodies through RMT, thereby improving 
their delivery and distribution within the CNS. This optimization will ultimately enhance the therapeutic efficacy 
of nanobodies in combating viral infections and 
CNS-related diseases. 
Experimental Design:  
4.1. Generate nanobody Fc-fusion and tri-
valent nanobodies: In our previous study 
focusing on SARS-CoV-2 nanobody therapy 
development, we successfully implemented two 
crucial engineering strategies: Human IgG1 Fc 
fusion and nanobody multimerization29 (Fig.12). 
These strategies have shown significant 
advancements in improving the effectiveness of 
nanobody-based therapeutics. 
To extend the half-life of nanobodies, we 
incorporated Human IgG1 Fc fusion through a 
flexible hinge region (Fig.12A). This fusion 
strategy substantially increased the duration of 
nanobody activity within the body by improving 
their stability and protection against 
degradation. The Fc region of the antibody 
played a crucial role in enhancing the 
therapeutic effect by providing enhanced 
durability. Furthermore, we designed nanobody 
multimers, specifically tri-valent structures, to enhance the binding affinity (Fig.12B) and neutralization potency 

Figure 12: Fc fusion and multimerization improve potency of nbs 
against SARS-CoV2. (A) Diagrams show nanobody monomers, dimer, 
and trimers (fused to human IgG1 Fc) (B). Comparison BLI binding of 
monomer and trimer binding 1000x affinity improvement due to avidity. 
(C). Neutralization shows of SARS-CoV-2 pseudovirus by various nbs 
and multimers. (D). Table summarizes pseudovirus neutralization 
potency of selected nanobodies. Values given in molarity and ng/ml. 
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of the nanobodies (Fig.12C and D). The multimeric arrangement allowed for stronger and more effective binding 
interactions with the target viral proteins, leading to improved neutralization of the virus and ultimately enhancing 
the therapeutic efficacy of the nanobodies.  
Our experimental strategy involves extending the half-life and enhancing the therapeutic efficacy of our top 
nanobody candidates through the generation of nanobody Fc-fusion proteins and tri-valent nanobodies. To 
extend the half-life, we will fuse the Fc region of IgG1 to the nanobodies using either the human or mouse IgG1 
hinge region or the llama IgG2a hinge region, taking advantage of the FcRn-mediated recycling process and 
stability conferred by these hinge regions, respectively. For the generation of nanobody trimers, we will design 
rational linkers based on structural information of viral glycoproteins and the approaching angle of nanobody 
recognition. This will ensure proper orientation and spatial arrangement of the nanobodies within the trimeric 
structure, leading to increased avidity, binding affinity, and improved target engagement. By implementing these 
strategies, we aim to enhance the stability, therapeutic potential, and neutralization potency of our nanobodies, 
ultimately contributing to the development of more effective therapeutic interventions against viral infections. 
4.2. Design multi-specific nanobodies by combining nanobodies with non-overlapping epitopes: In this 

aim, we will design nanobodies that target distinct and non-
overlapping epitopes on the viral glycoproteins. These 
nanobodies will be linked together in a tandem fashion to 
create a synergistic effect, enhancing their overall binding 
affinity and neutralization potency against the target viruses. 
The design of these multi-specific nanobodies will involve 
careful consideration of the orientation and flexibility of the 
linker regions, ensuring optimal cooperative binding 
properties. Through this approach, we aim to create a robust 
and comprehensive neutralizing response against viral 
infections, ultimately advancing the development of more 
effective therapeutic interventions. (Fig.13A) 

4.3. Design Bi-specific nanobody by coupling with TfR1-targeting specificity to facilitate CNS delivery: 
In this aim, we will explore the incorporation of TfR1-specific nanobodies to enhance the delivery of nanobodies 
to the CNS (Fig.13B). The high expression of TfR1 on the blood-brain barrier makes it an attractive target for 
facilitating CNS delivery. To improve the penetration of nanobodies across the blood-brain barrier and enhance 
their bioavailability within the CNS, we will design bi-specific nanobodies by genetically fusing our candidate 
nanobodies against highly pathogenic neurotropic HNVs or ARVs with TfR1-specific nanobodies. By combining 
the targeting specificity of both nanobodies, we aim to achieve enhanced CNS delivery and therapeutic efficacy. 
We will evaluate several published TfR1-specific nanobodies, including FC5, a camelid single-domain antibody 
with known sequence93. FC5 has demonstrated the ability to transcytose across the blood-brain barrier and 
effectively deliver bioactive molecules to the CNS36,94,95. With its cross-reactivity across species and strong 
binding affinity to brain endothelial cells, FC5 holds promise for enhancing the CNS delivery of our nanobodies. 
4.4. Efficacy test in both in vitro neutralization assay and animal studies. We will assess the efficacy of the 
original nanobodies identified in aims 1 and 2 and compare them with the engineered nanobodies in both in vitro 
neutralization assays and animal studies. Our goal is to evaluate the performance of the engineered nanobodies 
and determine their potential for therapeutic applications. The in vitro neutralization assays will assess the ability 
of the nanobodies to neutralize the target viruses, providing valuable insights into their antiviral potency. By 
measuring the reduction in viral replication or the inhibition of viral entry, we can determine the neutralization 
potency of the nanobodies. This will provide valuable insights into their antiviral activity and effectiveness. To 
further evaluate the efficacy of the nanobodies in vivo, we will utilize the rCedV-NiV-B chimera mouse model at 
the Uniformed Services University (USU) in RP3 for HNVs, as well as animal models of ARVs developed at the 
University of Texas Medical Branch (UTMB) in Core E. These animal models will allow us to assess the 
therapeutic efficacy of the original and engineered nanobodies in terms of nanobody brain delivery efficiency, 
viral load reduction, disease progression, and overall survival rates. By comparing the outcomes between the 
two groups, we can determine the superiority of the engineered nanobodies in terms of therapeutic effectiveness. 
Through these comprehensive in vitro and in vivo evaluations, we aim to demonstrate the improved efficacy of 
the engineered nanobodies compared to the original nanobodies. This assessment will provide crucial data for 
further development and optimization of nanobody-based therapeutics targeting HNVs and ARVs, with the 
ultimate goal of improving patient outcomes and combating viral infections. 

  
 
Figure 13: Bi-specific and multi-specific nanobody 
engineering. (A) Combination of epitope specificities to 
enable synergy, (B) Bi-specific nb with TfR1 specificity 
to improve brain targeted delivery.  
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Expected results, potential pitfalls and alternatives:  
We anticipate that the design of tandemly linked nanobodies will result in enhanced neutralization potency and 
viral inhibition. The incorporation of a hinge and Fc region is expected to improve the half-life and stability of 
nanobodies, increasing their therapeutic potential. Coupling with TfR1-specific nanobodies is likely to improve 
brain delivery efficiency. However, potential pitfalls of using VHH FC5 as bi-specific nanobodies include short 
half-life due to susceptible to proteolytic degradation, thus limiting its development for clinical use. Alternative 
strategies, such as utilizing alternative receptor targeting or seeking to identify an antibody that binds to the same 
epitope, but that is derived from a fully human antibody library and has the requisite properties for clinical 
development, will be explored if necessary. Overall, these enhancements in efficacy and CNS bioavailability of 
nanobodies will significantly contribute to the development of potent antiviral therapies against CNS infections. 
Aim 5: Expanding to other members of the viral groups. 
Rationale 
Building upon the valuable insights and progress achieved in Aims 1-4, Aim 5 aims to expand our nanobody-
based therapeutic approach to target other members of the HNV and ARV in the 2nd phase of this project. This 
expansion is based on the premise that the knowledge gained from studying NiV, HeV, LASV, and MACV can 
be extrapolated to other related viruses within these groups.  
Experimental Design:  
5.1. Langya virus: Langya virus (LayV) is a newly 
emerged member of the Henipavirus (HNV) family 
that has been linked to respiratory illness in 
humans40,96. LayV shares a close genetic 
relationship with Nipah virus and Hendra virus, both 
of which are known to cause severe disease in 
humans. To develop effective nanobody therapies 
against LayV infection, we have successfully 
generated native viral glycoprotein antigens by 
design, specifically the G and F glycoproteins (Fig. 
14). By following our established research strategy, 
we will utilize nanobody development platforms, 
employ structural characterization techniques, and implement optimization approaches to identify nanobodies 
with protective properties against LayV. This process will involve evaluating the selected nanobodies with the 
neutralization assay and the animal disease model developed in collaboration with RP2 and Core E, and ready 
during the phase 2 of this project. These efforts will not only contribute to development of nanobody-based 
therapies targeting LayV but also demonstrate the plug-and-play nature and rapid generalizability of our research 
strategy. By successfully applying our established approach to a newly emerged member of the Henipavirus 
family, we will showcase the versatility and effectiveness of our methodology in identifying and optimizing 
nanobodies against emerging viral pathogens. This will have broader implications for future studies on other viral 
infections, as our research strategy can be readily adapted and applied to different viral targets. 
5.2. Lujo virus and Chapare virus: In our continued research, we will apply a similar strategy to the one used 
in Aim 2-4 for Lujo virus (LUJV)41,97,98 and Chapare virus (CHAV)42,99,100, which are closely related to the prototype 
LASV and MACV Arenaviruses. This strategy involves stabilizing the glycoprotein complex (GPC) using existing 
mutation designs transferred from LASV, isolating nanobodies specific to LUJV and CHAV, and performing 
structural characterization. By leveraging the knowledge and techniques gained from previous aims, we aim to 
identify nanobodies that can effectively neutralize LUJV and CHAV. 
Expected results, potential pitfalls and alternatives:  
We anticipate that our research strategy, combined with the knowledge gained from the phase 1 study, will 
enable us to identify potent neutralizing nanobodies against LayV, LUJV, and CHAV, providing promising 
therapeutic options for these viral infections. However, it is important to acknowledge potential challenges, such 
as limited cross-reactivity due to the genetic and antigenic differences between these additional viral targets and 
the prototypes studied in phase 1. In such cases, alternative approaches, including structure-guided rational 
design, may be explored to combine viral specificity and expand the protection breadth. Another potential 
limitation could be the difficulty to generate native prefusion GPC for the additional ARVs. In such instances, we 

 
Figure 14: LayV F and G protein analysis. 2D classification and 
3D reconstruction of LayV prefusion F (A), and G tetramer (B) 
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will focus on utilizing the immune-dominant GP1 subunit, which is more stable and contains vulnerable sites for 
neutralizing antibody recognition. Rational design will be employed to shield non-native surfaces and minimize 
the generation of non-neutralizing nanobodies. Overall, the successful expansion of our research to other 
members of the HNV and ARV groups will make a significant contribution to broadening the effectiveness of 
nanobody-based therapies and addressing the global health risks associated with these viral pathogens. 
D. Project Milestones and Timelines  

 
Milestones: (Same milestones are expected to be achieved during phase II with a faster pace).  
1. Serum neutralization activity observed (ID50>10). 
2. Nanobody phage library panning good enrichment achieved (enrichment>100:1). 
3. High affinity viral protein-specific nanobodies isolated (affinity<1 nM). 
4. Neutralizing nanobodies obtained (IC50<1 ug/ml; neutralize multiple strains). 
5. High resolution nanobody/antigen complex structure solved (resolution<3A). 
6. Engineered nanobody molecules with improved activity obtained (IC50<0.1 ug/ml; neutralize more strains). 
7. Positive therapeutic effect of nanobodies in virus-induced diseases achieved (no symptoms or weight loss at 
10 mg/kg or lower dose). 
Criteria to be met for each activity before moving forward (Go/NoGo): 
1. ELISA signal of post-immunization sera is at least 3 times higher than pre-immunization sera. 
2. Nanobody phage library panning reach to at least 5 times enrichment. 
3. Viral protein-specific nanobody with at least 1 nM affinity (if not achieved, No Go for Phase II). 
4. Nanobodies neutralize at IC50<10 ug/ml and/or multiple strains (if not achieved, NoGo for Phase II). 
5. Resolve structure with high enough resolution to define nanobody epitopes. 
6. Engineered nanobodies achieve better potency and breadth (IC50<0.1 ug/ml; neutralize more strains). 
7. Positive therapeutic effect achieved (no symptoms or weight loss at 10 mg/kg or lower dose). 
E. Industry Expertise and Regulatory Considerations:  
If new lead nanobodies engineered nanobodies are identified from Research Project 5 (RP5), collaboration with 
industry and regulatory experts in Core D and the Scientific Advisory Board (SAB) will be initiated. This 
collaboration will involve seeking their expertise in various areas such as the identification of correlates of 
protection, lead optimization, stability testing, and manufacturability testing of the newly discovered nanobodies. 
Nanobody candidates can be engineered as desired in collaboration with investigators from Core D. This may 
involve modifications such as altered N-glycans, Fc mutations to enhance effector functions and prolong half-
life, and evaluation of multimeric formats. The engineered nanobodies will then be further evaluated to correlate 
their mechanisms of action with maximal efficacy using the rCedV model explored in the RP3, and potentially 
transitioned to testing in authentic NiV/HeV animal models under the supervision of Core E. Throughout this 
process, stability and manufacturability assessment will be conducted to ensure the identification of a lead 
prototype format for further development. The goal will be to identify single domain mAb prototypes suitable for 
long-term intramuscular prophylaxis and/or intravenous post-exposure prophylaxis and therapy. As monoclonal 
antibodies are regulated by The Center for Drug Evaluation and Research (CDER), a division of the U.S. Food 
and Drug Administration. Therefore, all activities related to the development and evaluation of the mAbs will be 
performed in accordance with regulatory expectations set forth by CDER. 



References: 

 

1 Eaton, B. T., Broder, C. C., Middleton, D. & Wang, L. F. Hendra and Nipah viruses: different and 
dangerous. Nat Rev Microbiol 4, 23-35, doi:10.1038/nrmicro1323 (2006). 

2 Luby, S. P. & Gurley, E. S. Epidemiology of henipavirus disease in humans. Curr Top Microbiol Immunol 
359, 25-40, doi:10.1007/82_2012_207 (2012). 

3 Kerber, R. et al. Research efforts to control highly pathogenic arenaviruses: a summary of the progress 
and gaps. J Clin Virol 64, 120-127, doi:10.1016/j.jcv.2014.12.004 (2015). 

4 Patterson, M., Grant, A. & Paessler, S. Epidemiology and pathogenesis of Bolivian hemorrhagic fever. 
Curr Opin Virol 5, 82-90, doi:10.1016/j.coviro.2014.02.007 (2014). 

5 Kummer, S. & Kranz, D. C. Henipaviruses-A constant threat to livestock and humans. PLoS Negl Trop 
Dis 16, e0010157, doi:10.1371/journal.pntd.0010157 (2022). 

6 Gurley, E. S. et al. Convergence of Humans, Bats, Trees, and Culture in Nipah Virus Transmission, 
Bangladesh. Emerg Infect Dis 23, 1446-1453, doi:10.3201/eid2309.161922 (2017). 

7 Halpin, K. et al. Pteropid bats are confirmed as the reservoir hosts of henipaviruses: a comprehensive 
experimental study of virus transmission. Am J Trop Med Hyg 85, 946-951, doi:10.4269/ajtmh.2011.10-
0567 (2011). 

8 Clayton, B. A. Nipah virus: transmission of a zoonotic paramyxovirus. Curr Opin Virol 22, 97-104, 
doi:10.1016/j.coviro.2016.12.003 (2017). 

9 Luby, S. P. et al. Recurrent zoonotic transmission of Nipah virus into humans, Bangladesh, 2001-2007. 
Emerg Infect Dis 15, 1229-1235, doi:10.3201/eid1508.081237 (2009). 

10 Kulkarni, D. D., Tosh, C., Venkatesh, G. & Senthil Kumar, D. Nipah virus infection: current scenario. 
Indian J Virol 24, 398-408, doi:10.1007/s13337-013-0171-y (2013). 

11 Hsu, V. P. et al. Nipah virus encephalitis reemergence, Bangladesh. Emerg Infect Dis 10, 2082-2087, 
doi:10.3201/eid1012.040701 (2004). 

12 Soman Pillai, V., Krishna, G. & Valiya Veettil, M. Nipah Virus: Past Outbreaks and Future Containment. 
Viruses 12, doi:10.3390/v12040465 (2020). 

13 Sahay, R. R. et al. Experiential learnings from the Nipah virus outbreaks in Kerala towards containment 
of infectious public health emergencies in India. Epidemiol Infect 148, e90, 
doi:10.1017/s0950268820000825 (2020). 

14 Johnson, K. M., Kuns, M. L., Mackenzie, R. B., Webb, P. A. & Yunker, C. E. Isolation of Machupo virus 
from wild rodent Calomys callosus. Am J Trop Med Hyg 15, 103-106, doi:10.4269/ajtmh.1966.15.103 
(1966). 

15 Aguilar, P. V. et al. Reemergence of Bolivian hemorrhagic fever, 2007-2008. Emerg Infect Dis 15, 1526-
1528, doi:10.3201/eid1509.090017 (2009). 

16 Shaffer, J. G. et al. Lassa fever in post-conflict sierra leone. PLoS Negl Trop Dis 8, e2748, 
doi:10.1371/journal.pntd.0002748 (2014). 

17 Asogun, D. A. et al. Molecular diagnostics for lassa fever at Irrua specialist teaching hospital, Nigeria: 
lessons learnt from two years of laboratory operation. PLoS Negl Trop Dis 6, e1839, 
doi:10.1371/journal.pntd.0001839 (2012). 

18 Günther, S. & Lenz, O. Lassa Virus. Critical Reviews in Clinical Laboratory Sciences 41, 339-390, 
doi:10.1080/10408360490497456 (2004). 

19 Salazar-Bravo, J., Ruedas, L. A. & Yates, T. L. Mammalian reservoirs of arenaviruses. Curr Top 
Microbiol Immunol 262, 25-63, doi:10.1007/978-3-642-56029-3_2 (2002). 

20 Enria, D. A. & Barrera Oro, J. G. Junin virus vaccines. Curr Top Microbiol Immunol 263, 239-261, 
doi:10.1007/978-3-642-56055-2_12 (2002). 

21 Barrera Oro, J. G. & McKee, K. T., Jr. Toward a vaccine against Argentine hemorrhagic fever. Bull Pan 
Am Health Organ 25, 118-126 (1991). 

22 Hamers-Casterman, C. et al. Naturally occurring antibodies devoid of light chains. Nature 363, 446-448, 
doi:10.1038/363446a0 (1993). 



23 Muyldermans, S., Atarhouch, T., Saldanha, J., Barbosa, J. A. & Hamers, R. Sequence and structure of VH 
domain from naturally occurring camel heavy chain immunoglobulins lacking light chains. Protein Eng 
7, 1129-1135, doi:10.1093/protein/7.9.1129 (1994). 

24 Muyldermans, S. Nanobodies: natural single-domain antibodies. Annu Rev Biochem 82, 775-797, 
doi:10.1146/annurev-biochem-063011-092449 (2013). 

25 Muyldermans, S. Applications of Nanobodies. Annu Rev Anim Biosci 9, 401-421, doi:10.1146/annurev-
animal-021419-083831 (2021). 

26 Kunz, P. et al. The structural basis of nanobody unfolding reversibility and thermoresistance. Sci Rep 8, 
7934, doi:10.1038/s41598-018-26338-z (2018). 

27 Ewert, S., Cambillau, C., Conrath, K. & Plückthun, A. Biophysical properties of camelid V(HH) domains 
compared to those of human V(H)3 domains. Biochemistry 41, 3628-3636, doi:10.1021/bi011239a (2002). 

28 Omidfar, K., Rasaee, M. J., Kashanian, S., Paknejad, M. & Bathaie, Z. Studies of thermostability in 
Camelus bactrianus (Bactrian camel) single-domain antibody specific for the mutant epidermal-growth-
factor receptor expressed by Pichia. Biotechnol Appl Biochem 46, 41-49, doi:10.1042/ba20060104 (2007). 

29 Xu, J. et al. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants. Nature 595, 
278-282, doi:10.1038/s41586-021-03676-z (2021). 

30 Schoof, M. et al. An ultrapotent synthetic nanobody neutralizes SARS-CoV-2 by stabilizing inactive 
Spike. Science 370, 1473-1479, doi:10.1126/science.abe3255 (2020). 

31 Koenig, P. A. et al. Structure-guided multivalent nanobodies block SARS-CoV-2 infection and suppress 
mutational escape. Science 371, doi:10.1126/science.abe6230 (2021). 

32 Saelens, X. & Schepens, B. Single-domain antibodies make a difference. Science 371, 681-682, 
doi:10.1126/science.abg2294 (2021). 

33 Voss, J. E. Engineered single-domain antibodies tackle COVID variants. Nature 595, 176-178, 
doi:10.1038/d41586-021-01721-5 (2021). 

34 Bélanger, K. et al. Single-Domain Antibodies as Therapeutic and Imaging Agents for the Treatment of 
CNS Diseases. Antibodies (Basel) 8, doi:10.3390/antib8020027 (2019). 

35 Pothin, E., Lesuisse, D. & Lafaye, P. Brain Delivery of Single-Domain Antibodies: A Focus on VHH and 
VNAR. Pharmaceutics 12, doi:10.3390/pharmaceutics12100937 (2020). 

36 Ruiz-López, E. & Schuhmacher, A. J. Transportation of Single-Domain Antibodies through the Blood-
Brain Barrier. Biomolecules 11, doi:10.3390/biom11081131 (2021). 

37 Wouters, Y., Jaspers, T., De Strooper, B. & Dewilde, M. Identification and in vivo characterization of a 
brain-penetrating nanobody. Fluids Barriers CNS 17, 62, doi:10.1186/s12987-020-00226-z (2020). 

38 Leitner, D. F. & Connor, J. R. Functional roles of transferrin in the brain. Biochim Biophys Acta 1820, 
393-402, doi:10.1016/j.bbagen.2011.10.016 (2012). 

39 Johnsen, K. B. et al. Targeting transferrin receptors at the blood-brain barrier improves the uptake of 
immunoliposomes and subsequent cargo transport into the brain parenchyma. Sci Rep 7, 10396, 
doi:10.1038/s41598-017-11220-1 (2017). 

40 Zhang, X. A. et al. A Zoonotic Henipavirus in Febrile Patients in China. N Engl J Med 387, 470-472, 
doi:10.1056/NEJMc2202705 (2022). 

41 Briese, T. et al. Genetic detection and characterization of Lujo virus, a new hemorrhagic fever-associated 
arenavirus from southern Africa. PLoS Pathog 5, e1000455, doi:10.1371/journal.ppat.1000455 (2009). 

42 Delgado, S. et al. Chapare virus, a newly discovered arenavirus isolated from a fatal hemorrhagic fever 
case in Bolivia. PLoS Pathog 4, e1000047, doi:10.1371/journal.ppat.1000047 (2008). 

43 Chan, Y. P. et al. Biochemical, conformational, and immunogenic analysis of soluble trimeric forms of 
henipavirus fusion glycoproteins. J Virol 86, 11457-11471, doi:10.1128/jvi.01318-12 (2012). 

44 Bradel-Tretheway, B. G., Liu, Q., Stone, J. A., McInally, S. & Aguilar, H. C. Novel Functions of Hendra 
Virus G N-Glycans and Comparisons to Nipah Virus. J Virol 89, 7235-7247, doi:10.1128/jvi.00773-15 
(2015). 

45 Bonaparte, M. I. et al. Ephrin-B2 ligand is a functional receptor for Hendra virus and Nipah virus. Proc 
Natl Acad Sci U S A 102, 10652-10657, doi:10.1073/pnas.0504887102 (2005). 

46 Negrete, O. A. et al. EphrinB2 is the entry receptor for Nipah virus, an emergent deadly paramyxovirus. 
Nature 436, 401-405, doi:10.1038/nature03838 (2005). 



47 Negrete, O. A., Chu, D., Aguilar, H. C. & Lee, B. Single amino acid changes in the Nipah and Hendra 
virus attachment glycoproteins distinguish ephrinB2 from ephrinB3 usage. J Virol 81, 10804-10814, 
doi:10.1128/jvi.00999-07 (2007). 

48 Dang, H. V. et al. Broadly neutralizing antibody cocktails targeting Nipah virus and Hendra virus fusion 
glycoproteins. Nat Struct Mol Biol 28, 426-434, doi:10.1038/s41594-021-00584-8 (2021). 

49 Bradel-Tretheway, B. G. et al. Nipah and Hendra Virus Glycoproteins Induce Comparable Homologous 
but Distinct Heterologous Fusion Phenotypes. J Virol 93, doi:10.1128/jvi.00577-19 (2019). 

50 Xu, K. et al. Crystal Structure of the Pre-fusion Nipah Virus Fusion Glycoprotein Reveals a Novel 
Hexamer-of-Trimers Assembly. PLoS Pathog 11, e1005322, doi:10.1371/journal.ppat.1005322 (2015). 

51 Cheliout Da Silva, S. et al. Functional Analysis of the Fusion and Attachment Glycoproteins of Mojiang 
Henipavirus. Viruses 13, doi:10.3390/v13030517 (2021). 

52 Amaya, M. et al. A Recombinant Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform 
for Pathogenic Henipaviruses. Viruses 15, doi:10.3390/v15051077 (2023). 

53 Khetawat, D. & Broder, C. C. A functional henipavirus envelope glycoprotein pseudotyped lentivirus 
assay system. Virol J 7, 312, doi:10.1186/1743-422x-7-312 (2010). 

54 Li, S. et al. Acidic pH-Induced Conformations and LAMP1 Binding of the Lassa Virus Glycoprotein 
Spike. PLoS Pathog 12, e1005418, doi:10.1371/journal.ppat.1005418 (2016). 

55 Schlie, K. et al. Characterization of Lassa virus glycoprotein oligomerization and influence of cholesterol 
on virus replication. J Virol 84, 983-992, doi:10.1128/jvi.02039-09 (2010). 

56 Pontremoli, C., Forni, D. & Sironi, M. Arenavirus genomics: novel insights into viral diversity, origin, 
and evolution. Curr Opin Virol 34, 18-28, doi:10.1016/j.coviro.2018.11.001 (2019). 

57 Bederka, L. H., Bonhomme, C. J., Ling, E. L. & Buchmeier, M. J. Arenavirus stable signal peptide is the 
keystone subunit for glycoprotein complex organization. mBio 5, e02063, doi:10.1128/mBio.02063-14 
(2014). 

58 Hastie, K. M. et al. Structural basis for antibody-mediated neutralization of Lassa virus. Science 356, 923-
928, doi:10.1126/science.aam7260 (2017). 

59 Igonet, S. et al. X-ray structure of the arenavirus glycoprotein GP2 in its postfusion hairpin conformation. 
Proc Natl Acad Sci U S A 108, 19967-19972, doi:10.1073/pnas.1108910108 (2011). 

60 York, J. & Nunberg, J. H. Myristoylation of the Arenavirus Envelope Glycoprotein Stable Signal Peptide 
Is Critical for Membrane Fusion but Dispensable for Virion Morphogenesis. J Virol 90, 8341-8350, 
doi:10.1128/jvi.01124-16 (2016). 

61 Eichler, R. et al. Identification of Lassa virus glycoprotein signal peptide as a trans-acting maturation 
factor. EMBO Rep 4, 1084-1088, doi:10.1038/sj.embor.embor7400002 (2003). 

62 Katz, M. et al. Structure and receptor recognition by the Lassa virus spike complex. Nature 603, 174-179, 
doi:10.1038/s41586-022-04429-2 (2022). 

63 Baize, S. et al. Early and strong immune responses are associated with control of viral replication and 
recovery in lassa virus-infected cynomolgus monkeys. J Virol 83, 5890-5903, doi:10.1128/jvi.01948-08 
(2009). 

64 Fisher-Hoch, S. P., Hutwagner, L., Brown, B. & McCormick, J. B. Effective vaccine for lassa fever. J 
Virol 74, 6777-6783, doi:10.1128/jvi.74.15.6777-6783.2000 (2000). 

65 Sommerstein, R. et al. Arenavirus Glycan Shield Promotes Neutralizing Antibody Evasion and Protracted 
Infection. PLoS Pathog 11, e1005276, doi:10.1371/journal.ppat.1005276 (2015). 

66 Warner, B. M., Safronetz, D. & Stein, D. R. Current research for a vaccine against Lassa hemorrhagic 
fever virus. Drug Des Devel Ther 12, 2519-2527, doi:10.2147/dddt.S147276 (2018). 

67 Lukashevich, I. S. & Pushko, P. Vaccine platforms to control Lassa fever. Expert Rev Vaccines 15, 1135-
1150, doi:10.1080/14760584.2016.1184575 (2016). 

68 Robinson, J. E. et al. Most neutralizing human monoclonal antibodies target novel epitopes requiring both 
Lassa virus glycoprotein subunits. Nat Commun 7, 11544, doi:10.1038/ncomms11544 (2016). 

69 Gorman, J. et al. Prefusion-Stabilized Lassa Virus Trimer Identifies Neutralizing Nanobodies and Reveals 
an Apex-Situated Site of Vulnerability. bioRxiv, 2022.2004.2021.488985, 
doi:10.1101/2022.04.21.488985 (2022). 



70 Abreu-Mota, T. et al. Non-neutralizing antibodies elicited by recombinant Lassa-Rabies vaccine are 
critical for protection against Lassa fever. Nat Commun 9, 4223, doi:10.1038/s41467-018-06741-w (2018). 

71 Brouwer, P. J. M. et al. Lassa virus glycoprotein nanoparticles elicit neutralizing antibody responses and 
protection. Cell Host Microbe 30, 1759-1772.e1712, doi:10.1016/j.chom.2022.10.018 (2022). 

72 Amanat, F. et al. Monoclonal Antibodies with Neutralizing Activity and Fc-Effector Functions against 
the Machupo Virus Glycoprotein. J Virol 94, doi:10.1128/jvi.01741-19 (2020). 

73 Xu, K. et al. Crystal structure of the Hendra virus attachment G glycoprotein bound to a potent cross-
reactive neutralizing human monoclonal antibody. PLoS Pathog 9, e1003684, 
doi:10.1371/journal.ppat.1003684 (2013). 

74 Xu, K. et al. New insights into the Hendra virus attachment and entry process from structures of the virus 
G glycoprotein and its complex with Ephrin-B2. PLoS One 7, e48742, doi:10.1371/journal.pone.0048742 
(2012). 

75 Xu, K. et al. Host cell recognition by the henipaviruses: crystal structures of the Nipah G attachment 
glycoprotein and its complex with ephrin-B3. Proc Natl Acad Sci U S A 105, 9953-9958, 
doi:10.1073/pnas.0804797105 (2008). 

76 Steffen, D. L., Xu, K., Nikolov, D. B. & Broder, C. C. Henipavirus mediated membrane fusion, virus entry 
and targeted therapeutics. Viruses 4, 280-308, doi:10.3390/v4020280 (2012). 

77 Laing, E. D. et al. Structural and functional analyses reveal promiscuous and species specific use of ephrin 
receptors by Cedar virus. Proc Natl Acad Sci U S A 116, 20707-20715, doi:10.1073/pnas.1911773116 
(2019). 

78 Burri, D. J., da Palma, J. R., Kunz, S. & Pasquato, A. Envelope glycoprotein of arenaviruses. Viruses 4, 
2162-2181, doi:10.3390/v4102162 (2012). 

79 Koma, T. et al. Glycoprotein N-linked glycans play a critical role in arenavirus pathogenicity. PLoS 
Pathog 17, e1009356, doi:10.1371/journal.ppat.1009356 (2021). 

80 Pennington, H. N. & Lee, J. Lassa virus glycoprotein complex review: insights into its unique fusion 
machinery. Biosci Rep 42, doi:10.1042/bsr20211930 (2022). 

81 Brisse, M. E. & Ly, H. Hemorrhagic Fever-Causing Arenaviruses: Lethal Pathogens and Potent Immune 
Suppressors. Front Immunol 10, 372, doi:10.3389/fimmu.2019.00372 (2019). 

82 Shao, J., Liang, Y. & Ly, H. Human hemorrhagic Fever causing arenaviruses: molecular mechanisms 
contributing to virus virulence and disease pathogenesis. Pathogens 4, 283-306, 
doi:10.3390/pathogens4020283 (2015). 

83 Sanders, R. W. & Moore, J. P. Virus vaccines: proteins prefer prolines. Cell Host Microbe 29, 327-333, 
doi:10.1016/j.chom.2021.02.002 (2021). 

84 Li, H. et al. A cocktail of protective antibodies subverts the dense glycan shield of Lassa virus. Sci Transl 
Med 14, eabq0991, doi:10.1126/scitranslmed.abq0991 (2022). 

85 Bhowmik, A., Khan, R. & Ghosh, M. K. Blood brain barrier: a challenge for effectual therapy of brain 
tumors. Biomed Res Int 2015, 320941, doi:10.1155/2015/320941 (2015). 

86 Pardridge, W. M. Drug transport across the blood-brain barrier. J Cereb Blood Flow Metab 32, 1959-1972, 
doi:10.1038/jcbfm.2012.126 (2012). 

87 Pandit, R., Chen, L. & Götz, J. The blood-brain barrier: Physiology and strategies for drug delivery. Adv 
Drug Deliv Rev 165-166, 1-14, doi:10.1016/j.addr.2019.11.009 (2020). 

88 Wu, D. et al. The blood-brain barrier: structure, regulation, and drug delivery. Signal Transduct Target 
Ther 8, 217, doi:10.1038/s41392-023-01481-w (2023). 

89 Hersh, D. S. et al. Evolving Drug Delivery Strategies to Overcome the Blood Brain Barrier. Curr Pharm 
Des 22, 1177-1193, doi:10.2174/1381612822666151221150733 (2016). 

90 Pulgar, V. M. Transcytosis to Cross the Blood Brain Barrier, New Advancements and Challenges. Front 
Neurosci 12, 1019, doi:10.3389/fnins.2018.01019 (2018). 

91 Zhang, W. et al. Differential expression of receptors mediating receptor-mediated transcytosis (RMT) in 
brain microvessels, brain parenchyma and peripheral tissues of the mouse and the human. Fluids Barriers 
CNS 17, 47, doi:10.1186/s12987-020-00209-0 (2020). 

92 Edavettal, S. et al. Enhanced delivery of antibodies across the blood-brain barrier via TEMs with inherent 
receptor-mediated phagocytosis. Med 3, 860-882.e815, doi:10.1016/j.medj.2022.09.007 (2022). 



93 Abulrob, A., Sprong, H., Van Bergen en Henegouwen, P. & Stanimirovic, D. The blood-brain barrier 
transmigrating single domain antibody: mechanisms of transport and antigenic epitopes in human brain 
endothelial cells. J Neurochem 95, 1201-1214, doi:10.1111/j.1471-4159.2005.03463.x (2005). 

94 Rissiek, B., Koch-Nolte, F. & Magnus, T. Nanobodies as modulators of inflammation: potential 
applications for acute brain injury. Front Cell Neurosci 8, 344, doi:10.3389/fncel.2014.00344 (2014). 

95 Tsitokana, M. E., Lafon, P. A., Prézeau, L., Pin, J. P. & Rondard, P. Targeting the Brain with Single-
Domain Antibodies: Greater Potential Than Stated So Far? Int J Mol Sci 24, doi:10.3390/ijms24032632 
(2023). 

96 Chakraborty, S. et al. Langya virus, a newly identified Henipavirus in China - Zoonotic pathogen causing 
febrile illness in humans, and its health concerns: Current knowledge and counteracting strategies - 
Correspondence. Int J Surg 105, 106882, doi:10.1016/j.ijsu.2022.106882 (2022). 

97 Simulundu, E. et al. Lujo viral hemorrhagic fever: considering diagnostic capacity and preparedness in 
the wake of recent Ebola and Zika virus outbreaks. Rev Med Virol 26, 446-454, doi:10.1002/rmv.1903 
(2016). 

98 Cohen-Dvashi, H., Kilimnik, I. & Diskin, R. Structural basis for receptor recognition by Lujo virus. Nat 
Microbiol 3, 1153-1160, doi:10.1038/s41564-018-0224-5 (2018). 

99 Loayza Mafayle, R. et al. Chapare Hemorrhagic Fever and Virus Detection in Rodents in Bolivia in 2019. 
N Engl J Med 386, 2283-2294, doi:10.1056/NEJMoa2110339 (2022). 

100 Escalera-Antezana, J. P. et al. Clinical features of fatal cases of Chapare virus hemorrhagic fever 
originating from rural La Paz, Bolivia, 2019: A cluster analysis. Travel Med Infect Dis 36, 101589, 
doi:10.1016/j.tmaid.2020.101589 (2020). 

 



 
External Email Warning: Do not click links or open attachments unless you recognize the
sender and expect the content. UTMB Email Phishing Awareness

From: Xu, Kai on behalf of Xu, Kai <xu.4692@osu.edu>
To: Haller, Sherry
Cc: Lindsey Marie Hornsby; Jianliang Xu; Workman, Jeff; Geisbert, Thomas W.; CHRISTOPHER BRODER;

jxu40@gsu.edu
Subject: Re: OSU/GSU RP5 Final Documents
Date: Monday, June 5, 2023 4:55:40 PM
Attachments: RP5_U19-UTMB_USU_Research Strategy.pdf

image001.png

Hi Sherry,
 
Here is the research strategy of RP5.
 
Thanks,
Kai
 

From: Haller, Sherry <shhaller@UTMB.EDU>
Date: Monday, June 5, 2023 at 1:39 PM
To: Xu, Kai <xu.4692@osu.edu>
Cc: Lindsey Marie Hornsby <lhornsby@gsu.edu>, Jianliang Xu <jianliang.xu@gmail.com>,
Workman, Jeff <workman.45@osu.edu>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>,
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, jxu40@gsu.edu <jxu40@gsu.edu>
Subject: RE: OSU/GSU RP5 Final Documents
‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍

Thanks, Kai. We do not need a narrative for your research project. This is only included in the overall
component.
 

From: Xu, Kai <xu.4692@osu.edu> 
Sent: Monday, June 5, 2023 12:08 PM
To: Haller, Sherry <shhaller@UTMB.EDU>
Cc: Lindsey Marie Hornsby <lhornsby@gsu.edu>; Jianliang Xu <jianliang.xu@gmail.com>; Workman,
Jeff <workman.45@osu.edu>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; CHRISTOPHER
BRODER <christopher.broder@usuhs.edu>; jxu40@gsu.edu
Subject: Re: OSU/GSU RP5 Final Documents
 

Here is an update for resource sharing plan.
 
Do we need project narrative?
 
Thanks,
Kai
 

From: Xu, Kai <xu.4692@osu.edu>




A. Significance 


Henipaviruses (HNV) and arenaviruses (ARV) are two families of viruses that pose significant global public health 
concerns1-5. HNV, which includes Nipah virus (NiV) and Hendra virus (HeV), has caused outbreaks in Asia and 
Australia, resulting in severe respiratory and central nervous system (CNS) illnesses in humans6-8. These 
infections have been associated with high mortality rates ranging from 40% to 90%4,9-13. Similarly, ARV, such as 
Lassa virus (LASV) and Machupo virus (MACV), can cause severe illness and death in humans, with LASV 
being endemic in West Africa and MACV responsible for Bolivian hemorrhagic fever14-19. The geographical 
distribution and diversity of these viruses make them a global public health threat. While there are some vaccines 
and antiviral drugs available4,13,20,21, there are no licensed treatments specifically targeting these viruses. Thus, 
there is a pressing need to develop new therapies that can effectively neutralize and prevent the spread of these 
viruses. 
Significance of Developing Nanobody Therapy 


The urgent need for effective treatments against HNV and ARV infections, highlighted by the ongoing COVID-
19 pandemic, emphasizes the importance of rapid drug development and innovative antiviral therapies. 
Nanobodies, also known as VHH or single-domain antibodies, derived from camelid animals, offer unique 
advantages that make them promising candidates for antiviral therapy22-25. 
One significant advantage of nanobodies is their inherent stability26-28. Their small size and single-domain 
structure make them highly resistant to denaturation and degradation, allowing them to maintain their binding 
activity under various conditions. Nanobodies also offer ease of engineering. Their single-domain format 
simplifies the modification and optimization of their binding properties. Through techniques such as affinity 
maturation and structure-guided design, nanobodies can be readily engineered to enhance their affinity, 
specificity, and neutralization potency against specific viral targets. This flexibility in engineering enables the 
development of tailored nanobodies with improved therapeutic properties29,30. 
Also, nanobodies exhibit modular characteristics26. Their small size and independent folding domains allow for 
the construction of multi-specific or bi-specific nanobodies, where different specificities can be combined into a 
single molecule31,32. This modularity opens up possibilities for targeting multiple epitopes on viral proteins or 
simultaneously targeting different viral strains, providing enhanced breadth and efficacy in combating HNV and 
ARV infections. 
Combined with their specificity, small size, stability, ease of engineering, and modular nature, nanobodies 
represent a promising approach for developing effective antiviral therapies against HNV and ARV infections.  
Three nanobody development platforms to enhance diversity and coverage 
The use of multiple nanobody development platforms, including camelid animals, nanomice, and low-
immunogenic human nanobody libraries (Fig.1), enhances the diversity and coverage of nanobody libraries, 
increasing the likelihood of identifying potent nanobody candidates. Notably, Dr. Jianliang Xu, a nanobody 
research expert, is the inventor of the “nanomice” platform29, which was commented by Nature News and 
Views that “Just as the development of mice with antibodies containing human variable domains (such as 
Regeneron’s VelocImmune mouse) has helped to deliver the 100th FDA-approved monoclonal antibody, 
perhaps the nanomouse will give nanobody-based 
therapeutics a push in the same direction”33. In 
addition, we have recently cloned the CDR regions 
of human antibodies (IgM, IgD, IgG1-4, IgE, IgA1-2) 
heavy chain from 60 healthy donors of various 
demographic backgrounds, assembled them on 
Ighv3 family framework, and generated a human 
nanobody library that is close to natural human 
antibody heavy chain variable domain. The 
potentially low immunogenicity of such a library will 
enable us to quickly identify nanobody leads that 
need minimum optimization for clinical use. 
The deep sequencing of antigen-specific enriched 
nanobody libraries ensures a comprehensive 
exploration of the nanobody repertoire29, allowing 


 
Figure 1: Three nanobody development platforms. (A) Camelid 
animals; (B) Nanomouse; (C) Human nanobody phage library. 







for the rapid identification of leads with minimal optimization required for clinical use. This expedited development 
process is critical in responding to emerging viral threats and addressing the urgent need for effective antiviral 
therapies.  
Targeting CNS diseases caused by viral infection 
Nanobodies hold great promise for targeted therapy of CNS diseases as they can efficiently cross the blood-
brain barrier (BBB) due to their small size34-37. To further enhance brain delivery, we have developed a bi-specific 
nanobody strategy by coupling another nanobody that targets TfR138,39, a receptor expressed at the BBB. This 
bi-specific nanobody can cross-react with both human and mouse TfR1, facilitating enhanced cargo delivery to 
the brain. In our upcoming study, we will compare the brain delivery and therapeutic efficacy of un-engineered 
nanobodies with the bi-specific nanobodies using animal models in RP3 and Core E. This study aims to evaluate 
the abilities of these two approaches to effectively penetrate the BBB and deliver therapeutic nanobodies to the 
central nervous system. Through this evaluation, we hope to understand the benefits of utilizing bi-specific 
nanobodies for targeted therapy of CNS diseases caused by HNV and ARV infections. 
Generalizable research strategy 
The significance of developing nanobody therapy extends beyond the four selected prototypic viruses in HNV 
and ARV. By applying and testing the research strategy developed in this project during phase 2 of the project, 
the scope can be expanded to include other members of these viral groups, such as Langya virus (LayV)40, Lujo 
virus (LUJV)41, and Chapare virus (CHAV)42. This approach expands the scope of nanobody-based therapies, 
tackling global health risks from emerging viral diseases. 
B. Innovation 


The study incorporates several innovative aspects in the development of nanobody-based therapies for HNV 
and ARV infections: 


• Utilization of diverse nanobody sources: The study leverages nanobodies derived from camelid animals, 
nanomice, and low-immunogenic human nanobody libraries. This approach expands the repertoire of 
nanobodies available for antiviral therapy development. 


• Targeting viral entry machinery: Nanobodies are employed to target and neutralize viral proteins involved in 
viral attachment and entry. This innovative approach provides a novel avenue to inhibit viral infection at the 
early stages. 


• Integration of structural characterization techniques: The study integrates advanced structural 
characterization techniques such as X-ray crystallography and Electron Microscopy Single Particle Analysis. 
This enables a detailed understanding of nanobody epitopes and viral neutralization mechanisms, facilitating 
the rational design of nanobody-based therapies. 


• Development of BBB-penetrating nanobodies: The study focuses on designing nanobodies with the ability to 
penetrate the BBB, enabling effective targeting of the central nervous system. This is particularly relevant for 
combating the severe neurological manifestations associated with HNV and ARV infections. 


• Generalizable research strategy: The research strategy developed in this study can be applied to other 
members of the HNV and ARV viral groups, such as Langya virus, Lujo virus, and Chapare virus. This 
expands the potential impact of nanobody therapies to address a broader range of emerging viral diseases. 


• Deep sequencing for comprehensive coverage: The study utilizes deep sequencing to ensure 
comprehensive coverage of antigen-specific enriched nanobody libraries. This approach facilitates the rapid 
identification of potent nanobody leads with minimal optimization required for clinical use. 


• Rapid and efficient therapy development: By leveraging the advantages of nanobodies and employing a well-
designed research strategy, the study aims to rapidly and efficiently develop nanobody-based therapies. This 
contributes to the field of antiviral research and addresses the urgent need for effective treatments against 
HNV and ARV infections, thereby enhancing public health protection. 


C. Approach 


Scientific Premise: Our hypothesis is that nanobodies targeting viruses' key entry machinery can effectively 
inhibit virus infection. By utilizing structure-based analysis and rational design, we can enhance the efficacy of 
nanobody therapy by increasing its potency and breadth. Through the design of bi-specific nanobodies coupled 
with brain receptor-mediated transcytosis, we aim to enhance their ability to penetrate the blood-brain barrier, 
thus effectively combating central nervous system diseases caused by HNVs and ARVs. 







Aim 1: To identify cross-reactive nanobodies to HNVs. 
Rationale and Preliminary Data:  
Envelope fusion glycoprotein F and the attachment 
glycoprotein G of Hendra virus (HeV) and Nipah virus (NiV) 
play crucial roles in host cell receptor engagement and 
membrane fusion, making them the main targets of 
neutralizing antibodies43-46. The high degree of similarity, 
approximately 80-90%, between the glycoproteins of HeV 
and NiV presents an attractive opportunity to identify cross-
reactive neutralizing nanobodies capable of providing 
broad protection against both viruses1,47-49. To achieve this 
goal, we conducted immunization experiments using four 
groups of nanomice, with each group consisting of four 
mice. The mice were immunized with soluble F and G 
proteins of HeV and NiV, namely HeV_sF, HeV_sG, 
NiV_sF, and NiV_sG. These proteins, designed by Dr. Kai 
Xu and produced by our collaborator Dr. Christopher 
Broder's group, served as the immunogens43,50,51 (Fig. 
2A). 
Following four injections in the nanomice, we observed 
various levels of serum antibody responses against all four 
immunogens, as depicted in Figure 2B for F proteins (data 
for G proteins not shown). To validate our approach, we 
isolated RNA from the bone marrow and spleen of mice 
immunized with NiV_sF and constructed nanobody phage libraries. Through a series of three rounds of phage 
panning using NiV_sF, subsequent individual colony picking, ELISA screening, and Octet affinity validation, we 
successfully identified several nanobody binders specific to NiV_sF. Of particular significance, one of the 
identified nanobodies, NiV_sF_Nb9, exhibited the ability to bind not only to NiV-sF protein but also to HeV-sF 
protein (Fig. 2C). This finding suggests that NiV_sF_Nb9 recognizes an epitope shared by the F proteins of both 
NiV and HeV. The results obtained from these experiments clearly demonstrate the potential of nanomice as a 
convenient and efficient model for the development of nanobodies. Consequently, we are confident in our ability 
to identify nanobodies against other F/G proteins of HeV and NiV using the same approach applied to the 
immunized mice. 
In addition to the nanomice immunization strategy, we have also made significant progress using a human 
library version 1.0 (Fig. 1C) for screening purposes. 
Notably, we sequentially screened this human 
nanobody library with spikes of omicron variants 
(BA.4/5, BA.1) and WA-1, leading to the enrichment of 
numerous nanobody candidates. Among them, nine 
nanobodies exhibited binding affinity to the receptor-
binding domain (RBD) of BA.4/5, BA.1, WA-1, SARS, 
and WIV16, indicating their ability to recognize a range 
of sarbecoviruses (Fig. 3). Importantly, all nine of these 
human nanobodies demonstrated potent neutralization 
against WA-1, and five of them exhibited cross-
neutralization of Omicron subvariants (BA.4/5, BQ.1.1, 
XBB.1), SARS1, and Bat-WIV1. These results 
underscore the power and versatility of the human 
nanobody library platform, which holds significant potential for targeting various other antigens. 
Experimental Design:  
To expand our search for cross-reactive nanobodies against HeV and NiV glycoproteins, we will immunize 
additional groups of nanomice sequentially with either HeV or NiV F or G proteins. Each group will serve as a 
source for constructing in vivo matured nanobody phage libraries, using bone marrow, spleen, and/or peripheral 
blood mononuclear cells (PBMCs). These libraries will undergo sequential screening with HeV and NiV F or G 


Figure 3: SARS-CoV-2 neutralizing nanobodies identified 
by human nanobody library. Neutralization IC50 (ug/ml) of 9 
human nanobodies against various pseudotyped 
sarbecoviruses.  


 
Figure 2: Nanomouse immunization and NiV_sF_Nb9 
characterization. (A) Nanomouse immunization scheme. 
(B) HNV F proteins immunized nanomice serum response 
to the respective immunogen determined by ELISA; (C) 
Binding of NiV_sF_Nb9 to NiV_sF and HeV_sF 
determined by Octet. 







proteins to identify nanobodies that exhibit cross-recognition of the F or G proteins of both viruses. To ensure 
comprehensive coverage of potential binders, we will employ a two-pronged approach. Firstly, we will randomly 
pick colonies from the libraries, and secondly, we will subject the enriched libraries to deep sequencing using 
the MiSeq platform. This approach will enable us to identify nanobody candidates from all complementarity-
determining region 3 (CDR3) families. Subsequently, we will assess the target specificity of individual 
nanobodies through enzyme-linked immunosorbent assay (ELISA). Moreover, the neutralization activity of the 
identified nanobody candidates will be evaluated using RP2 assays. 
While nanomice have proven to be valuable for 
generating in vivo matured nanobodies, it is 
important to consider the potential immunogenicity 
associated with animal-derived nanobodies. 
Therefore, in parallel with the nanomice 
immunization strategy, we will also screen for F or G 
protein binders using a human nanobody library. By 
utilizing the human nanobody library, we can 
significantly minimize the risk of immunogenicity and 
obtain nanobody candidates that are better suited for therapeutic testing in human subjects. 
1.1: Nanomice immunization. Four groups of nanomice have already been immunized with soluble HNV F and 
G separately. Our preliminary data showed that almost all mice developed good immune response after 3 
injections. We will next immunize 2 more groups, 8 mice each, sequentially with HNV F or G proteins (Fig.4). 
Injections (i.p.) will be performed at 3 weeks interval to allow more time for mouse immune system to react to 
each immunization. Specifically, for F proteins, mice will be immunized with HeV_sF at week 0, 3, 6, NiV_sF at 
week 9, 12, and a mixture of HeV_sF and NiV_sF at week 15, followed by a final boost (i.v.) with HeV_sF and 
NiV_sF mixture 3 days later. Bone marrow, spleen and PBMCs will be harvested 3 days after the final i.v. 
injection. HeV_sG and NiV_sG proteins immunization will follow the same scheme. Test blood/serum will be 
collected one week after each injection except for the first and last two injections, and serum antibody response 
to F or G proteins will be monitored by ELISA. The same serum will be used for HNV neutralization test by RP2.  
1.2: Nanobody phage library construction. We 
have extracted RNA from bone marrow and 
spleen from NiV_sF immunized mice, 
constructed nanobody phage library, screened 
for NiV_sF binders, and identified NiV_sF_Nb9 to 
be NiV_sF and HeV-sF cross binder (Fig.2). We 
will complete the nanobody phage library 
construction for all immunization groups and 
perform sequential screening to identify cross 
binders. Specifically, total RNA will be extracted 
from bone marrow, spleen and PBMCs from the 
best responding mice based on ELISA and 
neutralization test results. Two-step PCR will be 
performed to amply VHH-DJ (nanobody sequence) from the matured heavy chain-only IgG1 mRNA molecules 
(Fig. 5). First, we will amplify VHH-DJ-CH2 domain from IgG1 using 30 forward primers aligning to the leading 
exons of 30 VHH genes and one reverse primer aligning to CH2 sequence of IgG1. Next, a mixture of 30 forward 
primers aligning to 5’ end of individual VHH exon and 4 reverse primers aligning to JH1~4 will be used to amplify 
nanobody sequences, which will be cloned to pMES4 phagemid and subsequently transformed to TG1 E.coli 
cells. 
1.3: Screening nanobody libraries for HNV F/G binders. We will produce phages expressing individual 
nanobodies fused to their coat protein by infecting TG1 cells with VCSM13 helper phages. To identify nanobodies 
that recognize both HeV_sF and NiV_sF, libraries from F proteins immunized mice will be sequentially screened 
with HeV_sF and NiV_sF proteins in wells of 96-well Maxisorp plate; to identify nanobodies that recognize both 
HeV_sG and NiV_sG, libraries from G proteins immunized mice will be sequentially screened with HeV_sG and 
NiV_sG proteins. Multiple rounds of screening (phage panning) will be performed to ensure ideally over 100 
times elution of phages from F or G protein coated wells than control wells (Fig. 6A). For each TG1 cell sub 
library from single or sequential F or G protein screening, 96 ~192 individual colonies will be picked and cultured 
in deep-well plates. Nanobodies (fused to phage coat protein pIII) induced by IPTG will be extracted from 


 
Figure 5: Nanobody phage library construction with nested PCR.  


 
Figure 4: Nanomice sequential immunization scheme for HNV 
F proteins. 







periplasmic region of TG1 cells and tested for binding to HNV F or 
G proteins by ELISA. Phagemid of ELISA positive clones will be 
extracted and Sanger sequenced, and then transformed into WK6 
E.coli cells to produce individual nanobodies (monomer, 13 kDa). In 
addition, sub libraries will be deep sequenced (Fig. 6B) and 
nanobody sequences analyzed as described before29. Nanobodies 
will be clustered based on their CDR3 differences and cross 
checked with the sequences of ELISA-positive clones. 
Representative unique nanobodies from each CDR3 class will be 
codon optimized and synthesized, cloned into pMES4 phagemid, 
and nanobodies will be produced in WK6 cells. We will perform step 
1.3 with our newly designed and constructed human nanobody 
library to identify less immunogenic nanobodies against HNV F and 
G protein.  
1.4: Nanobody binding validation and neutralizing activity 
assessment. To validate the binding of nanobodies to HNV F/G 
proteins, we will employ two methods: ELISA and Octet Bio-Layer 
Interferometry (BLI) affinity analysis. ELISA will allow us to 
determine the binding of nanobodies to the target proteins, while 
Octet BLI will provide detailed information on affinity. Additionally, 
we will perform Octet epitope binning assays using available F/G 
antibodies to map the epitopes recognized by the nanobodies. 
Furthermore, we will assess the neutralizing activity of the identified 
nanobodies with the neutralization assay developed by RP252,53. 
These comprehensive analyses will enable us to evaluate the 
binding specificity, affinity, and neutralizing capability of the 
nanobodies. We will further select representative neutralizing 
nanobodies for structural analysis (Aim 3) and consider various 
engineering approaches such as Fc conjugation and 
multimerization (Aim 4) to further optimize the properties and 
efficacy of the nanobodies. 


Expected results, potential pitfalls and alternatives:  
We expect to be able to produce 5-10 HNV F or G nanobodies that either specifically recognize and neutralize 
HeV or NiV, or cross-bind to HeV and NiV proteins and cross neutralize the two viruses. We also expect to 
identify nanobodies with novel epitopes compare to currently available human antibodies.  
Based on our success in identifying HeV_sF and NiV_sF cross binder (NiV_sF_Nb9 from nanomouse 
immunization) and SARS-CoV-2/SARS/WIV1 cross neutralizers (hNb3, 6, 17, 18 and 31 from human nanobody 
library screening), we do not anticipate any major technical or methodological pitfalls. While we have high 
expectations for our study, there are potential pitfalls that we need to consider. One challenge could be the 
limited number of nanobody candidates that meet our criteria, particularly if their affinity or neutralizing activity is 
not optimal. In such cases, we have a strategy in place to perform in vitro PCR-based CDR maturation to 
generate nanobody variants with improved properties. Additionally, there is a possibility that our efforts to identify 
HNV F or G cross binders/neutralizers using nanomice or the human nanobody library may not yield satisfactory 
epitope diversity. To overcome this limitation, an alternative approach would involve immunizing camelid animals 
and applying the same selection and screening processes to identify target-specific nanobodies.  
Aim 2: Identification of nanobodies to ARVs.  


Rationale and Preliminary Data:  
The surface of LASV and MACV virions is covered by the heavily glycosylated trimeric type-1 fusion glycoprotein 
precursor (GPC)54-57. The GPC trimer consists of receptor-binding GP1, fusion machinery GP2, and the 
associated stable signal peptide (SSP)57-62. The extensive glycan shield on GP1 and GP2 poses a challenge for 
the immune system to generate a robust GPC-directed antibody response, resulting in weak and inconsistent 
neutralizing antibody development during natural infection63-67. Only a few LASV-neutralizing antibodies have 
been isolated from convalescent patients to date68. While LASV GPC has shown neutralizing response in rabbit 


 
Figure 6: Phage screening, sanger 
sequencing, and MiSeq sequencing. (A) 
Nanobody phage screening strategy. (B) MiSeq 
sequencing library preparation. 1st round PCR 
will attach MiSeq F/R sequences to nanobodies, 
and 2nd round PCR will introduce P5/P7 
adaptors to amplicon 5’ and 3’ ends. 







and guinea pig studies, serum neutralization has not been achieved 
in mouse models69-71. In contrast, MACV neutralizing antibodies 
have been successfully isolated from GPC immunized mice72. 
However, there are currently no FDA-approved treatments or 
vaccines for LASV or MACV infections. In our study, we aim to 
leverage the small size of nanobodies to develop glycan shield-
penetrating neutralizing nanobodies against LASV and MACV.  
In our experiments, we immunized 8 nanomice with a stabilized 
LASV GPC trimer, following a modified scheme. We performed an 
intravenous boost injection on day 45 and harvested bone marrow 
and spleen on day 48. With one mouse accidentally died on day 46, 
7 mice remain. Over time, 6 out of 7 mice developed an antibody 
response against GPC, reaching their highest titers on day 48 
(Fig.7). Importantly, the serum from nanomouse #3 on day 48 showed weak but detectable neutralization activity 
against LASV Josiah strain. These findings demonstrate the potential of nanomice as a valuable model for 
developing neutralizing nanobodies against LASV and MACV. 
Experimental Design:  
We will construct nanobody phage library using the top responders from the LASV immunized nanomice, with a 
particular focus on nanomouse #3 due to its detectable neutralization activity. We will immunize nanomice with 
alternative versions of soluble stabilized trimeric LASV GPC and MACV GPC proteins provided by RP1 and 
construct in vivo matured nanobody phage libraries. These libraries and the human nanobody library will be 
screened with GPC proteins to identify nanobody binders. Individual nanobodies will be assessed for target 
specificity by ELISA and Octet, and neutralization activity of nanobody candidates will be evaluated by RP1. 
2.1: Nanomice immunization and nanobody phage library construction. In our previous LASV GPC 
immunization attempt, 1 out of 8 nanomice developed serum neutralization titer at day 48. We will immunize two 
groups of nanomice separately with LASV GPC or MACV GPC designed by RP1 with slightly modified 
immunization regimen. For both LASV and MACV, injections (i.p.) will be performed once every 3 weeks, and 
test blood/serum will be collected one week after each injection except for the first injection. Serum antibody 
response to GPC proteins will be monitored by ELISA and send to RP1 for neutralization test. Immunization (i.p.) 
will stop until serum neutralization titer is observed, or the 6th injection is performed on week 15. Three days after 
a final boost (i.v.), bone marrow, spleen and PBMCs will be harvested for nanobody phage library construction 
following the same strategy listed in Aim1.  
2.2: Screening nanobody libraries for LASV GPC or MACV GPC binders. Nanobody phage library screening 
using LASV GPC or MACV GPC will be performed for multiple rounds until the ideally 100:1 ratio of eluted 
phages from coated vs uncoated wells is achieved. We will carry out random colony picking followed by ELISA 
and Sanger sequencing, as well as Miseq for comprehensive analysis of enrich sub libraries. Same screening 
will be applied to human nanobody library too. 13 kDa nanobody candidates will be produced in WK6 cells for 
further tests.  
2.3: Nanobody binding analysis and neutralizing activity assessment. Individual nanobodies will be 
validated using ELISA and Octet assays to confirm their interaction with GPC proteins. Precise affinity will be 
measured by BLI method. Epitope competition mapping and binning will be performed using known 
human/mouse GPC antibodies. Nanobodies with positive binding will be evaluated for neutralization activity by 
RP1. 
Expected results, potential pitfalls and alternatives: We expect to be able to produce 5-10 LASV or MACV 
neutralizing nanobodies targeting GPC proteins. The monoclonal antibodies that are currently known to have 
LASV neutralizing activity are categorized into four competition groups: GP1-A, GPC-A, GPC-B, and GPC-C68. 
We expect to identify LASV neutralizing nanobodies lie within these 4 groups. Given the small size of nanobodies 
and their potential to target hidden epitopes, we also expect to identify novel epitopes of vulnerability on LASV 
and MASC GPC surface. Even though the immunogenicity of LASV GPC seems to be very poor in mouse, 
nanomouse #3 developed serum neutralizing response to LASV Josiah strain. Furthermore, a nanobody 
neutralizer D5 was identified by screening the same LASV GPC with a naïve llama nanobody library69. Therefore, 
we do not anticipate any major technical or methodological pitfalls with nanomouse and human nanobody library 
platforms. However, if we are unsuccessful at isolating LASV/MACV binders and neutralizers using nanomice or 


 
Figure 7: Antibody response aginst LASV 
GPC in immunized nanomice sera. 







human nanobody library, we will immunize camelid animals instead. We have a standing by llama from 
Capralogics Inc. ready for immunization. In the past a few years, we have immunized this animal with HIV 
envelop trimer, SARS-CoV-2 spike and HMPV F proteins, and all three studies led to the identification of potent 
nanobody neutralizers against these virus targets. We expect this llama will perform well against LASV and 
MACV. If our selected nanobody candidates are less-than-optimal, in vitro PCR-based CDR maturation will be 
performed and nanobody variants with improved activity will be screened. 
Aim 3: Structural characterization.  
Rationale and Preliminary Data.  
Dr. Kai Xu is a distinguished researcher with a proven track 
record in the structural determination of Henipavirus (HNV) 
glycoproteins and their complexes with receptors and 
monoclonal antibodies50,73-75. Notably, he achieved a 
significant milestone by determining the first crystal structures 
of the Nipah virus (NiV) G protein head domain and NiV F 
protein in the prefusion conformation (Fig.8). Moreover, Dr. Xu 
possesses exceptional expertise in designing HNV protein 
constructs that faithfully present their native conformation43,74. 
This capability enables him to create accurate representations 


of HNV glycoproteins, facilitating a deeper understanding of their functional 
properties and enabling investigations into their interactions with receptors 
and antibodies51,76,77. With his comprehensive skill set in protein design and 
structural determination, Dr. Xu stands as a leading authority in the field of 
HNV research.  
Our proposed research is driven by the need to present the native 
conformation of viral antigens, which is essential for antigenicity, 
immunogenicity, and the induction of protective immune responses. 
Glycoproteins of HNVs and ARVs are particularly prone to conformational 
flexibility, resulting in sample heterogeneity. To overcome this challenge, 
our preliminary data demonstrate the feasibility of creating viral antigens 
that display their native protein conformation. We have successfully 
stabilized viral antigens in their native states by designing prefusion 
conformation stabilizing mutations and incorporating specific stabilizing 
tags, such as GCNt and GCN4, to F and G proteins, respectively50,73 
(described in RP1, 2 and Core D). This stabilization approach has been 
validated through structural analysis (Fig.9), biochemical and biophysical 
characterization, and functional assessments, including receptor binding 
and the induction of neutralizing antibody responses. 
Additionally, we have 


extensive experience in determining high-resolution 
structures of nanobodies in complex with viral antigens, such 
as SARS-CoV-2 spike proteins29 (Fig.10). Leveraging 
advanced structural and functional characterization 
techniques such as X-ray crystallography, cryo-electron 
microscopy, and binding assays, we aim to unravel the 
detailed structural features and functional properties of the 
native-like viral antigens. This comprehensive understanding 
will provide critical insights into the interactions between 
antigens and antibodies, as well as the mechanisms of 
immune recognition. Ultimately, this knowledge will guide the 
rational design of effective vaccines and therapeutics 
targeting viral infections.  
Experimental Design:  


 
Figure 8: Structures of NiV G and F glycoproteins 
by X-ray crystallography. (A) NiV G head domain; (B) 
NiV F in the native prefusion conformation. 
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Figure 9: Validation of HNV F and G 
protein used in this study by EM 
single particle analysis. (A) 
Orthogonal views of HNV F protein 
cryo-EM 3D reconstruction at 2.5 A 
resolution; (B) 2D analysis of HNV G 
protein tetramer. 
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Figure 10: Cryo-EM single particle analysis of broadly 
protective nanobody against SARS-CoV2. 2.6 
Angstrom high-resolution cryo-EM map (left) and 
structural model (right) of nanobody in complex with 
SARS-CoV2 spike protein. 







Our experimental design aims to understand how nanobodies neutralize HNV and ARV viruses by analyzing 
their structure and interactions. Using X-ray crystallography and EM methods, we will determine the structures 
of nanobody-viral glycoprotein complexes, providing insights into their binding. Additionally, we will employ 
structure-based mutagenesis techniques to investigate the impact of specific mutations on viral entry and 
neutralization in RP1 and 2. By combining these approaches, we will gain detailed knowledge of nanobody 
epitopes and their interactions, contributing to the development of antiviral therapeutics for HNV and ARV. 
3.1. Structural basis of nanobody cross-neutralization of both NiV and HeV. To determine the structure of 


the NiV or HeV F or G protein complexed with cross-
neutralizing nanobodies, a series of steps will be 
undertaken. Initially, the NiV and HeV F and G proteins will 
be prepared in their native prefusion conformation by Core 
D. Subsequently, the purified nanobodies will be incubated 
with the F or G proteins to form stable complexes, 
optimizing the incubation conditions. High-resolution 
structures of the F or G protein complexes bound to the 
cross-neutralizing nanobodies will be determined using 
both X-ray crystallography and cryo-EM single particle 
analysis. Epitope analysis, including sequence analysis to 
identify conserved regions between the NiV and HeV F 
proteins, will provide insights into the potential 
neutralization mechanism. Additional experiments, such as 
site-directed mutagenesis, binding assays, and functional 
studies, will be conducted to validate the interaction 


between the nanobodies and the F proteins, confirming the importance of specific residues and regions identified 
in the structural analysis. Notably, a negative stain electron microscopy (ns-EM) analysis of a cross-neutralizing 
nanobody targeting both HeV and NiV G protein head domain has been performed, employing a compatible 
monoclonal antibody hAH1.3 to enhance particle 2D alignment (Fig.11A) and 3D reconstruction (Fig. 11B). This 
study demonstrates the feasibility of obtaining high-resolution cryo-EM structures. Ultimately, this study will yield 
crucial insights into the molecular mechanisms of neutralization and facilitate the development of effective 
antiviral therapies against HNVs. 
3.2. Structural analysis of LASV or MACV GPC proteins in complex with neutralizing nanobodies. The 
arenavirus glycoprotein precursor (GPC) proteins are key components of the viral envelope and play a crucial 
role in the entry and infection process of arenaviruses78-80. Arenaviruses are a family of RNA viruses that can 
cause severe diseases in humans, including hemorrhagic fevers81,82. The GPC proteins are synthesized as a 
single polypeptide chain, which undergoes post-translational processing to generate mature glycoproteins. The 
mature glycoproteins consist of two subunits, GP1 and GP2, that are responsible for receptor recognition and 
membrane fusion, respectively. The GP1 subunit is involved in receptor binding and determines the host tropism 
of the virus, while the GP2 subunit mediates membrane fusion between the viral envelope and host cell 
membrane. The GPC proteins are highly immunogenic and are targets for neutralizing antibodies. Understanding 
the structure and function of ARV GPC proteins is essential for developing effective antiviral strategies and 
vaccines against arenavirus infections. To investigate the structure of LASV and MACV GPC complexed with 
nanobodies using EM and X-ray crystallography, the experimental procedure involves preparation of stabilized 
GPC constructs, such as GPCysR4 and GPCysRRLL by Core D58,83,84. These constructs, developed with specific 
mutations, have been extensively used in structural studies of GPC-neutralizing antibodies. The purified GPC 
constructs are then mixed with the nanobodies of interest to form stable GPC-nanobody complexes. Cryo-EM 
analysis is performed by preparing cryo-EM grids, imaging them using a cryo-electron microscope, and 
generating a 3D reconstruction of the complex. X-ray crystallography is employed to crystallize the GPC-
nanobody complex, collect diffraction data, and determine the crystallographic structure. The obtained structures 
are analyzed to identify nanobody-viral glycoprotein interactions and understand neutralization mechanisms. 
This combined approach provides valuable insights into the complex structures and guides the optimization of 
nanobody-based antiviral strategies. 
Expected results, potential pitfalls and alternatives:  
We anticipate that our research efforts will result in the generation of high-resolution structures of nanobody-
antigen complexes, providing detailed insights into the precise epitope information and neutralization 
mechanisms. However, obtaining high-quality crystals suitable for X-ray analysis can be a challenging task. We 


Figure 11: Anti-HeV-G nanobody epitope mapping by 
ns-EM analysis. (A) 2D classification; (B) 3D 
reconstruction showing a ternary complex of HeV-G head 
domain with a murine neutralizing antibody hAH1.3 and a 
nanobody nb25. 







are aware that extensive optimization of crystallization conditions may be necessary to promote crystal formation. 
To overcome this potential pitfall, we will employ various strategies and screening methods to enhance crystal 
quality and obtain the desired structural information. The conformational flexibility and heterogeneity of viral 
antigens and their complexes pose another challenge. In such cases, cryo-EM SPA can serve as a valuable 
alternative to X-ray crystallography. Through the application of computational algorithms, we can classify 
different particle conformations and extract high-resolution structural information from cryo-EM data. This 
approach will provide valuable insights into the structural features and dynamics of the viral antigens, despite 
their inherent flexibility. While our GPC stabilization strategy is primarily derived from LASV antigens, it may not 
be equally effective for MACV antigens due to their distinct structural and stability characteristics. As an 
alternative approach, we propose co-expressing MACV GPC with specific antibodies or nanobodies that can 
assist in stabilizing the native conformation of the antigens. This co-expression strategy will enhance the 
structural integrity of MACV antigens, enabling their characterization using various structural biology techniques. 
Aim 4: Enhancing efficacy and CNS bioavailability of nanobodies.  
Rationale and Preliminary Data.  


Our aim is to enhance the therapeutic efficacy of nanobodies through engineering strategies. We will achieve 
this by extending the half-life of nanobodies, enhancing their interaction with immune effector cells, and 
increasing their binding avidity and neutralization potency. In addition, we will focus on improving the therapeutic 
effectiveness and availability of nanobodies within the CNS. The BBB presents a challenge in delivering 
therapeutic substances to the brain and spinal cord85,86. This barrier, formed by specialized brain capillary 
endothelial cells, tightly regulates the passage of molecules into the CNS, limiting the transport of drugs and 
antibodies87-89. Nanobodies, with their small size, show promise for targeted therapy of CNS diseases as they 
have demonstrated the ability to cross the BBB in recent studies34-37. In Aim 4, our research focuses on 
enhancing the therapeutic effectiveness and availability of nanobodies within the CNS, specifically for addressing 
viral infections that affect the CNS. We propose utilizing receptor-mediated transcytosis (RMT) as a strategy to 
facilitate the transport of nanobodies across the BBB90,91. RMT has emerged as a promising approach for 
delivering biologics, including antibodies, to the CNS92. RMT involves targeting specific receptors or transporters 
on brain capillary endothelial cells to enhance the uptake of nanobodies into the CNS. By engineering bi-specific 
nanobodies to selectively bind to these receptors or transporters, we can improve their transport across the BBB. 
Our goal is to optimize the targeting and transcytosis efficiency of nanobodies through RMT, thereby improving 
their delivery and distribution within the CNS. This optimization will ultimately enhance the therapeutic efficacy 
of nanobodies in combating viral infections and 
CNS-related diseases. 
Experimental Design:  
4.1. Generate nanobody Fc-fusion and tri-
valent nanobodies: In our previous study 
focusing on SARS-CoV-2 nanobody therapy 
development, we successfully implemented two 
crucial engineering strategies: Human IgG1 Fc 
fusion and nanobody multimerization29 (Fig.12). 
These strategies have shown significant 
advancements in improving the effectiveness of 
nanobody-based therapeutics. 
To extend the half-life of nanobodies, we 
incorporated Human IgG1 Fc fusion through a 
flexible hinge region (Fig.12A). This fusion 
strategy substantially increased the duration of 
nanobody activity within the body by improving 
their stability and protection against 
degradation. The Fc region of the antibody 
played a crucial role in enhancing the 
therapeutic effect by providing enhanced 
durability. Furthermore, we designed nanobody 
multimers, specifically tri-valent structures, to enhance the binding affinity (Fig.12B) and neutralization potency 


Figure 12: Fc fusion and multimerization improve potency of nbs 
against SARS-CoV2. (A) Diagrams show nanobody monomers, dimer, 
and trimers (fused to human IgG1 Fc) (B). Comparison BLI binding of 
monomer and trimer binding 1000x affinity improvement due to avidity. 
(C). Neutralization shows of SARS-CoV-2 pseudovirus by various nbs 
and multimers. (D). Table summarizes pseudovirus neutralization 
potency of selected nanobodies. Values given in molarity and ng/ml. 
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of the nanobodies (Fig.12C and D). The multimeric arrangement allowed for stronger and more effective binding 
interactions with the target viral proteins, leading to improved neutralization of the virus and ultimately enhancing 
the therapeutic efficacy of the nanobodies.  
Our experimental strategy involves extending the half-life and enhancing the therapeutic efficacy of our top 
nanobody candidates through the generation of nanobody Fc-fusion proteins and tri-valent nanobodies. To 
extend the half-life, we will fuse the Fc region of IgG1 to the nanobodies using either the human or mouse IgG1 
hinge region or the llama IgG2a hinge region, taking advantage of the FcRn-mediated recycling process and 
stability conferred by these hinge regions, respectively. For the generation of nanobody trimers, we will design 
rational linkers based on structural information of viral glycoproteins and the approaching angle of nanobody 
recognition. This will ensure proper orientation and spatial arrangement of the nanobodies within the trimeric 
structure, leading to increased avidity, binding affinity, and improved target engagement. By implementing these 
strategies, we aim to enhance the stability, therapeutic potential, and neutralization potency of our nanobodies, 
ultimately contributing to the development of more effective therapeutic interventions against viral infections. 
4.2. Design multi-specific nanobodies by combining nanobodies with non-overlapping epitopes: In this 


aim, we will design nanobodies that target distinct and non-
overlapping epitopes on the viral glycoproteins. These 
nanobodies will be linked together in a tandem fashion to 
create a synergistic effect, enhancing their overall binding 
affinity and neutralization potency against the target viruses. 
The design of these multi-specific nanobodies will involve 
careful consideration of the orientation and flexibility of the 
linker regions, ensuring optimal cooperative binding 
properties. Through this approach, we aim to create a robust 
and comprehensive neutralizing response against viral 
infections, ultimately advancing the development of more 
effective therapeutic interventions. (Fig.13A) 


4.3. Design Bi-specific nanobody by coupling with TfR1-targeting specificity to facilitate CNS delivery: 
In this aim, we will explore the incorporation of TfR1-specific nanobodies to enhance the delivery of nanobodies 
to the CNS (Fig.13B). The high expression of TfR1 on the blood-brain barrier makes it an attractive target for 
facilitating CNS delivery. To improve the penetration of nanobodies across the blood-brain barrier and enhance 
their bioavailability within the CNS, we will design bi-specific nanobodies by genetically fusing our candidate 
nanobodies against highly pathogenic neurotropic HNVs or ARVs with TfR1-specific nanobodies. By combining 
the targeting specificity of both nanobodies, we aim to achieve enhanced CNS delivery and therapeutic efficacy. 
We will evaluate several published TfR1-specific nanobodies, including FC5, a camelid single-domain antibody 
with known sequence93. FC5 has demonstrated the ability to transcytose across the blood-brain barrier and 
effectively deliver bioactive molecules to the CNS36,94,95. With its cross-reactivity across species and strong 
binding affinity to brain endothelial cells, FC5 holds promise for enhancing the CNS delivery of our nanobodies. 
4.4. Efficacy test in both in vitro neutralization assay and animal studies. We will assess the efficacy of the 
original nanobodies identified in aims 1 and 2 and compare them with the engineered nanobodies in both in vitro 
neutralization assays and animal studies. Our goal is to evaluate the performance of the engineered nanobodies 
and determine their potential for therapeutic applications. The in vitro neutralization assays will assess the ability 
of the nanobodies to neutralize the target viruses, providing valuable insights into their antiviral potency. By 
measuring the reduction in viral replication or the inhibition of viral entry, we can determine the neutralization 
potency of the nanobodies. This will provide valuable insights into their antiviral activity and effectiveness. To 
further evaluate the efficacy of the nanobodies in vivo, we will utilize the rCedV-NiV-B chimera mouse model at 
the Uniformed Services University (USU) in RP3 for HNVs, as well as animal models of ARVs developed at the 
University of Texas Medical Branch (UTMB) in Core E. These animal models will allow us to assess the 
therapeutic efficacy of the original and engineered nanobodies in terms of nanobody brain delivery efficiency, 
viral load reduction, disease progression, and overall survival rates. By comparing the outcomes between the 
two groups, we can determine the superiority of the engineered nanobodies in terms of therapeutic effectiveness. 
Through these comprehensive in vitro and in vivo evaluations, we aim to demonstrate the improved efficacy of 
the engineered nanobodies compared to the original nanobodies. This assessment will provide crucial data for 
further development and optimization of nanobody-based therapeutics targeting HNVs and ARVs, with the 
ultimate goal of improving patient outcomes and combating viral infections. 


  
 
Figure 13: Bi-specific and multi-specific nanobody 
engineering. (A) Combination of epitope specificities to 
enable synergy, (B) Bi-specific nb with TfR1 specificity 
to improve brain targeted delivery.  
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Expected results, potential pitfalls and alternatives:  
We anticipate that the design of tandemly linked nanobodies will result in enhanced neutralization potency and 
viral inhibition. The incorporation of a hinge and Fc region is expected to improve the half-life and stability of 
nanobodies, increasing their therapeutic potential. Coupling with TfR1-specific nanobodies is likely to improve 
brain delivery efficiency. However, potential pitfalls of using VHH FC5 as bi-specific nanobodies include short 
half-life due to susceptible to proteolytic degradation, thus limiting its development for clinical use. Alternative 
strategies, such as utilizing alternative receptor targeting or seeking to identify an antibody that binds to the same 
epitope, but that is derived from a fully human antibody library and has the requisite properties for clinical 
development, will be explored if necessary. Overall, these enhancements in efficacy and CNS bioavailability of 
nanobodies will significantly contribute to the development of potent antiviral therapies against CNS infections. 
Aim 5: Expanding to other members of the viral groups. 
Rationale 
Building upon the valuable insights and progress achieved in Aims 1-4, Aim 5 aims to expand our nanobody-
based therapeutic approach to target other members of the HNV and ARV in the 2nd phase of this project. This 
expansion is based on the premise that the knowledge gained from studying NiV, HeV, LASV, and MACV can 
be extrapolated to other related viruses within these groups.  
Experimental Design:  
5.1. Langya virus: Langya virus (LayV) is a newly 
emerged member of the Henipavirus (HNV) family 
that has been linked to respiratory illness in 
humans40,96. LayV shares a close genetic 
relationship with Nipah virus and Hendra virus, both 
of which are known to cause severe disease in 
humans. To develop effective nanobody therapies 
against LayV infection, we have successfully 
generated native viral glycoprotein antigens by 
design, specifically the G and F glycoproteins (Fig. 
14). By following our established research strategy, 
we will utilize nanobody development platforms, 
employ structural characterization techniques, and implement optimization approaches to identify nanobodies 
with protective properties against LayV. This process will involve evaluating the selected nanobodies with the 
neutralization assay and the animal disease model developed in collaboration with RP2 and Core E, and ready 
during the phase 2 of this project. These efforts will not only contribute to development of nanobody-based 
therapies targeting LayV but also demonstrate the plug-and-play nature and rapid generalizability of our research 
strategy. By successfully applying our established approach to a newly emerged member of the Henipavirus 
family, we will showcase the versatility and effectiveness of our methodology in identifying and optimizing 
nanobodies against emerging viral pathogens. This will have broader implications for future studies on other viral 
infections, as our research strategy can be readily adapted and applied to different viral targets. 
5.2. Lujo virus and Chapare virus: In our continued research, we will apply a similar strategy to the one used 
in Aim 2-4 for Lujo virus (LUJV)41,97,98 and Chapare virus (CHAV)42,99,100, which are closely related to the prototype 
LASV and MACV Arenaviruses. This strategy involves stabilizing the glycoprotein complex (GPC) using existing 
mutation designs transferred from LASV, isolating nanobodies specific to LUJV and CHAV, and performing 
structural characterization. By leveraging the knowledge and techniques gained from previous aims, we aim to 
identify nanobodies that can effectively neutralize LUJV and CHAV. 
Expected results, potential pitfalls and alternatives:  
We anticipate that our research strategy, combined with the knowledge gained from the phase 1 study, will 
enable us to identify potent neutralizing nanobodies against LayV, LUJV, and CHAV, providing promising 
therapeutic options for these viral infections. However, it is important to acknowledge potential challenges, such 
as limited cross-reactivity due to the genetic and antigenic differences between these additional viral targets and 
the prototypes studied in phase 1. In such cases, alternative approaches, including structure-guided rational 
design, may be explored to combine viral specificity and expand the protection breadth. Another potential 
limitation could be the difficulty to generate native prefusion GPC for the additional ARVs. In such instances, we 


 
Figure 14: LayV F and G protein analysis. 2D classification and 
3D reconstruction of LayV prefusion F (A), and G tetramer (B) 
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will focus on utilizing the immune-dominant GP1 subunit, which is more stable and contains vulnerable sites for 
neutralizing antibody recognition. Rational design will be employed to shield non-native surfaces and minimize 
the generation of non-neutralizing nanobodies. Overall, the successful expansion of our research to other 
members of the HNV and ARV groups will make a significant contribution to broadening the effectiveness of 
nanobody-based therapies and addressing the global health risks associated with these viral pathogens. 
D. Project Milestones and Timelines  


 
Milestones: (Same milestones are expected to be achieved during phase II with a faster pace).  
1. Serum neutralization activity observed (ID50>10). 
2. Nanobody phage library panning good enrichment achieved (enrichment>100:1). 
3. High affinity viral protein-specific nanobodies isolated (affinity<1 nM). 
4. Neutralizing nanobodies obtained (IC50<1 ug/ml; neutralize multiple strains). 
5. High resolution nanobody/antigen complex structure solved (resolution<3A). 
6. Engineered nanobody molecules with improved activity obtained (IC50<0.1 ug/ml; neutralize more strains). 
7. Positive therapeutic effect of nanobodies in virus-induced diseases achieved (no symptoms or weight loss at 
10 mg/kg or lower dose). 
Criteria to be met for each activity before moving forward (Go/NoGo): 
1. ELISA signal of post-immunization sera is at least 3 times higher than pre-immunization sera. 
2. Nanobody phage library panning reach to at least 5 times enrichment. 
3. Viral protein-specific nanobody with at least 1 nM affinity (if not achieved, No Go for Phase II). 
4. Nanobodies neutralize at IC50<10 ug/ml and/or multiple strains (if not achieved, NoGo for Phase II). 
5. Resolve structure with high enough resolution to define nanobody epitopes. 
6. Engineered nanobodies achieve better potency and breadth (IC50<0.1 ug/ml; neutralize more strains). 
7. Positive therapeutic effect achieved (no symptoms or weight loss at 10 mg/kg or lower dose). 
E. Industry Expertise and Regulatory Considerations:  
If new lead nanobodies engineered nanobodies are identified from Research Project 5 (RP5), collaboration with 
industry and regulatory experts in Core D and the Scientific Advisory Board (SAB) will be initiated. This 
collaboration will involve seeking their expertise in various areas such as the identification of correlates of 
protection, lead optimization, stability testing, and manufacturability testing of the newly discovered nanobodies. 
Nanobody candidates can be engineered as desired in collaboration with investigators from Core D. This may 
involve modifications such as altered N-glycans, Fc mutations to enhance effector functions and prolong half-
life, and evaluation of multimeric formats. The engineered nanobodies will then be further evaluated to correlate 
their mechanisms of action with maximal efficacy using the rCedV model explored in the RP3, and potentially 
transitioned to testing in authentic NiV/HeV animal models under the supervision of Core E. Throughout this 
process, stability and manufacturability assessment will be conducted to ensure the identification of a lead 
prototype format for further development. The goal will be to identify single domain mAb prototypes suitable for 
long-term intramuscular prophylaxis and/or intravenous post-exposure prophylaxis and therapy. As monoclonal 
antibodies are regulated by The Center for Drug Evaluation and Research (CDER), a division of the U.S. Food 
and Drug Administration. Therefore, all activities related to the development and evaluation of the mAbs will be 
performed in accordance with regulatory expectations set forth by CDER. 
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Date: Monday, June 5, 2023 at 11:42 AM
To: Haller, Sherry <shhaller@UTMB.EDU>
Cc: Lindsey Marie Hornsby <lhornsby@gsu.edu>, Jianliang Xu <jianliang.xu@gmail.com>,
Workman, Jeff <workman.45@osu.edu>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>,
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, jxu40@gsu.edu <jxu40@gsu.edu>
Subject: Re: OSU/GSU RP5 Final Documents

Hi Sherry,
 
Please see attached documents from Jianliang and me.
Including:

1. Authentication of key resource (not sure if you received this last time)
2. Abstract (not sure if you received this last time)
3. LOS from me. (not sure if you received this last time)
4. MPI plan
5. Updated vertebrate animal
6. Updated specific aims

 
 
Research plan will be ready later today.
 
Thanks,
Kai
 

From: Xu, Kai <xu.4692@osu.edu>
Date: Thursday, June 1, 2023 at 3:31 AM
To: Haller, Sherry <shhaller@UTMB.EDU>
Cc: Lindsey Marie Hornsby <lhornsby@gsu.edu>, Jianliang Xu <jianliang.xu@gmail.com>,
Workman, Jeff <workman.45@osu.edu>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>,
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, jxu40@gsu.edu <jxu40@gsu.edu>
Subject: Re: OSU/GSU RP5 Final Documents

Hi Sherry,
 
Here are the requested documents.
 
Thanks,
Kai
 

From: Jianliang Xu <jianliang.xu@gmail.com>
Date: Thursday, June 1, 2023 at 12:20 AM
To: Haller, Sherry <shhaller@UTMB.EDU>
Cc: Lindsey Marie Hornsby <lhornsby@gsu.edu>, Workman, Jeff <workman.45@osu.edu>, Xu,



Kai <xu.4692@osu.edu>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>, CHRISTOPHER
BRODER <christopher.broder@usuhs.edu>, jxu40@gsu.edu <jxu40@gsu.edu>
Subject: Re: OSU/GSU RP5 Final Documents
Hi Sherry, Thanks for the reminder. Attached please find my LOS for the application. Kai will be sending Abstract, Authentication of materials and his LOS shortly. My GSU position starts today, June 1, 2023. I am ccing my GSU email jxu40@ gsu. edu

 
Hi Sherry,
 
Thanks for the reminder. Attached please find my LOS for the application. Kai will be sending
Abstract, Authentication of materials and his LOS shortly.
 
My GSU position starts today, June 1, 2023. I am ccing my GSU email jxu40@gsu.edu and I will
communicate with the team from my GSU account from now on.
 
Best regards,
Jianliang
 
 
On Tue, May 30, 2023 at 1:31 PM Haller, Sherry <shhaller@utmb.edu> wrote:

Hello Dr. Xu and Dr. Xu,
This is a reminder of the documents that we still need to get from you both for RP5 on the
UTMB/USUHS U19 application. Our administrative review is this coming Thursday, June 1, so we
will need all of the items listed below in final form by EOB tomorrow, Wednesday, May 31.
 

Abstract- 30 lines, 1 for RP5
Authentication of Key Biological Materials- 1 for RP5
Letter of Support – If both PI’s could provide letters o support for your role on this project,
we can include them. This is optional, but strengthens the proposal.

 
For the final application, please provide the following by EOB Monday June 5 (hard deadline!).

Research Strategy – Please remember to include references for both items listed below
from the RFA for your research project:

 
Milestone Plan: In a clearly labeled section titled "Project Milestones and Timelines" include a
clear delineation of goals with measurable milestones, including detailed quantitative and
qualitative criteria for Go/No-Go decision-making, and a timeline for the attainment of each
goal and milestone and should be reflected in the Milestone Plan for the overall Program. This
plan must include Go/No-Go criteria to be met by the end of Year 3 of the award for
continuation to Phase II. Milestones must specify the outcome(s) for each activity. Milestones
should be quantifiable and scientifically justified, and include the completion of major
research study activities, for example, identification of protective epitopes, animal model
development, vaccine or mAb candidate down-selection, identification of correlates of
protection, validation of vaccine or mAb strategies for other family members, and analysis,
sharing and publication of final data. Milestone criteria should not simply be a restatement of



the specific aims. Using a Gantt chart or equivalent tool, describe the associated timelines and
identified outcomes for the research Center.  

Industry Expertise and Regulatory Considerations: For projects proposing early vaccine
development, describe how industry partners will be identified and incorporated into the
proposed project including a timeline for inclusion. For projects proposing IND-enabling later
stage vaccine development, NIAID requires Centers to include active participation of an
industry partner to ensure access to vaccine technology platforms, expertise in
manufacturing, clinical development, and regulatory pathways. Applicants should describe the
role of this partner in the proposed project and/or team to facilitate discovery, candidate
evaluation and/or product development. For the purpose of this FOA, "industry" is defined as
a large or small, domestic or foreign, pharmaceutical, biotechnology, bioengineering, or
chemical company, or a related non-profit entity. 

 
Please let me know if you have any questions about these or have any concerns about getting
them back to us by the deadlines.
Thank you,
 
Sherry L. Haller, PhD
Associate Director
Center for Biodefense and Emerging Infectious Diseases
The University of Texas Medical Branch
Keiller Bldg., Rm. 1.104D
301 University Blvd., Galveston, TX 77555-0609
 
C: (785) 554-1713  O: (409) 747-0766
Teams: Call Chat
E: shhaller@utmb.edu

 



SPECIFIC AIMS 
The viral order Bunyavirales is composed of several viral families known to contain several high priority human 
pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic 
diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in 
survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six 
arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, 
MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID 
Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparednessThreats to public health are further heightened due to lack of internationally approved vaccines 
to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address 
this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, 
immunology, and biological product development, to develop arenavirus and nairovirus research tools and 
vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” manner. 
Much of the work developing vaccines against high containment viruses has relied heavily on viral isolates 
derived over 40 years ago or longer, which creates a concerns tied to efficacy as newer related viruses continue 
to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed the 
generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses 
(CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development 
for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral 
glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered 
a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed 
GP. We have found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully 
protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine 
components. Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle 
patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable 
MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen.  The importance of humoral immunity for affording potent 
protection or treatment against viral infections cannot be understated as evidenced by the recent success using 
monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for 
pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows 
are possible.  The goals of this proposal are two-fold: (1) Develop novel vaccination approaches utilizing subunit-
MNP vaccines developed in or monoclonal antibody PREP strategies which can provide protective immunity 
against Old and New World arenaviruses or emerging nairoviruses. (2) Develop reverse genetics tools to 
evaluate emerging arenaviruses and nairoviruses for which no isolates are available.  Specifically, we will: 

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches: 

1.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal 
immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease in 
animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of 
protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test 
case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a 
new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus.We will generate 
recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV isolates for which 
isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based assays. 
Recombinant viruses will be examined in vivo (animal model development) within Core E. 

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core D, 
we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-
engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective 
efficacy and estimate conferred immunity correlates in animal studies performed in Core E. 

Milestone 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: 
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We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV 
isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-
based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. 

 

RESEARCH STRATEGY: 
1. SIGNIFICANCE: 
1.  
 The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 

therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, 
biological manufacturing and vaccine device innovation to develop cutting edge vaccination approaches 
using plug-and-play approaches tailored from prototype mammarenaviruses and orthonairoviruses and 
applicable to related members of these viral families.  

TThe viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1.   Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% XX and significant, long-term sequelae in survivors. These viruses are on the World 
Health Organization’s (WHO) List of Priority Pathogens 2 (REF) where six rodent borne arenaviruses – Lassa, 
Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-
Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens.   This 
classification stems is owed to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparedness 3 (REF). Threats to public health are further heightened due to lack of internationally approved 
vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. 

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
The Mammarenaviruses: All mammarenaviruses share a common genomic organization consisting of two 
ambi-sense RNA segments. Each segment contains two open reading frames encoding two proteins per strand, 
these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the 
nucleoprotein (NP)6. Despite general similarity of their genomic architecture, these groups exhibit marked 
differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; 
nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the 
glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV survivors have been demonstrated 
to protect non-human primates (NHP), against lethal challenge 7. Recent crystal structure studies have identified 
binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) 8. These 
findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral 
responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV 
Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of 
NP, suggesting using this domain as a vaccine antigen may also be possible. 9-11. Indeed, RP1 and Core E 
investigators have demonstrated that using a Vesicular Stomatitis Virus expressing the LASV-Josiah GPC is not 
only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP 
model12, but also that live attenuated vaccines expressing this same GPC can protect NHP against challenge 
with viruses from: Lineage II13 , Lineage III (Cross, Geisbert unpublished), Lineage V14 and Lineage VI (Cross 
and Geisbert Unpublished).  
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The Orthonairoviruses: Unique from other bunyaviruses, orthonairoviruses are transmitted primarily by ticks in 
nature. While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus15, Issyk-Kul virus16, 
Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public health 
threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia. There 
are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to bird 
migration changes, livestock trade, and even global warming are contributing to increasing numbers of infections 
in humans in areas otherwise not known to be endemic including central Spain18 and most recently the reservoir 
Hyalomma ticks have been found as north as Sweden19. Infection in humans begins as a nonspecific febrile 
illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to death in 30% of 
cases in some regions20. CCHFV is listed on the WHO priority pathogen list2 and is also a NIH-NIAID category 
A pathogen3. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived 
inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy21 (REF). Ribivirin has been used 
to treat infections with limited success22. CCHFV has a trisegmented genome encoding 4 proteins, NP, small 
non-structural protein (NSs), L polymerase protein, and a GPC 20. Like mammarenaviruses, CCHFV NP and GP 
are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across 
the 6 genomic clades with up to 95% amino acid homology20. Conversely, he CCHFV GPC is considerably less 
conserved, where less than 75% amino acid conservation is present20. The genetic diversity of CCHFV correlates 
strongly with geography, and clades of CCHFV segregate based on geographical location which creates a 
challenge in terms of creating a pan-CCHFV vaccine or therapeutic based solely on one clade. Nonetheless, we 
have demonstrated that heterologous vaccine mediated protection can be afforded using a VSV vectored 
vaccine expressing the full GPC of CCHF23. 
 
 
Research Project 1(RP1) proposes preclinical research that will support Investigational New Drug Application 
(IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, 
the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both 
has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  
 Old Word Mammarenaviruses (OWAV): RP1 will utilize LASV as the prototype OWAV due to its 
elevated public health burden throughout West Africa with hundreds of thousands of estimated cases annually 
with XX deaths across West Africa(REF).  LASV has is the most imported viral hemorrhagic fever (VHF) next to 
dengue virus and has been imported to over XX countries (REFS).  Case fatality rates (CFR) up to 60% in 
hospitalized cases and marked long term sequelae are the result of no approved vaccines or therapeutics, 
though several live attenuated virus candidates are approaching clinical evaluation with the assistance of 
Coalition for Epidemic Preparedness Initiative (CEPI) (REFS).  Most of these vaccines utilize the LASV 
(glycoprotein) GP or the LASV GP + Nucleoprotein (NP) as the target immunogens in these vectors (REFs). 
 New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV is currently in use in 
Argentina [2], but there is conflicting evidence of whether cross protection with other NWAV is possible [3, 4] and 
there are safety concerns related to reversion to pathogenic versions. This proposal will use MACV and JUNV 
as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest other approaches are warranted. 
 Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is 
responsible for the largest global public health burden within the orthonairovirus family with an estimated XXX 
cases per year across Europe, Africa, and Asia. CCHFV outbreaks are often very large list some recent 
examples.  A suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus 
vaccine for CCHFV has been approved for use only in Bulgaria since 1974, but has numerous safety concerns 
and limited demonstrated efficacy(REFS).  Since then, a number of vaccine approaches have been examined 
ranging from viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and 
disadvantages(REF); however only an MVA-CCHFV vaccine has begun to advance towards clinical trials (REF). 
 
Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated 
viruses, which have many advantages in terms of being able to rapidly induce protective and often durable 
protection from debilitating disease and death.  However, as the global human population grows, the number of 
special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or pregnant) 
grows, which call in to the question the safety of live-attenuated vaccines and suggests more pathologically 
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benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes 
from different pathogens has been a central driver for a number of successful and approved vaccinee strategies 
including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success 
(REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale 
production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
 
Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments [5].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines 
to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.   
 
Once a candidate subunit-patch vaccine approach is selected, this approach will use lessons learned 
to produce plug-and-play approach to develop vaccines against a representative human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in 
animal models. 
 In 2008, Lujo virus was isolated from a case of severe hemorrhagic fever originating in Zambia 
but quickly causing nosocomial infections in care givers after the index case’s medical evacuation to 
South Africa [6]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak 
of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic 
divergence from LASV suggest countermeasures with antigenic targets may be of limited use, 
underscoring the need for antiviral tools against this emerging threat.  
 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus 
associated with development of severe hemorrhagic fever with case fatality rates up to 60% [7, 8]. 
Recent studies have demonstrated clear human-to-human transmission risk during the acute phase 
evidenced by several nosocomial infections but also detection of viable virus from semen at 86 days 
after symptom onset demonstrating a clear need to specialized management and treatment [8].  It is 
unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective, 
but the phylogenetic divergence of CHAPV of XX% from JUNV suggests it may not be. 
 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan 
bats and responsible for causing several cases of acute febrile illness of laboratory workers from the 
same lab that processed infected bats [9].  Serosurveys of 109 laboratory workers from the same facility 
the virus was isolated and worked with demonstrated a 13% seropositivity where medical surveys 
revealed clinical symptoms in 4 to 15 months after the virus was isolated, suggesting either continued 
laboratory associated infections or chains of ongoing person-to-person transmission.  Recently, tick 
surveys have demonstrated the potential for Ornithodoros faini ticks to participate in enzootic 
maintenance of KASV [10].  While most chiropteran ticks exhibit host specificity, humans entering caves 
where these bats are have reported bites from O.faini ticks as well.  The highly infectious potential for 
this virus in humans coupled to a complete lack of vaccines or therapeutics make suggest investment 
in countermeasure development is well advised. 
Pre-exposure prophylaxis (PREP) and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier immunity to high- risk 
individuals for infections such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies 
(polyclonal immunoglobulin for post-exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for 
prophylaxis (REFS). The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses.  Building on this success, 
RP1 will also perform pilot studies to examine the feasibility of PREP utilizing with a serum half-life 
extended mAb against JUNVs. Clinically validated Fc mutations can result in an improvement in serum 
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half-life from 3-4 weeks to 2-4 months which can increase the instant barrier immunity from 30-45 days 
to 60+ days ([11-13] [14]refs).  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines 
and therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, 
biological manufacturing and vaccine device innovation to develop cutting edge vaccination 
approaches using plug-and-play approaches tailored from prototype mammarenaviruses and 
orthonairoviruses and applicable to related members of these viral families.  
 
 
2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens:   
The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV 
vaccine candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate 
is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical 
data concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the  
fivethe five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the 
immune response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known 
to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection 
in a lethal, outbred guinea pig model.    Sequence conservation across NP is higher than GP across LASV 
lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective 
vaccine(vaccine 9, 10, 31, 32REFS).   Indeed, we have found that an immunogenic cocktail comprised of LASV GP 
and NP offered complete protection against LASV challenge in guinea pigs.  
Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens:   
CCHFV is a divergent virus with up to seven six genetic lineages clades(REFS). .  This diversity is evident in the 
variation observed most clearly in glycoprotein sequences across lineages which can be less than 75% amino 
acid conservation 20.   Given the glycoprotein is a pivotal protein dictating viral entry and  immuneand immune 
recognition, it is little wonder why CCHFV vaccines have struggled with heterologous challenge with strains of 
viruses outside of the clade the vaccine was based on (REF). Conversely, NP is highly conserved but not 
exposed on the virus surface cellular surface 20 (REFs).   Indeed, a recent report has demonstrated that an NP 
expressing replicating RNA vaccine was able to confer protection against heterologous challenge 33. Taken 
together, a similar strategy of coupling GP and NP into a vaccine strategy likely has the greatest potential for 
potent, cross-clade protection. 
PREP “vaccination” as a measure to control mammarenaviruses:  
For situations where a vaccine does not exist or is not appropriate (e.g. immunocompromised individuals or first 
responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc 
mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting 
greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic 
efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with 
YTE 34, 35   and LA 36 37 Fc point mutations to determine the potential for delivering instantaneous, long-lasting (> 
6 months) barrier immunity using monoclonal antibodies. 
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Generation of Infectious clones and 
reporter viruses of emergining 
Arenaviruses and Nairoviruses  
3. Add blurb discussing unique access to 
field samples from across the world  and 
established expertise to generate infectious 
clones from emerging arenaviruses and 
nairoviruses: 
 
 
 
 
 
 
 
3. APPROACH  
The PABVAX consortium will build on over a 
decade of successful collaboration generating 
vaccines and therapeutics for emerging, high 
priority viruses. Collective expertise in virology, 
immunology, biological manufacturing, and 
vaccine innovation will be leveraged to develop 
cutting-edge vaccination approaches. RP1 will 
work with several RPs and Cores in the center 
to advance two novel vaccination approaches 
targeting viral families within Bunyavirales 
(Figure 1). In collaboration with Core D, RP1 
will develop stabilized GP and NP epitope-
based subunit vaccines allowing for broad 
cross-protection across mammarenavirus and 
orthonairovirus species. This will be achieved 
by tailoring antigen design from prototype 
applicable to related members of these viral 
families. These optimized vaccines will be 
produced in Core D and evaluated for protective 
efficacy and determination of immune correlates 
associated with protection in animal models 
under maximum (BSL4) containment in 
collaboration with Cores D and E via 
intramuscular administration or Microneedle skin Patch (MNP). MNPs containing subunit vaccines manufactured 
in Core D and optimized for delivery efficiency in Core C. Using optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will provide stabilized GPe vaccines for mammarenaviruses and 
orthonairoviruses to RP4 and RP5 to produce broadly reactive monoclonal antibodies or nanobodies, 
respectively. RP1 and Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using 
half-life extended antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core 
E to develop infectious clones using reverse genetics to develop BSL4 research tools and animal models for 
viruses that are otherwise not available to the research community. 
Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. 
All findings in our work have been and will be validated by multiple independent lines of evidence to 
ensure scientific rigor. All experiments are carried out with several internal controls with multiple 
replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed 

Figure 1: Overall Research Strategy for RP and demonstration of interactions with other RP and 
Cores of PABVAX 
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via in-depth discussions with biostatistics consultants to ensure that statistics and any required testing 
for multiple comparisons have been properly performed. 
 
PRELIMINARY RESULTS 
Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly 
challenging within the LASV research community. The LASV GP 
ectodomain (GP) consists of two non-covalently associated subunits, GP1 
and GP2, which readily disassociate in solution, historically hindering the 
expression and purification of a trimeric GPe. A recent study introduced a 
pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide-
linkeddisulfide linked GP1/GP2 monomer amenable to structural studies 
when stabilized by a fiduciary antibody Fab fragment8. Mapp has since 
made structure-based improvements to generate a stable GP immunogen 
representative of the authentic viral GP spike and suitable for use as a 
vaccine. We reverted the E329P mutant, hypothesized to stabilize heptad 
repeat 1 in GP28 and added an additional trimerization motif to stabilize the GP spike in the absence of Fabs. 
The tagged trimeric LASV GP is expressed and secreted from Drosophila S2 cells and purified from supernatant 
via affinity chromatography using a StrepTrap HP column (GE Healthcare). SDS-PAGE and  Size-exclusion 
chromatography (SEC) offer verification of trimerization (Figure xx2). Pilot stability studies inclusive of freeze 
thaw cycles and storage at 4˚C are supportive of the stability required for a vaccine candidate. 
The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and MACV 
(Figure 32). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure xx2). Both the interaction with a well-characterized 
mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  
 
Our trimeric arenavirus GPs support efforts to isolate novel ultra-potent mAbs and to develop a second-
generation arenavirus immunotherapeutic with reduced dosing requirements and broader reactivity compared to 
current LASV mAb candidates[25]. This significantly lowers the cost of goods while increasing ease of use for 
clinicians, both essential for a product used in developing nations where arenaviruses are prevalent. 
 
LASV subunit vaccine protects guinea pigs against lethal challenge 

Figure xx3. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure XX2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and 
purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of 
JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 
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While classical vaccine approaches have largely focused on evoking a strong humoral response and high titers 
of nAbs to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, 
can play a highly important potent and complementary role in the long-term protection against pathogens. Based 
on literature reports that Understanding that T cell responses highly correlate with LASV recovery, and that LASV 
NP plays a significant role in inducing those responses25, 38, we also generated LASV NP antigens. We also 
chose to deliver the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP separately as they 
have distinct functions in the virus lifecycle (Figure xx3) and express to high levels (50-100 mg/L) as two 
independent domains in bacteria using standard laboratory shaker flasks.  
We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV 
infection. Our study was designed (Figure 36) to assess whether immune responses to GPe onlyalone or, or 
GPe+NP  would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 36), and) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP but with no adjuvant.   In a follow-up study, we further 
examined the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge.   While 
combination of NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort 
supplemented with Addavax only resulted in 25% protection.   Correspondingly, NTD vaccination with Allhydrogel 
resulted in 100% survival where as Addavax only conferred 50% protection.   Interestingly, NP NTD vaccination 
with no adjuvant resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred 
when using Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  

Figure 63. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 
intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD +   2x25 µg of NP-CTD, or either 
2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost.   (Right) Animals were 
monitored for 35 days post-challenge, and survival curves and weight change are plotted.    
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Engineering glycoproteins antigens for the CCHFV: The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), medium (M), and large (L) segments. The M segment 
encodes the viral glycoprotein precursor (GPC) complex, which is subsequently cleaved by host 
proteases into multiple proteins, including the envelope glycoprotein GnGc and secreted GP38 protein.   
GnGc is composed of Gn and Gc subunits, which are linked together by a multiple membrane spanning 
region. These transmembrane domains complicate the in vitro expression of   soluble GnGc, but we 
have designed a construct that replaces the transmembrane domains with a linker and have generated 
a stable drosophila cell line that expresses up to 3mg/L. We have also generated stable cell lines 
expressing Gn, Gc, and GP38 proteins. We 
used these proteins to test observe potent 
serum reactivity in CCHF survivors (Figure 
XX4).   We will use established protocols 39 as 
a template to optimize expression of CCHFV 
and Kasokero NP proteins. 
 
        
Generation of Infectious clones and reporter 
viruses of emergining Arenaviruses and 
Nairoviruses  
Rescue of recombinant viruses.  An 
important goal of the PABVAX Center is to 
generate tools for pandemic preparedness. An 
important component of both RP1 and RP2 is to generate and recombinant viruses to fill gaps and 
provide tools where wild type viruses do not exist either because 1) only sequence information is 
available or 2) isolates exist but viruses are unable to be shared with the research community. In 
collaboration with RP1 Core E will assist in the development and rescue of New World arenaviruses 
and the henipavirus Langya virus as detailed in the Research Strategies for RP1 and RP2. 
APPROACH 
Overall Hypothesis:FILL THIS IN     
Specific Aim 1: Subunit immunogens and MNP vaccination Milestone 1: Develop novel 
arenavirus and nairovirus vaccination approaches:  
Rationale:  
Scientific Approach: The choice of Mammarenavirus Prototype Pathogens is justified as follows:  
 Old World Mammarenaviridae: We propose LASV Josiah strain (Lineage 4) as the prototype 
pathogen due to the depth of available research data, availability of established rodent (REF) and 
nonhuman primate(NHP) models (REFS), frequency of exportation (REFS), and large number of 
annual cases throughout West Africa  where the case fatality rate can be up to 60% in hospitalized 
cases (REF).  
 New World Mammarenaviridae:  Due to the availability of a JUNV vaccine in the endemic region 
where JUNV circulates and the lack of cross protection against challenge with other NWAV, MACV, the 
causative agent of Bolivian hemorrhagic fever, will be used as the prototype pathogen for NWAV for 
studies outlined in Milestone 1.1. There are established guinea pig (REF) and NHP (REF) models for 
MACV. JUNV is the New World arenavirus with the largest knowledge base at present [REF]. For a 
pilot efficacy study outlined in Milestone 1.2, we will use JUNV Espindola Strain as a natural extension 
of previous published work demonstrating protective efficacy of the template PREP mAb (REF). 
 Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. 
UTMB has established mouse models (REF) and NHP (REF) models to enable testing of CCHFV 
countermeasures against a number of the available clades.  CCHF is the most important member of 
the Nairoviridae family with a major public-health impact across Western Asia, the Balkans, Southern 
Europe, and most of Africa [REF].          
 

Figure XX4:   Engineered CCHFV proteins are reactive with serum from CCHFV 
survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 
after 2 step purification (right electrophoresis gel). 
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RP1 proposes preclinical research that will support Investigational New Drug Application (IND)-applications to 
develop vaccine approaches against prototype viruses from two Bunyavirales viral families, the 
Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both has 
potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  
 Old Word Mammarenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the 

prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands 
of estimated cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most 
imported to non-endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported 
to close to 40 times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 
(REFS). There are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine 
candidates, 4 of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This 
creates a vacuum for vaccine options for special populations such as the pregnant, the elderly, and the 
immunocomprimised. There are existing guinea pig and NHP animal models. 

 New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina 42, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine 43, 44. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations45. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola (Lineage XX) as the prototype NWAVs as there are no 
approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 
vaccine suggest other approaches are warranted.  

 Orthonairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the orthonairovirus family with 
an estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year46. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy47. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages47; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials48. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert 23) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP49. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 50 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38.  

Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. UTMB has 
established mouse models (REF) and NHP (REF) models to enable testing of CCHFV countermeasures against 
a number of the available clades.  CCHF is the most important member of the Nairoviridae family with a major 
public-health impact across Western Asia, the Balkans, Southern Europe, and most of Africa [REF].          
Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in animal models. 
 In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 

quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa51. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach52 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%53, 54. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
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demonstrating a clear need to specialized management and treatment54. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, 
and E). 

 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats 55. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV56. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible55. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments57. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  
Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important 
objective of the PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB 
have a long history of utilizing current molecular virology techniques to develop reverse genetics 
approaches to recover recombinant viruses for research and vaccine design for several different virus 
families (REFS). An additional goal of RP1 is to generate and recombinant viruses to fill gaps and 
provide research tools where wild type viruses do not exist either because 1) only sequence information 
is available or 2) isolates exist but viruses are unable to be shared with the research community. In 
collaboration with Core E, RP1 develop and rescue of New World arenaviruses using existing reverse 
genetics approaches at UTMB or develop new ones to meet these needs.Paragraph about subunit 
vaccines and PREP study. 
 
 
 
 
 
 
 
 
 
 
Milestone 1.1 Subunit immunogens and MNP vaccination 
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Milestone Milestone 1.1.1.A:   Development and optimization of 
patch vaccination approach employing arenavirus subunits in 
guinea pigs:   Building on the success of our GPe + NP-NTD LASV 
vaccine, we will compare the protective efficacy of two adjuvants 
coupled to our LASV GPe and NP-NTD proteins developed and 
manufactured in Core D either as individual subunit vaccines or 
combinations as outlined in table XXTable 1 using an intramuscular 
(IM) vaccination approach.   Eight outbred, 350 gram Hartley guinea 
pigs (balanced sex) will be randomly assigned to groups as outlined in 
Table XXTable 1.    Blood will be collected prior to immunization and 
then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus 
neutralization assays.   After 28 days immunized animals will be boosted with an equivalent dose as the priming 
vaccination IM.   On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core EC and 
challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group58 (REFS). After virus 
challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual 
assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional 
biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque 
assay and qRT-PCR.   Results from the IM vaccination then be compared head-to-head against an equivalent 
vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared 

by MNP Patch CORE C.   Patches are administered after shaving a small 
section of the abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe 
and NP-NTD proteins developed and manufactured in Core D 
following the grouping described in Table XX 2 using the identical 
experimental approach as outlined above.   The challenge virus will be 
the established MACV Chicava strain59 (REF). Given the lack of clarity 

on the potential for the JUNV Candid-1 vaccine to afford protection from 
challenge with MACV, we will assess its utility as a positive control 
vaccine against lethal challenge with MACV43, 44. (REFs). 
 

Milestone  
1.1.1.B:   Determination of 

pan-LASV and Pan-MACV protective efficacy using optimized 
subunit-patch vaccination in guinea pigs:.   Using the adjuvant and 
vaccination route down selected in 1.1.1.A, we will assess the 
potential for our LASV subunit vaccines to confer heterologous 
protection against four lineages of LASV endemic to geographically 
distinct from the prototype strain (Josiah-lineage 4, Sierra Leone).   
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 6(Togo) established 
in the BSL4 evaluation Core EC as outlined in Table XX3.   The 
vaccination, challenge, and sample collection will be identical to that 
outlined in 1.1.1.A above. 
 
 For our MACV subunit vaccines 
Similarly, , after down selecting the optimal adjuvant and vaccination route, we will assess the potential for our 
MACV subunit vaccines to confer heterologous protection against three lineages of MACV endemic to genetically 
distinct from the prototype strain (Chicava-Lineage 2) after down selecting the optimal adjuvant and vaccination 
rout.   Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 1, 5, and 8 established 
in the BSL4 evaluation Core CE as outlined in Table XX4. We will also utilize JUNV (Romero strain)60 (REF) 
challenge to assess heterologous protection against a related but distinct NWAV to begin to assess the potential 
for cross protection beyond MACV strains. The vaccination, challenge, and sample collection will be identical to 
that outlined in 1.1.1.A above. 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +             

NP-NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 
  TOTALS 64 TOTALS 64 

 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 
  TOTALS 64 TOTALS 64 

 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 2 LINEAGE 3  LINEAGE 5 LINEAGE 6 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +NP-

NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 8 8 

TOTALS 40 40 40 40 

Table : XX 1: Ooutline of LASV Vaccination Schedule 
for Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 3:: XX o Outline of PAN-LASV Vaccine Efficacy 
SSchedule for Milestone 1.1.1.B 
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Milestone 1.1.1.C:   Determination of LASV and MACV 
protective efficacy using optimized subunit-patch vaccination 
in NHP:   15 cynomolgus monkeys will be randomized into two 
experimental vaccine groups of 5 animals per group, a control 
vaccine (VSV-LASV-GPC) with 5 animals, and a control group of 
five unvaccinated animals (Table XX5).   Animals in vaccine groups 
1 and 2 will be vaccinated using the down selected LASV antigens, 
adjuvants, and vaccination route identified in 1.1.1.A.    Animals in 
vaccine group 1 will receive only the 
initial single administration of vaccine 

while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 
14 days post prime. At 35 days post prime (21 days post boost for boosted animals), 
all animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected 
macaques will be assessed, and clinical signs consistent with VHF (as measured by 
hematology, serum biochemistry, and blood coagulation assays) will be documented. 
Surviving animals will be euthanized at the study endpoint 4-5 weeks after LASV 
challenge. In addition, blood will be collected before and after vaccination and at the 
study endpoint for determination of binding antibody and neutralizing antibody titers. 
Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 

mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.3.A1F. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table XX 6 using the identical experimental approach as 
outlined above for LASV challenge.   The challenge virus will be the established 
MACV Chicava strain61 (REF). Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV,If 
Candid-1 confers protection in guinea pig study outlined in 1.1.1.A we will 
confirm protection in NHPs if demonstrated in guinea pigs 43, 44 (REFs). 
 
Milestone  
12.1.2.A: Development   and optimization of patch vaccination 

approach employing nairovirus subunits: . 
Here we will determine if our GPe + NP-NTD subunit vaccine approach can be deployed against 
CCHFV.We will compare the protective efficacy of two adjuvants coupled to our CCHFV GP and NP-
NTD proteins developed and manufactured in collaboration with Core D either as individual subunit 
vaccines or combinations as outlined in Table 7 using an intramuscular (IM) vaccination approach. 
Eight 6-8 week STAT-1/KO mice (balanced sex) will 
be randomly assigned to groups as outlined in 
Table 7.  Blood will be collected prior to 
immunization and then on days 28 and 56-days 
post-immunization to evaluate humoral immune 
responses by ELISA and virus neutralization assays. 
After 28 days immunized animals will be boosted 
with an equivalent dose as the priming vaccination 
IM. On day 56 post-immunization, animals will be 
transferred to BSL4 evaluation Core E and 
challenged with 100 pfu of a low passage CCHF-
Hoti49. After virus challenge, animals will be 
monitored clinically a minimum of twice daily. 
Hands-on physical and visual assessment of 
infected animals may occur outside scheduled 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 1 LINEAGE 5  LINEAGE 8 JUNV 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 8 8 

TOTALS 40 40 40 40 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table: XXTable 5:  oOutline of 
NHP efficacy studesstudies for 
LASV Milestone 1.1.1.CB 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 Table: XXTable 6:  oOutline of NHP 

efficacy studes for MACV Milestone 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  GnGc+GP38+NP 8 8 8 8 

CCHF  GnGc+GP38 8 8 8 8 
CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals        
(NO VACCINE) 8 8 

Control vaccine        
(VSV-CCHFV-M) 8 8 

  TOTALS 128 TOTALS 128 
 

Table: XXTable 4:  oOutline of PAN-MACV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 

Table: XXTable 7:  oOutline of NHP efficacy studies for 
MACV Milestone 1.1.1.B 
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times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 
days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the 
IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort 
where the subunit vaccines will be administered using the MNP patches prepared by MNP Patch CORE 
C. Patches are administered after shaving a small section of the abdomen and applied using gentle 
pressure for 10-15 minutes so that the microneedles can fully dissolve. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Milestone 

12.1.2.B:   
Determination of pan-
CCHF protective 
efficacy using 
optimized subunit-
patch vaccination in 
STAT-1KO mice: Using 
the adjuvant and 

vaccination route down selected in 1.1.2.A, we will 
assess the potential for our CCHFV subunit vaccines to 
confer heterologous protection against four lineages of 
CCHFV endemic to geographically distinct areas from 
the prototype strain (CCHF-Hoti). Employing optimized 
strain 13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) 
established in the BSL4 evaluation Core C as outlined 
in Table 8. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.2.A 
above.  
 
 
 
Milestone  
 
 
 
 
 
 
 
 
 
 
 

VACCINE 
PAN-LINEAGE PROTECTION 

CLADE  1 CLADE 3 CLADE 4 CLADE 6 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  

GnGc+GP38+NP 8 8 8 8 
CCHF  GnGc+GP38 8 8 8 8 

CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-CCHF-M) 8 8 

  TOTALS 128 TOTALS 128 

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 Table: XXTable 9:  oOutline of NHP 

efficacy studies for MACV Milestone 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15  

VACCINE CHAPV  
NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LUJV NP-NTD 8 

LUJV GPe 8 
LUJV GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 
KASV  NP 

KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 Table: XXTable 10: Ooutline of NHP efficacy studies for MACV Milestone 

1.1.1.B 

Table: XXTable 8:  oOutline of NHP efficacy studies for MACV Milestone 
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2.1.2.C:   Determination of protective efficacy using optimized subunit-patch vaccination in NHP: In 
collaboration with Core E, 15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 
5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated effective in mice23 and NHP 
(Unpublished, Cross and Geisbert) with 5 animals, and a control group of five unvaccinated animals (Table 9). 
Animals in vaccine groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, adjuvants, and 
vaccination route identified in 1.1.2.A.  Animals in vaccine group 1 will receive only the initial single administration 
of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post 
prime. At 35 days post prime (21 days post-boost for boosted animals), all animals will be challenged with 5000 
PFU of CCHFV-Hoti. The disease of infected macaques will be assessed, and clinical signs consistent with VHF 
(as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after CCHFV challenge. In addition, blood will be 
collected before and after vaccination and at the study endpoint for determination of binding antibody and 
neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood mononuclear cells (PBMCs) will 
be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.1F. 
 
Milestone  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
21.1.2.D:   Determination of protective efficacy against novel, emerging arenaviruses and nairovirus “test 
case” viruses using optimized subunit-patch vaccination in STAT-1/KO mice, guinea pigs and NHP:  
RP1 and Core D will produce optimized GPe and NP-NTD antigens to formulate 
vaccines for LUJV and CHAPV based off lessons learned from 1.1.1A-C. Protective 
efficacy studies then be carried out where Core E will vaccinate and challenge 
guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). RP1 
and Core D will also produce optimized KASV GP and NP-NTD antigens to 
formulate subunit/MNP vaccines based off lessons learned from 1.1.1A-C. 
Protective efficacy studies will then be carried Core E will vaccinate and 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
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challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10)  
 
Milestone  
 
 
 
 
 

 

 

2.1.2.E:  Determination of protective efficacy against novel, emerging nairovirus using optimized subunit-patch 
vaccination in STAT-1KO mice and NHP 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
1.1.31.F:   Determination of cellular and humoral immune correlates associated with 
protectionprotection.    
Milestone 1.1.3.A1.F.a: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: . 
We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-
patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, 
LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role 
as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. 
Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and 
expect responses in vaccinated EVD survivors to be superior to natural immunity.  
Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard whole blood flow cytometric staining protocols will be used 
for surface and intracellular staining markers. , bBriefly cryopreserved PBMCs no older than 3 months old are 
gently thawed then washed with 2% FBS/PBS and stained with a viability dye for 20 minutes at room 
temperature. CCells are then washed again and , surface stain cocktail is added to the tubes, incubated for 20 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LASSA NP-NTD 8 

LASSA GPe 8 
LASSA GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

Table: XX outline of NHP efficacy studes for MACV 
Milestone 1.1.1.B 
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minutes, and washed. Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) 
then washed in PBS. Stained, fixed cells will then either be acquired directly. Cell populations are then acquired 
and quantified using a Cytek Aurora spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: . PBMC stimulations will be set up according to modifications of well 
established, previously published protocols. 62, 63 PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added at a concentration 
of 10mg/mL and then incubated at 37oC forprior until to flow cytometry staining. Cells will then be washed and 
stained according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated 
with purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 
media (RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess 
secreted analytes by multiplex-bead based assays will be set up in 96-well plates and supernatants will be will 
be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye for 20 minutes at room temperature, then washed with 2% 
FBS/PBS. Surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are 
incubated in BD Cytofix/Cytoperm solution for 20 minutes followed by a wash.  with BD Perm/Wash Buffer. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then be acquired using a 
Cytek Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi4-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated for 3 hours at room temperature, protected from light and subsequently 
washed by pelleted centrifugation.. 1mL of wash buffer will be added and beads will be pelleted by centrifugation 
at 200g for 5 minutes. Wash buffer will be removed and discarded. Beads will be resuspended in 300uL wash 
buffer and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibodyantibody, and incubated 
either overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes.  at room 
temperature, protected from light. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at 
room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an S6 Universal M2 
ELISPOT analyzerneed model ELISPOT Fluorescence Microplate Reader.  
. 
Data Analysis: We will look at theexamine differences in immune responses across groups between each 
timepoint and baseline. Model assumptions will be checked for a one-way ANOVA to compare the three groups. 
we will run the analysis after checking model assumptions, if those are not met then we will adjust to a 
nonparametric model or transform the outcome appropriately. To look at the longitudinal aspect of the data, we 
will investigate measurements over time between groups, the interaction of group and time can be analyzed 
using covariance pattern models (or linear mixed models), where the correlation between observations 
measured over time can be handled more flexibly. As a more exploratory analysis we will also look at adjusting 
for possible confounding variables such as sex and age. For categorical variables, comparisons will be made 
using Chi-Square tests. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software 
(Cary, NC), and R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity 
of T-cell responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in 
our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will 
be banked to assess the presence of biomarkers associated with differences between groups. 
Milestone  
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1.1.3.A:1.1.1.F.b: Systems serology Characterization of   Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: .  
We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology 
platform developed by Dr. Gunn in with Core D64-66 to define the Fc-mediated humoral antiviral functions 
associated with vaccinationvaccine protection. Protective Fc-mediated humoral immune profiles have been 
identified in natural immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels 
of LASV, MACV, CCHFV,LUJVCCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate 
immune effector functions (phagocytosis, NK cell activation, and complement fixation).  
Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens utilized used for vaccination. To evaluate cross-reactive antibody responses 
against the GP of other LASV, MACV, or CCHFV lineages.,  Wwe will use a multiplexed analysis to determine 
the levels of antibodies against the viral antigens using on a MagPix xMAP instrument as described.65, 67 
Specifically, each viral antigen will be coupled to coded magnetic beads (Luminex), mixed together, and 
incubated with serial dilutions of patient samples. Beads are washed and the levels of different antibody 
isotypes/subclasses specific for each antigen will be determined using labeled secondary antibodies against 
human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM.   For quantitation of bound antibody, we will make a 
standard useing pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions:   We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. at KGH. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates for 5 hours at 37C 5% CO2, and surface expression of 
CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine 
staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and 
TNFa by flow cytometry. 
Data Analysis: Univariate analyses were will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction was used to determine statistical significance 
between groups.. A network analysis will be performed to identify significant antibody features. Associations 
between antibody features will be determined using nonparametric Spearman correlation coefficient. Statistically 
significant associations after Bonferroni correction for multiple comparisons (adjusted P < .05) were used to 
generate networks in Cytoscape (version 3.4.0). 
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and additional clinical information (ieclinical 
signs into the network analysis.: PES symptoms). These will be included in the network analysis. 
Milestone 1.AIM 22: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no 
available isolates: We will use existing mammarenaviruses68, 69 and orthonairovirus70 reverse genetics systems 
present at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if 
natural isolates are not otherwise available. In parallel, will also create reporter constructs to enable high 
throughput screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a 
virulence factor as protective antibodies targeting this protein have been identified. KASV does not have an 
equivalent GP38 homolog but is still pathogenic in mice and humans (REFS). There is currently no reverse 
genetics system for KASV. We will develop an infectious clone system for KASV to create a reporter virus for 
screening antivirals, but also to build a tool for beginning to understand KASV pathogenesis through loss of 
function studies. 
Milestone 2: 1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody 
treatmentstreatments. 
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Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
feasibility of PREP with a serum half-life extended mAb against JUNV. 
Clinically validated Fc mutations can result in improvement in serum half-life up 2-4 months(34-37). 
Scientific Approach:  
 
 
A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine: . In conjunction with RP1 Cores 
D and Core E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this 
product format will be an option for development with any of the other viruses being targeted by PABVAX. For 
this proof-of-concept effort, an existing anti-Junin virus mAb with whose potent therapeutic efficacy 71, 72 (guinea 
pig and NHP references) we have previously described by Abelson, Geisbert and Zeitlin will be produced with 
YTE and LA Fc point mutations to extend the serum half-life of the mAb(Table 4). The pharmacokinetics (PK) of 
these two variants will be evaluated in NHPs (Bioqual, Inc.; Rockville, MDsee Core D) to select a lead candidate 
for testing in NHPs against Junin Romero challenge in Core E. For the PK study, two doses (15 and 5 mg/kg) of 
each mAb will be administered IM to groups of 3 cynomolgus macaques (mixed sex). Serum will be collected 

(pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7, 10, 14, 21, 28, 42, 56) and tested via ELISA and Octet to 
quantitate serum antibody concetrations. PK parameters will be modeled with WinNonlin Phoenix software 
(reference). We will select tThe variant with the most favorable pharmacokinetic (described in Core D)s PK will 
be selected for testing with by RP1/Core E. Briefly, groups of 45 cynomolgus macaques (mixed sex) will receive 
15 or 5 mg/kg of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV 
(Espindola or RomeroEspindola?) delivered IV (Table 11). For further details of the NHP testing, please see 
Core E. These data will be used by the Scientific Advisory Committee Board to inform decision making around 
possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 
 

Expected results, alternative approaches andapproaches and Go-No-Go decisions (brief 
summary – see also Project Milestones and Timelines). We expect to be able to construct an 
immunogenic and protective subunit-patch targeting LASV, MACV, and CCHFV and use lessons 
learned from this Phase I suite of studies to rapidly develop subunit-patch vaccines for three “test case” 
viruses LUJV, CHAPV, and KASV in Phase II of the project.……. If this anyis not the case any  of these 
Phase I vaccine projects have not met the “go” criteria,  three viruses by year 2 we will refocus effects 
efforts towardon  the remaining viruses  families adjusting the requested budgets accordingly after 
consulationconsultation with NIAID and SAC.  

PREP JUNV NHP 
CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 

Table 11: PREP schedule outline in 
Milestone 2 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 
loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 
Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

1.1.1.B CORE C,D,E

1.1.1.C CORE C,D,E

1.1.2.B CORE C,D,E

1.1.2.C CORE C,D,E

1.1.2.D CORE C,D,E

1.1.3.A CORE D, E

1.1.3.B CORE D, E

1.2 CORE E

2 CORE D, E

Vaccine efficacy in mice, guinea pigs, & NHP: LUJV, CHAPV, KASV

1.1.1.A CORE C,D,E
Prepare arenavirus antigens and MNP vaccines

Prepare arenavirus antigens and MNP vaccines
CORE C,D,E1.1.2.A

Cellular correlates associated with protection

Reverse genetics of emerging bunyaviruses

PREP  monoclonal antibody vaccination: JUNV

Serological correlates associated with protection

Vaccine  efficacy in NHP: CCHFV

Vaccine  efficacy in guinea pig: LASV & MACV  heterologous challenge

Vaccine  efficacy in mice: CCHFV:  homologous challenge

RP LINKAGEAIM

Vaccine  efficacy in guinea pig: LASV& MACV  homologous challenge Vaccine efficacy in guinea pigs: LUJV & CHAPV 

Vaccine  efficacy in guinea pig: LASV & MACV  heterlogous challenge

Vaccine  efficacy in NHP: LASV & MACV  

PROOF OF CONCEPT PROTOTYPES
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5

2

3

1
2

3
1
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Please note: Discussion of expected results, other alternative approachesapproaches, and criteria for “go” or “no 
go” decisions for MILESTONES 1-4 and 2 are discussed as required in RFA-AI-20-023 in the Project Milestones 
and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 
within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 
virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 
Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 
development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 
experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 
(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 
expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 
Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 
MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 
leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 
Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 
vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 
the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 
NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-
MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 
and the overall goal of the NIAID, ReVAMPP Centers. 

References: 

 
JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
 
 
AIM 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  
 
 
 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also 
Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective 
subunit-patch targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses 
by year 2 we will refocus effects on the remaining virus families adjusting the requested budgets 
accordingly after consulation with NIAID and SAC 
 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 
decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and 
Timelines section.  
JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
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RESEARCH STRATEGY: 
1. SIGNIFICANCE
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare,
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens. This classification stems is
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality,
have potential for major public health impact, and require special action for public health preparedness 3 . Threats
to public health are further heightened due to lack of internationally approved vaccines to address threats of
natural epidemics as well as the potential bio-weaponization of these viruses.

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
The Mammarenaviruses: All mammarenaviruses share a common genomic organization consisting of two 
ambi-sense RNA segments. Each segment contains two open reading frames encoding two proteins per strand, 
these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the 
nucleoprotein (NP)6. Despite general similarity of their genomic architecture, these groups exhibit marked 
differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; 
nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the 
glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV survivors have been demonstrated 
to protect non-human primates (NHP), against lethal challenge 7. Recent crystal structure studies have identified 
binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) 8. These 
findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral 
responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV 
Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of 
NP, suggesting using this domain as a vaccine antigen may also be possible. 9-11. Indeed, RP1 and Core E 
investigators have demonstrated that using a Vesicular Stomatitis Virus expressing the LASV-Josiah GPC is not 
only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP 
model12, but also that live attenuated vaccines expressing this same GPC can protect NHP against challenge 
with viruses from: Lineage II13 , Lineage III (Cross, Geisbert unpublished), Lineage V14 and Lineage VI (Cross 
and Geisbert Unpublished).  
The Orthonairoviruses: Unique from other bunyaviruses, orthonairoviruses are transmitted primarily by ticks in 
nature. While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus15, Issyk-Kul virus16, 
Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public health 
threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia. There 
are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to bird 
migration changes, livestock trade, and even global warming are contributing to increasing numbers of infections 
in humans in areas otherwise not known to be endemic including central Spain18 and most recently the reservoir 
Hyalomma ticks have been found as north as Sweden19. Infection in humans begins as a nonspecific febrile 
illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to death in 30% of 
cases in some regions20. CCHFV is listed on the WHO priority pathogen list2 and is also a NIH-NIAID category 
A pathogen3. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived 
inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy21 (REF). Ribivirin has been used 



to treat infections with limited success22. CCHFV has a trisegmented genome encoding 4 proteins, NP, small 
non-structural protein (NSs), L polymerase protein, and a GPC 20. Like mammarenaviruses, CCHFV NP and GP 
are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across 
the 6 genomic clades with up to 95% amino acid homology20. Conversely, he CCHFV GPC is considerably less 
conserved, where less than 75% amino acid conservation is present20. The genetic diversity of CCHFV correlates 
strongly with geography, and clades of CCHFV segregate based on geographical location which creates a 
challenge in terms of creating a pan-CCHFV vaccine or therapeutic based solely on one clade. Nonetheless, we 
have demonstrated that heterologous vaccine mediated protection can be afforded using a VSV vectored 
vaccine expressing the full GPC of CCHF23. 
2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for Epidemic 
Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine candidates24 with 
four out of five candidates based on viral vector backbones. The remaining candidate is a DNA-based vaccine 
in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data concerning the 
safety and efficacy of these vaccine candidates is currently available24. Further, four of the five deliver LASV GP 
as the sole immunogen, potentially limiting long-term durability and potential of the immune response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known 
to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection 
in a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV 
lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine 
9, 10, 31, 32. Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete 
protection against LASV challenge in guinea pigs.  
Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a divergent virus 
with up to six genetic clades. This diversity is evident in the variation observed most clearly in glycoprotein 
sequences across lineages which can be less than 75% amino acid conservation 20. Given the glycoprotein is a 
pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV vaccines have 
struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was based on. 
Conversely, NP is highly conserved but not exposed on the virus surface cellular surface 20 . Indeed, a recent 
report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against 
heterologous challenge 33. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy likely 
has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control mammarenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g. immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE 34, 35 and LA 3637 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 
3. APPROACH  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus and 
orthonairovirus species. This will be achieved by tailoring antigen design from prototype applicable to related 
members of these viral families. These optimized vaccines will be produced in Core D and evaluated for 



protective efficacy and determination of immune 
correlates associated with protection in animal 
models under maximum (BSL4) containment in 
collaboration with Cores D and E via 
intramuscular administration or Microneedle 
skin Patch (MNP). MNPs containing subunit 
vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. 
Using optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for 
mammarenaviruses and orthonairoviruses to 
RP4 and RP5 to produce broadly reactive 
monoclonal antibodies or nanobodies, 
respectively. RP1 and Cores D and E will also 
collaborate on a pilot study to determine 
feasibility of PREP using half-life extended 
antibodies as an alternative to traditional 
vaccination. Lastly, RP1 will work closely with 
Core E to develop infectious clones using 
reverse genetics to develop BSL4 research 
tools and animal models for viruses that are 
otherwise not available to the research 
community. 
Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. 
All findings in our work have been and will be validated by multiple independent lines of evidence to 
ensure scientific rigor. All experiments are carried out with several internal controls with multiple 
replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed 
via in-depth discussions with biostatistics consultants to ensure that statistics and any required testing 
for multiple comparisons have been properly performed. 
PRELIMINARY RESULTS 
Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked 
GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp 
has since made structure-based improvements to generate a stable GP immunogen representative of the 
authentic viral GP spike 
and suitable for use as a 
vaccine. We reverted the 
E329P mutant, 
hypothesized to stabilize 
heptad repeat 1 in GP28 
and added an additional 
trimerization motif to 
stabilize the GP spike in 
the absence of Fabs. The 
tagged trimeric LASV GP 
is expressed and secreted 
from Drosophila S2 cells 
and purified from 
supernatant via affinity 
chromatography using a 
StrepTrap HP column (GE 

Figure 1: Overall Research Strategy for RP and demonstration of interactions with other RP and 

Cores of PABVAX 

Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 

and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-

J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer verification of trimerization (Figure 2). 
Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are supportive of the stability required 
for a vaccine candidate. 
The engineering methodologies employed for LASV GP translated well to 
the NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of 
JUNV GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our GP 
antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  
LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong 
humoral response and high titers of nAbs to a target pathogen, increasing 
evidence25-30 suggests that the cellular response, mediated by T cells, can 
play a potent and complementary role in the long-term protection against 
pathogens. Understanding that T cell responses highly correlate with LASV 
recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 

Figure 3. LASV NP subdomains and 

expression. (A) Crystal structure of LASV NP 

highlighting the two functional subdomains. (B) 

SDS-PAGE gel showing highly purified LASV NP 

antigens for vaccine study.  

Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 

intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 

2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 

monitored for 35 days post-challenge, and survival curves and weight change are plotted.  



early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  
Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 

Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Mammarenavirus Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the Mammarenaviruses and the 
Orthonairoviruses. Generation of effective vaccines against members of both has potential great global benefit 
as both viral families have sprawling geographic endemic ranges ranges which have resulted in marked genetic 
diversity within each viral family further challenging effective vaccine approaches.  

• Old Word Mammarenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the 
prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands 
of estimated cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most 
imported to non-endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported 
to close to 40 times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 
(REFS). There are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine 
candidates, 4 of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This 
creates a vacuum for vaccine options for special populations such as the pregnant, the elderly, and the 
immunocomprimised. There are existing guinea pig and NHP animal models. 

• New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina 42, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine 43, 44. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations45. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola (Lineage XX) as the prototype NWAVs as there are no 
approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 
vaccine suggest other approaches are warranted.  

• Orthonairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the orthonairovirus family with 
an estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year46. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy47. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 

Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 

survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 

after 2 step purification (right electrophoresis gel). 
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efficacy, advantages, and disadvantages47; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials48. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP49. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 50 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38.  

Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in animal models. 

• In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa51. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach52 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

• First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%53, 54. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment54. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, 
and E). 

• In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats 55. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV56. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible55. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments57. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  
Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 
viruses for research and vaccine design for several different virus families (REFS). An additional goal of RP1 is 
to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist 



either because 1) only sequence information is available or 2) isolates 
exist but viruses are unable to be shared with the research community. 
In collaboration with Core E, RP1 develop and rescue of New World 
arenaviruses using existing reverse genetics approaches at UTMB or 
develop new ones to meet these needs. 
Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs: Building on the success of our GPe + NP-NTD LASV vaccine, 
we will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core D either as individual subunit vaccines 
or combinations as outlined in Table 1 using an intramuscular (IM) vaccination approach. Eight outbred, 350 

gram Hartley guinea pigs (balanced sex) will be randomly assigned to groups as outlined in Table 1.  Blood will 
be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral 
immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with 
an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred to 
BSL4 evaluation Core E and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our 
group58. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical 
and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, 
additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia 
by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head against an 
equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches 

prepared by CORE C. Patches are administered after shaving a small 
section of the abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe 
and NP-NTD proteins developed and manufactured in Core D following 
the grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 
MACV Chicava strain59. Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV, 
we will assess its utility as a positive control vaccine against lethal 
challenge with MACV43, 44. 

Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 
and 6(Togo) established in the BSL4 evaluation Core E as outlined 
in Table 3. The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to confer heterologous protection against three 
lineages of MACV genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the 
optimal adjuvant and vaccination rout. Employing optimized strain 13 or outbred, Hartley guinea pig models for 
lineages 1, 5, and 8 established in the BSL4 evaluation Core E as outlined in Table 4. We will also utilize JUNV 
(Romero strain)60  challenge to assess heterologous protection against a related but distinct NWAV to begin to 
assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 

Table 1: Outline of LASV Vaccination Schedule for 

Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 

Milestone 1.1.1.A 

Table 3: Outline of PAN-LASV Vaccine Efficacy 

Schedule for Milestone 1.1.1.B 



Milestone 1.1.1.C: Determination of LASV and MACV protective 
efficacy using optimized subunit-patch vaccination in NHP: 15 
cynomolgus monkeys will be randomized into two experimental 
vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be 
vaccinated using the down selected LASV antigens, adjuvants, and 
vaccination route identified in 1.1.1.A.  Animals in vaccine group 1 
will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 
days post prime (21 days post boost for 

boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The 
survival of infected macaques will be assessed, and clinical signs consistent with 
VHF (as measured by hematology, serum biochemistry, and blood coagulation 
assays) will be documented. Surviving animals will be euthanized at the study 
endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody 
and neutralizing antibody titers. Blood and tissues will also be taken after virus 
challenge for histopathology, immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline 

in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be the established 
MACV Chicava strain61. If Candid-1 confers protection in guinea pig study 
outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea 
pigs 43, 44 
Milestone 1.1.2.A: Development and optimization of patch vaccination 
approach employing nairovirus subunits: Here we will determine if our GPe + 
NP-NTD subunit vaccine approach can be deployed against CCHFV.We will 
compare the protective efficacy of two adjuvants coupled to our CCHFV GP and 
NP-NTD proteins developed and manufactured in collaboration with Core D 
either as individual subunit vaccines or combinations as outlined in Table 7 using 

an intramuscular (IM) vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly 
assigned to groups as outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 
and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. 
After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 
56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a 
low passage CCHF-Hoti49. After virus challenge, animals 
will be monitored clinically a minimum of twice daily. 
Hands-on physical and visual assessment of infected 
animals may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 
1, 4, 7, 10, 14, 21 and 28 days will be processed for 
measurement of viremia by plaque assay and qRT-PCR. 
Results from the IM vaccination then be compared head-
to-head against an equivalent vaccination/challenge 
cohort where the subunit vaccines will be administered 
using the MNP patches prepared by MNP Patch CORE 
C. Patches are administered after shaving a small 
section of the abdomen and applied using gentle 
pressure for 10-15 minutes so that the microneedles can 
fully dissolve. 
 

VACCINE LASV CHALLENGE 

 
LASSA NP-NTD 

10  
(TWO GROUPS OF 5) 

 

LASSA Gpe  

LASSA Gpe +      
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(VSV-LASV-GPC) 5 

 

TOTALS 15  

 
Table 5: Outline of NHP efficacy 

studies for LASV Milestone 

1.1.1.C 

VACCINE MACV CHALLENGE 

 
MACV CHICAVA 

NP NTD 

10 
(TWO GROUPS OF 5) 

 

MACV CHICAVA 
GPe 

 

MACV CHICAVA 
NP + GPe 

 

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(JUNV-Candid-1) 5 

 

TOTALS 15  

 Table 6: Outline of NHP efficacy 

studes for MACV Milestone 1.1.1.B 

Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 

for Milestone 1.1.1.B 

Table 7: Outline of NHP efficacy studies for MACV 

Milestone 1.1.1.B 



Milestone1.1.2.B: Determination of pan-CCHF 
protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and 
vaccination route down selected in 1.1.2.A, we will assess 
the potential for our CCHFV subunit vaccines to confer 
heterologous protection against four lineages of CCHFV 
endemic to geographically distinct areas from the 
prototype strain (CCHF-Hoti). Employing optimized strain 
13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) 
established in the BSL4 evaluation Core C as outlined in 
Table 8. The vaccination, challenge, and sample collection 
will be identical to that outlined in 1.1.2.A above.  
 
 

Milestone 2.1.2.C: Determination of protective efficacy using optimized 
subunit-patch vaccination in NHP: In collaboration with Core E, 15 
cynomolgus monkeys will be randomized into two experimental vaccine groups 
of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated 
effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, 
and a control group of five unvaccinated animals (Table 9). Animals in vaccine 
groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, 
adjuvants, and vaccination route identified in 1.1.2.A.  Animals in vaccine group 
1 will receive only the initial single administration of vaccine while animals in 
vaccine group 2 will receive the same vaccine as the prime vaccine 14 days 
post prime. At 35 days post prime (21 days post-boost for boosted animals), all 
animals will be challenged with 5000 PFU of CCHFV-Hoti. The disease of 
infected macaques will be assessed, and clinical signs consistent with VHF (as 
measured by hematology, serum biochemistry, and blood coagulation assays) 
will be documented. Surviving animals will be euthanized at the study endpoint 
4-5 weeks after CCHFV challenge. In addition, blood will be collected before 

and after vaccination and at the study endpoint for 
determination of binding antibody and neutralizing 
antibody titers. Blood and tissues will also be taken after 
virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) 
will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 
1.1.1F. 
 
Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, 
guinea pigs and NHP: RP1 and Core D will produce 
optimized GPe and NP-NTD antigens to formulate 
vaccines for LUJV and CHAPV based off lessons learned 
from 1.1.1A-C. Protective efficacy studies then be carried 
out where Core E will vaccinate and challenge guinea 
pigs or NHP as outlined in 1.1.1A and 1.1.1C, 
respectively (Table 10). RP1 and Core D will also 
produce optimized KASV GP and NP-NTD antigens to 
formulate subunit/MNP vaccines based off lessons 
learned from 1.1.1A-C. Protective efficacy studies will 

VACCINE CCHF CHALLENGE 

 
CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

 

CCHF  GP38  

CCHF  NP  

CCHF  
GnGc+GP38+NP 

 

CCHF  GnGc+GP38  

CCHF  GP38+NP  

CCHF  GnGc+NP  

Control animals 
(NO VACCINE) 5 

 

Control vaccine 
(VSV-CCHF-M) 5 

 

  15  

 Table 9: Outline of NHP efficacy studies 

for MACV Milestone 1.1.1.B 

VACCINE 
LUJV  

NHP CHALLENGE 
 

LUJV NP-NTD 

10 
 (TWO GROUPS OF 5) 

 

LUJV GPe  

LUJV GPe +       
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

 

 

 

 

 

 

 

 

 

VACCINE 
CHAPV  

NHP CHALLENGE 
 

 CHAPV NP NTD 

10 
 (TWO GROUPS OF 5) 

 

CHAPV GPe  

CHAPV GPe + 
NP-NTD 

  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

VACCINE 
LUJV  

NHP CHALLENGE 
 

LUJV NP-NTD 

10 
 (TWO GROUPS OF 5) 

 

LUJV GPe  

LUJV GPe +       
NP-NTD 

 

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

 

 

 

 

 

 

 

 

 

VACCINE 
CHAPV  

NHP CHALLENGE 
 

 CHAPV NP NTD 

10 
 (TWO GROUPS OF 5) 

 

CHAPV GPe  

CHAPV GPe + 
NP-NTD 

  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 

VIRUS 

GUINEA PIG 
CHALLENGE 

LUJV 

LUJV NP-NTD 8 

LUJV GPe 8 

LUJV GPe + 
NP-NTD 8 

Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VACCINE 

GUINEA PIG 
CHALLENGE 

CHAPV 

 CHAPV NP NTD 8 

CHAPV GPe 8 

CHAPV NP + GPe 8 

Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VIRUS 

MOUSE 
CHALLENGE 

KASOKERO 
VIRUS 

KASV  GnGc 8 

KASV  NP 8 

KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

 

VACCINE 
KASOKERO  

NHP CHALLENGE 
 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 

 

KASV  NP  

KASV  GnGc +NP  

Control animals 
(NO VACCINE) 5 

 

TOTALS 15  

 Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 

Table 8: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 



then be carried Core E will vaccinate and challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, 
respectively (Table 10)  
Milestone 1.1.3: Determination of cellular and humoral immune correlates associated with protection.  
Milestone 1.1.3.A: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a 
targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination 
using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, 
ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important 
correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will 
measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect 
responses in vaccinated EVD survivors to be superior to natural immunity.  
Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences, 
Franklin Lakes, NJ) then washed. Cell populations are then acquired and quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols.62, 63 PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins 
or peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed. Stained, fixed cells will then be acquired using a Cytek 
Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in 



our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will 
be banked to assess the presence of biomarkers associated with differences between groups. 
Milestone 1.1.3.A:: Systems serology Characterization of Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D64-66 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  
Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument .65, 67 Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 
Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing mammarenaviruses68, 69 and orthonairovirus70 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog but is still pathogenic in mice and humans (REFS). There is currently no reverse genetics system for 
KASV. We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, 
but also to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 

PREP 
JUNV NHP 

CHALLENGE  

 

5 mg/kg 5  

15mg/kg 5  

Control animals (NO PREP) 5  

TOTALS 15  

 Table 11: PREP schedule outline in 

Milestone 2 



feasibility of PREP with a serum half-life extended mAb against JUNV. Clinically validated Fc mutations can 
result in improvement in serum half-life up 2-4 months(34-37). 
Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy71, 

72  we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-
life of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D)  for 
testing with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the 
lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered 
IV (Table 11). For further details of the NHP testing, please see Core E. These data will be used by the Scientific 
Advisory Board to inform decision making around possible additional IM mAb prophylaxis plug and play 
prototypes against other viruses. 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 

Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 

targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 

subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any 

of the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 

adjusting the requested budgets accordingly after consultation with NIAID and SAC. Please note: Discussion of 

expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 

2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 

within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 

virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 

Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 

development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 

experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 

(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 

expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 

Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 

MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 

leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 

Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 

vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 

the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 

NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-

MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 

and the overall goal of the NIAID, ReVAMPP Centers. 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 

loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 

Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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SPECIFIC AIMS 
The viral order Bunyavirales is composed of several viral families known to contain several high priority human 
pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic 
diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in 
survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six 
arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, 
MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID 
Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparednessThreats to public health are further heightened due to lack of internationally approved vaccines 
to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address 
this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, 
immunology, and biological product development, to develop arenavirus and nairovirus research tools and 
vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” manner. 
Much of the work developing vaccines against high containment viruses has relied heavily on viral isolates 
derived over 40 years ago or longer, which creates a concerns tied to efficacy as newer related viruses continue 
to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed the 
generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses 
(CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development 
for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral 
glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered 
a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed 
GP. We have found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully 
protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine 
components. Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle 
patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable 
MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen.  The importance of humoral immunity for affording potent 
protection or treatment against viral infections cannot be understated as evidenced by the recent success using 
monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for 
pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows 
are possible.  The goals of this proposal are two-fold: (1) Develop novel vaccination approaches utilizing subunit-
MNP vaccines developed in or monoclonal antibody PREP strategies which can provide protective immunity 
against Old and New World arenaviruses or emerging nairoviruses. (2) Develop reverse genetics tools to 
evaluate emerging arenaviruses and nairoviruses for which no isolates are available.  Specifically, we will: 

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches: 

1.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal 
immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease in 
animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of 
protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test 
case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a 
new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus.We will generate 
recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV isolates for which 
isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based assays. 
Recombinant viruses will be examined in vivo (animal model development) within Core E. 

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core D, 
we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-
engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective 
efficacy and estimate conferred immunity correlates in animal studies performed in Core E. 

Milestone 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: 
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We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV 
isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-
based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. 

 

RESEARCH STRATEGY: 
1. SIGNIFICANCE: 
1.  
 The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 

therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, 
biological manufacturing and vaccine device innovation to develop cutting edge vaccination approaches 
using plug-and-play approaches tailored from prototype mammarenaviruses and orthonairoviruses and 
applicable to related members of these viral families.  

TThe viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1.   Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% XX and significant, long-term sequelae in survivors. These viruses are on the World 
Health Organization’s (WHO) List of Priority Pathogens 2 (REF) where six rodent borne arenaviruses – Lassa, 
Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-
Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens.   This 
classification stems is owed to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparedness 3 (REF). Threats to public health are further heightened due to lack of internationally approved 
vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. 

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
The Mammarenaviruses: All mammarenaviruses share a common genomic organization consisting of two 
ambi-sense RNA segments. Each segment contains two open reading frames encoding two proteins per strand, 
these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the 
nucleoprotein (NP)6. Despite general similarity of their genomic architecture, these groups exhibit marked 
differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; 
nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the 
glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV survivors have been demonstrated 
to protect non-human primates (NHP), against lethal challenge 7. Recent crystal structure studies have identified 
binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) 8. These 
findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral 
responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV 
Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of 
NP, suggesting using this domain as a vaccine antigen may also be possible. 9-11. Indeed, RP1 and Core E 
investigators have demonstrated that using a Vesicular Stomatitis Virus expressing the LASV-Josiah GPC is not 
only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP 
model12, but also that live attenuated vaccines expressing this same GPC can protect NHP against challenge 
with viruses from: Lineage II13 , Lineage III (Cross, Geisbert unpublished), Lineage V14 and Lineage VI (Cross 
and Geisbert Unpublished).  
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The Orthonairoviruses: Unique from other bunyaviruses, orthonairoviruses are transmitted primarily by ticks in 
nature. While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus15, Issyk-Kul virus16, 
Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public health 
threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia. There 
are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to bird 
migration changes, livestock trade, and even global warming are contributing to increasing numbers of infections 
in humans in areas otherwise not known to be endemic including central Spain18 and most recently the reservoir 
Hyalomma ticks have been found as north as Sweden19. Infection in humans begins as a nonspecific febrile 
illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to death in 30% of 
cases in some regions20. CCHFV is listed on the WHO priority pathogen list2 and is also a NIH-NIAID category 
A pathogen3. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived 
inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy21 (REF). Ribivirin has been used 
to treat infections with limited success22. CCHFV has a trisegmented genome encoding 4 proteins, NP, small 
non-structural protein (NSs), L polymerase protein, and a GPC 20. Like mammarenaviruses, CCHFV NP and GP 
are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across 
the 6 genomic clades with up to 95% amino acid homology20. Conversely, he CCHFV GPC is considerably less 
conserved, where less than 75% amino acid conservation is present20. The genetic diversity of CCHFV correlates 
strongly with geography, and clades of CCHFV segregate based on geographical location which creates a 
challenge in terms of creating a pan-CCHFV vaccine or therapeutic based solely on one clade. Nonetheless, we 
have demonstrated that heterologous vaccine mediated protection can be afforded using a VSV vectored 
vaccine expressing the full GPC of CCHF23. 

  
 
Research Project 1(RP1) proposes preclinical research that will support Investigational New Drug Application 
(IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, 
the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both 
has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  
 Old Word Mammarenaviruses (OWAV): RP1 will utilize LASV as the prototype OWAV due to its 
elevated public health burden throughout West Africa with hundreds of thousands of estimated cases annually 
with XX deaths across West Africa(REF).  LASV has is the most imported viral hemorrhagic fever (VHF) next to 
dengue virus and has been imported to over XX countries (REFS).  Case fatality rates (CFR) up to 60% in 
hospitalized cases and marked long term sequelae are the result of no approved vaccines or therapeutics, 
though several live attenuated virus candidates are approaching clinical evaluation with the assistance of 
Coalition for Epidemic Preparedness Initiative (CEPI) (REFS).  Most of these vaccines utilize the LASV 
(glycoprotein) GP or the LASV GP + Nucleoprotein (NP) as the target immunogens in these vectors (REFs). 
 New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV is currently in use in 
Argentina [2], but there is conflicting evidence of whether cross protection with other NWAV is possible [3, 4] and 
there are safety concerns related to reversion to pathogenic versions. This proposal will use MACV and JUNV 
as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest other approaches are warranted. 
 Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is 
responsible for the largest global public health burden within the orthonairovirus family with an estimated XXX 
cases per year across Europe, Africa, and Asia. CCHFV outbreaks are often very large list some recent 
examples.  A suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus 
vaccine for CCHFV has been approved for use only in Bulgaria since 1974, but has numerous safety concerns 
and limited demonstrated efficacy(REFS).  Since then, a number of vaccine approaches have been examined 
ranging from viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and 
disadvantages(REF); however only an MVA-CCHFV vaccine has begun to advance towards clinical trials (REF). 
 
Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated 
viruses, which have many advantages in terms of being able to rapidly induce protective and often durable 
protection from debilitating disease and death.  However, as the global human population grows, the number of 
special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or pregnant) 
grows, which call in to the question the safety of live-attenuated vaccines and suggests more pathologically 
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benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes 
from different pathogens has been a central driver for a number of successful and approved vaccinee strategies 
including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success 
(REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale 
production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
 
Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments [5].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines 
to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.   
 
Once a candidate subunit-patch vaccine approach is selected, this approach will use lessons learned 
to produce plug-and-play approach to develop vaccines against a representative human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in 
animal models. 
 In 2008, Lujo virus was isolated from a case of severe hemorrhagic fever originating in Zambia 
but quickly causing nosocomial infections in care givers after the index case’s medical evacuation to 
South Africa [6]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak 
of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic 
divergence from LASV suggest countermeasures with antigenic targets may be of limited use, 
underscoring the need for antiviral tools against this emerging threat.  
 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus 
associated with development of severe hemorrhagic fever with case fatality rates up to 60% [7, 8]. 
Recent studies have demonstrated clear human-to-human transmission risk during the acute phase 
evidenced by several nosocomial infections but also detection of viable virus from semen at 86 days 
after symptom onset demonstrating a clear need to specialized management and treatment [8].  It is 
unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective, 
but the phylogenetic divergence of CHAPV of XX% from JUNV suggests it may not be. 
 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan 
bats and responsible for causing several cases of acute febrile illness of laboratory workers from the 
same lab that processed infected bats [9].  Serosurveys of 109 laboratory workers from the same facility 
the virus was isolated and worked with demonstrated a 13% seropositivity where medical surveys 
revealed clinical symptoms in 4 to 15 months after the virus was isolated, suggesting either continued 
laboratory associated infections or chains of ongoing person-to-person transmission.  Recently, tick 
surveys have demonstrated the potential for Ornithodoros faini ticks to participate in enzootic 
maintenance of KASV [10].  While most chiropteran ticks exhibit host specificity, humans entering caves 
where these bats are have reported bites from O.faini ticks as well.  The highly infectious potential for 
this virus in humans coupled to a complete lack of vaccines or therapeutics make suggest investment 
in countermeasure development is well advised. 
Pre-exposure prophylaxis (PREP) and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier immunity to high- risk 
individuals for infections such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies 
(polyclonal immunoglobulin for post-exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for 
prophylaxis (REFS). The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses.  Building on this success, 
RP1 will also perform pilot studies to examine the feasibility of PREP utilizing with a serum half-life 
extended mAb against JUNVs. Clinically validated Fc mutations can result in an improvement in serum 
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half-life from 3-4 weeks to 2-4 months which can increase the instant barrier immunity from 30-45 days 
to 60+ days ([11-13] [14]refs).  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines 
and therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, 
biological manufacturing and vaccine device innovation to develop cutting edge vaccination 
approaches using plug-and-play approaches tailored from prototype mammarenaviruses and 
orthonairoviruses and applicable to related members of these viral families.  
 
 
2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens:   
The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV 
vaccine candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate 
is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical 
data concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the  
fivethe five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the 
immune response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known 
to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection 
in a lethal, outbred guinea pig model.    Sequence conservation across NP is higher than GP across LASV 
lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective 
vaccine(vaccine 9, 10, 31, 32REFS).   Indeed, we have found that an immunogenic cocktail comprised of LASV GP 
and NP offered complete protection against LASV challenge in guinea pigs.  
Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens:   
CCHFV is a divergent virus with up to seven six genetic lineages clades(REFS). .  This diversity is evident in the 
variation observed most clearly in glycoprotein sequences across lineages which can be less than 75% amino 
acid conservation 20.   Given the glycoprotein is a pivotal protein dictating viral entry and  immuneand immune 
recognition, it is little wonder why CCHFV vaccines have struggled with heterologous challenge with strains of 
viruses outside of the clade the vaccine was based on (REF). Conversely, NP is highly conserved but not 
exposed on the virus surface cellular surface 20 (REFs).   Indeed, a recent report has demonstrated that an NP 
expressing replicating RNA vaccine was able to confer protection against heterologous challenge 33. Taken 
together, a similar strategy of coupling GP and NP into a vaccine strategy likely has the greatest potential for 
potent, cross-clade protection. 
PREP “vaccination” as a measure to control mammarenaviruses:  
For situations where a vaccine does not exist or is not appropriate (e.g. immunocompromised individuals or first 
responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc 
mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting 
greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic 
efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with 
YTE 34, 35   and LA 36 37 Fc point mutations to determine the potential for delivering instantaneous, long-lasting (> 
6 months) barrier immunity using monoclonal antibodies. 
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Generation of Infectious clones and 
reporter viruses of emergining 
Arenaviruses and Nairoviruses  
3. Add blurb discussing unique access to 
field samples from across the world  and 
established expertise to generate infectious 
clones from emerging arenaviruses and 
nairoviruses: 
 
 
 
 
 
 
 
3. APPROACH  
The PABVAX consortium will build on over a 
decade of successful collaboration generating 
vaccines and therapeutics for emerging, high 
priority viruses. Collective expertise in virology, 
immunology, biological manufacturing, and 
vaccine innovation will be leveraged to develop 
cutting-edge vaccination approaches. RP1 will 
work with several RPs and Cores in the center 
to advance two novel vaccination approaches 
targeting viral families within Bunyavirales 
(Figure 1). In collaboration with Core D, RP1 
will develop stabilized GP and NP epitope-
based subunit vaccines allowing for broad 
cross-protection across mammarenavirus and 
orthonairovirus species. This will be achieved 
by tailoring antigen design from prototype 
applicable to related members of these viral 
families. These optimized vaccines will be 
produced in Core D and evaluated for protective 
efficacy and determination of immune correlates 
associated with protection in animal models 
under maximum (BSL4) containment in 
collaboration with Cores D and E via 
intramuscular administration or Microneedle skin Patch (MNP). MNPs containing subunit vaccines manufactured 
in Core D and optimized for delivery efficiency in Core C. Using optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will provide stabilized GPe vaccines for mammarenaviruses and 
orthonairoviruses to RP4 and RP5 to produce broadly reactive monoclonal antibodies or nanobodies, 
respectively. RP1 and Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using 
half-life extended antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core 
E to develop infectious clones using reverse genetics to develop BSL4 research tools and animal models for 
viruses that are otherwise not available to the research community. 
Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. 
All findings in our work have been and will be validated by multiple independent lines of evidence to 
ensure scientific rigor. All experiments are carried out with several internal controls with multiple 
replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed 

Figure 1: Overall Research Strategy for RP and demonstration of interactions with other RP and 
Cores of PABVAX 
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via in-depth discussions with biostatistics consultants to ensure that 
statistics and any required testing for multiple comparisons have 
been properly performed. 
 
PRELIMINARY RESULTS 
Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly 
challenging within the LASV research community. The LASV GP 
ectodomain (GP) consists of two non-covalently associated subunits, GP1 
and GP2, which readily disassociate in solution, historically hindering the 
expression and purification of a trimeric GPe. A recent study introduced a 
pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide-
linkeddisulfide linked GP1/GP2 monomer amenable to structural studies 
when stabilized by a fiduciary antibody Fab fragment8. Mapp has since made structure-based improvements to 
generate a stable GP immunogen representative of the authentic viral GP spike and suitable for use as a vaccine. 
We reverted the E329P mutant, hypothesized to stabilize heptad repeat 1 in GP28 and added an additional 
trimerization motif to stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV GP is expressed 
and secreted from Drosophila S2 cells and purified from supernatant via affinity chromatography using a 
StrepTrap HP column (GE Healthcare). SDS-PAGE and  Size-exclusion chromatography (SEC) offer verification 
of trimerization (Figure xx2). Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are 
supportive of the stability required for a vaccine candidate. 
The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and MACV 
(Figure 32). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure xx2). Both the interaction with a well-characterized 
mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  
 
Our trimeric arenavirus GPs support efforts to isolate novel ultra-potent mAbs and to develop a second-
generation arenavirus immunotherapeutic with reduced dosing requirements and broader reactivity compared to 
current LASV mAb candidates[25]. This significantly lowers the cost of goods while increasing ease of use for 
clinicians, both essential for a product used in developing nations where arenaviruses are prevalent. 
 
LASV subunit vaccine protects guinea pigs against lethal challenge 

Figure xx3. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure XX2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and 
purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of 
JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 
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While classical vaccine approaches have largely focused on evoking a strong humoral response and high titers 
of nAbs to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, 
can play a highly important potent and complementary role in the long-term protection against pathogens. Based 
on literature reports that Understanding that T cell responses highly correlate with LASV recovery, and that LASV 
NP plays a significant role in inducing those responses25, 38, we also generated LASV NP antigens. We also 
chose to deliver the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP separately as they 
have distinct functions in the virus lifecycle (Figure xx3) and express to high levels (50-100 mg/L) as two 
independent domains in bacteria using standard laboratory shaker flasks.  
We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV 
infection. Our study was designed (Figure 36) to assess whether immune responses to GPe onlyalone or, or 
GPe+NP  would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 36), and) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP but with no adjuvant.   In a follow-up study, we further 
examined the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge.   While 
combination of NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort 
supplemented with Addavax only resulted in 25% protection.   Correspondingly, NTD vaccination with Allhydrogel 
resulted in 100% survival where as Addavax only conferred 50% protection.   Interestingly, NP NTD vaccination 
with no adjuvant resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred 
when using Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  

Figure 63. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 
intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD +   2x25 µg of NP-CTD, or either 
2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost.   (Right) Animals were 
monitored for 35 days post-challenge, and survival curves and weight change are plotted.    
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Engineering glycoproteins antigens for the CCHFV: The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), medium (M), and large (L) segments. The M segment 
encodes the viral glycoprotein precursor (GPC) complex, which is subsequently cleaved by host 
proteases into multiple proteins, including the envelope glycoprotein GnGc and secreted GP38 protein.   
GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple 
membrane spanning region. These 
transmembrane domains complicate the in 
vitro expression of   soluble GnGc, but we 
have designed a construct that replaces the 
transmembrane domains with a linker and 
have generated a stable drosophila cell line 
that expresses up to 3mg/L. We have also 
generated stable cell lines expressing Gn, Gc, 
and GP38 proteins. We used these proteins to 
test observe potent serum reactivity in CCHF 
survivors (Figure XX4).   We will use 
established protocols 39 as a template to 
optimize expression of CCHFV and Kasokero 
NP proteins. 
 
        
Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses  
Rescue of recombinant viruses.  An important goal of the PABVAX Center is to generate tools for 
pandemic preparedness. An important component of both RP1 and RP2 is to generate and 
recombinant viruses to fill gaps and provide tools where wild type viruses do not exist either because 
1) only sequence information is available or 2) isolates exist but viruses are unable to be shared with 
the research community. In collaboration with RP1 Core E will assist in the development and rescue of 
New World arenaviruses and the henipavirus Langya virus as detailed in the Research Strategies for 
RP1 and RP2. 
APPROACH 
Overall Hypothesis:FILL THIS IN     
Specific Aim 1: Subunit immunogens and MNP vaccination Milestone 1: Develop novel 
arenavirus and nairovirus vaccination approaches:  
Rationale:  
Scientific Approach: The choice of Mammarenavirus Prototype Pathogens is justified as follows:  
 Old World Mammarenaviridae: We propose LASV Josiah strain (Lineage 4) as the prototype 
pathogen due to the depth of available research data, availability of established rodent (REF) and 
nonhuman primate(NHP) models (REFS), frequency of exportation (REFS), and large number of 
annual cases throughout West Africa  where the case fatality rate can be up to 60% in hospitalized 
cases (REF).  
 New World Mammarenaviridae:  Due to the availability of a JUNV vaccine in the endemic region 
where JUNV circulates and the lack of cross protection against challenge with other NWAV, MACV, the 
causative agent of Bolivian hemorrhagic fever, will be used as the prototype pathogen for NWAV for 
studies outlined in Milestone 1.1. There are established guinea pig (REF) and NHP (REF) models for 
MACV. JUNV is the New World arenavirus with the largest knowledge base at present [REF]. For a 
pilot efficacy study outlined in Milestone 1.2, we will use JUNV Espindola Strain as a natural extension 
of previous published work demonstrating protective efficacy of the template PREP mAb (REF). 
 Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. 
UTMB has established mouse models (REF) and NHP (REF) models to enable testing of CCHFV 
countermeasures against a number of the available clades.  CCHF is the most important member of 

Figure XX4:   Engineered CCHFV proteins are reactive with serum from CCHFV 
survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 
after 2 step purification (right electrophoresis gel). 
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the Nairoviridae family with a major public-health impact across Western Asia, the Balkans, Southern 
Europe, and most of Africa [REF].          
 
RP1 proposes preclinical research that will support Investigational New Drug Application (IND)-applications to 
develop vaccine approaches against prototype viruses from two Bunyavirales viral families, the 
Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both has 
potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  
 Old Word Mammarenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the 

prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands 
of estimated cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most 
imported to non-endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported 
to close to 40 times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 
(REFS). There are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine 
candidates, 4 of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This 
creates a vacuum for vaccine options for special populations such as the pregnant, the elderly, and the 
immunocomprimised. There are existing guinea pig and NHP animal models. 

 New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina 42, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine 43, 44. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations45. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola (Lineage XX) as the prototype NWAVs as there are no 
approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 
vaccine suggest other approaches are warranted.  

 Orthonairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the orthonairovirus family with 
an estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year46. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy47. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages47; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials48. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert 23) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP49. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 50 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38.  

Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. UTMB has 
established mouse models (REF) and NHP (REF) models to enable testing of CCHFV countermeasures against 
a number of the available clades.  CCHF is the most important member of the Nairoviridae family with a major 
public-health impact across Western Asia, the Balkans, Southern Europe, and most of Africa [REF].          
Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in animal models. 
 In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 

quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa51. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach52 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  
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 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%53, 54. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment54. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, 
and E). 

 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats 55. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV56. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible55. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments57. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  
Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important 
objective of the PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB 
have a long history of utilizing current molecular virology techniques to develop reverse genetics 
approaches to recover recombinant viruses for research and vaccine design for several different virus 
families (REFS). An additional goal of RP1 is to generate and recombinant viruses to fill gaps and 
provide research tools where wild type viruses do not exist either because 1) only sequence information 
is available or 2) isolates exist but viruses are unable to be shared with the research community. In 
collaboration with Core E, RP1 develop and rescue of New World arenaviruses using existing reverse 
genetics approaches at UTMB or develop new ones to meet these needs.Paragraph about subunit 
vaccines and PREP study. 
 
 
 
 
 
 
 
 
 
 
Milestone 1.1 Subunit immunogens and MNP vaccination 
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Milestone Milestone 1.1.1.A:   Development and optimization of 
patch vaccination approach employing arenavirus subunits in 
guinea pigs:   Building on the success of our GPe + NP-NTD LASV 
vaccine, we will compare the protective efficacy of two adjuvants 
coupled to our LASV GPe and NP-NTD proteins developed and 
manufactured in Core D either as individual subunit vaccines or 
combinations as outlined in table XXTable 1 using an intramuscular 
(IM) vaccination approach.   Eight outbred, 350 gram Hartley guinea 
pigs (balanced sex) will be randomly assigned to groups as outlined in 
Table XXTable 1.    Blood will be collected prior to immunization and 
then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus 
neutralization assays.   After 28 days immunized animals will be boosted with an equivalent dose as the priming 
vaccination IM.   On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core EC and 
challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group58 (REFS). After virus 
challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual 
assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional 
biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque 
assay and qRT-PCR.   Results from the IM vaccination then be compared head-to-head against an equivalent 
vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared 

by MNP Patch CORE C.   Patches are administered after shaving a 
small section of the abdomen and applied using gentle pressure for 
10-15 minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe 
and NP-NTD proteins developed and manufactured in Core D 
following the grouping described in Table XX 2 using the identical 
experimental approach as outlined above.   The challenge virus will 
be the established MACV Chicava strain59 (REF). Given the lack of 
clarity on the potential for the JUNV Candid-1 vaccine to afford 
protection from challenge with MACV, we will assess its utility as a 

positive control vaccine against lethal challenge with MACV43, 44. (REFs). 
 

Milestone  
1.1.1.B:   Determination of pan-LASV and Pan-MACV protective 
efficacy using optimized subunit-patch vaccination in guinea 
pigs:.   Using the adjuvant and vaccination route down selected in 
1.1.1.A, we will assess the potential for our LASV subunit vaccines to 
confer heterologous protection against four lineages of LASV endemic 
to geographically distinct from the prototype strain (Josiah-lineage 4, 
Sierra Leone).   Employing optimized strain 13 or outbred, Hartley 
guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 
6(Togo) established in the BSL4 evaluation Core EC as outlined in 
Table XX3.   The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 
 
 For our MACV subunit vaccines 
Similarly, , after down selecting the optimal adjuvant and vaccination route, we will assess the potential for our 
MACV subunit vaccines to confer heterologous protection against three lineages of MACV endemic to genetically 
distinct from the prototype strain (Chicava-Lineage 2) after down selecting the optimal adjuvant and vaccination 
rout.   Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 1, 5, and 8 established 
in the BSL4 evaluation Core CE as outlined in Table XX4. We will also utilize JUNV (Romero strain)60 (REF) 
challenge to assess heterologous protection against a related but distinct NWAV to begin to assess the potential 
for cross protection beyond MACV strains. The vaccination, challenge, and sample collection will be identical to 
that outlined in 1.1.1.A above. 
 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +             

NP-NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 
  TOTALS 64 TOTALS 64 

 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 
  TOTALS 64 TOTALS 64 

 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 2 LINEAGE 3  LINEAGE 5 LINEAGE 6 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +NP-

NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 8 8 

TOTALS 40 40 40 40 

Table : XX 1: Ooutline of LASV Vaccination Schedule 
for Milestone 1.1.1.A 

Table 2: Outline of MACV Vaccination Schedule for 
Milestone 1.1.1.A 

Table 3:: XX o Outline of PAN-LASV Vaccine Efficacy 
SSchedule for Milestone 1.1.1.B 
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Milestone 1.1.1.C:   Determination of LASV and MACV 
protective efficacy using optimized subunit-patch vaccination 
in NHP:   15 cynomolgus monkeys will be randomized into two 
experimental vaccine groups of 5 animals per group, a control 
vaccine (VSV-LASV-GPC) with 5 animals, and a control group of 
five unvaccinated animals (Table XX5).   Animals in vaccine groups 
1 and 2 will be vaccinated using the down selected LASV antigens, 
adjuvants, and vaccination route identified in 1.1.1.A.    Animals in 
vaccine group 1 will receive only the initial single administration of 
vaccine while animals in vaccine group 
2 will receive the same vaccine as the 

prime vaccine 14 days post prime. At 35 days post prime (21 days post boost for 
boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The 
survival of infected macaques will be assessed, and clinical signs consistent with 
VHF (as measured by hematology, serum biochemistry, and blood coagulation 
assays) will be documented. Surviving animals will be euthanized at the study 
endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody 
and neutralizing antibody titers. Blood and tissues will also be taken after virus 
challenge for histopathology, immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and 

cryopreserved for subsequent cellular phenotyping and functional analysis as 
outline in 1.1.3.A1F. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table XX 6 using the identical experimental approach as 
outlined above for LASV challenge.   The challenge virus will be the established 
MACV Chicava strain61 (REF). Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV,If 
Candid-1 confers protection in guinea pig study outlined in 1.1.1.A we will 
confirm protection in NHPs if demonstrated in guinea pigs 43, 44 (REFs). 
 
Milestone  
12.1.2.A: Development   and optimization of patch vaccination 

approach employing nairovirus subunits: . 
Here we will determine if our GPe + NP-NTD subunit vaccine approach can be deployed against 
CCHFV.We will compare the protective efficacy of two adjuvants coupled to our CCHFV GP and NP-
NTD proteins developed and manufactured in collaboration with Core D either as individual subunit 
vaccines or combinations as outlined in Table 7 using an intramuscular (IM) vaccination approach. 
Eight 6-8 week STAT-1/KO mice (balanced sex) will 
be randomly assigned to groups as outlined in 
Table 7.  Blood will be collected prior to 
immunization and then on days 28 and 56-days 
post-immunization to evaluate humoral immune 
responses by ELISA and virus neutralization assays. 
After 28 days immunized animals will be boosted 
with an equivalent dose as the priming vaccination 
IM. On day 56 post-immunization, animals will be 
transferred to BSL4 evaluation Core E and 
challenged with 100 pfu of a low passage CCHF-
Hoti49. After virus challenge, animals will be 
monitored clinically a minimum of twice daily. 
Hands-on physical and visual assessment of 
infected animals may occur outside scheduled 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 1 LINEAGE 5  LINEAGE 8 JUNV 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 8 8 

TOTALS 40 40 40 40 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table: XXTable 5:  oOutline of 
NHP efficacy studesstudies for 
LASV Milestone 1.1.1.CB 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 Table: XXTable 6:  oOutline of NHP 

efficacy studes for MACV Milestone 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  GnGc+GP38+NP 8 8 8 8 

CCHF  GnGc+GP38 8 8 8 8 
CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals        
(NO VACCINE) 8 8 

Control vaccine        
(VSV-CCHFV-M) 8 8 

  TOTALS 128 TOTALS 128 
 

Table: XXTable 4:  oOutline of PAN-MACV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 

Table: XXTable 7:  oOutline of NHP efficacy studies for 
MACV Milestone 1.1.1.B 
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times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 
days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the 
IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort 
where the subunit vaccines will be administered using the MNP patches prepared by MNP Patch CORE 
C. Patches are administered after shaving a small section of the abdomen and applied using gentle 
pressure for 10-15 minutes so that the microneedles can fully dissolve. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Milestone 

12.1.2.B:   
Determination of pan-
CCHF protective 
efficacy using 
optimized subunit-
patch vaccination in 
STAT-1KO mice: Using 
the adjuvant and 

vaccination route down selected in 1.1.2.A, we will 
assess the potential for our CCHFV subunit vaccines to 
confer heterologous protection against four lineages of 
CCHFV endemic to geographically distinct areas from 
the prototype strain (CCHF-Hoti). Employing optimized 
strain 13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) 
established in the BSL4 evaluation Core C as outlined 
in Table 8. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.2.A 
above.  
 
 
 
Milestone  
 
 
 
 
 
 
 
 
 
 
 

VACCINE 
PAN-LINEAGE PROTECTION 

CLADE  1 CLADE 3 CLADE 4 CLADE 6 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  

GnGc+GP38+NP 8 8 8 8 
CCHF  GnGc+GP38 8 8 8 8 

CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-CCHF-M) 8 8 

  TOTALS 128 TOTALS 128 

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 Table: XXTable 9:  oOutline of NHP 

efficacy studies for MACV Milestone 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15  

VACCINE CHAPV  
NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LUJV NP-NTD 8 

LUJV GPe 8 
LUJV GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 
KASV  NP 

KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 Table: XXTable 10: Ooutline of NHP efficacy studies for MACV Milestone 

1.1.1.B 

Table: XXTable 8:  oOutline of NHP efficacy studies for MACV Milestone 
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2.1.2.C:   Determination of protective efficacy using optimized subunit-patch vaccination in NHP: In 
collaboration with Core E, 15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 
5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated effective in mice23 and NHP 
(Unpublished, Cross and Geisbert) with 5 animals, and a control group of five unvaccinated animals (Table 9). 
Animals in vaccine groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, adjuvants, and 
vaccination route identified in 1.1.2.A.  Animals in vaccine group 1 will receive only the initial single administration 
of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post 
prime. At 35 days post prime (21 days post-boost for boosted animals), all animals will be challenged with 5000 
PFU of CCHFV-Hoti. The disease of infected macaques will be assessed, and clinical signs consistent with VHF 
(as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 weeks after CCHFV challenge. In addition, blood will be 
collected before and after vaccination and at the study endpoint for determination of binding antibody and 
neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood mononuclear cells (PBMCs) will 
be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.1F. 
 
Milestone  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
21.1.2.D:   Determination of protective efficacy against novel, emerging arenaviruses and nairovirus “test 
case” viruses using optimized subunit-patch vaccination in STAT-1/KO mice, guinea pigs and NHP:  
RP1 and Core D will produce optimized GPe and NP-NTD antigens to formulate 
vaccines for LUJV and CHAPV based off lessons learned from 1.1.1A-C. Protective 
efficacy studies then be carried out where Core E will vaccinate and challenge 
guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). RP1 
and Core D will also produce optimized KASV GP and NP-NTD antigens to 
formulate subunit/MNP vaccines based off lessons learned from 1.1.1A-C. 
Protective efficacy studies will then be carried Core E will vaccinate and 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
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challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10)  
 
Milestone  
 
 
 
 
 

 

 

2.1.2.E:  Determination of protective efficacy against novel, emerging nairovirus using optimized subunit-patch 
vaccination in STAT-1KO mice and NHP 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
1.1.31.F:   Determination of cellular and humoral immune correlates associated with 
protectionprotection.    
Milestone 1.1.3.A1.F.a: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: . 
We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-
patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, 
LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role 
as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. 
Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and 
expect responses in vaccinated EVD survivors to be superior to natural immunity.  
Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard whole blood flow cytometric staining protocols will be used 
for surface and intracellular staining markers. , bBriefly cryopreserved PBMCs no older than 3 months old are 
gently thawed then washed with 2% FBS/PBS and stained with a viability dye for 20 minutes at room 
temperature. CCells are then washed again and , surface stain cocktail is added to the tubes, incubated for 20 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LASSA NP-NTD 8 

LASSA GPe 8 
LASSA GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

Table: XX outline of NHP efficacy studes for MACV 
Milestone 1.1.1.B 
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minutes, and washed. Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) 
then washed in PBS. Stained, fixed cells will then either be acquired directly. Cell populations are then acquired 
and quantified using a Cytek Aurora spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: . PBMC stimulations will be set up according to modifications of well 
established, previously published protocols. 62, 63 PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added at a concentration 
of 10mg/mL and then incubated at 37oC forprior until to flow cytometry staining. Cells will then be washed and 
stained according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated 
with purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 
media (RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess 
secreted analytes by multiplex-bead based assays will be set up in 96-well plates and supernatants will be will 
be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye for 20 minutes at room temperature, then washed with 2% 
FBS/PBS. Surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are 
incubated in BD Cytofix/Cytoperm solution for 20 minutes followed by a wash.  with BD Perm/Wash Buffer. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then be acquired using a 
Cytek Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi4-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated for 3 hours at room temperature, protected from light and subsequently 
washed by pelleted centrifugation.. 1mL of wash buffer will be added and beads will be pelleted by centrifugation 
at 200g for 5 minutes. Wash buffer will be removed and discarded. Beads will be resuspended in 300uL wash 
buffer and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibodyantibody, and incubated 
either overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes.  at room 
temperature, protected from light. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at 
room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an S6 Universal M2 
ELISPOT analyzerneed model ELISPOT Fluorescence Microplate Reader.  
. 
Data Analysis: We will look at theexamine differences in immune responses across groups between each 
timepoint and baseline. Model assumptions will be checked for a one-way ANOVA to compare the three groups. 
we will run the analysis after checking model assumptions, if those are not met then we will adjust to a 
nonparametric model or transform the outcome appropriately. To look at the longitudinal aspect of the data, we 
will investigate measurements over time between groups, the interaction of group and time can be analyzed 
using covariance pattern models (or linear mixed models), where the correlation between observations 
measured over time can be handled more flexibly. As a more exploratory analysis we will also look at adjusting 
for possible confounding variables such as sex and age. For categorical variables, comparisons will be made 
using Chi-Square tests. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software 
(Cary, NC), and R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity 
of T-cell responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in 
our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will 
be banked to assess the presence of biomarkers associated with differences between groups. 
Milestone  
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1.1.3.A:1.1.1.F.b: Systems serology Characterization of   Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: .  
We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology 
platform developed by Dr. Gunn in with Core D64-66 to define the Fc-mediated humoral antiviral functions 
associated with vaccinationvaccine protection. Protective Fc-mediated humoral immune profiles have been 
identified in natural immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels 
of LASV, MACV, CCHFV,LUJVCCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate 
immune effector functions (phagocytosis, NK cell activation, and complement fixation).  
Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens utilized used for vaccination. To evaluate cross-reactive antibody responses 
against the GP of other LASV, MACV, or CCHFV lineages.,  Wwe will use a multiplexed analysis to determine 
the levels of antibodies against the viral antigens using on a MagPix xMAP instrument as described.65, 67 
Specifically, each viral antigen will be coupled to coded magnetic beads (Luminex), mixed together, and 
incubated with serial dilutions of patient samples. Beads are washed and the levels of different antibody 
isotypes/subclasses specific for each antigen will be determined using labeled secondary antibodies against 
human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM.   For quantitation of bound antibody, we will make a 
standard useing pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions:   We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. at KGH. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates for 5 hours at 37C 5% CO2, and surface expression of 
CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine 
staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and 
TNFa by flow cytometry. 
Data Analysis: Univariate analyses were will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction was used to determine statistical significance 
between groups.. A network analysis will be performed to identify significant antibody features. Associations 
between antibody features will be determined using nonparametric Spearman correlation coefficient. Statistically 
significant associations after Bonferroni correction for multiple comparisons (adjusted P < .05) were used to 
generate networks in Cytoscape (version 3.4.0). 
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and additional clinical information (ieclinical 
signs into the network analysis.: PES symptoms). These will be included in the network analysis. 
Milestone 1.AIM 22: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no 
available isolates: We will use existing mammarenaviruses68, 69 and orthonairovirus70 reverse genetics systems 
present at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if 
natural isolates are not otherwise available. In parallel, will also create reporter constructs to enable high 
throughput screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a 
virulence factor as protective antibodies targeting this protein have been identified. KASV does not have an 
equivalent GP38 homolog but is still pathogenic in mice and humans (REFS). There is currently no reverse 
genetics system for KASV. We will develop an infectious clone system for KASV to create a reporter virus for 
screening antivirals, but also to build a tool for beginning to understand KASV pathogenesis through loss of 
function studies. 
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Milestone 2: 1.2 Pre-exposure Prophylaxis (PREP) using half-life 
extension antibody treatmentstreatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the feasibility of PREP with a serum half-life 
extended mAb against JUNV. Clinically validated Fc mutations can result in improvement in serum half-life up 
2-4 months(34-37). 
Scientific Approach:  
 
 
A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine: . In conjunction with RP1 Cores 
D and Core E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this 
product format will be an option for development with any of the other viruses being targeted by PABVAX. For 
this proof-of-concept effort, an existing anti-Junin virus mAb with whose potent therapeutic efficacy 71, 72 (guinea 
pig and NHP references) we have previously described by Abelson, Geisbert and Zeitlin will be produced with 
YTE and LA Fc point mutations to extend the serum half-life of the mAb(Table 4). The pharmacokinetics (PK) of 
these two variants will be evaluated in NHPs (Bioqual, Inc.; Rockville, MDsee Core D) to select a lead candidate 

for testing in NHPs against Junin Romero challenge in Core E. For the PK study, two doses (15 and 5 mg/kg) of 
each mAb will be administered IM to groups of 3 cynomolgus macaques (mixed sex). Serum will be collected 
(pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7, 10, 14, 21, 28, 42, 56) and tested via ELISA and Octet to 
quantitate serum antibody concetrations. PK parameters will be modeled with WinNonlin Phoenix software 
(reference). We will select tThe variant with the most favorable pharmacokinetic (described in Core D)s PK will 
be selected for testing with by RP1/Core E. Briefly, groups of 45 cynomolgus macaques (mixed sex) will receive 
15 or 5 mg/kg of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV 
(Espindola or RomeroEspindola?) delivered IV (Table 11). For further details of the NHP testing, please see 
Core E. These data will be used by the Scientific Advisory Committee Board to inform decision making around 
possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 
 

Expected results, alternative approaches andapproaches and Go-No-Go decisions (brief 
summary – see also Project Milestones and Timelines). We expect to be able to construct an 
immunogenic and protective subunit-patch targeting LASV, MACV, and CCHFV and use lessons 
learned from this Phase I suite of studies to rapidly develop subunit-patch vaccines for three “test case” 
viruses LUJV, CHAPV, and KASV in Phase II of the project.……. If this anyis not the case any  of these 
Phase I vaccine projects have not met the “go” criteria,  three viruses by year 2 we will refocus effects 

PREP JUNV NHP 
CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 

Table 11: PREP schedule outline in 
Milestone 2 

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 
loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 
Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

1.1.1.B CORE C,D,E

1.1.1.C CORE C,D,E

1.1.2.B CORE C,D,E

1.1.2.C CORE C,D,E

1.1.2.D CORE C,D,E

1.1.3.A CORE D, E

1.1.3.B CORE D, E

1.2 CORE E

2 CORE D, E

Vaccine efficacy in mice, guinea pigs, & NHP: LUJV, CHAPV, KASV

1.1.1.A CORE C,D,E
Prepare arenavirus antigens and MNP vaccines

Prepare arenavirus antigens and MNP vaccines
CORE C,D,E1.1.2.A

Cellular correlates associated with protection

Reverse genetics of emerging bunyaviruses

PREP  monoclonal antibody vaccination: JUNV

Serological correlates associated with protection

Vaccine  efficacy in NHP: CCHFV

Vaccine  efficacy in guinea pig: LASV & MACV  heterologous challenge

Vaccine  efficacy in mice: CCHFV:  homologous challenge

RP LINKAGEAIM

Vaccine  efficacy in guinea pig: LASV& MACV  homologous challenge Vaccine efficacy in guinea pigs: LUJV & CHAPV 

Vaccine  efficacy in guinea pig: LASV & MACV  heterlogous challenge

Vaccine  efficacy in NHP: LASV & MACV  

PROOF OF CONCEPT PROTOTYPES
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5

2

3

1
2

3
1
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efforts towardon  the remaining viruses  families adjusting the requested budgets accordingly after 
consulationconsultation with NIAID and SAC.  
 
Please note: Discussion of expected results, other alternative approachesapproaches, and criteria for “go” or “no 
go” decisions for MILESTONES 1-4 and 2 are discussed as required in RFA-AI-20-023 in the Project Milestones 
and Timelines section.  

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 
within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 
virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 
Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 
development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 
experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 
(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 
expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 
Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 
MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 
leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 
Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 
vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 
the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 
NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-
MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 
and the overall goal of the NIAID, ReVAMPP Centers. 

References: 

 
JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
 
 
AIM 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  
 
 
 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also 
Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective 
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SPECIFIC AIMS 
The viral order Bunyavirales is composed of several viral families known to contain several high priority human 
pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic 
diseases in humans across the world with mortality rates up to 60% and significant, long-term sequelae in 
survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six 
arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, 
MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID 
Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparednessThreats to public health are further heightened due to lack of internationally approved vaccines 
to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address 
this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, 
immunology, and biological product development, to develop arenavirus and nairovirus research tools and 
vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” manner. 
Much of the work developing vaccines against high containment viruses has relied heavily on viral isolates 
derived over 40 years ago or longer, which creates a concern tied to efficacy as newer related viruses continue 
to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed the 
generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses 
(CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development 
for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral 
glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered 
a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed 
GP. We have found that this trimeric GPe alone,  co-delivered with LASV NP subunits, or NP subunits alone, 
can fully protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as 
vaccine components. Subunit vaccines are prime candidates for alternative vaccination approaches such as 
microneedle patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using 
dissolvable MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and 
long-lasting protective immunity against the target pathogen.  The importance of humoral immunity for affording 
potent protection or treatment against viral infections cannot be understated as evidenced by the recent success 
using monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential 
for pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows 
are possible.  The goals of this proposal are two-fold: (1) Develop novel vaccination approaches utilizing subunit-
MNP vaccines developed against Old and New World arenaviruses or emerging nairoviruses. (2) Develop. in or 
monoclonal antibody PREP strategies which can provide protective immunity (2) Specifically, we will:  

Specific Aim 1: Subunit immunogens and MNP vaccination.  Working with Core C, D, and E, we will 
determine optimal immunogen/MNP combination that affords pan-lineage protection against LASV, 
MACV, and CCHFV disease in animal models.  We will define detailed multi-parameter cellular and 
systems level humoral correlates of protection of candidate vaccination approaches. 

 Milestone 1.1.1.A-C:  Development and optimization of patch vaccination approach employing 
mammarenavirus subunits in guinea pigs and non-human primates.   

 Milestone 1.1.2.A-C: Development and optimization of patch vaccination approach employing 
orthonairvirus subunits; protection in STAT-1/KO mice and non-human primates. 

 Milestone 1.1.2.D:  Determination of protective efficacy against novel, emerging 
mammarenavirus and orthonairovirus “test case” viruses using optimized subunit-patch 
vaccination in STAT-1/KO mice, guinea pigs and NHP. 

 Milestone 1.1.3. A-B:  Determination of cellular and humoral immune correlates associated with 
protection.   

 Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no 
available isolates. 

Specific Aim 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Working with Core D, we will develop vaccination approaches employing a potent therapeutic anti-
JUNV monoclonal antibody re-engineered with YTE and LA Fc point mutation predicted to extend 
pharmacokinetics and determine protective efficacy and estimate conferred immunity correlates in 
animal studies performed in Core E. 
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development for most arenaviruses and nairoviruses has largely centered on the understanding of the critical 
role for viral glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully 
engineered a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral 
surface displayed GP. We have found that this trimeric GPe alone,  co-delivered with LASV NP subunits, or NP 
subunits alone, can fully protect guinea pigs against lethal challenge by LASV underscoring the value of 
these antigens as vaccine components. Subunit vaccines are prime candidates for alternative vaccination 
approaches such as microneedle patches (MNP) which harness the potently immunoresponsive cutaneous 
microenvironments using dissolvable MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to 
elicit robust, strong, and long-lasting protective immunity against the target pathogen.  The importance of 
humoral immunity for affording potent protection or treatment against viral infections cannot be understated as 
evidenced by the recent success using monoclonal antibody therapies to treat Ebola virus disease or COVID-
19, yet little is known for the potential for pre-exposure prophylactic (PREP) administration of antibody therapies 
and what kind of prophylactic windows are possible.  The goals of this proposal are two-fold: (1) Develop novel 
vaccination approaches utilizing subunit-MNP vaccines developed against Old and New World arenaviruses or 
emerging nairoviruses. (2) Develop. in or monoclonal antibody PREP strategies which can provide protective 
immunity against Old and New World arenaviruses or emerging nairoviruses. (2) Develop reverse genetics tools 
to evaluate emerging arenaviruses and nairoviruses for which no isolates are available.  Specifically, we will:  

Milestone Specific Aim 1: Develop novel arenavirus and nairovirus vaccination approaches: 

1.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal 
immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease in 
animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of 
protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test 
case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a 
new world arenavirus (CHAPPV), and an emerging bat borne nairovirus, Kasokero virusvirus (KASV). We will 
also develop recombinant virus tools including We will generate recombinant infectious clones (and reporter-
gene versions) of LASV, MACV, and and CCHFV CCHFV isolates for which isolates are not available using 
reverse genetics. Rescued viruses will be characterized in vitro using cell-based assays and. Recombinant 
viruses will be examined in vivo to develop new ( animal models  development) within Core E. We will also 
develop an infectious clone recovery system for KASV for virulence determination studies. 

Specific Aim 21.2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: 
Working with Core D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV 
monoclonal antibody re-engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics 
and determine protective efficacy and estimate conferred immunity correlates in animal studies performed in 
Core E. 
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Milestone 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

 

 

We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV 
isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-
based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. 

 

 

RESEARCH STRATEGY: 
1. SIGNIFICANCE: 
1.  
 The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 

therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, 
biological manufacturing and vaccine device innovation to develop cutting edge vaccination approaches 
using plug-and-play approaches tailored from prototype mammarenaviruses and orthonairoviruses and 
applicable to related members of these viral families.  

TThe viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease[1].  Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens (REF) where six arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens.  This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness (REF). 
Threats to public health are further heightened due to lack of internationally approved vaccines to address threats 
of natural epidemics as well as the potential bio-weaponization of these viruses. 

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death.  However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success (REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to 
rapidly scale production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have 
developed protective protein-based subunit vaccines against LASV which will serve as the template to develop 
vaccines against other mammarenaviruses and orthonairoviruses. 
The Mammarenaviruses: All mammarenaviruses share a common genomic organization consisting of two 
ambi-sense (bi-directional reading frame) RNA segments.  Each segment contains two open reading frames 
encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), glycoprotein 
precursor (GPC), and the nucleoprotein (NP) [2].  Despite general similarity of their genomic architecture, these 
groups exhibit marked differences in their replication life cycles. This includes differences in attachment, entry, 
and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses for both OWAV 
and NWAV are the glycoprotein (GP) and NP.  Monoclonal antibodies derived from human LASV survivors have 
been demonstrated to protect non-human primates (NHP), against lethal challenge [3].  Recent crystal structure 
studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV 
glycoproteins (GPe) [4].  These findings suggest a stabilized form soluble LASV glycoprotein could serve as a 
viable vaccine antigen.  Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV 
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endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be 
possible.  To test these notions, investigators in the Center RP1, Core E, and Core D have developed adjuvanted 
vaccine approaches to test this idea and have demonstrated protection against lethal LASV-Josiah challenge 
using a stabilized prefusion, trimeric GPe, a highly conserved NP NTD epitope, or a combination of the two 
antigens using a lethal outbred guinea pig model.  Despite the considerable molecular diversity in LASV strains, 
there is understood that there is some conservation in key antigenic sites within both the GPe and the NP, 
suggesting that a PAN-LASV vaccine may be possible[5-7]. Indeed, RP1 and Core E investigators have 
demonstrated that using a Vesicular Stomatitis Virus expressing the LASV-Josiah GPC is not only protective 
against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model[8], but also 
that live attenuated vaccines expressing this same GPC can protect NHP against challenge with viruses from: 
Lineage II[9] , Lineage III (Cross, Geisbert unpublished), Lineage V[10] and Lineage VI (Cross and Geisbert 
Unpublished).  

 The Orthonairoviruses:  Unique from other bunyaviruses, orthonairovirues are transmitted primarily by ticks in 
nature (REF).  While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus[11], Issyk-
Kul virus[12], Songling virus[13]), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most 
recognized public health threat to humans as it responsible for annual outbreaks across Europe, Africa, the 
Middle East, and Asia.  There are growing concerns for endemic range expansion due to ongoing range 
expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are contributing 
to increasing numbers of infections in humans in areas otherwise not known to be endemic including central 
Spain[14]  and most recently the reservoir Hyalomma ticks have been found as north as Sweden[15].  Infection 
in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever 
which may progress to death in 30% of cases in some regions[16].  CCHFV is listed on the WHO priority 
pathogen list[17] and is also a NIH-NIAID category A pathogen[18].  There are no FDA approved vaccines or 
therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in 
Bulgaria with limited efficacy[19] (REF).  Ribivirin has been used to treat infections with limited success[20]. 
CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and a GPC [16].  Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the 
host immune response.  The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% 
amino acid homology[16].  Conversely, he CCHFV GPC is considerably less conserved, where less than 75% 
amino acid conservation is present[16]. The genetic diversity of CCHFV correlates strongly with geography, and 
clades of CCHFV segregate based on geographical location which creates a challenge in terms of creating a 
pan-CCHFV vaccine or therapeutic based solely on one clade.  Nonetheless, we have demonstrated that 
heterologous vaccine mediated protection can be afforded using a VSV vectored vaccine expressing the full 
GPC of CCHF[21]. 
 
Research Project 1(RP1) proposes preclinical research that will support Investigational New Drug Application 
(IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, 
the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both 
has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  
 Old Word Mammarenaviruses (OWAV): RP1 will utilize LASV as the prototype OWAV due to its 
elevated public health burden throughout West Africa with hundreds of thousands of estimated cases annually 
with XX deaths across West Africa(REF).  LASV has is the most imported viral hemorrhagic fever (VHF) next to 
dengue virus and has been imported to over XX countries (REFS).  Case fatality rates (CFR) up to 60% in 
hospitalized cases and marked long term sequelae are the result of no approved vaccines or therapeutics, 
though several live attenuated virus candidates are approaching clinical evaluation with the assistance of 
Coalition for Epidemic Preparedness Initiative (CEPI) (REFS).  Most of these vaccines utilize the LASV 
(glycoprotein) GP or the LASV GP + Nucleoprotein (NP) as the target immunogens in these vectors (REFs). 
 New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV is currently in use in 
Argentina [2], but there is conflicting evidence of whether cross protection with other NWAV is possible [3, 4] and 
there are safety concerns related to reversion to pathogenic versions. This proposal will use MACV and JUNV 
as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest other approaches are warranted. 
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 Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is 
responsible for the largest global public health burden within the orthonairovirus family with an estimated XXX 
cases per year across Europe, Africa, and Asia. CCHFV outbreaks are often very large list some recent 
examples.  A suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus 
vaccine for CCHFV has been approved for use only in Bulgaria since 1974, but has numerous safety concerns 
and limited demonstrated efficacy(REFS).  Since then, a number of vaccine approaches have been examined 
ranging from viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and 
disadvantages(REF); however only an MVA-CCHFV vaccine has begun to advance towards clinical trials (REF). 
 
Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated 
viruses, which have many advantages in terms of being able to rapidly induce protective and often durable 
protection from debilitating disease and death.  However, as the global human population grows, the number of 
special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or pregnant) 
grows, which call in to the question the safety of live-attenuated vaccines and suggests more pathologically 
benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes 
from different pathogens has been a central driver for a number of successful and approved vaccinee strategies 
including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success 
(REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale 
production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
 
Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments [5].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines 
to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.   
 
Once a candidate subunit-patch vaccine approach is selected, this approach will use lessons learned 
to produce plug-and-play approach to develop vaccines against a representative human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in 
animal models. 
 In 2008, Lujo virus was isolated from a case of severe hemorrhagic fever originating in Zambia 
but quickly causing nosocomial infections in care givers after the index case’s medical evacuation to 
South Africa [6]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak 
of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic 
divergence from LASV suggest countermeasures with antigenic targets may be of limited use, 
underscoring the need for antiviral tools against this emerging threat.  
 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus 
associated with development of severe hemorrhagic fever with case fatality rates up to 60% [7, 8]. 
Recent studies have demonstrated clear human-to-human transmission risk during the acute phase 
evidenced by several nosocomial infections but also detection of viable virus from semen at 86 days 
after symptom onset demonstrating a clear need to specialized management and treatment [8].  It is 
unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective, 
but the phylogenetic divergence of CHAPV of XX% from JUNV suggests it may not be. 
 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan 
bats and responsible for causing several cases of acute febrile illness of laboratory workers from the 
same lab that processed infected bats [9].  Serosurveys of 109 laboratory workers from the same facility 
the virus was isolated and worked with demonstrated a 13% seropositivity where medical surveys 
revealed clinical symptoms in 4 to 15 months after the virus was isolated, suggesting either continued 
laboratory associated infections or chains of ongoing person-to-person transmission.  Recently, tick 
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surveys have demonstrated the potential for Ornithodoros faini ticks to participate in enzootic 
maintenance of KASV [10].  While most chiropteran ticks exhibit host specificity, humans entering caves 
where these bats are have reported bites from O.faini ticks as well.  The highly infectious potential for 
this virus in humans coupled to a complete lack of vaccines or therapeutics make suggest investment 
in countermeasure development is well advised. 
Pre-exposure prophylaxis (PREP) and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier immunity to high- risk 
individuals for infections such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies 
(polyclonal immunoglobulin for post-exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for 
prophylaxis (REFS). The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses.  Building on this success, 
RP1 will also perform pilot studies to examine the feasibility of PREP utilizing with a serum half-life 
extended mAb against JUNVs. Clinically validated Fc mutations can result in an improvement in serum 
half-life from 3-4 weeks to 2-4 months which can increase the instant barrier immunity from 30-45 days 
to 60+ days ([11-13] [14]refs).  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines 
and therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, 
biological manufacturing and vaccine device innovation to develop cutting edge vaccination 
approaches using plug-and-play approaches tailored from prototype mammarenaviruses and 
orthonairoviruses and applicable to related members of these viral families.  
 
 
2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens:   
The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV 
vaccine candidates[22] with four out of five candidates based on viral vector backbones. The remaining 
candidate is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little 
pre-clinical data concerning the safety and efficacy of these vaccine candidates is currently available[22]. 
Further, four of the  fivethe five deliver LASV GP as the sole immunogen, potentially limiting long-term durability 
and potential of the immune response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection[23-28]. Epitopes within LASV NP, and to a lesser extent GP, are 
known to substantially contribute to T cell mediated immunity[5]. Exploiting highly conserved N-terminal 
immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 
100% protection in a lethal, outbred guinea pig model.   Sequence conservation across NP is higher than GP 
across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly 
protective vaccine(REFS).  Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP 
offered complete protection against LASV challenge in guinea pigs.  
Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens:   
CCHFV is a divergent virus with up to seven genetic lineages (REFS).  This diversity is evident in the variation 
observed most clearly in glycoprotein sequences across lineages.  Given the glycoprotein is a pivotal protein 
dictating viral entry and  immune recognition, it is little wonder why CCHFV vaccines have struggled with 
heterologous challenge with strains of viruses outside of the clade the vaccine was based on (REF). Conversely, 
NP is highly conserved but not exposed on the virus surface cellular surface (REFs).  Indeed, a recent report 
has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against 
heterologous challenge [29]. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy 
likely has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control mammarenaviruses:  
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For situations where a vaccine does not exist or is not appropriate (e.g. immunocompromised individuals or first 
responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc 
mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting 
greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic 
efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with 
YTE [30, 31]  and LA [32] [33] Fc point mutations to determine the potential for delivering instantaneous, long-
lasting (> 6 months) barrier immunity using monoclonal antibodies. 
 
 
 
Generation of Infectious clones and 
reporter viruses of emergining 
Arenaviruses and Nairoviruses  
3. Add blurb discussing unique access to 
field samples from across the world  and 
established expertise to generate infectious 
clones from emerging arenaviruses and 
nairoviruses: 
 
 
 
 
 
 
 
3. APPROACH  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses.  Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure XX). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope based subunit vaccines allowing for broad cross-protection across mammarenavirus and 
orthonairovirus species. This will be achieved by tailoring antigen design from prototype applicable to related 
members of these viral families. These optimized vaccines will be produced in Core D and evaluated for 
protective efficacy and determination of immune correlates associated with protection in animal models under 
maximum (BSL4) containment in collaboration with Cores D and E via intramuscular administration or 
Microneedle skin Patch (MNP). MNPs containing subunit vaccines manufactured in Core D and optimized for 
delivery efficiency in Core C..  Using optimized delivery methods developed in collaboration with Cores C, D, 
and E, RP1 will provide stabilized GPe vaccines for mammarenaviruses and orthonairoviruses to RP4 and RP5 
for the production of broadly reactive monoclonal antibodies or nanobodies, respectively. RP1 and Cores D and 
E will also collaborate on a pilot study to determine feasibility of PREP using half-life extended antibodies as an 
alternative to traditional vaccination. Lastly, RP1 will work closely with Core E to develop infectious clones using 
reverse genetics to develop BSL4 research tools and animal models for viruses that are otherwise not 
available to the research community. 
 
PRELIMINARY RESULTS 
Engineering trimeric glycoprotein antigens for the arenaviruses 

Figure 1:  Overall Research Strategy for RP and demonstration of interactions with other RP 
and Cores of PABVAX 
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Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide-linked 
GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment[4]. 
Mapp has since made structure-based improvements to generate a stable GP immunogen representative of the 
authentic viral GP spike and suitable for use as a vaccine. We reverted the E329P mutant, hypothesized to 
stabilize heptad repeat 1 in GP2[4] and added an additional trimerization motif to stabilize the GP spike in the 
absence of Fabs. The tagged trimeric LASV GP is expressed and secreted from Drosophila S2 cells and purified 
from supernatant via affinity chromatography using a StrepTrap HP column (GE Healthcare). SDS-PAGE and 
Size-exclusion chromatography (SEC) offer verification of trimerization (Figure xx). Pilot stability studies 

inclusive of freeze thaw 
cycles and storage at 4˚C are 
supportive of the stability 
required for a vaccine 
candidate. 
The engineering 
methodologies employed for 
LASV GP translated well to 
the NWA GPs from JUNV 
and MACV (Figure 3). 
Negative stain EM of JUNV 
GP in complex with the 
neutralizing and protective 
Fab form of J199, reveals 
monodispersed trimeric 
GP/Fab complexes (Figure 

xx). Both the interaction with a well-characterized mAb and the EM data suggest our GP antigens closely 
recapitulate the authentic viral GP trimeric spike and support their use as a vaccine immunogen.  
 
Our trimeric arenavirus GPs support efforts to isolate novel ultra-potent 
mAbs and to develop a second-generation arenavirus immunotherapeutic 
with reduced dosing requirements and broader reactivity compared to 
current LASV mAb candidates[25]. This significantly lowers the cost of 
goods while increasing ease of use for clinicians, both essential for a 
product used in developing nations where arenaviruses are prevalent. 
 
LASV subunit vaccine protects guinea pigs against lethal challenge 

Figure xx. LASV NP subdomains and 
expression. (A) Crystal structure of LASV 
NP highlighting the two functional 
subdomains. (B) SDS-PAGE gel showing 
highly purified LASV NP antigens for 
vaccine study.  

Figure XX. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were 
expressed and purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain 
EM and 2D class averages of JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 
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While classical vaccine approaches have largely focused on evoking a strong humoral response and high titers 
of nAbs to a target pathogen, increasing evidence[23-28] suggests that the cellular response, mediated by T 
cells, can play a highly important and complementary role in the long-term protection against pathogens. Based 
on literature reports that T cell responses highly correlate with LASV recovery, and that LASV NP plays a 
significant role in inducing those responses[23, 34], we also generated LASV NP antigens. We chose to deliver 
the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP separately as they have distinct 
functions in the virus lifecycle (Figure xx) and express to high levels (50-100 mg/L) as two independent domains 
in bacteria using standard laboratory shaker flasks.  
We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV 
infection. Our study was designed (Figure 6) to assess whether immune responses to GP only, or GP+NP would 
offer protective immunity from lethal LASV challenge. We chose to investigate several commercially available 
adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in 
combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus 
supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 6), and) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP but no adjuvant.  In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge.  While combination of 
NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection.  Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% protection.  Interestingly, NP NTD vaccination with no adjuvant 

resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  

Figure 6. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 
4 guinea pigs were immunized intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg 
doses of GP + 2x25µg of NP-NTD +  2x25 µg of NP-CTD, or either 2x25 µg NP antigen in combination or separately. Immunized 
animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost.  (Right) Animals were monitored for 35 days post-
challenge, and survival curves and weight change are plotted.   
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Engineering glycoproteins antigens for the 
CCHFV: The CCHF virus has a tripartite 
negative-sense RNA genome,composed of 
the the small (S), medium (M), and large (L) 
segments. The M segment encodes the viral 
glycoprotein precursor (GPC) complex, which 
is subsequently cleaved by host proteases into 
multiple proteins, including the envelope 
glycoprotein GnGc and secreted GP38 
protein.  GnGc is composed of Gn and Gc 
subunits, which are linked together by a 
multiple membrane spanning region. These 
transmembrane domains complicate the in 
vitro expression of  soluble GnGc, but we have 
designed a construct that replaces the 
transmembrane domains with a linker and have generated a stable drosophila cell line that expresses 
up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We used 
these proteins to test serum reactivity in CCHF survivors (Figure XX).  We will use established protocols 
[35] as a template to optimize expression of CCHFV and Kasokero NP proteins. 
 
        
 
Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses  
Rescue of recombinant viruses.  An important goal of the PABVAX Center is to generate tools for 
pandemic preparedness. An important component of both RP1 and RP2 is to generate and 
recombinant viruses to fill gaps and provide tools where wild type viruses do not exist either because 
1) only sequence information is available or 2) isolates exist but viruses are unable to be shared with 
the research community. In collaboration with RP1 Core E will assist in the development and rescue of 
New World arenaviruses and the henipavirus Langya virus as detailed in the Research Strategies for 
RP1 and RP2. 
APPROACH 
Overall Hypothesis:FILL THIS IN     
Specific Aim 1: Subunit immunogens and MNP vaccination Milestone 1: Develop novel 
arenavirus and nairovirus vaccination approaches:  
Rationale:  
Overall rationale: 
The choice of Mammarenavirus Prototype Pathogens is justified as follows:  
 Old World Mammarenaviridae: We propose LASV Josiah strain (Lineage 4) as the prototype 
pathogen due to the depth of available research data, availability of established rodent (REF) and 
nonhuman primate(NHP) models (REFS), frequency of exportation (REFS), and large number of 
annual cases throughout West Africa  where the case fatality rate can be up to 60% in hospitalized 
cases (REF).  
 New World Mammarenaviridae:  Due to the availability of a JUNV vaccine in the endemic region 
where JUNV circulates and the lack of cross protection against challenge with other NWAV, MACV, the 
causative agent of Bolivian hemorrhagic fever, will be used as the prototype pathogen for NWAV for 
studies outlined in Milestone 1.1. There are established guinea pig (REF) and NHP (REF) models for 
MACV. JUNV is the New World arenavirus with the largest knowledge base at present [REF]. For a 
pilot efficacy study outlined in Milestone 1.2, we will use JUNV Espindola Strain as a natural extension 
of previous published work demonstrating protective efficacy of the template PREP mAb (REF). 
 Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. 
UTMB has established mouse models (REF) and NHP (REF) models to enable testing of CCHFV 
countermeasures against a number of the available clades.  CCHF is the most important member of 

Figure XX:  Engineered CCHFV proteins are reactive with 
serum from CCHFV survivors. SDS-PAGE gel of CCHF 
Ibar proteins GnGc and GP38 after 2 step purification 
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the Nairoviridae family with a major public-health impact across Western Asia, the Balkans, Southern 
Europe, and most of Africa [REF].          
 
RP1 proposes preclinical research that will support Investigational New Drug Application (IND)-applications to 
develop vaccine approaches against prototype viruses from two Bunyavirales viral families, the 
Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both has 
potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  
 Old Word Mammarenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the 

prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands 
of estimated cases annually with an estimated 5000 deaths across West Africa(REF).  LASV has is the most 
imported to non-endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported 
to over XX countries (REFS).  Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term 
sequelae (REFS).  There are no approved vaccines for LASV; however clinical trials are beginning to evaluate 
5 vaccine candidates, 4 of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. 
This creates a vacuum for vaccine options for special populations such as the pregnant, the elderly, and the 
immunocomprimised.  There are existing guinea pig and NHP animal models. 

 New World Mamarenaviruses (NWAV):  A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina [36], but there is conflicting evidence of whether cross protection with other NWAV is possible with 
this vaccine [37, 38]. Further, there are safety concerns related to potential for reversion to pathogenic versions 
and the use of a live attenuated vaccine in immunodepressed populations (Ksiazek reference) For Phase 1, 
RP1 will use MACV-Chicava Strain (Clade 2) and JUNV-Espindola (Lineage XX) as the prototype NWAVs 
as there are no approved vaccines or therapeutics available for MACV and the safety concerns associated 
with Candid-1 vaccine suggest other approaches are warranted.   

 Orthonairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the orthonairovirus family with 
an estimated XXX cases per year across Europe, Africa, and Asia. A suckling mouse brain derived, 
CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus vaccine for CCHFV has been approved for 
use only in Bulgaria since 1974, but has numerous safety concerns and limited demonstrated efficacy(REFS).  
Since then, a number of vaccine approaches have been examined ranging from viral vectored approaches to 
DNA based vaccines with varying efficacy, advantages, and disadvantages (REF); however only an MVA-
CCHFV vaccine has begun to advance towards clinical trials (REF).  UTMB has established animal models to 
enable testing of countermeasures against CCHF-Hoti and 5/6 clades in mice (Cross and Geisbert 
Unpublished, REFS) and CCHF-Hoti (Clade 4) and CCHF- Afghan-09(Clade V) in NHP(REF).  Investigators 
in RP1 and Cores D and E have also previously demonstrated the protective efficacy of a CCHFV GP38 
monoclonal antibody in a mouse model (REF) and that human survivors (Cross, Abelson, Zeitlin, and Geisbert) 
generate potent humoral responses against it suggesting that this cleaved nonstructural glycoprotein may also 
be leveraged as a vaccine component to induce targeted antibodies against GP38.  
 

Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. UTMB has 
established mouse models (REF) and NHP (REF) models to enable testing of CCHFV countermeasures against 
a number of the available clades.  CCHF is the most important member of the Nairoviridae family with a major 
public-health impact across Western Asia, the Balkans, Southern Europe, and most of Africa [REF].          
Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in animal models. 
 
 In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 

quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa 
[39]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people.  There 
are currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination.  UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach (REF) and working with Core E, RP1 will work to establish a LUJV NHP model for use as 
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the test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60% [40, 41]. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment [41].  It is unknown if the JUNV Candid-
1 vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there 
are no known vaccines demonstrated effective for this virus.  UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, 
and E). 

 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats [42].  Serosurveys of 109 laboratory workers from the same facility the virus was 
isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical 
symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory associated 
infections or chains of ongoing person-to-person transmission.  Recently, tick surveys have demonstrated the 
potential for the reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV [43].  While 
most chiropteran ticks exhibit host specificity, humans entering caves where these bats are have reported bites 
from O.faini ticks as well.  The highly infectious potential for this virus in humans coupled to a complete lack of 
vaccines or therapeutics make suggest investment in countermeasure development is well advised. KASV has  
been demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible (REFS). (The PABVAX Center will explore KASV as part of the Center’s Phase II 
research plan (RP1 with Cores C, D, and E). 

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments [44].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines 
to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.   
Development of Recombinant Virus Tools: Rescue of recombinant viruses:  An important 
objective of the PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB 
have a long history of utilizing current molecular virology techniques to develop reverse genetics 
approaches to recover recombinant virues for research and vaccine design for several different virus 
families (REFS). An additional goal of RP1 is to generate and recombinant viruses to fill gaps and 
provide research tools where wild type viruses do not exist either because 1) only sequence information 
is available or 2) isolates exist but viruses are unable to be shared with the research community. In 
collaboration with Core E, RP1 develop and rescue of New World arenaviruses using existing reverse 
genetics approaches at UTMB or develop new ones to meet these needs.Paragraph about subunit 
vaccines and PREP study. 
 
 
 
 
 
 
 
 
 
 
Milestone 1.1 Subunit immunogens and MNP vaccination 

Formatted: Font: (Default) Arial

Formatted: Font: (Default) Arial, 11 pt

Formatted: Font: 11 pt, Bold

Formatted: Font: (Default) Arial, 11 pt

Formatted: Font: (Default) Arial

Formatted: Font: (Default) Arial, 11 pt

Formatted: Font: 11 pt, Highlight

Formatted: Font: (Default) Arial, 11 pt

Formatted: Font: (Default) Arial

Formatted: Font: (Default) Arial, 11 pt

Formatted: Font: (Default) Arial, 11 pt

Formatted: Font: (Default) Arial, 11 pt

Formatted: Font: (Default) Arial

Formatted: No Spacing

Formatted: Font: (Default) Arial, 11 pt

Formatted: Font: (Default) Arial



Milestone Milestone 1.1.1.A:  Development and optimization of 
patch vaccination approach employing arenavirus subunits in 
guinea pigs:  Building on the success of our GPe + NP-NTD LASV 
vaccine, we will compare the protective efficacy of two adjuvants 
coupled to our LASV GPe and NP-NTD proteins developed and 
manufactured in Core D either as individual subunit vaccines or 
combinations as outlined in table XX using an intramuscular (IM) 
vaccination approach.  Eight outbred, 350 gram Hartley guinea pigs 
(balanced sex) will be randomly assigned to groups as outlined in Table 
XX.   Blood will be collected prior to immunization and then on days 28 
and 56-days post-immunization to evaluate humoral immune responses 
by ELISA and virus neutralization assays.  After 28 days immunized animals will be boosted with an equivalent 
dose as the priming vaccination IM.  On day 56 post-immunization, animals will be transferred to BSL4 
evaluation Core EC and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group 
(REFS). After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical 
and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, 
additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia 
by plaque assay and qRT-PCR.  Results from the IM vaccination then be compared head-to-head against an 
equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches 

prepared by MNP Patch CORE C.  Patches are administered after 
shaving a small section of the abdomen and applied using gentle 
pressure for 10-15 minutes so that the microneedles can fully 
dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe 
and NP-NTD proteins developed and manufactured in Core D 
following the grouping described in Table XX using the identical 
experimental approach as outlined above.  The challenge virus will be 
the established MACV Chicava strain (REF). Given the lack of clarity 
on the potential for the JUNV Candid-1 vaccine to afford protection 
from challenge with MACV, we will assess its utility as a positive 

control vaccine against lethal challenge with MACV (REFs). 
 

Milestone  
1.1.1.B:  Determination of pan-LASV and Pan-MACV protective efficacy using optimized subunit-patch 
vaccination in guinea pigs.  Using the adjuvant and vaccination route down selected in 1.1.1.A, we will assess 
the potential for our LASV subunit vaccines to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-lineage 4, Sierra Leone).  Employing 
optimized strain 13 or outbred, Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 
6(Togo) established in the BSL4 evaluation Core EC as outlined in 
Table XX.  The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 
 
 For our MACV subunit vaccines 
Similarly, , after down selecting the optimal adjuvant and vaccination 
route, we will assess the potential for our MACV subunit vaccines to 
confer heterologous protection against three lineages of MACV 
endemic to genetically distinct from the prototype strain (Chicava-
Lineage 2) after down selecting the optimal adjuvant and vaccination 
rout.  Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 1, 5, and 8 established 
in the BSL4 evaluation Core CE as outlined in Table XX. We will also utilize JUNV (Romero strain)(REF) 
challenge to assess heterologous protection against a related but distinct NWAV to begin to assess the potential 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +             

NP-NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 
  TOTALS 64 TOTALS 64 

 
Table: XX outline of LASV Vaccination 
Schedule for Milestone 1.1.1.A 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 
  TOTALS 64 TOTALS 64 

 
Table: XX outline of MACV Vaccination 
Schedule for Milestone 1.1.1.A 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 2 LINEAGE 3  LINEAGE 5 LINEAGE 6 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +NP-

NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 8 8 

TOTALS 40 40 40 40 

Table: XX outline of PAN-LASV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 
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for cross protection beyond MACV strains. The vaccination, 
challenge, and sample collection will be identical to that outlined in 
1.1.1.A above. 
 
 
Milestone 1.1.1.C:  Determination of LASV and MACV protective 
efficacy using optimized subunit-patch vaccination in NHP:  15 
cynomolgus monkeys will be randomized into two experimental 
vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table XX).  Animals in vaccine groups 1 and 2 will be 

vaccinated using the down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.   
Animals in vaccine group 1 will receive only the initial single administration of vaccine while animals in vaccine 
group 2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 days 
post boost for boosted animals), all animals will be challenged with 3000 PFU of 
LASV-Josiah. The survival of infected macaques will be assessed, and clinical signs 
consistent with VHF (as measured by hematology, serum biochemistry, and blood 
coagulation assays) will be documented. Surviving animals will be euthanized at the 
study endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected 
before and after vaccination and at the study endpoint for determination of binding 
antibody and neutralizing antibody titers. Blood and tissues will also be taken after 
virus challenge for histopathology, immunohistochemistry, virus isolation and 
genome detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline 
in 1.1.1F. 

Similarly, we will also determine the protective 
efficacy of MACV following the grouping described in Table XX using the 
identical experimental approach as outlined above for LASV challenge.  The 
challenge virus will be the established MACV Chicava strain (REF). Given the 
lack of clarity on the potential for the JUNV Candid-1 vaccine to afford protection 
from challenge with MACV, we will confirm protection in NHPs if demonstrated in 
guinea pigs (REFs).  
 
Milestone  
12.1.2.A: Development  and optimization of patch vaccination 
approach employing nairovirus subunits: . 
Here we will determine if our GPe + NP-NTD subunit vaccine approach can 
be deployed against CCHFV.We will compare the protective efficacy of two 
adjuvants coupled to our CCHFV GP and NP-NTD proteins developed and 

manufactured in collaboration with Core D either as individual subunit vaccines or combinations as 
outlined in table XX using an intramuscular (IM) vaccination approach.  Eight 6-8 week STAT-1/KO 
mice (balanced sex) will be randomly assigned to 
groups as outlined in Table XX.   Blood will be 
collected prior to immunization and then on days 28 
and 56-days post-immunization to evaluate humoral 
immune responses by ELISA and virus neutralization 
assays.  After 28 days immunized animals will be 
boosted with an equivalent dose as the priming 
vaccination IM.  On day 56 post-immunization, 
animals will be transferred to BSL4 evaluation 
Core E and challenged with 100 pfu of a low 
passage CCHF-Hoti (REFS). After virus challenge, 
animals will be monitored clinically a minimum of 
twice daily. Hands-on physical and visual 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 1 LINEAGE 5  LINEAGE 8 JUNV 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 8 8 

TOTALS 40 40 40 40 

Table: XX outline of PAN-MACV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table: XX outline of NHP 
efficacy studes for LASV 
Milestone 1.1.1.B 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 

Table: XX outline of NHP 
efficacy studes for MACV 
Milestone 1.1.1.B 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  GnGc+GP38+NP 8 8 8 8 

CCHF  GnGc+GP38 8 8 8 8 
CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals        
(NO VACCINE) 8 8 

Control vaccine        
(VSV-CCHFV-M) 8 8 

  TOTALS 128 TOTALS 128 
 Table: XX outline of NHP efficacy studes for MACV Milestone 

1.1.1.B 
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assessment of infected animals may occur outside 
scheduled times, if required. Following challenge, 
additional biosamples collected at 1, 4, 7, 10, 14, 21 
and 28 days will be processed for measurement of 
viremia by plaque assay and qRT-PCR.  Results from 
the IM vaccination then be compared head-to-head 
against an equivalent vaccination/challenge cohort 
where the subunit vaccines will be administered using 
the MNP patches prepared by MNP Patch CORE C.  
Patches are administered after shaving a small 
section of the abdomen and applied using gentle 
pressure for 10-15 minutes so that the microneedles 
can fully dissolve. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Milestone 
12.1.2.B:  Determination of pan-CCHF protective efficacy using optimized subunit-patch vaccination in 
STAT-1KO mice: Using the adjuvant and vaccination route down selected in 1.1.2.A, we will assess the potential 
for our CCHFV subunit vaccines to confer heterologous protection against four lineages of CCHFV endemic to 
geographically distinct areas from the prototype strain (CCHF-Hoti).  Employing optimized strain 13 or outbred, 
Hartley guinea pig models for Clade 1(country?), 3 (country?), 4 (country) and 6(country) established in the 
BSL4 evaluation Core C as outlined in Table XX.  The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.2.A above.  
 

VACCINE 
PAN-LINEAGE PROTECTION 

CLADE  1 CLADE 3 CLADE 4 CLADE 6 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  

GnGc+GP38+NP 8 8 8 8 
CCHF  GnGc+GP38 8 8 8 8 

CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-CCHF-M) 8 8 

  TOTALS 128 TOTALS 128 

Table: XX outline of NHP efficacy studes for MACV 
Milestone 1.1.1.B 
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Milestone  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2.1.2.C:  Determination of protective efficacy using 
optimized subunit-patch vaccination in NHP:  In 
collaboration with Core E, 15 cynomolgus monkeys will 
be randomized into two experimental vaccine groups of 
5 animals per group, a control vaccine (VSV-CCHFV-
GPC (REF)) with 5 animals, and a control group of five 
unvaccinated animals (Table XX).  Animals in vaccine 
groups 1 and 2 will be vaccinated using the down 
selected CCHFV antigens, adjuvants, and vaccination 
route identified in 1.1.2.A.   Animals in vaccine group 1 
will receive only the initial single administration of vaccine 
while animals in vaccine group 2 will receive the same 
vaccine as the prime vaccine 14 days post prime. At 35 
days post prime (21 days post-boost for boosted 
animals), all animals will be challenged with 5000 PFU of 
CCHFV-Hoti. The disease of infected macaques will be 
assessed, and clinical signs consistent with VHF (as 
measured by hematology, serum biochemistry, and 
blood coagulation assays) will be documented. Surviving 
animals will be euthanized at the study endpoint 4-5 
weeks after CCHFV challenge. In addition, blood will be collected before and after vaccination and at the study 
endpoint for determination of binding antibody and neutralizing antibody titers. Blood and tissues will also be 
taken after virus challenge for histopathology, immunohistochemistry, virus isolation and genome detection. 
Peripheral blood mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent cellular 
phenotyping and functional analysis as outline in 1.1.1F. 
Milestone  
 
 
 
 
 
 
 
 
 
 

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 

Table: XX outline of NHP 
efficacy studes for MACV 
Milestone 1.1.1.B 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15  

VACCINE CHAPV  
NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LUJV NP-NTD 8 

LUJV GPe 8 
LUJV GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) KASV  NP 
KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 Table: XX outline of NHP efficacy studes for MACV 

Milestone 1.1.1.B 
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2.1.2.D:  Determination of protective efficacy against novel, emerging arenaviruses and nairovirus “test 
case” viruses using optimized subunit-patch vaccination in STAT-1/KO mice, guinea pigs and NHP 
RP1 and Core D will produce optimized GPe and NP-NTD antigens to formulate 
vaccines for LUJV and CHAPV based off lessons learned from 1.1.1A-C. Protective 
efficacy studies then be carried out where Core E will vaccinate and challenge 
guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table XX).  RP1 
and Core D will also produce optimized KASV GP and NP-NTD antigens to 
formulate subunit/MNP vaccines based off lessons learned from 1.1.1A-C. 
Protective efficacy studies will then be carried Core E will vaccinate and 
challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 

XX)   
 
Milestone  
 
 
 
 
 

 

 

2.1.2.E:  Determination of protective efficacy against novel, emerging nairovirus using optimized subunit-patch 
vaccination in STAT-1KO mice and NHP 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LASSA NP-NTD 8 

LASSA GPe 8 
LASSA GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

Table: XX outline of NHP efficacy studes for MACV 
Milestone 1.1.1.B 
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1.1.31.F:  Determination of cellular and humoral immune correlates associated with protectionprotection.   
Milestone 1.1.3.A1.F.a: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups. 
We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-
patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, 
LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role 
as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. 
Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and 
expect responses in vaccinated EVD survivors to be superior to natural immunity.  
Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard whole blood flow cytometric staining protocols will be used 
for surface and intracellular staining markers, briefly cryopreserved PBMCs no older than 3 months old are gently 
thawed then washed with 2% FBS/PBS and stained with a viability dye for 20 minutes at room temperature. 
Cells are then washed again, surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. 
Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed in PBS. 
Stained, fixed cells will then either be acquired directly. Cell populations are then quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments:. PBMC stimulations will be set up according to modifications of well 
established, previously published protocols. [45, 46] PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldinA will then be added at a concentration 
of 10mg/mL and incubated at 37oC for until flow cytometry staining. Cells will then be washed and stained 
according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated with 
purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 media 
(RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess secreted 
analytes by multiplex-bead based assays will be set up in 96-well plates and supernatants will be harvested for 
further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye for 20 minutes at room temperature, then washed with 2% 
FBS/PBS. Surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are 
incubated in BD Cytofix/Cytoperm solution for 20 minutes followed by a wash with BD Perm/Wash Buffer. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then be acquired using a 
Cytek Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a 4-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated for 3 hours at room temperature, protected from light. 1mL of wash buffer 
will be added and beads will be pelleted by centrifugation at 200g for 5 minutes. Wash buffer will be removed 
and discarded. Beads will be resuspended in 300uL wash buffer and data acquired on a MagPix xMAP 
instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes at room 
temperature, protected from light. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at 
room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an S6 Universal M2 
ELISPOT analyzerneed model ELISPOT Fluorescence Microplate Reader.  
. 
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Data Analysis: We will look at the differences in immune responses across groups between each timepoint and 
baseline. Model assumptions will be checked for a one-way ANOVA to compare the three groups. we will run 
the analysis after checking model assumptions, if those are not met then we will adjust to a nonparametric model 
or transform the outcome appropriately. To look at the longitudinal aspect of the data, we will investigate 
measurements over time between groups, the interaction of group and time can be analyzed using covariance 
pattern models (or linear mixed models), where the correlation between observations measured over time can 
be handled more flexibly. As a more exploratory analysis we will also look at adjusting for possible confounding 
variables such as sex and age. For categorical variables, comparisons will be made using Chi-Square tests. 
Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and R will be 
used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell responses will 
be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in 
our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will 
be banked to assess the presence of biomarkers associated with differences between groups. 
Milestone  
1.1.3.A:1.1.1.F.b: Systems serology Characterization of  Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups.  
We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology 
platform developed by Dr. Gunn in Core D[47-49] to define the Fc-mediated humoral antiviral functions 
associated with vaccination. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV,LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  
Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens utilized for vaccination. To evaluate cross-reactive antibody responses against 
the GP of other LASV, MACV, or CCHFV lineages. We will use a multiplexed analysis to determine the levels of 
antibodies against the viral antigens using on MagPix xMAP instrument as described.[48, 50] Specifically, each 
viral antigen will be coupled to coded magnetic beads (Luminex), mixed together, and incubated with serial 
dilutions of patient samples. Beads are washed and the levels of different antibody isotypes/subclasses specific 
for each antigen will be determined using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, 
IgA1, IgA2, and IgM.  For quantitation of bound antibody, we will make a standard using pooled banked serum 
from NHP survivors. 
Analysis of Fc-mediated effector functions:  We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry at KGH. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates for 5 hours at 37C 5% CO2, and surface expression of 
CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine 
staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and 
TNFa by flow cytometry. 
Data Analysis: Univariate analyses were performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction was used to determine statistical significance 
between groups. A network analysis will be performed to identify significant antibody features. Associations 
between antibody features will be determined using nonparametric Spearman correlation coefficient. Statistically 
significant associations after Bonferroni correction for multiple comparisons (adjusted P < .05) were used to 
generate networks in Cytoscape (version 3.4.0). 
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Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and additional clinical information (ieclinical 
signs into the network analysis.: PES symptoms). These will be included in the network analysis. 
Milestone 1.AIM 22: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no 
available isolates:  
We will use existing mammarenaviruses (REFS) and orthonairovirus (REFS) reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog but is still pathogenic in mice and humans (REFS). There is currently no reverse genetics system for 
KASV.  We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, 
but also to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
Milestone 2: 1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody 
treatmentstreatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal antibodies or immunoglobulins has 
been employed for providing instant barrier immunity to high-risk individuals for infections such as Respiratory 
syncytial virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-exposure prophylaxis) 
or COVID-19 (tixagevimab/cilgavimab for prophylaxis (REFS). The PABVAX consortium has a long track record 
of success developing monoclonal antibody (mAb) therapies against VHFs and emerging viruses.  Building on 
this success, RP1 will perform pilot studies to examine the feasibility of PREP with a serum half-life extended 
mAb against JUNV. Clinically validated Fc mutations can result in an improvement in serum half-life from 3-4 
weeks to 2-4 months ([30-33]). 
 
 
 
A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine: . 
In conjunction with RP1 Cores D and Core E, an IM long-acting mAb prototype 
will be generated as a Go/No Go decision as to whether this product format 
will be an option for development with any of the other viruses being targeted 
by PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb 
with whose potent therapeutic efficacy [51, 52] (guinea pig and NHP 
references) we have previously described by Abelson, Geisbert and Zeitlin will 
be produced with YTE and LA Fc point mutations to extend the serum half-life of the mAb(Table 4). The 
pharmacokinetics (PK) of these two variants will be evaluated in NHPs (Bioqual, Inc.; Rockville, MDsee Core D) 
to select a lead candidate for testing in NHPs against Junin Romero challenge in Core E. For the PK study, two 
doses (15 and 5 mg/kg) of each mAb will be administered IM to groups of 3 cynomolgus macaques (mixed sex). 
Serum will be collected (pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7, 10, 14, 21, 28, 42, 56) and tested via 
ELISA and Octet to quantitate serum antibody concetrations. PK parameters will be modeled with WinNonlin 
Phoenix software (reference). We will select tThe variant with the most favorable pharmacokinetics PK will be 
selected for testing with by RP1/Core E. Briefly, groups of 45 cynomolgus macaques (mixed sex) will receive 15 
or 5 mg/kg of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV 
(Espindola or RomeroEspindola?) delivered IV (Table XX). For further details of the NHP testing, please see 
Core E. These data will be used by the Scientific Advisory Committee Board to inform decision making around 
possible additional IM mAb prophylaxis plug and play prototypes against other viruses. 
 

 

PREP JUNV NHP 
CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 

Table:XX 
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Expected results, alternative approachesapproaches, and Go-No-Go decisions (brief summary 
– see also Project Milestones and Timelines). We expect to be able to construct an immunogenic 
and ideally protective subunit-patch targeting LASV, MACV, and CCHFV and use lessons learned from 
this Phase I suite of studies to rapidly develop subunit-patch vaccines for three “test case” viruses 
LUJV, CHAPV, and KASV in Phase II of the project.……. If this anyis not the case any  of these Phase 
I vaccine projects have not met the “go” criteria,  three viruses by year 2 we will refocus effects efforts 
towardon  the remaining virus families adjusting the requested budgets accordingly after 
consulationconsultation with NIAID and SAC.  

 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 
decisions for MILESTONES 1-4 and 2 are discussed as required in RFA-AI-20-023 in the Project Milestones 
and Timelines section.  

References: 

 

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
 
 
AIM 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

 
 
 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also 
Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective 
subunit-patch targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses 
by year 2 we will refocus effects on the remaining virus families adjusting the requested budgets 
accordingly after consulation with NIAID and SAC 
 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 
decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and 
Timelines section.  

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
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SPECIFIC AIMS 
The viral order Bunyavirales is composed of several viral families known to contain several high priority human 
pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic 
diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in 
survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six 
arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, 
MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID 
Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparednessThreats to public health are further heightened due to lack of internationally approved vaccines 
to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address 
this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, 
immunology, and biological product development, to develop arenavirus and nairovirus research tools and 
vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” 
manner. Much of the work developing vaccines against high containment viruses has relied heavily on viral 
isolates derived over 40 years ago or longer, which creates a concerns tied to efficacy as newer related viruses 
continue to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed 
the generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses 
(CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development 
for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral 
glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered 
a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed 
GP. We have found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully 
protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine 
components. Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle 
patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable 
MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen.  The importance of humoral immunity for affording potent 
protection or treatment against viral infections cannot be understated as evidenced by the recent success using 
monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for 
pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows 
are possible.  The goals of this proposal are two-fold: (1) Develop novel vaccination approaches utilizing subunit-
MNP vaccines developed in or monoclonal antibody PREP strategies which can provide protective immunity 
against Old and New World arenaviruses or emerging nairoviruses. (2) Develop reverse genetics tools to 
evaluate emerging arenaviruses and nairoviruses for which no isolates are available.  Specifically, we will:  

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches: 

1.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal 
immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease 
in animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of 
protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test 
case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a 
new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus. 

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core 
D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-
engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective 
efficacy and estimate conferred immunity correlates in animal studies performed in Core E. 

Milestone 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV 
isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-
based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. 



RESEARCH STRATEGY: 
1. SIGNIFICANCE: 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease[1].  Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens (REF) where six arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens.  This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness (REF). 
Threats to public health are further heightened due to lack of internationally approved vaccines to address threats 
of natural epidemics as well as the potential bio-weaponization of these viruses. 

 
Research Project 1(RP1) proposes preclinical research that will support Investigational New Drug Application 
(IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, 
the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both 
has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  

 Old Word Mammarenaviruses (OWAV): RP1 will utilize LASV as the prototype OWAV due to its 
elevated public health burden throughout West Africa with hundreds of thousands of estimated cases 
annually with XX deaths across West Africa(REF).  LASV has is the most imported viral hemorrhagic 
fever (VHF) next to dengue virus and has been imported to over XX countries (REFS).  Case fatality 
rates (CFR) up to 60% in hospitalized cases and marked long term sequelae are the result of no approved 
vaccines or therapeutics, though several live attenuated virus candidates are approaching clinical 
evaluation with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) (REFS).  Most of 
these vaccines utilize the LASV (glycoprotein) GP or the LASV GP + Nucleoprotein (NP) as the target 
immunogens in these vectors (REFs). 

 New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV is currently in use in 
Argentina [2], but there is conflicting evidence of whether cross protection with other NWAV is possible 
[3, 4] and there are safety concerns related to reversion to pathogenic versions. This proposal will use 
MACV and JUNV as the prototype NWAVs as there are no approved vaccines or therapeutics available 
for MACV and the safety concerns associated with Candid-1 vaccine suggest other approaches are 
warranted. 

 Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is 
responsible for the largest global public health burden within the orthonairovirus family with an estimated 
XXX cases per year across Europe, Africa, and Asia. CCHFV outbreaks are often very large list some 
recent examples.  A suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed 
whole virus vaccine for CCHFV has been approved for use only in Bulgaria since 1974, but has numerous 
safety concerns and limited demonstrated efficacy(REFS).  Since then, a number of vaccine approaches 
have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages(REF); however only an MVA-CCHFV vaccine has begun to 
advance towards clinical trials (REF). 

 
Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated 
viruses, which have many advantages in terms of being able to rapidly induce protective and often durable 
protection from debilitating disease and death.  However, as the global human population grows, the number of 
special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or pregnant) 
grows, which call in to the question the safety of live-attenuated vaccines and suggests more pathologically 
benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes 
from different pathogens has been a central driver for a number of successful and approved vaccinee strategies 
including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success 
(REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale 
production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have developed protective 



protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
 
Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments [5].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines 
to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.   
 

Once a candidate subunit-patch vaccine approach is selected, this approach will use lessons learned to produce 
plug-and-play approach to develop vaccines against a representative human pathogen from each prototype virus 
group for which no research grade vaccines have been created and tested in animal models. 

 In 2008, Lujo virus was isolated from a case of severe hemorrhagic fever originating in Zambia but quickly 
causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa 
[6]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people.  
There are currently no approved or therapeutics available for this virus and its genetic divergence from 
LASV suggest countermeasures with antigenic targets may be of limited use, underscoring the need for 
antiviral tools against this emerging threat.  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated 
with development of severe hemorrhagic fever with case fatality rates up to 60% [7, 8]. Recent studies 
have demonstrated clear human-to-human transmission risk during the acute phase evidenced by 
several nosocomial infections but also detection of viable virus from semen at 86 days after symptom 
onset demonstrating a clear need to specialized management and treatment [8].  It is unknown if the 
JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective, but the 
phylogenetic divergence of CHAPV of XX% from JUNV suggests it may not be. 

 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats [9].  Serosurveys of 109 laboratory workers from the same facility the virus was 
isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical 
symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory 
associated infections or chains of ongoing person-to-person transmission.  Recently, tick surveys have 
demonstrated the potential for Ornithodoros faini ticks to participate in enzootic maintenance of KASV 
[10].  While most chiropteran ticks exhibit host specificity, humans entering caves where these bats are 
have reported bites from O.faini ticks as well.  The highly infectious potential for this virus in humans 
coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure 
development is well advised. 

Pre-exposure prophylaxis (PREP) and Post exposure prophylaxis (PEP) using monoclonal antibodies or 
immunoglobulins has been employed for providing instant barrier immunity to high- risk individuals for infections 
such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis (REFS). The PABVAX consortium 
has a long track record of success developing monoclonal antibody (mAb) therapies against VHFs and emerging 
viruses.  Building on this success, RP1 will also perform pilot studies to examine the feasibility of PREP utilizing 
with a serum half-life extended mAb against JUNVs. Clinically validated Fc mutations can result in an 
improvement in serum half-life from 3-4 weeks to 2-4 months which can increase the instant barrier immunity 
from 30-45 days to 60+ days ([44, 45][46] [47]refs).  

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, biological 
manufacturing and vaccine device innovation to develop cutting edge vaccination approaches using plug-and-
play approaches tailored from prototype mammarenaviruses and orthonairoviruses and applicable to related 
members of these viral families.  



 

 

2. INNOVATION 

Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens  

The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV 
vaccine candidates[11] with four out of five candidates based on viral vector backbones. The remaining 
candidate is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little 
pre-clinical data concerning the safety and efficacy of these vaccine candidates is currently available[11]. 
Further, four of the  five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and 
potential of the immune response. 

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection[12-17]. Epitopes within LASV NP, and to a lesser extent GP, are 
known to substantially contribute to T cell mediated immunity[18]. Exploiting highly conserved N-terminal 
immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 
100% protection in a lethal, outbred guinea pig model.   Sequence conservation across NP is higher than GP 
across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly 
protective vaccine(REFS).  Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP 
offered complete protection against LASV challenge in guinea pigs.  

Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens  

CCHFV is a divergent virus with up to seven genetic lineages (REFS).  This diversity is evident in the variation 
observed most clearly in glycoprotein sequences across lineages.  Given the glycoprotein is a pivotal protein 
dictating viral entry and  immune recognition, it is little wonder why CCHFV vaccines have struggled with 
heterologous challenge with strains of viruses outside of the clade the vaccine was based on (REF). Conversely, 
NP is highly conserved but not exposed on the virus surface cellular surface (REFs).  Indeed, a recent report 
has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against 
heterologous challenge [19]. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy 
likely has the greatest potential for potent, cross-clade protection. 

PREP “vaccination” as a measure to control mammarenaviruses 

For situations where a vaccine does not exist or is not appropriate (e.g. immunocompromised individuals or first 
responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc 
mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting 
greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic 
efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with 
YTE [44, 45]  and LA [46] [47] Fc point mutations to determine the potential for delivering instantaneous, long-
lasting (> 6 months) barrier immunity using monoclonal antibodies. 

 

Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses  

Add blurb discussing unique access to field samples from across the world  and established expertise to generate 
infectious clones from emerging arenaviruses and nairoviruses: 
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3. APPROACH 

PRELIMINARY RESULTS 

Engineering trimeric 
glycoprotein antigens for 
the arenaviruses 

Production of 
recombinant trimeric 
LASV GP has been 
particularly challenging 
within the LASV research 
community. The LASV 
GP ectodomain (GP) 
consists of two non-
covalently associated 
subunits, GP1 and GP2, 
which readily disassociate 
in solution, historically 
hindering the expression and purification of a trimeric GPe. A recent study introduced a pair of cysteine mutations 
into GP1 and GP2, resulting in a stable disulfide-linked GP1/GP2 monomer amenable to structural studies when 
stabilized by a fiduciary antibody Fab fragment[20]. Mapp has since made structure-based improvements to 
generate a stable GP immunogen representative of the authentic viral GP spike and suitable for use as a vaccine. 
We reverted the E329P mutant, hypothesized to stabilize heptad repeat 1 in GP2[20] and added an additional 
trimerization motif to stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV GP is expressed 
and secreted from Drosophila S2 cells and purified from supernatant via affinity chromatography using a 
StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer verification 
of trimerization (Figure xx). Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are 
supportive of the stability required for a vaccine candidate. 

The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and 
MACV (Figure 3). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of 
J199, reveals monodispersed trimeric GP/Fab complexes (Figure xx). Both the interaction with a well-
characterized mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric 
spike and support their use as a vaccine immunogen.  

Our trimeric arenavirus GPs support efforts to isolate novel ultra-potent mAbs and to develop a second-
generation arenavirus immunotherapeutic with reduced dosing requirements and broader reactivity compared to 
current LASV mAb candidates[21]. This significantly lowers the cost of goods while increasing ease of use for 
clinicians, both essential for a product used in developing nations where arenaviruses are prevalent. 
 

Figure XX. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were 
expressed and purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM 
and 2D class averages of JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches have largely focused on 
evoking a strong humoral response and high titers of nAbs to a 
target pathogen, increasing evidence[12-17] suggests that the 
cellular response, mediated by T cells, can play a highly important 
and complementary role in the long-term protection against 
pathogens. Based on literature reports that T cell responses highly 
correlate with LASV recovery, and that LASV NP plays a significant 
role in inducing those responses[12, 22], we also generated LASV 
NP antigens. We chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have 
distinct functions in the virus lifecycle (Figure xx) and express to 
high levels (50-100 mg/L) as two independent domains in bacteria 
using standard laboratory shaker flasks. 

We evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV 
infection. Our study was designed (Figure 6) to assess whether immune responses to GP only, or GP+NP would 
offer protective immunity from lethal LASV challenge. We chose to investigate several commercially available 
adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in 
combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus 
supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 6), and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP but no adjuvant.  In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge.  While combination of 

Figure xx. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure 6. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 
guinea pigs were immunized intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg 
doses of GP + 2x25µg of NP-NTD +  2x25 µg of NP-CTD, or either 2x25 µg NP antigen in combination or separately. Immunized 
animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost.  (Right) Animals were monitored for 35 days post-
challenge, and survival curves and weight change are plotted.   



NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection.  Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% protection.  Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  
Engineering glycoproteins antigens for the CCHFVThe CCHF virus has a tripartite negative-sense RNA 
genome,composed of the the small (S), medium (M), and large (L) segments. The M segment encodes the viral 
glycoprotein precursor (GPC) complex, which is subsequently cleaved by host proteases into multiple proteins, 
including the envelope glycoprotein GnGc and secreted GP38 protein.  GnGc is composed of Gn and Gc 
subunits, which are linked together by a multiple membrane spanning region. These transmembrane domains 
complicate the in vitro expression of  soluble GnGc, but we have designed a construct that replaces the 
transmembrane domains with a linker and have generated a stable drosophila cell line that expresses up to 
3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We used these proteins 
to test serum reactivity in CCHF survivors (Figure XX).  We will use established protocols [23] as a template to 
optimize expression of CCHFV and Kasokero NP proteins. 

        

Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses  

Rescue of recombinant viruses.  An important goal of the PABVAX Center is to generate tools for pandemic 
preparedness. An important component of both RP1 and RP2 is to generate and recombinant viruses to fill gaps 
and provide tools where wild type viruses do not exist either because 1) only sequence information is available 
or 2) isolates exist but viruses are unable to be shared with the research community. In collaboration with RP1 
Core E will assist in the development and rescue of New World arenaviruses and the henipavirus Langya virus 
as detailed in the Research Strategies for RP1 and RP2. 

APPROACH 

Overall Hypothesis:FILL THIS IN     

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches:  

Rationale: The choice of Mammarenavirus Prototype Pathogens is justified as follows:  

 Old World Mammarenaviridae: We propose LASV Josiah strain (Lineage 4) as the prototype pathogen due 
to the depth of available research data, availability of established rodent (REF) and nonhuman primate(NHP) 
models (REFS), frequency of exportation (REFS), and large number of annual cases throughout West Africa  
where the case fatality rate can be up to 60% in hospitalized cases (REF).  

 New World Mammarenaviridae:  Due to the availability of a JUNV vaccine in the endemic region where JUNV 
circulates and the lack of cross protection against challenge with other NWAV, MACV, the causative agent 
of Bolivian hemorrhagic fever, will be used as the prototype pathogen for NWAV for studies outlined in 
Milestone 1.1. There are established guinea pig (REF) and NHP (REF) models for MACV. JUNV is the New 
World arenavirus with the largest knowledge base at present [REF]. For a pilot efficacy study outlined in 
Milestone 1.2, we will use JUNV Espindola 
Strain as a natural extension of previous 
published work demonstrating protective 
efficacy of the template PREP mAb (REF). 

 Nairoviridae. We propose CCHFV Hoti strain 
(Clade 5) as the nairovirus prototype pathogen. 
UTMB has established mouse models (REF) 
and NHP (REF) models to enable testing of 
CCHFV countermeasures against a number of 
the available clades.  CCHF is the most 
important member of the Nairoviridae family 
with a major public-health impact across 
Western Asia, the Balkans, Southern Europe, 
and most of Africa [REF].          

 

Figure XX:  Engineered CCHFV proteins are reactive with 
serum from CCHFV survivors. SDS-PAGE gel of CCHF 
Ibar proteins GnGc and GP38 after 2 step purification 
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Paragraph about subunit vaccines and PREP study. 

 

 

 

 

 

 

 

 

 

Milestone 1.1 Subunit immunogens and MNP vaccination 

Milestone 1.1.1.A:  Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs:  Building on the success of our GPe + NP-NTD LASV vaccine, we 
will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core 
D either as individual subunit vaccines or combinations as outlined in 
table XX using an intramuscular (IM) vaccination approach.  Eight 
outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly 
assigned to groups as outlined in Table XX.   Blood will be collected 
prior to immunization and then on days 28 and 56-days post-
immunization to evaluate humoral immune responses by ELISA and virus 
neutralization assays.  After 28 days immunized animals will be boosted with an equivalent dose as the priming 
vaccination IM.  On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core C and 
challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group (REFS). After virus 
challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual 
assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional 
biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque 
assay and qRT-PCR.  Results from the IM vaccination then be compared head-to-head against an equivalent 
vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared 
by MNP Patch CORE C.  Patches are administered after shaving a small section of the abdomen and applied 

using gentle pressure for 10-15 minutes so that the microneedles can 
fully dissolve. 

Similarly, we will determine the protective efficacy using MACV 
GPe and NP-NTD proteins developed and manufactured in Core D 
following the grouping described in Table XX using the identical 
experimental approach as outlined above.  The challenge virus will be 
the established MACV Chicava strain (REF). Given the lack of clarity 
on the potential for the JUNV Candid-1 vaccine to afford protection 
from challenge with MACV, we will assess its utility as a positive 
control vaccine against lethal challenge with MACV (REFs). 

 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +             

NP-NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 
  TOTALS 64 TOTALS 64 

 
Table: XX outline of LASV Vaccination 
Schedule for Milestone 1.1.1.A 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 
  TOTALS 64 TOTALS 64 

 
Table: XX outline of MACV Vaccination 
Schedule for Milestone 1.1.1.A 



1.1.1.B:  Determination of pan-LASV and Pan-MACV protective 
efficacy using optimized subunit-patch vaccination in guinea 
pigs.  Using the adjuvant and vaccination route down selected in 
1.1.1.A, we will assess the potential for our LASV subunit vaccines to 
confer heterologous protection against four lineages of LASV endemic 
to geographically distinct from the prototype strain (Josiah-lineage 4, 
Sierra Leone).  Employing optimized strain 13 or outbred, Hartley 
guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 
6(Togo) established in the BSL4 evaluation Core C as outlined in 
Table XX.  The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 
  

Similarly, after down selecting the optimal adjuvant and vaccination 
route, we will assess the potential for our MACV subunit vaccines to 
confer heterologous protection against thre lineages of MACV endemic 
to genetically distinct from the prototype strain (Chicava-Lineage 2).  
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core C as 
outlined in Table XX. We will also utilize JUNV (Romero strain)(REF) 
challenge to assess heterologous protection against a related but 
distinct NWAV to begin to assess the potential for cross protection 
beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 
 

1.1.1.C:  Determination of LASV and MACV protective efficacy using optimized 
subunit-patch vaccination in NHP:  15 cynomolgus monkeys will be randomized 
into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated animals (Table 
XX).  Animals in vaccine groups 1 and 2 will be vaccinated using the down selected 
LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.   Animals in 
vaccine group 1 will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 
days post prime. At 35 days post prime (21 days post boost for boosted animals), all 
animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected 
macaques will be assessed, and clinical signs consistent with VHF (as measured by 
hematology, serum biochemistry, and blood coagulation assays) will be documented. 

Surviving animals will be euthanized at the study endpoint 4-5 weeks after LASV 
challenge. In addition, blood will be collected before and after vaccination and at the 
study endpoint for determination of binding antibody and neutralizing antibody titers. 
Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.1F. 

Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table XX using the identical experimental approach as outlined 
above for LASV challenge.  The challenge virus will be the established MACV 
Chicava strain (REF). Given the lack of clarity on the potential for the JUNV Candid-
1 vaccine to afford protection from challenge with MACV, we will confirm protection 
in NHPs if demonstrated in guinea pigs (REFs). 

 
2.1.2.A: Development  and optimization of patch vaccination approach employing nairovirus subunits. 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 2 LINEAGE 3  LINEAGE 5 LINEAGE 6 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +NP-

NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 8 8 

TOTALS 40 40 40 40 

Table: XX outline of PAN-LASV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 1 LINEAGE 5  LINEAGE 8 JUNV 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 8 8 

TOTALS 40 40 40 40 

Table: XX outline of PAN-MACV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table: XX outline of NHP 
efficacy studes for LASV 
Milestone 1.1.1.B 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 

Table: XX outline of NHP 
efficacy studes for MACV 
Milestone 1.1.1.B 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2.1.2.B:  Determination of pan-CCHF protective efficacy using optimized subunit-patch vaccination in STAT-1KO 

mice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
2.1.2.C:  Determination of protective efficacy using optimized subunit-patch vaccination in NHP 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2.1.2.D:  Determination of protective efficacy against novel, emerging arenaviruses using optimized subunit-
patch vaccination in guinea pigs and NHP 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  GnGc+GP38+NP 8 8 8 8 

CCHF  GnGc+GP38 8 8 8 8 
CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals        
(NO VACCINE) 8 8 

Control vaccine        
(VSV-CCHFV-M) 8 8 

  TOTALS 128 TOTALS 128 
 

VACCINE 
PAN-LINEAGE PROTECTION 

CLADE  1 CLADE 3 CLADE 4 CLADE 6 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  

GnGc+GP38+NP 8 8 8 8 
CCHF  GnGc+GP38 8 8 8 8 

CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-CCHF-M) 8 8 

  TOTALS 128 TOTALS 128 

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 



 
 
 

 
 
 
 
 

 

2.1.2.E:  Determination of protective efficacy against 
novel, emerging nairovirus using optimized subunit-patch vaccination in STAT-1KO mice and NHP 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
1.1.1.F:  Determination of cellular and humoral immune correlates associated with protection   
1.1.1.F.a: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell responses in in 
subunit/patch vaccinated NHP compared to unvaccinated groups. 
We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-
patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, 
LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role 
as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. 
Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and 
expect responses in vaccinated EVD survivors to be superior to natural immunity.  

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard whole blood flow cytometric staining protocols will be used 
for surface and intracellular staining markers, briefly cryopreserved PBMCs no older than 3 months old are gently 
thawed then washed with 2% FBS/PBS and stained with a viability dye for 20 minutes at room temperature. 
Cells are then washed again, surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. 
Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed in PBS. 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LASSA NP-NTD 8 

LASSA GPe 8 
LASSA GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 

 

VACCINE 
CHAPV  

NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 
KASV  NP 

KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 



Stained, fixed cells will then either be acquired directly. Cell populations are then quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 

Viral protein stimulation experiments:. PBMC stimulations will be set up according to modifications of well 
established, previously published protocols. [24, 25] PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldinA will then be added at a concentration 
of 10mg/mL and incubated at 37oC for until flow cytometry staining. Cells will then be washed and stained 
according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated with 
purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 media 
(RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess secreted 
analytes by multiplex-bead based assays will be set up in 96-well plates and supernatants will be harvested for 
further analysis. 

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye for 20 minutes at room temperature, then washed with 2% 
FBS/PBS. Surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are 
incubated in BD Cytofix/Cytoperm solution for 20 minutes followed by a wash with BD Perm/Wash Buffer. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then be acquired using a 
Cytek Aurora spectral flow cytometer. 

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a 4-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated for 3 hours at room temperature, protected from light. 1mL of wash buffer 
will be added and beads will be pelleted by centrifugation at 200g for 5 minutes. Wash buffer will be removed 
and discarded. Beads will be resuspended in 300uL wash buffer and data acquired on a MagPix xMAP 
instrument. 

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes at room 
temperature, protected from light. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at 
room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an need model 
ELISPOT Fluorescence Microplate Reader.  

Data Analysis: We will look at the differences in immune responses across groups between each timepoint and 
baseline. Model assumptions will be checked for a one-way ANOVA to compare the three groups. we will run 
the analysis after checking model assumptions, if those are not met then we will adjust to a nonparametric model 
or transform the outcome appropriately. To look at the longitudinal aspect of the data, we will investigate 
measurements over time between groups, the interaction of group and time can be analyzed using covariance 
pattern models (or linear mixed models), where the correlation between observations measured over time can 
be handled more flexibly. As a more exploratory analysis we will also look at adjusting for possible confounding 
variables such as sex and age. For categorical variables, comparisons will be made using Chi-Square tests. 
Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and R will be 
used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell responses will 
be analyzed by t-SNE in R.  

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in 
our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will 
be banked to assess the presence of biomarkers associated with differences between groups. 



 
1.1.1.F.b: Systems serology Characterization of  Arenavirus and Nairovirus specific Ig subtypes and Fc-mediated 
innate effector function profiles in subunit/patch vaccinated NHP compared to unvaccinated groups.  
We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology 
platform developed by Dr. Gunn in Core D[26-28] to define the Fc-mediated humoral antiviral functions 
associated with vaccination. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV,LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens utilized for vaccination. To evaluate cross-reactive antibody responses against 
the GP of other LASV, MACV, or CCHFV lineages. We will use a multiplexed analysis to determine the levels of 
antibodies against the viral antigens using on MagPix xMAP instrument as described.[27, 29] Specifically, each 
viral antigen will be coupled to coded magnetic beads (Luminex), mixed together, and incubated with serial 
dilutions of patient samples. Beads are washed and the levels of different antibody isotypes/subclasses specific 
for each antigen will be determined using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, 
IgA1, IgA2, and IgM.  For quantitation of bound antibody, we will make a standard using pooled banked serum 
from NHP survivors. 

Analysis of Fc-mediated effector functions:  We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry at KGH. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates for 5 hours at 37C 5% CO2, and surface expression of 
CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine 
staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and 
TNFa by flow cytometry. 
Data Analysis: Univariate analyses were performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction was used to determine statistical significance 
between groups. A network analysis will be performed to identify significant antibody features. Associations 
between antibody features will be determined using nonparametric Spearman correlation coefficient. Statistically 
significant associations after Bonferroni correction for multiple comparisons (adjusted P < .05) were used to 
generate networks in Cytoscape (version 3.4.0). 

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and additional clinical information (ie: PES 
symptoms). These will be included in the network analysis. 

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments 



 
 
A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine. In conjunction with RP1 Cores D 
and Core E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this 
product format will be an option for development with any of the other viruses being targeted by PABVAX. For 
this proof-of-concept effort, an existing anti-Junin virus mAb with whose potent therapeutic efficacy [39, 43] 
(guinea pig and NHP references) we have previously described by Abelson, Geisbert and Zeitlin will be produced 
with YTE and LA Fc point mutations to extend the serum half-life of the mAb(Table 4). The pharmacokinetics 
(PK) of these two variants will be evaluated in NHPs (Bioqual, Inc.; Rockville, MDsee Core D) to select a lead 
candidate for testing in NHPs against Junin Romero challenge in Core E. For the PK study, two doses (15 and 
5 mg/kg) of each mAb will be administered IM to groups of 3 cynomolgus macaques (mixed sex). Serum will be 
collected (pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7, 10, 14, 21, 28, 42, 56) and tested via ELISA and 
Octet to quantitate serum antibody concetrations. PK parameters will be modeled with WinNonlin Phoenix 
software (reference). We will select tThe variant with the most favorable pharmacokinetics PK will be selected 
for testing with by RP1/Core E. Briefly, groups of 4 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg 
of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV (Espindola or 
Romero?) delivered IV. For further details of the NHP testing, please see Core E. These data will be used by 
the Scientific Advisory Committee Board to inform decision making around possible additional IM mAb 
prophylaxis plug and play prototypes against other viruses. 

 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will 
refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with 
NIAID and SAC 
 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 
decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and 
Timelines section.  

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
 
 
AIM 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

 
 
 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will 
refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with 
NIAID and SAC 
 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 

PREP 
JUNV NHP 

CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 
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decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and 
Timelines section.  

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
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The viral order Bunyavirales is composed of several viral families known to contain several high priority human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special action for public health preparednessThreats to public health are further heightened due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, immunology, and biological product development, to develop arenavirus and nairovirus research tools and vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” manner. Much of the work developing vaccines against high containment viruses has relied heavily on viral isolates derived over 40 years ago or longer, which creates a concerns tied to efficacy as newer related viruses continue to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed the generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses (CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed GP. We have found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine components. Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting protective immunity against the target pathogen.  The importance of humoral immunity for affording potent protection or treatment against viral infections cannot be understated as evidenced by the recent success using monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows are possible.  The goals of this proposal are two-fold: (1) Develop novel vaccination approaches utilizing subunit-MNP vaccines developed in or monoclonal antibody PREP strategies which can provide protective immunity against Old and New World arenaviruses or emerging nairoviruses. (2) Develop reverse genetics tools to evaluate emerging arenaviruses and nairoviruses for which no isolates are available.  Specifically, we will: 

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches:

1.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease in animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus.



1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective efficacy and estimate conferred immunity correlates in animal studies performed in Core E.

Milestone 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available isolates: 





RESEARCH STRATEGY:

1. SIGNIFICANCE:

2. 

3. 

[bookmark: _Hlk136870281]TThe viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1.   Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to 60% XX and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 2 (REF) where six rodent borne arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens.   This classification stems is owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special action for public health preparedness 3 (REF). Threats to public health are further heightened due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses.

Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often durable protection from debilitating disease and death. However, as the global human population grows, the number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes from different pathogens has been a central driver for a number of successful and approved vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other mammarenaviruses and orthonairoviruses.

The Mammarenaviruses: All mammarenaviruses share a common genomic organization consisting of two ambi-sense RNA segments. Each segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the nucleoprotein (NP)6. Despite general similarity of their genomic architecture, these groups exhibit marked differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV survivors have been demonstrated to protect non-human primates (NHP), against lethal challenge 7. Recent crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) 8. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of NP, suggesting using this domain as a vaccine antigen may also be possible. 9-11. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model12, but also that live attenuated vaccines expressing this same GPC can protect NHP against challenge with viruses from: Lineage II13 , Lineage III (Cross, Geisbert unpublished), Lineage V14 and Lineage VI (Cross and Geisbert Unpublished). 

The Orthonairoviruses: Unique from other bunyaviruses, orthonairoviruses are transmitted primarily by ticks in nature. While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus15, Issyk-Kul virus16, Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public health threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia. There are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to bird migration changes, livestock trade, and even global warming are contributing to increasing numbers of infections in humans in areas otherwise not known to be endemic including central Spain18 and most recently the reservoir Hyalomma ticks have been found as north as Sweden19. Infection in humans begins as a nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to death in 30% of cases in some regions20. CCHFV is listed on the WHO priority pathogen list2 and is also a NIH-NIAID category A pathogen3. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy21 (REF). Ribivirin has been used to treat infections with limited success22. CCHFV has a trisegmented genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and a GPC 20. Like mammarenaviruses, CCHFV NP and GP are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology20. Conversely, he CCHFV GPC is considerably less conserved, where less than 75% amino acid conservation is present20. The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on geographical location which creates a challenge in terms of creating a pan-CCHFV vaccine or therapeutic based solely on one clade. Nonetheless, we have demonstrated that heterologous vaccine mediated protection can be afforded using a VSV vectored vaccine expressing the full GPC of CCHF23.





Research Project 1(RP1) proposes preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which have resulted in marked genetic diversity within each viral family further challenging effective vaccine approaches. 

Old Word Mammarenaviruses (OWAV): RP1 will utilize LASV as the prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated cases annually with XX deaths across West Africa(REF).  LASV has is the most imported viral hemorrhagic fever (VHF) next to dengue virus and has been imported to over XX countries (REFS).  Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae are the result of no approved vaccines or therapeutics, though several live attenuated virus candidates are approaching clinical evaluation with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) (REFS).  Most of these vaccines utilize the LASV (glycoprotein) GP or the LASV GP + Nucleoprotein (NP) as the target immunogens in these vectors (REFs).

New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV is currently in use in Argentina [2], but there is conflicting evidence of whether cross protection with other NWAV is possible [3, 4] and there are safety concerns related to reversion to pathogenic versions. This proposal will use MACV and JUNV as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other approaches are warranted.

Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is responsible for the largest global public health burden within the orthonairovirus family with an estimated XXX cases per year across Europe, Africa, and Asia. CCHFV outbreaks are often very large list some recent examples.  A suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus vaccine for CCHFV has been approved for use only in Bulgaria since 1974, but has numerous safety concerns and limited demonstrated efficacy(REFS).  Since then, a number of vaccine approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and disadvantages(REF); however only an MVA-CCHFV vaccine has begun to advance towards clinical trials (REF).



Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often durable protection from debilitating disease and death.  However, as the global human population grows, the number of special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or pregnant) grows, which call in to the question the safety of live-attenuated vaccines and suggests more pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes from different pathogens has been a central driver for a number of successful and approved vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success (REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have developed protective protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other mammarenaviruses and orthonairoviruses.



Subunit vaccines have several advantages including potential for shelf stable formulations and utility in alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous microenvironments [5].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective immunity against the target pathogen.  



Once a candidate subunit-patch vaccine approach is selected, this approach will use lessons learned to produce plug-and-play approach to develop vaccines against a representative human pathogen from each prototype virus group for which no research grade vaccines have been created and tested in animal models.

In 2008, Lujo virus was isolated from a case of severe hemorrhagic fever originating in Zambia but quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa [6]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest countermeasures with antigenic targets may be of limited use, underscoring the need for antiviral tools against this emerging threat. 

First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with development of severe hemorrhagic fever with case fatality rates up to 60% [7, 8]. Recent studies have demonstrated clear human-to-human transmission risk during the acute phase evidenced by several nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset demonstrating a clear need to specialized management and treatment [8].  It is unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective, but the phylogenetic divergence of CHAPV of XX% from JUNV suggests it may not be.

In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that processed infected bats [9].  Serosurveys of 109 laboratory workers from the same facility the virus was isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains of ongoing person-to-person transmission.  Recently, tick surveys have demonstrated the potential for Ornithodoros faini ticks to participate in enzootic maintenance of KASV [10].  While most chiropteran ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks as well.  The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure development is well advised.

Pre-exposure prophylaxis (PREP) and Post exposure prophylaxis (PEP) using monoclonal antibodies or immunoglobulins has been employed for providing instant barrier immunity to high risk individuals for infections such as rabies or COVID-19 (REFS). The PABVAX consortium has a long track record of success developing monoclonal antibody (mAb) therapies against VHFs and emerging viruses.  Building on this success, RP1 will also perform pilot studies to examine the feasibility PREP utilizing half-life extended mAbs which can increase the instant barrier immunity from 30-45 days to 60+ days ([11-13][14]refs). 

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, biological manufacturing and vaccine device innovation to develop cutting edge vaccination approaches using plug-and-play approaches tailored from prototype mammarenaviruses and orthonairoviruses and applicable to related members of these viral families. 





2. INNOVATION

Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens:  

The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine candidates24 with four out of five candidates based on viral vector backbones. The remaining candidate is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data concerning the safety and efficacy of these vaccine candidates is currently available24. Further, four of the  fivethe five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the immune response.

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in a lethal, outbred guinea pig model.    Sequence conservation across NP is higher than GP across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine(vaccine 9, 10, 31, 32REFS).   Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection against LASV challenge in guinea pigs. 	Comment by Cross, Robert W.: Need to confirm

Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens:  

CCHFV is a divergent virus with up to seven six genetic lineages clades(REFS). .  This diversity is evident in the variation observed most clearly in glycoprotein sequences across lineages which can be less than 75% amino acid conservation 20.   Given the glycoprotein is a pivotal protein dictating viral entry and  immuneand immune recognition, it is little wonder why CCHFV vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was based on (REF). Conversely, NP is highly conserved but not exposed on the virus surface cellular surface 20 (REFs).   Indeed, a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against heterologous challenge 33. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy likely has the greatest potential for potent, cross-clade protection.

PREP “vaccination” as a measure to control mammarenaviruses: 

For situations where a vaccine does not exist or is not appropriate (e.g. immunocompromised individuals or first responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with YTE 34, 35 and LA 3637 Fc point mutations to determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal antibodies.	Comment by Cross, Robert W.: Larry, feel free to refine and/or elaborate.
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Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses 

3. Add blurb discussing unique access to field samples from across the world  and established expertise to generate infectious clones from emerging arenaviruses and nairoviruses:















3. APPROACH 

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus and orthonairovirus species. This will be achieved by tailoring antigen design from prototype applicable to related members of these viral families. These optimized vaccines will be produced in Core D and evaluated for protective efficacy and determination of immune correlates associated with protection in animal models under maximum (BSL4) containment in collaboration with Cores D and E via intramuscular administration or Microneedle skin Patch (MNP). MNPs containing subunit vaccines manufactured in Core D and optimized for delivery efficiency in Core C. Using optimized delivery methods developed in collaboration with Cores C, D, and E, RP1 will provide stabilized GPe vaccines for mammarenaviruses and orthonairoviruses to RP4 and RP5 to produce broadly reactive monoclonal antibodies or nanobodies, respectively. RP1 and Cores D and E will also collaborate on a pilot study to determine feasibility of PREP using half-life extended antibodies as an alternative to traditional vaccination. Lastly, RP1 will work closely with Core E to develop infectious clones using reverse genetics to develop BSL4 research tools and animal models for viruses that are otherwise not available to the research community.Figure 1: Overall Research Strategy for RP and demonstration of interactions with other RP and Cores of PABVAX



Scientific Rigor

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been properly performed.



PRELIMINARY RESULTS

Engineering trimeric glycoprotein antigens for the arenaviruses

Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide-linkeddisulfide linked GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp has since made structure-based improvements to generate a stable GP immunogen representative of the authentic viral GP spike and suitable for use as a vaccine. We reverted the E329P mutant, hypothesized to stabilize heptad repeat 1 in GP28 and added an additional trimerization motif to stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV GP is expressed and secreted from Drosophila S2 cells and purified from supernatant via affinity chromatography using a StrepTrap HP column (GE Healthcare). SDS-PAGE and  Size-exclusion chromatography (SEC) offer verification of trimerization (Figure xx2). Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are supportive of the stability required for a vaccine candidate.Figure XX2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin.





The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and MACV (Figure 32). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of J199, reveals monodispersed trimeric GP/Fab complexes (Figure xx2). Both the interaction with a well-characterized mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric spike and support their use as a vaccine immunogen. Figure xx3. LASV NP subdomains and expression. (A) Crystal structure of LASV NP highlighting the two functional subdomains. (B) SDS-PAGE gel showing highly purified LASV NP antigens for vaccine study. 





Our trimeric arenavirus GPs support efforts to isolate novel ultra-potent mAbs and to develop a second-generation arenavirus immunotherapeutic with reduced dosing requirements and broader reactivity compared to current LASV mAb candidates[25]. This significantly lowers the cost of goods while increasing ease of use for clinicians, both essential for a product used in developing nations where arenaviruses are prevalent.



LASV subunit vaccine protects guinea pigs against lethal challenge

While classical vaccine approaches have largely focused on evoking a strong humoral response and high titers of nAbs to a target pathogen, increasing evidence25-30 suggests that the cellular response, mediated by T cells, can play a highly important potent and complementary role in the long-term protection against pathogens. Based on literature reports that Understanding that T cell responses highly correlate with LASV recovery, and that LASV NP plays a significant role in inducing those responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure xx3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory shaker flasks. Figure 63. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD +   2x25 µg of NP-CTD, or either 2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost.   (Right) Animals were monitored for 35 days post-challenge, and survival curves and weight change are plotted.   



We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV infection. Our study was designed (Figure 36) to assess whether immune responses to GPe onlyalone or, or GPe+NP  would offer protective immunity from lethal LASV challenge. We chose to investigate several commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our vaccination/challenge study were quite striking (Figure 36), and) and indicate a clear benefit to a combination immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal succumbed to infection in the group receiving GP+NP but with no adjuvant.   In a follow-up study, we further examined the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge.   While combination of NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with Addavax only resulted in 25% protection.   Correspondingly, NTD vaccination with Allhydrogel resulted in 100% survival where as Addavax only conferred 50% protection.   Interestingly, NP NTD vaccination with no adjuvant resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected. 

Engineering glycoproteins antigens for the CCHFV: The CCHF virus has a tripartite negative-sense RNA genome,composed of the the small (S), medium (M), and large (L) segments. The M segment encodes the viral glycoprotein precursor (GPC) complex, which is subsequently cleaved by host proteases into multiple proteins, including the envelope glycoprotein GnGc and secreted GP38 protein.   GnGc is composed of Gn and Gc subunits, which are linked together by a multiple membrane spanning region. These transmembrane domains complicate the in vitro expression of   soluble GnGc, but we have designed a construct that replaces the transmembrane domains with a linker and have generated a stable drosophila cell line that expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We used these proteins to test observe potent serum reactivity in CCHF survivors (Figure XX4).   We will use established protocols 39 as a template to optimize expression of CCHFV and Kasokero NP proteins.Figure XX4:   Engineered CCHFV proteins are reactive with serum from CCHFV survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 after 2 step purification (right electrophoresis gel).





       

Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses 

Rescue of recombinant viruses.  An important goal of the PABVAX Center is to generate tools for pandemic preparedness. An important component of both RP1 and RP2 is to generate and recombinant viruses to fill gaps and provide tools where wild type viruses do not exist either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared with the research community. In collaboration with RP1 Core E will assist in the development and rescue of New World arenaviruses and the henipavirus Langya virus as detailed in the Research Strategies for RP1 and RP2.	Comment by Cross, Robert W.: VERBIAGE FROM CORE C, NEED TO ADAPT AND ELABORATE HERE.

APPROACH

Overall Hypothesis:FILL THIS IN    

Specific Aim 1: Subunit immunogens and MNP vaccination Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches: 

Rationale: 

Scientific Approach: The choice of Mammarenavirus Prototype Pathogens is justified as follows: 

Old World Mammarenaviridae: We propose LASV Josiah strain (Lineage 4) as the prototype pathogen due to the depth of available research data, availability of established rodent (REF) and nonhuman primate(NHP) models (REFS), frequency of exportation (REFS), and large number of annual cases throughout West Africa  where the case fatality rate can be up to 60% in hospitalized cases (REF). 

New World Mammarenaviridae:  Due to the availability of a JUNV vaccine in the endemic region where JUNV circulates and the lack of cross protection against challenge with other NWAV, MACV, the causative agent of Bolivian hemorrhagic fever, will be used as the prototype pathogen for NWAV for studies outlined in Milestone 1.1. There are established guinea pig (REF) and NHP (REF) models for MACV. JUNV is the New World arenavirus with the largest knowledge base at present [REF]. For a pilot efficacy study outlined in Milestone 1.2, we will use JUNV Espindola Strain as a natural extension of previous published work demonstrating protective efficacy of the template PREP mAb (REF).

Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. UTMB has established mouse models (REF) and NHP (REF) models to enable testing of CCHFV countermeasures against a number of the available clades.  CCHF is the most important member of the Nairoviridae family with a major public-health impact across Western Asia, the Balkans, Southern Europe, and most of Africa [REF].         



RP1 proposes preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which have resulted in marked genetic diversity within each viral family further challenging effective vaccine approaches. 

· Old Word Mammarenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most imported to non-endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported to close to 40 times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae (REFS). There are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine candidates, 4 of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This creates a vacuum for vaccine options for special populations such as the pregnant, the elderly, and the immunocomprimised. There are existing guinea pig and NHP animal models.

· New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina 42, but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine 43, 44. Further, there are safety concerns related to potential for reversion to pathogenic versions and the use of a live attenuated vaccine in immunodepressed populations45. For Phase 1, RP1 will use MACV-Chicava Strain (Clade 2) and JUNV-Espindola (Lineage XX) as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other approaches are warranted. 

· Orthonairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine development as is responsible for the largest global public health burden within the orthonairovirus family with an estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year46. A suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in Bulgaria but has numerous safety concerns and limited demonstrated efficacy47. Since then, several vaccine approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and disadvantages47; however only an MVA-CCHFV vaccine has begun to advance towards clinical trials48. UTMB has established animal models to enable testing of countermeasures against CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert 23) and CCHF-Hoti (Clade 4) and CCHF- Afghan-09(Clade V) in NHP49. Investigators in RP1 and Cores D and E have also previously demonstrated the protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 50 and that human survivors (Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38. 



Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from each prototype virus group for which no research grade vaccines have been created and tested in animal models.

· In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa51. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously described approach52 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

· First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with development of severe hemorrhagic fever with case fatality rates up to 60%53, 54. Recent studies have demonstrated clear human-to-human transmission risk during the acute phase evidenced by several nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset demonstrating a clear need to specialized management and treatment54. It is unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

· In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that processed infected bats 55. Serosurveys of 109 laboratory workers from the same facility the virus was isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV56. While most chiropteran ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure development is well advised. KASV has been demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine efficacy is likely possible55. (The PABVAX Center will explore KASV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

Subunit vaccines have several advantages including potential for shelf stable formulations and utility in alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous microenvironments57. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective immunity against the target pathogen. 

Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant viruses for research and vaccine design for several different virus families (REFS). An additional goal of RP1 is to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared with the research community. In collaboration with Core E, RP1 develop and rescue of New World arenaviruses using existing reverse genetics approaches at UTMB or develop new ones to meet these needs.Paragraph about subunit vaccines and PREP study.





















Milestone 1.1 Subunit immunogens and MNP vaccination



[image: ][image: ]Milestone Milestone 1.1.1.A:   Development and optimization of patch vaccination approach employing arenavirus subunits in guinea pigs:   Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and manufactured in Core D either as individual subunit vaccines or combinations as outlined in table XXTable 1 using an intramuscular (IM) vaccination approach.   Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly assigned to groups as outlined in Table XXTable 1.    Blood will be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays.   After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM.   On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core EC and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group58 (REFS). After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque assay and qRT-PCR.   Results from the IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared by MNP Patch CORE C.   Patches are administered after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the microneedles can fully dissolve.Table 2: Outline of MACV Vaccination Schedule for Milestone 1.1.1.A

Table: XX outline of MACV Vaccination Schedule for Milestone 1.1.1.A

Table : XX 1: Ooutline of LASV Vaccination Schedule for Milestone 1.1.1.A



Similarly, we will determine the protective efficacy using MACV GPe and NP-NTD proteins developed and manufactured in Core D following the grouping described in Table XX 2 using the identical experimental approach as outlined above.   The challenge virus will be the established MACV Chicava strain59 (REF). Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford protection from challenge with MACV, we will assess its utility as a positive control vaccine against lethal challenge with MACV43, 44. (REFs).



[image: ]Milestone Table 3:: XX o Outline of PAN-LASV Vaccine Efficacy SSchedule for Milestone 1.1.1.B



1.1.1.B:   Determination of pan-LASV and Pan-MACV protective efficacy using optimized subunit-patch vaccination in guinea pigs:.   Using the adjuvant and vaccination route down selected in 1.1.1.A, we will assess the potential for our LASV subunit vaccines to confer heterologous protection against four lineages of LASV endemic to geographically distinct from the prototype strain (Josiah-lineage 4, Sierra Leone).   Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 6(Togo) established in the BSL4 evaluation Core EC as outlined in Table XX3.   The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.1.A above.



	For our MACV subunit vaccines

Similarly, , after down selecting the optimal adjuvant and vaccination route, we will assess the potential for our MACV subunit vaccines to confer heterologous protection against three lineages of MACV endemic to genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the optimal adjuvant and vaccination rout.   Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 1, 5, and 8 established in the BSL4 evaluation Core CE as outlined in Table XX4. We will also utilize JUNV (Romero strain)60 (REF) challenge to assess heterologous protection against a related but distinct NWAV to begin to assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.1.A above.





[bookmark: _Hlk136853901][image: ]Milestone 1.1.1.C:   Determination of LASV and MACV protective efficacy using optimized subunit-patch vaccination in NHP:   15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated animals (Table XX5).   Animals in vaccine groups 1 and 2 will be vaccinated using the down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.    Animals in vaccine group 1 will receive only the initial single administration of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 days post boost for boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected macaques will be assessed, and clinical signs consistent with VHF (as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be euthanized at the study endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus isolation and genome detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.3.A1F.Table: XXTable 4:  oOutline of PAN-MACV Vaccine Efficacy Schedule for Milestone 1.1.1.B

Table: XXTable 5:  oOutline of NHP efficacy studesstudies for LASV Milestone 1.1.1.CB



Similarly, we will also determine the protective efficacy of MACV following the grouping described in Table XX 6 using the identical experimental approach as outlined above for LASV challenge.   The challenge virus will be the established MACV Chicava strain61 (REF). Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford protection from challenge with MACV,If Candid-1 confers protection in guinea pig study outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea pigs 43, 44 (REFs).Table: XXTable 6:  oOutline of NHP efficacy studes for MACV Milestone 1.1.1.B





[bookmark: _Hlk136853916][image: ]Milestone Table: XXTable 7:  oOutline of NHP efficacy studies for MACV Milestone 1.1.1.B



12.1.2.A: Development   and optimization of patch vaccination approach employing nairovirus subunits: .

Here we will determine if our GPe + NP-NTD subunit vaccine approach can be deployed against CCHFV.We will compare the protective efficacy of two adjuvants coupled to our CCHFV GP and NP-NTD proteins developed and manufactured in collaboration with Core D either as individual subunit vaccines or combinations as outlined in Table 7 using an intramuscular (IM) vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly assigned to groups as outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a low passage CCHF-Hoti49. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared by MNP Patch CORE C. Patches are administered after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the microneedles can fully dissolve.
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[image: ]MilestoneTable: XXTable 8:  oOutline of NHP efficacy studies for MACV Milestone 1.1.1.B



12.1.2.B:   Determination of pan-CCHF protective efficacy using optimized subunit-patch vaccination in STAT-1KO mice: Using the adjuvant and vaccination route down selected in 1.1.2.A, we will assess the potential for our CCHFV subunit vaccines to confer heterologous protection against four lineages of CCHFV endemic to geographically distinct areas from the prototype strain (CCHF-Hoti). Employing optimized strain 13 or outbred, Hartley guinea pig models for Clade 1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) established in the BSL4 evaluation Core C as outlined in Table 8. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.2.A above. 
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Milestone Table: XXTable 9:  oOutline of NHP efficacy studies for MACV Milestone 1.1.1.B

Table: XXTable 10: Ooutline of NHP efficacy studies for MACV Milestone 1.1.1.B









































2.1.2.C:   Determination of protective efficacy using optimized subunit-patch vaccination in NHP: In collaboration with Core E, 15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, and a control group of five unvaccinated animals (Table 9). Animals in vaccine groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, adjuvants, and vaccination route identified in 1.1.2.A.  Animals in vaccine group 1 will receive only the initial single administration of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 days post-boost for boosted animals), all animals will be challenged with 5000 PFU of CCHFV-Hoti. The disease of infected macaques will be assessed, and clinical signs consistent with VHF (as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be euthanized at the study endpoint 4-5 weeks after CCHFV challenge. In addition, blood will be collected before and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus isolation and genome detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.1F.
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21.1.2.D:   Determination of protective efficacy against novel, emerging arenaviruses and nairovirus “test case” viruses using optimized subunit-patch vaccination in STAT-1/KO mice, guinea pigs and NHP: 

[image: ]RP1 and Core D will produce optimized GPe and NP-NTD antigens to formulate vaccines for LUJV and CHAPV based off lessons learned from 1.1.1A-C. Protective efficacy studies then be carried out where Core E will vaccinate and challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10). RP1 and Core D will also produce optimized KASV GP and NP-NTD antigens to formulate subunit/MNP vaccines based off lessons learned from 1.1.1A-C. Protective efficacy studies will then be carried Core E will vaccinate and challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, respectively (Table 10) [image: ]
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Table: XX outline of NHP efficacy studes for MACV Milestone 1.1.1.B









2.1.2.E:  Determination of protective efficacy against novel, emerging nairovirus using optimized subunit-patch vaccination in STAT-1KO mice and NHP



































[bookmark: _Hlk136422618]1.1.31.F:   Determination of cellular and humoral immune correlates associated with protectionprotection.   

Milestone 1.1.3.A1.F.a: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: .

We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect responses in vaccinated EVD survivors to be superior to natural immunity. 

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell phenotype (CD3, CD4, CD8, CD95, CD28). Standard whole blood flow cytometric staining protocols will be used for surface and intracellular staining markers. , bBriefly cryopreserved PBMCs no older than 3 months old are gently thawed then washed with 2% FBS/PBS and stained with a viability dye for 20 minutes at room temperature. CCells are then washed again and , surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then either be acquired directly. Cell populations are then acquired and quantified using a Cytek Aurora spectral flow cytometer using an NHP optimized panel of antibodies.

Viral protein stimulation experiments: . PBMC stimulations will be set up according to modifications of well established, previously published protocols. 62, 63 PBMCs will be directly stimulated with purified recombinant vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added at a concentration of 10mg/mL and then incubated at 37oC forprior until to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays will be set up in 96-well plates and supernatants will be will be harvested for further analysis.

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, CTLA-4). Cells are stained with a viability dye for 20 minutes at room temperature, then washed with 2% FBS/PBS. Surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are incubated in BD Cytofix/Cytoperm solution for 20 minutes followed by a wash.  with BD Perm/Wash Buffer. Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer.

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control (Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi4-color multiplex panel using BioLegend LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, or participants samples and incubated for 3 hours at room temperature, protected from light and subsequently washed by pelleted centrifugation.. 1mL of wash buffer will be added and beads will be pelleted by centrifugation at 200g for 5 minutes. Wash buffer will be removed and discarded. Beads will be resuspended in 300uL wash buffer and data acquired on a MagPix xMAP instrument.

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. Wells will be washed manually 3-times, followed by the addition of detection antibodyantibody, and incubated either overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes.  at room temperature, protected from light. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzerneed model ELISPOT Fluorescence Microplate Reader. 

.

Data Analysis: We will look at theexamine differences in immune responses across groups between each timepoint and baseline. Model assumptions will be checked for a one-way ANOVA to compare the three groups. we will run the analysis after checking model assumptions, if those are not met then we will adjust to a nonparametric model or transform the outcome appropriately. To look at the longitudinal aspect of the data, we will investigate measurements over time between groups, the interaction of group and time can be analyzed using covariance pattern models (or linear mixed models), where the correlation between observations measured over time can be handled more flexibly. As a more exploratory analysis we will also look at adjusting for possible confounding variables such as sex and age. For categorical variables, comparisons will be made using Chi-Square tests. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell responses will be analyzed by t-SNE in R. 

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be banked to assess the presence of biomarkers associated with differences between groups.

[bookmark: _Hlk136854016]Milestone 

1.1.3.A:1.1.1.F.b: Systems serology Characterization of   Arenavirus and Nairovirus specific Ig subtypes and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to unvaccinated groups: . 

We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology platform developed by Dr. Gunn in with Core D64-66 to define the Fc-mediated humoral antiviral functions associated with vaccinationvaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, CCHFV,LUJVCCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions (phagocytosis, NK cell activation, and complement fixation). 

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity against a panel of viral antigens utilized used for vaccination. To evaluate cross-reactive antibody responses against the GP of other LASV, MACV, or CCHFV lineages.,  Wwe will use a multiplexed analysis to determine the levels of antibodies against the viral antigens using on a MagPix xMAP instrument as described.65, 67 Specifically, each viral antigen will be coupled to coded magnetic beads (Luminex), mixed together, and incubated with serial dilutions of patient samples. Beads are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM.   For quantitation of bound antibody, we will make a standard useing pooled banked serum from NHP survivors.

Analysis of Fc-mediated effector functions:   We will characterize plasma samples for induction of innate immune effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity (ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived seropositive standard curve, and seronegative/isotype control. 

ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody conjugated to FITC (MP Biomedicals) and measured by flow cytometry. at KGH.

ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV GP immune complexes bound to MaxiSorp ELISA plates for 5 hours at 37C 5% CO2, and surface expression of CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry.

Data Analysis: Univariate analyses were will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn multiple correction test or Mann–Whitney with Bonferroni correction was used to determine statistical significance between groups.. A network analysis will be performed to identify significant antibody features. Associations between antibody features will be determined using nonparametric Spearman correlation coefficient. Statistically significant associations after Bonferroni correction for multiple comparisons (adjusted P < .05) were used to generate networks in Cytoscape (version 3.4.0).

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular and inflammatory immune profiles, genetic markers (HLA-type), and additional clinical information (ieclinical signs into the network analysis.: PES symptoms). These will be included in the network analysis.

[bookmark: _Hlk136854030]Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available isolates: We will use existing mammarenaviruses68, 69 and orthonairovirus70 reverse genetics systems present at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 homolog but is still pathogenic in mice and humans (REFS). There is currently no reverse genetics system for KASV. We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, but also to build a tool for beginning to understand KASV pathogenesis through loss of function studies.

[bookmark: _Hlk136854039]Milestone 2: 1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatmentstreatments.

Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal antibodies or immunoglobulins has been employed for providing instant barrier immunity to high-risk individuals for infections such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. The PABVAX consortium has a long track record of success developing monoclonal antibody (mAb) therapies against VHFs and emerging viruses. Building on this success, RP1 will perform pilot studies to examine the feasibility of PREP with a serum half-life extended mAb against JUNV. Clinically validated Fc mutations can result in improvement in serum half-life up 2-4 months(34-37).Table 11: PREP schedule outline in Milestone 2



Scientific Approach: 





A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine: . In conjunction with RP1 Cores D and Core E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this product format will be an option for development with any of the other viruses being targeted by PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb with whose potent therapeutic efficacy 71, 72 (guinea pig and NHP references) we have previously described by Abelson, Geisbert and Zeitlin will be produced with YTE and LA Fc point mutations to extend the serum half-life of the mAb(Table 4). The pharmacokinetics (PK) of these two variants will be evaluated in NHPs (Bioqual, Inc.; Rockville, MD) to select a lead candidate for testing in NHPs against Junin Romero challenge in Core E. For the PK study, two doses (15 and 5 mg/kg) of each mAb will be administered IM to groups of 3 cynomolgus macaques (mixed sex). Serum will be collected (pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7, 10, 14, 21, 28, 42, 56) and tested via ELISA and Octet to quantitate serum antibody concetrations. PK parameters will be modeled with WinNonlin Phoenix software (reference). We will select tThe variant with the most favorable pharmacokinetic (described in Core D) PK will be selected for testing with by RP1/Core E. Briefly, groups of 45 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV (Espindola or RomeroEspindola?) delivered IV (Table 11). For further details of the NHP testing, please see Core E. These data will be used by the Scientific Advisory Committee Board to inform decision making around possible additional IM mAb prophylaxis plug and play prototypes against other viruses.	Comment by Cross, Robert W.: From Larry, adapt from  this.

RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component.



Expected results, alternative approaches andapproaches and Go-No-Go decisions (brief summary – see also Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch targeting LASV, MACV, and CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project.……. If this anyis not the case any  of these Phase I vaccine projects have not met the “go” criteria,  three viruses by year 2 we will refocus effects efforts towardon  the remaining viruses  families adjusting the requested budgets accordingly after consulationconsultation with NIAID and SAC. 



Please note: Discussion of expected results, other alternative approachesapproaches, and criteria for “go” or “no go” decisions for MILESTONES 1-4 and 2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section. 

Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, ReVAMPP Centers.
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Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with NIAID and SAC
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RESEARCH STRATEGY: 
1. SIGNIFICANCE 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease1. Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to 60% and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens 2  where six rodent borne arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens. This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness 3 . Threats 
to public health are further heightened due to lack of internationally approved vaccines to address threats of 
natural epidemics as well as the potential bio-weaponization of these viruses. 


Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-
attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often 
durable protection from debilitating disease and death. However, as the global human population grows, the 
number of special populations with depressed immune systems (i.e., the elderly, immunocomprimised, and/or 
pregnant) grows, which call in to the question the universal safety of live-attenuated vaccines and suggests more 
pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically 
critical epitopes from different pathogens has been a central driver for a number of successful and approved 
vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA 
vaccine success 4. The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly 
scale production, and potential for long-term, shelf stability 5. Members of PABVAX, have developed protective 
protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
The Mammarenaviruses: All mammarenaviruses share a common genomic organization consisting of two 
ambi-sense RNA segments. Each segment contains two open reading frames encoding two proteins per strand, 
these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the 
nucleoprotein (NP)6. Despite general similarity of their genomic architecture, these groups exhibit marked 
differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; 
nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the 
glycoprotein (GP) and NP. Monoclonal antibodies derived from human LASV survivors have been demonstrated 
to protect non-human primates (NHP), against lethal challenge 7. Recent crystal structure studies have identified 
binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) 8. These 
findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral 
responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV 
Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of 
NP, suggesting using this domain as a vaccine antigen may also be possible. 9-11. Indeed, RP1 and Core E 
investigators have demonstrated that using a Vesicular Stomatitis Virus expressing the LASV-Josiah GPC is not 
only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP 
model12, but also that live attenuated vaccines expressing this same GPC can protect NHP against challenge 
with viruses from: Lineage II13 , Lineage III (Cross, Geisbert unpublished), Lineage V14 and Lineage VI (Cross 
and Geisbert Unpublished).  
The Orthonairoviruses: Unique from other bunyaviruses, orthonairoviruses are transmitted primarily by ticks in 
nature. While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus15, Issyk-Kul virus16, 
Songling virus17), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public health 
threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia. There 
are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to bird 
migration changes, livestock trade, and even global warming are contributing to increasing numbers of infections 
in humans in areas otherwise not known to be endemic including central Spain18 and most recently the reservoir 
Hyalomma ticks have been found as north as Sweden19. Infection in humans begins as a nonspecific febrile 
illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to death in 30% of 
cases in some regions20. CCHFV is listed on the WHO priority pathogen list2 and is also a NIH-NIAID category 
A pathogen3. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived 
inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy21 (REF). Ribivirin has been used 







to treat infections with limited success22. CCHFV has a trisegmented genome encoding 4 proteins, NP, small 
non-structural protein (NSs), L polymerase protein, and a GPC 20. Like mammarenaviruses, CCHFV NP and GP 
are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across 
the 6 genomic clades with up to 95% amino acid homology20. Conversely, he CCHFV GPC is considerably less 
conserved, where less than 75% amino acid conservation is present20. The genetic diversity of CCHFV correlates 
strongly with geography, and clades of CCHFV segregate based on geographical location which creates a 
challenge in terms of creating a pan-CCHFV vaccine or therapeutic based solely on one clade. Nonetheless, we 
have demonstrated that heterologous vaccine mediated protection can be afforded using a VSV vectored 
vaccine expressing the full GPC of CCHF23. 
2. INNOVATION 
Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens: The Coalition for Epidemic 
Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine candidates24 with 
four out of five candidates based on viral vector backbones. The remaining candidate is a DNA-based vaccine 
in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data concerning the 
safety and efficacy of these vaccine candidates is currently available24. Further, four of the five deliver LASV GP 
as the sole immunogen, potentially limiting long-term durability and potential of the immune response. 
In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection25-30. Epitopes within LASV NP, and to a lesser extent GP, are known 
to substantially contribute to T cell mediated immunity9. Exploiting highly conserved N-terminal immunodominant 
epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection 
in a lethal, outbred guinea pig model.  Sequence conservation across NP is higher than GP across LASV 
lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine 
9, 10, 31, 32. Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete 
protection against LASV challenge in guinea pigs.  
Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens: CCHFV is a divergent virus 
with up to six genetic clades. This diversity is evident in the variation observed most clearly in glycoprotein 
sequences across lineages which can be less than 75% amino acid conservation 20. Given the glycoprotein is a 
pivotal protein dictating viral entry and immune recognition, it is little wonder why CCHFV vaccines have 
struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was based on. 
Conversely, NP is highly conserved but not exposed on the virus surface cellular surface 20 . Indeed, a recent 
report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against 
heterologous challenge 33. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy likely 
has the greatest potential for potent, cross-clade protection. 
PREP “vaccination” as a measure to control mammarenaviruses: For situations where a vaccine does not 
exist or is not appropriate (e.g. immunocompromised individuals or first responders who do not have the time to 
wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an 
appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX 
proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by PABVAX researchers will be produced with YTE 34, 35 and LA 3637 Fc point mutations to 
determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal 
antibodies. 
3. APPROACH  
The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses. Collective expertise in virology, immunology, biological 
manufacturing, and vaccine innovation will be leveraged to develop cutting-edge vaccination approaches. RP1 
will work with several RPs and Cores in the center to advance two novel vaccination approaches targeting viral 
families within Bunyavirales (Figure 1). In collaboration with Core D, RP1 will develop stabilized GP and NP 
epitope-based subunit vaccines allowing for broad cross-protection across mammarenavirus and 
orthonairovirus species. This will be achieved by tailoring antigen design from prototype applicable to related 
members of these viral families. These optimized vaccines will be produced in Core D and evaluated for 







protective efficacy and determination of immune 
correlates associated with protection in animal 
models under maximum (BSL4) containment in 
collaboration with Cores D and E via 
intramuscular administration or Microneedle 
skin Patch (MNP). MNPs containing subunit 
vaccines manufactured in Core D and 
optimized for delivery efficiency in Core C. 
Using optimized delivery methods developed in 
collaboration with Cores C, D, and E, RP1 will 
provide stabilized GPe vaccines for 
mammarenaviruses and orthonairoviruses to 
RP4 and RP5 to produce broadly reactive 
monoclonal antibodies or nanobodies, 
respectively. RP1 and Cores D and E will also 
collaborate on a pilot study to determine 
feasibility of PREP using half-life extended 
antibodies as an alternative to traditional 
vaccination. Lastly, RP1 will work closely with 
Core E to develop infectious clones using 
reverse genetics to develop BSL4 research 
tools and animal models for viruses that are 
otherwise not available to the research 
community. 
Scientific Rigor 


The premise of our proposed studies is based on basic science discoveries and clinical observations. 
All findings in our work have been and will be validated by multiple independent lines of evidence to 
ensure scientific rigor. All experiments are carried out with several internal controls with multiple 
replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed 
via in-depth discussions with biostatistics consultants to ensure that statistics and any required testing 
for multiple comparisons have been properly performed. 
PRELIMINARY RESULTS 
Engineering trimeric glycoprotein antigens for the arenaviruses 
Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research 
community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, 
which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A 
recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide linked 
GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment8. Mapp 
has since made structure-based improvements to generate a stable GP immunogen representative of the 
authentic viral GP spike 
and suitable for use as a 
vaccine. We reverted the 
E329P mutant, 
hypothesized to stabilize 
heptad repeat 1 in GP28 
and added an additional 
trimerization motif to 
stabilize the GP spike in 
the absence of Fabs. The 
tagged trimeric LASV GP 
is expressed and secreted 
from Drosophila S2 cells 
and purified from 
supernatant via affinity 
chromatography using a 
StrepTrap HP column (GE 


Figure 1: Overall Research Strategy for RP and demonstration of interactions with other RP and 


Cores of PABVAX 


Figure 2. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified 


and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-


J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 







Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer verification of trimerization (Figure 2). 
Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are supportive of the stability required 
for a vaccine candidate. 
The engineering methodologies employed for LASV GP translated well to 
the NWA GPs from JUNV and MACV (Figure 2). Negative stain EM of 
JUNV GP in complex with the neutralizing and protective Fab form of J199, 
reveals monodispersed trimeric GP/Fab complexes (Figure 2). Both the 
interaction with a well-characterized mAb and the EM data suggest our GP 
antigens closely recapitulate the authentic viral GP trimeric spike and 
support their use as a vaccine immunogen.  
LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches largely focus on evoking a strong 
humoral response and high titers of nAbs to a target pathogen, increasing 
evidence25-30 suggests that the cellular response, mediated by T cells, can 
play a potent and complementary role in the long-term protection against 
pathogens. Understanding that T cell responses highly correlate with LASV 
recovery and that LASV NP plays a significant role in inducing those 
responses25, 38, we also generated LASV NP antigens. We also chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure 
3) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory 
shaker flasks. We then evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig 
model of LASV infection. Our study was designed (Figure 3) to assess whether immune responses to GPe alone 
or GPe+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 
commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 3) and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 


Figure 3. LASV NP subdomains and 


expression. (A) Crystal structure of LASV NP 


highlighting the two functional subdomains. (B) 


SDS-PAGE gel showing highly purified LASV NP 


antigens for vaccine study.  


Figure 3. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized 


intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD + 2x25 µg of NP-CTD, or either 


2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost. (Right) Animals were 


monitored for 35 days post-challenge, and survival curves and weight change are plotted.  







early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP with no adjuvant. In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge. While combination of NTD 
and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection. Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% protection. Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  
Engineering glycoproteins antigens for CCHFV: 
The CCHF virus has a tripartite negative-sense 
RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 
protein. GnGc is composed of Gn and Gc subunits, 
which are linked together by a multiple membrane 
spanning region. These transmembrane domains 
complicate the in vitro expression of soluble GnGc, 
but we have designed a construct that replaces the 
transmembrane domains with a linker and have 
generated a stable drosophila cell line that 
expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We 
used these proteins to observe potent serum reactivity in CCHF survivors (Figure 4). We will use established 
protocols39 as a template to optimize expression of CCHFV and Kasokero NP proteins. 


Specific Aim 1: Subunit immunogens and MNP vaccination Rationale:  
Scientific Approach: The choice of Mammarenavirus Prototype Pathogens is justified as follows: RP1 proposes 
preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine 
approaches against prototype viruses from two Bunyavirales viral families, the Mammarenaviruses and the 
Orthonairoviruses. Generation of effective vaccines against members of both has potential great global benefit 
as both viral families have sprawling geographic endemic ranges ranges which have resulted in marked genetic 
diversity within each viral family further challenging effective vaccine approaches.  


• Old Word Mammarenaviruses (OWAV): In Phase 1, RP1 will utilize LASV Josiah strain (Lineage 4) as the 
prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands 
of estimated cases annually with an estimated 5000 deaths across West Africa40. LASV has is the most 
imported to non-endemic countries viral hemorrhagic fever (VHF) next to dengue virus and has been imported 
to close to 40 times41. Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae 
(REFS). There are no approved vaccines for LASV; however clinical trials are beginning to evaluate 5 vaccine 
candidates, 4 of which are live attenuated recombinant viruses and the fifth is a DNA based vaccine. This 
creates a vacuum for vaccine options for special populations such as the pregnant, the elderly, and the 
immunocomprimised. There are existing guinea pig and NHP animal models. 


• New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina 42, but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine 43, 44. Further, there are safety concerns related to potential for reversion to pathogenic versions and 
the use of a live attenuated vaccine in immunodepressed populations45. For Phase 1, RP1 will use MACV-
Chicava Strain (Clade 2) and JUNV-Espindola (Lineage XX) as the prototype NWAVs as there are no 
approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 
vaccine suggest other approaches are warranted.  


• Orthonairoviruses: In phase 1, CCHFV-Hoti strain (Clade 4) will serve as the prototype virus for vaccine 
development as is responsible for the largest global public health burden within the orthonairovirus family with 
an estimated 10,000-15000 cases across Europe, Africa, and Asia with an estimated 500 deaths per year46. A 
suckling mouse brain derived, inactivated whole virus vaccine for CCHFV has been approved for use only in 
Bulgaria but has numerous safety concerns and limited demonstrated efficacy47. Since then, several vaccine 
approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying 


Figure 4: Engineered CCHFV proteins are reactive with serum from CCHFV 


survivors (left bar graph). SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 


after 2 step purification (right electrophoresis gel). 
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efficacy, advantages, and disadvantages47; however only an MVA-CCHFV vaccine has begun to advance 
towards clinical trials48. UTMB has established animal models to enable testing of countermeasures against 
CCHF-Hoti and 5/6 clades in mice23 (Unpublished, Cross and Geisbert ) and CCHF-Hoti (Clade 4) and CCHF- 
Afghan-09(Clade V) in NHP49. Investigators in RP1 and Cores D and E have also previously demonstrated the 
protective efficacy of a CCHFV GP38 monoclonal antibody in a mouse model 50 and that human survivors 
(Figure 4) generate potent humoral responses against it suggesting that this cleaved nonstructural 
glycoprotein may also be leveraged as a vaccine component to induce targeted antibodies against GP38.  


Once a candidate subunit-patch vaccine approach is selected, this RP1 will use lessons learned to enable a 
plug-and-play approach to develop subunit vaccines against a representative, “test case” human pathogen from 
each prototype virus group for which no research grade vaccines have been created and tested in animal models. 


• In 2008, Lujo virus (LUJV) was isolated from a case of severe hemorrhagic fever originating in Zambia but 
quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa51. 
The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people. There are 
currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest 
countermeasures with antigenic targets may be of limited use, implying LUJV will be an ideal “test case” OWAV 
to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. UTMB 
maintains a Strain 13 guinea pig model which can support efficacy studies in rodents using previously 
described approach52 and working with Core E, RP1 will work to establish a LUJV NHP model for use as the 
test case. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with 
Cores C, D, and E).  


• First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with 
development of severe hemorrhagic fever with case fatality rates up to 60%53, 54. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several 
nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset 
demonstrating a clear need to specialized management and treatment54. It is unknown if the JUNV Candid-1 
vaccine employed for control of JUNV in Argentina would be protective against CHAPV. Otherwise, there are 
no known vaccines demonstrated effective for this virus. UTMB has recently developed a uniformly lethal 
guinea pig model and a partially lethal infection model for CHAPV (unpublished, Cross and Geisbert). The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, 
and E). 


• In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats 55. Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains 
of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the 
reservoir, Ornithodoros faini, ticks to participate in enzootic maintenance of KASV56. While most chiropteran 
ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks 
as well. The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or 
therapeutics make suggest investment in countermeasure development is well advised. KASV has been 
demonstrated to be uniformly lethal in outbred mice suggesting a challenge model to determine vaccine 
efficacy is likely possible55. (The PABVAX Center will explore KASV as part of the Center’s Phase II research 
plan (RP1 with Cores C, D, and E). 


Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP). Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments57. RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to 
MNPs targeting key antigens associated with survival from infection from each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.  
Development of Recombinant Virus Tools: Rescue of recombinant viruses: An important objective of the 
PABVAX Center is to generate tools for pandemic preparedness. Investigators at UTMB have a long history of 
utilizing current molecular virology techniques to develop reverse genetics approaches to recover recombinant 
viruses for research and vaccine design for several different virus families (REFS). An additional goal of RP1 is 
to generate and recombinant viruses to fill gaps and provide research tools where wild type viruses do not exist 







either because 1) only sequence information is available or 2) isolates 
exist but viruses are unable to be shared with the research community. 
In collaboration with Core E, RP1 develop and rescue of New World 
arenaviruses using existing reverse genetics approaches at UTMB or 
develop new ones to meet these needs. 
Milestone 1.1 Subunit immunogens and MNP vaccination 
Milestone 1.1.1.A: Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs: Building on the success of our GPe + NP-NTD LASV vaccine, 
we will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core D either as individual subunit vaccines 
or combinations as outlined in Table 1 using an intramuscular (IM) vaccination approach. Eight outbred, 350 


gram Hartley guinea pigs (balanced sex) will be randomly assigned to groups as outlined in Table 1.  Blood will 
be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral 
immune responses by ELISA and virus neutralization assays. After 28 days immunized animals will be boosted with 
an equivalent dose as the priming vaccination IM. On day 56 post-immunization, animals will be transferred to 
BSL4 evaluation Core E and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our 
group58. After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical 
and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, 
additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia 
by plaque assay and qRT-PCR. Results from the IM vaccination then be compared head-to-head against an 
equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches 


prepared by CORE C. Patches are administered after shaving a small 
section of the abdomen and applied using gentle pressure for 10-15 
minutes so that the microneedles can fully dissolve. 
Similarly, we will determine the protective efficacy using MACV GPe 
and NP-NTD proteins developed and manufactured in Core D following 
the grouping described in Table 2 using the identical experimental 
approach as outlined above. The challenge virus will be the established 
MACV Chicava strain59. Given the lack of clarity on the potential for the 
JUNV Candid-1 vaccine to afford protection from challenge with MACV, 
we will assess its utility as a positive control vaccine against lethal 
challenge with MACV43, 44. 


Milestone 1.1.1.B: Determination of pan-LASV and Pan-MACV 
protective efficacy using optimized subunit-patch vaccination in 
guinea pigs: Using the adjuvant and vaccination route down selected 
in 1.1.1.A, we will assess the potential for our LASV subunit vaccines 
to confer heterologous protection against four lineages of LASV 
endemic to geographically distinct from the prototype strain (Josiah-
lineage 4, Sierra Leone). Employing optimized strain 13 or outbred, 
Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) 
and 6(Togo) established in the BSL4 evaluation Core E as outlined 
in Table 3. The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 
For our MACV subunit vaccines, we will assess the potential to confer heterologous protection against three 
lineages of MACV genetically distinct from the prototype strain (Chicava-Lineage 2) after down selecting the 
optimal adjuvant and vaccination rout. Employing optimized strain 13 or outbred, Hartley guinea pig models for 
lineages 1, 5, and 8 established in the BSL4 evaluation Core E as outlined in Table 4. We will also utilize JUNV 
(Romero strain)60  challenge to assess heterologous protection against a related but distinct NWAV to begin to 
assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 


Table 1: Outline of LASV Vaccination Schedule for 


Milestone 1.1.1.A 


Table 2: Outline of MACV Vaccination Schedule for 


Milestone 1.1.1.A 


Table 3: Outline of PAN-LASV Vaccine Efficacy 


Schedule for Milestone 1.1.1.B 







Milestone 1.1.1.C: Determination of LASV and MACV protective 
efficacy using optimized subunit-patch vaccination in NHP: 15 
cynomolgus monkeys will be randomized into two experimental 
vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated 
animals (Table 5). Animals in vaccine groups 1 and 2 will be 
vaccinated using the down selected LASV antigens, adjuvants, and 
vaccination route identified in 1.1.1.A.  Animals in vaccine group 1 
will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the 
prime vaccine 14 days post prime. At 35 
days post prime (21 days post boost for 


boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The 
survival of infected macaques will be assessed, and clinical signs consistent with 
VHF (as measured by hematology, serum biochemistry, and blood coagulation 
assays) will be documented. Surviving animals will be euthanized at the study 
endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before 
and after vaccination and at the study endpoint for determination of binding antibody 
and neutralizing antibody titers. Blood and tissues will also be taken after virus 
challenge for histopathology, immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and 
cryopreserved for subsequent cellular phenotyping and functional analysis as outline 


in 1.1.3.AF. 
Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table 6 using the identical experimental approach as 
outlined above for LASV challenge. The challenge virus will be the established 
MACV Chicava strain61. If Candid-1 confers protection in guinea pig study 
outlined in 1.1.1.A we will confirm protection in NHPs if demonstrated in guinea 
pigs 43, 44 
Milestone 1.1.2.A: Development and optimization of patch vaccination 
approach employing nairovirus subunits: Here we will determine if our GPe + 
NP-NTD subunit vaccine approach can be deployed against CCHFV.We will 
compare the protective efficacy of two adjuvants coupled to our CCHFV GP and 
NP-NTD proteins developed and manufactured in collaboration with Core D 
either as individual subunit vaccines or combinations as outlined in Table 7 using 


an intramuscular (IM) vaccination approach. Eight 6-8 week STAT-1/KO mice (balanced sex) will be randomly 
assigned to groups as outlined in Table 7.  Blood will be collected prior to immunization and then on days 28 
and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays. 
After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM. On day 
56 post-immunization, animals will be transferred to BSL4 evaluation Core E and challenged with 100 pfu of a 
low passage CCHF-Hoti49. After virus challenge, animals 
will be monitored clinically a minimum of twice daily. 
Hands-on physical and visual assessment of infected 
animals may occur outside scheduled times, if required. 
Following challenge, additional biosamples collected at 
1, 4, 7, 10, 14, 21 and 28 days will be processed for 
measurement of viremia by plaque assay and qRT-PCR. 
Results from the IM vaccination then be compared head-
to-head against an equivalent vaccination/challenge 
cohort where the subunit vaccines will be administered 
using the MNP patches prepared by MNP Patch CORE 
C. Patches are administered after shaving a small 
section of the abdomen and applied using gentle 
pressure for 10-15 minutes so that the microneedles can 
fully dissolve. 
 


VACCINE LASV CHALLENGE 


 
LASSA NP-NTD 


10  
(TWO GROUPS OF 5) 


 


LASSA Gpe  


LASSA Gpe +      
NP-NTD 


 


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(VSV-LASV-GPC) 5 


 


TOTALS 15  


 
Table 5: Outline of NHP efficacy 


studies for LASV Milestone 


1.1.1.C 


VACCINE MACV CHALLENGE 


 
MACV CHICAVA 


NP NTD 


10 
(TWO GROUPS OF 5) 


 


MACV CHICAVA 
GPe 


 


MACV CHICAVA 
NP + GPe 


 


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(JUNV-Candid-1) 5 


 


TOTALS 15  


 Table 6: Outline of NHP efficacy 


studes for MACV Milestone 1.1.1.B 


Table 4: Outline of PAN-MACV Vaccine Efficacy Schedule 


for Milestone 1.1.1.B 


Table 7: Outline of NHP efficacy studies for MACV 


Milestone 1.1.1.B 







Milestone1.1.2.B: Determination of pan-CCHF 
protective efficacy using optimized subunit-patch 
vaccination in STAT-1KO mice: Using the adjuvant and 
vaccination route down selected in 1.1.2.A, we will assess 
the potential for our CCHFV subunit vaccines to confer 
heterologous protection against four lineages of CCHFV 
endemic to geographically distinct areas from the 
prototype strain (CCHF-Hoti). Employing optimized strain 
13 or outbred, Hartley guinea pig models for Clade 
1(Uganda), 3 (Nigeria), 4 (Afghanistan) and 6(Greece) 
established in the BSL4 evaluation Core C as outlined in 
Table 8. The vaccination, challenge, and sample collection 
will be identical to that outlined in 1.1.2.A above.  
 
 


Milestone 2.1.2.C: Determination of protective efficacy using optimized 
subunit-patch vaccination in NHP: In collaboration with Core E, 15 
cynomolgus monkeys will be randomized into two experimental vaccine groups 
of 5 animals per group, a control vaccine (VSV-CCHFV-GPC, demonstrated 
effective in mice23 and NHP (Unpublished, Cross and Geisbert) with 5 animals, 
and a control group of five unvaccinated animals (Table 9). Animals in vaccine 
groups 1 and 2 will be vaccinated using the down selected CCHFV antigens, 
adjuvants, and vaccination route identified in 1.1.2.A.  Animals in vaccine group 
1 will receive only the initial single administration of vaccine while animals in 
vaccine group 2 will receive the same vaccine as the prime vaccine 14 days 
post prime. At 35 days post prime (21 days post-boost for boosted animals), all 
animals will be challenged with 5000 PFU of CCHFV-Hoti. The disease of 
infected macaques will be assessed, and clinical signs consistent with VHF (as 
measured by hematology, serum biochemistry, and blood coagulation assays) 
will be documented. Surviving animals will be euthanized at the study endpoint 
4-5 weeks after CCHFV challenge. In addition, blood will be collected before 


and after vaccination and at the study endpoint for 
determination of binding antibody and neutralizing 
antibody titers. Blood and tissues will also be taken after 
virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome 
detection. Peripheral blood mononuclear cells (PBMCs) 
will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 
1.1.1F. 
 
Milestone 1.1.2.D: Determination of protective 
efficacy against novel, emerging arenaviruses and 
nairovirus “test case” viruses using optimized 
subunit-patch vaccination in STAT-1/KO mice, 
guinea pigs and NHP: RP1 and Core D will produce 
optimized GPe and NP-NTD antigens to formulate 
vaccines for LUJV and CHAPV based off lessons learned 
from 1.1.1A-C. Protective efficacy studies then be carried 
out where Core E will vaccinate and challenge guinea 
pigs or NHP as outlined in 1.1.1A and 1.1.1C, 
respectively (Table 10). RP1 and Core D will also 
produce optimized KASV GP and NP-NTD antigens to 
formulate subunit/MNP vaccines based off lessons 
learned from 1.1.1A-C. Protective efficacy studies will 


VACCINE CCHF CHALLENGE 


 
CCHF  GnGc 


10 
(TWO GROUPS OF 5) 


 


CCHF  GP38  


CCHF  NP  


CCHF  
GnGc+GP38+NP 


 


CCHF  GnGc+GP38  


CCHF  GP38+NP  


CCHF  GnGc+NP  


Control animals 
(NO VACCINE) 5 


 


Control vaccine 
(VSV-CCHF-M) 5 


 


  15  


 Table 9: Outline of NHP efficacy studies 


for MACV Milestone 1.1.1.B 
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CHAPV  


NHP CHALLENGE 
 


 CHAPV NP NTD 


10 
 (TWO GROUPS OF 5) 


 


CHAPV GPe  


CHAPV GPe + 
NP-NTD 


  


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 


VIRUS 


GUINEA PIG 
CHALLENGE 


LUJV 


LUJV NP-NTD 8 


LUJV GPe 8 


LUJV GPe + 
NP-NTD 8 


Control animals 
(NO VACCINE) 8 


TOTALS 32 


 


VACCINE 


GUINEA PIG 
CHALLENGE 


CHAPV 


 CHAPV NP NTD 8 


CHAPV GPe 8 


CHAPV NP + GPe 8 


Control animals 
(NO VACCINE) 8 


TOTALS 32 


 


VIRUS 


MOUSE 
CHALLENGE 


KASOKERO 
VIRUS 


KASV  GnGc 8 


KASV  NP 8 


KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 


TOTALS 32 
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KASV  GnGc +NP  


Control animals 
(NO VACCINE) 5 


 


TOTALS 15  


 Table 10: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 


Table 8: Outline of NHP efficacy studies for MACV Milestone 1.1.1.B 







then be carried Core E will vaccinate and challenge guinea pigs or NHP as outlined in 1.1.1A and 1.1.1C, 
respectively (Table 10)  
Milestone 1.1.3: Determination of cellular and humoral immune correlates associated with protection.  
Milestone 1.1.3.A: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell 
responses in in subunit/patch vaccinated NHP compared to unvaccinated groups: We will perform a 
targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination 
using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, 
ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important 
correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will 
measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect 
responses in vaccinated EVD survivors to be superior to natural immunity.  
Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard flow cytometric staining protocols will be used for surface 
and intracellular staining markers. Briefly cryopreserved PBMCs no older than 3 months old are gently thawed 
then washed with 2% FBS/PBS and stained with a viability dye. Cells are then washed again and surface stain 
cocktail is added to the tubes, incubated, and washed. Cells are fixed with Stabilizing Fixative (BD Biosciences, 
Franklin Lakes, NJ) then washed. Cell populations are then acquired and quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 
Viral protein stimulation experiments: PBMC stimulations will be set up according to modifications of well 
established, previously published protocols.62, 63 PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldin A will then be added then incubated 
prior to flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol 
outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins 
or peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then 
be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays in 96-
well plates and supernatants will be harvested for further analysis. 
Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye, then washed with 2% FBS/PBS. Surface stain cocktail is added 
to the tubes, incubated, and washed. Cells are incubated in BD Cytofix/Cytoperm solution followed by a wash. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed. Stained, fixed cells will then be acquired using a Cytek 
Aurora spectral flow cytometer. 
Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a multi-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated and subsequently washed by pelleted centrifugation. Wash buffer will be 
removed and discarded. Beads will be resuspended and data acquired on a MagPix xMAP instrument. 
IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody, and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes. Finally, 
wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 
37oC), and spot forming units (SPU) will be read on an S6 Universal M2 ELISPOT analyzer. 
Data Analysis: We will examine differences in immune responses across groups between each timepoint and 
baseline. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and 
R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell 
responses will be analyzed by t-SNE in R.  
Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in 







our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will 
be banked to assess the presence of biomarkers associated with differences between groups. 
Milestone 1.1.3.A:: Systems serology Characterization of Arenavirus and Nairovirus specific Ig subtypes 
and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to 
unvaccinated groups: We will perform a comprehensive analysis of the humoral immune response using an 
Viral Systems Serology platform with Core D64-66 to define the Fc-mediated humoral antiviral functions associated 
with vaccine protection. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV, LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  
Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens used for vaccination. To evaluate cross-reactive antibody responses against the 
GP of other LASV, MACV, or CCHFV lineages, we will use a multiplexed analysis to determine levels of 
antibodies against viral antigens using a MagPix xMAP instrument .65, 67 Specifically, each viral antigen will be 
coupled to coded magnetic beads , mixed together, and incubated with serial dilutions of patient samples. Beads 
are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined 
using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM. For quantitation 
of bound antibody, we will use pooled banked serum from NHP survivors. 
Analysis of Fc-mediated effector functions: We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates and surface expression of CD107a will be measured 
to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect 
production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry. 
Data Analysis: Univariate analyses will be performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction to determine statistical significance.  
Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and clinical signs into the network analysis. 
Milestone 1.2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates: We will use existing mammarenaviruses68, 69 and orthonairovirus70 reverse genetics systems present 
at UTMB to recover new isolates of LASV, JUNV, MACV, CHAPV, or CCHFV from recent outbreaks if natural 
isolates are not otherwise available. In parallel, will also create reporter constructs to enable high throughput 
screening of antivirals with these new isolates. CCHFV GP38 protein is speculated to serve as a virulence factor 
as protective antibodies targeting this protein have been identified. KASV does not have an equivalent GP38 
homolog but is still pathogenic in mice and humans (REFS). There is currently no reverse genetics system for 
KASV. We will develop an infectious clone system for KASV to create a reporter virus for screening antivirals, 
but also to build a tool for beginning to understand KASV pathogenesis through loss of function studies. 
Milestone 2:  Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments. 
Rationale: PREP and Post exposure prophylaxis (PEP) using monoclonal 
antibodies or immunoglobulins has been employed for providing instant barrier 
immunity to high-risk individuals for infections such as Respiratory syncytial 
virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis. 
The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses. 
Building on this success, RP1 will perform pilot studies to examine the 
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feasibility of PREP with a serum half-life extended mAb against JUNV. Clinically validated Fc mutations can 
result in improvement in serum half-life up 2-4 months(34-37). 
Scientific Approach: A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine:  In 
conjunction with Cores D and E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as 
to whether this product format will be an option for development with any of the other viruses being targeted by 
PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb whose potent therapeutic efficacy71, 


72  we have previously described will be produced with YTE and LA Fc point mutations to extend the serum half-
life of the mAb. We will select the variant with the most favorable pharmacokinetic (described in Core D)  for 
testing with Core E. Briefly, groups of 5 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the 
lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV Espindola delivered 
IV (Table 11). For further details of the NHP testing, please see Core E. These data will be used by the Scientific 
Advisory Board to inform decision making around possible additional IM mAb prophylaxis plug and play 
prototypes against other viruses. 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 


Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 


targeting LASV, MACV, CCHFV and use lessons learned from this Phase I suite of studies to rapidly develop 


subunit-patch vaccines for three “test case” viruses LUJV, CHAPV, and KASV in Phase II of the project. If any 


of the Phase I vaccine projects have not met the “go” criteria, we will refocus efforts toward the remaining viruses 


adjusting the requested budgets accordingly after consultation with NIAID and SAC. Please note: Discussion of 


expected results, other alternative approaches, and criteria for “go” or “no go” decisions for MILESTONES 1 and 


2 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section.  


Industry Expertise and Regulatory Considerations: Consultation with industry and regulatory expertise 


within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly 


virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. 


Relative to the major goal of RP1 (Subunit-MNP vaccines): Stability, manufacturability testing, and early process 


development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry 


experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research 


(CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory 


expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and 


Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the 


MNP-based Bunyavirus vaccine platform. The expectation in the out years of Phase I of the PABVAX period, 


leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and 


Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein 


vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with 


the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other 


NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-


MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, 


and the overall goal of the NIAID, ReVAMPP Centers. 


RP1 Gant Chart with Go/No Go Decision Points (red octagons). (1) Successful fabrication and validation of antigens and/or vaccine MNPs is a Go. Poor fabrication, 


loss of antigen integrity and lack of antigenicity as determined in Core C (MNP only) is a No-go for respective vaccine component. (2) Protection in rodent models is a 


Go. Lack of protection in rodents is a No-go. (3) Protection in NHP models is a Go to project Phase II. Lack of protection is a No-go for respective vaccine component. 
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Subject: RE: ReVAMPP Bunyavirales Project
 
Attached is the latest version.  I still need to deal with the minor highlighted refs and table/figure
descriptions but will do it tomorrow.  There is a little room to mess around with how the
milestones/objectives are presented, I just kept them in paragraph form for now but we can
enumerate if it makes more sense to do so.  Otherwise space is pretty tight until I can get the refs in
and table/figure descriptions fixed.
 
I’m out of gas for now, welcome any feedback for refinement or if I left something important out.
 
Bob
 

From: Cross, Robert W. 
Sent: Saturday, June 3, 2023 4:11 PM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Larry Zeitlin <larry.zeitlin@mappbio.com>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Dafna Abelson
<dafna.abelson@mappbio.com>
Cc: Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>; Antony Dimitrov
<antony.dimitrov.ctr@usuhs.edu>; Woolsey, Courtney B. (Micro) <cbwillia@UTMB.EDU>
Subject: RE: ReVAMPP Bunyavirales Project
 
I just talked with Tom to walk through some of RP1 and we have a plan to improve readability and
flow.  Aims will stay largely the same, but I will add more context and clarify a few items to help with
readability and flow.  I will send an updated if not complete version to the group by late tomorrow. 
Adding Court as a fresh set of eyes to help with review and refinement.
 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU> 
Sent: Saturday, June 3, 2023 2:50 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>; Cross, Robert W. <rwcross@UTMB.EDU>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Dafna Abelson
<dafna.abelson@mappbio.com>
Cc: Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>; Antony Dimitrov
<antony.dimitrov.ctr@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
 
Total free association here and I have been running a lot of things by Courtney this week to
get a different opinion.  So this below is really more along the lines of thinking about cross
lineage and clade protection.  And maybe some naivety on my part in the interactions with
Core C.  So I am guessing that antigens are made and then tested for immunogenicity by Core
C and D and maybe Core C is involved earlier in an example below?  I think for RP1 and RP2 in
terms of recombinant viruses that for RP2 there is an obvious need to make Langya.  For RP1 I
think it is more of an alternate strategy if we cannot get authentic viruses and maybe as the
RFA makes a point of tools for something like Chapare where there is no reverse genetics
system we make one.  So I am not sure that I would have making recombinant viruses a stand



alone Aim for RP1 rather I wonder if it goes more in whatever Aim assesses protective efficacy
where it is needed to make a new virus that pops up that we cannot get?

Specific Aims:

• Aim 1: Identification and characterization of conserved antigenic regions
• Objective 1.1: Analyze genomes of arenaviruses and nairoviruses to identify
conserved regions across multiple strains and  species within each family.
• Objective 1.2: Characterize the antigenicity of identified conserved regions using in
silico methods and experimental assays  (Core D).
 
• Aim 2: Development of a multivalent vaccine candidate
• Objective 2.1: Design and construct a multivalent vaccine formulation incorporating
multiple conserved antigenic regions, 
covering a broad range of arenaviruses and nairoviruses (Core D).
• Objective 2.2: Evaluate the immunogenicity and cross-reactivity of the multivalent
vaccine candidate in preclinical models using MNP specifically assessing its ability to
elicit protective immune responses against diverse arenavirus and nairovirus  strains
(Core E).
• Objective 2.3: Rescue recombinant arenaviruses and nairoviruses circulating in
nature with no available isolates
 
Aim 3: Identify correlates of protection and optimize vaccine formulation and delivery
• Objective 3.1: Investigate the mechanisms of vaccine-induced protection against
arenaviruses and nairoviruses, including humoral and cellular immune responses, to
understand immune correlates of protection (Gunn).
• Objective 3.2: Optimize MNP delivery systems and adjjuvants to enhance
immunogenicity (Core C, E)?

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Sent: Saturday, June 3, 2023 10:25 AM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>; Cross, Robert W. <rwcross@UTMB.EDU>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Dafna Abelson
<dafna.abelson@mappbio.com>
Cc: Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>; Antony Dimitrov
<antony.dimitrov.ctr@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
 
I will try to take a look at this today.  If not addressed here one theme that I think we need to
get across are the problems that occurred with SARS-CoV-2 with the vaccines and treatments
not offering broad coverage against different variants.  So while on one hand being able to
address that quickly with plug and play approaches is great on the other hand developing
vaccines that can provide broad coverage from the beginning is even better.  I think that is
probably being addressed here by having the NP approach added as a comparator.  One thing
that I think may give our Center an advantage over some others is access to a more diverse
group of viruses than other applications, e.g., for Lassa there are seven lineages and we have
animal models that can cover a lot of those and even in the case of Machupo we can cover the
most commonly used as well as the most diverse lineage VIII.  For henipaviruses thanks to
Chris we now have Hendra Redlands which is a beast as well as the HeVg2.  Even where
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maybe we don't have established animal models we at least have viruses that cover most of
the genetic diversity for the viruses in our Center so we can at least assess the immune
response by ELISA and neut against wild type viruses.

From: Larry Zeitlin <larry.zeitlin@mappbio.com>
Sent: Friday, June 2, 2023 3:09 PM
To: Cross, Robert W. <rwcross@UTMB.EDU>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>; Dafna Abelson <dafna.abelson@mappbio.com>
Cc: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>;
Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
 

I added some language for the mAb as alternative to a vaccine sections…
 

From: Cross, Robert W. <rwcross@UTMB.EDU>
Date: Thursday, June 1, 2023 at 11:56 PM
To: CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, Dafna Abelson
<dafna.abelson@mappbio.com>
Cc: Larry Zeitlin <larry.zeitlin@mappbio.com>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>,
Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>, Antony Dimitrov
<antony.dimitrov.ctr@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project

Getting there, here is the update to now.  I hope to finish filling out missing sections by tomorrow
evening.  Welcome any feedback
 
Bob
 

From: Cross, Robert W. 
Sent: Monday, May 29, 2023 1:49 PM
To: Broder, Christopher <christopher.broder@usuhs.edu>; Dafna Abelson
<dafna.abelson@mappbio.com>
Cc: Larry Zeitlin <larry.zeitlin@mappbio.com>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Gunn,
Bronwyn Mei <bronwyn.gunn@wsu.edu>; Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project
 
Hi Chris,
 
Some thoughts…
 
On the PREP, this is just the one study being proposed as proof of concept.  Will let Larry elaborate,
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but we will need to wordsmith to suggest that if successful this may be an avenue to look at with
other viruses with the support of SAC and program.
 
On the cellular and humoral part.  Space is a big issue here and I’m not sure we will need to describe
in detail in every RP or core, but it needs to be outlined somewhere clearly and that will eat up some
space.  I put it in my RP since there was no room in the animal core and Larry’s core didn’t detail it
too much either (so far).  My version will likely need to be whittled down as well to make everything
fit, so but not so much that the gist is lost.  I wonder if we could find a small amount of space to
describe the immunology work up I described will be carried out in the scientific cores (and in
collaboration with RP1) as outlined in RP1?  That said, we can maybe refer to methods used in RP1
for the core as well since that write-up is already having issues with space?  Also note that I’m not
doing any immunology on rodents since the patch core mentioned they would do rudimentary
serology and ELISPOTs, all this advanced immunology work will be done with primates only due to
lack of reagents.
 
Bob
 

From: Broder, Christopher <christopher.broder@usuhs.edu> 
Sent: Monday, May 29, 2023 1:09 PM
To: Dafna Abelson <dafna.abelson@mappbio.com>
Cc: Cross, Robert W. <rwcross@UTMB.EDU>; Larry Zeitlin <larry.zeitlin@mappbio.com>; Geisbert,
Thomas W. <twgeisbe@UTMB.EDU>; Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>; Antony
Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
 

hi all
RP2 is not looking anything like this post-vaccination subject analysis on the CD4/CD8 and
cellular responses or the serological studies.  
 
We were allowing the Upitt core to explore the mice with cellular responses as the pilot.
The plan for the MNP vaccines is to test efficacy in ferrets then proceed to AGMs. 
 
Not sure what to do or how to proceed here!    Are there analysis text sections 
from what the animal core can or should propose here or outline here, as Bob laid
out?  I dont have anything like this in hand,
 
also, i saw the comment on PREP
We dont have any plans for PREP for NiV/HeV included here either, our best candidates
are already in Mapp's pipeline, or in the CETR
 
chris
 



On Sun, May 28, 2023 at 3:35 PM Dafna Abelson <dafna.abelson@mappbio.com> wrote:

Hey Bob
Looks great! I added some language to use or lose in the Engineering Glycoproteins for CCHF
section and the gel we used in the Core D preliminary results.
Best,
Dafna
 
 

From: Cross, Robert W. <rwcross@UTMB.EDU>
Date: Saturday, May 27, 2023 at 10:26 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>, Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>, Dafna Abelson <dafna.abelson@mappbio.com>, Gunn, Bronwyn
Mei <bronwyn.gunn@wsu.edu>, CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project

A ways to go on the text, but studies mapped out fairly well at this point, working on filling in text
for areas highlighted in blue.  Sending now to give the group an idea on direction for aims and
subaims
 
Will work on fleshing out significance/innovation sections/and approach text tomorrow.  Tables
will be shrunk to fit, but followed Larry’s color scheme to be consistent for now. 
 

Bonnie I adapted the immunology support sections from our pilot grant to start with.  Will
very likely need to majorly consolidate, but better to have too much and refine to essentials
once all the content is there.

 
Larry, I just included the pilot study for the PREP study assuming you and Tom already
budgeted for it.  You mentioned go-no-go, but I did not budget for any “go” studies, so
maybe you mean PREP for henipaviruses?

 

Dafna and Larry, open to thoughts on the CCHF proteins for prelimary data or innovation.  I
had some serology which we did using your proteins on human survivors to demonstrate
reactivity which I think is helpful.  Open to other thoughts.

 

Tom, I added another group for each of the NHP studies to allow for 2 groups to be
evaluated either with different doses or different vax formulations.  Was thinking this might
be ideal for grantsmanship to have at least another option.  Thinking was that we would not
use all 5 controls  for all studies and may be able to make these up?

 

Bob



 
External Email Warning: Do not click links or open attachments unless you recognize
the sender and expect the content. UTMB Email Phishing Awareness

 

From: Larry Zeitlin <larry.zeitlin@mappbio.com> 
Sent: Wednesday, May 17, 2023 2:51 PM
To: Cross, Robert W. <rwcross@UTMB.EDU>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>;
Dafna Abelson <dafna.abelson@mappbio.com>; Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
 

Bob,
 
This is what is in Core D so far:
 
A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine. In
conjunction with RP1 and Core E, an IM long-acting mAb prototype will be generated as
a Go/No Go decision as to whether this product format will be an option for development
with any of the other viruses being targeted by PABVAX. For this proof-of-concept effort,
an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references)
previously described by Abelson, Geisbert and Zeitlin will be produced with YTE and LA
Fc point mutations (Table 4). The pharmacokinetics (PK) of these two variants will be
evaluated in NHPs (Bioqual, Inc.; Rockville, MD) to select a lead candidate for testing in
NHPs against Junin Romero challenge in Core E. For the PK study, two doses (15 and 5
mg/kg) of each mAb will be administered IM to groups of 3 cynomolgus macaques
(mixed sex). Serum will be collected (pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7,
10, 14, 21, 28, 42, 56) and tested via ELISA and Octet to quantitate serum antibody
concetrations. PK parameters will be modeled with WinNonlin Phoenix software
(reference). The variant with the most favorable PK will be selected for testing by
RP1/Core E. Briefly, groups of 4 cynomolgus macaques (mixed sex) will receive 15 or 5
mg/kg of the lead variant IM and the animals will be challenged one month later with
5000 pfu of JUNV (Espindola or Romero?) delivered IV. For further details of the NHP
testing, please see Core E. These data will be used by the Advisory Committee to inform
decision making around possible additional IM mAb prophylaxis plug and play
prototypes.
 
Feel free to tweak so it fits with what you are thinking about. I can also give you some
innovation language if you’d like on this topic.
 
Best
LZ
 
 

From: Cross, Robert W. <rwcross@UTMB.EDU>
Date: Wednesday, May 17, 2023 at 3:47 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>, Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>, Dafna Abelson <dafna.abelson@mappbio.com>, Gunn, Bronwyn



 
External Email Warning: Do not click links or open attachments unless you recognize
the sender and expect the content. UTMB Email Phishing Awareness

Mei <bronwyn.gunn@wsu.edu>, CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project

I’m trying to shoe horn the prophy into RP1, will ciruculate to the group as a whole shortly.  If we
add this PEP study into RP1, we will probably need to renaim RP1 to something like:  Novel
Vaccine Approaches for Emerging Arenaviruses and Nairoviruses:  (Cross,
Abelson, Gunn)
 

From: Larry Zeitlin <larry.zeitlin@mappbio.com> 
Sent: Saturday, May 13, 2023 11:25 AM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Cross, Robert W. <rwcross@UTMB.EDU>;
Dafna Abelson <dafna.abelson@mappbio.com>; Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
 

Tom,
 
I like the idea of it as a sub-aim. Core D will refer to it (manufacturing the mAb as well as
performing PK to select the best Fc mutant). Depending on how much you are mentioning
about the protocols in the Animal Core, you could also mention it there (e.g. “For studies
looking at long-acting mAbs as an alternative to a vaccine, NHPs will receive a single dose 1
month prior to challenge…).
 
I can also if preferred, describe the study in Core D rather than RP1. I’m certainly setting up
the idea of it with the PK work…
 
Best
LZ
 
 
 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Date: Saturday, May 13, 2023 at 12:15 PM
To: Cross, Robert W. <rwcross@UTMB.EDU>, Dafna Abelson
<dafna.abelson@mappbio.com>, Larry Zeitlin <larry.zeitlin@mappbio.com>, Gunn,
Bronwyn Mei <bronwyn.gunn@wsu.edu>, CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project

Larry, Dafna



 
How do you want to handle the Junin NHP prophylaxis study?  At the very least I think RP1
has to mention it somewhere.  Does it go into RP1 as a subaim?  I don't think we can say it is
alternate strategy as that route is usually taken when something proposed fails.  Does it get
pitched as a subaim to derisk the project?  Not quite sure here.
 
Many thanks!
 
Tom

From: Cross, Robert W. <rwcross@UTMB.EDU>
Sent: Saturday, May 13, 2023 11:10 AM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Dafna Abelson
<dafna.abelson@mappbio.com>; Larry Zeitlin <larry.zeitlin@mappbio.com>; Gunn, Bronwyn Mei
<bronwyn.gunn@wsu.edu>; CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project
 

Great, thanks!

 

Yeah it was challenging to add a lot into the SA page.  But we can refine to make it  more
inclusive of all points addressed.  Definitely will stretch out in the Research strategy.

 

We can maybe add some reverse genetics, especially for missing MACV lineages…maybe
CCHF for the same reason using the cassette approach.  Need to think about it a little today,
but this may work.

 

Do we need to add the JUNV prophy study into RP1?  Or is that in the core?

 

 

 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU> 
Sent: Saturday, May 13, 2023 9:38 AM
To: Cross, Robert W. <rwcross@UTMB.EDU>; Dafna Abelson
<dafna.abelson@mappbio.com>; Larry Zeitlin <larry.zeitlin@mappbio.com>; Gunn,
Bronwyn Mei <bronwyn.gunn@wsu.edu>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
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Thanks Bob!  One thing that we need to think about as Chris outlined for the rescue of
Langya in the RP2 Aims is are we going to tackle reverse genetics at all for arenaviruses
and CCHF?  If so will need to tie that into the Animal Core in terms of rescue.  Other thing
is tie into Mapp Core for the Junin NHP prophylaxis study in Year 1 as an alternative
approach to vaccination.  And then need to think about if we need an approach to tie into
RP4 and RP5.  All of this of course does not need to be on the Aims page and can be
addressed in the 12 page Research Strategy.  If you tackle reverse genetics it could be its
own Aim along the lines of what Chris has in RP2.

From: Cross, Robert W. <rwcross@UTMB.EDU>
Sent: Friday, May 12, 2023 3:52 PM
To: Dafna Abelson <dafna.abelson@mappbio.com>; Larry Zeitlin
<larry.zeitlin@mappbio.com>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Gunn,
Bronwyn Mei <bronwyn.gunn@wsu.edu>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project

 

Here is the first attempt at the specific aims page.  Kept it simple to start.

 

From: Dafna Abelson <dafna.abelson@mappbio.com> 
Sent: Thursday, May 4, 2023 1:31 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>; Cross, Robert W.
<rwcross@UTMB.EDU>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Subject: Re: ReVAMPP Bunyavirales Project

 

Hi Bob

Here’s a draft of an SBIR that Crystal wrote in case that’s helpful. It only has data from the
first Guinea pig study.

Best,

Dafna

 

From: Larry Zeitlin <larry.zeitlin@mappbio.com>



Date: Thursday, May 4, 2023 at 11:18 AM
To: Cross, Robert W. <rwcross@UTMB.EDU>, Dafna Abelson
<dafna.abelson@mappbio.com>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Subject: Re: ReVAMPP Bunyavirales Project

Bob,

 

Please have at it and let us know how we can help.

 

Best

LZ

 

From: Cross, Robert W. <rwcross@UTMB.EDU>
Date: Thursday, May 4, 2023 at 2:07 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>, Dafna Abelson
<dafna.abelson@mappbio.com>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Subject: RE: ReVAMPP Bunyavirales Project

Agree, this SA page from Crystal is super helpful.  Was going to start putting pen to paper
to get a rough draft started for the Bunya RP. Unless you guys have already started?

 

Is there a format we need to follow for writing the proposal? I think we had 12 pages
correct? 

 

Assuming the standard NIH format?

Significance
Innovation
Preliminary data
Approach/SpecificAim 1-?
Alternative strategies
Milestones-Timelines
Summary statement impact

 

From: Larry Zeitlin <larry.zeitlin@mappbio.com> 
Sent: Tuesday, April 18, 2023 3:43 PM
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To: Dafna Abelson <dafna.abelson@mappbio.com>; Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>; Cross, Robert W. <rwcross@UTMB.EDU>
Subject: Re: ReVAMPP Bunyavirales Project

 

Oh, and here is the specific aims page of Crystal’s proposal from a few years ago…looks
like it would fit pretty well

 

 

 

From: Larry Zeitlin <larry.zeitlin@mappbio.com>
Date: Tuesday, April 18, 2023 at 4:34 PM
To: Dafna Abelson <dafna.abelson@mappbio.com>, Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>, Cross, Robert W. <rwcross@UTMB.EDU>
Subject: Re: ReVAMPP Bunyavirales Project

Just a few thoughts:

 

1. It looks like we can have multiple prototypes per family if justified. I think lassa and
junin would be great prototypes for old and new world arenas…seems easy to justify
as we don’t know if a single product could cover both and pursuing both could help to
answer the question.

2. Might be good to confirm with program, but as I initially read it, it looks like if we start
with CCHF we’d be expected in Y4-Y5 to expand to other nairos. Hantas may be a little
easier – Jim has some mAbs and Mapp does as well, but those are encumbered a bit
with Kartik’s CETR so we’d have to have some conversations to make sure that would
be kosher.

3. The RFA has a bit of mixed message on vaccines and mAbs. I do think they go well
together and mAbs can be an alternative option to a vaccine.

4. Do the microneedle people have some experience transitioning to the clinic? I’m
looking at this language: “Each ReVAMPP Center is expected to have an established, or
have plans to establish when appropriate, collaboration with an industry partner which will
provide access to vaccine expertise in manufacturing, clinical development, and regulatory
pathways.” Mapp can fill that role for mAb vaccines, but not so well for traditional vaccines.
It looks like we don’t have to have them lined up yet, but might be nice to have a letter of
support if needed. DVC is an option as is IBT.



 

From: Dafna Abelson <dafna.abelson@mappbio.com>
Date: Tuesday, April 18, 2023 at 4:15 PM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>, Cross, Robert W.
<rwcross@UTMB.EDU>, Larry Zeitlin <larry.zeitlin@mappbio.com>
Subject: Re: ReVAMPP Bunyavirales Project

Hi Tom

We do have the Junin PBMCs you sent and I like the idea of including Junin in the proposal
because we already have cell lines in house to express Machupo, Junin and Lassa GPs. I
think we could hit the ground running on arenavirus antibody discovery.  

I don’t have strong feelings on Hanta vs CCHF. Larry?

 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Date: Tuesday, April 18, 2023 at 12:53 PM
To: Cross, Robert W. <rwcross@UTMB.EDU>, Larry Zeitlin
<larry.zeitlin@mappbio.com>, Dafna Abelson <dafna.abelson@mappbio.com>
Subject: ReVAMPP Bunyavirales Project

All,

 

We need to think about the ReVAMPP Bunyavirales Project and what viruses and how to
integrate with all of the other projects.  I know it is tough to schedule a Zoom call so maybe
we can kick this around on email a little.  I think we all agree that the Mapp Lassa vaccine
data is great.  So maybe Lassa is the prototype even though we know CEPI is funding Lassa
vaccines and it has a lot more attention than other things.  But prototype with a plan to
transition to other arenaviruses.  So move the Lassa vaccine to the microneedle patch which
ties in nicely with that Core.  I guess we need to think about whether to have pan arenavirus
vaccines or individual.  I think Junin is a good choice as well.  To that end I think we had
sent PBMC from Junin Candid 1 vaccinees to Mapp right before COVID-19 hit.  Do you
still have those?  If we go with Lassa do we have a plan for Lassa MAbs to support?  Then
for another family I think CCHF for Nairoviridae makes the most sense as we have already
been working on it for MAbs as has Jim Crowe.  We would need to sort out the vaccine
angle that ties into the microneedle patch.  So I guess then for arenaviruses we would have
Lassa and maybe Junin as prototypes and for nairoviruses CCHFV.  Where I get confused
and am struggling is the transition in Years 4 and 5 that NIAID/NIH has to approve where I
think the expectation is that you move from prototypes to more broad coverage.  So do we
say for example for Lassa since there are so many lineages that the prototype is lineage IV
Josiah but in the out years we show that it protects against all lineages?  Same thing for
CCHF.  Or is the expectation that you go beyond the prototype virus so for example from
Lassa and Junin to also cover say Machupo, Guanarito, Chapare, etc.?  Or is it better instead
of CCHF say to start with Andes as the prototype and then move in the out years to Hantaan



or vice versa?  Thoughts?

 

Tom

 



Research Strategy 

Significance 

The constant threat posed to global public health by emerging and reemerging zoonotic viruses emphasizes the 
importance for pandemic preparedness by developing countermeasures. The highly pathogenic Hendra virus 
(HeV) and Nipah virus (NiV) are the prototype members in the genus Henipavirus in the family Paramyxoviridae1, 
and the selected prototypes chosen for RP2. HeV was first discovered in 1994, in Queensland, Australia where 
it was the causative agent of a severe and fatal respiratory disease among horses along with a human case 
fatality1,2. Whereas, in 1998-1999 in Malaysia and Singapore an outbreak of encephalitis in people and 
respiratory disease in pigs was eventually determined to be caused by a closely related virus - to NiV3,4. These 
viruses are capable of causing a systemic and often fatal respiratory and/or neurological disease in at least 11 
mammalian species including humans, with fatality rates ranging from 40-100%5,6. As a result of this high lethality 
and lack of approved vaccines or antivirals, HeV and NiV are classified as Biosafety Level-4 (BSL-4) pathogens. 
NiV and henipaviral diseases are also included in the WHO’s Blueprint List of Priority Pathogens7, and NiV is 
among the Coalition for Epidemic Preparedness Innovations (CEPI) list of Priority Diseases needing urgent 
research and countermeasure development and are recognized as agents of pandemic threat potential8,9. HeV, 
though apparently restricted to Australia, has spilled over 66 times, most recently in 202210. HeV has caused the 
death or euthanasia of >100 horses, 2 HeV positive and euthanized dogs, and 4 fatalities of 7 human cases10,11. 
Whereas NiV is present throughout a large area including South and Southeast Asia from the Philippines to 
western India. The frequent outbreaks of NiV in Bangladesh and India have high human case fatality rates 70-
100%. NiV transmission in Bangladesh to humans has been linked to contaminated fruits or date palm sap, and 
person-to-person transmission12-15. In total, there have been >620 human cases of NiV infections >330 fatalities, 
the most recent in 202316. The genus Henipavirus now includes nine other species; the four viral isolates of 
CedV, Gamak virus, Daeryong virus, and Langya virus (LayV)17-19 and five additional species known only from 
nucleic acid sequence information; Ghana bat virus (GhV), Mòjiang virus, Melian virus, Denwin virus, and 
Angavokely virus (AngV)20-23. Pteropid fruit bats, known as flying foxes, are recognized natural reservoir hosts 
for NiV, HeV24,25, CedV18, GhV and AngV. One of these, CedV, has been shown to be nonpathogenic in several 
animals susceptible to HeV and NiV disease including mice, guinea pigs and ferrets18,26 and African green 
monkeys (AGMs) (Geisbert and Broder, unpublished). The remaining six reported henipaviruses (HNVs) are 
likely of rodent origins. One of these six, the isolate LayV, is associated with nonfatal febrile illness in humans19. 

HNVs are enveloped, single-stranded, negative sense RNA viruses that share a similar genomic makeup. 
The viruses have two membrane anchored glycoproteins involved in entry: the attachment (G) glycoprotein that 
engages the host cell receptor and the fusion (F) glycoprotein, which facilitates virion and host cell membrane 
fusion. The viral G and F proteins are the major targets of neutralizing antibodies and the focus of all vaccine 
and therapeutic antibody strategies27,28. However, CedV is distinct from other HNVs, and the phosphoprotein (P) 
gene does not encode the interferon antagonist proteins V and W18,29-31. The nonpathogenic phenotype of CedV 
is most likely attributed to the lack of these nonstructural proteins. Based on genetic data, all identified HNVs, 
except CedV, can potentially express the V and W proteins. CedV is recognized as a BSL-2 restricted agent32. 

Innovation 

There are multiple layers of innovation within RP2. First, the proposed development of henipavirus (HNV) 
subunit vaccine candidates using an innovative microneedle array patch (MNP) technology that may be suitable 
for the incorporation of immunogens derived from other undiscovered pathogenic HNVs or paramyxoviruses in 
the future. Second, the construction of a rLayV reverse genetics system will be highly valuable in the HNV 
toolbox to study putative differences in pathogenesis and vaccine design between HNVs of bat and rodent origin, 
and significant resource to the ReVAMPP network’s objectives. Third, generation of BSL-2 surrogate platforms 
that are based on rCedV and VSV will allow for a wide-variety of in vitro studies to support infection and host 
response studies and to screen in a high throughput manner the neutralization activity of immune sera and 
monoclonal antibodies (mAbs) and nanobodies (nabs) without the requirement for high containment. Fourth, 
considering that the LayV and AngV F and G proteins are functionally fusion active, the generation of viable 
rCedV chimeras bearing either LayV or AngV F and G glycoproteins is feasible.  

Approach 

Scientific Premise 

To date, the most extensively studied NiV/HeV vaccine is a soluble, recombinant, oligomeric form (dimers and/or 
tetramers) of the G glycoprotein of HeV (HeV-sG)11,27,33, and has been demonstrated to confer complete 



protection against lethal challenge with NiV-M (Malaysia), NiV-B (Bangladesh) or HeV in multiple animal 
models34-40. It has most recently been shown to provide complete protection of AGMs against NiV-B challenge 
performed one week post-immunization (single dose)41. The HeV-sG vaccine is marketed by Zoetis, Inc., for 
equine use in Australia since 2012 and is the first commercialized vaccine against any BSL-4 pathogen. HeV-
sG /Alum intramuscular formulation is currently in clinical trial as an anti-NiV vaccine. RP2 proposes to enhance 
the formulation, immunogenicity, and delivery of recombinant subunit protein based HNV vaccines.  

We have developed rCedVs as new tools to study HNV host cell interactions, including ephrin receptor 
use and infection tropism, and in the development of HNV countermeasures. Experiments with rCedV can be 
conducted in a BSL-2 containment setting. The rCedV reverse genetics system42,43 allowed us to develop a 
rCedV chimeric platform, where the CedV F and G glycoproteins are replaced with that of either NiV-B or with 
HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV). We have successfully 
rescued and characterized the chimeric viruses with and without reporter genes44. The neutralizing potencies of 
several well-characterized cross-reactive NiV/HeV F and G specific mAbs against these rCedV chimeras highly 
correlate with the potencies obtained for the same antibodies to neutralize authentic NiV-B and HeV by plaque 
reduction neutralization tests (PRNTs). The green fluorescent protein (GFP) reporter chimeras were employed 
to develop a rapid, high-throughput, and quantitative fluorescence reduction neutralization test (FRNT). The 
antibody potencies to neutralize the reporter gene containing chimeras in the FRNT highly corelated with the 
respective potencies obtained by PRNT44. The rCedV chimera assay has been employed in several studies and 
its high-throughput ability has also allowed for the conduct of NiV/HeV mAb synergy neutralization tests45-47. The 
rCedV chimeras have their most important application in an authentic HNV-based surrogate neutralization assay 
that is rapid, cost-effective, and can be utilized in BSL-2 containment. We believe that the rCedV reverse genetics 
system may be able to serve as a plug-and-play platform for other emerging or pathogenic HNVs. To accomplish 
this, RP2 will develop a variety of rCedV variants with reporter genes that will serve as important tools for the 
PABVAX Center RPs and Cores, and also for the NIAID, ReVAMPP network for pandemic preparedness. 

Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. rCedV laboratory manipulation guidelines and standard operating procedures under BSL-2 
conditions were developed for the laboratory and staff, and all procedures were reviewed and approved by the 
Uniformed Services University Institutional Biosafety Committee in accordance with NIH guidelines. The rCedV 
tools described here have been transferred to multiple institutions and research organizations which have also 
reviewed and approved their use at BSL-2 containment. 

Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines. 

Rationale and Preliminary Data. It is well documented that the HNV G and F glycoproteins are the primary 
targets for virus neutralizing antibodies27,45,48-53. As such, HeV-sG subunit has clinically advanced in the 
development of HeV and NiV vaccines. Building on this work, Aim 1 will compare the immunogenicity and efficacy 
of alternate NiV vaccine immunogens (NiV-sGtet, NiV-sFstb), HeV vaccine immunogen (HeV-sFstb), and a bivalent 
HNV vaccine candidate (NiV-sFstb+HeV-sG) along with the clinical subunit HeV-sG. All immunogens will be 
delivered as polyphasphazene (PPZ) adjuvanted MNP vaccines in three animal species (mice, ferrets, and non-
human primates-NHPs (AGMs)). Immunogenicity will initially be performed in mice by Core C. The neutralizing 
potencies of the immunized mouse sera will then be evaluated by in vitro neutralization assays using rCedV-
NiV-B-GFP and rCedV-HeV-GFP44. The superior neutralizing antibody inducing MNP vaccine type(s) will be 
evaluated by animal challenge studies ferrets (first-tier) challenged with NiV-B or HeV and the lead vaccine 
candidate(s) from those studies will then be evaluated in AGM (second-tier) challenge studies. 

Adjuvants are included in vaccine designs to generate a robust and durable vaccine induced immune 
response. We will utilize a synthetic PPZ macromolecule as the adjuvant to complement the proposed NiV and 
HeV vaccine immunogens. The PPZ macromolecule has many distinctive properties that make it an attractive 
choice as an adjuvant; 1) water-soluble and biodegradable, 2) spontaneously self-assembles with antigens in 
aqueous solutions, 3) forms nanoassemblies that mimick the dimensions of a virus (60-100nm)54,55 and 4) is 
completely compatible with MNPs56-58, the delivery mechanism that will be employed for the HNV immunogens. 
The extensive clinical use and experimental evidence supports the safety and potency of PPZ in enhancing 



vaccine-induced protective immune responses54-60. In particular, the most commonly used PPZ adjuvant is the 
clinical stage poly[di(carboxylato-phenoxy)phosphazene] (PCPP) and its structural homologue 
poly[di(carboxylato-ethylphenoxy) phosphazene] (PCEP), which, significantly boosts vaccine immunogenicity 
without the requirement for large amounts of antigen while providing long-lasting protection in live viral challenge 
studies60-62. MNPs are promising resources to achieve systemic effects by transdermal delivery. They are a 
minimally invasive, painless system, which can bypass the stratum corneum and overcome the potential 
drawbacks of subcutaneous injections63. (See Core C Research Plan). 

Manufacturing and characterization of HeV-sG±PCEP MNPs. The technology for fabricating MNPs pioneered 
by Bediz et al.,64 was developed and is described in detail in the Core C Research Plan). We have conducted 
preliminary studies with the dissolvable MNPs incorporating HeV-sG antigen with or without PPZ adjuvants 
including PCEP (HeV-sG±PCEP MNPs) in collaboration with the investigators of Core C. Spin-casting of 
carboxymethyl cellulose and trehalose was used to create MNPs incorporating HeV-sG AF555±PCEP into 
obelisk-shaped microneedles having the vaccine components at the tip region to maximize the vaccine delivery 
efficiency by locating the vaccine components at the skin-penetrating regions of the microneedles (Figure 1a). 
The HeV-sG±PCEP MNPs can have a pre-determined array size of 10x10mm (for mice studies) and 20x20mm 
or greater (for larger animal studies). Images of the HeV-sG AF555±PCEP MNPs before (Figure 1a) and after 
(Figure 1b) application (15-20 mins), confirm a nearly complete dissolution of the microneedles into the skin 
demonstrating that the vaccine was effectively deposited into the skin. To facilitate the characterization and to 
visualize skin penetration of the developed HeV-sG±PCEP MNPs, HeV-sG was fluorescently labeled with Alexa 
Fluor 555 dye, HeV-sG AF555. To test the intracutaneous delivery capacity, HeV-sG AF555±PCEP MNPs were 
applied to the abdomen skin of C57BL/6 mice for 15 min and then removed.  The HeV-sG AF555±PCEP MNP-
treated mice were imaged before and after in vivo skin applications by using an in vivo live animal fluorescent 
imaging system (IVIS Lumina XR) and the acquired images were post-processed using Living Image software 
(PerkinElmer). Figures 1c and 1d further corroborate the microscopy analysis of these MNPs and show effective 
deposition of vaccine components to murine skin (Figure 1c: HeV-sG AF555 and Figure 1d: HeV-sG 
AF555+PCEP). Together, these data support the feasibility of our PPZ MNP vaccine platform for the translational 
development of skin-targeted HNV vaccines that could also be employed using recombinant protein immunogens 
(or even virus-like particles) from other viral agents from a wide-variety of virus families. 

Figure 1: In vivo intracutaneous delivery efficacy of HeV-
sG±PCEP MNPs in mice. An optical stereomicroscopy image of 
HeV-sG AF555+PCEP CMC/Trehalose microneedles before (a) and 
after (b) in vivo skin application. Administration of HeV-sG AF555 (c) 
and HeV-sG AF555+PCEP (d) to mouse skin in vivo with MNPs, 
captured by using a fluorescence in vivo imaging system (IVIS). 

HeV-sG±PCEP MNPs with unlabeled HeV-sG were 
fabricated and the immunogenicity tested in C57BL/6 
mice. Groups of 5 mice were immunized on Day 0 (D0) 
(prime) and D21 (boost) with HeV-sG±PCEP MNPs. 
Sera were collected on D35 and analyzed by ELISA for 
total binding antibodies (endpoint titers) (Figure 2a) and 
HNV neutralizing capacity of serum in the rCedV 
chimeras FRNT44 (Figure 2b). These results show 

Figure 2: MNPs induced humoral responses and initial MNP 
stability data. Mice immunized prime/boost. MNPs applied to the 
abdominal skin of C57BL/6 mice 15 min, D0 (prime) and D21 
(boost). Endpoint binding titers (a) ELISA. Neutralizing ID50 titers (b) 
by FRNT. Stability of MNPs (c) measured at D14 endpoint binding 
titers using a 30-day-old MNP compared to fresh MNP. Neutralizing 
ID50 titers with HeV-sG MNP (1:272) and HeV-sG+PCEP MNP 
(1:11,445) against rCedV-HeV-GFP. 

that MNPs are highly effective in inducing antigen-
specific binding and neutralization antibodies, and 
improved with PCEP adjuvant. Additional data also 

demonstrate that the PPZ MNP platforms are superior to intramuscular injection of the current clinical Alum-
formulated HeV-sG vaccine (Core C; Figure 4a). In addition, temperature stability was tested by storing the 
HeV-sG±PCEP MNPs at room temperature without refrigeration. Mice were immunized with fresh (group 1) and 
30-day old MNP (group 2) by single dose immunization. Mice were bled on D14 post immunization and the 



endpoint titers of total IgG levels were determined by ELISA. Figure 2c suggests that MNP-embedded vaccine 
components retain their immunogenicity for at least a month without refrigeration with no statistically significant 
differences in the antibody binding titers between fresh and the 30-day-old MNPs. 

Experimental Design. 

Aim 1.1: Manufacturing and characterization of PPZ MNPs with HNV glycoprotein antigens. We have 
tested GLP-like HeV-sG antigen (above), manufactured by Catalent Pharma Solutions, and it is currently 
available. The remaining 3 immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb) will be prepared by Genovac, Inc., and 
Core C will prepare MNPs with each of NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG+NiV-sFstb and HeV-sG, all 
adjuvanted with PCEP. Each fabricated batch of PPZ MNPs will be tested in vitro for geometric integrity, 
mechanical integrity, vaccine loading accuracy and reproducibility, biological integrity, endotoxin content, 
vaccine stability, and in vivo skin delivery performance before the animal immunization studies. The specific 
quantitative release criteria are as follows: 1) geometric integrity and accuracy – >95% high-quality microneedles 
across a PPZ MNP vaccine and <10% deviation from the target geometric values; 2) structural integrity – factor 
of safety (FOS) > 2 (FOS is equal to the failure forces/penetration forces); 3) vaccine loading accuracy and 
reproducibility – 10% deviation from the mean of theoretical amounts and <10% standard deviation of the mean 
value; 4) biological integrity – no significant aggregation of adjuvant-antigen complexes and no significant loss 
of antigenicity (p>0.05); 5) endotoxin content – < 1 endotoxin unit per PPZ MNP vaccine; 6) thermostability – 
biological integrity at elevated temperatures; 7) skin delivery performance – <10% of remaining materials in terms 
volume and <15% of remaining materials in terms of vaccine after 20 min murine skin application in vivo and 20 
min the RP-specific animal-skin application ex vivo (See Core C application for more details). Based on the 
preliminary data and experience with fabricating HeV-sG MNP, we expect the technology to be plug and play 
applicable with the new HNV immunogens and with the combination of two different HNV immunogens.  

Aim 1.2: Immunogenicity assessment HeV/NiV antigen PPZ MNPs in mice. To evaluate the immunogenicity 
of PCEP MNP platform with NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG, and HeV-sG+NiV-sFstb, murine 
immunization studies will be conducted (Core C). The immunization strategy will be performed as single-dose 
(D0) and prime(D0)-boost(D21) with female C57BL/6 mice (n = 5 mice per group). A schematic of the 
immunization and bleeding schedule is shown in Figure 3. Naïve or unimmunized mice will serve as negative 
controls and mice immunized with the intramuscular injection of Alum-complexed antigens will serve as positive 
controls. Serum levels of antigen-specific antibodies (IgM, total IgG, IgG1, IgG2c, and IgA) will be assayed by 
ELISA. The sera will be tested for neutralization activity using the respective reporter rCedV chimeras – rCedV-
HeV-GFP and rCedV-NiV-B-GFP in the FRNT assay44.  

Figure 3. Immunization - bleeding schedule for mouse immunogenicity study.  

Cellular immune responses will also be evaluated as described in the 
Core C Research Strategy. Briefly, mice will be sacrificed five days 
after the booster dose. Mouse blood PBMCs and cells from lymph 

nodes and spleen will be stimulated with a pool of antigenic peptides derived from the respective immunogen 
sequence(s). Antigen-specific polyfunctional cellular responses (IFN-γ, TNF-α, IL-2, IL-4, IL-17: CD4+ and CD8+ 
T-cell) will be determined by using multi-color flow cytometry and intracellular cytokine staining65,66. Studying the 
cellular responses for HNV immunogens has recently gained more interest and preliminary mouse studies have 
just begun using the HeV-sG vaccine subunit – antigenic peptides have been identified. 

Aim 1.3: Evaluation of the immunogenicity and protection efficacy of PPZ MNP HNV vaccines in ferrets. 
The immunogenicity and efficacy of the lead PPZ MNP HNV vaccine candidates defined in Aim 1.2 will be tested 
in ferret challenge studies in Year 2 of the project (Core E). Ferrets (n = 6 ferrets per group) will be immunized 
with the lead PPZ MNP HNV vaccine candidates via either single-dose (D0) or prime(D0)-boost(D21) 
immunization regimen. Unimmunized ferrets will serve as negative controls. (Group 1: Lead PPZ MNP HNV 
vaccine candidate 1 with the prime-boost regimen. Group 2: Lead PPZ MNP HNV vaccine candidate 2 with the 
prime-boost regimen. Group 3: Lead PPZ MNP HNV vaccine candidate 1 with the single-dose regimen. Group 
4: Lead PPZ MNP HNV vaccine candidate 2 with the single-dose regimen. Group 5: Naïve/Unimmunized 
controls). The five groups will be challenged with a lethal dose (5000 TCID50) of either NiV-B or HeV. 
Immunization, challenge and blood and swab sampling schedules are diagrammed in Figure 4. Vaccine-induced 
humoral responses in ferrets prior to virus challenge will be evaluated by Core E and RP2. All protected animals 
and survived controls will be euthanized on day 21 post-infection challenge (end of study) and lung and brain 
tissue along with swabs (oral and rectal) and blood samples will be collected. These will be tested for the 
presence of viral RNA by TaqMan PCR performed by using the primer sets and probes35. Virus isolation will only 



be attempted from specimens that were PCR positive for NiV-B or HeV genomes. Virus titration will be performed 
by plaque assay on Vero cells. The limit for detection will be 25 pfu/ml. The experimental details of the challenge 
studies in ferrets are described in Core E. End of study sera neutralization titers will also be measured by FRNT. 

Figure 4. Expected schedule to immunize ferrets and AGMs in the planned efficacy 
studies. Blood and swabs, oral and rectal, samples will be taken weekly, on days 0, 7, 14, 21, 
28, 35, 42, 49, 56 and 63. Single dose groups do not receive boost immunization on D21. 

Antigen-specific stimulation of cytokine production by ferret PBMCs will be 
assayed. The custom-synthesized antigen-specific Peptivators obtained from 

Core C will be compatible with these studies, but we acknowledge that there is a lack of ferret-specific reagents 
for comprehensive evaluation of cytokine production of peptivator-stimulated PBMCs. Unlike comprehensive 
studies in mice and AGMs, these studies will quantify the production of cytokines, for which ELISA kits are 
commercially available, such as ferret IL-17A, IFN-γ, TNF-α, and IL-2, 48 hr after stimulation (See, e.g.,67). 

Aim 1.4: Immunogenicity and protection efficacy of the lead PPZ MNP HNV vaccine in AGMs. This 
challenge study will be in year 3 (Core E). The immunogen(s) and MNP vaccine type that provides the best 
cross-protection in the ferret studies will be tested in AGM NiV-B or HeV challenge studies. Fresh MNPs will be 
fabricated for this study. The study will be conducted by Core E and will entail four groups of AGMs (n = 3 AGMs 
per group). Immunizations with the lead PPZ MNP HNV vaccine candidate will be either as a single-dose (D0) 
or prime(D0)-boost(D21) regimen. Groups 1 and 2 will be immunized as a prime-boost strategy while groups 3 
and 4 will be immunized with a single dose. Naïve unimmunized AGMs will serve as negative controls. The 
immunization, challenge and blood and swab sampling schedules will follow that as outlined in Figure 4. Groups 
1 and 3 will be challenged with a lethal dose of NiV-B, while groups 2 and 4 will be challenged with a lethal dose 
of HeV (lethal dose = 1x105 TCID50). Sera from blood samples taken before the challenge will be tested by RP2 
to measure the serum neutralization titers using the same procedure as for mice and ferret sera. Antigen-specific 
total IgG levels will be determined by commercially available ELISA. Virus-specific neutralization activity against 
each of HeV and NiV-B will be tested by FRNT assay in the same way as proposed for mice and ferret sera 
samples. The AGM sera samples will also be tested for neutralization activity against authentic viruses (Core E) 
by using the BSL-4 PRNT assay. Antigen-specific stimulation of key cytokine production by AGM PBMCs, which 
will be obtained prior to live virus challenge studies, and will also be assessed as described in Aim 1.2. 

Aim 1.5: Identifying the correlates of immunization with the lead PPZ MNP HNV vaccine across multiple 
species. Here we propose to determine the correlates of immunization with the lead PPZ MNP HNV vaccine 
candidate across multiple species – mice, ferrets, and AGMs. This aim will be inherently integrated with the Aims 
1.2-1.4. During these experiments, 3hr post immunization, skin biopsies and serum samples will be obtained 
from mice, ferrets and AGMs. Prior to challenge studies in AGMs, serum and skin samples from the three 
different species (mice, ferrets, and AGMs) immunized with the lead PPZ MNP vaccine candidate will be assayed 
to quantify their cytokine levels (IL-6, TNF-α, IL-17A, IL-10, IL-1β, IL-6, IL-4, IL-5, TNF-α, IFN-α, IFN-β, IFN-γ, 
and IL-12p70). We note a limitation that while the multiplex assays are commercially available for mice and 
AGMs, we will have to use the cytokine-specific ELISAs for ferrets to determine only those cytokine levels for 
which ELISA kits are available, such as ferret IL-17A, IFN-γ, and TNF-α. We expect to identify within the obtained 
results correlates of immunization across the three species for the lead PPZ MNP vaccine candidate. We also 
expect that these correlates of immunization might be predictive for the vaccine protective efficacy.  

Aim 1.6: Evaluate stability of the lead PPZ MNP HNV vaccine candidate. Here, we will test the thermostability 
of the lead PPZ MNP HNV vaccine candidates based on retention of their immunogenicity upon storage at room 
temperature and at 40oC for an extended period of time (1-, 3-, 6-, and 12-month storage). Mice (n = 5 mice per 
group) will be immunized with fresh and stored PPZ MNP HNV vaccines in a single-dose regimen and blood 
samples will be collected 2 weeks after immunization. To test the stability of PPZ MNP HNV vaccine candidates, 
serum levels of total IgG antibodies will be determined by Core C and the virus-specific neutralization capacity 
of these antibodies will be evaluated by the FRNT assay (RP2). Stability will be indicated by no statistically 
significant differences between binding antibody levels and neutralization titers induced by fresh PPZ MNP HNV 
vaccines compared to those elicited by stored PPZ MNP HNV vaccines. Additional stability testing will be initiated 
with the freshly manufactured MNP for the AGM challenge study. 

Expected results, potential pitfalls and alternatives. Prior data on HNV vaccines support our expectations 
that we will be able to assess the potency and longevity of vaccine induced responses of lead PPZ MNP HNV 
vaccine candidates from the proposed studies. The HeV-sG immunogen has been tested as a HNV vaccine in 
multiple (2-dose prime-boost) prior studies and that protective pre-challenge ID50 neutralizing titers against NiV-



M can be as low as of 1:32 in the feline model35,38; that more than 1 year post-vaccination and pre-challenge 
neutralizing titers as low as 1:16 to 1:128 in the ferret model are protective against NiV-M40; as an equine vaccine, 
horses with pre-challenge HeV neutralizing titers ranging from 1:16 to 1:32 at 6 months post-vaccination are 
completely protected36; and in AGMs pre-challenge ID50 neutralizing titers ranging from 1:28 to 1:379 against 
NiV-M are completely protective34; and most recently, a HeV-sG/Alum formulation protects against NiV-B 
challenge in AGMs with pre-challenge  ID50 titers ranging from only 1:10 to 1:16041. Almost without exception, 
complete protection from challenge in these studies also shows no gross or histologic evidence of infection in 
any of the vaccinated subjects at study completions, with all tissues examined negative for viral antigen, with no 
viral genome detected. We expect to obtain protection in AGMs with the lead PPZ MNP HNV vaccine candidate. 
From the stability study, we will determine the shelf-life of the lead PPZ MNP HNV vaccine candidate. We are 
confident that if the preliminary mouse immunogenicity studies reveal neutralizing antibody responses are robust, 
this will translate to protection in the planned challenge studies in ferrets. Indeed, preliminary data has shown 
robust neutralizing ID50 titers from the mouse immunizations. The non-adjuvanted HeV-sG MNP induced an ID50 
titer of 1:272 and the adjuvanted form HeV-sG+PCEP MNP induced an ID50 titer of 1:11,445 against the HeV 
chimera; and an ID50 titer of 1:331 against the NiV chimera. There is a minimal risk of not finding any protecting 
immunogen (MNP vaccine type or immunogen combination). The PABVAX Center team is sufficiently 
experienced to handle and resolve any possible unforeseen issues and pitfalls. 

Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 

Rationale and Preliminary Data: Negative stain electron microscopy (EM) was performed on LayV F and G 
glycoproteins. The 2D and 3D classifications of LayV F (Figure 5a) and G (Figure 5b) revealed distinct trimer 
and tetramer assembly, respectively. In addition, using LayV-sF and LayV-sG, our previously generated mAbs 
to MojV F and G tested by ELISAs demonstrated that there was a dose dependent increase in LayV-sF (Figure 
5c) and LayV-sG (Figure 5d) binding. This data forms the premise for rescuing a rCedV bearing LayV F and G 
glycoproteins (the sequences from LayV are likely correct). We will construct a full-length recombinant LayV 

Figure 5. Negative stain EM analysis of LayV sFstb and sGtet. 2D and 3D classifications of LayV F trimers (a) and LayV G tetramers 
(b). ELISA cross-reactivity MojV F mAb (c, yellow) with LayV-sF and MojV G mAb (d, green) with LayV-sG. 

Figure 6. AngV F and G cell-cell fusion using 
a dual split luciferase. A schematic 
representation of the dual split-luc cell-cell fusion 
assay (a). Split-luc cell-cell fusion assay with 
AngV F and G plasmid constructs (b). 

sequence that encodes GFP. The LayV 
F and G coding sequences are the LayV 
isolate SDQD_H1801 (GenBank: 
OM101125.1); LayV F and LayV G; 
UUV47205.1 and UUV47206.1, 
respectively. The replication competent 
rCedV will be used. We will design, 
construct and rescue a new rCedV 
chimera that encodes the envelope 

glycoproteins (F and G glycoproteins) of LayV, i.e., a rCedV-LayV reporter virus encoding GFP. We will 
characterize it using cell-based infection tropism and growth kinetic assays. We have also utilized an established 
quantitative fusion assay based on a dual-split-luciferase reporter assay42,43,68,69 to determine functionality of 
AngV envelope glycoproteins (F and G glycoproteins). Content mixing between F/G bearing effector cells and a 



permissive target cell restores luciferase and a signal can be measured43 (Figure 6a). In addition, we have 
already constructed AngV sGtet and sF proteins and their structural solutions (both pre-fusion and post-fusion sF 
and the tetrameric structure of sGtet) have been made by the PL of RP5, and cell-fusion is observed in Vero E6 
cells and the bat kidney cell line, PaKiT, indicating that full-length AngV F/G are functional (Figure 6b). Taken 
together, these data suggest that the rescue of reporter viruses with LayV and AngV F/G is feasible. We will 
characterize viruses in cell-based infection tropism and growth kinetics assays. Alternatively, we will also 
construct a set of reporter gene-encoding VSV-based (LayV and AngV F/G bearing) reporter viruses as 
previously done with Australian bat lyssavirus (ABLV) G glycoproteins70,71 and authentic ABLV72,73. 

Experimental Design. 

Aim 2.1: Design and construct a recombinant Langya virus reporter virus. Figure 7 diagrams each of the 
proposed virus constructs that will be generated. The genome design, length and position of the green 
fluorescent protein gene are shown, and the experimental plans are described below. LayV helper plasmids for 
the N, P, and L genes will be synthesized. To construct the rLayV-GFP antigenome plasmid, large gene 
fragments of LayV will be synthesized and sequentially cloned into pOLTV5opt (Figure 7a). Unique restriction 
sites will be chosen to facilitate ligation of the LayV DNA fragments and to ensure adherence to the genomic 
“rule of six”. All cloning will be performed with E.coli Stbl2 cells. The fully sequenced plasmids will be transferred 
to Core E. Virus rescue and subsequent virus characterization by cell-based assays will be conducted in 
collaboration with Core E. In addition, rLayV will be examined by Core E in animal model development studies 
such including the hamster and/or ferret, both successful for the prototype HNVs.  

 

 
Figure 7. Schematic representation of 
recombinant reporter viruses. The 
pOLTV5opt-rLayV plasmid (a top) and rLayV-
GFP genome (a bottom). The arrows indicate 
regions of self-cleavage. The pOLTV5opt-
rCedV plasmid (b). The rLayV-GFP genome (c 
bottom). The long arrows indicate regions of 
self-cleavage. Shown are the unique restriction 
sites MluI and SphI that will be used to 
construct rCedV-LayV-GFP.  

Aim 2.2: Construct, rescue and characterize a recombinant Cedar reporter virus encoding Langya virus 
envelope glycoproteins.  

Generation of rCedV encoding LayV envelope glycoproteins. rCedV-LayV-GFP will be produced by 
synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the LayV 
F and G coding sequences. The CedV non-coding intergenic regions are retained to adhere to the genomic “rule 
of six”. Unique restriction sites, will facilitate the insertion of the LayV F and G gene cassette into the genome 
clone (pOLTV5opt-rCedV) (Figure 7b) generating rCedV-LayV-GFP (Figure 7c). All cloning is performed in E. 
coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) 
with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-LayV-GFP 
antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (HNV-CPE). 
BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve Vero 76 
cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is observed (~2–3 days), 
supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be 
characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by 
plaque assay and stored as single use aliquots at -80°C42-44,74. 

In vitro characterization of rCedV-LayV-GFP. The growth kinetics of rCedV-LayV-GFP compared to rCedV or 
rCedV-NiV/HeV chimeras will be assessed by infecting Vero cells with MOIs of 0.01, 0.1 and 1 and progeny virus 
recovered in 24hr intervals over a 72hr period and titered. In parallel experiments, infected cells will also be 
imaged for fluorescence and syncytia (HNV-CPE). Figure 8 illustrates the syncytia (indicated by the yellow 
arrows) formed in Vero E6 cells infected with either rCedV-NiV-B-GFP or rCedV-HeV-GFP chimeras. The rCedV-
LayV-GFP neutralization assays will be conducted by FRNT44. We have also already generated several murine 
mAbs to LayV F and G (3C4-LY and 4G5-LY to LayV F; and 2B2-LY and 6E5-LY to LayV F) and these will be 
used in neutralization assays. In addition, we will develop rabbit sera to LayV N, P and L proteins. 



Figure 8. Syncytia induced by rCedV expressing NiV-B or HeV envelope 
glycoproteins. Vero E6 cells were uninfected (Mock) or infected with either 
rCedV-NiV-B-GFP, rCedV-HeV-GFP, or rCedV-GFP. All images are 24hrs 
post-infection. Zoomed-in fluorescence images (3rd row) are the yellow boxes. 
Arrows indicate giant multinucleated cells (syncytia). Representative images 
from three independent experiments are shown. Scale bar, 50 μm. 
 
Aim 2.3: Construct, rescue and characterize recombinant 
reporter viruses encoding Angavokely virus envelope 
glycoproteins.  

Generation of rCedV encoding AngV envelope 
glycoproteins. Figure 9 diagrams each of the proposed virus 

constructs that will be prepared. The genome designs, lengths and position of the GFP and Luc reporter genes 
are also shown. rCedV-AngV-GFP will be produced by synthesizing large gene cassettes comprising CedV F 
and G untranslated intergenic regions flanking the AngV F and G coding sequences. The AngV F and G coding 
sequences will be based on the GenBank: ON613535.1 sequence. The GenBank accession numbers for AngV 
F and AngV G are UVG43988.1 and UVG43989.1, respectively. 

Figure 9. Schematic representation of the AngV chimeric 
reporter viruses. The pOLTV5opt-rCedV plasmid (a). Shown are 
the unique restriction sites MluI and SphI that will be used to 
construct rCedV-AngV-GFP and rCedV-AngV-Luc. The rCedV-
AngV-GFP and rCedV-AngV-Luc genome (b). Shown are the 
unique restriction sites MluI and KpnI that will be used to construct 
VSV-AngV-GFP and VSV-AngV-Luc (c). The long arrows indicate 
regions of self-cleavage. 

CedV non-coding intergenic regions are retained to 
adhere to the genomic “rule of six”. Unique restriction 
sites, will facilitate the insertion of the AngV F and G 
gene cassette into the rCedV antigenome plasmid 
(Figure 9a) generating rCedV-AngV-GFP (Figure 

9b). The rCedV-AngV-Luc clone will be produced by swapping the reporter gene coding sequences. All cloning 
is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 
cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-
rCedV-AngV-GFP or pOLTV5opt-rCedV-AngV-Luc antigenome plasmid. After 4 days cultures are examined for 
GFP expression and syncytia (HNV-CPE). BSR-T7/5 cells and supernatants from successful rescue are 
collected and passaged in Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP 
is observed (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. 
Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture 
amplification and titered by plaque assay and stored as single use aliquots at -80°C42-44,74.  

Generation of a VSV encoding AngV envelope glycoproteins. We will also construct reporter gene encoding 
versions of a replication competent VSV encoding the AngV F and G glycoproteins (GFP and Luc) (Figure 9c). 
A large gene cassette comprising VSV untranslated intergenic regions flanking the AngV F and G coding 
sequences will be synthesized. Unique restriction enzyme sites, will facilitate the insertion of the AngV F and G 
gene cassette into the VSV backbone plasmid to generate VSV-AngV-GFP (Figure 9c). The VSV-AngV-Luc 
clone will be produced by swapping the reporter gene coding sequences. Cloning procedures are performed in 
E. coli Stbl2 cells and all plasmid clones verified by sequencing. Rescue of VSV-AngV-GFP and VSV-AngV-Luc, 
will be performed in BSR-T7/5 cells, in 12-well plates, transfected with helper plasmids, VSV-N, VSV-P, and 
VSV-L and the VSV-AngV-GFP or VSV-AngV-Luc antigenome plasmids. After 48hrs the cells and supernatants 
are collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus uses 
HEK293T cells (6-well plates) by inoculation with the supernatant from step 1. Typically, when GFP fluorescence 
and/or cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus 
stocks stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and harvested virus 
supernatants are purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% 
sucrose/TNE buffer, and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. 
Virus stocks (GFP) are titered (infectious units/ml (IU/ml)) by serial dilution on HEK293T cells in 96-well black 
walled plates. At 24hrs post-infection plates are fixed with 4% formaldehyde, washed 3x with diH20 and imaged 
(fluorescence) with a CTL S6 analyzer. Luciferase encoding VSV stocks are titered by plaque assay75. 



Characterization of the recombinant reporter viruses in cell-based infection assays. Replication kinetics 
of rCedV-based and VSV-based AngV F/G viruses are assayed by Vero cell culture infection using MOIs of 0.01, 
0.1 and 1, and progeny virus recovered in 24hr intervals and titered. rCedV-AngV-GFP virus replication can be 
compared to rCedV or rCedV NiV/HeV chimeras. Similarly, VSV-AngV F/G virus replication can be compared to 
expected virus production of wildtype VSV or VSV-ABLV G71. The rCedV-AngV-GFP and VSV-AngV-GFP 
assays will be conducted by FRNTs44 and rCedV-AngV-Luc and VSV-AngV-Luc in luciferase assays42. 

Expected results, potential pitfalls and alternatives. We expect that rCedV-LayV-GFP and rCedV-AngV 
reporter viruses can be rescued. In addition, we expect that these chimeric viruses will induce syncytia and 
replicate to high titers. Neutralization assays will typically be conducted as 3 independent repeats and the data 
generated from these assays will be analyzed and graphed using GraphPad Prism 9. In the event that the rescue 
of rCedV chimeric viruses are not viable, multiple strategies may be examined. 1) test different ratios of helper 
plasmids and antigenome plasmid; 2) perform rescue in different cell lines; 3) construct alternate versions of the 
LayV and/or AngV F and G genes within the antigenome plasmids, such as, fuse the LayV and/or AngV F and 
G ectodomains with the transmembrane and/or cytoplasmic tail domains of the corresponding CedV F and G 
elements which may facilitate virus particle formation and membrane fusion activity.  

Aim 3: Evaluate HNV-specific antibodies and nanobodies developed by the Center’s RPs and Core D. 

Rationale and Preliminary Data. The rCedV chimeric system we established replaces the need for authentic 
NiV-B and HeV in neutralization assays. Neutralization values of well-characterized NiV/HeV cross-reactive 
neutralizing mAbs highly correlated between rCedV-NiV-B-GFP and rCedV-HeV-GFP and authentic NiV-B and 
HeV at BSL-4 when tested by conventional PRNT44. The Pearson correlation analysis between the rCedV 
chimeras BSL-2 PRNT and the NiV-B or HeV BSL-4 PRNT is shown in Figure 10a. We further developed the 
rCedV-NiV-B-GFP and rCedV-HeV-GFP neutralization assay into a high-throughput and quantitative assay that 
is based on the reduction of GFP foci, a FRNT44. The Pearson correlation analysis between the chimeras PRNT 
and FRNT is shown in Figure 10b. Taken together, these data demonstrate that rCedV-NiV-B-GFP and rCedV-
HeV-GFP chimeric viruses are an ideal set of suitable surrogate viruses for conducting a rapid FRNT-based 
assay for assessing NiV and HeV antibody neutralization.  

Figure 10. Pearson correlation 
analysis of rCedV chimeras. 
Pearson correlation analysis of 
PRNT neutralization (%) values of 
rCedV-NiV-B-GFP versus NiV-B (a, 
i-iv) and rCedV-HeV-GFP versus 
HeV (a, v-viii). Pearson correlation 
analysis from PRNTs (y-axes) and 
FRNTs (x-axes) of rCedV-NiV-B-
GFP (b, i-iv) and rCedV-HeV-GFP 
(b, v-viii). Neutralization with mAbs 
m102.4, h5B3.1, 12B2 or 1F5 are 
shown. The Pearson correlation 
coefficient ‘r,’ p-value (two-tailed), 
linear regression line (solid lines), 
and 95% confidence intervals 
(dashed lines).  

Experimental Design. 

Here, using the new tools 
(rCedV-LayV-GFP, rCedV-
AngV-GFP, rCedV-AngV-
Luc, VSV-AngV-GFP and 
VSV-AngV-Luc) we will 

assess neutralizing activity, of HNV specific mAbs and/or sera from HNV immunized mice that will be generated 
by Core D. The FRNT is high throughput and performed in 96-well plates to establish a 7-point dose response. 
Serially diluted immune sera or mAbs are mixed with either rCedV-NiV-B-GFP or rCedV-HeV-GFP for 2hrs. The 
virus-mAb or virus-sera mixtures are then added in triplicate to confluent pre-seeded Vero 76 cells in black-
walled clear bottom 96-well plates and incubated for an additional 24hrs. Plates are then fixed and imaged and 
fluorescent foci counted using the CTL Basic Count software. The 50% inhibitory concentration (IC50) will be 
determined as the mAb concentration or serum dilution at which there was a 50% reduction in fluorescent foci 



versus untreated control wells. Neutralization assays will typically be conducted as 3 independent repeats and 
the data generated from these assays will be analyzed and graphed using GraphPad Prism 9.  

Expected results, potential pitfalls and alternatives. We do not anticipate any unexpected limitations in 
assessing the neutralization potential of antibodies and sera generated from other research projects and/or cores 
as we have successfully demonstrated that the rCedV-GFP chimeric FRNT platform can serve as a surrogate 
BSL-2 neutralization assay that is high throughput with a fast turnaround time.  

Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. 

At completion of Phase I we will have i) a procedure to fabricate PPZ adjuvanted MNP using sG, sF or a 
combination of both viral glycoproteins; ii) generated rLayV with an associated animal model in collaboration with 
Core E with reporter virus construct (rCedV-LayV-GFP); and iii) generated reporter viruses AngV (rCedV-AngV-
GFP, rCedV-AngV-Luc, VSV-AngV-GFP and VSV-AngV-Luc). Here, in Phase II we propose to test the 
hypothesis that the PPZ-MNP vaccine platform technology can be adapted and transferred as a ‘plug and play’ 
strategy for other paramyxoviruses, namely the divergent HNVs LayV and AngV. The major goal rests on the 
rescue of LayV and establishing an infection/disease model of this most recently discovered pathogenic, 
zoonotic, HNV. Nevertheless, if rescue of rLayV with an associated animal model is not achieved, we will still be 
able to test the MNP approach as proof-of-concept to the extent of generating robust immune responses in 
animals and testing neutralizing antibody responses using both LayV and AngV reporter virus systems.  

PPZ-MNP manufacture. The fabrication of the MNPs by Core C will be prepared for both the F and G viral 
glycoproteins: LayV-sG, LayV-sF, AngV-sG and AngV-sF depending on the data and outcomes, and vaccine 
down-selection in Phase I we may also include a combination of sG and sF. Vaccine antigens will have been 
prepared by Core D. It may be important to evaluate both the attachment and fusion glycoprotein immunogens 
for LayV and AngV in Phase II. Although the preponderance of data to date for the pathogenic prototype HNVs 
(NiV/HeV) indicates that the attachment glycoprotein (G) alone can serve as an effective vaccine immunogen, 
this is presently unknown for these two divergent HNVs, so test both sF and sG for these HNVs is needed. 

Immunogenicity. As in Aim 1, groups of 5 mice will be used for each immunogen(s) and a control of 
nonimmunized subjects. Sera will be drawn as scheduled in Figure 3. ELISA titers of sera to vaccine 
immunogens will be evaluated by Core C and sera will be evaluated for virus neutralization with newly developed 
reporter viruses. Cellular immune responses will be assessed as described in Aim 1. 

Animal challenge studies. The experimental design for these studies will be adjusted once the animal model 
has been developed. The basic design will follow those for ferrets and AGMs described in Aim 1. The immunogen 
will be chosen based on the results from the mouse sera neutralization tests.  

Expected results, potential pitfalls and alternatives. We expect that LayV / AngV glycoproteins MNPs 
fabrication will be possible. Mouse immunization studies with MNPs are likely to be uncomplicated and we will 
be able to assess immune responses. These data will determine whether the sG or sF is the immunogen of 
choice for best virus neutralization antibody induction. If rescue of rLayV and establishing an animal model are 
not met, the ability to measure inhibition of virus in cell-based assays, using either the new reporter viruses or a 
cell-cell fusion surrogate assays will be done. The mouse immunogenicity studies, together with the virus 
neutralization assays will provide a foundation for potential anti-LayV and anti-AngV MNP vaccine approaches.  

Project Milestones, Timelines, and Go/No-go decisions. The RP2 Aims, milestones, and timeline with 
activities having periodic assessments by Center leaders, SAB, and NIAID staff as shown in the Gannt Chart.  

Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines 

Milestone 1: Adjuvanted MNP vaccines are successfully prepared: In year 1, the MNP vaccine fabrication 
by Core C will commence and formulation of recombinant antigens with PCEP adjuvant in the context of MNPs 
will be assessed. We are confident that this stage of the research plan will be achievable because we have 
already had success in MNP fabrication with the HeV-sG formulated with two different PPZ adjuvants (PCEP 
and PCPP) and the preliminary mouse immunization and cellular immune responses and induction of NiV/HeV 
cross-neutralizing antibody titers was excellent, with ID50 titers significantly greater than previously measured 
pre-challenge ID50 titers that provided complete protection across several prior studies in cats, ferrets, horses, 
and AGMs (preliminary data). We expect that the formulation of the remaining 3 prototype HNV immunogens 
(NiV-sGtet, NiV-sFstb, HeV-sFstb (and the combination test: HeV-sG+NiV-sFstb)) adjuvanted with PCEP and 
applied to the MNPs will be fully achievable. Analysis will also include antigen stability studies by re-release of 
sGtet and sFstb immunogens and recognition by select conformation dependent mAbs. A go/no-go decision may 
be made pending the results of MNP fabrication and antigen analysis of each MNP vaccine type, poor fabrication 
or loss of antigen integrity will trigger termination of those individual vaccines prior to immunogenicity studies.  



Milestone 2: High immunogenicity and best in class immunogen(s) identified: Core C will conduct 
immunogenicity studies in mice as detailed in the preliminary data and experimental plan and the Core research 
plan; multi-parameter humoral and cellular immune responses will be assessed (antigen specific antibody 
induction, virus-neutralization, and polyfunctional T-cell responses by in vitro stimulation). As sera are made 
available from the mice MNP vaccine cohorts, we will assess the NiV/HeV-neutralizing antibody activities of each 
of the MNP vaccine formulations of the prototype HNV immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG, 
and HeV-sG+NiV-sFstb). The criteria to judge success and go/no-go decisions will be levels of cross-neutralizing 
antibody responses (neutralization of both HeV and NiV-B) induced by each vaccine type. We expect to be able 
to down-select to ‘best-in-class’ vaccine as a single antigen or perhaps the combination antigen MNP vaccine 
formulation at this stage prior to progressing to the first-round ferret challenge models. 

Milestone 3: MNP vaccination protection in animal challenge studies: Here, the determination of whether MNP 
vaccination affords protection in animal model challenge experiments will be made. For the NiV and HeV 
prototypes the animal models (ferret and AGM) are extremely well-developed and the PABVAX Center leadership 
and staff have extensive experience in this area, and outcomes at this stage should be readily assessable. If we 
are successful in developing and validating the PPZ adjuvanted MNP recombinant protein vaccine approach for 
the HNV prototypes (NiV/HeV) and demonstrate protection in the planned homologous and heterologous HNV 
challenge studies, this will be expected to be a ‘go’ decision point in year 3, and the proposed Specific Aim 4 
tasks (below) will continue in preparation for Phase II of the PABVAX Center. If in the unlikely event that the MNP 
vaccine approach fails (no-go) then further consultation with industry and regulatory expertise within Core D and 
partners and the SAB will be geared towards using the previously identified ‘best-in-class’ immunogens with 
alternative vaccine platforms (IM formulations; virus vectored such as a VSV technology held by the PABVAX 
Center PI and RP1 PI at UTMB; or mRNA, Moderna Inc., has provided the Center a letter of support). 

Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 

Milestone 1: Successful rescue of recombinant Langya virus. Since the genetic data on LayV is derived from an 
actual human virus isolate, it suggests that rescue of rLayV will be possible. RP2 staff have extensive experience 
in HNV reverse genetics with rCedV (and VSV) with unique newly developed reagents. Virus rescue is in 
collaboration with Core E, followed by virus characterization in cell-based assays. Core E will then initiate small 
animal model development studies such as the hamster and/or ferret, both successful for the prototype HNVs. 
If rescue and animal modeling is successful, it will be very significant advancement for this pandemic 
preparedness initiative and objectives, and the virus, reagents, tools and models supplied to the ReVAMPP 
network. If rescue is not possible a no-go decision is obvious for animal model development. However, even if a 
LayV isolate remains unavailable by other means, we can still test the MNP approach with LayV and also our 
alternative divergent HNV prototype (AngV) by characterizing G and/or F vaccine-induced neutralizing antibodies 
using alternative reporter viruses (Milestone 2 below) or cell-based (cell-cell fusion assays; Figure 6B). 



Milestone 2: Construction of rCedV and rVSV reporter viruses encoding LayV and AngV F/G glycoproteins: Here, 
we have reasonable confidence that one or both alternate reporter virus platforms will be possible. Successful 
rescue of these reporter viruses will enable the determination of immune sera neutralization titers and is a ‘go’ 
for the development of the neutralization assays. An unsuccessful rescue of either of the LayV or AngV reporters 
will be a no-go for those assay developments. If neither reporter virus is rescued we will proceed to cell-cell 
fusion assays development to study the immune sera neutralization titers. We have already successfully 
generated recombinant sFstb and sGtet glycoproteins from AngV and LayV based on available sequence data 
(AngV, RP2 in collaboration with Dr. Cara Brook, The University of Chicago, and letter of support included in 
the PABVAX Overall component; and LayV, in collaboration with RP5 leaders and Genovac, Inc.). In our prior 
experience, success in making soluble and secreted oligomeric forms of virus glycoproteins strongly indicates 
that genetic sequences are correct which should also translate into functional proteins. Rescued viruses will be 
characterized in various cell-based assays. These new virus tools will be used in collaboration 
with RP4, RP5 and Core D, in assessing newly developed mAbs and nabs against LayV and AngV, and also 
vaccine-induced neutralizing antibody responses in PABVAX Center activities in Phase II. 

Aim 3: Is also shown which is the collaborative support provided by RP2 in assessing specific antibody 
development activities to HNVs by RP4 and RP5 is also included. 

Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. At this stage 
one or both of the divergent HNV prototypes (LayV and/or AngV) would be selected and the milestones for 
progress would include MNP vaccine manufacture; mouse immunogenicity studies; and virus challenge 
protection. These milestones will be similar as described for Specific Aim 1. We have obtained preliminary 
structural characterizations of sFstb and sGtet glycoproteins from AngV and LayV (native-like oligomeric and 
stabilized glycoproteins) in collaboration with RP5 leaders, and have also determined (preliminary data) that the 
LayV sFstb and sGtet glycoproteins are recognized by 3 previously generated mAbs to MojV F/G from our lab 
(RP2). As discussed above, the primary HNV target of RP2 is LayV, and the alternate is AngV, but the go/no-go 
decisions on the virus target will depend on the progress and outcomes of the earlier studies. Also, as discussed 
above, even in the absence of rLayV rescue or its availability from another source and its characterization in 
animal models by Core E; or the possible isolation of AngV and its work-up in vivo and pathogenesis studies by 
Core E; we expect to still be able to assess and validate the recombinant subunit protein MNP vaccine approach 
with our already prepared immunogens and the other virus tools we plan on developing. 

Industry Expertise and Regulatory Considerations 

Consultation with industry and regulatory expertise within Cores A and D and the SAB will be critical and occur 
with regularity as the project progresses by quarterly virtual meetings, written quarterly reports and data analysis, 
and annual meetings with Center participants. Relative to the major goal of RP2 (MNP vaccines): Stability, 
manufacturability testing, and early process development of the MNP-based vaccines will be researched in 
collaboration with Core C and Core D industry experts, and interface with the SAB. As vaccines are regulated 
by The Center for Drug Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), 
performance of all activities will be as per regulatory expectations. Consultation and input from Core D vaccine 
industrial partners (Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated 
into the translational development efforts of the MNP-based HNV vaccine platform. The expectation in the out 
years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to 
discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal 
strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for 
manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future 
IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings will 
be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” pandemic 
readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, ReVAMPP Centers. 

If new neutralizing mAbs to the F glycoprotein of NiV/HeV (cross-reactive) or to LayV or AngV or nabs or 
bi-specific nabs that show antiviral activities to NiV/HeV, from the collaborations of RP2, RP3, RP4 and RP5 are 
found, we will seek industry and regulatory expertise in Core D and the SAB in areas such as; identification of 
correlates of protection, lead optimization, stability and manufacturability testing. Antibodies may be engineered 
(such as altered N-glycans, Fc mutations for effector functions and extended half-life, multimeric formats) by 
Core D and further evaluated to correlate mechanisms of action with maximal efficacy by Core E (authentic 
HNVs) and RP3 (rCedV chimera model). This work will identify lead prototypes to transition to early process 
development. Further details on antibody development, milestones, and go/no-go decisions are discussed in the 
relevant RPs and Cores D and E. 
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Research Strategy 

Significance 

The constant threat posed to global public health by emerging and reemerging zoonotic viruses emphasizes the 
importance for pandemic preparedness by developing countermeasures. The highly pathogenic Hendra virus 
(HeV) and Nipah virus (NiV) are the prototype members in the genus Henipavirus in the family Paramyxoviridae1, 
and the selected prototypes chosen for RP2. HeV was first discovered in 1994, in Queensland, Australia where 
it was the causative agent of a severe and fatal respiratory disease among horses along with a human case 
fatality1,2. Whereas, in 1998-1999 in Malaysia and Singapore an outbreak of encephalitis in people and 
respiratory disease in pigs was eventually determined to be caused by a closely related virus - to NiV3,4. These 
viruses are capable of causing a systemic and often fatal respiratory and/or neurological disease in at least 11 
mammalian species including humans, with fatality rates ranging from 40-100%5,6. As a result of this high lethality 
and lack of approved vaccines or antivirals, HeV and NiV are classified as Biosafety Level-4 (BSL-4) pathogens. 
NiV and henipaviral diseases are also included in the WHO’s Blueprint List of Priority Pathogens7, and NiV is 
among the Coalition for Epidemic Preparedness Innovations (CEPI) list of Priority Diseases needing urgent 
research and countermeasure development and are recognized as agents of pandemic threat potential8,9. HeV, 
though apparently restricted to Australia, has spilled over 66 times, most recently in 202210. HeV has caused the 
death or euthanasia of >100 horses, 2 HeV positive and euthanized dogs, and 4 fatalities of 7 human cases10,11. 
Whereas NiV is present throughout a large area including South and Southeast Asia from the Philippines to 
western India. The frequent outbreaks of NiV in Bangladesh and India have high human case fatality rates 70-
100%. NiV transmission in Bangladesh to humans has been linked to contaminated fruits or date palm sap, and 
person-to-person transmission12-15. In total, there have been >620 human cases of NiV infections >330 fatalities, 
the most recent in 202316. The genus Henipavirus now includes nine other species; the four viral isolates of 
CedV, Gamak virus, Daeryong virus, and Langya virus (LayV)17-19 and five additional species known only from 
nucleic acid sequence information; Ghana bat virus (GhV), Mòjiang virus, Melian virus, Denwin virus, and 
Angavokely virus (AngV)20-23. Pteropid fruit bats, known as flying foxes, are recognized natural reservoir hosts 
for NiV, HeV24,25, CedV18, GhV and AngV. One of these, CedV, has been shown to be nonpathogenic in several 
animals susceptible to HeV and NiV disease including mice, guinea pigs and ferrets18,26 and African green 
monkeys (AGMs) (Geisbert and Broder, unpublished). The remaining six reported henipaviruses (HNVs) are 
likely of rodent origins. One of these six, the isolate LayV, is associated with nonfatal febrile illness in humans19.  

HNVs are enveloped, single-stranded, negative sense RNA viruses that share a similar genomic makeup. 
The viruses have two membrane anchored glycoproteins involved in entry: the attachment (G) glycoprotein that 
engages the host cell receptor and the fusion (F) glycoprotein, which facilitates virion and host cell membrane 
fusion. The viral G and F proteins are the major targets of neutralizing antibodies and the focus of all vaccine 
and therapeutic antibody strategies27,28. However, CedV is distinct from other HNVs, and the phosphoprotein (P) 
gene does not encode the interferon antagonist proteins V and W18,29-31. The nonpathogenic phenotype of CedV 
is most likely attributed to the lack of these nonstructural proteins. Based on genetic data, all identified HNVs, 
except CedV, can potentially express the V and W proteins. CedV is recognized as a BSL-2 restricted agent32. 

Innovation 

There are multiple layers of innovation within RP2. First, the proposed development of henipavirus (HNV) 
subunit vaccine candidates using an innovative microneedle array patch (MNP) technology that may be suitable 
for the incorporation of immunogens derived from other undiscovered pathogenic HNVs or paramyxoviruses in 
the future. Second, the construction of a rLayV reverse genetics system will be highly valuable in the HNV 
toolbox to study putative differences in pathogenesis and vaccine design between HNVs of bat and rodent origin, 
and significant resource to the ReVAMPP network’s objectives. Third, generation of BSL-2 surrogate platforms 
that are based on rCedV and VSV will allow for a wide-variety of in vitro studies to support infection and host 
response studies and to screen in a high throughput manner the neutralization activity of immune sera and 
monoclonal antibodies (mAbs) and nanobodies (nabs) without the requirement for high containment. Fourth, 
considering that the LayV and AngV F and G proteins are functionally fusion active, the generation of viable 
rCedV chimeras bearing either LayV or AngV F and G glycoproteins is feasible.  

Approach 

Scientific Premise 

To date, the most extensively studied NiV/HeV vaccine is a soluble, recombinant, oligomeric form (dimers and/or 
tetramers) of the G glycoprotein of HeV (HeV-sG)11,27,33, and has been demonstrated to confer complete 



protection against lethal challenge with NiV-M (Malaysia), NiV-B (Bangladesh) or HeV in multiple animal 
models34-40. It has most recently been shown to provide complete protection of AGMs against NiV-B challenge 
performed one week post-immunization (single dose)41. The HeV-sG vaccine is marketed by Zoetis, Inc., for 
equine use in Australia since 2012 and is the first commercialized vaccine against any BSL-4 pathogen. HeV-
sG /Alum intramuscular formulation is currently in clinical trial as an anti-NiV vaccine. RP2 proposes to enhance 
the formulation, immunogenicity, and delivery of recombinant subunit protein based HNV vaccines.  

We have developed rCedVs as new tools to study HNV host cell interactions, including ephrin receptor 
use and infection tropism, and in the development of HNV countermeasures. Experiments with rCedV can be 
conducted in a BSL-2 containment setting. The rCedV reverse genetics system42,43 allowed us to develop a 
rCedV chimeric platform, where the CedV F and G glycoproteins are replaced with that of either NiV-B or with 
HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV). We have successfully 
rescued and characterized the chimeric viruses with and without reporter genes44. The neutralizing potencies of 
several well-characterized cross-reactive NiV/HeV F and G specific mAbs against these rCedV chimeras highly 
correlate with the potencies obtained for the same antibodies to neutralize authentic NiV-B and HeV by plaque 
reduction neutralization tests (PRNTs). The green fluorescent protein (GFP) reporter chimeras were employed 
to develop a rapid, high-throughput, and quantitative fluorescence reduction neutralization test (FRNT). The 
antibody potencies to neutralize the reporter gene containing chimeras in the FRNT highly corelated with the 
respective potencies obtained by PRNT44. The rCedV chimera assay has been employed in several studies and 
its high-throughput ability has also allowed for the conduct of NiV/HeV mAb synergy neutralization tests45-47. The 
rCedV chimeras have their most important application in an authentic HNV-based surrogate neutralization assay 
that is rapid, cost-effective, and can be utilized in BSL-2 containment. We believe that the rCedV reverse genetics 
system may be able to serve as a plug-and-play platform for other emerging or pathogenic HNVs. To accomplish 
this, RP2 will develop a variety of rCedV variants with reporter genes that will serve as important tools for the 
PABVAX Center RPs and Cores, and also for the NIAID, ReVAMPP network for pandemic preparedness. 

Scientific Rigor 

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. rCedV laboratory manipulation guidelines and standard operating procedures under BSL-2 
conditions were developed for the laboratory and staff, and all procedures were reviewed and approved by the 
Uniformed Services University Institutional Biosafety Committee in accordance with NIH guidelines. The rCedV 
tools described here have been transferred to multiple institutions and research organizations which have also 
reviewed and approved their use at BSL-2 containment. 

Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines. 

Rationale and Preliminary Data. It is well documented that the HNV G and F glycoproteins are the primary 
targets for virus neutralizing antibodies27,45,48-53. As such, HeV-sG subunit has clinically advanced in the 
development of HeV and NiV vaccines. Building on this work, Aim 1 will compare the immunogenicity and efficacy 
of alternate NiV vaccine immunogens (NiV-sGtet, NiV-sFstb), HeV vaccine immunogen (HeV-sFstb), and a bivalent 
HNV vaccine candidate (NiV-sFstb+HeV-sG) along with the clinical subunit HeV-sG. All immunogens will be 
delivered as polyphasphazene (PPZ) adjuvanted MNP vaccines in three animal species (mice, ferrets, and non-
human primates-NHPs (AGMs)). Immunogenicity will initially be performed in mice by Core C. The neutralizing 
potencies of the immunized mouse sera will then be evaluated by in vitro neutralization assays using rCedV-
NiV-B-GFP and rCedV-HeV-GFP44. The superior neutralizing antibody inducing MNP vaccine type(s) will be 
evaluated by animal challenge studies ferrets (first-tier) challenged with NiV-B or HeV and the lead vaccine 
candidate(s) from those studies will then be evaluated in AGM (second-tier) challenge studies. 

Adjuvants are included in vaccine designs to generate a robust and durable vaccine induced immune 
response. We will utilize a synthetic PPZ macromolecule as the adjuvant to complement the proposed NiV and 
HeV vaccine immunogens. The PPZ macromolecule has many distinctive properties that make it an attractive 
choice as an adjuvant; 1) water-soluble and biodegradable, 2) spontaneously self-assembles with antigens in 
aqueous solutions, 3) forms nanoassemblies that mimick the dimensions of a virus (60-100nm)54,55 and 4) is 
completely compatible with MNPs56-58, the delivery mechanism that will be employed for the HNV immunogens. 
The extensive clinical use and experimental evidence supports the safety and potency of PPZ in enhancing 



vaccine-induced protective immune responses54-60. In particular, the most commonly used PPZ adjuvant is the 
clinical stage poly[di(carboxylato-phenoxy)phosphazene] (PCPP) and its structural homologue 
poly[di(carboxylato-ethylphenoxy) phosphazene] (PCEP), which, significantly boosts vaccine immunogenicity 
without the requirement for large amounts of antigen while providing long-lasting protection in live viral challenge 
studies60-62. MNPs are promising resources to achieve systemic effects by transdermal delivery. They are a 
minimally invasive, painless system, which can bypass the stratum corneum and overcome the potential 
drawbacks of subcutaneous injections63. (See Core C Research Plan). 

Manufacturing and characterization of HeV-sG±PCEP MNPs. The technology for fabricating MNPs pioneered 
by Bediz et al.,64 was developed and is described in detail in the Core C Research Plan). We have conducted 
preliminary studies with the dissolvable MNPs incorporating HeV-sG antigen with or without PPZ adjuvants 
including PCEP (HeV-sG±PCEP MNPs) in collaboration with the investigators of Core C. Spin-casting of 
carboxymethyl cellulose and trehalose was used to create MNPs incorporating HeV-sG AF555±PCEP into 
obelisk-shaped microneedles having the vaccine components at the tip region to maximize the vaccine delivery 
efficiency by locating the vaccine components at the skin-penetrating regions of the microneedles (Figure 1a). 
The HeV-sG±PCEP MNPs can have a pre-determined array size of 10x10mm (for mice studies) and 20x20mm 
or greater (for larger animal studies). Images of the HeV-sG AF555±PCEP MNPs before (Figure 1a) and after 
(Figure 1b) application (15-20 mins), confirm a nearly complete dissolution of the microneedles into the skin 
demonstrating that the vaccine was effectively deposited into the skin. To facilitate the characterization and to 
visualize skin penetration of the developed HeV-sG±PCEP MNPs, HeV-sG was fluorescently labeled with Alexa 
Fluor 555 dye, HeV-sG AF555. To test the intracutaneous delivery capacity, HeV-sG AF555±PCEP MNPs were 
applied to the abdomen skin of C57BL/6 mice for 15 min and then removed.  The HeV-sG AF555±PCEP MNP-
treated mice were imaged before and after in vivo skin applications by using an in vivo live animal fluorescent 
imaging system (IVIS Lumina XR) and the acquired images were post-processed using Living Image software 
(PerkinElmer). Figures 1c and 1d further corroborate the microscopy analysis of these MNPs and show effective 
deposition of vaccine components to murine skin (Figure 1c: HeV-sG AF555 and Figure 1d: HeV-sG 
AF555+PCEP). Together, these data support the feasibility of our PPZ MNP vaccine platform for the translational 
development of skin-targeted HNV vaccines that could also be employed using recombinant protein immunogens 
(or even virus-like particles) from other viral agents from a wide-variety of virus families. 

Figure 1: In vivo intracutaneous delivery efficacy of HeV-
sG±PCEP MNPs in mice. An optical stereomicroscopy image of 
HeV-sG AF555+PCEP CMC/Trehalose microneedles before (a) and 
after (b) in vivo skin application. Administration of HeV-sG AF555 (c) 
and HeV-sG AF555+PCEP (d) to mouse skin in vivo with MNPs, 
captured by using a fluorescence in vivo imaging system (IVIS). 

HeV-sG±PCEP MNPs with unlabeled HeV-sG were 
fabricated and the immunogenicity tested in C57BL/6 
mice. Groups of 5 mice were immunized on Day 0 (D0) 
(prime) and D21 (boost) with HeV-sG±PCEP MNPs. 
Sera were collected on D35 and analyzed by ELISA for 
total binding antibodies (endpoint titers) (Figure 2a) and 
HNV neutralizing capacity of serum in the rCedV 
chimeras FRNT44 (Figure 2b). These results show 

Figure 2: MNPs induced humoral responses and initial MNP 
stability data. Mice immunized prime/boost. MNPs applied to the 
abdominal skin of C57BL/6 mice 15 min, D0 (prime) and D21 
(boost). Endpoint binding titers (a) ELISA. Neutralizing ID50 titers (b) 
by FRNT. Stability of MNPs (c) measured at D14 endpoint binding 
titers using a 30-day-old MNP compared to fresh MNP. Neutralizing 
ID50 titers with HeV-sG MNP (1:272) and HeV-sG+PCEP MNP 
(1:11,445) against rCedV-HeV-GFP. 

that MNPs are highly effective in inducing antigen-
specific binding and neutralization antibodies, and 
improved with PCEP adjuvant. Additional data also 

demonstrate that the PPZ MNP platforms are superior to intramuscular injection of the current clinical Alum-
formulated HeV-sG vaccine (Core C; Figure 4a). In addition, temperature stability was tested by storing the 
HeV-sG±PCEP MNPs at room temperature without refrigeration. Mice were immunized with fresh (group 1) and 
30-day old MNP (group 2) by single dose immunization. Mice were bled on D14 post immunization and the 



endpoint titers of total IgG levels were determined by ELISA. Figure 2c suggests that MNP-embedded vaccine 
components retain their immunogenicity for at least a month without refrigeration with no statistically significant 
differences in the antibody binding titers between fresh and the 30-day-old MNPs. 

Experimental Design. 

Aim 1.1: Manufacturing and characterization of PPZ MNPs with HNV glycoprotein antigens. We have 
tested GLP-like HeV-sG antigen (above), manufactured by Catalent Pharma Solutions, and it is currently 
available. The remaining 3 immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb) will be prepared by Genovac, Inc., and 
Core C will prepare MNPs with each of NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG+NiV-sFstb and HeV-sG, all 
adjuvanted with PCEP. Each fabricated batch of PPZ MNPs will be tested in vitro for geometric integrity, 
mechanical integrity, vaccine loading accuracy and reproducibility, biological integrity, endotoxin content, 
vaccine stability, and in vivo skin delivery performance before the animal immunization studies. The specific 
quantitative release criteria are as follows: 1) geometric integrity and accuracy – >95% high-quality microneedles 
across a PPZ MNP vaccine and <10% deviation from the target geometric values; 2) structural integrity – factor 
of safety (FOS) > 2 (FOS is equal to the failure forces/penetration forces); 3) vaccine loading accuracy and 
reproducibility – 10% deviation from the mean of theoretical amounts and <10% standard deviation of the mean 
value; 4) biological integrity – no significant aggregation of adjuvant-antigen complexes and no significant loss 
of antigenicity (p>0.05); 5) endotoxin content – < 1 endotoxin unit per PPZ MNP vaccine; 6) thermostability – 
biological integrity at elevated temperatures; 7) skin delivery performance – <10% of remaining materials in terms 
volume and <15% of remaining materials in terms of vaccine after 20 min murine skin application in vivo and 20 
min the RP-specific animal-skin application ex vivo (See Core C application for more details). Based on the 
preliminary data and experience with fabricating HeV-sG MNP, we expect the technology to be plug and play 
applicable with the new HNV immunogens and with the combination of two different HNV immunogens.  

Aim 1.2: Immunogenicity assessment HeV/NiV antigen PPZ MNPs in mice. To evaluate the immunogenicity 
of PCEP MNP platform with NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG, and HeV-sG+NiV-sFstb, murine 
immunization studies will be conducted (Core C). The immunization strategy will be performed as single-dose 
(D0) and prime(D0)-boost(D21) with female C57BL/6 mice (n = 5 mice per group). A schematic of the 
immunization and bleeding schedule is shown in Figure 3. Naïve or unimmunized mice will serve as negative 
controls and mice immunized with the intramuscular injection of Alum-complexed antigens will serve as positive 
controls. Serum levels of antigen-specific antibodies (IgM, total IgG, IgG1, IgG2c, and IgA) will be assayed by 
ELISA. The sera will be tested for neutralization activity using the respective reporter rCedV chimeras – rCedV-
HeV-GFP and rCedV-NiV-B-GFP in the FRNT assay44.  

Figure 3. Immunization - bleeding schedule for mouse immunogenicity study.  

Cellular immune responses will also be evaluated as described in the 
Core C Research Strategy. Briefly, mice will be sacrificed five days 
after the booster dose. Mouse blood PBMCs and cells from lymph 

nodes and spleen will be stimulated with a pool of antigenic peptides derived from the respective immunogen 
sequence(s). Antigen-specific polyfunctional cellular responses (IFN-γ, TNF-α, IL-2, IL-4, IL-17: CD4+ and CD8+ 
T-cell) will be determined by using multi-color flow cytometry and intracellular cytokine staining65,66. Studying the 
cellular responses for HNV immunogens has recently gained more interest and preliminary mouse studies have 
just begun using the HeV-sG vaccine subunit – antigenic peptides have been identified. 

Aim 1.3: Evaluation of the immunogenicity and protection efficacy of PPZ MNP HNV vaccines in ferrets. 
The immunogenicity and efficacy of the lead PPZ MNP HNV vaccine candidates defined in Aim 1.2 will be tested 
in ferret challenge studies in Year 2 of the project (Core E). Ferrets (n = 6 ferrets per group) will be immunized 
with the lead PPZ MNP HNV vaccine candidates via either single-dose (D0) or prime(D0)-boost(D21) 
immunization regimen. Unimmunized ferrets will serve as negative controls. (Group 1: Lead PPZ MNP HNV 
vaccine candidate 1 with the prime-boost regimen. Group 2: Lead PPZ MNP HNV vaccine candidate 2 with the 
prime-boost regimen. Group 3: Lead PPZ MNP HNV vaccine candidate 1 with the single-dose regimen. Group 
4: Lead PPZ MNP HNV vaccine candidate 2 with the single-dose regimen. Group 5: Naïve/Unimmunized 
controls). The five groups will be challenged with a lethal dose (5000 TCID50) of either NiV-B or HeV. 
Immunization, challenge and blood and swab sampling schedules are diagrammed in Figure 4. Vaccine-induced 
humoral responses in ferrets prior to virus challenge will be evaluated by Core E and RP2. All protected animals 
and survived controls will be euthanized on day 21 post-infection challenge (end of study) and lung and brain 
tissue along with swabs (oral and rectal) and blood samples will be collected. These will be tested for the 
presence of viral RNA by TaqMan PCR performed by using the primer sets and probes35. Virus isolation will only 



be attempted from specimens that were PCR positive for NiV-B or HeV genomes. Virus titration will be performed 
by plaque assay on Vero cells. The limit for detection will be 25 pfu/ml. The experimental details of the challenge 
studies in ferrets are described in Core E. End of study sera neutralization titers will also be measured by FRNT. 

Figure 4. Expected schedule to immunize ferrets and AGMs in the planned efficacy 

studies. Blood and swabs, oral and rectal, samples will be taken weekly, on days 0, 7, 14, 21, 

28, 35, 42, 49, 56 and 63. Single dose groups do not receive boost immunization on D21. 

Antigen-specific stimulation of cytokine production by ferret PBMCs will be 
assayed. The custom-synthesized antigen-specific Peptivators obtained from 

Core C will be compatible with these studies, but we acknowledge that there is a lack of ferret-specific reagents 
for comprehensive evaluation of cytokine production of peptivator-stimulated PBMCs. Unlike comprehensive 
studies in mice and AGMs, these studies will quantify the production of cytokines, for which ELISA kits are 
commercially available, such as ferret IL-17A, IFN-γ, TNF-α, and IL-2, 48 hr after stimulation (See, e.g.,67). 

Aim 1.4: Immunogenicity and protection efficacy of the lead PPZ MNP HNV vaccine in AGMs. This 
challenge study will be in year 3 (Core E). The immunogen(s) and MNP vaccine type that provides the best 
cross-protection in the ferret studies will be tested in AGM NiV-B or HeV challenge studies. Fresh MNPs will be 
fabricated for this study. The study will be conducted by Core E and will entail four groups of AGMs (n = 3 AGMs 
per group). Immunizations with the lead PPZ MNP HNV vaccine candidate will be either as a single-dose (D0) 
or prime(D0)-boost(D21) regimen. Groups 1 and 2 will be immunized as a prime-boost strategy while groups 3 
and 4 will be immunized with a single dose. Naïve unimmunized AGMs will serve as negative controls. The 
immunization, challenge and blood and swab sampling schedules will follow that as outlined in Figure 4. Groups 
1 and 3 will be challenged with a lethal dose of NiV-B, while groups 2 and 4 will be challenged with a lethal dose 
of HeV (lethal dose = 1x105 TCID50). Sera from blood samples taken before the challenge will be tested by RP2 
to measure the serum neutralization titers using the same procedure as for mice and ferret sera. Antigen-specific 
total IgG levels will be determined by commercially available ELISA. Virus-specific neutralization activity against 
each of HeV and NiV-B will be tested by FRNT assay in the same way as proposed for mice and ferret sera 
samples. The AGM sera samples will also be tested for neutralization activity against authentic viruses (Core E) 
by using the BSL-4 PRNT assay. Antigen-specific stimulation of key cytokine production by AGM PBMCs, which 
will be obtained prior to live virus challenge studies, and will also be assessed as described in Aim 1.2. 

Aim 1.5: Identifying the correlates of immunization with the lead PPZ MNP HNV vaccine across multiple 
species. Here we propose to determine the correlates of immunization with the lead PPZ MNP HNV vaccine 
candidate across multiple species – mice, ferrets, and AGMs. This aim will be inherently integrated with the Aims 
1.2-1.4. During these experiments, 3hr post immunization, skin biopsies and serum samples will be obtained 
from mice, ferrets and AGMs. Prior to challenge studies in AGMs, serum and skin samples from the three 
different species (mice, ferrets, and AGMs) immunized with the lead PPZ MNP vaccine candidate will be assayed 
to quantify their cytokine levels (IL-6, TNF-α, IL-17A, IL-10, IL-1β, IL-6, IL-4, IL-5, TNF-α, IFN-α, IFN-β, IFN-γ, 
and IL-12p70). We note a limitation that while the multiplex assays are commercially available for mice and 
AGMs, we will have to use the cytokine-specific ELISAs for ferrets to determine only those cytokine levels for 
which ELISA kits are available, such as ferret IL-17A, IFN-γ, and TNF-α. We expect to identify within the obtained 
results correlates of immunization across the three species for the lead PPZ MNP vaccine candidate. We also 
expect that these correlates of immunization might be predictive for the vaccine protective efficacy.  

Aim 1.6: Evaluate stability of the lead PPZ MNP HNV vaccine candidate. Here, we will test the thermostability 
of the lead PPZ MNP HNV vaccine candidates based on retention of their immunogenicity upon storage at room 
temperature and at 40oC for an extended period of time (1-, 3-, 6-, and 12-month storage). Mice (n = 5 mice per 
group) will be immunized with fresh and stored PPZ MNP HNV vaccines in a single-dose regimen and blood 
samples will be collected 2 weeks after immunization. To test the stability of PPZ MNP HNV vaccine candidates, 
serum levels of total IgG antibodies will be determined by Core C and the virus-specific neutralization capacity 
of these antibodies will be evaluated by the FRNT assay (RP2). Stability will be indicated by no statistically 
significant differences between binding antibody levels and neutralization titers induced by fresh PPZ MNP HNV 
vaccines compared to those elicited by stored PPZ MNP HNV vaccines. Additional stability testing will be initiated 
with the freshly manufactured MNP for the AGM challenge study. 

Expected results, potential pitfalls and alternatives. Prior data on HNV vaccines support our expectations 
that we will be able to assess the potency and longevity of vaccine induced responses of lead PPZ MNP HNV 
vaccine candidates from the proposed studies. The HeV-sG immunogen has been tested as a HNV vaccine in 
multiple (2-dose prime-boost) prior studies and that protective pre-challenge ID50 neutralizing titers against NiV-



M can be as low as of 1:32 in the feline model35,38; that more than 1 year post-vaccination and pre-challenge 
neutralizing titers as low as 1:16 to 1:128 in the ferret model are protective against NiV-M40; as an equine vaccine, 
horses with pre-challenge HeV neutralizing titers ranging from 1:16 to 1:32 at 6 months post-vaccination are 
completely protected36; and in AGMs pre-challenge ID50 neutralizing titers ranging from 1:28 to 1:379 against 
NiV-M are completely protective34; and most recently, a HeV-sG/Alum formulation protects against NiV-B 
challenge in AGMs with pre-challenge  ID50 titers ranging from only 1:10 to 1:16041. Almost without exception, 
complete protection from challenge in these studies also shows no gross or histologic evidence of infection in 
any of the vaccinated subjects at study completions, with all tissues examined negative for viral antigen, with no 
viral genome detected. We expect to obtain protection in AGMs with the lead PPZ MNP HNV vaccine candidate. 
From the stability study, we will determine the shelf-life of the lead PPZ MNP HNV vaccine candidate. We are 
confident that if the preliminary mouse immunogenicity studies reveal neutralizing antibody responses are robust, 
this will translate to protection in the planned challenge studies in ferrets. Indeed, preliminary data has shown 
robust neutralizing ID50 titers from the mouse immunizations. The non-adjuvanted HeV-sG MNP induced an ID50 
titer of 1:272 and the adjuvanted form HeV-sG+PCEP MNP induced an ID50 titer of 1:11,445 against the HeV 
chimera; and an ID50 titer of 1:331 against the NiV chimera. There is a minimal risk of not finding any protecting 
immunogen (MNP vaccine type or immunogen combination). The PABVAX Center team is sufficiently 
experienced to handle and resolve any possible unforeseen issues and pitfalls. 

Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 

Rationale and Preliminary Data: Negative stain electron microscopy (EM) was performed on LayV F and G 
glycoproteins. The 2D and 3D classifications of LayV F (Figure 5a) and G (Figure 5b) revealed distinct trimer 
and tetramer assembly, respectively. In addition, using LayV-sF and LayV-sG, our previously generated mAbs 
to MojV F and G tested by ELISAs demonstrated that there was a dose dependent increase in LayV-sF (Figure 
5c) and LayV-sG (Figure 5d) binding. This data forms the premise for rescuing a rCedV bearing LayV F and G 
glycoproteins (the sequences from LayV are likely correct). We will construct a full-length recombinant LayV 

Figure 5. Negative stain EM analysis of LayV sFstb and sGtet. 2D and 3D classifications of LayV F trimers (a) and LayV G tetramers 

(b). ELISA cross-reactivity MojV F mAb (c, yellow) with LayV-sF and MojV G mAb (d, green) with LayV-sG. 

Figure 6. AngV F and G cell-cell fusion using 

a dual split luciferase. A schematic 

representation of the dual split-luc cell-cell fusion 

assay (a). Split-luc cell-cell fusion assay with 

AngV F and G plasmid constructs (b). 

sequence that encodes GFP. The LayV 
F and G coding sequences are the LayV 
isolate SDQD_H1801 (GenBank: 
OM101125.1); LayV F and LayV G; 
UUV47205.1 and UUV47206.1, 
respectively. The replication competent 
rCedV will be used. We will design, 
construct and rescue a new rCedV 
chimera that encodes the envelope 

glycoproteins (F and G glycoproteins) of LayV, i.e., a rCedV-LayV reporter virus encoding GFP. We will 
characterize it using cell-based infection tropism and growth kinetic assays. We have also utilized an established 
quantitative fusion assay based on a dual-split-luciferase reporter assay42,43,68,69 to determine functionality of 
AngV envelope glycoproteins (F and G glycoproteins). Content mixing between F/G bearing effector cells and a 



permissive target cell restores luciferase and a signal can be measured43 (Figure 6a). In addition, we have 
already constructed AngV sGtet and sF proteins and their structural solutions (both pre-fusion and post-fusion sF 
and the tetrameric structure of sGtet) have been made by the PL of RP5, and cell-fusion is observed in Vero E6 
cells and the bat kidney cell line, PaKiT, indicating that full-length AngV F/G are functional (Figure 6b). Taken 
together, these data suggest that the rescue of reporter viruses with LayV and AngV F/G is feasible. We will 
characterize viruses in cell-based infection tropism and growth kinetics assays. Alternatively, we will also 
construct a set of reporter gene-encoding VSV-based (LayV and AngV F/G bearing) reporter viruses as 
previously done with Australian bat lyssavirus (ABLV) G glycoproteins70,71 and authentic ABLV72,73. 

Experimental Design. 

Aim 2.1: Design and construct a recombinant Langya virus reporter virus. Figure 7 diagrams each of the 
proposed virus constructs that will be generated. The genome design, length and position of the green 
fluorescent protein gene are shown, and the experimental plans are described below. LayV helper plasmids for 
the N, P, and L genes will be synthesized. To construct the rLayV-GFP antigenome plasmid, large gene 
fragments of LayV will be synthesized and sequentially cloned into pOLTV5opt (Figure 7a). Unique restriction 
sites will be chosen to facilitate ligation of the LayV DNA fragments and to ensure adherence to the genomic 
“rule of six”. All cloning will be performed with E.coli Stbl2 cells. The fully sequenced plasmids will be transferred 
to Core E. Virus rescue and subsequent virus characterization by cell-based assays will be conducted in 
collaboration with Core E. In addition, rLayV will be examined by Core E in animal model development studies 
such including the hamster and/or ferret, both successful for the prototype HNVs.  

 

 
Figure 7. Schematic representation of 
recombinant reporter viruses. The 
pOLTV5opt-rLayV plasmid (a top) and rLayV-
GFP genome (a bottom). The arrows indicate 
regions of self-cleavage. The pOLTV5opt-
rCedV plasmid (b). The rLayV-GFP genome (c 
bottom). The long arrows indicate regions of 
self-cleavage. Shown are the unique restriction 
sites MluI and SphI that will be used to 
construct rCedV-LayV-GFP.  

Aim 2.2: Construct, rescue and characterize a recombinant Cedar reporter virus encoding Langya virus 
envelope glycoproteins.  

Generation of rCedV encoding LayV envelope glycoproteins. rCedV-LayV-GFP will be produced by 
synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the LayV 
F and G coding sequences. The CedV non-coding intergenic regions are retained to adhere to the genomic “rule 
of six”. Unique restriction sites, will facilitate the insertion of the LayV F and G gene cassette into the genome 
clone (pOLTV5opt-rCedV) (Figure 7b) generating rCedV-LayV-GFP (Figure 7c). All cloning is performed in E. 
coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) 
with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-LayV-GFP 
antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (HNV-CPE). 
BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve Vero 76 
cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is observed (~2–3 days), 
supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be 
characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by 
plaque assay and stored as single use aliquots at -80°C42-44,74. 

In vitro characterization of rCedV-LayV-GFP. The growth kinetics of rCedV-LayV-GFP compared to rCedV or 
rCedV-NiV/HeV chimeras will be assessed by infecting Vero cells with MOIs of 0.01, 0.1 and 1 and progeny virus 
recovered in 24hr intervals over a 72hr period and titered. In parallel experiments, infected cells will also be 
imaged for fluorescence and syncytia (HNV-CPE). Figure 8 illustrates the syncytia (indicated by the yellow 
arrows) formed in Vero E6 cells infected with either rCedV-NiV-B-GFP or rCedV-HeV-GFP chimeras. The rCedV-
LayV-GFP neutralization assays will be conducted by FRNT44. We have also already generated several murine 
mAbs to LayV F and G (3C4-LY and 4G5-LY to LayV F; and 2B2-LY and 6E5-LY to LayV F) and these will be 
used in neutralization assays. In addition, we will develop rabbit sera to LayV N, P and L proteins. 



Figure 8. Syncytia induced by rCedV expressing NiV-B or HeV envelope 
glycoproteins. Vero E6 cells were uninfected (Mock) or infected with either 
rCedV-NiV-B-GFP, rCedV-HeV-GFP, or rCedV-GFP. All images are 24hrs 
post-infection. Zoomed-in fluorescence images (3rd row) are the yellow boxes. 
Arrows indicate giant multinucleated cells (syncytia). Representative images 
from three independent experiments are shown. Scale bar, 50 μm. 
 
Aim 2.3: Construct, rescue and characterize recombinant 
reporter viruses encoding Angavokely virus envelope 
glycoproteins.  

Generation of rCedV encoding AngV envelope 
glycoproteins. Figure 9 diagrams each of the proposed virus 

constructs that will be prepared. The genome designs, lengths and position of the GFP and Luc reporter genes 
are also shown. rCedV-AngV-GFP will be produced by synthesizing large gene cassettes comprising CedV F 
and G untranslated intergenic regions flanking the AngV F and G coding sequences. The AngV F and G coding 
sequences will be based on the GenBank: ON613535.1 sequence. The GenBank accession numbers for AngV 
F and AngV G are UVG43988.1 and UVG43989.1, respectively. 

Figure 9. Schematic representation of the AngV chimeric 
reporter viruses. The pOLTV5opt-rCedV plasmid (a). Shown are 
the unique restriction sites MluI and SphI that will be used to 
construct rCedV-AngV-GFP and rCedV-AngV-Luc. The rCedV-
AngV-GFP and rCedV-AngV-Luc genome (b). Shown are the 
unique restriction sites MluI and KpnI that will be used to construct 
VSV-AngV-GFP and VSV-AngV-Luc (c). The long arrows indicate 
regions of self-cleavage. 

CedV non-coding intergenic regions are retained to 
adhere to the genomic “rule of six”. Unique restriction 
sites, will facilitate the insertion of the AngV F and G 
gene cassette into the rCedV antigenome plasmid 
(Figure 9a) generating rCedV-AngV-GFP (Figure 

9b). The rCedV-AngV-Luc clone will be produced by swapping the reporter gene coding sequences. All cloning 
is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 
cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-
rCedV-AngV-GFP or pOLTV5opt-rCedV-AngV-Luc antigenome plasmid. After 4 days cultures are examined for 
GFP expression and syncytia (HNV-CPE). BSR-T7/5 cells and supernatants from successful rescue are 
collected and passaged in Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP 
is observed (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. 
Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture 
amplification and titered by plaque assay and stored as single use aliquots at -80°C42-44,74.  

Generation of a VSV encoding AngV envelope glycoproteins. We will also construct reporter gene encoding 
versions of a replication competent VSV encoding the AngV F and G glycoproteins (GFP and Luc) (Figure 9c). 
A large gene cassette comprising VSV untranslated intergenic regions flanking the AngV F and G coding 
sequences will be synthesized. Unique restriction enzyme sites, will facilitate the insertion of the AngV F and G 
gene cassette into the VSV backbone plasmid to generate VSV-AngV-GFP (Figure 9c). The VSV-AngV-Luc 
clone will be produced by swapping the reporter gene coding sequences. Cloning procedures are performed in 
E. coli Stbl2 cells and all plasmid clones verified by sequencing. Rescue of VSV-AngV-GFP and VSV-AngV-Luc, 
will be performed in BSR-T7/5 cells, in 12-well plates, transfected with helper plasmids, VSV-N, VSV-P, and 
VSV-L and the VSV-AngV-GFP or VSV-AngV-Luc antigenome plasmids. After 48hrs the cells and supernatants 
are collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus uses 
HEK293T cells (6-well plates) by inoculation with the supernatant from step 1. Typically, when GFP fluorescence 
and/or cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus 
stocks stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and harvested virus 
supernatants are purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% 
sucrose/TNE buffer, and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. 
Virus stocks (GFP) are titered (infectious units/ml (IU/ml)) by serial dilution on HEK293T cells in 96-well black 
walled plates. At 24hrs post-infection plates are fixed with 4% formaldehyde, washed 3x with diH20 and imaged 
(fluorescence) with a CTL S6 analyzer. Luciferase encoding VSV stocks are titered by plaque assay75. 



Characterization of the recombinant reporter viruses in cell-based infection assays. Replication kinetics 
of rCedV-based and VSV-based AngV F/G viruses are assayed by Vero cell culture infection using MOIs of 0.01, 
0.1 and 1, and progeny virus recovered in 24hr intervals and titered. rCedV-AngV-GFP virus replication can be 
compared to rCedV or rCedV NiV/HeV chimeras. Similarly, VSV-AngV F/G virus replication can be compared to 
expected virus production of wildtype VSV or VSV-ABLV G71. The rCedV-AngV-GFP and VSV-AngV-GFP 
assays will be conducted by FRNTs44 and rCedV-AngV-Luc and VSV-AngV-Luc in luciferase assays42. 

Expected results, potential pitfalls and alternatives. We expect that rCedV-LayV-GFP and rCedV-AngV 
reporter viruses can be rescued. In addition, we expect that these chimeric viruses will induce syncytia and 
replicate to high titers. Neutralization assays will typically be conducted as 3 independent repeats and the data 
generated from these assays will be analyzed and graphed using GraphPad Prism 9. In the event that the rescue 
of rCedV chimeric viruses are not viable, multiple strategies may be examined. 1) test different ratios of helper 
plasmids and antigenome plasmid; 2) perform rescue in different cell lines; 3) construct alternate versions of the 
LayV and/or AngV F and G genes within the antigenome plasmids, such as, fuse the LayV and/or AngV F and 
G ectodomains with the transmembrane and/or cytoplasmic tail domains of the corresponding CedV F and G 
elements which may facilitate virus particle formation and membrane fusion activity.  

Aim 3: Evaluate HNV-specific antibodies and nanobodies developed by the Center’s RPs and Core D. 

Rationale and Preliminary Data. The rCedV chimeric system we established replaces the need for authentic 
NiV-B and HeV in neutralization assays. Neutralization values of well-characterized NiV/HeV cross-reactive 
neutralizing mAbs highly correlated between rCedV-NiV-B-GFP and rCedV-HeV-GFP and authentic NiV-B and 
HeV at BSL-4 when tested by conventional PRNT44. The Pearson correlation analysis between the rCedV 
chimeras BSL-2 PRNT and the NiV-B or HeV BSL-4 PRNT is shown in Figure 10a. We further developed the 
rCedV-NiV-B-GFP and rCedV-HeV-GFP neutralization assay into a high-throughput and quantitative assay that 
is based on the reduction of GFP foci, a FRNT44. The Pearson correlation analysis between the chimeras PRNT 
and FRNT is shown in Figure 10b. Taken together, these data demonstrate that rCedV-NiV-B-GFP and rCedV-
HeV-GFP chimeric viruses are an ideal set of suitable surrogate viruses for conducting a rapid FRNT-based 
assay for assessing NiV and HeV antibody neutralization.  

Figure 10. Pearson correlation 

analysis of rCedV chimeras. 

Pearson correlation analysis of 

PRNT neutralization (%) values of 

rCedV-NiV-B-GFP versus NiV-B (a, 

i-iv) and rCedV-HeV-GFP versus 

HeV (a, v-viii). Pearson correlation 

analysis from PRNTs (y-axes) and 

FRNTs (x-axes) of rCedV-NiV-B-

GFP (b, i-iv) and rCedV-HeV-GFP 

(b, v-viii). Neutralization with mAbs 

m102.4, h5B3.1, 12B2 or 1F5 are 

shown. The Pearson correlation 

coefficient ‘r,’ p-value (two-tailed), 

linear regression line (solid lines), 

and 95% confidence intervals 

(dashed lines).  

Experimental Design. 

Here, using the new tools 
(rCedV-LayV-GFP, rCedV-
AngV-GFP, rCedV-AngV-
Luc, VSV-AngV-GFP and 
VSV-AngV-Luc) we will 

assess neutralizing activity, of HNV specific mAbs and/or sera from HNV immunized mice that will be generated 
by Core D. The FRNT is high throughput and performed in 96-well plates to establish a 7-point dose response. 
Serially diluted immune sera or mAbs are mixed with either rCedV-NiV-B-GFP or rCedV-HeV-GFP for 2hrs. The 
virus-mAb or virus-sera mixtures are then added in triplicate to confluent pre-seeded Vero 76 cells in black-
walled clear bottom 96-well plates and incubated for an additional 24hrs. Plates are then fixed and imaged and 
fluorescent foci counted using the CTL Basic Count software. The 50% inhibitory concentration (IC50) will be 
determined as the mAb concentration or serum dilution at which there was a 50% reduction in fluorescent foci 



versus untreated control wells. Neutralization assays will typically be conducted as 3 independent repeats and 
the data generated from these assays will be analyzed and graphed using GraphPad Prism 9.  

Expected results, potential pitfalls and alternatives. We do not anticipate any unexpected limitations in 
assessing the neutralization potential of antibodies and sera generated from other research projects and/or cores 
as we have successfully demonstrated that the rCedV-GFP chimeric FRNT platform can serve as a surrogate 
BSL-2 neutralization assay that is high throughput with a fast turnaround time.  

Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. 

At completion of Phase I we will have i) a procedure to fabricate PPZ adjuvanted MNP using sG, sF or a 
combination of both viral glycoproteins; ii) generated rLayV with an associated animal model in collaboration with 
Core E with reporter virus construct (rCedV-LayV-GFP); and iii) generated reporter viruses AngV (rCedV-AngV-
GFP, rCedV-AngV-Luc, VSV-AngV-GFP and VSV-AngV-Luc). Here, in Phase II we propose to test the 
hypothesis that the PPZ-MNP vaccine platform technology can be adapted and transferred as a ‘plug and play’ 
strategy for other paramyxoviruses, namely the divergent HNVs LayV and AngV. The major goal rests on the 
rescue of LayV and establishing an infection/disease model of this most recently discovered pathogenic, 
zoonotic, HNV. Nevertheless, if rescue of rLayV with an associated animal model is not achieved, we will still be 
able to test the MNP approach as proof-of-concept to the extent of generating robust immune responses in 
animals and testing neutralizing antibody responses using both LayV and AngV reporter virus systems.  

PPZ-MNP manufacture. The fabrication of the MNPs by Core C will be prepared for both the F and G viral 
glycoproteins: LayV-sG, LayV-sF, AngV-sG and AngV-sF depending on the data and outcomes, and vaccine 
down-selection in Phase I we may also include a combination of sG and sF. Vaccine antigens will have been 
prepared by Core D. It may be important to evaluate both the attachment and fusion glycoprotein immunogens 
for LayV and AngV in Phase II. Although the preponderance of data to date for the pathogenic prototype HNVs 
(NiV/HeV) indicates that the attachment glycoprotein (G) alone can serve as an effective vaccine immunogen, 
this is presently unknown for these two divergent HNVs, so test both sF and sG for these HNVs is needed. 

Immunogenicity. As in Aim 1, groups of 5 mice will be used for each immunogen(s) and a control of 
nonimmunized subjects. Sera will be drawn as scheduled in Figure 3. ELISA titers of sera to vaccine 
immunogens will be evaluated by Core C and sera will be evaluated for virus neutralization with newly developed 
reporter viruses. Cellular immune responses will be assessed as described in Aim 1. 

Animal challenge studies. The experimental design for these studies will be adjusted once the animal model 
has been developed. The basic design will follow those for ferrets and AGMs described in Aim 1. The immunogen 
will be chosen based on the results from the mouse sera neutralization tests.  

Expected results, potential pitfalls and alternatives. We expect that LayV / AngV glycoproteins MNPs 
fabrication will be possible. Mouse immunization studies with MNPs are likely to be uncomplicated and we will 
be able to assess immune responses. These data will determine whether the sG or sF is the immunogen of 
choice for best virus neutralization antibody induction. If rescue of rLayV and establishing an animal model are 
not met, the ability to measure inhibition of virus in cell-based assays, using either the new reporter viruses or a 
cell-cell fusion surrogate assays will be done. The mouse immunogenicity studies, together with the virus 
neutralization assays will provide a foundation for potential anti-LayV and anti-AngV MNP vaccine approaches.  

Project Milestones, Timelines, and Go/No-go decisions. The RP2 Aims, milestones, and timeline with 
activities having periodic assessments by Center leaders, SAB, and NIAID staff as shown in the Gannt Chart.  

Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines 

Milestone 1: Adjuvanted MNP vaccines are successfully prepared: In year 1, the MNP vaccine fabrication 
by Core C will commence and formulation of recombinant antigens with PCEP adjuvant in the context of MNPs 
will be assessed. We are confident that this stage of the research plan will be achievable because we have 
already had success in MNP fabrication with the HeV-sG formulated with two different PPZ adjuvants (PCEP 
and PCPP) and the preliminary mouse immunization and cellular immune responses and induction of NiV/HeV 
cross-neutralizing antibody titers was excellent, with ID50 titers significantly greater than previously measured 
pre-challenge ID50 titers that provided complete protection across several prior studies in cats, ferrets, horses, 
and AGMs (preliminary data). We expect that the formulation of the remaining 3 prototype HNV immunogens 
(NiV-sGtet, NiV-sFstb, HeV-sFstb (and the combination test: HeV-sG+NiV-sFstb)) adjuvanted with PCEP and 
applied to the MNPs will be fully achievable. Analysis will also include antigen stability studies by re-release of 
sGtet and sFstb immunogens and recognition by select conformation dependent mAbs. A go/no-go decision may 
be made pending the results of MNP fabrication and antigen analysis of each MNP vaccine type, poor fabrication 
or loss of antigen integrity will trigger termination of those individual vaccines prior to immunogenicity studies.  



Milestone 2: High immunogenicity and best in class immunogen(s) identified: Core C will conduct 
immunogenicity studies in mice as detailed in the preliminary data and experimental plan and the Core research 
plan; multi-parameter humoral and cellular immune responses will be assessed (antigen specific antibody 
induction, virus-neutralization, and polyfunctional T-cell responses by in vitro stimulation). As sera are made 
available from the mice MNP vaccine cohorts, we will assess the NiV/HeV-neutralizing antibody activities of each 
of the MNP vaccine formulations of the prototype HNV immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG, 
and HeV-sG+NiV-sFstb). The criteria to judge success and go/no-go decisions will be levels of cross-neutralizing 
antibody responses (neutralization of both HeV and NiV-B) induced by each vaccine type. We expect to be able 
to down-select to ‘best-in-class’ vaccine as a single antigen or perhaps the combination antigen MNP vaccine 
formulation at this stage prior to progressing to the first-round ferret challenge models. 

Milestone 3: MNP vaccination protection in animal challenge studies: Here, the determination of whether MNP 
vaccination affords protection in animal model challenge experiments will be made. For the NiV and HeV 
prototypes the animal models (ferret and AGM) are extremely well-developed and the PABVAX Center leadership 
and staff have extensive experience in this area, and outcomes at this stage should be readily assessable. If we 
are successful in developing and validating the PPZ adjuvanted MNP recombinant protein vaccine approach for 
the HNV prototypes (NiV/HeV) and demonstrate protection in the planned homologous and heterologous HNV 
challenge studies, this will be expected to be a ‘go’ decision point in year 3, and the proposed Specific Aim 4 
tasks (below) will continue in preparation for Phase II of the PABVAX Center. If in the unlikely event that the MNP 
vaccine approach fails (no-go) then further consultation with industry and regulatory expertise within Core D and 
partners and the SAB will be geared towards using the previously identified ‘best-in-class’ immunogens with 
alternative vaccine platforms (IM formulations; virus vectored such as a VSV technology held by the PABVAX 
Center PI and RP1 PI at UTMB; or mRNA, Moderna Inc., has provided the Center a letter of support). 

Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 

Milestone 1: Successful rescue of recombinant Langya virus. Since the genetic data on LayV is derived from an 
actual human virus isolate, it suggests that rescue of rLayV will be possible. RP2 staff have extensive experience 
in HNV reverse genetics with rCedV (and VSV) with unique newly developed reagents. Virus rescue is in 
collaboration with Core E, followed by virus characterization in cell-based assays. Core E will then initiate small 
animal model development studies such as the hamster and/or ferret, both successful for the prototype HNVs. 
If rescue and animal modeling is successful, it will be very significant advancement for this pandemic 
preparedness initiative and objectives, and the virus, reagents, tools and models supplied to the ReVAMPP 
network. If rescue is not possible a no-go decision is obvious for animal model development. However, even if a 
LayV isolate remains unavailable by other means, we can still test the MNP approach with LayV and also our 
alternative divergent HNV prototype (AngV) by characterizing G and/or F vaccine-induced neutralizing antibodies 
using alternative reporter viruses (Milestone 2 below) or cell-based (cell-cell fusion assays; Figure 6B). 



Milestone 2: Construction of rCedV and rVSV reporter viruses encoding LayV and AngV F/G glycoproteins: Here, 
we have reasonable confidence that one or both alternate reporter virus platforms will be possible. Successful 
rescue of these reporter viruses will enable the determination of immune sera neutralization titers and is a ‘go’ 
for the development of the neutralization assays. An unsuccessful rescue of either of the LayV or AngV reporters 
will be a no-go for those assay developments. If neither reporter virus is rescued we will proceed to cell-cell 
fusion assays development to study the immune sera neutralization titers. We have already successfully 
generated recombinant sFstb and sGtet glycoproteins from AngV and LayV based on available sequence data 
(AngV, RP2 in collaboration with Dr. Cara Brook, The University of Chicago, and letter of support included in 
the PABVAX Overall component; and LayV, in collaboration with RP5 leaders and Genovac, Inc.). In our prior 
experience, success in making soluble and secreted oligomeric forms of virus glycoproteins strongly indicates 
that genetic sequences are correct which should also translate into functional proteins. Rescued viruses will be 
characterized in various cell-based assays. These new virus tools will be used in collaboration 
with RP4, RP5 and Core D, in assessing newly developed mAbs and nabs against LayV and AngV, and also 
vaccine-induced neutralizing antibody responses in PABVAX Center activities in Phase II. 

Aim 3: Is also shown which is the collaborative support provided by RP2 in assessing specific antibody 
development activities to HNVs by RP4 and RP5 is also included. 

Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. At this stage 
one or both of the divergent HNV prototypes (LayV and/or AngV) would be selected and the milestones for 
progress would include MNP vaccine manufacture; mouse immunogenicity studies; and virus challenge 
protection. These milestones will be similar as described for Specific Aim 1. We have obtained preliminary 
structural characterizations of sFstb and sGtet glycoproteins from AngV and LayV (native-like oligomeric and 
stabilized glycoproteins) in collaboration with RP5 leaders, and have also determined (preliminary data) that the 
LayV sFstb and sGtet glycoproteins are recognized by 3 previously generated mAbs to MojV F/G from our lab 
(RP2). As discussed above, the primary HNV target of RP2 is LayV, and the alternate is AngV, but the go/no-go 
decisions on the virus target will depend on the progress and outcomes of the earlier studies. Also, as discussed 
above, even in the absence of rLayV rescue or its availability from another source and its characterization in 
animal models by Core E; or the possible isolation of AngV and its work-up in vivo and pathogenesis studies by 
Core E; we expect to still be able to assess and validate the recombinant subunit protein MNP vaccine approach 
with our already prepared immunogens and the other virus tools we plan on developing. 

Industry Expertise and Regulatory Considerations 

Consultation with industry and regulatory expertise within Cores A and D and the SAB will be critical and occur 
with regularity as the project progresses by quarterly virtual meetings, written quarterly reports and data analysis, 
and annual meetings with Center participants. Relative to the major goal of RP2 (MNP vaccines): Stability, 
manufacturability testing, and early process development of the MNP-based vaccines will be researched in 
collaboration with Core C and Core D industry experts, and interface with the SAB. As vaccines are regulated 
by The Center for Drug Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), 
performance of all activities will be as per regulatory expectations. Consultation and input from Core D vaccine 
industrial partners (Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated 
into the translational development efforts of the MNP-based HNV vaccine platform. The expectation in the out 
years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to 
discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal 
strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for 
manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future 
IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings will 
be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” pandemic 
readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, ReVAMPP Centers. 

If new neutralizing mAbs to the F glycoprotein of NiV/HeV (cross-reactive) or to LayV or AngV or nabs or 
bi-specific nabs that show antiviral activities to NiV/HeV, from the collaborations of RP2, RP3, RP4 and RP5 are 
found, we will seek industry and regulatory expertise in Core D and the SAB in areas such as; identification of 
correlates of protection, lead optimization, stability and manufacturability testing. Antibodies may be engineered 
(such as altered N-glycans, Fc mutations for effector functions and extended half-life, multimeric formats) by 
Core D and further evaluated to correlate mechanisms of action with maximal efficacy by Core E (authentic 
HNVs) and RP3 (rCedV chimera model). This work will identify lead prototypes to transition to early process 
development. Further details on antibody development, milestones, and go/no-go decisions are discussed in the 
relevant RPs and Cores D and E. 
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Significance

[bookmark: _Hlk136778782]The constant threat posed to global public health by emerging and reemerging zoonotic viruses emphasizes the importance for pandemic preparedness by developing countermeasures. The highly pathogenic Hendra virus (HeV) and Nipah virus (NiV) are the prototype members in the genus Henipavirus in the family Paramyxoviridae1, and the selected prototypes chosen for RP2. HeV was first discovered in 1994, in Queensland, Australia where it was the causative agent of a severe and fatal respiratory disease among horses along with a human case fatality1,2. Whereas, in 1998-1999 in Malaysia and Singapore an outbreak of encephalitis in people and respiratory disease in pigs was eventually determined to be caused by a closely related virus - to NiV3,4. These viruses are capable of causing a systemic and often fatal respiratory and/or neurological disease in at least 11 mammalian species including humans, with fatality rates ranging from 40-100%5,6. As a result of this high lethality and lack of approved vaccines or antivirals, HeV and NiV are classified as Biosafety Level-4 (BSL-4) pathogens. NiV and henipaviral diseases are also included in the WHO’s Blueprint List of Priority Pathogens7, and NiV is among the Coalition for Epidemic Preparedness Innovations (CEPI) list of Priority Diseases needing urgent research and countermeasure development and are recognized as agents of pandemic threat potential8,9. HeV, though apparently restricted to Australia, has spilled over 66 times, most recently in 202210. HeV has caused the death or euthanasia of >100 horses, 2 HeV positive and euthanized dogs, and 4 fatalities of 7 human cases10,11. Whereas NiV is present throughout a large area including South and Southeast Asia from the Philippines to western India. The frequent outbreaks of NiV in Bangladesh and India have high human case fatality rates 70-100%. NiV transmission in Bangladesh to humans has been linked to contaminated fruits or date palm sap, and person-to-person transmission12-15. In total, there have been >620 human cases of NiV infections >330 fatalities, the most recent in 202316. The genus Henipavirus now includes nine other species; the four viral isolates of CedV, Gamak virus, Daeryong virus, and Langya virus (LayV)17-19 and five additional species known only from nucleic acid sequence information; Ghana bat virus (GhV), Mòjiang virus, Melian virus, Denwin virus, and Angavokely virus (AngV)20-23. Pteropid fruit bats, known as flying foxes, are recognized natural reservoir hosts for NiV, HeV24,25, CedV18, GhV and AngV. One of these, CedV, has been shown to be nonpathogenic in several animals susceptible to HeV and NiV disease including mice, guinea pigs and ferrets18,26 and African green monkeys (AGMs) (Geisbert and Broder, unpublished). The remaining six reported henipaviruses (HNVs) are likely of rodent origins. One of these six, the isolate LayV, is associated with nonfatal febrile illness in humans19. 

HNVs are enveloped, single-stranded, negative sense RNA viruses that share a similar genomic makeup. The viruses have two membrane anchored glycoproteins involved in entry: the attachment (G) glycoprotein that engages the host cell receptor and the fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G and F proteins are the major targets of neutralizing antibodies and the focus of all vaccine and therapeutic antibody strategies27,28. However, CedV is distinct from other HNVs, and the phosphoprotein (P) gene does not encode the interferon antagonist proteins V and W18,29-31. The nonpathogenic phenotype of CedV is most likely attributed to the lack of these nonstructural proteins. Based on genetic data, all identified HNVs, except CedV, can potentially express the V and W proteins. CedV is recognized as a BSL-2 restricted agent32.

Innovation

[bookmark: _Hlk136779003]There are multiple layers of innovation within RP2. First, the proposed development of henipavirus (HNV) subunit vaccine candidates using an innovative microneedle array patch (MNP) technology that may be suitable for the incorporation of immunogens derived from other undiscovered pathogenic HNVs or paramyxoviruses in the future. Second, the construction of a rLayV reverse genetics system will be highly valuable in the HNV toolbox to study putative differences in pathogenesis and vaccine design between HNVs of bat and rodent origin, and significant resource to the ReVAMPP network’s objectives. Third, generation of BSL-2 surrogate platforms that are based on rCedV and VSV will allow for a wide-variety of in vitro studies to support infection and host response studies and to screen in a high throughput manner the neutralization activity of immune sera and monoclonal antibodies (mAbs) and nanobodies (nabs) without the requirement for high containment. Fourth, considering that the LayV and AngV F and G proteins are functionally fusion active, the generation of viable rCedV chimeras bearing either LayV or AngV F and G glycoproteins is feasible. 

Approach

[bookmark: _heading=h.17dp8vu]Scientific Premise

To date, the most extensively studied NiV/HeV vaccine is a soluble, recombinant, oligomeric form (dimers and/or tetramers) of the G glycoprotein of HeV (HeV-sG)11,27,33, and has been demonstrated to confer complete protection against lethal challenge with NiV-M (Malaysia), NiV-B (Bangladesh) or HeV in multiple animal models34-40. It has most recently been shown to provide complete protection of AGMs against NiV-B challenge performed one week post-immunization (single dose)41. The HeV-sG vaccine is marketed by Zoetis, Inc., for equine use in Australia since 2012 and is the first commercialized vaccine against any BSL-4 pathogen. HeV-sG /Alum intramuscular formulation is currently in clinical trial as an anti-NiV vaccine. RP2 proposes to enhance the formulation, immunogenicity, and delivery of recombinant subunit protein based HNV vaccines. 

We have developed rCedVs as new tools to study HNV host cell interactions, including ephrin receptor use and infection tropism, and in the development of HNV countermeasures. Experiments with rCedV can be conducted in a BSL-2 containment setting. The rCedV reverse genetics system42,43 allowed us to develop a rCedV chimeric platform, where the CedV F and G glycoproteins are replaced with that of either NiV-B or with HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV). We have successfully rescued and characterized the chimeric viruses with and without reporter genes44. The neutralizing potencies of several well-characterized cross-reactive NiV/HeV F and G specific mAbs against these rCedV chimeras highly correlate with the potencies obtained for the same antibodies to neutralize authentic NiV-B and HeV by plaque reduction neutralization tests (PRNTs). The green fluorescent protein (GFP) reporter chimeras were employed to develop a rapid, high-throughput, and quantitative fluorescence reduction neutralization test (FRNT). The antibody potencies to neutralize the reporter gene containing chimeras in the FRNT highly corelated with the respective potencies obtained by PRNT44. The rCedV chimera assay has been employed in several studies and its high-throughput ability has also allowed for the conduct of NiV/HeV mAb synergy neutralization tests45-47. The rCedV chimeras have their most important application in an authentic HNV-based surrogate neutralization assay that is rapid, cost-effective, and can be utilized in BSL-2 containment. We believe that the rCedV reverse genetics system may be able to serve as a plug-and-play platform for other emerging or pathogenic HNVs. To accomplish this, RP2 will develop a variety of rCedV variants with reporter genes that will serve as important tools for the PABVAX Center RPs and Cores, and also for the NIAID, ReVAMPP network for pandemic preparedness.

Scientific Rigor

The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been properly performed. rCedV laboratory manipulation guidelines and standard operating procedures under BSL-2 conditions were developed for the laboratory and staff, and all procedures were reviewed and approved by the Uniformed Services University Institutional Biosafety Committee in accordance with NIH guidelines. The rCedV tools described here have been transferred to multiple institutions and research organizations which have also reviewed and approved their use at BSL-2 containment.

[bookmark: _heading=h.gjdgxs]Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines.

Rationale and Preliminary Data. It is well documented that the HNV G and F glycoproteins are the primary targets for virus neutralizing antibodies27,45,48-53. As such, HeV-sG subunit has clinically advanced in the development of HeV and NiV vaccines. Building on this work, Aim 1 will compare the immunogenicity and efficacy of alternate NiV vaccine immunogens (NiV-sGtet, NiV-sFstb), HeV vaccine immunogen (HeV-sFstb), and a bivalent HNV vaccine candidate (NiV-sFstb+HeV-sG) along with the clinical subunit HeV-sG. All immunogens will be delivered as polyphasphazene (PPZ) adjuvanted MNP vaccines in three animal species (mice, ferrets, and non-human primates-NHPs (AGMs)). Immunogenicity will initially be performed in mice by Core C. The neutralizing potencies of the immunized mouse sera will then be evaluated by in vitro neutralization assays using rCedV-NiV-B-GFP and rCedV-HeV-GFP44. The superior neutralizing antibody inducing MNP vaccine type(s) will be evaluated by animal challenge studies ferrets (first-tier) challenged with NiV-B or HeV and the lead vaccine candidate(s) from those studies will then be evaluated in AGM (second-tier) challenge studies.

Adjuvants are included in vaccine designs to generate a robust and durable vaccine induced immune response. We will utilize a synthetic PPZ macromolecule as the adjuvant to complement the proposed NiV and HeV vaccine immunogens. The PPZ macromolecule has many distinctive properties that make it an attractive choice as an adjuvant; 1) water-soluble and biodegradable, 2) spontaneously self-assembles with antigens in aqueous solutions, 3) forms nanoassemblies that mimick the dimensions of a virus (60-100nm)54,55 and 4) is completely compatible with MNPs56-58, the delivery mechanism that will be employed for the HNV immunogens. The extensive clinical use and experimental evidence supports the safety and potency of PPZ in enhancing vaccine-induced protective immune responses54-60. In particular, the most commonly used PPZ adjuvant is the clinical stage poly[di(carboxylato-phenoxy)phosphazene] (PCPP) and its structural homologue poly[di(carboxylato-ethylphenoxy) phosphazene] (PCEP), which, significantly boosts vaccine immunogenicity without the requirement for large amounts of antigen while providing long-lasting protection in live viral challenge studies60-62. MNPs are promising resources to achieve systemic effects by transdermal delivery. They are a minimally invasive, painless system, which can bypass the stratum corneum and overcome the potential drawbacks of subcutaneous injections63. (See Core C Research Plan).

[image: ]Manufacturing and characterization of HeV-sG±PCEP MNPs. The technology for fabricating MNPs pioneered by Bediz et al.,64 was developed and is described in detail in the Core C Research Plan). We have conducted preliminary studies with the dissolvable MNPs incorporating HeV-sG antigen with or without PPZ adjuvants including PCEP (HeV-sG±PCEP MNPs) in collaboration with the investigators of Core C. Spin-casting of carboxymethyl cellulose and trehalose was used to create MNPs incorporating HeV-sG AF555±PCEP into obelisk-shaped microneedles having the vaccine components at the tip region to maximize the vaccine delivery efficiency by locating the vaccine components at the skin-penetrating regions of the microneedles (Figure 1a). The HeV-sG±PCEP MNPs can have a pre-determined array size of 10x10mm (for mice studies) and 20x20mm or greater (for larger animal studies). Images of the HeV-sG AF555±PCEP MNPs before (Figure 1a) and after (Figure 1b) application (15-20 mins), confirm a nearly complete dissolution of the microneedles into the skin demonstrating that the vaccine was effectively deposited into the skin. To facilitate the characterization and to visualize skin penetration of the developed HeV-sG±PCEP MNPs, HeV-sG was fluorescently labeled with Alexa Fluor 555 dye, HeV-sG AF555. To test the intracutaneous delivery capacity, HeV-sG AF555±PCEP MNPs were applied to the abdomen skin of C57BL/6 mice for 15 min and then removed.  The HeV-sG AF555±PCEP MNP-treated mice were imaged before and after in vivo skin applications by using an in vivo live animal fluorescent imaging system (IVIS Lumina XR) and the acquired images were post-processed using Living Image software (PerkinElmer). Figures 1c and 1d further corroborate the microscopy analysis of these MNPs and show effective deposition of vaccine components to murine skin (Figure 1c: HeV-sG AF555 and Figure 1d: HeV-sG AF555+PCEP). Together, these data support the feasibility of our PPZ MNP vaccine platform for the translational development of skin-targeted HNV vaccines that could also be employed using recombinant protein immunogens (or even virus-like particles) from other viral agents from a wide-variety of virus families.

Figure 1: In vivo intracutaneous delivery efficacy of HeV-sG±PCEP MNPs in mice. An optical stereomicroscopy image of HeV-sG AF555+PCEP CMC/Trehalose microneedles before (a) and after (b) in vivo skin application. Administration of HeV-sG AF555 (c) and HeV-sG AF555+PCEP (d) to mouse skin in vivo with MNPs, captured by using a fluorescence in vivo imaging system (IVIS).

[image: ]HeV-sG±PCEP MNPs with unlabeled HeV-sG were fabricated and the immunogenicity tested in C57BL/6 mice. Groups of 5 mice were immunized on Day 0 (D0) (prime) and D21 (boost) with HeV-sG±PCEP MNPs. Sera were collected on D35 and analyzed by ELISA for total binding antibodies (endpoint titers) (Figure 2a) and HNV neutralizing capacity of serum in the rCedV chimeras FRNT44 (Figure 2b). These results show

Figure 2: MNPs induced humoral responses and initial MNP stability data. Mice immunized prime/boost. MNPs applied to the abdominal skin of C57BL/6 mice 15 min, D0 (prime) and D21 (boost). Endpoint binding titers (a) ELISA. Neutralizing ID50 titers (b) by FRNT. Stability of MNPs (c) measured at D14 endpoint binding titers using a 30-day-old MNP compared to fresh MNP. Neutralizing ID50 titers with HeV-sG MNP (1:272) and HeV-sG+PCEP MNP (1:11,445) against rCedV-HeV-GFP.

that MNPs are highly effective in inducing antigen-specific binding and neutralization antibodies, and improved with PCEP adjuvant. Additional data also demonstrate that the PPZ MNP platforms are superior to intramuscular injection of the current clinical Alum-formulated HeV-sG vaccine (Core C; Figure 4a). In addition, temperature stability was tested by storing the HeV-sG±PCEP MNPs at room temperature without refrigeration. Mice were immunized with fresh (group 1) and 30-day old MNP (group 2) by single dose immunization. Mice were bled on D14 post immunization and the endpoint titers of total IgG levels were determined by ELISA. Figure 2c suggests that MNP-embedded vaccine components retain their immunogenicity for at least a month without refrigeration with no statistically significant differences in the antibody binding titers between fresh and the 30-day-old MNPs.

Experimental Design.

[bookmark: _heading=h.30j0zll]Aim 1.1: Manufacturing and characterization of PPZ MNPs with HNV glycoprotein antigens. We have tested GLP-like HeV-sG antigen (above), manufactured by Catalent Pharma Solutions, and it is currently available. The remaining 3 immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb) will be prepared by Genovac, Inc., and Core C will prepare MNPs with each of NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG+NiV-sFstb and HeV-sG, all adjuvanted with PCEP. Each fabricated batch of PPZ MNPs will be tested in vitro for geometric integrity, mechanical integrity, vaccine loading accuracy and reproducibility, biological integrity, endotoxin content, vaccine stability, and in vivo skin delivery performance before the animal immunization studies. The specific quantitative release criteria are as follows: 1) geometric integrity and accuracy – >95% high-quality microneedles across a PPZ MNP vaccine and <10% deviation from the target geometric values; 2) structural integrity – factor of safety (FOS) > 2 (FOS is equal to the failure forces/penetration forces); 3) vaccine loading accuracy and reproducibility – 10% deviation from the mean of theoretical amounts and <10% standard deviation of the mean value; 4) biological integrity – no significant aggregation of adjuvant-antigen complexes and no significant loss of antigenicity (p>0.05); 5) endotoxin content – < 1 endotoxin unit per PPZ MNP vaccine; 6) thermostability – biological integrity at elevated temperatures; 7) skin delivery performance – <10% of remaining materials in terms volume and <15% of remaining materials in terms of vaccine after 20 min murine skin application in vivo and 20 min the RP-specific animal-skin application ex vivo (See Core C application for more details). Based on the preliminary data and experience with fabricating HeV-sG MNP, we expect the technology to be plug and play applicable with the new HNV immunogens and with the combination of two different HNV immunogens. 

[bookmark: _heading=h.1fob9te]Aim 1.2: Immunogenicity assessment HeV/NiV antigen PPZ MNPs in mice. To evaluate the immunogenicity of PCEP MNP platform with NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG, and HeV-sG+NiV-sFstb, murine immunization studies will be conducted (Core C). The immunization strategy will be performed as single-dose (D0) and prime(D0)-boost(D21) with female C57BL/6 mice (n = 5 mice per group). A schematic of the immunization and bleeding schedule is shown in Figure 3. Naïve or unimmunized mice will serve as negative controls and mice immunized with the intramuscular injection of Alum-complexed antigens will serve as positive controls. Serum levels of antigen-specific antibodies (IgM, total IgG, IgG1, IgG2c, and IgA) will be assayed by ELISA. The sera will be tested for neutralization activity using the respective reporter rCedV chimeras – rCedV-HeV-GFP and rCedV-NiV-B-GFP in the FRNT assay44. 

[image: ]Figure 3. Immunization - bleeding schedule for mouse immunogenicity study. 

Cellular immune responses will also be evaluated as described in the Core C Research Strategy. Briefly, mice will be sacrificed five days after the booster dose. Mouse blood PBMCs and cells from lymph nodes and spleen will be stimulated with a pool of antigenic peptides derived from the respective immunogen sequence(s). Antigen-specific polyfunctional cellular responses (IFN-γ, TNF-α, IL-2, IL-4, IL-17: CD4+ and CD8+ T-cell) will be determined by using multi-color flow cytometry and intracellular cytokine staining65,66. Studying the cellular responses for HNV immunogens has recently gained more interest and preliminary mouse studies have just begun using the HeV-sG vaccine subunit – antigenic peptides have been identified.

Aim 1.3: Evaluation of the immunogenicity and protection efficacy of PPZ MNP HNV vaccines in ferrets. The immunogenicity and efficacy of the lead PPZ MNP HNV vaccine candidates defined in Aim 1.2 will be tested in ferret challenge studies in Year 2 of the project (Core E). Ferrets (n = 6 ferrets per group) will be immunized with the lead PPZ MNP HNV vaccine candidates via either single-dose (D0) or prime(D0)-boost(D21) immunization regimen. Unimmunized ferrets will serve as negative controls. (Group 1: Lead PPZ MNP HNV vaccine candidate 1 with the prime-boost regimen. Group 2: Lead PPZ MNP HNV vaccine candidate 2 with the prime-boost regimen. Group 3: Lead PPZ MNP HNV vaccine candidate 1 with the single-dose regimen. Group 4: Lead PPZ MNP HNV vaccine candidate 2 with the single-dose regimen. Group 5: Naïve/Unimmunized controls). The five groups will be challenged with a lethal dose (5000 TCID50) of either NiV-B or HeV. Immunization, challenge and blood and swab sampling schedules are diagrammed in Figure 4. Vaccine-induced humoral responses in ferrets prior to virus challenge will be evaluated by Core E and RP2. All protected animals and survived controls will be euthanized on day 21 post-infection challenge (end of study) and lung and brain tissue along with swabs (oral and rectal) and blood samples will be collected. These will be tested for the presence of viral RNA by TaqMan PCR performed by using the primer sets and probes35. Virus isolation will only be attempted from specimens that were PCR positive for NiV-B or HeV genomes. Virus titration will be performed by plaque assay on Vero cells. The limit for detection will be 25 pfu/ml. The experimental details of the challenge studies in ferrets are described in Core E. End of study sera neutralization titers will also be measured by FRNT.

[image: ]Figure 4. Expected schedule to immunize ferrets and AGMs in the planned efficacy studies. Blood and swabs, oral and rectal, samples will be taken weekly, on days 0, 7, 14, 21, 28, 35, 42, 49, 56 and 63. Single dose groups do not receive boost immunization on D21.

Antigen-specific stimulation of cytokine production by ferret PBMCs will be assayed. The custom-synthesized antigen-specific Peptivators obtained from Core C will be compatible with these studies, but we acknowledge that there is a lack of ferret-specific reagents for comprehensive evaluation of cytokine production of peptivator-stimulated PBMCs. Unlike comprehensive studies in mice and AGMs, these studies will quantify the production of cytokines, for which ELISA kits are commercially available, such as ferret IL-17A, IFN-γ, TNF-α, and IL-2, 48 hr after stimulation (See, e.g.,67).

Aim 1.4: Immunogenicity and protection efficacy of the lead PPZ MNP HNV vaccine in AGMs. This challenge study will be in year 3 (Core E). The immunogen(s) and MNP vaccine type that provides the best cross-protection in the ferret studies will be tested in AGM NiV-B or HeV challenge studies. Fresh MNPs will be fabricated for this study. The study will be conducted by Core E and will entail four groups of AGMs (n = 3 AGMs per group). Immunizations with the lead PPZ MNP HNV vaccine candidate will be either as a single-dose (D0) or prime(D0)-boost(D21) regimen. Groups 1 and 2 will be immunized as a prime-boost strategy while groups 3 and 4 will be immunized with a single dose. Naïve unimmunized AGMs will serve as negative controls. The immunization, challenge and blood and swab sampling schedules will follow that as outlined in Figure 4. Groups 1 and 3 will be challenged with a lethal dose of NiV-B, while groups 2 and 4 will be challenged with a lethal dose of HeV (lethal dose = 1x105 TCID50). Sera from blood samples taken before the challenge will be tested by RP2 to measure the serum neutralization titers using the same procedure as for mice and ferret sera. Antigen-specific total IgG levels will be determined by commercially available ELISA. Virus-specific neutralization activity against each of HeV and NiV-B will be tested by FRNT assay in the same way as proposed for mice and ferret sera samples. The AGM sera samples will also be tested for neutralization activity against authentic viruses (Core E) by using the BSL-4 PRNT assay. Antigen-specific stimulation of key cytokine production by AGM PBMCs, which will be obtained prior to live virus challenge studies, and will also be assessed as described in Aim 1.2.

Aim 1.5: Identifying the correlates of immunization with the lead PPZ MNP HNV vaccine across multiple species. Here we propose to determine the correlates of immunization with the lead PPZ MNP HNV vaccine candidate across multiple species – mice, ferrets, and AGMs. This aim will be inherently integrated with the Aims 1.2-1.4. During these experiments, 3hr post immunization, skin biopsies and serum samples will be obtained from mice, ferrets and AGMs. Prior to challenge studies in AGMs, serum and skin samples from the three different species (mice, ferrets, and AGMs) immunized with the lead PPZ MNP vaccine candidate will be assayed to quantify their cytokine levels (IL-6, TNF-α, IL-17A, IL-10, IL-1β, IL-6, IL-4, IL-5, TNF-α, IFN-α, IFN-β, IFN-γ, and IL-12p70). We note a limitation that while the multiplex assays are commercially available for mice and AGMs, we will have to use the cytokine-specific ELISAs for ferrets to determine only those cytokine levels for which ELISA kits are available, such as ferret IL-17A, IFN-γ, and TNF-α. We expect to identify within the obtained results correlates of immunization across the three species for the lead PPZ MNP vaccine candidate. We also expect that these correlates of immunization might be predictive for the vaccine protective efficacy. 

Aim 1.6: Evaluate stability of the lead PPZ MNP HNV vaccine candidate. Here, we will test the thermostability of the lead PPZ MNP HNV vaccine candidates based on retention of their immunogenicity upon storage at room temperature and at 40oC for an extended period of time (1-, 3-, 6-, and 12-month storage). Mice (n = 5 mice per group) will be immunized with fresh and stored PPZ MNP HNV vaccines in a single-dose regimen and blood samples will be collected 2 weeks after immunization. To test the stability of PPZ MNP HNV vaccine candidates, serum levels of total IgG antibodies will be determined by Core C and the virus-specific neutralization capacity of these antibodies will be evaluated by the FRNT assay (RP2). Stability will be indicated by no statistically significant differences between binding antibody levels and neutralization titers induced by fresh PPZ MNP HNV vaccines compared to those elicited by stored PPZ MNP HNV vaccines. Additional stability testing will be initiated with the freshly manufactured MNP for the AGM challenge study.

[bookmark: _heading=h.3znysh7]Expected results, potential pitfalls and alternatives. Prior data on HNV vaccines support our expectations that we will be able to assess the potency and longevity of vaccine induced responses of lead PPZ MNP HNV vaccine candidates from the proposed studies. The HeV-sG immunogen has been tested as a HNV vaccine in multiple (2-dose prime-boost) prior studies and that protective pre-challenge ID50 neutralizing titers against NiV-M can be as low as of 1:32 in the feline model35,38; that more than 1 year post-vaccination and pre-challenge neutralizing titers as low as 1:16 to 1:128 in the ferret model are protective against NiV-M40; as an equine vaccine, horses with pre-challenge HeV neutralizing titers ranging from 1:16 to 1:32 at 6 months post-vaccination are completely protected36; and in AGMs pre-challenge ID50 neutralizing titers ranging from 1:28 to 1:379 against NiV-M are completely protective34; and most recently, a HeV-sG/Alum formulation protects against NiV-B challenge in AGMs with pre-challenge  ID50 titers ranging from only 1:10 to 1:16041. Almost without exception, complete protection from challenge in these studies also shows no gross or histologic evidence of infection in any of the vaccinated subjects at study completions, with all tissues examined negative for viral antigen, with no viral genome detected. We expect to obtain protection in AGMs with the lead PPZ MNP HNV vaccine candidate. From the stability study, we will determine the shelf-life of the lead PPZ MNP HNV vaccine candidate. We are confident that if the preliminary mouse immunogenicity studies reveal neutralizing antibody responses are robust, this will translate to protection in the planned challenge studies in ferrets. Indeed, preliminary data has shown robust neutralizing ID50 titers from the mouse immunizations. The non-adjuvanted HeV-sG MNP induced an ID50 titer of 1:272 and the adjuvanted form HeV-sG+PCEP MNP induced an ID50 titer of 1:11,445 against the HeV chimera; and an ID50 titer of 1:331 against the NiV chimera. There is a minimal risk of not finding any protecting immunogen (MNP vaccine type or immunogen combination). The PABVAX Center team is sufficiently experienced to handle and resolve any possible unforeseen issues and pitfalls.

Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools.

[image: ]Rationale and Preliminary Data: Negative stain electron microscopy (EM) was performed on LayV F and G glycoproteins. The 2D and 3D classifications of LayV F (Figure 5a) and G (Figure 5b) revealed distinct trimer and tetramer assembly, respectively. In addition, using LayV-sF and LayV-sG, our previously generated mAbs to MojV F and G tested by ELISAs demonstrated that there was a dose dependent increase in LayV-sF (Figure 5c) and LayV-sG (Figure 5d) binding. This data forms the premise for rescuing a rCedV bearing LayV F and G glycoproteins (the sequences from LayV are likely correct). We will construct a full-length recombinant LayV

[image: ]Figure 5. Negative stain EM analysis of LayV sFstb and sGtet. 2D and 3D classifications of LayV F trimers (a) and LayV G tetramers (b). ELISA cross-reactivity MojV F mAb (c, yellow) with LayV-sF and MojV G mAb (d, green) with LayV-sG.

Figure 6. AngV F and G cell-cell fusion using a dual split luciferase. A schematic representation of the dual split-luc cell-cell fusion assay (a). Split-luc cell-cell fusion assay with AngV F and G plasmid constructs (b).

sequence that encodes GFP. The LayV F and G coding sequences are the LayV isolate SDQD_H1801 (GenBank: OM101125.1); LayV F and LayV G; UUV47205.1 and UUV47206.1, respectively. The replication competent rCedV will be used. We will design, construct and rescue a new rCedV chimera that encodes the envelope glycoproteins (F and G glycoproteins) of LayV, i.e., a rCedV-LayV reporter virus encoding GFP. We will characterize it using cell-based infection tropism and growth kinetic assays. We have also utilized an established quantitative fusion assay based on a dual-split-luciferase reporter assay42,43,68,69 to determine functionality of AngV envelope glycoproteins (F and G glycoproteins). Content mixing between F/G bearing effector cells and a permissive target cell restores luciferase and a signal can be measured43 (Figure 6a). In addition, we have already constructed AngV sGtet and sF proteins and their structural solutions (both pre-fusion and post-fusion sF and the tetrameric structure of sGtet) have been made by the PL of RP5, and cell-fusion is observed in Vero E6 cells and the bat kidney cell line, PaKiT, indicating that full-length AngV F/G are functional (Figure 6b). Taken together, these data suggest that the rescue of reporter viruses with LayV and AngV F/G is feasible. We will characterize viruses in cell-based infection tropism and growth kinetics assays. Alternatively, we will also construct a set of reporter gene-encoding VSV-based (LayV and AngV F/G bearing) reporter viruses as previously done with Australian bat lyssavirus (ABLV) G glycoproteins70,71 and authentic ABLV72,73.

Experimental Design.

Aim 2.1: Design and construct a recombinant Langya virus reporter virus. Figure 7 diagrams each of the proposed virus constructs that will be generated. The genome design, length and position of the green fluorescent protein gene are shown, and the experimental plans are described below. LayV helper plasmids for the N, P, and L genes will be synthesized. To construct the rLayV-GFP antigenome plasmid, large gene fragments of LayV will be synthesized and sequentially cloned into pOLTV5opt (Figure 7a). Unique restriction sites will be chosen to facilitate ligation of the LayV DNA fragments and to ensure adherence to the genomic “rule of six”. All cloning will be performed with E.coli Stbl2 cells. The fully sequenced plasmids will be transferred to Core E. Virus rescue and subsequent virus characterization by cell-based assays will be conducted in collaboration with Core E. In addition, rLayV will be examined by Core E in animal model development studies such including the hamster and/or ferret, both successful for the prototype HNVs. 

		[bookmark: _heading=h.2et92p0][image: ]

		

Figure 7. Schematic representation of recombinant reporter viruses. The pOLTV5opt-rLayV plasmid (a top) and rLayV-GFP genome (a bottom). The arrows indicate regions of self-cleavage. The pOLTV5opt-rCedV plasmid (b). The rLayV-GFP genome (c bottom). The long arrows indicate regions of self-cleavage. Shown are the unique restriction sites MluI and SphI that will be used to construct rCedV-LayV-GFP. 





Aim 2.2: Construct, rescue and characterize a recombinant Cedar reporter virus encoding Langya virus envelope glycoproteins. 

Generation of rCedV encoding LayV envelope glycoproteins. rCedV-LayV-GFP will be produced by synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the LayV F and G coding sequences. The CedV non-coding intergenic regions are retained to adhere to the genomic “rule of six”. Unique restriction sites, will facilitate the insertion of the LayV F and G gene cassette into the genome clone (pOLTV5opt-rCedV) (Figure 7b) generating rCedV-LayV-GFP (Figure 7c). All cloning is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-LayV-GFP antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (HNV-CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is observed (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored as single use aliquots at -80°C42-44,74.

In vitro characterization of rCedV-LayV-GFP. The growth kinetics of rCedV-LayV-GFP compared to rCedV or rCedV-NiV/HeV chimeras will be assessed by infecting Vero cells with MOIs of 0.01, 0.1 and 1 and progeny virus recovered in 24hr intervals over a 72hr period and titered. In parallel experiments, infected cells will also be imaged for fluorescence and syncytia (HNV-CPE). Figure 8 illustrates the syncytia (indicated by the yellow arrows) formed in Vero E6 cells infected with either rCedV-NiV-B-GFP or rCedV-HeV-GFP chimeras. The rCedV-LayV-GFP neutralization assays will be conducted by FRNT44. We have also already generated several murine mAbs to LayV F and G (3C4-LY and 4G5-LY to LayV F; and 2B2-LY and 6E5-LY to LayV F) and these will be used in neutralization assays. In addition, we will develop rabbit sera to LayV N, P and L proteins.

[image: ]Figure 8. Syncytia induced by rCedV expressing NiV-B or HeV envelope glycoproteins. Vero E6 cells were uninfected (Mock) or infected with either rCedV-NiV-B-GFP, rCedV-HeV-GFP, or rCedV-GFP. All images are 24hrs post-infection. Zoomed-in fluorescence images (3rd row) are the yellow boxes. Arrows indicate giant multinucleated cells (syncytia). Representative images from three independent experiments are shown. Scale bar, 50 μm.



Aim 2.3: Construct, rescue and characterize recombinant reporter viruses encoding Angavokely virus envelope glycoproteins. 

Generation of rCedV encoding AngV envelope glycoproteins. Figure 9 diagrams each of the proposed virus constructs that will be prepared. The genome designs, lengths and position of the GFP and Luc reporter genes are also shown. rCedV-AngV-GFP will be produced by synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the AngV F and G coding sequences. The AngV F and G coding sequences will be based on the GenBank: ON613535.1 sequence. The GenBank accession numbers for AngV F and AngV G are UVG43988.1 and UVG43989.1, respectively.

[image: ]Figure 9. Schematic representation of the AngV chimeric reporter viruses. The pOLTV5opt-rCedV plasmid (a). Shown are the unique restriction sites MluI and SphI that will be used to construct rCedV-AngV-GFP and rCedV-AngV-Luc. The rCedV-AngV-GFP and rCedV-AngV-Luc genome (b). Shown are the unique restriction sites MluI and KpnI that will be used to construct VSV-AngV-GFP and VSV-AngV-Luc (c). The long arrows indicate regions of self-cleavage.

CedV non-coding intergenic regions are retained to adhere to the genomic “rule of six”. Unique restriction sites, will facilitate the insertion of the AngV F and G gene cassette into the rCedV antigenome plasmid (Figure 9a) generating rCedV-AngV-GFP (Figure 9b). The rCedV-AngV-Luc clone will be produced by swapping the reporter gene coding sequences. All cloning is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-AngV-GFP or pOLTV5opt-rCedV-AngV-Luc antigenome plasmid. After 4 days cultures are examined for GFP expression and syncytia (HNV-CPE). BSR-T7/5 cells and supernatants from successful rescue are collected and passaged in Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is observed (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored as single use aliquots at -80°C42-44,74. 

Generation of a VSV encoding AngV envelope glycoproteins. We will also construct reporter gene encoding versions of a replication competent VSV encoding the AngV F and G glycoproteins (GFP and Luc) (Figure 9c). A large gene cassette comprising VSV untranslated intergenic regions flanking the AngV F and G coding sequences will be synthesized. Unique restriction enzyme sites, will facilitate the insertion of the AngV F and G gene cassette into the VSV backbone plasmid to generate VSV-AngV-GFP (Figure 9c). The VSV-AngV-Luc clone will be produced by swapping the reporter gene coding sequences. Cloning procedures are performed in E. coli Stbl2 cells and all plasmid clones verified by sequencing. Rescue of VSV-AngV-GFP and VSV-AngV-Luc, will be performed in BSR-T7/5 cells, in 12-well plates, transfected with helper plasmids, VSV-N, VSV-P, and VSV-L and the VSV-AngV-GFP or VSV-AngV-Luc antigenome plasmids. After 48hrs the cells and supernatants are collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus uses HEK293T cells (6-well plates) by inoculation with the supernatant from step 1. Typically, when GFP fluorescence and/or cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus stocks stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and harvested virus supernatants are purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% sucrose/TNE buffer, and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. Virus stocks (GFP) are titered (infectious units/ml (IU/ml)) by serial dilution on HEK293T cells in 96-well black walled plates. At 24hrs post-infection plates are fixed with 4% formaldehyde, washed 3x with diH20 and imaged (fluorescence) with a CTL S6 analyzer. Luciferase encoding VSV stocks are titered by plaque assay75.

[bookmark: _heading=h.tyjcwt]Characterization of the recombinant reporter viruses in cell-based infection assays. Replication kinetics of rCedV-based and VSV-based AngV F/G viruses are assayed by Vero cell culture infection using MOIs of 0.01, 0.1 and 1, and progeny virus recovered in 24hr intervals and titered. rCedV-AngV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV chimeras. Similarly, VSV-AngV F/G virus replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G71. The rCedV-AngV-GFP and VSV-AngV-GFP assays will be conducted by FRNTs44 and rCedV-AngV-Luc and VSV-AngV-Luc in luciferase assays42.

Expected results, potential pitfalls and alternatives. We expect that rCedV-LayV-GFP and rCedV-AngV reporter viruses can be rescued. In addition, we expect that these chimeric viruses will induce syncytia and replicate to high titers. Neutralization assays will typically be conducted as 3 independent repeats and the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. In the event that the rescue of rCedV chimeric viruses are not viable, multiple strategies may be examined. 1) test different ratios of helper plasmids and antigenome plasmid; 2) perform rescue in different cell lines; 3) construct alternate versions of the LayV and/or AngV F and G genes within the antigenome plasmids, such as, fuse the LayV and/or AngV F and G ectodomains with the transmembrane and/or cytoplasmic tail domains of the corresponding CedV F and G elements which may facilitate virus particle formation and membrane fusion activity. 

Aim 3: Evaluate HNV-specific antibodies and nanobodies developed by the Center’s RPs and Core D.

[image: ]Rationale and Preliminary Data. The rCedV chimeric system we established replaces the need for authentic NiV-B and HeV in neutralization assays. Neutralization values of well-characterized NiV/HeV cross-reactive neutralizing mAbs highly correlated between rCedV-NiV-B-GFP and rCedV-HeV-GFP and authentic NiV-B and HeV at BSL-4 when tested by conventional PRNT44. The Pearson correlation analysis between the rCedV chimeras BSL-2 PRNT and the NiV-B or HeV BSL-4 PRNT is shown in Figure 10a. We further developed the rCedV-NiV-B-GFP and rCedV-HeV-GFP neutralization assay into a high-throughput and quantitative assay that is based on the reduction of GFP foci, a FRNT44. The Pearson correlation analysis between the chimeras PRNT and FRNT is shown in Figure 10b. Taken together, these data demonstrate that rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeric viruses are an ideal set of suitable surrogate viruses for conducting a rapid FRNT-based assay for assessing NiV and HeV antibody neutralization. 

Figure 10. Pearson correlation analysis of rCedV chimeras. Pearson correlation analysis of PRNT neutralization (%) values of rCedV-NiV-B-GFP versus NiV-B (a, i-iv) and rCedV-HeV-GFP versus HeV (a, v-viii). Pearson correlation analysis from PRNTs (y-axes) and FRNTs (x-axes) of rCedV-NiV-B-GFP (b, i-iv) and rCedV-HeV-GFP (b, v-viii). Neutralization with mAbs m102.4, h5B3.1, 12B2 or 1F5 are shown. The Pearson correlation coefficient ‘r,’ p-value (two-tailed), linear regression line (solid lines), and 95% confidence intervals (dashed lines). 

Experimental Design.

Here, using the new tools (rCedV-LayV-GFP, rCedV-AngV-GFP, rCedV-AngV-Luc, VSV-AngV-GFP and VSV-AngV-Luc) we will assess neutralizing activity, of HNV specific mAbs and/or sera from HNV immunized mice that will be generated by Core D. The FRNT is high throughput and performed in 96-well plates to establish a 7-point dose response. Serially diluted immune sera or mAbs are mixed with either rCedV-NiV-B-GFP or rCedV-HeV-GFP for 2hrs. The virus-mAb or virus-sera mixtures are then added in triplicate to confluent pre-seeded Vero 76 cells in black-walled clear bottom 96-well plates and incubated for an additional 24hrs. Plates are then fixed and imaged and fluorescent foci counted using the CTL Basic Count software. The 50% inhibitory concentration (IC50) will be determined as the mAb concentration or serum dilution at which there was a 50% reduction in fluorescent foci versus untreated control wells. Neutralization assays will typically be conducted as 3 independent repeats and the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. 

Expected results, potential pitfalls and alternatives. We do not anticipate any unexpected limitations in assessing the neutralization potential of antibodies and sera generated from other research projects and/or cores as we have successfully demonstrated that the rCedV-GFP chimeric FRNT platform can serve as a surrogate BSL-2 neutralization assay that is high throughput with a fast turnaround time. 

[bookmark: _heading=h.4d34og8]Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2.

At completion of Phase I we will have i) a procedure to fabricate PPZ adjuvanted MNP using sG, sF or a combination of both viral glycoproteins; ii) generated rLayV with an associated animal model in collaboration with Core E with reporter virus construct (rCedV-LayV-GFP); and iii) generated reporter viruses AngV (rCedV-AngV-GFP, rCedV-AngV-Luc, VSV-AngV-GFP and VSV-AngV-Luc). Here, in Phase II we propose to test the hypothesis that the PPZ-MNP vaccine platform technology can be adapted and transferred as a ‘plug and play’ strategy for other paramyxoviruses, namely the divergent HNVs LayV and AngV. The major goal rests on the rescue of LayV and establishing an infection/disease model of this most recently discovered pathogenic, zoonotic, HNV. Nevertheless, if rescue of rLayV with an associated animal model is not achieved, we will still be able to test the MNP approach as proof-of-concept to the extent of generating robust immune responses in animals and testing neutralizing antibody responses using both LayV and AngV reporter virus systems. 

PPZ-MNP manufacture. The fabrication of the MNPs by Core C will be prepared for both the F and G viral glycoproteins: LayV-sG, LayV-sF, AngV-sG and AngV-sF depending on the data and outcomes, and vaccine down-selection in Phase I we may also include a combination of sG and sF. Vaccine antigens will have been prepared by Core D. It may be important to evaluate both the attachment and fusion glycoprotein immunogens for LayV and AngV in Phase II. Although the preponderance of data to date for the pathogenic prototype HNVs (NiV/HeV) indicates that the attachment glycoprotein (G) alone can serve as an effective vaccine immunogen, this is presently unknown for these two divergent HNVs, so test both sF and sG for these HNVs is needed.

Immunogenicity. As in Aim 1, groups of 5 mice will be used for each immunogen(s) and a control of nonimmunized subjects. Sera will be drawn as scheduled in Figure 3. ELISA titers of sera to vaccine immunogens will be evaluated by Core C and sera will be evaluated for virus neutralization with newly developed reporter viruses. Cellular immune responses will be assessed as described in Aim 1.

Animal challenge studies. The experimental design for these studies will be adjusted once the animal model has been developed. The basic design will follow those for ferrets and AGMs described in Aim 1. The immunogen will be chosen based on the results from the mouse sera neutralization tests. 

Expected results, potential pitfalls and alternatives. We expect that LayV / AngV glycoproteins MNPs fabrication will be possible. Mouse immunization studies with MNPs are likely to be uncomplicated and we will be able to assess immune responses. These data will determine whether the sG or sF is the immunogen of choice for best virus neutralization antibody induction. If rescue of rLayV and establishing an animal model are not met, the ability to measure inhibition of virus in cell-based assays, using either the new reporter viruses or a cell-cell fusion surrogate assays will be done. The mouse immunogenicity studies, together with the virus neutralization assays will provide a foundation for potential anti-LayV and anti-AngV MNP vaccine approaches. 

Project Milestones, Timelines, and Go/No-go decisions. The RP2 Aims, milestones, and timeline with activities having periodic assessments by Center leaders, SAB, and NIAID staff as shown in the Gannt Chart. 

Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines

[bookmark: m_-1155447920965689799__Hlk136691000][bookmark: m_-1155447920965689799__Hlk136680814]Milestone 1: Adjuvanted MNP vaccines are successfully prepared: In year 1, the MNP vaccine fabrication by Core C will commence and formulation of recombinant antigens with PCEP adjuvant in the context of MNPs will be assessed. We are confident that this stage of the research plan will be achievable because we have already had success in MNP fabrication with the HeV-sG formulated with two different PPZ adjuvants (PCEP and PCPP) and the preliminary mouse immunization and cellular immune responses and induction of NiV/HeV cross-neutralizing antibody titers was excellent, with ID50 titers significantly greater than previously measured pre-challenge ID50 titers that provided complete protection across several prior studies in cats, ferrets, horses, and AGMs (preliminary data). We expect that the formulation of the remaining 3 prototype HNV immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb (and the combination test: HeV-sG+NiV-sFstb)) adjuvanted with PCEP and applied to the MNPs will be fully achievable. Analysis will also include antigen stability studies by re-release of sGtet and sFstb immunogens and recognition by select conformation dependent mAbs. A go/no-go decision may be made pending the results of MNP fabrication and antigen analysis of each MNP vaccine type, poor fabrication or loss of antigen integrity will trigger termination of those individual vaccines prior to immunogenicity studies. 

[image: ]Milestone 2: High immunogenicity and best in class immunogen(s) identified: Core C will conduct immunogenicity studies in mice as detailed in the preliminary data and experimental plan and the Core research plan; multi-parameter humoral and cellular immune responses will be assessed (antigen specific antibody induction, virus-neutralization, and polyfunctional T-cell responses by in vitro stimulation). As sera are made available from the mice MNP vaccine cohorts, we will assess the NiV/HeV-neutralizing antibody activities of each of the MNP vaccine formulations of the prototype HNV immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG, and HeV-sG+NiV-sFstb). The criteria to judge success and go/no-go decisions will be levels of cross-neutralizing antibody responses (neutralization of both HeV and NiV-B) induced by each vaccine type. We expect to be able to down-select to ‘best-in-class’ vaccine as a single antigen or perhaps the combination antigen MNP vaccine formulation at this stage prior to progressing to the first-round ferret challenge models.

Milestone 3: MNP vaccination protection in animal challenge studies: Here, the determination of whether MNP vaccination affords protection in animal model challenge experiments will be made. For the NiV and HeV prototypes the animal models (ferret and AGM) are extremely well-developed and the PABVAX Center leadership and staff have extensive experience in this area, and outcomes at this stage should be readily assessable. If we are successful in developing and validating the PPZ adjuvanted MNP recombinant protein vaccine approach for the HNV prototypes (NiV/HeV) and demonstrate protection in the planned homologous and heterologous HNV challenge studies, this will be expected to be a ‘go’ decision point in year 3, and the proposed Specific Aim 4 tasks (below) will continue in preparation for Phase II of the PABVAX Center. If in the unlikely event that the MNP vaccine approach fails (no-go) then further consultation with industry and regulatory expertise within Core D and partners and the SAB will be geared towards using the previously identified ‘best-in-class’ immunogens with alternative vaccine platforms (IM formulations; virus vectored such as a VSV technology held by the PABVAX Center PI and RP1 PI at UTMB; or mRNA, Moderna Inc., has provided the Center a letter of support).

Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools.

[bookmark: m_-1155447920965689799__Hlk136693744]Milestone 1: Successful rescue of recombinant Langya virus. Since the genetic data on LayV is derived from an actual human virus isolate, it suggests that rescue of rLayV will be possible. RP2 staff have extensive experience in HNV reverse genetics with rCedV (and VSV) with unique newly developed reagents. Virus rescue is in collaboration with Core E, followed by virus characterization in cell-based assays. Core E will then initiate small animal model development studies such as the hamster and/or ferret, both successful for the prototype HNVs. If rescue and animal modeling is successful, it will be very significant advancement for this pandemic preparedness initiative and objectives, and the virus, reagents, tools and models supplied to the ReVAMPP network. If rescue is not possible a no-go decision is obvious for animal model development. However, even if a LayV isolate remains unavailable by other means, we can still test the MNP approach with LayV and also our alternative divergent HNV prototype (AngV) by characterizing G and/or F vaccine-induced neutralizing antibodies using alternative reporter viruses (Milestone 2 below) or cell-based (cell-cell fusion assays; Figure 6B).

Milestone 2: Construction of rCedV and rVSV reporter viruses encoding LayV and AngV F/G glycoproteins: Here, we have reasonable confidence that one or both alternate reporter virus platforms will be possible. Successful rescue of these reporter viruses will enable the determination of immune sera neutralization titers and is a ‘go’ for the development of the neutralization assays. An unsuccessful rescue of either of the LayV or AngV reporters will be a no-go for those assay developments. If neither reporter virus is rescued we will proceed to cell-cell fusion assays development to study the immune sera neutralization titers. We have already successfully generated recombinant sFstb and sGtet glycoproteins from AngV and LayV based on available sequence data (AngV, RP2 in collaboration with Dr. Cara Brook, The University of Chicago, and letter of support included in the PABVAX Overall component; and LayV, in collaboration with RP5 leaders and Genovac, Inc.). In our prior experience, success in making soluble and secreted oligomeric forms of virus glycoproteins strongly indicates that genetic sequences are correct which should also translate into functional proteins. Rescued viruses will be characterized in various cell-based assays. These new virus tools will be used in collaboration with RP4, RP5 and Core D, in assessing newly developed mAbs and nabs against LayV and AngV, and also vaccine-induced neutralizing antibody responses in PABVAX Center activities in Phase II.

Aim 3: Is also shown which is the collaborative support provided by RP2 in assessing specific antibody development activities to HNVs by RP4 and RP5 is also included.

Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. At this stage one or both of the divergent HNV prototypes (LayV and/or AngV) would be selected and the milestones for progress would include MNP vaccine manufacture; mouse immunogenicity studies; and virus challenge protection. These milestones will be similar as described for Specific Aim 1. We have obtained preliminary structural characterizations of sFstb and sGtet glycoproteins from AngV and LayV (native-like oligomeric and stabilized glycoproteins) in collaboration with RP5 leaders, and have also determined (preliminary data) that the LayV sFstb and sGtet glycoproteins are recognized by 3 previously generated mAbs to MojV F/G from our lab (RP2). As discussed above, the primary HNV target of RP2 is LayV, and the alternate is AngV, but the go/no-go decisions on the virus target will depend on the progress and outcomes of the earlier studies. Also, as discussed above, even in the absence of rLayV rescue or its availability from another source and its characterization in animal models by Core E; or the possible isolation of AngV and its work-up in vivo and pathogenesis studies by Core E; we expect to still be able to assess and validate the recombinant subunit protein MNP vaccine approach with our already prepared immunogens and the other virus tools we plan on developing.

Industry Expertise and Regulatory Considerations

Consultation with industry and regulatory expertise within Cores A and D and the SAB will be critical and occur with regularity as the project progresses by quarterly virtual meetings, written quarterly reports and data analysis, and annual meetings with Center participants. Relative to the major goal of RP2 (MNP vaccines): Stability, manufacturability testing, and early process development of the MNP-based vaccines will be researched in collaboration with Core C and Core D industry experts, and interface with the SAB. As vaccines are regulated by The Center for Drug Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), performance of all activities will be as per regulatory expectations. Consultation and input from Core D vaccine industrial partners (Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated into the translational development efforts of the MNP-based HNV vaccine platform. The expectation in the out years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings will be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” pandemic readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, ReVAMPP Centers.

[bookmark: m_-1155447920965689799__Hlk136685591][bookmark: m_-1155447920965689799__Hlk136689967]If new neutralizing mAbs to the F glycoprotein of NiV/HeV (cross-reactive) or to LayV or AngV or nabs or bi-specific nabs that show antiviral activities to NiV/HeV, from the collaborations of RP2, RP3, RP4 and RP5 are found, we will seek industry and regulatory expertise in Core D and the SAB in areas such as; identification of correlates of protection, lead optimization, stability and manufacturability testing. Antibodies may be engineered (such as altered N-glycans, Fc mutations for effector functions and extended half-life, multimeric formats) by Core D and further evaluated to correlate mechanisms of action with maximal efficacy by Core E (authentic HNVs) and RP3 (rCedV chimera model). This work will identify lead prototypes to transition to early process development. Further details on antibody development, milestones, and go/no-go decisions are discussed in the relevant RPs and Cores D and E.
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Research Strategy 


Significance 


The constant threat posed to global public health by emerging and reemerging zoonotic viruses emphasizes the 
importance for pandemic preparedness by developing countermeasures. The highly pathogenic Hendra virus 
(HeV) and Nipah virus (NiV) are the prototype members in the genus Henipavirus in the family Paramyxoviridae1, 
and the selected prototypes chosen for RP2. HeV was first discovered in 1994, in Queensland, Australia where 
it was the causative agent of a severe and fatal respiratory disease among horses along with a human case 
fatality1,2. Whereas, in 1998-1999 in Malaysia and Singapore an outbreak of encephalitis in people and 
respiratory disease in pigs was eventually determined to be caused by a closely related virus - to NiV3,4. These 
viruses are capable of causing a systemic and often fatal respiratory and/or neurological disease in at least 11 
mammalian species including humans, with fatality rates ranging from 40-100%5,6. As a result of this high lethality 
and lack of approved vaccines or antivirals, HeV and NiV are classified as Biosafety Level-4 (BSL-4) pathogens. 
NiV and henipaviral diseases are also included in the WHO’s Blueprint List of Priority Pathogens7, and NiV is 
among the Coalition for Epidemic Preparedness Innovations (CEPI) list of Priority Diseases needing urgent 
research and countermeasure development and are recognized as agents of pandemic threat potential8,9. HeV, 
though apparently restricted to Australia, has spilled over 66 times, most recently in 202210. HeV has caused the 
death or euthanasia of >100 horses, 2 HeV positive and euthanized dogs, and 4 fatalities of 7 human cases10,11. 
Whereas NiV is present throughout a large area including South and Southeast Asia from the Philippines to 
western India. The frequent outbreaks of NiV in Bangladesh and India have high human case fatality rates 70-
100%. NiV transmission in Bangladesh to humans has been linked to contaminated fruits or date palm sap, and 
person-to-person transmission12-15. In total, there have been >620 human cases of NiV infections >330 fatalities, 
the most recent in 202316. The genus Henipavirus now includes nine other species; the four viral isolates of 
CedV, Gamak virus, Daeryong virus, and Langya virus (LayV)17-19 and five additional species known only from 
nucleic acid sequence information; Ghana bat virus (GhV), Mòjiang virus, Melian virus, Denwin virus, and 
Angavokely virus (AngV)20-23. Pteropid fruit bats, known as flying foxes, are recognized natural reservoir hosts 
for NiV, HeV24,25, CedV18, GhV and AngV. One of these, CedV, has been shown to be nonpathogenic in several 
animals susceptible to HeV and NiV disease including mice, guinea pigs and ferrets18,26 and African green 
monkeys (AGMs) (Geisbert and Broder, unpublished). The remaining six reported henipaviruses (HNVs) are 
likely of rodent origins. One of these six, the isolate LayV, is associated with nonfatal febrile illness in humans19.  


HNVs are enveloped, single-stranded, negative sense RNA viruses that share a similar genomic makeup. 
The viruses have two membrane anchored glycoproteins involved in entry: the attachment (G) glycoprotein that 
engages the host cell receptor and the fusion (F) glycoprotein, which facilitates virion and host cell membrane 
fusion. The viral G and F proteins are the major targets of neutralizing antibodies and the focus of all vaccine 
and therapeutic antibody strategies27,28. However, CedV is distinct from other HNVs, and the phosphoprotein (P) 
gene does not encode the interferon antagonist proteins V and W18,29-31. The nonpathogenic phenotype of CedV 
is most likely attributed to the lack of these nonstructural proteins. Based on genetic data, all identified HNVs, 
except CedV, can potentially express the V and W proteins. CedV is recognized as a BSL-2 restricted agent32. 


Innovation 


There are multiple layers of innovation within RP2. First, the proposed development of henipavirus (HNV) 
subunit vaccine candidates using an innovative microneedle array patch (MNP) technology that may be suitable 
for the incorporation of immunogens derived from other undiscovered pathogenic HNVs or paramyxoviruses in 
the future. Second, the construction of a rLayV reverse genetics system will be highly valuable in the HNV 
toolbox to study putative differences in pathogenesis and vaccine design between HNVs of bat and rodent origin, 
and significant resource to the ReVAMPP network’s objectives. Third, generation of BSL-2 surrogate platforms 
that are based on rCedV and VSV will allow for a wide-variety of in vitro studies to support infection and host 
response studies and to screen in a high throughput manner the neutralization activity of immune sera and 
monoclonal antibodies (mAbs) and nanobodies (nabs) without the requirement for high containment. Fourth, 
considering that the LayV and AngV F and G proteins are functionally fusion active, the generation of viable 
rCedV chimeras bearing either LayV or AngV F and G glycoproteins is feasible.  


Approach 


Scientific Premise 


To date, the most extensively studied NiV/HeV vaccine is a soluble, recombinant, oligomeric form (dimers and/or 
tetramers) of the G glycoprotein of HeV (HeV-sG)11,27,33, and has been demonstrated to confer complete 







protection against lethal challenge with NiV-M (Malaysia), NiV-B (Bangladesh) or HeV in multiple animal 
models34-40. It has most recently been shown to provide complete protection of AGMs against NiV-B challenge 
performed one week post-immunization (single dose)41. The HeV-sG vaccine is marketed by Zoetis, Inc., for 
equine use in Australia since 2012 and is the first commercialized vaccine against any BSL-4 pathogen. HeV-
sG /Alum intramuscular formulation is currently in clinical trial as an anti-NiV vaccine. RP2 proposes to enhance 
the formulation, immunogenicity, and delivery of recombinant subunit protein based HNV vaccines.  


We have developed rCedVs as new tools to study HNV host cell interactions, including ephrin receptor 
use and infection tropism, and in the development of HNV countermeasures. Experiments with rCedV can be 
conducted in a BSL-2 containment setting. The rCedV reverse genetics system42,43 allowed us to develop a 
rCedV chimeric platform, where the CedV F and G glycoproteins are replaced with that of either NiV-B or with 
HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV). We have successfully 
rescued and characterized the chimeric viruses with and without reporter genes44. The neutralizing potencies of 
several well-characterized cross-reactive NiV/HeV F and G specific mAbs against these rCedV chimeras highly 
correlate with the potencies obtained for the same antibodies to neutralize authentic NiV-B and HeV by plaque 
reduction neutralization tests (PRNTs). The green fluorescent protein (GFP) reporter chimeras were employed 
to develop a rapid, high-throughput, and quantitative fluorescence reduction neutralization test (FRNT). The 
antibody potencies to neutralize the reporter gene containing chimeras in the FRNT highly corelated with the 
respective potencies obtained by PRNT44. The rCedV chimera assay has been employed in several studies and 
its high-throughput ability has also allowed for the conduct of NiV/HeV mAb synergy neutralization tests45-47. The 
rCedV chimeras have their most important application in an authentic HNV-based surrogate neutralization assay 
that is rapid, cost-effective, and can be utilized in BSL-2 containment. We believe that the rCedV reverse genetics 
system may be able to serve as a plug-and-play platform for other emerging or pathogenic HNVs. To accomplish 
this, RP2 will develop a variety of rCedV variants with reporter genes that will serve as important tools for the 
PABVAX Center RPs and Cores, and also for the NIAID, ReVAMPP network for pandemic preparedness. 


Scientific Rigor 


The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings 
in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. 
All experiments are carried out with several internal controls with multiple replications to guarantee 
reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with 
biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been 
properly performed. rCedV laboratory manipulation guidelines and standard operating procedures under BSL-2 
conditions were developed for the laboratory and staff, and all procedures were reviewed and approved by the 
Uniformed Services University Institutional Biosafety Committee in accordance with NIH guidelines. The rCedV 
tools described here have been transferred to multiple institutions and research organizations which have also 
reviewed and approved their use at BSL-2 containment. 


Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines. 


Rationale and Preliminary Data. It is well documented that the HNV G and F glycoproteins are the primary 
targets for virus neutralizing antibodies27,45,48-53. As such, HeV-sG subunit has clinically advanced in the 
development of HeV and NiV vaccines. Building on this work, Aim 1 will compare the immunogenicity and efficacy 
of alternate NiV vaccine immunogens (NiV-sGtet, NiV-sFstb), HeV vaccine immunogen (HeV-sFstb), and a bivalent 
HNV vaccine candidate (NiV-sFstb+HeV-sG) along with the clinical subunit HeV-sG. All immunogens will be 
delivered as polyphasphazene (PPZ) adjuvanted MNP vaccines in three animal species (mice, ferrets, and non-
human primates-NHPs (AGMs)). Immunogenicity will initially be performed in mice by Core C. The neutralizing 
potencies of the immunized mouse sera will then be evaluated by in vitro neutralization assays using rCedV-
NiV-B-GFP and rCedV-HeV-GFP44. The superior neutralizing antibody inducing MNP vaccine type(s) will be 
evaluated by animal challenge studies ferrets (first-tier) challenged with NiV-B or HeV and the lead vaccine 
candidate(s) from those studies will then be evaluated in AGM (second-tier) challenge studies. 


Adjuvants are included in vaccine designs to generate a robust and durable vaccine induced immune 
response. We will utilize a synthetic PPZ macromolecule as the adjuvant to complement the proposed NiV and 
HeV vaccine immunogens. The PPZ macromolecule has many distinctive properties that make it an attractive 
choice as an adjuvant; 1) water-soluble and biodegradable, 2) spontaneously self-assembles with antigens in 
aqueous solutions, 3) forms nanoassemblies that mimick the dimensions of a virus (60-100nm)54,55 and 4) is 
completely compatible with MNPs56-58, the delivery mechanism that will be employed for the HNV immunogens. 
The extensive clinical use and experimental evidence supports the safety and potency of PPZ in enhancing 







vaccine-induced protective immune responses54-60. In particular, the most commonly used PPZ adjuvant is the 
clinical stage poly[di(carboxylato-phenoxy)phosphazene] (PCPP) and its structural homologue 
poly[di(carboxylato-ethylphenoxy) phosphazene] (PCEP), which, significantly boosts vaccine immunogenicity 
without the requirement for large amounts of antigen while providing long-lasting protection in live viral challenge 
studies60-62. MNPs are promising resources to achieve systemic effects by transdermal delivery. They are a 
minimally invasive, painless system, which can bypass the stratum corneum and overcome the potential 
drawbacks of subcutaneous injections63. (See Core C Research Plan). 


Manufacturing and characterization of HeV-sG±PCEP MNPs. The technology for fabricating MNPs pioneered 
by Bediz et al.,64 was developed and is described in detail in the Core C Research Plan). We have conducted 
preliminary studies with the dissolvable MNPs incorporating HeV-sG antigen with or without PPZ adjuvants 
including PCEP (HeV-sG±PCEP MNPs) in collaboration with the investigators of Core C. Spin-casting of 
carboxymethyl cellulose and trehalose was used to create MNPs incorporating HeV-sG AF555±PCEP into 
obelisk-shaped microneedles having the vaccine components at the tip region to maximize the vaccine delivery 
efficiency by locating the vaccine components at the skin-penetrating regions of the microneedles (Figure 1a). 
The HeV-sG±PCEP MNPs can have a pre-determined array size of 10x10mm (for mice studies) and 20x20mm 
or greater (for larger animal studies). Images of the HeV-sG AF555±PCEP MNPs before (Figure 1a) and after 
(Figure 1b) application (15-20 mins), confirm a nearly complete dissolution of the microneedles into the skin 
demonstrating that the vaccine was effectively deposited into the skin. To facilitate the characterization and to 
visualize skin penetration of the developed HeV-sG±PCEP MNPs, HeV-sG was fluorescently labeled with Alexa 
Fluor 555 dye, HeV-sG AF555. To test the intracutaneous delivery capacity, HeV-sG AF555±PCEP MNPs were 
applied to the abdomen skin of C57BL/6 mice for 15 min and then removed.  The HeV-sG AF555±PCEP MNP-
treated mice were imaged before and after in vivo skin applications by using an in vivo live animal fluorescent 
imaging system (IVIS Lumina XR) and the acquired images were post-processed using Living Image software 
(PerkinElmer). Figures 1c and 1d further corroborate the microscopy analysis of these MNPs and show effective 
deposition of vaccine components to murine skin (Figure 1c: HeV-sG AF555 and Figure 1d: HeV-sG 
AF555+PCEP). Together, these data support the feasibility of our PPZ MNP vaccine platform for the translational 
development of skin-targeted HNV vaccines that could also be employed using recombinant protein immunogens 
(or even virus-like particles) from other viral agents from a wide-variety of virus families. 


Figure 1: In vivo intracutaneous delivery efficacy of HeV-
sG±PCEP MNPs in mice. An optical stereomicroscopy image of 
HeV-sG AF555+PCEP CMC/Trehalose microneedles before (a) and 
after (b) in vivo skin application. Administration of HeV-sG AF555 (c) 
and HeV-sG AF555+PCEP (d) to mouse skin in vivo with MNPs, 
captured by using a fluorescence in vivo imaging system (IVIS). 


HeV-sG±PCEP MNPs with unlabeled HeV-sG were 
fabricated and the immunogenicity tested in C57BL/6 
mice. Groups of 5 mice were immunized on Day 0 (D0) 
(prime) and D21 (boost) with HeV-sG±PCEP MNPs. 
Sera were collected on D35 and analyzed by ELISA for 
total binding antibodies (endpoint titers) (Figure 2a) and 
HNV neutralizing capacity of serum in the rCedV 
chimeras FRNT44 (Figure 2b). These results show 


Figure 2: MNPs induced humoral responses and initial MNP 
stability data. Mice immunized prime/boost. MNPs applied to the 
abdominal skin of C57BL/6 mice 15 min, D0 (prime) and D21 
(boost). Endpoint binding titers (a) ELISA. Neutralizing ID50 titers (b) 
by FRNT. Stability of MNPs (c) measured at D14 endpoint binding 
titers using a 30-day-old MNP compared to fresh MNP. Neutralizing 
ID50 titers with HeV-sG MNP (1:272) and HeV-sG+PCEP MNP 
(1:11,445) against rCedV-HeV-GFP. 


that MNPs are highly effective in inducing antigen-
specific binding and neutralization antibodies, and 
improved with PCEP adjuvant. Additional data also 


demonstrate that the PPZ MNP platforms are superior to intramuscular injection of the current clinical Alum-
formulated HeV-sG vaccine (Core C; Figure 4a). In addition, temperature stability was tested by storing the 
HeV-sG±PCEP MNPs at room temperature without refrigeration. Mice were immunized with fresh (group 1) and 
30-day old MNP (group 2) by single dose immunization. Mice were bled on D14 post immunization and the 







endpoint titers of total IgG levels were determined by ELISA. Figure 2c suggests that MNP-embedded vaccine 
components retain their immunogenicity for at least a month without refrigeration with no statistically significant 
differences in the antibody binding titers between fresh and the 30-day-old MNPs. 


Experimental Design. 


Aim 1.1: Manufacturing and characterization of PPZ MNPs with HNV glycoprotein antigens. We have 
tested GLP-like HeV-sG antigen (above), manufactured by Catalent Pharma Solutions, and it is currently 
available. The remaining 3 immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb) will be prepared by Genovac, Inc., and 
Core C will prepare MNPs with each of NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG+NiV-sFstb and HeV-sG, all 
adjuvanted with PCEP. Each fabricated batch of PPZ MNPs will be tested in vitro for geometric integrity, 
mechanical integrity, vaccine loading accuracy and reproducibility, biological integrity, endotoxin content, 
vaccine stability, and in vivo skin delivery performance before the animal immunization studies. The specific 
quantitative release criteria are as follows: 1) geometric integrity and accuracy – >95% high-quality microneedles 
across a PPZ MNP vaccine and <10% deviation from the target geometric values; 2) structural integrity – factor 
of safety (FOS) > 2 (FOS is equal to the failure forces/penetration forces); 3) vaccine loading accuracy and 
reproducibility – 10% deviation from the mean of theoretical amounts and <10% standard deviation of the mean 
value; 4) biological integrity – no significant aggregation of adjuvant-antigen complexes and no significant loss 
of antigenicity (p>0.05); 5) endotoxin content – < 1 endotoxin unit per PPZ MNP vaccine; 6) thermostability – 
biological integrity at elevated temperatures; 7) skin delivery performance – <10% of remaining materials in terms 
volume and <15% of remaining materials in terms of vaccine after 20 min murine skin application in vivo and 20 
min the RP-specific animal-skin application ex vivo (See Core C application for more details). Based on the 
preliminary data and experience with fabricating HeV-sG MNP, we expect the technology to be plug and play 
applicable with the new HNV immunogens and with the combination of two different HNV immunogens.  


Aim 1.2: Immunogenicity assessment HeV/NiV antigen PPZ MNPs in mice. To evaluate the immunogenicity 
of PCEP MNP platform with NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG, and HeV-sG+NiV-sFstb, murine 
immunization studies will be conducted (Core C). The immunization strategy will be performed as single-dose 
(D0) and prime(D0)-boost(D21) with female C57BL/6 mice (n = 5 mice per group). A schematic of the 
immunization and bleeding schedule is shown in Figure 3. Naïve or unimmunized mice will serve as negative 
controls and mice immunized with the intramuscular injection of Alum-complexed antigens will serve as positive 
controls. Serum levels of antigen-specific antibodies (IgM, total IgG, IgG1, IgG2c, and IgA) will be assayed by 
ELISA. The sera will be tested for neutralization activity using the respective reporter rCedV chimeras – rCedV-
HeV-GFP and rCedV-NiV-B-GFP in the FRNT assay44.  


Figure 3. Immunization - bleeding schedule for mouse immunogenicity study.  


Cellular immune responses will also be evaluated as described in the 
Core C Research Strategy. Briefly, mice will be sacrificed five days 
after the booster dose. Mouse blood PBMCs and cells from lymph 


nodes and spleen will be stimulated with a pool of antigenic peptides derived from the respective immunogen 
sequence(s). Antigen-specific polyfunctional cellular responses (IFN-γ, TNF-α, IL-2, IL-4, IL-17: CD4+ and CD8+ 
T-cell) will be determined by using multi-color flow cytometry and intracellular cytokine staining65,66. Studying the 
cellular responses for HNV immunogens has recently gained more interest and preliminary mouse studies have 
just begun using the HeV-sG vaccine subunit – antigenic peptides have been identified. 


Aim 1.3: Evaluation of the immunogenicity and protection efficacy of PPZ MNP HNV vaccines in ferrets. 
The immunogenicity and efficacy of the lead PPZ MNP HNV vaccine candidates defined in Aim 1.2 will be tested 
in ferret challenge studies in Year 2 of the project (Core E). Ferrets (n = 6 ferrets per group) will be immunized 
with the lead PPZ MNP HNV vaccine candidates via either single-dose (D0) or prime(D0)-boost(D21) 
immunization regimen. Unimmunized ferrets will serve as negative controls. (Group 1: Lead PPZ MNP HNV 
vaccine candidate 1 with the prime-boost regimen. Group 2: Lead PPZ MNP HNV vaccine candidate 2 with the 
prime-boost regimen. Group 3: Lead PPZ MNP HNV vaccine candidate 1 with the single-dose regimen. Group 
4: Lead PPZ MNP HNV vaccine candidate 2 with the single-dose regimen. Group 5: Naïve/Unimmunized 
controls). The five groups will be challenged with a lethal dose (5000 TCID50) of either NiV-B or HeV. 
Immunization, challenge and blood and swab sampling schedules are diagrammed in Figure 4. Vaccine-induced 
humoral responses in ferrets prior to virus challenge will be evaluated by Core E and RP2. All protected animals 
and survived controls will be euthanized on day 21 post-infection challenge (end of study) and lung and brain 
tissue along with swabs (oral and rectal) and blood samples will be collected. These will be tested for the 
presence of viral RNA by TaqMan PCR performed by using the primer sets and probes35. Virus isolation will only 







be attempted from specimens that were PCR positive for NiV-B or HeV genomes. Virus titration will be performed 
by plaque assay on Vero cells. The limit for detection will be 25 pfu/ml. The experimental details of the challenge 
studies in ferrets are described in Core E. End of study sera neutralization titers will also be measured by FRNT. 


Figure 4. Expected schedule to immunize ferrets and AGMs in the planned efficacy 


studies. Blood and swabs, oral and rectal, samples will be taken weekly, on days 0, 7, 14, 21, 


28, 35, 42, 49, 56 and 63. Single dose groups do not receive boost immunization on D21. 


Antigen-specific stimulation of cytokine production by ferret PBMCs will be 
assayed. The custom-synthesized antigen-specific Peptivators obtained from 


Core C will be compatible with these studies, but we acknowledge that there is a lack of ferret-specific reagents 
for comprehensive evaluation of cytokine production of peptivator-stimulated PBMCs. Unlike comprehensive 
studies in mice and AGMs, these studies will quantify the production of cytokines, for which ELISA kits are 
commercially available, such as ferret IL-17A, IFN-γ, TNF-α, and IL-2, 48 hr after stimulation (See, e.g.,67). 


Aim 1.4: Immunogenicity and protection efficacy of the lead PPZ MNP HNV vaccine in AGMs. This 
challenge study will be in year 3 (Core E). The immunogen(s) and MNP vaccine type that provides the best 
cross-protection in the ferret studies will be tested in AGM NiV-B or HeV challenge studies. Fresh MNPs will be 
fabricated for this study. The study will be conducted by Core E and will entail four groups of AGMs (n = 3 AGMs 
per group). Immunizations with the lead PPZ MNP HNV vaccine candidate will be either as a single-dose (D0) 
or prime(D0)-boost(D21) regimen. Groups 1 and 2 will be immunized as a prime-boost strategy while groups 3 
and 4 will be immunized with a single dose. Naïve unimmunized AGMs will serve as negative controls. The 
immunization, challenge and blood and swab sampling schedules will follow that as outlined in Figure 4. Groups 
1 and 3 will be challenged with a lethal dose of NiV-B, while groups 2 and 4 will be challenged with a lethal dose 
of HeV (lethal dose = 1x105 TCID50). Sera from blood samples taken before the challenge will be tested by RP2 
to measure the serum neutralization titers using the same procedure as for mice and ferret sera. Antigen-specific 
total IgG levels will be determined by commercially available ELISA. Virus-specific neutralization activity against 
each of HeV and NiV-B will be tested by FRNT assay in the same way as proposed for mice and ferret sera 
samples. The AGM sera samples will also be tested for neutralization activity against authentic viruses (Core E) 
by using the BSL-4 PRNT assay. Antigen-specific stimulation of key cytokine production by AGM PBMCs, which 
will be obtained prior to live virus challenge studies, and will also be assessed as described in Aim 1.2. 


Aim 1.5: Identifying the correlates of immunization with the lead PPZ MNP HNV vaccine across multiple 
species. Here we propose to determine the correlates of immunization with the lead PPZ MNP HNV vaccine 
candidate across multiple species – mice, ferrets, and AGMs. This aim will be inherently integrated with the Aims 
1.2-1.4. During these experiments, 3hr post immunization, skin biopsies and serum samples will be obtained 
from mice, ferrets and AGMs. Prior to challenge studies in AGMs, serum and skin samples from the three 
different species (mice, ferrets, and AGMs) immunized with the lead PPZ MNP vaccine candidate will be assayed 
to quantify their cytokine levels (IL-6, TNF-α, IL-17A, IL-10, IL-1β, IL-6, IL-4, IL-5, TNF-α, IFN-α, IFN-β, IFN-γ, 
and IL-12p70). We note a limitation that while the multiplex assays are commercially available for mice and 
AGMs, we will have to use the cytokine-specific ELISAs for ferrets to determine only those cytokine levels for 
which ELISA kits are available, such as ferret IL-17A, IFN-γ, and TNF-α. We expect to identify within the obtained 
results correlates of immunization across the three species for the lead PPZ MNP vaccine candidate. We also 
expect that these correlates of immunization might be predictive for the vaccine protective efficacy.  


Aim 1.6: Evaluate stability of the lead PPZ MNP HNV vaccine candidate. Here, we will test the thermostability 
of the lead PPZ MNP HNV vaccine candidates based on retention of their immunogenicity upon storage at room 
temperature and at 40oC for an extended period of time (1-, 3-, 6-, and 12-month storage). Mice (n = 5 mice per 
group) will be immunized with fresh and stored PPZ MNP HNV vaccines in a single-dose regimen and blood 
samples will be collected 2 weeks after immunization. To test the stability of PPZ MNP HNV vaccine candidates, 
serum levels of total IgG antibodies will be determined by Core C and the virus-specific neutralization capacity 
of these antibodies will be evaluated by the FRNT assay (RP2). Stability will be indicated by no statistically 
significant differences between binding antibody levels and neutralization titers induced by fresh PPZ MNP HNV 
vaccines compared to those elicited by stored PPZ MNP HNV vaccines. Additional stability testing will be initiated 
with the freshly manufactured MNP for the AGM challenge study. 


Expected results, potential pitfalls and alternatives. Prior data on HNV vaccines support our expectations 
that we will be able to assess the potency and longevity of vaccine induced responses of lead PPZ MNP HNV 
vaccine candidates from the proposed studies. The HeV-sG immunogen has been tested as a HNV vaccine in 
multiple (2-dose prime-boost) prior studies and that protective pre-challenge ID50 neutralizing titers against NiV-







M can be as low as of 1:32 in the feline model35,38; that more than 1 year post-vaccination and pre-challenge 
neutralizing titers as low as 1:16 to 1:128 in the ferret model are protective against NiV-M40; as an equine vaccine, 
horses with pre-challenge HeV neutralizing titers ranging from 1:16 to 1:32 at 6 months post-vaccination are 
completely protected36; and in AGMs pre-challenge ID50 neutralizing titers ranging from 1:28 to 1:379 against 
NiV-M are completely protective34; and most recently, a HeV-sG/Alum formulation protects against NiV-B 
challenge in AGMs with pre-challenge  ID50 titers ranging from only 1:10 to 1:16041. Almost without exception, 
complete protection from challenge in these studies also shows no gross or histologic evidence of infection in 
any of the vaccinated subjects at study completions, with all tissues examined negative for viral antigen, with no 
viral genome detected. We expect to obtain protection in AGMs with the lead PPZ MNP HNV vaccine candidate. 
From the stability study, we will determine the shelf-life of the lead PPZ MNP HNV vaccine candidate. We are 
confident that if the preliminary mouse immunogenicity studies reveal neutralizing antibody responses are robust, 
this will translate to protection in the planned challenge studies in ferrets. Indeed, preliminary data has shown 
robust neutralizing ID50 titers from the mouse immunizations. The non-adjuvanted HeV-sG MNP induced an ID50 
titer of 1:272 and the adjuvanted form HeV-sG+PCEP MNP induced an ID50 titer of 1:11,445 against the HeV 
chimera; and an ID50 titer of 1:331 against the NiV chimera. There is a minimal risk of not finding any protecting 
immunogen (MNP vaccine type or immunogen combination). The PABVAX Center team is sufficiently 
experienced to handle and resolve any possible unforeseen issues and pitfalls. 


Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 


Rationale and Preliminary Data: Negative stain electron microscopy (EM) was performed on LayV F and G 
glycoproteins. The 2D and 3D classifications of LayV F (Figure 5a) and G (Figure 5b) revealed distinct trimer 
and tetramer assembly, respectively. In addition, using LayV-sF and LayV-sG, our previously generated mAbs 
to MojV F and G tested by ELISAs demonstrated that there was a dose dependent increase in LayV-sF (Figure 
5c) and LayV-sG (Figure 5d) binding. This data forms the premise for rescuing a rCedV bearing LayV F and G 
glycoproteins (the sequences from LayV are likely correct). We will construct a full-length recombinant LayV 


Figure 5. Negative stain EM analysis of LayV sFstb and sGtet. 2D and 3D classifications of LayV F trimers (a) and LayV G tetramers 


(b). ELISA cross-reactivity MojV F mAb (c, yellow) with LayV-sF and MojV G mAb (d, green) with LayV-sG. 


Figure 6. AngV F and G cell-cell fusion using 


a dual split luciferase. A schematic 


representation of the dual split-luc cell-cell fusion 


assay (a). Split-luc cell-cell fusion assay with 


AngV F and G plasmid constructs (b). 


sequence that encodes GFP. The LayV 
F and G coding sequences are the LayV 
isolate SDQD_H1801 (GenBank: 
OM101125.1); LayV F and LayV G; 
UUV47205.1 and UUV47206.1, 
respectively. The replication competent 
rCedV will be used. We will design, 
construct and rescue a new rCedV 
chimera that encodes the envelope 


glycoproteins (F and G glycoproteins) of LayV, i.e., a rCedV-LayV reporter virus encoding GFP. We will 
characterize it using cell-based infection tropism and growth kinetic assays. We have also utilized an established 
quantitative fusion assay based on a dual-split-luciferase reporter assay42,43,68,69 to determine functionality of 
AngV envelope glycoproteins (F and G glycoproteins). Content mixing between F/G bearing effector cells and a 







permissive target cell restores luciferase and a signal can be measured43 (Figure 6a). In addition, we have 
already constructed AngV sGtet and sF proteins and their structural solutions (both pre-fusion and post-fusion sF 
and the tetrameric structure of sGtet) have been made by the PL of RP5, and cell-fusion is observed in Vero E6 
cells and the bat kidney cell line, PaKiT, indicating that full-length AngV F/G are functional (Figure 6b). Taken 
together, these data suggest that the rescue of reporter viruses with LayV and AngV F/G is feasible. We will 
characterize viruses in cell-based infection tropism and growth kinetics assays. Alternatively, we will also 
construct a set of reporter gene-encoding VSV-based (LayV and AngV F/G bearing) reporter viruses as 
previously done with Australian bat lyssavirus (ABLV) G glycoproteins70,71 and authentic ABLV72,73. 


Experimental Design. 


Aim 2.1: Design and construct a recombinant Langya virus reporter virus. Figure 7 diagrams each of the 
proposed virus constructs that will be generated. The genome design, length and position of the green 
fluorescent protein gene are shown, and the experimental plans are described below. LayV helper plasmids for 
the N, P, and L genes will be synthesized. To construct the rLayV-GFP antigenome plasmid, large gene 
fragments of LayV will be synthesized and sequentially cloned into pOLTV5opt (Figure 7a). Unique restriction 
sites will be chosen to facilitate ligation of the LayV DNA fragments and to ensure adherence to the genomic 
“rule of six”. All cloning will be performed with E.coli Stbl2 cells. The fully sequenced plasmids will be transferred 
to Core E. Virus rescue and subsequent virus characterization by cell-based assays will be conducted in 
collaboration with Core E. In addition, rLayV will be examined by Core E in animal model development studies 
such including the hamster and/or ferret, both successful for the prototype HNVs.  


 


 
Figure 7. Schematic representation of 
recombinant reporter viruses. The 
pOLTV5opt-rLayV plasmid (a top) and rLayV-
GFP genome (a bottom). The arrows indicate 
regions of self-cleavage. The pOLTV5opt-
rCedV plasmid (b). The rLayV-GFP genome (c 
bottom). The long arrows indicate regions of 
self-cleavage. Shown are the unique restriction 
sites MluI and SphI that will be used to 
construct rCedV-LayV-GFP.  


Aim 2.2: Construct, rescue and characterize a recombinant Cedar reporter virus encoding Langya virus 
envelope glycoproteins.  


Generation of rCedV encoding LayV envelope glycoproteins. rCedV-LayV-GFP will be produced by 
synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the LayV 
F and G coding sequences. The CedV non-coding intergenic regions are retained to adhere to the genomic “rule 
of six”. Unique restriction sites, will facilitate the insertion of the LayV F and G gene cassette into the genome 
clone (pOLTV5opt-rCedV) (Figure 7b) generating rCedV-LayV-GFP (Figure 7c). All cloning is performed in E. 
coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) 
with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-LayV-GFP 
antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (HNV-CPE). 
BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve Vero 76 
cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is observed (~2–3 days), 
supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be 
characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by 
plaque assay and stored as single use aliquots at -80°C42-44,74. 


In vitro characterization of rCedV-LayV-GFP. The growth kinetics of rCedV-LayV-GFP compared to rCedV or 
rCedV-NiV/HeV chimeras will be assessed by infecting Vero cells with MOIs of 0.01, 0.1 and 1 and progeny virus 
recovered in 24hr intervals over a 72hr period and titered. In parallel experiments, infected cells will also be 
imaged for fluorescence and syncytia (HNV-CPE). Figure 8 illustrates the syncytia (indicated by the yellow 
arrows) formed in Vero E6 cells infected with either rCedV-NiV-B-GFP or rCedV-HeV-GFP chimeras. The rCedV-
LayV-GFP neutralization assays will be conducted by FRNT44. We have also already generated several murine 
mAbs to LayV F and G (3C4-LY and 4G5-LY to LayV F; and 2B2-LY and 6E5-LY to LayV F) and these will be 
used in neutralization assays. In addition, we will develop rabbit sera to LayV N, P and L proteins. 







Figure 8. Syncytia induced by rCedV expressing NiV-B or HeV envelope 
glycoproteins. Vero E6 cells were uninfected (Mock) or infected with either 
rCedV-NiV-B-GFP, rCedV-HeV-GFP, or rCedV-GFP. All images are 24hrs 
post-infection. Zoomed-in fluorescence images (3rd row) are the yellow boxes. 
Arrows indicate giant multinucleated cells (syncytia). Representative images 
from three independent experiments are shown. Scale bar, 50 μm. 
 
Aim 2.3: Construct, rescue and characterize recombinant 
reporter viruses encoding Angavokely virus envelope 
glycoproteins.  


Generation of rCedV encoding AngV envelope 
glycoproteins. Figure 9 diagrams each of the proposed virus 


constructs that will be prepared. The genome designs, lengths and position of the GFP and Luc reporter genes 
are also shown. rCedV-AngV-GFP will be produced by synthesizing large gene cassettes comprising CedV F 
and G untranslated intergenic regions flanking the AngV F and G coding sequences. The AngV F and G coding 
sequences will be based on the GenBank: ON613535.1 sequence. The GenBank accession numbers for AngV 
F and AngV G are UVG43988.1 and UVG43989.1, respectively. 


Figure 9. Schematic representation of the AngV chimeric 
reporter viruses. The pOLTV5opt-rCedV plasmid (a). Shown are 
the unique restriction sites MluI and SphI that will be used to 
construct rCedV-AngV-GFP and rCedV-AngV-Luc. The rCedV-
AngV-GFP and rCedV-AngV-Luc genome (b). Shown are the 
unique restriction sites MluI and KpnI that will be used to construct 
VSV-AngV-GFP and VSV-AngV-Luc (c). The long arrows indicate 
regions of self-cleavage. 


CedV non-coding intergenic regions are retained to 
adhere to the genomic “rule of six”. Unique restriction 
sites, will facilitate the insertion of the AngV F and G 
gene cassette into the rCedV antigenome plasmid 
(Figure 9a) generating rCedV-AngV-GFP (Figure 


9b). The rCedV-AngV-Luc clone will be produced by swapping the reporter gene coding sequences. All cloning 
is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 
cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-
rCedV-AngV-GFP or pOLTV5opt-rCedV-AngV-Luc antigenome plasmid. After 4 days cultures are examined for 
GFP expression and syncytia (HNV-CPE). BSR-T7/5 cells and supernatants from successful rescue are 
collected and passaged in Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP 
is observed (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. 
Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture 
amplification and titered by plaque assay and stored as single use aliquots at -80°C42-44,74.  


Generation of a VSV encoding AngV envelope glycoproteins. We will also construct reporter gene encoding 
versions of a replication competent VSV encoding the AngV F and G glycoproteins (GFP and Luc) (Figure 9c). 
A large gene cassette comprising VSV untranslated intergenic regions flanking the AngV F and G coding 
sequences will be synthesized. Unique restriction enzyme sites, will facilitate the insertion of the AngV F and G 
gene cassette into the VSV backbone plasmid to generate VSV-AngV-GFP (Figure 9c). The VSV-AngV-Luc 
clone will be produced by swapping the reporter gene coding sequences. Cloning procedures are performed in 
E. coli Stbl2 cells and all plasmid clones verified by sequencing. Rescue of VSV-AngV-GFP and VSV-AngV-Luc, 
will be performed in BSR-T7/5 cells, in 12-well plates, transfected with helper plasmids, VSV-N, VSV-P, and 
VSV-L and the VSV-AngV-GFP or VSV-AngV-Luc antigenome plasmids. After 48hrs the cells and supernatants 
are collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus uses 
HEK293T cells (6-well plates) by inoculation with the supernatant from step 1. Typically, when GFP fluorescence 
and/or cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus 
stocks stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and harvested virus 
supernatants are purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% 
sucrose/TNE buffer, and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. 
Virus stocks (GFP) are titered (infectious units/ml (IU/ml)) by serial dilution on HEK293T cells in 96-well black 
walled plates. At 24hrs post-infection plates are fixed with 4% formaldehyde, washed 3x with diH20 and imaged 
(fluorescence) with a CTL S6 analyzer. Luciferase encoding VSV stocks are titered by plaque assay75. 







Characterization of the recombinant reporter viruses in cell-based infection assays. Replication kinetics 
of rCedV-based and VSV-based AngV F/G viruses are assayed by Vero cell culture infection using MOIs of 0.01, 
0.1 and 1, and progeny virus recovered in 24hr intervals and titered. rCedV-AngV-GFP virus replication can be 
compared to rCedV or rCedV NiV/HeV chimeras. Similarly, VSV-AngV F/G virus replication can be compared to 
expected virus production of wildtype VSV or VSV-ABLV G71. The rCedV-AngV-GFP and VSV-AngV-GFP 
assays will be conducted by FRNTs44 and rCedV-AngV-Luc and VSV-AngV-Luc in luciferase assays42. 


Expected results, potential pitfalls and alternatives. We expect that rCedV-LayV-GFP and rCedV-AngV 
reporter viruses can be rescued. In addition, we expect that these chimeric viruses will induce syncytia and 
replicate to high titers. Neutralization assays will typically be conducted as 3 independent repeats and the data 
generated from these assays will be analyzed and graphed using GraphPad Prism 9. In the event that the rescue 
of rCedV chimeric viruses are not viable, multiple strategies may be examined. 1) test different ratios of helper 
plasmids and antigenome plasmid; 2) perform rescue in different cell lines; 3) construct alternate versions of the 
LayV and/or AngV F and G genes within the antigenome plasmids, such as, fuse the LayV and/or AngV F and 
G ectodomains with the transmembrane and/or cytoplasmic tail domains of the corresponding CedV F and G 
elements which may facilitate virus particle formation and membrane fusion activity.  


Aim 3: Evaluate HNV-specific antibodies and nanobodies developed by the Center’s RPs and Core D. 


Rationale and Preliminary Data. The rCedV chimeric system we established replaces the need for authentic 
NiV-B and HeV in neutralization assays. Neutralization values of well-characterized NiV/HeV cross-reactive 
neutralizing mAbs highly correlated between rCedV-NiV-B-GFP and rCedV-HeV-GFP and authentic NiV-B and 
HeV at BSL-4 when tested by conventional PRNT44. The Pearson correlation analysis between the rCedV 
chimeras BSL-2 PRNT and the NiV-B or HeV BSL-4 PRNT is shown in Figure 10a. We further developed the 
rCedV-NiV-B-GFP and rCedV-HeV-GFP neutralization assay into a high-throughput and quantitative assay that 
is based on the reduction of GFP foci, a FRNT44. The Pearson correlation analysis between the chimeras PRNT 
and FRNT is shown in Figure 10b. Taken together, these data demonstrate that rCedV-NiV-B-GFP and rCedV-
HeV-GFP chimeric viruses are an ideal set of suitable surrogate viruses for conducting a rapid FRNT-based 
assay for assessing NiV and HeV antibody neutralization.  


Figure 10. Pearson correlation 


analysis of rCedV chimeras. 


Pearson correlation analysis of 


PRNT neutralization (%) values of 


rCedV-NiV-B-GFP versus NiV-B (a, 


i-iv) and rCedV-HeV-GFP versus 


HeV (a, v-viii). Pearson correlation 


analysis from PRNTs (y-axes) and 


FRNTs (x-axes) of rCedV-NiV-B-


GFP (b, i-iv) and rCedV-HeV-GFP 


(b, v-viii). Neutralization with mAbs 


m102.4, h5B3.1, 12B2 or 1F5 are 


shown. The Pearson correlation 


coefficient ‘r,’ p-value (two-tailed), 


linear regression line (solid lines), 


and 95% confidence intervals 


(dashed lines).  


Experimental Design. 


Here, using the new tools 
(rCedV-LayV-GFP, rCedV-
AngV-GFP, rCedV-AngV-
Luc, VSV-AngV-GFP and 
VSV-AngV-Luc) we will 


assess neutralizing activity, of HNV specific mAbs and/or sera from HNV immunized mice that will be generated 
by Core D. The FRNT is high throughput and performed in 96-well plates to establish a 7-point dose response. 
Serially diluted immune sera or mAbs are mixed with either rCedV-NiV-B-GFP or rCedV-HeV-GFP for 2hrs. The 
virus-mAb or virus-sera mixtures are then added in triplicate to confluent pre-seeded Vero 76 cells in black-
walled clear bottom 96-well plates and incubated for an additional 24hrs. Plates are then fixed and imaged and 
fluorescent foci counted using the CTL Basic Count software. The 50% inhibitory concentration (IC50) will be 
determined as the mAb concentration or serum dilution at which there was a 50% reduction in fluorescent foci 







versus untreated control wells. Neutralization assays will typically be conducted as 3 independent repeats and 
the data generated from these assays will be analyzed and graphed using GraphPad Prism 9.  


Expected results, potential pitfalls and alternatives. We do not anticipate any unexpected limitations in 
assessing the neutralization potential of antibodies and sera generated from other research projects and/or cores 
as we have successfully demonstrated that the rCedV-GFP chimeric FRNT platform can serve as a surrogate 
BSL-2 neutralization assay that is high throughput with a fast turnaround time.  


Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. 


At completion of Phase I we will have i) a procedure to fabricate PPZ adjuvanted MNP using sG, sF or a 
combination of both viral glycoproteins; ii) generated rLayV with an associated animal model in collaboration with 
Core E with reporter virus construct (rCedV-LayV-GFP); and iii) generated reporter viruses AngV (rCedV-AngV-
GFP, rCedV-AngV-Luc, VSV-AngV-GFP and VSV-AngV-Luc). Here, in Phase II we propose to test the 
hypothesis that the PPZ-MNP vaccine platform technology can be adapted and transferred as a ‘plug and play’ 
strategy for other paramyxoviruses, namely the divergent HNVs LayV and AngV. The major goal rests on the 
rescue of LayV and establishing an infection/disease model of this most recently discovered pathogenic, 
zoonotic, HNV. Nevertheless, if rescue of rLayV with an associated animal model is not achieved, we will still be 
able to test the MNP approach as proof-of-concept to the extent of generating robust immune responses in 
animals and testing neutralizing antibody responses using both LayV and AngV reporter virus systems.  


PPZ-MNP manufacture. The fabrication of the MNPs by Core C will be prepared for both the F and G viral 
glycoproteins: LayV-sG, LayV-sF, AngV-sG and AngV-sF depending on the data and outcomes, and vaccine 
down-selection in Phase I we may also include a combination of sG and sF. Vaccine antigens will have been 
prepared by Core D. It may be important to evaluate both the attachment and fusion glycoprotein immunogens 
for LayV and AngV in Phase II. Although the preponderance of data to date for the pathogenic prototype HNVs 
(NiV/HeV) indicates that the attachment glycoprotein (G) alone can serve as an effective vaccine immunogen, 
this is presently unknown for these two divergent HNVs, so test both sF and sG for these HNVs is needed. 


Immunogenicity. As in Aim 1, groups of 5 mice will be used for each immunogen(s) and a control of 
nonimmunized subjects. Sera will be drawn as scheduled in Figure 3. ELISA titers of sera to vaccine 
immunogens will be evaluated by Core C and sera will be evaluated for virus neutralization with newly developed 
reporter viruses. Cellular immune responses will be assessed as described in Aim 1. 


Animal challenge studies. The experimental design for these studies will be adjusted once the animal model 
has been developed. The basic design will follow those for ferrets and AGMs described in Aim 1. The immunogen 
will be chosen based on the results from the mouse sera neutralization tests.  


Expected results, potential pitfalls and alternatives. We expect that LayV / AngV glycoproteins MNPs 
fabrication will be possible. Mouse immunization studies with MNPs are likely to be uncomplicated and we will 
be able to assess immune responses. These data will determine whether the sG or sF is the immunogen of 
choice for best virus neutralization antibody induction. If rescue of rLayV and establishing an animal model are 
not met, the ability to measure inhibition of virus in cell-based assays, using either the new reporter viruses or a 
cell-cell fusion surrogate assays will be done. The mouse immunogenicity studies, together with the virus 
neutralization assays will provide a foundation for potential anti-LayV and anti-AngV MNP vaccine approaches.  


Project Milestones, Timelines, and Go/No-go decisions. The RP2 Aims, milestones, and timeline with 
activities having periodic assessments by Center leaders, SAB, and NIAID staff as shown in the Gannt Chart.  


Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines 


Milestone 1: Adjuvanted MNP vaccines are successfully prepared: In year 1, the MNP vaccine fabrication 
by Core C will commence and formulation of recombinant antigens with PCEP adjuvant in the context of MNPs 
will be assessed. We are confident that this stage of the research plan will be achievable because we have 
already had success in MNP fabrication with the HeV-sG formulated with two different PPZ adjuvants (PCEP 
and PCPP) and the preliminary mouse immunization and cellular immune responses and induction of NiV/HeV 
cross-neutralizing antibody titers was excellent, with ID50 titers significantly greater than previously measured 
pre-challenge ID50 titers that provided complete protection across several prior studies in cats, ferrets, horses, 
and AGMs (preliminary data). We expect that the formulation of the remaining 3 prototype HNV immunogens 
(NiV-sGtet, NiV-sFstb, HeV-sFstb (and the combination test: HeV-sG+NiV-sFstb)) adjuvanted with PCEP and 
applied to the MNPs will be fully achievable. Analysis will also include antigen stability studies by re-release of 
sGtet and sFstb immunogens and recognition by select conformation dependent mAbs. A go/no-go decision may 
be made pending the results of MNP fabrication and antigen analysis of each MNP vaccine type, poor fabrication 
or loss of antigen integrity will trigger termination of those individual vaccines prior to immunogenicity studies.  







Milestone 2: High immunogenicity and best in class immunogen(s) identified: Core C will conduct 
immunogenicity studies in mice as detailed in the preliminary data and experimental plan and the Core research 
plan; multi-parameter humoral and cellular immune responses will be assessed (antigen specific antibody 
induction, virus-neutralization, and polyfunctional T-cell responses by in vitro stimulation). As sera are made 
available from the mice MNP vaccine cohorts, we will assess the NiV/HeV-neutralizing antibody activities of each 
of the MNP vaccine formulations of the prototype HNV immunogens (NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG, 
and HeV-sG+NiV-sFstb). The criteria to judge success and go/no-go decisions will be levels of cross-neutralizing 
antibody responses (neutralization of both HeV and NiV-B) induced by each vaccine type. We expect to be able 
to down-select to ‘best-in-class’ vaccine as a single antigen or perhaps the combination antigen MNP vaccine 
formulation at this stage prior to progressing to the first-round ferret challenge models. 


Milestone 3: MNP vaccination protection in animal challenge studies: Here, the determination of whether MNP 
vaccination affords protection in animal model challenge experiments will be made. For the NiV and HeV 
prototypes the animal models (ferret and AGM) are extremely well-developed and the PABVAX Center leadership 
and staff have extensive experience in this area, and outcomes at this stage should be readily assessable. If we 
are successful in developing and validating the PPZ adjuvanted MNP recombinant protein vaccine approach for 
the HNV prototypes (NiV/HeV) and demonstrate protection in the planned homologous and heterologous HNV 
challenge studies, this will be expected to be a ‘go’ decision point in year 3, and the proposed Specific Aim 4 
tasks (below) will continue in preparation for Phase II of the PABVAX Center. If in the unlikely event that the MNP 
vaccine approach fails (no-go) then further consultation with industry and regulatory expertise within Core D and 
partners and the SAB will be geared towards using the previously identified ‘best-in-class’ immunogens with 
alternative vaccine platforms (IM formulations; virus vectored such as a VSV technology held by the PABVAX 
Center PI and RP1 PI at UTMB; or mRNA, Moderna Inc., has provided the Center a letter of support). 


Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 


Milestone 1: Successful rescue of recombinant Langya virus. Since the genetic data on LayV is derived from an 
actual human virus isolate, it suggests that rescue of rLayV will be possible. RP2 staff have extensive experience 
in HNV reverse genetics with rCedV (and VSV) with unique newly developed reagents. Virus rescue is in 
collaboration with Core E, followed by virus characterization in cell-based assays. Core E will then initiate small 
animal model development studies such as the hamster and/or ferret, both successful for the prototype HNVs. 
If rescue and animal modeling is successful, it will be very significant advancement for this pandemic 
preparedness initiative and objectives, and the virus, reagents, tools and models supplied to the ReVAMPP 
network. If rescue is not possible a no-go decision is obvious for animal model development. However, even if a 
LayV isolate remains unavailable by other means, we can still test the MNP approach with LayV and also our 
alternative divergent HNV prototype (AngV) by characterizing G and/or F vaccine-induced neutralizing antibodies 
using alternative reporter viruses (Milestone 2 below) or cell-based (cell-cell fusion assays; Figure 6B). 







Milestone 2: Construction of rCedV and rVSV reporter viruses encoding LayV and AngV F/G glycoproteins: Here, 
we have reasonable confidence that one or both alternate reporter virus platforms will be possible. Successful 
rescue of these reporter viruses will enable the determination of immune sera neutralization titers and is a ‘go’ 
for the development of the neutralization assays. An unsuccessful rescue of either of the LayV or AngV reporters 
will be a no-go for those assay developments. If neither reporter virus is rescued we will proceed to cell-cell 
fusion assays development to study the immune sera neutralization titers. We have already successfully 
generated recombinant sFstb and sGtet glycoproteins from AngV and LayV based on available sequence data 
(AngV, RP2 in collaboration with Dr. Cara Brook, The University of Chicago, and letter of support included in 
the PABVAX Overall component; and LayV, in collaboration with RP5 leaders and Genovac, Inc.). In our prior 
experience, success in making soluble and secreted oligomeric forms of virus glycoproteins strongly indicates 
that genetic sequences are correct which should also translate into functional proteins. Rescued viruses will be 
characterized in various cell-based assays. These new virus tools will be used in collaboration 
with RP4, RP5 and Core D, in assessing newly developed mAbs and nabs against LayV and AngV, and also 
vaccine-induced neutralizing antibody responses in PABVAX Center activities in Phase II. 


Aim 3: Is also shown which is the collaborative support provided by RP2 in assessing specific antibody 
development activities to HNVs by RP4 and RP5 is also included. 


Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. At this stage 
one or both of the divergent HNV prototypes (LayV and/or AngV) would be selected and the milestones for 
progress would include MNP vaccine manufacture; mouse immunogenicity studies; and virus challenge 
protection. These milestones will be similar as described for Specific Aim 1. We have obtained preliminary 
structural characterizations of sFstb and sGtet glycoproteins from AngV and LayV (native-like oligomeric and 
stabilized glycoproteins) in collaboration with RP5 leaders, and have also determined (preliminary data) that the 
LayV sFstb and sGtet glycoproteins are recognized by 3 previously generated mAbs to MojV F/G from our lab 
(RP2). As discussed above, the primary HNV target of RP2 is LayV, and the alternate is AngV, but the go/no-go 
decisions on the virus target will depend on the progress and outcomes of the earlier studies. Also, as discussed 
above, even in the absence of rLayV rescue or its availability from another source and its characterization in 
animal models by Core E; or the possible isolation of AngV and its work-up in vivo and pathogenesis studies by 
Core E; we expect to still be able to assess and validate the recombinant subunit protein MNP vaccine approach 
with our already prepared immunogens and the other virus tools we plan on developing. 


Industry Expertise and Regulatory Considerations 


Consultation with industry and regulatory expertise within Cores A and D and the SAB will be critical and occur 
with regularity as the project progresses by quarterly virtual meetings, written quarterly reports and data analysis, 
and annual meetings with Center participants. Relative to the major goal of RP2 (MNP vaccines): Stability, 
manufacturability testing, and early process development of the MNP-based vaccines will be researched in 
collaboration with Core C and Core D industry experts, and interface with the SAB. As vaccines are regulated 
by The Center for Drug Evaluation and Research (CDER) of the U.S. Food and Drug Administration (FDA), 
performance of all activities will be as per regulatory expectations. Consultation and input from Core D vaccine 
industrial partners (Emergent Biosolutions, Inc., and Moderna, Inc.; letters of support provided) will be integrated 
into the translational development efforts of the MNP-based HNV vaccine platform. The expectation in the out 
years of Phase I of the PABVAX period, leaders of Center will hold a pre-IND (type B) meeting with the FDA to 
discuss the Chemistry Manufacturing and Controls (CMC) section (topics such as cleavage or tag removal 
strategies if an issue for any recombinant protein vaccine candidate(s) for Drug Substance and strategy for 
manufacturing and releasing Drug Product), along with the all efficacy data from RP1/RP2/Core E and future 
IND-enabling toxicology studies to be supported by other NIAID mechanisms. Feedback from such meetings will 
be valuable for the translational development of any PPZ-MNP vaccines toward future “plug and play” pandemic 
readiness efforts, including the PABVAX Phase II plans, and the overall goal of the NIAID, ReVAMPP Centers. 


If new neutralizing mAbs to the F glycoprotein of NiV/HeV (cross-reactive) or to LayV or AngV or nabs or 
bi-specific nabs that show antiviral activities to NiV/HeV, from the collaborations of RP2, RP3, RP4 and RP5 are 
found, we will seek industry and regulatory expertise in Core D and the SAB in areas such as; identification of 
correlates of protection, lead optimization, stability and manufacturability testing. Antibodies may be engineered 
(such as altered N-glycans, Fc mutations for effector functions and extended half-life, multimeric formats) by 
Core D and further evaluated to correlate mechanisms of action with maximal efficacy by Core E (authentic 
HNVs) and RP3 (rCedV chimera model). This work will identify lead prototypes to transition to early process 
development. Further details on antibody development, milestones, and go/no-go decisions are discussed in the 
relevant RPs and Cores D and E. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center (PABVAX) 
RESEARCH STRATEGY 

Introduction. Emerging and periodically reemerging pathogenic enveloped RNA viruses are continuous 
pandemic threats. Among viral taxon associated with human zoonoses, members of the family Paramyxoviridae 
and order Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans 
can become infected via excreta from animal reservoir hosts such as rodents or bats, through intermediate 
amplifying hosts such as small or domestic animals, or by arthropod vectors such as mosquitos and ticks1-4. 
Humans often represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur. During this process, RNA viral pathogens may mutate and adapt to more efficiently 
replicate and shed in the host, posing an epidemic threat5, 6. The viral order Bunyavirales is composed of several 
viral families containing high priority human pathogens7. Notably, the Arenaviridae and Nairoviridae families 
contain viruses that cause severe hemorrhagic fever diseases in humans globally with mortality rates up to 60%8 
and significant, long-term sequelae in survivors9. Many bunyaviruses are included on the World Health 
Organization’s (WHO) List of Priority Pathogens10, 11. Six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin 
and Machupo (LASV, LUJV, CHAPV, GTOV, JUNV, MACV) and one nairovirus, Crimean-Congo hemorrhagic 
fever virus (CCHFV), are also identified as NIAID Category A pathogens12 due to their 1) high associated 
morbidity and mortality rates, 2) ease of dissemination and/or ability to transmit from person-to-person, 3) 
potential to cause public panic and social disruption, and 4) requirement for special actions in the context of 
public health preparedness. The Paramyxoviridae also includes members in the WHO Priority Pathogens, 
namely Nipah virus (NiV) and Hendra virus (HeV). These henipaviruses (HNVs) are the prototype members of 
the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory and/or 
neurological disease13. The genus now includes nine additional reported HNVs, but only HeV and NiV are 
associated with severe and often fatal henipaviral disease in humans and a number of animal species14. Langya 
virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile illness in humans15.  

These collective factors plus the absence of approved vaccines or therapeutics make bunyaviruses and 
paramyxoviruses a significant threat to global public health. There is a clear unmet need for countermeasures 

such as vaccines and antibody-based therapeutics 
to address the threat of natural outbreaks, 
epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center 
will focus on elucidating key principles for
developing vaccine and monoclonal antibody 
(mAb) countermeasures to prototype bunyavirus 

and paramyxovirus pathogens (Table 1). In the out years of the Center effort, PABVAX will exploit these learned 
key principles in a “plug and play” demonstration against related viruses. 

Arenaviridae: The Arenaviridae is composed of five genera: Mammarenavirus, Reptarenavirus, Innmovirus, 
Antennavirus, and Hartmanivirus16. The genus Mammarenavirus contains a large number of rodent-borne 
viruses, some of which cause severe hemorrhagic fever, neurological damage, death, and permanent sequelae; 
hearing loss, vision impairment, and balance issues in survivors17. While these genera exhibit a global 
distribution, two geographically distinct serogroups exist that diverged18. Old World complex mammarenaviruses 
(OWAV) in the Eastern Hemisphere include LASV, lymphocytic choriomeningitis virus (LCMV), and the newly 
discovered LUJV; New World complex mammarenaviruses (NWAV) in the Western Hemisphere include JUNV, 
MACV, Sabia Virus (SABV), and CHAPV. There are no FDA approved vaccines or therapeutics for 
mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use in Argentina. 

Disease severity and case fatality rates (CFR) vary across mammarenaviruses even within the same clades and 
species. Up to 500,000 cases of LASV infection occur per year with CFRs sometimes approaching 70% in 
hospitalized cases19. Before the introduction of the Candid-1 vaccine, it is believed that an upwards of 60,000 
cases of Argentine Hemorrhagic Fever (AHF) from infection with JUNV occurred per year with CFRs ranging 
from 15-30%. Convalescent plasma from JUNV survivors is still the primary means to treat acute AHF in 
Argentina20. Over 1000 cases were reported for the initial outbreak of MACV with CFRs ranging from 5-30%; 
enhanced rodent abatement practices and potentially cross-protective immunity in populations that have taken 
the JUNV Candid-1 vaccine may have reduced recent outbreak frequency21. All mammarenaviruses share a 
common genomic organization consisting of two ambisense (bi-directional reading frame) RNA segments. Each 
segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix) 
and L protein (polymerase), and the glycoprotein precursor (GPC) and nucleoprotein (NP)17. Despite general 

Family Prototype Plug and Play Test 
Case 

Arenaviruses Lassa (Old World) 
Machupo (New World) 

Lujo (Old World) 
Chapare (New World) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya 

Table 1. PABVAX selected prototype and test case viral agents 



similarity of their genomic architecture, mammarenaviruses exhibit marked differences in their replication life 
cycles including attachment factors, entry mechanisms, and immune evasion; nonetheless, the dominant 
antigens driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP.  

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with antigen-
based diagnostics across seven known lineages, suggesting the generation of cross-protective immunogens 
and antibodies against mammarenaviruses is achievable22. Monoclonal antibodies derived from human LASV 
survivors were shown to protect nonhuman primates (NHP) against lethal challenge23.  Recent crystal structure 
studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV 
glycoproteins (GPe)24. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a 
viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV 
endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, indicating this domain could serve as an antigenic target. 
Investigators in the Center RP1, Core E, and Core D have developed adjuvanted vaccines to test this approach 
and have demonstrated protection against lethal LASV lineage IV Josiah challenge. Specifically, a stabilized 
prefusion trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of these 
two approaches conferred protection in a lethal outbred guinea pig model. Nevertheless, even with the 
considerable molecular diversity in LASV strains, conservation at key antigenic sites within the GP and NP 
suggest a pan-LASV vaccine may be possible22, 25, 26. RP1 and Core E investigators have demonstrated that a 
recombinant vesicular stomatitis virus (rVSV)-based vaccine expressing the LASV-Josiah GPC is protective 
against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model27, and against 
heterologous challenge with Lineage II28, III, V29, and VI viruses (Cross and Geisbert, unpublished data).   

In Phase I of RP1, the ability of an optimized LASV GPe/NP subunit vaccine delivered intramuscularly (IM) will 
be assessed in guinea pig and NHP models across multiple viral lineages. We will also assess a microneedle 
skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination route affords more 
potent vaccine-mediated responses and protection.  Similarly, we have generated MACV GPe immunogens and 
will design a MACV NP-NTD subunit antigen to test the same approach across multiple MACV genetic lineages. 
In Phase II of RP1, we will assess the plug-and-play potential of our stabilized GPe/NP-NTD MNP vaccine 
approach against emerging test case mammarenaviruses representing both OWAV (LUJV) and NWAV (CHAPV) 
complexes, for which there are no vaccines available. A unique advantage of the PABVAX Center is its access 
to Biosafety Level (BSL)-4 containment, allowing us to work with authentic versus surrogate arenaviruses. The 
BSL-4 facilities described in Core E are capable of evaluating countermeasures in small animal models and 
NHPs. The cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and MACV 
research as disease recapitulates human infection and there are a multitude of immunological reagents 
available30-32. The evaluation of prototype OWAV and NWAV vaccines and therapies in the NHP model is likely 
pivotal for IND applications and for future licensure of medical countermeasures for human use. 

Nairoviridae: Unique to most bunyaviruses, orthonairoviruses are transmitted primarily by ticks2.  While there 
are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus33, Issyk-Kul virus34, Songling virus35), 
CCHFV is the most recognized public health threat. Outbreaks of CCHFV have occurred across Europe, Africa, 
the Middle East, and Asia. There is growing concern for expansion of the CCHFV endemic region due to 
increased range of its tick host (Hyalomma spp.) tied to bird migration changes, livestock trade, and global 
warming. For example, CCHFV cases have been reported in Spain36, a previously non-endemic region, and 
Hyalomma ticks have been found in Sweden37.  Infection in humans begins as a nonspecific febrile illness but 
can rapidly progress to a severe hemorrhagic fever and death in 30% of cases38. There are no FDA approved 
vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been 
in use in Bulgaria with limited efficacy39.  Ribavirin has been used to treat infections with limited success40. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and GPC 38. Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the host 
immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% amino 
acid homology38. Conversely, the CCHFV GPC is considerably less conserved (< 75% amino acid identity)38. 
The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location. Thus, creating a pan-CCHFV vaccine or therapeutic based solely on one clade poses a 
challenge. Nevertheless, we have demonstrated that heterologous vaccine mediated protection can be afforded 
using a rVSV vectored vaccine expressing the full GPC of CCHFV41. 



In phase 1, RP1 and Core D will generate CCHFV GP and NP immunogens with the highest level of homology 
across clades. We will assess their capacity to protect against lethal challenge with isolates from multiple CCHFV 
clades in established mouse41, 42 and NHP43 models with Core E. CCHFV GP and NP subunit vaccines will also 
be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-
and-play potential of the best formulation of CCHFV GP/NP MNP vaccine against the emerging test case 
nairovirus, Kasokero virus, for which there are no vaccines available. 

Paramyxoviridae: The HNVs NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses 
that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality4, 

44. HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal 
respiratory disease among horses along with a human case fatality45. NiV emerged just a few years later in 
Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and 
also respiratory disease in pigs, which served as amplifying hosts46. NiV and HeV can infect at least 18 animal 
species across 6 orders of mammals, and among these they cause a systemic and often fatal respiratory and/or 
neurological disease in 11 mammalian species including humans14,47. The NiV strain in Bangladesh (NiV-B) is 
of particular concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates 
exceeding 90% with little evidence of subclinical infections, and well-documented person-to-person 
transmission5. Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV 
emergence and reemergence remain continuous infectious disease transboundary threats to public health and 
economically important livestock throughout South and Southeast Asia and Australia. Their broad host tropism 
and ability to infect livestock also causes increased risk of human infections. HNVs are single-stranded, negative 
sense, enveloped RNA viruses and their biology lends themselves to be synthetically produced. NiV and HeV 
are BSL-4 pathogens and also classified as priority agents by US Department of Health and Human Services 
(HHS). The Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the 
list of Tier 1 Select Agents48 because the virus could be engineered for mass dissemination and it possesses 
the potential for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected 
by the WHO as an epidemic threat needing urgent research and development (R&D) action and has been 
included in the R&D Blueprint list of priority pathogens with epidemic potential49.  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been notable 
progress over the 15 years in the development of vaccines and postexposure human or humanized monoclonal 
antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, one human 
monoclonal antibody (mAb) and one humanized mAb exist. These postexposure treatments conferred protecion 
against NiV and HeV infection in animal challenge studies including nonhuman primates (NHP)50-53. The success 
of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in several 
emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 individuals 
to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in collaboration 
with USU and Queensland Health in Australia54. In contrast, several preventative vaccines against NiV and HeV 
have been shown to be 100% effective in preventing infection and disease in animal models including NHPs, 
and several vaccine platforms have clear potential for use in people14. The HNV G and F membrane 
glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all vaccine strategies14.  
Such preventive vaccines would have utility for lab workers, first responders or individuals at high-risk exposure, 
and in mitigating the spread of an outbreak. In the case of a biological attack or natural outbreak, a postexposure 
treatment would augment a pandemic preparedness posture. The most extensively studied HNV vaccine is a 
soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal challenge by either NiV 
(both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen 
is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first 
commercialized vaccine to a BSL-4 agent55. It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection47, 56. The evaluation of successful countermeasures for the prototype NiV and 
HeV and other related HNVs in the NHP model will likely be pivotal for IND applications and future licensure of 
select countermeasures for human use.  

More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related Mòjiāng virus 
and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not appear to 
employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished data)57. The divergent LayV will be 
the focus of the test case studies. The choice is justifiable for several important reasons: 1) LayV is a known 
pathogenic zoonotic HNV; 2) there is a known virus genome sequence derived from a human sourced virus 



isolate; and 3) we have already successfully engineered and expressed LayV sF (stabilized) and sG (tetramer) 
glycoproteins antigens. Another divergent bat-borne HNV, Angavokely virus (AngV), has recently been 
described. The Center will initiate studies on LayV in preparation for Phase II, including rescuing recombinant 
LayV (rLayV), exploring animal model development, constructing additional LayV and AngV reporter virus tools, 
and then translating and testing the MNP vaccine “plug-and-play” approach. Finally, we will evaluate new mAbs 
and nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs. 

PABVAX THEME. A strength of the PABVAX is that a majority of the Center Research Project (RP) and Scientific 
Core leaders have extensive experience in antiviral translational research and/or product development: 
Uniformed Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center 
(VVC), University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the 
University of Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core 
leaders currently have active and productive collaborative research programs in related areas, most spanning 
more than a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring 
unique and valuable vaccine development expertise to the team.  

The pandemic preparedness research gaps addressed by PABVAX are diagramed in Figure 1. Two Research 
Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, 

adaptable, and widely deployable, 
dissolvable microneedle patch 
(MNP)-based skin immunization 
vaccine technology that will use 
recombinant viral protein subunit 
immunogens; RP1 will target select 
prototype arenaviruses and 
nairoviruses, and RP2 will target 
the prototype HNVs. Both RP1 and 
RP2 will develop new prototype 
virus tools (recombinant prototype 
viruses) along with existing tools, to 
analyze vaccine responses and 
evaluate new mAbs and nabs from 
the other RPs. A third RP will 
develop a unique low-containment 
(BSL-2) mouse model of HNV 
infection that uses recombinant 
Cedar henipavirus (rCedV) in vivo 
and a bioluminescence detection 
method that can longitudinally trace 
the dynamics and anatomical 
progression of infection with a 
luciferase-encoding virus in 
individual animals (RP3). There will 

also be two RPs that focus on the development of broadly reactive human mAbs and nanobodies to the PABVAX 
selected viral prototypes. RP4 will isolate human mAbs derived from NiV-infected survivors with a specific focus 
on F glycoprotein-targeting mAbs. Additional human mAbs will be generated from humanized mice by viral 
prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics targeting henipaviruses 
and arenaviruses with a focus on targeting the CNS environment in animal modeling experiments using the 
select virus prototype vaccine antigens and immunization of nanomice as well as human nanobody phage library 
approaches. Critical research support to all the RPs will come from three Scientific Cores that will engage in the 
manufacture, quality control, and testing of MNP vaccines (Core C); production of recombinant viral proteins and 
antibody refinements (Core D); and animal modeling of prototype virus infections along with preclinical testing 
and evaluation of vaccines and antibody-based therapeutics (Core E). Under the direction of the PD/PIs (Drs. 
Geisbert and Broder), the Administrative Core (Core A) will provide organizational and programmatic structure 
to promote research productivity and scientific interactions along with compliance with regulations concerning 
select agent, vertebrate animal, and any human subject use. Core A will coordinate all activities with the external 
Scientific Advisory Board (SAB) and make data available through the Data Management Core (Core B). 

Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and 
Antibodies Center- (PABVAX). 



With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. The PABVAX Center will take advantage of a successful piloted 
research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators 
recently co-developed with scientists from the UPitt and IBBR/UMD (Core C). This project tested a dissolvable 
MNP-based vaccine technology ideally suited for the development of a rapid and inherently safe, recombinant 
protein-based subunit vaccine58. The MNP vaccine technology effectively harnesses the highly 
immunoresponsive cutaneous microenvironments using dissolvable microneedles that incorporates recombinant 
viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants59 to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble 
biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with 
dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble 
with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The 
PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as to facilitate improved vaccine storage and distribution due to their 
improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a 
synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted 
vaccine delivery platform. Here, Scientific Core C (Microneedle Patch Vaccines Core) will produce 
polyphosphazene (PPZ)-adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral 
targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP 
vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. 
The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down 
selection of vaccine formulations and components will be made based on first tier immune response data derived 
from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA 
and virus-specific neutralization activity in vitro, along with analysis of polyfunctional T-cell responses by 
antigenic peptide stimulation, followed by intracellular cytokine staining (ICS) and flow cytometry. 

Discover effective antibody-based prophylactics and therapies. Monoclonal antibodies (mAbs) are one of the 
most successful classes of drugs with the proven ability to address a variety of human health needs including 
oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic 
efficacy of mAbs against some of the most lethal viruses including Nipah60, Hendra61, Ebola62, Marburg63 and 
Lassa64. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action 
(such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D by Dr. Gunn. In addition to 
therapeutic applications, mAbs with Fc mutations dramatically extend serum half-life65-67 and offer an important 
tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for 
protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of 
PABVAX have extensive experience with the discovery, characterization, and translational activities necessary 
to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs 
are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting 
the viral threats to be addressed by PABVAX. 

Develop new tools and animal models to facilitate the translation of effective countermeasures. Virological tools 
and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines 
and therapeutic countermeasures. The investigators within the Animal Model Development and Preclinical 
Evaluation Scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and 
select agent research areas including animal model development and the use of animal models for the study of 
viral pathogenesis and assessing the protective efficacy of antivirals and vaccines, as well as studies to define 
mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for 
authentic pathogenic virus use and manipulation, including the establishment and use of reverse genetics for 
rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within 



RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody 
induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic 
viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) 
are also useful in antiviral development strategies because they are generally less laborious and can be adapted 
to higher throughput platforms and/or integrated with other innovative technologies. RP2 will make use of 
recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based virus 
neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiV and HeV 
vaccine-induced immune sera, mAbs (RP4), nbs (RP5), and antibody neutralization synergy. RP3 will make use 
of other versions of rCedV and chimeras (those bearing either HeV or NiV-B envelope GPs) in the development 
of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression 
of virus in live animals to explore nab based therapeutics to CNS resident HNVs68. 

The overall objectives of the PABVAX Center will be integrated into quality system data management processes 
(Core B) that will be employed in both the preparation of vaccines and downstream antibody-based therapeutics 
by the Center’s highly experienced commercial partners, and in the conduct of animal studies by the Animal 
model development and preclinical evaluation Core E at the GNL, UTMB. The UTMB and GNL is a national 
resource and benchmark provider for the conduct of high containment animal studies and quality system data 
management; often partnering with the FDA in academic development and training programs for GLP in high 
containment environments. We envision several deliverables emanating from the proposed studies of the Center, 
including significantly improved subunit vaccine formulations against several prototype viruses within the HNVs 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; we also anticipate improved human mAbs and/or nabs for the treatment of disease 
caused by the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, and mAb 
and vaccine translational drug development along with Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Paramyxoviruses:  NiV and HeV are bat-borne viral zoonoses that were discovered in the mid to late 1990s in 
outbreaks of severe disease in livestock and people in Australia (HeV) 
and Malaysia (NiV-M). NiV and HeV are both considered the prototype 
species of the genus Henipavirus, family Paramyxoviridae. The natural 
reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are 
old world fruit bats (flying foxes) of the genus Pteropus (Order 
Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and 
HeV are zoonotic agents, and human infection with either virus causes 
a widespread vasculitis, that will often progress to a fatal encephalitis or 
pneumonia. People who recover from acute infection with either of these 
HNVs are also at risk of recrudescent infection and encephalitis4, 44. HeV 
and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals. These viruses are 
transboundary agents of significant disease threats to livestock and 
people in Australia, and South and Southeast Asia, respectively. The 
genus Henipavirus now includes nine other reported HNVs; these 
include the four viral isolates of CedV, Gamak virus, Daeryong virus, and 
(LayV)69 and five additional species known only from nucleic acid 

sequence information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus 
(AngV)70-73. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and 

Figure 2: Phylogenetic analysis of select HNV G 
and F glycoproteins. Trees were constructed for 
using the PhyML program's maximum likelihood 
method and aligning the protein sequences with the 
MUSCLE algorithm. The genetic distance between 
the sequences is represented by the bar located 
under each tree, providing information about the 
level of divergence among them. 



AngV, are old world pteropid fruit bats70, 74. Whereas the six other HNVs are, or are likely, of rodent origins, 
including the human isolate LayV from East China (Shandong and Henan provinces), which is most closely 
related to Mòjiāng virus that is also of apparent rodent origin from Southeast China (Yunnan province)15. The 
phylogenetic relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  
Investigators in the Center PR2 and RP5 have already initiated new studies on LayV, having engineered 
stabilized sG and sF glycoprotein antigens in collaboration with Genovac, Inc. (part of Core D) and identified 
cross-reactive mAbs to both F and G previously generated to Mòjiāng virus. Whereas HeV and NiV cause severe 
and often fatal HNV disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV 
is the only HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV 
infection and disease including guinea pigs, ferrets, hamsters47, and AGMs (Geisbert and Broder, unpublished). 
An important distinction between CedV and other HNVs lies within the P gene which encodes the phosphoprotein 
(P). The P gene transcripts of NiV and HeV undergo RNA editing to produce the V and W nonstructural proteins 
that are key interferon (IFN) antagonists75-79. The CedV P gene lacks both RNA editing and does not encode V 
or W. Several studies with recombinant NiV variants have demonstrated the differential importance of the V and 
W proteins in the pathogenesis brought about by NiV infection in both the hamster and ferret models, and a lack 
of the V protein resulted in nonlethal infections80, 81. All other recognized or proposed HNVs have the potential to 
express V and W proteins based on current genetic data. The absence of these proteins in CedV is the key 
factor underlying its nonpathogenic nature82. These data permitted the rescue and characterization of rCedV by 
reverse genetics at BSL-283 and CedV is now recognized as a BSL-2 restricted agent84. Because the HNV, LayV, 
is known to be a human pathogenic and zoonotic HNV, is genetically divergent from NiV and HeV, and also of 
apparent alternate origin (rodent), together with some preliminary data on the sF and sG LayV glycoproteins, the 
PABVAX Center will explore LayV as part of the Center’s Phase II “plug and play” research plan (RP2 and 
PR5 with Cores C, D, and E).  

Arenaviruses (old world): For phase 1, RP1 will utilize LASV as the prototype virus due its significant public 
health burden throughout West Africa with hundreds of thousands of estimated cases and approximately 5000 
deaths annually85.  LASV is the most imported viral hemorrhagic fever (VHF) next to Dengue virus and has been 
documented in several countries outside of Africa over 35 times86. CFRs approaching 70% in hospitalized cases 
and marked long term sequelae are the result of the lack of approved vaccines or therapeutics, although several 
live attenuated virus candidates are currently being evaluated with the assistance of Coalition for Epidemic 
Preparedness Initiative (CEPI)87. Of the vaccines supported by CEPI, 4/5 of these vaccines utilize only LASV 
GP as the target immunogen. 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy against challenge with 
LASV in outbred guinea pigs vaccinated IM with engineered stabilized, prefusion LASV GPe, NP-NTD, or a 
combination of both antigens. These immunogens have been engineered to express homologous antigenic 
regions to increase potential for pan-LASV lineage protection from disease after vaccination. Success with this 
approach suggests a similar strategy could be implemented against other arenaviruses. The OWAV test 
pathogen, LUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating in Zambia, 
which quickly spread nosocomially88. The CFR for this infectious virus was 80% in this small outbreak of 5 people.  
There are currently no approved vaccines or therapeutics available for this virus and its genetic divergence from 
suggest current LASV countermeasures may be of limited use. LUJV will serve as an ideal “test case” to assess 
the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. The PABVAX Center will 
explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).  

Arenaviruses (new world): The live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina89, 
but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine90, 91. 
Furthermore, there is the potential for pathogenic reversion. For Phase 1, RP1 will use MACV and JUNV as the 
prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest exploring other JUNV countermeasures are warranted.  
Building on the success of the LASV GPe/NP-NTD, investigators in RP1 and Cores D and E will engineer 
broadly protective MACV GPe and NP-NTD antigens and perform efficacy testing in established guinea pig and 
NHP models. We will extend this plug-and-play approach to the NWAV test case, CHAPV.  First reported in 
2003 in Bolivia, CHAPV is a rodent-borne mammarenavirus associated with the development of severe 
hemorrhagic fever with case fatality rates up to 60%92, 93. Recent studies have demonstrated clear human-to-
human transmission during the acute phase evidenced by several nosocomial infections; isolation of viable virus 
from semen at 86 days after symptom onset demonstrates a clear need to implement specialized management 



and treatment 93.  The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E). 

Nairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents the 
largest global public health burden within the orthonairovirus family with outbreaks annually across Europe, 
Africa, and Asia. There are no FDA-approved vaccines for CCHFV; however, a suckling mouse brain-derived, 
adjuvanted whole virus vaccine for CCHFV has been approved for use in Bulgaria. This vaccine has numerous 
safety concerns and has limited demonstrated efficacy.  Several experimental vaccine approaches have been 
evaluated ranging from viral vectored approaches to DNA-based vaccines with varying efficacy, advantages, 
and disadvantages94; however, only a Modified Vaccinia Ankara virus vaccine (MVA-CCHFV) has begun to 
advance towards clinical trials95. Investigators in RP1 and Cores D and E will engineer CCHFV GP and NP 
subunit antigens and test these for protective efficacy from challenge with 6 different CCHFV lineages using 
established mouse and NHP models.  Next, we will deploy the same approach to the test case nairovirus, 
Kasokero virus (KASV), for which no vaccine or treatment exists.   

In 1977, KASV was first isolated from Ugandan bats and caused several cases of acute febrile illness of 
laboratory workers from the same lab that processed the infected bats96. Surveys of 109 laboratory workers from 
the same facility demonstrated 13% seropositivity and clinical symptoms in individuals 4 to 15 months after the 
virus was isolated. These findings suggest either continued laboratory-associated infections or chains of ongoing 
person-to-person transmission. Recently, tick surveys have demonstrated the potential for the tick reservoir, 
Ornithodoros faini, to participate in enzootic maintenance of KASV97.  While most chiropteran ticks exhibit host 
specificity, humans entering caves these bats inhabit have reported bites from O.faini ticks.  The highly infectious 
potential for this virus in humans coupled to a complete lack of vaccines or therapeutics suggest investment in 
countermeasure development against this virus is well advised. The PABVAX Center will explore KASV as part 
of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Management Cores, that comprise 
the Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5; arenavirus and nairovirus projects: 
RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to 
be developed from the RPs may provide a future opportunity to combine active and passive immunization 
approaches to further improve the therapeutic value in an inherently synergistic manner. The RPs will work 
closely together in a harmonious and cooperative manner with each group providing their own countermeasure 
and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project 
were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy 
among the groups and PABVAX participants, many of which have established collaborative and synergistic 
research activities. For example, the early development and testing of particular antiviral mAbs to some of the 
prototype viruses under investigation is already an established collaboration between PABVAX partners at 
Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine 
platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Model Development and 
Preclinical Evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL. Through the WRCEVA collection there is ease of access to many of the virus isolates 
that will be used in the conduct of the Center’s proposed studies. All BSL-4 animal work done by Core E in 
support of the RPs and other Cores will utilize the exact same virus stocks in challenge doses, and challenge 
routes. In addition, all BSL-4 assays for the Center RPs will be performed by the same BSL-4 staff under the 



same experimental conditions. This approach will allow for better comparison among countermeasures within 
the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for cell-based and in vivo therapeutic evaluation.  

3. Develop antibodies and nanobodies to the selected prototype and test viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. Embedded 
within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. The oversight and evaluation of 
progress will be in concert with quarterly reports to the PABVAX Scientific Advisory Board (SAB) as well as an 
annual meeting with key Center researchers and leaders with SAB members (details are specified within the 
Administration Core A Research Strategy). The SAB will meet yearly typically in coordination with the Center 
annual meeting, to review progress, the adherence to milestones and timelines, the continued relevance of each 
RP and Core to the Center’s overall objectives, discuss each project and progress, and advise on directions for 
the coming year, both for the overall PABVAX Center and for individual RPs. The SAB will also be a key factor 
and advisory panel in facilitating go/no-go decision making on specific RP activities, recommending new 
directions as appropriate, and providing Center Leadership and NIAID staff a comprehensive written evaluation 

of the group's activities and the 
panel's recommendations 
following the annual meeting. 

Overall Objectives 

Aim 1. Develop and test MNP 
vaccines for the Bunyavirales 
and Paramyxoviridae. 

The first milestone will address 
whether formulation of 
recombinant antigens with 
adjuvant in the context of MNP 
fabrication can be made (Figure 
4).  The determination of MNP 
vaccine potential success will 
first be established using 
immune response data derived 
from mouse immunization 

Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks.  

Figure 4. Milestones and criteria for Aim 1 of the PABVAX Center’s overall objectives. 



studies conducted in Core C. Multi-parameter humoral and cellular immune responses will be assessed (antigen-
specific antibody induction, virus neutralization, and polyfunctional T-cell responses by in vitro stimulation of 
isolated cells). Go/no go decisions will be made based on outcomes of these first-tier experiments as indicated. 
If robust humoral and cellular responses are evident this will be graded as a success. Comparisons will also be 
made such as the levels of virus-neutralizing antibody generated. Viral antigens producing poor immune 
responses will be terminated and an attempt in selection of the best-in-class immunogens, or immunogen 
combinations, will also be explored to down-select vaccines. The third milestone will determine whether MNP 
vaccination affords protection in animal model challenge experiments. In the case of NiV and HeV prototypes, 
the animal models chosen (ferrets and African green monkeys (AGM)) are extremely well-developed, and 
outcomes at this stage should be readily assessable. However, for the Center’s chosen viral prototypes within 
the Bunyavirales, there will be additional animal model refinements conducted. For example, there are seven 
genetically distinct lineages of LASV, and guinea pig models exist for some but not all of these lineages.  For 
MACV, there are 8 clades with similar challenges, and for CCHF there are 6 clades. An additional confounding 
issue for both of these very important groups of viruses is the limitations of cost and availability of rhesus and 
cynomolgus monkeys. Thus, as proposed by RP1, together with Core E, a critical research avenue will be 
developing and evaluating animal models within the PABVAX program, including further development of AGM 
models for arenaviruses and possibly CCHFV as a risk mitigation strategy. Thus, individual go/no-go decisions 
will inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for cell-based and in vivo therapeutics evaluation. 

The second overall objective of PABVAX is primarily focused on the development of new viruses and tools for 
downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation 
(Figure 5). These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate 
recombinant infectious clones (r = recombinant viruses) and reporter-gene versions, as well as alternate reporter 
virus tools (VSV-based) of LASV, MACV, and CCHFV isolates for which isolates are not available using reverse 
genetics. Rescued viruses will be characterized in cell-based assays. Recombinant viruses will be examined in 
vivo (animal model development) within Core E. In RP2, the most recently discovered pathogenic henipavirus, 
LayV, will be rescued by reverse genetics (rLayV) in collaboration with Core E, and additional LayV and AngV 
reporter virus tools also generated with alternate reporter virus platforms (VSV and/or rCedV based). New virus 

tools will be characterized in 
cell-based assays. Only AngV 
alternate reporter virus tools 
are proposed because 
genomic data is incomplete. 
rLayV pathogenesis and 
animal model development will 
be conducted by Core E. If 
successful, a large battery of 
new materials will be available 
to share with the ReVAMPP 
network and be key milestones 
for execution of Phase II of the 
PABVAX Center program.  

The translation of the MNP 
vaccine plug-and-play 
approach will be in Phase II 
(Table 1). Milestones will be 
similar to those in Figure 4.  

New virus tools will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the 
divergent and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model developed by the PIs of PR2 and RP3 that can 
longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus (rCedV-luc) infections in 
individual animals. Using various approaches to inhibit the host interferon response in mice, the model can 
sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. Moreover, preliminary 
findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- mice. This new unique 
model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 containment. The model 

Figure 5. Milestones and criteria for Aim 2 of the PABVAX Center’s overall objectives. 



will be deployed to test a critically important therapeutic need against CNS resident HNV infection, and RP3 will 
collaborate with RP5 in the testing of engineered nabs. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses.  

New human mAbs and nbs as tools and potential therapeutics will be developed by RP4 and RP5 in collaboration 
with RP2 and Core D (Figure 6). NiV infection survivor volunteers and MNP vaccination of transgenic mice will 
be used to generate human mAbs (RP2 and RP4); transgenic nanomice and human nb phage-display 

approaches will generate nbs (RP5) 
to the selected prototype and test 
case viruses. Human mAbs are 
expected to be valuable therapeutics 
as countermeasures to a variety of 
viral infections and disease in 
humans. Here, RP4 will isolate 
panels of naturally occurring human 
mAbs that bind cross-reactively to 
both the NiV and HeV prototype 
HNVs and neutralize both viruses. 
This effort will focus especially on 
mAbs to the HNV fusion (F) proteins 
derived from natural survivors of NiV 
infection, which to date has been an 
elusive goal. Previously, the RP4 PI 
(Crowe) isolated multiple human 

mAbs to the G protein with several that exhibit very high potency in neutralization assays, suggesting they have 
high potential as prophylactic (PREP) and therapeutic molecules for humans. RP4 will isolate new F mAbs, and 
in collaboration with RP2, neutralization potencies will be rapidly assessed (as well as evaluating synergistic cell-
based mAb neutralization) that will then be translated and evaluated in animal models as both PREP and post-
infection treatments by Core E. These new human mAbs will build on the findings to date generated by several 
of the collaborating Center investigators and contribute significantly to the development and characterization of 
human mAbs reactive to the F and G glycoproteins of prototype HNVs in preparation for clinical studies.  

Nbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new direction in 
antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full antigen 
specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could translate 
into a more cross-reactive feature between virus strains or clades. Importantly, nbs can efficiently penetrate 
tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating CNS-resident viral 
infections. Here, the prototype viruses from the Center’s viral groups to which there are no approved therapeutics 
and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate the development of 
nanobody-based therapies, three distinct nanobody development platforms will be employed. These include 
camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries that closely 
mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will enable rapid 
identification of nanobody leads with minimal optimization required for clinical use. RP5 will also engineer a 
combination of nbs targeting multiple epitopes using rational design. Additionally, we will enhance CNS 
bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved 
BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-based virus 
neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), therapeutic activity in the rCedV-NiV-B 
chimera mouse model in RP3 (Henipavirus), and select animal models of LASV and MACV by Core E. Success 
will be measured by the 1) identification of potent virus-neutralizing nbs, 2) discovery of more broadly reactive 
nbs particularly to the multiple LASV clades, 3) evidence of therapeutic benefit in animal models, and 4) the 
successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus infections. 

Industry Partnerships.  

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience in developing medical countermeasures that protect against public 
health threats, including development and approval of multiple vaccine and antibody products for infectious 
diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and 

Figure 6. Milestones and criteria for Aim 3 of the PABVAX Center’s overall objectives. 



make an ideal partner for PABVAX. Our proposal combines the expertise of several established groups including 
investigators in academia and in private industry. The Center is supported by outstanding physical resources 
and an experienced and skilled group of researchers and support staff. 

SPECIAL FEATURES OF THE PABVAX 

Galveston National Laboratory (GNL). The GNL is a NIH-funded, maximum-containment facility that serves 
as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The 
GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious 
diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics, and therapeutics. The 
7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology 
facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations 
and handling of Select Agents and became operational in September of 2010. The first NHP studies were 
performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370 NHP studies employing some 2,772 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses have been 
performed. These studies include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder, 
and Zeitlin. The GNL has a fully Association for Assessment and Accreditation of Laboratory Animal Care 
(AAALAC)-accredited NHP facility and a staff of full-time veterinarians. Core E is staffed with an experienced 
team of GNL researchers and technicians several of which have more than 25 years of BSL-4/ABSL-4 
experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary pathologist. As 
noted above, another special feature is the location of the WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation). Core E operations will be conducted at the 
GNL, and in conjunction with Core A, will also include a regulatory expert from the UTMB Institutional Office of 
Regulated Nonclinical Studies (ORNcS). The ORNcS's primary responsibility is to work with academic 
researchers who are doing product-oriented research and to help them design and conduct their studies with 
good documentation, quality assurance, and data management. NIH has requested that all NHP studies 
conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path be conducted under a 
“well documented” quality system program.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 
years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases 
(USAMRIID), the GNL, and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever 
viruses, arenaviruses, and henipaviruses. He has published over 250 peer-reviewed articles in these areas.  Dr. 
Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI), was the first to develop 
a NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against 
both NiV and HeV using henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs). Mapp Biopharmaceutical 
has deep experience with antigens and mAbs against these antigens. Their early development and research 
group has expertise in immunology, infectious diseases, and the production of antigens, antibodies, and antibody 
fusion proteins in CHO systems. The advanced development group has experience in medium-size and large 
pharmaceutical companies and expertise in various aspects of mAb development and commercialization 
including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, 
regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb 
discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies 
98 99; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-
Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV 
and anti-HSV mAbs that has completed Phase 1100. Dr. Gunn and Genovac will join the team to analyze antibody 
Fc effector functions and to provide antigen/antibody discovery resources, respectively. Dr. Geisbert will 
contribute his experience with high containment animal models and vaccine development. As per NIAID’s 
expectations described in the RFA, PABVAX intends to provide lead candidates for comparative studies using 
NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory Committee and NIAID 
staff will select prototype candidates at the appropriate development stage for these studies. Members of 
PABVAX have over 10 years of experience working with NIAID’s preclinical services for in vitro anti-viral 
testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. Additionally, the team 
has experience collaborating with DoD and BARDA to advance candidate countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center (PABVAX)

RESEARCH STRATEGY

[bookmark: _Hlk136347284]Introduction. Emerging and periodically reemerging pathogenic enveloped RNA viruses are continuous pandemic threats. Among viral taxon associated with human zoonoses, members of the family Paramyxoviridae and order Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans can become infected via excreta from animal reservoir hosts such as rodents or bats, through intermediate amplifying hosts such as small or domestic animals, or by arthropod vectors such as mosquitos and ticks1-4. Humans often represent a dead-end host infection, but for some viral agents several rounds of human-to-human transmission can occur. During this process, RNA viral pathogens may mutate and adapt to more efficiently replicate and shed in the host, posing an epidemic threat5, 6. The viral order Bunyavirales is composed of several viral families containing high priority human pathogens7. Notably, the Arenaviridae and Nairoviridae families contain viruses that cause severe hemorrhagic fever diseases in humans globally with mortality rates up to 60%8 and significant, long-term sequelae in survivors9. Many bunyaviruses are included on the World Health Organization’s (WHO) List of Priority Pathogens10, 11. Six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHAPV, GTOV, JUNV, MACV) and one nairovirus, Crimean-Congo hemorrhagic fever virus (CCHFV), are also identified as NIAID Category A pathogens12 due to their 1) high associated morbidity and mortality rates, 2) ease of dissemination and/or ability to transmit from person-to-person, 3) potential to cause public panic and social disruption, and 4) requirement for special actions in the context of public health preparedness. The Paramyxoviridae also includes members in the WHO Priority Pathogens, namely Nipah virus (NiV) and Hendra virus (HeV). These henipaviruses (HNVs) are the prototype members of the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease13. The genus now includes nine additional reported HNVs, but only HeV and NiV are associated with severe and often fatal henipaviral disease in humans and a number of animal species14. Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile illness in humans15. 

		Family

		Prototype

		Plug and Play Test Case



		Arenaviruses

		Lassa (Old World)

Machupo (New World)

		Lujo (Old World)

Chapare (New World)



		Nairoviruses

		CCHF

		Kasokero



		Paramyxoviruses

		Nipah, Hendra

		Langya





These collective factors plus the absence of approved vaccines or therapeutics make bunyaviruses and paramyxoviruses a significant threat to global public health. There is a clear unmet need for countermeasures such as vaccines and antibody-based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate release of these viral agents. The PABVAX Center will focus on elucidating key principles for developing vaccine and monoclonal antibody (mAb) countermeasures to prototype bunyavirus and paramyxovirus pathogens (Table 1). In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug and play” demonstration against related viruses.Table 1. PABVAX selected prototype and test case viral agents



Arenaviridae: The Arenaviridae is composed of five genera: Mammarenavirus, Reptarenavirus, Innmovirus, Antennavirus, and Hartmanivirus16. The genus Mammarenavirus contains a large number of rodent-borne viruses, some of which cause severe hemorrhagic fever, neurological damage, death, and permanent sequelae;  hearing loss, vision impairment, and balance issues in survivors17. While these genera exhibit a global distribution, two geographically distinct serogroups exist that diverged18. Old World complex mammarenaviruses (OWAV) in the Eastern Hemisphere include LASV, lymphocytic choriomeningitis virus (LCMV), and the newly discovered LUJV; New World complex mammarenaviruses (NWAV) in the Western Hemisphere include JUNV, MACV, Sabia Virus (SABV), and CHAPV. There are no FDA approved vaccines or therapeutics for mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use in Argentina.

Disease severity and case fatality rates (CFR) vary across mammarenaviruses even within the same clades and species. Up to 500,000 cases of LASV infection occur per year with CFRs sometimes approaching 70% in hospitalized cases19. Before the introduction of the Candid-1 vaccine, it is believed that an upwards of 60,000 cases of Argentine Hemorrhagic Fever (AHF) from infection with JUNV occurred per year with CFRs ranging from 15-30%. Convalescent plasma from JUNV survivors is still the primary means to treat acute AHF in Argentina20. Over 1000 cases were reported for the initial outbreak of MACV with CFRs ranging from 5-30%; enhanced rodent abatement practices and potentially cross-protective immunity in populations that have taken the JUNV Candid-1 vaccine may have reduced recent outbreak frequency21. All mammarenaviruses share a common genomic organization consisting of two ambisense (bi-directional reading frame) RNA segments. Each segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix) and L protein (polymerase), and the glycoprotein precursor (GPC) and nucleoprotein (NP)17. Despite general similarity of their genomic architecture, mammarenaviruses exhibit marked differences in their replication life cycles including attachment factors, entry mechanisms, and immune evasion; nonetheless, the dominant antigens driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP. 

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with antigen-based diagnostics across seven known lineages, suggesting the generation of cross-protective immunogens and antibodies against mammarenaviruses is achievable22. Monoclonal antibodies derived from human LASV survivors were shown to protect nonhuman primates (NHP) against lethal challenge23.  Recent crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe)24. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of NP, indicating this domain could serve as an antigenic target. Investigators in the Center RP1, Core E, and Core D have developed adjuvanted vaccines to test this approach and have demonstrated protection against lethal LASV lineage IV Josiah challenge. Specifically, a stabilized prefusion trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of these two approaches conferred protection in a lethal outbred guinea pig model. Nevertheless, even with the considerable molecular diversity in LASV strains, conservation at key antigenic sites within the GP and NP suggest a pan-LASV vaccine may be possible22, 25, 26. RP1 and Core E investigators have demonstrated that a recombinant vesicular stomatitis virus (rVSV)-based vaccine expressing the LASV-Josiah GPC is protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model27, and against heterologous challenge with Lineage II28, III, V29, and VI viruses (Cross and Geisbert, unpublished data).  

In Phase I of RP1, the ability of an optimized LASV GPe/NP subunit vaccine delivered intramuscularly (IM) will be assessed in guinea pig and NHP models across multiple viral lineages. We will also assess a microneedle skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination route affords more potent vaccine-mediated responses and protection.  Similarly, we have generated MACV GPe immunogens and will design a MACV NP-NTD subunit antigen to test the same approach across multiple MACV genetic lineages. In Phase II of RP1, we will assess the plug-and-play potential of our stabilized GPe/NP-NTD MNP vaccine approach against emerging test case mammarenaviruses representing both OWAV (LUJV) and NWAV (CHAPV) complexes, for which there are no vaccines available. A unique advantage of the PABVAX Center is its access to Biosafety Level (BSL)-4 containment, allowing us to work with authentic versus surrogate arenaviruses. The BSL-4 facilities described in Core E are capable of evaluating countermeasures in small animal models and NHPs. The cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and MACV research as disease recapitulates human infection and there are a multitude of immunological reagents available30-32. The evaluation of prototype OWAV and NWAV vaccines and therapies in the NHP model is likely pivotal for IND applications and for future licensure of medical countermeasures for human use.

Nairoviridae: Unique to most bunyaviruses, orthonairoviruses are transmitted primarily by ticks2.  While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus33, Issyk-Kul virus34, Songling virus35), CCHFV is the most recognized public health threat. Outbreaks of CCHFV have occurred across Europe, Africa, the Middle East, and Asia. There is growing concern for expansion of the CCHFV endemic region due to increased range of its tick host (Hyalomma spp.) tied to bird migration changes, livestock trade, and global warming. For example, CCHFV cases have been reported in Spain36, a previously non-endemic region, and Hyalomma ticks have been found in Sweden37.  Infection in humans begins as a nonspecific febrile illness but can rapidly progress to a severe hemorrhagic fever and death in 30% of cases38. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy39.  Ribavirin has been used to treat infections with limited success40.

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and GPC 38. Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology38. Conversely, the CCHFV GPC is considerably less conserved (< 75% amino acid identity)38. The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on geographical location. Thus, creating a pan-CCHFV vaccine or therapeutic based solely on one clade poses a challenge. Nevertheless, we have demonstrated that heterologous vaccine mediated protection can be afforded using a rVSV vectored vaccine expressing the full GPC of CCHFV41.

In phase 1, RP1 and Core D will generate CCHFV GP and NP immunogens with the highest level of homology across clades. We will assess their capacity to protect against lethal challenge with isolates from multiple CCHFV clades in established mouse41, 42 and NHP43 models with Core E. CCHFV GP and NP subunit vaccines will also be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-and-play potential of the best formulation of CCHFV GP/NP MNP vaccine against the emerging test case nairovirus, Kasokero virus, for which there are no vaccines available.

Paramyxoviridae: The HNVs NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality4, 44. HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory disease among horses along with a human case fatality45. NiV emerged just a few years later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory disease in pigs, which served as amplifying hosts46. NiV and HeV can infect at least 18 animal species across 6 orders of mammals, and among these they cause a systemic and often fatal respiratory and/or neurological disease in 11 mammalian species including humans14,47. The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of subclinical infections, and well-documented person-to-person transmission5. Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain continuous infectious disease transboundary threats to public health and economically important livestock throughout South and Southeast Asia and Australia. Their broad host tropism and ability to infect livestock also causes increased risk of human infections. HNVs are single-stranded, negative sense, enveloped RNA viruses and their biology lends themselves to be synthetically produced. NiV and HeV are BSL-4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS). The Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 Select Agents48 because the virus could be engineered for mass dissemination and it possesses the potential for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as an epidemic threat needing urgent research and development (R&D) action and has been included in the R&D Blueprint list of priority pathogens with epidemic potential49. 

[bookmark: _Hlk136694742][bookmark: _Hlk136711638]While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been notable progress over the 15 years in the development of vaccines and postexposure human or humanized monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, one human monoclonal antibody (mAb) and one humanized mAb exist. These postexposure treatments conferred protecion against NiV and HeV infection in animal challenge studies including nonhuman primates (NHP)50-53. The success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in collaboration with USU and Queensland Health in Australia54. In contrast, several preventative vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in animal models including NHPs, and several vaccine platforms have clear potential for use in people14. The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all vaccine strategies14.  Such preventive vaccines would have utility for lab workers, first responders or individuals at high-risk exposure, and in mitigating the spread of an outbreak. In the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 agent55. It is widely considered that the African green monkey (AGM) is the current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror that of human NiV/HeV infection47, 56. The evaluation of successful countermeasures for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications and future licensure of select countermeasures for human use. 

More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished data)57. The divergent LayV will be the focus of the test case studies. The choice is justifiable for several important reasons: 1) LayV is a known pathogenic zoonotic HNV; 2) there is a known virus genome sequence derived from a human sourced virus isolate; and 3) we have already successfully engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Another divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies on LayV in preparation for Phase II, including rescuing recombinant LayV (rLayV), exploring animal model development, constructing additional LayV and AngV reporter virus tools, and then translating and testing the MNP vaccine “plug-and-play” approach. Finally, we will evaluate new mAbs and nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs.

PABVAX THEME. A strength of the PABVAX is that a majority of the Center Research Project (RP) and Scientific Core leaders have extensive experience in antiviral translational research and/or product development: Uniformed Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have active and productive collaborative research programs in related areas, most spanning more than a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and valuable vaccine development expertise to the team. 
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Description automatically generated]The pandemic preparedness research gaps addressed by PABVAX are diagramed in Figure 1. Two Research Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, adaptable, and widely deployable, dissolvable microneedle patch (MNP)-based skin immunization vaccine technology that will use recombinant viral protein subunit immunogens; RP1 will target select prototype arenaviruses and nairoviruses, and RP2 will target the prototype HNVs. Both RP1 and RP2 will develop new prototype virus tools (recombinant prototype viruses) along with existing tools, to analyze vaccine responses and evaluate new mAbs and nabs from the other RPs. A third RP will develop a unique low-containment (BSL-2) mouse model of HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence detection method that can longitudinally trace the dynamics and anatomical progression of infection with a luciferase-encoding virus in individual animals (RP3). There will also be two RPs that focus on the development of broadly reactive human mAbs and nanobodies to the PABVAX selected viral prototypes. RP4 will isolate human mAbs derived from NiV-infected survivors with a specific focus on F glycoprotein-targeting mAbs. Additional human mAbs will be generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics targeting henipaviruses and arenaviruses with a focus on targeting the CNS environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will come from three Scientific Cores that will engage in the manufacture, quality control, and testing of MNP vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-based therapeutics (Core E). Under the direction of the PD/PIs (Drs. Geisbert and Broder), the Administrative Core (Core A) will provide organizational and programmatic structure to promote research productivity and scientific interactions along with compliance with regulations concerning select agent, vertebrate animal, and any human subject use. Core A will coordinate all activities with the external Scientific Advisory Board (SAB) and make data available through the Data Management Core (Core B).Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center- (PABVAX).



[bookmark: _Hlk136337824]With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold: 

1) Establish an effective and rapidly adaptable vaccination technology.

2) Discover effective antibody-based prophylactics and therapies. 

3) Develop new tools and animal models to facilitate the translation of effective countermeasures.

An adaptable plug-and-play vaccine platform. The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from the UPitt and IBBR/UMD (Core C). This project tested a dissolvable MNP-based vaccine technology ideally suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine58. The MNP vaccine technology effectively harnesses the highly immunoresponsive cutaneous microenvironments using dissolvable microneedles that incorporates recombinant viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants59 to elicit robust, strong, and long-lasting protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner for efficacious immunization, as well as to facilitate improved vaccine storage and distribution due to their improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine delivery platform. Here, Scientific Core C (Microneedle Patch Vaccines Core) will produce polyphosphazene (PPZ)-adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine formulations and components will be made based on first tier immune response data derived from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-specific neutralization activity in vitro, along with analysis of polyfunctional T-cell responses by antigenic peptide stimulation, followed by intracellular cytokine staining (ICS) and flow cytometry.

Discover effective antibody-based prophylactics and therapies. Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to address a variety of human health needs including oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal viruses including Nipah60, Hendra61, Ebola62, Marburg63 and Lassa64. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action (such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D by Dr. Gunn. In addition to therapeutic applications, mAbs with Fc mutations dramatically extend serum half-life65-67 and offer an important tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of PABVAX have extensive experience with the discovery, characterization, and translational activities necessary to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting the viral threats to be addressed by PABVAX.

Develop new tools and animal models to facilitate the translation of effective countermeasures. Virological tools and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines and therapeutic countermeasures. The investigators within the Animal Model Development and Preclinical Evaluation Scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and select agent research areas including animal model development and the use of animal models for the study of viral pathogenesis and assessing the protective efficacy of antivirals and vaccines, as well as studies to define mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation, including the establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) are also useful in antiviral development strategies because they are generally less laborious and can be adapted to higher throughput platforms and/or integrated with other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based virus neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiV and HeV vaccine-induced immune sera, mAbs (RP4), nbs (RP5), and antibody neutralization synergy. RP3 will make use of other versions of rCedV and chimeras (those bearing either HeV or NiV-B envelope GPs) in the development of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live animals to explore nab based therapeutics to CNS resident HNVs68.

The overall objectives of the PABVAX Center will be integrated into quality system data management processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by the Animal model development and preclinical evaluation Core E at the GNL, UTMB. The UTMB and GNL is a national resource and benchmark provider for the conduct of high containment animal studies and quality system data management; often partnering with the FDA in academic development and training programs for GLP in high containment environments. We envision several deliverables emanating from the proposed studies of the Center, including significantly improved subunit vaccine formulations against several prototype viruses within the HNVs (Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to storage and transportation; we also anticipate improved human mAbs and/or nabs for the treatment of disease caused by the select prototype viruses.

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, and mAb and vaccine translational drug development along with Moderna and Emergent Biosolutions as Industry Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test mAb and nanobody prototypes to foster pandemic preparedness.

THE PABVAX CENTER PROTOTYPE VIRUSES

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and because they represent known threats to global public health that is exacerbated due to a lack of approved vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate release of these prototype virus species and/or related viruses within those groups.

[bookmark: _Hlk136344994][bookmark: _Hlk136721942]Paramyxoviruses:  NiV and HeV are bat-borne viral zoonoses that were discovered in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia (NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection with either of these HNVs are also at risk of recrudescent infection and encephalitis4, 44. HeV and NiV are BSL-4 restricted pathogens because of their high lethality and lack of approved vaccines or antivirals. These viruses are transboundary agents of significant disease threats to livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now includes nine other reported HNVs; these include the four viral isolates of CedV, Gamak virus, Daeryong virus, and (LayV)69 and five additional species known only from nucleic acid sequence information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and [image: ]Angavokely virus (AngV)70-73. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, are old world pteropid fruit bats70, 74. Whereas the six other HNVs are, or are likely, of rodent origins, including the human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng virus that is also of apparent rodent origin from Southeast China (Yunnan province)15. The phylogenetic relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  Investigators in the Center PR2 and RP5 have already initiated new studies on LayV, having engineered stabilized sG and sF glycoprotein antigens in collaboration with Genovac, Inc. (part of Core D) and identified cross-reactive mAbs to both F and G previously generated to Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal HNV disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and disease including guinea pigs, ferrets, hamsters47, and AGMs (Geisbert and Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which encodes the phosphoprotein (P). The P gene transcripts of NiV and HeV undergo RNA editing to produce the V and W nonstructural proteins that are key interferon (IFN) antagonists75-79. The CedV P gene lacks both RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections80, 81. All other recognized or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence of these proteins in CedV is the key factor underlying its nonpathogenic nature82. These data permitted the rescue and characterization of rCedV by reverse genetics at BSL-283 and CedV is now recognized as a BSL-2 restricted agent84. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the Center’s Phase II “plug and play” research plan (RP2 and PR5 with Cores C, D, and E). Figure 2: Phylogenetic analysis of select HNV G and F glycoproteins. Trees were constructed for using the PhyML program's maximum likelihood method and aligning the protein sequences with the MUSCLE algorithm. The genetic distance between the sequences is represented by the bar located under each tree, providing information about the level of divergence among them.



Arenaviruses (old world): For phase 1, RP1 will utilize LASV as the prototype virus due its significant public health burden throughout West Africa with hundreds of thousands of estimated cases and approximately 5000 deaths annually85.  LASV is the most imported viral hemorrhagic fever (VHF) next to Dengue virus and has been documented in several countries outside of Africa over 35 times86. CFRs approaching 70% in hospitalized cases and marked long term sequelae are the result of the lack of approved vaccines or therapeutics, although several live attenuated virus candidates are currently being evaluated with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI)87. Of the vaccines supported by CEPI, 4/5 of these vaccines utilize only LASV GP as the target immunogen.

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy against challenge with LASV in outbred guinea pigs vaccinated IM with engineered stabilized, prefusion LASV GPe, NP-NTD, or a combination of both antigens. These immunogens have been engineered to express homologous antigenic regions to increase potential for pan-LASV lineage protection from disease after vaccination. Success with this approach suggests a similar strategy could be implemented against other arenaviruses. The OWAV test pathogen, LUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating in Zambia, which quickly spread nosocomially88. The CFR for this infectious virus was 80% in this small outbreak of 5 people.  There are currently no approved vaccines or therapeutics available for this virus and its genetic divergence from suggest current LASV countermeasures may be of limited use. LUJV will serve as an ideal “test case” to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

Arenaviruses (new world): The live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina89, but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine90, 91. Furthermore, there is the potential for pathogenic reversion. For Phase 1, RP1 will use MACV and JUNV as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest exploring other JUNV countermeasures are warranted.  Building on the success of the LASV GPe/NP-NTD, investigators in RP1 and Cores D and E will engineer broadly protective MACV GPe and NP-NTD antigens and perform efficacy testing in established guinea pig and NHP models. We will extend this plug-and-play approach to the NWAV test case, CHAPV.  First reported in 2003 in Bolivia, CHAPV is a rodent-borne mammarenavirus associated with the development of severe hemorrhagic fever with case fatality rates up to 60%92, 93. Recent studies have demonstrated clear human-to-human transmission during the acute phase evidenced by several nosocomial infections; isolation of viable virus from semen at 86 days after symptom onset demonstrates a clear need to implement specialized management and treatment 93.  The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

Nairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents the largest global public health burden within the orthonairovirus family with outbreaks annually across Europe, Africa, and Asia. There are no FDA-approved vaccines for CCHFV; however, a suckling mouse brain-derived, adjuvanted whole virus vaccine for CCHFV has been approved for use in Bulgaria. This vaccine has numerous safety concerns and has limited demonstrated efficacy.  Several experimental vaccine approaches have been evaluated ranging from viral vectored approaches to DNA-based vaccines with varying efficacy, advantages, and disadvantages94; however, only a Modified Vaccinia Ankara virus vaccine (MVA-CCHFV) has begun to advance towards clinical trials95. Investigators in RP1 and Cores D and E will engineer CCHFV GP and NP subunit antigens and test these for protective efficacy from challenge with 6 different CCHFV lineages using established mouse and NHP models.  Next, we will deploy the same approach to the test case nairovirus, Kasokero virus (KASV), for which no vaccine or treatment exists.  

In 1977, KASV was first isolated from Ugandan bats and caused several cases of acute febrile illness of laboratory workers from the same lab that processed the infected bats96. Surveys of 109 laboratory workers from the same facility demonstrated 13% seropositivity and clinical symptoms in individuals 4 to 15 months after the virus was isolated. These findings suggest either continued laboratory-associated infections or chains of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the tick reservoir, Ornithodoros faini, to participate in enzootic maintenance of KASV97.  While most chiropteran ticks exhibit host specificity, humans entering caves these bats inhabit have reported bites from O.faini ticks.  The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics suggest investment in countermeasure development against this virus is well advised. The PABVAX Center will explore KASV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

EXPECTED SYNERGIES PROVIDED BY THE CENTER

The 5 RPs and 3 scientific Cores, together with the Administration and Data Management Cores, that comprise the Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases the structural characterization of the important viral vaccine immunogens and interaction with antibodies. Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration with other PRs such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5; arenavirus and nairovirus projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to be developed from the RPs may provide a future opportunity to combine active and passive immunization approaches to further improve the therapeutic value in an inherently synergistic manner. The RPs will work closely together in a harmonious and cooperative manner with each group providing their own countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy among the groups and PABVAX participants, many of which have established collaborative and synergistic research activities. For example, the early development and testing of particular antiviral mAbs to some of the prototype viruses under investigation is already an established collaboration between PABVAX partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB.

An additional and outstanding advantage of the PABVAX Center is the Animal Model Development and Preclinical Evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also located within the GNL. Through the WRCEVA collection there is ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for the Center RPs will be performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better comparison among countermeasures within the Center and will ensure consistency among results.

PABVAX MILESTONES AND TIMELINES

There are four overarching aims of the PABVAX Center: 

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae. 

2. Develop new tools and animal models for cell-based and in vivo therapeutic evaluation. 

3. Develop antibodies and nanobodies to the selected prototype and test viruses. 

4. Employ quality system data management in animal model development and preclinical evaluation of candidate countermeasures.
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Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks. 





[image: ]The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center accomplishments and progress towards achieving the Center objectives. The oversight and evaluation of progress will be in concert with quarterly reports to the PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders with SAB members (details are specified within the Administration Core A Research Strategy). The SAB will meet yearly typically in coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, recommending new directions as appropriate, and providing Center Leadership and NIAID staff a comprehensive written evaluation of the group's activities and the panel's recommendations following the annual meeting.

Overall Objectives

Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.

[bookmark: _Hlk136436552]The first milestone will address whether formulation of recombinant antigens with adjuvant in the context of MNP fabrication can be made (Figure 4).  The determination of MNP vaccine potential success will first be established using immune response data derived from mouse immunization studies conducted in Core C. Multi-parameter humoral and cellular immune responses will be assessed (antigen-specific antibody induction, virus neutralization, and polyfunctional T-cell responses by in vitro stimulation of isolated cells). Go/no go decisions will be made based on outcomes of these first-tier experiments as indicated. If robust humoral and cellular responses are evident this will be graded as a success. Comparisons will also be made such as the levels of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated and an attempt in selection of the best-in-class immunogens, or immunogen combinations, will also be explored to down-select vaccines. The third milestone will determine whether MNP vaccination affords protection in animal model challenge experiments. In the case of NiV and HeV prototypes, the animal models chosen (ferrets and African green monkeys (AGM)) are extremely well-developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral prototypes within the Bunyavirales, there will be additional animal model refinements conducted. For example, there are seven genetically distinct lineages of LASV, and guinea pig models exist for some but not all of these lineages.  For MACV, there are 8 clades with similar challenges, and for CCHF there are 6 clades. An additional confounding issue for both of these very important groups of viruses is the limitations of cost and availability of rhesus and cynomolgus monkeys. Thus, as proposed by RP1, together with Core E, a critical research avenue will be developing and evaluating animal models within the PABVAX program, including further development of AGM models for arenaviruses and possibly CCHFV as a risk mitigation strategy. Thus, individual go/no-go decisions will inevitably be more challenging during the first Phase I of the PABVAX.Figure 4. Milestones and criteria for Aim 1 of the PABVAX Center’s overall objectives.



Aim 2. Develop new tools and animal models for cell-based and in vivo therapeutics evaluation.

[image: ]The second overall objective of PABVAX is primarily focused on the development of new viruses and tools for downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation (Figure 5). These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate recombinant infectious clones (r = recombinant viruses) and reporter-gene versions, as well as alternate reporter virus tools (VSV-based) of LASV, MACV, and CCHFV isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. Only AngV alternate reporter virus tools are proposed because genomic data is incomplete. rLayV pathogenesis and animal model development will be conducted by Core E. If successful, a large battery of new materials will be available to share with the ReVAMPP network and be key milestones for execution of Phase II of the PABVAX Center program. 

The translation of the MNP vaccine plug-and-play approach will be in Phase II (Table 1). Milestones will be similar to those in Figure 4.  New virus tools will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the divergent and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo bioluminescence-based immune deficient mouse model developed by the PIs of PR2 and RP3 that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus (rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 containment. The model will be deployed to test a critically important therapeutic need against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing of engineered nabs.Figure 5. Milestones and criteria for Aim 2 of the PABVAX Center’s overall objectives.



Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

[image: ]New human mAbs and nbs as tools and potential therapeutics will be developed by RP4 and RP5 in collaboration with RP2 and Core D (Figure 6). NiV infection survivor volunteers and MNP vaccination of transgenic mice will be used to generate human mAbs (RP2 and RP4); transgenic nanomice and human nb phage-display approaches will generate nbs (RP5) to the selected prototype and test case viruses. Human mAbs are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on mAbs to the HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic molecules for humans. RP4 will isolate new F mAbs, and in collaboration with RP2, neutralization potencies will be rapidly assessed (as well as evaluating synergistic cell-based mAb neutralization) that will then be translated and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human mAbs will build on the findings to date generated by several of the collaborating Center investigators and contribute significantly to the development and characterization of human mAbs reactive to the F and G glycoproteins of prototype HNVs in preparation for clinical studies. Figure 6. Milestones and criteria for Aim 3 of the PABVAX Center’s overall objectives.



Nbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could translate into a more cross-reactive feature between virus strains or clades. Importantly, nbs can efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also engineer a combination of nbs targeting multiple epitopes using rational design. Additionally, we will enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), therapeutic activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus), and select animal models of LASV and MACV by Core E. Success will be measured by the 1) identification of potent virus-neutralizing nbs, 2) discovery of more broadly reactive nbs particularly to the multiple LASV clades, 3) evidence of therapeutic benefit in animal models, and 4) the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus infections.

Industry Partnerships. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent and Moderna have extensive experience in developing medical countermeasures that protect against public health threats, including development and approval of multiple vaccine and antibody products for infectious diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and make an ideal partner for PABVAX. Our proposal combines the expertise of several established groups including investigators in academia and in private industry. The Center is supported by outstanding physical resources and an experienced and skilled group of researchers and support staff.

SPECIAL FEATURES OF THE PABVAX

Galveston National Laboratory (GNL). The GNL is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics, and therapeutics. The 7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370 NHP studies employing some 2,772 animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses have been performed. These studies include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder, and Zeitlin. The GNL has a fully Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)-accredited NHP facility and a staff of full-time veterinarians. Core E is staffed with an experienced team of GNL researchers and technicians several of which have more than 25 years of BSL-4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary pathologist. As noted above, another special feature is the location of the WRCEVA virus collection within the GNL.

Core E (Animal model development and preclinical evaluation). Core E operations will be conducted at the GNL, and in conjunction with Core A, will also include a regulatory expert from the UTMB Institutional Office of Regulated Nonclinical Studies (ORNcS). The ORNcS's primary responsibility is to work with academic researchers who are doing product-oriented research and to help them design and conduct their studies with good documentation, quality assurance, and data management. NIH has requested that all NHP studies conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path be conducted under a “well documented” quality system program.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases (USAMRIID), the GNL, and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever viruses, arenaviruses, and henipaviruses. He has published over 250 peer-reviewed articles in these areas.  Dr. Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI), was the first to develop a NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against both NiV and HeV using henipavirus vaccines and also human mAb therapy.

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs). Mapp Biopharmaceutical has deep experience with antigens and mAbs against these antigens. Their early development and research group has expertise in immunology, infectious diseases, and the production of antigens, antibodies, and antibody fusion proteins in CHO systems. The advanced development group has experience in medium-size and large pharmaceutical companies and expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies 98 99; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV and anti-HSV mAbs that has completed Phase 1100. Dr. Gunn and Genovac will join the team to analyze antibody Fc effector functions and to provide antigen/antibody discovery resources, respectively. Dr. Geisbert will contribute his experience with high containment animal models and vaccine development. As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory Committee and NIAID staff will select prototype candidates at the appropriate development stage for these studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. Additionally, the team has experience collaborating with DoD and BARDA to advance candidate countermeasures to the clinic.
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 
RESEARCH STRATEGY 

Introduction. Emerging and periodically reemerging pathogenic enveloped RNA viruses are continuous 
pandemic threats. Among viral taxon associated with human zoonoses, members of the family Paramyxoviridae 
and order Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans 
can become infected via excreta from animal reservoir hosts such as rodents or bats, through intermediate 
amplifying hosts such as small or domestic animals, or by arthropod vectors such as mosquitos and ticks1-4. 
Humans often represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur. During this process, RNA viral pathogens may mutate and adapt to more efficiently 
replicate and shed in the host, posing an epidemic threat5, 6. The viral order Bunyavirales is composed of several 
viral families containing high priority human pathogens7. Notably, the Arenaviridae and Nairoviridae families 
contain viruses that cause severe hemorrhagic fever diseases in humans globally with mortality rates up to 60%8 
and significant, long-term sequelae in survivors9. Many bunyaviruses are included on the World Health 
Organization’s (WHO) List of Priority Pathogens10, 11. Six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin 
and Machupo (LASV, LUJV, CHAPV, GTOV, JUNV, MACV) and one nairovirus, Crimean-Congo Hemorrhagic 
Fever Virus (CCHFV), are also identified as NIAID Category A pathogens12 due to their 1) high associated 
morbidity and mortality rates, 2) ease of dissemination and/or ability to transmit from person-to-person, 3) 
potential to cause public panic and social disruption, and 4) requirement for special actions in the context of 
public health preparedness. The Paramyxoviridae also includes members in the WHO Priority Pathogens, 
namely Nipah virus (NiV) and Hendra virus (HeV). These henipaviruses (HNVs) are the prototype members of 
the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory and/or 
neurological disease13. The genus now includes nine additional reported HNVs, but only HeV and NiV are 
associated with severe and often fatal henipaviral disease in humans and a number of animal species14. Langya 
virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile illness in humans15.  

These collective factors plus the absence of approved vaccines or therapeutics make bunyaviruses and 
paramyxoviruses a significant threat to global public health. There is a clear unmet need for countermeasures 

such as vaccines and antibody-based therapeutics 
to address the threat of natural outbreaks, 
epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center 
will focus on elucidating key principles for
developing vaccine and monoclonal antibody 
(mAb) countermeasures to prototype bunyavirus 

and paramyxovirus pathogens (Table 1). In the out years of the Center effort, PABVAX will exploit these learned 
key principles in a “plug and play” demonstration against related viruses. 

Arenaviridae: The Arenaviridae is composed of five genera: Mammarenavirus, Reptarenavirus, Innmovirus, 
Antennavirus, and Hartmanivirus16. The genus Mammarenavirus contains a large number of rodent-borne 
viruses, some of which cause severe hemorrhagic fever, neurological damage, death, and permanent sequelae; 
hearing loss, vision impairment, and balance issues in survivors17. While these genera exhibit a global 
distribution, two geographically distinct serogroups exist that diverged18. Old World complex mammarenaviruses 
(OWAV) in the Eastern Hemisphere include LASV, Lymphocytic Choriomeningitis Virus (LCMV), and the newly 
discovered LUJV; New World complex mammarenaviruses (NWAV) in the Western Hemisphere include JUNV, 
MACV, Sabia Virus (SABV), and CHAPV. There are no FDA approved vaccines or therapeutics for 
mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use in Argentina. 

Disease severity and case fatality rates (CFR) vary across mammarenaviruses even within the same clades and 
species. Up to 500,000 cases of LASV infection occur per year with CFRs sometimes approaching 70% in 
hospitalized cases19. Before the introduction of the Candid-1 vaccine, it is believed that an upwards of 60,000 
cases of Argentine Hemorrhagic Fever (AHF) from infection with JUNV occurred per year with CFRs ranging 
from 15-30%. Convalescent plasma from JUNV survivors is still the primary means to treat acute AHF in 
Argentina20. Over 1000 cases were reported for the initial outbreak of MACV with CFRs ranging from 5-30%; 
enhanced rodent abatement practices and potentially cross-protective immunity in populations that have taken 
the JUNV Candid-1 vaccine may have reduced recent outbreak frequency21. All mammarenaviruses share a 
common genomic organization consisting of two ambisense (bi-directional reading frame) RNA segments. Each 
segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix) 
and L protein (polymerase), and the glycoprotein precursor (GPC) and nucleoprotein (NP)17. Despite general 

Family Prototype Plug and Play Test 
Case 

Arenaviruses Lassa (Old World) 
Machupo (New World) 

Lujo (Old World) 
Chapare (New World) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya 

Table 1. PABVAX selected prototype and test case viral agents 



similarity of their genomic architecture, mammarenaviruses exhibit marked differences in their replication life 
cycles including attachment factors, entry mechanisms, and immune evasion; nonetheless, the dominant 
antigens driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP.  

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with antigen-
based diagnostics across seven known lineages, suggesting the generation of cross-protective immunogens 
and antibodies against mammarenaviruses is achievable22. Monoclonal antibodies derived from human LASV 
survivors were shown to protect non-human primates (NHP) against lethal challenge23.  Recent crystal structure 
studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV 
glycoproteins (GPe)24. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a 
viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV 
endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, indicating this domain could serve as an antigenic target. 
Investigators in the Center RP1, Core E, and Core D have developed adjuvanted vaccines to test this approach 
and have demonstrated protection against lethal LASV lineage IV Josiah challenge. Specifically, a stabilized 
prefusion trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of these 
two approaches conferred protection in a lethal outbred guinea pig model. Nevertheless, even with the 
considerable molecular diversity in LASV strains, conservation at key antigenic sites within the GP and NP 
suggest a pan-LASV vaccine may be possible22, 25, 26. RP1 and Core E investigators have demonstrated that a 
recombinant vesicular stomatitis virus (rVSV)-based vaccine expressing the LASV-Josiah GPC is protective 
against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model27, and against 
heterologous challenge with Lineage II28, III, V29, and VI viruses (Cross and Geisbert, unpublished data).   

In Phase I of RP1, the ability of an optimized LASV GPe/NP subunit vaccine delivered intramuscularly (IM) will 
be assessed in guinea pig and NHP models across multiple viral lineages. We will also assess a microneedle 
skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination route affords more 
potent vaccine-mediated responses and protection.  Similarly, we have generated MACV GPe immunogens and 
will design a MACV NP-NTD subunit antigen to test the same approach across multiple MACV genetic lineages. 
In Phase II of RP1, we will assess the plug-and-play potential of our stabilized GPe/NP-NTD MNP vaccine 
approach against emerging test case mammarenaviruses representing both OWAV (LUJV) and NWAV (CHAPV) 
complexes, for which there are no vaccines available. A unique advantage of the PABVAX Center is its access 
to biosafety level (BSL)-4 containment, allowing us to work with authentic versus surrogate arenaviruses. The 
BSL-4 facilities described in Core E are capable of evaluating countermeasures in small animal models and 
NHPs. The cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and MACV 
research as disease recapitulates human infection and there are a multitude of immunological reagents 
available30-32. The evaluation of prototype OWAV and NWAV vaccines and therapies in the NHP model is likely 
pivotal for IND applications and for future licensure of medical countermeasures for human use. 

Nairoviridae: Unique to most bunyaviruses, orthonairoviruses are transmitted primarily by ticks2.  While there 
are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus33, Issyk-Kul virus34, Songling virus35), 
CCHFV is the most recognized public health threat. Outbreaks of CCHFV have occurred across Europe, Africa, 
the Middle East, and Asia. There is growing concern for expansion of the CCHFV endemic region due to 
increased range of its tick host (Hyalomma spp.) tied to bird migration changes, livestock trade, and global 
warming. For example, CCHFV cases have been reported in Spain36, a previously non-endemic region, and 
Hyalomma ticks have been found in Sweden37.  Infection in humans begins as a nonspecific febrile illness but 
can rapidly progress to a severe hemorrhagic fever and death in 30% of cases38. There are no FDA approved 
vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been 
in use in Bulgaria with limited efficacy39.  Ribavirin has been used to treat infections with limited success40. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and GPC 38. Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the host 
immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% amino 
acid homology38. Conversely, the CCHFV GPC is considerably less conserved (< 75% amino acid identity)38. 
The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location. Thus, creating a pan-CCHFV vaccine or therapeutic based solely on one clade poses a 
challenge. Nevertheless, we have demonstrated that heterologous vaccine mediated protection can be afforded 
using a rVSV vectored vaccine expressing the full GPC of CCHFV41. 



In phase 1, RP1 and Core D will generate CCHFV GP and NP immunogens with the highest level of homology 
across clades. We will assess their capacity to protect against lethal challenge with isolates from multiple CCHFV 
clades in established mouse41, 42 and NHP43 models with Core E. CCHFV GP and NP subunit vaccines will also 
be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-
and-play potential of the best formulation of CCHFV GP/NP MNP vaccine against the emerging test case 
nairovirus, Kasokero virus, for which there are no vaccines available. 

Paramyxoviridae: The HNVs NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses 
that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality4, 

44. HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal 
respiratory disease among horses along with a human case fatality45. NiV emerged just a few years later in 
Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and 
also respiratory disease in pigs, which served as amplifying hosts46. NiV and HeV can infect at least 18 animal 
species across 6 orders of mammals, and among these they cause a systemic and often fatal respiratory and/or 
neurological disease in 11 mammalian species including humans14,47. The NiV strain in Bangladesh (NiV-B) is 
of particular concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates 
exceeding 90% with little evidence of subclinical infections, and well-documented person-to-person 
transmission5. Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV 
emergence and reemergence remain continuous infectious disease transboundary threats to public health and 
economically important livestock throughout South and Southeast Asia and Australia. Their broad host tropism 
and ability to infect livestock also causes increased risk of human infections. HNVs are single-stranded, negative 
sense, enveloped RNA viruses and their biology lends themselves to be synthetically produced. NiV and HeV 
are BSL-4 pathogens and also classified as priority agents by US Department of Health and Human Services 
(HHS). The Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the 
list of Tier 1 Select Agents48 because the virus could be engineered for mass dissemination and it possesses 
the potential for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected 
by the WHO as an epidemic threat needing urgent research and development (R&D) action and has been 
included in the R&D Blueprint list of priority pathogens with epidemic potential49.  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been notable 
progress over the 15 years in the development of vaccines and postexposure human or humanized monoclonal 
antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, one human 
monoclonal antibody (mAb) and one humanized mAb exist. These postexposure treatments conferred protecion 
against NiV and HeV infection in animal challenge studies including nonhuman primates (NHP)50-53. The success 
of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in several 
emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 individuals 
to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in collaboration 
with USU and Queensland Health in Australia54. In contrast, several preventative vaccines against NiV and HeV 
have been shown to be 100% effective in preventing infection and disease in animal models including NHPs, 
and several vaccine platforms have clear potential for use in people14. The HNV G and F membrane 
glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all vaccine strategies14.  
Such preventive vaccines would have utility for lab workers, first responders or individuals at high-risk exposure, 
and in mitigating the spread of an outbreak. In the case of a biological attack or natural outbreak, a postexposure 
treatment would augment a pandemic preparedness posture. The most extensively studied HNV vaccine is a 
soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal challenge by either NiV 
(both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen 
is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first 
commercialized vaccine to a BSL-4 agent55. It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection47, 56. The evaluation of successful countermeasures for the prototype NiV and 
HeV and other related HNVs in the NHP model will likely be pivotal for IND applications and future licensure of 
select countermeasures for human use.  

More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related Mòjiāng virus 
and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not appear to 
employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished)57. The divergent LayV will be the 
focus of the test case studies. The choice is justifiable for several important reasons: 1) LayV is a known 
pathogenic zoonotic HNV; 2) there is a known virus genome sequence derived from a human sourced virus 



isolate; and 3) we have already successfully engineered and expressed LayV sF (stabilized) and sG (tetramer) 
glycoproteins antigens. Another divergent bat-borne HNV, Angavokely virus (AngV), has recently been 
described. The Center will initiate studies on LayV in preparation for Phase II, including rescuing recombinant 
LayV (rLayV), exploring animal model development, constructing additional LayV and AngV reporter virus tools, 
and then translating and testing the MNP vaccine “plug-and-play” approach. Finally, we will evaluate new mAbs 
and nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs. 

PABVAX THEME. A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core 
leaders have extensive experience in antiviral translational research and/or product development: Uniformed 
Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), 
University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of 
Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders 
currently have active and productive collaborative research programs in related areas, most spanning more than 
a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and 
valuable vaccine development expertise to the team.  

The pandemic preparedness research gaps addressed by PABVAX are diagramed in Figure 1. Two Research 
Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, 

adaptable, and widely deployable, 
dissolvable microneedle patch 
(MNP)-based skin immunization 
vaccine technology that will use 
recombinant viral protein subunit 
immunogens; RP1 will target select 
prototype arenaviruses and 
nairoviruses, and RP2 will target 
the prototype HNVs. Both RP1 and 
RP2 will develop new prototype 
virus tools (recombinant prototype 
viruses) along with existing tools, to 
analyze vaccine responses and 
evaluate new mAbs and nabs from 
the other RPs. A third RP will 
develop a unique low-containment 
(BSL-2) mouse model of HNV 
infection that uses recombinant 
Cedar henipavirus (rCedV) in vivo 
and a bioluminescence detection 
method that can longitudinally trace 
the dynamics and anatomical 
progression of infection with a 
luciferase-encoding virus in 
individual animals (RP3). There will 

also be two RPs that focus on the development of broadly reactive human mAbs and nanobodies to the PABVAX 
selected viral prototypes. RP4 will isolate human mAbs derived from NiV-infected survivors with a specific focus 
on F glycoprotein-targeting mAbs. Additional human mAbs will be generated from humanized mice by viral 
prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics targeting henipaviruses 
and arenaviruses with a focus on targeting the CNS environment in animal modeling experiments using the 
select virus prototype vaccine antigens and immunization of nanomice as well as human nanobody phage library 
approaches. Critical research support to all the RPs will come from three Scientific Cores that will engage in the 
manufacture, quality control, and testing of MNP vaccines (Core C); production of recombinant viral proteins and 
antibody refinements (Core D); and animal modeling of prototype virus infections along with preclinical testing 
and evaluation of vaccines and antibody-based therapeutics (Core E). Under the direction of the PD/PIs (Drs. 
Geisbert and Broder), the Administrative Core (Core A) will provide organizational and programmatic structure 
to promote research productivity and scientific interactions along with compliance with regulations concerning 
select agent, vertebrate animal, and human subject use. Core A will coordinate all activities with the Scientific 
Advisory Board (SAB) and make data available through the Data Management Core (Core B). 

Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and 
Antibodies Center- (PABVAX). 



With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. The PABVAX Center will take advantage of a successful piloted 
research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators 
recently co-developed with scientists from the UPitt and IBBR/UMD (Core C). This project tested a dissolvable 
MNP-based vaccine technology ideally suited for the development of a rapid and inherently safe, recombinant 
protein-based subunit vaccine58. The MNP vaccine technology effectively harnesses the highly 
immunoresponsive cutaneous microenvironments using dissolvable microneedles that incorporates recombinant 
viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants59 to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble 
biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with 
dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble 
with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The 
PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as to facilitate improved vaccine storage and distribution due to their 
improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a 
synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted 
vaccine delivery platform. Here, Scientific Core C (Microneedle Patch Vaccines Core) will produce 
polyphosphazene (PPZ)-adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral 
targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP 
vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. 
The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down 
selection of vaccine formulations and components will be made based on first tier immune response data derived 
from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA 
and virus-specific neutralization activity in vitro, along with analysis of polyfunctional T-cell responses by 
antigenic peptide stimulation, followed by intracellular cytokine staining (ICS) and flow cytometry. 

Discover effective antibody-based prophylactics and therapies. Monoclonal antibodies (mAbs) are one of the 
most successful classes of drugs with the proven ability to address a variety of human health needs including 
oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic 
efficacy of mAbs against some of the most lethal viruses including Nipah60, Hendra61, Ebola62, Marburg63 and 
Lassa64. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action 
(such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D by Dr. Gunn. In addition to 
therapeutic applications, mAbs with Fc mutations dramatically extend serum half-life65-67 and offer an important 
tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for 
protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of 
PABVAX have extensive experience with the discovery, characterization, and translational activities necessary 
to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs 
are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting 
the viral threats to be addressed by PABVAX. 

Develop new tools and animal models to facilitate the translation of effective countermeasures. Virological tools 
and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines 
and therapeutic countermeasures. The investigators within the Animal Model Development and Preclinical 
Evaluation Scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and 
select agent research areas including animal model development and the use of animal models for the study of 
viral pathogenesis and assessing the protective efficacy of antivirals and vaccines, as well as studies to define 
mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for 
authentic pathogenic virus use and manipulation, including the establishment and use of reverse genetics for 
rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within 



RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody 
induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic 
viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) 
are also useful in antiviral development strategies because they are generally less laborious and can be adapted 
to higher throughput platforms and/or integrated with other innovative technologies. RP2 will make use of 
recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based virus 
neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiV and HeV 
vaccine-induced immune sera, mAbs (RP4), nbs (RP5), and antibody neutralization synergy. RP3 will make use 
of other versions of rCedV and chimeras (those bearing either HeV or NiV-B envelope GPs) in the development 
of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression 
of virus in live animals to explore nab based therapeutics to CNS resident HNVs68. 

The overall objectives of the PABVAX Center will be integrated into quality system data management processes 
(Core B) that will be employed in both the preparation of vaccines and downstream antibody-based therapeutics 
by the Center’s highly experienced commercial partners, and in the conduct of animal studies by the Animal 
model development and preclinical evaluation Core E at the GNL, UTMB. The UTMB and GNL is a national 
resource and benchmark provider for the conduct of high containment animal studies and quality system data 
management; often partnering with the FDA in academic development and training programs for GLP in high 
containment environments. We envision several deliverables emanating from the proposed studies of the Center, 
including significantly improved subunit vaccine formulations against several prototype viruses within the HNVs 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; we also anticipate improved human mAbs and/or nabs for the treatment of disease 
caused by the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, and mAb 
and vaccine translational drug development along with Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Paramyxoviruses:  NiV and HeV are bat-borne viral zoonoses that were discovered in the mid to late 1990s in 
outbreaks of severe disease in livestock and people in Australia (HeV) 
and Malaysia (NiV-M). NiV and HeV are both considered the prototype 
species of the genus Henipavirus, family Paramyxoviridae. The natural 
reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are 
old world fruit bats (flying foxes) of the genus Pteropus (Order 
Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and 
HeV are zoonotic agents, and human infection with either virus causes 
a widespread vasculitis, that will often progress to a fatal encephalitis or 
pneumonia. People who recover from acute infection with either of these 
HNVs are also at risk of recrudescent infection and encephalitis4, 44. HeV 
and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals. These viruses are 
transboundary agents of significant disease threats to livestock and 
people in Australia, and South and Southeast Asia, respectively. The 
genus Henipavirus now includes nine other reported HNVs; these 
include the four viral isolates of CedV, Gamak virus, Daeryong virus, and 
(LayV)69 and five additional species known only from nucleic acid 

sequence information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus 
(AngV)70-73. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and 

Figure 2: Phylogenetic analysis of select HNV G 
and F glycoproteins. Trees were constructed for 
using the PhyML program's maximum likelihood 
method and aligning the protein sequences with the 
MUSCLE algorithm. The genetic distance between 
the sequences is represented by the bar located 
under each tree, providing information about the 
level of divergence among them. 



AngV, are old world pteropid fruit bats70, 74. Whereas the six other HNVs are, or are likely, of rodent origins, 
including the human isolate LayV from East China (Shandong and Henan provinces), which is most closely 
related to Mòjiāng virus that is also of apparent rodent origin from Southeast China (Yunnan province)15. The 
phylogenetic relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  
Investigators in the Center PR2 and RP5 have already initiated new studies on LayV, having engineered 
stabilized sG and sF glycoprotein antigens in collaboration with Genovac, Inc. (part of Core D) and identified 
cross-reactive mAbs to both F and G previously generated to Mòjiāng virus. Whereas HeV and NiV cause severe 
and often fatal HNV disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV 
is the only HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV 
infection and disease including guinea pigs, ferrets, hamsters47, and AGMs (Geisbert and Broder, unpublished). 
An important distinction between CedV and other HNVs lies within the P gene which encodes the phosphoprotein 
(P). The P gene transcripts of NiV and HeV undergo RNA editing to produce the V and W nonstructural proteins 
that are key interferon (IFN) antagonists75-79. The CedV P gene lacks both RNA editing and does not encode V 
or W. Several studies with recombinant NiV variants have demonstrated the differential importance of the V and 
W proteins in the pathogenesis brought about by NiV infection in both the hamster and ferret models, and a lack 
of the V protein resulted in nonlethal infections80, 81. All other recognized or proposed HNVs have the potential to 
express V and W proteins based on current genetic data. The absence of these proteins in CedV is the key 
factor underlying its nonpathogenic nature82. These data permitted the rescue and characterization of rCedV by 
reverse genetics at BSL-283 and CedV is now recognized as a BSL-2 restricted agent84. Because the HNV, LayV, 
is known to be a human pathogenic and zoonotic HNV, is genetically divergent from NiV and HeV, and also of 
apparent alternate origin (rodent), together with some preliminary data on the sF and sG LayV glycoproteins, the 
PABVAX Center will explore LayV as part of the Center’s Phase II “plug and play” research plan (RP2 and PR5 
with Cores C, D, and E).  

Arenaviruses (old world): For phase 1, RP1 will utilize LASV as the prototype virus due its significant public 
health burden throughout West Africa with hundreds of thousands of estimated cases and approximately 5000 
deaths annually85.  LASV is the most imported viral hemorrhagic fever (VHF) next to Dengue virus and has been 
documented in several countries outside of Africa over 35 times86. CFRs approaching 70% in hospitalized cases 
and marked long term sequelae are the result of the lack of approved vaccines or therapeutics, although several 
live attenuated virus candidates are currently being evaluated with the assistance of Coalition for Epidemic 
Preparedness Initiative (CEPI)87. Of the vaccines supported by CEPI, 4/5 of these vaccines utilize only LASV 
GP as the target immunogen. 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy against challenge with 
LASV in outbred guinea pigs vaccinated IM with engineered stabilized, prefusion LASV GPe, NP-NTD, or a 
combination of both antigens. These immunogens have been engineered to express homologous antigenic 
regions to increase potential for pan-LASV lineage protection from disease after vaccination. Success with this 
approach suggests a similar strategy could be implemented against other arenaviruses. The OWAV test 
pathogen, LUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating in Zambia, 
which quickly spread nosocomially88. The CFR for this infectious virus was 80% in this small outbreak of 5 people.  
There are currently no approved vaccines or therapeutics available for this virus and its genetic divergence from 
suggest current LASV countermeasures may be of limited use. LUJV will serve as an ideal “test case” to assess 
the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. The PABVAX Center will 
explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).  

Arenaviruses (new world): The live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina89, 
but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine90, 91. 
Furthermore, there is the potential for pathogenic reversion. For Phase 1, RP1 will use MACV and JUNV as the 
prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest exploring other JUNV countermeasures are warranted.  
Building on the success of the LASV GPe/NP-NTD, investigators in RP1 and Cores D and E will engineer 
broadly protective MACV GPe and NP-NTD antigens and perform efficacy testing in established guinea pig and 
NHP models. We will extend this plug-and-play approach to the NWAV test case, CHAPV.  First reported in 
2003 in Bolivia, CHAPV is a rodent-borne mammarenavirus associated with the development of severe 
hemorrhagic fever with case fatality rates up to 60%92, 93. Recent studies have demonstrated clear human-to-
human transmission during the acute phase evidenced by several nosocomial infections; isolation of viable virus 
from semen at 86 days after symptom onset demonstrates a clear need to implement specialized management 



and treatment 93.  The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E). 

Nairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents the 
largest global public health burden within the orthonairovirus family with outbreaks annually across Europe, 
Africa, and Asia. There are no FDA-approved vaccines for CCHFV; however, a suckling mouse brain-derived, 
adjuvanted whole virus vaccine for CCHFV has been approved for use in Bulgaria. This vaccine has numerous 
safety concerns and has limited demonstrated efficacy.  Several experimental vaccine approaches have been 
evaluated ranging from viral vectored approaches to DNA-based vaccines with varying efficacy, advantages, 
and disadvantages94; however, only a Modified Vaccinia Ankara virus vaccine (MVA-CCHFV) has begun to 
advance towards clinical trials95. Investigators in RP1 and Cores D and E will engineer CCHFV GP and NP 
subunit antigens and test these for protective efficacy from challenge with 6 different CCHFV lineages using 
established mouse and NHP models.  Next, we will deploy the same approach to the test case nairovirus, 
Kasokero virus (KASV), for which no vaccine or treatment exists.   

In 1977, KASV was first isolated from Ugandan bats and caused several cases of acute febrile illness of 
laboratory workers from the same lab that processed the infected bats96. Surveys of 109 laboratory workers from 
the same facility demonstrated 13% seropositivity and clinical symptoms in individuals 4 to 15 months after the 
virus was isolated. These findings suggest either continued laboratory-associated infections or chains of ongoing 
person-to-person transmission. Recently, tick surveys have demonstrated the potential for the tick reservoir, 
Ornithodoros faini, to participate in enzootic maintenance of KASV97.  While most chiropteran ticks exhibit host 
specificity, humans entering caves these bats inhabit have reported bites from O.faini ticks.  The highly infectious 
potential for this virus in humans coupled to a complete lack of vaccines or therapeutics suggest investment in 
countermeasure development against this virus is well advised. The PABVAX Center will explore KASV as part 
of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Management Cores, that comprise 
the Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5; arenavirus and nairovirus projects: 
RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to 
be developed from the RPs may provide a future opportunity to combine active and passive immunization 
approaches to further improve the therapeutic value in an inherently synergistic manner. The RPs will work 
closely together in a harmonious and cooperative manner with each group providing their own countermeasure 
and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project 
were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy 
among the groups and PABVAX participants, many of which have established collaborative and synergistic 
research activities. For example, the early development and testing of particular antiviral mAbs to some of the 
prototype viruses under investigation is already an established collaboration between PABVAX partners at 
Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine 
platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Model Development and 
Preclinical Evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL . Through the WRCEVA collection there is ease of access to many of the virus isolates 
that will be used in the conduct of the Center’s proposed studies. All BSL-4 animal work done by Core E in 
support of the RPs and other Cores will utilize the exact same virus stocks in challenge doses, and challenge 
routes. In addition, all BSL-4 assays for the Center RPs will be performed by the same BSL-4 staff under the 



same experimental conditions. This approach will allow for better comparison among countermeasures within 
the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for cell-based and in vivo therapeutic evaluation.  

3. Develop antibodies and nanobodies to the selected prototype and test viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. Embedded 
within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. The oversight and evaluation of 
progress will be in concert with quarterly reports to the PABVAX Scientific Advisory Board (SAB) as well as an 
annual meeting with key Center researchers and leaders with SAB members (details are specified within the 
Administration Core A Research Strategy). The SAB will meet yearly typically in coordination with the Center 
annual meeting, to review progress, the adherence to milestones and timelines, the continued relevance of each 
RP and Core to the Center’s overall objectives, discuss each project and progress, and advise on directions for 
the coming year, both for the overall PABVAX Center and for individual RPs. The SAB will also be a key factor 
and advisory panel in facilitating go/no-go decision making on specific RP activities, recommending new 
directions as appropriate, and providing Center Leadership and NIAID staff a comprehensive written evaluation 

of the group's activities and the 
panel's recommendations 
following the annual meeting. 

Overall Objectives 

Aim 1. Develop and test MNP 
vaccines for the Bunyavirales 
and Paramyxoviridae. 

The first milestone will address 
whether formulation of 
recombinant antigens with 
adjuvant in the context of MNP 
fabrication can be made (Figure 
4).  The determination of MNP 
vaccine potential success will 
first be established using 
immune response data derived 
from mouse immunization 

Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks.  

Figure 4. Milestones and criteria for Aim 1 of the PABVAX Center’s overall objectives. 



studies conducted in Core C. Multi-parameter humoral and cellular immune responses will be assessed (antigen-
specific antibody induction, virus neutralization, and polyfunctional T-cell responses by in vitro stimulation of 
isolated cells). Go/no go decisions will be made based on outcomes of these first-tier experiments as indicated. 
If robust humoral and cellular responses are evident this will be graded as a success. Comparisons will also be 
made such as the levels of virus-neutralizing antibody generated. Viral antigens producing poor immune 
responses will be terminated and an attempt in selection of the best-in-class immunogens, or immunogen 
combinations, will also be explored to down-select vaccines. The third milestone will determine whether MNP 
vaccination affords protection in animal model challenge experiments. In the case of NiV and HeV prototypes, 
the animal models chosen (ferrets and African green monkeys (AGM)) are extremely well-developed, and 
outcomes at this stage should be readily assessable. However, for the Center’s chosen viral prototypes within 
the Bunyavirales, there will be additional animal model refinements conducted. For example, there are seven 
genetically distinct lineages of LASV, and guinea pig models exist for some but not all of these lineages.  For 
MACV, there are 8 clades with similar challenges, and for CCHF there are 6 clades. An additional confounding 
issue for both of these very important groups of viruses is the limitations of cost and availability of rhesus and 
cynomolgus monkeys. Thus, as proposed by RP1, together with Core E, a critical research avenue will be 
developing and evaluating animal models within the PABVAX program, including further development of AGM 
models for arenaviruses and possibly CCHFV as a risk mitigation strategy. Thus, individual go/no-go decisions 
will inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for cell-based and in vivo therapeutics evaluation. 

The second overall objective of PABVAX is primarily focused on the development of new viruses and tools for 
downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation 
(Figure 5). These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate 
recombinant infectious clones (r = recombinant viruses) and reporter-gene versions, as well as alternate reporter 
virus tools (VSV-based) of LASV, MACV, and CCHFV isolates for which isolates are not available using reverse 
genetics. Rescued viruses will be characterized in cell-based assays. Recombinant viruses will be examined in 
vivo (animal model development) within Core E. In RP2, the most recently discovered pathogenic henipavirus, 
LayV, will be rescued by reverse genetics (rLayV) in collaboration with Core E, and additional LayV and AngV 
reporter virus tools also generated with alternate reporter virus platforms (VSV and/or rCedV based). New virus 

tools will be characterized in 
cell-based assays. Only AngV 
alternate reporter virus tools 
are proposed because 
genomic data is incomplete. 
rLayV pathogenesis and 
animal model development will 
conducted by Core E. If 
successful, a large battery of 
new materials will be available 
to share with the ReVAMPP 
network and be key milestones 
for execution of Phase II of the 
PABVAX Center program.  

The translation of the MNP 
vaccine plug-and-play 
approach will be in Phase II 
(Table 1). Milestones will be 
similar to those in Figure 4.  

New virus tools will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the 
divergent and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model developed by the PIs of PR2 and RP3 that can 
longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus (rCedV-luc) infections in 
individual animals. Using various approaches to inhibit the host interferon response in mice, the model can 
sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. Moreover, preliminary 
findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- mice. This new unique 
model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 containment. The model 

Figure 5. Milestones and criteria for Aim 2 of the PABVAX Center’s overall objectives. 



will be deployed to test a critically important therapeutic need against CNS resident HNV infection, and RP3 will 
collaborate with RP5 in the testing of engineered nabs. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses.  

New human mAbs and nbs as tools and potential therapeutics will be developed by RP4 and RP5 in collaboration 
with RP2 and Core D (Figure 6). NiV infection survivor volunteers and MNP vaccination of transgenic mice will 
be used to generate human mAbs (RP2 and RP4); transgenic nanomice and human nb phage-display 

approaches will generate nbs (RP5) 
to the selected prototype and test 
case viruses. Human mAbs are 
expected to be valuable therapeutics 
as countermeasures to a variety of 
viral infections and disease in 
humans. Here, RP4 will isolate 
panels of naturally occurring human 
mAbs that bind cross-reactively to 
both the NiV and HeV prototype 
HNVs and neutralize both viruses. 
This effort will focus especially on 
mAbs to the HNV fusion (F) proteins 
derived from natural survivors of NiV 
infection, which to date has been an 
elusive goal. Previously, the RP4 PI 
(Crowe) isolated multiple human 

mAbs to the G protein with several that exhibit very high potency in neutralization assays, suggesting they have 
high potential as prophylactic (PREP) and therapeutic molecules for humans. RP4 will isolate new F mAbs, and 
in collaboration with RP2, neutralization potencies will be rapidly assessed (as well as evaluating synergistic cell-
based mAb neutralization) that will then be translated and evaluated in animal models as both PREP and post-
infection treatments by Core E. These new human mAbs will build on the findings to date generated by several 
of the collaborating Center investigators and contribute significantly to the development and characterization of 
human mAbs reactive to the F and G glycoproteins of prototype HNVs in preparation for clinical studies.  

Nbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new direction in 
antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full antigen 
specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could translate 
into a more cross-reactive feature between virus strains or clades. Importantly, nbs can efficiently penetrate 
tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating CNS-resident viral 
infections. Here, the prototype viruses from the Center’s viral groups to which there are no approved therapeutics 
and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate the development of 
nanobody-based therapies, three distinct nanobody development platforms will be employed. These include 
camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries that closely 
mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will enable rapid 
identification of nanobody leads with minimal optimization required for clinical use. RP5 will also engineer a 
combination of nbs targeting multiple epitopes using rational design. Additionally, we will enhance CNS 
bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved 
BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-based virus 
neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), therapeutic activity in the rCedV-NiV-B 
chimera mouse model in RP3 (Henipavirus), and select animal models of LASV and MACV by Core E. Success 
will be measured by the 1) identification of potent virus-neutralizing nbs, 2) discovery of more broadly reactive 
nbs particularly to the multiple LASV clades, 3) evidence of therapeutic benefit in animal models, and 4) the 
successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus infections. 

Industry Partnerships.  

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience in developing medical countermeasures that protect against public 
health threats, including development and approval of multiple vaccine and antibody products for infectious 
diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and 

Figure 6. Milestones and criteria for Aim 3 of the PABVAX Center’s overall objectives. 



make an ideal partner for PABVAX. Our proposal combines the expertise of several established groups including 
investigators in academia and in private industry. The Center is supported by outstanding physical resources 
and an experienced and skilled group of researchers and support staff. 

SPECIAL FEATURES OF THE PABVAX 

Galveston National Laboratory (GNL). The GNL is a NIH-funded, maximum-containment facility that serves 
as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The 
GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious 
diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics, and therapeutics. The 
7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology 
facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations 
and handling of Select Agents and became operational in September of 2010. The first NHP studies were 
performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370 NHP studies employing some 2,772 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses have been 
performed. These studies include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder, 
and Zeitlin. The GNL has a fully Association for Assessment and Accreditation of Laboratory Animal Care 
(AAALAC)-accredited NHP facility and a staff of full-time veterinarians. Core E is staffed with an experienced 
team of GNL researchers and technicians several of which have more than 25 years of BSL-4/ABSL-4 
experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary pathologist. As 
noted above, another special feature is the location of the WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation). Core E operations will be conducted at the 
GNL, and in conjunction with Core A, will also include a regulatory expert from the UTMB Institutional Office of 
Regulated Nonclinical Studies (ORNcS). The ORNcS's primary responsibility is to work with academic 
researchers who are doing product-oriented research and to help them design and conduct their studies with 
good documentation, quality assurance, and data management. NIH has requested that all NHP studies 
conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path be conducted under a 
“well documented” quality system program.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 
years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases 
(USAMRIID), the GNL, and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever 
viruses, arenaviruses, and henipaviruses. He has published over 250 peer-reviewed articles in these areas.  Dr. 
Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI), was the first to develop 
a NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against 
both NiV and HeV using henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs). Mapp Biopharmaceutical 
has deep experience with antigens and mAbs against these antigens. Their early development and research 
group has expertise in immunology, infectious diseases, and the production of antigens, antibodies, and antibody 
fusion proteins in CHO systems. The advanced development group has experience in medium-size and large 
pharmaceutical companies and expertise in various aspects of mAb development and commercialization 
including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, 
regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb 
discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies 
98 99; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-
Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV 
and anti-HSV mAbs that has completed Phase 1100. Dr. Gunn and Genovac will join the team to analyze antibody 
Fc effector functions and to provide antigen/antibody discovery resources, respectively. Dr. Geisbert will 
contribute his experience with high containment animal models and vaccine development. As per NIAID’s 
expectations described in the RFA, PABVAX intends to provide lead candidates for comparative studies using 
NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory Committee and NIAID 
staff will select prototype candidates at the appropriate development stage for these studies. Members of 
PABVAX have over 10 years of experience working with NIAID’s preclinical services for in vitro anti-viral 
testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. Additionally, the team 
has experience collaborating with DoD and BARDA to advance candidate countermeasures to the clinic. 

  



BIBLIOGRAPHY AND REFERENCES CITED 

 
1. Lamb RA, Parks GD. Paramyxoviridae: the viruses and their replication. In Fields BN, Knipe DM, 
Howley PM, editors, Fields Virology: Sixth Edition. Vol. 1. Lippincott, Williams, and Wilkins. 2013. p. 957-995. 
2. Boshra H. An Overview of the Infectious Cycle of Bunyaviruses. Viruses. 2022;14(10). Epub 20220928. 
doi: 10.3390/v14102139. PubMed PMID: 36298693; PMCID: PMC9610998. 
3. Horne KM, Vanlandingham DL. Bunyavirus-vector interactions. Viruses. 2014;6(11):4373-97. Epub 
20141113. doi: 10.3390/v6114373. PubMed PMID: 25402172; PMCID: PMC4246228. 
4. Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses In Knipe DM, Howley PM (ed), Fields 
Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia), p 1070-1085. 
5. Luby SP. The pandemic potential of Nipah virus. Antiviral research. 2013;100(1):38-43. Epub 
20130730. doi: 10.1016/j.antiviral.2013.07.011. PubMed PMID: 23911335. 
6. Kummer S, Kranz DC. Henipaviruses-A constant threat to livestock and humans. PLoS Negl Trop Dis. 
2022;16(2):e0010157. Epub 20220218. doi: 10.1371/journal.pntd.0010157. PubMed PMID: 35180217; PMCID: 
PMC8856525. 
7. Maes P, Adkins S, Alkhovsky SV, Avšič-Županc T, Ballinger MJ, Bente DA, Beer M, Bergeron É, Blair 
CD, Briese T, Buchmeier MJ, Burt FJ, Calisher CH, Charrel RN, Choi IR, Clegg JCS, de la Torre JC, de 
Lamballerie X, DeRisi JL, Digiaro M, Drebot M, Ebihara H, Elbeaino T, Ergünay K, Fulhorst CF, Garrison AR, 
Gāo GF, Gonzalez JJ, Groschup MH, Günther S, Haenni AL, Hall RA, Hewson R, Hughes HR, Jain RK, 
Jonson MG, Junglen S, Klempa B, Klingström J, Kormelink R, Lambert AJ, Langevin SA, Lukashevich IS, 
Marklewitz M, Martelli GP, Mielke-Ehret N, Mirazimi A, Mühlbach HP, Naidu R, Nunes MRT, Palacios G, Papa 
A, Pawęska JT, Peters CJ, Plyusnin A, Radoshitzky SR, Resende RO, Romanowski V, Sall AA, Salvato MS, 
Sasaya T, Schmaljohn C, Shí X, Shirako Y, Simmonds P, Sironi M, Song JW, Spengler JR, Stenglein MD, 
Tesh RB, Turina M, Wèi T, Whitfield AE, Yeh SD, Zerbini FM, Zhang YZ, Zhou X, Kuhn JH. Taxonomy of the 
order Bunyavirales: second update 2018. Arch Virol. 2019;164(3):927-41. doi: 10.1007/s00705-018-04127-3. 
PubMed PMID: 30663021; PMCID: PMC6581445. 
8. Silva-Ramos CR, Montoya-Ruíz C, Faccini-Martínez Á A, Rodas JD. An updated review and current 
challenges of Guanarito virus infection, Venezuelan hemorrhagic fever. Arch Virol. 2022;167(9):1727-38. Epub 
20220517. doi: 10.1007/s00705-022-05453-3. PubMed PMID: 35579715; PMCID: PMC9110938. 
9. Garry RF. Lassa fever - the road ahead. Nat Rev Microbiol. 2023;21(2):87-96. Epub 20220912. doi: 
10.1038/s41579-022-00789-8. PubMed PMID: 36097163; PMCID: PMC9466315. 
10. Mehand MS, Al-Shorbaji F, Millett P, Murgue B. The WHO R&D Blueprint: 2018 review of emerging 
infectious diseases requiring urgent research and development efforts. Antiviral research. 2018;159:63-7. Epub 
20180924. doi: 10.1016/j.antiviral.2018.09.009. PubMed PMID: 30261226; PMCID: PMC7113760. 
11. WHO. List of Blueprint Priority Diseases. 2018 [cited 2018 November 14]. Available from: 
http://www.who.int/blueprint/priority-diseases/en/. 
12. NIH-NIAID. NIAID Emerging Infectious Diseases/ Pathogens 2018 [04 Jun 2023]. Available from: 
https://www.niaid.nih.gov/research/emerging-infectious-diseases-pathogens. 
13. Eaton BT, Broder CC, Middleton D, Wang LF. Hendra and Nipah viruses: different and dangerous. Nat 
Rev Microbiol. 2006;4(1):23-35. doi: 10.1038/nrmicro1323. PubMed PMID: 16357858; PMCID: PMC7097447. 
14. Amaya M, Broder CC. Vaccines to Emerging Viruses: Nipah and Hendra. Annu Rev Virol. 
2020;7(1):447-73. doi: 10.1146/annurev-virology-021920-113833. PubMed PMID: 32991264; PMCID: 
PMC8782152. 
15. Zhang XA, Li H, Jiang FC, Zhu F, Zhang YF, Chen JJ, Tan CW, Anderson DE, Fan H, Dong LY, Li C, 
Zhang PH, Li Y, Ding H, Fang LQ, Wang LF, Liu W. A Zoonotic Henipavirus in Febrile Patients in China. N 
Engl J Med. 2022;387(5):470-2. doi: 10.1056/NEJMc2202705. PubMed PMID: 35921459. 
16. Radoshitzky SR, Buchmeier MJ, Charrel RN, Clegg JCS, Gonzalez JJ, Günther S, Hepojoki J, Kuhn 
JH, Lukashevich IS, Romanowski V, Salvato MS, Sironi M, Stenglein MD, de la Torre JC, Ictv Report C. ICTV 
Virus Taxonomy Profile: Arenaviridae. J Gen Virol. 2019;100(8):1200-1. Epub 20190613. doi: 
10.1099/jgv.0.001280. PubMed PMID: 31192784. 
17. Hallam SJ, Koma T, Maruyama J, Paessler S. Review of Mammarenavirus Biology and Replication. 
Front Microbiol. 2018;9:1751. Epub 20180803. doi: 10.3389/fmicb.2018.01751. PubMed PMID: 30123198; 
PMCID: PMC6085440. 
18. Forni D, Pontremoli C, Pozzoli U, Clerici M, Cagliani R, Sironi M. Ancient Evolution of 
Mammarenaviruses: Adaptation via Changes in the L Protein and No Evidence for Host-Virus Codivergence. 
Genome Biol Evol. 2018;10(3):863-74. doi: 10.1093/gbe/evy050. PubMed PMID: 29608723. 



19. Shaffer JG, Grant DS, Schieffelin JS, Boisen ML, Goba A, Hartnett JN, Levy DC, Yenni RE, Moses LM, 
Fullah M, Momoh M, Fonnie M, Fonnie R, Kanneh L, Koroma VJ, Kargbo K, Ottomassathien D, Muncy IJ, 
Jones AB, Illick MM, Kulakosky PC, Haislip AM, Bishop CM, Elliot DH, Brown BL, Zhu H, Hastie KM, Andersen 
KG, Gire SK, Tabrizi S, Tariyal R, Stremlau M, Matschiner A, Sampey DB, Spence JS, Cross RW, Geisbert JB, 
Folarin OA, Happi CT, Pitts KR, Geske FJ, Geisbert TW, Saphire EO, Robinson JE, Wilson RB, Sabeti PC, 
Henderson LA, Khan SH, Bausch DG, Branco LM, Garry RF, the Viral Hemorrhagic Fever C. Lassa Fever in 
Post-Conflict Sierra Leone. PLOS Neglected Tropical Diseases. 2014;8(3):e2748. doi: 
10.1371/journal.pntd.0002748. 
20. Enria DA, Briggiler AM, Sanchez Z. Treatment of Argentine hemorrhagic fever. Antiviral research. 
2008;78(1):132-9. Epub 2007/12/07. doi: 10.1016/j.antiviral.2007.10.010. PubMed PMID: 18054395. 
21. Kilgore PE, Peters CJ, Mills JN, Rollin PE, Armstrong L, Khan AS, Ksiazek TG. Prospects for the 
control of Bolivian hemorrhagic fever. Emerg Infect Dis. 1995;1(3):97-100. doi: 10.3201/eid0103.950308. 
PubMed PMID: 8903174; PMCID: PMC2626873. 
22. Heinrich ML, Boisen ML, Nelson DKS, Bush DJ, Cross RW, Koval AP, Hoffmann AR, Beddingfield BJ, 
Hastie KM, Rowland MM, Aimukanova I, Koval S, Lathigra R, Borisevich V, Momoh M, Sandi JD, Goba A, 
Odia l, Baimba F, Aiyepada JO, Ebo B, Eromon P, Ugwu C, Folarin O, Olumade T, Onyechi MN, Etafo J, 
Adeyemi R, Ella EE, Aminu M, Gomerep SS, Eke MA, Ogunsanya O, Akpede GO, Asogun DO, Okogbenin 
SA, Okokhere PO, Holst J, Shaffer JG, Schieffelin JS, Geisbert TW, Saphire EO, Happi CT, Grant DS, Garry 
RF, Branco LM. Antibodies from Sierra Leonean and Nigerian Lassa fever survivors cross-react with 
recombinant proteins representing Lassa viruses of divergent lineages. Scientific Reports. 2020;10(1):16030. 
doi: 10.1038/s41598-020-72539-w. 
23. Mire CE, Cross RW, Geisbert JB, Borisevich V, Agans KN, Deer DJ, Heinrich ML, Rowland MM, Goba 
A, Momoh M, Boisen ML, Grant DS, Fullah M, Khan SH, Fenton KA, Robinson JE, Branco LM, Garry RF, 
Geisbert TW. Human-monoclonal-antibody therapy protects nonhuman primates against advanced Lassa 
fever. Nature Medicine. 2017;23(10):1146-9. doi: 10.1038/nm.4396. 
24. Hastie KM, Zandonatti MA, Kleinfelter LM, Heinrich ML, Rowland MM, Chandran K, Branco LM, 
Robinson JE, Garry RF, Saphire EO. Structural basis for antibody-mediated neutralization of Lassa virus. 
Science. 2017;356(6341):923-8. doi: 10.1126/science.aam7260. PubMed PMID: 28572385; PMCID: 
PMC6007842. 
25. Sullivan BM, Sakabe S, Hartnett JN, Ngo N, Goba A, Momoh M, Demby Sandi J, Kanneh L, Cubitt B, 
Garcia SD, Ware BC, Kotliar D, Robles-Sikisaka R, Gangavarapu K, Branco L, Eromon P, Odia I, Ogbaini-
Emovon E, Folarin O, Okogbenin S, Okokhere PO, Happi C, de la Torre JC, Sabeti PC, Andersen KG, Garry 
RF, Grant DS, Schieffelin JS, Oldstone MBA. High crossreactivity of human T cell responses between Lassa 
virus lineages. PLoS Pathog. 2020;16(3):e1008352. Epub 20200306. doi: 10.1371/journal.ppat.1008352. 
PubMed PMID: 32142546; PMCID: PMC7080273. 
26. Ugwu C, Olumade T, Nwakpakpa E, Onyia V, Odeh E, Duruiheoma RO, Ojide CK, Eke MA, Nwafor IE, 
Chika-Igwenyi N, Abu AM, Azuogu B, Ajayi N, Ogah E, Ayodeji O, Abejegah C, Adedosu N, Oyejide N, Abah 
S, Omidele A, Ingbian W, Osoba E, Eromon P, Oluniyi P, Ogunsanya O, Happi A, Otuh P, Nadesalingam A, 
Carnell G, Krause N, Aguinam E, Kinsley R, Storisteanu DML, Tonks P, Nelson D, McAlister C, Boisen M, 
Garry R, Wright E, Temperton N, Frost S, Heeney JL, Happi C. Humoral and cellular immune responses to 
Lassa fever virus in Lassa fever survivors and their exposed contacts in Southern Nigeria. Scientific Reports. 
2022;12(1):22330. doi: 10.1038/s41598-022-26045-w. 
27. Geisbert TW, Jones S, Fritz EA, Shurtleff AC, Geisbert JB, Liebscher R, Grolla A, Ströher U, Fernando 
L, Daddario KM, Guttieri MC, Mothé BR, Larsen T, Hensley LE, Jahrling PB, Feldmann H. Development of a 
New Vaccine for the Prevention of Lassa Fever. PLOS Medicine. 2005;2(6):e183. doi: 
10.1371/journal.pmed.0020183. 
28. Cross RW, Woolsey C, Prasad AN, Borisevich V, Agans KN, Deer DJ, Geisbert JB, Dobias NS, Fenton 
KA, Geisbert TW. A recombinant VSV-vectored vaccine rapidly protects nonhuman primates against 
heterologous lethal Lassa fever. Cell Rep. 2022;40(3):111094. doi: 10.1016/j.celrep.2022.111094. PubMed 
PMID: 35858566. 
29. Safronetz D, Mire C, Rosenke K, Feldmann F, Haddock E, Geisbert T, Feldmann H. A Recombinant 
Vesicular Stomatitis Virus-Based Lassa Fever Vaccine Protects Guinea Pigs and Macaques against Challenge 
with Geographically and Genetically Distinct Lassa Viruses. PLOS Neglected Tropical Diseases. 
2015;9(4):e0003736. doi: 10.1371/journal.pntd.0003736. 



30. Hensley LE, Smith MA, Geisbert JB, Fritz EA, Daddario-DiCaprio KM, Larsen T, Geisbert TW. 
Pathogenesis of Lassa fever in cynomolgus macaques. Virol J. 2011;8:205. Epub 20110506. doi: 
10.1186/1743-422x-8-205. PubMed PMID: 21548931; PMCID: PMC3104370. 
31. Zeitlin L, Cross RW, Geisbert JB, Borisevich V, Agans KN, Prasad AN, Enterlein S, Aman MJ, 
Bornholdt ZA, Brennan MB, Campbell L, Kim D, Mlakar N, Moyer CL, Pauly MH, Shestowsky W, Whaley KJ, 
Fenton KA, Geisbert TW. Therapy for Argentine hemorrhagic fever in nonhuman primates with a humanized 
monoclonal antibody. Proceedings of the National Academy of Sciences. 2021;118(11):e2023332118. doi: 
doi:10.1073/pnas.2023332118. 
32. Bell TM, Shaia CI, Bunton TE, Robinson CG, Wilkinson ER, Hensley LE, Cashman KA. Pathology of 
Experimental Machupo Virus Infection, Chicava Strain, in Cynomolgus Macaques (Macaca fascicularis) by 
Intramuscular and Aerosol Exposure. Veterinary Pathology. 2015;52(1):26-37. doi: 
10.1177/0300985814540544. PubMed PMID: 24990481. 
33. Burt FJ, Spencer DC, Leman PA, Patterson B, Swanepoel R. Investigation of tick-borne viruses as 
pathogens of humans in South Africa and evidence of Dugbe virus infection in a patient with prolonged 
thrombocytopenia. Epidemiol Infect. 1996;116(3):353-61. doi: 10.1017/s0950268800052687. PubMed PMID: 
8666081; PMCID: PMC2271429. 
34. Brinkmann A, Kohl C, Radonić A, Dabrowski PW, Mühldorfer K, Nitsche A, Wibbelt G, Kurth A. First 
detection of bat-borne Issyk-Kul virus in Europe. Sci Rep. 2020;10(1):22384. Epub 20201224. doi: 
10.1038/s41598-020-79468-8. PubMed PMID: 33361773; PMCID: PMC7759570. 
35. Ma J, Lv XL, Zhang X, Han SZ, Wang ZD, Li L, Sun HT, Ma LX, Cheng ZL, Shao JW, Chen C, Zhao 
YH, Sui L, Liu LN, Qian J, Wang W, Liu Q. Identification of a new orthonairovirus associated with human febrile 
illness in China. Nat Med. 2021;27(3):434-9. Epub 20210218. doi: 10.1038/s41591-020-01228-y. PubMed 
PMID: 33603240. 
36. Lorenzo Juanes HM, Carbonell C, Sendra BF, López-Bernus A, Bahamonde A, Orfao A, Lista CV, 
Ledesma MS, Negredo AI, Rodríguez-Alonso B, Bua BR, Sánchez-Seco MP, Muñoz Bellido JL, Muro A, 
Belhassen-García M. Crimean-Congo Hemorrhagic Fever, Spain, 2013-2021. Emerg Infect Dis. 
2023;29(2):252-9. doi: 10.3201/eid2902.220677. PubMed PMID: 36692301; PMCID: PMC9881766. 
37. Grandi G, Chitimia-Dobler L, Choklikitumnuey P, Strube C, Springer A, Albihn A, Jaenson TGT, Omazic 
A. First records of adult Hyalomma marginatum and H. rufipes ticks (Acari: Ixodidae) in Sweden. Ticks Tick 
Borne Dis. 2020;11(3):101403. Epub 20200130. doi: 10.1016/j.ttbdis.2020.101403. PubMed PMID: 32037097. 
38. Hawman DW, Feldmann H. Crimean–Congo haemorrhagic fever virus. Nature Reviews Microbiology. 
2023. doi: 10.1038/s41579-023-00871-9. 
39. Keshtkar-Jahromi M, Kuhn JH, Christova I, Bradfute SB, Jahrling PB, Bavari S. Crimean-Congo 
hemorrhagic fever: current and future prospects of vaccines and therapies. Antiviral research. 2011;90(2):85-
92. Epub 20110306. doi: 10.1016/j.antiviral.2011.02.010. PubMed PMID: 21362441. 
40. Soares-Weiser K, Thomas S, G GT, Garner P. Ribavirin for Crimean-Congo hemorrhagic fever: 
systematic review and meta-analysis. BMC Infectious Diseases. 2010;10(1):207. doi: 10.1186/1471-2334-10-
207. 
41. Rodriguez SE, Cross RW, Fenton KA, Bente DA, Mire CE, Geisbert TW. Vesicular Stomatitis Virus-
Based Vaccine Protects Mice against Crimean-Congo Hemorrhagic Fever. Sci Rep. 2019;9(1):7755. Epub 
20190523. doi: 10.1038/s41598-019-44210-6. PubMed PMID: 31123310; PMCID: PMC6533279. 
42. Bente DA, Alimonti JB, Shieh WJ, Camus G, Ströher U, Zaki S, Jones SM. Pathogenesis and immune 
response of Crimean-Congo hemorrhagic fever virus in a STAT-1 knockout mouse model. J Virol. 
2010;84(21):11089-100. Epub 20100825. doi: 10.1128/jvi.01383-10. PubMed PMID: 20739514; PMCID: 
PMC2953203. 
43. Cross RW, Prasad AN, Borisevich V, Geisbert JB, Agans KN, Deer DJ, Fenton KA, Geisbert TW. 
Crimean-Congo hemorrhagic fever virus strains Hoti and Afghanistan cause viremia and mild clinical disease 
in cynomolgus monkeys. PLoS Negl Trop Dis. 2020;14(8):e0008637. Epub 20200813. doi: 
10.1371/journal.pntd.0008637. PubMed PMID: 32790668; PMCID: PMC7447009. 
44. Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses In Kaslow RA, Stanberry LR, Le Duc JW 
(ed), Viral Infections of Humans, Epidemiology and Control. Springer Science+Business Media, New York, p 
519-536. 
45. Murray K, Selleck P, Hooper P, Hyatt A, Gould A, Gleeson L, Westbury H, Hiley L, Selvey L, Rodwell B, 
et al. A morbillivirus that caused fatal disease in horses and humans. Science. 1995;268(5207):94-7. doi: 
10.1126/science.7701348. PubMed PMID: 7701348. 



46. Chua KB, Bellini WJ, Rota PA, Harcourt BH, Tamin A, Lam SK, Ksiazek TG, Rollin PE, Zaki SR, Shieh 
W, Goldsmith CS, Gubler DJ, Roehrig JT, Eaton B, Gould AR, Olson J, Field H, Daniels P, Ling AE, Peters CJ, 
Anderson LJ, Mahy BW. Nipah virus: a recently emergent deadly paramyxovirus. Science (New York, NY). 
2000;288(5470):1432-5. doi: 10.1126/science.288.5470.1432. PubMed PMID: 10827955. 
47. Geisbert TW, Feldmann H, Broder CC. Animal challenge models of henipavirus infection and 
pathogenesis. Curr Top Microbiol Immunol. 2012;359:153-77. doi: 10.1007/82_2012_208. PubMed PMID: 
22476556; PMCID: PMC7120132. 
48. Department of Health and Human Services. Possession, Use, and Transfer of Select Agents and 
Toxins; Biennial Review;  (Ed.) United States Government, Federal Register: Washington, DC, USA, 2020; 
Volume 85, FR 15087. 
49. Sweileh WM. Global research trends of World Health Organization's top eight emerging pathogens. 
Global Health. 2017;13(1):9. Epub 20170208. doi: 10.1186/s12992-017-0233-9. PubMed PMID: 28179007; 
PMCID: PMC5299748. 
50. Bossart KN, Geisbert TW, Feldmann H, Zhu Z, Feldmann F, Geisbert JB, Yan L, Feng Y-R, Brining D, 
Scott D, Wang Y, Dimitrov AS, Callison J, Chan Y-P, Hickey AC, Dimitrov DS, Broder CC, Rockx B. A 
neutralizing human monoclonal antibody protects african green monkeys from hendra virus challenge. Science 
translational medicine. 2011;3(105):105ra3. doi: 10.1126/scitranslmed.3002901. PubMed PMID: 22013123. 
51. Geisbert TW, Mire CE, Geisbert JB, Chan Y-P, Agans KN, Feldmann F, Fenton KA, Zhu Z, Dimitrov 
DS, Scott DP, Bossart KN, Feldmann H, Broder CC. Therapeutic treatment of Nipah virus infection in 
nonhuman primates with a neutralizing human monoclonal antibody. Science translational medicine. 
2014;6(242):242ra82. doi: 10.1126/scitranslmed.3008929. PubMed PMID: 24964990. 
52. Mire CE, Satterfield BA, Geisbert JB, Agans KN, Borisevich V, Yan L, Chan YP, Cross RW, Fenton KA, 
Broder CC, Geisbert TW. Pathogenic Differences between Nipah Virus Bangladesh and Malaysia Strains in 
Primates: Implications for Antibody Therapy. Sci Rep. 2016;6:30916. Epub 20160803. doi: 10.1038/srep30916. 
PubMed PMID: 27484128; PMCID: PMC4971471. 
53. Mire CE, Chan YP, Borisevich V, Cross RW, Yan L, Agans KN, Dang HV, Veesler D, Fenton KA, 
Geisbert TW, Broder CC. A Cross-Reactive Humanized Monoclonal Antibody Targeting Fusion Glycoprotein 
Function Protects Ferrets Against Lethal Nipah Virus and Hendra Virus Infection. J Infect Dis. 2020;221(Suppl 
4):S471-s9. doi: 10.1093/infdis/jiz515. PubMed PMID: 31686101; PMCID: PMC7199785. 
54. Playford EG, Munro T, Mahler SM, Elliott S, Gerometta M, Hoger KL, Jones ML, Griffin P, Lynch KD, 
Carroll H, El Saadi D, Gilmour ME, Hughes B, Hughes K, Huang E, de Bakker C, Klein R, Scher MG, Smith IL, 
Wang LF, Lambert SB, Dimitrov DS, Gray PP, Broder CC. Safety, tolerability, pharmacokinetics, and 
immunogenicity of a human monoclonal antibody targeting the G glycoprotein of henipaviruses in healthy 
adults: a first-in-human, randomised, controlled, phase 1 study. Lancet Infect Dis. 2020;20(4):445-54. Epub 
20200203. doi: 10.1016/s1473-3099(19)30634-6. PubMed PMID: 32027842. 
55. Middleton D, Pallister J, Klein R, Feng Y-R, Haining J, Arkinstall R, Frazer L, Huang J-A, Edwards N, 
Wareing M, Elhay M, Hashmi Z, Bingham J, Yamada M, Johnson D, White J, Foord A, Heine HG, Marsh GA, 
Broder CC, Wang L-F. Hendra virus vaccine, a one health approach to protecting horse, human, and 
environmental health. Emerging infectious diseases. 2014;20(3):372-9. doi: 10.3201/eid2003.131159. PubMed 
PMID: 24572697. 
56. Geisbert TW, Daddario-DiCaprio KM, Hickey AC, Smith MA, Chan YP, Wang LF, Mattapallil JJ, 
Geisbert JB, Bossart KN, Broder CC. Development of an acute and highly pathogenic nonhuman primate 
model of Nipah virus infection. PLoS One. 2010;5(5):e10690. Epub 20100518. doi: 
10.1371/journal.pone.0010690. PubMed PMID: 20502528; PMCID: PMC2872660. 
57. Cheliout Da Silva S, Yan L, Dang HV, Xu K, Epstein JH, Veesler D, Broder CC. Functional Analysis of 
the Fusion and Attachment Glycoproteins of Mojiang Henipavirus. Viruses. 2021;13(3). Epub 20210322. doi: 
10.3390/v13030517. PubMed PMID: 33809833; PMCID: PMC8004131. 
58. Korkmaz E, Balmert SC, Carey CD, Erdos G, Falo LD, Jr. Emerging skin-targeted drug delivery 
strategies to engineer immunity: A focus on infectious diseases. Expert Opin Drug Deliv. 2021;18(2):151-67. 
Epub 20201006. doi: 10.1080/17425247.2021.1823964. PubMed PMID: 32924651; PMCID: PMC9355143. 
59. Andrianov AK, DeCollibus DP, Gillis HA, Kha HH, Marin A, Prausnitz MR, Babiuk LA, Townsend H, 
Mutwiri G. Poly[di(carboxylatophenoxy)phosphazene] is a potent adjuvant for intradermal immunization. Proc 
Natl Acad Sci U S A. 2009;106(45):18936-41. Epub 20091028. doi: 10.1073/pnas.0908842106. PubMed 
PMID: 19864632; PMCID: PMC2770009. 
60. Geisbert TW, Mire CE, Geisbert JB, Chan YP, Agans KN, Feldmann F, Fenton KA, Zhu Z, Dimitrov DS, 
Scott DP, Bossart KN, Feldmann H, Broder CC. Therapeutic treatment of Nipah virus infection in nonhuman 



primates with a neutralizing human monoclonal antibody. Sci Transl Med. 2014;6(242):242ra82. doi: 
10.1126/scitranslmed.3008929. PubMed PMID: 24964990; PMCID: PMC4467163. 
61. Bossart KN, Geisbert TW, Feldmann H, Zhu Z, Feldmann F, Geisbert JB, Yan L, Feng YR, Brining D, 
Scott D, Wang Y, Dimitrov AS, Callison J, Chan YP, Hickey AC, Dimitrov DS, Broder CC, Rockx B. A 
neutralizing human monoclonal antibody protects african green monkeys from hendra virus challenge. Sci 
Transl Med. 2011;3(105):105ra3. doi: 10.1126/scitranslmed.3002901. PubMed PMID: 22013123; PMCID: 
PMC3313625. 
62. Qiu X, Wong G, Audet J, Bello A, Fernando L, Alimonti JB, Fausther-Bovendo H, Wei H, Aviles J, Hiatt 
E, Johnson A, Morton J, Swope K, Bohorov O, Bohorova N, Goodman C, Kim D, Pauly MH, Velasco J, Pettitt 
J, Olinger GG, Whaley K, Xu B, Strong JE, Zeitlin L, Kobinger GP. Reversion of advanced Ebola virus disease 
in nonhuman primates with ZMapp. Nature. 2014;514(7520):47-53. doi: 10.1038/nature13777. PubMed PMID: 
25171469; PMCID: PMC4214273. 
63. Mire CE, Geisbert JB, Borisevich V, Fenton KA, Agans KN, Flyak AI, Deer DJ, Steinkellner H, Bohorov 
O, Bohorova N, Goodman C, Hiatt A, Kim DH, Pauly MH, Velasco J, Whaley KJ, Crowe JE, Jr., Zeitlin L, 
Geisbert TW. Therapeutic treatment of Marburg and Ravn virus infection in nonhuman primates with a human 
monoclonal antibody. Sci Transl Med. 2017;9(384). doi: 10.1126/scitranslmed.aai8711. PubMed PMID: 
28381540; PMCID: PMC5719873. 
64. Mire CE, Cross RW, Geisbert JB, Borisevich V, Agans KN, Deer DJ, Heinrich ML, Rowland MM, Goba 
A, Momoh M, Boisen ML, Grant DS, Fullah M, Khan SH, Fenton KA, Robinson JE, Branco LM, Garry RF, 
Geisbert TW. Human-monoclonal-antibody therapy protects nonhuman primates against advanced Lassa 
fever. Nat Med. 2017;23(10):1146-9. Epub 2017/09/05. doi: 10.1038/nm.4396. PubMed PMID: 28869611; 
PMCID: PMC5719877. 
65. Kuo TT, Aveson VG. Neonatal Fc receptor and IgG-based therapeutics. mAbs. 2011;3(5):422-30. Epub 
2011/11/04. doi: 10.4161/mabs.3.5.16983. PubMed PMID: 22048693; PMCID: PMC3225846. 
66. Robbie GJ, Criste R, Dall'acqua WF, Jensen K, Patel NK, Losonsky GA, Griffin MP. A Novel 
Investigational Fc Modified Humanized Monoclonal Antibody, Motavizumab-YTE, Has an Extended Half-life in 
Healthy Adults: A Randomized Study. Antimicrobial agents and chemotherapy. 2013. Epub 2013/10/02. doi: 
10.1128/aac.01285-13. PubMed PMID: 24080653. 
67. Gaudinski MR, Coates EE, Houser KV, Chen GL, Yamshchikov G, Saunders JG, Holman LA, Gordon I, 
Plummer S, Hendel CS, Conan-Cibotti M, Lorenzo MG, Sitar S, Carlton K, Laurencot C, Bailer RT, Narpala S, 
McDermott AB, Namboodiri AM, Pandey JP, Schwartz RM, Hu Z, Koup RA, Capparelli E, Graham BS, 
Mascola JR, Ledgerwood JE. Safety and pharmacokinetics of the Fc-modified HIV-1 human monoclonal 
antibody VRC01LS: A Phase 1 open-label clinical trial in healthy adults. PLoS Med. 2018;15(1):e1002493. 
Epub 2018/01/25. doi: 10.1371/journal.pmed.1002493. PubMed PMID: 29364886; PMCID: PMC5783347. 
68. Mastraccio KE, Huaman C, Laing ED, Broder CC, Schaefer BC. Longitudinal Tracing of Lyssavirus 
Infection in Mice via In Vivo Bioluminescence Imaging. Methods Mol Biol. 2022;2524:369-94. doi: 10.1007/978-
1-0716-2453-1_30. PubMed PMID: 35821488. 
69. Rima B, Balkema-Buschmann A, Dundon WG, Duprex P, Easton A, Fouchier R, Kurath G, Lamb R, 
Lee B, Rota P, Wang L, Ictv Report C. ICTV Virus Taxonomy Profile: Paramyxoviridae. J Gen Virol. 
2019;100(12):1593-4. Epub 20191011. doi: 10.1099/jgv.0.001328. PubMed PMID: 31609197; PMCID: 
PMC7273325. 
70. Madera S, Kistler A, Ranaivoson HC, Ahyong V, Andrianiaina A, Andry S, Raharinosy V, 
Randriambolamanantsoa TH, Ravelomanantsoa NAF, Tato CM, DeRisi JL, Aguilar HC, Lacoste V, Dussart P, 
Heraud JM, Brook CE. Discovery and Genomic Characterization of a Novel Henipavirus, Angavokely Virus, 
from Fruit Bats in Madagascar. J Virol. 2022;96(18):e0092122. Epub 20220830. doi: 10.1128/jvi.00921-22. 
PubMed PMID: 36040175; PMCID: PMC9517717. 
71. Vanmechelen B, Meurs S, Horemans M, Loosen A, Joly Maes T, Laenen L, Vergote V, Koundouno FR, 
Magassouba N, Konde MK, Condé IS, Carroll MW, Maes P. The characterization of multiple novel 
paramyxoviruses highlights the diverse nature of the subfamily Orthoparamyxovirinae. Virus Evol. 
2022;8(2):veac061. Epub 20220630. doi: 10.1093/ve/veac061. PubMed PMID: 35854826; PMCID: 
PMC9290864. 
72. Drexler JF, Corman VM, Müller MA, Maganga GD, Vallo P, Binger T, Gloza-Rausch F, Cottontail VM, 
Rasche A, Yordanov S, Seebens A, Knörnschild M, Oppong S, Adu Sarkodie Y, Pongombo C, Lukashev AN, 
Schmidt-Chanasit J, Stöcker A, Carneiro AJ, Erbar S, Maisner A, Fronhoffs F, Buettner R, Kalko EK, Kruppa T, 
Franke CR, Kallies R, Yandoko ER, Herrler G, Reusken C, Hassanin A, Krüger DH, Matthee S, Ulrich RG, 



Leroy EM, Drosten C. Bats host major mammalian paramyxoviruses. Nat Commun. 2012;3:796. Epub 
20120424. doi: 10.1038/ncomms1796. PubMed PMID: 22531181; PMCID: PMC3343228. 
73. Wu Z, Yang L, Yang F, Ren X, Jiang J, Dong J, Sun L, Zhu Y, Zhou H, Jin Q. Novel Henipa-like virus, 
Mojiang Paramyxovirus, in rats, China, 2012. Emerg Infect Dis. 2014;20(6):1064-6. doi: 
10.3201/eid2006.131022. PubMed PMID: 24865545; PMCID: PMC4036791. 
74. Voigt K, Hoffmann M, Drexler JF, Müller MA, Drosten C, Herrler G, Krüger N. Fusogenicity of the 
Ghana Virus (Henipavirus: Ghanaian bat henipavirus) Fusion Protein is Controlled by the Cytoplasmic Domain 
of the Attachment Glycoprotein. Viruses. 2019;11(9). Epub 20190829. doi: 10.3390/v11090800. PubMed 
PMID: 31470664; PMCID: PMC6784138. 
75. Childs K, Randall R, Goodbourn S. Paramyxovirus V proteins interact with the RNA Helicase LGP2 to 
inhibit RIG-I-dependent interferon induction. J Virol. 2012;86(7):3411-21. Epub 20120201. doi: 
10.1128/jvi.06405-11. PubMed PMID: 22301134; PMCID: PMC3302505. 
76. Davis ME, Wang MK, Rennick LJ, Full F, Gableske S, Mesman AW, Gringhuis SI, Geijtenbeek TB, 
Duprex WP, Gack MU. Antagonism of the phosphatase PP1 by the measles virus V protein is required for 
innate immune escape of MDA5. Cell Host Microbe. 2014;16(1):19-30. doi: 10.1016/j.chom.2014.06.007. 
PubMed PMID: 25011105; PMCID: PMC4120867. 
77. Rodriguez JJ, Parisien JP, Horvath CM. Nipah virus V protein evades alpha and gamma interferons by 
preventing STAT1 and STAT2 activation and nuclear accumulation. J Virol. 2002;76(22):11476-83. doi: 
10.1128/jvi.76.22.11476-11483.2002. PubMed PMID: 12388709; PMCID: PMC136769. 
78. Shaw ML, Cardenas WB, Zamarin D, Palese P, Basler CF. Nuclear localization of the Nipah virus W 
protein allows for inhibition of both virus- and toll-like receptor 3-triggered signaling pathways. J Virol. 
2005;79(10):6078-88. doi: 10.1128/jvi.79.10.6078-6088.2005. PubMed PMID: 15857993; PMCID: 
PMC1091709. 
79. Basler CF. Nipah and hendra virus interactions with the innate immune system. Curr Top Microbiol 
Immunol. 2012;359:123-52. doi: 10.1007/82_2012_209. PubMed PMID: 22491899. 
80. Yoneda M, Guillaume V, Sato H, Fujita K, Georges-Courbot MC, Ikeda F, Omi M, Muto-Terao Y, Wild 
TF, Kai C. The nonstructural proteins of Nipah virus play a key role in pathogenicity in experimentally infected 
animals. PLoS One. 2010;5(9):e12709. Epub 20100915. doi: 10.1371/journal.pone.0012709. PubMed PMID: 
20856799; PMCID: PMC2939873. 
81. Satterfield BA, Cross RW, Fenton KA, Borisevich V, Agans KN, Deer DJ, Graber J, Basler CF, Geisbert 
TW, Mire CE. Nipah Virus C and W Proteins Contribute to Respiratory Disease in Ferrets. J Virol. 
2016;90(14):6326-43. Epub 20160624. doi: 10.1128/jvi.00215-16. PubMed PMID: 27147733; PMCID: 
PMC4936148. 
82. Marsh GA, de Jong C, Barr JA, Tachedjian M, Smith C, Middleton D, Yu M, Todd S, Foord AJ, Haring 
V, Payne J, Robinson R, Broz I, Crameri G, Field HE, Wang LF. Cedar virus: a novel Henipavirus isolated from 
Australian bats. PLoS Pathog. 2012;8(8):e1002836. Epub 20120802. doi: 10.1371/journal.ppat.1002836. 
PubMed PMID: 22879820; PMCID: PMC3410871. 
83. Amaya M, Cheng H, Borisevich V, Navaratnarajah CK, Cattaneo R, Cooper L, Moore TW, Gaisina IN, 
Geisbert TW, Rong L, Broder CC. A recombinant Cedar virus based high-throughput screening assay for 
henipavirus antiviral discovery. Antiviral research. 2021;193:105084. Epub 20210530. doi: 
10.1016/j.antiviral.2021.105084. PubMed PMID: 34077807; PMCID: PMC8631057. 
84. CDC. Biosafety in Microbiological and Biomedical Laboratories (BMBL) 6th Edition. [updated June 
2020]. Available from: https://www.cdc.gov/labs/pdf/SF__19_308133-A_BMBL6_00-BOOK-WEB-final-3.pdf. 
85. Organization WH. Lassa fever fact sheet. World Health Organization. 2017. 
86. Wolf T, Ellwanger R, Goetsch U, Wetzstein N, Gottschalk R. Fifty years of imported Lassa fever: a 
systematic review of primary and secondary cases. J Travel Med. 2020;27(4). doi: 10.1093/jtm/taaa035. 
PubMed PMID: 32219400. 
87. Purushotham J, Lambe T, Gilbert SC. Vaccine platforms for the prevention of Lassa fever. Immunol 
Lett. 2019;215:1-11. Epub 20190423. doi: 10.1016/j.imlet.2019.03.008. PubMed PMID: 31026485; PMCID: 
PMC7132387. 
88. Sewlall NH, Richards G, Duse A, Swanepoel R, Paweska J, Blumberg L, Dinh TH, Bausch D. Clinical 
features and patient management of Lujo hemorrhagic fever. PLoS Negl Trop Dis. 2014;8(11):e3233. Epub 
20141113. doi: 10.1371/journal.pntd.0003233. PubMed PMID: 25393244; PMCID: PMC4230886. 
89. Saito T, Reyna RA, Taniguchi S, Littlefield K, Paessler S, Maruyama J. Vaccine Candidates against 
Arenavirus Infections. Vaccines. 2023;11(3):635. PubMed PMID: doi:10.3390/vaccines11030635. 



90. Koma T, Patterson M, Huang C, Seregin AV, Maharaj PD, Miller M, Smith JN, Walker AG, Hallam S, 
Paessler S. Machupo Virus Expressing GPC of the Candid#1 Vaccine Strain of Junin Virus Is Highly 
Attenuated and Immunogenic. J Virol. 2016;90(3):1290-7. Epub 20151118. doi: 10.1128/jvi.02615-15. PubMed 
PMID: 26581982; PMCID: PMC4719595. 
91. Jahrling P TR, Barrero O. , editor. Crossprotection against Machupo virus with Candid 1 Junin virus 
vaccine. 2nd Int Conf Impact Viral Dis Dev Latin Am Countries Caribbean Region; 1988; Mar del Plata, 
Argentina. 
92. Delgado S, Erickson BR, Agudo R, Blair PJ, Vallejo E, Albariño CG, Vargas J, Comer JA, Rollin PE, 
Ksiazek TG, Olson JG, Nichol ST. Chapare Virus, a Newly Discovered Arenavirus Isolated from a Fatal 
Hemorrhagic Fever Case in Bolivia. PLOS Pathogens. 2008;4(4):e1000047. doi: 
10.1371/journal.ppat.1000047. 
93. Loayza Mafayle R, Morales-Betoulle ME, Romero C, Cossaboom CM, Whitmer S, Alvarez Aguilera CE, 
Avila Ardaya C, Cruz Zambrana M, Dávalos Anajia A, Mendoza Loayza N, Montaño A-M, Morales Alvis FL, 
Revollo Guzmán J, Sasías Martínez S, Alarcón De La Vega G, Medina Ramírez A, Molina Gutiérrez JT, 
Cornejo Pinto AJ, Salas Bacci R, Brignone J, Garcia J, Añez A, Mendez-Rico J, Luz K, Segales A, Torrez Cruz 
KM, Valdivia-Cayoja A, Amman BR, Choi MJ, Erickson B-R, Goldsmith C, Graziano JC, Joyce A, Klena JD, 
Leach A, Malenfant JH, Nichol ST, Patel K, Sealy T, Shoemaker T, Spiropoulou CF, Todres A, Towner JS, 
Montgomery JM. Chapare Hemorrhagic Fever and Virus Detection in Rodents in Bolivia in 2019. New England 
Journal of Medicine. 2022;386(24):2283-94. doi: 10.1056/NEJMoa2110339. PubMed PMID: 35704480. 
94. Tipih T, Burt FJ. Crimean-Congo Hemorrhagic Fever Virus: Advances in Vaccine Development. Biores 
Open Access. 2020;9(1):137-50. Epub 20200512. doi: 10.1089/biores.2019.0057. PubMed PMID: 32461819; 
PMCID: PMC7247048. 
95. UHS-NHS. Healthy volunteers needed for research investigating world-first vaccine for viral disease 
2023 [cited 2023 03/06]. Available from: https://clinicalresearch.uhs.nhs.uk/news/healthy-volunteers-needed-
for-research-investigating-world-first-vaccine-for-viral-disease. 
96. Kalunda M, Mukwaya LG, Mukuye A, Lule M, Sekyalo E, Wright J, Casals J. Kasokero Virus: a New 
Human Pathogen from Bats (Rousettus Aegyptiacus) in Uganda. The American Journal of Tropical Medicine 
and Hygiene. 1986;35(2):387-92. doi: 10.4269/ajtmh.1986.35.387. 
97. Schuh AJ, Amman BR, Patel K, Sealy TK, Swanepoel R, Towner JS. Human-Pathogenic Kasokero 
Virus in Field-Collected Ticks. Emerg Infect Dis. 2020;26(12):2944-50. doi: 10.3201/eid2612.202411. PubMed 
PMID: 33219649; PMCID: PMC7706932. 
98. Mulangu S, Dodd LE, Davey RT, Jr., Tshiani Mbaya O, Proschan M, Mukadi D, Lusakibanza Manzo M, 
Nzolo D, Tshomba Oloma A, Ibanda A, Ali R, Coulibaly S, Levine AC, Grais R, Diaz J, Lane HC, Muyembe-
Tamfum JJ, Group PW, Sivahera B, Camara M, Kojan R, Walker R, Dighero-Kemp B, Cao H, Mukumbayi P, 
Mbala-Kingebeni P, Ahuka S, Albert S, Bonnett T, Crozier I, Duvenhage M, Proffitt C, Teitelbaum M, Moench 
T, Aboulhab J, Barrett K, Cahill K, Cone K, Eckes R, Hensley L, Herpin B, Higgs E, Ledgerwood J, Pierson J, 
Smolskis M, Sow Y, Tierney J, Sivapalasingam S, Holman W, Gettinger N, Vallee D, Nordwall J, Team PCS. A 
Randomized, Controlled Trial of Ebola Virus Disease Therapeutics. N Engl J Med. 2019;381(24):2293-303. 
Epub 2019/11/28. doi: 10.1056/NEJMoa1910993. PubMed PMID: 31774950. 
99. Group PIW, Multi-National PIIST, Davey RT, Jr., Dodd L, Proschan MA, Neaton J, Neuhaus Nordwall J, 
Koopmeiners JS, Beigel J, Tierney J, Lane HC, Fauci AS, Massaquoi MBF, Sahr F, Malvy D. A Randomized, 
Controlled Trial of ZMapp for Ebola Virus Infection. N Engl J Med. 2016;375(15):1448-56. doi: 
10.1056/NEJMoa1604330. PubMed PMID: 27732819; PMCID: PMC5086427. 
100. Politch JA, Cu-Uvin S, Moench TR, Tashima KT, Marathe JG, Guthrie KM, Cabral H, Nyhuis T, 
Brennan M, Zeitlin L, Spiegel HML, Mayer KH, Whaley KJ, Anderson DJ. Safety, acceptability, and 
pharmacokinetics of a monoclonal antibody-based vaginal multipurpose prevention film (MB66): A Phase I 
randomized trial. PLoS Med. 2021;18(2):e1003495. Epub 2021/02/04. doi: 10.1371/journal.pmed.1003495. 
PubMed PMID: 33534791. 

 



CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 
RESEARCH STRATEGY 

Introduction. Emerging and periodically reemerging pathogenic enveloped RNA viruses are continuous 
pandemic threats. Among viral taxon associated with human zoonoses, members of the family Paramyxoviridae 
and order Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans 
can become infected via excreta from animal reservoir hosts such as rodents or bats, through intermediate 
amplifying hosts such as small or domestic animals, or by arthropod vectors such as mosquitos and ticks1-4. 
Humans often represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur. During this process, RNA viral pathogens may mutate and adapt to more efficiently 
replicate and shed in the host, posing an epidemic threat5-8. The viral order Bunyavirales is composed of several 
viral families containing high priority human pathogens9. Notably, the Arenaviridae and Nairoviridae families 
contain viruses that cause severe hemorrhagic fever diseases in humans globally with mortality rates up to 60%10 
and significant, long-term sequelae in survivors11. Many bunyaviruses are included on the World Health 
Organization’s (WHO) List of Priority Pathogens12,13. Six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin 
and Machupo (LASV, LUJV, CHAPV, GTOV, JUNV, MACV) and one nairovirus, Crimean-Congo Hemorrhagic 
Fever Virus (CCHFV), are also identified as NIAID Category A pathogens14 due to their 1) high associated 
morbidity and mortality rates, 2) ease of dissemination and/or ability to transmit from person-to-person, 3) 
potential to cause public panic and social disruption, and 4) requirement for special actions in the context of 
public health preparedness. The Paramyxoviridae also includes members in the WHO Priority Pathogens, 
namely Nipah virus (NiV) and Hendra virus (HeV). These henipaviruses (HNVs) are the prototype members of 
the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory and/or 
neurological disease15. The genus now includes nine additional reported HNVs, but only HeV and NiV are 
associated with severe and often fatal henipaviral disease in humans and a number of animal species16. Langya 
virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile illness in humans17.  

These collective factors plus the absence of approved vaccines or therapeutics make bunyaviruses and 
paramyxoviruses a significant threat to global public health. There is a clear unmet need for countermeasures 

such as vaccines and antibody-based therapeutics 
to address the threat of natural outbreaks, 
epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center 
will focus on elucidating key principles for 
developing vaccine and monoclonal antibody 
(mAb) countermeasures to prototype bunyavirus 

and paramyxovirus pathogens (Table 1). In the out years of the Center effort, PABVAX will exploit these learned 
key principles in a “plug and play” demonstration against related viruses. 

Arenaviridae: The Arenaviridae is composed of five genera: Mammarenavirus, Reptarenavirus, Innmovirus, 
Antennavirus, and Hartmanivirus18. The genus Mammarenavirus contains a large number of rodent-borne 
viruses, some of which cause severe hemorrhagic fever, neurological damage, death, and permanent sequelae;  
hearing loss, vision impairment, and balance issues in survivors19. While these genera exhibit a global 
distribution, two geographically distinct serogroups exist that diverged20. Old World complex mammarenaviruses 
(OWAV) in the Eastern Hemisphere include LASV, Lymphocytic Choriomeningitis Virus (LCMV), and the newly 
discovered LUJV; New World complex mammarenaviruses (NWAV) in the Western Hemisphere include JUNV, 
MACV, Sabia Virus (SABV), and CHAPV. There are no FDA approved vaccines or therapeutics for 
mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use in Argentina. 

Disease severity and case fatality rates (CFR) vary across mammarenaviruses even within the same clades and 
species. Up to 500,000 cases of LASV infection occur per year with CFRs sometimes approaching 70% in 
hospitalized cases21. Before the introduction of the Candid-1 vaccine, it is believed that an upwards of 60,000 
cases of Argentine Hemorrhagic Fever (AHF) from infection with JUNV occurred per year with CFRs ranging 
from 15-30%. Convalescent plasma from JUNV survivors is still the primary means to treat acute AHF in 
Argentina22. Over 1000 cases were reported for the initial outbreak of MACV with CFRs ranging from 5-30%; 
enhanced rodent abatement practices and potentially cross-protective immunity in populations that have taken 
the JUNV Candid-1 vaccine may have reduced recent outbreak frequency23. All mammarenaviruses share a 
common genomic organization consisting of two ambisense (bi-directional reading frame) RNA segments. Each 
segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix) 
and L protein (polymerase), and the glycoprotein precursor (GPC) and nucleoprotein (NP)19. Despite general 

Family Prototype Plug and Play Test 
Case 

Arenaviruses Lassa (Old World) 
Machupo (New World) 

Lujo (Old World) 
Chapare (New World) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya 

Table 1. PABVAX selected prototype and test case viral agents 



similarity of their genomic architecture, mammarenaviruses exhibit marked differences in their replication life 
cycles including attachment factors, entry mechanisms, and immune evasion; nonetheless, the dominant 
antigens driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP.  

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with antigen-
based diagnostics across seven known lineages, suggesting the generation of cross-protective immunogens 
and antibodies against mammarenaviruses is achievable24. Monoclonal antibodies derived from human LASV 
survivors were shown to protect non-human primates (NHP) against lethal challenge25.  Recent crystal structure 
studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV 
glycoproteins (GPe)26. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a 
viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV 
endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, indicating this domain could serve as an antigenic target. 
Investigators in the Center RP1, Core E, and Core D have developed adjuvanted vaccines to test this approach 
and have demonstrated protection against lethal LASV lineage IV Josiah challenge. Specifically, a stabilized 
prefusion trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of these 
two approaches conferred protection in a lethal outbred guinea pig model. Nevertheless, even with the 
considerable molecular diversity in LASV strains, conservation at key antigenic sites within the GP and NP 
suggest a pan-LASV vaccine may be possible24,27,28. RP1 and Core E investigators have demonstrated that a 
recombinant vesicular stomatitis virus (rVSV)-based vaccine expressing the LASV-Josiah GPC is protective 
against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model29, and against 
heterologous challenge with Lineage II30, III, V31, and VI viruses (Cross and Geisbert, unpublished data).   

In Phase I of RP1, the ability of an optimized LASV GPe/NP subunit vaccine delivered intramuscularly (IM) will 
be assessed in guinea pig and NHP models across multiple viral lineages. We will also assess a microneedle 
skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination route affords more 
potent vaccine-mediated responses and protection.  Similarly, we have generated MACV GPe immunogens and 
will design a MACV NP-NTD subunit antigen to test the same approach across multiple MACV genetic lineages. 
In Phase II of RP1, we will assess the plug-and-play potential of our stabilized GPe/NP-NTD MNP vaccine 
approach against emerging test case mammarenaviruses representing both OWAV (LUJV) and NWAV (CHAPV) 
complexes, for which there are no vaccines available. A unique advantage of the PABVAX Center is its access 
to biosafety level (BSL)-4 containment, allowing us to work with authentic versus surrogate arenaviruses. The 
BSL-4 facilities described in Core E are capable of evaluating countermeasures in small animal models and 
NHPs. The cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and MACV 
research as disease recapitulates human infection and there are a multitude of immunological reagents 
available32-34. The evaluation of prototype OWAV and NWAV vaccines and therapies in the NHP model is likely 
pivotal for IND applications and for future licensure of medical countermeasures for human use. 

Nairoviridae: Unique to most bunyaviruses, orthonairoviruses are transmitted primarily by ticks2.  While there 
are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus35, Issyk-Kul virus36, Songling virus37), 
CCHFV is the most recognized public health threat. Outbreaks of CCHFV have occurred across Europe, Africa, 
the Middle East, and Asia. There is growing concern for expansion of the CCHFV endemic region due to 
increased range of its tick host (Hyalomma spp.) tied to bird migration changes, livestock trade, and global 
warming. For example, CCHFV cases have been reported in Spain38 , a previously non-endemic region, and 
Hyalomma ticks have been found in Sweden39.  Infection in humans begins as a nonspecific febrile illness but 
can rapidly progress to a severe hemorrhagic fever and death in 30% of cases40. There are no FDA approved 
vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been 
in use in Bulgaria with limited efficacy41.  Ribavirin has been used to treat infections with limited success42. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and GPC 40. Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the host 
immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% amino 
acid homology40. Conversely, the CCHFV GPC is considerably less conserved (< 75% amino acid identity)40. 
The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location. Thus, creating a pan-CCHFV vaccine or therapeutic based solely on one clade poses a 
challenge. Nevertheless, we have demonstrated that heterologous vaccine mediated protection can be afforded 
using a rVSV vectored vaccine expressing the full GPC of CCHFV43. 



In phase 1, RP1 and Core D will generate CCHFV GP and NP immunogens with the highest level of homology 
across clades. We will assess their capacity to protect against lethal challenge with isolates from multiple CCHFV 
clades in established mouse43,44 and NHP45 models with Core E. CCHFV GP and NP subunit vaccines will also 
be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-
and-play potential of the best formulation of CCHFV GP/NP MNP vaccine against the emerging test case 
nairovirus, Kasokero virus, for which there are no vaccines available. 

Paramyxoviridae: The HNVs NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses 
that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality4,46. 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality47. NiV emerged just a few years later in Malaysia and 
Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory 
disease in pigs, which served as amplifying hosts48. NiV and HeV can infect at least 18 animal species across 6 
orders of mammals, and among these they cause a systemic and often fatal respiratory and/or neurological 
disease in 11 mammalian species including humans16,49. The NiV strain in Bangladesh (NiV-B) is of particular 
concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates exceeding 
90% with little evidence of subclinical infections, and well-documented person-to-person transmission5. 
Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV emergence and 
reemergence remain continuous infectious disease transboundary threats to public health and economically 
important livestock throughout South and Southeast Asia and Australia. Their broad host tropism and ability to 
infect livestock also causes increased risk of human infections. HNVs are single-stranded, negative sense, 
enveloped RNA viruses and their biology lends themselves to be synthetically produced. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS). The 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents50 because the virus could be engineered for mass dissemination and it possesses the potential 
for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO 
as an epidemic threat needing urgent research and development (R&D) action and has been included in the 
R&D Blueprint list of priority pathogens with epidemic potential51.  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been notable 
progress over the 15 years in the development of vaccines and postexposure human or humanized monoclonal 
antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, one human 
monoclonal antibody (mAb) and one humanized mAb exist. These postexposure treatments conferred protecion 
against NiV and HeV infection in animal challenge studies including nonhuman primates (NHP)52-55. The success 
of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in several 
emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 individuals 
to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in collaboration 
with USU and Queensland Health in Australia56. In contrast, several preventative vaccines against NiV and HeV 
have been shown to be 100% effective in preventing infection and disease in animal models including NHPs, 
and several vaccine platforms have clear potential for use in people16. The HNV G and F membrane 
glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all vaccine strategies16.  
Such preventive vaccines would have utility for lab workers, first responders or individuals at high-risk exposure, 
and in mitigating the spread of an outbreak. In the case of a biological attack or natural outbreak, a postexposure 
treatment would augment a pandemic preparedness posture. The most extensively studied HNV vaccine is a 
soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal challenge by either NiV 
(both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen 
is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first 
commercialized vaccine to a BSL-4 agent57. It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection49,58. The evaluation of successful countermeasures for the prototype NiV and 
HeV and other related HNVs in the NHP model will likely be pivotal for IND applications and future licensure of 
select countermeasures for human use.  

More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related Mòjiāng virus 
and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not appear to 
employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished)59. The divergent LayV will be the 
focus of the test case studies. The choice is justifiable for several important reasons: 1) LayV is a known 
pathogenic zoonotic HNV; 2) there is a known virus genome sequence derived from a human sourced virus 



isolate; and 3) we have already successfully engineered and expressed LayV sF (stabilized) and sG (tetramer) 
glycoproteins antigens. Another divergent bat-borne HNV, Angavokely virus (AngV), has recently been 
described. The Center will initiate studies on LayV in preparation for Phase II, including rescuing recombinant 
LayV (rLayV), exploring animal model development, constructing additional LayV and AngV reporter virus tools, 
and then translating and testing the MNP vaccine “plug-and-play” approach. Finally, we will evaluate new mAbs 
and nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs. 

PABVAX THEME. A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core 
leaders have extensive experience in antiviral translational research and/or product development: Uniformed 
Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), 
University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of 
Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders 
currently have active and productive collaborative research programs in related areas, most spanning more than 
a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and 
valuable vaccine development expertise to the team.  

The pandemic preparedness research gaps addressed by PABVAX are diagramed in Figure 1. Two Research 
Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, 

adaptable, and widely deployable, 
dissolvable microneedle patch 
(MNP)-based skin immunization 
vaccine technology that will use 
recombinant viral protein subunit 
immunogens; RP1 will target select 
prototype arenaviruses and 
nairoviruses, and RP2 will target 
the prototype HNVs. Both RP1 and 
RP2 will develop new prototype 
virus tools (recombinant prototype 
viruses) along with existing tools, to 
analyze vaccine responses and 
evaluate new mAbs and nabs from 
the other RPs. A third RP will 
develop a unique low-containment 
(BSL-2) mouse model of HNV 
infection that uses recombinant 
Cedar henipavirus (rCedV) in vivo 
and a bioluminescence detection 
method that can longitudinally trace 
the dynamics and anatomical 
progression of infection with a 
luciferase-encoding virus in 
individual animals (RP3). There will 

also be two RPs that focus on the development of broadly reactive human mAbs and nanobodies to the PABVAX 
selected viral prototypes. RP4 will isolate human mAbs derived from NiV-infected survivors with a specific focus 
on F glycoprotein-targeting mAbs. Additional human mAbs will be generated from humanized mice by viral 
prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics targeting henipaviruses 
and arenaviruses with a focus on targeting the CNS environment in animal modeling experiments using the 
select virus prototype vaccine antigens and immunization of nanomice as well as human nanobody phage library 
approaches. Critical research support to all the RPs will come from three Scientific Cores that will engage in the 
manufacture, quality control, and testing of MNP vaccines (Core C); production of recombinant viral proteins and 
antibody refinements (Core D); and animal modeling of prototype virus infections along with preclinical testing 
and evaluation of vaccines and antibody-based therapeutics (Core E). Under the direction of the PD/PIs (Drs. 
Geisbert and Broder), the Administrative Core (Core A) will provide organizational and programmatic structure 
to promote research productivity and scientific interactions along with compliance with regulations concerning 
select agent, vertebrate animal, and human subject use. Core A will coordinate all activities with the Scientific 
Advisory Board (SAB) and make data available through the Data Management Core (Core B). 

Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and 
Antibodies Center- (PABVAX). 



With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. The PABVAX Center will take advantage of a successful piloted 
research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators 
recently co-developed with scientists from the UPitt and IBBR/UMD (Core C). This project tested a dissolvable 
MNP-based vaccine technology ideally suited for the development of a rapid and inherently safe, recombinant 
protein-based subunit vaccine60. The MNP vaccine technology effectively harnesses the highly 
immunoresponsive cutaneous microenvironments using dissolvable microneedles that incorporates recombinant 
viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants61 to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble 
biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with 
dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble 
with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The 
PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as to facilitate improved vaccine storage and distribution due to their 
improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a 
synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted 
vaccine delivery platform. Here, Scientific Core C (Microneedle Patch Vaccines Core) will produce 
polyphosphazene (PPZ)-adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral 
targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP 
vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. 
The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down 
selection of vaccine formulations and components will be made based on first tier immune response data derived 
from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA 
and virus-specific neutralization activity in vitro, along with analysis of polyfunctional T-cell responses by 
antigenic peptide stimulation, followed by intracellular cytokine staining (ICS) and flow cytometry. 

Discover effective antibody-based prophylactics and therapies. Monoclonal antibodies (mAbs) are one of the 
most successful classes of drugs with the proven ability to address a variety of human health needs including 
oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic 
efficacy of mAbs against some of the most lethal viruses including Nipah62, Hendra63, Ebola64,65, Marburg66 and 
Lassa67. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action 
(such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D by Dr. Gunn. In addition to 
therapeutic applications, mAbs with Fc mutations dramatically extend serum half-life68-70 and offer an important 
tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for 
protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of 
PABVAX have extensive experience with the discovery, characterization, and translational activities necessary 
to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs 
are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting 
the viral threats to be addressed by PABVAX. 

Develop new tools and animal models to facilitate the translation of effective countermeasures. Virological tools 
and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines 
and therapeutic countermeasures. The investigators within the Animal Model Development and Preclinical 
Evaluation Scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and 
select agent research areas including animal model development and the use of animal models for the study of 
viral pathogenesis and assessing the protective efficacy of antivirals and vaccines, as well as studies to define 
mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for 
authentic pathogenic virus use and manipulation, including the establishment and use of reverse genetics for 
rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within 



RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody 
induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic 
viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) 
are also useful in antiviral development strategies because they are generally less laborious and can be adapted 
to higher throughput platforms and/or integrated with other innovative technologies. RP2 will make use of 
recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based virus 
neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiV and HeV 
vaccine-induced immune sera, mAbs (RP4), nbs (RP5), and antibody neutralization synergy. RP3 will make use 
of other versions of rCedV and chimeras (those bearing either HeV or NiV-B envelope GPs) in the development 
of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression 
of virus in live animals to explore nab based therapeutics to CNS resident HNVs71. 

The overall objectives of the PABVAX Center will be integrated into quality system data management processes 
(Core B) that will be employed in both the preparation of vaccines and downstream antibody-based therapeutics 
by the Center’s highly experienced commercial partners, and in the conduct of animal studies by the Animal 
model development and preclinical evaluation Core E at the GNL, UTMB. The UTMB and GNL is a national 
resource and benchmark provider for the conduct of high containment animal studies and quality system data 
management; often partnering with the FDA in academic development and training programs for GLP in high 
containment environments. We envision several deliverables emanating from the proposed studies of the Center, 
including significantly improved subunit vaccine formulations against several prototype viruses within the HNVs 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; we also anticipate improved human mAbs and/or nabs for the treatment of disease 
caused by the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, and mAb 
and vaccine translational drug development along with Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Paramyxoviruses:  NiV and HeV are bat-borne viral zoonoses that were discovered in the mid to late 1990s in 
outbreaks of severe disease in livestock and people in Australia (HeV) 
and Malaysia (NiV-M). NiV and HeV are both considered the prototype 
species of the genus Henipavirus, family Paramyxoviridae. The natural 
reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are 
old world fruit bats (flying foxes) of the genus Pteropus (Order 
Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and 
HeV are zoonotic agents, and human infection with either virus causes 
a widespread vasculitis, that will often progress to a fatal encephalitis or 
pneumonia. People who recover from acute infection with either of these 
HNVs are also at risk of recrudescent infection and encephalitis4,46. HeV 
and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals. These viruses are 
transboundary agents of significant disease threats to livestock and 
people in Australia, and South and Southeast Asia, respectively. The 
genus Henipavirus now includes nine other reported HNVs; these 
include the four viral isolates of CedV, Gamak virus, Daeryong virus, and 
(LayV)72 and five additional species known only from nucleic acid 

sequence information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus 
(AngV)73-76. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and 

Figure 2: Phylogenetic analysis of select HNV G 
and F glycoproteins. Trees were constructed for 
using the PhyML program's maximum likelihood 
method and aligning the protein sequences with 
the MUSCLE algorithm. The genetic distance 
between the sequences is represented by the bar 
located under each tree, providing information 
about the level of divergence among them. 



AngV, are old world pteropid fruit bats73,77. Whereas the six other HNVs are, or are likely, of rodent origins, 
including the human isolate LayV from East China (Shandong and Henan provinces), which is most closely 
related to Mòjiāng virus that is also of apparent rodent origin from Southeast China (Yunnan province)17. The 
phylogenetic relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  
Investigators in the Center PR2 and RP5 have already initiated new studies on LayV, having engineered 
stabilized sG and sF glycoprotein antigens in collaboration with Genovac, Inc. (part of Core D) and identified 
cross-reactive mAbs to both F and G previously generated to Mòjiāng virus. Whereas HeV and NiV cause severe 
and often fatal HNV disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV 
is the only HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV 
infection and disease including guinea pigs, ferrets, hamsters49, and AGMs (Geisbert and Broder, unpublished). 
An important distinction between CedV and other HNVs lies within the P gene which encodes the phosphoprotein 
(P). The P gene transcripts of NiV and HeV undergo RNA editing to produce the V and W nonstructural proteins 
that are key interferon (IFN) antagonists78-82. The CedV P gene lacks both RNA editing and does not encode V 
or W. Several studies with recombinant NiV variants have demonstrated the differential importance of the V and 
W proteins in the pathogenesis brought about by NiV infection in both the hamster and ferret models, and a lack 
of the V protein resulted in nonlethal infections83,84. All other recognized or proposed HNVs have the potential to 
express V and W proteins based on current genetic data. The absence of these proteins in CedV is the key 
factor underlying its nonpathogenic nature85. These data permitted the rescue and characterization of rCedV by 
reverse genetics at BSL-286 and CedV is now recognized as a BSL-2 restricted agent87. Because the HNV, LayV, 
is known to be a human pathogenic and zoonotic HNV, is genetically divergent from NiV and HeV, and also of 
apparent alternate origin (rodent), together with some preliminary data on the sF and sG LayV glycoproteins, the 
PABVAX Center will explore LayV as part of the Center’s Phase II “plug and play” research plan (RP2 and PR5 
with Cores C, D, and E).  

Arenaviruses (old world): For phase 1, RP1 will utilize LASV as the prototype virus due its significant public 
health burden throughout West Africa with hundreds of thousands of estimated cases and approximately 5000 
deaths annually88.  LASV is the most imported viral hemorrhagic fever (VHF) next to Dengue virus and has been 
documented in several countries outside of Africa over 35 times89. CFRs approaching 70% in hospitalized cases 
and marked long term sequelae are the result of the lack of approved vaccines or therapeutics, although several 
live attenuated virus candidates are currently being evaluated with the assistance of Coalition for Epidemic 
Preparedness Initiative (CEPI)90. Of the vaccines supported by CEPI, 4/5 of these vaccines utilize only LASV 
GP as the target immunogen. 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy against challenge with 
LASV in outbred guinea pigs vaccinated IM with engineered stabilized, prefusion LASV GPe, NP-NTD, or a 
combination of both antigens. These immunogens have been engineered to express homologous antigenic 
regions to increase potential for pan-LASV lineage protection from disease after vaccination. Success with this 
approach suggests a similar strategy could be implemented against other arenaviruses. The OWAV test 
pathogen, LUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating in Zambia, 
which quickly spread nosocomially91. The CFR for this infectious virus was 80% in this small outbreak of 5 people.  
There are currently no approved vaccines or therapeutics available for this virus and its genetic divergence from 
suggest current LASV countermeasures may be of limited use. LUJV will serve as an ideal “test case” to assess 
the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. The PABVAX Center will 
explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).  

Arenaviruses (new world): The live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina92, 
but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine93,94. 
Furthermore, there is the potential for pathogenic reversion. For Phase 1, RP1 will use MACV and JUNV as the 
prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest exploring other JUNV countermeasures are warranted.  
Building on the success of the LASV GPe/NP-NTD, investigators in RP1 and Cores D and E will engineer 
broadly protective MACV GPe and NP-NTD antigens and perform efficacy testing in established guinea pig and 
NHP models. We will extend this plug-and-play approach to the NWAV test case, CHAPV.  First reported in 
2003 in Bolivia, CHAPV is a rodent-borne mammarenavirus associated with the development of severe 
hemorrhagic fever with case fatality rates up to 60%95,96. Recent studies have demonstrated clear human-to-
human transmission during the acute phase evidenced by several nosocomial infections; isolation of viable virus 
from semen at 86 days after symptom onset demonstrates a clear need to implement specialized management 



and treatment 96.  The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E). 

Nairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents the 
largest global public health burden within the orthonairovirus family with outbreaks annually across Europe, 
Africa, and Asia. There are no FDA-approved vaccines for CCHFV; however, a suckling mouse brain-derived, 
adjuvanted whole virus vaccine for CCHFV has been approved for use in Bulgaria. This vaccine has numerous 
safety concerns and has limited demonstrated efficacy.  Several experimental vaccine approaches have been 
evaluated ranging from viral vectored approaches to DNA-based vaccines with varying efficacy, advantages, 
and disadvantages97; however, only a Modified Vaccinia Ankara virus vaccine (MVA-CCHFV) has begun to 
advance towards clinical trials98. Investigators in RP1 and Cores D and E will engineer CCHFV GP and NP 
subunit antigens and test these for protective efficacy from challenge with 6 different CCHFV lineages using 
established mouse and NHP models.  Next, we will deploy the same approach to the test case nairovirus, 
Kasokero virus (KASV), for which no vaccine or treatment exists.   

In 1977, KASV was first isolated from Ugandan bats and caused several cases of acute febrile illness of 
laboratory workers from the same lab that processed the infected bats99. Surveys of 109 laboratory workers from 
the same facility demonstrated 13% seropositivity and clinical symptoms in individuals 4 to 15 months after the 
virus was isolated. These findings suggest either continued laboratory-associated infections or chains of ongoing 
person-to-person transmission. Recently, tick surveys have demonstrated the potential for the tick reservoir, 
Ornithodoros faini, to participate in enzootic maintenance of KASV100.  While most chiropteran ticks exhibit host 
specificity, humans entering caves these bats inhabit have reported bites from O.faini ticks.  The highly infectious 
potential for this virus in humans coupled to a complete lack of vaccines or therapeutics suggest investment in 
countermeasure development against this virus is well advised. The PABVAX Center will explore KASV as part 
of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Management Cores, that comprise 
the Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5; arenavirus and nairovirus projects: 
RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to 
be developed from the RPs may provide a future opportunity to combine active and passive immunization 
approaches to further improve the therapeutic value in an inherently synergistic manner. The RPs will work 
closely together in a harmonious and cooperative manner with each group providing their own countermeasure 
and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project 
were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy 
among the groups and PABVAX participants, many of which have established collaborative and synergistic 
research activities. For example, the early development and testing of particular antiviral mAbs to some of the 
prototype viruses under investigation is already an established collaboration between PABVAX partners at 
Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine 
platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Model Development and 
Preclinical Evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL . Through the WRCEVA collection there is ease of access to many of the virus isolates 
that will be used in the conduct of the Center’s proposed studies. All BSL-4 animal work done by Core E in 
support of the RPs and other Cores will utilize the exact same virus stocks in challenge doses, and challenge 
routes. In addition, all BSL-4 assays for the Center RPs will be performed by the same BSL-4 staff under the 



same experimental conditions. This approach will allow for better comparison among countermeasures within 
the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for cell-based and in vivo therapeutic evaluation.  

3. Develop antibodies and nanobodies to the selected prototype and test viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. Embedded 
within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. The oversight and evaluation of 
progress will be in concert with quarterly reports to the PABVAX Scientific Advisory Board (SAB) as well as an 
annual meeting with key Center researchers and leaders with SAB members (details are specified within the 
Administration Core A Research Strategy). The SAB will meet yearly typically in coordination with the Center 
annual meeting, to review progress, the adherence to milestones and timelines, the continued relevance of each 
RP and Core to the Center’s overall objectives, discuss each project and progress, and advise on directions for 
the coming year, both for the overall PABVAX Center and for individual RPs. The SAB will also be a key factor 
and advisory panel in facilitating go/no-go decision making on specific RP activities, recommending new 
directions as appropriate, and providing Center Leadership and NIAID staff a comprehensive written evaluation 

of the group's activities and the 
panel's recommendations 
following the annual meeting. 

Overall Objectives 

Aim 1. Develop and test MNP 
vaccines for the Bunyavirales 
and Paramyxoviridae. 

The first milestone will address 
whether formulation of 
recombinant antigens with 
adjuvant in the context of MNP 
fabrication can be made (Figure 
4).  The determination of MNP 
vaccine potential success will 
first be established using 
immune response data derived 

from mouse immunization studies conducted in Core C. Multi-parameter humoral and cellular immune 

Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks.  

Figure 4. Milestones and criteria for Aim 1 of the PABVAX Center’s overall objectives. 



responses will be assessed (antigen-specific antibody induction, virus neutralization, and polyfunctional T-cell 
responses by in vitro stimulation of isolated cells). Go/no go decisions will be made based on outcomes of these 
first-tier experiments as indicated. If robust humoral and cellular responses are evident this will be graded as a 
success. Comparisons will also be made such as the levels of virus-neutralizing antibody generated. Viral 
antigens producing poor immune responses will be terminated and an attempt in selection of the best-in-class 
immunogens, or immunogen combinations, will also be explored to down-select vaccines. The third milestone 
will determine whether MNP vaccination affords protection in animal model challenge experiments. In the case 
of NiV and HeV prototypes, the animal models chosen (ferrets and African green monkeys (AGM)) are extremely 
well-developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral 
prototypes within the Bunyavirales, there will be additional animal model refinements conducted. For example, 
there are seven genetically distinct lineages of LASV, and guinea pig models exist for some but not all of these 
lineages.  For MACV, there are 8 clades with similar challenges, and for CCHF there are 6 clades. An additional 
confounding issue for both of these very important groups of viruses is the limitations of cost and availability of 
rhesus and cynomolgus monkeys. Thus, as proposed by RP1, together with Core E, a critical research avenue 
will be developing and evaluating animal models within the PABVAX program, including further development of 
AGM models for arenaviruses and possibly CCHFV as a risk mitigation strategy. Thus, individual go/no-go 
decisions will inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for cell-based and in vivo therapeutics evaluation. 

The second overall objective of PABVAX is primarily focused on the development of new viruses and tools for 
downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation 
(Figure 5). These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate 
recombinant infectious clones (r = recombinant viruses) and reporter-gene versions, as well as alternate reporter 
virus tools (VSV-based) of LASV, MACV, and CCHFV isolates for which isolates are not available using reverse 
genetics. Rescued viruses will be characterized in cell-based assays. Recombinant viruses will be examined in 
vivo (animal model development) within Core E. In RP2, the most recently discovered pathogenic henipavirus, 
LayV, will be rescued by reverse genetics (rLayV) in collaboration with Core E, and additional LayV and AngV 
reporter virus tools also generated with alternate reporter virus platforms (VSV and/or rCedV based). New virus 

tools will be characterized in 
cell-based assays. Only AngV 
alternate reporter virus tools 
are proposed because 
genomic data is incomplete. 
rLayV pathogenesis and 
animal model development will 
conducted by Core E. If 
successful, a large battery of 
new materials will be available 
to share with the ReVAMPP 
network and be key milestones 
for execution of Phase II of the 
PABVAX Center program.  

The translation of the MNP 
vaccine plug-and-play 
approach will be in Phase II 
(Table 1). Milestones will be 
similar to those in Figure 4.  

New virus tools will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the 
divergent and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model developed by the PIs of PR2 and RP3 that can 
longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus (rCedV-luc) infections in 
individual animals. Using various approaches to inhibit the host interferon response in mice, the model can 
sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. Moreover, preliminary 
findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- mice. This new unique 
model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 containment. The model 

Figure 5. Milestones and criteria for Aim 2 of the PABVAX Center’s overall objectives. 



will be deployed to test a critically important therapeutic need against CNS resident HNV infection, and RP3 will 
collaborate with RP5 in the testing of engineered nabs. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses.  

New human mAbs and nbs as tools and potential therapeutics will be developed by RP4 and RP5 in collaboration 
with RP2 and Core D (Figure 6). NiV infection survivor volunteers and MNP vaccination of transgenic mice will 
be used to generate human mAbs (RP2 and RP4); transgenic nanomice and human nb phage-display 

approaches will generate nbs (RP5) 
to the selected prototype and test 
case viruses. Human mAbs are 
expected to be valuable therapeutics 
as countermeasures to a variety of 
viral infections and disease in 
humans. Here, RP4 will isolate 
panels of naturally occurring human 
mAbs that bind cross-reactively to 
both the NiV and HeV prototype 
HNVs and neutralize both viruses. 
This effort will focus especially on 
mAbs to the HNV fusion (F) proteins 
derived from natural survivors of NiV 
infection, which to date has been an 
elusive goal. Previously, the RP4 PI 
(Crowe) isolated multiple human 

mAbs to the G protein with several that exhibit very high potency in neutralization assays, suggesting they have 
high potential as prophylactic (PREP) and therapeutic molecules for humans. RP4 will isolate new F mAbs, and 
in collaboration with RP2, neutralization potencies will be rapidly assessed (as well as evaluating synergistic cell-
based mAb neutralization) that will then be translated and evaluated in animal models as both PREP and post-
infection treatments by Core E. These new human mAbs will build on the findings to date generated by several 
of the collaborating Center investigators and contribute significantly to the development and characterization of 
human mAbs reactive to the F and G glycoproteins of prototype HNVs in preparation for clinical studies.  

Nbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new direction in 
antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full antigen 
specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could translate 
into a more cross-reactive feature between virus strains or clades. Importantly, nbs can efficiently penetrate 
tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating CNS-resident viral 
infections. Here, the prototype viruses from the Center’s viral groups to which there are no approved therapeutics 
and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate the development of 
nanobody-based therapies, three distinct nanobody development platforms will be employed. These include 
camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries that closely 
mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will enable rapid 
identification of nanobody leads with minimal optimization required for clinical use. RP5 will also engineer a 
combination of nbs targeting multiple epitopes using rational design. Additionally, we will enhance CNS 
bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved 
BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-based virus 
neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), therapeutic activity in the rCedV-NiV-B 
chimera mouse model in RP3 (Henipavirus), and select animal models of LASV and MACV by Core E. Success 
will be measured by the 1) identification of potent virus-neutralizing nbs, 2) discovery of more broadly reactive 
nbs particularly to the multiple LASV clades, 3) evidence of therapeutic benefit in animal models, and 4) the 
successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus infections. 

Industry Partnerships.  

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience in developing medical countermeasures that protect against public 
health threats, including development and approval of multiple vaccine and antibody products for infectious 
diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and 

Figure 6. Milestones and criteria for Aim 3 of the PABVAX Center’s overall objectives. 



make an ideal partner for PABVAX. Our proposal combines the expertise of several established groups including 
investigators in academia and in private industry. The Center is supported by outstanding physical resources 
and an experienced and skilled group of researchers and support staff. 

SPECIAL FEATURES OF THE PABVAX 

Galveston National Laboratory (GNL). The GNL is a NIH-funded, maximum-containment facility that serves 
as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The 
GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious 
diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics, and therapeutics. The 
7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology 
facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations 
and handling of Select Agents and became operational in September of 2010. The first NHP studies were 
performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370 NHP studies employing some 2,772 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses have been 
performed. These studies include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder, 
and Zeitlin. The GNL has a fully Association for Assessment and Accreditation of Laboratory Animal Care 
(AAALAC)-accredited NHP facility and a staff of full-time veterinarians. Core E is staffed with an experienced 
team of GNL researchers and technicians several of which have more than 25 years of BSL-4/ABSL-4 
experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary pathologist. As 
noted above, another special feature is the location of the WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation). Core E operations will be conducted at the 
GNL, and in conjunction with Core A, will also include a regulatory expert from the UTMB Institutional Office of 
Regulated Nonclinical Studies (ORNcS). The ORNcS's primary responsibility is to work with academic 
researchers who are doing product-oriented research and to help them design and conduct their studies with 
good documentation, quality assurance, and data management. NIH has requested that all NHP studies 
conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path be conducted under a 
“well documented” quality system program.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 
years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases 
(USAMRIID), the GNL, and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever 
viruses, arenaviruses, and henipaviruses. He has published over 250 peer-reviewed articles in these areas.  Dr. 
Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI), was the first to develop 
a NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against 
both NiV and HeV using henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs). Mapp Biopharmaceutical 
has deep experience with antigens and mAbs against these antigens. Their early development and research 
group has expertise in immunology, infectious diseases, and the production of antigens, antibodies, and antibody 
fusion proteins in CHO systems. The advanced development group has experience in medium-size and large 
pharmaceutical companies and expertise in various aspects of mAb development and commercialization 
including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, 
regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb 
discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies 
101 102; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-
Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV 
and anti-HSV mAbs that has completed Phase 1103. Dr. Gunn and Genovac will join the team to analyze antibody 
Fc effector functions and to provide antigen/antibody discovery resources, respectively. Dr. Geisbert will 
contribute his experience with high containment animal models and vaccine development. As per NIAID’s 
expectations described in the RFA, PABVAX intends to provide lead candidates for comparative studies using 
NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory Committee and NIAID 
staff will select prototype candidates at the appropriate development stage for these studies. Members of 
PABVAX have over 10 years of experience working with NIAID’s preclinical services for in vitro anti-viral 
testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. Additionally, the team 
has experience collaborating with DoD and BARDA to advance candidate countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction. Emerging and periodically reemerging pathogenic enveloped RNA viruses are continuous 
pandemic threats. Among viral taxon associated with human zoonoses, members of the family Paramyxoviridae 
and order Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans 
can become infected via excreta from animal reservoir hosts such as rodents or bats, through intermediate 
amplifying hosts such as small or domestic animals, or by arthropod vectors such as mosquitos and ticks1-4. 
Humans often represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur. During this process, RNA viral pathogens may mutate and adapt to more efficiently 
replicate and shed in the host, posing an epidemic threat5-8. The viral order Bunyavirales is composed of several 
viral families containing high priority human pathogens9. Notably, the Arenaviridae and Nairoviridae families 
contain viruses that cause severe hemorrhagic fever diseases in humans globally with mortality rates up to 60%10 
and significant, long-term sequelae in survivors11. Many bunyaviruses are included on the World Health 
Organization’s (WHO) List of Priority Pathogens12,13. Six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin 
and Machupo (LASV, LUJV, CHAPV, GTOV, JUNV, MACV) and one nairovirus, Crimean-Congo Hemorrhagic 
Fever Virus (CCHFV), are also identified as NIAID Category A pathogens14 due to their 1) high associated 
morbidity and mortality rates, 2) ease of dissemination and/or ability to transmit from person-to-person, 3) 
potential to cause public panic and social disruption, and 4) requirement for special actions in the context of 
public health preparedness. The Paramyxoviridae also includes members in the WHO Priority Pathogens, 
namely Nipah virus (NiV) and Hendra virus (HeV). These henipaviruses (HNVs) are the prototype members of 
the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory and/or 
neurological disease15. The genus now includes nine additional reported HNVs, but only HeV and NiV are 
associated with severe and often fatal henipaviral disease in humans and a number of animal species16. Langya 
virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile illness in humans17.  

  These collective factors plus the absence of approved vaccines or therapeutics make bunyaviruses and 
paramyxoviruses a significant threat to global public health. There is a clear unmet need for countermeasures 

such as vaccines and antibody-based therapeutics 
to address the threat of natural outbreaks, 
epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center 
will focus on elucidating key principles for 
developing vaccine and monoclonal antibody 
(mAb) countermeasures to prototype bunyavirus 

and paramyxovirus pathogens (Table 1). In the out years of the Center effort, PABVAX will exploit these learned 
key principles in a “plug and play” demonstration against related viruses. 

Arenaviridae: The Arenaviridae is composed of five genera: Mammarenavirus, Reptarenavirus, Innmovirus, 
Antennavirus, and Hartmanivirus18. The genus Mammarenavirus contains a large number of rodent-borne 
viruses, some of which cause severe hemorrhagic fever, neurological damage, death, and permanent sequelae;  
hearing loss, vision impairment, and balance issues in survivors19. While these genera exhibit a global 
distribution, two geographically distinct serogroups exist that diverged20. Old World complex mammarenaviruses 
(OWAV) in the Eastern Hemisphere include LASV, Lymphocytic Choriomeningitis Virus (LCMV), and the newly 
discovered LUJV; New World complex mammarenaviruses (NWAV) in the Western Hemisphere include JUNV, 
MACV, Sabia Virus (SABV), and CHAPV. There are no FDA approved vaccines or therapeutics for 
mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use in Argentina. 

Disease severity and case fatality rates (CFR) vary across mammarenaviruses even within the same 
clades and species. Up to 500,000 cases of LASV infection occur per year with CFRs sometimes approaching 
70% in hospitalized cases21. Before the introduction of the Candid-1 vaccine, it is believed that an upwards of 
60,000 cases of Argentine Hemorrhagic Fever (AHF) from infection with JUNV occurred per year with CFRs 
ranging from 15-30%. Convalescent plasma from JUNV survivors is still the primary means to treat acute AHF 
in Argentina22. Over 1000 cases were reported for the initial outbreak of MACV with CFRs ranging from 5-30%; 
enhanced rodent abatement practices and potentially cross-protective immunity in populations that have taken 
the JUNV Candid-1 vaccine may have reduced recent outbreak frequency23. All mammarenaviruses share a 
common genomic organization consisting of two ambisense (bi-directional reading frame) RNA segments. Each 
segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix) 

Family Prototype Plug and Play Test 
Case 

Arenaviruses Lassa (Old World) 
Machupo (New World) 

Lujo (Old World) 
Chapare (New World) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya 

Table 1. PABVAX selected prototype and test case viral agents 



and L protein (polymerase), and the glycoprotein precursor (GPC) and nucleoprotein (NP)19. Despite general 
similarity of their genomic architecture, mammarenaviruses exhibit marked differences in their replication life 
cycles including attachment factors, entry mechanisms, and immune evasion; nonetheless, the dominant 
antigens driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP.  

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with 
antigen-based diagnostics across seven known lineages, suggesting the generation of cross-protective 
immunogens and antibodies against mammarenaviruses is achievable24. Monoclonal antibodies derived from 
human LASV survivors were shown to protect non-human primates (NHP) against lethal challenge25.  Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe)26. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, indicating this domain could serve as an antigenic target. 
Investigators in the Center RP1, Core E, and Core D have developed adjuvanted vaccines to test this approach 
and have demonstrated protection against lethal LASV-Josiah challenge. Specifically, a stabilized prefusion 
trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of these two 
approaches conferred protection in a lethal outbred guinea pig model. Nevertheless, even with the considerable 
molecular diversity in LASV strains, conservation at key antigenic sites within the GP and NP suggest a pan-
LASV vaccine may be possible24,27,28. RP1 and Core E investigators have demonstrated that a Vesicular 
stomatitis virus (rVSV)-based vaccine expressing the LASV-Josiah GPC is protective against homologous 
challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model29, and against heterologous 
challenge with Lineage II30, III, V31, and VI viruses (Cross and Geisbert Unpublished).   

In Phase I of RP1, the ability of an optimized LASV GPe/NP subunit vaccine delivered intramuscularly 
(IM) will be assessed in guinea pig and NHP models across multiple viral lineages. We will also assess a 
microneedle skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination route 
affords more potent vaccine-mediated responses and protection.  Similarly, we have generated MACV GPe 
immunogens and will design a MACV NP-NTD subunit antigen to test the same approach across multiple MACV 
genetic lineages. In Phase II of RP1, we will assess the plug-and-play potential of our stabilized GPe/NP-NTD 
MNP vaccine approach against emerging test case mammarenaviruses representing both OWAV (LUJV) and 
NWAV (CHAPV) complexes, for which there are no vaccines available. A unique advantage of the PABVAX 
Center is its access to biosafety level (BSL)-4 containment, allowing us to work with authentic versus surrogate 
arenaviruses. The BSL4 facilities described in Core E are capable of evaluating countermeasures in small animal 
models and NHPs. The cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and 
MACV research as disease recapitulates human infection and there are a multitude of immunological reagents 
available32-34. The evaluation of prototype OWAV and NWAV vaccines and therapies in the NHP model is likely 
pivotal for IND applications and for future licensure of medical countermeasures for human use. 

Nairoviridae: Unique to most bunyaviruses, orthonairoviruses are transmitted primarily by ticks2.  While there 
are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus35, Issyk-Kul virus36, Songling virus37), 
CCHFV is the most recognized public health threat. Outbreaks of CCHFV have occurred across Europe, Africa, 
the Middle East, and Asia. There is growing concern for expansion of the CCHFV endemic region due to 
increased range of its tick host (Hyalomma spp.) tied to bird migration changes, livestock trade, and global 
warming. For example, CCHFV cases have been reported in Spain38 , a previously non-endemic region, and 
Hyalomma ticks have been found in Sweden39.  Infection in humans begins as a nonspecific febrile illness but 
can rapidly progress to a severe hemorrhagic fever and death in 30% of cases40. There are no FDA approved 
vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been 
in use in Bulgaria with limited efficacy41.  Ribavirin has been used to treat infections with limited success42. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L 
polymerase protein, and GPC 40. Similar to mammarenaviruses, the NP and GP are the primary antigenic targets 
of the host immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 
95% amino acid homology40. Conversely, the CCHFV GPC is considerably less conserved (< 75% amino acid 
identity)40. The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate 
based on geographical location. Thus, creating a pan-CCHFV vaccine or therapeutic based solely on one clade 
poses a challenge. Nevertheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a rVSV vectored vaccine expressing the full GPC of CCHFV43. 



In phase 1, RP1 and Core D will generate CCHFV GP and NP immunogens with the highest level of 
homology across clades. We will assess their capacity to protect against lethal challenge with isolates from 
multiple CCHFV clades in established mouse43,44 and NHP45 models with Core E. CCHFV GP and NP subunit 
vaccines will also be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will 
assess the plug-and-play potential of the best formulation of CCHFV GP/NP MNP vaccine against the emerging 
test case nairovirus, Kasokero virus, for which there are no vaccines available. 

Paramyxoviridae: The HNVs NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses 
that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality4,46. 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality47. NiV emerged just a few years later in Malaysia and 
Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory 
disease in pigs, which served as amplifying hosts48. NiV and HeV can infect at least 18 animal species across 6 
orders of mammals, and among these they cause a systemic and often fatal respiratory and/or neurological 
disease in 11 mammalian species including humans16,49. The NiV strain in Bangladesh (NiV-B) is of particular 
concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates exceeding 
90% with little evidence of subclinical infections, and well-documented person-to-person transmission5. 
Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV emergence and 
reemergence remain continuous infectious disease transboundary threats to public health and economically 
important livestock throughout South and Southeast Asia and Australia. Their broad host tropism and ability to 
infect livestock also causes increased risk of human infections. HNVs are single-stranded, negative sense, 
enveloped RNA viruses and their biology lends themselves to be synthetically produced. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS). The 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents50 because the virus could be engineered for mass dissemination and it possesses the potential 
for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO 
as an epidemic threat needing urgent research and development (R&D) action and has been included in the 
R&D Blueprint list of priority pathogens with epidemic potential51.  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb exist. These postexposure treatments 
conferred protecion against NiV and HeV infection in animal challenge studies including nonhuman primates 
(NHP)52-55. The success of one particular human mAb (m102.4) in the NHP model was instrumental in both its 
application in several emergency use protocols in Australia and the United States as a result of high-risk virus 
exposure (18 individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV 
therapy in collaboration with USU and Queensland Health in Australia56. In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs, and several vaccine platforms have clear potential for use in people16. The HNV 
G and F membrane glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all 
vaccine strategies16.  Such preventive vaccines would have utility for lab workers, first responders or individuals 
at high-risk exposure, and in mitigating the spread of an outbreak. In the case of a biological attack or natural 
outbreak, a postexposure treatment would augment a pandemic preparedness posture. The most extensively 
studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal 
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. 
The HeV-sG immunogen is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, 
Inc., which is the first commercialized vaccine to a BSL-4 agent57. It is widely considered that the African green 
monkey (AGM) is the current “gold standard” animal model for NiV and HeV research as the disease 
pathogenesis appears to mirror that of human NiV/HeV infection49,58. The evaluation of successful 
countermeasures for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal 
for IND applications and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished)59. The divergent LayV 
will be the focus of the test case studies. The choice is justifiable for several important reasons: 1) LayV is a 
known pathogenic zoonotic HNV; 2) there is a known virus genome sequence derived from a human sourced 



virus isolate; and 3) we have already successfully engineered and expressed LayV sF (stabilized) and sG 
(tetramer) glycoproteins antigens. Another divergent bat-borne HNV, Angavokely virus (AngV), has recently 
been described. The Center will initiate studies on LayV in preparation for Phase II, including rescuing 
recombinant LayV (rLayV), exploring animal model development, constructing additional LayV and AngV 
reporter virus tools, and then translating and testing the MNP vaccine ‘plug-and-play’ approach. Finally, we will 
evaluate new mAbs and nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs. 

PABVAX THEME. A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core 
leaders have extensive experience in antiviral translational research and/or product development: Uniformed 
Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), 
University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of 
Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders 
currently have active and productive collaborative research programs in related areas, most spanning more than 
a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and 
valuable vaccine development expertise to the team.  

The pandemic preparedness research gaps addressed by PABVAX are diagramed in Figure 1. Two Research 
Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, 

adaptable, and widely deployable, 
dissolvable microneedle patch 
(MNP)-based skin immunization 
vaccine technology that will use 
recombinant viral protein subunit 
immunogens; RP1 will target select 
prototype arenaviruses and 
nairoviruses, and RP2 will target 
the prototype HNVs. Both RP1 and 
RP2 will develop new prototype 
virus tools (recombinant prototype 
viruses) along with existing tools, to 
analyze vaccine responses and 
evaluate new mAbs and nabs from 
the other RPs. A third RP will 
develop a unique low-containment 
(BSL-2) mouse model of HNV 
infection that uses recombinant 
Cedar henipavirus (rCedV) in vivo 
and a bioluminescence detection 
method that can longitudinally trace 
the dynamics and anatomical 
progression of infection with a 
luciferase-encoding virus in 
individual animals (RP3). There will 

also be two RPs that focus on the development of broadly reactive human mAbs and nanobodies to the PABVAX 
selected viral prototypes. RP4 will isolate human mAbs derived from NiV-infected survivors with a specific focus 
on F glycoprotein-targeting mAbs. Additional human mAbs will be generated from humanized mice by viral 
prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics targeting henipaviruses 
and arenaviruses with a focus on targeting the CNS environment in animal modeling experiments using the 
select virus prototype vaccine antigens and immunization of nanomice as well as human nanobody phage library 
approaches. Critical research support to all the RPs will come from three Scientific Cores that will engage in the 
manufacture, quality control, and testing of MNP vaccines (Core C); production of recombinant viral proteins and 
antibody refinements (Core D); and animal modeling of prototype virus infections along with preclinical testing 
and evaluation of vaccines and antibody-based therapeutics (Core E). Under the direction of the PD/PIs (Drs. 
Geisbert and Broder), the Administrative Core (Core A) will provide organizational and programmatic structure 
to promote research productivity and scientific interactions along with compliance with regulations concerning 
select agent, vertebrate animal, and human subject use. Core A will coordinate all activities with the Scientific 
Advisory Board (SAB) and make data available through the Data Management Core (Core B). 

Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and 
Antibodies Center- (PABVAX). 



With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. The PABVAX Center will take advantage of a successful piloted 
research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators 
recently co-developed with scientists from the UPitt and IBBR/UMD (Core C). This project tested a dissolvable 
MNP-based vaccine technology ideally suited for the development of a rapid and inherently safe, recombinant 
protein-based subunit vaccine60. The MNP vaccine technology effectively harnesses the highly 
immunoresponsive cutaneous microenvironments using dissolvable microneedles that incorporates recombinant 
viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants61 to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble 
biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with 
dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble 
with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The 
PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as to facilitate improved vaccine storage and distribution due to their 
improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a 
synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted 
vaccine delivery platform. Here, Scientific Core C (Microneedle Patch Vaccines Core) will produce 
polyphosphazene (PPZ)-adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral 
targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP 
vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. 
The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down 
selection of vaccine formulations and components will be made based on first tier immune response data derived 
from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA 
and virus-specific neutralization activity in vitro, along with analysis of polyfunctional T-cell responses by 
antigenic peptide stimulation, followed by intracellular cytokine staining (ICS) and flow cytometry. 

Discover effective antibody-based prophylactics and therapies. Monoclonal antibodies (mAbs) are one of the 
most successful classes of drugs with the proven ability to address a variety of human health needs including 
oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic 
efficacy of mAbs against some of the most lethal viruses including Nipah62, Hendra63, Ebola64,65, Marburg66 and 
Lassa67. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action 
(such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D by Dr. Gunn. In addition to 
therapeutic applications, mAbs with Fc mutations dramatically extend serum half-life68-70 and offer an important 
tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for 
protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of 
PABVAX have extensive experience with the discovery, characterization, and translational activities necessary 
to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs 
are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting 
the viral threats to be addressed by PABVAX. 

Develop new tools and animal models to facilitate the translation of effective countermeasures. Virological tools 
and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines 
and therapeutic countermeasures. The investigators within the Animal Model Development and Preclinical 
Evaluation Scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and 
select agent research areas including animal model development and the use of animal models for the study of 
viral pathogenesis and assessing the protective efficacy of antivirals and vaccines, as well as studies to define 
mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for 
authentic pathogenic virus use and manipulation, including the establishment and use of reverse genetics for 
rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within 



RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody 
induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic 
viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) 
are also useful in antiviral development strategies because they are generally less laborious and can be adapted 
to higher throughput platforms and/or integrated with other innovative technologies. RP2 will make use of 
recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based virus 
neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiV and HeV 
vaccine-induced immune sera, mAbs (RP4), nbs (RP5), and antibody neutralization synergy. RP3 will make use 
of other versions of rCedV and chimeras (those bearing either HeV or NiV-B envelope GPs) in the development 
of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression 
of virus in live animals to explore nab based therapeutics to CNS resident HNVs71. 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. The UTMB and GNL is a 
national resource and benchmark provider for the conduct of high containment animal studies and quality system 
data management; often partnering with the FDA in academic development and training programs for GLP in 
high containment environments. We envision several deliverables emanating from the proposed studies of the 
Center, including significantly improved subunit vaccine formulations against several prototype viruses within the 
HNVs (Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine 
endurance to storage and transportation; we also anticipate improved human mAbs and/or nabs for the treatment 
of disease caused by the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, 
and mAb and vaccine translational drug development along with Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Paramyxoviruses:  NiV and HeV are bat-borne viral zoonoses that were discovered in the mid to late 1990s in 
outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia (NiV-M). NiV and HeV are 
both considered the prototype species of the genus Henipavirus, family Paramyxoviridae. The natural reservoir 
of the two pathogenic and prototype HNVs, NiV and HeV, are old world fruit bats (flying foxes) of the genus 
Pteropus (Order Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and HeV are zoonotic agents, 
and human infection with either virus causes a widespread vasculitis, that will often progress to a fatal 
encephalitis or pneumonia. People who recover from acute infection with either of these HNVs are also at risk 

of recrudescent infection and encephalitis4,46. HeV and NiV are BSL-4 
restricted pathogens because of their high lethality and lack of approved 
vaccines or antivirals. These viruses are transboundary agents of 
significant disease threats to livestock and people in Australia, and 
South and Southeast Asia, respectively. The genus Henipavirus now 
includes nine other reported HNVs; these include the four viral isolates 
of CedV, Gamak virus, Daeryong virus, and (LayV)72 and five additional 
species known only from nucleic acid sequence information; Ghana bat 
virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely 
virus (AngV)73,74. Similar to NiV and HeV, the natural reservoirs of CedV, 
along with the genomic data of GhV and AngV, are old world pteropid 

fruit bats73,75. Whereas the six other HNVs are, or are likely, of rodent origins, including the human isolate LayV 
from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng virus that is also of 
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apparent rodent origin from Southeast China (Yunnan province)17. The phylogenetic relationship of selected 
HNVs by F and G glycoprotein comparisons is shown in Figure 2.  Investigators in the Center PR2 and RP5 
have already initiated new studies on LayV, having engineered stabilized sG and sF glycoprotein antigens in 
collaboration with Genovac, Inc. (part of Core D) and identified cross-reactive mAbs to both F and G previously 
generated to Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal HNV disease, LayV was 
associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only HNV isolate demonstrated to 
be nonpathogenic in well-established animal models of NiV and HeV infection and disease including guinea pigs, 
ferrets, hamsters49, and AGMs (Geisbert and Broder, unpublished). An important distinction between CedV and 
other HNVs lies within the P gene which encodes the phosphoprotein (P). The P gene transcripts of NiV and 
HeV undergo RNA editing to produce the V and W nonstructural proteins that are key interferon (IFN) 
antagonists76-80. The CedV P gene lacks both RNA editing and does not encode V or W. Several studies with 
recombinant NiV variants have demonstrated the differential importance of the V and W proteins in the 
pathogenesis brought about by NiV infection in both the hamster and ferret models, and a lack of the V protein 
resulted in nonlethal infections81,82. All other recognized or proposed HNVs have the potential to express V and 
W proteins based on current genetic data. The absence of these proteins in CedV is the key factor underlying 
its nonpathogenic nature83. These data permitted the rescue and characterization of rCedV by reverse genetics 
at BSL-284 and CedV is now recognized as a BSL-2 restricted agent85. Because the HNV, LayV, is known to be 

a human pathogenic and zoonotic HNV, is genetically divergent from NiV 
and HeV, and also of apparent alternate origin (rodent), together with 
some preliminary data on the sF and sG LayV glycoproteins, the 
PABVAX Center will explore LayV as part of the Center’s Phase II 
research plan (RP2 and PR5 with Cores C, D, and E).  

Arenaviruses (old world): For phase 1, RP1 will utilize LASV as the 
prototype virus due its significant public health burden throughout West 

Africa with hundreds of thousands of estimated cases and approximately 5000 deaths annually86.  LASV is the 
most imported viral hemorrhagic fever (VHF) next to Dengue virus and has been documented in several countries 
outside of Africa over 35 times87. CFRs approaching 70% in hospitalized cases and marked long term sequelae 
are the result of the lack of approved vaccines or therapeutics, although several live attenuated virus candidates 
are currently being evaluated with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI)88. Of 
the vaccines supported by CEPI, 4/5 of these vaccines utilize only LASV GP as the target immunogen. 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy against 
challenge with LASV in outbred guinea pigs vaccinated IM with engineered stabilized, prefusion LASV GPe, NP-
NTD, or a combination of both antigens. These immunogens have been engineered to express homologous 
antigenic regions to increase potential for pan-LASV lineage protection from disease after vaccination. Success 
with this approach suggests a similar strategy could be implemented against other arenaviruses. The OWAV 
test pathogen, LUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating in 
Zambia, which quickly spread nosocomially89. The CFR for this infectious virus was 80% in this small outbreak 
of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic divergence 
from suggest current LASV countermeasures may be of limited use. LUJV will serve as an ideal “test case” to 
assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. The PABVAX 
Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).  

Arenaviruses (new world): The live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina90, 
but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine91,92. 
Furthermore, there is the potential for pathogenic reversion. For Phase 1, RP1 will use MACV and JUNV as the 
prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest exploring other JUNV countermeasures are warranted.  
Building on the success of the LASV GPe/NP-NTD, investigators in RP1 and Cores D and E will engineer 
broadly protective MACV GPe and NP-NTD antigens and perform efficacy testing in established guinea pig and 
NHP models. We will extend this plug-and-play approach to the NWAV test case, CHAPV.  First reported in 
2003 in Bolivia, CHAPV is a rodent-borne mammarenavirus associated with the development of severe 
hemorrhagic fever with case fatality rates up to 60%93,94. Recent studies have demonstrated clear human-to-
human transmission during the acute phase evidenced by several nosocomial infections; isolation of viable virus 
from semen at 86 days after symptom onset demonstrates a clear need to implement specialized management 
and treatment 94.  The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E). 

Figure 2: Phylogenetic analysis of select HNV G 
and F glycoproteins. Trees were constructed for 
using the PhyML program's maximum likelihood 
method and aligning the protein sequences with 
the MUSCLE algorithm. The genetic distance 
between the sequences is represented by the bar 
located under each tree, providing information 
about the level of divergence among them. 



Nairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents the 
largest global public health burden within the orthonairovirus family with outbreaks annually across Europe, 
Africa, and Asia. There are no FDA-approved vaccines for CCHFV; however, a suckling mouse brain-derived, 
adjuvanted whole virus vaccine for CCHFV has been approved for use in Bulgaria. This vaccine has numerous 
safety concerns and has limited demonstrated efficacy.  Several experimental vaccine approaches have been 
evaluated ranging from viral vectored approaches to DNA-based vaccines with varying efficacy, advantages, 
and disadvantages95; however, only a Modified Vaccinia Ankara virus vaccine (MVA-CCHFV) has begun to 
advance towards clinical trials96. Investigators in RP1 and Cores D and E will engineer CCHFV GP and NP 
subunit antigens and test these for protective efficacy from challenge with 6 different CCHFV lineages using 
established mouse and NHP models.  Next, we will deploy the same approach to the test case nairovirus, 
Kasokero virus (KASV), for which no vaccine exists.   

In 1977, KASV was first isolated from Ugandan bats and caused several cases of acute febrile illness of 
laboratory workers from the same lab that processed the infected bats97. Surveys of 109 laboratory workers from 
the same facility demonstrated 13% seropositivity and clinical symptoms in individuals 4 to 15 months after the 
virus was isolated. These findings suggest either continued laboratory-associated infections or chains of ongoing 
person-to-person transmission. Recently, tick surveys have demonstrated the potential for the tick reservoir, 
Ornithodoros faini, to participate in enzootic maintenance of KASV98.  While most chiropteran ticks exhibit host 
specificity, humans entering caves these bats inhabit have reported bites from O.faini ticks.  The highly infectious 
potential for this virus in humans coupled to a complete lack of vaccines or therapeutics suggest investment in 
countermeasure development against this virus is well advised. The PABVAX Center will explore KASV as part 
of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 
EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5; arenavirus and nairovirus projects: 
RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to 
be developed from the RPs may provide a future opportunity to combine active and passive immunization 
approaches to further improve the therapeutic value in an inherently synergistic manner. The RPs will work 
closely together in a harmonious and cooperative manner with each group providing their own countermeasure 
and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project 
were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy 
among the groups and PABVAX participants, many of which have established collaborative and synergistic 
research activities. For example, the early development and testing of particular antiviral mAbs to some of the 
prototype viruses under investigation is already an established collaboration between PABVAX partners at 
Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine 
platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Model Development and 
Preclinical Evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is 
ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. 
All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus 
stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for the Center RPs will be 
performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better 
comparison among countermeasures within the Center and will ensure consistency among results. 



PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for cell-based and in vivo therapeutic evaluation.  

3. Develop antibodies and nanobodies to the selected prototype and test viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

 

 

 

 

 

 

 

 

 
 
 
 
 
The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. Embedded 
within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. The oversight and evaluation of 
progress will be in concert with quarterly reports to the PABVAX Scientific Advisory Board (SAB) as well as an 
annual meeting with key Center researchers and leaders with SAB members (details are specified within the 
Administration Core A Research Strategy). The SAB will meet yearly typically in coordination with the Center 
annual meeting, to review progress, the adherence to milestones and timelines, the continued relevance of each 
RP and Core to the Center’s overall objectives, discuss each project and progress, and advise on directions for 
the coming year, both for the overall PABVAX Center and for individual RPs. The SAB will also be a key factor 
and advisory panel in facilitating go/no-go decision making on specific RP activities, recommending new 
directions as appropriate, and providing Center Leadership and NIAID staff a comprehensive written evaluation 
of the group's activities and the panel's recommendations following the annual meeting. 

Overall Objectives 

Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

The first milestone will address whether  
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be established 
using immune response data derived from 
mouse immunization studies conducted in 
Core C. Multi-parameter humoral and cellular 
immune responses will be assessed (antigen-
specific antibody induction, virus 
neutralization, and polyfunctional T-cell 
responses by in vitro stimulation of isolated 
cells). Go/no go decisions will be made based 
on outcomes of these first-tier experiments as 
indicated. If robust humoral and cellular 

responses are evident this will be graded as a success. Comparisons will also be made such as the levels of 
virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated and 
an attempt in selection of the best-in-class immunogens, or immunogen combinations, will also be explored to 

Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks.  

Figure 4. Milestones and criteria for Aim 1 of the PABVAX Center’s overall objectives. 



down-select vaccines. The third milestone will determine whether MNP vaccination affords protection in animal 
model challenge experiments. In the case of NiV and HeV prototypes, the animal models chosen (ferrets and 
AGMs) are extremely well-developed, and outcomes at this stage should be readily assessable. However, for 
the Center’s chosen viral prototypes within the Bunyavirales, there will be additional animal model refinements 
conducted. For example, there are seven genetically distinct lineages of LASV and guinea pig models exist for 
some but not all of these lineages.  For MACV, there are 8 clades with similar challenges, and for CCHF there 
are 6 clades. An additional confounding issue for both of these very important groups of viruses is the limitations 
of cost and availability of rhesus and cynomolgus monkeys. Thus, as proposed by RP1, together with Core E, a 
critical research avenue will be developing and evaluating animal models within the PABVAX program, including 
further development of AGM models for arenaviruses and possibly CCHFV as a risk mitigation strategy. Thus, 
individual go/no-go decisions will inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for cell-based and in vivo therapeutics evaluation. 

The second overall objective of PABVAX is primarily focused on the development of new viruses and tools for 
downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation. 
These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate 

recombinant infectious clones (r = 
recombinant viruses) and reporter-
gene versions, as well as alternate 
reporter virus tools (VSV-based) of 
LASV, MACV, and CCHFV isolates for 
which isolates are not available using 
reverse genetics. Rescued viruses will 
be characterized in cell-based assays. 
Recombinant viruses will be examined 
in vivo (animal model development) 
within Core E. In RP2, the most 
recently discovered pathogenic 
henipavirus, LayV, will be rescued by 
reverse genetics (rLayV) in 
collaboration with Core E, and 
additional LayV and AngV reporter 
virus tools also generated with 
alternate reporter virus platforms (VSV 

and/or rCedV based). New virus tools will be characterized in cell-based assays. Only AngV alternate reporter 
virus tools are proposed because genomic data is incomplete. rLayV pathogenesis and animal model 
development will conducted by Core E. If successful, a large battery of new materials will be available to share 
with the ReVAMPP network, and be key milestones for execution of Phase II of the PABVAX Center program.  

The translation of the MNP vaccine plug-and-play approach will be in Phase II (Table 1). Milestones will 
be similar to those in Figure 4.  New virus tools will also be used to evaluate new mAbs and nanobodies 
generated by Core D and RP5 to the divergent and/or potential zoonotic HNVs (LayV and AngV). Also embedded 
in this overall aim is a new in vivo bioluminescence-based immune deficient mouse model developed by the PIs 
of PR2 and RP3 that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. The model will be deployed to test a critically important therapeutic need against CNS resident 
HNV infection, and RP3 will collaborate with RP5 in the testing of engineered nabs. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses.  

New human mAbs and nbs as tools and potential therapeutics will be developed by RP4 and RP5 in collaboration 
with RP2 and Core D. NiV infection survivor volunteers and MNP vaccination of transgenic mice will be used to 
generate human mAbs (RP2 and RP4); transgenic nanomice and human nb phage-display approaches will 
generate nbs (RP5) to the selected prototype and test case viruses. Human mAbs are expected to be valuable 
therapeutics as countermeasures to a variety of viral infections and disease in humans. Here, RP4 will isolate 

Figure 5. Milestones and criteria for Aim 2 of the PABVAX Center’s overall objectives. 



panels of naturally occurring human mAbs that bind cross-reactively to both the NiV and HeV prototype HNVs 
and neutralize both viruses. This effort will focus especially on mAbs to the HNV fusion (F) proteins derived from 
natural survivors of NiV infection, which to date has been an elusive goal. Previously, the RP4 PI (Crowe) isolated 
multiple human mAbs to the G protein with several that exhibit very high potency in neutralization assays, 

suggesting they have high potential as 
prophylactic (PREP) and therapeutic 
molecules for humans. RP4 will isolate 
new F mAbs, and in collaboration with 
RP2, neutralization potencies will be 
rapidly assessed (as well as evaluating 
synergistic cell-based mAb 
neutralization) that will then be translated 
and evaluated in animal models as both 
PREP and post-infection treatments by 
Core E. These new human mAbs will 
build on the findings to date generated by 
several of the collaborating Center 
investigators, and contribute significantly 
to the development and characterization 
of human mAbs reactive to the F and G 

glycoproteins of prototype HNVs in preparation for clinical studies.  

Nbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new direction in 
antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full antigen 
specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could translate 
into a more cross-reactive feature between virus strains or clades. Importantly, nbs can efficiently penetrate 
tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating CNS-resident viral 
infections. Here, the prototype viruses from the Center’s viral groups to which there are no approved therapeutics 
and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate the development of 
nanobody-based therapies, three distinct nanobody development platforms will be employed. These include 
camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries that closely 
mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will enable rapid 
identification of nanobody leads with minimal optimization required for clinical use. RP5 will also engineer a 
combination of nbs targeting multiple epitopes using rational design. Additionally, we will enhance CNS 
bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved 
BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-based virus 
neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), therapeutic activity in the rCedV-NiV-B 
chimera mouse model in RP3 (Henipavirus), and select animal models of LASV and MACV by Core E. Success 
will be measured by the 1) identification of potent virus-neutralizing nbs, 2) discovery of more broadly reactive 
nbs particularly to the multiple LASV clades, 3) evidence of therapeutic benefit in animal models, and 4) the 
successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus infections. 

Industry Partnerships. Each ReVAMPP Center is expected to have an established, or have plans to establish 
when appropriate, collaboration with an industry partner that will provide access to vaccine expertise in 
manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling translational 
research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience in developing medical countermeasures that protect against public 
health threats, including development and approval of multiple vaccine and antibody products for infectious 
diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and 
make an ideal partner for PABVAX. Our proposal combines the expertise of several established groups including 
investigators in academia and in private industry. The Center is supported by outstanding physical resources 
and an experienced and skilled group of researchers and support staff. 

SPECIAL FEATURES OF THE PABVAX 

Galveston National Laboratory (GNL). The GNL is a NIH-funded, maximum-containment facility that serves 
as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The 

Figure 5. Milestones and criteria for Aim 3 of the PABVAX Center’s overall objectives. 



GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious 
diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics, and therapeutics. The 
7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology 
facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations 
and handling of Select Agents and became operational in September of 2010. The first NHP studies were 
performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370 NHP studies employing some 2,772 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses have been 
performed. These studies include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder, 
and Zeitlin. The GNL has a fully Association for Assessment and Accreditation of Laboratory Animal Care 
(AAALAC)-accredited NHP facility and a staff of full-time veterinarians. Core E is staffed with an experienced 
team of GNL researchers and technicians several of which have more than 25 years of BSL-4/ABSL-4 
experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary pathologist. As 
noted above another special feature is the location of the WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation). Core E operations will be conducted at the 
GNL, and in conjunction with Core A, will also include the UTMB Institutional Office of Regulated Nonclinical 
Studies (ORNcS). The ORNcS's primary responsibility is to work with academic researchers who are doing 
product-oriented research and to help them design and conduct their studies with good documentation, quality 
assurance, and data management. NIH has requested that all NHP studies conducted in the GNL BSL-4 
laboratory at UTMB that are on a product development path be conducted under a “well documented” quality 
system program.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 
experience at the US Army Medical Research Institute of Infectious Diseases (USAMRIID), the GNL, and other 
BSL-4 facilities.  His research interests have focused on hemorrhagic fever viruses, arenaviruses, and 
henipaviruses. He has published over 250 peer-reviewed articles in these areas.  Dr. Geisbert’s research group, 
in collaboration with Dr. Broder (Center Co-PI and PR2 PI), was the first to develop a NHP model of NiV/HeV 
infection and disease, and also to demonstrate complete protection of NHPs against both NiV and HeV using 
henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs). Mapp Biopharmaceutical 
has deep experience with antigens and mAbs against these antigens. Their early development and research 
group has expertise in immunology, infectious diseases, and the production of antigens, antibodies, and antibody 
fusion proteins in CHO systems. The advanced development group has experience in medium-size and large 
pharmaceutical companies and expertise in various aspects of mAb development and commercialization 
including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, 
regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb 
discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies 
99 100; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-
Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV 
and anti-HSV mAbs that has completed Phase 1101. Dr. Gunn and Genovac will join the team to analyze antibody 
Fc effector functions and to provide antigen/antibody discovery resources, respectively. Dr. Geisbert will 
contribute his experience with high containment animal models and vaccine development. 

As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction. Emerging and periodically reemerging pathogenic enveloped RNA viruses are continuous 
pandemic threats. Among viral taxon associated with human zoonoses, members of the family Paramyxoviridae 
and order Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans 
can become infected via excreta from animal reservoir hosts such as rodents or bats, through intermediate 
amplifying hosts such as small or domestic animals, or by arthropod vectors such as mosquitos and ticks1-4. 
Humans often represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur. During this process, RNA viral pathogens may mutate and adapt to more efficiently 
replicate and shed in the host, posing an epidemic threat5-8. The viral order Bunyavirales is composed of several 
viral families containing high priority human pathogens9. Notably, the Arenaviridae and Nairoviridae families 
contain viruses that cause severe hemorrhagic fever diseases in humans globally with mortality rates up to 60%10 
and significant, long-term sequelae in survivors11. Many bunyaviruses are included on the World Health 
Organization’s (WHO) List of Priority Pathogens12,13. Six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin 
and Machupo (LASV, LUJV, CHAPV, GTOV, JUNV, MACV) and one nairovirus, Crimean-Congo Hemorrhagic 
Fever Virus (CCHFV), are also identified as NIAID Category A pathogens14 due to their 1) high associated 
morbidity and mortality rates, 2) ease of dissemination and/or ability to transmit from person-to-person, 3) 
potential to cause public panic and social disruption, and 4) requirement for special actions in the context of 
public health preparedness. The Paramyxoviridae also includes members in the WHO Priority Pathogens, 
namely Nipah virus (NiV) and Hendra virus (HeV). These henipaviruses (HNVs) are the prototype members of 
the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory and/or 
neurological disease15. The genus now includes nine additional reported HNVs, but only HeV and NiV are 
associated with severe and often fatal henipaviral disease in humans and a number of animal species16. Langya 
virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile illness in humans17.  

  These collective factors plus the absence of approved vaccines or therapeutics make bunyaviruses and 
paramyxoviruses a significant threat to global public health. There is a clear unmet need for countermeasures 

such as vaccines and antibody-based therapeutics 
to address the threat of natural outbreaks, 
epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center 
will focus on elucidating key principles for 
developing vaccine and monoclonal antibody 

(mAb) countermeasures to prototype bunyavirus and paramyxovirus pathogens (Table 1). In the out 
years of the Center effort, PABVAX will exploit these learned key principles in a “plug and play” 
demonstration against related viruses. 

Arenaviridae: The Arenaviridae is composed of five genera: Mammarenavirus, Reptarenavirus, 
Innmovirus, Antennavirus, and Hartmanivirus18. The genus Mammarenavirus contains a large number of 
rodent-borne viruses, some of which cause severe hemorrhagic fever, neurological damage, death, 
and permanent sequelae;  hearing loss, vision impairment, and balance issues in survivors19. 
While these genera exhibit a global distribution, two geographically distinct serogroups exist that 
diverged20. Old World complex mammarenaviruses (OWAV) in the Eastern Hemisphere include LASV, 
Lymphocytic Choriomeningitis Virus (LCMV), and the newly discovered LUJV; New World complex 
mammarenaviruses (NWAV) in the Western Hemisphere include JUNV, MACV, Sabia Virus 
(SABV), and CHAPV. There are no FDA approved vaccines or therapeutics for mammarenaviruses, 
though the attenuated JUNV “Candid-1” vaccine is approved for use in Argentina. 

Disease severity and case fatality rates (CFR) vary across mammarenaviruses even within the 
same clades and species. Up to 500,000 cases of LASV infection occur per year with CFRs 
sometimes approaching 70% in hospitalized cases21. Before the introduction of the Candid-1 vaccine, it is 
believed that an upwards of 60,000 cases of Argentine Hemorrhagic Fever (AHF) from infection with JUNV 
occurred per year with CFRs ranging from 15-30%. Convalescent plasma from JUNV survivors is still 
the primary means to treat acute AHF in Argentina22. Over 1000 cases were reported for the initial 
outbreak of MACV with CFRs ranging from 5-30%; enhanced rodent abatement practices and 
potentially cross-protective immunity in populations that have taken the JUNV Candid-1 vaccine may 
have reduced recent outbreak frequency23. All mammarenaviruses share a common genomic organization 

Family Prototype Plug and Play Test 
Case 

Arenaviruses Lassa (Old World) 
Machupo (New World) 

Lujo (Old World) 
Chapare (New World) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya 

Table 1. PABVAX selected prototype and test case viral agents 



consisting of two ambisense (bi-directional reading frame) RNA segments. Each segment contains two open 
reading frames encoding two proteins per strand, these include the Z protein (matrix) and L protein (polymerase), 
and the glycoprotein precursor (GPC) and nucleoprotein (NP)19. Despite general similarity of their genomic 
architecture, mammarenaviruses exhibit marked differences in their replication life cycles including attachment 
factors, entry mechanisms, and immune evasion; nonetheless, the dominant antigens driving immune responses 
for both OWAV and NWAV are the glycoprotein (GP) and NP.  

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with 
antigen-based diagnostics across seven known lineages, suggesting the generation of cross-protective 
immunogens and antibodies against mammarenaviruses is achievable24. Monoclonal antibodies derived from 
human LASV survivors were shown to protect non-human primates (NHP) against lethal challenge25.  Recent 
crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion 
trimeric LASV glycoproteins (GPe)26. These findings suggest a stabilized form soluble LASV glycoprotein could 
serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage 
IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, indicating this domain could serve as an antigenic target. 
Investigators in the Center RP1, Core E, and Core D have developed adjuvanted vaccines to test this approach 
and have demonstrated protection against lethal LASV-Josiah challenge. Specifically, a stabilized prefusion 
trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of these two 
approaches conferred protection in a lethal outbred guinea pig model. Nevertheless, even with the considerable 
molecular diversity in LASV strains, conservation at key antigenic sites within the GP and NP suggest a pan-
LASV vaccine may be possible24,27,28. RP1 and Core E investigators have demonstrated that a Vesicular 
stomatitis virus (rVSV)-based vaccine expressing the LASV-Josiah GPC is protective against homologous 
challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model29, and against heterologous 
challenge with Lineage II30, III, V31, and VI viruses (Cross and Geisbert Unpublished).   

In Phase I of RP1, the ability of an optimized LASV GPe/NP subunit vaccine delivered intramuscularly 
(IM) will be assessed in guinea pig and NHP models across multiple viral lineages. We will also assess a 
microneedle skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination route 
affords more potent vaccine-mediated responses and protection.  Similarly, we have generated MACV GPe 
immunogens and will design a MACV NP-NTD subunit antigen to test the same approach across multiple MACV 
genetic lineages. In Phase II of RP1, we will assess the plug-and-play potential of our stabilized GPe/NP-NTD 
MNP vaccine approach against emerging test case mammarenaviruses representing both OWAV (LUJV) and 
NWAV (CHAPV) complexes, for which there are no vaccines available. A unique advantage of the PABVAX 
Center is its access to biosafety level (BSL)-4 containment, allowing us to work with authentic versus surrogate 
arenaviruses. The BSL4 facilities described in Core E are capable of evaluating countermeasures in small animal 
models and NHPs. The cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and 
MACV research as disease recapitulates human infection and there are a multitude of immunological reagents 
available32-34. The evaluation of prototype OWAV and NWAV vaccines and therapies in the NHP model is likely 
pivotal for IND applications and for future licensure of medical countermeasures for human use. 

Nairoviridae: Unique to most bunyaviruses, orthonairoviruses are transmitted primarily by ticks2.  While there 
are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus35, Issyk-Kul virus36, Songling virus37), 
CCHFV is the most recognized public health threat. Outbreaks of CCHFV have occurred across Europe, Africa, 
the Middle East, and Asia. There is growing concern for expansion of the CCHFV endemic region due to 
increased range of its tick host (Hyalomma spp.) tied to bird migration changes, livestock trade, and global 
warming. For example, CCHFV cases have been reported in Spain38 , a previously non-endemic region, and 
Hyalomma ticks have been found in Sweden39.  Infection in humans begins as a nonspecific febrile illness but 
can rapidly progress to a severe hemorrhagic fever and death in 30% of cases40. There are no FDA approved 
vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been 
in use in Bulgaria with limited efficacy41.  Ribavirin has been used to treat infections with limited success42. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L 
polymerase protein, and GPC 40. Similar to mammarenaviruses, the NP and GP are the primary antigenic targets 
of the host immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 
95% amino acid homology40. Conversely, the CCHFV GPC is considerably less conserved (< 75% amino acid 
identity)40. The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate 
based on geographical location. Thus, creating a pan-CCHFV vaccine or therapeutic based solely on one clade 



poses a challenge. Nevertheless, we have demonstrated that heterologous vaccine mediated protection can be 
afforded using a rVSV vectored vaccine expressing the full GPC of CCHFV43. 

In phase 1, RP1 and Core D will generate CCHFV GP and NP immunogens with the highest level of 
homology across clades. We will assess their capacity to protect against lethal challenge with isolates from 
multiple CCHFV clades in established mouse43,44 and NHP45 models with Core E. CCHFV GP and NP subunit 
vaccines will also be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will 
assess the plug-and-play potential of the best formulation of CCHFV GP/NP MNP vaccine against the emerging 
test case nairovirus, Kasokero virus, for which there are no vaccines available. 

Paramyxoviridae: The HNVs NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses 
that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality4,46. 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality47. NiV emerged just a few years later in Malaysia and 
Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory 
disease in pigs, which served as amplifying hosts48. NiV and HeV can infect at least 18 animal species across 6 
orders of mammals, and among these they cause a systemic and often fatal respiratory and/or neurological 
disease in 11 mammalian species including humans16,49. The NiV strain in Bangladesh (NiV-B) is of particular 
concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates exceeding 
90% with little evidence of subclinical infections, and well-documented person-to-person transmission5. 
Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV emergence and 
reemergence remain continuous infectious disease transboundary threats to public health and economically 
important livestock throughout South and Southeast Asia and Australia. Their broad host tropism and ability to 
infect livestock also causes increased risk of human infections. HNVs are single-stranded, negative sense, 
enveloped RNA viruses and their biology lends themselves to be synthetically produced. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS). The 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents50 because the virus could be engineered for mass dissemination and it possesses the potential 
for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO 
as an epidemic threat needing urgent research and development (R&D) action and has been included in the 
R&D Blueprint list of priority pathogens with epidemic potential51.  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb exist. These postexposure treatments 
conferred protecion against NiV and HeV infection in animal challenge studies including nonhuman primates 
(NHP)52-55. The success of one particular human mAb (m102.4) in the NHP model was instrumental in both its 
application in several emergency use protocols in Australia and the United States as a result of high-risk virus 
exposure (18 individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV 
therapy in collaboration with USU and Queensland Health in Australia56. In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs, and several vaccine platforms have clear potential for use in people16. The HNV 
G and F membrane glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all 
vaccine strategies16.  Such preventive vaccines would have utility for lab workers, first responders or individuals 
at high-risk exposure, and in mitigating the spread of an outbreak. In the case of a biological attack or natural 
outbreak, a postexposure treatment would augment a pandemic preparedness posture. The most extensively 
studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal 
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. 
The HeV-sG immunogen is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, 
Inc., which is the first commercialized vaccine to a BSL-4 agent57. It is widely considered that the African green 
monkey (AGM) is the current “gold standard” animal model for NiV and HeV research as the disease 
pathogenesis appears to mirror that of human NiV/HeV infection49,58. The evaluation of successful 
countermeasures for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal 
for IND applications and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 



appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished)59. The divergent LayV 
will be the focus of the test case studies. The choice is justifiable for several important reasons: 1) LayV is a 
known pathogenic zoonotic HNV; 2) there is a known virus genome sequence derived from a human sourced 
virus isolate; and 3) we have already successfully engineered and expressed LayV sF (stabilized) and sG 
(tetramer) glycoproteins antigens. Another divergent bat-borne HNV, Angavokely virus (AngV), has recently 
been described. The Center will initiate studies on LayV in preparation for Phase II, including rescuing 
recombinant LayV (rLayV), exploring animal model development, constructing additional LayV and AngV 
reporter virus tools, and then translating and testing the MNP vaccine ‘plug-and-play’ approach. Finally, we will 
evaluate new mAbs and nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs. 

PABVAX THEME. A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core 
leaders have extensive experience in antiviral translational research and/or product development: Uniformed 
Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), 
University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of 
Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders 
currently have active and productive collaborative research programs in related areas, most spanning more than 
a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and 
valuable vaccine development expertise to the team.  

The pandemic preparedness research gaps addressed by PABVAX are diagramed in Figure 1. Two Research 
Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, 

adaptable, and widely deployable, 
dissolvable microneedle patch 
(MNP)-based skin immunization 
vaccine technology that will use 
recombinant viral protein subunit 
immunogens; RP1 will target select 
prototype arenaviruses and 
nairoviruses, and RP2 will target 
the prototype HNVs. Both RP1 and 
RP2 will develop new prototype 
virus tools (recombinant prototype 
viruses) along with existing tools, to 
analyze vaccine responses and 
evaluate new mAbs and nabs from 
the other RPs. A third RP will 
develop a unique low-containment 
(BSL-2) mouse model of HNV 
infection that uses recombinant 
Cedar henipavirus (rCedV) in vivo 
and a bioluminescence detection 
method that can longitudinally trace 
the dynamics and anatomical 
progression of infection with a 
luciferase-encoding virus in 
individual animals (RP3). There will 

also be two RPs that focus on the development of broadly reactive human mAbs and nanobodies to the PABVAX 
selected viral prototypes. RP4 will isolate human mAbs derived from NiV-infected survivors with a specific focus 
on F glycoprotein-targeting mAbs. Additional human mAbs will be generated from humanized mice by viral 
prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics targeting henipaviruses 
and arenaviruses with a focus on targeting the CNS environment in animal modeling experiments using the 
select virus prototype vaccine antigens and immunization of nanomice as well as human nanobody phage library 
approaches. Critical research support to all the RPs will come from three Scientific Cores that will engage in the 
manufacture, quality control, and testing of MNP vaccines (Core C); production of recombinant viral proteins and 
antibody refinements (Core D); and animal modeling of prototype virus infections along with preclinical testing 
and evaluation of vaccines and antibody-based therapeutics (Core E). Under the direction of the PD/PIs (Drs. 
Geisbert and Broder), the Administrative Core (Core A) will provide organizational and programmatic structure 

Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and 
Antibodies Center- (PABVAX). 



to promote research productivity and scientific interactions along with compliance with regulations concerning 
select agent, vertebrate animal, and human subject use. Core A will coordinate all activities with the Scientific 
Advisory Board (SAB) and make data available through the Data Management Core (Core B). 

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. The PABVAX Center will take advantage of a successful piloted 
research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators 
recently co-developed with scientists from the UPitt and IBBR/UMD (Core C). This project tested a dissolvable 
MNP-based vaccine technology ideally suited for the development of a rapid and inherently safe, recombinant 
protein-based subunit vaccine60. The MNP vaccine technology effectively harnesses the highly 
immunoresponsive cutaneous microenvironments using dissolvable microneedles that incorporates recombinant 
viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants61 to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble 
biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with 
dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble 
with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The 
PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as to facilitate improved vaccine storage and distribution due to their 
improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a 
synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted 
vaccine delivery platform. Here, Scientific Core C (Microneedle Patch Vaccines Core) will produce 
polyphosphazene (PPZ)-adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral 
targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP 
vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. 
The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down 
selection of vaccine formulations and components will be made based on first tier immune response data derived 
from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA 
and virus-specific neutralization activity in vitro, along with analysis of polyfunctional T-cell responses by 
antigenic peptide stimulation, followed by intracellular cytokine staining (ICS) and flow cytometry. 

Discover effective antibody-based prophylactics and therapies. Monoclonal antibodies (mAbs) are one of the 
most successful classes of drugs with the proven ability to address a variety of human health needs including 
oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic 
efficacy of mAbs against some of the most lethal viruses including Nipah62, Hendra63, Ebola64,65, Marburg66 and 
Lassa67. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action 
(such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D by Dr. Gunn. In addition to 
therapeutic applications, mAbs with Fc mutations dramatically extend serum half-life68-70 and offer an important 
tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for 
protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of 
PABVAX have extensive experience with the discovery, characterization, and translational activities necessary 
to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs 
are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting 
the viral threats to be addressed by PABVAX. 

Develop new tools and animal models to facilitate the translation of effective countermeasures. Virological tools 
and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines 
and therapeutic countermeasures. The investigators within the Animal Model Development and Preclinical 
Evaluation Scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and 
select agent research areas including animal model development and the use of animal models for the study of 



viral pathogenesis and assessing the protective efficacy of antivirals and vaccines, as well as studies to define 
mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for 
authentic pathogenic virus use and manipulation, including the establishment and use of reverse genetics for 
rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within 
RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody 
induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic 
viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) 
are also useful in antiviral development strategies because they are generally less laborious and can be adapted 
to higher throughput platforms and/or integrated with other innovative technologies. RP2 will make use of 
recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based virus 
neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiV and HeV 
vaccine-induced immune sera, mAbs (RP4), nbs (RP5), and antibody neutralization synergy. RP3 will make use 
of other versions of rCedV and chimeras (those bearing either HeV or NiV-B envelope GPs) in the development 
of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression 
of virus in live animals to explore nab based therapeutics to CNS resident HNVs71. 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. The UTMB and GNL is a 
national resource and benchmark provider for the conduct of high containment animal studies and quality system 
data management; often partnering with the FDA in academic development and training programs for GLP in 
high containment environments. We envision several deliverables emanating from the proposed studies of the 
Center, including significantly improved subunit vaccine formulations against several prototype viruses within the 
HNVs (Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine 
endurance to storage and transportation; we also anticipate improved human mAbs and/or nabs for the treatment 
of disease caused by the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, 
and mAb and vaccine translational drug development along with Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Paramyxoviruses:  NiV and HeV are bat-borne viral zoonoses that were discovered in the mid to late 1990s in 
outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia (NiV-M). NiV and HeV are 
both considered the prototype species of the genus Henipavirus, family Paramyxoviridae. The natural reservoir 
of the two pathogenic and prototype HNVs, NiV and HeV, are old world fruit bats (flying foxes) of the genus 
Pteropus (Order Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and HeV are zoonotic agents, 
and human infection with either virus causes a widespread vasculitis, that will often progress to a fatal 
encephalitis or pneumonia. People who recover from acute infection with either of these HNVs are also at risk 
of recrudescent infection and encephalitis4,46. HeV and NiV are BSL-4 restricted pathogens because of their high 
lethality and lack of approved vaccines or antivirals. These viruses are transboundary agents of significant 
disease threats to livestock and people in Australia, and South and Southeast Asia, respectively. The genus 
Henipavirus now includes nine other reported HNVs; these include the four viral isolates of CedV, Gamak virus, 
Daeryong virus, and (LayV)72 and five additional species known only from nucleic acid sequence information; 



Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV)73,74. Similar to 
NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, are old world 
pteropid fruit bats73,75. Whereas the six other HNVs are, or are likely, of rodent origins, including the human 
isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng virus 
that is also of apparent rodent origin from Southeast China (Yunnan province)17. The phylogenetic relationship 
of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  Investigators in the Center PR2 
and RP5 have already initiated new studies on LayV, having engineered stabilized sG and sF glycoprotein 

antigens in collaboration with Genovac, Inc. (part of Core D) and 
identified cross-reactive mAbs to both F and G previously generated to 
Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal HNV 
disease, LayV was associated with nonfatal febrile illnesses in humans. 
In contrast, CedV is the only HNV isolate demonstrated to be 
nonpathogenic in well-established animal models of NiV and HeV 
infection and disease including guinea pigs, ferrets, hamsters49, and 
AGMs (Geisbert and Broder, unpublished). An important distinction 
between CedV and other HNVs lies within the P gene which encodes 
the phosphoprotein (P). The P gene transcripts of NiV and HeV undergo 
RNA editing to produce the V and W nonstructural proteins that are key 
interferon (IFN) antagonists76-80. The CedV P gene lacks both RNA 
editing and does not encode V or W. Several studies with recombinant 
NiV variants have demonstrated the differential importance of the V and 
W proteins in the pathogenesis brought about by NiV infection in both 
the hamster and ferret models, and a lack of the V protein resulted in 
nonlethal infections81,82. All other recognized or proposed HNVs have the 
potential to express V and W proteins based on current genetic data. The 

absence of these proteins in CedV is the key factor underlying its nonpathogenic nature83. These data permitted 
the rescue and characterization of rCedV by reverse genetics at BSL-284 and CedV is now recognized as a BSL-
2 restricted agent85. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, is 
genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some 
preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the 
Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Arenaviruses (old world): For phase 1, RP1 will utilize LASV as the prototype virus due its significant public 
health burden throughout West Africa with hundreds of thousands of estimated cases and approximately 5000 
deaths annually86.  LASV is the most imported viral hemorrhagic fever (VHF) next to Dengue virus and has been 
documented in several countries outside of Africa over 35 times87. CFRs approaching 70% in hospitalized cases 
and marked long term sequelae are the result of the lack of approved vaccines or therapeutics, although several 
live attenuated virus candidates are currently being evaluated with the assistance of Coalition for Epidemic 
Preparedness Initiative (CEPI)88. Of the vaccines supported by CEPI, 4/5 of these vaccines utilize only LASV 
GP as the target immunogen. 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy against 
challenge with LASV in outbred guinea pigs vaccinated IM with engineered stabilized, prefusion LASV GPe, NP-
NTD, or a combination of both antigens. These immunogens have been engineered to express homologous 
antigenic regions to increase potential for pan-LASV lineage protection from disease after vaccination. Success 
with this approach suggests a similar strategy could be implemented against other arenaviruses. The OWAV 
test pathogen, LUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating in 
Zambia, which quickly spread nosocomially89. The CFR for this infectious virus was 80% in this small outbreak 
of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic divergence 
from suggest current LASV countermeasures may be of limited use. LUJV will serve as an ideal “test case” to 
assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. The PABVAX 
Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).  

Arenaviruses (new world): The live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina90, 
but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine91,92. 
Furthermore, there is the potential for pathogenic reversion. For Phase 1, RP1 will use MACV and JUNV as the 
prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest exploring other JUNV countermeasures are warranted.  

Figure 2: Phylogenetic analysis of select HNV G 
and F glycoproteins. Trees were constructed for 
using the PhyML program's maximum likelihood 
method and aligning the protein sequences with 
the MUSCLE algorithm. The genetic distance 
between the sequences is represented by the bar 
located under each tree, providing information 
about the level of divergence among them. 
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Building on the success of the LASV GPe/NP-NTD, investigators in RP1 and Cores D and E will engineer 
broadly protective MACV GPe and NP-NTD antigens and perform efficacy testing in established guinea pig and 
NHP models. We will extend this plug-and-play approach to the NWAV test case, CHAPV.  First reported in 
2003 in Bolivia, CHAPV is a rodent-borne mammarenavirus associated with the development of severe 
hemorrhagic fever with case fatality rates up to 60%93,94. Recent studies have demonstrated clear human-to-
human transmission during the acute phase evidenced by several nosocomial infections; isolation of viable virus 
from semen at 86 days after symptom onset demonstrates a clear need to implement specialized management 
and treatment 94.  The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E). 

Nairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents the 
largest global public health burden within the orthonairovirus family with outbreaks annually across Europe, 
Africa, and Asia. There are no FDA-approved vaccines for CCHFV; however, a suckling mouse brain-derived, 
adjuvanted whole virus vaccine for CCHFV has been approved for use in Bulgaria. This vaccine has numerous 
safety concerns and has limited demonstrated efficacy.  Several experimental vaccine approaches have been 
evaluated ranging from viral vectored approaches to DNA-based vaccines with varying efficacy, advantages, 
and disadvantages95; however, only a Modified Vaccinia Ankara virus vaccine (MVA-CCHFV) has begun to 
advance towards clinical trials96. Investigators in RP1 and Cores D and E will engineer CCHFV GP and NP 
subunit antigens and test these for protective efficacy from challenge with 6 different CCHFV lineages using 
established mouse and NHP models.  Next, we will deploy the same approach to the test case nairovirus, 
Kasokero virus (KASV), for which no vaccine exists.   

In 1977, KASV was first isolated from Ugandan bats and caused several cases of acute febrile illness of 
laboratory workers from the same lab that processed the infected bats97. Surveys of 109 laboratory workers from 
the same facility demonstrated 13% seropositivity and clinical symptoms in individuals 4 to 15 months after the 
virus was isolated. These findings suggest either continued laboratory-associated infections or chains of ongoing 
person-to-person transmission. Recently, tick surveys have demonstrated the potential for the tick reservoir, 
Ornithodoros faini, to participate in enzootic maintenance of KASV98.  While most chiropteran ticks exhibit host 
specificity, humans entering caves these bats inhabit have reported bites from O.faini ticks.  The highly infectious 
potential for this virus in humans coupled to a complete lack of vaccines or therapeutics suggest investment in 
countermeasure development against this virus is well advised. The PABVAX Center will explore KASV as part 
of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 
EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5; arenavirus and nairovirus projects: 
RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to 
be developed from the RPs may provide a future opportunity to combine active and passive immunization 
approaches to further improve the therapeutic value in an inherently synergistic manner. The RPs will work 
closely together in a harmonious and cooperative manner with each group providing their own countermeasure 
and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project 
were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy 
among the groups and PABVAX participants, many of which have established collaborative and synergistic 
research activities. For example, the early development and testing of particular antiviral mAbs to some of the 
prototype viruses under investigation is already an established collaboration between PABVAX partners at 
Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine 
platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 



An additional and outstanding advantage of the PABVAX Center is the Animal Model Development and 
Preclinical Evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is 
ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. 
All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus 
stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for the Center RPs will be 
performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better 
comparison among countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for cell-based and in vivo therapeutic evaluation.  

3. Develop antibodies and nanobodies to the selected prototype and test viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

 

 

 

 

 

 

 

 

 
 
 
 
 
The projected timeline for the PABVAX to 
accomplish the Center objectives is diagramed in Figure 3. Embedded within the overall PABVAX Aims are a 
cohort of specific Milestones that are laid out to gauge Center accomplishments and progress towards achieving 
the Center objectives. The oversight and evaluation of progress will be in concert with quarterly reports to the 
PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders 
with SAB members (details are specified within the Administration Core A Research Strategy). The SAB will 
meet yearly typically in coordination with the Center annual meeting, to review progress, the adherence to 
milestones and timelines, the continued relevance of each RP and Core to the Center’s overall objectives, 
discuss each project and progress, and advise on directions for the coming year, both for the overall PABVAX 
Center and for individual RPs. The SAB will also be a key factor and advisory panel in facilitating go/no-go 
decision making on specific RP activities, recommending new directions as appropriate, and providing Center 
Leadership and NIAID staff a comprehensive written evaluation of the group's activities and the panel's 
recommendations following the annual meeting. 

Overall Objectives 

Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks.  



Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

The first milestone will address whether  
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be established 
using immune response data derived from 
mouse immunization studies conducted in 
Core C. Multi-parameter humoral and cellular 
immune responses will be assessed (antigen-
specific antibody induction, virus 
neutralization, and polyfunctional T-cell 
responses by in vitro stimulation of isolated 
cells). Go/no go decisions will be made based 
on outcomes of these first-tier experiments as 
indicated. If robust humoral and cellular 
responses are evident this will be graded as a 

success. Comparisons will also be made such as the levels of virus-neutralizing antibody generated. Viral 
antigens producing poor immune responses will be terminated and an attempt in selection of the best-in-class 
immunogens, or immunogen combinations, will also be explored to down-select vaccines. The third milestone 
will determine whether MNP vaccination affords protection in animal model challenge experiments. In the case 
of NiV and HeV prototypes, the animal models chosen (ferrets and AGMs) are extremely well-developed, and 
outcomes at this stage should be readily assessable. However, for the Center’s chosen viral prototypes within 
the Bunyavirales, there will be additional animal model refinements conducted. For example, there are seven 
genetically distinct lineages of LASV and guinea pig models exist for some but not all of these lineages.  For 
MACV, there are 8 clades with similar challenges, and for CCHF there are 6 clades. An additional confounding 
issue for both of these very important groups of viruses is the limitations of cost and availability of rhesus and 
cynomolgus monkeys. Thus, as proposed by RP1, together with Core E, a critical research avenue will be 
developing and evaluating animal models within the PABVAX program, including further development of AGM 
models for arenaviruses and possibly CCHFV as a risk mitigation strategy. Thus, individual go/no-go decisions 
will inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for cell-based and in vivo therapeutics evaluation. 

The second overall objective of PABVAX is primarily focused on the development of new viruses and tools for 
downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation. 
These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate 

recombinant infectious clones (r = 
recombinant viruses) and reporter-
gene versions, as well as alternate 
reporter virus tools (VSV-based) of 
LASV, MACV, and CCHFV isolates for 
which isolates are not available using 
reverse genetics. Rescued viruses will 
be characterized in cell-based assays. 
Recombinant viruses will be examined 
in vivo (animal model development) 
within Core E. In RP2, the most 
recently discovered pathogenic 
henipavirus, LayV, will be rescued by 
reverse genetics (rLayV) in 
collaboration with Core E, and 
additional LayV and AngV reporter 
virus tools also generated with 
alternate reporter virus platforms (VSV 

and/or rCedV based). New virus tools will be characterized in cell-based assays. Only AngV alternate reporter 
virus tools are proposed because genomic data is incomplete. rLayV pathogenesis and animal model 

Figure 4. Milestones and criteria for Aim 1 of the PABVAX Center’s overall objectives. 

Figure 5. Milestones and criteria for Aim 2 of the PABVAX Center’s overall objectives. 



development will conducted by Core E. If successful, a large battery of new materials will be available to share 
with the ReVAMPP network, and be key milestones for execution of Phase II of the PABVAX Center program.  

The translation of the MNP vaccine plug-and-play approach will be in Phase II (Table 1). Milestones will 
be similar to those in Figure 4.  New virus tools will also be used to evaluate new mAbs and nanobodies 
generated by Core D and RP5 to the divergent and/or potential zoonotic HNVs (LayV and AngV). Also embedded 
in this overall aim is a new in vivo bioluminescence-based immune deficient mouse model developed by the PIs 
of PR2 and RP3 that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. The model will be deployed to test a critically important therapeutic need against CNS resident 
HNV infection, and RP3 will collaborate with RP5 in the testing of engineered nabs. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses.  

New human mAbs and nbs as tools and potential therapeutics will be developed by RP4 and RP5 in collaboration 
with RP2 and Core D. NiV infection survivor volunteers and MNP vaccination of transgenic mice will be used to 
generate human mAbs (RP2 and RP4); transgenic nanomice and human nb phage-display approaches will 
generate nbs (RP5) to the selected prototype and test case viruses. Human mAbs are expected to be valuable 

therapeutics as countermeasures to a 
variety of viral infections and disease in 
humans. Here, RP4 will isolate panels of 
naturally occurring human mAbs that bind 
cross-reactively to both the NiV and HeV 
prototype HNVs and neutralize both 
viruses. This effort will focus especially 
on mAbs to the HNV fusion (F) proteins 
derived from natural survivors of NiV 
infection, which to date has been an 
elusive goal. Previously, the RP4 PI 
(Crowe) isolated multiple human mAbs to 
the G protein with several that exhibit very 
high potency in neutralization assays, 
suggesting they have high potential as 

prophylactic (PREP) and therapeutic molecules for humans. RP4 will isolate new F mAbs, and in 
collaboration with RP2, neutralization potencies will be rapidly assessed (as well as evaluating synergistic 
cell-based mAb neutralization) that will then be translated and evaluated in animal models as both PREP 
and post-infection treatments by Core E. These new human mAbs will build on the findings to date 
generated by several of the collaborating Center investigators, and contribute significantly to the 
development and characterization of human mAbs reactive to the F and G glycoproteins of prototype HNVs 
in preparation for clinical studies.  

Nbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new 
direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit 
full antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which 
could translate into a more cross-reactive feature between virus strains or clades. Importantly, nbs can 
efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in 
treating CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which 
there are no approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted 
by RP5. To facilitate the development of nanobody-based therapies, three distinct nanobody development 
platforms will be employed. These include camelid animals, nanomice, and low-immunogenic human 
nanobody phage-displayed libraries that closely mimic the natural human antibody heavy chain variable 
domain. Leveraging these platforms will enable rapid identification of nanobody leads with minimal 
optimization required for clinical use. RP5 will also engineer a combination of nbs targeting multiple epitopes 
using rational design. Additionally, we will enhance CNS bioavailability by engineering bi-specific nanobody 
therapy that utilizes transferrin receptor 1 (TfR1) for improved BBB penetration. Specific nanobodies and 
engineered nanobodies will be evaluated in cell-based virus neutralization tests by RP1 (LASV and MACV) 

Figure 5. Milestones and criteria for Aim 3 of the PABVAX Center’s overall objectives. 



and RP2 (NiV and HeV), therapeutic activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus), 
and select animal models of LASV and MACV by Core E. Success will be measured by the 1) identification of 
potent virus-neutralizing nbs, 2) discovery of more broadly reactive nbs particularly to the multiple LASV clades, 
3) evidence of therapeutic benefit in animal models, and 4) the successful antiviral activity of nabs or engineered 
bi-specific nabs in treating CNS resident virus infections. 

Industry Partnerships. Each ReVAMPP Center is expected to have an established, or have plans to establish 
when appropriate, collaboration with an industry partner that will provide access to vaccine expertise in 
manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling translational 
research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience in developing medical countermeasures that protect against public 
health threats, including development and approval of multiple vaccine and antibody products for infectious 
diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and 
make an ideal partner for PABVAX. Our proposal combines the expertise of several established groups including 
investigators in academia and in private industry. The Center is supported by outstanding physical resources 
and an experienced and skilled group of researchers and support staff. 

SPECIAL FEATURES OF THE PABVAX 

Galveston National Laboratory (GNL). The GNL is a NIH-funded, maximum-containment facility that serves 
as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The 
GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious 
diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics, and therapeutics. The 
7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology 
facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations 
and handling of Select Agents and became operational in September of 2010. The first NHP studies were 
performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370 NHP studies employing some 2,772 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses have been 
performed. These studies include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder, 
and Zeitlin. The GNL has a fully Association for Assessment and Accreditation of Laboratory Animal Care 
(AAALAC)-accredited NHP facility and a staff of full-time veterinarians. Core E is staffed with an experienced 
team of GNL researchers and technicians several of which have more than 25 years of BSL-4/ABSL-4 
experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary pathologist. As 
noted above another special feature is the location of the WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation). Core E operations will be conducted at the 
GNL, and in conjunction with Core A, will also include the UTMB Institutional Office of Regulated Nonclinical 
Studies (ORNcS). The ORNcS's primary responsibility is to work with academic researchers who are doing 
product-oriented research and to help them design and conduct their studies with good documentation, quality 
assurance, and data management. NIH has requested that all NHP studies conducted in the GNL BSL-4 
laboratory at UTMB that are on a product development path be conducted under a “well documented” quality 
system program.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 
experience at the US Army Medical Research Institute of Infectious Diseases (USAMRIID), the GNL, and other 
BSL-4 facilities.  His research interests have focused on hemorrhagic fever viruses, arenaviruses, and 
henipaviruses. He has published over 250 peer-reviewed articles in these areas.  Dr. Geisbert’s research group, 
in collaboration with Dr. Broder (Center Co-PI and PR2 PI), was the first to develop a NHP model of NiV/HeV 
infection and disease, and also to demonstrate complete protection of NHPs against both NiV and HeV using 
henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs). Mapp Biopharmaceutical 
has deep experience with antigens and mAbs against these antigens. Their early development and research 
group has expertise in immunology, infectious diseases, and the production of antigens, antibodies, and antibody 
fusion proteins in CHO systems. The advanced development group has experience in medium-size and large 
pharmaceutical companies and expertise in various aspects of mAb development and commercialization 
including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, 
regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb 
discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies 
99 100; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-
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Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV 
and anti-HSV mAbs that has completed Phase 1101. Dr. Gunn and Genovac will join the team to analyze antibody 
Fc effector functions and to provide antigen/antibody discovery resources, respectively.  

As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction. Emerging and periodically reemerging pathogenic enveloped RNA viruses are continuous 
pandemic threats. Among viral taxon associated with human zoonoses, members of the family Paramyxoviridae 
and order Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans 
can become infected via excreta from animal reservoir hosts such as rodents or bats, through intermediate 
amplifying hosts such as small or domestic animals, or by arthropod vectors such as mosquitos and ticks1-4. 
Humans often represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur. During this process, RNA viral pathogens may mutate and adapt to more efficiently 
replicate and shed in the host, posing an epidemic threat5-8. The viral order Bunyavirales is composed of several 
viral families containing high priority human pathogens9. Notably, the Arenaviridae and Nairoviridae families 
contain viruses that cause severe hemorrhagic fever diseases in humans globally with mortality rates up to 60%10 
and significant, long-term sequelae in survivors11. Many bunyaviruses are included on the World Health 
Organization’s (WHO) List of Priority Pathogens12,13. Six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin 
and Machupo (LASV, LUJV, CHAPV, GTOV, JUNV, MACV) and one nairovirus, Crimean-Congo Hemorrhagic 
Fever Virus (CCHFV), are also identified as NIAID Category A pathogens14 due to their 1) high associated 
morbidity and mortality rates, 2) ease of dissemination and/or ability to transmit from person-to-person, 3) 
potential to cause public panic and social disruption, and 4) requirement for special actions in the context of 
public health preparedness. The family Paramyxoviridae also includes members that are WHO Priority 
Pathogens, namely Nipah virus (NiV) and Hendra virus (HeV). These  zoonotic henipaviruses (HNVs) are 
considered prototype members of the genus Henipavirus and have a uniquely broad host tropism, causing an 
often fatal respiratory and/or neurological disease15. The genus now includes nine additional reported HNVs, but 
only HeV and NiV are associated with severe and often fatal henipaviral disease in humans and a number of 
animal species16. Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal 
febrile illness in humans17.  

  These collective factors plus the absence of approved vaccines or therapeutics make bunyaviruses and 
paramyxoviruses a significant threat to global public health. There is a clear unmet need for countermeasures 

such as vaccines and antibody-based therapeutics 
to address the threat of natural outbreaks, 
epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center 
will focus on elucidating key principles for 
developing vaccine and monoclonal antibody 
(mAb) countermeasures to prototype bunyavirus 

and paramyxovirus pathogens (Table 1). In the out years of the Center effort, PABVAX will exploit these learned 
key principles in a “plug and play” demonstration against related viruses. 

 
Arenaviridae: The family Arenaviridae is composed of five genera:  Mammarenavirus, Reptarenavirus, 
Innmovirus, Antennavirus, and Hartmanivirus18.  The genus Mammarenavirus contains a large number of rodent-
borne viruses, some of which cause severe hemorrhagic fever, neurological damage, death, and permanent 
sequelae such as hearing loss, vision impairment, and balance issues in survivors19.  While these genera exhibit 
a global distribution, two geographically distinct serogroups exist that diverged ~45,000 years ago20. Old World 
complex mammarenaviruses (OWAV) in the Eastern Hemisphere include LASV, Lymphocytic Choriomeningitis 
Virus (LCMV), and the newly discovered LUJV; New World complex mammarenaviruses (NWAV) in the Western 
Hemisphere include JUNV, MACV, Sabia Virus (SABV), and CHAPV. There are currently no US FDA approved 
vaccines or therapeutics for mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved 
for use in Argentina. 

Disease severity and case fatality rates (CFR) vary across mammarenaviruses even within the same clades and 
species. Up to 500,000 cases of LASV infection occur per year with CFRs sometimes approaching 70% in 
hospitalized cases21.  Before the introduction of the Candid-1 vaccine, it is believed that an upwards of 60,000 
cases of Argentine Hemorrhagic Fever (AHF) from infection with JUNV occurred per year with CFRs ranging 
from 15-30%. Convalescent plasma from JUNV survivors is still the primary means to treat acute AHF in 
Argentina22. Over 1000 cases were reported for the initial outbreak of MACV with CFRs ranging from 5-30%; 

Family Prototype Plug and Play Test 
Case 

Arenaviruses Lassa (Old World) 
Machupo (New World) 

Lujo (Old World) 
Chapare (New World) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya 

Table 1. PABVAX selected prototype and test case viral agents 
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enhanced rodent abatement practices and potentially cross-protective immunity in populations that have taken 
the JUNV Candid-1 vaccine may have reduced recent outbreak frequency23.   

All mammarenaviruses share a common genomic organization consisting of two ambisense (bi-directional 
reading frame) RNA segments.  Each segment contains two open reading frames encoding two proteins per 
strand, these include the Z protein (matrix) and L protein (polymerase), and the glycoprotein precursor (GPC) 
and nucleoprotein (NP)19. Despite general similarity of their genomic architecture, mammarenaviruses exhibit 
marked differences in their replication life cycles including attachment factors, entry mechanisms, and immune 
evasion; nonetheless, the dominant antigens driving immune responses for both OWAV and NWAV are the 
glycoprotein (GP) and NP.   

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with antigen-
based diagnostics across seven known lineages, suggesting the generation of cross-protective immunogens 
and antibodies against mammarenaviruses is achievable24. Monoclonal antibodies derived from human LASV 
survivors were shown to protect non-human primates (NHP) against lethal challenge25.  Recent crystal structure 
studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV 
glycoproteins (GPe)26. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a 
viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV 
endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly 
conserved N-terminal domain (NTD) of NP, indicating this domain could serve as an antigenic target. 
Investigators in the Center RP1, Core E, and Core D have developed adjuvanted vaccines to test this approach 
and have demonstrated protection against lethal LASV-Josiah challenge. Specifically, a stabilized prefusion 
trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of these two 
approaches conferred protection in a lethal outbred guinea pig model.   

Despite the considerable molecular diversity in LASV strains, conservation at key antigenic sites within the GP 
and NP suggest the feasibility of generating a pan-LASV vaccine24,27,28. Indeed, RP1 and Core E investigators 
have demonstrated that using a recombinant Vesicular stomatitis virus (rVSV)-based vector expressing the 
LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra 
Leone) in a lethal NHP model29, but also protects against heterologous challenge with Lineage II30, III (Cross, 
Geisbert unpublished), V31, and VI viruses (Cross and Geisbert Unpublished).   

In Phase I of RP1, the ability of an optimized LASV GPe/NP subunit vaccine delivered intramuscularly (IM) will 
be assessed in guinea pig and NHP models across multiple viral lineages. We will also assess a microneedle 
skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination route affords more 
potent vaccine-mediated responses and protection.  Similarly, we have generated MACV GPe immunogens and 
will design a MACV NP-NTD subunit antigen to test the same approach across multiple MACV genetic lineages. 
In Phase II of RP1, we will assess the plug-and-play potential of our stabilized GPe/NP-NTD MNP vaccine 
approach against emerging test case mammarenaviruses representing both OWAV (LUJV) and NWAV (CHAPV) 
complexes, for which there are no vaccines available. A unique advantage of the PABVAX Center is its access 
to biosafety level (BSL)-4 containment, allowing us to work with authentic versus surrogate arenaviruses. The 
BSL4 facilities described in Core E are capable of evaluating countermeasures in small animal models and 
NHPs. The cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and MACV 
research as disease recapitulates human infection and there are a multitude of immunological reagents 
available32-34. The evaluation of prototype OWAV and NWAV vaccines and therapies in the NHP model is likely 
pivotal for IND applications and for future licensure of medical countermeasures for human use. 

Nairoviridae: Unique to most other bunyaviruses, orthonairoviruses are transmitted primarily by ticks2.  While 
there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus35, Issyk-Kul virus36, Songling 
virus37), CCHFV is by far the most recognized public health threat. Outbreaks of CCHFV have occurred across 
Europe, Africa, the Middle East, and Asia. There is growing concern for expansion of the CCHFV endemic region 
due to increased range of its tick reservoir host (Hyalomma spp.) tied to bird migration changes, livestock trade, 
and global warming. For example, CCHFV cases have been reported in Spain38 , a previously non-endemic 
region, and Hyalomma ticks have been found as north as Sweden39.  Infection in humans begins as a nonspecific 
febrile illness but can rapidly progress to a severe hemorrhagic fever progressing to death in 30% of cases in 
some regions40. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived 
inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy41.  Ribavirin has been used to 
treat infections with limited success42. 



CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and GPC 40. Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the host 
immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% amino 
acid homology40. Conversely, the CCHFV GPC is considerably less conserved (< 75% amino acid identity)40. 
The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on 
geographical location. Thus, creating a pan-CCHFV vaccine or therapeutic based solely on one clade poses a 
challenge. Nevertheless, we have demonstrated that heterologous vaccine mediated protection can be afforded 
using a rVSV vectored vaccine expressing the full GPC of CCHFV43. 

In phase 1, RP1 and Core D will generate CCHFV GP and NP immunogens with the highest level of homology 
across clades. We will assess their capacity to protect against lethal challenge with isolates from multiple CCHFV 
clades in established mouse43,44 and NHP45 models with Core E. CCHFV GP and NP subunit vaccines will also 
be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-
and-play potential of the best formulation of CCHFV GP/NP MNP vaccine against the emerging test case  
nairovirus, Kasokero virus, for which there are no vaccines available. 

Paramyxoviridae: The HNVs NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses 
that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality4,46. 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality47. NiV emerged just a few years later in Malaysia and 
Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory 
disease in pigs, which served as amplifying hosts48. NiV and HeV can infect at least 18 animal species across 6 
orders of mammals, and among these they cause a systemic and often fatal respiratory and/or neurological 
disease in 11 mammalian species including humans16,49. The NiV strain in Bangladesh (NiV-B) is of particular 
concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates exceeding 
90% with little evidence of subclinical infections, and well-documented person-to-person transmission5. 
Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV emergence and 
reemergence remain continuous infectious disease transboundary threats to public health and economically 
important livestock throughout South and Southeast Asia and Australia. Their broad host tropism and ability to 
infect livestock offers an amplification opportunity for increased risk of human spillover. The HNVs are single-
stranded, negative sense, enveloped RNA viruses and their biology lends themselves to be synthetically 
produced as agents of potential and deliberate misuse. NiV and HeV are BSL-4 pathogens and also classified 
as priority agents by US Department of Health and Human Services (HHS). The Centers for Disease Control 
and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 Select Agents50 because the 
virus could be engineered for mass dissemination and it possesses the potential for high morbidity and mortality 
rates and major public health impacts. Recently, NiV was selected by the WHO as an epidemic threat needing 
urgent research and development (R&D) action and has been included in the R&D Blueprint list of priority 
pathogens with epidemic potential51.  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb exist. These postexposure treatments 
conferred protecion against NiV and HeV infection in animal challenge studies including nonhuman primates 
(NHP)52-55. The success of one particular human mAb (m102.4) in the NHP model was instrumental in both its 
application in several emergency use protocols in Australia and the United States as a result of high-risk virus 
exposure (18 individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV 
therapy in collaboration with USU and Queensland Health in Australia56. In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs, and several vaccine platforms have clear potential for use in people16. The HNV 
G and F membrane glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all 
vaccine strategies16.  Such preventive vaccines would have utility for lab workers, first responders or individuals 
at high-risk exposure, and in mitigating the spread of an outbreak. In the case of a biological attack or natural 
outbreak, a postexposure treatment would augment a pandemic preparedness posture. The most extensively 
studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal 
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. 
The HeV-sG immunogen is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, 
Inc., which is the first commercialized vaccine to a BSL-4 agent57. It is widely considered that the African green 



monkey (AGM) is the current “gold standard” animal model for NiV and HeV research as the disease 
pathogenesis appears to mirror that of human NiV/HeV infection49,58. The evaluation of successful 
countermeasures for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal 
for IND applications and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished)59. The PABVAX Center 
has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The choice is justifiable 
for several important reasons: 1) LayV is a known pathogenic zoonotic HNV; 2) there is a known virus genome 
sequence derived from a human sourced virus isolate; and 3) we have already successfully engineered and 
expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Another divergent bat-borne HNV, 
Angavokely virus (AngV), has recently been described. The Center will initiate studies on LayV in preparation 
for Phase II, including rescuing recombinant LayV (rLayV), exploring animal model development, constructing 
additional LayV and AngV reporter virus tools, and then translating and testing the MNP vaccine ‘plug-and-play’ 
approach. Finally, we will evaluate new mAbs and nanobodies (nbs) to these new divergent and/or potential 
zoonotic HNVs. 

PABVAX THEME. A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core 
leaders have extensive experience in antiviral translational research and/or product development: Uniformed 
Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), 
University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of 
Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders 
currently have active and productive collaborative research programs in related areas, most spanning more than 
a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and 
valuable vaccine development expertise to the team.  

The pandemic preparedness research gaps addressed by PABVAX are diagramed in Figure 1. Two Research 
Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, 
adaptable, and widely deployable, dissolvable microneedle patch (MNP)-based skin immunization vaccine 
technology that will use recombinant viral protein subunit immunogens; RP1 will target select prototype 
arenaviruses and nairoviruses, and RP2 will target the prototype HNVs. Both RP1 and RP2 will develop new 

prototype virus tools 
(recombinant prototype viruses) 
along with existing tools, to 
analyze vaccine responses and 
evaluate new mAbs and nabs 
from the other RPs. A third RP 
will develop a unique low-
containment (BSL-2) mouse 
model of HNV infection that 
uses recombinant Cedar 
henipavirus (rCedV) in vivo and 
a bioluminescence detection 
method that can longitudinally 
trace the dynamics and 
anatomical progression of 
infection with a luciferase-
encoding virus in individual 
animals (RP3). There will also 
be two RPs that focus on the 
development of broadly reactive 
human mAbs and nanobodies 
to the PABVAX selected viral 
prototypes. RP4 will isolate 
human mAbs derived from NiV-
infected survivors with a 

specific focus on F glycoprotein-targeting mAbs. Additional human mAbs will be generated from 
Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and Antibodies 
Center- (PABVAX). 
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humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics 
targeting henipaviruses and arenaviruses with a focus on targeting the CNS environment in animal modeling 
experiments using the select virus prototype vaccine antigens and immunization of nanomice as well as human 
nanobody phage library approaches. Critical research support to all the RPs will come from three Scientific Cores 
that will engage in the manufacture, quality control, and testing of MNP vaccines (Core C); production of 
recombinant viral proteins and antibody refinements (Core D); and animal modeling of prototype virus infections 
along with preclinical testing and evaluation of vaccines and antibody-based therapeutics (Core E). Under the 
direction of the PD/PIs (Drs. Geisbert and Broder), the Administrative Core (Core A) will provide organizational 
and programmatic structure to promote research productivity and scientific interactions along with compliance 
with regulations concerning select agent, vertebrate animal, and human subject use. Core A will coordinate all 
activities with the Scientific Advisory Board (SAB) and make data available through the Data Management Core 
(Core B). 

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. The PABVAX Center will take advantage of a successful piloted 
research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators 
recently co-developed with scientists from the UPitt and IBBR/UMD (Core C). This project  tested a dissolvable 
MNP-based vaccine technology ideally suited for the development of a rapid and inherently safe, recombinant 
protein-based subunit vaccine60. The MNP vaccine technology effectively harnesses the highly 
immunoresponsive cutaneous microenvironments using dissolvable microneedles that incorporates recombinant 
viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants61 to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble 
biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with 
dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble 
with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The 
PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as to facilitate improved vaccine storage and distribution due to their 
improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a 
synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted 
vaccine delivery platform. Here, Scientific Core C (Microneedle Patch Vaccines Core) will produce 
polyphosphazene (PPZ)-adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral 
targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP 
vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. 
The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down 
selection of vaccine formulations and components will be made based on first tier immune response data derived 
from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA 
and virus-specific neutralization activity in vitro, along with analysis of polyfunctional T-cell responses by 
antigenic peptide stimulation, followed by intracellular cytokine staining (ICS) and flow cytometry. 
 
Discover effective antibody-based prophylactics and therapies. Monoclonal antibodies (mAbs) are one of the 
most successful classes of drugs with the proven ability to address a variety of human health needs including 
oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic 
efficacy of mAbs against some of the most lethal viruses including Nipah62, Hendra63, Ebola64,65, Marburg66 and 
Lassa67. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action 
(such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D by Dr. Gunn. In addition to 
therapeutic applications, mAbs with Fc mutations dramatically extend serum half-life68-70 and offer an important 
tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for 
protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of 



PABVAX have extensive experience with the discovery, characterization, and translational activities necessary 
to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs 
are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting 
the viral threats to be addressed by PABVAX. 
 
Develop new tools and animal models to facilitate the translation of effective countermeasures. Virological tools 
and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines 
and therapeutic countermeasures. The investigators within the Animal Model Development and Preclinical 
Evaluation Scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and 
select agent research areas including animal model development and the use of animal models for the study of 
viral pathogenesis and assessing the protective efficacy of antivirals and vaccines, as well as studies to define 
mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for 
authentic pathogenic virus use and manipulation, including the establishment and use of reverse genetics for 
rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within 
RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody 
induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic 
viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) 
are also useful in antiviral development strategies because they are generally less laborious and can be adapted 
to higher throughput platforms and/or integrated with other innovative technologies. RP2 will make use of 
recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based virus 
neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiV and HeV 
vaccine-induced immune sera, mAbs (RP4), nbs (RP5), and antibody neutralization synergy. RP3 will make use 
of other versions of rCedV and chimeras (those bearing either HeV or NiV-B envelope GPs) in the development 
of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression 
of virus in live animals to explore nab based therapeutics to CNS resident HNVs71. 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. The UTMB and GNL is a 
national resource and benchmark provider for the conduct of high containment animal studies and quality system 
data management; often partnering with the FDA in academic development and training programs for GLP in 
high containment environments. We envision several deliverables emanating from the proposed studies of the 
Center, including significantly improved subunit vaccine formulations against several prototype viruses within the 
HNVs (Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine 
endurance to storage and transportation; we also anticipate improved human mAbs and/or nabs for the treatment 
of disease caused by the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, 
and mAb and vaccine translational drug development along with Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Paramyxoviruses:  NiV and HeV are bat-borne viral zoonoses that were discovered in the mid to late 1990s in 
outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia (NiV-M). NiV and HeV are 
both considered the prototype species of the genus Henipavirus, family Paramyxoviridae. The natural reservoir 
of the two pathogenic and prototype HNVs, NiV and HeV, are old world fruit bats (flying foxes) of the genus 
Pteropus (Order Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and HeV are zoonotic agents, 



and human infection with either virus causes a widespread vasculitis, that will often progress to a fatal 
encephalitis or pneumonia. People who recover from acute infection with either of these HNVs are also at risk 
of recrudescent infection and encephalitis4,46. HeV and NiV are BSL-4 restricted pathogens because of their high 
lethality and lack of approved vaccines or antivirals. These viruses are transboundary agents of significant 
disease threats to livestock and people in Australia, and South and Southeast Asia, respectively. The genus 
Henipavirus now includes nine other reported HNVs; these include the four viral isolates of CedV, Gamak virus, 
Daeryong virus, and (LayV)72 and five additional species known only from nucleic acid sequence information; 

Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and 
Angavokely virus (AngV)73,74. Similar to NiV and HeV, the natural 
reservoirs of CedV, along with the genomic data of GhV and AngV, are 
old world pteropid fruit bats73,75. Whereas the six other HNVs are, or are 
likely, of rodent origins, including the human isolate LayV from East 
China (Shandong and Henan provinces), which is most closely related 
to Mòjiāng virus that is also of apparent rodent origin from Southeast 
China (Yunnan province)17. The phylogenetic relationship of selected 
HNVs by F and G glycoprotein comparisons is shown in Figure 2.  
Investigators in the Center PR2 and RP5 have already initiated new 
studies on LayV, having engineered stabilized sG and sF glycoprotein 
antigens in collaboration with Genovac, Inc. (part of Core D) and 
identified cross-reactive mAbs to both F and G previously generated to 
Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal HNV 
disease, LayV was associated with nonfatal febrile illnesses in humans. 
In contrast, CedV is the only HNV isolate demonstrated to be 
nonpathogenic in well-established animal models of NiV and HeV 
infection and disease including guinea pigs, ferrets, hamsters49, and 

AGMs (Geisbert and Broder, unpublished). An important distinction between CedV and other HNVs lies within 
the P gene which encodes the phosphoprotein (P). The P gene transcripts of NiV and HeV undergo RNA editing 
to produce the V and W nonstructural proteins that are key interferon (IFN) antagonists76-80. The CedV P gene 
lacks both RNA editing and does not encode V or W. Several studies with recombinant NiV variants have 
demonstrated the differential importance of the V and W proteins in the pathogenesis brought about by NiV 
infection in both the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections81,82. 
All other recognized or proposed HNVs have the potential to express V and W proteins based on current genetic 
data. The absence of these proteins in CedV is the key factor underlying its nonpathogenic nature83. These data 
permitted the rescue and characterization of rCedV by reverse genetics at BSL-284 and CedV is now recognized 
as a BSL-2 restricted agent85. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, 
is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some 
preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the 
Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Arenaviruses (old world): For phase 1, RP1 will utilize LASV as the prototype virus due its significant public 
health burden throughout West Africa with hundreds of thousands of estimated cases and approximately 5000 
deaths annually86.  LASV is the most imported viral hemorrhagic fever (VHF) next to Dengue virus and has been 
documented in several countries outside of Africa over 35 times87. CFRs approaching 70% in hospitalized cases 
and marked long term sequelae are the result of the lack of approved vaccines or therapeutics, although several 
live attenuated virus candidates are currently being evaluated with the assistance of Coalition for Epidemic 
Preparedness Initiative (CEPI)88. Of the vaccines supported by CEPI, 4/5 of these vaccines utilize only LASV 
GP as the target immunogen. 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy against 
challenge with LASV in outbred guinea pigs vaccinated IM with engineered stabilized, prefusion LASV GPe, NP-
NTD, or a combination of both antigens. These immunogens have been engineered to express homologous 
antigenic regions to increase potential for pan-LASV lineage protection from disease after vaccination. Success 
with this approach suggests a similar strategy could be implemented against other arenaviruses. The OWAV 
test pathogen, LUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating in 
Zambia, which quickly spread nosocomially89. The CFR for this infectious virus was 80% in this small outbreak 
of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic divergence 
from suggest current LASV countermeasures may be of limited use. LUJV will serve as an ideal “test case” to 

Figure 2: Phylogenetic analysis of select HNV G 
and F glycoproteins. Trees were constructed for 
using the PhyML program's maximum likelihood 
method and aligning the protein sequences with 
the MUSCLE algorithm. The genetic distance 
between the sequences is represented by the bar 
located under each tree, providing information 
about the level of divergence among them. 
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assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. The PABVAX 
Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).  

Arenaviruses (new world): The live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina90, 
but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine91,92. 
Furthermore, there is the potential for pathogenic reversion. For Phase 1, RP1 will use MACV and JUNV as the 
prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety 
concerns associated with Candid-1 vaccine suggest exploring other JUNV countermeasures are warranted.  
Building on the success of the LASV GPe/NP-NTD, investigators in RP1 and Cores D and E will engineer 
broadly protective MACV GPe and NP-NTD antigens and perform efficacy testing in established guinea pig and 
NHP models. We will extend this plug-and-play approach to the NWAV test case, CHAPV.  First reported in 
2003 in Bolivia, CHAPV is a rodent-borne mammarenavirus associated with the development of severe 
hemorrhagic fever with case fatality rates up to 60%93,94. Recent studies have demonstrated clear human-to-
human transmission during the acute phase evidenced by several nosocomial infections; isolation of viable virus 
from semen at 86 days after symptom onset demonstrates a clear need to implement specialized management 
and treatment 94.  The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E). 

Nairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents the 
largest global public health burden within the orthonairovirus family with outbreaks annually across Europe, 
Africa, and Asia. There are no FDA-approved vaccines for CCHFV; however, a suckling mouse brain-derived, 
adjuvanted whole virus vaccine for CCHFV has been approved for use in Bulgaria. This vaccine has numerous 
safety concerns and has limited demonstrated efficacy.  Several experimental vaccine approaches have been 
evaluated ranging from viral vectored approaches to DNA-based vaccines with varying efficacy, advantages, 
and disadvantages95; however, only a Modified Vaccinia Ankara virus vaccine (MVA-CCHFV) has begun to 
advance towards clinical trials96. Investigators in RP1 and Cores D and E will engineer CCHFV GP and NP 
subunit antigens and test these for protective efficacy from challenge with 6 different CCHFV lineages using 
established mouse and NHP models.  Next, we will deploy the same approach to the test case nairovirus, 
Kasokero virus (KASV), for which no vaccine exists.   

In 1977, KASV was first isolated from Ugandan bats and caused several cases of acute febrile illness of 
laboratory workers from the same lab that processed the infected bats97. Surveys of 109 laboratory workers from 
the same facility demonstrated 13% seropositivity and clinical symptoms in individuals 4 to 15 months after the 
virus was isolated. These findings suggest either continued laboratory-associated infections or chains of ongoing 
person-to-person transmission. Recently, tick surveys have demonstrated the potential for the tick reservoir, 
Ornithodoros faini, to participate in enzootic maintenance of KASV98.  While most chiropteran ticks exhibit host 
specificity, humans entering caves these bats inhabit have reported bites from O.faini ticks.  The highly infectious 
potential for this virus in humans coupled to a complete lack of vaccines or therapeutics suggest investment in 
countermeasure development against this virus is well advised. The PABVAX Center will explore KASV as part 
of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 
EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5; arenavirus and nairovirus projects: 
RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to 
be developed from the RPs may provide a future opportunity to combine active and passive immunization 
approaches to further improve the therapeutic value in an inherently synergistic manner. The RPs will work 
closely together in a harmonious and cooperative manner with each group providing their own countermeasure 
and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project 



were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy 
among the groups and PABVAX participants, many of which have established collaborative and synergistic 
research activities. For example, the early development and testing of particular antiviral mAbs to some of the 
prototype viruses under investigation is already an established collaboration between PABVAX partners at 
Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine 
platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Model Development and 
Preclinical Evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is 
ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. 
All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus 
stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for the Center RPs will be 
performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better 
comparison among countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutic 
evaluation.  

3. Develop antibodies and nanobodies to the selected prototype and test viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. Embedded 
within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. The oversight and evaluation of 
progress will be in concert with quarterly reports to the PABVAX Scientific Advisory Board (SAB) as well as an 
annual meeting with key Center researchers and leaders with SAB members (details are specified within the 
Administration Core A Research Strategy). The SAB will meet yearly typically in coordination with the Center 
annual meeting, to review progress, the adherence to milestones and timelines, the continued relevance of each 
RP and Core to the Center’s overall objectives, discuss each project and progress, and advise on directions for 
the coming year, both for the overall PABVAX Center and for individual RPs. The SAB will also be a key factor 
and advisory panel in facilitating go/no-go decision making on specific RP activities, recommending new 
directions as appropriate, and providing Center Leadership and NIAID staff a comprehensive written evaluation 
of the group's activities and the panel's recommendations following the annual meeting. 

Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks.  



Overall Objectives 

Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

The first milestone will address whether  
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be established using 
immune response data derived from mouse 
immunization studies conducted in Core C. 
Multi-parameter humoral and cellular immune 
responses will be assessed (antigen-specific 
antibody induction, virus neutralization, and 
polyfunctional T-cell responses by in vitro 
stimulation of isolated cells). Go/no go 
decisions will be made based on outcomes of 
these first-tier experiments as indicated. If 
robust humoral and cellular responses are 
evident this will be graded as a success. 

Comparisons will also be made such as the levels of virus-neutralizing antibody generated. Viral antigens 
producing poor immune responses will be terminated and an attempt in selection of the best-in-class 
immunogens, or immunogen combinations, will also be explored to down-select vaccines. The third milestone 
will determine whether MNP vaccination affords protection in animal model challenge experiments. In the case 
of NiV and HeV prototypes, the animal models chosen (ferrets and AGMs) are extremely well-developed, and 
outcomes at this stage should be readily assessable. However, for the Center’s chosen viral prototypes within 
the Bunyavirales, there will be additional animal model refinements conducted. For example, there are seven 
genetically distinct lineages of LASV and guinea pig models exist for some but not all of these lineages.  For 
MACV, there are 8 clades with similar challenges, and for CCHF there are 6 clades. An additional confounding 
issue for both of these very important groups of viruses is that rhesus macaques are nearly unavailable and 
cynomolgus monkeys now exceed costs of $35K each. Thus, as proposed by RP1, together with Core E, a 
critical research avenue will be further developing and evaluating animal model systems, including new models, 
within the PABVAX program, including further development of AGM models for arenaviruses and possibly 
CCHFV as a risk mitigation strategy. Thus, individual go/no-go decisions will inevitably be more challenging 
during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation. 

The second overall objective of PABVAX is primarily focused on the development of new viruses and tools for 
downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation. 
These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate 

recombinant infectious clones (r = 
recombinant viruses) and reporter-gene 
versions, as well as alternate reporter virus 
tools (VSV-based) of LASV, MACV, and 
CCHFV isolates for which isolates are not 
available using reverse genetics. Rescued 
viruses will be characterized in cell-based 
assays. Recombinant viruses will be 
examined in vivo (animal model 
development) within Core E. In RP2, the 
most recently discovered pathogenic 
henipavirus, LayV, will be rescued by 
reverse genetics (rLayV) in collaboration 
with Core E, and additional LayV and AngV 
reporter virus tools also generated with 
alternate reporter virus platforms (VSV 
and/or rCedV based). New virus tools will 

Figure 4. Milestones and criteria for progress for Aim 1 of the PABVAX Center’s 
overall objectives. 

Figure 5. Milestones and criteria for progress for Aim 2 of the PABVAX Center’s overall 
objectives. 



be characterized in cell-based assays. Only AngV alternate reporter virus tools are proposed as the complete 
genomic data is incomplete. rLayV pathogenesis and animal model development will conducted by Core E. If 
these objectives are successful, a large battery of new reagents and tools will be available to share with the 
ReVAMPP network, as well as serving as key components for initiation and execution of Phase II of the PABVAX 
Center program.  

The translation and testing of the MNP vaccine plug-and-play approach will be initiated in the Phase II 
prototype viruses (Table 1). The milestones here will be similar to those outlined in Figure 4.  The new virus 
tools will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent 
and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of 
PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. If the model can be optimized (Figure 5), it will be deployed to test a critically important therapeutic 
need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing 
of engineered nabs specific for the prototype HNVs NiV and HeV. 

Aim 3. Develop antibodies and 
nanobodies to selected prototype 
viruses. 

New human mAbs and nbs as tools 
and potential therapeutics will be 
developed by RP4 and RP5 in 
collaboration with RP2 and Core D. 
NiV infection survivor volunteers 
and MNP vaccination of transgenic 
mice will be used to generate 
human mAbs (RP2 and RP4); 
transgenic nanomice and human nb 
phage-display approaches will 
generate nbs (RP5) to the selected 
prototype and test case viruses. 

Human mAbs are expected to be 
valuable therapeutics as 

countermeasures to a variety of viral infections and disease in humans. Here, RP4 will isolate panels of naturally 
occurring human mAbs that bind cross-reactively to both the NiV and HeV prototype HNVs and neutralize both 
viruses. This effort will focus especially on mAbs to the HNV fusion (F) proteins derived from natural survivors of 
NiV infection, which to date has been an elusive goal. Previously, the RP4 PI (Crowe) isolated multiple human 
mAbs to the G protein with several that exhibit very high potency in neutralization assays, suggesting they have 
high potential as prophylactic (PREP) and therapeutic molecules for humans. RP4 will isolate new F mAbs, and 
in collaboration with RP2, neutralization potencies will be rapidly assessed (as well as evaluating synergistic cell-
based mAb neutralization) that will then be translated and evaluated in animal models as both PREP and post-
infection treatments by Core E. These new human mAbs will build on the findings to date generated by several 
of the collaborating Center investigators, and contribute significantly to the development and characterization of 
human mAbs reactive to the F and G glycoproteins of prototype HNVs in preparation for clinical studies.  

Nbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new direction in 
antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full antigen 
specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could translate 
into a more cross-reactive feature between virus strains or clades. Importantly, nbs can efficiently penetrate 
tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating CNS-resident viral 
infections. Here, the prototype viruses from the Center’s viral groups to which there are no approved therapeutics 
and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate the development of 
nanobody-based therapies, three distinct nanobody development platforms will be employed. These include 
camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries that closely 

Figure 5. Milestones and criteria for progress for Aim 3 of the PABVAX Center’s overall objectives. 



mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will enable rapid 
identification of nanobody leads with minimal optimization required for clinical use. RP5 will also engineer a 
combination of nbs targeting multiple epitopes using rational design. Additionally, we will enhance CNS 
bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved 
BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-based virus 
neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), therapeutic activity in the rCedV-NiV-B 
chimera mouse model in RP3 (Henipavirus), and select animal models of LASV and MACV by Core E. Success 
will be measured by the 1) identification of potent virus-neutralizing nbs, 2) discovery of more broadly reactive 
nbs particularly to the multiple LASV clades, 3) evidence of therapeutic benefit in animal models, and 4) the 
successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus infections. 

Industry Partnerships. Each ReVAMPP Center is expected to have an established, or have plans to establish 
when appropriate, collaboration with an industry partner that will provide access to vaccine expertise in 
manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling translational 
research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience in developing medical countermeasures that protect against public 
health threats, including development and approval of multiple vaccine and antibody products for infectious 
diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and 
make an ideal partner for PABVAX. Our proposal combines the expertise of several established groups including 
investigators in academia and in private industry. The Center is supported by outstanding physical resources 
and an experienced and skilled group of researchers and support staff. 

Galveston National Laboratory (GNL). The GNL is a NIH-funded, maximum-containment facility that serves 
as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The 
GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious 
diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics, and therapeutics. The 
7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology 
facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations 
and handling of Select Agents and became operational in September of 2010. The first NHP studies were 
performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370 separate NHP studies employing a 
total of 2,772 animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses 
have been successfully performed at the GNL. These NHP studies include a number of collaborative efforts 
between Drs. Geisbert, Cross, Crowe, Broder, and Zeitlin. The GNL has a fully Association for Assessment and 
Accreditation of Laboratory Animal Care (AAALAC)-accredited NHP facility and a staff of full-time veterinarians. 
In addition, Core E is staffed with an experienced team of GNL researchers and technicians several of which 
have more than 25 years of BSL-4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP 
board-certified veterinary pathologist. As noted above another special feature is the location of the WRCEVA 
virus collection within the GNL. 
 
Core E (Animal model development and preclinical evaluation). Core E operations will be conducted at the 
GNL, and in conjunction with Core A, will also include the UTMB Institutional Office of Regulated Nonclinical 
Studies (ORNcS). The ORNcS's primary responsibility is to work with academic researchers who are doing 
product-oriented research and to help them design and conduct their studies with good documentation, quality 
assurance, and data management. NIH has requested that all NHP studies conducted in the GNL BSL-4 
laboratory at UTMB that are on a product development path be conducted under a “well documented” quality 
system program.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 
experience at the US Army Medical Research Institute of Infectious Diseases (USAMRIID), the GNL, and other 
BSL-4 facilities.  His research interests have focused on hemorrhagic fever viruses, arenaviruses, and 
henipaviruses. He has published over 250 peer-reviewed articles in these areas.  Dr. Geisbert’s research group, 
in collaboration with Dr. Broder (Center Co-PI and PR2 PI), was the first to develop a NHP model of NiV/HeV 
infection and disease, and also to demonstrate complete protection of NHPs against both NiV and HeV using 
henipavirus vaccines and also human mAb therapy. 
 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs). Mapp Biopharmaceutical 
has deep experience with antigens and mAbs against these antigens. Their early development and research 
group has expertise in immunology, infectious diseases, and the production of antigens, antibodies, and antibody 
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fusion proteins in CHO systems. The advanced development group has experience in medium-size and large 
pharmaceutical companies and expertise in various aspects of mAb development and commercialization 
including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, 
regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb 
discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies 
99 100; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-
Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV 
and anti-HSV mAbs that has completed Phase 1101. Dr. Gunn and Genovac will join the team to analyze antibody 
Fc effector functions and to provide antigen/antibody discovery resources, respectively.  

Core A (Administrative Core) 
The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he 
established in 1999, and he has published more than 75 articles, reviews, and chapters in this area.  His group 
has also made significant translational research accomplishments in the area of henipavirus countermeasure 
developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) 
having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and 
NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence 
Award in 2013.  His administrative experience and skills, and his experience in translational research activities, 
qualify him to serve as the director of the PABVAX Center and Administrative Core. 

Dr. Crowe’s (RP4) research focuses on the molecular basis for the development of effective B cell responses to 
viruses in humans.  He has published over 200 peer-reviewed research articles in this area.  The Crowe 
laboratory is one of the leading groups in the development of innovative technologies for isolation and study of 
human mAbs.  Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, 
respiratory syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently HNVs NiV and HeV 
(owing to the collaboration between the Crowe, Broder and Geisbert laboratories). Perhaps of greatest import, 
the SARS-CoV-2 mAbs generated by Dr. Crowe’s laboratory were used in thousands of people during the 
COVID-19 pandemic.  RP4 will work closely with Cores D and E in advancing mAb prototypes.  
 
As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction. 

Emerging and periodically reemerging pathogenic enveloped RNA viruses are a continuous infectious disease 
and potentially pandemic threats to global public health. Among the many groups of these types of pathogens 
are viralviral taxon associated with human zoonoses within , members of the family Paramyxoviridae and order 
Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans can become 
infected where humans can acquire infections directly fromvia excreta from animal reservoir hosts such as 
rodentss or or batss,, through through an intermediate amplifying hosts such as livestocksmall or domestic 
animals, or by from arthropod vectors such as mosquitos and ticks1-4 (Fields virology). More often than not, 
Hhumans often  represent a dead-end host infection, but for some viral agents several rounds of human-to-
human transmission can occur, and should . During this process, RNA viral pathogens may mutate and adapt to 
more efficiently replicateion and shedding in the human host, posing anthe epidemic potential of these viruses 
couldthreat manifest5-8 (PMID: 23911335 -Nipah / others?). The viral order Bunyavirales is composed of several 
viral families known to contain containing multiple high priority human pathogens9. Notably, the Arenaviridae 
and Nairoviridae families contain viruses which that cause severe hemorrhagic fever diseases in humans across 
the worldglobally with mortality rates up to 60%10  XX and significant, long-term sequelae in survivors11. Many 
bunyaThese viruses are included on the World Health Organization’s (WHO) List of Priority Pathogens12,13 where 
. Ssix arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHAPV, GTOV, 
JUNV, MACV) and one nNairovirus, -Crimean-Congo Hemorrhagic Fever Virus (CCHFV), and are also identified 
as NIAID Category A pathogens14 due to their 1) high associated morbidity and mortality rates, 2) ease of 
dissemination and/or abilities ability to transmit from person-to-person, 3) , produce significant morbidity and 
mortality, have potential for to cause public panic and social disruptionmajor public health impact, and 4), 
requirement for and require special actions for in the context of public health preparedness.  The family 
Paramyxoviridae also includes members that are Also, within the WHO Priority Pathogens, namely s list is 
Nipah virus (NiV) and henipaviral disease which includes Hendra virus (HeV). These  which are zoonotic 
henipaviruses (HNVs) in the family Paramyxoviridae. NiV and HeV have long beenare considered the prototype 
members of the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory 
and/or neurological disease15 (PMID: 16357858). The genus now includes nine additional reported HNVs, but 
only HeV and NiV are known to be associated with severe and often fatal henipaviral disease in humans and a 

number of animal species16 (PMID: 32991264). Langya virus 
(LayV) is the most recently identified HNV and was associated 
with nonfatal febrile illnesses in humans17 [PMID: 35921459].

 Taken together, tThese collective factors plus the 
absence of approved vaccines or therapeutics make 

bunyaviruses and paramyxoviruses viral threats a 
significant threat to global public health are 
heightened due to the absence of approved 
vaccines or therapeutics. There is a clear unmet 
need for countermeasures such as vaccines and 
antibody-based therapeutics to address the threat 
of natural outbreaks, epidemics, or bio-

weaponization and deliberate release of these viral agents. The PABVAX Center will focus on elucidating key 
principles for developing vaccine and monoclonal antibody (mAb) countermeasures in developingto prototype 
candidates bunyavirus and paramyxovirus pathogens (Table 1) against a selection of these viruses. In the out 
years of the Center effort, PABVAX will exploit these learned key principles in a “plug and play” demonstration 
against related viruses. 

Table 1. PABVAX selected prototype and test case viral agents. 

Family Prototype Plug and Play 
Test Case 

Arenaviruses Lassa (Old 
world), Machupo 
(New world) 

Lujo (Old world), 
Chapare (New 
world) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya Family Prototype Plug and Play Test 

Case 
Arenaviruses Lassa (Old World) 

Machupo (New World) 
Lujo (Old World) 
Chapare (New World) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya 

Family Prototype Plug and Play Test Case 
Arenaviruses Lassa (Old world), Machupo (New 

world) 
Lujo (Old world), Chapare (New 
world) 

Nairoviruses CCHF Kasokero 
Paramyxoviruses Nipah, Hendra Langya 

Table 1. PABVAX selected prototype and test case viral agents 
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Bunyavirales: 

Arenaviridae: The family Arenaviridae is composed of threefive genera:  Mammarenavirusidae, Reptarenavirus, 
Innmovirus, Antennavirus, and Hartmanivirus189.  The genus Mammarenavirusidae arecontains composed of a 
large number of rodent- borne viruses, some of which are demonstrated human pathogens responsible for 
causeing severe hemorrhagic fever, neurological damage, death, and if not fatal can result permanent 
neurological sequelae includingsuch as hearing loss, vision impairment, and balance issues in survivors 
19derangement.  While these genera exhibit a global distribution, two geographically distinct sub-
generaserogroups exist have formed due to the separation across continents by the Atlantic and Pacific 
Oceanthat diverged ~45,000 years ago20.   Old World complex mMammarenaviruses (OWAV) in the Eastern 
Hemisphere include (Lassa Virus (LASV), Lymphocytic Choriomeningitis Virus (LCMV), and and the newly 
discovered Lujo Virus (LUJV);) and the New World complex mammaArenaviruses (NWAV) in the Western 
Hemisphere include (Junin Virus (JUNV), Machupo Virus (MACV), Sabia Virus (SABV), and the newly emerging 
Chapare Virus (CHAPV)).  Many of these viruses are identified as NIAID Category A pathogens requiring 
biosafety level 4 (BSL4) containment14 19.  This classification is owed to ease of dissemination or transmission 
person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and 
require special action for public health preparedness.  While several promising medical countermeasures are in 
development,T there are currently no US FDA approved vaccines or therapeutics for any mammarenaviruses, 
though the attenuated JUNV “Candid-1” vaccine is approved for use in Argentina. 

Infection in humans is often the result of exposure to rodent excreta from infected animals Dwhere disease 
severity and case fatality rates (CFR) can vary across the mammarenaviruses genera and even within genetic 
lineages asthe same clades and species. Up to 500,000 cases of LASV infection occur per year with CFRs 
sometimes approaching 70% in hospitalized cases21.   can be the case for infections with LASV where genetic 
diversity can be high, even within clades.  While this genetic variability creates significant challenges for LASV 
molecular diagnostics, antigen-based diagnostics have seen high levels of cross reactivity across the seven 
known lineages of LASV suggesting cross protective antigens may be possible21.  Lassa virus, the causative 
agent of Lassa fever (LF), likely causes the largest number of annual cases per year of LF, where its understood 
up to 500,000 cases per year can occur where the CFR can approach 70% in hospitalized cases 22.  Ribivirin 
has been used to treat infections with uncertain success 23.  Before the introduction of the JUNV Candid-1 
vaccine, it is believed that an upwards of 60,000 cases of JUNV infection, also known as Argentine Hemorrhagic 
Fever (AHF) from infection with JUNV occurred per year occurred where with CFRs rangeding from 15-30 %.  
Convalescent plasma from JUNV survivors is still the primary means to treat acute JUNV infectionsAHF in 
Argentina 22. Over 1000 cases were reported for tThe initial outbreak of MACV Machupo virus had over 1000 
cases andwith CFRs have ranged fromranging from 5-30%; with a CFR , where outbreak frequency is thought 
to have been reduced through enhanced rodent abatement practices and potentially cross-protective immunity 
in populations whothat have taken the JUNV Candid-1 vaccine may have reduced recent outbreak frequency 23.   

All mammarenaviruses share a common genomic organization consisting of two ambi-sense (bi-directional 
reading frame) RNA segments.  Each segment contains two open reading frames encoding two proteins per 
strand, these include the Z protein (matrix), and the L protein (polymerase), and the glycoprotein precursor 
(GPC), and the nucleoprotein (NP) 19.  Despite general similarity of their genomic architecture, these 
groupsmammarenaviruses exhibit marked differences in their replication life cycles. This includes differences in  
including attachment factors, entry mechanisms, and immune evasion; nonetheless, the dominant antigenic 
proteins driving immune responses for both OWAV and NWAVOWAV and NWAV are the glycoprotein (GP) and 
NP.   

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with antigen-
based diagnostics across seven known lineages, suggesting the generation of cross-protective immunogens 
and antibodies against mammarenaviruses is achievable24. Monoclonal antibodies derived from human LASV 
survivors have been demonstratedwere shown to protect non-human primates (NHP), against lethal challenge 
25.  Recent crystal structure studies have identified binding interactions with these antibodies using stabilized, 
pre-fusion trimeric LASV glycoproteins (GPe) 26.   These findings suggest a stabilized form soluble LASV 
glycoprotein could serve as a viable vaccine antigen.  Humoral responses to LASV NP in survivors from Sierra 
Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed 
toward the highly conserved N-terminal domain (NTD) of NP, suggestingindicating using this domain as a 
vaccine antigen may also be possiblecould serve as an antigenic target.  To test these notions, iInvestigators in 
the Center RP1, Core E, and Core D have developed adjuvanted vaccines approaches to test this ideaapproach 

Formatted: Font color: Text 1

Formatted: Line spacing:  single

Formatted ... [17]

Formatted ... [18]

Formatted ... [19]

Formatted ... [20]



and have demonstrated protection against lethal LASV-Josiah challenge. Specifically,  using a stabilized 
prefusion, trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of 
these two antigenapproaches conferred protection in s using a lethal outbred guinea pig model.   

Despite the considerable molecular diversity in LASV strains, there is understood that there is some conservation 
atin key antigenic sites within both the GPe and the NP, suggesting suggest the feasibility of generating  that a 
panPAN-LASV vaccine may be possible24,27,28. Indeed, RP1 and Core E investigators have demonstrated that 
using a recombinant Vesicular sStomatitis vVirus (rVSV)-based vector expressing the LASV-Josiah GPC is not 
only protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP 
model29, but also that live attenuated vaccines expressing this same GPC can protect NHPprotects against 
heterologous challenge with viruses from: Lineage II30 , Lineage III (Cross, Geisbert unpublished), Lineage V31 , 
and Lineage VI viruses (Cross and Geisbert Unpublished).   

In Phase I of RP1, the ability forof an optimized intramuscular (IM) LASV GPe/NP subunit vaccine delivered 
intramuscularly (IM) to protect against disease after challenge multiple LASV lineages will be assessed in guinea 
pig and NHP models across multiple viral lineages. We will also assess Thisa formulation will also be assessed 
using a microneedle skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination 
route affords more potent vaccine- mediated responses and protection.  Similarly, we have already generated 
MACV GPe immunogens and will design a MACV NP-NTD subunit antigen to test following the same approach 
approach followed with LASV against both homologous lineage challenge and heterologous challenge of across 
multiple MACV genetic lineages. In Phase II of RP1, we will assess the plug-and-play potential of our stabilized 
GPe/NP-NTD MNP vaccine approach against emerging test case mammarenaviruses representing both 
emerging OWAV (LUJV) and NWAV (CHAPV) complexes, for which there are no vaccines available. A unique 
feature of this proposaladvantage of the PABVAX Center is its access to biosafety level (BSL)-4 containment, 
allowing us to work with authentic versus surrogate arenaviruses. The BSL4 facilities described in Core E are 
capable of evaluating countermeasures in small animal models and NHPs.  It is widely considered that Tthe 
cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and MACV research as as 
there are a multitude of immunological reagents available and  the disease pathogenesis appears to 
mirrorrecapitulates that of human infection and there are a multitude of immunological reagents available32-34. 
The evaluation of successful countermeasures for the prototype OWAV ANDand NWAV vaccines and therapies 
in the NHP model will likely beis likely pivotal for IND applications and for future licensure of selectmedical 
countermeasures for human use. 

Nairoviridae: Unique fromto most other bunyaviruses, orthonairoviruses are transmitted primarily by ticks2 in 
nature (REF).  While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus35, Issyk-Kul 
virus36, Songling virus37), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public 
health threat. Outbreaks of CCHFV have occurred  to humans as it responsible for annual outbreaks across 
Europe, Africa, the Middle East, and Asia.  There areis growing concerns for expansion of the CCHFV endemic 
rangeegion expansion due to ongoing range expansionincreased range of its tick reservoir hosts (Hyalomma 
spp.) tied to bird migration changes, livestock trade, and even global warming. For example, CCHFV  are 
contributing to increasing numbers of infections in humans in areas otherwise not known to becases have been 
reported in endemic including central Spain38 , a previously non-endemic region, and most recently the 
reservoirHyalomma Hyalomma ticks have been found as north as Sweden39.  Infection in humans begins as a 
nonspecific febrile illness but can rapidly progress to a cause a severe hemorrhagic fever which may progressing 
to death in 30% of cases in some regions40.  CCHFV is listed on the WHO priority pathogen list13 and is also a 
NIH-NIAID category A pathogen41.  There are no FDA approved vaccines or therapeutics for CCHF; however, a 
mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy41 (REF).  
RibivirinRibavirin has been used to treat infections with limited success42. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and a GPC 40.  Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the 
host immune response.  The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% 
amino acid homology40.  Conversely, the CCHFV GPC is considerably less conserved, where less than  (< 75% 
amino acid conservation is presentidentity)40. The genetic diversity of CCHFV correlates strongly with geography, 
and clades of CCHFV segregate based on geographical location. Thus, creating which creates a challenge in 
terms of creating a pan-CCHFV vaccine or therapeutic based solely on one clade poses a challenge.  
Noneevertheless, we have demonstrated that heterologous vaccine mediated protection can be afforded using 
a rVSV vectored vaccine expressing the full GPC of CCHFV43. 
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In phase 1, RP1 and Core D will generate CCHFV GP and NP subunitsimmunogens with the highest level of 
homology across clades. We will  and assess their capacity to protect against disease afterlethal challenge with 
isolates from multiple CCHFV clades in established mouse43,44 and NHP45 models with Core E.  CCHFV GP and 
NP subunit vaccines will also be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of 
RP1, we will assess the plug-and-play potential of the best performing formulation of CCHFV GP/NP MNP 
vaccine approach against the emerging test case mammarenaviruses representing emergingnairo bat virus, 
Kasokero virus, for which there are no vaccines available. 

The Bunyavirales. 

 

Fill out 

 

Paramyxoviridae: The henipavirus paramyxoviruses. The recognized, highly pathogenic HNVs , NiV and HeV  
are zoonotic agents distinguished from the many paramyxoviruses that cause human and animal diseases by 
virtue of their uniquely broad host tropism and impressive lethality (4,46; Wang L-F, Mackenzie JS, Broder CC. 
2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & 
Wilkins, Philadelphia). HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a 
severe and fatal respiratory disease among horses along with a human case fatality47 (Murray, PMID: 7701348). 
NiV emerged just a few years later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis 
with high mortality in people and also respiratory disease in pigs, which served as amplifying hosts (48). NiV and 
HeV can infect at least 18 animal species across 6 orders of mammals, and among these they will cause a 
systemic and often fatal respiratory and/or neurological disease in 11 mammalian species including humans (16,; 
49). The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks occur nearly on an annual 
occurrence and often with case fatality rates exceeding 90% with little evidence of subclinical infections, and 
well-documented person-to-person transmission (5). Currently, there are no vaccines or therapeutics approved 
for human use. NiV and HeV emergence and reemergence remain continuous infectious disease transboundary 
threats to public health and economically important livestock throughout South and South EastSoutheast Asia 
and Australia. Their broad host tropism and ability of these viruses to infect livestock offers an amplification 
opportunity and for increased risk of subsequent human infectionsspillover. The henipaviruses HNVs are single-
stranded, negative sense, enveloped RNA viruses and their biology also lends themselves to be synthetically 
produced and as agents of potential and deliberate misuse. NiV and HeV are BSL-4 pathogens and also 
classified as priority agents by US Department of Health and Human Services (HHS). and The Centers for 
Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 Select 
Agents [50]. because they the virus could be engineered for mass dissemination and it possesses the potential 
for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO 
as an epidemic threat needing urgent research and development (R&D) action and has been included in the 
WHO R&D Blueprint list of priority pathogens with epidemic potential (Sweileh, W. M. 51).  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb exist., These ppostexposure treatments have 
been demonstrated to be effective therapiesconferred protecion against NiV and HeV infection in animal 
challenge studies including nonhuman primates (NHP) (52-55, 53, 54, 55). The success of one particular human mAb 
(m102.4) in the NHP model was instrumental in both its application in several emergency use protocols in 
Australia and the United States as a result of high-risk virus exposure (18 individuals to date), and also in the 
conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in collaboration with USU and 
Queensland Health in Australia (56). In contrast, several preventative vaccines against NiV and HeV have been 
shown to be 100% effective in preventing infection and disease in animal models including NHPs, and several 
vaccine platforms have clear potential for use in people16 (PMC8782152). The HNV G and F membrane 
glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all vaccine strategies16 
(PMC8782152).  Such preventive vaccines would have utility for lab workers, first responders or individuals at 
high riskhigh-risk exposure, and in mitigating the spread of an outbreak; whereas . Iin the case of a biological 
attack or natural outbreak, a postexposure treatment would augment a pandemic preparedness posture. The 
most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide complete 
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protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 
species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine against HeV (Equivac® 
HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 agent (Middleton, 2014 57). 
It is widely considered that the African green monkey (AGM) is the current “gold standard” animal model for NiV 
and HeV research as the disease pathogenesis appears to mirror that of human NiV/HeV infection49,58 (Geisbert, 
2012;Geisbert, 2010). The evaluation of successful countermeasures for the prototype NiV and HeV and other 
related HNVs in the NHP model will likely be pivotal for IND applications and future licensure of select 
countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished) (59). The PABVAX Center 
has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The choice is justifiable 
for several important reasons; : 1) LayV is a known pathogenic zoonotic HNV; 2) there is a known virus genome 
sequence derived from a human sourced virus isolate; and 3) we have already successfully engineered and 
expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Also, another divergent bat-borne 
HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies on LayV in 
preparation for Phase II, including the rescue ofrescuing recombinant LayV (rLayV), explore exploring animal 
model development, constructing additional LayV and AngV reporter virus tools, and then translate translating 
and testing the MNP vaccine ‘plug-and-play’ approach. Finally, we will, and also evaluate new mAbs and 
nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs. 

PABVAX THEME.  

A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have 
extensive experience in antiviral translational research and/or product development: Uniformed Services 
University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of 
Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland 
(UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have 
active and productive collaborative research programs in related areas, some most spanning more than a 
decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and 
valuable vaccine development expertise to the team. 

 
Figure 1: Organizational chart of the 
Paramyxoviridae and Bunyavirales Vaccines and 
Antibodies Center- (PABVAX). (connecting arrows 
are needed between elements and the SAB) 
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The pandemic preparedness organizational structureresearch gaps addressed by of the PABVAX is are 
diagramed in Figure 1. Two Research Projects (RPs) in the PABVAX Center will focus on developing and 
evaluating a new, thermostable, needle-free, adaptable, and widely deployable, dissolvable microneedle patch 
(MNP)-based skin immunization vaccine technology that will use recombinant viral protein subunit immunogens; 

RP1 will target select prototype 
arenaviruses and 
nairoviruses Arenaviridae 
and Nairoviridae viruses, and 
RP2 will target the prototype 
HNVs henipaviruses (HNVs). 
Both RP1 and RP2 will also be 
developing new prototype virus 
tools (recombinantly generated 
prototype viruses) along with 
existing tools, to be used in the 
analysis ofanalyze vaccine 
responses as well as in the 
evaluation ofand evaluate new 

mAbs and 
nabs from the 
other RPs. A 
third RP will 
be engaged in 

the 
development 

ofdevelop a 
unique low-

containment 
(BSL-2) 

mouse model 
of HNV 
infection that 

uses 
recombinant 

Cedar 
henipavirus 

(rCedV) in 
vivo and a 

bioluminescence methodology detection method that can longitudinally trace the dynamics and anatomical 
progression of infection with a luciferase- encoding virus infection in individual animals (RP3). There will also be 
two RPs that will targetfocus on the development of broadly reactive human mAbs and nanobodies to the 
PABVAX selected viral prototypes. RP4 will isolate human mAbs derived from NiV- infected survivors with a 
specific focus on the F glycoprotein glycoprotein-targetinged mAbs. A, and additional human mAbs will be 
generated from humanized mice by viral prototype antigen  immunization. Finally, RP5 will develop nanobody-

Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and Antibodies 
Center- (PABVAX). 
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based therapeutics targeting henipaviruses and arenaviruses along with a focus on targeting the CNS 
environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization 
of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will 
come from three Scientific Cores that will ebe engaged inin the manufacture and , quality control, and  & testing 
of MNP vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and 
animal modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and 
antibody-based therapeutics (Core E). Under the direction of the PD/PIs (Drs. Geisbert and Broder), the 
Administrative Core (Core A) will provide organizational and programmatic structure to promote research 
productivity and scientific interactions along with compliance with regulations concerning select agent, vertebrate 
animal, and human subject use. Core A will coordinate all activities with the Scientific Advisory Board (SAB) and 
make data available through the Data Management Core (Core B). 

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform.  
The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble 
Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from 
the UPitt and IBBR/UMD (Core C). This project  that has tested a dissolvable MNP-based vaccine technology 
that is ideally suited for the development of a rapid and inherently safe, recombinant protein-based subunit 
vaccine approach (60). This The MNP vaccine technology effectively harnesses the highly immunoresponsive 
cutaneous microenvironments using dissolvable MNPs microneedles that incorporates recombinant viral 
glycoprotein antigens and polyphosphazene (PPZ) adjuvants (61) to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble 
biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with 
dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble 
with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The 
PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as to facilitate the improved vaccine storage and distribution due to their 
improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a 
synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted 
vaccine delivery platform. Here, a Scientific Core C: (Microneedle Patch Vaccines Core) will produce 
polyphosphazene (PPZ)- adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral 
targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP 
vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. 
The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down 
selection of vaccine formulations and components will be made based on first tier immune response data derived 
from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA 
and virus-specific neutralization activity in vitro, along with and analysis of polyfunctional T-cell responses by in 
vitro stimulation of isolated cells with antigenic peptide stimulations, followed by intracellular cytokine staining 
(ICS) and flow cytometry) responses. 
 
Discover effective antibody-based prophylactics and therapies. M 
PREP can be critical in the absence of available vaccines or cases in which vaccination is not possible. 
HELP 
 
Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to address 
a variety of human health needs including oncology, inflammatory diseases, and infectious diseases. Recent 
studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal viruses including Nipah 
62, Hendra 63, Ebola 64,65, Marburg 66 and Lassa 67. MAbs also offer a stunning degree of customization based on 
the importance of mechanisms of action (such as viral neutralization, ADCC, ADCP, etc.), a feature to be 
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exploited in Core D by Dr. Gunn. In addition to therapeutic applications, mAbs with Fc mutations to dramatically 
extend serum half-life 68-70 and offer an important tool for prophylactic use for indications in which vaccination is 
not possible: 1) for diseases where no vaccine is available; 2) in immunocompromised patients; and 3) in 
populations where the time required by a vaccine for protective immunity to be established by the host is not 
practical (e.g. rapid response personnel). Members of PABVAX have extensive experience with the discovery, 
characterization, and translational activities necessary to advance mAbs to the clinic. The manufacturing 
platforms, formulation methods, and safety profiles of mAbs are well-established. Thus, mAbs offer a low-risk 
technology platform for prophylactics and therapeutics targeting the viral threats to be addressed by PABVAX. 
 
 
Develop new tools and animal models to facilitate the translation of effective countermeasures.  
Virological tools and animal models are essential in assessing the effectiveness and protective correlates of 
antiviral vaccines and therapeutic countermeasures.  The investigators within the AAnimal Mmodel 
Ddevelopment and Ppreclinical Eevaluation Sscientific Core E, at the GNL, UTMB, have the expertise in a wide 
variety of high-containment and select agent research areas including ……..  animal model development and 
the use of animal models for the study of viral pathogenesis and assessing the protective therapeutic efficacy of 
antivirals and vaccines, as well as studies to define mechanisms and/or correlates of protection. In addition, 
Core E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation,; including 
the establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-gene 
encoding versions which will be performed within RP1. Such virus tools are essential for the characterization of 
vaccine responses such as neutralizing antibody induction in animal subjects, as well as validation of antisera 
or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and alternative animal 
models that can be utilized at low-containment (BSL-2) are also useful in antiviral development strategies 
because they are generally less laborious and can be adapted to greater higher -throughput platforms, are often 
less laborious, and they can make use of other  and/or integrated with other innovative technologies. RP2 will 
make use of recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based 
virus neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiVpah and 
Hendra HeV virus vaccine- induced immune sera, mAbs (RP4) and, nbs (RP5), and antibody neutralization 
synergy. RP3 will make use of other versions of rCedV and chimeras (those bearing either the HeV or NiV-B 
envelope GPsglycoproteins) in the development of a BSL-2 animal model that uses in vivo bioluminescence to 
visualize the anatomical location and progression of virus in live animals, ideally suited to explore nab based 
therapeutics to CNS resident henipavirusHNVs (71). 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. Data generated to support 
of possible future regulatory submissions to the Food and Drug Administration (FDA) must be collected in 
accordance with quality systems, like good laboratory practice (GLP) regulations, to be useful and reliable, and 
to facilitate FDA review to ensure safety and efficacy. The UTMB and GNL is a national resource and benchmark 
provider for the conduct of high containment animal studies and quality system data management; often 
partnering with the FDA in academic development and training programs for GLP in high containment 
environments. We envision several deliverables emanating from the proposed studies of the Center, including 
significantly improved subunit vaccine formulations against several prototype viruses within the henipaviruses 
HNVs (Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine 
endurance to storage and transportation; and we also anticipate improved human mAbs and/or nabs for the 
treatment of disease caused by the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, 
and mAb and vaccine translational drug development along with and includes Moderna and Emergent 
Biosolutions as Industry Partners. The synergistic activities and research goals of this Center proposal through 
its RPs and Scientific Cores, will develop, test, and translate, prototype vaccines using a novel vaccination 
platform (an adjuvanted dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model 
tools, and develop and test mAb and nanobody prototypes to foster pandemic preparedness. 

 

THE PABVAX CENTER PROTOTYPE VIRUSES 
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The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

HenipavirusesParamyxoviruses:  Nipah virus (NiV ) and Hendra virus (HeV) are bat-borne viral zoonoses that 
were discovered in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia 
(HeV) and Malaysia (NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, 
family Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old 
world fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family 
Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread 
vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection 

with either of these HNVs are also at risk of recrudescent infection and 
encephalitis4,46 (Luby SP, Broder CC. 2014. Paramyxoviruses: 
Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), 
Viral Infections of Humans, Epidemiology and Control. Springer 
Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder 
CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), 
Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). HeV 
and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals. T and hese viruses are 
transboundary agents of significant disease threats to livestock and 
people in Australia, and South and Southeast Asia, respectively. The 
genus Henipavirus now includes nine other reported HNVs; these 
include the four viral isolates of Cedar virus (CedV), Gamak virus, 
Daeryong virus, and Langya virus (LayV)72 a [xxx] and five additional 
species known only from nucleic acid sequence information; Ghana bat 
virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely 
virus (AngV)73,74 [xxx]. Similar to NiV and HeV, the natural reservoirs of 
CedV, along with the genomic data of GhV and AngV, are old world 

pteropid fruit bats73,75. Whereas the six other HNVs are, or are likely, of rodent origins, including the human 
isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng virus 
that is also of apparent rodent origin from Southeast China (Yunnan province)17. The phylogenetic relationship 
of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  

Figure 2. Phylogenetic analysis of select HNV G and F glycoproteins . Phylogenetic trees were constructed 
for the HNV F and G glycoproteins using the PhyML program's maximum likelihood method. The trees were 
generated by aligning the protein sequences with the MUSCLE algorithm. The genetic distance between the 
sequences is represented by the bar located under each tree, providing information about the level of divergence 
among them. 

Investigators in the Center PR2 and RP5 have already initiated new studies on LayV, having engineered 
stabilized sG and sF glycoprotein antigens in collaboration with Genovac, Inc. (part of Core D) and identified 
cross-reactive mAbs to both F and G previously generated to Mòjiāng virus. Whereas HeV and NiV cause severe 
and often fatal henipaviral HNV disease, LayV was associated with nonfatal febrile illnesses in humans. In 
contrast, CedV is the only HNV isolate demonstrated to be nonpathogenic in well-established animal models of 
NiV and HeV infection and disease including guinea pigs, ferrets, hamsters49 (Geisbert 2012), and African green 
monkeysAGMs (Geisbert and Broder, unpublished). An important distinction between CedV and other HNVs lies 
within the P gene which encodes the phosphoprotein (P)., and Tthe P gene transcripts of NiV and HeV undergo 
RNA editing to produce the V and W nonstructural proteins that are key interferon (IFN) antagonists76-80 (xx). . 
The CedV P gene lacks both RNA editing and does not encode V or W. Several studies with recombinant NiV 
variants have demonstrated the differential importance of the V and W proteins in the pathogenesis brought 
about by NiV infection in both the hamster and ferret models, and a lack of the V protein resulted in nonlethal 
infections81,82. All other recognized or proposed HNVs have the potential to express V and W proteins based on 
current genetic data. The absence of these proteins in CedV is the key factor underlying its nonpathogenic 
nature83. These data permitted the rescue and characterization of rCedV by reverse genetics at BSL-284 (XXX) 
and CedV is now recognized as a BSL-2 restricted agent85. [CDC manual]. Because the HNV, LayV, is known 

Figure 2: Phylogenetic analysis of select HNV G 
and F glycoproteins. Trees were constructed for 
using the PhyML program's maximum likelihood 
method and aligning the protein sequences with 
the MUSCLE algorithm. The genetic distance 
between the sequences is represented by the bar 
located under each tree, providing information 
about the level of divergence among them. 
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to be a human pathogenic and zoonotic HNV, is genetically divergent from NiV and HeV, and also of apparent 
alternate origin (rodent), together with some preliminary data on the sF and sG LayV glycoproteins, the PABVAX 
Center will explore LayV as part of the Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Arenaviruses (old world)Old Word Mammarenaviruses (OWAV): For phase 1, RP1 will utilize LASV as the 
prototype OWAVvirus due to theits significant public health burden it creates throughout West Africa with 
hundreds of thousands of estimated cases and approximately 5000 deaths annually86.  LASV has is the most 
imported viral hemorrhagic fever (VHF) next to Ddengue virus and has been imported todocumented in several 
countries outside of Africa over 35 documented times 87.  Case fatality rates (CFRs) approaching 70% in 
hospitalized cases and marked long term sequelae are the result of nothe lack of approved vaccines or 
therapeutics, although several live attenuated virus candidates are approaching clinical evaluationcurrently being 
evaluated with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) 88.  Of the vaccines 
supported by CEPI, 4/5 of these vaccines utilize the only the LASV GP as the target immunogen despite. 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy of against 
disease after challenge with LASV in outbred guinea pigs in animals vaccinated IM with engineered stabilized, 
prefusion LASV GPe, NP-NTD, or a combination of both antigens.  These antigensimmunogens have been 
engineered to harnessexpress the homologous antigenic regions of both antigens to increase potential for pan-
LASV lineage protection from disease after vaccination. Success with this approach, suggests a similar strategy 
of using a subunit vaccine might also be effective againstcould be implemented against other arenaviruses.  
TWhile LASV is  the most common pathogenic arenavirus in Africa in terms of human infections, he OWAV test 
pathogen, Lujo virusLUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating 
in Zambia but, which quickly causingspread nosocomially infections in care givers after the index case’s medical 
evacuation to South Africa 89. The case fatality rateCFR for this incredibly infectious virus was 80% in thise small 
outbreak of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic 
divergence from LASV suggest current LASV countermeasures with antigenic targets may be of limited use, 
implying. LUJV will beserve as an ideal “test case” OWAV to assess the plug-and-play approach of stabilized, 
prefusion LUJV GPe/ NP-NTD vaccination.  The PABVAX Center will explore LUJV as part of the Center’s Phase 
II research plan (RP1 with Cores C, D, and E).  

   

New World Mamarenaviruses (NWAVArenaviruses (new world)): TheA live attenuated vaccine for JUNV 
(Candid-1) is currently in use in Argentina 90, but there is conflicting evidence of whether cross protection with 
other NWAV is possible with this vaccine 91,92. Furthermore, there are safety concerns related to is the potential 
for pathogenic reversion to pathogenic versions. For Phase 1, RP1 will use MACV and JUNV as the prototype 
NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety concerns 
associated with Candid-1 vaccine suggest exploring other approaches JUNV countermeasures are warranted.  
Building on the success of the LASV GPe/NP-NTD,.  iInvestigators in RP1 and Cores D and E will engineer 
broadly protective MACV GPe and NP-NTD antigens and test forperform efficacy testing in established guinea 
pig and NHP models using MACV from multiple lineages to asses how broadly protective the approach is across 
MACV lineages. We will then extend this plug-and-play approach to other the NWAV test case, CHAPV.  First 
reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent- borne mammarenavirus associated with the 
development of severe hemorrhagic fever with case fatality rates up to 60% 93,94. Recent studies have 
demonstrated clear human-to-human transmission risk during the acute phase evidenced by several nosocomial 
infections but also ; detectionisolation of viable virus from semen at 86 days after symptom onset 
demonstratingdemonstrates a clear need to implement specialized management and treatment 94.  It is unknown 
if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective against CHAPV. 
Otherwise, there are no known vaccines demonstrated effective for this virus.  The PABVAX Center will explore 
CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

  

NOrthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents 
is responsible for the largest global public health burden within the orthonairovirus family responsible for often 
large  with outbreaks of human disease annually across Europe, Africa, and Asia. There are no FDA- approved 
vaccines for CCHFV; however, a suckling mouse brain- derived, CHCl2/heat-inactivated aluminum hydroxide 
adsorbedadjuvanted whole virus vaccine for CCHFV has been approved for use only in Bulgaria. This vaccine 
has  since 1974 but has numerous safety concerns and has limited demonstrated efficacy.  Since then,S several 
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experimental vaccine approaches have been examinedvaluated ranging from viral vectored approaches to DNA- 
based vaccines with varying efficacy, advantages, and disadvantages95; however, only a Modified Vaccinia 
Ankara virus vaccine (n MVA-CCHFV vaccine) has begun to advance towards clinical trials96.  Investigators in 
RP1 and Cores D and E will engineer CCHFV GP and NP subunit antigens and test these for protective efficacy 
from disease after challenge with 6 different lineages of CCHFV cladeslineages using in established mouse and 
NHP models.  Next, we will deploy the same approach to a known human pathogenthe “test case” 
orthonairovirus, Kasokero virus (KASV), for which no vaccine exists.   

 

In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus,KASV was first isolated from Ugandan bats 
and responsible for causing ed several cases of acute febrile illness of laboratory workers from the same lab that 
processed the infected bats 97.  SeroSsurveys of 109 laboratory workers from the same facility the virus was 
isolated and worked with demonstrated a 13% seropositivity and where medical surveys revealed clinical 
symptoms in individuals 4 to 15 months after the virus was isolated. These findings, suggestting either continued 
laboratory- associated infections or chains of ongoing person-to-person transmission.  Recently, tick surveys 
have demonstrated the potential for the tick reservoir, Ornithodoros faini, ticks to participate in enzootic 
maintenance of KASV 98.  While most chiropteran ticks exhibit host specificity, humans entering caves where 
these bats inhabit are have reported bites from O.faini ticks as well.  The highly infectious potential for this virus 
in humans coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure 
development against this virus is well advised. The PABVAX Center will explore KASV as part of the Center’s 
Phase II research plan (RP1 with Cores C, D, and E). 

 
 

 

 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs; such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5), (; aarenavirus and 
nairovirusrenaviridae and nairoviridae projects: RP1, RP4, RP5). Of unique importance to the goals of the 
PABVAX is that the countermeasures anticipated to be developed from the RPs may provide a future opportunity 
to combine the active and passive immunization approaches to further improved the therapeutic value in an 
inherently synergistic manner. The RPs will work closely together in a harmonious and cooperative manner with 
each group providing their own countermeasure and expertise so as not to duplicate effort. This opportunity 
would be difficult if not impossible if each project were pursued independently. This collaborative effort among 
all RPs and Cores will provide strong synergy among the groups and PABVAX participants, many of which have 
established collaborative and synergistic research activities. For example, the early development and testing of 
particular antiviral mAbs to some of the prototype viruses under investigation is already an established 
collaboration between PABVAX partners at Vanderbilt’s VVC and USU and UTMB together with Mapp 
Biopharmaceutical. Also, the pilot MNP vaccine platform project was a collaboration between USU, UPitt, UMD-
IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Mmodel Ddevelopment 
and Ppreclinical Eevaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL. (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is 
ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. 
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All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus 
stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for all the Center RPs will be 
performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better 
comparison among countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation.  

3. Develop antibodies and nanobodies to the selected prototype and test viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3.  

Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. This is in addition to each PR’s 
individual Milestone plan. The oversight and evaluation of progress will be in concert with quarterly reports to the 
PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders 
with SAB members (dDetails are specified within the Administration Core A Research Strategy). The SAB will 
meet yearly typically in coordination with the Center annual meeting, to review progress, the adherence to 
milestones and timelines, the continued relevance of each RP and Core to the Center’s overall objectives, 
discuss each project and progress, and advise on directions for the coming year, both for the overall PABVAX 
Center and for individual RPs. The SAB will also be a key factor and advisory panel in facilitating go/no-go 
decision making on specific RP activities, recommending new directions as appropriate, and providinge Center 
Leadership and NIAID staff a comprehensive written evaluation of the group's activities and the panel's 
recommendations following the annual meeting. 

Overall Objectives 

Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks.  
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Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

Figure 4. Milestones and criteria for progress 
for Aim 1 of the PABVAX Center’s overall 
objectives. 

The first milestone will be address whether 
proper formulation of recombinant antigens 
with adjuvant in the context of MNP fabrication 
can be made.  The determination of MNP 
vaccine potential success will first be made 
basedestablished on using immune response 
data derived from mouse immunization 
studies conducted in Core C. Multi-parameter 
humoral and cellular immune responses will 
be assessed (antigen- specific antibody 
induction and , virus -neutralization, and 
polyfunctional T-cell responses by in vitro 

stimulation of isolated cells). Go/no go decisions will be made based on the outcomes of these first tierfirst-tier 
experiments as indicated. If robust humoral and cellular responses are evident this will be graded as a success. 
Comparisons will also be made, such as the levels of virus-neutralizing antibody generated. Viral antigens 
producing poor immune responses will be terminated and an attempt in selection of the best-in-class 
immunogens, or best immunogen combinationn immunogens, which will also be explored, will be performed in 
order to down-select vaccine schoice. The third milestone will be the determinationdetermine of whether MNP 
vaccination affords protection in animal model challenge experiments. In the case of the NiV and HeV prototypes, 
the animal models chosen (ferrets and the African green monkey (AGM)AGMs) are extremely well-developed, 
and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral prototypes 
within the Bunyavirales, there will be additional animal model refinements conducted. For example, there are 
seven genetically distinct lineages of LASVA and there are guinea pig models exist for some but not all of those 
these lineages.  For MACV, there are 8 clades with similar challenges, and for CCHF there are 6 clades. An 
additional confounding issue for both of these very important groups of viruses is that rhesus macaques are 
nearly unavailable and cynomolgus monkeys are now each greater thanexceed costs of $35K each. Thus, as 
proposed by RP1, together with Core E, a critical research avenue will be further developing and evaluating 
animal model systems, including new models, within the PABVAX program, including further development of the 
AGM models for the arenaviruses and possibly also for CCHFV as a risk mitigation strategy. Thus, individual 
go/no-go decisions will inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation.. 

Figure 5. Milestones and criteria for progress for Aim 2 of the PABVAX Center overall objectives. 

The PABVAX second overall objective of PABVAX is primarily focused on the development of new viruses and 
tools for downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and 

evaluation. These materials and viruses 
will be key in the execution of Phase II of 
the program. RP1 will generate 
recombinant infectious clones (r = 
recombinant viruses) and reporter-gene 
versions, as well as alternate reporter virus 
tools (VSV-based) of LASV, MACV, and 
CCHFV isolates for which isolates are not 
available using reverse genetics. Rescued 
viruses will be characterized in cell-based 
assays. Recombinant viruses will be 
examined in vivo (animal model 
development) within Core E. In RP2, the 
most recently discovered pathogenic 
henipavirus, LayV, will be rescued by 

Figure 4. Milestones and criteria for progress for Aim 1 of the PABVAX Center’s 
overall objectives. 

Figure 5. Milestones and criteria for progress for Aim 2 of the PABVAX Center’s overall 
objectives. 

Formatted ... [99]

Formatted ... [100]

Commented [LZ12]: Rather than a STOP if there is an 
issue with MNPs, should we shunt that into a subunit 
vaccine approach and/or other formulation determined in 
conjunction with Industrial Partners? 

Formatted ... [101]

Formatted ... [102]

Formatted ... [103]

Formatted ... [104]

Formatted: Font color: Text 1

Formatted ... [105]

Formatted ... [106]

Formatted ... [107]

Formatted: Space After:  0 pt

Formatted ... [108]

Formatted: Space After:  0 pt

Formatted ... [109]



reverse genetics (rLayV) in collaboration with Core E, and additional LayV and AngV reporter virus tools also 
generated with alternate reporter virus platforms (VSV and/or rCedV based). New virus tools will be 
characterized in cell-based assays. Only AngV alternate reporter virus tools are proposed as the complete 
genomic data is incomplete. rLayV pathogenesis and animal model development will conducted by Core E. If 
these objectives are successful,  a a large battery of new reagents and tools will be available to share with the 
ReVAMPP network, as well as serving as key components for initiation and execution of Phase II of the PABVAX 
Center program.  

The translation and testing of the MNP vaccine plug-and-play approach will be initiated in the Phase II 
prototype viruses (Table 1). Tthe milestones here will be similar to those outlined in Figure 4.  The new virus 
tools will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent 
and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of 
PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. If the model can be optimized (Figure 5), it will be deployed to test a critically important therapeutic 
need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing 
of engineered nabs specific for the prototype HNVs NiV and HeV. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

 

 

 

Figure 6. Milestones and criteria for 
progress for Aim 1 of the PABVAX 
Center’s overall objectives. 

New human mAbs and nanobodies 
(nbs) as tools and potential 
therapeutics will be developed by 
RP4 and RP5 in collaboration with 
RP2 and Core D. NiV infection 
survivor volunteers and MNP 
vaccination of transgenic mice will 
be used to generate human mAbs 
(RP2 and RP4); and transgenic 
nanomice and human nb phage-
display approaches will generate 
nbs (RP5) to the selected prototype 

and test case viruses. Human mAbs 
are expected to be valuable 

therapeutics as countermeasures to a variety of viral infections and disease in humans. Here, RP4 will isolate 
panels of naturally occurring human mAbs that bind cross-reactively to both the NiV and HeV prototype HNVs 
and neutralize both viruses. This effort will focus especially on the mAbs to the HNV fusion (F) proteins derived 
from natural survivors of NiV infection, which to date has been an elusive goal. Previously, the RP4 PI (Crowe) 
isolated multiple human mAbs to the G protein with several that exhibit very high potency in neutralization assays, 
suggesting they have high potential as prophylactic (PREP) and therapeutic molecules for humans. RP4 will 
isolate new F mAbs, and in collaboration with RP2, neutralization potencies will be rapidly assessed (as well as 
evaluating synergistic cell-based mAb neutralization) that will then be translated and evaluated in animal models 
as both PREP and post-infection treatments by Core E. These new human mAbs will build on the findings to 
date generated by several of the collaborating Center investigators,  and contribute significantly to the 
development and characterization of human mAbs reactive to the F and G glycoproteins of prototype HNVs in 
preparation for clinical studies.  

Figure 5. Milestones and criteria for progress for Aim 3 of the PABVAX Center’s overall objectives. 
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NanobodiesNbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new 
direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full 
antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could 
translate into a more cross-reactive feature between virus strains or clades. Importantly, nanobodies nbs can 
efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating 
CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no 
approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate 
the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. 
These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries 
that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will 
enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also 
engineer a combination of nanobodies nbs targeting multiple epitopes using rational design. Additionally, we will 
enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 
(TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-
based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), and also for therapeutic 
activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus), and select animal models of LASV and 
MACV by Core E. Success will be measured by the 1) identification of potent virus-neutralizing nbs, 2) potential 
discovery of more broadly reactive nbs, particularly to the multiple LASVA clades, 3) the evidence of therapeutic 
benefit in animal models, and 4) the successful antiviral activity of nabs or engineered bi-specific nabs in treating 
CNS resident virus infections.. 

 
 

 

 

 

INDUSTRYndustry PARTNERSHIPSPartnerships 

Industry Partnership 

. Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, 
collaboration with an industry partner which that will provide access to vaccine  

expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling 
translational research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience in developing medical countermeasures that protect against public 
health threats, including development and approval of multiple vaccine and antibody products for infectious 
diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and 
make an ideal partner for PABVAX. 

  

 

 

 

SPECIAL FEATURES OF THE PABVAX CENTER ENVIRONMENT AND OTHER RESOURCES      ?? 
Our proposal combines the expertise of several established groups including investigators in academia and in 
private industry. The Center is supported by outstanding physical resources and an experienced and skilled 
group of researchers and support staff. 

Galveston National Laboratory (GNL).  
The GNL, is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s 
biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely 
designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for 
the purpose of developing vaccines, diagnostics, and therapeutics against them. The 7-story GNL offers over 
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12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 
4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select 
Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL 
BSL-4 laboratories in April of 2011. To date, 370187 separate NHP studies employing a total of 2,7721,318 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses Ebola and 
Marburg viruses and also Nipah and Hendra have been successfully performed at the GNL.  These NHP studies 
include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder, and Zeitlin. The GNL 
has a fully Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)-accredited 
NHPnonhuman primate facility and a staff of full-time veterinarians.  In addition, Core E is staffed with an 
experienced team of GNL researchers and technicians several of which have more than 25 years of BSL-
4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary 
pathologist. As noted above another special feature is the location of the WRCEVA virus collection within the 
GNL. 
 
Core E (Animal model development and preclinical evaluation).  
Core E operations will be conducted at the GNL, and in conjunction with Core A , will also includes the UTMB 
Institutional Office of Regulated Nonclinical Studies (ONcRSORNcS). The ORNcSONcRS's primary 
responsibility is to work with academic researchers who are doing product-oriented research and to help them 
design and conduct their studies with good documentation, to meet regulatory requirements by assuring 
regulatory compliance, quality assurance, and data management.  NIH has requested that all NHP studies 
conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path be conducted under a 
“well documented” quality system program.  Quality system and regulatory science processes for NHP studies 
performed at UTMB will be implemented and executed in conjunction with the ORNcS.  Dr. Geisbert (Overall 
Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 experience at the US Army Medical Research 
Institute of Infectious Diseases (USAMRIID), the GNL, and other BSL-4 facilities.  His research interests have 
focused on hemorrhagic fever viruses, arenaviruses, and the henipaviruses and . Hhe has published over 
250XXX peer-reviewed articles in these areas.  Dr. Geisbert’s research group, in collaboration with Dr. Broder 
(Center Co-PI and PR2 PI), was the first to develop a NHP model of NiV/HeV infection and disease, and also to 
demonstrate complete protection of NHPs against both NiV and HeV using henipavirus vaccines and also human 
mAb therapy. 
 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs).   

Mapp Biopharmaceutical has deep experience with antigens and monoclonal antibodies (mAbs) against these 
antigens. ’s product development team has grown significantly in the last two years in response to the 
development efforts on its anti-Ebola therapeutic, ZMappTM which is being advanced to licensure as part of 
Project Bioshield. OTHER MAbs Their early development and research group has expertise in immunology, 
infectious diseases, and the production of antigens, antibodies, and antibody fusion proteins in CHO systems. 
The advanced development group has experience in medium-size and large pharmaceutical companies and 
expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & 
controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and 
project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb 
cocktail for Ebola Zaire virus, tested in two Phase 3 studies 99 100; MBP091, a pan-Marburgvirus therapeutic that 
has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus therapeutic that has completed Phase 1; and 
MB66, a vaginal microbicide film containing anti-HIV and anti-HSV mAbs that has completed Phase 1 101.  Dr. 
Gunn and Genovac will join the team to analyze antibody Fc effector functions and to provide antigen/antibody 
discovery resources, respectively. developed multiple products, including a licensed biodefense biologic. As with 
Profectus, Mapp Bio’s expertise and experience will be a very important and valuable asset to the Center.  

Bonnie     Genovac   

 
 
Core A (Administrative Core) 
 
Research Project teams??  Maybe not depending on space 
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The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he 
established in 1999, and he has published more than 75 articles, reviews, and chapters in this area.  His group 
has also made significant translational research accomplishments in the area of henipavirus countermeasure 
developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) 
having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and 
NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence 
Award in 2013.  His administrative experience and skills, and his experience in translational research activities, 
qualify him to serve as the director of the PABVAX Center and Administrative Core. 

Dr. Crowe’s (RP4) research focuses on the molecular basis for the development of effective B cell responses to 
viruses in humans and.  Hhe has published over 200 peer-reviewed research articles in this area.  The Crowe 
laboratory is one of the leading groups in the development of innovative technologies for isolation and study of 
human mAbs.  Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, 
respiratory syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently henipaviruses HNVs NiV 
and HeV (owing to the collaboration between the Crowe, Broder and Geisbert laboratories). Perhaps of greatest 
import, the SARS-CoV-2 mAbs generated by Dr. Crowe’s laboratory were used in xxx,000thousands of people 
during the COVID-19 pandemic.  RP4 will work closely with Cores D and E in advancing mAb prototypes. The 
Core B of the Center will work together with RP2 and RP3 along with the Core C to develop the first cocktail 
human mAb immunotherapeutics, and facilitate the transition products suitable for IND filing and human testing 
including design, construction, assessment, and optimization of these antibody-based therapies. 
 
 

 
 
As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 
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since the figure needed to get shrunk to fit.  Some of the graphics dead center might be a little too small, not sure 
anything can be done there… 

 

Maybe be good to have the whole title per RP listed instead of abbreviated form?   

 

May need to identify what is meant by Gaps as its not identified in this document, I think maybe it is spelled out in 
Core E document?.  Assuming maybe these are Gaps identified in the main RFA? 

 

Just an idea…. having RP4 and RP5 bubbles duplicated to demonstrate different GAPs addressed is a little 
confusing to me, maybe if we do end up enumerating the gaps somewhere in the text, it might simplify things by 
identify what gaps are addressed by each RP so that each RP only has one bubble? EG: 

  

 RP1=gap 1 

 RP2=gap 1 

 RP3=gap 2 

 RP4=gap 2,3 

 RP5= gap 3,4,5 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction 

Emerging and periodically reemerging pathogenic enveloped RNA viruses are a continuous infectious disease 
and potentially pandemic threats to global public health. Among the many groups of these types of pathogens 
are viral zoonoses within the family Paramyxoviridae and order Bunyavirales where humans can acquire 
infections directly from animal reservoir hosts such as rodents or bats, through an intermediate amplifying host 
such as livestock, or from arthropod vectors such as mosquitos and ticks (Fields virology). More often than not, 
humans represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur, and should RNA viral pathogens mutate and adapt to more efficient replication and 
shedding in the human host, the epidemic potential of these viruses could manifest (PMID: 23911335 -Nipah / 
others?). The viral order Bunyavirales is composed of several viral families known to contain multiple high priority 
human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe 
hemorrhagic fever diseases in humans across the world with mortality rates up to XX and significant, long-term 
sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 
where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, 
JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) and are also identified 
as NIAID Category A pathogens due to their ease of dissemination and/or abilities to transmit person-to-person, 
produce significant morbidity and mortality, have potential for major public health impact, and require special 
actions for public health preparedness. Also, within the WHO Priority Pathogens list is Nipah virus (NiV) and 
henipaviral disease which includes Hendra virus (HeV) which are zoonotic henipaviruses (HNVs) in the family 
Paramyxoviridae. NiV and HeV have long been considered the prototype members of the genus Henipavirus 
and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease (PMID: 
16357858). The genus now includes nine additional reported HNVs but only HeV and NiV are known to be 
associated with severe and often fatal henipaviral disease in humans and a number of animal species (PMID: 
32991264). Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile 
illnesses in humans [PMID: 35921459].  

Taken together, these viral threats to global public health are heightened due to the absence of approved 
vaccines or therapeutics. There is a clear unmet need for countermeasures such as vaccines and antibody-
based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center will focus on elucidating key principles for vaccine and 
monoclonal antibody (mAb) countermeasures in developing prototype candidates (Table 1) against a selection 
of these viruses. In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug 
and play” demonstration against related viruses. 

Table 1. PABVAX selected prototype and test case viral agents. 

Bunyavirales: 

Arenaviridae: The family Arenaviridae is composed of three genera:  Mammarenaviridae, Reptarenavirus, and 
Hartmanivirus.  The Mammarenaviridae are composed of a large number rodent borne viruses, some of which 
are demonstrated human pathogens responsible for causing severe hemorrhagic fever, neurological damage, 
and if not fatal can result permanent neurological sequelae including hearing loss, vision impairment, and 
balance [1]derangement.  While these genera exhibit a global distribution, two geographically distinct sub-genera 
have formed due to the separation across continents by the Atlantic and Pacific Ocean.   Old World 
Mammarenaviruses (Lassa Virus (LASV), Lymphocytic Choriomeningitis Virus (LCMV), and the newly 
discovered Lujo Virus (LUJV)) and the New World Arenaviruses (Junin Virus (JUNV), Machupo Virus (MACV), 
Sabia Virus (SABV), and the newly emerging Chapare Virus (CHAPV)).  Many of these viruses are identified as 
NIAID Category A pathogens requiring biosafety level 4 (BSL4) containment [2].  This classification is owed to 
ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have 
potential for major public health impact, and require special action for public health preparedness.  While several 

Family Prototype Plug and Play Test Case 
Arenaviruses Lassa (Old world), Machupo (New world) Lujo (Old world), Chapare (New world) 
Nairoviruses CCHF Kasokero 

Paramyxoviruses Nipah, Hendra Langya 

Commented [CB1]:  
I think as you review this doc,  perhaps specifically name the 
PIs and PLs in certain areas? 



promising medical countermeasures are in development, there are currently no US FDA approved vaccines or 
therapeutics for any mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use 
in Argentina. 

Infection in humans is often the result of exposure to rodent excreta from infected animals where disease severity 
and case fatality rates (CFR) can vary across the genera and even within genetic lineages as can be the case 
for infections with LASV where genetic diversity can be high, even within clades.  While this genetic variability 
creates significant challenges for LASV molecular diagnostics, antigen-based diagnostics have seen high levels 
of cross reactivity across the seven known lineages of LASV suggesting cross protective antigens may be 
possible[3].  Lassa virus, the causative agent of Lassa fever (LF), likely causes the largest number of annual 
cases per year of LF, where its understood up to 500,000 cases per year can occur where the CFR can approach 
70% in hospitalized cases [4].  Ribivirin has been used to treat infections with uncertain success [5].  Before the 
introduction of the JUNV Candid-1 vaccine, its believed that upwards of 60,000 cases of JUNV infection, also 
known as Argentine Hemorrhagic Fever (AHF) per year occurred where CFRs ranged from 15-30 %.  
Convalescent plasma from JUNV survivors is still the primary means to treat acute JUNV infections in Argentina 
[6]. The initial outbreak of Machupo virus had over 1000 cases and CFRs have ranged from 5-30%; with a CFR, 
where outbreak frequency is thought to have been reduced through enhanced rodent abatement practices and 
potentially cross-protective immunity in populations who have taken the JUNV Candid-1 vaccine [7].   

All mammarenaviruses share a common genomic organization consisting of two ambi-sense (bi-directional 
reading frame) RNA segments.  Each segment contains two open reading frames encoding two proteins per 
strand, these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the 
nucleoprotein (NP) [1].  Despite general similarity of their genomic architecture, these groups exhibit marked 
differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; 
nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the 
glycoprotein (GP) and NP.   

Monoclonal antibodies derived from human LASV survivors have been demonstrated to protect non-human 
primates (NHP), against lethal challenge [8].  Recent crystal structure studies have identified binding interactions 
with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) [9].  These findings suggest 
a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen.  Humoral responses to 
LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, 
and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of NP, suggesting 
using this domain as a vaccine antigen may also be possible.  To test these notions, investigators in the Center 
RP1, Core E, and Core D have developed adjuvanted vaccine approaches to test this idea and have 
demonstrated protection against lethal LASV-Josiah challenge using a stabilized prefusion, trimeric GPe, a 
highly conserved NP NTD epitope, or a combination of the two antigens using a lethal outbred guinea pig model.   

Despite the considerable molecular diversity in LASV strains, there is understood that there is some conservation 
in key antigenic sites within both the GPe and the NP, suggesting that a PAN-LASV vaccine may be possible[3, 
10, 11]. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model[12], but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II[13] , Lineage III (Cross, Geisbert 
unpublished), Lineage V[14] and Lineage VI (Cross and Geisbert Unpublished).   

In Phase I of RP1, the ability for an optimized intramuscular (IM) LASV GPe/NP subunit vaccine to protect 
against disease after challenge multiple LASV lineages will be assessed in guinea pig and NHP models. This 
formulation will also be assessed using a microneedle skin patch (MNP) formulation optimized in Core C to 
determine if a needle-free vaccination route affords more potent vaccine mediated responses and protection.  
Similarly, we have already generated MACV GPe and will design a MACV NP-NTD subunit antigen to test 
following the same approach followed with LASV against both homologous lineage challenge and heterologous 
challenge of MACV genetic lineages. In Phase II of RP1, we will assess the plug-and-play potential of our 
stabilized GPe/NP-NTD MNP vaccine approach against emerging test case mammarenaviruses representing 



emerging OWAV (LUJV) and NWAV (CHAPV) for which there are no vaccines available. A unique feature of this 
proposal is its access to BSL4 facilities described in Core E capable of evaluating countermeasures in NHP.  It 
is widely considered that the cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, 
and MACV research as there are a multitude of immunological reagents available and  the disease pathogenesis 
appears to mirror that of human infection[15-17]. The evaluation of successful countermeasures for the prototype 
OWAV AND NWAV in the NHP model will likely be pivotal for IND applications and future licensure of select 
countermeasures for human use. 

Unique from most other bunyaviruses, orthonairoviruses are transmitted primarily by ticks in nature (REF).  
While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus[18], Issyk-Kul virus[19], 
Songling virus[20]), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public 
health threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia.  
There are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to 
bird migration changes, livestock trade, and even global warming are contributing to increasing numbers of 
infections in humans in areas otherwise not known to be endemic including central Spain[21]  and most recently 
the reservoir Hyalomma ticks have been found as north as Sweden[22].  Infection in humans begins as a 
nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to 
death in 30% of cases in some regions[23].  CCHFV is listed on the WHO priority pathogen list[24] and is also a 
NIH-NIAID category A pathogen[2].  There are no FDA approved vaccines or therapeutics for CCHF; however, 
a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy[25] (REF).  
Ribivirin has been used to treat infections with limited success[26]. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and a GPC [23].  Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the 
host immune response.  The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% 
amino acid homology[23].  Conversely, he CCHFV GPC is considerably less conserved, where less than 75% 
amino acid conservation is present[23]. The genetic diversity of CCHFV correlates strongly with geography, and 
clades of CCHFV segregate based on geographical location which creates a challenge in terms of creating a 
pan-CCHFV vaccine or therapeutic based solely on one clade.  Nonetheless, we have demonstrated that 
heterologous vaccine mediated protection can be afforded using a VSV vectored vaccine expressing the full 
GPC of CCHF[27]. 

In phase 1, RP1 and Core D will generate CCHFV GP and NP subunits with the highest level of homology 
across clades and assess their capacity to protect against disease after challenge with multiple CCHFV clades 
in established mouse[27, 28] and NHP[29] models with Core E.  CCHFV GP and NP subunit vaccines will also 
be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-
and-play potential of the best performing formulation of CCHFV GP/NP MNP vaccine approach against 
emerging test case mammarenaviruses representing emerging bat virus, Kasokero virus for which there are no 
vaccines available. 

The Bunyavirales. 
 
Fill out 
 

The henipavirus paramyxoviruses. The recognized, highly pathogenic HNVs, NiV and HeV are zoonotic agents 
distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely 
broad host tropism and impressive lethality (Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses, p 519-
536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of Humans, Epidemiology and Control. 
Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses, p 
1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality (Murray, PMID: 7701348). NiV emerged just a few years 
later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people 
and also respiratory disease in pigs which served as amplifying hosts (Chua, PMID: 10827955). NiV and HeV 



can infect at least 18 animal species across 6 orders of mammals, and among these they will cause a systemic 
and often fatal respiratory and/or neurological disease in 11 mammalian species including humans (PMID: 
32991264; PMID: 22476556). The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks 
occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of 
subclinical infections, and well-documented person-to-person transmission (PMID: 23911335). Currently, there 
are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain 
continuous infectious disease transboundary threats to public health and economically important livestock 
throughout South and South East Asia and Australia. Their broad host tropism and ability of these viruses to 
infect livestock offers an amplification opportunity and increased risk of subsequent human infections. The 
henipaviruses are single-stranded, negative sense, enveloped RNA viruses and their biology also lends 
themselves to be synthetically produced and agents of potential and deliberate misuse. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS) and 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents [Possession, Use, and Transfer of Select Agents and Toxins; Biennial Review; Department of 
Health and Human Services (Ed.) United States Government, Federal Register: Washington, DC, USA, 2020; 
Volume 85, FR 15087]. because they could be engineered for mass dissemination and possess the potential for 
high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as 
an epidemic threat needing urgent research and development (R&D) action and has been included in the WHO 
R&D Blueprint list of priority pathogens with epidemic potential (Sweileh, W. M. PMC5299748).  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb, postexposure treatments have been 
demonstrated to be effective therapies against NiV and HeV infection in animal challenge studies including 
nonhuman primates (NHP) (PMID: 22013123, PMID: 24964990, PMID: 27484128, PMID: 31686101). The 
success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in 
several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 
individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in 
collaboration with USU and Queensland Health in Australia (PMID: 32027842). In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs and several vaccine platforms have clear potential for use in people 
(PMC8782152). The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and 
the cornerstone of all vaccine strategies (PMC8782152).  Such preventive vaccines would have utility for lab 
workers, first responders or individuals at high risk exposure and in mitigating the spread of an outbreak; whereas 
in the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic 
preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown 
to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh 
(NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine 
against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 
agent (Middleton, 2014 PMID: 24572697). It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection (Geisbert, 2012;Geisbert, 2010). The evaluation of successful countermeasures 
for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications 
and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished) (PMID: 33809833). The 
PABVAX Center has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The 
choice is justifiable for several important reasons; 1) LayV is a known pathogenic zoonotic HNV; 2) there is a 
known virus genome sequence derived from a human sourced virus isolate; 3) we have already successfully 
engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Also, another 
divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies 
on LayV in preparation for Phase II, including the rescue of recombinant LayV (rLayV), explore animal model 
development, construct additional LayV and AngV reporter virus tools, and then translate and test the MNP 
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vaccine ‘plug-and-play’ approach, and also evaluate new mAbs and nanobodies (nbs) to these new divergent 
and/or potential zoonotic HNVs. 

PABVAX THEME 

A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have 
extensive experience in antiviral translational research and/or product development: Uniformed Services 
University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of 
Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland 
(UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have 
active and productive collaborative research programs in related areas, some spanning more than a decade. 
Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and valuable 
vaccine development expertise to the team. 

 
Figure 1: Organizational chart of the Paramyxoviridae 
and Bunyavirales Vaccines and Antibodies Center- 
(PABVAX). (connecting arrows are needed between 
elements and the SAB) 

 
The organizational structure of the PABVAX is 
diagramed in Figure 1. Two Research Projects (RPs) 
in the PABVAX Center will focus on developing and 
evaluating a new, thermostable, needle-free, 
adaptable, and widely deployable, dissolvable 
microneedle patch (MNP)-based skin immunization 
vaccine technology that will use recombinant viral 
protein subunit immunogens; RP1 will target select 
prototype Arenaviridae and Nairoviridae viruses, 
and RP2 will target the prototype henipaviruses 
(HNVs). Both RP1 and RP2 will also be developing 
new prototype virus tools (recombinantly generated 
prototype viruses) along with existing tools, to be 
used in the analysis of vaccine responses as well as 
in the evaluation of new mAbs and nabs from the 

other RPs. A third RP will be engaged in the development of a unique low-containment (BSL-2) mouse model of 
HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence methodology 
that can longitudinally trace the dynamics and anatomical progression of luciferase encoding virus infection in 
individual animals (RP3). There will also be two RPs that will target the development of human mAbs and 
nanobodies to the PABVAX select viral prototypes. RP4 will isolate human mAbs derived from NiV infected 
survivors with a specific focus on the F glycoprotein targeted mAbs, and additional human mAbs will be 
generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-
based therapeutics targeting henipaviruses and arenaviruses along with a focus on targeting the CNS 
environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization 
of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will 
come from three Scientific Cores that will be engaged in manufacture and quality control & testing of MNP 
vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal 
modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-
based therapeutics (Core E).  

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. 
The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble 
Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from 
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the UPitt and IBBR/UMD (Core C) that has tested a dissolvable MNP-based vaccine technology that is ideally 
suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine approach 
(PMID: 32924651). This vaccine technology effectively harnesses the highly immunoresponsive cutaneous 
microenvironments using dissolvable MNPs that incorporates recombinant viral glycoprotein antigens and 
polyphosphazene (PPZ) adjuvants (PMID: 19864632) to elicit robust, strong, and long-lasting protective 
immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable 
immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. 
PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in 
aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ 
macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as facilitate the improved vaccine storage and distribution due to their 
thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic 
combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine 
delivery platform. Here, a Scientific Core C: (Microneedle Patch Vaccines Core) will produce polyphosphazene 
(PPZ) adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of 
RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined 
quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on 
vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine 
formulations and components will be made based on first tier immune response data derived from mouse 
immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-
specific neutralization activity in vitro and polyfunctional T-cell responses by in vitro stimulation of isolated cells 
with antigenic peptides, intracellular cytokine staining (ICS) and flow cytometry) responses. 

Discover effective antibody-based prophylactics and therapies. 
PREP can be critical in the absence of available vaccines or cases in which vaccination is not possible. 
HELP 
 
Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to 
address a variety of human health needs including oncology, inflammatory diseases, and infectious 
diseases. Recent studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal 
viruses including Nipah [30], Hendra [31], Ebola [32, 33], Marburg [34] and Lassa [35]. MAbs also offer a 
stunning degree of customization based on the importance of mechanisms of action (such as viral 
neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D. In addition to therapeutic 
applications, mAbs with Fc mutations to dramatically extend serum half-life [36-38] offer an important tool 
for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine 
for protective immunity to be established by the host is not practical (e.g. rapid response personnel). 
Members of PABVAX have extensive experience with the discovery, characterization and translational 
activities necessary to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and 
safety profiles of mAbs are well-established. Thus, mAbs offer a low-risk technology platform for 
prophylactics and therapeutics targeting the viral threats to be addressed by PABVAX. 
 
Develop new tools and animal models to facilitate the translation of effective countermeasures. 
Virological tools and animal models are essential in assessing the effectiveness and protective correlates of 
antiviral vaccines and therapeutic countermeasures. The investigators within the AAnimal Mmodel 
Ddevelopment and Ppreclinical Eevaluation Sscientific Core E, at the GNL, UTMB, have the expertise in a wide 
variety of high-containment and select agent research areas including ……..  animal model development and 
the use of animal models for the study of viral pathogenesis and assessing the protective therapeutic efficacy of 
antivirals and vaccines as well as studies to define mechanisms and/or correlates of protection. In addition, Core 
E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation; including the 
establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-gene 
encoding versions which will be performed within RP1. Such virus tools are essential for the characterization of 
vaccine responses such as neutralizing antibody induction in animal subjects, as well as validation of antisera 
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or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and alternative animal 
models that can be utilized at low-containment (BSL-2) are also useful in antiviral development strategies 
because they can be adapted to greater high-throughput platforms, are often less laborious, and they can make 
use of other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses that allow 
for rapid high-throughput florescence-based virus neutralization assays at BSL-2 ideally suited to analyze 
otherwise BSL-4 restricted authentic Nipah and Hendra virus vaccine induced immune sera, mAbs (RP4) and 
nbs (RP5) and antibody neutralization synergy. RP3 will make use of other versions of rCedV and chimeras 
(those bearing either the HeV or NiV-B envelope glycoproteins) in the development of a BSL-2 animal model 
that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live animals, 
ideally suited to explore nab based therapeutics to CNS resident henipavirus (PMID: 35821488). 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. Data generated to support 
of possible future regulatory submissions to the Food and Drug Administration (FDA) must be collected in 
accordance with quality systems, like good laboratory practice (GLP) regulations, to be useful and reliable, and 
to facilitate FDA review to ensure safety and efficacy. The UTMB and GNL is a national resource and benchmark 
provider for the conduct of high containment animal studies and quality system data management; often 
partnering with the FDA in academic development and training programs for GLP in high containment 
environments. We envision several deliverables emanating from the proposed studies of the Center, including 
significantly improved subunit vaccine formulations against several prototype viruses within the henipaviruses 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; and also improved human mAbs and/or nabs for the treatment of disease caused by 
the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology and 
mAb and vaccine translational drug development and includes Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Henipaviruses:  Nipah virus (NiV) and Hendra virus (HeV) are bat-borne viral zoonoses that were discovered 
in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia 
(NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family 
Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world 
fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family 
Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread 
vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection 
with either of these HNVs are also at risk of recrudescent infection and encephalitis (Luby SP, Broder CC. 2014. 
Paramyxoviruses: Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of 
Humans, Epidemiology and Control. Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, 
Broder CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott 
Williams & Wilkins, Philadelphia). HeV and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals and are transboundary agents of significant disease threats to 
livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now 
includes nine other reported HNVs; these include the four viral isolates of Cedar virus (CedV), Gamak virus, 
Daeryong virus, and Langya virus (LayV) [xxx] and five additional species known only from nucleic acid sequence 
information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV) 
[xxx]. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, 
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are old world pteropid fruit bats. Whereas the six other HNVs are, or are likely, of rodent origins, including the 
human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng 
virus that is also of apparent rodent origin from Southeast China (Yunnan province). The phylogenetic 
relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  

Figure 2. Phylogenetic analysis of select HNV G and F glycoproteins. Phylogenetic 
trees were constructed for the HNV F and G glycoproteins using the PhyML program's 
maximum likelihood method. The trees were generated by aligning the protein 
sequences with the MUSCLE algorithm. The genetic distance between the sequences 
is represented by the bar located under each tree, providing information about the level 
of divergence among them. 

Investigators in the Center PR2 and RP5 have already initiated new 
studies on LayV, having engineered stabilized sG and sF glycoprotein 
antigens in collaboration with Genovac, Inc. (part of Core D) and 
identified cross-reactive mAbs to both F and G previously generated to 
Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal 

henipaviral disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only 
HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and 
disease including guinea pigs, ferrets, hamsters (Geisbert 2012), and African green monkeys (Geisbert and 
Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which 
encodes the phosphoprotein (P), and the P gene transcripts of NiV and HeV undergo RNA editing to produce 
the V and W nonstructural proteins that are key interferon (IFN) antagonists (xx). The CedV P gene lacks both 
RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated 
the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both 
the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections. All other recognized 
or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence 
of these proteins in CedV is the key factor underlying its nonpathogenic nature. These data permitted the rescue 
and characterization of rCedV by reverse genetics at BSL-2 (XXX) and CedV is now recognized as a BSL-2 
restricted agent [CDC manual]. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, 
is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some 
preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the 
Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Old Word Mammarenaviruses (OWAV): For phase 1, RP1 will utilize LASV as the prototype OWAV due to 
the significant public health burden it creates throughout West Africa with hundreds of thousands of estimated 
cases and approximately 5000 deaths annually[39].  LASV has is the most imported viral hemorrhagic fever 
(VHF) next to dengue virus and has been imported to several countries outside of Africa over 35 documented 
times [40].  Case fatality rates (CFR) approaching 70% in hospitalized cases and marked long term sequelae 
are the result of no approved vaccines or therapeutics, though several live attenuated virus candidates are 
approaching clinical evaluation with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) [41].  
Of the vaccines supported by CEPI, 4/5 of these vaccines utilize the only the LASV GP as the target immunogen 
despite 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy of against 
disease after challenge with LASV in outbred guinea pigs in animals vaccinated IM with engineered stabilized, 
prefusion LASV GPe, NP-NTD, or a combination of both antigens.  These antigens have been engineered to 
harness the homologous antigenic regions of both antigens to increase potential for pan-LASV lineage protection 
from disease after vaccination. Success with this approach, suggest a similar strategy of using a subunit vaccine 
might also be effective against other arenaviruses.  While LASV is  the most common pathogenic arenavirus in 
Africa in terms of human infections, Lujo virus was isolated over 10 years ago from a case of severe hemorrhagic 
fever originating in Zambia but quickly causing nosocomial infections in care givers after the index case’s medical 
evacuation to South Africa [42]. The case fatality rate for this incredibly infectious virus was 80% in the small 
outbreak of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic 
divergence from LASV suggest countermeasures with antigenic targets may be of limited use, implying LUJV 
will be an ideal “test case” OWAV to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-
NTD vaccination.  The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E).  
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New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina [43], but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine [44, 45]. Further, there are safety concerns related to potential for reversion to pathogenic versions. For 
Phase 1, RP1 will use MACV and JUNV as the prototype NWAVs as there are no approved vaccines or 
therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  Building on the success of the LASV GPe/NP-NTD. Investigators in RP1 and Cores 
D and E will engineer MACV GPe and NP-NTD antigens and test for efficacy in established guinea pig and NHP 
models using MACV from multiple lineages to asses how broadly protective the approach is across MACV 
lineages. We will then extend this plug-and-play approach to other NWAV.  First reported in 2003 in Bolivia, 
Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with development of severe hemorrhagic 
fever with case fatality rates up to 60% [46, 47]. Recent studies have demonstrated clear human-to-human 
transmission risk during the acute phase evidenced by several nosocomial infections but also detection of viable 
virus from semen at 86 days after symptom onset demonstrating a clear need to specialized management and 
treatment [47].  It is unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be 
protective against CHAPV. Otherwise, there are no known vaccines demonstrated effective for this virus.  The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and 
E). 

  
Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is responsible 
for the largest global public health burden within the orthonairovirus family responsible for often large outbreaks 
of human disease annually across Europe, Africa, and Asia. There are no FDA approved vaccines for CCHFV; 
however, a suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus 
vaccine for CCHFV has been approved for use only in Bulgaria since 1974 but has numerous safety concerns 
and limited demonstrated efficacy.  Since then, several vaccine approaches have been examined ranging from 
viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and disadvantages[48]; 
however only an MVA-CCHFV vaccine has begun to advance towards clinical trials[49].  Investigators in RP1 
and Cores D and E will engineer CCHFV GP and NP subunit antigens and test for protective efficacy from 
disease after challenge with 6 different lineages of CCHFV clades using in established mouse and NHP models.  
Next we will deploy the same approach to a known human pathogen “test case” orthonairovirus for which no 
vaccine exists.   

In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats [50].  Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains of 
ongoing person-to-person transmission.  Recently, tick surveys have demonstrated the potential for the reservoir, 
Ornithodoros faini, ticks to participate in enzootic maintenance of KASV [51].  While most chiropteran ticks exhibit 
host specificity, humans entering caves where these bats are have reported bites from O.faini ticks as well.  The 
highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics make 
suggest investment in countermeasure development is well advised. The PABVAX Center will explore KASV as 
part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 
 

 

 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
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for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs; such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5), (aarenavirus and nairovirusrenaviridae 
and nairoviridae projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the 
countermeasures anticipated to be developed from the RPs may provide a future opportunity to combine the 
active and passive immunization approaches to further improved the therapeutic value in an inherently 
synergistic manner. The RPs will work closely together in a harmonious and cooperative manner with each group 
providing their own countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult 
if not impossible if each project were pursued independently. This collaborative effort among all RPs and Cores 
will provide strong synergy among the groups and PABVAX participants, many of which have established 
collaborative and synergistic research activities. For example, the early development and testing of particular 
antiviral mAbs to some of the prototype viruses under investigation is already an established collaboration 
between PABVAX partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. 
Also, the pilot MNP vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Mmodel Ddevelopment 
and Ppreclinical Eevaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL. (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is 
ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. 
All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus 
stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for all the Center RPs will be 
performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better 
comparison among countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation.  

3. Develop antibodies and nanobodies to selected prototype viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. This is in addition to each PR’s 
individual Milestone plan. The oversight and evaluation of progress will be in concert with quarterly reports to the 



PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders 
with SAB members (Details are within the Administration Core A). The SAB will meet yearly typically in 
coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the 
continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, 
and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The 
SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, 
recommend new directions as appropriate and provide Center Leadership and NIAID staff a comprehensive 
written evaluation of the group's activities and the panel's recommendations following the annual meeting. 

Overall Objectives 

Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

Figure 4. Milestones and criteria for progress for Aim 1 
of the PABVAX Center’s overall objectives. 

The first milestone will be whether proper 
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be made based on 
immune response data derived from mouse 
immunization studies conducted in Core C. 
Multi-parameter humoral and cellular immune 
responses will be assessed (antigen specific 
antibody induction and virus-neutralization 
and polyfunctional T-cell responses by in vitro 
stimulation of isolated cells). Go/no go 

decisions will be made based on the outcomes of these first tier experiments as indicated. If robust humoral and 
cellular responses are evident this will be graded as success. Comparisons will also be made, such as the levels 
of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated 
and an attempt in selection of best-in-class immunogens, or best combination immunogens which will also be 
explored, will be performed in order to down-select vaccine choice. The third milestone will be the determination 
of whether MNP vaccination affords protection in animal model challenge experiments. In the case of the NiV 
and HeV prototypes the animal models chosen (ferret and the African green monkey (AGM)) are extremely well-
developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral 
prototypes within the Bunyavirales there will be additional animal model refinements conducted. For example, 
there are seven genetically distinct lineages of LASA and there are guinea pig models for some but not all of 
those lineages.  For MACV there are 8 clades with similar challenges, and for CCHF there are 6 clades. An 
additional confounding issue for both of these very important groups of viruses is that rhesus macaques are 
nearly unavailable and cynomolgus monkeys are now each greater than 35K. Thus, as proposed by RP1, 
together with Core E, a critical research avenue will be further developing and evaluating animal model systems, 
including new models, within the PABVAX program, including further development of the AGM for the 
arenaviruses and possibly also for CCHF as a risk mitigation strategy. Thus, individual go/no-go decisions will 
inevitably be more challenging during the first Phase I of the PABVAX. 
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Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation. 

Figure 5. Milestones and criteria for progress for 
Aim 2 of the PABVAX Center overall objectives. 

The PABVAX second overall objective is 
primarily focused on the development of 
new viruses and tools for downstream 
initiation and testing of the Center’s 
vaccine program and antiviral antibody 
testing and evaluation. These materials 
and viruses will be key in the execution of 
Phase II of the program. RP1 will 
generate recombinant infectious clones 
(r = recombinant viruses) and reporter-
gene versions, as well as alternate 
reporter virus tools (VSV-based) of 
LASV, MACV, and CCHFV isolates for 

which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based 
assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the 
most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in 
collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate 
reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. 
Only AngV alternate reporter virus tools are proposed as the complete genomic data is incomplete. rLayV 
pathogenesis and animal model development will conducted by Core E. If these objectives are successful, a a 
large battery of new reagents and tools will be available to share with the ReVAMPP network, as well as serving 
as key components for initiation and execution of Phase II of the PABVAX Center program.  

The translation and testing the MNP vaccine plug-and-play approach will be initiated in the Phase II 
prototype viruses (Table 1) the milestones here will be similar to those outlined in Figure 4.  The new virus tools 
will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent 
and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of 
PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. If the model can be optimized (Figure 5) it will be deployed to test a critically important therapeutic 
need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing 
of engineered nabs specific for the prototype HNVs NiV and HeV. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

 

 

 



Figure 6. Milestones and criteria for 
progress for Aim 1 of the PABVAX Center’s 
overall objectives. 

New human mAbs and nanobodies 
(nbs) as tools and potential 
therapeutics will be developed by 
RP4 and RP5 in collaboration with 
RP2 and Core D. NiV infection 
survivor volunteers and MNP 
vaccination of transgenic mice will 
be used to generate human mAbs 
(RP2 and RP4); and transgenic 
nanomice and human nb phage-
display approaches will generate 
nbs (RP5) to the selected prototype 
and test case viruses. Human mAbs 

are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in 
humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the 
NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on the mAbs to the 
HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. 
Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high 
potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic 
molecules for humans. RP4 will isolate new F mAbs and in collaboration with RP2 neutralization potencies will 
be rapidly assessed as well as evaluating synergistic cell-based mAb neutralization that will then be translated 
and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human 
mAbs will build on the findings to date generated by several of the collaborating Center investigators, and 
contribute significantly to the development and characterization of human mAbs reactive to the F and G 
glycoproteins of prototype HNVs in preparation for clinical studies.  

Nanobodies, derived from the heavy chain-only antibodies of camelid animals, offer a promising new 
direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full 
antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could 
translate into a more cross-reactive feature between virus strains or clades. Importantly, nanobodies can 
efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating 
CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no 
approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate 
the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. 
These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries 
that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will 
enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also 
engineer a combination of nanobodies targeting multiple epitopes using rational design. Additionally, we will 
enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 
(TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-
based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), and also for therapeutic 
activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus) and select animal models of LASV and 
MACV by Core E. Success will be measured by the identification of virus-neutralizing nbs, potential discovery of 
more broadly reactive nbs, particularly to the multiple LASA clades, the evidence of therapeutic benefit in animal 
models, and the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus 
infections. 

 

 

 

 

INDUSTRY PARTNERSHIPS 
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Industry Partnership 

Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, 
collaboration with an industry partner which will provide access to vaccine 

expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling 
translational research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience developing medical countermeasures that protect against public health 
threats, including development and approval of multiple vaccine and antibody products for infectious diseases. 
They can contribute regulatory, manufacturing, and commercial experience for the prototypes and make an ideal 
partner for PABVAX. 

 

 

 

 

SPECIAL FEATURES OF THE PABVAX CENTER ENVIRONMENT AND OTHER RESOURCES      ?? 
Our proposal combines the expertise of several established groups including investigators in academia and in 
private industry. The Center is supported by outstanding physical resources and an experienced and skilled 
group of researchers and support staff. 

Galveston National Laboratory (GNL) 
The GNL, is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s 
biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely 
designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for 
the purpose of developing vaccines, diagnostics and therapeutics against them. The 7-story GNL offers over 
12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 
4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select 
Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL 
BSL-4 laboratories in April of 2011. To date, 370187 separate NHP studies employing a total of 2,7721,318 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses Ebola and 
Marburg viruses and also Nipah and Hendra have been successfully performed at the GNL.  These NHP studies 
include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder and Zeitlin. The GNL has 
a fully Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)-accredited 
NHPnonhuman primate facility and a staff of full-time veterinarians.  In addition, Core E is staffed with an 
experienced team of GNL researchers and technicians several of which have more than 25 years of BSL-
4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary 
pathologist. As noted above another special feature is the location of WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation) 
Core E operations will be conducted at the GNL, and in conjunction with Core A also includes the UTMB 
Institutional Office of Regulated Nonclinical Studies (ONcRS). The ONcRS's primary responsibility is to work 
with academic researchers who are doing product-oriented research and to help them design and conduct their 
studies with good documentation, to meet regulatory requirements by assuring regulatory compliance, quality 
assurance, and data management.  NIH has requested that all NHP studies conducted in the GNL BSL-4 
laboratory at UTMB that are on a product development path be conducted under a “well documented” quality 
system program.  Quality system and regulatory science processes for NHP studies performed at UTMB will be 
implemented and executed in conjunction with the ORNcS.  Dr. Geisbert (Overall Center PI and Core E Director) 
has over 34 years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases 
(USAMRIID), the GNL and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever 
viruses and the henipaviruses and he has published over 250XXX peer-reviewed articles in these areas.  Dr. 
Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI) was the first to develop a 
NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against both 
NiV and HeV using henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs)  
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Mapp Biopharmaceutical has deep experience with antigens and monoclonal antibodies (mAbs) against these 
antigens. ’s product development team has grown significantly in the last two years in response to the 
development efforts on its anti-Ebola therapeutic, ZMappTM which is being advanced to licensure as part of 
Project Bioshield. OTHER MAbs Their early development and research group has expertise in immunology, 
infectious diseases, and production of antigens, antibodies and antibody fusion proteins in CHO systems. The 
advanced development group has experience in medium-size and large pharmaceutical companies and 
expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & 
controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and 
project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb 
cocktail for Ebola Zaire virus, tested in two Phase 3 studies [52] [53]; MBP091, a pan-Marburgvirus therapeutic 
that has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus therapeutic that has completed Phase 1; 
and MB66, a vaginal microbicide film containing anti-HIV and anti-HSV mAbs that has completed Phase 1 [54].  
developed multiple products, including a licensed biodefense biologic. As with Profectus, Mapp Bio’s expertise 
and experience will be a very important and valuable asset to the Center.  

Bonnie     Genovac   

 
 
Core A (Administrative Core) 
 
Research Project teams??  Maybe not depending on space 
 
The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he 
established in 1999, and he has published more than 75 articles, reviews and chapters in this area.  His group 
has also made significant translational research accomplishments in the area of henipavirus countermeasure 
developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) 
having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and 
NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence 
Award in 2013.  His administrative experience and skills and his experience in translational research activities 
qualify him to serve as the director of the PABVAX Center and Administrative Core. 

Dr. Crowe’s (RP4) research focuses on the molecular basis for the development of effective B cell responses to 
viruses in humans and he has published over 200 peer-reviewed research articles in this area.  The Crowe 
laboratory is one of the leading groups in the development of innovative technologies for isolation and study of 
human mAbs.  Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, 
respiratory syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently henipaviruses NiV and 
HeV owing to the collaboration between the Crowe, Broder and Geisbert laboratories. Perhaps of greatest 
import, the SARS-CoV-2 mAbs generated by Dr. Crowe’s laboratory were used in xxx,000 of people during the 
COVID-19 pandemic.  RP4 will work closely with Cores D and E in advancing mAb prototypes. The Core B of 
the Center will work together with RP2 and RP3 along with the Core C to develop the first cocktail human mAb 
immunotherapeutics, and facilitate the transition products suitable for IND filing and human testing including 
design, construction, assessment, and optimization of these antibody-based therapies. 
 
 
As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction 

Emerging and periodically reemerging pathogenic enveloped RNA viruses are a continuous infectious disease 
and potentially pandemic threats to global public health. Among the many groups of these types of pathogens 
are viral zoonoses within the family Paramyxoviridae and order Bunyavirales where humans can acquire 
infections directly from animal reservoir hosts such as rodents or bats, through an intermediate amplifying host 
such as livestock, or from arthropod vectors such as mosquitos and ticks (Fields virology). More often than not, 
humans represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur, and should RNA viral pathogens mutate and adapt to more efficient replication and 
shedding in the human host, the epidemic potential of these viruses could manifest (PMID: 23911335 -Nipah / 
others?). The viral order Bunyavirales is composed of several viral families known to contain multiple high priority 
human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe 
hemorrhagic fever diseases in humans across the world with mortality rates up to XX and significant, long-term 
sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 
where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, 
JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) and are also identified 
as NIAID Category A pathogens due to their ease of dissemination and/or abilities to transmit person-to-person, 
produce significant morbidity and mortality, have potential for major public health impact, and require special 
actions for public health preparedness. Also, within the WHO Priority Pathogens list is Nipah virus (NiV) and 
henipaviral disease which includes Hendra virus (HeV) which are zoonotic henipaviruses (HNVs) in the family 
Paramyxoviridae. NiV and HeV have long been considered the prototype members of the genus Henipavirus 
and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease (PMID: 
16357858). The genus now includes nine additional reported HNVs but only HeV and NiV are known to be 
associated with severe and often fatal henipaviral disease in humans and a number of animal species (PMID: 
32991264). Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile 
illnesses in humans [PMID: 35921459].  

Taken together, these viral threats to global public health are heightened due to the absence of approved 
vaccines or therapeutics. There is a clear unmet need for countermeasures such as vaccines and antibody-
based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center will focus on elucidating key principles for vaccine and 
monoclonal antibody (mAb) countermeasures in developing prototype candidates (Table 1) against a selection 
of these viruses. In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug 
and play” demonstration against related viruses. 

Table 1. PABVAX selected prototype and test case viral agents. 

 

 

 

Bunyavirales: 

Arenaviridae: The family Arenaviridae is composed of three genera:  Mammarenaviridae, Reptarenavirus, and 
Hartmanivirus.  The Mammarenaviridae are composed of a large number rodent borne viruses, some of which 
are demonstrated human pathogens responsible for causing severe hemorrhagic fever, neurological damage, 
and if not fatal can result permanent neurological sequelae including hearing loss, vision impairment, and 
balance [1]derangement.  While these genera exhibit a global distribution, two geographically distinct sub-genera 
have formed due to the separation across continents by the Atlantic and Pacific Ocean.   Old World 
Mammarenaviruses (Lassa Virus (LASV), Lymphocytic Choriomeningitis Virus (LCMV), and the newly 
discovered Lujo Virus (LUJV)) and the New World Arenaviruses (Junin Virus (JUNV), Machupo Virus (MACV), 
Sabia Virus (SABV), and the newly emerging Chapare Virus (CHAPV)).  Many of these viruses are identified as 
NIAID Category A pathogens requiring biosafety level 4 (BSL4) containment [2].  This classification is owed to 
ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have 
potential for major public health impact, and require special action for public health preparedness.  While several 

Family Prototype Plug and Play Test Case 
Arenaviruses Lassa (Old world), Machupo (New world) Lujo (Old world), Chapare (New world) 
Nairoviruses CCHF Kasokero 

Paramyxoviruses Nipah, Hendra Langya 
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promising medical countermeasures are in development, there are currently no US FDA approved vaccines or 
therapeutics for any mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use 
in Argentina. 

Infection in humans is often the result of exposure to rodent excreta from infected animals where disease severity 
and case fatality rates (CFR) can vary across the genera and even within genetic lineages as can be the case 
for infections with LASV where genetic diversity can be high, even within clades.  While this genetic variability 
creates significant challenges for LASV molecular diagnostics, antigen-based diagnostics have seen high levels 
of cross reactivity across the seven known lineages of LASV suggesting cross protective antigens may be 
possible[3].  Lassa virus, the causative agent of Lassa fever (LF), likely causes the largest number of annual 
cases per year of LF, where its understood up to 500,000 cases per year can occur where the CFR can approach 
70% in hospitalized cases [4].  Ribivirin has been used to treat infections with uncertain success [5].  Before the 
introduction of the JUNV Candid-1 vaccine, its believed that upwards of 60,000 cases of JUNV infection, also 
known as Argentine Hemorrhagic Fever (AHF) per year occurred where CFRs ranged from 15-30 %.  
Convalescent plasma from JUNV survivors is still the primary means to treat acute JUNV infections in Argentina 
[6]. The initial outbreak of Machupo virus had over 1000 cases and CFRs have ranged from 5-30%; with a CFR, 
where outbreak frequency is thought to have been reduced through enhanced rodent abatement practices and 
potentially cross-protective immunity in populations who have taken the JUNV Candid-1 vaccine [7].   

All mammarenaviruses share a common genomic organization consisting of two ambi-sense (bi-directional 
reading frame) RNA segments.  Each segment contains two open reading frames encoding two proteins per 
strand, these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the 
nucleoprotein (NP) [1].  Despite general similarity of their genomic architecture, these groups exhibit marked 
differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; 
nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the 
glycoprotein (GP) and NP.   

Monoclonal antibodies derived from human LASV survivors have been demonstrated to protect non-human 
primates (NHP), against lethal challenge [8].  Recent crystal structure studies have identified binding interactions 
with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) [9].  These findings suggest 
a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen.  Humoral responses to 
LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, 
and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of NP, suggesting 
using this domain as a vaccine antigen may also be possible.  To test these notions, investigators in the Center 
RP1, Core E, and Core D have developed adjuvanted vaccine approaches to test this idea and have 
demonstrated protection against lethal LASV-Josiah challenge using a stabilized prefusion, trimeric GPe, a 
highly conserved NP NTD epitope, or a combination of the two antigens using a lethal outbred guinea pig model.   

Despite the considerable molecular diversity in LASV strains, there is understood that there is some conservation 
in key antigenic sites within both the GPe and the NP, suggesting that a PAN-LASV vaccine may be possible[3, 
10, 11]. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model[12], but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II[13] , Lineage III (Cross, Geisbert 
unpublished), Lineage V[14] and Lineage VI (Cross and Geisbert Unpublished).   

In Phase I of RP1, the ability for an optimized intramuscular (IM) LASV GPe/NP subunit vaccine to protect 
against disease after challenge multiple LASV lineages will be assessed in guinea pig and NHP models. This 
formulation will also be assessed using a microneedle skin patch (MNP) formulation optimized in Core C to 
determine if a needle-free vaccination route affords more potent vaccine mediated responses and protection.  
Similarly, we have already generated MACV GPe and will design a MACV NP-NTD subunit antigen to test 
following the same approach followed with LASV against both homologous lineage challenge and heterologous 
challenge of MACV genetic lineages. In Phase II of RP1, we will assess the plug-and-play potential of our 
stabilized GPe/NP-NTD MNP vaccine approach against emerging test case mammarenaviruses representing 



emerging OWAV (LUJV) and NWAV (CHAPV) for which there are no vaccines available. A unique feature of this 
proposal is its access to BSL4 facilities described in Core E capable of evaluating countermeasures in NHP.  It 
is widely considered that the cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, 
and MACV research as there are a multitude of immunological reagents available and  the disease pathogenesis 
appears to mirror that of human infection[15-17]. The evaluation of successful countermeasures for the prototype 
OWAV AND NWAV in the NHP model will likely be pivotal for IND applications and future licensure of select 
countermeasures for human use. 

Unique from most other bunyaviruses, orthonairoviruses are transmitted primarily by ticks in nature (REF).  
While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus[18], Issyk-Kul virus[19], 
Songling virus[20]), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public 
health threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia.  
There are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to 
bird migration changes, livestock trade, and even global warming are contributing to increasing numbers of 
infections in humans in areas otherwise not known to be endemic including central Spain[21]  and most recently 
the reservoir Hyalomma ticks have been found as north as Sweden[22].  Infection in humans begins as a 
nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to 
death in 30% of cases in some regions[23].  CCHFV is listed on the WHO priority pathogen list[24] and is also a 
NIH-NIAID category A pathogen[2].  There are no FDA approved vaccines or therapeutics for CCHF; however, 
a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy[25] (REF).  
Ribivirin has been used to treat infections with limited success[26]. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and a GPC [23].  Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the 
host immune response.  The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% 
amino acid homology[23].  Conversely, he CCHFV GPC is considerably less conserved, where less than 75% 
amino acid conservation is present[23]. The genetic diversity of CCHFV correlates strongly with geography, and 
clades of CCHFV segregate based on geographical location which creates a challenge in terms of creating a 
pan-CCHFV vaccine or therapeutic based solely on one clade.  Nonetheless, we have demonstrated that 
heterologous vaccine mediated protection can be afforded using a VSV vectored vaccine expressing the full 
GPC of CCHF[27]. 

In phase 1, RP1 and Core D will generate CCHFV GP and NP subunits with the highest level of homology 
across clades and assess their capacity to protect against disease after challenge with multiple CCHFV clades 
in established mouse[27, 28] and NHP[29] models with Core E.  CCHFV GP and NP subunit vaccines will also 
be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-
and-play potential of the best performing formulation of CCHFV GP/NP MNP vaccine approach against 
emerging test case mammarenaviruses representing emerging bat virus, Kasokero virus for which there are no 
vaccines available. 

The Bunyavirales. 
 
Fill out 
 

The henipavirus paramyxoviruses. The recognized, highly pathogenic HNVs, NiV and HeV are zoonotic agents 
distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely 
broad host tropism and impressive lethality (Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses, p 519-
536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of Humans, Epidemiology and Control. 
Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses, p 
1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality (Murray, PMID: 7701348). NiV emerged just a few years 
later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people 
and also respiratory disease in pigs which served as amplifying hosts (Chua, PMID: 10827955). NiV and HeV 



can infect at least 18 animal species across 6 orders of mammals, and among these they will cause a systemic 
and often fatal respiratory and/or neurological disease in 11 mammalian species including humans (PMID: 
32991264; PMID: 22476556). The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks 
occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of 
subclinical infections, and well-documented person-to-person transmission (PMID: 23911335). Currently, there 
are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain 
continuous infectious disease transboundary threats to public health and economically important livestock 
throughout South and South East Asia and Australia. Their broad host tropism and ability of these viruses to 
infect livestock offers an amplification opportunity and increased risk of subsequent human infections. The 
henipaviruses are single-stranded, negative sense, enveloped RNA viruses and their biology also lends 
themselves to be synthetically produced and agents of potential and deliberate misuse. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS) and 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents [Possession, Use, and Transfer of Select Agents and Toxins; Biennial Review; Department of 
Health and Human Services (Ed.) United States Government, Federal Register: Washington, DC, USA, 2020; 
Volume 85, FR 15087]. because they could be engineered for mass dissemination and possess the potential for 
high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as 
an epidemic threat needing urgent research and development (R&D) action and has been included in the WHO 
R&D Blueprint list of priority pathogens with epidemic potential (Sweileh, W. M. PMC5299748).  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb, postexposure treatments have been 
demonstrated to be effective therapies against NiV and HeV infection in animal challenge studies including 
nonhuman primates (NHP) (PMID: 22013123, PMID: 24964990, PMID: 27484128, PMID: 31686101). The 
success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in 
several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 
individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in 
collaboration with USU and Queensland Health in Australia (PMID: 32027842). In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs and several vaccine platforms have clear potential for use in people 
(PMC8782152). The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and 
the cornerstone of all vaccine strategies (PMC8782152).  Such preventive vaccines would have utility for lab 
workers, first responders or individuals at high risk exposure and in mitigating the spread of an outbreak; whereas 
in the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic 
preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown 
to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh 
(NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine 
against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 
agent (Middleton, 2014 PMID: 24572697). It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection (Geisbert, 2012;Geisbert, 2010). The evaluation of successful countermeasures 
for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications 
and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished) (PMID: 33809833). The 
PABVAX Center has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The 
choice is justifiable for several important reasons; 1) LayV is a known pathogenic zoonotic HNV; 2) there is a 
known virus genome sequence derived from a human sourced virus isolate; 3) we have already successfully 
engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Also, another 
divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies 
on LayV in preparation for Phase II, including the rescue of recombinant LayV (rLayV), explore animal model 
development, construct additional LayV and AngV reporter virus tools, and then translate and test the MNP 
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vaccine ‘plug-and-play’ approach, and also evaluate new mAbs and nanobodies (nbs) to these new divergent 
and/or potential zoonotic HNVs. 

PABVAX THEME 

A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have 
extensive experience in antiviral translational research and/or product development: Uniformed Services 
University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of 
Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland 
(UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have 
active and productive collaborative research programs in related areas, some spanning more than a decade. 
Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and valuable 
vaccine development expertise to the team. 

 
Figure 1: Organizational chart of the Paramyxoviridae 
and Bunyavirales Vaccines and Antibodies Center- 
(PABVAX). (connecting arrows are needed between 
elements and the SAB) 

 
The organizational structure of the PABVAX is 
diagramed in Figure 1. Two Research Projects (RPs) 
in the PABVAX Center will focus on developing and 
evaluating a new, thermostable, needle-free, 
adaptable, and widely deployable, dissolvable 
microneedle patch (MNP)-based skin immunization 
vaccine technology that will use recombinant viral 
protein subunit immunogens; RP1 will target select 
prototype Arenaviridae and Nairoviridae viruses, 
and RP2 will target the prototype henipaviruses 
(HNVs). Both RP1 and RP2 will also be developing 
new prototype virus tools (recombinantly generated 
prototype viruses) along with existing tools, to be 
used in the analysis of vaccine responses as well as 
in the evaluation of new mAbs and nabs from the 

other RPs. A third RP will be engaged in the development of a unique low-containment (BSL-2) mouse model of 
HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence methodology 
that can longitudinally trace the dynamics and anatomical progression of luciferase encoding virus infection in 
individual animals (RP3). There will also be two RPs that will target the development of human mAbs and 
nanobodies to the PABVAX select viral prototypes. RP4 will isolate human mAbs derived from NiV infected 
survivors with a specific focus on the F glycoprotein targeted mAbs, and additional human mAbs will be 
generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-
based therapeutics targeting henipaviruses and arenaviruses along with a focus on targeting the CNS 
environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization 
of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will 
come from three Scientific Cores that will be engaged in manufacture and quality control & testing of MNP 
vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal 
modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-
based therapeutics (Core E).  

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based prophylactics and therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. 
The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble 
Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from 

Commented [CRW3]: Tom asked me to insert this to see 
how it would look so we can see what changes are needed 
to ensure legibility since the figure needed to get shrunk to 
fit.  Some of the graphics dead center might be a little too 
small, not sure anything can be done there… 
 
Maybe be good to have the whole title per RP listed instead 
of abbreviated form?   
 
May need to identify what is meant by Gaps as its not 
identified in this document, I think maybe it is spelled out in 
Core E document?.  Assuming maybe these are Gaps 
identified in the main RFA? 
 
Just an idea…. having RP4 and RP5 bubbles duplicated to 
demonstrate different GAPs addressed is a little confusing 
to me, maybe if we do end up enumerating the gaps 
somewhere in the text, it might simplify things by identify 
what gaps are addressed by each RP so that each RP only 
has one bubble? EG: 

  
RP1=gap 1 
RP2=gap 1 
RP3=gap 2 
RP4=gap 2,3 
RP5= gap 3,4,5 

 

Commented [LZ4R3]: It would be nice if the 
emergent/moderna logos can be squeezed in somewhere… 



the UPitt and IBBR/UMD (Core C) that has tested a dissolvable MNP-based vaccine technology that is ideally 
suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine approach 
(PMID: 32924651). This vaccine technology effectively harnesses the highly immunoresponsive cutaneous 
microenvironments using dissolvable MNPs that incorporates recombinant viral glycoprotein antigens and 
polyphosphazene (PPZ) adjuvants (PMID: 19864632) to elicit robust, strong, and long-lasting protective 
immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable 
immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. 
PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in 
aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ 
macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as facilitate the improved vaccine storage and distribution due to their 
thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic 
combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine 
delivery platform. Here, a Scientific Core C: (Microneedle Patch Vaccines Core) will produce polyphosphazene 
(PPZ) adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of 
RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined 
quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on 
vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine 
formulations and components will be made based on first tier immune response data derived from mouse 
immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-
specific neutralization activity in vitro and polyfunctional T-cell responses by in vitro stimulation of isolated cells 
with antigenic peptides, intracellular cytokine staining (ICS) and flow cytometry) responses. 

Discover effective antibody-based prophylactics and therapies. 
PREP can be critical in the absence of available vaccines or cases in which vaccination is not possible. 
HELP 
 
Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to 
address a variety of human health needs including oncology, inflammatory diseases, and infectious 
diseases. Recent studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal 
viruses including Nipah [30], Hendra [31], Ebola [32, 33], Marburg [34] and Lassa [35]. MAbs also offer a 
stunning degree of customization based on the importance of mechanisms of action (such as viral 
neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D. In addition to therapeutic 
applications, mAbs with Fc mutations to dramatically extend serum half-life [36-38] offer an important tool 
for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine 
for protective immunity to be established by the host is not practical (e.g. rapid response personnel). 
Members of PABVAX have extensive experience with the discovery, characterization and translational 
activities necessary to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and 
safety profiles of mAbs are well-established. Thus, mAbs offer a low-risk technology platform for 
prophylactics and therapeutics targeting the viral threats to be addressed by PABVAX. 
 
Develop new tools and animal models to facilitate the translation of effective countermeasures. 
Virological tools and animal models are essential in assessing the effectiveness and protective correlates of 
antiviral vaccines and therapeutic countermeasures. The investigators within the AAnimal Mmodel 
Ddevelopment and Ppreclinical Eevaluation Sscientific Core E, at the GNL, UTMB, have the expertise in a wide 
variety of high-containment and select agent research areas including ……..  animal model development and 
the use of animal models for the study of viral pathogenesis and assessing the protective therapeutic efficacy of 
antivirals and vaccines as well as studies to define mechanisms and/or correlates of protection. In addition, Core 
E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation; including the 
establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-gene 
encoding versions which will be performed within RP1. Such virus tools are essential for the characterization of 
vaccine responses such as neutralizing antibody induction in animal subjects, as well as validation of antisera 
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or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and alternative animal 
models that can be utilized at low-containment (BSL-2) are also useful in antiviral development strategies 
because they can be adapted to greater high-throughput platforms, are often less laborious, and they can make 
use of other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses that allow 
for rapid high-throughput florescence-based virus neutralization assays at BSL-2 ideally suited to analyze 
otherwise BSL-4 restricted authentic Nipah and Hendra virus vaccine induced immune sera, mAbs (RP4) and 
nbs (RP5) and antibody neutralization synergy. RP3 will make use of other versions of rCedV and chimeras 
(those bearing either the HeV or NiV-B envelope glycoproteins) in the development of a BSL-2 animal model 
that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live animals, 
ideally suited to explore nab based therapeutics to CNS resident henipavirus (PMID: 35821488). 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. Data generated to support 
of possible future regulatory submissions to the Food and Drug Administration (FDA) must be collected in 
accordance with quality systems, like good laboratory practice (GLP) regulations, to be useful and reliable, and 
to facilitate FDA review to ensure safety and efficacy. The UTMB and GNL is a national resource and benchmark 
provider for the conduct of high containment animal studies and quality system data management; often 
partnering with the FDA in academic development and training programs for GLP in high containment 
environments. We envision several deliverables emanating from the proposed studies of the Center, including 
significantly improved subunit vaccine formulations against several prototype viruses within the henipaviruses 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; and also improved human mAbs and/or nabs for the treatment of disease caused by 
the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology and 
mAb and vaccine translational drug development and includes Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Henipaviruses:  Nipah virus (NiV) and Hendra virus (HeV) are bat-borne viral zoonoses that were discovered 
in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia 
(NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family 
Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world 
fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family 
Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread 
vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection 
with either of these HNVs are also at risk of recrudescent infection and encephalitis (Luby SP, Broder CC. 2014. 
Paramyxoviruses: Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of 
Humans, Epidemiology and Control. Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, 
Broder CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott 
Williams & Wilkins, Philadelphia). HeV and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals and are transboundary agents of significant disease threats to 
livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now 
includes nine other reported HNVs; these include the four viral isolates of Cedar virus (CedV), Gamak virus, 
Daeryong virus, and Langya virus (LayV) [xxx] and five additional species known only from nucleic acid sequence 
information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV) 
[xxx]. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, 
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are old world pteropid fruit bats. Whereas the six other HNVs are, or are likely, of rodent origins, including the 
human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng 
virus that is also of apparent rodent origin from Southeast China (Yunnan province). The phylogenetic 
relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  

Figure 2. Phylogenetic analysis of select HNV G and F glycoproteins. Phylogenetic 
trees were constructed for the HNV F and G glycoproteins using the PhyML program's 
maximum likelihood method. The trees were generated by aligning the protein 
sequences with the MUSCLE algorithm. The genetic distance between the sequences 
is represented by the bar located under each tree, providing information about the level 
of divergence among them. 

Investigators in the Center PR2 and RP5 have already initiated new 
studies on LayV, having engineered stabilized sG and sF glycoprotein 
antigens in collaboration with Genovac, Inc. (part of Core D) and 
identified cross-reactive mAbs to both F and G previously generated to 
Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal 

henipaviral disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only 
HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and 
disease including guinea pigs, ferrets, hamsters (Geisbert 2012), and African green monkeys (Geisbert and 
Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which 
encodes the phosphoprotein (P), and the P gene transcripts of NiV and HeV undergo RNA editing to produce 
the V and W nonstructural proteins that are key interferon (IFN) antagonists (xx). The CedV P gene lacks both 
RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated 
the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both 
the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections. All other recognized 
or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence 
of these proteins in CedV is the key factor underlying its nonpathogenic nature. These data permitted the rescue 
and characterization of rCedV by reverse genetics at BSL-2 (XXX) and CedV is now recognized as a BSL-2 
restricted agent [CDC manual]. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, 
is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some 
preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the 
Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Old Word Mammarenaviruses (OWAV): For phase 1, RP1 will utilize LASV as the prototype OWAV due to 
the significant public health burden it creates throughout West Africa with hundreds of thousands of estimated 
cases and approximately 5000 deaths annually[39].  LASV has is the most imported viral hemorrhagic fever 
(VHF) next to dengue virus and has been imported to several countries outside of Africa over 35 documented 
times [40].  Case fatality rates (CFR) approaching 70% in hospitalized cases and marked long term sequelae 
are the result of no approved vaccines or therapeutics, though several live attenuated virus candidates are 
approaching clinical evaluation with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) [41].  
Of the vaccines supported by CEPI, 4/5 of these vaccines utilize the only the LASV GP as the target immunogen 
despite 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy of against 
disease after challenge with LASV in outbred guinea pigs in animals vaccinated IM with engineered stabilized, 
prefusion LASV GPe, NP-NTD, or a combination of both antigens.  These antigens have been engineered to 
harness the homologous antigenic regions of both antigens to increase potential for pan-LASV lineage protection 
from disease after vaccination. Success with this approach, suggest a similar strategy of using a subunit vaccine 
might also be effective against other arenaviruses.  While LASV is  the most common pathogenic arenavirus in 
Africa in terms of human infections, Lujo virus was isolated over 10 years ago from a case of severe hemorrhagic 
fever originating in Zambia but quickly causing nosocomial infections in care givers after the index case’s medical 
evacuation to South Africa [42]. The case fatality rate for this incredibly infectious virus was 80% in the small 
outbreak of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic 
divergence from LASV suggest countermeasures with antigenic targets may be of limited use, implying LUJV 
will be an ideal “test case” OWAV to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-
NTD vaccination.  The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E).  

Commented [CB9]: Marsh, G.A.; Wang, L.F. Curr Opin 
Virol 2012, 2, 242-247, doi:10.1016/j.coviro.2012.03.006. 

Commented [CB10]: Laing, E.D.; Amaya, M.; Virology 
journal 2018, 15, 56, doi:10.1186/s12985-018-0964-0. 
 
Laing, E.D.; Navaratnarajah, C.K.; Proc Natl Acad Sci U S A 
2019, doi:10.1073/pnas.1911773116. 

Commented [CB11]: Biosafety in Microbiological and 
Biomedical Laboratories (BMBL) 6th Edition. HHS 
Publication No. (CDC) 300859. US Government Printing 
Office: Washington, 2020; pp. 248-250. 

Formatted: Indent: First line:  0.5"



   

New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina [43], but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine [44, 45]. Further, there are safety concerns related to potential for reversion to pathogenic versions. For 
Phase 1, RP1 will use MACV and JUNV as the prototype NWAVs as there are no approved vaccines or 
therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  Building on the success of the LASV GPe/NP-NTD. Investigators in RP1 and Cores 
D and E will engineer MACV GPe and NP-NTD antigens and test for efficacy in established guinea pig and NHP 
models using MACV from multiple lineages to asses how broadly protective the approach is across MACV 
lineages. We will then extend this plug-and-play approach to other NWAV.  First reported in 2003 in Bolivia, 
Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with development of severe hemorrhagic 
fever with case fatality rates up to 60% [46, 47]. Recent studies have demonstrated clear human-to-human 
transmission risk during the acute phase evidenced by several nosocomial infections but also detection of viable 
virus from semen at 86 days after symptom onset demonstrating a clear need to specialized management and 
treatment [47].  It is unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be 
protective against CHAPV. Otherwise, there are no known vaccines demonstrated effective for this virus.  The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and 
E). 

  
Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is responsible 
for the largest global public health burden within the orthonairovirus family responsible for often large outbreaks 
of human disease annually across Europe, Africa, and Asia. There are no FDA approved vaccines for CCHFV; 
however, a suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus 
vaccine for CCHFV has been approved for use only in Bulgaria since 1974 but has numerous safety concerns 
and limited demonstrated efficacy.  Since then, several vaccine approaches have been examined ranging from 
viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and disadvantages[48]; 
however only an MVA-CCHFV vaccine has begun to advance towards clinical trials[49].  Investigators in RP1 
and Cores D and E will engineer CCHFV GP and NP subunit antigens and test for protective efficacy from 
disease after challenge with 6 different lineages of CCHFV clades using in established mouse and NHP models.  
Next we will deploy the same approach to a known human pathogen “test case” orthonairovirus for which no 
vaccine exists.   

In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats [50].  Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains of 
ongoing person-to-person transmission.  Recently, tick surveys have demonstrated the potential for the reservoir, 
Ornithodoros faini, ticks to participate in enzootic maintenance of KASV [51].  While most chiropteran ticks exhibit 
host specificity, humans entering caves where these bats are have reported bites from O.faini ticks as well.  The 
highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics make 
suggest investment in countermeasure development is well advised. The PABVAX Center will explore KASV as 
part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 
 

 

 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
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for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs; such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5), (aarenavirus and nairovirusrenaviridae 
and nairoviridae projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the 
countermeasures anticipated to be developed from the RPs may provide a future opportunity to combine the 
active and passive immunization approaches to further improved the therapeutic value in an inherently 
synergistic manner. The RPs will work closely together in a harmonious and cooperative manner with each group 
providing their own countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult 
if not impossible if each project were pursued independently. This collaborative effort among all RPs and Cores 
will provide strong synergy among the groups and PABVAX participants, many of which have established 
collaborative and synergistic research activities. For example, the early development and testing of particular 
antiviral mAbs to some of the prototype viruses under investigation is already an established collaboration 
between PABVAX partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. 
Also, the pilot MNP vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Mmodel Ddevelopment 
and Ppreclinical Eevaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL. (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is 
ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. 
All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus 
stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for all the Center RPs will be 
performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better 
comparison among countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation.  

3. Develop antibodies and nanobodies to selected prototype viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. This is in addition to each PR’s 
individual Milestone plan. The oversight and evaluation of progress will be in concert with quarterly reports to the 



PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders 
with SAB members (Details are within the Administration Core A). The SAB will meet yearly typically in 
coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the 
continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, 
and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The 
SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, 
recommend new directions as appropriate and provide Center Leadership and NIAID staff a comprehensive 
written evaluation of the group's activities and the panel's recommendations following the annual meeting. 

Overall Objectives 

Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

Figure 4. Milestones and criteria for progress for Aim 1 
of the PABVAX Center’s overall objectives. 

The first milestone will be whether proper 
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be made based on 
immune response data derived from mouse 
immunization studies conducted in Core C. 
Multi-parameter humoral and cellular immune 
responses will be assessed (antigen specific 
antibody induction and virus-neutralization 
and polyfunctional T-cell responses by in vitro 
stimulation of isolated cells). Go/no go 

decisions will be made based on the outcomes of these first tier experiments as indicated. If robust humoral and 
cellular responses are evident this will be graded as success. Comparisons will also be made, such as the levels 
of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated 
and an attempt in selection of best-in-class immunogens, or best combination immunogens which will also be 
explored, will be performed in order to down-select vaccine choice. The third milestone will be the determination 
of whether MNP vaccination affords protection in animal model challenge experiments. In the case of the NiV 
and HeV prototypes the animal models chosen (ferret and the African green monkey (AGM)) are extremely well-
developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral 
prototypes within the Bunyavirales there will be additional animal model refinements conducted. For example, 
there are seven genetically distinct lineages of LASA and there are guinea pig models for some but not all of 
those lineages.  For MACV there are 8 clades with similar challenges, and for CCHF there are 6 clades. An 
additional confounding issue for both of these very important groups of viruses is that rhesus macaques are 
nearly unavailable and cynomolgus monkeys are now each greater than 35K. Thus, as proposed by RP1, 
together with Core E, a critical research avenue will be further developing and evaluating animal model systems, 
including new models, within the PABVAX program, including further development of the AGM for the 
arenaviruses and possibly also for CCHF as a risk mitigation strategy. Thus, individual go/no-go decisions will 
inevitably be more challenging during the first Phase I of the PABVAX. 
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Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation. 

Figure 5. Milestones and criteria for progress for 
Aim 2 of the PABVAX Center overall objectives. 

The PABVAX second overall objective is 
primarily focused on the development of 
new viruses and tools for downstream 
initiation and testing of the Center’s 
vaccine program and antiviral antibody 
testing and evaluation. These materials 
and viruses will be key in the execution of 
Phase II of the program. RP1 will 
generate recombinant infectious clones 
(r = recombinant viruses) and reporter-
gene versions, as well as alternate 
reporter virus tools (VSV-based) of 
LASV, MACV, and CCHFV isolates for 

which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based 
assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the 
most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in 
collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate 
reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. 
Only AngV alternate reporter virus tools are proposed as the complete genomic data is incomplete. rLayV 
pathogenesis and animal model development will conducted by Core E. If these objectives are successful, a a 
large battery of new reagents and tools will be available to share with the ReVAMPP network, as well as serving 
as key components for initiation and execution of Phase II of the PABVAX Center program.  

The translation and testing the MNP vaccine plug-and-play approach will be initiated in the Phase II 
prototype viruses (Table 1) the milestones here will be similar to those outlined in Figure 4.  The new virus tools 
will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent 
and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of 
PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. If the model can be optimized (Figure 5) it will be deployed to test a critically important therapeutic 
need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing 
of engineered nabs specific for the prototype HNVs NiV and HeV. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

 

 

 



Figure 6. Milestones and criteria for 
progress for Aim 1 of the PABVAX Center’s 
overall objectives. 

New human mAbs and nanobodies 
(nbs) as tools and potential 
therapeutics will be developed by 
RP4 and RP5 in collaboration with 
RP2 and Core D. NiV infection 
survivor volunteers and MNP 
vaccination of transgenic mice will 
be used to generate human mAbs 
(RP2 and RP4); and transgenic 
nanomice and human nb phage-
display approaches will generate 
nbs (RP5) to the selected prototype 
and test case viruses. Human mAbs 

are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in 
humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the 
NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on the mAbs to the 
HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. 
Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high 
potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic 
molecules for humans. RP4 will isolate new F mAbs and in collaboration with RP2 neutralization potencies will 
be rapidly assessed as well as evaluating synergistic cell-based mAb neutralization that will then be translated 
and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human 
mAbs will build on the findings to date generated by several of the collaborating Center investigators, and 
contribute significantly to the development and characterization of human mAbs reactive to the F and G 
glycoproteins of prototype HNVs in preparation for clinical studies.  

Nanobodies, derived from the heavy chain-only antibodies of camelid animals, offer a promising new 
direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full 
antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could 
translate into a more cross-reactive feature between virus strains or clades. Importantly, nanobodies can 
efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating 
CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no 
approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate 
the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. 
These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries 
that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will 
enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also 
engineer a combination of nanobodies targeting multiple epitopes using rational design. Additionally, we will 
enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 
(TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-
based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), and also for therapeutic 
activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus) and select animal models of LASV and 
MACV by Core E. Success will be measured by the identification of virus-neutralizing nbs, potential discovery of 
more broadly reactive nbs, particularly to the multiple LASA clades, the evidence of therapeutic benefit in animal 
models, and the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus 
infections. 

 

 

 

 

INDUSTRY PARTNERSHIPS 
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Industry Partnership 

Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, 
collaboration with an industry partner which will provide access to vaccine 

expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling 
translational research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience developing medical countermeasures that protect against public health 
threats, including development and approval of multiple vaccine and antibody products for infectious diseases. 
They can contribute regulatory, manufacturing, and commercial experience for the prototypes and make an ideal 
partner for PABVAX. 

 

 

 

 

SPECIAL FEATURES OF THE PABVAX CENTER ENVIRONMENT AND OTHER RESOURCES      ?? 
Our proposal combines the expertise of several established groups including investigators in academia and in 
private industry. The Center is supported by outstanding physical resources and an experienced and skilled 
group of researchers and support staff. 

Galveston National Laboratory (GNL) 
The GNL, is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s 
biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely 
designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for 
the purpose of developing vaccines, diagnostics and therapeutics against them. The 7-story GNL offers over 
12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 
4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select 
Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL 
BSL-4 laboratories in April of 2011. To date, 370187 separate NHP studies employing a total of 2,7721,318 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses Ebola and 
Marburg viruses and also Nipah and Hendra have been successfully performed at the GNL.  These NHP studies 
include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder and Zeitlin. The GNL has 
a fully Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)-accredited 
NHPnonhuman primate facility and a staff of full-time veterinarians.  In addition, Core E is staffed with an 
experienced team of GNL researchers and technicians several of which have more than 25 years of BSL-
4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary 
pathologist. As noted above another special feature is the location of WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation) 
Core E operations will be conducted at the GNL, and in conjunction with Core A also includes the UTMB 
Institutional Office of Regulated Nonclinical Studies (ONcRS). The ONcRS's primary responsibility is to work 
with academic researchers who are doing product-oriented research and to help them design and conduct their 
studies with good documentation, to meet regulatory requirements by assuring regulatory compliance, quality 
assurance, and data management.  NIH has requested that all NHP studies conducted in the GNL BSL-4 
laboratory at UTMB that are on a product development path be conducted under a “well documented” quality 
system program.  Quality system and regulatory science processes for NHP studies performed at UTMB will be 
implemented and executed in conjunction with the ORNcS.  Dr. Geisbert (Overall Center PI and Core E Director) 
has over 34 years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases 
(USAMRIID), the GNL and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever 
viruses and the henipaviruses and he has published over 250XXX peer-reviewed articles in these areas.  Dr. 
Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI) was the first to develop a 
NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against both 
NiV and HeV using henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs)  
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Mapp Biopharmaceutical has deep experience with antigens and monoclonal antibodies (mAbs) against these 
antigens. ’s product development team has grown significantly in the last two years in response to the 
development efforts on its anti-Ebola therapeutic, ZMappTM which is being advanced to licensure as part of 
Project Bioshield. OTHER MAbs Their early development and research group has expertise in immunology, 
infectious diseases, and production of antigens, antibodies and antibody fusion proteins in CHO systems. The 
advanced development group has experience in medium-size and large pharmaceutical companies and 
expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & 
controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and 
project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb 
cocktail for Ebola Zaire virus, tested in two Phase 3 studies [52] [53]; MBP091, a pan-Marburgvirus therapeutic 
that has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus therapeutic that has completed Phase 1; 
and MB66, a vaginal microbicide film containing anti-HIV and anti-HSV mAbs that has completed Phase 1 [54].  
developed multiple products, including a licensed biodefense biologic. As with Profectus, Mapp Bio’s expertise 
and experience will be a very important and valuable asset to the Center.  

Bonnie     Genovac   

 
 
Core A (Administrative Core) 
 
Research Project teams??  Maybe not depending on space 
 
The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he 
established in 1999, and he has published more than 75 articles, reviews and chapters in this area.  His group 
has also made significant translational research accomplishments in the area of henipavirus countermeasure 
developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) 
having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and 
NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence 
Award in 2013.  His administrative experience and skills and his experience in translational research activities 
qualify him to serve as the director of the PABVAX Center and Administrative Core. 

Dr. Crowe’s (RP4) research focuses on the molecular basis for the development of effective B cell responses to 
viruses in humans and he has published over 200 peer-reviewed research articles in this area.  The Crowe 
laboratory is one of the leading groups in the development of innovative technologies for isolation and study of 
human mAbs.  Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, 
respiratory syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently henipaviruses NiV and 
HeV owing to the collaboration between the Crowe, Broder and Geisbert laboratories. Perhaps of greatest 
import, the SARS-CoV-2 mAbs generated by Dr. Crowe’s laboratory were used in xxx,000 of people during the 
COVID-19 pandemic.  RP4 will work closely with Cores D and E in advancing mAb prototypes. The Core B of 
the Center will work together with RP2 and RP3 along with the Core C to develop the first cocktail human mAb 
immunotherapeutics, and facilitate the transition products suitable for IND filing and human testing including 
design, construction, assessment, and optimization of these antibody-based therapies. 
 
 
As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction 

Emerging and periodically reemerging pathogenic enveloped RNA viruses are a continuous infectious disease 
and potentially pandemic threats to global public health. Among the many groups of these types of pathogens 
are viral zoonoses within the family Paramyxoviridae and order Bunyavirales where humans can acquire 
infections directly from animal reservoir hosts such as rodents or bats, through an intermediate amplifying host 
such as livestock, or from arthropod vectors such as mosquitos and ticks (Fields virology). More often than not, 
humans represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur, and should RNA viral pathogens mutate and adapt to more efficient replication and 
shedding in the human host, the epidemic potential of these viruses could manifest (PMID: 23911335 -Nipah / 
others?). The viral order Bunyavirales is composed of several viral families known to contain multiple high priority 
human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe 
hemorrhagic fever diseases in humans across the world with mortality rates up to XX and significant, long-term 
sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 
where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, 
JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) and are also identified 
as NIAID Category A pathogens due to their ease of dissemination and/or abilities to transmit person-to-person, 
produce significant morbidity and mortality, have potential for major public health impact, and require special 
actions for public health preparedness. Also, within the WHO Priority Pathogens list is Nipah virus (NiV) and 
henipaviral disease which includes Hendra virus (HeV) which are zoonotic henipaviruses (HNVs) in the family 
Paramyxoviridae. NiV and HeV have long been considered the prototype members of the genus Henipavirus 
and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease (PMID: 
16357858). The genus now includes nine additional reported HNVs but only HeV and NiV are known to be 
associated with severe and often fatal henipaviral disease in humans and a number of animal species (PMID: 
32991264). Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile 
illnesses in humans [PMID: 35921459].  

Taken together, these viral threats to global public health are heightened due to the absence of approved 
vaccines or therapeutics. There is a clear unmet need for countermeasures such as vaccines and antibody-
based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center will focus on elucidating key principles for vaccine and 
monoclonal antibody (mAb) countermeasures in developing prototype candidates (Table 1) against a selection 
of these viruses. In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug 
and play” demonstration against related viruses. 

Table 1. PABVAX selected prototype and test case viral agents. 

 

 

 

Bunyavirales: 

Arenaviridae: The family Arenaviridae is composed of three genera:  Mammarenaviridae, Reptarenavirus, and 
Hartmanivirus.  The Mammarenaviridae are composed of a large number rodent borne viruses, some of which 
are demonstrated human pathogens responsible for causing severe hemorrhagic fever, neurological damage, 
and if not fatal can result permanent neurological sequelae including hearing loss, vision impairment, and 
balance [1]derangement.  While these genera exhibit a global distribution, two geographically distinct sub-genera 
have formed due to the separation across continents by the Atlantic and Pacific Ocean.   Old World 
Mammarenaviruses (Lassa Virus (LASV), Lymphocytic Choriomeningitis Virus (LCMV), and the newly 
discovered Lujo Virus (LUJV)) and the New World Arenaviruses (Junin Virus (JUNV), Machupo Virus (MACV), 
Sabia Virus (SABV), and the newly emerging Chapare Virus (CHAPV)).  Many of these viruses are identified as 
NIAID Category A pathogens requiring biosafety level 4 (BSL4) containment [2].  This classification is owed to 
ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have 
potential for major public health impact, and require special action for public health preparedness.  While several 

Family Prototype Plug and Play Test Case 
Arenaviruses Lassa (Old world), Machupo (New world) Lujo (Old world), Chapare (New world) 
Nairoviruses CCHF Kasokero 

Paramyxoviruses Nipah, Hendra Langya 
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promising medical countermeasures are in development, there are currently no US FDA approved vaccines or 
therapeutics for any mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use 
in Argentina. 

Infection in humans is often the result of exposure to rodent excreta from infected animals where disease severity 
and case fatality rates (CFR) can vary across the genera and even within genetic lineages as can be the case 
for infections with LASV where genetic diversity can be high, even within clades.  While this genetic variability 
creates significant challenges for LASV molecular diagnostics, antigen-based diagnostics have seen high levels 
of cross reactivity across the seven known lineages of LASV suggesting cross protective antigens may be 
possible[3].  Lassa virus, the causative agent of Lassa fever (LF), likely causes the largest number of annual 
cases per year of LF, where its understood up to 500,000 cases per year can occur where the CFR can approach 
70% in hospitalized cases [4].  Ribivirin has been used to treat infections with uncertain success [5].  Before the 
introduction of the JUNV Candid-1 vaccine, its believed that upwards of 60,000 cases of JUNV infection, also 
known as Argentine Hemorrhagic Fever (AHF) per year occurred where CFRs ranged from 15-30 %.  
Convalescent plasma from JUNV survivors is still the primary means to treat acute JUNV infections in Argentina 
[6]. The initial outbreak of Machupo virus had over 1000 cases with a CFR, where outbreak frequency is thought 
to have been reduced through enhanced rodent abatement practices and potentially cross-protective immunity 
in populations who have taken the JUNV Candid-1 vaccine [7].   

All mammarenaviruses share a common genomic organization consisting of two ambi-sense (bi-directional 
reading frame) RNA segments.  Each segment contains two open reading frames encoding two proteins per 
strand, these include the Z protein (matrix), the L protein (polymerase), glycoprotein precursor (GPC), and the 
nucleoprotein (NP) [1].  Despite general similarity of their genomic architecture, these groups exhibit marked 
differences in their replication life cycles. This includes differences in attachment, entry, and immune evasion; 
nonetheless, the dominant antigenic proteins driving immune responses for both OWAV and NWAV are the 
glycoprotein (GP) and NP.   

Monoclonal antibodies derived from human LASV survivors have been demonstrated to protect non-human 
primates (NHP), against lethal challenge [8].  Recent crystal structure studies have identified binding interactions 
with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe) [9].  These findings suggest 
a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen.  Humoral responses to 
LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, 
and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of NP, suggesting 
using this domain as a vaccine antigen may also be possible.  To test these notions, investigators in the Center 
RP1, Core E, and Core D have developed adjuvanted vaccine approaches to test this idea and have 
demonstrated protection against lethal LASV-Josiah challenge using a stabilized prefusion, trimeric GPe, a 
highly conserved NP NTD epitope, or a combination of the two antigens using a lethal outbred guinea pig model.   

Despite the considerable molecular diversity in LASV strains, there is understood that there is some conservation 
in key antigenic sites within both the GPe and the NP, suggesting that a PAN-LASV vaccine may be possible[3, 
10, 11]. Indeed, RP1 and Core E investigators have demonstrated that using a Vesicular Stomatitis Virus 
expressing the LASV-Josiah GPC is not only protective against homologous challenge with LASV Josiah 
(Lineage IV-Sierra Leone) in a lethal NHP model[12], but also that live attenuated vaccines expressing this same 
GPC can protect NHP against challenge with viruses from: Lineage II[13] , Lineage III (Cross, Geisbert 
unpublished), Lineage V[14] and Lineage VI (Cross and Geisbert Unpublished).   

In Phase I of RP1, the ability for an optimized intramuscular (IM) LASV GPe/NP subunit vaccine to protect 
against disease after challenge multiple LASV lineages will be assessed in guinea pig and NHP models. This 
formulation will also be assessed using a microneedle skin patch (MNP) formulation optimized in Core C to 
determine if a needle-free vaccination route affords more potent vaccine mediated responses and protection.  
Similarly, we have already generated MACV GPe and will design a MACV NP-NTD subunit antigen to test 
following the same approach followed with LASV against both homologous lineage challenge and heterologous 
challenge of MACV genetic lineages. In Phase II of RP1, we will assess the plug-and-play potential of our 
stabilized GPe/NP-NTD MNP vaccine approach against emerging test case mammarenaviruses representing 



emerging OWAV (LUJV) and NWAV (CHAPV) for which there are no vaccines available. A unique feature of this 
proposal is its access to BSL4 facilities described in Core E capable of evaluating countermeasures in NHP.  It 
is widely considered that the cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, 
and MACV research as there are a multitude of immunological reagents available and  the disease pathogenesis 
appears to mirror that of human infection[15-17]. The evaluation of successful countermeasures for the prototype 
OWAV AND NWAV in the NHP model will likely be pivotal for IND applications and future licensure of select 
countermeasures for human use. 

Unique from most other bunyaviruses, orthonairoviruses are transmitted primarily by ticks in nature (REF).  
While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus[18], Issyk-Kul virus[19], 
Songling virus[20]), Crimean-Congo Hemorrhagic fever virus (CCHFV) is by far the most recognized public 
health threat to humans as it responsible for annual outbreaks across Europe, Africa, the Middle East, and Asia.  
There are growing concerns for endemic range expansion due to ongoing range expansion of tick hosts tied to 
bird migration changes, livestock trade, and even global warming are contributing to increasing numbers of 
infections in humans in areas otherwise not known to be endemic including central Spain[21]  and most recently 
the reservoir Hyalomma ticks have been found as north as Sweden[22].  Infection in humans begins as a 
nonspecific febrile illness but can rapidly progress to cause a severe hemorrhagic fever which may progress to 
death in 30% of cases in some regions[23].  CCHFV is listed on the WHO priority pathogen list[24] and is also a 
NIH-NIAID category A pathogen[2].  There are no FDA approved vaccines or therapeutics for CCHF; however, 
a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy[25] (REF).  
Ribivirin has been used to treat infections with limited success[26]. 

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase 
protein, and a GPC [23].  Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the 
host immune response.  The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% 
amino acid homology[23].  Conversely, he CCHFV GPC is considerably less conserved, where less than 75% 
amino acid conservation is present[23]. The genetic diversity of CCHFV correlates strongly with geography, and 
clades of CCHFV segregate based on geographical location which creates a challenge in terms of creating a 
pan-CCHFV vaccine or therapeutic based solely on one clade.  Nonetheless, we have demonstrated that 
heterologous vaccine mediated protection can be afforded using a VSV vectored vaccine expressing the full 
GPC of CCHF[27]. 

In phase 1, RP1 and Core D will generate CCHFV GP and NP subunits with the highest level of homology 
across clades and assess their capacity to protect against disease after challenge with multiple CCHFV clades 
in established mouse[27, 28] and NHP[29] models with Core E.  CCHFV GP and NP subunit vaccines will also 
be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-
and-play potential of the best performing formulation of CCHFV GP/NP MNP vaccine approach against 
emerging test case mammarenaviruses representing emerging bat virus, Kasokero virus for which there are no 
vaccines available. 

The Bunyavirales. 
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The henipavirus paramyxoviruses. The recognized, highly pathogenic HNVs, NiV and HeV are zoonotic agents 
distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely 
broad host tropism and impressive lethality (Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses, p 519-
536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of Humans, Epidemiology and Control. 
Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses, p 
1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality (Murray, PMID: 7701348). NiV emerged just a few years 
later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people 
and also respiratory disease in pigs which served as amplifying hosts (Chua, PMID: 10827955). NiV and HeV 



can infect at least 18 animal species across 6 orders of mammals, and among these they will cause a systemic 
and often fatal respiratory and/or neurological disease in 11 mammalian species including humans (PMID: 
32991264; PMID: 22476556). The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks 
occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of 
subclinical infections, and well-documented person-to-person transmission (PMID: 23911335). Currently, there 
are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain 
continuous infectious disease transboundary threats to public health and economically important livestock 
throughout South and South East Asia and Australia. Their broad host tropism and ability of these viruses to 
infect livestock offers an amplification opportunity and increased risk of subsequent human infections. The 
henipaviruses are single-stranded, negative sense, enveloped RNA viruses and their biology also lends 
themselves to be synthetically produced and agents of potential and deliberate misuse. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS) and 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents [Possession, Use, and Transfer of Select Agents and Toxins; Biennial Review; Department of 
Health and Human Services (Ed.) United States Government, Federal Register: Washington, DC, USA, 2020; 
Volume 85, FR 15087]. because they could be engineered for mass dissemination and possess the potential for 
high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as 
an epidemic threat needing urgent research and development (R&D) action and has been included in the WHO 
R&D Blueprint list of priority pathogens with epidemic potential (Sweileh, W. M. PMC5299748).  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb, postexposure treatments have been 
demonstrated to be effective therapies against NiV and HeV infection in animal challenge studies including 
nonhuman primates (NHP) (PMID: 22013123, PMID: 24964990, PMID: 27484128, PMID: 31686101). The 
success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in 
several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 
individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in 
collaboration with USU and Queensland Health in Australia (PMID: 32027842). In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs and several vaccine platforms have clear potential for use in people 
(PMC8782152). The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and 
the cornerstone of all vaccine strategies (PMC8782152).  Such preventive vaccines would have utility for lab 
workers, first responders or individuals at high risk exposure and in mitigating the spread of an outbreak; whereas 
in the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic 
preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown 
to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh 
(NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine 
against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 
agent (Middleton, 2014 PMID: 24572697). It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection (Geisbert, 2012;Geisbert, 2010). The evaluation of successful countermeasures 
for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications 
and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished) (PMID: 33809833). The 
PABVAX Center has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The 
choice is justifiable for several important reasons; 1) LayV is a known pathogenic zoonotic HNV; 2) there is a 
known virus genome sequence derived from a human sourced virus isolate; 3) we have already successfully 
engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Also, another 
divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies 
on LayV in preparation for Phase II, including the rescue of recombinant LayV (rLayV), explore animal model 
development, construct additional LayV and AngV reporter virus tools, and then translate and test the MNP 
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vaccine ‘plug-and-play’ approach, and also evaluate new mAbs and nanobodies (nbs) to these new divergent 
and/or potential zoonotic HNVs. 

PABVAX THEME 

A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have 
extensive experience in antiviral translational research and/or product development: Uniformed Services 
University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of 
Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland 
(UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have 
active and productive collaborative research programs in related areas, some spanning more than a decade. 
Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and valuable 
vaccine development expertise to the team. 

 
Figure 1: Organizational chart of the Paramyxoviridae 
and Bunyavirales Vaccines and Antibodies Center- 
(PABVAX). (connecting arrows are needed between 
elements and the SAB) 

 
The organizational structure of the PABVAX is 
diagramed in Figure 1. Two Research Projects (RPs) 
in the PABVAX Center will focus on developing and 
evaluating a new, thermostable, needle-free, 
adaptable, and widely deployable, dissolvable 
microneedle patch (MNP)-based skin immunization 
vaccine technology that will use recombinant viral 
protein subunit immunogens; RP1 will target select 
prototype Arenaviridae and Nairoviridae viruses, 
and RP2 will target the prototype henipaviruses 
(HNVs). Both RP1 and RP2 will also be developing 
new prototype virus tools (recombinantly generated 
prototype viruses) along with existing tools, to be 
used in the analysis of vaccine responses as well as 
in the evaluation of new mAbs and nabs from the 

other RPs. A third RP will be engaged in the development of a unique low-containment (BSL-2) mouse model of 
HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence methodology 
that can longitudinally trace the dynamics and anatomical progression of luciferase encoding virus infection in 
individual animals (RP3). There will also be two RPs that will target the development of human mAbs and 
nanobodies to the PABVAX select viral prototypes. RP4 will isolate human mAbs derived from NiV infected 
survivors with a specific focus on the F glycoprotein targeted mAbs, and additional human mAbs will be 
generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-
based therapeutics targeting henipaviruses and arenaviruses along with a focus on targeting the CNS 
environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization 
of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will 
come from three Scientific Cores that will be engaged in manufacture and quality control & testing of MNP 
vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal 
modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-
based therapeutics (Core E).  

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. 
The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble 
Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from 
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the UPitt and IBBR/UMD (Core C) that has tested a dissolvable MNP-based vaccine technology that is ideally 
suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine approach 
(PMID: 32924651). This vaccine technology effectively harnesses the highly immunoresponsive cutaneous 
microenvironments using dissolvable MNPs that incorporates recombinant viral glycoprotein antigens and 
polyphosphazene (PPZ) adjuvants (PMID: 19864632) to elicit robust, strong, and long-lasting protective 
immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable 
immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. 
PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in 
aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ 
macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as facilitate the improved vaccine storage and distribution due to their 
thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic 
combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine 
delivery platform. Here, a Scientific Core C: (Microneedle Patch Vaccines Core) will produce polyphosphazene 
(PPZ) adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of 
RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined 
quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on 
vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine 
formulations and components will be made based on first tier immune response data derived from mouse 
immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-
specific neutralization activity in vitro and polyfunctional T-cell responses by in vitro stimulation of isolated cells 
with antigenic peptides, intracellular cytokine staining (ICS) and flow cytometry) responses. 

Discover effective antibody-based prophylactics and therapies. 
PREP can be critical in the absence of available vaccines or cases in which vaccination is not possible. 
HELP 
 
Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to 
address a variety of human health needs including oncology, inflammatory diseases, and infectious 
diseases. Recent studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal 
viruses including Nipah [30], Hendra [31], Ebola [32, 33], Marburg [34] and Lassa [35]. MAbs also offer a 
stunning degree of customization based on the importance of mechanisms of action (such as viral 
neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D. In addition to therapeutic 
applications, mAbs with Fc mutations to dramatically extend serum half-life [36-38] offer an important tool 
for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is 
available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine 
for protective immunity to be established by the host is not practical (e.g. rapid response personnel). 
Members of PABVAX have extensive experience with the discovery, characterization and translational 
activities necessary to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and 
safety profiles of mAbs are well-established. Thus, mAbs offer a low-risk technology platform for 
prophylactics and therapeutics targeting the viral threats to be addressed by PABVAX. 
 
Develop new tools and animal models to facilitate the translation of effective countermeasures. 
Virological tools and animal models are essential in assessing the effectiveness and protective correlates of 
antiviral vaccines and therapeutic countermeasures. The investigators within the AAnimal Mmodel 
Ddevelopment and Ppreclinical Eevaluation Sscientific Core E, at the GNL, UTMB, have the expertise in a wide 
variety of high-containment and select agent research areas including ……..  animal model development and 
the use of animal models for the study of viral pathogenesis and assessing the protective therapeutic efficacy of 
antivirals and vaccines as well as studies to define mechanisms and/or correlates of protection. In addition, Core 
E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation; including the 
establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-gene 
encoding versions which will be performed within RP1. Such virus tools are essential for the characterization of 
vaccine responses such as neutralizing antibody induction in animal subjects, as well as validation of antisera 
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or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and alternative animal 
models that can be utilized at low-containment (BSL-2) are also useful in antiviral development strategies 
because they can be adapted to greater high-throughput platforms, are often less laborious, and they can make 
use of other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses that allow 
for rapid high-throughput florescence-based virus neutralization assays at BSL-2 ideally suited to analyze 
otherwise BSL-4 restricted authentic Nipah and Hendra virus vaccine induced immune sera, mAbs (RP4) and 
nbs (RP5) and antibody neutralization synergy. RP3 will make use of other versions of rCedV and chimeras 
(those bearing either the HeV or NiV-B envelope glycoproteins) in the development of a BSL-2 animal model 
that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live animals, 
ideally suited to explore nab based therapeutics to CNS resident henipavirus (PMID: 35821488). 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. Data generated to support 
of possible future regulatory submissions to the Food and Drug Administration (FDA) must be collected in 
accordance with quality systems, like good laboratory practice (GLP) regulations, to be useful and reliable, and 
to facilitate FDA review to ensure safety and efficacy. The UTMB and GNL is a national resource and benchmark 
provider for the conduct of high containment animal studies and quality system data management; often 
partnering with the FDA in academic development and training programs for GLP in high containment 
environments. We envision several deliverables emanating from the proposed studies of the Center, including 
significantly improved subunit vaccine formulations against several prototype viruses within the henipaviruses 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; and also improved human mAbs and/or nabs for the treatment of disease caused by 
the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology and 
mAb and vaccine translational drug development and includes Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Henipaviruses:  Nipah virus (NiV) and Hendra virus (HeV) are bat-borne viral zoonoses that were discovered 
in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia 
(NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family 
Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world 
fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family 
Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread 
vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection 
with either of these HNVs are also at risk of recrudescent infection and encephalitis (Luby SP, Broder CC. 2014. 
Paramyxoviruses: Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of 
Humans, Epidemiology and Control. Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, 
Broder CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott 
Williams & Wilkins, Philadelphia). HeV and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals and are transboundary agents of significant disease threats to 
livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now 
includes nine other reported HNVs; these include the four viral isolates of Cedar virus (CedV), Gamak virus, 
Daeryong virus, and Langya virus (LayV) [xxx] and five additional species known only from nucleic acid sequence 
information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV) 
[xxx]. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, 
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are old world pteropid fruit bats. Whereas the six other HNVs are, or are likely, of rodent origins, including the 
human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng 
virus that is also of apparent rodent origin from Southeast China (Yunnan province). The phylogenetic 
relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  

Figure 2. Phylogenetic analysis of select HNV G and F glycoproteins. Phylogenetic 
trees were constructed for the HNV F and G glycoproteins using the PhyML program's 
maximum likelihood method. The trees were generated by aligning the protein 
sequences with the MUSCLE algorithm. The genetic distance between the sequences 
is represented by the bar located under each tree, providing information about the level 
of divergence among them. 

Investigators in the Center PR2 and RP5 have already initiated new 
studies on LayV, having engineered stabilized sG and sF glycoprotein 
antigens in collaboration with Genovac, Inc. (part of Core D) and 
identified cross-reactive mAbs to both F and G previously generated to 
Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal 

henipaviral disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only 
HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and 
disease including guinea pigs, ferrets, hamsters (Geisbert 2012), and African green monkeys (Geisbert and 
Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which 
encodes the phosphoprotein (P), and the P gene transcripts of NiV and HeV undergo RNA editing to produce 
the V and W nonstructural proteins that are key interferon (IFN) antagonists (xx). The CedV P gene lacks both 
RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated 
the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both 
the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections. All other recognized 
or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence 
of these proteins in CedV is the key factor underlying its nonpathogenic nature. These data permitted the rescue 
and characterization of rCedV by reverse genetics at BSL-2 (XXX) and CedV is now recognized as a BSL-2 
restricted agent [CDC manual]. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, 
is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some 
preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the 
Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Old Word Mammarenaviruses (OWAV): For phase 1, RP1 will utilize LASV as the prototype OWAV due to 
the significant public health burden it creates throughout West Africa with hundreds of thousands of estimated 
cases and approximately 5000 deaths annually[39].  LASV has is the most imported viral hemorrhagic fever 
(VHF) next to dengue virus and has been imported to several countries outside of Africa over 35 documented 
times [40].  Case fatality rates (CFR) approaching 70% in hospitalized cases and marked long term sequelae 
are the result of no approved vaccines or therapeutics, though several live attenuated virus candidates are 
approaching clinical evaluation with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) [41].  
Of the vaccines supported by CEPI, 4/5 of these vaccines utilize the only the LASV GP as the target immunogen 
despite 

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy of against 
disease after challenge with LASV in outbred guinea pigs in animals vaccinated IM with engineered stabilized, 
prefusion LASV GPe, NP-NTD, or a combination of both antigens.  These antigens have been engineered to 
harness the homologous antigenic regions of both antigens to increase potential for pan-LASV lineage protection 
from disease after vaccination. Success with this approach, suggest a similar strategy of using a subunit vaccine 
might also be effective against other arenaviruses.  While LASV is  the most common pathogenic arenavirus in 
Africa in terms of human infections, Lujo virus was isolated over 10 years ago from a case of severe hemorrhagic 
fever originating in Zambia but quickly causing nosocomial infections in care givers after the index case’s medical 
evacuation to South Africa [42]. The case fatality rate for this incredibly infectious virus was 80% in the small 
outbreak of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic 
divergence from LASV suggest countermeasures with antigenic targets may be of limited use, implying LUJV 
will be an ideal “test case” OWAV to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-
NTD vaccination.  The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 
with Cores C, D, and E).  
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New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV (Candid-1) is currently in use in 
Argentina [43], but there is conflicting evidence of whether cross protection with other NWAV is possible with this 
vaccine [44, 45]. Further, there are safety concerns related to potential for reversion to pathogenic versions. For 
Phase 1, RP1 will use MACV and JUNV as the prototype NWAVs as there are no approved vaccines or 
therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other 
approaches are warranted.  Building on the success of the LASV GPe/NP-NTD. Investigators in RP1 and Cores 
D and E will engineer MACV GPe and NP-NTD antigens and test for efficacy in established guinea pig and NHP 
models using MACV from multiple lineages to asses how broadly protective the approach is across MACV 
lineages. We will then extend this plug-and-play approach to other NWAV.  First reported in 2003 in Bolivia, 
Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with development of severe hemorrhagic 
fever with case fatality rates up to 60% [46, 47]. Recent studies have demonstrated clear human-to-human 
transmission risk during the acute phase evidenced by several nosocomial infections but also detection of viable 
virus from semen at 86 days after symptom onset demonstrating a clear need to specialized management and 
treatment [47].  It is unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be 
protective against CHAPV. Otherwise, there are no known vaccines demonstrated effective for this virus.  The 
PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and 
E). 

  
Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is responsible 
for the largest global public health burden within the orthonairovirus family responsible for often large outbreaks 
of human disease annually across Europe, Africa, and Asia. There are no FDA approved vaccines for CCHFV; 
however, a suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus 
vaccine for CCHFV has been approved for use only in Bulgaria since 1974 but has numerous safety concerns 
and limited demonstrated efficacy.  Since then, several vaccine approaches have been examined ranging from 
viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and disadvantages[48]; 
however only an MVA-CCHFV vaccine has begun to advance towards clinical trials[49].  Investigators in RP1 
and Cores D and E will engineer CCHFV GP and NP subunit antigens and test for protective efficacy from 
disease after challenge with 6 different lineages of CCHFV clades using in established mouse and NHP models.  
Next we will deploy the same approach to a known human pathogen “test case” orthonairovirus for which no 
vaccine exists.   

In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats [50].  Serosurveys of 109 laboratory workers from the same facility the virus was isolated 
and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 
15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains of 
ongoing person-to-person transmission.  Recently, tick surveys have demonstrated the potential for the reservoir, 
Ornithodoros faini, ticks to participate in enzootic maintenance of KASV [51].  While most chiropteran ticks exhibit 
host specificity, humans entering caves where these bats are have reported bites from O.faini ticks as well.  The 
highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics make 
suggest investment in countermeasure development is well advised. The PABVAX Center will explore KASV as 
part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

 
 

 

 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
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for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs; such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5), (aarenavirus and nairovirusrenaviridae 
and nairoviridae projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the 
countermeasures anticipated to be developed from the RPs may provide a future opportunity to combine the 
active and passive immunization approaches to further improved the therapeutic value in an inherently 
synergistic manner. The RPs will work closely together in a harmonious and cooperative manner with each group 
providing their own countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult 
if not impossible if each project were pursued independently. This collaborative effort among all RPs and Cores 
will provide strong synergy among the groups and PABVAX participants, many of which have established 
collaborative and synergistic research activities. For example, the early development and testing of particular 
antiviral mAbs to some of the prototype viruses under investigation is already an established collaboration 
between PABVAX partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. 
Also, the pilot MNP vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Mmodel Ddevelopment 
and Ppreclinical Eevaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL. (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is 
ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. 
All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus 
stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for all the Center RPs will be 
performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better 
comparison among countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation.  

3. Develop antibodies and nanobodies to selected prototype viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. This is in addition to each PR’s 
individual Milestone plan. The oversight and evaluation of progress will be in concert with quarterly reports to the 



PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders 
with SAB members (Details are within the Administration Core A). The SAB will meet yearly typically in 
coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the 
continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, 
and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The 
SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, 
recommend new directions as appropriate and provide Center Leadership and NIAID staff a comprehensive 
written evaluation of the group's activities and the panel's recommendations following the annual meeting. 

Overall Objectives 

Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

Figure 4. Milestones and criteria for progress for Aim 1 
of the PABVAX Center’s overall objectives. 

The first milestone will be whether proper 
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be made based on 
immune response data derived from mouse 
immunization studies conducted in Core C. 
Multi-parameter humoral and cellular immune 
responses will be assessed (antigen specific 
antibody induction and virus-neutralization 
and polyfunctional T-cell responses by in vitro 
stimulation of isolated cells). Go/no go 

decisions will be made based on the outcomes of these first tier experiments as indicated. If robust humoral and 
cellular responses are evident this will be graded as success. Comparisons will also be made, such as the levels 
of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated 
and an attempt in selection of best-in-class immunogens, or best combination immunogens which will also be 
explored, will be performed in order to down-select vaccine choice. The third milestone will be the determination 
of whether MNP vaccination affords protection in animal model challenge experiments. In the case of the NiV 
and HeV prototypes the animal models chosen (ferret and the African green monkey (AGM)) are extremely well-
developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral 
prototypes within the Bunyavirales there will be additional animal model refinements conducted. For example, 
there are seven genetically distinct lineages of LASA and there are guinea pig models for some but not all of 
those lineages.  For MACV there are 8 clades with similar challenges, and for CCHF there are 6 clades. An 
additional confounding issue for both of these very important groups of viruses is that rhesus macaques are 
nearly unavailable and cynomolgus monkeys are now each greater than 35K. Thus, as proposed by RP1, 
together with Core E, a critical research avenue will be further developing and evaluating animal model systems, 
including new models, within the PABVAX program, including further development of the AGM for the 
arenaviruses and possibly also for CCHF as a risk mitigation strategy. Thus, individual go/no-go decisions will 
inevitably be more challenging during the first Phase I of the PABVAX. 



Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation. 

Figure 5. Milestones and criteria for progress for 
Aim 2 of the PABVAX Center overall objectives. 

The PABVAX second overall objective is 
primarily focused on the development of 
new viruses and tools for downstream 
initiation and testing of the Center’s 
vaccine program and antiviral antibody 
testing and evaluation. These materials 
and viruses will be key in the execution of 
Phase II of the program. RP1 will 
generate recombinant infectious clones 
(r = recombinant viruses) and reporter-
gene versions, as well as alternate 
reporter virus tools (VSV-based) of 
LASV, MACV, and CCHFV isolates for 

which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based 
assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the 
most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in 
collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate 
reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. 
Only AngV alternate reporter virus tools are proposed as the complete genomic data is incomplete. rLayV 
pathogenesis and animal model development will conducted by Core E. If these objectives are successful, a a 
large battery of new reagents and tools will be available to share with the ReVAMPP network, as well as serving 
as key components for initiation and execution of Phase II of the PABVAX Center program.  

The translation and testing the MNP vaccine plug-and-play approach will be initiated in the Phase II 
prototype viruses (Table 1) the milestones here will be similar to those outlined in Figure 4.  The new virus tools 
will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent 
and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of 
PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. If the model can be optimized (Figure 5) it will be deployed to test a critically important therapeutic 
need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing 
of engineered nabs specific for the prototype HNVs NiV and HeV. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

 

 

 



Figure 6. Milestones and criteria for 
progress for Aim 1 of the PABVAX Center’s 
overall objectives. 

New human mAbs and nanobodies 
(nbs) as tools and potential 
therapeutics will be developed by 
RP4 and RP5 in collaboration with 
RP2 and Core D. NiV infection 
survivor volunteers and MNP 
vaccination of transgenic mice will 
be used to generate human mAbs 
(RP2 and RP4); and transgenic 
nanomice and human nb phage-
display approaches will generate 
nbs (RP5) to the selected prototype 
and test case viruses. Human mAbs 

are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in 
humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the 
NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on the mAbs to the 
HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. 
Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high 
potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic 
molecules for humans. RP4 will isolate new F mAbs and in collaboration with RP2 neutralization potencies will 
be rapidly assessed as well as evaluating synergistic cell-based mAb neutralization that will then be translated 
and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human 
mAbs will build on the findings to date generated by several of the collaborating Center investigators, and 
contribute significantly to the development and characterization of human mAbs reactive to the F and G 
glycoproteins of prototype HNVs in preparation for clinical studies.  

Nanobodies, derived from the heavy chain-only antibodies of camelid animals, offer a promising new 
direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full 
antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could 
translate into a more cross-reactive feature between virus strains or clades. Importantly, nanobodies can 
efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating 
CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no 
approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate 
the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. 
These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries 
that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will 
enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also 
engineer a combination of nanobodies targeting multiple epitopes using rational design. Additionally, we will 
enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 
(TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-
based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), and also for therapeutic 
activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus) and select animal models of LASV and 
MACV by Core E. Success will be measured by the identification of virus-neutralizing nbs, potential discovery of 
more broadly reactive nbs, particularly to the multiple LASA clades, the evidence of therapeutic benefit in animal 
models, and the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus 
infections. 

 

 

 

 

INDUSTRY PARTNERSHIPS 



Industry Partnership 

Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, 
collaboration with an industry partner which will provide access to vaccine 

expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling 
translational research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience developing medical countermeasures that protect against public health 
threats, including development and approval of multiple vaccine and antibody products for infectious diseases. 
They can contribute regulatory, manufacturing, and commercial experience for the prototypes and make an ideal 
partner for PABVAX. 

 

 

 

 

SPECIAL FEATURES OF THE PABVAX CENTER ENVIRONMENT AND OTHER RESOURCES      ?? 
Our proposal combines the expertise of several established groups including investigators in academia and in 
private industry. The Center is supported by outstanding physical resources and an experienced and skilled 
group of researchers and support staff. 

Galveston National Laboratory (GNL) 
The GNL, is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s 
biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely 
designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for 
the purpose of developing vaccines, diagnostics and therapeutics against them. The 7-story GNL offers over 
12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 
4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select 
Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL 
BSL-4 laboratories in April of 2011. To date, 370187 separate NHP studies employing a total of 2,7721,318 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses Ebola and 
Marburg viruses and also Nipah and Hendra have been successfully performed at the GNL.  These NHP studies 
include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder and Zeitlin. The GNL has 
a fully Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)-accredited 
NHPnonhuman primate facility and a staff of full-time veterinarians.  In addition, Core E is staffed with an 
experienced team of GNL researchers and technicians several of which have more than 25 years of BSL-
4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary 
pathologist. As noted above another special feature is the location of WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation) 
Core E operations will be conducted at the GNL, and in conjunction with Core A also includes the UTMB 
Institutional Office of Regulated Nonclinical Studies (ONcRS). The ONcRS's primary responsibility is to work 
with academic researchers who are doing product-oriented research and to help them design and conduct their 
studies with good documentation, to meet regulatory requirements by assuring regulatory compliance, quality 
assurance, and data management.  NIH has requested that all NHP studies conducted in the GNL BSL-4 
laboratory at UTMB that are on a product development path be conducted under a “well documented” quality 
system program.  Quality system and regulatory science processes for NHP studies performed at UTMB will be 
implemented and executed in conjunction with the ORNcS.  Dr. Geisbert (Overall Center PI and Core E Director) 
has over 34 years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases 
(USAMRIID), the GNL and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever 
viruses and the henipaviruses and he has published over 250XXX peer-reviewed articles in these areas.  Dr. 
Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI) was the first to develop a 
NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against both 
NiV and HeV using henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs)  
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Mapp Biopharmaceutical has deep experience with antigens and monoclonal antibodies (mAbs) against these 
antigens. ’s product development team has grown significantly in the last two years in response to the 
development efforts on its anti-Ebola therapeutic, ZMappTM which is being advanced to licensure as part of 
Project Bioshield. OTHER MAbs Their early development and research group has expertise in immunology, 
infectious diseases, and production of antigens, antibodies and antibody fusion proteins in CHO systems. The 
advanced development group has experience in medium-size and large pharmaceutical companies and 
expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & 
controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and 
project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb 
cocktail for Ebola Zaire virus, tested in two Phase 3 studies {Mulangu, 2019 #818} {Group, 2016 #649}; MBP091, 
a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus 
therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV and anti-HSV 
mAbs that has completed Phase 1 {Politch, 2021 #897}.  developed multiple products, including a licensed 
biodefense biologic. As with Profectus, Mapp Bio’s expertise and experience will be a very important and 
valuable asset to the Center.  

Bonnie     Genovac   

 
 
Core A (Administrative Core) 
 
Research Project teams??  Maybe not depending on space 
 
The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he 
established in 1999, and he has published more than 75 articles, reviews and chapters in this area.  His group 
has also made significant translational research accomplishments in the area of henipavirus countermeasure 
developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) 
having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and 
NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence 
Award in 2013.  His administrative experience and skills and his experience in translational research activities 
qualify him to serve as the director of the PABVAX Center and Administrative Core. 

Dr. Crowe’s (RP4) research focuses on the molecular basis for the development of effective B cell responses to 
viruses in humans and he has published over 200 peer-reviewed research articles in this area.  The Crowe 
laboratory is one of the leading groups in the development of innovative technologies for isolation and study of 
human mAbs.  Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, 
respiratory syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently henipaviruses NiV and 
HeV owing to the collaboration between the Crowe, Broder and Geisbert laboratories. Perhaps of greatest 
import, the SARS-CoV-2 mAbs generated by Dr. Crowe’s laboratory were used in xxx,000 of people during the 
COVID-19 pandemic.  RP4 will work closely with Cores D and E in advancing mAb prototypes. The Core B of 
the Center will work together with RP2 and RP3 along with the Core C to develop the first cocktail human mAb 
immunotherapeutics, and facilitate the transition products suitable for IND filing and human testing including 
design, construction, assessment, and optimization of these antibody-based therapies. 
 
 
As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX)

RESEARCH STRATEGY

[bookmark: _Hlk136347284]Introduction. Emerging and periodically reemerging pathogenic enveloped RNA viruses are continuous pandemic threats. Among viral taxon associated with human zoonoses, members of the family Paramyxoviridae and order Bunyavirales stand out for their capacity to cause debilitating and life-threatening disease. Humans can become infected via excreta from animal reservoir hosts such as rodents or bats, through intermediate amplifying hosts such as small or domestic animals, or by arthropod vectors such as mosquitos and ticks1-4. Humans often represent a dead-end host infection, but for some viral agents several rounds of human-to-human transmission can occur. During this process, RNA viral pathogens may mutate and adapt to more efficiently replicate and shed in the host, posing an epidemic threat5, 6. The viral order Bunyavirales is composed of several viral families containing high priority human pathogens7. Notably, the Arenaviridae and Nairoviridae families contain viruses that cause severe hemorrhagic fever diseases in humans globally with mortality rates up to 60%8 and significant, long-term sequelae in survivors9. Many bunyaviruses are included on the World Health Organization’s (WHO) List of Priority Pathogens10, 11. Six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHAPV, GTOV, JUNV, MACV) and one nairovirus, Crimean-Congo Hemorrhagic Fever Virus (CCHFV), are also identified as NIAID Category A pathogens12 due to their 1) high associated morbidity and mortality rates, 2) ease of dissemination and/or ability to transmit from person-to-person, 3) potential to cause public panic and social disruption, and 4) requirement for special actions in the context of public health preparedness. The Paramyxoviridae also includes members in the WHO Priority Pathogens, namely Nipah virus (NiV) and Hendra virus (HeV). These henipaviruses (HNVs) are the prototype members of the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease13. The genus now includes nine additional reported HNVs, but only HeV and NiV are associated with severe and often fatal henipaviral disease in humans and a number of animal species14. Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile illness in humans15. 

		Family

		Prototype

		Plug and Play Test Case



		Arenaviruses

		Lassa (Old World)

Machupo (New World)

		Lujo (Old World)

Chapare (New World)



		Nairoviruses

		CCHF

		Kasokero



		Paramyxoviruses

		Nipah, Hendra

		Langya





These collective factors plus the absence of approved vaccines or therapeutics make bunyaviruses and paramyxoviruses a significant threat to global public health. There is a clear unmet need for countermeasures such as vaccines and antibody-based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate release of these viral agents. The PABVAX Center will focus on elucidating key principles for developing vaccine and monoclonal antibody (mAb) countermeasures to prototype bunyavirus and paramyxovirus pathogens (Table 1). In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug and play” demonstration against related viruses.Table 1. PABVAX selected prototype and test case viral agents



Arenaviridae: The Arenaviridae is composed of five genera: Mammarenavirus, Reptarenavirus, Innmovirus, Antennavirus, and Hartmanivirus16. The genus Mammarenavirus contains a large number of rodent-borne viruses, some of which cause severe hemorrhagic fever, neurological damage, death, and permanent sequelae;  hearing loss, vision impairment, and balance issues in survivors17. While these genera exhibit a global distribution, two geographically distinct serogroups exist that diverged18. Old World complex mammarenaviruses (OWAV) in the Eastern Hemisphere include LASV, Lymphocytic Choriomeningitis Virus (LCMV), and the newly discovered LUJV; New World complex mammarenaviruses (NWAV) in the Western Hemisphere include JUNV, MACV, Sabia Virus (SABV), and CHAPV. There are no FDA approved vaccines or therapeutics for mammarenaviruses, though the attenuated JUNV “Candid-1” vaccine is approved for use in Argentina.

Disease severity and case fatality rates (CFR) vary across mammarenaviruses even within the same clades and species. Up to 500,000 cases of LASV infection occur per year with CFRs sometimes approaching 70% in hospitalized cases19. Before the introduction of the Candid-1 vaccine, it is believed that an upwards of 60,000 cases of Argentine Hemorrhagic Fever (AHF) from infection with JUNV occurred per year with CFRs ranging from 15-30%. Convalescent plasma from JUNV survivors is still the primary means to treat acute AHF in Argentina20. Over 1000 cases were reported for the initial outbreak of MACV with CFRs ranging from 5-30%; enhanced rodent abatement practices and potentially cross-protective immunity in populations that have taken the JUNV Candid-1 vaccine may have reduced recent outbreak frequency21. All mammarenaviruses share a common genomic organization consisting of two ambisense (bi-directional reading frame) RNA segments. Each segment contains two open reading frames encoding two proteins per strand, these include the Z protein (matrix) and L protein (polymerase), and the glycoprotein precursor (GPC) and nucleoprotein (NP)17. Despite general similarity of their genomic architecture, mammarenaviruses exhibit marked differences in their replication life cycles including attachment factors, entry mechanisms, and immune evasion; nonetheless, the dominant antigens driving immune responses for both OWAV and NWAV are the glycoprotein (GP) and NP. 

Despite the abundant genetic diversity of LASV, high levels of cross reactivity have been seen with antigen-based diagnostics across seven known lineages, suggesting the generation of cross-protective immunogens and antibodies against mammarenaviruses is achievable22. Monoclonal antibodies derived from human LASV survivors were shown to protect non-human primates (NHP) against lethal challenge23.  Recent crystal structure studies have identified binding interactions with these antibodies using stabilized, pre-fusion trimeric LASV glycoproteins (GPe)24. These findings suggest a stabilized form soluble LASV glycoprotein could serve as a viable vaccine antigen. Humoral responses to LASV NP in survivors from Sierra Leone (LASV Lineage IV endemic region) and Nigeria (LASV Lineages II, III, and VI endemic region) are directed toward the highly conserved N-terminal domain (NTD) of NP, indicating this domain could serve as an antigenic target. Investigators in the Center RP1, Core E, and Core D have developed adjuvanted vaccines to test this approach and have demonstrated protection against lethal LASV lineage IV Josiah challenge. Specifically, a stabilized prefusion trimeric GPe, an immunogen containing a highly conserved NP NTD epitope, or a combination of these two approaches conferred protection in a lethal outbred guinea pig model. Nevertheless, even with the considerable molecular diversity in LASV strains, conservation at key antigenic sites within the GP and NP suggest a pan-LASV vaccine may be possible22, 25, 26. RP1 and Core E investigators have demonstrated that a recombinant vesicular stomatitis virus (rVSV)-based vaccine expressing the LASV-Josiah GPC is protective against homologous challenge with LASV Josiah (Lineage IV-Sierra Leone) in a lethal NHP model27, and against heterologous challenge with Lineage II28, III, V29, and VI viruses (Cross and Geisbert, unpublished data).  

In Phase I of RP1, the ability of an optimized LASV GPe/NP subunit vaccine delivered intramuscularly (IM) will be assessed in guinea pig and NHP models across multiple viral lineages. We will also assess a microneedle skin patch (MNP) formulation optimized in Core C to determine if a needle-free vaccination route affords more potent vaccine-mediated responses and protection.  Similarly, we have generated MACV GPe immunogens and will design a MACV NP-NTD subunit antigen to test the same approach across multiple MACV genetic lineages. In Phase II of RP1, we will assess the plug-and-play potential of our stabilized GPe/NP-NTD MNP vaccine approach against emerging test case mammarenaviruses representing both OWAV (LUJV) and NWAV (CHAPV) complexes, for which there are no vaccines available. A unique advantage of the PABVAX Center is its access to biosafety level (BSL)-4 containment, allowing us to work with authentic versus surrogate arenaviruses. The BSL-4 facilities described in Core E are capable of evaluating countermeasures in small animal models and NHPs. The cynomolgus macaque is the current “gold standard” animal model for LASV, JUNV, and MACV research as disease recapitulates human infection and there are a multitude of immunological reagents available30-32. The evaluation of prototype OWAV and NWAV vaccines and therapies in the NHP model is likely pivotal for IND applications and for future licensure of medical countermeasures for human use.

Nairoviridae: Unique to most bunyaviruses, orthonairoviruses are transmitted primarily by ticks2.  While there are a number of human pathogenic orthonairoviruses (e.g. Dugbe virus33, Issyk-Kul virus34, Songling virus35), CCHFV is the most recognized public health threat. Outbreaks of CCHFV have occurred across Europe, Africa, the Middle East, and Asia. There is growing concern for expansion of the CCHFV endemic region due to increased range of its tick host (Hyalomma spp.) tied to bird migration changes, livestock trade, and global warming. For example, CCHFV cases have been reported in Spain36, a previously non-endemic region, and Hyalomma ticks have been found in Sweden37.  Infection in humans begins as a nonspecific febrile illness but can rapidly progress to a severe hemorrhagic fever and death in 30% of cases38. There are no FDA approved vaccines or therapeutics for CCHF; however, a mouse-brain derived inactivated whole virus vaccine has been in use in Bulgaria with limited efficacy39.  Ribavirin has been used to treat infections with limited success40.

CCHFV has a trisegmented  genome encoding 4 proteins, NP, small non-structural protein (NSs), L polymerase protein, and GPC 38. Similar to mammarenaviruses, the NP and GP are the primary antigenic targets of the host immune response. The NP of CCFHV is highly conserved across the 6 genomic clades with up to 95% amino acid homology38. Conversely, the CCHFV GPC is considerably less conserved (< 75% amino acid identity)38. The genetic diversity of CCHFV correlates strongly with geography, and clades of CCHFV segregate based on geographical location. Thus, creating a pan-CCHFV vaccine or therapeutic based solely on one clade poses a challenge. Nevertheless, we have demonstrated that heterologous vaccine mediated protection can be afforded using a rVSV vectored vaccine expressing the full GPC of CCHFV41.

In phase 1, RP1 and Core D will generate CCHFV GP and NP immunogens with the highest level of homology across clades. We will assess their capacity to protect against lethal challenge with isolates from multiple CCHFV clades in established mouse41, 42 and NHP43 models with Core E. CCHFV GP and NP subunit vaccines will also be coupled to MNP (Core C) for comparison with IM vaccination. In Phase II of RP1, we will assess the plug-and-play potential of the best formulation of CCHFV GP/NP MNP vaccine against the emerging test case nairovirus, Kasokero virus, for which there are no vaccines available.

Paramyxoviridae: The HNVs NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality4, 44. HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory disease among horses along with a human case fatality45. NiV emerged just a few years later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory disease in pigs, which served as amplifying hosts46. NiV and HeV can infect at least 18 animal species across 6 orders of mammals, and among these they cause a systemic and often fatal respiratory and/or neurological disease in 11 mammalian species including humans14,47. The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of subclinical infections, and well-documented person-to-person transmission5. Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain continuous infectious disease transboundary threats to public health and economically important livestock throughout South and Southeast Asia and Australia. Their broad host tropism and ability to infect livestock also causes increased risk of human infections. HNVs are single-stranded, negative sense, enveloped RNA viruses and their biology lends themselves to be synthetically produced. NiV and HeV are BSL-4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS). The Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 Select Agents48 because the virus could be engineered for mass dissemination and it possesses the potential for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as an epidemic threat needing urgent research and development (R&D) action and has been included in the R&D Blueprint list of priority pathogens with epidemic potential49. 

[bookmark: _Hlk136694742][bookmark: _Hlk136711638]While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been notable progress over the 15 years in the development of vaccines and postexposure human or humanized monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, one human monoclonal antibody (mAb) and one humanized mAb exist. These postexposure treatments conferred protecion against NiV and HeV infection in animal challenge studies including nonhuman primates (NHP)50-53. The success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in collaboration with USU and Queensland Health in Australia54. In contrast, several preventative vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in animal models including NHPs, and several vaccine platforms have clear potential for use in people14. The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all vaccine strategies14.  Such preventive vaccines would have utility for lab workers, first responders or individuals at high-risk exposure, and in mitigating the spread of an outbreak. In the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 agent55. It is widely considered that the African green monkey (AGM) is the current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror that of human NiV/HeV infection47, 56. The evaluation of successful countermeasures for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications and future licensure of select countermeasures for human use. 

More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished)57. The divergent LayV will be the focus of the test case studies. The choice is justifiable for several important reasons: 1) LayV is a known pathogenic zoonotic HNV; 2) there is a known virus genome sequence derived from a human sourced virus isolate; and 3) we have already successfully engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Another divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies on LayV in preparation for Phase II, including rescuing recombinant LayV (rLayV), exploring animal model development, constructing additional LayV and AngV reporter virus tools, and then translating and testing the MNP vaccine “plug-and-play” approach. Finally, we will evaluate new mAbs and nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs.

PABVAX THEME. A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have extensive experience in antiviral translational research and/or product development: Uniformed Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have active and productive collaborative research programs in related areas, most spanning more than a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and valuable vaccine development expertise to the team. 
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Description automatically generated]The pandemic preparedness research gaps addressed by PABVAX are diagramed in Figure 1. Two Research Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, adaptable, and widely deployable, dissolvable microneedle patch (MNP)-based skin immunization vaccine technology that will use recombinant viral protein subunit immunogens; RP1 will target select prototype arenaviruses and nairoviruses, and RP2 will target the prototype HNVs. Both RP1 and RP2 will develop new prototype virus tools (recombinant prototype viruses) along with existing tools, to analyze vaccine responses and evaluate new mAbs and nabs from the other RPs. A third RP will develop a unique low-containment (BSL-2) mouse model of HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence detection method that can longitudinally trace the dynamics and anatomical progression of infection with a luciferase-encoding virus in individual animals (RP3). There will also be two RPs that focus on the development of broadly reactive human mAbs and nanobodies to the PABVAX selected viral prototypes. RP4 will isolate human mAbs derived from NiV-infected survivors with a specific focus on F glycoprotein-targeting mAbs. Additional human mAbs will be generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics targeting henipaviruses and arenaviruses with a focus on targeting the CNS environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will come from three Scientific Cores that will engage in the manufacture, quality control, and testing of MNP vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-based therapeutics (Core E). Under the direction of the PD/PIs (Drs. Geisbert and Broder), the Administrative Core (Core A) will provide organizational and programmatic structure to promote research productivity and scientific interactions along with compliance with regulations concerning select agent, vertebrate animal, and human subject use. Core A will coordinate all activities with the Scientific Advisory Board (SAB) and make data available through the Data Management Core (Core B).Figure 1: Research gaps addressed by the Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center- (PABVAX).



[bookmark: _Hlk136337824]With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold: 

1) Establish an effective and rapidly adaptable vaccination technology.

2) Discover effective antibody-based prophylactics and therapies. 

3) Develop new tools and animal models to facilitate the translation of effective countermeasures.

An adaptable plug-and-play vaccine platform. The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from the UPitt and IBBR/UMD (Core C). This project tested a dissolvable MNP-based vaccine technology ideally suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine58. The MNP vaccine technology effectively harnesses the highly immunoresponsive cutaneous microenvironments using dissolvable microneedles that incorporates recombinant viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants59 to elicit robust, strong, and long-lasting protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner for efficacious immunization, as well as to facilitate improved vaccine storage and distribution due to their improved thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine delivery platform. Here, Scientific Core C (Microneedle Patch Vaccines Core) will produce polyphosphazene (PPZ)-adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine formulations and components will be made based on first tier immune response data derived from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-specific neutralization activity in vitro, along with analysis of polyfunctional T-cell responses by antigenic peptide stimulation, followed by intracellular cytokine staining (ICS) and flow cytometry.

Discover effective antibody-based prophylactics and therapies. Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to address a variety of human health needs including oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal viruses including Nipah60, Hendra61, Ebola62, Marburg63 and Lassa64. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action (such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D by Dr. Gunn. In addition to therapeutic applications, mAbs with Fc mutations dramatically extend serum half-life65-67 and offer an important tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of PABVAX have extensive experience with the discovery, characterization, and translational activities necessary to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting the viral threats to be addressed by PABVAX.

Develop new tools and animal models to facilitate the translation of effective countermeasures. Virological tools and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines and therapeutic countermeasures. The investigators within the Animal Model Development and Preclinical Evaluation Scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and select agent research areas including animal model development and the use of animal models for the study of viral pathogenesis and assessing the protective efficacy of antivirals and vaccines, as well as studies to define mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation, including the establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) are also useful in antiviral development strategies because they are generally less laborious and can be adapted to higher throughput platforms and/or integrated with other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses that allow for rapid high-throughput fluorescence-based virus neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic NiV and HeV vaccine-induced immune sera, mAbs (RP4), nbs (RP5), and antibody neutralization synergy. RP3 will make use of other versions of rCedV and chimeras (those bearing either HeV or NiV-B envelope GPs) in the development of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live animals to explore nab based therapeutics to CNS resident HNVs68.

The overall objectives of the PABVAX Center will be integrated into quality system data management processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by the Animal model development and preclinical evaluation Core E at the GNL, UTMB. The UTMB and GNL is a national resource and benchmark provider for the conduct of high containment animal studies and quality system data management; often partnering with the FDA in academic development and training programs for GLP in high containment environments. We envision several deliverables emanating from the proposed studies of the Center, including significantly improved subunit vaccine formulations against several prototype viruses within the HNVs (Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to storage and transportation; we also anticipate improved human mAbs and/or nabs for the treatment of disease caused by the select prototype viruses.

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology, and mAb and vaccine translational drug development along with Moderna and Emergent Biosolutions as Industry Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test mAb and nanobody prototypes to foster pandemic preparedness.

THE PABVAX CENTER PROTOTYPE VIRUSES

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and because they represent known threats to global public health that is exacerbated due to a lack of approved vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate release of these prototype virus species and/or related viruses within those groups.

[bookmark: _Hlk136344994][bookmark: _Hlk136721942]Paramyxoviruses:  NiV and HeV are bat-borne viral zoonoses that were discovered in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia (NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection with either of these HNVs are also at risk of recrudescent infection and encephalitis4, 44. HeV and NiV are BSL-4 restricted pathogens because of their high lethality and lack of approved vaccines or antivirals. These viruses are transboundary agents of significant disease threats to livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now includes nine other reported HNVs; these include the four viral isolates of CedV, Gamak virus, Daeryong virus, and (LayV)69 and five additional species known only from nucleic acid sequence information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and [image: ]Angavokely virus (AngV)70-73. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, are old world pteropid fruit bats70, 74. Whereas the six other HNVs are, or are likely, of rodent origins, including the human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng virus that is also of apparent rodent origin from Southeast China (Yunnan province)15. The phylogenetic relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  Investigators in the Center PR2 and RP5 have already initiated new studies on LayV, having engineered stabilized sG and sF glycoprotein antigens in collaboration with Genovac, Inc. (part of Core D) and identified cross-reactive mAbs to both F and G previously generated to Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal HNV disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and disease including guinea pigs, ferrets, hamsters47, and AGMs (Geisbert and Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which encodes the phosphoprotein (P). The P gene transcripts of NiV and HeV undergo RNA editing to produce the V and W nonstructural proteins that are key interferon (IFN) antagonists75-79. The CedV P gene lacks both RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections80, 81. All other recognized or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence of these proteins in CedV is the key factor underlying its nonpathogenic nature82. These data permitted the rescue and characterization of rCedV by reverse genetics at BSL-283 and CedV is now recognized as a BSL-2 restricted agent84. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the Center’s Phase II “plug and play” research plan (RP2 and PR5 with Cores C, D, and E). Figure 2: Phylogenetic analysis of select HNV G and F glycoproteins. Trees were constructed for using the PhyML program's maximum likelihood method and aligning the protein sequences with the MUSCLE algorithm. The genetic distance between the sequences is represented by the bar located under each tree, providing information about the level of divergence among them.



Arenaviruses (old world): For phase 1, RP1 will utilize LASV as the prototype virus due its significant public health burden throughout West Africa with hundreds of thousands of estimated cases and approximately 5000 deaths annually85.  LASV is the most imported viral hemorrhagic fever (VHF) next to Dengue virus and has been documented in several countries outside of Africa over 35 times86. CFRs approaching 70% in hospitalized cases and marked long term sequelae are the result of the lack of approved vaccines or therapeutics, although several live attenuated virus candidates are currently being evaluated with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI)87. Of the vaccines supported by CEPI, 4/5 of these vaccines utilize only LASV GP as the target immunogen.

Investigators in RP1, Core D, and Core E have already demonstrated protective efficacy against challenge with LASV in outbred guinea pigs vaccinated IM with engineered stabilized, prefusion LASV GPe, NP-NTD, or a combination of both antigens. These immunogens have been engineered to express homologous antigenic regions to increase potential for pan-LASV lineage protection from disease after vaccination. Success with this approach suggests a similar strategy could be implemented against other arenaviruses. The OWAV test pathogen, LUJV, was isolated over 10 years ago from a case of severe hemorrhagic fever originating in Zambia, which quickly spread nosocomially88. The CFR for this infectious virus was 80% in this small outbreak of 5 people.  There are currently no approved vaccines or therapeutics available for this virus and its genetic divergence from suggest current LASV countermeasures may be of limited use. LUJV will serve as an ideal “test case” to assess the plug-and-play approach of stabilized, prefusion LUJV GPe/ NP-NTD vaccination. The PABVAX Center will explore LUJV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E). 

Arenaviruses (new world): The live attenuated vaccine for JUNV (Candid-1) is currently in use in Argentina89, but there is conflicting evidence of whether cross protection with other NWAV is possible with this vaccine90, 91. Furthermore, there is the potential for pathogenic reversion. For Phase 1, RP1 will use MACV and JUNV as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest exploring other JUNV countermeasures are warranted.  Building on the success of the LASV GPe/NP-NTD, investigators in RP1 and Cores D and E will engineer broadly protective MACV GPe and NP-NTD antigens and perform efficacy testing in established guinea pig and NHP models. We will extend this plug-and-play approach to the NWAV test case, CHAPV.  First reported in 2003 in Bolivia, CHAPV is a rodent-borne mammarenavirus associated with the development of severe hemorrhagic fever with case fatality rates up to 60%92, 93. Recent studies have demonstrated clear human-to-human transmission during the acute phase evidenced by several nosocomial infections; isolation of viable virus from semen at 86 days after symptom onset demonstrates a clear need to implement specialized management and treatment 93.  The PABVAX Center will explore CHAPV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

Nairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as it represents the largest global public health burden within the orthonairovirus family with outbreaks annually across Europe, Africa, and Asia. There are no FDA-approved vaccines for CCHFV; however, a suckling mouse brain-derived, adjuvanted whole virus vaccine for CCHFV has been approved for use in Bulgaria. This vaccine has numerous safety concerns and has limited demonstrated efficacy.  Several experimental vaccine approaches have been evaluated ranging from viral vectored approaches to DNA-based vaccines with varying efficacy, advantages, and disadvantages94; however, only a Modified Vaccinia Ankara virus vaccine (MVA-CCHFV) has begun to advance towards clinical trials95. Investigators in RP1 and Cores D and E will engineer CCHFV GP and NP subunit antigens and test these for protective efficacy from challenge with 6 different CCHFV lineages using established mouse and NHP models.  Next, we will deploy the same approach to the test case nairovirus, Kasokero virus (KASV), for which no vaccine or treatment exists.  

In 1977, KASV was first isolated from Ugandan bats and caused several cases of acute febrile illness of laboratory workers from the same lab that processed the infected bats96. Surveys of 109 laboratory workers from the same facility demonstrated 13% seropositivity and clinical symptoms in individuals 4 to 15 months after the virus was isolated. These findings suggest either continued laboratory-associated infections or chains of ongoing person-to-person transmission. Recently, tick surveys have demonstrated the potential for the tick reservoir, Ornithodoros faini, to participate in enzootic maintenance of KASV97.  While most chiropteran ticks exhibit host specificity, humans entering caves these bats inhabit have reported bites from O.faini ticks.  The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics suggest investment in countermeasure development against this virus is well advised. The PABVAX Center will explore KASV as part of the Center’s Phase II research plan (RP1 with Cores C, D, and E).

EXPECTED SYNERGIES PROVIDED BY THE CENTER

The 5 RPs and 3 scientific Cores, together with the Administration and Data Management Cores, that comprise the Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases the structural characterization of the important viral vaccine immunogens and interaction with antibodies. Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration with other PRs such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5; arenavirus and nairovirus projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to be developed from the RPs may provide a future opportunity to combine active and passive immunization approaches to further improve the therapeutic value in an inherently synergistic manner. The RPs will work closely together in a harmonious and cooperative manner with each group providing their own countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy among the groups and PABVAX participants, many of which have established collaborative and synergistic research activities. For example, the early development and testing of particular antiviral mAbs to some of the prototype viruses under investigation is already an established collaboration between PABVAX partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB.

An additional and outstanding advantage of the PABVAX Center is the Animal Model Development and Preclinical Evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also located within the GNL . Through the WRCEVA collection there is ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for the Center RPs will be performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better comparison among countermeasures within the Center and will ensure consistency among results.

PABVAX MILESTONES AND TIMELINES

There are four overarching aims of the PABVAX Center: 

1. Develop and test MNP vaccines for members of the Bunyavirales and Paramyxoviridae. 

2. Develop new tools and animal models for cell-based and in vivo therapeutic evaluation. 

3. Develop antibodies and nanobodies to the selected prototype and test viruses. 

4. Employ quality system data management in animal model development and preclinical evaluation of candidate countermeasures.
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Figure 3: Projected PABVAX timeline to achieve the 4 overarching tasks. 





[image: ]The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center accomplishments and progress towards achieving the Center objectives. The oversight and evaluation of progress will be in concert with quarterly reports to the PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders with SAB members (details are specified within the Administration Core A Research Strategy). The SAB will meet yearly typically in coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, recommending new directions as appropriate, and providing Center Leadership and NIAID staff a comprehensive written evaluation of the group's activities and the panel's recommendations following the annual meeting.

Overall Objectives

Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.

[bookmark: _Hlk136436552]The first milestone will address whether formulation of recombinant antigens with adjuvant in the context of MNP fabrication can be made (Figure 4).  The determination of MNP vaccine potential success will first be established using immune response data derived from mouse immunization studies conducted in Core C. Multi-parameter humoral and cellular immune responses will be assessed (antigen-specific antibody induction, virus neutralization, and polyfunctional T-cell responses by in vitro stimulation of isolated cells). Go/no go decisions will be made based on outcomes of these first-tier experiments as indicated. If robust humoral and cellular responses are evident this will be graded as a success. Comparisons will also be made such as the levels of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated and an attempt in selection of the best-in-class immunogens, or immunogen combinations, will also be explored to down-select vaccines. The third milestone will determine whether MNP vaccination affords protection in animal model challenge experiments. In the case of NiV and HeV prototypes, the animal models chosen (ferrets and African green monkeys (AGM)) are extremely well-developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral prototypes within the Bunyavirales, there will be additional animal model refinements conducted. For example, there are seven genetically distinct lineages of LASV, and guinea pig models exist for some but not all of these lineages.  For MACV, there are 8 clades with similar challenges, and for CCHF there are 6 clades. An additional confounding issue for both of these very important groups of viruses is the limitations of cost and availability of rhesus and cynomolgus monkeys. Thus, as proposed by RP1, together with Core E, a critical research avenue will be developing and evaluating animal models within the PABVAX program, including further development of AGM models for arenaviruses and possibly CCHFV as a risk mitigation strategy. Thus, individual go/no-go decisions will inevitably be more challenging during the first Phase I of the PABVAX.Figure 4. Milestones and criteria for Aim 1 of the PABVAX Center’s overall objectives.



Aim 2. Develop new tools and animal models for cell-based and in vivo therapeutics evaluation.

[image: ]The second overall objective of PABVAX is primarily focused on the development of new viruses and tools for downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation (Figure 5). These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate recombinant infectious clones (r = recombinant viruses) and reporter-gene versions, as well as alternate reporter virus tools (VSV-based) of LASV, MACV, and CCHFV isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. Only AngV alternate reporter virus tools are proposed because genomic data is incomplete. rLayV pathogenesis and animal model development will conducted by Core E. If successful, a large battery of new materials will be available to share with the ReVAMPP network and be key milestones for execution of Phase II of the PABVAX Center program. 

The translation of the MNP vaccine plug-and-play approach will be in Phase II (Table 1). Milestones will be similar to those in Figure 4.  New virus tools will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the divergent and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo bioluminescence-based immune deficient mouse model developed by the PIs of PR2 and RP3 that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus (rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 containment. The model will be deployed to test a critically important therapeutic need against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing of engineered nabs.Figure 5. Milestones and criteria for Aim 2 of the PABVAX Center’s overall objectives.



Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

[image: ]New human mAbs and nbs as tools and potential therapeutics will be developed by RP4 and RP5 in collaboration with RP2 and Core D (Figure 6). NiV infection survivor volunteers and MNP vaccination of transgenic mice will be used to generate human mAbs (RP2 and RP4); transgenic nanomice and human nb phage-display approaches will generate nbs (RP5) to the selected prototype and test case viruses. Human mAbs are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on mAbs to the HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic molecules for humans. RP4 will isolate new F mAbs, and in collaboration with RP2, neutralization potencies will be rapidly assessed (as well as evaluating synergistic cell-based mAb neutralization) that will then be translated and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human mAbs will build on the findings to date generated by several of the collaborating Center investigators and contribute significantly to the development and characterization of human mAbs reactive to the F and G glycoproteins of prototype HNVs in preparation for clinical studies. Figure 6. Milestones and criteria for Aim 3 of the PABVAX Center’s overall objectives.



Nbs, derived from the heavy chain-only antibodies of camelid animals, offer a promising new direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could translate into a more cross-reactive feature between virus strains or clades. Importantly, nbs can efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also engineer a combination of nbs targeting multiple epitopes using rational design. Additionally, we will enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), therapeutic activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus), and select animal models of LASV and MACV by Core E. Success will be measured by the 1) identification of potent virus-neutralizing nbs, 2) discovery of more broadly reactive nbs particularly to the multiple LASV clades, 3) evidence of therapeutic benefit in animal models, and 4) the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus infections.

Industry Partnerships. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent and Moderna have extensive experience in developing medical countermeasures that protect against public health threats, including development and approval of multiple vaccine and antibody products for infectious diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and make an ideal partner for PABVAX. Our proposal combines the expertise of several established groups including investigators in academia and in private industry. The Center is supported by outstanding physical resources and an experienced and skilled group of researchers and support staff.

SPECIAL FEATURES OF THE PABVAX

Galveston National Laboratory (GNL). The GNL is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics, and therapeutics. The 7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370 NHP studies employing some 2,772 animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses have been performed. These studies include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder, and Zeitlin. The GNL has a fully Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)-accredited NHP facility and a staff of full-time veterinarians. Core E is staffed with an experienced team of GNL researchers and technicians several of which have more than 25 years of BSL-4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary pathologist. As noted above, another special feature is the location of the WRCEVA virus collection within the GNL.

Core E (Animal model development and preclinical evaluation). Core E operations will be conducted at the GNL, and in conjunction with Core A, will also include a regulatory expert from the UTMB Institutional Office of Regulated Nonclinical Studies (ORNcS). The ORNcS's primary responsibility is to work with academic researchers who are doing product-oriented research and to help them design and conduct their studies with good documentation, quality assurance, and data management. NIH has requested that all NHP studies conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path be conducted under a “well documented” quality system program.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases (USAMRIID), the GNL, and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever viruses, arenaviruses, and henipaviruses. He has published over 250 peer-reviewed articles in these areas.  Dr. Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI), was the first to develop a NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against both NiV and HeV using henipavirus vaccines and also human mAb therapy.

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs). Mapp Biopharmaceutical has deep experience with antigens and mAbs against these antigens. Their early development and research group has expertise in immunology, infectious diseases, and the production of antigens, antibodies, and antibody fusion proteins in CHO systems. The advanced development group has experience in medium-size and large pharmaceutical companies and expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies 98 99; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV and anti-HSV mAbs that has completed Phase 1100. Dr. Gunn and Genovac will join the team to analyze antibody Fc effector functions and to provide antigen/antibody discovery resources, respectively. Dr. Geisbert will contribute his experience with high containment animal models and vaccine development. As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory Committee and NIAID staff will select prototype candidates at the appropriate development stage for these studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. Additionally, the team has experience collaborating with DoD and BARDA to advance candidate countermeasures to the clinic.
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External Email Warning: Do not click links or open attachments unless you recognize the sender and expect the
content. UTMB Email Phishing Awareness

Date: Monday, June 5, 2023 at 7:29 AM
To: CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, Woolsey, Courtney B. (Micro)
<cbwillia@UTMB.EDU>
Cc: Larry Zeitlin <larry.zeitlin@mappbio.com>, Dafna Abelson <dafna.abelson@mappbio.com>, Antony
Dimitrov <antony.dimitrov.ctr@usuhs.edu>, Haller, Sherry <shhaller@UTMB.EDU>, Stutz, Sonja J.
<sjstutz@utmb.edu>, Cross, Robert W. <rwcross@UTMB.EDU>, Moushimi Amaya
<moushimi.amaya@usuhs.edu>
Subject: Re: overall 12 page res plan

Larry,
 
I don't want to duplicate effort.  Are you working on this now?
 
Many thanks!
 
Tom

From: Broder, Christopher <christopher.broder@usuhs.edu>
Sent: Sunday, June 4, 2023 9:30 PM
To: Woolsey, Courtney B. (Micro) <cbwillia@UTMB.EDU>
Cc: Larry Zeitlin <larry.zeitlin@mappbio.com>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Dafna Abelson
<dafna.abelson@mappbio.com>; Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>; Haller, Sherry
<shhaller@UTMB.EDU>; Stutz, Sonja J. <sjstutz@utmb.edu>; Cross, Robert W. <rwcross@UTMB.EDU>; Moushimi
Amaya <moushimi.amaya@usuhs.edu>
Subject: Re: overall 12 page res plan
 

here is 12 pages  
there is ~10% left space on page 12
 
i did not mess with formatting, so if you want an UNformatted
version ,  then use this to unformat
 
i edited throughout to tighten up, did not remove any reffs
 
Only larry's comment (2) remain to finalize 
 
 
 
 
On Sun, Jun 4, 2023 at 8:46 PM Woolsey, Courtney B. (Micro) <cbwillia@utmb.edu> wrote:

Okay, here is where I’m at on the overall research strategy (tracked changes and clean versions). We still need to
get rid of a little over half of a page.
 
 
 

 

On Jun 4, 2023, at 9:56 AM, Cross, Robert W. <rwcross@UTMB.EDU> wrote:
 
Got it, yes I will add connection to RP5, I initially missed this, but caught it when trying to make a
small directional figure to add to RP1 to demonstrate connections to other cores.  
 
 



 
External Email Warning: Do not click links or open attachments unless you recognize the
sender and expect the content. UTMB Email Phishing Awareness

 
External Email Warning: Do not click links or open attachments unless you recognize the sender
and expect the content. UTMB Email Phishing Awareness

From: Broder, Christopher <christopher.broder@usuhs.edu> 
Sent: Sunday, June 4, 2023 9:35 AM
To: Cross, Robert W. <rwcross@UTMB.EDU>
Cc: Larry Zeitlin <larry.zeitlin@mappbio.com>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Dafna
Abelson <dafna.abelson@mappbio.com>; Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>;
Woolsey, Courtney B. (Micro) <cbwillia@UTMB.EDU>; Haller, Sherry <shhaller@UTMB.EDU>; Stutz,
Sonja J. <sjstutz@utmb.edu>
Subject: Re: overall 12 page res plan
 

problem is jims aims draft did even mention  
alloy mice and LagV  or bunya
 
you can definitely say you wll test nanobodies in SNTs to arenas
and then retest nanobody bi-specifics and then end with testing candidates
in vivo
we could use both big figures one in Admin core the other in the overalll
 
On Sun, Jun 4, 2023 at 9:45 AM Cross, Robert W. <rwcross@utmb.edu> wrote:

I am crashing on RP1 today in order to get the final to the group for another round of review by
tomorrow morning. 
 
Might be good if someone else has some time today to go through and accept the edits and fill in
the refs.  I can send the associated endnote library from my  stuff if needed.  Also, I’m good if we
need to condense any of my section to be more concise, I figured I’d put more than needed and
we could reduce and refine to make it all fit.
 
I’m in the dark on a lot of the other projects beyond the specific aims as I’ve not even seen
working drafts for really anything other than cores C, D, and E.  So I’m trying my best to ensure
cohesion with at least these cores, but might be good to ensure I’m on the right track in terms of
ensuring formatting is consistent and I’m not missing any sections.  I can’t say how my RP will
interact much with the other RPs as I don’t fully know what they are doing and/or if it even makes
sense to interact.  BTW, did we ever get a specific aims page from Jim?  I’m not sure I fully
understand the direction he is going in and if I need to demonstrate interaction with his RP. 
 

From: Broder, Christopher <christopher.broder@usuhs.edu> 
Sent: Sunday, June 4, 2023 7:26 AM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>
Cc: Cross, Robert W. <rwcross@UTMB.EDU>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>;
Dafna Abelson <dafna.abelson@mappbio.com>; Antony Dimitrov
<antony.dimitrov.ctr@usuhs.edu>; Woolsey, Courtney B. (Micro) <cbwillia@UTMB.EDU>
Subject: Re: overall 12 page res plan
 

hi all
 
i am working on a final version of RP2 now, Tony and Moushimi got
stuff to me last night.  i am putting in the last section on the milestones/timelines/industry
interfacing ec,,,
i see Larry your comment about alloy mice and RP4 but it was never clear to me what his plan was
 
the new fig in the overall is really cool, 
i see Bob's point about the RP titles.  ect,,,  but the fig does have a lot more info
that can be referred to,   in order to see how it could be edited and using it larger



someone has to take this version, and go through an accept edits and get the remaining refs in
remove comments unless there is a need for one more round to discuss
 
then we can see where it stands?
 
cb
 
 
On Sun, Jun 4, 2023 at 7:12 AM Larry Zeitlin <larry.zeitlin@mappbio.com> wrote:

Thanks Bob. I had a few light edits and a couple of comments.
 
 

From: Cross, Robert W. <rwcross@UTMB.EDU>
Date: Sunday, June 4, 2023 at 1:03 AM
To: CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, Geisbert,
Thomas W. <twgeisbe@UTMB.EDU>, Larry Zeitlin <larry.zeitlin@mappbio.com>,
Dafna Abelson <dafna.abelson@mappbio.com>, Antony Dimitrov
<antony.dimitrov.ctr@usuhs.edu>, Woolsey, Courtney B. (Micro)
<cbwillia@UTMB.EDU>
Subject: RE: overall 12 page res plan

Now attached 
 

From: Cross, Robert W. 
Sent: Sunday, June 4, 2023 12:03 AM
To: Broder, Christopher <christopher.broder@usuhs.edu>; Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>; Larry Zeitlin <larry.zeitlin@mappbio.com>; Dafna Abelson
<dafna.abelson@mappbio.com>; Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>; Woolsey,
Courtney B. (Micro) <cbwillia@UTMB.EDU>
Subject: RE: overall 12 page res plan
 
Added sections on Bunyas for overall, my sections had endnote added.  Also sending a separate
version also with endnote citations added in case anything gets fudged up.  Can also export and
send the ENL if needed.
 
Tom asked me to add the first draft of Courtney’s overall figure to this version to see how it fit
in place of the first version.  Looks good, maybe a few small refinements to streamline. CC’d
Court here so she can get up to speed on the document as well and ensure she gets timely
feedback.
 
Working on RP1 tomorrow and will send full version tomorrow as soon as I can, likely late
afternoon or evening.
 
 

From: Cross, Robert W. 
Sent: Saturday, June 3, 2023 4:38 PM
To: Broder, Christopher <christopher.broder@usuhs.edu>; Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>; Larry Zeitlin <larry.zeitlin@mappbio.com>; Dafna Abelson
<dafna.abelson@mappbio.com>; Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: RE: overall 12 page res plan
 
Filling in the bunya sections today, will have to you all by tonight.
 

From: Broder, Christopher <christopher.broder@usuhs.edu> 
Sent: Wednesday, May 31, 2023 5:59 PM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Larry Zeitlin <larry.zeitlin@mappbio.com>;
Dafna Abelson <dafna.abelson@mappbio.com>; Cross, Robert W. <rwcross@UTMB.EDU>;



 
External Email Warning: Do not click links or open attachments unless you recognize the
sender and expect the content. UTMB Email Phishing Awareness

Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: overall 12 page res plan
 

ok,
based on the RFA i made sections to address the requirements
some bits are from the CETR
 
The biggest thing this RFA wanted was the Milestones and go and no go
and timelines and diagrams.   
 
needed items are green. need your magic guys  especially industry and mabs and bunyas 
 
there are never to many refs needed, yellow, so best to
have Sherry and Sonya  do this (add them from your library ) like the admin ect,,
 
pending space, the other bits are yellow and optional depending on what you think
 
cb
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PROJECT SUMMARY/ABSTRACT - RP3 (Cedar Henipavirus Animal Model) 

Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health. Among 
these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah virus (NiV) 
and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely broad tropism 
capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and -B3 ligands as 
entry receptors. NiV and HeV infection often results in a systemic and fatal respiratory and/or neurological 
disease in multiple mammalian species including humans. NiV and henipaviral disease are also included in the 
WHO List of Priority Pathogens, and they are significant biothreats to humans and livestock in South and 
Southeast Asia and Australia. HNVs have two membrane glycoproteins: the attachment glycoprotein (G) and the 
fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the focus of all vaccine and 
antiviral monoclonal antibody (mAb) strategies. The most extensively studied HNV vaccine is a soluble 
recombinant form of HeV G (HeV-sG), shown to provide complete protection against lethal challenge by either 
NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including nonhuman primates (NHPs). 
With no licensed vaccines or treatments available for human use, this project will use the prototype HNVs as a 
model to develop, test, and translate a novel vaccination platform (a thermostable, needle-free, adaptable, and 
widely deployable polyphosphazene (PPZ) adjuvanted dissolvable microneedle patch (MNP)). Preliminary data 
demonstrates potent immunogenicity of a PPZ-MNP-HeV-sGvaccine in mice, inducing robust antigen-specific 
HNV cross-neutralizing antibody and cellular immune responses. The MNP vaccines will be used to evaluate 
HeV-sG and compare stabilized soluble forms of HNV G and F (sGtet and sFstb) and combinations in challenge 
studies. A reverse genetics system has been developed to generate recombinant, nonpathogenic Cedar virus 
(rCedV) and rCedV chimeric virus tools by swapping the G and F glycoproteins with those of NiV/HeV as a rapid, 
surrogate, BSL-2 high-throughput neutralization platform to be used to rapidly evaluate HNV vaccine responses. 
Also, divergent and pathogenic zoonotic HNVs have been discovered including the related rodent borne Mòjiāng 
virus and Langya virus (LayV)), and the divergent bat-borne Angavokely virus (AngV). This project will develop 
and test the rapid, adaptable and readily deployable MNP vaccine platform together with new virological tools to 
facilitate the translational nature of this pandemic preparedness approach. Specifically, we will: 1) Develop PPZ-
MNP-based sGtet and sFstb prototype HNV vaccines; 2) Construct new reporter virus tools; 3) Evaluate vaccine-
induced immune responses and HNV-specific mAbs and nbs; and 4) Validate the PPZ-MNP platform with another 
paramyxovirus antigen. 



FACILITIES AND OTHER RESOURCES - RP3 (Cedar Henipavirus Animal Model)
USUHS

Project Lead: Brian Schaefer, Ph.D. 

Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which 
approximately half of the physicians in the Armed Services receive their graduate training.  Research at USU 
is supported primarily by extramural grants, as in other medical schools. Dr. Schaefer is a tenured Professor in 
the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.  The overall 
focus of the Department is mechanisms of infectious diseases and the host response/immunology.  Faculty 
interests and active research programs at USU are diverse, with many nationally- and internationally-known 
investigators, including the Department of Microbiology and Immunology chair, Dr. Christopher Broder, who is 
an internationally-known virologist (and centrally involved in this proposal).   

USU is directly across the street from the main NIH campus and close to Johns Hopkins, the University of 
Maryland and several other outstanding institutions, facilitating opportunities to establish productive 
collaborations with world-class investigators.  For example, Dr. Schaefer has had a multi-PI U01 grant with Dr. 
Wolfgang Losert (Dept of Physics, University of Maryland) as the co-PI and Dr. Hari Shroff (NIH/NIBIB) as a 
collaborator. Dr. Schaefer is also primary PI on a multi-PI R01 from NIAID with Dr. YouWen He at Duke 
University Medical Center, and Dr. Thomas Conrads (Women’s Health Integrated Research Center). Dr. 
Schaefer and his staff have also collaborated with the Advanced Imaging Center (AIC) at the Howard Hughes 
Medical Institute (HHMI) for some of their imaging-based research. Overall, the broader scientific environment 
at USU and the greater Bethesda/Washington D.C. metropolitan region is highly conducive to productive 
collaborations.  Dr. Schaefer has been using these resources to his advantage, and has been very active in 
establishing collaborative relationships to facilitate his research objectives. Notably, Dr. Schaefer and Dr. 
Broder have been collaborating for several years on lyssavirus- and henipavirus-related project, and they have 
a very strong working relationship. 

Members of the Schaefer lab participate in a weekly multi-lab Immunology journal club, Immunology data club, 
virology journal club, and virology data club. Approximately 10 groups regularly participate in the immunology 
journal/data club and 5 groups regularly participate in the virology journal/data club.  Also, members of the 
Schaefer lab participate in a bi-weekly data presentation/discussion group which meets monthly.   

Dr. Schaefer has been well-supported by the Department of Microbiology and Immunology and the USU Office 
of Research.  Although USU is a modest-sized medical school, the technical resources are outstanding, 
rivaling many very large institutions (see below).  The modest size of the school is an advantage, as key 
pieces of equipment (e.g., The IVIS® Spectrum CT preclinical in vivo imaging system; Cytek Aurora spectral 
flow cytometer), and 10x Genomics Visium Spatial Transcriptomics instruments are not overbooked and 
therefore readily available to laboratory personnel. Dr. Schaefer is also Chair of the USU Biomedical 
Instrumentation Center (BIC), and thus plays a central role in directing equipment purchases, ensuring that 
needed technologies are available for the research of the PI and his USU colleagues.  In addition to University 
funds, we have successfully used the NIH S10 mechanism to purchase core facility equipment.  Overall, the 
available technical resources (and University support for continually improving technical resources) is 
exceptional, as is illustrated by recent USU purchases of cutting-edge equipment including a Perkin-Elmer 
IVIS® Spectrum CT preclinical in vivo imaging system, a Zeiss Elyra PS.1 super-resolution microscope, an 
Agilant Seahorse XPe96 Analyzer, a BD FACSAria Fusion flow sorter, and many other pieces of advanced 
research equipment. Overall, the available technical resources (and University support for continually 
improving technical resources) is exceptional. 

USU has several Ph.D. programs, including an Emerging Infectious Diseases (EID) program, a Molecular and 
Cellular Biology (MCB) program and a Neuroscience (NES) program.  Dr. Schaefer holds secondary 
appointments in all three programs and is currently Interim Director of the Emerging Infectious Diseases 
Graduate Program. Ds. Schaefer has been very active in training graduate students, having trained >10 Ph.D. 
students.  USU recruits strong graduate students, and Dr. Schaefer’s students have been very productive, 
during and beyond their dissertation studies. The availability of talented graduate students is a further  
resource, promoting productivity and enhancing the overall vibrancy of the scientific environment at USU.     
Laboratory:  Dr. Schaefer’s laboratory area consists of three rooms of 450 sq. ft, 300 sq. ft and 225 sq.ft., and 
a dedicated microscopy suite of 110 sq. ft.  The Schaefer lab contains routine equipment for microbiology, 
molecular biology, and biochemistry including incubators, centrifuges, inverted microscopes, gel 
electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH meters, refrigerators, 
freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks, waterbaths, free-
standing biosafety cabinets, and CO2-tissue culture incubators.  Additionally, Dr. Schaefer’s lab is equipped 



with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence microscope), a 
BioRad CFX Connect real-time PCR system, a Coulter Z1-Dual cell counter, a DeNovix CellDrop-FL cell 
counter and a Lonza Nucleofector 4D Shuttle. Postdocs, students, and technicians have desks and computers 
in the laboratory. 

Animal:  Animals are maintained in University facilities under the supervision of a full-time veterinarian.  The 
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. The 
facility also includes two preclinical behavior cores (one for mice, one for rats). The facility and the University’s 
animal care and use program is managed by the Department of Laboratory Animal Medicine (DLAR), which is 
directed by a veterinarian who is an ACLAM Diplomate and staffed with three other veterinarians, a graduate 
animal husbandryman, and about 30 technicians. The University is able to provide appropriate care for a wide 
variety of laboratory animal species, from invertebrates and lower vertebrates to higher vertebrates including 
non-human primates and domestic livestock, as well as more commonly used species such as rodents and 
rabbits. The facility also includes a number of properly equipped ABSL-2 rooms. 

Computer:   Windows-based computers (Intel i5/i7 or similar processors and ≥8GB of RAM) are available for 
routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories of both 
investigators. Dr. Schaefer’s laboratory also has a dedicated workstation for use for analysis of microscopy 
and in vivo imaging data.  Image analysis software in the Dr. Schaefer’s lab includes Zeiss Zen, with a digital 
deconvolution module and numerous tools for quantitative image analysis. The University maintains site 
licenses for other image and data analysis software, including Zeiss Axiovision, VisioPharm, and OriginPro.   
Dr. Schaefer also maintains a license for FlowJo software, which can be used on any networked computer in 
the laboratory. The computers are connected by a central server to each other and to the Internet. A variety of 
USU-supported software programs are available, including EndNote, Microsoft Office, Adobe Creative Cloud, 
Geneious Prime and Graph Pad Prism 9.  

Office:  Drs. Schaefer’s office is separate from but proximal to each of his laboratories. Trainees and 
technicians have desks in the laboratory. Four full-time administrative officers and one part-time administrator 
are available to provide support within the department.   

Clinical:  N/A 

Other:  The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and 
Biometrics, provides statistical consulting to USUHS scientific investigators.  We routinely meet with BCC 
consultants regarding proper design of experiments for statistical testing and for statistical analysis of the 
resulting data. 

The USU Biomedical Research Imaging Core (BRIC) houses state-of-the art equipment for pre-clinical studies, 
including a IVIS® Spectrum CT, a Siemens Inveon SPECT/PET/CT Scanner and a Bruker Biospec 70/20 USR 
Magnetic Resonance Imaging system. A Scientist and several staff provide technical support and manage the 
facility. 

The USU American Genome Center (TAGC) is one of only four academic genome centers in the United 
States. It is the Department of Defense operations subsidiary of the Collaborative Health Initiative Research 
Program (CHIRP) established between the National Heart, Lung, and Blood Institute (NHLBI) and USU. Since 
inception, TAGC has generated more than 40,000 whole Genome Sequences across 107 research studies 
sourced from NHLBI, other NIH Institutes, DoD and USU investigators. TAGC is also the sequencing center 
and genome data analysis center for the APOLLO Cancer Moonshot project, and collaborates for this purpose 
with the Murtha Cancer Center (MCC) at Walter Reed, the National Cancer Institute, and the Veterans 
Administration. Through a collaborative relationship with 10x Genomics, USU has early access to newly 
released platforms such as Visium Spatial Transcriptomics (including improvements to that platform). 

The USU TAGC includes a large array of next-generation sequencing instruments including Illumina NovaSeq 
6000 systems, Illumina HiSeq X systems, and an Illumina NextSeq 500 system. A 10x Genomics Chromium 
Connect automated single-cell NGS library workstation is available for automated single cell partitioning, 
barcoding and NGS library preparation.  A 10x Genomics Chromium Controller massively parallel sample 
partitioning platform is available for barcoding single cell RNA for library preparation and for single cell 
transcriptome profiling, including CITE-seq workflows.  10x Genomics Visium CyAssist transcriptomic probe 
transfer system is available to facilitate spatial transcriptomics workflows. Electrophoresis systems include 
Agilent Fragment Analyzers and a Bio-Rad Experion LabChip Platform.  Sequencing platforms are connected 
to a high-speed network switch for data storage on a petabyte-scale Isilon SAN. 



The USU Biomedical Instrumentation Center (BIC) consists of five core equipment facilities for use by 
investigators throughout the University.  Instrumentation is available either free or on a fee-for-service basis, 
depending on which instruments have annual service contracts (which are paid largely through per-hour use 
fees). Each core is run by a full-time Director with an advanced science background (most hold a PhD) and a 
high degree of technical expertise. The majority of cores have at least one additional employee to help 
manage the core and provide guidance and assistance to users. 

The BIC Flow Cytometry Core includes three analyzers (Cytek Aurora 5-laser, 64-channel Spectral Analyzer; 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5; Becton-Dickinson 4-laser, 15-parameter LSRII) 
and two sorters (BD FACSAria Fusion 4-laser, 18-parameter flow sorter; BD FACSAria IIIu 4-laser, 17-
parameter flow sorter) and an Amnis Image Stream X Mark II imaging flow cytometer.  Other equipment 
includes a Bio-Rad Bio-Plex 200 multi-analyte detection system and an Agilant Seahorse XPe96 Analyzer. The 
core has several off-line analysis workstations with FlowJo and other data analysis platforms.   

The BIC Imaging Core houses a wide array of microscopes, including a Zeiss Elyra PS.1 super-resolution 
microscope, which is capable of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-
parameter PALM (Photoactivation localization microscopy) and dSTORM (direct stochastic optical 
reconstruction microscopy), as well as 3D-PALM/dSTORM. Other microscopes include aZeiss 980 Confocal 
with Airyscan2, a Zeiss 700 confocal system, a Zeiss 7 MP Multi-photon Confocal Electrophysiology System, a 
Zeiss Lightsheet Z.1 and a Zeiss Axioscan Z1 Slide Scanner. The facility also includes several additional wide-
field fluorescence microscopes, and three offline data analysis stations with software packages including: 
Zeiss Zen software and full Physiology package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, 
Autodeblur, and Autovisualize.  For electron microscopy needs, the core is equipped with a JEOL JEM-1011 
transmission electron microscope, an ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment), and a 
grid stainer (Leica EM AC20). 

The BIC Genomics core includes a 3500 XL Applied Biosystems Genetic Analyzer, a Gene Forge 3900 and an 
ABI 3900 and DNA Synthesizer, a U-3000 Thermo-Scientific HPLC system, an Agilent 1200 HPLC, a QX200 
Droplet Digital PCR System, a Roche LightCycler 480 Real-Time PCR System and an Agilent Capillary 
Electrophoresis Fragment Analyzer.  

The BIC Structural Biology and Proteomics Core includes a GE Healthcare Biacore 3000 Surface Plasmon 
Resonance instrument, an AB Sciex 4000 QTRAP LC/MS/MS System, an Agilent 1200 HPLC, a Wyatt 
DynaPro NanoStar Dynamic Light Scattering analyzer, an Art Robbins Instruments Phoenix Crystallization 
Robot, and a JANSi UVEX Fluorescence Microscope (for crystal inspection). 

The BIC Histopathology Core includes a Leica Autostainer XL, a Leica CV 5030 Robotic Coverslipper, a 
Sakura Tissue-Tek VIP tissue Processor, a Leica CM 3050 S Cryostat, and a Microm HM 325 Microtome. 

The University also has an equipment repair service, central duplicating service, audiovisual service, and 
microcomputer support service. The University Learning Resource Center is a high quality medical and 
scientific library with additional microcomputers and support.  A wide variety of scientific journals are available 
via remote computer access. A central autoclave/glassware washroom serves the Department of Microbiology 
and Immunology. 



Washington State University 

Paul G. Allen School of Global Health at Washington State University in Pullman, WA (Bronwyn Gunn) 

The Paul G. Allen Center for Global Health at Washington State University, completed in 2012, is a 62,000-
square-foot state-of-the-art infectious disease research facility equipped to meet today’s standards for 
investigating pathogens and emerging diseases. The facility includes first floor administrative offices and 5,000 
sq. ft. of CDC- and USDA-certified Biosafety Level 3 (BSL3) laboratory space, and two floors with meeting rooms, 
faculty BSL2 laboratories and office space. Meeting rooms are well-equipped for presentations and connecting 
with colleagues across the globe, while open spaces on each floor also encourage informal interactions among 
the students, faculty, and staff. Shared facilities including common equipment rooms and licensed work sites for 
bioinformatics are also available throughout the building.  

Laboratory: The Gunn laboratory is located on the 2nd floor of the Paul G. Allen School of Global Health at 
Washington State University in Pulllman, WA. The BSL2 laboratory space includes 8 six-ft benches, equipped 
with standard laboratory equipment (pipettes, serological pipet-aids, vortex, heat blocks, PCR machine, 4C 
refrigerator, -20C freezer, -80C freezer etc), with a dedicated space for molecular DNA and protein analysis. 
There are two class II biosafetly cabinets located in a separate room attached to the main lab space that contains 
a double stack New Brunswick 37C 5% CO2 incubator and a shaking CO2 incubator (New Brunswick S41i) for 
culture of suspension cell lines. A Luminex MagPix and a magneic plate washer (AquaMax4000, Molecular 
Devices) and an OctetRed 96 biolayer interferometry instrument (ForteBio/Sartorius) are housed within the Gunn 
lab space for multiplexed analysis of antibody levels and affinity measurements, respectively. The Gunn lab also 
houses a Cytek Aurora Spectral Flow Cytometer, equipped with 5 lasers (UV, violet, blue, yellow-green, red) and 
automated 96 well high throughput sampler that is used to analyze all cell-based effector assays. Dr. Gunn also 
has access to  a Biotek Synergy HTX multimode microplate reader equipped with luminescence and 
fluorescence detectors for highthroughput analysis of pseudotyped virus entry. 

Dr. Gunn also has access to additional facilities and resources within the rest of the Paul G. Allen School of 
Global Health. All investigators’ laboratories and the core facilities are fully equipped for research in molecular 
biology and infectious diseases. The BSL2 laboratories have been approved for pathogen use, recombinant 
DNA experiments, and radioisotope use. The BSL-3 and ABSL-3 labs are USDA and CDC certified for select 
agent use. A full range of centrifuges, a scintillation counter, microscopes, spinning disc fluorescence 
microscope, spectrophotometers, electrophoresis instrumentation, thermal cyclers for PCR, real-time PCR and 
digital PCR, multi-plate fluorimeters and proteomic instrumentation (isoelectric focuser) as well as other general 
equipment are available on-site, and gamma counters, HPLC and FPLC are available nearby. Major equipment 
in the Allen Center also includes instrumentation for microarray fabrication and an Illumina MiSeq system that is 
used routinely for DNA sequencing and RNAseq experiments. Shared instrumentation includes photographic 
equipment, an automatic radiograph processor, an upright flourescent microscope, image analysis equipment, 
large-scale incubators, ultra - and high-speed centrifuges.  

BSL-3 laboratory: Dr. Gunn has dedicated BSL-3 space in the Paul G. Allen School of Global Health BSL-3 
suite and currently approved to work with SARS-CoV-2. Equipment in the BSL-3 laboratory space include a 
Class II biosafety cabinet, centrifuge equipped with biocontainment rotors, and 37C 5% CO2 tissue culture 
incubator.  

Computer: All members of the Gunn laboratory are supplied a laptop 13” MacBook Pro for their research needs, 
with licenses to Office Software (Word, Excel, PowerPoint, Outlook), Adobe Creative Cloud (Illustrator, 
Photoshop, Acrobat), GraphPad Prism, and EndNote20. In addition, two lab desktop computers are available 
that have licenses to Cytek SpectroFlo analysis software and Geneious. Computers are networked and wireless 
connectivity is available throughout the building. High-performance computing needs on campus are met by an 
SGI Power Challenge L computer, an NSF-funded 16-processor IBM SP2 parallel computer, and the Amazon 
Cloud (AWS). Critical data bases including various DNA and protein sequence data bases (GenBank, EMBL, 
SwissPro and others), the Brookhaven Protein Data Bank, and the Cambridge Crystallographic Structure Data 
Bank for small molecules are available locally and through network access. Software for sequence analysis, 
clustering orthologous proteins, detecting SNPs, and exploration of phylogenetic relationships is available, as 
are numerous programs available via network access.  



Office: Office space for graduate students and post-docs in the Gunn lab are located directly outside of the 
laboratory space, allowing for easy access and transition between spaces. Dr. Gunn’s office is located adjacent 
to the general office space, allowing for easy communication and interactions.   

Animal: All animals on the WSU campus are maintained in accordance with USDA and NIH regulations that 
include twice-yearly inspections of all facilities by the Institutional Animal Care and Use Committee (IACUC). 
The facilities and procedures for maintenance and care of animals are accredited by the American Association 
for Accreditation of Laboratory Animal Care. Personnel trained in the care of laboratory animals staff all animal 
facilities.  

Scientific Environment: The research environment is strengthened by an interactive faculty. These include 
interactions with many faculty members within the College of Veterinary Medicine Departments of Veterinary 
Microbiology and Pathology (VMP), Integrated Physiology and Neurosciences (IPN) and the School of Molecular 
Biosciences (SMB) which provide opportunities for scientific exchange and collaborations as well as extended 
expertise in infectious diseases, cell biology and biochemistry. 
Palouse Virology group: There is a bi-weekly Virology Group meeting of laboratories from WSU, USDA, and the 
University of Idaho that contributes to the interactive intellectual environment. Participating virologists are from 
the Nicola, Bose, Cunha, Fortunato, Goodman, Gunn, Koehler, Letko, Miura, Ramsay, Rowley, Schwartz and 
Seifert laboratories, covering a range of viral pathogens including those impacting human and animal species.  
Research in Progress (RIP): Weekly meetings where students, staff, and faculty from VMP, Allen School, and 
USDA present their research in 20- or 45-minute seminars. RIP is well attended both in person and on Zoom.  
 

 
 



EQUIPMENT - RP3 (Cedar Henipavirus Animal Model)
USUHS

Project Lead: Brian Schaefer, Ph.D.
Schaefer Laboratory 
Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope) 
BioRad CFX Connect real-time PCR system 
Lonza Nucleofector 4D Shuttle – core unit and X-unit  
Coulter Z1-Dual cell counter 
DeNovix CellDrop-FL cell counter with fluorescence 
centrifuges: Eppendorf 5425 microfuges (3); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i; various 
rotors NestAdvance Bullet Blender bead mills (2) 
Miltenyi QuadroMACS separator (2) 
inverted microscopes for tissue culture (2) 
gel electrophoresis equipment for protein (3) and DNA (5) gels 
semi-dry protein transfer apparatus (2) 
Bio-Rad thermal cyclers (2) 
balances (4) 
pH meter 
refrigerators 
freezers (-20 C, -80 C) 
platform orbital shakers (5) 
sonicator with cup horn and microtip 
bacterial shaker 
heating blocks (6) 
waterbaths (8)  
biosafety cabinets (2) 
CO2-tissue culture incubators (3) 
Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring  

Departmental 
GE Healthcare Life Sciences Amersham Imager 680 (for imaging of protein and DNA gels and blots) 
Alpha-Innotech gel documentation system (EtBr-stained gels) 
2D gel electrophoresis system (protein) 
MilliQ ultra-pure water system 
Nanodrop spectrophotometer 
Luminometer 
Fluorescence plate readers (2) 

USU CORE FACILITIES (fee for service or free) 

Biomedical Research Imaging Core (BRIC) 

IVIS® Spectrum CT preclinical in vivo imaging system (2D and 3D bioluminescence and CT imaging) 
Siemens Inveon SPECT/PET/CT Scanner 
Bruker Biospec 70/20 USR MRI 
Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications 

The American Genome Center (TAGC) 

Illumina NovaSeq 6000 systems (7) 
Illumina HiSeq X systems (6) 
Illumina NextSeq 500 system 
10x Genomics Visium CyAssist transcriptomic probe transfer system 
10x Genomics Chromium Connect automated single-cell NGS library workstation  
10x Genomics Chromium Controller massively parallel sample partitioning platform  
Bio-Rad Experion LabChip Platform automated electrophoresis system 
PRIMER Data Science Core - direct connection to a high-speed network switch for data  



Biomedical Instrumentation Center (BIC) 

Flow Cytometry 
Cytek Aurora 5-laser, 64-channel Spectral Analyzer 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5 
Becton-Dickinson 4-laser, 15-parameter LSRII FACS analyzer 
BD FACSAria Fusion 4-laser, 18-parameter flow sorter 
BD FACSAria IIIu 4-laser, 17-parameter flow sorter 
Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software 
Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system 
Agilant Seahorse XPe96 Analyzer 
Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit 

Microscopy 
Zeiss 980 Confocal with Airyscan2 
Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines 
Zeiss 7 MP Multi-photon Confocal Electrophysiology System 
Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy (SR-SIM), 

photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction microscopy 
(dSTORM).  System is fully equipped, including the 3D-PALM/dSTORM option.   

Zeiss Lightsheet Z.1 
Zeiss Axioscan Z1 Slide Scanner 
Zeiss AxioImager M2 upright microscope and MicroBrightField Stereo Investigator software (stereology 

analysis). 
Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage plus 

atmosphere and temperature control 
Transmission electron microscope (JEOL JEM-1011)  
Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment) 
Grid stainer (Leica EM AC20) 
Wide-field fluorescence microscopes (3) 
Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology 

package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize; 
Metamorph.   

Genomics 
3500 XL Applied Biosystems Genetic Analyzer 
Gene Forge 3900 and ABI 3900 and DNA Synthesizer 
U-3000 Thermo-Scientific HPLC system
Agilent 1200 HPLC
QX200 Droplet Digital PCR System (ddPCR)
Roche LightCycler 480 Real-Time PCR System
Agilent Capillary Electrophoresis Fragment Analyzer

Structural Biology/Proteomics 
AB Sciex 4000 QTRAP LC/MS/MS System 
Agilent 1200 HPLC 
Wyatt DynaPro NanoStar Dynamic Light Scattering 
GE Healthcare Biacore 3000 Surface Plasmon Resonance 
Art Robbins Instruments Phoenix Crystallization Robot 
JANSi UVEX Fluorescence Microscope 

Histopathology 
Leica Autostainer XL 
Leica CV 5030 Robotic Coverslipper 
Sakura Tissue-Tek VIP tissue Processor 
Leica CM 3050 S Cryostat 
Microm HM 325 Microtome 



Washington State University 
 
Paul G. Allen School of Global Health, Washington State University in Pullman, WA 

• Laminar Flow Hoods  
• Fume Hoods  
• Inverted Microscopes  
• Microcentrifuges 
• Nucleocounters  
• LN2 Storage Freezers  
• Biorad Thermal Cycler (PCR) 
• ThermoCycler (real-time PCR) 
• Digital PCR 
• Spinning disc fluorescent microscope 
• Spectrophotometers 
• Tissue Culture Incubators  
• Sequencing Power Pack and Gel Apparatus 
• Beckman Centrifuges  
• Thermo floor ultracentrifuges  
• Microplate shakers 
• New Brunswick shaking cell culture incubator (S41i)  
• Cytek Biosciences Aurora Spectral Flow Cytometer equipped with 5 lasers (UV, Violet, Blue, 

YellowGreen, and Red), 60 fluorescent detector channels, and a high throughput sampler.  
• Molecular Devices AquaMax 4000 Magnetic Plate Washer equipped with a 96 well head. 
• Luminex MagPix 
• Octet Red Biolayer Interferometer 
• Tecan multifluorescent plate reader 
• BioTek Synergy HTX Reader 
• Analytical scales 
• AKTA Avlant HPLC 
• -80oC Freezers 
• Nanodrop 8000 
• Autoclaves  
• Illumina MiSeq 

 
School of Molecular Biosciences, Washington State University in Pullman, WA 

• NanoString nCounter System 
• NanoString GeoMx Digital Spatial Profiler (DSP) 
• Becton-Dickenson FACSCalibur flow cytometer 
• Sony Biotechnology SH800 and SY3200 High Speed Sorter  
• Illumina NextSeq 2000 sequencer (December 2022) 
• PacBio Sequel II 
• Agilent Tape Station and Bioanalyzer 
• 10X Genomics ChromiumTM Controller 
• Nexcelom cell counter 
• Computational: 64-core node (Intel Xeon Scalable 6338) with 512GB, 3200 MT/s DDR4 of memory); 40 

TB storage equipped with a GPFS file system 
• The storage system is backed up by WSU’s KAMIAK Supercomputer center and backed up in time 

snap shots on a server powered by different power sources and physically located in a different part of 
the building. For security reasons all servers are only accessible via SSH within the WSU network or 
the VPN. 
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BIOGRAPHICAL SKETCH 

NAME: Schaefer, Brian Charles 

eRA COMMONS USER NAME (credential, e.g., agency login): 

POSITION TITLE: Professor of Microbiology and Immunology, and Director (Interim), Emerging Infectious 
Diseases Graduate Program

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 

INSTITUTION AND LOCATION 

DEGREE 
(if 

applicable) 

Completion 
Date 

MM/YYYY 
FIELD OF STUDY 

Massachusetts Institute of Technology B.S. 1989 Biology 

Harvard University PhD 1995 Immunology 

Harvard Univ/Dana Farber Cancer Institute (Postdoc) 1995-1996 Tumor Virology 

National Jewish Medical and Research Center (Postdoc) 1996-2002 Immunology 

A. Personal Statement

My group has historically focused on two major research programs.  Our longest-standing program involves 
elucidation of mechanisms of signal transduction in immune cells and regulation of immune cell effector 
function, with a particular emphasis on the pathway that connects the T cell receptor (TCR) signaling to the 
transcription factor, NF-κB.  This work has also stimulated our studies of the function of an understudied CARD 
protein, CARD19, which was originally (incorrectly) identified as a negative regulator of TCR signaling to NF-
κB. These studies have resulted in numerous publications that define novel signaling mechanisms in the 
CARD11-BCL10-MALT1 signaling cascade and additional pathways.  Our second major area of research is 
centered on immune responses in the central nervous system.  Our initial work in this area involved elucidation 
of the role of the immune response initiated by traumatic brain injury, particularly NF-κB-mediated inflammatory 
responses.  However, we have now shifted our emphasis to translational research on immune responses to 
neurotropic viruses, with an overall goal of developing immunotherapy strategies that are broadly effective 
against this dangerous class of human pathogens.  This work is focused on lyssaviruses and henipaviruses, 
due to their neurotropic nature and propensity to cause severe human disease with a very high fatality rate. Our 
use of bioluminescence imaging to track viral replication has been a particularly important innovation for this 
work, as it allows us to collect highly granular data regarding viral spread and amplification from individual 
animals in a longitudinal manner.  Specific current projects include a DoD-funded translational study in which 
we are defining the utility of a novel, mAb-based anti-lyssavirus immunotherapy against rabies strains 
circulating in Europe and Africa, and a study to develop novel henipavirus therapies (both are collaborations 
with Dr. Christopher Broder’s group).

I am ideally suited to be PI of RP3: Cedar henipavirus animal model, as my group has established the only 
mouse model of Cedar virus infection (to our knowledge), and we now have several years of experience in the 
development of this very important BSL-2 animal model to investigate mechanisms of henipavirus 
pathogenesis, and to test efficacy of novel therapies. The following are notable ongoing projects:  

HU00011920118 (PI: Schaefer), USU Center for Global Health Engagement 
09/30/2019 – 09/29/2022  (NCE to 9/30/23)  
“Efficacy testing of a novel human monoclonal antibody therapy for late-stage rabies/lyssavirus infection” 

U19 AI142764-01 (PI:Broder; Schaefer Co-I), NIH/NIAID   
03/01/2019 – 02/29/2024 
“Advancement of Vaccines and Therapies for Henipaviruses” 

(b) (6)



R01 AI125552 (PI: Schaefer). NIH/NIAID  
06/01/2017 – 05/31/2022 (NCE to 5/31/2024) 
“T cell receptor-activated autophagy as a regulator of T cell effector responses” 

HU00011921048 (PI: Schaefer), USU Multi-domain Operations Research (MDO) 
02/28/2023 - 09/30/2025 
“Defining the mechanism of enhancement of the pathogen-directed host adaptive immune response 
following anti-lyssavirus monoclonal antibody therapy” 

B. Positions, Scientific Appointments, and Honors

Positions

2017 - current Professor (with tenure) in Microbiology and Immunology, Uniformed Services 
University of the Health Sciences, Bethesda, MD. 

2009 - 2017 Associate Professor (with tenure) in Microbiology and Immunology, Uniformed 
Services University of the Health Sciences, Bethesda, MD. 

2002 - 2009 Assistant Professor in Microbiology and Immunology, Uniformed Services University 
of the Health Sciences, Bethesda, MD. 

1996 - 2002 Post-doctoral Research Associate, Howard Hughes Medical Research Institute, 
National Jewish Medical and Research Center, Denver, CO. 

1995 - 1996 Research Fellow in Pathology, Harvard University, Dana-Farber Cancer Institute  

Professional Memberships and Service 

2011 - 2016 NIH CMIB (Cell and Molecular Immunology-B) study section for review of R01/R21 
grants (Ad hoc member Feb & May 2011, Feb & May 2013, Feb 2014, Feb 2015, 
May 2016) 

2008, 2021 ZRG1 CB-D 30 Confocal Microscopy Shared Instrumentation NIH Study Section (Ad 
hoc member) 

2006 - current American Society for Cell Biology (ASCB) 
2006 - current American Association of Immunologists (AAI) 
2006 - 2007  ZRG1 IMM-L 29 L, DBBD Minority and Disability Predoctoral Fellowship NIH Study 

Section (Ad hoc member) 
2005-2006  ZRG1 F07 Immunology Fellowship and AREA NIH Study Section (Ad hoc member) 

Honors 

2016 Uniformed Services University Henry Wu Award for excellence in basic science 
research 

2005 - 2008 Dana Foundation Program in Brain and Immuno-Imaging 
2004 - 2006 Kimmel Scholar - Sidney Kimmel Foundation for Cancer Research 
2000 - 2002 Leukemia and Lymphoma Society Special Fellowship 
1989 - 1992 Office of Naval Research Graduate Research Fellowship 
1989 Phi Beta Kappa 
(1989) National Science Foundation Graduate Research Fellowship (Declined) 

Patents 

2007 US Patent 7,169,570: Method to Identify Regulators of Cellular Activation Using Bcl10 
– BC Schaefer, JW Kappler and P Marrack

Mouse strains developed 

2001 C57BL/6-Tg(UBC-GFP)30Scha/J: Ubiquitously expressed EGFP transgene on a pure 
C57BL/6 background.  Repository strain at Jackson Laboratory (stock# 004353). This 
strain has been used and cited in hundreds of publications. 



C. Contributions to Science

1. My Ph.D. thesis studies involved identification of the molecular mechanisms controlling distinct latency-
associated Epstein Barr virus (EBV) transcriptional programs.  Prior to my dissertation work, it was known 
that there were three forms of EBV latency which displayed two distinct phenotypes with regard to 
expression of EBV nuclear antigens (EBNAs): Type III latency is characterized by expression of all six EBV 
nuclear antigens (EBNA1-EBNA6) whereas Type I and Type II latency is characterized by expression of 
EBNA1 only.  The molecular basis restricted EBNA expression in Types I and II latency was not known. My 
work demonstrated the existence of a novel EBV promoter “Qp,” responsible for driving exclusive 
expression of EBNA1 in Types I and II latency.  My studies also showed that the choice between latency 
programs was contingent on whether the Type III latency promoter, Cp, is methylated in the host cell. 
Collectively, this work contributed significantly to the current understanding of regulation of EBV latency, 
which is relevant to elucidating how EBV persists for life in immunocompetent individuals, how EBV 
emerges as a life-threatening pathogen in specific immunodeficiencies, and how specific programs of EBV 
latency may be related to EBV-associated tumors, such as Burkitt lymphoma.

a. #Schaefer BC, Woisetschlaeger M, Strominger JL, and Speck SH.  Exclusive expression of Epstein-
Barr virus nuclear antigen 1 in Burkitt lymphoma arises from a third promoter, distinct from the 
promoters used in latently infected lymphocytes.  Proc. Natl. Acad. Sci. USA 1991; 88:6550-6554.
#Cited >130 times.

b. *Schaefer BC, Strominger JL, and Speck SH.  Redefining the Epstein-Barr virus-encoded nuclear antigen 
EBNA1 gene promoter and transcription initiation site in group I Burkitt's lymphoma cell lines.  Proc. Natl. 
Acad. Sci. USA 1995; 92:10560-10564
*Cited >190 times.

c. †Schaefer BC, Strominger JL, and Speck SH.  Host-cell-determined methylation of specific Epstein-Barr 
virus promoters regulates the choice between distinct viral latency programs.  Mol. Cell Biol. 1997; 
17:364-377.
†Cited >100 times.

d. ‡Schaefer BC, Paulson E, Strominger JL, and Speck SH.  Constitutive activation of Epstein-Barr virus
(EBV) nuclear antigen 1 gene transcription by IRF1 and IRF2 during restricted EBV latency. Mol. Cell 
Biol. 1997; 17:873-886
‡Cited >85 times.

2. My early work as an independent investigator involved determining whether NF-κB signaling proteins 
undergo molecular redistribution in response to TCR signaling.  Previous work had shown that several 
different signaling molecules are recruited to “supramolecular activation clusters (SMACs),” membrane-
proximal enrichments of signaling proteins that form on the cytoplasmic face of the antigen-engaged TCR. 
An assumption in the field, prior to our work, was that SMAC recruitment would be a shared feature of all 
cytoplasmic proteins important in TCR signaling.  Surprisingly, our investigations demonstrated that NF-κB 
signaling proteins, including Bcl10 and Malt, redistribute to punctate cytoplasmic structures, which we 
named POLKADOTS. Our ongoing signal transduction work has involved mechanistic studies connecting 
the POLKADOTS signalosome to TCR activation of NF-κB. Key findings include demonstration that (i) TCR 
activation of NF-κB is digital.  In other words, in contrast to pharmacological stimulation of NF-κB (PMA + 
ionomycin), which results in graded activation of NF-κB as the stimulus is increased, increasing TCR ligand 
changes only the number of T cells that respond, but not the intensity of the response; (ii) polyubiquitination 
of Bcl10 leads to recruitment to pre-existing p62 “speckles,” forming the POLKADOTS signalosome; (iii) the 
POLKADOTS signalosome is required for activation of the IKK complex; (iv) the POLKADOTS signalosome 
contemporaneously directs a signal dampening activity that involves a highly novel regulatory mechanism: 
selective autophagy of Bcl10, which results in degradation of Bcl10, but not its direct binding parther, Malt1; 
(v) effector T cells form POLKADOTS signalosomes and use autophagy to degrade Bcl10, whereas naïve T 
cells use a distinct mechanism of NF-κB activation that appears to be independent of p62, involving 
recruitment of signaling proteins to SMACs. Collectively, these contributions provide key mechanistic details 
regarding how signals are transmitted from the TCR to the NF-κB transcription factor. Most recently, we 
have collaborated with Drs. Wolfgang Losert and Arpita Upadhyaya, biophysicists at the







 
VERTEBRATE ANIMALS - RP3 (Cedar Henipavirus Animal Model)

1. Description of Procedures
The following mouse strains will be used in this proposal:

i) B6-albino-Ifnar1-/- mice.  We maintain a breeding colony of B6-albino Ifnar1-/- mice at Charles
River Labs (CRL). We generated these mice by crossing the B6-albino strain (Jackson
Laboratory B6(Cg)-Tyrc-2J/J, Strain #:000058) with the Ifnar1-/- strain (Jackson Laboratory
B6(Cg)-Ifnar1<tm1.2Ees>/J, Strain # 028288), followed by crossing F1 mice back to B6-albino
and then intercrossing white progeny that carried the Infar1- allele.  This colony is now
producing only albino mice that are homozygous Ifnar1-/-.

ii) B6-albino-STAT1-/- mice.  We are currently establishing a breeding colony of B6-albino
STAT1-/- mice at CRL.  We are currently crossing the B6-albino strain (Jackson Laboratory
B6(Cg)-Tyrc-2J/J, Strain #:000058) with the STAT1-/- strain (Jackson Laboratory B6.129S(Cg)-
Stat1tm1Dlv/J, Strain # 012606), followed by crossing F1 mice back to B6-albino and then
intercrossing white progeny that carry the STAT1- allele.  We anticipate establishing a colony of
the desired genotype by early 2024..

We will use mice for in vivo infection with rCedVs, with many experiments including bioluminescent 
imaging. Animals are housed in an approved ABSL-2 room and all laboratory and animal care staff 
follow BSL-2 safety precautions.  The total number of required mice (including all mice produced during 
breeding) is 5440. Experiments will be performed with male and female mice. The PI has an IACUC-
approved experimental protocol and an IBC-approved biosafety protocol that details the use of the 
above strains of mice for the described experiments.   

2. Justifications for Use
The goal of this project is to validate the mouse as a BSL-2 model for henipavirus pathogenesis, and as 
a platform for development and testing of countermeasures.  For this work, we must use an 
experimental animal model to allow the course of in vivo infection and the host immune response to be 
studied. There is no in vitro model which can model the complex in vivo dynamics of viral infection, 
moving between distinct cell types and anatomical locations, or the host immune response to infection. 
We have chosen to utilize mice due to their ease of care, the existence of well-characterized inbred 
strains and knockout models, and our preliminary data with rCedVs showing robust and reproducible 
infection of mice which is highly amenable to statistical analysis.  The number of animals to be used is 
based on power analyses, as detailed in our approved IACUC protocols.

3. Minimization of Pain and Distress
Experiments will involve the euthanasia of infected animals experiencing pain or distress. Our IACUC 
protocols also define a weight loss threshold or a combined disease score criterion as end points for 
virus-infected animals requiring euthanasia.  Animals not euthanized for the above reasons will be 
euthanized for tissue collection, at time points described in our IACUC protocol.  Euthanasia will be 
performed as described in part 4, below. Mice reaching criteria/endpoints described in 3, above, will be 
euthanized by ketamine or ketamine-xylazine overdose. This method is consistent with AMVA 
guidelines.



June 1st, 2023 
 
Dr. Schaefer, 
 
It is with great enthusiasm that I can confirm support for your proposed research study: Research 
Project 3 (RP3), Cedar henipavirus animal model, that is part of the multi-site center application, 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center (PABVAX). This project is a sound 
representation of your research expertise in cellular, histological and molecular methodologies to 
understanding the modulation of infectious viral consequences in the mammalian brain and central 
nervous system, using mice as a model system.  This proposal is centered on exciting preliminary data 
suggesting that infection of STAT1-/- mice with chimeric recombinant Cedar viruses (rCedVs) causes 
neurovirulence and mortality (whereas immunocompetent animals rapidly control infection).  Through 
your proposed transcriptomics studies, we can facilitate your experimental plan to define gene 
expression changes across cell types in the brains of infected animals.  Moreover, through your use of 
distinct recombinant viruses and different immunocompromised mouse strains, we can identify those 
gene expression changes that correlate with neurovirulence and mortality.  The proposed unbiased 
approach to defining pathogenic mechanisms will represent a truly important step in establishing, 
validating and gaining biological insights from this novel BSL-2 model of henipavirus disease.  
 
We are well poised to collaboratively support the high complexity molecular workflows from the well 
curated tissue specimens your team will provide.  At the laboratories of The American Genome Center 
(TAGC), we have model system experience in transcriptomic and proteomic profiling for experimental 
models using whole rodent brain (see PubMed Id (PMID): 21190398, 22291617 and 23118733). 
Specifically, we will assist your laboratory in bulk transcriptomics, single cell RNA-sequencing and 
Visium spatial transcriptomics using 10x Genomics workflows.  We have current standard operating 
procedures for your experiments using the 10x Genomics CytAssist platform and tissue compatibility 
for fixed tissues. We will also provide data analysis through validated pipelines and data storage from 
our compute infrastructure and storage area network.  Importantly, we will build cross-compatible 
protocols with your laboratory team, including a key liason in your laboratory, who has previously 
trained in our genome center.  Our laboratory and Data Science division computational biology 
associates will be available for analysis and interpretation of the data, with your leadership. 
 
I look forward to working with you on this exciting project!  
 
Sincerely, 

Clifton Lee Dalgard, PhD 
Professor 
Department of Anatomy, Physiology & Genetics 
Director, Center for Military Precision Health 
Director, The American Genome Center 
Uniformed Services University of the Health Sciences 
USU is “America’s Medical School” 

(b) (6)



RESOURCE SHARING PLAN - RP3 (Cedar Henipavirus Animal Model)

Sharing Model Organisms: No model organisms will be generated from this research. Strains of mice to be 
used in this proposal are directly available from Jackson labs, or will be derived via breeding of these 
commercial strains. As these strains are readily available to the scientific community, no further action on our 
part is required. 

All genomic data resulting from this project will be deposited in NCBI GEO (Gene Expression Omnibus) prior to 
or concurrent with publication. 

Sharing Research Tools: In general, we will adhere to NIH policies regarding sharing of resources and data. 
Our lab has demonstrated its commitment to sharing by providing published reagents upon request for the last 
20+ years.  Regarding any novel materials and resources that may be generated in this proposal, the general 
Resource Sharing Plan developed by the Henry M. Jackson Foundation and USUHS is as follows: Unique 
research resources, research tools, novel materials, including model organisms or modified strains, and 
related protocols, genetic and phenotypic data (including data from Genome-Wide Association Studies) that 
may arise out of the funded studies will be made available to others in the private and public sector as soon as 
appropriate agreements covering such transfer can be executed.  In the case of project data, findings shall be 
published as soon as possible or otherwise shared with other researchers pursuant to NIH policies regarding 
data sharing. The USUHS-HJF Joint Office of Technology Transfer (JOTT) will manage all technology transfer 
activities for data and resources generated by researcher of either USUHS or HJF.  The JOTT will adhere to all 
applicable policies, principles, guidelines and procurement rules in making unique research resources readily 
available for research purposes to qualified individuals and entities, and in ensuring that there is no more than 
a short–term restriction on publication or public dissemination of data in order for the JOTT to evaluate and file 
for patent protection on any subject invention that may arise from the funded study. Dissemination of 
unpublished data that is considered to be proprietary or confidential shall occur pursuant to a suitable 
confidential disclosure agreement prepared by the JOTT. Patient data shall be de-identified and shared in 
accordance with USU and HJF policies and applicable laws and regulations.  Data associated with Genome-
Wide Association Studies (GWAS) will be submitted to the NIH-designated GWAS data repository.  Material 
transfer agreements, license agreements, and Cooperative Research and Development Agreements 
(CRADAs), as appropriate, will be used to transfer material property. Material transfer agreements will be 
established to share resources among the research community for noncommercial research use. 



AUTHENTICATION OF KEY BIOLOGICAL AND CHEMICAL RESOURCES - RP3 (Cedar Henipavirus 
Animal Model)

USUHS

Project Lead: Brian Schaefer, Ph.D.

The reagents that are used in the Schaefer lab are routinely authenticated as follows: 

Expression constructs:  All new expression constructs are verified by (1) restriction digest and electrophoretic 
separation of fragments to ensure fragments of the predicted size are generated and (2) sequencing to 
ensure the correct sequence is present with no spurious mutations. 

Antibodies: Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly, the 
staining/blotting performance of new antibody lots are compared against previous lots; (2) For new antibodies, 
banding/staining patterns are compared against published data; (3) Whenever possible, new antibodies are 
also validated using objective controls, such as cells known to lack the protein of interest (e.g., knockout cells) 
or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by the new antibody 
is compared side-by-side with staining by the epitope-tag antibody). 

Cell lines: Cell lines are routinely validated using flow cytometry for key cell surface markers and/or functional 
tests. Cell lines transfected for virus production are validated via measuring titers of virus in the resultant 
supernatants. 

Viruses: Viruses are validated through a combination of genome sequencing, infectivity and functional testing. 
Rescued recombinant viruses are validated through genome sequencing, with comparison to the original 
cloned full length viral genomes. 

Mice: Every new litter of knockout animals is PCR screened for both the wild-type and inactivated allele, with 
validated wild-type and knockout control DNAs included in every screen. For transgenic animals, presence of 
the transgene is PCR verified in every litter, with validated controls included in the screen. Additional screens 
include periodic western blotting and/or FACS analysis of tissues/cells from knockout animals, to validate that 
PCR-identified knockouts indeed fail to express the protein product of the inactivated gene. 

Commercial chemical reagents: Such reagents are validated by one or both of the following: (1) performance 
comparison to previous lots of the same reagent; (2) use in an established assay that incorporates one or 
more validated performance controls. 



BUDGET JUSTIFICATION - RP3 (The Henry M. Jackson Foundation for the Advancement of Military 
Medicine Inc. in partnership with the Uniformed Services University of the Health Sciences) 

 KEY PERSONNEL 
 Brian. C. Schaefer, Ph.D., Project Lead (1.2 calendar months, 10% effort) is a Professor of Microbiology 
and Immunology at USUHS. His expertise is in cellular immunology, animal models of immune responses in 
the central nervous system and applying advanced imaging methods to biological questions. He and Dr. 
Broder have been collaborating for nearly a decade on creating animal models and investigating therapeutic 
interventions for neurotropic viral infections. The preliminary data in this application resulted from this 
collaboration, through an NIH-funded U19 grant (with aims that do not overlap the aims of this proposal). Dr. 
Schaefer will direct all animal studies in this project, managing and advising staff and overseeing data 
collection and data analysis. Dr. Schaefer will manage the overall experimental direction, the writing and 
editing of manuscripts for publication and the preparation of progress reports and other administrative functions 
related to this project, with assistance from the Senior Staff Scientist. (Dr. Schaefer is a full-time Federal 
employee. Hence, no salary is requested for this project). 

 OTHER PERSONNEL 
†To be named (Scientist II, 9 calendar months, 75% effort). A Scientist with experience in animal models and
transcriptomics analysis will be recruited for this project. This Scientist will supervise animal research studies, 
coordinate, conduct and supervise data analyses for transcriptomics studies. The scientist will also coordinate 
overall data analysis and will participate with Dr. Schaefer in preparation of manuscripts for funding and in 
preparing progress reports and performing other administrative tasks related to the conduct of this project. The 
Scientist II will be employed by the Henry M. Jackson Foundation, and salary support is requested on this 
project. 

†To be named (Postdoctoral fellow, 12 calendar months, 100% effort). A Postdoctoral fellow with experience
in animal research and virology will be recruited for this project. The Postdoctoral fellow will perform 
approximately half of the animal experiments proposed for this study. The Postdoctoral fellow will be employed 
by the Henry M. Jackson Foundation, and salary support is requested on this project. 

†Celeste Huaman (Graduate Student, 12 calendar months,100% effort) will perform approximately half of the
proposed in vivo experiments described in this proposal. Ms. Huaman is a senior graduate student in Dr. 
Schaefer’s lab, who has been working collaboratively with members of the Broder lab on this project. Notably, 
Ms. Huaman generated the majority of preliminary data in this proposal and has extensive experience in all 
procedures and analysis techniques required for the execution of the proposed experiments. Ms. Huaman 
worked in Dr. Schaefer’s lab as a Research Assitant II for 5 years before joining the USU Emerging Infectious 
Diseases graduate program, and she acquired a very deep technical skill set during that time. Ms. Huaman 
completed the CEEZAD BSL-3 training course at the Biosecurity Research Institute of Kansas State University 
in 2021, and she has trained most current laboratory staff in proper BSL-2 technique. Ms. Huaman is currently 
employed by the Henry M. Jackson Foundation, and salary support is requested for her on this project. 

†Caitlyn Clouse (Research Assistant II, 9 calendar months, 75% effort) will provide general technical support,
performing routine tissue culture, ordering reagents, and maintaining databases, as required for the project. 
Ms. Clouse will also perform genotyping of animals breeding at Charles River Lab and she will maintain 
detailed records of animal genotypes. She will also assist the postdoctoral fellow and Ms. Huaman with all 
animal experiments. Ms. Clouse completed the CEEZAD BSL-3 training course at the Biosecurity Research 
Institute of Kansas llent technical support, including assistance to Ms. Huaman in gathering the preliminary 
data for this project. Ms. Clouse is an employee of the Henry M. Jackson Foundation and we are requesting 
salary support for her on this project. 

†Camille Alba (Research Associate, The American Genome Center (TAGC), 1.85 calendar months, 15.4%
effort) will be responsible for leading the collaborative performance task for this study. She will oversee 
performance of library preparation, library quality assessment, library clustering and whole genome sequencing 
of the samples across the entire project. She will report Illumina NovaSeq platform performance metrics to the 
collaborating staff scientist and oversee data transfer batches. Ms. Alba is employed as a Henry Jackson 
Foundation employee therefore salary support is requested. 



†A merit increase has been added to years 2-5 of the personnel budget to account for salary increases for 
Henry M. Jackson Foundation personnel. 

 EQUIPMENT 
An ultralow (-80 C) freezer, ThermoFisher Scientific Model TSX60086A ($12,123), is needed for storage of the 
many RNA samples, viral stocks and frozen tissues (for sectioning) and slides with frozen sections. Dr. 
Schaefer’s current -80 freezers are filled to capacity. 

 TRAVEL  
Funds are requested to attend two domestic scientific conferences or one international conference in Year 1. 
This travel is for data presentation, exchange of ideas with colleagues, and for keeping up-to-date regarding 
the latest research findings relevant to the proposed project. Meeting attendance and data presentation is a 
key component of postdoctoral and graduate student training. 
 
 MATERIALS AND SUPPLIES 
For the laboratory to successfully complete the experiments, the project will need to procure the following 
reagents and supplies: 

General Laboratory Supplies 
Serological pipettes, microscope slides and coverslips, pipet tips, microcentrifuge tubes, sterile conical tubes, 
ultracentrifuge tubes, syringes, needles, gloves, respirators, gowns, buffers, flasks, plates, etc. 

Materials 
Trizol reagents, RNAse-free DNAse, RNAse-free water and buffers, Reverse Transcriptase, Taq Polymerase, 
qPCR master mix, RNAse-free consumables for tissue homogenization, magnetic beads for cell sorting, tissue 
culture media, fetal bovine serum, antibiotics, etc 

Real-time PCR probes DNA oligonucleotide 
Labeled antibodies for histology and flow cytometry 

 Animal Costs (procurement and husbandry): 

Animal Breeding at Charles River Labs 
The breeding of experimental mice at USU is contracted to Charles River Labs (CRL). All aspects of animal 
care and breeding are managed by CRL, while genotyping of progeny is performed by Dr. Schaefer’s group, 
using biosamples collected and shipped by CRL. We maintain a colony of B6-albino Ifnar1-/- mice and B6-
albion STAT1-/- mice in our breeding colony at CRL. For this project, we expect to maintain 12 breeding cages 
and 12 progeny cages to supply the animals needed for the proposed experiments. ($1.80/cage/day x 24 
cages x 365 days = $15,768 + Transportation charges $1,500 = $20,768). 

Animal Husbandry at USU 
Animal facility (DLAR) mouse per diems: 
USU DLAR FY24 per diem for biohazardous mice is $4.78/cage/day. We expect to have an average of 8 
experimental cages housed in the facility (8 cages x 365 days x $4.78/cage/day = $13,957.60/yr) 
 
 Translational Imaging Core (BRIC): 
BRIC – IVIS Spectrum CT bioluminescence imaging (9 hr/week x 52 weeks/yr x $50/hr = $23,400/yr) 
 
 Biomedical Instrumentation Core (BIC): 
BIC – flow cytometry (4 hr/week x 52 weeks/yr x $36/hr = $7,488/year). 
BIC – confocal microscopy (2 hr/week x 52 weeks/yr x $30/hr =$3,120/year) 
 
 The American Genome Center (TAGC): 
Transcriptomics studies performed at the USU American Genome Center 
 

Total RNAseq on brain slices from 32 animals/year x $300 per animal = $9,600/year  

Supplies for Visium Spatial Gene Expression: 



Visium CytAssist Spatial Gene Expression for FFPE, Mouse Transcriptome 6.5mm slides (quantity of 16 per 
year) $24,500/year 
Visium CytAssist Tissue Slide Cassettes = $1,800/year Dual INdex Kit TS set A = $620/year 
S1 Novaseq Flow cells (for spatial transcriptomics sequencing), 2 flow cells/year = $8,600/year  
 
Supplies for Single-cell RNAseq: 
Chromium Next GEM Automated Single Cell 3' Library and Gel Bead Kit v3.1 = $27,130/year Chromium Next 
GEM Automated Chip G Single Cell Kit = $630/year 
S1 Novaseq Flow cells (for single-cell RNAseq), 1 flow cell/year = $4,300/year 
 
 Publication Costs: (Year 2) 
We estimate 2 manuscripts per year for an average cost of $2,500 per publication. This cost estimate is based 
on our average fee paid per open access journal publication for the last 3 years. 
 
 INDIRECT COSTS 
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used 
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1). 
 
The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is 
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost 
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is 
applied on total external subaward costs. 
 
The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical 
Research Acquisition Activity on September 1, 2022. 
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Hello,
We have made a pass through the files that have been sent over from both of you for RP5 on the
UTMB/USUHS U19 (PABVAX). Please let me know if you have any last changes or comments for the
files attached before we upload them into the application. Also, please send over to us as soon as
possible the items listed below by the end of the day Monday, June 5.
 

Final Specific Aims – 1 pg
Final Research Strategy – 12 pgs plus bibliography

 
Thank you,
 
Sherry L. Haller, PhD
Associate Director
Center for Biodefense and Emerging Infectious Diseases
The University of Texas Medical Branch
Keiller Bldg., Rm. 1.104D
301 University Blvd., Galveston, TX 77555-0609
 
C: (785) 554-1713  O: (409) 747-0766
Teams: Call Chat
E: shhaller@utmb.edu

 


PROJECT SUMMARY/ABSTRACT - RP3 (Cedar Henipavirus Animal Model)

Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health. Among these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely broad tropism capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and -B3 ligands as entry receptors. NiV and HeV infection often results in a systemic and fatal respiratory and/or neurological disease in multiple mammalian species including humans. NiV and henipaviral disease are also included in the WHO List of Priority Pathogens, and they are significant biothreats to humans and livestock in South and Southeast Asia and Australia. HNVs have two membrane glycoproteins: the attachment glycoprotein (G) and the fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the focus of all vaccine and antiviral monoclonal antibody (mAb) strategies. The most extensively studied HNV vaccine is a soluble recombinant form of HeV G (HeV-sG), shown to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including nonhuman primates (NHPs). With no licensed vaccines or treatments available for human use, this project will use the prototype HNVs as a model to develop, test, and translate a novel vaccination platform (a thermostable, needle-free, adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable microneedle patch (MNP)). Preliminary data demonstrates potent immunogenicity of a PPZ-MNP-HeV-sGvaccine in mice, inducing robust antigen-specific HNV cross-neutralizing antibody and cellular immune responses. The MNP vaccines will be used to evaluate HeV-sG and compare stabilized soluble forms of HNV G and F (sGtet and sFstb) and combinations in challenge studies. A reverse genetics system has been developed to generate recombinant, nonpathogenic Cedar virus (rCedV) and rCedV chimeric virus tools by swapping the G and F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput neutralization platform to be used to rapidly evaluate HNV vaccine responses. Also, divergent and pathogenic zoonotic HNVs have been discovered including the related rodent borne Mòjiāng virus and Langya virus (LayV)), and the divergent bat-borne Angavokely virus (AngV). This project will develop and test the rapid, adaptable and readily deployable MNP vaccine platform together with new virological tools to facilitate the translational nature of this pandemic preparedness approach. Specifically, we will: 1) Develop PPZ-MNP-based sGtet and sFstb prototype HNV vaccines; 2) Construct new reporter virus tools; 3) Evaluate vaccine-induced immune responses and HNV-specific mAbs and nbs; and 4) Validate the PPZ-MNP platform with another paramyxovirus antigen.




FACILITIES AND OTHER RESOURCES - RP3 (Cedar Henipavirus Animal Model)
USUHS


Project Lead: Brian Schaefer, Ph.D. 


Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which 
approximately half of the physicians in the Armed Services receive their graduate training.  Research at USU 
is supported primarily by extramural grants, as in other medical schools. Dr. Schaefer is a tenured Professor in 
the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.  The overall 
focus of the Department is mechanisms of infectious diseases and the host response/immunology.  Faculty 
interests and active research programs at USU are diverse, with many nationally- and internationally-known 
investigators, including the Department of Microbiology and Immunology chair, Dr. Christopher Broder, who is 
an internationally-known virologist (and centrally involved in this proposal).   


USU is directly across the street from the main NIH campus and close to Johns Hopkins, the University of 
Maryland and several other outstanding institutions, facilitating opportunities to establish productive 
collaborations with world-class investigators.  For example, Dr. Schaefer has had a multi-PI U01 grant with Dr. 
Wolfgang Losert (Dept of Physics, University of Maryland) as the co-PI and Dr. Hari Shroff (NIH/NIBIB) as a 
collaborator. Dr. Schaefer is also primary PI on a multi-PI R01 from NIAID with Dr. YouWen He at Duke 
University Medical Center, and Dr. Thomas Conrads (Women’s Health Integrated Research Center). Dr. 
Schaefer and his staff have also collaborated with the Advanced Imaging Center (AIC) at the Howard Hughes 
Medical Institute (HHMI) for some of their imaging-based research. Overall, the broader scientific environment 
at USU and the greater Bethesda/Washington D.C. metropolitan region is highly conducive to productive 
collaborations.  Dr. Schaefer has been using these resources to his advantage, and has been very active in 
establishing collaborative relationships to facilitate his research objectives. Notably, Dr. Schaefer and Dr. 
Broder have been collaborating for several years on lyssavirus- and henipavirus-related project, and they have 
a very strong working relationship. 


Members of the Schaefer lab participate in a weekly multi-lab Immunology journal club, Immunology data club, 
virology journal club, and virology data club. Approximately 10 groups regularly participate in the immunology 
journal/data club and 5 groups regularly participate in the virology journal/data club.  Also, members of the 
Schaefer lab participate in a bi-weekly data presentation/discussion group which meets monthly.   


Dr. Schaefer has been well-supported by the Department of Microbiology and Immunology and the USU Office 
of Research.  Although USU is a modest-sized medical school, the technical resources are outstanding, 
rivaling many very large institutions (see below).  The modest size of the school is an advantage, as key 
pieces of equipment (e.g., The IVIS® Spectrum CT preclinical in vivo imaging system; Cytek Aurora spectral 
flow cytometer), and 10x Genomics Visium Spatial Transcriptomics instruments are not overbooked and 
therefore readily available to laboratory personnel. Dr. Schaefer is also Chair of the USU Biomedical 
Instrumentation Center (BIC), and thus plays a central role in directing equipment purchases, ensuring that 
needed technologies are available for the research of the PI and his USU colleagues.  In addition to University 
funds, we have successfully used the NIH S10 mechanism to purchase core facility equipment.  Overall, the 
available technical resources (and University support for continually improving technical resources) is 
exceptional, as is illustrated by recent USU purchases of cutting-edge equipment including a Perkin-Elmer 
IVIS® Spectrum CT preclinical in vivo imaging system, a Zeiss Elyra PS.1 super-resolution microscope, an 
Agilant Seahorse XPe96 Analyzer, a BD FACSAria Fusion flow sorter, and many other pieces of advanced 
research equipment. Overall, the available technical resources (and University support for continually 
improving technical resources) is exceptional. 


USU has several Ph.D. programs, including an Emerging Infectious Diseases (EID) program, a Molecular and 
Cellular Biology (MCB) program and a Neuroscience (NES) program.  Dr. Schaefer holds secondary 
appointments in all three programs and is currently Interim Director of the Emerging Infectious Diseases 
Graduate Program. Ds. Schaefer has been very active in training graduate students, having trained >10 Ph.D. 
students.  USU recruits strong graduate students, and Dr. Schaefer’s students have been very productive, 
during and beyond their dissertation studies. The availability of talented graduate students is a further  
resource, promoting productivity and enhancing the overall vibrancy of the scientific environment at USU.     
Laboratory:  Dr. Schaefer’s laboratory area consists of three rooms of 450 sq. ft, 300 sq. ft and 225 sq.ft., and 
a dedicated microscopy suite of 110 sq. ft.  The Schaefer lab contains routine equipment for microbiology, 
molecular biology, and biochemistry including incubators, centrifuges, inverted microscopes, gel 
electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH meters, refrigerators, 
freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks, waterbaths, free-
standing biosafety cabinets, and CO2-tissue culture incubators.  Additionally, Dr. Schaefer’s lab is equipped 







with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence microscope), a 
BioRad CFX Connect real-time PCR system, a Coulter Z1-Dual cell counter, a DeNovix CellDrop-FL cell 
counter and a Lonza Nucleofector 4D Shuttle. Postdocs, students, and technicians have desks and computers 
in the laboratory. 


Animal:  Animals are maintained in University facilities under the supervision of a full-time veterinarian.  The 
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. The 
facility also includes two preclinical behavior cores (one for mice, one for rats). The facility and the University’s 
animal care and use program is managed by the Department of Laboratory Animal Medicine (DLAR), which is 
directed by a veterinarian who is an ACLAM Diplomate and staffed with three other veterinarians, a graduate 
animal husbandryman, and about 30 technicians. The University is able to provide appropriate care for a wide 
variety of laboratory animal species, from invertebrates and lower vertebrates to higher vertebrates including 
non-human primates and domestic livestock, as well as more commonly used species such as rodents and 
rabbits. The facility also includes a number of properly equipped ABSL-2 rooms. 


Computer:   Windows-based computers (Intel i5/i7 or similar processors and ≥8GB of RAM) are available for 
routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories of both 
investigators. Dr. Schaefer’s laboratory also has a dedicated workstation for use for analysis of microscopy 
and in vivo imaging data.  Image analysis software in the Dr. Schaefer’s lab includes Zeiss Zen, with a digital 
deconvolution module and numerous tools for quantitative image analysis. The University maintains site 
licenses for other image and data analysis software, including Zeiss Axiovision, VisioPharm, and OriginPro.   
Dr. Schaefer also maintains a license for FlowJo software, which can be used on any networked computer in 
the laboratory. The computers are connected by a central server to each other and to the Internet. A variety of 
USU-supported software programs are available, including EndNote, Microsoft Office, Adobe Creative Cloud, 
Geneious Prime and Graph Pad Prism 9.  


Office:  Drs. Schaefer’s office is separate from but proximal to each of his laboratories. Trainees and 
technicians have desks in the laboratory. Four full-time administrative officers and one part-time administrator 
are available to provide support within the department.   


Clinical:  N/A 


Other:  The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and 
Biometrics, provides statistical consulting to USUHS scientific investigators.  We routinely meet with BCC 
consultants regarding proper design of experiments for statistical testing and for statistical analysis of the 
resulting data. 


The USU Biomedical Research Imaging Core (BRIC) houses state-of-the art equipment for pre-clinical studies, 
including a IVIS® Spectrum CT, a Siemens Inveon SPECT/PET/CT Scanner and a Bruker Biospec 70/20 USR 
Magnetic Resonance Imaging system. A Scientist and several staff provide technical support and manage the 
facility. 


The USU American Genome Center (TAGC) is one of only four academic genome centers in the United 
States. It is the Department of Defense operations subsidiary of the Collaborative Health Initiative Research 
Program (CHIRP) established between the National Heart, Lung, and Blood Institute (NHLBI) and USU. Since 
inception, TAGC has generated more than 40,000 whole Genome Sequences across 107 research studies 
sourced from NHLBI, other NIH Institutes, DoD and USU investigators. TAGC is also the sequencing center 
and genome data analysis center for the APOLLO Cancer Moonshot project, and collaborates for this purpose 
with the Murtha Cancer Center (MCC) at Walter Reed, the National Cancer Institute, and the Veterans 
Administration. Through a collaborative relationship with 10x Genomics, USU has early access to newly 
released platforms such as Visium Spatial Transcriptomics (including improvements to that platform). 


The USU TAGC includes a large array of next-generation sequencing instruments including Illumina NovaSeq 
6000 systems, Illumina HiSeq X systems, and an Illumina NextSeq 500 system. A 10x Genomics Chromium 
Connect automated single-cell NGS library workstation is available for automated single cell partitioning, 
barcoding and NGS library preparation.  A 10x Genomics Chromium Controller massively parallel sample 
partitioning platform is available for barcoding single cell RNA for library preparation and for single cell 
transcriptome profiling, including CITE-seq workflows.  10x Genomics Visium CyAssist transcriptomic probe 
transfer system is available to facilitate spatial transcriptomics workflows. Electrophoresis systems include 
Agilent Fragment Analyzers and a Bio-Rad Experion LabChip Platform.  Sequencing platforms are connected 
to a high-speed network switch for data storage on a petabyte-scale Isilon SAN. 







The USU Biomedical Instrumentation Center (BIC) consists of five core equipment facilities for use by 
investigators throughout the University.  Instrumentation is available either free or on a fee-for-service basis, 
depending on which instruments have annual service contracts (which are paid largely through per-hour use 
fees). Each core is run by a full-time Director with an advanced science background (most hold a PhD) and a 
high degree of technical expertise. The majority of cores have at least one additional employee to help 
manage the core and provide guidance and assistance to users. 


The BIC Flow Cytometry Core includes three analyzers (Cytek Aurora 5-laser, 64-channel Spectral Analyzer; 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5; Becton-Dickinson 4-laser, 15-parameter LSRII) 
and two sorters (BD FACSAria Fusion 4-laser, 18-parameter flow sorter; BD FACSAria IIIu 4-laser, 17-
parameter flow sorter) and an Amnis Image Stream X Mark II imaging flow cytometer.  Other equipment 
includes a Bio-Rad Bio-Plex 200 multi-analyte detection system and an Agilant Seahorse XPe96 Analyzer. The 
core has several off-line analysis workstations with FlowJo and other data analysis platforms.   


The BIC Imaging Core houses a wide array of microscopes, including a Zeiss Elyra PS.1 super-resolution 
microscope, which is capable of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-
parameter PALM (Photoactivation localization microscopy) and dSTORM (direct stochastic optical 
reconstruction microscopy), as well as 3D-PALM/dSTORM. Other microscopes include aZeiss 980 Confocal 
with Airyscan2, a Zeiss 700 confocal system, a Zeiss 7 MP Multi-photon Confocal Electrophysiology System, a 
Zeiss Lightsheet Z.1 and a Zeiss Axioscan Z1 Slide Scanner. The facility also includes several additional wide-
field fluorescence microscopes, and three offline data analysis stations with software packages including: 
Zeiss Zen software and full Physiology package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, 
Autodeblur, and Autovisualize.  For electron microscopy needs, the core is equipped with a JEOL JEM-1011 
transmission electron microscope, an ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment), and a 
grid stainer (Leica EM AC20). 


The BIC Genomics core includes a 3500 XL Applied Biosystems Genetic Analyzer, a Gene Forge 3900 and an 
ABI 3900 and DNA Synthesizer, a U-3000 Thermo-Scientific HPLC system, an Agilent 1200 HPLC, a QX200 
Droplet Digital PCR System, a Roche LightCycler 480 Real-Time PCR System and an Agilent Capillary 
Electrophoresis Fragment Analyzer.  


The BIC Structural Biology and Proteomics Core includes a GE Healthcare Biacore 3000 Surface Plasmon 
Resonance instrument, an AB Sciex 4000 QTRAP LC/MS/MS System, an Agilent 1200 HPLC, a Wyatt 
DynaPro NanoStar Dynamic Light Scattering analyzer, an Art Robbins Instruments Phoenix Crystallization 
Robot, and a JANSi UVEX Fluorescence Microscope (for crystal inspection). 


The BIC Histopathology Core includes a Leica Autostainer XL, a Leica CV 5030 Robotic Coverslipper, a 
Sakura Tissue-Tek VIP tissue Processor, a Leica CM 3050 S Cryostat, and a Microm HM 325 Microtome. 


The University also has an equipment repair service, central duplicating service, audiovisual service, and 
microcomputer support service. The University Learning Resource Center is a high quality medical and 
scientific library with additional microcomputers and support.  A wide variety of scientific journals are available 
via remote computer access. A central autoclave/glassware washroom serves the Department of Microbiology 
and Immunology. 







Washington State University 


Paul G. Allen School of Global Health at Washington State University in Pullman, WA (Bronwyn Gunn) 


The Paul G. Allen Center for Global Health at Washington State University, completed in 2012, is a 62,000-
square-foot state-of-the-art infectious disease research facility equipped to meet today’s standards for 
investigating pathogens and emerging diseases. The facility includes first floor administrative offices and 5,000 
sq. ft. of CDC- and USDA-certified Biosafety Level 3 (BSL3) laboratory space, and two floors with meeting rooms, 
faculty BSL2 laboratories and office space. Meeting rooms are well-equipped for presentations and connecting 
with colleagues across the globe, while open spaces on each floor also encourage informal interactions among 
the students, faculty, and staff. Shared facilities including common equipment rooms and licensed work sites for 
bioinformatics are also available throughout the building.  


Laboratory: The Gunn laboratory is located on the 2nd floor of the Paul G. Allen School of Global Health at 
Washington State University in Pulllman, WA. The BSL2 laboratory space includes 8 six-ft benches, equipped 
with standard laboratory equipment (pipettes, serological pipet-aids, vortex, heat blocks, PCR machine, 4C 
refrigerator, -20C freezer, -80C freezer etc), with a dedicated space for molecular DNA and protein analysis. 
There are two class II biosafetly cabinets located in a separate room attached to the main lab space that contains 
a double stack New Brunswick 37C 5% CO2 incubator and a shaking CO2 incubator (New Brunswick S41i) for 
culture of suspension cell lines. A Luminex MagPix and a magneic plate washer (AquaMax4000, Molecular 
Devices) and an OctetRed 96 biolayer interferometry instrument (ForteBio/Sartorius) are housed within the Gunn 
lab space for multiplexed analysis of antibody levels and affinity measurements, respectively. The Gunn lab also 
houses a Cytek Aurora Spectral Flow Cytometer, equipped with 5 lasers (UV, violet, blue, yellow-green, red) and 
automated 96 well high throughput sampler that is used to analyze all cell-based effector assays. Dr. Gunn also 
has access to  a Biotek Synergy HTX multimode microplate reader equipped with luminescence and 
fluorescence detectors for highthroughput analysis of pseudotyped virus entry. 


Dr. Gunn also has access to additional facilities and resources within the rest of the Paul G. Allen School of 
Global Health. All investigators’ laboratories and the core facilities are fully equipped for research in molecular 
biology and infectious diseases. The BSL2 laboratories have been approved for pathogen use, recombinant 
DNA experiments, and radioisotope use. The BSL-3 and ABSL-3 labs are USDA and CDC certified for select 
agent use. A full range of centrifuges, a scintillation counter, microscopes, spinning disc fluorescence 
microscope, spectrophotometers, electrophoresis instrumentation, thermal cyclers for PCR, real-time PCR and 
digital PCR, multi-plate fluorimeters and proteomic instrumentation (isoelectric focuser) as well as other general 
equipment are available on-site, and gamma counters, HPLC and FPLC are available nearby. Major equipment 
in the Allen Center also includes instrumentation for microarray fabrication and an Illumina MiSeq system that is 
used routinely for DNA sequencing and RNAseq experiments. Shared instrumentation includes photographic 
equipment, an automatic radiograph processor, an upright flourescent microscope, image analysis equipment, 
large-scale incubators, ultra - and high-speed centrifuges.  


BSL-3 laboratory: Dr. Gunn has dedicated BSL-3 space in the Paul G. Allen School of Global Health BSL-3 
suite and currently approved to work with SARS-CoV-2. Equipment in the BSL-3 laboratory space include a 
Class II biosafety cabinet, centrifuge equipped with biocontainment rotors, and 37C 5% CO2 tissue culture 
incubator.  


Computer: All members of the Gunn laboratory are supplied a laptop 13” MacBook Pro for their research needs, 
with licenses to Office Software (Word, Excel, PowerPoint, Outlook), Adobe Creative Cloud (Illustrator, 
Photoshop, Acrobat), GraphPad Prism, and EndNote20. In addition, two lab desktop computers are available 
that have licenses to Cytek SpectroFlo analysis software and Geneious. Computers are networked and wireless 
connectivity is available throughout the building. High-performance computing needs on campus are met by an 
SGI Power Challenge L computer, an NSF-funded 16-processor IBM SP2 parallel computer, and the Amazon 
Cloud (AWS). Critical data bases including various DNA and protein sequence data bases (GenBank, EMBL, 
SwissPro and others), the Brookhaven Protein Data Bank, and the Cambridge Crystallographic Structure Data 
Bank for small molecules are available locally and through network access. Software for sequence analysis, 
clustering orthologous proteins, detecting SNPs, and exploration of phylogenetic relationships is available, as 
are numerous programs available via network access.  







Office: Office space for graduate students and post-docs in the Gunn lab are located directly outside of the 
laboratory space, allowing for easy access and transition between spaces. Dr. Gunn’s office is located adjacent 
to the general office space, allowing for easy communication and interactions.   


Animal: All animals on the WSU campus are maintained in accordance with USDA and NIH regulations that 
include twice-yearly inspections of all facilities by the Institutional Animal Care and Use Committee (IACUC). 
The facilities and procedures for maintenance and care of animals are accredited by the American Association 
for Accreditation of Laboratory Animal Care. Personnel trained in the care of laboratory animals staff all animal 
facilities.  


Scientific Environment: The research environment is strengthened by an interactive faculty. These include 
interactions with many faculty members within the College of Veterinary Medicine Departments of Veterinary 
Microbiology and Pathology (VMP), Integrated Physiology and Neurosciences (IPN) and the School of Molecular 
Biosciences (SMB) which provide opportunities for scientific exchange and collaborations as well as extended 
expertise in infectious diseases, cell biology and biochemistry. 
Palouse Virology group: There is a bi-weekly Virology Group meeting of laboratories from WSU, USDA, and the 
University of Idaho that contributes to the interactive intellectual environment. Participating virologists are from 
the Nicola, Bose, Cunha, Fortunato, Goodman, Gunn, Koehler, Letko, Miura, Ramsay, Rowley, Schwartz and 
Seifert laboratories, covering a range of viral pathogens including those impacting human and animal species.  
Research in Progress (RIP): Weekly meetings where students, staff, and faculty from VMP, Allen School, and 
USDA present their research in 20- or 45-minute seminars. RIP is well attended both in person and on Zoom.  
 


 
 





		SCHAEFER - FACILITIES

		WSU Facilities






EQUIPMENT - RP3 (Cedar Henipavirus Animal Model)
USUHS


Project Lead: Brian Schaefer, Ph.D.
Schaefer Laboratory 
Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope) 
BioRad CFX Connect real-time PCR system 
Lonza Nucleofector 4D Shuttle – core unit and X-unit  
Coulter Z1-Dual cell counter 
DeNovix CellDrop-FL cell counter with fluorescence 
centrifuges: Eppendorf 5425 microfuges (3); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i; various 
rotors NestAdvance Bullet Blender bead mills (2) 
Miltenyi QuadroMACS separator (2) 
inverted microscopes for tissue culture (2) 
gel electrophoresis equipment for protein (3) and DNA (5) gels 
semi-dry protein transfer apparatus (2) 
Bio-Rad thermal cyclers (2) 
balances (4) 
pH meter 
refrigerators 
freezers (-20 C, -80 C) 
platform orbital shakers (5) 
sonicator with cup horn and microtip 
bacterial shaker 
heating blocks (6) 
waterbaths (8)  
biosafety cabinets (2) 
CO2-tissue culture incubators (3) 
Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring  


Departmental 
GE Healthcare Life Sciences Amersham Imager 680 (for imaging of protein and DNA gels and blots) 
Alpha-Innotech gel documentation system (EtBr-stained gels) 
2D gel electrophoresis system (protein) 
MilliQ ultra-pure water system 
Nanodrop spectrophotometer 
Luminometer 
Fluorescence plate readers (2) 


USU CORE FACILITIES (fee for service or free) 


Biomedical Research Imaging Core (BRIC) 


IVIS® Spectrum CT preclinical in vivo imaging system (2D and 3D bioluminescence and CT imaging) 
Siemens Inveon SPECT/PET/CT Scanner 
Bruker Biospec 70/20 USR MRI 
Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications 


The American Genome Center (TAGC) 


Illumina NovaSeq 6000 systems (7) 
Illumina HiSeq X systems (6) 
Illumina NextSeq 500 system 
10x Genomics Visium CyAssist transcriptomic probe transfer system 
10x Genomics Chromium Connect automated single-cell NGS library workstation  
10x Genomics Chromium Controller massively parallel sample partitioning platform  
Bio-Rad Experion LabChip Platform automated electrophoresis system 
PRIMER Data Science Core - direct connection to a high-speed network switch for data  







Biomedical Instrumentation Center (BIC) 


Flow Cytometry 
Cytek Aurora 5-laser, 64-channel Spectral Analyzer 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5 
Becton-Dickinson 4-laser, 15-parameter LSRII FACS analyzer 
BD FACSAria Fusion 4-laser, 18-parameter flow sorter 
BD FACSAria IIIu 4-laser, 17-parameter flow sorter 
Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software 
Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system 
Agilant Seahorse XPe96 Analyzer 
Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit 


Microscopy 
Zeiss 980 Confocal with Airyscan2 
Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines 
Zeiss 7 MP Multi-photon Confocal Electrophysiology System 
Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy (SR-SIM), 


photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction microscopy 
(dSTORM).  System is fully equipped, including the 3D-PALM/dSTORM option.   


Zeiss Lightsheet Z.1 
Zeiss Axioscan Z1 Slide Scanner 
Zeiss AxioImager M2 upright microscope and MicroBrightField Stereo Investigator software (stereology 


analysis). 
Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage plus 


atmosphere and temperature control 
Transmission electron microscope (JEOL JEM-1011)  
Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment) 
Grid stainer (Leica EM AC20) 
Wide-field fluorescence microscopes (3) 
Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology 


package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize; 
Metamorph.   


Genomics 
3500 XL Applied Biosystems Genetic Analyzer 
Gene Forge 3900 and ABI 3900 and DNA Synthesizer 
U-3000 Thermo-Scientific HPLC system
Agilent 1200 HPLC
QX200 Droplet Digital PCR System (ddPCR)
Roche LightCycler 480 Real-Time PCR System
Agilent Capillary Electrophoresis Fragment Analyzer


Structural Biology/Proteomics 
AB Sciex 4000 QTRAP LC/MS/MS System 
Agilent 1200 HPLC 
Wyatt DynaPro NanoStar Dynamic Light Scattering 
GE Healthcare Biacore 3000 Surface Plasmon Resonance 
Art Robbins Instruments Phoenix Crystallization Robot 
JANSi UVEX Fluorescence Microscope 


Histopathology 
Leica Autostainer XL 
Leica CV 5030 Robotic Coverslipper 
Sakura Tissue-Tek VIP tissue Processor 
Leica CM 3050 S Cryostat 
Microm HM 325 Microtome 







Washington State University 
 
Paul G. Allen School of Global Health, Washington State University in Pullman, WA 


• Laminar Flow Hoods  
• Fume Hoods  
• Inverted Microscopes  
• Microcentrifuges 
• Nucleocounters  
• LN2 Storage Freezers  
• Biorad Thermal Cycler (PCR) 
• ThermoCycler (real-time PCR) 
• Digital PCR 
• Spinning disc fluorescent microscope 
• Spectrophotometers 
• Tissue Culture Incubators  
• Sequencing Power Pack and Gel Apparatus 
• Beckman Centrifuges  
• Thermo floor ultracentrifuges  
• Microplate shakers 
• New Brunswick shaking cell culture incubator (S41i)  
• Cytek Biosciences Aurora Spectral Flow Cytometer equipped with 5 lasers (UV, Violet, Blue, 


YellowGreen, and Red), 60 fluorescent detector channels, and a high throughput sampler.  
• Molecular Devices AquaMax 4000 Magnetic Plate Washer equipped with a 96 well head. 
• Luminex MagPix 
• Octet Red Biolayer Interferometer 
• Tecan multifluorescent plate reader 
• BioTek Synergy HTX Reader 
• Analytical scales 
• AKTA Avlant HPLC 
• -80oC Freezers 
• Nanodrop 8000 
• Autoclaves  
• Illumina MiSeq 


 
School of Molecular Biosciences, Washington State University in Pullman, WA 


• NanoString nCounter System 
• NanoString GeoMx Digital Spatial Profiler (DSP) 
• Becton-Dickenson FACSCalibur flow cytometer 
• Sony Biotechnology SH800 and SY3200 High Speed Sorter  
• Illumina NextSeq 2000 sequencer (December 2022) 
• PacBio Sequel II 
• Agilent Tape Station and Bioanalyzer 
• 10X Genomics ChromiumTM Controller 
• Nexcelom cell counter 
• Computational: 64-core node (Intel Xeon Scalable 6338) with 512GB, 3200 MT/s DDR4 of memory); 40 


TB storage equipped with a GPFS file system 
• The storage system is backed up by WSU’s KAMIAK Supercomputer center and backed up in time 


snap shots on a server powered by different power sources and physically located in a different part of 
the building. For security reasons all servers are only accessible via SSH within the WSU network or 
the VPN. 
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OMB No. 0925-0001 and 0925-0002 (Rev. 10/2021 Approved Through 09/30/2024) 


BIOGRAPHICAL SKETCH 


NAME: Schaefer, Brian Charles 


eRA COMMONS USER NAME (credential, e.g., agency login): bschaefer


POSITION TITLE: Professor of Microbiology and Immunology, and Director (Interim), Emerging Infectious 
Diseases Graduate Program


EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 


INSTITUTION AND LOCATION 


DEGREE 
(if 


applicable) 


Completion 
Date 


MM/YYYY 
FIELD OF STUDY 


Massachusetts Institute of Technology B.S. 1989 Biology 


Harvard University PhD 1995 Immunology 


Harvard Univ/Dana Farber Cancer Institute (Postdoc) 1995-1996 Tumor Virology 


National Jewish Medical and Research Center (Postdoc) 1996-2002 Immunology 


A. Personal Statement


My group has historically focused on two major research programs.  Our longest-standing program involves 
elucidation of mechanisms of signal transduction in immune cells and regulation of immune cell effector 
function, with a particular emphasis on the pathway that connects the T cell receptor (TCR) signaling to the 
transcription factor, NF-κB.  This work has also stimulated our studies of the function of an understudied CARD 
protein, CARD19, which was originally (incorrectly) identified as a negative regulator of TCR signaling to NF-
κB. These studies have resulted in numerous publications that define novel signaling mechanisms in the 
CARD11-BCL10-MALT1 signaling cascade and additional pathways.  Our second major area of research is 
centered on immune responses in the central nervous system.  Our initial work in this area involved elucidation 
of the role of the immune response initiated by traumatic brain injury, particularly NF-κB-mediated inflammatory 
responses.  However, we have now shifted our emphasis to translational research on immune responses to 
neurotropic viruses, with an overall goal of developing immunotherapy strategies that are broadly effective 
against this dangerous class of human pathogens.  This work is focused on lyssaviruses and henipaviruses, 
due to their neurotropic nature and propensity to cause severe human disease with a very high fatality rate. Our 
use of bioluminescence imaging to track viral replication has been a particularly important innovation for this 
work, as it allows us to collect highly granular data regarding viral spread and amplification from individual 
animals in a longitudinal manner.  Specific current projects include a DoD-funded translational study in which 
we are defining the utility of a novel, mAb-based anti-lyssavirus immunotherapy against rabies strains 
circulating in Europe and Africa, and a study to develop novel henipavirus therapies (both are collaborations 
with Dr. Christopher Broder’s group).


I am ideally suited to be PI of RP3: Cedar henipavirus animal model, as my group has established the only 
mouse model of Cedar virus infection (to our knowledge), and we now have several years of experience in the 
development of this very important BSL-2 animal model to investigate mechanisms of henipavirus 
pathogenesis, and to test efficacy of novel therapies. The following are notable ongoing projects:  


HU00011920118 (PI: Schaefer), USU Center for Global Health Engagement 
09/30/2019 – 09/29/2022  (NCE to 9/30/23)  
“Efficacy testing of a novel human monoclonal antibody therapy for late-stage rabies/lyssavirus infection” 


U19 AI142764-01 (PI:Broder; Schaefer Co-I), NIH/NIAID   
03/01/2019 – 02/29/2024 
“Advancement of Vaccines and Therapies for Henipaviruses” 







R01 AI125552 (PI: Schaefer). NIH/NIAID  
06/01/2017 – 05/31/2022 (NCE to 5/31/2024) 
“T cell receptor-activated autophagy as a regulator of T cell effector responses” 


HU00011921048 (PI: Schaefer), USU Multi-domain Operations Research (MDO) 
02/28/2023 - 09/30/2025 
“Defining the mechanism of enhancement of the pathogen-directed host adaptive immune response 
following anti-lyssavirus monoclonal antibody therapy” 


B. Positions, Scientific Appointments, and Honors


Positions


2017 - current Professor (with tenure) in Microbiology and Immunology, Uniformed Services 
University of the Health Sciences, Bethesda, MD. 


2009 - 2017 Associate Professor (with tenure) in Microbiology and Immunology, Uniformed 
Services University of the Health Sciences, Bethesda, MD. 


2002 - 2009 Assistant Professor in Microbiology and Immunology, Uniformed Services University 
of the Health Sciences, Bethesda, MD. 


1996 - 2002 Post-doctoral Research Associate, Howard Hughes Medical Research Institute, 
National Jewish Medical and Research Center, Denver, CO. 


1995 - 1996 Research Fellow in Pathology, Harvard University, Dana-Farber Cancer Institute  


Professional Memberships and Service 


2011 - 2016 NIH CMIB (Cell and Molecular Immunology-B) study section for review of R01/R21 
grants (Ad hoc member Feb & May 2011, Feb & May 2013, Feb 2014, Feb 2015, 
May 2016) 


2008, 2021 ZRG1 CB-D 30 Confocal Microscopy Shared Instrumentation NIH Study Section (Ad 
hoc member) 


2006 - current American Society for Cell Biology (ASCB) 
2006 - current American Association of Immunologists (AAI) 
2006 - 2007  ZRG1 IMM-L 29 L, DBBD Minority and Disability Predoctoral Fellowship NIH Study 


Section (Ad hoc member) 
2005-2006  ZRG1 F07 Immunology Fellowship and AREA NIH Study Section (Ad hoc member) 


Honors 


2016 Uniformed Services University Henry Wu Award for excellence in basic science 
research 


2005 - 2008 Dana Foundation Program in Brain and Immuno-Imaging 
2004 - 2006 Kimmel Scholar - Sidney Kimmel Foundation for Cancer Research 
2000 - 2002 Leukemia and Lymphoma Society Special Fellowship 
1989 - 1992 Office of Naval Research Graduate Research Fellowship 
1989 Phi Beta Kappa 
(1989) National Science Foundation Graduate Research Fellowship (Declined) 


Patents 


2007 US Patent 7,169,570: Method to Identify Regulators of Cellular Activation Using Bcl10 
– BC Schaefer, JW Kappler and P Marrack


Mouse strains developed 


2001 C57BL/6-Tg(UBC-GFP)30Scha/J: Ubiquitously expressed EGFP transgene on a pure 
C57BL/6 background.  Repository strain at Jackson Laboratory (stock# 004353). This 
strain has been used and cited in hundreds of publications. 







C. Contributions to Science


1. My Ph.D. thesis studies involved identification of the molecular mechanisms controlling distinct latency-
associated Epstein Barr virus (EBV) transcriptional programs.  Prior to my dissertation work, it was known 
that there were three forms of EBV latency which displayed two distinct phenotypes with regard to 
expression of EBV nuclear antigens (EBNAs): Type III latency is characterized by expression of all six EBV 
nuclear antigens (EBNA1-EBNA6) whereas Type I and Type II latency is characterized by expression of 
EBNA1 only.  The molecular basis restricted EBNA expression in Types I and II latency was not known. My 
work demonstrated the existence of a novel EBV promoter “Qp,” responsible for driving exclusive 
expression of EBNA1 in Types I and II latency.  My studies also showed that the choice between latency 
programs was contingent on whether the Type III latency promoter, Cp, is methylated in the host cell. 
Collectively, this work contributed significantly to the current understanding of regulation of EBV latency, 
which is relevant to elucidating how EBV persists for life in immunocompetent individuals, how EBV 
emerges as a life-threatening pathogen in specific immunodeficiencies, and how specific programs of EBV 
latency may be related to EBV-associated tumors, such as Burkitt lymphoma.


a. #Schaefer BC, Woisetschlaeger M, Strominger JL, and Speck SH.  Exclusive expression of Epstein-
Barr virus nuclear antigen 1 in Burkitt lymphoma arises from a third promoter, distinct from the 
promoters used in latently infected lymphocytes.  Proc. Natl. Acad. Sci. USA 1991; 88:6550-6554.
#Cited >130 times.


b. *Schaefer BC, Strominger JL, and Speck SH.  Redefining the Epstein-Barr virus-encoded nuclear antigen 
EBNA1 gene promoter and transcription initiation site in group I Burkitt's lymphoma cell lines.  Proc. Natl. 
Acad. Sci. USA 1995; 92:10560-10564
*Cited >190 times.


c. †Schaefer BC, Strominger JL, and Speck SH.  Host-cell-determined methylation of specific Epstein-Barr 
virus promoters regulates the choice between distinct viral latency programs.  Mol. Cell Biol. 1997; 
17:364-377.
†Cited >100 times.


d. ‡Schaefer BC, Paulson E, Strominger JL, and Speck SH.  Constitutive activation of Epstein-Barr virus
(EBV) nuclear antigen 1 gene transcription by IRF1 and IRF2 during restricted EBV latency. Mol. Cell 
Biol. 1997; 17:873-886
‡Cited >85 times.


2. My early work as an independent investigator involved determining whether NF-κB signaling proteins 
undergo molecular redistribution in response to TCR signaling.  Previous work had shown that several 
different signaling molecules are recruited to “supramolecular activation clusters (SMACs),” membrane-
proximal enrichments of signaling proteins that form on the cytoplasmic face of the antigen-engaged TCR. 
An assumption in the field, prior to our work, was that SMAC recruitment would be a shared feature of all 
cytoplasmic proteins important in TCR signaling.  Surprisingly, our investigations demonstrated that NF-κB 
signaling proteins, including Bcl10 and Malt, redistribute to punctate cytoplasmic structures, which we 
named POLKADOTS. Our ongoing signal transduction work has involved mechanistic studies connecting 
the POLKADOTS signalosome to TCR activation of NF-κB. Key findings include demonstration that (i) TCR 
activation of NF-κB is digital.  In other words, in contrast to pharmacological stimulation of NF-κB (PMA + 
ionomycin), which results in graded activation of NF-κB as the stimulus is increased, increasing TCR ligand 
changes only the number of T cells that respond, but not the intensity of the response; (ii) polyubiquitination 
of Bcl10 leads to recruitment to pre-existing p62 “speckles,” forming the POLKADOTS signalosome; (iii) the 
POLKADOTS signalosome is required for activation of the IKK complex; (iv) the POLKADOTS signalosome 
contemporaneously directs a signal dampening activity that involves a highly novel regulatory mechanism: 
selective autophagy of Bcl10, which results in degradation of Bcl10, but not its direct binding parther, Malt1; 
(v) effector T cells form POLKADOTS signalosomes and use autophagy to degrade Bcl10, whereas naïve T 
cells use a distinct mechanism of NF-κB activation that appears to be independent of p62, involving 
recruitment of signaling proteins to SMACs. Collectively, these contributions provide key mechanistic details 
regarding how signals are transmitted from the TCR to the NF-κB transcription factor. Most recently, we 
have collaborated with Drs. Wolfgang Losert and Arpita Upadhyaya, biophysicists at the







University of Maryland, to define biophysical features of TCR-mediated activation and degradation of 
Bcl10. Our study with Dr. Losert in PLOS Computational biology has shown that the regulated 
polymerization and degradation of Bcl10 has characteristics of an excitable system, providing new 
insights regarding the digital behavior of this signaling module.  


a. #Kingeter LM, Paul S, Maynard SK, Cartwright NG, and Schaefer BC. Cutting Edge: T cell receptor
ligation triggers digital activation of NF-B.  Journal of Immunology. 2010; 185:4520-4.
#Cited >90 times.


b. *Paul S, Kashyap AK, Jia W, He Y-W, and Schaefer BC. Selective autophagy of the adaptor protein
Bcl10 modulates T cell receptor activation of NF-B. Immunity. 2012; 36:947-58.
*Cited >200 times; Faculty of 1000 recommended


c. Paul S, Traver MK, Kashyap AK, Washington MA, Latoche JR, and Schaefer BC. T cell receptor
signals to NF-B are transmitted by a cytosolic p62-Bcl10-Malt1-IKK signalosome. Science Signaling.
2014; 7:ra45.


d. Campanello L, Traver MK, Shroff H, †Schaefer BC, †Losert W. Signaling through polymerization and
degradation: Analysis and simulations of T cell activation mediated by Bcl10. PLOS Computational
Biology. 2021 May 20;17(5):e1007986.
†co-corresponding authors


3. During our studies on TCR signaling to NF-κB, we became interested in the understudied CARD protein, 
CARD19.  Although CARD19 was initially described as a cytoplasmic negative regulator of TCR signaling 
to NF-κB, we found that this work was based on analysis of a partially spliced cDNA clone, and that the 
conclusions of this initial study were therefore spurious.  Our work with a properly spliced CARD19 cDNA 
showed that CARD19 is a mitochondrial protein that plays no role in TCR activation of NF-κB. Our latest 
work has shown that CARD19 interacts with the mitochondrial cristae organizing system (MICOS), and that 
it plays a role in determining cristae morphology. Notably, 3 of the 7 current publications focused on 
CARD19 were generated by my laboratory or as a collaboration with my group.  We are currently 
performing further studies to determine whether CARD19 regulates other aspects of mitochondrial function 
via its interaction with MICOS components.


a. Rios KE, Kashyap AK, Maynard SK, Washington M, Paul S and Schaefer BC. CARD19, the protein 
formerly known as BinCARD, is a mitochondrial protein that does not regulate Bcl10-dependent NF-κB 
activation after TCR engagement. Cell. Immunol., 2020; 356:104179.


b. Bjanes E, Sillas RG, Matsuda R, Demarco B, Fettrelet T, DeLaney AA, Rodriguez Lopez EM, Grubaugh 
D, Wynosky-Dolfi M, Philip NH, Krespan E, Tovar D, Joannas L, Beiting DP, Henao-Meija J, Schaefer 
BC, Chen KW, Broz P, and Brodsky I. Genetic targeting of Card19 is linked to disrupted NINJ1 
expression, impaired cell lysis, and increased susceptibility to Yersinia infection. PLoS Pathog. 
2021;17(10):e1009967.


c. Rios KE, Zhou M, Lott N, Beauregard C, McDaniel DP, Conrads TP, and Schaefer BC. CARD19 
interacts with mitochondrial contact site and cristae organizing system constituent proteins and 
regulates cristae morphology. Cells, 2022 11(7):1175.


4. A second major research focus in my lab is the study of immune responses in the central nervous system. 
Our initial studies focused on inflammatory responses in traumatic brain injury (TBI), using mice as a model 
system: The first study demonstrated that the gene expression program induced by mild vs. severe TBI is 
remarkably similar, with the main distinction being that the expression of certain inflammatory genes 
remains persistently elevated in severe TBI.  The second study presented evidence that the anti-
inflammatory drug salsalate is a candidate therapy for TBI, reducing inflammation and improving functional 
recovery, as assessed by behavior assays. Our more recent work has focused on developing novel animal 
models and immunotherapies for neurotropic viral infections.  Our published work on this project includes a 
description of our methodology for longitudinal tracing of lyssavirus infections and a description of isolation 
and in vitro characterization of two anti-lyssavirus neutralizing mAbs.


a. *Lagraoui M, Latoche JR, Cartwright NG, Sukumar G, Dalgard CL, Schaefer BC. Controlled cortical 
impact and craniotomy induce strikingly similar profiles of inflammatory gene expression, but with 
distinct kinetics. Front Neurol. 2012; 3:155.
*Cited >100 times







b. Lagraoui M, Sukumar G, Latoche JR, Maynard S, Dalgard CL, Schaefer BC. Salsalate treatment
following traumatic brain injury reduces inflammation and promotes a neuroprotective and neurogenic
transcriptional response with concomitant functional recovery. Brain, Behavior and Immunity. 2017;
61:96-109.


c. Mastraccio KE, Huaman C, Warrilow D, Smith GA, Craig SB, Weir DL, Laing ED, Smith IL, Broder CC,
and Schaefer BC. Establishment of a longitudinal pre-clinical model of lyssavirus infection. J. Virol.
Methods. 2020; 281:113882.


d. Weir DL, Coggins SA, Vu B, Coertse J, Yan L, Smith I, Laing ED, Markotter S, Broder CC and
Schaefer BC. Isolation and Characterization of Cross-Reactive Human Monoclonal Antibodies That
Potently Neutralize Australian Bat Lyssavirus Variants and Other Phylogroup 1 Lyssaviruses. Viruses.
2021; 13:391.


5. A distinct area of emphasis in my career has been the development of new tools for research and the 
optimization of existing tools. Among many publications in this area, I have edited a protocols book and 
written a review on methodology for identification of cDNA ends by RACE (which included an optimized 
protocol).  I produced a C57BL/6 transgenic mouse strain ubiquitously expressing GFP, which has been a 
highly utilized tool for cell transfer studies.  I also generated a set of retroviral vectors for rapid and reliable 
creation of stable cell lines. My lab has published optimized protocols for visualizing NF-κB signaling 
intermediates via confocal microscopy, and for quantifying NF-κB activation using imaging flow cytometry. 
We have most recently described our methodology for using bioluminescence imaging to semi-
quantitatively trace lyssavirus infection in laboratory mice. A central goal of this work is to facilitate progress 
across the biomedical research community, through the development and distribution of better tools and 
clear explanation of how to reliably execute challenging techniques.


a. †Schaefer BC. Revolutions in rapid amplification of cDNA ends: new strategies for polymerase chain 
reaction cloning of full-length cDNA ends. Anal Biochem. 1995 May 20;227(2):255-73.
†Cited >475 times


b. §Schaefer BC, Schaefer ML, Kappler JW, Marrack P, Kedl RM. Observation of antigen-dependent CD8


+ T-cell/ dendritic cell interactions in vivo. Cell Immunol. 2001 Dec 15;214(2):110-22.
§Describes creation and use of Jackson stock strain 004353 - C57BL/6-Tg(UBC-GFP)30Scha/J. 
Publication cited >400 times, strain cited many additional times.


c. Traver MK, Paul S, and Schaefer BC. T Cell Receptor Activation of NF-κB in Effector T Cells: 
Visualizing Signaling Events Within and Beyond the Cytoplasmic Domain of the Immunological 
Synapse. Methods in Molecular Biology, 2017; 1584:101-27.


d. Mastraccio KE, Huaman C, Laing ED, Broder CC, and Schaefer BC. Longitudinal Tracing of Lyssavirus 
Infection in Mice via In Vivo Bioluminescence Imaging. In: Bioluminescence.  Methods in Molecular 
Biology, Kim, SB. (ed.), 2022; 2524:369-394.


Complete publications from My Bibliography:  
https://www.ncbi.nlm.nih.gov/myncbi/brian.schaefer.1/bibliography/public/ 








 
VERTEBRATE ANIMALS - RP3 (Cedar Henipavirus Animal Model)


1. Description of Procedures
The following mouse strains will be used in this proposal:


i) B6-albino-Ifnar1-/- mice.  We maintain a breeding colony of B6-albino Ifnar1-/- mice at Charles
River Labs (CRL). We generated these mice by crossing the B6-albino strain (Jackson
Laboratory B6(Cg)-Tyrc-2J/J, Strain #:000058) with the Ifnar1-/- strain (Jackson Laboratory
B6(Cg)-Ifnar1<tm1.2Ees>/J, Strain # 028288), followed by crossing F1 mice back to B6-albino
and then intercrossing white progeny that carried the Infar1- allele.  This colony is now
producing only albino mice that are homozygous Ifnar1-/-.


ii) B6-albino-STAT1-/- mice.  We are currently establishing a breeding colony of B6-albino
STAT1-/- mice at CRL.  We are currently crossing the B6-albino strain (Jackson Laboratory
B6(Cg)-Tyrc-2J/J, Strain #:000058) with the STAT1-/- strain (Jackson Laboratory B6.129S(Cg)-
Stat1tm1Dlv/J, Strain # 012606), followed by crossing F1 mice back to B6-albino and then
intercrossing white progeny that carry the STAT1- allele.  We anticipate establishing a colony of
the desired genotype by early 2024..


We will use mice for in vivo infection with rCedVs, with many experiments including bioluminescent 
imaging. Animals are housed in an approved ABSL-2 room and all laboratory and animal care staff 
follow BSL-2 safety precautions.  The total number of required mice (including all mice produced during 
breeding) is 5440. Experiments will be performed with male and female mice. The PI has an IACUC-
approved experimental protocol and an IBC-approved biosafety protocol that details the use of the 
above strains of mice for the described experiments.   


2. Justifications for Use
The goal of this project is to validate the mouse as a BSL-2 model for henipavirus pathogenesis, and as 
a platform for development and testing of countermeasures.  For this work, we must use an 
experimental animal model to allow the course of in vivo infection and the host immune response to be 
studied. There is no in vitro model which can model the complex in vivo dynamics of viral infection, 
moving between distinct cell types and anatomical locations, or the host immune response to infection. 
We have chosen to utilize mice due to their ease of care, the existence of well-characterized inbred 
strains and knockout models, and our preliminary data with rCedVs showing robust and reproducible 
infection of mice which is highly amenable to statistical analysis.  The number of animals to be used is 
based on power analyses, as detailed in our approved IACUC protocols.


3. Minimization of Pain and Distress
Experiments will involve the euthanasia of infected animals experiencing pain or distress. Our IACUC 
protocols also define a weight loss threshold or a combined disease score criterion as end points for 
virus-infected animals requiring euthanasia.  Animals not euthanized for the above reasons will be 
euthanized for tissue collection, at time points described in our IACUC protocol.  Euthanasia will be 
performed as described in part 4, below. Mice reaching criteria/endpoints described in 3, above, will be 
euthanized by ketamine or ketamine-xylazine overdose. This method is consistent with AMVA 
guidelines.








June 1st, 2023 
 
Dr. Schaefer, 
 
It is with great enthusiasm that I can confirm support for your proposed research study: Research 
Project 3 (RP3), Cedar henipavirus animal model, that is part of the multi-site center application, 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center (PABVAX). This project is a sound 
representation of your research expertise in cellular, histological and molecular methodologies to 
understanding the modulation of infectious viral consequences in the mammalian brain and central 
nervous system, using mice as a model system.  This proposal is centered on exciting preliminary data 
suggesting that infection of STAT1-/- mice with chimeric recombinant Cedar viruses (rCedVs) causes 
neurovirulence and mortality (whereas immunocompetent animals rapidly control infection).  Through 
your proposed transcriptomics studies, we can facilitate your experimental plan to define gene 
expression changes across cell types in the brains of infected animals.  Moreover, through your use of 
distinct recombinant viruses and different immunocompromised mouse strains, we can identify those 
gene expression changes that correlate with neurovirulence and mortality.  The proposed unbiased 
approach to defining pathogenic mechanisms will represent a truly important step in establishing, 
validating and gaining biological insights from this novel BSL-2 model of henipavirus disease.  
 
We are well poised to collaboratively support the high complexity molecular workflows from the well 
curated tissue specimens your team will provide.  At the laboratories of The American Genome Center 
(TAGC), we have model system experience in transcriptomic and proteomic profiling for experimental 
models using whole rodent brain (see PubMed Id (PMID): 21190398, 22291617 and 23118733). 
Specifically, we will assist your laboratory in bulk transcriptomics, single cell RNA-sequencing and 
Visium spatial transcriptomics using 10x Genomics workflows.  We have current standard operating 
procedures for your experiments using the 10x Genomics CytAssist platform and tissue compatibility 
for fixed tissues. We will also provide data analysis through validated pipelines and data storage from 
our compute infrastructure and storage area network.  Importantly, we will build cross-compatible 
protocols with your laboratory team, including a key liason in your laboratory, who has previously 
trained in our genome center.  Our laboratory and Data Science division computational biology 
associates will be available for analysis and interpretation of the data, with your leadership. 
 
I look forward to working with you on this exciting project!  
 
Sincerely, 


 
Clifton Lee Dalgard, PhD 
Professor 
Department of Anatomy, Physiology & Genetics 
Director, Center for Military Precision Health 
Director, The American Genome Center 
Uniformed Services University of the Health Sciences 
USU is “America’s Medical School” 








RESOURCE SHARING PLAN - RP3 (Cedar Henipavirus Animal Model)


Sharing Model Organisms: No model organisms will be generated from this research. Strains of mice to be 
used in this proposal are directly available from Jackson labs, or will be derived via breeding of these 
commercial strains. As these strains are readily available to the scientific community, no further action on our 
part is required. 


All genomic data resulting from this project will be deposited in NCBI GEO (Gene Expression Omnibus) prior to 
or concurrent with publication. 


Sharing Research Tools: In general, we will adhere to NIH policies regarding sharing of resources and data. 
Our lab has demonstrated its commitment to sharing by providing published reagents upon request for the last 
20+ years.  Regarding any novel materials and resources that may be generated in this proposal, the general 
Resource Sharing Plan developed by the Henry M. Jackson Foundation and USUHS is as follows: Unique 
research resources, research tools, novel materials, including model organisms or modified strains, and 
related protocols, genetic and phenotypic data (including data from Genome-Wide Association Studies) that 
may arise out of the funded studies will be made available to others in the private and public sector as soon as 
appropriate agreements covering such transfer can be executed.  In the case of project data, findings shall be 
published as soon as possible or otherwise shared with other researchers pursuant to NIH policies regarding 
data sharing. The USUHS-HJF Joint Office of Technology Transfer (JOTT) will manage all technology transfer 
activities for data and resources generated by researcher of either USUHS or HJF.  The JOTT will adhere to all 
applicable policies, principles, guidelines and procurement rules in making unique research resources readily 
available for research purposes to qualified individuals and entities, and in ensuring that there is no more than 
a short–term restriction on publication or public dissemination of data in order for the JOTT to evaluate and file 
for patent protection on any subject invention that may arise from the funded study. Dissemination of 
unpublished data that is considered to be proprietary or confidential shall occur pursuant to a suitable 
confidential disclosure agreement prepared by the JOTT. Patient data shall be de-identified and shared in 
accordance with USU and HJF policies and applicable laws and regulations.  Data associated with Genome-
Wide Association Studies (GWAS) will be submitted to the NIH-designated GWAS data repository.  Material 
transfer agreements, license agreements, and Cooperative Research and Development Agreements 
(CRADAs), as appropriate, will be used to transfer material property. Material transfer agreements will be 
established to share resources among the research community for noncommercial research use. 








AUTHENTICATION OF KEY BIOLOGICAL AND CHEMICAL RESOURCES - RP3 (Cedar Henipavirus 
Animal Model)


USUHS


Project Lead: Brian Schaefer, Ph.D.


The reagents that are used in the Schaefer lab are routinely authenticated as follows: 


Expression constructs:  All new expression constructs are verified by (1) restriction digest and electrophoretic 
separation of fragments to ensure fragments of the predicted size are generated and (2) sequencing to 
ensure the correct sequence is present with no spurious mutations. 


Antibodies: Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly, the 
staining/blotting performance of new antibody lots are compared against previous lots; (2) For new antibodies, 
banding/staining patterns are compared against published data; (3) Whenever possible, new antibodies are 
also validated using objective controls, such as cells known to lack the protein of interest (e.g., knockout cells) 
or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by the new antibody 
is compared side-by-side with staining by the epitope-tag antibody). 


Cell lines: Cell lines are routinely validated using flow cytometry for key cell surface markers and/or functional 
tests. Cell lines transfected for virus production are validated via measuring titers of virus in the resultant 
supernatants. 


Viruses: Viruses are validated through a combination of genome sequencing, infectivity and functional testing. 
Rescued recombinant viruses are validated through genome sequencing, with comparison to the original 
cloned full length viral genomes. 


Mice: Every new litter of knockout animals is PCR screened for both the wild-type and inactivated allele, with 
validated wild-type and knockout control DNAs included in every screen. For transgenic animals, presence of 
the transgene is PCR verified in every litter, with validated controls included in the screen. Additional screens 
include periodic western blotting and/or FACS analysis of tissues/cells from knockout animals, to validate that 
PCR-identified knockouts indeed fail to express the protein product of the inactivated gene. 


Commercial chemical reagents: Such reagents are validated by one or both of the following: (1) performance 
comparison to previous lots of the same reagent; (2) use in an established assay that incorporates one or 
more validated performance controls. 






BUDGET JUSTIFICATION - RP3 (The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. in partnership with the Uniformed Services University of the Health Sciences)



 KEY PERSONNEL

 Brian. C. Schaefer, Ph.D., Project Lead (1.2 calendar months, 10% effort) is a Professor of Microbiology and Immunology at USUHS. His expertise is in cellular immunology, animal models of immune responses in the central nervous system and applying advanced imaging methods to biological questions. He and Dr. Broder have been collaborating for nearly a decade on creating animal models and investigating therapeutic interventions for neurotropic viral infections. The preliminary data in this application resulted from this collaboration, through an NIH-funded U19 grant (with aims that do not overlap the aims of this proposal). Dr. Schaefer will direct all animal studies in this project, managing and advising staff and overseeing data collection and data analysis. Dr. Schaefer will manage the overall experimental direction, the writing and editing of manuscripts for publication and the preparation of progress reports and other administrative functions related to this project, with assistance from the Senior Staff Scientist. (Dr. Schaefer is a full-time Federal employee. Hence, no salary is requested for this project).



 OTHER PERSONNEL

†To be named (Scientist II, 9 calendar months, 75% effort). A Scientist with experience in animal models and transcriptomics analysis will be recruited for this project. This Scientist will supervise animal research studies, coordinate, conduct and supervise data analyses for transcriptomics studies. The scientist will also coordinate overall data analysis and will participate with Dr. Schaefer in preparation of manuscripts for funding and in preparing progress reports and performing other administrative tasks related to the conduct of this project. The Scientist II will be employed by the Henry M. Jackson Foundation, and salary support is requested on this project.

†To be named (Postdoctoral fellow, 12 calendar months, 100% effort). A Postdoctoral fellow with experience in animal research and virology will be recruited for this project. The Postdoctoral fellow will perform approximately half of the animal experiments proposed for this study. The Postdoctoral fellow will be employed by the Henry M. Jackson Foundation, and salary support is requested on this project.

†Celeste Huaman (Graduate Student, 12 calendar months,100% effort) will perform approximately half of the proposed in vivo experiments described in this proposal. Ms. Huaman is a senior graduate student in Dr.

Schaefer’s lab, who has been working collaboratively with members of the Broder lab on this project. Notably, Ms. Huaman generated the majority of preliminary data in this proposal and has extensive experience in all procedures and analysis techniques required for the execution of the proposed experiments. Ms. Huaman worked in Dr. Schaefer’s lab as a Research Assitant II for 5 years before joining the USU Emerging Infectious Diseases graduate program, and she acquired a very deep technical skill set during that time. Ms. Huaman completed the CEEZAD BSL-3 training course at the Biosecurity Research Institute of Kansas State University in 2021, and she has trained most current laboratory staff in proper BSL-2 technique. Ms. Huaman is currently employed by the Henry M. Jackson Foundation, and salary support is requested for her on this project.

†Caitlyn Clouse (Research Assistant II, 9 calendar months, 75% effort) will provide general technical support, performing routine tissue culture, ordering reagents, and maintaining databases, as required for the project. Ms. Clouse will also perform genotyping of animals breeding at Charles River Lab and she will maintain detailed records of animal genotypes. She will also assist the postdoctoral fellow and Ms. Huaman with all animal experiments. Ms. Clouse completed the CEEZAD BSL-3 training course at the Biosecurity Research Institute of Kansas llent technical support, including assistance to Ms. Huaman in gathering the preliminary data for this project. Ms. Clouse is an employee of the Henry M. Jackson Foundation and we are requesting salary support for her on this project.

†Camille Alba (Research Associate, The American Genome Center (TAGC), 1.85 calendar months, 15.4% effort) will be responsible for leading the collaborative performance task for this study. She will oversee performance of library preparation, library quality assessment, library clustering and whole genome sequencing of the samples across the entire project. She will report Illumina NovaSeq platform performance metrics to the collaborating staff scientist and oversee data transfer batches. Ms. Alba is employed as a Henry Jackson Foundation employee therefore salary support is requested.



†A merit increase has been added to years 2-5 of the personnel budget to account for salary increases for Henry M. Jackson Foundation personnel.

 EQUIPMENT

An ultralow (-80 C) freezer, ThermoFisher Scientific Model TSX60086A ($12,123), is needed for storage of the many RNA samples, viral stocks and frozen tissues (for sectioning) and slides with frozen sections. Dr. Schaefer’s current -80 freezers are filled to capacity.

 TRAVEL 

Funds are requested to attend two domestic scientific conferences or one international conference in Year 1. This travel is for data presentation, exchange of ideas with colleagues, and for keeping up-to-date regarding the latest research findings relevant to the proposed project. Meeting attendance and data presentation is a key component of postdoctoral and graduate student training.



 MATERIALS AND SUPPLIES

For the laboratory to successfully complete the experiments, the project will need to procure the following reagents and supplies:

General Laboratory Supplies

Serological pipettes, microscope slides and coverslips, pipet tips, microcentrifuge tubes, sterile conical tubes, ultracentrifuge tubes, syringes, needles, gloves, respirators, gowns, buffers, flasks, plates, etc.

Materials

Trizol reagents, RNAse-free DNAse, RNAse-free water and buffers, Reverse Transcriptase, Taq Polymerase, qPCR master mix, RNAse-free consumables for tissue homogenization, magnetic beads for cell sorting, tissue culture media, fetal bovine serum, antibiotics, etc

Real-time PCR probes DNA oligonucleotide

Labeled antibodies for histology and flow cytometry

 Animal Costs (procurement and husbandry):

Animal Breeding at Charles River Labs

The breeding of experimental mice at USU is contracted to Charles River Labs (CRL). All aspects of animal care and breeding are managed by CRL, while genotyping of progeny is performed by Dr. Schaefer’s group, using biosamples collected and shipped by CRL. We maintain a colony of B6-albino Ifnar1-/- mice and B6-albion STAT1-/- mice in our breeding colony at CRL. For this project, we expect to maintain 12 breeding cages and 12 progeny cages to supply the animals needed for the proposed experiments. ($1.80/cage/day x 24 cages x 365 days = $15,768 + Transportation charges $1,500 = $20,768).

Animal Husbandry at USU

Animal facility (DLAR) mouse per diems:

USU DLAR FY24 per diem for biohazardous mice is $4.78/cage/day. We expect to have an average of 8 experimental cages housed in the facility (8 cages x 365 days x $4.78/cage/day = $13,957.60/yr)



 Translational Imaging Core (BRIC):

BRIC – IVIS Spectrum CT bioluminescence imaging (9 hr/week x 52 weeks/yr x $50/hr = $23,400/yr)



 Biomedical Instrumentation Core (BIC):

BIC – flow cytometry (4 hr/week x 52 weeks/yr x $36/hr = $7,488/year).

BIC – confocal microscopy (2 hr/week x 52 weeks/yr x $30/hr =$3,120/year)



 The American Genome Center (TAGC):

Transcriptomics studies performed at the USU American Genome Center



Total RNAseq on brain slices from 32 animals/year x $300 per animal = $9,600/year 

Supplies for Visium Spatial Gene Expression:

Visium CytAssist Spatial Gene Expression for FFPE, Mouse Transcriptome 6.5mm slides (quantity of 16 per year) $24,500/year

Visium CytAssist Tissue Slide Cassettes = $1,800/year Dual INdex Kit TS set A = $620/year

S1 Novaseq Flow cells (for spatial transcriptomics sequencing), 2 flow cells/year = $8,600/year 



Supplies for Single-cell RNAseq:

Chromium Next GEM Automated Single Cell 3' Library and Gel Bead Kit v3.1 = $27,130/year Chromium Next GEM Automated Chip G Single Cell Kit = $630/year

S1 Novaseq Flow cells (for single-cell RNAseq), 1 flow cell/year = $4,300/year



 Publication Costs: (Year 2)

We estimate 2 manuscripts per year for an average cost of $2,500 per publication. This cost estimate is based on our average fee paid per open access journal publication for the last 3 years.



 INDIRECT COSTS

HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).



The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is 36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is applied on total external subaward costs.



The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical Research Acquisition Activity on September 1, 2022.
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BIOGRAPHICAL SKETCH 
Provide the following information for the Senior/key personnel and other significant contributors. 

Follow this format for each person. DO NOT EXCEED FIVE PAGES. 
NAME: Xu, Jianliang 
eRA COMMONS USER NAME (credential, e.g., agency login):  
POSITION TITLE: Assistant Professor 
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.)  

INSTITUTION AND LOCATION DEGREE 
(if applicable) 

END 
DATE 

FIELD OF STUDY 

Nanjing Agriculture University, China BS 06/2004 Bioengineering 
Nanjing University, China MS 06/2007 Biochemistry and Molecular Biology 
Nanjing University, China PHD 06/2010 Biochemistry and Molecular Biology 
Kyoto University, Japan Postdoctoral Fellow 11/2014 Antibody Diversification 
National Institute of Arthritis and 
Musculoskeletal and Skin Diseases, NIH 

Postdoctoral Fellow 
Research Fellow 

08/2018 
06/2022 

Antibody Engineering 
Antiviral Nanobody Development 

Vaccine Research Center, NIAID/NIH Research Fellow 05/2023 Antiviral Antibody/Nanobody 

A. Personal Statement 

I am an assistant professor with expertise in advanced nanobody and antibody technologies in the Department 
of Biology at Georgia State University. The SARS-CoV-2 pandemic has highlighted the urgent need for new 
antiviral drugs and for rapidly deployable novel drug development technologies that are prepositioned to respond 
rapidly when emergent pathogens arise. My expertise can contribute to this important goal. Nanobodies are 
antigen-binding entities derived from the heavy chain-only antibodies of camelid animals, and they retain full 
antigen specificity at a very small size (15 kDa). They can penetrate tissues and recognize epitopes that are 
often inaccessible to conventional antibodies. Such “hidden” epitopes also have the potential to be conserved 
across viral strains, making nanobodies ideal antiviral drugs with great cross-reactivity to multiple viral 
pathogens. More interestingly, some nanobodies can naturally cross blood-brain barrier (BBB), and more can 
passively cross BBB through receptor and adsorptive-mediated transcytosis, enabling them to fulfill therapeutic, 
diagnostic, and theragnostic promises for the benefit of patients suffering from central nervous system (CNS) 
pathologies.  

I have recently engineered a novel nanobody-producing mouse model (nanomouse, NIH invention), and 
demonstrated the power of both nanomouse and nanobody by developing potent cross neutralizing nanobody 
molecules against SARS, SARS-CoV-2 and Bat WIV 16, utilizing structure-based engineering approach (Xu et 
al., Nature, 2021). For this work, I was awarded the 23rd Annual Norman P. Salzman Memorial Award in Basic 
and Clinical Virology. Nature News and Views commented that “Just as the development of mice with antibodies 
containing human variable domains (such as Regeneron’s VelocImmune mouse) has helped to deliver the 100th 
FDA-approved monoclonal antibody, perhaps the nanomouse will give nanobody-based therapeutics a push in 
the same direction.”. In addition to the nanomouse nanobody-development platform, I have recently cloned the 
CDR regions of human antibodies (IgM, IgD, IgG1-4, IgE, IgA1-2) heavy chain from 60 healthy donors of various 
demographic backgrounds, assembled them on Ighv3 family framework, and generated a human nanobody 
library that is close to natural human antibody heavy chain variable domain. The potentially low immunogenicity 
of such a library will enable us to quickly identify nanobody leads that need minimum optimization for clinical 
use. My ongoing work on HIV-1 has further highlighted the power of nanobody engineering in developing broad 
and potent antiviral drugs, with the best nanobody molecule neutralizing 96% of 208 HIV-1 strains at half maximal 
inhibitory concentration (geometric mean IC50) of 0.016 ug/ml. Structure guided engineering results in ultra-
potent HIV-1 bispecific antibodies that target CD4 binding site and V2-Apex of HIV envelope protein 
simultaneously.  

My postdoctoral training with Professor Tasuku Honjo at Kyoto University focused on the mechanism of antibody 
maturation and diversification. I then extended this work in Dr. Rafael Casellas’s lab at NIAMS, where I studied 

(b) (6)



transcription factor dynamics in primary B cells, engineered nanomouse for nanobody development. The one-
year training at Dr. Peter Kwong’s lab at Vaccine Research Center/NIAID afforded me great opportunity to learn 
and practice structure-based immunogen design and antibody improvement.  

My long-term research goal is to establish efficient nanobody development platforms that will result in novel 
biological molecules across multiple therapeutic areas, including infectious diseases and immuno-oncology. My 
research builds upon three nanobody platforms: 1) conventional camelid animals; 2) the nanomouse model that 
I have established and newer versions that I am going to engineer; 3) human nanobody libraries with low 
immunogenicity that I am currently constructing and optimizing. The focus of my research will be on developing 
broad and potent neutralizing nanobodies against SARS-CoV-2, HIV-1, human metapneumovirus (HMPV), 
respiratory syncytial virus (RSV) and henipavirus (HNV), but the underlying principle can be adapted for other 
viruses, as well as cancer targets. These studies have the potential to result in life-saving therapeutics, and also 
will broaden our understanding of the mechanisms of viral infection, guide vaccine development, thereby 
advancing our societal goal of better public health crisis preparedness. 

1. Xu J, Xu K, Jung S, Conte A, Lieberman J, Muecksch F, Lorenzi JCC, Park S, Schmidt F, Wang Z, 
Huang Y, Luo Y, Nair MS, Wang P, Schulz JE, Tessarollo L, Bylund T, Chuang GY, Olia AS, Stephens 
T, Teng IT, Tsybovsky Y, Zhou T, Munster V, Ho DD, Hatziioannou T, Bieniasz PD, Nussenzweig MC, 
Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants. 
Nature. 2021 Jul;595(7866):278-282. PubMed Central PMCID: PMC8260353.  

2. Wang Z, Schmidt F, Weisblum Y, Muecksch F, Barnes CO, Finkin S, Schaefer-Babajew D, Cipolla M, 
Gaebler C, Lieberman JA, Oliveira TY, Yang Z, Abernathy ME, Huey-Tubman KE, Hurley A, Turroja M, 
West KA, Gordon K, Millard KG, Ramos V, Da Silva J, Xu J, Colbert RA, Patel R, Dizon J, Unson-
O'Brien C, Shimeliovich I, Gazumyan A, Caskey M, Bjorkman PJ, Casellas R, Hatziioannou T, Bieniasz 
PD, Nussenzweig MC. mRNA vaccine-elicited antibodies to SARS-CoV-2 and circulating variants. 
Nature. 2021 Apr;592(7855):616-622. PubMed Central PMCID: PMC8503938.  

3. Kieffer-Kwon KR, Nimura K, Rao SSP, Xu J, Jung S, Pekowska A, Dose M, Stevens E, Mathe E, Dong 
P, Huang SC, Ricci MA, Baranello L, Zheng Y, Tomassoni Ardori F, Resch W, Stavreva D, Nelson S, 
McAndrew M, Casellas A, Finn E, Gregory C, St Hilaire BG, Johnson SM, Dubois W, Cosma MP, 
Batchelor E, Levens D, Phair RD, Misteli T, Tessarollo L, Hager G, Lakadamyali M, Liu Z, Floer M, 
Shroff H, Aiden EL, Casellas R. Myc Regulates Chromatin Decompaction and Nuclear Architecture 
during B Cell Activation. Mol Cell. 2017 Aug 17;67(4):566-578.e10. PubMed Central PMCID: 
PMC5854204.  

4. Xu J, Husain A, Hu W, Honjo T, Kobayashi M. APE1 is dispensable for S-region cleavage but required 
for its repair in class switch recombination. Proc Natl Acad Sci U S A. 2014 Dec 2;111(48):17242-7. 
PubMed Central PMCID: PMC4260585.  

B. Positions, Scientific Appointments and Honors 

Positions and Scientific Appointments 
2023 -  Assistant Professor, Georgia State University, Atlanta, GA 
2022 - 2023 Research Fellow, Vaccine Research Center, NIAID/NIH, Bethesda, MD 
2018 - 2022 Research Fellow, NIAMS/NIH, Bethesda, MD 
2014 - 2018 Postdoctoral Fellow, NIAMS/NIH, Bethesda, MD 
2010 - 2014 Postdoctoral Fellow, Kyoto University, Kyoto, KY, Japan 

Honors 
2023 NIH Earl Stadtman Investigator (Semi-finalists) 
2021 23rd Annual Norman P. Salzman Memorial Awards in Basic and Clinical Virology, Foundation 

for the National Institutes of Health 
2016 Fellows Award for Research Excellence (FARE), NIH 
2014 JMF Young Scholar Award, Frontiers in Immunology 
2004 Excellent Undergraduate Student, Nanjing Agriculture University 
2003 Award of National Scholarship, Nanjing Agriculture University 



C. Contribution to Science 

1. Identification of potent neutralizing nanobody against SARS-CoV-2 

Equipped with systematic knowledge in nanobody development and the ready to use platform, I identified 
potent SARS-CoV-2 neutralizing nanobodies from nanomouse and llama. These nanobodies could potently 
neutralizing all variants of concern tested, including Alpha, Beta, Gamma and Delta variants. More 
importantly, with the help of structural analysis I demonstrated two distinct mechanisms of the enhanced 
neutralization breadth of nanobody trimers: by increasing avidity and by targeting conserved region on RBD. 
These nanobodies have very good potential of becoming a treatment for COVID19. I also participated in a 
project led by Dr. Michel Nussenzweig and demonstrated that mRNA-vaccines (Moderna and Pfizer) can 
elicit neutralizing antibodies against SARS-CoV-2 circulating variants. 

a. Xu J, Xu K, Jung S, Conte A, Lieberman J, Muecksch F, Lorenzi JCC, Park S, Schmidt F, Wang Z, 
Huang Y, Luo Y, Nair MS, Wang P, Schulz JE, Tessarollo L, Bylund T, Chuang GY, Olia AS, Stephens 
T, Teng IT, Tsybovsky Y, Zhou T, Munster V, Ho DD, Hatziioannou T, Bieniasz PD, Nussenzweig MC, 
Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants. 
Nature. 2021 Jul;595(7866):278-282. PubMed Central PMCID: PMC8260353.  

b. Wang Z, Schmidt F, Weisblum Y, Muecksch F, Barnes CO, Finkin S, Schaefer-Babajew D, Cipolla M, 
Gaebler C, Lieberman JA, Oliveira TY, Yang Z, Abernathy ME, Huey-Tubman KE, Hurley A, Turroja M, 
West KA, Gordon K, Millard KG, Ramos V, Da Silva J, Xu J, Colbert RA, Patel R, Dizon J, Unson-O'Brien 
C, Shimeliovich I, Gazumyan A, Caskey M, Bjorkman PJ, Casellas R, Hatziioannou T, Bieniasz PD, 
Nussenzweig MC. mRNA vaccine-elicited antibodies to SARS-CoV-2 and circulating variants. Nature. 
2021 Apr;592(7855):616-622. PubMed Central PMCID: PMC8503938.  

2. Establishment of a mouse model for nanobody development  

With deep understanding of the mechanism of antibody development and maturation, I wondered whether 
one could produce heavy chain-only antibodies in mouse instead of their original host, camelid animals. With 
bioinformatic analysis of camelid immunoglobulin variable genes, sophisticated design and extensive 
genome editing of ES cells by CRISPR/Cas9, I successfully established a Igh camelized mouse strain 
(Nanomouse, NIH invention) in which B cells express heavy chain-only IgM and IgG1 of camelid origin 
instead of the conventional heavy and light chain-paired IgM and IgG1. Dr. James E. Voss in the Department 
of Immunology and Microbiology at The Scripps Research Institute commented in Nature News and Views 
that “Just as the development of mice with antibodies containing human variable domains (such as 
Regeneron’s VelocImmune mouse) has helped to deliver the 100th FDA-approved monoclonal antibody, 
perhaps the nanomouse will give nanobody-based therapeutics a push in the same direction.”. 

a. Xu J, Xu K, Jung S, Conte A, Lieberman J, Muecksch F, Lorenzi JCC, Park S, Schmidt F, Wang Z, 
Huang Y, Luo Y, Nair MS, Wang P, Schulz JE, Tessarollo L, Bylund T, Chuang GY, Olia AS, Stephens 
T, Teng IT, Tsybovsky Y, Zhou T, Munster V, Ho DD, Hatziioannou T, Bieniasz PD, Nussenzweig MC, 
Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants. 
Nature. 2021 Jul;595(7866):278-282. PubMed Central PMCID: PMC8260353.  

3. Regulation of chromatin dynamics and nuclear architecture during B cell activation 

I generated two knock-in mouse strains (CTCF-Halo, Jund-Halo) and used the novel single molecule imaging 
microscope technique to study transcription factor dynamic in primary B cells. I demonstrated that activated 
B cells decondense chromatin and the chromatin architectural change facilitates promoter-enhancer contacts 
and requires Myc and continual ATP production. These novel findings defined the nature and transcriptional 
impact of chromatin decondensation and revealed an unexpected role for Myc in the establishment of nuclear 
topology in mammalian cells. 

a. Kieffer-Kwon KR, Nimura K, Rao SSP, Xu J, Jung S, Pekowska A, Dose M, Stevens E, Mathe E, Dong 
P, Huang SC, Ricci MA, Baranello L, Zheng Y, Tomassoni Ardori F, Resch W, Stavreva D, Nelson S, 
McAndrew M, Casellas A, Finn E, Gregory C, St Hilaire BG, Johnson SM, Dubois W, Cosma MP, 
Batchelor E, Levens D, Phair RD, Misteli T, Tessarollo L, Hager G, Lakadamyali M, Liu Z, Floer M, Shroff 



H, Aiden EL, Casellas R. Myc Regulates Chromatin Decompaction and Nuclear Architecture during B 
Cell Activation. Mol Cell. 2017 Aug 17;67(4):566-578.e10. PubMed Central PMCID: PMC5854204.  

4. Role of critical molecules in antibody diversification 

I demonstrated that, although APE1 is important for CSR, it is dispensable for SHM as well as IgH/c-myc 
translocation. I further proved that during CSR process, APE1 repairs rather than induces DNA breaks and 
function as a DNA end-processing enzyme to facilitate the joining of broken ends. I also demonstrated that 
the C-terminal region of activation induced deaminase (AID) is required for efficient generation of DNA breaks 
in CSR and gene conversion (GC) and for the pairing/synapse formation of cleaved DNA ends. To identify 
chromatin components that bind to the antibody gene locus after AID-induced DNA breaks, I genetically 
modified antibody gene to enable locus-specific proteomic study. Mass spectrometry analysis led to the 
identification of 39 chromatin-binding proteins, many with known functions in DNA break repair. Among them 
I found that a protein called sterile alpha motif and histidine-aspartic acid domain-containing protein 1 
(SAMHD1), serves as a novel DNA repair regulator of antibody class switch recombination as well as 
aberrant genomic rearrangements via regulating the cellular dNTP level. My findings have deepened our 
understanding of the fundamental mechanisms of AID-induced antibody diversification. 

a. Husain A, Xu J, Fujii H, Nakata M, Kobayashi M, Wang JY, Rehwinkel J, Honjo T, Begum NA. SAMHD1-
mediated dNTP degradation is required for efficient DNA repair during antibody class switch 
recombination. EMBO J. 2020 Aug 3;39(15):e102931. PubMed Central PMCID: PMC7396875.  

b. Xu J, Husain A, Hu W, Honjo T, Kobayashi M. APE1 is dispensable for S-region cleavage but required 
for its repair in class switch recombination. Proc Natl Acad Sci U S A. 2014 Dec 2;111(48):17242-7. 
PubMed Central PMCID: PMC4260585.  

c. Nguyen T, Xu J, Chikuma S, Hiai H, Kinoshita K, Moriya K, Koike K, Marcuzzi GP, Pfister H, Honjo T, 
Kobayashi M. Activation-induced cytidine deaminase is dispensable for virus-mediated liver and skin 
tumor development in mouse models. Int Immunol. 2014 Jul;26(7):397-406. PubMed PMID: 24569264.  

d. Sabouri S, Kobayashi M, Begum NA, Xu J, Hirota K, Honjo T. C-terminal region of activation-induced 
cytidine deaminase (AID) is required for efficient class switch recombination and gene conversion. Proc 
Natl Acad Sci U S A. 2014 Feb 11;111(6):2253-8. PubMed Central PMCID: PMC3926049.  

5. Transcriptional regulation of oncogene PRL-3 

My doctoral training centered on the transcriptional regulation of oncogene PRL-3. I demonstrated MEF2C 
as a VEGF-dependent transcription factor that controls PRL-3 gene expression in epithelia cells. The work 
was recommended by Faulty 1000 as “must read”. 

a. Xu J, Cao S, Wang L, Xu R, Chen G, Xu Q. VEGF promotes the transcription of the human PRL-3 gene 
in HUVEC through transcription factor MEF2C. PLoS One. 2011;6(11): e27165. PubMed Central PMCID: 
PMC3206935.  

 
Complete List of Published Work in My Bibliography:    
https://www.ncbi.nlm.nih.gov/myncbi/jianliang.xu.1/bibliography/public/ 
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NAME: Xu, Kai

eRA COMMONS USER NAME (credential, e.g., agency login): 

POSITION TITLE: Assistant Professor of Immunology, Structural biology and Emerging Infectious Diseases

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 

INSTITUTION AND LOCATION 

DEGREE 
(if 

applicable) 

Completion 
Date 

MM/YYYY 
FIELD OF STUDY 

Xiamen University B.S 06/1998 Biochemistry 

Cornell University Medical College Ph.D. 05/2009 Neuroscience 

Sloan-Kettering Institute Postdoctoral 04/2014 Structural Biology 

A. Personal Statement
My research primarily focuses on investigating the intricate mechanisms of viral-host interaction during viral 
entry. I study the humoral immune response triggered by natural infections and vaccinations, and apply this 
knowledge to inform the design of vaccines and antiviral therapeutics. Throughout my interdisciplinary research 
endeavors, I have honed my expertise in conducting both structural and functional analyses of viral envelope 
proteins. Notably, I have utilized advanced techniques such as X-ray protein crystallography and Electron 
Microscopy single particle analysis to gain a comprehensive understanding of their properties. By employing a 
structure-based approach, I have made significant contributions to vaccine design and the development of 
protective antibodies.
Furthermore, I possess extensive experience in conducting animal immunization studies involving various 
species, including mice, guinea pigs, and NHPs. This has provided valuable insights into the immune response 
generated by these animals. Additionally, I have conducted rigorous studies to identify antibodies using mice 
and NHPs, resulting in crucial findings. In line with recent advancements, I have successfully isolated 
nanobodies from "Nanomice," thereby expanding my repertoire of techniques and contributing to the field of 
antibody research. 
In the current U19 proposal, I have been appointed as the co-PI for project 5, which focuses on the 
development of nanobody therapeutics against Henipaviruses and Bunyaviruses. In this role, I will utilize my 
expertise to structurally and functionally characterize nanobody epitopes and understand the viral neutralization 
mechanism. Additionally, I will employ a structure-based rational design approach to improve the efficacy of 
protection and the delivery of nanobody therapies to the brain. 
I have established long-term collaborations with several members of the team, namely Dr. Christopher Broder, 
Dr. Jianliang Xu, Dr. Brian Schaefer, Dr. Moushimi Amaya, and Dr. Eric Laing. Notably, I have closely 
collaborated with Dr. Broder on glycoprotein structures, antigenicity, and entry mechanisms, resulting in the co-
publication of many high-impact papers over the years. Additionally, I have collaborated closely with Dr. 
Jianliang Xu in the past on the identification of potent and broad nanobodies against SARS-CoV2 variants, 
leading to a co-published Nature paper in 2021. 
Ongoing projects that I would like to highlight: 
Path to K Grant. Office of the Chancellor for Health Sciences at The Ohio State University, (PI: Xu) 
10/01/2021-09/30/2023. “Identification and characterization of protective antibodies against SARS-CoV-2 
variants for therapeutic development”  

(b) (6)



U01 AI173348-01.  NIAID, (PI: Xu) 03/01/2023-02/29/2028 NIH/NIAID “Structure, function, and antigenicity of 
emerging henipavirus surface glycoproteins” 
UH2 AI171611-01A1. NIAID, (PI: Xu) 03/07/2023-02/28/2025 NIH/NIAID “Targeting glycoprotein (G) domain-III 
for pan-lyssavirus nanobody therapeutics 
Key publications: 
1. Wang Z*, Dang HV*, Amaya M*, Xu Y*, et al, Xu K#, Broder CC#, Veesler D#. Potent monoclonal antibody-

mediated neutralization of a divergent Hendra virus variant. Proc Natl Acad Sci U S A. (2022) May
31;119(22)

2. Laing ED, Navaratnarajah CK, Cheliout Da Silva S, et al, Broder CC# and Xu K#. Structural and functional
analyses reveal promiscuous and species-specific use of ephrin receptors by Cedar virus. (2019) Proc
Natl Acad Sci U S A. Oct 8;116(41):20707-20715.

3. Xu J*, Xu K*, et al, Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-
CoV-2 variants. (2021) Nature. Jun 7.

4. Xu K*, Acharya P*, Kong R*, Cheng C*, et al, Mascola JR, Kwong PD. Epitope-based vaccine design
yields fusion peptide-directed antibodies that neutralize diverse strains of HIV-1. (2018) Nat Med.
Jun;24(6):857-867.

B. Positions, Scientific Appointments, and Honors
Positions and Employment
2021-pres Assistant Professor, Department of Veterinary Biosciences, The Ohio State University, 

Columbus, OH 
2014-2021 IRTA fellow, Senior Scientist, Project Team Lead and Senior Scientific Project Manager, 

Vaccine Research Center, National Institute of Health, Bethesda, MD 
2014-2014  Senior Research Scientist, Structural Biology Program, Sloan-Kettering Institute, New York, NY 
Scientific Appointments 
2021-pres Member, Infectious Diseases Institute, The Ohio State University 
2021-pres Member, Cancer Biology Group, The Comprehensive Cancer Center, The Ohio State University 
Honors 
2021  NIH Director's Award (Outstanding efforts in the pursuit of efficacious vaccines to prevent 

COVID-19) 
2019 NIH Earl Stadtman Investigator (Semi-finalists) 
2019 NIAID Merit Awards (Advancing HIV Vaccine Research) 
2019 MSC Award for Excellence in HIV-1 Vaccine Research 
2010 Sloan-Kettering Institute Annual Award for the Outstanding Postdoctoral Research 
2009 Gordon Conference Travel Award (Chemical and Biological Terrorism Defense) 
2009 MSKCC Award for Excellent Graduate Students 
2009 Cornell University Medical College Award for the Excellent Graduate Students 
C. Contributions to Science
1. Henipavirus glycoproteins’ structure, function and protective immune recognition mechanism. I 

have a long track record in the study of HNV glycoproteins through collaboration with Dr. Christopher 
Broder (USU). Our structural and functional studies uncovered the functional role of G and F proteins in 
viral entry process, and how they can be recognized by protective antibodies, which paves the way for 
further vaccine and therapeutic design.
a. Laing ED, Navaratnarajah CK, Cheliout Da Silva S, et al, Broder CC# and Xu K#. Structural and 

Functional Analyses Reveal Promiscuous and Species-Specific Use of Ephrin Receptors by Cedar 
Virus. (2019) Proc Natl Acad Sci U S A. Oct 8;116(41):20707-20715. (#corresponding author)



b. Xu K*, Chan YP*, Bradel-Tretheway B*, Akyol-Ataman Z*, Zhu Y*, Dutta S, Yan L, Feng Y, Wang LF,
Skiniotis G, Lee B, Zhou ZH, Broder CC, Aguilar HC, Nikolov DB. Crystal Structure of the Pre-fusion
Nipah Virus Fusion Glycoprotein Reveals a Novel Hexamer-of-Trimers Assembly. (2015) PLoS Pathog.
Dec 8;11(12)

c. Xu K, Rockx B, Xie YH, DeBuysscher BL, Fusco DL, Zhu ZY, Chan YP, Xu Y, Luu T, Cer RZ,
Feldmann H, Mokashi V, Dimitrov DS, Bishop-Lilly KA, Broder CC, Nikolov DB. Crystal structure of the
Hendra virus attachment G glycoprotein bound to a potent cross-reactive neutralizing human
monoclonal antibody. (2013) PLoS Pathog., 9(10):e1003684.

d. Xu K, Rajashankar KR, Chan YP, Himanen JP, Broder CC, Nikolov DB. Host cell recognition by the
henipaviruses: crystal structures of the Nipah G attachment glycoprotein and its complex with ephrin-
B3. (2008) Proc Natl Acad Sci U S A; 105(29):9953-8.

2. HIV vaccine research. Through structural and functional characterization of broadly HIV neutralizing 
antibodies, I revealed HIV fusion peptide as promising vaccine target. With antibody-guided and structure-
based approach I designed fusion peptide-based HIV vaccine, and validated vaccine efficacy in mouse, 
guinea pig and NHP immunization studies. Jointly I isolated FP-directed broadly neutralizing antibodies (up 
to 59% overall breadth) from FP vaccinated NHPs and defined their developmental pathways.
a. Xu K*, Acharya P*, Kong R*, Cheng C*, et al, Mascola JR, Kwong PD. Epitope-based vaccine design 

yields fusion peptide-directed antibodies that neutralize diverse strains of HIV-1. (2018) Nat Med.
Jun;24(6):857-867. (*Co-first author)

b. Kong R*, Duan H*, Sheng Z*, Xu K*, Acharya P*, Chen X*, Cheng C*, Dingens AS*, Gorman J*, Sastry 
M*, Shen CH*, Zhang B*, Zhou T*, et al, Kwong PD, Mascola JR. Antibody Lineages with Vaccine-
Induced Antigen-Binding Hotspots Develop Broad HIV Neutralization. (2019) Cell. Jul 25; 178(3): 567-
584. (*Co-first author)

c. Kong R*, Xu K*, Zhou T*, et al, Kwong PD, Mascola JR. Fusion peptide of HIV-1 as a site of 
vulnerability to neutralizing antibody. (2016) Science. May 13;352(6287):828-33. (*Co-first author)

d. Zhou T, Xu K. Structural Features of Broadly Neutralizing Antibodies and Rational Design of Vaccine.
(2018) Adv Exp Med Biol. 1075:73-95.

3. Other infectious diseases. In COVID-19 related research, I co-developed and characterized a series of 
protective nanobodies against SARS-CoV2 and its variants, and identified conserved neutralizing targets for 
vaccine design. In malaria-related study, I revealed the mechanism of Plasmodium RIFIN-mediated immune 
suppression as well as Plasmodium recognition by recently discovered domain-inserted antibodies. In 
paramyvovirus research, I co-developed a tetravalent subunit of hPIV1-4 vaccine using structure-based 
design to stabilize the F glycoproteins in their prefusion status.
a. Xu J*, Xu K*, Jung S, Conte A, Lieberman J, Muecksch F, Lorenzi JCC, Park S, Schmidt F, Wang Z, 

Huang Y, Luo Y, Nair M, Wang P, Schulz JE, Tessarollo L, Bylund T, Chuang GY, Olia AS, Stephens T, 
Teng IT, Tsybovsky Y, Zhou T, Munster V, Ho DD, Hatziioannou T, Bieniasz PD, Nussenzweig MC, 
Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants.
(2021) Nature. Jun 7. (*Co-first author)

b. Xu K#, Wang Y, Shen CH, Chen Y, Zhang B, Liu K, Tsybovsky Y, Wang S, Farney SK, Gorman J, 
Stephens T, Verardi R, Yang Y, Zhou T, Chuang GY, Lanzavecchia A, Piccoli L, Kwong PD#. Structural 
basis of LAIR1 targeting by polymorphic Plasmodium RIFINs. (2021) Nat Commun. Jul 9;12(1):4226.
(#corresponding author)

c. Chen Y*, Xu K*, Piccoli L, Foglierini M, Tan J, Jin W, Gorman J, Tsybovsky Y, Zhang B, Traore B, Silacci-
Fregni C, Daubenberger C, Crompton PD, Geiger R, Sallusto F, Kwong PD, Lanzavecchia A. Structural 
basis of malaria RIFIN binding by LILRB1-containing antibodies (2021) Nature Apr;592(7855):639-643.
(*Co-first author)

d. Stewart-Jones GBE*, Chuang GY*, Xu K*, Zhou T*, Acharya P*, Tsybovsky Y*, et al, Mascola JR, 
Lanzavecchia A, Kwong PD. Structure-based design of a quadrivalent fusion glycoprotein vaccine for 
human parainfluenza virus types 1-4. (2018) Proc Natl Acad Sci U S A. (2018) Nov 
27;115(48):12265-12270. (*Co-first author)



4. Ligand-receptor interaction and receptor activation in neuronal development and degenerative 
diseases. Axons travel long range to reach their final destination during neuronal development and neuron 
circuit formation. This process depends on the precise control assisted by a few classes of molecules 
named guidance cues. We used structural and functional analyses to reveal ligand-receptor interaction and 
signa activation mechanism underlying axon guidance.
a. Xu Y, Robev D, Saha N, Wang B, Dalva MB, Xu K, Himanen JP, Nikolov DB. The Ephb2 Receptor 

Uses Homotypic, Head-to-Tail Interactions within Its Ectodomain as an Autoinhibitory Control 
Mechanism. (2021) Int J Mol Sci. Sep 28;22(19).

b. Xu K*, Wu Z*, Renier N*, et al, Tessier-Lavigne M, Nikolov DB. Structures of netrin-1 bound to two 
receptors provide insight into its axon guidance mechanism. (2014) Science. 344(6189):1275-9.

c. Xu K, Olsen O, Tzvetkova-Robev D, Tessier-Lavigne M, Nikolov DB. The crystal structure of DR6 in 
complex with the amyloid precursor protein provides insight into death receptor activation. (2015) 
Genes Dev. 29(8):785-90

d. Xu K*, Tzvetkova-Robev D*, Xu Y, Goldgur Y, Chan YP, Himanen JP, Nikolov DB. Insights into Eph 
receptor tyrosine kinase activation from crystal structures of the EphA4 ectodomain and its complex 
with ephrin-A5. (2013) Proc Natl Acad Sci  U S A; 110(36):14634-9.

5. Patents issued and significant technology licenses
• “HIV-1 env fusion peptide immunogens and their use”, WO2018067582A3
• “Prefusion PIV F immunogens and their use”, WO2018081289A3, licensed to Moderna
• “Neutralizing antibodies to nipah and hendra virus”, WO2012149536A1
• “HIV fusion peptide immunogens based on self-assembling nanoparticles and strong T cell help”, PCT/

US19/52419

Complete List of Published Work in My Bibliography: 
https://www.ncbi.nlm.nih.gov/myncbi/kai.xu.1/bibliography/public/ 



BUDGET JUSTIFICATION – RP5 (The Ohio State University) 

KEY PERSONNEL 
Kai Xu, Ph.D., Project Lead. Dr. Xu will dedicate 3.6 calendar months for this grant, which includes 2.7 months 
of academic year and 0.9 months of summer. Dr. Xu will be responsible for the design and implementation of all 
experiments, interpretation of study results, and preparation of progress reports and publications. He will 
oversee the entire project and supervise other personnel (two postdoctoral researchers and a graduate student) 
to carry out the experiments proposed in this grant. 
 

OTHER PERSONNEL 
We are seeking to hire two postdoctoral researchers for this grant project. Both postdoctoral researchers will 
work collaboratively and contribute to the overall success of the project. 

Postdoctoral Researcher to be hired (100% effort, 12 calendar months). He or She will have extensive 
training in molecular biology, cell biology, and combinatorial biology. The postdoc will also have experience in 
mouse work and phage-display technology. His or her primary responsibilities will include immunizing nanomice 
and identifying nanobodies against the listed viruses in this project. He or She will conduct experiments, collect 
and analyze data, prepare research reports and manuscripts, and provide assistance to the graduate student 
researcher. 

Postdoctoral Researcher to be hired (100% effort, 12 calendar months). He or She will have strong training 
in molecular biology, cell biology, and structural biology, with specific experience in protein purification, 
crystallographic techniques, and electron microscopic structural analysis. His or her main role will involve the 
structural and functional characterization of the nanobodies identified in the proposed project. He or She will 
conduct experiments, collect and analyze data, and contribute to the preparation of research reports and 
manuscripts. 
 

MATERIALS AND SUPPLIES 
$98,375 per year is requested to help defray costs for general research supplies, including reagents and supplies 
for cell culture, and materials for biological assays, antibodies, supplies for cloning. The funds requested is based 
on current operating costs in the laboratory. 
 
Cell Culture Supplies: $12,000 

Nanobody Phage Library Construction and Screening: $15,000 

Supplies and Reagent for Protein Purification: $10,000 

Supplies and Reagents for structural determination (EM and crystal): $25,000 

Reagents and Chips for affinity measurement: $9,000 

Plasticware: $5,000 

Nanobody Production: $8,000 

Molecular Biology Reagents and Enzyme: $5,000 

General Lab Supplies: $3,875 

DNA and RNA Purification Kits: $3,000 

Chemicals: $2,500 

Subtotal $98,375 
 
 
EQUIPMENT COST 
Mosquito® Xtal3 - liquid handler for high-throughput crystal screening $113,109 

This expense occurs in Year-1 only. Nanobodies, being small in size, are often amenable to high-resolution 
structure determination using X-ray crystallography. The proposed equipment, the Mosquito® Xtal3, will be 
utilized to efficiently screen protein crystals in a high-throughput manner, thereby reducing the expenses 
associated with protein production and crystallization reagents. This liquid handler will enhance our capabilities 
for crystal screening, allowing us to optimize the conditions for obtaining high-quality crystals suitable for 



structural analysis. The acquisition of this equipment is crucial for facilitating our research on nanobodies and 
their structural characterization. 
 

TRAVEL 
$8,000 per year is requested to support travel and meeting registration related expenses to attend and present 
research findings at relevant national/international scientific conferences such as, Keystone Symposia, Gordon 
Research Conferences. The PI and postdoctoral researchers will attend these meetings. These meetings 
provide an opportunity to gain feedback from other experts in the field, which will help guide the direction of 
future research. 
 

PUBLICATION COSTS 
$6,000 is requested to support costs associated with publishing results in peer-reviewed scientific journals. 
 

SERVICES and SHARED RESOUCES COSTS 
Funds in the amount of $50,500 per year is requested to support user fees for the following Shared Resources 
and Services: 
 
Mouse Facility: $15,000 

Electron Microscopy: $20,000 

Gene Synthesis (Glycoproteins and Nanobodies) $8,000 

Sanger Sequencing: (Nanobody and Regular) $7,500 

Subtotal $50,500 
 
FACILITIES AND ADMINISTRATIVE COSTS 
In accordance with the Ohio State University’s Federally-negotiated F&A rate agreement, indirect costs are 
calculated at 57.5% MTDC. 



EQUIPMENT – RP5 (Nanobody Discovery and Structural Biology) 
 
Ohio State University, Columbia OH (OSU) 

Laboratory and major equipment: Dr. Xu’s laboratory is fully equipped for structural, cellular, molecular and 
virological studies in the newly renovated Center for Retrovirus Research at The Ohio State University (OSU). It 
includes a fully equipped cell-culture room of about 120 sq. ft. and a lab space of ~1,100 sq. ft. with multiple 
benches. The following shared rooms and equipment are available for Xu laboratory use, a virus containment 
BLS-2 room (370 sq. ft. shared by four PIs) that is equipped with four laminar flow hoods and four CO2 incubators, 
a shared storage room, a cold room, a freezer room, a PCR-prep room, a service room, and a conference room 
(shared by 4 laboratories). Major equipment includes: a Octet Red instrument for affinity measurement of protein-
protein interaction with Bio-Layer Interferometry, a Thermo Fisher Sorvall LYNX 6000 Superspeed Centrifuge 
for media clearance in glycoprotein production, two INFORS HT CO2 incubator shakers for high yield suspension 
mammalian cell culture, a Sorvall X4R Pro-MD benchtop centrifuge for cell culture and protein concentration, 
multiple -80 and -20 freezers, two CO2 incubators, a bacterial culture shaker, a Leica cell-culture microscope, a 
stereo microscopy, Bio-Rad cell counter, a GE DeltaVision Elite imaging system, a Nanodrop spectrometer, a 
PerkinElmer multifunctional Victor X3 plate reader, a Bio-Rad CFX96 Real-Time PCR Detection System, a mini 
PCR machine, a liquid nitrogen tank, a Cytiva Go FPLC system for protein purification, an automatic plate washer, 
various gel apparatus and power supplies for electrophoresis, as well as other standard small equipment for 
molecular biology research. 
  
Computer and office: Dr. Xu’s lab has six computers, two printers and a scanner in his laboratory and offices. 
All computers are installed with software for protein structural processing and analysis and sequence analysis 
and database searching. Dr. Xu has a workstation with 4GPUs, as well as access to a remote cryo-EM data 
processing server with 10 GPUs and 200TB data storage. The department and college have strong support of 
computer and information systems. Dr. Xu has over 160 sq. ft. of office space near his laboratory. Dr. Xu’s lab 
also has an office for postdoctoral fellows and students (~145 sq. ft.). Built-in desks, bookshelves, file cabinets 
and telephones are installed in all offices.  
 
Access to shared equipment: Dr. Xu’s laboratory has access to various campus-wide Shared Resource 
Facilities available at OSU’ Columbus campus and Nationwide Children's Hospital, which is accessible by 10-
minute drive from the main campus. In addition, as a member Dr. Xu has full access to the OSU Comprehensive 
Cancer Center (OSUCCC) Shared Resources and Cores. The OSUCCC has 20 Shared Resources and Cores 
that provide specialized services to researchers. Collectively, at the institutional level, there are core services for 
genomics, proteomics, flow cytometry, microscopy, and biostatistics among others. 
 
 
Georgia State University, Atlanta GA (GSU) 

Major Equipment: The Biology and Chemistry Departments share the state-of-the-art Advanced Biotechnology 
Core (ABC Core) Facilities under the auspices of the Center of Biotechnology and Drug Design 
http://biology200.gsu.edu/core directed by the Chairs of Biology and Chemistry. The ABC Core is supervised by 
Dr. Houghton, an Associate Professor in the Biology Department. There are 10 full time staff members with 
different expertise, including 4 Research Scientists with Ph.D. degrees in Chemistry or Biology, who provide the 
consultation, services and maintenance of the facilities. 

DNA/Protein Core Facility: This facility is staffed by five full-time technicians. The core facilities and instruments 
are located mainly on the 5th floor of the 4-year old Petit Science Center, close to the laboratory space on the 
5th floor. Equipment housed in this facility includes three DNA sequencers (two ABI 3100 and one Beckman 
CEQ 8000), a Genomic Gene-Chip analysis system with Fluidics/Hybridization unit (Affymetrix), an Ettan DALTII 
Proteomics 2-D gel electrophoresis system - including Typhoon 9400 Variable Mode Imager, MD Personal 
Densitometer SI, automated spot picker and automated digestion platform (Amersham), three additional 
automated workstations (two Beckman Biomek 2000 and one ABI Symbiot work station), N2 generator (Parkin-
Balston), Ciphergen SELDI-mass spectrometry system (Ciphergen), Prism 7500 RT-PCR Systems (ABI), two 
densitometers (BioRad), four capillary electrophoresis units (MDQ/P/ACE 5010 + LIF detector,P/ACE 5510, 2 
P/ACE 5500 Beckman), fluoroimager (Molecular Dynamics), FACSCanto Cell sorter (Becton Dickinson), XLA-
analytical ultracentrifuge (Beckman-Coulter), four AKTA Automated FPLC Systems (Pharmacia), and 2100 



Bioanalyzer (Agilent), Affimetrix GeneChip Analyger. The core has recently added a DNA 454 Junior genome 
sequencer. 

 
The core facility also includes: Analytical Centrifuge, a Biacore 3000 for analysis of protein interactions by 
plasmon resonance spectroscopy, and a MicroCal Isothermal Titration Calorimeter (VP-ITC) and Differential 
Scanning Calorimeter (VP-DSC).  

Jianliang Xu Lab: The lab is newly established in June 2023. By the end of 2023, the lab will be equipped with 
Electroporator, incubator shakers (for bacteria and mammalian cells separately), CO2 incubators, cell counter, 
nanodrop, photometer, thermocyclers, protein/DNA electrophoresis system, Orbital shaker, AKTA Automated 
FPLC System, Octet® R8 Protein Analysis System, fridges, freezers, balance, fluorimeter/spectrophotometer 
microplate reader, biosafety cabinets, superspeed centrifuges, water purifiers, Gel documentation system, and 
microscopes. As part of University System of Georgia (USG connect), all lab members have also access to all 
molecular imaging and sequencing core facilities at Emory University and Georgia Institute of Technology. 



FACILITIES AND OTHER RESOURCES - RP5 (Nanobody Discovery and Structural Biology)

Ohio State University
Scientific environment: 
Dr. Xu is a member of the Center for Retrovirus Research (CRR) at OSU. The Center is directed by Dr. Patrick 
Green. The membership of the CRR includes more than 20 principal investigators at OSU, Nationwide Children’s 
Hospital Research Institute, Cincinnati Children’s Hospital Research Institute, and Wright State University. The 
research interests of Center members are diverse and form a highly interdisciplinary network of collaboration 
for research initiatives. This multi-disciplinary team is available to collaborate and to help design and 
carryout comprehensive research studies on retrovirus diseases and related topics that would not be 
possible by individual laboratories.  
Dr. Xu is a member of the newly established Infectious Diseases Institute (IDI) of Ohio State. The mission 
of the IDI is to embrace the broad biological studies applicable to the complex analysis of microbe-host 
interactions, including the interface between viruses and their hosts. There are currently 170 faculty members 
in the IDI from throughout OSU. The collective IDI faculty is involved in and represents the fields of 
immunology, cell biology, pathology, biochemistry and pharmacology, microbiology, genetics, structural 
biology, and bioinformatics.  
Dr. Xu actively participates in interdisciplinary graduate programs at OSU, including Molecular, Cellular, 
and Developmental Biology (MCDB) graduate program, and Microbiology and Biomedical Science 
Graduate Program (MBS). These training programs prepare students for careers as research scientists and 
educators in an academic or industrial environment. These programs are interdisciplinary in nature and include 
the combined talents of more than 130 Ph.D. students and 170 faculty members from more than 25 departments 
in six colleges. 
Taken together, these unique features of the collaborative scientific environment and intellectual rapport will 
strongly enhance the proposed studies and contribute to the probability of success of the project.  
Departmental and college shared research facilities: 
The Department of Veterinary Biosciences and College of Veterinary Medicine Biochemistry and 
Molecular Biology Core provide and maintain selected instrumentation and provide sufficient training to 
facilitate end- user operation. Major pieces of supported equipment include: GloMax® – Multi Detection 
System, Real-time PCR (Roche LightCycler 480), Typhoon Imager (GE), Phosphorimager (Molecular 
Dynamics), PTC-225 PCR Tetrad (MJ Research/BioRad), two AlphaImagers (Alpha Innotech), Wallac 
MicroBeta TriLux. Other shared-use equipment includes: UV/Vis spectrometer (Lambda 45, Perkin 
Elmer), Luminescence spectrometer (LS55, Perkin Elmer), High pressure liquid chromatograph (Waters), 
Medium pressure liquid chromatograph (Pharmacia Biosciences), Lyopholyzer (Virtis), French pressure cell 
(Aminco), hydraulic press (Carver), and Attune NxT Flow Cytometer (Thermo Fisher).  
The Imaging Core is a college-wide service, supported by the Department of Veterinary Biosciences, 
which offers state-of-the-art instrumentation for flow cytometry analysis, high-resolution confocal microscopy 
(Leica TCS SP2 AOBS Confocal Laser Scanning Microscope), and magnetic cell sorting. The autoMACS from 
Miltenyi Biotec is an automated bench-top magnetic cell sorter. It is capable of sorting up to 10 million cells 
per second from samples of up to 4x109 total cells. Instruments are staffed with full time technicians who are 
responsible for processing samples for examination by flow cytometry and confocal microscopy. The 
Department has a 3-laser Coulter EPICS Elite flow cytometer operated by experienced staff. The 
Flow Cytometry Service can simultaneously analyze up to five fluorescent parameters plus forward scatter 
and time for cell samples provided by the investigator. Analysis possibilities include cell surface phenotype 
markers, gene expression reporters, cell cycle analysis, cytokine production, apoptosis, cell viability, rare 
cell detection, and calcium metabolism. Assistance with experimental design and data analysis is 
available. The core also has a BD Biosciences FACSCalibur, which is a 2-laser flow cytometer that can be 
used to simultaneously analyze up to 4 fluorescent parameters. Moreover, a high-speed, state-of-the-art flow 
cytometry sorter (i-Cyt Reflection) is available in a biosafety cabinet in a BSL-II facility of the Flow Cytometry 
Core, which can be used to sort virus-infected cells. In addition, the Immunospot ELISPOT reader (Cellular 
Technology) permits fully automated, high-throughput ELISPOT plate scanning and analysis.  
Campus-wide Shared Resources: 
Dr. Xu has access to various campus-wide shared resources available at OSU’ Columbus campus 
and Nationwide Children's Hospital, which is accessible by 10 minute drive from the main campus. In 
addition, Dr. 



Xu has full access to the OSU Comprehensive Cancer Center (OSUCCC) Shared Resources and Cores. 
The OSUCCC has 20 Shared Resources and Cores that provide specialized services to researchers. They offer 
cost-effective, state-of-the-art technology and instrumentation; expert guidance and training; and clinical, 
administrative and technical support.  Collectively, at the institutional level, there are core services for genomics, 
proteomics, flow cytometry, microscopy, and biostatistics among others. Relevant to this proposal: 
Core facility of Chemistry and Biochemistry includes Biophysical Interaction and Characterization Facility 
that provide equipment for protein-protein interaction measurement, Chemical and Biophysical Dynamics 
provides various biophysical analysis platforms, and X-ray Crystallography Laboratory provides instruments and 
tools for X-ray crystallographic study.  
The Analytical Cytometry Shared Resource provides state-of-the-art flow cytometry analysis and sorting of 
cell populations. They assist investigators with experimental design and assay development and provide 
individual training and 24-hour access to flow cytometry instrumentation. The facility provides researchers 
access to five cell analyzers and two cell sorters. Detection capabilities on these instruments range to five 
excitation lasers and eighteen color emission.  
The Genomics Shared Resource provides both Nucleic Acid services and Microarray services. It offers 
instrumentation and expertise for DNA and RNA analysis using sequencing, genotyping, real-time PCR, 
Affymetrix GeneChips, nCounter Analysis, next-generation sequencing, DNA synthesis support and genome-
wide analysis using the Illumina NGS platform and Affymetrix and customizable gene chips. 
The Center for Electron Microscopy and Analysis (CEMAS) is located in a custom-designed facility at The 
Ohio State University’s main campus. All cryo-EM instruments at CEMAS meet or exceed manufacturer 
performance specifications. CEMAS has a Thermo Scientific Glacios Cryo-TEM with a Falcon III direct electron 
detector and a Ceta-D camera for MicroED analysis. In addition, CEMAS has a Thermo Scientific Krios G3i Cryo-
TEM equipped with a Bioquantum imaging filter and a K3 direct electron detector, imaging phase plates, 
STEM/TEM tomography, and an image spherical aberration corrector. CEMAS is able to assist users in all 
aspects of the cryo-EM workflow, which may include initial negative stain analysis, cryo sample preparation, grid 
screening, high resolution data collection, and preliminary data analysis. 
The Center for Biostatistics and Bioinformatics provide collaborative support in all areas of biostatistical 
expertise, including study design, grant proposal development, data management, manuscript preparation, and 
statistical analysis of clinical, epidemiological, and laboratory research data. The Center’s team consists of over 
20 biostatisticians, each of whom has developed expertise in specific areas through hands on collaboration with 
investigators. 
The Ohio State University’s large consolidated animal care program supports an extensive and comprehensive 
research program including the Colleges of Medicine, Public Health, Veterinary Medicine, Dentistry, Pharmacy, 
Biological Sciences, and Social and Behavioral Sciences. The university’s centralized animal vivaria consist of 
over 14 buildings located primarily within the Health Sciences complex. Approximately 70,000 sq ft of animal 
housing space consists primarily of rodent barrier housing utilizing individually ventilated caging systems. In 
addition, facilities for accommodating large animals, rabbits, and nonhuman primates are available. Support 
facilities include an experimental surgery suite, small animal imaging core, and biohazard housing at the ABSL2 
and ABSL3 levels. 
Summary:  
All of the equipment, scientific environment, facility and research resources required for Dr. Xu’s research are in 
place at the OSU, which will ensure the continued success of the Xu lab, including the project described in this 
application.  
 



GEORGIA STATE UNIVERSITY, ATLANTA GA (GSU) 
Scientific Environment at GSU: With total annual research awards of $128.1 million received in the fiscal 
year 2019 (the fifth year in a row that the University has earned more than $100 million in external investments), 
GSU is one of the nation’s premier urban public research universities. The University ranks among the top 115 
public and private universities in the Carnegie Foundation’s elite category of R1: Highest Research Activity. 
The scientific environment in which the research will be carried out at GSU is highly conducive to the success 
of the proposed project. The University and its Departments are expanding via faculty recruited into new 
University Research Centers. We collaborate with a number of faculty in the Departments of Biology, 
Chemistry, and Computer Science and participate in several University Centers and Interdisciplinary 
Programs. The presence of these colleagues, both new and old, offers opportunities to discuss projects and 
results in both informal and formal collaboration. In addition, the scientific community at GSU has the privilege 
of working in the Atlanta area, where other important institutions, such as Emory University, Georgia State 
University (GSU), University of Georgia, Georgia Institute of Technology, and the Centers for Disease Control 
and Prevention (CDC) are located. These institutions work collaboratively for advancements in scientific 
research with special emphasis on infectious diseases. 

Jianliang Xu Laboratory: The Xu lab has an 800-sq.ft. BSL-2 laboratory with bench space for eight 
investigators in the Petit Science Center (the building was completed in June 2010). The lab is newly 
established in June 2023. By the end of 2023, the lab will be equipped with Electroporator, incubator shakers 
(for bacteria and mammalian cells separately), CO2 incubators, cell counter, nanodrop, photometer, 
thermocyclers, protein/DNA electrophoresis system, Orbital shaker, AKTA Automated FPLC System, Octet® 
R8 Protein Analysis System, fridges, -20°C and -80°C freezers, balance, fluorimeter/spectrophotometer 
microplate reader, biosafety cabinets, superspeed centrifuges, water purifiers, Gel documentation system, and 
microscopes. The laboratory is fully prepared for microbial, molecular genetics, biochemistry, protein 
production, purification and characterization work. As part of University System of Georgia (USG connect), all 
lab members have also access to all molecular imaging and sequencing core facilities at Emory University and 
Georgia Institute of Technology. The department provides excellent office facilities for staff and students and 
provides numerous seminars and journal clubs which staff are encouraged to attend. 

Animals: GSU has in place two full-time university veterinarians, veterinarian technicians, animal facilities 
manager, and six full-time animal caretaker staff, many of whom are certified by the American Association of 
Laboratory Animal Science. An AAALAC-approved, state-of-the-art 25,000 sq. ft. facility is housed in the PSC 
building. It is composed of 28 housing rooms, eight procedural rooms, a full surgical suite, full BSL-2 and BSL-
3 suites. The facility is equipped with high-capacity autoclave and cage-washers, an imaging room with 
bioluminescent and fluorescent imaging machine. The facility has automated temperature, humidity, 
illumination, and air flowing monitoring that remotely alerts personnel of any system failures. A security officer 
is located inside the building 24/7 to monitor and secure the building. All animal rooms are under the 
supervision of animal facility personnel. 

Computer: In addition to computers that are running the Octet protein analysis system, the protein purification 
system, and the gel imagine system, the Xu lab also has computer workstations that are available for his 
personnel. Each lab member has an individual workstation providing access to extensive computational 
resources, including access to ARCTIC (Advanced Research Computing Technology & Innovation Core) at 
GSU. 

Office: Dr. Xu has a ~100 sq. ft. office with iMac and printer. His students use two shared office rooms. The 
laboratory and all office spaces are nearby on the same floor. 



RESOURCE SHARING PLAN 
 
All nanobody sequence data, nanobody constructs, and reagents generated in this application will be made 
available to the scientific community upon request following publication. All data sets will be submitted to public 
databases, such as Sequence Read Archive (SRA), allowing access to researchers in the field. 
 
Sharing Research Tools: We routinely present data derived from our studies at scientific meetings such as the 
Gordon Conferences, Keystone Symposia among others. When components are completed, invention 
disclosures filed, and following consultation with the OSU technology transfer offices, we publish and disclose 
our findings. Material transfer agreements will be established to share resources among the research community 
for noncommercial research use. If research findings we deem sensitive are requested by outside parties, prior 
to publication mutual non-disclosure agreements will be put in place. In addition, we will have a free exchange 
of findings and data with all our collaborators. We will adhere to all institutional, state and federal resource sharing 
guidelines and agree to share knowledge, research materials, and any other resources necessary and relevant 
to the particular focus of the grant, recognizing that final authorization will be cleared with all appropriate 
organizational parties. 
 
Sharing Model Organisms: All generated expression vectors, cell lines and experimental protocols will be made 
available to the public. Results will be presented at scientific meetings in the form of posters and oral 
presentations. All sequencing data and structural data will be deposited to public databases, such as GenBank 
or Protein Structural Data Bank and these data will be available for all to use. 



VERTEBRATE ANIMALS SECTION  - RP5 (Nanobody Discovery and Structural Biology)
Ohio State University
The following sections of the proposal will use mice and/or camelid animals: Aim 1 (To identify cross-
reactive nanobodies to HNVs); Aim 2 (Identification of nanobodies to ARVs.); and Aim 5 (Expanding to 
other members of the viral groups in Center Phase 2.). The Jianliang Xu lab at Georgia State 
University, Atlanta, and Kai Xu lab at the Ohio State University will perform the experiments using 
nanomice to develop neutralizing nanobodies (Aim 1, 2 and 5). When needed, contracting company 
(Capralogics, etc.) will immunize camelid animals housed in their farm and provide PBMC to Xu labs 
(Aim 1, 2 and 5).  

1. Description of Procedures:

1.1 Nanomice immunization: Male and female nanomice (B6.129P2-Ighem1Rcas/J) at 8-12 weeks old 
will be used. Each virus protein nanobody development will involve 8 gender balanced mice, and 
considering potential different designs of some immunogens, in total about 300 mice will be used in the 
study. Mice will be injected with recombinant proteins purified through mammalian cell culture system. 
Protein antigens include HNV G and F proteins, and ARV GPC proteins. All proteins are obtained by 
transfecting 293 cells with plasmids that express these recombinant proteins, and then purified from cell 
culture supernatant and dissolved in PBS. Mice immunization will be performed over a 62-day 
immunization protocol. Specifically, mice will be immunized intraperitoneally (i.p.) with 50 ug of 
recombinant protein in the presence of Complete Freund's Adjuvant (CFA) on day 0, and boost 
immunized intraperitoneally with 25 ug of protein in the presence of Incomplete Freund's Adjuvant (IFA) 
on days 14, 28 and 42. Two more immunizations with 25 ug of protein in PBS will be performed on day 
56 and 59, intraperitoneally and intravenously (to stimulate memory B cell expansion), respectively. Bone 
marrow, spleen and blood samples will be collected on day 62. On day 0, 21, 35 and 49, per ARAC 
guidelines, about 200ul of blood samples will be drawn and analyzed by ELISA for antibody titer. 
Typically, experiment ends at day 62, but for certain immunogens, more boost injections may be 
performed to induce stronger antigen-specific antibody response. In that case, after the fourth 
immunization on day 42, mice will be boost immunized once every 2 weeks and blood samples collected 
one week after each immunization. Immunization will end when antigen-specific antibodies in serum is 
detected or maximum of 8 injections reached. For the extended experiments, about 200ul of blood 
samples will be drawn every 4 weeks or longer. In total, starting from the first blood draw on day 0, no 
more than 6 times of blood draw will be performed. Mice immunization will be performed under pathogen-
free conditions at an AAALAC accredited animal facility in the PSC building and housed in accordance 
with the procedures outlined in the Guide for the Care and Use of Laboratory Animals under an animal 
study proposal approved by the GSU or OSU Animal Care and Use Committee. Animals used in this 
study are either generated and maintained by Xu labs or purchased directly from Jackson Laboratory. 
The animal protocol is approved by the Institutional Laboratory Animal Care and Use Committee 
(ILACUC) at GSU or OSU. 

1.2 Camelid animal immunization: For immunogens that fail to elicit strong immune response in 
nanomice, company (Capralogics, etc.) housing camelid animals will be contracted to perform llama or 
alpaca immunization and provide PBMC to Xu labs. Animal will be immunized subcutaneously (s.c.) with 
1 mg of recombinant protein in the presence of CFA on day 0 and boost immunized (s.c.) with 0.5 mg of 
protein in the presence of IFA on days 14, 28, 42, 56 and 70. Test blood/serum will be collected 10 days 
after each injection for monitoring antibody response by ELISA. On day 80, about 500 ml of whole blood 
will be collected for library preparation. All procedures will be done with the approval from company’s 
Animal Care and Use Committee. 
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2. Animal use justifications:

Nanobody was traditionally obtained by vaccinating camelids. Nanomouse is a camelid antibody knock-
in mouse model in which B cells express single domain nanobody instead of conventional antibody. It 
has been demonstrated robust in our recent work of generating potent and broadly protective nanobodies 
against variants of SARS-CoV2. The introduction of nanomice has replaced the sacrifice of large animals. 
To obtain affinity-matured and antigen-specific nanobodies against various virus envelope proteins, 
nanomice model is necessary for the immunization and nanobody identification procedure described in 
our study. The number of animals used in each group is a calculation based on past experience of the 
variable immune responses rate. For most immunogens, it can range from 25 to 75% of nanomice in a 
group who showed strong antigen-specific immune response. To promote nanobody epitope diversity, 
we assign eight animals in each group to ensure at least two high responders from which nanobodies 
will be identified. In the case of ideal antibody response not achieved from nanomice immunization, 
camelid animal immunization will be tried. When possible, multiple immunogens will be pooled for 
injection in one llama or alpaca.  

3. Minimization of Pain and Distress:

Our procedures include i.p. injections of protein immunogens adjuvanted with or without CFA/
IFA. Injection (i.p.) of small volume of non-viscous solution is generally not considered a painful 
procedure by the USDA and are therefore done without anesthesia. Animals may experience minor 
distress related to the immunization protocol. Complications are not expected. No adverse reactions to 
the immunizations are anticipated. The animal appearance and behavior post infection will be 
observed twice daily, and their weight will be recorded daily. Procedure time and laboratory personnel 
schedules will be arranged to allow for this frequent mouse monitoring. Mice showing severe stress 
signs such as being hunched, lethargy, head tilt, paralysis, labored breathing, or show ~20% weight 
deviation from age matched control mice will be euthanized. The project trained personnel, the 
veterinarian staff, and or the veterinarian may determine the animal comfort level and make the decision 
regarding humane endpoints and euthanasia. In general, inflammation at immunization sites subsides 
6 - 7 days post- injection. At this point, the immune response concentrates in spleen for 
intraperitoneal injections. This "acquired" response peaks approximately 16 days in intraperitoneal 
immunizations. In case excessive inflammation (swollen severely that mice cannot move freely) 
occurs in some mice from lateral tarsal immunizations, those mice will be treated with the analgesic 
Buprenorphine HCl at a dose of 2.0 mg/kg BW, SQ, every 12 hrs. while inflammation is visible (or until 
the inflammation resolves). Anesthesia may be induced by inhalation of isoflurane. Topical anesthetic 
(proparacaine or tetracaine) or general anesthesia will be used for retro-orbital sinus blood collection 
depending upon technician preference. No surgical procedures will be done. No restraint devices will be 
required for the proposed studies. Animals will be euthanized with CO2 followed by cervical 
dislocation in accordance with American Veterinary Medical Association.  



Georgia State University 
 
The following sections of the proposal will use mice and/or camelid animals: Aim 1 (To identify cross-reactive 
nanobodies to HNVs); Aim 2 (Identification of nanobodies to ARVs.); and Aim 5 (Expanding to other members 
of the viral groups in Center Phase 2.). The Xu lab at Georgia State University, Atlanta, will perform the 
experiments using nanomice to develop neutralizing nanobodies (Aim 1, 2 and 5). When needed, contracting 
company (Capralogics, etc.) will immunize camelid animals housed in their farm and provide PBMC to Xu lab 
(Aim 1, 2 and 5).   

1. Description of Procedures:  

1.1 Nanomice immunization: Male and female nanomice (B6.129P2-Ighem1Rcas/J) at 8-12 weeks old will be 
used. Each virus protein nanobody development will involve 8 gender balanced mice, and considering potential 
different designs of some immunogens, in total about 300 mice will be used in the study. Mice will be injected 
with recombinant proteins purified through mammalian cell culture system. Protein antigens include HNV G and 
F proteins, and ARV GPC proteins. All proteins are obtained by transfecting 293 cells with plasmids that express 
these recombinant proteins, and then protein purified from cell culture supernatant and dissolved in PBS. Mice 
immunization will be performed over a 62-day immunization protocol. Specifically, mice will be immunized 
intraperitoneally (i.p.) with 50 ug of recombinant protein in the presence of Complete Freund's Adjuvant (CFA) 
on day 0, and boost immunized intraperitoneally with 25 ug of protein in the presence of Incomplete Freund's 
Adjuvant (IFA) on days 14, 28 and 42. Two more immunizations with 25 ug of protein in PBS will be performed 
on day 56 and 59, intraperitoneally and intravenously (to stimulate memory B cell expansion), respectively. Bone 
marrow, spleen and blood samples will be collected on day 62. On day 0, 21, 35 and 49, per ARAC guidelines, 
about 200ul of blood samples will be drawn and analyzed by ELISA for antibody titer. Typically, experiment ends 
at day 62, but for certain immunogens, more boost injections may be performed to induce stronger antigen-
specific antibody response. In that case, after the fourth immunization on day 42, mice will be boost immunized 
once every 2 weeks and blood samples collected one week after each immunization. Immunization will end when 
antigen-specific antibodies in serum is detected or maximum of 8 injections reached. For the extended 
experiments, about 200ul of blood samples will be drawn every 4 weeks or longer. In total, starting from the first 
blood draw on day 0, no more than 6 times of blood draw will be performed. Mice immunization will be performed 
under pathogen-free conditions at an AAALAC accredited animal facility in the PSC building and housed in 
accordance with the procedures outlined in the Guide for the Care and Use of Laboratory Animals under an 
animal study proposal approved by the GSU Animal Care and Use Committee. Animals used in this study are 
either generated and maintained by Xu lab or purchased directly from Jackson Laboratory. The animal protocol 
is approved by the Institutional Laboratory Animal Care and Use Committee (ILACUC) at GSU. 

1.2 Camelid animal immunization: For immunogens that fail to elicit strong immune response in nanomice, 
company (Capralogics, etc.) housing camelid animals will be contracted to perform llama or alpaca immunization 
and provide PBMC to Xu lab. Animal will be immunized subcutaneously (s.c.) with 1 mg of recombinant protein 
in the presence of CFA on day 0 and boost immunized (s.c.) with 0.5 mg of protein in the presence of IFA on 
days 14, 28, 42, 56 and 70. Test blood/serum will be collected 10 days after each injection for monitoring antibody 
response by ELISA. On day 80, about 500 ml of whole blood will be collected for library preparation. All 
procedures will be done with the approval from company’s Animal Care and Use Committee. 

2. Animal use justifications:  

Nanobody was traditionally obtained by vaccinating camelids. Nanomouse is a camelid antibody knock-in mouse 
model in which B cells express single domain nanobody instead of conventional antibody. It has been 
demonstrated robust in our recent work of generating potent and broadly protective nanobodies against variants 
of SARS-CoV2. The introduction of nanomice has replaced the sacrifice of large animals. To obtain affinity-
matured and antigen-specific nanobodies against various virus envelope proteins, nanomice model is necessary 
for the immunization and nanobody identification procedure described in our study. The number of animals used 
in each group is a calculation based on past experience of the variable immune responses rate. For most 
immunogens, it can range from 25 to 75% of nanomice in a group who showed strong antigen-specific immune 
response. To promote nanobody epitope diversity, we assign eight animals in each group to ensure at least two 
high responders from which nanobodies will be identified. In the case of ideal antibody response not achieved 



from nanomice immunization, camelid animal immunization will be tried. When possible, multiple immunogens 
will be pooled for injection in one llama or alpaca.  

3. Minimization of Pain and Distress:  

Our procedures include i.p. injections of protein immunogens adjuvanted with or without CFA/IFA. Injection (i.p.) 
of small volume of non-viscous solution is generally not considered a painful procedure by the USDA and are 
therefore done without anesthesia. Animals may experience minor distress related to the immunization protocol. 
Complications are not expected. No adverse reactions to the immunizations are anticipated. The animal 
appearance and behavior post infection will be observed twice daily, and their weight will be recorded daily. 
Procedure time and laboratory personnel schedules will be arranged to allow for this frequent mouse monitoring. 
Mice showing severe stress signs such as being hunched, lethargy, head tilt, paralysis, labored breathing, or 
show ~20% weight deviation from age matched control mice will be euthanized. The project trained personnel, 
the veterinarian staff, and or the veterinarian may determine the animal comfort level and make the decision 
regarding humane endpoints and euthanasia. In general, inflammation at immunization sites subsides 6 - 7 days 
post- injection. At this point, the immune response concentrates in spleen for intraperitoneal injections. This 
"acquired" response peaks approximately 16 days in intraperitoneal immunizations. In case excessive 
inflammation (swollen severely that mice cannot move freely) occurs in some mice from lateral tarsal 
immunizations, those mice will be treated with the analgesic Buprenorphine HCl at a dose of 2.0 mg/kg BW, SQ, 
every 12 hrs. while inflammation is visible (or until the inflammation resolves). Anesthesia may be induced by 
inhalation of isoflurane. Topical anesthetic (proparacaine or tetracaine) or general anesthesia will be used for 
retro-orbital sinus blood collection depending upon technician preference. No surgical procedures will be done. 
No restraint devices will be required for the proposed studies. Animals will be euthanized with CO2 followed by 
cervical dislocation in accordance with American Veterinary Medical Association.  
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KEY PERSONNEL 
Jianliang Xu, Ph.D., Co-Project Lead (5% effort or 0.45 person months during the academic year – years 1 
& 2 12.5% effort or 1.13 person months during the academic year – years 3-5 100% effort or 3 person months 
during summer – years 1 & 2; 75% effort or 2.25 person months during summer – years 3-5). Dr. Xu will serve 
as the co-Lead for research project 5 (RP5). He is an expert in antibody and nanobody research, especially in 
the areas of nanobody engineering and antiviral nanobody discovery. He has engineered a novel nanobody-
producing mouse model, nanomouse, and demonstrated the power of both nanomouse and nanobody by 
developing potent cross neutralizing nanobody molecules against SARS- CoV-2, SARS and Bat WIV 16. He 
has recently generated a human nanobody library that is close to natural human antibody heavy chain 
variable domain. The potentially low immunogenicity of such a library will enable quick identification of 
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super vise the experimental design, data analysis and manuscript preparation. He will hire and train graduate 
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OTHER PERSONNEL 
Postdoctoral Fellow, TBN (100% effort or 12 person months during the calendar year – years 1-5). The 
postdoctoral fellow will be responsible for the project aspects including immunizing animals, constructing 
nanobody phage libraries, identifying and characterizing nanobody candidates that bind to henipavirus F and 
G proteins, arenaviruses GPC proteins (Aim 1 and 2), nanobody engineering, small- scale production and 
characterization (Aim 3 and 4), and work on additional viral targets (Aim 5). She/he will manage the 
laboratory, perform experiments, record and collect data, write manuscripts and supervise the students. 

 
Graduate Students, TBN, Total of 2 Grad students (100% effort or 12 person months, each, during the 
calendar year – years 1-5) Two students will be recruited for the project. They will be responsible for the 
project aspects including screening nanobody phage libraries, preparing nanobody deep sequencing libraries, 
producing and charactering nanobodies (Aim 1-5). They will perform experiments, collect and record data and 
write manuscripts, and work closely with the postdoctoral fellow to help achieving all aim goals. 

 
FRINGE BENEFITS  
The negotiated fringe benefits rate for both the academic year and for summer is 36.0% for faculty and full-
time staff. The fringe benefits rate for part-time faculty and temporary staff is 4.0% and for graduate students 
is 3.40%. A 2% salary increase is included on all personnel salaries for years 2-5. 
 

TRAVEL  

Domestic travel support is requested for the following: The domestic travel budget includes 
expenses for Dr. Xu, Post-Doctoral associates, and/or graduate students to travel to relevant national 
conferences that are significant to the project and scope of work and to visit the Co-PI Dr. Kai Xu at Ohio 
State University, and PD/PI Dr. Christopher Broder at Uniformed Service University. 

 
Foreign Conference travel support is requested for the following: The foreign travel budget includes 
expenses for Dr. Xu and/or Post-Doctoral associates to travel to relevant international national conferences 
that are significant to the project and scope of work. 
 
OTHER DIRECT COSTS 
Materials & Supplies – Year 1: $168,949, Year 2: $165,148, Year 3: $162,591, Year 4: $158,707, 
Year 5: $154,769 
The supplies will include: 

1) Media, chemicals, antibiotics, growth supplements, and disposables - $23,949 (Year 1), 
$25,148 (Year 2), $22,591 (Year 3), $ 23,707 (Year 4) and 24,769 (Year 5) 



2) Molecular and biochemical reagents and supplies, including molecular cloning enzymes, kits and 
reagents, antibodies for ELISA and FACS staining, TG1 competent cells for nanobody library 
construction and screening, protein purification resin and column, protein buffer exchange and desalt 
columns, FPLC affinity and ion exchange columns, and kits for site specific mutagenesis, DNA and 
RNA preparation - $50,000 (Year 1-3), $45,000 (Year 4-5). 

3) Nanobody sanger sequencing and deep sequencing - $20,000 per year. 

4) Nanobody DNA synthesis - $20,000 per year. 

5) Octet biosensors for nanobody affinity and epitope mapping test - $20,000 (Year 1-4), 
$15,000 (Year 5). 

6) Mice purchasing and housing - $5,000 per year. 

7) Camelid animal immunization and maintenance - $20,000 (Year 1), $15,000 (Year 2-5). 

8) Funds for equipment maintenance, and small equipment items. $5,000 per year. 

9) Computer costs including software licenses, replacement of aging computers, backup equipment -
$5,000 per year. 

 
Publication Costs – Years 1-5: $3,000 per year. 

 
Other Costs - Conference Registration Fees - Years 1-5: $3,000 per year for Dr. Xu, Post-Doctoral 
associates, and/or graduate student. 

INDIRECT COSTS: The Georgia State University negotiated F&A/Indirect Cost rates are calculated at the 
federally approved rate of 56%. Indirect Costs are calculated on a modified total direct costs basis. 
Equipment and Participant Support are excluded from the calculation. Only the first $25,000 of each 
subaward is included in the calculation. 
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Importance: High

Hello,
We have made a pass through the files that have been sent over from both of you for RP5 on the
UTMB/USUHS U19 (PABVAX). Please let me know if you have any last changes or comments for the
files attached before we upload them into the application. Also, please send over to us as soon as
possible the items listed below by the end of the day Monday, June 5.
 

Abstract/Summary – 30 lines (Word doc)
Multi-PI Plan – (Word doc) - *if either Kai or Jianliang prefer to be Project Lead and the other
Co-I, we will not need this. If Co-Leading, we will need a plan to describe how the
responsibilities will be shared and the justification for the shared leadership.
Authentication of Key Biologicals and Chemical Resources
Resource Sharing Plan – (Word doc attached; please be sure to add information about sharing
research tools and model organisms)
Final Specific Aims (Word doc) – 1 pg
Final Research Strategy (Word doc) – 12 pgs plus bibliography

 
Thank you,
 
Sherry L. Haller, PhD
Associate Director
Center for Biodefense and Emerging Infectious Diseases
The University of Texas Medical Branch
Keiller Bldg., Rm. 1.104D
301 University Blvd., Galveston, TX 77555-0609
 
C: (785) 554-1713  O: (409) 747-0766
Teams: Call Chat
E: shhaller@utmb.edu
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NAME: Xu, Jianliang 
eRA COMMONS USER NAME (credential, e.g., agency login): xujian20 
POSITION TITLE: Assistant Professor 
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.)  


INSTITUTION AND LOCATION DEGREE 
(if applicable) 


END 
DATE 


FIELD OF STUDY 


Nanjing Agriculture University, China BS 06/2004 Bioengineering 
Nanjing University, China MS 06/2007 Biochemistry and Molecular Biology 
Nanjing University, China PHD 06/2010 Biochemistry and Molecular Biology 
Kyoto University, Japan Postdoctoral Fellow 11/2014 Antibody Diversification 
National Institute of Arthritis and 
Musculoskeletal and Skin Diseases, NIH 


Postdoctoral Fellow 
Research Fellow 


08/2018 
06/2022 


Antibody Engineering 
Antiviral Nanobody Development 


Vaccine Research Center, NIAID/NIH Research Fellow 05/2023 Antiviral Antibody/Nanobody 


A. Personal Statement 


I am an assistant professor with expertise in advanced nanobody and antibody technologies in the Department 
of Biology at Georgia State University. The SARS-CoV-2 pandemic has highlighted the urgent need for new 
antiviral drugs and for rapidly deployable novel drug development technologies that are prepositioned to respond 
rapidly when emergent pathogens arise. My expertise can contribute to this important goal. Nanobodies are 
antigen-binding entities derived from the heavy chain-only antibodies of camelid animals, and they retain full 
antigen specificity at a very small size (15 kDa). They can penetrate tissues and recognize epitopes that are 
often inaccessible to conventional antibodies. Such “hidden” epitopes also have the potential to be conserved 
across viral strains, making nanobodies ideal antiviral drugs with great cross-reactivity to multiple viral 
pathogens. More interestingly, some nanobodies can naturally cross blood-brain barrier (BBB), and more can 
passively cross BBB through receptor and adsorptive-mediated transcytosis, enabling them to fulfill therapeutic, 
diagnostic, and theragnostic promises for the benefit of patients suffering from central nervous system (CNS) 
pathologies.  


I have recently engineered a novel nanobody-producing mouse model (nanomouse, NIH invention), and 
demonstrated the power of both nanomouse and nanobody by developing potent cross neutralizing nanobody 
molecules against SARS, SARS-CoV-2 and Bat WIV 16, utilizing structure-based engineering approach (Xu et 
al., Nature, 2021). For this work, I was awarded the 23rd Annual Norman P. Salzman Memorial Award in Basic 
and Clinical Virology. Nature News and Views commented that “Just as the development of mice with antibodies 
containing human variable domains (such as Regeneron’s VelocImmune mouse) has helped to deliver the 100th 
FDA-approved monoclonal antibody, perhaps the nanomouse will give nanobody-based therapeutics a push in 
the same direction.”. In addition to the nanomouse nanobody-development platform, I have recently cloned the 
CDR regions of human antibodies (IgM, IgD, IgG1-4, IgE, IgA1-2) heavy chain from 60 healthy donors of various 
demographic backgrounds, assembled them on Ighv3 family framework, and generated a human nanobody 
library that is close to natural human antibody heavy chain variable domain. The potentially low immunogenicity 
of such a library will enable us to quickly identify nanobody leads that need minimum optimization for clinical 
use. My ongoing work on HIV-1 has further highlighted the power of nanobody engineering in developing broad 
and potent antiviral drugs, with the best nanobody molecule neutralizing 96% of 208 HIV-1 strains at half maximal 
inhibitory concentration (geometric mean IC50) of 0.016 ug/ml. Structure guided engineering results in ultra-
potent HIV-1 bispecific antibodies that target CD4 binding site and V2-Apex of HIV envelope protein 
simultaneously.  


My postdoctoral training with Professor Tasuku Honjo at Kyoto University focused on the mechanism of antibody 
maturation and diversification. I then extended this work in Dr. Rafael Casellas’s lab at NIAMS, where I studied 







transcription factor dynamics in primary B cells, engineered nanomouse for nanobody development. The one-
year training at Dr. Peter Kwong’s lab at Vaccine Research Center/NIAID afforded me great opportunity to learn 
and practice structure-based immunogen design and antibody improvement.  


My long-term research goal is to establish efficient nanobody development platforms that will result in novel 
biological molecules across multiple therapeutic areas, including infectious diseases and immuno-oncology. My 
research builds upon three nanobody platforms: 1) conventional camelid animals; 2) the nanomouse model that 
I have established and newer versions that I am going to engineer; 3) human nanobody libraries with low 
immunogenicity that I am currently constructing and optimizing. The focus of my research will be on developing 
broad and potent neutralizing nanobodies against SARS-CoV-2, HIV-1, human metapneumovirus (HMPV), 
respiratory syncytial virus (RSV) and henipavirus (HNV), but the underlying principle can be adapted for other 
viruses, as well as cancer targets. These studies have the potential to result in life-saving therapeutics, and also 
will broaden our understanding of the mechanisms of viral infection, guide vaccine development, thereby 
advancing our societal goal of better public health crisis preparedness. 


1. Xu J, Xu K, Jung S, Conte A, Lieberman J, Muecksch F, Lorenzi JCC, Park S, Schmidt F, Wang Z, 
Huang Y, Luo Y, Nair MS, Wang P, Schulz JE, Tessarollo L, Bylund T, Chuang GY, Olia AS, Stephens 
T, Teng IT, Tsybovsky Y, Zhou T, Munster V, Ho DD, Hatziioannou T, Bieniasz PD, Nussenzweig MC, 
Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants. 
Nature. 2021 Jul;595(7866):278-282. PubMed Central PMCID: PMC8260353.  


2. Wang Z, Schmidt F, Weisblum Y, Muecksch F, Barnes CO, Finkin S, Schaefer-Babajew D, Cipolla M, 
Gaebler C, Lieberman JA, Oliveira TY, Yang Z, Abernathy ME, Huey-Tubman KE, Hurley A, Turroja M, 
West KA, Gordon K, Millard KG, Ramos V, Da Silva J, Xu J, Colbert RA, Patel R, Dizon J, Unson-
O'Brien C, Shimeliovich I, Gazumyan A, Caskey M, Bjorkman PJ, Casellas R, Hatziioannou T, Bieniasz 
PD, Nussenzweig MC. mRNA vaccine-elicited antibodies to SARS-CoV-2 and circulating variants. 
Nature. 2021 Apr;592(7855):616-622. PubMed Central PMCID: PMC8503938.  


3. Kieffer-Kwon KR, Nimura K, Rao SSP, Xu J, Jung S, Pekowska A, Dose M, Stevens E, Mathe E, Dong 
P, Huang SC, Ricci MA, Baranello L, Zheng Y, Tomassoni Ardori F, Resch W, Stavreva D, Nelson S, 
McAndrew M, Casellas A, Finn E, Gregory C, St Hilaire BG, Johnson SM, Dubois W, Cosma MP, 
Batchelor E, Levens D, Phair RD, Misteli T, Tessarollo L, Hager G, Lakadamyali M, Liu Z, Floer M, 
Shroff H, Aiden EL, Casellas R. Myc Regulates Chromatin Decompaction and Nuclear Architecture 
during B Cell Activation. Mol Cell. 2017 Aug 17;67(4):566-578.e10. PubMed Central PMCID: 
PMC5854204.  


4. Xu J, Husain A, Hu W, Honjo T, Kobayashi M. APE1 is dispensable for S-region cleavage but required 
for its repair in class switch recombination. Proc Natl Acad Sci U S A. 2014 Dec 2;111(48):17242-7. 
PubMed Central PMCID: PMC4260585.  


B. Positions, Scientific Appointments and Honors 


Positions and Scientific Appointments 
2023 -  Assistant Professor, Georgia State University, Atlanta, GA 
2022 - 2023 Research Fellow, Vaccine Research Center, NIAID/NIH, Bethesda, MD 
2018 - 2022 Research Fellow, NIAMS/NIH, Bethesda, MD 
2014 - 2018 Postdoctoral Fellow, NIAMS/NIH, Bethesda, MD 
2010 - 2014 Postdoctoral Fellow, Kyoto University, Kyoto, KY, Japan 


Honors 
2023 NIH Earl Stadtman Investigator (Semi-finalists) 
2021 23rd Annual Norman P. Salzman Memorial Awards in Basic and Clinical Virology, Foundation 


for the National Institutes of Health 
2016 Fellows Award for Research Excellence (FARE), NIH 
2014 JMF Young Scholar Award, Frontiers in Immunology 
2004 Excellent Undergraduate Student, Nanjing Agriculture University 
2003 Award of National Scholarship, Nanjing Agriculture University 







C. Contribution to Science 


1. Identification of potent neutralizing nanobody against SARS-CoV-2 


Equipped with systematic knowledge in nanobody development and the ready to use platform, I identified 
potent SARS-CoV-2 neutralizing nanobodies from nanomouse and llama. These nanobodies could potently 
neutralizing all variants of concern tested, including Alpha, Beta, Gamma and Delta variants. More 
importantly, with the help of structural analysis I demonstrated two distinct mechanisms of the enhanced 
neutralization breadth of nanobody trimers: by increasing avidity and by targeting conserved region on RBD. 
These nanobodies have very good potential of becoming a treatment for COVID19. I also participated in a 
project led by Dr. Michel Nussenzweig and demonstrated that mRNA-vaccines (Moderna and Pfizer) can 
elicit neutralizing antibodies against SARS-CoV-2 circulating variants. 


a. Xu J, Xu K, Jung S, Conte A, Lieberman J, Muecksch F, Lorenzi JCC, Park S, Schmidt F, Wang Z, 
Huang Y, Luo Y, Nair MS, Wang P, Schulz JE, Tessarollo L, Bylund T, Chuang GY, Olia AS, Stephens 
T, Teng IT, Tsybovsky Y, Zhou T, Munster V, Ho DD, Hatziioannou T, Bieniasz PD, Nussenzweig MC, 
Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants. 
Nature. 2021 Jul;595(7866):278-282. PubMed Central PMCID: PMC8260353.  


b. Wang Z, Schmidt F, Weisblum Y, Muecksch F, Barnes CO, Finkin S, Schaefer-Babajew D, Cipolla M, 
Gaebler C, Lieberman JA, Oliveira TY, Yang Z, Abernathy ME, Huey-Tubman KE, Hurley A, Turroja M, 
West KA, Gordon K, Millard KG, Ramos V, Da Silva J, Xu J, Colbert RA, Patel R, Dizon J, Unson-O'Brien 
C, Shimeliovich I, Gazumyan A, Caskey M, Bjorkman PJ, Casellas R, Hatziioannou T, Bieniasz PD, 
Nussenzweig MC. mRNA vaccine-elicited antibodies to SARS-CoV-2 and circulating variants. Nature. 
2021 Apr;592(7855):616-622. PubMed Central PMCID: PMC8503938.  


2. Establishment of a mouse model for nanobody development  


With deep understanding of the mechanism of antibody development and maturation, I wondered whether 
one could produce heavy chain-only antibodies in mouse instead of their original host, camelid animals. With 
bioinformatic analysis of camelid immunoglobulin variable genes, sophisticated design and extensive 
genome editing of ES cells by CRISPR/Cas9, I successfully established a Igh camelized mouse strain 
(Nanomouse, NIH invention) in which B cells express heavy chain-only IgM and IgG1 of camelid origin 
instead of the conventional heavy and light chain-paired IgM and IgG1. Dr. James E. Voss in the Department 
of Immunology and Microbiology at The Scripps Research Institute commented in Nature News and Views 
that “Just as the development of mice with antibodies containing human variable domains (such as 
Regeneron’s VelocImmune mouse) has helped to deliver the 100th FDA-approved monoclonal antibody, 
perhaps the nanomouse will give nanobody-based therapeutics a push in the same direction.”. 


a. Xu J, Xu K, Jung S, Conte A, Lieberman J, Muecksch F, Lorenzi JCC, Park S, Schmidt F, Wang Z, 
Huang Y, Luo Y, Nair MS, Wang P, Schulz JE, Tessarollo L, Bylund T, Chuang GY, Olia AS, Stephens 
T, Teng IT, Tsybovsky Y, Zhou T, Munster V, Ho DD, Hatziioannou T, Bieniasz PD, Nussenzweig MC, 
Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants. 
Nature. 2021 Jul;595(7866):278-282. PubMed Central PMCID: PMC8260353.  


3. Regulation of chromatin dynamics and nuclear architecture during B cell activation 


I generated two knock-in mouse strains (CTCF-Halo, Jund-Halo) and used the novel single molecule imaging 
microscope technique to study transcription factor dynamic in primary B cells. I demonstrated that activated 
B cells decondense chromatin and the chromatin architectural change facilitates promoter-enhancer contacts 
and requires Myc and continual ATP production. These novel findings defined the nature and transcriptional 
impact of chromatin decondensation and revealed an unexpected role for Myc in the establishment of nuclear 
topology in mammalian cells. 


a. Kieffer-Kwon KR, Nimura K, Rao SSP, Xu J, Jung S, Pekowska A, Dose M, Stevens E, Mathe E, Dong 
P, Huang SC, Ricci MA, Baranello L, Zheng Y, Tomassoni Ardori F, Resch W, Stavreva D, Nelson S, 
McAndrew M, Casellas A, Finn E, Gregory C, St Hilaire BG, Johnson SM, Dubois W, Cosma MP, 
Batchelor E, Levens D, Phair RD, Misteli T, Tessarollo L, Hager G, Lakadamyali M, Liu Z, Floer M, Shroff 







H, Aiden EL, Casellas R. Myc Regulates Chromatin Decompaction and Nuclear Architecture during B 
Cell Activation. Mol Cell. 2017 Aug 17;67(4):566-578.e10. PubMed Central PMCID: PMC5854204.  


4. Role of critical molecules in antibody diversification 


I demonstrated that, although APE1 is important for CSR, it is dispensable for SHM as well as IgH/c-myc 
translocation. I further proved that during CSR process, APE1 repairs rather than induces DNA breaks and 
function as a DNA end-processing enzyme to facilitate the joining of broken ends. I also demonstrated that 
the C-terminal region of activation induced deaminase (AID) is required for efficient generation of DNA breaks 
in CSR and gene conversion (GC) and for the pairing/synapse formation of cleaved DNA ends. To identify 
chromatin components that bind to the antibody gene locus after AID-induced DNA breaks, I genetically 
modified antibody gene to enable locus-specific proteomic study. Mass spectrometry analysis led to the 
identification of 39 chromatin-binding proteins, many with known functions in DNA break repair. Among them 
I found that a protein called sterile alpha motif and histidine-aspartic acid domain-containing protein 1 
(SAMHD1), serves as a novel DNA repair regulator of antibody class switch recombination as well as 
aberrant genomic rearrangements via regulating the cellular dNTP level. My findings have deepened our 
understanding of the fundamental mechanisms of AID-induced antibody diversification. 


a. Husain A, Xu J, Fujii H, Nakata M, Kobayashi M, Wang JY, Rehwinkel J, Honjo T, Begum NA. SAMHD1-
mediated dNTP degradation is required for efficient DNA repair during antibody class switch 
recombination. EMBO J. 2020 Aug 3;39(15):e102931. PubMed Central PMCID: PMC7396875.  


b. Xu J, Husain A, Hu W, Honjo T, Kobayashi M. APE1 is dispensable for S-region cleavage but required 
for its repair in class switch recombination. Proc Natl Acad Sci U S A. 2014 Dec 2;111(48):17242-7. 
PubMed Central PMCID: PMC4260585.  


c. Nguyen T, Xu J, Chikuma S, Hiai H, Kinoshita K, Moriya K, Koike K, Marcuzzi GP, Pfister H, Honjo T, 
Kobayashi M. Activation-induced cytidine deaminase is dispensable for virus-mediated liver and skin 
tumor development in mouse models. Int Immunol. 2014 Jul;26(7):397-406. PubMed PMID: 24569264.  


d. Sabouri S, Kobayashi M, Begum NA, Xu J, Hirota K, Honjo T. C-terminal region of activation-induced 
cytidine deaminase (AID) is required for efficient class switch recombination and gene conversion. Proc 
Natl Acad Sci U S A. 2014 Feb 11;111(6):2253-8. PubMed Central PMCID: PMC3926049.  


5. Transcriptional regulation of oncogene PRL-3 


My doctoral training centered on the transcriptional regulation of oncogene PRL-3. I demonstrated MEF2C 
as a VEGF-dependent transcription factor that controls PRL-3 gene expression in epithelia cells. The work 
was recommended by Faulty 1000 as “must read”. 


a. Xu J, Cao S, Wang L, Xu R, Chen G, Xu Q. VEGF promotes the transcription of the human PRL-3 gene 
in HUVEC through transcription factor MEF2C. PLoS One. 2011;6(11): e27165. PubMed Central PMCID: 
PMC3206935.  


 
Complete List of Published Work in My Bibliography:    
https://www.ncbi.nlm.nih.gov/myncbi/jianliang.xu.1/bibliography/public/ 
 



https://www.ncbi.nlm.nih.gov/myncbi/jianliang.xu.1/bibliography/public/
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NAME: Xu, Kai
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POSITION TITLE: Assistant Professor of Immunology, Structural biology and Emerging Infectious Diseases
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INSTITUTION AND LOCATION 


DEGREE 
(if 
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Completion 
Date 


MM/YYYY 
FIELD OF STUDY 


Xiamen University B.S 06/1998 Biochemistry 


Cornell University Medical College Ph.D. 05/2009 Neuroscience 


Sloan-Kettering Institute Postdoctoral 04/2014 Structural Biology 


A. Personal Statement
My research primarily focuses on investigating the intricate mechanisms of viral-host interaction during viral 
entry. I study the humoral immune response triggered by natural infections and vaccinations, and apply this 
knowledge to inform the design of vaccines and antiviral therapeutics. Throughout my interdisciplinary research 
endeavors, I have honed my expertise in conducting both structural and functional analyses of viral envelope 
proteins. Notably, I have utilized advanced techniques such as X-ray protein crystallography and Electron 
Microscopy single particle analysis to gain a comprehensive understanding of their properties. By employing a 
structure-based approach, I have made significant contributions to vaccine design and the development of 
protective antibodies.
Furthermore, I possess extensive experience in conducting animal immunization studies involving various 
species, including mice, guinea pigs, and NHPs. This has provided valuable insights into the immune response 
generated by these animals. Additionally, I have conducted rigorous studies to identify antibodies using mice 
and NHPs, resulting in crucial findings. In line with recent advancements, I have successfully isolated 
nanobodies from "Nanomice," thereby expanding my repertoire of techniques and contributing to the field of 
antibody research. 
In the current U19 proposal, I have been appointed as the co-PI for project 5, which focuses on the 
development of nanobody therapeutics against Henipaviruses and Bunyaviruses. In this role, I will utilize my 
expertise to structurally and functionally characterize nanobody epitopes and understand the viral neutralization 
mechanism. Additionally, I will employ a structure-based rational design approach to improve the efficacy of 
protection and the delivery of nanobody therapies to the brain. 
I have established long-term collaborations with several members of the team, namely Dr. Christopher Broder, 
Dr. Jianliang Xu, Dr. Brian Schaefer, Dr. Moushimi Amaya, and Dr. Eric Laing. Notably, I have closely 
collaborated with Dr. Broder on glycoprotein structures, antigenicity, and entry mechanisms, resulting in the co-
publication of many high-impact papers over the years. Additionally, I have collaborated closely with Dr. 
Jianliang Xu in the past on the identification of potent and broad nanobodies against SARS-CoV2 variants, 
leading to a co-published Nature paper in 2021. 
Ongoing projects that I would like to highlight: 
Path to K Grant. Office of the Chancellor for Health Sciences at The Ohio State University, (PI: Xu) 
10/01/2021-09/30/2023. “Identification and characterization of protective antibodies against SARS-CoV-2 
variants for therapeutic development”  







U01 AI173348-01.  NIAID, (PI: Xu) 03/01/2023-02/29/2028 NIH/NIAID “Structure, function, and antigenicity of 
emerging henipavirus surface glycoproteins” 
UH2 AI171611-01A1. NIAID, (PI: Xu) 03/07/2023-02/28/2025 NIH/NIAID “Targeting glycoprotein (G) domain-III 
for pan-lyssavirus nanobody therapeutics 
Key publications: 
1. Wang Z*, Dang HV*, Amaya M*, Xu Y*, et al, Xu K#, Broder CC#, Veesler D#. Potent monoclonal antibody-


mediated neutralization of a divergent Hendra virus variant. Proc Natl Acad Sci U S A. (2022) May
31;119(22)


2. Laing ED, Navaratnarajah CK, Cheliout Da Silva S, et al, Broder CC# and Xu K#. Structural and functional
analyses reveal promiscuous and species-specific use of ephrin receptors by Cedar virus. (2019) Proc
Natl Acad Sci U S A. Oct 8;116(41):20707-20715.


3. Xu J*, Xu K*, et al, Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-
CoV-2 variants. (2021) Nature. Jun 7.


4. Xu K*, Acharya P*, Kong R*, Cheng C*, et al, Mascola JR, Kwong PD. Epitope-based vaccine design
yields fusion peptide-directed antibodies that neutralize diverse strains of HIV-1. (2018) Nat Med.
Jun;24(6):857-867.


B. Positions, Scientific Appointments, and Honors
Positions and Employment
2021-pres Assistant Professor, Department of Veterinary Biosciences, The Ohio State University, 


Columbus, OH 
2014-2021 IRTA fellow, Senior Scientist, Project Team Lead and Senior Scientific Project Manager, 


Vaccine Research Center, National Institute of Health, Bethesda, MD 
2014-2014  Senior Research Scientist, Structural Biology Program, Sloan-Kettering Institute, New York, NY 
Scientific Appointments 
2021-pres Member, Infectious Diseases Institute, The Ohio State University 
2021-pres Member, Cancer Biology Group, The Comprehensive Cancer Center, The Ohio State University 
Honors 
2021  NIH Director's Award (Outstanding efforts in the pursuit of efficacious vaccines to prevent 


COVID-19) 
2019 NIH Earl Stadtman Investigator (Semi-finalists) 
2019 NIAID Merit Awards (Advancing HIV Vaccine Research) 
2019 MSC Award for Excellence in HIV-1 Vaccine Research 
2010 Sloan-Kettering Institute Annual Award for the Outstanding Postdoctoral Research 
2009 Gordon Conference Travel Award (Chemical and Biological Terrorism Defense) 
2009 MSKCC Award for Excellent Graduate Students 
2009 Cornell University Medical College Award for the Excellent Graduate Students 
C. Contributions to Science
1. Henipavirus glycoproteins’ structure, function and protective immune recognition mechanism. I 


have a long track record in the study of HNV glycoproteins through collaboration with Dr. Christopher 
Broder (USU). Our structural and functional studies uncovered the functional role of G and F proteins in 
viral entry process, and how they can be recognized by protective antibodies, which paves the way for 
further vaccine and therapeutic design.
a. Laing ED, Navaratnarajah CK, Cheliout Da Silva S, et al, Broder CC# and Xu K#. Structural and 


Functional Analyses Reveal Promiscuous and Species-Specific Use of Ephrin Receptors by Cedar 
Virus. (2019) Proc Natl Acad Sci U S A. Oct 8;116(41):20707-20715. (#corresponding author)







b. Xu K*, Chan YP*, Bradel-Tretheway B*, Akyol-Ataman Z*, Zhu Y*, Dutta S, Yan L, Feng Y, Wang LF,
Skiniotis G, Lee B, Zhou ZH, Broder CC, Aguilar HC, Nikolov DB. Crystal Structure of the Pre-fusion
Nipah Virus Fusion Glycoprotein Reveals a Novel Hexamer-of-Trimers Assembly. (2015) PLoS Pathog.
Dec 8;11(12)


c. Xu K, Rockx B, Xie YH, DeBuysscher BL, Fusco DL, Zhu ZY, Chan YP, Xu Y, Luu T, Cer RZ,
Feldmann H, Mokashi V, Dimitrov DS, Bishop-Lilly KA, Broder CC, Nikolov DB. Crystal structure of the
Hendra virus attachment G glycoprotein bound to a potent cross-reactive neutralizing human
monoclonal antibody. (2013) PLoS Pathog., 9(10):e1003684.


d. Xu K, Rajashankar KR, Chan YP, Himanen JP, Broder CC, Nikolov DB. Host cell recognition by the
henipaviruses: crystal structures of the Nipah G attachment glycoprotein and its complex with ephrin-
B3. (2008) Proc Natl Acad Sci U S A; 105(29):9953-8.


2. HIV vaccine research. Through structural and functional characterization of broadly HIV neutralizing 
antibodies, I revealed HIV fusion peptide as promising vaccine target. With antibody-guided and structure-
based approach I designed fusion peptide-based HIV vaccine, and validated vaccine efficacy in mouse, 
guinea pig and NHP immunization studies. Jointly I isolated FP-directed broadly neutralizing antibodies (up 
to 59% overall breadth) from FP vaccinated NHPs and defined their developmental pathways.
a. Xu K*, Acharya P*, Kong R*, Cheng C*, et al, Mascola JR, Kwong PD. Epitope-based vaccine design 


yields fusion peptide-directed antibodies that neutralize diverse strains of HIV-1. (2018) Nat Med.
Jun;24(6):857-867. (*Co-first author)


b. Kong R*, Duan H*, Sheng Z*, Xu K*, Acharya P*, Chen X*, Cheng C*, Dingens AS*, Gorman J*, Sastry 
M*, Shen CH*, Zhang B*, Zhou T*, et al, Kwong PD, Mascola JR. Antibody Lineages with Vaccine-
Induced Antigen-Binding Hotspots Develop Broad HIV Neutralization. (2019) Cell. Jul 25; 178(3): 567-
584. (*Co-first author)


c. Kong R*, Xu K*, Zhou T*, et al, Kwong PD, Mascola JR. Fusion peptide of HIV-1 as a site of 
vulnerability to neutralizing antibody. (2016) Science. May 13;352(6287):828-33. (*Co-first author)


d. Zhou T, Xu K. Structural Features of Broadly Neutralizing Antibodies and Rational Design of Vaccine.
(2018) Adv Exp Med Biol. 1075:73-95.


3. Other infectious diseases. In COVID-19 related research, I co-developed and characterized a series of 
protective nanobodies against SARS-CoV2 and its variants, and identified conserved neutralizing targets for 
vaccine design. In malaria-related study, I revealed the mechanism of Plasmodium RIFIN-mediated immune 
suppression as well as Plasmodium recognition by recently discovered domain-inserted antibodies. In 
paramyvovirus research, I co-developed a tetravalent subunit of hPIV1-4 vaccine using structure-based 
design to stabilize the F glycoproteins in their prefusion status.
a. Xu J*, Xu K*, Jung S, Conte A, Lieberman J, Muecksch F, Lorenzi JCC, Park S, Schmidt F, Wang Z, 


Huang Y, Luo Y, Nair M, Wang P, Schulz JE, Tessarollo L, Bylund T, Chuang GY, Olia AS, Stephens T, 
Teng IT, Tsybovsky Y, Zhou T, Munster V, Ho DD, Hatziioannou T, Bieniasz PD, Nussenzweig MC, 
Kwong PD, Casellas R. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants.
(2021) Nature. Jun 7. (*Co-first author)


b. Xu K#, Wang Y, Shen CH, Chen Y, Zhang B, Liu K, Tsybovsky Y, Wang S, Farney SK, Gorman J, 
Stephens T, Verardi R, Yang Y, Zhou T, Chuang GY, Lanzavecchia A, Piccoli L, Kwong PD#. Structural 
basis of LAIR1 targeting by polymorphic Plasmodium RIFINs. (2021) Nat Commun. Jul 9;12(1):4226.
(#corresponding author)


c. Chen Y*, Xu K*, Piccoli L, Foglierini M, Tan J, Jin W, Gorman J, Tsybovsky Y, Zhang B, Traore B, Silacci-
Fregni C, Daubenberger C, Crompton PD, Geiger R, Sallusto F, Kwong PD, Lanzavecchia A. Structural 
basis of malaria RIFIN binding by LILRB1-containing antibodies (2021) Nature Apr;592(7855):639-643.
(*Co-first author)


d. Stewart-Jones GBE*, Chuang GY*, Xu K*, Zhou T*, Acharya P*, Tsybovsky Y*, et al, Mascola JR, 
Lanzavecchia A, Kwong PD. Structure-based design of a quadrivalent fusion glycoprotein vaccine for 
human parainfluenza virus types 1-4. (2018) Proc Natl Acad Sci U S A. (2018) Nov 
27;115(48):12265-12270. (*Co-first author)







4. Ligand-receptor interaction and receptor activation in neuronal development and degenerative 
diseases. Axons travel long range to reach their final destination during neuronal development and neuron 
circuit formation. This process depends on the precise control assisted by a few classes of molecules 
named guidance cues. We used structural and functional analyses to reveal ligand-receptor interaction and 
signa activation mechanism underlying axon guidance.
a. Xu Y, Robev D, Saha N, Wang B, Dalva MB, Xu K, Himanen JP, Nikolov DB. The Ephb2 Receptor 


Uses Homotypic, Head-to-Tail Interactions within Its Ectodomain as an Autoinhibitory Control 
Mechanism. (2021) Int J Mol Sci. Sep 28;22(19).


b. Xu K*, Wu Z*, Renier N*, et al, Tessier-Lavigne M, Nikolov DB. Structures of netrin-1 bound to two 
receptors provide insight into its axon guidance mechanism. (2014) Science. 344(6189):1275-9.


c. Xu K, Olsen O, Tzvetkova-Robev D, Tessier-Lavigne M, Nikolov DB. The crystal structure of DR6 in 
complex with the amyloid precursor protein provides insight into death receptor activation. (2015) 
Genes Dev. 29(8):785-90


d. Xu K*, Tzvetkova-Robev D*, Xu Y, Goldgur Y, Chan YP, Himanen JP, Nikolov DB. Insights into Eph 
receptor tyrosine kinase activation from crystal structures of the EphA4 ectodomain and its complex 
with ephrin-A5. (2013) Proc Natl Acad Sci  U S A; 110(36):14634-9.


5. Patents issued and significant technology licenses
• “HIV-1 env fusion peptide immunogens and their use”, WO2018067582A3
• “Prefusion PIV F immunogens and their use”, WO2018081289A3, licensed to Moderna
• “Neutralizing antibodies to nipah and hendra virus”, WO2012149536A1
• “HIV fusion peptide immunogens based on self-assembling nanoparticles and strong T cell help”, PCT/


US19/52419


Complete List of Published Work in My Bibliography: 
https://www.ncbi.nlm.nih.gov/myncbi/kai.xu.1/bibliography/public/ 



https://www.ncbi.nlm.nih.gov/myncbi/kai.xu.1/bibliography/public/
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BUDGET JUSTIFICATION – RP5 (The Ohio State University)

KEY PERSONNEL

Kai Xu, Ph.D., Project Lead. Dr. Xu will dedicate 3.6 calendar months for this grant, which includes 2.7 months of academic year and 0.9 months of summer. Dr. Xu will be responsible for the design and implementation of all experiments, interpretation of study results, and preparation of progress reports and publications. He will oversee the entire project and supervise other personnel (two postdoctoral researchers and a graduate student) to carry out the experiments proposed in this grant.



[bookmark: OTHER_PERSONNEL]OTHER PERSONNEL

We are seeking to hire two postdoctoral researchers for this grant project. Both postdoctoral researchers will work collaboratively and contribute to the overall success of the project.

Postdoctoral Researcher to be hired (100% effort, 12 calendar months). He or She will have extensive training in molecular biology, cell biology, and combinatorial biology. The postdoc will also have experience in mouse work and phage-display technology. His or her primary responsibilities will include immunizing nanomice and identifying nanobodies against the listed viruses in this project. He or She will conduct experiments, collect and analyze data, prepare research reports and manuscripts, and provide assistance to the graduate student researcher.

Postdoctoral Researcher to be hired (100% effort, 12 calendar months). He or She will have strong training in molecular biology, cell biology, and structural biology, with specific experience in protein purification, crystallographic techniques, and electron microscopic structural analysis. His or her main role will involve the structural and functional characterization of the nanobodies identified in the proposed project. He or She will conduct experiments, collect and analyze data, and contribute to the preparation of research reports and manuscripts.



[bookmark: MATERIALS_AND_SUPPLIES]MATERIALS AND SUPPLIES

$98,375 per year is requested to help defray costs for general research supplies, including reagents and supplies for cell culture, and materials for biological assays, antibodies, supplies for cloning. The funds requested is based on current operating costs in the laboratory.



		Cell Culture Supplies:

		$12,000



		Nanobody Phage Library Construction and Screening:

		$15,000



		Supplies and Reagent for Protein Purification:

		$10,000



		Supplies and Reagents for structural determination (EM and crystal):

		$25,000



		Reagents and Chips for affinity measurement:

		$9,000



		Plasticware:

		$5,000



		Nanobody Production:

		$8,000



		Molecular Biology Reagents and Enzyme:

		$5,000



		General Lab Supplies:

		$3,875



		DNA and RNA Purification Kits:

		$3,000



		Chemicals:

		$2,500



		Subtotal

		$98,375









EQUIPMENT COST

Mosquito® Xtal3 - liquid handler for high-throughput crystal screening	$113,109

This expense occurs in Year-1 only. Nanobodies, being small in size, are often amenable to high-resolution structure determination using X-ray crystallography. The proposed equipment, the Mosquito® Xtal3, will be utilized to efficiently screen protein crystals in a high-throughput manner, thereby reducing the expenses associated with protein production and crystallization reagents. This liquid handler will enhance our capabilities for crystal screening, allowing us to optimize the conditions for obtaining high-quality crystals suitable for structural analysis. The acquisition of this equipment is crucial for facilitating our research on nanobodies and their structural characterization.



[bookmark: TRAVEL]TRAVEL

$8,000 per year is requested to support travel and meeting registration related expenses to attend and present research findings at relevant national/international scientific conferences such as, Keystone Symposia, Gordon Research Conferences. The PI and postdoctoral researchers will attend these meetings. These meetings provide an opportunity to gain feedback from other experts in the field, which will help guide the direction of future research.



[bookmark: PUBLICATION_COSTS]PUBLICATION COSTS

$6,000 is requested to support costs associated with publishing results in peer-reviewed scientific journals.



[bookmark: SERVICES_and_SHARED_RESOUCES_COSTS]SERVICES and SHARED RESOUCES COSTS

Funds in the amount of $50,500 per year is requested to support user fees for the following Shared Resources and Services:



		Mouse Facility:

		$15,000



		Electron Microscopy:

		$20,000



		Gene Synthesis (Glycoproteins and Nanobodies)

		$8,000



		Sanger Sequencing: (Nanobody and Regular)

		$7,500



		Subtotal

		$50,500







[bookmark: FACILITIES_AND_ADMINISTRATIVE_COSTS]FACILITIES AND ADMINISTRATIVE COSTS

In accordance with the Ohio State University’s Federally-negotiated F&A rate agreement, indirect costs are calculated at 57.5% MTDC.


EQUIPMENT – RP5 (Nanobody Discovery and Structural Biology)



Ohio State University, Columbia OH (OSU)

Laboratory and major equipment: Dr. Xu’s laboratory is fully equipped for structural, cellular, molecular and virological studies in the newly renovated Center for Retrovirus Research at The Ohio State University (OSU). It includes a fully equipped cell-culture room of about 120 sq. ft. and a lab space of ~1,100 sq. ft. with multiple benches. The following shared rooms and equipment are available for Xu laboratory use, a virus containment BLS-2 room (370 sq. ft. shared by four PIs) that is equipped with four laminar flow hoods and four CO2 incubators, a shared storage room, a cold room, a freezer room, a PCR-prep room, a service room, and a conference room (shared by 4 laboratories). Major equipment includes: a Octet Red instrument for affinity measurement of protein-protein interaction with Bio-Layer Interferometry, a Thermo Fisher Sorvall LYNX 6000 Superspeed Centrifuge for media clearance in glycoprotein production, two INFORS HT CO2 incubator shakers for high yield suspension mammalian cell culture, a Sorvall X4R Pro-MD benchtop centrifuge for cell culture and protein concentration, multiple -80 and -20 freezers, two CO2 incubators, a bacterial culture shaker, a Leica cell-culture microscope, a stereo microscopy, Bio-Rad cell counter, a GE DeltaVision Elite imaging system, a Nanodrop spectrometer, a PerkinElmer multifunctional Victor X3 plate reader, a Bio-Rad CFX96 Real-Time PCR Detection System, a mini PCR machine, a liquid nitrogen tank, a Cytiva Go FPLC system for protein purification, an automatic plate washer, various gel apparatus and power supplies for electrophoresis, as well as other standard small equipment for molecular biology research.

 

Computer and office: Dr. Xu’s lab has six computers, two printers and a scanner in his laboratory and offices. All computers are installed with software for protein structural processing and analysis and sequence analysis and database searching. Dr. Xu has a workstation with 4GPUs, as well as access to a remote cryo-EM data processing server with 10 GPUs and 200TB data storage. The department and college have strong support of computer and information systems. Dr. Xu has over 160 sq. ft. of office space near his laboratory. Dr. Xu’s lab also has an office for postdoctoral fellows and students (~145 sq. ft.). Built-in desks, bookshelves, file cabinets and telephones are installed in all offices. 



Access to shared equipment: Dr. Xu’s laboratory has access to various campus-wide Shared Resource Facilities available at OSU’ Columbus campus and Nationwide Children's Hospital, which is accessible by 10-minute drive from the main campus. In addition, as a member Dr. Xu has full access to the OSU Comprehensive Cancer Center (OSUCCC) Shared Resources and Cores. The OSUCCC has 20 Shared Resources and Cores that provide specialized services to researchers. Collectively, at the institutional level, there are core services for genomics, proteomics, flow cytometry, microscopy, and biostatistics among others.





Georgia State University, Atlanta GA (GSU)

Major Equipment: The Biology and Chemistry Departments share the state-of-the-art Advanced Biotechnology Core (ABC Core) Facilities under the auspices of the Center of Biotechnology and Drug Design http://biology200.gsu.edu/core directed by the Chairs of Biology and Chemistry. The ABC Core is supervised by Dr. Houghton, an Associate Professor in the Biology Department. There are 10 full time staff members with different expertise, including 4 Research Scientists with Ph.D. degrees in Chemistry or Biology, who provide the consultation, services and maintenance of the facilities.

DNA/Protein Core Facility: This facility is staffed by five full-time technicians. The core facilities and instruments are located mainly on the 5th floor of the 4-year old Petit Science Center, close to the laboratory space on the 5th floor. Equipment housed in this facility includes three DNA sequencers (two ABI 3100 and one Beckman CEQ 8000), a Genomic Gene-Chip analysis system with Fluidics/Hybridization unit (Affymetrix), an Ettan DALTII Proteomics 2-D gel electrophoresis system - including Typhoon 9400 Variable Mode Imager, MD Personal Densitometer SI, automated spot picker and automated digestion platform (Amersham), three additional automated workstations (two Beckman Biomek 2000 and one ABI Symbiot work station), N2 generator (Parkin-Balston), Ciphergen SELDI-mass spectrometry system (Ciphergen), Prism 7500 RT-PCR Systems (ABI), two densitometers (BioRad), four capillary electrophoresis units (MDQ/P/ACE 5010 + LIF detector,P/ACE 5510, 2 P/ACE 5500 Beckman), fluoroimager (Molecular Dynamics), FACSCanto Cell sorter (Becton Dickinson), XLA-analytical ultracentrifuge (Beckman-Coulter), four AKTA Automated FPLC Systems (Pharmacia), and 2100 Bioanalyzer (Agilent), Affimetrix GeneChip Analyger. The core has recently added a DNA 454 Junior genome sequencer.



The core facility also includes: Analytical Centrifuge, a Biacore 3000 for analysis of protein interactions by plasmon resonance spectroscopy, and a MicroCal Isothermal Titration Calorimeter (VP-ITC) and Differential Scanning Calorimeter (VP-DSC). 

Jianliang Xu Lab: The lab is newly established in June 2023. By the end of 2023, the lab will be equipped with Electroporator, incubator shakers (for bacteria and mammalian cells separately), CO2 incubators, cell counter, nanodrop, photometer, thermocyclers, protein/DNA electrophoresis system, Orbital shaker, AKTA Automated FPLC System, Octet® R8 Protein Analysis System, fridges, freezers, balance, fluorimeter/spectrophotometer microplate reader, biosafety cabinets, superspeed centrifuges, water purifiers, Gel documentation system, and microscopes. As part of University System of Georgia (USG connect), all lab members have also access to all molecular imaging and sequencing core facilities at Emory University and Georgia Institute of Technology.




FACILITIES AND OTHER RESOURCES - RP5 (Nanobody Discovery and Structural Biology)


Ohio State University
Scientific environment: 
Dr. Xu is a member of the Center for Retrovirus Research (CRR) at OSU. The Center is directed by Dr. Patrick 
Green. The membership of the CRR includes more than 20 principal investigators at OSU, Nationwide Children’s 
Hospital Research Institute, Cincinnati Children’s Hospital Research Institute, and Wright State University. The 
research interests of Center members are diverse and form a highly interdisciplinary network of collaboration 
for research initiatives. This multi-disciplinary team is available to collaborate and to help design and 
carryout comprehensive research studies on retrovirus diseases and related topics that would not be 
possible by individual laboratories.  
Dr. Xu is a member of the newly established Infectious Diseases Institute (IDI) of Ohio State. The mission 
of the IDI is to embrace the broad biological studies applicable to the complex analysis of microbe-host 
interactions, including the interface between viruses and their hosts. There are currently 170 faculty members 
in the IDI from throughout OSU. The collective IDI faculty is involved in and represents the fields of 
immunology, cell biology, pathology, biochemistry and pharmacology, microbiology, genetics, structural 
biology, and bioinformatics.  
Dr. Xu actively participates in interdisciplinary graduate programs at OSU, including Molecular, Cellular, 
and Developmental Biology (MCDB) graduate program, and Microbiology and Biomedical Science 
Graduate Program (MBS). These training programs prepare students for careers as research scientists and 
educators in an academic or industrial environment. These programs are interdisciplinary in nature and include 
the combined talents of more than 130 Ph.D. students and 170 faculty members from more than 25 departments 
in six colleges. 
Taken together, these unique features of the collaborative scientific environment and intellectual rapport will 
strongly enhance the proposed studies and contribute to the probability of success of the project.  
Departmental and college shared research facilities: 
The Department of Veterinary Biosciences and College of Veterinary Medicine Biochemistry and 
Molecular Biology Core provide and maintain selected instrumentation and provide sufficient training to 
facilitate end- user operation. Major pieces of supported equipment include: GloMax® – Multi Detection 
System, Real-time PCR (Roche LightCycler 480), Typhoon Imager (GE), Phosphorimager (Molecular 
Dynamics), PTC-225 PCR Tetrad (MJ Research/BioRad), two AlphaImagers (Alpha Innotech), Wallac 
MicroBeta TriLux. Other shared-use equipment includes: UV/Vis spectrometer (Lambda 45, Perkin 
Elmer), Luminescence spectrometer (LS55, Perkin Elmer), High pressure liquid chromatograph (Waters), 
Medium pressure liquid chromatograph (Pharmacia Biosciences), Lyopholyzer (Virtis), French pressure cell 
(Aminco), hydraulic press (Carver), and Attune NxT Flow Cytometer (Thermo Fisher).  
The Imaging Core is a college-wide service, supported by the Department of Veterinary Biosciences, 
which offers state-of-the-art instrumentation for flow cytometry analysis, high-resolution confocal microscopy 
(Leica TCS SP2 AOBS Confocal Laser Scanning Microscope), and magnetic cell sorting. The autoMACS from 
Miltenyi Biotec is an automated bench-top magnetic cell sorter. It is capable of sorting up to 10 million cells 
per second from samples of up to 4x109 total cells. Instruments are staffed with full time technicians who are 
responsible for processing samples for examination by flow cytometry and confocal microscopy. The 
Department has a 3-laser Coulter EPICS Elite flow cytometer operated by experienced staff. The 
Flow Cytometry Service can simultaneously analyze up to five fluorescent parameters plus forward scatter 
and time for cell samples provided by the investigator. Analysis possibilities include cell surface phenotype 
markers, gene expression reporters, cell cycle analysis, cytokine production, apoptosis, cell viability, rare 
cell detection, and calcium metabolism. Assistance with experimental design and data analysis is 
available. The core also has a BD Biosciences FACSCalibur, which is a 2-laser flow cytometer that can be 
used to simultaneously analyze up to 4 fluorescent parameters. Moreover, a high-speed, state-of-the-art flow 
cytometry sorter (i-Cyt Reflection) is available in a biosafety cabinet in a BSL-II facility of the Flow Cytometry 
Core, which can be used to sort virus-infected cells. In addition, the Immunospot ELISPOT reader (Cellular 
Technology) permits fully automated, high-throughput ELISPOT plate scanning and analysis.  
Campus-wide Shared Resources: 
Dr. Xu has access to various campus-wide shared resources available at OSU’ Columbus campus 
and Nationwide Children's Hospital, which is accessible by 10 minute drive from the main campus. In 
addition, Dr. 







Xu has full access to the OSU Comprehensive Cancer Center (OSUCCC) Shared Resources and Cores. 
The OSUCCC has 20 Shared Resources and Cores that provide specialized services to researchers. They offer 
cost-effective, state-of-the-art technology and instrumentation; expert guidance and training; and clinical, 
administrative and technical support.  Collectively, at the institutional level, there are core services for genomics, 
proteomics, flow cytometry, microscopy, and biostatistics among others. Relevant to this proposal: 
Core facility of Chemistry and Biochemistry includes Biophysical Interaction and Characterization Facility 
that provide equipment for protein-protein interaction measurement, Chemical and Biophysical Dynamics 
provides various biophysical analysis platforms, and X-ray Crystallography Laboratory provides instruments and 
tools for X-ray crystallographic study.  
The Analytical Cytometry Shared Resource provides state-of-the-art flow cytometry analysis and sorting of 
cell populations. They assist investigators with experimental design and assay development and provide 
individual training and 24-hour access to flow cytometry instrumentation. The facility provides researchers 
access to five cell analyzers and two cell sorters. Detection capabilities on these instruments range to five 
excitation lasers and eighteen color emission.  
The Genomics Shared Resource provides both Nucleic Acid services and Microarray services. It offers 
instrumentation and expertise for DNA and RNA analysis using sequencing, genotyping, real-time PCR, 
Affymetrix GeneChips, nCounter Analysis, next-generation sequencing, DNA synthesis support and genome-
wide analysis using the Illumina NGS platform and Affymetrix and customizable gene chips. 
The Center for Electron Microscopy and Analysis (CEMAS) is located in a custom-designed facility at The 
Ohio State University’s main campus. All cryo-EM instruments at CEMAS meet or exceed manufacturer 
performance specifications. CEMAS has a Thermo Scientific Glacios Cryo-TEM with a Falcon III direct electron 
detector and a Ceta-D camera for MicroED analysis. In addition, CEMAS has a Thermo Scientific Krios G3i Cryo-
TEM equipped with a Bioquantum imaging filter and a K3 direct electron detector, imaging phase plates, 
STEM/TEM tomography, and an image spherical aberration corrector. CEMAS is able to assist users in all 
aspects of the cryo-EM workflow, which may include initial negative stain analysis, cryo sample preparation, grid 
screening, high resolution data collection, and preliminary data analysis. 
The Center for Biostatistics and Bioinformatics provide collaborative support in all areas of biostatistical 
expertise, including study design, grant proposal development, data management, manuscript preparation, and 
statistical analysis of clinical, epidemiological, and laboratory research data. The Center’s team consists of over 
20 biostatisticians, each of whom has developed expertise in specific areas through hands on collaboration with 
investigators. 
The Ohio State University’s large consolidated animal care program supports an extensive and comprehensive 
research program including the Colleges of Medicine, Public Health, Veterinary Medicine, Dentistry, Pharmacy, 
Biological Sciences, and Social and Behavioral Sciences. The university’s centralized animal vivaria consist of 
over 14 buildings located primarily within the Health Sciences complex. Approximately 70,000 sq ft of animal 
housing space consists primarily of rodent barrier housing utilizing individually ventilated caging systems. In 
addition, facilities for accommodating large animals, rabbits, and nonhuman primates are available. Support 
facilities include an experimental surgery suite, small animal imaging core, and biohazard housing at the ABSL2 
and ABSL3 levels. 
Summary:  
All of the equipment, scientific environment, facility and research resources required for Dr. Xu’s research are in 
place at the OSU, which will ensure the continued success of the Xu lab, including the project described in this 
application.  
 







GEORGIA STATE UNIVERSITY, ATLANTA GA (GSU) 
Scientific Environment at GSU: With total annual research awards of $128.1 million received in the fiscal 
year 2019 (the fifth year in a row that the University has earned more than $100 million in external investments), 
GSU is one of the nation’s premier urban public research universities. The University ranks among the top 115 
public and private universities in the Carnegie Foundation’s elite category of R1: Highest Research Activity. 
The scientific environment in which the research will be carried out at GSU is highly conducive to the success 
of the proposed project. The University and its Departments are expanding via faculty recruited into new 
University Research Centers. We collaborate with a number of faculty in the Departments of Biology, 
Chemistry, and Computer Science and participate in several University Centers and Interdisciplinary 
Programs. The presence of these colleagues, both new and old, offers opportunities to discuss projects and 
results in both informal and formal collaboration. In addition, the scientific community at GSU has the privilege 
of working in the Atlanta area, where other important institutions, such as Emory University, Georgia State 
University (GSU), University of Georgia, Georgia Institute of Technology, and the Centers for Disease Control 
and Prevention (CDC) are located. These institutions work collaboratively for advancements in scientific 
research with special emphasis on infectious diseases. 


Jianliang Xu Laboratory: The Xu lab has an 800-sq.ft. BSL-2 laboratory with bench space for eight 
investigators in the Petit Science Center (the building was completed in June 2010). The lab is newly 
established in June 2023. By the end of 2023, the lab will be equipped with Electroporator, incubator shakers 
(for bacteria and mammalian cells separately), CO2 incubators, cell counter, nanodrop, photometer, 
thermocyclers, protein/DNA electrophoresis system, Orbital shaker, AKTA Automated FPLC System, Octet® 
R8 Protein Analysis System, fridges, -20°C and -80°C freezers, balance, fluorimeter/spectrophotometer 
microplate reader, biosafety cabinets, superspeed centrifuges, water purifiers, Gel documentation system, and 
microscopes. The laboratory is fully prepared for microbial, molecular genetics, biochemistry, protein 
production, purification and characterization work. As part of University System of Georgia (USG connect), all 
lab members have also access to all molecular imaging and sequencing core facilities at Emory University and 
Georgia Institute of Technology. The department provides excellent office facilities for staff and students and 
provides numerous seminars and journal clubs which staff are encouraged to attend. 


Animals: GSU has in place two full-time university veterinarians, veterinarian technicians, animal facilities 
manager, and six full-time animal caretaker staff, many of whom are certified by the American Association of 
Laboratory Animal Science. An AAALAC-approved, state-of-the-art 25,000 sq. ft. facility is housed in the PSC 
building. It is composed of 28 housing rooms, eight procedural rooms, a full surgical suite, full BSL-2 and BSL-
3 suites. The facility is equipped with high-capacity autoclave and cage-washers, an imaging room with 
bioluminescent and fluorescent imaging machine. The facility has automated temperature, humidity, 
illumination, and air flowing monitoring that remotely alerts personnel of any system failures. A security officer 
is located inside the building 24/7 to monitor and secure the building. All animal rooms are under the 
supervision of animal facility personnel. 


Computer: In addition to computers that are running the Octet protein analysis system, the protein purification 
system, and the gel imagine system, the Xu lab also has computer workstations that are available for his 
personnel. Each lab member has an individual workstation providing access to extensive computational 
resources, including access to ARCTIC (Advanced Research Computing Technology & Innovation Core) at 
GSU. 


Office: Dr. Xu has a ~100 sq. ft. office with iMac and printer. His students use two shared office rooms. The 
laboratory and all office spaces are nearby on the same floor. 
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RESOURCE SHARING PLAN



All nanobody sequence data, nanobody constructs, and reagents generated in this application will be made available to the scientific community upon request following publication. All data sets will be submitted to public databases, such as Sequence Read Archive (SRA), allowing access to researchers in the field.



Sharing Research Tools: We routinely present data derived from our studies at scientific meetings such as the Gordon Conferences, Keystone Symposia among others. When components are completed, invention disclosures filed, and following consultation with the OSU technology transfer offices, we publish and disclose our findings. Material transfer agreements will be established to share resources among the research community for noncommercial research use. If research findings we deem sensitive are requested by outside parties, prior to publication mutual non-disclosure agreements will be put in place. In addition, we will have a free exchange of findings and data with all our collaborators. We will adhere to all institutional, state and federal resource sharing guidelines and agree to share knowledge, research materials, and any other resources necessary and relevant to the particular focus of the grant, recognizing that final authorization will be cleared with all appropriate organizational parties.



Sharing Model Organisms: All generated expression vectors, cell lines and experimental protocols will be made available to the public. Results will be presented at scientific meetings in the form of posters and oral presentations. All sequencing data and structural data will be deposited to public databases, such as GenBank or Protein Structural Data Bank and these data will be available for all to use.




VERTEBRATE ANIMALS SECTION  - RP5 (Nanobody Discovery and Structural Biology)
Ohio State University
The following sections of the proposal will use mice and/or camelid animals: Aim 1 (To identify cross-
reactive nanobodies to HNVs); Aim 2 (Identification of nanobodies to ARVs.); and Aim 5 (Expanding to 
other members of the viral groups in Center Phase 2.). The Jianliang Xu lab at Georgia State 
University, Atlanta, and Kai Xu lab at the Ohio State University will perform the experiments using 
nanomice to develop neutralizing nanobodies (Aim 1, 2 and 5). When needed, contracting company 
(Capralogics, etc.) will immunize camelid animals housed in their farm and provide PBMC to Xu labs 
(Aim 1, 2 and 5).  


1. Description of Procedures:


1.1 Nanomice immunization: Male and female nanomice (B6.129P2-Ighem1Rcas/J) at 8-12 weeks old 
will be used. Each virus protein nanobody development will involve 8 gender balanced mice, and 
considering potential different designs of some immunogens, in total about 300 mice will be used in the 
study. Mice will be injected with recombinant proteins purified through mammalian cell culture system. 
Protein antigens include HNV G and F proteins, and ARV GPC proteins. All proteins are obtained by 
transfecting 293 cells with plasmids that express these recombinant proteins, and then purified from cell 
culture supernatant and dissolved in PBS. Mice immunization will be performed over a 62-day 
immunization protocol. Specifically, mice will be immunized intraperitoneally (i.p.) with 50 ug of 
recombinant protein in the presence of Complete Freund's Adjuvant (CFA) on day 0, and boost 
immunized intraperitoneally with 25 ug of protein in the presence of Incomplete Freund's Adjuvant (IFA) 
on days 14, 28 and 42. Two more immunizations with 25 ug of protein in PBS will be performed on day 
56 and 59, intraperitoneally and intravenously (to stimulate memory B cell expansion), respectively. Bone 
marrow, spleen and blood samples will be collected on day 62. On day 0, 21, 35 and 49, per ARAC 
guidelines, about 200ul of blood samples will be drawn and analyzed by ELISA for antibody titer. 
Typically, experiment ends at day 62, but for certain immunogens, more boost injections may be 
performed to induce stronger antigen-specific antibody response. In that case, after the fourth 
immunization on day 42, mice will be boost immunized once every 2 weeks and blood samples collected 
one week after each immunization. Immunization will end when antigen-specific antibodies in serum is 
detected or maximum of 8 injections reached. For the extended experiments, about 200ul of blood 
samples will be drawn every 4 weeks or longer. In total, starting from the first blood draw on day 0, no 
more than 6 times of blood draw will be performed. Mice immunization will be performed under pathogen-
free conditions at an AAALAC accredited animal facility in the PSC building and housed in accordance 
with the procedures outlined in the Guide for the Care and Use of Laboratory Animals under an animal 
study proposal approved by the GSU or OSU Animal Care and Use Committee. Animals used in this 
study are either generated and maintained by Xu labs or purchased directly from Jackson Laboratory. 
The animal protocol is approved by the Institutional Laboratory Animal Care and Use Committee 
(ILACUC) at GSU or OSU. 


1.2 Camelid animal immunization: For immunogens that fail to elicit strong immune response in 
nanomice, company (Capralogics, etc.) housing camelid animals will be contracted to perform llama or 
alpaca immunization and provide PBMC to Xu labs. Animal will be immunized subcutaneously (s.c.) with 
1 mg of recombinant protein in the presence of CFA on day 0 and boost immunized (s.c.) with 0.5 mg of 
protein in the presence of IFA on days 14, 28, 42, 56 and 70. Test blood/serum will be collected 10 days 
after each injection for monitoring antibody response by ELISA. On day 80, about 500 ml of whole blood 
will be collected for library preparation. All procedures will be done with the approval from company’s 
Animal Care and Use Committee. 


Immunization schedule  0 14 28           42


Pre D21 D35 D49
Harvest 


at day 62Nanomice







2. Animal use justifications:


Nanobody was traditionally obtained by vaccinating camelids. Nanomouse is a camelid antibody knock-
in mouse model in which B cells express single domain nanobody instead of conventional antibody. It 
has been demonstrated robust in our recent work of generating potent and broadly protective nanobodies 
against variants of SARS-CoV2. The introduction of nanomice has replaced the sacrifice of large animals. 
To obtain affinity-matured and antigen-specific nanobodies against various virus envelope proteins, 
nanomice model is necessary for the immunization and nanobody identification procedure described in 
our study. The number of animals used in each group is a calculation based on past experience of the 
variable immune responses rate. For most immunogens, it can range from 25 to 75% of nanomice in a 
group who showed strong antigen-specific immune response. To promote nanobody epitope diversity, 
we assign eight animals in each group to ensure at least two high responders from which nanobodies 
will be identified. In the case of ideal antibody response not achieved from nanomice immunization, 
camelid animal immunization will be tried. When possible, multiple immunogens will be pooled for 
injection in one llama or alpaca.  


3. Minimization of Pain and Distress:


Our procedures include i.p. injections of protein immunogens adjuvanted with or without CFA/
IFA. Injection (i.p.) of small volume of non-viscous solution is generally not considered a painful 
procedure by the USDA and are therefore done without anesthesia. Animals may experience minor 
distress related to the immunization protocol. Complications are not expected. No adverse reactions to 
the immunizations are anticipated. The animal appearance and behavior post infection will be 
observed twice daily, and their weight will be recorded daily. Procedure time and laboratory personnel 
schedules will be arranged to allow for this frequent mouse monitoring. Mice showing severe stress 
signs such as being hunched, lethargy, head tilt, paralysis, labored breathing, or show ~20% weight 
deviation from age matched control mice will be euthanized. The project trained personnel, the 
veterinarian staff, and or the veterinarian may determine the animal comfort level and make the decision 
regarding humane endpoints and euthanasia. In general, inflammation at immunization sites subsides 
6 - 7 days post- injection. At this point, the immune response concentrates in spleen for 
intraperitoneal injections. This "acquired" response peaks approximately 16 days in intraperitoneal 
immunizations. In case excessive inflammation (swollen severely that mice cannot move freely) 
occurs in some mice from lateral tarsal immunizations, those mice will be treated with the analgesic 
Buprenorphine HCl at a dose of 2.0 mg/kg BW, SQ, every 12 hrs. while inflammation is visible (or until 
the inflammation resolves). Anesthesia may be induced by inhalation of isoflurane. Topical anesthetic 
(proparacaine or tetracaine) or general anesthesia will be used for retro-orbital sinus blood collection 
depending upon technician preference. No surgical procedures will be done. No restraint devices will be 
required for the proposed studies. Animals will be euthanized with CO2 followed by cervical 
dislocation in accordance with American Veterinary Medical Association.  
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The following sections of the proposal will use mice and/or camelid animals: Aim 1 (To identify cross-reactive 
nanobodies to HNVs); Aim 2 (Identification of nanobodies to ARVs.); and Aim 5 (Expanding to other members 
of the viral groups in Center Phase 2.). The Xu lab at Georgia State University, Atlanta, will perform the 
experiments using nanomice to develop neutralizing nanobodies (Aim 1, 2 and 5). When needed, contracting 
company (Capralogics, etc.) will immunize camelid animals housed in their farm and provide PBMC to Xu lab 
(Aim 1, 2 and 5).   


1. Description of Procedures:  


1.1 Nanomice immunization: Male and female nanomice (B6.129P2-Ighem1Rcas/J) at 8-12 weeks old will be 
used. Each virus protein nanobody development will involve 8 gender balanced mice, and considering potential 
different designs of some immunogens, in total about 300 mice will be used in the study. Mice will be injected 
with recombinant proteins purified through mammalian cell culture system. Protein antigens include HNV G and 
F proteins, and ARV GPC proteins. All proteins are obtained by transfecting 293 cells with plasmids that express 
these recombinant proteins, and then protein purified from cell culture supernatant and dissolved in PBS. Mice 
immunization will be performed over a 62-day immunization protocol. Specifically, mice will be immunized 
intraperitoneally (i.p.) with 50 ug of recombinant protein in the presence of Complete Freund's Adjuvant (CFA) 
on day 0, and boost immunized intraperitoneally with 25 ug of protein in the presence of Incomplete Freund's 
Adjuvant (IFA) on days 14, 28 and 42. Two more immunizations with 25 ug of protein in PBS will be performed 
on day 56 and 59, intraperitoneally and intravenously (to stimulate memory B cell expansion), respectively. Bone 
marrow, spleen and blood samples will be collected on day 62. On day 0, 21, 35 and 49, per ARAC guidelines, 
about 200ul of blood samples will be drawn and analyzed by ELISA for antibody titer. Typically, experiment ends 
at day 62, but for certain immunogens, more boost injections may be performed to induce stronger antigen-
specific antibody response. In that case, after the fourth immunization on day 42, mice will be boost immunized 
once every 2 weeks and blood samples collected one week after each immunization. Immunization will end when 
antigen-specific antibodies in serum is detected or maximum of 8 injections reached. For the extended 
experiments, about 200ul of blood samples will be drawn every 4 weeks or longer. In total, starting from the first 
blood draw on day 0, no more than 6 times of blood draw will be performed. Mice immunization will be performed 
under pathogen-free conditions at an AAALAC accredited animal facility in the PSC building and housed in 
accordance with the procedures outlined in the Guide for the Care and Use of Laboratory Animals under an 
animal study proposal approved by the GSU Animal Care and Use Committee. Animals used in this study are 
either generated and maintained by Xu lab or purchased directly from Jackson Laboratory. The animal protocol 
is approved by the Institutional Laboratory Animal Care and Use Committee (ILACUC) at GSU. 


1.2 Camelid animal immunization: For immunogens that fail to elicit strong immune response in nanomice, 
company (Capralogics, etc.) housing camelid animals will be contracted to perform llama or alpaca immunization 
and provide PBMC to Xu lab. Animal will be immunized subcutaneously (s.c.) with 1 mg of recombinant protein 
in the presence of CFA on day 0 and boost immunized (s.c.) with 0.5 mg of protein in the presence of IFA on 
days 14, 28, 42, 56 and 70. Test blood/serum will be collected 10 days after each injection for monitoring antibody 
response by ELISA. On day 80, about 500 ml of whole blood will be collected for library preparation. All 
procedures will be done with the approval from company’s Animal Care and Use Committee. 


2. Animal use justifications:  


Nanobody was traditionally obtained by vaccinating camelids. Nanomouse is a camelid antibody knock-in mouse 
model in which B cells express single domain nanobody instead of conventional antibody. It has been 
demonstrated robust in our recent work of generating potent and broadly protective nanobodies against variants 
of SARS-CoV2. The introduction of nanomice has replaced the sacrifice of large animals. To obtain affinity-
matured and antigen-specific nanobodies against various virus envelope proteins, nanomice model is necessary 
for the immunization and nanobody identification procedure described in our study. The number of animals used 
in each group is a calculation based on past experience of the variable immune responses rate. For most 
immunogens, it can range from 25 to 75% of nanomice in a group who showed strong antigen-specific immune 
response. To promote nanobody epitope diversity, we assign eight animals in each group to ensure at least two 
high responders from which nanobodies will be identified. In the case of ideal antibody response not achieved 







from nanomice immunization, camelid animal immunization will be tried. When possible, multiple immunogens 
will be pooled for injection in one llama or alpaca.  


3. Minimization of Pain and Distress:  


Our procedures include i.p. injections of protein immunogens adjuvanted with or without CFA/IFA. Injection (i.p.) 
of small volume of non-viscous solution is generally not considered a painful procedure by the USDA and are 
therefore done without anesthesia. Animals may experience minor distress related to the immunization protocol. 
Complications are not expected. No adverse reactions to the immunizations are anticipated. The animal 
appearance and behavior post infection will be observed twice daily, and their weight will be recorded daily. 
Procedure time and laboratory personnel schedules will be arranged to allow for this frequent mouse monitoring. 
Mice showing severe stress signs such as being hunched, lethargy, head tilt, paralysis, labored breathing, or 
show ~20% weight deviation from age matched control mice will be euthanized. The project trained personnel, 
the veterinarian staff, and or the veterinarian may determine the animal comfort level and make the decision 
regarding humane endpoints and euthanasia. In general, inflammation at immunization sites subsides 6 - 7 days 
post- injection. At this point, the immune response concentrates in spleen for intraperitoneal injections. This 
"acquired" response peaks approximately 16 days in intraperitoneal immunizations. In case excessive 
inflammation (swollen severely that mice cannot move freely) occurs in some mice from lateral tarsal 
immunizations, those mice will be treated with the analgesic Buprenorphine HCl at a dose of 2.0 mg/kg BW, SQ, 
every 12 hrs. while inflammation is visible (or until the inflammation resolves). Anesthesia may be induced by 
inhalation of isoflurane. Topical anesthetic (proparacaine or tetracaine) or general anesthesia will be used for 
retro-orbital sinus blood collection depending upon technician preference. No surgical procedures will be done. 
No restraint devices will be required for the proposed studies. Animals will be euthanized with CO2 followed by 
cervical dislocation in accordance with American Veterinary Medical Association.  
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BUDGET JUSTIFICATION – RP5 (Georgia State University)

KEY PERSONNEL

Jianliang Xu, Ph.D., Co-Project Lead (5% effort or 0.45 person months during the academic year – years 1 & 2 12.5% effort or 1.13 person months during the academic year – years 3-5 100% effort or 3 person months during summer – years 1 & 2; 75% effort or 2.25 person months during summer – years 3-5). Dr. Xu will serve as the co-Lead for research project 5 (RP5). He is an expert in antibody and nanobody research, especially in the areas of nanobody engineering and antiviral nanobody discovery. He has engineered a novel nanobody-producing mouse model, nanomouse, and demonstrated the power of both nanomouse and nanobody by developing potent cross neutralizing nanobody molecules against SARS- CoV-2, SARS and Bat WIV 16. He has recently generated a human nanobody library that is close to natural human antibody heavy chain variable domain. The potentially low immunogenicity of such a library will enable quick identification of nanobody leads that need minimum optimization for clinical use. Dr. Xu will be responsible for overall project direction, program administration and reporting. In addition, he will oversee the experiments conducted at GSU; these include the animal immunization, nanobody phage library construction and screening, nanobody production and characterization (Aim 1 and 2), support for structure analysis (Aim 3), nanobody optimization, engineering, production and functional assay (Aim 4), and work for additional viral targets (Aim 5). Dr. Xu will super vise the experimental design, data analysis and manuscript preparation. He will hire and train graduate students and postdocs, and participate in collaborative meetings to discuss the project.



OTHER PERSONNEL

Postdoctoral Fellow, TBN (100% effort or 12 person months during the calendar year – years 1-5). The postdoctoral fellow will be responsible for the project aspects including immunizing animals, constructing nanobody phage libraries, identifying and characterizing nanobody candidates that bind to henipavirus F and G proteins, arenaviruses GPC proteins (Aim 1 and 2), nanobody engineering, small- scale production and characterization (Aim 3 and 4), and work on additional viral targets (Aim 5). She/he will manage the laboratory, perform experiments, record and collect data, write manuscripts and supervise the students.



Graduate Students, TBN, Total of 2 Grad students (100% effort or 12 person months, each, during the calendar year – years 1-5) Two students will be recruited for the project. They will be responsible for the project aspects including screening nanobody phage libraries, preparing nanobody deep sequencing libraries, producing and charactering nanobodies (Aim 1-5). They will perform experiments, collect and record data and write manuscripts, and work closely with the postdoctoral fellow to help achieving all aim goals.



FRINGE BENEFITS 

The negotiated fringe benefits rate for both the academic year and for summer is 36.0% for faculty and full-time staff. The fringe benefits rate for part-time faculty and temporary staff is 4.0% and for graduate students is 3.40%. A 2% salary increase is included on all personnel salaries for years 2-5.



TRAVEL 

Domestic travel support is requested for the following: The domestic travel budget includes expenses for Dr. Xu, Post-Doctoral associates, and/or graduate students to travel to relevant national conferences that are significant to the project and scope of work and to visit the Co-PI Dr. Kai Xu at Ohio State University, and PD/PI Dr. Christopher Broder at Uniformed Service University.



Foreign Conference travel support is requested for the following: The foreign travel budget includes expenses for Dr. Xu and/or Post-Doctoral associates to travel to relevant international national conferences that are significant to the project and scope of work.



OTHER DIRECT COSTS

Materials & Supplies – Year 1: $168,949, Year 2: $165,148, Year 3: $162,591, Year 4: $158,707, Year 5: $154,769

The supplies will include:

1) Media, chemicals, antibiotics, growth supplements, and disposables - $23,949 (Year 1),

$25,148 (Year 2), $22,591 (Year 3), $ 23,707 (Year 4) and 24,769 (Year 5)

2) Molecular and biochemical reagents and supplies, including molecular cloning enzymes, kits and reagents, antibodies for ELISA and FACS staining, TG1 competent cells for nanobody library construction and screening, protein purification resin and column, protein buffer exchange and desalt columns, FPLC affinity and ion exchange columns, and kits for site specific mutagenesis, DNA and RNA preparation - $50,000 (Year 1-3), $45,000 (Year 4-5).

3) Nanobody sanger sequencing and deep sequencing - $20,000 per year.

4) Nanobody DNA synthesis - $20,000 per year.

5) Octet biosensors for nanobody affinity and epitope mapping test - $20,000 (Year 1-4),

$15,000 (Year 5).

6) Mice purchasing and housing - $5,000 per year.

7) Camelid animal immunization and maintenance - $20,000 (Year 1), $15,000 (Year 2-5).

8) Funds for equipment maintenance, and small equipment items. $5,000 per year.

9) Computer costs including software licenses, replacement of aging computers, backup equipment -$5,000 per year.



Publication Costs – Years 1-5: $3,000 per year.



Other Costs - Conference Registration Fees - Years 1-5: $3,000 per year for Dr. Xu, Post-Doctoral associates, and/or graduate student.

INDIRECT COSTS: The Georgia State University negotiated F&A/Indirect Cost rates are calculated at the federally approved rate of 56%. Indirect Costs are calculated on a modified total direct costs basis. Equipment and Participant Support are excluded from the calculation. Only the first $25,000 of each subaward is included in the calculation.
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BIOGRAPHICAL SKETCH 
 

NAME: Schaefer, Brian Charles  

eRA COMMONS USER NAME (credential, e.g., agency login):  

POSITION TITLE: Professor of Microbiology and Immunology, and Director (Interim), Emerging Infectious 
Diseases Graduate Program 

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 

INSTITUTION AND LOCATION 

DEGREE 
(if 

applicable) 
 

Completion 
Date 

MM/YYYY 
 

FIELD OF STUDY 
 

Massachusetts Institute of Technology B.S. 1989 Biology 

Harvard University PhD 1995 Immunology 

Harvard Univ/Dana Farber Cancer Institute (Postdoc) 1995-1996 Tumor Virology 

National Jewish Medical and Research Center (Postdoc) 1996-2002 Immunology 

A. Personal Statement 
My group has historically focused on two major research programs.  Our longest-standing program involves 
elucidation of mechanisms of signal transduction in immune cells and regulation of immune cell effector 
function, with a particular emphasis on the pathway that connects the T cell receptor (TCR) signaling to the 
transcription factor, NF-κB.  This work has also stimulated our studies of the function of an understudied CARD 
protein, CARD19, which was originally (incorrectly) identified as a negative regulator of TCR signaling to NF-
κB. These studies have resulted in numerous publications that define novel signaling mechanisms in the 
CARD11-BCL10-MALT1 signaling cascade and additional pathways.  Our second major area of research is 
centered on immune responses in the central nervous system.  Our initial work in this area involved elucidation 
of the role of the immune response initiated by traumatic brain injury, particularly NF-κB-mediated inflammatory 
responses.  However, we have now shifted our emphasis to translational research on immune responses to 
neurotropic viruses, with an overall goal of developing immunotherapy strategies that are broadly effective 
against this dangerous class of human pathogens.  This work is focused on lyssaviruses and henipaviruses, 
due to their neurotropic nature and propensity to cause severe human disease with a very high fatality rate.  
Our use of bioluminescence imaging to track viral replication has been a particularly important innovation for 
this work, as it allows us to collect highly granular data regarding viral spread and amplification from individual 
animals in a longitudinal manner.  Specific current projects include a DoD-funded translational study in which 
we are defining the utility of a novel, mAb-based anti-lyssavirus immunotherapy against rabies strains 
circulating in Europe and Africa, and a study to develop novel henipavirus therapies (both are collaborations 
with Dr. Christopher Broder’s group).  

I am ideally suited to be PI of RP3: Cedar henipavirus animal model, as my group has established the only 
mouse model of Cedar virus infection (to our knowledge), and we now have several years of experience in the 
development of this very important BSL-2 animal model to investigate mechanisms of henipavirus 
pathogenesis, and to test efficacy of novel therapies. The following are notable ongoing projects:  

HU00011920118 (PI: Schaefer), USU Center for Global Health Engagement 
09/30/2019 – 09/29/2022  (NCE to 9/30/23)    
“Efficacy testing of a novel human monoclonal antibody therapy for late-stage rabies/lyssavirus infection” 
 

U19 AI142764-01 (PI:Broder; Schaefer Co-I), NIH/NIAID   
03/01/2019 – 02/29/2024     
“Advancement of Vaccines and Therapies for Henipaviruses” 

(b) (6)



 

 

R01 AI125552 (PI: Schaefer). NIH/NIAID       
06/01/2017 – 05/31/2022 (NCE to 5/31/2024)    
“T cell receptor-activated autophagy as a regulator of T cell effector responses” 
 

HU00011921048 (PI: Schaefer), USU Multi-domain Operations Research (MDO) 
02/28/2023 - 09/30/2025 
“Defining the mechanism of enhancement of the pathogen-directed host adaptive immune response 
following anti-lyssavirus monoclonal antibody therapy” 
 
B. Positions, Scientific Appointments, and Honors 

Positions 

2017 - current Professor (with tenure) in Microbiology and Immunology, Uniformed Services 
University of the Health Sciences, Bethesda, MD. 

2009 - 2017 Associate Professor (with tenure) in Microbiology and Immunology, Uniformed 
Services University of the Health Sciences, Bethesda, MD. 

2002 - 2009 Assistant Professor in Microbiology and Immunology, Uniformed Services University 
of the Health Sciences, Bethesda, MD. 

1996 - 2002 Post-doctoral Research Associate, Howard Hughes Medical Research Institute, 
National Jewish Medical and Research Center, Denver, CO. 

1995 - 1996 Research Fellow in Pathology, Harvard University, Dana-Farber Cancer Institute  

Professional Memberships and Service 

2011 - 2016 NIH CMIB (Cell and Molecular Immunology-B) study section for review of R01/R21 
grants (Ad hoc member Feb & May 2011, Feb & May 2013, Feb 2014, Feb 2015, 
May 2016) 

2008, 2021 ZRG1 CB-D 30 Confocal Microscopy Shared Instrumentation NIH Study Section (Ad 
hoc member) 

2006 - current American Society for Cell Biology (ASCB) 
2006 - current American Association of Immunologists (AAI) 
2006 - 2007  ZRG1 IMM-L 29 L, DBBD Minority and Disability Predoctoral Fellowship NIH Study 

Section (Ad hoc member) 
2005-2006  ZRG1 F07 Immunology Fellowship and AREA NIH Study Section (Ad hoc member) 

Honors 

2016 Uniformed Services University Henry Wu Award for excellence in basic science 
research 

2005 - 2008 Dana Foundation Program in Brain and Immuno-Imaging 
2004 - 2006 Kimmel Scholar - Sidney Kimmel Foundation for Cancer Research 
2000 - 2002 Leukemia and Lymphoma Society Special Fellowship 
1989 - 1992 Office of Naval Research Graduate Research Fellowship 
1989 Phi Beta Kappa 
(1989) National Science Foundation Graduate Research Fellowship (Declined) 

Patents 

2007 US Patent 7,169,570: Method to Identify Regulators of Cellular Activation Using Bcl10 
– BC Schaefer, JW Kappler and P Marrack 

Mouse strains developed 

2001 C57BL/6-Tg(UBC-GFP)30Scha/J: Ubiquitously expressed EGFP transgene on a pure 
C57BL/6 background.  Repository strain at Jackson Laboratory (stock# 004353). This 
strain has been used and cited in hundreds of publications. 

 
  



 

C. Contributions to Science 
 

1. My Ph.D. thesis studies involved identification of the molecular mechanisms controlling distinct latency-
associated Epstein Barr virus (EBV) transcriptional programs.  Prior to my dissertation work, it was known 
that there were three forms of EBV latency which displayed two distinct phenotypes with regard to 
expression of EBV nuclear antigens (EBNAs): Type III latency is characterized by expression of all six EBV 
nuclear antigens (EBNA1-EBNA6) whereas Type I and Type II latency is characterized by expression of 
EBNA1 only.  The molecular basis restricted EBNA expression in Types I and II latency was not known.  
My work demonstrated the existence of a novel EBV promoter “Qp,” responsible for driving exclusive 
expression of EBNA1 in Types I and II latency.  My studies also showed that the choice between latency 
programs was contingent on whether the Type III latency promoter, Cp, is methylated in the host cell.  
Collectively, this work contributed significantly to the current understanding of regulation of EBV latency, 
which is relevant to elucidating how EBV persists for life in immunocompetent individuals, how EBV 
emerges as a life-threatening pathogen in specific immunodeficiencies, and how specific programs of EBV 
latency may be related to EBV-associated tumors, such as Burkitt lymphoma.  

 

a. #Schaefer BC, Woisetschlaeger M, Strominger JL, and Speck SH.  Exclusive expression of Epstein-
Barr virus nuclear antigen 1 in Burkitt lymphoma arises from a third promoter, distinct from the 
promoters used in latently infected lymphocytes.  Proc. Natl. Acad. Sci. USA 1991; 88:6550-6554. 
#Cited >130 times. 

b. *Schaefer BC, Strominger JL, and Speck SH.  Redefining the Epstein-Barr virus-encoded nuclear antigen 
EBNA1 gene promoter and transcription initiation site in group I Burkitt's lymphoma cell lines.  Proc. Natl. 
Acad. Sci. USA 1995; 92:10560-10564 
*Cited >190 times. 

c. †Schaefer BC, Strominger JL, and Speck SH.  Host-cell-determined methylation of specific Epstein-Barr 
virus promoters regulates the choice between distinct viral latency programs.  Mol. Cell Biol. 1997; 17:364-
377. 
†Cited >100 times. 

d. ‡Schaefer BC, Paulson E, Strominger JL, and Speck SH.  Constitutive activation of Epstein-Barr virus 
(EBV) nuclear antigen 1 gene transcription by IRF1 and IRF2 during restricted EBV latency. Mol. Cell 
Biol. 1997; 17:873-886 
‡Cited >85 times. 
 

2. My early work as an independent investigator involved determining whether NF-κB signaling proteins 
undergo molecular redistribution in response to TCR signaling.  Previous work had shown that several 
different signaling molecules are recruited to “supramolecular activation clusters (SMACs),” membrane-
proximal enrichments of signaling proteins that form on the cytoplasmic face of the antigen-engaged TCR. 
An assumption in the field, prior to our work, was that SMAC recruitment would be a shared feature of all 
cytoplasmic proteins important in TCR signaling.  Surprisingly, our investigations demonstrated that NF-κB 
signaling proteins, including Bcl10 and Malt, redistribute to punctate cytoplasmic structures, which we 
named POLKADOTS. Our ongoing signal transduction work has involved mechanistic studies connecting 
the POLKADOTS signalosome to TCR activation of NF-κB. Key findings include demonstration that (i) TCR 
activation of NF-κB is digital.  In other words, in contrast to pharmacological stimulation of NF-κB (PMA + 
ionomycin), which results in graded activation of NF-κB as the stimulus is increased, increasing TCR ligand 
changes only the number of T cells that respond, but not the intensity of the response; (ii) polyubiquitination 
of Bcl10 leads to recruitment to pre-existing p62 “speckles,” forming the POLKADOTS signalosome; (iii) the 
POLKADOTS signalosome is required for activation of the IKK complex; (iv) the POLKADOTS 
signalosome contemporaneously directs a signal dampening activity that involves a highly novel regulatory 
mechanism: selective autophagy of Bcl10, which results in degradation of Bcl10, but not its direct binding 
parther, Malt1; (v) effector T cells form POLKADOTS signalosomes and use autophagy to degrade Bcl10, 
whereas naïve T cells use a distinct mechanism of NF-κB activation that appears to be independent of p62, 
involving recruitment of signaling proteins to SMACs. Collectively, these contributions provide key 
mechanistic details regarding how signals are transmitted from the TCR to the NF-κB transcription factor. 
Most recently, we have collaborated with Drs. Wolfgang Losert and Arpita Upadhyaya, biophysicists at the 



 

University of Maryland, to define biophysical features of TCR-mediated activation and degradation of 
Bcl10. Our study with Dr. Losert in PLOS Computational biology has shown that the regulated 
polymerization and degradation of Bcl10 has characteristics of an excitable system, providing new insights 
regarding the digital behavior of this signaling module.  

 

a. #Kingeter LM, Paul S, Maynard SK, Cartwright NG, and Schaefer BC. Cutting Edge: T cell receptor 
ligation triggers digital activation of NF-B.  Journal of Immunology. 2010; 185:4520-4. 
#Cited >90 times. 

b. *Paul S, Kashyap AK, Jia W, He Y-W, and Schaefer BC. Selective autophagy of the adaptor protein 
Bcl10 modulates T cell receptor activation of NF-B. Immunity. 2012; 36:947-58. 
*Cited >200 times; Faculty of 1000 recommended 

c. Paul S, Traver MK, Kashyap AK, Washington MA, Latoche JR, and Schaefer BC. T cell receptor 
signals to NF-B are transmitted by a cytosolic p62-Bcl10-Malt1-IKK signalosome. Science Signaling. 
2014; 7:ra45. 

d. Campanello L, Traver MK, Shroff H, †Schaefer BC, †Losert W. Signaling through polymerization and 
degradation: Analysis and simulations of T cell activation mediated by Bcl10. PLOS Computational 
Biology. 2021 May 20;17(5):e1007986. 
†co-corresponding authors 

 
3. During our studies on TCR signaling to NF-κB, we became interested in the understudied CARD protein, 

CARD19.  Although CARD19 was initially described as a cytoplasmic negative regulator of TCR signaling 
to NF-κB, we found that this work was based on analysis of a partially spliced cDNA clone, and that the 
conclusions of this initial study were therefore spurious.  Our work with a properly spliced CARD19 cDNA 
showed that CARD19 is a mitochondrial protein that plays no role in TCR activation of NF-κB. Our latest 
work has shown that CARD19 interacts with the mitochondrial cristae organizing system (MICOS), and that 
it plays a role in determining cristae morphology. Notably, 3 of the 7 current publications focused on 
CARD19 were generated by my laboratory or as a collaboration with my group.  We are currently 
performing further studies to determine whether CARD19 regulates other aspects of mitochondrial function 
via its interaction with MICOS components. 

 

a. Rios KE, Kashyap AK, Maynard SK, Washington M, Paul S and Schaefer BC. CARD19, the protein 
formerly known as BinCARD, is a mitochondrial protein that does not regulate Bcl10-dependent NF-κB 
activation after TCR engagement. Cell. Immunol., 2020; 356:104179. 

b. Bjanes E, Sillas RG, Matsuda R, Demarco B, Fettrelet T, DeLaney AA, Rodriguez Lopez EM, 
Grubaugh D, Wynosky-Dolfi M, Philip NH, Krespan E, Tovar D, Joannas L, Beiting DP, Henao-Meija J, 
Schaefer BC, Chen KW, Broz P, and Brodsky I. Genetic targeting of Card19 is linked to disrupted 
NINJ1 expression, impaired cell lysis, and increased susceptibility to Yersinia infection. PLoS Pathog. 
2021;17(10):e1009967. 

c. Rios KE, Zhou M, Lott N, Beauregard C, McDaniel DP, Conrads TP, and Schaefer BC. CARD19 
interacts with mitochondrial contact site and cristae organizing system constituent proteins and 
regulates cristae morphology. Cells, 2022 11(7):1175. 

 
4. A second major research focus in my lab is the study of immune responses in the central nervous system.  

Our initial studies focused on inflammatory responses in traumatic brain injury (TBI), using mice as a model 
system: The first study demonstrated that the gene expression program induced by mild vs. severe TBI is 
remarkably similar, with the main distinction being that the expression of certain inflammatory genes 
remains persistently elevated in severe TBI.  The second study presented evidence that the anti-
inflammatory drug salsalate is a candidate therapy for TBI, reducing inflammation and improving functional 
recovery, as assessed by behavior assays. Our more recent work has focused on developing novel animal 
models and immunotherapies for neurotropic viral infections.  Our published work on this project includes a 
description of our methodology for longitudinal tracing of lyssavirus infections and a description of isolation 
and in vitro characterization of two anti-lyssavirus neutralizing mAbs.  

 

a. *Lagraoui M, Latoche JR, Cartwright NG, Sukumar G, Dalgard CL, Schaefer BC. Controlled cortical 
impact and craniotomy induce strikingly similar profiles of inflammatory gene expression, but with 
distinct kinetics. Front Neurol. 2012; 3:155. 
*Cited >100 times 



 

b. Lagraoui M, Sukumar G, Latoche JR, Maynard S, Dalgard CL, Schaefer BC. Salsalate treatment 
following traumatic brain injury reduces inflammation and promotes a neuroprotective and neurogenic 
transcriptional response with concomitant functional recovery. Brain, Behavior and Immunity. 2017; 
61:96-109. 

c. Mastraccio KE, Huaman C, Warrilow D, Smith GA, Craig SB, Weir DL, Laing ED, Smith IL, Broder CC, 
and Schaefer BC. Establishment of a longitudinal pre-clinical model of lyssavirus infection. J. Virol. 
Methods. 2020; 281:113882. 

d. Weir DL, Coggins SA, Vu B, Coertse J, Yan L, Smith I, Laing ED, Markotter S, Broder CC and 
Schaefer BC. Isolation and Characterization of Cross-Reactive Human Monoclonal Antibodies That 
Potently Neutralize Australian Bat Lyssavirus Variants and Other Phylogroup 1 Lyssaviruses. Viruses. 
2021; 13:391. 

 
5. A distinct area of emphasis in my career has been the development of new tools for research and the 

optimization of existing tools. Among many publications in this area, I have edited a protocols book and 
written a review on methodology for identification of cDNA ends by RACE (which included an optimized 
protocol).  I produced a C57BL/6 transgenic mouse strain ubiquitously expressing GFP, which has been a 
highly utilized tool for cell transfer studies.  I also generated a set of retroviral vectors for rapid and reliable 
creation of stable cell lines. My lab has published optimized protocols for visualizing NF-κB signaling 
intermediates via confocal microscopy, and for quantifying NF-κB activation using imaging flow cytometry. 
We have most recently described our methodology for using bioluminescence imaging to semi-
quantitatively trace lyssavirus infection in laboratory mice. A central goal of this work is to facilitate progress 
across the biomedical research community, through the development and distribution of better tools and 
clear explanation of how to reliably execute challenging techniques. 

 

a. †Schaefer BC. Revolutions in rapid amplification of cDNA ends: new strategies for polymerase chain 
reaction cloning of full-length cDNA ends. Anal Biochem. 1995 May 20;227(2):255-73. 
†Cited >475 times 

b. §Schaefer BC, Schaefer ML, Kappler JW, Marrack P, Kedl RM. Observation of antigen-dependent 
CD8+ T-cell/ dendritic cell interactions in vivo. Cell Immunol. 2001 Dec 15;214(2):110-22. 
§Describes creation and use of Jackson stock strain 004353 - C57BL/6-Tg(UBC-GFP)30Scha/J. 
Publication cited >400 times, strain cited many additional times. 

c. Traver MK, Paul S, and Schaefer BC. T Cell Receptor Activation of NF-κB in Effector T Cells: 
Visualizing Signaling Events Within and Beyond the Cytoplasmic Domain of the Immunological 
Synapse. Methods in Molecular Biology, 2017; 1584:101-27. 

d. Mastraccio KE, Huaman C, Laing ED, Broder CC, and Schaefer BC. Longitudinal Tracing of 
Lyssavirus Infection in Mice via In Vivo Bioluminescence Imaging. In: Bioluminescence.  Methods in 
Molecular Biology, Kim, SB. (ed.), 2022; 2524:369-394. 

 
Complete publications from My Bibliography:  
https://www.ncbi.nlm.nih.gov/myncbi/brian.schaefer.1/bibliography/public/ 
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A. Personal Statement

As an active researcher in the development of novel therapeutics and vaccine candidates against emerging
and re-emerging henipaviruses in relation to pandemic preparedness, I am uniquely qualified to participate as
a Co-Investigator in Research Project 2: Vaccines and antibodies to henipaviruses of the present U19
application (ReVAMPP). The extensive experience in henipavirus reverse genetics platforms necessary to
conduct the proposed studies began in my postdoctoral training, under the guidance and mentorship of Dr.
Christopher Broder, a leading expert in henipavirus biology. During my fellowship, I rescued and fully
characterized a replication competent recombinant Cedar virus (rCedV) as non-reporter and luciferase
expressing reporter versions that can safely be utilized at BSL-2. This work resulted in a first co-author
publication (see below). In addition, I generated replication competent chimeric viruses as non-reporter and
reporter versions that express the envelope glycoproteins of either Nipah virus Bangladesh (NiV-B)
(rCedV-NiV-B) or Hendra virus (HeV) (rCedV-HeV) instead of those of CedV. All 6 chimeric viruses were fully
characterized in in vitro studies. Together with Dr. Thomas Geisbert, at the University of Texas Medical
Branch (UTMB), with whom I have a 5-year collaboration, we demonstrated that the chimeras can serve as
suitable surrogate viruses for authentic NiV-B or HeV as determined by plaque reduction neutralization tests.
Moreover, the fluorescent reporter chimeric viruses were further characterized in a high throughput
fluorescence reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus
immunized animals and monoclonal antibodies. This work resulted in a first author manuscript that was very
recently published (see below). The FRNT has also been implemented in several neutralization and synergistic
neutralization tests that resulted in 2 co-author publications (see below). The highly productive collaborations
between Drs. Broder, Geisbert and I underscore the feasibility of the proposed project. The research proposed
in this application will not only build on my work developed thus far but also strengthen my scientific portfolio to
achieve my long-term goal of vaccine development for priority pathogens.

Citations:
1. Amaya, M., Yin, R., Yan, L., Borisevich, V., Adhikari, B.N., Bennett, A., Malagon, F., Cer, R.Z.,

Bishop-Lilly, K.A., Dimitrov, A.S., Cross, R.W., Geisbert, T.W., Broder, C.C. (2023). A Recombinant
Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform for Pathogenic
Henipaviruses. Viruses, 15(5). https://doi.org/10.3390/v15051077

2. Wang, Z.*, Dang, H. V.*, Amaya, M.*, Xu, Y., Yin, R., Yan, L., Hickey, A. C., Annand, E. J.,
Horsburgh, B. A., Reid, P. A., Smith, I., Eden, J. S., Xu, K., Broder, C. C., & Veesler, D. (2022).

(b) (6)
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Potent monoclonal antibody-mediated neutralization of a divergent Hendra virus variant. Proc Natl
Acad Sci U S A, 119(22), e2122769119. https://doi.org/10.1073/pnas.2122769119 (*equal
contribution)

3. Wang, Z., Amaya, M., Addetia, A., Dang, H. V., Reggiano, G., Yan, L., Hickey, A. C., DiMaio, F.,
Broder, C. C., & Veesler, D. (2022). Architecture and antigenicity of the Nipah virus attachment
glycoprotein. Science, 375(6587), 1373-1378. https://doi.org/10.1126/science.abm5561

4. Amaya, M.*, Cheng, H.*, Borisevich, V., Navaratnarajah, C. K., Cattaneo, R., Cooper, L., Moore, T.
W., Gaisina, I. N., Geisbert, T. W., Rong, L., & Broder, C. C. (2021). A recombinant Cedar virus
based high-throughput screening assay for henipavirus antiviral discovery. Antiviral Res, 193,
105084. https://doi.org/10.1016/j.antiviral.2021.105084 (*equal contribution)

B. Positions, Scientific Appointments, and Honors
Positions and Employment
2022-pres Research Assistant Professor, Department of Microbiology and Immunology, USU, Bethesda,

MD.
2019-2022 Scientist, Henry M. Jackson Foundation Inc., Department of Microbiology and Immunology, USU,

Bethesda, MD.
2016-2019 Postdoctoral Research Fellow, Department of Microbiology and Immunology, USU, Bethesda,

MD.
2016 Adjunct Professor for BIOL 306 Biology of Microorganisms Lab, George Mason University,

Fairfax, VA.
2012-2015 Graduate Teaching Assistant for BIOL 306 Biology of Microorganisms Lab, George Mason

University, Fairfax, VA.
2011-2012 Graduate Teaching Assistant for BIOL 104 Introduction to Biology I and II Lab, George Mason

University, Fairfax, VA.

Other Experience and Professional Memberships
2019-2020 Member, American Society of Cell Biology
2018-2019 Ad hoc reviewer - Emerging Microbes & Infections
2012-2015 Member, American Society of Microbiology

Honors and Awards
2015 College of Science Summer Fellowship Recipient, George Mason University.
2014 College of Science Summer Fellowship Recipient, George Mason University.
2014-2015 Outstanding Doctoral Student Award, George Mason University, School of Systems Biology.
2013-2015 Bioscience Fellowship Recipient, George Mason University, School of Systems Biology.
2013 PhD Impact Award, George Mason University, School of Systems Biology.

Patents issued
● Recombinant Cedar Virus Chimeras. Provisional. Atty. Dkt. No. 103783-0276.

C. Contributions to Science

1. Graduate career: My Ph.D. thesis research involved characterizing the host viral interactions in human cells
with a focus on the least characterized non-structural protein, nsP3, from VEEV. I initially constructed a tagged
version of nsP3 both as an overexpression construct and in the context of the viral genome. Mass
spectrometry analyses revealed that VEEV-nsP3 interacted with multiple host factors. Those of particular
interest were chosen for additional studies, namely the kinase IKKβ and the RNA helicases DDX1 and DDX3. I
validated that VEEV-nsP3 interacted and complexed with IKKβ, DDX1 and DDX3 and furthermore, siRNA
knockdown studies indicated a reliance of these host factors for productive and continuous viral replication.
These findings formed the basis of the functional model where VEEV-nsP3 interacts with the host translational
machinery via DDX3 to potentially aid in translation of viral proteins that could be part of the replication
complex, and that this interaction could be essential in the viral life cycle. This contribution will aid in
elucidating the functionality of nsP3 in the viral life cycle as well as to promote the development of host based
therapeutic options to treat RNA viral infections or disease. Results from my research were highly relevant as
they provided new details and insight in understanding the role of the uncharacterized VEEV protein, nsP3, in
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the new world alphavirus life cycle. As such, this work resulted in two first author research publications and one
review article (see below). My Ph.D. research on host viral interactions was expanded to include host
pathways that were altered during viral infection by utilizing small molecule inhibitors. Such pathways included
the host phospho-signaling and the ubiquitin proteasome pathways. I validated, as a collaboration, that the
MAPK/ERK signaling pathway was activated and necessary for the infectious process in VEEV infected human
cells through utilization of the small molecule inhibitor, Ag-126. This joint effort resulted in a second author
publication. In a different study, I had revealed with the use of an FDA approved proteasome inhibitor,
Bortezomib that VEEV requires the ubiquitin proteasome pathway in the viral life cycle. My results indicated the
likely mechanism was that K48 ubiquitination of VEEV capsid protein may be necessary for the early stages of
infection. This study was the first to demonstrate that the capsid protein was post translationally modified with
ubiquitin and this resulted in a first author publication (see below). In addition, I had also collaborated to
investigate the requirement of the ubiquitin proteasome pathway in the negative stranded RNA virus, RVFV
infection. We showed that with Bortezomib treatment, the formation of the characteristic nuclear filaments
formed by the virulence factor NSs was abolished, thereby preventing NSs interaction with host repressor
proteins SAP30 and mSin3A. This study resulted in a second author publication. Cumulatively, these studies
would pave the way for developing host-based therapies and/or repurposing FDA approved drugs to treat
these re-emerging diseases.

1. Amaya, M., Brooks-Faulconer, T., Lark, T., Keck, F., Bailey, C., Raman, V., & Narayanan, A. (2016).
Venezuelan equine encephalitis virus non-structural protein 3 (nsP3) interacts with RNA helicases
DDX1 and DDX3 in infected cells. Antiviral Res, 131, 49-60.
https://doi.org/10.1016/j.antiviral.2016.04.008

2. Amaya, M., Keck, F., Bailey, C., & Narayanan, A. (2014). The role of the IKK complex in viral infections.
Pathog Dis, 72(1), 32-44. https://doi.org/10.1111/2049-632X.12210

3. Amaya, M., Keck, F., Lindquist, M., Voss, K., Scavone, L., Kehn-Hall, K., Roberts, B., Bailey, C.,
Schmaljohn, C., & Narayanan, A. (2015). The ubiquitin proteasome system plays a role in venezuelan
equine encephalitis virus infection. PLoS One, 10(4), e0124792.
https://doi.org/10.1371/journal.pone.0124792

4. Amaya, M., Voss, K., Sampey, G., Senina, S., de la Fuente, C., Mueller, C., Calvert, V., Kehn-Hall, K.,
Carpenter, C., Kashanchi, F., Bailey, C., Mogelsvang, S., Petricoin, E., & Narayanan, A. (2014). The
role of IKKbeta in Venezuelan equine encephalitis virus infection. PLoS One, 9(2), e86745.
https://doi.org/10.1371/journal.pone.0086745

2. Postdoctoral career: My postdoctoral training involved the development and characterization of a
recombinant henipavirus platform that can safely be used at BSL-2 to investigate and understand henipavirus
infection with respect to pathogenesis, neutralization, drug discovery, therapeutics and vaccine potential. The
reverse genetics system for the rCedV platform resulted in a first co-author publication (see below). A
collaborative research project entailed the optimization of a replication competent rCedV-Luc for high
throughput screening assays to identify small drug like molecules that can target multiple stages in the
henipavirus life cycle, which resulted in a first co-author publication (see below). Building on the rCedV
platform, I designed and characterized a robust recombinant chimeric henipavirus reverse genetics system to
be used as a surrogate system for pathogenic henipaviruses. The envelope glycoproteins of rCedV were
replaced with those of either NiV-B (rCedV-NiV-B) or HeV (rCedV-HeV) and non-reporter and reporter versions
were generated. I optimized and implemented a rapid high throughput cell-based fluorescence reduction
microneutralization assay using rCedV chimeras to determine monoclonal antibody neutralization potencies
and detect the presence of neutralizing antibodies and measure neutralizing titers in henipavirus immunized
animal sera. This work resulted in a first author manuscript (see below). In a collaborative effort, I generated
recombinant henipavirus chimeric virus escape mutants to understand the structure of henipavirus envelope
glycoproteins. This collaboration resulted in a co-author manuscript (see below). In addition, my work has been
recently presented at multiple meetings such as the Keystone Symposia, Bat Infectious Diseases Symposium,
and the World One Health Congress.



OMB No. 0925-0001 and 0925-0002 (Rev. 10/2021 Approved Through 09/30/2024)

1. Amaya, M., Yin, R., Yan, L., Borisevich, V., Adhikari, B.N., Bennett, A., Malagon, F., Cer, R.Z.,
Bishop-Lilly, K.A., Dimitrov, A.S., Cross, R.W., Geisbert, T.W., Broder, C.C. (2023). A Recombinant
Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform for Pathogenic Henipaviruses.
Viruses, 15(5). https://doi.org/10.3390/v15051077

2. Wang, Z., Amaya, M., Addetia, A., Dang, H. V., Reggiano, G., Yan, L., Hickey, A. C., DiMaio, F., Broder,
C. C., & Veesler, D. (2022). Architecture and antigenicity of the Nipah virus attachment glycoprotein.
Science, 375(6587), 1373-1378. https://doi.org/10.1126/science.abm5561

3. Amaya, M., Cheng, H., Borisevich, V., Navaratnarajah, C. K., Cattaneo, R., Cooper, L., Moore, T. W.,
Gaisina, I. N., Geisbert, T. W., Rong, L., & Broder, C. C. (2021). A recombinant Cedar virus based
high-throughput screening assay for henipavirus antiviral discovery. Antiviral Res, 193, 105084.
https://doi.org/10.1016/j.antiviral.2021.105084

4. Laing, E. D., Amaya, M., Navaratnarajah, C. K., Feng, Y. R., Cattaneo, R., Wang, L. F., & Broder, C. C.
(2018). Rescue and characterization of recombinant cedar virus, a non-pathogenic Henipavirus
species. Virol J, 15(1), 56. https://doi.org/10.1186/s12985-018-0964-0

Complete list of published work in MyBibliography: MAmaya Bibliography.
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A. Personal Statement 
The objectives of this ReVAMPP Center proposal are to support Pandemic Preparedness through the study 
and advancement of a broadly applicable viral subunit immunogen vaccine delivery platform and antibody-
based countermeasures for bunyavirales and paramyxovirus agents. I will serve as Co-PI with Thomas 
Geisbert (Center PI) of the Administrative Core A; and as Project Leader of Research Project 2 (RP2): 
Vaccines and antibodies against henipaviruses. I have researched enveloped virus-host cell interactions 
for 34 years, funded primarily by multiple NIAID and DoD grants on HIV and zoonotic viral agents. 1999, I 
established a collaborative international group of research experts in Hendra and Nipah virus biology, and later 
over a 14-year period I was the PI of two multi-component, international, NIAID, U01 awards, and also the Co-
PI of a third U01 with the Center PI (Geisbert) all focused on henipavirus research, and have collaborated with 
Dr. Geisbert for the past 16 years. I also currently serve as PI on a NIAID CETR U19 focused on henipavirus 
countermeasures. Some of my collaborative henipavirus research contributions include: structural biochemistry 
on the viral G and F glycoproteins; animal model development and in vivo pathogenesis studies in the feline 
and ferret (with the AAHL-CSIRO, Australia), and the African green monkey (with Geisbert); development and 
testing of vaccines and therapeutics; discovery of the entry receptors ephrin-B2/B3; development of antiviral 
mouse and human monoclonal antibodies (mAb) including m102.4 that successfully completed a Phase 1 trial 
in Australia (2020) and since used by emergency protocol in 18 people in Australia and the US as a post-
exposure treatment; developed and patented the Hendra/Nipah soluble G (sG) and soluble F (sF) subunit 
vaccine candidates, including HeV-sG for horses called Equivac® HeV (Zoetis, Inc.), the first commercialized 
vaccine to a BSL-4 agent; and now in Phase I trial in the US (Auro Vaccines/PATH/CEPI). More recently my 
lab developed a reverse genetics platform for generating recombinant Cedar henipavirus (rCedV) that can be 
utilized at BSL-2 for both high-throughput antiviral drug discovery and rCedV chimeras for performing rapid 
neutralization tests for Nipah and Hendra. I have the expertise in many aspects of the henipavirus-related 
project goals proposed here, and I have led both basic and translational research projects in a broad area of 
study on Nipah and Hendra. Here RP2 will be focused on the implementation of a new, rapid and dissolvable, 
microneedle patch (MNP) vaccine technology with the ‘prototype’ viruses Nipah and Hendra; develop reporter 
virus platforms for the divergent Langya and Angavokely henipaviruses; assess vaccine responses and test 
neutralizing antibodies and nanobodies to be developed by the Center’s Core D and RP4 and RP5. We will 
also pivot and adapt the MNP approach and new tools in Phase 2 of the Center to another virus. 

Ongoing projects that I would like to highlight: 

U19 AI142764. NIAID, Center of Excellence for Translational Research (CETR): Role: PI 
03/20/19-02/29/24. “Advancement of Vaccines and Therapies for Henipaviruses” 

U19 AI171413. NIAID AViDD: “UTMB-Novartis Alliance for Pandemic Preparedness”: PIs: Diagana and Shi. 
05/01/2022-04/30/2027; Sub-project 3: Henipaviruses. Role: Co-PI with Geisbert                                                                  

CRADA; Auro Vaccines; CEPI (Coalition for Epidemic Preparedness Innovations): Role: Co-PI with Hamm 
07/01/18-06/30/2023; “A Subunit Vaccine (HeV-sG) to Protect against Nipah and Hendra Diseases” 

(b) (6)
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1. Amaya M, Cheng H, Borisevich V, Navaratnarajah CK, Cattaneo R, Cooper L, Moore TW, Gaisina IN, 
Geisbert TW, Rong L, Broder CC*. A recombinant Cedar virus based high-throughput screening assay for 
henipavirus antiviral discovery. Antiviral Res. 2021 May 30:105084. doi: 10.1016/j.antiviral.2021.105084. 
PMCID: PMC8631057  

2. Playford EG, Munro T, Mahler SM, Elliott S, Gerometta M, Hoger KL, Jones ML, Griffin P, Lynch KD, Carroll 
H, El Saadi D, Gilmour ME, Hughes B, Hughes K, Huang E, de Bakker C, Klein R, Scher MG, Smith IL, 
Wang LF, Lambert SB, Dimitrov DS, Gray PP, Broder CC. Safety, tolerability, pharmacokinetics, and 
immunogenicity of a human monoclonal antibody targeting the G glycoprotein of henipaviruses in healthy 
adults: a first-in-human, randomised, controlled, phase 1 study. Lancet Infect Dis. 2020 Apr;20(4):445-454. 
PMID: 32027842 

3. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW, Prasad AN, Fenton KA, Yu H, 
Fouts TR, Broder CC*, Dimitrov AS*. A single dose investigational subunit vaccine for human use against 
Nipah virus and Hendra virus. NPJ Vaccines. 2021 Feb 8;6(1):23. doi: 10.1038/s41541-021-00284-w. 
PMCID: PMC6789926 

4. Amaya, M, Yin R, Yan L, Borisevich V, Adhikari BN, Bennett A, Malagon F, Cer RZ, Bishop-Lilly KA, 
Dimitrov AS, Cross RW, Geisbert TW, Broder CC*. A Recombinant Chimeric Cedar Virus-Based Surrogate 
Neutralization Assay Platform for Pathogenic Henipaviruses. Viruses 2023, 15(5), 1077. 

B. Positions, Scientific Appointments 

Positions and Employment 

2018-pres.      Chair, Department of Microbiology and Immunology, USU, Bethesda, Maryland. 

2006-2018  Director, Emerging Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland. 

2005-pres.      Professor, Department of Microbiology and Immunology, Joint appointment, Emerging 
Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland. 

2000-2005 Associate Professor, Department of Microbiology and Immunology, Joint appointment, 
Emerging Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland. 

1996-2000 Assistant Professor, Department of Microbiology and Immunology, Joint appointment, Molecular 
and Cell Biology Graduate Program, Uniformed Services University, Bethesda, Maryland. 

1993-1996  IRTA Fellow, LVD, NIAID, NIH, Bethesda, Maryland. 

1990-1992  National Research Council, Research Associate, Laboratory of Viral Diseases, National Institute 
of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland. 

Other Experience and Professional Affiliations 

2022- Member, Virus Expert Panel for Disease X Vaccine Libraries (CEPI). 

2018- Nipah Task Force (CEPI). 

2018- Nipah Therapeutics Protocol Team; ICMR, NIAID, WHO. 

2011 Member, Discontools Nipah Virus Infection Panel Expert Group. Gap analysis. International 
Federation for Animal Health Europe, Brussels, Belgium. 

Editorial boards, dates since joining: Journal of Virology-07’, Virology-10’, Viruses-11’, Pathogens-
11; Virologica Sinica-12’ 

2009 Member, National Veterinary Stockpile Nipah virus Countermeasures Workshop; United States 
Department of Agriculture. Geelong, Australia. 

Honors and Awards 

2022 The Carol Johns Medal (highest honor USU faculty can bestow on a fellow faculty member). 

2021 Military Health System Research Symposium (MHSRS) 2021 Outstanding Research 
Accomplishment Team Award. (COVID-19 / SARS-CoV-2 serology research). 

2020 Military Health System Research Symposium (MHSRS) 2020 Outstanding Individual Research 
Accomplishment by an Individual Senior Researcher. (Hendra and Nipah virus countermeasures). 

2020 Inaugural, 2020 Federal Laboratory Consortium (FLC) Impact Award. 

2019 USU Outstanding Biomedical Graduate Educator Award. 

2019 The University of Florida, College of Medicine, “Wall of Fame”.   

2019 Dean’s Award for Leadership, University of Florida, College of Medicine. 
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2019 Federal Laboratory Consortium (FLC) Award for Excellence in Technology Transfer. 

2016 The James J. Leonard Award for Excellence in Translational/Clinical Research. 

2014 The Cinda Helke Award for Excellence in Graduate Student Advocacy. 

2013 The 3rd Sidney Pestka Lecture; 22nd Annual Philadelphia Infection & Immunity Forum. 

2013 Federal Laboratory Consortium (FLC) Award for Excellence in Technology Transfer. 

2013 Second Finalist for the Australian Infectious Diseases Research Centre Eureka Prize. 

2013 The CSIRO Chairman’s Medal.  The Commonwealth Scientific and Industrial Research   
Organisation (CSIRO); Australia's national science agency. 

2008 The Henry Wu Award for Excellence in Basic Science Research. 

1996 The Fellows Award for Research Excellence, Office of Science Education, NIH. 

1996-1997  The Newcomb Cleveland Prize - AAAS: and Breakthrough of the Year, Science Magazine.  

1990-1992    National Research Council Research Associateship Award. 

1989             Medical Guild Graduate Research Award, University of Florida College of Medicine. 

Patents issued and significant technology licenses 

• Bacterial plasmin receptors as fibrinolytic agents: U.S. Pat. No. 5,237,050.  

• Oligomeric HIV-1 envelope glycoproteins (gp140): U.S. Pat. Nos. 6,039,957 and 6,171,596. 

• HIV-1 Envelope Glycoprotein Oligomer and Methods of Use. U.S. Pat. No. 8,597658. 

• CCR5 DNA, new animal models and therapeutic agents for HIV infection: U.S. Pat. No. 7,151,087. 

• Cells expressing both human CD4 and CXCR4 associated with HIV infection: U.S. Pat. No. 6,197,578. 

• Compositions and methods for the inhibition of membrane fusion by paramyxoviruses: U.S. Pat. Nos. 
7,666,431 and 8,114,410. 

• Soluble Forms of Hendra and Nipah Virus G Glycoprotein. Australian Pat. No. 2005327194. U.S. Pat. Nos. 
8,865,171; 9,045,532; 9,056,902; 9,533,038, 10,053,495. 

• Soluble Forms of Hendra and Nipah Virus F Glycoprotein and Uses Thereof: Australian Patent No. 
2013276968. U.S. Pat. Nos. 10,040,825; 10,590,172. 

• Human monoclonal antibodies against Hendra and Nipah viruses. U.S. Pat. Nos. 7,988,971; 8,313,746, 
8,858,938.  

• Antibodies against F glycoprotein of Hendra and Nipah viruses. U.S. Pat. Nos. 9,982,038 and 10,738,104 

• Cedar virus and Methods of Use. U.S. Patent No., 10,227,664. 

• Recombinant Cedar Virus Chimeras. Provisional. Atty. Dkt. No. 103783-0276. 

• Hendra sG: Licensed to Zoetis, Inc. (Pfizer Animal Health). Equivac ® HeV; Nov, 2012, Australia. 

• Hendra sG: Licensed to AuroVaccines, Aurobindo Pharma USA., Nipah/Hendra human vaccine candidate. 

• Monoclonal antibodies to Henipaviruses. Absolute Antibody Ltd, United Kingdom. 

• Soluble Nipah and Hendra virus F and G glycoproteins. The Native Antigen Company Ltd, United Kingdom. 

C. Contributions to Science 

My Ph.D. thesis studies centered on the discovery and characterization of a specific receptor for human 
plasmin on Group A Streptococci during my rotation project as a first year student. My studies revealed that 
certain group A streptococci elaborated surface receptors that could bind selectively a key fibrinolytic enzyme, 
plasmin. The bacterium-bound plasmin remained enzymatically active including its ability to hydrolyze a fibrin 
clot and could not be inhibited by its physiological regulator, alpha 2-plasmin inhibitor. Since these organisms 
produced streptokinase producing an active enzyme that can convert plasminogen to plasmin, they could 
accelerate the destruction of the extracellular matrix environment: a model for the "flesh-eating streptococci".   

a. Lottenberg, R., C.C. Broder, and M.D.P. Boyle. Identification of a Specific Receptor for Plasmin on a 
Group A Streptococcus. Infection and Immunity. 55(8):1914-1918, 1987. 

b. Broder, C.C., R. Lottenberg, and M.D.P. Boyle.  Mapping of the Domain of Human Plasmin Recognized by 
its Unique Group A Streptococcal Receptor. Infection and Immunity.  57(9): 2597-2605, 1989. 

c. Broder, CC, R Lottenberg, GO vonMering, K. Johnston and MDP Boyle. Isolation of a prokaryotic plasmin 
receptor: relationship to a plasminogen activator produced by the same microorganism. J. Biol. Chem. 
266:4922-28, 1991. 
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d. Lottenberg, R., C.C. Broder, M.D.P. Boyle, S.J. Kain, B.L. Schroeder, and R. Curtiss III. Cloning, 
Sequence Analysis, and Expression in Escherichia coli of a Streptococcal Plasmin Receptor. J. 
Bacteriology. 174:5204-5210, 1992. 

My independent work as a postdoctoral fellow focused on the early stages of HIV-1 envelope glycoprotein 
mediated membrane fusion as a surrogate model of HIV-1 entry. I established a vaccinia virus-based reporter 
gene assay for measuring viral (HIV-1) glycoprotein-mediated membrane fusion and generated the first panel 
of T-cell tropic and Macrophage-tropic HIV-1 envelope glycoprotein (Env) encoding recombinant vaccinia virus 
vectors and I used these tools to be the first to hypothesize that the cellular tropism of HIV-1 could be 
explained by specific membrane fusion factors required for the different classes of HIV-1 Envs. I also 
developed the first soluble and secreted full-length oligomeric HIV-1 gp140 glycoprotein and explored the 
importance of its native oligomeric structure in terms of its presentation of conformational and virus-neutralizing 
epitopes through the development and characterization of more than 100 murine monoclonal antibodies. 

a. Broder, C.C., D.S. Dimitrov, R. Blumenthal, and E.A. Berger. The block to HIV-1 envelope glycoprotein-
mediated membrane fusion in animal cells expressing human CD4 can be overcome by a human cell 
component(s). Virology. 193:483-491, 1993. 

b. Nussbaum, O., C.C. Broder, and E.A. Berger.  HIV-1 Envelope Glycoprotein/CD4 Mediated Cell Fusion: A 
Novel Recombinant Vaccinia Virus-Based Assay Measuring Activation of a Reporter Gene by Bacterio-
phage T7 RNA Polymerase Selectively In Fused Cells. J.Virol. 68:5411-5422, 1994. 

c. Broder, C.C., P.L. Earl, D. Long, B. Moss, and R.W. Doms. Antigenic Implications of HIV-1 Envelope 
Glycoprotein Quaternary Structure: Oligomer-Specific and -Sensitive mAbs. PNAS. 91:11699-11703, 1994. 

d. Broder, C.C. and E.A. Berger. Fusogenic Selectivity of the Envelope Glycoprotein is a Major Determinant 
of HIV-1 Tropism for CD4+ T-Cell Lines vs. Macrophages. PNAS. USA. 92:9004-08, 1995. 

My early studies on the cellular and viral membrane fusion tropism of HIV-1 and the development of a sensitive 
and specific reporter gene assay of cell-cell membrane fusion facilitated the discovery of the first membrane 
fusion accessory factor (“fusin”; CXCR4) that I earlier hypothesized existed, and this rapidly led to the 
discovery by us and others of the second factor for macrophage-tropic Envs (CCR5); the HIV-1 coreceptors.  
These findings were a significant breakthrough in HIV research leading to numerous new directions in 
understanding HIV-1 pathogenesis as well as new therapeutic strategies.  

a. Feng, Y., C.C. Broder, P.E. Kennedy, and E.A. Berger.  HIV-1 Entry Cofactor:  Functional cDNA Cloning of 
a Seven-Transmembrane, G Protein-Coupled Receptor. Science. 272:872-877, 1996. 

b. Alkhatib*, G., C. Combadiere*, C.C. Broder*, Y. Feng*, P.E. Kennedy*, P.M. Murphy, and E.A. Berger. CC 
CKR5: a RANTES, MIP-1α , MIP-1β  Receptor as a Fusion Cofactor for Macrophage-Tropic HIV-1.  
Science. 272:1955-1958, 1996. (*equal contribution). 

c. Rucker, J., M. Samson, B. J. Doranz, F. Libert, J. F. Berson, Y. Yi, R. G. Collman, C. C. Broder, G. 
Vassart,, R. W. Doms, and M. Parmentier.  Regions in β-chemokine Receptors CCR-5 and CCR-2b that 
Determine HIV-1 Cofactor Specificity. Cell. 87:1-10, 1996. 

d. Edinger, A.L., A. Amedee, K. Miller, B.J. Doranz, M. Endres, M. Sharron, M. Samson, Z-h. Lu, J.E. 
Clements, M. Murphey-Corb, S.C. Peiper, M. Parmentier, C.C. Broder, and R.W. Doms. Differential 
utilization of CCR5 by macrophage and T cell tropic SIV strains.  PNAS. 94:4005-4010, 1997. 

My initial work on HIV-1 entry led to further independent studies which focused on follow-up investigations 
characterizing the roles of the HIV-1 coreceptors in the virus entry process. These studies revealed the 
interplay between the HIV-1 entry receptors, mapped important domains of the coreceptors involved in HIV-1 
Env interaction, and also revealed possible avenues of how an HIV-1 Env might engage and differently utilize 
the CXCR4 and CCR5 coreceptors for infection. In addition, I also engaged in collaborative follow-up studies 
exploring the utility of soluble oligomeric HIV-1 envelope glycoproteins as subunit vaccine immunogens 
(gp140) which I initiated at NIH while a postdoctoral fellow.  

a. Chabot, D.J., P-F. Zhang, G.V. Quinnan, and C.C. Broder*. Mutagenesis of CXCR4 Identifies Important 
Domains for HIV-1 X4 Isolate Envelope-Mediated Membrane Fusion and Virus Entry and Reveals Cryptic 
Coreceptor Activity for R5 Isolates. J. Virol. 73:6598-6609, 1999. 

b. Xiao, X., L. Wu, T.S. Stantchev, Y-R. Feng, S. Ugolini, H. Chen, Z. Shen, C.C. Broder, Q.J. Sattentau, and  
D.S. Dimitrov. Constitutive cell surface association between CD4 and CCR5. PNAS. 96:7496-7501, 1999. 

c. Chabot, D.J., H. Chen, D.S.  Dimitrov, and C.C. Broder*. N-linked Glycosylation in CXCR4 Masks 
Coreceptor Function for CCR5-Dependent HIV-1 Isolates. J. Virol. 74:4404-4413, 2000. 
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d. Zhang, P.F., Cham, F., Dong, M., Choudhary, A., Bouma, P., Zhang, Z., Shao, Y., Feng, Y.R., Wang, L., 
Mathy, N., Voss, G., Broder, C.C., Quinnan, G.V., Jr. Extensively cross-reactive anti-HIV-1 neutralizing 
antibodies induced by gp140 immunization. PNAS. USA. 104(24):10193-8. 2007. 

My recent efforts have focused on emerging viruses that impact human and domestic livestock populations; 
including lyssaviruses, filoviruses, and henipaviruses for the past 23 years. I obtained the first NIAID funded 
biodefense project providing fiscal support on select agent research to an overseas laboratory (2003; U01 
AI056423). I developed the first henipavirus peptide-based fusion inhibitors, subunit vaccines, and neutralizing 
human and humanized monoclonal antibodies (mAb), and my NIAID grants supported the development of the 
feline, ferret and African green monkey models of Hendra and Nipah pathogenesis. Henipavirus 
countermeasures development is a major a focus of my lab and supported by a NIAID U19 CETR. Here, we 
are developing next-generation mAb therapies and next-generation vaccines and delivery methods against 
Nipah and Hendra for both human and livestock use. I am also heavily engaged in collaborative virus 
surveillance activities focusing on henipaviruses, filoviruses, coronaviruses, and others, in wildlife and human 
populations in more than 10 countries in South Asia, Southeast Asia, West Africa and Southern Africa; using 
the Luminex xMAP-based platform which has proven to be more sensitive than ELISAs for the detection of 
antibodies to viral infections. The key feature of our multiplex microsphere immunoassays (MMIA) are the use 
of my lab’s production of recombinant, soluble, native-like, oligomeric viral glycoproteins, designed similar to 
our HeV-sG subunit vaccine. Our MMIA array presently contains more than 20 different soluble glycoprotein 
ectodomains. These programs are funded by the NIAID and the Defense Threat Reduction Agency (DTRA), an 
agency within the US Department of Defense.  

a. Bonaparte, M. I., A. S. Dimitrov, K. N. Bossart, G. Crameri, B. A. Mungall, K. A. Bishop, V. Choudhry, D. S. 
Dimitrov, L.-F. Wang, B. T. Eaton, and C. C. Broder*. Ephrin-B2 Ligand is a Functional Receptor for 
Hendra Virus and Nipah Virus. Proc Natl Acad Sci U S A. 102(30):10652-7. 2005. (from the cover). 

b. Bossart, KN, Geisbert, TW, Feldmann, H, Zhu, Z, Feldmann, F, Geisbert, JB, Yan, L, Feng, Y-R,  Brining, 
D, Scott, D, Wang, Y, Dimitrov, AS, Callison, J, Chan, Y-P, Hickey, AC, Dimitrov, DS, Broder, CC*, and 
Rockx, B. A neutralizing human monoclonal antibody protects African Green monkeys from Hendra virus 
challenge. Sci. Transl. Med. 3, 105ra103. 2011. *corresponding author. (from the cover). PMID: 22013123 

c. Bossart KN, Rockx B, Feldmann F, Brining D, Scott D, Lacasse R, Geisbert JB, Feng YR, Chan YP, Hickey 
AC, Broder CC*, Feldmann H, Geisbert TW. A Hendra virus G glycoprotein subunit vaccine protects 
African green monkeys from Nipah virus challenge. Sci Transl Med. 4(146):146ra107. 2012 (from the 
cover) PMID: 22875827. 

d. Geisbert TW, Mire CE, Geisbert JB, Chan YP, Agans KN, Feldmann F, Fenton KA, Zhu Z, Dimitrov DS, 
Scott DP, Bossart KN, Feldmann H, Broder CC*. Therapeutic treatment of Nipah virus infection in 
nonhuman primates with a neutralizing human monoclonal antibody. Sci Transl Med. 2014, (from the 
cover) 6(242):242ra82. PMID: 24964990. 

Total publications: >200; citations: >26,000; h-index 72 (google scholar). 

A more complete list of published work in: MyBibliography: 

https://www.ncbi.nlm.nih.gov/myncbi/181k8EOf FNkT/bibliography/public/  
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NAME: Antony S. Dimitrov

eRA COMMONS USER NAME (credential, e.g., agency login):

POSITION TITLE: Senior Staff Scientist

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing,
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.)

INSTITUTION AND LOCATION

DEGREE
(if

applicable)

Completion
Date

MM/YYYY
FIELD OF STUDY

Sofia State University, Bulgaria M.Sci. 06/1987 Chemistry

The University of Tokyo, Japan Ph.D. 04/1995 Physical Chemistry

NCI-Frederick, NIH, Frederick, MD Postdoctoral
Training

04/2004 Biochemistry, Viral entry

A. Personal Statement

I have been familiar with HeV-sG since its discovery. I am a co-author of the HeV-sG characterization article in
JVI 2005. It shows that HeV and NiV as well G-glycoproteins, membrane attached and soluble as well, exist as
dimers and dimers of dimers. Under the supervision of Dr. Broder I played a major role in the discovery of
ephrin B2 as a functional receptor for Nipah and Hendra viruses, sharing an equal contribution with Dr.
Bonaparte in the related PNAS article (2005). I had been also characterizing the binding site of ephrin B2 to
HeV and NiV G glycoprotein and found aminoacid residues on ephrin B2 that are critical for the virus receptor
binding.

I was a PI (MPI, with Dr. Fouts) of two pre-clinical development programs – one for the HeV-sG as subunit
vaccine against henipavirus infections and the other for the human antibody, m102.4, as postexposure
treatment against such infections. I am currently involved in the clinical investigation of the HeV-sG subunit
vaccine led by Auro Vaccines LLC. I am also actively involved in coordination the work of the research projects
and cores within the CETR U19- AI142764 “Advancement of Vaccines and Therapies for Henipaviruses”
(Christopher Broder, PI), where I wrote the proposal for RP1 related to the next generation HeV-sG human
vaccine. Although the subunit vaccine in its current formulation has an excellent efficacy, its stability at
ambient condition and efficacy are expected to be significantly enhanced within RP1 of the above CETR U19,
there is still room to explore the immunization efficiency by decreasing the cost of storage and application
procedure. Within one of the latest awards we are developing patches of soluble microneedle arrays for
intradermal delivery of HeV-sG. The vaccine is expected to be stable at ambient conditions and ready for easy
self-administration by pressing the patch to a bare skin place, like on the shoulder. During the past 2 decades I
accumulated relevant experience related to GLP, GMP, and partly GCP and believe that I can significantly
contribute to the proposed project.

B. Positions, Scientific Appointments, and Honors

2019 – Senior Scientist, USUHS, Bethesda, MD 20814 / HJF, Bethesda, MD 20817

(b) (6)



2006 – 2019 Senior Staff Scientist, Profectus BioSciences, Inc., 6411 Beckley Str.,
Baltimore, MD 21224
2004 – 2006 Research Associate, Dept. of Microbiology at USUHS, Bethesda, MD 20814
1999 – 2004 Post-Doctoral Fellow, Laboratory of Experimental and Computational Biology,
CCR, NCI, NIH, Bldg. 469, Rm. 211, P.O. Box B, Frederick, MD 21702-1201
1995 – 1999 Scientist, L’ORÉAL Tsukuba Center, Tokodai 5-5, Tsukuba, Japan
1992 – 1995 Senior Research Associate, Nagayama Protein Array Project, ERATO, JRDC,
Tokodai 5-5, Tsukuba, Japan

1987 – 1993 Research Specialist (Chemist), Faculty of Chemistry, Sofia State University, Sofia, Bulgaria

C. Contributions to Science

1. Development of HeV-sG as a human subunit vaccine against henipavirus infection.
Relates to my current activities described above in the Personal Statement.

A. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW, Prasad AN, Fenton KA, Yu H,
Fouts TR, Broder CC, Dimitrov AS. A single dose investigational subunit vaccine for human use
against Nipah virus and Hendra virus. NPJ Vaccines, 2021 Feb 8;6(1):23. doi:
10.1038/s41541-021-00284-w

2. Discovery that ephrin B2 is a functional receptor for both HeV and NiV. Characterization of HeV-sG.
Dr. Broder (USUHS, Bethesda) pioneered the research on HeV and NiV starting the beginning of the century. I
joint his group in 2004. Dr. Bossart had already created soluble versions of HeV and NiV G glycoproteins and
was spending time on a search for the viral receptors. It was anticipated that both viruses share common
receptor indicated by immune response crossreactivity and anti-G antibody crossreactivity, including m102. Dr.
Broder suggested me to join in the efforts of receptor discovery. We mainly attempted to co-immunoprecipitate
the receptor with soluble G from lysates of permissive and non-permissive cells using coomassie stain,
radiolabeling, and different modification. It later became clear that the S-agarose we used for co-IP with the
S-tagged soluble G produces a non-specific band overlapping ephrin B2 and, thus, the band was considered
false positive. When Matthew Bonaparte joint the team proposed to use gene chip technology developed at
his university, SUNY. He sent lysates from permissive and non-permissive cells for analyses. Using the gene
chip data he successfully narrowed the possibilities for the receptor down to low 20s. Farther on, narrowing
couldn’t be justified by the available data. Then, I proposed to purchase plasmids with the identified genes from
Origene, transfect non-permissive cells, and find out which gene will render them permissive to HeV or NiV.
Thus, ephrin B2 was discovered as receptor for HeV and NiV. Looking back into those data ephrin B3 shows a
signal higher than background, but we have ignored it at that time, being excited of ephrin B2 identification.

A. Bonaparte MI, Dimitrov AS, Bossart KN, Crameri G, Mungall BA, Bishop KA, Choudhry V, Dimitrov
DS, Wang LF, Eaton BT, Broder CC. From the Cover: Ephrin-B2 ligand is a functional receptor for
Hendra virus and Nipah virus. PNAS 2005; 102: 10652-10657.

B. Bossart KN, Crameri G, Dimitrov AS, Mungall BA, Feng YR, Patch JR, Choundhary A, Wang LF,
Eaton BT, Broder CC. Receptor Binding, Fusion Inhibition, and Induction of Cross-Reactive
Neutralizing Antibodies by a Soluble G Glycoprotein of Hendra Virus. J. Virol. 2005; 79: 6690-6702.

3. Having a contribution in the discovery of m102.4 by identifying its parent m102 as a crossreactive
neutralizer.
Being in the laboratory of Dr. Broder I was using HeV and NiV mediated cell-cell fusion assays to study mutant
G glycoproteins created by inactivating glycosylation sites. At that time, Dr. Zhu had found Fab binders to
HeV-sG and asked me to test those for inhibitory activities in the cell-cell fusion assay. His Fabs showed
different inhibitory potency to HeV and NiV with Fab m102, although not the best against either virus, showing
a balanced inhibition to both viruses. Then, Dr. Zhu optimized m102 by in vitro maturation to m102.4.

A. Zhu Z, Dimitrov AS, Bossart KN, Crameri G, Bishop KA, Choudhry V, Mungall BA, Feng YR,
Choudhary A, Zhang MY, Feng Y, Wang LF, Xiao X, Eaton BT, Broder CC, Dimitrov DS. Potent
neutralization of Hendra and Nipah viruses by human monoclonal antibodies. J. Virol. 2006; 80: 891-9.



B. Zhu Z, Dimitrov AS, Chakraborti S, Dimitrova D, Xiao X, Broder CC, Dimitrov DS. Development of
human monoclonal antibodies against diseases caused by emerging and biodefense-related viruses.
Expert Rev Anti Infect Ther. 2006; 4: 57-66.

C. Zhu Z, Bossart KN, Bishop KA, Crameri G, Dimitrov AS, McEachern JA, Feng Y, Middleton D, Wang
LF, Broder CC, and Dimitrov DS. Exceptionally potent cross-reactive neutralization of Nipah and
Hendra viruses by a human monoclonal antibody. J Infect Dis 2008; 197:846-853.

D. Prabakaran P, Zhu Z, Xiao X, Biragyn A, Dimitrov AS, Broder CC, and Dimitrov DS. Potent human
monoclonal antibodies against SARS CoV, Nipah and Hendra viruses. Expert Opin Biol Ther 2009;
9:355-368.

4. Editing a volume from the Methods of Molecular Biology series
It was an exciting time finding appropriate chapter topics covering the discovery and preclinical development of
therapeutic antibodies, then finding authors and reviewing and editing the chapters.

A. Dimitrov AS, Editor; Therapeutic antibodies. Methods and protocols, Methods Mol. Biol. v. 525; March
2009, Humana Press / Springer, New York, NY 10013. ISBN: 978-1-934115-92-3

B. Dimitrov AS. Methods in molecular biology. Therapeutic antibodies. Methods and protocols. Preface.
Methods Mol Biol 2009; 525: vii-viii, xiii.

C. Prado I, Fouts TR, Dimitrov AS. (2009) Methods Mol Biol. v. 525 pp. 517-31. “Neutralization of HIV by
antibodies.”

5. Studying the mechanism of HIV entry. Applying mAbs to inhibit HIV entry
While postdoc under the supervision of Dr. Blumenthal, we proposed that HIV-1 Env gp41 destabilizes target
cell or its own membrane upon activation of gp120 by CD4 and respective coreceptor, CCR5 or CXCR4,
complexes, resulting in fusion or viral inactivation, respectively. In relation to HIV-1 entry to cells we detected
intermediates of the fusion process by using conformation specific mAb. Later, at Profectus I worked with
anti-HIV antibodies as entry inhibitors. Results from the completed grant awards identify sweet epitopes that
are simultaneously targeted by inhibitory antibodies show synergistic effect and an exceptional efficacy in vitro.

A. Dimitrov AS, Xiao X, Dimitrov DS, Blumenthal R. Early Intermediates in HIV-1 Envelope
Glycoprotein-mediated Fusion Triggered by CD4 and Co-receptor Complexes. J. Biol. Chem. 2001;
276: 30335-30341.

B. Dimitrov AS, Rawat SS, Jiang S, Blumenthal R. The Role of the Fusion Peptide and
Membrane-proximal Domain in HIV-1 Envelope Glycoprotein-mediated Membrane Fusion.
Biochemistry 2003;42:14150-14158.

C. Dimitrov AS, Jacobs A, Finnegan CM, Stiegler G, Katinger H, Blumenthal R. Exposure of the
membrane-proximal external region of HIV-1 gp41 in the course of HIV-1 envelope
glycoprotein-mediated fusion. Biochemistry. 2007 Feb 6;46(5):1398-401.

D. Dimitrov A, Drug evaluation: Ibalizumab, a CD4-specific mAb to inhibit HIV-1 infection. Current
Opinion in Investigational Drugs 2007 Aug; 8(8):653-61.
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Research Strategy 

A. Significance

The constant threat posed to global public health by emerging and reemerging pathogenic zoonotic viruses 
emphasizes the importance for pandemic preparedness by developing much needed countermeasures. The 
highly pathogenic HeV and NiV are the prototype members in the genus Henipavirus in the family 
Paramyxoviridae1. HeV was first discovered almost 30 years ago (1994), in Queensland, Australia where it was 
the causative agent of a severe and fatal respiratory disease among horses along with a human case fatality1,2. 
Whereas, in 1998-1999 in Malaysia and Singapore an outbreak of encephalitis in people and respiratory disease 
in pigs was due to NiV3,4. These viruses are capable of causing a systemic and often fatal respiratory and/or 
neurological disease in at least 11 mammalian species including humans, with fatality rates ranging from 40-
100%5,6. As a result of this high lethality and lack of approved vaccines or antivirals, HeV and NiV are classified 
as Biosafety Level-4 (BSL-4) pathogens. NiV and henipaviral diseases are also included in the WHO’s Blueprint 
List of Priority Pathogens7, and NiV is among the Coalition for Epidemic Preparedness Innovations (CEPI) list of 
Priority Diseases needing urgent research and countermeasure development8,9. 

To date, HeV has spilled over in Australia on 63 occasions, the most recent in 202210. In total HeV has caused 
the death or euthanasia of >100 horses, 2 HeV antibody positive and euthanized dogs, and 4 fatalities of 9 
human cases10,11. The yearly outbreaks of NiV in Bangladesh and India have significant human case fatality 
rates that can reach up to 100%. Transmission in these outbreaks occur by humans consuming contaminated 
fruits or date palm sap and person-to-person transmission12-15. There have been >620 human cases of NiV 
infection with over 330 fatalities, 7 of them in 202316. The henipavirus genus now includes nine other reported 
henipaviruses; the four viral isolates of CedV, Gamak virus, Daeryong virus, and Langya virus (LayV)17-19 and 
five additional species known only from nucleic acid sequence information; Ghana bat virus (GhV), Mòjiang virus, 
Melian virus, Denwin virus, and Angavokely virus (AngV)20-23. Pteropid fruit bats, known as flying foxes, are 
recognized natural reservoir hosts for NiV, HeV24,25, CedV18, GhV and AngV. One of these, CedV, has been 
shown to be nonpathogenic in several animals susceptible to HeV and NiV disease including mice, guinea pigs 
and ferrets18,26 and African green monkeys (AGMs) (Geisbert, T.W. and Broder, C.C., unpublished). The 
remaining six reported henipaviruses are likely of rodent origins. One of these six, the isolate LayV, is associated 
with nonfatal febrile illness in humans19.  

Henipaviruses are membrane enveloped, single-stranded, negative sense RNA viruses that share a similar 
genomic makeup. There are two major membrane anchored glycoproteins involved in the virus entry: the 
attachment (G) glycoprotein that engages the host cell receptor and the fusion (F) glycoprotein, which facilitates 
virion and host cell membrane fusion. The viral G and F glycoproteins are the major antigenic targets for 
neutralizing antibodies and the main focus for vaccine and therapeutic antiviral strategies27,28. CedV is distinct 
from the other henipaviruses, in that the phosphoprotein (P) gene does not have an mRNA editing site to produce 
the interferon antagonist proteins V and W18,29-31. The nonpathogenic phenotype of CedV is most likely attributed 
to the lack of these nonstructural proteins. Based on genetic data, all identified henipaviruses, except CedV, can 
potentially express the V and W proteins. Furthermore, CedV is recognized as a BSL-2 restricted agent32. 

B. Innovation

There are multiple layers of innovation within RP2. First, the proposed development of henipavirus subunit 
vaccine candidates using an innovative microneedle array patch (MNP) technology that may be suitable for the 
incorporation of other undiscovered pathogenic henipaviruses in the future. Second, the construction of a rLayV 
reverse genetics system will be highly valuable in the henipavirus toolbox to study putative differences in 
pathogenesis and vaccine design between henipaviruses of bat and rodent origin. Third, generation of BSL-2 
surrogate platforms that are based on rCedV and VSV will allow for a wide-variety of in vitro studies to investigate 
infection and host responses and to screen in a high throughput manner the neutralization potentials of immune 
sera and monoclonal antibodies all without the requirement for high containment. Fourth, considering that the 
LayV and AngV F and G proteins are functionally fusion active, the generation of viable rCedV chimeras bearing 
either LayV or AngV F and G glycoproteins is feasible.  

C. Approach

Scientific Premise 



The most extensively studied NiV/HeV vaccine is the soluble recombinant G glycoprotein of HeV (HeV-sG)11,27,33 
demonstrating complete protection against lethal challenge with NiV or HeV in multiple animal models34-40. It has 
shown complete protection of AGMs against NiV challenge performed a week post-immunization41. HeV-sG 
subunit is marketed by Zoetis as a horse vaccine since November 2012 and is the first commercialized vaccine 
against any BSL-4 pathogen. HeV-sG /alum intramuscular formulation is in clinical trials funded by CEPI as an 
anti-NiV vaccine.  

We have been developing Cedar virus (CedV) as a new experimental tool set to study henipavirus host cell 
interactions, including ephrin receptor use, host cell tropism, and in the development of henipavirus 
countermeasures. Experiments with CedV can be conducted in a BSL-2 containment setting. The rCedV reverse 
genetics system42,43 allowed us to develop a rCedV chimeric platform, where the CedV F and G glycoproteins 
are replaced with that of either NiV-Bangladesh (NiV-B) or with HeV, thus generating replication competent 
chimeric viruses (rCedV-NiV-B and rCedV-HeV). We have successfully rescued, grown and characterized the 
chimeric viruses with and without reporter genes44. The neutralizing potencies of several well-characterized 
cross-reactive NiV/HeV F and G specific mAbs against these rCedV chimeras highly correlate with the potencies 
obtained for the same antibodies to neutralize authentic NiV-B and HeV in the plaque reduction neutralization 
tests (PRNTs). The GFP reporter chimeras were employed to developed a rapid, high-throughput, and 
quantitative fluorescence reduction neutralization test (FRNT). The antibody potencies to neutralize the reporter 
chimeras in the FRNT corelates with the respective potencies obtained in the PRNT44.  

rCedV chimeras have their most important application in an authentic henipavirus-based surrogate neutralization 
assay that is rapid, cost-effective, and can be utilized in BSL-2 containment. We believe that the rCedV reverse 
genetics system can serve as a plug and play platform for other emerging henipaviruses that may have pandemic 
potential. To accomplish this, we propose here to develop a variety of rCedV variants with reporter genes that 
will serve as important BSL-2 containment tools for the other RPs and Cores within this U19 ReVAMPP. 

Scientific Rigor: The premise of our proposed studies is based on basic science discoveries and clinical 
observations. All findings in our work have been and will be validated by multiple independent lines of evidence 
to ensure scientific rigor. All experiments are carried out with several internal controls with multiple replications 
to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth 
discussions with biostatistics consultants to ensure that statistics and any required testing for multiple 
comparisons have been properly performed.  rCedV laboratory manipulation guidelines and standard operating 
procedures under BSL-2 conditions were developed for the laboratory and staff, and all procedures were 
reviewed and approved by the Uniformed Services University Institutional Biosafety Committee in accordance 
with NIH guidelines. 

Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines.   

Rationale and Preliminary Data. We intend to compare NiV vaccine immunogens (sGtet and sFstb), HeV (HeV-
sFstb) and a combination of NiV-sFstb+HeV-sG to the clinical subunit HeV-sG. All immunogens will be delivered 
by microneedle array patches (MNPs). Immunogenicity will be initially tested in mice. The immune mouse sera 
will be evaluated in vitro for neutralizing potencies to either NiV or HeV. Selected top 2 neutralizing immunogens 
will be evaluated in ferrets and non-human primates (NHPs), AGMs, challenge studies with either NiV-B45 or 
HeV-Redlands isolate from the 2008 outbreak. MNPs are promising resources to achieve systemic effects by 
transdermal delivery. They are a minimally invasive, painless system, which can bypass the stratum corneum 
and overcome the potential drawbacks of subcutaneous injections46. (See Core C application for details). 

Figure 1: In vivo intracutaneous delivery 
efficacy of HeV-sG ± PCEP MNPs in mice. 
An optical stereomicroscopy image of HeV-
sG AF555+PCEP CMC/Trehalose 
microneedles prior to (a) and after (b) in vivo 
skin application to mice. Effective 
administration of HeV-sG AF555 (c) and HeV-
sG AF555+PCEP (d) to mouse skin in vivo 
with MNPs, captured by using a fluorescence 
in vivo imaging system (IVIS). 



Manufacturing and characterization of HeV-sG ± PCEP MNPs. The technology to manufacture dissolvable 
MNPs incorporating HeV-sG antigen with or without polydi(sodium carboxylatoethylphenoxy) phosphazene 
(PCEP) as an adjuvant has been developed by Core C. During the development phase HeV-sG was labeled 
with fluorescent Alexa Fluor 555 dye, HeV-sG AF555, to visualize its penetration into skin. Spin-casting of 
carboxymethyl cellulose and trehalose was used to create MNPs incorporating HeV-sG AF555±PCEP into 
obelisk-shaped microneedles (Figure 1a). These HeV-sG AF555±PCEP MNPs were applied to the abdomen 
skin of C57BL/6 mice for 15 min and then removed. HeV-sG AF555±PCEP MNPs were imaged before and after 
in vivo skin applications by using an in vivo live animal fluorescent imaging system (IVIS Lumina XR). The 
acquired images were then post-processed using Living Image software (PerkinElmer). Figure 1 shows a 
summary of the intracutaneous delivery capacity of HeV-sG±PCEP MNPs. Images of the HeV-sG AF555±PCEP 
MNPs before (Figure 1a) and after (Figure 1b) the patch application, confirm a nearly complete dissolution of 
the microneedles into the skin demonstrating that the vaccine was effectively deposited into the skin (Figure 1c: 
HeV-sG AF555 and Figure 1d: HeV-sG AF555+PCEP).  

Next, HeV-sG vaccine MNPs were tested to induce 
immune responses in mice. Groups of 5 mice were 
immunized on D0 (prime) and D21 (boost) with either non-
adjuvanted or adjuvanted HeV-sG MNP. Pooled sera from 
D35 were tested by ELISA for total binding antibodies 
(endpoint binding titers), Figure 2a, and to neutralize 
henipavirus by using the recently developed FRNT reporter 
assay44. These preliminary data show that MNPs induce 
significantly higher immune responses. Other tests indicate 
the efficacy of the MNP is comparable or higher than that 
of the clinical HeV-sG with Alhydrogel vaccine formulation 
(see Core C: Figure 4a). 
To test the stability, mice were immunized with fresh (group 
1) and 30-day-old MNP (group 2) by using a single dose 
immunization. Mice were bled on D14 post immunization 
and the total IgGs were measured by endpoint antibody 
binding titers ELISA. Figure 2c shows no statistically 
significant differences in the antibody binding titers induced 
by the fresh and the 30-day-old MNPs. 

Experimental Design. 
Aim 1.1: Manufacturing of the MNPs. GLP-like HeV-sG is available in stock, and manufactured by Catalent 
Pharma Solutions, LLC. Catalent has developed the HeV-sG GLP manufacturing process for Profectus 
BioSciences, Inc. who led the HeV-sG subunit vaccine preclinical studies. A GLP-like lot manufactured by using 
the developed process was utilized in the rabbit GLP toxicology study with HeV-sG/Alum formulation, which is 
currently in clinical studies funded by CEPI. The remaining 3 immunogens will be prepared and delivered to us 
by Genovac GmbH, Freiburg, Germany. Core C will prepare fresh MNPs with each of NiV-sGtet, NiV-sFstb, HeV-
sFstb, HeV-sG+NiV-sFstb and HeV-sG, all adjuvanted with PCEP. The technology for fabricating MNPs pioneered 
by Bediz et al.,47 was developed and is described in detail in the Core C application. Based on the experience 
with fabricating HeV-sG MNP, we expect the technology to be plug and play applicable to the remaining 3 
immunogens, also to the combo immunogen with minimal or no adjustments.  
Aim 1.2: Mouse immunogenicity study. Six groups of 5 female C57BL/6 mice will be used in the mouse 
immunogenicity study, which will be executed by Core C. Group 1 will be immunized with NiV-sGtet+PCEP 

formulation MNPs, group 2 – with NiV-sFstb+PCEP, group 3 – with HeV-
sFstb+PCEP, group 4 – with HeV-sG+PCEP, group 5 – with combo HeV-
sG+NiV-sFstb+PCEP, and group 6 will be naïve mice to read the 
background naïve mice immunity. Schematics of the immunization and 
bleeding schedule is given in Figure 3. The sera will be tested for 
binding to the respective immunogens and for cross-binding with the 

other 3 immunogens by ELISA. IgG1 and IgG2c titers will be recorded. The sera will also be tested at USUHS 
for neutralization of each of HeV and NiV-B by using the respective reporter rCedV chimeras – rCedV-HeV-GFP 
and rCedV-NiV-B-GFP in the FRNT assay44. Cellular immune responses will also be evaluated at the University 
of Pittsburg as described in the Core C application (within Core C Aim 2). 

 
Figure 2: Efficacy of MNPs to induce humoral responses and 
initial MNP stability data. Mice were immunized using the 
prime/boost schedule. MNPs were applied to the abdominal skin of 
anesthetized C57BL/6 mice for 15 min, and then removed on D0 
(prime) and D21 (boost). Endpoint binding titers (a) were determined 
by ELISA. Neutralizing ID50 titers (b) were obtained using the FRNT 
assay. Stability of the MNPs (c) measured as a decrease in the d14 
endpoint binding titers when a 30-day-old MNP is used for 
immunization compared to the titers obtained with a fresh MNP. 

 
Figure 3. Immunization and bleeding schedule 
for the mouse immunogenicity study. 



Aim 1.3: Efficacy in ferrets. The 2 immunogens with the best immune responses on W2 and W5 combined, 
Imun1 and Imun2, from the mouse study, will be tested in ferret challenge protection studies executed at UTMB. 

Four vaccine groups and one control group of 6 ferrets each will be 
challenged with lethal doses of either NiV-B or HeV Redlands, 5000 
TCID50, in year 2 of the project. Groups 1 and 3 will be immunized 
with Imun1+PCEP MNPs, groups 2 and 4 – with Imun2+PCEP and 
group 5 will be naïve nonvaccinated ferrets. Groups 1 and 2 will be 
immunized on D0 and D21 (prime/boost schedule), while groups 3 
and 4 will be immunized once, on D0. Immunization, challenge and 
blood and swab sampling schedules are diagramed in Figure 4. All 
protected animals and survived controls will be euthanized on day 
21 post-infection (end of study) and tested for cultivatable virus and 
viral genome in the lung and brain tissue in addition to the blood 
samples and swabs.  

Aim 1.4: Efficacy in AGM. This challenge study will be performed in year 3 of the project at UTMB. The 
immunogen that provides the best cross-protection in the ferret studies will be tested to protect AGMs against 
either NiV or HeV. Fresh MNPs will be fabricated for this study. Two groups of 3 monkeys per challenge virus, 
total 4 groups of 3 AGMs each, will be vaccinated by applying the MNP (groups 1 and 2 will be immunized on 
D0 and D21 while groups 3 and 4 will be immunized only on D0, boost will be skipped). One control per virus 
will be naïve nonvaccinated. Time schedule will mimick the ferret study schedule in Figure 4. Groups 1 and 3 
will be challenged with NiV-B, groups 2 and 4 will be challenged with HeV Redlands. 
Aim 1.5: Stability Studies will be initiated starting with the mouse immunogenicity studies and finishing at the 
AGM challenge studies end. Each quarter, a group of 5 mice will be single dose immunized and the SNT titers 
will be evaluated 2 weeks post immunization by using the FRNT assay44. We assume that the MNA patches are 
stable if the average SNT titers have fallen less than 33%, i.e., from relative 100 the SNT titer stays above 67.  
Additional stability testing will be initiated with the freshly manufactured MNP for the AGM challenge study. 
Bio-sample collection and RNA test. Swabs (oral and rectal), blood and tissue samples (lung, brain) will be 
tested for viral RNA by TaqMan PCR performed by using the primer sets and probes35.  
Virus isolation will only be attempted from specimens positive for NiV or HeV genome by PCR. Virus titration 
will be performed by plaque assay on Vero cells. The limit for detection will be 25 pfu/ml.  
Expected results, potential pitfalls and alternatives. We expect to obtain sterile protection in AGMs. There is 
a minimal risk of not finding any protecting immunogen given the complete protection provided by a single dose 
HeV-sG subunit vaccine41. The foreseen problems are already reflected in the experimental design. The team is 
sufficiently experienced to handle and resolve any possible unforeseen issues and pitfalls. 

Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 

Rationale and Preliminary Data: Negative stain electron microscopy (EM) was performed on LayV F and G 
glycoproteins. The 2D (Figure 5a) and 3D classifications (Figure 5b) of LayV F and G revealed distinct trimer 
and tetramer assembly, respectively. In addition, using LayV sF and LayV sG mAbs that we generated at 
USUHS, we performed ELISAs and demonstrated that there was a dose dependent increase in LayV sF (Figure 
5c) and LayV sG (Figure 5d) binding. This data forms the premise for rescuing a rCedV bearing LayV F and G 
glycoproteins. We will design and construct a full-length recombinant LayV that encodes a green fluorescent 
protein (GFP). The LayV F and G coding sequences will be based on the LayV isolate SDQD_H1801 (GenBank: 
OM101125.1). The GenBank accession numbers for LayV F and LayV G are UUV47205.1 and UUV47206.1,  

respectively. The authentic, replication 
competent henipavirus platform, rCedV is 
an innovative approach that can be utilized 
at BSL-2. We will design, construct and 
rescue a new rCedV chimera that encodes 
the envelope glycoproteins (fusion (F) and 
attachment (G) glycoproteins) of LayV, i.e., 
a rCedV-LayV reporter virus encoding GFP. 
We will characterize it using cell-based 
infection tropism and growth kinetic assays. 

We utilized an established quantitative fusion assay based on a dual-split-luciferase reporter assay42,43,48,49 to 
determine functionality of Angavokely virus (AngV) envelope glycoproteins (F and G glycoproteins). In this assay, 

 
Figure 4. Expected schedule to immunize ferrets and 
AGMs in the planned efficacy studies. Blood and 
swabs, oral and rectal, samples will be taken weekly, on 
days 0, 7, 14, 21, 28, 35, 42, 49, 56 and 63. Single dose 
groups do not receive boost immunization on D21. 

 
Figure 5. Negative stain EM analysis of LayV envelope glycoproteins. 2D 
and 3D classifications of LayV F trimers (a) and LayV G tetramers (b). ELISA 
indicating cross-reactivity between Mojiang virus (MojV) F mAb (c, yellow) with 
LayV sF and MojV G mAb (d, green) with LayV sG. 



content mixing between a virus-infected effector cell or a cell that expresses the F and G glycoproteins and a 
target cell expressing or not the known henipavirus receptors allows the two halves of Renilla luciferase to 
functionally interact and produce a luciferase signal that can be measured43 (Figure 6a). 

High levels of fusion were observed in Vero E6 
cells and the bat kidney cell line, PaKiT, 
indicating that the AngV glycoproteins are 
functional and can mediate fusion in susceptible 
cells (Figure 6b). Based on this data, the rescue 
of a rCedV-AngV reporter virus encoding a GFP 
and a luciferase protein (Luc) is feasible. We will 
characterize these viruses using cell-based 
infection tropism and growth kinetics assays. In 
other projects in our lab, we have previously 
used reverse genetics to generate several types 
of replication competent VSV-GFP reporter 
viruses including those encoding Australian bat 
lyssavirus (ABLV) G glycoproteins (VSV-ABLV 
G-GFP)50,51, as well as employed reverse 
genetics to rescue authentic ABLV and various 

reporter gene-encoding viruses52,53. Using a similar strategy, we will also construct a recombinant replication 
competent VSV encoding the AngV F and G glycoproteins. We will generate reporter versions encoding either 
GFP or Luc.  

Experimental Design. 
Aim 2.1: Design and construct a recombinant Langya virus reporter virus. Figure 7 diagrams each of the 
proposed virus constructs that will be generated. The genome design, length and position of the green 
fluorescent protein gene are shown, and the experimental plans are described below. LayV helper plasmids for 
the N, P, and L genes will be synthesized. To construct the rLayV-GFP antigenome plasmid, large gene 
fragments of LayV will be synthesized and sequentially cloned into pOLTV5opt (Figure 7a). Unique restriction 
sites will be chosen to facilitate ligation of the LayV DNA fragments and to ensure adherence to the genomic 
“rule of six”. All cloning will be performed with E.coli Stbl2 cells. The fully sequenced plasmids will be transferred 
to Dr. Thomas Geisbert at UTMB. Virus rescue will be conducted in collaboration with Core E at UTMB. In 
addition, rLayV will be examined in vivo by Core E. 

Aim 2.2: Construct, rescue and characterize a recombinant Cedar reporter virus encoding Langya virus 
envelope glycoproteins.  
Generation of rCedV encoding LayV envelope glycoproteins. rCedV-LayV-GFP will be produced by 
synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the LayV 
F and G coding sequences. The CedV non-coding intergenic regions are retained to adhere to the genomic “rule 
of six”. Unique restriction sites, will facilitate the insertion of the LayV F and G gene cassette into the genome 
clone (pOLTV5opt-rCedV) (Figure 7b) generating rCedV-LayV-GFP (Figure 7c). All cloning is performed in E. 
coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) 
with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-LayV-GFP 
antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus 
CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve 
Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is observed (~2–3 days), 
supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be 

 
Figure 6. AngV F and G cell-cell fusion using a dual split luciferase. 
A schematic representation of the dual split luciferase cell-cell fusion 
assay (a). A quantitative dual split luciferase cell-cell fusion assay with 
AngV F and G plasmid constructs (b). 

 

 
Figure 7. Schematic representation of 
recombinant reporter viruses. The 
pOLTV5opt-rLayV plasmid (a top). The arrows 
indicate regions of self-cleavage. The rLayV-
GFP genome (b bottom). The pOLTV5opt-
rCedV plasmid (c). The long arrows indicate 
regions of self-cleavage. Shown are the unique 
restriction sites MluI and SphI that will be used 
to construct rCedV-LayV-GFP. (c) The rCedV-
LayV-GFP genome. 



characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by 
plaque assay and stored as single use aliquots at -80°C42,43,54.   
In vitro characterization of rCedV-LayV-GFP. The growth kinetics of rCedV-LayV-GFP compared to rCedV or 
rCedV-NiV/HeV chimeras will be assessed by infecting Vero cells with MOIs of 0.01, 0.1 and 1 and progeny virus 
recovered in 24hr intervals over a 72hr period and titered. In parallel experiments, infected cells will also be 
imaged for fluorescence and syncytia (henipavirus CPE). Figure 8 illustrates the syncytia (indicated by the yellow 
arrows) formed in Vero E6 cells infected with either rCedV-NiV-B-GFP or rCedV-HeV-GFP chimeras. The rCedV-
LayV-GFP neutralization assays will be conducted by FRNT. We have also already generated several murine 
mAbs to LayV F and G (3C4-LY and 4G5-LY to LayV F; and 2B2-LY and 6E5-LY to LayV F) and these will be 
used in neutralization assays. In addition, we will develop rabbit sera to LayV N, P and L proteins. 

 
Aim 2.3: Construct, rescue and characterize recombinant reporter viruses encoding Angavokely virus 
envelope glycoproteins.  
Generation of rCedV encoding AngV envelope glycoproteins. Figure 9 diagrams each of the proposed virus 
constructs that will be prepared. The genome designs, lengths and position of the GFP and Luc reporter genes  

are also shown, and the methodology and experimental plans are described below. rCedV-AngV-GFP will be 
produced by synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions 
flanking the AngV F and G coding sequences. The AngV F and G coding sequences will be based on the 
GenBank: ON613535.1 sequence. The GenBank accession numbers for AngV F and AngV G are UVG43988.1 
and UVG43989.1, respectively. The CedV non-coding intergenic regions are retained to adhere to the genomic 
“rule of six”. Unique restriction sites, will facilitate the insertion of the AngV F and G gene cassette into the rCedV 
antigenome plasmid (Figure 9a) generating rCedV-AngV-GFP (Figure 9b). The rCedV-AngV-Luc clone will be 
produced by swapping the reporter gene coding sequences. All cloning is performed in E. coli Stbl2 cells and 
plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with CedV helper 
plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-AngV-GFP or pOLTV5opt-
rCedV-AngV-Luc antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and 
syncytia (henipavirus CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and 
passaged onto naïve Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is 
observed (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus 
stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture amplification 
and titered by plaque assay and stored as single use aliquots at -80°C42,43,54.  
Generation of a VSV encoding AngV envelope glycoproteins. We will also construct reporter gene encoding 
versions of a replication competent VSV encoding the AngV F and G glycoproteins (GFP and Luc) (Figure 9c). 

 

 
Figure 8. Syncytia induced by rCedV expressing NiV-B or HeV 
envelope glycoproteins. Vero E6 cells were uninfected (Mock) or 
infected with either rCedV-NiV-B-GFP, rCedV-HeV-GFP, or rCedV-
GFP. All images were taken 24hrs post infection. The respective 
zoomed-in fluorescence images (3rd row) are regions from the 
yellow boxes. Arrows indicate giant multinucleated cells (syncytia). 
Representative images from three independent experiments are 
shown. Scale bar, 50 μm. 

 

 
 
Figure 9. Schematic representation of the AngV 
chimeric reporter viruses. The pOLTV5opt-rCedV 
plasmid (a). Shown are the unique restriction sites MluI 
and SphI that will be used to construct rCedV-AngV-GFP 
and rCedV-AngV-Luc. The rCedV-AngV-GFP and rCedV-
AngV-Luc genome (b). Shown are the unique restriction 
sites MluI and KpnI that will be used to construct VSV-
AngV-GFP and VSV-AngV-Luc (c). The long arrows 
indicate regions of self-cleavage. 



A large gene cassette comprising VSV untranslated intergenic regions flanking the AngV F and G coding 
sequences will be synthesized. Unique restriction enzyme sites, will facilitate the insertion of the AngV F and G 
gene cassette into the VSV backbone plasmid to generate VSV-AngV-GFP (Figure 9c). The VSV-AngV-Luc 
clone will be produced by swapping the reporter gene coding sequences. Cloning procedures are performed in 
E. coli Stbl2 cells and all plasmid clones verified by sequencing. Rescue of VSV-AngV-GFP and VSV-AngV-Luc, 
will be performed in BSR-T7/5 cells, in 12-well plates, transfected with helper plasmids, VSV-N, VSV-P, and 
VSV-L and the VSV-AngV-GFP or VSV-AngV-Luc antigenome plasmids. After 48hrs the cells and supernatants 
are collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus is 
performed using HEK293T cells (6-well plates) by inoculation with the supernatant from step 1. Typically, when 
GFP fluorescence and/or cytopathic effects (CPE) is observed, the cells and supernatants are harvested as 
above and the virus stocks stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, 
and harvested virus supernatants are purified by buffered sucrose cushion centrifugation and virus pellets 
resuspended in 10% sucrose/TNE buffer, and small volume single use aliquots stored at -80°C. All virus stocks 
are deep sequenced. Virus stocks (GFP) are titered (infectious units/ml (IU/ml)) by serial dilution on HEK293T 
cells in 96-well black walled plates. At 24hrs post-infection plates are fixed with 4% formaldehyde, washed 3x 
with diH20 and imaged (fluorescence) with a CTL S6 analyzer. Luciferase encoding VSV stocks are titered by 
plaque assay55. 
Characterization of the recombinant reporter viruses in cell-based infection assays: The replication 
kinetics of the rCedV-based and VSV-based AngV F/G encoding viruses will be assayed by Vero cell culture 
infection using MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and titered. 
rCedV-AngV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV chimeras. Similarly, VSV-
AngV F/G virus replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G51. 
The rCedV-AngV-GFP and VSV-AngV-GFP assays will be conducted by FRNTs and rCedV-AngV-Luc and 
VSV-AngV-Luc in luciferase assays. 
Expected results, potential pitfalls and alternatives. We expect that rCedV-LayV-GFP and rCedV-AngV 
reporter viruses will be readily rescued and viable. In addition, we expect that these chimeric viruses will induce 
syncytia and replicate to high titers. Neutralization assays will typically be conducted as 3 independent repeats 
and the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. In the event 
that the rescue of rCedV chimeric viruses are not viable, multiple strategies may be examined. 1) test different 
ratios of helper plasmids and antigenome plasmid; 2) perform rescue in different cell lines; 3) construct alternate 
versions of the LayV and/or AngV F and G genes within the antigenome plasmids, such as, fuse the LayV and/or 
AngV F and G ectodomains with the transmembrane and/or cytoplasmic tail domains of the corresponding CedV 
F and G elements which may facilitate virus particle formation and membrane fusion activity.  

 
Aim 3: Evaluate HNV-specific antibodies and nanobodies developed by the Center’s RPs and Core D. 

Rationale and Preliminary Data. We established a surrogate neutralization assay for the pathogenic 
henipaviruses, NiV and HeV using the rCedV platform44. This rCedV chimeric system can serve as surrogate 
viruses for authentic NiV and HeV in neutralization assays without the requirement for BSL-4 containment. 
Neutralization values of well-characterized NiV/HeV cross-reactive neutralizing mAbs highly correlated between 
rCedV-NiV-B-GFP and rCedV-HeV-GFP and authentic NiV-B and HeV at BSL-4 when tested by conventional 
PRNT44. The Pearson correlation analysis between the rCedV chimeras BSL-2 PRNT and the NiV-B or HeV 
BSL-4 PRNT is shown in Figure 10a. We further developed the rCedV-NiV-B-GFP and rCedV-HeV-GFP 
neutralization assay into a high-throughput and quantitative assay that is based on the reduction of GFP foci, a 
FRNT44. The Pearson correlation analysis between the chimeras PRNT and FRNT is shown in Figure 10b. 
Taken together, these data demonstrate that rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeric viruses are an 
ideal set of suitable surrogate viruses for authentic NiV-B and HeV for conducting a rapid FRNT-based assay for 
assessing NiV and HeV antibody neutralization. 



Figure 10. Pearson correlation analysis of rCedV chimeras. 
Pearson correlation analysis of PRNT neutralization (%) values 
of rCedV-NiV-B-GFP versus NiV-B (a, i-iv) and rCedV-HeV-GFP 
versus HeV (a, v-viii). Pearson correlation analysis from PRNTs 
(y-axes) and FRNTs (x-axes) of rCedV-NiV-B-GFP (b, i-iv) and 
rCedV-HeV-GFP (b, v-viii). Neutralization values with mAbs 
m102.4, h5B3.1, 12B2 or 1F5 are shown. The Pearson 
correlation coefficient ‘r,’ p-value (two-tailed), linear regression 
line (solid lines), and 95% confidence intervals (dashed lines).  

 

Experimental Design. 
Here, using the newly developed tools (rCedV-LayV-
GFP, rCedV-AngV-GFP, VSV-AngV-GFP and VSV-
AngV-Luc) we will assess for neutralizing activity, a 
variety of henipavirus specific mAbs and/or sera from 
henipavirus immunized mice that will be generated 

by Core D. The FRNT is high throughput and performed in 96-well plates to establish a 7-point dose response. 
Serially diluted immune sera or mAbs are mixed with either rCedV-NiV-B-GFP or rCedV-HeV-GFP for 2hrs. The 
virus-mAb or virus-sera mixtures are then added in triplicate to confluent pre-seeded Vero 76 cells in black-
walled clear bottom 96-well plates and incubated for an additional 24hrs. Plates are then fixed and imaged and 
fluorescent foci counted using the CTL Basic Count software. The 50% inhibitory concentration (IC50) will be 
determined as the mAb concentration or serum dilution at which there was a 50% reduction in fluorescent foci 
versus untreated control wells. Neutralization assays will typically be conducted as 3 independent repeats and 
the data generated from these assays will be analyzed and graphed using GraphPad Prism 9.  
Expected results, potential pitfalls and alternatives. We do not anticipate any unexpected limitations in 
assessing the neutralization potential of antibodies and sera generated from other research projects and/or cores 
as we have successfully demonstrated that the rCedV-GFP chimeric FRNT platform can serve as a surrogate 
BSL-2 neutralization assay that is high throughput with a fast turnaround time.  
 
Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. 

At completion of Phase I we will have i) a procedure to fabricate PPZ adjuvanted MNP using sG, sF or a 
combination of both viral glycoproteins; ii) generated rLayV with an associated animal model in collaboration with 
Core E with reporter virus construct (rCedV-LayV-GFP); and iii) generated reporter viruses AngV (rCedV-AngV-
GFP, VSV-AngV-GFP and VSV-AngV-Luc). Here, in Phase II we propose to test the hypothesis that the PPZ-
MNP vaccine platform technology can be adapted and transferred as a ‘plug and play’ strategy for other 
paramyxoviruses, namely the divergent henipaviruses LayV and AngV.  The major goal rests on the rescue of 
LayV and establishing an infection/disease model of this most recently discovered pathogenic, zoonotic, HNV. 
Nevertheless, if rescue of rLayV with an associated animal model is not achieved, we will still be able to test the 
the MNP approach as proof-of-concept to the extent of generating robust immune responses in animals and 
testing neutralizing antibody responses using both LayV and AngV reporter virus systems.  

PPZ-MNP manufacture. The fabrication of the MNPs by Core C will be prepared for both the F and G viral 
glycoproteins: LayV-sG, LayV-sF, AngV-sG and AngV-sF depending on the data and outcomes, and vaccine 
down-selection in Phase I we may also include a combination of sG and sF.  Vaccine antigens will have been 
prepared by within Core D. It will remain important to evaluate both the attachment and fusion glycoprotein 
immunogens for LayV and AngV in Phase II. Although the preponderance of data to date for the pathogenic 
prototype HNVs (NiV/HeV) indicates that the attachment glycoprotein (G) alone can serve as an effective vaccine 
immunogen, this is presently unknown for these two divergent henipaviruses, so it remains prudent to test both 
sF and sG in this regard. 

Immunogenicity. Groups of 5 mice will be utilized for each of the chosen immunogens and one control 
nonimmunized group will serve to measure the naïve mice background immunity. Sera will be drawn as 
scheduled in Figure 3. ELISA titers of sera to vaccine immunogens will be evaluated by Core C and sera will be 
evaluated for virus neutralization with newly developed reporter viruses. Cellular immune responses will be 
assessed as described in Aim 1. 



Animal challenge studies. The experimental design for these studies will be adjusted once the animal model 
has been developed. The basic design will follow those for ferrets and AGMs described in Aim 1.  The 
immunogen will be chosen based on the results from the neutralization tests described above.  

Expected results, potential pitfalls and alternatives. 

We fully anticipate that LayV and AngV recombinant glycoprotein based MNPs will be possible because we have 
already produced native-like sG and sF ectodomains of each of these viruses. The immunizing mice with the 
MNPs using the recombinant LayV and AngV recombinant glycoprotein immunogens are likely to be 
uncomplicated, we will be able to rapidly assess immune mouse sera using newly generated reporter viruses. 
The new data will also determine whether the sG or sF is the immunogen of choice for eliciting the higher virus 
neutralization titer. In the absence of rescue of authentic recombinant LayV (rLayV) and establishing an animal 
model capable of measuring virus infection, immune responses, and/or pathogenesis, we expect at a minimum 
the establishment of an ability to measure virus infection in cell-based assays and its inhibition, using either the 
generated reporter viruses or a cell-cell fusion surrogate assay. The results obtained from the mouse 
immunogenicity studies, together with the virus neutralization assays will provide a strong foundation to support 
the advancement of a potential anti-LayV and/or anti-AngV vaccine MNPs.  

Project Milestones and Timeline: 
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Project Summary/Abstract
Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health.
Among these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah
virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely
broad tropism capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and
-B3 ligands as entry receptors. NiV and HeV infection often results in a systemic and fatal respiratory and/or
neurological disease in multiple mammalian species including humans. NiV and henipaviral disease are also
included in the WHO List of Priority Pathogens, and they are significant biothreats to humans and livestock in
South and South East Asia and Australia. HNVs have two membrane glycoproteins: the attachment
glycoprotein (G) and the fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the
focus of all vaccine and antiviral monoclonal antibody (mAb) strategies. The most extensively studied HNV
vaccine is a soluble recombinant form of HeV G (HeV-sG), shown to provide complete protection against lethal
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including
nonhuman primates (NHPs). With no licensed vaccines or treatments available for human use, this project will
use the prototype HNVs as a model to develop, test, and translate a novel vaccination platform (a
thermostable, needle-free, adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable
microneedle patch (MNP)). Preliminary data demonstrates potent immunogenicity of a PPZ-MNP-HeV-sG
vaccine in mice, inducing robust antigen-specific HNV cross-neutralizing antibody and cellular immune
responses. The MNP vaccines will be used to evaluate HeV-sG and compare stabilized soluble forms of HNV
G and F (sGtet and sFstb) and combinations in challenge studies. A reverse genetics system has been
developed to generate recombinant, nonpathogenic Cedar virus (rCedV) and rCedV chimeric virus tools by
swapping the G and F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput
neutralization platform to be used to rapidly evaluate HNV vaccine responses. Also, divergent and pathogenic
zoonotic HNVs have been discovered including the related rodent borne Mòjiāng virus and Langya virus
(LayV)), and the divergent bat-borne Angavokely virus (AngV). This project will develop and test the rapid,
adaptable and readily deployable MNP vaccine platform together with new virological tools to facilitate the
translational nature of this pandemic preparedness approach. Specifically, we will: 1) Develop PPZ-MNP-based
sGtet and sFstb prototype HNV vaccines; 2) Construct new reporter virus tools; 3) Evaluate vaccine-induced
immune responses and HNV-specific mAbs and nbs; and 4) Validate the PPZ-MNP platform with another
paramyxovirus antigen.



USUHS
Site Principal Investigator: Christopher Broder, Ph.D.

Co-investigators: Moushimi Amaya, Ph.D.
Antony Dimitrov, Ph.D.

AUTHENTICATION OF KEY BIOLOGICAL AND/OR CHEMICAL RESOURCES

Molecular biology tools. Oligonucleotides and gene fragments for PCR and cloning will be purchased and
verified by internal quality control at Twist Biosciences, Integrated DNA Technologies or Genscript. All clonal
products will be validated by whole plasmid sequencing. All new expression constructs are verified by (1)
restriction digest and electrophoretic separation of fragments to ensure fragments of the predicted size are
generated and (2) sequencing to ensure the correct sequence is present with no spurious mutations.

Cells. All cells were originally obtained from ATCC or collaborators and maintained by the PI. They are tested
monthly for mycoplasma contamination by two complementary methods (qPCR analysis and Lonza MycoAlert
biochemical luminescence-based assay). Cells used will be used from the listed initial passage number for a
maximum of 50 passages, and then discarded for a fresh vial from the working freezer stock to prevent any
long-term selection of altered cell populations. To avoid cross-contamination between different cell lines, only
one cell line is used at a time in a biosafety cabinet. Cell lines are routinely validated using either flow
cytometry and/or functional tests.

Recombinant Cedar viruses and recombinant vesicular stomatitis viruses (VSV). Viruses are validated
through genome sequences or infectivity/functional tests. SOPs, as detailed documents, for work with either
recombinant Cedar virus, recombinant Cedar virus chimeras (encoding either Hendra virus or Nipah virus F
and G glycoproteins), and recombinant VSVs have been established in the Broder/Amaya laboratory and all
laboratory staff are required to be familiar with this documentation. Rescued recombinant viruses are
validated through genome sequencing and compared to the original cloned full length viral genomes. Use of
recombinant Cedar virus recombinant Cedar virus chimeras has been approved at USU.

Antibodies. Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly in the PI’s lab,
the staining/blotting performance of new antibody lots are compared against previous lots; (2) For new
antibodies, banding/staining patterns are compared against published data; (3) Whenever possible, new
antibodies are also validated using objective controls, such as cells known to lack the protein of interest (e.g.,
knockout cells) or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by
the new antibody is compared side-by-side with staining by the epitope-tag antibody).

Commercial chemical reagents. Such reagents are validated by one or both of the following: (1)
performance comparison to previous lots of the same reagent; (2) use in an established assay that
incorporates one or more validated performance controls.

Rigor and Reproducibility
The Broder laboratory employs quality systems to ensure rigor, reproducibility, and robust and unbiased results
in all experiments. All findings in our work have been and will be validated by multiple independent lines of
evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple
replications to guarantee reproducibility.



Budget Justification - RP 2 - Broder

The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the
Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded.

Key Personnel:

Christopher Broder, Ph.D., (Principal Investigator, 1.2 calendar months, 10% effort), is a Professor of
Microbiology and Immunology at USUHS and will serve as PI on the proposed project. He is a leading expert
in henipavirus biology and genetics, as well as development of glycoprotein-based vaccines and monoclonal
antibody-based therapeutics against these viruses; many tested in collaboration with Dr. Thomas Geisbert
(Project Lead on this application). Dr. Broder has more than 15 years of collaborative research projects with Dr.
Geisbert focused on henipaviruses and together have published on a variety of henipavirus countermeasures
including the use of recombinant CedVs. Dr. Broder’s group recently developed the reverse genetics platform
for designing and rescue of recombinant Cedar henipaviruses (rCedV) that can be utilized at BSL-2, some of
which have been successfully used in drug library HTS assays and one report on the successful use of Cedar
virus in antiviral drug discovery for henipaviruses including Nipah (NiV), Hendra (HeV) and CedV has been
published in collaboration with Dr. Geisbert. Dr. Broder’s group generated and characterized the recombinant
Cedar chimeric viruses that were used to generate the preliminary data for this application. He will oversee all
aspects of the recombinant Cedar chimeric virus construction and characterization. In addition, he and Dr.
Amaya will collaborate on the design of all experiments and the preparation of progress reports and
manuscripts. Dr. Broder is a federal employee and no salary support is requested.

Moushimi Amaya, Ph.D., (Co-investigator, 2.0 calendar months, 16.67% effort). Dr. Amaya is an experienced
biochemist and molecular virologist with expertise in a variety of areas including gene cloning and expression
and mutagenesis specifically with viruses and viral culture and propagation, and viral protein purification and
analysis. She has considerable experience in henipavirus reverse genetics systems. Using the rCedV platform,
Dr. Amaya designed, generated and characterized replication competent chimeric viruses as non-reporter and
reporter versions that express the envelope glycoproteins of either NiV-Bangladesh (NiV-B) (rCedV-NiV-B) or
HeV (rCedV-HeV) instead of those of CedV. In a collaborative effort, Drs. Amaya, Broder and Geisbert
demonstrated that the chimeras can serve as suitable surrogate viruses for authentic NiV and HeV viruses. Dr.
Amaya developed and characterized the fluorescent reporter chimeric viruses in a high throughput
fluorescence reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus
immunized animals and monoclonal antibodies. She will design, oversee and conduct the research plans
related to the generation and characterization of the rCedV chimeric viruses and VSV reporter viruses outlined
in this proposal. She will develop, perform quality assurance and test the new chimeric viruses for use in
henipavirus neutralization assays. Dr. Amaya is a federal employee and no salary support is requested.

Antony S. Dimitrov, Ph.D., (Co-investigator, 6.0 calendar months, 50% effort). In addition to Dr. Dimitrov’s duty
to the day-to-day operations of this ReVAMPP and the Admin Core, he will oversee and conduct the research
plans related to the production and characterization of all rCedV chimeric viruses and VSV reporter viruses;
including generation, quality control, and in vitro cell-based studies. Dr. Dimitrov is highly familiar with all
scientific and translational development activities of the proposed ReVAMPP. He was a former member of
Broder laboratory and played major roles in the development and biochemical characterization of the HeV-sG
subunit glycoprotein (JVI 2005), the discovery of the NiV and HeV entry receptor ephrin B2 (PNAS 2005) and
in the development, characterization and efficacy testing of the first neutralizing human monoclonal antibody to
NiV and HeV, the latter studies conducted with Profectus Biosciences in collaboration with Dr. Geisbert. When
at Profectus Bio, Dr. Dimitrov led their program in the pre-clinical development of HeV-sG as a subunit vaccine
and the human antibody, m102.4, for treatment of henipavirus infections. Dr. Dimitrov is an employee of the
Henry M. Jackson Foundation and salary support is requested.

Other Personnel

TBD (Research Assistant, 12.0 calendar months, 100% effort). This individual will provide technical laboratory
support for this project. In addition, this individual will also be responsible for ordering supplies, organizing



shipments, and other laboratory support as instructed by the senior staff. As an employee of the Henry M.
Jackson Foundation salary support is requested for this individual.

Lianying Yan (Linda) (Manager/Lead Research Associate 3, 6 calendar months, 50% effort) has been in Dr.
Broder’s laboratory since 2003 and is well-versed in all aspects of the research in his laboratory. Ms. Yan is a
highly trained molecular biologist skilled in expression construct design, screening techniques, and stable cell
line development for protein expression using immunoprecipitation and Western blot techniques. Ms. Yan is
highly experienced in designing soluble and secreted viral glycoprotein constructs and establishing stable
cell-lines to express and produce, purify and characterize the proteins using protocols that include Bio-Plex
bead coupling and assay development. She is also expert in confocal and fluorescent microscopy techniques
and has been co-author of several manuscripts. Ms. Yan is an employee of the Henry M. Jackson Foundation
and salary support is requested.

Madison Thammavong (Research Assistant I, 4 calendar months, 33% effort). Mr. Thammavong will assist Ms.
Yan in the production of proteins. He will be trained as a back-up support with various laboratory
responsibilities. Mr. Thammavong is an employee of the Henry M. Jackson Foundation and salary support is
requested.

Kimberly Boxley, (4.0 calendar months, 33% effort), serves as the Center Financial and Post-Award
Administrative Manager. Ms. Boxley, is currently a Program Manager III with the Henry M. Jackson Foundation
and her office is located adjacent to Dr. Broder within the Department of Microbiology, USU. Ms. Boxley has
been working in grants management for over 15 years and successfully completed the Grants Management
Certificate Program (GMCP) from Management Concepts in both the federal and pass-thru tracks. She is
enrolled in the Program Management Program (PMP) at the Program Management Institute. She currently
manages a department portfolio of approximately $32M in direct funded research awarded during the last 3
years. Her day to day grants management includes budget analysis, employee supervision, training of project
managers, forecasting burn rates and compliance issues. Ms. Boxley is an employee of the Henry M. Jackson
Foundation and salary support is requested.

Supplies
The costs for materials and supplies are based on historical and current supply needs for these types of
studies and on current costs for these supplies. The research teams will be engaged with numerous
recombinant gene cloning strategies to produce new expression plasmids and recombinant viral stocks.
Several large genomic segments will need to be synthesized and the final clones of all these viral genomes
assembled and cloned into expression plasmids.

There will be five different chimeric virus stocks that will need to be prepared, qualified, stored and
characterized: three rCedV chimeric viruses and two VSV reporter virus stocks. Piloting and rescuing these
new viruses will require significant amounts of materials for all the plasmid preparations and transfection
reagents and the multiple anticipated variations in plasmid ratios to achieve virus rescues. We estimate $2000
per construct for gene synthesis and sequencing and $4000 per construct for reagents. Once rescued and
cloned each virus genome (the viral stock) will have to be deep sequenced. In addition, the proposed studies
will require a significant amount of both cell line and virus culture as well consumables, disposables and
reagents (enzyme substrate for the luciferase reporter assays) for the serum neutralization tests with rCedV
chimeric reporter viruses. The reporter viruses will be designed and rescued within the first 2 years. The
budget for supplies includes molecular biology reagents as well as bacterial culture media and supplements,
although reagents and chemicals will be needed to run the assays with the newly created reporter chimeric
viruses.

Categories of supplies:

Cell and virus culture media, sera and reagents
Molecular biology reagents; enzymes, primers, plasmid purification kits, ligation kits, gene synthesis, whole
plasmid sequencing, virus genome sequencing
Chemicals,
Consumables; flasks, plates, pipettes, gloves, tips



Steady-Glo® Luciferase Assay System for in vitro luciferase assays
CTL S6 analyzer (Fluorescent neutralization tests) and Promega GloMax (luciferase based assays)
Other miscellaneous expenses

Indirect Costs:
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).

The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is
applied on total external subaward costs.

The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical
Research Acquisition Activity on September 1, 2022.



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2024 02/28/2025

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

1Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 1

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 86,601.00 25,478.00 112,079.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 112,079.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

1 Research Assistant (Thammavong) 4.00 0.00 0.00 15,585.00 4,585.00 20,170.00

1 Research Associate III (Yan) 6.00 0.00 0.00 41,560.00 12,227.00 53,787.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 31,669.00 9,317.00 40,986.00

1 Research Assistant (TBD) 12.00 0.00 0.00 42,000.00 12,356.00 54,356.00

Total Number Other Personnel Total Other Personnel4 169,299.00

Total Salary, Wages and Fringe Benefits (A+B) 281,378.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Steriguard Biosafety cabinet thermo scientific: 48in, 1300Series 6,450.00

CTL Analyzer 79,000.00

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment:

85,450.00

View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 55,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 55,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 421,828.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 421,828.00 154,980.00

FY23_HJF Companywide G&A 16.70 576,808.00 96,327.00

Total Indirect Costs 251,307.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 673,135.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 673,135.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2025 02/28/2026

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

2Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 2

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 89,978.00 26,472.00 116,450.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 116,450.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

1 Research Assistant(Thammavong) 4.00 0.00 0.00 16,193.00 4,764.00 20,957.00

1 Research Associate III (Yan) 6.00 0.00 0.00 43,181.00 12,704.00 55,885.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 32,904.00 9,680.00 42,584.00

1 Research Assistant (TBD) 12.00 0.00 0.00 43,638.00 12,838.00 56,476.00

Total Number Other Personnel Total Other Personnel4 175,902.00

Total Salary, Wages and Fringe Benefits (A+B) 292,352.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 55,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 55,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 347,352.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 347,352.00 127,617.00

FY23_HJF Companywide G&A 16.70 474,969.00 79,320.00

Total Indirect Costs 206,937.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 554,289.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 554,289.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2026 02/28/2027

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

3Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 3

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 93,488.00 27,504.00 120,992.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 120,992.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

1 Research Assistant(Thammavong) 4.00 0.00 0.00 16,824.00 4,950.00 21,774.00

1 Research Associate III (Yan) 6.00 0.00 0.00 44,865.00 13,199.00 58,064.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 34,187.00 10,058.00 44,245.00

1 Research Assistant (TBD) 12.00 0.00 0.00 45,340.00 13,339.00 58,679.00

Total Number Other Personnel Total Other Personnel4 182,762.00

Total Salary, Wages and Fringe Benefits (A+B) 303,754.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 55,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 55,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 358,754.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 358,754.00 131,806.00

FY23_HJF Companywide G&A 16.70 490,560.00 81,924.00

Total Indirect Costs 213,730.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 572,484.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 572,484.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2027 02/29/2028

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

4Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 4

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 97,134.00 28,577.00 125,711.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 125,711.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

1 Research Assistant (Thammavong) 4.00 0.00 0.00 17,480.00 5,143.00 22,623.00

1 Research Associate III (Yan) 6.00 0.00 0.00 46,615.00 13,714.00 60,329.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 35,521.00 10,450.00 45,971.00

1 Research Assistant (TBD) 12.00 0.00 0.00 47,108.00 13,859.00 60,967.00

Total Number Other Personnel Total Other Personnel4 189,890.00

Total Salary, Wages and Fringe Benefits (A+B) 315,601.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 35,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 35,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 350,601.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 350,601.00 128,811.00

FY23_HJF Companywide G&A 16.70 479,411.00 80,062.00

Total Indirect Costs 208,873.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 559,474.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 559,474.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2028 02/28/2029

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

5Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 5

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 100,922.00 29,691.00 130,613.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 130,613.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

2 Research Assistant(Thammavong) 4.00 0.00 0.00 18,162.00 5,343.00 23,505.00

1 Research Associate III (Yan) 6.00 0.00 0.00 48,433.00 14,248.00 62,681.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 36,906.00 10,858.00 47,764.00

1 Research Assistant (TBD) 12.00 0.00 0.00 48,945.00 14,399.00 63,344.00

Total Number Other Personnel Total Other Personnel5 197,294.00

Total Salary, Wages and Fringe Benefits (A+B) 327,907.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 35,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 35,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 362,907.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 362,907.00 133,333.00

FY23_HJF Companywide G&A 16.70 496,242.00 82,872.00

Total Indirect Costs 216,205.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 579,112.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 579,112.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



Section A, Senior/Key Person

Section C, Equipment

RESEARCH & RELATED BUDGET - Cumulative Budget

Section D, Travel

Domestic

Section E, Participant/Trainee Support Costs

Foreign

Tuition/Fees/Health Insurance

Stipends

Travel

Subsistence

Other

Number of Participants/Trainees

1.

2.

3.

4.

5.

6.

1.

2.

Section F, Other Direct Costs

Materials and Supplies1.

Publication Costs2.

Consultant Services3.

ADP/Computer Services4.

Subawards/Consortium/Contractual Costs5.

Equipment or Facility Rental/User Fees6.

Alterations and Renovations7.

8.

9.

10.

Totals ($)

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)

Other 1

Other 2

Other 3

Section B, Other Personnel

605,845.00

915,147.00

21

1,520,992.00

85,450.00

235,000.00

235,000.00

0.00

Other 411.

12.

15.

17.

16.

14.

13.

Other 5

Other 7

Other 6

Other 8

Other 10

Other 9



Section G, Direct Costs (A thru F) 1,841,442.00

Section J, Fee

Section I, Total Direct and Indirect Costs (G + H)

Section H, Indirect Costs 1,097,052.00

2,938,494.00

2,938,494.00
Section K, Total Costs and Fee (I + J)
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Equipment

The laboratories are located in the Department of Microbiology and Immunology at USU.

The following equipment is supplied in the laboratory:

- Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope)
- BioRad BioPlex 200 HTF multiplexing system
- Luminex MagPIX multiplexing system
- BioRad iQ5 real-time PCR system
- Lonza Nucleofector 4D Shuttle – core unit and X-unit
- Coulter Z1-Dual cell counter
- centrifuges: Eppendorf 5425 microfuges (4); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i;

various rotors
- inverted microscopes for tissue culture (3)
- gel electrophoresis equipment for protein (7) and DNA (12) gels
- semi-dry protein transfer apparatus (4)
- Perkin-Elmer and Eppendorf thermal cyclers (5)
- ELISA plate readers (2)
- balances (6)
- pH meter (2)
- refrigerators
- freezers (-20 C, -80 C)
- platform orbital shakers (5)
- sonicator with cup horn and microtip
- bacterial shakers (6)
- heating blocks (16)
- waterbaths (14)
- biosafety cabinets (6)
- CO2-tissue culture incubators (11)
- Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring (6)
- GE-ATKA low pressure chromatography systems, including UV detectors and fraction collectors (2)
- CTL S6 Universal Analyzer

The following equipment is supplied as common support equipment within the department:

- Fuji LAS-4010 chemiluminescence/fluorescence CCD camera imaging system
- IVIS in vivo imaging system (equipped to detect luminescence and fluorescence)
- 2D gel electrophoresis system (protein)
- Alpha-Innotech gel documentation system (EtBr-stained gels)
- MilliQ ultra-pure water system
- Nanodrop spectrophotometer
- Luminometer
- Fluorescence plate readers (2)

The University Biomedical Instrumentation Center, USUHS provides other resources and is also located
on- site and provides a wide variety of services, including:
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Translational Imaging Facility
- Siemens Inveon SPECT/PET/CT Scanner
- Bruker In-Vivo Xtreme II: supports bioluminescence, X-ray, and direct radioisotopic imaging
- Bruker Biospec 70/20 USR MRI
- Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications

Flow Cytometry
- Becton-Dickinson (10- and 13-parameter) LSRII FACS analyzers (2)
- 15-parameter FACSAria II FACS sorter, including a 541nm laser upgrade for sorting of RFP-expressing

cells
- Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software
- Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system
- Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit

Microscopy
- Zeiss 710NLO confocal system with 405/458/488/514/561/633 conventional lasers and a Coherent

Ultra2 Ti-Sapphire laser for multiphoton excitation, continuously tunable over the range of 690 to 1080
nm

- Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines
- Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy

(SR-SIM), photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction
microscopy (dSTORM). System is fully equipped, including the 3D-PALM/dSTORM option.

- Becker-Hickl 2-detector FLIM system (for FRET – attached to Zeiss 710NLO)
- Zeiss AxioExaminer.Z1 upright confocal system with Coherent Chameleon multiphoton laser for in vivo

imaging and electrophysiology
- Zeiss AxioImager.M2 upright microscope and MicroBrightField Stereo Investigator software (stereology

analysis).
- Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage

plus atmosphere and temperature control
- Wide-field fluorescence microscopes (3)
- Transmission electron microscope (Philips CM100 transmission EM)
- Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment)
- Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology

package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize;
Metamorph.

Genomics
- Fuji FLA-5000/LAS-3000 chemiluminescence/fluorescence CCD/laser scanning imaging systems
- ABI 9800 Fast Thermal Cycler
- ABI 7500 Real Time PCR System
- ABI 3500xl Genetic Analyzer
- ABI 394 DNA/RNA Synthesizer (2)
- ABI 3900 DNA Synthesizer
- Eppendorf epMotion 5075 VAC Liquid handling robot
- Thermo Scientific Evolution 300 UV/Vis Spectrophotometer
- Systec MediaPrep & Plate Pourer

Proteomics
- Agilent 1100 HPLC (2)
- AB SCIEX Voyager DSTR MALDI-TOF mass spectrometer
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- AB SCIEX Q-TOF tandem mass spectrometer
- Genetix QArray2 Micro array printer

Histopathology
- Fee-for-service histology and immunohistochemistry
- Nanozoomer digital slide scanner

Structural Biology
- X-ray crystallography facility with a Rigaku HighFlux HomeLab X-ray diffraction system, including:

o MicroMax-007 HF, a microfocus rotating anode generator
o R-AXIS Imaging Plate detector
o X-stream 2000 cryogenic system
o AB Sciex 4000 QTRAP LC/MS/MS System
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Facilities and Other Resources

Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which
approximately half of the physicians in the Armed Services receive their graduate training. Research at USU is
supported primarily by extramural grants, as in other medical schools. Dr. Broder (PI) is a tenured Professor
and Chair of the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.
The overall focus of the Department is mechanisms of infectious diseases and the host response/immunology.
Faculty interests and active research programs at USU are diverse, with many nationally- and
internationally-known investigators. Dr. Broder, the PI, has had and is currently involved in active collaborations
within the University, in areas of viral immunology and vaccine and antiviral therapeutics and animal model
development. USU is also physically located directly across from the main NIH campus in Bethesda. The
overall broad scientific environment at both USU and the NIH is highly conducive to productive collaborations.
The PI often uses these resources to his advantage, both for his research objectives and interests and in
assisting in adjunct faculty appointments within the Emerging Infectious Diseases graduate program for both
on and off-campus scientists interested in participating in graduate education and graduate student training.
Overall, the available technical resources (and University support for continually improving technical
resources) is exceptional. In addition, multi-lab Immunology journal club, Immunology data club, Virology
journal club, and virology data club exist. Approximately 10 groups regularly participate in the immunology
journal/data club and 5 groups regularly participate in the virology journal/data club.

Dr. Broder has been well-supported by the Department of Microbiology and Immunology and the USU Office of
Research. Although USU is a modest-sized medical school, the technical resources are outstanding, rivaling
many very large institutions (see below). The modest size of the school is an advantage, as key pieces of
equipment (e.g., Bruker In Vivo Xtreme II; Siemens Inveon SPECT/PET/CT Scanner) are not overbooked and
therefore readily available to the laboratory personnel. In addition to University funds, we have successfully
used the NIH S10 mechanism to purchase advanced and very expensive equipment, including the Zeiss
710NLO system and the FACSAria 15-parameter cell sorter. Overall, the available technical resources (and
University support for continually improving technical resources) is exceptional, as is illustrated by the most
recent USU purchase of cutting-edge equipment: the Zeiss Elyra PS.1 super-resolution microscope.

Laboratory: Dr. Broder’s laboratories are divided into 3 rooms totaling 1,440 sq. ft. Both investigators possess
routine equipment for microbiology, molecular biology, and biochemistry including incubators, centrifuges,
inverted microscopes, gel electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH
meters, refrigerators, freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks,
water baths, free-standing biosafety cabinets, and CO2-tissue culture incubators. Additionally, Dr. Broder’s lab
is equipped with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence
microscope, upgraded in 2015), a BioRad iQ5 real-time PCR system, and a Lonza Nucleofector 4D Shuttle.
Dr. Broder’s lab also includes two complete GE-ATKA low pressure chromatography systems, with integrated
UV detectors, fraction collectors, and pump systems, and gradient fractionator apparatus. Dr.
Broder’s lab performs virus based assays that incorporate primarily 2 techniques: plaque assays and
neutralization assays. Both of these techniques determine viral concentration and/or viral quantity and require
manual counting of plaques/clear areas (plaque assay) or manually counting GFP foci using a fluorescent
microscope (neutralization assays). Since a large number of iterations with multiple viruses are performed
routinely, Dr. Broder acquired a CTL S6 analyzer, which is an automated plate reader that can read up to 4
fluorescent colors, captures 25 megapixel images and is able to recognize over 11,000 spots per well in a 96-
well plate format. The analyzer can efficiently handle a large number of 96-well plates required for assay
characterization and development thus allowing for a high-throughput workflow with the use of minimal
reagents. Operator bias is also diminished when counting plaques/GFP foci from processed images allowing
for consistent, objective and statistically reliable results. Washed formalin fixed 96-well plates are first loaded
into the analyzer and the software takes a high quality image of each well. Using the Basic count feature in the
software package the user establishes parameters, which is used to enumerate GFP foci in each well of a
single 96-well plate or from batch processing multiple plates. The counts can then be exported as an Excel file,
which can be used to generate neutralization profiles for example. Conventional plaque assays and virus
neutralization assays can take between 5- 7 days to complete, whereas the protocol established with the CTL
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S6 analyzer has reduced the time to 3 days. Postdocs, students, and technicians have desks and computers in
the laboratory.

Animal: Animals are maintained in University facilities under the supervision of a full-time veterinarian.
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. It, and
the University’s animal care and use program, is managed by the Center for Laboratory Animal Medicine,
which is directed by a veterinarian who is an ACLAM Diplomat and staffed with three other veterinarians, a
graduate animal husbandry man, and about 30 technicians. The University is able to provide appropriate care
for a wide variety of laboratory animal species, from invertebrates to lower vertebrates, to higher vertebrates
including non-human primates and domestic livestock, as well as the more commonly used species such as
rodents and rabbits. The facility also includes a number of properly equipped ABSL-2 rooms.

Computer: Windows-based computers as well as Apple Mac all within 4 years of life cycle. They are available
for routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories. The
University maintains site licenses for other image and data analysis software, including Zeiss Axiovision,
VisioPharm, and OriginPro.

Office: Dr. Broder has an office separate from but proximal to the laboratories. Trainees and technicians have
desks in the laboratory. The department employs one senior program manager, administrative officer,
administrative specialist and a microbiologist. Other personnel can be provided as necessary to support the
program.

Clinical: N/A

Other: The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and
Biometrics, provides statistical consulting to USUHS scientific investigators. We routinely consult with Cara
Olsen, Research Assistant Professor (the full-time Biostatistics Consultant of the BCC), regarding proper
design of experiments for statistical testing and for statistical analysis of the resulting data.

The USU Translational Imaging Facility (TIF) houses state-of-the art equipment for live animal imaging,
including a Siemens Inveon SPECT/PET/CT Scanner, a Bruker Biospec 70/20 USR Magnetic Resonance
Imaging system, and a Bruker In-Vivo Xtreme II bioluminescence and X-ray imaging sytem.

The USU Biomedical Instrumentation Center (BIC) houses core equipment for use by investigators throughout
the University. Instrumentation is available either free or on a fee-for-service basis, depending on which
instruments have annual service contracts (which are paid largely through per-hour use fees). The BIC Flow
Cytometry Core includes two Becton-Dickinson (10- and 13-parameter) LSRII FACS analyzers, one 15-
parameter FACSAria FACS sorter, and one Amnis Image Stream X Mark II imaging flow cytometer, as well as
off-line analysis workstations.

The BIC Imaging Core houses three confocal microscopes, including a Zeiss 700 inverted system with
405/458/488/514/561/633 laser excitation; a Zess 710NLO inverted system with 405/458/488/514/561/633
conventional lasers and a Coherent Ultra2 Ti-Sapphire laser for multiphoton excitation, continuously tunable
over the range of 690 to 1080 nm; and a Zeiss AxioExaminer-Z1 upright microscope equipped with a direct-
coupled Coherent Chameleon tunable infrared laser for ex vivo and in vivo mutliphoton imaging projects. A
Becker-Hickl two-detector FLIM system (for FRET analyses) is connected to the inverted Zeiss 710NLO
system. Recently, the BIC has also acquired a Zeiss Elyra PS.1 super-resolution microscope, which is capable
of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-parameter PALM (Photoactivation
localization microscopy) and dSTORM (direct stochastic optical reconstruction microscopy), as well as 3D-
PALM/dSTORM. The BIC also houses a Leica AF6000 system, consisting of an inverted microscope equipped
with a fully motorized 3-axis stage plus atmosphere and temperature control, allowing extended term (days)
live cell analyses. Additionally, there is a stereology system consisting of a Zeiss AxioImager.M2 upright
microscope connected to MicroBrightField's Stereo Investigator software package. The facility also includes
several additional wide-field fluorescence microscopes, and three offline data analysis stations with software
packages including: Zeiss Zen software and full Physiology package; Media Cybernetics' 3D Constructor,
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Image Pro Analyzer, Autodeblur, and Autovisualize; Metamorph Basic. The Imaging Core also includes a
transmission electron microscope (Philips CM100 transmission EM) and an ultramicrotome (Leica EM UC6
with EM FC6 cryo attachment).

The BIC Genomics core includes an ABI 3900 DNA synthesizer, an ABI3500xl Genetic Analyzer (for
sequencing), a RochLightCycler 480 for real-time PCR, and Systec Mediaprep and Plate Pourer instrument.
There is also an integrated Fuji FLA-5000/LAS-3000 imaging system for many applications that involve
fluorescence and chemiluminescence imaging of gels and blots. The BIC Proteomics Core includes two
Agilent 1100 HPLCs, an AB SCIEX Voyager DSTR MALDI-TOF mass spectrometer, and an AB SCIEX Q-TOF
tandem mass spectrometer.

The BIC Structural Biology Core includes a Rigaku HighFlux HomeLab X-ray diffraction system, with a
MicroMax-007 HF microfocus rotating anode generator, an R-AXIS Imaging Plate detector, and an X-stream
2000 cryogenic system. Other available BIC instruments and services include histopathology and PET/CT
instrumentation for small animal research.

A full-time statistician is available at the University for consultation on data analysis and to help with statistical
analysis.

The University also has an equipment repair service, central duplicating service, audiovisual service, and
microcomputer support service. The University Learning Resource Center is a high quality medical and
scientific library with additional microcomputers and support. A wide variety of scientific journals are available
in print and via remote computer access. A central autoclave/glassware washroom serves the Department of
Microbiology and Immunology and is maintained through extramural grant support.
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Resource Sharing Plan (to include sharing research data, model organisms and data)

We routinely present data derived from our studies at scientific meetings such as the American Society for
Virology (ASV), American Society for Microbiology, Keystone Symposia among others, and when components
are completed, invention disclosures filed, and following consultation with our appropriate technology transfer
offices, we publish and disclose our findings. We have always made our reagents and data available to other
investigators, and when appropriate, complete MTAs in a timely fashion. If research findings we deem sensitive
are requested by outside parties, prior to publication mutual non-disclosure agreements will be put in place. In
addition, we will have a free exchange of findings and data with all our consultants and collaborators. We will
adhere to all institutional, state and federal resource sharing guidelines and agree to share knowledge, research
materials, and any other resources necessary and relevant to the particular focus of the grant, recognizing that
final authorization will be cleared with all appropriate organizational parties. We will make all data gathered
available quickly and in an easy-to-interpret format, adhering to confidentiality regulations, provided that this does
not conflict with our local requirements.

Research resources, research tools, research procedures and protocols, and novel materials such as
recombinant viruses like VSV and rCedV based reporters for LayV and other emerging viruses that may arise out
of the funded studies will be made available to others in the private and public sector as soon as appropriate
agreements covering such transfer can be executed, or in the case of project data, shall be published as soon as
possible or otherwise shared with other researchers pursuant to NIH policies regarding data sharing.

The USU and HJF Joint Office of Technology Transfer (JOTT) will coordinate all technology transfer activities for
data and resources generated by USU and UTMB and Novartis. The JOTT will adhere to all applicable policies,
principles, guidelines and procurement rules in making unique research resources readily available for research
purposes to qualified individuals and entities, and in ensuring that there is no more than a short–term restriction
on publication or public dissemination of data in order for the JOTT to evaluate and file for patent protection on
any subject invention that may arise from the funded study. Dissemination of unpublished data that is considered
to be proprietary or confidential shall occur pursuant to a suitable confidential disclosure agreement prepared by
the JOTT as required. Material transfer agreements, license agreements, and Cooperative Research and
Development Agreements (CRADAs), as appropriate, will be used to transfer material property. Material transfer
agreements will be established to share resources among the research community for noncommercial research
use.
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Select Agents

No select agents are used in this research.

We will generate and characterize recombinant forms of Cedar virus and Vesicular Stomatitis Virus.
These viruses are categorized as BSL-2. Drs. Broder and Amaya have approved biosafety protocols
for in vitro research with Cedar virus. All members of the Broder lab have received specific training in
laboratory safety and the proper use and disposal of BSL-2 organisms. Dr. Broder has BSL-2 certified
laboratories where work with these agents will be conducted.



SPECIFIC AIMS 

Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health. Among 
these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah virus (NiV) 
and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely broad tropism 
capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and -B3 ligands as 
entry receptors, and infection often results in a systemic and fatal respiratory and/or neurological disease in 
multiple mammalian species including humans. NiV and henipaviral disease are also included in the WHO List 
of Priority Pathogens, and are significant threats to humans and livestock in South and South East Asia and 
Australia. HNVs have two membrane glycoproteins: the attachment (G) and the fusion (F) glycoproteins that are 
the major targets of neutralizing antibodies and focus of all vaccine and antiviral monoclonal antibody (mAb) 
strategies. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide 
complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or 
HeV in 4 species including nonhuman primates (NHPs). With no licensed vaccines or treatments available for 
human use, Research Project 2 (RP2) will address this critical need using the prototype HNVs as a model to 
develop, test, and translate a novel vaccination platform. We have recently tested a thermostable, needle-free, 
adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable microneedle patch (MNP)-
based HeV-sG vaccine as a new tool for pandemic preparedness against HNVs. Our preliminary data 
demonstrate potent immunogenicity of the PPZ-MNP-HeV-sG vaccine in mice, inducing robust antigen-specific 
HNV cross-neutralizing antibody and cellular immune responses. This new approach may afford a new, rapid, 
adaptable and readily deployable vaccination strategy. We will use MNP vaccines and evaluate HeV-sG and 
new stabilized soluble forms of HNV G and F glycoproteins (sGtet and sFstb) in immunogenicity and challenge 
studies. We have also extensively studied the nonpathogenic HNV, Cedar virus (CedV); develop a reverse 
genetics system, generated recombinant CedV (rCedV) and rCedV chimeric virus tools by swapping the G and 
F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput neutralization platform. 
Recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related Mòjiāng virus and 
Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not use ephrins as entry 
receptors. Also, another divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. Here, 
we also propose to adapt the MNP vaccine platform to LayV, rescue rLayV in collaboration with Core E, and 
develop additional LayV and AngV reporter virus tools, and we will translate and test the MNP vaccine plug-
and-play approach, and evaluate new mAbs and nanobodies generated by Core D and RP4 and RP5 to the 
prototype HNVs and new divergent and/or potential zoonotic HNVs. Specifically, we will: 

Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines.   

We will test and compare NiV-sGtet, NiV-sFstb, HeV-sFstb and HeV-sG as vaccine immunogens using PPZ-MNPs. 
Murine studies will evaluate their immunogenicity and antiviral humoral responses and homologous and 
heterologous neutralizing antibody inducing potentials. Best-in-class vaccines will then be evaluated in NiV-B 
and HeV challenge studies in ferrets, and then selected vaccines advanced to evaluation in NHPs. 

Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 

We will construct reverse genetics tools and rescue rLayV and reporter-gene encoding rLayV. Virus rescue will 
be conducted in collaboration with Core E at UTMB. Alternate reporter virus tools will also be generated using 
rCedV and vesicular stomatitis virus (VSV) platforms encoding HNV F/G glycoproteins. Rescued viruses will be 
characterized in cell-based assays. rLayV virus will be examined in vivo (new animal models) by Core E. 

Aim 3: Evaluate HNV-specific antibodies and nanobodies developed by the Center’s RPs and Core D.  

We will utilize our unique HNV tools and high-throughput virus neutralization platforms to evaluate PPZ-MNP 
vaccine-induced immune sera and the virus specific mAbs and nanobodies developed by Center. These 
experiments will help facilitate down-selection of vaccine antigens and prioritize best-in-class antiviral antibodies. 

Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. 

We will demonstrate the broad applicability of the PPZ-MNP subunit-based vaccine platform for the development 
of safe, skin-targeted, and effective vaccines using alternate recombinant paramyxovirus glycoprotein antigens.  

These proposed studies to develop and apply the rapid, adaptable and readily deployable MNP 
vaccination platform is innovative and unique, and the development of the new virological tools to help facilitate 
the translational nature of this approach and evaluate new antiviral antibody-based countermeasures will foster 
pandemic preparedness tool-set to combat future emerging paramyxovirus threats. 
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Abstract 

Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia. There are currently 
no vaccines or therapeutics approved for human use. Notably, development of countermeasures for NiV and 
HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few research 
groups worldwide have access to the required biocontainment facilities to perform preclinical studies with these 
important human viral pathogens. To address this problem, we are developing a BSL-2 animal model that is 
based on Cedar virus (CedV), which is a non-pathogenic henipavirus.  Specifically, we are employing 
recombinant Cedar viruses (rCedVs) in which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) 
are expressed in the rCedV genome, replacing CedV F and G. Additionally, we have also incorporated our 
recently developed in vivo bioluminescence methodology to longitudinally trace the dynamics and anatomical 
progression of rCedV-luciferase (rCedV-luc) infections in individual animals.  Using various approaches to 
inhibit the host innate immune response in mice, we have demonstrated sustained replication of rCedV-luc and 
the rCedV-NiV-luc and rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable 
expression in the brain, both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-
luc causes neurological dysfunction and death in specific strains of mice.  The rCedV-luc platform is thus an 
authentic henipavirus system that can be used to study henipavirus in vivo biology safely and expediently under 
BSL-2 containment.  Our overall hypothesis is that rCedV-luc infection of mice lacking specific innate immune 
responses represents a BSL-2 platform for the study of henipavirus biology and pathogenesis, as well as for 
development and testing of anti-viral countermeasures. We will address this hypothesis through three Specific 
Aims: Aim 1: To optimize the use of immunodeficient mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a 
robust BSL2 model of pathogenic henipavirus disease; Aim 2: To determine the mechanism of rCedV-NiV 
neurovirulence; Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections. Aims involve synergistic collaborations with several other research projects and cores in 
this U19 program. Successful completion of these Aims will establish the rCedV-luc mouse model as a robust 
BSL-2 platform for the exploration of henipavirus pathogenesis and countermeasures.
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Authentication of Key Biological and Chemical Resources  

The reagents that are used in the Schaefer lab are routinely authenticated as follows: 

Expression constructs:  All new expression constructs are verified by (1) restriction digest and electrophoretic 
separation of fragments to ensure fragments of the predicted size are generated and (2) sequencing to ensure 
the correct sequence is present with no spurious mutations. 

Antibodies: Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly, the 
staining/blotting performance of new antibody lots are compared against previous lots; (2) For new antibodies, 
banding/staining patterns are compared against published data; (3) Whenever possible, new antibodies are 
also validated using objective controls, such as cells known to lack the protein of interest (e.g., knockout cells) 
or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by the new antibody 
is compared side-by-side with staining by the epitope-tag antibody). 

Cell lines: Cell lines are routinely validated using flow cytometry for key cell surface markers and/or functional 
tests. Cell lines transfected for virus production are validated via measuring titers of virus in the resultant 
supernatants. 

Viruses: Viruses are validated through a combination of genome sequencing, infectivity and functional testing. 
Rescued recombinant viruses are validated through genome sequencing, with comparison to the original 
cloned full length viral genomes. 

Mice: Every new litter of knockout animals is PCR screened for both the wild-type and inactivated allele, with 
validated wild-type and knockout control DNAs included in every screen. For transgenic animals, presence of 
the transgene is PCR verified in every litter, with validated controls included in the screen. Additional screens 
include periodic western blotting and/or FACS analysis of tissues/cells from knockout animals, to validate that 
PCR-identified knockouts indeed fail to express the protein product of the inactivated gene. 

Commercial chemical reagents: Such reagents are validated by one or both of the following: (1) performance 
comparison to previous lots of the same reagent; (2) use in an established assay that incorporates one or 
more validated performance controls. 



Budget Justification – RP3 – Schaefer
The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the

Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded.

Key Personnel:

Brian. C. Schaefer, Ph.D. (Site Principal Investigator, 1.2 calendar months, 10% effort) is a Professor of
Microbiology and Immunology at USUHS. His expertise is in cellular immunology, animal models of immune
responses in the central nervous system and applying advanced imaging methods to biological questions. He
and Dr. Broder have been collaborating for nearly a decade on creating animal models and investigating
therapeutic interventions for neurotropic viral infections. The preliminary data in this application resulted from
this collaboration, through an NIH-funded U19 grant (with aims that do not overlap the aims of this proposal).
Dr. Schaefer will direct all animal studies in this project, managing and advising staff and overseeing data
collection and data analysis. Dr. Schaefer will manage the overall experimental direction, the writing and
editing of manuscripts for publication and the preparation of progress reports and other administrative functions
related to this project, with assistance from the Senior Staff Scientist. (Dr. Schaefer is a full-time Federal
employee. Hence, no salary is requested for this project).

Other Personnel

†To be named (Scientist II, 9 calendar months, 75% effort). A Scientist with experience in animal models and
transcriptomics analysis will be recruited for this project. This Scientist will supervise animal research studies,
coordinate, conduct and supervise data analyses for transcriptomics studies. The scientist will also coordinate
overall data analysis and will participate with Dr. Schaefer in preparation of manuscripts for funding and in
preparing progress reports and performing other administrative tasks related to the conduct of this project. The
Scientist II will be employed by the Henry M. Jackson Foundation, and salary support is requested on this
project.
†To be named (Postdoctoral fellow, 12 calendar months, 100% effort). A Postdoctoral fellow with experience in
animal research and virology will be recruited for this project. The Postdoctoral fellow will perform
approximately half of the animal experiments proposed for this study. The Postdoctoral fellow will be employed
by the Henry M. Jackson Foundation, and salary support is requested on this project.
†Celeste Huaman (Graduate Student, 12 calendar months,100% effort) will perform approximately half of the
proposed in vivo experiments described in this proposal. Ms. Huaman is a senior graduate student in Dr.
Schaefer’s lab, who has been working collaboratively with members of the Broder lab on this project. Notably,
Ms. Huaman generated the majority of preliminary data in this proposal, and has extensive experience in all
procedures and analysis techniques required for the execution of the proposed experiments. Ms. Huaman
worked in Dr. Schaefer’s lab as a Research Assitant II for 5 years before joining the USU Emerging Infectious
Diseases graduate program, and she acquired a very deep technical skill set during that time. Ms. Huaman
completed the CEEZAD BSL-3 training course at the Biosecurity Research Institute of Kansas State University
in 2021, and she has trained most current laboratory staff in proper BSL-2 technique. Ms. Huaman is currently
employed by the Henry M. Jackson Foundation, and salary support is requested for her on this project.
†Caitlyn Clouse (Research Assistant II, 9 calendar months, 75% effort) will provide general technical support,
performing routine tissue culture, ordering reagents, and maintaining databases, as required for the project.
Ms. Clouse will also perform genotyping of animals breeding at Charles River Lab and she will maintain
detailed records of animal genotypes. She will also assist the postdoctoral fellow and Ms. Huaman with all
animal experiments. Ms. Clouse completed the CEEZAD BSL-3 training course at the Biosecurity Research
Institute of Kansas llent technical support, including assistance to Ms. Huaman in gathering the preliminary
data for this project. Ms. Clouse is an employee of the Henry M. Jackson Foundation and we are requesting
salary support for her on this project.



†Camille Alba (Research Associate, The American Genome Center (TAGC), 1.85 calendar months, 15.4%
effort) will be responsible for leading the collaborative performance task for this study. She will oversee
performance of library preparation, library quality assessment, library clustering and whole genome sequencing
of the samples across the entire project. She will report Illumina NovaSeq platform performance metrics to the
collaborating staff scientist and oversee data transfer batches. Ms. Alba is employed as a Henry Jackson
Foundation employee therefore salary support is requested.

†A merit increase has been added to years 2-5 of the personnel budget to account for salary increases for
Henry M. Jackson Foundation personnel.

Equipment:
An ultralow (-80 C) freezer, ThermoFisher Scientific Model TSX60086A ($12,123), is needed for storage of the
many RNA samples, viral stocks and frozen tissues (for sectioning) and slides with frozen sections. Dr.
Schaefer’s current -80 freezers are filled to capacity.

Travel: (Year 1)

Funds are requested to attend two domestic scientific conferences or one international conference. This travel
is for data presentation, exchange of ideas with colleagues, and for keeping up-to-date regarding the latest
research findings relevant to the proposed project. Meeting attendance and data presentation is a key
component of postdoctoral and graduate student training.

Materials and Supplies: $48,000 - year 1-2; $43,200 - year 3; $33,000 - year 4; $20,000 - year 5

For the laboratory to successfully complete the experiments, the project will need to procure the following
reagents and supplies:

General Laboratory Supplies

Serological pipettes, microscope slides and coverslips, pipet tips, microcentrifuge tubes, sterile conical
tubes, ultracentrifuge tubes, syringes, needles, gloves, respirators, gowns, buffers, flasks, plates, etc.

Materials

Trizol reagents, RNAse-free DNAse, RNAse-free water and buffers, Reverse Transcriptase, Taq
Polymerase, qPCR master mix, RNAse-free consumables for tissue homogenization, magnetic beads for cell
sorting, tissue culture media, fetal bovine serum, antibiotics, etc

Real-time PCR probes

DNA oligonucleotide

Labeled antibodies for histology and flow cytometry

Animal costs (procurement and husbandry): $34,728 - year 1; $ 48,046 - year 2-5
Animal Breeding at Charles River Labs

The breeding of experimental mice at USU is contracted to Charles River Labs (CRL). All aspects of animal
care and breeding are managed by CRL, while genotyping of progeny is performed by Dr. Schaefer’s group,
using biosamples collected and shipped by CRL. We maintain a colony of B6-albino Ifnar1-/- mice and
B6-albion STAT1-/- mice in our breeding colony at CRL. For this project, we expect to maintain 12 breeding
cages and 12 progeny cages to supply the animals needed for the proposed experiments. ($1.80/cage/day x
24 cages x 365 days = $15,768 + Transportation charges $1,500 = $20,768).



Animal Husbandry at USU

Animal facility (DLAR) mouse per diems:
USU DLAR FY24 per diem for biohazardous mice is $4.78/cage/day. We expect to have an average of 8
experimental cages housed in the facility (8 cages x 365 days x $4.78/cage/day = $13,957.60/yr)

Translational Imaging Core (BRIC): $23,400 year 1; $39,000 year 2 - 5
BRIC – IVIS Spectrum CT bioluminescence imaging (9 hr/week x 52 weeks/yr x $50/hr = $23,400/yr)

Biomedical Instrumentation Core (BIC): $10,608 year 1 - 5
BIC – flow cytometry (4 hr/week x 52 weeks/yr x $36/hr = $7,488/year).
BIC – confocal microscopy (2 hr/week x 52 weeks/yr x $30/hr =$3,120/year)

The American Genome Center (TAGC): $52,680 year 1 - 5
Transcriptomics studies performed at the USU American Genome Center

Total RNAseq on brain slices from 32 animals/year x $300 per animal

Supplies for Visium Spatial Gene Expression:

Visium CytAssist Spatial Gene Expression for FFPE, Mouse Transcriptome 6.5mm slides (quantity of 16 per
year)

Visium CytAssist Tissue Slide Cassettes

Dual INdex Kit TS set A

S1 Novaseq Flow cells (for spatial transcriptomics sequencing), 2 flow cells/year

Supplies for Single-cell RNAseq:

Chromium Next GEM Automated Single Cell 3' Library and Gel Bead Kit v3.1

Chromium Next GEM Automated Chip G Single Cell Kit

S1 Novaseq Flow cells (for single-cell RNAseq), 1 flow cell/year

Publication costs: $5,000 - year 2
We estimate 2 manuscripts per year for an average cost of $2,500 per publication. This cost estimate is based
on our average fee paid per open access journal publication for the last 3 years.

Indirect Costs:
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).

The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is
applied on total external subaward costs.

The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical
Research Acquisition Activity on September 1, 2022.
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EQUIPMENT 

Schaefer Laboratory 
Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope) 
BioRad CFX Connect real-time PCR system 
Lonza Nucleofector 4D Shuttle – core unit and X-unit  
Coulter Z1-Dual cell counter 
DeNovix CellDrop-FL cell counter with fluorescence 
centrifuges: Eppendorf 5425 microfuges (3); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i; various 
rotors NestAdvance Bullet Blender bead mills (2) 
Miltenyi QuadroMACS separator (2) 
inverted microscopes for tissue culture (2) 
gel electrophoresis equipment for protein (3) and DNA (5) gels 
semi-dry protein transfer apparatus (2) 
Bio-Rad thermal cyclers (2) 
balances (4) 
pH meter 
refrigerators 
freezers (-20 C, -80 C) 
platform orbital shakers (5) 
sonicator with cup horn and microtip 
bacterial shaker 
heating blocks (6) 
waterbaths (8)  
biosafety cabinets (2) 
CO2-tissue culture incubators (3) 
Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring  

Departmental 
GE Healthcare Life Sciences Amersham Imager 680 (for imaging of protein and DNA gels and blots) 
Alpha-Innotech gel documentation system (EtBr-stained gels) 
2D gel electrophoresis system (protein) 
MilliQ ultra-pure water system 
Nanodrop spectrophotometer 
Luminometer 
Fluorescence plate readers (2) 

USU CORE FACILITIES (fee for service or free) 

Biomedical Research Imaging Core (BRIC) 

IVIS® Spectrum CT preclinical in vivo imaging system (2D and 3D bioluminescence and CT imaging) 
Siemens Inveon SPECT/PET/CT Scanner 
Bruker Biospec 70/20 USR MRI 
Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications 

The American Genome Center (TAGC) 

Illumina NovaSeq 6000 systems (7) 
Illumina HiSeq X systems (6) 
Illumina NextSeq 500 system 
10x Genomics Visium CyAssist transcriptomic probe transfer system 
10x Genomics Chromium Connect automated single-cell NGS library workstation  
10x Genomics Chromium Controller massively parallel sample partitioning platform  
Agilent Fragment Analyzer automated parallel capillary electrophoresis systems (2) 
Bio-Rad Experion LabChip Platform automated electrophoresis system 
PRIMER Data Science Core - direct connection to a high-speed network switch for data  

storage on a petabyte-scale Isilon SAN 



Biomedical Instrumentation Center (BIC) 

Flow Cytometry 
Cytek Aurora 5-laser, 64-channel Spectral Analyzer 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5 
Becton-Dickinson 4-laser, 15-parameter LSRII FACS analyzer 
BD FACSAria Fusion 4-laser, 18-parameter flow sorter 
BD FACSAria IIIu 4-laser, 17-parameter flow sorter 
Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software 
Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system 
Agilant Seahorse XPe96 Analyzer 
Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit 

Microscopy 
Zeiss 980 Confocal with Airyscan2 
Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines 
Zeiss 7 MP Multi-photon Confocal Electrophysiology System 
Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy (SR-SIM), 

photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction microscopy 
(dSTORM).  System is fully equipped, including the 3D-PALM/dSTORM option.   

Zeiss Lightsheet Z.1 
Zeiss Axioscan Z1 Slide Scanner 
Zeiss AxioImager M2 upright microscope and MicroBrightField Stereo Investigator software (stereology 

analysis). 
Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage plus 

atmosphere and temperature control 
Transmission electron microscope (JEOL JEM-1011)  
Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment) 
Grid stainer (Leica EM AC20) 
Wide-field fluorescence microscopes (3) 
Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology 

package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize; 
Metamorph.   

Genomics 
3500 XL Applied Biosystems Genetic Analyzer 
Gene Forge 3900 and ABI 3900 and DNA Synthesizer 
U-3000 Thermo-Scientific HPLC system 
Agilent 1200 HPLC 
QX200 Droplet Digital PCR System (ddPCR) 
Roche LightCycler 480 Real-Time PCR System 
Agilent Capillary Electrophoresis Fragment Analyzer 

Structural Biology/Proteomics 
AB Sciex 4000 QTRAP LC/MS/MS System 
Agilent 1200 HPLC 
Wyatt DynaPro NanoStar Dynamic Light Scattering 
GE Healthcare Biacore 3000 Surface Plasmon Resonance 
Art Robbins Instruments Phoenix Crystallization Robot 
JANSi UVEX Fluorescence Microscope 

Histopathology 
Leica Autostainer XL 
Leica CV 5030 Robotic Coverslipper 
Sakura Tissue-Tek VIP tissue Processor 
Leica CM 3050 S Cryostat 
Microm HM 325 Microtome 
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Facilities and Other Resources 

Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which 
approximately half of the physicians in the Armed Services receive their graduate training.  Research at USU is 
supported primarily by extramural grants, as in other medical schools. Dr. Schaefer is a tenured Professor in 
the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.  The overall 
focus of the Department is mechanisms of infectious diseases and the host response/immunology.  Faculty 
interests and active research programs at USU are diverse, with many nationally- and internationally-known 
investigators, including the Department of Microbiology and Immunology chair, Dr. Christopher Broder, who is 
an internationally-known virologist (and centrally involved in this proposal).   

USU is directly across the street from the main NIH campus and close to Johns Hopkins, the University of 
Maryland and several other outstanding institutions, facilitating opportunities to establish productive 
collaborations with world-class investigators.  For example, Dr. Schaefer has had a multi-PI U01 grant with Dr. 
Wolfgang Losert (Dept of Physics, University of Maryland) as the co-PI and Dr. Hari Shroff (NIH/NIBIB) as a 
collaborator. Dr. Schaefer is also primary PI on a multi-PI R01 from NIAID with Dr. YouWen He at Duke 
University Medical Center, and Dr. Thomas Conrads (Women’s Health Integrated Research Center). Dr. 
Schaefer and his staff have also collaborated with the Advanced Imaging Center (AIC) at the Howard Hughes 
Medical Institute (HHMI) for some of their imaging-based research. Overall, the broader scientific environment 
at USU and the greater Bethesda/Washington D.C. metropolitan region is highly conducive to productive 
collaborations.  Dr. Schaefer has been using these resources to his advantage, and has been very active in 
establishing collaborative relationships to facilitate his research objectives. Notably, Dr. Schaefer and Dr. 
Broder have been collaborating for several years on lyssavirus- and henipavirus-related project, and they have 
a very strong working relationship. 

Members of the Schaefer lab participate in a weekly multi-lab Immunology journal club, Immunology data club, 
virology journal club, and virology data club. Approximately 10 groups regularly participate in the immunology 
journal/data club and 5 groups regularly participate in the virology journal/data club.  Also, members of the 
Schaefer lab participate in a bi-weekly data presentation/discussion group which meets monthly.   

Dr. Schaefer has been well-supported by the Department of Microbiology and Immunology and the USU Office 
of Research.  Although USU is a modest-sized medical school, the technical resources are outstanding, 
rivaling many very large institutions (see below).  The modest size of the school is an advantage, as key 
pieces of equipment (e.g., The IVIS® Spectrum CT preclinical in vivo imaging system; Cytek Aurora spectral 
flow cytometer), and 10x Genomics Visium Spatial Transcriptomics instruments are not overbooked and 
therefore readily available to laboratory personnel. Dr. Schaefer is also Chair of the USU Biomedical 
Instrumentation Center (BIC), and thus plays a central role in directing equipment purchases, ensuring that 
needed technologies are available for the research of the PI and his USU colleagues.  In addition to University 
funds, we have successfully used the NIH S10 mechanism to purchase core facility equipment.  Overall, the 
available technical resources (and University support for continually improving technical resources) is 
exceptional, as is illustrated by recent USU purchases of cutting-edge equipment including a Perkin-Elmer 
IVIS® Spectrum CT preclinical in vivo imaging system, a Zeiss Elyra PS.1 super-resolution microscope, an 
Agilant Seahorse XPe96 Analyzer, a BD FACSAria Fusion flow sorter, and many other pieces of advanced 
research equipment. Overall, the available technical resources (and University support for continually 
improving technical resources) is exceptional. 

USU has several Ph.D. programs, including an Emerging Infectious Diseases (EID) program, a Molecular and 
Cellular Biology (MCB) program and a Neuroscience (NES) program.  Dr. Schaefer holds secondary 
appointments in all three programs and is currently Interim Director of the Emerging Infectious Diseases 
Graduate Program. Ds. Schaefer has been very active in training graduate students, having trained >10 Ph.D. 
students.  USU recruits strong graduate students, and Dr. Schaefer’s students have been very productive, 
during and beyond their dissertation studies. The availability of talented graduate students is a further  
resource, promoting productivity and enhancing the overall vibrancy of the scientific environment at USU.     
Laboratory:  Dr. Schaefer’s laboratory area consists of three rooms of 450 sq. ft, 300 sq. ft and 225 sq.ft., and 
a dedicated microscopy suite of 110 sq. ft.  The Schaefer lab contains routine equipment for microbiology, 
molecular biology, and biochemistry including incubators, centrifuges, inverted microscopes, gel 
electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH meters, refrigerators, 
freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks, waterbaths, free-
standing biosafety cabinets, and CO2-tissue culture incubators.  Additionally, Dr. Schaefer’s lab is equipped 



with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence microscope), a 
BioRad CFX Connect real-time PCR system, a Coulter Z1-Dual cell counter, a DeNovix CellDrop-FL cell 
counter and a Lonza Nucleofector 4D Shuttle. Postdocs, students, and technicians have desks and computers 
in the laboratory. 

Animal:  Animals are maintained in University facilities under the supervision of a full-time veterinarian.  The 
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. The 
facility also includes two preclinical behavior cores (one for mice, one for rats). The facility and the University’s 
animal care and use program is managed by the Department of Laboratory Animal Medicine (DLAR), which is 
directed by a veterinarian who is an ACLAM Diplomate and staffed with three other veterinarians, a graduate 
animal husbandryman, and about 30 technicians. The University is able to provide appropriate care for a wide 
variety of laboratory animal species, from invertebrates and lower vertebrates to higher vertebrates including 
non-human primates and domestic livestock, as well as more commonly used species such as rodents and 
rabbits. The facility also includes a number of properly equipped ABSL-2 rooms. 
 
Computer:   Windows-based computers (Intel i5/i7 or similar processors and ≥8GB of RAM) are available for 
routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories of both 
investigators. Dr. Schaefer’s laboratory also has a dedicated workstation for use for analysis of microscopy and 
in vivo imaging data.  Image analysis software in the Dr. Schaefer’s lab includes Zeiss Zen, with a digital 
deconvolution module and numerous tools for quantitative image analysis. The University maintains site 
licenses for other image and data analysis software, including Zeiss Axiovision, VisioPharm, and OriginPro.   
Dr. Schaefer also maintains a license for FlowJo software, which can be used on any networked computer in 
the laboratory. The computers are connected by a central server to each other and to the Internet. A variety of 
USU-supported software programs are available, including EndNote, Microsoft Office, Adobe Creative Cloud, 
Geneious Prime and Graph Pad Prism 9.  
 
Office:  Drs. Schaefer’s office is separate from but proximal to each of his laboratories. Trainees and 
technicians have desks in the laboratory. Four full-time administrative officers and one part-time administrator 
are available to provide support within the department.   

Clinical:  N/A 

Other:  The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and 
Biometrics, provides statistical consulting to USUHS scientific investigators.  We routinely meet with BCC 
consultants regarding proper design of experiments for statistical testing and for statistical analysis of the 
resulting data. 

The USU Biomedical Research Imaging Core (BRIC) houses state-of-the art equipment for pre-clinical studies, 
including a IVIS® Spectrum CT, a Siemens Inveon SPECT/PET/CT Scanner and a Bruker Biospec 70/20 USR 
Magnetic Resonance Imaging system. A Scientist and several staff provide technical support and manage the 
facility. 

The USU American Genome Center (TAGC) is one of only four academic genome centers in the United 
States. It is the Department of Defense operations subsidiary of the Collaborative Health Initiative Research 
Program (CHIRP) established between the National Heart, Lung, and Blood Institute (NHLBI) and USU. Since 
inception, TAGC has generated more than 40,000 whole Genome Sequences across 107 research studies 
sourced from NHLBI, other NIH Institutes, DoD and USU investigators. TAGC is also the sequencing center 
and genome data analysis center for the APOLLO Cancer Moonshot project, and collaborates for this purpose 
with the Murtha Cancer Center (MCC) at Walter Reed, the National Cancer Institute, and the Veterans 
Administration. Through a collaborative relationship with 10x Genomics, USU has early access to newly 
released platforms such as Visium Spatial Transcriptomics (including improvements to that platform). 

The USU TAGC includes a large array of next-generation sequencing instruments including Illumina NovaSeq 
6000 systems, Illumina HiSeq X systems, and an Illumina NextSeq 500 system. A 10x Genomics Chromium 
Connect automated single-cell NGS library workstation is available for automated single cell partitioning, 
barcoding and NGS library preparation.  A 10x Genomics Chromium Controller massively parallel sample 
partitioning platform is available for barcoding single cell RNA for library preparation and for single cell 
transcriptome profiling, including CITE-seq workflows.  10x Genomics Visium CyAssist transcriptomic probe 
transfer system is available to facilitate spatial transcriptomics workflows. Electrophoresis systems include 
Agilent Fragment Analyzers and a Bio-Rad Experion LabChip Platform.  Sequencing platforms are connected 
to a high-speed network switch for data storage on a petabyte-scale Isilon SAN. 



The USU Biomedical Instrumentation Center (BIC) consists of five core equipment facilities for use by 
investigators throughout the University.  Instrumentation is available either free or on a fee-for-service basis, 
depending on which instruments have annual service contracts (which are paid largely through per-hour use 
fees). Each core is run by a full-time Director with an advanced science background (most hold a PhD) and a 
high degree of technical expertise. The majority of cores have at least one additional employee to help manage 
the core and provide guidance and assistance to users. 

The BIC Flow Cytometry Core includes three analyzers (Cytek Aurora 5-laser, 64-channel Spectral Analyzer; 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5; Becton-Dickinson 4-laser, 15-parameter LSRII) 
and two sorters (BD FACSAria Fusion 4-laser, 18-parameter flow sorter; BD FACSAria IIIu 4-laser, 17-
parameter flow sorter) and an Amnis Image Stream X Mark II imaging flow cytometer.  Other equipment 
includes a Bio-Rad Bio-Plex 200 multi-analyte detection system and an Agilant Seahorse XPe96 Analyzer. The 
core has several off-line analysis workstations with FlowJo and other data analysis platforms.   

The BIC Imaging Core houses a wide array of microscopes, including a Zeiss Elyra PS.1 super-resolution 
microscope, which is capable of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-
parameter PALM (Photoactivation localization microscopy) and dSTORM (direct stochastic optical 
reconstruction microscopy), as well as 3D-PALM/dSTORM. Other microscopes include aZeiss 980 Confocal 
with Airyscan2, a Zeiss 700 confocal system, a Zeiss 7 MP Multi-photon Confocal Electrophysiology System, a 
Zeiss Lightsheet Z.1 and a Zeiss Axioscan Z1 Slide Scanner. The facility also includes several additional wide-
field fluorescence microscopes, and three offline data analysis stations with software packages including: Zeiss 
Zen software and full Physiology package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, 
Autodeblur, and Autovisualize.  For electron microscopy needs, the core is equipped with a JEOL JEM-1011 
transmission electron microscope, an ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment), and a 
grid stainer (Leica EM AC20). 

The BIC Genomics core includes a 3500 XL Applied Biosystems Genetic Analyzer, a Gene Forge 3900 and an 
ABI 3900 and DNA Synthesizer, a U-3000 Thermo-Scientific HPLC system, an Agilent 1200 HPLC, a QX200 
Droplet Digital PCR System, a Roche LightCycler 480 Real-Time PCR System and an Agilent Capillary 
Electrophoresis Fragment Analyzer.  

The BIC Structural Biology and Proteomics Core includes a GE Healthcare Biacore 3000 Surface Plasmon 
Resonance instrument, an AB Sciex 4000 QTRAP LC/MS/MS System, an Agilent 1200 HPLC, a Wyatt 
DynaPro NanoStar Dynamic Light Scattering analyzer, an Art Robbins Instruments Phoenix Crystallization 
Robot, and a JANSi UVEX Fluorescence Microscope (for crystal inspection). 

The BIC Histopathology Core includes a Leica Autostainer XL, a Leica CV 5030 Robotic Coverslipper, a 
Sakura Tissue-Tek VIP tissue Processor, a Leica CM 3050 S Cryostat, and a Microm HM 325 Microtome.  

The University also has an equipment repair service, central duplicating service, audiovisual service, and 
microcomputer support service. The University Learning Resource Center is a high quality medical and 
scientific library with additional microcomputers and support.  A wide variety of scientific journals are available 
via remote computer access. A central autoclave/glassware washroom serves the Department of Microbiology 
and Immunology. 
 
 



June 1st, 2023 
 
Dr. Schaefer, 
 
It is with great enthusiasm that I can confirm support for your proposed research study: Research 
Project 3 (RP3), Cedar henipavirus animal model, that is part of the multi-site center application, 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center (PABVAX). This project is a sound 
representation of your research expertise in cellular, histological and molecular methodologies to 
understanding the modulation of infectious viral consequences in the mammalian brain and central 
nervous system, using mice as a model system.  This proposal is centered on exciting preliminary data 
suggesting that infection of STAT1-/- mice with chimeric recombinant Cedar viruses (rCedVs) causes 
neurovirulence and mortality (whereas immunocompetent animals rapidly control infection).  Through 
your proposed transcriptomics studies, we can facilitate your experimental plan to define gene 
expression changes across cell types in the brains of infected animals.  Moreover, through your use of 
distinct recombinant viruses and different immunocompromised mouse strains, we can identify those 
gene expression changes that correlate with neurovirulence and mortality.  The proposed unbiased 
approach to defining pathogenic mechanisms will represent a truly important step in establishing, 
validating and gaining biological insights from this novel BSL-2 model of henipavirus disease.  
 
We are well poised to collaboratively support the high complexity molecular workflows from the well 
curated tissue specimens your team will provide.  At the laboratories of The American Genome Center 
(TAGC), we have model system experience in transcriptomic and proteomic profiling for experimental 
models using whole rodent brain (see PubMed Id (PMID): 21190398, 22291617 and 23118733). 
Specifically, we will assist your laboratory in bulk transcriptomics, single cell RNA-sequencing and 
Visium spatial transcriptomics using 10x Genomics workflows.  We have current standard operating 
procedures for your experiments using the 10x Genomics CytAssist platform and tissue compatibility 
for fixed tissues. We will also provide data analysis through validated pipelines and data storage from 
our compute infrastructure and storage area network.  Importantly, we will build cross-compatible 
protocols with your laboratory team, including a key liason in your laboratory, who has previously 
trained in our genome center.  Our laboratory and Data Science division computational biology 
associates will be available for analysis and interpretation of the data, with your leadership. 
 
I look forward to working with you on this exciting project!  
 
Sincerely, 

Clifton Lee Dalgard, PhD 
Professor 
Department of Anatomy, Physiology & Genetics 
Director, Center for Military Precision Health 
Director, The American Genome Center 
Uniformed Services University of the Health Sciences 
USU is “America’s Medical School” 
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RESEARCH STRATEGY 

Significance and Premise 

The health threats and pandemic potential posed by Nipah virus and Hendra virus. The emergence and 
reemergence of pathogenic zoonotic viruses are continuous threats to global public health.  Two particularly 
pathogenic examples with clear pandemic potential are the henipaviruses, Nipah virus (NiV) and Hendra virus 
(HeV).  NiV and HeV are bat-borne paramyxoviruses that are distinguished from the many paramyxoviruses 
that cause human and animal diseases by their uniquely broad host tropism (18 animal species across 6 
orders of mammals) and their high degree of lethality13.  Henipaviruses, like all paramyxoviruses, are 
membrane enveloped, single-stranded negative-sense RNA viruses, and they possess two major membrane 
anchored glycoproteins involved in virus entry: One mediates host cell receptor attachment (G) glycoprotein 
and the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion.  The 
viral G and F glycoproteins are both the major antigenic targets of neutralizing antibodies and the main focus of 
vaccine and therapeutic antiviral strategies14.  NiV and HeV are Biosafety Level-4 (BSL-4; risk group 4) 
pathogens. Moreover, they are classified as priority agents by US Department of Health and Human Services 
(HHS) because they could be engineered for mass dissemination, and they possess the potential for high 
morbidity and mortality rates and major public health impacts.  Recently, NiV was selected by the World Health 
Organization (WHO) as an epidemic threat needing urgent research and development (R&D) action, and NiV 
has been included in the WHO R&D Blueprint list of priority pathogens with epidemic potential15. To date, there 
have been >630 cases of human NiV infection with >370 fatalities10.  Characteristics of NiV enhancing its 
global pandemic potential include: (i) humans are susceptible to infection; (ii) it is capable of person-to-person 
transmission; (iii) it is an RNA virus with potential to mutate; and (iv) if a human-adapted NiV strain were to 
infect communities in South Asia, high population densities and global interconnectedness would rapidly 
spread the infection16. 

Additional members of the henipavirus family, including a non-pathogenic species, Cedar virus. Nucleic acid-
based detection studies have also identified additional henipavirus species for which complete genomic 
sequences are now available17, 18, including Langya virus, which has also been reported to cause human 
morbidity during zoonotic spillovers19, and Angavokely virus, which may be capable of mammalian 
pathogenesis, due to likely ability to produce V and W proteins20.  Another member of the henipavirus family, 
Cedar virus (CedV), was identified in pteropid bats in 20127. Importantly, although CedV is closely related to 
HeV and NiV and shares the same bat host species as HeV, CedV is not known to be zoonotic and has been 
shown to be nonpathogenic in animals susceptible to HeV and NiV disease including mice, guinea pigs, and 
ferrets7, 21, 22.  A notable distinction between CedV and HeV/NiV lies in the phosphoprotein gene (P), which 
contains the open reading frames for the C, V and W proteins in HeV/NiV.  The CedV P gene does not encode 
the C, V and W proteins, which contribute to HeV/NiV pathogenicity21, 23-25. The absence of C, V and W is an 
important factor underlying the failure of CedV to cause disease in infections of mice, ferrets or guinea pigs7, 22, 

25. Despite the pathogenic differences and lower level of sequence homologies of CedV G to HeV and NiV G
(29% and 30%, respectively), CedV infection, like both HeV and NiV, is supported by the cell surface protein
ephrin-B27, 26 (as well as additional ephrins26) as a functional entry receptor.

CedV as a potential BSL-2 platform for the study of 
henipavirus biology and preclinical testing of 
candidate henipavirus therapies. The Broder group 
(RP2) has been developing CedV as a new 
experimental tool set to study henipavirus host cell 
interactions, including ephrin receptor use, and host 
cell tropism.  Moreover, they have recently 
developed a CedV reverse genetics system to 
rescue recombinant CedV (rCedV)27,  adding a 
gene for firefly luciferase (rCedV-luc)28 to enable 
bioluminescence imaging of viral replication.  
Additionally, they have created chimeric viruses that 
express the F and G glycoproteins of NiV or HeV in 

place of the endogenous CedV F and G (rCedV-NiV-luc and rCedV-HeV-luc; see Fig. 1). Importantly, there is 
no evidence that NiV and HeV F and G suppress the immune response or contribute to any viral activity 

Figure 1. rCedPV variants used in this proposal. Maps are of 
plasmid-based rCedV antigenomes, all of which have been 
generated, sequence validated and utilized to produce infectious 
virus via an in vitro rescue system27. The top line shows the 
genome features of the parental rCedV with only CedV open 
reading frames (ORFs) and no reporter gene.  The second line is 
rCedV with a firefly luciferase reporter inserted between P and M 
(rCedV-luc).  The third and fourth lines are the rCedV-luc chimeras 
in which HeV F and G and NiV F and G (respectively) replace 
CedV F and G. T7p: promoter; HDVRbz: hepatitis D virus ribozyme; 
Le: leader; Tr: trailer.  



beyond binding and fusion to target cells, nor is there evidence that NiV or HeV F and/or G increase the 
pathogenicity of rCedV in immunocompetent hosts. Thus, work with rCedVs can be carried out under BSL-2 
containment settings28.  

The Schaefer group has optimized use of bioluminescence imaging to semi-quantitatively track lyssavirus 
replication in individual animals in a longitudinal manner8, 9.  Working collaboratively, the Schaefer group and 
Broder group (RP2) groups are now developing the rCedV-luc platform as a new technology for the study of 
henipavirus in vivo biology, using mouse models deficient in interferon signaling. From a translational 
perspective, rCedVs are an authentic henipavirus platform suitable for developing live-attenuated NiV/HeV 
vaccines and for preclinical testing of other types of NiV/HeV-directed countermeasures (e.g., mAb and 
nanobody therapy; novel small molecule antivirals).   

In this proposal, we will build on important preliminary data, showing that (i) rCedVs replicate and infect 
multiple organs in mouse strains deficient in interferon signaling; (ii) rCedV-NiV-luc and rCedV-HeV-luc rapidly 
enter and efficiently replicate in the brains of Ifnar1-/- mice; and (iii) rCedV-NiV-luc infection causes 
neurological disease signs and mortality in STAT1-/- mice.  Our goal is to further develop and optimize this 
model for the study of henipavirus neuropathogenesis and the development and validation of novel 
countermeasures, under BSL-2 conditions.  A robust rCedV chimera-based model would represent a 
considerable advance in throughput for preclinical validation of NiV- and HeV-directed therapeutics, in contrast 
to the current cumbersome and costly BSL-4 containment required for such work with NiV and HeV. 

Innovation 

Scientific Innovation: The generation of a BSL-2 mouse 
model of authentic henipavirus infection is novel. Due to 
the use of the mouse model, there is a potential to 
leverage powerful genetic tools and a wide array of 
antibody-based phenotyping reagents to characterize the 
mechanistic basis of the host-virus interaction, 
particularly with regard to the antiviral response.  A 
further innovation is use of the STAT1-/- strain in 
combination with rCedV chimeras to achieve a model of 
CNS-tropic infection that leads to neurological disease 
and mortality. We have thus created a tractable in vivo 
system in which henipavirus-directed therapeutics can 
be evaluated for protection against lethality. Collectively, 
these innovations should dramatically reduce costs and 

enhance throughput of translational studies of henipavirus countermeasures, generally making such studies 
widely accessible to the scientific community.  

Technical Innovation: Our use of luciferase-expressing henipaviruses in mice enables longitudinal tracking of 
infection kinetics and anatomical location8, 9 of rCedV replication.  This innovation was crucial for following and 
semi-quantitatively measuring the progression of infection with a virus that causes no apparent disease signs 
(in the Ifnar1-/- strain that we utilized for our initial pilot investigations).  Application of robust transcriptomics 
approaches, including spatial transcriptomics, represents a further technical innovation that may yield a more 
granular understanding of mechanisms of henipavirus-dependent CNS pathogenesis, thereby potentially 
suggesting novel targets for countermeasures. 

Approach 

Scientific Rigor:  We will utilize both male and female animals for experiments in this proposal. Animal studies 
are planned in consultation with the USU Biostatistics Consulting service.  These planning phases include 
power analyses to determine group size and discussion of appropriate statistical methods for the given type of 
data.  Additionally, prior to publication, collected data are analyzed via in-depth discussions with biostatistics 
consultants to ensure that statistical analyses and any required testing for multiple comparisons have been 
properly performed.  rCedV laboratory manipulation guidelines and standard operating procedures under BSL-
2 conditions were developed for the laboratory and staff, and all procedures were reviewed and approved by 
the Uniformed Services University Institutional Biosafety Committee in accordance with NIH guidelines (see 
Select Agents for further details regarding biosafety measures and approvals).  

Figure 2. rCedV-luc and rCedV-luc chimeras replicates in 
Ifnar1-/- albino mice with similar kinetics.  B6-albino-
Ifnar1-/- mice were infected IP with 107 pfu of rCedV-luc, 
rCedV-HeV-luc or rCedV-NiV-luc. Bioluminescence intensity 
is reported as average radiance (log scale).  



Aim 1: To optimize the use of Stat1-/- mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a robust 
BSL2 model of pathogenic henipavirus disease.  Hypothesis: Infection of Stat1-/- mice with recombinant 
rCedVs will recapitulate major hallmarks of pathogenic NiV and HeV infections in humans. 

 Rationale:     

The Broder (RP2) group at USU has constructed and 
rescued a series of rCedV chimeras that include the 
Photinus pyralis (firefly) luciferase gene to enable 
longitudinal in vivo bioluminescence imaging of 
individual animals, analogous to the system we have 
developed for the study of lyssavirus in vivo infection 
kinetics8, 9.  In addition to the wild-type rCedV reporter 
virus (rCedV-Luc)28, they have also generated two 
types of rCedV chimeras; one bearing NiV-
Bangladesh29 F and G (rCedV-NiV-luc) and the other 
bearing HeV F and G (rCedV-HeV-luc). For these 
reporters, the NiV and HeV F and G replace the Cedar 
F and G (Fig. 1).  Notably, using cell-based infection 
tropism and growth kinetics assays, the luciferase-
expressing chimeras behave identically to the rCedVs 

that do not encode a reporter gene (data not shown and 28), indicating that there is no in vitro growth inhibitory 
effect of the added luciferase reporter gene.   

Pathogenesis by NiV and HeV can largely be attributed to specific 
viral gene products, C, V and W.  Each of these gene products are 
encoded within the P gene.  C is encoded as an alternative 
reading frame within P, whereas V and W are produced via an 
RNA editing process, in which non-templated G residues are 
added at a specific editing site within the nascent P transcript, 
resulting in a reading frame shift.  V and W thus share N-terminal 
sequence with P, but the C-termini differ from P and from each 
other30.  Variants of NiV engineered to lack C, V or W are less 
pathogenic in a variety of animal models, with V being essential 
for lethality in ferrets23, 24, 31, 32.  Although data suggest that these 
proteins inhibit host immunity via multiple independent 
mechanisms33, a very well documented inhibitory effect involves 
the targeting of the host type-I IFN system.  Specifically, data 
show that the NiV P, V and W protein family can bind to multiple 
STAT transcription factors34.  Moreover, these NiV proteins 
strongly inhibit the STAT1-induced host interferon response via 

these binding interactions35, 36.  Although one ferret study has shown that the STAT1 binding site can be 
eliminated without impacting lethality, NiV (and HeV) have multiple mechanisms of interfering with induction of 
the interferon response, including antagonism of STAT2 and RIG-I signailing37, 38. Collectively, evidence thus 
indicates that targeting of the host interferon response is a major immune evasion mechanism of HeV and NiV. 

CedV does not have the RNA editing site that gives rise to the V and W proteins, and it lacks HeV and NiV 
mechanisms of antagonizing the host interferon response21.  Previous studies have shown that wild-type mice 
are inherently resistant to HeV and NiV infection; however, both HeV and NiV can replicate and cause lethal 
infection in mice in which the type I interferon receptor is not expressed (Ifnar1-/- mice)39, further implicating 
the host interferon response as a major mechanism of limiting HeV and NiV replication and pathogenesis.  We 
thus postulated that rCedV would replicate in Ifnar1-/- mice, but not in WT C57BL/6 mice.  As expected, upon 
intraperitoneal (IP) infection of WT mice with rCedV-luc, no replication could be detected in vivo, whereas 
several days of replication was detected via bioluminescence imaging and qPCR in Ifnar1-/- mice (data not 
shown, and see Fig. 2).  Consistent with the non-pathogenic nature of CedV infection in other species7, 21, 
there was no morbidity or mortality and no detectable pathogenesis in mice infected with rCedV-luc.     

 

Figure 3. N-gene transcription in Ifnar1-/- albino mice 
infected with rCedV-luc and rCedV-luc chimeras.  B6-albino-
Ifnar1-/- mice were infected IP with 107 pfu of rCedV-luc, rCedV-
HeV-luc or rCedV-NiV-luc. Animals were sacrificed and organs 
were harvested at the indicated time points. qPCR was 
performed to determine N-gene transcripts/μg total RNA. 

 

Figure 4. In vivo neutralization of IFNγ inhibits 
host control of replication of rCedV-luc 
chimeras.  Ifnar1-/- mice were infected with 
rCedV-luc, rCedV-NiV-luc or rCedV-HeV-luc and 
untreated or treated every 3-4 days with an IFNγ 
neutralizing antibody. Whole body bio-
luminescence is shown over a 21-day time course. 



Because the bioluminescence signal produced within an experimental 
animal is substantially attenuated by melanin in the skin and fur40, we 
crossed Ifnar1-/- mice with B6-albino mice to produce a B6-albino-Ifnar1-
/- strain (We maintain this strain in our Charles River Laboratories (CRL) 
breeding colony).  These mice were then infected with rCedV-luc, rCedV-
HeV-luc and rCedV-NiV-luc to assess how the chimeric virus replicated in 
comparison to wild-type over a 9-day infection time course.  Interestingly, 
the chimeric viruses exhibited distinct in vivo properties, replicating to a 
level approximately a log higher than the wild-type rCedV-luc at days 3 
and 7 post-infection, and with replication still detectable at day 9.  By 
contrast, rCedV-luc replication was at undetectable levels by day 7 (Fig. 
2). Viral infection was further assessed on a per-organ basis by qPCR 
quantification of N-gene transcription, demonstrating sustained viral 
transcription in an array of organs on days 1, 3 and 7.  Although viral 
transcription was generally similar across rCedVs, the notable exception 
was the brain, where weak N-gene transcription was detected for rCedV-
luc on day 1 only, whereas both chimeras exhibited N-transcription in the 

brain on days 3 and 7 post-infection (Fig. 3).  Disease signs were not apparent in any infected animal (data not 
shown). Thus, rCedVs replicate in B6-albino-Ifnar1-/- mice with an infection kinetic that suggests host immune 
control of viral replication beginning near day 3 post-infection, with substantially reduced levels of viral 
replication by day 7 or 9 post-infection (Fig. 2).  In the brain, rCedV-luc is present only transiently, whereas 
rCedV chimeras replicate at that site for at least 5 days. 

Based on the above 
data, we hypothesized 
that more robust in vivo 
replication of rCedVs 
might be achieved by 
further impairing the 
interferon response in 
the B6-albino-Ifnar1-/-
strain.  We thus injected 
rCedV-infected Ifnar1-/- 
albino mice every 3 - 4 
days with the 
neutralizing anti-IFNγ 

mAb XMG1.2 (200 μg/injection, starting on day 0).  As shown in Fig. 4, inhibition of IFNγ activity resulted in 
increased in vivo levels of rCedV-NiV-luc and rCedV-HeV-luc bioluminescence after day 3 post-infection, as 
well as a substantially extended in vivo replication kinetic, such that both viruses were still replicating at 
detectable levels at day 21 post-infection.  In a similar experiment, we used repeated administration of anti-
NK1.1 to deplete NK cells, which are a major source of IFN-γ during viral infection41. Depletion of NK cells 
resulted in an extended kinetic of rCedV-NiV-luc replication, very similar to IFNγ depletion.  Interestingly, there 
was little to no effect on replication of rCedV-luc (Fig. 5). Notably, despite the lengthy kinetic of viral replication 
for chimeric rCedVs, animals treated with either anti-IFNγ or anti-NK1.1 exhibited no disease signs throughout 
the 21-day course of these infections. 

Overall, the above data suggest that type I and II interferons work together to suppress replication of rCedV 
chimeras.  We thus reasoned that type III interferons may also play a role in viral suppression, particularly 
given that in vitro data have shown that there is a type III interferon response in vitro in response to CedV 
infection, but not HeV infection (presumably due to the suppressive activity of HeV C, V and W genes)42.  To 
achieve complete blockade of signaling by types I, II and III interferons, including in the brain (where access of 
IP-administered neutralizing mAbs is limited by the blood-brain barrier (BBB)), we performed infections of 
STAT1-/- mice, in which signals from all interferon receptors are highly attenuated.  In this initial experiment, 
we observed that mice infected with rCedV-luc survived for the entire experiment (22 days), with no disease 
signs and with 2/3 of animals exhibiting virus levels reduced to near the limit of detection by day 12 post-
infection.  By contrast, animals infected with rCedV-NiV-luc experienced disease signs consistent with 

Figure 5. In vivo depletion of NK cells 
inhibits host control of replication of 
rCedV-luc chimeras.  Ifnar1-/- mice 
were infected with rCedV-luc or rCedV-
NiV-luc and untreated or treated every 3-
4 days with an anti NK1.1 antibody to 
deplete NK cells. Whole body 
bioluminescence (viral replication) is 
shown over a 21-day time course. 

 

Figure 6. Infections of STAT1-/- mice with rCedV-NiV-luc leads to disease manifestations and 
death.  STAT1-/- mice were uninfected or infected with rCedV-luc or rCedV-NiV-luc and monitored 
for (A) viral replication by bioluminescence; (B) disease signs; and (C) mortality.  Animals infected 
with rCedV-NiV-luc experienced disease signs and death, whereas animals infected with rCedV-luc 
survived with no disease signs through this 22-day experiment. 



neurological dysfunction, with all animals reaching euthanasia criteria between days 11-19 post-infection (Fig. 
6). As the major differences between these viruses is the ability to sustain infection in the brain (Fig. 3), these 
data suggest that interferon responses play a particularly important role in protecting animals from 
CNS/encephalitic disease. Thus, our overall interpretation of our preliminary data is: (i) the host interferon 
response blocks features of viral infection shared across henipaviruses (including CedV) that result in CNS 
pathogenesis; and (ii) once henipaviruses enter the CNS, pathogenesis will result, if the host interferon 
response is blocked (e.g., by C, V, W) or not present (e.g., in STAT1-/- mice).   

In this Aim, we will further optimize the chimeric rCedV-STAT1-/- 
infection model, to fully define the in vivo kinetics of viral replication, 
the characteristics of viral pathogenesis and the antiviral humoral 
response. 

Experimental Design 

Generation of an albino STAT1-/- strain: Because STAT1-/- mice are 
not carried in large numbers by the vendor (Jackson Labs) and 
because the pigmentation (including hyper-melanated birthmarks) of 
this strain impedes bioluminescence imaging, we will cross STAT1-/- 
mice to the B6-albino strain. Sequential intercrossings will be 
performed to produce enough STAT1-/- albino breeding animals to 
generate age-matched animals in sufficient quantities for our 
proposed experiments (notably, the F1 breeding generation has been 
initiated in our contracted breeding colony at Charles River Labs).   

Quantifying in vivo replication kinetics of rCedVs in mouse models. As 
our findings with the STAT1-/- strain are very recent and limited to the 
data in Fig. 6, further experiments will be conducted using larger 
groups and albino-STAT1-/- animals.  We will first perform in vivo 
titration experiments to determine the lowest amount of virus that 
leads to 100% mortality. Next, whole animal bioluminescence data will 
be used to define the kinetics of infection, providing some indication 
regarding on which days individual organs or groups of organs reach 
peak infection titers.  These studies will be followed up by further 
bioluminescence tracing studies, in which some individual animals are 
euthanized at key time points for more detailed analysis of individual 
organs (liver, lungs, spleen, kidneys, heart, lymph nodes, brain, etc), 
to quantify transcript levels of rCedVs, comparing rCedV-luc, rCedV-
NiV-luc and rCedV-HeV-luc, and providing more granular data 
regarding the per-organ kinetics of viral replication and transcription.  
These data will also be compared with infection data from infections 
of the Ifnar1-/- albino strain (with and without inhibition of IFNγ), to 
determine the degree to which types II and III interferons contribute to 
suppression of viral replication across organ systems. 

Histological identification of cell types infected and pathological 
features of infection by rCedVs. We will perform histological analyses, 
to determine if there is evidence of organ-specific pathology during 
the course of infection.  While brain-specific pathology is of particular 
interest and will be explored in depth in Aim 2, we will perform a 
thorough analysis of other possible organ-specific pathology in this 
Aim. To add power to these histological analyses, we are currently 

developing an anti-Cedar N mAb (via a contract with GenScript), with the goal of producing a highly-sensitive 
reagent for histological identification of cells infected with rCedVs (note that Cedar N is expressed by all 
viruses to be used in this proposal).  If successfully generated, this reagent will be employed in our protocols 
using paraformaldehyde-fixed frozen tissues for multiparameter immunofluorescence microscopy, which we 
perform routinely. The goal of these experiments will be to determine the types of cells infected by rCedVs and 

 

Figure 7. Infections with rCedVs lead to 
production of G-specific neutralizing 
antibodies in Ifnar1-/- and STAT1-/- mice.  
(A) Ifnar1-/- mice were uninfected or infected 
with the indicated rCedVs.  G-specific total 
IgG was detected in sera harvested at the 
indicated time points using Luminex beads 
coupled to G ectodomains from CedV, HeV or 
NiV, as indicated. These specificity controls 
show the predicted cross-reactivity between 
anti-HeV and anti-NiV. (B) G-specific total 
IgG, IgG isotypes and IgM were detected in 
sera of STAT1-/- mice infected as indicated, 
using methodology of (A). Dashed line is 
average background. (C) In vitro 
neutralization of the indicated viruses with 
sera from mice infected with the indicated 
rCedVs. Beads prepared in the Broder lab 
(RP2); serology run in the Gunn (Core D, 
RP1,2) and Laing (RP2) labs. 



how cellular tropism varies between distinct rCedVs (e.g., rCedV-luc vs rCedV-NiV-luc), potentially as a result 
their incompletely overlapping usage of ephrin entry receptors (xxxRef).  A distinct goal of these experiments is 
to identify subtypes of immune cells that may expand in or infiltrate tissues in areas of viral replication.  We will 
also formalin-fix and paraffin-embed (FFPE) organs for standard H&E staining and histological analysis, using 
this complementary histological approach to identify features of pathology.  Analyses of H&E-stained FFPE 
sections will either be performed by in-house veterinary pathologists or contracted to Histoserv, Inc.  
Additionally, we will conduct analogous experiments in albino Ifnar1-/- animals, with and without antibody-
mediated inhibition of IFNγ (Figs. xxx), to evaluate whether specific pathological features differ as interferon 
signaling is combinatorially inhibited (i.e, inhibition of only Type I IFN signaling in the Ifnar1-/- strain; inhibition 
of Types I+II IFN signaling in Ifnar1-/- mice with anti-IFNγ injection, and inhibition of Types I+II+III IFN signaling 
in STAT1-/- mice).  Our goal is to use the resulting data to form new mechanistic hypotheses regarding the 
roles of specific interferon types in the virus-host interaction, particularly with regard to in vivo control of 
infection and pathogenesis.   

Analyses of humoral responses to rCedVs. To assess the humoral response to rCedV infections, sera will be 
recovered from animals at various time points post-infection.  We will analyze sera for G- and F-specific 
isotypes, and we will determine neutralization efficiency (Fig. 7).  In collaboration with the Gunn group (Core 
D, RP1,2), we will use a systems serology approach to define antibody-dependent mechanisms of host 
defense against rCedV infection, analogous to what they have published for Ab-dependent host defenses in 
human and NHP studies (e.g., 43, 44). Specifically, aliquots of sera will be shipped to the Gunn group for 
analysis via phagocytosis, antibody-mediated complement deposition (AMCD) and antibody dependent NK cell 
degranulation (NK-ADCC) assays, in order to determine the degree to which the anti-rCedV Ab response 
exhibits these Fc-dependent activities.  Additionally, sera will be analyzed via Luminex-based approaches for 
cytokine and chemokine levels, with a particular goal of defining the kinetics of inflammatory cytokine presence 
(if any).  We will also perform Luminex-based analysis of cytokine production in homogenates of any organs 
that show evidence of virus-induced pathogenesis. 

Expected Results 

Overall, we expect these data to define infection of STAT1-/- mice with chimeric rCedVs as a highly relevant 
BSL-2 model for lethal henipavirus disease, in which encephalitis is the major mortality-driving pathological 
feature, analogous to human disease (xxxRefs).  We expect to rigorously demonstrate that as we progressively 
inhibit the interferon system (type I, then I + II, then I + II + III), replication of rCedVs will increase across organ 
systems, both in magnitude and duration of infection.  Via histological analyses of distinct organs, we expect to 
identify cell types that are predominant targets for rCedV-luc infection and replication, via combinatorial 
staining for Cedar N and markers of distinct cell types.  We furthermore expect that these cellular targets will 
only partially overlap the targets of the chimeric rCedVs, due to their incompletely overlapping patterns of 
ephrin binding (xxxRef).  Also, due to its ability to invade the brain, we expect rCedV-HeV-luc to induce 
mortality with kinetics and frequency indistinguishable from rCedV-NiV-luc. 

We expect histological analyses to identify hallmarks of pathogenesis in a subset of organs, particularly in the 
STAT1-/- model.  Our preliminary data (not shown) suggest an enlargement of the liver on days 1 and 3 post-
infection, suggestive of a transient hepatitis.  Notably, liver involvement in the form of vasculitis has been noted 
in HeV infections of hamsters45.   Thus, we expect to observe vasculitis in the liver, and/or leukocyte infiltration.  
The lungs are also a major henipavirus target, and our qPCR data demonstrate replication of all rCedVs in the 
lungs of infected animals (Fig. 3).  As vasculitis/vascular lesions of the lungs have been observed in multiple 
distinct henipavirus animal models46, we anticipate similar findings in the STAT1-/- model upon infection with 
rCedVs.  Indeed, given the presence of viral transcripts in many organs (Fig. 3), evidence of lymphocyte and 
macrophage infiltrates is likely across organ systems, particularly in perivascular regions46. 

Preliminary data performed collaboratively between our group and the Broder, Laing and Gunn groups 
(RP2) show robust G-specific IgM and IgG responses are induced in rCedV-infected animals, across all animal 
genotypes and interferon blockade conditions (Fig. 7A-B).  Interestingly, our preliminary studies indicate that 
neutralization titers from sera of infected animals are rather low (Fig. 7C).  We thus expect that the systems 
serology assays of the Gunn group (Core D, RP1,2) will substantially clarify the potency of various Ab-
mediated effector mechanisms against rCedVs in this model system.  For example, we may find that although 
neutralization titers are low, the ability of anti-G (or anti-F) Abs to facilitate NK-ADCC is high.   



Pitfalls and Alternative Approaches 

Although our pilot study of rCedV-NiV-luc infection of STAT1-/- mice yielded promising results, we may 
encounter technical hurdles in further development of this model.  For example, the frequency of fatality may 
be less than the 100% rate observed in our pilot study. Alternatively, although disease signs strongly indicate a 
neurological basis for progression to euthanasia criteria, which is highly consistent with human disease, our 
histological studies may indicate other effects on major organ systems that are inconsistent with human 
disease.  While many such scenarios can be envisioned that would complicate this model, we believe that the 
initial data are compelling enough for us to be confident that the STAT1-/- model of henipavirus disease will be 
of high value for these studies and the overall scientific community. One technical pitfall is that our in-process 
development of the CedV N monoclonal may fail to yield a reagent of high enough specificity/sensitivity for use 
in histology.  In such a circumstance, we can use the equivalent GFP-expressing variant of each rCedV (the 
Broder (RP2) group routinely generates both luciferase- and GFP-expressing variants of each new rCedV). 

Aim 2: To determine the mechanism of rCedV-NiV neurovirulence in the Stat1-/- mouse model. 
Hypothesis: CNS infection by rCedV chimeras requires functional interaction between G and host ephrin B3; 
neurovirulence is a property shared by henipaviruses in the absence of host IFN-dependent defenses. 

Rationale 

Data in Figs. 3 and 6 demonstrate that unlike 
rCedV-luc, both rCedV-NiV-luc and rCedV-HeV-luc 
are able to establish days-long infections in the 
brains of Ifnar1-/- and STAT1-/- mice.  Because 
these viruses differ only at their F and G loci, the 
ability of these viruses to access the CNS must 
map to either F, G or both cooperatively.  
Importantly, although CedV G binds to more 
ephrins than NiV/HeV G, CedV G does not bind to 
ephrin B3, whereas both NiV and HeV G do 
interact with ephrin B326.  Moreover, data suggest 
that the ability of NiV and HeV (and the inability of 
CedV) to enter the CNS is due to the fact that brain 
cells express ephrin B3, but little to no ephrin B247.  
Thus, our in vivo observations with rCedVs lend 

additional support to the hypothesis that efficient henipavirus entry into the CNS requires interaction between 
G and ephrin B3.   

Notably, for the rCedV chimeras, both viral persistence and pathogenesis appear to be highly influenced by 
interferon-dependent mechanisms. Specifically, in the case of Ifnar1-/- animals, regardless of IFN-γ blockade 
or NK cell depletion (Figs. 2-5), infection with rCedV-NiV-luc and rCedV-HeV-luc causes neither disease signs 
nor mortality.  However, Ifnar1-/- mice given an mAb that blocks IFNγ or that depletes NK cells exhibited a 
longer kinetics of viral replication over the 21-day experimental time frame (Figs. 3-5), in contrast to the lack of 
impact of NK cell depletion on the transient rCedV-luc infection of Ifnar1-/- mice (Fig. 3, 5).  In STAT1-/- 
animals, which fail to transduce signals from interferon receptors, rCedV-NiV-luc replicated to high levels (Fig. 
6), including a persistent infection in the head/brain region of these animals (Fig. 8), with animals experiencing 
rapid escalation of disease signs, culminating in death (Fig. 6).  However, as observed in viral transcription 
analysis in Ifnar1-/- mouse experiments (Fig. 3), rCedV-luc replication in the head/brain region was transient 
and at a much lower level than rCedV-NiV-luc (Fig. 8).  Collectively, these data strongly suggest that interferon-
dependent signals are required to control henipavirus infection in the brain and to prevent consequent 
neuropathogenesis and death.   

Experimental Design  

Defining viral determinants of CNS entry and pathogenesis. To further validate the postulate that CNS entry 
leads to morbidity and mortality, we will conduct several distinct experiments.  Firstly, we will repeat the 
experiment shown in Fig. 8 with the addition of rCedV-HeV-luc, a chimera that also stably infects the brain 

 

Figure 8. Persistent replication of rCedV-NiV-luc in the brains of 
STAT1-/- mice precedes death.  STAT1-/- mice were uninfected or 
infected with rCedV-luc or rCedV-NiV-luc.  Fur was shaved from the 
head and back to enable bioluminescence imaging. An ROI was 
drawn around the head and radiance was quantified (log10 scale). 
Data show strong replication in the head region of rCedV-NiV-luc, 
but not rCedV-luc (weak head signal on days 1-5 may reflect bleed 
of bright signal from chest cavity).  See Fig. 6 for related whole-body 
luminescence, disease score, and mortality data for these animals.  



(Fig. 3).  Secondly, we will perform experiments in which we infect STAT1-/- albino mice with rCedV-NiV-luc 
and the rCedV-NiV(B3mut)-luc virus (expressing a NiV G mutant that binds to ephrin B2 but not ephrin B3, 
which is being generated under RP2), to test the requirement for ephrin B3 binding for brain entry and 
subsequent mortality. Also, the Broder (RP2) group has generated data showing that the combination of CedV 
G and HeV F can mediate viral fusion.  Thus, we will test if rCedV-(CedV G/HeV F)-luc is capable of brain 
infection, to provide a further test regarding whether G or F is the crucial henipavirus determinant of CNS entry.  
Additionally, we will directly inject rCedV-luc and rCedV-NiV-luc into the brains of Ifnar1-/- and STAT1-/- albino 
mice, in order to evaluate development of disease signs and mortality under conditions in which CNS entry is 
independent of the ability to cross the BBB. 

Each of the above experiments will be conducted with the necessary number of iterations to robustly define 
elements of CNS pathology in these animals.  In some iterations, animals will be euthanized at intermediate 
time points prior to the expected earliest mortality date.  Brains will be harvested, with one hemisphere being 
used for RNA collection and the other being used for histology (details below).  RNA will be analyzed in qPCR 
experiments, to determine absolute numbers of both N gene transcripts (Fig. 3) and rCedV genomes (we have 
validated genome-specific primer sets for this purpose), to achieve a thorough understanding of the 
relationship between viral transcriptional activity and viral load over time and across animal genotypes. 

Transcriptomics analysis of gene expression in the brain. To define gene expression changes that correlate 
with henipavirus pathogenesis in the CNS, we will use a complementary set of unbiased transcriptomics 
approaches.  Our central approach will be 10x Genomics Visium transcriptomics, to map gene expression 
changes to specific regions and cell types within the brains of infected animals.  For these experiments, we will 
compare rCedV-NiV-infected Ifnar1-/- animals treated with anti-IFNγ (which exhibit an extended kinetic of viral 
replication in the brain, without morbidity or mortality) with rCedV-NiV-infected STAT1-/- mice (which exhibit 
viral replication in the head/brain region, leading to disease signs and mortality). We will also include a custom-
designed RNA probe for rCedV N, to enable correlation of host gene expression changes with viral infection. 
Based on our initial data (Fig. 6), we anticipate choosing a time point in the day 7-10 range, during which virus 
is present in the brains of both genotypes, and STAT1-/- mice exhibit early disease signs, but have not yet 
reached euthanasia criteria, and do not have severe brain pathology (Aim 1 experiments will enable more 
refined determination of this time point). To further validate and reinforce spatial transcriptomics experiments, 
we will also perform transcriptomics analysis on total RNA isolated from brain sections adjacent to the sections 
used for spatial transcriptomics, and from equivalent sections from additional mice in the same group. We will 
also use a third complementary transcriptomics approach to provide confirmation and additional granularity 
regarding resident and infiltrating leukocyte transcriptional programs.  Specifically, we will perform single-cell 
transcriptomics on leukocytes recovered from brains of additional animals (i.e., of the same groups and time 
points as assessed by spatial transcriptomics), to provide further granularity and confirmation regarding 
leukocyte-centric transcriptional changes that correlate with neurovirulence and mortality.  Key differences 
identified by transcriptomics approaches will be further confirmed by qPCR, using total RNA from sections. 

Histological and flow cytometry analysis. To complement and reinforce data collected through the above 
transcriptomics approaches, we will use multiparameter fluorescence labeling a Zeiss Axioscan Z1 slide 
scanner to define regions of the brain and cell types that are infected by each rCedV, using a CedV anti-N mAb 
(see Aim 1) and markers of brain-resident cells and peripheral immune cells that may be recruited to the brains 
of animals with rCedV infections. These studies will be informed both by transcriptomics data, and analysis of 
H&E-stained sections, described in Aim 1. Additionally, we will also perform dedicated experiments for flow 
cytometry analysis, in which brains are collected and processed to purify resident and infiltrating lymphocytes, 
with populations and activation states defined by antibody staining for specific cell surface and intracellular 
markers (e.g., transcription factors).  In some experiments, cells will be stimulated and stained for intracellular 
cytokines to aid in identification of cellular subpopulations (e.g., types of effector T cells).  We are already 
performing analyses of leukocytes in the mouse brain in similar studies of lyssavirus pathogenesis (xxxRef).  
We will also extend these flow cytometry studies to the peripheral tissues listed above, in order to determine 
the degree to which phenotypes of resident or infiltrating leukocytes reflect cellular phenotypes in the brain. 

Expected Results 

In our experiments testing the requirements for brain entry and mortality, we expect that rCedV-HeV-luc will 
behave analogously to rCedV-NiV-luc, replicating to high levels in the brain and causing mortality of all STAT1-



/- albino animals, as we have already shown that rCedV-HeV-luc efficiently enters and replicates in the brains 
of Ifnar1-/- mice.  As existing data are consistent with the model that G interaction with ephrin B3 is the key 
determinant for productive replication of rCedVs within the CNS (Fig. 3 and 26, 47), we expect that neither 
rCedV-NiV(B3mut)-luc nor rCedV-(CedV G/HeV F)-luc will exhibit stable CNS replication and trigger morbidity 
and mortality in the STAT1-/- strain. Whether stable CNS infection and mortality can be driven by direct 
injection of rCedV-luc into the brains of STAT1-/- animals is more difficult to predict.  Notably, a wide array of 
anatomical subregions of the brain express high levels of ephrin B3 and little to no ephrin B247, perhaps 
meaning that viruses expressing CedV G may be unable to efficiently infect brain cells, regardless of BBB 
penetrance. Thus, our expectation is that we will observe an increased level of brain infection upon direct 
injection of rCedV-luc as compared to IP delivery, but likely at lower levels and perhaps less persistently; and 
morbidity and mortality may not occur within the 21-day experiment. Across the above experiments, we expect 
qPCR experiments to be consistent with longitudinal bioluminescence imaging, with viral transcription levels 
correlating well with bioluminescence intensity, as we have shown in our lyssavirus studies9. 

We expect that the three complementary transcriptomics approaches will yield data that provide a highly 
granular picture of rCedV-NiV-luc-induced transcriptional changes that correlate with morbidity and mortality in 
the STAT1-/- model.  Given that we will have rCedV-NiV-luc-infected IFNγ-treated IFNAR1-/- mice as controls 
in these experiments, analysis of the resulting data should identify gene expression changes that specifically 
correlate with pathology and not simply with CNS viral infection. Notably, the mechanism by which HeV and 
NiV trigger encephalitis and death remains unknown, with neither a direct cytopathic effect or an immune cell-
mediated inflammatory response clearly implicated as primary drivers of morbidity and mortality.  We anticipate 
that both mechanisms are important, and that our transcriptomics data will implicate leukocyte-specific 
inflammatory gene expression programs as more robustly induced in the STAT1-/- model as compared to 
Ifnar1-/- mice.  We also anticipate that our data will provide gene expression data consistent with induction of 
stress and apoptosis programs in STAT1-/- animals, with spatial transcriptomics data demonstrating that 
infected neurons are the focal points of these indicators of cytopathic effects.   

In addition, we expect histological and flow cytometry approaches to confirm key pathogenesis-associated 
changes in cellular phenotypes identified through our combined transcriptomics approaches.  Moreover, we 
expect histological results to provide data that can help to discriminate between potential mechanisms of viral 
entry into the brain, particularly transcytosis of infected leukocytes, vs. infection of microvascular endothelia 
cells during viremia. Staining with anti-N plus markers of specific cell types at early post-infection time points 
should enable identification of initial cell types in the brain that are infected with rCedVs.  Later time point data 
should suggesting which point(s) of early entry ultimately seed infection of the brain parenchyma. We also 
expect that brain pathology will be observed only with those viruses that cause morbidity and that such 
pathology will share many similarities with what has been observed in human post-mortem tissues and in 
animal models of HeV and NiV infection46, 48.   

Pitfalls and Alternative Approaches 

While it is possible that our predictions regarding the Ephrin B3-centric role for viral entry are incorrect, 
experiments have been designed in such a way that data should indicate which viral features are crucial (e.g., 
F rather than G, or a determinant of G outside of the B3-interaction region).  The basis of henipavirus 
neurovirulence has remained poorly understood for many reasons, including the expense of BSL-4 research 
and the relatively small number of in vivo experiments that have been performed.  While it is unclear whether 
our rCedV-mouse model will recapitulate all crucial aspects of henipavirus neuropathogenesis in humans, 
there should be commonalities.  The use of three separate unbiased transcriptomics approaches will provide 
multiple independent measures of gene expression changes, leading to new mechanism-based hypotheses 
regarding henipavirus neuropathogenesis.  These data and hypotheses will be of high value to investigators 
across the henipavirus field, who can perform experiments in diverse models to further test these models.  

Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections.  Hypothesis: G- and F-directed mAb-based therapeutics will demonstrate Fc-
dependent efficacy against CNS-resident henipavirus. 

Rationale 



Monoclonal antibodies have been utilized effectively against several disease-causing viruses in humans (e.g., 
RSV, SARS-CoV-249).  Indeed, m102.4, an anti-HeV/NiV G mAb, developed by the Broder group, has been 
employed in humans under circumstances of compassionate use for those exposed to HeV and NiV2, 50, with 
all of those treated experiencing no symptoms of henipavirus disease.  While virus neutralization has 
historically been viewed at the key mechanism of action of such mAbs, accumulating data are suggesting 
varying degrees of contribution of the antibody Fc domain in mediating therapeutic benefits51, 52. 

Importantly, in a distinct Schaefer lab-
Broder lab collaborative project 
focused on development of novel 
lyssavirus-directed therapeutics, we 
have made the surprising finding that 
a single dose of a neutralizing human 
anti-lyssavirus G mAb, F1153, can 
protect mice from a lethal lyssavirus 
infection, even when administered 
(via the IP route) after virus is already 
replicating robustly in the CNS 
(xxxRef or Fig?).  Specifically, day 3, 
5 and 7 treatments with mAb F11 had 
a dramatic effect on reducing virus 
burden in both the spine and brain 
during the acute phase of infection 
(through ~day 14), versus infected 
untreated controls (Fig. xxxA-B and 
data not shown).  Additionally, 
although most infected, F11-treated 
animals experienced weight loss and 
other disease manifestations, F11 
therapy completely reversed disease 
signs in the majority of these animals 
(some of the day 7 animals had 
permanent partial paralysis in the 
inoculated limb, but all animals 
recovered their lost weight) (Fig. 
xxxC and data not shown). Most 
remarkably, 100% of the day 5 and 
>80% of the day 7-treated animals 

survived (Fig. xxxD). Indeed, we have monitored day 5 and day 7 F11-treated animals for more than 4 
months, and there has been no re-emergence of disease signs in any animal. Recovery occurred despite the 
fact that the virus progressed to and replicated within the brain, as evidenced by bioluminescence imaging 
(Fig. xxxA-B). Thus, our data strongly suggest that single-dose human anti-ABLV mAb therapy provides long-
term control of viral infection, even when therapy is administered after CNS entry.  We also found that F11 
therapy was effective against the lethal mouse-adapted rabies strain, CVS-11 (data not shown).  Importantly, 
we have shown that the mechanism of efficacy requires participation of the adaptive immune response, 
particularly CD4 T cells, with F11 therapy leading to a CD4-dominant T cell infiltration in the brain (in contrast to 
the balanced CD4/CD8 ratio in the brains of untreated animals) (xxxRef).  Moreover, mutation of the Fc region 
to impede FcR binding leads to dramatically-reduced F11 therapeutic efficacy (xxxRef). Collectively, these data 
demonstrate that an IP-administered mAb can have therapeutic efficacy against a brain-resident virus in a 
manner that requires CD4 T cells and a functional Fc region. 

In this aim, we will investigate whether similar therapeutic efficacy can be achieved via IP administration of 
henipavirus-directed mAbs, following CNS invasion by chimeric rCedVs.  We will also test therapeutic efficacy 
of nanobodies, including chimeric nanobodies engineered for transport across the BBB. 

Experimental Design 

 

Figure xxx. Single-dose F11 mAb therapy reverses disease signs and 
prevents mortality in animals with CNS-resident lyssavirus infection. A. ABLV-
luc bioluminescence (pseudocolor intensity) overlaid on X-ray images of mice at the 
indicated days post-infection. Treatments are indicated in the left column. mAb F11 
was administered as a single dose of 10 mg/kg on the indicated day. B. Mean 
luminescence intensity (MLI) values from the head/brain region of the indicated 
infection and treatment groups. Inset y-axis scales are reduced (and not × 104), to 
enable clear visualization of lower luminescence values. C. Pairwise comparison of 
cumulative disease scores of different infection and treatment groups. D.  Kaplan-
Meier survival analysis of same groups of mice analyzed in panels A-C.. 



IP-administration of mAbs and nanobody reagents as a therapy for CNS infections with rCedVs. Our 
preliminary data (Fig. 8) show that rCedV-NiV-luc reaches high expression in the brain of infected STAT1-/- 
animals by day 3, with initial disease signs apparent by day 8 and animals beginning to succumb to disease on 
day 11 (Fig. 6).  For modeling of human henipavirus disease, we consider it most important to identify 
therapeutics that demonstrate efficacy in neutralizing virus that is already replicating in the nervous system, 
with the most broadly useful therapeutics being those that can protect from death after disease signs are 
apparent.  We will thus investigate the day 3-10 post-infection period for administration of therapeutic 
antibodies, with initial studies investigating therapeutic efficacy on (a) day 3 (early post-CNS entry) and (b) the 
first day animals show disease signs. Time points for later experiments will be determined based on the results 
from these initial time points (e.g., if therapy is effective on the first day post-appearance of disease signs, later 
post-disease sign time points will be tested).  As we already have stocks of neutralizing mAbs m102.4 (highly 
potent human anti-HeV G which cross-neutralizes NiV G54) and 1F5 (mouse anti-HeV/NiV F55), we will use 
these candidate therapeutics for our initial investigations. 

STAT1-/- albino mice will be infected with rCedV-NiV-luc or rCedV-HeV-luc and treated with m102.4 or 1F5 
(with a control group given a non-henipavirus specific mAb of the same isotype). Initial experiments will employ 
a single 10 mg/kg dose at d3 or d8 post-infection.  Viral replication will be monitored by bioluminescence 
imaging, and cumulative disease scores and mortality will be recorded for each animal over the 21-day 
experimental time frame.  Successful therapeutics will be those that both limit viral replication in the brain and 
reduce disease manifestations and mortality. In follow-on experiments, the antibody administration protocol 
may be adjusted, depending on strength of the therapeutic effect, e.g., the mAb could be delivered in a larger 
dose or in multiple doses over several days.  In collaboration with RP5, we will also perform therapeutic 
efficacy experiments as described above with newly developed nanobody reagents that perform well during in 
vitro testing. Of particular interest are chimeric nanobodies that have been engineered to cross the BBB.  Such 
reagents have the potential to both enhance the adaptive immune response and directly neutralize virus in the 
CNS, following transport across the BBB. 

Mechanistic studies of therapeutic antibody efficacy. For any mAb or nanobody found to be therapeutically 
effective, we will perform additional experiments to investigate the mechanism.  To define the importance of Fc 
function, we will generate a LALA-PG mutant (xxxRef) of the therapeutic mAb, to impair FcR binding and 
complement activation.  Infected mice will be given a control mAb, the WT therapeutic mAb or the LALA-PG 
mutant.  Analysis of outcomes will be as described above.  To define gene expression and cellular changes 
that correlate with therapeutic efficacy, we will use the transcriptomics, histological and flow cytometry 
approaches of Aim 2 as independent avenues to analyze the impact of therapies on animal brains. In this way, 
we can identify the experimental paradigms that lead to the highest therapeutic efficacy.  Such data will also 
contribute to the Aim 2 goal of defining cellar and transcriptional responses that correlate with pathogenesis. 

Expected Results 

Given our results with mAb F11 in the lyssavirus system (Fig xxx and xxxRef), we expect to demonstrate 
significant therapeutic efficacy via IP administration of m102.4 and 1F5 in the d3 – d10 window during which 
virus is replicating in the brain.  Indeed, we have demonstrated >80% efficacy with administration of mAb F11 
on d7 (we have not yet attempted later time points).  Animals typically first exhibit disease signs on d8 – d10 
and generally reach euthanasia criteria 3 – 4 days later. Although mice administered F11 on d7 still exhibit 
disease signs (Fig xxx and xxxRef), these signs reverse and most animals survive.  Thus, the mAb-induced 
therapeutic effect on CNS disease is relatively rapid, resulting in survival of animals that would otherwise 
succumb to infection within 4 – 7 days.  In our initial experiment with STAT1-/- mice (Fig. 6), animals infected 
with rCedV-NiV-luc reached euthanasia criteria 3 – 7 days after first showing disease signs.  Thus, if there is a 
similar therapeutic effect of mAbs during rCedV-chimera infection of STAT1-/- mice, it is reasonable to expect 
that mortality rates will drop in response to therapeutic mAbs, possibly even after disease signs are apparent.  

Because the nanobodies produced in RP5 will include the IgG1 Fc domain, we also anticipate that these 
reagents will exhibit therapeutic efficacy.  Although it is difficult to predict which therapeutics will perform best, 
we expect chimeric nanobodies engineered for transport across the BBB may demonstrate enhanced efficacy. 
These therapeutics could potentially both directly neutralize virus in the brain, and facilitate an effective CD4 T 
cell antiviral response in the brains of infected animals, as we have observed in our lyssavirus work (xxxRef).  
If BBB-crossing nanobodies prove effective, we predict that multiple doses would increase efficacy, as this 



approach should lead to higher concentrations of neutralizing nanobodies in the brains of infected animals.  
For all effective therapeutic antibody reagents, we predict that the LALA-PG mutation will impair functionality, 
as an intact Fc region appears critical for promoting an effective CD4 T cell response in the brain (xxxRef). 

By applying transcriptomics, histological and flow cytometry approaches to the analysis of brains of animals 
that experience therapeutic benefit from antibody therapy, we expect to identify therapy-driven changes in 
gene transcription, cellularity and/or cellular phenotype in the brains of treated animals.  Such data could 
suggest mechanisms by which mAb therapy prevents virus-induced death, as well as providing correlates of 
therapeutic efficacy for development of other types of therapeutics (e.g., small molecule drugs). As discussed 
in Aim 2, the mechanism by which NiV and HeV induce encephalitic death is still undetermined (xxxRef).  
Thus, the mechanistic studies in this Aim could synergize with Aim 2 findings to yield novel insights into 
mechanisms of henipavirus neuropathogenesis, thereby suggesting key target pathways for development of 
future small molecule therapeutics. 

Pitfalls and Alternative Approaches 

Based on our surprising findings regarding the potency of IP-administered therapeutics in the lyssavirus 
system (Fig xxx and xxxRef), we anticipate a similar mechanism and efficacy against chimeric rCedVs with IP-
administered neutralizing antibodies.  However, it is possible that the mechanism of mAb enhancement of the 
CNS-directed CD4 T cells response is specific to the lyssavirus model, and will not be generalized to the 
henipavirus model.  If our early data suggest such an outcome, we will focus our efforts on the nanobodies of 
RP5, engineered to cross the BBB and directly neutralize virus in the brain.  Another possibility is that IP 
administered mAbs are effective at early times post-CNS entry of rCedVs, but ineffective once disease signs 
appear.  With such an outcome, we focus our efforts on (i) identification of the most effective mAb/nanobody 
reagent, and (ii) optimization of the dosing amount and schedule to achieve efficacy as late as possible post-
CNS invasion.  

Project Milestones and Timelines 

Gannt chart outlining project milestones 
(left). Solid lines represent periods of likely 
activity to achieve milestone; dashed lines 
indicate periods of possible early initiation or 
extended completion of activities. Go/no-go 
decision points are indicated by red octagons.   

Go/no-go#1: Cessation of pathogenesis-
associated goals if neuropathogenesis of 
rCedV-chimera infections of albino-STAT1-/- 
mice clearly has no overlapping features with 
known pathology in currently accepted animal 
models or human post-mortem cases. Note 
that therapeutics can still be evaluated on the 
basis of reduction of viral loads in the brain. 

Go/no-go#2: Cessation of Aim 3 studies if 
there is no sign of CNS therapeutic efficacy 
from any tested mAb or nanobody (note: 
decision will be delayed if not all major 
planned nanobody designs have been 
generated by RP5 AND tested by RP3, by the 
end of year 3). 
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Resource Sharing Plan 
 
No model organisms will be generated from this research. Strains of mice to be used in this proposal are 
directly available from Jackson labs, or will be derived via breeding of these commercial strains. As these 
strains are readily available to the scientific community, no further action on our part is required. 
 
All genomic data resulting from this project will be deposited in NCBI GEO (Gene Expression Omnibus) prior to 
or concurrent with publication. 
 
In general, we will adhere to NIH policies regarding sharing of resources and data (https://sharing.nih.gov/). 
Our lab has demonstrated its commitment to sharing by providing published reagents upon request for the last 
20+ years.  Regarding any novel materials and resources that may be generated in this proposal, the general 
Resource Sharing Plan developed by the Henry M. Jackson Foundation and USUHS is as follows: Unique 
research resources, research tools, novel materials, including model organisms or modified strains, and related 
protocols, genetic and phenotypic data (including data from Genome-Wide Association Studies) that may arise 
out of the funded studies will be made available to others in the private and public sector as soon as 
appropriate agreements covering such transfer can be executed.  In the case of project data, findings shall be 
published as soon as possible or otherwise shared with other researchers pursuant to NIH policies regarding 
data sharing.   The USUHS-HJF Joint Office of Technology Transfer (JOTT) will manage all technology 
transfer activities for data and resources generated by researcher of either USUHS or HJF.  The JOTT will 
adhere to all applicable policies, principles, guidelines and procurement rules in making unique research 
resources readily available for research purposes to qualified individuals and entities, and in ensuring that 
there is no more than a short–term restriction on publication or public dissemination of data in order for the 
JOTT to evaluate and file for patent protection on any subject invention that may arise from the funded study.  
Dissemination of unpublished data that is considered to be proprietary or confidential shall occur pursuant to a 
suitable confidential disclosure agreement prepared by the JOTT.  Patient data shall be de-identified and 
shared in accordance with USU and HJF policies and applicable laws and regulations.  Data associated with 
Genome-Wide Association Studies (GWAS) will be submitted to the NIH-designated GWAS data repository.  
Material transfer agreements, license agreements, and Cooperative Research and Development Agreements 
(CRADAs), as appropriate, will be used to transfer material property.  Material transfer agreements will be 
established to share resources among the research community for noncommercial research use. 



USUHS

Site Principal Investigator: Brian Schaefer, Ph.D.

Select Agents  

No select agents are used in this research. 

We will perform animal studies with recombinant forms of Cedar virus. These viruses are categorized 
as BSL-2.  Dr. Schaefer has an approved BSL-2 biosafety protocol for research with Cedar virus, 
including in vivo ABSL-2 studies.  All members of the Schaefer research group have received specific 
training in laboratory safety and the proper use and disposal of BSL-2 organisms (and two current 
laboratory members have certifications for BSL-3). Dr. Schaefer has BSL-2 certified laboratories 
where work with these agents will be conducted.  Animal experiments are conducted in approved 
ABSL-2 rooms within the USU animal facility, conducted under USU IACUC-approved protocols.  



Specific Aims 

Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family1.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species2-4. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia5. There are 
currently no vaccines or therapeutics approved for human use. Notably, development of countermeasures for 
NiV and HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few 
research groups worldwide have access to the required biocontainment facilities to perform preclinical studies 
with these important human viral pathogens6.  

To address this problem, we are developing a BSL-2 animal model that is based on Cedar virus (CedV), which 
is a non-pathogenic henipavirus7.  Specifically, we have engineered recombinant Cedar viruses (rCedVs) in 
which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) are expressed in the rCedV genome, 
replacing CedV F and G. Additionally, we have also incorporated our recently developed in vivo 
bioluminescence methodology8, 9 to longitudinally trace the dynamics and anatomical progression of rCedV-
luciferase (rCedV-luc) infections in individual animals.  Using various approaches to inhibit the host interferon 
response in mice, we have demonstrated sustained replication of rCedV-luc and the rCedV-NiV-luc and 
rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable expression in the brain, 
both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-luc causes neurological 
dysfunction and death in STAT1-/- mice.  The rCedV-luc platform is thus an authentic henipavirus system that 
can be used to study henipavirus in vivo biology safely and expediently under BSL-2 containment.  Our overall 
hypothesis is that rCedV-luc infection of mice lacking interferon responses represents a BSL-2 platform for 
the study of henipavirus biology and pathogenesis, as well as for development and testing of anti-viral 
countermeasures. We will address this hypothesis through three Specific Aims: 

Aim 1: To optimize the use of Stat1-/- mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a robust 
BSL2 model of pathogenic henipavirus disease.  Hypothesis: Infection of Stat1-/- mice with recombinant 
rCedVs will recapitulate major hallmarks of pathogenic NiV and HeV infections in humans.  We will establish a 
breeding colony of Stat1-/- mice on a B6-albino background.  We will infect Stat1-/- mice with rCedV-luc 
chimeras.  We will use flow cytometry, spatial transcriptomics approaches and histological methods to define 
cell types infected, gene expression changes and immune phenotypes that characterize pathological (Stat1-/- 
model; rCedV-luc chimeras) vs. non-pathological (Ifnar1-/- model; rCedV-luc) infections.  

Aim 2: To determine the mechanism of rCedV-NiV neurovirulence in the Stat1-/- mouse model. 
Hypothesis: CNS infection by rCedV chimeras requires functional interaction between G and host ephrin B3; 
neurovirulence is a property shared by henipaviruses in the absence of host IFN-dependent defenses.  We will 
evaluate whether interaction between NiV/HeV G and host ephrin B3 is required for neurotropism.  We will 
employ direct injection of rCedV into the brains of Stat1-/- mice to determine whether neurological disease is a 
property shared by brain-resident henipaviruses in the absence of a host interferon response. 

Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections.  Hypothesis: G- and F-directed mAb-based therapeutics will demonstrate Fc-
dependent efficacy against CNS-resident henipavirus.  Stat1-/- mice infected with rCedV chimeras will be 
treated with anti-G and anti-F mAbs and nanobodies.  We will employ the approaches of Aim 1 to determine 
the immunological basis of any observed mAb therapeutic effects.  We will also specifically investigate the role 
of mAb-FcR interactions for therapeutic efficacy. 

HeV and NiV are emerging human and livestock pathogens with a high fatality rate, demonstrated human-to-
human transmission, and a worrisome recent history of outbreaks in proximity to densely populated areas, 
including Kerala, India10-12. There is thus an urgent need to develop novel therapeutics directed against these 
viruses. However, work with HeV and NiV requires BSL-4 containment, severely limiting translational research 
efforts. Through the development and investigation of this longitudinal BSL-2 animal model of authentic and 
pathological henipavirus infection, we will greatly facilitate future development and preclinical validation of 
therapeutics directed against these deadly human pathogens. 

Commented [BS1]: ‐CollaboraƟon with Core D (systems
serology ‐ Gunn) 
‐Collab with RP2 (other rCedV chimeras) 
‐Possible exploraƟon of hamster infecƟon (rCedV‐NiV‐luc), 
using much larger dose than what was used for UTMB 
studies to determine if (1) efficient CNS infecƟon can be 
achieved and (2) if CNS infecƟon is highly correlated with 
lethality.  Hamsters may represent a rCedV lethal model 
employing a host that is not immunocompromised.  
LimitaƟons: few specific analysis tools (mAbs in parƟcular) 
for the hamster model. 

Commented [BS2]: ‐Collab with RP2 (rCedV‐NiV ephrin 
B3 binding mutant)  

Commented [BS3]: ‐CollaboraƟon with RP5, nanobodies
‐ CollaboraƟon with Core D (systems serology ‐ Gunn) 



Vertebrate Animals 
 

1. The following mouse strains will be used in this proposal: 

i) B6-albino-Ifnar1-/- mice.  We maintain a breeding colony of B6-albino Ifnar1-/- mice at Charles 
River Labs (CRL). We generated these mice by crossing the B6-albino strain (Jackson 
Laboratory B6(Cg)-Tyrc-2J/J, Strain #:000058) with the Ifnar1-/- strain (Jackson Laboratory 
B6(Cg)-Ifnar1<tm1.2Ees>/J, Strain # 028288), followed by crossing F1 mice back to B6-albino 
and then intercrossing white progeny that carried the Infar1- allele.  This colony is now 
producing only albino mice that are homozygous Ifnar1-/-.   

ii) B6-albino-STAT1-/- mice.  We are currently establishing a breeding colony of B6-albino 
STAT1-/- mice at CRL.  We are currently crossing the B6-albino strain (Jackson Laboratory 
B6(Cg)-Tyrc-2J/J, Strain #:000058) with the STAT1-/- strain (Jackson Laboratory B6.129S(Cg)-
Stat1tm1Dlv/J, Strain # 012606), followed by crossing F1 mice back to B6-albino and then 
intercrossing white progeny that carry the STAT1- allele.  We anticipate establishing a colony of 
the desired genotype by early 2024.. 

We will use mice for in vivo infection with rCedVs, with many experiments including bioluminescent 
imaging. Animals are housed in an approved ABSL-2 room and all laboratory and animal care staff 
follow BSL-2 safety precautions.  The total number of required mice (including all mice produced during 
breeding) is 5440. Experiments will be performed with male and female mice. The PI has an IACUC-
approved experimental protocol and an IBC-approved biosafety protocol that details the use of the 
above strains of mice for the described experiments.   
 

2. The goal of this project is to validate the mouse as a BSL-2 model for henipavirus pathogenesis, and as 
a platform for development and testing of countermeasures.  For this work, we must use an 
experimental animal model to allow the course of in vivo infection and the host immune response to be 
studied. There is no in vitro model which can model the complex in vivo dynamics of viral infection, 
moving between distinct cell types and anatomical locations, or the host immune response to infection. 
We have chosen to utilize mice due to their ease of care, the existence of well-characterized inbred 
strains and knockout models, and our preliminary data with rCedVs showing robust and reproducible 
infection of mice which is highly amenable to statistical analysis.  The number of animals to be used is 
based on power analyses, as detailed in our approved IACUC protocols. 
 

3. Experiments will involve the euthanasia of infected animals experiencing pain or distress. Our IACUC 
protocols also define a weight loss threshold or a combined disease score criterion as end points for 
virus-infected animals requiring euthanasia.  Animals not euthanized for the above reasons will be 
euthanized for tissue collection, at time points described in our IACUC protocol.  Euthanasia will be 
performed as described in part 4, below.      

4. Mice reaching criteria/endpoints described in 3, above, will be euthanized by ketamine or ketamine-
xylazine overdose.  This method is consistent with AMVA guidelines.   



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2024 02/28/2025

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

1Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 1

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 55,000.00 16,181.00 71,181.00

Graduate Students 12.00 0.00 0.00 40,514.00 11,919.00 52,433.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 71,250.00 20,962.00 92,212.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 40,521.00 11,921.00 52,442.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 12,056.00 3,547.00 15,603.00

Total Number Other Personnel Total Other Personnel5 283,871.00

Total Salary, Wages and Fringe Benefits (A+B) 283,871.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Ultralow temp (-80C) Freezer 12,123.00

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment:

12,123.00

View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

3,000.00

3,000.00

6,000.00

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 48,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal costs (procurement and husbandry) 34,728.00

9. Translational Imaging Core (BRIC) 23,400.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 169,416.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 471,410.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 471,410.00 173,196.00

FY23_HJF Companywide G&A 16.70 644,606.00 107,649.00

Total Indirect Costs 280,845.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 752,255.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 752,255.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2025 02/28/2026

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

2Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 2

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 57,145.00 16,812.00 73,957.00

Graduate Students 12.00 0.00 0.00 42,094.00 12,384.00 54,478.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 74,029.00 21,779.00 95,808.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 42,101.00 12,386.00 54,487.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 12,526.00 3,685.00 16,211.00

Total Number Other Personnel Total Other Personnel5 294,941.00

Total Salary, Wages and Fringe Benefits (A+B) 294,941.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 48,000.00

2. Publication Costs 5,000.00

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal Costs (procurement and husbandry) 48,046.00

9. Translational Imaging Core (BRIC) 39,000.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 203,334.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 498,275.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 498,275.00 183,067.00

FY23_HJF Companywide G&A 16.70 681,342.00 113,784.00

Total Indirect Costs 296,851.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 795,126.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 795,126.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2026 02/28/2027

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

3Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 3

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 59,374.00 17,468.00 76,842.00

Graduate Students 12.00 0.00 0.00 43,736.00 12,867.00 56,603.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 76,916.00 22,629.00 99,545.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 43,743.00 12,869.00 56,612.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 13,015.00 3,829.00 16,844.00

Total Number Other Personnel Total Other Personnel5 306,446.00

Total Salary, Wages and Fringe Benefits (A+B) 306,446.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 43,200.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal costs (procurement and husbandry) 48,048.00

9. Translational Imaging Core (BRIC) 39,000.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 193,536.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 499,982.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 499,982.00 183,693.00

FY23_HJF Companywide G&A 16.70 683,673.00 114,173.00

Total Indirect Costs 297,866.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 797,848.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 797,848.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2027 02/28/2028

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

4Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 4

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 61,689.00 18,149.00 79,838.00

Graduate Students 12.00 0.00 0.00 45,441.00 13,369.00 58,810.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 79,916.00 23,511.00 103,427.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 45,449.00 13,371.00 58,820.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 13,522.00 3,978.00 17,500.00

Total Number Other Personnel Total Other Personnel5 318,395.00

Total Salary, Wages and Fringe Benefits (A+B) 318,395.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 33,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal costs (procurement and husbandry) 48,048.00

9. Translational Imaging Core (BRIC) 39,000.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 183,336.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 501,731.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 501,732.00 184,336.00

FY23_HJF Companywide G&A 16.70 686,068.00 114,573.00

Total Indirect Costs 298,909.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 800,640.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 800,640.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2028 02/28/2029

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

5Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 5

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 64,095.00 18,857.00 82,952.00

Graduate Students 12.00 0.00 0.00 47,214.00 13,890.00 61,104.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 83,032.00 24,428.00 107,460.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 47,222.00 13,893.00 61,115.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 14,049.00 4,133.00 18,182.00

Total Number Other Personnel Total Other Personnel5 330,813.00

Total Salary, Wages and Fringe Benefits (A+B) 330,813.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 20,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal costs (procurement and husbandry) 48,048.00

9. Translational Imaging Core (BRIC) 39,000.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 170,336.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 501,149.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 501,149.00 184,122.00

FY23_HJF Companywide G&A 16.70 685,271.00 114,440.00

Total Indirect Costs 298,562.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 799,711.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 799,711.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



Section A, Senior/Key Person

Section C, Equipment

RESEARCH & RELATED BUDGET - Cumulative Budget

Section D, Travel

Domestic

Section E, Participant/Trainee Support Costs

Foreign

Tuition/Fees/Health Insurance

Stipends

Travel

Subsistence

Other

Number of Participants/Trainees

1.

2.

3.

4.

5.

6.

1.

2.

Section F, Other Direct Costs

Materials and Supplies1.

Publication Costs2.

Consultant Services3.

ADP/Computer Services4.

Subawards/Consortium/Contractual Costs5.

Equipment or Facility Rental/User Fees6.

Alterations and Renovations7.

8.

9.

10.

Totals ($)

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)

Other 1

Other 2

Other 3

Section B, Other Personnel

0.00

1,534,466.00

25

1,534,466.00

12,123.00

6,000.00

3,000.00

3,000.00

919,958.00

192,200.00

5,000.00

226,918.00

179,400.00

53,040.00

263,400.00

0.00

Other 411.

12.

15.

17.

16.

14.

13.

Other 5

Other 7

Other 6

Other 8

Other 10

Other 9



Section G, Direct Costs (A thru F) 2,472,547.00

Section J, Fee

Section I, Total Direct and Indirect Costs (G + H)

Section H, Indirect Costs 1,473,033.00

3,945,580.00

3,945,580.00
Section K, Total Costs and Fee (I + J)



No. Instrument/Software Name Type

1

10x Genomics Visium SpaceRanger Software

2

Illumina bcl2fastq Software

10x Genomics Chromium CellRanger Software



Manufacturer/Developer Purpose Key Features

10x Genomics Spatial transcriptomics

Unbiased transcriptomics 
mapped to subregions of 
tissue sections

Illumina
bulk transcriptome 
profiling by RNA-seq Unbiased transcriptomics

10x Genomics
Single Cell 
transcriptomics

Cell type/population specific 
transcriptomic expression 
values



Website/Contact Info Notes
Data Output Format Approximate File Size

https://www.10xgenomics.co
m/support/software/space-
ranger/getting-started

Data will be deposited in NCBI 
GEO (Gene Expression 
Omnibus) as filtered gene 
count matrix, aligned images, 
spot coordinates from Visium 
analysis pipeline

Pipeline output, 
ancillary files and 
metadata 11 GB

https://support.illumina.com/s
equencing/sequencing_softwar
e/bcl2fastq-conversion-
software.html

Data will be deposited in NCBI 
GEO (Gene Expression 
Omnibus) as raw FASTQs and 
metabata FASTQ 2 GB

https://support.10xgenomics.c
om/single-cell-gene-
expression/software/pipelines/
latest/what-is-cell-ranger

Data will be deposited in NCBI 
GEO (Gene Expression 
Omnibus) as filtered gene 
count matrix from CellRanger 
analysis pipeline

Pipeline output, 
ancillary files and 
metadata 6 GB



Number 
of Files 

Expected

480

1440

320



No. Instrument/Software Name Type

1 CTL S6 Analyzer Instrument

2 CTL Basic Count software Software

3 GraphPad Prism 9 Software



Manufacturer/Developer Purpose Key Features

Immunospot

Read and quantify GFP 
foci from BSL-2 rCedV-
GFP chimeric FRNT 
assays

Image and quantify the BSL-2 
neutralization plates

Immunospot
Analyze the quantified 
GFP foci and convert to 
Neutralization percent

Generate Neutralization 
percent

GraphPad Software Inc.
Analyze the 
Neutralization percent 
to generate IC50 titers

Generate IC50 titers and 
graph dose response curves



Website/Contact Info Notes
Data Output Format Approximate File Size

https://immunospot.com/imm
unospot-s6-universal-m2.html

Additional Info TIF image 300 KB

https://immunospot.com/imm
unospot-s6-universal-m2.html

Additional Info Tabulated File 49 KB 

https://www.graphpad.com/
TIF image and Data 
files

10,000 KB



Number 
of Files 
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Hello Dr. Haller,

This email is being sent on behalf of Drs. Broder and Schaefer, Site Principal Investigators for the
Uniformed Services University of the Health Sciences to collaborate with Dr. Thomas Geisbert, Prime PI
with The University of Texas Medical Branch at Galveston (UTMB). Below is a listing of the attached
documents.  If you require additional information, please do not hesitate to contact me.  Upon receipt of
the attachments, please send a confirmation.  Thank you for doing business with HJF.

1. Key Person Biosketches – 5 pages, NIH format– please address your role and expertise for this U19 in
personal statement

2. Key Person Information (including person to be contacted on matters for this application for your
institution)

3. Site Information
4. Abstract/Project Summary (30 lines)
5. Facilities & Resources (Word doc)
6. Equipment (Word doc)
7. Resource Sharing Plan (Word doc)
8. Vertebrate Animals (Word doc as applicable)
9. Select Agent Research Plan (as applicable)
10.  Authentication of Key Biological/Chemical Resources
11.  Budget (SF424) & Justification (Word doc) – please include justification for Core A effort as well

Project Leads at least 1.2 person months effort
12.  Signed Letter of Intent/Consortium Agreement- for projects that include only effort but no salary or

other costs, we will provide a collaborative agreement for signature instead.
13.  Specific Aims- 1 page
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BIOGRAPHICAL SKETCH 
 


NAME: Schaefer, Brian Charles  


eRA COMMONS USER NAME (credential, e.g., agency login): bschaefer 


POSITION TITLE: Professor of Microbiology and Immunology, and Director (Interim), Emerging Infectious 
Diseases Graduate Program 


EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 


INSTITUTION AND LOCATION 


DEGREE 
(if 


applicable) 
 


Completion 
Date 


MM/YYYY 
 


FIELD OF STUDY 
 


Massachusetts Institute of Technology B.S. 1989 Biology 


Harvard University PhD 1995 Immunology 


Harvard Univ/Dana Farber Cancer Institute (Postdoc) 1995-1996 Tumor Virology 


National Jewish Medical and Research Center (Postdoc) 1996-2002 Immunology 


A. Personal Statement 
My group has historically focused on two major research programs.  Our longest-standing program involves 
elucidation of mechanisms of signal transduction in immune cells and regulation of immune cell effector 
function, with a particular emphasis on the pathway that connects the T cell receptor (TCR) signaling to the 
transcription factor, NF-κB.  This work has also stimulated our studies of the function of an understudied CARD 
protein, CARD19, which was originally (incorrectly) identified as a negative regulator of TCR signaling to NF-
κB. These studies have resulted in numerous publications that define novel signaling mechanisms in the 
CARD11-BCL10-MALT1 signaling cascade and additional pathways.  Our second major area of research is 
centered on immune responses in the central nervous system.  Our initial work in this area involved elucidation 
of the role of the immune response initiated by traumatic brain injury, particularly NF-κB-mediated inflammatory 
responses.  However, we have now shifted our emphasis to translational research on immune responses to 
neurotropic viruses, with an overall goal of developing immunotherapy strategies that are broadly effective 
against this dangerous class of human pathogens.  This work is focused on lyssaviruses and henipaviruses, 
due to their neurotropic nature and propensity to cause severe human disease with a very high fatality rate.  
Our use of bioluminescence imaging to track viral replication has been a particularly important innovation for 
this work, as it allows us to collect highly granular data regarding viral spread and amplification from individual 
animals in a longitudinal manner.  Specific current projects include a DoD-funded translational study in which 
we are defining the utility of a novel, mAb-based anti-lyssavirus immunotherapy against rabies strains 
circulating in Europe and Africa, and a study to develop novel henipavirus therapies (both are collaborations 
with Dr. Christopher Broder’s group).  


I am ideally suited to be PI of RP3: Cedar henipavirus animal model, as my group has established the only 
mouse model of Cedar virus infection (to our knowledge), and we now have several years of experience in the 
development of this very important BSL-2 animal model to investigate mechanisms of henipavirus 
pathogenesis, and to test efficacy of novel therapies. The following are notable ongoing projects:  


HU00011920118 (PI: Schaefer), USU Center for Global Health Engagement 
09/30/2019 – 09/29/2022  (NCE to 9/30/23)    
“Efficacy testing of a novel human monoclonal antibody therapy for late-stage rabies/lyssavirus infection” 
 


U19 AI142764-01 (PI:Broder; Schaefer Co-I), NIH/NIAID   
03/01/2019 – 02/29/2024     
“Advancement of Vaccines and Therapies for Henipaviruses” 







 


 


R01 AI125552 (PI: Schaefer). NIH/NIAID       
06/01/2017 – 05/31/2022 (NCE to 5/31/2024)    
“T cell receptor-activated autophagy as a regulator of T cell effector responses” 
 


HU00011921048 (PI: Schaefer), USU Multi-domain Operations Research (MDO) 
02/28/2023 - 09/30/2025 
“Defining the mechanism of enhancement of the pathogen-directed host adaptive immune response 
following anti-lyssavirus monoclonal antibody therapy” 
 
B. Positions, Scientific Appointments, and Honors 


Positions 


2017 - current Professor (with tenure) in Microbiology and Immunology, Uniformed Services 
University of the Health Sciences, Bethesda, MD. 


2009 - 2017 Associate Professor (with tenure) in Microbiology and Immunology, Uniformed 
Services University of the Health Sciences, Bethesda, MD. 


2002 - 2009 Assistant Professor in Microbiology and Immunology, Uniformed Services University 
of the Health Sciences, Bethesda, MD. 


1996 - 2002 Post-doctoral Research Associate, Howard Hughes Medical Research Institute, 
National Jewish Medical and Research Center, Denver, CO. 


1995 - 1996 Research Fellow in Pathology, Harvard University, Dana-Farber Cancer Institute  


Professional Memberships and Service 


2011 - 2016 NIH CMIB (Cell and Molecular Immunology-B) study section for review of R01/R21 
grants (Ad hoc member Feb & May 2011, Feb & May 2013, Feb 2014, Feb 2015, 
May 2016) 


2008, 2021 ZRG1 CB-D 30 Confocal Microscopy Shared Instrumentation NIH Study Section (Ad 
hoc member) 


2006 - current American Society for Cell Biology (ASCB) 
2006 - current American Association of Immunologists (AAI) 
2006 - 2007  ZRG1 IMM-L 29 L, DBBD Minority and Disability Predoctoral Fellowship NIH Study 


Section (Ad hoc member) 
2005-2006  ZRG1 F07 Immunology Fellowship and AREA NIH Study Section (Ad hoc member) 


Honors 


2016 Uniformed Services University Henry Wu Award for excellence in basic science 
research 


2005 - 2008 Dana Foundation Program in Brain and Immuno-Imaging 
2004 - 2006 Kimmel Scholar - Sidney Kimmel Foundation for Cancer Research 
2000 - 2002 Leukemia and Lymphoma Society Special Fellowship 
1989 - 1992 Office of Naval Research Graduate Research Fellowship 
1989 Phi Beta Kappa 
(1989) National Science Foundation Graduate Research Fellowship (Declined) 


Patents 


2007 US Patent 7,169,570: Method to Identify Regulators of Cellular Activation Using Bcl10 
– BC Schaefer, JW Kappler and P Marrack 


Mouse strains developed 


2001 C57BL/6-Tg(UBC-GFP)30Scha/J: Ubiquitously expressed EGFP transgene on a pure 
C57BL/6 background.  Repository strain at Jackson Laboratory (stock# 004353). This 
strain has been used and cited in hundreds of publications. 


 
  







 


C. Contributions to Science 
 


1. My Ph.D. thesis studies involved identification of the molecular mechanisms controlling distinct latency-
associated Epstein Barr virus (EBV) transcriptional programs.  Prior to my dissertation work, it was known 
that there were three forms of EBV latency which displayed two distinct phenotypes with regard to 
expression of EBV nuclear antigens (EBNAs): Type III latency is characterized by expression of all six EBV 
nuclear antigens (EBNA1-EBNA6) whereas Type I and Type II latency is characterized by expression of 
EBNA1 only.  The molecular basis restricted EBNA expression in Types I and II latency was not known.  
My work demonstrated the existence of a novel EBV promoter “Qp,” responsible for driving exclusive 
expression of EBNA1 in Types I and II latency.  My studies also showed that the choice between latency 
programs was contingent on whether the Type III latency promoter, Cp, is methylated in the host cell.  
Collectively, this work contributed significantly to the current understanding of regulation of EBV latency, 
which is relevant to elucidating how EBV persists for life in immunocompetent individuals, how EBV 
emerges as a life-threatening pathogen in specific immunodeficiencies, and how specific programs of EBV 
latency may be related to EBV-associated tumors, such as Burkitt lymphoma.  


 


a. #Schaefer BC, Woisetschlaeger M, Strominger JL, and Speck SH.  Exclusive expression of Epstein-
Barr virus nuclear antigen 1 in Burkitt lymphoma arises from a third promoter, distinct from the 
promoters used in latently infected lymphocytes.  Proc. Natl. Acad. Sci. USA 1991; 88:6550-6554. 
#Cited >130 times. 


b. *Schaefer BC, Strominger JL, and Speck SH.  Redefining the Epstein-Barr virus-encoded nuclear antigen 
EBNA1 gene promoter and transcription initiation site in group I Burkitt's lymphoma cell lines.  Proc. Natl. 
Acad. Sci. USA 1995; 92:10560-10564 
*Cited >190 times. 


c. †Schaefer BC, Strominger JL, and Speck SH.  Host-cell-determined methylation of specific Epstein-Barr 
virus promoters regulates the choice between distinct viral latency programs.  Mol. Cell Biol. 1997; 17:364-
377. 
†Cited >100 times. 


d. ‡Schaefer BC, Paulson E, Strominger JL, and Speck SH.  Constitutive activation of Epstein-Barr virus 
(EBV) nuclear antigen 1 gene transcription by IRF1 and IRF2 during restricted EBV latency. Mol. Cell 
Biol. 1997; 17:873-886 
‡Cited >85 times. 
 


2. My early work as an independent investigator involved determining whether NF-κB signaling proteins 
undergo molecular redistribution in response to TCR signaling.  Previous work had shown that several 
different signaling molecules are recruited to “supramolecular activation clusters (SMACs),” membrane-
proximal enrichments of signaling proteins that form on the cytoplasmic face of the antigen-engaged TCR. 
An assumption in the field, prior to our work, was that SMAC recruitment would be a shared feature of all 
cytoplasmic proteins important in TCR signaling.  Surprisingly, our investigations demonstrated that NF-κB 
signaling proteins, including Bcl10 and Malt, redistribute to punctate cytoplasmic structures, which we 
named POLKADOTS. Our ongoing signal transduction work has involved mechanistic studies connecting 
the POLKADOTS signalosome to TCR activation of NF-κB. Key findings include demonstration that (i) TCR 
activation of NF-κB is digital.  In other words, in contrast to pharmacological stimulation of NF-κB (PMA + 
ionomycin), which results in graded activation of NF-κB as the stimulus is increased, increasing TCR ligand 
changes only the number of T cells that respond, but not the intensity of the response; (ii) polyubiquitination 
of Bcl10 leads to recruitment to pre-existing p62 “speckles,” forming the POLKADOTS signalosome; (iii) the 
POLKADOTS signalosome is required for activation of the IKK complex; (iv) the POLKADOTS 
signalosome contemporaneously directs a signal dampening activity that involves a highly novel regulatory 
mechanism: selective autophagy of Bcl10, which results in degradation of Bcl10, but not its direct binding 
parther, Malt1; (v) effector T cells form POLKADOTS signalosomes and use autophagy to degrade Bcl10, 
whereas naïve T cells use a distinct mechanism of NF-κB activation that appears to be independent of p62, 
involving recruitment of signaling proteins to SMACs. Collectively, these contributions provide key 
mechanistic details regarding how signals are transmitted from the TCR to the NF-κB transcription factor. 
Most recently, we have collaborated with Drs. Wolfgang Losert and Arpita Upadhyaya, biophysicists at the 







 


University of Maryland, to define biophysical features of TCR-mediated activation and degradation of 
Bcl10. Our study with Dr. Losert in PLOS Computational biology has shown that the regulated 
polymerization and degradation of Bcl10 has characteristics of an excitable system, providing new insights 
regarding the digital behavior of this signaling module.  


 


a. #Kingeter LM, Paul S, Maynard SK, Cartwright NG, and Schaefer BC. Cutting Edge: T cell receptor 
ligation triggers digital activation of NF-B.  Journal of Immunology. 2010; 185:4520-4. 
#Cited >90 times. 


b. *Paul S, Kashyap AK, Jia W, He Y-W, and Schaefer BC. Selective autophagy of the adaptor protein 
Bcl10 modulates T cell receptor activation of NF-B. Immunity. 2012; 36:947-58. 
*Cited >200 times; Faculty of 1000 recommended 


c. Paul S, Traver MK, Kashyap AK, Washington MA, Latoche JR, and Schaefer BC. T cell receptor 
signals to NF-B are transmitted by a cytosolic p62-Bcl10-Malt1-IKK signalosome. Science Signaling. 
2014; 7:ra45. 


d. Campanello L, Traver MK, Shroff H, †Schaefer BC, †Losert W. Signaling through polymerization and 
degradation: Analysis and simulations of T cell activation mediated by Bcl10. PLOS Computational 
Biology. 2021 May 20;17(5):e1007986. 
†co-corresponding authors 


 
3. During our studies on TCR signaling to NF-κB, we became interested in the understudied CARD protein, 


CARD19.  Although CARD19 was initially described as a cytoplasmic negative regulator of TCR signaling 
to NF-κB, we found that this work was based on analysis of a partially spliced cDNA clone, and that the 
conclusions of this initial study were therefore spurious.  Our work with a properly spliced CARD19 cDNA 
showed that CARD19 is a mitochondrial protein that plays no role in TCR activation of NF-κB. Our latest 
work has shown that CARD19 interacts with the mitochondrial cristae organizing system (MICOS), and that 
it plays a role in determining cristae morphology. Notably, 3 of the 7 current publications focused on 
CARD19 were generated by my laboratory or as a collaboration with my group.  We are currently 
performing further studies to determine whether CARD19 regulates other aspects of mitochondrial function 
via its interaction with MICOS components. 


 


a. Rios KE, Kashyap AK, Maynard SK, Washington M, Paul S and Schaefer BC. CARD19, the protein 
formerly known as BinCARD, is a mitochondrial protein that does not regulate Bcl10-dependent NF-κB 
activation after TCR engagement. Cell. Immunol., 2020; 356:104179. 


b. Bjanes E, Sillas RG, Matsuda R, Demarco B, Fettrelet T, DeLaney AA, Rodriguez Lopez EM, 
Grubaugh D, Wynosky-Dolfi M, Philip NH, Krespan E, Tovar D, Joannas L, Beiting DP, Henao-Meija J, 
Schaefer BC, Chen KW, Broz P, and Brodsky I. Genetic targeting of Card19 is linked to disrupted 
NINJ1 expression, impaired cell lysis, and increased susceptibility to Yersinia infection. PLoS Pathog. 
2021;17(10):e1009967. 


c. Rios KE, Zhou M, Lott N, Beauregard C, McDaniel DP, Conrads TP, and Schaefer BC. CARD19 
interacts with mitochondrial contact site and cristae organizing system constituent proteins and 
regulates cristae morphology. Cells, 2022 11(7):1175. 


 
4. A second major research focus in my lab is the study of immune responses in the central nervous system.  


Our initial studies focused on inflammatory responses in traumatic brain injury (TBI), using mice as a model 
system: The first study demonstrated that the gene expression program induced by mild vs. severe TBI is 
remarkably similar, with the main distinction being that the expression of certain inflammatory genes 
remains persistently elevated in severe TBI.  The second study presented evidence that the anti-
inflammatory drug salsalate is a candidate therapy for TBI, reducing inflammation and improving functional 
recovery, as assessed by behavior assays. Our more recent work has focused on developing novel animal 
models and immunotherapies for neurotropic viral infections.  Our published work on this project includes a 
description of our methodology for longitudinal tracing of lyssavirus infections and a description of isolation 
and in vitro characterization of two anti-lyssavirus neutralizing mAbs.  


 


a. *Lagraoui M, Latoche JR, Cartwright NG, Sukumar G, Dalgard CL, Schaefer BC. Controlled cortical 
impact and craniotomy induce strikingly similar profiles of inflammatory gene expression, but with 
distinct kinetics. Front Neurol. 2012; 3:155. 
*Cited >100 times 







 


b. Lagraoui M, Sukumar G, Latoche JR, Maynard S, Dalgard CL, Schaefer BC. Salsalate treatment 
following traumatic brain injury reduces inflammation and promotes a neuroprotective and neurogenic 
transcriptional response with concomitant functional recovery. Brain, Behavior and Immunity. 2017; 
61:96-109. 


c. Mastraccio KE, Huaman C, Warrilow D, Smith GA, Craig SB, Weir DL, Laing ED, Smith IL, Broder CC, 
and Schaefer BC. Establishment of a longitudinal pre-clinical model of lyssavirus infection. J. Virol. 
Methods. 2020; 281:113882. 


d. Weir DL, Coggins SA, Vu B, Coertse J, Yan L, Smith I, Laing ED, Markotter S, Broder CC and 
Schaefer BC. Isolation and Characterization of Cross-Reactive Human Monoclonal Antibodies That 
Potently Neutralize Australian Bat Lyssavirus Variants and Other Phylogroup 1 Lyssaviruses. Viruses. 
2021; 13:391. 


 
5. A distinct area of emphasis in my career has been the development of new tools for research and the 


optimization of existing tools. Among many publications in this area, I have edited a protocols book and 
written a review on methodology for identification of cDNA ends by RACE (which included an optimized 
protocol).  I produced a C57BL/6 transgenic mouse strain ubiquitously expressing GFP, which has been a 
highly utilized tool for cell transfer studies.  I also generated a set of retroviral vectors for rapid and reliable 
creation of stable cell lines. My lab has published optimized protocols for visualizing NF-κB signaling 
intermediates via confocal microscopy, and for quantifying NF-κB activation using imaging flow cytometry. 
We have most recently described our methodology for using bioluminescence imaging to semi-
quantitatively trace lyssavirus infection in laboratory mice. A central goal of this work is to facilitate progress 
across the biomedical research community, through the development and distribution of better tools and 
clear explanation of how to reliably execute challenging techniques. 


 


a. †Schaefer BC. Revolutions in rapid amplification of cDNA ends: new strategies for polymerase chain 
reaction cloning of full-length cDNA ends. Anal Biochem. 1995 May 20;227(2):255-73. 
†Cited >475 times 


b. §Schaefer BC, Schaefer ML, Kappler JW, Marrack P, Kedl RM. Observation of antigen-dependent 
CD8+ T-cell/ dendritic cell interactions in vivo. Cell Immunol. 2001 Dec 15;214(2):110-22. 
§Describes creation and use of Jackson stock strain 004353 - C57BL/6-Tg(UBC-GFP)30Scha/J. 
Publication cited >400 times, strain cited many additional times. 


c. Traver MK, Paul S, and Schaefer BC. T Cell Receptor Activation of NF-κB in Effector T Cells: 
Visualizing Signaling Events Within and Beyond the Cytoplasmic Domain of the Immunological 
Synapse. Methods in Molecular Biology, 2017; 1584:101-27. 


d. Mastraccio KE, Huaman C, Laing ED, Broder CC, and Schaefer BC. Longitudinal Tracing of 
Lyssavirus Infection in Mice via In Vivo Bioluminescence Imaging. In: Bioluminescence.  Methods in 
Molecular Biology, Kim, SB. (ed.), 2022; 2524:369-394. 


 
Complete publications from My Bibliography:  
https://www.ncbi.nlm.nih.gov/myncbi/brian.schaefer.1/bibliography/public/ 
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BIOGRAPHICAL SKETCH


NAME: Amaya, Moushimi


eRA COMMONS USER NAME (credential, e.g., agency login): MOUSHIMIAMAYA


POSITION TITLE: Research Assistant Professor


EDUCATION/TRAINING


INSTITUTION AND LOCATION DEGREE
(if applicable)


Completio
n Date


MM/YYYY


FIELD OF STUDY


University of Kwa-Zulu Natal, Durban, South
Africa


B.S. 12/2004 Biological Science


George Mason University, Manassas, VA M.S. 12/2012 Molecular Biology


George Mason University, Manassas, VA Ph.D. 12/2015 Cell and Molecular Bio


Uniformed Services University, Bethesda, MD Postdoctoral
Fellow


02/2019 Molecular Virology


Uniformed Services University, Bethesda, MD Scientist 09/2022 Molecular Virology


A. Personal Statement


As an active researcher in the development of novel therapeutics and vaccine candidates against emerging
and re-emerging henipaviruses in relation to pandemic preparedness, I am uniquely qualified to participate as
a Co-Investigator in Research Project 2: Vaccines and antibodies to henipaviruses of the present U19
application (ReVAMPP). The extensive experience in henipavirus reverse genetics platforms necessary to
conduct the proposed studies began in my postdoctoral training, under the guidance and mentorship of Dr.
Christopher Broder, a leading expert in henipavirus biology. During my fellowship, I rescued and fully
characterized a replication competent recombinant Cedar virus (rCedV) as non-reporter and luciferase
expressing reporter versions that can safely be utilized at BSL-2. This work resulted in a first co-author
publication (see below). In addition, I generated replication competent chimeric viruses as non-reporter and
reporter versions that express the envelope glycoproteins of either Nipah virus Bangladesh (NiV-B)
(rCedV-NiV-B) or Hendra virus (HeV) (rCedV-HeV) instead of those of CedV. All 6 chimeric viruses were fully
characterized in in vitro studies. Together with Dr. Thomas Geisbert, at the University of Texas Medical
Branch (UTMB), with whom I have a 5-year collaboration, we demonstrated that the chimeras can serve as
suitable surrogate viruses for authentic NiV-B or HeV as determined by plaque reduction neutralization tests.
Moreover, the fluorescent reporter chimeric viruses were further characterized in a high throughput
fluorescence reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus
immunized animals and monoclonal antibodies. This work resulted in a first author manuscript that was very
recently published (see below). The FRNT has also been implemented in several neutralization and synergistic
neutralization tests that resulted in 2 co-author publications (see below). The highly productive collaborations
between Drs. Broder, Geisbert and I underscore the feasibility of the proposed project. The research proposed
in this application will not only build on my work developed thus far but also strengthen my scientific portfolio to
achieve my long-term goal of vaccine development for priority pathogens.


Citations:
1. Amaya, M., Yin, R., Yan, L., Borisevich, V., Adhikari, B.N., Bennett, A., Malagon, F., Cer, R.Z.,


Bishop-Lilly, K.A., Dimitrov, A.S., Cross, R.W., Geisbert, T.W., Broder, C.C. (2023). A Recombinant
Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform for Pathogenic
Henipaviruses. Viruses, 15(5). https://doi.org/10.3390/v15051077


2. Wang, Z.*, Dang, H. V.*, Amaya, M.*, Xu, Y., Yin, R., Yan, L., Hickey, A. C., Annand, E. J.,
Horsburgh, B. A., Reid, P. A., Smith, I., Eden, J. S., Xu, K., Broder, C. C., & Veesler, D. (2022).
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Potent monoclonal antibody-mediated neutralization of a divergent Hendra virus variant. Proc Natl
Acad Sci U S A, 119(22), e2122769119. https://doi.org/10.1073/pnas.2122769119 (*equal
contribution)


3. Wang, Z., Amaya, M., Addetia, A., Dang, H. V., Reggiano, G., Yan, L., Hickey, A. C., DiMaio, F.,
Broder, C. C., & Veesler, D. (2022). Architecture and antigenicity of the Nipah virus attachment
glycoprotein. Science, 375(6587), 1373-1378. https://doi.org/10.1126/science.abm5561


4. Amaya, M.*, Cheng, H.*, Borisevich, V., Navaratnarajah, C. K., Cattaneo, R., Cooper, L., Moore, T.
W., Gaisina, I. N., Geisbert, T. W., Rong, L., & Broder, C. C. (2021). A recombinant Cedar virus
based high-throughput screening assay for henipavirus antiviral discovery. Antiviral Res, 193,
105084. https://doi.org/10.1016/j.antiviral.2021.105084 (*equal contribution)


B. Positions, Scientific Appointments, and Honors
Positions and Employment
2022-pres Research Assistant Professor, Department of Microbiology and Immunology, USU, Bethesda,


MD.
2019-2022 Scientist, Henry M. Jackson Foundation Inc., Department of Microbiology and Immunology, USU,


Bethesda, MD.
2016-2019 Postdoctoral Research Fellow, Department of Microbiology and Immunology, USU, Bethesda,


MD.
2016 Adjunct Professor for BIOL 306 Biology of Microorganisms Lab, George Mason University,


Fairfax, VA.
2012-2015 Graduate Teaching Assistant for BIOL 306 Biology of Microorganisms Lab, George Mason


University, Fairfax, VA.
2011-2012 Graduate Teaching Assistant for BIOL 104 Introduction to Biology I and II Lab, George Mason


University, Fairfax, VA.


Other Experience and Professional Memberships
2019-2020 Member, American Society of Cell Biology
2018-2019 Ad hoc reviewer - Emerging Microbes & Infections
2012-2015 Member, American Society of Microbiology


Honors and Awards
2015 College of Science Summer Fellowship Recipient, George Mason University.
2014 College of Science Summer Fellowship Recipient, George Mason University.
2014-2015 Outstanding Doctoral Student Award, George Mason University, School of Systems Biology.
2013-2015 Bioscience Fellowship Recipient, George Mason University, School of Systems Biology.
2013 PhD Impact Award, George Mason University, School of Systems Biology.


Patents issued
● Recombinant Cedar Virus Chimeras. Provisional. Atty. Dkt. No. 103783-0276.


C. Contributions to Science


1. Graduate career: My Ph.D. thesis research involved characterizing the host viral interactions in human cells
with a focus on the least characterized non-structural protein, nsP3, from VEEV. I initially constructed a tagged
version of nsP3 both as an overexpression construct and in the context of the viral genome. Mass
spectrometry analyses revealed that VEEV-nsP3 interacted with multiple host factors. Those of particular
interest were chosen for additional studies, namely the kinase IKKβ and the RNA helicases DDX1 and DDX3. I
validated that VEEV-nsP3 interacted and complexed with IKKβ, DDX1 and DDX3 and furthermore, siRNA
knockdown studies indicated a reliance of these host factors for productive and continuous viral replication.
These findings formed the basis of the functional model where VEEV-nsP3 interacts with the host translational
machinery via DDX3 to potentially aid in translation of viral proteins that could be part of the replication
complex, and that this interaction could be essential in the viral life cycle. This contribution will aid in
elucidating the functionality of nsP3 in the viral life cycle as well as to promote the development of host based
therapeutic options to treat RNA viral infections or disease. Results from my research were highly relevant as
they provided new details and insight in understanding the role of the uncharacterized VEEV protein, nsP3, in
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the new world alphavirus life cycle. As such, this work resulted in two first author research publications and one
review article (see below). My Ph.D. research on host viral interactions was expanded to include host
pathways that were altered during viral infection by utilizing small molecule inhibitors. Such pathways included
the host phospho-signaling and the ubiquitin proteasome pathways. I validated, as a collaboration, that the
MAPK/ERK signaling pathway was activated and necessary for the infectious process in VEEV infected human
cells through utilization of the small molecule inhibitor, Ag-126. This joint effort resulted in a second author
publication. In a different study, I had revealed with the use of an FDA approved proteasome inhibitor,
Bortezomib that VEEV requires the ubiquitin proteasome pathway in the viral life cycle. My results indicated the
likely mechanism was that K48 ubiquitination of VEEV capsid protein may be necessary for the early stages of
infection. This study was the first to demonstrate that the capsid protein was post translationally modified with
ubiquitin and this resulted in a first author publication (see below). In addition, I had also collaborated to
investigate the requirement of the ubiquitin proteasome pathway in the negative stranded RNA virus, RVFV
infection. We showed that with Bortezomib treatment, the formation of the characteristic nuclear filaments
formed by the virulence factor NSs was abolished, thereby preventing NSs interaction with host repressor
proteins SAP30 and mSin3A. This study resulted in a second author publication. Cumulatively, these studies
would pave the way for developing host-based therapies and/or repurposing FDA approved drugs to treat
these re-emerging diseases.


1. Amaya, M., Brooks-Faulconer, T., Lark, T., Keck, F., Bailey, C., Raman, V., & Narayanan, A. (2016).
Venezuelan equine encephalitis virus non-structural protein 3 (nsP3) interacts with RNA helicases
DDX1 and DDX3 in infected cells. Antiviral Res, 131, 49-60.
https://doi.org/10.1016/j.antiviral.2016.04.008


2. Amaya, M., Keck, F., Bailey, C., & Narayanan, A. (2014). The role of the IKK complex in viral infections.
Pathog Dis, 72(1), 32-44. https://doi.org/10.1111/2049-632X.12210


3. Amaya, M., Keck, F., Lindquist, M., Voss, K., Scavone, L., Kehn-Hall, K., Roberts, B., Bailey, C.,
Schmaljohn, C., & Narayanan, A. (2015). The ubiquitin proteasome system plays a role in venezuelan
equine encephalitis virus infection. PLoS One, 10(4), e0124792.
https://doi.org/10.1371/journal.pone.0124792


4. Amaya, M., Voss, K., Sampey, G., Senina, S., de la Fuente, C., Mueller, C., Calvert, V., Kehn-Hall, K.,
Carpenter, C., Kashanchi, F., Bailey, C., Mogelsvang, S., Petricoin, E., & Narayanan, A. (2014). The
role of IKKbeta in Venezuelan equine encephalitis virus infection. PLoS One, 9(2), e86745.
https://doi.org/10.1371/journal.pone.0086745


2. Postdoctoral career: My postdoctoral training involved the development and characterization of a
recombinant henipavirus platform that can safely be used at BSL-2 to investigate and understand henipavirus
infection with respect to pathogenesis, neutralization, drug discovery, therapeutics and vaccine potential. The
reverse genetics system for the rCedV platform resulted in a first co-author publication (see below). A
collaborative research project entailed the optimization of a replication competent rCedV-Luc for high
throughput screening assays to identify small drug like molecules that can target multiple stages in the
henipavirus life cycle, which resulted in a first co-author publication (see below). Building on the rCedV
platform, I designed and characterized a robust recombinant chimeric henipavirus reverse genetics system to
be used as a surrogate system for pathogenic henipaviruses. The envelope glycoproteins of rCedV were
replaced with those of either NiV-B (rCedV-NiV-B) or HeV (rCedV-HeV) and non-reporter and reporter versions
were generated. I optimized and implemented a rapid high throughput cell-based fluorescence reduction
microneutralization assay using rCedV chimeras to determine monoclonal antibody neutralization potencies
and detect the presence of neutralizing antibodies and measure neutralizing titers in henipavirus immunized
animal sera. This work resulted in a first author manuscript (see below). In a collaborative effort, I generated
recombinant henipavirus chimeric virus escape mutants to understand the structure of henipavirus envelope
glycoproteins. This collaboration resulted in a co-author manuscript (see below). In addition, my work has been
recently presented at multiple meetings such as the Keystone Symposia, Bat Infectious Diseases Symposium,
and the World One Health Congress.
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1. Amaya, M., Yin, R., Yan, L., Borisevich, V., Adhikari, B.N., Bennett, A., Malagon, F., Cer, R.Z.,
Bishop-Lilly, K.A., Dimitrov, A.S., Cross, R.W., Geisbert, T.W., Broder, C.C. (2023). A Recombinant
Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform for Pathogenic Henipaviruses.
Viruses, 15(5). https://doi.org/10.3390/v15051077


2. Wang, Z., Amaya, M., Addetia, A., Dang, H. V., Reggiano, G., Yan, L., Hickey, A. C., DiMaio, F., Broder,
C. C., & Veesler, D. (2022). Architecture and antigenicity of the Nipah virus attachment glycoprotein.
Science, 375(6587), 1373-1378. https://doi.org/10.1126/science.abm5561


3. Amaya, M., Cheng, H., Borisevich, V., Navaratnarajah, C. K., Cattaneo, R., Cooper, L., Moore, T. W.,
Gaisina, I. N., Geisbert, T. W., Rong, L., & Broder, C. C. (2021). A recombinant Cedar virus based
high-throughput screening assay for henipavirus antiviral discovery. Antiviral Res, 193, 105084.
https://doi.org/10.1016/j.antiviral.2021.105084


4. Laing, E. D., Amaya, M., Navaratnarajah, C. K., Feng, Y. R., Cattaneo, R., Wang, L. F., & Broder, C. C.
(2018). Rescue and characterization of recombinant cedar virus, a non-pathogenic Henipavirus
species. Virol J, 15(1), 56. https://doi.org/10.1186/s12985-018-0964-0


Complete list of published work in MyBibliography: MAmaya_Bibliography.



https://www.ncbi.nlm.nih.gov/myncbi/1Rk2fy0V6z7As/bibliography/public/
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NAME:  Broder, Christopher C.       


eRA COMMONS USER NAME (credential, e.g., agency login):  cbroder 


POSITION TITLE:  Professor of Microbiology, Immunology and Emerging Infectious Diseases 


EDUCATION/TRAINING  


INSTITUTION AND LOCATION 
DEGREE 


(if applicable) 


Completion 
Date 


MM/YYYY 


FIELD OF STUDY 
 


Florida Institute of Technology, Melbourne, FL B.S. 1983 Biological Science 


Florida Institute of Technology, Melbourne, FL M.S. 1985 Molecular Biology 


University of Florida, Gainesville, FL Ph.D. 1989 Immunology and Med-Micro 


A. Personal Statement 
The objectives of this ReVAMPP Center proposal are to support Pandemic Preparedness through the study 
and advancement of a broadly applicable viral subunit immunogen vaccine delivery platform and antibody-
based countermeasures for bunyavirales and paramyxovirus agents. I will serve as Co-PI with Thomas 
Geisbert (Center PI) of the Administrative Core A; and as Project Leader of Research Project 2 (RP2): 
Vaccines and antibodies against henipaviruses. I have researched enveloped virus-host cell interactions 
for 34 years, funded primarily by multiple NIAID and DoD grants on HIV and zoonotic viral agents. 1999, I 
established a collaborative international group of research experts in Hendra and Nipah virus biology, and later 
over a 14-year period I was the PI of two multi-component, international, NIAID, U01 awards, and also the Co-
PI of a third U01 with the Center PI (Geisbert) all focused on henipavirus research, and have collaborated with 
Dr. Geisbert for the past 16 years. I also currently serve as PI on a NIAID CETR U19 focused on henipavirus 
countermeasures. Some of my collaborative henipavirus research contributions include: structural biochemistry 
on the viral G and F glycoproteins; animal model development and in vivo pathogenesis studies in the feline 
and ferret (with the AAHL-CSIRO, Australia), and the African green monkey (with Geisbert); development and 
testing of vaccines and therapeutics; discovery of the entry receptors ephrin-B2/B3; development of antiviral 
mouse and human monoclonal antibodies (mAb) including m102.4 that successfully completed a Phase 1 trial 
in Australia (2020) and since used by emergency protocol in 18 people in Australia and the US as a post-
exposure treatment; developed and patented the Hendra/Nipah soluble G (sG) and soluble F (sF) subunit 
vaccine candidates, including HeV-sG for horses called Equivac® HeV (Zoetis, Inc.), the first commercialized 
vaccine to a BSL-4 agent; and now in Phase I trial in the US (Auro Vaccines/PATH/CEPI). More recently my 
lab developed a reverse genetics platform for generating recombinant Cedar henipavirus (rCedV) that can be 
utilized at BSL-2 for both high-throughput antiviral drug discovery and rCedV chimeras for performing rapid 
neutralization tests for Nipah and Hendra. I have the expertise in many aspects of the henipavirus-related 
project goals proposed here, and I have led both basic and translational research projects in a broad area of 
study on Nipah and Hendra. Here RP2 will be focused on the implementation of a new, rapid and dissolvable, 
microneedle patch (MNP) vaccine technology with the ‘prototype’ viruses Nipah and Hendra; develop reporter 
virus platforms for the divergent Langya and Angavokely henipaviruses; assess vaccine responses and test 
neutralizing antibodies and nanobodies to be developed by the Center’s Core D and RP4 and RP5. We will 
also pivot and adapt the MNP approach and new tools in Phase 2 of the Center to another virus. 


Ongoing projects that I would like to highlight: 


U19 AI142764. NIAID, Center of Excellence for Translational Research (CETR): Role: PI 
03/20/19-02/29/24. “Advancement of Vaccines and Therapies for Henipaviruses” 


U19 AI171413. NIAID AViDD: “UTMB-Novartis Alliance for Pandemic Preparedness”: PIs: Diagana and Shi. 
05/01/2022-04/30/2027; Sub-project 3: Henipaviruses. Role: Co-PI with Geisbert                                                                  


CRADA; Auro Vaccines; CEPI (Coalition for Epidemic Preparedness Innovations): Role: Co-PI with Hamm 
07/01/18-06/30/2023; “A Subunit Vaccine (HeV-sG) to Protect against Nipah and Hendra Diseases” 
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1. Amaya M, Cheng H, Borisevich V, Navaratnarajah CK, Cattaneo R, Cooper L, Moore TW, Gaisina IN, 
Geisbert TW, Rong L, Broder CC*. A recombinant Cedar virus based high-throughput screening assay for 
henipavirus antiviral discovery. Antiviral Res. 2021 May 30:105084. doi: 10.1016/j.antiviral.2021.105084. 
PMCID: PMC8631057  


2. Playford EG, Munro T, Mahler SM, Elliott S, Gerometta M, Hoger KL, Jones ML, Griffin P, Lynch KD, Carroll 
H, El Saadi D, Gilmour ME, Hughes B, Hughes K, Huang E, de Bakker C, Klein R, Scher MG, Smith IL, 
Wang LF, Lambert SB, Dimitrov DS, Gray PP, Broder CC. Safety, tolerability, pharmacokinetics, and 
immunogenicity of a human monoclonal antibody targeting the G glycoprotein of henipaviruses in healthy 
adults: a first-in-human, randomised, controlled, phase 1 study. Lancet Infect Dis. 2020 Apr;20(4):445-454. 
PMID: 32027842 


3. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW, Prasad AN, Fenton KA, Yu H, 
Fouts TR, Broder CC*, Dimitrov AS*. A single dose investigational subunit vaccine for human use against 
Nipah virus and Hendra virus. NPJ Vaccines. 2021 Feb 8;6(1):23. doi: 10.1038/s41541-021-00284-w. 
PMCID: PMC6789926 


4. Amaya, M, Yin R, Yan L, Borisevich V, Adhikari BN, Bennett A, Malagon F, Cer RZ, Bishop-Lilly KA, 
Dimitrov AS, Cross RW, Geisbert TW, Broder CC*. A Recombinant Chimeric Cedar Virus-Based Surrogate 
Neutralization Assay Platform for Pathogenic Henipaviruses. Viruses 2023, 15(5), 1077. 


B. Positions, Scientific Appointments 


Positions and Employment 


2018-pres.      Chair, Department of Microbiology and Immunology, USU, Bethesda, Maryland. 


2006-2018  Director, Emerging Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland. 


2005-pres.      Professor, Department of Microbiology and Immunology, Joint appointment, Emerging 
Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland. 


2000-2005 Associate Professor, Department of Microbiology and Immunology, Joint appointment, 
Emerging Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland. 


1996-2000 Assistant Professor, Department of Microbiology and Immunology, Joint appointment, Molecular 
and Cell Biology Graduate Program, Uniformed Services University, Bethesda, Maryland. 


1993-1996  IRTA Fellow, LVD, NIAID, NIH, Bethesda, Maryland. 


1990-1992  National Research Council, Research Associate, Laboratory of Viral Diseases, National Institute 
of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland. 


Other Experience and Professional Affiliations 


2022- Member, Virus Expert Panel for Disease X Vaccine Libraries (CEPI). 


2018- Nipah Task Force (CEPI). 


2018- Nipah Therapeutics Protocol Team; ICMR, NIAID, WHO. 


2011 Member, Discontools Nipah Virus Infection Panel Expert Group. Gap analysis. International 
Federation for Animal Health Europe, Brussels, Belgium. 


Editorial boards, dates since joining: Journal of Virology-07’, Virology-10’, Viruses-11’, Pathogens-
11; Virologica Sinica-12’ 


2009 Member, National Veterinary Stockpile Nipah virus Countermeasures Workshop; United States 
Department of Agriculture. Geelong, Australia. 


Honors and Awards 


2022 The Carol Johns Medal (highest honor USU faculty can bestow on a fellow faculty member). 


2021 Military Health System Research Symposium (MHSRS) 2021 Outstanding Research 
Accomplishment Team Award. (COVID-19 / SARS-CoV-2 serology research). 


2020 Military Health System Research Symposium (MHSRS) 2020 Outstanding Individual Research 
Accomplishment by an Individual Senior Researcher. (Hendra and Nipah virus countermeasures). 


2020 Inaugural, 2020 Federal Laboratory Consortium (FLC) Impact Award. 


2019 USU Outstanding Biomedical Graduate Educator Award. 


2019 The University of Florida, College of Medicine, “Wall of Fame”.   


2019 Dean’s Award for Leadership, University of Florida, College of Medicine. 
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2019 Federal Laboratory Consortium (FLC) Award for Excellence in Technology Transfer. 


2016 The James J. Leonard Award for Excellence in Translational/Clinical Research. 


2014 The Cinda Helke Award for Excellence in Graduate Student Advocacy. 


2013 The 3rd Sidney Pestka Lecture; 22nd Annual Philadelphia Infection & Immunity Forum. 


2013 Federal Laboratory Consortium (FLC) Award for Excellence in Technology Transfer. 


2013 Second Finalist for the Australian Infectious Diseases Research Centre Eureka Prize. 


2013 The CSIRO Chairman’s Medal.  The Commonwealth Scientific and Industrial Research   
Organisation (CSIRO); Australia's national science agency. 


2008 The Henry Wu Award for Excellence in Basic Science Research. 


1996 The Fellows Award for Research Excellence, Office of Science Education, NIH. 


1996-1997  The Newcomb Cleveland Prize - AAAS: and Breakthrough of the Year, Science Magazine.  


1990-1992    National Research Council Research Associateship Award. 


1989             Medical Guild Graduate Research Award, University of Florida College of Medicine. 


Patents issued and significant technology licenses 


• Bacterial plasmin receptors as fibrinolytic agents: U.S. Pat. No. 5,237,050.  


• Oligomeric HIV-1 envelope glycoproteins (gp140): U.S. Pat. Nos. 6,039,957 and 6,171,596. 


• HIV-1 Envelope Glycoprotein Oligomer and Methods of Use. U.S. Pat. No. 8,597658. 


• CCR5 DNA, new animal models and therapeutic agents for HIV infection: U.S. Pat. No. 7,151,087. 


• Cells expressing both human CD4 and CXCR4 associated with HIV infection: U.S. Pat. No. 6,197,578. 


• Compositions and methods for the inhibition of membrane fusion by paramyxoviruses: U.S. Pat. Nos. 
7,666,431 and 8,114,410. 


• Soluble Forms of Hendra and Nipah Virus G Glycoprotein. Australian Pat. No. 2005327194. U.S. Pat. Nos. 
8,865,171; 9,045,532; 9,056,902; 9,533,038, 10,053,495. 


• Soluble Forms of Hendra and Nipah Virus F Glycoprotein and Uses Thereof: Australian Patent No. 
2013276968. U.S. Pat. Nos. 10,040,825; 10,590,172. 


• Human monoclonal antibodies against Hendra and Nipah viruses. U.S. Pat. Nos. 7,988,971; 8,313,746, 
8,858,938.  


• Antibodies against F glycoprotein of Hendra and Nipah viruses. U.S. Pat. Nos. 9,982,038 and 10,738,104 


• Cedar virus and Methods of Use. U.S. Patent No., 10,227,664. 


• Recombinant Cedar Virus Chimeras. Provisional. Atty. Dkt. No. 103783-0276. 


• Hendra sG: Licensed to Zoetis, Inc. (Pfizer Animal Health). Equivac ® HeV; Nov, 2012, Australia. 


• Hendra sG: Licensed to AuroVaccines, Aurobindo Pharma USA., Nipah/Hendra human vaccine candidate. 


• Monoclonal antibodies to Henipaviruses. Absolute Antibody Ltd, United Kingdom. 


• Soluble Nipah and Hendra virus F and G glycoproteins. The Native Antigen Company Ltd, United Kingdom. 


C. Contributions to Science 


My Ph.D. thesis studies centered on the discovery and characterization of a specific receptor for human 
plasmin on Group A Streptococci during my rotation project as a first year student. My studies revealed that 
certain group A streptococci elaborated surface receptors that could bind selectively a key fibrinolytic enzyme, 
plasmin. The bacterium-bound plasmin remained enzymatically active including its ability to hydrolyze a fibrin 
clot and could not be inhibited by its physiological regulator, alpha 2-plasmin inhibitor. Since these organisms 
produced streptokinase producing an active enzyme that can convert plasminogen to plasmin, they could 
accelerate the destruction of the extracellular matrix environment: a model for the "flesh-eating streptococci".   


a. Lottenberg, R., C.C. Broder, and M.D.P. Boyle. Identification of a Specific Receptor for Plasmin on a 
Group A Streptococcus. Infection and Immunity. 55(8):1914-1918, 1987. 


b. Broder, C.C., R. Lottenberg, and M.D.P. Boyle.  Mapping of the Domain of Human Plasmin Recognized by 
its Unique Group A Streptococcal Receptor. Infection and Immunity.  57(9): 2597-2605, 1989. 


c. Broder, CC, R Lottenberg, GO vonMering, K. Johnston and MDP Boyle. Isolation of a prokaryotic plasmin 
receptor: relationship to a plasminogen activator produced by the same microorganism. J. Biol. Chem. 
266:4922-28, 1991. 
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d. Lottenberg, R., C.C. Broder, M.D.P. Boyle, S.J. Kain, B.L. Schroeder, and R. Curtiss III. Cloning, 
Sequence Analysis, and Expression in Escherichia coli of a Streptococcal Plasmin Receptor. J. 
Bacteriology. 174:5204-5210, 1992. 


My independent work as a postdoctoral fellow focused on the early stages of HIV-1 envelope glycoprotein 
mediated membrane fusion as a surrogate model of HIV-1 entry. I established a vaccinia virus-based reporter 
gene assay for measuring viral (HIV-1) glycoprotein-mediated membrane fusion and generated the first panel 
of T-cell tropic and Macrophage-tropic HIV-1 envelope glycoprotein (Env) encoding recombinant vaccinia virus 
vectors and I used these tools to be the first to hypothesize that the cellular tropism of HIV-1 could be 
explained by specific membrane fusion factors required for the different classes of HIV-1 Envs. I also 
developed the first soluble and secreted full-length oligomeric HIV-1 gp140 glycoprotein and explored the 
importance of its native oligomeric structure in terms of its presentation of conformational and virus-neutralizing 
epitopes through the development and characterization of more than 100 murine monoclonal antibodies. 


a. Broder, C.C., D.S. Dimitrov, R. Blumenthal, and E.A. Berger. The block to HIV-1 envelope glycoprotein-
mediated membrane fusion in animal cells expressing human CD4 can be overcome by a human cell 
component(s). Virology. 193:483-491, 1993. 


b. Nussbaum, O., C.C. Broder, and E.A. Berger.  HIV-1 Envelope Glycoprotein/CD4 Mediated Cell Fusion: A 
Novel Recombinant Vaccinia Virus-Based Assay Measuring Activation of a Reporter Gene by Bacterio-
phage T7 RNA Polymerase Selectively In Fused Cells. J.Virol. 68:5411-5422, 1994. 


c. Broder, C.C., P.L. Earl, D. Long, B. Moss, and R.W. Doms. Antigenic Implications of HIV-1 Envelope 
Glycoprotein Quaternary Structure: Oligomer-Specific and -Sensitive mAbs. PNAS. 91:11699-11703, 1994. 


d. Broder, C.C. and E.A. Berger. Fusogenic Selectivity of the Envelope Glycoprotein is a Major Determinant 
of HIV-1 Tropism for CD4+ T-Cell Lines vs. Macrophages. PNAS. USA. 92:9004-08, 1995. 


My early studies on the cellular and viral membrane fusion tropism of HIV-1 and the development of a sensitive 
and specific reporter gene assay of cell-cell membrane fusion facilitated the discovery of the first membrane 
fusion accessory factor (“fusin”; CXCR4) that I earlier hypothesized existed, and this rapidly led to the 
discovery by us and others of the second factor for macrophage-tropic Envs (CCR5); the HIV-1 coreceptors.  
These findings were a significant breakthrough in HIV research leading to numerous new directions in 
understanding HIV-1 pathogenesis as well as new therapeutic strategies.  


a. Feng, Y., C.C. Broder, P.E. Kennedy, and E.A. Berger.  HIV-1 Entry Cofactor:  Functional cDNA Cloning of 
a Seven-Transmembrane, G Protein-Coupled Receptor. Science. 272:872-877, 1996. 


b. Alkhatib*, G., C. Combadiere*, C.C. Broder*, Y. Feng*, P.E. Kennedy*, P.M. Murphy, and E.A. Berger. CC 
CKR5: a RANTES, MIP-1α , MIP-1β  Receptor as a Fusion Cofactor for Macrophage-Tropic HIV-1.  
Science. 272:1955-1958, 1996. (*equal contribution). 


c. Rucker, J., M. Samson, B. J. Doranz, F. Libert, J. F. Berson, Y. Yi, R. G. Collman, C. C. Broder, G. 
Vassart,, R. W. Doms, and M. Parmentier.  Regions in β-chemokine Receptors CCR-5 and CCR-2b that 
Determine HIV-1 Cofactor Specificity. Cell. 87:1-10, 1996. 


d. Edinger, A.L., A. Amedee, K. Miller, B.J. Doranz, M. Endres, M. Sharron, M. Samson, Z-h. Lu, J.E. 
Clements, M. Murphey-Corb, S.C. Peiper, M. Parmentier, C.C. Broder, and R.W. Doms. Differential 
utilization of CCR5 by macrophage and T cell tropic SIV strains.  PNAS. 94:4005-4010, 1997. 


My initial work on HIV-1 entry led to further independent studies which focused on follow-up investigations 
characterizing the roles of the HIV-1 coreceptors in the virus entry process. These studies revealed the 
interplay between the HIV-1 entry receptors, mapped important domains of the coreceptors involved in HIV-1 
Env interaction, and also revealed possible avenues of how an HIV-1 Env might engage and differently utilize 
the CXCR4 and CCR5 coreceptors for infection. In addition, I also engaged in collaborative follow-up studies 
exploring the utility of soluble oligomeric HIV-1 envelope glycoproteins as subunit vaccine immunogens 
(gp140) which I initiated at NIH while a postdoctoral fellow.  


a. Chabot, D.J., P-F. Zhang, G.V. Quinnan, and C.C. Broder*. Mutagenesis of CXCR4 Identifies Important 
Domains for HIV-1 X4 Isolate Envelope-Mediated Membrane Fusion and Virus Entry and Reveals Cryptic 
Coreceptor Activity for R5 Isolates. J. Virol. 73:6598-6609, 1999. 


b. Xiao, X., L. Wu, T.S. Stantchev, Y-R. Feng, S. Ugolini, H. Chen, Z. Shen, C.C. Broder, Q.J. Sattentau, and  
D.S. Dimitrov. Constitutive cell surface association between CD4 and CCR5. PNAS. 96:7496-7501, 1999. 


c. Chabot, D.J., H. Chen, D.S.  Dimitrov, and C.C. Broder*. N-linked Glycosylation in CXCR4 Masks 
Coreceptor Function for CCR5-Dependent HIV-1 Isolates. J. Virol. 74:4404-4413, 2000. 
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d. Zhang, P.F., Cham, F., Dong, M., Choudhary, A., Bouma, P., Zhang, Z., Shao, Y., Feng, Y.R., Wang, L., 
Mathy, N., Voss, G., Broder, C.C., Quinnan, G.V., Jr. Extensively cross-reactive anti-HIV-1 neutralizing 
antibodies induced by gp140 immunization. PNAS. USA. 104(24):10193-8. 2007. 


My recent efforts have focused on emerging viruses that impact human and domestic livestock populations; 
including lyssaviruses, filoviruses, and henipaviruses for the past 23 years. I obtained the first NIAID funded 
biodefense project providing fiscal support on select agent research to an overseas laboratory (2003; U01 
AI056423). I developed the first henipavirus peptide-based fusion inhibitors, subunit vaccines, and neutralizing 
human and humanized monoclonal antibodies (mAb), and my NIAID grants supported the development of the 
feline, ferret and African green monkey models of Hendra and Nipah pathogenesis. Henipavirus 
countermeasures development is a major a focus of my lab and supported by a NIAID U19 CETR. Here, we 
are developing next-generation mAb therapies and next-generation vaccines and delivery methods against 
Nipah and Hendra for both human and livestock use. I am also heavily engaged in collaborative virus 
surveillance activities focusing on henipaviruses, filoviruses, coronaviruses, and others, in wildlife and human 
populations in more than 10 countries in South Asia, Southeast Asia, West Africa and Southern Africa; using 
the Luminex xMAP-based platform which has proven to be more sensitive than ELISAs for the detection of 
antibodies to viral infections. The key feature of our multiplex microsphere immunoassays (MMIA) are the use 
of my lab’s production of recombinant, soluble, native-like, oligomeric viral glycoproteins, designed similar to 
our HeV-sG subunit vaccine. Our MMIA array presently contains more than 20 different soluble glycoprotein 
ectodomains. These programs are funded by the NIAID and the Defense Threat Reduction Agency (DTRA), an 
agency within the US Department of Defense.  


a. Bonaparte, M. I., A. S. Dimitrov, K. N. Bossart, G. Crameri, B. A. Mungall, K. A. Bishop, V. Choudhry, D. S. 
Dimitrov, L.-F. Wang, B. T. Eaton, and C. C. Broder*. Ephrin-B2 Ligand is a Functional Receptor for 
Hendra Virus and Nipah Virus. Proc Natl Acad Sci U S A. 102(30):10652-7. 2005. (from the cover). 


b. Bossart, KN, Geisbert, TW, Feldmann, H, Zhu, Z, Feldmann, F, Geisbert, JB, Yan, L, Feng, Y-R,  Brining, 
D, Scott, D, Wang, Y, Dimitrov, AS, Callison, J, Chan, Y-P, Hickey, AC, Dimitrov, DS, Broder, CC*, and 
Rockx, B. A neutralizing human monoclonal antibody protects African Green monkeys from Hendra virus 
challenge. Sci. Transl. Med. 3, 105ra103. 2011. *corresponding author. (from the cover). PMID: 22013123 


c. Bossart KN, Rockx B, Feldmann F, Brining D, Scott D, Lacasse R, Geisbert JB, Feng YR, Chan YP, Hickey 
AC, Broder CC*, Feldmann H, Geisbert TW. A Hendra virus G glycoprotein subunit vaccine protects 
African green monkeys from Nipah virus challenge. Sci Transl Med. 4(146):146ra107. 2012 (from the 
cover) PMID: 22875827. 
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A. Personal Statement


I have been familiar with HeV-sG since its discovery. I am a co-author of the HeV-sG characterization article in
JVI 2005. It shows that HeV and NiV as well G-glycoproteins, membrane attached and soluble as well, exist as
dimers and dimers of dimers. Under the supervision of Dr. Broder I played a major role in the discovery of
ephrin B2 as a functional receptor for Nipah and Hendra viruses, sharing an equal contribution with Dr.
Bonaparte in the related PNAS article (2005). I had been also characterizing the binding site of ephrin B2 to
HeV and NiV G glycoprotein and found aminoacid residues on ephrin B2 that are critical for the virus receptor
binding.


I was a PI (MPI, with Dr. Fouts) of two pre-clinical development programs – one for the HeV-sG as subunit
vaccine against henipavirus infections and the other for the human antibody, m102.4, as postexposure
treatment against such infections. I am currently involved in the clinical investigation of the HeV-sG subunit
vaccine led by Auro Vaccines LLC. I am also actively involved in coordination the work of the research projects
and cores within the CETR U19- AI142764 “Advancement of Vaccines and Therapies for Henipaviruses”
(Christopher Broder, PI), where I wrote the proposal for RP1 related to the next generation HeV-sG human
vaccine. Although the subunit vaccine in its current formulation has an excellent efficacy, its stability at
ambient condition and efficacy are expected to be significantly enhanced within RP1 of the above CETR U19,
there is still room to explore the immunization efficiency by decreasing the cost of storage and application
procedure. Within one of the latest awards we are developing patches of soluble microneedle arrays for
intradermal delivery of HeV-sG. The vaccine is expected to be stable at ambient conditions and ready for easy
self-administration by pressing the patch to a bare skin place, like on the shoulder. During the past 2 decades I
accumulated relevant experience related to GLP, GMP, and partly GCP and believe that I can significantly
contribute to the proposed project.


B. Positions, Scientific Appointments, and Honors


2019 – Senior Scientist, USUHS, Bethesda, MD 20814 / HJF, Bethesda, MD 20817







2006 – 2019 Senior Staff Scientist, Profectus BioSciences, Inc., 6411 Beckley Str.,
Baltimore, MD 21224
2004 – 2006 Research Associate, Dept. of Microbiology at USUHS, Bethesda, MD 20814
1999 – 2004 Post-Doctoral Fellow, Laboratory of Experimental and Computational Biology,
CCR, NCI, NIH, Bldg. 469, Rm. 211, P.O. Box B, Frederick, MD 21702-1201
1995 – 1999 Scientist, L’ORÉAL Tsukuba Center, Tokodai 5-5, Tsukuba, Japan
1992 – 1995 Senior Research Associate, Nagayama Protein Array Project, ERATO, JRDC,
Tokodai 5-5, Tsukuba, Japan


1987 – 1993 Research Specialist (Chemist), Faculty of Chemistry, Sofia State University, Sofia, Bulgaria


C. Contributions to Science


1. Development of HeV-sG as a human subunit vaccine against henipavirus infection.
Relates to my current activities described above in the Personal Statement.


A. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW, Prasad AN, Fenton KA, Yu H,
Fouts TR, Broder CC, Dimitrov AS. A single dose investigational subunit vaccine for human use
against Nipah virus and Hendra virus. NPJ Vaccines, 2021 Feb 8;6(1):23. doi:
10.1038/s41541-021-00284-w


2. Discovery that ephrin B2 is a functional receptor for both HeV and NiV. Characterization of HeV-sG.
Dr. Broder (USUHS, Bethesda) pioneered the research on HeV and NiV starting the beginning of the century. I
joint his group in 2004. Dr. Bossart had already created soluble versions of HeV and NiV G glycoproteins and
was spending time on a search for the viral receptors. It was anticipated that both viruses share common
receptor indicated by immune response crossreactivity and anti-G antibody crossreactivity, including m102. Dr.
Broder suggested me to join in the efforts of receptor discovery. We mainly attempted to co-immunoprecipitate
the receptor with soluble G from lysates of permissive and non-permissive cells using coomassie stain,
radiolabeling, and different modification. It later became clear that the S-agarose we used for co-IP with the
S-tagged soluble G produces a non-specific band overlapping ephrin B2 and, thus, the band was considered
false positive. When Matthew Bonaparte joint the team proposed to use gene chip technology developed at
his university, SUNY. He sent lysates from permissive and non-permissive cells for analyses. Using the gene
chip data he successfully narrowed the possibilities for the receptor down to low 20s. Farther on, narrowing
couldn’t be justified by the available data. Then, I proposed to purchase plasmids with the identified genes from
Origene, transfect non-permissive cells, and find out which gene will render them permissive to HeV or NiV.
Thus, ephrin B2 was discovered as receptor for HeV and NiV. Looking back into those data ephrin B3 shows a
signal higher than background, but we have ignored it at that time, being excited of ephrin B2 identification.


A. Bonaparte MI, Dimitrov AS, Bossart KN, Crameri G, Mungall BA, Bishop KA, Choudhry V, Dimitrov
DS, Wang LF, Eaton BT, Broder CC. From the Cover: Ephrin-B2 ligand is a functional receptor for
Hendra virus and Nipah virus. PNAS 2005; 102: 10652-10657.


B. Bossart KN, Crameri G, Dimitrov AS, Mungall BA, Feng YR, Patch JR, Choundhary A, Wang LF,
Eaton BT, Broder CC. Receptor Binding, Fusion Inhibition, and Induction of Cross-Reactive
Neutralizing Antibodies by a Soluble G Glycoprotein of Hendra Virus. J. Virol. 2005; 79: 6690-6702.


3. Having a contribution in the discovery of m102.4 by identifying its parent m102 as a crossreactive
neutralizer.
Being in the laboratory of Dr. Broder I was using HeV and NiV mediated cell-cell fusion assays to study mutant
G glycoproteins created by inactivating glycosylation sites. At that time, Dr. Zhu had found Fab binders to
HeV-sG and asked me to test those for inhibitory activities in the cell-cell fusion assay. His Fabs showed
different inhibitory potency to HeV and NiV with Fab m102, although not the best against either virus, showing
a balanced inhibition to both viruses. Then, Dr. Zhu optimized m102 by in vitro maturation to m102.4.


A. Zhu Z, Dimitrov AS, Bossart KN, Crameri G, Bishop KA, Choudhry V, Mungall BA, Feng YR,
Choudhary A, Zhang MY, Feng Y, Wang LF, Xiao X, Eaton BT, Broder CC, Dimitrov DS. Potent
neutralization of Hendra and Nipah viruses by human monoclonal antibodies. J. Virol. 2006; 80: 891-9.







B. Zhu Z, Dimitrov AS, Chakraborti S, Dimitrova D, Xiao X, Broder CC, Dimitrov DS. Development of
human monoclonal antibodies against diseases caused by emerging and biodefense-related viruses.
Expert Rev Anti Infect Ther. 2006; 4: 57-66.


C. Zhu Z, Bossart KN, Bishop KA, Crameri G, Dimitrov AS, McEachern JA, Feng Y, Middleton D, Wang
LF, Broder CC, and Dimitrov DS. Exceptionally potent cross-reactive neutralization of Nipah and
Hendra viruses by a human monoclonal antibody. J Infect Dis 2008; 197:846-853.


D. Prabakaran P, Zhu Z, Xiao X, Biragyn A, Dimitrov AS, Broder CC, and Dimitrov DS. Potent human
monoclonal antibodies against SARS CoV, Nipah and Hendra viruses. Expert Opin Biol Ther 2009;
9:355-368.


4. Editing a volume from the Methods of Molecular Biology series
It was an exciting time finding appropriate chapter topics covering the discovery and preclinical development of
therapeutic antibodies, then finding authors and reviewing and editing the chapters.


A. Dimitrov AS, Editor; Therapeutic antibodies. Methods and protocols, Methods Mol. Biol. v. 525; March
2009, Humana Press / Springer, New York, NY 10013. ISBN: 978-1-934115-92-3


B. Dimitrov AS. Methods in molecular biology. Therapeutic antibodies. Methods and protocols. Preface.
Methods Mol Biol 2009; 525: vii-viii, xiii.


C. Prado I, Fouts TR, Dimitrov AS. (2009) Methods Mol Biol. v. 525 pp. 517-31. “Neutralization of HIV by
antibodies.”


5. Studying the mechanism of HIV entry. Applying mAbs to inhibit HIV entry
While postdoc under the supervision of Dr. Blumenthal, we proposed that HIV-1 Env gp41 destabilizes target
cell or its own membrane upon activation of gp120 by CD4 and respective coreceptor, CCR5 or CXCR4,
complexes, resulting in fusion or viral inactivation, respectively. In relation to HIV-1 entry to cells we detected
intermediates of the fusion process by using conformation specific mAb. Later, at Profectus I worked with
anti-HIV antibodies as entry inhibitors. Results from the completed grant awards identify sweet epitopes that
are simultaneously targeted by inhibitory antibodies show synergistic effect and an exceptional efficacy in vitro.


A. Dimitrov AS, Xiao X, Dimitrov DS, Blumenthal R. Early Intermediates in HIV-1 Envelope
Glycoprotein-mediated Fusion Triggered by CD4 and Co-receptor Complexes. J. Biol. Chem. 2001;
276: 30335-30341.


B. Dimitrov AS, Rawat SS, Jiang S, Blumenthal R. The Role of the Fusion Peptide and
Membrane-proximal Domain in HIV-1 Envelope Glycoprotein-mediated Membrane Fusion.
Biochemistry 2003;42:14150-14158.


C. Dimitrov AS, Jacobs A, Finnegan CM, Stiegler G, Katinger H, Blumenthal R. Exposure of the
membrane-proximal external region of HIV-1 gp41 in the course of HIV-1 envelope
glycoprotein-mediated fusion. Biochemistry. 2007 Feb 6;46(5):1398-401.


D. Dimitrov A, Drug evaluation: Ibalizumab, a CD4-specific mAb to inhibit HIV-1 infection. Current
Opinion in Investigational Drugs 2007 Aug; 8(8):653-61.
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[bookmark: _Hlk135918693]Research Strategy

A. Significance

The constant threat posed to global public health by emerging and reemerging pathogenic zoonotic viruses emphasizes the importance for pandemic preparedness by developing much needed countermeasures. The highly pathogenic HeV and NiV are the prototype members in the genus Henipavirus in the family Paramyxoviridae1. HeV was first discovered almost 30 years ago (1994), in Queensland, Australia where it was the causative agent of a severe and fatal respiratory disease among horses along with a human case fatality1,2. Whereas, in 1998-1999 in Malaysia and Singapore an outbreak of encephalitis in people and respiratory disease in pigs was due to NiV3,4. These viruses are capable of causing a systemic and often fatal respiratory and/or neurological disease in at least 11 mammalian species including humans, with fatality rates ranging from 40-100%5,6. As a result of this high lethality and lack of approved vaccines or antivirals, HeV and NiV are classified as Biosafety Level-4 (BSL-4) pathogens. NiV and henipaviral diseases are also included in the WHO’s Blueprint List of Priority Pathogens7, and NiV is among the Coalition for Epidemic Preparedness Innovations (CEPI) list of Priority Diseases needing urgent research and countermeasure development8,9.

To date, HeV has spilled over in Australia on 63 occasions, the most recent in 202210. In total HeV has caused the death or euthanasia of >100 horses, 2 HeV antibody positive and euthanized dogs, and 4 fatalities of 9 human cases10,11. The yearly outbreaks of NiV in Bangladesh and India have significant human case fatality rates that can reach up to 100%. Transmission in these outbreaks occur by humans consuming contaminated fruits or date palm sap and person-to-person transmission12-15. There have been >620 human cases of NiV infection with over 330 fatalities, 7 of them in 202316. The henipavirus genus now includes nine other reported henipaviruses; the four viral isolates of CedV, Gamak virus, Daeryong virus, and Langya virus (LayV)17-19 and five additional species known only from nucleic acid sequence information; Ghana bat virus (GhV), Mòjiang virus, Melian virus, Denwin virus, and Angavokely virus (AngV)20-23. Pteropid fruit bats, known as flying foxes, are recognized natural reservoir hosts for NiV, HeV24,25, CedV18, GhV and AngV. One of these, CedV, has been shown to be nonpathogenic in several animals susceptible to HeV and NiV disease including mice, guinea pigs and ferrets18,26 and African green monkeys (AGMs) (Geisbert, T.W. and Broder, C.C., unpublished). The remaining six reported henipaviruses are likely of rodent origins. One of these six, the isolate LayV, is associated with nonfatal febrile illness in humans19. 

Henipaviruses are membrane enveloped, single-stranded, negative sense RNA viruses that share a similar genomic makeup. There are two major membrane anchored glycoproteins involved in the virus entry: the attachment (G) glycoprotein that engages the host cell receptor and the fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G and F glycoproteins are the major antigenic targets for neutralizing antibodies and the main focus for vaccine and therapeutic antiviral strategies27,28. CedV is distinct from the other henipaviruses, in that the phosphoprotein (P) gene does not have an mRNA editing site to produce the interferon antagonist proteins V and W18,29-31. The nonpathogenic phenotype of CedV is most likely attributed to the lack of these nonstructural proteins. Based on genetic data, all identified henipaviruses, except CedV, can potentially express the V and W proteins. Furthermore, CedV is recognized as a BSL-2 restricted agent32.

B. Innovation

There are multiple layers of innovation within RP2. First, the proposed development of henipavirus subunit vaccine candidates using an innovative microneedle array patch (MNP) technology that may be suitable for the incorporation of other undiscovered pathogenic henipaviruses in the future. Second, the construction of a rLayV reverse genetics system will be highly valuable in the henipavirus toolbox to study putative differences in pathogenesis and vaccine design between henipaviruses of bat and rodent origin. Third, generation of BSL-2 surrogate platforms that are based on rCedV and VSV will allow for a wide-variety of in vitro studies to investigate infection and host responses and to screen in a high throughput manner the neutralization potentials of immune sera and monoclonal antibodies all without the requirement for high containment. Fourth, considering that the LayV and AngV F and G proteins are functionally fusion active, the generation of viable rCedV chimeras bearing either LayV or AngV F and G glycoproteins is feasible. 

C. Approach

[bookmark: _Hlk135993003]Scientific Premise

The most extensively studied NiV/HeV vaccine is the soluble recombinant G glycoprotein of HeV (HeV-sG)11,27,33 demonstrating complete protection against lethal challenge with NiV or HeV in multiple animal models34-40. It has shown complete protection of AGMs against NiV challenge performed a week post-immunization41. HeV-sG subunit is marketed by Zoetis as a horse vaccine since November 2012 and is the first commercialized vaccine against any BSL-4 pathogen. HeV-sG /alum intramuscular formulation is in clinical trials funded by CEPI as an anti-NiV vaccine. 

We have been developing Cedar virus (CedV) as a new experimental tool set to study henipavirus host cell interactions, including ephrin receptor use, host cell tropism, and in the development of henipavirus countermeasures. Experiments with CedV can be conducted in a BSL-2 containment setting. The rCedV reverse genetics system42,43 allowed us to develop a rCedV chimeric platform, where the CedV F and G glycoproteins are replaced with that of either NiV-Bangladesh (NiV-B) or with HeV, thus generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV). We have successfully rescued, grown and characterized the chimeric viruses with and without reporter genes44. The neutralizing potencies of several well-characterized cross-reactive NiV/HeV F and G specific mAbs against these rCedV chimeras highly correlate with the potencies obtained for the same antibodies to neutralize authentic NiV-B and HeV in the plaque reduction neutralization tests (PRNTs). The GFP reporter chimeras were employed to developed a rapid, high-throughput, and quantitative fluorescence reduction neutralization test (FRNT). The antibody potencies to neutralize the reporter chimeras in the FRNT corelates with the respective potencies obtained in the PRNT44. 

rCedV chimeras have their most important application in an authentic henipavirus-based surrogate neutralization assay that is rapid, cost-effective, and can be utilized in BSL-2 containment. We believe that the rCedV reverse genetics system can serve as a plug and play platform for other emerging henipaviruses that may have pandemic potential. To accomplish this, we propose here to develop a variety of rCedV variants with reporter genes that will serve as important BSL-2 containment tools for the other RPs and Cores within this U19 ReVAMPP.

Scientific Rigor: The premise of our proposed studies is based on basic science discoveries and clinical observations. All findings in our work have been and will be validated by multiple independent lines of evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple replications to guarantee reproducibility. Additionally, prior to publication, collected data are analyzed via in-depth discussions with biostatistics consultants to ensure that statistics and any required testing for multiple comparisons have been properly performed.  rCedV laboratory manipulation guidelines and standard operating procedures under BSL-2 conditions were developed for the laboratory and staff, and all procedures were reviewed and approved by the Uniformed Services University Institutional Biosafety Committee in accordance with NIH guidelines.

[bookmark: _heading=h.gjdgxs]Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines.  

Rationale and Preliminary Data. We intend to compare NiV vaccine immunogens (sGtet and sFstb), HeV (HeV-sFstb) and a combination of NiV-sFstb+HeV-sG to the clinical subunit HeV-sG. All immunogens will be delivered by microneedle array patches (MNPs). Immunogenicity will be initially tested in mice. The immune mouse sera will be evaluated in vitro for neutralizing potencies to either NiV or HeV. Selected top 2 neutralizing immunogens will be evaluated in ferrets and non-human primates (NHPs), AGMs, challenge studies with either NiV-B45 or HeV-Redlands isolate from the 2008 outbreak. MNPs are promising resources to achieve systemic effects by transdermal delivery. They are a minimally invasive, painless system, which can bypass the stratum corneum and overcome the potential drawbacks of subcutaneous injections46. (See Core C application for details).
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		Figure 1: In vivo intracutaneous delivery efficacy of HeV-sG ± PCEP MNPs in mice. An optical stereomicroscopy image of HeV-sG AF555+PCEP CMC/Trehalose microneedles prior to (a) and after (b) in vivo skin application to mice. Effective administration of HeV-sG AF555 (c) and HeV-sG AF555+PCEP (d) to mouse skin in vivo with MNPs, captured by using a fluorescence in vivo imaging system (IVIS).





Manufacturing and characterization of HeV-sG ± PCEP MNPs. The technology to manufacture dissolvable MNPs incorporating HeV-sG antigen with or without polydi(sodium carboxylatoethylphenoxy) phosphazene (PCEP) as an adjuvant has been developed by Core C. During the development phase HeV-sG was labeled with fluorescent Alexa Fluor 555 dye, HeV-sG AF555, to visualize its penetration into skin. Spin-casting of carboxymethyl cellulose and trehalose was used to create MNPs incorporating HeV-sG AF555±PCEP into obelisk-shaped microneedles (Figure 1a). These HeV-sG AF555±PCEP MNPs were applied to the abdomen skin of C57BL/6 mice for 15 min and then removed. HeV-sG AF555±PCEP MNPs were imaged before and after in vivo skin applications by using an in vivo live animal fluorescent imaging system (IVIS Lumina XR). The acquired images were then post-processed using Living Image software (PerkinElmer). Figure 1 shows a summary of the intracutaneous delivery capacity of HeV-sG±PCEP MNPs. Images of the HeV-sG AF555±PCEP MNPs before (Figure 1a) and after (Figure 1b) the patch application, confirm a nearly complete dissolution of the microneedles into the skin demonstrating that the vaccine was effectively deposited into the skin (Figure 1c: HeV-sG AF555 and Figure 1d: HeV-sG AF555+PCEP). 
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		Figure 2: Efficacy of MNPs to induce humoral responses and initial MNP stability data. Mice were immunized using the prime/boost schedule. MNPs were applied to the abdominal skin of anesthetized C57BL/6 mice for 15 min, and then removed on D0 (prime) and D21 (boost). Endpoint binding titers (a) were determined by ELISA. Neutralizing ID50 titers (b) were obtained using the FRNT assay. Stability of the MNPs (c) measured as a decrease in the d14 endpoint binding titers when a 30-day-old MNP is used for immunization compared to the titers obtained with a fresh MNP.





Next, HeV-sG vaccine MNPs were tested to induce immune responses in mice. Groups of 5 mice were immunized on D0 (prime) and D21 (boost) with either non-adjuvanted or adjuvanted HeV-sG MNP. Pooled sera from D35 were tested by ELISA for total binding antibodies (endpoint binding titers), Figure 2a, and to neutralize henipavirus by using the recently developed FRNT reporter assay44. These preliminary data show that MNPs induce significantly higher immune responses. Other tests indicate the efficacy of the MNP is comparable or higher than that of the clinical HeV-sG with Alhydrogel vaccine formulation (see Core C: Figure 4a).

To test the stability, mice were immunized with fresh (group 1) and 30-day-old MNP (group 2) by using a single dose immunization. Mice were bled on D14 post immunization and the total IgGs were measured by endpoint antibody binding titers ELISA. Figure 2c shows no statistically significant differences in the antibody binding titers induced by the fresh and the 30-day-old MNPs.

Experimental Design.

[bookmark: _heading=h.30j0zll]Aim 1.1: Manufacturing of the MNPs. GLP-like HeV-sG is available in stock, and manufactured by Catalent Pharma Solutions, LLC. Catalent has developed the HeV-sG GLP manufacturing process for Profectus BioSciences, Inc. who led the HeV-sG subunit vaccine preclinical studies. A GLP-like lot manufactured by using the developed process was utilized in the rabbit GLP toxicology study with HeV-sG/Alum formulation, which is currently in clinical studies funded by CEPI. The remaining 3 immunogens will be prepared and delivered to us by Genovac GmbH, Freiburg, Germany. Core C will prepare fresh MNPs with each of NiV-sGtet, NiV-sFstb, HeV-sFstb, HeV-sG+NiV-sFstb and HeV-sG, all adjuvanted with PCEP. The technology for fabricating MNPs pioneered by Bediz et al.,47 was developed and is described in detail in the Core C application. Based on the experience with fabricating HeV-sG MNP, we expect the technology to be plug and play applicable to the remaining 3 immunogens, also to the combo immunogen with minimal or no adjustments. 

		[image: ]



		Figure 3. Immunization and bleeding schedule for the mouse immunogenicity study.





[bookmark: _heading=h.1fob9te]Aim 1.2: Mouse immunogenicity study. Six groups of 5 female C57BL/6 mice will be used in the mouse immunogenicity study, which will be executed by Core C. Group 1 will be immunized with NiV-sGtet+PCEP formulation MNPs, group 2 – with NiV-sFstb+PCEP, group 3 – with HeV-sFstb+PCEP, group 4 – with HeV-sG+PCEP, group 5 – with combo HeV-sG+NiV-sFstb+PCEP, and group 6 will be naïve mice to read the background naïve mice immunity. Schematics of the immunization and bleeding schedule is given in Figure 3. The sera will be tested for binding to the respective immunogens and for cross-binding with the other 3 immunogens by ELISA. IgG1 and IgG2c titers will be recorded. The sera will also be tested at USUHS for neutralization of each of HeV and NiV-B by using the respective reporter rCedV chimeras – rCedV-HeV-GFP and rCedV-NiV-B-GFP in the FRNT assay44. Cellular immune responses will also be evaluated at the University of Pittsburg as described in the Core C application (within Core C Aim 2).
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		Figure 4. Expected schedule to immunize ferrets and AGMs in the planned efficacy studies. Blood and swabs, oral and rectal, samples will be taken weekly, on days 0, 7, 14, 21, 28, 35, 42, 49, 56 and 63. Single dose groups do not receive boost immunization on D21.





Aim 1.3: Efficacy in ferrets. The 2 immunogens with the best immune responses on W2 and W5 combined, Imun1 and Imun2, from the mouse study, will be tested in ferret challenge protection studies executed at UTMB. Four vaccine groups and one control group of 6 ferrets each will be challenged with lethal doses of either NiV-B or HeV Redlands, 5000 TCID50, in year 2 of the project. Groups 1 and 3 will be immunized with Imun1+PCEP MNPs, groups 2 and 4 – with Imun2+PCEP and group 5 will be naïve nonvaccinated ferrets. Groups 1 and 2 will be immunized on D0 and D21 (prime/boost schedule), while groups 3 and 4 will be immunized once, on D0. Immunization, challenge and blood and swab sampling schedules are diagramed in Figure 4. All protected animals and survived controls will be euthanized on day 21 post-infection (end of study) and tested for cultivatable virus and viral genome in the lung and brain tissue in addition to the blood samples and swabs. 

Aim 1.4: Efficacy in AGM. This challenge study will be performed in year 3 of the project at UTMB. The immunogen that provides the best cross-protection in the ferret studies will be tested to protect AGMs against either NiV or HeV. Fresh MNPs will be fabricated for this study. Two groups of 3 monkeys per challenge virus, total 4 groups of 3 AGMs each, will be vaccinated by applying the MNP (groups 1 and 2 will be immunized on D0 and D21 while groups 3 and 4 will be immunized only on D0, boost will be skipped). One control per virus will be naïve nonvaccinated. Time schedule will mimick the ferret study schedule in Figure 4. Groups 1 and 3 will be challenged with NiV-B, groups 2 and 4 will be challenged with HeV Redlands.

Aim 1.5: Stability Studies will be initiated starting with the mouse immunogenicity studies and finishing at the AGM challenge studies end. Each quarter, a group of 5 mice will be single dose immunized and the SNT titers will be evaluated 2 weeks post immunization by using the FRNT assay44. We assume that the MNA patches are stable if the average SNT titers have fallen less than 33%, i.e., from relative 100 the SNT titer stays above 67.  Additional stability testing will be initiated with the freshly manufactured MNP for the AGM challenge study.

Bio-sample collection and RNA test. Swabs (oral and rectal), blood and tissue samples (lung, brain) will be tested for viral RNA by TaqMan PCR performed by using the primer sets and probes35. 

Virus isolation will only be attempted from specimens positive for NiV or HeV genome by PCR. Virus titration will be performed by plaque assay on Vero cells. The limit for detection will be 25 pfu/ml. 

Expected results, potential pitfalls and alternatives. We expect to obtain sterile protection in AGMs. There is a minimal risk of not finding any protecting immunogen given the complete protection provided by a single dose HeV-sG subunit vaccine41. The foreseen problems are already reflected in the experimental design. The team is sufficiently experienced to handle and resolve any possible unforeseen issues and pitfalls.

[bookmark: _heading=h.3znysh7]Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools.

Rationale and Preliminary Data: Negative stain electron microscopy (EM) was performed on LayV F and G glycoproteins. The 2D (Figure 5a) and 3D classifications (Figure 5b) of LayV F and G revealed distinct trimer and tetramer assembly, respectively. In addition, using LayV sF and LayV sG mAbs that we generated at USUHS, we performed ELISAs and demonstrated that there was a dose dependent increase in LayV sF (Figure 5c) and LayV sG (Figure 5d) binding. This data forms the premise for rescuing a rCedV bearing LayV F and G glycoproteins. We will design and construct a full-length recombinant LayV that encodes a green fluorescent protein (GFP). The LayV F and G coding sequences will be based on the LayV isolate SDQD_H1801 (GenBank: OM101125.1). The GenBank accession numbers for LayV F and LayV G are UUV47205.1 and UUV47206.1, 
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		Figure 5. Negative stain EM analysis of LayV envelope glycoproteins. 2D and 3D classifications of LayV F trimers (a) and LayV G tetramers (b). ELISA indicating cross-reactivity between Mojiang virus (MojV) F mAb (c, yellow) with LayV sF and MojV G mAb (d, green) with LayV sG.





respectively. The authentic, replication competent henipavirus platform, rCedV is an innovative approach that can be utilized at BSL-2. We will design, construct and rescue a new rCedV chimera that encodes the envelope glycoproteins (fusion (F) and attachment (G) glycoproteins) of LayV, i.e., a rCedV-LayV reporter virus encoding GFP. We will characterize it using cell-based infection tropism and growth kinetic assays. We utilized an established quantitative fusion assay based on a dual-split-luciferase reporter assay42,43,48,49 to determine functionality of Angavokely virus (AngV) envelope glycoproteins (F and G glycoproteins). In this assay, content mixing between a virus-infected effector cell or a cell that expresses the F and G glycoproteins and a target cell expressing or not the known henipavirus receptors allows the two halves of Renilla luciferase to functionally interact and produce a luciferase signal that can be measured43 (Figure 6a).
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		[bookmark: _Hlk135391547]Figure 6. AngV F and G cell-cell fusion using a dual split luciferase. A schematic representation of the dual split luciferase cell-cell fusion assay (a). A quantitative dual split luciferase cell-cell fusion assay with AngV F and G plasmid constructs (b).





High levels of fusion were observed in Vero E6 cells and the bat kidney cell line, PaKiT, indicating that the AngV glycoproteins are functional and can mediate fusion in susceptible cells (Figure 6b). Based on this data, the rescue of a rCedV-AngV reporter virus encoding a GFP and a luciferase protein (Luc) is feasible. We will characterize these viruses using cell-based infection tropism and growth kinetics assays. In other projects in our lab, we have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP)50,51, as well as employed reverse genetics to rescue authentic ABLV and various reporter gene-encoding viruses52,53. Using a similar strategy, we will also construct a recombinant replication competent VSV encoding the AngV F and G glycoproteins. We will generate reporter versions encoding either GFP or Luc. 

Experimental Design.

Aim 2.1: Design and construct a recombinant Langya virus reporter virus. Figure 7 diagrams each of the proposed virus constructs that will be generated. The genome design, length and position of the green fluorescent protein gene are shown, and the experimental plans are described below. LayV helper plasmids for the N, P, and L genes will be synthesized. To construct the rLayV-GFP antigenome plasmid, large gene fragments of LayV will be synthesized and sequentially cloned into pOLTV5opt (Figure 7a). Unique restriction sites will be chosen to facilitate ligation of the LayV DNA fragments and to ensure adherence to the genomic “rule of six”. All cloning will be performed with E.coli Stbl2 cells. The fully sequenced plasmids will be transferred to Dr. Thomas Geisbert at UTMB. Virus rescue will be conducted in collaboration with Core E at UTMB. In addition, rLayV will be examined in vivo by Core E.

		[bookmark: _heading=h.2et92p0][image: ]

		

Figure 7. Schematic representation of recombinant reporter viruses. The pOLTV5opt-rLayV plasmid (a top). The arrows indicate regions of self-cleavage. The rLayV-GFP genome (b bottom). The pOLTV5opt-rCedV plasmid (c). The long arrows indicate regions of self-cleavage. Shown are the unique restriction sites MluI and SphI that will be used to construct rCedV-LayV-GFP. (c) The rCedV-LayV-GFP genome.





Aim 2.2: Construct, rescue and characterize a recombinant Cedar reporter virus encoding Langya virus envelope glycoproteins. 

Generation of rCedV encoding LayV envelope glycoproteins. rCedV-LayV-GFP will be produced by synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the LayV F and G coding sequences. The CedV non-coding intergenic regions are retained to adhere to the genomic “rule of six”. Unique restriction sites, will facilitate the insertion of the LayV F and G gene cassette into the genome clone (pOLTV5opt-rCedV) (Figure 7b) generating rCedV-LayV-GFP (Figure 7c). All cloning is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-LayV-GFP antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is observed (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored as single use aliquots at -80°C42,43,54.  

In vitro characterization of rCedV-LayV-GFP. The growth kinetics of rCedV-LayV-GFP compared to rCedV or rCedV-NiV/HeV chimeras will be assessed by infecting Vero cells with MOIs of 0.01, 0.1 and 1 and progeny virus recovered in 24hr intervals over a 72hr period and titered. In parallel experiments, infected cells will also be imaged for fluorescence and syncytia (henipavirus CPE). Figure 8 illustrates the syncytia (indicated by the yellow arrows) formed in Vero E6 cells infected with either rCedV-NiV-B-GFP or rCedV-HeV-GFP chimeras. The rCedV-LayV-GFP neutralization assays will be conducted by FRNT. We have also already generated several murine mAbs to LayV F and G (3C4-LY and 4G5-LY to LayV F; and 2B2-LY and 6E5-LY to LayV F) and these will be used in neutralization assays. In addition, we will develop rabbit sera to LayV N, P and L proteins.

		[image: ]

		

Figure 8. Syncytia induced by rCedV expressing NiV-B or HeV envelope glycoproteins. Vero E6 cells were uninfected (Mock) or infected with either rCedV-NiV-B-GFP, rCedV-HeV-GFP, or rCedV-GFP. All images were taken 24hrs post infection. The respective zoomed-in fluorescence images (3rd row) are regions from the yellow boxes. Arrows indicate giant multinucleated cells (syncytia). Representative images from three independent experiments are shown. Scale bar, 50 μm.







Aim 2.3: Construct, rescue and characterize recombinant reporter viruses encoding Angavokely virus envelope glycoproteins. 

Generation of rCedV encoding AngV envelope glycoproteins. Figure 9 diagrams each of the proposed virus constructs that will be prepared. The genome designs, lengths and position of the GFP and Luc reporter genes 
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Figure 9. Schematic representation of the AngV chimeric reporter viruses. The pOLTV5opt-rCedV plasmid (a). Shown are the unique restriction sites MluI and SphI that will be used to construct rCedV-AngV-GFP and rCedV-AngV-Luc. The rCedV-AngV-GFP and rCedV-AngV-Luc genome (b). Shown are the unique restriction sites MluI and KpnI that will be used to construct VSV-AngV-GFP and VSV-AngV-Luc (c). The long arrows indicate regions of self-cleavage.





are also shown, and the methodology and experimental plans are described below. rCedV-AngV-GFP will be produced by synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the AngV F and G coding sequences. The AngV F and G coding sequences will be based on the GenBank: ON613535.1 sequence. The GenBank accession numbers for AngV F and AngV G are UVG43988.1 and UVG43989.1, respectively. The CedV non-coding intergenic regions are retained to adhere to the genomic “rule of six”. Unique restriction sites, will facilitate the insertion of the AngV F and G gene cassette into the rCedV antigenome plasmid (Figure 9a) generating rCedV-AngV-GFP (Figure 9b). The rCedV-AngV-Luc clone will be produced by swapping the reporter gene coding sequences. All cloning is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-AngV-GFP or pOLTV5opt-rCedV-AngV-Luc antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve Vero 76 cells (T-75 flasks) to prepare a virus stock. When maximal syncytia and GFP is observed (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored as single use aliquots at -80°C42,43,54. 

Generation of a VSV encoding AngV envelope glycoproteins. We will also construct reporter gene encoding versions of a replication competent VSV encoding the AngV F and G glycoproteins (GFP and Luc) (Figure 9c). A large gene cassette comprising VSV untranslated intergenic regions flanking the AngV F and G coding sequences will be synthesized. Unique restriction enzyme sites, will facilitate the insertion of the AngV F and G gene cassette into the VSV backbone plasmid to generate VSV-AngV-GFP (Figure 9c). The VSV-AngV-Luc clone will be produced by swapping the reporter gene coding sequences. Cloning procedures are performed in E. coli Stbl2 cells and all plasmid clones verified by sequencing. Rescue of VSV-AngV-GFP and VSV-AngV-Luc, will be performed in BSR-T7/5 cells, in 12-well plates, transfected with helper plasmids, VSV-N, VSV-P, and VSV-L and the VSV-AngV-GFP or VSV-AngV-Luc antigenome plasmids. After 48hrs the cells and supernatants are collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus is performed using HEK293T cells (6-well plates) by inoculation with the supernatant from step 1. Typically, when GFP fluorescence and/or cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus stocks stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and harvested virus supernatants are purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% sucrose/TNE buffer, and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. Virus stocks (GFP) are titered (infectious units/ml (IU/ml)) by serial dilution on HEK293T cells in 96-well black walled plates. At 24hrs post-infection plates are fixed with 4% formaldehyde, washed 3x with diH20 and imaged (fluorescence) with a CTL S6 analyzer. Luciferase encoding VSV stocks are titered by plaque assay55.

Characterization of the recombinant reporter viruses in cell-based infection assays: The replication kinetics of the rCedV-based and VSV-based AngV F/G encoding viruses will be assayed by Vero cell culture infection using MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and titered. rCedV-AngV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV chimeras. Similarly, VSV-AngV F/G virus replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G51. The rCedV-AngV-GFP and VSV-AngV-GFP assays will be conducted by FRNTs and rCedV-AngV-Luc and VSV-AngV-Luc in luciferase assays.

[bookmark: _heading=h.tyjcwt]Expected results, potential pitfalls and alternatives. We expect that rCedV-LayV-GFP and rCedV-AngV reporter viruses will be readily rescued and viable. In addition, we expect that these chimeric viruses will induce syncytia and replicate to high titers. Neutralization assays will typically be conducted as 3 independent repeats and the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. In the event that the rescue of rCedV chimeric viruses are not viable, multiple strategies may be examined. 1) test different ratios of helper plasmids and antigenome plasmid; 2) perform rescue in different cell lines; 3) construct alternate versions of the LayV and/or AngV F and G genes within the antigenome plasmids, such as, fuse the LayV and/or AngV F and G ectodomains with the transmembrane and/or cytoplasmic tail domains of the corresponding CedV F and G elements which may facilitate virus particle formation and membrane fusion activity. 



Aim 3: Evaluate HNV-specific antibodies and nanobodies developed by the Center’s RPs and Core D.

Rationale and Preliminary Data. We established a surrogate neutralization assay for the pathogenic henipaviruses, NiV and HeV using the rCedV platform44. This rCedV chimeric system can serve as surrogate viruses for authentic NiV and HeV in neutralization assays without the requirement for BSL-4 containment. Neutralization values of well-characterized NiV/HeV cross-reactive neutralizing mAbs highly correlated between rCedV-NiV-B-GFP and rCedV-HeV-GFP and authentic NiV-B and HeV at BSL-4 when tested by conventional PRNT44. The Pearson correlation analysis between the rCedV chimeras BSL-2 PRNT and the NiV-B or HeV BSL-4 PRNT is shown in Figure 10a. We further developed the rCedV-NiV-B-GFP and rCedV-HeV-GFP neutralization assay into a high-throughput and quantitative assay that is based on the reduction of GFP foci, a FRNT44. The Pearson correlation analysis between the chimeras PRNT and FRNT is shown in Figure 10b. Taken together, these data demonstrate that rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeric viruses are an ideal set of suitable surrogate viruses for authentic NiV-B and HeV for conducting a rapid FRNT-based assay for assessing NiV and HeV antibody neutralization.

[bookmark: _heading=h.3dy6vkm][image: ]Figure 10. Pearson correlation analysis of rCedV chimeras. Pearson correlation analysis of PRNT neutralization (%) values of rCedV-NiV-B-GFP versus NiV-B (a, i-iv) and rCedV-HeV-GFP versus HeV (a, v-viii). Pearson correlation analysis from PRNTs (y-axes) and FRNTs (x-axes) of rCedV-NiV-B-GFP (b, i-iv) and rCedV-HeV-GFP (b, v-viii). Neutralization values with mAbs m102.4, h5B3.1, 12B2 or 1F5 are shown. The Pearson correlation coefficient ‘r,’ p-value (two-tailed), linear regression line (solid lines), and 95% confidence intervals (dashed lines). 



Experimental Design.

Here, using the newly developed tools (rCedV-LayV-GFP, rCedV-AngV-GFP, VSV-AngV-GFP and VSV-AngV-Luc) we will assess for neutralizing activity, a variety of henipavirus specific mAbs and/or sera from henipavirus immunized mice that will be generated by Core D. The FRNT is high throughput and performed in 96-well plates to establish a 7-point dose response. Serially diluted immune sera or mAbs are mixed with either rCedV-NiV-B-GFP or rCedV-HeV-GFP for 2hrs. The virus-mAb or virus-sera mixtures are then added in triplicate to confluent pre-seeded Vero 76 cells in black-walled clear bottom 96-well plates and incubated for an additional 24hrs. Plates are then fixed and imaged and fluorescent foci counted using the CTL Basic Count software. The 50% inhibitory concentration (IC50) will be determined as the mAb concentration or serum dilution at which there was a 50% reduction in fluorescent foci versus untreated control wells. Neutralization assays will typically be conducted as 3 independent repeats and the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. 

Expected results, potential pitfalls and alternatives. We do not anticipate any unexpected limitations in assessing the neutralization potential of antibodies and sera generated from other research projects and/or cores as we have successfully demonstrated that the rCedV-GFP chimeric FRNT platform can serve as a surrogate BSL-2 neutralization assay that is high throughput with a fast turnaround time. 

[bookmark: _heading=h.4d34og8]

Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2.

At completion of Phase I we will have i) a procedure to fabricate PPZ adjuvanted MNP using sG, sF or a combination of both viral glycoproteins; ii) generated rLayV with an associated animal model in collaboration with Core E with reporter virus construct (rCedV-LayV-GFP); and iii) generated reporter viruses AngV (rCedV-AngV-GFP, VSV-AngV-GFP and VSV-AngV-Luc). Here, in Phase II we propose to test the hypothesis that the PPZ-MNP vaccine platform technology can be adapted and transferred as a ‘plug and play’ strategy for other paramyxoviruses, namely the divergent henipaviruses LayV and AngV.  The major goal rests on the rescue of LayV and establishing an infection/disease model of this most recently discovered pathogenic, zoonotic, HNV. Nevertheless, if rescue of rLayV with an associated animal model is not achieved, we will still be able to test the the MNP approach as proof-of-concept to the extent of generating robust immune responses in animals and testing neutralizing antibody responses using both LayV and AngV reporter virus systems. 

PPZ-MNP manufacture. The fabrication of the MNPs by Core C will be prepared for both the F and G viral glycoproteins: LayV-sG, LayV-sF, AngV-sG and AngV-sF depending on the data and outcomes, and vaccine down-selection in Phase I we may also include a combination of sG and sF.  Vaccine antigens will have been prepared by within Core D. It will remain important to evaluate both the attachment and fusion glycoprotein immunogens for LayV and AngV in Phase II. Although the preponderance of data to date for the pathogenic prototype HNVs (NiV/HeV) indicates that the attachment glycoprotein (G) alone can serve as an effective vaccine immunogen, this is presently unknown for these two divergent henipaviruses, so it remains prudent to test both sF and sG in this regard.

Immunogenicity. Groups of 5 mice will be utilized for each of the chosen immunogens and one control nonimmunized group will serve to measure the naïve mice background immunity. Sera will be drawn as scheduled in Figure 3. ELISA titers of sera to vaccine immunogens will be evaluated by Core C and sera will be evaluated for virus neutralization with newly developed reporter viruses. Cellular immune responses will be assessed as described in Aim 1.

Animal challenge studies. The experimental design for these studies will be adjusted once the animal model has been developed. The basic design will follow those for ferrets and AGMs described in Aim 1.  The immunogen will be chosen based on the results from the neutralization tests described above. 

Expected results, potential pitfalls and alternatives.

We fully anticipate that LayV and AngV recombinant glycoprotein based MNPs will be possible because we have already produced native-like sG and sF ectodomains of each of these viruses. The immunizing mice with the MNPs using the recombinant LayV and AngV recombinant glycoprotein immunogens are likely to be uncomplicated, we will be able to rapidly assess immune mouse sera using newly generated reporter viruses. The new data will also determine whether the sG or sF is the immunogen of choice for eliciting the higher virus neutralization titer. In the absence of rescue of authentic recombinant LayV (rLayV) and establishing an animal model capable of measuring virus infection, immune responses, and/or pathogenesis, we expect at a minimum the establishment of an ability to measure virus infection in cell-based assays and its inhibition, using either the generated reporter viruses or a cell-cell fusion surrogate assay. The results obtained from the mouse immunogenicity studies, together with the virus neutralization assays will provide a strong foundation to support the advancement of a potential anti-LayV and/or anti-AngV vaccine MNPs. 

Project Milestones and Timeline:
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Funding Title: Research and Development of Vaccines and Monoclonal Antibodies for Pandemic


Preparedness (ReVAMPP) Centers for Bunyavirales, Paramyxoviridae and Picronaviridae


PRINCIPAL INVESTIGATOR: Christopher Broder, Ph.D., Site Principal Investigator


Moushimi Amaya, Ph.D and Antony Dimitrov, Ph.D., Co-investigators


Prime PI: Thomas Geisbert, Ph.D., UTMB


Period of Performance: March 1, 2024 - February 28, 2029


Project Summary/Abstract
Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health.
Among these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah
virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely
broad tropism capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and
-B3 ligands as entry receptors. NiV and HeV infection often results in a systemic and fatal respiratory and/or
neurological disease in multiple mammalian species including humans. NiV and henipaviral disease are also
included in the WHO List of Priority Pathogens, and they are significant biothreats to humans and livestock in
South and South East Asia and Australia. HNVs have two membrane glycoproteins: the attachment
glycoprotein (G) and the fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the
focus of all vaccine and antiviral monoclonal antibody (mAb) strategies. The most extensively studied HNV
vaccine is a soluble recombinant form of HeV G (HeV-sG), shown to provide complete protection against lethal
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including
nonhuman primates (NHPs). With no licensed vaccines or treatments available for human use, this project will
use the prototype HNVs as a model to develop, test, and translate a novel vaccination platform (a
thermostable, needle-free, adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable
microneedle patch (MNP)). Preliminary data demonstrates potent immunogenicity of a PPZ-MNP-HeV-sG
vaccine in mice, inducing robust antigen-specific HNV cross-neutralizing antibody and cellular immune
responses. The MNP vaccines will be used to evaluate HeV-sG and compare stabilized soluble forms of HNV
G and F (sGtet and sFstb) and combinations in challenge studies. A reverse genetics system has been
developed to generate recombinant, nonpathogenic Cedar virus (rCedV) and rCedV chimeric virus tools by
swapping the G and F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput
neutralization platform to be used to rapidly evaluate HNV vaccine responses. Also, divergent and pathogenic
zoonotic HNVs have been discovered including the related rodent borne Mòjiāng virus and Langya virus
(LayV)), and the divergent bat-borne Angavokely virus (AngV). This project will develop and test the rapid,
adaptable and readily deployable MNP vaccine platform together with new virological tools to facilitate the
translational nature of this pandemic preparedness approach. Specifically, we will: 1) Develop PPZ-MNP-based
sGtet and sFstb prototype HNV vaccines; 2) Construct new reporter virus tools; 3) Evaluate vaccine-induced
immune responses and HNV-specific mAbs and nbs; and 4) Validate the PPZ-MNP platform with another
paramyxovirus antigen.








USUHS
Site Principal Investigator: Christopher Broder, Ph.D.


Co-investigators: Moushimi Amaya, Ph.D.
Antony Dimitrov, Ph.D.


AUTHENTICATION OF KEY BIOLOGICAL AND/OR CHEMICAL RESOURCES


Molecular biology tools. Oligonucleotides and gene fragments for PCR and cloning will be purchased and
verified by internal quality control at Twist Biosciences, Integrated DNA Technologies or Genscript. All clonal
products will be validated by whole plasmid sequencing. All new expression constructs are verified by (1)
restriction digest and electrophoretic separation of fragments to ensure fragments of the predicted size are
generated and (2) sequencing to ensure the correct sequence is present with no spurious mutations.


Cells. All cells were originally obtained from ATCC or collaborators and maintained by the PI. They are tested
monthly for mycoplasma contamination by two complementary methods (qPCR analysis and Lonza MycoAlert
biochemical luminescence-based assay). Cells used will be used from the listed initial passage number for a
maximum of 50 passages, and then discarded for a fresh vial from the working freezer stock to prevent any
long-term selection of altered cell populations. To avoid cross-contamination between different cell lines, only
one cell line is used at a time in a biosafety cabinet. Cell lines are routinely validated using either flow
cytometry and/or functional tests.


Recombinant Cedar viruses and recombinant vesicular stomatitis viruses (VSV). Viruses are validated
through genome sequences or infectivity/functional tests. SOPs, as detailed documents, for work with either
recombinant Cedar virus, recombinant Cedar virus chimeras (encoding either Hendra virus or Nipah virus F
and G glycoproteins), and recombinant VSVs have been established in the Broder/Amaya laboratory and all
laboratory staff are required to be familiar with this documentation. Rescued recombinant viruses are
validated through genome sequencing and compared to the original cloned full length viral genomes. Use of
recombinant Cedar virus recombinant Cedar virus chimeras has been approved at USU.


Antibodies. Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly in the PI’s lab,
the staining/blotting performance of new antibody lots are compared against previous lots; (2) For new
antibodies, banding/staining patterns are compared against published data; (3) Whenever possible, new
antibodies are also validated using objective controls, such as cells known to lack the protein of interest (e.g.,
knockout cells) or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by
the new antibody is compared side-by-side with staining by the epitope-tag antibody).


Commercial chemical reagents. Such reagents are validated by one or both of the following: (1)
performance comparison to previous lots of the same reagent; (2) use in an established assay that
incorporates one or more validated performance controls.


Rigor and Reproducibility
The Broder laboratory employs quality systems to ensure rigor, reproducibility, and robust and unbiased results
in all experiments. All findings in our work have been and will be validated by multiple independent lines of
evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple
replications to guarantee reproducibility.








Budget Justification - RP 2 - Broder


The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the
Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded.


Key Personnel:


Christopher Broder, Ph.D., (Principal Investigator, 1.2 calendar months, 10% effort), is a Professor of
Microbiology and Immunology at USUHS and will serve as PI on the proposed project. He is a leading expert
in henipavirus biology and genetics, as well as development of glycoprotein-based vaccines and monoclonal
antibody-based therapeutics against these viruses; many tested in collaboration with Dr. Thomas Geisbert
(Project Lead on this application). Dr. Broder has more than 15 years of collaborative research projects with Dr.
Geisbert focused on henipaviruses and together have published on a variety of henipavirus countermeasures
including the use of recombinant CedVs. Dr. Broder’s group recently developed the reverse genetics platform
for designing and rescue of recombinant Cedar henipaviruses (rCedV) that can be utilized at BSL-2, some of
which have been successfully used in drug library HTS assays and one report on the successful use of Cedar
virus in antiviral drug discovery for henipaviruses including Nipah (NiV), Hendra (HeV) and CedV has been
published in collaboration with Dr. Geisbert. Dr. Broder’s group generated and characterized the recombinant
Cedar chimeric viruses that were used to generate the preliminary data for this application. He will oversee all
aspects of the recombinant Cedar chimeric virus construction and characterization. In addition, he and Dr.
Amaya will collaborate on the design of all experiments and the preparation of progress reports and
manuscripts. Dr. Broder is a federal employee and no salary support is requested.


Moushimi Amaya, Ph.D., (Co-investigator, 2.0 calendar months, 16.67% effort). Dr. Amaya is an experienced
biochemist and molecular virologist with expertise in a variety of areas including gene cloning and expression
and mutagenesis specifically with viruses and viral culture and propagation, and viral protein purification and
analysis. She has considerable experience in henipavirus reverse genetics systems. Using the rCedV platform,
Dr. Amaya designed, generated and characterized replication competent chimeric viruses as non-reporter and
reporter versions that express the envelope glycoproteins of either NiV-Bangladesh (NiV-B) (rCedV-NiV-B) or
HeV (rCedV-HeV) instead of those of CedV. In a collaborative effort, Drs. Amaya, Broder and Geisbert
demonstrated that the chimeras can serve as suitable surrogate viruses for authentic NiV and HeV viruses. Dr.
Amaya developed and characterized the fluorescent reporter chimeric viruses in a high throughput
fluorescence reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus
immunized animals and monoclonal antibodies. She will design, oversee and conduct the research plans
related to the generation and characterization of the rCedV chimeric viruses and VSV reporter viruses outlined
in this proposal. She will develop, perform quality assurance and test the new chimeric viruses for use in
henipavirus neutralization assays. Dr. Amaya is a federal employee and no salary support is requested.


Antony S. Dimitrov, Ph.D., (Co-investigator, 6.0 calendar months, 50% effort). In addition to Dr. Dimitrov’s duty
to the day-to-day operations of this ReVAMPP and the Admin Core, he will oversee and conduct the research
plans related to the production and characterization of all rCedV chimeric viruses and VSV reporter viruses;
including generation, quality control, and in vitro cell-based studies. Dr. Dimitrov is highly familiar with all
scientific and translational development activities of the proposed ReVAMPP. He was a former member of
Broder laboratory and played major roles in the development and biochemical characterization of the HeV-sG
subunit glycoprotein (JVI 2005), the discovery of the NiV and HeV entry receptor ephrin B2 (PNAS 2005) and
in the development, characterization and efficacy testing of the first neutralizing human monoclonal antibody to
NiV and HeV, the latter studies conducted with Profectus Biosciences in collaboration with Dr. Geisbert. When
at Profectus Bio, Dr. Dimitrov led their program in the pre-clinical development of HeV-sG as a subunit vaccine
and the human antibody, m102.4, for treatment of henipavirus infections. Dr. Dimitrov is an employee of the
Henry M. Jackson Foundation and salary support is requested.


Other Personnel


TBD (Research Assistant, 12.0 calendar months, 100% effort). This individual will provide technical laboratory
support for this project. In addition, this individual will also be responsible for ordering supplies, organizing







shipments, and other laboratory support as instructed by the senior staff. As an employee of the Henry M.
Jackson Foundation salary support is requested for this individual.


Lianying Yan (Linda) (Manager/Lead Research Associate 3, 6 calendar months, 50% effort) has been in Dr.
Broder’s laboratory since 2003 and is well-versed in all aspects of the research in his laboratory. Ms. Yan is a
highly trained molecular biologist skilled in expression construct design, screening techniques, and stable cell
line development for protein expression using immunoprecipitation and Western blot techniques. Ms. Yan is
highly experienced in designing soluble and secreted viral glycoprotein constructs and establishing stable
cell-lines to express and produce, purify and characterize the proteins using protocols that include Bio-Plex
bead coupling and assay development. She is also expert in confocal and fluorescent microscopy techniques
and has been co-author of several manuscripts. Ms. Yan is an employee of the Henry M. Jackson Foundation
and salary support is requested.


Madison Thammavong (Research Assistant I, 4 calendar months, 33% effort). Mr. Thammavong will assist Ms.
Yan in the production of proteins. He will be trained as a back-up support with various laboratory
responsibilities. Mr. Thammavong is an employee of the Henry M. Jackson Foundation and salary support is
requested.


Kimberly Boxley, (4.0 calendar months, 33% effort), serves as the Center Financial and Post-Award
Administrative Manager. Ms. Boxley, is currently a Program Manager III with the Henry M. Jackson Foundation
and her office is located adjacent to Dr. Broder within the Department of Microbiology, USU. Ms. Boxley has
been working in grants management for over 15 years and successfully completed the Grants Management
Certificate Program (GMCP) from Management Concepts in both the federal and pass-thru tracks. She is
enrolled in the Program Management Program (PMP) at the Program Management Institute. She currently
manages a department portfolio of approximately $32M in direct funded research awarded during the last 3
years. Her day to day grants management includes budget analysis, employee supervision, training of project
managers, forecasting burn rates and compliance issues. Ms. Boxley is an employee of the Henry M. Jackson
Foundation and salary support is requested.


Supplies
The costs for materials and supplies are based on historical and current supply needs for these types of
studies and on current costs for these supplies. The research teams will be engaged with numerous
recombinant gene cloning strategies to produce new expression plasmids and recombinant viral stocks.
Several large genomic segments will need to be synthesized and the final clones of all these viral genomes
assembled and cloned into expression plasmids.


There will be five different chimeric virus stocks that will need to be prepared, qualified, stored and
characterized: three rCedV chimeric viruses and two VSV reporter virus stocks. Piloting and rescuing these
new viruses will require significant amounts of materials for all the plasmid preparations and transfection
reagents and the multiple anticipated variations in plasmid ratios to achieve virus rescues. We estimate $2000
per construct for gene synthesis and sequencing and $4000 per construct for reagents. Once rescued and
cloned each virus genome (the viral stock) will have to be deep sequenced. In addition, the proposed studies
will require a significant amount of both cell line and virus culture as well consumables, disposables and
reagents (enzyme substrate for the luciferase reporter assays) for the serum neutralization tests with rCedV
chimeric reporter viruses. The reporter viruses will be designed and rescued within the first 2 years. The
budget for supplies includes molecular biology reagents as well as bacterial culture media and supplements,
although reagents and chemicals will be needed to run the assays with the newly created reporter chimeric
viruses.


Categories of supplies:


Cell and virus culture media, sera and reagents
Molecular biology reagents; enzymes, primers, plasmid purification kits, ligation kits, gene synthesis, whole
plasmid sequencing, virus genome sequencing
Chemicals,
Consumables; flasks, plates, pipettes, gloves, tips







Steady-Glo® Luciferase Assay System for in vitro luciferase assays
CTL S6 analyzer (Fluorescent neutralization tests) and Promega GloMax (luciferase based assays)
Other miscellaneous expenses


Indirect Costs:
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).


The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is
applied on total external subaward costs.


The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical
Research Acquisition Activity on September 1, 2022.
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Budget Justification 



 
The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the 
Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded. 
 
Key Personnel (years 1 - 5): 
 
Christopher Broder, Ph.D., (Principal Investigator, 1.2 calendar months, 10% effort), is a Professor of 
Microbiology and Immunology at USUHS and will serve as PI on the proposed project. He is a leading expert in 
henipavirus biology and genetics, as well as development of glycoprotein-based vaccines and monoclonal 
antibody-based therapeutics against these viruses; many tested in collaboration with Dr. Thomas Geisbert 
(Project Lead on this application). Dr. Broder has more than 15 years of collaborative research projects with Dr. 
Geisbert focused on henipaviruses and together have published on a variety of henipavirus countermeasures 
including the use of recombinant CedVs. Dr. Broder’s group recently developed the reverse genetics platform 
for designing and rescue of recombinant Cedar henipaviruses (rCedV) that can be utilized at BSL-2, some of 
which have been successfully used in drug library HTS assays and one report on the successful use of Cedar 
virus in antiviral drug discovery for henipaviruses including Nipah (NiV), Hendra (HeV) and CedV has been 
published in collaboration with Dr. Geisbert. Dr. Broder’s group generated and characterized the recombinant 
Cedar chimeric viruses that were used to generate the preliminary data for this application. He will oversee all 
aspects of the recombinant Cedar chimeric virus construction and characterization. In addition, he and Dr. 
Amaya will collaborate on the design of all experiments and the preparation of progress reports and manuscripts. 
Dr. Broder is a federal employee and no salary support is requested. 
                                    
Moushimi Amaya, Ph.D., (Co-investigator, 2.0 calendar months, 20% effort). Dr. Amaya is an experienced 
biochemist and molecular virologist with expertise in a variety of areas including gene cloning and expression 
and mutagenesis specifically with viruses and viral culture and propagation, and viral protein purification and 
analysis. She has considerable experience in henipavirus reverse genetics systems. Using the rCedV platform, 
Dr. Amaya designed, generated and characterized replication competent chimeric viruses as non-reporter and 
reporter versions that express the envelope glycoproteins of either NiV-Bangladesh (NiV-B) (rCedV-NiV-B) or 
HeV (rCedV-HeV) instead of those of CedV. In a collaborative effort, Drs. Amaya, Broder and Geisbert 
demonstrated that the chimeras can serve as suitable surrogate viruses for authentic NiV and HeV viruses. Dr. 
Amaya developed and characterized the fluorescent reporter chimeric viruses in a high throughput fluorescence 
reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus immunized 
animals and monoclonal antibodies. She will design, oversee and conduct the research plans related to the 
generation and characterization of the rCedV chimeric viruses outlined in this proposal. She will develop, perform 
quality assurance and test the new rCedV chimeric viruses for use in henipavirus neutralization assays. Dr. 
Amaya is a federal employee and no salary support is requested. 
 
Antony S. Dimitrov, Ph.D., (Senior Scientist, 2.0 calendar months, 20% effort). In addition to Dr. Dimitrov’s duty 
to the day-to-day operations of this U19 ReVAMPP and the Admin Core, he will oversee and conduct the 
research plans related to the production and characterization of all rCedV chimeric viruses; including generation, 
quality control, and in vitro cell-based studies. Dr. Dimitrov is highly familiar with all scientific and translational 
development activities of the proposed U19 ReVAMPP. He was a former member of Broder laboratory and 
played major roles in the development and biochemical characterization of the HeV-sG subunit glycoprotein (JVI 
2005), the discovery of the NiV and HeV entry receptor ephrin B2 (PNAS 2005) and in the development, 
characterization and efficacy testing of the first neutralizing human monoclonal antibody to NiV and HeV, the 
latter studies conducted with Profectus Biosciences in collaboration with Dr. Geisbert. When at Profectus Bio, 
Dr. Dimitrov led their program in the pre-clinical development of HeV-sG as a subunit vaccine and the human 
antibody, m102.4, for treatment of henipavirus infections. Dr. Dimitrov is an employee of the Henry M. Jackson 
Foundation and salary support is requested. 
 
Other Personnel (years 1 - 5): 
 
Lianying Yan (Linda) (Manager/Lead Research Associate 2, 4 calendar months) has been in Dr. Broder’s 
laboratory since 2003 and is well-versed in all aspects of the research in his laboratory. Ms. Yan is a highly 
trained molecular biologist skilled in expression construct design, screening techniques, and stable cell line 











development for protein expression using immunoprecipitation and Western blot techniques. Ms. Yan is highly 
experienced in designing soluble and secreted viral glycoprotein constructs and establishing stable cell-lines to 
express and produce, purify and characterize the proteins using protocols that include Bio-Plex bead coupling 
and assay development. She is also expert in confocal and fluorescent microscopy techniques and has been 
co-author of several manuscripts. Ms. Yan is an employee of the Henry M. Jackson Foundation and salary 
support is requested. 
 
Alka Jays (Research Associate I, 6.0 calendar months, 50% effort). Ms. Jays is skilled in areas of tissue culture, 
expression construct design, preparation of plasmids, transfection, microscopic imaging and stable cell line 
development. She is also trained in rCedV rescue, amplification and titration of these viruses. In addition, she is 
highly skilled in performing rCedV monoclonal antibody neutralization assays as well as serum neutralization 
tests. Ms. Jays under the mentorship of Drs. Amaya and Dimitrov will be responsible for performing the proposed 
experiments. She is also proficient in a wide variety of software programs, data entry and analysis. Ms. Jays is 
an employee of the Henry M. Jackson Foundation and salary support is requested.  
 
TBD (Research Assistant, 12.0 calendar months, 100% effort). This individual will provide technical laboratory 
support for this project. In addition, this individual will also be responsible for ordering supplies, organizing 
shipments, and other laboratory support as instructed by the senior staff. As an employee of the Henry M. 
Jackson Foundation salary support is requested for this individual. 
 
Madison Thammavong, Research Assistant I (4 calendar months for all years).  Mr. Thammavong will provide 
general laboratory support for this project. He will be responsible for ordering supplies, organizing shipments, 
and other laboratory support as instructed by the senior staff. Mr. Thammavong is an employee of the Henry M. 
Jackson Foundation and salary support is requested.  
 
Kimberly Boxley, (4.0 calendar months, 33% effort), serves as the Center Financial and Post-Award 
Administrative Manager. Ms. Boxley, is currently a Program Manager III with the Henry M. Jackson Foundation 
and her office is located adjacent to Dr. Broder within the Department of Microbiology, USU. Ms. Boxley has 
been working in grants management for over 15 years and successfully completed the Grants Management 
Certificate Program (GMCP) from Management Concepts in both the federal and pass-thru tracks. She is 
enrolled in the Program Management Program (PMP) at the Program Management Institute. She currently 
manages a department portfolio of approximately $32M in direct funded research awarded during the last 3 
years. Her day to day grants management includes budget analysis, employee supervision, training of project 
managers, forecasting burn rates and compliance issues. Ms. Boxley is an employee of the Henry M. Jackson 
Foundation and salary support is requested. 
 
Supplies (Year 1-5) 
 
The costs for materials and supplies are based on historical and current supply needs for these types of studies 
and on current costs for these supplies. The research teams will be engaged with numerous recombinant gene 
cloning strategies to produce new expression plasmids and recombinant viral stocks. Several large genomic 
segments will need to be synthesized and the final clones of all these viral genomes assembled and cloned into 
expression plasmids. 
 
At the end of the 3rd year there will be three different virus stocks that will need to be prepared, qualified, stored 
and fully characterized: one rCedV chimeric virus stock and two VSV reporter virus stocks. The rCedV chimera 
will be selected among 6 variants that will be tested for rescue and growth. Piloting and rescuing these new 
viruses will require significant amounts of materials for all the plasmid preparations and transfection reagents 
and the multiple anticipated variations in plasmid ratios to achieve virus rescues.  We estimate $2000 per 
construct for gene synthesis and sequencing and $4000 per construct for reagents.  The reporter viruses will be 
designed and rescued within the first 3 years.  We estimate 3 constructs per year. Thus, the budget for supplies 
in the first 3 years is elevated in comparison to years 4 and 5. The budget for years 4 and 5 excludes the gene 
synthesis and sequencing and has a reduced amount for molecular biology reagents as well as bacterial culture 
media and supplements, although reagents and chemicals will be needed to run the assays with the newly 
created reporter chimeric viruses. 
 











Once rescued and cloned each virus genome (the viral stock) will have to be deep sequenced. In addition, the 
proposed studies will require a significant amount of both cell line and virus culture as well consumables, 
disposables and reagents (enzyme substrate for the luciferase reporter assays) for the serum and antibody 
neutralization tests with the rCedV chimeric reporter virus and the VSV reporter viruses. 
 
Categories of supplies: 
 
Cell and virus culture media, sera and reagents; Molecular biology reagents; enzymes, primers, plasmid 
purification kits, ligation kits, gene synthesis, plasmid sequencing; virus genome sequencing; Chemicals; 
Consumables; flasks, plates, pipettes, gloves, tips; Steady-Glo® Luciferase Assay System for in vitro luciferase 
assays and characterization. 
 
Equipment (year 1): 
In order to carry out the goals of the proposed Research Project, several replacement and additional laboratory 
equipment items need to be purchased: 
 
Steriguard Biosafety cabinet Thermo Scientific; 48in, 1300 Series A2-Replacement                                
     
CTL S6 analyzer (Fluorescent neutralization tests) and Promega GloMax (luciferase based assays)  
 



Indirect Costs:  



HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used 
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).  
 
The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is 36.74% 
USU Onsite Overhead. Additionally, 16.70% Company wide G&A and applied on the total direct cost less 
subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is applied 
on total external subaward costs.  
 
The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical Research 



Acquisition Activity on September 1, 2022. 
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Equipment


The laboratories are located in the Department of Microbiology and Immunology at USU.


The following equipment is supplied in the laboratory:


- Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope)
- BioRad BioPlex 200 HTF multiplexing system
- Luminex MagPIX multiplexing system
- BioRad iQ5 real-time PCR system
- Lonza Nucleofector 4D Shuttle – core unit and X-unit
- Coulter Z1-Dual cell counter
- centrifuges: Eppendorf 5425 microfuges (4); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i;


various rotors
- inverted microscopes for tissue culture (3)
- gel electrophoresis equipment for protein (7) and DNA (12) gels
- semi-dry protein transfer apparatus (4)
- Perkin-Elmer and Eppendorf thermal cyclers (5)
- ELISA plate readers (2)
- balances (6)
- pH meter (2)
- refrigerators
- freezers (-20 C, -80 C)
- platform orbital shakers (5)
- sonicator with cup horn and microtip
- bacterial shakers (6)
- heating blocks (16)
- waterbaths (14)
- biosafety cabinets (6)
- CO2-tissue culture incubators (11)
- Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring (6)
- GE-ATKA low pressure chromatography systems, including UV detectors and fraction collectors (2)
- CTL S6 Universal Analyzer


The following equipment is supplied as common support equipment within the department:


- Fuji LAS-4010 chemiluminescence/fluorescence CCD camera imaging system
- IVIS in vivo imaging system (equipped to detect luminescence and fluorescence)
- 2D gel electrophoresis system (protein)
- Alpha-Innotech gel documentation system (EtBr-stained gels)
- MilliQ ultra-pure water system
- Nanodrop spectrophotometer
- Luminometer
- Fluorescence plate readers (2)


The University Biomedical Instrumentation Center, USUHS provides other resources and is also located
on- site and provides a wide variety of services, including:
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Translational Imaging Facility
- Siemens Inveon SPECT/PET/CT Scanner
- Bruker In-Vivo Xtreme II: supports bioluminescence, X-ray, and direct radioisotopic imaging
- Bruker Biospec 70/20 USR MRI
- Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications


Flow Cytometry
- Becton-Dickinson (10- and 13-parameter) LSRII FACS analyzers (2)
- 15-parameter FACSAria II FACS sorter, including a 541nm laser upgrade for sorting of RFP-expressing


cells
- Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software
- Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system
- Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit


Microscopy
- Zeiss 710NLO confocal system with 405/458/488/514/561/633 conventional lasers and a Coherent


Ultra2 Ti-Sapphire laser for multiphoton excitation, continuously tunable over the range of 690 to 1080
nm


- Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines
- Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy


(SR-SIM), photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction
microscopy (dSTORM). System is fully equipped, including the 3D-PALM/dSTORM option.


- Becker-Hickl 2-detector FLIM system (for FRET – attached to Zeiss 710NLO)
- Zeiss AxioExaminer.Z1 upright confocal system with Coherent Chameleon multiphoton laser for in vivo


imaging and electrophysiology
- Zeiss AxioImager.M2 upright microscope and MicroBrightField Stereo Investigator software (stereology


analysis).
- Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage


plus atmosphere and temperature control
- Wide-field fluorescence microscopes (3)
- Transmission electron microscope (Philips CM100 transmission EM)
- Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment)
- Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology


package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize;
Metamorph.


Genomics
- Fuji FLA-5000/LAS-3000 chemiluminescence/fluorescence CCD/laser scanning imaging systems
- ABI 9800 Fast Thermal Cycler
- ABI 7500 Real Time PCR System
- ABI 3500xl Genetic Analyzer
- ABI 394 DNA/RNA Synthesizer (2)
- ABI 3900 DNA Synthesizer
- Eppendorf epMotion 5075 VAC Liquid handling robot
- Thermo Scientific Evolution 300 UV/Vis Spectrophotometer
- Systec MediaPrep & Plate Pourer


Proteomics
- Agilent 1100 HPLC (2)
- AB SCIEX Voyager DSTR MALDI-TOF mass spectrometer
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- AB SCIEX Q-TOF tandem mass spectrometer
- Genetix QArray2 Micro array printer


Histopathology
- Fee-for-service histology and immunohistochemistry
- Nanozoomer digital slide scanner


Structural Biology
- X-ray crystallography facility with a Rigaku HighFlux HomeLab X-ray diffraction system, including:


o MicroMax-007 HF, a microfocus rotating anode generator
o R-AXIS Imaging Plate detector
o X-stream 2000 cryogenic system
o AB Sciex 4000 QTRAP LC/MS/MS System
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Facilities and Other Resources


Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which
approximately half of the physicians in the Armed Services receive their graduate training. Research at USU is
supported primarily by extramural grants, as in other medical schools. Dr. Broder (PI) is a tenured Professor
and Chair of the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.
The overall focus of the Department is mechanisms of infectious diseases and the host response/immunology.
Faculty interests and active research programs at USU are diverse, with many nationally- and
internationally-known investigators. Dr. Broder, the PI, has had and is currently involved in active collaborations
within the University, in areas of viral immunology and vaccine and antiviral therapeutics and animal model
development. USU is also physically located directly across from the main NIH campus in Bethesda. The
overall broad scientific environment at both USU and the NIH is highly conducive to productive collaborations.
The PI often uses these resources to his advantage, both for his research objectives and interests and in
assisting in adjunct faculty appointments within the Emerging Infectious Diseases graduate program for both
on and off-campus scientists interested in participating in graduate education and graduate student training.
Overall, the available technical resources (and University support for continually improving technical
resources) is exceptional. In addition, multi-lab Immunology journal club, Immunology data club, Virology
journal club, and virology data club exist. Approximately 10 groups regularly participate in the immunology
journal/data club and 5 groups regularly participate in the virology journal/data club.


Dr. Broder has been well-supported by the Department of Microbiology and Immunology and the USU Office of
Research. Although USU is a modest-sized medical school, the technical resources are outstanding, rivaling
many very large institutions (see below). The modest size of the school is an advantage, as key pieces of
equipment (e.g., Bruker In Vivo Xtreme II; Siemens Inveon SPECT/PET/CT Scanner) are not overbooked and
therefore readily available to the laboratory personnel. In addition to University funds, we have successfully
used the NIH S10 mechanism to purchase advanced and very expensive equipment, including the Zeiss
710NLO system and the FACSAria 15-parameter cell sorter. Overall, the available technical resources (and
University support for continually improving technical resources) is exceptional, as is illustrated by the most
recent USU purchase of cutting-edge equipment: the Zeiss Elyra PS.1 super-resolution microscope.


Laboratory: Dr. Broder’s laboratories are divided into 3 rooms totaling 1,440 sq. ft. Both investigators possess
routine equipment for microbiology, molecular biology, and biochemistry including incubators, centrifuges,
inverted microscopes, gel electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH
meters, refrigerators, freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks,
water baths, free-standing biosafety cabinets, and CO2-tissue culture incubators. Additionally, Dr. Broder’s lab
is equipped with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence
microscope, upgraded in 2015), a BioRad iQ5 real-time PCR system, and a Lonza Nucleofector 4D Shuttle.
Dr. Broder’s lab also includes two complete GE-ATKA low pressure chromatography systems, with integrated
UV detectors, fraction collectors, and pump systems, and gradient fractionator apparatus. Dr.
Broder’s lab performs virus based assays that incorporate primarily 2 techniques: plaque assays and
neutralization assays. Both of these techniques determine viral concentration and/or viral quantity and require
manual counting of plaques/clear areas (plaque assay) or manually counting GFP foci using a fluorescent
microscope (neutralization assays). Since a large number of iterations with multiple viruses are performed
routinely, Dr. Broder acquired a CTL S6 analyzer, which is an automated plate reader that can read up to 4
fluorescent colors, captures 25 megapixel images and is able to recognize over 11,000 spots per well in a 96-
well plate format. The analyzer can efficiently handle a large number of 96-well plates required for assay
characterization and development thus allowing for a high-throughput workflow with the use of minimal
reagents. Operator bias is also diminished when counting plaques/GFP foci from processed images allowing
for consistent, objective and statistically reliable results. Washed formalin fixed 96-well plates are first loaded
into the analyzer and the software takes a high quality image of each well. Using the Basic count feature in the
software package the user establishes parameters, which is used to enumerate GFP foci in each well of a
single 96-well plate or from batch processing multiple plates. The counts can then be exported as an Excel file,
which can be used to generate neutralization profiles for example. Conventional plaque assays and virus
neutralization assays can take between 5- 7 days to complete, whereas the protocol established with the CTL
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S6 analyzer has reduced the time to 3 days. Postdocs, students, and technicians have desks and computers in
the laboratory.


Animal: Animals are maintained in University facilities under the supervision of a full-time veterinarian.
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. It, and
the University’s animal care and use program, is managed by the Center for Laboratory Animal Medicine,
which is directed by a veterinarian who is an ACLAM Diplomat and staffed with three other veterinarians, a
graduate animal husbandry man, and about 30 technicians. The University is able to provide appropriate care
for a wide variety of laboratory animal species, from invertebrates to lower vertebrates, to higher vertebrates
including non-human primates and domestic livestock, as well as the more commonly used species such as
rodents and rabbits. The facility also includes a number of properly equipped ABSL-2 rooms.


Computer: Windows-based computers as well as Apple Mac all within 4 years of life cycle. They are available
for routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories. The
University maintains site licenses for other image and data analysis software, including Zeiss Axiovision,
VisioPharm, and OriginPro.


Office: Dr. Broder has an office separate from but proximal to the laboratories. Trainees and technicians have
desks in the laboratory. The department employs one senior program manager, administrative officer,
administrative specialist and a microbiologist. Other personnel can be provided as necessary to support the
program.


Clinical: N/A


Other: The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and
Biometrics, provides statistical consulting to USUHS scientific investigators. We routinely consult with Cara
Olsen, Research Assistant Professor (the full-time Biostatistics Consultant of the BCC), regarding proper
design of experiments for statistical testing and for statistical analysis of the resulting data.


The USU Translational Imaging Facility (TIF) houses state-of-the art equipment for live animal imaging,
including a Siemens Inveon SPECT/PET/CT Scanner, a Bruker Biospec 70/20 USR Magnetic Resonance
Imaging system, and a Bruker In-Vivo Xtreme II bioluminescence and X-ray imaging sytem.


The USU Biomedical Instrumentation Center (BIC) houses core equipment for use by investigators throughout
the University. Instrumentation is available either free or on a fee-for-service basis, depending on which
instruments have annual service contracts (which are paid largely through per-hour use fees). The BIC Flow
Cytometry Core includes two Becton-Dickinson (10- and 13-parameter) LSRII FACS analyzers, one 15-
parameter FACSAria FACS sorter, and one Amnis Image Stream X Mark II imaging flow cytometer, as well as
off-line analysis workstations.


The BIC Imaging Core houses three confocal microscopes, including a Zeiss 700 inverted system with
405/458/488/514/561/633 laser excitation; a Zess 710NLO inverted system with 405/458/488/514/561/633
conventional lasers and a Coherent Ultra2 Ti-Sapphire laser for multiphoton excitation, continuously tunable
over the range of 690 to 1080 nm; and a Zeiss AxioExaminer-Z1 upright microscope equipped with a direct-
coupled Coherent Chameleon tunable infrared laser for ex vivo and in vivo mutliphoton imaging projects. A
Becker-Hickl two-detector FLIM system (for FRET analyses) is connected to the inverted Zeiss 710NLO
system. Recently, the BIC has also acquired a Zeiss Elyra PS.1 super-resolution microscope, which is capable
of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-parameter PALM (Photoactivation
localization microscopy) and dSTORM (direct stochastic optical reconstruction microscopy), as well as 3D-
PALM/dSTORM. The BIC also houses a Leica AF6000 system, consisting of an inverted microscope equipped
with a fully motorized 3-axis stage plus atmosphere and temperature control, allowing extended term (days)
live cell analyses. Additionally, there is a stereology system consisting of a Zeiss AxioImager.M2 upright
microscope connected to MicroBrightField's Stereo Investigator software package. The facility also includes
several additional wide-field fluorescence microscopes, and three offline data analysis stations with software
packages including: Zeiss Zen software and full Physiology package; Media Cybernetics' 3D Constructor,
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Image Pro Analyzer, Autodeblur, and Autovisualize; Metamorph Basic. The Imaging Core also includes a
transmission electron microscope (Philips CM100 transmission EM) and an ultramicrotome (Leica EM UC6
with EM FC6 cryo attachment).


The BIC Genomics core includes an ABI 3900 DNA synthesizer, an ABI3500xl Genetic Analyzer (for
sequencing), a RochLightCycler 480 for real-time PCR, and Systec Mediaprep and Plate Pourer instrument.
There is also an integrated Fuji FLA-5000/LAS-3000 imaging system for many applications that involve
fluorescence and chemiluminescence imaging of gels and blots. The BIC Proteomics Core includes two
Agilent 1100 HPLCs, an AB SCIEX Voyager DSTR MALDI-TOF mass spectrometer, and an AB SCIEX Q-TOF
tandem mass spectrometer.


The BIC Structural Biology Core includes a Rigaku HighFlux HomeLab X-ray diffraction system, with a
MicroMax-007 HF microfocus rotating anode generator, an R-AXIS Imaging Plate detector, and an X-stream
2000 cryogenic system. Other available BIC instruments and services include histopathology and PET/CT
instrumentation for small animal research.


A full-time statistician is available at the University for consultation on data analysis and to help with statistical
analysis.


The University also has an equipment repair service, central duplicating service, audiovisual service, and
microcomputer support service. The University Learning Resource Center is a high quality medical and
scientific library with additional microcomputers and support. A wide variety of scientific journals are available
in print and via remote computer access. A central autoclave/glassware washroom serves the Department of
Microbiology and Immunology and is maintained through extramural grant support.
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Galveston, TX 77550-0610 


 


Dear Tom, 


 


We are writing to indicate our full support for your Center grant submission: “Paramyxoviridae 


and Bunyavirales Vaccines and Antibodies Center – (PABVAX)” in response to RFA-AI-23-020: 


Research and Development of Vaccines and Monoclonal Antibodies for Pandemic Preparedness 


(ReVAMPP). The Research Projects and Scientific Cores you have assembled for this effort will have 


superior and synergistic plan for the Center’s research objectives, and will significantly advance the 


rapid development of vaccines and antibody-based countermeasures against several very important viral 


pathogens within the bunyavirales and paramyxoviridae. 


Our lab’s have been working together on emerging viruses and host cell interactions, with 


particular focus on vaccines and antibody-based countermeasures for henipaviruses for more than 15 


years, and together our groups have made a number of significant contributions to this field.   


Together, we have developed and tested several new Nipah/Hendra virus vaccine platforms, 


discovered some new antiviral drug leads, and have made great progress in mAb based pre- and post-


exposure treatments against Nipah and Hendra virus infection. More recently the new authentic 


henipavirus tools using the nonpathogenic Cedar henipavirus (CedV) for use at BSL-2 we developed in 


collaboration with you, will be very useful in rapidly accessing vaccine induced Nipah/Hendra 


neutralizing antibody responses and mAbs that the Center will be testing and developing. For Center 


programs like this, having collaborative and multidisciplinary teams is critical and the partners UTMB 


and USU have in place will augment this Center’s success in achieving its objectives. This ReVAMMP 


proposal is critically important, and I, Drs. Amaya and Dimitrov, and our team at USU look forward to 


this opportunity to work towards the development of new and effective antivirals together with the 


world class team you and your colleagues have pulled together!   


Sincerely,  


 


 


Christopher C. Broder, Ph.D.  Moushimi Amaya, Ph.D.     Antony S Dimitrov, Ph.D. 


Professor and Chair Staff   Res. Assistant Professor     Senior Staff Scientist 


Microbiology and Immunology      Henry Jackson Foundation 
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Resource Sharing Plan (to include sharing research data, model organisms and data)


We routinely present data derived from our studies at scientific meetings such as the American Society for
Virology (ASV), American Society for Microbiology, Keystone Symposia among others, and when components
are completed, invention disclosures filed, and following consultation with our appropriate technology transfer
offices, we publish and disclose our findings. We have always made our reagents and data available to other
investigators, and when appropriate, complete MTAs in a timely fashion. If research findings we deem sensitive
are requested by outside parties, prior to publication mutual non-disclosure agreements will be put in place. In
addition, we will have a free exchange of findings and data with all our consultants and collaborators. We will
adhere to all institutional, state and federal resource sharing guidelines and agree to share knowledge, research
materials, and any other resources necessary and relevant to the particular focus of the grant, recognizing that
final authorization will be cleared with all appropriate organizational parties. We will make all data gathered
available quickly and in an easy-to-interpret format, adhering to confidentiality regulations, provided that this does
not conflict with our local requirements.


Research resources, research tools, research procedures and protocols, and novel materials such as
recombinant viruses like VSV and rCedV based reporters for LayV and other emerging viruses that may arise out
of the funded studies will be made available to others in the private and public sector as soon as appropriate
agreements covering such transfer can be executed, or in the case of project data, shall be published as soon as
possible or otherwise shared with other researchers pursuant to NIH policies regarding data sharing.


The USU and HJF Joint Office of Technology Transfer (JOTT) will coordinate all technology transfer activities for
data and resources generated by USU and UTMB and Novartis. The JOTT will adhere to all applicable policies,
principles, guidelines and procurement rules in making unique research resources readily available for research
purposes to qualified individuals and entities, and in ensuring that there is no more than a short–term restriction
on publication or public dissemination of data in order for the JOTT to evaluate and file for patent protection on
any subject invention that may arise from the funded study. Dissemination of unpublished data that is considered
to be proprietary or confidential shall occur pursuant to a suitable confidential disclosure agreement prepared by
the JOTT as required. Material transfer agreements, license agreements, and Cooperative Research and
Development Agreements (CRADAs), as appropriate, will be used to transfer material property. Material transfer
agreements will be established to share resources among the research community for noncommercial research
use.
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Co-investigators: Moushimi Amaya, Ph.D.
Antony Dimitrov, Ph.D.


Select Agents


No select agents are used in this research.


We will generate and characterize recombinant forms of Cedar virus and Vesicular Stomatitis Virus.
These viruses are categorized as BSL-2. Drs. Broder and Amaya have approved biosafety protocols
for in vitro research with Cedar virus. All members of the Broder lab have received specific training in
laboratory safety and the proper use and disposal of BSL-2 organisms. Dr. Broder has BSL-2 certified
laboratories where work with these agents will be conducted.








SPECIFIC AIMS 


Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health. Among 
these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah virus (NiV) 
and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely broad tropism 
capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and -B3 ligands as 
entry receptors, and infection often results in a systemic and fatal respiratory and/or neurological disease in 
multiple mammalian species including humans. NiV and henipaviral disease are also included in the WHO List 
of Priority Pathogens, and are significant threats to humans and livestock in South and South East Asia and 
Australia. HNVs have two membrane glycoproteins: the attachment (G) and the fusion (F) glycoproteins that are 
the major targets of neutralizing antibodies and focus of all vaccine and antiviral monoclonal antibody (mAb) 
strategies. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide 
complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or 
HeV in 4 species including nonhuman primates (NHPs). With no licensed vaccines or treatments available for 
human use, Research Project 2 (RP2) will address this critical need using the prototype HNVs as a model to 
develop, test, and translate a novel vaccination platform. We have recently tested a thermostable, needle-free, 
adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable microneedle patch (MNP)-
based HeV-sG vaccine as a new tool for pandemic preparedness against HNVs. Our preliminary data 
demonstrate potent immunogenicity of the PPZ-MNP-HeV-sG vaccine in mice, inducing robust antigen-specific 
HNV cross-neutralizing antibody and cellular immune responses. This new approach may afford a new, rapid, 
adaptable and readily deployable vaccination strategy. We will use MNP vaccines and evaluate HeV-sG and 
new stabilized soluble forms of HNV G and F glycoproteins (sGtet and sFstb) in immunogenicity and challenge 
studies. We have also extensively studied the nonpathogenic HNV, Cedar virus (CedV); develop a reverse 
genetics system, generated recombinant CedV (rCedV) and rCedV chimeric virus tools by swapping the G and 
F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput neutralization platform. 
Recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related Mòjiāng virus and 
Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not use ephrins as entry 
receptors. Also, another divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. Here, 
we also propose to adapt the MNP vaccine platform to LayV, rescue rLayV in collaboration with Core E, and 
develop additional LayV and AngV reporter virus tools, and we will translate and test the MNP vaccine plug-
and-play approach, and evaluate new mAbs and nanobodies generated by Core D and RP4 and RP5 to the 
prototype HNVs and new divergent and/or potential zoonotic HNVs. Specifically, we will: 


Aim 1: Develop PPZ-MNP-based sGtet and sFstb prototype HNV subunit vaccines.   


We will test and compare NiV-sGtet, NiV-sFstb, HeV-sFstb and HeV-sG as vaccine immunogens using PPZ-MNPs. 
Murine studies will evaluate their immunogenicity and antiviral humoral responses and homologous and 
heterologous neutralizing antibody inducing potentials. Best-in-class vaccines will then be evaluated in NiV-B 
and HeV challenge studies in ferrets, and then selected vaccines advanced to evaluation in NHPs. 


Aim 2: Rescue Langya virus and construct LayV and AngV glycoprotein bearing reporter virus tools. 


We will construct reverse genetics tools and rescue rLayV and reporter-gene encoding rLayV. Virus rescue will 
be conducted in collaboration with Core E at UTMB. Alternate reporter virus tools will also be generated using 
rCedV and vesicular stomatitis virus (VSV) platforms encoding HNV F/G glycoproteins. Rescued viruses will be 
characterized in cell-based assays. rLayV virus will be examined in vivo (new animal models) by Core E. 


Aim 3: Evaluate HNV-specific antibodies and nanobodies developed by the Center’s RPs and Core D.  


We will utilize our unique HNV tools and high-throughput virus neutralization platforms to evaluate PPZ-MNP 
vaccine-induced immune sera and the virus specific mAbs and nanobodies developed by Center. These 
experiments will help facilitate down-selection of vaccine antigens and prioritize best-in-class antiviral antibodies. 


Aim 4: Validate PPZ-MNP platform with another paramyxovirus-specific antigen in Phase 2. 


We will demonstrate the broad applicability of the PPZ-MNP subunit-based vaccine platform for the development 
of safe, skin-targeted, and effective vaccines using alternate recombinant paramyxovirus glycoprotein antigens.  


These proposed studies to develop and apply the rapid, adaptable and readily deployable MNP 
vaccination platform is innovative and unique, and the development of the new virological tools to help facilitate 
the translational nature of this approach and evaluate new antiviral antibody-based countermeasures will foster 
pandemic preparedness tool-set to combat future emerging paramyxovirus threats. 
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Abstract 


Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia. There are currently 
no vaccines or therapeutics approved for human use. Notably, development of countermeasures for NiV and 
HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few research 
groups worldwide have access to the required biocontainment facilities to perform preclinical studies with these 
important human viral pathogens. To address this problem, we are developing a BSL-2 animal model that is 
based on Cedar virus (CedV), which is a non-pathogenic henipavirus.  Specifically, we are employing 
recombinant Cedar viruses (rCedVs) in which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) 
are expressed in the rCedV genome, replacing CedV F and G. Additionally, we have also incorporated our 
recently developed in vivo bioluminescence methodology to longitudinally trace the dynamics and anatomical 
progression of rCedV-luciferase (rCedV-luc) infections in individual animals.  Using various approaches to 
inhibit the host innate immune response in mice, we have demonstrated sustained replication of rCedV-luc and 
the rCedV-NiV-luc and rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable 
expression in the brain, both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-
luc causes neurological dysfunction and death in specific strains of mice.  The rCedV-luc platform is thus an 
authentic henipavirus system that can be used to study henipavirus in vivo biology safely and expediently under 
BSL-2 containment.  Our overall hypothesis is that rCedV-luc infection of mice lacking specific innate immune 
responses represents a BSL-2 platform for the study of henipavirus biology and pathogenesis, as well as for 
development and testing of anti-viral countermeasures. We will address this hypothesis through three Specific 
Aims: Aim 1: To optimize the use of immunodeficient mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a 
robust BSL2 model of pathogenic henipavirus disease; Aim 2: To determine the mechanism of rCedV-NiV 
neurovirulence; Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections. Aims involve synergistic collaborations with several other research projects and cores in 
this U19 program. Successful completion of these Aims will establish the rCedV-luc mouse model as a robust 
BSL-2 platform for the exploration of henipavirus pathogenesis and countermeasures.
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Site Principal Investigator: Brian Schaefer, Ph.D.


Authentication of Key Biological and Chemical Resources  


The reagents that are used in the Schaefer lab are routinely authenticated as follows: 


Expression constructs:  All new expression constructs are verified by (1) restriction digest and electrophoretic 
separation of fragments to ensure fragments of the predicted size are generated and (2) sequencing to ensure 
the correct sequence is present with no spurious mutations. 


Antibodies: Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly, the 
staining/blotting performance of new antibody lots are compared against previous lots; (2) For new antibodies, 
banding/staining patterns are compared against published data; (3) Whenever possible, new antibodies are 
also validated using objective controls, such as cells known to lack the protein of interest (e.g., knockout cells) 
or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by the new antibody 
is compared side-by-side with staining by the epitope-tag antibody). 


Cell lines: Cell lines are routinely validated using flow cytometry for key cell surface markers and/or functional 
tests. Cell lines transfected for virus production are validated via measuring titers of virus in the resultant 
supernatants. 


Viruses: Viruses are validated through a combination of genome sequencing, infectivity and functional testing. 
Rescued recombinant viruses are validated through genome sequencing, with comparison to the original 
cloned full length viral genomes. 


Mice: Every new litter of knockout animals is PCR screened for both the wild-type and inactivated allele, with 
validated wild-type and knockout control DNAs included in every screen. For transgenic animals, presence of 
the transgene is PCR verified in every litter, with validated controls included in the screen. Additional screens 
include periodic western blotting and/or FACS analysis of tissues/cells from knockout animals, to validate that 
PCR-identified knockouts indeed fail to express the protein product of the inactivated gene. 


Commercial chemical reagents: Such reagents are validated by one or both of the following: (1) performance 
comparison to previous lots of the same reagent; (2) use in an established assay that incorporates one or 
more validated performance controls. 








Budget Justification – RP3 – Schaefer
The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the


Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded.


Key Personnel:


Brian. C. Schaefer, Ph.D. (Site Principal Investigator, 1.2 calendar months, 10% effort) is a Professor of
Microbiology and Immunology at USUHS. His expertise is in cellular immunology, animal models of immune
responses in the central nervous system and applying advanced imaging methods to biological questions. He
and Dr. Broder have been collaborating for nearly a decade on creating animal models and investigating
therapeutic interventions for neurotropic viral infections. The preliminary data in this application resulted from
this collaboration, through an NIH-funded U19 grant (with aims that do not overlap the aims of this proposal).
Dr. Schaefer will direct all animal studies in this project, managing and advising staff and overseeing data
collection and data analysis. Dr. Schaefer will manage the overall experimental direction, the writing and
editing of manuscripts for publication and the preparation of progress reports and other administrative functions
related to this project, with assistance from the Senior Staff Scientist. (Dr. Schaefer is a full-time Federal
employee. Hence, no salary is requested for this project).


Other Personnel


†To be named (Scientist II, 9 calendar months, 75% effort). A Scientist with experience in animal models and
transcriptomics analysis will be recruited for this project. This Scientist will supervise animal research studies,
coordinate, conduct and supervise data analyses for transcriptomics studies. The scientist will also coordinate
overall data analysis and will participate with Dr. Schaefer in preparation of manuscripts for funding and in
preparing progress reports and performing other administrative tasks related to the conduct of this project. The
Scientist II will be employed by the Henry M. Jackson Foundation, and salary support is requested on this
project.
†To be named (Postdoctoral fellow, 12 calendar months, 100% effort). A Postdoctoral fellow with experience in
animal research and virology will be recruited for this project. The Postdoctoral fellow will perform
approximately half of the animal experiments proposed for this study. The Postdoctoral fellow will be employed
by the Henry M. Jackson Foundation, and salary support is requested on this project.
†Celeste Huaman (Graduate Student, 12 calendar months,100% effort) will perform approximately half of the
proposed in vivo experiments described in this proposal. Ms. Huaman is a senior graduate student in Dr.
Schaefer’s lab, who has been working collaboratively with members of the Broder lab on this project. Notably,
Ms. Huaman generated the majority of preliminary data in this proposal, and has extensive experience in all
procedures and analysis techniques required for the execution of the proposed experiments. Ms. Huaman
worked in Dr. Schaefer’s lab as a Research Assitant II for 5 years before joining the USU Emerging Infectious
Diseases graduate program, and she acquired a very deep technical skill set during that time. Ms. Huaman
completed the CEEZAD BSL-3 training course at the Biosecurity Research Institute of Kansas State University
in 2021, and she has trained most current laboratory staff in proper BSL-2 technique. Ms. Huaman is currently
employed by the Henry M. Jackson Foundation, and salary support is requested for her on this project.
†Caitlyn Clouse (Research Assistant II, 9 calendar months, 75% effort) will provide general technical support,
performing routine tissue culture, ordering reagents, and maintaining databases, as required for the project.
Ms. Clouse will also perform genotyping of animals breeding at Charles River Lab and she will maintain
detailed records of animal genotypes. She will also assist the postdoctoral fellow and Ms. Huaman with all
animal experiments. Ms. Clouse completed the CEEZAD BSL-3 training course at the Biosecurity Research
Institute of Kansas llent technical support, including assistance to Ms. Huaman in gathering the preliminary
data for this project. Ms. Clouse is an employee of the Henry M. Jackson Foundation and we are requesting
salary support for her on this project.







†Camille Alba (Research Associate, The American Genome Center (TAGC), 1.85 calendar months, 15.4%
effort) will be responsible for leading the collaborative performance task for this study. She will oversee
performance of library preparation, library quality assessment, library clustering and whole genome sequencing
of the samples across the entire project. She will report Illumina NovaSeq platform performance metrics to the
collaborating staff scientist and oversee data transfer batches. Ms. Alba is employed as a Henry Jackson
Foundation employee therefore salary support is requested.


†A merit increase has been added to years 2-5 of the personnel budget to account for salary increases for
Henry M. Jackson Foundation personnel.


Equipment:
An ultralow (-80 C) freezer, ThermoFisher Scientific Model TSX60086A ($12,123), is needed for storage of the
many RNA samples, viral stocks and frozen tissues (for sectioning) and slides with frozen sections. Dr.
Schaefer’s current -80 freezers are filled to capacity.


Travel: (Year 1)


Funds are requested to attend two domestic scientific conferences or one international conference. This travel
is for data presentation, exchange of ideas with colleagues, and for keeping up-to-date regarding the latest
research findings relevant to the proposed project. Meeting attendance and data presentation is a key
component of postdoctoral and graduate student training.


Materials and Supplies: $48,000 - year 1-2; $43,200 - year 3; $33,000 - year 4; $20,000 - year 5


For the laboratory to successfully complete the experiments, the project will need to procure the following
reagents and supplies:


General Laboratory Supplies


Serological pipettes, microscope slides and coverslips, pipet tips, microcentrifuge tubes, sterile conical
tubes, ultracentrifuge tubes, syringes, needles, gloves, respirators, gowns, buffers, flasks, plates, etc.


Materials


Trizol reagents, RNAse-free DNAse, RNAse-free water and buffers, Reverse Transcriptase, Taq
Polymerase, qPCR master mix, RNAse-free consumables for tissue homogenization, magnetic beads for cell
sorting, tissue culture media, fetal bovine serum, antibiotics, etc


Real-time PCR probes


DNA oligonucleotide


Labeled antibodies for histology and flow cytometry


Animal costs (procurement and husbandry): $34,728 - year 1; $ 48,046 - year 2-5
Animal Breeding at Charles River Labs


The breeding of experimental mice at USU is contracted to Charles River Labs (CRL). All aspects of animal
care and breeding are managed by CRL, while genotyping of progeny is performed by Dr. Schaefer’s group,
using biosamples collected and shipped by CRL. We maintain a colony of B6-albino Ifnar1-/- mice and
B6-albion STAT1-/- mice in our breeding colony at CRL. For this project, we expect to maintain 12 breeding
cages and 12 progeny cages to supply the animals needed for the proposed experiments. ($1.80/cage/day x
24 cages x 365 days = $15,768 + Transportation charges $1,500 = $20,768).







Animal Husbandry at USU


Animal facility (DLAR) mouse per diems:
USU DLAR FY24 per diem for biohazardous mice is $4.78/cage/day. We expect to have an average of 8
experimental cages housed in the facility (8 cages x 365 days x $4.78/cage/day = $13,957.60/yr)


Translational Imaging Core (BRIC): $23,400 year 1; $39,000 year 2 - 5
BRIC – IVIS Spectrum CT bioluminescence imaging (9 hr/week x 52 weeks/yr x $50/hr = $23,400/yr)


Biomedical Instrumentation Core (BIC): $10,608 year 1 - 5
BIC – flow cytometry (4 hr/week x 52 weeks/yr x $36/hr = $7,488/year).
BIC – confocal microscopy (2 hr/week x 52 weeks/yr x $30/hr =$3,120/year)


The American Genome Center (TAGC): $52,680 year 1 - 5
Transcriptomics studies performed at the USU American Genome Center


Total RNAseq on brain slices from 32 animals/year x $300 per animal


Supplies for Visium Spatial Gene Expression:


Visium CytAssist Spatial Gene Expression for FFPE, Mouse Transcriptome 6.5mm slides (quantity of 16 per
year)


Visium CytAssist Tissue Slide Cassettes


Dual INdex Kit TS set A


S1 Novaseq Flow cells (for spatial transcriptomics sequencing), 2 flow cells/year


Supplies for Single-cell RNAseq:


Chromium Next GEM Automated Single Cell 3' Library and Gel Bead Kit v3.1


Chromium Next GEM Automated Chip G Single Cell Kit


S1 Novaseq Flow cells (for single-cell RNAseq), 1 flow cell/year


Publication costs: $5,000 - year 2
We estimate 2 manuscripts per year for an average cost of $2,500 per publication. This cost estimate is based
on our average fee paid per open access journal publication for the last 3 years.


Indirect Costs:
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).


The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is
applied on total external subaward costs.


The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical
Research Acquisition Activity on September 1, 2022.
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EQUIPMENT 


Schaefer Laboratory 
Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope) 
BioRad CFX Connect real-time PCR system 
Lonza Nucleofector 4D Shuttle – core unit and X-unit  
Coulter Z1-Dual cell counter 
DeNovix CellDrop-FL cell counter with fluorescence 
centrifuges: Eppendorf 5425 microfuges (3); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i; various 
rotors NestAdvance Bullet Blender bead mills (2) 
Miltenyi QuadroMACS separator (2) 
inverted microscopes for tissue culture (2) 
gel electrophoresis equipment for protein (3) and DNA (5) gels 
semi-dry protein transfer apparatus (2) 
Bio-Rad thermal cyclers (2) 
balances (4) 
pH meter 
refrigerators 
freezers (-20 C, -80 C) 
platform orbital shakers (5) 
sonicator with cup horn and microtip 
bacterial shaker 
heating blocks (6) 
waterbaths (8)  
biosafety cabinets (2) 
CO2-tissue culture incubators (3) 
Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring  


Departmental 
GE Healthcare Life Sciences Amersham Imager 680 (for imaging of protein and DNA gels and blots) 
Alpha-Innotech gel documentation system (EtBr-stained gels) 
2D gel electrophoresis system (protein) 
MilliQ ultra-pure water system 
Nanodrop spectrophotometer 
Luminometer 
Fluorescence plate readers (2) 


USU CORE FACILITIES (fee for service or free) 


Biomedical Research Imaging Core (BRIC) 


IVIS® Spectrum CT preclinical in vivo imaging system (2D and 3D bioluminescence and CT imaging) 
Siemens Inveon SPECT/PET/CT Scanner 
Bruker Biospec 70/20 USR MRI 
Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications 


The American Genome Center (TAGC) 


Illumina NovaSeq 6000 systems (7) 
Illumina HiSeq X systems (6) 
Illumina NextSeq 500 system 
10x Genomics Visium CyAssist transcriptomic probe transfer system 
10x Genomics Chromium Connect automated single-cell NGS library workstation  
10x Genomics Chromium Controller massively parallel sample partitioning platform  
Agilent Fragment Analyzer automated parallel capillary electrophoresis systems (2) 
Bio-Rad Experion LabChip Platform automated electrophoresis system 
PRIMER Data Science Core - direct connection to a high-speed network switch for data  


storage on a petabyte-scale Isilon SAN 







Biomedical Instrumentation Center (BIC) 


Flow Cytometry 
Cytek Aurora 5-laser, 64-channel Spectral Analyzer 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5 
Becton-Dickinson 4-laser, 15-parameter LSRII FACS analyzer 
BD FACSAria Fusion 4-laser, 18-parameter flow sorter 
BD FACSAria IIIu 4-laser, 17-parameter flow sorter 
Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software 
Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system 
Agilant Seahorse XPe96 Analyzer 
Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit 


Microscopy 
Zeiss 980 Confocal with Airyscan2 
Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines 
Zeiss 7 MP Multi-photon Confocal Electrophysiology System 
Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy (SR-SIM), 


photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction microscopy 
(dSTORM).  System is fully equipped, including the 3D-PALM/dSTORM option.   


Zeiss Lightsheet Z.1 
Zeiss Axioscan Z1 Slide Scanner 
Zeiss AxioImager M2 upright microscope and MicroBrightField Stereo Investigator software (stereology 


analysis). 
Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage plus 


atmosphere and temperature control 
Transmission electron microscope (JEOL JEM-1011)  
Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment) 
Grid stainer (Leica EM AC20) 
Wide-field fluorescence microscopes (3) 
Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology 


package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize; 
Metamorph.   


Genomics 
3500 XL Applied Biosystems Genetic Analyzer 
Gene Forge 3900 and ABI 3900 and DNA Synthesizer 
U-3000 Thermo-Scientific HPLC system 
Agilent 1200 HPLC 
QX200 Droplet Digital PCR System (ddPCR) 
Roche LightCycler 480 Real-Time PCR System 
Agilent Capillary Electrophoresis Fragment Analyzer 


Structural Biology/Proteomics 
AB Sciex 4000 QTRAP LC/MS/MS System 
Agilent 1200 HPLC 
Wyatt DynaPro NanoStar Dynamic Light Scattering 
GE Healthcare Biacore 3000 Surface Plasmon Resonance 
Art Robbins Instruments Phoenix Crystallization Robot 
JANSi UVEX Fluorescence Microscope 


Histopathology 
Leica Autostainer XL 
Leica CV 5030 Robotic Coverslipper 
Sakura Tissue-Tek VIP tissue Processor 
Leica CM 3050 S Cryostat 
Microm HM 325 Microtome 
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Facilities and Other Resources 


Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which 
approximately half of the physicians in the Armed Services receive their graduate training.  Research at USU is 
supported primarily by extramural grants, as in other medical schools. Dr. Schaefer is a tenured Professor in 
the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.  The overall 
focus of the Department is mechanisms of infectious diseases and the host response/immunology.  Faculty 
interests and active research programs at USU are diverse, with many nationally- and internationally-known 
investigators, including the Department of Microbiology and Immunology chair, Dr. Christopher Broder, who is 
an internationally-known virologist (and centrally involved in this proposal).   


USU is directly across the street from the main NIH campus and close to Johns Hopkins, the University of 
Maryland and several other outstanding institutions, facilitating opportunities to establish productive 
collaborations with world-class investigators.  For example, Dr. Schaefer has had a multi-PI U01 grant with Dr. 
Wolfgang Losert (Dept of Physics, University of Maryland) as the co-PI and Dr. Hari Shroff (NIH/NIBIB) as a 
collaborator. Dr. Schaefer is also primary PI on a multi-PI R01 from NIAID with Dr. YouWen He at Duke 
University Medical Center, and Dr. Thomas Conrads (Women’s Health Integrated Research Center). Dr. 
Schaefer and his staff have also collaborated with the Advanced Imaging Center (AIC) at the Howard Hughes 
Medical Institute (HHMI) for some of their imaging-based research. Overall, the broader scientific environment 
at USU and the greater Bethesda/Washington D.C. metropolitan region is highly conducive to productive 
collaborations.  Dr. Schaefer has been using these resources to his advantage, and has been very active in 
establishing collaborative relationships to facilitate his research objectives. Notably, Dr. Schaefer and Dr. 
Broder have been collaborating for several years on lyssavirus- and henipavirus-related project, and they have 
a very strong working relationship. 


Members of the Schaefer lab participate in a weekly multi-lab Immunology journal club, Immunology data club, 
virology journal club, and virology data club. Approximately 10 groups regularly participate in the immunology 
journal/data club and 5 groups regularly participate in the virology journal/data club.  Also, members of the 
Schaefer lab participate in a bi-weekly data presentation/discussion group which meets monthly.   


Dr. Schaefer has been well-supported by the Department of Microbiology and Immunology and the USU Office 
of Research.  Although USU is a modest-sized medical school, the technical resources are outstanding, 
rivaling many very large institutions (see below).  The modest size of the school is an advantage, as key 
pieces of equipment (e.g., The IVIS® Spectrum CT preclinical in vivo imaging system; Cytek Aurora spectral 
flow cytometer), and 10x Genomics Visium Spatial Transcriptomics instruments are not overbooked and 
therefore readily available to laboratory personnel. Dr. Schaefer is also Chair of the USU Biomedical 
Instrumentation Center (BIC), and thus plays a central role in directing equipment purchases, ensuring that 
needed technologies are available for the research of the PI and his USU colleagues.  In addition to University 
funds, we have successfully used the NIH S10 mechanism to purchase core facility equipment.  Overall, the 
available technical resources (and University support for continually improving technical resources) is 
exceptional, as is illustrated by recent USU purchases of cutting-edge equipment including a Perkin-Elmer 
IVIS® Spectrum CT preclinical in vivo imaging system, a Zeiss Elyra PS.1 super-resolution microscope, an 
Agilant Seahorse XPe96 Analyzer, a BD FACSAria Fusion flow sorter, and many other pieces of advanced 
research equipment. Overall, the available technical resources (and University support for continually 
improving technical resources) is exceptional. 


USU has several Ph.D. programs, including an Emerging Infectious Diseases (EID) program, a Molecular and 
Cellular Biology (MCB) program and a Neuroscience (NES) program.  Dr. Schaefer holds secondary 
appointments in all three programs and is currently Interim Director of the Emerging Infectious Diseases 
Graduate Program. Ds. Schaefer has been very active in training graduate students, having trained >10 Ph.D. 
students.  USU recruits strong graduate students, and Dr. Schaefer’s students have been very productive, 
during and beyond their dissertation studies. The availability of talented graduate students is a further  
resource, promoting productivity and enhancing the overall vibrancy of the scientific environment at USU.     
Laboratory:  Dr. Schaefer’s laboratory area consists of three rooms of 450 sq. ft, 300 sq. ft and 225 sq.ft., and 
a dedicated microscopy suite of 110 sq. ft.  The Schaefer lab contains routine equipment for microbiology, 
molecular biology, and biochemistry including incubators, centrifuges, inverted microscopes, gel 
electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH meters, refrigerators, 
freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks, waterbaths, free-
standing biosafety cabinets, and CO2-tissue culture incubators.  Additionally, Dr. Schaefer’s lab is equipped 







with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence microscope), a 
BioRad CFX Connect real-time PCR system, a Coulter Z1-Dual cell counter, a DeNovix CellDrop-FL cell 
counter and a Lonza Nucleofector 4D Shuttle. Postdocs, students, and technicians have desks and computers 
in the laboratory. 


Animal:  Animals are maintained in University facilities under the supervision of a full-time veterinarian.  The 
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. The 
facility also includes two preclinical behavior cores (one for mice, one for rats). The facility and the University’s 
animal care and use program is managed by the Department of Laboratory Animal Medicine (DLAR), which is 
directed by a veterinarian who is an ACLAM Diplomate and staffed with three other veterinarians, a graduate 
animal husbandryman, and about 30 technicians. The University is able to provide appropriate care for a wide 
variety of laboratory animal species, from invertebrates and lower vertebrates to higher vertebrates including 
non-human primates and domestic livestock, as well as more commonly used species such as rodents and 
rabbits. The facility also includes a number of properly equipped ABSL-2 rooms. 
 
Computer:   Windows-based computers (Intel i5/i7 or similar processors and ≥8GB of RAM) are available for 
routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories of both 
investigators. Dr. Schaefer’s laboratory also has a dedicated workstation for use for analysis of microscopy and 
in vivo imaging data.  Image analysis software in the Dr. Schaefer’s lab includes Zeiss Zen, with a digital 
deconvolution module and numerous tools for quantitative image analysis. The University maintains site 
licenses for other image and data analysis software, including Zeiss Axiovision, VisioPharm, and OriginPro.   
Dr. Schaefer also maintains a license for FlowJo software, which can be used on any networked computer in 
the laboratory. The computers are connected by a central server to each other and to the Internet. A variety of 
USU-supported software programs are available, including EndNote, Microsoft Office, Adobe Creative Cloud, 
Geneious Prime and Graph Pad Prism 9.  
 
Office:  Drs. Schaefer’s office is separate from but proximal to each of his laboratories. Trainees and 
technicians have desks in the laboratory. Four full-time administrative officers and one part-time administrator 
are available to provide support within the department.   


Clinical:  N/A 


Other:  The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and 
Biometrics, provides statistical consulting to USUHS scientific investigators.  We routinely meet with BCC 
consultants regarding proper design of experiments for statistical testing and for statistical analysis of the 
resulting data. 


The USU Biomedical Research Imaging Core (BRIC) houses state-of-the art equipment for pre-clinical studies, 
including a IVIS® Spectrum CT, a Siemens Inveon SPECT/PET/CT Scanner and a Bruker Biospec 70/20 USR 
Magnetic Resonance Imaging system. A Scientist and several staff provide technical support and manage the 
facility. 


The USU American Genome Center (TAGC) is one of only four academic genome centers in the United 
States. It is the Department of Defense operations subsidiary of the Collaborative Health Initiative Research 
Program (CHIRP) established between the National Heart, Lung, and Blood Institute (NHLBI) and USU. Since 
inception, TAGC has generated more than 40,000 whole Genome Sequences across 107 research studies 
sourced from NHLBI, other NIH Institutes, DoD and USU investigators. TAGC is also the sequencing center 
and genome data analysis center for the APOLLO Cancer Moonshot project, and collaborates for this purpose 
with the Murtha Cancer Center (MCC) at Walter Reed, the National Cancer Institute, and the Veterans 
Administration. Through a collaborative relationship with 10x Genomics, USU has early access to newly 
released platforms such as Visium Spatial Transcriptomics (including improvements to that platform). 


The USU TAGC includes a large array of next-generation sequencing instruments including Illumina NovaSeq 
6000 systems, Illumina HiSeq X systems, and an Illumina NextSeq 500 system. A 10x Genomics Chromium 
Connect automated single-cell NGS library workstation is available for automated single cell partitioning, 
barcoding and NGS library preparation.  A 10x Genomics Chromium Controller massively parallel sample 
partitioning platform is available for barcoding single cell RNA for library preparation and for single cell 
transcriptome profiling, including CITE-seq workflows.  10x Genomics Visium CyAssist transcriptomic probe 
transfer system is available to facilitate spatial transcriptomics workflows. Electrophoresis systems include 
Agilent Fragment Analyzers and a Bio-Rad Experion LabChip Platform.  Sequencing platforms are connected 
to a high-speed network switch for data storage on a petabyte-scale Isilon SAN. 







The USU Biomedical Instrumentation Center (BIC) consists of five core equipment facilities for use by 
investigators throughout the University.  Instrumentation is available either free or on a fee-for-service basis, 
depending on which instruments have annual service contracts (which are paid largely through per-hour use 
fees). Each core is run by a full-time Director with an advanced science background (most hold a PhD) and a 
high degree of technical expertise. The majority of cores have at least one additional employee to help manage 
the core and provide guidance and assistance to users. 


The BIC Flow Cytometry Core includes three analyzers (Cytek Aurora 5-laser, 64-channel Spectral Analyzer; 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5; Becton-Dickinson 4-laser, 15-parameter LSRII) 
and two sorters (BD FACSAria Fusion 4-laser, 18-parameter flow sorter; BD FACSAria IIIu 4-laser, 17-
parameter flow sorter) and an Amnis Image Stream X Mark II imaging flow cytometer.  Other equipment 
includes a Bio-Rad Bio-Plex 200 multi-analyte detection system and an Agilant Seahorse XPe96 Analyzer. The 
core has several off-line analysis workstations with FlowJo and other data analysis platforms.   


The BIC Imaging Core houses a wide array of microscopes, including a Zeiss Elyra PS.1 super-resolution 
microscope, which is capable of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-
parameter PALM (Photoactivation localization microscopy) and dSTORM (direct stochastic optical 
reconstruction microscopy), as well as 3D-PALM/dSTORM. Other microscopes include aZeiss 980 Confocal 
with Airyscan2, a Zeiss 700 confocal system, a Zeiss 7 MP Multi-photon Confocal Electrophysiology System, a 
Zeiss Lightsheet Z.1 and a Zeiss Axioscan Z1 Slide Scanner. The facility also includes several additional wide-
field fluorescence microscopes, and three offline data analysis stations with software packages including: Zeiss 
Zen software and full Physiology package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, 
Autodeblur, and Autovisualize.  For electron microscopy needs, the core is equipped with a JEOL JEM-1011 
transmission electron microscope, an ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment), and a 
grid stainer (Leica EM AC20). 


The BIC Genomics core includes a 3500 XL Applied Biosystems Genetic Analyzer, a Gene Forge 3900 and an 
ABI 3900 and DNA Synthesizer, a U-3000 Thermo-Scientific HPLC system, an Agilent 1200 HPLC, a QX200 
Droplet Digital PCR System, a Roche LightCycler 480 Real-Time PCR System and an Agilent Capillary 
Electrophoresis Fragment Analyzer.  


The BIC Structural Biology and Proteomics Core includes a GE Healthcare Biacore 3000 Surface Plasmon 
Resonance instrument, an AB Sciex 4000 QTRAP LC/MS/MS System, an Agilent 1200 HPLC, a Wyatt 
DynaPro NanoStar Dynamic Light Scattering analyzer, an Art Robbins Instruments Phoenix Crystallization 
Robot, and a JANSi UVEX Fluorescence Microscope (for crystal inspection). 


The BIC Histopathology Core includes a Leica Autostainer XL, a Leica CV 5030 Robotic Coverslipper, a 
Sakura Tissue-Tek VIP tissue Processor, a Leica CM 3050 S Cryostat, and a Microm HM 325 Microtome.  


The University also has an equipment repair service, central duplicating service, audiovisual service, and 
microcomputer support service. The University Learning Resource Center is a high quality medical and 
scientific library with additional microcomputers and support.  A wide variety of scientific journals are available 
via remote computer access. A central autoclave/glassware washroom serves the Department of Microbiology 
and Immunology. 
 
 








June 1st, 2023 
 
Dr. Schaefer, 
 
It is with great enthusiasm that I can confirm support for your proposed research study: Research 
Project 3 (RP3), Cedar henipavirus animal model, that is part of the multi-site center application, 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center (PABVAX). This project is a sound 
representation of your research expertise in cellular, histological and molecular methodologies to 
understanding the modulation of infectious viral consequences in the mammalian brain and central 
nervous system, using mice as a model system.  This proposal is centered on exciting preliminary data 
suggesting that infection of STAT1-/- mice with chimeric recombinant Cedar viruses (rCedVs) causes 
neurovirulence and mortality (whereas immunocompetent animals rapidly control infection).  Through 
your proposed transcriptomics studies, we can facilitate your experimental plan to define gene 
expression changes across cell types in the brains of infected animals.  Moreover, through your use of 
distinct recombinant viruses and different immunocompromised mouse strains, we can identify those 
gene expression changes that correlate with neurovirulence and mortality.  The proposed unbiased 
approach to defining pathogenic mechanisms will represent a truly important step in establishing, 
validating and gaining biological insights from this novel BSL-2 model of henipavirus disease.  
 
We are well poised to collaboratively support the high complexity molecular workflows from the well 
curated tissue specimens your team will provide.  At the laboratories of The American Genome Center 
(TAGC), we have model system experience in transcriptomic and proteomic profiling for experimental 
models using whole rodent brain (see PubMed Id (PMID): 21190398, 22291617 and 23118733). 
Specifically, we will assist your laboratory in bulk transcriptomics, single cell RNA-sequencing and 
Visium spatial transcriptomics using 10x Genomics workflows.  We have current standard operating 
procedures for your experiments using the 10x Genomics CytAssist platform and tissue compatibility 
for fixed tissues. We will also provide data analysis through validated pipelines and data storage from 
our compute infrastructure and storage area network.  Importantly, we will build cross-compatible 
protocols with your laboratory team, including a key liason in your laboratory, who has previously 
trained in our genome center.  Our laboratory and Data Science division computational biology 
associates will be available for analysis and interpretation of the data, with your leadership. 
 
I look forward to working with you on this exciting project!  
 
Sincerely, 


 
Clifton Lee Dalgard, PhD 
Professor 
Department of Anatomy, Physiology & Genetics 
Director, Center for Military Precision Health 
Director, The American Genome Center 
Uniformed Services University of the Health Sciences 
USU is “America’s Medical School” 








RESEARCH STRATEGY 


Significance and Premise 


The health threats and pandemic potential posed by Nipah virus and Hendra virus. The emergence and 
reemergence of pathogenic zoonotic viruses are continuous threats to global public health.  Two particularly 
pathogenic examples with clear pandemic potential are the henipaviruses, Nipah virus (NiV) and Hendra virus 
(HeV).  NiV and HeV are bat-borne paramyxoviruses that are distinguished from the many paramyxoviruses 
that cause human and animal diseases by their uniquely broad host tropism (18 animal species across 6 
orders of mammals) and their high degree of lethality13.  Henipaviruses, like all paramyxoviruses, are 
membrane enveloped, single-stranded negative-sense RNA viruses, and they possess two major membrane 
anchored glycoproteins involved in virus entry: One mediates host cell receptor attachment (G) glycoprotein 
and the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion.  The 
viral G and F glycoproteins are both the major antigenic targets of neutralizing antibodies and the main focus of 
vaccine and therapeutic antiviral strategies14.  NiV and HeV are Biosafety Level-4 (BSL-4; risk group 4) 
pathogens. Moreover, they are classified as priority agents by US Department of Health and Human Services 
(HHS) because they could be engineered for mass dissemination, and they possess the potential for high 
morbidity and mortality rates and major public health impacts.  Recently, NiV was selected by the World Health 
Organization (WHO) as an epidemic threat needing urgent research and development (R&D) action, and NiV 
has been included in the WHO R&D Blueprint list of priority pathogens with epidemic potential15. To date, there 
have been >630 cases of human NiV infection with >370 fatalities10.  Characteristics of NiV enhancing its 
global pandemic potential include: (i) humans are susceptible to infection; (ii) it is capable of person-to-person 
transmission; (iii) it is an RNA virus with potential to mutate; and (iv) if a human-adapted NiV strain were to 
infect communities in South Asia, high population densities and global interconnectedness would rapidly 
spread the infection16. 


Additional members of the henipavirus family, including a non-pathogenic species, Cedar virus. Nucleic acid-
based detection studies have also identified additional henipavirus species for which complete genomic 
sequences are now available17, 18, including Langya virus, which has also been reported to cause human 
morbidity during zoonotic spillovers19, and Angavokely virus, which may be capable of mammalian 
pathogenesis, due to likely ability to produce V and W proteins20.  Another member of the henipavirus family, 
Cedar virus (CedV), was identified in pteropid bats in 20127. Importantly, although CedV is closely related to 
HeV and NiV and shares the same bat host species as HeV, CedV is not known to be zoonotic and has been 
shown to be nonpathogenic in animals susceptible to HeV and NiV disease including mice, guinea pigs, and 
ferrets7, 21, 22.  A notable distinction between CedV and HeV/NiV lies in the phosphoprotein gene (P), which 
contains the open reading frames for the C, V and W proteins in HeV/NiV.  The CedV P gene does not encode 
the C, V and W proteins, which contribute to HeV/NiV pathogenicity21, 23-25. The absence of C, V and W is an 
important factor underlying the failure of CedV to cause disease in infections of mice, ferrets or guinea pigs7, 22, 


25.  Despite the pathogenic differences and lower level of sequence homologies of CedV G to HeV and NiV G 
(29% and 30%, respectively), CedV infection, like both HeV and NiV, is supported by the cell surface protein 
ephrin-B27, 26 (as well as additional ephrins26) as a functional entry receptor.   


CedV as a potential BSL-2 platform for the study of 
henipavirus biology and preclinical testing of 
candidate henipavirus therapies. The Broder group 
(RP2) has been developing CedV as a new 
experimental tool set to study henipavirus host cell 
interactions, including ephrin receptor use, and host 
cell tropism.  Moreover, they have recently 
developed a CedV reverse genetics system to 
rescue recombinant CedV (rCedV)27,  adding a 
gene for firefly luciferase (rCedV-luc)28 to enable 
bioluminescence imaging of viral replication.  
Additionally, they have created chimeric viruses that 
express the F and G glycoproteins of NiV or HeV in 


place of the endogenous CedV F and G (rCedV-NiV-luc and rCedV-HeV-luc; see Fig. 1). Importantly, there is 
no evidence that NiV and HeV F and G suppress the immune response or contribute to any viral activity 


Figure 1. rCedPV variants used in this proposal. Maps are of 
plasmid-based rCedV antigenomes, all of which have been 
generated, sequence validated and utilized to produce infectious 
virus via an in vitro rescue system27. The top line shows the 
genome features of the parental rCedV with only CedV open 
reading frames (ORFs) and no reporter gene.  The second line is 
rCedV with a firefly luciferase reporter inserted between P and M 
(rCedV-luc).  The third and fourth lines are the rCedV-luc chimeras 
in which HeV F and G and NiV F and G (respectively) replace 
CedV F and G. T7p: promoter; HDVRbz: hepatitis D virus ribozyme; 
Le: leader; Tr: trailer.  







beyond binding and fusion to target cells, nor is there evidence that NiV or HeV F and/or G increase the 
pathogenicity of rCedV in immunocompetent hosts. Thus, work with rCedVs can be carried out under BSL-2 
containment settings28.  


The Schaefer group has optimized use of bioluminescence imaging to semi-quantitatively track lyssavirus 
replication in individual animals in a longitudinal manner8, 9.  Working collaboratively, the Schaefer group and 
Broder group (RP2) groups are now developing the rCedV-luc platform as a new technology for the study of 
henipavirus in vivo biology, using mouse models deficient in interferon signaling. From a translational 
perspective, rCedVs are an authentic henipavirus platform suitable for developing live-attenuated NiV/HeV 
vaccines and for preclinical testing of other types of NiV/HeV-directed countermeasures (e.g., mAb and 
nanobody therapy; novel small molecule antivirals).   


In this proposal, we will build on important preliminary data, showing that (i) rCedVs replicate and infect 
multiple organs in mouse strains deficient in interferon signaling; (ii) rCedV-NiV-luc and rCedV-HeV-luc rapidly 
enter and efficiently replicate in the brains of Ifnar1-/- mice; and (iii) rCedV-NiV-luc infection causes 
neurological disease signs and mortality in STAT1-/- mice.  Our goal is to further develop and optimize this 
model for the study of henipavirus neuropathogenesis and the development and validation of novel 
countermeasures, under BSL-2 conditions.  A robust rCedV chimera-based model would represent a 
considerable advance in throughput for preclinical validation of NiV- and HeV-directed therapeutics, in contrast 
to the current cumbersome and costly BSL-4 containment required for such work with NiV and HeV. 


Innovation 


Scientific Innovation: The generation of a BSL-2 mouse 
model of authentic henipavirus infection is novel. Due to 
the use of the mouse model, there is a potential to 
leverage powerful genetic tools and a wide array of 
antibody-based phenotyping reagents to characterize the 
mechanistic basis of the host-virus interaction, 
particularly with regard to the antiviral response.  A 
further innovation is use of the STAT1-/- strain in 
combination with rCedV chimeras to achieve a model of 
CNS-tropic infection that leads to neurological disease 
and mortality. We have thus created a tractable in vivo 
system in which henipavirus-directed therapeutics can 
be evaluated for protection against lethality. Collectively, 
these innovations should dramatically reduce costs and 


enhance throughput of translational studies of henipavirus countermeasures, generally making such studies 
widely accessible to the scientific community.  


Technical Innovation: Our use of luciferase-expressing henipaviruses in mice enables longitudinal tracking of 
infection kinetics and anatomical location8, 9 of rCedV replication.  This innovation was crucial for following and 
semi-quantitatively measuring the progression of infection with a virus that causes no apparent disease signs 
(in the Ifnar1-/- strain that we utilized for our initial pilot investigations).  Application of robust transcriptomics 
approaches, including spatial transcriptomics, represents a further technical innovation that may yield a more 
granular understanding of mechanisms of henipavirus-dependent CNS pathogenesis, thereby potentially 
suggesting novel targets for countermeasures. 


Approach 


Scientific Rigor:  We will utilize both male and female animals for experiments in this proposal. Animal studies 
are planned in consultation with the USU Biostatistics Consulting service.  These planning phases include 
power analyses to determine group size and discussion of appropriate statistical methods for the given type of 
data.  Additionally, prior to publication, collected data are analyzed via in-depth discussions with biostatistics 
consultants to ensure that statistical analyses and any required testing for multiple comparisons have been 
properly performed.  rCedV laboratory manipulation guidelines and standard operating procedures under BSL-
2 conditions were developed for the laboratory and staff, and all procedures were reviewed and approved by 
the Uniformed Services University Institutional Biosafety Committee in accordance with NIH guidelines (see 
Select Agents for further details regarding biosafety measures and approvals).  


Figure 2. rCedV-luc and rCedV-luc chimeras replicates in 
Ifnar1-/- albino mice with similar kinetics.  B6-albino-
Ifnar1-/- mice were infected IP with 107 pfu of rCedV-luc, 
rCedV-HeV-luc or rCedV-NiV-luc. Bioluminescence intensity 
is reported as average radiance (log scale).  







Aim 1: To optimize the use of Stat1-/- mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a robust 
BSL2 model of pathogenic henipavirus disease.  Hypothesis: Infection of Stat1-/- mice with recombinant 
rCedVs will recapitulate major hallmarks of pathogenic NiV and HeV infections in humans. 


 Rationale:     


The Broder (RP2) group at USU has constructed and 
rescued a series of rCedV chimeras that include the 
Photinus pyralis (firefly) luciferase gene to enable 
longitudinal in vivo bioluminescence imaging of 
individual animals, analogous to the system we have 
developed for the study of lyssavirus in vivo infection 
kinetics8, 9.  In addition to the wild-type rCedV reporter 
virus (rCedV-Luc)28, they have also generated two 
types of rCedV chimeras; one bearing NiV-
Bangladesh29 F and G (rCedV-NiV-luc) and the other 
bearing HeV F and G (rCedV-HeV-luc). For these 
reporters, the NiV and HeV F and G replace the Cedar 
F and G (Fig. 1).  Notably, using cell-based infection 
tropism and growth kinetics assays, the luciferase-
expressing chimeras behave identically to the rCedVs 


that do not encode a reporter gene (data not shown and 28), indicating that there is no in vitro growth inhibitory 
effect of the added luciferase reporter gene.   


Pathogenesis by NiV and HeV can largely be attributed to specific 
viral gene products, C, V and W.  Each of these gene products are 
encoded within the P gene.  C is encoded as an alternative 
reading frame within P, whereas V and W are produced via an 
RNA editing process, in which non-templated G residues are 
added at a specific editing site within the nascent P transcript, 
resulting in a reading frame shift.  V and W thus share N-terminal 
sequence with P, but the C-termini differ from P and from each 
other30.  Variants of NiV engineered to lack C, V or W are less 
pathogenic in a variety of animal models, with V being essential 
for lethality in ferrets23, 24, 31, 32.  Although data suggest that these 
proteins inhibit host immunity via multiple independent 
mechanisms33, a very well documented inhibitory effect involves 
the targeting of the host type-I IFN system.  Specifically, data 
show that the NiV P, V and W protein family can bind to multiple 
STAT transcription factors34.  Moreover, these NiV proteins 
strongly inhibit the STAT1-induced host interferon response via 


these binding interactions35, 36.  Although one ferret study has shown that the STAT1 binding site can be 
eliminated without impacting lethality, NiV (and HeV) have multiple mechanisms of interfering with induction of 
the interferon response, including antagonism of STAT2 and RIG-I signailing37, 38. Collectively, evidence thus 
indicates that targeting of the host interferon response is a major immune evasion mechanism of HeV and NiV. 


CedV does not have the RNA editing site that gives rise to the V and W proteins, and it lacks HeV and NiV 
mechanisms of antagonizing the host interferon response21.  Previous studies have shown that wild-type mice 
are inherently resistant to HeV and NiV infection; however, both HeV and NiV can replicate and cause lethal 
infection in mice in which the type I interferon receptor is not expressed (Ifnar1-/- mice)39, further implicating 
the host interferon response as a major mechanism of limiting HeV and NiV replication and pathogenesis.  We 
thus postulated that rCedV would replicate in Ifnar1-/- mice, but not in WT C57BL/6 mice.  As expected, upon 
intraperitoneal (IP) infection of WT mice with rCedV-luc, no replication could be detected in vivo, whereas 
several days of replication was detected via bioluminescence imaging and qPCR in Ifnar1-/- mice (data not 
shown, and see Fig. 2).  Consistent with the non-pathogenic nature of CedV infection in other species7, 21, 
there was no morbidity or mortality and no detectable pathogenesis in mice infected with rCedV-luc.     


 


Figure 3. N-gene transcription in Ifnar1-/- albino mice 
infected with rCedV-luc and rCedV-luc chimeras.  B6-albino-
Ifnar1-/- mice were infected IP with 107 pfu of rCedV-luc, rCedV-
HeV-luc or rCedV-NiV-luc. Animals were sacrificed and organs 
were harvested at the indicated time points. qPCR was 
performed to determine N-gene transcripts/μg total RNA. 


 


Figure 4. In vivo neutralization of IFNγ inhibits 
host control of replication of rCedV-luc 
chimeras.  Ifnar1-/- mice were infected with 
rCedV-luc, rCedV-NiV-luc or rCedV-HeV-luc and 
untreated or treated every 3-4 days with an IFNγ 
neutralizing antibody. Whole body bio-
luminescence is shown over a 21-day time course. 







Because the bioluminescence signal produced within an experimental 
animal is substantially attenuated by melanin in the skin and fur40, we 
crossed Ifnar1-/- mice with B6-albino mice to produce a B6-albino-Ifnar1-
/- strain (We maintain this strain in our Charles River Laboratories (CRL) 
breeding colony).  These mice were then infected with rCedV-luc, rCedV-
HeV-luc and rCedV-NiV-luc to assess how the chimeric virus replicated in 
comparison to wild-type over a 9-day infection time course.  Interestingly, 
the chimeric viruses exhibited distinct in vivo properties, replicating to a 
level approximately a log higher than the wild-type rCedV-luc at days 3 
and 7 post-infection, and with replication still detectable at day 9.  By 
contrast, rCedV-luc replication was at undetectable levels by day 7 (Fig. 
2). Viral infection was further assessed on a per-organ basis by qPCR 
quantification of N-gene transcription, demonstrating sustained viral 
transcription in an array of organs on days 1, 3 and 7.  Although viral 
transcription was generally similar across rCedVs, the notable exception 
was the brain, where weak N-gene transcription was detected for rCedV-
luc on day 1 only, whereas both chimeras exhibited N-transcription in the 


brain on days 3 and 7 post-infection (Fig. 3).  Disease signs were not apparent in any infected animal (data not 
shown). Thus, rCedVs replicate in B6-albino-Ifnar1-/- mice with an infection kinetic that suggests host immune 
control of viral replication beginning near day 3 post-infection, with substantially reduced levels of viral 
replication by day 7 or 9 post-infection (Fig. 2).  In the brain, rCedV-luc is present only transiently, whereas 
rCedV chimeras replicate at that site for at least 5 days. 


Based on the above 
data, we hypothesized 
that more robust in vivo 
replication of rCedVs 
might be achieved by 
further impairing the 
interferon response in 
the B6-albino-Ifnar1-/-
strain.  We thus injected 
rCedV-infected Ifnar1-/- 
albino mice every 3 - 4 
days with the 
neutralizing anti-IFNγ 


mAb XMG1.2 (200 μg/injection, starting on day 0).  As shown in Fig. 4, inhibition of IFNγ activity resulted in 
increased in vivo levels of rCedV-NiV-luc and rCedV-HeV-luc bioluminescence after day 3 post-infection, as 
well as a substantially extended in vivo replication kinetic, such that both viruses were still replicating at 
detectable levels at day 21 post-infection.  In a similar experiment, we used repeated administration of anti-
NK1.1 to deplete NK cells, which are a major source of IFN-γ during viral infection41. Depletion of NK cells 
resulted in an extended kinetic of rCedV-NiV-luc replication, very similar to IFNγ depletion.  Interestingly, there 
was little to no effect on replication of rCedV-luc (Fig. 5). Notably, despite the lengthy kinetic of viral replication 
for chimeric rCedVs, animals treated with either anti-IFNγ or anti-NK1.1 exhibited no disease signs throughout 
the 21-day course of these infections. 


Overall, the above data suggest that type I and II interferons work together to suppress replication of rCedV 
chimeras.  We thus reasoned that type III interferons may also play a role in viral suppression, particularly 
given that in vitro data have shown that there is a type III interferon response in vitro in response to CedV 
infection, but not HeV infection (presumably due to the suppressive activity of HeV C, V and W genes)42.  To 
achieve complete blockade of signaling by types I, II and III interferons, including in the brain (where access of 
IP-administered neutralizing mAbs is limited by the blood-brain barrier (BBB)), we performed infections of 
STAT1-/- mice, in which signals from all interferon receptors are highly attenuated.  In this initial experiment, 
we observed that mice infected with rCedV-luc survived for the entire experiment (22 days), with no disease 
signs and with 2/3 of animals exhibiting virus levels reduced to near the limit of detection by day 12 post-
infection.  By contrast, animals infected with rCedV-NiV-luc experienced disease signs consistent with 


Figure 5. In vivo depletion of NK cells 
inhibits host control of replication of 
rCedV-luc chimeras.  Ifnar1-/- mice 
were infected with rCedV-luc or rCedV-
NiV-luc and untreated or treated every 3-
4 days with an anti NK1.1 antibody to 
deplete NK cells. Whole body 
bioluminescence (viral replication) is 
shown over a 21-day time course. 


 


Figure 6. Infections of STAT1-/- mice with rCedV-NiV-luc leads to disease manifestations and 
death.  STAT1-/- mice were uninfected or infected with rCedV-luc or rCedV-NiV-luc and monitored 
for (A) viral replication by bioluminescence; (B) disease signs; and (C) mortality.  Animals infected 
with rCedV-NiV-luc experienced disease signs and death, whereas animals infected with rCedV-luc 
survived with no disease signs through this 22-day experiment. 







neurological dysfunction, with all animals reaching euthanasia criteria between days 11-19 post-infection (Fig. 
6). As the major differences between these viruses is the ability to sustain infection in the brain (Fig. 3), these 
data suggest that interferon responses play a particularly important role in protecting animals from 
CNS/encephalitic disease. Thus, our overall interpretation of our preliminary data is: (i) the host interferon 
response blocks features of viral infection shared across henipaviruses (including CedV) that result in CNS 
pathogenesis; and (ii) once henipaviruses enter the CNS, pathogenesis will result, if the host interferon 
response is blocked (e.g., by C, V, W) or not present (e.g., in STAT1-/- mice).   


In this Aim, we will further optimize the chimeric rCedV-STAT1-/- 
infection model, to fully define the in vivo kinetics of viral replication, 
the characteristics of viral pathogenesis and the antiviral humoral 
response. 


Experimental Design 


Generation of an albino STAT1-/- strain: Because STAT1-/- mice are 
not carried in large numbers by the vendor (Jackson Labs) and 
because the pigmentation (including hyper-melanated birthmarks) of 
this strain impedes bioluminescence imaging, we will cross STAT1-/- 
mice to the B6-albino strain. Sequential intercrossings will be 
performed to produce enough STAT1-/- albino breeding animals to 
generate age-matched animals in sufficient quantities for our 
proposed experiments (notably, the F1 breeding generation has been 
initiated in our contracted breeding colony at Charles River Labs).   


Quantifying in vivo replication kinetics of rCedVs in mouse models. As 
our findings with the STAT1-/- strain are very recent and limited to the 
data in Fig. 6, further experiments will be conducted using larger 
groups and albino-STAT1-/- animals.  We will first perform in vivo 
titration experiments to determine the lowest amount of virus that 
leads to 100% mortality. Next, whole animal bioluminescence data will 
be used to define the kinetics of infection, providing some indication 
regarding on which days individual organs or groups of organs reach 
peak infection titers.  These studies will be followed up by further 
bioluminescence tracing studies, in which some individual animals are 
euthanized at key time points for more detailed analysis of individual 
organs (liver, lungs, spleen, kidneys, heart, lymph nodes, brain, etc), 
to quantify transcript levels of rCedVs, comparing rCedV-luc, rCedV-
NiV-luc and rCedV-HeV-luc, and providing more granular data 
regarding the per-organ kinetics of viral replication and transcription.  
These data will also be compared with infection data from infections 
of the Ifnar1-/- albino strain (with and without inhibition of IFNγ), to 
determine the degree to which types II and III interferons contribute to 
suppression of viral replication across organ systems. 


Histological identification of cell types infected and pathological 
features of infection by rCedVs. We will perform histological analyses, 
to determine if there is evidence of organ-specific pathology during 
the course of infection.  While brain-specific pathology is of particular 
interest and will be explored in depth in Aim 2, we will perform a 
thorough analysis of other possible organ-specific pathology in this 
Aim. To add power to these histological analyses, we are currently 


developing an anti-Cedar N mAb (via a contract with GenScript), with the goal of producing a highly-sensitive 
reagent for histological identification of cells infected with rCedVs (note that Cedar N is expressed by all 
viruses to be used in this proposal).  If successfully generated, this reagent will be employed in our protocols 
using paraformaldehyde-fixed frozen tissues for multiparameter immunofluorescence microscopy, which we 
perform routinely. The goal of these experiments will be to determine the types of cells infected by rCedVs and 


 


Figure 7. Infections with rCedVs lead to 
production of G-specific neutralizing 
antibodies in Ifnar1-/- and STAT1-/- mice.  
(A) Ifnar1-/- mice were uninfected or infected 
with the indicated rCedVs.  G-specific total 
IgG was detected in sera harvested at the 
indicated time points using Luminex beads 
coupled to G ectodomains from CedV, HeV or 
NiV, as indicated. These specificity controls 
show the predicted cross-reactivity between 
anti-HeV and anti-NiV. (B) G-specific total 
IgG, IgG isotypes and IgM were detected in 
sera of STAT1-/- mice infected as indicated, 
using methodology of (A). Dashed line is 
average background. (C) In vitro 
neutralization of the indicated viruses with 
sera from mice infected with the indicated 
rCedVs. Beads prepared in the Broder lab 
(RP2); serology run in the Gunn (Core D, 
RP1,2) and Laing (RP2) labs. 







how cellular tropism varies between distinct rCedVs (e.g., rCedV-luc vs rCedV-NiV-luc), potentially as a result 
their incompletely overlapping usage of ephrin entry receptors (xxxRef).  A distinct goal of these experiments is 
to identify subtypes of immune cells that may expand in or infiltrate tissues in areas of viral replication.  We will 
also formalin-fix and paraffin-embed (FFPE) organs for standard H&E staining and histological analysis, using 
this complementary histological approach to identify features of pathology.  Analyses of H&E-stained FFPE 
sections will either be performed by in-house veterinary pathologists or contracted to Histoserv, Inc.  
Additionally, we will conduct analogous experiments in albino Ifnar1-/- animals, with and without antibody-
mediated inhibition of IFNγ (Figs. xxx), to evaluate whether specific pathological features differ as interferon 
signaling is combinatorially inhibited (i.e, inhibition of only Type I IFN signaling in the Ifnar1-/- strain; inhibition 
of Types I+II IFN signaling in Ifnar1-/- mice with anti-IFNγ injection, and inhibition of Types I+II+III IFN signaling 
in STAT1-/- mice).  Our goal is to use the resulting data to form new mechanistic hypotheses regarding the 
roles of specific interferon types in the virus-host interaction, particularly with regard to in vivo control of 
infection and pathogenesis.   


Analyses of humoral responses to rCedVs. To assess the humoral response to rCedV infections, sera will be 
recovered from animals at various time points post-infection.  We will analyze sera for G- and F-specific 
isotypes, and we will determine neutralization efficiency (Fig. 7).  In collaboration with the Gunn group (Core 
D, RP1,2), we will use a systems serology approach to define antibody-dependent mechanisms of host 
defense against rCedV infection, analogous to what they have published for Ab-dependent host defenses in 
human and NHP studies (e.g., 43, 44). Specifically, aliquots of sera will be shipped to the Gunn group for 
analysis via phagocytosis, antibody-mediated complement deposition (AMCD) and antibody dependent NK cell 
degranulation (NK-ADCC) assays, in order to determine the degree to which the anti-rCedV Ab response 
exhibits these Fc-dependent activities.  Additionally, sera will be analyzed via Luminex-based approaches for 
cytokine and chemokine levels, with a particular goal of defining the kinetics of inflammatory cytokine presence 
(if any).  We will also perform Luminex-based analysis of cytokine production in homogenates of any organs 
that show evidence of virus-induced pathogenesis. 


Expected Results 


Overall, we expect these data to define infection of STAT1-/- mice with chimeric rCedVs as a highly relevant 
BSL-2 model for lethal henipavirus disease, in which encephalitis is the major mortality-driving pathological 
feature, analogous to human disease (xxxRefs).  We expect to rigorously demonstrate that as we progressively 
inhibit the interferon system (type I, then I + II, then I + II + III), replication of rCedVs will increase across organ 
systems, both in magnitude and duration of infection.  Via histological analyses of distinct organs, we expect to 
identify cell types that are predominant targets for rCedV-luc infection and replication, via combinatorial 
staining for Cedar N and markers of distinct cell types.  We furthermore expect that these cellular targets will 
only partially overlap the targets of the chimeric rCedVs, due to their incompletely overlapping patterns of 
ephrin binding (xxxRef).  Also, due to its ability to invade the brain, we expect rCedV-HeV-luc to induce 
mortality with kinetics and frequency indistinguishable from rCedV-NiV-luc. 


We expect histological analyses to identify hallmarks of pathogenesis in a subset of organs, particularly in the 
STAT1-/- model.  Our preliminary data (not shown) suggest an enlargement of the liver on days 1 and 3 post-
infection, suggestive of a transient hepatitis.  Notably, liver involvement in the form of vasculitis has been noted 
in HeV infections of hamsters45.   Thus, we expect to observe vasculitis in the liver, and/or leukocyte infiltration.  
The lungs are also a major henipavirus target, and our qPCR data demonstrate replication of all rCedVs in the 
lungs of infected animals (Fig. 3).  As vasculitis/vascular lesions of the lungs have been observed in multiple 
distinct henipavirus animal models46, we anticipate similar findings in the STAT1-/- model upon infection with 
rCedVs.  Indeed, given the presence of viral transcripts in many organs (Fig. 3), evidence of lymphocyte and 
macrophage infiltrates is likely across organ systems, particularly in perivascular regions46. 


Preliminary data performed collaboratively between our group and the Broder, Laing and Gunn groups 
(RP2) show robust G-specific IgM and IgG responses are induced in rCedV-infected animals, across all animal 
genotypes and interferon blockade conditions (Fig. 7A-B).  Interestingly, our preliminary studies indicate that 
neutralization titers from sera of infected animals are rather low (Fig. 7C).  We thus expect that the systems 
serology assays of the Gunn group (Core D, RP1,2) will substantially clarify the potency of various Ab-
mediated effector mechanisms against rCedVs in this model system.  For example, we may find that although 
neutralization titers are low, the ability of anti-G (or anti-F) Abs to facilitate NK-ADCC is high.   







Pitfalls and Alternative Approaches 


Although our pilot study of rCedV-NiV-luc infection of STAT1-/- mice yielded promising results, we may 
encounter technical hurdles in further development of this model.  For example, the frequency of fatality may 
be less than the 100% rate observed in our pilot study. Alternatively, although disease signs strongly indicate a 
neurological basis for progression to euthanasia criteria, which is highly consistent with human disease, our 
histological studies may indicate other effects on major organ systems that are inconsistent with human 
disease.  While many such scenarios can be envisioned that would complicate this model, we believe that the 
initial data are compelling enough for us to be confident that the STAT1-/- model of henipavirus disease will be 
of high value for these studies and the overall scientific community. One technical pitfall is that our in-process 
development of the CedV N monoclonal may fail to yield a reagent of high enough specificity/sensitivity for use 
in histology.  In such a circumstance, we can use the equivalent GFP-expressing variant of each rCedV (the 
Broder (RP2) group routinely generates both luciferase- and GFP-expressing variants of each new rCedV). 


Aim 2: To determine the mechanism of rCedV-NiV neurovirulence in the Stat1-/- mouse model. 
Hypothesis: CNS infection by rCedV chimeras requires functional interaction between G and host ephrin B3; 
neurovirulence is a property shared by henipaviruses in the absence of host IFN-dependent defenses. 


Rationale 


Data in Figs. 3 and 6 demonstrate that unlike 
rCedV-luc, both rCedV-NiV-luc and rCedV-HeV-luc 
are able to establish days-long infections in the 
brains of Ifnar1-/- and STAT1-/- mice.  Because 
these viruses differ only at their F and G loci, the 
ability of these viruses to access the CNS must 
map to either F, G or both cooperatively.  
Importantly, although CedV G binds to more 
ephrins than NiV/HeV G, CedV G does not bind to 
ephrin B3, whereas both NiV and HeV G do 
interact with ephrin B326.  Moreover, data suggest 
that the ability of NiV and HeV (and the inability of 
CedV) to enter the CNS is due to the fact that brain 
cells express ephrin B3, but little to no ephrin B247.  
Thus, our in vivo observations with rCedVs lend 


additional support to the hypothesis that efficient henipavirus entry into the CNS requires interaction between 
G and ephrin B3.   


Notably, for the rCedV chimeras, both viral persistence and pathogenesis appear to be highly influenced by 
interferon-dependent mechanisms. Specifically, in the case of Ifnar1-/- animals, regardless of IFN-γ blockade 
or NK cell depletion (Figs. 2-5), infection with rCedV-NiV-luc and rCedV-HeV-luc causes neither disease signs 
nor mortality.  However, Ifnar1-/- mice given an mAb that blocks IFNγ or that depletes NK cells exhibited a 
longer kinetics of viral replication over the 21-day experimental time frame (Figs. 3-5), in contrast to the lack of 
impact of NK cell depletion on the transient rCedV-luc infection of Ifnar1-/- mice (Fig. 3, 5).  In STAT1-/- 
animals, which fail to transduce signals from interferon receptors, rCedV-NiV-luc replicated to high levels (Fig. 
6), including a persistent infection in the head/brain region of these animals (Fig. 8), with animals experiencing 
rapid escalation of disease signs, culminating in death (Fig. 6).  However, as observed in viral transcription 
analysis in Ifnar1-/- mouse experiments (Fig. 3), rCedV-luc replication in the head/brain region was transient 
and at a much lower level than rCedV-NiV-luc (Fig. 8).  Collectively, these data strongly suggest that interferon-
dependent signals are required to control henipavirus infection in the brain and to prevent consequent 
neuropathogenesis and death.   


Experimental Design  


Defining viral determinants of CNS entry and pathogenesis. To further validate the postulate that CNS entry 
leads to morbidity and mortality, we will conduct several distinct experiments.  Firstly, we will repeat the 
experiment shown in Fig. 8 with the addition of rCedV-HeV-luc, a chimera that also stably infects the brain 


 


Figure 8. Persistent replication of rCedV-NiV-luc in the brains of 
STAT1-/- mice precedes death.  STAT1-/- mice were uninfected or 
infected with rCedV-luc or rCedV-NiV-luc.  Fur was shaved from the 
head and back to enable bioluminescence imaging. An ROI was 
drawn around the head and radiance was quantified (log10 scale). 
Data show strong replication in the head region of rCedV-NiV-luc, 
but not rCedV-luc (weak head signal on days 1-5 may reflect bleed 
of bright signal from chest cavity).  See Fig. 6 for related whole-body 
luminescence, disease score, and mortality data for these animals.  







(Fig. 3).  Secondly, we will perform experiments in which we infect STAT1-/- albino mice with rCedV-NiV-luc 
and the rCedV-NiV(B3mut)-luc virus (expressing a NiV G mutant that binds to ephrin B2 but not ephrin B3, 
which is being generated under RP2), to test the requirement for ephrin B3 binding for brain entry and 
subsequent mortality. Also, the Broder (RP2) group has generated data showing that the combination of CedV 
G and HeV F can mediate viral fusion.  Thus, we will test if rCedV-(CedV G/HeV F)-luc is capable of brain 
infection, to provide a further test regarding whether G or F is the crucial henipavirus determinant of CNS entry.  
Additionally, we will directly inject rCedV-luc and rCedV-NiV-luc into the brains of Ifnar1-/- and STAT1-/- albino 
mice, in order to evaluate development of disease signs and mortality under conditions in which CNS entry is 
independent of the ability to cross the BBB. 


Each of the above experiments will be conducted with the necessary number of iterations to robustly define 
elements of CNS pathology in these animals.  In some iterations, animals will be euthanized at intermediate 
time points prior to the expected earliest mortality date.  Brains will be harvested, with one hemisphere being 
used for RNA collection and the other being used for histology (details below).  RNA will be analyzed in qPCR 
experiments, to determine absolute numbers of both N gene transcripts (Fig. 3) and rCedV genomes (we have 
validated genome-specific primer sets for this purpose), to achieve a thorough understanding of the 
relationship between viral transcriptional activity and viral load over time and across animal genotypes. 


Transcriptomics analysis of gene expression in the brain. To define gene expression changes that correlate 
with henipavirus pathogenesis in the CNS, we will use a complementary set of unbiased transcriptomics 
approaches.  Our central approach will be 10x Genomics Visium transcriptomics, to map gene expression 
changes to specific regions and cell types within the brains of infected animals.  For these experiments, we will 
compare rCedV-NiV-infected Ifnar1-/- animals treated with anti-IFNγ (which exhibit an extended kinetic of viral 
replication in the brain, without morbidity or mortality) with rCedV-NiV-infected STAT1-/- mice (which exhibit 
viral replication in the head/brain region, leading to disease signs and mortality). We will also include a custom-
designed RNA probe for rCedV N, to enable correlation of host gene expression changes with viral infection. 
Based on our initial data (Fig. 6), we anticipate choosing a time point in the day 7-10 range, during which virus 
is present in the brains of both genotypes, and STAT1-/- mice exhibit early disease signs, but have not yet 
reached euthanasia criteria, and do not have severe brain pathology (Aim 1 experiments will enable more 
refined determination of this time point). To further validate and reinforce spatial transcriptomics experiments, 
we will also perform transcriptomics analysis on total RNA isolated from brain sections adjacent to the sections 
used for spatial transcriptomics, and from equivalent sections from additional mice in the same group. We will 
also use a third complementary transcriptomics approach to provide confirmation and additional granularity 
regarding resident and infiltrating leukocyte transcriptional programs.  Specifically, we will perform single-cell 
transcriptomics on leukocytes recovered from brains of additional animals (i.e., of the same groups and time 
points as assessed by spatial transcriptomics), to provide further granularity and confirmation regarding 
leukocyte-centric transcriptional changes that correlate with neurovirulence and mortality.  Key differences 
identified by transcriptomics approaches will be further confirmed by qPCR, using total RNA from sections. 


Histological and flow cytometry analysis. To complement and reinforce data collected through the above 
transcriptomics approaches, we will use multiparameter fluorescence labeling a Zeiss Axioscan Z1 slide 
scanner to define regions of the brain and cell types that are infected by each rCedV, using a CedV anti-N mAb 
(see Aim 1) and markers of brain-resident cells and peripheral immune cells that may be recruited to the brains 
of animals with rCedV infections. These studies will be informed both by transcriptomics data, and analysis of 
H&E-stained sections, described in Aim 1. Additionally, we will also perform dedicated experiments for flow 
cytometry analysis, in which brains are collected and processed to purify resident and infiltrating lymphocytes, 
with populations and activation states defined by antibody staining for specific cell surface and intracellular 
markers (e.g., transcription factors).  In some experiments, cells will be stimulated and stained for intracellular 
cytokines to aid in identification of cellular subpopulations (e.g., types of effector T cells).  We are already 
performing analyses of leukocytes in the mouse brain in similar studies of lyssavirus pathogenesis (xxxRef).  
We will also extend these flow cytometry studies to the peripheral tissues listed above, in order to determine 
the degree to which phenotypes of resident or infiltrating leukocytes reflect cellular phenotypes in the brain. 


Expected Results 


In our experiments testing the requirements for brain entry and mortality, we expect that rCedV-HeV-luc will 
behave analogously to rCedV-NiV-luc, replicating to high levels in the brain and causing mortality of all STAT1-







/- albino animals, as we have already shown that rCedV-HeV-luc efficiently enters and replicates in the brains 
of Ifnar1-/- mice.  As existing data are consistent with the model that G interaction with ephrin B3 is the key 
determinant for productive replication of rCedVs within the CNS (Fig. 3 and 26, 47), we expect that neither 
rCedV-NiV(B3mut)-luc nor rCedV-(CedV G/HeV F)-luc will exhibit stable CNS replication and trigger morbidity 
and mortality in the STAT1-/- strain. Whether stable CNS infection and mortality can be driven by direct 
injection of rCedV-luc into the brains of STAT1-/- animals is more difficult to predict.  Notably, a wide array of 
anatomical subregions of the brain express high levels of ephrin B3 and little to no ephrin B247, perhaps 
meaning that viruses expressing CedV G may be unable to efficiently infect brain cells, regardless of BBB 
penetrance. Thus, our expectation is that we will observe an increased level of brain infection upon direct 
injection of rCedV-luc as compared to IP delivery, but likely at lower levels and perhaps less persistently; and 
morbidity and mortality may not occur within the 21-day experiment. Across the above experiments, we expect 
qPCR experiments to be consistent with longitudinal bioluminescence imaging, with viral transcription levels 
correlating well with bioluminescence intensity, as we have shown in our lyssavirus studies9. 


We expect that the three complementary transcriptomics approaches will yield data that provide a highly 
granular picture of rCedV-NiV-luc-induced transcriptional changes that correlate with morbidity and mortality in 
the STAT1-/- model.  Given that we will have rCedV-NiV-luc-infected IFNγ-treated IFNAR1-/- mice as controls 
in these experiments, analysis of the resulting data should identify gene expression changes that specifically 
correlate with pathology and not simply with CNS viral infection. Notably, the mechanism by which HeV and 
NiV trigger encephalitis and death remains unknown, with neither a direct cytopathic effect or an immune cell-
mediated inflammatory response clearly implicated as primary drivers of morbidity and mortality.  We anticipate 
that both mechanisms are important, and that our transcriptomics data will implicate leukocyte-specific 
inflammatory gene expression programs as more robustly induced in the STAT1-/- model as compared to 
Ifnar1-/- mice.  We also anticipate that our data will provide gene expression data consistent with induction of 
stress and apoptosis programs in STAT1-/- animals, with spatial transcriptomics data demonstrating that 
infected neurons are the focal points of these indicators of cytopathic effects.   


In addition, we expect histological and flow cytometry approaches to confirm key pathogenesis-associated 
changes in cellular phenotypes identified through our combined transcriptomics approaches.  Moreover, we 
expect histological results to provide data that can help to discriminate between potential mechanisms of viral 
entry into the brain, particularly transcytosis of infected leukocytes, vs. infection of microvascular endothelia 
cells during viremia. Staining with anti-N plus markers of specific cell types at early post-infection time points 
should enable identification of initial cell types in the brain that are infected with rCedVs.  Later time point data 
should suggesting which point(s) of early entry ultimately seed infection of the brain parenchyma. We also 
expect that brain pathology will be observed only with those viruses that cause morbidity and that such 
pathology will share many similarities with what has been observed in human post-mortem tissues and in 
animal models of HeV and NiV infection46, 48.   


Pitfalls and Alternative Approaches 


While it is possible that our predictions regarding the Ephrin B3-centric role for viral entry are incorrect, 
experiments have been designed in such a way that data should indicate which viral features are crucial (e.g., 
F rather than G, or a determinant of G outside of the B3-interaction region).  The basis of henipavirus 
neurovirulence has remained poorly understood for many reasons, including the expense of BSL-4 research 
and the relatively small number of in vivo experiments that have been performed.  While it is unclear whether 
our rCedV-mouse model will recapitulate all crucial aspects of henipavirus neuropathogenesis in humans, 
there should be commonalities.  The use of three separate unbiased transcriptomics approaches will provide 
multiple independent measures of gene expression changes, leading to new mechanism-based hypotheses 
regarding henipavirus neuropathogenesis.  These data and hypotheses will be of high value to investigators 
across the henipavirus field, who can perform experiments in diverse models to further test these models.  


Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections.  Hypothesis: G- and F-directed mAb-based therapeutics will demonstrate Fc-
dependent efficacy against CNS-resident henipavirus. 


Rationale 







Monoclonal antibodies have been utilized effectively against several disease-causing viruses in humans (e.g., 
RSV, SARS-CoV-249).  Indeed, m102.4, an anti-HeV/NiV G mAb, developed by the Broder group, has been 
employed in humans under circumstances of compassionate use for those exposed to HeV and NiV2, 50, with 
all of those treated experiencing no symptoms of henipavirus disease.  While virus neutralization has 
historically been viewed at the key mechanism of action of such mAbs, accumulating data are suggesting 
varying degrees of contribution of the antibody Fc domain in mediating therapeutic benefits51, 52. 


Importantly, in a distinct Schaefer lab-
Broder lab collaborative project 
focused on development of novel 
lyssavirus-directed therapeutics, we 
have made the surprising finding that 
a single dose of a neutralizing human 
anti-lyssavirus G mAb, F1153, can 
protect mice from a lethal lyssavirus 
infection, even when administered 
(via the IP route) after virus is already 
replicating robustly in the CNS 
(xxxRef or Fig?).  Specifically, day 3, 
5 and 7 treatments with mAb F11 had 
a dramatic effect on reducing virus 
burden in both the spine and brain 
during the acute phase of infection 
(through ~day 14), versus infected 
untreated controls (Fig. xxxA-B and 
data not shown).  Additionally, 
although most infected, F11-treated 
animals experienced weight loss and 
other disease manifestations, F11 
therapy completely reversed disease 
signs in the majority of these animals 
(some of the day 7 animals had 
permanent partial paralysis in the 
inoculated limb, but all animals 
recovered their lost weight) (Fig. 
xxxC and data not shown). Most 
remarkably, 100% of the day 5 and 
>80% of the day 7-treated animals 


survived (Fig. xxxD). Indeed, we have monitored day 5 and day 7 F11-treated animals for more than 4 
months, and there has been no re-emergence of disease signs in any animal. Recovery occurred despite the 
fact that the virus progressed to and replicated within the brain, as evidenced by bioluminescence imaging 
(Fig. xxxA-B). Thus, our data strongly suggest that single-dose human anti-ABLV mAb therapy provides long-
term control of viral infection, even when therapy is administered after CNS entry.  We also found that F11 
therapy was effective against the lethal mouse-adapted rabies strain, CVS-11 (data not shown).  Importantly, 
we have shown that the mechanism of efficacy requires participation of the adaptive immune response, 
particularly CD4 T cells, with F11 therapy leading to a CD4-dominant T cell infiltration in the brain (in contrast to 
the balanced CD4/CD8 ratio in the brains of untreated animals) (xxxRef).  Moreover, mutation of the Fc region 
to impede FcR binding leads to dramatically-reduced F11 therapeutic efficacy (xxxRef). Collectively, these data 
demonstrate that an IP-administered mAb can have therapeutic efficacy against a brain-resident virus in a 
manner that requires CD4 T cells and a functional Fc region. 


In this aim, we will investigate whether similar therapeutic efficacy can be achieved via IP administration of 
henipavirus-directed mAbs, following CNS invasion by chimeric rCedVs.  We will also test therapeutic efficacy 
of nanobodies, including chimeric nanobodies engineered for transport across the BBB. 


Experimental Design 


 


Figure xxx. Single-dose F11 mAb therapy reverses disease signs and 
prevents mortality in animals with CNS-resident lyssavirus infection. A. ABLV-
luc bioluminescence (pseudocolor intensity) overlaid on X-ray images of mice at the 
indicated days post-infection. Treatments are indicated in the left column. mAb F11 
was administered as a single dose of 10 mg/kg on the indicated day. B. Mean 
luminescence intensity (MLI) values from the head/brain region of the indicated 
infection and treatment groups. Inset y-axis scales are reduced (and not × 104), to 
enable clear visualization of lower luminescence values. C. Pairwise comparison of 
cumulative disease scores of different infection and treatment groups. D.  Kaplan-
Meier survival analysis of same groups of mice analyzed in panels A-C.. 







IP-administration of mAbs and nanobody reagents as a therapy for CNS infections with rCedVs. Our 
preliminary data (Fig. 8) show that rCedV-NiV-luc reaches high expression in the brain of infected STAT1-/- 
animals by day 3, with initial disease signs apparent by day 8 and animals beginning to succumb to disease on 
day 11 (Fig. 6).  For modeling of human henipavirus disease, we consider it most important to identify 
therapeutics that demonstrate efficacy in neutralizing virus that is already replicating in the nervous system, 
with the most broadly useful therapeutics being those that can protect from death after disease signs are 
apparent.  We will thus investigate the day 3-10 post-infection period for administration of therapeutic 
antibodies, with initial studies investigating therapeutic efficacy on (a) day 3 (early post-CNS entry) and (b) the 
first day animals show disease signs. Time points for later experiments will be determined based on the results 
from these initial time points (e.g., if therapy is effective on the first day post-appearance of disease signs, later 
post-disease sign time points will be tested).  As we already have stocks of neutralizing mAbs m102.4 (highly 
potent human anti-HeV G which cross-neutralizes NiV G54) and 1F5 (mouse anti-HeV/NiV F55), we will use 
these candidate therapeutics for our initial investigations. 


STAT1-/- albino mice will be infected with rCedV-NiV-luc or rCedV-HeV-luc and treated with m102.4 or 1F5 
(with a control group given a non-henipavirus specific mAb of the same isotype). Initial experiments will employ 
a single 10 mg/kg dose at d3 or d8 post-infection.  Viral replication will be monitored by bioluminescence 
imaging, and cumulative disease scores and mortality will be recorded for each animal over the 21-day 
experimental time frame.  Successful therapeutics will be those that both limit viral replication in the brain and 
reduce disease manifestations and mortality. In follow-on experiments, the antibody administration protocol 
may be adjusted, depending on strength of the therapeutic effect, e.g., the mAb could be delivered in a larger 
dose or in multiple doses over several days.  In collaboration with RP5, we will also perform therapeutic 
efficacy experiments as described above with newly developed nanobody reagents that perform well during in 
vitro testing. Of particular interest are chimeric nanobodies that have been engineered to cross the BBB.  Such 
reagents have the potential to both enhance the adaptive immune response and directly neutralize virus in the 
CNS, following transport across the BBB. 


Mechanistic studies of therapeutic antibody efficacy. For any mAb or nanobody found to be therapeutically 
effective, we will perform additional experiments to investigate the mechanism.  To define the importance of Fc 
function, we will generate a LALA-PG mutant (xxxRef) of the therapeutic mAb, to impair FcR binding and 
complement activation.  Infected mice will be given a control mAb, the WT therapeutic mAb or the LALA-PG 
mutant.  Analysis of outcomes will be as described above.  To define gene expression and cellular changes 
that correlate with therapeutic efficacy, we will use the transcriptomics, histological and flow cytometry 
approaches of Aim 2 as independent avenues to analyze the impact of therapies on animal brains. In this way, 
we can identify the experimental paradigms that lead to the highest therapeutic efficacy.  Such data will also 
contribute to the Aim 2 goal of defining cellar and transcriptional responses that correlate with pathogenesis. 


Expected Results 


Given our results with mAb F11 in the lyssavirus system (Fig xxx and xxxRef), we expect to demonstrate 
significant therapeutic efficacy via IP administration of m102.4 and 1F5 in the d3 – d10 window during which 
virus is replicating in the brain.  Indeed, we have demonstrated >80% efficacy with administration of mAb F11 
on d7 (we have not yet attempted later time points).  Animals typically first exhibit disease signs on d8 – d10 
and generally reach euthanasia criteria 3 – 4 days later. Although mice administered F11 on d7 still exhibit 
disease signs (Fig xxx and xxxRef), these signs reverse and most animals survive.  Thus, the mAb-induced 
therapeutic effect on CNS disease is relatively rapid, resulting in survival of animals that would otherwise 
succumb to infection within 4 – 7 days.  In our initial experiment with STAT1-/- mice (Fig. 6), animals infected 
with rCedV-NiV-luc reached euthanasia criteria 3 – 7 days after first showing disease signs.  Thus, if there is a 
similar therapeutic effect of mAbs during rCedV-chimera infection of STAT1-/- mice, it is reasonable to expect 
that mortality rates will drop in response to therapeutic mAbs, possibly even after disease signs are apparent.  


Because the nanobodies produced in RP5 will include the IgG1 Fc domain, we also anticipate that these 
reagents will exhibit therapeutic efficacy.  Although it is difficult to predict which therapeutics will perform best, 
we expect chimeric nanobodies engineered for transport across the BBB may demonstrate enhanced efficacy. 
These therapeutics could potentially both directly neutralize virus in the brain, and facilitate an effective CD4 T 
cell antiviral response in the brains of infected animals, as we have observed in our lyssavirus work (xxxRef).  
If BBB-crossing nanobodies prove effective, we predict that multiple doses would increase efficacy, as this 







approach should lead to higher concentrations of neutralizing nanobodies in the brains of infected animals.  
For all effective therapeutic antibody reagents, we predict that the LALA-PG mutation will impair functionality, 
as an intact Fc region appears critical for promoting an effective CD4 T cell response in the brain (xxxRef). 


By applying transcriptomics, histological and flow cytometry approaches to the analysis of brains of animals 
that experience therapeutic benefit from antibody therapy, we expect to identify therapy-driven changes in 
gene transcription, cellularity and/or cellular phenotype in the brains of treated animals.  Such data could 
suggest mechanisms by which mAb therapy prevents virus-induced death, as well as providing correlates of 
therapeutic efficacy for development of other types of therapeutics (e.g., small molecule drugs). As discussed 
in Aim 2, the mechanism by which NiV and HeV induce encephalitic death is still undetermined (xxxRef).  
Thus, the mechanistic studies in this Aim could synergize with Aim 2 findings to yield novel insights into 
mechanisms of henipavirus neuropathogenesis, thereby suggesting key target pathways for development of 
future small molecule therapeutics. 


Pitfalls and Alternative Approaches 


Based on our surprising findings regarding the potency of IP-administered therapeutics in the lyssavirus 
system (Fig xxx and xxxRef), we anticipate a similar mechanism and efficacy against chimeric rCedVs with IP-
administered neutralizing antibodies.  However, it is possible that the mechanism of mAb enhancement of the 
CNS-directed CD4 T cells response is specific to the lyssavirus model, and will not be generalized to the 
henipavirus model.  If our early data suggest such an outcome, we will focus our efforts on the nanobodies of 
RP5, engineered to cross the BBB and directly neutralize virus in the brain.  Another possibility is that IP 
administered mAbs are effective at early times post-CNS entry of rCedVs, but ineffective once disease signs 
appear.  With such an outcome, we focus our efforts on (i) identification of the most effective mAb/nanobody 
reagent, and (ii) optimization of the dosing amount and schedule to achieve efficacy as late as possible post-
CNS invasion.  


Project Milestones and Timelines 


Gannt chart outlining project milestones 
(left). Solid lines represent periods of likely 
activity to achieve milestone; dashed lines 
indicate periods of possible early initiation or 
extended completion of activities. Go/no-go 
decision points are indicated by red octagons.   


Go/no-go#1: Cessation of pathogenesis-
associated goals if neuropathogenesis of 
rCedV-chimera infections of albino-STAT1-/- 
mice clearly has no overlapping features with 
known pathology in currently accepted animal 
models or human post-mortem cases. Note 
that therapeutics can still be evaluated on the 
basis of reduction of viral loads in the brain. 


Go/no-go#2: Cessation of Aim 3 studies if 
there is no sign of CNS therapeutic efficacy 
from any tested mAb or nanobody (note: 
decision will be delayed if not all major 
planned nanobody designs have been 
generated by RP5 AND tested by RP3, by the 
end of year 3). 
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Resource Sharing Plan 
 
No model organisms will be generated from this research. Strains of mice to be used in this proposal are 
directly available from Jackson labs, or will be derived via breeding of these commercial strains. As these 
strains are readily available to the scientific community, no further action on our part is required. 
 
All genomic data resulting from this project will be deposited in NCBI GEO (Gene Expression Omnibus) prior to 
or concurrent with publication. 
 
In general, we will adhere to NIH policies regarding sharing of resources and data (https://sharing.nih.gov/). 
Our lab has demonstrated its commitment to sharing by providing published reagents upon request for the last 
20+ years.  Regarding any novel materials and resources that may be generated in this proposal, the general 
Resource Sharing Plan developed by the Henry M. Jackson Foundation and USUHS is as follows: Unique 
research resources, research tools, novel materials, including model organisms or modified strains, and related 
protocols, genetic and phenotypic data (including data from Genome-Wide Association Studies) that may arise 
out of the funded studies will be made available to others in the private and public sector as soon as 
appropriate agreements covering such transfer can be executed.  In the case of project data, findings shall be 
published as soon as possible or otherwise shared with other researchers pursuant to NIH policies regarding 
data sharing.   The USUHS-HJF Joint Office of Technology Transfer (JOTT) will manage all technology 
transfer activities for data and resources generated by researcher of either USUHS or HJF.  The JOTT will 
adhere to all applicable policies, principles, guidelines and procurement rules in making unique research 
resources readily available for research purposes to qualified individuals and entities, and in ensuring that 
there is no more than a short–term restriction on publication or public dissemination of data in order for the 
JOTT to evaluate and file for patent protection on any subject invention that may arise from the funded study.  
Dissemination of unpublished data that is considered to be proprietary or confidential shall occur pursuant to a 
suitable confidential disclosure agreement prepared by the JOTT.  Patient data shall be de-identified and 
shared in accordance with USU and HJF policies and applicable laws and regulations.  Data associated with 
Genome-Wide Association Studies (GWAS) will be submitted to the NIH-designated GWAS data repository.  
Material transfer agreements, license agreements, and Cooperative Research and Development Agreements 
(CRADAs), as appropriate, will be used to transfer material property.  Material transfer agreements will be 
established to share resources among the research community for noncommercial research use. 








USUHS


Site Principal Investigator: Brian Schaefer, Ph.D.


Select Agents  


No select agents are used in this research. 


We will perform animal studies with recombinant forms of Cedar virus. These viruses are categorized 
as BSL-2.  Dr. Schaefer has an approved BSL-2 biosafety protocol for research with Cedar virus, 
including in vivo ABSL-2 studies.  All members of the Schaefer research group have received specific 
training in laboratory safety and the proper use and disposal of BSL-2 organisms (and two current 
laboratory members have certifications for BSL-3). Dr. Schaefer has BSL-2 certified laboratories 
where work with these agents will be conducted.  Animal experiments are conducted in approved 
ABSL-2 rooms within the USU animal facility, conducted under USU IACUC-approved protocols.  








Specific Aims 


Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family1.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species2-4. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia5. There are 
currently no vaccines or therapeutics approved for human use. Notably, development of countermeasures for 
NiV and HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few 
research groups worldwide have access to the required biocontainment facilities to perform preclinical studies 
with these important human viral pathogens6.  


To address this problem, we are developing a BSL-2 animal model that is based on Cedar virus (CedV), which 
is a non-pathogenic henipavirus7.  Specifically, we have engineered recombinant Cedar viruses (rCedVs) in 
which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) are expressed in the rCedV genome, 
replacing CedV F and G. Additionally, we have also incorporated our recently developed in vivo 
bioluminescence methodology8, 9 to longitudinally trace the dynamics and anatomical progression of rCedV-
luciferase (rCedV-luc) infections in individual animals.  Using various approaches to inhibit the host interferon 
response in mice, we have demonstrated sustained replication of rCedV-luc and the rCedV-NiV-luc and 
rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable expression in the brain, 
both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-luc causes neurological 
dysfunction and death in STAT1-/- mice.  The rCedV-luc platform is thus an authentic henipavirus system that 
can be used to study henipavirus in vivo biology safely and expediently under BSL-2 containment.  Our overall 
hypothesis is that rCedV-luc infection of mice lacking interferon responses represents a BSL-2 platform for 
the study of henipavirus biology and pathogenesis, as well as for development and testing of anti-viral 
countermeasures. We will address this hypothesis through three Specific Aims: 


Aim 1: To optimize the use of Stat1-/- mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a robust 
BSL2 model of pathogenic henipavirus disease.  Hypothesis: Infection of Stat1-/- mice with recombinant 
rCedVs will recapitulate major hallmarks of pathogenic NiV and HeV infections in humans.  We will establish a 
breeding colony of Stat1-/- mice on a B6-albino background.  We will infect Stat1-/- mice with rCedV-luc 
chimeras.  We will use flow cytometry, spatial transcriptomics approaches and histological methods to define 
cell types infected, gene expression changes and immune phenotypes that characterize pathological (Stat1-/- 
model; rCedV-luc chimeras) vs. non-pathological (Ifnar1-/- model; rCedV-luc) infections.  


Aim 2: To determine the mechanism of rCedV-NiV neurovirulence in the Stat1-/- mouse model. 
Hypothesis: CNS infection by rCedV chimeras requires functional interaction between G and host ephrin B3; 
neurovirulence is a property shared by henipaviruses in the absence of host IFN-dependent defenses.  We will 
evaluate whether interaction between NiV/HeV G and host ephrin B3 is required for neurotropism.  We will 
employ direct injection of rCedV into the brains of Stat1-/- mice to determine whether neurological disease is a 
property shared by brain-resident henipaviruses in the absence of a host interferon response. 


Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections.  Hypothesis: G- and F-directed mAb-based therapeutics will demonstrate Fc-
dependent efficacy against CNS-resident henipavirus.  Stat1-/- mice infected with rCedV chimeras will be 
treated with anti-G and anti-F mAbs and nanobodies.  We will employ the approaches of Aim 1 to determine 
the immunological basis of any observed mAb therapeutic effects.  We will also specifically investigate the role 
of mAb-FcR interactions for therapeutic efficacy. 


HeV and NiV are emerging human and livestock pathogens with a high fatality rate, demonstrated human-to-
human transmission, and a worrisome recent history of outbreaks in proximity to densely populated areas, 
including Kerala, India10-12. There is thus an urgent need to develop novel therapeutics directed against these 
viruses. However, work with HeV and NiV requires BSL-4 containment, severely limiting translational research 
efforts. Through the development and investigation of this longitudinal BSL-2 animal model of authentic and 
pathological henipavirus infection, we will greatly facilitate future development and preclinical validation of 
therapeutics directed against these deadly human pathogens. 


 


Commented [BS1]: ‐CollaboraƟon with Core D (systems 
serology ‐ Gunn) 
‐Collab with RP2 (other rCedV chimeras) 
‐Possible exploraƟon of hamster infecƟon (rCedV‐NiV‐luc), 
using much larger dose than what was used for UTMB 
studies to determine if (1) efficient CNS infecƟon can be 
achieved and (2) if CNS infecƟon is highly correlated with 
lethality.  Hamsters may represent a rCedV lethal model 
employing a host that is not immunocompromised.  
LimitaƟons: few specific analysis tools (mAbs in parƟcular) 
for the hamster model. 


Commented [BS2]: ‐Collab with RP2 (rCedV‐NiV ephrin 
B3 binding mutant)  


Commented [BS3]: ‐CollaboraƟon with RP5, nanobodies 
‐ CollaboraƟon with Core D (systems serology ‐ Gunn) 








Vertebrate Animals 
 


1. The following mouse strains will be used in this proposal: 


i) B6-albino-Ifnar1-/- mice.  We maintain a breeding colony of B6-albino Ifnar1-/- mice at Charles 
River Labs (CRL). We generated these mice by crossing the B6-albino strain (Jackson 
Laboratory B6(Cg)-Tyrc-2J/J, Strain #:000058) with the Ifnar1-/- strain (Jackson Laboratory 
B6(Cg)-Ifnar1<tm1.2Ees>/J, Strain # 028288), followed by crossing F1 mice back to B6-albino 
and then intercrossing white progeny that carried the Infar1- allele.  This colony is now 
producing only albino mice that are homozygous Ifnar1-/-.   


ii) B6-albino-STAT1-/- mice.  We are currently establishing a breeding colony of B6-albino 
STAT1-/- mice at CRL.  We are currently crossing the B6-albino strain (Jackson Laboratory 
B6(Cg)-Tyrc-2J/J, Strain #:000058) with the STAT1-/- strain (Jackson Laboratory B6.129S(Cg)-
Stat1tm1Dlv/J, Strain # 012606), followed by crossing F1 mice back to B6-albino and then 
intercrossing white progeny that carry the STAT1- allele.  We anticipate establishing a colony of 
the desired genotype by early 2024.. 


We will use mice for in vivo infection with rCedVs, with many experiments including bioluminescent 
imaging. Animals are housed in an approved ABSL-2 room and all laboratory and animal care staff 
follow BSL-2 safety precautions.  The total number of required mice (including all mice produced during 
breeding) is 5440. Experiments will be performed with male and female mice. The PI has an IACUC-
approved experimental protocol and an IBC-approved biosafety protocol that details the use of the 
above strains of mice for the described experiments.   
 


2. The goal of this project is to validate the mouse as a BSL-2 model for henipavirus pathogenesis, and as 
a platform for development and testing of countermeasures.  For this work, we must use an 
experimental animal model to allow the course of in vivo infection and the host immune response to be 
studied. There is no in vitro model which can model the complex in vivo dynamics of viral infection, 
moving between distinct cell types and anatomical locations, or the host immune response to infection. 
We have chosen to utilize mice due to their ease of care, the existence of well-characterized inbred 
strains and knockout models, and our preliminary data with rCedVs showing robust and reproducible 
infection of mice which is highly amenable to statistical analysis.  The number of animals to be used is 
based on power analyses, as detailed in our approved IACUC protocols. 
 


3. Experiments will involve the euthanasia of infected animals experiencing pain or distress. Our IACUC 
protocols also define a weight loss threshold or a combined disease score criterion as end points for 
virus-infected animals requiring euthanasia.  Animals not euthanized for the above reasons will be 
euthanized for tissue collection, at time points described in our IACUC protocol.  Euthanasia will be 
performed as described in part 4, below.      


4. Mice reaching criteria/endpoints described in 3, above, will be euthanized by ketamine or ketamine-
xylazine overdose.  This method is consistent with AMVA guidelines.   
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If this message is not eventually replaced by the proper contents of the document, your PDF 
viewer may not be able to display this type of document. 
  
You can upgrade to the latest version of Adobe Reader for Windows®, Mac, or Linux® by 
visiting  http://www.adobe.com/go/reader_download. 
  
For more assistance with Adobe Reader visit  http://www.adobe.com/go/acrreader. 
  
Windows is either a registered trademark or a trademark of Microsoft Corporation in the United States and/or other countries. Mac is a trademark 
of Apple Inc., registered in the United States and other countries. Linux is the registered trademark of Linus Torvalds in the U.S. and other 
countries.






Sheet1

		No.		Instrument/Software Name		Type		Manufacturer/Developer		Purpose		Key Features		Website/Contact Info		Notes		Data Output Format		Approximate File Size		Number of Files Expected

		1		10x Genomics Visium SpaceRanger		Software		10x Genomics		Spatial transcriptomics		Unbiased transcriptomics mapped to subregions of tissue sections		https://www.10xgenomics.com/support/software/space-ranger/getting-started		Data will be deposited in NCBI GEO (Gene Expression Omnibus) as filtered gene count matrix, aligned images, spot coordinates from Visium analysis pipeline		Pipeline output, ancillary files and metadata		11 GB		480

		2		Illumina bcl2fastq		Software		Illumina		bulk transcriptome profiling by RNA-seq		Unbiased transcriptomics		https://support.illumina.com/sequencing/sequencing_software/bcl2fastq-conversion-software.html		Data will be deposited in NCBI GEO (Gene Expression Omnibus) as raw FASTQs and metabata		FASTQ		2 GB		1440

				10x Genomics Chromium CellRanger		Software		10x Genomics		Single Cell transcriptomics		Cell type/population specific transcriptomic expression values		https://support.10xgenomics.com/single-cell-gene-expression/software/pipelines/latest/what-is-cell-ranger		Data will be deposited in NCBI GEO (Gene Expression Omnibus) as filtered gene count matrix from CellRanger analysis pipeline		Pipeline output, ancillary files and metadata		6 GB		320





https://www.10xgenomics.com/support/software/space-ranger/getting-startedhttps://support.illumina.com/sequencing/sequencing_software/bcl2fastq-conversion-software.htmlhttps://support.10xgenomics.com/single-cell-gene-expression/software/pipelines/latest/what-is-cell-ranger
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		No.		Instrument/Software Name		Type		Manufacturer/Developer		Purpose		Key Features		Website/Contact Info		Notes		Data Output Format		Approximate File Size		Number of Files Expected

		1		CTL S6 Analyzer		Instrument		Immunospot		Read and quantify GFP foci from BSL-2 rCedV-GFP chimeric FRNT assays		Image and quantify the BSL-2 neutralization plates		https://immunospot.com/immunospot-s6-universal-m2.html		Additional Info		TIF image		300 KB		300 per year

		2		CTL Basic Count software		Software		Immunospot		Analyze the quantified GFP foci and convert to Neutralization percent		Generate Neutralization percent		https://immunospot.com/immunospot-s6-universal-m2.html		Additional Info		Tabulated File		49 KB 		300 per year

		3		GraphPad Prism 9		Software		GraphPad Software Inc.		Analyze the Neutralization percent to generate IC50 titers		Generate IC50 titers and graph dose response curves		https://www.graphpad.com/				TIF image and Data files		10,000 KB		300 per year
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 Investigator Initiatives-Business Development  
Department Line: (240) 694-4016  


Email: proposals@hjf.org 
 


 
 


The Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc. (HJF) 
6720A Rockledge Drive, Suite 100 | Bethesda, MD 20817-1891 | 240-694-4016 | research@hjf.org 


LETTER OF INTENT TO COLLABORATE 
 
June 2, 2023 
 
 
Thomas W. Geisbert, PhD  
Center for Biodefense and Emerging Infectious Diseases 
The University of Texas Medical Branch 
Keiller Bldg., Rm. 1.104D 
301 University Blvd. 
Galveston, TX 77555-0609 
 
Dear Dr. Geisbert: 
 
This letter confirms The Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc.’s 
(HJF) intent to collaborate with The University of Texas Medical Branch (UTMB) in response to the 
RFA-AI-23-020 and is offered on the condition that the UTMB agrees that if it receives an award for the 
subject project, it will issue a subaward to HJF for the work hereby proposed. 
 
Confidentiality Notice: This letter of Intent, including all proposal documents attached hereto, contains 
HJF confidential and proprietary information and is provided for use solely in connection with HJF’s and 
the (Prime Institution) joint pursuit of the project listed below. Any unauthorized use, disclosure or 
distribution is prohibited.   
 
Prime Institution: The University of Texas Medical Branch 
Prime Principal Investigator: Thomas W. Geisbert, PhD 


Project Title: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center 
(PABVAX) 


Proposed Principal Investigator: Christopher Broder, PhD (USU-Principal Investigator) 


Proposed Project Period: 03/01/2024-02/28/2029 


Proposed Budget Amount: 
$1,841,442 
$1,097,052   
$2,938,494 


Direct Costs  
Indirect Costs  
Total Cost 


 
HJF confirms that it has in place a written and enforced financial conflict of interest policy that applies to 
all HJF investigators and any other HJF employees responsible for the design, conduct or reporting of the 
budgeted activities. U.S. Government Principal Investigator(s) (if any) are subject to federal regulations 
governing conflicts of interest.  
 
Your submission of a prime proposal that includes the subaward activities hereby proposed by HJF will 
constitute your acknowledgment of, and agreement to, the terms set forth in this letter.  
 
Sincerely, 
 
 
 
Lisa Straker-Deputy Director, Investigator Initiatives-Business Development 
 
cc: Christopher Broder, PhD | Brian Schaefer, PhD 
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SPECIFIC AIMS 
The viral order Bunyavirales is composed of several viral families known to contain several high priority human 
pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic 
diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in 
survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six 
arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, 
MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID 
Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparednessThreats to public health are further heightened due to lack of internationally approved vaccines 
to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address 
this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, 
immunology, and biological product development, to develop arenavirus and nairovirus research tools and 
vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” 
manner. Much of the work developing vaccines against high containment viruses has relied heavily on viral 
isolates derived over 40 years ago or longer, which creates a concerns tied to efficacy as newer related viruses 
continue to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed 
the generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses 
(CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development 
for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral 
glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered 
a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed 
GP. We have found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully 
protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine 
components. Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle 
patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable 
MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen.  The importance of humoral immunity for affording potent 
protection or treatment against viral infections cannot be understated as evidenced by the recent success using 
monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for 
pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows 
are possible.  The goals of this proposal are two-fold: (1) Develop novel vaccination approaches utilizing subunit-
MNP vaccines developed in or monoclonal antibody PREP strategies which can provide protective immunity 
against Old and New World arenaviruses or emerging nairoviruses. (2) Develop reverse genetics tools to 
evaluate emerging arenaviruses and nairoviruses for which no isolates are available.  Specifically, we will:  

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches: 

1.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal 
immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease 
in animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of 
protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test 
case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a 
new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus. 

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core 
D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-
engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective 
efficacy and estimate conferred immunity correlates in animal studies performed in Core E. 

Milestone 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV 
isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-
based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. 



RESEARCH STRATEGY: 
1. SIGNIFICANCE: 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease[1].  Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens (REF) where six arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens.  This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness (REF). 
Threats to public health are further heightened due to lack of internationally approved vaccines to address threats 
of natural epidemics as well as the potential bio-weaponization of these viruses. 

 
Research Project 1(RP1) proposes preclinical research that will support Investigational New Drug Application 
(IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, 
the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both 
has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  

 Old Word Mammarenaviruses (OWAV): RP1 will utilize LASV as the prototype OWAV due to its 
elevated public health burden throughout West Africa with hundreds of thousands of estimated cases 
annually with XX deaths across West Africa(REF).  LASV has is the most imported viral hemorrhagic 
fever (VHF) next to dengue virus and has been imported to over XX countries (REFS).  Case fatality 
rates (CFR) up to 60% in hospitalized cases and marked long term sequelae are the result of no approved 
vaccines or therapeutics, though several live attenuated virus candidates are approaching clinical 
evaluation with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) (REFS).  Most of 
these vaccines utilize the LASV (glycoprotein) GP or the LASV GP + Nucleoprotein (NP) as the target 
immunogens in these vectors (REFs). 

 New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV is currently in use in 
Argentina [2], but there is conflicting evidence of whether cross protection with other NWAV is possible 
[3, 4] and there are safety concerns related to reversion to pathogenic versions. This proposal will use 
MACV and JUNV as the prototype NWAVs as there are no approved vaccines or therapeutics available 
for MACV and the safety concerns associated with Candid-1 vaccine suggest other approaches are 
warranted. 

 Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is 
responsible for the largest global public health burden within the orthonairovirus family with an estimated 
XXX cases per year across Europe, Africa, and Asia. CCHFV outbreaks are often very large list some 
recent examples.  A suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed 
whole virus vaccine for CCHFV has been approved for use only in Bulgaria since 1974, but has numerous 
safety concerns and limited demonstrated efficacy(REFS).  Since then, a number of vaccine approaches 
have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages(REF); however only an MVA-CCHFV vaccine has begun to 
advance towards clinical trials (REF). 

 
Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated 
viruses, which have many advantages in terms of being able to rapidly induce protective and often durable 
protection from debilitating disease and death.  However, as the global human population grows, the number of 
special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or pregnant) 
grows, which call in to the question the safety of live-attenuated vaccines and suggests more pathologically 
benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes 
from different pathogens has been a central driver for a number of successful and approved vaccinee strategies 
including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success 
(REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale 
production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have developed protective 



protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
 
Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments [5].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines 
to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.   
 

Once a candidate subunit-patch vaccine approach is selected, this approach will use lessons learned to produce 
plug-and-play approach to develop vaccines against a representative human pathogen from each prototype virus 
group for which no research grade vaccines have been created and tested in animal models. 

 In 2008, Lujo virus was isolated from a case of severe hemorrhagic fever originating in Zambia but quickly 
causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa 
[6]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people.  
There are currently no approved or therapeutics available for this virus and its genetic divergence from 
LASV suggest countermeasures with antigenic targets may be of limited use, underscoring the need for 
antiviral tools against this emerging threat.  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated 
with development of severe hemorrhagic fever with case fatality rates up to 60% [7, 8]. Recent studies 
have demonstrated clear human-to-human transmission risk during the acute phase evidenced by 
several nosocomial infections but also detection of viable virus from semen at 86 days after symptom 
onset demonstrating a clear need to specialized management and treatment [8].  It is unknown if the 
JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective, but the 
phylogenetic divergence of CHAPV of XX% from JUNV suggests it may not be. 

 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats [9].  Serosurveys of 109 laboratory workers from the same facility the virus was 
isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical 
symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory 
associated infections or chains of ongoing person-to-person transmission.  Recently, tick surveys have 
demonstrated the potential for Ornithodoros faini ticks to participate in enzootic maintenance of KASV 
[10].  While most chiropteran ticks exhibit host specificity, humans entering caves where these bats are 
have reported bites from O.faini ticks as well.  The highly infectious potential for this virus in humans 
coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure 
development is well advised. 

Pre-exposure prophylaxis (PREP) and Post exposure prophylaxis (PEP) using monoclonal antibodies or 
immunoglobulins has been employed for providing instant barrier immunity to high- risk individuals for infections 
such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-
exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis (REFS). The PABVAX consortium 
has a long track record of success developing monoclonal antibody (mAb) therapies against VHFs and emerging 
viruses.  Building on this success, RP1 will also perform pilot studies to examine the feasibility of PREP utilizing 
with a serum half-life extended mAb against JUNVs. Clinically validated Fc mutations can result in an 
improvement in serum half-life from 3-4 weeks to 2-4 months which can increase the instant barrier immunity 
from 30-45 days to 60+ days ([44, 45][46] [47]refs).  

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, biological 
manufacturing and vaccine device innovation to develop cutting edge vaccination approaches using plug-and-
play approaches tailored from prototype mammarenaviruses and orthonairoviruses and applicable to related 
members of these viral families.  



 

 

2. INNOVATION 

Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens  

The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV 
vaccine candidates[11] with four out of five candidates based on viral vector backbones. The remaining 
candidate is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little 
pre-clinical data concerning the safety and efficacy of these vaccine candidates is currently available[11]. 
Further, four of the  five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and 
potential of the immune response. 

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection[12-17]. Epitopes within LASV NP, and to a lesser extent GP, are 
known to substantially contribute to T cell mediated immunity[18]. Exploiting highly conserved N-terminal 
immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 
100% protection in a lethal, outbred guinea pig model.   Sequence conservation across NP is higher than GP 
across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly 
protective vaccine(REFS).  Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP 
offered complete protection against LASV challenge in guinea pigs.  

Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens  

CCHFV is a divergent virus with up to seven genetic lineages (REFS).  This diversity is evident in the variation 
observed most clearly in glycoprotein sequences across lineages.  Given the glycoprotein is a pivotal protein 
dictating viral entry and  immune recognition, it is little wonder why CCHFV vaccines have struggled with 
heterologous challenge with strains of viruses outside of the clade the vaccine was based on (REF). Conversely, 
NP is highly conserved but not exposed on the virus surface cellular surface (REFs).  Indeed, a recent report 
has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against 
heterologous challenge [19]. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy 
likely has the greatest potential for potent, cross-clade protection. 

PREP “vaccination” as a measure to control mammarenaviruses 

For situations where a vaccine does not exist or is not appropriate (e.g. immunocompromised individuals or first 
responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc 
mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting 
greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic 
efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with 
YTE [44, 45]  and LA [46] [47] Fc point mutations to determine the potential for delivering instantaneous, long-
lasting (> 6 months) barrier immunity using monoclonal antibodies. 

 

Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses  

Add blurb discussing unique access to field samples from across the world  and established expertise to generate 
infectious clones from emerging arenaviruses and nairoviruses: 
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3. APPROACH 

PRELIMINARY RESULTS 

Engineering trimeric 
glycoprotein antigens for 
the arenaviruses 

Production of 
recombinant trimeric 
LASV GP has been 
particularly challenging 
within the LASV research 
community. The LASV 
GP ectodomain (GP) 
consists of two non-
covalently associated 
subunits, GP1 and GP2, 
which readily disassociate 
in solution, historically 
hindering the expression and purification of a trimeric GPe. A recent study introduced a pair of cysteine mutations 
into GP1 and GP2, resulting in a stable disulfide-linked GP1/GP2 monomer amenable to structural studies when 
stabilized by a fiduciary antibody Fab fragment[20]. Mapp has since made structure-based improvements to 
generate a stable GP immunogen representative of the authentic viral GP spike and suitable for use as a vaccine. 
We reverted the E329P mutant, hypothesized to stabilize heptad repeat 1 in GP2[20] and added an additional 
trimerization motif to stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV GP is expressed 
and secreted from Drosophila S2 cells and purified from supernatant via affinity chromatography using a 
StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer verification 
of trimerization (Figure xx). Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are 
supportive of the stability required for a vaccine candidate. 

The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and 
MACV (Figure 3). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of 
J199, reveals monodispersed trimeric GP/Fab complexes (Figure xx). Both the interaction with a well-
characterized mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric 
spike and support their use as a vaccine immunogen.  

Our trimeric arenavirus GPs support efforts to isolate novel ultra-potent mAbs and to develop a second-
generation arenavirus immunotherapeutic with reduced dosing requirements and broader reactivity compared to 
current LASV mAb candidates[21]. This significantly lowers the cost of goods while increasing ease of use for 
clinicians, both essential for a product used in developing nations where arenaviruses are prevalent. 
 

Figure XX. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were 
expressed and purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM 
and 2D class averages of JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches have largely focused on 
evoking a strong humoral response and high titers of nAbs to a 
target pathogen, increasing evidence[12-17] suggests that the 
cellular response, mediated by T cells, can play a highly important 
and complementary role in the long-term protection against 
pathogens. Based on literature reports that T cell responses highly 
correlate with LASV recovery, and that LASV NP plays a significant 
role in inducing those responses[12, 22], we also generated LASV 
NP antigens. We chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have 
distinct functions in the virus lifecycle (Figure xx) and express to 
high levels (50-100 mg/L) as two independent domains in bacteria 
using standard laboratory shaker flasks. 

We evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV 
infection. Our study was designed (Figure 6) to assess whether immune responses to GP only, or GP+NP would 
offer protective immunity from lethal LASV challenge. We chose to investigate several commercially available 
adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in 
combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus 
supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 6), and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP but no adjuvant.  In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge.  While combination of 

Figure xx. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure 6. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 
guinea pigs were immunized intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg 
doses of GP + 2x25µg of NP-NTD +  2x25 µg of NP-CTD, or either 2x25 µg NP antigen in combination or separately. Immunized 
animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost.  (Right) Animals were monitored for 35 days post-
challenge, and survival curves and weight change are plotted.   



NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection.  Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% protection.  Interestingly, NP NTD vaccination with no adjuvant 
resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using 
Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected.  
Engineering glycoproteins antigens for the CCHFVThe CCHF virus has a tripartite negative-sense RNA 
genome,composed of the the small (S), medium (M), and large (L) segments. The M segment encodes the viral 
glycoprotein precursor (GPC) complex, which is subsequently cleaved by host proteases into multiple proteins, 
including the envelope glycoprotein GnGc and secreted GP38 protein.  GnGc is composed of Gn and Gc 
subunits, which are linked together by a multiple membrane spanning region. These transmembrane domains 
complicate the in vitro expression of  soluble GnGc, but we have designed a construct that replaces the 
transmembrane domains with a linker and have generated a stable drosophila cell line that expresses up to 
3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We used these proteins 
to test serum reactivity in CCHF survivors (Figure XX).  We will use established protocols [23] as a template to 
optimize expression of CCHFV and Kasokero NP proteins. 

        

Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses  

Rescue of recombinant viruses.  An important goal of the PABVAX Center is to generate tools for pandemic 
preparedness. An important component of both RP1 and RP2 is to generate and recombinant viruses to fill gaps 
and provide tools where wild type viruses do not exist either because 1) only sequence information is available 
or 2) isolates exist but viruses are unable to be shared with the research community. In collaboration with RP1 
Core E will assist in the development and rescue of New World arenaviruses and the henipavirus Langya virus 
as detailed in the Research Strategies for RP1 and RP2. 

APPROACH 

Overall Hypothesis:FILL THIS IN     

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches:  

Rationale: The choice of Mammarenavirus Prototype Pathogens is justified as follows:  

 Old World Mammarenaviridae: We propose LASV Josiah strain (Lineage 4) as the prototype pathogen due 
to the depth of available research data, availability of established rodent (REF) and nonhuman primate(NHP) 
models (REFS), frequency of exportation (REFS), and large number of annual cases throughout West Africa  
where the case fatality rate can be up to 60% in hospitalized cases (REF).  

 New World Mammarenaviridae:  Due to the availability of a JUNV vaccine in the endemic region where JUNV 
circulates and the lack of cross protection against challenge with other NWAV, MACV, the causative agent 
of Bolivian hemorrhagic fever, will be used as the prototype pathogen for NWAV for studies outlined in 
Milestone 1.1. There are established guinea pig (REF) and NHP (REF) models for MACV. JUNV is the New 
World arenavirus with the largest knowledge base at present [REF]. For a pilot efficacy study outlined in 
Milestone 1.2, we will use JUNV Espindola 
Strain as a natural extension of previous 
published work demonstrating protective 
efficacy of the template PREP mAb (REF). 

 Nairoviridae. We propose CCHFV Hoti strain 
(Clade 5) as the nairovirus prototype pathogen. 
UTMB has established mouse models (REF) 
and NHP (REF) models to enable testing of 
CCHFV countermeasures against a number of 
the available clades.  CCHF is the most 
important member of the Nairoviridae family 
with a major public-health impact across 
Western Asia, the Balkans, Southern Europe, 
and most of Africa [REF].          

 

Figure XX:  Engineered CCHFV proteins are reactive with 
serum from CCHFV survivors. SDS-PAGE gel of CCHF 
Ibar proteins GnGc and GP38 after 2 step purification 
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Milestone 1.1 Subunit immunogens and MNP vaccination 

Milestone 1.1.1.A:  Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs:  Building on the success of our GPe + NP-NTD LASV vaccine, we 
will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core 
D either as individual subunit vaccines or combinations as outlined in 
table XX using an intramuscular (IM) vaccination approach.  Eight 
outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly 
assigned to groups as outlined in Table XX.   Blood will be collected 
prior to immunization and then on days 28 and 56-days post-
immunization to evaluate humoral immune responses by ELISA and virus 
neutralization assays.  After 28 days immunized animals will be boosted with an equivalent dose as the priming 
vaccination IM.  On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core C and 
challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group (REFS). After virus 
challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual 
assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional 
biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque 
assay and qRT-PCR.  Results from the IM vaccination then be compared head-to-head against an equivalent 
vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared 
by MNP Patch CORE C.  Patches are administered after shaving a small section of the abdomen and applied 

using gentle pressure for 10-15 minutes so that the microneedles can 
fully dissolve. 

Similarly, we will determine the protective efficacy using MACV 
GPe and NP-NTD proteins developed and manufactured in Core D 
following the grouping described in Table XX using the identical 
experimental approach as outlined above.  The challenge virus will be 
the established MACV Chicava strain (REF). Given the lack of clarity 
on the potential for the JUNV Candid-1 vaccine to afford protection 
from challenge with MACV, we will assess its utility as a positive 
control vaccine against lethal challenge with MACV (REFs). 

 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +             

NP-NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 
  TOTALS 64 TOTALS 64 

 
Table: XX outline of LASV Vaccination 
Schedule for Milestone 1.1.1.A 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 
  TOTALS 64 TOTALS 64 

 
Table: XX outline of MACV Vaccination 
Schedule for Milestone 1.1.1.A 



1.1.1.B:  Determination of pan-LASV and Pan-MACV protective 
efficacy using optimized subunit-patch vaccination in guinea 
pigs.  Using the adjuvant and vaccination route down selected in 
1.1.1.A, we will assess the potential for our LASV subunit vaccines to 
confer heterologous protection against four lineages of LASV endemic 
to geographically distinct from the prototype strain (Josiah-lineage 4, 
Sierra Leone).  Employing optimized strain 13 or outbred, Hartley 
guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 
6(Togo) established in the BSL4 evaluation Core C as outlined in 
Table XX.  The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 
  

Similarly, after down selecting the optimal adjuvant and vaccination 
route, we will assess the potential for our MACV subunit vaccines to 
confer heterologous protection against thre lineages of MACV endemic 
to genetically distinct from the prototype strain (Chicava-Lineage 2).  
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core C as 
outlined in Table XX. We will also utilize JUNV (Romero strain)(REF) 
challenge to assess heterologous protection against a related but 
distinct NWAV to begin to assess the potential for cross protection 
beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 
 

1.1.1.C:  Determination of LASV and MACV protective efficacy using optimized 
subunit-patch vaccination in NHP:  15 cynomolgus monkeys will be randomized 
into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated animals (Table 
XX).  Animals in vaccine groups 1 and 2 will be vaccinated using the down selected 
LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.   Animals in 
vaccine group 1 will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 
days post prime. At 35 days post prime (21 days post boost for boosted animals), all 
animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected 
macaques will be assessed, and clinical signs consistent with VHF (as measured by 
hematology, serum biochemistry, and blood coagulation assays) will be documented. 

Surviving animals will be euthanized at the study endpoint 4-5 weeks after LASV 
challenge. In addition, blood will be collected before and after vaccination and at the 
study endpoint for determination of binding antibody and neutralizing antibody titers. 
Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.1F. 

Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table XX using the identical experimental approach as outlined 
above for LASV challenge.  The challenge virus will be the established MACV 
Chicava strain (REF). Given the lack of clarity on the potential for the JUNV Candid-
1 vaccine to afford protection from challenge with MACV, we will confirm protection 
in NHPs if demonstrated in guinea pigs (REFs). 

 
2.1.2.A: Development  and optimization of patch vaccination approach employing nairovirus subunits. 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 2 LINEAGE 3  LINEAGE 5 LINEAGE 6 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +NP-

NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 8 8 

TOTALS 40 40 40 40 

Table: XX outline of PAN-LASV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 1 LINEAGE 5  LINEAGE 8 JUNV 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 8 8 

TOTALS 40 40 40 40 

Table: XX outline of PAN-MACV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table: XX outline of NHP 
efficacy studes for LASV 
Milestone 1.1.1.B 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 

Table: XX outline of NHP 
efficacy studes for MACV 
Milestone 1.1.1.B 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2.1.2.B:  Determination of pan-CCHF protective efficacy using optimized subunit-patch vaccination in STAT-1KO 

mice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
2.1.2.C:  Determination of protective efficacy using optimized subunit-patch vaccination in NHP 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2.1.2.D:  Determination of protective efficacy against novel, emerging arenaviruses using optimized subunit-
patch vaccination in guinea pigs and NHP 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  GnGc+GP38+NP 8 8 8 8 

CCHF  GnGc+GP38 8 8 8 8 
CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals        
(NO VACCINE) 8 8 

Control vaccine        
(VSV-CCHFV-M) 8 8 

  TOTALS 128 TOTALS 128 
 

VACCINE 
PAN-LINEAGE PROTECTION 

CLADE  1 CLADE 3 CLADE 4 CLADE 6 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  

GnGc+GP38+NP 8 8 8 8 
CCHF  GnGc+GP38 8 8 8 8 

CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-CCHF-M) 8 8 

  TOTALS 128 TOTALS 128 

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 



 
 
 

 
 
 
 
 

 

2.1.2.E:  Determination of protective efficacy against 
novel, emerging nairovirus using optimized subunit-patch vaccination in STAT-1KO mice and NHP 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
1.1.1.F:  Determination of cellular and humoral immune correlates associated with protection   
1.1.1.F.a: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell responses in in 
subunit/patch vaccinated NHP compared to unvaccinated groups. 
We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-
patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, 
LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role 
as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. 
Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and 
expect responses in vaccinated EVD survivors to be superior to natural immunity.  

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard whole blood flow cytometric staining protocols will be used 
for surface and intracellular staining markers, briefly cryopreserved PBMCs no older than 3 months old are gently 
thawed then washed with 2% FBS/PBS and stained with a viability dye for 20 minutes at room temperature. 
Cells are then washed again, surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. 
Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed in PBS. 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LASSA NP-NTD 8 

LASSA GPe 8 
LASSA GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 

 

VACCINE 
CHAPV  

NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 
KASV  NP 

KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 



Stained, fixed cells will then either be acquired directly. Cell populations are then quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 

Viral protein stimulation experiments:. PBMC stimulations will be set up according to modifications of well 
established, previously published protocols. [24, 25] PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldinA will then be added at a concentration 
of 10mg/mL and incubated at 37oC for until flow cytometry staining. Cells will then be washed and stained 
according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated with 
purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 media 
(RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess secreted 
analytes by multiplex-bead based assays will be set up in 96-well plates and supernatants will be harvested for 
further analysis. 

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye for 20 minutes at room temperature, then washed with 2% 
FBS/PBS. Surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are 
incubated in BD Cytofix/Cytoperm solution for 20 minutes followed by a wash with BD Perm/Wash Buffer. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then be acquired using a 
Cytek Aurora spectral flow cytometer. 

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a 4-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated for 3 hours at room temperature, protected from light. 1mL of wash buffer 
will be added and beads will be pelleted by centrifugation at 200g for 5 minutes. Wash buffer will be removed 
and discarded. Beads will be resuspended in 300uL wash buffer and data acquired on a MagPix xMAP 
instrument. 

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes at room 
temperature, protected from light. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at 
room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an need model 
ELISPOT Fluorescence Microplate Reader.  

Data Analysis: We will look at the differences in immune responses across groups between each timepoint and 
baseline. Model assumptions will be checked for a one-way ANOVA to compare the three groups. we will run 
the analysis after checking model assumptions, if those are not met then we will adjust to a nonparametric model 
or transform the outcome appropriately. To look at the longitudinal aspect of the data, we will investigate 
measurements over time between groups, the interaction of group and time can be analyzed using covariance 
pattern models (or linear mixed models), where the correlation between observations measured over time can 
be handled more flexibly. As a more exploratory analysis we will also look at adjusting for possible confounding 
variables such as sex and age. For categorical variables, comparisons will be made using Chi-Square tests. 
Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and R will be 
used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell responses will 
be analyzed by t-SNE in R.  

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in 
our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will 
be banked to assess the presence of biomarkers associated with differences between groups. 



 
1.1.1.F.b: Systems serology Characterization of  Arenavirus and Nairovirus specific Ig subtypes and Fc-mediated 
innate effector function profiles in subunit/patch vaccinated NHP compared to unvaccinated groups.  
We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology 
platform developed by Dr. Gunn in Core D[26-28] to define the Fc-mediated humoral antiviral functions 
associated with vaccination. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV,LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens utilized for vaccination. To evaluate cross-reactive antibody responses against 
the GP of other LASV, MACV, or CCHFV lineages. We will use a multiplexed analysis to determine the levels of 
antibodies against the viral antigens using on MagPix xMAP instrument as described.[27, 29] Specifically, each 
viral antigen will be coupled to coded magnetic beads (Luminex), mixed together, and incubated with serial 
dilutions of patient samples. Beads are washed and the levels of different antibody isotypes/subclasses specific 
for each antigen will be determined using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, 
IgA1, IgA2, and IgM.  For quantitation of bound antibody, we will make a standard using pooled banked serum 
from NHP survivors. 

Analysis of Fc-mediated effector functions:  We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry at KGH. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates for 5 hours at 37C 5% CO2, and surface expression of 
CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine 
staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and 
TNFa by flow cytometry. 
Data Analysis: Univariate analyses were performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction was used to determine statistical significance 
between groups. A network analysis will be performed to identify significant antibody features. Associations 
between antibody features will be determined using nonparametric Spearman correlation coefficient. Statistically 
significant associations after Bonferroni correction for multiple comparisons (adjusted P < .05) were used to 
generate networks in Cytoscape (version 3.4.0). 

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and additional clinical information (ie: PES 
symptoms). These will be included in the network analysis. 

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments 



 
 
A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine. In conjunction with RP1 Cores D 
and Core E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this 
product format will be an option for development with any of the other viruses being targeted by PABVAX. For 
this proof-of-concept effort, an existing anti-Junin virus mAb with whose potent therapeutic efficacy [39, 43] 
(guinea pig and NHP references) we have previously described by Abelson, Geisbert and Zeitlin will be produced 
with YTE and LA Fc point mutations to extend the serum half-life of the mAb(Table 4). The pharmacokinetics 
(PK) of these two variants will be evaluated in NHPs (Bioqual, Inc.; Rockville, MDsee Core D) to select a lead 
candidate for testing in NHPs against Junin Romero challenge in Core E. For the PK study, two doses (15 and 
5 mg/kg) of each mAb will be administered IM to groups of 3 cynomolgus macaques (mixed sex). Serum will be 
collected (pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7, 10, 14, 21, 28, 42, 56) and tested via ELISA and 
Octet to quantitate serum antibody concetrations. PK parameters will be modeled with WinNonlin Phoenix 
software (reference). We will select tThe variant with the most favorable pharmacokinetics PK will be selected 
for testing with by RP1/Core E. Briefly, groups of 4 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg 
of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV (Espindola or 
Romero?) delivered IV. For further details of the NHP testing, please see Core E. These data will be used by 
the Scientific Advisory Committee Board to inform decision making around possible additional IM mAb 
prophylaxis plug and play prototypes against other viruses. 

 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will 
refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with 
NIAID and SAC 
 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 
decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and 
Timelines section.  

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
 
 
AIM 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

 
 
 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will 
refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with 
NIAID and SAC 
 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 

PREP 
JUNV NHP 

CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 
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decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and 
Timelines section.  

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
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SPECIFIC AIMS 
The viral order Bunyavirales is composed of several viral families known to contain several high priority human 
pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic 
diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in 
survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six 
arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, 
MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID 
Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparednessThreats to public health are further heightened due to lack of internationally approved vaccines 
to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address 
this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, 
immunology, and biological product development, to develop arenavirus and nairovirus research tools and 
vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” 
manner. Much of the work developing vaccines against high containment viruses has relied heavily on viral 
isolates derived over 40 years ago or longer, which creates a concerns tied to efficacy as newer related viruses 
continue to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed 
the generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses 
(CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development 
for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral 
glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered 
a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed 
GP. We have found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully 
protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine 
components. Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle 
patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable 
MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen.  The importance of humoral immunity for affording potent 
protection or treatment against viral infections cannot be understated as evidenced by the recent success using 
monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for 
pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows 
are possible.  The goals of this proposal are two-fold: (1) Develop novel vaccination approaches utilizing subunit-
MNP vaccines developed in or monoclonal antibody PREP strategies which can provide protective immunity 
against Old and New World arenaviruses or emerging nairoviruses. (2) Develop reverse genetics tools to 
evaluate emerging arenaviruses and nairoviruses for which no isolates are available.  Specifically, we will:  

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches: 

1.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal 
immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease 
in animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of 
protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test 
case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a 
new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus. 

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core 
D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-
engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective 
efficacy and estimate conferred immunity correlates in animal studies performed in Core E. 

Milestone 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV 
isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-
based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. 

 



RESEARCH STRATEGY: 
1. SIGNIFICANCE: 
The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae 
Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens 
associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease[1].  Notably, Arenaviridae and 
Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with 
mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health 
Organization’s (WHO) List of Priority Pathogens (REF) where six arenaviruses – Lassa, Lujo, Chapare, 
Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo 
Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens.  This classification stems is 
owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, 
have potential for major public health impact, and require special action for public health preparedness (REF). 
Threats to public health are further heightened due to lack of internationally approved vaccines to address threats 
of natural epidemics as well as the potential bio-weaponization of these viruses. 

 
Research Project 1(RP1) proposes preclinical research that will support Investigational New Drug Application 
(IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, 
the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both 
has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which 
have resulted in marked genetic diversity within each viral family further challenging effective vaccine 
approaches.  

 Old Word Mammarenaviruses (OWAV): RP1 will utilize LASV as the prototype OWAV due to its 
elevated public health burden throughout West Africa with hundreds of thousands of estimated cases 
annually with XX deaths across West Africa(REF).  LASV has is the most imported viral hemorrhagic 
fever (VHF) next to dengue virus and has been imported to over XX countries (REFS).  Case fatality 
rates (CFR) up to 60% in hospitalized cases and marked long term sequelae are the result of no approved 
vaccines or therapeutics, though several live attenuated virus candidates are approaching clinical 
evaluation with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) (REFS).  Most of 
these vaccines utilize the LASV (glycoprotein) GP or the LASV GP + Nucleoprotein (NP) as the target 
immunogens in these vectors (REFs). 

 New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV is currently in use in 
Argentina [2], but there is conflicting evidence of whether cross protection with other NWAV is possible 
[3, 4] and there are safety concerns related to reversion to pathogenic versions. This proposal will use 
MACV and JUNV as the prototype NWAVs as there are no approved vaccines or therapeutics available 
for MACV and the safety concerns associated with Candid-1 vaccine suggest other approaches are 
warranted. 

 Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is 
responsible for the largest global public health burden within the orthonairovirus family with an estimated 
XXX cases per year across Europe, Africa, and Asia. CCHFV outbreaks are often very large list some 
recent examples.  A suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed 
whole virus vaccine for CCHFV has been approved for use only in Bulgaria since 1974, but has numerous 
safety concerns and limited demonstrated efficacy(REFS).  Since then, a number of vaccine approaches 
have been examined ranging from viral vectored approaches to DNA based vaccines with varying 
efficacy, advantages, and disadvantages(REF); however only an MVA-CCHFV vaccine has begun to 
advance towards clinical trials (REF). 

 
Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated 
viruses, which have many advantages in terms of being able to rapidly induce protective and often durable 
protection from debilitating disease and death.  However, as the global human population grows, the number of 
special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or pregnant) 
grows, which call in to the question the safety of live-attenuated vaccines and suggests more pathologically 
benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes 
from different pathogens has been a central driver for a number of successful and approved vaccinee strategies 
including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success 
(REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale 
production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have developed protective 



protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other 
mammarenaviruses and orthonairoviruses. 
 
Subunit vaccines have several advantages including potential for shelf stable formulations and utility in 
alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several 
advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable 
subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous 
microenvironments [5].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines 
to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, 
namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective 
immunity against the target pathogen.   
 

Once a candidate subunit-patch vaccine approach is selected, this approach will use lessons learned to produce 
plug-and-play approach to develop vaccines against a representative human pathogen from each prototype virus 
group for which no research grade vaccines have been created and tested in animal models. 

 In 2008, Lujo virus was isolated from a case of severe hemorrhagic fever originating in Zambia but quickly 
causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa 
[6]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people.  
There are currently no approved or therapeutics available for this virus and its genetic divergence from 
LASV suggest countermeasures with antigenic targets may be of limited use, underscoring the need for 
antiviral tools against this emerging threat.  

 First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated 
with development of severe hemorrhagic fever with case fatality rates up to 60% [7, 8]. Recent studies 
have demonstrated clear human-to-human transmission risk during the acute phase evidenced by 
several nosocomial infections but also detection of viable virus from semen at 86 days after symptom 
onset demonstrating a clear need to specialized management and treatment [8].  It is unknown if the 
JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective, but the 
phylogenetic divergence of CHAPV of XX% from JUNV suggests it may not be. 

 In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and 
responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that 
processed infected bats [9].  Serosurveys of 109 laboratory workers from the same facility the virus was 
isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical 
symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory 
associated infections or chains of ongoing person-to-person transmission.  Recently, tick surveys have 
demonstrated the potential for Ornithodoros faini ticks to participate in enzootic maintenance of KASV 
[10].  While most chiropteran ticks exhibit host specificity, humans entering caves where these bats are 
have reported bites from O.faini ticks as well.  The highly infectious potential for this virus in humans 
coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure 
development is well advised. 

Pre-exposure prophylaxis (PREP) and Post exposure prophylaxis (PEP) using monoclonal antibodies or 
immunoglobulins has been employed for providing instant barrier immunity to high risk individuals for infections 
such as rabies or COVID-19 (REFS). The PABVAX consortium has a long track record of success developing 
monoclonal antibody (mAb) therapies against VHFs and emerging viruses.  Building on this success, RP1 will 
also perform pilot studies to examine the feasibility PREP utilizing half-life extended mAbs which can increase 
the instant barrier immunity from 30-45 days to 60+ days (refs).  

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and 
therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, biological 
manufacturing and vaccine device innovation to develop cutting edge vaccination approaches using plug-and-
play approaches tailored from prototype mammarenaviruses and orthonairoviruses and applicable to related 
members of these viral families.  

 

 



2. INNOVATION 

Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens  

The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV 
vaccine candidates[11] with four out of five candidates based on viral vector backbones. The remaining 
candidate is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little 
pre-clinical data concerning the safety and efficacy of these vaccine candidates is currently available[11]. 
Further, four of the  five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and 
potential of the immune response. 

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When 
engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and 
antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV 
GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the 
first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of 
the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In 
conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly 
predictive of recovery from a LASV infection[12-17]. Epitopes within LASV NP, and to a lesser extent GP, are 
known to substantially contribute to T cell mediated immunity[18]. Exploiting highly conserved N-terminal 
immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 
100% protection in a lethal, outbred guinea pig model.   Sequence conservation across NP is higher than GP 
across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly 
protective vaccine(REFS).  Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP 
offered complete protection against LASV challenge in guinea pigs.  

Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens  

CCHFV is a divergent virus with up to seven genetic lineages (REFS).  This diversity is evident in the variation 
observed most clearly in glycoprotein sequences across lineages.  Given the glycoprotein is a pivotal protein 
dictating viral entry and  immune recognition, it is little wonder why CCHFV vaccines have struggled with 
heterologous challenge with strains of viruses outside of the clade the vaccine was based on (REF). Conversely, 
NP is highly conserved but not exposed on the virus surface cellular surface (REFs).  Indeed, a recent report 
has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against 
heterologous challenge [19]. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy 
likely has the greatest potential for potent, cross-clade protection. 

PREP “vaccination” as a measure to control mammarenaviruses 

For this proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP 
references) previously described by PABVAX researchers will be produced with YTE and LA Fc point mutations 
to determine the potential for delivering instantaneous barrier immunity using monoclonal antibodies. 

 

Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses  

Add blurb discussing unique access to field samples from across the world  and established expertise to generate 
infectious clones from emerging arenaviruses and nairoviruses: 
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3. APPROACH 

PRELIMINARY RESULTS 

Engineering trimeric 
glycoprotein antigens for 
the arenaviruses 

Production of 
recombinant trimeric 
LASV GP has been 
particularly challenging 
within the LASV research 
community. The LASV 
GP ectodomain (GP) 
consists of two non-
covalently associated 
subunits, GP1 and GP2, 
which readily disassociate 
in solution, historically 
hindering the expression and purification of a trimeric GPe. A recent study introduced a pair of cysteine mutations 
into GP1 and GP2, resulting in a stable disulfide-linked GP1/GP2 monomer amenable to structural studies when 
stabilized by a fiduciary antibody Fab fragment[20]. Mapp has since made structure-based improvements to 
generate a stable GP immunogen representative of the authentic viral GP spike and suitable for use as a vaccine. 
We reverted the E329P mutant, hypothesized to stabilize heptad repeat 1 in GP2[20] and added an additional 
trimerization motif to stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV GP is expressed 
and secreted from Drosophila S2 cells and purified from supernatant via affinity chromatography using a 
StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer verification 
of trimerization (Figure xx). Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are 
supportive of the stability required for a vaccine candidate. 

The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and 
MACV (Figure 3). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of 
J199, reveals monodispersed trimeric GP/Fab complexes (Figure xx). Both the interaction with a well-
characterized mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric 
spike and support their use as a vaccine immunogen.  

Our trimeric arenavirus GPs support efforts to isolate novel ultra-potent mAbs and to develop a second-
generation arenavirus immunotherapeutic with reduced dosing requirements and broader reactivity compared to 
current LASV mAb candidates[21]. This significantly lowers the cost of goods while increasing ease of use for 
clinicians, both essential for a product used in developing nations where arenaviruses are prevalent. 
 
LASV subunit vaccine protects guinea pigs against lethal challenge 
While classical vaccine approaches have largely focused on 
evoking a strong humoral response and high titers of nAbs to a 
target pathogen, increasing evidence[12-17] suggests that the 
cellular response, mediated by T cells, can play a highly important 
and complementary role in the long-term protection against 
pathogens. Based on literature reports that T cell responses highly 
correlate with LASV recovery, and that LASV NP plays a significant 
role in inducing those responses[12, 22], we also generated LASV 
NP antigens. We chose to deliver the C-terminal domain (CTD) 
and N-terminal domain (NTD) of LASV NP separately as they have 
distinct functions in the virus lifecycle (Figure xx) and express to 
high levels (50-100 mg/L) as two independent domains in bacteria 
using standard laboratory shaker flasks. 
We evaluated our LASV antigens as vaccine immunogens in the 
lethal Hartley guinea pig model of LASV infection. Our study was 
designed (Figure 6) to assess whether immune responses to GP 
only, or GP+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several 

Figure xx. LASV NP subdomains and 
expression. (A) Crystal structure of LASV NP 
highlighting the two functional subdomains. (B) 
SDS-PAGE gel showing highly purified LASV NP 
antigens for vaccine study.  

Figure XX. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were 
expressed and purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM 
and 2D class averages of JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin. 



commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses 
selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved 
vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our 
vaccination/challenge study were quite striking (Figure 6), and indicate a clear benefit to a combination 
immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were 
observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the 
unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were 
administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection 
early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD 
subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal 
succumbed to infection in the group receiving GP+NP but no adjuvant.  In a follow-up study, we further examined 
the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge.  While combination of 
NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with 
Addavax only resulted in 25% protection.  Correspondingly, NTD vaccination with Allhydrogel resulted in 100% 
survival where as Addavax only conferred 50% 
protection.  Interestingly, NP NTD vaccination with 
no adjuvant resulted in 100% survival. Conversely, 
the best protection from the LASV CTD was 
conferred when using Alhydrogel at 50% where 
both Addavax or no adjuvant groups were not 
protected.  
Engineering glycoproteins antigens for the 
CCHFVThe CCHF virus has a tripartite negative-
sense RNA genome,composed of the the small (S), 
medium (M), and large (L) segments. The M 
segment encodes the viral glycoprotein precursor 
(GPC) complex, which is subsequently cleaved by 
host proteases into multiple proteins, including the 
envelope glycoprotein GnGc and secreted GP38 

Figure 6. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 
guinea pigs were immunized intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg 
doses of GP + 2x25µg of NP-NTD +  2x25 µg of NP-CTD, or either 2x25 µg NP antigen in combination or separately. Immunized 
animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost.  (Right) Animals were monitored for 35 days post-
challenge, and survival curves and weight change are plotted.   

Figure XX:  Engineered CCHFV proteins are reactive with 
serum from CCHFV survivors. SDS-PAGE gel of CCHF 
Ibar proteins GnGc and GP38 after 2 step purification 



protein.  GnGc is composed of Gn and Gc subunits, which are linked together by a multiple membrane spanning 
region. These transmembrane domains complicate the in vitro expression of  soluble GnGc, but we have 
designed a construct that replaces the transmembrane domains with a linker and have generated a stable 
drosophila cell line that expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, 
and GP38 proteins. We used these proteins to test serum reactivity in CCHF survivors (Figure XX).  We will use 
established protocols [23] as a template to optimize expression of CCHFV and Kasokero NP proteins. 

        

Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses  

Rescue of recombinant viruses.  An important goal of the PABVAX Center is to generate tools for pandemic 
preparedness. An important component of both RP1 and RP2 is to generate and recombinant viruses to fill gaps 
and provide tools where wild type viruses do not exist either because 1) only sequence information is available 
or 2) isolates exist but viruses are unable to be shared with the research community. In collaboration with RP1 
Core E will assist in the development and rescue of New World arenaviruses and the henipavirus Langya virus 
as detailed in the Research Strategies for RP1 and RP2. 

APPROACH 

Overall Hypothesis:FILL THIS IN     

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches:  

Rationale: The choice of Mammarenavirus Prototype Pathogens is justified as follows:  

 Old World Mammarenaviridae: We propose LASV Josiah strain (Lineage 4) as the prototype pathogen due 
to the depth of available research data, availability of established rodent (REF) and nonhuman primate(NHP) 
models (REFS), frequency of exportation (REFS), and large number of annual cases throughout West Africa  
where the case fatality rate can be up to 60% in hospitalized cases (REF).  

 New World Mammarenaviridae:  Due to the availability of a JUNV vaccine in the endemic region where JUNV 
circulates and the lack of cross protection against challenge with other NWAV, MACV, the causative agent 
of Bolivian hemorrhagic fever, will be used as the prototype pathogen for NWAV for studies outlined in 
Milestone 1.1. There are established guinea pig (REF) and NHP (REF) models for MACV. JUNV is the New 
World arenavirus with the largest knowledge base at present [REF]. For a pilot efficacy study outlined in 
Milestone 1.2, we will use JUNV Espindola Strain as a natural extension of previous published work 
demonstrating protective efficacy of the template PREP mAb (REF). 

 Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. UTMB has 
established mouse models (REF) and NHP (REF) models to enable testing of CCHFV countermeasures 
against a number of the available clades.  CCHF is the most important member of the Nairoviridae family 
with a major public-health impact across Western Asia, the Balkans, Southern Europe, and most of Africa 
[REF].          

 

Paragraph about subunit vaccines and PREP study. 

 

 

 

 

 

 

 

 

 

Commented [CRW3]: VERBIAGE FROM CORE C, NEED TO 
ADAPT AND ELABORATE HERE. 



Milestone 1.1 Subunit immunogens and MNP vaccination 

Milestone 1.1.1.A:  Development and optimization of patch 
vaccination approach employing arenavirus subunits in guinea 
pigs:  Building on the success of our GPe + NP-NTD LASV vaccine, we 
will compare the protective efficacy of two adjuvants coupled to our 
LASV GPe and NP-NTD proteins developed and manufactured in Core 
D either as individual subunit vaccines or combinations as outlined in 
table XX using an intramuscular (IM) vaccination approach.  Eight 
outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly 
assigned to groups as outlined in Table XX.   Blood will be collected 
prior to immunization and then on days 28 and 56-days post-
immunization to evaluate humoral immune responses by ELISA and virus 
neutralization assays.  After 28 days immunized animals will be boosted with an equivalent dose as the priming 
vaccination IM.  On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core C and 
challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group (REFS). After virus 
challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual 
assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional 
biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque 
assay and qRT-PCR.  Results from the IM vaccination then be compared head-to-head against an equivalent 
vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared 
by MNP Patch CORE C.  Patches are administered after shaving a small section of the abdomen and applied 

using gentle pressure for 10-15 minutes so that the microneedles can 
fully dissolve. 

Similarly, we will determine the protective efficacy using MACV 
GPe and NP-NTD proteins developed and manufactured in Core D 
following the grouping described in Table XX using the identical 
experimental approach as outlined above.  The challenge virus will be 
the established MACV Chicava strain (REF). Given the lack of clarity 
on the potential for the JUNV Candid-1 vaccine to afford protection 
from challenge with MACV, we will assess its utility as a positive 
control vaccine against lethal challenge with MACV (REFs). 

 
1.1.1.B:  Determination of pan-LASV and Pan-MACV protective 
efficacy using optimized subunit-patch vaccination in guinea 
pigs.  Using the adjuvant and vaccination route down selected in 
1.1.1.A, we will assess the potential for our LASV subunit vaccines to 
confer heterologous protection against four lineages of LASV endemic 
to geographically distinct from the prototype strain (Josiah-lineage 4, 
Sierra Leone).  Employing optimized strain 13 or outbred, Hartley 
guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 
6(Togo) established in the BSL4 evaluation Core C as outlined in 
Table XX.  The vaccination, challenge, and sample collection will be 
identical to that outlined in 1.1.1.A above. 
  

Similarly, after down selecting the optimal adjuvant and vaccination 
route, we will assess the potential for our MACV subunit vaccines to 
confer heterologous protection against thre lineages of MACV endemic 
to genetically distinct from the prototype strain (Chicava-Lineage 2).  
Employing optimized strain 13 or outbred, Hartley guinea pig models 
for lineages 1, 5, and 8 established in the BSL4 evaluation Core C as 
outlined in Table XX. We will also utilize JUNV (Romero strain)(REF) 
challenge to assess heterologous protection against a related but 
distinct NWAV to begin to assess the potential for cross protection 
beyond MACV strains. The vaccination, challenge, and sample 
collection will be identical to that outlined in 1.1.1.A above. 
 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +             

NP-NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 
  TOTALS 64 TOTALS 64 

 
Table: XX outline of LASV Vaccination 
Schedule for Milestone 1.1.1.A 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 
  TOTALS 64 TOTALS 64 

 
Table: XX outline of MACV Vaccination 
Schedule for Milestone 1.1.1.A 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 2 LINEAGE 3  LINEAGE 5 LINEAGE 6 
LASSA NP-NTD 8 8 8 8 

LASSA Gpe 8 8 8 8 
LASSA Gpe +NP-

NTD 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(VSV-LASV-GPC) 8 8 8 8 

TOTALS 40 40 40 40 

Table: XX outline of PAN-LASV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 

VACCINE 
PAN-LINEAGE PROTECTION 

LINEAGE 1 LINEAGE 5  LINEAGE 8 JUNV 
MACV CHICAVA 

NP NTD 8 8 8 8 
MACV CHICAVA 

GPe 8 8 8 8 
MACV CHICAVA 

NP + GPe 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 8 8 

Control vaccine 
(JUNV-Candid-1) 8 8 8 8 

TOTALS 40 40 40 40 

Table: XX outline of PAN-MACV Vaccine 
Efficacy Schedule for Milestone 1.1.1.B 



1.1.1.C:  Determination of LASV and MACV protective efficacy using optimized 
subunit-patch vaccination in NHP:  15 cynomolgus monkeys will be randomized 
into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-
LASV-GPC) with 5 animals, and a control group of five unvaccinated animals (Table 
XX).  Animals in vaccine groups 1 and 2 will be vaccinated using the down selected 
LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.   Animals in 
vaccine group 1 will receive only the initial single administration of vaccine while 
animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 
days post prime. At 35 days post prime (21 days post boost for boosted animals), all 
animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected 
macaques will be assessed, and clinical signs consistent with VHF (as measured by 
hematology, serum biochemistry, and blood coagulation assays) will be documented. 

Surviving animals will be euthanized at the study endpoint 4-5 weeks after LASV 
challenge. In addition, blood will be collected before and after vaccination and at the 
study endpoint for determination of binding antibody and neutralizing antibody titers. 
Blood and tissues will also be taken after virus challenge for histopathology, 
immunohistochemistry, virus isolation and genome detection. Peripheral blood 
mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent 
cellular phenotyping and functional analysis as outline in 1.1.1F. 

Similarly, we will also determine the protective efficacy of MACV following the 
grouping described in Table XX using the identical experimental approach as outlined 
above for LASV challenge.  The challenge virus will be the established MACV 
Chicava strain (REF). Given the lack of clarity on the potential for the JUNV Candid-
1 vaccine to afford protection from challenge with MACV, we will confirm protection 
in NHPs if demonstrated in guinea pigs (REFs). 

 
2.1.2.A: Development  and optimization of patch vaccination approach employing nairovirus subunits. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2.1.2.B:  Determination of pan-CCHF protective efficacy using optimized subunit-patch vaccination in STAT-1KO 
mice 

VACCINE 
IM VACCINATION PATCH VACCINATION 

ALHYDROGEL 
PATCH 

ADJUVANT ALHYDROGEL 
PATCH 

ADJUVANT 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  GnGc+GP38+NP 8 8 8 8 

CCHF  GnGc+GP38 8 8 8 8 
CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals        
(NO VACCINE) 8 8 

Control vaccine        
(VSV-CCHFV-M) 8 8 

  TOTALS 128 TOTALS 128 
 

VACCINE LASV CHALLENGE 

LASSA NP-NTD 
10  

(TWO GROUPS OF 5) 
LASSA Gpe 

LASSA Gpe +      
NP-NTD 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-LASV-GPC) 5 

TOTALS 15 
 

Table: XX outline of NHP 
efficacy studes for LASV 
Milestone 1.1.1.B 

VACCINE MACV CHALLENGE 

MACV CHICAVA 
NP NTD 

10 
(TWO GROUPS OF 5) 

MACV CHICAVA 
GPe 

MACV CHICAVA 
NP + GPe 

Control animals 
(NO VACCINE) 5 

Control vaccine 
(JUNV-Candid-1) 5 

TOTALS 15 
 

Table: XX outline of NHP 
efficacy studes for MACV 
Milestone 1.1.1.B 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
2.1.2.C:  Determination of protective efficacy using optimized subunit-patch vaccination in NHP 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2.1.2.D:  Determination of protective efficacy against novel, emerging arenaviruses using optimized subunit-
patch vaccination in guinea pigs and NHP 

 
 
 

 
 
 
 
 

 

VIRUS 
GUINEA PIG 
CHALLENGE 

LUJV 
LASSA NP-NTD 8 

LASSA GPe 8 
LASSA GPe + 

NP-NTD 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
PAN-LINEAGE PROTECTION 

CLADE  1 CLADE 3 CLADE 4 CLADE 6 
CCHF  GnGc 8 8 8 8 
CCHF  GP38 8 8 8 8 

CCHF  NP 8 8 8 8 
CCHF  

GnGc+GP38+NP 8 8 8 8 
CCHF  GnGc+GP38 8 8 8 8 

CCHF  GP38+NP 8 8 8 8 
CCHF  GnGc+NP 8 8 8 8 
Control animals 
(NO VACCINE) 8 8 

Control vaccine 
(VSV-CCHF-M) 8 8 

  TOTALS 128 TOTALS 128 

VACCINE CCHF CHALLENGE 

CCHF  GnGc 

10 
(TWO GROUPS OF 5) 

CCHF  GP38 
CCHF  NP 

CCHF  
GnGc+GP38+NP 

CCHF  GnGc+GP38 
CCHF  GP38+NP 
CCHF  GnGc+NP 
Control animals 
(NO VACCINE) 5 

Control vaccine 
(VSV-CCHF-M) 5 

  15 
 

VACCINE 
GUINEA PIG 
CHALLENGE 

CHAPV 
 CHAPV NP NTD 8 

CHAPV GPe 8 
CHAPV NP + GPe 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 
 

VACCINE 
LUJV  

NHP CHALLENGE 

LUJV NP-NTD 
10 

 (TWO GROUPS OF 5) 
LUJV GPe 

LUJV GPe +       
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 

 

VACCINE 
CHAPV  

NHP CHALLENGE 

 CHAPV NP NTD 
10 

 (TWO GROUPS OF 5) 
CHAPV GPe 

CHAPV GPe + 
NP-NTD 

Control animals 
(NO VACCINE) 5 

TOTALS 15 
 



2.1.2.E:  Determination of protective efficacy against novel, emerging nairovirus using optimized subunit-patch 
vaccination in STAT-1KO mice and NHP 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
1.1.1.F:  Determination of cellular and humoral immune correlates associated with protection   
1.1.1.F.a: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell responses in in 
subunit/patch vaccinated NHP compared to unvaccinated groups. 
We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-
patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, 
LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role 
as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. 
Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and 
expect responses in vaccinated EVD survivors to be superior to natural immunity.  

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a 
range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell 
phenotype (CD3, CD4, CD8, CD95, CD28). Standard whole blood flow cytometric staining protocols will be used 
for surface and intracellular staining markers, briefly cryopreserved PBMCs no older than 3 months old are gently 
thawed then washed with 2% FBS/PBS and stained with a viability dye for 20 minutes at room temperature. 
Cells are then washed again, surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. 
Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed in PBS. 
Stained, fixed cells will then either be acquired directly. Cell populations are then quantified using a Cytek Aurora 
spectral flow cytometer using an NHP optimized panel of antibodies. 

Viral protein stimulation experiments:. PBMC stimulations will be set up according to modifications of well 
established, previously published protocols. [24, 25] PBMCs will be directly stimulated with purified recombinant 
vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed 
incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldinA will then be added at a concentration 
of 10mg/mL and incubated at 37oC for until flow cytometry staining. Cells will then be washed and stained 
according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated with 
purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 media 
(RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess secreted 
analytes by multiplex-bead based assays will be set up in 96-well plates and supernatants will be harvested for 
further analysis. 

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range 
of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, 
CTLA-4). Cells are stained with a viability dye for 20 minutes at room temperature, then washed with 2% 
FBS/PBS. Surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are 

VIRUS 

MOUSE 
CHALLENGE 
KASOKERO 

VIRUS 
KASV  GnGc 8 

KASV  NP 8 
KASV  GnGc+NP 8 
Control animals 
(NO VACCINE) 8 

TOTALS 32 

VACCINE KASOKERO  
NHP CHALLENGE 

KASV  GnGc 
10 

 (TWO GROUPS OF 5) 
KASV  NP 

KASV  GnGc +NP 
Control animals 
(NO VACCINE) 5 

TOTALS 15 
 



incubated in BD Cytofix/Cytoperm solution for 20 minutes followed by a wash with BD Perm/Wash Buffer. 
Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative 
(BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then be acquired using a 
Cytek Aurora spectral flow cytometer. 

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we 
will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control 
(Staphylococcal enterotoxin B, SEB) proteins. We will develop a 4-color multiplex panel using BioLegend 
LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine 
capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, 
or participants samples and incubated for 3 hours at room temperature, protected from light. 1mL of wash buffer 
will be added and beads will be pelleted by centrifugation at 200g for 5 minutes. Wash buffer will be removed 
and discarded. Beads will be resuspended in 300uL wash buffer and data acquired on a MagPix xMAP 
instrument. 

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells 
with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. 
Wells will be washed manually 3-times, followed by the addition of detection antibody and incubated either 
overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the 
development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed 
with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes at room 
temperature, protected from light. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at 
room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an need model 
ELISPOT Fluorescence Microplate Reader.  

Data Analysis: We will look at the differences in immune responses across groups between each timepoint and 
baseline. Model assumptions will be checked for a one-way ANOVA to compare the three groups. we will run 
the analysis after checking model assumptions, if those are not met then we will adjust to a nonparametric model 
or transform the outcome appropriately. To look at the longitudinal aspect of the data, we will investigate 
measurements over time between groups, the interaction of group and time can be analyzed using covariance 
pattern models (or linear mixed models), where the correlation between observations measured over time can 
be handled more flexibly. As a more exploratory analysis we will also look at adjusting for possible confounding 
variables such as sex and age. For categorical variables, comparisons will be made using Chi-Square tests. 
Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and R will be 
used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell responses will 
be analyzed by t-SNE in R.  

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across 
groups may not be prevalent predictors in this context. We are also including measures of innate immunity in 
our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will 
be banked to assess the presence of biomarkers associated with differences between groups. 

 
1.1.1.F.b: Systems serology Characterization of  Arenavirus and Nairovirus specific Ig subtypes and Fc-mediated 
innate effector function profiles in subunit/patch vaccinated NHP compared to unvaccinated groups.  
We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology 
platform developed by Dr. Gunn in Core D[26-28] to define the Fc-mediated humoral antiviral functions 
associated with vaccination. Protective Fc-mediated humoral immune profiles have been identified in natural 
immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, 
CCHFV,LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions 
(phagocytosis, NK cell activation, and complement fixation).  

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity 
against a panel of viral antigens utilized for vaccination. To evaluate cross-reactive antibody responses against 
the GP of other LASV, MACV, or CCHFV lineages. We will use a multiplexed analysis to determine the levels of 
antibodies against the viral antigens using on MagPix xMAP instrument as described.[27, 29] Specifically, each 
viral antigen will be coupled to coded magnetic beads (Luminex), mixed together, and incubated with serial 
dilutions of patient samples. Beads are washed and the levels of different antibody isotypes/subclasses specific 
for each antigen will be determined using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, 



IgA1, IgA2, and IgM.  For quantitation of bound antibody, we will make a standard using pooled banked serum 
from NHP survivors. 

Analysis of Fc-mediated effector functions:  We will characterize plasma samples for induction of innate immune 
effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity 
(ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived 
seropositive standard curve, and seronegative/isotype control.  
ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life 
Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, 
primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of 
beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will 
be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody 
conjugated to FITC (MP Biomedicals) and measured by flow cytometry at KGH. 
ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV 
GP immune complexes bound to MaxiSorp ELISA plates for 5 hours at 37C 5% CO2, and surface expression of 
CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine 
staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and 
TNFa by flow cytometry. 
Data Analysis: Univariate analyses were performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn 
multiple correction test or Mann–Whitney with Bonferroni correction was used to determine statistical significance 
between groups. A network analysis will be performed to identify significant antibody features. Associations 
between antibody features will be determined using nonparametric Spearman correlation coefficient. Statistically 
significant associations after Bonferroni correction for multiple comparisons (adjusted P < .05) were used to 
generate networks in Cytoscape (version 3.4.0). 

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will 
integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular 
and inflammatory immune profiles, genetic markers (HLA-type), and additional clinical information (ie: PES 
symptoms). These will be included in the network analysis. 

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments 

 
 
A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine. In conjunction with RP1 and Core 
E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this product format 
will be an option for development with any of the other viruses being targeted by PABVAX. For this proof-of-
concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) 
previously described by Abelson, Geisbert and Zeitlin will be produced with YTE and LA Fc point mutations 
(Table 4). The pharmacokinetics (PK) of these two variants will be evaluated in NHPs (Bioqual, Inc.; Rockville, 
MD) to select a lead candidate for testing in NHPs against Junin Romero challenge in Core E. For the PK study, 
two doses (15 and 5 mg/kg) of each mAb will be administered IM to groups of 3 cynomolgus macaques (mixed 
sex). Serum will be collected (pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7, 10, 14, 21, 28, 42, 56) and 
tested via ELISA and Octet to quantitate serum antibody concetrations. PK parameters will be modeled with 
WinNonlin Phoenix software (reference). The variant with the most favorable PK will be selected for testing by 
RP1/Core E. Briefly, groups of 4 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant 
IM and the animals will be challenged one month later with 5000 pfu of JUNV (Espindola or Romero?) delivered 

PREP 
JUNV NHP 

CHALLENGE 

5 mg/kg 5 
15mg/kg 5 

Control animals (NO PREP) 5 
TOTALS 15 



IV. For further details of the NHP testing, please see Core E. These data will be used by the Advisory Committee 
to inform decision making around possible additional IM mAb prophylaxis plug and play prototypes. 

 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will 
refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with 
NIAID and SAC 
 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 
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Timelines section.  

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
 
 
AIM 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

 
 
 
Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project 
Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch 
targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will 
refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with 
NIAID and SAC 
 
Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” 
decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and 
Timelines section.  

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy, 
 
 
Milestones-Timelines-GANT CHART 
 
 
 
Summary statement impact 

 

   

 

 

 

 

 

 

 

 

1. Abudurexiti, A., et al., Taxonomy of the order Bunyavirales: update 2019. Arch Virol, 2019. 164(7): p. 1949-1965. 

Commented [CRW4]: From Larry, adapt from  this. 



2. Saito, T., et al., Vaccine Candidates against Arenavirus Infections. Vaccines, 2023. 11(3): p. 635. 
3. Koma, T., et al., Machupo Virus Expressing GPC of the Candid#1 Vaccine Strain of Junin Virus Is Highly Attenuated 

and Immunogenic. J Virol, 2016. 90(3): p. 1290-7. 
4. Jahrling P, T.R., Barrero O. . Crossprotection against Machupo virus with Candid 1 Junin virus vaccine. in 2nd Int 

Conf Impact Viral Dis Dev Latin Am Countries Caribbean Region. 1988. Mar del Plata, Argentina. 
5. Balmert, S.C., et al., A microarray patch SARS-CoV-2 vaccine induces sustained antibody responses and 

polyfunctional cellular immunity. iScience, 2022. 25(10): p. 105045. 
6. Sewlall, N.H., et al., Clinical features and patient management of Lujo hemorrhagic fever. PLoS Negl Trop Dis, 2014. 

8(11): p. e3233. 
7. Delgado, S., et al., Chapare Virus, a Newly Discovered Arenavirus Isolated from a Fatal Hemorrhagic Fever Case in 

Bolivia. PLOS Pathogens, 2008. 4(4): p. e1000047. 
8. Loayza Mafayle, R., et al., Chapare Hemorrhagic Fever and Virus Detection in Rodents in Bolivia in 2019. New 

England Journal of Medicine, 2022. 386(24): p. 2283-2294. 
9. Kalunda, M., et al., Kasokero Virus: a New Human Pathogen from Bats (Rousettus Aegyptiacus) in Uganda. The 

American Journal of Tropical Medicine and Hygiene, 1986. 35(2): p. 387-392. 
10. Schuh, A.J., et al., Human-Pathogenic Kasokero Virus in Field-Collected Ticks. Emerg Infect Dis, 2020. 26(12): p. 

2944-2950. 
11. Brisse, M.E. and H. Ly, Hemorrhagic Fever-Causing Arenaviruses: Lethal Pathogens and Potent Immune 

Suppressors. Front Immunol, 2019. 10: p. 372. 
12. Baize, S., et al., Early and strong immune responses are associated with control of viral replication and recovery in 

lassa virus-infected cynomolgus monkeys. J Virol, 2009. 83(11): p. 5890-903. 
13. Fisher, D.G., G.M. Coppock, and C.B. Lopez, Virus-derived immunostimulatory RNA induces type I IFN-dependent 

antibodies and T-cell responses during vaccination. Vaccine, 2018. 36(28): p. 4039-4045. 
14. Meyer, B. and H. Ly, Inhibition of Innate Immune Responses Is Key to Pathogenesis by Arenaviruses. J Virol, 2016. 

90(8): p. 3810-3818. 
15. ter Meulen, J., et al., Characterization of human CD4(+) T-cell clones recognizing conserved and variable epitopes 

of the Lassa virus nucleoprotein. J Virol, 2000. 74(5): p. 2186-92. 
16. Meulen, J., et al., Old and New World arenaviruses share a highly conserved epitope in the fusion domain of the 

glycoprotein 2, which is recognized by Lassa virus-specific human CD4+ T-cell clones. Virology, 2004. 321(1): p. 134-
43. 

17. Goicochea, M.A., et al., Evaluation of Lassa virus vaccine immunogenicity in a CBA/J-ML29 mouse model. Vaccine, 
2012. 30(8): p. 1445-52. 

18. Sullivan, B.M., et al., High crossreactivity of human T cell responses between Lassa virus lineages. PLoS Pathog, 
2020. 16(3): p. e1008352. 

19. Leventhal, S.S., et al., Replicating RNA vaccination elicits an unexpected immune response that efficiently protects 
mice against lethal Crimean-Congo hemorrhagic fever virus challenge. EBioMedicine, 2022. 82: p. 104188. 

20. Hastie, K.M., et al., Structural basis for antibody-mediated neutralization of Lassa virus. Science, 2017. 356(6341): 
p. 923-928. 

21. Mire, C.E., et al., Human-monoclonal-antibody therapy protects nonhuman primates against advanced Lassa 
fever. Nat Med, 2017. 23(10): p. 1146-1149. 

22. McElroy, A.K., et al., A Case of Human Lassa Virus Infection With Robust Acute T-Cell Activation and Long-Term 
Virus-Specific T-Cell Responses. J Infect Dis, 2017. 215(12): p. 1862-1872. 

23. Carter, S.D., et al., Structure, function, and evolution of the Crimean-Congo hemorrhagic fever virus nucleocapsid 
protein. J Virol, 2012. 86(20): p. 10914-23. 

24. Meddows-Taylor, S., et al., Development of a whole blood intracellular cytokine staining assay for mapping CD4(+) 
and CD8(+) T-cell responses across the HIV-1 genome. J Virol Methods, 2007. 144(1-2): p. 115-21. 

25. Kagina, B.M., et al., Qualification of a whole blood intracellular cytokine staining assay to measure mycobacteria-
specific CD4 and CD8 T cell immunity by flow cytometry. J Immunol Methods, 2015. 417: p. 22-33. 

26. Gunn, B.M., et al., A Fc engineering approach to define functional humoral correlates of immunity against Ebola 
virus. Immunity, 2021. 54(4): p. 815-828.e5. 

27. Gunn, B.M., et al., Survivors of Ebola Virus Disease Develop Polyfunctional Antibody Responses. J Infect Dis, 2020. 
221(1): p. 156-161. 

28. Saphire, E.O., et al., Antibody-mediated protection against Ebola virus. Nat Immunol, 2018. 19(11): p. 1169-1178. 



29. Brown, E.P., et al., Multiplexed Fc array for evaluation of antigen-specific antibody effector profiles. J Immunol 
Methods, 2017. 443: p. 33-44. 

 



From: Larry Zeitlin on behalf of Larry Zeitlin <larry.zeitlin@mappbio.com>
To: Cross, Robert W.; CHRISTOPHER BRODER; Dafna Abelson
Cc: Geisbert, Thomas W.; Gunn, Bronwyn Mei; Antony Dimitrov
Subject: Re: ReVAMPP Bunyavirales Project
Date: Friday, June 2, 2023 4:10:24 PM
Attachments: 01JUN23_RP1-BUNYAVIRALES VACCINES--RESEARCH STRATEGY_RWC_LZ.docx

I added some language for the mAb as alternative to a vaccine sections…
 

From: Cross, Robert W. <rwcross@UTMB.EDU>
Date: Thursday, June 1, 2023 at 11:56 PM
To: CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, Dafna Abelson
<dafna.abelson@mappbio.com>
Cc: Larry Zeitlin <larry.zeitlin@mappbio.com>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>,
Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>, Antony Dimitrov
<antony.dimitrov.ctr@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project

Getting there, here is the update to now.  I hope to finish filling out missing sections by tomorrow
evening.  Welcome any feedback
 
Bob
 

From: Cross, Robert W. 
Sent: Monday, May 29, 2023 1:49 PM
To: Broder, Christopher <christopher.broder@usuhs.edu>; Dafna Abelson
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Subject: RE: ReVAMPP Bunyavirales Project
 
Hi Chris,
 
Some thoughts…
 
On the PREP, this is just the one study being proposed as proof of concept.  Will let Larry elaborate,
but we will need to wordsmith to suggest that if successful this may be an avenue to look at with
other viruses with the support of SAC and program.
 
On the cellular and humoral part.  Space is a big issue here and I’m not sure we will need to describe
in detail in every RP or core, but it needs to be outlined somewhere clearly and that will eat up some
space.  I put it in my RP since there was no room in the animal core and Larry’s core didn’t detail it
too much either (so far).  My version will likely need to be whittled down as well to make everything
fit, so but not so much that the gist is lost.  I wonder if we could find a small amount of space to
describe the immunology work up I described will be carried out in the scientific cores (and in


SPECIFIC AIMS

The viral order Bunyavirales is composed of several viral families known to contain several high priority human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special action for public health preparednessThreats to public health are further heightened due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, immunology, and biological product development, to develop arenavirus and nairovirus research tools and vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” manner. Much of the work developing vaccines against high containment viruses has relied heavily on viral isolates derived over 40 years ago or longer, which creates a concerns tied to efficacy as newer related viruses continue to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed the generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses (CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed GP. We have found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine components. Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting protective immunity against the target pathogen.  The importance of humoral immunity for affording potent protection or treatment against viral infections cannot be understated as evidenced by the recent success using monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows are possible.  The goals of this proposal are two-fold: (1) Develop novel vaccination approaches utilizing subunit-MNP vaccines developed in or monoclonal antibody PREP strategies which can provide protective immunity against Old and New World arenaviruses or emerging nairoviruses. (2) Develop reverse genetics tools to evaluate emerging arenaviruses and nairoviruses for which no isolates are available.  Specifically, we will: 

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches:

1.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease in animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus.

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective efficacy and estimate conferred immunity correlates in animal studies performed in Core E.

Milestone 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available isolates: 

We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E.



RESEARCH STRATEGY:

1. SIGNIFICANCE:

The viral order Bunyavirales is composed of 13 families of which five (Peribunyaviridae, Phenuiviridae Hantaviridae, Arenaviridae, and Nairoviridae) are known to contain several high priority human pathogens associated with sever fever, encephalitis, respiratory, and/or hemorrhagic disease[1].  Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens (REF) where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are identified as NIAID Category A pathogens.  This classification stems is owed to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special action for public health preparedness (REF). Threats to public health are further heightened due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses.



Research Project 1(RP1) proposes preclinical research that will support Investigational New Drug Application (IND)-applications to develop vaccine approaches against prototype viruses from two Bunyavirales viral families, the Mammarenaviruses and the Orthonairoviruses. Generation of effective vaccines against members of both has potential great global benefit as both viral families have sprawling geographic endemic ranges ranges which have resulted in marked genetic diversity within each viral family further challenging effective vaccine approaches. 

· Old Word Mammarenaviruses (OWAV): RP1 will utilize LASV as the prototype OWAV due to its elevated public health burden throughout West Africa with hundreds of thousands of estimated cases annually with XX deaths across West Africa(REF).  LASV has is the most imported viral hemorrhagic fever (VHF) next to dengue virus and has been imported to over XX countries (REFS).  Case fatality rates (CFR) up to 60% in hospitalized cases and marked long term sequelae are the result of no approved vaccines or therapeutics, though several live attenuated virus candidates are approaching clinical evaluation with the assistance of Coalition for Epidemic Preparedness Initiative (CEPI) (REFS).  Most of these vaccines utilize the LASV (glycoprotein) GP or the LASV GP + Nucleoprotein (NP) as the target immunogens in these vectors (REFs).

· New World Mamarenaviruses (NWAV): A live attenuated vaccine for JUNV is currently in use in Argentina [2], but there is conflicting evidence of whether cross protection with other NWAV is possible [3, 4] and there are safety concerns related to reversion to pathogenic versions. This proposal will use MACV and JUNV as the prototype NWAVs as there are no approved vaccines or therapeutics available for MACV and the safety concerns associated with Candid-1 vaccine suggest other approaches are warranted.

· Orthonairoviruses: Here, CCHFV will serve as the prototype virus for vaccine development as is responsible for the largest global public health burden within the orthonairovirus family with an estimated XXX cases per year across Europe, Africa, and Asia. CCHFV outbreaks are often very large list some recent examples.  A suckling mouse brain derived, CHCl2/heat-inactivated aluminum hydroxide adsorbed whole virus vaccine for CCHFV has been approved for use only in Bulgaria since 1974, but has numerous safety concerns and limited demonstrated efficacy(REFS).  Since then, a number of vaccine approaches have been examined ranging from viral vectored approaches to DNA based vaccines with varying efficacy, advantages, and disadvantages(REF); however only an MVA-CCHFV vaccine has begun to advance towards clinical trials (REF).



Many of the vaccine approaches targeting the prototype viruses chosen for this proposal utilize live-attenuated viruses, which have many advantages in terms of being able to rapidly induce protective and often durable protection from debilitating disease and death.  However, as the global human population grows, the number of special populations with depressed immune systems (i.e. the elderly, immunocomprimised, and/or pregnant) grows, which call in to the question the safety of live-attenuated vaccines and suggests more pathologically benign approaches may have value. The use of subunit vaccines designed from immunologically critical epitopes from different pathogens has been a central driver for a number of successful and approved vaccinee strategies including Tetanus, HPV, Hepatitis B, a suite of bacterial pathogens and is the basis for mRNA vaccine success (REFS). The success of many subunit vaccines is owed to targeted immunogenicity, ability to rapidly scale production, and potential for long-term, shelf stability(REFS).  Members of PABVAX, have developed protective protein-based subunit vaccines against LASV which will serve as the template to develop vaccines against other mammarenaviruses and orthonairoviruses.



Subunit vaccines have several advantages including potential for shelf stable formulations and utility in alternative delivery methods such as microneedle skin patches (MNP).  Skin patch vaccination has several advantages over traditional IM vaccination which include needle free operation, compatibility with shelf stable subunit vaccines, and a delivery approach that harnesses the potently immunoresponsive cutaneous microenvironments [5].  RP1 will capitalize on PABVAX member expertise to couple protective subunit vaccines to MNPs targeting key antigens associated with survival from infection from the each prototype pathogen group, namely viral glycoproteins and nucleoproteins with the goal of eliciting robust, strong, and long-lasting protective immunity against the target pathogen.  



Once a candidate subunit-patch vaccine approach is selected, this approach will use lessons learned to produce plug-and-play approach to develop vaccines against a representative human pathogen from each prototype virus group for which no research grade vaccines have been created and tested in animal models.

· In 2008, Lujo virus was isolated from a case of severe hemorrhagic fever originating in Zambia but quickly causing nosocomial infections in care givers after the index case’s medical evacuation to South Africa [6]. The case fatality rate for this incredibly infectious virus was 80% in the small outbreak of 5 people.  There are currently no approved or therapeutics available for this virus and its genetic divergence from LASV suggest countermeasures with antigenic targets may be of limited use, underscoring the need for antiviral tools against this emerging threat. 

· First reported in 2003 in Bolivia, Chapare virus (CHAPV) is a rodent borne mammarenavirus associated with development of severe hemorrhagic fever with case fatality rates up to 60% [7, 8]. Recent studies have demonstrated clear human-to-human transmission risk during the acute phase evidenced by several nosocomial infections but also detection of viable virus from semen at 86 days after symptom onset demonstrating a clear need to specialized management and treatment [8].  It is unknown if the JUNV Candid-1 vaccine employed for control of JUNV in Argentina would be protective, but the phylogenetic divergence of CHAPV of XX% from JUNV suggests it may not be.

· In 1977, Kasokero virus (KASV), a bat borne Orthonairovirus, was first isolated from Ugandan bats and responsible for causing several cases of acute febrile illness of laboratory workers from the same lab that processed infected bats [9].  Serosurveys of 109 laboratory workers from the same facility the virus was isolated and worked with demonstrated a 13% seropositivity where medical surveys revealed clinical symptoms in 4 to 15 months after the virus was isolated, suggesting either continued laboratory associated infections or chains of ongoing person-to-person transmission.  Recently, tick surveys have demonstrated the potential for Ornithodoros faini ticks to participate in enzootic maintenance of KASV [10].  While most chiropteran ticks exhibit host specificity, humans entering caves where these bats are have reported bites from O.faini ticks as well.  The highly infectious potential for this virus in humans coupled to a complete lack of vaccines or therapeutics make suggest investment in countermeasure development is well advised.

Pre-exposure prophylaxis (PREP) and Post exposure prophylaxis (PEP) using monoclonal antibodies or immunoglobulins has been employed for providing instant barrier immunity to high- risk individuals for infections such as Respiratory syncytial virus (palivizumab for prophylaxis), rabies (polyclonal immunoglobulin for post-exposure prophylaxis) or COVID-19 (tixagevimab/cilgavimab for prophylaxis (REFS). The PABVAX consortium has a long track record of success developing monoclonal antibody (mAb) therapies against VHFs and emerging viruses.  Building on this success, RP1 will also perform pilot studies to examine the feasibility of PREP utilizing with a serum half-life extended mAb against JUNVs. Clinically validated Fc mutations can result in an improvement in serum half-life from 3-4 weeks to 2-4 months which can increase the instant barrier immunity from 30-45 days to 60+ days ([44, 45][46] [47]refs). 

The PABVAX consortium will build on over a decade of successful collaboration generating vaccines and therapeutics for emerging, high priority viruses where collective expertise in virology, immunology, biological manufacturing and vaccine device innovation to develop cutting edge vaccination approaches using plug-and-play approaches tailored from prototype mammarenaviruses and orthonairoviruses and applicable to related members of these viral families. 





2. INNOVATION

Unique arenavirus subunit vaccine strategy utilizing GP and NP immunogens 

The Coalition for Epidemic Preparedness Innovations (CEPI) is currently funding development of multiple LASV vaccine candidates[11] with four out of five candidates based on viral vector backbones. The remaining candidate is a DNA-based vaccine in active development by Inovio Pharmaceuticals. Of significance, very little pre-clinical data concerning the safety and efficacy of these vaccine candidates is currently available[11]. Further, four of the  five deliver LASV GP as the sole immunogen, potentially limiting long-term durability and potential of the immune response.

In contrast, we are developing arenavirus subunit vaccines that co-deliver GP and NP immunogens. When engineering viral immunogens to be used as subunit vaccines, the recombinant antigens must structurally and antigenically represent the authentic viral antigen. Importantly, we have engineered a recombinant trimeric LASV GP spike antigen (the primary structural antigen on the surface of arenavirus), and to our knowledge, ours is the first LASV subunit vaccine candidate to utilize trimeric LASV GP. The trimeric GP immunogen, representative of the authentic viral antigen, induces a highly potent and protective anti-GP humoral immune response. In conjunction with humoral immunity, cellular immunity, mediated by a robust T cell response, is known to be highly predictive of recovery from a LASV infection[12-17]. Epitopes within LASV NP, and to a lesser extent GP, are known to substantially contribute to T cell mediated immunity[18]. Exploiting highly conserved N-terminal immunodominant epitopes on of LASV NP, we find that vaccination with only NP epitopes is sufficient to confer 100% protection in a lethal, outbred guinea pig model.   Sequence conservation across NP is higher than GP across LASV lineages suggesting that vaccine strategies coupling NP and GP may provide a more broadly protective vaccine(REFS).  Indeed, we have found that an immunogenic cocktail comprised of LASV GP and NP offered complete protection against LASV challenge in guinea pigs. 	Comment by Cross, Robert W.: Need to confirm

Unique nairovirus subunit vaccine strategy utilizing GP and NP immunogens 

CCHFV is a divergent virus with up to seven genetic lineages (REFS).  This diversity is evident in the variation observed most clearly in glycoprotein sequences across lineages.  Given the glycoprotein is a pivotal protein dictating viral entry and  immune recognition, it is little wonder why CCHFV vaccines have struggled with heterologous challenge with strains of viruses outside of the clade the vaccine was based on (REF). Conversely, NP is highly conserved but not exposed on the virus surface cellular surface (REFs).  Indeed, a recent report has demonstrated that an NP expressing replicating RNA vaccine was able to confer protection against heterologous challenge [19]. Taken together, a similar strategy of coupling GP and NP into a vaccine strategy likely has the greatest potential for potent, cross-clade protection.

PREP “vaccination” as a measure to control mammarenaviruses

For situations where a vaccine does not exist or is not appropriate (e.g. immunocompromised individuals or first responders who do not have the time to wait for natural immunity to develop from vaccination), mAbs with Fc mutations to extend serum-half-life offer an appealing alternative that can provide immediate protection lasting greater than 6 months. For this PABVAX proof-of-concept effort, an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references) previously described by PABVAX researchers will be produced with YTE [44, 45]  and LA [46] [47] Fc point mutations to determine the potential for delivering instantaneous, long-lasting (> 6 months) barrier immunity using monoclonal antibodies.	Comment by Cross, Robert W.: Larry, feel free to refine and/or elaborate.



Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses 

Add blurb discussing unique access to field samples from across the world  and established expertise to generate infectious clones from emerging arenaviruses and nairoviruses:















3. APPROACH

[image: ]PRELIMINARY RESULTS

Engineering trimeric glycoprotein antigens for the arenaviruses

Production of recombinant trimeric LASV GP has been particularly challenging within the LASV research community. The LASV GP ectodomain (GP) consists of two non-covalently associated subunits, GP1 and GP2, which readily disassociate in solution, historically hindering the expression and purification of a trimeric GPe. A recent study introduced a pair of cysteine mutations into GP1 and GP2, resulting in a stable disulfide-linked GP1/GP2 monomer amenable to structural studies when stabilized by a fiduciary antibody Fab fragment[20]. Mapp has since made structure-based improvements to generate a stable GP immunogen representative of the authentic viral GP spike and suitable for use as a vaccine. We reverted the E329P mutant, hypothesized to stabilize heptad repeat 1 in GP2[20] and added an additional trimerization motif to stabilize the GP spike in the absence of Fabs. The tagged trimeric LASV GP is expressed and secreted from Drosophila S2 cells and purified from supernatant via affinity chromatography using a StrepTrap HP column (GE Healthcare). SDS-PAGE and Size-exclusion chromatography (SEC) offer verification of trimerization (Figure xx). Pilot stability studies inclusive of freeze thaw cycles and storage at 4˚C are supportive of the stability required for a vaccine candidate.Figure XX. Arenavirus immunogens. (A) LASV, (B) MACV and (C) JUNV GP immunogens were expressed and purified and the trimeric nature confirmed with SEC and SDS-PAGE. (D) Negative stain EM and 2D class averages of JUNV GP-J199 Fab complex. EM courtesy of Dr. J. Mclellan, UT Austin.





The engineering methodologies employed for LASV GP translated well to the NWA GPs from JUNV and MACV (Figure 3). Negative stain EM of JUNV GP in complex with the neutralizing and protective Fab form of J199, reveals monodispersed trimeric GP/Fab complexes (Figure xx). Both the interaction with a well-characterized mAb and the EM data suggest our GP antigens closely recapitulate the authentic viral GP trimeric spike and support their use as a vaccine immunogen. 

Our trimeric arenavirus GPs support efforts to isolate novel ultra-potent mAbs and to develop a second-generation arenavirus immunotherapeutic with reduced dosing requirements and broader reactivity compared to current LASV mAb candidates[21]. This significantly lowers the cost of goods while increasing ease of use for clinicians, both essential for a product used in developing nations where arenaviruses are prevalent.



LASV subunit vaccine protects guinea pigs against lethal challengeFigure xx. LASV NP subdomains and expression. (A) Crystal structure of LASV NP highlighting the two functional subdomains. (B) SDS-PAGE gel showing highly purified LASV NP antigens for vaccine study. 



While classical vaccine approaches have largely focused on evoking a strong humoral response and high titers of nAbs to a target pathogen, increasing evidence[12-17] suggests that the cellular response, mediated by T cells, can play a highly important and complementary role in the long-term protection against pathogens. Based on literature reports that T cell responses highly correlate with LASV recovery, and that LASV NP plays a significant role in inducing those responses[12, 22], we also generated LASV NP antigens. We chose to deliver the C-terminal domain (CTD) and N-terminal domain (NTD) of LASV NP separately as they have distinct functions in the virus lifecycle (Figure xx) and express to high levels (50-100 mg/L) as two independent domains in bacteria using standard laboratory shaker flasks.

We evaluated our LASV antigens as vaccine immunogens in the lethal Hartley guinea pig model of LASV infection. Our study was designed (Figure 6) to assess whether immune responses to GP only, or GP+NP would offer protective immunity from lethal LASV challenge. We chose to investigate several commercially available adjuvants with known properties for driving Th1 (MPLA) and Th2 (Alhydrogel) responses selectively or in combination (Addavax). All 3 adjuvants are currently utilized in either FDA- or EMA-approved vaccines, thus supporting the long-term feasibility of the approach for potential human use. The results of our vaccination/challenge study were quite striking (Figure 6), and indicate a clear benefit to a combination immunization strategy with LASV GP and NP. The maximum survival benefit in the GP only groups were observed in groups using Alhydrogel and Addavax as adjuvants (75% survival). Half of the animals in the unadjuvanted group survived, while the control group had one survivor. Surprisingly, animals that were administered GP with MPLA as an adjuvant displayed rapid onset of clinical signs and succumbed to infection early in the experiment. In contrast, all animals that were immunized with LASV GP + NP-NTD + NP-CTD subunits and any of the adjuvants were completely protected from challenge with LASV. Only one animal succumbed to infection in the group receiving GP+NP but no adjuvant.  In a follow-up study, we further examined the potential for NTD and/or CTD of LASV NP to confer protection to lethal challenge.  While combination of NTD and CTD resulted in uniform protection when administered with Alhydryogel, the cohort supplemented with Addavax only resulted in 25% protection.  Correspondingly, NTD vaccination with Allhydrogel resulted in 100% survival where as Addavax only conferred 50% protection.  Interestingly, NP NTD vaccination with no adjuvant resulted in 100% survival. Conversely, the best protection from the LASV CTD was conferred when using Alhydrogel at 50% where both Addavax or no adjuvant groups were not protected. Figure 6. A LASV subunit vaccine provides complete protection in the guinea pig model of LASV infection. (Left) Groups of 4 guinea pigs were immunized intraperitoneally in a prime-boost strategy with either PBS vehicle control, 2x50 µg of GP, or 2x50 µg doses of GP + 2x25µg of NP-NTD +  2x25 µg of NP-CTD, or either 2x25 µg NP antigen in combination or separately. Immunized animals were challenged with a lethal dose of LASV/Josiah 28 days post-boost.  (Right) Animals were monitored for 35 days post-challenge, and survival curves and weight change are plotted.  

Figure XX:  Engineered CCHFV proteins are reactive with serum from CCHFV survivors. SDS-PAGE gel of CCHF Ibar proteins GnGc and GP38 after 2 step purification



Engineering glycoproteins antigens for the CCHFVThe CCHF virus has a tripartite negative-sense RNA genome,composed of the the small (S), medium (M), and large (L) segments. The M segment encodes the viral glycoprotein precursor (GPC) complex, which is subsequently cleaved by host proteases into multiple proteins, including the envelope glycoprotein GnGc and secreted GP38 protein.  GnGc is composed of Gn and Gc subunits, which are linked together by a multiple membrane spanning region. These transmembrane domains complicate the in vitro expression of  soluble GnGc, but we have designed a construct that replaces the transmembrane domains with a linker and have generated a stable drosophila cell line that expresses up to 3mg/L. We have also generated stable cell lines expressing Gn, Gc, and GP38 proteins. We used these proteins to test serum reactivity in CCHF survivors (Figure XX).  We will use established protocols [23] as a template to optimize expression of CCHFV and Kasokero NP proteins.

       

Generation of Infectious clones and reporter viruses of emergining Arenaviruses and Nairoviruses 

Rescue of recombinant viruses.  An important goal of the PABVAX Center is to generate tools for pandemic preparedness. An important component of both RP1 and RP2 is to generate and recombinant viruses to fill gaps and provide tools where wild type viruses do not exist either because 1) only sequence information is available or 2) isolates exist but viruses are unable to be shared with the research community. In collaboration with RP1 Core E will assist in the development and rescue of New World arenaviruses and the henipavirus Langya virus as detailed in the Research Strategies for RP1 and RP2.	Comment by Cross, Robert W.: VERBIAGE FROM CORE C, NEED TO ADAPT AND ELABORATE HERE.

APPROACH

Overall Hypothesis:FILL THIS IN    

Milestone 1: Develop novel arenavirus and nairovirus vaccination approaches: 

Rationale: The choice of Mammarenavirus Prototype Pathogens is justified as follows: 

· Old World Mammarenaviridae: We propose LASV Josiah strain (Lineage 4) as the prototype pathogen due to the depth of available research data, availability of established rodent (REF) and nonhuman primate(NHP) models (REFS), frequency of exportation (REFS), and large number of annual cases throughout West Africa  where the case fatality rate can be up to 60% in hospitalized cases (REF). 

· New World Mammarenaviridae:  Due to the availability of a JUNV vaccine in the endemic region where JUNV circulates and the lack of cross protection against challenge with other NWAV, MACV, the causative agent of Bolivian hemorrhagic fever, will be used as the prototype pathogen for NWAV for studies outlined in Milestone 1.1. There are established guinea pig (REF) and NHP (REF) models for MACV. JUNV is the New World arenavirus with the largest knowledge base at present [REF]. For a pilot efficacy study outlined in Milestone 1.2, we will use JUNV Espindola Strain as a natural extension of previous published work demonstrating protective efficacy of the template PREP mAb (REF).

· Nairoviridae. We propose CCHFV Hoti strain (Clade 5) as the nairovirus prototype pathogen. UTMB has established mouse models (REF) and NHP (REF) models to enable testing of CCHFV countermeasures against a number of the available clades.  CCHF is the most important member of the Nairoviridae family with a major public-health impact across Western Asia, the Balkans, Southern Europe, and most of Africa [REF].         



Paragraph about subunit vaccines and PREP study.



















Milestone 1.1 Subunit immunogens and MNP vaccination

Milestone 1.1.1.A:  Development and optimization of patch vaccination approach employing arenavirus subunits in guinea pigs:  Building on the success of our GPe + NP-NTD LASV vaccine, we will compare the protective efficacy of two adjuvants coupled to our LASV GPe and NP-NTD proteins developed and manufactured in Core D either as individual subunit vaccines or combinations as outlined in table XX using an intramuscular (IM) vaccination approach.  Eight outbred, 350 gram Hartley guinea pigs (balanced sex) will be randomly assigned to groups as outlined in Table XX.   Blood will be collected prior to immunization and then on days 28 and 56-days post-immunization to evaluate humoral immune responses by ELISA and virus neutralization assays.  After 28 days immunized animals will be boosted with an equivalent dose as the priming vaccination IM.  On day 56 post-immunization, animals will be transferred to BSL4 evaluation Core C and challenged with 5000 pfu of a guinea pig adapted LASV-Josiah developed by our group (REFS). After virus challenge, animals will be monitored clinically a minimum of twice daily. Hands-on physical and visual assessment of infected animals may occur outside scheduled times, if required. Following challenge, additional biosamples collected at 1, 4, 7, 10, 14, 21 and 28 days will be processed for measurement of viremia by plaque assay and qRT-PCR.  Results from the IM vaccination then be compared head-to-head against an equivalent vaccination/challenge cohort where the subunit vaccines will be administered using the MNP patches prepared by MNP Patch CORE C.  Patches are administered after shaving a small section of the abdomen and applied using gentle pressure for 10-15 minutes so that the microneedles can fully dissolve.Table: XX outline of MACV Vaccination Schedule for Milestone 1.1.1.A

Table: XX outline of LASV Vaccination Schedule for Milestone 1.1.1.A



Similarly, we will determine the protective efficacy using MACV GPe and NP-NTD proteins developed and manufactured in Core D following the grouping described in Table XX using the identical experimental approach as outlined above.  The challenge virus will be the established MACV Chicava strain (REF). Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford protection from challenge with MACV, we will assess its utility as a positive control vaccine against lethal challenge with MACV (REFs).



1.1.1.B:  Determination of pan-LASV and Pan-MACV protective efficacy using optimized subunit-patch vaccination in guinea pigs.  Using the adjuvant and vaccination route down selected in 1.1.1.A, we will assess the potential for our LASV subunit vaccines to confer heterologous protection against four lineages of LASV endemic to geographically distinct from the prototype strain (Josiah-lineage 4, Sierra Leone).  Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 2 (Nigeria), 3 (Nigeria), 5 (Mali) and 6(Togo) established in the BSL4 evaluation Core C as outlined in Table XX.  The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.1.A above.Table: XX outline of PAN-LASV Vaccine Efficacy Schedule for Milestone 1.1.1.B



	

Similarly, after down selecting the optimal adjuvant and vaccination route, we will assess the potential for our MACV subunit vaccines to confer heterologous protection against thre lineages of MACV endemic to genetically distinct from the prototype strain (Chicava-Lineage 2).  Employing optimized strain 13 or outbred, Hartley guinea pig models for lineages 1, 5, and 8 established in the BSL4 evaluation Core C as outlined in Table XX. We will also utilize JUNV (Romero strain)(REF) challenge to assess heterologous protection against a related but distinct NWAV to begin to assess the potential for cross protection beyond MACV strains. The vaccination, challenge, and sample collection will be identical to that outlined in 1.1.1.A above.Table: XX outline of PAN-MACV Vaccine Efficacy Schedule for Milestone 1.1.1.B





1.1.1.C:  Determination of LASV and MACV protective efficacy using optimized subunit-patch vaccination in NHP:  15 cynomolgus monkeys will be randomized into two experimental vaccine groups of 5 animals per group, a control vaccine (VSV-LASV-GPC) with 5 animals, and a control group of five unvaccinated animals (Table XX).  Animals in vaccine groups 1 and 2 will be vaccinated using the down selected LASV antigens, adjuvants, and vaccination route identified in 1.1.1.A.   Animals in vaccine group 1 will receive only the initial single administration of vaccine while animals in vaccine group 2 will receive the same vaccine as the prime vaccine 14 days post prime. At 35 days post prime (21 days post boost for boosted animals), all animals will be challenged with 3000 PFU of LASV-Josiah. The survival of infected macaques will be assessed, and clinical signs consistent with VHF (as measured by hematology, serum biochemistry, and blood coagulation assays) will be documented. Surviving animals will be euthanized at the study endpoint 4-5 weeks after LASV challenge. In addition, blood will be collected before and after vaccination and at the study endpoint for determination of binding antibody and neutralizing antibody titers. Blood and tissues will also be taken after virus challenge for histopathology, immunohistochemistry, virus isolation and genome detection. Peripheral blood mononuclear cells (PBMCs) will be isolated and cryopreserved for subsequent cellular phenotyping and functional analysis as outline in 1.1.1F.Table: XX outline of NHP efficacy studes for MACV Milestone 1.1.1.B

Table: XX outline of NHP efficacy studes for LASV Milestone 1.1.1.B



Similarly, we will also determine the protective efficacy of MACV following the grouping described in Table XX using the identical experimental approach as outlined above for LASV challenge.  The challenge virus will be the established MACV Chicava strain (REF). Given the lack of clarity on the potential for the JUNV Candid-1 vaccine to afford protection from challenge with MACV, we will confirm protection in NHPs if demonstrated in guinea pigs (REFs).



2.1.2.A: Development  and optimization of patch vaccination approach employing nairovirus subunits.
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2.1.2.B:  Determination of pan-CCHF protective efficacy using optimized subunit-patch vaccination in STAT-1KO mice
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2.1.2.C:  Determination of protective efficacy using optimized subunit-patch vaccination in NHP



[image: ]





























2.1.2.D:  Determination of protective efficacy against novel, emerging arenaviruses using optimized subunit-patch vaccination in guinea pigs and NHP
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2.1.2.E:  Determination of protective efficacy against novel, emerging nairovirus using optimized subunit-patch vaccination in STAT-1KO mice and NHP
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[bookmark: _Hlk136422618]1.1.1.F:  Determination of cellular and humoral immune correlates associated with protection  

1.1.1.F.a: Define the phenotype and function of Arenavirus or Nairovirus specific T-cell responses in in subunit/patch vaccinated NHP compared to unvaccinated groups.

We will perform a targeted analysis of T-cell phenotype and function in study participants with or without subunit-patch vaccination using established methods for measurement of cellular immune responses (flow cytometry, LegendPLex, ELISPOT). Particular interest will be paid to CD4+ and CD8+ T-cells due to their respective role as important correlates of protection in the NHP vaccine model and long-lasting response in natural immunity. Thus, we will measure the strength and diversity of arena or nairo-specific CD4 and CD8 T-cell responses and expect responses in vaccinated EVD survivors to be superior to natural immunity. 

Immune subset phenotyping: We will develop and optimize multi-color flow cytometry panels phenotyping a range of immune subsets (B-cells, Monocytes, Dendritic Cells, and NK cells) but primarily focused on T-cell phenotype (CD3, CD4, CD8, CD95, CD28). Standard whole blood flow cytometric staining protocols will be used for surface and intracellular staining markers, briefly cryopreserved PBMCs no older than 3 months old are gently thawed then washed with 2% FBS/PBS and stained with a viability dye for 20 minutes at room temperature. Cells are then washed again, surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then either be acquired directly. Cell populations are then quantified using a Cytek Aurora spectral flow cytometer using an NHP optimized panel of antibodies.

Viral protein stimulation experiments:. PBMC stimulations will be set up according to modifications of well established, previously published protocols. [24, 25] PBMCs will be directly stimulated with purified recombinant vaccine proteins or relevant GP or NP peptide pools using optimized concentrations. Samples will then be mixed incubated at 37oC for 1 hour. A protein transport inhibitor such as brefeldinA will then be added at a concentration of 10mg/mL and incubated at 37oC for until flow cytometry staining. Cells will then be washed and stained according to the flow cytometry protocol outlined below. Alternatively, isolated PBMC may be stimulated with purified recombinant GP and NP proteins or peptide pools using optimized concentrations diluted in R10 media (RPMI/1%Hepes/10%FBS). Cells will then be incubated overnight at 37oC. Stimulations to assess secreted analytes by multiplex-bead based assays will be set up in 96-well plates and supernatants will be harvested for further analysis.

Intracellular cytokine staining: We will utilize NHP optimized multi-color flow cytometry panels measuring a range of functional responses including important T-cell functional markers (ie: IFNg, TNFa, IL-2, IL-4, IL-6, PD-1, CTLA-4). Cells are stained with a viability dye for 20 minutes at room temperature, then washed with 2% FBS/PBS. Surface stain cocktail is added to the tubes, incubated for 20 minutes, and washed. Cells are incubated in BD Cytofix/Cytoperm solution for 20 minutes followed by a wash with BD Perm/Wash Buffer. Intracellular antibodies are then added, incubated, and washed. Cells are fixed for 1 hour with Stabilizing Fixative (BD Biosciences, Franklin Lakes, NJ) then washed in PBS. Stained, fixed cells will then be acquired using a Cytek Aurora spectral flow cytometer.

Multiplex Bead based assays: As a measure of global response to arena or nairo-specific T-cell activation, we will measure secreted cytokines in supernatants of cells stimulated with or without viral antigens or control (Staphylococcal enterotoxin B, SEB) proteins. We will develop a 4-color multiplex panel using BioLegend LegendPlex technology. Samples will be assayed according to manufacturer’s instructions. Briefly, cytokine capture beads will be mixed and added to assay tubes followed by addition of prepared standards and controls, or participants samples and incubated for 3 hours at room temperature, protected from light. 1mL of wash buffer will be added and beads will be pelleted by centrifugation at 200g for 5 minutes. Wash buffer will be removed and discarded. Beads will be resuspended in 300uL wash buffer and data acquired on a MagPix xMAP instrument.

IFNg/TNFa ELISPOT: ELISPOT assays will be performed utilizing classical ELISPOT approaches. Briefly, cells with or without GP or NP antigens or peptide pools or control (SEB) antigen will be incubated overnight at 37oC. Wells will be washed manually 3-times, followed by the addition of detection antibody and incubated either overnight at 4oC or for 2 hours at room temperature. Wells will be washed again and incubated with the development substrate for 1 hour at room temperature protected from light. Wells will then be decanted, rinsed with deionized water and Chromagen Solution will be added to each well and incubated for 20 minutes at room temperature, protected from light. Finally, wells will be decanted and rinsed, dried thoroughly (60-90 minutes at room temperature or 15-30minutes at 37oC), and spot forming units (SPU) will be read on an need model ELISPOT Fluorescence Microplate Reader. 

Data Analysis: We will look at the differences in immune responses across groups between each timepoint and baseline. Model assumptions will be checked for a one-way ANOVA to compare the three groups. we will run the analysis after checking model assumptions, if those are not met then we will adjust to a nonparametric model or transform the outcome appropriately. To look at the longitudinal aspect of the data, we will investigate measurements over time between groups, the interaction of group and time can be analyzed using covariance pattern models (or linear mixed models), where the correlation between observations measured over time can be handled more flexibly. As a more exploratory analysis we will also look at adjusting for possible confounding variables such as sex and age. For categorical variables, comparisons will be made using Chi-Square tests. Significance will be set at 0.05 and GraphPad/PRISM (Carlsbad, CA), SAS software (Cary, NC), and R will be used for analyses. Flow cytometry data will be analyzed in FlowJo version 10. Diversity of T-cell responses will be analyzed by t-SNE in R. 

Alternative Strategies: Although unlikely based on the available literature, differences in T-cells dynamics across groups may not be prevalent predictors in this context. We are also including measures of innate immunity in our flow cytometry panels to assess the relative importance of these subsets. Additionally, serum samples will be banked to assess the presence of biomarkers associated with differences between groups.



1.1.1.F.b: Systems serology Characterization of  Arenavirus and Nairovirus specific Ig subtypes and Fc-mediated innate effector function profiles in subunit/patch vaccinated NHP compared to unvaccinated groups. 

We will perform a comprehensive analysis of the humoral immune response using an Viral Systems Serology platform developed by Dr. Gunn in Core D[26-28] to define the Fc-mediated humoral antiviral functions associated with vaccination. Protective Fc-mediated humoral immune profiles have been identified in natural immunity to LASV and may serve as an effective baseline. Sera will be analyzed for 1) levels of LASV, MACV, CCHFV,LUJV, and CHAPV specific or cross-reactive antibodies; and 2) innate immune effector functions (phagocytosis, NK cell activation, and complement fixation). 

Analysis of antibody levels by Multiplex immunoassay: Serum samples will be tested for antibody reactivity against a panel of viral antigens utilized for vaccination. To evaluate cross-reactive antibody responses against the GP of other LASV, MACV, or CCHFV lineages. We will use a multiplexed analysis to determine the levels of antibodies against the viral antigens using on MagPix xMAP instrument as described.[27, 29] Specifically, each viral antigen will be coupled to coded magnetic beads (Luminex), mixed together, and incubated with serial dilutions of patient samples. Beads are washed and the levels of different antibody isotypes/subclasses specific for each antigen will be determined using labeled secondary antibodies against human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgM.  For quantitation of bound antibody, we will make a standard using pooled banked serum from NHP survivors.

Analysis of Fc-mediated effector functions:  We will characterize plasma samples for induction of innate immune effector functions including antibody-dependent phagocytosis (ADP), antibody-dependent cellular cytotoxicity (ADCC), and antibody-dependent complement deposition (ADCD). All assays will include an NHP derived seropositive standard curve, and seronegative/isotype control. 

ADP/ADCD: Recombinant EBOV GP protein will be biotinylated and coupled to fluorescent Neutravidin (Life Tech) beads, and serial dilutions of plasma samples/mAbs will be incubated with beads. To measure ADP, primary human monocytes, neutrophils, or THP-1 cells will be incubated with immune complexes, and uptake of beads will be measured by flow cytometry. To measure ADCD, freshly reconstituted guinea pig complement will be incubated with immune complexes. C3 deposition onto beads will be detected using an anti-C3 antibody conjugated to FITC (MP Biomedicals) and measured by flow cytometry at KGH.

ADCC: Primary human NK cells or NK92 cells with CD16 overexpression (ATCC) will be incubated with EBOV GP immune complexes bound to MaxiSorp ELISA plates for 5 hours at 37C 5% CO2, and surface expression of CD107a will be measured to identify level of degranulation, a surrogate of ADCC, and intracellular cytokine staining will be used to detect production of pro-inflammatory cytokines and chemokines IFNg, MIP-1b, and TNFa by flow cytometry.

Data Analysis: Univariate analyses were performed using Prism 9.5.0 software. Kruskal–Wallis with Dunn multiple correction test or Mann–Whitney with Bonferroni correction was used to determine statistical significance between groups. A network analysis will be performed to identify significant antibody features. Associations between antibody features will be determined using nonparametric Spearman correlation coefficient. Statistically significant associations after Bonferroni correction for multiple comparisons (adjusted P < .05) were used to generate networks in Cytoscape (version 3.4.0).

Alternative Strategies: If we are unable to define clear immune profiles associated with each group, we will integrate our humoral immune profiing data with the larger dataset that includes antibody neutralization, cellular and inflammatory immune profiles, genetic markers (HLA-type), and additional clinical information (ie: PES symptoms). These will be included in the network analysis.

1.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments
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A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine. In conjunction with RP1 Cores D and Core E, an IM long-acting mAb prototype will be generated as a Go/No Go decision as to whether this product format will be an option for development with any of the other viruses being targeted by PABVAX. For this proof-of-concept effort, an existing anti-Junin virus mAb with whose potent therapeutic efficacy [39, 43] (guinea pig and NHP references) we have previously described by Abelson, Geisbert and Zeitlin will be produced with YTE and LA Fc point mutations to extend the serum half-life of the mAb(Table 4). The pharmacokinetics (PK) of these two variants will be evaluated in NHPs (Bioqual, Inc.; Rockville, MDsee Core D) to select a lead candidate for testing in NHPs against Junin Romero challenge in Core E. For the PK study, two doses (15 and 5 mg/kg) of each mAb will be administered IM to groups of 3 cynomolgus macaques (mixed sex). Serum will be collected (pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7, 10, 14, 21, 28, 42, 56) and tested via ELISA and Octet to quantitate serum antibody concetrations. PK parameters will be modeled with WinNonlin Phoenix software (reference). We will select tThe variant with the most favorable pharmacokinetics PK will be selected for testing with by RP1/Core E. Briefly, groups of 4 cynomolgus macaques (mixed sex) will receive 15 or 5 mg/kg of the lead variant IM and the animals will be challenged one month later with 5000 pfu of JUNV (Espindola or Romero?) delivered IV. For further details of the NHP testing, please see Core E. These data will be used by the Scientific Advisory Committee Board to inform decision making around possible additional IM mAb prophylaxis plug and play prototypes against other viruses.	Comment by Cross, Robert W.: From Larry, adapt from  this.



Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with NIAID and SAC



Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section. 

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy,





AIM 2: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available isolates: 







Expected results, alternative approaches and Go-No-Go decisions (brief summary – see also Project Milestones and Timelines). We expect to be able to construct an immunogenic and protective subunit-patch targeting LASV, MACV, and CCHFV ……. If this is not the case any of these three viruses by year 2 we will refocus effects on the remaining virus families adjusting the requested budgets accordingly after consulation with NIAID and SAC



Please note: Discussion of expected results, other alternative approaches and criteria for “go” or “no go” decisions for MILESTONES 1-4 are discussed as required in RFA-AI-20-023 in the Project Milestones and Timelines section. 

JUNV GP/NP as alternative strategy, mRNA as an alternative strategy,
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VACCINE  IM VACCINATION  PATCH VACCINATION  


ALHYDROGEL  PATCH  ADJUVANT  ALHYDROGEL  PATCH  ADJUVANT  


MACV CHICAVA  NP NTD  8  8  8  8  


MACV CHICAVA  GPe  8  8  8  8  


MACV CHICAVA  NP + GPe  8  8  8  8  


Control animals  (NO VACCINE)  8  8  


Control vaccine  (JUNV - Candid - 1)  8  8  


   TOTALS  64  TOTALS  64  
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VACCINE  PAN - LINEAGE PROTECTION  
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VACCINE  MACV CHALLENGE  
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VACCINE  CCHF CHALLENGE  
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VACCINE  GUINEA PIG  CHALLENGE  
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VACCINE  KASOKERO    NHP  CHALLENGE  
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PREP  JUNV NHP  CHALLENGE  
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collaboration with RP1) as outlined in RP1?  That said, we can maybe refer to methods used in RP1
for the core as well since that write-up is already having issues with space?  Also note that I’m not
doing any immunology on rodents since the patch core mentioned they would do rudimentary
serology and ELISPOTs, all this advanced immunology work will be done with primates only due to
lack of reagents.
 
Bob
 

From: Broder, Christopher <christopher.broder@usuhs.edu> 
Sent: Monday, May 29, 2023 1:09 PM
To: Dafna Abelson <dafna.abelson@mappbio.com>
Cc: Cross, Robert W. <rwcross@UTMB.EDU>; Larry Zeitlin <larry.zeitlin@mappbio.com>; Geisbert,
Thomas W. <twgeisbe@UTMB.EDU>; Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>; Antony
Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
 

hi all
RP2 is not looking anything like this post-vaccination subject analysis on the CD4/CD8 and
cellular responses or the serological studies.  
 
We were allowing the Upitt core to explore the mice with cellular responses as the pilot.
The plan for the MNP vaccines is to test efficacy in ferrets then proceed to AGMs. 
 
Not sure what to do or how to proceed here!    Are there analysis text sections 
from what the animal core can or should propose here or outline here, as Bob laid
out?  I dont have anything like this in hand,
 
also, i saw the comment on PREP
We dont have any plans for PREP for NiV/HeV included here either, our best candidates
are already in Mapp's pipeline, or in the CETR
 
chris
 
On Sun, May 28, 2023 at 3:35 PM Dafna Abelson <dafna.abelson@mappbio.com> wrote:

Hey Bob
Looks great! I added some language to use or lose in the Engineering Glycoproteins for CCHF
section and the gel we used in the Core D preliminary results.
Best,
Dafna
 
 

From: Cross, Robert W. <rwcross@UTMB.EDU>



Date: Saturday, May 27, 2023 at 10:26 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>, Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>, Dafna Abelson <dafna.abelson@mappbio.com>, Gunn, Bronwyn
Mei <bronwyn.gunn@wsu.edu>, CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project

A ways to go on the text, but studies mapped out fairly well at this point, working on filling in text
for areas highlighted in blue.  Sending now to give the group an idea on direction for aims and
subaims
 
Will work on fleshing out significance/innovation sections/and approach text tomorrow.  Tables
will be shrunk to fit, but followed Larry’s color scheme to be consistent for now. 
 

Bonnie I adapted the immunology support sections from our pilot grant to start with.  Will
very likely need to majorly consolidate, but better to have too much and refine to essentials
once all the content is there.

 

Larry, I just included the pilot study for the PREP study assuming you and Tom already
budgeted for it.  You mentioned go-no-go, but I did not budget for any “go” studies, so
maybe you mean PREP for henipaviruses?

 

Dafna and Larry, open to thoughts on the CCHF proteins for prelimary data or innovation.  I
had some serology which we did using your proteins on human survivors to demonstrate
reactivity which I think is helpful.  Open to other thoughts.

 

Tom, I added another group for each of the NHP studies to allow for 2 groups to be
evaluated either with different doses or different vax formulations.  Was thinking this might
be ideal for grantsmanship to have at least another option.  Thinking was that we would not
use all 5 controls  for all studies and may be able to make these up?

 

Bob
 

From: Larry Zeitlin <larry.zeitlin@mappbio.com> 
Sent: Wednesday, May 17, 2023 2:51 PM
To: Cross, Robert W. <rwcross@UTMB.EDU>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>;
Dafna Abelson <dafna.abelson@mappbio.com>; Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
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Bob,
 
This is what is in Core D so far:
 
A mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine. In
conjunction with RP1 and Core E, an IM long-acting mAb prototype will be generated as
a Go/No Go decision as to whether this product format will be an option for development
with any of the other viruses being targeted by PABVAX. For this proof-of-concept effort,
an anti-Junin virus mAb with potent therapeutic efficacy (guinea pig and NHP references)
previously described by Abelson, Geisbert and Zeitlin will be produced with YTE and LA
Fc point mutations (Table 4). The pharmacokinetics (PK) of these two variants will be
evaluated in NHPs (Bioqual, Inc.; Rockville, MD) to select a lead candidate for testing in
NHPs against Junin Romero challenge in Core E. For the PK study, two doses (15 and 5
mg/kg) of each mAb will be administered IM to groups of 3 cynomolgus macaques
(mixed sex). Serum will be collected (pre-dosing, 15 min, 6 hours and at days 1, 2, 3, 7,
10, 14, 21, 28, 42, 56) and tested via ELISA and Octet to quantitate serum antibody
concetrations. PK parameters will be modeled with WinNonlin Phoenix software
(reference). The variant with the most favorable PK will be selected for testing by
RP1/Core E. Briefly, groups of 4 cynomolgus macaques (mixed sex) will receive 15 or 5
mg/kg of the lead variant IM and the animals will be challenged one month later with
5000 pfu of JUNV (Espindola or Romero?) delivered IV. For further details of the NHP
testing, please see Core E. These data will be used by the Advisory Committee to inform
decision making around possible additional IM mAb prophylaxis plug and play
prototypes.
 
Feel free to tweak so it fits with what you are thinking about. I can also give you some
innovation language if you’d like on this topic.
 
Best
LZ
 
 

From: Cross, Robert W. <rwcross@UTMB.EDU>
Date: Wednesday, May 17, 2023 at 3:47 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>, Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>, Dafna Abelson <dafna.abelson@mappbio.com>, Gunn, Bronwyn
Mei <bronwyn.gunn@wsu.edu>, CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project

I’m trying to shoe horn the prophy into RP1, will ciruculate to the group as a whole shortly.  If we
add this PEP study into RP1, we will probably need to renaim RP1 to something like:  Novel
Vaccine Approaches for Emerging Arenaviruses and Nairoviruses:  (Cross,
Abelson, Gunn)
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From: Larry Zeitlin <larry.zeitlin@mappbio.com> 
Sent: Saturday, May 13, 2023 11:25 AM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Cross, Robert W. <rwcross@UTMB.EDU>;
Dafna Abelson <dafna.abelson@mappbio.com>; Gunn, Bronwyn Mei <bronwyn.gunn@wsu.edu>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project
 

Tom,
 
I like the idea of it as a sub-aim. Core D will refer to it (manufacturing the mAb as well as
performing PK to select the best Fc mutant). Depending on how much you are mentioning
about the protocols in the Animal Core, you could also mention it there (e.g. “For studies
looking at long-acting mAbs as an alternative to a vaccine, NHPs will receive a single dose 1
month prior to challenge…).
 
I can also if preferred, describe the study in Core D rather than RP1. I’m certainly setting up
the idea of it with the PK work…
 
Best
LZ
 
 
 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Date: Saturday, May 13, 2023 at 12:15 PM
To: Cross, Robert W. <rwcross@UTMB.EDU>, Dafna Abelson
<dafna.abelson@mappbio.com>, Larry Zeitlin <larry.zeitlin@mappbio.com>, Gunn,
Bronwyn Mei <bronwyn.gunn@wsu.edu>, CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project

Larry, Dafna
 
How do you want to handle the Junin NHP prophylaxis study?  At the very least I think RP1
has to mention it somewhere.  Does it go into RP1 as a subaim?  I don't think we can say it is
alternate strategy as that route is usually taken when something proposed fails.  Does it get
pitched as a subaim to derisk the project?  Not quite sure here.
 



Many thanks!
 
Tom

From: Cross, Robert W. <rwcross@UTMB.EDU>
Sent: Saturday, May 13, 2023 11:10 AM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Dafna Abelson
<dafna.abelson@mappbio.com>; Larry Zeitlin <larry.zeitlin@mappbio.com>; Gunn, Bronwyn Mei
<bronwyn.gunn@wsu.edu>; CHRISTOPHER BRODER <christopher.broder@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project
 

Great, thanks!

 

Yeah it was challenging to add a lot into the SA page.  But we can refine to make it  more
inclusive of all points addressed.  Definitely will stretch out in the Research strategy.

 

We can maybe add some reverse genetics, especially for missing MACV lineages…maybe
CCHF for the same reason using the cassette approach.  Need to think about it a little today,
but this may work.

 

Do we need to add the JUNV prophy study into RP1?  Or is that in the core?

 

 

 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU> 
Sent: Saturday, May 13, 2023 9:38 AM
To: Cross, Robert W. <rwcross@UTMB.EDU>; Dafna Abelson
<dafna.abelson@mappbio.com>; Larry Zeitlin <larry.zeitlin@mappbio.com>; Gunn,
Bronwyn Mei <bronwyn.gunn@wsu.edu>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: Re: ReVAMPP Bunyavirales Project

 

Thanks Bob!  One thing that we need to think about as Chris outlined for the rescue of
Langya in the RP2 Aims is are we going to tackle reverse genetics at all for arenaviruses
and CCHF?  If so will need to tie that into the Animal Core in terms of rescue.  Other thing
is tie into Mapp Core for the Junin NHP prophylaxis study in Year 1 as an alternative
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approach to vaccination.  And then need to think about if we need an approach to tie into
RP4 and RP5.  All of this of course does not need to be on the Aims page and can be
addressed in the 12 page Research Strategy.  If you tackle reverse genetics it could be its
own Aim along the lines of what Chris has in RP2.

From: Cross, Robert W. <rwcross@UTMB.EDU>
Sent: Friday, May 12, 2023 3:52 PM
To: Dafna Abelson <dafna.abelson@mappbio.com>; Larry Zeitlin
<larry.zeitlin@mappbio.com>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; Gunn,
Bronwyn Mei <bronwyn.gunn@wsu.edu>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: RE: ReVAMPP Bunyavirales Project

 

Here is the first attempt at the specific aims page.  Kept it simple to start.

 

From: Dafna Abelson <dafna.abelson@mappbio.com> 
Sent: Thursday, May 4, 2023 1:31 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>; Cross, Robert W.
<rwcross@UTMB.EDU>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Subject: Re: ReVAMPP Bunyavirales Project

 

Hi Bob

Here’s a draft of an SBIR that Crystal wrote in case that’s helpful. It only has data from the
first Guinea pig study.

Best,

Dafna

 

From: Larry Zeitlin <larry.zeitlin@mappbio.com>
Date: Thursday, May 4, 2023 at 11:18 AM
To: Cross, Robert W. <rwcross@UTMB.EDU>, Dafna Abelson
<dafna.abelson@mappbio.com>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Subject: Re: ReVAMPP Bunyavirales Project

Bob,



External Email Warning: Do not click links or open attachments unless you

 

Please have at it and let us know how we can help.

 

Best

LZ

 

From: Cross, Robert W. <rwcross@UTMB.EDU>
Date: Thursday, May 4, 2023 at 2:07 PM
To: Larry Zeitlin <larry.zeitlin@mappbio.com>, Dafna Abelson
<dafna.abelson@mappbio.com>, Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Subject: RE: ReVAMPP Bunyavirales Project

Agree, this SA page from Crystal is super helpful.  Was going to start putting pen to paper
to get a rough draft started for the Bunya RP. Unless you guys have already started?

 

Is there a format we need to follow for writing the proposal? I think we had 12 pages
correct? 

 

Assuming the standard NIH format?

Significance
Innovation
Preliminary data
Approach/SpecificAim 1-?
Alternative strategies
Milestones-Timelines
Summary statement impact

 

From: Larry Zeitlin <larry.zeitlin@mappbio.com> 
Sent: Tuesday, April 18, 2023 3:43 PM
To: Dafna Abelson <dafna.abelson@mappbio.com>; Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>; Cross, Robert W. <rwcross@UTMB.EDU>
Subject: Re: ReVAMPP Bunyavirales Project

 



  recognize the sender and expect the content. UTMB Email Phishing Awareness
Oh, and here is the specific aims page of Crystal’s proposal from a few years ago…looks
like it would fit pretty well

 

 

 

From: Larry Zeitlin <larry.zeitlin@mappbio.com>
Date: Tuesday, April 18, 2023 at 4:34 PM
To: Dafna Abelson <dafna.abelson@mappbio.com>, Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>, Cross, Robert W. <rwcross@UTMB.EDU>
Subject: Re: ReVAMPP Bunyavirales Project

Just a few thoughts:

 

1. It looks like we can have multiple prototypes per family if justified. I think lassa and
junin would be great prototypes for old and new world arenas…seems easy to justify
as we don’t know if a single product could cover both and pursuing both could help to
answer the question.

2. Might be good to confirm with program, but as I initially read it, it looks like if we start
with CCHF we’d be expected in Y4-Y5 to expand to other nairos. Hantas may be a little
easier – Jim has some mAbs and Mapp does as well, but those are encumbered a bit
with Kartik’s CETR so we’d have to have some conversations to make sure that would
be kosher.

3. The RFA has a bit of mixed message on vaccines and mAbs. I do think they go well
together and mAbs can be an alternative option to a vaccine.

4. Do the microneedle people have some experience transitioning to the clinic? I’m
looking at this language: “Each ReVAMPP Center is expected to have an established, or
have plans to establish when appropriate, collaboration with an industry partner which will
provide access to vaccine expertise in manufacturing, clinical development, and regulatory
pathways.” Mapp can fill that role for mAb vaccines, but not so well for traditional vaccines.
It looks like we don’t have to have them lined up yet, but might be nice to have a letter of
support if needed. DVC is an option as is IBT.

 

From: Dafna Abelson <dafna.abelson@mappbio.com>
Date: Tuesday, April 18, 2023 at 4:15 PM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>, Cross, Robert W.
<rwcross@UTMB.EDU>, Larry Zeitlin <larry.zeitlin@mappbio.com>



Subject: Re: ReVAMPP Bunyavirales Project

Hi Tom

We do have the Junin PBMCs you sent and I like the idea of including Junin in the proposal
because we already have cell lines in house to express Machupo, Junin and Lassa GPs. I
think we could hit the ground running on arenavirus antibody discovery.  

I don’t have strong feelings on Hanta vs CCHF. Larry?

 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Date: Tuesday, April 18, 2023 at 12:53 PM
To: Cross, Robert W. <rwcross@UTMB.EDU>, Larry Zeitlin
<larry.zeitlin@mappbio.com>, Dafna Abelson <dafna.abelson@mappbio.com>
Subject: ReVAMPP Bunyavirales Project

All,

 

We need to think about the ReVAMPP Bunyavirales Project and what viruses and how to
integrate with all of the other projects.  I know it is tough to schedule a Zoom call so maybe
we can kick this around on email a little.  I think we all agree that the Mapp Lassa vaccine
data is great.  So maybe Lassa is the prototype even though we know CEPI is funding Lassa
vaccines and it has a lot more attention than other things.  But prototype with a plan to
transition to other arenaviruses.  So move the Lassa vaccine to the microneedle patch which
ties in nicely with that Core.  I guess we need to think about whether to have pan arenavirus
vaccines or individual.  I think Junin is a good choice as well.  To that end I think we had
sent PBMC from Junin Candid 1 vaccinees to Mapp right before COVID-19 hit.  Do you
still have those?  If we go with Lassa do we have a plan for Lassa MAbs to support?  Then
for another family I think CCHF for Nairoviridae makes the most sense as we have already
been working on it for MAbs as has Jim Crowe.  We would need to sort out the vaccine
angle that ties into the microneedle patch.  So I guess then for arenaviruses we would have
Lassa and maybe Junin as prototypes and for nairoviruses CCHFV.  Where I get confused
and am struggling is the transition in Years 4 and 5 that NIAID/NIH has to approve where I
think the expectation is that you move from prototypes to more broad coverage.  So do we
say for example for Lassa since there are so many lineages that the prototype is lineage IV
Josiah but in the out years we show that it protects against all lineages?  Same thing for
CCHF.  Or is the expectation that you go beyond the prototype virus so for example from
Lassa and Junin to also cover say Machupo, Guanarito, Chapare, etc.?  Or is it better instead
of CCHF say to start with Andes as the prototype and then move in the out years to Hantaan
or vice versa?  Thoughts?

 

Tom

 





Project Summary 

Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order 
Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the 
zoonotic henipavirus Hendra virus (HeV) is on the World Health Organizations (WHO) Priority Pathogens list. 
Notably, henipaviruses stand out for their impressive lethality with case fatality rates averaging about 75%. The 
Arenaviridae and Phelboviridae families contain viruses that cause severe hemorrhagic disease in humans. 
These viruses include the arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phleboviruses Rift 
Valley fever virus (RVFV) and severe fever with thrombocytopenia syndrome virus (SFTSV).  LASV and RVFV 
are also included among the WHO List of Priority Pathogens and pose threats to global public health due to the 
absence of approved vaccines or therapeutics. There is a clear unmet need for medical countermeasures to 
combat the threat of natural outbreaks, epidemics, or deliberate release. The Machine Learning-(ML)-Enabled 
Design of Prototype Pathogen Vaccines and Antibodies Center is a well-integrated consortium conducting a set 
of discovery and translational research programs composed of an Administrative Core, a Data Management 
Core, X Scientific Cores, and X Research Projects (RPs). The synergistic activities of the Center partners will be 
focused on developing novel vaccines, treatments, and tools to support pandemic preparedness. Federal law 
requires that the paramyxoviruses, arenaviruses, and phleboviruses used in the Center be handled in approved 
Biosafety Level (BSL)-3 and BSL-4 containment laboratories. Core D provides approved BSL-3/ABSL-3 and 
BSL-4/ABSL-4 facilities and a trained and highly experienced team of BSL-3 and BSL-4 investigators and staff 
to perform studies that support RP1 and RP2. The services provided by Core D will include 1) a secure repository 
of well characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses, arenaviruses, and phleboviruses 2) in 
vitro antiviral activity assays; 3) procurement of UTMB IACUC approval of animal protocols; 4) procurement, 
housing, and husbandry of animals; 5); development and/or optimization of animal models for strains or variants 
of Sosuga virus (SOSV) and JUNV to fill gaps where models are needed; 6) virus challenge, treatment, and 
collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological, 
immunological, and virological analysis of samples and to perform necropsies in BSL-3 and BLS-4 containment; 
8) histopathological analysis of tissues collected from animals infected with BSL-3 and BSL-4 viruses; and 9) 
quality systems management of all records and data collected from animal studies. 

Relevance 

The Animal Models and Vaccine Evaluation Scientific Core (Core D) provides BSL-3 and BSL-4 resources and 
expertise for RP1 and RP2. The goal of Core D is to work closely with Research Project and Scientific Core 
Leaders and staff, the Scientific Advisory Board, and NIAID to advance the development of countermeasures 
against Paramyxoviridae and Bunyavlrales. 



ANIMAL MODELS AND VACCINE EVALUATION SCIENTIFIC CORE (CORE D) 
 
1.  SPECIFIC AIMS 
The main objective of the Animal Models and Vaccine Evaluation Scientific Core is to test and characterize the 
host response and efficacy of the vaccines and monoclonal antibody (mAb) based treatments identified in RP1 
and RP2 against paramyxoviruses, arenaviruses, and phleboviruses under BSL-3/ABSL-3 and BSL-4/ABSL-4 
containment. The Core will also develop select reporter viruses and conduct cell-based assays to characterize 
vaccine-induced neutralizing antibody responses and mAbs.  
 
The Specific Aims of the Animal Models and Vaccine Evaluation Scientific Core are to: 
 
Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed 
stocks of paramyxoviruses, arenaviruses, and phleboviruses. 
 
Aim 2:  Provide technical expertise and conduct in vitro assays. 
 
Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical 
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis. 
 
Aim 4:  Develop and/or optimize animal models for Sosuga virus and Junin virus. 
 
The Aims will be achieved by the following specific functions to be carried out by the Animal Models and 
Vaccine Evaluation Scientific Core Leader, Co-Core Leaders, and personnel: 
 

1. Maintain records of well characterized BSL-3 and BSL-4 Hendra virus (HeV), Sosuga virus (SOSV), 
Lassa virus (LASV), Junin virus (JUNV), Rift valley fever virus (RVFV), and severe fever with 
thrombocytopenia syndrome virus (SFTSV) seed stocks including background history, passage 
history, genomic information, periodic monitoring of titer, mycoplasma testing, endotoxin testing, and 
sterility testing. 

2. Perform in vitro antiviral activity assays. Including high-throughput BSL-2 based neutralization testing 
of henipavirus vaccine responses and mAbs. 

3. Assist Center Investigators in designing animal studies, prepare animal protocols, and obtain IACUC 
approval of BSL-3 and BSL-4 animal studies. 

4. Perform animal challenges using well characterized HeV, SOSV, LASV, JUNV, RVFV, and SFTSV 
seed stocks for RP1 and RP2. 

5. Perform vaccination and treatment of animals with vaccines and treatments provided by RP1 and 
RP2. 

6. Provide samples from animals collected during the vaccination portion of studies to RP1 for 
immunological analysis. 

7. Perform all duties associated with animal challenge studies including monitoring of animals, collection 
of samples, and necropsies. 

8. Perform clinical pathology assays including hematology and clinical chemistry assays. 

9. Perform virology assays on blood and/or tissue samples collected from infected animals including 
viral load by plaque assay and RT-PCR. 

10. Perform gross pathology analysis on all animals at necropsy. 

11. Perform histopathologic analysis on tissues from animals collected at necropsy. 

12. Develop and/or optimize animal models for SOSV and JUNV to fill gaps; make these models available 
to Center Research Projects and Scientific Cores as well as external ReVAMPP Centers 

13. Provide all data generated in Core D to Data Management Core B. 



RESEARCH STRATEGY 

A. SIGNIFICANCE 
Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order 
Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the 
zoonotic henipavirus Hendra virus (HeV) is on the World Health Organizations (WHO) Priority Pathogens list. 
Notably, henipaviruses stand out for their impressive lethality with case fatality rates averaging about 75%. The 
Arenaviridae and Phelboviridae families contain viruses that cause severe hemorrhagic disease in humans. 
These viruses include the arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phleboviruses Rift 
Valley fever virus (RVFV) and severe fever with thrombocytopenia syndrome virus (SFTSV).  LASV and RVFV 
are also included among the WHO List of Priority Pathogens and pose threats to global public health due to the 
absence of approved vaccines or therapeutics. There is a clear unmet need for medical countermeasures to 
combat the threat of natural outbreaks, epidemics, or deliberate release. The Machine Learning-(ML)-Enabled 
Design of Prototype Pathogen Vaccines and Antibodies Center is a well-integrated consortium conducting a set 
of discovery and translational research programs composed of an Administrative Core, a Data Management 
Core, X Scientific Cores, and X Research Projects (RPs). The synergistic activities of the Center partners will be 
focused on developing novel vaccines, treatments, and tools to support pandemic preparedness. Federal law 
requires that the paramyxoviruses, arenaviruses, and phleboviruses used in the Center be handled in approved 
Biosafety Level (BSL)-3 and BSL-4 containment laboratories. Core D provides approved BSL-3/ABSL-3 and 
BSL-4/ABSL-4 facilities and a trained and highly experienced team of BSL-3 and BSL-4 investigators and staff 
to perform studies that support RP1 and RP2. The services provided by Core D will include 1) a secure repository 
of well characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses, arenaviruses, and phleboviruses 2) in 
vitro antiviral activity assays; 3) procurement of UTMB IACUC approval of animal protocols; 4) procurement, 
housing, and husbandry of animals; 5); development and/or optimization of animal models for strains or variants 
of Sosuga virus (SOSV) and JUNV to fill gaps where models are needed; 6) virus challenge, treatment, and 
collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological, 
immunological, and virological analysis of samples and to perform necropsies in BSL-3 and BLS-4 containment; 
8) histopathological analysis of tissues collected from animals infected with BSL-3 and BSL-4 viruses; and 9) 
quality systems management of all records and data collected from animal studies. 

All X of the RPs within the Center focus on developing vaccines or monoclonal antibody (mAb) based therapies 
against paramyxoviruses, arenaviruses, and phleboviruses. RP1 and RP2 require that countermeasures be 
evaluated in animals against infectious paramyxoviruses, arenaviruses, and phleboviruses. As HeV, LASV, 
JUNV, and RVFV are CDC and/or USDA select agents Federal regulations require that these viruses be handled 
in Biosafety Level (BSL)-3 or BSL-4 containment. Core D provides approved BSL-3/ABSL-3 and BSL-4/BSL-4 
facilities and a trained and experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that 
support RP1 and RP2. 

B.  INNOVATION 
Scientific Core D will be co-located within the Galveston National Laboratory (GNL) and Robert Shope 
Laboratory at the University of Texas Medical Branch (UTMB) at Galveston. The GNL is a high and maximum-
containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious 
diseases research agenda and stands ready to assist local, state and national public health efforts in the event 
of a public health emergency. The facility is unique in that it is one of two operational BSL-4 facilities in the United 
States that is located on an academic campus. This unique location benefits the Center in several ways. 
Regarding physical resources the GNL is a state-of-the-art facility with many specialized assets including BSL-
4 imaging, telemetry, and aerobiology equipment. In addition, being located on an academic campus Drs. 
Geisbert (Core D, Project Leader (PL), Cross, Freiberg, and Ikegami are faculty members in the Departments of 
Microbiology and Immunology and Pathology. This academic environment is a major strength, that fosters 
creativity and collaboration with other UTMB investigators which will be beneficial to the overall success of Core 
D. Dr. Broder, is faculty member of the Department of Microbiology and Immunology at Uniformed Services 
University (USU). Drs. Broder and Geisbert have a long-standing emerging virus research collaboration which 
has included the development and characterization the first nonhuman primate (NHP) models for HeV and Nipah 
virus (NiV) that will be employed by the Center’s RPs. Another strength within the Core is Drs. Geisbert, Broder, 
Cross, and Veesler (Center Co-PI) currently collaborate and lead active henipavirus projects that are focused 
on translational countermeasure development which includes more traditional vaccine and mAb therapeutics 
approaches, and the shared knowledge base and experience in these areas will greatly facilitate the Core’s 
abilities in supporting the Center’s research goals in applying advanced machine learning-enabled designs of 



effective prototype pathogen vaccines and antibodies.  Along with animal model development and animal 
modeling expertise, many of the unique virological tools including recombinantly generated RNA viruses, reporter 
gene-encoding viruses, and other pseudotype virus technologies, that will be employed by the Core, have been 
developed from UTMB-USU collaboration.  

C.  APPROACH 

Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed 
stocks of paramyxoviruses, arenaviruses, and phleboviruses. 

Paramyxovirus, arenavirus, and phlebovirus seed stocks. UTMB will provide fully equipped BSL-3/ABSL-3 
and BSL-4/ABSL-4 facilities that are required to work with HeV, SOSV, LASV, JUNV, RVFV, and SFTSV. UTMB 
will also provide and maintain all required approvals to work these viruses. The BSL-3 and BSL-4 paramyxovirus, 
arenavirus, and phlebovirus seed stocks employed for RP1 and RP2 have been or will be titered by conventional 
standard plaque assay and qRT-PCR as detailed in Aim 2 below. The virus strain identity of each seed stock 
has been or will be confirmed by sequence analysis. In addition, RNA has been or will be deep sequenced to 
verify the complete viral genome of each virus seed stock used for animal challenge studies.  We have or will 
test each seed stock for mycoplasma contamination. Endotoxin testing has been or will be performed on 
paramyxovirus, arenavirus, and phlebovirus stocks using the Endosafe PTS system (Charles River Laboratories) 
following the manufacturer’s instructions. The Endosafe PTS system is a cartridge-based testing system utilizing 
FDA-licensed cartridges (0.1 EU/ml, 0.05 EU/ml, 0.01 EU/ml, 0.05 EU/ml) for ultrasensitive testing.  Seed stocks 
will also be evaluated for morphological identity by transmission electron microscopy (TEM). Virus particle counts 
will be determined using a Virus Counter and confirmed by conventional TEM methods if needed. The 
bacteriological and mycological sterility of the product will be determined by selection of aliquots of the dispensed 
stock, inoculation of a sterile 500 ml bottle of Dulbecco's high glucose MEM with 10% FBS and then after 3 days 
subcultured to FTM and TBS media. paramyxovirus, arenavirus, and phlebovirus seed stocks will be inventoried 
in the UTMB BSL-4 and BSL-4 virus stock databases and secured in dedicated controlled access alarmed minus 
80°C freezers in the GNL or Robert Shope Laboratory. Paramyxovirus, arenavirus, and phlebovirus seed stocks 
are monitored periodically for any changes in virus titer. 

Plan for staffing, managing, and prioritizing Core use. The Core Leader and Co-Leaders have a cadre of 
staff that are trained and highly experienced in all BSL-3 and BSL-4 procedures and assays needed to conduct 
the proposed work. In addition to the Core Leader and Co-Leaders this staff includes an ACVP board certified 
veterinary pathologist, two BSL-4 contributing scientists, a BSL-4 Technical Director, a BSL-4 trained 
postdoctoral fellow, six BSL-4 experienced technical staff, a BSL-4 trained histotechnologist, and a BSL-4 trained 
graduate student. We do not anticipate any BSL-3 or BSL-4 scheduling problems regarding studies proposed in 
RP1 or RP2. However, we have developed a mitigation strategy if unforeseen events cause any prioritization of 
resources. A committee consisting of the Core D Leader, the PI of the Center, and the members of the external 
Scientific Advisory Committee (SAC) will review the status of RP1 and RP2 and any circumstances causing a 
prioritization of work. The Committee will also hold a meeting or teleconference (Zoom, Teams) with the Project 
Leaders and key staff of RP1 and RP2 to gather additional information. After careful review of all available 
information the Committee will then make a recommendation on prioritization to the Center PI. The Center PI 
will then consult with NIAID/NIH program staff and make the final determination on prioritization. 

Aim 2:  Provide technical expertise and conduct in vitro assays. 

In vitro antiviral activity assays:  Core D will perform conventional virus neutralization assays for RP1 and 
RP2 to determine the ability of sera/plasma from immunized animals from RP1 and antibodies from RP2 to inhibit 
the replication of paramyxoviruses, arenaviruses, and phleboviruses in vitro using infectious viruses in the UTMB 
BSL-3 and BSL-4 laboratories. In brief, cultures of Vero, Vero E6, SW13, or other cell types will be infected with 
a range of m.o.i. of paramyxoviruses, arenaviruses, and bunyaviruses and treated with various concentrations 
of the provided sera/plasma or antibodies. Cells and/or culture fluids will be harvested at various time points after 
infection and infectious virus enumerated by conventional plaque assay as detailed below.   

Develop chimeric reporter-gene encoding viruses and virus neutralization assays for BSL-2 use. 
We have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter 
viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP)1,2 , as 
well as employed reverse genetics to rescue authentic ABLV and various reporter gene-encoding viruses3,4. In 
addition, we have generated a reverse genetics platform for generating recombinant Cedar virus (rCedV) and 
rCedV chimeras whereby the fusion (F) and attachment (G) glycoprotein genes of rCedV were replaced with 



those of NiV-Bangladesh (NiV-B) or HeV, generating replication competent chimeric viruses (rCedV-NiV-B and 
rCedV-HeV), both with and without reporter genes4-8. The rCedV chimeras are a replication competent authentic 
henipavirus platform that is a high-throughput surrogate neutralization assay that is rapid, cost-effective and can 
be utilized outside high containment. Similar approaches will be applied here to generate new reporter viruses 
for Ghana bat virus (GhV). We will design, construct and rescue both VSV and rCedV chimeras that encode the 
envelope glycoproteins (fusion (F) and attachment (G) glycoproteins) of GhV. Two reporter-gene encoding 
versions will be attempted for VSV-GhV: one encoding GFP (VSV-GhV-GFP) and the other encoding the 
Photinus pyralis (firefly) luciferase gene (VSV-GhV-Luc). We will also construct and rescue GFP and Luc reporter 
gene encoding versions of rCedV chimeras encoding the GhV F and G genes (rCedV-GhV-GFP and rCedV-
GhV-Luc) (Fig. 1). The rescued viruses will be characterized using cell-based infection tropism and growth 
kinetics assays.  

Figure 1. Schematic of chimeric reporter viruses. (A)The VSV-ABLV G-GFP plasmid. 
Arrows indicate regions of self-cleavage. Unique sites MluI and KpnI to construct VSV-
GhV-GFP and VSV-GhV-Luc. (B) pOLTV5opt-rCedV plasmid. Arrows indicate regions 
of self-cleavage. Unique sites MluI and SphI used to construct rCedV-GhV-GFP. 

The rCedV (NiV-B and HeV) chimeric virus platform serves as a robust 
surrogate neutralization assay system for quantifying antibody 
neutralization potency of anti-NiV and anti-HeV antisera and mAbs8. 
The neutralizing potencies of several well-characterized cross-

reactive NiV/HeV F and G specific mAbs against rCedV-NiV-B-GFP and rCedV-HeV-GFP are highly correlated 
with those obtained using authentic NiV-B and HeV when tested in parallel by plaque reduction neutralization 
test (PRNT). Pearson correlation of rCedV chimeras BSL-2 PRNT to the NiV-B or HeV BSL-4 PRNT is shown 
in Fig. 2a. A high-throughput quantitative assay based on reduction of GFP foci (fluorescent reduction 
neutralization test (FRNT)) was also developed. Correlation analysis with mAb neutralization values by PRNT 
vs FRNT (Fig. 2b), Pearson’s r ≥ 0.9 and p-value < 0.001). 

Figure 2. Panel a: Pearson correlation for BSL-2 PRNT vs BSL-4 PRNT 
(rCedV-NiV-B-GFP versus NiV-B (i-iv) and rCedV-HeV-GFP versus HeV 
(v-viii)). Panel b: Pearson correlation for PRNT vs FRNT ((rCedV-NiV-B-
GFP (i-iv) and rCedV-HeV-GFP (v-viii)). 

Rescue and characterize reporter viruses encoding GhV 
envelope glycoproteins. 
Generation of a VSV encoding GhV envelope glycoproteins. 
We will construct reporter gene encoding versions of a 
replication competent VSV encoding the GhV F and G 
glycoproteins (GFP and Luc) (Fig. 1A). A large gene cassette 
comprising VSV untranslated intergenic regions flanking the 
GhV F and G coding sequences will be synthesized. The GhV 
F and G coding sequences will be based on the GhV isolate 

Eid_hel/GH-M74a/GHA/2009 (GenBank: NC_025256.1). The GenBank accession number for GhV F is 
YP_009091837.1 and that for the GhV G protein is YP_009091838.1. Unique restriction enzyme sites, MluI and 
KpnI will facilitate the insertion of the GhV F and G gene cassette into the VSV backbone plasmid. The VSV-
GhV-Luc will be similarly made. Cloning procedures are performed in E. coli Stbl2 and all plasmids verified by 
sequencing. Rescue will be performed in BSR-T7/5 cells, transfected helper plasmids, VSV-N, VSV-P, and VSV-
L and the VSV-GhV-GFP or VSV-GhV-Luc antigenome plasmids. After 48hrs the cells and supernatants are 
collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus is 
performed using HEK293T cells by inoculation with the supernatant from step 1. When GFP fluorescence and/or 
cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus stocks 
stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and virus supernatants are 
purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% sucrose/TNE buffer, 
and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. Virus stocks are 
tittered by serial dilution on HEK293T cells by plaque assay9.  

Generation of rCedV encoding GhV envelope glycoproteins. rCedV-GhV-GFP will be produced by synthesizing 
large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the GhV F and G coding 
sequences. The CedV non-coding intergenic regions are retained as is adherence to the genomic “rule of six”. 
Unique restriction sites, MluI and SphI will facilitate the insertion of the GhV F and G gene cassette into the 



genome clone (pOLTV5opt-rCedV) generating rCedV-GhV-GFP (Fig. XB). All cloning is performed in E. coli Stbl2 
cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with 
CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-GhV-GFP 
antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus 
CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve 
Vero 76 cells (T-75 flasks) to prepare a virus stock. At maximal syncytia and GFP (~2–3 days), supernatants are 
collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep 
sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored 
as single use aliquots at -80°C7,10,11. 

Characterization of the recombinant reporter viruses in cell-based infection assays: The replication kinetics of 
the VSV-based and rCedV-based GhV F/G encoding viruses will be assayed by Vero cell culture infection using 
MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and tittered. VSV-GhV F/G virus 
replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G1. Similarly, rCedV-
GhV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV chimeras. Unlike NiV and HeV, GhV 
G engages only the ephrin-B2 ligand to trigger membrane fusion12. The GhV F/G bearing reporter viruses will be 
verified for this specific ephrin ligand tropism in cell infection and/or syncytia formation experiments and 
comparisons made to wildtype VSV or VSV-ABLV G and also alternatively to rCedV, and rCedV NiV/HeV 
chimeras. We have generated murine mAbs to GhV F and G (10C4-LY and 10D5-LY to GhV G; and 5B7-LY and 
7C11-LY to GhV F) and these will be used in neutralization tests. The VSV-GhV-GFP assays will be conducted 
by FRNTs and VSV-GhV-Luc in luciferase assays. 

Evaluating neutralization potential of vaccine platforms from other research projects. Our rCeV chimeras 
(rCedV-NiV-B-GFP and rCedV-HeV-GFP) will allow this Core to conduct large numbers of neutralization tests 
by FRNT, to the many ML-derived prototype henipavirus vaccine antigen constructs, mAbs, and nanobinders, 
that will be generated by the Center’s RPs. In Center years 1-3 the focus will be on HeV and NiV prototypes, 
and in years 4-5 the Core is expected to shift to GhV test case. The FRNT assay is rapid (36hrs), high throughput, 
and performed in 96-well plates to establish typical 7-point dose response virus neutralization data and 
performed at BSL-2. Typically, immune sera, mAbs, or other entry inhibitors are analyzed by serially dilution and 
mixed with virus (rCedV-NiV-B-GFP or rCedV-HeV-GFP) for 2hrs then samples used in triplicate to infect 
confluent Vero 76 cells in black-walled clear bottom 96-well plates and incubated 24hrs, and then plates are 
fixed and imaged and fluorescent foci quantitated with CTL Basic Count software. The 50% inhibitory 
concentration (IC50) is determined by 50% reduction in fluorescent foci versus untreated controls.  

Anticipated Results, Potential Pitfalls and Alternative Strategies. We anticipate the reporter viruses will 
replicate to titers fit for purpose. Neutralization assays will typically be conducted as 3 independent repeats and 
the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. If we encounter 
unexpected limitations in rescuing VSV-based or rCedV-based GhV F/G bearing reporter viruses; we will 1) test 
different ratios of helper plasmids and antigenome plasmids; 2) perform rescue using different cell lines; 3) 
construct alternate versions of the GhV F and G genes within the antigenome plasmids, such as truncating the 
GhV G protein which has been shown to enhance GhV mediated F/G membrane fusion13. Alternatively, fusion 
of the GhV F and G ectodomains with the transmembrane and cytoplasmic tail domains of the corresponding 
CedV F and G elements may facilitate virus particle formation and membrane fusion activity.  

Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical 
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis. 

The Core D Leader and Co-Leaders will work closely with the Project Leaders and key staff of RP1 and RP2 to 
develop vaccination, treatment and sampling regimens, study protocols, and animal protocols that utilize 
countermeasures identified in RP1 and RP2. The Core Leader and Co-Leaders will write and obtain UTMB 
IACUC approval for all animal protocols performed in Core D. The animal models and clinical pathology, 
immunology, virology, and histopathology assays employed for Aim 3 are detailed below. All raw data as well as 
graphed or tabulated data generated by Core D will be handled and analyzed in coordination with the Core B. 

Animal models:  Core D will employ established animal models for HeV, LASV, JUNV, RVFV, and SFTSV. 
While animal models exist for SOSV and JUNV we will optimize these models to fill gaps and provide new tools 
as detailed in Aim 4 below. Mice, guinea pigs, hamsters, ferrets, and cats have been used as small animal 
models of HeV infection14. This project will employ Syrian golden hamsters as the small animal model of HeV 
disease because they are more suitable than other small animals for screening large numbers of vaccines and 



mAbs.  Using hamsters will allow us to select optimal vaccine and mAb formulations and regimens prior to 
efficacy testing in NHPs. In 2010 Drs. Geisbert and Broder developed the first highly lethal NHP model for 
henipavirus infection (Nipah virus) using African green monkeys (AGM)15. They subsequently developed a lethal 
AGM model for HeV infection16. Henipavirus NHP models mirror human disease with animals showing severe 
respiratory pathology, neurological disease, and generalized vasculitis. For LASV and JUNV, Core D will use 
established lethal outbred guinea pig models that cover several lineages of LASV17-21 and several genetically 
distinct strains of JUNV22-25 as guinea pigs are the only immunocompetent small animal model for LASV and 
JUNV disease.  Core D will also use established cynomolgus monkey models that cover several genetically 
distinct lineages of LASV26-29 and strains of JUNV30. 

Animal vaccinations:  All animals will be obtained from commercial vendors and allowed to acclimate prior to 
vaccination (~ 3-7 days for mice, hamsters, and guinea pigs and ~ 14 days for ferrets and NHPs).  Mice, 
hamsters, and guinea pigs will be vaccinated by intramuscular (i.m.) or intraperitoneal (i.p.) injection of the 
vaccines provided by RP1. Ferrets and NHPs will be vaccinated by i.m. injection of the vaccines provided by 
RP1. All animals will be vaccinated in ABSL-2. Animals will be monitored daily for any reaction or adverse events 
caused by the vaccination. Blood will be collected for plasma, serum, and PBMC isolations before vaccination 
and at times after vaccination for assessment of the host immune response. 

Animal challenges:  Hamsters, ferrets, and NHPs will be challenged with infectious HeV or SOSV as previously 
described31-33. After appropriate acclimation, hamsters and ferrets will be exposed to HeV or SOSV by intranasal 
(i.n.) or i.p. administration of virus.  NHPs will be challenged with HeV by the intratracheal (i.t.) and/or i.n. routes. 
Mice, guinea pigs, and ferrets will be exposed to arenaviruses and phleboviruses by i.p. injection19,24,25,34,35. NHPs 
will be exposed to LASV or JUNV by i.m. injection28-30 while marmosets will be exposed to RVFV as previously 
described36. For all animals, blood will be collected with or without anticoagulants for plasma and serum 
isolations, respectively, at times before paramyxovirus, arenavirus, or phlebovirus challenge, on the day of 
challenge, and at various times after challenge as detailed in RP1 and RP2. Animals will be monitored for clinical 
signs daily. We will apply a scoring sheet approved by the UTMB IACUC depicted in the Vertebrate Animals 
section to assist in determining the time of euthanasia depending on clinical signs (e.g., respiratory distress, 
anorexia, activity, appearance, neurologic signs, etc.).  Animals will be euthanized according to the 2013 AVMA 
Guidelines on Euthanasia. Any surviving animals will be euthanized on day 35-42 days after paramyxovirus, 
arenavirus, or phlebovirus challenge. 

Clinical pathology assays:  Hematology on EDTA whole blood: For NHP studies, we will measure the following 
parameters at time points before and after HeV, LASV, or JUNV challenge:  total white blood cell counts (WBC), 
percent lymphocytes (LY), percent monocytes (MO), percent neutrophils (NEU), percent eosinophils (EOS), 
percent basophils (BAS), total lymphocyte counts (LY#), total monocyte counts (MO#), total neutrophil counts 
(NEU#), total eosinophil counts (EOS #), total basophil counts (BAS #), red blood cell counts (RBC), total 
hemoglobin (Hgb), hematocrit values (HCT), mean cell volume (MCV), mean corpuscular hemoglobin (MCH), 
mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets (PLT), and 
mean platelet volume (MPV), and Plateletcrit (PCT). Values will be obtained from the Abaxis VetScan HM5 
following manufacturer’s directions.   

Clinical chemistry on serum:  For NHP studies, the following parameters will be measured at time points before 
and after HeV, LASV, and JUNV challenge:  Albumin (ALB), amylase (AMY), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), glucose 
(GLU), total protein (TP), blood urea nitrogen (BUN), and creatinine (CRE), C-reactive protein (CRP), Calcium 
(Ca2+), and uric acid (UA). Values will be obtained from the Abaxis Piccolo chemistry analyzer following 
manufacturer’s directions. 

Viral load assays:  PCR Assay:  To assess viral loads in whole blood and tissues, RNA will be extracted using 
a virus RNA isolation kit (Qiagen, Valencia, CA) followed by TaqMan PCR for the viral genome being studied. 
Qiagen buffers have been safety tested for inactivation of paramyxoviruses, arenaviruses, and phleboviruses. 
PCR assays employed for HeV, SOSV, LASV, JUNV, RVFV, and SFTSV have been previously described28-

30,33,37-39. 

Plaque Assay: The plaque assays employed for paramyxoviruses, arenaviruses, and phleboviruses have 
previously been described28-30,33,40. Briefly, 10-fold dilutions (10-1 to 10-6) of serum, plasma, or whole blood 
samples are prepared in cell maintenance medium (DMEM/10%FBS/gentamicin) and adsorbed to 70-90% 
confluent monolayers of Vero E6 cells in 6-well plates, adding 0.2 mL/well. The plates are incubated at 37°C, 
5% CO2 for 45 min, with periodical rocking every 10-15 min. The incubation period is followed by addition of 2 



mL 1% agarose-containing medium (2X EBME/Hepes/10% FBS/gentamicin) to each well. After the agarose has 
solidified, the plates are returned to the C02 incubator and maintained for 2-14 days until plaques are visualized. 
At this time, 2 mL PBS containing 5% neutral red and 5% FBS is added to each well, the plates returned to the 
CO2 incubator and held overnight. The following day, the liquid stain overlay is removed from each well and 
plaques are counted. 

Bead-based multiplex assays:  Plasma inflammatory mediators, thrombosis markers, and fibrinolysis analytes 
were measured by flow cytometry using Biolegend LegendPlex assays and a FACS Canto-II cytometer (Becton 
Dickson). Samples will be processed in duplicate for each Nonhuman Primate Inflammation 13-plex (1:4 dilution), 
Human Thrombosis (1:100), and Human Fibrinolysis (1:40,000) panel as previously described41-43. 

Gross pathology and histopathology:  A necropsy will be performed on all NHPs. We will examine the external 
surfaces of the body, all orifices, and the thoracic and peritoneal cavities and their contents. Core D will prepare 
a written report of the gross pathology findings of each NHP. The following NHP tissues will be collected at 
necropsy, fixed in 10% neutral-buffered formalin, embedded in paraffin, and stained by H&E:  liver, spleen, lung, 
kidney, adrenal gland, pancreas, axillary lymph node, inguinal lymph node, mesenteric lymph node, duodenum, 
ileum, colon, brain (frontal cortex, cerebellum, brain stem), cervical spinal cord, urinary bladder, ovary or testis, 
prostate or uterus, and eye. A microscopic evaluation will be performed on H&E slides of all tissues collected 
from all NHPs by an ACVP board certified veterinary pathologist. Reports of the histologic findings of each tissue 
from each animal will be provided to RP1 Leaders. In consultation with the RP1 Leaders, Core D may also 
perform immunohistochemical and/or special stains such as PTAH for fibrin as previously described28-30,33. 

Quality systems management of all records and data collected from animal studies:  Although the animal 
studies conducted by Core D will not be required to be performed under GLP compliance, UTMB will provide 
Quality Assurance that will achieve data quality and integrity when conducting animal experiments. Quality refers 
to whether the study was conducted in accordance with the protocol, standard operating procedures, and 
applicable standards of research. Integrity refers to assurance that the raw data and documentation are 
consistent with reported results. All animal study personnel will be trained by the UTMB Office of Regulated 
Nonclinical Studies (ORNcS). on Good Documentation Practices (GDP). All animal study data generated by 
Core D will be provided to Core B as detailed in the Core B Research Strategy. 

Aim 4:  Develop and/or optimize animal models for Sosuga virus and Junin virus. 

For HeV and LASV Core D will employ animal models that have already been developed and are well 
established. However, for SOSV, JUNV, RVFV, SFTSV while animal models exist there are gaps that need to 
be addressed.  Recently, it was shown that i.n. or i.p. infection of hamsters with SOSV resulted in viremia and 
mild clinical disease34 but there is no lethal model for SOSV.  Core B will further explore the hamster model for 
SOSV by 1) using higher challenge doses of SOSV which is often required to produce lethal disease in other 
paramyxovirus hamster models32,44 or 2) serially passage of tissues in hamsters.  Core D will also assess the 
pathogenic potential of ferrets for SOSV as they are often used as animal models for paramyxoviruses.  For 
arenaviruses such as JUNV, serial adaptation is often required to produce lethal disease in outbred guinea pigs. 
While adapted viruses have utility in assessing the protecting efficacy of medical countermeasures in animal 
models non adapted wild type viruses are preferred to better assess vaccines and treatments. We and others 
recently showed that for Ebolaviruses while serial adaptation is required to produce lethality in mice, hamsters, 
and guinea pigs, infection of ferrets with Zaire ebolavirus, Sudan ebolavirus, Bundibugyo ebolavirus, or Reston 
ebolavirus resulted in uniform lethality with wild type viruses and did not require adaptation45-48.  Therefore, Core 
D will assess the pathogenic potential of JUNV in ferrets.  
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From: Geisbert, Thomas W. on behalf of Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
To: Neil King
Cc: Cross, Robert W.; David Veesler; Freiberg, Alexander N.; Ikegami, Tetsuro; Lynda Stuart; kherrera;
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Here you go.  We need you to add a little that is highlighted as we were not sure of the final
Center structure.  Alex, Tetsuro, I did not think they you were proposing new reporter viruses
or animal models for RVFV or SFTSV.  If that is not correct we still have some room left in the
Research Strategy for additions.

From: Neil King <neilking@uw.edu>
Sent: Thursday, June 1, 2023 8:38 PM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Cc: Cross, Robert W. <rwcross@UTMB.EDU>; David Veesler <dveesler@uw.edu>; Freiberg,
Alexander N. <anfreibe@UTMB.EDU>; Ikegami, Tetsuro <teikegam@utmb.edu>; Lynda Stuart
<lyndast@uw.edu>; kherrera <kherrera@uw.edu>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: Re: UTMB update on REVAMPP materials.
 

Gentlemen,

We really need completed science documents.

Thanks,
Neil

On Thu, Jun 1, 2023 at 9:08 AM Geisbert, Thomas W. <twgeisbe@utmb.edu> wrote:
It is mostly written.  Chris is in the process of integrating some preliminary data.

From: Cross, Robert W. <rwcross@UTMB.EDU>
Sent: Thursday, June 1, 2023 10:28 AM
To: David Veesler <dveesler@uw.edu>; Neil King <neilking@uw.edu>
Cc: Stutz, Sonja J. <sjstutz@utmb.edu>; Freiberg, Alexander N. <anfreibe@UTMB.EDU>; Ikegami,
Tetsuro <teikegam@utmb.edu>; Lynda Stuart <lyndast@uw.edu>; kherrera <kherrera@uw.edu>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Haller, Sherry <shhaller@UTMB.EDU>;
Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Subject: RE: UTMB update on REVAMPP materials.
 
Looping Tom in here for an update.
 


Project Summary

Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the zoonotic henipavirus Hendra virus (HeV) is on the World Health Organizations (WHO) Priority Pathogens list. Notably, henipaviruses stand out for their impressive lethality with case fatality rates averaging about 75%. The Arenaviridae and Phelboviridae families contain viruses that cause severe hemorrhagic disease in humans. These viruses include the arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phleboviruses Rift Valley fever virus (RVFV) and severe fever with thrombocytopenia syndrome virus (SFTSV).  LASV and RVFV are also included among the WHO List of Priority Pathogens and pose threats to global public health due to the absence of approved vaccines or therapeutics. There is a clear unmet need for medical countermeasures to combat the threat of natural outbreaks, epidemics, or deliberate release. The Machine Learning-(ML)-Enabled Design of Prototype Pathogen Vaccines and Antibodies Center is a well-integrated consortium conducting a set of discovery and translational research programs composed of an Administrative Core, a Data Management Core, X Scientific Cores, and X Research Projects (RPs). The synergistic activities of the Center partners will be focused on developing novel vaccines, treatments, and tools to support pandemic preparedness. Federal law requires that the paramyxoviruses, arenaviruses, and phleboviruses used in the Center be handled in approved Biosafety Level (BSL)-3 and BSL-4 containment laboratories. Core D provides approved BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities and a trained and highly experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that support RP1 and RP2. The services provided by Core D will include 1) a secure repository of well characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses, arenaviruses, and phleboviruses 2) in vitro antiviral activity assays; 3) procurement of UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of animals; 5); development and/or optimization of animal models for strains or variants of Sosuga virus (SOSV) and JUNV to fill gaps where models are needed; 6) virus challenge, treatment, and collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological, immunological, and virological analysis of samples and to perform necropsies in BSL-3 and BLS-4 containment; 8) histopathological analysis of tissues collected from animals infected with BSL-3 and BSL-4 viruses; and 9) quality systems management of all records and data collected from animal studies.

Relevance

The Animal Models and Vaccine Evaluation Scientific Core (Core D) provides BSL-3 and BSL-4 resources and expertise for RP1 and RP2. The goal of Core D is to work closely with Research Project and Scientific Core Leaders and staff, the Scientific Advisory Board, and NIAID to advance the development of countermeasures against Paramyxoviridae and Bunyavlrales.


ANIMAL MODELS AND VACCINE EVALUATION SCIENTIFIC CORE (CORE D)



1.  SPECIFIC AIMS

The main objective of the Animal Models and Vaccine Evaluation Scientific Core is to test and characterize the host response and efficacy of the vaccines and monoclonal antibody (mAb) based treatments identified in RP1 and RP2 against paramyxoviruses, arenaviruses, and phleboviruses under BSL-3/ABSL-3 and BSL-4/ABSL-4 containment. The Core will also develop select reporter viruses and conduct cell-based assays to characterize vaccine-induced neutralizing antibody responses and mAbs. 



The Specific Aims of the Animal Models and Vaccine Evaluation Scientific Core are to:



Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed stocks of paramyxoviruses, arenaviruses, and phleboviruses.



Aim 2:  Provide technical expertise and conduct in vitro assays.



Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis.



Aim 4:  Develop and/or optimize animal models for Sosuga virus and Junin virus.



The Aims will be achieved by the following specific functions to be carried out by the Animal Models and Vaccine Evaluation Scientific Core Leader, Co-Core Leaders, and personnel:



1. Maintain records of well characterized BSL-3 and BSL-4 Hendra virus (HeV), Sosuga virus (SOSV), Lassa virus (LASV), Junin virus (JUNV), Rift valley fever virus (RVFV), and severe fever with thrombocytopenia syndrome virus (SFTSV) seed stocks including background history, passage history, genomic information, periodic monitoring of titer, mycoplasma testing, endotoxin testing, and sterility testing.

2. Perform in vitro antiviral activity assays. Including high-throughput BSL-2 based neutralization testing of henipavirus vaccine responses and mAbs.

3. Assist Center Investigators in designing animal studies, prepare animal protocols, and obtain IACUC approval of BSL-3 and BSL-4 animal studies.

4. Perform animal challenges using well characterized HeV, SOSV, LASV, JUNV, RVFV, and SFTSV seed stocks for RP1 and RP2.

5. Perform vaccination and treatment of animals with vaccines and treatments provided by RP1 and RP2.

6. Provide samples from animals collected during the vaccination portion of studies to RP1 for immunological analysis.

7. Perform all duties associated with animal challenge studies including monitoring of animals, collection of samples, and necropsies.

8. Perform clinical pathology assays including hematology and clinical chemistry assays.

9. Perform virology assays on blood and/or tissue samples collected from infected animals including viral load by plaque assay and RT-PCR.

10. Perform gross pathology analysis on all animals at necropsy.

11. Perform histopathologic analysis on tissues from animals collected at necropsy.

12. Develop and/or optimize animal models for SOSV and JUNV to fill gaps; make these models available to Center Research Projects and Scientific Cores as well as external ReVAMPP Centers

13. Provide all data generated in Core D to Data Management Core B.


RESEARCH STRATEGY

A. SIGNIFICANCE

[bookmark: _Hlk136591675][bookmark: _Hlk136592432]Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the zoonotic henipavirus Hendra virus (HeV) is on the World Health Organizations (WHO) Priority Pathogens list. Notably, henipaviruses stand out for their impressive lethality with case fatality rates averaging about 75%. The Arenaviridae and Phelboviridae families contain viruses that cause severe hemorrhagic disease in humans. These viruses include the arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phleboviruses Rift Valley fever virus (RVFV) and severe fever with thrombocytopenia syndrome virus (SFTSV).  LASV and RVFV are also included among the WHO List of Priority Pathogens and pose threats to global public health due to the absence of approved vaccines or therapeutics. There is a clear unmet need for medical countermeasures to combat the threat of natural outbreaks, epidemics, or deliberate release. The Machine Learning-(ML)-Enabled Design of Prototype Pathogen Vaccines and Antibodies Center is a well-integrated consortium conducting a set of discovery and translational research programs composed of an Administrative Core, a Data Management Core, X Scientific Cores, and X Research Projects (RPs). The synergistic activities of the Center partners will be focused on developing novel vaccines, treatments, and tools to support pandemic preparedness. Federal law requires that the paramyxoviruses, arenaviruses, and phleboviruses used in the Center be handled in approved Biosafety Level (BSL)-3 and BSL-4 containment laboratories. Core D provides approved BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities and a trained and highly experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that support RP1 and RP2. The services provided by Core D will include 1) a secure repository of well characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses, arenaviruses, and phleboviruses 2) in vitro antiviral activity assays; 3) procurement of UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of animals; 5); development and/or optimization of animal models for strains or variants of Sosuga virus (SOSV) and JUNV to fill gaps where models are needed; 6) virus challenge, treatment, and collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological, immunological, and virological analysis of samples and to perform necropsies in BSL-3 and BLS-4 containment; 8) histopathological analysis of tissues collected from animals infected with BSL-3 and BSL-4 viruses; and 9) quality systems management of all records and data collected from animal studies.

All X of the RPs within the Center focus on developing vaccines or monoclonal antibody (mAb) based therapies against paramyxoviruses, arenaviruses, and phleboviruses. RP1 and RP2 require that countermeasures be evaluated in animals against infectious paramyxoviruses, arenaviruses, and phleboviruses. As HeV, LASV, JUNV, and RVFV are CDC and/or USDA select agents Federal regulations require that these viruses be handled in Biosafety Level (BSL)-3 or BSL-4 containment. Core D provides approved BSL-3/ABSL-3 and BSL-4/BSL-4 facilities and a trained and experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that support RP1 and RP2.

B.  INNOVATION

Scientific Core D will be co-located within the Galveston National Laboratory (GNL) and Robert Shope Laboratory at the University of Texas Medical Branch (UTMB) at Galveston. The GNL is a high and maximum-containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda and stands ready to assist local, state and national public health efforts in the event of a public health emergency. The facility is unique in that it is one of two operational BSL-4 facilities in the United States that is located on an academic campus. This unique location benefits the Center in several ways. Regarding physical resources the GNL is a state-of-the-art facility with many specialized assets including BSL-4 imaging, telemetry, and aerobiology equipment. In addition, being located on an academic campus Drs. Geisbert (Core D, Project Leader (PL), Cross, Freiberg, and Ikegami are faculty members in the Departments of Microbiology and Immunology and Pathology. This academic environment is a major strength, that fosters creativity and collaboration with other UTMB investigators which will be beneficial to the overall success of Core D. Dr. Broder, is faculty member of the Department of Microbiology and Immunology at Uniformed Services University (USU). Drs. Broder and Geisbert have a long-standing emerging virus research collaboration which has included the development and characterization the first nonhuman primate (NHP) models for HeV and Nipah virus (NiV) that will be employed by the Center’s RPs. Another strength within the Core is Drs. Geisbert, Broder, Cross, and Veesler (Center Co-PI) currently collaborate and lead active henipavirus projects that are focused on translational countermeasure development which includes more traditional vaccine and mAb therapeutics approaches, and the shared knowledge base and experience in these areas will greatly facilitate the Core’s abilities in supporting the Center’s research goals in applying advanced machine learning-enabled designs of effective prototype pathogen vaccines and antibodies.  Along with animal model development and animal modeling expertise, many of the unique virological tools including recombinantly generated RNA viruses, reporter gene-encoding viruses, and other pseudotype virus technologies, that will be employed by the Core, have been developed from UTMB-USU collaboration. 

C.  APPROACH

Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed stocks of paramyxoviruses, arenaviruses, and phleboviruses.

Paramyxovirus, arenavirus, and phlebovirus seed stocks. UTMB will provide fully equipped BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities that are required to work with HeV, SOSV, LASV, JUNV, RVFV, and SFTSV. UTMB will also provide and maintain all required approvals to work these viruses. The BSL-3 and BSL-4 paramyxovirus, arenavirus, and phlebovirus seed stocks employed for RP1 and RP2 have been or will be titered by conventional standard plaque assay and qRT-PCR as detailed in Aim 2 below. The virus strain identity of each seed stock has been or will be confirmed by sequence analysis. In addition, RNA has been or will be deep sequenced to verify the complete viral genome of each virus seed stock used for animal challenge studies.  We have or will test each seed stock for mycoplasma contamination. Endotoxin testing has been or will be performed on paramyxovirus, arenavirus, and phlebovirus stocks using the Endosafe PTS system (Charles River Laboratories) following the manufacturer’s instructions. The Endosafe PTS system is a cartridge-based testing system utilizing FDA-licensed cartridges (0.1 EU/ml, 0.05 EU/ml, 0.01 EU/ml, 0.05 EU/ml) for ultrasensitive testing.  Seed stocks will also be evaluated for morphological identity by transmission electron microscopy (TEM). Virus particle counts will be determined using a Virus Counter and confirmed by conventional TEM methods if needed. The bacteriological and mycological sterility of the product will be determined by selection of aliquots of the dispensed stock, inoculation of a sterile 500 ml bottle of Dulbecco's high glucose MEM with 10% FBS and then after 3 days subcultured to FTM and TBS media. paramyxovirus, arenavirus, and phlebovirus seed stocks will be inventoried in the UTMB BSL-4 and BSL-4 virus stock databases and secured in dedicated controlled access alarmed minus 80°C freezers in the GNL or Robert Shope Laboratory. Paramyxovirus, arenavirus, and phlebovirus seed stocks are monitored periodically for any changes in virus titer.

Plan for staffing, managing, and prioritizing Core use. The Core Leader and Co-Leaders have a cadre of staff that are trained and highly experienced in all BSL-3 and BSL-4 procedures and assays needed to conduct the proposed work. In addition to the Core Leader and Co-Leaders this staff includes an ACVP board certified veterinary pathologist, two BSL-4 contributing scientists, a BSL-4 Technical Director, a BSL-4 trained postdoctoral fellow, six BSL-4 experienced technical staff, a BSL-4 trained histotechnologist, and a BSL-4 trained graduate student. We do not anticipate any BSL-3 or BSL-4 scheduling problems regarding studies proposed in RP1 or RP2. However, we have developed a mitigation strategy if unforeseen events cause any prioritization of resources. A committee consisting of the Core D Leader, the PI of the Center, and the members of the external Scientific Advisory Committee (SAC) will review the status of RP1 and RP2 and any circumstances causing a prioritization of work. The Committee will also hold a meeting or teleconference (Zoom, Teams) with the Project Leaders and key staff of RP1 and RP2 to gather additional information. After careful review of all available information the Committee will then make a recommendation on prioritization to the Center PI. The Center PI will then consult with NIAID/NIH program staff and make the final determination on prioritization.

Aim 2:  Provide technical expertise and conduct in vitro assays.

In vitro antiviral activity assays:  Core D will perform conventional virus neutralization assays for RP1 and RP2 to determine the ability of sera/plasma from immunized animals from RP1 and antibodies from RP2 to inhibit the replication of paramyxoviruses, arenaviruses, and phleboviruses in vitro using infectious viruses in the UTMB BSL-3 and BSL-4 laboratories. In brief, cultures of Vero, Vero E6, SW13, or other cell types will be infected with a range of m.o.i. of paramyxoviruses, arenaviruses, and bunyaviruses and treated with various concentrations of the provided sera/plasma or antibodies. Cells and/or culture fluids will be harvested at various time points after infection and infectious virus enumerated by conventional plaque assay as detailed below.  

Develop chimeric reporter-gene encoding viruses and virus neutralization assays for BSL-2 use.

We have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP)1,2 , as well as employed reverse genetics to rescue authentic ABLV and various reporter gene-encoding viruses3,4. In addition, we have generated a reverse genetics platform for generating recombinant Cedar virus (rCedV) and rCedV chimeras whereby the fusion (F) and attachment (G) glycoprotein genes of rCedV were replaced with those of NiV-Bangladesh (NiV-B) or HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV), both with and without reporter genes4-8. The rCedV chimeras are a replication competent authentic henipavirus platform that is a high-throughput surrogate neutralization assay that is rapid, cost-effective and can be utilized outside high containment. Similar approaches will be applied here to generate new reporter viruses for Ghana bat virus (GhV). We will design, construct and rescue both VSV and rCedV chimeras that encode the envelope glycoproteins (fusion (F) and attachment (G) glycoproteins) of GhV. Two reporter-gene encoding versions will be attempted for VSV-GhV: one encoding GFP (VSV-GhV-GFP) and the other encoding the Photinus pyralis (firefly) luciferase gene (VSV-GhV-Luc). We will also construct and rescue GFP and Luc reporter gene encoding versions of rCedV chimeras encoding the GhV F and G genes (rCedV-GhV-GFP and rCedV-GhV-Luc) (Fig. 1). The rescued viruses will be characterized using cell-based infection tropism and growth kinetics assays. 

[image: ]Figure 1. Schematic of chimeric reporter viruses. (A)The VSV-ABLV G-GFP plasmid. Arrows indicate regions of self-cleavage. Unique sites MluI and KpnI to construct VSV-GhV-GFP and VSV-GhV-Luc. (B) pOLTV5opt-rCedV plasmid. Arrows indicate regions of self-cleavage. Unique sites MluI and SphI used to construct rCedV-GhV-GFP.

[bookmark: _heading=h.3znysh7]The rCedV (NiV-B and HeV) chimeric virus platform serves as a robust surrogate neutralization assay system for quantifying antibody neutralization potency of anti-NiV and anti-HeV antisera and mAbs8. The neutralizing potencies of several well-characterized cross-reactive NiV/HeV F and G specific mAbs against rCedV-NiV-B-GFP and rCedV-HeV-GFP are highly correlated with those obtained using authentic NiV-B and HeV when tested in parallel by plaque reduction neutralization test (PRNT). Pearson correlation of rCedV chimeras BSL-2 PRNT to the NiV-B or HeV BSL-4 PRNT is shown in Fig. 2a. A high-throughput quantitative assay based on reduction of GFP foci (fluorescent reduction neutralization test (FRNT)) was also developed. Correlation analysis with mAb neutralization values by PRNT vs FRNT (Fig. 2b), Pearson’s r ≥ 0.9 and p-value < 0.001).

[image: ]Figure 2. Panel a: Pearson correlation for BSL-2 PRNT vs BSL-4 PRNT (rCedV-NiV-B-GFP versus NiV-B (i-iv) and rCedV-HeV-GFP versus HeV (v-viii)). Panel b: Pearson correlation for PRNT vs FRNT ((rCedV-NiV-B-GFP (i-iv) and rCedV-HeV-GFP (v-viii)).

Rescue and characterize reporter viruses encoding GhV envelope glycoproteins.

[bookmark: _heading=h.gjdgxs]Generation of a VSV encoding GhV envelope glycoproteins. We will construct reporter gene encoding versions of a replication competent VSV encoding the GhV F and G glycoproteins (GFP and Luc) (Fig. 1A). A large gene cassette comprising VSV untranslated intergenic regions flanking the GhV F and G coding sequences will be synthesized. The GhV F and G coding sequences will be based on the GhV isolate Eid_hel/GH-M74a/GHA/2009 (GenBank: NC_025256.1). The GenBank accession number for GhV F is YP_009091837.1 and that for the GhV G protein is YP_009091838.1. Unique restriction enzyme sites, MluI and KpnI will facilitate the insertion of the GhV F and G gene cassette into the VSV backbone plasmid. The VSV-GhV-Luc will be similarly made. Cloning procedures are performed in E. coli Stbl2 and all plasmids verified by sequencing. Rescue will be performed in BSR-T7/5 cells, transfected helper plasmids, VSV-N, VSV-P, and VSV-L and the VSV-GhV-GFP or VSV-GhV-Luc antigenome plasmids. After 48hrs the cells and supernatants are collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus is performed using HEK293T cells by inoculation with the supernatant from step 1. When GFP fluorescence and/or cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus stocks stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and virus supernatants are purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% sucrose/TNE buffer, and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. Virus stocks are tittered by serial dilution on HEK293T cells by plaque assay9. 

Generation of rCedV encoding GhV envelope glycoproteins. rCedV-GhV-GFP will be produced by synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the GhV F and G coding sequences. The CedV non-coding intergenic regions are retained as is adherence to the genomic “rule of six”. Unique restriction sites, MluI and SphI will facilitate the insertion of the GhV F and G gene cassette into the genome clone (pOLTV5opt-rCedV) generating rCedV-GhV-GFP (Fig. XB). All cloning is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-GhV-GFP antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve Vero 76 cells (T-75 flasks) to prepare a virus stock. At maximal syncytia and GFP (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored as single use aliquots at -80°C7,10,11.

Characterization of the recombinant reporter viruses in cell-based infection assays: The replication kinetics of the VSV-based and rCedV-based GhV F/G encoding viruses will be assayed by Vero cell culture infection using MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and tittered. VSV-GhV F/G virus replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G1. Similarly, rCedV-GhV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV chimeras. Unlike NiV and HeV, GhV G engages only the ephrin-B2 ligand to trigger membrane fusion12. The GhV F/G bearing reporter viruses will be verified for this specific ephrin ligand tropism in cell infection and/or syncytia formation experiments and comparisons made to wildtype VSV or VSV-ABLV G and also alternatively to rCedV, and rCedV NiV/HeV chimeras. We have generated murine mAbs to GhV F and G (10C4-LY and 10D5-LY to GhV G; and 5B7-LY and 7C11-LY to GhV F) and these will be used in neutralization tests. The VSV-GhV-GFP assays will be conducted by FRNTs and VSV-GhV-Luc in luciferase assays.

[bookmark: _heading=h.30j0zll][bookmark: _heading=h.1fob9te][bookmark: _Hlk135743869]Evaluating neutralization potential of vaccine platforms from other research projects. Our rCeV chimeras (rCedV-NiV-B-GFP and rCedV-HeV-GFP) will allow this Core to conduct large numbers of neutralization tests by FRNT, to the many ML-derived prototype henipavirus vaccine antigen constructs, mAbs, and nanobinders, that will be generated by the Center’s RPs. In Center years 1-3 the focus will be on HeV and NiV prototypes, and in years 4-5 the Core is expected to shift to GhV test case. The FRNT assay is rapid (36hrs), high throughput, and performed in 96-well plates to establish typical 7-point dose response virus neutralization data and performed at BSL-2. Typically, immune sera, mAbs, or other entry inhibitors are analyzed by serially dilution and mixed with virus (rCedV-NiV-B-GFP or rCedV-HeV-GFP) for 2hrs then samples used in triplicate to infect confluent Vero 76 cells in black-walled clear bottom 96-well plates and incubated 24hrs, and then plates are fixed and imaged and fluorescent foci quantitated with CTL Basic Count software. The 50% inhibitory concentration (IC50) is determined by 50% reduction in fluorescent foci versus untreated controls. 

Anticipated Results, Potential Pitfalls and Alternative Strategies. We anticipate the reporter viruses will replicate to titers fit for purpose. Neutralization assays will typically be conducted as 3 independent repeats and the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. If we encounter unexpected limitations in rescuing VSV-based or rCedV-based GhV F/G bearing reporter viruses; we will 1) test different ratios of helper plasmids and antigenome plasmids; 2) perform rescue using different cell lines; 3) construct alternate versions of the GhV F and G genes within the antigenome plasmids, such as truncating the GhV G protein which has been shown to enhance GhV mediated F/G membrane fusion13. Alternatively, fusion of the GhV F and G ectodomains with the transmembrane and cytoplasmic tail domains of the corresponding CedV F and G elements may facilitate virus particle formation and membrane fusion activity. 

Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis.

The Core D Leader and Co-Leaders will work closely with the Project Leaders and key staff of RP1 and RP2 to develop vaccination, treatment and sampling regimens, study protocols, and animal protocols that utilize countermeasures identified in RP1 and RP2. The Core Leader and Co-Leaders will write and obtain UTMB IACUC approval for all animal protocols performed in Core D. The animal models and clinical pathology, immunology, virology, and histopathology assays employed for Aim 3 are detailed below. All raw data as well as graphed or tabulated data generated by Core D will be handled and analyzed in coordination with the Core B.

Animal models:  Core D will employ established animal models for HeV, LASV, JUNV, RVFV, and SFTSV. While animal models exist for SOSV and JUNV we will optimize these models to fill gaps and provide new tools as detailed in Aim 4 below. Mice, guinea pigs, hamsters, ferrets, and cats have been used as small animal models of HeV infection14. This project will employ Syrian golden hamsters as the small animal model of HeV disease because they are more suitable than other small animals for screening large numbers of vaccines and mAbs.  Using hamsters will allow us to select optimal vaccine and mAb formulations and regimens prior to efficacy testing in NHPs. In 2010 Drs. Geisbert and Broder developed the first highly lethal NHP model for henipavirus infection (Nipah virus) using African green monkeys (AGM)15. They subsequently developed a lethal AGM model for HeV infection16. Henipavirus NHP models mirror human disease with animals showing severe respiratory pathology, neurological disease, and generalized vasculitis. For LASV and JUNV, Core D will use established lethal outbred guinea pig models that cover several lineages of LASV17-21 and several genetically distinct strains of JUNV22-25 as guinea pigs are the only immunocompetent small animal model for LASV and JUNV disease.  Core D will also use established cynomolgus monkey models that cover several genetically distinct lineages of LASV26-29 and strains of JUNV30.

Animal vaccinations:  All animals will be obtained from commercial vendors and allowed to acclimate prior to vaccination (~ 3-7 days for mice, hamsters, and guinea pigs and ~ 14 days for ferrets and NHPs).  Mice, hamsters, and guinea pigs will be vaccinated by intramuscular (i.m.) or intraperitoneal (i.p.) injection of the vaccines provided by RP1. Ferrets and NHPs will be vaccinated by i.m. injection of the vaccines provided by RP1. All animals will be vaccinated in ABSL-2. Animals will be monitored daily for any reaction or adverse events caused by the vaccination. Blood will be collected for plasma, serum, and PBMC isolations before vaccination and at times after vaccination for assessment of the host immune response.

Animal challenges:  Hamsters, ferrets, and NHPs will be challenged with infectious HeV or SOSV as previously described31-33. After appropriate acclimation, hamsters and ferrets will be exposed to HeV or SOSV by intranasal (i.n.) or i.p. administration of virus.  NHPs will be challenged with HeV by the intratracheal (i.t.) and/or i.n. routes. Mice, guinea pigs, and ferrets will be exposed to arenaviruses and phleboviruses by i.p. injection19,24,25,34,35. NHPs will be exposed to LASV or JUNV by i.m. injection28-30 while marmosets will be exposed to RVFV as previously described36. For all animals, blood will be collected with or without anticoagulants for plasma and serum isolations, respectively, at times before paramyxovirus, arenavirus, or phlebovirus challenge, on the day of challenge, and at various times after challenge as detailed in RP1 and RP2. Animals will be monitored for clinical signs daily. We will apply a scoring sheet approved by the UTMB IACUC depicted in the Vertebrate Animals section to assist in determining the time of euthanasia depending on clinical signs (e.g., respiratory distress, anorexia, activity, appearance, neurologic signs, etc.).  Animals will be euthanized according to the 2013 AVMA Guidelines on Euthanasia. Any surviving animals will be euthanized on day 35-42 days after paramyxovirus, arenavirus, or phlebovirus challenge.

Clinical pathology assays:  Hematology on EDTA whole blood: For NHP studies, we will measure the following parameters at time points before and after HeV, LASV, or JUNV challenge:  total white blood cell counts (WBC), percent lymphocytes (LY), percent monocytes (MO), percent neutrophils (NEU), percent eosinophils (EOS), percent basophils (BAS), total lymphocyte counts (LY#), total monocyte counts (MO#), total neutrophil counts (NEU#), total eosinophil counts (EOS #), total basophil counts (BAS #), red blood cell counts (RBC), total hemoglobin (Hgb), hematocrit values (HCT), mean cell volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets (PLT), and mean platelet volume (MPV), and Plateletcrit (PCT). Values will be obtained from the Abaxis VetScan HM5 following manufacturer’s directions.  

Clinical chemistry on serum:  For NHP studies, the following parameters will be measured at time points before and after HeV, LASV, and JUNV challenge:  Albumin (ALB), amylase (AMY), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), glucose (GLU), total protein (TP), blood urea nitrogen (BUN), and creatinine (CRE), C-reactive protein (CRP), Calcium (Ca2+), and uric acid (UA). Values will be obtained from the Abaxis Piccolo chemistry analyzer following manufacturer’s directions.

Viral load assays:  PCR Assay:  To assess viral loads in whole blood and tissues, RNA will be extracted using a virus RNA isolation kit (Qiagen, Valencia, CA) followed by TaqMan PCR for the viral genome being studied. Qiagen buffers have been safety tested for inactivation of paramyxoviruses, arenaviruses, and phleboviruses. PCR assays employed for HeV, SOSV, LASV, JUNV, RVFV, and SFTSV have been previously described28-30,33,37-39.

Plaque Assay: The plaque assays employed for paramyxoviruses, arenaviruses, and phleboviruses have previously been described28-30,33,40. Briefly, 10-fold dilutions (10-1 to 10-6) of serum, plasma, or whole blood samples are prepared in cell maintenance medium (DMEM/10%FBS/gentamicin) and adsorbed to 70-90% confluent monolayers of Vero E6 cells in 6-well plates, adding 0.2 mL/well. The plates are incubated at 37°C, 5% CO2 for 45 min, with periodical rocking every 10-15 min. The incubation period is followed by addition of 2 mL 1% agarose-containing medium (2X EBME/Hepes/10% FBS/gentamicin) to each well. After the agarose has solidified, the plates are returned to the C02 incubator and maintained for 2-14 days until plaques are visualized. At this time, 2 mL PBS containing 5% neutral red and 5% FBS is added to each well, the plates returned to the CO2 incubator and held overnight. The following day, the liquid stain overlay is removed from each well and plaques are counted.

Bead-based multiplex assays:  Plasma inflammatory mediators, thrombosis markers, and fibrinolysis analytes were measured by flow cytometry using Biolegend LegendPlex assays and a FACS Canto-II cytometer (Becton Dickson). Samples will be processed in duplicate for each Nonhuman Primate Inflammation 13-plex (1:4 dilution), Human Thrombosis (1:100), and Human Fibrinolysis (1:40,000) panel as previously described41-43.

Gross pathology and histopathology:  A necropsy will be performed on all NHPs. We will examine the external surfaces of the body, all orifices, and the thoracic and peritoneal cavities and their contents. Core D will prepare a written report of the gross pathology findings of each NHP. The following NHP tissues will be collected at necropsy, fixed in 10% neutral-buffered formalin, embedded in paraffin, and stained by H&E:  liver, spleen, lung, kidney, adrenal gland, pancreas, axillary lymph node, inguinal lymph node, mesenteric lymph node, duodenum, ileum, colon, brain (frontal cortex, cerebellum, brain stem), cervical spinal cord, urinary bladder, ovary or testis, prostate or uterus, and eye. A microscopic evaluation will be performed on H&E slides of all tissues collected from all NHPs by an ACVP board certified veterinary pathologist. Reports of the histologic findings of each tissue from each animal will be provided to RP1 Leaders. In consultation with the RP1 Leaders, Core D may also perform immunohistochemical and/or special stains such as PTAH for fibrin as previously described28-30,33.

Quality systems management of all records and data collected from animal studies:  Although the animal studies conducted by Core D will not be required to be performed under GLP compliance, UTMB will provide Quality Assurance that will achieve data quality and integrity when conducting animal experiments. Quality refers to whether the study was conducted in accordance with the protocol, standard operating procedures, and applicable standards of research. Integrity refers to assurance that the raw data and documentation are consistent with reported results. All animal study personnel will be trained by the UTMB Office of Regulated Nonclinical Studies (ORNcS). on Good Documentation Practices (GDP). All animal study data generated by Core D will be provided to Core B as detailed in the Core B Research Strategy.

Aim 4:  Develop and/or optimize animal models for Sosuga virus and Junin virus.

For HeV and LASV Core D will employ animal models that have already been developed and are well established. However, for SOSV, JUNV, RVFV, SFTSV while animal models exist there are gaps that need to be addressed.  Recently, it was shown that i.n. or i.p. infection of hamsters with SOSV resulted in viremia and mild clinical disease34 but there is no lethal model for SOSV.  Core B will further explore the hamster model for SOSV by 1) using higher challenge doses of SOSV which is often required to produce lethal disease in other paramyxovirus hamster models32,44 or 2) serially passage of tissues in hamsters.  Core D will also assess the pathogenic potential of ferrets for SOSV as they are often used as animal models for paramyxoviruses.  For arenaviruses such as JUNV, serial adaptation is often required to produce lethal disease in outbred guinea pigs. While adapted viruses have utility in assessing the protecting efficacy of medical countermeasures in animal models non adapted wild type viruses are preferred to better assess vaccines and treatments. We and others recently showed that for Ebolaviruses while serial adaptation is required to produce lethality in mice, hamsters, and guinea pigs, infection of ferrets with Zaire ebolavirus, Sudan ebolavirus, Bundibugyo ebolavirus, or Reston ebolavirus resulted in uniform lethality with wild type viruses and did not require adaptation45-48.  Therefore, Core D will assess the pathogenic potential of JUNV in ferrets. 
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From: David Veesler <dveesler@uw.edu> 
Sent: Thursday, June 1, 2023 9:02 AM
To: Neil King <neilking@uw.edu>
Cc: Stutz, Sonja J. <sjstutz@utmb.edu>; Cross, Robert W. <rwcross@UTMB.EDU>;
Freiberg, Alexander N. <anfreibe@UTMB.EDU>; Ikegami, Tetsuro
<teikegam@utmb.edu>; Lynda Stuart <lyndast@uw.edu>; kherrera <kherrera@uw.edu>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Haller, Sherry
<shhaller@UTMB.EDU>
Subject: Re: UTMB update on REVAMPP materials.
 

Hi Bob et al,
 
Hope all is well.
 
I am checking in to confirm that you will be able to please send us a near final draft of the
science write-up for your Core in the next few hours?
 
Thanks in advance
David
 
On Tue, May 30, 2023 at 12:27 PM Neil King <neilking@uw.edu> wrote:

Thank you Sonja!
 
On Tue, May 30, 2023, 11:46 AM Stutz, Sonja J. <sjstutz@utmb.edu> wrote:

Hello Dr. King,
 
We have received internal approval on the budget, and I am working to get the info
loaded into the SF424 form now. I expect to have the budget, justification and LOI to
you by the end of the day.
 
Thanks,
Sonja
 
From: Neil King <neilking@uw.edu> 
Sent: Tuesday, May 30, 2023 12:25 PM
To: Cross, Robert W. <rwcross@UTMB.EDU>
Cc: Freiberg, Alexander N. <anfreibe@UTMB.EDU>; Ikegami, Tetsuro
<teikegam@utmb.edu>; Lynda Stuart <lyndast@uw.edu>; kherrera
<kherrera@uw.edu>; CHRISTOPHER BRODER <christopher.broder@usuhs.edu>;
David Veesler <dveesler@uw.edu>; Haller, Sherry <shhaller@UTMB.EDU>; Stutz,
Sonja J. <sjstutz@utmb.edu>
Subject: Re: UTMB update on REVAMPP materials.
 



Thanks Bob -- please find responses in-line below.
 
Best,
Neil
 

The admin documents were submitted to our OSP officials on Friday and we
have checked for an update.  Sonja is working on this and will respond when
more info is available.

 
Thank you. Do we have an estimated ETA for the arrival of the documents at UW?
 
 

Milestones/Goals for the Overall document.  Per the RFA, there are no
milestones required for cores, but we can make mention of the core’s role in
supporting RP milestones if that is what was meant?

 
Correct, thanks!
 
 

We are still passing the core’s science document around and adding needed
needed supporting data, hope to have this in a sharable form by this Thursday.

 
Could we please get a draft Specific Aims page today? This is necessary to allow us
to prepare to weave Core D into the rest of the proposal.

 
--
David Veesler, PhD
Investigator, Howard Hughes Medical Institute
Hans Neurath Endowed Chair in Biochemistry
Associate Professor, Department of Biochemistry
University of Washington, Seattle
veeslerlab.com
@veeslerlab



RESEARCH STRATEGY 

A. SIGNIFICANCE 
Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order 
Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the 
zoonotic henipavirus Hendra virus (HeV) is on the WHO Priority Pathogens list. Notably, henipaviruses stand 
out for their impressive lethality with case fatality rates averaging about 75%. The Arenaviridae and Phelboviridae 
families contain viruses that cause severe hemorrhagic disease in humans. These viruses include the 
arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phlebovirus Rift Valley fever virus (RVFV).  All 
of these viruses are also included among the World Health Organization’s (WHO) List of Priority Pathogens and 
pose threats to global public health due to the absence of approved vaccines or therapeutics. There is a clear 
unmet need for medical countermeasures to combat the threat of natural outbreaks, epidemics, or deliberate 
release. The Machine Learning-(ML)-Enabled Design of Prototype Pathogen Vaccines and Antibodies Center is 
a well-integrated consortium conducting a set of discovery and translational research programs composed of an 
Administrative Core, a Data Management Core, X Scientific Cores, and X Research Projects (RPs). The 
synergistic activities of the X Center partners will be focused on developing novel vaccines, treatments, and tools 
to support pandemic preparedness. Federal law requires that the paramyxoviruses, arenaviruses, and 
phleboviruses used in the X Center be handled in approved Biosafety Level (BSL)-3 and BSL-4 containment 
laboratories. Core D provides approved BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities and a trained and highly 
experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that support RP1 and RP2. The 
services provided by Core D will include 1) a secure repository of well characterized seed stocks of BSL-3 and 
BSL-4 paramyxoviruses, arenaviruses, and phleboviruses 2) in vitro antiviral activity assays; 3) procurement of 
UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of animals; 5); 
development and/or optimization of animal models for strains or variants of Sosuga virus (SOSV), JUNV, RVFV, 
and severe fever with thrombocytopenia syndrome virus (SFTSV) to fill gaps where models are needed; 6) virus 
challenge, treatment, and collection of samples from animals; 7) technical expertise and equipment to conduct 
clinical pathological, immunological, and virological analysis of samples and to perform necropsies in BLS-4 
containment; 8) histopathological analysis of tissues collected from animals infected with BSL-4 viruses; and 9) 
quality systems management of all records and data collected from animal studies. 

All X of the research projects within the X Center focus on developing vaccines or monoclonal antibody (mAb) 
based therapies against paramyxoviruses, arenaviruses, and phleboviruses. All X of these research projects 
require that countermeasures be evaluated in animals against infectious paramyxoviruses, arenaviruses, and 
phleboviruses. As HeV, LASV, JUNV, and RVFV are CDC and/or USDA select agents Federal regulations 
require that these viruses be handled in Biosafety Level (BSL)-3 or BSL-4 containment. Core D provides 
approved BSL-3/ABSL-3 and BSL-4/BSL-4 facilities and a trained and experienced team of BSL-3 and BSL-4 
investigators and staff to perform studies that support RP1 and RP2. 

B.  INNOVATION 
Scientific Core D will be co-located within the Galveston National Laboratory (GNL) and Robert Shope 
Laboratory at the University of Texas Medical Branch (UTMB) at Galveston. The GNL is a high and maximum-
containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious 
diseases research agenda and stands ready to assist local, state and national public health efforts in the event 
of a public health emergency. The facility is unique in that it is one of two operational BSL-4 facilities in the United 
States that is located on an academic campus. This unique location benefits the X Center in several ways. 
Regarding physical resources the GNL is a state-of-the-art facility with many specialized assets including BSL-
4 imaging, telemetry, and aerobiology equipment. In addition, being located on an academic campus Drs. 
Geisbert (Core D, Project Leader (PL), Cross, Freiberg, and Ikegami are faculty members in the Departments of 
Microbiology and Immunology and Pathology. This academic environment is a major strength, that fosters 
creativity and collaboration with other UTMB investigators which will be beneficial to the overall success of Core 
D. Dr. Broder, is faculty member of the Department of Microbiology and Immunology at Uniformed Services 
University (USU). Drs. Broder and Geisbert (PL) have a long-standing emerging virus research collaboration 
which has included the development and characterization the first nonhuman primate (NHP) models for HeV and 
Nipah virus (NiV) that will be employed by the Center’s RPs. Another strength within the Core is Drs. Geisbert, 
Broder, Cross, and Veesler (Center Co-PI) currently collaborate and lead active henipavirus projects that are 
focused on translational countermeasure development which includes more traditional vaccine and mAb 
therapeutics approaches, and the shared knowledge base and experience in these areas will greatly facilitate 
the Core’s abilities in supporting the Center’s research goals in applying advanced machine learning-enabled 



designs of effective prototype pathogen vaccines and antibodies.  Along with animal model development and 
animal modeling expertise, many of the unique virological tools including recombinantly generated RNA viruses, 
reporter gene-encoding viruses, and other pseudotype virus technologies, that will be employed by the Core, 
have been developed from UTMB-USU collaboration.  

C.  APPROACH 

Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed 
stocks of paramyxoviruses, arenaviruses, and phleboviruses. 

Paramyxovirus, arenavirus, and phlebovirus seed stocks. UTMB will provide fully equipped BSL-3/ABSL-3 
and BSL-4/ABSL-4 facilities that are required to work with HeV, SOSV, LASV, JUNV, RVFV, and SFTSV. UTMB 
will also provide and maintain all required approvals to work these viruses. The BSL-3 and BSL-4 paramyxovirus, 
arenavirus, and phlebovirus seed stocks employed for RP1 and RP2 have been or will be titered by conventional 
standard plaque assay and qRT-PCR as detailed in Aim 2 below. The virus strain identity of each seed stock 
has been or will be confirmed by sequence analysis. In addition, RNA has been or will be deep sequenced to 
verify the complete viral genome of each virus seed stock used for animal challenge studies.  We have or will 
test each seed stock for mycoplasma contamination. Endotoxin testing has been or will be performed on 
paramyxovirus, arenavirus, and phlebovirus stocks using the Endosafe PTS system (Charles River Laboratories) 
following the manufacturer’s instructions. The Endosafe PTS system is a cartridge-based testing system utilizing 
FDA-licensed cartridges (0.1 EU/ml, 0.05 EU/ml, 0.01 EU/ml, 0.05 EU/ml) for ultrasensitive testing.  Seed stocks 
will also be evaluated for morphological identity by transmission electron microscopy (TEM). Virus particle counts 
will be determined using a Virus Counter and confirmed by conventional TEM methods if needed. The 
bacteriological and mycological sterility of the product will be determined by selection of aliquots of the dispensed 
stock, inoculation of a sterile 500 ml bottle of Dulbecco's high glucose MEM with 10% FBS and then after 3 days 
subcultured to FTM and TBS media. paramyxovirus, arenavirus, and phlebovirus seed stocks will be inventoried 
in the UTMB BSL-4 and BSL-4 virus stock databases and secured in dedicated controlled access alarmed minus 
80°C freezers in the GNL or Robert Shope Laboratory. Paramyxovirus, arenavirus, and phlebovirus seed stocks 
are monitored periodically for any changes in virus titer. 

Plan for staffing, managing, and prioritizing Core use. The Core Leader and Co-Leaders have a cadre of 
staff that are trained and highly experienced in all BSL-3 and BSL-4 procedures and assays needed to conduct 
the proposed work. In addition to the Core Leader and Co-Leaders this staff includes an ACVP board certified 
veterinary pathologist, two BSL-4 contributing scientists, a BSL-4 Technical Director, a BSL-4 trained 
postdoctoral fellow, six BSL-4 experienced technical staff, a BSL-4 trained histotechnologist, and a BSL-4 trained 
graduate student. We do not anticipate any BSL-3 or BSL-4 scheduling problems regarding studies proposed in 
RP1 or RP2. However, we have developed a mitigation strategy if unforeseen events cause any prioritization of 
resources. A committee consisting of the Core D Leader, the PI of the Center, and the members of the external 
Scientific Advisory Committee (SAC) will review the status of RP1 and RP2 and any circumstances causing a 
prioritization of work. The Committee will also hold a meeting or teleconference (Zoom, Teams) with the Project 
Leaders and key staff of RP1 and RP2 to gather additional information. After careful review of all available 
information the Committee will then make a recommendation on prioritization to the Center PI. The X Center PI 
will then consult with NIAID/NIH program staff and make the final determination on prioritization. 

Aim 2:  Provide technical expertise and conduct in vitro assays. 

In vitro antiviral activity assays:  Core D will perform conventional virus neutralization assays for RP1 and 
RP2 to determine the ability of sera/plasma from immunized animals from RP1 and antibodies from RP2 to inhibit 
the replication of paramyxoviruses, arenaviruses, and phleboviruses in vitro using infectious viruses in the UTMB 
BSL-3 and BSL-4 laboratories. In brief, cultures of Vero, Vero E6, SW13, or other cell types will be infected with 
a range of m.o.i. of paramyxoviruses, arenaviruses, and bunyaviruses and treated with various concentrations 
of the provided sera/plasma or antibodies. Cells and/or culture fluids will be harvested at various time points after 
infection and infectious virus enumerated by conventional plaque assay as detailed below.   

Develop chimeric reporter-gene encoding viruses and virus neutralization assays for BSL-2 use. 
We have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter 
viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP) (PMID: 
23849788 and PMID: 24576301), as well as employed reverse genetics to rescue authentic ABLV and various 
reporter gene-encoding viruses (PMID: 32407866 and PMID: 30875748). In addition, we have generated a 
reverse genetics platform for generating recombinant Cedar virus (rCedV) and rCedV chimeras whereby the 



fusion (F) and attachment (G) glycoprotein genes of rCedV were replaced with those of NiV-Bangladesh (NiV-
B) or HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV), both with and 
without reporter genes (PMID: 35617431, PMID: 31548390, PMID: 29587789, PMID: 37243163). The rCedV 
chimeras are a replication competent authentic henipavirus platform that is a high-throughput surrogate 
neutralization assay that is rapid, cost-effective and can be utilized outside high containment. Similar approaches 
will be applied here to generate new reporter viruses for Ghana bat virus (GhV). We will design, construct and 
rescue both VSV and rCedV chimeras that encode the envelope glycoproteins (fusion (F) and attachment (G) 
glycoproteins) of GhV. Two reporter-gene encoding versions will be attempted for VSV-GhV: one encoding GFP 
(VSV-GhV-GFP) and the other encoding the Photinus pyralis (firefly) luciferase gene (VSV-GhV-Luc). We will 
also construct and rescue GFP and Luc reporter gene encoding versions? of rCedV chimeras encoding the GhV 
F and G genes (rCedV-GhV-GFP and rCedV-GhV-Luc) (Fig. 1). The rescued viruses will be characterized using 
cell-based infection tropism and growth kinetics assays.  

Figure 1. Schematic of chimeric reporter viruses. (A)The VSV-ABLV G-GFP plasmid. 
Arrows indicate regions of self-cleavage. Unique sites MluI and KpnI to construct VSV-
GhV-GFP and VSV-GhV-Luc. (B) pOLTV5opt-rCedV plasmid. Arrows indicate regions 
of self-cleavage. Unique sites MluI and SphI used to construct rCedV-GhV-GFP. 

The rCedV (NiV-B and HeV) chimeric virus platform serves as a robust 
surrogate neutralization assay system for quantifying antibody 
neutralization potency of anti-NiV and anti-HeV antisera and mAbs 
[Amaya et al, Viruses 2023   see comment box]. The neutralizing 

potencies of several well-characterized cross-reactive NiV/HeV F and G specific mAbs against rCedV-NiV-B-
GFP and rCedV-HeV-GFP are highly correlated with those obtained using authentic NiV-B and HeV when tested 
in parallel by plaque reduction neutralization test (PRNT). Pearson correlation of rCedV chimeras BSL-2 PRNT 
to the NiV-B or HeV BSL-4 PRNT is shown in Fig. 2a. A high-throughput quantitative assay based on reduction 
of GFP foci (fluorescent reduction neutralization test (FRNT)) was also developed. Correlation analysis with mAb 
neutralization values by PRNT vs FRNT (Fig. 2b), Pearson’s r ≥ 0.9 and p-value < 0.001). 

Figure 2. Panel a: Pearson correlation for BSL-2 PRNT vs BSL-4 PRNT 
(rCedV-NiV-B-GFP versus NiV-B (i-iv) and rCedV-HeV-GFP versus HeV 
(v-viii)). Panel b: Pearson correlation for PRNT vs FRNT ((rCedV-NiV-B-
GFP (i-iv) and rCedV-HeV-GFP (v-viii)). 

Rescue and characterize reporter viruses encoding GhV 
envelope glycoproteins. 
Generation of a VSV encoding GhV envelope glycoproteins. 
We will construct reporter gene encoding versions of a 
replication competent VSV encoding the GhV F and G 
glycoproteins (GFP and Luc) (Fig. 1A). A large gene cassette 
comprising VSV untranslated intergenic regions flanking the 
GhV F and G coding sequences will be synthesized. The GhV 
F and G coding sequences will be based on the GhV isolate 

Eid_hel/GH-M74a/GHA/2009 (GenBank: NC_025256.1). The GenBank accession number for GhV F is 
YP_009091837.1 and that for the GhV G protein is YP_009091838.1. Unique restriction enzyme sites, MluI and 
KpnI will facilitate the insertion of the GhV F and G gene cassette into the VSV backbone plasmid. The VSV-
GhV-Luc will be similarly made. Cloning procedures are performed in E. coli Stbl2 and all plasmids verified by 
sequencing. Rescue will be performed in BSR-T7/5 cells, transfected helper plasmids, VSV-N, VSV-P, and VSV-
L and the VSV-GhV-GFP or VSV-GhV-Luc antigenome plasmids. After 48hrs the cells and supernatants are 
collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus is 
performed using HEK293T cells by inoculation with the supernatant from step 1. When GFP fluorescence and/or 
cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus stocks 
stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and virus supernatants are 
purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% sucrose/TNE buffer, 
and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. Virus stocks are 
tittered by serial dilution on HEK293T cells by plaque assay (PMID: 32833351).  

Generation of rCedV encoding GhV envelope glycoproteins. rCedV-GhV-GFP will be produced by synthesizing 
large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the GhV F and G coding 
sequences. The CedV non-coding intergenic regions are retained as is adherence to the genomic “rule of six”. 



Unique restriction sites, MluI and SphI will facilitate the insertion of the GhV F and G gene cassette into the 
genome clone (pOLTV5opt-rCedV) generating rCedV-GhV-GFP (Fig. XB). All cloning is performed in E. coli Stbl2 
cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with 
CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-GhV-GFP 
antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus 
CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve 
Vero 76 cells (T-75 flasks) to prepare a virus stock. At maximal syncytia and GFP (~2–3 days), supernatants are 
collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep 
sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored 
as single use aliquots at -80°C (PMCID: PMC8631057, PMCID: PMC5869790, PMCID: PMC1563797). 

Characterization of the recombinant reporter viruses in cell-based infection assays: The replication kinetics of 
the VSV-based and rCedV-based GhV F/G encoding viruses will be assayed by Vero cell culture infection using 
MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and tittered. VSV-GhV F/G virus 
replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G (PMID: 23849788). 
Similarly, rCedV-GhV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV chimeras. Unlike NiV 
and HeV, GhV G engages only the ephrin-B2 ligand to trigger membrane fusion (PMID: 24296468). The GhV 
F/G bearing reporter viruses will be verified for this specific ephrin ligand tropism in cell infection and/or syncytia 
formation experiments and comparisons made to wildtype VSV or VSV-ABLV G and also alternatively to rCedV, 
and rCedV NiV/HeV chimeras. We have generated murine mAbs to GhV F and G (10C4-LY and 10D5-LY to 
GhV G; and 5B7-LY and 7C11-LY to GhV F) and these will be used in neutralization tests. The VSV-GhV-GFP 
assays will be conducted by FRNTs and VSV-GhV-Luc in luciferase assays. 

Evaluating neutralization potential of vaccine platforms from other research projects. Our rCeV chimeras 
(rCedV-NiV-B-GFP and rCedV-HeV-GFP) will allow this Core to conduct large numbers of neutralization tests 
by FRNT, to the many ML-derived prototype henipavirus vaccine antigen constructs, mAbs, and nanobinders, 
that will be generated by the Center’s RPs. In Center years 1-3 the focus will be on HeV and NiV prototypes, 
and in years 4-5 the Core is expected to shift to GhV test case. The FRNT assay is rapid (36hrs), high throughput, 
and performed in 96-well plates to establish typical 7-point dose response virus neutralization data and 
performed at BSL-2. Typically, immune sera, mAbs, or other entry inhibitors are analyzed by serially dilution and 
mixed with virus (rCedV-NiV-B-GFP or rCedV-HeV-GFP) for 2hrs then samples used in triplicate to infect 
confluent Vero 76 cells in black-walled clear bottom 96-well plates and incubated 24hrs, and then plates are 
fixed and imaged and fluorescent foci quantitated with CTL Basic Count software. The 50% inhibitory 
concentration (IC50) is determined by 50% reduction in fluorescent foci versus untreated controls.  

Anticipated Results, Potential Pitfalls and Alternative Strategies. We anticipate the reporter viruses will 
replicate to titers fit for purpose. Neutralization assays will typically be conducted as 3 independent repeats and 
the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. If we encounter 
unexpected limitations in rescuing VSV-based or rCedV-based GhV F/G bearing reporter viruses; we will 1) test 
different ratios of helper plasmids and antigenome plasmids; 2) perform rescue using different cell lines; 3) 
construct alternate versions of the GhV F and G genes within the antigenome plasmids, such as truncating the 
GhV G protein which has been shown to enhance GhV mediated F/G membrane fusion (PMID: 31470664). 
Alternatively, fusion of the GhV F and G ectodomains with the transmembrane and cytoplasmic tail domains of 
the corresponding CedV F and G elements may facilitate virus particle formation and membrane fusion activity.  

Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical 
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis. 

The Core D Leader and Co-Leaders will work closely with the Project Leaders and key staff of RP1 and RP2 to 
develop vaccination, treatment and sampling regimens, study protocols, and animal protocols that utilize 
countermeasures identified in RP1 and RP2. The Core Leader and Co-Leaders will write and obtain UTMB 
IACUC approval for all animal protocols performed in Core D. The animal models and clinical pathology, 
immunology, virology, and histopathology assays employed for Aim 3 are detailed below. All raw data as well as 
graphed or tabulated data generated by Core D will be handled and analyzed in coordination with the Core B. 

Animal models:  Core D will employ established animal models for HeV, LASV, RVFV, and SFTSV. While 
animal models also exist for SOSV and JUNV we will optimize these models to fill gaps and provide new tools 
as detailed in Aim 4 below. Mice, guinea pigs, hamsters, ferrets, and cats have been used as small animal 
models of HeV infection (PMID: 22476556). This project will employ Syrian golden hamsters as the small animal 



model of HeV disease because they are more suitable than other small animals for screening large numbers of 
vaccines and mAbs.  Using hamsters will allow us to select optimal vaccine and mAb formulations and regimens 
prior to efficacy testing in NHPs. In 2010 Drs. Geisbert and Broder developed the first highly lethal NHP model 
for henipavirus infection (Nipah virus) using African green monkeys (AGM) (PMCID: PMC2872660. ). They 
subsequently developed a lethal AGM model for HeV infection (PMCID: PMC2937751. ). Henipavirus NHP 
models mirror human disease with animals showing severe respiratory pathology, neurological disease, and 
generalized vasculitis. For LASV, Core D will use established lethal outbred guinea pig models that cover several 
lineages of LASV (PMCID: PMC1892204; PMCID: PMC4401668; PMCID: PMC5032844.; 
PMCID: PMC6763766; PMCID: PMC10052409 ) as guinea pigs are the only immunocompetent small animal 
model for Lassa fever.  Core D will also use established cynomolgus monkey models that cover several 
genetically distinct lineages of LASV (PMCID: PMC2681932. ; PMCID: PMC3104370. ; PMCID: PMC6934204.) 

Animal vaccinations:  All animals will be obtained from commercial vendors and allowed to acclimate prior to 
vaccination (~ 3-7 days for mice, hamsters, and guinea pigs and ~ 14 days for ferrets and NHPs).  Mice, 
hamsters, and guinea pigs will be vaccinated by intramuscular (i.m.) or intraperitoneal (i.p.) injection of the 
vaccines provided by RP1. Ferrets and NHPs will be vaccinated by i.m. injection of the vaccines provided by 
RP1. All animals will be vaccinated in ABSL-2. Animals will be monitored daily for any reaction or adverse events 
caused by the vaccination. Blood will be collected for plasma, serum, and PBMC isolations before vaccination 
and at times after vaccination for assessment of the host immune response. 

Animal challenges:  Hamsters, ferrets, and NHPs will be challenged with infectious HeV or SOSV as previously 
described (PMCID: PMC4971471. ; PMCID: PMC8527959.; PMCID: PMC7199785). After appropriate 
acclimation, hamsters and ferrets will be exposed to HeV or SOSV by intranasal (i.n.) or i.p. administration of up 
to 1x10^6 PFU of virus. NHPs will be challenged with HeV by the intratracheal (i.t.) and/or i.n. routes using up to 
1 x 10^6 PFU of virus. Mice, guinea pigs, and ferrets will be exposed with up to 5,000 PFU of arenaviruses and 
phleboviruses by i.p. injection (PMCID: PMC7593599. ; PMCID: PMCID: PMC5032844.  PMCID: PMC4843420.; 
PMCID: PMC8781158). NHPs will be exposed with up to 5.000 PFU of LASV by i.m. injection 
(PMCID: PMC5719877; PMCID: PMC6934204), Junin virus by intravenous (i.v.) injection 
(PMCID: PMC7980402) while marmosets will be exposed to up to 1x10^7 PFU of RVFV as previously described 
(PMCID: PMC3302397). For all animals, blood will be collected with or without anticoagulants for plasma and 
serum isolations, respectively, at times before paramyxovirus, arenavirus, or phlebovirus challenge, on the day 
of challenge, and at various times after challenge as detailed in RP1 and RP2. Animals will be monitored for 
clinical signs daily. We will apply a scoring sheet approved by the UTMB IACUC depicted in the Vertebrate 
Animals section to assist in determining the time of euthanasia depending on clinical signs (e.g., respiratory 
distress, anorexia, activity, appearance, neurologic signs, etc.).  Animals will be euthanized according to the 
2013 AVMA Guidelines on Euthanasia. Any surviving animals will be euthanized on day 35-42 days after 
paramyxovirus, arenavirus, or phlebovirus challenge. 

Clinical pathology assays:  Hematology on EDTA whole blood: For NHP studies, we will measure the following 
parameters at time points before and after HeV, LASV, or JUNV challenge:  total white blood cell counts (WBC), 
percent lymphocytes (LY), percent monocytes (MO), percent neutrophils (NEU), percent eosinophils (EOS), 
percent basophils (BAS), total lymphocyte counts (LY#), total monocyte counts (MO#), total neutrophil counts 
(NEU#), total eosinophil counts (EOS #), total basophil counts (BAS #), red blood cell counts (RBC), total 
hemoglobin (Hgb), hematocrit values (HCT), mean cell volume (MCV), mean corpuscular hemoglobin (MCH), 
mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets (PLT), and 
mean platelet volume (MPV), and Plateletcrit (PCT). Values will be obtained from the Abaxis VetScan HM5 
following manufacturer’s directions.   

Clinical chemistry on serum:  For NHP studies, the following parameters will be measured at time points before 
and after HeV, LASV, and JUNV challenge:  Albumin (ALB), amylase (AMY), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), glucose 
(GLU), total protein (TP), blood urea nitrogen (BUN), and creatinine (CRE), Creactive protein (CRP), Calcium 
(Ca2+), and uric acid (UA). Values will be obtained from the Abaxis Piccolo chemistry analyzer following 
manufacturer’s directions. 

Viral load assays:  PCR Assay:  To assess viral loads in whole blood and tissues, RNA will be extracted using 
a virus RNA isolation kit (Qiagen, Valencia, CA) followed by TaqMan PCR for the viral genome being studied. 
Qiagen buffers have been safety tested for inactivation of paramyxoviruses, arenaviruses, and phleboviruses. 
PCR assays employed for HeV, SOSV, LASV, JUNV, RVFV, and SFTSV have been previously described 



(PMCID: PMC7870971; PMCID: PMC7980402. ; PMID: 36521633; PMCID: PMC5719877; 
PMCID: PMC5627234). 

Plaque Assay: The plaque assays employed for paramyxoviruses, arenaviruses, and phleboviruses have 
previously been described (PMCID: PMC7870971; PMCID: PMC7980402. ; PMCID: PMC5719877; 
PMCID: PMC1395455). Briefly, 10-fold dilutions (10-1 to 10-6) of serum, plasma, or whole blood samples are 
prepared in cell maintenance medium (DMEM/10%FBS/gentamicin) and adsorbed to 70-90% confluent 
monolayers of Vero E6 cells in 6-well plates, adding 0.2 mL/well. The plates are incubated at 37°C, 5% CO2 for 
45 min, with periodical rocking every 10-15 min. The incubation period is followed by addition of 2 mL 1% 
agarose-containing medium (2X EBME/Hepes/10% FBS/gentamicin) to each well. After the agarose has 
solidified, the plates are returned to the C02 incubator and maintained for 2-14 days until plaques are visualized. 
At this time, 2 mL PBS containing 5% neutral red and 5% FBS is added to each well, the plates returned to the 
CO2 incubator and held overnight. The following day, the liquid stain overlay is removed from each well and 
plaques are counted. 

Bead-based multiplex assays:  Plasma inflammatory mediators, thrombosis markers, and fibrinolysis analytes 
were measured by flow cytometry using Biolegend LegendPlex assays and a FACS Canto-II cytometer (Becton 
Dickson). Samples will be processed in duplicate for each Nonhuman Primate Inflammation 13-plex (1:4 dilution), 
Human Thrombosis (1:100), and Human Fibrinolysis (1:40,000) panel as previously described 
(PMCID: PMC7790436; PMCID: PMC8406165; PMCID: PMC9225728). 

Gross pathology and histopathology:  A necropsy will be performed on all NHPs. We will examine the external 
surfaces of the body, all orifices, and the thoracic and peritoneal cavities and their contents. Core D will prepare 
a written report of the gross pathology findings of each NHP. The following NHP tissues will be collected at 
necropsy, fixed in 10% neutral-buffered formalin, embedded in paraffin, and stained by H&E:  liver, spleen, lung, 
kidney, adrenal gland, pancreas, axillary lymph node, inguinal lymph node, mesenteric lymph node, duodenum, 
ileum, colon, brain (frontal cortex, cerebellum, brain stem), cervical spinal cord, urinary bladder, ovary or testis, 
prostate or uterus, and eye. A microscopic evaluation will be performed on H&E slides of all tissues collected 
from all NHPs by an ACVP board certified veterinary pathologist. Reports of the histologic findings of each tissue 
from each animal will be provided to RP1 Leaders. In consultation with the RP1 Leaders, Core D may also 
perform immunohistochemical and/or special stains such as PTAH for fibrin as previously described 
(PMCID: PMC5719877; PMCID: PMC5719877; PMCID: PMC7980402. ). 

Quality systems management of all records and data collected from animal studies:  Although the animal 
studies conducted by Core D will not be required to be performed under GLP compliance, UTMB will provide 
Quality Assurance that will achieve data quality and integrity when conducting animal experiments. Quality refers 
to whether the study was conducted in accordance with the protocol, standard operating procedures, and 
applicable standards of research. Integrity refers to assurance that the raw data and documentation are 
consistent with reported results. All animal study personnel will be trained by the UTMB Office of Regulated 
Nonclinical Studies (ORNcS). on Good Documentation Practices (GDP). All animal study data generated by 
Core D will be provided to Core B as detailed in the Core B Research Strategy. 

Aim 4:  Develop and/or optimize animal models for Sosuga virus and Junin virus. 

For HeV and LASV Core D will employ animal models that have already been developed and are well 
established. However, for SOSV, JUNV, RVFV, SFTSV while animal models exist there are gaps that need to 
be addressed.  Recently, it was shown that i.n. or i.p. infection of hamsters with SOSV resulted in viremia and 
mild clinical disease (PMID: 36521633) but there is no lethal model for SOSV.  Core B will further explore the 
hamster model for SOSV by 1) using higher challenge doses of SOSV which is often required to produce lethal 
disease in other paramyxovirus hamster models (PMCID: PMC8527959; PMCID: PMC3147900) or 2) serially 
passage of tissues in hamsters.  Core D will also assess the pathogenic potential of ferrets for SOSV as they 
are often used as animal models for paramyxoviruses.  For JUNV, serial adaptation is often required to produce 
lethal disease in outbred guinea pigs.  We recently showed that for Ebolaviruses while serial adaptation is 
required to produce lethality in mice, hamsters, and guinea pigs, infection of ferrets with Zaire ebolavirus, Sudan 
ebolavirus, or Bundibugyo ebolavirus resulted in uniform lethality with wild type viruses and did not require 
adaptation (PMCID: PMC4957446.).  Therefore, Core D will assess the pathogenic potential of JUNV in ferrets.  
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ANIMAL MODELS AND VACCINE EVALUATION SCIENTIFIC CORE (CORE D) 
 
1.  SPECIFIC AIMS 
The main objective of the Animal Models and Vaccine Evaluation Scientific Core is to test and characterize the 
host response and efficacy of the vaccines and monoclonal antibody (mAb) based treatments identified in RP1 
and RP2 against paramyxoviruses, arenaviruses, and phleboviruses under BSL-3/ABSL-3 and BSL-4/ABSL-4 
containment. The Core will also develop select reporter viruses and conduct cell-based assays to characterize 
vaccine-induced neutralizing antibody responses and mAbs.  
 
The Specific Aims of the Animal Models and Vaccine Evaluation Scientific Core are to: 
 
Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed 
stocks of paramyxoviruses, arenaviruses, and phleboviruses. 
 
Aim 2:  Provide technical expertise and conduct in vitro assays. 
 
Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical 
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis. 
 
Aim 4:  Develop and/or optimize animal models for Sosuga virus and Junin virus. 
 
The Aims will be achieved by the following specific functions to be carried out by the Animal Models and 
Vaccine Evaluation Scientific Core Leader, Co-Core Leaders, and personnel: 
 

1. Maintain records of well characterized BSL-3 and BSL-4 Hendra virus (HeV), Sosuga virus (SOSV), 
Lassa virus (LASV), Junin virus (JUNV), Rift valley fever virus (RVFV), and severe fever with 
thrombocytopenia syndrome virus (SFTSV) seed stocks including background history, passage 
history, genomic information, periodic monitoring of titer, mycoplasma testing, endotoxin testing, and 
sterility testing. 

2. Perform in vitro antiviral activity assays. Including high-throughput BSL-2 based neutralization testing 
of henipavirus vaccine responses and mAbs. 

3. Assist Center Investigators in designing animal studies, prepare animal protocols, and obtain IACUC 
approval of BSL-3 and BSL-4 animal studies. 

4. Perform animal challenges using well characterized HeV, SOSV, LASV, JUNV, RVFV, and SFTSV 
seed stocks for RP1 and RP2. 

5. Perform vaccination and treatment of animals with vaccines and treatments provided by RP1 and 
RP2. 

6. Provide samples from animals collected during the vaccination portion of studies to RP1 for 
immunological analysis. 

7. Perform all duties associated with animal challenge studies including monitoring of animals, collection 
of samples, and necropsies. 

8. Perform clinical pathology assays including hematology and clinical chemistry assays. 

9. Perform virology assays on blood and/or tissue samples collected from infected animals including 
viral load by plaque assay and RT-PCR. 

10. Perform gross pathology analysis on all animals at necropsy. 

11.  Perform histopathologic analysis on tissues from animals collected at necropsy. 

12. Develop and/or optimize animal models for SOSV and JUNV to fill gaps; make these models available 
to Center Research Projects and Scientific Cores as well as external ReVAMPP Centers 

13. Provide all data generated in Core D to Data Management Core B. 



RESEARCH STRATEGY 

A. SIGNIFICANCE 
Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order 
Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the 
zoonotic henipavirus Hendra virus (HeV) is on the WHO Priority Pathogens list. Notably, henipaviruses stand 
out for their impressive lethality with case fatality rates averaging about 75%. The Arenaviridae and Phelboviridae 
families contain viruses that cause severe hemorrhagic disease in humans. These viruses include the 
arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phlebovirus Rift Valley fever virus (RVFV).  All 
of these viruses are also included among the World Health Organization’s (WHO) List of Priority Pathogens and 
pose threats to global public health due to the absence of approved vaccines or therapeutics. There is a clear 
unmet need for medical countermeasures to combat the threat of natural outbreaks, epidemics, or deliberate 
release. The Machine Learning-(ML)-Enabled Design of Prototype Pathogen Vaccines and Antibodies Center is 
a well-integrated consortium conducting a set of discovery and translational research programs composed of an 
Administrative Core, a Data Management Core, X Scientific Cores, and X Research Projects (RPs). The 
synergistic activities of the X Center partners will be focused on developing novel vaccines, treatments, and tools 
to support pandemic preparedness. Federal law requires that the paramyxoviruses, arenaviruses, and 
phleboviruses used in the X Center be handled in approved Biosafety Level (BSL)-3 and BSL-4 containment 
laboratories. Core D provides approved BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities and a trained and highly 
experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that support RP1 and RP2. The 
services provided by Core D will include 1) a secure repository of well characterized seed stocks of BSL-3 and 
BSL-4 paramyxoviruses, arenaviruses, and phleboviruses 2) in vitro antiviral activity assays; 3) procurement of 
UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of animals; 5); 
development and/or optimization of animal models for strains or variants of Sosuga virus (SOSV), JUNV, RVFV, 
and severe fever with thrombocytopenia syndrome virus (SFTSV) to fill gaps where models are needed; 6) virus 
challenge, treatment, and collection of samples from animals; 7) technical expertise and equipment to conduct 
clinical pathological, immunological, and virological analysis of samples and to perform necropsies in BLS-4 
containment; 8) histopathological analysis of tissues collected from animals infected with BSL-4 viruses; and 9) 
quality systems management of all records and data collected from animal studies. 

All X of the research projects within the X Center focus on developing vaccines or monoclonal antibody (mAb) 
based therapies against paramyxoviruses, arenaviruses, and phleboviruses. All X of these research projects 
require that countermeasures be evaluated in animals against infectious paramyxoviruses, arenaviruses, and 
phleboviruses. As HeV, LASV, JUNV, and RVFV are CDC and/or USDA select agents Federal regulations 
require that these viruses be handled in Biosafety Level (BSL)-3 or BSL-4 containment. Core D provides 
approved BSL-3/ABSL-3 and BSL-4/BSL-4 facilities and a trained and experienced team of BSL-3 and BSL-4 
investigators and staff to perform studies that support RP1 and RP2. 

B.  INNOVATION 
Scientific Core D will be co-located within the Galveston National Laboratory (GNL) and Robert Shope 
Laboratory at the University of Texas Medical Branch (UTMB) at Galveston. The GNL is a high and maximum-
containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious 
diseases research agenda and stands ready to assist local, state and national public health efforts in the event 
of a public health emergency. The facility is unique in that it is one of two operational BSL-4 facilities in the United 
States that is located on an academic campus. This unique location benefits the X Center in several ways. 
Regarding physical resources the GNL is a state-of-the-art facility with many specialized assets including BSL-
4 imaging, telemetry, and aerobiology equipment. In addition, being located on an academic campus Drs. 
Geisbert (Core D, Project Leader (PL), Cross, Freiberg, and Ikegami are faculty members in the Departments of 
Microbiology and Immunology and Pathology. This academic environment is a major strength, that fosters 
creativity and collaboration with other UTMB investigators which will be beneficial to the overall success of Core 
D. Dr. Broder, is faculty member of the Department of Microbiology and Immunology at Uniformed Services 
University (USU). Drs. Broder and Geisbert (PL) have a long-standing emerging virus research collaboration 
which has included the development and characterization the first nonhuman primate (NHP) models for HeV and 
Nipah virus (NiV) that will be employed by the Center’s RPs. Another strength within the Core is Drs. Geisbert, 
Broder, Cross, and Veesler (Center Co-PI) currently collaborate and lead active henipavirus projects that are 
focused on translational countermeasure development which includes more traditional vaccine and mAb 
therapeutics approaches, and the shared knowledge base and experience in these areas will greatly facilitate 
the Core’s abilities in supporting the Center’s research goals in applying advanced machine learning-enabled 



designs of effective prototype pathogen vaccines and antibodies.  Along with animal model development and 
animal modeling expertise, many of the unique virological tools including recombinantly generated RNA viruses, 
reporter gene-encoding viruses, and other pseudotype virus technologies, that will be employed by the Core, 
have been developed from UTMB-USU collaboration.  

C.  APPROACH 

Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed 
stocks of paramyxoviruses, arenaviruses, and phleboviruses. 

Paramyxovirus, arenavirus, and phlebovirus seed stocks. UTMB will provide fully equipped BSL-3/ABSL-3 
and BSL-4/ABSL-4 facilities that are required to work with HeV, SOSV, LASV, JUNV, RVFV, and SFTSV. UTMB 
will also provide and maintain all required approvals to work these viruses. The BSL-3 and BSL-4 paramyxovirus, 
arenavirus, and phlebovirus seed stocks employed for RP1 and RP2 have been or will be titered by conventional 
standard plaque assay and qRT-PCR as detailed in Aim 2 below. The virus strain identity of each seed stock 
has been or will be confirmed by sequence analysis. In addition, RNA has been or will be deep sequenced to 
verify the complete viral genome of each virus seed stock used for animal challenge studies.  We have or will 
test each seed stock for mycoplasma contamination. Endotoxin testing has been or will be performed on 
paramyxovirus, arenavirus, and phlebovirus stocks using the Endosafe PTS system (Charles River Laboratories) 
following the manufacturer’s instructions. The Endosafe PTS system is a cartridge-based testing system utilizing 
FDA-licensed cartridges (0.1 EU/ml, 0.05 EU/ml, 0.01 EU/ml, 0.05 EU/ml) for ultrasensitive testing.  Seed stocks 
will also be evaluated for morphological identity by transmission electron microscopy (TEM). Virus particle counts 
will be determined using a Virus Counter and confirmed by conventional TEM methods if needed. The 
bacteriological and mycological sterility of the product will be determined by selection of aliquots of the dispensed 
stock, inoculation of a sterile 500 ml bottle of Dulbecco's high glucose MEM with 10% FBS and then after 3 days 
subcultured to FTM and TBS media. paramyxovirus, arenavirus, and phlebovirus seed stocks will be inventoried 
in the UTMB BSL-4 and BSL-4 virus stock databases and secured in dedicated controlled access alarmed minus 
80°C freezers in the GNL or Robert Shope Laboratory. Paramyxovirus, arenavirus, and phlebovirus seed stocks 
are monitored periodically for any changes in virus titer. 

Plan for staffing, managing, and prioritizing Core use. The Core Leader and Co-Leaders have a cadre of 
staff that are trained and highly experienced in all BSL-3 and BSL-4 procedures and assays needed to conduct 
the proposed work. In addition to the Core Leader and Co-Leaders this staff includes an ACVP board certified 
veterinary pathologist, two BSL-4 contributing scientists, a BSL-4 Technical Director, a BSL-4 trained 
postdoctoral fellow, six BSL-4 experienced technical staff, a BSL-4 trained histotechnologist, and a BSL-4 trained 
graduate student. We do not anticipate any BSL-3 or BSL-4 scheduling problems regarding studies proposed in 
RP1 or RP2. However, we have developed a mitigation strategy if unforeseen events cause any prioritization of 
resources. A committee consisting of the Core D Leader, the PI of the Center, and the members of the external 
Scientific Advisory Committee (SAC) will review the status of RP1 and RP2 and any circumstances causing a 
prioritization of work. The Committee will also hold a meeting or teleconference (Zoom, Teams) with the Project 
Leaders and key staff of RP1 and RP2 to gather additional information. After careful review of all available 
information the Committee will then make a recommendation on prioritization to the Center PI. The X Center PI 
will then consult with NIAID/NIH program staff and make the final determination on prioritization. 

Aim 2:  Provide technical expertise and conduct in vitro assays. 

In vitro antiviral activity assays:  Core D will perform conventional virus neutralization assays for RP1 and 
RP2 to determine the ability of sera/plasma from immunized animals from RP1 and antibodies from RP2 to inhibit 
the replication of paramyxoviruses, arenaviruses, and phleboviruses in vitro using infectious viruses in the UTMB 
BSL-3 and BSL-4 laboratories. In brief, cultures of Vero, Vero E6, SW13, or other cell types will be infected with 
a range of m.o.i. of paramyxoviruses, arenaviruses, and bunyaviruses and treated with various concentrations 
of the provided sera/plasma or antibodies. Cells and/or culture fluids will be harvested at various time points after 
infection and infectious virus enumerated by conventional plaque assay as detailed below.   

Develop chimeric reporter-gene encoding viruses and virus neutralization assays for BSL-2 use. 
We have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter 
viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP) (PMID: 
23849788 and PMID: 24576301), as well as employed reverse genetics to rescue authentic ABLV and various 
reporter gene-encoding viruses (PMID: 32407866 and PMID: 30875748). In addition, we have generated a 
reverse genetics platform for generating recombinant Cedar virus (rCedV) and rCedV chimeras whereby the 



fusion (F) and attachment (G) glycoprotein genes of rCedV were replaced with those of NiV-Bangladesh (NiV-
B) or HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV), both with and 
without reporter genes (PMID: 35617431, PMID: 31548390, PMID: 29587789, PMID: 37243163). The rCedV 
chimeras are a replication competent authentic henipavirus platform that is a high-throughput surrogate 
neutralization assay that is rapid, cost-effective and can be utilized outside high containment. Similar approaches 
will be applied here to generate new reporter viruses for Ghana bat virus (GhV). We will design, construct and 
rescue both VSV and rCedV chimeras that encode the envelope glycoproteins (fusion (F) and attachment (G) 
glycoproteins) of GhV. Two reporter-gene encoding versions will be attempted for VSV-GhV: one encoding GFP 
(VSV-GhV-GFP) and the other encoding the Photinus pyralis (firefly) luciferase gene (VSV-GhV-Luc). We will 
also construct and rescue GFP and Luc reporter gene encoding versions? of rCedV chimeras encoding the GhV 
F and G genes (rCedV-GhV-GFP and rCedV-GhV-Luc) (Fig. 1). The rescued viruses will be characterized using 
cell-based infection tropism and growth kinetics assays.  

Figure 1. Schematic of chimeric reporter viruses. (A)The VSV-ABLV G-GFP plasmid. 
Arrows indicate regions of self-cleavage. Unique sites MluI and KpnI to construct VSV-
GhV-GFP and VSV-GhV-Luc. (B) pOLTV5opt-rCedV plasmid. Arrows indicate regions 
of self-cleavage. Unique sites MluI and SphI used to construct rCedV-GhV-GFP. 

The rCedV (NiV-B and HeV) chimeric virus platform serves as a robust 
surrogate neutralization assay system for quantifying antibody 
neutralization potency of anti-NiV and anti-HeV antisera and mAbs 
[Amaya et al, Viruses 2023   see comment box]. The neutralizing 

potencies of several well-characterized cross-reactive NiV/HeV F and G specific mAbs against rCedV-NiV-B-
GFP and rCedV-HeV-GFP are highly correlated with those obtained using authentic NiV-B and HeV when tested 
in parallel by plaque reduction neutralization test (PRNT). Pearson correlation of rCedV chimeras BSL-2 PRNT 
to the NiV-B or HeV BSL-4 PRNT is shown in Fig. 2a. A high-throughput quantitative assay based on reduction 
of GFP foci (fluorescent reduction neutralization test (FRNT)) was also developed. Correlation analysis with mAb 
neutralization values by PRNT vs FRNT (Fig. 2b), Pearson’s r ≥ 0.9 and p-value < 0.001). 

Figure 2. Panel a: Pearson correlation for BSL-2 PRNT vs BSL-4 PRNT 
(rCedV-NiV-B-GFP versus NiV-B (i-iv) and rCedV-HeV-GFP versus HeV 
(v-viii)). Panel b: Pearson correlation for PRNT vs FRNT ((rCedV-NiV-B-
GFP (i-iv) and rCedV-HeV-GFP (v-viii)). 

Rescue and characterize reporter viruses encoding GhV 
envelope glycoproteins. 
Generation of a VSV encoding GhV envelope glycoproteins. 
We will construct reporter gene encoding versions of a 
replication competent VSV encoding the GhV F and G 
glycoproteins (GFP and Luc) (Fig. 1A). A large gene cassette 
comprising VSV untranslated intergenic regions flanking the 
GhV F and G coding sequences will be synthesized. The GhV 
F and G coding sequences will be based on the GhV isolate 

Eid_hel/GH-M74a/GHA/2009 (GenBank: NC_025256.1). The GenBank accession number for GhV F is 
YP_009091837.1 and that for the GhV G protein is YP_009091838.1. Unique restriction enzyme sites, MluI and 
KpnI will facilitate the insertion of the GhV F and G gene cassette into the VSV backbone plasmid. The VSV-
GhV-Luc will be similarly made. Cloning procedures are performed in E. coli Stbl2 and all plasmids verified by 
sequencing. Rescue will be performed in BSR-T7/5 cells, transfected helper plasmids, VSV-N, VSV-P, and VSV-
L and the VSV-GhV-GFP or VSV-GhV-Luc antigenome plasmids. After 48hrs the cells and supernatants are 
collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus is 
performed using HEK293T cells by inoculation with the supernatant from step 1. When GFP fluorescence and/or 
cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus stocks 
stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and virus supernatants are 
purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% sucrose/TNE buffer, 
and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. Virus stocks are 
tittered by serial dilution on HEK293T cells by plaque assay (PMID: 32833351).  

Generation of rCedV encoding GhV envelope glycoproteins. rCedV-GhV-GFP will be produced by synthesizing 
large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the GhV F and G coding 
sequences. The CedV non-coding intergenic regions are retained as is adherence to the genomic “rule of six”. 



Unique restriction sites, MluI and SphI will facilitate the insertion of the GhV F and G gene cassette into the 
genome clone (pOLTV5opt-rCedV) generating rCedV-GhV-GFP (Fig. XB). All cloning is performed in E. coli Stbl2 
cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with 
CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-GhV-GFP 
antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus 
CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve 
Vero 76 cells (T-75 flasks) to prepare a virus stock. At maximal syncytia and GFP (~2–3 days), supernatants are 
collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep 
sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored 
as single use aliquots at -80°C (PMCID: PMC8631057, PMCID: PMC5869790, PMCID: PMC1563797). 

Characterization of the recombinant reporter viruses in cell-based infection assays: The replication kinetics of 
the VSV-based and rCedV-based GhV F/G encoding viruses will be assayed by Vero cell culture infection using 
MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and tittered. VSV-GhV F/G virus 
replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G (PMID: 23849788). 
Similarly, rCedV-GhV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV chimeras. Unlike NiV 
and HeV, GhV G engages only the ephrin-B2 ligand to trigger membrane fusion (PMID: 24296468). The GhV 
F/G bearing reporter viruses will be verified for this specific ephrin ligand tropism in cell infection and/or syncytia 
formation experiments and comparisons made to wildtype VSV or VSV-ABLV G and also alternatively to rCedV, 
and rCedV NiV/HeV chimeras. We have generated murine mAbs to GhV F and G (10C4-LY and 10D5-LY to 
GhV G; and 5B7-LY and 7C11-LY to GhV F) and these will be used in neutralization tests. The VSV-GhV-GFP 
assays will be conducted by FRNTs and VSV-GhV-Luc in luciferase assays. 

Evaluating neutralization potential of vaccine platforms from other research projects. Our rCeV chimeras 
(rCedV-NiV-B-GFP and rCedV-HeV-GFP) will allow this Core to conduct large numbers of neutralization tests 
by FRNT, to the many ML-derived prototype henipavirus vaccine antigen constructs, mAbs, and nanobinders, 
that will be generated by the Center’s RPs. In Center years 1-3 the focus will be on HeV and NiV prototypes, 
and in years 4-5 the Core is expected to shift to GhV test case. The FRNT assay is rapid (36hrs), high throughput, 
and performed in 96-well plates to establish typical 7-point dose response virus neutralization data and 
performed at BSL-2. Typically, immune sera, mAbs, or other entry inhibitors are analyzed by serially dilution and 
mixed with virus (rCedV-NiV-B-GFP or rCedV-HeV-GFP) for 2hrs then samples used in triplicate to infect 
confluent Vero 76 cells in black-walled clear bottom 96-well plates and incubated 24hrs, and then plates are 
fixed and imaged and fluorescent foci quantitated with CTL Basic Count software. The 50% inhibitory 
concentration (IC50) is determined by 50% reduction in fluorescent foci versus untreated controls.  

Anticipated Results, Potential Pitfalls and Alternative Strategies. We anticipate the reporter viruses will 
replicate to titers fit for purpose. Neutralization assays will typically be conducted as 3 independent repeats and 
the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. If we encounter 
unexpected limitations in rescuing VSV-based or rCedV-based GhV F/G bearing reporter viruses; we will 1) test 
different ratios of helper plasmids and antigenome plasmids; 2) perform rescue using different cell lines; 3) 
construct alternate versions of the GhV F and G genes within the antigenome plasmids, such as truncating the 
GhV G protein which has been shown to enhance GhV mediated F/G membrane fusion (PMID: 31470664). 
Alternatively, fusion of the GhV F and G ectodomains with the transmembrane and cytoplasmic tail domains of 
the corresponding CedV F and G elements may facilitate virus particle formation and membrane fusion activity.  

Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical 
pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis. 

The Core D Leader and Co-Leaders will work closely with the Project Leaders and key staff of RP1 and RP2 to 
develop vaccination, treatment and sampling regimens, study protocols, and animal protocols that utilize 
countermeasures identified in RP1 and RP2. The Core Leader and Co-Leaders will write and obtain UTMB 
IACUC approval for all animal protocols performed in Core D. The animal models and clinical pathology, 
immunology, virology, and histopathology assays employed for Aim 3 are detailed below. All raw data as well as 
graphed or tabulated data generated by Core D will be handled and analyzed in coordination with the Core B. 

Animal models:  Core D will employ established animal models for HeV, LASV, RVFV, and SFTSV. While 
animal models also exist for SOSV and JUNV we will optimize these models to fill gaps and provide new tools 
as detailed in Aim 4 below. Mice, guinea pigs, hamsters, ferrets, and cats have been used as small animal 
models of HeV infection (PMID: 22476556). This project will employ Syrian golden hamsters as the small animal 



model of HeV disease because they are more suitable than other small animals for screening large numbers of 
vaccines and mAbs.  Using hamsters will allow us to select optimal vaccine and mAb formulations and regimens 
prior to efficacy testing in NHPs. In 2010 Drs. Geisbert and Broder developed the first highly lethal NHP model 
for henipavirus infection (Nipah virus) using African green monkeys (AGM) (PMCID: PMC2872660. ). They 
subsequently developed a lethal AGM model for HeV infection (PMCID: PMC2937751. ). Henipavirus NHP 
models mirror human disease with animals showing severe respiratory pathology, neurological disease, and 
generalized vasculitis. For LASV, Core D will use established lethal outbred guinea pig models that cover several 
lineages of LASV (PMCID: PMC1892204; PMCID: PMC4401668; PMCID: PMC5032844.; 
PMCID: PMC6763766; PMCID: PMC10052409 ) as guinea pigs are the only immunocompetent small animal 
model for Lassa fever.  Core D will also use established cynomolgus monkey models that cover several 
genetically distinct lineages of LASV (PMCID: PMC2681932. ; PMCID: PMC3104370. ; PMCID: PMC6934204.) 

Animal vaccinations:  All animals will be obtained from commercial vendors and allowed to acclimate prior to 
vaccination (~ 3-7 days for mice, hamsters, and guinea pigs and ~ 14 days for ferrets and NHPs).  Mice, 
hamsters, and guinea pigs will be vaccinated by intramuscular (i.m.) or intraperitoneal (i.p.) injection of the 
vaccines provided by RP1. Ferrets and NHPs will be vaccinated by i.m. injection of the vaccines provided by 
RP1. All animals will be vaccinated in ABSL-2. Animals will be monitored daily for any reaction or adverse events 
caused by the vaccination. Blood will be collected for plasma, serum, and PBMC isolations before vaccination 
and at times after vaccination for assessment of the host immune response. 

Animal challenges:  Hamsters, ferrets, and NHPs will be challenged with infectious HeV or SOSV as previously 
described (PMCID: PMC4971471. ; PMCID: PMC8527959.; PMCID: PMC7199785). After appropriate 
acclimation, hamsters and ferrets will be exposed to HeV or SOSV by intranasal (i.n.) or i.p. administration of up 
to 1x10^6 PFU of virus. NHPs will be challenged with HeV by the intratracheal (i.t.) and/or i.n. routes using up to 
1 x 10^6 PFU of virus. Mice, guinea pigs, and ferrets will be exposed with up to 5,000 PFU of arenaviruses and 
phleboviruses by i.p. injection (PMCID: PMC7593599. ; PMCID: PMCID: PMC5032844.  PMCID: PMC4843420.; 
PMCID: PMC8781158). NHPs will be exposed with up to 5.000 PFU of LASV by i.m. injection 
(PMCID: PMC5719877; PMCID: PMC6934204), Junin virus by intravenous (i.v.) injection 
(PMCID: PMC7980402) while marmosets will be exposed to up to 1x10^7 PFU of RVFV as previously described 
(PMCID: PMC3302397). For all animals, blood will be collected with or without anticoagulants for plasma and 
serum isolations, respectively, at times before paramyxovirus, arenavirus, or phlebovirus challenge, on the day 
of challenge, and at various times after challenge as detailed in RP1 and RP2. Animals will be monitored for 
clinical signs daily. We will apply a scoring sheet approved by the UTMB IACUC depicted in the Vertebrate 
Animals section to assist in determining the time of euthanasia depending on clinical signs (e.g., respiratory 
distress, anorexia, activity, appearance, neurologic signs, etc.).  Animals will be euthanized according to the 
2013 AVMA Guidelines on Euthanasia. Any surviving animals will be euthanized on day 35-42 days after 
paramyxovirus, arenavirus, or phlebovirus challenge. 

Clinical pathology assays:  Hematology on EDTA whole blood: For NHP studies, we will measure the following 
parameters at time points before and after HeV, LASV, or JUNV challenge:  total white blood cell counts (WBC), 
percent lymphocytes (LY), percent monocytes (MO), percent neutrophils (NEU), percent eosinophils (EOS), 
percent basophils (BAS), total lymphocyte counts (LY#), total monocyte counts (MO#), total neutrophil counts 
(NEU#), total eosinophil counts (EOS #), total basophil counts (BAS #), red blood cell counts (RBC), total 
hemoglobin (Hgb), hematocrit values (HCT), mean cell volume (MCV), mean corpuscular hemoglobin (MCH), 
mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets (PLT), and 
mean platelet volume (MPV), and Plateletcrit (PCT). Values will be obtained from the Abaxis VetScan HM5 
following manufacturer’s directions.   

Clinical chemistry on serum:  For NHP studies, the following parameters will be measured at time points before 
and after HeV, LASV, and JUNV challenge:  Albumin (ALB), amylase (AMY), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), glucose 
(GLU), total protein (TP), blood urea nitrogen (BUN), and creatinine (CRE), Creactive protein (CRP), Calcium 
(Ca2+), and uric acid (UA). Values will be obtained from the Abaxis Piccolo chemistry analyzer following 
manufacturer’s directions. 

Viral load assays:  PCR Assay:  To assess viral loads in whole blood and tissues, RNA will be extracted using 
a virus RNA isolation kit (Qiagen, Valencia, CA) followed by TaqMan PCR for the viral genome being studied. 
Qiagen buffers have been safety tested for inactivation of paramyxoviruses, arenaviruses, and phleboviruses. 
The PCR assays employed for HeV, SOSV, LASV, JUNV, RVFV, and SFTSV have been previously described 



(PMCID: PMC7870971; PMCID: PMC7980402. ; PMID: 36521633; PMCID: PMC5719877; 
PMCID: PMC5627234). 

Plaque Assay: The plaque assays employed for paramyxoviruses, arenaviruses, and phleboviruses have 
previously been described (PMCID: PMC7870971; PMCID: PMC7980402. ; PMCID: PMC5719877; 
PMCID: PMC1395455). Briefly, 10-fold dilutions (10-1 to 10-6) of serum, plasma, or whole blood samples are 
prepared in cell maintenance medium (DMEM/10%FBS/gentamicin) and adsorbed to 70-90% confluent 
monolayers of Vero E6 cells in 6-well plates, adding 0.2 mL/well. The plates are incubated at 37°C, 5% CO2 for 
45 min, with periodical rocking every 10-15 min. The incubation period is followed by addition of 2 mL 1% 
agarose-containing medium (2X EBME/Hepes/10% FBS/gentamicin) to each well. After the agarose has 
solidified, the plates are returned to the C02 incubator and maintained for 2-14 days until plaques are visualized. 
At this time, 2 mL PBS containing 5% neutral red and 5% FBS is added to each well, the plates returned to the 
CO2 incubator and held overnight. The following day, the liquid stain overlay is removed from each well and 
plaques are counted. 

Bead-based multiplex assays:  Plasma inflammatory mediators, thrombosis markers, and fibrinolysis analytes 
were measured by flow cytometry using Biolegend LegendPlex assays and a FACS Canto-II cytometer (Becton 
Dickson). Samples will be processed in duplicate for each Nonhuman Primate Inflammation 13-plex (1:4 dilution), 
Human Thrombosis (1:100), and Human Fibrinolysis (1:40,000) panel as previously described 
(PMCID: PMC7790436; PMCID: PMC8406165; PMCID: PMC9225728). 

Gross pathology and histopathology:  A necropsy will be performed on all NHPs. We will examine the external 
surfaces of the body, all orifices, and the thoracic and peritoneal cavities and their contents. Core D will prepare 
a written report of the gross pathology findings of each NHP. The following NHP tissues will be collected at 
necropsy, fixed in 10% neutral-buffered formalin, embedded in paraffin, and stained by H&E:  liver, spleen, lung, 
kidney, adrenal gland, pancreas, axillary lymph node, inguinal lymph node, mesenteric lymph node, duodenum, 
ileum, colon, brain (frontal cortex, cerebellum, brain stem), cervical spinal cord, urinary bladder, ovary or testis, 
prostate or uterus, and eye. A microscopic evaluation will be performed on H&E slides of all tissues collected 
from all NHPs by an ACVP board certified veterinary pathologist. A written rReports of the histologic findings of 
each tissue from each animal will be provided to the Project Leader of RP1 Leaders. In consultation with the 
Project Leader of RP1 Leaders, Core D may also perform immunohistochemical and/or special stains such as 
PTAH for fibrin as previously described (PMCID: PMC5719877; PMCID: PMC5719877; PMCID: PMC7980402. 
). 

Quality systems management of all records and data collected from animal studies:  Although the animal 
studies conducted by Core D will not be required to be performed under GLP compliance, UTMB will provide 
Quality Assurance that will achieve data quality and integrity when conducting animal experiments. Quality refers 
to whether the study was conducted in accordance with the protocol, standard operating procedures, and 
applicable standards of research. Integrity refers to assurance that the raw data and documentation are 
consistent with reported results. All animal study personnel will be trained by the UTMB Office of Regulated 
Nonclinical Studies (ORNcS). on Good Documentation Practices (GDP). All animal study data generated by 
Core D will be provided to Core B as detailed in the Core B Research Strategy. 

Aim 4:  Develop and/or optimize animal models for Sosuga virus and Junin virus. 

For HeV and LASV Core D will employ animal models that have already been developed and are well 
established. However, for SOSV, JUNV, RVFV, SFTSV while animal models exist there are gaps that need to 
be addressed.  Recently, it was shown that i.n. or i.p. infection of hamsters with SOSV resulted in viremia and 
mild clinical disease (PMID: 36521633) but there is no lethal model for SOSV.  Core B will further explore the 
hamster model for SOSV by 1) using higher challenge doses of SOSV which is often required to produce lethal 
disease in other paramyxovirus hamster models (PMCID: PMC8527959; PMCID: PMC3147900) or 2) serially 
passage of tissues in hamsters.  Core D will also assess the pathogenic potential of ferrets for SOSV as they 
are often used as animal models for paramyxoviruses.  For JUNV, serial adaptation is often required to produce 
lethal disease in outbred guinea pigs.  We recently showed that for Ebolaviruses while serial adaptation is 
required to produce lethality in mice, hamsters, and guinea pigs, infection of ferrets with Zaire ebolavirus, Sudan 
ebolavirus, or Bundibugyo ebolavirus resulted in uniform lethality with wild type viruses and did not require 
adaptation (PMCID: PMC4957446.).  Therefore, Core D will assess the pathogenic potential of JUNV in ferrets.  
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ANIMAL MODELS AND VACCINE EVALUATION SCIENTIFIC CORE (CORE D) 
 
1.  SPECIFIC AIMS 
The main objective of the Animal Models and Vaccine Evaluation Scientific Core is to test and characterize the 
host response and efficacy of the vaccines and monoclonal antibody (mAb) based treatments identified in RP1 
and RP2 against paramyxoviruses, arenaviruses, and phleboviruses under BSL-3/ABSL-3 and BSL-4/ABSL-4 
containment. The Core will also develop select reporter viruses and conduct cell-based assays to characterize 
vaccine-induced neutralizing antibody responses and mAbs.    
 
The Specific Aims of the Animal Models and Vaccine Evaluation Scientific Core are to: 
 
Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed 
stocks of paramyxoviruses, arenaviruses, and phleboviruses. 
 
Aim 2:  Provide technical expertise and conduct in vitro assays in BSL-3 and BSL-4 containment. 
 
Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical 
pathology assays, virology assays, and necropsies in BSL-3 and BSL-4 containment. 
 
Aim 4:  Develop and/or optimize animal models for Sosuga virus, Junin virus Rift valley fever virus, and 
severe fever with thrombocytopenia syndrome virus. 
 
The Aims will be achieved by the following specific functions to be carried out by the Animal Models and 
Vaccine Evaluation Scientific Core Leader, Co-Core Leaders, and personnel: 
 

1. Maintain records of well characterized BSL-3 and BSL-4 Hendra virus (HeV), Sosuga virus (SOSV), 
Lassa virus (LASV), Junin virus (JUNV), Rift valley fever virus (RVFV), and severe fever with 
thrombocytopenia syndrome virus (SFTSV) seed stocks including background history, passage 
history, genomic information, periodic monitoring of titer, mycoplasma testing, endotoxin testing, and 
sterility testing. 

2. Perform in vitro antiviral activity assays. Including high-throughput BSL-2 based neutralization testing 
of henipavirus vaccine responses and mAbs. 

3. Assist Center Investigators in designing animal studies, prepare animal protocols, and obtain IACUC 
approval of BSL-3 and BSL-4 animal studies. 

4. Perform animal challenges using well characterized HeV, SOSV, LASV, JUNV, RVFV, and SFTSV 
seed stocks for RP1 and RP2. 

5. Perform vaccination and treatment of animals with vaccines and treatments provided by RP1 and 
RP2. 

6. Perform all duties associated with animal challenge studies including monitoring of animals, collection 
of samples, and necropsies. 

7. Perform clinical pathology assays including hematology and clinical chemistry assays. 

8. Perform virology assays on blood and/or tissue samples collected from infected animals including 
viral load by plaque assay and RT-PCR. 

9. Perform gross pathology analysis on all animals at necropsy. 

10.  Perform histopathologic analysis on tissues from animals collected at necropsy. 

11. Develop and/or optimize animal models for SOSV, JUNV, RFVF, and SFTSV to fill gaps where no 
models exist; make these models available to Center Research Projects and Scientific Cores as well 
as external ReVAMPP Centers 

12. Provide all data generated in Core D to Data Management Core B. 

 



RESEARCH STRATEGY 

A. SIGNIFICANCE 
Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order 
Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the 
zoonotic henipavirus Hendra virus (HeV) is on the WHO Priority Pathogens list. Notably, henipaviruses stand 
out for their impressive lethality with case fatality rates averaging about 75%. The Arenaviridae and Phelboviridae 
families contain viruses that cause severe hemorrhagic disease in humans. These viruses include the 
arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phlebovirus Rift Valley fever virus (RVFV).  All 
of these viruses are also included among the World Health Organization’s (WHO) List of Priority Pathogens and 
pose threats to global public health due to the absence of approved vaccines or therapeutics. There is a clear 
unmet need for medical countermeasures to combat the threat of natural outbreaks, epidemics, or deliberate 
release. The Machine Learning-(ML)-Enabled Design of Prototype Pathogen Vaccines and Antibodies Center is 
a well-integrated consortium conducting a set of discovery and translational research programs composed of an 
Administrative Core, a Data Management Core, X Scientific Cores, and X Research Projects (RPs). The 
synergistic activities of the X Center partners will be focused on developing novel vaccines, treatments, and tools 
to support pandemic preparedness. Federal law requires that the paramyxoviruses, arenaviruses, and 
phleboviruses used in the X Center be handled in approved Biosafety Level (BSL)-3 and BSL-4 containment 
laboratories. Core D provides approved BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities and a trained and highly 
experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that support RP1 and RP2. The 
services provided by Core D will include 1) a secure repository of well characterized seed stocks of BSL-3 and 
BSL-4 paramyxoviruses, arenaviruses, and phleboviruses 2) in vitro antiviral activity assays; 3) procurement of 
UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of animals; 5); 
development and/or optimization of animal models for strains or variants of Sosuga virus (SOSV), JUNV, RVFV, 
and severe fever with thrombocytopenia syndrome virus (SFTSV) to fill gaps where models are needed; 6) virus 
challenge, treatment, and collection of samples from animals; 7) technical expertise and equipment to conduct 
clinical pathological, immunological, and virological analysis of samples and to perform necropsies in BLS-4 
containment; 8) histopathological analysis of tissues collected from animals infected with BSL-4 viruses; and 9) 
quality systems management of all records and data collected from animal studies. 

All X of the research projects within the X Center focus on developing vaccines or monoclonal antibody (mAb) 
based therapies against paramyxoviruses, arenaviruses, and phleboviruses. All X of these research projects 
require that countermeasures be evaluated in animals against infectious paramyxoviruses, arenaviruses, and 
phleboviruses. As HeV, LASV, JUNV, and RVFV are CDC and/or USDA select agents Federal regulations 
require that these viruses be handled in Biosafety Level (BSL)-3 or BSL-4 containment. Core D provides 
approved BSL-3/ABSL-3 and BSL-4/BSL-4 facilities and a trained and experienced team of BSL-3 and BSL-4 
investigators and staff to perform studies that support RP1 and RP2. 

B.  INNOVATION 
Scientific Core D will be co-located within the Galveston National Laboratory (GNL) and Robert Shope 
Laboratory at the University of Texas Medical Branch (UTMB) at Galveston. The GNL is a high and maximum-
containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious 
diseases research agenda and stands ready to assist local, state and national public health efforts in the event 
of a public health emergency. The facility is unique in that it is one of two operational BSL-4 facilities in the United 
States that is located on an academic campus. This unique location benefits the X Center in several ways. 
Regarding physical resources the GNL is a state-of-the-art facility with many specialized assets including BSL-
4 imaging, telemetry, and aerobiology equipment. In addition, being located on an academic campus Drs. 
Geisbert (Core D, Project Leader (PL), Cross, Freiberg, and Ikegami are faculty members in the Departments of 
Microbiology and Immunology and Pathology. This academic environment is a major strength, that fosters 
creativity and collaboration with other UTMB investigators which will be beneficial to the overall success of Core 
D. Dr. Broder, is faculty member of the Department of Microbiology and Immunology at Uniformed Services 
University (USU). Drs. Broder and Geisbert (PL) have a long-standing emerging virus research collaboration 
which has included the development and characterization the first nonhuman primate (NHP) models for HeV and 
Nipah virus (NiV) that will be employed by the Center’s RPs. Another strength within the Core is Drs. Geisbert, 
Broder, Cross, and Veesler (Center Co-PI) currently collaborate and lead active henipavirus projects that are 
focused on translational countermeasure development which includes more traditional vaccine and mAb 
therapeutics approaches, and the shared knowledge base and experience in these areas will greatly facilitate 
the Core’s abilities in supporting the Center’s research goals in applying advanced machine learning-enabled 



designs of effective prototype pathogen vaccines and antibodies.  Along with animal model development and 
animal modeling expertise, many of the unique virological tools including recombinantly generated RNA viruses, 
reporter gene-encoding viruses, and other pseudotype virus technologies, that will be employed by the Core, 
have been developed from UTMB-USU collaboration.  

C.  APPROACH 

Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed 
stocks of paramyxoviruses, arenaviruses, and phleboviruses. 

Paramyxovirus, arenavirus, and phlebovirus seed stocks. UTMB will provide fully equipped BSL-3/ABSL-3 
and BSL-4/ABSL-4 facilities that are required to work with HeV, SOSV, LASV, JUNV, RVFV, and SFTSV. UTMB 
will also provide and maintain all required approvals to work these viruses. The BSL-3 and BSL-4 paramyxovirus, 
arenavirus, and phlebovirus seed stocks employed for RP1 and RP2 have been or will be titered by conventional 
standard plaque assay and qRT-PCR as detailed in Aim 2 below. The virus strain identity of each seed stock 
has been or will be confirmed by sequence analysis. In addition, RNA has been or will be deep sequenced to 
verify the complete viral genome of each virus seed stock used for animal challenge studies.  We have or will 
test each seed stock for mycoplasma contamination. Endotoxin testing has been or will be performed on 
paramyxovirus, arenavirus, and phlebovirus stocks using the Endosafe PTS system (Charles River Laboratories) 
following the manufacturer’s instructions. The Endosafe PTS system is a cartridge-based testing system utilizing 
FDA-licensed cartridges (0.1 EU/ml, 0.05 EU/ml, 0.01 EU/ml, 0.05 EU/ml) for ultrasensitive testing.  Seed stocks 
will also be evaluated for morphological identity by transmission electron microscopy. The bacteriological and 
mycological sterility of the product will be determined by selection of aliquots of the dispensed stock, inoculation 
of a sterile 500 ml bottle of Dulbecco's high glucose MEM with 10% FBS and then after 3 days subcultured to 
FTM and TBS media. paramyxovirus, arenavirus, and phlebovirus seed stocks will be inventoried in the UTMB 
BSL-4 and BSL-4 virus stock databases and secured in dedicated controlled access alarmed minus 80°C 
freezers in the GNL or Robert Shope Laboratory. Paramyxovirus, arenavirus, and phlebovirus seed stocks are 
monitored periodically for any changes in virus titer. 

Plan for staffing, managing, and prioritizing Core use. The Core Leader and Co-Leaders have a cadre of 
staff that are trained and highly experienced in all BSL-3 and BSL-4 procedures and assays needed to conduct 
the proposed work. In addition to the Core Leader and Co-Leaders this staff includes an ACVP board certified 
veterinary pathologist, two BSL-4 contributing scientists, a BSL-4 Technical Director, a BSL-4 trained 
postdoctoral fellow, six BSL-4 experienced technical staff, a BSL-4 trained histotechnologist, and a BSL-4 trained 
graduate student. We do not anticipate any BSL-3 or BSL-4 scheduling problems regarding studies proposed in 
RP1 or RP2. However, we have developed a mitigation strategy if unforeseen events cause any prioritization of 
resources. A committee consisting of the Core D Leader, the PI of the Center, and the members of the external 
Scientific Advisory Committee (SAC) will review the status of RP1 and RP2 and any circumstances causing a 
prioritization of work. The Committee will also hold a meeting or teleconference (Zoom, Teams) with the Project 
Leaders and key staff of RP1 and RP2 to gather additional information. After careful review of all available 
information the Committee will then make a recommendation on prioritization to the Center PI. The X Center PI 
will then consult with NIAID/NIH program staff and make the final determination on prioritization. 

Aim 2:  Provide technical expertise and conduct in vitro assays. 

In vitro antiviral activity assays:  Core D will perform conventional virus neutralization assays for RP1 and 
RP2 to determine the ability of sera/plasma from immunized animals from RP1 and antibodies from RP2 to inhibit 
the replication of paramyxoviruses, arenaviruses, and phleboviruses in vitro using infectious viruses in the UTMB 
BSL-3 and BSL-4 laboratories. In brief, cultures of Vero, Vero E6, SW13, or other cell types will be infected with 
a range of m.o.i. of paramyxoviruses, arenaviruses, and bunyaviruses and treated with various concentrations 
of the provided sera/plasma or antibodies. Cells and/or culture fluids will be harvested at various time points after 
infection and infectious virus enumerated by conventional plaque assay as detailed below.   

Develop chimeric reporter-gene encoding viruses and virus neutralization assays for BSL-2 use. 
We have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter 
viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP) (PMID: 
23849788 and PMID: 24576301), as well as employed reverse genetics to rescue authentic ABLV and various 
reporter gene-encoding viruses (PMID: 32407866 and PMID: 30875748). In addition, we have generated a 
reverse genetics platform for generating recombinant Cedar virus (rCedV) and rCedV chimeras whereby the 
fusion (F) and attachment (G) glycoprotein genes of rCedV were replaced with those of NiV-Bangladesh (NiV-



B) or HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV), both with and 
without reporter genes (PMID: 35617431, PMID: 31548390, PMID: 29587789, PMID: 37243163). The rCedV 
chimeras are a replication competent authentic henipavirus platform that is a high-throughput surrogate 
neutralization assay that is rapid, cost-effective and can be utilized outside high containment. Similar approaches 
will be applied here to generate new reporter viruses for Ghana bat virus (GhV). We will design, construct and 
rescue both VSV and rCedV chimeras that encode the envelope glycoproteins (fusion (F) and attachment (G) 
glycoproteins) of GhV. Two reporter-gene encoding versions will be attempted for VSV-GhV: one encoding GFP 
(VSV-GhV-GFP) and the other encoding the Photinus pyralis (firefly) luciferase gene (VSV-GhV-Luc). We will 
also construct and rescue GFP and Luc reporter gene encoding versions? of rCedV chimeras encoding the GhV 
F and G genes (rCedV-GhV-GFP and rCedV-GhV-Luc) (Fig. 1). The rescued viruses will be characterized using 
cell-based infection tropism and growth kinetics assays.  

Figure 1. Schematic of chimeric reporter viruses. (A)The VSV-ABLV G-GFP plasmid. 
Arrows indicate regions of self-cleavage. Unique sites MluI and KpnI to construct VSV-
GhV-GFP and VSV-GhV-Luc. (B) pOLTV5opt-rCedV plasmid. Arrows indicate regions 
of self-cleavage. Unique sites MluI and SphI used to construct rCedV-GhV-GFP. 

The rCedV (NiV-B and HeV) chimeric virus platform serves as a robust 
surrogate neutralization assay system for quantifying antibody 
neutralization potency of anti-NiV and anti-HeV antisera and mAbs 
[Amaya et al, Viruses 2023   see comment box]. The neutralizing 

potencies of several well-characterized cross-reactive NiV/HeV F and G specific mAbs against rCedV-NiV-B-
GFP and rCedV-HeV-GFP are highly correlated with those obtained using authentic NiV-B and HeV when tested 
in parallel by plaque reduction neutralization test (PRNT). Pearson correlation of rCedV chimeras BSL-2 PRNT 
to the NiV-B or HeV BSL-4 PRNT is shown in Fig. 2a. A high-throughput quantitative assay based on reduction 
of GFP foci (fluorescent reduction neutralization test (FRNT)) was also developed. Correlation analysis with mAb 
neutralization values by PRNT vs FRNT (Fig. 2b), Pearson’s r ≥ 0.9 and p-value < 0.001). 

Figure 2. Panel a: Pearson correlation for BSL-2 PRNT vs BSL-4 PRNT 
(rCedV-NiV-B-GFP versus NiV-B (i-iv) and rCedV-HeV-GFP versus HeV 
(v-viii)). Panel b: Pearson correlation for PRNT vs FRNT ((rCedV-NiV-B-
GFP (i-iv) and rCedV-HeV-GFP (v-viii)). 

Rescue and characterize reporter viruses encoding GhV 
envelope glycoproteins. 
Generation of a VSV encoding GhV envelope glycoproteins. 
We will construct reporter gene encoding versions of a 
replication competent VSV encoding the GhV F and G 
glycoproteins (GFP and Luc) (Fig. 1A). A large gene cassette 
comprising VSV untranslated intergenic regions flanking the 
GhV F and G coding sequences will be synthesized. The GhV 
F and G coding sequences will be based on the GhV isolate 

Eid_hel/GH-M74a/GHA/2009 (GenBank: NC_025256.1). The GenBank accession number for GhV F is 
YP_009091837.1 and that for the GhV G protein is YP_009091838.1. Unique restriction enzyme sites, MluI and 
KpnI will facilitate the insertion of the GhV F and G gene cassette into the VSV backbone plasmid. The VSV-
GhV-Luc will be similarly made. Cloning procedures are performed in E. coli Stbl2 and all plasmids verified by 
sequencing. Rescue will be performed in BSR-T7/5 cells, transfected helper plasmids, VSV-N, VSV-P, and VSV-
L and the VSV-GhV-GFP or VSV-GhV-Luc antigenome plasmids. After 48hrs the cells and supernatants are 
collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus is 
performed using HEK293T cells by inoculation with the supernatant from step 1. When GFP fluorescence and/or 
cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus stocks 
stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and virus supernatants are 
purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% sucrose/TNE buffer, 
and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. Virus stocks are 
tittered by serial dilution on HEK293T cells by plaque assay (PMID: 32833351).  

Generation of rCedV encoding GhV envelope glycoproteins. rCedV-GhV-GFP will be produced by synthesizing 
large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the GhV F and G coding 
sequences. The CedV non-coding intergenic regions are retained as is adherence to the genomic “rule of six”. 
Unique restriction sites, MluI and SphI will facilitate the insertion of the GhV F and G gene cassette into the 



genome clone (pOLTV5opt-rCedV) generating rCedV-GhV-GFP (Fig. XB). All cloning is performed in E. coli Stbl2 
cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with 
CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-GhV-GFP 
antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus 
CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve 
Vero 76 cells (T-75 flasks) to prepare a virus stock. At maximal syncytia and GFP (~2–3 days), supernatants are 
collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep 
sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored 
as single use aliquots at -80°C (PMCID: PMC8631057, PMCID: PMC5869790, PMCID: PMC1563797). 

Characterization of the recombinant reporter viruses in cell-based infection assays: The replication kinetics of 
the VSV-based and rCedV-based GhV F/G encoding viruses will be assayed by Vero cell culture infection 
using MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and tittered. VSV-GhV 
F/G virus replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G (PMID: 
23849788). Similarly, rCedV-GhV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV 
chimeras. Unlike NiV and HeV, GhV G engages only the ephrin-B2 ligand to trigger membrane fusion (PMID: 
24296468). The GhV F/G bearing reporter viruses will be verified for this specific ephrin ligand tropism in cell 
infection and/or syncytia formation experiments and comparisons made to wildtype VSV or VSV-ABLV G and 
also alternatively to rCedV, and rCedV NiV/HeV chimeras. We have generated murine mAbs to GhV F and G 
(10C4-LY and 10D5-LY to GhV G; and 5B7-LY and 7C11-LY to GhV F) and these will be used in neutralization 
tests. The VSV-GhV-GFP assays will be conducted by FRNTs and VSV-GhV-Luc in luciferase assays. 

Evaluating neutralization potential of vaccine platforms from other research projects. Our rCeV chimeras 
(rCedV-NiV-B-GFP and rCedV-HeV-GFP) will allow this Core to conduct large numbers of neutralization tests 
by FRNT, to the many ML-derived prototype henipavirus vaccine antigen constructs, mAbs, and nanobinders, 
that will be generated by the Center’s RPs. In Center years 1-3 the focus will be on HeV and NiV prototypes, 
and in years 4-5 the Core is expected to shift to GhV test case. The FRNT assay is rapid (36hrs), high throughput, 
and performed in 96-well plates to establish typical 7-point dose response virus neutralization data and 
performed at BSL-2. Typically, immune sera, mAbs, or other entry inhibitors are analyzed by serially dilution and 
mixed with virus (rCedV-NiV-B-GFP or rCedV-HeV-GFP) for 2hrs then samples used in triplicate to infect 
confluent Vero 76 cells in black-walled clear bottom 96-well plates and incubated 24hrs, and then plates are 
fixed and imaged and fluorescent foci quantitated with CTL Basic Count software. The 50% inhibitory 
concentration (IC50) is determined by 50% reduction in fluorescent foci versus untreated controls.  

Anticipated Results, Potential Pitfalls and Alternative Strategies. We anticipate the reporter viruses will 
replicate to titers fit for purpose. Neutralization assays will typically be conducted as 3 independent repeats and 
the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. If we encounter 
unexpected limitations in rescuing VSV-based or rCedV-based GhV F/G bearing reporter viruses; we will 1) test 
different ratios of helper plasmids and antigenome plasmids; 2) perform rescue using different cell lines; 3) 
construct alternate versions of the GhV F and G genes within the antigenome plasmids, such as truncating the 
GhV G protein which has been shown to enhance GhV mediated F/G membrane fusion (PMID: 31470664). 
Alternatively, fusion of the GhV F and G ectodomains with the transmembrane and cytoplasmic tail domains of 
the corresponding CedV F and G elements may facilitate virus particle formation and membrane fusion activity.  

Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical 
pathology assays, virology assays, and necropsies in BSL-3 and BSL-4 containment. 

The Core D Leader and Co-Leaders will work closely with the Project Leaders and key staff of RP1 and RP2 to 
develop vaccination, treatment and sampling regimens, study protocols, and animal protocols that utilize 
countermeasures identified in RP1 and RP2. The Core Leader and Co-Leaders will write and obtain UTMB 
IACUC approval for all animal protocols performed in Core D. The animal models and clinical pathology, 
immunology, virology, and histopathology assays employed for Aim 3 are detailed below. All raw data as well as 
graphed or tabulated data generated by Core D will be handled and analyzed in coordination with the Core B. 

Animal models:  Core D will employ established animal models for HeV and LASV. While animal models also 
exist for SOSV, JUNV, RVFV, and SFTSV we will optimize these models to fill gaps and provide new tools as 
detailed in Aim 4 below. Mice, guinea pigs, hamsters, ferrets, and cats have been used as small animal models 
of HeV infection (refs).  This project will employ Syrian golden hamsters as the small animal model of HeV 
disease because they are more suitable than other small animals for screening large numbers of vaccines and 



mAbs.  Using hamsters will allow us to select optimal vaccine and mAb formulations and regimens prior to 
efficacy testing in NHPs. In 2010 Drs. Geisbert and Broder developed the first highly lethal NHP model for 
henipavirus infection (Nipah virus) using African green monkeys (AGM) (ref). They subsequently developed a 
lethal AGM model for HeV infection (ref). Henipavirus NHP models mirror human disease with animals showing 
severe respiratory pathology, neurological disease, and generalized vasculitis. For LASV, Core D will use 
established lethal outbred guinea pig models that cover several lineages of LASV (refs) as guinea pigs are the 
only immunocompetent small animal model for Lassa fever.  Core D will also use established cynomolgus 
monkey models that cover several genetically distinct lineages of LASV (refs). 

Animal vaccinations:  All animals will be obtained from commercial vendors and allowed to acclimate prior to 
vaccination (~ 3-7 days for mice, hamsters, and guinea pigs and ~ 14 days for ferrets and NHPs).  Mice, 
hamsters, and guinea pigs will be vaccinated by intramuscular (i.m.) or intraperitoneal (i.p.) injection of the 
vaccines provided by RP1. Ferrets and NHPs will be vaccinated by i.m. injection of the vaccines provided by 
RP1. All animals will be vaccinated in ABSL-2. Animals will be monitored daily for any reaction or adverse events 
caused by the vaccination. Blood will be collected for plasma, serum, and PBMC isolations before vaccination 
and at times after vaccination for assessment of the host immune response. 

Animal challenges:  Hamsters, ferrets, and NHPs will be challenged with infectious HeV or SOSV as previously 
described (refs). After appropriate acclimation, hamsters and ferrets will be exposed to HeV or SOSV by 
intranasal (i.n.) or i.p. administration of up to 1x10^6 PFU of virus. NHPs will be challenged with HeV by the 
intratracheal (i.t.) and/or i.n. routes using up to 1 x 10^6 PFU of virus. Mice, guinea pigs, and ferrets will be 
exposed to arenaviruses and phleboviruses by i.p. injection.  NHPs will be exposed to LASV by i.m. injection 
and Junin virus by intravenous (i.v.) injection as previously described (refs).  For all animals, blood will be 
collected with or without anticoagulants for plasma and serum isolations, respectively, at times before 
paramyxovirus, arenavirus, or phlebovirus challenge, on the day of challenge, and at various times after 
challenge as detailed in RP1 and RP2. Animals will be monitored for clinical signs daily. We will apply a scoring 
sheet approved by the UTMB IACUC depicted in the Vertebrate Animals section to assist in determining the time 
of euthanasia depending on clinical signs (e.g., respiratory distress, anorexia, activity, appearance, neurologic 
signs, etc.).  Animals will be euthanized according to the 2013 AVMA Guidelines on Euthanasia. Any surviving 
animals will be euthanized on day 35-42 days after paramyxovirus, arenavirus, or phlebovirus challenge. 

Clinical pathology assays:  Hematology on EDTA whole blood: For NHP studies, we will measure the following 
parameters at time points before and after HeV, LASV, or JUNV challenge:  total white blood cell counts (WBC), 
percent lymphocytes (LY), percent monocytes (MO), percent neutrophils (NEU), percent eosinophils (EOS), 
percent basophils (BAS), total lymphocyte counts (LY#), total monocyte counts (MO#), total neutrophil counts 
(NEU#), total eosinophil counts (EOS #), total basophil counts (BAS #), red blood cell counts (RBC), total 
hemoglobin (Hgb), hematocrit values (HCT), mean cell volume (MCV), mean corpuscular hemoglobin (MCH), 
mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets (PLT), and 
mean platelet volume (MPV), and Plateletcrit (PCT). Values will be obtained from the Abaxis VetScan HM5 
following manufacturer’s directions.   

Clinical chemistry on serum:  For NHP studies, the following parameters will be measured at time points before 
and after HeV, LASV, and JUNV challenge:  Albumin (ALB), amylase (AMY), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), glucose 
(GLU), total protein (TP), blood urea nitrogen (BUN), and creatinine (CRE), Creactive protein (CRP), Calcium 
(Ca2+), and uric acid (UA). Values will be obtained from the Abaxis Piccolo chemistry analyzer following 
manufacturer’s directions. 

Viral load assays:  PCR Assay:  To assess viral loads in whole blood and tissues, RNA will be extracted using 
a virus RNA isolation kit (Qiagen, Valencia, CA) followed by TaqMan PCR for the viral genome being studied. 
Qiagen buffers have been safety tested for inactivation of paramyxoviruses, arenaviruses, and phleboviruses. 
The PCR assays employed for HeV, SOSV, LASV, JUNV, RVFV, and SFTSV have been previously described 
(refs). 

Plaque Assay: The plaque assays employed for paramyxoviruses, arenaviruses, and phleboviruses have 
previously been described (refs). Briefly, 10-fold dilutions (10-1 to 10-6) of serum, plasma, or whole blood 
samples are prepared in cell maintenance medium (DMEM/10%FBS/gentamicin) and adsorbed to 70-90% 
confluent monolayers of Vero E6 cells in 6-well plates, adding 0.2 mL/well. The plates are incubated at 37°C, 
5% CO2 for 45 min, with periodical rocking every 10-15 min. The incubation period is followed by addition of 2 
mL 1% agarose-containing medium (2X EBME/Hepes/10% FBS/gentamicin) to each well. After the agarose has 



solidified, the plates are returned to the C02 incubator and maintained for 2-14 days until plaques are visualized. 
At this time, 2 mL PBS containing 5% neutral red and 5% FBS is added to each well, the plates returned to the 
CO2 incubator and held overnight. The following day, the liquid stain overlay is removed from each well and 
plaques are counted. 

Gross pathology and histopathology:  A necropsy will be performed on all NHPs. We will examine the external 
surfaces of the body, all orifices, and the thoracic and peritoneal cavities and their contents. Core D will prepare 
a written report of the gross pathology findings of each NHP. The following NHP tissues will be collected at 
necropsy, fixed in 10% neutral-buffered formalin, embedded in paraffin, and stained by H&E:  liver, spleen, lung, 
kidney, adrenal gland, pancreas, axillary lymph node, inguinal lymph node, mesenteric lymph node, duodenum, 
ileum, colon, brain (frontal cortex, cerebellum, brain stem), cervical spinal cord, urinary bladder, ovary or testis, 
prostate or uterus, and eye. A microscopic evaluation will be performed on H&E slides of all tissues collected 
from all NHPs by an ACVP board certified veterinary pathologist. A written rReports of the histologic findings of 
each tissue from each animal will be provided to the Project Leader of RP1 Leaders. In consultation with the 
Project Leader of RP1 Leaders, Core D may also perform immunohistochemical and/or special stains such as 
PTAH for fibrin as previously described (refs). 

Quality systems management of all records and data collected from animal studies:  Although the animal 
studies conducted by Core D will not be required to be performed under GLP compliance, UTMB will provide 
Quality Assurance that will achieve data quality and integrity when conducting animal experiments. Quality refers 
to whether the study was conducted in accordance with the protocol, standard operating procedures, and 
applicable standards of research. Integrity refers to assurance that the raw data and documentation are 
consistent with reported results. All animal study personnel will be trained by the UTMB Office of Regulated 
Nonclinical Studies (ORNcS). on Good Documentation Practices (GDP). All animal study data generated by 
Core D will be provided to Core B as detailed in the Core B Research Strategy. 

Aim 4:  Develop and/or optimize animal models for Sosuga virus, Junin virus Rift valley fever virus, and 
severe fever with thrombocytopenia syndrome virus. 

For HeV and LASV Core D will employ animal models that have already been developed and are well 
established. However, for SOSV, JUNV, RVFV, SFTSV while animal models exist there are gaps that need to 
be addressed.  Recently, it was shown that i.n. or i.p. infection of hamsters with SOSV resulted in viremia and 
mild clinical disease (ref) but there is no lethal model for SOSV.  Core B will further explore the hamster model 
for SOSV by 1) using higher challenge doses of SOSV which is often required to produce lethal disease in other 
paramyxovirus hamster models (refs) or 2) serially passage of tissues in hamsters.  Core D will also assess the 
pathogenic potential of ferrets for SOSV as they are often used as animal models for paramyxoviruses.  For 
JUNV, serial adaptation is often required to produce lethal disease in outbred guinea pigs.  We recently showed 
that for Ebolaviruses while serial adaptation is required to produce lethality in mice, hamsters, and guinea pigs, 
infection of ferrets with Zaire ebolavirus, Sudan ebolavirus, or Bundibugyo ebolavirus resulted in uniform lethality 
with wild type viruses and did not require adaptation (ref).  Therefore, Core D will assess the pathogenic potential 
of JUNV in ferrets.  

RVFV and SFTSV text needed here. 

 

 

 

 

 

 

 

 

 

 

 



BIBLIOGRAPHY AND REFERENCES CITED 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
External Email Warning: Do not click links or open attachments unless you recognize
the sender and expect the content. UTMB Email Phishing Awareness

From: Broder, Christopher on behalf of Broder, Christopher <christopher.broder@usuhs.edu>
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this looks done.

you are going to format this right?

On Thu, Jun 1, 2023 at 5:45 PM Geisbert, Thomas W. <twgeisbe@utmb.edu> wrote:
This is looking good.  I split out the Aims page (first document) as it is separate and we then
have 6 pages for the Core text.  I inserted the references.  I think once you get those in that
will save some space.  Also, I went back through the documents from Alex Freiberg and they
are not proposing any animal model development so I fixed that.

From: Broder, Christopher <christopher.broder@usuhs.edu>
Sent: Thursday, June 1, 2023 1:48 PM
To: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Cc: Cross, Robert W. <rwcross@UTMB.EDU>
Subject: Re: UWA Core Aim
 

guys
i think the core is 6 pages plus a Specific Aims page (total 7)
if im wrong then cut out fig 2

its getting close.  last section needed.   insert your refs now, and 
it will get space.
there are a lot of bits that can be wordsmithed out in the animal methods.

if you make a near final formatted version with section added for RVFV and SFTSV
send back and i will edit it down to fit

On Thu, May 25, 2023 at 2:50 PM Broder, Christopher <christopher.broder@usuhs.edu>
wrote:

i know,  
best to have too much and cut to start off

i am working back on Overall 12 pages 

On Thu, May 25, 2023 at 2:18 PM Geisbert, Thomas W. <twgeisbe@utmb.edu> wrote:


RESEARCH STRATEGY

A. SIGNIFICANCE

Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order Bunyavirales contain pathogens that cause significant lethality. Importantly, within the Paramyxovirdae the zoonotic henipavirus Hendra virus (HeV) is on the WHO Priority Pathogens list. Notably, henipaviruses stand out for their impressive lethality with case fatality rates averaging about 75%. The Arenaviridae and Phelboviridae families contain viruses that cause severe hemorrhagic disease in humans. These viruses include the arenaviruses Lassa virus (LASV) and Junin virus (JUNV) and the phlebovirus Rift Valley fever virus (RVFV).  All of these viruses are also included among the World Health Organization’s (WHO) List of Priority Pathogens and pose threats to global public health due to the absence of approved vaccines or therapeutics. There is a clear unmet need for medical countermeasures to combat the threat of natural outbreaks, epidemics, or deliberate release. The Machine Learning-(ML)-Enabled Design of Prototype Pathogen Vaccines and Antibodies Center is a well-integrated consortium conducting a set of discovery and translational research programs composed of an Administrative Core, a Data Management Core, X Scientific Cores, and X Research Projects (RPs). The synergistic activities of the X Center partners will be focused on developing novel vaccines, treatments, and tools to support pandemic preparedness. Federal law requires that the paramyxoviruses, arenaviruses, and phleboviruses used in the X Center be handled in approved Biosafety Level (BSL)-3 and BSL-4 containment laboratories. Core D provides approved BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities and a trained and highly experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that support RP1 and RP2. The services provided by Core D will include 1) a secure repository of well characterized seed stocks of BSL-3 and BSL-4 paramyxoviruses, arenaviruses, and phleboviruses 2) in vitro antiviral activity assays; 3) procurement of UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of animals; 5); development and/or optimization of animal models for strains or variants of Sosuga virus (SOSV), JUNV, RVFV, and severe fever with thrombocytopenia syndrome virus (SFTSV) to fill gaps where models are needed; 6) virus challenge, treatment, and collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological, immunological, and virological analysis of samples and to perform necropsies in BLS-4 containment; 8) histopathological analysis of tissues collected from animals infected with BSL-4 viruses; and 9) quality systems management of all records and data collected from animal studies.

All X of the research projects within the X Center focus on developing vaccines or monoclonal antibody (mAb) based therapies against paramyxoviruses, arenaviruses, and phleboviruses. All X of these research projects require that countermeasures be evaluated in animals against infectious paramyxoviruses, arenaviruses, and phleboviruses. As HeV, LASV, JUNV, and RVFV are CDC and/or USDA select agents Federal regulations require that these viruses be handled in Biosafety Level (BSL)-3 or BSL-4 containment. Core D provides approved BSL-3/ABSL-3 and BSL-4/BSL-4 facilities and a trained and experienced team of BSL-3 and BSL-4 investigators and staff to perform studies that support RP1 and RP2.

B.  INNOVATION

Scientific Core D will be co-located within the Galveston National Laboratory (GNL) and Robert Shope Laboratory at the University of Texas Medical Branch (UTMB) at Galveston. The GNL is a high and maximum-containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda and stands ready to assist local, state and national public health efforts in the event of a public health emergency. The facility is unique in that it is one of two operational BSL-4 facilities in the United States that is located on an academic campus. This unique location benefits the X Center in several ways. Regarding physical resources the GNL is a state-of-the-art facility with many specialized assets including BSL-4 imaging, telemetry, and aerobiology equipment. In addition, being located on an academic campus Drs. Geisbert (Core D, Project Leader (PL), Cross, Freiberg, and Ikegami are faculty members in the Departments of Microbiology and Immunology and Pathology. This academic environment is a major strength, that fosters creativity and collaboration with other UTMB investigators which will be beneficial to the overall success of Core D. Dr. Broder, is faculty member of the Department of Microbiology and Immunology at Uniformed Services University (USU). Drs. Broder and Geisbert (PL) have a long-standing emerging virus research collaboration which has included the development and characterization the first nonhuman primate (NHP) models for HeV and Nipah virus (NiV) that will be employed by the Center’s RPs. Another strength within the Core is Drs. Geisbert, Broder, Cross, and Veesler (Center Co-PI) currently collaborate and lead active henipavirus projects that are focused on translational countermeasure development which includes more traditional vaccine and mAb therapeutics approaches, and the shared knowledge base and experience in these areas will greatly facilitate the Core’s abilities in supporting the Center’s research goals in applying advanced machine learning-enabled designs of effective prototype pathogen vaccines and antibodies.  Along with animal model development and animal modeling expertise, many of the unique virological tools including recombinantly generated RNA viruses, reporter gene-encoding viruses, and other pseudotype virus technologies, that will be employed by the Core, have been developed from UTMB-USU collaboration. 

C.  APPROACH

Aim 1:  Provide BSL-3 and BSL-4 resources including a secure repository of well characterized seed stocks of paramyxoviruses, arenaviruses, and phleboviruses.

Paramyxovirus, arenavirus, and phlebovirus seed stocks. UTMB will provide fully equipped BSL-3/ABSL-3 and BSL-4/ABSL-4 facilities that are required to work with HeV, SOSV, LASV, JUNV, RVFV, and SFTSV. UTMB will also provide and maintain all required approvals to work these viruses. The BSL-3 and BSL-4 paramyxovirus, arenavirus, and phlebovirus seed stocks employed for RP1 and RP2 have been or will be titered by conventional standard plaque assay and qRT-PCR as detailed in Aim 2 below. The virus strain identity of each seed stock has been or will be confirmed by sequence analysis. In addition, RNA has been or will be deep sequenced to verify the complete viral genome of each virus seed stock used for animal challenge studies.  We have or will test each seed stock for mycoplasma contamination. Endotoxin testing has been or will be performed on paramyxovirus, arenavirus, and phlebovirus stocks using the Endosafe PTS system (Charles River Laboratories) following the manufacturer’s instructions. The Endosafe PTS system is a cartridge-based testing system utilizing FDA-licensed cartridges (0.1 EU/ml, 0.05 EU/ml, 0.01 EU/ml, 0.05 EU/ml) for ultrasensitive testing.  Seed stocks will also be evaluated for morphological identity by transmission electron microscopy (TEM). Virus particle counts will be determined using a Virus Counter and confirmed by conventional TEM methods if needed. The bacteriological and mycological sterility of the product will be determined by selection of aliquots of the dispensed stock, inoculation of a sterile 500 ml bottle of Dulbecco's high glucose MEM with 10% FBS and then after 3 days subcultured to FTM and TBS media. paramyxovirus, arenavirus, and phlebovirus seed stocks will be inventoried in the UTMB BSL-4 and BSL-4 virus stock databases and secured in dedicated controlled access alarmed minus 80°C freezers in the GNL or Robert Shope Laboratory. Paramyxovirus, arenavirus, and phlebovirus seed stocks are monitored periodically for any changes in virus titer.

Plan for staffing, managing, and prioritizing Core use. The Core Leader and Co-Leaders have a cadre of staff that are trained and highly experienced in all BSL-3 and BSL-4 procedures and assays needed to conduct the proposed work. In addition to the Core Leader and Co-Leaders this staff includes an ACVP board certified veterinary pathologist, two BSL-4 contributing scientists, a BSL-4 Technical Director, a BSL-4 trained postdoctoral fellow, six BSL-4 experienced technical staff, a BSL-4 trained histotechnologist, and a BSL-4 trained graduate student. We do not anticipate any BSL-3 or BSL-4 scheduling problems regarding studies proposed in RP1 or RP2. However, we have developed a mitigation strategy if unforeseen events cause any prioritization of resources. A committee consisting of the Core D Leader, the PI of the Center, and the members of the external Scientific Advisory Committee (SAC) will review the status of RP1 and RP2 and any circumstances causing a prioritization of work. The Committee will also hold a meeting or teleconference (Zoom, Teams) with the Project Leaders and key staff of RP1 and RP2 to gather additional information. After careful review of all available information the Committee will then make a recommendation on prioritization to the Center PI. The X Center PI will then consult with NIAID/NIH program staff and make the final determination on prioritization.

Aim 2:  Provide technical expertise and conduct in vitro assays.

In vitro antiviral activity assays:  Core D will perform conventional virus neutralization assays for RP1 and RP2 to determine the ability of sera/plasma from immunized animals from RP1 and antibodies from RP2 to inhibit the replication of paramyxoviruses, arenaviruses, and phleboviruses in vitro using infectious viruses in the UTMB BSL-3 and BSL-4 laboratories. In brief, cultures of Vero, Vero E6, SW13, or other cell types will be infected with a range of m.o.i. of paramyxoviruses, arenaviruses, and bunyaviruses and treated with various concentrations of the provided sera/plasma or antibodies. Cells and/or culture fluids will be harvested at various time points after infection and infectious virus enumerated by conventional plaque assay as detailed below.  

Develop chimeric reporter-gene encoding viruses and virus neutralization assays for BSL-2 use.

We have previously used reverse genetics to generate several types of replication competent VSV-GFP reporter viruses including those encoding Australian bat lyssavirus (ABLV) G glycoproteins (VSV-ABLV G-GFP) (PMID: 23849788 and PMID: 24576301), as well as employed reverse genetics to rescue authentic ABLV and various reporter gene-encoding viruses (PMID: 32407866 and PMID: 30875748). In addition, we have generated a reverse genetics platform for generating recombinant Cedar virus (rCedV) and rCedV chimeras whereby the fusion (F) and attachment (G) glycoprotein genes of rCedV were replaced with those of NiV-Bangladesh (NiV-B) or HeV, generating replication competent chimeric viruses (rCedV-NiV-B and rCedV-HeV), both with and without reporter genes (PMID: 35617431, PMID: 31548390, PMID: 29587789, PMID: 37243163). The rCedV chimeras are a replication competent authentic henipavirus platform that is a high-throughput surrogate neutralization assay that is rapid, cost-effective and can be utilized outside high containment. Similar approaches will be applied here to generate new reporter viruses for Ghana bat virus (GhV). We will design, construct and rescue both VSV and rCedV chimeras that encode the envelope glycoproteins (fusion (F) and attachment (G) glycoproteins) of GhV. Two reporter-gene encoding versions will be attempted for VSV-GhV: one encoding GFP (VSV-GhV-GFP) and the other encoding the Photinus pyralis (firefly) luciferase gene (VSV-GhV-Luc). We will also construct and rescue GFP and Luc reporter gene encoding versions? of rCedV chimeras encoding the GhV F and G genes (rCedV-GhV-GFP and rCedV-GhV-Luc) (Fig. 1). The rescued viruses will be characterized using cell-based infection tropism and growth kinetics assays. 

[image: ]Figure 1. Schematic of chimeric reporter viruses. (A)The VSV-ABLV G-GFP plasmid. Arrows indicate regions of self-cleavage. Unique sites MluI and KpnI to construct VSV-GhV-GFP and VSV-GhV-Luc. (B) pOLTV5opt-rCedV plasmid. Arrows indicate regions of self-cleavage. Unique sites MluI and SphI used to construct rCedV-GhV-GFP.

[bookmark: _heading=h.3znysh7]The rCedV (NiV-B and HeV) chimeric virus platform serves as a robust surrogate neutralization assay system for quantifying antibody neutralization potency of anti-NiV and anti-HeV antisera and mAbs [Amaya et al, Viruses 2023   see comment box]. The neutralizing potencies of several well-characterized cross-reactive NiV/HeV F and G specific mAbs against rCedV-NiV-B-GFP and rCedV-HeV-GFP are highly correlated with those obtained using authentic NiV-B and HeV when tested in parallel by plaque reduction neutralization test (PRNT). Pearson correlation of rCedV chimeras BSL-2 PRNT to the NiV-B or HeV BSL-4 PRNT is shown in Fig. 2a. A high-throughput quantitative assay based on reduction of GFP foci (fluorescent reduction neutralization test (FRNT)) was also developed. Correlation analysis with mAb neutralization values by PRNT vs FRNT (Fig. 2b), Pearson’s r ≥ 0.9 and p-value < 0.001).

[image: ]Figure 2. Panel a: Pearson correlation for BSL-2 PRNT vs BSL-4 PRNT (rCedV-NiV-B-GFP versus NiV-B (i-iv) and rCedV-HeV-GFP versus HeV (v-viii)). Panel b: Pearson correlation for PRNT vs FRNT ((rCedV-NiV-B-GFP (i-iv) and rCedV-HeV-GFP (v-viii)).

Rescue and characterize reporter viruses encoding GhV envelope glycoproteins.

[bookmark: _heading=h.gjdgxs]Generation of a VSV encoding GhV envelope glycoproteins. We will construct reporter gene encoding versions of a replication competent VSV encoding the GhV F and G glycoproteins (GFP and Luc) (Fig. 1A). A large gene cassette comprising VSV untranslated intergenic regions flanking the GhV F and G coding sequences will be synthesized. The GhV F and G coding sequences will be based on the GhV isolate Eid_hel/GH-M74a/GHA/2009 (GenBank: NC_025256.1). The GenBank accession number for GhV F is YP_009091837.1 and that for the GhV G protein is YP_009091838.1. Unique restriction enzyme sites, MluI and KpnI will facilitate the insertion of the GhV F and G gene cassette into the VSV backbone plasmid. The VSV-GhV-Luc will be similarly made. Cloning procedures are performed in E. coli Stbl2 and all plasmids verified by sequencing. Rescue will be performed in BSR-T7/5 cells, transfected helper plasmids, VSV-N, VSV-P, and VSV-L and the VSV-GhV-GFP or VSV-GhV-Luc antigenome plasmids. After 48hrs the cells and supernatants are collected and subjected to freeze-thawing and clarified by centrifugation. Amplification of rescued virus is performed using HEK293T cells by inoculation with the supernatant from step 1. When GFP fluorescence and/or cytopathic effects (CPE) is observed, the cells and supernatants are harvested as above and the virus stocks stored at -80°C. Larger viral stocks are prepared in T-150 flasks in HEK293T cells, and virus supernatants are purified by buffered sucrose cushion centrifugation and virus pellets resuspended in 10% sucrose/TNE buffer, and small volume single use aliquots stored at -80°C. All virus stocks are deep sequenced. Virus stocks are tittered by serial dilution on HEK293T cells by plaque assay (PMID: 32833351). 

Generation of rCedV encoding GhV envelope glycoproteins. rCedV-GhV-GFP will be produced by synthesizing large gene cassettes comprising CedV F and G untranslated intergenic regions flanking the GhV F and G coding sequences. The CedV non-coding intergenic regions are retained as is adherence to the genomic “rule of six”. Unique restriction sites, MluI and SphI will facilitate the insertion of the GhV F and G gene cassette into the genome clone (pOLTV5opt-rCedV) generating rCedV-GhV-GFP (Fig. XB). All cloning is performed in E. coli Stbl2 cells and plasmids verified by sequencing. Rescue is by transfection of BSR-T7/5 cells (12-well plates) with CedV helper plasmids, pCMV-CedV-N, pCMV-CedV-P, pCMV-CedV-L and pOLTV5opt-rCedV-GhV-GFP antigenome plasmid. Typically, after 4 days, cells will be observed for GFP expression and syncytia (henipavirus CPE). BSR-T7/5 cells and supernatants from successful rescue wells are collected and passaged onto naïve Vero 76 cells (T-75 flasks) to prepare a virus stock. At maximal syncytia and GFP (~2–3 days), supernatants are collected and clarified and stored as single-use aliquots at -80°C. Virus stocks will be characterized and deep sequenced. Working virus stocks are prepared by culture amplification and titered by plaque assay and stored as single use aliquots at -80°C (PMCID: PMC8631057, PMCID: PMC5869790, PMCID: PMC1563797).

Characterization of the recombinant reporter viruses in cell-based infection assays: The replication kinetics of the VSV-based and rCedV-based GhV F/G encoding viruses will be assayed by Vero cell culture infection using MOIs of 0.01, 0.1 and 1, and progeny virus recovered in several 24hr intervals and tittered. VSV-GhV F/G virus replication can be compared to expected virus production of wildtype VSV or VSV-ABLV G (PMID: 23849788). Similarly, rCedV-GhV-GFP virus replication can be compared to rCedV or rCedV NiV/HeV chimeras. Unlike NiV and HeV, GhV G engages only the ephrin-B2 ligand to trigger membrane fusion (PMID: 24296468). The GhV F/G bearing reporter viruses will be verified for this specific ephrin ligand tropism in cell infection and/or syncytia formation experiments and comparisons made to wildtype VSV or VSV-ABLV G and also alternatively to rCedV, and rCedV NiV/HeV chimeras. We have generated murine mAbs to GhV F and G (10C4-LY and 10D5-LY to GhV G; and 5B7-LY and 7C11-LY to GhV F) and these will be used in neutralization tests. The VSV-GhV-GFP assays will be conducted by FRNTs and VSV-GhV-Luc in luciferase assays.

[bookmark: _heading=h.30j0zll][bookmark: _heading=h.1fob9te][bookmark: _Hlk135743869]Evaluating neutralization potential of vaccine platforms from other research projects. Our rCeV chimeras (rCedV-NiV-B-GFP and rCedV-HeV-GFP) will allow this Core to conduct large numbers of neutralization tests by FRNT, to the many ML-derived prototype henipavirus vaccine antigen constructs, mAbs, and nanobinders, that will be generated by the Center’s RPs. In Center years 1-3 the focus will be on HeV and NiV prototypes, and in years 4-5 the Core is expected to shift to GhV test case. The FRNT assay is rapid (36hrs), high throughput, and performed in 96-well plates to establish typical 7-point dose response virus neutralization data and performed at BSL-2. Typically, immune sera, mAbs, or other entry inhibitors are analyzed by serially dilution and mixed with virus (rCedV-NiV-B-GFP or rCedV-HeV-GFP) for 2hrs then samples used in triplicate to infect confluent Vero 76 cells in black-walled clear bottom 96-well plates and incubated 24hrs, and then plates are fixed and imaged and fluorescent foci quantitated with CTL Basic Count software. The 50% inhibitory concentration (IC50) is determined by 50% reduction in fluorescent foci versus untreated controls. 

Anticipated Results, Potential Pitfalls and Alternative Strategies. We anticipate the reporter viruses will replicate to titers fit for purpose. Neutralization assays will typically be conducted as 3 independent repeats and the data generated from these assays will be analyzed and graphed using GraphPad Prism 9. If we encounter unexpected limitations in rescuing VSV-based or rCedV-based GhV F/G bearing reporter viruses; we will 1) test different ratios of helper plasmids and antigenome plasmids; 2) perform rescue using different cell lines; 3) construct alternate versions of the GhV F and G genes within the antigenome plasmids, such as truncating the GhV G protein which has been shown to enhance GhV mediated F/G membrane fusion (PMID: 31470664). Alternatively, fusion of the GhV F and G ectodomains with the transmembrane and cytoplasmic tail domains of the corresponding CedV F and G elements may facilitate virus particle formation and membrane fusion activity. 

Aim 3:  Provide technical expertise and conduct animal challenges, vaccinations, treatments, clinical pathology assays, immunology assays, virology assays, necropsies, and histopathological analysis.

The Core D Leader and Co-Leaders will work closely with the Project Leaders and key staff of RP1 and RP2 to develop vaccination, treatment and sampling regimens, study protocols, and animal protocols that utilize countermeasures identified in RP1 and RP2. The Core Leader and Co-Leaders will write and obtain UTMB IACUC approval for all animal protocols performed in Core D. The animal models and clinical pathology, immunology, virology, and histopathology assays employed for Aim 3 are detailed below. All raw data as well as graphed or tabulated data generated by Core D will be handled and analyzed in coordination with the Core B.

Animal models:  Core D will employ established animal models for HeV, LASV, RVFV, and SFTSV. While animal models also exist for SOSV and JUNV we will optimize these models to fill gaps and provide new tools as detailed in Aim 4 below. Mice, guinea pigs, hamsters, ferrets, and cats have been used as small animal models of HeV infection (PMID: 22476556). This project will employ Syrian golden hamsters as the small animal model of HeV disease because they are more suitable than other small animals for screening large numbers of vaccines and mAbs.  Using hamsters will allow us to select optimal vaccine and mAb formulations and regimens prior to efficacy testing in NHPs. In 2010 Drs. Geisbert and Broder developed the first highly lethal NHP model for henipavirus infection (Nipah virus) using African green monkeys (AGM) (PMCID: PMC2872660. ). They subsequently developed a lethal AGM model for HeV infection (PMCID: PMC2937751. ). Henipavirus NHP models mirror human disease with animals showing severe respiratory pathology, neurological disease, and generalized vasculitis. For LASV, Core D will use established lethal outbred guinea pig models that cover several lineages of LASV (PMCID: PMC1892204; PMCID: PMC4401668; PMCID: PMC5032844.; PMCID: ; PMCID:  ) as guinea pigs are the only immunocompetent small animal model for Lassa fever.  Core D will also use established cynomolgus monkey models that cover several genetically distinct lineages of LASV (PMCID: PMC2681932. ; PMCID: PMC3104370. ; PMCID: PMC6934204.)

Animal vaccinations:  All animals will be obtained from commercial vendors and allowed to acclimate prior to vaccination (~ 3-7 days for mice, hamsters, and guinea pigs and ~ 14 days for ferrets and NHPs).  Mice, hamsters, and guinea pigs will be vaccinated by intramuscular (i.m.) or intraperitoneal (i.p.) injection of the vaccines provided by RP1. Ferrets and NHPs will be vaccinated by i.m. injection of the vaccines provided by RP1. All animals will be vaccinated in ABSL-2. Animals will be monitored daily for any reaction or adverse events caused by the vaccination. Blood will be collected for plasma, serum, and PBMC isolations before vaccination and at times after vaccination for assessment of the host immune response.

Animal challenges:  Hamsters, ferrets, and NHPs will be challenged with infectious HeV or SOSV as previously described (PMCID: PMC4971471. ; PMCID: PMC8527959.; PMCID: PMC7199785). After appropriate acclimation, hamsters and ferrets will be exposed to HeV or SOSV by intranasal (i.n.) or i.p. administration of up to 1x10^6 PFU of virus. NHPs will be challenged with HeV by the intratracheal (i.t.) and/or i.n. routes using up to 1 x 10^6 PFU of virus. Mice, guinea pigs, and ferrets will be exposed with up to 5,000 PFU of arenaviruses and phleboviruses by i.p. injection (PMCID: PMC7593599. ; PMCID: PMCID: PMC5032844.  PMCID: PMC4843420.; PMCID: PMC8781158). NHPs will be exposed with up to 5.000 PFU of LASV by i.m. injection (PMCID: PMC5719877; PMCID: PMC6934204), Junin virus by intravenous (i.v.) injection (PMCID: PMC7980402) while marmosets will be exposed to up to 1x10^7 PFU of RVFV as previously described (PMCID: PMC3302397). For all animals, blood will be collected with or without anticoagulants for plasma and serum isolations, respectively, at times before paramyxovirus, arenavirus, or phlebovirus challenge, on the day of challenge, and at various times after challenge as detailed in RP1 and RP2. Animals will be monitored for clinical signs daily. We will apply a scoring sheet approved by the UTMB IACUC depicted in the Vertebrate Animals section to assist in determining the time of euthanasia depending on clinical signs (e.g., respiratory distress, anorexia, activity, appearance, neurologic signs, etc.).  Animals will be euthanized according to the 2013 AVMA Guidelines on Euthanasia. Any surviving animals will be euthanized on day 35-42 days after paramyxovirus, arenavirus, or phlebovirus challenge.

Clinical pathology assays:  Hematology on EDTA whole blood: For NHP studies, we will measure the following parameters at time points before and after HeV, LASV, or JUNV challenge:  total white blood cell counts (WBC), percent lymphocytes (LY), percent monocytes (MO), percent neutrophils (NEU), percent eosinophils (EOS), percent basophils (BAS), total lymphocyte counts (LY#), total monocyte counts (MO#), total neutrophil counts (NEU#), total eosinophil counts (EOS #), total basophil counts (BAS #), red blood cell counts (RBC), total hemoglobin (Hgb), hematocrit values (HCT), mean cell volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets (PLT), and mean platelet volume (MPV), and Plateletcrit (PCT). Values will be obtained from the Abaxis VetScan HM5 following manufacturer’s directions.  

Clinical chemistry on serum:  For NHP studies, the following parameters will be measured at time points before and after HeV, LASV, and JUNV challenge:  Albumin (ALB), amylase (AMY), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), glucose (GLU), total protein (TP), blood urea nitrogen (BUN), and creatinine (CRE), Creactive protein (CRP), Calcium (Ca2+), and uric acid (UA). Values will be obtained from the Abaxis Piccolo chemistry analyzer following manufacturer’s directions.

[bookmark: _GoBack]Viral load assays:  PCR Assay:  To assess viral loads in whole blood and tissues, RNA will be extracted using a virus RNA isolation kit (Qiagen, Valencia, CA) followed by TaqMan PCR for the viral genome being studied. Qiagen buffers have been safety tested for inactivation of paramyxoviruses, arenaviruses, and phleboviruses. PCR assays employed for HeV, SOSV, LASV, JUNV, RVFV, and SFTSV have been previously described (PMCID: PMC7870971; PMCID: PMC7980402. ; PMID: 36521633; PMCID: PMC5719877; PMCID: PMC5627234).

Plaque Assay: The plaque assays employed for paramyxoviruses, arenaviruses, and phleboviruses have previously been described (PMCID: PMC7870971; PMCID: PMC7980402. ; PMCID: PMC5719877; PMCID: PMC1395455). Briefly, 10-fold dilutions (10-1 to 10-6) of serum, plasma, or whole blood samples are prepared in cell maintenance medium (DMEM/10%FBS/gentamicin) and adsorbed to 70-90% confluent monolayers of Vero E6 cells in 6-well plates, adding 0.2 mL/well. The plates are incubated at 37°C, 5% CO2 for 45 min, with periodical rocking every 10-15 min. The incubation period is followed by addition of 2 mL 1% agarose-containing medium (2X EBME/Hepes/10% FBS/gentamicin) to each well. After the agarose has solidified, the plates are returned to the C02 incubator and maintained for 2-14 days until plaques are visualized. At this time, 2 mL PBS containing 5% neutral red and 5% FBS is added to each well, the plates returned to the CO2 incubator and held overnight. The following day, the liquid stain overlay is removed from each well and plaques are counted.

Bead-based multiplex assays:  Plasma inflammatory mediators, thrombosis markers, and fibrinolysis analytes were measured by flow cytometry using Biolegend LegendPlex assays and a FACS Canto-II cytometer (Becton Dickson). Samples will be processed in duplicate for each Nonhuman Primate Inflammation 13-plex (1:4 dilution), Human Thrombosis (1:100), and Human Fibrinolysis (1:40,000) panel as previously described (PMCID: PMC7790436; PMCID: PMC8406165; PMCID: PMC9225728).

Gross pathology and histopathology:  A necropsy will be performed on all NHPs. We will examine the external surfaces of the body, all orifices, and the thoracic and peritoneal cavities and their contents. Core D will prepare a written report of the gross pathology findings of each NHP. The following NHP tissues will be collected at necropsy, fixed in 10% neutral-buffered formalin, embedded in paraffin, and stained by H&E:  liver, spleen, lung, kidney, adrenal gland, pancreas, axillary lymph node, inguinal lymph node, mesenteric lymph node, duodenum, ileum, colon, brain (frontal cortex, cerebellum, brain stem), cervical spinal cord, urinary bladder, ovary or testis, prostate or uterus, and eye. A microscopic evaluation will be performed on H&E slides of all tissues collected from all NHPs by an ACVP board certified veterinary pathologist. Reports of the histologic findings of each tissue from each animal will be provided to RP1 Leaders. In consultation with the RP1 Leaders, Core D may also perform immunohistochemical and/or special stains such as PTAH for fibrin as previously described (PMCID: PMC5719877; PMCID: PMC5719877; PMCID: PMC7980402. ).

Quality systems management of all records and data collected from animal studies:  Although the animal studies conducted by Core D will not be required to be performed under GLP compliance, UTMB will provide Quality Assurance that will achieve data quality and integrity when conducting animal experiments. Quality refers to whether the study was conducted in accordance with the protocol, standard operating procedures, and applicable standards of research. Integrity refers to assurance that the raw data and documentation are consistent with reported results. All animal study personnel will be trained by the UTMB Office of Regulated Nonclinical Studies (ORNcS). on Good Documentation Practices (GDP). All animal study data generated by Core D will be provided to Core B as detailed in the Core B Research Strategy.

Aim 4:  Develop and/or optimize animal models for Sosuga virus and Junin virus.

For HeV and LASV Core D will employ animal models that have already been developed and are well established. However, for SOSV, JUNV, RVFV, SFTSV while animal models exist there are gaps that need to be addressed.  Recently, it was shown that i.n. or i.p. infection of hamsters with SOSV resulted in viremia and mild clinical disease (PMID: 36521633) but there is no lethal model for SOSV.  Core B will further explore the hamster model for SOSV by 1) using higher challenge doses of SOSV which is often required to produce lethal disease in other paramyxovirus hamster models (PMCID: PMC8527959; PMCID: PMC3147900) or 2) serially passage of tissues in hamsters.  Core D will also assess the pathogenic potential of ferrets for SOSV as they are often used as animal models for paramyxoviruses.  For JUNV, serial adaptation is often required to produce lethal disease in outbred guinea pigs.  We recently showed that for Ebolaviruses while serial adaptation is required to produce lethality in mice, hamsters, and guinea pigs, infection of ferrets with Zaire ebolavirus, Sudan ebolavirus, or Bundibugyo ebolavirus resulted in uniform lethality with wild type viruses and did not require adaptation (PMCID: PMC4957446.).  Therefore, Core D will assess the pathogenic potential of JUNV in ferrets. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction 

Emerging and periodically reemerging pathogenic enveloped RNA viruses are a continuous infectious disease 
and potentially pandemic threats to global public health. Among the many groups of these types of pathogens 
are viral zoonoses within the family Paramyxoviridae and order Bunyavirales where humans can acquire 
infections directly from animal reservoir hosts such as rodents or bats, through an intermediate amplifying host 
such as livestock, or from arthropod vectors such as mosquitos and ticks (Fields virology). More often than not, 
humans represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur, and should RNA viral pathogens mutate and adapt to more efficient replication and 
shedding in the human host, the epidemic potential of these viruses could manifest (PMID: 23911335 -Nipah / 
others?). The viral order Bunyavirales is composed of several viral families known to contain multiple high priority 
human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe 
hemorrhagic fever diseases in humans across the world with mortality rates up to XX and significant, long-term 
sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 
where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, 
JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) and are also identified 
as NIAID Category A pathogens due to their ease of dissemination and/or abilities to transmit person-to-person, 
produce significant morbidity and mortality, have potential for major public health impact, and require special 
actions for public health preparedness. Also, within the WHO Priority Pathogens list is Nipah virus (NiV) and 
henipaviral disease which includes Hendra virus (HeV) which are zoonotic henipaviruses (HNVs) in the family 
Paramyxoviridae. NiV and HeV have long been considered the prototype members of the genus Henipavirus 
and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease (PMID: 
16357858). The genus now includes nine additional reported HNVs but only HeV and NiV are known to be 
associated with severe and often fatal henipaviral disease in humans and a number of animal species (PMID: 
32991264). Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile 
illnesses in humans [PMID: 35921459].  

Taken together, these viral threats to global public health are heightened due to the absence of approved 
vaccines or therapeutics. There is a clear unmet need for countermeasures such as vaccines and antibody-
based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center will focus on elucidating key principles for vaccine and 
monoclonal antibody (mAb) countermeasures in developing prototype candidates (Table 1) against a selection 
of these viruses. In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug 
and play” demonstration against related viruses. 

Table 1. PABVAX selected prototype and test case viral agents. 

 

 

 

The Bunyavirales. 
 
Fill out 
 

The henipavirus paramyxoviruses. The recognized, highly pathogenic HNVs, NiV and HeV are zoonotic agents 
distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely 
broad host tropism and impressive lethality (Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses, p 519-
536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of Humans, Epidemiology and Control. 
Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses, p 
1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality (Murray, PMID: 7701348). NiV emerged just a few years 
later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people 
and also respiratory disease in pigs which served as amplifying hosts (Chua, PMID: 10827955). NiV and HeV 

Family Prototype Plug and Play Test Case 
Arenaviruses Lassa (Old world), Machupo (New world) Lujo (Old world), Chapare (New world) 
Nairoviruses CCHF Kasokero 

Paramyxoviruses Nipah, Hendra Langya 
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can infect at least 18 animal species across 6 orders of mammals, and among these they will cause a systemic 
and often fatal respiratory and/or neurological disease in 11 mammalian species including humans (PMID: 
32991264; PMID: 22476556). The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks 
occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of 
subclinical infections, and well-documented person-to-person transmission (PMID: 23911335). Currently, there 
are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain 
continuous infectious disease transboundary threats to public health and economically important livestock 
throughout South and South East Asia and Australia. Their broad host tropism and ability of these viruses to 
infect livestock offers an amplification opportunity and increased risk of subsequent human infections. The 
henipaviruses are single-stranded, negative sense, enveloped RNA viruses and their biology also lends 
themselves to be synthetically produced and agents of potential and deliberate misuse. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS) and 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents [Possession, Use, and Transfer of Select Agents and Toxins; Biennial Review; Department of 
Health and Human Services (Ed.) United States Government, Federal Register: Washington, DC, USA, 2020; 
Volume 85, FR 15087]. because they could be engineered for mass dissemination and possess the potential for 
high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as 
an epidemic threat needing urgent research and development (R&D) action and has been included in the WHO 
R&D Blueprint list of priority pathogens with epidemic potential (Sweileh, W. M. PMC5299748).  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb, postexposure treatments have been 
demonstrated to be effective therapies against NiV and HeV infection in animal challenge studies including 
nonhuman primates (NHP) (PMID: 22013123, PMID: 24964990, PMID: 27484128, PMID: 31686101). The 
success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in 
several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 
individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in 
collaboration with USU and Queensland Health in Australia (PMID: 32027842). In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs and several vaccine platforms have clear potential for use in people 
(PMC8782152). The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and 
the cornerstone of all vaccine strategies (PMC8782152).  Such preventive vaccines would have utility for lab 
workers, first responders or individuals at high risk exposure and in mitigating the spread of an outbreak; whereas 
in the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic 
preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown 
to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh 
(NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine 
against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 
agent (Middleton, 2014 PMID: 24572697). It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection (Geisbert, 2012;Geisbert, 2010). The evaluation of successful countermeasures 
for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications 
and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished) (PMID: 33809833). The 
PABVAX Center has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The 
choice is justifiable for several important reasons; 1) LayV is a known pathogenic zoonotic HNV; 2) there is a 
known virus genome sequence derived from a human sourced virus isolate; 3) we have already successfully 
engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Also, another 
divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies 
on LayV in preparation for Phase II, including the rescue of recombinant LayV (rLayV), explore animal model 
development, construct additional LayV and AngV reporter virus tools, and then translate and test the MNP 



vaccine ‘plug-and-play’ approach, and also evaluate new mAbs and nanobodies (nbs) to these new divergent 
and/or potential zoonotic HNVs. 

PABVAX THEME 

A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have 
extensive experience in antiviral translational research and/or product development: Uniformed Services 
University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of 
Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland 
(UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have 
active and productive collaborative research programs in related areas, some spanning more than a decade. 
Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and valuable 
vaccine development expertise to the team. 

 
Figure 1: Organizational chart of the Paramyxoviridae 
and Bunyavirales Vaccines and Antibodies Center- 
(PABVAX). (connecting arrows are needed between 
elements and the SAB) 

 
The organizational structure of the PABVAX is 
diagramed in Figure 1. Two Research Projects (RPs) 
in the PABVAX Center will focus on developing and 
evaluating a new, thermostable, needle-free, 
adaptable, and widely deployable, dissolvable 
microneedle patch (MNP)-based skin immunization 
vaccine technology that will use recombinant viral 
protein subunit immunogens; RP1 will target select 
prototype Arenaviridae and Nairoviridae viruses, 
and RP2 will target the prototype henipaviruses 
(HNVs). Both RP1 and RP2 will also be developing 
new prototype virus tools (recombinantly generated 
prototype viruses) along with existing tools, to be 
used in the analysis of vaccine responses as well as 
in the evaluation of new mAbs and nabs from the 

other RPs. A third RP will be engaged in the development of a unique low-containment (BSL-2) mouse model of 
HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence methodology 
that can longitudinally trace the dynamics and anatomical progression of luciferase encoding virus infection in 
individual animals (RP3). There will also be two RPs that will target the development of human mAbs and 
nanobodies to the PABVAX select viral prototypes. RP4 will isolate human mAbs derived from NiV infected 
survivors with a specific focus on the F glycoprotein targeted mAbs, and additional human mAbs will be 
generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-
based therapeutics targeting henipaviruses and arenaviruses along with a focus on targeting the CNS 
environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization 
of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will 
come from three Scientific Cores that will be engaged in manufacture and quality control & testing of MNP 
vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal 
modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-
based therapeutics (Core E).  

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. 
The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble 
Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from 



the UPitt and IBBR/UMD (Core C) that has tested a dissolvable MNP-based vaccine technology that is ideally 
suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine approach 
(PMID: 32924651). This vaccine technology effectively harnesses the highly immunoresponsive cutaneous 
microenvironments using dissolvable MNPs that incorporates recombinant viral glycoprotein antigens and 
polyphosphazene (PPZ) adjuvants (PMID: 19864632) to elicit robust, strong, and long-lasting protective 
immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable 
immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. 
PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in 
aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ 
macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as facilitate the improved vaccine storage and distribution due to their 
thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic 
combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine 
delivery platform. Here, a Scientific Core C: (Microneedle Patch Vaccines Core) will produce polyphosphazene 
(PPZ) adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of 
RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined 
quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on 
vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine 
formulations and components will be made based on first tier immune response data derived from mouse 
immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-
specific neutralization activity in vitro and polyfunctional T-cell responses by in vitro stimulation of isolated cells 
with antigenic peptides, intracellular cytokine staining (ICS) and flow cytometry) responses. 

Discover effective antibody-based prophylactics and therapies. 
PREP can be critical in the absence of available vaccines or cases in which vaccination is not possible. 
HELP 
 
Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to 
address a variety of human health needs including oncology, inflammatory diseases, and infectious 
diseases. Recent studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal 
viruses including Nipah [1], Hendra [2], Ebola [3, 4], Marburg [5] and Lassa [6]. MAbs also offer a stunning 
degree of customization based on the importance of mechanisms of action (such as viral neutralization, 
ADCC, ADCP, etc.), a feature to be exploited in Core D. In addition to therapeutic applications, mAbs with 
Fc mutations to dramatically extend serum half-life [18][19, 20] offer an important tool for prophylactic use 
for indications in which vaccination is not possible: 1) for diseases where no vaccine is available; 2) in 
immunocompromised patients; and 3) in populations where the time required by a vaccine for protective 
immunity to be established by the host is not practical (e.g. rapid response personnel). Members of PABVAX 
have extensive experience with the discovery, characterization and translational activities necessary to 
advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs 
are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics 
targeting the viral threats to be addressed by PABVAX. 
 
Develop new tools and animal models to facilitate the translation of effective countermeasures. 
Virological tools and animal models are essential in assessing the effectiveness and protective correlates of 
antiviral vaccines and therapeutic countermeasures. The investigators within the AAnimal Mmodel 
Ddevelopment and Ppreclinical Eevaluation Sscientific Core E, at the GNL, UTMB, have the expertise in a wide 
variety of high-containment and select agent research areas including ……..  animal model development and 
the use of animal models for the study of viral pathogenesis and assessing the protective therapeutic efficacy of 
antivirals and vaccines as well as studies to define mechanisms and/or correlates of protection. In addition, Core 
E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation; including the 
establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-gene 
encoding versions which will be performed within RP1. Such virus tools are essential for the characterization of 
vaccine responses such as neutralizing antibody induction in animal subjects, as well as validation of antisera 
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or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and alternative animal 
models that can be utilized at low-containment (BSL-2) are also useful in antiviral development strategies 
because they can be adapted to greater high-throughput platforms, are often less laborious, and they can make 
use of other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses that allow 
for rapid high-throughput florescence-based virus neutralization assays at BSL-2 ideally suited to analyze 
otherwise BSL-4 restricted authentic Nipah and Hendra virus vaccine induced immune sera, mAbs (RP4) and 
nbs (RP5) and antibody neutralization synergy. RP3 will make use of other versions of rCedV and chimeras 
(those bearing either the HeV or NiV-B envelope glycoproteins) in the development of a BSL-2 animal model 
that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live animals, 
ideally suited to explore nab based therapeutics to CNS resident henipavirus (PMID: 35821488). 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. Data generated to support 
of possible future regulatory submissions to the Food and Drug Administration (FDA) must be collected in 
accordance with quality systems, like good laboratory practice (GLP) regulations, to be useful and reliable, and 
to facilitate FDA review to ensure safety and efficacy. The UTMB and GNL is a national resource and benchmark 
provider for the conduct of high containment animal studies and quality system data management; often 
partnering with the FDA in academic development and training programs for GLP in high containment 
environments. We envision several deliverables emanating from the proposed studies of the Center, including 
significantly improved subunit vaccine formulations against several prototype viruses within the henipaviruses 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; and also improved human mAbs and/or nabs for the treatment of disease caused by 
the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology and 
mAb and vaccine translational drug development and includes Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Henipaviruses:  Nipah virus (NiV) and Hendra virus (HeV) are bat-borne viral zoonoses that were discovered 
in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia 
(NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family 
Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world 
fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family 
Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread 
vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection 
with either of these HNVs are also at risk of recrudescent infection and encephalitis (Luby SP, Broder CC. 2014. 
Paramyxoviruses: Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of 
Humans, Epidemiology and Control. Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, 
Broder CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott 
Williams & Wilkins, Philadelphia). HeV and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals and are transboundary agents of significant disease threats to 
livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now 
includes nine other reported HNVs; these include the four viral isolates of Cedar virus (CedV), Gamak virus, 
Daeryong virus, and Langya virus (LayV) [xxx] and five additional species known only from nucleic acid sequence 
information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV) 
[xxx]. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, 
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are old world pteropid fruit bats. Whereas the six other HNVs are, or are likely, of rodent origins, including the 
human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng 
virus that is also of apparent rodent origin from Southeast China (Yunnan province). The phylogenetic 
relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  

Figure 2. Phylogenetic analysis of select HNV G and F glycoproteins. Phylogenetic 
trees were constructed for the HNV F and G glycoproteins using the PhyML program's 
maximum likelihood method. The trees were generated by aligning the protein 
sequences with the MUSCLE algorithm. The genetic distance between the sequences 
is represented by the bar located under each tree, providing information about the level 
of divergence among them. 

Investigators in the Center PR2 and RP5 have already initiated new 
studies on LayV, having engineered stabilized sG and sF glycoprotein 
antigens in collaboration with Genovac, Inc. (part of Core D) and 
identified cross-reactive mAbs to both F and G previously generated to 
Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal 

henipaviral disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only 
HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and 
disease including guinea pigs, ferrets, hamsters (Geisbert 2012), and African green monkeys (Geisbert and 
Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which 
encodes the phosphoprotein (P), and the P gene transcripts of NiV and HeV undergo RNA editing to produce 
the V and W nonstructural proteins that are key interferon (IFN) antagonists (xx). The CedV P gene lacks both 
RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated 
the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both 
the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections. All other recognized 
or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence 
of these proteins in CedV is the key factor underlying its nonpathogenic nature. These data permitted the rescue 
and characterization of rCedV by reverse genetics at BSL-2 (XXX) and CedV is now recognized as a BSL-2 
restricted agent [CDC manual]. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, 
is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some 
preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the 
Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Arenaviridae and Nairoviridae: 

 

 

 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs; such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5), (aarenavirus and nairovirusrenaviridae 
and nairoviridae projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the 
countermeasures anticipated to be developed from the RPs may provide a future opportunity to combine the 
active and passive immunization approaches to further improved the therapeutic value in an inherently 
synergistic manner. The RPs will work closely together in a harmonious and cooperative manner with each group 
providing their own countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult 
if not impossible if each project were pursued independently. This collaborative effort among all RPs and Cores 
will provide strong synergy among the groups and PABVAX participants, many of which have established 
collaborative and synergistic research activities. For example, the early development and testing of particular 
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antiviral mAbs to some of the prototype viruses under investigation is already an established collaboration 
between PABVAX partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. 
Also, the pilot MNP vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal Mmodel Ddevelopment 
and Ppreclinical Eevaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select 
prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the 
relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also 
located within the GNL. (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is 
ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. 
All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus 
stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for all the Center RPs will be 
performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better 
comparison among countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation.  

3. Develop antibodies and nanobodies to selected prototype viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. This is in addition to each PR’s 
individual Milestone plan. The oversight and evaluation of progress will be in concert with quarterly reports to the 
PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders 
with SAB members (Details are within the Administration Core A). The SAB will meet yearly typically in 
coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the 
continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, 
and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The 
SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, 
recommend new directions as appropriate and provide Center Leadership and NIAID staff a comprehensive 
written evaluation of the group's activities and the panel's recommendations following the annual meeting. 

Overall Objectives 



Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

Figure 4. Milestones and criteria for progress for Aim 1 
of the PABVAX Center’s overall objectives. 

The first milestone will be whether proper 
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be made based on 
immune response data derived from mouse 
immunization studies conducted in Core C. 
Multi-parameter humoral and cellular immune 
responses will be assessed (antigen specific 
antibody induction and virus-neutralization 
and polyfunctional T-cell responses by in vitro 
stimulation of isolated cells). Go/no go 

decisions will be made based on the outcomes of these first tier experiments as indicated. If robust humoral and 
cellular responses are evident this will be graded as success. Comparisons will also be made, such as the levels 
of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated 
and an attempt in selection of best-in-class immunogens, or best combination immunogens which will also be 
explored, will be performed in order to down-select vaccine choice. The third milestone will be the determination 
of whether MNP vaccination affords protection in animal model challenge experiments. In the case of the NiV 
and HeV prototypes the animal models chosen (ferret and the African green monkey (AGM)) are extremely well-
developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral 
prototypes within the Bunyavirales there will be additional animal model refinements conducted. For example, 
there are seven genetically distinct lineages of LASA and there are guinea pig models for some but not all of 
those lineages.  For MACV there are 8 clades with similar challenges, and for CCHF there are 6 clades. An 
additional confounding issue for both of these very important groups of viruses is that rhesus macaques are 
nearly unavailable and cynomolgus monkeys are now each greater than 35K. Thus, as proposed by RP1, 
together with Core E, a critical research avenue will be further developing and evaluating animal model systems, 
including new models, within the PABVAX program, including further development of the AGM for the 
arenaviruses and possibly also for CCHF as a risk mitigation strategy. Thus, individual go/no-go decisions will 
inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation. 

Figure 5. Milestones and criteria for progress for 
Aim 2 of the PABVAX Center overall objectives. 

The PABVAX second overall objective is 
primarily focused on the development of 
new viruses and tools for downstream 
initiation and testing of the Center’s 
vaccine program and antiviral antibody 
testing and evaluation. These materials 
and viruses will be key in the execution of 
Phase II of the program. RP1 will 
generate recombinant infectious clones 
(r = recombinant viruses) and reporter-
gene versions, as well as alternate 
reporter virus tools (VSV-based) of 
LASV, MACV, and CCHFV isolates for 

which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based 
assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the 
most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in 
collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate 
reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. 
Only AngV alternate reporter virus tools are proposed as the complete genomic data is incomplete. rLayV 



pathogenesis and animal model development will conducted by Core E. If these objectives are successful, a a 
large battery of new reagents and tools will be available to share with the ReVAMPP network, as well as serving 
as key components for initiation and execution of Phase II of the PABVAX Center program.  

The translation and testing the MNP vaccine plug-and-play approach will be initiated in the Phase II 
prototype viruses (Table 1) the milestones here will be similar to those outlined in Figure 4.  The new virus tools 
will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent 
and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of 
PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. If the model can be optimized (Figure 5) it will be deployed to test a critically important therapeutic 
need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing 
of engineered nabs specific for the prototype HNVs NiV and HeV. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

 

 

 

Figure 6. Milestones and criteria for 
progress for Aim 1 of the PABVAX Center’s 
overall objectives. 

New human mAbs and nanobodies 
(nbs) as tools and potential 
therapeutics will be developed by 
RP4 and RP5 in collaboration with 
RP2 and Core D. NiV infection 
survivor volunteers and MNP 
vaccination of transgenic mice will 
be used to generate human mAbs 
(RP2 and RP4); and transgenic 
nanomice and human nb phage-
display approaches will generate 
nbs (RP5) to the selected prototype 
and test case viruses. Human mAbs 

are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in 
humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the 
NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on the mAbs to the 
HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. 
Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high 
potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic 
molecules for humans. RP4 will isolate new F mAbs and in collaboration with RP2 neutralization potencies will 
be rapidly assessed as well as evaluating synergistic cell-based mAb neutralization that will then be translated 
and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human 
mAbs will build on the findings to date generated by several of the collaborating Center investigators, and 
contribute significantly to the development and characterization of human mAbs reactive to the F and G 
glycoproteins of prototype HNVs in preparation for clinical studies.  

Nanobodies, derived from the heavy chain-only antibodies of camelid animals, offer a promising new 
direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full 
antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could 
translate into a more cross-reactive feature between virus strains or clades. Importantly, nanobodies can 
efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating 
CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no 



approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate 
the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. 
These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries 
that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will 
enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also 
engineer a combination of nanobodies targeting multiple epitopes using rational design. Additionally, we will 
enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 
(TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-
based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), and also for therapeutic 
activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus) and select animal models of LASV and 
MACV by Core E. Success will be measured by the identification of virus-neutralizing nbs, potential discovery of 
more broadly reactive nbs, particularly to the multiple LASA clades, the evidence of therapeutic benefit in animal 
models, and the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus 
infections. 

 

 

 

 

INDUSTRY PARTNERSHIPS 

Industry Partnership 

Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, 
collaboration with an industry partner which will provide access to vaccine 

expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling 
translational research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience developing medical countermeasures that protect against public health 
threats, including development and approval of multiple vaccine and antibody products for infectious diseases. 
They can contribute regulatory, manufacturing, and commercial experience for the prototypes and make an ideal 
partner for PABVAX. 

 

 

 

 

SPECIAL FEATURES OF THE PABVAX CENTER ENVIRONMENT AND OTHER RESOURCES      ?? 
Our proposal combines the expertise of several established groups including investigators in academia and in 
private industry. The Center is supported by outstanding physical resources and an experienced and skilled 
group of researchers and support staff. 

Galveston National Laboratory (GNL) 
The GNL, is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s 
biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely 
designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for 
the purpose of developing vaccines, diagnostics and therapeutics against them. The 7-story GNL offers over 
12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 
4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select 
Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL 
BSL-4 laboratories in April of 2011. To date, 370187 separate NHP studies employing a total of 2,7721,318 
animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses Ebola and 
Marburg viruses and also Nipah and Hendra have been successfully performed at the GNL.  These NHP studies 
include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder and Zeitlin. The GNL has 
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a fully Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)-accredited 
NHPnonhuman primate facility and a staff of full-time veterinarians.  In addition, Core E is staffed with an 
experienced team of GNL researchers and technicians several of which have more than 25 years of BSL-
4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary 
pathologist. As noted above another special feature is the location of WRCEVA virus collection within the GNL. 

Core E (Animal model development and preclinical evaluation) 
Core E operations will be conducted at the GNL, and in conjunction with Core A also includes the UTMB 
Institutional Office of Regulated Nonclinical Studies (ONcRS). The ONcRS's primary responsibility is to work 
with academic researchers who are doing product-oriented research and to help them design and conduct their 
studies with good documentation, to meet regulatory requirements by assuring regulatory compliance, quality 
assurance, and data management.  NIH has requested that all NHP studies conducted in the GNL BSL-4 
laboratory at UTMB that are on a product development path be conducted under a “well documented” quality 
system program.  Quality system and regulatory science processes for NHP studies performed at UTMB will be 
implemented and executed in conjunction with the ORNcS.  Dr. Geisbert (Overall Center PI and Core E Director) 
has over 34 years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases 
(USAMRIID), the GNL and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever 
viruses and the henipaviruses and he has published over 250XXX peer-reviewed articles in these areas.  Dr. 
Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI) was the first to develop a 
NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against both 
NiV and HeV using henipavirus vaccines and also human mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs)  

Mapp Biopharmaceutical has deep experience with antigens and monoclonal antibodies (mAbs) against these 
antigens. ’s product development team has grown significantly in the last two years in response to the 
development efforts on its anti-Ebola therapeutic, ZMappTM which is being advanced to licensure as part of 
Project Bioshield. OTHER MAbs Their early development and research group has expertise in immunology, 
infectious diseases, and production of antigens, antibodies and antibody fusion proteins in CHO systems. The 
advanced development group has experience in medium-size and large pharmaceutical companies and 
expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & 
controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and 
project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb 
cocktail for Ebola Zaire virus, tested in two Phase 3 studies {Mulangu, 2019 #818} {Group, 2016 #649}; MBP091, 
a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus 
therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV and anti-HSV 
mAbs that has completed Phase 1 {Politch, 2021 #897}.  developed multiple products, including a licensed 
biodefense biologic. As with Profectus, Mapp Bio’s expertise and experience will be a very important and 
valuable asset to the Center.  

Bonnie     Genovac   

 
 
Core A (Administrative Core) 
 
Research Project teams??  Maybe not depending on space 
 
The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he 
established in 1999, and he has published more than 75 articles, reviews and chapters in this area.  His group 
has also made significant translational research accomplishments in the area of henipavirus countermeasure 
developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) 
having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and 
NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence 
Award in 2013.  His administrative experience and skills and his experience in translational research activities 
qualify him to serve as the director of the PABVAX Center and Administrative Core. 

Dr. Crowe’s (RP4) research focuses on the molecular basis for the development of effective B cell responses to 
viruses in humans and he has published over 200 peer-reviewed research articles in this area.  The Crowe 
laboratory is one of the leading groups in the development of innovative technologies for isolation and study of 
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human mAbs.  Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, 
respiratory syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently henipaviruses NiV and 
HeV owing to the collaboration between the Crowe, Broder and Geisbert laboratories. Perhaps of greatest 
import, the SARS-CoV-2 mAbs generated by Dr. Crowe’s laboratory were used in xxx,000 of people during the 
COVID-19 pandemic.  RP4 will work closely with Cores D and E in advancing mAb prototypes. The Core B of 
the Center will work together with RP2 and RP3 along with the Core C to develop the first cocktail human mAb 
immunotherapeutics, and facilitate the transition products suitable for IND filing and human testing including 
design, construction, assessment, and optimization of these antibody-based therapies. 
 
 
As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 

 
 
BIBLIOGRAPHY AND REFERENCES CITED 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction 

Emerging and periodically reemerging pathogenic enveloped RNA viruses are a continuous infectious disease 
and potentially pandemic threats to global public health. Among the many groups of these types of pathogens 
are viral zoonoses within the family Paramyxoviridae and order Bunyavirales where humans can acquire 
infections directly from animal reservoir hosts such as rodents or bats, through an intermediate amplifying host 
such as livestock, or from arthropod vectors such as mosquitos and ticks (Fields virology). More often than not, 
humans represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur, and should RNA viral pathogens mutate and adapt to more efficient replication and 
shedding in the human host, the epidemic potential of these viruses could manifest (PMID: 23911335 -Nipah / 
others?). The viral order Bunyavirales is composed of several viral families known to contain multiple high priority 
human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe 
hemorrhagic fever diseases in humans across the world with mortality rates up to XX and significant, long-term 
sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 
where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, 
JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) and are also identified 
as NIAID Category A pathogens due to their ease of dissemination and/or abilities to transmit person-to-person, 
produce significant morbidity and mortality, have potential for major public health impact, and require special 
actions for public health preparedness. Also, within the WHO Priority Pathogens list is Nipah virus (NiV) and 
henipaviral disease which includes Hendra virus (HeV) which are zoonotic henipaviruses (HNVs) in the family 
Paramyxoviridae. NiV and HeV have long been considered the prototype members of the genus Henipavirus 
and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease (PMID: 
16357858). The genus now includes nine additional reported HNVs but only HeV and NiV are known to be 
associated with severe and often fatal henipaviral disease in humans and a number of animal species (PMID: 
32991264). Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile 
illnesses in humans [PMID: 35921459].  

Taken together, these viral threats to global public health are heightened due to the absence of approved 
vaccines or therapeutics. There is a clear unmet need for countermeasures such as vaccines and antibody-
based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center will focus on elucidating key principles for vaccine and 
monoclonal antibody (mAb) countermeasures in developing prototype candidates (Table 1) against a selection 
of these viruses. In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug 
and play” demonstration against related viruses. 

Table 1. PABVAX selected prototype and test case viral agents. 

 

 

 

The Bunyavirales. 
 
Fill out 
 

The henipavirus paramyxoviruses. The recognized, highly pathogenic HNVs, NiV and HeV are zoonotic agents 
distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely 
broad host tropism and impressive lethality (Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses, p 519-
536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of Humans, Epidemiology and Control. 
Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses, p 
1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality (Murray, PMID: 7701348). NiV emerged just a few years 
later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people 
and also respiratory disease in pigs which served as amplifying hosts (Chua, PMID: 10827955). NiV and HeV 

Family Prototype Plug and Play Test Case 
Arenaviruses Lassa (Old world), Machupo (New world) Lujo (Old world), Chapare (New world) 
Nairoviruses CCHF Kasokero 

Paramyxoviruses Nipah, Hendra Langya 
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can infect at least 18 animal species across 6 orders of mammals, and among these they will cause a systemic 
and often fatal respiratory and/or neurological disease in 11 mammalian species including humans (PMID: 
32991264; PMID: 22476556). The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks 
occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of 
subclinical infections, and well-documented person-to-person transmission (PMID: 23911335). Currently, there 
are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain 
continuous infectious disease transboundary threats to public health and economically important livestock 
throughout South and South East Asia and Australia. Their broad host tropism and ability of these viruses to 
infect livestock offers an amplification opportunity and increased risk of subsequent human infections. The 
henipaviruses are single-stranded, negative sense, enveloped RNA viruses and their biology also lends 
themselves to be synthetically produced and agents of potential and deliberate misuse. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS) and 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents [Possession, Use, and Transfer of Select Agents and Toxins; Biennial Review; Department of 
Health and Human Services (Ed.) United States Government, Federal Register: Washington, DC, USA, 2020; 
Volume 85, FR 15087]. because they could be engineered for mass dissemination and possess the potential for 
high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as 
an epidemic threat needing urgent research and development (R&D) action and has been included in the WHO 
R&D Blueprint list of priority pathogens with epidemic potential (Sweileh, W. M. PMC5299748).  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb, postexposure treatments have been 
demonstrated to be effective therapies against NiV and HeV infection in animal challenge studies including 
nonhuman primates (NHP) (PMID: 22013123, PMID: 24964990, PMID: 27484128, PMID: 31686101). The 
success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in 
several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 
individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in 
collaboration with USU and Queensland Health in Australia (PMID: 32027842). In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs and several vaccine platforms have clear potential for use in people 
(PMC8782152). The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and 
the cornerstone of all vaccine strategies (PMC8782152).  Such preventive vaccines would have utility for lab 
workers, first responders or individuals at high risk exposure and in mitigating the spread of an outbreak; whereas 
in the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic 
preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown 
to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh 
(NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine 
against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 
agent (Middleton, 2014 PMID: 24572697). It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection (Geisbert, 2012;Geisbert, 2010). The evaluation of successful countermeasures 
for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications 
and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished) (PMID: 33809833). The 
PABVAX Center has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The 
choice is justifiable for several important reasons; 1) LayV is a known pathogenic zoonotic HNV; 2) there is a 
known virus genome sequence derived from a human sourced virus isolate; 3) we have already successfully 
engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Also, another 
divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies 
on LayV in preparation for Phase II, including the rescue of recombinant LayV (rLayV), explore animal model 
development, construct additional LayV and AngV reporter virus tools, and then translate and test the MNP 



vaccine ‘plug-and-play’ approach, and also evaluate new mAbs and nanobodies (nbs) to these new divergent 
and/or potential zoonotic HNVs. 

PABVAX THEME 

A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have 
extensive experience in antiviral translational research and/or product development: Uniformed Services 
University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of 
Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland 
(UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have 
active and productive collaborative research programs in related areas, some spanning more than a decade. 
Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and valuable 
vaccine development expertise to the team. 

 
Figure 1: Organizational chart of the Paramyxoviridae 
and Bunyavirales Vaccines and Antibodies Center- 
(PABVAX). (connecting arrows are needed between 
elements and the SAB) 

 
The organizational structure of the PABVAX is 
diagramed in Figure 1. Two Research Projects (RPs) 
in the PABVAX Center will focus on developing and 
evaluating a new, thermostable, needle-free, 
adaptable, and widely deployable, dissolvable 
microneedle patch (MNP)-based skin immunization 
vaccine technology that will use recombinant viral 
protein subunit immunogens; RP1 will target select 
prototype Arenaviridae and Nairoviridae viruses, 
and RP2 will target the prototype henipaviruses 
(HNVs). Both RP1 and RP2 will also be developing 
new prototype virus tools (recombinantly generated 
prototype viruses) along with existing tools, to be 
used in the analysis of vaccine responses as well as 
in the evaluation of new mAbs and nabs from the 

other RPs. A third RP will be engaged in the development of a unique low-containment (BSL-2) mouse model of 
HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence methodology 
that can longitudinally trace the dynamics and anatomical progression of luciferase encoding virus infection in 
individual animals (RP3). There will also be two RPs that will target the development of human mAbs and 
nanobodies to the PABVAX select viral prototypes. RP4 will isolate human mAbs derived from NiV infected 
survivors with a specific focus on the F glycoprotein targeted mAbs, and additional human mAbs will be 
generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-
based therapeutics targeting henipaviruses and arenaviruses along with a focus on targeting the CNS 
environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization 
of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will 
come from three Scientific Cores that will be engaged in manufacture and quality control & testing of MNP 
vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal 
modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-
based therapeutics (Core E).  

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and rapidly adaptable vaccination technology. 

2) Discover effective antibody-based therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. 
The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble 
Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from 



the UPitt and IBBR/UMD (Core C) that has tested a dissolvable MNP-based vaccine technology that is ideally 
suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine approach 
(PMID: 32924651). This vaccine technology effectively harnesses the highly immunoresponsive cutaneous 
microenvironments using dissolvable MNPs that incorporates recombinant viral glycoprotein antigens and 
polyphosphazene (PPZ) adjuvants (PMID: 19864632) to elicit robust, strong, and long-lasting protective 
immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable 
immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. 
PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in 
aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ 
macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as facilitate the improved vaccine storage and distribution due to their 
thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic 
combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine 
delivery platform. Here, a Scientific Core C: (Microneedle Patch Vaccines Core) will produce polyphosphazene 
(PPZ) adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of 
RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined 
quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on 
vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine 
formulations and components will be made based on first tier immune response data derived from mouse 
immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-
specific neutralization activity in vitro and polyfunctional T-cell responses by in vitro stimulation of isolated cells 
with antigenic peptides, intracellular cytokine staining (ICS) and flow cytometry) responses. 

Discover effective antibody-based prophylactics and therapies. 
PREP can be critical in the absence of available vaccines or cases in which vaccination is not possible. 
HELP 
 
Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to 
address a variety of human health needs including oncology, inflammatory diseases, and infectious 
diseases. Recent studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal 
viruses including Nipah [1], Hendra [2], Ebola [3, 4], Marburg [5] and Lassa [6]. MAbs also offer a stunning 
degree of customization based on the importance of mechanisms of action (such as viral neutralization, 
ADCC, ADCP, etc.), a feature to be exploited in Core D. In addition to therapeutic applications, mAbs with 
Fc mutations to dramatically extend serum half-life [18][19, 20] offer an important tool for prophylactic use 
for indications in which vaccination is not possible: 1) for diseases where no vaccine is available; 2) in 
immunocompromised patients; and 3) in populations where the time required by a vaccine for protective 
immunity to be established by the host is not practical (e.g. rapid response personnel). Members of PABVAX 
have extensive experience with the discovery, characterization and translational activities necessary to 
advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs 
are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics 
targeting the viral threats to be addressed by PABVAX. 
 
Develop new tools and animal models to facilitate the translation of effective countermeasures. 
Virological tools and animal models are essential in assessing the effectiveness and protective correlates of 
antiviral vaccines and therapeutic countermeasures. The investigators within the Animal model development and 
preclinical evaluation scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-
containment and select agent research areas including……..  animal model development and use of animal 
models for the study of viral pathogenesis and assessing the therapeutic efficacy of antivirals and vaccines. In 
addition, Core E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation; 
including the establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-
gene encoding versions which will be performed within RP1. Such virus tools are essential for the 
characterization of vaccine responses such as neutralizing antibody induction in animal subjects, as well as 
validation of antisera or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and 
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alternative animal models that can be utilized at low-containment (BSL-2) are also useful in antiviral development 
strategies because they can be adapted to greater high-throughput platforms, are often less laborious, and they 
can make use of other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses 
that allow for rapid high-throughput florescence-based virus neutralization assays at BSL-2 ideally suited to 
analyze otherwise BSL-4 restricted authentic Nipah and Hendra virus vaccine induced immune sera, mAbs 
(RP4) and nbs (RP5) and antibody neutralization synergy. RP3 will make use of other versions of rCedV and 
chimeras (those bearing either the HeV or NiV-B envelope glycoproteins) in the development of a BSL-2 animal 
model that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live 
animals, ideally suited to explore nab based therapeutics to CNS resident henipavirus (PMID: 35821488). 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. Data generated to support 
of possible future regulatory submissions to the Food and Drug Administration (FDA) must be collected in 
accordance with quality systems, like good laboratory practice (GLP) regulations, to be useful and reliable, and 
to facilitate FDA review to ensure safety and efficacy. The UTMB and GNL is a national resource and benchmark 
provider for the conduct of high containment animal studies and quality system data management; often 
partnering with the FDA in academic development and training programs for GLP in high containment 
environments. We envision several deliverables emanating from the proposed studies of the Center, including 
significantly improved subunit vaccine formulations against several prototype viruses within the henipaviruses 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; and also improved human mAbs and/or nabs for the treatment of disease caused by 
the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology and 
mAb and vaccine translational drug development and includes Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Henipaviruses:  Nipah virus (NiV) and Hendra virus (HeV) are bat-borne viral zoonoses that were discovered 
in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia 
(NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family 
Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world 
fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family 
Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread 
vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection 
with either of these HNVs are also at risk of recrudescent infection and encephalitis (Luby SP, Broder CC. 2014. 
Paramyxoviruses: Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of 
Humans, Epidemiology and Control. Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, 
Broder CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott 
Williams & Wilkins, Philadelphia). HeV and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals and are transboundary agents of significant disease threats to 
livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now 
includes nine other reported HNVs; these include the four viral isolates of Cedar virus (CedV), Gamak virus, 
Daeryong virus, and Langya virus (LayV) [xxx] and five additional species known only from nucleic acid sequence 
information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV) 
[xxx]. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, 
are old world pteropid fruit bats. Whereas the six other HNVs are, or are likely, of rodent origins, including the 
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human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng 
virus that is also of apparent rodent origin from Southeast China (Yunnan province). The phylogenetic 
relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  

Figure 2. Phylogenetic analysis of select HNV G and F glycoproteins. Phylogenetic 
trees were constructed for the HNV F and G glycoproteins using the PhyML program's 
maximum likelihood method. The trees were generated by aligning the protein 
sequences with the MUSCLE algorithm. The genetic distance between the sequences 
is represented by the bar located under each tree, providing information about the level 
of divergence among them. 

Investigators in the Center PR2 and RP5 have already initiated new 
studies on LayV, having engineered stabilized sG and sF glycoprotein 
antigens in collaboration with Genovac, Inc. (part of Core D) and 
identified cross-reactive mAbs to both F and G previously generated to 
Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal 

henipaviral disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only 
HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and 
disease including guinea pigs, ferrets, hamsters (Geisbert 2012), and African green monkeys (Geisbert and 
Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which 
encodes the phosphoprotein (P), and the P gene transcripts of NiV and HeV undergo RNA editing to produce 
the V and W nonstructural proteins that are key interferon (IFN) antagonists (xx). The CedV P gene lacks both 
RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated 
the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both 
the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections. All other recognized 
or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence 
of these proteins in CedV is the key factor underlying its nonpathogenic nature. These data permitted the rescue 
and characterization of rCedV by reverse genetics at BSL-2 (XXX) and CedV is now recognized as a BSL-2 
restricted agent [CDC manual]. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, 
is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some 
preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the 
Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Arenaviridae and Nairoviridae: 

 

 

 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs; such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5), (arenaviridae and nairoviridae 
projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures 
anticipated to be developed from the RPs may provide a future opportunity to combine the active and passive 
immunization approaches to further improved the therapeutic value in an inherently synergistic manner. The RPs 
will work closely together in a harmonious and cooperative manner with each group providing their own 
countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if 
each project were pursued independently. This collaborative effort among all RPs and Cores will provide strong 
synergy among the groups and PABVAX participants, many of which have established collaborative and 
synergistic research activities. For example, the early development and testing of particular antiviral mAbs to 
some of the prototype viruses under investigation is already an established collaboration between PABVAX 
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partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP 
vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal model development and 
preclinical evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select prototype 
viruses can be carried out. The strength of this Center partner is synergistically enhanced by the relationship of 
Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also located within 
the GNL. (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is ease of access 
to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. All BSL-4 animal 
work done by Core E in support of the RPs and other Cores will utilize the exact same virus stocks in challenge 
doses, and challenge routes. In addition, all BSL-4 assays for all the Center RPs will be performed by the same 
BSL-4 staff under the same experimental conditions. This approach will allow for better comparison among 
countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  

1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation.  

3. Develop antibodies and nanobodies to selected prototype viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. This is in addition to each PR’s 
individual Milestone plan. The oversight and evaluation of progress will be in concert with quarterly reports to the 
PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders 
with SAB members (Details are within the Administration Core A). The SAB will meet yearly typically in 
coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the 
continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, 
and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The 
SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, 
recommend new directions as appropriate and provide Center Leadership and NIAID staff a comprehensive 
written evaluation of the group's activities and the panel's recommendations following the annual meeting. 

Overall Objectives 



Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

Figure 4. Milestones and criteria for progress for Aim 1 
of the PABVAX Center’s overall objectives. 

The first milestone will be whether proper 
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be made based on 
immune response data derived from mouse 
immunization studies conducted in Core C. 
Multi-parameter humoral and cellular immune 
responses will be assessed (antigen specific 
antibody induction and virus-neutralization 
and polyfunctional T-cell responses by in vitro 
stimulation of isolated cells). Go/no go 

decisions will be made based on the outcomes of these first tier experiments as indicated. If robust humoral and 
cellular responses are evident this will be graded as success. Comparisons will also be made, such as the levels 
of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated 
and an attempt in selection of best-in-class immunogens, or best combination immunogens which will also be 
explored, will be performed in order to down-select vaccine choice. The third milestone will be the determination 
of whether MNP vaccination affords protection in animal model challenge experiments. In the case of the NiV 
and HeV prototypes the animal models chosen (ferret and the African green monkey (AGM)) are extremely well-
developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral 
prototypes within the Bunyavirales there will be additional animal model refinements conducted. For example, 
there are seven genetically distinct lineages of LASA and there are guinea pig models for some but not all of 
those lineages.  For MACV there are 8 clades with similar challenges, and for CCHF there are 6 clades. An 
additional confounding issue for both of these very important groups of viruses is that rhesus macaques are 
nearly unavailable and cynomolgus monkeys are now each greater than 35K. Thus, as proposed by RP1, 
together with Core E, a critical research avenue will be further developing and evaluating animal model systems, 
including new models, within the PABVAX program, including further development of the AGM for the 
arenaviruses and possibly also for CCHF as a risk mitigation strategy. Thus, individual go/no-go decisions will 
inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation. 

Figure 5. Milestones and criteria for progress for 
Aim 2 of the PABVAX Center overall objectives. 

The PABVAX second overall objective is 
primarily focused on the development of 
new viruses and tools for downstream 
initiation and testing of the Center’s 
vaccine program and antiviral antibody 
testing and evaluation. These materials 
and viruses will be key in the execution of 
Phase II of the program. RP1 will 
generate recombinant infectious clones 
(r = recombinant viruses) and reporter-
gene versions, as well as alternate 
reporter virus tools (VSV-based) of 
LASV, MACV, and CCHFV isolates for 

which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based 
assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the 
most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in 
collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate 
reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. 
Only AngV alternate reporter virus tools are proposed as the complete genomic data is incomplete. rLayV 



pathogenesis and animal model development will conducted by Core E. If these objectives are successful, a a 
large battery of new reagents and tools will be available to share with the ReVAMPP network, as well as serving 
as key components for initiation and execution of Phase II of the PABVAX Center program.  

The translation and testing the MNP vaccine plug-and-play approach will be initiated in the Phase II 
prototype viruses (Table 1) the milestones here will be similar to those outlined in Figure 4.  The new virus tools 
will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent 
and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of 
PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. If the model can be optimized (Figure 5) it will be deployed to test a critically important therapeutic 
need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing 
of engineered nabs specific for the prototype HNVs NiV and HeV. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

 

 

 

Figure 6. Milestones and criteria for 
progress for Aim 1 of the PABVAX Center’s 
overall objectives. 

New human mAbs and nanobodies 
(nbs) as tools and potential 
therapeutics will be developed by 
RP4 and RP5 in collaboration with 
RP2 and Core D. NiV infection 
survivor volunteers and MNP 
vaccination of transgenic mice will 
be used to generate human mAbs 
(RP2 and RP4); and transgenic 
nanomice and human nb phage-
display approaches will generate 
nbs (RP5) to the selected prototype 
and test case viruses. Human mAbs 

are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in 
humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the 
NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on the mAbs to the 
HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. 
Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high 
potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic 
molecules for humans. RP4 will isolate new F mAbs and in collaboration with RP2 neutralization potencies will 
be rapidly assessed as well as evaluating synergistic cell-based mAb neutralization that will then be translated 
and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human 
mAbs will build on the findings to date generated by several of the collaborating Center investigators, and 
contribute significantly to the development and characterization of human mAbs reactive to the F and G 
glycoproteins of prototype HNVs in preparation for clinical studies.  

Nanobodies, derived from the heavy chain-only antibodies of camelid animals, offer a promising new 
direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full 
antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could 
translate into a more cross-reactive feature between virus strains or clades. Importantly, nanobodies can 
efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating 
CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no 



approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate 
the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. 
These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries 
that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will 
enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also 
engineer a combination of nanobodies targeting multiple epitopes using rational design. Additionally, we will 
enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 
(TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-
based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), and also for therapeutic 
activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus) and select animal models of LASV and 
MACV by Core E. Success will be measured by the identification of virus-neutralizing nbs, potential discovery of 
more broadly reactive nbs, particularly to the multiple LASA clades, the evidence of therapeutic benefit in animal 
models, and the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus 
infections. 

 

 

 

 

INDUSTRY PARTNERSHIPS 

Industry Partnership 

Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, 
collaboration with an industry partner which will provide access to vaccine 

expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling 
translational research, an industry partnership is required. 

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent 
and Moderna have extensive experience developing medical countermeasures that protect against public health 
threats, including development and approval of multiple vaccine and antibody products for infectious diseases. 
They can contribute regulatory, manufacturing, and commercial experience for the prototypes and make an ideal 
partner for PABVAX. 

 

 

 

 

SPECIAL FEATURES OF THE PABVAX CENTER ENVIRONMENT AND OTHER RESOURCES      ?? 
Our proposal combines the expertise of several established groups including investigators in academia and in 
private industry. The Center is supported by outstanding physical resources and an experienced and skilled 
group of researchers and support staff. 

Galveston National Laboratory (GNL) 
The GNL, is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s 
biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely 
designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for 
the purpose of developing vaccines, diagnostics and therapeutics against them. The 7-story GNL offers over 
12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 
4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select 
Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL 
BSL-4 laboratories in April of 2011. To date, 187 separate NHP studies employing a total of 1,318 animals and 
10 different BSL-4 viruses including Ebola and Marburg viruses and also Nipah and Hendra have been 
successfully performed at the GNL.  These NHP studies include a number of collaborative efforts between Drs. 
Geisbert, Cross, Crowe, Broder and Zeitlin. The GNL has a fully Association for Assessment and Accreditation 
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of Laboratory Animal Care (AAALAC)-accredited nonhuman primate facility and a staff of full-time veterinarians.  
In addition, Core E is staffed with an experienced team of GNL researchers and technicians several of which 
have more than 25 years of BSL-4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained board-
certified veterinary pathologist. As noted above another special feature is the location of WRCEVA virus 
collection within the GNL. 

Core E (Animal model development and preclinical evaluation) 
Core E operations will be conducted at the GNL, and also includes the UTMB Institutional Office of Regulated 
Nonclinical Studies (ONcRS). The ONcRS's primary responsibility is to work with academic researchers who are 
doing product-oriented research and to help them design and conduct their studies to meet regulatory 
requirements by assuring regulatory compliance, quality assurance and data management.  NIH has requested 
that all NHP studies conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path 
be conducted under a “well documented” quality system program.  Quality system and regulatory science 
processes for NHP studies performed at UTMB will be implemented and executed in conjunction with the 
ORNcS.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 experience 
at US Army Medical Research Institute of Infectious Diseases (USAMRIID), the GNL and other BSL-4 facilities.  
His research interests have focused on hemorrhagic fever viruses and the henipaviruses and he has published 
over XXX peer-reviewed articles in these areas.  Dr. Geisbert’s research group, in collaboration with Dr. Broder 
(Center Co-PI and PR2 PI) was the first to develop a NHP model of NiV/HeV infection and disease and also to 
demonstrate complete protection of NHPs against both NiV and HeV using henipavirus vaccines and also human 
mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs)  

Mapp Biopharmaceutical has deep experience with antigens and monoclonal antibodies (mAbs) against these 
antigens. ’s product development team has grown significantly in the last two years in response to the 
development efforts on its anti-Ebola therapeutic, ZMappTM which is being advanced to licensure as part of 
Project Bioshield. OTHER MAbs Their early development and research group has expertise in immunology, 
infectious diseases, and production of antigens, antibodies and antibody fusion proteins in CHO systems. The 
advanced development group has experience in medium-size and large pharmaceutical companies and 
expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & 
controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and 
project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb 
cocktail for Ebola Zaire virus, tested in two Phase 3 studies {Mulangu, 2019 #818} {Group, 2016 #649}; MBP091, 
a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus 
therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV and anti-HSV 
mAbs that has completed Phase 1 {Politch, 2021 #897}.  developed multiple products, including a licensed 
biodefense biologic. As with Profectus, Mapp Bio’s expertise and experience will be a very important and 
valuable asset to the Center.  

Bonnie     Genovac   

 
 
Core A (Administrative Core) 
 
Research Project teams??  Maybe not depending on space 
 
The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he 
established in 1999, and he has published more than 75 articles, reviews and chapters in this area.  His group 
has also made significant translational research accomplishments in the area of henipavirus countermeasure 
developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) 
having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and 
NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence 
Award in 2013.  His administrative experience and skills and his experience in translational research activities 
qualify him to serve as the director of the PABVAX Center and Administrative Core. 

Dr. Crowe’s (RP4) research focuses on the molecular basis for the development of effective B cell responses to 
viruses in humans and he has published over 200 peer-reviewed research articles in this area.  The Crowe 
laboratory is one of the leading groups in the development of innovative technologies for isolation and study of 
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human mAbs.  Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, 
respiratory syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently henipaviruses NiV and 
HeV owing to the collaboration between the Crowe, Broder and Geisbert laboratories. Perhaps of greatest 
import, the SARS-CoV-2 mAbs generated by Dr. Crowe’s laboratory were used in xxx,000 of people during the 
COVID-19 pandemic.  RP4 will work closely with Cores D and E in advancing mAb prototypes. The Core B of 
the Center will work together with RP2 and RP3 along with the Core C to develop the first cocktail human mAb 
immunotherapeutics, and facilitate the transition products suitable for IND filing and human testing including 
design, construction, assessment, and optimization of these antibody-based therapies. 
 
 
As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative 
studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory 
Committee and NIAID staff will select prototype candidates at the appropriate development stage for these 
studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in 
vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. 
Additionally, the team has experience collaborating with DoD and BARDA to advance candidate 
countermeasures to the clinic. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

RESEARCH STRATEGY 

Introduction 

Emerging and periodically reemerging pathogenic enveloped RNA viruses are a continuous infectious disease 
and potentially pandemic threats to global public health. Among the many groups of these types of pathogens 
are viral zoonoses within the family Paramyxoviridae and order Bunyavirales where humans can acquire 
infections directly from animal reservoir hosts such as rodents or bats, through an intermediate amplifying host 
such as livestock, or from arthropod vectors such as mosquitos and ticks (Fields virology). More often than not, 
humans represent a dead-end host infection, but for some viral agents several rounds of human-to-human 
transmission can occur, and should RNA viral pathogens mutate and adapt to more efficient replication and 
shedding in the human host, the epidemic potential of these viruses could manifest (PMID: 23911335 -Nipah / 
others?). The viral order Bunyavirales is composed of several viral families known to contain multiple high priority 
human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe 
hemorrhagic fever diseases in humans across the world with mortality rates up to XX and significant, long-term 
sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens 
where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, 
JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) and are also identified 
as NIAID Category A pathogens due to their ease of dissemination and/or abilities to transmit person-to-person, 
produce significant morbidity and mortality, have potential for major public health impact, and require special 
actions for public health preparedness. Also, within the WHO Priority Pathogens list is Nipah virus (NiV) and 
henipaviral disease which includes Hendra virus (HeV) which are zoonotic henipaviruses (HNVs) in the family 
Paramyxoviridae. NiV and HeV have long been considered the prototype members of the genus Henipavirus 
and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease (PMID: 
16357858). The genus now includes nine additional reported HNVs but only HeV and NiV are known to be 
associated with severe and often fatal henipaviral disease in humans and a number of animal species (PMID: 
32991264). Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile 
illnesses in humans [PMID: 35921459].  

Taken together, these viral threats to global public health are heightened due to the absence of approved 
vaccines or therapeutics. There is a clear unmet need for countermeasures such as vaccines and antibody-
based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate 
release of these viral agents. The PABVAX Center will focus on elucidating key principles for vaccine and 
monoclonal antibody (mAb) countermeasures in developing prototype candidates (Table 1) against a selection 
of these viruses. In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug 
and play” demonstration against related viruses. 

Table 1. PABVAX selected prototype and test case viral agents. 

 

 

 

The Bunyavirales. 
 
Fill out 
 

The henipavirus paramyxoviruses. The recognized, highly pathogenic HNVs, NiV and HeV are zoonotic agents 
distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely 
broad host tropism and impressive lethality (Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses, p 519-
536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of Humans, Epidemiology and Control. 
Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses, p 
1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). 
HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory 
disease among horses along with a human case fatality (Murray, PMID: 7701348). NiV emerged just a few years 
later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people 
and also respiratory disease in pigs which served as amplifying hosts (Chua, PMID: 10827955). NiV and HeV 

Family Prototype Plug and Play Test Case 
Arenaviruses Lassa (Old world), Machupo (New world) Lujo (Old world), Chapare (New world) 
Nairoviruses CCHF Kasokero 

Paramyxoviruses Nipah, Hendra Langya 
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can infect at least 18 animal species across 6 orders of mammals, and among these they will cause a systemic 
and often fatal respiratory and/or neurological disease in 11 mammalian species including humans (PMID: 
32991264; PMID: 22476556). The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks 
occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of 
subclinical infections, and well-documented person-to-person transmission (PMID: 23911335). Currently, there 
are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain 
continuous infectious disease transboundary threats to public health and economically important livestock 
throughout South and South East Asia and Australia. Their broad host tropism and ability of these viruses to 
infect livestock offers an amplification opportunity and increased risk of subsequent human infections. The 
henipaviruses are single-stranded, negative sense, enveloped RNA viruses and their biology also lends 
themselves to be synthetically produced and agents of potential and deliberate misuse. NiV and HeV are BSL-
4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS) and 
Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 
Select Agents [Possession, Use, and Transfer of Select Agents and Toxins; Biennial Review; Department of 
Health and Human Services (Ed.) United States Government, Federal Register: Washington, DC, USA, 2020; 
Volume 85, FR 15087]. because they could be engineered for mass dissemination and possess the potential for 
high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as 
an epidemic threat needing urgent research and development (R&D) action and has been included in the WHO 
R&D Blueprint list of priority pathogens with epidemic potential (Sweileh, W. M. PMC5299748).  

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been 
notable progress over the 15 years in the development of vaccines and postexposure human or humanized 
monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, 
one human monoclonal antibody (mAb) and one humanized mAb, postexposure treatments have been 
demonstrated to be effective therapies against NiV and HeV infection in animal challenge studies including 
nonhuman primates (NHP) (PMID: 22013123, PMID: 24964990, PMID: 27484128, PMID: 31686101). The 
success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in 
several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 
individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in 
collaboration with USU and Queensland Health in Australia (PMID: 32027842). In contrast, several preventative 
vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in 
animal models including NHPs and several vaccine platforms have clear potential for use in people 
(PMC8782152). The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and 
the cornerstone of all vaccine strategies (PMC8782152).  Such preventive vaccines would have utility for lab 
workers, first responders or individuals at high risk exposure and in mitigating the spread of an outbreak; whereas 
in the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic 
preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown 
to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh 
(NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine 
against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 
agent (Middleton, 2014 PMID: 24572697). It is widely considered that the African green monkey (AGM) is the 
current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror 
that of human NiV/HeV infection (Geisbert, 2012;Geisbert, 2010). The evaluation of successful countermeasures 
for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications 
and future licensure of select countermeasures for human use.  

 More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related 
Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not 
appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished) (PMID: 33809833). The 
PABVAX Center has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The 
choice is justifiable for several important reasons; 1) LayV is a known pathogenic zoonotic HNV; 2) there is a 
known virus genome sequence derived from a human sourced virus isolate; 3) we have already successfully 
engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Also, another 
divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies 
on LayV in preparation for Phase II, including the rescue of recombinant LayV (rLayV), explore animal model 
development, construct additional LayV and AngV reporter virus tools, and then translate and test the MNP 



vaccine ‘plug-and-play’ approach, and also evaluate new mAbs and nanobodies (nbs) to these new divergent 
and/or potential zoonotic HNVs. 

PABVAX THEME 

A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have 
extensive experience in antiviral translational research and/or product development: Uniformed Services 
University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of 
Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland 
(UMD), Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have 
active and productive collaborative research programs in related areas, some spanning more than a decade.  

 
Figure 1: Organizational chart of the Paramyxoviridae 
and Bunyavirales Vaccines and Antibodies Center- 
(PABVAX). (connecting arrows are needed between 
elements and the SAB) 

 
The organizational structure of the PABVAX is 
diagramed in Figure 1. Two Research Projects (RPs) 
in the PABVAX Center will focus on developing and 
evaluating a new, thermostable, needle-free, 
adaptable, and widely deployable, dissolvable 
microneedle patch (MNP)-based skin immunization 
vaccine technology that will use recombinant viral 
protein subunit immunogens; RP1 will target select 
prototype Arenaviridae and Nairoviridae viruses, 
and RP2 will target the prototype henipaviruses 
(HNVs). Both RP1 and RP2 will also be developing 
new prototype virus tools (recombinantly generated 
prototype viruses) along with existing tools, to be 
used in the analysis of vaccine responses as well as 
in the evaluation of new mAbs and nabs from the 

other RPs. A third RP will be engaged in the development of a unique low-containment (BSL-2) mouse model of 
HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence methodology 
that can longitudinally trace the dynamics and anatomical progression of luciferase encoding virus infection in 
individual animals (RP3). There will also be two RPs that will target the development human mAbs and 
nanobodies to the PABVAX select viral prototypes. RP4 will isolate human mAbs derived from NiV infected 
survivors with a specific focus on the F glycoprotein targeted mAbs, and additional human mAbs will be 
generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-
based therapeutics targeting henipaviruses and arenaviruses along with a focus on targeting the CNS 
environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization 
of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will 
come from three Scientific Cores that will be engaged in manufacture and quality control & testing of MNP 
vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal 
modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-
based therapeutics (Core E).  

With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold:  

1) Establish an effective and adaptable vaccination technology. 

2) Discover effective antibody-based therapies.  

3) Develop new tools and animal models to facilitate the translation of effective countermeasures. 

An adaptable plug-and-play vaccine platform. 
The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble 
Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from 
the UPitt and IBBR/UMD (Core C) that has tested a dissolvable MNP-based vaccine technology that is ideally 
suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine approach 



(PMID: 32924651). This vaccine technology effectively harnesses the highly immunoresponsive cutaneous 
microenvironments using dissolvable MNPs that incorporates recombinant viral glycoprotein antigens and 
polyphosphazene (PPZ) adjuvants (PMID: 19864632) to elicit robust, strong, and long-lasting protective 
immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable 
immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. 
PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in 
aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ 
macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement 
subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune 
stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine 
components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner 
for efficacious immunization, as well as facilitate the improved vaccine storage and distribution due to their 
thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic 
combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine 
delivery platform. Here, a Scientific Core C: (Microneedle Patch Vaccines Core) will produce polyphosphazene 
(PPZ) adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of 
RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined 
quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on 
vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine 
formulations and components will be made based on first tier immune response data derived from mouse 
immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-
specific neutralization activity in vitro and polyfunctional T-cell responses by in vitro stimulation of isolated cells 
with antigenic peptides, intracellular cytokine staining (ICS) and flow cytometry) responses. 

Discover effective antibody-based therapies. 
PREP can be critical in the absence of available vaccines or cases in which vaccination is not possible. 
HELP 
 
 
 
Develop new tools and animal models to facilitate the translation of effective countermeasures. 
Virological tools and animal models are essential in assessing the effectiveness and protective correlates of 
antiviral vaccines and therapeutic countermeasures. The investigators within the Animal model development and 
preclinical evaluation scientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-
containment and select agent research areas including……..  animal model development and use of animal 
models for the study of viral pathogenesis and assessing the therapeutic efficacy of antivirals and vaccines. In 
addition, Core E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation; 
including the establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-
gene encoding versions which will be performed within RP1. Such virus tools are essential for the 
characterization of vaccine responses such as neutralizing antibody induction in animal subjects, as well as 
validation of antisera or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and 
alternative animal models that can be utilized at low-containment (BSL-2) are also useful in antiviral development 
strategies because they can be adapted to greater high-throughput platforms, are often less laborious, and they 
can make use of other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses 
that allow for rapid high-throughput florescence-based virus neutralization assays at BSL-2 ideally suited to 
analyze otherwise BSL-4 restricted authentic Nipah and Hendra virus vaccine induced immune sera, mAbs 
(RP4) and nbs (RP5) and antibody neutralization synergy. RP3 will make use of other versions of rCedV and 
chimeras (those bearing either the HeV or NiV-B envelope glycoproteins) in the development of a BSL-2 animal 
model that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live 
animals, ideally suited to explore nab based therapeutics to CNS resident henipavirus (PMID: 35821488). 

The overall objectives of the PABVAX Center will be integrated into quality system data management 
processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based 
therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by 
the Animal model development and preclinical evaluation Core E at the GNL, UTMB. Data generated to support 
of possible future regulatory submissions to the Food and Drug Administration (FDA) must be collected in 
accordance with quality systems, like good laboratory practice (GLP) regulations, to be useful and reliable, and 
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to facilitate FDA review to ensure safety and efficacy. The UTMB and GNL is a national resource and benchmark 
provider for the conduct of high containment animal studies and quality system data management; often 
partnering with the FDA in academic development and training programs for GLP in high containment 
environments. We envision several deliverables emanating from the proposed studies of the Center, including 
significantly improved subunit vaccine formulations against several prototype viruses within the henipaviruses 
(Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to 
storage and transportation; and also improved human mAbs and/or nabs for the treatment of disease caused by 
the select prototype viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology and 
mAb and vaccine translational drug development and includes Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific 
Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted 
dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test 
mAb and nanobody prototypes to foster pandemic preparedness. 

THE PABVAX CENTER PROTOTYPE VIRUSES 

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and 
because they represent known threats to global public health that is exacerbated due to a lack of approved 
vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global 
pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-
weaponization and deliberate release of these prototype virus species and/or related viruses within those groups. 

Henipaviruses:  Nipah virus (NiV) and Hendra virus (HeV) are bat-borne viral zoonoses that were discovered 
in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia 
(NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family 
Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world 
fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family 
Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread 
vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection 
with either of these HNVs are also at risk of recrudescent infection and encephalitis (Luby SP, Broder CC. 2014. 
Paramyxoviruses: Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of 
Humans, Epidemiology and Control. Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, 
Broder CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott 
Williams & Wilkins, Philadelphia). HeV and NiV are BSL-4 restricted pathogens because of their high lethality 
and lack of approved vaccines or antivirals and are transboundary agents of significant disease threats to 
livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now 
includes nine other reported HNVs; these include the four viral isolates of Cedar virus (CedV), Gamak virus, 
Daeryong virus, and Langya virus (LayV) [xxx] and five additional species known only from nucleic acid sequence 
information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV) 
[xxx]. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, 
are old world pteropid fruit bats. Whereas the six other HNVs are, or are likely, of rodent origins, including the 
human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng 
virus that is also of apparent rodent origin from Southeast China (Yunnan province). The phylogenetic 
relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2.  

Figure 2. Phylogenetic analysis of select HNV G and F glycoproteins. Phylogenetic 
trees were constructed for the HNV F and G glycoproteins using the PhyML program's 
maximum likelihood method. The trees were generated by aligning the protein 
sequences with the MUSCLE algorithm. The genetic distance between the sequences 
is represented by the bar located under each tree, providing information about the level 
of divergence among them. 

Investigators in the Center PR2 and RP5 have already initiated new 
studies on LayV, having engineered stabilized sG and sF glycoprotein 
antigens in collaboration with Genovac, Inc. (part of Core D) and 
identified cross-reactive mAbs to both F and G previously generated to 
Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal 

henipaviral disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only 
HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and 
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disease including guinea pigs, ferrets, hamsters (Geisbert 2012), and African green monkeys (Geisbert and 
Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which 
encodes the phosphoprotein (P), and the P gene transcripts of NiV and HeV undergo RNA editing to produce 
the V and W nonstructural proteins that are key interferon (IFN) antagonists (xx). The CedV P gene lacks both 
RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated 
the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both 
the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections. All other recognized 
or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence 
of these proteins in CedV is the key factor underlying its nonpathogenic nature. These data permitted the rescue 
and characterization of rCedV by reverse genetics at BSL-2 (XXX) and CedV is now recognized as a BSL-2 
restricted agent [CDC manual]. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, 
is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some 
preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the 
Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E).  

Arenaviridae and Nairoviridae: 

 

 

 

EXPECTED SYNERGIES PROVIDED BY THE CENTER 

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the 
Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically 
tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific 
Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. 
This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as 
for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases 
the structural characterization of the important viral vaccine immunogens and interaction with antibodies. 
Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration 
with other PRs; such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and 
virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5), (arenaviridae and nairoviridae 
projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures 
anticipated to be developed from the RPs may provide a future opportunity to combine the active and passive 
immunization approaches to further improved the therapeutic value in an inherently synergistic manner. The RPs 
will work closely together in a harmonious and cooperative manner with each group providing their own 
countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if 
each project were pursued independently. This collaborative effort among all RPs and Cores will provide strong 
synergy among the groups and PABVAX participants, many of which have established collaborative and 
synergistic research activities. For example, the early development and testing of particular antiviral mAbs to 
some of the prototype viruses under investigation is already an established collaboration between PABVAX 
partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP 
vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB. 

An additional and outstanding advantage of the PABVAX Center is the Animal model development and 
preclinical evaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select prototype 
viruses can be carried out. The strength of this Center partner is synergistically enhanced by the relationship of 
Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also located within 
the GNL. (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is ease of access 
to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. All BSL-4 animal 
work done by Core E in support of the RPs and other Cores will utilize the exact same virus stocks in challenge 
doses, and challenge routes. In addition, all BSL-4 assays for all the Center RPs will be performed by the same 
BSL-4 staff under the same experimental conditions. This approach will allow for better comparison among 
countermeasures within the Center and will ensure consistency among results. 

PABVAX MILESTONES AND TIMELINES 

There are four overarching aims of the PABVAX Center:  
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1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.  

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation.  

3. Develop antibodies and nanobodies to selected prototype viruses.  

4. Employ quality system data management in animal model development and preclinical evaluation of 
candidate countermeasures. 

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center 
accomplishments and progress towards achieving the Center objectives. This is in addition to each PR’s 
individual Milestone plan. The oversight and evaluation of progress will be in concert with quarterly reports to the 
PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders 
with SAB members (Details are within the Administration Core A). The SAB will meet yearly typically in 
coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the 
continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, 
and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The 
SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, 
recommend new directions as appropriate and provide Center Leadership and NIAID staff a comprehensive 
written evaluation of the group's activities and the panel's recommendations following the annual meeting. 

Overall Objectives 

Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

Figure 4. Milestones and criteria for progress for Aim 1 
of the PABVAX Center’s overall objectives. 

The first milestone will be whether proper 
formulation of recombinant antigens with 
adjuvant in the context of MNP fabrication can 
be made.  The determination of MNP vaccine 
potential success will first be made based on 
immune response data derived from mouse 
immunization studies conducted in Core C. 
Multi-parameter humoral and cellular immune 
responses will be assessed (antigen specific 
antibody induction and virus-neutralization 
and polyfunctional T-cell responses by in vitro 
stimulation of isolated cells). Go/no go 

decisions will be made based on the outcomes of these first tier experiments as indicated. If robust humoral and 
cellular responses are evident this will be graded as success. Comparisons will also be made, such as the levels 
of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated 
and an attempt in selection of best-in-class immunogens, or best combination immunogens which will also be 



explored, will be performed in order to down-select vaccine choice. The third milestone will be the determination 
of whether MNP vaccination affords protection in animal model challenge experiments. In the case of the NiV 
and HeV prototypes the animal models chosen (ferret and the African green monkey (AGM)) are extremely well-
developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral 
prototypes within the Bunyavirales there will be additional animal model refinements conducted. For example, 
there are seven genetically distinct lineages of LASA and there are guinea pig models for some but not all of 
those lineages.  For MACV there are 8 clades with similar challenges, and for CCHF there are 6 clades. An 
additional confounding issue for both of these very important groups of viruses is that rhesus macaques are 
nearly unavailable and cynomolgus monkeys are now each greater than 35K. Thus, as proposed by RP1, 
together with Core E, a critical research avenue will be further developing and evaluating animal model systems, 
including new models, within the PABVAX program, including further development of the AGM for the 
arenaviruses and possibly also for CCHF as a risk mitigation strategy. Thus, individual go/no-go decisions will 
inevitably be more challenging during the first Phase I of the PABVAX. 

Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation. 

Figure 5. Milestones and criteria for progress for 
Aim 2 of the PABVAX Center overall objectives. 

The PABVAX second overall objective is 
primarily focused on the development of 
new viruses and tools for downstream 
initiation and testing of the Center’s 
vaccine program and antiviral antibody 
testing and evaluation. These materials 
and viruses will be key in the execution of 
Phase II of the program. RP1 will 
generate recombinant infectious clones 
(r = recombinant viruses) and reporter-
gene versions, as well as alternate 
reporter virus tools (VSV-based) of 
LASV, MACV, and CCHFV isolates for 

which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based 
assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the 
most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in 
collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate 
reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. 
Only AngV alternate reporter virus tools are proposed as the complete genomic data is incomplete. rLayV 
pathogenesis and animal model development will conducted by Core E. If these objectives are successful, a a 
large battery of new reagents and tools will be available to share with the ReVAMPP network, as well as serving 
as key components for initiation and execution of Phase II of the PABVAX Center program.  

The translation and testing the MNP vaccine plug-and-play approach will be initiated in the Phase II 
prototype viruses (Table 1) the milestones here will be similar to those outlined in Figure 4.  The new virus tools 
will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent 
and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo 
bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of 
PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus 
(rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in 
mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. 
Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- 
mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 
containment. If the model can be optimized (Figure 5) it will be deployed to test a critically important therapeutic 
need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing 
of engineered nabs specific for the prototype HNVs NiV and HeV. 

Aim 3. Develop antibodies and nanobodies to selected prototype viruses. 

 



 

 

Figure 6. Milestones and criteria for 
progress for Aim 1 of the PABVAX Center’s 
overall objectives. 

New human mAbs and nanobodies 
(nbs) as tools and potential 
therapeutics will be developed by 
RP4 and RP5 in collaboration with 
RP2 and Core D. NiV infection 
survivor volunteers and MNP 
vaccination of transgenic mice will 
be used to generate human mAbs 
(RP2 and RP4); and transgenic 
nanomice and human nb phage-
display approaches will generate 
nbs (RP5) to the selected prototype 
and test case viruses. Human mAbs 

are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in 
humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the 
NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on the mAbs to the 
HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. 
Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high 
potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic 
molecules for humans. RP4 will isolate new F mAbs and in collaboration with RP2 neutralization potencies will 
be rapidly assessed as well as evaluating synergistic cell-based mAb neutralization that will then be translated 
and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human 
mAbs will build on the findings to date generated by several of the collaborating Center investigators, and 
contribute significantly to the development and characterization of human mAbs reactive to the F and G 
glycoproteins of prototype HNVs in preparation for clinical studies.  

Nanobodies, derived from the heavy chain-only antibodies of camelid animals, offer a promising new 
direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full 
antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could 
translate into a more cross-reactive feature between virus strains or clades. Importantly, nanobodies can 
efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating 
CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no 
approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate 
the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. 
These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries 
that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will 
enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also 
engineer a combination of nanobodies targeting multiple epitopes using rational design. Additionally, we will 
enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 
(TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-
based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), and also for therapeutic 
activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus) and select animal models of LASV and 
MACV by Core E. Success will be measured by the identification of virus-neutralizing nbs, potential discovery of 
more broadly reactive nbs, particularly to the multiple LASA clades, the evidence of therapeutic benefit in animal 
models, and the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus 
infections. 

 

 

 

 



INDUSTRY PARTNERSHIPS 

Industry Partnership 

Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, 
collaboration with an industry partner which will provide access to vaccine 

expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling 
translational research, an industry partnership is required. 

 

 

 

 

SPECIAL FEATURES OF THE PABVAX CENTER ENVIRONMENT AND OTHER RESOURCES      ?? 
Our proposal combines the expertise of several established groups including investigators in academia and in 
private industry. The Center is supported by outstanding physical resources and an experienced and skilled 
group of researchers and support staff. 

Galveston National Laboratory (GNL) 
The GNL, is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s 
biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely 
designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for 
the purpose of developing vaccines, diagnostics and therapeutics against them. The 7-story GNL offers over 
12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 
4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select 
Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL 
BSL-4 laboratories in April of 2011. To date, 187 separate NHP studies employing a total of 1,318 animals and 
10 different BSL-4 viruses including Ebola and Marburg viruses and also Nipah and Hendra have been 
successfully performed at the GNL.  These NHP studies include a number of collaborative efforts between Drs. 
Geisbert, Cross, Crowe, Broder and Zeitlin. The GNL has a fully Association for Assessment and Accreditation 
of Laboratory Animal Care (AAALAC)-accredited nonhuman primate facility and a staff of full-time veterinarians.  
In addition, Core E is staffed with an experienced team of GNL researchers and technicians several of which 
have more than 25 years of BSL-4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained board-
certified veterinary pathologist. As noted above another special feature is the location of WRCEVA virus 
collection within the GNL. 

Core E (Animal model development and preclinical evaluation) 
Core E operations will be conducted at the GNL, and also includes the UTMB Institutional Office of Regulated 
Nonclinical Studies (ONcRS). The ONcRS's primary responsibility is to work with academic researchers who are 
doing product-oriented research and to help them design and conduct their studies to meet regulatory 
requirements by assuring regulatory compliance, quality assurance and data management.  NIH has requested 
that all NHP studies conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path 
be conducted under a “well documented” quality system program.  Quality system and regulatory science 
processes for NHP studies performed at UTMB will be implemented and executed in conjunction with the 
ORNcS.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 experience 
at US Army Medical Research Institute of Infectious Diseases (USAMRIID), the GNL and other BSL-4 facilities.  
His research interests have focused on hemorrhagic fever viruses and the henipaviruses and he has published 
over XXX peer-reviewed articles in these areas.  Dr. Geisbert’s research group, in collaboration with Dr. Broder 
(Center Co-PI and PR2 PI) was the first to develop a NHP model of NiV/HeV infection and disease and also to 
demonstrate complete protection of NHPs against both NiV and HeV using henipavirus vaccines and also human 
mAb therapy. 

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs)  

Mapp Biopharmaceutical’s product development team has grown significantly in the last two years in response 
to the development efforts on its anti-Ebola therapeutic, ZMappTM which is being advanced to licensure as part 
of Project Bioshield. OTHER MAbs The early development and research group has expertise in immunology, 
infectious diseases, and production of antibodies and antibody fusion proteins in CHO systems. The advanced 



development group has experience in medium-size and large pharmaceutical companies and expertise in 
various aspects of mAb development and commercialization including chemistry, manufacturing & controls, 
analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and project 
management. The team has developed multiple products, including a licensed biodefense biologic. As with 
Profectus, Mapp Bio’s expertise and experience will be a very important and valuable asset to the Center.  

Bonnie     Genovac   

 
 
Core A (Administrative Core) 
 
Research Project teams??  Maybe not depending on space 
 
The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he 
established in 1999, and he has published more than 75 articles, reviews and chapters in this area.  His group 
has also made significant translational research accomplishments in the area of henipavirus countermeasure 
developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) 
having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and 
NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence 
Award in 2013.  His administrative experience and skills and his experience in translational research activities 
qualify him to serve as the director of the PABVAX Center and Administrative Core. 

Dr. Crowe’s research focuses on the molecular basis for the development of effective B cell responses to viruses 
in humans and he has published over 200 peer-reviewed research articles in this area.  The Crowe laboratory is 
one of the leading groups in the development of innovative technologies for isolation and study of human mAbs.  
Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, respiratory 
syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently henipaviruses NiV and HeV owing 
to the collaboration between the Crowe, Broder and Geisbert laboratories.  The Core B of the Center will work 
together with RP2 and RP3 along with the Core C to develop the first cocktail human mAb immunotherapeutics, 
and facilitate the transition products suitable for IND filing and human testing including design, construction, 
assessment, and optimization of these antibody-based therapies. 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX) 

SPECIFIC AIMS 

Emerging and reemerging pathogenic RNA viruses represent continuous infectious disease and pandemic 
threats to public health. The viral order Bunyavirales is composed of several viral families known to contain 
several high priority human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which 
cause severe hemorrhagic diseases in humans worldwide with associated high morbidity and mortality. A host 
of arenaviruses viruses, including Lassa, Machupo, Lujo, and Chapare (LASV, MACV, LUJV, CHPV) and the 
Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) and are also included among the World Health 
Organization’s (WHO) List of Priority Pathogens. Several of these viruses are specifically identified as NIAID 
Category A pathogens. Also, within the WHO Priority Pathogens list is Nipah virus (NiV) and henipaviral disease 
which includes Hendra virus (HeV) which are zoonotic henipaviruses (HNVs) in the Paramyxoviridae. These 
HNVs have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease, and 
are significant biothreats to humans and livestock in South and South East Asia and Australia. These threats to 
global public health are heightened due to the absence of approved vaccines or therapeutics. There is a clear 
unmet need for countermeasures to address the threat of natural outbreaks, epidemics, or deliberate release.  

The PABVAX Center will focus on elucidating key principles for vaccine and monoclonal antibody (mAb) 
countermeasures in developing prototype candidates against a selection of these viruses. In the out years of the 
effort, PABVAX will exploit these learned key principles in a “plug and play” demonstration against related 
viruses. 

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology and mAb 
and vaccine translational drug development and includes Moderna and Emergent Biosolutions as Industry 
Partners. The synergistic activities and research goals of this Center proposal through its Research Projects 
(RPs) and Scientific Cores, will develop, test, and translate, prototype vaccines using a novel vaccination 
platform (an adjuvanted dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model 
tools, and develop and test mAbs and nanobodies to the virus prototypes to foster pandemic preparedness. The 
Center’s translational objectives will be accomplished by the completion of the following Aims: 

AIM 1: Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. Subunit viral antigen(s) 
MNP vaccines will be explored. RP1 will test vaccines for both Old world (LASV) and New world (MACV) 
prototype viruses. RP2 will test vaccines against the prototype viruses NiV and HeV. Each RP will implement 
this ‘plug-and-play’ vaccine approach with test case virus antigens in Phase 2. All three Scientific Cores (MNP-
Core C), (Antigens and Antibodies-Core D) and (Animal models and testing-Core E) will support the RPs.  

AIM 2: Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics 
evaluation. Reverse genetics and recombinant pseudoviruses will be developed for both prototype and test 
case viruses by RP1 and RP2. New high-containment (RP1, RP2, and Core E) and novel low-containment (RP3) 
animal models will be developed to explore pathogenesis and facilitate therapeutics testing. 

AIM 3: Develop antibodies and nanobodies to selected prototype viruses. New human mAbs and 
nanobodies (nbs) as tools and potential therapeutics will be developed in collaboration with Core D. NiV infection 
survivor volunteers and MNP vaccination of transgenic mice will be used to generate human mAbs (RP2 and 
RP4); and transgenic nanomice and human nb phage-display approaches will generate nbs (RP5) to the 
selected prototype and test case viruses. 

AIM 4: Employ quality system data management in animal model development and preclinical evaluation 
of candidate countermeasures. The Center will conduct a well-integrated, discovery and translational research 
program, and the goal of this Aim is to ensure the quality and integrity of collected data. Each RP and Core will 
employ procedures ensuring quality system data management in collaboration with Data Management-Core B. 
Further, quality system and regulatory science processes for animal studies (Core E) will be used under the 
guidance of a quality system team. 

Family Prototype Plug and Play Test Case 
Arenaviruses Lassa (Old world), Machupo (New world) Lujo (Old world), Chapare (New world) 
Nairoviruses CCHF Kasokero 

Paramyxoviruses Nipah, Hendra Langya 
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CENTER OVERVIEW: Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center – (PABVAX)

RESEARCH STRATEGY

Introduction	Comment by CHRISTOPHER BRODER: I think as you review this doc,  perhaps specifically name the PIs and PLs in certain areas?


[bookmark: _Hlk136347284]Emerging and periodically reemerging pathogenic enveloped RNA viruses are a continuous infectious disease and potentially pandemic threats to global public health. Among the many groups of these types of pathogens are viral zoonoses within the family Paramyxoviridae and order Bunyavirales where humans can acquire infections directly from animal reservoir hosts such as rodents or bats, through an intermediate amplifying host such as livestock, or from arthropod vectors such as mosquitos and ticks (Fields virology). More often than not, humans represent a dead-end host infection, but for some viral agents several rounds of human-to-human transmission can occur, and should RNA viral pathogens mutate and adapt to more efficient replication and shedding in the human host, the epidemic potential of these viruses could manifest (PMID: 23911335 -Nipah / others?). The viral order Bunyavirales is composed of several viral families known to contain multiple high priority human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic fever diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV) and are also identified as NIAID Category A pathogens due to their ease of dissemination and/or abilities to transmit person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special actions for public health preparedness. Also, within the WHO Priority Pathogens list is Nipah virus (NiV) and henipaviral disease which includes Hendra virus (HeV) which are zoonotic henipaviruses (HNVs) in the family Paramyxoviridae. NiV and HeV have long been considered the prototype members of the genus Henipavirus and have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease (PMID: 16357858). The genus now includes nine additional reported HNVs but only HeV and NiV are known to be associated with severe and often fatal henipaviral disease in humans and a number of animal species (PMID: 32991264). Langya virus (LayV) is the most recently identified HNV and was associated with nonfatal febrile illnesses in humans [PMID: 35921459]. 

Taken together, these viral threats to global public health are heightened due to the absence of approved vaccines or therapeutics. There is a clear unmet need for countermeasures such as vaccines and antibody-based therapeutics to address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate release of these viral agents. The PABVAX Center will focus on elucidating key principles for vaccine and monoclonal antibody (mAb) countermeasures in developing prototype candidates (Table 1) against a selection of these viruses. In the out years of the Center effort, PABVAX will exploit these learned key principles in a “plug and play” demonstration against related viruses.

Table 1. PABVAX selected prototype and test case viral agents.

		Family

		Prototype

		Plug and Play Test Case



		Arenaviruses

		Lassa (Old world), Machupo (New world)

		Lujo (Old world), Chapare (New world)



		Nairoviruses

		CCHF

		Kasokero



		Paramyxoviruses

		Nipah, Hendra

		Langya











The Bunyavirales.



Fill out



The henipavirus paramyxoviruses. The recognized, highly pathogenic HNVs, NiV and HeV are zoonotic agents distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality (Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of Humans, Epidemiology and Control. Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). HeV was recognized first, and emerged in Queensland, Australia in 1994 causing a severe and fatal respiratory disease among horses along with a human case fatality (Murray, PMID: 7701348). NiV emerged just a few years later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory disease in pigs which served as amplifying hosts (Chua, PMID: 10827955). NiV and HeV can infect at least 18 animal species across 6 orders of mammals, and among these they will cause a systemic and often fatal respiratory and/or neurological disease in 11 mammalian species including humans (PMID: 32991264; PMID: 22476556). The NiV strain in Bangladesh (NiV-B) is of particular concern where outbreaks occur nearly on an annual occurrence and often with case fatality rates exceeding 90% with little evidence of subclinical infections, and well-documented person-to-person transmission (PMID: 23911335). Currently, there are no vaccines or therapeutics approved for human use. NiV and HeV emergence and reemergence remain continuous infectious disease transboundary threats to public health and economically important livestock throughout South and South East Asia and Australia. Their broad host tropism and ability of these viruses to infect livestock offers an amplification opportunity and increased risk of subsequent human infections. The henipaviruses are single-stranded, negative sense, enveloped RNA viruses and their biology also lends themselves to be synthetically produced and agents of potential and deliberate misuse. NiV and HeV are BSL-4 pathogens and also classified as priority agents by US Department of Health and Human Services (HHS) and Centers for Disease Control and Prevention (CDC) has recently proposed that NiV be added to the list of Tier 1 Select Agents [Possession, Use, and Transfer of Select Agents and Toxins; Biennial Review; Department of Health and Human Services (Ed.) United States Government, Federal Register: Washington, DC, USA, 2020; Volume 85, FR 15087]. because they could be engineered for mass dissemination and possess the potential for high morbidity and mortality rates and major public health impacts. Recently, NiV was selected by the WHO as an epidemic threat needing urgent research and development (R&D) action and has been included in the WHO R&D Blueprint list of priority pathogens with epidemic potential (Sweileh, W. M. PMC5299748). 

While there are no licensed countermeasures for the treatment of NiV and HeV infections, there has been notable progress over the 15 years in the development of vaccines and postexposure human or humanized monoclonal antibody (mAb) therapies. Among antiviral countermeasures likely suitable for use in people, to date, one human monoclonal antibody (mAb) and one humanized mAb, postexposure treatments have been demonstrated to be effective therapies against NiV and HeV infection in animal challenge studies including nonhuman primates (NHP) (PMID: 22013123, PMID: 24964990, PMID: 27484128, PMID: 31686101). The success of one particular human mAb (m102.4) in the NHP model was instrumental in both its application in several emergency use protocols in Australia and the United States as a result of high-risk virus exposure (18 individuals to date), and also in the conduct of the very first Phase I clinical trial of an anti-HeV/NiV therapy in collaboration with USU and Queensland Health in Australia (PMID: 32027842). In contrast, several preventative vaccines against NiV and HeV have been shown to be 100% effective in preventing infection and disease in animal models including NHPs and several vaccine platforms have clear potential for use in people (PMC8782152). The HNV G and F membrane glycoproteins are the major targets of neutralizing antibodies and the cornerstone of all vaccine strategies (PMC8782152).  Such preventive vaccines would have utility for lab workers, first responders or individuals at high risk exposure and in mitigating the spread of an outbreak; whereas in the case of a biological attack or natural outbreak, a postexposure treatment would augment a pandemic preparedness posture. The most extensively studied HNV vaccine is a soluble form of HeV G (HeV-sG), shown to provide complete protection against lethal challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including NHPs. The HeV-sG immunogen is also the basis of the horse vaccine against HeV (Equivac® HeV) marketed by Zoetis, Inc., which is the first commercialized vaccine to a BSL-4 agent (Middleton, 2014 PMID: 24572697). It is widely considered that the African green monkey (AGM) is the current “gold standard” animal model for NiV and HeV research as the disease pathogenesis appears to mirror that of human NiV/HeV infection (Geisbert, 2012;Geisbert, 2010). The evaluation of successful countermeasures for the prototype NiV and HeV and other related HNVs in the NHP model will likely be pivotal for IND applications and future licensure of select countermeasures for human use. 

	More recently, divergent and pathogenic zoonotic HNVs have been discovered, namely the related Mòjiāng virus and Langya virus (LayV), and in contrast to NiV/HeV, both appear to be rodent borne and do not appear to employ ephrin ligands as entry receptors (C. Broder and K. Xu unpublished) (PMID: 33809833). The PABVAX Center has chosen to initiate studies on the divergent LayV as the Phase II test case scenario. The choice is justifiable for several important reasons; 1) LayV is a known pathogenic zoonotic HNV; 2) there is a known virus genome sequence derived from a human sourced virus isolate; 3) we have already successfully engineered and expressed LayV sF (stabilized) and sG (tetramer) glycoproteins antigens. Also, another divergent bat-borne HNV, Angavokely virus (AngV), has recently been described. The Center will initiate studies on LayV in preparation for Phase II, including the rescue of recombinant LayV (rLayV), explore animal model development, construct additional LayV and AngV reporter virus tools, and then translate and test the MNP vaccine ‘plug-and-play’ approach, and also evaluate new mAbs and nanobodies (nbs) to these new divergent and/or potential zoonotic HNVs.

PABVAX THEME

A strength of the PABVAX is that a majority of the Center Research Project (RP) and Core leaders have extensive experience in antiviral translational research and/or product development: Uniformed Services University (USU), University of Texas Medical Branch (UTMB), Vanderbilt Vaccine Center (VVC), University of Pittsburg (UPitt), Institute for Bioscience and Biotechnology Research (IBBR) at the University of Maryland (UMD), and Mapp Biopharmaceutical. In addition, nearly all of the Center’s RPs and Core leaders currently have active and productive collaborative research programs in related areas, some spanning more than a decade. Further, the PABVAX Industrial Partners, Emergent Biosolutions and Moderna, bring unique and valuable vaccine development expertise to the team.

[image: ]

Figure 1: Organizational chart of the Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center- (PABVAX). (connecting arrows are needed between elements and the SAB)



The organizational structure of the PABVAX is diagramed in Figure 1. Two Research Projects (RPs) in the PABVAX Center will focus on developing and evaluating a new, thermostable, needle-free, adaptable, and widely deployable, dissolvable microneedle patch (MNP)-based skin immunization vaccine technology that will use recombinant viral protein subunit immunogens; RP1 will target select prototype Arenaviridae and Nairoviridae viruses, and RP2 will target the prototype henipaviruses (HNVs). Both RP1 and RP2 will also be developing new prototype virus tools (recombinantly generated prototype viruses) along with existing tools, to be used in the analysis of vaccine responses as well as in the evaluation of new mAbs and nabs from the other RPs. A third RP will be engaged in the development of a unique low-containment (BSL-2) mouse model of HNV infection that uses recombinant Cedar henipavirus (rCedV) in vivo and a bioluminescence methodology that can longitudinally trace the dynamics and anatomical progression of luciferase encoding virus infection in individual animals (RP3). There will also be two RPs that will target the development of human mAbs and nanobodies to the PABVAX select viral prototypes. RP4 will isolate human mAbs derived from NiV infected survivors with a specific focus on the F glycoprotein targeted mAbs, and additional human mAbs will be generated from humanized mice by viral prototype antigen immunization. Finally, RP5 will develop nanobody-based therapeutics targeting henipaviruses and arenaviruses along with a focus on targeting the CNS environment in animal modeling experiments using the select virus prototype vaccine antigens and immunization of nanomice as well as human nanobody phage library approaches. Critical research support to all the RPs will come from three Scientific Cores that will be engaged in manufacture and quality control & testing of MNP vaccines (Core C); production of recombinant viral proteins and antibody refinements (Core D); and animal modeling of prototype virus infections along with preclinical testing and evaluation of vaccines and antibody-based therapeutics (Core E). 

[bookmark: _Hlk136337824]With a focus on the Paramyxoviridae and Bunyavirales; the overall Objectives of the PABVAX are 3-fold: 

1) Establish an effective and rapidly adaptable vaccination technology.

2) Discover effective antibody-based therapies. 

3) Develop new tools and animal models to facilitate the translation of effective countermeasures.

An adaptable plug-and-play vaccine platform.

The PABVAX Center will take advantage of a successful piloted research project using recombinant soluble Hendra virus G glycoprotein (HeV-sG) that several lead investigators recently co-developed with scientists from the UPitt and IBBR/UMD (Core C) that has tested a dissolvable MNP-based vaccine technology that is ideally suited for the development of a rapid and inherently safe, recombinant protein-based subunit vaccine approach (PMID: 32924651). This vaccine technology effectively harnesses the highly immunoresponsive cutaneous microenvironments using dissolvable MNPs that incorporates recombinant viral glycoprotein antigens and polyphosphazene (PPZ) adjuvants (PMID: 19864632) to elicit robust, strong, and long-lasting protective immunity against the target pathogen. PPZ macromolecules are emerging synthetic water-soluble biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs. PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in aqueous solutions, forming nanoassemblies with virus particle dimensions (60-100 nm). The PPZ macromolecules serve as an immunoadjuvant that provides immune-potentiating features to complement subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner for efficacious immunization, as well as facilitate the improved vaccine storage and distribution due to their thermostability. This broadly adaptable and widely deployable vaccination approach is enabled by a synergistic combination of a plug-and-play approach with a clinically feasible immunoadjuvant and skin-targeted vaccine delivery platform. Here, a Scientific Core C: (Microneedle Patch Vaccines Core) will produce polyphosphazene (PPZ) adjuvanted MNP vaccines with select recombinant vaccine antigens (prototype viral targets) in support of RP1 (Bunyavirales) and RP2 (Paramyxoviridae). Core C will batch release PPZ MNP vaccines on well-defined quantitative criteria of their validated physicochemical and immunological properties. The RPs focused on vaccine development will explore a variety of viral immunogens and combinations.  Down selection of vaccine formulations and components will be made based on first tier immune response data derived from mouse immunization studies with a focus on assaying antigen-specific binding antibody levels by ELISA and virus-specific neutralization activity in vitro and polyfunctional T-cell responses by in vitro stimulation of isolated cells with antigenic peptides, intracellular cytokine staining (ICS) and flow cytometry) responses.

Discover effective antibody-based prophylactics and therapies.

PREP can be critical in the absence of available vaccines or cases in which vaccination is not possible.

HELP	Comment by CHRISTOPHER BRODER: Larry/Dafna  you are needed for this. 	Comment by Larry Zeitlin: Here is something though we probably need a few sentences on nanobodies…



Monoclonal antibodies (mAbs) are one of the most successful classes of drugs with the proven ability to address a variety of human health needs including oncology, inflammatory diseases, and infectious diseases. Recent studies have demonstrated therapeutic efficacy of mAbs against some of the most lethal viruses including Nipah [1], Hendra [2], Ebola [3, 4], Marburg [5] and Lassa [6]. MAbs also offer a stunning degree of customization based on the importance of mechanisms of action (such as viral neutralization, ADCC, ADCP, etc.), a feature to be exploited in Core D. In addition to therapeutic applications, mAbs with Fc mutations to dramatically extend serum half-life [18][19, 20] offer an important tool for prophylactic use for indications in which vaccination is not possible: 1) for diseases where no vaccine is available; 2) in immunocompromised patients; and 3) in populations where the time required by a vaccine for protective immunity to be established by the host is not practical (e.g. rapid response personnel). Members of PABVAX have extensive experience with the discovery, characterization and translational activities necessary to advance mAbs to the clinic. The manufacturing platforms, formulation methods, and safety profiles of mAbs are well-established. Thus, mAbs offer a low-risk technology platform for prophylactics and therapeutics targeting the viral threats to be addressed by PABVAX.



Develop new tools and animal models to facilitate the translation of effective countermeasures.

Virological tools and animal models are essential in assessing the effectiveness and protective correlates of antiviral vaccines and therapeutic countermeasures. The investigators within the AAnimal Mmodel Ddevelopment and Ppreclinical Eevaluation Sscientific Core E, at the GNL, UTMB, have the expertise in a wide variety of high-containment and select agent research areas including ……..  animal model development and the use of animal models for the study of viral pathogenesis and assessing the protective therapeutic efficacy of antivirals and vaccines as well as studies to define mechanisms and/or correlates of protection. In addition, Core E has the facilities for cell-based assays for authentic pathogenic virus use and manipulation; including the establishment and use of reverse genetics for rescue of pathogenic viruses including novel reporter-gene encoding versions which will be performed within RP1. Such virus tools are essential for the characterization of vaccine responses such as neutralizing antibody induction in animal subjects, as well as validation of antisera or antiviral antibody neutralization using authentic viruses. Other reporter virus tools and alternative animal models that can be utilized at low-containment (BSL-2) are also useful in antiviral development strategies because they can be adapted to greater high-throughput platforms, are often less laborious, and they can make use of other innovative technologies. RP2 will make use of recently generated rCedV chimeric viruses that allow for rapid high-throughput florescence-based virus neutralization assays at BSL-2 ideally suited to analyze otherwise BSL-4 restricted authentic Nipah and Hendra virus vaccine induced immune sera, mAbs (RP4) and nbs (RP5) and antibody neutralization synergy. RP3 will make use of other versions of rCedV and chimeras (those bearing either the HeV or NiV-B envelope glycoproteins) in the development of a BSL-2 animal model that uses in vivo bioluminescence to visualize the anatomical location and progression of virus in live animals, ideally suited to explore nab based therapeutics to CNS resident henipavirus (PMID: 35821488).

The overall objectives of the PABVAX Center will be integrated into quality system data management processes (Core B) that will be employed in both the preparation of vaccines and downstream antibody-based therapeutics by the Center’s highly experienced commercial partners, and in the conduct of animal studies by the Animal model development and preclinical evaluation Core E at the GNL, UTMB. Data generated to support of possible future regulatory submissions to the Food and Drug Administration (FDA) must be collected in accordance with quality systems, like good laboratory practice (GLP) regulations, to be useful and reliable, and to facilitate FDA review to ensure safety and efficacy. The UTMB and GNL is a national resource and benchmark provider for the conduct of high containment animal studies and quality system data management; often partnering with the FDA in academic development and training programs for GLP in high containment environments. We envision several deliverables emanating from the proposed studies of the Center, including significantly improved subunit vaccine formulations against several prototype viruses within the henipaviruses (Paramyxoviridae) and the Bunyavirales (Arenaviridae and Nairoviridae) that will bolster vaccine endurance to storage and transportation; and also improved human mAbs and/or nabs for the treatment of disease caused by the select prototype viruses.

The PABVAX team consists of highly credentialed experts in virology, structural biology, immunology and mAb and vaccine translational drug development and includes Moderna and Emergent Biosolutions as Industry Partners. The synergistic activities and research goals of this Center proposal through its RPs and Scientific Cores, will develop, test, and translate, prototype vaccines using a novel vaccination platform (an adjuvanted dissolvable microneedle patch (MNP) vaccine), develop new virus and animal model tools, and develop and test mAb and nanobody prototypes to foster pandemic preparedness.

THE PABVAX CENTER PROTOTYPE VIRUSES

The prototype viruses chosen by the PABVAX have been made based on several criteria discussed below, and because they represent known threats to global public health that is exacerbated due to a lack of approved vaccines or therapeutics. There is a clear need for effective countermeasures in order to improve a global pandemic preparedness posture that can address the threat of natural outbreaks, epidemics, or bio-weaponization and deliberate release of these prototype virus species and/or related viruses within those groups.

[bookmark: _Hlk136344994]Henipaviruses:  Nipah virus (NiV) and Hendra virus (HeV) are bat-borne viral zoonoses that were discovered in the mid to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and Malaysia (NiV-M). NiV and HeV are both considered the prototype species of the genus Henipavirus, family Paramyxoviridae. The natural reservoir of the two pathogenic and prototype HNVs, NiV and HeV, are old world fruit bats (flying foxes) of the genus Pteropus (Order Chiroptera, suborder, Megachiroptera, Family Pteropodidae). NiV and HeV are zoonotic agents, and human infection with either virus causes a widespread vasculitis, that will often progress to a fatal encephalitis or pneumonia. People who recover from acute infection with either of these HNVs are also at risk of recrudescent infection and encephalitis (Luby SP, Broder CC. 2014. Paramyxoviruses: Henipaviruses, p 519-536. In Kaslow RA, Stanberry LR, Le Duc JW (ed), Viral Infections of Humans, Epidemiology and Control. Springer Science+Business Media, New York.; Wang L-F, Mackenzie JS, Broder CC. 2013. Henipaviruses, p 1070-1085. In Knipe DM, Howley PM (ed), Fields Virology, vol 1. Lippincott Williams & Wilkins, Philadelphia). HeV and NiV are BSL-4 restricted pathogens because of their high lethality and lack of approved vaccines or antivirals and are transboundary agents of significant disease threats to livestock and people in Australia, and South and Southeast Asia, respectively. The genus Henipavirus now includes nine other reported HNVs; these include the four viral isolates of Cedar virus (CedV), Gamak virus, Daeryong virus, and Langya virus (LayV) [xxx] and five additional species known only from nucleic acid sequence information; Ghana bat virus (GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV) [xxx]. Similar to NiV and HeV, the natural reservoirs of CedV, along with the genomic data of GhV and AngV, are old world pteropid fruit bats. Whereas the six other HNVs are, or are likely, of rodent origins, including the human isolate LayV from East China (Shandong and Henan provinces), which is most closely related to Mòjiāng virus that is also of apparent rodent origin from Southeast China (Yunnan province). The phylogenetic relationship of selected HNVs by F and G glycoprotein comparisons is shown in Figure 2. 	Comment by CHRISTOPHER BRODER: Marsh, G.A.; PLoS pathogens 2012, 8, e1002836, doi:10.1371/journal.ppat.1002836.

Lee, S.H.; Kim, K.; Viruses 2021, 13, doi:10.3390/v13102020.

Zhang, X.A.; Li, H.; Jiang, N Engl J Med 2022, 387, 470-472, doi:10.1056/NEJMc2202705.	Comment by CHRISTOPHER BRODER: Drexler, J.F.; Corman, Nature communications 2012, 3, 796, doi:10.1038/ncomms1796.

Wu, Z.; Yang, L.; Emerging infectious diseases 2014, 20, 1064-1066, doi:10.3201/eid2006.131022.

Vanmechelen, B.; Meurs, S.; Virus Evol 2022, 8, veac061.

Madera, S.; Kistler, A.; J Virol 2022, 96, e0092122, doi:10.1128/jvi.00921-22.

[image: ]Figure 2. Phylogenetic analysis of select HNV G and F glycoproteins. Phylogenetic trees were constructed for the HNV F and G glycoproteins using the PhyML program's maximum likelihood method. The trees were generated by aligning the protein sequences with the MUSCLE algorithm. The genetic distance between the sequences is represented by the bar located under each tree, providing information about the level of divergence among them.

Investigators in the Center PR2 and RP5 have already initiated new studies on LayV, having engineered stabilized sG and sF glycoprotein antigens in collaboration with Genovac, Inc. (part of Core D) and identified cross-reactive mAbs to both F and G previously generated to Mòjiāng virus. Whereas HeV and NiV cause severe and often fatal henipaviral disease, LayV was associated with nonfatal febrile illnesses in humans. In contrast, CedV is the only HNV isolate demonstrated to be nonpathogenic in well-established animal models of NiV and HeV infection and disease including guinea pigs, ferrets, hamsters (Geisbert 2012), and African green monkeys (Geisbert and Broder, unpublished). An important distinction between CedV and other HNVs lies within the P gene which encodes the phosphoprotein (P), and the P gene transcripts of NiV and HeV undergo RNA editing to produce the V and W nonstructural proteins that are key interferon (IFN) antagonists (xx). The CedV P gene lacks both RNA editing and does not encode V or W. Several studies with recombinant NiV variants have demonstrated the differential importance of the V and W proteins in the pathogenesis brought about by NiV infection in both the hamster and ferret models, and a lack of the V protein resulted in nonlethal infections. All other recognized or proposed HNVs have the potential to express V and W proteins based on current genetic data. The absence of these proteins in CedV is the key factor underlying its nonpathogenic nature. These data permitted the rescue and characterization of rCedV by reverse genetics at BSL-2 (XXX) and CedV is now recognized as a BSL-2 restricted agent [CDC manual]. Because the HNV, LayV, is known to be a human pathogenic and zoonotic HNV, is genetically divergent from NiV and HeV, and also of apparent alternate origin (rodent), together with some preliminary data on the sF and sG LayV glycoproteins, the PABVAX Center will explore LayV as part of the Center’s Phase II research plan (RP2 and PR5 with Cores C, D, and E). 	Comment by CHRISTOPHER BRODER: Marsh, G.A.; Wang, L.F. Curr Opin Virol 2012, 2, 242-247, doi:10.1016/j.coviro.2012.03.006.	Comment by CHRISTOPHER BRODER: Laing, E.D.; Amaya, M.; Virology journal 2018, 15, 56, doi:10.1186/s12985-018-0964-0.

Laing, E.D.; Navaratnarajah, C.K.; Proc Natl Acad Sci U S A 2019, doi:10.1073/pnas.1911773116.	Comment by CHRISTOPHER BRODER: Biosafety in Microbiological and Biomedical Laboratories (BMBL) 6th Edition. HHS Publication No. (CDC) 300859. US Government Printing Office: Washington, 2020; pp. 248-250.

Arenaviridae and Nairoviridae:







EXPECTED SYNERGIES PROVIDED BY THE CENTER

The 5 RPs and 3 scientific Cores, together with the Administration and Data Cores, that comprise the Paramyxoviridae and Bunyavirales Vaccines and Antibodies – PABVAX Center have been specifically tailored to be synergistic (Figure 1). All five RPs will work collaboratively and synergistically with the scientific Cores in support of developing and testing pre- and postexposure treatments for the selected virus prototypes. This includes the production of vaccine immunogens for both the manufacture of the vaccine patches as well as for the conduct of assays to assess vaccine immune responses, isolation of mAbs and nbs, and in select cases the structural characterization of the important viral vaccine immunogens and interaction with antibodies. Additionally, individual RPs will conduct a variety of experimental lines of investigation in synergistic collaboration with other PRs; such as the conduct of virus neutralization analyses of vaccine-elicited antibody responses and virus specific mAbs and nbs (henipavirus projects: RP2, RP3, RP4, RP5), (aarenavirus and nairovirusrenaviridae and nairoviridae projects: RP1, RP4, RP5). Of unique importance to the goals of the PABVAX is that the countermeasures anticipated to be developed from the RPs may provide a future opportunity to combine the active and passive immunization approaches to further improved the therapeutic value in an inherently synergistic manner. The RPs will work closely together in a harmonious and cooperative manner with each group providing their own countermeasure and expertise so as not to duplicate effort. This opportunity would be difficult if not impossible if each project were pursued independently. This collaborative effort among all RPs and Cores will provide strong synergy among the groups and PABVAX participants, many of which have established collaborative and synergistic research activities. For example, the early development and testing of particular antiviral mAbs to some of the prototype viruses under investigation is already an established collaboration between PABVAX partners at Vanderbilt’s VVC and USU and UTMB together with Mapp Biopharmaceutical. Also, the pilot MNP vaccine platform project was a collaboration between USU, UPitt, UMD-IBBR, and UTMB.

An additional and outstanding advantage of the PABVAX Center is the Animal Mmodel Ddevelopment and Ppreclinical Eevaluation Core E at the GNL, UTMB. Here, BSL-4 containment experiments on the select prototype viruses can be carried out. The strength of this Center partner is synergistically enhanced by the relationship of Core E with the World Reference Center for Emerging Viruses and Arboviruses (WRCEVA) also located within the GNL. (https://www.niaid.nih.gov/research/wrceva). Through the WRCEVA collection there is ease of access to many of the virus isolates that will be used in the conduct of the Center’s proposed studies. All BSL-4 animal work done by Core E in support of the RPs and other Cores will utilize the exact same virus stocks in challenge doses, and challenge routes. In addition, all BSL-4 assays for all the Center RPs will be performed by the same BSL-4 staff under the same experimental conditions. This approach will allow for better comparison among countermeasures within the Center and will ensure consistency among results.

PABVAX MILESTONES AND TIMELINES

There are four overarching aims of the PABVAX Center: 

1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae. 

2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics evaluation. 

3. Develop antibodies and nanobodies to selected prototype viruses. 

4. Employ quality system data management in animal model development and preclinical evaluation of candidate countermeasures.

The projected timeline for the PABVAX to accomplish the Center objectives is diagramed in Figure 3.
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Embedded within the overall PABVAX Aims are a cohort of specific Milestones that are laid out to gauge Center accomplishments and progress towards achieving the Center objectives. This is in addition to each PR’s individual Milestone plan. The oversight and evaluation of progress will be in concert with quarterly reports to the PABVAX Scientific Advisory Board (SAB) as well as an annual meeting with key Center researchers and leaders with SAB members (Details are within the Administration Core A). The SAB will meet yearly typically in coordination with the Center annual meeting, to review progress, the adherence to milestones and timelines, the continued relevance of each RP and Core to the Center’s overall objectives, discuss each project and progress, and advise on directions for the coming year, both for the overall PABVAX Center and for individual RPs. The SAB will also be a key factor and advisory panel in facilitating go/no-go decision making on specific RP activities, recommend new directions as appropriate and provide Center Leadership and NIAID staff a comprehensive written evaluation of the group's activities and the panel's recommendations following the annual meeting.

Overall Objectives

[image: ]Aim 1. Develop and test MNP vaccines for the Bunyavirales and Paramyxoviridae.

[bookmark: _Hlk136436552]Figure 4. Milestones and criteria for progress for Aim 1 of the PABVAX Center’s overall objectives.

The first milestone will be whether proper formulation of recombinant antigens with adjuvant in the context of MNP fabrication can be made.  The determination of MNP vaccine potential success will first be made based on immune response data derived from mouse immunization studies conducted in Core C. Multi-parameter humoral and cellular immune responses will be assessed (antigen specific antibody induction and virus-neutralization and polyfunctional T-cell responses by in vitro stimulation of isolated cells). Go/no go decisions will be made based on the outcomes of these first tier experiments as indicated. If robust humoral and cellular responses are evident this will be graded as success. Comparisons will also be made, such as the levels of virus-neutralizing antibody generated. Viral antigens producing poor immune responses will be terminated and an attempt in selection of best-in-class immunogens, or best combination immunogens which will also be explored, will be performed in order to down-select vaccine choice. The third milestone will be the determination of whether MNP vaccination affords protection in animal model challenge experiments. In the case of the NiV and HeV prototypes the animal models chosen (ferret and the African green monkey (AGM)) are extremely well-developed, and outcomes at this stage should be readily assessable. However, for the Center’s chosen viral prototypes within the Bunyavirales there will be additional animal model refinements conducted. For example, there are seven genetically distinct lineages of LASA and there are guinea pig models for some but not all of those lineages.  For MACV there are 8 clades with similar challenges, and for CCHF there are 6 clades. An additional confounding issue for both of these very important groups of viruses is that rhesus macaques are nearly unavailable and cynomolgus monkeys are now each greater than 35K. Thus, as proposed by RP1, together with Core E, a critical research avenue will be further developing and evaluating animal model systems, including new models, within the PABVAX program, including further development of the AGM for the arenaviruses and possibly also for CCHF as a risk mitigation strategy. Thus, individual go/no-go decisions will inevitably be more challenging during the first Phase I of the PABVAX.

[image: ]Aim 2. Develop new tools and animal models for the conduct of cell-based and in vivo therapeutics evaluation.

Figure 5. Milestones and criteria for progress for Aim 2 of the PABVAX Center overall objectives.

The PABVAX second overall objective is primarily focused on the development of new viruses and tools for downstream initiation and testing of the Center’s vaccine program and antiviral antibody testing and evaluation. These materials and viruses will be key in the execution of Phase II of the program. RP1 will generate recombinant infectious clones (r = recombinant viruses) and reporter-gene versions, as well as alternate reporter virus tools (VSV-based) of LASV, MACV, and CCHFV isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. In RP2, the most recently discovered pathogenic henipavirus, LayV, will be rescued by reverse genetics (rLayV) in collaboration with Core E, and additional LayV and AngV reporter virus tools also generated with alternate reporter virus platforms (VSV and/or rCedV based). New virus tools will be characterized in cell-based assays. Only AngV alternate reporter virus tools are proposed as the complete genomic data is incomplete. rLayV pathogenesis and animal model development will conducted by Core E. If these objectives are successful, a a large battery of new reagents and tools will be available to share with the ReVAMPP network, as well as serving as key components for initiation and execution of Phase II of the PABVAX Center program. 

The translation and testing the MNP vaccine plug-and-play approach will be initiated in the Phase II prototype viruses (Table 1) the milestones here will be similar to those outlined in Figure 4.  The new virus tools will also be used to evaluate new mAbs and nanobodies generated by Core D and RP5 to the new divergent and/or potential zoonotic HNVs (LayV and AngV). Also embedded in this overall aim is a new in vivo bioluminescence-based immune deficient mouse model (newly developed for Lyssavirus infection by the PIs of PR2 and RP3) that can longitudinally trace the dynamics and anatomical progression of rCedV-luciferase virus (rCedV-luc) infections in individual animals. Using various approaches to inhibit the host interferon response in mice, the model can sustain replication of rCedV-luc and the rCedV-NiV-luc and rCedV-HeV-luc chimeras. Moreover, preliminary findings show that rCedV-NiV-luc causes neurological dysfunction and death in STAT1-/- mice. This new unique model can be used to study henipaviral disease in vivo safely and expediently at BSL-2 containment. If the model can be optimized (Figure 5) it will be deployed to test a critically important therapeutic need, the use of antivirals against CNS resident HNV infection, and RP3 will collaborate with RP5 in the testing of engineered nabs specific for the prototype HNVs NiV and HeV.

Aim 3. Develop antibodies and nanobodies to selected prototype viruses.







[image: ]Figure 6. Milestones and criteria for progress for Aim 1 of the PABVAX Center’s overall objectives.

New human mAbs and nanobodies (nbs) as tools and potential therapeutics will be developed by RP4 and RP5 in collaboration with RP2 and Core D. NiV infection survivor volunteers and MNP vaccination of transgenic mice will be used to generate human mAbs (RP2 and RP4); and transgenic nanomice and human nb phage-display approaches will generate nbs (RP5) to the selected prototype and test case viruses. Human mAbs are expected to be valuable therapeutics as countermeasures to a variety of viral infections and disease in humans. Here, RP4 will isolate panels of naturally occurring human mAbs that bind cross-reactively to both the NiV and HeV prototype HNVs and neutralize both viruses. This effort will focus especially on the mAbs to the HNV fusion (F) proteins derived from natural survivors of NiV infection, which to date has been an elusive goal. Previously, the RP4 PI (Crowe) isolated multiple human mAbs to the G protein with several that exhibit very high potency in neutralization assays, suggesting they have high potential as prophylactic (PREP) and therapeutic molecules for humans. RP4 will isolate new F mAbs and in collaboration with RP2 neutralization potencies will be rapidly assessed as well as evaluating synergistic cell-based mAb neutralization that will then be translated and evaluated in animal models as both PREP and post-infection treatments by Core E. These new human mAbs will build on the findings to date generated by several of the collaborating Center investigators, and contribute significantly to the development and characterization of human mAbs reactive to the F and G glycoproteins of prototype HNVs in preparation for clinical studies. 

Nanobodies, derived from the heavy chain-only antibodies of camelid animals, offer a promising new direction in antibody-based antiviral countermeasures. These small (15 kDa) antigen-binding entities exhibit full antigen specificity and possess the unique ability to recognize otherwise inaccessible epitopes, which could translate into a more cross-reactive feature between virus strains or clades. Importantly, nanobodies can efficiently penetrate tissues and cross the blood-brain barrier (BBB), making them particularly effective in treating CNS-resident viral infections. Here, the prototype viruses from the Center’s viral groups to which there are no approved therapeutics and are also recognized to cause CNS pathogenesis will be targeted by RP5. To facilitate the development of nanobody-based therapies, three distinct nanobody development platforms will be employed. These include camelid animals, nanomice, and low-immunogenic human nanobody phage-displayed libraries that closely mimic the natural human antibody heavy chain variable domain. Leveraging these platforms will enable rapid identification of nanobody leads with minimal optimization required for clinical use. RP5 will also engineer a combination of nanobodies targeting multiple epitopes using rational design. Additionally, we will enhance CNS bioavailability by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved BBB penetration. Specific nanobodies and engineered nanobodies will be evaluated in cell-based virus neutralization tests by RP1 (LASV and MACV) and RP2 (NiV and HeV), and also for therapeutic activity in the rCedV-NiV-B chimera mouse model in RP3 (Henipavirus) and select animal models of LASV and MACV by Core E. Success will be measured by the identification of virus-neutralizing nbs, potential discovery of more broadly reactive nbs, particularly to the multiple LASA clades, the evidence of therapeutic benefit in animal models, and the successful antiviral activity of nabs or engineered bi-specific nabs in treating CNS resident virus infections.









INDUSTRY PARTNERSHIPS

Industry Partnership

Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, collaboration with an industry partner which will provide access to vaccine

expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling translational research, an industry partnership is required.

PABVAX has partnered with Emergent Biosolutions (Rockville, MD) and Moderna (Cambridge, MA). Emergent and Moderna have extensive experience developing medical countermeasures that protect against public health threats, including development and approval of multiple vaccine and antibody products for infectious diseases. They can contribute regulatory, manufacturing, and commercial experience for the prototypes and make an ideal partner for PABVAX.	Comment by Larry Zeitlin: I can expand on this if needed.









SPECIAL FEATURES OF THE PABVAX CENTER ENVIRONMENT AND OTHER RESOURCES      ??

Our proposal combines the expertise of several established groups including investigators in academia and in private industry. The Center is supported by outstanding physical resources and an experienced and skilled group of researchers and support staff.

Galveston National Laboratory (GNL)

The GNL, is a NIH-funded, maximum-containment facility that serves as a national resource in support of NIH’s biodefense and emerging infectious diseases research agenda. The GNL is a state-of-the-art facility uniquely designed to allow the safe conduct of research into emerging infectious diseases and agents of bioterrorism for the purpose of developing vaccines, diagnostics and therapeutics against them. The 7-story GNL offers over 12,000 square feet of BSL-4/ABSL-4 space. Additionally, there are BSL-4 aerobiology facilities. The GNL BSL 4/ABSL-4 laboratories were inspected by the CDC and were approved for operations and handling of Select Agents and became operational in September of 2010. The first NHP studies were performed in the new GNL BSL-4 laboratories in April of 2011. To date, 370187 separate NHP studies employing a total of 2,7721,318 animals and 10 different BSL-4 viruses including arenaviruses, nairoviruses, and henipaviruses Ebola and Marburg viruses and also Nipah and Hendra have been successfully performed at the GNL.  These NHP studies include a number of collaborative efforts between Drs. Geisbert, Cross, Crowe, Broder and Zeitlin. The GNL has a fully Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)-accredited NHPnonhuman primate facility and a staff of full-time veterinarians.  In addition, Core E is staffed with an experienced team of GNL researchers and technicians several of which have more than 25 years of BSL-4/ABSL-4 experience. This team also includes a BSL-4/ABSL-4 trained ACVP board-certified veterinary pathologist. As noted above another special feature is the location of WRCEVA virus collection within the GNL.

Core E (Animal model development and preclinical evaluation)

Core E operations will be conducted at the GNL, and in conjunction with Core A also includes the UTMB Institutional Office of Regulated Nonclinical Studies (ONcRS). The ONcRS's primary responsibility is to work with academic researchers who are doing product-oriented research and to help them design and conduct their studies with good documentation, to meet regulatory requirements by assuring regulatory compliance, quality assurance, and data management.  NIH has requested that all NHP studies conducted in the GNL BSL-4 laboratory at UTMB that are on a product development path be conducted under a “well documented” quality system program.  Quality system and regulatory science processes for NHP studies performed at UTMB will be implemented and executed in conjunction with the ORNcS.  Dr. Geisbert (Overall Center PI and Core E Director) has over 34 years of BSL-4/ABSL-4 experience at the US Army Medical Research Institute of Infectious Diseases (USAMRIID), the GNL and other BSL-4 facilities.  His research interests have focused on hemorrhagic fever viruses and the henipaviruses and he has published over 250XXX peer-reviewed articles in these areas.  Dr. Geisbert’s research group, in collaboration with Dr. Broder (Center Co-PI and PR2 PI) was the first to develop a NHP model of NiV/HeV infection and disease and also to demonstrate complete protection of NHPs against both NiV and HeV using henipavirus vaccines and also human mAb therapy.

Core D (Early and IND-Enabling Translational Research for Vaccines and mAbs) 

Mapp Biopharmaceutical has deep experience with antigens and monoclonal antibodies (mAbs) against these antigens. ’s product development team has grown significantly in the last two years in response to the development efforts on its anti-Ebola therapeutic, ZMappTM which is being advanced to licensure as part of Project Bioshield. OTHER MAbs Their early development and research group has expertise in immunology, infectious diseases, and production of antigens, antibodies and antibody fusion proteins in CHO systems. The advanced development group has experience in medium-size and large pharmaceutical companies and expertise in various aspects of mAb development and commercialization including chemistry, manufacturing & controls, analytical development, clinical and nonclinical development, regulatory affairs, quality assurance, and project management. The team has advanced multiple mAb discoveries to the clinic, including: ZMapp, a 3 mAb cocktail for Ebola Zaire virus, tested in two Phase 3 studies {Mulangu, 2019 #818} {Group, 2016 #649}; MBP091, a pan-Marburgvirus therapeutic that has completed Phase 1 safety testing; MBP134, a pan-Ebolavirus therapeutic that has completed Phase 1; and MB66, a vaginal microbicide film containing anti-HIV and anti-HSV mAbs that has completed Phase 1 {Politch, 2021 #897}.  developed multiple products, including a licensed biodefense biologic. As with Profectus, Mapp Bio’s expertise and experience will be a very important and valuable asset to the Center. 

Bonnie     Genovac  





Core A (Administrative Core)



Research Project teams??  Maybe not depending on space



The investigators at USU, led by Dr. Broder have an extensive history in henipavirus research which he established in 1999, and he has published more than 75 articles, reviews and chapters in this area.  His group has also made significant translational research accomplishments in the area of henipavirus countermeasure developments including Equivac® HeV (Zoetis, Inc.) for use in horses in Australia, and the human mAb (m102.4) having a Phase I clinical trial completed (2016) in Australia, in partnership with the Queensland Government and NIAID.  Dr. Broder was the recipient of the Federal Laboratory Consortium for Technology Transfer, Excellence Award in 2013.  His administrative experience and skills and his experience in translational research activities qualify him to serve as the director of the PABVAX Center and Administrative Core.

Dr. Crowe’s (RP4) research focuses on the molecular basis for the development of effective B cell responses to viruses in humans and he has published over 200 peer-reviewed research articles in this area.  The Crowe laboratory is one of the leading groups in the development of innovative technologies for isolation and study of human mAbs.  Dr. Crowe’s group has isolated human mAbs that neutralize HIV, influenza, dengue, chikungunya, respiratory syncytial virus, human metapneumovirus, rotavirus, norovirus, and recently henipaviruses NiV and HeV owing to the collaboration between the Crowe, Broder and Geisbert laboratories. Perhaps of greatest import, the SARS-CoV-2 mAbs generated by Dr. Crowe’s laboratory were used in xxx,000 of people during the COVID-19 pandemic.  RP4 will work closely with Cores D and E in advancing mAb prototypes. The Core B of the Center will work together with RP2 and RP3 along with the Core C to develop the first cocktail human mAb immunotherapeutics, and facilitate the transition products suitable for IND filing and human testing including design, construction, assessment, and optimization of these antibody-based therapies.





As per NIAID’s expectations described in the RFA, PABVAX intends to provide lead candidates for comparative studies using NIAID’s preclinical services or other mechanisms. The Center PIs, the Scientific Advisory Committee and NIAID staff will select prototype candidates at the appropriate development stage for these studies. Members of PABVAX have over 10 years of experience working with NIAID’s preclinical services for in vitro anti-viral testing, in vivo animal model testing (RSV, filoviruses), and IND-enabling GLP studies. Additionally, the team has experience collaborating with DoD and BARDA to advance candidate countermeasures to the clinic.	Comment by Larry Zeitlin: Chris…not sure where this fits best, but its something the RFA mentions we should address…
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External Email Warning: Do not click links or open attachments unless you recognize the
sender and expect the content. UTMB Email Phishing Awareness

Tom/Bob…am I correct in assuming you are including animals for therapy studies with the
mAbs/nanobodies?
 

From: Larry Zeitlin <larry.zeitlin@mappbio.com>
Date: Wednesday, May 31, 2023 at 7:21 PM
To: Broder, Christopher <christopher.broder@usuhs.edu>, twgeisbe@UTMB.EDU
<twgeisbe@utmb.edu>, Dafna Abelson <dafna.abelson@mappbio.com>, Cross, Robert W.
<rwcross@utmb.edu>, Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: Re: overall 12 page res plan

Thanks Chris – looks like a great start. If anyone works on this today, please shoot me the
latest version when you are done. I’ll work on it first thing tomorrow EST and send back to the
group asap.
 

From: Broder, Christopher <christopher.broder@usuhs.edu>
Date: Wednesday, May 31, 2023 at 6:59 PM
To: twgeisbe@UTMB.EDU <twgeisbe@utmb.edu>, Larry Zeitlin <larry.zeitlin@mappbio.com>,
Dafna Abelson <dafna.abelson@mappbio.com>, Cross, Robert W. <rwcross@utmb.edu>,
Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: overall 12 page res plan

ok,
based on the RFA i made sections to address the requirements
some bits are from the CETR
 
The biggest thing this RFA wanted was the Milestones and go and no go
and timelines and diagrams.   
 
needed items are green. need your magic guys  especially industry and mabs and bunyas 
 
there are never to many refs needed, yellow, so best to
have Sherry and Sonya  do this (add them from your library ) like the admin ect,,
 
pending space, the other bits are yellow and optional depending on what you think
 
cb
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Core C - Microneedle Patch Vaccines (Falo, Andrianov, Korkmaz): ABSTRACT/PROJECT SUMMARY 
 
The threat of emerging and re-emerging infectious diseases highlights the need for continued improvement of 
vaccination strategies to enable more effective, sustainable, and equitable global immunization campaigns. As 
a complementary strategy to the proposed work in the Research Projects (RPs) of this Center, the goal of Core 
C is to develop, characterize, and validate highly innovative, plug-and-play polyphosphazene (PPZ) adjuvanted 
dissolvable microneedle patch (MNP) platforms with RP-specific viral antigens to support the proposed research 
in the RPs of the Center. Development of efficacious, patient-friendly, broadly deployable, and rapidly adaptable 
PPZ MNP vaccination platforms and validation of their product attributes and immunological properties with the 
RP-specific antigens against prototype viruses will be of great significance to maximize pandemic preparedness 
against existing and novel human pathogenic viruses. The Core C of the Center will work seamlessly with Core 
D and RPs of the Center to bring together the transformative project components, 1) cutaneous immunization, 
2) Polyphosphazene (PPZ) adjuvant, and 3) dissolvable MNPs, with the rationally designed antigens that will be 
developed in RPs against high-priority pathogens to enable the achievement of the overall goals of the Center, 
as well as to support the translational development of a next-generation immunization strategy. The RP-specific 
recombinant viral glycoprotein antigens will drive the generation of virus-specific protective immune responses. 
The PPZ macromolecules will serve as an immunoadjuvant nanoassembly that will provide many immune-
potentiating features to complement subunit antigens, such as improved antigen uptake, multivalent antigen 
presentation, and innate immune stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs 
will enable targeting vaccine components to the highly immunoresponsive skin layers in a reproducible and self-
administered manner for efficacious immunization, as well as facilitate the improved vaccine storage, distribution, 
and coverage due to their thermostability and cost-effectiveness. Together, PPZ MNP vaccines will effectively 
and safely harness the highly immunoresponsive cutaneous microenvironments to elicit robust, strong, and long-
lasting protective immunity against the target pathogen. The Core C will develop and batch release PPZ MNP 
vaccine platforms with RP-specific antigens based on well-defined quantitative release criteria of their validated 
physicochemical and immunological properties to enable the development of clinically feasible, highly protective 
vaccines against several prototype pathogens from multiple viral families in the RPs. Ultimately, these clinically 
translatable PPZ MNP vaccine platforms are readily adaptable to develop efficacious and broadly deployable 
vaccines against emerging and re-emerging viruses, including those with RP-specific viral antigens.   
 
 
 
 
 
 



Core D will leverage the relationship between vaccines and antibodies to optimize the translational 
activities performed by the PABVAX Center. Vaccines and antibodies are inextricably linked: 

1. mAbs can help define protective epitopes for a vaccine 
2. mAbs can help establish correlates of protection for vaccines 
3. Vaccine antigens can be used to discover mAbs 
4. mAbs can provide an alternative to a vaccine in immunocompromised populations and in 

emergency situations where immediate protection is required (i.e. there isn’t sufficient time to 
allow natural host immunity to develop from vaccination) 

 
Developing mAb countermeasures and vaccines simultaneously will allow us to take advantage of natural 
synergies between the two types of interventions and more efficiently advance superior prototypes. 
 
To meet the goals of the PABVAX Center, Core D has the following Specific Aims: 
 
Aim 1: Manufacture vaccine antigens and mAbs in support of the RPs and Cores 
Manufacturing will be performed by Mapp Biopharmaceutical and Genovac to support the efforts of the 
other Scientific Cores and the Research Projects. The largest scale manufacturing runs will be sufficient 
to support stability testing and NHP dosing. This will also include production of a mAb prototype for an 
intramuscular (IM) long-acting alternative to a vaccine to be evaluated in Core E (Animal Models). 
 
Aim 2: Stability, manufacturability testing, and early process development of subunit vaccines. 
Small scale manufacturing, stability testing and early-stage process development will be performed. As 
vaccines are regulated by CBER, all activities will be performed consistent with regulatory expectations 
for this branch of the FDA. Input from the Core’s vaccine industrial partners (Emergent Biosolutions 
and Moderna) will be integrated into the translational development efforts. 
 
Aim 3: Identification of correlates of protection, lead optimization, stability and manufacturability testing 
of mAbs. 
Together with Dr. Gunn, engineered mAbs (altered N-glycans, Fc mutations for effector functions and 
extended half-life, multimeric formats and nanobodies from RP5) will be evaluated to correlate 
mechanisms of action with maximal efficacy. This work, in conjunction with stability and manufacturability 
assessment, will identify a lead prototype format to transition to early process development. The goal will 
be to identify a single prototype for long-term intramuscular prophylaxis as well as for intravenous post-
exposure prophylaxis and therapy. As mAbs are regulated by CDER, performance of all activities will be 
as per regulatory expectations. 
 



Project Summary 

Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order 
Bunyavirales contain pathogens that cause significant lethality. Importantly, the Arenaviridae and Nairoviridae 
families contain viruses that cause severe hemorrhagic disease in humans. These viruses include the 
arenaviruses Lassa, Machupo, Lujo, and Chapare, and the nairovirus Crimean-Congo hemorrhagic fever virus.  
All of these viruses are also included among the World Health Organization’s (WHO) List of Priority Pathogens. 
Within the Paramyxovirdae the zoonotic henipaviruses Hendra virus and Nipah virus (NiV) are also on the WHO 
Priority Pathogens list. Notably, these henipaviruses stand out for their impressive lethality with case fatality 
rates averaging about 75% for NiV. Significantly, there is evidence of multiple rounds of person-to-person 
transmission of NiV. All of these RNA viruses pose threats to global public health due to the absence of approved 
vaccines or therapeutics. There is a clear unmet need for countermeasures to address the threat of natural 
outbreaks, epidemics, or deliberate release. The Paramyxoviridae and Bunyavirales Vaccines and Antibodies 
Center (PABVAX) is a well-integrated consortium conducting a set of discovery and translational research 
programs composed of a Data Management Core, three Scientific Cores, and five Research Projects (RPs). The 
synergistic activities of PABVAX partners will be focused on developing novel vaccines, treatments, and tools to 
foster pandemic preparedness. Federal law requires that the arenaviruses, nairoviruses, and henipaviruses used 
in the PABVAX Center be handled in an approved Biosafety Level (BSL)-4 containment laboratory. Core E 
provides an approved BSL-4 facility and a trained and highly experienced team of BSL-4 investigators and staff 
to perform studies that support RP1, RP2, RP4, RP5, Core C, and Core D. Core E will perform “well-documented” 
animal efficacy studies based on a quality system approach that will be supported by Core A with all data 
generated managed by Core B. The services provided by Core E will include 1) a secure repository of well 
characterized seed stocks of BSL-4 arenaviruses, nairoviruses, and henipaviruses 2) in vitro antiviral activity 
assays; 3) procurement of UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry 
of animals; 5); development and/or optimization of animal models for strains or variants of henipaviruses, 
arenaviruses, and nairoviruses to fill gaps where models are needed; 6) virus challenge, treatment, and collection 
of samples from animals; 7) technical expertise and equipment to conduct clinical pathological, immunological, 
and virological analysis of samples and to perform necropsies in BLS-4 containment; 8) histopathological 
analysis of tissues collected from animals infected with BSL-4 viruses; and 9) quality systems management of 
all records and data collected from animal studies. 

 
Relevance 

The Animal Model Development and Preclinical Evaluation (Core E) provides BSL-4 resources and expertise for 
RP1, RP2, RP4, RP5, Core C, and Core D. The goal of Core E is to work closely with Research Project and 
Scientific Core Leaders and staff, the Scientific Advisory Committee, and NIAID/NIH to advance the development 
of countermeasures against Paramyxoviridae and Bunyavlrales. 



TITLE: Vaccines and antibodies to henipavirus

Funding announcement: RFA-AI-23-020

Funding Title: Research and Development of Vaccines and Monoclonal Antibodies for Pandemic

Preparedness (ReVAMPP) Centers for Bunyavirales, Paramyxoviridae and Picronaviridae

PRINCIPAL INVESTIGATOR: Christopher Broder, Ph.D., Site Principal Investigator

Moushimi Amaya, Ph.D and Antony Dimitrov, Ph.D., Co-investigators

Prime PI: Thomas Geisbert, Ph.D., UTMB

Period of Performance: March 1, 2024 - February 28, 2029

Project Summary/Abstract
Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health.
Among these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah
virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely
broad tropism capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and
-B3 ligands as entry receptors. NiV and HeV infection often results in a systemic and fatal respiratory and/or
neurological disease in multiple mammalian species including humans. NiV and henipaviral disease are also
included in the WHO List of Priority Pathogens, and they are significant biothreats to humans and livestock in
South and South East Asia and Australia. HNVs have two membrane glycoproteins: the attachment
glycoprotein (G) and the fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the
focus of all vaccine and antiviral monoclonal antibody (mAb) strategies. The most extensively studied HNV
vaccine is a soluble recombinant form of HeV G (HeV-sG), shown to provide complete protection against lethal
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including
nonhuman primates (NHPs). With no licensed vaccines or treatments available for human use, this project will
use the prototype HNVs as a model to develop, test, and translate a novel vaccination platform (a
thermostable, needle-free, adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable
microneedle patch (MNP)). Preliminary data demonstrates potent immunogenicity of a PPZ-MNP-HeV-sG
vaccine in mice, inducing robust antigen-specific HNV cross-neutralizing antibody and cellular immune
responses. The MNP vaccines will be used to evaluate HeV-sG and compare stabilized soluble forms of HNV
G and F (sGtet and sFstb) and combinations in challenge studies. A reverse genetics system has been
developed to generate recombinant, nonpathogenic Cedar virus (rCedV) and rCedV chimeric virus tools by
swapping the G and F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput
neutralization platform to be used to rapidly evaluate HNV vaccine responses. Also, divergent and pathogenic
zoonotic HNVs have been discovered including the related rodent borne Mòjiāng virus and Langya virus
(LayV)), and the divergent bat-borne Angavokely virus (AngV). This project will develop and test the rapid,
adaptable and readily deployable MNP vaccine platform together with new virological tools to facilitate the
translational nature of this pandemic preparedness approach. Specifically, we will: 1) Develop PPZ-MNP-based
sGtet and sFstb prototype HNV vaccines; 2) Construct new reporter virus tools; 3) Evaluate vaccine-induced
immune responses and HNV-specific mAbs and nbs; and 4) Validate the PPZ-MNP platform with another
paramyxovirus antigen.



TITLE: Cedar henipavirus animal model

Funding announcement: RFA-AI-23-020

Funding Title: Research and Development of Vaccines and Monoclonal Antibodies for Pandemic 

Preparedness (ReVAMPP) Centers for Bunyavirales, Paramyxoviridae and Picronaviridae 

PRINCIPAL INVESTIGATOR: Brian Schaefer, Ph.D., Site Principal Investigator

Prime PI: Thomas Geisbert, Ph.D., UTMB

Period of Performance: March 1, 2024 - February 28, 2029

Abstract 

Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia. There are currently 
no vaccines or therapeutics approved for human use. Notably, development of countermeasures for NiV and 
HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few research 
groups worldwide have access to the required biocontainment facilities to perform preclinical studies with these 
important human viral pathogens. To address this problem, we are developing a BSL-2 animal model that is 
based on Cedar virus (CedV), which is a non-pathogenic henipavirus.  Specifically, we are employing 
recombinant Cedar viruses (rCedVs) in which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) 
are expressed in the rCedV genome, replacing CedV F and G. Additionally, we have also incorporated our 
recently developed in vivo bioluminescence methodology to longitudinally trace the dynamics and anatomical 
progression of rCedV-luciferase (rCedV-luc) infections in individual animals.  Using various approaches to 
inhibit the host innate immune response in mice, we have demonstrated sustained replication of rCedV-luc and 
the rCedV-NiV-luc and rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable 
expression in the brain, both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-
luc causes neurological dysfunction and death in specific strains of mice.  The rCedV-luc platform is thus an 
authentic henipavirus system that can be used to study henipavirus in vivo biology safely and expediently under 
BSL-2 containment.  Our overall hypothesis is that rCedV-luc infection of mice lacking specific innate immune 
responses represents a BSL-2 platform for the study of henipavirus biology and pathogenesis, as well as for 
development and testing of anti-viral countermeasures. We will address this hypothesis through three Specific 
Aims: Aim 1: To optimize the use of immunodeficient mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a 
robust BSL2 model of pathogenic henipavirus disease; Aim 2: To determine the mechanism of rCedV-NiV 
neurovirulence; Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections. Aims involve synergistic collaborations with several other research projects and cores in 
this U19 program. Successful completion of these Aims will establish the rCedV-luc mouse model as a robust 
BSL-2 platform for the exploration of henipavirus pathogenesis and countermeasures.



The Henipavirus genus of RNA viruses in the family Paramyxoviridae contains diverse species, 
and this group of viruses is ideal for prototype pathogen immunity approaches. Henipaviruses 
are found naturally in bats in Australia, Asia, and Africa and have a wide host range. These 
zoonotic pathogens can cause severe illness and death in domestic animals and humans. 
Prophylactic and therapeutic options for Hendra and Nipah virus infections in man are limited. 
Anti-Hendra/Nipah human mAbs are expected to be valuable antiviral therapeutics as 
countermeasures to Hendra and Nipah virus disease in humans. Here, we will isolate panels of 
naturally occurring human monoclonal antibodies (mAbs) that bind cross-reactively to both 
Hendra and Nipah virus surface proteins and neutralize both viruses. This effort will focus 
especially on the mAbs to the fusion (F) proteins. In previous experiments, we have isolated 
some mAbs for the G protein that exhibit very high potency in neutralization assays, suggesting 
they have high potential as prophylactic and therapeutic molecules for humans. We propose 
here a series of aims that will discover new F mAb and contribute significantly to the 
development and characterization of human mAbs reactive to the F and G glycoproteins of 
Hendra and Nipah virus in preparation for clinical studies. The work will identify and fully 
characterize a panel of highly promising mAbs with the goal of identifying and selecting lead 
compounds and advancing their preclinical development. The work is organized in two major 
Specific Aims: Aim 1) Isolation of human mAbs from patients previously infected with 
henipavirus. In this Aim, human mAbs will be identified that recognize epitopes that are 
conserved across henipaviruses and neutralize those viruses at low concentration, with a focus 
on F-specific mAbs that neutralize virus and inhibit virus-cell fusion. Blood cells from individuals 
with natural prior exposure to Nipah virus will be used for study. These B cells will be 
interrogated with several well developed human mAb discovery platforms, including high-
throughput single cell sorting and single cell RNAseq techniques, or converted to stable human 
hybridoma cell lines. B cell line supernatants or recombinant mAbs will be subjected to high-
throughput screening to identify Abs that bind to Hendra and Nipah surface proteins and 
functionally inhibit virus replication. Aim 2: Develop Abs for the treatment of henipavirus 
infections. MAbs identified in Aim 1 will be tested for their broad recognition of conserved 
epitopes across all henipaviruses and for their ability to neutralize in culture. We also will 
investigate the role of Fc effector functions on antiviral activity, and the effect of long half-life Fc 
mutations that enable use of human mAbs for prophylaxis. Prioritized mAbs then will be tested 
for therapeutic efficacy in multiple animal models of infection including nonhuman primates. The 
leads will be selected, and CHO cell lines will be made by Mapp Biopharmaceutical for Ab 
production, in preparation for cGMP manufacture and IND planning. The work promises to yield 
a best-in-class mAb combination preparation for broad and potent activity against henipaviruses 
that can be used to treat or prevent human henipavirus infections. 
 



SPECIFIC AIMS  
The COVID-19 pandemic has highlighted the urgent need for rapid drug development and novel antiviral 
therapies to combat emerging pathogens. Nanobodies, derived from the heavy chain-only antibodies of camelid 
animals, offer a promising solution. These small (15 kDa) antigen-binding entities exhibit full antigen specificity 
and possess the unique ability to recognize otherwise inaccessible epitopes. Importantly, nanobodies can 
efficiently penetrate tissues and cross the blood-brain barrier, making them particularly effective in treating 
Central Nervous System (CNS) diseases caused by viral infections. 

Henipaviruses (HNV) and arenaviruses (ARV) represent significant global public health risks, yet currently lack 
specific licensed treatments. To address this critical gap, prototype viruses from each viral group have been 
selected based on their impact. The research strategy developed for this project can be extended to encompass 
a broader range of viruses within these groups. Specifically, the study focuses on Nipah virus (NiV) and Hendra 
virus (HeV), both of which cause severe respiratory and CNS illnesses in humans and have alarmingly high 
mortality rates ranging from 40% to 90%. Additionally, Lassa virus (LASV) and Machupo virus (MACV), both 
belonging to the Arenavirus genus, are targeted due to their capacity to induce severe illness and fatalities. LASV 
is responsible for endemic Lassa fever in West Africa, while MACV is associated with Bolivian hemorrhagic fever. 

The overarching objective of this study is to develop nanobody-based therapeutic approaches for combating 
HNV and ARV infections. The key targets for intervention are the viral entry machinery, specifically the 
glycoproteins G and F for HNV and the glycoprotein complex (GPC) for ARV. Employing a structure-based 
approach, the research aims to unravel the intricate mechanisms of viral neutralization, enhance nanobody 
engineering techniques, and design blood-brain barrier-penetrating nanobodies. The underlying hypothesis is 
that nanobodies can effectively counteract CNS diseases caused by these viruses. 

To facilitate the development of nanobody-based therapies, three distinct nanobody development platforms will 
be employed. These include camelid animals, nanomice, and low-immunogenic human nanobody libraries that 
closely mimic the natural human antibody heavy chain variable domain. Antigen-specific enriched nanobody 
libraries will be deep-sequenced to ensure comprehensive coverage. Leveraging these platforms will enable 
rapid identification of nanobody leads with minimal optimization required for clinical use. The project will be 
conducted with following specific aims. 

Aim 1: To identify cross-reactive nanobodies to HNVs. Given their high degree of glycoprotein (F and G) 
similarity, it feasible to identify cross-reactive neutralizing nanobodies against both HeV and NiV for broad 
protection. We will employ sequential immunization and antigen panning strategies to identify nanobodies that 
cross-recognize HeV and NiV. Furthermore, the neutralizing activity of the nanobodies will be evaluated by RP2. 

Aim 2: Identification of nanobodies to ARVs. To overcome the challenges posed by the heavily glycosylated 
and conformationally labile surface glycoprotein (GPC) of Arenaviruses (ARVs), we will develop nanobodies as 
a therapy option. Nanobodies can potentially penetrate the GPC's glycan shield and neutralize the virus. We will 
assess individual antigen-specific nanobodies by evaluating their neutralization activity in RP1. 

Aim 3: Structural characterization. To gain insight into nanobody epitopes and neutralization mechanisms, we 
will employ structural characterization techniques such as X-ray crystallography and Electron Microscopy Single 
Particle Analysis. This structural analysis will be instrumental in guiding the design and optimization of nanobody-
based therapeutic interventions. 
Aim 4: Enhancing efficacy and CNS bioavailability of nanobodies. We will engineer a combination of 
nanobodies targeting multiple epitopes using rational design. Additionally, we will enhance CNS bioavailability 
by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved blood-brain 
barrier (BBB) penetration. Finally, we will compare the efficacy of the original nanobodies (from Aim 1 and 2) 
with the engineered nanobodies in either the rCedV-NiV-B chimera mouse model in RP3 (for HNVs) or animal 
models of ARV developed at UTMB in RP1. 

Aim 5: Expanding to other members of the viral groups in Center Phase 2. Building upon the knowledge 
gained from Aims 1-4, we will extend our research to develop nanobody therapies targeting other members of 
HNV and ARV, such as Mojiang virus, Langya virus, Lujo virus, or Chapare virus. The research strategy 
developed in the earlier aims will be applied and tested for these additional viral targets. 

By pursuing these specific aims, our objective is to advance the development of nanobody-based therapies for 
HNV and ARV infections. The ultimate goal is to contribute to the development of effective treatments against 
these viral pathogens and mitigate the global public health risks they pose. 



Project Summary (OVERALL) 
  
Emerging and reemerging pathogenic RNA viruses represent continuous infectious disease and pandemic 
threats to public health.  Among the many groups of these types of pathogens are viral zoonoses within the 
family Paramyxoviridae and order Bunyavirales.  The Bunyavirales is composed of several viral families known 
to contain several high priority human pathogens.  Notably, Arenaviridae and Nairoviridae families contain 
viruses which cause severe hemorrhagic diseases in humans worldwide with associated high morbidity and 
mortality.  A host of arenaviruses viruses, including Lassa, Machupo, Lujo, and Chapare viruses and the 
Nairovirus-Crimean-Congo Hemorrhagic Fever Virus and are also included among the World Health 
Organization’s (WHO) List of Priority Pathogens.  The zoonotic henipaviruses (HNVs) including Nipah virus (NiV) 
and Hendra virus (HeV), in the Paramyxoviridae family are also on the WHO Priority Pathogens . Also, within 
the Priority Pathogens list is Nipah virus and henipaviral disease which includes Hendra virus which are zoonotic 
henipaviruses (HNVs) in the family Paramyxoviridae.  These HNVs have a uniquely broad host tropism, causing 
an often fatal respiratory and/or neurological disease, and are significant biothreats to humans and livestock in 
South and South East Asia and Australia.  All these RNA virus threats to global public health are heightened due 
to the absence of approved vaccines or therapeutics.  There is a clear unmet need for countermeasures to 
address the threat of natural outbreaks, epidemics, or deliberate release.  The Paramyxoviridae and 
Bunyavirales Vaccines and Antibodies (PABVAX) is a well-integrated Center conducting a set of discovery and 
translational research programs composed of a Data Management Core, 3 Scientific Cores, and 5 Research 
Projects (RPs). The synergistic activities of Center partners will be focused on: developing, testing, and 
translating, prototype subunit vaccines using employing a novel, adjuvanted, dissolvable, microneedle patch 
(MNP) vaccine platform; developing new virus and animal model tools; and developing and testing monoclonal 
antibody and nanobody prototypes to foster pandemic preparedness.  The level of certain vaccines and antibody 
countermeasure advancements among the RPs is a major strength and advantage of this Center.  The Center’s 
overall objective is to elucidate key principles for vaccine and antibody-based countermeasures in developing 
prototype candidates against a selection of these viruses.  In the out years of the effort, the Center will exploit 
these learned key principles in a “plug and play” demonstration approach against related viruses.   

 
Relevance (OVERALL) 
 
Select zoonotic RNA viruses within the Paramyxoviridae and Bunyavirales are arepresent a continuous threat to 
global publich health continuous infectious disease and potentially pandemic threats to global public health 
because ofdue to their ease of dissemination and/or abilities totransmissibility transmit from person-to-person , 
and produce result in significant morbidity and mortality, and requirethus requiring special actions for public 
health preparedness.  These viral threats to global public health are heightened due to the absence of approved 
vaccines or therapeutics.  There is a clear unmet need for vaccines and antibody-based therapeutics to address 
these threats that can arise from natural outbreaks, epidemics, or bio-weaponization and deliberate release. 

Commented [LZ1]: Clarify? Not sure what the intent of 
this sentence is… 
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George,
An org chart is attached as well as abstracts/specific aims for the cores and research projects and
overall for the center goals. (all but RP1).
 
Core C: Microneedle Patch Vaccines (UMD; Alexander Andrianov/UPitt; Louis Falo/Emrullah
Korkmas)
Core D: Early and IND-Enabling Translational Research for Vaccines and mAbs (MappBio; Larry
Zeitlin/Dafna Abelson- WSU; Bonnie Gunn-UTMB; Tom Geisbert)
Core E: Animal Model Development and Preclinical Evaluation (UTMB; Tom Geisbert/Courtney
Woolsey)
RP1: Antigen Design and Testing of Arena virus and Nairovirus Vaccines (UTMB; Bob Cross- WSU;
Bonnie Gunn)
RP2: Vaccines and Antibodies to Henipaviruses (USUHS; Chris Broder/Amaya Moushimi/Antony
Dimitrov)
RP3: Cedar henipavirus Animal Model Development (USUHS; Brian Schaefer)
RP4: Monoclonal Antibodies Against Henipaviruses, Arenaviruses, and Nairoviruses (VUMC; Jim
Crowe)
RP5: Nanovody Therapeutics Against Henipaviruses and Arenaviruses (OSU; Kai Xu/GSU; Jianliang Xu)
 
Let me know if this helps or you need anything else.
 
Best,
Sherry
 
Sherry L. Haller, PhD
Associate Director
Center for Biodefense and Emerging Infectious Diseases
The University of Texas Medical Branch
Keiller Bldg., Rm. 1.104D
301 University Blvd., Galveston, TX 77555-0609
 
C: (785) 554-1713  O: (409) 747-0766
Teams: Call Chat
E: shhaller@utmb.edu
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Core C - Microneedle Patch Vaccines (Falo, Andrianov, Korkmaz): ABSTRACT/PROJECT SUMMARY



The threat of emerging and re-emerging infectious diseases highlights the need for continued improvement of vaccination strategies to enable more effective, sustainable, and equitable global immunization campaigns. As a complementary strategy to the proposed work in the Research Projects (RPs) of this Center, the goal of Core C is to develop, characterize, and validate highly innovative, plug-and-play polyphosphazene (PPZ) adjuvanted dissolvable microneedle patch (MNP) platforms with RP-specific viral antigens to support the proposed research in the RPs of the Center. Development of efficacious, patient-friendly, broadly deployable, and rapidly adaptable PPZ MNP vaccination platforms and validation of their product attributes and immunological properties with the RP-specific antigens against prototype viruses will be of great significance to maximize pandemic preparedness against existing and novel human pathogenic viruses. The Core C of the Center will work seamlessly with Core D and RPs of the Center to bring together the transformative project components, 1) cutaneous immunization, 2) Polyphosphazene (PPZ) adjuvant, and 3) dissolvable MNPs, with the rationally designed antigens that will be developed in RPs against high-priority pathogens to enable the achievement of the overall goals of the Center, as well as to support the translational development of a next-generation immunization strategy. The RP-specific recombinant viral glycoprotein antigens will drive the generation of virus-specific protective immune responses. The PPZ macromolecules will serve as an immunoadjuvant nanoassembly that will provide many immune-potentiating features to complement subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine components to the highly immunoresponsive skin layers in a reproducible and self-administered manner for efficacious immunization, as well as facilitate the improved vaccine storage, distribution, and coverage due to their thermostability and cost-effectiveness. Together, PPZ MNP vaccines will effectively and safely harness the highly immunoresponsive cutaneous microenvironments to elicit robust, strong, and long-lasting protective immunity against the target pathogen. The Core C will develop and batch release PPZ MNP vaccine platforms with RP-specific antigens based on well-defined quantitative release criteria of their validated physicochemical and immunological properties to enable the development of clinically feasible, highly protective vaccines against several prototype pathogens from multiple viral families in the RPs. Ultimately, these clinically translatable PPZ MNP vaccine platforms are readily adaptable to develop efficacious and broadly deployable vaccines against emerging and re-emerging viruses, including those with RP-specific viral antigens.  














[bookmark: _GoBack]Core D will leverage the relationship between vaccines and antibodies to optimize the translational activities performed by the PABVAX Center. Vaccines and antibodies are inextricably linked:

1. mAbs can help define protective epitopes for a vaccine

2. mAbs can help establish correlates of protection for vaccines

3. Vaccine antigens can be used to discover mAbs

4. mAbs can provide an alternative to a vaccine in immunocompromised populations and in emergency situations where immediate protection is required (i.e. there isn’t sufficient time to allow natural host immunity to develop from vaccination)



Developing mAb countermeasures and vaccines simultaneously will allow us to take advantage of natural synergies between the two types of interventions and more efficiently advance superior prototypes.



To meet the goals of the PABVAX Center, Core D has the following Specific Aims:



Aim 1: Manufacture vaccine antigens and mAbs in support of the RPs and Cores

Manufacturing will be performed by Mapp Biopharmaceutical and Genovac to support the efforts of the other Scientific Cores and the Research Projects. The largest scale manufacturing runs will be sufficient to support stability testing and NHP dosing. This will also include production of a mAb prototype for an intramuscular (IM) long-acting alternative to a vaccine to be evaluated in Core E (Animal Models).



Aim 2: Stability, manufacturability testing, and early process development of subunit vaccines.

Small scale manufacturing, stability testing and early-stage process development will be performed. As vaccines are regulated by CBER, all activities will be performed consistent with regulatory expectations for this branch of the FDA. Input from the Core’s vaccine industrial partners (Emergent Biosolutions and Moderna) will be integrated into the translational development efforts.



Aim 3: Identification of correlates of protection, lead optimization, stability and manufacturability testing of mAbs.

Together with Dr. Gunn, engineered mAbs (altered N-glycans, Fc mutations for effector functions and extended half-life, multimeric formats and nanobodies from RP5) will be evaluated to correlate mechanisms of action with maximal efficacy. This work, in conjunction with stability and manufacturability assessment, will identify a lead prototype format to transition to early process development. The goal will be to identify a single prototype for long-term intramuscular prophylaxis as well as for intravenous post-exposure prophylaxis and therapy. As mAbs are regulated by CDER, performance of all activities will be as per regulatory expectations.




Project Summary

Among viruses that cause disease in humans viral zoonoses within the family Paramyxoviridae and order Bunyavirales contain pathogens that cause significant lethality. Importantly, the Arenaviridae and Nairoviridae families contain viruses that cause severe hemorrhagic disease in humans. These viruses include the arenaviruses Lassa, Machupo, Lujo, and Chapare, and the nairovirus Crimean-Congo hemorrhagic fever virus.  All of these viruses are also included among the World Health Organization’s (WHO) List of Priority Pathogens. Within the Paramyxovirdae the zoonotic henipaviruses Hendra virus and Nipah virus (NiV) are also on the WHO Priority Pathogens list. Notably, these henipaviruses stand out for their impressive lethality with case fatality rates averaging about 75% for NiV. Significantly, there is evidence of multiple rounds of person-to-person transmission of NiV. All of these RNA viruses pose threats to global public health due to the absence of approved vaccines or therapeutics. There is a clear unmet need for countermeasures to address the threat of natural outbreaks, epidemics, or deliberate release. The Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center (PABVAX) is a well-integrated consortium conducting a set of discovery and translational research programs composed of a Data Management Core, three Scientific Cores, and five Research Projects (RPs). The synergistic activities of PABVAX partners will be focused on developing novel vaccines, treatments, and tools to foster pandemic preparedness. Federal law requires that the arenaviruses, nairoviruses, and henipaviruses used in the PABVAX Center be handled in an approved Biosafety Level (BSL)-4 containment laboratory. Core E provides an approved BSL-4 facility and a trained and highly experienced team of BSL-4 investigators and staff to perform studies that support RP1, RP2, RP4, RP5, Core C, and Core D. Core E will perform “well-documented” animal efficacy studies based on a quality system approach that will be supported by Core A with all data generated managed by Core B. The services provided by Core E will include 1) a secure repository of well characterized seed stocks of BSL-4 arenaviruses, nairoviruses, and henipaviruses 2) in vitro antiviral activity assays; 3) procurement of UTMB IACUC approval of animal protocols; 4) procurement, housing, and husbandry of animals; 5); development and/or optimization of animal models for strains or variants of henipaviruses, arenaviruses, and nairoviruses to fill gaps where models are needed; 6) virus challenge, treatment, and collection of samples from animals; 7) technical expertise and equipment to conduct clinical pathological, immunological, and virological analysis of samples and to perform necropsies in BLS-4 containment; 8) histopathological analysis of tissues collected from animals infected with BSL-4 viruses; and 9) quality systems management of all records and data collected from animal studies.



Relevance

The Animal Model Development and Preclinical Evaluation (Core E) provides BSL-4 resources and expertise for RP1, RP2, RP4, RP5, Core C, and Core D. The goal of Core E is to work closely with Research Project and Scientific Core Leaders and staff, the Scientific Advisory Committee, and NIAID/NIH to advance the development of countermeasures against Paramyxoviridae and Bunyavlrales.
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Project Summary/Abstract
Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health.
Among these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah
virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely
broad tropism capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and
-B3 ligands as entry receptors. NiV and HeV infection often results in a systemic and fatal respiratory and/or
neurological disease in multiple mammalian species including humans. NiV and henipaviral disease are also
included in the WHO List of Priority Pathogens, and they are significant biothreats to humans and livestock in
South and South East Asia and Australia. HNVs have two membrane glycoproteins: the attachment
glycoprotein (G) and the fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the
focus of all vaccine and antiviral monoclonal antibody (mAb) strategies. The most extensively studied HNV
vaccine is a soluble recombinant form of HeV G (HeV-sG), shown to provide complete protection against lethal
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including
nonhuman primates (NHPs). With no licensed vaccines or treatments available for human use, this project will
use the prototype HNVs as a model to develop, test, and translate a novel vaccination platform (a
thermostable, needle-free, adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable
microneedle patch (MNP)). Preliminary data demonstrates potent immunogenicity of a PPZ-MNP-HeV-sG
vaccine in mice, inducing robust antigen-specific HNV cross-neutralizing antibody and cellular immune
responses. The MNP vaccines will be used to evaluate HeV-sG and compare stabilized soluble forms of HNV
G and F (sGtet and sFstb) and combinations in challenge studies. A reverse genetics system has been
developed to generate recombinant, nonpathogenic Cedar virus (rCedV) and rCedV chimeric virus tools by
swapping the G and F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput
neutralization platform to be used to rapidly evaluate HNV vaccine responses. Also, divergent and pathogenic
zoonotic HNVs have been discovered including the related rodent borne Mòjiāng virus and Langya virus
(LayV)), and the divergent bat-borne Angavokely virus (AngV). This project will develop and test the rapid,
adaptable and readily deployable MNP vaccine platform together with new virological tools to facilitate the
translational nature of this pandemic preparedness approach. Specifically, we will: 1) Develop PPZ-MNP-based
sGtet and sFstb prototype HNV vaccines; 2) Construct new reporter virus tools; 3) Evaluate vaccine-induced
immune responses and HNV-specific mAbs and nbs; and 4) Validate the PPZ-MNP platform with another
paramyxovirus antigen.








TITLE: Cedar henipavirus animal model
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Abstract 


Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia. There are currently 
no vaccines or therapeutics approved for human use. Notably, development of countermeasures for NiV and 
HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few research 
groups worldwide have access to the required biocontainment facilities to perform preclinical studies with these 
important human viral pathogens. To address this problem, we are developing a BSL-2 animal model that is 
based on Cedar virus (CedV), which is a non-pathogenic henipavirus.  Specifically, we are employing 
recombinant Cedar viruses (rCedVs) in which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) 
are expressed in the rCedV genome, replacing CedV F and G. Additionally, we have also incorporated our 
recently developed in vivo bioluminescence methodology to longitudinally trace the dynamics and anatomical 
progression of rCedV-luciferase (rCedV-luc) infections in individual animals.  Using various approaches to 
inhibit the host innate immune response in mice, we have demonstrated sustained replication of rCedV-luc and 
the rCedV-NiV-luc and rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable 
expression in the brain, both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-
luc causes neurological dysfunction and death in specific strains of mice.  The rCedV-luc platform is thus an 
authentic henipavirus system that can be used to study henipavirus in vivo biology safely and expediently under 
BSL-2 containment.  Our overall hypothesis is that rCedV-luc infection of mice lacking specific innate immune 
responses represents a BSL-2 platform for the study of henipavirus biology and pathogenesis, as well as for 
development and testing of anti-viral countermeasures. We will address this hypothesis through three Specific 
Aims: Aim 1: To optimize the use of immunodeficient mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a 
robust BSL2 model of pathogenic henipavirus disease; Aim 2: To determine the mechanism of rCedV-NiV 
neurovirulence; Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections. Aims involve synergistic collaborations with several other research projects and cores in 
this U19 program. Successful completion of these Aims will establish the rCedV-luc mouse model as a robust 
BSL-2 platform for the exploration of henipavirus pathogenesis and countermeasures.






The Henipavirus genus of RNA viruses in the family Paramyxoviridae contains diverse species, and this group of viruses is ideal for prototype pathogen immunity approaches. Henipaviruses are found naturally in bats in Australia, Asia, and Africa and have a wide host range. These zoonotic pathogens can cause severe illness and death in domestic animals and humans. Prophylactic and therapeutic options for Hendra and Nipah virus infections in man are limited. Anti-Hendra/Nipah human mAbs are expected to be valuable antiviral therapeutics as countermeasures to Hendra and Nipah virus disease in humans. Here, we will isolate panels of naturally occurring human monoclonal antibodies (mAbs) that bind cross-reactively to both Hendra and Nipah virus surface proteins and neutralize both viruses. This effort will focus especially on the mAbs to the fusion (F) proteins. In previous experiments, we have isolated some mAbs for the G protein that exhibit very high potency in neutralization assays, suggesting they have high potential as prophylactic and therapeutic molecules for humans. We propose here a series of aims that will discover new F mAb and contribute significantly to the development and characterization of human mAbs reactive to the F and G glycoproteins of Hendra and Nipah virus in preparation for clinical studies. The work will identify and fully characterize a panel of highly promising mAbs with the goal of identifying and selecting lead compounds and advancing their preclinical development. The work is organized in two major Specific Aims: Aim 1) Isolation of human mAbs from patients previously infected with henipavirus. In this Aim, human mAbs will be identified that recognize epitopes that are conserved across henipaviruses and neutralize those viruses at low concentration, with a focus on F-specific mAbs that neutralize virus and inhibit virus-cell fusion. Blood cells from individuals with natural prior exposure to Nipah virus will be used for study. These B cells will be interrogated with several well developed human mAb discovery platforms, including high-throughput single cell sorting and single cell RNAseq techniques, or converted to stable human hybridoma cell lines. B cell line supernatants or recombinant mAbs will be subjected to high-throughput screening to identify Abs that bind to Hendra and Nipah surface proteins and functionally inhibit virus replication. Aim 2: Develop Abs for the treatment of henipavirus infections. MAbs identified in Aim 1 will be tested for their broad recognition of conserved epitopes across all henipaviruses and for their ability to neutralize in culture. We also will investigate the role of Fc effector functions on antiviral activity, and the effect of long half-life Fc mutations that enable use of human mAbs for prophylaxis. Prioritized mAbs then will be tested for therapeutic efficacy in multiple animal models of infection including nonhuman primates. The leads will be selected, and CHO cell lines will be made by Mapp Biopharmaceutical for Ab production, in preparation for cGMP manufacture and IND planning. The work promises to yield a best-in-class mAb combination preparation for broad and potent activity against henipaviruses that can be used to treat or prevent human henipavirus infections.






SPECIFIC AIMS  
The COVID-19 pandemic has highlighted the urgent need for rapid drug development and novel antiviral 
therapies to combat emerging pathogens. Nanobodies, derived from the heavy chain-only antibodies of camelid 
animals, offer a promising solution. These small (15 kDa) antigen-binding entities exhibit full antigen specificity 
and possess the unique ability to recognize otherwise inaccessible epitopes. Importantly, nanobodies can 
efficiently penetrate tissues and cross the blood-brain barrier, making them particularly effective in treating 
Central Nervous System (CNS) diseases caused by viral infections. 


Henipaviruses (HNV) and arenaviruses (ARV) represent significant global public health risks, yet currently lack 
specific licensed treatments. To address this critical gap, prototype viruses from each viral group have been 
selected based on their impact. The research strategy developed for this project can be extended to encompass 
a broader range of viruses within these groups. Specifically, the study focuses on Nipah virus (NiV) and Hendra 
virus (HeV), both of which cause severe respiratory and CNS illnesses in humans and have alarmingly high 
mortality rates ranging from 40% to 90%. Additionally, Lassa virus (LASV) and Machupo virus (MACV), both 
belonging to the Arenavirus genus, are targeted due to their capacity to induce severe illness and fatalities. LASV 
is responsible for endemic Lassa fever in West Africa, while MACV is associated with Bolivian hemorrhagic fever. 


The overarching objective of this study is to develop nanobody-based therapeutic approaches for combating 
HNV and ARV infections. The key targets for intervention are the viral entry machinery, specifically the 
glycoproteins G and F for HNV and the glycoprotein complex (GPC) for ARV. Employing a structure-based 
approach, the research aims to unravel the intricate mechanisms of viral neutralization, enhance nanobody 
engineering techniques, and design blood-brain barrier-penetrating nanobodies. The underlying hypothesis is 
that nanobodies can effectively counteract CNS diseases caused by these viruses. 


To facilitate the development of nanobody-based therapies, three distinct nanobody development platforms will 
be employed. These include camelid animals, nanomice, and low-immunogenic human nanobody libraries that 
closely mimic the natural human antibody heavy chain variable domain. Antigen-specific enriched nanobody 
libraries will be deep-sequenced to ensure comprehensive coverage. Leveraging these platforms will enable 
rapid identification of nanobody leads with minimal optimization required for clinical use. The project will be 
conducted with following specific aims. 


Aim 1: To identify cross-reactive nanobodies to HNVs. Given their high degree of glycoprotein (F and G) 
similarity, it feasible to identify cross-reactive neutralizing nanobodies against both HeV and NiV for broad 
protection. We will employ sequential immunization and antigen panning strategies to identify nanobodies that 
cross-recognize HeV and NiV. Furthermore, the neutralizing activity of the nanobodies will be evaluated by RP2. 


Aim 2: Identification of nanobodies to ARVs. To overcome the challenges posed by the heavily glycosylated 
and conformationally labile surface glycoprotein (GPC) of Arenaviruses (ARVs), we will develop nanobodies as 
a therapy option. Nanobodies can potentially penetrate the GPC's glycan shield and neutralize the virus. We will 
assess individual antigen-specific nanobodies by evaluating their neutralization activity in RP1. 


Aim 3: Structural characterization. To gain insight into nanobody epitopes and neutralization mechanisms, we 
will employ structural characterization techniques such as X-ray crystallography and Electron Microscopy Single 
Particle Analysis. This structural analysis will be instrumental in guiding the design and optimization of nanobody-
based therapeutic interventions. 
Aim 4: Enhancing efficacy and CNS bioavailability of nanobodies. We will engineer a combination of 
nanobodies targeting multiple epitopes using rational design. Additionally, we will enhance CNS bioavailability 
by engineering bi-specific nanobody therapy that utilizes transferrin receptor 1 (TfR1) for improved blood-brain 
barrier (BBB) penetration. Finally, we will compare the efficacy of the original nanobodies (from Aim 1 and 2) 
with the engineered nanobodies in either the rCedV-NiV-B chimera mouse model in RP3 (for HNVs) or animal 
models of ARV developed at UTMB in RP1. 


Aim 5: Expanding to other members of the viral groups in Center Phase 2. Building upon the knowledge 
gained from Aims 1-4, we will extend our research to develop nanobody therapies targeting other members of 
HNV and ARV, such as Mojiang virus, Langya virus, Lujo virus, or Chapare virus. The research strategy 
developed in the earlier aims will be applied and tested for these additional viral targets. 


By pursuing these specific aims, our objective is to advance the development of nanobody-based therapies for 
HNV and ARV infections. The ultimate goal is to contribute to the development of effective treatments against 
these viral pathogens and mitigate the global public health risks they pose. 






Project Summary (OVERALL)

 

Emerging and reemerging pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health.  Among the many groups of these types of pathogens are viral zoonoses within the family Paramyxoviridae and order Bunyavirales.  The Bunyavirales is composed of several viral families known to contain several high priority human pathogens.  Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans worldwide with associated high morbidity and mortality.  A host of arenaviruses viruses, including Lassa, Machupo, Lujo, and Chapare viruses and the Nairovirus-Crimean-Congo Hemorrhagic Fever Virus and are also included among the World Health Organization’s (WHO) List of Priority Pathogens.  The zoonotic henipaviruses (HNVs) including Nipah virus (NiV) and Hendra virus (HeV), in the Paramyxoviridae family are also on the WHO Priority Pathogens . Also, within the Priority Pathogens list is Nipah virus and henipaviral disease which includes Hendra virus which are zoonotic henipaviruses (HNVs) in the family Paramyxoviridae.  These HNVs have a uniquely broad host tropism, causing an often fatal respiratory and/or neurological disease, and are significant biothreats to humans and livestock in South and South East Asia and Australia.  All these RNA virus threats to global public health are heightened due to the absence of approved vaccines or therapeutics.  There is a clear unmet need for countermeasures to address the threat of natural outbreaks, epidemics, or deliberate release.  The Paramyxoviridae and Bunyavirales Vaccines and Antibodies (PABVAX) is a well-integrated Center conducting a set of discovery and translational research programs composed of a Data Management Core, 3 Scientific Cores, and 5 Research Projects (RPs). The synergistic activities of Center partners will be focused on: developing, testing, and translating, prototype subunit vaccines using employing a novel, adjuvanted, dissolvable, microneedle patch (MNP) vaccine platform; developing new virus and animal model tools; and developing and testing monoclonal antibody and nanobody prototypes to foster pandemic preparedness.  The level of certain vaccines and antibody countermeasure advancements among the RPs is a major strength and advantage of this Center.  The Center’s overall objective is to elucidate key principles for vaccine and antibody-based countermeasures in developing prototype candidates against a selection of these viruses.  In the out years of the effort, the Center will exploit these learned key principles in a “plug and play” demonstration approach against related viruses.  	Comment by Larry Zeitlin: Clarify? Not sure what the intent of this sentence is…



Relevance (OVERALL)



Select zoonotic RNA viruses within the Paramyxoviridae and Bunyavirales are arepresent a continuous threat to global publich health continuous infectious disease and potentially pandemic threats to global public health because ofdue to their ease of dissemination and/or abilities totransmissibility transmit from person-to-person , and produce result in significant morbidity and mortality, and requirethus requiring special actions for public health preparedness.  These viral threats to global public health are heightened due to the absence of approved vaccines or therapeutics.  There is a clear unmet need for vaccines and antibody-based therapeutics to address these threats that can arise from natural outbreaks, epidemics, or bio-weaponization and deliberate release.
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From: Golovko, Georgiy <gegolovk@UTMB.EDU> 
Sent: Tuesday, May 30, 2023 1:13 PM
To: Haller, Sherry <shhaller@UTMB.EDU>
Cc: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: Re: Data Mgmt Core Final Documents - UTMB/USUHS U19
 
Hi Sherry, 
 
The following documents are not needed for the data management core:

Resource sharing plan - I'm providing the data management sharing plan instead for the final
submission. 
Authentication of key biologicals - don't have any.

 
For an Abstract, I would need the organizational chart for the entire proposal to integrate
what was asked for earlier.
Based on other U19, this is what my abstract will include:

Aims “ Aim 1 will….. In Aim 2 we will….”. And include 1-2 sentences following each aim to
elaborate a little. 
Overall goal 
Mention of Cores and RPs to emphasize synergy  
End with a statement about how the team of experts at UTMB has been assembled 

I can skip the synergy part for now, add it based on the organizational chart if we have one, or
pull from the methods from core and RPs.  
 
Please advise. 
 
Best,
George
 

From: Haller, Sherry <shhaller@UTMB.EDU>
Sent: Tuesday, May 30, 2023 12:22 PM
To: Golovko, Georgiy <gegolovk@UTMB.EDU>
Cc: Geisbert, Thomas W. <twgeisbe@UTMB.EDU>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>
Subject: Data Mgmt Core Final Documents - UTMB/USUHS U19



 
Hello Dr. Golovko,
This is a reminder of the documents that we still need to get from you for Core B (Data Mgmt) on
the UTMB/USUHS U19 application. Our administrative review is this coming Thursday, June 1, so we
will need all of the items listed below in final form by EOB tomorrow, Wednesday, May 31.
 

Abstract – 30 lines
Resource sharing plan
Authentication of key biologicals

 
For the final application, please provide the following by EOB Monday June 5 (hard deadline!).

Research Strategy + Bibliography
 
Please let me know if you have any questions about these or have any concerns about getting them
back to us by the deadlines.
Thank you,
 
Sherry L. Haller, PhD
Associate Director
Center for Biodefense and Emerging Infectious Diseases
The University of Texas Medical Branch
Keiller Bldg., Rm. 1.104D
301 University Blvd., Galveston, TX 77555-0609
 
C: (785) 554-1713  O: (409) 747-0766
Teams: Call Chat
E: shhaller@utmb.edu
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BIOGRAPHICAL SKETCH 
 

NAME: Schaefer, Brian Charles  

eRA COMMONS USER NAME (credential, e.g., agency login):  

POSITION TITLE: Professor of Microbiology and Immunology, and Director (Interim), Emerging Infectious 
Diseases Graduate Program 

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 

INSTITUTION AND LOCATION 

DEGREE 
(if 

applicable) 
 

Completion 
Date 

MM/YYYY 
 

FIELD OF STUDY 
 

Massachusetts Institute of Technology B.S. 1989 Biology 

Harvard University PhD 1995 Immunology 

Harvard Univ/Dana Farber Cancer Institute (Postdoc) 1995-1996 Tumor Virology 

National Jewish Medical and Research Center (Postdoc) 1996-2002 Immunology 

A. Personal Statement 
My group has historically focused on two major research programs.  Our longest-standing program involves 
elucidation of mechanisms of signal transduction in immune cells and regulation of immune cell effector 
function, with a particular emphasis on the pathway that connects the T cell receptor (TCR) signaling to the 
transcription factor, NF-κB.  This work has also stimulated our studies of the function of an understudied CARD 
protein, CARD19, which was originally (incorrectly) identified as a negative regulator of TCR signaling to NF-
κB. These studies have resulted in numerous publications that define novel signaling mechanisms in the 
CARD11-BCL10-MALT1 signaling cascade and additional pathways.  Our second major area of research is 
centered on immune responses in the central nervous system.  Our initial work in this area involved elucidation 
of the role of the immune response initiated by traumatic brain injury, particularly NF-κB-mediated inflammatory 
responses.  However, we have now shifted our emphasis to translational research on immune responses to 
neurotropic viruses, with an overall goal of developing immunotherapy strategies that are broadly effective 
against this dangerous class of human pathogens.  This work is focused on lyssaviruses and henipaviruses, 
due to their neurotropic nature and propensity to cause severe human disease with a very high fatality rate.  
Our use of bioluminescence imaging to track viral replication has been a particularly important innovation for 
this work, as it allows us to collect highly granular data regarding viral spread and amplification from individual 
animals in a longitudinal manner.  Specific current projects include a DoD-funded translational study in which 
we are defining the utility of a novel, mAb-based anti-lyssavirus immunotherapy against rabies strains 
circulating in Europe and Africa, and a study to develop novel henipavirus therapies (both are collaborations 
with Dr. Christopher Broder’s group).  

I am ideally suited to be PI of RP3: Cedar henipavirus animal model, as my group has established the only 
mouse model of Cedar virus infection (to our knowledge), and we now have several years of experience in the 
development of this very important BSL-2 animal model to investigate mechanisms of henipavirus 
pathogenesis, and to test efficacy of novel therapies. The following are notable ongoing projects:  

HU00011920118 (PI: Schaefer), USU Center for Global Health Engagement 
09/30/2019 – 09/29/2022  (NCE to 9/30/23)    
“Efficacy testing of a novel human monoclonal antibody therapy for late-stage rabies/lyssavirus infection” 
 

U19 AI142764-01 (PI:Broder; Schaefer Co-I), NIH/NIAID   
03/01/2019 – 02/29/2024     
“Advancement of Vaccines and Therapies for Henipaviruses” 

(b) (6)



 

 

R01 AI125552 (PI: Schaefer). NIH/NIAID       
06/01/2017 – 05/31/2022 (NCE to 5/31/2024)    
“T cell receptor-activated autophagy as a regulator of T cell effector responses” 
 

HU00011921048 (PI: Schaefer), USU Multi-domain Operations Research (MDO) 
02/28/2023 - 09/30/2025 
“Defining the mechanism of enhancement of the pathogen-directed host adaptive immune response 
following anti-lyssavirus monoclonal antibody therapy” 
 
B. Positions, Scientific Appointments, and Honors 

Positions 

2017 - current Professor (with tenure) in Microbiology and Immunology, Uniformed Services 
University of the Health Sciences, Bethesda, MD. 

2009 - 2017 Associate Professor (with tenure) in Microbiology and Immunology, Uniformed 
Services University of the Health Sciences, Bethesda, MD. 

2002 - 2009 Assistant Professor in Microbiology and Immunology, Uniformed Services University 
of the Health Sciences, Bethesda, MD. 

1996 - 2002 Post-doctoral Research Associate, Howard Hughes Medical Research Institute, 
National Jewish Medical and Research Center, Denver, CO. 

1995 - 1996 Research Fellow in Pathology, Harvard University, Dana-Farber Cancer Institute  

Professional Memberships and Service 

2011 - 2016 NIH CMIB (Cell and Molecular Immunology-B) study section for review of R01/R21 
grants (Ad hoc member Feb & May 2011, Feb & May 2013, Feb 2014, Feb 2015, 
May 2016) 

2008, 2021 ZRG1 CB-D 30 Confocal Microscopy Shared Instrumentation NIH Study Section (Ad 
hoc member) 

2006 - current American Society for Cell Biology (ASCB) 
2006 - current American Association of Immunologists (AAI) 
2006 - 2007  ZRG1 IMM-L 29 L, DBBD Minority and Disability Predoctoral Fellowship NIH Study 

Section (Ad hoc member) 
2005-2006  ZRG1 F07 Immunology Fellowship and AREA NIH Study Section (Ad hoc member) 

Honors 

2016 Uniformed Services University Henry Wu Award for excellence in basic science 
research 

2005 - 2008 Dana Foundation Program in Brain and Immuno-Imaging 
2004 - 2006 Kimmel Scholar - Sidney Kimmel Foundation for Cancer Research 
2000 - 2002 Leukemia and Lymphoma Society Special Fellowship 
1989 - 1992 Office of Naval Research Graduate Research Fellowship 
1989 Phi Beta Kappa 
(1989) National Science Foundation Graduate Research Fellowship (Declined) 

Patents 

2007 US Patent 7,169,570: Method to Identify Regulators of Cellular Activation Using Bcl10 
– BC Schaefer, JW Kappler and P Marrack 

Mouse strains developed 

2001 C57BL/6-Tg(UBC-GFP)30Scha/J: Ubiquitously expressed EGFP transgene on a pure 
C57BL/6 background.  Repository strain at Jackson Laboratory (stock# 004353). This 
strain has been used and cited in hundreds of publications. 

 
  



 

C. Contributions to Science 
 

1. My Ph.D. thesis studies involved identification of the molecular mechanisms controlling distinct latency-
associated Epstein Barr virus (EBV) transcriptional programs.  Prior to my dissertation work, it was known 
that there were three forms of EBV latency which displayed two distinct phenotypes with regard to 
expression of EBV nuclear antigens (EBNAs): Type III latency is characterized by expression of all six EBV 
nuclear antigens (EBNA1-EBNA6) whereas Type I and Type II latency is characterized by expression of 
EBNA1 only.  The molecular basis restricted EBNA expression in Types I and II latency was not known.  
My work demonstrated the existence of a novel EBV promoter “Qp,” responsible for driving exclusive 
expression of EBNA1 in Types I and II latency.  My studies also showed that the choice between latency 
programs was contingent on whether the Type III latency promoter, Cp, is methylated in the host cell.  
Collectively, this work contributed significantly to the current understanding of regulation of EBV latency, 
which is relevant to elucidating how EBV persists for life in immunocompetent individuals, how EBV 
emerges as a life-threatening pathogen in specific immunodeficiencies, and how specific programs of EBV 
latency may be related to EBV-associated tumors, such as Burkitt lymphoma.  

 

a. #Schaefer BC, Woisetschlaeger M, Strominger JL, and Speck SH.  Exclusive expression of Epstein-
Barr virus nuclear antigen 1 in Burkitt lymphoma arises from a third promoter, distinct from the 
promoters used in latently infected lymphocytes.  Proc. Natl. Acad. Sci. USA 1991; 88:6550-6554. 
#Cited >130 times. 

b. *Schaefer BC, Strominger JL, and Speck SH.  Redefining the Epstein-Barr virus-encoded nuclear antigen 
EBNA1 gene promoter and transcription initiation site in group I Burkitt's lymphoma cell lines.  Proc. Natl. 
Acad. Sci. USA 1995; 92:10560-10564 
*Cited >190 times. 

c. †Schaefer BC, Strominger JL, and Speck SH.  Host-cell-determined methylation of specific Epstein-Barr 
virus promoters regulates the choice between distinct viral latency programs.  Mol. Cell Biol. 1997; 17:364-
377. 
†Cited >100 times. 

d. ‡Schaefer BC, Paulson E, Strominger JL, and Speck SH.  Constitutive activation of Epstein-Barr virus 
(EBV) nuclear antigen 1 gene transcription by IRF1 and IRF2 during restricted EBV latency. Mol. Cell 
Biol. 1997; 17:873-886 
‡Cited >85 times. 
 

2. My early work as an independent investigator involved determining whether NF-κB signaling proteins 
undergo molecular redistribution in response to TCR signaling.  Previous work had shown that several 
different signaling molecules are recruited to “supramolecular activation clusters (SMACs),” membrane-
proximal enrichments of signaling proteins that form on the cytoplasmic face of the antigen-engaged TCR. 
An assumption in the field, prior to our work, was that SMAC recruitment would be a shared feature of all 
cytoplasmic proteins important in TCR signaling.  Surprisingly, our investigations demonstrated that NF-κB 
signaling proteins, including Bcl10 and Malt, redistribute to punctate cytoplasmic structures, which we 
named POLKADOTS. Our ongoing signal transduction work has involved mechanistic studies connecting 
the POLKADOTS signalosome to TCR activation of NF-κB. Key findings include demonstration that (i) TCR 
activation of NF-κB is digital.  In other words, in contrast to pharmacological stimulation of NF-κB (PMA + 
ionomycin), which results in graded activation of NF-κB as the stimulus is increased, increasing TCR ligand 
changes only the number of T cells that respond, but not the intensity of the response; (ii) polyubiquitination 
of Bcl10 leads to recruitment to pre-existing p62 “speckles,” forming the POLKADOTS signalosome; (iii) the 
POLKADOTS signalosome is required for activation of the IKK complex; (iv) the POLKADOTS 
signalosome contemporaneously directs a signal dampening activity that involves a highly novel regulatory 
mechanism: selective autophagy of Bcl10, which results in degradation of Bcl10, but not its direct binding 
parther, Malt1; (v) effector T cells form POLKADOTS signalosomes and use autophagy to degrade Bcl10, 
whereas naïve T cells use a distinct mechanism of NF-κB activation that appears to be independent of p62, 
involving recruitment of signaling proteins to SMACs. Collectively, these contributions provide key 
mechanistic details regarding how signals are transmitted from the TCR to the NF-κB transcription factor. 
Most recently, we have collaborated with Drs. Wolfgang Losert and Arpita Upadhyaya, biophysicists at the 



 

University of Maryland, to define biophysical features of TCR-mediated activation and degradation of 
Bcl10. Our study with Dr. Losert in PLOS Computational biology has shown that the regulated 
polymerization and degradation of Bcl10 has characteristics of an excitable system, providing new insights 
regarding the digital behavior of this signaling module.  

 

a. #Kingeter LM, Paul S, Maynard SK, Cartwright NG, and Schaefer BC. Cutting Edge: T cell receptor 
ligation triggers digital activation of NF-B.  Journal of Immunology. 2010; 185:4520-4. 
#Cited >90 times. 

b. *Paul S, Kashyap AK, Jia W, He Y-W, and Schaefer BC. Selective autophagy of the adaptor protein 
Bcl10 modulates T cell receptor activation of NF-B. Immunity. 2012; 36:947-58. 
*Cited >200 times; Faculty of 1000 recommended 

c. Paul S, Traver MK, Kashyap AK, Washington MA, Latoche JR, and Schaefer BC. T cell receptor 
signals to NF-B are transmitted by a cytosolic p62-Bcl10-Malt1-IKK signalosome. Science Signaling. 
2014; 7:ra45. 

d. Campanello L, Traver MK, Shroff H, †Schaefer BC, †Losert W. Signaling through polymerization and 
degradation: Analysis and simulations of T cell activation mediated by Bcl10. PLOS Computational 
Biology. 2021 May 20;17(5):e1007986. 
†co-corresponding authors 

 
3. During our studies on TCR signaling to NF-κB, we became interested in the understudied CARD protein, 

CARD19.  Although CARD19 was initially described as a cytoplasmic negative regulator of TCR signaling 
to NF-κB, we found that this work was based on analysis of a partially spliced cDNA clone, and that the 
conclusions of this initial study were therefore spurious.  Our work with a properly spliced CARD19 cDNA 
showed that CARD19 is a mitochondrial protein that plays no role in TCR activation of NF-κB. Our latest 
work has shown that CARD19 interacts with the mitochondrial cristae organizing system (MICOS), and that 
it plays a role in determining cristae morphology. Notably, 3 of the 7 current publications focused on 
CARD19 were generated by my laboratory or as a collaboration with my group.  We are currently 
performing further studies to determine whether CARD19 regulates other aspects of mitochondrial function 
via its interaction with MICOS components. 

 

a. Rios KE, Kashyap AK, Maynard SK, Washington M, Paul S and Schaefer BC. CARD19, the protein 
formerly known as BinCARD, is a mitochondrial protein that does not regulate Bcl10-dependent NF-κB 
activation after TCR engagement. Cell. Immunol., 2020; 356:104179. 

b. Bjanes E, Sillas RG, Matsuda R, Demarco B, Fettrelet T, DeLaney AA, Rodriguez Lopez EM, 
Grubaugh D, Wynosky-Dolfi M, Philip NH, Krespan E, Tovar D, Joannas L, Beiting DP, Henao-Meija J, 
Schaefer BC, Chen KW, Broz P, and Brodsky I. Genetic targeting of Card19 is linked to disrupted 
NINJ1 expression, impaired cell lysis, and increased susceptibility to Yersinia infection. PLoS Pathog. 
2021;17(10):e1009967. 

c. Rios KE, Zhou M, Lott N, Beauregard C, McDaniel DP, Conrads TP, and Schaefer BC. CARD19 
interacts with mitochondrial contact site and cristae organizing system constituent proteins and 
regulates cristae morphology. Cells, 2022 11(7):1175. 

 
4. A second major research focus in my lab is the study of immune responses in the central nervous system.  

Our initial studies focused on inflammatory responses in traumatic brain injury (TBI), using mice as a model 
system: The first study demonstrated that the gene expression program induced by mild vs. severe TBI is 
remarkably similar, with the main distinction being that the expression of certain inflammatory genes 
remains persistently elevated in severe TBI.  The second study presented evidence that the anti-
inflammatory drug salsalate is a candidate therapy for TBI, reducing inflammation and improving functional 
recovery, as assessed by behavior assays. Our more recent work has focused on developing novel animal 
models and immunotherapies for neurotropic viral infections.  Our published work on this project includes a 
description of our methodology for longitudinal tracing of lyssavirus infections and a description of isolation 
and in vitro characterization of two anti-lyssavirus neutralizing mAbs.  

 

a. *Lagraoui M, Latoche JR, Cartwright NG, Sukumar G, Dalgard CL, Schaefer BC. Controlled cortical 
impact and craniotomy induce strikingly similar profiles of inflammatory gene expression, but with 
distinct kinetics. Front Neurol. 2012; 3:155. 
*Cited >100 times 



 

b. Lagraoui M, Sukumar G, Latoche JR, Maynard S, Dalgard CL, Schaefer BC. Salsalate treatment 
following traumatic brain injury reduces inflammation and promotes a neuroprotective and neurogenic 
transcriptional response with concomitant functional recovery. Brain, Behavior and Immunity. 2017; 
61:96-109. 

c. Mastraccio KE, Huaman C, Warrilow D, Smith GA, Craig SB, Weir DL, Laing ED, Smith IL, Broder CC, 
and Schaefer BC. Establishment of a longitudinal pre-clinical model of lyssavirus infection. J. Virol. 
Methods. 2020; 281:113882. 

d. Weir DL, Coggins SA, Vu B, Coertse J, Yan L, Smith I, Laing ED, Markotter S, Broder CC and 
Schaefer BC. Isolation and Characterization of Cross-Reactive Human Monoclonal Antibodies That 
Potently Neutralize Australian Bat Lyssavirus Variants and Other Phylogroup 1 Lyssaviruses. Viruses. 
2021; 13:391. 

 
5. A distinct area of emphasis in my career has been the development of new tools for research and the 

optimization of existing tools. Among many publications in this area, I have edited a protocols book and 
written a review on methodology for identification of cDNA ends by RACE (which included an optimized 
protocol).  I produced a C57BL/6 transgenic mouse strain ubiquitously expressing GFP, which has been a 
highly utilized tool for cell transfer studies.  I also generated a set of retroviral vectors for rapid and reliable 
creation of stable cell lines. My lab has published optimized protocols for visualizing NF-κB signaling 
intermediates via confocal microscopy, and for quantifying NF-κB activation using imaging flow cytometry. 
We have most recently described our methodology for using bioluminescence imaging to semi-
quantitatively trace lyssavirus infection in laboratory mice. A central goal of this work is to facilitate progress 
across the biomedical research community, through the development and distribution of better tools and 
clear explanation of how to reliably execute challenging techniques. 

 

a. †Schaefer BC. Revolutions in rapid amplification of cDNA ends: new strategies for polymerase chain 
reaction cloning of full-length cDNA ends. Anal Biochem. 1995 May 20;227(2):255-73. 
†Cited >475 times 

b. §Schaefer BC, Schaefer ML, Kappler JW, Marrack P, Kedl RM. Observation of antigen-dependent 
CD8+ T-cell/ dendritic cell interactions in vivo. Cell Immunol. 2001 Dec 15;214(2):110-22. 
§Describes creation and use of Jackson stock strain 004353 - C57BL/6-Tg(UBC-GFP)30Scha/J. 
Publication cited >400 times, strain cited many additional times. 

c. Traver MK, Paul S, and Schaefer BC. T Cell Receptor Activation of NF-κB in Effector T Cells: 
Visualizing Signaling Events Within and Beyond the Cytoplasmic Domain of the Immunological 
Synapse. Methods in Molecular Biology, 2017; 1584:101-27. 

d. Mastraccio KE, Huaman C, Laing ED, Broder CC, and Schaefer BC. Longitudinal Tracing of 
Lyssavirus Infection in Mice via In Vivo Bioluminescence Imaging. In: Bioluminescence.  Methods in 
Molecular Biology, Kim, SB. (ed.), 2022; 2524:369-394. 

 
Complete publications from My Bibliography:  
https://www.ncbi.nlm.nih.gov/myncbi/brian.schaefer.1/bibliography/public/ 
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NAME: Broder, Christopher C.

eRA COMMONS USER NAME (credential, e.g., agency login):

POSITION TITLE: Professor of Microbiology, Immunology and Emerging Infectious Diseases

EDUCATION/TRAINING

INSTITUTION AND LOCATION DEGREE
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Completion
Date

MM/YYYY

FIELD OF STUDY

Florida Institute of Technology, Melbourne, FL B.S. 1983 Biological Science

Florida Institute of Technology, Melbourne, FL M.S. 1985 Molecular Biology

University of Florida, Gainesville, FL Ph.D. 1989 Immunology and Med-Micro

A. Personal Statement
The main objective of this ReVAMPP proposal is to support Pandemic Preparedness through the study and
advancement of broadly effective countermeasures for pathogenic henipaviruses and bunyaviruses, through
advanced machine learning-enabled design of prototype pathogen vaccines and antibodies. I will serve as
co-investigator, with Thomas Geisbert (Project-Lead) of Research Project 5 (RP5): Animal models and
vaccine evaluation. I have researched enveloped virus-host cell interactions for 34 years. 1999, I established
a collaborative international group of experts in Hendra and Nipah virus biology, and over an 11-year period I
was the PI of two multi-component, international, NIAID, U01 Cooperative Agreements, and the Co-PI of a
third U01 with RP5 Lead (Geisbert); all focused on Nipah virus and Hendra virus research. Collaborative
henipavirus work includes structural biochemistry on the viral G and F glycoproteins including most recently
with David Veesler, Overall Center Co-PI; animal models and in vivo pathogenesis, and the development and
testing of vaccines and therapeutics; the discovery of the entry receptors for Hendra and Nipah (ephrin-B2/B3)
and the development of the feline, ferret and African green monkey models (with Geisbert) of Hendra and
Nipah pathogenesis; development of antiviral mouse and human monoclonal antibodies (mAb) including mAb
m102.4 that successfully completed a Phase 1 trial in Australia (2020) and to date has been used by
emergency protocol in 17 people in Australia and 1 person in the US for Hendra/Nipah post-exposure
treatment; developed the Hendra/Nipah subunit vaccine based on soluble Hendra G (HeV-sG); one version
called Equivac® HeV (Zoetis, Inc.), the first commercialized vaccine to a BSL-4 agent. The HeV-sG vaccine is
in Phase I trial in the US (Auro Vaccines/PATH/CEPI). More recently I developed a reverse genetics platform
for generating recombinant Cedar henipavirus (rCedV) that can be utilized at BSL-2 for both high-throughput
antiviral drug discovery and rCedV chimeras for performing rapid neutralization tests for Nipah and Hendra. I
have the expertise in many aspects of the henipavirus-related project goals, and for the past 24 years I have
led both basic and translational research projects in a broad area of study on Nipah and Hendra virus. My lab’s
role will be focused on the development of new reporter viruses with a focus on the recently discovered Langya
henipavirus as a new ‘prototype henipavirus’ distinct from the Nipah/Hendra/Cedar henipaviruses; and my lab
will use these new tools, and existing and recently developed platforms to assess new henipavirus vaccines
and neutralizing antibodies that will be developed by the Center’s Scientific Cores and Research Projects.

Ongoing and recently completed projects that I would like to highlight:

U19 AI142764. NIAID, Center of Excellence for Translational Research (CETR): Role: PI
03/20/19-02/29/24. “Advancement of Vaccines and Therapies for Henipaviruses”

U19 AI171413. NIAID AViDD: “UTMB-Novartis Alliance for Pandemic Preparedness”: PIs: Diagana and Shi.
05/01/2022-04/30/2027; Sub-project 3: Henipaviruses. Role: Co-PI with Geisbert

CRADA; Auro Vaccines, LLC. Egan (PI). CEPI (Coalition for Epidemic Preparedness Innovations): Role: Co-PI
07/01/18-06/30/2023; “A Subunit Vaccine (HeV-sG) to Protect against Nipah and Hendra Diseases”

(b) (6)



Citations:

1. Amaya M, Cheng H, Borisevich V, Navaratnarajah CK, Cattaneo R, Cooper L, Moore TW, Gaisina IN,
Geisbert TW, Rong L, Broder CC*. A recombinant Cedar virus based high-throughput screening assay for
henipavirus antiviral discovery. Antiviral Res. 2021 May 30:105084. doi: 10.1016/j.antiviral.2021.105084.
PMCID: PMC8631057

2. Playford EG, Munro T, Mahler SM, Elliott S, Gerometta M, Hoger KL, Jones ML, Griffin P, Lynch KD, Carroll
H, El Saadi D, Gilmour ME, Hughes B, Hughes K, Huang E, de Bakker C, Klein R, Scher MG, Smith IL,
Wang LF, Lambert SB, Dimitrov DS, Gray PP, Broder CC. Safety, tolerability, pharmacokinetics, and
immunogenicity of a human monoclonal antibody targeting the G glycoprotein of henipaviruses in healthy
adults: a first-in-human, randomised, controlled, phase 1 study. Lancet Infect Dis. 2020 Apr;20(4):445-454.
PMID: 32027842

3. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW, Prasad AN, Fenton KA, Yu H, Fouts
TR, Broder CC*, Dimitrov AS*. A single dose investigational subunit vaccine for human use against Nipah
virus and Hendra virus. NPJ Vaccines. 2021 Feb 8;6(1):23. doi: 10.1038/s41541-021-00284-w. PMCID:
PMC6789926

4. Amaya, M, Yin R, Yan L, Borisevich V, Adhikari BN, Bennett A, Malagon F, Cer RZ, Bishop-Lilly KA, Dimitrov
AS, Cross RW, Geisbert TW, Broder CC*. A Recombinant Chimeric Cedar Virus-Based Surrogate
Neutralization Assay Platform for Pathogenic Henipaviruses. Viruses, Apr, 2023.

B. Positions, Scientific Appointments
Positions and Employment
2018-pres. Chair, Department of Microbiology and Immunology, USU, Bethesda, Maryland.
2006-2018 Director, Emerging Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland.
2005-pres. Professor, Department of Microbiology and Immunology, Joint appointment, Emerging Infectious

Diseases Graduate Program, USUHS, Bethesda, Maryland.
2000-2005 Associate Professor, Department of Microbiology and Immunology, Joint appointment, Emerging

Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland.
1996-2000 Assistant Professor, Department of Microbiology and Immunology, Joint appointment, Molecular

and Cell Biology Graduate Program, Uniformed Services University, Bethesda, Maryland.
1993-1996 IRTA Fellow, LVD, NIAID, NIH, Bethesda, Maryland.
1990-1992 National Research Council, Research Associate, Laboratory of Viral Diseases, National Institute

of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland.
Other Experience and Professional Affiliations
2022- Member, Virus Expert Panel for Disease X Vaccine Libraries (CEPI).
2018- Nipah Task Force (CEPI).
2018- Nipah Therapeutics Protocol Team; ICMR, NIAID, WHO.
2011- Member, Discontools Nipah Virus Infection Panel Expert Group. Gap analysis. International

Federation for Animal Health Europe, Brussels, Belgium.
Editorial boards, dates since joining: Journal of Virology-07’, Virology-10’, Viruses-11’,
Pathogens-11; Virologica Sinica-12’

2009- Member, National Veterinary Stockpile Nipah virus Countermeasures Workshop; United States
Department of Agriculture. Geelong, Australia.

Honors and Awards
2022 The Carol Johns Medal (highest honor USU faculty can bestow on a fellow faculty member).
2021 Military Health System Research Symposium (MHSRS) 2021 Outstanding Research

Accomplishment Team Award. (COVID-19 / SARS-CoV-2 serology research).
2020 Military Health System Research Symposium (MHSRS) 2020 Outstanding Individual Research

Accomplishment by an Individual Senior Researcher. (Hendra and Nipah virus countermeasures).
2020 Inaugural, 2020 Federal Laboratory Consortium (FLC) Impact Award.
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2019 USU Outstanding Biomedical Graduate Educator Award.
2019 The University of Florida, College of Medicine, “Wall of Fame”.
2019 Dean’s Award for Leadership, University of Florida, College of Medicine.
2019 Federal Laboratory Consortium (FLC) Award for Excellence in Technology Transfer.
2016 The James J. Leonard Award for Excellence in Translational/Clinical Research.
2014 The Cinda Helke Award for Excellence in Graduate Student Advocacy.
2013 The 3rd Sidney Pestka Lecture; 22nd Annual Philadelphia Infection & Immunity Forum.
2013 Federal Laboratory Consortium (FLC) Award for Excellence in Technology Transfer.
2013 Second Finalist for the Australian Infectious Diseases Research Centre Eureka Prize.
2013 The CSIRO Chairman’s Medal. The Commonwealth Scientific and Industrial Research

Organisation (CSIRO); Australia's national science agency.
2008 The Henry Wu Award for Excellence in Basic Science Research.
1996 The Fellows Award for Research Excellence, Office of Science Education, NIH
1996-1997 AAAS: Breakthrough of the Year, Science Magazine; and the Newcomb Cleveland Prize
1990-1992 National Research Council Research Associateship Award
1989 Medical Guild Graduate Research Award, University of Florida College of Medicine
Patents issued and significant technology licenses
● Bacterial plasmin receptors as fibrinolytic agents: U.S. Pat. No. 5,237,050.
● Oligomeric HIV-1 envelope glycoproteins (gp140): U.S. Pat. Nos. 6,039,957 and 6,171,596.
● HIV-1 Envelope Glycoprotein Oligomer and Methods of Use. U.S. Pat. No. 8,597658.
● CCR5 DNA, new animal models and therapeutic agents for HIV infection: U.S. Pat. No. 7,151,087.
● Cells expressing both human CD4 and CXCR4 associated with HIV infection: U.S. Pat. No. 6,197,578.
● Compositions and methods for the inhibition of membrane fusion by paramyxoviruses: U.S. Pat. Nos.

7,666,431 and 8,114,410.
● Soluble Forms of Hendra and Nipah Virus G Glycoprotein. Australian Pat. No. 2005327194. U.S. Pat. Nos.

8,865,171; 9,045,532; 9,056,902; 9,533,038, 10,053,495.
● Soluble Forms of Hendra and Nipah Virus F Glycoprotein and Uses Thereof: Australian Patent No.

2013276968. U.S. Pat. Nos. 10,040,825; 10,590,172.
● Human monoclonal antibodies against Hendra and Nipah viruses. U.S. Pat. Nos. 7,988,971; 8,313,746,

8,858,938.
● Antibodies against F glycoprotein of Hendra and Nipah viruses. U.S. Pat. Nos. 9,982,038 and 10,738,104
● Cedar virus and Methods of Use. U.S. Patent No., 10,227,664.
● Recombinant Cedar Virus Chimeras. Provisional. Atty. Dkt. No. 103783-0276.
● Hendra sG: Licensed to Zoetis, Inc. (Pfizer Animal Health). Equivac ® HeV; Nov, 2012, Australia.
● Hendra sG: Licensed to AuroVaccines, Aurobindo Pharma USA., Nipah/Hendra human vaccine candidate.
● Monoclonal antibodies to Henipaviruses. Absolute Antibody Ltd, United Kingdom.
● Soluble Nipah and Hendra virus F and G glycoproteins. The Native Antigen Company Ltd, United Kingdom.

C. Contributions to Science
1. My Ph.D. thesis studies centered on the discovery and characterization of a specific receptor for human

plasmin on Group A Streptococci during my rotation project as a first year student. My studies revealed that
certain group A streptococci elaborated surface receptors that could bind selectively a key fibrinolytic
enzyme, plasmin. The bacterium-bound plasmin remained enzymatically active including its ability to
hydrolyze a fibrin clot and could not be inhibited by its physiological regulator, alpha 2-plasmin inhibitor.
Since these organisms produced streptokinase producing an active enzyme that can convert plasminogen
to plasmin, they could accelerate the destruction of the extracellular matrix environment: a model for the
"flesh-eating streptococci".

a. Lottenberg, R., C.C. Broder, and M.D.P. Boyle. Identification of a Specific Receptor for Plasmin on a Group
A Streptococcus. Infection and Immunity. 55(8):1914-1918, 1987.

b. Broder, C.C., R. Lottenberg, and M.D.P. Boyle. Mapping of the Domain of Human Plasmin Recognized by
its Unique Group A Streptococcal Receptor. Infection and Immunity. 57(9): 2597-2605, 1989.



c. Broder, CC, R Lottenberg, GO vonMering, K. Johnston and MDP Boyle. Isolation of a prokaryotic plasmin
receptor: relationship to a plasminogen activator produced by the same microorganism. J. Biol. Chem.
266:4922-28, 1991.

d. Lottenberg, R., C.C. Broder, M.D.P. Boyle, S.J. Kain, B.L. Schroeder, and R. Curtiss III. Cloning, Sequence
Analysis, and Expression in Escherichia coli of a Streptococcal Plasmin Receptor. J. Bacteriology.
174:5204-5210, 1992.

2. My independent work as a postdoctoral fellow focused on the early stages of HIV-1 envelope glycoprotein
mediated membrane fusion as a surrogate model of HIV-1 entry. I established a vaccinia virus-based reporter
gene assay for measuring viral (HIV-1) glycoprotein-mediated membrane fusion and generated the first panel
of T-cell tropic and Macrophage-tropic HIV-1 envelope glycoprotein (Env) encoding recombinant vaccinia virus
vectors and I used these tools to be the first to hypothesize that the cellular tropism of HIV-1 could be
explained by specific membrane fusion factors required for the different classes of HIV-1 Envs. I also
developed the first soluble and secreted full-length oligomeric HIV-1 gp140 glycoprotein and explored the
importance of its native oligomeric structure in terms of its presentation of conformational and virus-neutralizing
epitopes through the development and characterization of more than 100 murine monoclonal antibodies.

a. Broder, C.C., D.S. Dimitrov, R. Blumenthal, and E.A. Berger. The block to HIV-1 envelope
glycoprotein-mediated membrane fusion in animal cells expressing human CD4 can be overcome by a
human cell component(s). Virology. 193:483-491, 1993.

b. Nussbaum, O., C.C. Broder, and E.A. Berger. HIV-1 Envelope Glycoprotein/CD4 Mediated Cell Fusion: A
Novel Recombinant Vaccinia Virus-Based Assay Measuring Activation of a Reporter Gene by
Bacterio-phage T7 RNA Polymerase Selectively In Fused Cells. J.Virol. 68:5411-5422, 1994.

c. Broder, C.C., P.L. Earl, D. Long, B. Moss, and R.W. Doms. Antigenic Implications of HIV-1 Envelope
Glycoprotein Quaternary Structure: Oligomer-Specific and -Sensitive mAbs. PNAS. 91:11699-11703, 1994.

d. Broder, C.C. and E.A. Berger. Fusogenic Selectivity of the Envelope Glycoprotein is a Major Determinant
of HIV-1 Tropism for CD4+ T-Cell Lines vs. Macrophages. PNAS. USA. 92:9004-08, 1995.

3. My early studies on the cellular and viral membrane fusion tropism of HIV-1 and the development of a
sensitive and specific reporter gene assay of cell-cell membrane fusion facilitated the discovery of the first
membrane fusion accessory factor (“fusin”; CXCR4) that I earlier hypothesized existed, and this rapidly led to
the discovery by us and others of the second factor for macrophage-tropic Envs (CCR5); the HIV-1
coreceptors. These findings were a significant breakthrough in HIV research leading to numerous new
directions in understanding HIV-1 pathogenesis as well as new therapeutic strategies.

a. Feng, Y., C.C. Broder, P.E. Kennedy, and E.A. Berger. HIV-1 Entry Cofactor: Functional cDNA Cloning of
a Seven-Transmembrane, G Protein-Coupled Receptor. Science. 272:872-877, 1996.

b. Alkhatib*, G., C. Combadiere*, C.C. Broder*, Y. Feng*, P.E. Kennedy*, P.M. Murphy, and E.A. Berger. CC
CKR5: a RANTES, MIP-1α , MIP-1β Receptor as a Fusion Cofactor for Macrophage-Tropic HIV-1.
Science. 272:1955-1958, 1996. (*equal contribution).

c. Rucker, J., M. Samson, B. J. Doranz, F. Libert, J. F. Berson, Y. Yi, R. G. Collman, C. C. Broder, G.
Vassart,, R. W. Doms, and M. Parmentier. Regions in β-chemokine Receptors CCR-5 and CCR-2b that
Determine HIV-1 Cofactor Specificity. Cell. 87:1-10, 1996.

d. Edinger, A.L., A. Amedee, K. Miller, B.J. Doranz, M. Endres, M. Sharron, M. Samson, Z-h. Lu, J.E.
Clements, M. Murphey-Corb, S.C. Peiper, M. Parmentier, C.C. Broder, and R.W. Doms. Differential
utilization of CCR5 by macrophage and T cell tropic SIV strains. PNAS. 94:4005-4010, 1997.

4. My initial work on HIV-1 entry led to further independent studies which focused on follow-up investigations
characterizing the roles of the HIV-1 coreceptors in the virus entry process. These studies revealed the
interplay between the HIV-1 entry receptors, mapped important domains of the coreceptors involved in HIV-1
Env interaction, and also revealed possible avenues of how an HIV-1 Env might engage and differently utilize
the CXCR4 and CCR5 coreceptors for infection. In addition, I also engaged in collaborative follow-up studies
exploring the utility of soluble oligomeric HIV-1 envelope glycoproteins as subunit vaccine immunogens
(gp140) which I initiated at NIH while a postdoctoral fellow.

a. Chabot, D.J., P-F. Zhang, G.V. Quinnan, and C.C. Broder*. Mutagenesis of CXCR4 Identifies Important
Domains for HIV-1 X4 Isolate Envelope-Mediated Membrane Fusion and Virus Entry and Reveals Cryptic
Coreceptor Activity for R5 Isolates. J. Virol. 73:6598-6609, 1999.

b. Xiao, X., L. Wu, T.S. Stantchev, Y-R. Feng, S. Ugolini, H. Chen, Z. Shen, C.C. Broder, Q.J. Sattentau, and
D.S. Dimitrov. Constitutive cell surface association between CD4 and CCR5. PNAS. 96:7496-7501, 1999.
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c. Chabot, D.J., H. Chen, D.S. Dimitrov, and C.C. Broder*. N-linked Glycosylation in CXCR4 Masks
Coreceptor Function for CCR5-Dependent HIV-1 Isolates. J. Virol. 74:4404-4413, 2000.

d. Zhang, P.F., Cham, F., Dong, M., Choudhary, A., Bouma, P., Zhang, Z., Shao, Y., Feng, Y.R., Wang, L.,
Mathy, N., Voss, G., Broder, C.C., Quinnan, G.V., Jr. Extensively cross-reactive anti-HIV-1 neutralizing
antibodies induced by gp140 immunization. PNAS. USA. 104(24):10193-8. 2007.

5. My recent efforts have focused on emerging viruses that impact human and domestic livestock populations;
including lyssaviruses, filoviruses, and henipaviruses for the past 23 years. I obtained the first NIAID funded
biodefense project providing fiscal support on select agent research to an overseas laboratory (2003; U01
AI056423). I developed the first henipavirus peptide-based fusion inhibitors, subunit vaccines, and neutralizing
human and humanized monoclonal antibodies (mAb), and my NIAID grants supported the development of the
feline, ferret and African green monkey models of Hendra and Nipah pathogenesis. Henipavirus
countermeasures development is a major a focus of my lab and supported by a NIAID U19 CETR. Here, we
are developing next-generation mAb therapies and next-generation vaccines and delivery methods against
Nipah and Hendra for both human and livestock use. I am also heavily engaged in collaborative virus
surveillance activities focusing on henipaviruses, filoviruses, coronaviruses, and others, in wildlife and human
populations in more than 10 countries in South Asia, Southeast Asia, West Africa and Southern Africa; using
the Luminex xMAP-based platform which has proven to be more sensitive than ELISAs for the detection of
antibodies to viral infections. The key feature of our multiplex microsphere immunoassays (MMIA) are the use
of my lab’s production of recombinant, soluble, native-like, oligomeric viral glycoproteins, designed similar to
our HeV-sG subunit vaccine. Our MMIA array presently contains more than 20 different soluble glycoprotein
ectodomains. These programs are funded by the NIAID and the Defense Threat Reduction Agency (DTRA), an
agency within the US Department of Defense.

a. Bonaparte, M. I., A. S. Dimitrov, K. N. Bossart, G. Crameri, B. A. Mungall, K. A. Bishop, V. Choudhry, D. S.
Dimitrov, L.-F. Wang, B. T. Eaton, and C. C. Broder*. Ephrin-B2 Ligand is a Functional Receptor for Hendra
Virus and Nipah Virus. Proc Natl Acad Sci U S A. 102(30):10652-7. 2005. (from the cover).

b. Bossart, KN, Geisbert, TW, Feldmann, H, Zhu, Z, Feldmann, F, Geisbert, JB, Yan, L, Feng, Y-R, Brining, D,
Scott, D, Wang, Y, Dimitrov, AS, Callison, J, Chan, Y-P, Hickey, AC, Dimitrov, DS, Broder, CC*, and Rockx,
B. A neutralizing human monoclonal antibody protects African Green monkeys from Hendra virus
challenge. Sci. Transl. Med. 3, 105ra103. 2011. *corresponding author. (from the cover). PMID: 22013123

c. Bossart KN, Rockx B, Feldmann F, Brining D, Scott D, Lacasse R, Geisbert JB, Feng YR, Chan YP, Hickey
AC, Broder CC*, Feldmann H, Geisbert TW. A Hendra virus G glycoprotein subunit vaccine protects
African green monkeys from Nipah virus challenge. Sci Transl Med. 4(146):146ra107. 2012 (from the
cover) PMID: 22875827.

d. Geisbert TW, Mire CE, Geisbert JB, Chan YP, Agans KN, Feldmann F, Fenton KA, Zhu Z, Dimitrov DS,
Scott DP, Bossart KN, Feldmann H, Broder CC*. Therapeutic treatment of Nipah virus infection in
nonhuman primates with a neutralizing human monoclonal antibody. Sci Transl Med. 2014, (from the
cover) 6(242):242ra82. PMID: 24964990.

Total publications: >200; citations: >25,800; h-index 72 (google scholar).

A more complete list of published work in: MyBibliography:

https://www.ncbi.nlm.nih.gov/myncbi/181k8EOf_FNkT/bibliography/public/
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A. Personal Statement

As an active researcher in the development of novel therapeutics and vaccine candidates against emerging
and re-emerging henipaviruses in relation to pandemic preparedness, I am uniquely qualified to participate as
a Co-Investigator in Research Project 2: Vaccines and antibodies to henipaviruses of the present U19
application (ReVAMPP). The extensive experience in henipavirus reverse genetics platforms necessary to
conduct the proposed studies began in my postdoctoral training, under the guidance and mentorship of Dr.
Christopher Broder, a leading expert in henipavirus biology. During my fellowship, I rescued and fully
characterized a replication competent recombinant Cedar virus (rCedV) as non-reporter and luciferase
expressing reporter versions that can safely be utilized at BSL-2. This work resulted in a first co-author
publication (see below). In addition, I generated replication competent chimeric viruses as non-reporter and
reporter versions that express the envelope glycoproteins of either Nipah virus Bangladesh (NiV-B)
(rCedV-NiV-B) or Hendra virus (HeV) (rCedV-HeV) instead of those of CedV. All 6 chimeric viruses were fully
characterized in in vitro studies. Together with Dr. Thomas Geisbert, at the University of Texas Medical
Branch (UTMB), with whom I have a 5-year collaboration, we demonstrated that the chimeras can serve as
suitable surrogate viruses for authentic NiV-B or HeV as determined by plaque reduction neutralization tests.
Moreover, the fluorescent reporter chimeric viruses were further characterized in a high throughput
fluorescence reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus
immunized animals and monoclonal antibodies. This work resulted in a first author manuscript that was very
recently published (see below). The FRNT has also been implemented in several neutralization and synergistic
neutralization tests that resulted in 2 co-author publications (see below). The highly productive collaborations
between Drs. Broder, Geisbert and I underscore the feasibility of the proposed project. The research proposed
in this application will not only build on my work developed thus far but also strengthen my scientific portfolio to
achieve my long-term goal of vaccine development for priority pathogens.

Citations:
1. Amaya, M., Yin, R., Yan, L., Borisevich, V., Adhikari, B.N., Bennett, A., Malagon, F., Cer, R.Z.,

Bishop-Lilly, K.A., Dimitrov, A.S., Cross, R.W., Geisbert, T.W., Broder, C.C. (2023). A Recombinant
Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform for Pathogenic
Henipaviruses. Viruses, 15(5). https://doi.org/10.3390/v15051077

2. Wang, Z.*, Dang, H. V.*, Amaya, M.*, Xu, Y., Yin, R., Yan, L., Hickey, A. C., Annand, E. J.,
Horsburgh, B. A., Reid, P. A., Smith, I., Eden, J. S., Xu, K., Broder, C. C., & Veesler, D. (2022).

(b) (6)
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Potent monoclonal antibody-mediated neutralization of a divergent Hendra virus variant. Proc Natl
Acad Sci U S A, 119(22), e2122769119. https://doi.org/10.1073/pnas.2122769119 (*equal
contribution)

3. Wang, Z., Amaya, M., Addetia, A., Dang, H. V., Reggiano, G., Yan, L., Hickey, A. C., DiMaio, F.,
Broder, C. C., & Veesler, D. (2022). Architecture and antigenicity of the Nipah virus attachment
glycoprotein. Science, 375(6587), 1373-1378. https://doi.org/10.1126/science.abm5561

4. Amaya, M.*, Cheng, H.*, Borisevich, V., Navaratnarajah, C. K., Cattaneo, R., Cooper, L., Moore, T.
W., Gaisina, I. N., Geisbert, T. W., Rong, L., & Broder, C. C. (2021). A recombinant Cedar virus
based high-throughput screening assay for henipavirus antiviral discovery. Antiviral Res, 193,
105084. https://doi.org/10.1016/j.antiviral.2021.105084 (*equal contribution)

B. Positions, Scientific Appointments, and Honors
Positions and Employment
2022-pres Research Assistant Professor, Department of Microbiology and Immunology, USU, Bethesda,

MD.
2019-2022 Scientist, Henry M. Jackson Foundation Inc., Department of Microbiology and Immunology, USU,

Bethesda, MD.
2016-2019 Postdoctoral Research Fellow, Department of Microbiology and Immunology, USU, Bethesda,

MD.
2016 Adjunct Professor for BIOL 306 Biology of Microorganisms Lab, George Mason University,

Fairfax, VA.
2012-2015 Graduate Teaching Assistant for BIOL 306 Biology of Microorganisms Lab, George Mason

University, Fairfax, VA.
2011-2012 Graduate Teaching Assistant for BIOL 104 Introduction to Biology I and II Lab, George Mason

University, Fairfax, VA.

Other Experience and Professional Memberships
2019-2020 Member, American Society of Cell Biology
2018-2019 Ad hoc reviewer - Emerging Microbes & Infections
2012-2015 Member, American Society of Microbiology

Honors and Awards
2015 College of Science Summer Fellowship Recipient, George Mason University.
2014 College of Science Summer Fellowship Recipient, George Mason University.
2014-2015 Outstanding Doctoral Student Award, George Mason University, School of Systems Biology.
2013-2015 Bioscience Fellowship Recipient, George Mason University, School of Systems Biology.
2013 PhD Impact Award, George Mason University, School of Systems Biology.

Patents issued
● Recombinant Cedar Virus Chimeras. Provisional. Atty. Dkt. No. 103783-0276.

C. Contributions to Science

1. Graduate career: My Ph.D. thesis research involved characterizing the host viral interactions in human cells
with a focus on the least characterized non-structural protein, nsP3, from VEEV. I initially constructed a tagged
version of nsP3 both as an overexpression construct and in the context of the viral genome. Mass
spectrometry analyses revealed that VEEV-nsP3 interacted with multiple host factors. Those of particular
interest were chosen for additional studies, namely the kinase IKKβ and the RNA helicases DDX1 and DDX3. I
validated that VEEV-nsP3 interacted and complexed with IKKβ, DDX1 and DDX3 and furthermore, siRNA
knockdown studies indicated a reliance of these host factors for productive and continuous viral replication.
These findings formed the basis of the functional model where VEEV-nsP3 interacts with the host translational
machinery via DDX3 to potentially aid in translation of viral proteins that could be part of the replication
complex, and that this interaction could be essential in the viral life cycle. This contribution will aid in
elucidating the functionality of nsP3 in the viral life cycle as well as to promote the development of host based
therapeutic options to treat RNA viral infections or disease. Results from my research were highly relevant as
they provided new details and insight in understanding the role of the uncharacterized VEEV protein, nsP3, in
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the new world alphavirus life cycle. As such, this work resulted in two first author research publications and one
review article (see below). My Ph.D. research on host viral interactions was expanded to include host
pathways that were altered during viral infection by utilizing small molecule inhibitors. Such pathways included
the host phospho-signaling and the ubiquitin proteasome pathways. I validated, as a collaboration, that the
MAPK/ERK signaling pathway was activated and necessary for the infectious process in VEEV infected human
cells through utilization of the small molecule inhibitor, Ag-126. This joint effort resulted in a second author
publication. In a different study, I had revealed with the use of an FDA approved proteasome inhibitor,
Bortezomib that VEEV requires the ubiquitin proteasome pathway in the viral life cycle. My results indicated the
likely mechanism was that K48 ubiquitination of VEEV capsid protein may be necessary for the early stages of
infection. This study was the first to demonstrate that the capsid protein was post translationally modified with
ubiquitin and this resulted in a first author publication (see below). In addition, I had also collaborated to
investigate the requirement of the ubiquitin proteasome pathway in the negative stranded RNA virus, RVFV
infection. We showed that with Bortezomib treatment, the formation of the characteristic nuclear filaments
formed by the virulence factor NSs was abolished, thereby preventing NSs interaction with host repressor
proteins SAP30 and mSin3A. This study resulted in a second author publication. Cumulatively, these studies
would pave the way for developing host-based therapies and/or repurposing FDA approved drugs to treat
these re-emerging diseases.

1. Amaya, M., Brooks-Faulconer, T., Lark, T., Keck, F., Bailey, C., Raman, V., & Narayanan, A. (2016).
Venezuelan equine encephalitis virus non-structural protein 3 (nsP3) interacts with RNA helicases
DDX1 and DDX3 in infected cells. Antiviral Res, 131, 49-60.
https://doi.org/10.1016/j.antiviral.2016.04.008

2. Amaya, M., Keck, F., Bailey, C., & Narayanan, A. (2014). The role of the IKK complex in viral infections.
Pathog Dis, 72(1), 32-44. https://doi.org/10.1111/2049-632X.12210

3. Amaya, M., Keck, F., Lindquist, M., Voss, K., Scavone, L., Kehn-Hall, K., Roberts, B., Bailey, C.,
Schmaljohn, C., & Narayanan, A. (2015). The ubiquitin proteasome system plays a role in venezuelan
equine encephalitis virus infection. PLoS One, 10(4), e0124792.
https://doi.org/10.1371/journal.pone.0124792

4. Amaya, M., Voss, K., Sampey, G., Senina, S., de la Fuente, C., Mueller, C., Calvert, V., Kehn-Hall, K.,
Carpenter, C., Kashanchi, F., Bailey, C., Mogelsvang, S., Petricoin, E., & Narayanan, A. (2014). The
role of IKKbeta in Venezuelan equine encephalitis virus infection. PLoS One, 9(2), e86745.
https://doi.org/10.1371/journal.pone.0086745

2. Postdoctoral career: My postdoctoral training involved the development and characterization of a
recombinant henipavirus platform that can safely be used at BSL-2 to investigate and understand henipavirus
infection with respect to pathogenesis, neutralization, drug discovery, therapeutics and vaccine potential. The
reverse genetics system for the rCedV platform resulted in a first co-author publication (see below). A
collaborative research project entailed the optimization of a replication competent rCedV-Luc for high
throughput screening assays to identify small drug like molecules that can target multiple stages in the
henipavirus life cycle, which resulted in a first co-author publication (see below). Building on the rCedV
platform, I designed and characterized a robust recombinant chimeric henipavirus reverse genetics system to
be used as a surrogate system for pathogenic henipaviruses. The envelope glycoproteins of rCedV were
replaced with those of either NiV-B (rCedV-NiV-B) or HeV (rCedV-HeV) and non-reporter and reporter versions
were generated. I optimized and implemented a rapid high throughput cell-based fluorescence reduction
microneutralization assay using rCedV chimeras to determine monoclonal antibody neutralization potencies
and detect the presence of neutralizing antibodies and measure neutralizing titers in henipavirus immunized
animal sera. This work resulted in a first author manuscript (see below). In a collaborative effort, I generated
recombinant henipavirus chimeric virus escape mutants to understand the structure of henipavirus envelope
glycoproteins. This collaboration resulted in a co-author manuscript (see below). In addition, my work has been
recently presented at multiple meetings such as the Keystone Symposia, Bat Infectious Diseases Symposium,
and the World One Health Congress.
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1. Amaya, M., Yin, R., Yan, L., Borisevich, V., Adhikari, B.N., Bennett, A., Malagon, F., Cer, R.Z.,
Bishop-Lilly, K.A., Dimitrov, A.S., Cross, R.W., Geisbert, T.W., Broder, C.C. (2023). A Recombinant
Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform for Pathogenic Henipaviruses.
Viruses, 15(5). https://doi.org/10.3390/v15051077

2. Wang, Z., Amaya, M., Addetia, A., Dang, H. V., Reggiano, G., Yan, L., Hickey, A. C., DiMaio, F., Broder,
C. C., & Veesler, D. (2022). Architecture and antigenicity of the Nipah virus attachment glycoprotein.
Science, 375(6587), 1373-1378. https://doi.org/10.1126/science.abm5561

3. Amaya, M., Cheng, H., Borisevich, V., Navaratnarajah, C. K., Cattaneo, R., Cooper, L., Moore, T. W.,
Gaisina, I. N., Geisbert, T. W., Rong, L., & Broder, C. C. (2021). A recombinant Cedar virus based
high-throughput screening assay for henipavirus antiviral discovery. Antiviral Res, 193, 105084.
https://doi.org/10.1016/j.antiviral.2021.105084

4. Laing, E. D., Amaya, M., Navaratnarajah, C. K., Feng, Y. R., Cattaneo, R., Wang, L. F., & Broder, C. C.
(2018). Rescue and characterization of recombinant cedar virus, a non-pathogenic Henipavirus
species. Virol J, 15(1), 56. https://doi.org/10.1186/s12985-018-0964-0

Complete list of published work in MyBibliography: MAmaya Bibliography.
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(if

applicable)
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Date

MM/YYYY
FIELD OF STUDY

Sofia State University, Bulgaria M.Sci. 06/1987 Chemistry

The University of Tokyo, Japan Ph.D. 04/1995 Physical Chemistry

NCI-Frederick, NIH, Frederick, MD Postdoctoral
Training

04/2004 Biochemistry, Viral entry

A. Personal Statement

I have been familiar with HeV-sG since its discovery. I am a co-author of the HeV-sG characterization article in
JVI 2005. It shows that HeV and NiV as well G-glycoproteins, membrane attached and soluble as well, exist as
dimers and dimers of dimers. Under the supervision of Dr. Broder I played a major role in the discovery of
ephrin B2 as a functional receptor for Nipah and Hendra viruses, sharing an equal contribution with Dr.
Bonaparte in the related PNAS article (2005). I had been also characterizing the binding site of ephrin B2 to
HeV and NiV G glycoprotein and found aminoacid residues on ephrin B2 that are critical for the virus receptor
binding.

I was a PI (MPI, with Dr. Fouts) of two pre-clinical development programs – one for the HeV-sG as subunit
vaccine against henipavirus infections and the other for the human antibody, m102.4, as postexposure
treatment against such infections. I am currently involved in the clinical investigation of the HeV-sG subunit
vaccine led by Auro Vaccines LLC. I am also actively involved in coordination the work of the research projects
and cores within the CETR U19- AI142764 “Advancement of Vaccines and Therapies for Henipaviruses”
(Christopher Broder, PI), where I wrote the proposal for RP1 related to the next generation HeV-sG human
vaccine. Although the subunit vaccine in its current formulation has an excellent efficacy, its stability at
ambient condition and efficacy are expected to be significantly enhanced within RP1 of the above CETR U19,
there is still room to explore the immunization efficiency by decreasing the cost of storage and application
procedure. Within one of the latest awards we are developing patches of soluble microneedle arrays for
intradermal delivery of HeV-sG. The vaccine is expected to be stable at ambient conditions and ready for easy
self-administration by pressing the patch to a bare skin place, like on the shoulder. During the past 2 decades I
accumulated relevant experience related to GLP, GMP, and partly GCP and believe that I can significantly
contribute to the proposed project.

B. Positions, Scientific Appointments, and Honors

2019 – Senior Scientist, USUHS, Bethesda, MD 20814 / HJF, Bethesda, MD 20817

(b) (6)



2006 – 2019 Senior Staff Scientist, Profectus BioSciences, Inc., 6411 Beckley Str.,
Baltimore, MD 21224
2004 – 2006 Research Associate, Dept. of Microbiology at USUHS, Bethesda, MD 20814
1999 – 2004 Post-Doctoral Fellow, Laboratory of Experimental and Computational Biology,
CCR, NCI, NIH, Bldg. 469, Rm. 211, P.O. Box B, Frederick, MD 21702-1201
1995 – 1999 Scientist, L’ORÉAL Tsukuba Center, Tokodai 5-5, Tsukuba, Japan
1992 – 1995 Senior Research Associate, Nagayama Protein Array Project, ERATO, JRDC,
Tokodai 5-5, Tsukuba, Japan

1987 – 1993 Research Specialist (Chemist), Faculty of Chemistry, Sofia State University, Sofia, Bulgaria

C. Contributions to Science

1. Development of HeV-sG as a human subunit vaccine against henipavirus infection.
Relates to my current activities described above in the Personal Statement.

A. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW, Prasad AN, Fenton KA, Yu H,
Fouts TR, Broder CC, Dimitrov AS. A single dose investigational subunit vaccine for human use
against Nipah virus and Hendra virus. NPJ Vaccines, 2021 Feb 8;6(1):23. doi:
10.1038/s41541-021-00284-w

2. Discovery that ephrin B2 is a functional receptor for both HeV and NiV. Characterization of HeV-sG.
Dr. Broder (USUHS, Bethesda) pioneered the research on HeV and NiV starting the beginning of the century. I
joint his group in 2004. Dr. Bossart had already created soluble versions of HeV and NiV G glycoproteins and
was spending time on a search for the viral receptors. It was anticipated that both viruses share common
receptor indicated by immune response crossreactivity and anti-G antibody crossreactivity, including m102. Dr.
Broder suggested me to join in the efforts of receptor discovery. We mainly attempted to co-immunoprecipitate
the receptor with soluble G from lysates of permissive and non-permissive cells using coomassie stain,
radiolabeling, and different modification. It later became clear that the S-agarose we used for co-IP with the
S-tagged soluble G produces a non-specific band overlapping ephrin B2 and, thus, the band was considered
false positive. When Matthew Bonaparte joint the team proposed to use gene chip technology developed at
his university, SUNY. He sent lysates from permissive and non-permissive cells for analyses. Using the gene
chip data he successfully narrowed the possibilities for the receptor down to low 20s. Farther on, narrowing
couldn’t be justified by the available data. Then, I proposed to purchase plasmids with the identified genes from
Origene, transfect non-permissive cells, and find out which gene will render them permissive to HeV or NiV.
Thus, ephrin B2 was discovered as receptor for HeV and NiV. Looking back into those data ephrin B3 shows a
signal higher than background, but we have ignored it at that time, being excited of ephrin B2 identification.

A. Bonaparte MI, Dimitrov AS, Bossart KN, Crameri G, Mungall BA, Bishop KA, Choudhry V, Dimitrov
DS, Wang LF, Eaton BT, Broder CC. From the Cover: Ephrin-B2 ligand is a functional receptor for
Hendra virus and Nipah virus. PNAS 2005; 102: 10652-10657.

B. Bossart KN, Crameri G, Dimitrov AS, Mungall BA, Feng YR, Patch JR, Choundhary A, Wang LF,
Eaton BT, Broder CC. Receptor Binding, Fusion Inhibition, and Induction of Cross-Reactive
Neutralizing Antibodies by a Soluble G Glycoprotein of Hendra Virus. J. Virol. 2005; 79: 6690-6702.

3. Having a contribution in the discovery of m102.4 by identifying its parent m102 as a crossreactive
neutralizer.
Being in the laboratory of Dr. Broder I was using HeV and NiV mediated cell-cell fusion assays to study mutant
G glycoproteins created by inactivating glycosylation sites. At that time, Dr. Zhu had found Fab binders to
HeV-sG and asked me to test those for inhibitory activities in the cell-cell fusion assay. His Fabs showed
different inhibitory potency to HeV and NiV with Fab m102, although not the best against either virus, showing
a balanced inhibition to both viruses. Then, Dr. Zhu optimized m102 by in vitro maturation to m102.4.

A. Zhu Z, Dimitrov AS, Bossart KN, Crameri G, Bishop KA, Choudhry V, Mungall BA, Feng YR,
Choudhary A, Zhang MY, Feng Y, Wang LF, Xiao X, Eaton BT, Broder CC, Dimitrov DS. Potent
neutralization of Hendra and Nipah viruses by human monoclonal antibodies. J. Virol. 2006; 80: 891-9.



B. Zhu Z, Dimitrov AS, Chakraborti S, Dimitrova D, Xiao X, Broder CC, Dimitrov DS. Development of
human monoclonal antibodies against diseases caused by emerging and biodefense-related viruses.
Expert Rev Anti Infect Ther. 2006; 4: 57-66.

C. Zhu Z, Bossart KN, Bishop KA, Crameri G, Dimitrov AS, McEachern JA, Feng Y, Middleton D, Wang
LF, Broder CC, and Dimitrov DS. Exceptionally potent cross-reactive neutralization of Nipah and
Hendra viruses by a human monoclonal antibody. J Infect Dis 2008; 197:846-853.

D. Prabakaran P, Zhu Z, Xiao X, Biragyn A, Dimitrov AS, Broder CC, and Dimitrov DS. Potent human
monoclonal antibodies against SARS CoV, Nipah and Hendra viruses. Expert Opin Biol Ther 2009;
9:355-368.

E. Bossart KN, Geisbert TW, Feldmann H, Zhu Z, Feldmann F, Geisbert JB, Yan L, Feng YR, Brining D,
Scott D, Wang Y, Dimitrov AS, Callison J, Chan YP, Hickey AC, Dimitrov DS, Broder CC, Rockx B. “A
neutralizing human monoclonal antibody protects african green monkeys from hendra virus challenge”
Sci. Transl. Med. 2011; v. 3 (105), p. 105ra103.

4. Editing a volume from the Methods of Molecular Biology series
It was an exciting time finding appropriate chapter topics covering the discovery and preclinical development of
therapeutic antibodies, then finding authors and reviewing and editing the chapters.

A. Dimitrov AS, Editor; Therapeutic antibodies. Methods and protocols, Methods Mol. Biol. v. 525; March
2009, Humana Press / Springer, New York, NY 10013. ISBN: 978-1-934115-92-3

B. Dimitrov AS. Methods in molecular biology. Therapeutic antibodies. Methods and protocols. Preface.
Methods Mol Biol 2009; 525: vii-viii, xiii.

C. Prado I, Fouts TR, Dimitrov AS. (2009) Methods Mol Biol. v. 525 pp. 517-31. “Neutralization of HIV by
antibodies.”

5. Studying the mechanism of HIV entry. Applying mAbs to inhibit HIV entry
While postdoc under the supervision of Dr. Blumenthal, we proposed that HIV-1 Env gp41 destabilizes target
cell or its own membrane upon activation of gp120 by CD4 and respective coreceptor, CCR5 or CXCR4,
complexes, resulting in fusion or viral inactivation, respectively. In relation to HIV-1 entry to cells we detected
intermediates of the fusion process by using conformation specific mAb. Later, at Profectus I worked with
anti-HIV antibodies as entry inhibitors. Results from the completed grant awards identify sweet epitopes that
are simultaneously targeted by inhibitory antibodies show synergistic effect and an exceptional efficacy in vitro.

A. Dimitrov AS, Xiao X, Dimitrov DS, Blumenthal R. Early Intermediates in HIV-1 Envelope
Glycoprotein-mediated Fusion Triggered by CD4 and Co-receptor Complexes. J. Biol. Chem. 2001;
276: 30335-30341.

B. Dimitrov AS, Rawat SS, Jiang S, Blumenthal R. The Role of the Fusion Peptide and
Membrane-proximal Domain in HIV-1 Envelope Glycoprotein-mediated Membrane Fusion.
Biochemistry 2003;42:14150-14158.

C. Dimitrov AS, Jacobs A, Finnegan CM, Stiegler G, Katinger H, Blumenthal R. Exposure of the
membrane-proximal external region of HIV-1 gp41 in the course of HIV-1 envelope
glycoprotein-mediated fusion. Biochemistry. 2007 Feb 6;46(5):1398-401.

D. Dimitrov A, Drug evaluation: Ibalizumab, a CD4-specific mAb to inhibit HIV-1 infection. Current
Opinion in Investigational Drugs 2007 Aug; 8(8):653-61.
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TITLE: Cedar henipavirus animal model
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Abstract 

Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia. There are currently 
no vaccines or therapeutics approved for human use. Notably, development of countermeasures for NiV and 
HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few research 
groups worldwide have access to the required biocontainment facilities to perform preclinical studies with these 
important human viral pathogens. To address this problem, we are developing a BSL-2 animal model that is 
based on Cedar virus (CedV), which is a non-pathogenic henipavirus.  Specifically, we are employing 
recombinant Cedar viruses (rCedVs) in which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) 
are expressed in the rCedV genome, replacing CedV F and G. Additionally, we have also incorporated our 
recently developed in vivo bioluminescence methodology to longitudinally trace the dynamics and anatomical 
progression of rCedV-luciferase (rCedV-luc) infections in individual animals.  Using various approaches to 
inhibit the host innate immune response in mice, we have demonstrated sustained replication of rCedV-luc and 
the rCedV-NiV-luc and rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable 
expression in the brain, both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-
luc causes neurological dysfunction and death in specific strains of mice.  The rCedV-luc platform is thus an 
authentic henipavirus system that can be used to study henipavirus in vivo biology safely and expediently under 
BSL-2 containment.  Our overall hypothesis is that rCedV-luc infection of mice lacking specific innate immune 
responses represents a BSL-2 platform for the study of henipavirus biology and pathogenesis, as well as for 
development and testing of anti-viral countermeasures. We will address this hypothesis through three Specific 
Aims: Aim 1: To optimize the use of immunodeficient mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a 
robust BSL2 model of pathogenic henipavirus disease; Aim 2: To determine the mechanism of rCedV-NiV 
neurovirulence; Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections. Aims involve synergistic collaborations with several other research projects and cores in 
this U19 program. Successful completion of these Aims will establish the rCedV-luc mouse model as a robust 
BSL-2 platform for the exploration of henipavirus pathogenesis and countermeasures.
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Project Summary/Abstract
Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health.
Among these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah
virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely
broad tropism capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and
-B3 ligands as entry receptors. NiV and HeV infection often results in a systemic and fatal respiratory and/or
neurological disease in multiple mammalian species including humans. NiV and henipaviral disease are also
included in the WHO List of Priority Pathogens, and they are significant biothreats to humans and livestock in
South and South East Asia and Australia. HNVs have two membrane glycoproteins: the attachment
glycoprotein (G) and the fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the
focus of all vaccine and antiviral monoclonal antibody (mAb) strategies. The most extensively studied HNV
vaccine is a soluble recombinant form of HeV G (HeV-sG), shown to provide complete protection against lethal
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including
nonhuman primates (NHPs). With no licensed vaccines or treatments available for human use, this project will
use the prototype HNVs as a model to develop, test, and translate a novel vaccination platform (a
thermostable, needle-free, adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable
microneedle patch (MNP)). Preliminary data demonstrates potent immunogenicity of a PPZ-MNP-HeV-sG
vaccine in mice, inducing robust antigen-specific HNV cross-neutralizing antibody and cellular immune
responses. The MNP vaccines will be used to evaluate HeV-sG and compare stabilized soluble forms of HNV
G and F (sGtet and sFstb) and combinations in challenge studies. A reverse genetics system has been
developed to generate recombinant, nonpathogenic Cedar virus (rCedV) and rCedV chimeric virus tools by
swapping the G and F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput
neutralization platform to be used to rapidly evaluate HNV vaccine responses. Also, divergent and pathogenic
zoonotic HNVs have been discovered including the related rodent borne Mòjiāng virus and Langya virus
(LayV)), and the divergent bat-borne Angavokely virus (AngV). This project will develop and test the rapid,
adaptable and readily deployable MNP vaccine platform together with new virological tools to facilitate the
translational nature of this pandemic preparedness approach. Specifically, we will: 1) Develop PPZ-MNP-based
sGtet and sFstb prototype HNV vaccines; 2) Construct new reporter virus tools; 3) Evaluate vaccine-induced
immune responses and HNV-specific mAbs and nbs; and 4) Validate the PPZ-MNP platform with another
paramyxovirus antigen.



USUHS
Site Principal Investigator: Christopher Broder, Ph.D.

Co-investigators: Moushimi Amaya, Ph.D.
Antony Dimitrov, Ph.D.

Equipment

The laboratories are located in the Department of Microbiology and Immunology at USU.

The following equipment is supplied in the laboratory:

- Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope)
- BioRad BioPlex 200 HTF multiplexing system
- Luminex MagPIX multiplexing system
- BioRad iQ5 real-time PCR system
- Lonza Nucleofector 4D Shuttle – core unit and X-unit
- Coulter Z1-Dual cell counter
- centrifuges: Eppendorf 5425 microfuges (4); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i;

various rotors
- inverted microscopes for tissue culture (3)
- gel electrophoresis equipment for protein (7) and DNA (12) gels
- semi-dry protein transfer apparatus (4)
- Perkin-Elmer and Eppendorf thermal cyclers (5)
- ELISA plate readers (2)
- balances (6)
- pH meter (2)
- refrigerators
- freezers (-20 C, -80 C)
- platform orbital shakers (5)
- sonicator with cup horn and microtip
- bacterial shakers (6)
- heating blocks (16)
- waterbaths (14)
- biosafety cabinets (6)
- CO2-tissue culture incubators (11)
- Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring (6)
- GE-ATKA low pressure chromatography systems, including UV detectors and fraction collectors (2)
- CTL S6 Universal Analyzer

The following equipment is supplied as common support equipment within the department:

- Fuji LAS-4010 chemiluminescence/fluorescence CCD camera imaging system
- IVIS in vivo imaging system (equipped to detect luminescence and fluorescence)
- 2D gel electrophoresis system (protein)
- Alpha-Innotech gel documentation system (EtBr-stained gels)
- MilliQ ultra-pure water system
- Nanodrop spectrophotometer
- Luminometer
- Fluorescence plate readers (2)

The University Biomedical Instrumentation Center, USUHS provides other resources and is also located
on- site and provides a wide variety of services, including:
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Translational Imaging Facility
- Siemens Inveon SPECT/PET/CT Scanner
- Bruker In-Vivo Xtreme II: supports bioluminescence, X-ray, and direct radioisotopic imaging
- Bruker Biospec 70/20 USR MRI
- Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications

Flow Cytometry
- Becton-Dickinson (10- and 13-parameter) LSRII FACS analyzers (2)
- 15-parameter FACSAria II FACS sorter, including a 541nm laser upgrade for sorting of RFP-expressing

cells
- Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software
- Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system
- Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit

Microscopy
- Zeiss 710NLO confocal system with 405/458/488/514/561/633 conventional lasers and a Coherent

Ultra2 Ti-Sapphire laser for multiphoton excitation, continuously tunable over the range of 690 to 1080
nm

- Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines
- Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy

(SR-SIM), photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction
microscopy (dSTORM). System is fully equipped, including the 3D-PALM/dSTORM option.

- Becker-Hickl 2-detector FLIM system (for FRET – attached to Zeiss 710NLO)
- Zeiss AxioExaminer.Z1 upright confocal system with Coherent Chameleon multiphoton laser for in vivo

imaging and electrophysiology
- Zeiss AxioImager.M2 upright microscope and MicroBrightField Stereo Investigator software (stereology

analysis).
- Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage

plus atmosphere and temperature control
- Wide-field fluorescence microscopes (3)
- Transmission electron microscope (Philips CM100 transmission EM)
- Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment)
- Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology

package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize;
Metamorph.

Genomics
- Fuji FLA-5000/LAS-3000 chemiluminescence/fluorescence CCD/laser scanning imaging systems
- ABI 9800 Fast Thermal Cycler
- ABI 7500 Real Time PCR System
- ABI 3500xl Genetic Analyzer
- ABI 394 DNA/RNA Synthesizer (2)
- ABI 3900 DNA Synthesizer
- Eppendorf epMotion 5075 VAC Liquid handling robot
- Thermo Scientific Evolution 300 UV/Vis Spectrophotometer
- Systec MediaPrep & Plate Pourer

Proteomics
- Agilent 1100 HPLC (2)
- AB SCIEX Voyager DSTR MALDI-TOF mass spectrometer
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- AB SCIEX Q-TOF tandem mass spectrometer
- Genetix QArray2 Micro array printer

Histopathology
- Fee-for-service histology and immunohistochemistry
- Nanozoomer digital slide scanner

Structural Biology
- X-ray crystallography facility with a Rigaku HighFlux HomeLab X-ray diffraction system, including:

o MicroMax-007 HF, a microfocus rotating anode generator
o R-AXIS Imaging Plate detector
o X-stream 2000 cryogenic system
o AB Sciex 4000 QTRAP LC/MS/MS System
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Facilities and Other Resources

Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which
approximately half of the physicians in the Armed Services receive their graduate training. Research at USU is
supported primarily by extramural grants, as in other medical schools. Dr. Broder (PI) is a tenured Professor
and Chair of the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.
The overall focus of the Department is mechanisms of infectious diseases and the host response/immunology.
Faculty interests and active research programs at USU are diverse, with many nationally- and
internationally-known investigators. Dr. Broder, the PI, has had and is currently involved in active collaborations
within the University, in areas of viral immunology and vaccine and antiviral therapeutics and animal model
development. USU is also physically located directly across from the main NIH campus in Bethesda. The
overall broad scientific environment at both USU and the NIH is highly conducive to productive collaborations.
The PI often uses these resources to his advantage, both for his research objectives and interests and in
assisting in adjunct faculty appointments within the Emerging Infectious Diseases graduate program for both
on and off-campus scientists interested in participating in graduate education and graduate student training.
Overall, the available technical resources (and University support for continually improving technical
resources) is exceptional. In addition, multi-lab Immunology journal club, Immunology data club, Virology
journal club, and virology data club exist. Approximately 10 groups regularly participate in the immunology
journal/data club and 5 groups regularly participate in the virology journal/data club.

Dr. Broder has been well-supported by the Department of Microbiology and Immunology and the USU Office of
Research. Although USU is a modest-sized medical school, the technical resources are outstanding, rivaling
many very large institutions (see below). The modest size of the school is an advantage, as key pieces of
equipment (e.g., Bruker In Vivo Xtreme II; Siemens Inveon SPECT/PET/CT Scanner) are not overbooked and
therefore readily available to the laboratory personnel. In addition to University funds, we have successfully
used the NIH S10 mechanism to purchase advanced and very expensive equipment, including the Zeiss
710NLO system and the FACSAria 15-parameter cell sorter. Overall, the available technical resources (and
University support for continually improving technical resources) is exceptional, as is illustrated by the most
recent USU purchase of cutting-edge equipment: the Zeiss Elyra PS.1 super-resolution microscope.

Laboratory: Dr. Broder’s laboratories are divided into 3 rooms totaling 1,440 sq. ft. Both investigators possess
routine equipment for microbiology, molecular biology, and biochemistry including incubators, centrifuges,
inverted microscopes, gel electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH
meters, refrigerators, freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks,
water baths, free-standing biosafety cabinets, and CO2-tissue culture incubators. Additionally, Dr. Broder’s lab
is equipped with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence
microscope, upgraded in 2015), a BioRad iQ5 real-time PCR system, and a Lonza Nucleofector 4D Shuttle.
Dr. Broder’s lab also includes two complete GE-ATKA low pressure chromatography systems, with integrated
UV detectors, fraction collectors, and pump systems, and gradient fractionator apparatus. Dr.
Broder’s lab performs virus based assays that incorporate primarily 2 techniques: plaque assays and
neutralization assays. Both of these techniques determine viral concentration and/or viral quantity and require
manual counting of plaques/clear areas (plaque assay) or manually counting GFP foci using a fluorescent
microscope (neutralization assays). Since a large number of iterations with multiple viruses are performed
routinely, Dr. Broder acquired a CTL S6 analyzer, which is an automated plate reader that can read up to 4
fluorescent colors, captures 25 megapixel images and is able to recognize over 11,000 spots per well in a 96-
well plate format. The analyzer can efficiently handle a large number of 96-well plates required for assay
characterization and development thus allowing for a high-throughput workflow with the use of minimal
reagents. Operator bias is also diminished when counting plaques/GFP foci from processed images allowing
for consistent, objective and statistically reliable results. Washed formalin fixed 96-well plates are first loaded
into the analyzer and the software takes a high quality image of each well. Using the Basic count feature in the
software package the user establishes parameters, which is used to enumerate GFP foci in each well of a
single 96-well plate or from batch processing multiple plates. The counts can then be exported as an Excel file,
which can be used to generate neutralization profiles for example. Conventional plaque assays and virus
neutralization assays can take between 5- 7 days to complete, whereas the protocol established with the CTL
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S6 analyzer has reduced the time to 3 days. Postdocs, students, and technicians have desks and computers in
the laboratory.

Animal: Animals are maintained in University facilities under the supervision of a full-time veterinarian.
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. It, and
the University’s animal care and use program, is managed by the Center for Laboratory Animal Medicine,
which is directed by a veterinarian who is an ACLAM Diplomat and staffed with three other veterinarians, a
graduate animal husbandry man, and about 30 technicians. The University is able to provide appropriate care
for a wide variety of laboratory animal species, from invertebrates to lower vertebrates, to higher vertebrates
including non-human primates and domestic livestock, as well as the more commonly used species such as
rodents and rabbits. The facility also includes a number of properly equipped ABSL-2 rooms.

Computer: Windows-based computers as well as Apple Mac all within 4 years of life cycle. They are available
for routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories. The
University maintains site licenses for other image and data analysis software, including Zeiss Axiovision,
VisioPharm, and OriginPro.

Office: Dr. Broder has an office separate from but proximal to the laboratories. Trainees and technicians have
desks in the laboratory. The department employs one senior program manager, administrative officer,
administrative specialist and a microbiologist. Other personnel can be provided as necessary to support the
program.

Clinical: N/A

Other: The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and
Biometrics, provides statistical consulting to USUHS scientific investigators. We routinely consult with Cara
Olsen, Research Assistant Professor (the full-time Biostatistics Consultant of the BCC), regarding proper
design of experiments for statistical testing and for statistical analysis of the resulting data.

The USU Translational Imaging Facility (TIF) houses state-of-the art equipment for live animal imaging,
including a Siemens Inveon SPECT/PET/CT Scanner, a Bruker Biospec 70/20 USR Magnetic Resonance
Imaging system, and a Bruker In-Vivo Xtreme II bioluminescence and X-ray imaging sytem.

The USU Biomedical Instrumentation Center (BIC) houses core equipment for use by investigators throughout
the University. Instrumentation is available either free or on a fee-for-service basis, depending on which
instruments have annual service contracts (which are paid largely through per-hour use fees). The BIC Flow
Cytometry Core includes two Becton-Dickinson (10- and 13-parameter) LSRII FACS analyzers, one 15-
parameter FACSAria FACS sorter, and one Amnis Image Stream X Mark II imaging flow cytometer, as well as
off-line analysis workstations.

The BIC Imaging Core houses three confocal microscopes, including a Zeiss 700 inverted system with
405/458/488/514/561/633 laser excitation; a Zess 710NLO inverted system with 405/458/488/514/561/633
conventional lasers and a Coherent Ultra2 Ti-Sapphire laser for multiphoton excitation, continuously tunable
over the range of 690 to 1080 nm; and a Zeiss AxioExaminer-Z1 upright microscope equipped with a direct-
coupled Coherent Chameleon tunable infrared laser for ex vivo and in vivo mutliphoton imaging projects. A
Becker-Hickl two-detector FLIM system (for FRET analyses) is connected to the inverted Zeiss 710NLO
system. Recently, the BIC has also acquired a Zeiss Elyra PS.1 super-resolution microscope, which is capable
of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-parameter PALM (Photoactivation
localization microscopy) and dSTORM (direct stochastic optical reconstruction microscopy), as well as 3D-
PALM/dSTORM. The BIC also houses a Leica AF6000 system, consisting of an inverted microscope equipped
with a fully motorized 3-axis stage plus atmosphere and temperature control, allowing extended term (days)
live cell analyses. Additionally, there is a stereology system consisting of a Zeiss AxioImager.M2 upright
microscope connected to MicroBrightField's Stereo Investigator software package. The facility also includes
several additional wide-field fluorescence microscopes, and three offline data analysis stations with software
packages including: Zeiss Zen software and full Physiology package; Media Cybernetics' 3D Constructor,
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Image Pro Analyzer, Autodeblur, and Autovisualize; Metamorph Basic. The Imaging Core also includes a
transmission electron microscope (Philips CM100 transmission EM) and an ultramicrotome (Leica EM UC6
with EM FC6 cryo attachment).

The BIC Genomics core includes an ABI 3900 DNA synthesizer, an ABI3500xl Genetic Analyzer (for
sequencing), a RochLightCycler 480 for real-time PCR, and Systec Mediaprep and Plate Pourer instrument.
There is also an integrated Fuji FLA-5000/LAS-3000 imaging system for many applications that involve
fluorescence and chemiluminescence imaging of gels and blots. The BIC Proteomics Core includes two
Agilent 1100 HPLCs, an AB SCIEX Voyager DSTR MALDI-TOF mass spectrometer, and an AB SCIEX Q-TOF
tandem mass spectrometer.

The BIC Structural Biology Core includes a Rigaku HighFlux HomeLab X-ray diffraction system, with a
MicroMax-007 HF microfocus rotating anode generator, an R-AXIS Imaging Plate detector, and an X-stream
2000 cryogenic system. Other available BIC instruments and services include histopathology and PET/CT
instrumentation for small animal research.

A full-time statistician is available at the University for consultation on data analysis and to help with statistical
analysis.

The University also has an equipment repair service, central duplicating service, audiovisual service, and
microcomputer support service. The University Learning Resource Center is a high quality medical and
scientific library with additional microcomputers and support. A wide variety of scientific journals are available
in print and via remote computer access. A central autoclave/glassware washroom serves the Department of
Microbiology and Immunology and is maintained through extramural grant support.
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EQUIPMENT 

Schaefer Laboratory 
Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope) 
BioRad CFX Connect real-time PCR system 
Lonza Nucleofector 4D Shuttle – core unit and X-unit  
Coulter Z1-Dual cell counter 
DeNovix CellDrop-FL cell counter with fluorescence 
centrifuges: Eppendorf 5425 microfuges (3); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i; various 
rotors NestAdvance Bullet Blender bead mills (2) 
Miltenyi QuadroMACS separator (2) 
inverted microscopes for tissue culture (2) 
gel electrophoresis equipment for protein (3) and DNA (5) gels 
semi-dry protein transfer apparatus (2) 
Bio-Rad thermal cyclers (2) 
balances (4) 
pH meter 
refrigerators 
freezers (-20 C, -80 C) 
platform orbital shakers (5) 
sonicator with cup horn and microtip 
bacterial shaker 
heating blocks (6) 
waterbaths (8)  
biosafety cabinets (2) 
CO2-tissue culture incubators (3) 
Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring  

Departmental 
GE Healthcare Life Sciences Amersham Imager 680 (for imaging of protein and DNA gels and blots) 
Alpha-Innotech gel documentation system (EtBr-stained gels) 
2D gel electrophoresis system (protein) 
MilliQ ultra-pure water system 
Nanodrop spectrophotometer 
Luminometer 
Fluorescence plate readers (2) 

USU CORE FACILITIES (fee for service or free) 

Biomedical Research Imaging Core (BRIC) 

IVIS® Spectrum CT preclinical in vivo imaging system (2D and 3D bioluminescence and CT imaging) 
Siemens Inveon SPECT/PET/CT Scanner 
Bruker Biospec 70/20 USR MRI 
Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications 

The American Genome Center (TAGC) 

Illumina NovaSeq 6000 systems (7) 
Illumina HiSeq X systems (6) 
Illumina NextSeq 500 system 
10x Genomics Visium CyAssist transcriptomic probe transfer system 
10x Genomics Chromium Connect automated single-cell NGS library workstation  
10x Genomics Chromium Controller massively parallel sample partitioning platform  
Agilent Fragment Analyzer automated parallel capillary electrophoresis systems (2) 
Bio-Rad Experion LabChip Platform automated electrophoresis system 
PRIMER Data Science Core - direct connection to a high-speed network switch for data  

storage on a petabyte-scale Isilon SAN 



Biomedical Instrumentation Center (BIC) 

Flow Cytometry 
Cytek Aurora 5-laser, 64-channel Spectral Analyzer 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5 
Becton-Dickinson 4-laser, 15-parameter LSRII FACS analyzer 
BD FACSAria Fusion 4-laser, 18-parameter flow sorter 
BD FACSAria IIIu 4-laser, 17-parameter flow sorter 
Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software 
Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system 
Agilant Seahorse XPe96 Analyzer 
Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit 

Microscopy 
Zeiss 980 Confocal with Airyscan2 
Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines 
Zeiss 7 MP Multi-photon Confocal Electrophysiology System 
Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy (SR-SIM), 

photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction microscopy 
(dSTORM).  System is fully equipped, including the 3D-PALM/dSTORM option.   

Zeiss Lightsheet Z.1 
Zeiss Axioscan Z1 Slide Scanner 
Zeiss AxioImager M2 upright microscope and MicroBrightField Stereo Investigator software (stereology 

analysis). 
Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage plus 

atmosphere and temperature control 
Transmission electron microscope (JEOL JEM-1011)  
Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment) 
Grid stainer (Leica EM AC20) 
Wide-field fluorescence microscopes (3) 
Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology 

package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize; 
Metamorph.   

Genomics 
3500 XL Applied Biosystems Genetic Analyzer 
Gene Forge 3900 and ABI 3900 and DNA Synthesizer 
U-3000 Thermo-Scientific HPLC system 
Agilent 1200 HPLC 
QX200 Droplet Digital PCR System (ddPCR) 
Roche LightCycler 480 Real-Time PCR System 
Agilent Capillary Electrophoresis Fragment Analyzer 

Structural Biology/Proteomics 
AB Sciex 4000 QTRAP LC/MS/MS System 
Agilent 1200 HPLC 
Wyatt DynaPro NanoStar Dynamic Light Scattering 
GE Healthcare Biacore 3000 Surface Plasmon Resonance 
Art Robbins Instruments Phoenix Crystallization Robot 
JANSi UVEX Fluorescence Microscope 

Histopathology 
Leica Autostainer XL 
Leica CV 5030 Robotic Coverslipper 
Sakura Tissue-Tek VIP tissue Processor 
Leica CM 3050 S Cryostat 
Microm HM 325 Microtome 
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Facilities and Other Resources 

Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which 
approximately half of the physicians in the Armed Services receive their graduate training.  Research at USU is 
supported primarily by extramural grants, as in other medical schools. Dr. Schaefer is a tenured Professor in 
the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.  The overall 
focus of the Department is mechanisms of infectious diseases and the host response/immunology.  Faculty 
interests and active research programs at USU are diverse, with many nationally- and internationally-known 
investigators, including the Department of Microbiology and Immunology chair, Dr. Christopher Broder, who is 
an internationally-known virologist (and centrally involved in this proposal).   

USU is directly across the street from the main NIH campus and close to Johns Hopkins, the University of 
Maryland and several other outstanding institutions, facilitating opportunities to establish productive 
collaborations with world-class investigators.  For example, Dr. Schaefer has had a multi-PI U01 grant with Dr. 
Wolfgang Losert (Dept of Physics, University of Maryland) as the co-PI and Dr. Hari Shroff (NIH/NIBIB) as a 
collaborator. Dr. Schaefer is also primary PI on a multi-PI R01 from NIAID with Dr. YouWen He at Duke 
University Medical Center, and Dr. Thomas Conrads (Women’s Health Integrated Research Center). Dr. 
Schaefer and his staff have also collaborated with the Advanced Imaging Center (AIC) at the Howard Hughes 
Medical Institute (HHMI) for some of their imaging-based research. Overall, the broader scientific environment 
at USU and the greater Bethesda/Washington D.C. metropolitan region is highly conducive to productive 
collaborations.  Dr. Schaefer has been using these resources to his advantage, and has been very active in 
establishing collaborative relationships to facilitate his research objectives. Notably, Dr. Schaefer and Dr. 
Broder have been collaborating for several years on lyssavirus- and henipavirus-related project, and they have 
a very strong working relationship. 

Members of the Schaefer lab participate in a weekly multi-lab Immunology journal club, Immunology data club, 
virology journal club, and virology data club. Approximately 10 groups regularly participate in the immunology 
journal/data club and 5 groups regularly participate in the virology journal/data club.  Also, members of the 
Schaefer lab participate in a bi-weekly data presentation/discussion group which meets monthly.   

Dr. Schaefer has been well-supported by the Department of Microbiology and Immunology and the USU Office 
of Research.  Although USU is a modest-sized medical school, the technical resources are outstanding, 
rivaling many very large institutions (see below).  The modest size of the school is an advantage, as key 
pieces of equipment (e.g., The IVIS® Spectrum CT preclinical in vivo imaging system; Cytek Aurora spectral 
flow cytometer), and 10x Genomics Visium Spatial Transcriptomics instruments are not overbooked and 
therefore readily available to laboratory personnel. Dr. Schaefer is also Chair of the USU Biomedical 
Instrumentation Center (BIC), and thus plays a central role in directing equipment purchases, ensuring that 
needed technologies are available for the research of the PI and his USU colleagues.  In addition to University 
funds, we have successfully used the NIH S10 mechanism to purchase core facility equipment.  Overall, the 
available technical resources (and University support for continually improving technical resources) is 
exceptional, as is illustrated by recent USU purchases of cutting-edge equipment including a Perkin-Elmer 
IVIS® Spectrum CT preclinical in vivo imaging system, a Zeiss Elyra PS.1 super-resolution microscope, an 
Agilant Seahorse XPe96 Analyzer, a BD FACSAria Fusion flow sorter, and many other pieces of advanced 
research equipment. Overall, the available technical resources (and University support for continually 
improving technical resources) is exceptional. 

USU has several Ph.D. programs, including an Emerging Infectious Diseases (EID) program, a Molecular and 
Cellular Biology (MCB) program and a Neuroscience (NES) program.  Dr. Schaefer holds secondary 
appointments in all three programs and is currently Interim Director of the Emerging Infectious Diseases 
Graduate Program. Ds. Schaefer has been very active in training graduate students, having trained >10 Ph.D. 
students.  USU recruits strong graduate students, and Dr. Schaefer’s students have been very productive, 
during and beyond their dissertation studies. The availability of talented graduate students is a further  
resource, promoting productivity and enhancing the overall vibrancy of the scientific environment at USU.     
Laboratory:  Dr. Schaefer’s laboratory area consists of three rooms of 450 sq. ft, 300 sq. ft and 225 sq.ft., and 
a dedicated microscopy suite of 110 sq. ft.  The Schaefer lab contains routine equipment for microbiology, 
molecular biology, and biochemistry including incubators, centrifuges, inverted microscopes, gel 
electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH meters, refrigerators, 
freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks, waterbaths, free-
standing biosafety cabinets, and CO2-tissue culture incubators.  Additionally, Dr. Schaefer’s lab is equipped 



with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence microscope), a 
BioRad CFX Connect real-time PCR system, a Coulter Z1-Dual cell counter, a DeNovix CellDrop-FL cell 
counter and a Lonza Nucleofector 4D Shuttle. Postdocs, students, and technicians have desks and computers 
in the laboratory. 

Animal:  Animals are maintained in University facilities under the supervision of a full-time veterinarian.  The 
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. The 
facility also includes two preclinical behavior cores (one for mice, one for rats). The facility and the University’s 
animal care and use program is managed by the Department of Laboratory Animal Medicine (DLAR), which is 
directed by a veterinarian who is an ACLAM Diplomate and staffed with three other veterinarians, a graduate 
animal husbandryman, and about 30 technicians. The University is able to provide appropriate care for a wide 
variety of laboratory animal species, from invertebrates and lower vertebrates to higher vertebrates including 
non-human primates and domestic livestock, as well as more commonly used species such as rodents and 
rabbits. The facility also includes a number of properly equipped ABSL-2 rooms. 
 
Computer:   Windows-based computers (Intel i5/i7 or similar processors and ≥8GB of RAM) are available for 
routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories of both 
investigators. Dr. Schaefer’s laboratory also has a dedicated workstation for use for analysis of microscopy and 
in vivo imaging data.  Image analysis software in the Dr. Schaefer’s lab includes Zeiss Zen, with a digital 
deconvolution module and numerous tools for quantitative image analysis. The University maintains site 
licenses for other image and data analysis software, including Zeiss Axiovision, VisioPharm, and OriginPro.   
Dr. Schaefer also maintains a license for FlowJo software, which can be used on any networked computer in 
the laboratory. The computers are connected by a central server to each other and to the Internet. A variety of 
USU-supported software programs are available, including EndNote, Microsoft Office, Adobe Creative Cloud, 
Geneious Prime and Graph Pad Prism 9.  
 
Office:  Drs. Schaefer’s office is separate from but proximal to each of his laboratories. Trainees and 
technicians have desks in the laboratory. Four full-time administrative officers and one part-time administrator 
are available to provide support within the department.   

Clinical:  N/A 

Other:  The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and 
Biometrics, provides statistical consulting to USUHS scientific investigators.  We routinely meet with BCC 
consultants regarding proper design of experiments for statistical testing and for statistical analysis of the 
resulting data. 

The USU Biomedical Research Imaging Core (BRIC) houses state-of-the art equipment for pre-clinical studies, 
including a IVIS® Spectrum CT, a Siemens Inveon SPECT/PET/CT Scanner and a Bruker Biospec 70/20 USR 
Magnetic Resonance Imaging system. A Scientist and several staff provide technical support and manage the 
facility. 

The USU American Genome Center (TAGC) is one of only four academic genome centers in the United 
States. It is the Department of Defense operations subsidiary of the Collaborative Health Initiative Research 
Program (CHIRP) established between the National Heart, Lung, and Blood Institute (NHLBI) and USU. Since 
inception, TAGC has generated more than 40,000 whole Genome Sequences across 107 research studies 
sourced from NHLBI, other NIH Institutes, DoD and USU investigators. TAGC is also the sequencing center 
and genome data analysis center for the APOLLO Cancer Moonshot project, and collaborates for this purpose 
with the Murtha Cancer Center (MCC) at Walter Reed, the National Cancer Institute, and the Veterans 
Administration. Through a collaborative relationship with 10x Genomics, USU has early access to newly 
released platforms such as Visium Spatial Transcriptomics (including improvements to that platform). 

The USU TAGC includes a large array of next-generation sequencing instruments including Illumina NovaSeq 
6000 systems, Illumina HiSeq X systems, and an Illumina NextSeq 500 system. A 10x Genomics Chromium 
Connect automated single-cell NGS library workstation is available for automated single cell partitioning, 
barcoding and NGS library preparation.  A 10x Genomics Chromium Controller massively parallel sample 
partitioning platform is available for barcoding single cell RNA for library preparation and for single cell 
transcriptome profiling, including CITE-seq workflows.  10x Genomics Visium CyAssist transcriptomic probe 
transfer system is available to facilitate spatial transcriptomics workflows. Electrophoresis systems include 
Agilent Fragment Analyzers and a Bio-Rad Experion LabChip Platform.  Sequencing platforms are connected 
to a high-speed network switch for data storage on a petabyte-scale Isilon SAN. 



The USU Biomedical Instrumentation Center (BIC) consists of five core equipment facilities for use by 
investigators throughout the University.  Instrumentation is available either free or on a fee-for-service basis, 
depending on which instruments have annual service contracts (which are paid largely through per-hour use 
fees). Each core is run by a full-time Director with an advanced science background (most hold a PhD) and a 
high degree of technical expertise. The majority of cores have at least one additional employee to help manage 
the core and provide guidance and assistance to users. 

The BIC Flow Cytometry Core includes three analyzers (Cytek Aurora 5-laser, 64-channel Spectral Analyzer; 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5; Becton-Dickinson 4-laser, 15-parameter LSRII) 
and two sorters (BD FACSAria Fusion 4-laser, 18-parameter flow sorter; BD FACSAria IIIu 4-laser, 17-
parameter flow sorter) and an Amnis Image Stream X Mark II imaging flow cytometer.  Other equipment 
includes a Bio-Rad Bio-Plex 200 multi-analyte detection system and an Agilant Seahorse XPe96 Analyzer. The 
core has several off-line analysis workstations with FlowJo and other data analysis platforms.   

The BIC Imaging Core houses a wide array of microscopes, including a Zeiss Elyra PS.1 super-resolution 
microscope, which is capable of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-
parameter PALM (Photoactivation localization microscopy) and dSTORM (direct stochastic optical 
reconstruction microscopy), as well as 3D-PALM/dSTORM. Other microscopes include aZeiss 980 Confocal 
with Airyscan2, a Zeiss 700 confocal system, a Zeiss 7 MP Multi-photon Confocal Electrophysiology System, a 
Zeiss Lightsheet Z.1 and a Zeiss Axioscan Z1 Slide Scanner. The facility also includes several additional wide-
field fluorescence microscopes, and three offline data analysis stations with software packages including: Zeiss 
Zen software and full Physiology package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, 
Autodeblur, and Autovisualize.  For electron microscopy needs, the core is equipped with a JEOL JEM-1011 
transmission electron microscope, an ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment), and a 
grid stainer (Leica EM AC20). 

The BIC Genomics core includes a 3500 XL Applied Biosystems Genetic Analyzer, a Gene Forge 3900 and an 
ABI 3900 and DNA Synthesizer, a U-3000 Thermo-Scientific HPLC system, an Agilent 1200 HPLC, a QX200 
Droplet Digital PCR System, a Roche LightCycler 480 Real-Time PCR System and an Agilent Capillary 
Electrophoresis Fragment Analyzer.  

The BIC Structural Biology and Proteomics Core includes a GE Healthcare Biacore 3000 Surface Plasmon 
Resonance instrument, an AB Sciex 4000 QTRAP LC/MS/MS System, an Agilent 1200 HPLC, a Wyatt 
DynaPro NanoStar Dynamic Light Scattering analyzer, an Art Robbins Instruments Phoenix Crystallization 
Robot, and a JANSi UVEX Fluorescence Microscope (for crystal inspection). 

The BIC Histopathology Core includes a Leica Autostainer XL, a Leica CV 5030 Robotic Coverslipper, a 
Sakura Tissue-Tek VIP tissue Processor, a Leica CM 3050 S Cryostat, and a Microm HM 325 Microtome.  

The University also has an equipment repair service, central duplicating service, audiovisual service, and 
microcomputer support service. The University Learning Resource Center is a high quality medical and 
scientific library with additional microcomputers and support.  A wide variety of scientific journals are available 
via remote computer access. A central autoclave/glassware washroom serves the Department of Microbiology 
and Immunology. 
 
 



USUHS
Site Principal Investigator: Christopher Broder, Ph.D.

Co-investigators: Moushimi Amaya, Ph.D.
Antony Dimitrov, Ph.D.

Resource Sharing Plan (to include sharing research data, model organisms and data)

We routinely present data derived from our studies at scientific meetings such as the American Society for
Virology (ASV), American Society for Microbiology, Keystone Symposia among others, and when components
are completed, invention disclosures filed, and following consultation with our appropriate technology transfer
offices, we publish and disclose our findings. We have always made our reagents and data available to other
investigators, and when appropriate, complete MTAs in a timely fashion. If research findings we deem sensitive
are requested by outside parties, prior to publication mutual non-disclosure agreements will be put in place. In
addition, we will have a free exchange of findings and data with all our consultants and collaborators. We will
adhere to all institutional, state and federal resource sharing guidelines and agree to share knowledge, research
materials, and any other resources necessary and relevant to the particular focus of the grant, recognizing that
final authorization will be cleared with all appropriate organizational parties. We will make all data gathered
available quickly and in an easy-to-interpret format, adhering to confidentiality regulations, provided that this does
not conflict with our local requirements.

Research resources, research tools, research procedures and protocols, and novel materials such as
recombinant viruses like VSV and rCedV based reporters for LayV and other emerging viruses that may arise out
of the funded studies will be made available to others in the private and public sector as soon as appropriate
agreements covering such transfer can be executed, or in the case of project data, shall be published as soon as
possible or otherwise shared with other researchers pursuant to NIH policies regarding data sharing.

The USU and HJF Joint Office of Technology Transfer (JOTT) will coordinate all technology transfer activities for
data and resources generated by USU and UTMB and Novartis. The JOTT will adhere to all applicable policies,
principles, guidelines and procurement rules in making unique research resources readily available for research
purposes to qualified individuals and entities, and in ensuring that there is no more than a short–term restriction
on publication or public dissemination of data in order for the JOTT to evaluate and file for patent protection on
any subject invention that may arise from the funded study. Dissemination of unpublished data that is considered
to be proprietary or confidential shall occur pursuant to a suitable confidential disclosure agreement prepared by
the JOTT as required. Material transfer agreements, license agreements, and Cooperative Research and
Development Agreements (CRADAs), as appropriate, will be used to transfer material property. Material transfer
agreements will be established to share resources among the research community for noncommercial research
use.



Vertebrate Animals 
 

1. The following mouse strains will be used in this proposal: 

i) B6-albino-Ifnar1-/- mice.  We maintain a breeding colony of B6-albino Ifnar1-/- mice at Charles 
River Labs (CRL). We generated these mice by crossing the B6-albino strain (Jackson 
Laboratory B6(Cg)-Tyrc-2J/J, Strain #:000058) with the Ifnar1-/- strain (Jackson Laboratory 
B6(Cg)-Ifnar1<tm1.2Ees>/J, Strain # 028288), followed by crossing F1 mice back to B6-albino 
and then intercrossing white progeny that carried the Infar1- allele.  This colony is now 
producing only albino mice that are homozygous Ifnar1-/-.   

ii) B6-albino-STAT1-/- mice.  We are currently establishing a breeding colony of B6-albino 
STAT1-/- mice at CRL.  We are currently crossing the B6-albino strain (Jackson Laboratory 
B6(Cg)-Tyrc-2J/J, Strain #:000058) with the STAT1-/- strain (Jackson Laboratory B6.129S(Cg)-
Stat1tm1Dlv/J, Strain # 012606), followed by crossing F1 mice back to B6-albino and then 
intercrossing white progeny that carry the STAT1- allele.  We anticipate establishing a colony of 
the desired genotype by early 2024.. 

We will use mice for in vivo infection with rCedVs, with many experiments including bioluminescent 
imaging. Animals are housed in an approved ABSL-2 room and all laboratory and animal care staff 
follow BSL-2 safety precautions.  The total number of required mice (including all mice produced during 
breeding) is 5440. Experiments will be performed with male and female mice. The PI has an IACUC-
approved experimental protocol and an IBC-approved biosafety protocol that details the use of the 
above strains of mice for the described experiments.   
 

2. The goal of this project is to validate the mouse as a BSL-2 model for henipavirus pathogenesis, and as 
a platform for development and testing of countermeasures.  For this work, we must use an 
experimental animal model to allow the course of in vivo infection and the host immune response to be 
studied. There is no in vitro model which can model the complex in vivo dynamics of viral infection, 
moving between distinct cell types and anatomical locations, or the host immune response to infection. 
We have chosen to utilize mice due to their ease of care, the existence of well-characterized inbred 
strains and knockout models, and our preliminary data with rCedVs showing robust and reproducible 
infection of mice which is highly amenable to statistical analysis.  The number of animals to be used is 
based on power analyses, as detailed in our approved IACUC protocols. 
 

3. Experiments will involve the euthanasia of infected animals experiencing pain or distress. Our IACUC 
protocols also define a weight loss threshold or a combined disease score criterion as end points for 
virus-infected animals requiring euthanasia.  Animals not euthanized for the above reasons will be 
euthanized for tissue collection, at time points described in our IACUC protocol.  Euthanasia will be 
performed as described in part 4, below.      

4. Mice reaching criteria/endpoints described in 3, above, will be euthanized by ketamine or ketamine-
xylazine overdose.  This method is consistent with AMVA guidelines.   



USUHS

Site Principal Investigator: Brian Schaefer, Ph.D.

Select Agents  

No select agents are used in this research. 

We will perform animal studies with recombinant forms of Cedar virus. These viruses are categorized 
as BSL-2.  Dr. Schaefer has an approved BSL-2 biosafety protocol for research with Cedar virus, 
including in vivo ABSL-2 studies.  All members of the Schaefer research group have received specific 
training in laboratory safety and the proper use and disposal of BSL-2 organisms (and two current 
laboratory members have certifications for BSL-3). Dr. Schaefer has BSL-2 certified laboratories 
where work with these agents will be conducted.  Animal experiments are conducted in approved 
ABSL-2 rooms within the USU animal facility, conducted under USU IACUC-approved protocols.  



USUHS
Site Principal Investigator: Christopher Broder, Ph.D.

Co-investigators: Moushimi Amaya, Ph.D.
Antony Dimitrov, Ph.D.

Select Agents

No select agents are used in this research.

We will generate and characterize recombinant forms of Cedar virus and Vesicular Stomatitis Virus.
These viruses are categorized as BSL-2. Drs. Broder and Amaya have approved biosafety protocols
for in vitro research with Cedar virus. All members of the Broder lab have received specific training in
laboratory safety and the proper use and disposal of BSL-2 organisms. Dr. Broder has BSL-2 certified
laboratories where work with these agents will be conducted.



USUHS
Site Principal Investigator: Christopher Broder, Ph.D.

Co-investigators: Moushimi Amaya, Ph.D.
Antony Dimitrov, Ph.D.

AUTHENTICATION OF KEY BIOLOGICAL AND/OR CHEMICAL RESOURCES

Molecular biology tools. Oligonucleotides and gene fragments for PCR and cloning will be purchased and
verified by internal quality control at Twist Biosciences, Integrated DNA Technologies or Genscript. All clonal
products will be validated by whole plasmid sequencing. All new expression constructs are verified by (1)
restriction digest and electrophoretic separation of fragments to ensure fragments of the predicted size are
generated and (2) sequencing to ensure the correct sequence is present with no spurious mutations.

Cells. All cells were originally obtained from ATCC or collaborators and maintained by the PI. They are tested
monthly for mycoplasma contamination by two complementary methods (qPCR analysis and Lonza MycoAlert
biochemical luminescence-based assay). Cells used will be used from the listed initial passage number for a
maximum of 50 passages, and then discarded for a fresh vial from the working freezer stock to prevent any
long-term selection of altered cell populations. To avoid cross-contamination between different cell lines, only
one cell line is used at a time in a biosafety cabinet. Cell lines are routinely validated using either flow
cytometry and/or functional tests.

Recombinant Cedar viruses and recombinant vesicular stomatitis viruses (VSV). Viruses are validated
through genome sequences or infectivity/functional tests. SOPs, as detailed documents, for work with either
recombinant Cedar virus, recombinant Cedar virus chimeras (encoding either Hendra virus or Nipah virus F
and G glycoproteins), and recombinant VSVs have been established in the Broder/Amaya laboratory and all
laboratory staff are required to be familiar with this documentation. Rescued recombinant viruses are
validated through genome sequencing and compared to the original cloned full length viral genomes. Use of
recombinant Cedar virus recombinant Cedar virus chimeras has been approved at USU.

Antibodies. Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly in the PI’s lab,
the staining/blotting performance of new antibody lots are compared against previous lots; (2) For new
antibodies, banding/staining patterns are compared against published data; (3) Whenever possible, new
antibodies are also validated using objective controls, such as cells known to lack the protein of interest (e.g.,
knockout cells) or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by
the new antibody is compared side-by-side with staining by the epitope-tag antibody).

Commercial chemical reagents. Such reagents are validated by one or both of the following: (1)
performance comparison to previous lots of the same reagent; (2) use in an established assay that
incorporates one or more validated performance controls.

Rigor and Reproducibility
The Broder laboratory employs quality systems to ensure rigor, reproducibility, and robust and unbiased results
in all experiments. All findings in our work have been and will be validated by multiple independent lines of
evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple
replications to guarantee reproducibility.



USUHS

Site Principal Investigator: Brian Schaefer, Ph.D.

Authentication of Key Biological and Chemical Resources  

The reagents that are used in the Schaefer lab are routinely authenticated as follows: 

Expression constructs:  All new expression constructs are verified by (1) restriction digest and electrophoretic 
separation of fragments to ensure fragments of the predicted size are generated and (2) sequencing to ensure 
the correct sequence is present with no spurious mutations. 

Antibodies: Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly, the 
staining/blotting performance of new antibody lots are compared against previous lots; (2) For new antibodies, 
banding/staining patterns are compared against published data; (3) Whenever possible, new antibodies are 
also validated using objective controls, such as cells known to lack the protein of interest (e.g., knockout cells) 
or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by the new antibody 
is compared side-by-side with staining by the epitope-tag antibody). 

Cell lines: Cell lines are routinely validated using flow cytometry for key cell surface markers and/or functional 
tests. Cell lines transfected for virus production are validated via measuring titers of virus in the resultant 
supernatants. 

Viruses: Viruses are validated through a combination of genome sequencing, infectivity and functional testing. 
Rescued recombinant viruses are validated through genome sequencing, with comparison to the original 
cloned full length viral genomes. 

Mice: Every new litter of knockout animals is PCR screened for both the wild-type and inactivated allele, with 
validated wild-type and knockout control DNAs included in every screen. For transgenic animals, presence of 
the transgene is PCR verified in every litter, with validated controls included in the screen. Additional screens 
include periodic western blotting and/or FACS analysis of tissues/cells from knockout animals, to validate that 
PCR-identified knockouts indeed fail to express the protein product of the inactivated gene. 

Commercial chemical reagents: Such reagents are validated by one or both of the following: (1) performance 
comparison to previous lots of the same reagent; (2) use in an established assay that incorporates one or 
more validated performance controls. 



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2024 02/28/2025

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

1Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 1

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 55,000.00 16,181.00 71,181.00

Graduate Students 12.00 0.00 0.00 40,514.00 11,919.00 52,433.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 71,250.00 20,962.00 92,212.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 40,521.00 11,921.00 52,442.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 12,056.00 3,547.00 15,603.00

Total Number Other Personnel Total Other Personnel5 283,871.00

Total Salary, Wages and Fringe Benefits (A+B) 283,871.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Ultralow temp (-80C) Freezer 12,123.00

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment:

12,123.00

View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

3,000.00

3,000.00

6,000.00

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 48,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal costs (procurement and husbandry) 34,728.00

9. Translational Imaging Core (BRIC) 23,400.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 169,416.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 471,410.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 471,410.00 173,196.00

FY23_HJF Companywide G&A 16.70 644,606.00 107,649.00

Total Indirect Costs 280,845.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 752,255.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 752,255.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment
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Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2024 02/28/2025

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

2Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 2

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 57,145.00 16,812.00 73,957.00

Graduate Students 12.00 0.00 0.00 42,094.00 12,384.00 54,478.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 74,029.00 21,779.00 95,808.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 42,101.00 12,386.00 54,487.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 12,526.00 3,685.00 16,211.00

Total Number Other Personnel Total Other Personnel5 294,941.00

Total Salary, Wages and Fringe Benefits (A+B) 294,941.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 48,000.00

2. Publication Costs 5,000.00

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal Costs (procurement and husbandry) 48,046.00

9. Translational Imaging Core (BRIC) 39,000.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 203,334.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 498,275.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 498,275.00 183,067.00

FY23_HJF Companywide G&A 16.70 681,342.00 113,784.00

Total Indirect Costs 296,851.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 795,126.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 795,126.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2024 02/28/2025

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

3Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 3

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 59,374.00 17,468.00 76,842.00

Graduate Students 12.00 0.00 0.00 43,736.00 12,867.00 56,603.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 76,916.00 22,629.00 99,545.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 43,743.00 12,869.00 56,612.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 13,015.00 3,829.00 16,844.00

Total Number Other Personnel Total Other Personnel5 306,446.00

Total Salary, Wages and Fringe Benefits (A+B) 306,446.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 43,200.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal costs (procurement and husbandry) 48,048.00

9. Translational Imaging Core (BRIC) 39,000.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 193,536.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 499,982.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 499,982.00 183,693.00

FY23_HJF Companywide G&A 16.70 683,673.00 114,173.00

Total Indirect Costs 297,866.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 797,848.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 797,848.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2024 02/28/2025

OMB Number: 4040-0001 

Expiration Date: 11/30/2025
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RESEARCH & RELATED BUDGET - Budget Period 4

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 61,689.00 18,149.00 79,838.00

Graduate Students 12.00 0.00 0.00 45,441.00 13,369.00 58,810.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 79,916.00 23,511.00 103,427.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 45,449.00 13,371.00 58,820.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 13,522.00 3,978.00 17,500.00

Total Number Other Personnel Total Other Personnel5 318,395.00

Total Salary, Wages and Fringe Benefits (A+B) 318,395.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 33,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal costs (procurement and husbandry) 48,048.00

9. Translational Imaging Core (BRIC) 39,000.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 183,336.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 501,731.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 501,732.00 184,336.00

FY23_HJF Companywide G&A 16.70 686,068.00 114,573.00

Total Indirect Costs 298,909.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 800,640.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 800,640.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2024 02/28/2025

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

5Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 5

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Brian Schaefer Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 0.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates1 12.00 0.00 0.00 64,095.00 18,857.00 82,952.00

Graduate Students 12.00 0.00 0.00 47,214.00 13,890.00 61,104.001

Undergraduate Students

Secretarial/Clerical

1 Scientist II 9.00 0.00 0.00 83,032.00 24,428.00 107,460.00

1 Research Assistant II (Clouse) 9.00 0.00 0.00 47,222.00 13,893.00 61,115.00

1 TAGC Research Associate (Alba) 1.85 0.00 0.00 14,049.00 4,133.00 18,182.00

Total Number Other Personnel Total Other Personnel5 330,813.00

Total Salary, Wages and Fringe Benefits (A+B) 330,813.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 20,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Animal costs (procurement and husbandry) 48,048.00

9. Translational Imaging Core (BRIC) 39,000.00

10. Biomedical Instrumentation Core (BIC) 10,608.00

11. The American Genome Center (TAGC) 52,680.00

12. Data Management and sharing costs 0.00

13.

14.

15.

16.

17.

Total Other Direct Costs 170,336.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 501,149.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 501,149.00 184,122.00

FY23_HJF Companywide G&A 16.70 685,272.00 114,440.00

Total Indirect Costs 298,562.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 799,711.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 799,711.00

L. Budget Justification

(Only attach one file.) Add Attachment Delete Attachment View Attachment



Section A, Senior/Key Person

Section C, Equipment

RESEARCH & RELATED BUDGET - Cumulative Budget

Section D, Travel

Domestic

Section E, Participant/Trainee Support Costs

Foreign

Tuition/Fees/Health Insurance

Stipends

Travel

Subsistence

Other

Number of Participants/Trainees

1.

2.

3.

4.

5.

6.

1.

2.

Section F, Other Direct Costs

Materials and Supplies1.

Publication Costs2.

Consultant Services3.

ADP/Computer Services4.

Subawards/Consortium/Contractual Costs5.

Equipment or Facility Rental/User Fees6.

Alterations and Renovations7.

8.

9.

10.

Totals ($)

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)

Other 1

Other 2

Other 3

Section B, Other Personnel

0.00

1,534,466.00

25

1,534,466.00

12,123.00

6,000.00

3,000.00

3,000.00

919,958.00

192,200.00

5,000.00

226,918.00

179,400.00

53,040.00

263,400.00

0.00

Other 411.

12.

15.

17.

16.

14.

13.

Other 5

Other 7

Other 6

Other 8

Other 10

Other 9



Section G, Direct Costs (A thru F) 2,472,547.00

Section J, Fee

Section I, Total Direct and Indirect Costs (G + H)

Section H, Indirect Costs 1,473,033.00

3,945,580.00

3,945,580.00
Section K, Total Costs and Fee (I + J)



Budget Justification – RP3 – Schaefer
The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the

Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded.

Key Personnel:

Brian. C. Schaefer, Ph.D. (Site Principal Investigator, 1.2 calendar months, 10% effort) is a Professor of
Microbiology and Immunology at USUHS. His expertise is in cellular immunology, animal models of immune
responses in the central nervous system and applying advanced imaging methods to biological questions. He
and Dr. Broder have been collaborating for nearly a decade on creating animal models and investigating
therapeutic interventions for neurotropic viral infections. The preliminary data in this application resulted from
this collaboration, through an NIH-funded U19 grant (with aims that do not overlap the aims of this proposal).
Dr. Schaefer will direct all animal studies in this project, managing and advising staff and overseeing data
collection and data analysis. Dr. Schaefer will manage the overall experimental direction, the writing and
editing of manuscripts for publication and the preparation of progress reports and other administrative functions
related to this project, with assistance from the Senior Staff Scientist. (Dr. Schaefer is a full-time Federal
employee. Hence, no salary is requested for this project).

Other Personnel

†To be named (Scientist II, 9 calendar months, 75% effort). A Scientist with experience in animal models and
transcriptomics analysis will be recruited for this project. This Scientist will supervise animal research studies,
coordinate, conduct and supervise data analyses for transcriptomics studies. The scientist will also coordinate
overall data analysis and will participate with Dr. Schaefer in preparation of manuscripts for funding and in
preparing progress reports and performing other administrative tasks related to the conduct of this project. The
Scientist II will be employed by the Henry M. Jackson Foundation, and salary support is requested on this
project.
†To be named (Postdoctoral fellow, 12 calendar months, 100% effort). A Postdoctoral fellow with experience in
animal research and virology will be recruited for this project. The Postdoctoral fellow will perform
approximately half of the animal experiments proposed for this study. The Postdoctoral fellow will be employed
by the Henry M. Jackson Foundation, and salary support is requested on this project.
†Celeste Huaman (Graduate Student, 12 calendar months,100% effort) will perform approximately half of the
proposed in vivo experiments described in this proposal. Ms. Huaman is a senior graduate student in Dr.
Schaefer’s lab, who has been working collaboratively with members of the Broder lab on this project. Notably,
Ms. Huaman generated the majority of preliminary data in this proposal, and has extensive experience in all
procedures and analysis techniques required for the execution of the proposed experiments. Ms. Huaman
worked in Dr. Schaefer’s lab as a Research Assitant II for 5 years before joining the USU Emerging Infectious
Diseases graduate program, and she acquired a very deep technical skill set during that time. Ms. Huaman
completed the CEEZAD BSL-3 training course at the Biosecurity Research Institute of Kansas State University
in 2021, and she has trained most current laboratory staff in proper BSL-2 technique. Ms. Huaman is currently
employed by the Henry M. Jackson Foundation, and salary support is requested for her on this project.
†Caitlyn Clouse (Research Assistant II, 9 calendar months, 75% effort) will provide general technical support,
performing routine tissue culture, ordering reagents, and maintaining databases, as required for the project.
Ms. Clouse will also perform genotyping of animals breeding at Charles River Lab and she will maintain
detailed records of animal genotypes. She will also assist the postdoctoral fellow and Ms. Huaman with all
animal experiments. Ms. Clouse completed the CEEZAD BSL-3 training course at the Biosecurity Research
Institute of Kansas llent technical support, including assistance to Ms. Huaman in gathering the preliminary
data for this project. Ms. Clouse is an employee of the Henry M. Jackson Foundation and we are requesting
salary support for her on this project.



†Camille Alba (Research Associate, The American Genome Center (TAGC), 1.85 calendar months, 15.4%
effort) will be responsible for leading the collaborative performance task for this study. She will oversee
performance of library preparation, library quality assessment, library clustering and whole genome sequencing
of the samples across the entire project. She will report Illumina NovaSeq platform performance metrics to the
collaborating staff scientist and oversee data transfer batches. Ms. Alba is employed as a Henry Jackson
Foundation employee therefore salary support is requested.

†A merit increase has been added to years 2-5 of the personnel budget to account for salary increases for
Henry M. Jackson Foundation personnel.

Equipment:
An ultralow (-80 C) freezer, ThermoFisher Scientific Model TSX60086A ($12,123), is needed for storage of the
many RNA samples, viral stocks and frozen tissues (for sectioning) and slides with frozen sections. Dr.
Schaefer’s current -80 freezers are filled to capacity.

Travel: (Year 1)

Funds are requested to attend two domestic scientific conferences or one international conference. This travel
is for data presentation, exchange of ideas with colleagues, and for keeping up-to-date regarding the latest
research findings relevant to the proposed project. Meeting attendance and data presentation is a key
component of postdoctoral and graduate student training.

Materials and Supplies:
For the laboratory to successfully complete the experiments, the project will need to procure the following
reagents and supplies:

General Laboratory Supplies

Serological pipettes, microscope slides and coverslips, pipet tips, microcentrifuge tubes, sterile conical
tubes, ultracentrifuge tubes, syringes, needles, gloves, respirators, gowns, buffers, flasks, plates, etc.

Materials

Trizol reagents, RNAse-free DNAse, RNAse-free water and buffers, Reverse Transcriptase, Taq
Polymerase, qPCR master mix, RNAse-free consumables for tissue homogenization, magnetic beads for cell
sorting, tissue culture media, fetal bovine serum, antibiotics, etc

Real-time PCR probes

DNA oligonucleotide

Labeled antibodies for histology and flow cytometry

Animal costs (procurement and husbandry):
Animal Breeding at Charles River Labs

The breeding of experimental mice at USU is contracted to Charles River Labs (CRL). All aspects of animal
care and breeding are managed by CRL, while genotyping of progeny is performed by Dr. Schaefer’s group,
using biosamples collected and shipped by CRL. We maintain a colony of B6-albino Ifnar1-/- mice and
B6-albion STAT1-/- mice in our breeding colony at CRL. For this project, we expect to maintain 12 breeding
cages and 12 progeny cages to supply the animals needed for the proposed experiments. ($1.80/cage/day x
24 cages x 365 days = $15,768 + Transportation charges $1,500 = $20,768).



Animal Husbandry at USU

Animal facility (DLAR) mouse per diems:
USU DLAR FY24 per diem for biohazardous mice is $4.78/cage/day. We expect to have an average of 8
experimental cages housed in the facility (8 cages x 365 days x $4.78/cage/day = $13,957.60/yr)

Translational Imaging Core (BRIC):
BRIC – IVIS Spectrum CT bioluminescence imaging (9 hr/week x 52 weeks/yr x $50/hr = $23,400/yr)

Biomedical Instrumentation Core (BIC):
BIC – flow cytometry (4 hr/week x 52 weeks/yr x $36/hr = $7,488/year).
BIC – confocal microscopy (2 hr/week x 52 weeks/yr x $30/hr =$3,120/year)

The American Genome Center (TAGC):
Transcriptomics studies performed at the USU American Genome Center

Total RNAseq on brain slices from 32 animals/year x $300 per animal = $9,600/year

Supplies for Visium Spatial Gene Expression:

Visium CytAssist Spatial Gene Expression for FFPE, Mouse Transcriptome 6.5mm slides (quantity of 16 per
year) $24,500/year

Visium CytAssist Tissue Slide Cassettes = $1,800/year

Dual INdex Kit TS set A = $620/year

S1 Novaseq Flow cells (for spatial transcriptomics sequencing), 2 flow cells/year = $8,600/year

Supplies for Single-cell RNAseq:

Chromium Next GEM Automated Single Cell 3' Library and Gel Bead Kit v3.1 = $27,130/year

Chromium Next GEM Automated Chip G Single Cell Kit = $630/year

S1 Novaseq Flow cells (for single-cell RNAseq), 1 flow cell/year = $4,300/year

Publication costs: (Year 2)
We estimate 2 manuscripts per year for an average cost of $2,500 per publication. This cost estimate is based
on our average fee paid per open access journal publication for the last 3 years.

Indirect Costs:
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).

The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is
applied on total external subaward costs.

The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical
Research Acquisition Activity on September 1, 2022.



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2024 02/28/2025

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

1Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 1

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 86,601.00 25,478.00 112,079.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 112,079.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

1 Research Assistant (Thammavong) 4.00 0.00 0.00 15,585.00 4,585.00 20,170.00

1 Research Associate III (Yan) 6.00 0.00 0.00 41,560.00 12,227.00 53,787.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 31,669.00 9,317.00 40,986.00

1 Research Assistant (TBD) 12.00 0.00 0.00 42,000.00 12,356.00 54,356.00

Total Number Other Personnel Total Other Personnel4 169,299.00

Total Salary, Wages and Fringe Benefits (A+B) 281,378.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Steriguard Biosafety cabinet thermo scientific: 48in, 1300Series 6,450.00

CTL Analyzer 79,000.00

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment:

85,450.00

View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 55,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 55,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 421,828.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 421,828.00 154,980.00

FY23_HJF Companywide G&A 16.70 576,808.00 96,327.00

Total Indirect Costs 251,307.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 673,135.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 673,135.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2025 02/28/2026

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

2Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 2

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 89,978.00 26,472.00 116,450.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 116,450.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

1 Research Assistant(Thammavong) 4.00 0.00 0.00 16,193.00 4,764.00 20,957.00

1 Research Associate III (Yan) 6.00 0.00 0.00 43,181.00 12,704.00 55,885.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 32,904.00 9,680.00 42,584.00

1 Research Assistant (TBD) 12.00 0.00 0.00 43,638.00 12,838.00 56,476.00

Total Number Other Personnel Total Other Personnel4 175,902.00

Total Salary, Wages and Fringe Benefits (A+B) 292,352.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 55,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 55,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 347,352.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 347,352.00 127,617.00

FY23_HJF Companywide G&A 16.70 474,969.00 79,320.00

Total Indirect Costs 206,937.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 554,289.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 554,289.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2026 02/28/2027

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

3Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 3

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 93,488.00 27,504.00 120,992.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 120,992.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

1 Research Assistant(Thammavong) 4.00 0.00 0.00 16,824.00 4,950.00 21,774.00

1 Research Associate III (Yan) 6.00 0.00 0.00 44,865.00 13,199.00 58,064.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 34,187.00 10,058.00 44,245.00

1 Research Assistant (TBD) 12.00 0.00 0.00 45,340.00 13,339.00 58,679.00

Total Number Other Personnel Total Other Personnel4 182,762.00

Total Salary, Wages and Fringe Benefits (A+B) 303,754.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 55,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 55,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 358,754.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 358,754.00 131,806.00

FY23_HJF Companywide G&A 16.70 490,560.00 81,924.00

Total Indirect Costs 213,730.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 572,484.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 572,484.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2027 02/29/2028

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

4Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 4

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 97,134.00 28,577.00 125,711.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 125,711.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

1 Research Assistant (Thammavong) 4.00 0.00 0.00 17,480.00 5,143.00 22,623.00

1 Research Associate III (Yan) 6.00 0.00 0.00 46,615.00 13,714.00 60,329.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 35,521.00 10,450.00 45,971.00

1 Research Assistant (TBD) 12.00 0.00 0.00 47,108.00 13,859.00 60,967.00

Total Number Other Personnel Total Other Personnel4 189,890.00

Total Salary, Wages and Fringe Benefits (A+B) 315,601.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 35,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 35,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 350,601.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 350,601.00 128,811.00

FY23_HJF Companywide G&A 16.70 350,601.00 80,062.00

Total Indirect Costs 208,873.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 559,474.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 559,474.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



 Budget Type:

Enter name of Organization:

  Start Date:   End Date:

UEI: UYLKBRENAPG5

Project Subaward/Consortium

The Henry M. Jackson Fdn for the Adv'mt of Mil Med, Inc.

03/01/2028 02/28/2029

OMB Number: 4040-0001 

Expiration Date: 11/30/2025

5Budget Period: 

RESEARCH & RELATED BUDGET - Budget Period 5

A. Senior/Key Person

Prefix First Middle Last Suffix Base Salary ($)

Months

Cal. Acad. Sum.
Requested 
Salary ($)

Fringe 
Benefits ($)

Funds 
Requested ($)

Christopher Broder Ph.D. 1.20 0.00 0.00 0.00 0.00 0.00

 Project Role: Site Principal Investigator

Antony Dimitrov Ph.D. 6.00 0.00 0.00 100,922.00 29,691.00 130,613.00

 Project Role: Co-investigator

Moushimi Amaya Ph.D. 2.00 0.00 0.00 0.00 0.00 0.00

 Project Role: Co-investigator

Additional Senior Key Persons: Add Attachment Delete Attachment View Attachment
Total Funds requested for all Senior 

Key Persons in the attached file

Total Senior/Key Person 130,613.00

B. Other Personnel

Number of 
Personnel Project Role

Funds 
Requested ($)

Fringe 
Benefits ($)

Requested 
Salary ($)Sum.Acad. Cal.

Months

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

2 Research Assistant(Thammavong) 4.00 0.00 0.00 18,162.00 5,343.00 23,505.00

1 Research Associate III (Yan) 6.00 0.00 0.00 48,433.00 14,248.00 62,681.00

1 Program Manager III (Boxley) 3.00 0.00 0.00 36,906.00 10,858.00 47,764.00

1 Research Assistant (TBD) 12.00 0.00 0.00 48,945.00 14,399.00 63,344.00

Total Number Other Personnel Total Other Personnel5 197,294.00

Total Salary, Wages and Fringe Benefits (A+B) 327,907.00



C. Equipment Description

List items and dollar amount for each item exceeding $5,000
Equipment item Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: View AttachmentDelete AttachmentAdd Attachment

D. Travel

Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.

Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

E. Participant/Trainee Support Costs

Tuition/Fees/Health Insurance1.

Stipends2.

Travel3.

Subsistence4.

Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs



F. Other Direct Costs Funds Requested ($)

1. Materials and Supplies 35,000.00

2. Publication Costs

3. Consultant Services

4. ADP/Computer Services

5. Subawards/Consortium/Contractual Costs

6. Equipment or Facility Rental/User Fees

7. Alterations and Renovations

8. Data Management and sharing costs 0.00

9.

10.

11.

12.

13.

14.

15.

16.

17.

Total Other Direct Costs 35,000.00

G. Direct Costs Funds Requested ($)

Total Direct Costs (A thru F) 362,907.00

H. Indirect Costs
Indirect Cost Type Indirect Cost  Rate (%) Indirect Cost  Base ($) Funds Requested ($)

FY23_USU_Onsite Overhead 36.74 362,907.00 133,333.00

FY23_HJF Companywide G&A 16.70 496,242.00 82,872.00

Total Indirect Costs 216,205.00
Cognizant Federal Agency
(Agency Name, POC Name, and 
POC Phone Number)

USAMRAA, Jennifer C. Jackson, +1.301.619.2054

I. Total Direct and Indirect Costs Funds Requested ($)

Total Direct and Indirect Institutional Costs (G + H) 579,112.00

J. Fee Funds Requested ($)

K. Total Costs and Fee Funds Requested ($)
Total Costs and Fee (I + J) 579,112.00

L. Budget Justification

(Only attach one file.) Budget Justification_v4.pdf Add Attachment Delete Attachment View Attachment



Section A, Senior/Key Person

Section C, Equipment

RESEARCH & RELATED BUDGET - Cumulative Budget

Section D, Travel

Domestic

Section E, Participant/Trainee Support Costs

Foreign

Tuition/Fees/Health Insurance

Stipends

Travel

Subsistence

Other

Number of Participants/Trainees

1.

2.

3.

4.

5.

6.

1.

2.

Section F, Other Direct Costs

Materials and Supplies1.

Publication Costs2.

Consultant Services3.

ADP/Computer Services4.

Subawards/Consortium/Contractual Costs5.

Equipment or Facility Rental/User Fees6.

Alterations and Renovations7.

8.

9.

10.

Totals ($)

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)

Other 1

Other 2

Other 3

Section B, Other Personnel

605,845.00

915,147.00

21

1,520,992.00

85,450.00

235,000.00

235,000.00

0.00

Other 411.

12.

15.

17.

16.

14.

13.

Other 5

Other 7

Other 6

Other 8

Other 10

Other 9



Section G, Direct Costs (A thru F) 1,841,442.00

Section J, Fee

Section I, Total Direct and Indirect Costs (G + H)

Section H, Indirect Costs 1,097,052.00

2,938,494.00

2,938,494.00
Section K, Total Costs and Fee (I + J)



Budget Justification - RP 2 - Broder

The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the
Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded.

Key Personnel:

Christopher Broder, Ph.D., (Principal Investigator, 1.2 calendar months, 10% effort), is a Professor of
Microbiology and Immunology at USUHS and will serve as PI on the proposed project. He is a leading expert
in henipavirus biology and genetics, as well as development of glycoprotein-based vaccines and monoclonal
antibody-based therapeutics against these viruses; many tested in collaboration with Dr. Thomas Geisbert
(Project Lead on this application). Dr. Broder has more than 15 years of collaborative research projects with Dr.
Geisbert focused on henipaviruses and together have published on a variety of henipavirus countermeasures
including the use of recombinant CedVs. Dr. Broder’s group recently developed the reverse genetics platform
for designing and rescue of recombinant Cedar henipaviruses (rCedV) that can be utilized at BSL-2, some of
which have been successfully used in drug library HTS assays and one report on the successful use of Cedar
virus in antiviral drug discovery for henipaviruses including Nipah (NiV), Hendra (HeV) and CedV has been
published in collaboration with Dr. Geisbert. Dr. Broder’s group generated and characterized the recombinant
Cedar chimeric viruses that were used to generate the preliminary data for this application. He will oversee all
aspects of the recombinant Cedar chimeric virus construction and characterization. In addition, he and Dr.
Amaya will collaborate on the design of all experiments and the preparation of progress reports and
manuscripts. Dr. Broder is a federal employee and no salary support is requested.

Moushimi Amaya, Ph.D., (Co-investigator, 2.0 calendar months, 16.67% effort). Dr. Amaya is an experienced
biochemist and molecular virologist with expertise in a variety of areas including gene cloning and expression
and mutagenesis specifically with viruses and viral culture and propagation, and viral protein purification and
analysis. She has considerable experience in henipavirus reverse genetics systems. Using the rCedV platform,
Dr. Amaya designed, generated and characterized replication competent chimeric viruses as non-reporter and
reporter versions that express the envelope glycoproteins of either NiV-Bangladesh (NiV-B) (rCedV-NiV-B) or
HeV (rCedV-HeV) instead of those of CedV. In a collaborative effort, Drs. Amaya, Broder and Geisbert
demonstrated that the chimeras can serve as suitable surrogate viruses for authentic NiV and HeV viruses. Dr.
Amaya developed and characterized the fluorescent reporter chimeric viruses in a high throughput
fluorescence reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus
immunized animals and monoclonal antibodies. She will design, oversee and conduct the research plans
related to the generation and characterization of the rCedV chimeric viruses and VSV reporter viruses outlined
in this proposal. She will develop, perform quality assurance and test the new chimeric viruses for use in
henipavirus neutralization assays. Dr. Amaya is a federal employee and no salary support is requested.

Antony S. Dimitrov, Ph.D., (Co-investigator, 6.0 calendar months, 50% effort). In addition to Dr. Dimitrov’s duty
to the day-to-day operations of this ReVAMPP and the Admin Core, he will oversee and conduct the research
plans related to the production and characterization of all rCedV chimeric viruses and VSV reporter viruses;
including generation, quality control, and in vitro cell-based studies. Dr. Dimitrov is highly familiar with all
scientific and translational development activities of the proposed ReVAMPP. He was a former member of
Broder laboratory and played major roles in the development and biochemical characterization of the HeV-sG
subunit glycoprotein (JVI 2005), the discovery of the NiV and HeV entry receptor ephrin B2 (PNAS 2005) and
in the development, characterization and efficacy testing of the first neutralizing human monoclonal antibody to
NiV and HeV, the latter studies conducted with Profectus Biosciences in collaboration with Dr. Geisbert. When
at Profectus Bio, Dr. Dimitrov led their program in the pre-clinical development of HeV-sG as a subunit vaccine
and the human antibody, m102.4, for treatment of henipavirus infections. Dr. Dimitrov is an employee of the
Henry M. Jackson Foundation and salary support is requested.

Other Personnel

TBD (Research Assistant, 12.0 calendar months, 100% effort). This individual will provide technical laboratory
support for this project. In addition, this individual will also be responsible for ordering supplies, organizing



shipments, and other laboratory support as instructed by the senior staff. As an employee of the Henry M.
Jackson Foundation salary support is requested for this individual.

Lianying Yan (Linda) (Manager/Lead Research Associate 3, 6 calendar months, 50% effort) has been in Dr.
Broder’s laboratory since 2003 and is well-versed in all aspects of the research in his laboratory. Ms. Yan is a
highly trained molecular biologist skilled in expression construct design, screening techniques, and stable cell
line development for protein expression using immunoprecipitation and Western blot techniques. Ms. Yan is
highly experienced in designing soluble and secreted viral glycoprotein constructs and establishing stable
cell-lines to express and produce, purify and characterize the proteins using protocols that include Bio-Plex
bead coupling and assay development. She is also expert in confocal and fluorescent microscopy techniques
and has been co-author of several manuscripts. Ms. Yan is an employee of the Henry M. Jackson Foundation
and salary support is requested.

Madison Thammavong (Research Assistant I, 4 calendar months, 33% effort). Mr. Thammavong will assist Ms.
Yan in the production of proteins. He will be trained as a back-up support with various laboratory
responsibilities. Mr. Thammavong is an employee of the Henry M. Jackson Foundation and salary support is
requested.

Kimberly Boxley, (4.0 calendar months, 33% effort), serves as the Center Financial and Post-Award
Administrative Manager. Ms. Boxley, is currently a Program Manager III with the Henry M. Jackson Foundation
and her office is located adjacent to Dr. Broder within the Department of Microbiology, USU. Ms. Boxley has
been working in grants management for over 15 years and successfully completed the Grants Management
Certificate Program (GMCP) from Management Concepts in both the federal and pass-thru tracks. She is
enrolled in the Program Management Program (PMP) at the Program Management Institute. She currently
manages a department portfolio of approximately $32M in direct funded research awarded during the last 3
years. Her day to day grants management includes budget analysis, employee supervision, training of project
managers, forecasting burn rates and compliance issues. Ms. Boxley is an employee of the Henry M. Jackson
Foundation and salary support is requested.

Supplies
The costs for materials and supplies are based on historical and current supply needs for these types of
studies and on current costs for these supplies. The research teams will be engaged with numerous
recombinant gene cloning strategies to produce new expression plasmids and recombinant viral stocks.
Several large genomic segments will need to be synthesized and the final clones of all these viral genomes
assembled and cloned into expression plasmids.

There will be five different chimeric virus stocks that will need to be prepared, qualified, stored and
characterized: three rCedV chimeric viruses and two VSV reporter virus stocks. Piloting and rescuing these
new viruses will require significant amounts of materials for all the plasmid preparations and transfection
reagents and the multiple anticipated variations in plasmid ratios to achieve virus rescues. We estimate $2000
per construct for gene synthesis and sequencing and $4000 per construct for reagents. Once rescued and
cloned each virus genome (the viral stock) will have to be deep sequenced. In addition, the proposed studies
will require a significant amount of both cell line and virus culture as well consumables, disposables and
reagents (enzyme substrate for the luciferase reporter assays) for the serum neutralization tests with rCedV
chimeric reporter viruses. The reporter viruses will be designed and rescued within the first 2 years. The
budget for supplies includes molecular biology reagents as well as bacterial culture media and supplements,
although reagents and chemicals will be needed to run the assays with the newly created reporter chimeric
viruses.

Categories of supplies:

Cell and virus culture media, sera and reagents
Molecular biology reagents; enzymes, primers, plasmid purification kits, ligation kits, gene synthesis, whole
plasmid sequencing, virus genome sequencing
Chemicals,
Consumables; flasks, plates, pipettes, gloves, tips



Steady-Glo® Luciferase Assay System for in vitro luciferase assays
CTL S6 analyzer (Fluorescent neutralization tests) and Promega GloMax (luciferase based assays)
Other miscellaneous expenses

Indirect Costs:
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).

The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is
applied on total external subaward costs.

The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical
Research Acquisition Activity on September 1, 2022.



From: Boxley, Kimberly on behalf of Boxley, Kimberly <kimberly.boxley.ctr@usuhs.edu>
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Subject: Re: ReVAMPP RP2/RP3 Document Reminder
Date: Friday, May 26, 2023 2:38:55 PM
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Hello Sherry,

Most of our documents are pretty good draft's. Maybe minor editorial
changes from our grants office. 

1. Key Person Biosketches – 5 pages, NIH format– please address your role and expertise for this
U19 in personal statement (Attached) Dr. Broder would like to make some revisions to his. 

2. Key Person Information (including person to be contacted on matters for this application for your
institution) Attached.

3. Site Information Attached
4. Abstract/Project Summary (30 lines) Attached
5. Facilities & Resources (Word doc) pdf documents attached
6. Equipment (Word doc) pdf documents attached
7. Resource Sharing Plan (Word doc). pdf document attached for Broder, will send document for

Schaefer
8. Vertebrate Animals (Word doc as applicable) pdf attached
9. Select Agent Research Plan (as applicable) pdf attached

10. Authentication of Key Biological/Chemical Resources pdf attached
11. Budget (SF424) & Justification (Word doc) – please include justification for Core A effort as well

Project Leads at least 1.2 person months effort attached, 1.2 cal months verified, no
Core A effort; pdf attached of justification

12. Signed Letter of Intent/Consortium Agreement- for projects that include only effort but no salary or
other costs, we will provide a collaborative agreement for signature instead. this will be provided
by grants office no later than June 2, 2023

13. Specific Aims- 1 page (draft received 5/18/23 for RP2; draft received 5/12/23 for RP3)
14. Research Strategy: 12 pages for Research Projects pdf for Broder attached (draft); will send




 


OMB No. 0925-0001 and 0925-0002 (Rev. 10/2021 Approved Through 09/30/2024) 


BIOGRAPHICAL SKETCH 
 


NAME: Schaefer, Brian Charles  


eRA COMMONS USER NAME (credential, e.g., agency login): bschaefer 


POSITION TITLE: Professor of Microbiology and Immunology, and Director (Interim), Emerging Infectious 
Diseases Graduate Program 


EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 


INSTITUTION AND LOCATION 


DEGREE 
(if 


applicable) 
 


Completion 
Date 


MM/YYYY 
 


FIELD OF STUDY 
 


Massachusetts Institute of Technology B.S. 1989 Biology 


Harvard University PhD 1995 Immunology 


Harvard Univ/Dana Farber Cancer Institute (Postdoc) 1995-1996 Tumor Virology 


National Jewish Medical and Research Center (Postdoc) 1996-2002 Immunology 


A. Personal Statement 
My group has historically focused on two major research programs.  Our longest-standing program involves 
elucidation of mechanisms of signal transduction in immune cells and regulation of immune cell effector 
function, with a particular emphasis on the pathway that connects the T cell receptor (TCR) signaling to the 
transcription factor, NF-κB.  This work has also stimulated our studies of the function of an understudied CARD 
protein, CARD19, which was originally (incorrectly) identified as a negative regulator of TCR signaling to NF-
κB. These studies have resulted in numerous publications that define novel signaling mechanisms in the 
CARD11-BCL10-MALT1 signaling cascade and additional pathways.  Our second major area of research is 
centered on immune responses in the central nervous system.  Our initial work in this area involved elucidation 
of the role of the immune response initiated by traumatic brain injury, particularly NF-κB-mediated inflammatory 
responses.  However, we have now shifted our emphasis to translational research on immune responses to 
neurotropic viruses, with an overall goal of developing immunotherapy strategies that are broadly effective 
against this dangerous class of human pathogens.  This work is focused on lyssaviruses and henipaviruses, 
due to their neurotropic nature and propensity to cause severe human disease with a very high fatality rate.  
Our use of bioluminescence imaging to track viral replication has been a particularly important innovation for 
this work, as it allows us to collect highly granular data regarding viral spread and amplification from individual 
animals in a longitudinal manner.  Specific current projects include a DoD-funded translational study in which 
we are defining the utility of a novel, mAb-based anti-lyssavirus immunotherapy against rabies strains 
circulating in Europe and Africa, and a study to develop novel henipavirus therapies (both are collaborations 
with Dr. Christopher Broder’s group).  


I am ideally suited to be PI of RP3: Cedar henipavirus animal model, as my group has established the only 
mouse model of Cedar virus infection (to our knowledge), and we now have several years of experience in the 
development of this very important BSL-2 animal model to investigate mechanisms of henipavirus 
pathogenesis, and to test efficacy of novel therapies. The following are notable ongoing projects:  


HU00011920118 (PI: Schaefer), USU Center for Global Health Engagement 
09/30/2019 – 09/29/2022  (NCE to 9/30/23)    
“Efficacy testing of a novel human monoclonal antibody therapy for late-stage rabies/lyssavirus infection” 
 


U19 AI142764-01 (PI:Broder; Schaefer Co-I), NIH/NIAID   
03/01/2019 – 02/29/2024     
“Advancement of Vaccines and Therapies for Henipaviruses” 







 


 


R01 AI125552 (PI: Schaefer). NIH/NIAID       
06/01/2017 – 05/31/2022 (NCE to 5/31/2024)    
“T cell receptor-activated autophagy as a regulator of T cell effector responses” 
 


HU00011921048 (PI: Schaefer), USU Multi-domain Operations Research (MDO) 
02/28/2023 - 09/30/2025 
“Defining the mechanism of enhancement of the pathogen-directed host adaptive immune response 
following anti-lyssavirus monoclonal antibody therapy” 
 
B. Positions, Scientific Appointments, and Honors 


Positions 


2017 - current Professor (with tenure) in Microbiology and Immunology, Uniformed Services 
University of the Health Sciences, Bethesda, MD. 


2009 - 2017 Associate Professor (with tenure) in Microbiology and Immunology, Uniformed 
Services University of the Health Sciences, Bethesda, MD. 


2002 - 2009 Assistant Professor in Microbiology and Immunology, Uniformed Services University 
of the Health Sciences, Bethesda, MD. 


1996 - 2002 Post-doctoral Research Associate, Howard Hughes Medical Research Institute, 
National Jewish Medical and Research Center, Denver, CO. 


1995 - 1996 Research Fellow in Pathology, Harvard University, Dana-Farber Cancer Institute  


Professional Memberships and Service 


2011 - 2016 NIH CMIB (Cell and Molecular Immunology-B) study section for review of R01/R21 
grants (Ad hoc member Feb & May 2011, Feb & May 2013, Feb 2014, Feb 2015, 
May 2016) 


2008, 2021 ZRG1 CB-D 30 Confocal Microscopy Shared Instrumentation NIH Study Section (Ad 
hoc member) 


2006 - current American Society for Cell Biology (ASCB) 
2006 - current American Association of Immunologists (AAI) 
2006 - 2007  ZRG1 IMM-L 29 L, DBBD Minority and Disability Predoctoral Fellowship NIH Study 


Section (Ad hoc member) 
2005-2006  ZRG1 F07 Immunology Fellowship and AREA NIH Study Section (Ad hoc member) 


Honors 


2016 Uniformed Services University Henry Wu Award for excellence in basic science 
research 


2005 - 2008 Dana Foundation Program in Brain and Immuno-Imaging 
2004 - 2006 Kimmel Scholar - Sidney Kimmel Foundation for Cancer Research 
2000 - 2002 Leukemia and Lymphoma Society Special Fellowship 
1989 - 1992 Office of Naval Research Graduate Research Fellowship 
1989 Phi Beta Kappa 
(1989) National Science Foundation Graduate Research Fellowship (Declined) 


Patents 


2007 US Patent 7,169,570: Method to Identify Regulators of Cellular Activation Using Bcl10 
– BC Schaefer, JW Kappler and P Marrack 


Mouse strains developed 


2001 C57BL/6-Tg(UBC-GFP)30Scha/J: Ubiquitously expressed EGFP transgene on a pure 
C57BL/6 background.  Repository strain at Jackson Laboratory (stock# 004353). This 
strain has been used and cited in hundreds of publications. 


 
  







 


C. Contributions to Science 
 


1. My Ph.D. thesis studies involved identification of the molecular mechanisms controlling distinct latency-
associated Epstein Barr virus (EBV) transcriptional programs.  Prior to my dissertation work, it was known 
that there were three forms of EBV latency which displayed two distinct phenotypes with regard to 
expression of EBV nuclear antigens (EBNAs): Type III latency is characterized by expression of all six EBV 
nuclear antigens (EBNA1-EBNA6) whereas Type I and Type II latency is characterized by expression of 
EBNA1 only.  The molecular basis restricted EBNA expression in Types I and II latency was not known.  
My work demonstrated the existence of a novel EBV promoter “Qp,” responsible for driving exclusive 
expression of EBNA1 in Types I and II latency.  My studies also showed that the choice between latency 
programs was contingent on whether the Type III latency promoter, Cp, is methylated in the host cell.  
Collectively, this work contributed significantly to the current understanding of regulation of EBV latency, 
which is relevant to elucidating how EBV persists for life in immunocompetent individuals, how EBV 
emerges as a life-threatening pathogen in specific immunodeficiencies, and how specific programs of EBV 
latency may be related to EBV-associated tumors, such as Burkitt lymphoma.  


 


a. #Schaefer BC, Woisetschlaeger M, Strominger JL, and Speck SH.  Exclusive expression of Epstein-
Barr virus nuclear antigen 1 in Burkitt lymphoma arises from a third promoter, distinct from the 
promoters used in latently infected lymphocytes.  Proc. Natl. Acad. Sci. USA 1991; 88:6550-6554. 
#Cited >130 times. 


b. *Schaefer BC, Strominger JL, and Speck SH.  Redefining the Epstein-Barr virus-encoded nuclear antigen 
EBNA1 gene promoter and transcription initiation site in group I Burkitt's lymphoma cell lines.  Proc. Natl. 
Acad. Sci. USA 1995; 92:10560-10564 
*Cited >190 times. 


c. †Schaefer BC, Strominger JL, and Speck SH.  Host-cell-determined methylation of specific Epstein-Barr 
virus promoters regulates the choice between distinct viral latency programs.  Mol. Cell Biol. 1997; 17:364-
377. 
†Cited >100 times. 


d. ‡Schaefer BC, Paulson E, Strominger JL, and Speck SH.  Constitutive activation of Epstein-Barr virus 
(EBV) nuclear antigen 1 gene transcription by IRF1 and IRF2 during restricted EBV latency. Mol. Cell 
Biol. 1997; 17:873-886 
‡Cited >85 times. 
 


2. My early work as an independent investigator involved determining whether NF-κB signaling proteins 
undergo molecular redistribution in response to TCR signaling.  Previous work had shown that several 
different signaling molecules are recruited to “supramolecular activation clusters (SMACs),” membrane-
proximal enrichments of signaling proteins that form on the cytoplasmic face of the antigen-engaged TCR. 
An assumption in the field, prior to our work, was that SMAC recruitment would be a shared feature of all 
cytoplasmic proteins important in TCR signaling.  Surprisingly, our investigations demonstrated that NF-κB 
signaling proteins, including Bcl10 and Malt, redistribute to punctate cytoplasmic structures, which we 
named POLKADOTS. Our ongoing signal transduction work has involved mechanistic studies connecting 
the POLKADOTS signalosome to TCR activation of NF-κB. Key findings include demonstration that (i) TCR 
activation of NF-κB is digital.  In other words, in contrast to pharmacological stimulation of NF-κB (PMA + 
ionomycin), which results in graded activation of NF-κB as the stimulus is increased, increasing TCR ligand 
changes only the number of T cells that respond, but not the intensity of the response; (ii) polyubiquitination 
of Bcl10 leads to recruitment to pre-existing p62 “speckles,” forming the POLKADOTS signalosome; (iii) the 
POLKADOTS signalosome is required for activation of the IKK complex; (iv) the POLKADOTS 
signalosome contemporaneously directs a signal dampening activity that involves a highly novel regulatory 
mechanism: selective autophagy of Bcl10, which results in degradation of Bcl10, but not its direct binding 
parther, Malt1; (v) effector T cells form POLKADOTS signalosomes and use autophagy to degrade Bcl10, 
whereas naïve T cells use a distinct mechanism of NF-κB activation that appears to be independent of p62, 
involving recruitment of signaling proteins to SMACs. Collectively, these contributions provide key 
mechanistic details regarding how signals are transmitted from the TCR to the NF-κB transcription factor. 
Most recently, we have collaborated with Drs. Wolfgang Losert and Arpita Upadhyaya, biophysicists at the 







 


University of Maryland, to define biophysical features of TCR-mediated activation and degradation of 
Bcl10. Our study with Dr. Losert in PLOS Computational biology has shown that the regulated 
polymerization and degradation of Bcl10 has characteristics of an excitable system, providing new insights 
regarding the digital behavior of this signaling module.  


 


a. #Kingeter LM, Paul S, Maynard SK, Cartwright NG, and Schaefer BC. Cutting Edge: T cell receptor 
ligation triggers digital activation of NF-B.  Journal of Immunology. 2010; 185:4520-4. 
#Cited >90 times. 


b. *Paul S, Kashyap AK, Jia W, He Y-W, and Schaefer BC. Selective autophagy of the adaptor protein 
Bcl10 modulates T cell receptor activation of NF-B. Immunity. 2012; 36:947-58. 
*Cited >200 times; Faculty of 1000 recommended 


c. Paul S, Traver MK, Kashyap AK, Washington MA, Latoche JR, and Schaefer BC. T cell receptor 
signals to NF-B are transmitted by a cytosolic p62-Bcl10-Malt1-IKK signalosome. Science Signaling. 
2014; 7:ra45. 


d. Campanello L, Traver MK, Shroff H, †Schaefer BC, †Losert W. Signaling through polymerization and 
degradation: Analysis and simulations of T cell activation mediated by Bcl10. PLOS Computational 
Biology. 2021 May 20;17(5):e1007986. 
†co-corresponding authors 


 
3. During our studies on TCR signaling to NF-κB, we became interested in the understudied CARD protein, 


CARD19.  Although CARD19 was initially described as a cytoplasmic negative regulator of TCR signaling 
to NF-κB, we found that this work was based on analysis of a partially spliced cDNA clone, and that the 
conclusions of this initial study were therefore spurious.  Our work with a properly spliced CARD19 cDNA 
showed that CARD19 is a mitochondrial protein that plays no role in TCR activation of NF-κB. Our latest 
work has shown that CARD19 interacts with the mitochondrial cristae organizing system (MICOS), and that 
it plays a role in determining cristae morphology. Notably, 3 of the 7 current publications focused on 
CARD19 were generated by my laboratory or as a collaboration with my group.  We are currently 
performing further studies to determine whether CARD19 regulates other aspects of mitochondrial function 
via its interaction with MICOS components. 


 


a. Rios KE, Kashyap AK, Maynard SK, Washington M, Paul S and Schaefer BC. CARD19, the protein 
formerly known as BinCARD, is a mitochondrial protein that does not regulate Bcl10-dependent NF-κB 
activation after TCR engagement. Cell. Immunol., 2020; 356:104179. 


b. Bjanes E, Sillas RG, Matsuda R, Demarco B, Fettrelet T, DeLaney AA, Rodriguez Lopez EM, 
Grubaugh D, Wynosky-Dolfi M, Philip NH, Krespan E, Tovar D, Joannas L, Beiting DP, Henao-Meija J, 
Schaefer BC, Chen KW, Broz P, and Brodsky I. Genetic targeting of Card19 is linked to disrupted 
NINJ1 expression, impaired cell lysis, and increased susceptibility to Yersinia infection. PLoS Pathog. 
2021;17(10):e1009967. 


c. Rios KE, Zhou M, Lott N, Beauregard C, McDaniel DP, Conrads TP, and Schaefer BC. CARD19 
interacts with mitochondrial contact site and cristae organizing system constituent proteins and 
regulates cristae morphology. Cells, 2022 11(7):1175. 


 
4. A second major research focus in my lab is the study of immune responses in the central nervous system.  


Our initial studies focused on inflammatory responses in traumatic brain injury (TBI), using mice as a model 
system: The first study demonstrated that the gene expression program induced by mild vs. severe TBI is 
remarkably similar, with the main distinction being that the expression of certain inflammatory genes 
remains persistently elevated in severe TBI.  The second study presented evidence that the anti-
inflammatory drug salsalate is a candidate therapy for TBI, reducing inflammation and improving functional 
recovery, as assessed by behavior assays. Our more recent work has focused on developing novel animal 
models and immunotherapies for neurotropic viral infections.  Our published work on this project includes a 
description of our methodology for longitudinal tracing of lyssavirus infections and a description of isolation 
and in vitro characterization of two anti-lyssavirus neutralizing mAbs.  


 


a. *Lagraoui M, Latoche JR, Cartwright NG, Sukumar G, Dalgard CL, Schaefer BC. Controlled cortical 
impact and craniotomy induce strikingly similar profiles of inflammatory gene expression, but with 
distinct kinetics. Front Neurol. 2012; 3:155. 
*Cited >100 times 







 


b. Lagraoui M, Sukumar G, Latoche JR, Maynard S, Dalgard CL, Schaefer BC. Salsalate treatment 
following traumatic brain injury reduces inflammation and promotes a neuroprotective and neurogenic 
transcriptional response with concomitant functional recovery. Brain, Behavior and Immunity. 2017; 
61:96-109. 


c. Mastraccio KE, Huaman C, Warrilow D, Smith GA, Craig SB, Weir DL, Laing ED, Smith IL, Broder CC, 
and Schaefer BC. Establishment of a longitudinal pre-clinical model of lyssavirus infection. J. Virol. 
Methods. 2020; 281:113882. 


d. Weir DL, Coggins SA, Vu B, Coertse J, Yan L, Smith I, Laing ED, Markotter S, Broder CC and 
Schaefer BC. Isolation and Characterization of Cross-Reactive Human Monoclonal Antibodies That 
Potently Neutralize Australian Bat Lyssavirus Variants and Other Phylogroup 1 Lyssaviruses. Viruses. 
2021; 13:391. 


 
5. A distinct area of emphasis in my career has been the development of new tools for research and the 


optimization of existing tools. Among many publications in this area, I have edited a protocols book and 
written a review on methodology for identification of cDNA ends by RACE (which included an optimized 
protocol).  I produced a C57BL/6 transgenic mouse strain ubiquitously expressing GFP, which has been a 
highly utilized tool for cell transfer studies.  I also generated a set of retroviral vectors for rapid and reliable 
creation of stable cell lines. My lab has published optimized protocols for visualizing NF-κB signaling 
intermediates via confocal microscopy, and for quantifying NF-κB activation using imaging flow cytometry. 
We have most recently described our methodology for using bioluminescence imaging to semi-
quantitatively trace lyssavirus infection in laboratory mice. A central goal of this work is to facilitate progress 
across the biomedical research community, through the development and distribution of better tools and 
clear explanation of how to reliably execute challenging techniques. 


 


a. †Schaefer BC. Revolutions in rapid amplification of cDNA ends: new strategies for polymerase chain 
reaction cloning of full-length cDNA ends. Anal Biochem. 1995 May 20;227(2):255-73. 
†Cited >475 times 


b. §Schaefer BC, Schaefer ML, Kappler JW, Marrack P, Kedl RM. Observation of antigen-dependent 
CD8+ T-cell/ dendritic cell interactions in vivo. Cell Immunol. 2001 Dec 15;214(2):110-22. 
§Describes creation and use of Jackson stock strain 004353 - C57BL/6-Tg(UBC-GFP)30Scha/J. 
Publication cited >400 times, strain cited many additional times. 


c. Traver MK, Paul S, and Schaefer BC. T Cell Receptor Activation of NF-κB in Effector T Cells: 
Visualizing Signaling Events Within and Beyond the Cytoplasmic Domain of the Immunological 
Synapse. Methods in Molecular Biology, 2017; 1584:101-27. 


d. Mastraccio KE, Huaman C, Laing ED, Broder CC, and Schaefer BC. Longitudinal Tracing of 
Lyssavirus Infection in Mice via In Vivo Bioluminescence Imaging. In: Bioluminescence.  Methods in 
Molecular Biology, Kim, SB. (ed.), 2022; 2524:369-394. 


 
Complete publications from My Bibliography:  
https://www.ncbi.nlm.nih.gov/myncbi/brian.schaefer.1/bibliography/public/ 
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EDUCATION/TRAINING
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Date


MM/YYYY


FIELD OF STUDY


Florida Institute of Technology, Melbourne, FL B.S. 1983 Biological Science


Florida Institute of Technology, Melbourne, FL M.S. 1985 Molecular Biology


University of Florida, Gainesville, FL Ph.D. 1989 Immunology and Med-Micro


A. Personal Statement
The main objective of this ReVAMPP proposal is to support Pandemic Preparedness through the study and
advancement of broadly effective countermeasures for pathogenic henipaviruses and bunyaviruses, through
advanced machine learning-enabled design of prototype pathogen vaccines and antibodies. I will serve as
co-investigator, with Thomas Geisbert (Project-Lead) of Research Project 5 (RP5): Animal models and
vaccine evaluation. I have researched enveloped virus-host cell interactions for 34 years. 1999, I established
a collaborative international group of experts in Hendra and Nipah virus biology, and over an 11-year period I
was the PI of two multi-component, international, NIAID, U01 Cooperative Agreements, and the Co-PI of a
third U01 with RP5 Lead (Geisbert); all focused on Nipah virus and Hendra virus research. Collaborative
henipavirus work includes structural biochemistry on the viral G and F glycoproteins including most recently
with David Veesler, Overall Center Co-PI; animal models and in vivo pathogenesis, and the development and
testing of vaccines and therapeutics; the discovery of the entry receptors for Hendra and Nipah (ephrin-B2/B3)
and the development of the feline, ferret and African green monkey models (with Geisbert) of Hendra and
Nipah pathogenesis; development of antiviral mouse and human monoclonal antibodies (mAb) including mAb
m102.4 that successfully completed a Phase 1 trial in Australia (2020) and to date has been used by
emergency protocol in 17 people in Australia and 1 person in the US for Hendra/Nipah post-exposure
treatment; developed the Hendra/Nipah subunit vaccine based on soluble Hendra G (HeV-sG); one version
called Equivac® HeV (Zoetis, Inc.), the first commercialized vaccine to a BSL-4 agent. The HeV-sG vaccine is
in Phase I trial in the US (Auro Vaccines/PATH/CEPI). More recently I developed a reverse genetics platform
for generating recombinant Cedar henipavirus (rCedV) that can be utilized at BSL-2 for both high-throughput
antiviral drug discovery and rCedV chimeras for performing rapid neutralization tests for Nipah and Hendra. I
have the expertise in many aspects of the henipavirus-related project goals, and for the past 24 years I have
led both basic and translational research projects in a broad area of study on Nipah and Hendra virus. My lab’s
role will be focused on the development of new reporter viruses with a focus on the recently discovered Langya
henipavirus as a new ‘prototype henipavirus’ distinct from the Nipah/Hendra/Cedar henipaviruses; and my lab
will use these new tools, and existing and recently developed platforms to assess new henipavirus vaccines
and neutralizing antibodies that will be developed by the Center’s Scientific Cores and Research Projects.


Ongoing and recently completed projects that I would like to highlight:


U19 AI142764. NIAID, Center of Excellence for Translational Research (CETR): Role: PI
03/20/19-02/29/24. “Advancement of Vaccines and Therapies for Henipaviruses”


U19 AI171413. NIAID AViDD: “UTMB-Novartis Alliance for Pandemic Preparedness”: PIs: Diagana and Shi.
05/01/2022-04/30/2027; Sub-project 3: Henipaviruses. Role: Co-PI with Geisbert


CRADA; Auro Vaccines, LLC. Egan (PI). CEPI (Coalition for Epidemic Preparedness Innovations): Role: Co-PI
07/01/18-06/30/2023; “A Subunit Vaccine (HeV-sG) to Protect against Nipah and Hendra Diseases”







Citations:


1. Amaya M, Cheng H, Borisevich V, Navaratnarajah CK, Cattaneo R, Cooper L, Moore TW, Gaisina IN,
Geisbert TW, Rong L, Broder CC*. A recombinant Cedar virus based high-throughput screening assay for
henipavirus antiviral discovery. Antiviral Res. 2021 May 30:105084. doi: 10.1016/j.antiviral.2021.105084.
PMCID: PMC8631057


2. Playford EG, Munro T, Mahler SM, Elliott S, Gerometta M, Hoger KL, Jones ML, Griffin P, Lynch KD, Carroll
H, El Saadi D, Gilmour ME, Hughes B, Hughes K, Huang E, de Bakker C, Klein R, Scher MG, Smith IL,
Wang LF, Lambert SB, Dimitrov DS, Gray PP, Broder CC. Safety, tolerability, pharmacokinetics, and
immunogenicity of a human monoclonal antibody targeting the G glycoprotein of henipaviruses in healthy
adults: a first-in-human, randomised, controlled, phase 1 study. Lancet Infect Dis. 2020 Apr;20(4):445-454.
PMID: 32027842


3. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW, Prasad AN, Fenton KA, Yu H, Fouts
TR, Broder CC*, Dimitrov AS*. A single dose investigational subunit vaccine for human use against Nipah
virus and Hendra virus. NPJ Vaccines. 2021 Feb 8;6(1):23. doi: 10.1038/s41541-021-00284-w. PMCID:
PMC6789926


4. Amaya, M, Yin R, Yan L, Borisevich V, Adhikari BN, Bennett A, Malagon F, Cer RZ, Bishop-Lilly KA, Dimitrov
AS, Cross RW, Geisbert TW, Broder CC*. A Recombinant Chimeric Cedar Virus-Based Surrogate
Neutralization Assay Platform for Pathogenic Henipaviruses. Viruses, Apr, 2023.


B. Positions, Scientific Appointments
Positions and Employment
2018-pres. Chair, Department of Microbiology and Immunology, USU, Bethesda, Maryland.
2006-2018 Director, Emerging Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland.
2005-pres. Professor, Department of Microbiology and Immunology, Joint appointment, Emerging Infectious


Diseases Graduate Program, USUHS, Bethesda, Maryland.
2000-2005 Associate Professor, Department of Microbiology and Immunology, Joint appointment, Emerging


Infectious Diseases Graduate Program, USUHS, Bethesda, Maryland.
1996-2000 Assistant Professor, Department of Microbiology and Immunology, Joint appointment, Molecular


and Cell Biology Graduate Program, Uniformed Services University, Bethesda, Maryland.
1993-1996 IRTA Fellow, LVD, NIAID, NIH, Bethesda, Maryland.
1990-1992 National Research Council, Research Associate, Laboratory of Viral Diseases, National Institute


of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland.
Other Experience and Professional Affiliations
2022- Member, Virus Expert Panel for Disease X Vaccine Libraries (CEPI).
2018- Nipah Task Force (CEPI).
2018- Nipah Therapeutics Protocol Team; ICMR, NIAID, WHO.
2011- Member, Discontools Nipah Virus Infection Panel Expert Group. Gap analysis. International


Federation for Animal Health Europe, Brussels, Belgium.
Editorial boards, dates since joining: Journal of Virology-07’, Virology-10’, Viruses-11’,
Pathogens-11; Virologica Sinica-12’


2009- Member, National Veterinary Stockpile Nipah virus Countermeasures Workshop; United States
Department of Agriculture. Geelong, Australia.


Honors and Awards
2022 The Carol Johns Medal (highest honor USU faculty can bestow on a fellow faculty member).
2021 Military Health System Research Symposium (MHSRS) 2021 Outstanding Research


Accomplishment Team Award. (COVID-19 / SARS-CoV-2 serology research).
2020 Military Health System Research Symposium (MHSRS) 2020 Outstanding Individual Research


Accomplishment by an Individual Senior Researcher. (Hendra and Nipah virus countermeasures).
2020 Inaugural, 2020 Federal Laboratory Consortium (FLC) Impact Award.
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2019 USU Outstanding Biomedical Graduate Educator Award.
2019 The University of Florida, College of Medicine, “Wall of Fame”.
2019 Dean’s Award for Leadership, University of Florida, College of Medicine.
2019 Federal Laboratory Consortium (FLC) Award for Excellence in Technology Transfer.
2016 The James J. Leonard Award for Excellence in Translational/Clinical Research.
2014 The Cinda Helke Award for Excellence in Graduate Student Advocacy.
2013 The 3rd Sidney Pestka Lecture; 22nd Annual Philadelphia Infection & Immunity Forum.
2013 Federal Laboratory Consortium (FLC) Award for Excellence in Technology Transfer.
2013 Second Finalist for the Australian Infectious Diseases Research Centre Eureka Prize.
2013 The CSIRO Chairman’s Medal. The Commonwealth Scientific and Industrial Research


Organisation (CSIRO); Australia's national science agency.
2008 The Henry Wu Award for Excellence in Basic Science Research.
1996 The Fellows Award for Research Excellence, Office of Science Education, NIH
1996-1997 AAAS: Breakthrough of the Year, Science Magazine; and the Newcomb Cleveland Prize
1990-1992 National Research Council Research Associateship Award
1989 Medical Guild Graduate Research Award, University of Florida College of Medicine
Patents issued and significant technology licenses
● Bacterial plasmin receptors as fibrinolytic agents: U.S. Pat. No. 5,237,050.
● Oligomeric HIV-1 envelope glycoproteins (gp140): U.S. Pat. Nos. 6,039,957 and 6,171,596.
● HIV-1 Envelope Glycoprotein Oligomer and Methods of Use. U.S. Pat. No. 8,597658.
● CCR5 DNA, new animal models and therapeutic agents for HIV infection: U.S. Pat. No. 7,151,087.
● Cells expressing both human CD4 and CXCR4 associated with HIV infection: U.S. Pat. No. 6,197,578.
● Compositions and methods for the inhibition of membrane fusion by paramyxoviruses: U.S. Pat. Nos.


7,666,431 and 8,114,410.
● Soluble Forms of Hendra and Nipah Virus G Glycoprotein. Australian Pat. No. 2005327194. U.S. Pat. Nos.


8,865,171; 9,045,532; 9,056,902; 9,533,038, 10,053,495.
● Soluble Forms of Hendra and Nipah Virus F Glycoprotein and Uses Thereof: Australian Patent No.


2013276968. U.S. Pat. Nos. 10,040,825; 10,590,172.
● Human monoclonal antibodies against Hendra and Nipah viruses. U.S. Pat. Nos. 7,988,971; 8,313,746,


8,858,938.
● Antibodies against F glycoprotein of Hendra and Nipah viruses. U.S. Pat. Nos. 9,982,038 and 10,738,104
● Cedar virus and Methods of Use. U.S. Patent No., 10,227,664.
● Recombinant Cedar Virus Chimeras. Provisional. Atty. Dkt. No. 103783-0276.
● Hendra sG: Licensed to Zoetis, Inc. (Pfizer Animal Health). Equivac ® HeV; Nov, 2012, Australia.
● Hendra sG: Licensed to AuroVaccines, Aurobindo Pharma USA., Nipah/Hendra human vaccine candidate.
● Monoclonal antibodies to Henipaviruses. Absolute Antibody Ltd, United Kingdom.
● Soluble Nipah and Hendra virus F and G glycoproteins. The Native Antigen Company Ltd, United Kingdom.


C. Contributions to Science
1. My Ph.D. thesis studies centered on the discovery and characterization of a specific receptor for human


plasmin on Group A Streptococci during my rotation project as a first year student. My studies revealed that
certain group A streptococci elaborated surface receptors that could bind selectively a key fibrinolytic
enzyme, plasmin. The bacterium-bound plasmin remained enzymatically active including its ability to
hydrolyze a fibrin clot and could not be inhibited by its physiological regulator, alpha 2-plasmin inhibitor.
Since these organisms produced streptokinase producing an active enzyme that can convert plasminogen
to plasmin, they could accelerate the destruction of the extracellular matrix environment: a model for the
"flesh-eating streptococci".


a. Lottenberg, R., C.C. Broder, and M.D.P. Boyle. Identification of a Specific Receptor for Plasmin on a Group
A Streptococcus. Infection and Immunity. 55(8):1914-1918, 1987.


b. Broder, C.C., R. Lottenberg, and M.D.P. Boyle. Mapping of the Domain of Human Plasmin Recognized by
its Unique Group A Streptococcal Receptor. Infection and Immunity. 57(9): 2597-2605, 1989.







c. Broder, CC, R Lottenberg, GO vonMering, K. Johnston and MDP Boyle. Isolation of a prokaryotic plasmin
receptor: relationship to a plasminogen activator produced by the same microorganism. J. Biol. Chem.
266:4922-28, 1991.


d. Lottenberg, R., C.C. Broder, M.D.P. Boyle, S.J. Kain, B.L. Schroeder, and R. Curtiss III. Cloning, Sequence
Analysis, and Expression in Escherichia coli of a Streptococcal Plasmin Receptor. J. Bacteriology.
174:5204-5210, 1992.


2. My independent work as a postdoctoral fellow focused on the early stages of HIV-1 envelope glycoprotein
mediated membrane fusion as a surrogate model of HIV-1 entry. I established a vaccinia virus-based reporter
gene assay for measuring viral (HIV-1) glycoprotein-mediated membrane fusion and generated the first panel
of T-cell tropic and Macrophage-tropic HIV-1 envelope glycoprotein (Env) encoding recombinant vaccinia virus
vectors and I used these tools to be the first to hypothesize that the cellular tropism of HIV-1 could be
explained by specific membrane fusion factors required for the different classes of HIV-1 Envs. I also
developed the first soluble and secreted full-length oligomeric HIV-1 gp140 glycoprotein and explored the
importance of its native oligomeric structure in terms of its presentation of conformational and virus-neutralizing
epitopes through the development and characterization of more than 100 murine monoclonal antibodies.


a. Broder, C.C., D.S. Dimitrov, R. Blumenthal, and E.A. Berger. The block to HIV-1 envelope
glycoprotein-mediated membrane fusion in animal cells expressing human CD4 can be overcome by a
human cell component(s). Virology. 193:483-491, 1993.


b. Nussbaum, O., C.C. Broder, and E.A. Berger. HIV-1 Envelope Glycoprotein/CD4 Mediated Cell Fusion: A
Novel Recombinant Vaccinia Virus-Based Assay Measuring Activation of a Reporter Gene by
Bacterio-phage T7 RNA Polymerase Selectively In Fused Cells. J.Virol. 68:5411-5422, 1994.


c. Broder, C.C., P.L. Earl, D. Long, B. Moss, and R.W. Doms. Antigenic Implications of HIV-1 Envelope
Glycoprotein Quaternary Structure: Oligomer-Specific and -Sensitive mAbs. PNAS. 91:11699-11703, 1994.


d. Broder, C.C. and E.A. Berger. Fusogenic Selectivity of the Envelope Glycoprotein is a Major Determinant
of HIV-1 Tropism for CD4+ T-Cell Lines vs. Macrophages. PNAS. USA. 92:9004-08, 1995.


3. My early studies on the cellular and viral membrane fusion tropism of HIV-1 and the development of a
sensitive and specific reporter gene assay of cell-cell membrane fusion facilitated the discovery of the first
membrane fusion accessory factor (“fusin”; CXCR4) that I earlier hypothesized existed, and this rapidly led to
the discovery by us and others of the second factor for macrophage-tropic Envs (CCR5); the HIV-1
coreceptors. These findings were a significant breakthrough in HIV research leading to numerous new
directions in understanding HIV-1 pathogenesis as well as new therapeutic strategies.


a. Feng, Y., C.C. Broder, P.E. Kennedy, and E.A. Berger. HIV-1 Entry Cofactor: Functional cDNA Cloning of
a Seven-Transmembrane, G Protein-Coupled Receptor. Science. 272:872-877, 1996.


b. Alkhatib*, G., C. Combadiere*, C.C. Broder*, Y. Feng*, P.E. Kennedy*, P.M. Murphy, and E.A. Berger. CC
CKR5: a RANTES, MIP-1α , MIP-1β Receptor as a Fusion Cofactor for Macrophage-Tropic HIV-1.
Science. 272:1955-1958, 1996. (*equal contribution).


c. Rucker, J., M. Samson, B. J. Doranz, F. Libert, J. F. Berson, Y. Yi, R. G. Collman, C. C. Broder, G.
Vassart,, R. W. Doms, and M. Parmentier. Regions in β-chemokine Receptors CCR-5 and CCR-2b that
Determine HIV-1 Cofactor Specificity. Cell. 87:1-10, 1996.


d. Edinger, A.L., A. Amedee, K. Miller, B.J. Doranz, M. Endres, M. Sharron, M. Samson, Z-h. Lu, J.E.
Clements, M. Murphey-Corb, S.C. Peiper, M. Parmentier, C.C. Broder, and R.W. Doms. Differential
utilization of CCR5 by macrophage and T cell tropic SIV strains. PNAS. 94:4005-4010, 1997.


4. My initial work on HIV-1 entry led to further independent studies which focused on follow-up investigations
characterizing the roles of the HIV-1 coreceptors in the virus entry process. These studies revealed the
interplay between the HIV-1 entry receptors, mapped important domains of the coreceptors involved in HIV-1
Env interaction, and also revealed possible avenues of how an HIV-1 Env might engage and differently utilize
the CXCR4 and CCR5 coreceptors for infection. In addition, I also engaged in collaborative follow-up studies
exploring the utility of soluble oligomeric HIV-1 envelope glycoproteins as subunit vaccine immunogens
(gp140) which I initiated at NIH while a postdoctoral fellow.


a. Chabot, D.J., P-F. Zhang, G.V. Quinnan, and C.C. Broder*. Mutagenesis of CXCR4 Identifies Important
Domains for HIV-1 X4 Isolate Envelope-Mediated Membrane Fusion and Virus Entry and Reveals Cryptic
Coreceptor Activity for R5 Isolates. J. Virol. 73:6598-6609, 1999.


b. Xiao, X., L. Wu, T.S. Stantchev, Y-R. Feng, S. Ugolini, H. Chen, Z. Shen, C.C. Broder, Q.J. Sattentau, and
D.S. Dimitrov. Constitutive cell surface association between CD4 and CCR5. PNAS. 96:7496-7501, 1999.
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c. Chabot, D.J., H. Chen, D.S. Dimitrov, and C.C. Broder*. N-linked Glycosylation in CXCR4 Masks
Coreceptor Function for CCR5-Dependent HIV-1 Isolates. J. Virol. 74:4404-4413, 2000.


d. Zhang, P.F., Cham, F., Dong, M., Choudhary, A., Bouma, P., Zhang, Z., Shao, Y., Feng, Y.R., Wang, L.,
Mathy, N., Voss, G., Broder, C.C., Quinnan, G.V., Jr. Extensively cross-reactive anti-HIV-1 neutralizing
antibodies induced by gp140 immunization. PNAS. USA. 104(24):10193-8. 2007.


5. My recent efforts have focused on emerging viruses that impact human and domestic livestock populations;
including lyssaviruses, filoviruses, and henipaviruses for the past 23 years. I obtained the first NIAID funded
biodefense project providing fiscal support on select agent research to an overseas laboratory (2003; U01
AI056423). I developed the first henipavirus peptide-based fusion inhibitors, subunit vaccines, and neutralizing
human and humanized monoclonal antibodies (mAb), and my NIAID grants supported the development of the
feline, ferret and African green monkey models of Hendra and Nipah pathogenesis. Henipavirus
countermeasures development is a major a focus of my lab and supported by a NIAID U19 CETR. Here, we
are developing next-generation mAb therapies and next-generation vaccines and delivery methods against
Nipah and Hendra for both human and livestock use. I am also heavily engaged in collaborative virus
surveillance activities focusing on henipaviruses, filoviruses, coronaviruses, and others, in wildlife and human
populations in more than 10 countries in South Asia, Southeast Asia, West Africa and Southern Africa; using
the Luminex xMAP-based platform which has proven to be more sensitive than ELISAs for the detection of
antibodies to viral infections. The key feature of our multiplex microsphere immunoassays (MMIA) are the use
of my lab’s production of recombinant, soluble, native-like, oligomeric viral glycoproteins, designed similar to
our HeV-sG subunit vaccine. Our MMIA array presently contains more than 20 different soluble glycoprotein
ectodomains. These programs are funded by the NIAID and the Defense Threat Reduction Agency (DTRA), an
agency within the US Department of Defense.


a. Bonaparte, M. I., A. S. Dimitrov, K. N. Bossart, G. Crameri, B. A. Mungall, K. A. Bishop, V. Choudhry, D. S.
Dimitrov, L.-F. Wang, B. T. Eaton, and C. C. Broder*. Ephrin-B2 Ligand is a Functional Receptor for Hendra
Virus and Nipah Virus. Proc Natl Acad Sci U S A. 102(30):10652-7. 2005. (from the cover).


b. Bossart, KN, Geisbert, TW, Feldmann, H, Zhu, Z, Feldmann, F, Geisbert, JB, Yan, L, Feng, Y-R, Brining, D,
Scott, D, Wang, Y, Dimitrov, AS, Callison, J, Chan, Y-P, Hickey, AC, Dimitrov, DS, Broder, CC*, and Rockx,
B. A neutralizing human monoclonal antibody protects African Green monkeys from Hendra virus
challenge. Sci. Transl. Med. 3, 105ra103. 2011. *corresponding author. (from the cover). PMID: 22013123


c. Bossart KN, Rockx B, Feldmann F, Brining D, Scott D, Lacasse R, Geisbert JB, Feng YR, Chan YP, Hickey
AC, Broder CC*, Feldmann H, Geisbert TW. A Hendra virus G glycoprotein subunit vaccine protects
African green monkeys from Nipah virus challenge. Sci Transl Med. 4(146):146ra107. 2012 (from the
cover) PMID: 22875827.


d. Geisbert TW, Mire CE, Geisbert JB, Chan YP, Agans KN, Feldmann F, Fenton KA, Zhu Z, Dimitrov DS,
Scott DP, Bossart KN, Feldmann H, Broder CC*. Therapeutic treatment of Nipah virus infection in
nonhuman primates with a neutralizing human monoclonal antibody. Sci Transl Med. 2014, (from the
cover) 6(242):242ra82. PMID: 24964990.


Total publications: >200; citations: >25,800; h-index 72 (google scholar).


A more complete list of published work in: MyBibliography:


https://www.ncbi.nlm.nih.gov/myncbi/181k8EOf_FNkT/bibliography/public/
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Completio
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University of Kwa-Zulu Natal, Durban, South
Africa


B.S. 12/2004 Biological Science


George Mason University, Manassas, VA M.S. 12/2012 Molecular Biology


George Mason University, Manassas, VA Ph.D. 12/2015 Cell and Molecular Bio


Uniformed Services University, Bethesda, MD Postdoctoral
Fellow


02/2019 Molecular Virology


Uniformed Services University, Bethesda, MD Scientist 09/2022 Molecular Virology


A. Personal Statement


As an active researcher in the development of novel therapeutics and vaccine candidates against emerging
and re-emerging henipaviruses in relation to pandemic preparedness, I am uniquely qualified to participate as
a Co-Investigator in Research Project 2: Vaccines and antibodies to henipaviruses of the present U19
application (ReVAMPP). The extensive experience in henipavirus reverse genetics platforms necessary to
conduct the proposed studies began in my postdoctoral training, under the guidance and mentorship of Dr.
Christopher Broder, a leading expert in henipavirus biology. During my fellowship, I rescued and fully
characterized a replication competent recombinant Cedar virus (rCedV) as non-reporter and luciferase
expressing reporter versions that can safely be utilized at BSL-2. This work resulted in a first co-author
publication (see below). In addition, I generated replication competent chimeric viruses as non-reporter and
reporter versions that express the envelope glycoproteins of either Nipah virus Bangladesh (NiV-B)
(rCedV-NiV-B) or Hendra virus (HeV) (rCedV-HeV) instead of those of CedV. All 6 chimeric viruses were fully
characterized in in vitro studies. Together with Dr. Thomas Geisbert, at the University of Texas Medical
Branch (UTMB), with whom I have a 5-year collaboration, we demonstrated that the chimeras can serve as
suitable surrogate viruses for authentic NiV-B or HeV as determined by plaque reduction neutralization tests.
Moreover, the fluorescent reporter chimeric viruses were further characterized in a high throughput
fluorescence reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus
immunized animals and monoclonal antibodies. This work resulted in a first author manuscript that was very
recently published (see below). The FRNT has also been implemented in several neutralization and synergistic
neutralization tests that resulted in 2 co-author publications (see below). The highly productive collaborations
between Drs. Broder, Geisbert and I underscore the feasibility of the proposed project. The research proposed
in this application will not only build on my work developed thus far but also strengthen my scientific portfolio to
achieve my long-term goal of vaccine development for priority pathogens.


Citations:
1. Amaya, M., Yin, R., Yan, L., Borisevich, V., Adhikari, B.N., Bennett, A., Malagon, F., Cer, R.Z.,


Bishop-Lilly, K.A., Dimitrov, A.S., Cross, R.W., Geisbert, T.W., Broder, C.C. (2023). A Recombinant
Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform for Pathogenic
Henipaviruses. Viruses, 15(5). https://doi.org/10.3390/v15051077


2. Wang, Z.*, Dang, H. V.*, Amaya, M.*, Xu, Y., Yin, R., Yan, L., Hickey, A. C., Annand, E. J.,
Horsburgh, B. A., Reid, P. A., Smith, I., Eden, J. S., Xu, K., Broder, C. C., & Veesler, D. (2022).
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Potent monoclonal antibody-mediated neutralization of a divergent Hendra virus variant. Proc Natl
Acad Sci U S A, 119(22), e2122769119. https://doi.org/10.1073/pnas.2122769119 (*equal
contribution)


3. Wang, Z., Amaya, M., Addetia, A., Dang, H. V., Reggiano, G., Yan, L., Hickey, A. C., DiMaio, F.,
Broder, C. C., & Veesler, D. (2022). Architecture and antigenicity of the Nipah virus attachment
glycoprotein. Science, 375(6587), 1373-1378. https://doi.org/10.1126/science.abm5561


4. Amaya, M.*, Cheng, H.*, Borisevich, V., Navaratnarajah, C. K., Cattaneo, R., Cooper, L., Moore, T.
W., Gaisina, I. N., Geisbert, T. W., Rong, L., & Broder, C. C. (2021). A recombinant Cedar virus
based high-throughput screening assay for henipavirus antiviral discovery. Antiviral Res, 193,
105084. https://doi.org/10.1016/j.antiviral.2021.105084 (*equal contribution)


B. Positions, Scientific Appointments, and Honors
Positions and Employment
2022-pres Research Assistant Professor, Department of Microbiology and Immunology, USU, Bethesda,


MD.
2019-2022 Scientist, Henry M. Jackson Foundation Inc., Department of Microbiology and Immunology, USU,


Bethesda, MD.
2016-2019 Postdoctoral Research Fellow, Department of Microbiology and Immunology, USU, Bethesda,


MD.
2016 Adjunct Professor for BIOL 306 Biology of Microorganisms Lab, George Mason University,


Fairfax, VA.
2012-2015 Graduate Teaching Assistant for BIOL 306 Biology of Microorganisms Lab, George Mason


University, Fairfax, VA.
2011-2012 Graduate Teaching Assistant for BIOL 104 Introduction to Biology I and II Lab, George Mason


University, Fairfax, VA.


Other Experience and Professional Memberships
2019-2020 Member, American Society of Cell Biology
2018-2019 Ad hoc reviewer - Emerging Microbes & Infections
2012-2015 Member, American Society of Microbiology


Honors and Awards
2015 College of Science Summer Fellowship Recipient, George Mason University.
2014 College of Science Summer Fellowship Recipient, George Mason University.
2014-2015 Outstanding Doctoral Student Award, George Mason University, School of Systems Biology.
2013-2015 Bioscience Fellowship Recipient, George Mason University, School of Systems Biology.
2013 PhD Impact Award, George Mason University, School of Systems Biology.


Patents issued
● Recombinant Cedar Virus Chimeras. Provisional. Atty. Dkt. No. 103783-0276.


C. Contributions to Science


1. Graduate career: My Ph.D. thesis research involved characterizing the host viral interactions in human cells
with a focus on the least characterized non-structural protein, nsP3, from VEEV. I initially constructed a tagged
version of nsP3 both as an overexpression construct and in the context of the viral genome. Mass
spectrometry analyses revealed that VEEV-nsP3 interacted with multiple host factors. Those of particular
interest were chosen for additional studies, namely the kinase IKKβ and the RNA helicases DDX1 and DDX3. I
validated that VEEV-nsP3 interacted and complexed with IKKβ, DDX1 and DDX3 and furthermore, siRNA
knockdown studies indicated a reliance of these host factors for productive and continuous viral replication.
These findings formed the basis of the functional model where VEEV-nsP3 interacts with the host translational
machinery via DDX3 to potentially aid in translation of viral proteins that could be part of the replication
complex, and that this interaction could be essential in the viral life cycle. This contribution will aid in
elucidating the functionality of nsP3 in the viral life cycle as well as to promote the development of host based
therapeutic options to treat RNA viral infections or disease. Results from my research were highly relevant as
they provided new details and insight in understanding the role of the uncharacterized VEEV protein, nsP3, in
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the new world alphavirus life cycle. As such, this work resulted in two first author research publications and one
review article (see below). My Ph.D. research on host viral interactions was expanded to include host
pathways that were altered during viral infection by utilizing small molecule inhibitors. Such pathways included
the host phospho-signaling and the ubiquitin proteasome pathways. I validated, as a collaboration, that the
MAPK/ERK signaling pathway was activated and necessary for the infectious process in VEEV infected human
cells through utilization of the small molecule inhibitor, Ag-126. This joint effort resulted in a second author
publication. In a different study, I had revealed with the use of an FDA approved proteasome inhibitor,
Bortezomib that VEEV requires the ubiquitin proteasome pathway in the viral life cycle. My results indicated the
likely mechanism was that K48 ubiquitination of VEEV capsid protein may be necessary for the early stages of
infection. This study was the first to demonstrate that the capsid protein was post translationally modified with
ubiquitin and this resulted in a first author publication (see below). In addition, I had also collaborated to
investigate the requirement of the ubiquitin proteasome pathway in the negative stranded RNA virus, RVFV
infection. We showed that with Bortezomib treatment, the formation of the characteristic nuclear filaments
formed by the virulence factor NSs was abolished, thereby preventing NSs interaction with host repressor
proteins SAP30 and mSin3A. This study resulted in a second author publication. Cumulatively, these studies
would pave the way for developing host-based therapies and/or repurposing FDA approved drugs to treat
these re-emerging diseases.


1. Amaya, M., Brooks-Faulconer, T., Lark, T., Keck, F., Bailey, C., Raman, V., & Narayanan, A. (2016).
Venezuelan equine encephalitis virus non-structural protein 3 (nsP3) interacts with RNA helicases
DDX1 and DDX3 in infected cells. Antiviral Res, 131, 49-60.
https://doi.org/10.1016/j.antiviral.2016.04.008


2. Amaya, M., Keck, F., Bailey, C., & Narayanan, A. (2014). The role of the IKK complex in viral infections.
Pathog Dis, 72(1), 32-44. https://doi.org/10.1111/2049-632X.12210


3. Amaya, M., Keck, F., Lindquist, M., Voss, K., Scavone, L., Kehn-Hall, K., Roberts, B., Bailey, C.,
Schmaljohn, C., & Narayanan, A. (2015). The ubiquitin proteasome system plays a role in venezuelan
equine encephalitis virus infection. PLoS One, 10(4), e0124792.
https://doi.org/10.1371/journal.pone.0124792


4. Amaya, M., Voss, K., Sampey, G., Senina, S., de la Fuente, C., Mueller, C., Calvert, V., Kehn-Hall, K.,
Carpenter, C., Kashanchi, F., Bailey, C., Mogelsvang, S., Petricoin, E., & Narayanan, A. (2014). The
role of IKKbeta in Venezuelan equine encephalitis virus infection. PLoS One, 9(2), e86745.
https://doi.org/10.1371/journal.pone.0086745


2. Postdoctoral career: My postdoctoral training involved the development and characterization of a
recombinant henipavirus platform that can safely be used at BSL-2 to investigate and understand henipavirus
infection with respect to pathogenesis, neutralization, drug discovery, therapeutics and vaccine potential. The
reverse genetics system for the rCedV platform resulted in a first co-author publication (see below). A
collaborative research project entailed the optimization of a replication competent rCedV-Luc for high
throughput screening assays to identify small drug like molecules that can target multiple stages in the
henipavirus life cycle, which resulted in a first co-author publication (see below). Building on the rCedV
platform, I designed and characterized a robust recombinant chimeric henipavirus reverse genetics system to
be used as a surrogate system for pathogenic henipaviruses. The envelope glycoproteins of rCedV were
replaced with those of either NiV-B (rCedV-NiV-B) or HeV (rCedV-HeV) and non-reporter and reporter versions
were generated. I optimized and implemented a rapid high throughput cell-based fluorescence reduction
microneutralization assay using rCedV chimeras to determine monoclonal antibody neutralization potencies
and detect the presence of neutralizing antibodies and measure neutralizing titers in henipavirus immunized
animal sera. This work resulted in a first author manuscript (see below). In a collaborative effort, I generated
recombinant henipavirus chimeric virus escape mutants to understand the structure of henipavirus envelope
glycoproteins. This collaboration resulted in a co-author manuscript (see below). In addition, my work has been
recently presented at multiple meetings such as the Keystone Symposia, Bat Infectious Diseases Symposium,
and the World One Health Congress.
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1. Amaya, M., Yin, R., Yan, L., Borisevich, V., Adhikari, B.N., Bennett, A., Malagon, F., Cer, R.Z.,
Bishop-Lilly, K.A., Dimitrov, A.S., Cross, R.W., Geisbert, T.W., Broder, C.C. (2023). A Recombinant
Chimeric Cedar Virus-Based Surrogate Neutralization Assay Platform for Pathogenic Henipaviruses.
Viruses, 15(5). https://doi.org/10.3390/v15051077


2. Wang, Z., Amaya, M., Addetia, A., Dang, H. V., Reggiano, G., Yan, L., Hickey, A. C., DiMaio, F., Broder,
C. C., & Veesler, D. (2022). Architecture and antigenicity of the Nipah virus attachment glycoprotein.
Science, 375(6587), 1373-1378. https://doi.org/10.1126/science.abm5561


3. Amaya, M., Cheng, H., Borisevich, V., Navaratnarajah, C. K., Cattaneo, R., Cooper, L., Moore, T. W.,
Gaisina, I. N., Geisbert, T. W., Rong, L., & Broder, C. C. (2021). A recombinant Cedar virus based
high-throughput screening assay for henipavirus antiviral discovery. Antiviral Res, 193, 105084.
https://doi.org/10.1016/j.antiviral.2021.105084


4. Laing, E. D., Amaya, M., Navaratnarajah, C. K., Feng, Y. R., Cattaneo, R., Wang, L. F., & Broder, C. C.
(2018). Rescue and characterization of recombinant cedar virus, a non-pathogenic Henipavirus
species. Virol J, 15(1), 56. https://doi.org/10.1186/s12985-018-0964-0


Complete list of published work in MyBibliography: MAmaya_Bibliography.



https://www.ncbi.nlm.nih.gov/myncbi/1Rk2fy0V6z7As/bibliography/public/
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Sofia State University, Bulgaria M.Sci. 06/1987 Chemistry


The University of Tokyo, Japan Ph.D. 04/1995 Physical Chemistry


NCI-Frederick, NIH, Frederick, MD Postdoctoral
Training


04/2004 Biochemistry, Viral entry


A. Personal Statement


I have been familiar with HeV-sG since its discovery. I am a co-author of the HeV-sG characterization article in
JVI 2005. It shows that HeV and NiV as well G-glycoproteins, membrane attached and soluble as well, exist as
dimers and dimers of dimers. Under the supervision of Dr. Broder I played a major role in the discovery of
ephrin B2 as a functional receptor for Nipah and Hendra viruses, sharing an equal contribution with Dr.
Bonaparte in the related PNAS article (2005). I had been also characterizing the binding site of ephrin B2 to
HeV and NiV G glycoprotein and found aminoacid residues on ephrin B2 that are critical for the virus receptor
binding.


I was a PI (MPI, with Dr. Fouts) of two pre-clinical development programs – one for the HeV-sG as subunit
vaccine against henipavirus infections and the other for the human antibody, m102.4, as postexposure
treatment against such infections. I am currently involved in the clinical investigation of the HeV-sG subunit
vaccine led by Auro Vaccines LLC. I am also actively involved in coordination the work of the research projects
and cores within the CETR U19- AI142764 “Advancement of Vaccines and Therapies for Henipaviruses”
(Christopher Broder, PI), where I wrote the proposal for RP1 related to the next generation HeV-sG human
vaccine. Although the subunit vaccine in its current formulation has an excellent efficacy, its stability at
ambient condition and efficacy are expected to be significantly enhanced within RP1 of the above CETR U19,
there is still room to explore the immunization efficiency by decreasing the cost of storage and application
procedure. Within one of the latest awards we are developing patches of soluble microneedle arrays for
intradermal delivery of HeV-sG. The vaccine is expected to be stable at ambient conditions and ready for easy
self-administration by pressing the patch to a bare skin place, like on the shoulder. During the past 2 decades I
accumulated relevant experience related to GLP, GMP, and partly GCP and believe that I can significantly
contribute to the proposed project.


B. Positions, Scientific Appointments, and Honors


2019 – Senior Scientist, USUHS, Bethesda, MD 20814 / HJF, Bethesda, MD 20817







2006 – 2019 Senior Staff Scientist, Profectus BioSciences, Inc., 6411 Beckley Str.,
Baltimore, MD 21224
2004 – 2006 Research Associate, Dept. of Microbiology at USUHS, Bethesda, MD 20814
1999 – 2004 Post-Doctoral Fellow, Laboratory of Experimental and Computational Biology,
CCR, NCI, NIH, Bldg. 469, Rm. 211, P.O. Box B, Frederick, MD 21702-1201
1995 – 1999 Scientist, L’ORÉAL Tsukuba Center, Tokodai 5-5, Tsukuba, Japan
1992 – 1995 Senior Research Associate, Nagayama Protein Array Project, ERATO, JRDC,
Tokodai 5-5, Tsukuba, Japan


1987 – 1993 Research Specialist (Chemist), Faculty of Chemistry, Sofia State University, Sofia, Bulgaria


C. Contributions to Science


1. Development of HeV-sG as a human subunit vaccine against henipavirus infection.
Relates to my current activities described above in the Personal Statement.


A. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW, Prasad AN, Fenton KA, Yu H,
Fouts TR, Broder CC, Dimitrov AS. A single dose investigational subunit vaccine for human use
against Nipah virus and Hendra virus. NPJ Vaccines, 2021 Feb 8;6(1):23. doi:
10.1038/s41541-021-00284-w


2. Discovery that ephrin B2 is a functional receptor for both HeV and NiV. Characterization of HeV-sG.
Dr. Broder (USUHS, Bethesda) pioneered the research on HeV and NiV starting the beginning of the century. I
joint his group in 2004. Dr. Bossart had already created soluble versions of HeV and NiV G glycoproteins and
was spending time on a search for the viral receptors. It was anticipated that both viruses share common
receptor indicated by immune response crossreactivity and anti-G antibody crossreactivity, including m102. Dr.
Broder suggested me to join in the efforts of receptor discovery. We mainly attempted to co-immunoprecipitate
the receptor with soluble G from lysates of permissive and non-permissive cells using coomassie stain,
radiolabeling, and different modification. It later became clear that the S-agarose we used for co-IP with the
S-tagged soluble G produces a non-specific band overlapping ephrin B2 and, thus, the band was considered
false positive. When Matthew Bonaparte joint the team proposed to use gene chip technology developed at
his university, SUNY. He sent lysates from permissive and non-permissive cells for analyses. Using the gene
chip data he successfully narrowed the possibilities for the receptor down to low 20s. Farther on, narrowing
couldn’t be justified by the available data. Then, I proposed to purchase plasmids with the identified genes from
Origene, transfect non-permissive cells, and find out which gene will render them permissive to HeV or NiV.
Thus, ephrin B2 was discovered as receptor for HeV and NiV. Looking back into those data ephrin B3 shows a
signal higher than background, but we have ignored it at that time, being excited of ephrin B2 identification.


A. Bonaparte MI, Dimitrov AS, Bossart KN, Crameri G, Mungall BA, Bishop KA, Choudhry V, Dimitrov
DS, Wang LF, Eaton BT, Broder CC. From the Cover: Ephrin-B2 ligand is a functional receptor for
Hendra virus and Nipah virus. PNAS 2005; 102: 10652-10657.


B. Bossart KN, Crameri G, Dimitrov AS, Mungall BA, Feng YR, Patch JR, Choundhary A, Wang LF,
Eaton BT, Broder CC. Receptor Binding, Fusion Inhibition, and Induction of Cross-Reactive
Neutralizing Antibodies by a Soluble G Glycoprotein of Hendra Virus. J. Virol. 2005; 79: 6690-6702.


3. Having a contribution in the discovery of m102.4 by identifying its parent m102 as a crossreactive
neutralizer.
Being in the laboratory of Dr. Broder I was using HeV and NiV mediated cell-cell fusion assays to study mutant
G glycoproteins created by inactivating glycosylation sites. At that time, Dr. Zhu had found Fab binders to
HeV-sG and asked me to test those for inhibitory activities in the cell-cell fusion assay. His Fabs showed
different inhibitory potency to HeV and NiV with Fab m102, although not the best against either virus, showing
a balanced inhibition to both viruses. Then, Dr. Zhu optimized m102 by in vitro maturation to m102.4.


A. Zhu Z, Dimitrov AS, Bossart KN, Crameri G, Bishop KA, Choudhry V, Mungall BA, Feng YR,
Choudhary A, Zhang MY, Feng Y, Wang LF, Xiao X, Eaton BT, Broder CC, Dimitrov DS. Potent
neutralization of Hendra and Nipah viruses by human monoclonal antibodies. J. Virol. 2006; 80: 891-9.







B. Zhu Z, Dimitrov AS, Chakraborti S, Dimitrova D, Xiao X, Broder CC, Dimitrov DS. Development of
human monoclonal antibodies against diseases caused by emerging and biodefense-related viruses.
Expert Rev Anti Infect Ther. 2006; 4: 57-66.


C. Zhu Z, Bossart KN, Bishop KA, Crameri G, Dimitrov AS, McEachern JA, Feng Y, Middleton D, Wang
LF, Broder CC, and Dimitrov DS. Exceptionally potent cross-reactive neutralization of Nipah and
Hendra viruses by a human monoclonal antibody. J Infect Dis 2008; 197:846-853.


D. Prabakaran P, Zhu Z, Xiao X, Biragyn A, Dimitrov AS, Broder CC, and Dimitrov DS. Potent human
monoclonal antibodies against SARS CoV, Nipah and Hendra viruses. Expert Opin Biol Ther 2009;
9:355-368.


E. Bossart KN, Geisbert TW, Feldmann H, Zhu Z, Feldmann F, Geisbert JB, Yan L, Feng YR, Brining D,
Scott D, Wang Y, Dimitrov AS, Callison J, Chan YP, Hickey AC, Dimitrov DS, Broder CC, Rockx B. “A
neutralizing human monoclonal antibody protects african green monkeys from hendra virus challenge”
Sci. Transl. Med. 2011; v. 3 (105), p. 105ra103.


4. Editing a volume from the Methods of Molecular Biology series
It was an exciting time finding appropriate chapter topics covering the discovery and preclinical development of
therapeutic antibodies, then finding authors and reviewing and editing the chapters.


A. Dimitrov AS, Editor; Therapeutic antibodies. Methods and protocols, Methods Mol. Biol. v. 525; March
2009, Humana Press / Springer, New York, NY 10013. ISBN: 978-1-934115-92-3


B. Dimitrov AS. Methods in molecular biology. Therapeutic antibodies. Methods and protocols. Preface.
Methods Mol Biol 2009; 525: vii-viii, xiii.


C. Prado I, Fouts TR, Dimitrov AS. (2009) Methods Mol Biol. v. 525 pp. 517-31. “Neutralization of HIV by
antibodies.”


5. Studying the mechanism of HIV entry. Applying mAbs to inhibit HIV entry
While postdoc under the supervision of Dr. Blumenthal, we proposed that HIV-1 Env gp41 destabilizes target
cell or its own membrane upon activation of gp120 by CD4 and respective coreceptor, CCR5 or CXCR4,
complexes, resulting in fusion or viral inactivation, respectively. In relation to HIV-1 entry to cells we detected
intermediates of the fusion process by using conformation specific mAb. Later, at Profectus I worked with
anti-HIV antibodies as entry inhibitors. Results from the completed grant awards identify sweet epitopes that
are simultaneously targeted by inhibitory antibodies show synergistic effect and an exceptional efficacy in vitro.


A. Dimitrov AS, Xiao X, Dimitrov DS, Blumenthal R. Early Intermediates in HIV-1 Envelope
Glycoprotein-mediated Fusion Triggered by CD4 and Co-receptor Complexes. J. Biol. Chem. 2001;
276: 30335-30341.


B. Dimitrov AS, Rawat SS, Jiang S, Blumenthal R. The Role of the Fusion Peptide and
Membrane-proximal Domain in HIV-1 Envelope Glycoprotein-mediated Membrane Fusion.
Biochemistry 2003;42:14150-14158.


C. Dimitrov AS, Jacobs A, Finnegan CM, Stiegler G, Katinger H, Blumenthal R. Exposure of the
membrane-proximal external region of HIV-1 gp41 in the course of HIV-1 envelope
glycoprotein-mediated fusion. Biochemistry. 2007 Feb 6;46(5):1398-401.


D. Dimitrov A, Drug evaluation: Ibalizumab, a CD4-specific mAb to inhibit HIV-1 infection. Current
Opinion in Investigational Drugs 2007 Aug; 8(8):653-61.
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Abstract 


Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia. There are currently 
no vaccines or therapeutics approved for human use. Notably, development of countermeasures for NiV and 
HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few research 
groups worldwide have access to the required biocontainment facilities to perform preclinical studies with these 
important human viral pathogens. To address this problem, we are developing a BSL-2 animal model that is 
based on Cedar virus (CedV), which is a non-pathogenic henipavirus.  Specifically, we are employing 
recombinant Cedar viruses (rCedVs) in which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) 
are expressed in the rCedV genome, replacing CedV F and G. Additionally, we have also incorporated our 
recently developed in vivo bioluminescence methodology to longitudinally trace the dynamics and anatomical 
progression of rCedV-luciferase (rCedV-luc) infections in individual animals.  Using various approaches to 
inhibit the host innate immune response in mice, we have demonstrated sustained replication of rCedV-luc and 
the rCedV-NiV-luc and rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable 
expression in the brain, both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-
luc causes neurological dysfunction and death in specific strains of mice.  The rCedV-luc platform is thus an 
authentic henipavirus system that can be used to study henipavirus in vivo biology safely and expediently under 
BSL-2 containment.  Our overall hypothesis is that rCedV-luc infection of mice lacking specific innate immune 
responses represents a BSL-2 platform for the study of henipavirus biology and pathogenesis, as well as for 
development and testing of anti-viral countermeasures. We will address this hypothesis through three Specific 
Aims: Aim 1: To optimize the use of immunodeficient mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a 
robust BSL2 model of pathogenic henipavirus disease; Aim 2: To determine the mechanism of rCedV-NiV 
neurovirulence; Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections. Aims involve synergistic collaborations with several other research projects and cores in 
this U19 program. Successful completion of these Aims will establish the rCedV-luc mouse model as a robust 
BSL-2 platform for the exploration of henipavirus pathogenesis and countermeasures.
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Project Summary/Abstract
Pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health.
Among these are the two emerged zoonotic paramyxoviruses: the ‘prototype’ henipaviruses (HNVs); Nipah
virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. The prototype HNVs have a uniquely
broad tropism capable of infecting 18 species across 6 orders of mammals using the conserved ephrin-B2 and
-B3 ligands as entry receptors. NiV and HeV infection often results in a systemic and fatal respiratory and/or
neurological disease in multiple mammalian species including humans. NiV and henipaviral disease are also
included in the WHO List of Priority Pathogens, and they are significant biothreats to humans and livestock in
South and South East Asia and Australia. HNVs have two membrane glycoproteins: the attachment
glycoprotein (G) and the fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the
focus of all vaccine and antiviral monoclonal antibody (mAb) strategies. The most extensively studied HNV
vaccine is a soluble recombinant form of HeV G (HeV-sG), shown to provide complete protection against lethal
challenge by either NiV (both Malaysia (NiV-M) and Bangladesh (NiV-B) or HeV in 4 species including
nonhuman primates (NHPs). With no licensed vaccines or treatments available for human use, this project will
use the prototype HNVs as a model to develop, test, and translate a novel vaccination platform (a
thermostable, needle-free, adaptable, and widely deployable polyphosphazene (PPZ) adjuvanted dissolvable
microneedle patch (MNP)). Preliminary data demonstrates potent immunogenicity of a PPZ-MNP-HeV-sG
vaccine in mice, inducing robust antigen-specific HNV cross-neutralizing antibody and cellular immune
responses. The MNP vaccines will be used to evaluate HeV-sG and compare stabilized soluble forms of HNV
G and F (sGtet and sFstb) and combinations in challenge studies. A reverse genetics system has been
developed to generate recombinant, nonpathogenic Cedar virus (rCedV) and rCedV chimeric virus tools by
swapping the G and F glycoproteins with those of NiV/HeV as a rapid, surrogate, BSL-2 high-throughput
neutralization platform to be used to rapidly evaluate HNV vaccine responses. Also, divergent and pathogenic
zoonotic HNVs have been discovered including the related rodent borne Mòjiāng virus and Langya virus
(LayV)), and the divergent bat-borne Angavokely virus (AngV). This project will develop and test the rapid,
adaptable and readily deployable MNP vaccine platform together with new virological tools to facilitate the
translational nature of this pandemic preparedness approach. Specifically, we will: 1) Develop PPZ-MNP-based
sGtet and sFstb prototype HNV vaccines; 2) Construct new reporter virus tools; 3) Evaluate vaccine-induced
immune responses and HNV-specific mAbs and nbs; and 4) Validate the PPZ-MNP platform with another
paramyxovirus antigen.
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Equipment


The laboratories are located in the Department of Microbiology and Immunology at USU.


The following equipment is supplied in the laboratory:


- Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope)
- BioRad BioPlex 200 HTF multiplexing system
- Luminex MagPIX multiplexing system
- BioRad iQ5 real-time PCR system
- Lonza Nucleofector 4D Shuttle – core unit and X-unit
- Coulter Z1-Dual cell counter
- centrifuges: Eppendorf 5425 microfuges (4); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i;


various rotors
- inverted microscopes for tissue culture (3)
- gel electrophoresis equipment for protein (7) and DNA (12) gels
- semi-dry protein transfer apparatus (4)
- Perkin-Elmer and Eppendorf thermal cyclers (5)
- ELISA plate readers (2)
- balances (6)
- pH meter (2)
- refrigerators
- freezers (-20 C, -80 C)
- platform orbital shakers (5)
- sonicator with cup horn and microtip
- bacterial shakers (6)
- heating blocks (16)
- waterbaths (14)
- biosafety cabinets (6)
- CO2-tissue culture incubators (11)
- Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring (6)
- GE-ATKA low pressure chromatography systems, including UV detectors and fraction collectors (2)
- CTL S6 Universal Analyzer


The following equipment is supplied as common support equipment within the department:


- Fuji LAS-4010 chemiluminescence/fluorescence CCD camera imaging system
- IVIS in vivo imaging system (equipped to detect luminescence and fluorescence)
- 2D gel electrophoresis system (protein)
- Alpha-Innotech gel documentation system (EtBr-stained gels)
- MilliQ ultra-pure water system
- Nanodrop spectrophotometer
- Luminometer
- Fluorescence plate readers (2)


The University Biomedical Instrumentation Center, USUHS provides other resources and is also located
on- site and provides a wide variety of services, including:
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Translational Imaging Facility
- Siemens Inveon SPECT/PET/CT Scanner
- Bruker In-Vivo Xtreme II: supports bioluminescence, X-ray, and direct radioisotopic imaging
- Bruker Biospec 70/20 USR MRI
- Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications


Flow Cytometry
- Becton-Dickinson (10- and 13-parameter) LSRII FACS analyzers (2)
- 15-parameter FACSAria II FACS sorter, including a 541nm laser upgrade for sorting of RFP-expressing


cells
- Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software
- Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system
- Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit


Microscopy
- Zeiss 710NLO confocal system with 405/458/488/514/561/633 conventional lasers and a Coherent


Ultra2 Ti-Sapphire laser for multiphoton excitation, continuously tunable over the range of 690 to 1080
nm


- Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines
- Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy


(SR-SIM), photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction
microscopy (dSTORM). System is fully equipped, including the 3D-PALM/dSTORM option.


- Becker-Hickl 2-detector FLIM system (for FRET – attached to Zeiss 710NLO)
- Zeiss AxioExaminer.Z1 upright confocal system with Coherent Chameleon multiphoton laser for in vivo


imaging and electrophysiology
- Zeiss AxioImager.M2 upright microscope and MicroBrightField Stereo Investigator software (stereology


analysis).
- Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage


plus atmosphere and temperature control
- Wide-field fluorescence microscopes (3)
- Transmission electron microscope (Philips CM100 transmission EM)
- Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment)
- Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology


package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize;
Metamorph.


Genomics
- Fuji FLA-5000/LAS-3000 chemiluminescence/fluorescence CCD/laser scanning imaging systems
- ABI 9800 Fast Thermal Cycler
- ABI 7500 Real Time PCR System
- ABI 3500xl Genetic Analyzer
- ABI 394 DNA/RNA Synthesizer (2)
- ABI 3900 DNA Synthesizer
- Eppendorf epMotion 5075 VAC Liquid handling robot
- Thermo Scientific Evolution 300 UV/Vis Spectrophotometer
- Systec MediaPrep & Plate Pourer


Proteomics
- Agilent 1100 HPLC (2)
- AB SCIEX Voyager DSTR MALDI-TOF mass spectrometer
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- AB SCIEX Q-TOF tandem mass spectrometer
- Genetix QArray2 Micro array printer


Histopathology
- Fee-for-service histology and immunohistochemistry
- Nanozoomer digital slide scanner


Structural Biology
- X-ray crystallography facility with a Rigaku HighFlux HomeLab X-ray diffraction system, including:


o MicroMax-007 HF, a microfocus rotating anode generator
o R-AXIS Imaging Plate detector
o X-stream 2000 cryogenic system
o AB Sciex 4000 QTRAP LC/MS/MS System
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Facilities and Other Resources


Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which
approximately half of the physicians in the Armed Services receive their graduate training. Research at USU is
supported primarily by extramural grants, as in other medical schools. Dr. Broder (PI) is a tenured Professor
and Chair of the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.
The overall focus of the Department is mechanisms of infectious diseases and the host response/immunology.
Faculty interests and active research programs at USU are diverse, with many nationally- and
internationally-known investigators. Dr. Broder, the PI, has had and is currently involved in active collaborations
within the University, in areas of viral immunology and vaccine and antiviral therapeutics and animal model
development. USU is also physically located directly across from the main NIH campus in Bethesda. The
overall broad scientific environment at both USU and the NIH is highly conducive to productive collaborations.
The PI often uses these resources to his advantage, both for his research objectives and interests and in
assisting in adjunct faculty appointments within the Emerging Infectious Diseases graduate program for both
on and off-campus scientists interested in participating in graduate education and graduate student training.
Overall, the available technical resources (and University support for continually improving technical
resources) is exceptional. In addition, multi-lab Immunology journal club, Immunology data club, Virology
journal club, and virology data club exist. Approximately 10 groups regularly participate in the immunology
journal/data club and 5 groups regularly participate in the virology journal/data club.


Dr. Broder has been well-supported by the Department of Microbiology and Immunology and the USU Office of
Research. Although USU is a modest-sized medical school, the technical resources are outstanding, rivaling
many very large institutions (see below). The modest size of the school is an advantage, as key pieces of
equipment (e.g., Bruker In Vivo Xtreme II; Siemens Inveon SPECT/PET/CT Scanner) are not overbooked and
therefore readily available to the laboratory personnel. In addition to University funds, we have successfully
used the NIH S10 mechanism to purchase advanced and very expensive equipment, including the Zeiss
710NLO system and the FACSAria 15-parameter cell sorter. Overall, the available technical resources (and
University support for continually improving technical resources) is exceptional, as is illustrated by the most
recent USU purchase of cutting-edge equipment: the Zeiss Elyra PS.1 super-resolution microscope.


Laboratory: Dr. Broder’s laboratories are divided into 3 rooms totaling 1,440 sq. ft. Both investigators possess
routine equipment for microbiology, molecular biology, and biochemistry including incubators, centrifuges,
inverted microscopes, gel electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH
meters, refrigerators, freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks,
water baths, free-standing biosafety cabinets, and CO2-tissue culture incubators. Additionally, Dr. Broder’s lab
is equipped with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence
microscope, upgraded in 2015), a BioRad iQ5 real-time PCR system, and a Lonza Nucleofector 4D Shuttle.
Dr. Broder’s lab also includes two complete GE-ATKA low pressure chromatography systems, with integrated
UV detectors, fraction collectors, and pump systems, and gradient fractionator apparatus. Dr.
Broder’s lab performs virus based assays that incorporate primarily 2 techniques: plaque assays and
neutralization assays. Both of these techniques determine viral concentration and/or viral quantity and require
manual counting of plaques/clear areas (plaque assay) or manually counting GFP foci using a fluorescent
microscope (neutralization assays). Since a large number of iterations with multiple viruses are performed
routinely, Dr. Broder acquired a CTL S6 analyzer, which is an automated plate reader that can read up to 4
fluorescent colors, captures 25 megapixel images and is able to recognize over 11,000 spots per well in a 96-
well plate format. The analyzer can efficiently handle a large number of 96-well plates required for assay
characterization and development thus allowing for a high-throughput workflow with the use of minimal
reagents. Operator bias is also diminished when counting plaques/GFP foci from processed images allowing
for consistent, objective and statistically reliable results. Washed formalin fixed 96-well plates are first loaded
into the analyzer and the software takes a high quality image of each well. Using the Basic count feature in the
software package the user establishes parameters, which is used to enumerate GFP foci in each well of a
single 96-well plate or from batch processing multiple plates. The counts can then be exported as an Excel file,
which can be used to generate neutralization profiles for example. Conventional plaque assays and virus
neutralization assays can take between 5- 7 days to complete, whereas the protocol established with the CTL
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S6 analyzer has reduced the time to 3 days. Postdocs, students, and technicians have desks and computers in
the laboratory.


Animal: Animals are maintained in University facilities under the supervision of a full-time veterinarian.
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. It, and
the University’s animal care and use program, is managed by the Center for Laboratory Animal Medicine,
which is directed by a veterinarian who is an ACLAM Diplomat and staffed with three other veterinarians, a
graduate animal husbandry man, and about 30 technicians. The University is able to provide appropriate care
for a wide variety of laboratory animal species, from invertebrates to lower vertebrates, to higher vertebrates
including non-human primates and domestic livestock, as well as the more commonly used species such as
rodents and rabbits. The facility also includes a number of properly equipped ABSL-2 rooms.


Computer: Windows-based computers as well as Apple Mac all within 4 years of life cycle. They are available
for routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories. The
University maintains site licenses for other image and data analysis software, including Zeiss Axiovision,
VisioPharm, and OriginPro.


Office: Dr. Broder has an office separate from but proximal to the laboratories. Trainees and technicians have
desks in the laboratory. The department employs one senior program manager, administrative officer,
administrative specialist and a microbiologist. Other personnel can be provided as necessary to support the
program.


Clinical: N/A


Other: The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and
Biometrics, provides statistical consulting to USUHS scientific investigators. We routinely consult with Cara
Olsen, Research Assistant Professor (the full-time Biostatistics Consultant of the BCC), regarding proper
design of experiments for statistical testing and for statistical analysis of the resulting data.


The USU Translational Imaging Facility (TIF) houses state-of-the art equipment for live animal imaging,
including a Siemens Inveon SPECT/PET/CT Scanner, a Bruker Biospec 70/20 USR Magnetic Resonance
Imaging system, and a Bruker In-Vivo Xtreme II bioluminescence and X-ray imaging sytem.


The USU Biomedical Instrumentation Center (BIC) houses core equipment for use by investigators throughout
the University. Instrumentation is available either free or on a fee-for-service basis, depending on which
instruments have annual service contracts (which are paid largely through per-hour use fees). The BIC Flow
Cytometry Core includes two Becton-Dickinson (10- and 13-parameter) LSRII FACS analyzers, one 15-
parameter FACSAria FACS sorter, and one Amnis Image Stream X Mark II imaging flow cytometer, as well as
off-line analysis workstations.


The BIC Imaging Core houses three confocal microscopes, including a Zeiss 700 inverted system with
405/458/488/514/561/633 laser excitation; a Zess 710NLO inverted system with 405/458/488/514/561/633
conventional lasers and a Coherent Ultra2 Ti-Sapphire laser for multiphoton excitation, continuously tunable
over the range of 690 to 1080 nm; and a Zeiss AxioExaminer-Z1 upright microscope equipped with a direct-
coupled Coherent Chameleon tunable infrared laser for ex vivo and in vivo mutliphoton imaging projects. A
Becker-Hickl two-detector FLIM system (for FRET analyses) is connected to the inverted Zeiss 710NLO
system. Recently, the BIC has also acquired a Zeiss Elyra PS.1 super-resolution microscope, which is capable
of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-parameter PALM (Photoactivation
localization microscopy) and dSTORM (direct stochastic optical reconstruction microscopy), as well as 3D-
PALM/dSTORM. The BIC also houses a Leica AF6000 system, consisting of an inverted microscope equipped
with a fully motorized 3-axis stage plus atmosphere and temperature control, allowing extended term (days)
live cell analyses. Additionally, there is a stereology system consisting of a Zeiss AxioImager.M2 upright
microscope connected to MicroBrightField's Stereo Investigator software package. The facility also includes
several additional wide-field fluorescence microscopes, and three offline data analysis stations with software
packages including: Zeiss Zen software and full Physiology package; Media Cybernetics' 3D Constructor,
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Image Pro Analyzer, Autodeblur, and Autovisualize; Metamorph Basic. The Imaging Core also includes a
transmission electron microscope (Philips CM100 transmission EM) and an ultramicrotome (Leica EM UC6
with EM FC6 cryo attachment).


The BIC Genomics core includes an ABI 3900 DNA synthesizer, an ABI3500xl Genetic Analyzer (for
sequencing), a RochLightCycler 480 for real-time PCR, and Systec Mediaprep and Plate Pourer instrument.
There is also an integrated Fuji FLA-5000/LAS-3000 imaging system for many applications that involve
fluorescence and chemiluminescence imaging of gels and blots. The BIC Proteomics Core includes two
Agilent 1100 HPLCs, an AB SCIEX Voyager DSTR MALDI-TOF mass spectrometer, and an AB SCIEX Q-TOF
tandem mass spectrometer.


The BIC Structural Biology Core includes a Rigaku HighFlux HomeLab X-ray diffraction system, with a
MicroMax-007 HF microfocus rotating anode generator, an R-AXIS Imaging Plate detector, and an X-stream
2000 cryogenic system. Other available BIC instruments and services include histopathology and PET/CT
instrumentation for small animal research.


A full-time statistician is available at the University for consultation on data analysis and to help with statistical
analysis.


The University also has an equipment repair service, central duplicating service, audiovisual service, and
microcomputer support service. The University Learning Resource Center is a high quality medical and
scientific library with additional microcomputers and support. A wide variety of scientific journals are available
in print and via remote computer access. A central autoclave/glassware washroom serves the Department of
Microbiology and Immunology and is maintained through extramural grant support.
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EQUIPMENT 


Schaefer Laboratory 
Epifluorescence microscopy system (Fully-automated Zeiss AxioObserver epifluorescence microscope) 
BioRad CFX Connect real-time PCR system 
Lonza Nucleofector 4D Shuttle – core unit and X-unit  
Coulter Z1-Dual cell counter 
DeNovix CellDrop-FL cell counter with fluorescence 
centrifuges: Eppendorf 5425 microfuges (3); Beckman Allegra 25R; Thermo-Fisher Jouan GR4i; various 
rotors NestAdvance Bullet Blender bead mills (2) 
Miltenyi QuadroMACS separator (2) 
inverted microscopes for tissue culture (2) 
gel electrophoresis equipment for protein (3) and DNA (5) gels 
semi-dry protein transfer apparatus (2) 
Bio-Rad thermal cyclers (2) 
balances (4) 
pH meter 
refrigerators 
freezers (-20 C, -80 C) 
platform orbital shakers (5) 
sonicator with cup horn and microtip 
bacterial shaker 
heating blocks (6) 
waterbaths (8)  
biosafety cabinets (2) 
CO2-tissue culture incubators (3) 
Thermo-Fisher Locator 4 liquid nitrogen storage tank with electronic monitoring  


Departmental 
GE Healthcare Life Sciences Amersham Imager 680 (for imaging of protein and DNA gels and blots) 
Alpha-Innotech gel documentation system (EtBr-stained gels) 
2D gel electrophoresis system (protein) 
MilliQ ultra-pure water system 
Nanodrop spectrophotometer 
Luminometer 
Fluorescence plate readers (2) 


USU CORE FACILITIES (fee for service or free) 


Biomedical Research Imaging Core (BRIC) 


IVIS® Spectrum CT preclinical in vivo imaging system (2D and 3D bioluminescence and CT imaging) 
Siemens Inveon SPECT/PET/CT Scanner 
Bruker Biospec 70/20 USR MRI 
Image Guided Therapy 7T MR guided Focused Ultrasound System for neurological applications 


The American Genome Center (TAGC) 


Illumina NovaSeq 6000 systems (7) 
Illumina HiSeq X systems (6) 
Illumina NextSeq 500 system 
10x Genomics Visium CyAssist transcriptomic probe transfer system 
10x Genomics Chromium Connect automated single-cell NGS library workstation  
10x Genomics Chromium Controller massively parallel sample partitioning platform  
Agilent Fragment Analyzer automated parallel capillary electrophoresis systems (2) 
Bio-Rad Experion LabChip Platform automated electrophoresis system 
PRIMER Data Science Core - direct connection to a high-speed network switch for data  


storage on a petabyte-scale Isilon SAN 







Biomedical Instrumentation Center (BIC) 


Flow Cytometry 
Cytek Aurora 5-laser, 64-channel Spectral Analyzer 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5 
Becton-Dickinson 4-laser, 15-parameter LSRII FACS analyzer 
BD FACSAria Fusion 4-laser, 18-parameter flow sorter 
BD FACSAria IIIu 4-laser, 17-parameter flow sorter 
Amnis Image Stream X Mark II imaging flow cytometer with IDEAS statistical image analysis software 
Bio-Rad Bio-Plex 200 multi-analyte bioassay detection system 
Agilant Seahorse XPe96 Analyzer 
Offline data analysis stations (3) with software packages including: FlowJo, WinList, and ModFit 


Microscopy 
Zeiss 980 Confocal with Airyscan2 
Zeiss 700 confocal system with 405/458/488/514/561/633 laser lines 
Zeiss 7 MP Multi-photon Confocal Electrophysiology System 
Zeiss Elyra PS.1 Superresolution microscope for superresolution structured illumination microscopy (SR-SIM), 


photoactivated localization microscopy (PALM), and direct stochastic optical reconstruction microscopy 
(dSTORM).  System is fully equipped, including the 3D-PALM/dSTORM option.   


Zeiss Lightsheet Z.1 
Zeiss Axioscan Z1 Slide Scanner 
Zeiss AxioImager M2 upright microscope and MicroBrightField Stereo Investigator software (stereology 


analysis). 
Leica AF6000 system, including an inverted microscope equipped with a fully motorized 3-axis stage plus 


atmosphere and temperature control 
Transmission electron microscope (JEOL JEM-1011)  
Ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment) 
Grid stainer (Leica EM AC20) 
Wide-field fluorescence microscopes (3) 
Offline data analysis stations with software packages including: Zeiss Zen software and full Physiology 


package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, Autodeblur, and Autovisualize; 
Metamorph.   


Genomics 
3500 XL Applied Biosystems Genetic Analyzer 
Gene Forge 3900 and ABI 3900 and DNA Synthesizer 
U-3000 Thermo-Scientific HPLC system 
Agilent 1200 HPLC 
QX200 Droplet Digital PCR System (ddPCR) 
Roche LightCycler 480 Real-Time PCR System 
Agilent Capillary Electrophoresis Fragment Analyzer 


Structural Biology/Proteomics 
AB Sciex 4000 QTRAP LC/MS/MS System 
Agilent 1200 HPLC 
Wyatt DynaPro NanoStar Dynamic Light Scattering 
GE Healthcare Biacore 3000 Surface Plasmon Resonance 
Art Robbins Instruments Phoenix Crystallization Robot 
JANSi UVEX Fluorescence Microscope 


Histopathology 
Leica Autostainer XL 
Leica CV 5030 Robotic Coverslipper 
Sakura Tissue-Tek VIP tissue Processor 
Leica CM 3050 S Cryostat 
Microm HM 325 Microtome 
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Facilities and Other Resources 


Overall Scientific Environment: Uniformed Services University (USU) is the medical school at which 
approximately half of the physicians in the Armed Services receive their graduate training.  Research at USU is 
supported primarily by extramural grants, as in other medical schools. Dr. Schaefer is a tenured Professor in 
the Department of Microbiology and Immunology, which includes 12 full-time Faculty members.  The overall 
focus of the Department is mechanisms of infectious diseases and the host response/immunology.  Faculty 
interests and active research programs at USU are diverse, with many nationally- and internationally-known 
investigators, including the Department of Microbiology and Immunology chair, Dr. Christopher Broder, who is 
an internationally-known virologist (and centrally involved in this proposal).   


USU is directly across the street from the main NIH campus and close to Johns Hopkins, the University of 
Maryland and several other outstanding institutions, facilitating opportunities to establish productive 
collaborations with world-class investigators.  For example, Dr. Schaefer has had a multi-PI U01 grant with Dr. 
Wolfgang Losert (Dept of Physics, University of Maryland) as the co-PI and Dr. Hari Shroff (NIH/NIBIB) as a 
collaborator. Dr. Schaefer is also primary PI on a multi-PI R01 from NIAID with Dr. YouWen He at Duke 
University Medical Center, and Dr. Thomas Conrads (Women’s Health Integrated Research Center). Dr. 
Schaefer and his staff have also collaborated with the Advanced Imaging Center (AIC) at the Howard Hughes 
Medical Institute (HHMI) for some of their imaging-based research. Overall, the broader scientific environment 
at USU and the greater Bethesda/Washington D.C. metropolitan region is highly conducive to productive 
collaborations.  Dr. Schaefer has been using these resources to his advantage, and has been very active in 
establishing collaborative relationships to facilitate his research objectives. Notably, Dr. Schaefer and Dr. 
Broder have been collaborating for several years on lyssavirus- and henipavirus-related project, and they have 
a very strong working relationship. 


Members of the Schaefer lab participate in a weekly multi-lab Immunology journal club, Immunology data club, 
virology journal club, and virology data club. Approximately 10 groups regularly participate in the immunology 
journal/data club and 5 groups regularly participate in the virology journal/data club.  Also, members of the 
Schaefer lab participate in a bi-weekly data presentation/discussion group which meets monthly.   


Dr. Schaefer has been well-supported by the Department of Microbiology and Immunology and the USU Office 
of Research.  Although USU is a modest-sized medical school, the technical resources are outstanding, 
rivaling many very large institutions (see below).  The modest size of the school is an advantage, as key 
pieces of equipment (e.g., The IVIS® Spectrum CT preclinical in vivo imaging system; Cytek Aurora spectral 
flow cytometer), and 10x Genomics Visium Spatial Transcriptomics instruments are not overbooked and 
therefore readily available to laboratory personnel. Dr. Schaefer is also Chair of the USU Biomedical 
Instrumentation Center (BIC), and thus plays a central role in directing equipment purchases, ensuring that 
needed technologies are available for the research of the PI and his USU colleagues.  In addition to University 
funds, we have successfully used the NIH S10 mechanism to purchase core facility equipment.  Overall, the 
available technical resources (and University support for continually improving technical resources) is 
exceptional, as is illustrated by recent USU purchases of cutting-edge equipment including a Perkin-Elmer 
IVIS® Spectrum CT preclinical in vivo imaging system, a Zeiss Elyra PS.1 super-resolution microscope, an 
Agilant Seahorse XPe96 Analyzer, a BD FACSAria Fusion flow sorter, and many other pieces of advanced 
research equipment. Overall, the available technical resources (and University support for continually 
improving technical resources) is exceptional. 


USU has several Ph.D. programs, including an Emerging Infectious Diseases (EID) program, a Molecular and 
Cellular Biology (MCB) program and a Neuroscience (NES) program.  Dr. Schaefer holds secondary 
appointments in all three programs and is currently Interim Director of the Emerging Infectious Diseases 
Graduate Program. Ds. Schaefer has been very active in training graduate students, having trained >10 Ph.D. 
students.  USU recruits strong graduate students, and Dr. Schaefer’s students have been very productive, 
during and beyond their dissertation studies. The availability of talented graduate students is a further  
resource, promoting productivity and enhancing the overall vibrancy of the scientific environment at USU.     
Laboratory:  Dr. Schaefer’s laboratory area consists of three rooms of 450 sq. ft, 300 sq. ft and 225 sq.ft., and 
a dedicated microscopy suite of 110 sq. ft.  The Schaefer lab contains routine equipment for microbiology, 
molecular biology, and biochemistry including incubators, centrifuges, inverted microscopes, gel 
electrophoresis equipment for protein and DNA gels, thermal cyclers, balances, pH meters, refrigerators, 
freezers, platform orbital shakers, sonicator, UV transilluminator, shakers, heating blocks, waterbaths, free-
standing biosafety cabinets, and CO2-tissue culture incubators.  Additionally, Dr. Schaefer’s lab is equipped 







with an epifluorescence microscopy system (a Zeiss AxioObserver inverted fluorescence microscope), a 
BioRad CFX Connect real-time PCR system, a Coulter Z1-Dual cell counter, a DeNovix CellDrop-FL cell 
counter and a Lonza Nucleofector 4D Shuttle. Postdocs, students, and technicians have desks and computers 
in the laboratory. 


Animal:  Animals are maintained in University facilities under the supervision of a full-time veterinarian.  The 
USUHS maintains a modern AAALC Accredited, Central Animal Facility of about 50,000 square feet. The 
facility also includes two preclinical behavior cores (one for mice, one for rats). The facility and the University’s 
animal care and use program is managed by the Department of Laboratory Animal Medicine (DLAR), which is 
directed by a veterinarian who is an ACLAM Diplomate and staffed with three other veterinarians, a graduate 
animal husbandryman, and about 30 technicians. The University is able to provide appropriate care for a wide 
variety of laboratory animal species, from invertebrates and lower vertebrates to higher vertebrates including 
non-human primates and domestic livestock, as well as more commonly used species such as rodents and 
rabbits. The facility also includes a number of properly equipped ABSL-2 rooms. 
 
Computer:   Windows-based computers (Intel i5/i7 or similar processors and ≥8GB of RAM) are available for 
routine use by postdoctoral fellows, graduate students, and technicians located in the laboratories of both 
investigators. Dr. Schaefer’s laboratory also has a dedicated workstation for use for analysis of microscopy and 
in vivo imaging data.  Image analysis software in the Dr. Schaefer’s lab includes Zeiss Zen, with a digital 
deconvolution module and numerous tools for quantitative image analysis. The University maintains site 
licenses for other image and data analysis software, including Zeiss Axiovision, VisioPharm, and OriginPro.   
Dr. Schaefer also maintains a license for FlowJo software, which can be used on any networked computer in 
the laboratory. The computers are connected by a central server to each other and to the Internet. A variety of 
USU-supported software programs are available, including EndNote, Microsoft Office, Adobe Creative Cloud, 
Geneious Prime and Graph Pad Prism 9.  
 
Office:  Drs. Schaefer’s office is separate from but proximal to each of his laboratories. Trainees and 
technicians have desks in the laboratory. Four full-time administrative officers and one part-time administrator 
are available to provide support within the department.   


Clinical:  N/A 


Other:  The Biostatistics Consulting Center (BCC), a service of the Department of Preventive Medicine and 
Biometrics, provides statistical consulting to USUHS scientific investigators.  We routinely meet with BCC 
consultants regarding proper design of experiments for statistical testing and for statistical analysis of the 
resulting data. 


The USU Biomedical Research Imaging Core (BRIC) houses state-of-the art equipment for pre-clinical studies, 
including a IVIS® Spectrum CT, a Siemens Inveon SPECT/PET/CT Scanner and a Bruker Biospec 70/20 USR 
Magnetic Resonance Imaging system. A Scientist and several staff provide technical support and manage the 
facility. 


The USU American Genome Center (TAGC) is one of only four academic genome centers in the United 
States. It is the Department of Defense operations subsidiary of the Collaborative Health Initiative Research 
Program (CHIRP) established between the National Heart, Lung, and Blood Institute (NHLBI) and USU. Since 
inception, TAGC has generated more than 40,000 whole Genome Sequences across 107 research studies 
sourced from NHLBI, other NIH Institutes, DoD and USU investigators. TAGC is also the sequencing center 
and genome data analysis center for the APOLLO Cancer Moonshot project, and collaborates for this purpose 
with the Murtha Cancer Center (MCC) at Walter Reed, the National Cancer Institute, and the Veterans 
Administration. Through a collaborative relationship with 10x Genomics, USU has early access to newly 
released platforms such as Visium Spatial Transcriptomics (including improvements to that platform). 


The USU TAGC includes a large array of next-generation sequencing instruments including Illumina NovaSeq 
6000 systems, Illumina HiSeq X systems, and an Illumina NextSeq 500 system. A 10x Genomics Chromium 
Connect automated single-cell NGS library workstation is available for automated single cell partitioning, 
barcoding and NGS library preparation.  A 10x Genomics Chromium Controller massively parallel sample 
partitioning platform is available for barcoding single cell RNA for library preparation and for single cell 
transcriptome profiling, including CITE-seq workflows.  10x Genomics Visium CyAssist transcriptomic probe 
transfer system is available to facilitate spatial transcriptomics workflows. Electrophoresis systems include 
Agilent Fragment Analyzers and a Bio-Rad Experion LabChip Platform.  Sequencing platforms are connected 
to a high-speed network switch for data storage on a petabyte-scale Isilon SAN. 







The USU Biomedical Instrumentation Center (BIC) consists of five core equipment facilities for use by 
investigators throughout the University.  Instrumentation is available either free or on a fee-for-service basis, 
depending on which instruments have annual service contracts (which are paid largely through per-hour use 
fees). Each core is run by a full-time Director with an advanced science background (most hold a PhD) and a 
high degree of technical expertise. The majority of cores have at least one additional employee to help manage 
the core and provide guidance and assistance to users. 


The BIC Flow Cytometry Core includes three analyzers (Cytek Aurora 5-laser, 64-channel Spectral Analyzer; 
Becton-Dickinson 5-laser, 30-parameter FACSymphony A5; Becton-Dickinson 4-laser, 15-parameter LSRII) 
and two sorters (BD FACSAria Fusion 4-laser, 18-parameter flow sorter; BD FACSAria IIIu 4-laser, 17-
parameter flow sorter) and an Amnis Image Stream X Mark II imaging flow cytometer.  Other equipment 
includes a Bio-Rad Bio-Plex 200 multi-analyte detection system and an Agilant Seahorse XPe96 Analyzer. The 
core has several off-line analysis workstations with FlowJo and other data analysis platforms.   


The BIC Imaging Core houses a wide array of microscopes, including a Zeiss Elyra PS.1 super-resolution 
microscope, which is capable of 4-parameter SR-SIM (super-resolution structured illumination) imaging, 3-
parameter PALM (Photoactivation localization microscopy) and dSTORM (direct stochastic optical 
reconstruction microscopy), as well as 3D-PALM/dSTORM. Other microscopes include aZeiss 980 Confocal 
with Airyscan2, a Zeiss 700 confocal system, a Zeiss 7 MP Multi-photon Confocal Electrophysiology System, a 
Zeiss Lightsheet Z.1 and a Zeiss Axioscan Z1 Slide Scanner. The facility also includes several additional wide-
field fluorescence microscopes, and three offline data analysis stations with software packages including: Zeiss 
Zen software and full Physiology package; Media Cybernetics' 3D Constructor, Image Pro Analyzer, 
Autodeblur, and Autovisualize.  For electron microscopy needs, the core is equipped with a JEOL JEM-1011 
transmission electron microscope, an ultramicrotome (Leica EM UC6 with EM FC6 cryo attachment), and a 
grid stainer (Leica EM AC20). 


The BIC Genomics core includes a 3500 XL Applied Biosystems Genetic Analyzer, a Gene Forge 3900 and an 
ABI 3900 and DNA Synthesizer, a U-3000 Thermo-Scientific HPLC system, an Agilent 1200 HPLC, a QX200 
Droplet Digital PCR System, a Roche LightCycler 480 Real-Time PCR System and an Agilent Capillary 
Electrophoresis Fragment Analyzer.  


The BIC Structural Biology and Proteomics Core includes a GE Healthcare Biacore 3000 Surface Plasmon 
Resonance instrument, an AB Sciex 4000 QTRAP LC/MS/MS System, an Agilent 1200 HPLC, a Wyatt 
DynaPro NanoStar Dynamic Light Scattering analyzer, an Art Robbins Instruments Phoenix Crystallization 
Robot, and a JANSi UVEX Fluorescence Microscope (for crystal inspection). 


The BIC Histopathology Core includes a Leica Autostainer XL, a Leica CV 5030 Robotic Coverslipper, a 
Sakura Tissue-Tek VIP tissue Processor, a Leica CM 3050 S Cryostat, and a Microm HM 325 Microtome.  


The University also has an equipment repair service, central duplicating service, audiovisual service, and 
microcomputer support service. The University Learning Resource Center is a high quality medical and 
scientific library with additional microcomputers and support.  A wide variety of scientific journals are available 
via remote computer access. A central autoclave/glassware washroom serves the Department of Microbiology 
and Immunology. 
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Resource Sharing Plan (to include sharing research data, model organisms and data)


We routinely present data derived from our studies at scientific meetings such as the American Society for
Virology (ASV), American Society for Microbiology, Keystone Symposia among others, and when components
are completed, invention disclosures filed, and following consultation with our appropriate technology transfer
offices, we publish and disclose our findings. We have always made our reagents and data available to other
investigators, and when appropriate, complete MTAs in a timely fashion. If research findings we deem sensitive
are requested by outside parties, prior to publication mutual non-disclosure agreements will be put in place. In
addition, we will have a free exchange of findings and data with all our consultants and collaborators. We will
adhere to all institutional, state and federal resource sharing guidelines and agree to share knowledge, research
materials, and any other resources necessary and relevant to the particular focus of the grant, recognizing that
final authorization will be cleared with all appropriate organizational parties. We will make all data gathered
available quickly and in an easy-to-interpret format, adhering to confidentiality regulations, provided that this does
not conflict with our local requirements.


Research resources, research tools, research procedures and protocols, and novel materials such as
recombinant viruses like VSV and rCedV based reporters for LayV and other emerging viruses that may arise out
of the funded studies will be made available to others in the private and public sector as soon as appropriate
agreements covering such transfer can be executed, or in the case of project data, shall be published as soon as
possible or otherwise shared with other researchers pursuant to NIH policies regarding data sharing.


The USU and HJF Joint Office of Technology Transfer (JOTT) will coordinate all technology transfer activities for
data and resources generated by USU and UTMB and Novartis. The JOTT will adhere to all applicable policies,
principles, guidelines and procurement rules in making unique research resources readily available for research
purposes to qualified individuals and entities, and in ensuring that there is no more than a short–term restriction
on publication or public dissemination of data in order for the JOTT to evaluate and file for patent protection on
any subject invention that may arise from the funded study. Dissemination of unpublished data that is considered
to be proprietary or confidential shall occur pursuant to a suitable confidential disclosure agreement prepared by
the JOTT as required. Material transfer agreements, license agreements, and Cooperative Research and
Development Agreements (CRADAs), as appropriate, will be used to transfer material property. Material transfer
agreements will be established to share resources among the research community for noncommercial research
use.








Vertebrate Animals 
 


1. The following mouse strains will be used in this proposal: 


i) B6-albino-Ifnar1-/- mice.  We maintain a breeding colony of B6-albino Ifnar1-/- mice at Charles 
River Labs (CRL). We generated these mice by crossing the B6-albino strain (Jackson 
Laboratory B6(Cg)-Tyrc-2J/J, Strain #:000058) with the Ifnar1-/- strain (Jackson Laboratory 
B6(Cg)-Ifnar1<tm1.2Ees>/J, Strain # 028288), followed by crossing F1 mice back to B6-albino 
and then intercrossing white progeny that carried the Infar1- allele.  This colony is now 
producing only albino mice that are homozygous Ifnar1-/-.   


ii) B6-albino-STAT1-/- mice.  We are currently establishing a breeding colony of B6-albino 
STAT1-/- mice at CRL.  We are currently crossing the B6-albino strain (Jackson Laboratory 
B6(Cg)-Tyrc-2J/J, Strain #:000058) with the STAT1-/- strain (Jackson Laboratory B6.129S(Cg)-
Stat1tm1Dlv/J, Strain # 012606), followed by crossing F1 mice back to B6-albino and then 
intercrossing white progeny that carry the STAT1- allele.  We anticipate establishing a colony of 
the desired genotype by early 2024.. 


We will use mice for in vivo infection with rCedVs, with many experiments including bioluminescent 
imaging. Animals are housed in an approved ABSL-2 room and all laboratory and animal care staff 
follow BSL-2 safety precautions.  The total number of required mice (including all mice produced during 
breeding) is 5440. Experiments will be performed with male and female mice. The PI has an IACUC-
approved experimental protocol and an IBC-approved biosafety protocol that details the use of the 
above strains of mice for the described experiments.   
 


2. The goal of this project is to validate the mouse as a BSL-2 model for henipavirus pathogenesis, and as 
a platform for development and testing of countermeasures.  For this work, we must use an 
experimental animal model to allow the course of in vivo infection and the host immune response to be 
studied. There is no in vitro model which can model the complex in vivo dynamics of viral infection, 
moving between distinct cell types and anatomical locations, or the host immune response to infection. 
We have chosen to utilize mice due to their ease of care, the existence of well-characterized inbred 
strains and knockout models, and our preliminary data with rCedVs showing robust and reproducible 
infection of mice which is highly amenable to statistical analysis.  The number of animals to be used is 
based on power analyses, as detailed in our approved IACUC protocols. 
 


3. Experiments will involve the euthanasia of infected animals experiencing pain or distress. Our IACUC 
protocols also define a weight loss threshold or a combined disease score criterion as end points for 
virus-infected animals requiring euthanasia.  Animals not euthanized for the above reasons will be 
euthanized for tissue collection, at time points described in our IACUC protocol.  Euthanasia will be 
performed as described in part 4, below.      


4. Mice reaching criteria/endpoints described in 3, above, will be euthanized by ketamine or ketamine-
xylazine overdose.  This method is consistent with AMVA guidelines.   
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Select Agents  


No select agents are used in this research. 


We will perform animal studies with recombinant forms of Cedar virus. These viruses are categorized 
as BSL-2.  Dr. Schaefer has an approved BSL-2 biosafety protocol for research with Cedar virus, 
including in vivo ABSL-2 studies.  All members of the Schaefer research group have received specific 
training in laboratory safety and the proper use and disposal of BSL-2 organisms (and two current 
laboratory members have certifications for BSL-3). Dr. Schaefer has BSL-2 certified laboratories 
where work with these agents will be conducted.  Animal experiments are conducted in approved 
ABSL-2 rooms within the USU animal facility, conducted under USU IACUC-approved protocols.  
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Select Agents


No select agents are used in this research.


We will generate and characterize recombinant forms of Cedar virus and Vesicular Stomatitis Virus.
These viruses are categorized as BSL-2. Drs. Broder and Amaya have approved biosafety protocols
for in vitro research with Cedar virus. All members of the Broder lab have received specific training in
laboratory safety and the proper use and disposal of BSL-2 organisms. Dr. Broder has BSL-2 certified
laboratories where work with these agents will be conducted.
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AUTHENTICATION OF KEY BIOLOGICAL AND/OR CHEMICAL RESOURCES


Molecular biology tools. Oligonucleotides and gene fragments for PCR and cloning will be purchased and
verified by internal quality control at Twist Biosciences, Integrated DNA Technologies or Genscript. All clonal
products will be validated by whole plasmid sequencing. All new expression constructs are verified by (1)
restriction digest and electrophoretic separation of fragments to ensure fragments of the predicted size are
generated and (2) sequencing to ensure the correct sequence is present with no spurious mutations.


Cells. All cells were originally obtained from ATCC or collaborators and maintained by the PI. They are tested
monthly for mycoplasma contamination by two complementary methods (qPCR analysis and Lonza MycoAlert
biochemical luminescence-based assay). Cells used will be used from the listed initial passage number for a
maximum of 50 passages, and then discarded for a fresh vial from the working freezer stock to prevent any
long-term selection of altered cell populations. To avoid cross-contamination between different cell lines, only
one cell line is used at a time in a biosafety cabinet. Cell lines are routinely validated using either flow
cytometry and/or functional tests.


Recombinant Cedar viruses and recombinant vesicular stomatitis viruses (VSV). Viruses are validated
through genome sequences or infectivity/functional tests. SOPs, as detailed documents, for work with either
recombinant Cedar virus, recombinant Cedar virus chimeras (encoding either Hendra virus or Nipah virus F
and G glycoproteins), and recombinant VSVs have been established in the Broder/Amaya laboratory and all
laboratory staff are required to be familiar with this documentation. Rescued recombinant viruses are
validated through genome sequencing and compared to the original cloned full length viral genomes. Use of
recombinant Cedar virus recombinant Cedar virus chimeras has been approved at USU.


Antibodies. Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly in the PI’s lab,
the staining/blotting performance of new antibody lots are compared against previous lots; (2) For new
antibodies, banding/staining patterns are compared against published data; (3) Whenever possible, new
antibodies are also validated using objective controls, such as cells known to lack the protein of interest (e.g.,
knockout cells) or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by
the new antibody is compared side-by-side with staining by the epitope-tag antibody).


Commercial chemical reagents. Such reagents are validated by one or both of the following: (1)
performance comparison to previous lots of the same reagent; (2) use in an established assay that
incorporates one or more validated performance controls.


Rigor and Reproducibility
The Broder laboratory employs quality systems to ensure rigor, reproducibility, and robust and unbiased results
in all experiments. All findings in our work have been and will be validated by multiple independent lines of
evidence to ensure scientific rigor. All experiments are carried out with several internal controls with multiple
replications to guarantee reproducibility.
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Authentication of Key Biological and Chemical Resources  


The reagents that are used in the Schaefer lab are routinely authenticated as follows: 


Expression constructs:  All new expression constructs are verified by (1) restriction digest and electrophoretic 
separation of fragments to ensure fragments of the predicted size are generated and (2) sequencing to ensure 
the correct sequence is present with no spurious mutations. 


Antibodies: Antibodies are tested for specificity as follows: (1) For antibodies used repeatedly, the 
staining/blotting performance of new antibody lots are compared against previous lots; (2) For new antibodies, 
banding/staining patterns are compared against published data; (3) Whenever possible, new antibodies are 
also validated using objective controls, such as cells known to lack the protein of interest (e.g., knockout cells) 
or cells engineered to over-express an epitope-tagged form of the molecule (i.e., staining by the new antibody 
is compared side-by-side with staining by the epitope-tag antibody). 


Cell lines: Cell lines are routinely validated using flow cytometry for key cell surface markers and/or functional 
tests. Cell lines transfected for virus production are validated via measuring titers of virus in the resultant 
supernatants. 


Viruses: Viruses are validated through a combination of genome sequencing, infectivity and functional testing. 
Rescued recombinant viruses are validated through genome sequencing, with comparison to the original 
cloned full length viral genomes. 


Mice: Every new litter of knockout animals is PCR screened for both the wild-type and inactivated allele, with 
validated wild-type and knockout control DNAs included in every screen. For transgenic animals, presence of 
the transgene is PCR verified in every litter, with validated controls included in the screen. Additional screens 
include periodic western blotting and/or FACS analysis of tissues/cells from knockout animals, to validate that 
PCR-identified knockouts indeed fail to express the protein product of the inactivated gene. 


Commercial chemical reagents: Such reagents are validated by one or both of the following: (1) performance 
comparison to previous lots of the same reagent; (2) use in an established assay that incorporates one or 
more validated performance controls. 
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Budget Justification – RP3 – Schaefer
The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the


Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded.


Key Personnel:


Brian. C. Schaefer, Ph.D. (Site Principal Investigator, 1.2 calendar months, 10% effort) is a Professor of
Microbiology and Immunology at USUHS. His expertise is in cellular immunology, animal models of immune
responses in the central nervous system and applying advanced imaging methods to biological questions. He
and Dr. Broder have been collaborating for nearly a decade on creating animal models and investigating
therapeutic interventions for neurotropic viral infections. The preliminary data in this application resulted from
this collaboration, through an NIH-funded U19 grant (with aims that do not overlap the aims of this proposal).
Dr. Schaefer will direct all animal studies in this project, managing and advising staff and overseeing data
collection and data analysis. Dr. Schaefer will manage the overall experimental direction, the writing and
editing of manuscripts for publication and the preparation of progress reports and other administrative functions
related to this project, with assistance from the Senior Staff Scientist. (Dr. Schaefer is a full-time Federal
employee. Hence, no salary is requested for this project).


Other Personnel


†To be named (Scientist II, 9 calendar months, 75% effort). A Scientist with experience in animal models and
transcriptomics analysis will be recruited for this project. This Scientist will supervise animal research studies,
coordinate, conduct and supervise data analyses for transcriptomics studies. The scientist will also coordinate
overall data analysis and will participate with Dr. Schaefer in preparation of manuscripts for funding and in
preparing progress reports and performing other administrative tasks related to the conduct of this project. The
Scientist II will be employed by the Henry M. Jackson Foundation, and salary support is requested on this
project.
†To be named (Postdoctoral fellow, 12 calendar months, 100% effort). A Postdoctoral fellow with experience in
animal research and virology will be recruited for this project. The Postdoctoral fellow will perform
approximately half of the animal experiments proposed for this study. The Postdoctoral fellow will be employed
by the Henry M. Jackson Foundation, and salary support is requested on this project.
†Celeste Huaman (Graduate Student, 12 calendar months,100% effort) will perform approximately half of the
proposed in vivo experiments described in this proposal. Ms. Huaman is a senior graduate student in Dr.
Schaefer’s lab, who has been working collaboratively with members of the Broder lab on this project. Notably,
Ms. Huaman generated the majority of preliminary data in this proposal, and has extensive experience in all
procedures and analysis techniques required for the execution of the proposed experiments. Ms. Huaman
worked in Dr. Schaefer’s lab as a Research Assitant II for 5 years before joining the USU Emerging Infectious
Diseases graduate program, and she acquired a very deep technical skill set during that time. Ms. Huaman
completed the CEEZAD BSL-3 training course at the Biosecurity Research Institute of Kansas State University
in 2021, and she has trained most current laboratory staff in proper BSL-2 technique. Ms. Huaman is currently
employed by the Henry M. Jackson Foundation, and salary support is requested for her on this project.
†Caitlyn Clouse (Research Assistant II, 9 calendar months, 75% effort) will provide general technical support,
performing routine tissue culture, ordering reagents, and maintaining databases, as required for the project.
Ms. Clouse will also perform genotyping of animals breeding at Charles River Lab and she will maintain
detailed records of animal genotypes. She will also assist the postdoctoral fellow and Ms. Huaman with all
animal experiments. Ms. Clouse completed the CEEZAD BSL-3 training course at the Biosecurity Research
Institute of Kansas llent technical support, including assistance to Ms. Huaman in gathering the preliminary
data for this project. Ms. Clouse is an employee of the Henry M. Jackson Foundation and we are requesting
salary support for her on this project.







†Camille Alba (Research Associate, The American Genome Center (TAGC), 1.85 calendar months, 15.4%
effort) will be responsible for leading the collaborative performance task for this study. She will oversee
performance of library preparation, library quality assessment, library clustering and whole genome sequencing
of the samples across the entire project. She will report Illumina NovaSeq platform performance metrics to the
collaborating staff scientist and oversee data transfer batches. Ms. Alba is employed as a Henry Jackson
Foundation employee therefore salary support is requested.


†A merit increase has been added to years 2-5 of the personnel budget to account for salary increases for
Henry M. Jackson Foundation personnel.


Equipment:
An ultralow (-80 C) freezer, ThermoFisher Scientific Model TSX60086A ($12,123), is needed for storage of the
many RNA samples, viral stocks and frozen tissues (for sectioning) and slides with frozen sections. Dr.
Schaefer’s current -80 freezers are filled to capacity.


Travel: (Year 1)


Funds are requested to attend two domestic scientific conferences or one international conference. This travel
is for data presentation, exchange of ideas with colleagues, and for keeping up-to-date regarding the latest
research findings relevant to the proposed project. Meeting attendance and data presentation is a key
component of postdoctoral and graduate student training.


Materials and Supplies:
For the laboratory to successfully complete the experiments, the project will need to procure the following
reagents and supplies:


General Laboratory Supplies


Serological pipettes, microscope slides and coverslips, pipet tips, microcentrifuge tubes, sterile conical
tubes, ultracentrifuge tubes, syringes, needles, gloves, respirators, gowns, buffers, flasks, plates, etc.


Materials


Trizol reagents, RNAse-free DNAse, RNAse-free water and buffers, Reverse Transcriptase, Taq
Polymerase, qPCR master mix, RNAse-free consumables for tissue homogenization, magnetic beads for cell
sorting, tissue culture media, fetal bovine serum, antibiotics, etc


Real-time PCR probes


DNA oligonucleotide


Labeled antibodies for histology and flow cytometry


Animal costs (procurement and husbandry):
Animal Breeding at Charles River Labs


The breeding of experimental mice at USU is contracted to Charles River Labs (CRL). All aspects of animal
care and breeding are managed by CRL, while genotyping of progeny is performed by Dr. Schaefer’s group,
using biosamples collected and shipped by CRL. We maintain a colony of B6-albino Ifnar1-/- mice and
B6-albion STAT1-/- mice in our breeding colony at CRL. For this project, we expect to maintain 12 breeding
cages and 12 progeny cages to supply the animals needed for the proposed experiments. ($1.80/cage/day x
24 cages x 365 days = $15,768 + Transportation charges $1,500 = $20,768).







Animal Husbandry at USU


Animal facility (DLAR) mouse per diems:
USU DLAR FY24 per diem for biohazardous mice is $4.78/cage/day. We expect to have an average of 8
experimental cages housed in the facility (8 cages x 365 days x $4.78/cage/day = $13,957.60/yr)


Translational Imaging Core (BRIC):
BRIC – IVIS Spectrum CT bioluminescence imaging (9 hr/week x 52 weeks/yr x $50/hr = $23,400/yr)


Biomedical Instrumentation Core (BIC):
BIC – flow cytometry (4 hr/week x 52 weeks/yr x $36/hr = $7,488/year).
BIC – confocal microscopy (2 hr/week x 52 weeks/yr x $30/hr =$3,120/year)


The American Genome Center (TAGC):
Transcriptomics studies performed at the USU American Genome Center


Total RNAseq on brain slices from 32 animals/year x $300 per animal = $9,600/year


Supplies for Visium Spatial Gene Expression:


Visium CytAssist Spatial Gene Expression for FFPE, Mouse Transcriptome 6.5mm slides (quantity of 16 per
year) $24,500/year


Visium CytAssist Tissue Slide Cassettes = $1,800/year


Dual INdex Kit TS set A = $620/year


S1 Novaseq Flow cells (for spatial transcriptomics sequencing), 2 flow cells/year = $8,600/year


Supplies for Single-cell RNAseq:


Chromium Next GEM Automated Single Cell 3' Library and Gel Bead Kit v3.1 = $27,130/year


Chromium Next GEM Automated Chip G Single Cell Kit = $630/year


S1 Novaseq Flow cells (for single-cell RNAseq), 1 flow cell/year = $4,300/year


Publication costs: (Year 2)
We estimate 2 manuscripts per year for an average cost of $2,500 per publication. This cost estimate is based
on our average fee paid per open access journal publication for the last 3 years.


Indirect Costs:
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).


The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is
applied on total external subaward costs.


The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical
Research Acquisition Activity on September 1, 2022.
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Budget Justification 



 
The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the 
Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded. 
 
Key Personnel (years 1 - 5): 
 
Christopher Broder, Ph.D., (Principal Investigator, 1.2 calendar months, 10% effort), is a Professor of 
Microbiology and Immunology at USUHS and will serve as PI on the proposed project. He is a leading expert in 
henipavirus biology and genetics, as well as development of glycoprotein-based vaccines and monoclonal 
antibody-based therapeutics against these viruses; many tested in collaboration with Dr. Thomas Geisbert 
(Project Lead on this application). Dr. Broder has more than 15 years of collaborative research projects with Dr. 
Geisbert focused on henipaviruses and together have published on a variety of henipavirus countermeasures 
including the use of recombinant CedVs. Dr. Broder’s group recently developed the reverse genetics platform 
for designing and rescue of recombinant Cedar henipaviruses (rCedV) that can be utilized at BSL-2, some of 
which have been successfully used in drug library HTS assays and one report on the successful use of Cedar 
virus in antiviral drug discovery for henipaviruses including Nipah (NiV), Hendra (HeV) and CedV has been 
published in collaboration with Dr. Geisbert. Dr. Broder’s group generated and characterized the recombinant 
Cedar chimeric viruses that were used to generate the preliminary data for this application. He will oversee all 
aspects of the recombinant Cedar chimeric virus construction and characterization. In addition, he and Dr. 
Amaya will collaborate on the design of all experiments and the preparation of progress reports and manuscripts. 
Dr. Broder is a federal employee and no salary support is requested. 
                                    
Moushimi Amaya, Ph.D., (Co-investigator, 2.0 calendar months, 20% effort). Dr. Amaya is an experienced 
biochemist and molecular virologist with expertise in a variety of areas including gene cloning and expression 
and mutagenesis specifically with viruses and viral culture and propagation, and viral protein purification and 
analysis. She has considerable experience in henipavirus reverse genetics systems. Using the rCedV platform, 
Dr. Amaya designed, generated and characterized replication competent chimeric viruses as non-reporter and 
reporter versions that express the envelope glycoproteins of either NiV-Bangladesh (NiV-B) (rCedV-NiV-B) or 
HeV (rCedV-HeV) instead of those of CedV. In a collaborative effort, Drs. Amaya, Broder and Geisbert 
demonstrated that the chimeras can serve as suitable surrogate viruses for authentic NiV and HeV viruses. Dr. 
Amaya developed and characterized the fluorescent reporter chimeric viruses in a high throughput fluorescence 
reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus immunized 
animals and monoclonal antibodies. She will design, oversee and conduct the research plans related to the 
generation and characterization of the rCedV chimeric viruses outlined in this proposal. She will develop, perform 
quality assurance and test the new rCedV chimeric viruses for use in henipavirus neutralization assays. Dr. 
Amaya is a federal employee and no salary support is requested. 
 
Antony S. Dimitrov, Ph.D., (Senior Scientist, 2.0 calendar months, 20% effort). In addition to Dr. Dimitrov’s duty 
to the day-to-day operations of this U19 ReVAMPP and the Admin Core, he will oversee and conduct the 
research plans related to the production and characterization of all rCedV chimeric viruses; including generation, 
quality control, and in vitro cell-based studies. Dr. Dimitrov is highly familiar with all scientific and translational 
development activities of the proposed U19 ReVAMPP. He was a former member of Broder laboratory and 
played major roles in the development and biochemical characterization of the HeV-sG subunit glycoprotein (JVI 
2005), the discovery of the NiV and HeV entry receptor ephrin B2 (PNAS 2005) and in the development, 
characterization and efficacy testing of the first neutralizing human monoclonal antibody to NiV and HeV, the 
latter studies conducted with Profectus Biosciences in collaboration with Dr. Geisbert. When at Profectus Bio, 
Dr. Dimitrov led their program in the pre-clinical development of HeV-sG as a subunit vaccine and the human 
antibody, m102.4, for treatment of henipavirus infections. Dr. Dimitrov is an employee of the Henry M. Jackson 
Foundation and salary support is requested. 
 
Other Personnel (years 1 - 5): 
 
Lianying Yan (Linda) (Manager/Lead Research Associate 2, 4 calendar months) has been in Dr. Broder’s 
laboratory since 2003 and is well-versed in all aspects of the research in his laboratory. Ms. Yan is a highly 
trained molecular biologist skilled in expression construct design, screening techniques, and stable cell line 











development for protein expression using immunoprecipitation and Western blot techniques. Ms. Yan is highly 
experienced in designing soluble and secreted viral glycoprotein constructs and establishing stable cell-lines to 
express and produce, purify and characterize the proteins using protocols that include Bio-Plex bead coupling 
and assay development. She is also expert in confocal and fluorescent microscopy techniques and has been 
co-author of several manuscripts. Ms. Yan is an employee of the Henry M. Jackson Foundation and salary 
support is requested. 
 
Alka Jays (Research Associate I, 6.0 calendar months, 50% effort). Ms. Jays is skilled in areas of tissue culture, 
expression construct design, preparation of plasmids, transfection, microscopic imaging and stable cell line 
development. She is also trained in rCedV rescue, amplification and titration of these viruses. In addition, she is 
highly skilled in performing rCedV monoclonal antibody neutralization assays as well as serum neutralization 
tests. Ms. Jays under the mentorship of Drs. Amaya and Dimitrov will be responsible for performing the proposed 
experiments. She is also proficient in a wide variety of software programs, data entry and analysis. Ms. Jays is 
an employee of the Henry M. Jackson Foundation and salary support is requested.  
 
TBD (Research Assistant, 12.0 calendar months, 100% effort). This individual will provide technical laboratory 
support for this project. In addition, this individual will also be responsible for ordering supplies, organizing 
shipments, and other laboratory support as instructed by the senior staff. As an employee of the Henry M. 
Jackson Foundation salary support is requested for this individual. 
 
Madison Thammavong, Research Assistant I (4 calendar months for all years).  Mr. Thammavong will provide 
general laboratory support for this project. He will be responsible for ordering supplies, organizing shipments, 
and other laboratory support as instructed by the senior staff. Mr. Thammavong is an employee of the Henry M. 
Jackson Foundation and salary support is requested.  
 
Kimberly Boxley, (4.0 calendar months, 33% effort), serves as the Center Financial and Post-Award 
Administrative Manager. Ms. Boxley, is currently a Program Manager III with the Henry M. Jackson Foundation 
and her office is located adjacent to Dr. Broder within the Department of Microbiology, USU. Ms. Boxley has 
been working in grants management for over 15 years and successfully completed the Grants Management 
Certificate Program (GMCP) from Management Concepts in both the federal and pass-thru tracks. She is 
enrolled in the Program Management Program (PMP) at the Program Management Institute. She currently 
manages a department portfolio of approximately $32M in direct funded research awarded during the last 3 
years. Her day to day grants management includes budget analysis, employee supervision, training of project 
managers, forecasting burn rates and compliance issues. Ms. Boxley is an employee of the Henry M. Jackson 
Foundation and salary support is requested. 
 
Supplies (Year 1-5) 
 
The costs for materials and supplies are based on historical and current supply needs for these types of studies 
and on current costs for these supplies. The research teams will be engaged with numerous recombinant gene 
cloning strategies to produce new expression plasmids and recombinant viral stocks. Several large genomic 
segments will need to be synthesized and the final clones of all these viral genomes assembled and cloned into 
expression plasmids. 
 
At the end of the 3rd year there will be three different virus stocks that will need to be prepared, qualified, stored 
and fully characterized: one rCedV chimeric virus stock and two VSV reporter virus stocks. The rCedV chimera 
will be selected among 6 variants that will be tested for rescue and growth. Piloting and rescuing these new 
viruses will require significant amounts of materials for all the plasmid preparations and transfection reagents 
and the multiple anticipated variations in plasmid ratios to achieve virus rescues.  We estimate $2000 per 
construct for gene synthesis and sequencing and $4000 per construct for reagents.  The reporter viruses will be 
designed and rescued within the first 3 years.  We estimate 3 constructs per year. Thus, the budget for supplies 
in the first 3 years is elevated in comparison to years 4 and 5. The budget for years 4 and 5 excludes the gene 
synthesis and sequencing and has a reduced amount for molecular biology reagents as well as bacterial culture 
media and supplements, although reagents and chemicals will be needed to run the assays with the newly 
created reporter chimeric viruses. 
 











Once rescued and cloned each virus genome (the viral stock) will have to be deep sequenced. In addition, the 
proposed studies will require a significant amount of both cell line and virus culture as well consumables, 
disposables and reagents (enzyme substrate for the luciferase reporter assays) for the serum and antibody 
neutralization tests with the rCedV chimeric reporter virus and the VSV reporter viruses. 
 
Categories of supplies: 
 
Cell and virus culture media, sera and reagents; Molecular biology reagents; enzymes, primers, plasmid 
purification kits, ligation kits, gene synthesis, plasmid sequencing; virus genome sequencing; Chemicals; 
Consumables; flasks, plates, pipettes, gloves, tips; Steady-Glo® Luciferase Assay System for in vitro luciferase 
assays and characterization. 
 
Equipment (year 1): 
In order to carry out the goals of the proposed Research Project, several replacement and additional laboratory 
equipment items need to be purchased: 
 
Steriguard Biosafety cabinet Thermo Scientific; 48in, 1300 Series A2-Replacement                                
     
CTL S6 analyzer (Fluorescent neutralization tests) and Promega GloMax (luciferase based assays)  
 



Indirect Costs:  



HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used 
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).  
 
The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is 36.74% 
USU Onsite Overhead. Additionally, 16.70% Company wide G&A and applied on the total direct cost less 
subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is applied 
on total external subaward costs.  
 
The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical Research 



Acquisition Activity on September 1, 2022. 



 











Budget Justification - RP 2 - Broder


The Henry M. Jackson Foundation for the Advancement of Military Medicine Inc. (HJF) in partnership with the
Uniformed Services University of the Health Sciences (USUHS) will manage this proposal, if awarded.


Key Personnel:


Christopher Broder, Ph.D., (Principal Investigator, 1.2 calendar months, 10% effort), is a Professor of
Microbiology and Immunology at USUHS and will serve as PI on the proposed project. He is a leading expert
in henipavirus biology and genetics, as well as development of glycoprotein-based vaccines and monoclonal
antibody-based therapeutics against these viruses; many tested in collaboration with Dr. Thomas Geisbert
(Project Lead on this application). Dr. Broder has more than 15 years of collaborative research projects with Dr.
Geisbert focused on henipaviruses and together have published on a variety of henipavirus countermeasures
including the use of recombinant CedVs. Dr. Broder’s group recently developed the reverse genetics platform
for designing and rescue of recombinant Cedar henipaviruses (rCedV) that can be utilized at BSL-2, some of
which have been successfully used in drug library HTS assays and one report on the successful use of Cedar
virus in antiviral drug discovery for henipaviruses including Nipah (NiV), Hendra (HeV) and CedV has been
published in collaboration with Dr. Geisbert. Dr. Broder’s group generated and characterized the recombinant
Cedar chimeric viruses that were used to generate the preliminary data for this application. He will oversee all
aspects of the recombinant Cedar chimeric virus construction and characterization. In addition, he and Dr.
Amaya will collaborate on the design of all experiments and the preparation of progress reports and
manuscripts. Dr. Broder is a federal employee and no salary support is requested.


Moushimi Amaya, Ph.D., (Co-investigator, 2.0 calendar months, 16.67% effort). Dr. Amaya is an experienced
biochemist and molecular virologist with expertise in a variety of areas including gene cloning and expression
and mutagenesis specifically with viruses and viral culture and propagation, and viral protein purification and
analysis. She has considerable experience in henipavirus reverse genetics systems. Using the rCedV platform,
Dr. Amaya designed, generated and characterized replication competent chimeric viruses as non-reporter and
reporter versions that express the envelope glycoproteins of either NiV-Bangladesh (NiV-B) (rCedV-NiV-B) or
HeV (rCedV-HeV) instead of those of CedV. In a collaborative effort, Drs. Amaya, Broder and Geisbert
demonstrated that the chimeras can serve as suitable surrogate viruses for authentic NiV and HeV viruses. Dr.
Amaya developed and characterized the fluorescent reporter chimeric viruses in a high throughput
fluorescence reduction neutralization test (FRNT) to analyze neutralization potencies of sera from henipavirus
immunized animals and monoclonal antibodies. She will design, oversee and conduct the research plans
related to the generation and characterization of the rCedV chimeric viruses and VSV reporter viruses outlined
in this proposal. She will develop, perform quality assurance and test the new chimeric viruses for use in
henipavirus neutralization assays. Dr. Amaya is a federal employee and no salary support is requested.


Antony S. Dimitrov, Ph.D., (Co-investigator, 6.0 calendar months, 50% effort). In addition to Dr. Dimitrov’s duty
to the day-to-day operations of this ReVAMPP and the Admin Core, he will oversee and conduct the research
plans related to the production and characterization of all rCedV chimeric viruses and VSV reporter viruses;
including generation, quality control, and in vitro cell-based studies. Dr. Dimitrov is highly familiar with all
scientific and translational development activities of the proposed ReVAMPP. He was a former member of
Broder laboratory and played major roles in the development and biochemical characterization of the HeV-sG
subunit glycoprotein (JVI 2005), the discovery of the NiV and HeV entry receptor ephrin B2 (PNAS 2005) and
in the development, characterization and efficacy testing of the first neutralizing human monoclonal antibody to
NiV and HeV, the latter studies conducted with Profectus Biosciences in collaboration with Dr. Geisbert. When
at Profectus Bio, Dr. Dimitrov led their program in the pre-clinical development of HeV-sG as a subunit vaccine
and the human antibody, m102.4, for treatment of henipavirus infections. Dr. Dimitrov is an employee of the
Henry M. Jackson Foundation and salary support is requested.


Other Personnel


TBD (Research Assistant, 12.0 calendar months, 100% effort). This individual will provide technical laboratory
support for this project. In addition, this individual will also be responsible for ordering supplies, organizing







shipments, and other laboratory support as instructed by the senior staff. As an employee of the Henry M.
Jackson Foundation salary support is requested for this individual.


Lianying Yan (Linda) (Manager/Lead Research Associate 3, 6 calendar months, 50% effort) has been in Dr.
Broder’s laboratory since 2003 and is well-versed in all aspects of the research in his laboratory. Ms. Yan is a
highly trained molecular biologist skilled in expression construct design, screening techniques, and stable cell
line development for protein expression using immunoprecipitation and Western blot techniques. Ms. Yan is
highly experienced in designing soluble and secreted viral glycoprotein constructs and establishing stable
cell-lines to express and produce, purify and characterize the proteins using protocols that include Bio-Plex
bead coupling and assay development. She is also expert in confocal and fluorescent microscopy techniques
and has been co-author of several manuscripts. Ms. Yan is an employee of the Henry M. Jackson Foundation
and salary support is requested.


Madison Thammavong (Research Assistant I, 4 calendar months, 33% effort). Mr. Thammavong will assist Ms.
Yan in the production of proteins. He will be trained as a back-up support with various laboratory
responsibilities. Mr. Thammavong is an employee of the Henry M. Jackson Foundation and salary support is
requested.


Kimberly Boxley, (4.0 calendar months, 33% effort), serves as the Center Financial and Post-Award
Administrative Manager. Ms. Boxley, is currently a Program Manager III with the Henry M. Jackson Foundation
and her office is located adjacent to Dr. Broder within the Department of Microbiology, USU. Ms. Boxley has
been working in grants management for over 15 years and successfully completed the Grants Management
Certificate Program (GMCP) from Management Concepts in both the federal and pass-thru tracks. She is
enrolled in the Program Management Program (PMP) at the Program Management Institute. She currently
manages a department portfolio of approximately $32M in direct funded research awarded during the last 3
years. Her day to day grants management includes budget analysis, employee supervision, training of project
managers, forecasting burn rates and compliance issues. Ms. Boxley is an employee of the Henry M. Jackson
Foundation and salary support is requested.


Supplies
The costs for materials and supplies are based on historical and current supply needs for these types of
studies and on current costs for these supplies. The research teams will be engaged with numerous
recombinant gene cloning strategies to produce new expression plasmids and recombinant viral stocks.
Several large genomic segments will need to be synthesized and the final clones of all these viral genomes
assembled and cloned into expression plasmids.


There will be five different chimeric virus stocks that will need to be prepared, qualified, stored and
characterized: three rCedV chimeric viruses and two VSV reporter virus stocks. Piloting and rescuing these
new viruses will require significant amounts of materials for all the plasmid preparations and transfection
reagents and the multiple anticipated variations in plasmid ratios to achieve virus rescues. We estimate $2000
per construct for gene synthesis and sequencing and $4000 per construct for reagents. Once rescued and
cloned each virus genome (the viral stock) will have to be deep sequenced. In addition, the proposed studies
will require a significant amount of both cell line and virus culture as well consumables, disposables and
reagents (enzyme substrate for the luciferase reporter assays) for the serum neutralization tests with rCedV
chimeric reporter viruses. The reporter viruses will be designed and rescued within the first 2 years. The
budget for supplies includes molecular biology reagents as well as bacterial culture media and supplements,
although reagents and chemicals will be needed to run the assays with the newly created reporter chimeric
viruses.


Categories of supplies:


Cell and virus culture media, sera and reagents
Molecular biology reagents; enzymes, primers, plasmid purification kits, ligation kits, gene synthesis, whole
plasmid sequencing, virus genome sequencing
Chemicals,
Consumables; flasks, plates, pipettes, gloves, tips







Steady-Glo® Luciferase Assay System for in vitro luciferase assays
CTL S6 analyzer (Fluorescent neutralization tests) and Promega GloMax (luciferase based assays)
Other miscellaneous expenses


Indirect Costs:
HJF indirect cost (IDC) is calculated based on the value-added cost base overhead rates. The fringe rate used
is 29.42 % for Tier 1 employees and 7.29% for Tier 2 employees (all employees in this proposal are Tier 1).


The HJF indirect cost is calculated based on the value-added cost base overhead rates. The IDC rate is
36.74% USU Onsite Overhead. Additionally, 16.70% Companywide G&A and applied on the total direct cost
less subaward plus the USU Onsite Overhead. For proposals including subawards, an additional 1.93% is
applied on total external subaward costs.


The above fringe benefits and indirect cost rates for FY2023 were approved by the U.S. Army Medical
Research Acquisition Activity on September 1, 2022.
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document for Schaefer

Thanks much.....Kim

On Fri, May 26, 2023 at 11:51 AM Haller, Sherry <shhaller@utmb.edu> wrote:

Hello Kim,

Could you please send us your most current/near final versions of the documents below for
USUHS for RP2 and RP3 as soon as possible? Apologies if you have sent any of these items
already, but I only have the draft aims for these components so far in my folders.

 

1. Key Person Biosketches – 5 pages, NIH format– please address your role and expertise for this
U19 in personal statement

2. Key Person Information (including person to be contacted on matters for this application for your
institution)

3. Site Information
4. Abstract/Project Summary (30 lines)
5. Facilities & Resources (Word doc)
6. Equipment (Word doc)
7. Resource Sharing Plan (Word doc)
8. Vertebrate Animals (Word doc as applicable)
9. Select Agent Research Plan (as applicable)

10. Authentication of Key Biological/Chemical Resources
11. Budget (SF424) & Justification (Word doc) – please include justification for Core A effort as well

Project Leads at least 1.2 person months effort
12. Signed Letter of Intent/Consortium Agreement- for projects that include only effort but no salary

or other costs, we will provide a collaborative agreement for signature instead.
13. Specific Aims- 1 page (draft received 5/18/23 for RP2; draft received 5/12/23 for RP3)
14. Research Strategy: 12 pages for Research Projects

 

Thank you!

Sherry

 

Sherry L. Haller, PhD

Associate Director

Center for Biodefense and Emerging Infectious Diseases

The University of Texas Medical Branch

Keiller Bldg., Rm. 1.104D

301 University Blvd., Galveston, TX 77555-0609



 

C: (785) 554-1713  O: (409) 747-0766

Teams: Call Chat

E: shhaller@utmb.edu

 

 

 

From: Haller, Sherry 
Sent: Friday, May 19, 2023 2:53 PM
To: Boxley, Kimberly <kimberly.boxley.ctr@usuhs.edu>
Cc: Stutz, Sonja J. <sjstutz@utmb.edu>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>;
CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Brian Schaefer
<brian.schaefer@usuhs.edu>
Subject: ReVAMPP RP2/RP3 Document Reminder

 

Hello Kim,

This is a reminder as you are working on collecting the required documents for RP2 and
RP3 on Dr. Geisbert and Dr. Broder’s ReVAMPP U19 application. If you need us to resend
any templates for the documents below, please let us know as soon as possible so we can get
that over to you. Otherwise, we hope to receive final or near final versions of everything
listed below (expect strategy and aims, final due May 26) by end of day Monday, May 22.

 

1. Key Person Biosketches – 5 pages, NIH format– please address your role and expertise for this
U19 in personal statement

2. Key Person Information (including person to be contacted on matters for this application for your
institution)

3. Site Information
4. Abstract/Project Summary (30 lines)
5. Facilities & Resources (Word doc)
6. Equipment (Word doc)
7. Resource Sharing Plan (Word doc)
8. Vertebrate Animals (Word doc as applicable)
9. Human Subjects Study Record (as applicable)

10. Select Agent Research Plan (as applicable)



11. Authentication of Key Biological/Chemical Resources
12. Budget (SF424) & Justification (Word doc) – please include justification for Core A effort as well

1. 5 years
2. Project Leads at least 1.2 person months effort, Scientific Core Leads at least 0.6 person

months effort, Data Mgmt. Core Lead at least 1.2 person months effort
3. NIH salary cap, M&O, travel, publications, service fees, indirects, etc.

13. Signed Letter of Intent/Consortium Agreement- for projects that include only effort but no salary
or other costs, we will provide a collaborative agreement for signature instead.

14. Specific Aims- 1 page (draft received 5/18/23 for RP2; draft received 5/12/23 for RP3)
15. Research Strategy: 12 pages for Research Projects; 6 pages for Scientific and Data Mgmt.

Cores

1.       Milestone Plan: Annual Go/No Go’s to be met by end of Y3 (Phase I);
Gantt chart/Timeline, PhI/PhII

2.       Tie in Industry Expertise

3.       Address Regulatory Barriers

4.   Bibliography (no page limit)

 

Please let us know if you have any questions or concerns about meeting this deadline for any
of these documents. If you have anything completed, feel free to send us what you have
ready, so we may begin our review process and start uploading documents to the
application.

 

Thank you!

 

Sherry L. Haller, PhD

Associate Director

Center for Biodefense and Emerging Infectious Diseases

The University of Texas Medical Branch

Keiller Bldg., Rm. 1.104D

301 University Blvd., Galveston, TX 77555-0609

 

C: (785) 554-1713  O: (409) 747-0766

Teams: Call Chat

E: shhaller@utmb.edu



 

-- 
Kim N. Boxley   l   Program Manager 3  l  Henry M Jackson Foundation   
Uniformed Services University of the Health Sciences   l   Microbiology and
Immunology
4301 Jones Bridge Road, Room B4122   l  Bethesda, Maryland  20814
Phone: 301-295-1941   l   Fax:  301-295-1545   l   Cell: 301-793-1883
Email: KIMBERLY.BOXLEY.CTR@USUHS.EDU

Confidentiality Notice: This email message, including any attachments, is for the sole use of the intended recipient(s) and may
contain confidential and privileged information. Any unauthorized use, disclosure or distribution is prohibited. If you are not the
intended recipient, please contact the sender by replying to this e-mail and destroy all copies of the original message. 



SPECIFIC AIMS 
The viral order Bunyavirales is composed of several viral families known to contain several high priority human 
pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic 
diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in 
survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six 
arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, 
MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID 
Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant 
morbidity and mortality, have potential for major public health impact, and require special action for public health 
preparedness. The threat is further heightened for these agents due to lack of internationally approved vaccines 
to address threats of natural epidemics as well as the potential bio-weaponization of these agents. Threats to 
public health are further heightened due to lack of internationally approved vaccines to address threats of 
natural epidemics as well as the potential bio-weaponization of these viruses. To address this unmet need, 
Research Project 1 (RP1) will leverage combined expertise in high-containment virology, immunology, and 
biological product development, to develop arenavirus and nairovirus research tools and vaccine approaches 
which can be adapted across members of each viral family in a “plug-and-play” manner. Much of the work 
developing vaccines against high containment viruses has relied heavily on viral isolates derived over 40 years 
ago or longer, which creates a concerns tied to efficacy as newer related viruses continue to emerge and cause 
disease in humans. Recent advances in reverse genetics of viruses have allowed the generation of infectious 
genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses (CCHFV) which may make 
vaccine testing of genetically divergent isolates more feasible. Vaccine development for most arenaviruses and 
nairoviruses has largely centered on the understanding of the critical role for viral glycoproteins (GP) and 
nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered a recombinant, 
stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed GP. We have 
found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully protect guinea 
pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine components. 
Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle patches 
(MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable MNPs 
coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting 
protective immunity against the target pathogen.  The importance of humoral immunity for affording potent 
protection or treatment against viral infections cannot be understated as evidenced by the recent success using 
monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for 
pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows 
are possible.  The goals of this proposal are two-fold: (1) Develop reverse genetics tools to evaluate emerging 
arenaviruses and nairoviruses for which no isolates are available. (2) Develop novel vaccination approaches 
utilizing subunit-MNP vaccines developed in or monoclonal antibody PREP strategies which can provide 
protective immunity against Old and New World arenaviruses or emerging nairoviruses Specifically, we will:  

AIM 1: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available 
isolates:  

We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV 
isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-
based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E. 

AIM 2: Develop novel arenavirus and nairovirus vaccination approaches: 

2.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal 
immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease 
in animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of 
protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test 
case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a 
new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus. 

2.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core 
D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-
engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective 
efficacy and estimate conferred immunity correlates in animal studies performed in Core E. 



SPECIFIC AIMS 

The emergence and reemergence of pathogenic RNA viruses represent continuous infectious disease and 
pandemic threats to public health. Notable examples are the two emerged zoonotic paramyxoviruses, the 
‘prototype’ henipaviruses; Nipah virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. NiV 
and HeV have a broad host tropism capable of infecting 18 animal species across 6 orders of mammals using 
the highly conserved ephrin-B2 and -B3 ligands as entry receptors. NiV and HeV infections result in a systemic 
and often fatal respiratory and/or neurological disease in 11 mammalian species including humans. They are 
significant biothreats to humans and economically important livestock in Australia and South East Asia. 
Henipaviruses have two membrane glycoproteins: the attachment glycoprotein (G) and the fusion glycoprotein 
(F) that are the major targets of neutralizing antibodies and the focus of all vaccine strategies. The most 
extensively studied NiV/HeV vaccine has been the soluble recombinant G glycoprotein of HeV (HeV-sG), which 
can provide complete protection against lethal challenge by either NiV or HeV in four animal species including 
nonhuman primates (NHPs). We have recently tested the immunogenicity of HeV-sG delivered using an 
advanced dissolvable microneedle patch (MNP) technology. Preliminary data reveal potent NiV/HeV neutralizing 
antibody responses and this new approach may offer a novel, highly stable and rapid vaccination modality. In 
parallel, we have extensively characterized the nonpathogenic henipavirus, Cedar virus (CedV); develop a 
reverse genetics platform, generated recombinant CedV (rCedV) and rCedV chimeras by swapping G and F 
glycoproteins for the respective NiV or HeV G and F, and developed a surrogate BSL-2 virus neutralization 
platform. More recently, novel henipaviruses, including genetically related Mòjiāng virus and Langya virus (LayV) 
have been discovered, and in contrast to HeV/NiV, both appear to be rodent borne and do not use ephrin ligands 
as entry receptors, and each has infected humans causing disease. Further, a most recently discovered bat-
borne and divergent henipavirus, Angavokely virus, from wild Madagascar fruit bats, has also been described. 
Here, we propose to develop the MNA patch delivery platform, create LayV and other reporter virus tools to 
complement the HeV/NiV chimera tool, and use these approaches to developed high throughput BSL-2 based 
virus neutralization platforms to evaluate the MNP subunit vaccine approach; and apply the MNP vaccine patch 
technology to other emerging and/or potential zoonotic paramyxovirus pathogens. Specifically, we will: 

Aim 1: Develop and evaluate sGtet and sFstb prototype henipavirus subunit vaccine candidates by 
dissolvable MNP vaccination.  

We will compare NiV vaccine immunogens (sGtet and sFstb) and HeV (HeV-sFstb) to HeV-sG in heterologous 
challenge studies using Nipah-Bangladesh and Hendra-Redlands viruses when delivered by microneedle 
vaccine patch. Immunogenicity will be tested in mice and NiV/HeV neutralizing potencies evaluated. Challenge 
studies will be conducted in ferrets. Antivirus humoral responses will be evaluated by,,,,, (Gunn).  Selected best-
in-class vaccine candidate(s) will be evaluated in the NHP NiV/HeV model. 

Aim 2: Rescue recombinant Langya virus (rLayV) and LayV glycoprotein reporter virus platforms. 

We will generate the new henipavirus LayV as an additional ‘prototype’ henipavirus using reverse genetics. 
Recombinant LayV (and reporter-gene versions) will be constructed and virus rescue procedures will be 
conducted by the Scientific Core at UTMB to rLayV. Alternate, virus tools will also be generated using reporter-
gene versions and rCedV chimeras encoding the LayV F and G. Rescued viruses will be characterized in cell-
based assays. The rLayV virus will be examined in vivo (animal model development) within the Center Core. 

Aim 3: Evaluate antibodies and nanobodies to henipaviruses developed by the Center’s RPs.  

Henipavirus tools and high-throughput virus neutralization platforms will be utilized to test and evaluate MNP 
vaccine induced immune sera and individual virus specific monoclonal antibodies against henipaviruses 
discovered and/or developed by the research projects in the Center.  (Needs defining here, RP4 and 5, and also 
AngV F/G mab discovery – Genovac) 

Aim 4: Adapt the MNP vaccination approach in Center Phase 2 to other paramyxoviruses. 

Here, we will develop, characterize, and validate this plug-and-play polyphosphazene (PPZ) adjuvanted 
dissolvable MNP platform with different recombinant paramyxovirus glycoprotein antigens.  



Specific Aims 

Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family1.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species2-4. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia5. There are 
currently no vaccines or therapeutics approved for human use. Notably, development of countermeasures for 
NiV and HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few 
research groups worldwide have access to the required biocontainment facilities to perform preclinical studies 
with these important human viral pathogens6.  

To address this problem, we are developing a BSL-2 animal model that is based on Cedar virus (CedV), which 
is a non-pathogenic henipavirus7.  Specifically, we have engineered recombinant Cedar viruses (rCedVs) in 
which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) are expressed in the rCedV genome, 
replacing CedV F and G. Additionally, we have also incorporated our recently developed in vivo 
bioluminescence methodology8, 9 to longitudinally trace the dynamics and anatomical progression of rCedV-
luciferase (rCedV-luc) infections in individual animals.  Using various approaches to inhibit the host interferon 
response in mice, we have demonstrated sustained replication of rCedV-luc and the rCedV-NiV-luc and 
rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable expression in the brain, 
both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-luc causes neurological 
dysfunction and death in STAT1-/- mice.  The rCedV-luc platform is thus an authentic henipavirus system that 
can be used to study henipavirus in vivo biology safely and expediently under BSL-2 containment.  Our overall 
hypothesis is that rCedV-luc infection of mice lacking interferon responses represents a BSL-2 platform for 
the study of henipavirus biology and pathogenesis, as well as for development and testing of anti-viral 
countermeasures. We will address this hypothesis through three Specific Aims: 

Aim 1: To optimize the use of Stat1-/- mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a robust 
BSL2 model of pathogenic henipavirus disease.  Hypothesis: Infection of Stat1-/- mice with recombinant 
rCedVs will recapitulate major hallmarks of pathogenic NiV and HeV infections in humans.  We will establish a 
breeding colony of Stat1-/- mice on a B6-albino background.  We will infect Stat1-/- mice with rCedV-luc 
chimeras.  We will use flow cytometry, spatial transcriptomics approaches and histological methods to define 
cell types infected, gene expression changes and immune phenotypes that characterize pathological (Stat1-/- 
model; rCedV-luc chimeras) vs. non-pathological (Ifnar1-/- model; rCedV-luc) infections.  

Aim 2: To determine the mechanism of rCedV-NiV neurovirulence in the Stat1-/- mouse model. 
Hypothesis: CNS infection by rCedV chimeras requires functional interaction between G and host ephrin B3; 
neurovirulence is a property shared by henipaviruses in the absence of host IFN-dependent defenses.  We will 
evaluate whether interaction between NiV/HeV G and host ephrin B3 is required for neurotropism.  We will 
employ direct injection of rCedV into the brains of Stat1-/- mice to determine whether neurological disease is a 
property shared by brain-resident henipaviruses in the absence of a host interferon response. 

Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections.  Hypothesis: G- and F-directed mAb-based therapeutics will demonstrate Fc-
dependent efficacy against CNS-resident henipavirus.  Stat1-/- mice infected with rCedV chimeras will be 
treated with anti-G and anti-F mAbs and nanobodies.  We will employ the approaches of Aim 1 to determine 
the immunological basis of any observed mAb therapeutic effects.  We will also specifically investigate the role 
of mAb-FcR interactions for therapeutic efficacy. 

HeV and NiV are emerging human and livestock pathogens with a high fatality rate, demonstrated human-to-
human transmission, and a worrisome recent history of outbreaks in proximity to densely populated areas, 
including Kerala, India10-12. There is thus an urgent need to develop novel therapeutics directed against these 
viruses. However, work with HeV and NiV requires BSL-4 containment, severely limiting translational research 
efforts. Through the development and investigation of this longitudinal BSL-2 animal model of authentic and 
pathological henipavirus infection, we will greatly facilitate future development and preclinical validation of 
therapeutics directed against these deadly human pathogens. 

 

Commented [BS1]: ‐CollaboraƟon with Core D (systems 
serology ‐ Gunn) 
‐Collab with RP2 (other rCedV chimeras) 
‐Possible exploraƟon of hamster infecƟon (rCedV‐NiV‐luc), 
using much larger dose than what was used for UTMB 
studies to determine if (1) efficient CNS infecƟon can be 
achieved and (2) if CNS infecƟon is highly correlated with 
lethality.  Hamsters may represent a rCedV lethal model 
employing a host that is not immunocompromised.  
LimitaƟons: few specific analysis tools (mAbs in parƟcular) 
for the hamster model. 

Commented [BS2]: ‐Collab with RP2 (rCedV‐NiV ephrin 
B3 binding mutant)  

Commented [BS3]: ‐CollaboraƟon with RP5, nanobodies 
‐ CollaboraƟon with Core D (systems serology ‐ Gunn) 



SPECIFIC AIMS 

The COVID-19 pandemic has highlighted the need for fast drug development technologies and new antiviral 
drugs to address emerging pathogens. One promising approach is the use of nanobodies, which are antigen-
binding entities derived from camelid animals' heavy chain-only antibodies. Nanobodies are small (15 kDa), 
retain full antigen specificity, and can recognize inaccessible epitopes while crossing tissues and blood-brain 
barriers, making them potential antiviral drugs with high cross-reactivity against multiple viral pathogens. 

Henipaviruses and arenaviruses are two viral families that pose severe public health risks worldwide, causing 
encephalitis and hemorrhagic fever. Currently, there are no licensed treatments that specifically target these 
viruses, so effective treatments are urgently needed. To address this issue, four prototype viruses were selected 
from each of the Henipavirus and Arenavirus genera based on their significant impact on public health and the 
lack of effective treatments against them. This research strategy can be generalized and applied to more 
members of these two viral groups. 

The study focuses on two Henipavirus prototypes: Nipah virus (NiV) and Hendra virus (HeV), which have caused 
outbreaks in Asia and Australia, respectively, and are responsible for severe respiratory and central nervous 
system (CNS) illnesses in humans. These viruses have high mortality rates ranging from 40% to 90%. Similarly, 
two prototypic viruses of the Arenavirus genus that can cause severe illness and death in humans are focused 
in this study, Lassa virus (LASV) and Machupo virus (MACV). LASV is responsible for causing Lassa fever, 
which is endemic in West Africa and can lead to hemorrhagic fever, while MACV is responsible for causing 
Bolivian hemorrhagic fever. These viruses are a global public health threat due to their geographical distribution 
and diversity. 

To develop nanobody-based therapies against Henipaviruses and Arenaviruses, the study proposes to target 
the viruses' key entry machinery, including the G and F glycoproteins of HNV and the GPC of arenavirus. The 
study will use a structure-based strategy to understand viral neutralization mechanisms and facilitate nanobody 
enhancement engineering and design blood-brain barrier-penetrating nanobodies. The hypothesis is that 
nanobodies will serve as a useful countermeasure against CNS diseases caused by these viruses. The study 
will leverage three nanobody development platforms: camelid animals, nanomouse, and low-immunogenic 
human nanobody libraries, which closely resemble the natural human antibody heavy chain variable domain. 
These libraries will enable the quick identification of nanobody leads that require minimal optimization for clinical 
use. The study will carry out this project with three specific aims. 

Aim 1: To identify cross-reactive nanobodies to Henipaviruses. Given their high degree of glycoprotein (F 
and G) similarity, it feasible to identify cross-reactive neutralizing nanobodies against both HeV and NiV for broad 
protection. We will use both immunization in camelids and nanomice and a recently generated naive human 
nanobody library for nanobody production. We will employ sequential immunization and antigen panning 
strategies to identify nanobodies that cross-recognize HeV and NiV. Enriched libraries will be deep-sequenced 
to ensure comprehensive coverage. Finally, candidate nanobodies will be evaluated for specificity by ELISA and 
neutralizing activity by RP2. 

Aim 2: Identification of nanobodies to Arenaviruses.  Arenaviruses, such as Old World LASV and New World 
MACV, contain a heavily glycosylated and conformationally labile surface glycoprotein (GPC), making it 
challenging to generate monoclonal antibody therapies using conventional antibodies. To overcome this, we 
plan to develop nanobodies as a therapy option. Nanobodies, being smaller in size, could potentially penetrate 
the glycan surface of GPC and neutralize the virus. We will generate nanobodies by immunizing camelids and 
nanomice with a stabilized trimeric GPC immunogen, and also use a naive human nanobody library for screening 
neutralizing nanobodies. Individual nanobodies will be assessed for target specificity by binding and 
neutralization activity in RP1.  

Aim 3: Nanobody characterization and structure-based engineering. We will first conduct an affinity test for 
all identified nanobody neutralizers and correlate their affinity and neutralization potency. Using the structure-
based analysis, using X-ray crystallography and Electron Microscopy Single Particle Analysis, of nanobody 
epitopes and neutralization mechanisms, we will rationally design to improve the therapeutic efficacy and 
engineer the combination of nanobodies that target multiple epitopes. We will also design a nanobody therapy 
that targets the central nervous system (CNS) by coupling with transferrin receptor 1 (TfR1) for efficient blood-
brain barrier (BBB) penetration. Finally, we will evaluate the efficacy of the engineered nanobodies in an in vivo 
rCedV-NiV-B chimera mouse model in RP3. 



SPECIFIC AIMS - Core A (Administrative Core), University of Texas Medical Branch at Galveston 
 
The Administrative Core will function as a critical component of the Research and Development of Vaccines 
and Monocolonal Antibodies for Pandemic Preparedness (ReVAMPP) “Paramyxoviridae and Bunyavirales 
Vaccines and Antibodies Center” (PABVAX) by providing support for the implementation of an integrated, 
product-oriented research program composed of major research projects and core facilities. The Core will be 
responsible for the overall management and coordination of PABVAX activities, including governance and 
financial and operational management to facilitate the execution of the ReVAMPP network-wide strategic 
research goals and Center plans to develop countermeasures for Paramyxoviridae and Bunyavirales 
infections. 
The Specific Aims of the Administrative Core are to:  
 
Aim 1: Manage, coordinate, and supervise all Center activities.  
Under the direction of the PD/PIs (Drs. Geisbert and Broder), the Administrative Core will provide organizational 
and programmatic structure to promote research productivity and scientific interactions in support of the 
development of countermeasures for Parmyxoviridae and Buynavirales. The Administrative Core will guide the 
refinement of policies governing PABVAX operations and will ensure compliance with requirements for the 
responsible conduct of research activities, particularly those involving select agents, vertebrate animals, and 
human subjects. The Core will coordinate all activities of the Scientific Advisory Board and will oversee the 
management of Center financial resources. 
 
Aim 2. Provide regulatory expertise as needed for implementing translational research activities. 
Regulatory guidance will be provided by the Administrative Core from institutional experts who will assist 
PABVAX researchers in overcoming nonclinical regulatory barriers. 
 
Aim 3: Coordinate seamless communication within the Center, with NIAID program staff, and throughout 
the ReVAMPP Network. 
The Administrative Core will assure continuous communication within the Center by organizing regular meetings 
with all Core members and Research Project personnel and will facilitate the dissemination of information among 
Center scientists, institutional officials, and external stakeholders. The Administrative Core will be in direct 
contact with each component of the Center to continually review research progress and to maintain detailed, up-
to-date records; the core will exploit this relationship to generate all written reports to assure timely delivery of 
information to NIAID program staff and to complete all annual continuation applications. In conjunction with the 
ReVAMPP Coordinating and Data Sharing Center (CDSC), the Administrative Core will also coordinate 
interactions with ReVAMPP network participants to facilitate network-wide communication of Center activities. 
 
Aim 4: Lead collaborative efforts with the CDSC and the ReVAMPP Network to ensure program 
compliance. 
The Administrative Core will be responsible for maintaining communication with the ReVAMPP CDSC to lead 
and coordinate the Center’s collaborative obligations to the ReVAMPP Network. Further program compliance 
will be assured through the organization of annual ReVAMPP network-wide meetings for Center personnel, as 
well as the annual ReVAMPP Center progress meetings for PABVAX personnel and Scientific Advisory Board 
Members. 



Data Management Core: Specific Aims 
 
The Data Management Core (DMC) aims to design a secure, scalable, and redundant data storage and transfer 
infrastructure that will serve as the central knowledge vault for all research projects and cores. DMC will 
establish a robust mechanism for "raw" HIPAA-compliant data collection generated by all groups and performs 
routine quality control activities focusing on 6 dimensions: completeness, accuracy, consistency, validity, 
uniqueness, and integrity. After a thorough cleaning and error resolution, the data will populate the local RAID6 
redundant instance of the SQL server, completely mimicking the Immport system, which will be used for data 
sharing with the coordinating center and worldwide research communities. Pure and organized data will conform 
to the FAIR data principles to follow the Findability, Accessibility, Interoperability, and Reuse of digital assets. 
DMC will utilize the HIPAA-compliant Microsoft SharePoint cloud located behind the secure UTMB firewall to 
organize a data lake with a dedicated vault for each research project and core. Individual vaults will undergo 
automatic data assessment routines to identify outliers, gaps in data, and errors and report to individual vault 
stakeholders. All inconsistencies will be resolved during the organized monthly meetings between stakeholders 
and the data management group. The data will be prepared to be further deposited to the MariaDB instance 
following Import schema and table structures. DMC team has already established a similar infrastructure in the 
West African Center for Emergent Infectious Disease and has experience and contacts developed with the 
Immport admin team to achieve this goal. DMC core will also assist in the bioinformatics, data science, and 
statistical analysis required at any project stage. With years of experience in clinical biomedical informatics 
working with Big Data EMR, our team will help with in-silico validation and external data integration to 
supplement the research activities of all groups. To implement the proposed infrastructure, we propose the 
following aims: 

Aim 1: Establish a Robust Data Management System 
1.1 Develop a secure, user-friendly data management system using HIPAA-compliant tools like Microsoft 
OneDrive and SharePoint Server to store, organize, manage, and share research data. 
1.2 Standardize data formats, metadata, and documentation to ensure consistency, interoperability, and 
reusability. This will involve creating data dictionaries, templates, and guidelines for data entry and quality 
control. 
1.3 Design vault specific PowerBI dashboard that allows continuous monitoring of the state of the data for 
each of the project and core 
Aim 2: Facilitate Data Sharing and Training 
2.1 Develop tools and platforms for data sharing, collaboration, and communication among project research 
teams, including data sharing agreements, data access portals, and workshops. 
2.2 Provide training and technical assistance to research teams on data management best practices 
2.3 Maximize the dissemination and reuse of research data in line with the NIH FAIR mission through 
strategies such as publishing datasets in public repositories and creating data citation policies. 
Aim 3: Ensure Data Quality Control and Security 
Implement rigorous data quality assurance and control measures to maintain research data's accuracy, 
completeness, and validity. Ensure data security and compliance with relevant regulations to protect sensitive 
data from unauthorized access, disclosure, or loss. This will involve regular risk assessments, data backup 
and encryption, and access controls. Data quality will be assessed across several dimensions: accuracy, 
completeness, consistency, timeliness, validity, and uniqueness. Accuracy and validity ensure the data 
correctly represents real-world entities and conforms to HIPAA and FAIR rules, while completeness and 
uniqueness check for comprehensive data without repetitions. Consistency and timeliness checks will ensure 
uniform representation across different sources and the data's relevance to the required time point. 
 
 



Core C - Microneedle Patch Core (Falo, Andrianov, Korkmaz): SPECIFIC AIMS 
 

The goal of the Microneedle Patch (MNP) Core is to develop, characterize, and validate our plug-and-play 
polyphosphazene (PPZ) adjuvanted dissolvable MNP platforms with different recombinant viral glycoprotein 
antigens that will be developed in the Research Projects (RPs: RP1 and RP2). The MNP Core will develop and 
batch release PPZ MNP vaccine platforms with RP1- and RP2-specific viral antigens based on the well-defined 
quantitative release criteria of their validated physicochemical and immunological properties. Ultimately, these 
PPZ MNP vaccine platforms will enable the development of clinically translatable, highly protective vaccines 
against several prototype viral pathogens from multiple viral families, including Arenaviruses (Lassa, Machupo, 
Lujo, and Chapare viruses), Nairoviruses (Crimean-Congo hemorrhagic fever-CCHF and Kasokero viruses), and 
Paramyxoviruses (Nipah, Hendra, and Langya viruses), through studies outlined in RP1 and RP2. 

 
The MNP Core leverages our unique and broadly deployable vaccination approach enabled by a synergistic 
combination of plug-and-play, clinically feasible immunoadjuvant and skin-targeted vaccine delivery platforms, 
for which we have well-established formulation/production and quality control protocols. Our unique vaccination 
strategy will effectively harness the highly immunoresponsive cutaneous microenvironments using dissolvable 
MNPs incorporating recombinant viral glycoprotein antigens and PPZ adjuvants to elicit robust, strong, and long-
lasting protective immunity against the target pathogen. The RP-specific recombinant viral glycoprotein antigens 
will drive the generation of virus-specific protective immune responses. The PPZ macromolecules will serve as 
an immunoadjuvant nanoassembly that will provide many immune-potentiating features to complement subunit 
antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune stimulation, to 
rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine components to 
the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner for efficacious 
immunization, as well as facilitate the improved vaccine storage and distribution due to their thermostability. Our 
preliminary data strongly support these innovative features of our skin-targeted vaccination strategy. 
Collectively, our PPZ MNP-based skin immunization technology 1) brings key immunogenicity advantages over 
conventional immunization routes (intramuscular and subcutaneous) by targeting the highly efficient endogenous 
immune circuitry of the skin to significantly improve vaccine-specific immune responses, and 2) shifts vaccination 
from traditional needle-and-syringe administration of heat-sensitive vaccines by trained healthcare workers to 
highly effective, widely deployable, needle-free, thermostable, and self-administered vaccines for more effective, 
sustainable, and equitable mass vaccination campaigns. Ultimately, our clinically translatable PPZ MNP vaccine 
platforms are readily adaptable to develop efficacious and broadly deployable vaccines against emerging and 
re-emerging viruses, including those with RP1- and RP2-specific recombinant viral glycoprotein antigens.   
 
Building on our strong preliminary data with PPZ MNP platforms with different antigens, our expertise with MNPs, 
PPZ adjuvants, skin-targeted vaccines, and murine immunogenicity studies, as well as complementary expertise 
provided by Core D,  we will develop, extensively characterize, immunologically evaluate, and batch release PPZ 
MNP platforms with RP-specific antigens to enable the development of effective, safe, broadly deployable, and 
clinically translatable vaccines against the prototype viruses outlined in RP1 and RP2. Our cohesive research 
support plan involves two Specific Aims in the MNP Core as IND-enabling studies with RP-specific viral antigens:  
 
Specific Aim 1: To Develop And Characterize PPZ MNP Vaccines. We have comprehensive experience with 
the translational development of PPZ adjuvants and dissolvable MNPs that we have advanced to human clinical 
trials. AIM 1 is geared toward the development and physicochemical characterization of PPZ MNP platforms with 
RP1- and RP2-specific antigens (drug substances or antigens will be extensively characterized in Core D) based 
on standard operating procedures (SOPs) established for formulation and quality control (QC) of PPZ-complexed 
antigens and vaccine-loaded MNPs. Ultimately, PPZ MNP platforms with project-specific antigens (drug product) 
will be batch released based on the quantitative release/pass criteria of their physicochemical features to enable 
reproducible targeting of the vaccine components to the skin for efficacious immunization. 
 
Specific Aim 2: To Validate The Correlates Of Protection Of PPZ MNP Vaccines In Mice. We have expertise 
with the evaluation of the correlates of PPZ MNP vaccine-induced protection through murine studies. AIM 2 is 
planned toward the evaluation of vaccine-induced humoral (antigen-specific serum binding antibodies [IgM, total 
IgG, IgG1, IgG2, and IgA] and virus-specific neutralization activity of vaccine-induced serum antibodies via an in 
vitro neutralization assay) and cellular (polyfunctional antigen-specific T-cell responses in vaccine-draining lymph 
nodes and spleens) immune responses in mice immunized with PPZ MNP vaccine platforms with project-specific 
viral antigens. Ultimately, PPZ MNP vaccine platforms with RP1- and RP2-specific viral antigens will be advanced 
to RPs based on the quantitative immunological release/pass criteria to enable the optimal induction of effective, 
robust, and long-lived virus-specific protective immune responses in studies outlined in RP1 and RP2.  



Core C - Microneedle Patch Core (Falo, Andrianov, Korkmaz): RESEARCH SUPPORT PLAN 
 
1. Significance  
 
The threat of emerging and re-emerging infectious diseases highlights the need for continued improvement of 
vaccination strategies to enable more effective, sustainable, and equitable global immunization campaigns(1-3). 
Development of efficacious, safe, low-cost, user-friendly, broadly deployable, and rapidly adaptable vaccination 
platforms, with emerging vaccine adjuvants and vaccine delivery systems, as well as their proactive validation 
with vaccines against prototype pathogens are of great significance to maximize pandemic preparedness(4-6). 
The Microneedle Patch (MNP) Core brings together the 
transformative project components, 1) skin immunization, 2) 
Polyphosphazene (PPZ) adjuvant, and 3) dissolvable MNPs, 
with the rationally designed antigens that will be developed 
in research projects (RPs) against high-priority pathogens 
(Fig.1) to enable the achievement of the goals of the overall 
project, as well as to support the translational development 
of a next-generation immunization strategy. Our cohesive 
project plan designed around these key project components 
will yield IND-enabling results for PPZ MNP platforms, with 
RP-specific viral antigens, which will facilitate their rational 
clinical translation. Ultimately, PPZ MNP platforms will help 
obviate the existing bottlenecks in the vaccine efficacy, 
compliance, storage, acceptance, and distribution for more 
widespread global immunization campaigns. 
 
Skin Immunization. Rapidly increasing experimental and clinical evidence strongly supports the notion that skin  
vaccination offers key biological benefits over conventional vaccination routes (intramuscular and subcutaneous) 
to induce significantly improved vaccine-specific protective immunity(7-11). The skin offers an immunocompetent 
tissue microenvironment that hosts a high density of professional antigen-presenting cells (APCs) and immune-
accessory cells, with broad immune functions, as well as a rich network of lymphatic vessels that facilitate the 
continuous immune communications with the skin-draining lymph node(12-15). Unlike the immunologically inert 
features of muscle and subcutaneous tissues that consist of a substantially lower density of APCs than the skin 
tissue, the highly efficient immune networks of the skin drive the generation of strong and long-lasting antigen-
specific immune responses, enabling more effective immunization compared with conventional intramuscular 
and subcutaneous vaccination strategies(7-10, 12-14). We and others have demonstrated that skin immunization 
is capable of inducing strong and long-lasting immune responses in both systemic and mucosal compartments, 
which are superior to those induced by conventional needle immunization via parenteral routes(9, 10, 16-18). 
We have unique expertise with skin immunization and propose to exploit the established advantages of the skin 
immune system in the MNP Core to enable the development of effective, safe, and broadly deployable skin-
targeted vaccines, with the project-specific viral antigens that will be extensively characterized in Core D.  
 
PPZ Immunoadjuvants. Recombinant subunit protein antigens are often complemented with vaccine adjuvants 
to mount robust, strong, and durable protective immune responses(19-21). PPZ macromolecules are emerging 
synthetic water-soluble biodegradable immunoadjuvants that have well-defined molecular properties and are 
fully compatible with dissolvable MNPs(22-24). PPZ macromolecules have excellent antigen-binding features, 
spontaneously self-assemble with antigens in aqueous solutions, without the need for sophisticated formulation 
processes, and form nanoassemblies with virus-mimicking dimensions (60-100 nm)(25, 26). Mounting clinical 
and experimental evidence supports that PPZ macromolecules serve as a potent and safe adjuvant that provides 
several immune-potentiating features, including increased antigen uptake, multivalent antigen presentation, and 
multifaceted innate immunity stimulation to enhance vaccine-induced protective immune responses (22-28). We 
and others have demonstrated through animal studies that PPZ adjuvants, especially the most commonly used 
PPZ adjuvants, clinical-stage poly[di(carboxylato-phenoxy)phosphazene] (PCPP) and its structural homologue 
poly[di(carboxylato-ethylphenoxy) phosphazene] (PCEP), significantly augment vaccine immunogenicity, enable 
antigen dose-sparing, and achieve long-lasting protection in live viral challenge studies(28-30). We will leverage 
our comprehensive experience with the translational development of PPZ adjuvants in the MNP Core to enable 
the development of effective and rapidly deployable PPZ MNP vaccine platforms, with the RP-specific antigens.  
 
Dissolvable MNPs. Effective and reproducible delivery of vaccine components to the highly immunoresponsive 
cutaneous microenvironments is pivotal for efficacious skin immunization strategies(12, 13, 31-33). Dissolvable 

 
Fig. 1. A paradigm-shifting immunization strategy using 
heat-stable, self-administered, and widely deployable 
dissolvable MNPs integrating PPZ-complexed project-
specific antigens. 



MNPs have emerged as a clinically feasible delivery platform that can administer vaccines to the immunologically 
rich milieu of the skin in a safe, patient-friendly, and consistent manner(12, 13, 32). We have previously shown 
that microneedles of our dissolvable MNPs physically penetrate the outermost skin layers and actively deposit 
vaccine components in a defined three-dimensional (3D) space within the skin, eliminating the delivery efficiency, 
formulation, and precision complexities associated with other skin-targeted vaccine delivery approaches(12, 16, 
33-35). Importantly, we and others have introduced dissolvable MNPs in human clinical trials in studies that are 
establishing the feasibility of MNP-based biomolecule delivery to human skin (NCT02192021, NCT05377905). 
Further, the immunogenicity and logistic benefits of self-administered, temperature-stable MNP vaccines over 
needle-and-syringe delivery of heat-sensitive vaccines by trained healthcare workers have been demonstrated 
by several laboratories, including our own laboratory(12, 13, 32). Collectively, our dissolving MNPs offer a widely 
applicable vaccine delivery platform to enable more effective, sustainable, and equitable global immunization 
campaigns against infectious pathogens. We will exploit our unique expertise with the development of clinically 
feasible dissolvable MNPs in the MNP Core to enable the development of effective, safe, and widely deployable 
skin-targeted vaccines (drug products), with the project-specific viral antigens (drug substances from Core D). 
 
Together, the MNP Core will deliver PPZ MNP vaccine platforms with project-specific viral antigens, with 
the goal of unlocking the full potential of the cutaneous immune system to capacitate the development 
clinically viable vaccines for effective, safe, and widespread immunization against high-priority viruses. 
 
2. Innovation  
 
The MNP Core will exploit our transformative, rapidly translatable, self-administered, needle-free, thermostable, 
and widely applicable vaccination strategy consisting of next-generation vaccination platforms, such as emerging  
PPZ adjuvants and dissolvable MNP-based skin-targeted vaccine delivery systems, to enable the translational 
development of novel, highly protective vaccines against several prototype viral pathogens outlined in RPs. Key 
factors contributing to the innovation of the MNP Core include: 
  

 The skin tissue is a more potent vaccination site than conventional vaccination routes, including muscle 
and subcutaneous tissue, since it contains a more immunoresponsive environment than the latter tissues. 

 PPZ macromolecules are next-generation immunoadjuvants that are compatible with dissolvable MNPs. 
Importantly, PPZ macromolecules offer remarkable immune-potentiating features, including increased 
antigen uptake and stability, multivalent antigen presentation, and efficient skin innate immune stimulation 
to enhance both humoral and cellular protective immune responses induced by vaccine antigens. 

 Dissolvable MNPs are a next-generation vaccine delivery system that offers a needle-free, thermostable, 
self-applied, and broadly deployable platform that can reproducibly target vaccine components (antigen 
and adjuvant) to the immunologically rich milieu of the skin. Importantly, we will leverage our unique and 
clinically tested dissolvable MNPs to enable precise and reproducible delivery of PPZ-complexed project-
specific antigens to the highly immunocompetent cutaneous layers for the optimal induction of protective 
humoral and cellular immunity. Dissolvable MNPs will not only improve the vaccine immunogenicity and 
efficacy but also eliminate the need for needles, syringes, medical expertise, and cold-chain dependence 
to reduce cost, and to improve vaccine storage and distribution for increased vaccine coverage.  

 Translational feasibility is enabled by our next-generation vaccination strategy synergistically combining 
the clinically tested PPZ adjuvants and dissolvable MNPs with project-specific viral antigens. The success 
of our translational efforts will be ensured by the clinical product development (GMP Manufacturing, GLP 
Testing, Target Product Profiles) support that will be provided by highly experienced investigators of Mapp 
Biopharmaceutical (Core D), Emergent Biosolutions and Moderna (see the attached letters of support).  

 
The outcome of this project will be IND-enabling results for PPZ MNP platforms, with RP-specific antigens, which 
will facilitate the clinical translation of a paradigm-shifting vaccination strategy against high-priority pathogens.  
 
3. Experimental Plan 

 
3.1. Studies Supporting The Feasibility Of The MNP Core 
 
Our published (12, 13, 16, 33-35) and preliminary data demonstrate our expertise with the proposed activities in 
the MNP Core and herein we show representative data supporting that we have the expertise to enable the 
development of PPZ MNP vaccine platforms with various antigens.  
 
Over the past decade, the research teams of Dr. Falo and Dr. Korkmaz at UPITT have pioneered the translational 
development, analysis, and human application of dissolvable MNPs for effective skin-targeted delivery of diverse 



biocargos, including vaccine components (antigen + adjuvant). Fig.2 shows representative MNPs designed and 
developed at the UPITT, and their skin-targeted vaccine delivery performance. These user-friendly MNPs consist 
of micron-scale, obelisk-shaped, ultra-sharp (<1 μm in tip radii) protrusions with filleted bases, which maximize 
biocargo volume and microneedle strength for consistent delivery of vaccine components to the defined skin 
layers. Our MNPs are manufactured 
from water-soluble materials that are 
designated as safe for human use 
(categorized as GRAS) by the FDA. 
Upon a brief (~5 min) cutaneous 
application, these high-quality MNPs 
(Fig.2B) penetrate the highly host-
protective cutaneous layers, quickly 
dissolve (Fig.2C) in the aqueous 
skin environments upon penetration, 
and effectively deliver the integrated 
vaccine components to the immune-
responsive layers in murine (Fig.2D-
F)  and human (Fig.2G-I) skin. We 
will exploit this expertise to develop 
PPZ MNP platforms with RP-specific 
viral antigens based on established 
guidelines and inspection checklists, 
which we are now using for creation 
and quality control of MNPs that are 
being tested in our own investigator-
initiated clinical trials. 
 
Our published data have consistently demonstrated that vaccine delivery via our high-quality MNPs is effective in 
eliciting robust, potent, and durable antigen-specific systemic adaptive immune responses that are often superior to 
those generated by traditional intramuscular and subcutaneous vaccination approaches(16, 34, 35). Importantly, as 
part of our ongoing collaboration with Dr. Broder, Dr. Geisbert, and Dr. Andrianov, we have initiated the development 
of PPZ-MNP vaccine candidates against henipahviruses. The research team of Dr. Andrianov has pioneered the 
design and development of PPZ adjuvants to boost vaccine-induced immunity, and has validated the successful 
formulation of PPZ with soluble recombinant G glycoprotein of Hendra Virus (HeV-sG). In the MNP Core, we will 
exploit this expertise to develop PPZ vaccine complexes with RP-specific viral antigens based on the established 
guidelines and inspection checklists 
of PPZ adjuvants. We have then 
formulated the antigen HeV-sG, the 
PPZ adjuvant PCEP, the two water-
soluble biomaterials, carboxymethyl 
cellulose and trehalose (GRAS), 
into dissolvable MNPs, and have 
tested the immunogenicity of these 
MNPs incorporating PCEP and 
HeV-sG. Fig.3 demonstrates our 
unpublished representative data  
with regard to the immunogenicity 
[Humoral: (Antigen-specific binding 
antibody levels by ELISA and virus-
specific neutralization activity in vitro 
by the FRNT assay) and Cellular: 
(Polyfunctional T-cell responses by 
in vitro stimulation of isolated cells 
with antigenic peptides, followed by 
intracellular cytokine staining (ICS) 
and flow cytometry) responses] and  
temperature stability [Ag-specific 

 
Fig.3. Antigen-specific humoral and cellular responses elicited by PPZ MNP vaccines.  
Mice were immunized using MNPs loaded with HeV-sG (5 μg)±PCEP (50 μg) MNPs on days 0 
and 21. A) Anti-HeV-sG total IgG endpoint titers at Week 5 after primary vaccination. B) HeV-sG-
specific neutralizing antibody titers (ID50) from mice 5 weeks after primary immunization. C) Mice 
were immunized by HeV-sG±PCEP MNPs that were freshly prepared, or stored for 1 month 
at room temperature after fabrication(HeV-sG±PCEP MNP#), and serum anti-HeV-sG total IgG 
levels were measured 2 weeks later as an indicator of the retention of immunogenicity. D) 
Mice were immunized by HeV-sG±PCEP MNPs in multiple times and 5 days after the boost, 
splenocytes were obtained via single-cell suspension and stimulated with an antigenic pool 
of peptides, followed by intracellular cytokine staining and flow cytometry, to assess systemic 
cellular responses in terms frequencies of HeV-sG-specific CD8+ T cells in spleen. 

 
Fig. 2. Engineering dissolvable MNPs for cutaneous vaccination. A) Patient-friendly 
skin-targeted vaccine delivery platform with dissolvable MNPs. Scale bar (SB) = 10 mm. 
Microscopy images of MNPs B) before and C) after application to the skin demonstrate 
efficient dissolution of microneedles. SBs = 500 µm. Effective delivery of fluorescent 
labeled vaccine components (subunit antigen AF488 and adjuvant AF647) to (D-E) murine 
skin in vivo and (G-H) human skin ex vivo using MNPs. SBs = 10 mm. MNP-based precise 
delivery of these fluorescent labeled vaccine components to the immunologically rich 
milieu of the F) murine skin in vivo and I) human skin ex vivo. SBs = 100 µm.  



binding antibody levels by ELISA after storage of vaccine MNPs for an extended period of time without refrigeration] 
assessment of PPZ MNP platforms with HeV-sG. These results strongly support the key features of our innovative 
skin-targeted vaccination strategy and demonstrate that 1) our dissolvable MNPs can effectively deliver the HeV-
sG antigen, with or without the PPZ adjuvant PCEP, to immunoresponsive skin microenvironments to induce 
robust, durable antigen-specific protective immune responses; 2) co-delivery of the rationally selected adjuvant 
PCEP with HeV-sG in MNPs significantly improves the immunogenicity of HeV-sG; and 3) Dissolvable MNP-
embedded vaccines retain the immunogenicity for an extended period of time (at least a month) without a need 
for expensive “cold-chain”. More comprehensive data 
demonstrating the feasibility of PPZ MNP platform with 
HeV-sG are presented in the RP2. Importantly, we have 
demonstrated the broad applicability of our PPZ MNP 
platforms with different viral antigens, such as HeV-sG, 
Sudan ebolavirus glycoprotein (SUDV GP), Influenza 
Hemagglutinin (HA) protein, and SARS-CoV-2 Spike 
(S) protein through animal studies. Fig.4 shows the 
relevant representative data that further demonstrate our 
experience with PPZ MNP platforms, as well as support 
that skin immunization with PPZ MNPs results in potent 
immune responses that are superior to those elicited by 
vaccination with traditional intramuscular (IM) injection 
of the traditional adjuvant Alum-complexed antigens. In 
the MNP Core, we will exploit this expertise to validate 
the immunogenicity of PPZ MNP platforms with RP-
specific antigens in mice.  
 
Collectively, the MNP Core will exploit the expertise of our investigators at the UPITT and UMD in PPZ adjuvants, 
dissolvable MNPs, skin-targeted vaccines, and immunogenicity studies in murine models to develop and batch 
release the PPZ MNP platforms (drug products) with RP-specific antigens (drug substances from Core D).  
 
3.2. Experimental Design and Methods 
 
Our cohesive research support plan involves two Specific Aims in the MNP Core to provide the RP1 and RP2 
with the physicochemically and immunologically validated PPZ MNP platforms, with RP-specific antigens. 
 
Specific Aim 1: To Develop And Characterize PPZ MNP Vaccines. The objective of AIM 1 is to fabricate and 
characterize dissolvable MNPs integrating PPZ-complexed project-specific antigens (drug substances will be 
released from Core D) using the standard operating procedures and analysis methods developed at the UMD 
and UPITT for PPZ-complexed antigens and vaccine-loaded dissolvable MNPs, respectively.   
 
The research team of Dr. Andrianov will formulate project-specific viral antigens with PPZ immunoadjuvants and 
validate the physicochemical properties of PPZ-complexed antigens for successful incorporation into dissolvable 
MNPs and for subsequent animal studies. PPZ adjuvants, PCPP and PCEP, will be formulated with project-
specific antigens by mixing them in aqueous solutions in the absence of agglomeration, which results in formation 
of stable supramolecular nanoassemblies (Fig.5A), effectively displaying multiple copies of antigen. To validate 
the physicochemical properties of PPZ-complexed antigens, antigen-PPZ binding [asymmetric flow field flow 
fractionation (AF4) method and isothermal titration calorimetry (ITC)], hydrodynamic diameter [dynamic light 
scattering (DLS)], short-term stability [DLS], and antigenic integrity and stability [dose-dependent ELISA with 
specific antibodies from RPs.] will be tested and PPZ-antigen formulations will be released based on the pass 
criteria: 1) Antigen-PPZ binding strength: <10% unbound antigen and similar Kd values to viral antigen alone, 
2) Hydrodynamic diameter: Z-average 
diameter of 60-100 nm, 3) Biological 
integrity: <1% loss in antigenicity after PPZ 
formulation, 4) Stability: <2% aggregation of 
PPZ complex by volume and <5% loss in 
antigenic integrity after incubation at 
temperatures simulating storage conditions. 

 
The research teams of Dr. Korkmaz and Dr. 
Falo will manufacture PPZ MNP platforms 

 
Fig.5. Development of PPZ MNP vaccine platforms. A) Antigen self-
assembles with PPZ into supramolecular nanocomplexes (~60-100 nm), and 
B) Different patch sizes of MNPs for small animal (10 x 10 MNP)- and large 
animal (20 x 20 MNP)-studies.  

 
Fig.4. Antibody levels induced by PPZ MNP vaccine platforms 
incorporating different viral antigens in mice after prime-boost 
immunization.  A) Anti-HeV-sG, B) Anti-SUDV GP,  and C) Anti-
HA total IgG levels.  



with project-specific antigens and validate the physicochemical properties of these PPZ MNP vaccines for 
subsequent animal studies. Dissolvable MNPs integrating PPZ-complexed RP-specific antigens released from 
Core D will be fabricated in the Bioengineering Laboratory of the Department of Dermatology in the University of 
Pittsburgh School of Medicine (UPSOM) using the established methods well described in our publications. This 
Bioengineering Laboratory is fully equipped for reproducible manufacturing of high-quality MNPs up to 10,000 
MNPs per day. Notably, the manufacturing strategy is flexible to allow precisely and reproducibly dictate needle 
geometries and their spatial distribution, as well as patch sizes (Fig.5B) to achieve different doses of integrated 
biocargos to enable various studies with small animals, large animals, and humans. Importantly, we have devised 
standard manufacturing and QC procedures for biocargo-loaded MNPs and outlined these SOPs in our FDA-
approved IND (Falo-IND#122488), which we have been using for production and QC of MNPs that are being 
tested in our investigator-initiated clinical trials (NCT02192021, NCT05377905). In the MNP Core, PPZ-MNP 
platforms, with our clinically validated obelisk-shaped microneedle designs, will be manufactured using our 
scalable spin-casing strategy with high-precision MNP molds to incorporate RP-specific viral antigens in strict 
compliance with clinical protocols and will be batch released with our well-established pass criteria. Two different 
patch sizes of MNPs (Fig.5B) will be considered for animal studies. While small MNPs (10x10 obelisk-shaped 
microneedles – the total needle volume of 2.4 μl) will be utilized for small animal studies, large MNPs (20x20 
microneedles with the same needle design and same spatial distribution in a larger patch area – the total needle 
volume of 9.6 μl) will be released with the validated properties to facilitate the large-animal studies. To validate 
the physicochemical properties of PPZ MNP vaccines, geometric integrity [advanced microscopy], mechanical 
integrity [standard insertion tests on a force measurement setup (Mark-100 ESM 303)], vaccine loading accuracy and 
reproducibility [Fluorescence spectrometry of MNPs integrating fluorescent-labeled vaccine], biological integrity [DLS, 
AF4 or ITC for antigen-adjuvant complex and antigen-specific ELISA for antigen], endotoxin content [the limulus lysate 
test], vaccine stability [DLS, AF4 or ITC for antigen-adjuvant complex and antigen-specific ELISA for antigen after 
storage], and skin delivery performance [Fluorescence spectrometry and advanced microscopy with the skin applied 
MNPs to quantify the remaining vaccine components and the dissolution volume of microneedles] of PPZ MNP 
vaccines will be evaluated and PPZ MNP vaccine platforms with project-specific vaccines will then be batch released 
based on the quantitative pass criteria: 1) Geometric integrity and accuracy: >95% high-quality microneedles 
across a PPZ MNP vaccine and <10% deviation from the target geometric values, 2) Structural integrity: Factor 
of safety (FOS) > 2 (FOS = Failure forces/penetration forces), 3) Vaccine loading accuracy/reproducibility: 
10% deviation from the mean of theoretical amounts and <10% standard deviation of the mean value. 4) 
Biological integrity: No significant (p>0.05) aggregation of adjuvant-antigen complexes and no significant loss 
(p>0.05) of antigenicity with respect to those of fresh antigen and fresh PPZ-antigen complexes, 5) Endotoxin 
content: < 1 endotoxin unit per PPZ MNP vaccine, provided that the endotoxin content of RP-specific antigens 
is relatively low, 6) Thermostability: No significant (p>0.05) aggregation of PPZ-antigen complexes and no 
significant loss (p>0.05) of antigenicity after storage at elevated temperatures. 7) Skin delivery performance: 
<10% of remaining materials in terms volume and <15% of remaining materials in terms of vaccine after 20 min 
murine skin application in vivo and 20 min the RP-specific animal-skin application ex vivo.  
 
Completion of AIM 1 for each batch of PPZ MNP vaccines will be achieved when PPZ-antigen complexes and 
PPZ MNP vaccine platforms, with project-specific antigens, meet with the aforementioned QC pass criteria.   
 
Specific Aim 2: To Validate The Correlates Of Protection Of PPZ MNP Vaccines In Mice. The objective of 
AIM 2 is to evaluate the humoral and cellular responses induced by physicochemically validated PPZ MNP 
vaccines from AIM 1 in mice to immunologically validate these novel vaccine technologies with project-specific 
antigens before advancing them to RP1 and RP2 for the translational development of highly protective vaccines 
against several prototype viral pathogens. 
 
The research teams of Dr. Falo and Dr. Korkmaz have comprehensive experience with the assessment of the 
immunogenicity of MNP vaccines through murine studies(16). We will leverage this expertise to determine the 
immunogenicity of PCPP (50 and 100 μg per MNP) and PCEP (50 and 100 μg per MNP) MNP platforms with 
project-specific viral antigens (5 and 10 μg per MNP) in mice. These antigen and adjuvant doses were chosen 
based on our preliminary studies with PPZ MNP HeV-sG vaccine in which the selected doses were found to elicit 
potent and robust immune responses. We will optimize the doses of antigens and adjuvants for the lead PPZ 
MNP vaccines to advance them to RPs by using different MNP patch sizes. C57BL/6 mice (both female and 
male) will be immunized in two different immunization regimens (single dose or prime-boost fashion with 
a three-week interval between two doses). Naïve or unimmunized mice will serve as negative controls. Mice 
immunized with the intramuscular injection of Alum-complexed RP-specific antigens will be our positive controls. 
To complete the initial immunogenicity evaluation of physicochemically validated PPZ MNP vaccines, effector 



immune responses to PPZ MNP vaccines will be determined to rapidly advance the physicochemically and 
immunologically validated PPZ MNP vaccines to RP1 and RP2. To investigate humoral responses, blood 
samples will be collected on Week 2 and Week 5 after primary immunization. Serum antigen-specific antibody 
levels (IgM, total IgG, IgG1, IgG2c, and IgA) will be measured by ELISA and virus-specific neutralization capacity 
of these antibodies will be determined by an in vitro neutralization assay (Fig.3). To evaluate cellular responses, 
mice will be sacrificed five days after the final vaccine dose, vaccine-draining lymph nodes and spleens will be 
isolated and their single cell suspensions will be obtained. These cells will be stimulated with a pool of antigenic 
peptides (custom-synthesized PepTivators for RP-specific antigens), followed by intracellular cytokine staining 
and by multi-color flow cytometry to determine antigen-specific polyfunctional cellular responses (IFN-γ, TNF-α, 
IL-2, IL-4, IL-17: CD4+ and CD8+ T-cell responses) (Fig.3). Upon this initial evaluation, both physicochemically 
and immunologically validated PPZ-MNP vaccines, with RP-specific antigens, will be advanced to RPs, for which 
if necessary larger size MNPs will be used to achieve the target antigen and adjuvant doses.   
 
The durability of vaccine-induced immune responses and the temperature stability of PPZ MNP vaccines will 
also be tested in the MNP Core through murine studies using the lead PPZ MNP vaccine platforms that will be 
advanced to RPs. To evaluate the longevity of humoral responses, blood samples will be collected on Week 2, 
Week 5, Week 8, and then monthly for at least a year. Serum antigen-specific antibody levels and virus-specific 
neutralization capacity of these antibodies will be determined as described above. To determine the memory T-
cell responses, mice will be boosted 6 months and 1 year after the primary immunization and then sacrificed five 
days after the booster dose, vaccine-draining lymph nodes, spleens, and other relevant tissues will be isolated 
and antigen-specific polyfunctional T-cell responses will be assessed as described above. To test the stability of 
PPZ MNP vaccines, the afromentioned physicochemical and immunological evaluation of PPZ MNP vaccines 
will be repeated with the lead PPZ MNP vaccine platforms stored at room temperature and 40oC for an extended 
period of time (1-, 3-, 6-, and 12-month storage), and the results will be compared with those obtained with fresh 
PPZ MNP platforms. These long-term validation studies of our novel vaccine technology will facilitate the clinical 
translation of PPZ MNP vaccines, with the further support from Core D, Emergent Biosolutions and Moderna.  
 
Completion of AIM 2 will be marked when both physicochemically and immunologically validated PPZ MNP 
platforms with RP-specific antigens are advanced to RPs, as well as when the durability of PPZ MNP vaccine-
induced immune responses and the thermostability of PPZ MNP vaccines are comprehensively characterized.   
 
Expectations, Potential Issues, and Alternative Strategies. Based on our supporting data, we expect that our 
established PPZ formulation and MNP manufacturing methods will result in high-quality PPZ MNP vaccine 
platforms with project-specific viral antigens, which will meet all of our QC pass criteria. In the unlikely event that 
PPZ MNP vaccines fail to pass the physicochemical validation tests, PPZ and MNP formulations, and processing 
conditions will be altered to further optimize the PPZ MNP vaccine formulations. Based on our strong preliminary 
data, we also expect that PPZ MNP vaccines will induce robust and potent antigen-specific immune responses.  
We expect no insurmountable technical issues with our immunological assays since all of the proposed assays 
has been validated in our laboratories. One potential issue is the availability of antigen-specific peptide pools to 
pulse cells for assaying T-cell responses. In the event that custom-synthesized PepTivators may take too long 
to obtain, we will pulse these cells with the whole protein or use stably transduced dendritic cells (DC2.4) for 
restimulation. To accommodate the potential dose variations between mice and other animals that will be used 
in RPs, we will modify the patch size and/or number (if necessary, also the frequency of MNP applications).  
 
Statistical Considerations. To demonstrate the reproducibility of our results with PPZ-MNP vaccines in both 
sexes, experiments in AIM 2 will be independently repeated with female and male mice. If treatment effects and 
trends differ significantly between sexes, experiments will be repeated to confirm sex-based differences and 
reproducibility. To eliminate age as a confounding variable, young adult aged-matched mice (8-14 weeks) will be 
used for all experiments, and mice will be randomly assigned to masked groups. The aforementioned established 
QC procedures will eliminate confounding effects of batch-to-batch variability of PPZ MNP vaccine platforms. 
The statistical aspects will be considered for all aspects of the project. For the experiments involving multiple groups 
with outcomes at a single time point, results will be analyzed by one-way ANOVA followed by Tukey’s multiple 
comparisons. For time-course experiments, results will be analyzed by two-way mixed ANOVA, followed by one-
way ANOVA on treatment effect and Tukey’s multiple comparisons. Power analyses were conducted using our 
preliminary data with PCEP MNP HeV-sG vaccine with significance level α<0.05, power (1-β) =0.8, and k=3-6 
pairwise comparisons (for 3-4 groups), minimum sample sizes for statistical significance were determined to be 
N = 5 mice and N =6 mice per group for each independent experiment (at least two independent experiments) 
for humoral and cellular responses, respectively.   
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CORE D (Abelson, Geisbert, Gunn and Zeitlin)

EARLY AND IND-ENABLING TRANSLATIONAL RESEARCH FOR VACCINES AND
MABS

Core D will leverage the relationship between vaccines and antibodies to optimize the
translational activities performed by the Janus team (just a placeholder – i.e. duality of
vaccines and mAbs). Vaccines and antibodies are inextricably linked:

1. mAbs can help define protective epitopes for a vaccine
2. mAbs can help establish correlates of protection for vaccines
3. Vaccine antigens can be used to discover mAbs
4. mAbs can provide an alternative to a vaccine in immunocompromised populations

and in emergency situations where immediate protection is required (i.e. there
isn’t sufficient time to allow natural host immunity to develop from vaccination)

Developing mAb countermeasures and vaccines simultaneously will allow us to take
advantage of natural synergies between the two types of interventions and more efficiently
advance superior prototypes (Table 1).

Table 1: Vaccine and mAb translational efforts
Family Prototype (Y1-3) Test case (Y4-5)

Arenaviruses Lassa (Old world), Junin (New world) Lujo (Old world), Machupo (New
world)

Nairoviruses CCHF Kasokero, Dugbe
Paramyxoviruses Nipah, Hendra Langya, Angavokely and/or Mojiang

Aim 1: Manufacture vaccine antigens and mAbs in support of the RPs and Cores
Small and larger scale (e.g. sufficient for stability testing and NHP dosing) will be performed
by Mapp Biopharmaceutical and Geneovac to support the efforts of the other Scientific
Cores and the Research Projects.

Aim 2: Lead optimization, stability, manufacturability testing, and early process
development of subunit vaccines.
Optimization of the lead subunit vaccines (and adjuvants) will result in stable subunit
vaccines with favorable manufacturability characteristics. Small scale manufacturing and
early-stage process development will be performed. As vaccines are regulated by CBER,
all activities will be performed consistent with regulatory expectations for this branch of the



FDA. The Core’s vaccine industrial partners’ input (Emergent and Moderna) will be
integrated into the translational development efforts.
 
Aim 3: Identification of correlates of protection, lead optimization, stability and
manufacturability testing of mAbs.
Together with Dr. Gunn, engineered mAbs (altered N-glycans, Fc mutations for effector
functions and extended half-life, multimeric formats and nanobodies from RPx) will be
evaluated to correlate mechanisms of action with maximal efficacy. This work, in
conjunction with stability and manufacturability assessment, will identify a lead prototype
format to transition to early process development. The goal will be to identify a single
prototype for long-term intramuscular prophylaxis as well as for intravenous post-exposure
prophylaxis and therapy. As mAbs are regulated by CDER, performance of all activities will
be as per regulatory expectations.
 
The PIs of Core D bring decades of experience with preclinical translational efforts on
vaccines and mAb countermeasures and are long time collaborators with the other
scientists involved in the project.
 
Core D will work closely with Cores C and E and the Research Projects to coordinate and
integrate the translational research being performed in development of the Janus
prototypes.
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Drs. Geisbert and Broder have requested a one-page rough draft of the Specific Aims page for each
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Sonja J. Stutz, MS
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ANIMAL MODEL DEVELOPMENT AND PRECLINICAL EVALUATION (SCIENTIFIC CORE E) 
 
1.  SPECIFIC AIMS 
The main objectives of the Animal Model Development and Preclinical Evaluation Core are to optimize and/or 
develop animal models for Paramyxoviridae and Bunyavirales and to evaluate vaccines and treatments identified 
in RP1, RP2, RP4, RP5, and Cores C and D against Paramyxoviridae and Bunyavirales under BSL-3 and/or 
BSL-4 containment.   

The Specific Aims of the Animal Model Development and Preclinical Evaluation Core are to: 

Aim 1:  Provide resources including a secure repository of well characterized seed stocks of 
henipaviruses, arenaviruses, and nairoviruses and develop and rescue recombinant viruses. 

Aim 2:  Develop and/or optimize animal models of henipavirus, arenavirus, and nairovirus infection 
that faithfully reproduce human disease.  

Aim 3:  Provide technical expertise and conduct in vitro assays. 

Aim 4:  Provide technical expertise and perform vaccinations, animal challenges, treatments, clinical 
pathology assays, virology assays, necropsies, and histopathological analysis of tissues.  

The Aims will be achieved by the following specific functions to be carried out by the Animal Model 
Development and Preclinical Evaluation Core PI and personnel: 

1. Maintain records of well characterized Paramyxovirus and Bunyavirales seed stocks including 
background history, passage history, genomic information, periodic monitoring of titer, mycoplasma 
testing, endotoxin testing, and sterility testing. 

2. In collaboration with RP2 develop a reverse genetics system to rescue recombinant Langya virus 
(do we also propose other viruses?). 

3. Perform in vitro virus neutralization assays; optimize assays for new viruses. 

4. Develop and/or optimize animal models for strains or variants of henipaviruses, arenaviruses, and 
nairoviruses to fill gaps where no models exist; make these models available to Center Research 
Projects and Scientific Cores as well as external ReVAMPP Centers. 

5. Generate tools including inactivated samples from infected animals and immune reagents obtained 
from animal studies and provide to Center Research Projects and Scientific Cores as well as external 
ReVAMPP Centers. 

6. Assist Center Investigators in designing animal studies, prepare animal protocols, and obtain 
IACUC approval of animal studies. 

7. Perform animal challenges using well characterized henipavirus, arenavirus, and nairovirus seed 
stocks to support RP1, RP2, RP4, RP5, and Cores C and D. 

8. Perform vaccination and treatment of animals with vaccines and treatments provided by RP1, RP2, 
RP4, RP5, and Cores C and D. 

9. Perform all duties associated with animal challenge studies including monitoring of animals, collection 
of samples, and necropsies. 

10. Perform clinical pathology assays including hematology and clinical chemistry assays. 

11. Perform virology assays on blood and/or tissue samples collected from infected animals including 
viral load by plaque assay and RT-PCR. 

12. Perform gross pathology analysis on all animals at necropsy. 

13. Perform histopathologic and immunohistochemical analysis on tissues from animals collected at 
necropsy. 

14. Provide all data generated in Core E to Data Management Core B. 
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Hello everyone,

The Specific Aims draft for Research Projects 1-3,  5, and all Cores are attached for your review.
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Sonja
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SPECIFIC AIMS

The viral order Bunyavirales is composed of several viral families known to contain several high priority human pathogens. Notably, Arenaviridae and Nairoviridae families contain viruses which cause severe hemorrhagic diseases in humans across the world with mortality rates up to XX and significant, long-term sequelae in survivors. These viruses are on the World Health Organization’s (WHO) List of Priority Pathogens where six arenaviruses – Lassa, Lujo, Chapare, Guanarito, Junin and Machupo (LASV, LUJV, CHPV, GTOV, JUNV, MACV) and one Nairovirus-Crimean-Congo Hemorrhagic Fever Virus (CCHFV)– are  identified as NIAID Category A pathogens due to ease of dissemination or transmission person-to-person, produce significant morbidity and mortality, have potential for major public health impact, and require special action for public health preparedness. The threat is further heightened for these agents due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these agents. Threats to public health are further heightened due to lack of internationally approved vaccines to address threats of natural epidemics as well as the potential bio-weaponization of these viruses. To address this unmet need, Research Project 1 (RP1) will leverage combined expertise in high-containment virology, immunology, and biological product development, to develop arenavirus and nairovirus research tools and vaccine approaches which can be adapted across members of each viral family in a “plug-and-play” manner. Much of the work developing vaccines against high containment viruses has relied heavily on viral isolates derived over 40 years ago or longer, which creates a concerns tied to efficacy as newer related viruses continue to emerge and cause disease in humans. Recent advances in reverse genetics of viruses have allowed the generation of infectious genetic clones of several arenaviruses (LASV, MACV, LUJV, JUNV) and nairoviruses (CCHFV) which may make vaccine testing of genetically divergent isolates more feasible. Vaccine development for most arenaviruses and nairoviruses has largely centered on the understanding of the critical role for viral glycoproteins (GP) and nucleoproteins (NP) to drive natural immunity. We have recently successfully engineered a recombinant, stabilized-trimeric antigen for the LASV GP to act as an antigenic mimic of viral surface displayed GP. We have found that this trimeric GP co-delivered with LASV NP subunits or NP subunits alone, can fully protect guinea pigs against lethal challenge by LASV underscoring the value of these antigens as vaccine components. Subunit vaccines are prime candidates for alternative vaccination approaches such as microneedle patches (MNP) which harness the potently immunoresponsive cutaneous microenvironments using dissolvable MNPs coupled to recombinant viral glycoprotein antigens and adjuvants to elicit robust, strong, and long-lasting protective immunity against the target pathogen.  The importance of humoral immunity for affording potent protection or treatment against viral infections cannot be understated as evidenced by the recent success using monoclonal antibody therapies to treat Ebola virus disease or COVID-19, yet little is known for the potential for pre-exposure prophylactic (PREP) administration of antibody therapies and what kind of prophylactic windows are possible.  The goals of this proposal are two-fold: (1) Develop reverse genetics tools to evaluate emerging arenaviruses and nairoviruses for which no isolates are available. (2) Develop novel vaccination approaches utilizing subunit-MNP vaccines developed in or monoclonal antibody PREP strategies which can provide protective immunity against Old and New World arenaviruses or emerging nairoviruses Specifically, we will: 

AIM 1: Rescue recombinant arenaviruses and nairoviruses circulating in nature with no available isolates: 

We will generate recombinant infectious clones (and reporter-gene versions) of LASV, MACV, and CCHFV isolates for which isolates are not available using reverse genetics. Rescued viruses will be characterized in cell-based assays. Recombinant viruses will be examined in vivo (animal model development) within Core E.

AIM 2: Develop novel arenavirus and nairovirus vaccination approaches:

2.1 Subunit immunogens and MNP vaccination: Working with Core C, D, and E, we will determine optimal immunogen/MNP combination that affords pan-lineage protection against LASV, MACV, and CCHFV disease in animal models.  We will define detailed multi-parameter cellular and systems level humoral correlates of protection of candidate vaccination approaches. We will then utilize lessons learned to address related “test case” arenaviruses and nairoviruses to develop a subunit/MNP approach for an old world arenavirus (LUJV) a new world arenavirus (CHPV), and an emerging bat borne nairovirus, Kasokero virus.

2.2 Pre-exposure Prophylaxis (PREP) using half-life extension antibody treatments: Working with Core D, we will develop vaccination approaches employing a potent therapeutic anti-JUNV monoclonal antibody re-engineered with YTE and LA Fc point mutation predicted to extend pharmacokinetics and determine protective efficacy and estimate conferred immunity correlates in animal studies performed in Core E.


SPECIFIC AIMS

The emergence and reemergence of pathogenic RNA viruses represent continuous infectious disease and pandemic threats to public health. Notable examples are the two emerged zoonotic paramyxoviruses, the ‘prototype’ henipaviruses; Nipah virus (NiV) and Hendra virus (HeV), discovered in the mid to late 1990s. NiV and HeV have a broad host tropism capable of infecting 18 animal species across 6 orders of mammals using the highly conserved ephrin-B2 and -B3 ligands as entry receptors. NiV and HeV infections result in a systemic and often fatal respiratory and/or neurological disease in 11 mammalian species including humans. They are significant biothreats to humans and economically important livestock in Australia and South East Asia. Henipaviruses have two membrane glycoproteins: the attachment glycoprotein (G) and the fusion glycoprotein (F) that are the major targets of neutralizing antibodies and the focus of all vaccine strategies. The most extensively studied NiV/HeV vaccine has been the soluble recombinant G glycoprotein of HeV (HeV-sG), which can provide complete protection against lethal challenge by either NiV or HeV in four animal species including nonhuman primates (NHPs). We have recently tested the immunogenicity of HeV-sG delivered using an advanced dissolvable microneedle patch (MNP) technology. Preliminary data reveal potent NiV/HeV neutralizing antibody responses and this new approach may offer a novel, highly stable and rapid vaccination modality. In parallel, we have extensively characterized the nonpathogenic henipavirus, Cedar virus (CedV); develop a reverse genetics platform, generated recombinant CedV (rCedV) and rCedV chimeras by swapping G and F glycoproteins for the respective NiV or HeV G and F, and developed a surrogate BSL-2 virus neutralization platform. More recently, novel henipaviruses, including genetically related Mòjiāng virus and Langya virus (LayV) have been discovered, and in contrast to HeV/NiV, both appear to be rodent borne and do not use ephrin ligands as entry receptors, and each has infected humans causing disease. Further, a most recently discovered bat-borne and divergent henipavirus, Angavokely virus, from wild Madagascar fruit bats, has also been described. Here, we propose to develop the MNA patch delivery platform, create LayV and other reporter virus tools to complement the HeV/NiV chimera tool, and use these approaches to developed high throughput BSL-2 based virus neutralization platforms to evaluate the MNP subunit vaccine approach; and apply the MNP vaccine patch technology to other emerging and/or potential zoonotic paramyxovirus pathogens. Specifically, we will:

Aim 1: Develop and evaluate sGtet and sFstb prototype henipavirus subunit vaccine candidates by dissolvable MNP vaccination. 

We will compare NiV vaccine immunogens (sGtet and sFstb) and HeV (HeV-sFstb) to HeV-sG in heterologous challenge studies using Nipah-Bangladesh and Hendra-Redlands viruses when delivered by microneedle vaccine patch. Immunogenicity will be tested in mice and NiV/HeV neutralizing potencies evaluated. Challenge studies will be conducted in ferrets. Antivirus humoral responses will be evaluated by,,,,, (Gunn).  Selected best-in-class vaccine candidate(s) will be evaluated in the NHP NiV/HeV model.

Aim 2: Rescue recombinant Langya virus (rLayV) and LayV glycoprotein reporter virus platforms.

We will generate the new henipavirus LayV as an additional ‘prototype’ henipavirus using reverse genetics. Recombinant LayV (and reporter-gene versions) will be constructed and virus rescue procedures will be conducted by the Scientific Core at UTMB to rLayV. Alternate, virus tools will also be generated using reporter-gene versions and rCedV chimeras encoding the LayV F and G. Rescued viruses will be characterized in cell-based assays. The rLayV virus will be examined in vivo (animal model development) within the Center Core.

Aim 3: Evaluate antibodies and nanobodies to henipaviruses developed by the Center’s RPs. 

[bookmark: _GoBack]Henipavirus tools and high-throughput virus neutralization platforms will be utilized to test and evaluate MNP vaccine induced immune sera and individual virus specific monoclonal antibodies against henipaviruses discovered and/or developed by the research projects in the Center.  (Needs defining here, RP4 and 5, and also AngV F/G mab discovery – Genovac)

Aim 4: Adapt the MNP vaccination approach in Center Phase 2 to other paramyxoviruses.

[bookmark: _heading=h.gjdgxs][bookmark: _heading=h.89bwqxw4g3ud]Here, we will develop, characterize, and validate this plug-and-play polyphosphazene (PPZ) adjuvanted dissolvable MNP platform with different recombinant paramyxovirus glycoprotein antigens. 




Specific Aims 


Henipaviruses are single-stranded, negative-sense enveloped RNA viruses of the paramyxovirus family1.  Two 
henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), cause a systemic and often fatal respiratory and/or 
encephalitic disease in humans and ten other mammalian species2-4. Importantly, NiV and HeV are significant 
biothreats to humans and economically important livestock in Australia and Southeast Asia5. There are 
currently no vaccines or therapeutics approved for human use. Notably, development of countermeasures for 
NiV and HeV is hampered by the fact that these viruses require BSL-4 containment, meaning that very few 
research groups worldwide have access to the required biocontainment facilities to perform preclinical studies 
with these important human viral pathogens6.  


To address this problem, we are developing a BSL-2 animal model that is based on Cedar virus (CedV), which 
is a non-pathogenic henipavirus7.  Specifically, we have engineered recombinant Cedar viruses (rCedVs) in 
which the NiV and HeV fusion (F) and receptor-binding glycoprotein (G) are expressed in the rCedV genome, 
replacing CedV F and G. Additionally, we have also incorporated our recently developed in vivo 
bioluminescence methodology8, 9 to longitudinally trace the dynamics and anatomical progression of rCedV-
luciferase (rCedV-luc) infections in individual animals.  Using various approaches to inhibit the host interferon 
response in mice, we have demonstrated sustained replication of rCedV-luc and the rCedV-NiV-luc and 
rCedV-HeV-luc chimeras.  Importantly, whereas rCedV-luc does not establish stable expression in the brain, 
both of the chimeric viruses do.  Moreover, preliminary findings show that rCedV-NiV-luc causes neurological 
dysfunction and death in STAT1-/- mice.  The rCedV-luc platform is thus an authentic henipavirus system that 
can be used to study henipavirus in vivo biology safely and expediently under BSL-2 containment.  Our overall 
hypothesis is that rCedV-luc infection of mice lacking interferon responses represents a BSL-2 platform for 
the study of henipavirus biology and pathogenesis, as well as for development and testing of anti-viral 
countermeasures. We will address this hypothesis through three Specific Aims: 


Aim 1: To optimize the use of Stat1-/- mice and rCedV-NiV-luc/rCedV-HeV-luc chimeras as a robust 
BSL2 model of pathogenic henipavirus disease.  Hypothesis: Infection of Stat1-/- mice with recombinant 
rCedVs will recapitulate major hallmarks of pathogenic NiV and HeV infections in humans.  We will establish a 
breeding colony of Stat1-/- mice on a B6-albino background.  We will infect Stat1-/- mice with rCedV-luc 
chimeras.  We will use flow cytometry, spatial transcriptomics approaches and histological methods to define 
cell types infected, gene expression changes and immune phenotypes that characterize pathological (Stat1-/- 
model; rCedV-luc chimeras) vs. non-pathological (Ifnar1-/- model; rCedV-luc) infections.  


Aim 2: To determine the mechanism of rCedV-NiV neurovirulence in the Stat1-/- mouse model. 
Hypothesis: CNS infection by rCedV chimeras requires functional interaction between G and host ephrin B3; 
neurovirulence is a property shared by henipaviruses in the absence of host IFN-dependent defenses.  We will 
evaluate whether interaction between NiV/HeV G and host ephrin B3 is required for neurotropism.  We will 
employ direct injection of rCedV into the brains of Stat1-/- mice to determine whether neurological disease is a 
property shared by brain-resident henipaviruses in the absence of a host interferon response. 


Aim 3: To define the efficacy and mechanisms of mAb-based therapeutics for CNS-resident 
henipavirus infections.  Hypothesis: G- and F-directed mAb-based therapeutics will demonstrate Fc-
dependent efficacy against CNS-resident henipavirus.  Stat1-/- mice infected with rCedV chimeras will be 
treated with anti-G and anti-F mAbs and nanobodies.  We will employ the approaches of Aim 1 to determine 
the immunological basis of any observed mAb therapeutic effects.  We will also specifically investigate the role 
of mAb-FcR interactions for therapeutic efficacy. 


HeV and NiV are emerging human and livestock pathogens with a high fatality rate, demonstrated human-to-
human transmission, and a worrisome recent history of outbreaks in proximity to densely populated areas, 
including Kerala, India10-12. There is thus an urgent need to develop novel therapeutics directed against these 
viruses. However, work with HeV and NiV requires BSL-4 containment, severely limiting translational research 
efforts. Through the development and investigation of this longitudinal BSL-2 animal model of authentic and 
pathological henipavirus infection, we will greatly facilitate future development and preclinical validation of 
therapeutics directed against these deadly human pathogens. 


 


Commented [BS1]: ‐CollaboraƟon with Core D (systems 
serology ‐ Gunn) 
‐Collab with RP2 (other rCedV chimeras) 
‐Possible exploraƟon of hamster infecƟon (rCedV‐NiV‐luc), 
using much larger dose than what was used for UTMB 
studies to determine if (1) efficient CNS infecƟon can be 
achieved and (2) if CNS infecƟon is highly correlated with 
lethality.  Hamsters may represent a rCedV lethal model 
employing a host that is not immunocompromised.  
LimitaƟons: few specific analysis tools (mAbs in parƟcular) 
for the hamster model. 


Commented [BS2]: ‐Collab with RP2 (rCedV‐NiV ephrin 
B3 binding mutant)  


Commented [BS3]: ‐CollaboraƟon with RP5, nanobodies 
‐ CollaboraƟon with Core D (systems serology ‐ Gunn) 






SPECIFIC AIMS

The COVID-19 pandemic has highlighted the need for fast drug development technologies and new antiviral drugs to address emerging pathogens. One promising approach is the use of nanobodies, which are antigen-binding entities derived from camelid animals' heavy chain-only antibodies. Nanobodies are small (15 kDa), retain full antigen specificity, and can recognize inaccessible epitopes while crossing tissues and blood-brain barriers, making them potential antiviral drugs with high cross-reactivity against multiple viral pathogens.

Henipaviruses and arenaviruses are two viral families that pose severe public health risks worldwide, causing encephalitis and hemorrhagic fever. Currently, there are no licensed treatments that specifically target these viruses, so effective treatments are urgently needed. To address this issue, four prototype viruses were selected from each of the Henipavirus and Arenavirus genera based on their significant impact on public health and the lack of effective treatments against them. This research strategy can be generalized and applied to more members of these two viral groups.

The study focuses on two Henipavirus prototypes: Nipah virus (NiV) and Hendra virus (HeV), which have caused outbreaks in Asia and Australia, respectively, and are responsible for severe respiratory and central nervous system (CNS) illnesses in humans. These viruses have high mortality rates ranging from 40% to 90%. Similarly, two prototypic viruses of the Arenavirus genus that can cause severe illness and death in humans are focused in this study, Lassa virus (LASV) and Machupo virus (MACV). LASV is responsible for causing Lassa fever, which is endemic in West Africa and can lead to hemorrhagic fever, while MACV is responsible for causing Bolivian hemorrhagic fever. These viruses are a global public health threat due to their geographical distribution and diversity.

To develop nanobody-based therapies against Henipaviruses and Arenaviruses, the study proposes to target the viruses' key entry machinery, including the G and F glycoproteins of HNV and the GPC of arenavirus. The study will use a structure-based strategy to understand viral neutralization mechanisms and facilitate nanobody enhancement engineering and design blood-brain barrier-penetrating nanobodies. The hypothesis is that nanobodies will serve as a useful countermeasure against CNS diseases caused by these viruses. The study will leverage three nanobody development platforms: camelid animals, nanomouse, and low-immunogenic human nanobody libraries, which closely resemble the natural human antibody heavy chain variable domain. These libraries will enable the quick identification of nanobody leads that require minimal optimization for clinical use. The study will carry out this project with three specific aims.

Aim 1: To identify cross-reactive nanobodies to Henipaviruses. Given their high degree of glycoprotein (F and G) similarity, it feasible to identify cross-reactive neutralizing nanobodies against both HeV and NiV for broad protection. We will use both immunization in camelids and nanomice and a recently generated naive human nanobody library for nanobody production. We will employ sequential immunization and antigen panning strategies to identify nanobodies that cross-recognize HeV and NiV. Enriched libraries will be deep-sequenced to ensure comprehensive coverage. Finally, candidate nanobodies will be evaluated for specificity by ELISA and neutralizing activity by RP2.

Aim 2: Identification of nanobodies to Arenaviruses.  Arenaviruses, such as Old World LASV and New World MACV, contain a heavily glycosylated and conformationally labile surface glycoprotein (GPC), making it challenging to generate monoclonal antibody therapies using conventional antibodies. To overcome this, we plan to develop nanobodies as a therapy option. Nanobodies, being smaller in size, could potentially penetrate the glycan surface of GPC and neutralize the virus. We will generate nanobodies by immunizing camelids and nanomice with a stabilized trimeric GPC immunogen, and also use a naive human nanobody library for screening neutralizing nanobodies. Individual nanobodies will be assessed for target specificity by binding and neutralization activity in RP1. 

Aim 3: Nanobody characterization and structure-based engineering. We will first conduct an affinity test for all identified nanobody neutralizers and correlate their affinity and neutralization potency. Using the structure-based analysis, using X-ray crystallography and Electron Microscopy Single Particle Analysis, of nanobody epitopes and neutralization mechanisms, we will rationally design to improve the therapeutic efficacy and engineer the combination of nanobodies that target multiple epitopes. We will also design a nanobody therapy that targets the central nervous system (CNS) by coupling with transferrin receptor 1 (TfR1) for efficient blood-brain barrier (BBB) penetration. Finally, we will evaluate the efficacy of the engineered nanobodies in an in vivo rCedV-NiV-B chimera mouse model in RP3.


SPECIFIC AIMS - Core A (Administrative Core), University of Texas Medical Branch at Galveston



The Administrative Core will function as a critical component of the Research and Development of Vaccines and Monocolonal Antibodies for Pandemic Preparedness (ReVAMPP) “Paramyxoviridae and Bunyavirales Vaccines and Antibodies Center” (PABVAX) by providing support for the implementation of an integrated, product-oriented research program composed of major research projects and core facilities. The Core will be responsible for the overall management and coordination of PABVAX activities, including governance and financial and operational management to facilitate the execution of the ReVAMPP network-wide strategic research goals and Center plans to develop countermeasures for Paramyxoviridae and Bunyavirales infections.

The Specific Aims of the Administrative Core are to: 



Aim 1: Manage, coordinate, and supervise all Center activities. 

Under the direction of the PD/PIs (Drs. Geisbert and Broder), the Administrative Core will provide organizational and programmatic structure to promote research productivity and scientific interactions in support of the development of countermeasures for Parmyxoviridae and Buynavirales. The Administrative Core will guide the refinement of policies governing PABVAX operations and will ensure compliance with requirements for the responsible conduct of research activities, particularly those involving select agents, vertebrate animals, and human subjects. The Core will coordinate all activities of the Scientific Advisory Board and will oversee the management of Center financial resources.



Aim 2. Provide regulatory expertise as needed for implementing translational research activities.

Regulatory guidance will be provided by the Administrative Core from institutional experts who will assist PABVAX researchers in overcoming nonclinical regulatory barriers.



Aim 3: Coordinate seamless communication within the Center, with NIAID program staff, and throughout the ReVAMPP Network.

The Administrative Core will assure continuous communication within the Center by organizing regular meetings with all Core members and Research Project personnel and will facilitate the dissemination of information among Center scientists, institutional officials, and external stakeholders. The Administrative Core will be in direct contact with each component of the Center to continually review research progress and to maintain detailed, up-to-date records; the core will exploit this relationship to generate all written reports to assure timely delivery of information to NIAID program staff and to complete all annual continuation applications. In conjunction with the ReVAMPP Coordinating and Data Sharing Center (CDSC), the Administrative Core will also coordinate interactions with ReVAMPP network participants to facilitate network-wide communication of Center activities.



Aim 4: Lead collaborative efforts with the CDSC and the ReVAMPP Network to ensure program compliance.

The Administrative Core will be responsible for maintaining communication with the ReVAMPP CDSC to lead and coordinate the Center’s collaborative obligations to the ReVAMPP Network. Further program compliance will be assured through the organization of annual ReVAMPP network-wide meetings for Center personnel, as well as the annual ReVAMPP Center progress meetings for PABVAX personnel and Scientific Advisory Board Members.


Data Management Core: Specific Aims



The Data Management Core (DMC) aims to design a secure, scalable, and redundant data storage and transfer infrastructure that will serve as the central knowledge vault for all research projects and cores. DMC will establish a robust mechanism for "raw" HIPAA-compliant data collection generated by all groups and performs routine quality control activities focusing on 6 dimensions: completeness, accuracy, consistency, validity, uniqueness, and integrity. After a thorough cleaning and error resolution, the data will populate the local RAID6 redundant instance of the SQL server, completely mimicking the Immport system, which will be used for data sharing with the coordinating center and worldwide research communities. Pure and organized data will conform to the FAIR data principles to follow the Findability, Accessibility, Interoperability, and Reuse of digital assets.

DMC will utilize the HIPAA-compliant Microsoft SharePoint cloud located behind the secure UTMB firewall to organize a data lake with a dedicated vault for each research project and core. Individual vaults will undergo automatic data assessment routines to identify outliers, gaps in data, and errors and report to individual vault stakeholders. All inconsistencies will be resolved during the organized monthly meetings between stakeholders and the data management group. The data will be prepared to be further deposited to the MariaDB instance following Import schema and table structures. DMC team has already established a similar infrastructure in the West African Center for Emergent Infectious Disease and has experience and contacts developed with the Immport admin team to achieve this goal. DMC core will also assist in the bioinformatics, data science, and statistical analysis required at any project stage. With years of experience in clinical biomedical informatics working with Big Data EMR, our team will help with in-silico validation and external data integration to supplement the research activities of all groups. To implement the proposed infrastructure, we propose the following aims:

Aim 1: Establish a Robust Data Management System

1.1 Develop a secure, user-friendly data management system using HIPAA-compliant tools like Microsoft OneDrive and SharePoint Server to store, organize, manage, and share research data.

1.2 Standardize data formats, metadata, and documentation to ensure consistency, interoperability, and reusability. This will involve creating data dictionaries, templates, and guidelines for data entry and quality control.

1.3 Design vault specific PowerBI dashboard that allows continuous monitoring of the state of the data for each of the project and core

Aim 2: Facilitate Data Sharing and Training

2.1 Develop tools and platforms for data sharing, collaboration, and communication among project research teams, including data sharing agreements, data access portals, and workshops.

2.2 Provide training and technical assistance to research teams on data management best practices

2.3 Maximize the dissemination and reuse of research data in line with the NIH FAIR mission through strategies such as publishing datasets in public repositories and creating data citation policies.

Aim 3: Ensure Data Quality Control and Security

Implement rigorous data quality assurance and control measures to maintain research data's accuracy, completeness, and validity. Ensure data security and compliance with relevant regulations to protect sensitive data from unauthorized access, disclosure, or loss. This will involve regular risk assessments, data backup and encryption, and access controls. Data quality will be assessed across several dimensions: accuracy, completeness, consistency, timeliness, validity, and uniqueness. Accuracy and validity ensure the data correctly represents real-world entities and conforms to HIPAA and FAIR rules, while completeness and uniqueness check for comprehensive data without repetitions. Consistency and timeliness checks will ensure uniform representation across different sources and the data's relevance to the required time point.






Core C - Microneedle Patch Core (Falo, Andrianov, Korkmaz): SPECIFIC AIMS



The goal of the Microneedle Patch (MNP) Core is to develop, characterize, and validate our plug-and-play polyphosphazene (PPZ) adjuvanted dissolvable MNP platforms with different recombinant viral glycoprotein antigens that will be developed in the Research Projects (RPs: RP1 and RP2). The MNP Core will develop and batch release PPZ MNP vaccine platforms with RP1- and RP2-specific viral antigens based on the well-defined quantitative release criteria of their validated physicochemical and immunological properties. Ultimately, these PPZ MNP vaccine platforms will enable the development of clinically translatable, highly protective vaccines against several prototype viral pathogens from multiple viral families, including Arenaviruses (Lassa, Machupo, Lujo, and Chapare viruses), Nairoviruses (Crimean-Congo hemorrhagic fever-CCHF and Kasokero viruses), and Paramyxoviruses (Nipah, Hendra, and Langya viruses), through studies outlined in RP1 and RP2.



The MNP Core leverages our unique and broadly deployable vaccination approach enabled by a synergistic combination of plug-and-play, clinically feasible immunoadjuvant and skin-targeted vaccine delivery platforms, for which we have well-established formulation/production and quality control protocols. Our unique vaccination strategy will effectively harness the highly immunoresponsive cutaneous microenvironments using dissolvable MNPs incorporating recombinant viral glycoprotein antigens and PPZ adjuvants to elicit robust, strong, and long-lasting protective immunity against the target pathogen. The RP-specific recombinant viral glycoprotein antigens will drive the generation of virus-specific protective immune responses. The PPZ macromolecules will serve as an immunoadjuvant nanoassembly that will provide many immune-potentiating features to complement subunit antigens, such as improved antigen uptake, multivalent antigen presentation, and innate immune stimulation, to rationally augment vaccine-induced immunity. Dissolvable MNPs will enable targeting vaccine components to the highly immunoresponsive cutaneous layers in a safe, reproducible, and self-applied manner for efficacious immunization, as well as facilitate the improved vaccine storage and distribution due to their thermostability. Our preliminary data strongly support these innovative features of our skin-targeted vaccination strategy. Collectively, our PPZ MNP-based skin immunization technology 1) brings key immunogenicity advantages over conventional immunization routes (intramuscular and subcutaneous) by targeting the highly efficient endogenous immune circuitry of the skin to significantly improve vaccine-specific immune responses, and 2) shifts vaccination from traditional needle-and-syringe administration of heat-sensitive vaccines by trained healthcare workers to highly effective, widely deployable, needle-free, thermostable, and self-administered vaccines for more effective, sustainable, and equitable mass vaccination campaigns. Ultimately, our clinically translatable PPZ MNP vaccine platforms are readily adaptable to develop efficacious and broadly deployable vaccines against emerging and re-emerging viruses, including those with RP1- and RP2-specific recombinant viral glycoprotein antigens.  



Building on our strong preliminary data with PPZ MNP platforms with different antigens, our expertise with MNPs, PPZ adjuvants, skin-targeted vaccines, and murine immunogenicity studies, as well as complementary expertise provided by Core D,  we will develop, extensively characterize, immunologically evaluate, and batch release PPZ MNP platforms with RP-specific antigens to enable the development of effective, safe, broadly deployable, and clinically translatable vaccines against the prototype viruses outlined in RP1 and RP2. Our cohesive research support plan involves two Specific Aims in the MNP Core as IND-enabling studies with RP-specific viral antigens: 



Specific Aim 1: To Develop And Characterize PPZ MNP Vaccines. We have comprehensive experience with the translational development of PPZ adjuvants and dissolvable MNPs that we have advanced to human clinical trials. AIM 1 is geared toward the development and physicochemical characterization of PPZ MNP platforms with RP1- and RP2-specific antigens (drug substances or antigens will be extensively characterized in Core D) based on standard operating procedures (SOPs) established for formulation and quality control (QC) of PPZ-complexed antigens and vaccine-loaded MNPs. Ultimately, PPZ MNP platforms with project-specific antigens (drug product) will be batch released based on the quantitative release/pass criteria of their physicochemical features to enable reproducible targeting of the vaccine components to the skin for efficacious immunization.



Specific Aim 2: To Validate The Correlates Of Protection Of PPZ MNP Vaccines In Mice. We have expertise with the evaluation of the correlates of PPZ MNP vaccine-induced protection through murine studies. AIM 2 is planned toward the evaluation of vaccine-induced humoral (antigen-specific serum binding antibodies [IgM, total IgG, IgG1, IgG2, and IgA] and virus-specific neutralization activity of vaccine-induced serum antibodies via an in vitro neutralization assay) and cellular (polyfunctional antigen-specific T-cell responses in vaccine-draining lymph nodes and spleens) immune responses in mice immunized with PPZ MNP vaccine platforms with project-specific viral antigens. Ultimately, PPZ MNP vaccine platforms with RP1- and RP2-specific viral antigens will be advanced to RPs based on the quantitative immunological release/pass criteria to enable the optimal induction of effective, robust, and long-lived virus-specific protective immune responses in studies outlined in RP1 and RP2. 

Core C - Microneedle Patch Core (Falo, Andrianov, Korkmaz): RESEARCH SUPPORT PLAN



1. Significance 



The threat of emerging and re-emerging infectious diseases highlights the need for continued improvement of vaccination strategies to enable more effective, sustainable, and equitable global immunization campaigns(1-3). Development of efficacious, safe, low-cost, user-friendly, broadly deployable, and rapidly adaptable vaccination platforms, with emerging vaccine adjuvants and vaccine delivery systems, as well as their proactive validation with vaccines against prototype pathogens are of great significance to maximize pandemic preparedness(4-6). The Microneedle Patch (MNP) Core brings together the transformative project components, 1) skin immunization, 2) Polyphosphazene (PPZ) adjuvant, and 3) dissolvable MNPs, with the rationally designed antigens that will be developed in research projects (RPs) against high-priority pathogens (Fig.1) to enable the achievement of the goals of the overall project, as well as to support the translational development of a next-generation immunization strategy. Our cohesive project plan designed around these key project components will yield IND-enabling results for PPZ MNP platforms, with RP-specific viral antigens, which will facilitate their rational clinical translation. Ultimately, PPZ MNP platforms will help obviate the existing bottlenecks in the vaccine efficacy, compliance, storage, acceptance, and distribution for more widespread global immunization campaigns.[image: A picture containing text, screenshot  Description automatically generated]

Fig. 1. A paradigm-shifting immunization strategy using heat-stable, self-administered, and widely deployable dissolvable MNPs integrating PPZ-complexed project-specific antigens.





Skin Immunization. Rapidly increasing experimental and clinical evidence strongly supports the notion that skin  vaccination offers key biological benefits over conventional vaccination routes (intramuscular and subcutaneous) to induce significantly improved vaccine-specific protective immunity(7-11). The skin offers an immunocompetent tissue microenvironment that hosts a high density of professional antigen-presenting cells (APCs) and immune-accessory cells, with broad immune functions, as well as a rich network of lymphatic vessels that facilitate the continuous immune communications with the skin-draining lymph node(12-15). Unlike the immunologically inert features of muscle and subcutaneous tissues that consist of a substantially lower density of APCs than the skin tissue, the highly efficient immune networks of the skin drive the generation of strong and long-lasting antigen-specific immune responses, enabling more effective immunization compared with conventional intramuscular and subcutaneous vaccination strategies(7-10, 12-14). We and others have demonstrated that skin immunization is capable of inducing strong and long-lasting immune responses in both systemic and mucosal compartments, which are superior to those induced by conventional needle immunization via parenteral routes(9, 10, 16-18). We have unique expertise with skin immunization and propose to exploit the established advantages of the skin immune system in the MNP Core to enable the development of effective, safe, and broadly deployable skin-targeted vaccines, with the project-specific viral antigens that will be extensively characterized in Core D. 



PPZ Immunoadjuvants. Recombinant subunit protein antigens are often complemented with vaccine adjuvants to mount robust, strong, and durable protective immune responses(19-21). PPZ macromolecules are emerging synthetic water-soluble biodegradable immunoadjuvants that have well-defined molecular properties and are fully compatible with dissolvable MNPs(22-24). PPZ macromolecules have excellent antigen-binding features, spontaneously self-assemble with antigens in aqueous solutions, without the need for sophisticated formulation processes, and form nanoassemblies with virus-mimicking dimensions (60-100 nm)(25, 26). Mounting clinical and experimental evidence supports that PPZ macromolecules serve as a potent and safe adjuvant that provides several immune-potentiating features, including increased antigen uptake, multivalent antigen presentation, and multifaceted innate immunity stimulation to enhance vaccine-induced protective immune responses (22-28). We and others have demonstrated through animal studies that PPZ adjuvants, especially the most commonly used PPZ adjuvants, clinical-stage poly[di(carboxylato-phenoxy)phosphazene] (PCPP) and its structural homologue poly[di(carboxylato-ethylphenoxy) phosphazene] (PCEP), significantly augment vaccine immunogenicity, enable antigen dose-sparing, and achieve long-lasting protection in live viral challenge studies(28-30). We will leverage our comprehensive experience with the translational development of PPZ adjuvants in the MNP Core to enable the development of effective and rapidly deployable PPZ MNP vaccine platforms, with the RP-specific antigens. 



Dissolvable MNPs. Effective and reproducible delivery of vaccine components to the highly immunoresponsive cutaneous microenvironments is pivotal for efficacious skin immunization strategies(12, 13, 31-33). Dissolvable MNPs have emerged as a clinically feasible delivery platform that can administer vaccines to the immunologically rich milieu of the skin in a safe, patient-friendly, and consistent manner(12, 13, 32). We have previously shown that microneedles of our dissolvable MNPs physically penetrate the outermost skin layers and actively deposit vaccine components in a defined three-dimensional (3D) space within the skin, eliminating the delivery efficiency, formulation, and precision complexities associated with other skin-targeted vaccine delivery approaches(12, 16, 33-35). Importantly, we and others have introduced dissolvable MNPs in human clinical trials in studies that are establishing the feasibility of MNP-based biomolecule delivery to human skin (NCT02192021, NCT05377905). Further, the immunogenicity and logistic benefits of self-administered, temperature-stable MNP vaccines over needle-and-syringe delivery of heat-sensitive vaccines by trained healthcare workers have been demonstrated by several laboratories, including our own laboratory(12, 13, 32). Collectively, our dissolving MNPs offer a widely applicable vaccine delivery platform to enable more effective, sustainable, and equitable global immunization campaigns against infectious pathogens. We will exploit our unique expertise with the development of clinically feasible dissolvable MNPs in the MNP Core to enable the development of effective, safe, and widely deployable skin-targeted vaccines (drug products), with the project-specific viral antigens (drug substances from Core D).



Together, the MNP Core will deliver PPZ MNP vaccine platforms with project-specific viral antigens, with the goal of unlocking the full potential of the cutaneous immune system to capacitate the development clinically viable vaccines for effective, safe, and widespread immunization against high-priority viruses.



2. Innovation 



The MNP Core will exploit our transformative, rapidly translatable, self-administered, needle-free, thermostable, and widely applicable vaccination strategy consisting of next-generation vaccination platforms, such as emerging  PPZ adjuvants and dissolvable MNP-based skin-targeted vaccine delivery systems, to enable the translational development of novel, highly protective vaccines against several prototype viral pathogens outlined in RPs. Key factors contributing to the innovation of the MNP Core include:

 

· The skin tissue is a more potent vaccination site than conventional vaccination routes, including muscle and subcutaneous tissue, since it contains a more immunoresponsive environment than the latter tissues.

· PPZ macromolecules are next-generation immunoadjuvants that are compatible with dissolvable MNPs. Importantly, PPZ macromolecules offer remarkable immune-potentiating features, including increased antigen uptake and stability, multivalent antigen presentation, and efficient skin innate immune stimulation to enhance both humoral and cellular protective immune responses induced by vaccine antigens.

· Dissolvable MNPs are a next-generation vaccine delivery system that offers a needle-free, thermostable, self-applied, and broadly deployable platform that can reproducibly target vaccine components (antigen and adjuvant) to the immunologically rich milieu of the skin. Importantly, we will leverage our unique and clinically tested dissolvable MNPs to enable precise and reproducible delivery of PPZ-complexed project-specific antigens to the highly immunocompetent cutaneous layers for the optimal induction of protective humoral and cellular immunity. Dissolvable MNPs will not only improve the vaccine immunogenicity and efficacy but also eliminate the need for needles, syringes, medical expertise, and cold-chain dependence to reduce cost, and to improve vaccine storage and distribution for increased vaccine coverage. 

· Translational feasibility is enabled by our next-generation vaccination strategy synergistically combining the clinically tested PPZ adjuvants and dissolvable MNPs with project-specific viral antigens. The success of our translational efforts will be ensured by the clinical product development (GMP Manufacturing, GLP Testing, Target Product Profiles) support that will be provided by highly experienced investigators of Mapp Biopharmaceutical (Core D), Emergent Biosolutions and Moderna (see the attached letters of support). 



The outcome of this project will be IND-enabling results for PPZ MNP platforms, with RP-specific antigens, which will facilitate the clinical translation of a paradigm-shifting vaccination strategy against high-priority pathogens. 



3. Experimental Plan



3.1. Studies Supporting The Feasibility Of The MNP Core



Our published (12, 13, 16, 33-35) and preliminary data demonstrate our expertise with the proposed activities in the MNP Core and herein we show representative data supporting that we have the expertise to enable the development of PPZ MNP vaccine platforms with various antigens. 



Over the past decade, the research teams of Dr. Falo and Dr. Korkmaz at UPITT have pioneered the translational development, analysis, and human application of dissolvable MNPs for effective skin-targeted delivery of diverse biocargos, including vaccine components (antigen + adjuvant). Fig.2 shows representative MNPs designed and developed at the UPITT, and their skin-targeted vaccine delivery performance. These user-friendly MNPs consist of micron-scale, obelisk-shaped, ultra-sharp (<1 μm in tip radii) protrusions with filleted bases, which maximize biocargo volume and microneedle strength for consistent delivery of vaccine components to the defined skin layers. Our MNPs are manufactured from water-soluble materials that are designated as safe for human use (categorized as GRAS) by the FDA. Upon a brief (~5 min) cutaneous application, these high-quality MNPs (Fig.2B) penetrate the highly host-protective cutaneous layers, quickly dissolve (Fig.2C) in the aqueous skin environments upon penetration, and effectively deliver the integrated vaccine components to the immune-responsive layers in murine (Fig.2D-F)  and human (Fig.2G-I) skin. We will exploit this expertise to develop PPZ MNP platforms with RP-specific viral antigens based on established guidelines and inspection checklists, which we are now using for creation and quality control of MNPs that are being tested in our own investigator-initiated clinical trials.[image: A picture containing text, screenshot, multimedia software, graphic design  Description automatically generated]

Fig. 2. Engineering dissolvable MNPs for cutaneous vaccination. A) Patient-friendly skin-targeted vaccine delivery platform with dissolvable MNPs. Scale bar (SB) = 10 mm. Microscopy images of MNPs B) before and C) after application to the skin demonstrate efficient dissolution of microneedles. SBs = 500 µm. Effective delivery of fluorescent labeled vaccine components (subunit antigen AF488 and adjuvant AF647) to (D-E) murine skin in vivo and (G-H) human skin ex vivo using MNPs. SBs = 10 mm. MNP-based precise delivery of these fluorescent labeled vaccine components to the immunologically rich milieu of the F) murine skin in vivo and I) human skin ex vivo. SBs = 100 µm. 





Our published data have consistently demonstrated that vaccine delivery via our high-quality MNPs is effective in eliciting robust, potent, and durable antigen-specific systemic adaptive immune responses that are often superior to those generated by traditional intramuscular and subcutaneous vaccination approaches(16, 34, 35). Importantly, as part of our ongoing collaboration with Dr. Broder, Dr. Geisbert, and Dr. Andrianov, we have initiated the development of PPZ-MNP vaccine candidates against henipahviruses. The research team of Dr. Andrianov has pioneered the design and development of PPZ adjuvants to boost vaccine-induced immunity, and has validated the successful formulation of PPZ with soluble recombinant G glycoprotein of Hendra Virus (HeV-sG). In the MNP Core, we will exploit this expertise to develop PPZ vaccine complexes with RP-specific viral antigens based on the established guidelines and inspection checklists of PPZ adjuvants. We have then formulated the antigen HeV-sG, the PPZ adjuvant PCEP, the two water-soluble biomaterials, carboxymethyl cellulose and trehalose (GRAS), into dissolvable MNPs, and have tested the immunogenicity of these MNPs incorporating PCEP and HeV-sG. Fig.3 demonstrates our unpublished representative data  with regard to the immunogenicity [Humoral: (Antigen-specific binding antibody levels by ELISA and virus-specific neutralization activity in vitro by the FRNT assay) and Cellular: (Polyfunctional T-cell responses by in vitro stimulation of isolated cells with antigenic peptides, followed by intracellular cytokine staining (ICS) and flow cytometry) responses] and  temperature stability [Ag-specific binding antibody levels by ELISA after storage of vaccine MNPs for an extended period of time without refrigeration] assessment of PPZ MNP platforms with HeV-sG. These results strongly support the key features of our innovative skin-targeted vaccination strategy and demonstrate that 1) our dissolvable MNPs can effectively deliver the HeV-sG antigen, with or without the PPZ adjuvant PCEP, to immunoresponsive skin microenvironments to induce robust, durable antigen-specific protective immune responses; 2) co-delivery of the rationally selected adjuvant PCEP with HeV-sG in MNPs significantly improves the immunogenicity of HeV-sG; and 3) Dissolvable MNP-embedded vaccines retain the immunogenicity for an extended period of time (at least a month) without a need for expensive “cold-chain”. More comprehensive data demonstrating the feasibility of PPZ MNP platform with HeV-sG are presented in the RP2. Importantly, we have demonstrated the broad applicability of our PPZ MNP platforms with different viral antigens, such as HeV-sG, Sudan ebolavirus glycoprotein (SUDV GP), Influenza Hemagglutinin (HA) protein, and SARS-CoV-2 Spike (S) protein through animal studies. Fig.4 shows the relevant representative data that further demonstrate our experience with PPZ MNP platforms, as well as support that skin immunization with PPZ MNPs results in potent immune responses that are superior to those elicited by vaccination with traditional intramuscular (IM) injection of the traditional adjuvant Alum-complexed antigens. In the MNP Core, we will exploit this expertise to validate the immunogenicity of PPZ MNP platforms with RP-specific antigens in mice. [image: A screenshot of a video game  Description automatically generated with medium confidence]

Fig.3. Antigen-specific humoral and cellular responses elicited by PPZ MNP vaccines.  Mice were immunized using MNPs loaded with HeV-sG (5 μg)±PCEP (50 μg) MNPs on days 0 and 21. A) Anti-HeV-sG total IgG endpoint titers at Week 5 after primary vaccination. B) HeV-sG-specific neutralizing antibody titers (ID50) from mice 5 weeks after primary immunization. C) Mice were immunized by HeV-sG±PCEP MNPs that were freshly prepared, or stored for 1 month at room temperature after fabrication(HeV-sG±PCEP MNP#), and serum anti-HeV-sG total IgG levels were measured 2 weeks later as an indicator of the retention of immunogenicity. D) Mice were immunized by HeV-sG±PCEP MNPs in multiple times and 5 days after the boost, splenocytes were obtained via single-cell suspension and stimulated with an antigenic pool of peptides, followed by intracellular cytokine staining and flow cytometry, to assess systemic cellular responses in terms frequencies of HeV-sG-specific CD8+ T cells in spleen.

[image: A black background with orange and grey rectangles  Description automatically generated with low confidence]

Fig.4. Antibody levels induced by PPZ MNP vaccine platforms incorporating different viral antigens in mice after prime-boost immunization.  A) Anti-HeV-sG, B) Anti-SUDV GP,  and C) Anti-HA total IgG levels. 





Collectively, the MNP Core will exploit the expertise of our investigators at the UPITT and UMD in PPZ adjuvants, dissolvable MNPs, skin-targeted vaccines, and immunogenicity studies in murine models to develop and batch release the PPZ MNP platforms (drug products) with RP-specific antigens (drug substances from Core D). 



3.2. Experimental Design and Methods



Our cohesive research support plan involves two Specific Aims in the MNP Core to provide the RP1 and RP2 with the physicochemically and immunologically validated PPZ MNP platforms, with RP-specific antigens.



Specific Aim 1: To Develop And Characterize PPZ MNP Vaccines. The objective of AIM 1 is to fabricate and characterize dissolvable MNPs integrating PPZ-complexed project-specific antigens (drug substances will be released from Core D) using the standard operating procedures and analysis methods developed at the UMD and UPITT for PPZ-complexed antigens and vaccine-loaded dissolvable MNPs, respectively.  



The research team of Dr. Andrianov will formulate project-specific viral antigens with PPZ immunoadjuvants and validate the physicochemical properties of PPZ-complexed antigens for successful incorporation into dissolvable MNPs and for subsequent animal studies. PPZ adjuvants, PCPP and PCEP, will be formulated with project-specific antigens by mixing them in aqueous solutions in the absence of agglomeration, which results in formation of stable supramolecular nanoassemblies (Fig.5A), effectively displaying multiple copies of antigen. To validate the physicochemical properties of PPZ-complexed antigens, antigen-PPZ binding [asymmetric flow field flow fractionation (AF4) method and isothermal titration calorimetry (ITC)], hydrodynamic diameter [dynamic light scattering (DLS)], short-term stability [DLS], and antigenic integrity and stability [dose-dependent ELISA with specific antibodies from RPs.] will be tested and PPZ-antigen formulations will be released based on the pass criteria: 1) Antigen-PPZ binding strength: <10% unbound antigen and similar Kd values to viral antigen alone, 2) Hydrodynamic diameter: Z-average diameter of 60-100 nm, 3) Biological integrity: <1% loss in antigenicity after PPZ formulation, 4) Stability: <2% aggregation of PPZ complex by volume and <5% loss in antigenic integrity after incubation at temperatures simulating storage conditions.[image: A picture containing text, screenshot, circle, coin  Description automatically generated]

Fig.5. Development of PPZ MNP vaccine platforms. A) Antigen self-assembles with PPZ into supramolecular nanocomplexes (~60-100 nm), and B) Different patch sizes of MNPs for small animal (10 x 10 MNP)- and large animal (20 x 20 MNP)-studies. 





The research teams of Dr. Korkmaz and Dr. Falo will manufacture PPZ MNP platforms with project-specific antigens and validate the physicochemical properties of these PPZ MNP vaccines for subsequent animal studies. Dissolvable MNPs integrating PPZ-complexed RP-specific antigens released from Core D will be fabricated in the Bioengineering Laboratory of the Department of Dermatology in the University of Pittsburgh School of Medicine (UPSOM) using the established methods well described in our publications. This Bioengineering Laboratory is fully equipped for reproducible manufacturing of high-quality MNPs up to 10,000 MNPs per day. Notably, the manufacturing strategy is flexible to allow precisely and reproducibly dictate needle geometries and their spatial distribution, as well as patch sizes (Fig.5B) to achieve different doses of integrated biocargos to enable various studies with small animals, large animals, and humans. Importantly, we have devised standard manufacturing and QC procedures for biocargo-loaded MNPs and outlined these SOPs in our FDA-approved IND (Falo-IND#122488), which we have been using for production and QC of MNPs that are being tested in our investigator-initiated clinical trials (NCT02192021, NCT05377905). In the MNP Core, PPZ-MNP platforms, with our clinically validated obelisk-shaped microneedle designs, will be manufactured using our scalable spin-casing strategy with high-precision MNP molds to incorporate RP-specific viral antigens in strict compliance with clinical protocols and will be batch released with our well-established pass criteria. Two different patch sizes of MNPs (Fig.5B) will be considered for animal studies. While small MNPs (10x10 obelisk-shaped microneedles – the total needle volume of 2.4 μl) will be utilized for small animal studies, large MNPs (20x20 microneedles with the same needle design and same spatial distribution in a larger patch area – the total needle volume of 9.6 μl) will be released with the validated properties to facilitate the large-animal studies. To validate the physicochemical properties of PPZ MNP vaccines, geometric integrity [advanced microscopy], mechanical integrity [standard insertion tests on a force measurement setup (Mark-100 ESM 303)], vaccine loading accuracy and reproducibility [Fluorescence spectrometry of MNPs integrating fluorescent-labeled vaccine], biological integrity [DLS, AF4 or ITC for antigen-adjuvant complex and antigen-specific ELISA for antigen], endotoxin content [the limulus lysate test], vaccine stability [DLS, AF4 or ITC for antigen-adjuvant complex and antigen-specific ELISA for antigen after storage], and skin delivery performance [Fluorescence spectrometry and advanced microscopy with the skin applied MNPs to quantify the remaining vaccine components and the dissolution volume of microneedles] of PPZ MNP vaccines will be evaluated and PPZ MNP vaccine platforms with project-specific vaccines will then be batch released based on the quantitative pass criteria: 1) Geometric integrity and accuracy: >95% high-quality microneedles across a PPZ MNP vaccine and <10% deviation from the target geometric values, 2) Structural integrity: Factor of safety (FOS) > 2 (FOS = Failure forces/penetration forces), 3) Vaccine loading accuracy/reproducibility: 10% deviation from the mean of theoretical amounts and <10% standard deviation of the mean value. 4) Biological integrity: No significant (p>0.05) aggregation of adjuvant-antigen complexes and no significant loss (p>0.05) of antigenicity with respect to those of fresh antigen and fresh PPZ-antigen complexes, 5) Endotoxin content: < 1 endotoxin unit per PPZ MNP vaccine, provided that the endotoxin content of RP-specific antigens is relatively low, 6) Thermostability: No significant (p>0.05) aggregation of PPZ-antigen complexes and no significant loss (p>0.05) of antigenicity after storage at elevated temperatures. 7) Skin delivery performance: <10% of remaining materials in terms volume and <15% of remaining materials in terms of vaccine after 20 min murine skin application in vivo and 20 min the RP-specific animal-skin application ex vivo. 



Completion of AIM 1 for each batch of PPZ MNP vaccines will be achieved when PPZ-antigen complexes and PPZ MNP vaccine platforms, with project-specific antigens, meet with the aforementioned QC pass criteria.  



Specific Aim 2: To Validate The Correlates Of Protection Of PPZ MNP Vaccines In Mice. The objective of AIM 2 is to evaluate the humoral and cellular responses induced by physicochemically validated PPZ MNP vaccines from AIM 1 in mice to immunologically validate these novel vaccine technologies with project-specific antigens before advancing them to RP1 and RP2 for the translational development of highly protective vaccines against several prototype viral pathogens.



The research teams of Dr. Falo and Dr. Korkmaz have comprehensive experience with the assessment of the immunogenicity of MNP vaccines through murine studies(16). We will leverage this expertise to determine the immunogenicity of PCPP (50 and 100 μg per MNP) and PCEP (50 and 100 μg per MNP) MNP platforms with project-specific viral antigens (5 and 10 μg per MNP) in mice. These antigen and adjuvant doses were chosen based on our preliminary studies with PPZ MNP HeV-sG vaccine in which the selected doses were found to elicit potent and robust immune responses. We will optimize the doses of antigens and adjuvants for the lead PPZ MNP vaccines to advance them to RPs by using different MNP patch sizes. C57BL/6 mice (both female and male) will be immunized in two different immunization regimens (single dose or prime-boost fashion with a three-week interval between two doses). Naïve or unimmunized mice will serve as negative controls. Mice immunized with the intramuscular injection of Alum-complexed RP-specific antigens will be our positive controls. To complete the initial immunogenicity evaluation of physicochemically validated PPZ MNP vaccines, effector immune responses to PPZ MNP vaccines will be determined to rapidly advance the physicochemically and immunologically validated PPZ MNP vaccines to RP1 and RP2. To investigate humoral responses, blood samples will be collected on Week 2 and Week 5 after primary immunization. Serum antigen-specific antibody levels (IgM, total IgG, IgG1, IgG2c, and IgA) will be measured by ELISA and virus-specific neutralization capacity of these antibodies will be determined by an in vitro neutralization assay (Fig.3). To evaluate cellular responses, mice will be sacrificed five days after the final vaccine dose, vaccine-draining lymph nodes and spleens will be isolated and their single cell suspensions will be obtained. These cells will be stimulated with a pool of antigenic peptides (custom-synthesized PepTivators for RP-specific antigens), followed by intracellular cytokine staining and by multi-color flow cytometry to determine antigen-specific polyfunctional cellular responses (IFN-γ, TNF-α, IL-2, IL-4, IL-17: CD4+ and CD8+ T-cell responses) (Fig.3). Upon this initial evaluation, both physicochemically and immunologically validated PPZ-MNP vaccines, with RP-specific antigens, will be advanced to RPs, for which if necessary larger size MNPs will be used to achieve the target antigen and adjuvant doses.  



The durability of vaccine-induced immune responses and the temperature stability of PPZ MNP vaccines will also be tested in the MNP Core through murine studies using the lead PPZ MNP vaccine platforms that will be advanced to RPs. To evaluate the longevity of humoral responses, blood samples will be collected on Week 2, Week 5, Week 8, and then monthly for at least a year. Serum antigen-specific antibody levels and virus-specific neutralization capacity of these antibodies will be determined as described above. To determine the memory T-cell responses, mice will be boosted 6 months and 1 year after the primary immunization and then sacrificed five days after the booster dose, vaccine-draining lymph nodes, spleens, and other relevant tissues will be isolated and antigen-specific polyfunctional T-cell responses will be assessed as described above. To test the stability of PPZ MNP vaccines, the afromentioned physicochemical and immunological evaluation of PPZ MNP vaccines will be repeated with the lead PPZ MNP vaccine platforms stored at room temperature and 40oC for an extended period of time (1-, 3-, 6-, and 12-month storage), and the results will be compared with those obtained with fresh PPZ MNP platforms. These long-term validation studies of our novel vaccine technology will facilitate the clinical translation of PPZ MNP vaccines, with the further support from Core D, Emergent Biosolutions and Moderna. 



Completion of AIM 2 will be marked when both physicochemically and immunologically validated PPZ MNP platforms with RP-specific antigens are advanced to RPs, as well as when the durability of PPZ MNP vaccine-induced immune responses and the thermostability of PPZ MNP vaccines are comprehensively characterized.  



Expectations, Potential Issues, and Alternative Strategies. Based on our supporting data, we expect that our established PPZ formulation and MNP manufacturing methods will result in high-quality PPZ MNP vaccine platforms with project-specific viral antigens, which will meet all of our QC pass criteria. In the unlikely event that PPZ MNP vaccines fail to pass the physicochemical validation tests, PPZ and MNP formulations, and processing conditions will be altered to further optimize the PPZ MNP vaccine formulations. Based on our strong preliminary data, we also expect that PPZ MNP vaccines will induce robust and potent antigen-specific immune responses. 

We expect no insurmountable technical issues with our immunological assays since all of the proposed assays has been validated in our laboratories. One potential issue is the availability of antigen-specific peptide pools to pulse cells for assaying T-cell responses. In the event that custom-synthesized PepTivators may take too long to obtain, we will pulse these cells with the whole protein or use stably transduced dendritic cells (DC2.4) for restimulation. To accommodate the potential dose variations between mice and other animals that will be used in RPs, we will modify the patch size and/or number (if necessary, also the frequency of MNP applications). 



Statistical Considerations. To demonstrate the reproducibility of our results with PPZ-MNP vaccines in both sexes, experiments in AIM 2 will be independently repeated with female and male mice. If treatment effects and trends differ significantly between sexes, experiments will be repeated to confirm sex-based differences and reproducibility. To eliminate age as a confounding variable, young adult aged-matched mice (8-14 weeks) will be used for all experiments, and mice will be randomly assigned to masked groups. The aforementioned established QC procedures will eliminate confounding effects of batch-to-batch variability of PPZ MNP vaccine platforms. The statistical aspects will be considered for all aspects of the project. For the experiments involving multiple groups with outcomes at a single time point, results will be analyzed by one-way ANOVA followed by Tukey’s multiple comparisons. For time-course experiments, results will be analyzed by two-way mixed ANOVA, followed by one-way ANOVA on treatment effect and Tukey’s multiple comparisons. Power analyses were conducted using our preliminary data with PCEP MNP HeV-sG vaccine with significance level α<0.05, power (1-β) =0.8, and k=3-6 pairwise comparisons (for 3-4 groups), minimum sample sizes for statistical significance were determined to be N = 5 mice and N =6 mice per group for each independent experiment (at least two independent experiments) for humoral and cellular responses, respectively.  
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Courtney B. (Micro); jianliang.xu@gmail.com; xu.4692@osu.edu; brian.walters@genovac.com;
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Subject: Re: UTMB/USUHS ReVAMPP Specific Aims draft - DUE Friday 5/12
Date: Thursday, May 11, 2023 10:12:22 AM


CORE D (Abelson, Geisbert, Gunn and Zeitlin)
 
EARLY AND IND-ENABLING TRANSLATIONAL RESEARCH FOR VACCINES AND
MABS
 
Core D will leverage the relationship between vaccines and antibodies to optimize the
translational activities performed by the Janus team (just a placeholder – i.e. duality of
vaccines and mAbs). Vaccines and antibodies are inextricably linked:


1. mAbs can help define protective epitopes for a vaccine
2. mAbs can help establish correlates of protection for vaccines
3. Vaccine antigens can be used to discover mAbs
4. mAbs can provide an alternative to a vaccine in immunocompromised populations


and in emergency situations where immediate protection is required (i.e. there
isn’t sufficient time to allow natural host immunity to develop from vaccination)


 
Developing mAb countermeasures and vaccines simultaneously will allow us to take
advantage of natural synergies between the two types of interventions and more efficiently
advance superior prototypes (Table 1).
 


Table 1: Vaccine and mAb translational efforts
Family Prototype (Y1-3) Test case (Y4-5)


Arenaviruses Lassa (Old world), Junin (New world) Lujo (Old world), Machupo (New
world)


Nairoviruses CCHF Kasokero, Dugbe
Paramyxoviruses Nipah, Hendra Langya, Angavokely and/or Mojiang


 
Aim 1: Manufacture vaccine antigens and mAbs in support of the RPs and Cores
Small and larger scale (e.g. sufficient for stability testing and NHP dosing) will be performed
by Mapp Biopharmaceutical and Geneovac to support the efforts of the other Scientific
Cores and the Research Projects.
 
Aim 2: Lead optimization, stability, manufacturability testing, and early process
development of subunit vaccines.
Optimization of the lead subunit vaccines (and adjuvants) will result in stable subunit
vaccines with favorable manufacturability characteristics. Small scale manufacturing and
early-stage process development will be performed. As vaccines are regulated by CBER,
all activities will be performed consistent with regulatory expectations for this branch of the
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FDA. The Core’s vaccine industrial partners’ input (Emergent and Moderna) will be
integrated into the translational development efforts.
 
Aim 3: Identification of correlates of protection, lead optimization, stability and
manufacturability testing of mAbs.
Together with Dr. Gunn, engineered mAbs (altered N-glycans, Fc mutations for effector
functions and extended half-life, multimeric formats and nanobodies from RPx) will be
evaluated to correlate mechanisms of action with maximal efficacy. This work, in
conjunction with stability and manufacturability assessment, will identify a lead prototype
format to transition to early process development. The goal will be to identify a single
prototype for long-term intramuscular prophylaxis as well as for intravenous post-exposure
prophylaxis and therapy. As mAbs are regulated by CDER, performance of all activities will
be as per regulatory expectations.
 
The PIs of Core D bring decades of experience with preclinical translational efforts on
vaccines and mAb countermeasures and are long time collaborators with the other
scientists involved in the project.
 
Core D will work closely with Cores C and E and the Research Projects to coordinate and
integrate the translational research being performed in development of the Janus
prototypes.
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Subject: UTMB/USUHS ReVAMPP Specific Aims draft - DUE Friday 5/12


Good afternoon,
 
Drs. Geisbert and Broder have requested a one-page rough draft of the Specific Aims page for each
Research Project and Core to help with their development of the Overall Research Strategy. Please
send your draft by 12pm CST this Friday (5/12).
 
Thank you,
Sonja
 
Sonja J. Stutz, MS
Research Development Specialist II
Center for Biodefense and Emerging Infectious Diseases
University of Texas Medical Branch
ph: (409)747-0745
email: sjstutz@utmb.edu
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ANIMAL MODEL DEVELOPMENT AND PRECLINICAL EVALUATION (SCIENTIFIC CORE E)



1.  SPECIFIC AIMS

The main objectives of the Animal Model Development and Preclinical Evaluation Core are to optimize and/or develop animal models for Paramyxoviridae and Bunyavirales and to evaluate vaccines and treatments identified in RP1, RP2, RP4, RP5, and Cores C and D against Paramyxoviridae and Bunyavirales under BSL-3 and/or BSL-4 containment.  

The Specific Aims of the Animal Model Development and Preclinical Evaluation Core are to:

Aim 1:  Provide resources including a secure repository of well characterized seed stocks of henipaviruses, arenaviruses, and nairoviruses and develop and rescue recombinant viruses.

Aim 2:  Develop and/or optimize animal models of henipavirus, arenavirus, and nairovirus infection that faithfully reproduce human disease. 

Aim 3:  Provide technical expertise and conduct in vitro assays.

Aim 4:  Provide technical expertise and perform vaccinations, animal challenges, treatments, clinical pathology assays, virology assays, necropsies, and histopathological analysis of tissues. 

The Aims will be achieved by the following specific functions to be carried out by the Animal Model Development and Preclinical Evaluation Core PI and personnel:

1. Maintain records of well characterized Paramyxovirus and Bunyavirales seed stocks including background history, passage history, genomic information, periodic monitoring of titer, mycoplasma testing, endotoxin testing, and sterility testing.

2. In collaboration with RP2 develop a reverse genetics system to rescue recombinant Langya virus (do we also propose other viruses?).

3. Perform in vitro virus neutralization assays; optimize assays for new viruses.

4. Develop and/or optimize animal models for strains or variants of henipaviruses, arenaviruses, and nairoviruses to fill gaps where no models exist; make these models available to Center Research Projects and Scientific Cores as well as external ReVAMPP Centers.

5. Generate tools including inactivated samples from infected animals and immune reagents obtained from animal studies and provide to Center Research Projects and Scientific Cores as well as external ReVAMPP Centers.

6. Assist Center Investigators in designing animal studies, prepare animal protocols, and obtain IACUC approval of animal studies.

7. Perform animal challenges using well characterized henipavirus, arenavirus, and nairovirus seed stocks to support RP1, RP2, RP4, RP5, and Cores C and D.

8. Perform vaccination and treatment of animals with vaccines and treatments provided by RP1, RP2, RP4, RP5, and Cores C and D.

9. Perform all duties associated with animal challenge studies including monitoring of animals, collection of samples, and necropsies.

10. Perform clinical pathology assays including hematology and clinical chemistry assays.

11. Perform virology assays on blood and/or tissue samples collected from infected animals including viral load by plaque assay and RT-PCR.

12. Perform gross pathology analysis on all animals at necropsy.

13. Perform histopathologic and immunohistochemical analysis on tissues from animals collected at necropsy.

14. Provide all data generated in Core E to Data Management Core B.



Structural Characterization of the Crimean-Congo
Hemorrhagic Fever Virus Gn Tail Provides Insight into
Virus Assembly*□S
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D. Fernando Estrada and Roberto N. De Guzman1

From the Department of Molecular Biosciences, University of Kansas, Lawrence, Kansas 66045

The RNA virus that causes the Crimean Congo Hemorrhagic
Fever (CCHF) is a tick-borne pathogen of theNairovirus genus,
familyBunyaviridae. Unlikemany zoonotic viruses that are only
passed between animals and humans, the CCHF virus can also
be transmitted from human to human with an overall mortality
rate approaching 30%. Currently, there are no atomic structures
for any CCHF virus proteins or for any Nairovirus proteins. A
critical component of the virus is the envelope Gn glycoprotein,
which contains a C-terminal cytoplasmic tail. In other Bunya-
viridae viruses, theGn tail has been implicated inhost-pathogen
interaction and viral assembly. Here we report the NMR struc-
ture of the CCHF virus Gn cytoplasmic tail, residues 729–805.
The structure contains a pair of tightly arranged dual ��� zinc
fingers similar to those found in the Hantavirus genus, with
which it shares about 12% sequence identity. Unlike Hantavirus
zinc fingers, however, the CCHF virus zinc fingers bind viral
RNA and contain contiguous clusters of conserved surface elec-
trostatics. Our results provide insight into a likely role of the
CCHF virus Gn zinc fingers in Nairovirus assembly.

Recent outbreaks of the Crimean Congo Hemorrhagic Fever
(CCHF)2 virus along with the reported ability of the virus to
transfer between humans have raised concerns of a widespread
pandemic (1). The virus is transmitted to humans by tick bite or
by direct handling of infected animalmeat or blood (1, 2). Infec-
tion causes a hemorrhagic fever and myalgia resulting in mor-
tality rates approaching 30% (1–3). The virus contains an anti-
sense RNA genome divided into three segments, and named

according to lengths as the S,M, and L (for Small, Medium, and
Large) segments (4). The viral proteins are the nucleocapsid
protein, twomembrane glycoproteins Gn andGc (also referred
to as G1 and G2 in other Bunyaviridae) (5, 6), a nonstructural
protein (NSm) (7), and an RNA polymerase (4). In the mature
virion, the Gn glycoprotein contains a 176 residue ectodomain
followed by a 24 residue transmembrane region and terminates
in a long cytoplasmic tail consisting of �100 residues (5, 7).
Recent results from other related Bunyaviridae viruses sug-

gest the role of the Gn tail in viral assembly. For example, ala-
nine mutagenesis of the cytoplasmic tails of Uukuniemi virus
(genusPhlebovirus) (8) andBunyamwera virus (genusOrthobu-
nyavirus) (9) affect the ability of virus-like particles (VLPs) to
effectively incorporate ribonucleoproteins, thus intimating a
role for Gn tails in genome packaging. More recently, the Gn
tail of Puumala virus (genus Hantavirus) was shown to co-im-
munoprecipitate with the Puumala nucleocapsid protein (10).
These results suggest that the CCHF virus Gn tail plays an
equally important role in viral assembly of genus Nairovirus.
The sequence of the CCHF virus cytoplasmic tail is some-

what variable inNairoviruses (�24% identity) and evenmore so
when compared with other Bunyaviruses (12% identity with
Hantavirus Gn tails). However, one characteristic feature pres-
ent in four of the five genera ofBunyaviridae is a conserved dual
C-X-C-X-H-X-Cmotifs of cysteine and histidine residues with
X representing any amino acid (Fig. 1). Others have suggested
that the high cysteine content of the CCHF virus Gn tail could
be due to extensive disulfide bonding (5). Recently, we reported
that the cysteines in the Andes hantavirus Gn tail fold into a
novel arrangement of back-to-back classical ��� zinc fingers
(11). Despite low sequence identity between the Gn tail of Nai-
roviruses and Hantaviruses, the spacing of the dual CCHC
motif in the CCHF virus most closely resembles that of Hanta-
viruses, suggesting the presence of a similar dual zinc finger
structure. To test this hypothesis, we determined the NMR
structure of the CCHF virus Gn cytoplasmic tail from residues
729–805. We report here the first known atomic structure of
any protein component of the CCHF virus and demonstrate
that the high cysteine content of the Gn cytoplasmic tail is
partly due to the presence of dual, back to back ���-type zinc
fingers similar to those found in Hantaviruses. Unlike Hantavi-
ral zinc fingers, however, the electrostatic surface of the CCHF
virus zinc finger reveals a clear distribution of conserved elec-
trostatic charges. Moreover, we demonstrate using electropho-
reticmobility shift assays (EMSA) that these conserved electro-
statics may play a role in forming a surface for binding viral

* This work was supported in part by AHA 0755724Z, K-INBRE, and NIH P20
RR016475 (to R. N. D.) and the Madison and Lila Self Graduate Fellowship
(to D. F. E.).

The atomic coordinates and structure factors (code 2L7X) have been deposited in
the Protein Data Bank, Research Collaboratory for Structural Bioinformatics,
Rutgers University, New Brunswick, NJ (http://www.rcsb.org/).

NMR assignments were deposited at the Biological Magnetic Resonance Bank
(BMRB ID 17383).

□S The on-line version of this article (available at http://www.jbc.org) contains
supplemental Figs. S1–S3.

1 To whom correspondence should be addressed: Dept. of Molecular Biosci-
ences, University of Kansas, 1200 Sunnyside Ave., Lawrence, KS 66045. Fax:
785-864-5294; E-mail: rdguzman@ku.edu.

2 The abbreviations used are: CCHF, Crimean Congo Hemorrhagic Fever;
EMSA, electrophoretic mobility shift assay; GB1, the B1 domain of Strepto-
coccus protein G; HSQC, heteronuclear single-quantum coherence spec-
troscopy; NOE, nuclear Overhauser effect; R1, longitudinal or spin-lattice
relaxation rate; R2, transverse or spin-spin relaxation rate; ZF1, first CCHC
zinc binding array, residues 736 –756; ZF2, second CCHC zinc binding array,
residues 761–780.
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RNA. Together, these data provide insight into the role of the
Gn tail in Nairovirus assembly.

EXPERIMENTAL PROCEDURES

Protein Expression and Purification—Various constructs of
the CCHF virus (strain SPU103/87) Gn cytoplasmic region
(spanning residues 719–819) were subcloned from a synthetic
gene (GenScript) into the expression vectors pDZ1 and pDZ3
(12), which expressed His6-tagged GB1 fusion proteins with
TEVprotease cleavage sites. ForNMRstructure determination,
the soluble Gn construct spanning residues 729–805 (Gn729–805)
was expressed and purified under native conditions following
the method reported previously for the Andes hantavirus zinc
finger domain (11). Briefly, 15N- and 15N/13C-labeled proteins
were expressed in Escherichia coli BL21(DE3) grown in 1 liter
M9 minimal media supplemented with 0.1 mM ZnSO4 before
and after induction. Cells were grown at 37 °C, induced with 1
mM isopropyl-�-D-thiogalactopyranoside atA600 �0.8, and cell
growth was continued in a 15 °C shaker incubator overnight (to
a final A600 �2.0). Cells were harvested by centrifugation,
resuspended in buffer A (20 mM Tris-HCl pH 8.0, 20 mMNaCl,
1 mM DTT, 0.1 mM ZnSO4), and lysed by sonication. Cellular
debris was removed by centrifugation, and to the supernatant
was added one-tenth volume of 1% polyethyleneimine (pH 8) to
precipitate the nucleic acids. Following centrifugation, the
supernatant was bound to a 40ml ofQ column (GEHealthcare)
and eluted with a 280 ml linear gradient of buffer B (20 mM

Tris-HCl, pH 8.0, 0.5 M NaCl, 1 mM DTT, 1 mM ZnSO4). For
TEV protease digestion, fractions containing the fusion pro-

tein were pooled and dialyzed at 25 °C overnight in buffer (50
mM Tris-HCl pH 8.0, 20 mM NaCl, 1 mM DTT, 1 mM ZnSO4)
with 0.16 mg recombinant TEV protease (13) per 10 ml of
fusion protein. The TEV digestionmixture was dialyzed back
into buffer A and passed again through a 40 ml Q column
(GE Healthcare). The GB1 tag (theoretical pI of 5.6) was
retained on the column while Gn729–805 (theoretical pI of
8.6) was present in the flow-through. The 50 ml flow-
through fraction was concentrated using Ultra-15 centrifu-
gal filters (Amicon) and dialyzed in NMR buffer (10 mM

NaPO4 pH 7.0, 10 mMNaCl, 1 mMDTT, 0.1 mM ZnSO4). The
Gn729–805 construct retained three residues (Gly-His-Met)
cloning artifacts at the N terminus.
NMR Spectroscopy—NMR data were acquired at 25 °C using

a Bruker Avance 800MHz spectrometer equipped with a cryo-
probe, processed with NMRPipe (14), and analyzed with
NMRView (15). Backbone assignments were obtained from
two-dimensional 1H-15N HSQC (16) and three-dimensional
HNCA (17), CBCA(CO)NH (17), and HNCACB (18). Second-
ary structures were identified from the C�, C�, and H� chem-
ical shifts (19). Side chain assignments were obtained from
two-dimensional 1H-13C HMQC (20), three-dimensional
HBHA(CO)NH (21), and three-dimensional 13C-edited
HMQC-NOESY (22) (tmix � 120 ms). The histidine ring nitro-
gen atoms coordinated to Zn2� ions were identified from two-
dimensional 15N HMQC (23) using a nitrogen sweep width of
160–230 ppm. NOE (nuclear Overhauser effect) crosspeaks
were identified from three-dimensional 15N-edited NOESY-

FIGURE 1. Sequence alignment of the Gn tails of representative members of family Bunyaviridae. Bunyaviridae is comprised of five genera: Nairovirus,
Hantavirus, Orthobunyavirus, Tospovirus, and Phlebovirus. The conserved CCHC-zinc finger motifs (boxed) are present in four of the five genera, with Phlebo-
virus the lone exception. Another recurring feature is the clustering of conserved basic residues (in blue) in the vicinity of the CCHC-motifs. Notably, these basic
residues overlap with ZF2 in Nairovirus, Orthobunyavirus, and Tospovirus, but are located outside ZF2 in Hantavirus.

Crimean-Congo Hemorrhagic Fever Virus Gn Zinc Finger
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HSQC (24) (tmix � 120 ms) and three-dimensional 13C-edited
HMQC-NOESY (22) (tmix � 120 ms).
Backbone 15N relaxation parameters were acquired on a 0.5

mM 15N-labeled sample in NMR buffer. The steady-state het-
eronuclear {1H}-15NNOEwas acquired as a pair of two-dimen-
sional datasets in an interleaved manner (where portions of
each two-dimensional spectrum were acquired sequentially
until both datasets were completed) (25). The first two-dimen-
sional dataset contained a 3-s proton saturation (achieved with
a series of 120° pulses) whereas the second two-dimensional
dataset contained a 3-s delay. The heteronuclear {1H}-15NNOE
was calculated as the ratio of the intensities for each peak in the
two datasets. Each two-dimensional dataset was acquired with
2048 (1H) � 128 (15N) complex points, 32 scans per point, and
a 5 s recycle delay. Error bars were estimated using the standard
deviation of the background signal of each spectrum. The 15N
backbone relaxation rates R1 and R2 were acquired as described
(26). The time delays used to determine R1 were 10, 60, 120,
240*, 400, 900, and 1100 ms, and the time delays used to deter-
mine R2 were 20, 40*, 50, 60, 70, 90, 100, 120, and 150ms (aster-
isk denotes spectra acquired in duplicate to estimate reproduc-
ibility). Peak intensities were obtained fromNMRView (15) and
fitted using GNUPLOT (27). Deviations from fitting were
reported as error bars. Because of peak overlap, residues 749,
787, 791, and 796 were not used in the analysis.
Structure Calculation—The protocol used for NMR struc-

ture calculation has been described previously (11). Briefly,
unique NOE distance restraints were classified into upper
bounds of 2.7, 3.5, 4.5, and 5.5Å and lower bound of 1.8 Å based
on peak volumes. Backbone dihedral angles in the �-helical
regions identified by the secondary C�, C�, and H� chemical
shifts (19) were restrained to � (�60 � 20°) and � (�40 � 20°).
Initial structures were generated using CYANA (28), followed
by molecular dynamics and simulated annealing in AMBER7
(29); first in vacuo, then with the generalized Born (GB) poten-
tial. Initial structural calculations were performed in CYANA
without the Zn2� restraints to confirm that the zinc finger
domain will fold from NOE-derived restraints only. Once the
topology of the Zn2�-coordinated residues were confirmed,
subsequent CYANA structure calculations used distance
restraints that imposed tetrahedral Zn2�-coordination to Cys
and His residues (22). Iterative cycles of AMBER calculations
followed by refinement of NMR-derived restraints were per-
formed until the structures converged with low restraint viola-
tions and good statistics in the Ramachandran plot. A family
of twenty lowest energy structures were analyzed using
PROCHECK (30) andmolecular graphics were generated using
PYMOL (31). The surface electrostatic potentials were calcu-
lated using APBS (32) and visualized in PYMOL (31).
In Vitro Transcription—A DNA oligonucleotide represent-

ing the M genomic segment panhandle was assembled by PCR
primer extension and used for in vitro transcription. In vitro
transcription was carried out following manufacturer’s proto-
col (MAXIscript Kit, Ambion). Briefly, a 20-�l reaction was
carried out for 1.5 h (37°) and terminated by adding 2 �l 0.25 M

EDTAandheating to 90° followed by rapid cooling on ice. Reac-
tion mixtures were then treated with DNase I and subjected to
ethanol precipitation. The RNA transcripts were resuspended

in RNase-free ddH2O and analyzed for purity on a native 12%
acrylamide gel stained with SYBR Green II dye (Invitrogen).
RNA Binding Assays—To assess protein-RNA binding by gel

electrophoresis, RNA transcripts were incubated on ice for 15
min with increasing amounts of either CCHF virus Gn729–805
or Andes hantavirus G1543–599 in binding buffer (30 mM

NaPO4, 30 mM NaCl, pH 7.4). Samples were mixed with one-
half volume 50% glycerol and loaded onto a native 12% acryl-
amide Tris borate gel. The gel was run in a coolingwater bath at
90 V for 1 h in Tris borate buffer, pH 8.3 and visualized by
staining with SYBR Green II dye. For nucleic acid size determi-
nation, each gel included a 100 bpDNA ladder (NEB,NO467S).
CD Spectroscopy—CD spectra were collected in triplicate at

25° on a JASCO J-815 Spectro-polarimeter using a scanning
speed of 50 nm/min. Protein concentrations were kept at 1 �M

in buffer (10 �M NaPO4, 10 �M NaCl, 0.1 mM ZnSO4). EDTA
and ZnSO4 titrations were applied to the same sample.

RESULTS

Protein Expression and Purification—Our previous work
with Hantavirus glycoprotein cytoplasmic tails indicates
expression of the tail is toxic to E. coli (11). Therefore, all con-
structs of theCCHF virusGn cytoplasmic tail were expressed as
GB1 fusion proteins. The GB1 tag contained His6 for nickel
affinity purification and a TEV protease cleavage site to recover
the native Gn zinc finger domain. The fusion protein was
expressed in soluble form in E. coli, purified under native con-
ditions, and digested with TEV protease to obtain the Gn zinc
finger domain. Longer constructs comprising the entire pre-
dicted cytoplasmic tail (Gn719–819) expressed as insoluble
inclusion bodies. Gn729–819, which was missing the first ten
residues following the transmembrane region, expressed as sol-
uble protein but with low yield. Gn729–805 represented the lon-
gest construct containing the conserved C-X2-C-X11–12-H-
X3-C (where X is any amino acid) that also expressed in high
enough yield to give high resolution NMR data.
Zn2� Is Required for Proper Folding—To examine the reli-

ance of Zn2�-coordination on the proper folding of the CCHF
virus Gn tail, we recorded the two-dimensional 15N HSQC of
the Gn729–805 in the presence of 4 mM EDTA (Fig. 2A). The
spectrum in the presence of EDTA is collapsed between ppm
values of 6.5 and 8.6, whereas the folded spectrum in the
absence of EDTA is well dispersed between 6.5 and 9.3 ppm.
Narrowing of the spectrum suggests a loss of tertiary structure
upon removal of Zn2�, indicating the requirement for Zn2�

binding in folding of the domain. A similar titration using cir-
cular dichroism (CD) spectroscopy demonstrates that the pres-
ence of EDTA causes a downward spectral shift, indicating a
transition toward an unfolded protein (Fig. 2B). Here we also
demonstrate that the addition of Zn2� ion back into the sample
recovers the trace of the original native spectrum. Therefore,
Zn2� is required for proper folding of the CCHF virus Gn tail.
NMR Structure Determination—CCHF virus Gn729–805

showed a well dispersed two-dimensional 1H-15N HSQC (Fig.
3A). Complete backbone assignments were obtained from
three-dimensional HNCA, CBCA(CO)NH, HNCACB, and
15N-edited NOESY-HSQC. The C�, H�, and C� secondary
chemical shifts (Fig. 3B) showed the presence of three short
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�-helices with an intervening random coil region between the
second and third helix. Two more regions in random coil ori-
entations flanked the central sequence of the domain as indi-
cated by the heteronuclear {1H}-15N NOE (Fig. 4C). Side chain
assignments were completed using two-dimensional 1H-13C
HMQC, three-dimensional HBHA(CO)NH, and three-dimen-
sional 13C editedHMQC-NOESY.Therewere six invariant cys-
teine and two histidine residues (His-752 and His-776) in
Gn729–805 (Fig. 1), all of which were involved in Zn2� coordi-
nation. Long distance NOE’s confirmed that His-752 and His-

776 were involved in Zn2� coordination. Notably, His-752 H�1
shares an NOE with Cys736 H��s. Likewise, His-776 H�1 and
H�2 share NOEs with Cys-761 and Cys-780 H��s. A two-di-
mensional 15NHMQC (23) spectrum showed that His-752 and
His-776 coordinated Zn2� through the N�1 and N�2 atoms
(supplemental Fig. S1), respectively. Manual analysis of three-
dimensional 15N- and 13C-edited NOESY spectra identified
1193 unambiguous interproton NOE distance restraints. The
NOE restraints together with 26 � and 26 � dihedral angle
restraints and zinc coordination restrains (Table 1) were used
in structure calculation and refinement in CYANA and

FIGURE 2. CCHF virus Gn zinc finger domain (residues 729 – 805) relies on
Zn2� for proper folding. Addition of 4 mM EDTA to a sample of 15N-labeled
Gn729 – 805 effectively narrows the HSQC spectrum into a characteristic of an
unfolded protein (A). Likewise, addition of a metal chelator causes a down-
ward shift at 208 nm in the CD spectra toward random coil (Y axis: molar
ellipticity � per residue, deg�cm2 dmol�1residue�1 � 104) (B). Titration of zinc
sulfate back into the sample recovers the original CD trace (B).

FIGURE 3. The CCHF virus Gn zinc finger yielded a well dispersed two-dimen-
sional 1H-15N HSQC spectrum (A). The smaller peak in the tryptophan (W801)
side-chain suggested a minor conformation of the tryptophan ring possibly
due to ring flip-flop. Secondary chemical shifts for 13C�, 1H�, and 13C� sug-
gest the presence of three short � helices interspersed with two short � hair-
pins (B).
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AMBER. The 20 low energy NMR structures of Gn729–805 con-
verged into a family of structures (Fig. 5) with low restraint
violations and good Ramachandran plot statistics (Table 1).
Structure of CCHFVirus Zinc Finger—TheNMR structure of

Gn729–805 reveals a rigid, compact three-helix structure with
four short �-strands (Fig. 5). The structure contains a pair of
tightly associated, back to back��� zinc fingers connected by a
short four residue linker (Ser757-Ile760) (Fig. 5). The first
CCHC-zinc finger array (ZF1) consists of a Zn2� ion coordi-

nated to residues Cys-736, Cys-739, His-752, and Cys-756 and
forms the classical ��� zinc finger fold. Cys-736 and Cys-739
form part of a short �-hairpin. Thr-737 and Ile-738 form a loop
with Cys-736 and Cys-739 on either side of the hairpin. The
structure contains helix �1 formed by Ile-747 to Ser-757 that
folds back toward the �-hairpin, forming the ��� zinc finger
fold. Cys-756 forms the fourth Zn2�-coordinating residue and
is located on the same surface of helix �3 with His-752.
Likewise, the second CCHC-zinc finger array (ZF2) consists

of a secondZn2� ion coordinated to residues Cys-761, Cys-764,
His-776, and Cys-780 into a classical ��� zinc finger fold. Cys-
761 and Cys-764 are positioned on either side of a short �-hair-
pin. Pro-762 and Tyr-763 form a loop between Cys-761 and
Cys-764. The structure is followedby a short helix�2 formedby
Leu773-Cys-780 and folded back toward the �-hairpin, form-
ing the ��� zinc finger fold. His-776 is located toward themid-
dle of helix �3, and the final coordinating cysteine (Cys-780) is
located at the end of helix �3. Although ZF2 also resembles the
classical ��� fold, a minor difference exists when compared
with ZF1. The helix �2 of ZF2 is shorter than helix �1 by three
residues. This is due to the presence of helix breakers Gly-772
and Pro-781 located at either end of helix �2.

Unlike many classical ��� zinc fingers which form inde-
pendently folded domains like “beads-on-a-string,” the two
CCHF virus zinc fingers were tightly stuck together, with over
65 NOEs observed between ZF1 and ZF2. These NOEs fix the
relative orientation of ZF1 with respect to ZF2. Among these
NOEs, the strongestwere observed betweenMet-751 (ZF1) and
Tyr-763 (ZF2), Cys-739 (ZF1) and Ala-774 (ZF2), His-752
(ZF1) andVal-777 (ZF2), andThr-741 (ZF1) andVal-777 (ZF2).
In addition to the two classical ��� fold zinc fingers, the

structure contains an additional helix, helix �3, formed by Lys-
782 to Glu-791 that packs against the dual zinc finger fold. A
hydrophobic interaction between Val-744 of ZF1 and Val-787
keeps helix �3 pinned to the core structure. The orientation of
helix �3 to ZF2 is partially determined by the helix breaker
Pro-781, the residue immediately following ZF2. Pro-781 is
100% identical among Nairoviruses (Fig. 1) and serves as a kink
between helix �2 and �3. Strong Cys C� to Pro-718 C� NOEs
indicated a trans proline isomer. The C-terminal 13 residues
(Leu-792 to Lys-805) are primarily unstructured. NOEs
between Ile-799 C	2 and Met-751 C	 indicate the unstruc-
tured tail is pinned to the rest of the structure.
The 15N backbone relaxation rates (R1 and R2) as well as the

heteronuclear {1H}-15N NOE (Fig. 4) showed that the ZF1,
linker (residue 757–760), and ZF2 regions behave with nearly
similar amide backbone dynamics. The average R1 values for
ZF1, ZF2 and linker regions were well within each other, with
values of 1.60 (� 0.15), 1.81 (� 0.40), and 1.65 (� 0.04) s�1,
respectively (Fig. 4A). ZF1 and the linker had essentially similar
R1 values, however, within ZF2, the R1 values increased for res-
idues 770 and 771 of the loop connecting �4 and �2, indicating
increased mobility of this region. Likewise, the average R2 val-
ues for ZF1, ZF2, and linker regions were similar to each other,
with values of 13.8 (� 1.8), 13.8 (� 1.8), and 15.6 (� 3.1) s�1,
respectively. Interestingly, the first linker residue, Ser-756,
showed increased R2 without a corresponding increase in R1,
which suggested chemical exchange on the�s-ms timescale for

FIGURE 4. Amide backbone relaxation rates R1 (A), R2 (B), and heteronu-
clear {1H}-15N NOE (C) of the CCHF virus Gn zinc finger.

TABLE 1
NMR restraints and structural statistics for the 20 refined NMR
structures

Total distance restraints 1193
Intraresidue (i, i) 246
Sequential (i, i �1) 407
Long Range (i-j) � 4) 307

Total dihedral angle restraints 52
Phi 26
Psi 26

RMS deviation frommean structure
Backbone atoms (N, C�, C´) (Å) 0.25
All heavy atoms (C, N, O) (Å) 0.76

NOE violations
Max distance violation (Å) 0.47
Max dihedral angle violation (°) 5.3

Energies (kcal/mol)
Mean GBa-AMBER energy �3359
Mean restraint energy 79

Ramachandran plot
Most favorable region (%) 79.2
Additionally allowed regions (%) 20.1
Generously allowed regions (%) 0.6
Disallowed regions (%) 0.2

a Generalized Born potential.
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Ser-756. The average heteronuclear {1H}-15NNOE for the ZF1,
linker and ZF2 regions was 0.8 (Fig. 4C), indicating reduced
flexibility for the dual zinc finger domain including the linker
region. In brief, the NMR amide backbone relaxation parame-
ters (Fig. 4) confirmed that the two zinc fingers essentially tum-
ble as one entity, that the linker between the two zinc fingers
was rigid and tumble at the same rate as the zinc fingers, and
that the loops and tails were flexible.
CCHF Virus Zinc Finger Contains Conserved Electrostatic

Surfaces—Analysis of the surface electrostatics of the CCHF
virus Gn729–805 reveals clustering of positive and negatively
charged surfaces on opposite faces of the structure (Fig. 6). Sur-
face residues Glu-740, Glu-750, and Asp-753 of ZF1 converge
with surface residues Glu-789 andGlu-791 of helix�3 andGlu-
797 of the C-terminal unstructured region to form a large,
nearly contiguous negatively charged surface. Similarly, Arg-
767 and Arg-775 of ZF2 converge with Lys-782, Lys-784, and
Lys-786 of helix�3 andArg-798 of theC-terminal unstructured
region to form a large contiguous positively charged surface. Of
the charged surface residues, only Glu-750, Glu-797, Lys-784,
and Arg-798 are not conserved in Nairoviruses. Most of the
surface electrostatics, therefore, is a conserved feature of the
Nairoviruses zinc finger domain.

CCHF Virus Gn Tail Binds RNA—RNA electrophoretic
mobility shift binding assays (EMSA) were carried out using
two different proteins: the zinc finger domain of CCHF virus
consisting of Gn729–805, and the zinc finger domain G1534–599
of the related Andes hantavirus. The RNA sequences used in
the EMSA were a 58-mer RNA of the Andes hantavirus and a
51-mer RNA of the CCHF virus (Fig. 7A). Both RNA sequences
contain 23–26 nucleotides at the 5� and 3� termini of the M
genomic segments of theAndes andCCHF viruses, and these 5�
and 3� strands are complementary to each other and are
expected to form into hairpin-like panhandle structures (Fig.
7A). On a 12%native acrylamide gel, theAndes hantavirus RNA
traveled as a single band consistent with a 58-mer hairpin (Fig.
7B), however, the CCHF virus 51-mer RNA migrated as two
bands, a higher molecular weight form and a lower band
migrating at a size consistent with a 51-mer hairpin (Fig. 7B).
Incubation of the Andes hantavirus protein with the 58-mer
RNA failed to affect the migration of RNA (Fig. 7B). The RNA
bands in the presence of the Andes hantavirus protein were
similar to the free RNA band (Fig. 7B). However, incubation of
the CCHF virus zinc finger protein notably affected the migra-
tion of the CCHF virus RNA, as demonstrated by the appear-
ance of an additional band (marked with asterisk, Fig. 7B)

FIGURE 5. NMR structure of CCHF virus Gn tail zinc finger. Stereoview of the superposition of 20 lowest energy NMR structures of CCHF virus Gn zinc finger
(A). CCHF virus Gn zinc finger domain folds into a compact three-helix structure consisting of two back-to-back ��� zinc fingers with helix �3 pinned
underneath the core zinc finger structure (B).
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migrating between the hairpin and the higher MW form of the
CCHF virus RNA. The protein-RNA complex band was most
likely formed between the zinc finger protein and the RNA
hairpin. Because the 51-mer CCHFVRNA existed in two forms
(the hairpin and the higher MW form), the relative amounts of
each form must be in equilibrium and binding of the CCHFV
zinc finger protein to the hairpin RNA will also affect the
amount of the RNA B form as seen in Fig. 7B. We are designing
new RNA sequences that will only form hairpins for future
studies of the protein-RNA interaction of the CCHF virus zinc
finger. Nevertheless, the main conclusion from the EMSA
results demonstrated that the CCHF Nairovirus Gn tail (resi-
dues 729–805) interacted with RNA whereas the Andes han-
tavirus G1 tail (residues 534–599) did not.
To test our hypothesis that conserved basic residues in the

CCHF virus zinc finger protein may be involved in RNA bind-
ing, point mutations were introduced in conserved lysine and
arginine residues into aspartic acid and the mutant proteins
were used in EMSA. The point mutants K783D, K786D, and
R767D retained the ability to bind RNA suggesting these basic
residues may not be critical in RNA binding (supplemental Fig.
S2A). However, the K782D mutation disrupted the protein-
RNA interaction, as its shift pattern resembles that of RNA
alone. Coincidentally, Lys-782 is located at the kink between
helix �2 and �3, and is pointed away from the zinc finger
domain (supplemental Fig. S2B), suggesting that the kink
between helix �2 and �3 may be important for RNA binding
interaction of the CCHF virus Gn zinc finger.

DISCUSSION

We report here that an envelope glycoprotein of aNairovirus
contains a dual CCHC-type zinc finger (Figs. 2–5) domain that

FIGURE 6. Comparison of the surface electrostatics of the CCHF virus (A)
and Andes hantavirus (B) zinc fingers. Analysis of the surface electrostatics
of the CCHF virus Gn zinc finger reveals a contiguous cluster of basic charges
(colored blue) that cover the entire half of the structure (A). Rotating the struc-
ture 180° reveals an equally large cluster of acidic charges (colored red) on the
opposite face (A). Surface electrostatics of the Andes hantavirus zinc fingers
(PDB 2K9H) in the same orientation as the CCHF virus structure (B). Notably,
the clustering of conserved basic surface in Nairovirus (A) is absent in Hanta-
virus (B).

FIGURE 7. RNA electrophoretic mobility shift assay comparing the Andes Hantavirus and the CCHF virus zinc fingers. RNA sequences used in the
EMSA: Andes Hantavirus RNA (58 nt) and CCHF virus RNA (51 nt) (A). CCHF virus RNA traveled in two forms (marked with �), lower band consistent with
a 51-nt hairpin form, and a higher molecular weight band above 100 bp (B). While the Andes hantavirus zinc finger fails to alter the mobility of Andes
hantavirus RNA, increasing the amount of CCHF virus zinc finger causes the appearance of an additional band (marked with *) for the CCHF virus RNA,
thus suggesting a protein-RNA complex (B). Each lane contained 0.24 �mol RNA, proteins came from 0.4 mM stock diluted accordingly (B). Surface
electrostatics combined with EMSA results of the Gn tail provide mechanistic insight into RNP packaging (C). We propose a model in which packaging
consists of a zinc finger-RNA complex. Studies in related viruses suggest a nucleocapsid, Gn tail interaction, presented here as a possible additional
packaging site (C).
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binds RNA. Although zinc fingers have been known in viruses,
in particular, the HIV-1 nucleocapsid protein zinc fingers (33)
are critical in RNA packaging and viral assembly, zinc fingers
are rarely found in viral envelope glycoproteins. Including the
zinc finger in this report, there are currently only three known
structures of viral envelope glycoprotein zinc fingers. First is
the zinc finger of theHantavirusG1 envelope glycoprotein (11),
and second is the zinc finger of the Junin virus envelope glyco-
protein (34) (also an RNA virus, of family Arenaviridae). In all
three cases, the cytoplasmic tails of the envelope glycoproteins
contain the zinc finger domains. The Junin virus zinc fingers
(34) form a unique fold that do not show any structural nor
sequence similarity with the Nairovirus and Hantavirus zinc
fingers. Although the Nairovirus and the Hantavirus zinc fin-
gers (11), which both belong to family Bunyaviridae (Fig. 1),
show an overall similar global fold (supplemental Fig. S3), they
also have major structural differences (Fig. 6) and properties
(Fig. 7).
Key Differences between Nairovirus and Hantavirus Gn Zinc

Fingers—Examination of the surface electrostatics of the CCHF
virus Gn tail reveals key differences when compared with the
Andes hantavirus structure (Fig. 6).Whereas the CCHFGn tail
displays sharp clustering of conserved charges that form a large
contiguous swath on the protein surface, the Andes hantavirus
zinc fingers display charges that are predominately negative
and apparently randomly dispersed (Fig. 6). The variation in
charge conservation is also evident in the sequence analysis
(supplemental Fig. S3). Whereas the spacing of CCHC motif
is mostly conserved, the spacing between conserved charges is
highly variable. The CCHF virus displays conserved negative
charges on ZF1 and conserved positive charges on ZF2. The
Andes hantavirus sequence, however, displays clustering of
conserved positive charges on the sequences flanking the neg-
atively charged core zinc finger structure.
Moreover, theCCHF virusGn tail contains a structuralmotif

that is absent in the Andes hantavirus structure. Helices �2 and
�3 (Fig. 3B), residues Leu-773 to Leu-792, form a helix-kink-
helix motif due the positioning of the conserved helix breaker
Pro-781. While not an uncommon motif, this structural aspect
in theCCHFGn tail forms the core scaffold for a large positively
charged surface partly composed of the conserved charges at
Arg-775, Lys-782, and Lys-786 (Fig. 6A). By contrast, the Andes
hantavirus structure contains neither the corresponding pro-
line nor the charges to support a similar motif (Fig. 1). Instead,
it contains the non-conserved helix breaker Gly-598 followed
by conserved charges exclusively on the C-terminal end of ZF2
(Fig. 1). In this respect, the surface electrostatics of the CCHF
virus Gn tail may more closely resemble that of Orthobunyavi-
ruses, with conserved helix breakers flanked by conserved basic
charges (Fig. 1). Perhaps not coincidentally, Nairoviruses and
Orthobunyaviruses are both arthropod-borne, whereas Hanta-
viruses are rodent-borne (3). Overall, the general preservation
of the fold indicates that the dual zinc finger motif plays a gen-
eral but important role in the life cycle of bothNairoviruses and
Hantaviruses. However, the major differences in the surface
electrostatics of the CCHF virus and Hantavirus cytoplasmic
tail structures (Fig. 6) also suggests that while general, the func-
tion of the tail may be species specific.

Proposed Role in Viral Assembly—Given the data available
regarding the BunyaviridaeGn role in viral assembly (8–10), it
is likely that the surface electrostatics play an important role in
assembly of the CCHF virus, presumably via direct interaction
with some component of the ribonucleoprotein. The large pos-
itively charged surface of the Gn tail would suggest RNA bind-
ing, as is the traditional role for zinc fingers in retroviruses (33,
35). Our EMSA results (Fig. 7) suggest that this may in fact be
the case. Using increasing amounts of Gn729–805 revealed the
migration of an additional RNA band (Fig. 7B), which likely
represents a protein-RNAcomplex consisting ofGn729–805 and
the hairpin-like M segment panhandle. While the observed
complex is weakly bound and therefore likely to be nonspecific,
these results suggest RNA interaction mediated by some of the
conserved residues in the Gn tail. Additionally, these results
suggest the possibility of an interaction between theGn tail and
the RNA component of the ribonucleoproteins (Fig. 7C). A
reverse genetics system for studying the CCHF virus has only
recently been developed (36), thus allowing testing of this
model in the future.
In summary, we present the NMR structure of a zinc finger

domain in the Gn tail of the CCHF virus. Currently, this is the
only available atomic structure for a protein component of the
Nairovirus genus. The global fold of this zinc finger is similar to
that of the Hantavirus zinc finger, which represents a unique
fold of two classical-type ���-zinc fingers that are stuck
together (in contrast, individual classical ���-zinc fingers
behave as independent domains, like beads-on-a-string). We
also demonstrated that the CCHF virus Gn tail binds RNA in
vitro, thus suggesting the possibility of an interaction between
the Gn tail with the viral RNA. Taken together, our results
contribute novelmechanistic insight toward understanding the
CCHF virus life cycle.
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Enveloped viruses utilize the membranous compartments of the host cell for the assembly and budding of
new virion particles. In this report, we have investigated the biogenesis and trafficking of the envelope
glycoprotein (GP-C) of the Junı́n arenavirus. The mature GP-C complex is unusual in that it retains a stable
signal peptide (SSP) as an essential component in association with the typical receptor-binding (G1) and
transmembrane fusion (G2) subunits. We demonstrate that, in the absence of SSP, the G1-G2 precursor is
restricted to the endoplasmic reticulum (ER). This constraint is relieved by coexpression of SSP in trans,
allowing transit of the assembled GP-C complex through the Golgi and to the cell surface, the site of arenavirus
budding. Transport of a chimeric CD4 glycoprotein bearing the transmembrane and cytoplasmic domains of
G2 is similarly regulated by SSP association. Truncations to the cytoplasmic domain of G2 abrogate SSP
association yet now permit transport of the G1-G2 precursor to the cell surface. Thus, the cytoplasmic domain
of G2 is an important determinant for both ER localization and its control through SSP binding. Alanine
mutations to either of two dibasic amino acid motifs in the G2 cytoplasmic domain can also mobilize the G1-G2
precursor for transit through the Golgi. Taken together, our results suggest that SSP binding masks endog-
enous ER localization signals in the cytoplasmic domain of G2 to ensure that only the fully assembled,
tripartite GP-C complex is transported for virion assembly. This quality control process points to an important
role of SSP in the structure and function of the arenavirus envelope glycoprotein.

Arenaviruses are endemic in rodent populations worldwide
(53), and infection can be transmitted to humans to cause
severe acute hemorrhagic fevers (44, 51). Recurring outbreaks
are common in regions of arenavirus endemicity, and thera-
peutic options to combat arenavirus infection are limited. Phy-
logenetic analyses divide the arenaviruses into the Old World
species, such as Lassa fever and lymphocytic choriomeningitis
(LCM) viruses, and the New World species, such as Junı́n and
Machupo viruses. Up to 300,000 infections with Lassa fever
virus occur annually in Africa (45), and outbreaks of New
World viruses in the Americas are sporadic but routine (51).
Recently, infections by LCM virus in transplant recipients have
been reported (8). In the absence of effective prophylaxis and
treatment, the hemorrhagic fever arenaviruses remain an ur-
gent public health concern.

The arenaviruses are enveloped viruses whose genomes con-
sist of two single-stranded RNA molecules, each of which
encodes the ambisense expression of two of the four viral
proteins (5, 9). The viral envelope glycoprotein (GP-C) is
translated from a genomic-sense mRNA generated from the
short (S) genomic RNA, whereas the nucleocapsid protein is
translated from the antigenomic-sense mRNA. Similarly, the
viral matrix protein (Z) and RNA-dependent RNA polymer-
ase are encoded in an ambisense orientation by the long (L)
RNA. During biogenesis, arenaviral particles assemble and
bud at the plasma membrane (49, 60). Viral entry into target

cells is initiated by GP-C binding to cell surface receptors
followed by endocytosis of the virion into smooth vesicles (2).
Although �-dystroglycan serves as a binding receptor for the
Old World arenaviruses (6), the receptor utilized by the major
New World group of arenaviruses is unknown (59). GP-C-
mediated membrane fusion is activated upon acidification of
the maturing endosome (2, 7, 13, 14) to deposit the virion core
into the cell cytoplasm and initiate replication.

The arenavirus envelope glycoprotein complex consists of
three noncovalently associated subunits derived from the
GP-C precursor: in addition to the typical receptor-binding
(G1) and transmembrane fusion (G2) subunits, the complex
contains a stable signal peptide (SSP) subunit (4, 18, 65) (Fig.
1). The 58-amino-acid SSP is generated by the cellular signal
peptidase and subsequently myristoylated (65). The mature G1
and G2 subunits are generated upon cleavage by the cellular
SKI-1/S1P protease (1, 35, 38) in the early Golgi compartment
(3). This proteolytic maturation event is essential for mem-
brane fusion activity. The arenavirus G2 is a member of the
class I group of viral fusion proteins (25, 64) that orchestrate
membrane fusion through the triggered formation of a stable
six-helix bundle core (references 16, 17, 32, and 63 and refer-
ences therein).

A tripartite envelope glycoprotein complex is unusual
among viral envelope glycoproteins, and the role of the unique
arenavirus SSP subunit has not been fully defined. In the GP-C
complex, SSP exists as a transmembrane protein, likely in a
type II topology with an extended luminal C terminus (19, 23).
The N terminus is modified by myristoylation, which is impor-
tant for efficient membrane fusion activity (65). Recombinant
GP-C constructs in which SSP is replaced by a conventional
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signal peptide do not undergo significant proteolytic matura-
tion by the SKI-1/S1P protease (18, 65). In the Old World
Lassa fever arenavirus, this defect can be rescued by coexpres-
sion of SSP in trans (18).

In the present report, we examine the biogenesis of the
GP-C complex of the Junı́n virus, a member of the New World
Tacaribe complex of arenaviruses that is responsible for recur-
ring outbreaks of hemorrhagic fever in the pampas grasslands
of Argentina. We show that SSP association is required for
transport of the G1-G2 precursor from the endoplasmic retic-
ulum (ER) and thereby for proteolytic maturation in the Golgi.
In the absence of SSP, the G1-G2 precursor is constrained to
the ER by dibasic amino acid sequences in the cytoplasmic
domain of G2. Association with SSP overcomes this block to
permit transit of the fully assembled complex through the
Golgi and to the cell surface. Moreover, our studies suggest
that, in addition to modulating trafficking of GP-C, SSP asso-
ciation may also be important for the membrane fusion activity
of the GP-C complex. The unique roles for SSP in the arena-
virus life cycle may suggest novel strategies towards the pre-
vention and treatment of arenaviral disease.

MATERIALS AND METHODS

Molecular reagents, recombinant vaccinia viruses, and monoclonal antibodies.
The GP-C coding region from the pathogenic Junı́n virus strain MC2 (28) was
provided by Victor Romanowski (Universidad Nacional de La Plata, Argentina)
and introduced into the mammalian expression vector pcDNA3.1� as described
previously (65). For trans-complementation studies (18), the CD4sp-GPC con-
struct in which SSP was replaced by the conventional signal peptide of CD4 (65)
was coexpressed with an SSP construct in which a stop codon was introduced
following the C-terminal SSP amino acid T58 (SSP-term). A chimeric glycopro-
tein (CD4ecto) bearing the CD4 signal peptide and ectodomain fused to the
transmembrane and cytoplasmic domains of G2 was constructed using the hu-
man CD4 cDNA (41) obtained through the National Institutes of Health (NIH)
AIDS Research and Reference Reagent Program. Mutations were introduced by
QuikChange mutagenesis (Stratagene), and PCR was used to generate trunca-
tions and chimeric plasmids. For the cytoplasmic-domain truncation series and in

a control cleavage-defective GP-C plasmid (cd-GPC) (65), a C-terminal 15-
amino-acid S-peptide (Spep) affinity tag (34) was introduced to facilitate bio-
chemical analysis (65). All constructs were verified by DNA sequencing, and
three independent clones typically were tested to ensure consistent phenotypes.

Optimal expression of the Junı́n virus GP-C gene and its derivatives in Vero 76
cells was achieved using the bacteriophage T7 promoter of the pcDNA3.1 vector
and infection by a recombinant vaccinia virus expressing the T7 polymerase
(vTF7-3) (24). The vaccinia virus vCB21R-lacZ expressing the �-galactosidase
gene under the control of the T7 promoter was used in our analysis of cell-cell
fusion (47). These recombinant vaccinia virus reagents were provided by T.
Fuerst and B. Moss and C. Broder, P. Kennedy, and E. Berger, respectively,
through the NIH AIDS Research and Reference Reagent Program.

Mouse monoclonal antibodies (MAbs) QC03-BF11 (BF11) and GB03-BE08
(BE08) (54), directed against the G1 subunit of GP-C, were kindly provided by
Tom Ksiasek and Tony Sanchez (Special Pathogens Branch, CDC, Atlanta,
Georgia). The anti-CD4 ectodomain MAb SIM.2 (43, 48) was obtained
through the NIH AIDS Research and Reference Reagent Program.

Expression of GP-C and its derivatives. The glycoproteins were expressed and
characterized as previously described (64, 65). Briefly, Vero 76 cells were in-
fected with the recombinant vaccinia virus vTF7-3 (24) at a multiplicity of 2 in
Dulbecco’s minimal essential medium containing 2% fetal bovine serum (FBS)
and 10 �M cytosine arabinoside (araC) (31). After 30 min, the cells were washed
and transfected with the GP-C expression plasmid using Lipofectamine 2000
reagent (Invitrogen). Metabolic labeling using 32 to 50 �Ci/ml of 35S-ProMix
(Amersham Pharmacia Biotech) was initiated 6 h posttransfection in methio-
nine- and cysteine-free medium containing 10% dialyzed FBS and 10 �M araC
and was continued for 12 to 16 h. Cultures were then washed in physiological
buffered saline (PBS) and lysed using cold Tris-saline buffer (50 mM Tris-HCl
and 150 mM NaCl, pH 7.5) containing 1% Triton X-100 nonionic detergent and
protease inhibitors (1 �g/ml each of aprotinin, leupeptin, and pepstatin). The
expressed glycoproteins were isolated from cleared lysates by immunoprecipita-
tion using either the G1-directed MAbs or the CD4-directed MAb SIM.2 and
protein A-Sepharose (Sigma). In some experiments, glycoproteins containing the
C-terminal Spep affinity tag were isolated using S-protein agarose (Novagen).
Isolated glycoproteins were deglycosylated using peptide:N-glycosidase F (PNGase
F; New England Biolabs). Proteins were analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis using NuPAGE 4 to 12% bis-Tris gels (In-
vitrogen) and the recommended sample buffer containing lithium dodecyl sulfate
and reducing agent. Molecular size markers included 14C-methylated Rainbow
proteins (Amersham Pharmacia Biotech). Radiolabeled proteins were imaged
using a Fuji FLA-3000G imager and analyzed using ImageGauge software (Fuji).

For immunoprecipitation of cell surface glycoproteins, monolayers of meta-
bolically labeled cells were incubated with MAb BE08 or SIM.2 in ice-cold PBS
containing 2% FBS and 0.1% NaN3 for 2 h. Following extensive washing, cells
were resuspended by scraping in PBS and lysed as described above. Immune
complexes were isolated from cleared lysates using protein A-Sepharose.

Flow cytometry. Vero 76 cells expressing GP-C or its derivatives were labeled
using the G1-specific MAb BE08 (54) and a secondary fluorescein isothiocya-
nate-conjugated goat anti-mouse antibody (Jackson ImmunoResearch). CD4
was detected using a fluorescein isothiocyanate-conjugated mouse anti-CD4
MAb (BD Biosciences). Cells were subsequently stained using propidium iodide
(1 �g/ml) and then fixed in 2% formaldehyde (64). Populations were analyzed
using a FACSCalibur flow cytometer and CellQuest software (BD Biosciences).

GP-C-mediated cell-cell fusion. The �-galactosidase fusion reporter assay (47)
was used to characterize the ability of the envelope glycoproteins to mediate
pH-dependent cell-cell fusion (64, 65). Briefly, Vero cells infected with vTF7-3
and expressing the envelope glycoprotein were cocultured with reporter cells
infected with vCB21R-lacZ, a recombinant vaccinia virus expressing �-galacto-
sidase under the control of the T7 promoter. The reporter cells were obtained by
incubating Vero 76 cells with vCB21R-lacZ at a multiplicity of 2 and allowing the
infection to proceed overnight in the presence of 100 �g/ml rifampin (31). The
GP-C-expressing cells and reporter cells were cocultured in medium containing
both araC and rifampin for 5 h and then subjected to a 30-min pulse of neutral
or acidic (pH 5.0) medium. �-Galactosidase expression is induced upon fusion of
the effector and reporter cells and was detected, after 5 h of continued cultivation
at neutral pH, in cell lysates (Tropix) using the chemiluminescent substrate
GalactoLite Plus (Tropix). Cell-cell fusion was quantified using a Tropix TR717
microplate luminometer.

Confocal microscopy. Cells expressing GP-C glycoproteins were harvested by
trypsinization 6 h after transfection and reseeded to 8-well chambered cover
glasses (Lab Tek II) in medium containing 10 �M araC. After 18 h, cultures were
washed in PBS and fixed with 4% formaldehyde for 10 min at room temperature.
Following washing and quenching with 50 mM Tris (pH 7.4) in PBS, cultures

FIG. 1. Schematic representation of the Junı́n virus GP-C glyco-
protein and G2 cytoplasmic domain sequences. Amino acids of the
Junı́n virus envelope glycoprotein are numbered from the initiating
methionine, and cysteine residues (|) and potential glycosylation sites
(Y) are marked. The SSP and SKI-1/S1P cleavage sites and the result-
ing SSP, G1, and G2 subunits are indicated. Within G2, the C-terminal
transmembrane (TM) and cytoplasmic (cyto) domains are shown, as
are the N- and C-terminal heptad repeat regions (light-gray shading).
A comparison of G2 cytoplasmic domain sequences among arenavirus
species is detailed below the schematic. Sequences include the New
World isolates Junı́n (D10072), Tacaribe (M20304), Pichindé
(U77601), Machupo (AY129248), and Sabiá (YP_089665) and Old
World isolates Lassa-Nigeria (X52400), Mopeia (M33879), and
LCMV-Armstrong (M20869). The sites used to generate truncations
in the Junı́n virus cytoplasmic tail are indicated by angle brackets and
dibasic amino acid sequences are underlined.
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were either permeabilized in PBS containing 0.1% Triton X-100 and blocked in
the same buffer containing 5% FBS (for intracellular staining) or simply blocked
in the absence of detergent (for cell surface staining). GP-C glycoproteins were
detected using the G1-directed MAb BF11 and an Alexa Fluor 488-conjugated
anti-mouse antibody (Molecular Probes) in the appropriate blocking buffer. The
Golgi marker giantin was detected using a rabbit polyclonal antiserum (Covance
Research Products) and an Alexa Fluor 568-conjugated anti-rabbit antibody
(Molecular Probes). Chambers were covered with Slow Fade Gold (Molecular
Probes) and visualized using an inverted Nikon TE-300 microscope. Fluores-
cence was examined using a Bio-Rad Radiance 2000 confocal laser scanning
microscope and images were merged using Lasersharp software (Bio-Rad).

RESULTS

SSP association is required for proteolytic maturation. The
arenavirus SSP is distinct from conventional signal peptides in
that it is retained as an essential subunit of the mature GP-C
envelope glycoprotein complex and mediates functions beyond
translocation of the nascent polypeptide to the ER (18, 20, 65).
We previously showed that a recombinant Junı́n virus GP-C
glycoprotein in which SSP was replaced by the conventional
signal peptide of human CD4 (CD4sp-GPC) was unable to
undergo efficient maturation by the SKI-1/S1P protease (65),
extending similar observations with GP-C of the Old World
Lassa fever virus (18). In this Old World virus, the deficiency in
proteolytic cleavage in the absence of SSP was reversed by
coexpression of SSP in trans (18).

To investigate the role of SSP in the proteolytic maturation
of the Junı́n virus GP-C, we determined whether the coexpres-
sion of SSP in trans could likewise rescue cleavage. In these
studies, the Junı́n virus CD4sp-GPC construct was cotrans-
fected with the SSP-term plasmid encoding the 58-amino-acid
SSP. Optimal expression in Vero cells was dependent on T7
RNA polymerase provided by the recombinant vaccinia virus
vTF7-3 (24). Cells were metabolically labeled, and GP-C gly-
coproteins were immunoprecipitated using the G1-directed
MAb BE08 (54). Baseline studies were performed using the
native GP-C glycoprotein that included its endogenous SSP.
Expression of the native glycoprotein resulted in the isolation
of a 60-kDa G1-G2 precursor glycoprotein and a heterodis-
perse smear of G1 and G2 subunits (30 to 35 kDa) (Fig. 2A,
top panel). These mature subunits are best resolved following
deglycosylation by PNGase F to yield 22- and 27-kDa polypep-
tides, respectively (bottom panel). The G1 and G2 subunits
were absent upon expression of an SKI-1/S1P cleavage-defec-
tive glycoprotein (cd-GPC) (65). A GP-C precursor glycopro-
tein bearing SSP is often detected as a minor species, suggest-
ing incomplete signal peptidase cleavage in transfected cells
(20, 23, 65). As previously reported (18, 20, 23, 65), SSP was
coprecipitated as part of the wild-type and cleavage-defective
GP-C complexes (Fig. 2A, top panel).

Expression of the CD4sp-GPC glycoprotein in the absence
of SSP generated the 60-kDa G1-G2 precursor (Fig. 2A, top
panel, �SSP) and considerably lesser amounts of the cleaved
glycoproteins (bottom panel). By contrast, expression of SSP in
trans (�SSP) enabled efficient cleavage of the G1-G2 precur-
sor glycoprotein to produce mature G1 and G2 subunits (bot-
tom panel). The relative efficiency of proteolytic maturation of
CD4sp-GPC in trans was similar to that of the native GP-C
glycoprotein. Furthermore, SSP was coprecipitated with the
CD4sp-GPC complex (top panel). Thus, coexpression of SSP

appears to rescue wild-type assembly and proteolytic process-
ing in the New World Junı́n virus CD4sp-GPC complex.

SSP rescues cell-cell fusion activity in trans. To determine
whether the trans-complemented complex was also able to
mediate pH-dependent membrane fusion, we cocultured cells
expressing GP-C glycoproteins with Vero target cells infected
with the fusion reporter vaccinia virus vCB21R-LacZ express-
ing the �-galactosidase gene under control of the T7 promoter
(47). In this assay, activation of GP-C-mediated membrane
fusion by acidic pH (5.0) results in syncytium formation be-
tween the effector and reporter cells and expression of �-ga-
lactosidase; the enzymatic activity is then monitored using a
chemiluminescent substrate (64). As shown in Fig. 3, pH-de-
pendent cell-cell fusion is readily detected using the native
GP-C glycoprotein and absent in the cleavage-defective cd-
GPC mutant. Cells expressing the CD4sp-GPC glycoprotein in
the absence of SSP were unable to mediate cell-cell fusion

FIG. 2. Coexpression of SSP in trans rescues SKI-1/S1P cleavage
and cell surface expression of the G1-G2 precursor. (A) Metabolically
labeled glycoproteins were immunoprecipitated using the G1-specific
MAb BE08 and separated on NuPAGE 4-to-12% bis-Tris gels. The
wild-type (GP-C) and SKI-1/S1P cleavage-defective (cd-GPC) glyco-
proteins are shown for comparison with the CD4sp-GPC construct
encoding the conventional signal peptide of human CD4. CD4sp-GPC
was expressed alone (�SSP) or with SSP (�SSP). In the bottom panel,
the glycoproteins have been treated with PNGase F to resolve G1 and
G2 polypeptides. The deglycosylated GP-C polypeptides reveal both
the G1-G2 precursor and, in SSP-containing constructs, the pre-GP-C
precursor (65); additional species that migrate more slowly than the
G1-G2 precursor and with the pre-GP-C precursor are likely products
of incomplete deglycosylation. cd-GPC contains a C-terminal S-pep-
tide affinity tag and migrates slightly slower than the other G1-G2
precursors. Known GP-C species are labeled at left; minor unidentified
bands are also present. The 14C-labeled protein markers (Amersham
Biosciences) are indicated (in kilodaltons). (B) Cell surface expression
of GP-C in Vero cells was determined by flow cytometry using the
G1-specific MAb BE08 (54). The cell population was subsequently
stained using propidium iodide (1 �g/ml) to exclude dead cells. Cells
were fixed using 2% formaldehyde and analyzed using a FACSCalibur
flow cytometer (BD Biosciences). The histograms plot cell number
(counts) versus the fluorescence intensity of MAb binding. Back-
ground staining of mock-transfected cells is shown to identify nonex-
pressing cells in the transfected cell populations.
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(Fig. 3, CD4sp, first of the bracketed pairs of bars). By con-
trast, coexpression of SSP reconstituted pH-dependent cell-
cell fusion activity in the trans-complemented CD4sp-GPC
complex (second of bracketed pairs of bars) to levels greater
than those seen with the native GP-C glycoprotein. Thus, ex-
pression of SSP in trans can fully restore membrane fusion
activity to the Junı́n virus G1-G2 precursor glycoprotein.

SSP association is required for exit from the ER. To inves-
tigate the role of SSP in the biogenesis of GP-C, we examined
the intracellular localization of the complex by confocal mi-
croscopy. In these experiments, Vero cells expressing the wild-
type and CD4sp-GPC glycoproteins were fixed, permeabilized,
and immunochemically stained using the anti-G1 MAb BF11
(54) and an Alexa Fluor 488-conjugated secondary antibody.
Nonpermeabilized cells were similarly stained to detect GP-C
accumulation on the cell surface. As shown in Fig. 4, the native
GP-C glycoprotein accumulated in the ER and Golgi-like
perinuclear structures (GP-C, permeabilized) and on the cell
surface (GP-C, surface). Localization to the Golgi apparatus
was confirmed using a rabbit polyclonal antibody directed
against an integral Golgi membrane protein, giantin (40), and
a secondary Alexa Fluor 568-conjugated antibody. Colocaliza-
tion of GP-C with the Golgi marker is visualized in yellow in
the merged images. Expression of CD4sp-GPC in the presence
of SSP resulted in a pattern of localization and transport to the
cell surface similar to that of native GP-C (Fig. 4, CD4sp,
�SSP). These findings highlight the reconstitution of the GP-C
complex upon trans complementation with SSP.

In the absence of SSP, however, the G1-G2 precursor of
CD4sp-GPC exhibited a diffuse reticulate pattern of intracel-

lular expression consistent with retention in the ER (Fig. 4,
CD4sp, �SSP). Notably absent was any concentration of GP-C
staining to a morphologically defined Golgi apparatus or spe-
cific colocalization with the antigiantin MAb (merged image).
The orange in the merged image likely reflects the spatial
coincidence of green and red fluorescence rather than specific
colocalization to a definable Golgi structure. Also absent was
any staining of CD4sp-GPC on the cell surface (surface). The
lack of transport to the cell surface is not due to the absence of
proteolytic cleavage per se, because the cleavage-site-defective
cd-GPC mutant is transported to the cell surface as the wild-
type glycoprotein (not shown) (1, 35). Nor did we detect punc-
tate staining in the ER that might suggest misfolding of the
G1-G2 precursor in the absence of SSP. The difference in
trafficking of the G1-G2 precursor to the Golgi in the presence
or absence of SSP likely accounts for the effect of trans comple-
mentation on proteolytic cleavage (Fig. 2A), consistent with
the activation of SKI-1/S1P protease in the cis-medial Golgi
compartment (10, 21).

Next, we examined the role of SSP in the transport of the
GP-C complex to the cell surface by using flow cytometry and
the G1-specific MAb BE08. In cell cultures transiently express-
ing the wild-type GP-C glycoprotein, a clear population of
GP-C-expressing cells was evident (Fig. 2B, top right). A com-
parison of cells expressing CD4sp-GPC in the presence or
absence of SSP revealed that the GP-C glycoproteins were
present on the cell surface only upon coexpression of SSP
(bottom panels). Cell surface accumulation of the trans-com-
plemented CD4sp-GPC glycoprotein was comparable to that
of the native GP-C glycoprotein. Taken together, these results
demonstrate that SSP is essential for GP-C transport to the
Golgi and the cell surface. In the absence of SSP, the G1-G2
precursor is localized to the ER.

Transit of a CD4 chimera bearing G2 sequences. To further
investigate the role of the G2 subunit in ER localization and
the role of SSP in regulating transit to the cell surface, we
determined whether control by SSP and the G2 subunit might
be transferable to a heterologous cell surface protein. Because
the ectodomain of human CD4 forms a soluble and secreted
protein (11, 58), we fused the CD4 signal peptide and ectodo-
main to the transmembrane and cytoplasmic regions of G2.
In the CD4ecto construct, the C terminus of soluble CD4
(TPV372) (11) was spliced at the G2 ectodomain sequence
TPL420, three residues upstream of D424, that nominally de-
fines the junction with the transmembrane domain.

Cells expressing the CD4ecto chimera or native CD4 were
metabolically labeled, and cell lysates were immunoprecipitated
using the anti-CD4 ectodomain MAb SIM.2. The CD4ecto chi-
mera was expressed as a 55-kDa glycoprotein that comigrated
with native CD4 (Fig. 5A, left panel). Upon coexpression, SSP
was found to coprecipitate with CD4ecto (Fig. 5A, left panel).
This association was specific to G2 sequences in the CD4ecto
glycoprotein; SSP did not bind to native CD4 (when coex-
pressed) (not shown). Thus, the transmembrane and cytoplas-
mic domains of G2 are sufficient for SSP binding.

Importantly, transport of the CD4ecto chimera through the
Golgi apparatus and to the cell surface was dependent on
coexpression of SSP. As shown by immunochemical staining
using SIM.2 MAb and confocal microscopy (Fig. 4, CD4ecto,
permeabilized), the chimeric glycoprotein was largely con-

FIG. 3. pH-dependent cell-cell fusion activity. pH-dependent fu-
sion was detected using the recombinant vaccinia virus-based �-galac-
tosidase reporter assay (47) as previously described (64, 65). �-Galac-
tosidase activity was quantitated using the chemiluminescent substrate
GalactoLite Plus (Tropix). Relative light unit (RLU) measurements
from cultures treated at pH 5.0 are shown after subtraction of back-
ground levels from neutral-pH cultures (average background, 1,500
RLU). Control conditions are shown in the underlined bars at left
(mock, wild-type GP-C, and cd-GPC). Note that CD4sp-GPC con-
structs are bracketed in pairs (below the axis) representing the
absence (open bars) and presence (gray bars) of SSP. Some bars are
not discernible on the scale of the graph. All conclusions were repli-
cated using X-Gal (5-bromo-4-chloro-3-indolyl-�-D-galactopyranoside)
staining of parallel cocultures.

5192 AGNIHOTHRAM ET AL. J. VIROL.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

vi
 o

n 
06

 M
ay

 2
02

3 
by

 1
29

.8
1.

25
5.

94
.



strained to the ER in the absence of SSP and failed to colo-
calize with the Golgi apparatus (�SSP). In addition, only trace
amounts of the CD4ecto glycoprotein were detected in the
absence of SSP on the cell surface, either through confocal
microscopy (Fig. 4, surface) or flow cytometry (Fig. 5B, �SSP).
Thus, fusion to the G2 transmembrane and cytoplasmic
domains prevented transport of the CD4 ectodomain from
the ER.

By contrast, coexpression with SSP resulted in significant
localization of CD4ecto in the Golgi (Fig. 4, �SSP) and ex-
pression on the cell surface (surface). Mobilization of the chi-
meric glycoprotein by SSP was confirmed by flow cytometry
(Fig. 5B, �SSP). Furthermore, immunoprecipitation studies of
CD4ecto expression on the cell surface (Fig. 5A, right panel)
identified the surface moiety as the complex of CD4ecto and
SSP. Together, these findings demonstrated that the essential
elements of ER localization and its control by SSP binding can
be recapitulated in a chimeric CD4ecto glycoprotein bearing
the transmembrane and cytoplasmic domains of G2.

Analysis of C-terminal truncations in the G2 cytoplasmic
domain. Among transmembrane proteins that are retained in
the ER, specific localization signals are often encoded within
the cytoplasmic domain (references 22, 37, and 62 and refer-
ences therein). In order to define the determinants in G2 that
are required for ER localization, we constructed a series of
C-terminal truncations in the cytoplasmic domain of G2. Three
arginine residues, spaced 4, 7, and 17 amino acids from the
nominal transmembrane domain, were used as endpoints in
the truncations (Fig. 1). These positively charged termini were
chosen to facilitate anchoring of the truncated CD4sp-GPC
glycoprotein in the membrane. The arginine codons were fused
to those encoding an S-peptide affinity tag (34) to facilitate
analysis of the G2 moiety (65). Metabolically labeled glyco-
protein was isolated using the Spep affinity tag and S-protein
agarose (Novagen). The truncated CD4sp-GPC glycoproteins
(R448�, R451�, and R460�) were well expressed in Vero cells
yet failed to coprecipitate significant amounts of SSP (Fig. 6A,
top panel). Nonetheless, all three truncated glycoproteins were

FIG. 4. Intracellular and cell surface visualization of glycoproteins. Confocal images were obtained as described in Materials and Methods.
Permeabilized cells were stained in green using either the MAb BF11 (GP-C) or, for CD4ecto, SIM.2 (CD4). Golgi structures were identified using
a rabbit polyclonal antiserum and stained in red. Merged images (merge) were created using Lasersharp software. Nonpermeabilized cells (surface)
were stained in green using either MAb BF11 or SIM.2. The expressed glycoproteins are indicated in white letters superimposed on the leftmost
images. The top row depicts cells expressing native GP-C or mock-transfected cells (all infected with the recombinant vaccinia virus vTF7-3). In
subsequent rows, the glycoproteins were expressed either in the absence (�SSP) or presence (�SSP) of SSP. In some images, the Golgi apparatus
is vesiculated and dispersed, perhaps due to infection of the cells by vaccinia virus.
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subjected to SKI-1/S1P cleavage, in the presence or absence of
SSP, to produce truncated and affinity-tagged G2 moieties
(Fig. 6A, bottom panel). The relative migrations of the trun-
cated G2 polypeptides correspond to their expected molecular
weights but cause them to overlap with the intact G1 polypep-
tide. The association between G1 and the truncated G2 sub-
units was separately confirmed by coimmunoprecipitation us-
ing a MAb directed to G1 (not shown). By contrast, similar
truncations in G2 of the Old World LCM virus were reported
to prevent SKI-1/S1P cleavage (35).

Flow cytometry was used to determine whether the trun-
cated Junı́n virus glycoproteins were also transported to the
cell surface without SSP. As shown in Fig. 6B, all three trun-
cation mutants were expressed on the cell surface in the ab-
sence of SSP, at levels comparable to the trans-complemented
CD4sp-GPC glycoprotein (Fig. 2B). Truncations in the context
of CD4ecto likewise enabled transport from the ER (not
shown). In the LCM virus (35), the truncated GP-C was also
expressed on the cell surface. Taken together, these results
suggest that amino acid sequences within the cytoplasmic do-
main of G2 are important in constraining the G1-G2 precursor
to the ER. The cytoplasmic region is also important for SSP
association.

We have demonstrated that GP-C glycoproteins bearing
truncations in the cytoplasmic domain of G2 can be proteo-
lytically processed and transported to the cell surface in the
absence of SSP. Surprisingly, however, none of the truncated
complexes was able to mediate pH-dependent cell-cell fusion
(Fig. 3). It is possible that this failure may be due to insufficient
cleavage or transport of the truncated glycoproteins. Alterna-
tively, the failure may reflect a requirement for either SSP or
the cytoplasmic domain of G2 for membrane fusion activity.

Dibasic amino acid sequences participate in ER localiza-
tion. Sequence analysis of the G2 cytoplasmic domain revealed

conserved motifs that may be involved in protein trafficking
and ER localization. In particular, dibasic amino acid se-
quences such as the canonical KKXX and RXR motifs are
widely utilized in the retrieval of transmembrane proteins to
the ER (see references 22, 37, and 62 and references therein).
The cytoplasmic domain of Junı́n virus G2 contains two related
dibasic sequences: KKPT479 and a C-terminal RRGH485. Vari-
ants of these sequences appear in other arenavirus G2 proteins
(Fig. 1). To assess the potential role of these sequences in ER
localization, we mutated the two basic amino acids at each site
to alanines, both individually (KK and RR glycoproteins) and
as the double mutant (KK/RR).

Immunoprecipitation studies of metabolically labeled
whole-cell lysates revealed that all of the mutant CD4sp-GPC
glycoproteins were able to associate with SSP (Fig. 7A, top
panel). Neither of the dibasic sequences was essential for SSP
binding. trans complementation with SSP enabled wild-type
levels of cell surface expression (Fig. 7B, �SSP) and efficient
pH-dependent cell-cell fusion (Fig. 3), arguing against signifi-
cant adverse effects of the mutations on overall protein folding.

In the absence of SSP, importantly, both the single and
double mutants were now capable of transport to the cell

FIG. 5. The chimeric CD4 glycoprotein bearing the transmem-
brane and cytoplasmic domains of G2 requires SSP for transport to the
cell surface. (A) The chimeric CD4ecto construct was expressed alone
(�SSP) or with SSP (�SSP) and metabolically labeled. Intact cells
were incubated with the anti-CD4 MAb SIM.2 (43, 48) and the cell
surface glycoproteins were subsequently isolated from cleared cell
lysates using protein A-Sepharose (surface). Intracellular CD4ecto
glycoprotein was immunoprecipitated from the post-protein A-Sepha-
rose supernatant using additional SIM.2 MAb (lysate). Mock- and
human CD4-transfected cells served as controls. Molecular size mark-
ers (in kilodaltons) are as described in the legend to Fig. 2A. (B) Flow
cytometry using SIM.2 MAb was otherwise performed as described in
the legend to Fig. 2B, and results are plotted similarly. The filled gray
(�SSP) and open (�SSP) histograms are overlaid.

FIG. 6. Truncations to the cytoplasmic domain of G2 ablate SSP
binding yet enable transport to the cell surface. (A) The wild-type and
truncated CD4sp-GPC glycoproteins (R448�, R451�, and R460�)
were expressed alone (�SSP) or with SSP (�SSP). Metabolically la-
beled glycoproteins were precipitated using the C-terminal Spep af-
finity tag and S-protein agarose (Novagen) and analyzed as described
in the legend to Fig. 2. The G1 and G2 glycoproteins are best resolved
following deglycosylation with PNGase F (bottom). Note that the
truncated G2 moieties (�G2) migrate near the wild-type G1 polypep-
tide; coassociation between G1 and �G2 was formally demonstrated by
immunoprecipitation using anti-G1 MAb BF11, which coprecipitated
�G2 (not shown). Although coprecipitation of SSP was markedly re-
duced with the truncated glycoproteins, trace amounts could be dis-
cerned upon darkening of the image (not shown). This low level of SSP
association is judged to be insignificant, as the properties of the trun-
cated glycoproteins are independent of SSP coexpression. Molecular
size markers (in kilodaltons) are as described in the legend to Fig. 2A.
(B) Cell surface expression of the truncated glycoproteins was deter-
mined by flow cytometry as described in the legend to Fig. 2B, and
results are plotted similarly. Note that expression of the wild-type
CD4sp-GPC glycoprotein (gray histograms in all three panels) is com-
pared with that of the truncations (open histograms), all in the absence
of SSP.
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surface. This phenotype was evident upon confocal micro-
scopic analysis of nonpermeabilized cells (Fig. 4, surface), al-
though specific localization in the Golgi was difficult to discern
(green and merged images). Flow-cytometric studies of cell
surface expression indicated that both the single and double
mutations provided modest, albeit significant, relief of ER
retention (Fig. 7B, �SSP). Evidence for enhanced SKI-1/S1P
cleavage of the mutant glycoproteins was, however, difficult to
discern in whole-cell lysates, above the residual level of cleav-
age in the wild-type glycoprotein (Fig. 7A, bottom panel). It
is possible that the cleaved species in the wild-type G1-G2
glycoprotein reflect transient residence in the Golgi, prior to
retrieval to the ER. In the Old World Lassa fever virus glyco-
protein, where cleaved products are not observed in the ab-
sence of SSP (18), retrieval of the G1-G2 precursor may be
more rapid. Nonetheless, mobilization of the mutant glycopro-
teins to the cell surface was consistently observed and distinct
from the strict intracellular retention seen with the wild-type
glycoprotein. Both KK and RR mutations appeared to be
comparably efficacious, and no synergy was observed in the
double KK/RR mutant. However, none of the mutant glyco-
proteins was able to mediate cell-cell fusion in the absence of
SSP (Fig. 3). This defect is not attributable to the amino acid
substitutions per se, as wild-type levels of fusion were restored
upon trans complementation with SSP.

To confirm that the mutations are sufficient for significant
mobilization of the G1-G2 precursor in the absence of SSP, we
examined the glycoprotein by immunoprecipitation from the
cell surface (Fig. 8). These experiments confirmed significant
expression of the dibasic sequence mutants on the cell surface

and demonstrated a preponderance of the proteolytically pro-
cessed G1-G2 complex, reflecting access to the SKI-1/S1P pro-
tease in the Golgi. The efficiency of cleavage in the mutant
glycoproteins was relatively unaffected by the presence or ab-
sence of SSP (60% cleaved versus 40% cleaved, respectively).

Taken together, these studies identify the two dibasic amino

FIG. 7. Alanine mutations to dibasic amino acid motifs enable transport from the ER. (A) CD4sp-GPC constructs containing KK, RR, and
double KK/RR mutations were expressed alone (�SSP) or with SSP (�SSP). Metabolically labeled glycoproteins were immunoprecipitated and
analyzed as described in the legend to Fig. 2A. Molecular size markers (in kilodaltons) are as described in the legend to Fig. 2A. (B) Flow cytometry
was performed as described in the legend to Fig. 2B, and results are plotted similarly. Note that the top panels compare expression of the
CD4sp-GPC glycoprotein (gray histograms in all panels) with that of the mutants (open histograms) in the absence of SSP. Expression with SSP
is shown in the bottom panels.

FIG. 8. Cell surface expression of dibasic amino acid motif CD4sp-
GPC mutants. Intact cells expressing the constructs shown in Fig. 7
were incubated with the G1-specific MAb BE08, and the cell surface
GP-C glycoproteins were isolated from cleared cell lysates using pro-
tein A-Sepharose and deglycosylated. The relative amounts of G1, G2,
and G1-G2 precursor in each lane were quantitated from the phos-
phorimage using Image Gauge software (Fuji), and the efficiency of
cleavage was determined as the sum of G1 plus G2 relative to total of
all forms. Distortion of the SSP band is due to the detergents used in
PNGase F treatment. Molecular size markers (in kilodaltons) are as
described in the legend to Fig. 2A.
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acid sequences (KKPT479 and RRGH485) as important deter-
minants of ER localization in the absence of SSP. Alanine
mutations at either or both of these sites result in partial relief
from ER retention and enable transport to the cell surface in
the absence of SSP. On the other hand, these mutations do not
completely obviate the requirement for SSP association in
transport of the G1-G2 precursor (Fig. 8). Quantitative anal-
ysis of the glycoproteins indicated that, whereas the mutations
were able to increase cell surface expression at least 10-fold,
coexpression of SSP resulted in an additional 10-fold increase
in all mutants, to the levels of the wild-type glycoprotein. These
findings are consistent with our results from confocal micros-
copy and flow cytometry studies (Fig. 4 and 7). Thus, con-
straints on the trafficking of the G1-G2 precursor include the
dibasic sequence motifs in the cytoplasmic domain of G2 but
also involve additional structural elements provided upon full
assembly with SSP.

DISCUSSION

The regulation of trafficking through intracellular membra-
nous compartments is central to the biogenesis of membrane
glycoproteins (15, 22). Quality control mechanisms for protein
folding and assembly are proposed to operate through check-
points on exit from the ER and through bidirectional transport
to and from the Golgi apparatus. Viruses make use of these
cellular pathways in the biosynthesis, assembly, and release of
new virion particles (15). In our studies, we have characterized
the biogenesis of the arenavirus envelope glycoprotein and the
requirement for tripartite assembly to enable transport of the
GP-C complex from the ER. Without the association of SSP,
the wild-type G1-G2 precursor remains localized to the ER.
We show that localization is mediated by the cytoplasmic do-
main of G2 and that the control of trafficking by SSP associa-
tion is transferable to a chimeric CD4 molecule bearing the G2
transmembrane and cytoplasmic domains. Conversely, regula-
tion of intracellular transport of the GP-C complex does not
require G1 or the ectodomain of G2.

Our studies demonstrate that ER localization is mediated in
part through dibasic amino acid sequences in the cytoplasmic
domain of G2. Alanine mutations to either of two dibasic
motifs provide partial relief from ER localization and enable
expression of the proteolytically cleaved G1-G2 complex on
the cell surface. Upon exit from the ER and transit through the
Golgi, the mutant G1-G2 precursor is now fully susceptible to
proteolytic maturation by SKI-1/S1P protease. Thus, absent
ER localization signals, the arenavirus GP-C precursor can
undergo proteolytic maturation much as do the precursor gly-
coproteins of other class I viral fusion proteins.

Dibasic amino acid sequences are known to mediate ER
localization through retrograde transport (retrieval) from the
Golgi (references 22, 37, and 62 and references therein). The
specific dibasic sequences we have identified as important for
ER localization in the Junı́n virus G2 glycoprotein do not
match precisely either of the canonical ER retrieval motifs:
the C-terminal KKXX or internal RXR sequences. Although
the internal KK sequence studied here is conserved among the
New World arenaviruses, the C-terminal RRXX sequence
shows considerable variation (Fig. 1). Among the Old World
viruses, only the C-terminal motif is identifiable. However,

variants to the canonical motifs are also common in other
ER-localized transmembrane proteins (46, 55, 62) and the
efficiency of retention by these sequences is often highly con-
text dependent (26, 57, 66). Many details regarding the mech-
anisms and molecular determinants involved in ER-Golgi traf-
ficking remain unresolved.

It is noteworthy that a viral envelope glycoprotein destined
for the cell surface should encode an ER localization signal.
For cellular transmembrane proteins that traverse the Golgi
and beyond, dibasic ER localization motifs are commonly
found to control the assembly and trafficking of heteromulti-
meric membrane protein complexes (12, 33, 39, 42, 67; re-
viewed in references 22 and 46). These endogenous signals
prevent transport of the individual subunits and are overcome
upon assembly of the multimeric complex. This quality control
mechanism ensures that only the fully and properly assembled
complex is transported from the ER. In the biogenesis of the
Junı́n virus GP-C complex, we propose an analogous role for
SSP association—namely, to mask endogenous ER localization
signals in the cytoplasmic domain of G2 and thus enable trans-
port of only the fully assembled tripartite complex.

This strategy for assembly-dependent control of viral enve-
lope glycoprotein trafficking is likely not unique to the arena-
viruses. The bunyavirus GC glycoprotein also contains a non-
canonical basic amino acid cluster that may be involved in ER
localization (29). In these viruses, transport of GC from the ER
requires association with a second envelope glycoprotein, GN

(30, 36), which in turn retains the GC-GN complex in the Golgi
(27, 29, 56), the site of virus budding. Together, these obser-
vations highlight the use of cellular ER-Golgi trafficking mech-
anisms during the viral life cycle to control the assembly and
transport of multimeric envelope glycoprotein complexes.

Despite mutations that enable the transport of the G1-G2
complex in the absence of SSP, wild-type levels of trafficking
were not restored by point mutations to the dibasic amino acid
sequences or by truncations in the cytoplasmic domain (not
shown). It is possible that additional constraints on GP-C
transport lie within the transmembrane domain of G2. More-
over, it is likely that the association with SSP remains essential
for the integrity of the GP-C complex. The SSP subunit has
uniquely evolved within the arenaviruses for purposes other
than simply to relieve ER retention of an envelope glycopro-
tein precursor. It is telling, then, that despite the accumulation
of cleaved G1-G2 complex on the cell surface, none of the
glycoproteins lacking SSP is able to mediate membrane fusion
(Fig. 3). Notably, GP-C glycoproteins bearing mutations at the
dibasic amino acid motifs are unable to promote fusion in the
absence of SSP yet are restored to full activity by coexpression
of SSP. This defect in fusion is likely not due to the lower levels
of cell surface glycoprotein in the absence of SSP, as robust
fusion is observed with comparably low levels of cleaved wild-
type glycoprotein (see Fig. 6 of reference 64). Rather, we
suggest that SSP may be directly involved in modulating
pH-dependent membrane fusion by the GP-C complex.

In addition, the G1-G2 complex lacking SSP is not myris-
toylated. GP-C complexes in which myristoylation is blocked
by a G2A mutation are less able to mediate cell-cell fusion
than the wild-type glycoprotein (65), perhaps due to alterations
in trafficking to specific membrane microdomains (52, 61). The
G2A glycoprotein, however, retains 30% of the wild-type
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fusion activity, significantly more than the present G1-G2 com-
plexes in the absence of SSP. This comparison suggests defects
beyond the lack of acylation in G1-G2 complexes lacking SSP.
Separately, myristoylation may also be important during virion
assembly in facilitating the colocalization of GP-C with the
myristoylated Z matrix protein (50).

Further studies will no doubt delineate the additional roles
of the unique SSP subunit in the arenavirus life cycle. Unique
solutions embodied in the assembly, trafficking, and membrane
fusion activity of the arenavirus GP-C complex may suggest
novel approaches for intervention towards the prevention and
treatment of arenavirus hemorrhagic fevers.
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A variety of rational approaches to attenuate growth and virulence of vesicular stomatitis virus (VSV) have
been described previously. These include gene shuffling, truncation of the cytoplasmic tail of the G protein, and
generation of noncytopathic M gene mutants. When separately introduced into recombinant VSV (rVSV), these
mutations gave rise to viruses distinguished from their “wild-type” progenitor by diminished reproductive
capacity in cell culture and/or reduced cytopathology and decreased pathogenicity in vivo. However, histopa-
thology data from an exploratory nonhuman primate neurovirulence study indicated that some of these
attenuated viruses could still cause significant levels of neurological injury. In this study, additional attenuated
rVSV variants were generated by combination of the above-named three distinct classes of mutation. The
resulting combination mutants were characterized by plaque size and growth kinetics in cell culture, and
virulence was assessed by determination of the intracranial (IC) 50% lethal dose (LD50) in mice. Compared to
virus having only one type of attenuating mutation, all of the mutation combinations examined gave rise to
virus with smaller plaque phenotypes, delayed growth kinetics, and 10- to 500-fold-lower peak titers in cell
culture. A similar pattern of attenuation was also observed following IC inoculation of mice, where differences
in LD50 of many orders of magnitude between viruses containing one and two types of attenuating mutation
were sometimes seen. The results show synergistic rather than cumulative increases in attenuation and
demonstrate a new approach to the attenuation of VSV and possibly other viruses.

Vesicular stomatitis virus (VSV) is a member of the Vesicu-
lovirus genus of the family Rhabdoviridae. The negative-sense
virus genome is 11,162 nucleotides long and contains five genes
in the order 3� N-P-M-G-L 5�, encoding the five major viral
proteins (1, 3). The bullet-shaped VSV particle (160 nm by 80
nm) contains a ribonucleoprotein core (nucleocapsid) com-
posed of genomic RNA closely associated with N protein and
a RNA polymerase composed of a complex of L and P proteins
enveloped in a host cell-derived plasma membrane (4, 18, 19,
44, 53, 56). Following uptake of the virus particle by susceptible
cells, nucleocapsid and viral RNA polymerase are released into
the cytoplasm and viral mRNA transcription ensues. A 3�-5�
gradient of viral mRNA transcription leads to abundant N
protein expression and successively decreasing levels of P, M,
G, and L proteins (1, 3, 15, 19, 27, 57). This gene expression
gradient provides virus proteins in a suitable ratio for subse-
quent viral genome replication and assembly of mature virus
particles. Virus replication in cell culture is rapid, and virus
progeny are detectable 5 to 6 h postinfection.

Since the initial recovery of infectious recombinant VSV
(rVSV) from genomic cDNA (39, 61), effort has been directed
towards the development of rVSV as a vaccine vector targeting
a variety of different human pathogens, including human im-
munodeficiency virus type 1 (HIV-1) (25, 31–34, 48–51). The

major advantages of rVSV vaccine vectors and their immuno-
genicity and protective efficacy in animal models have been
described in detail previously (12). However, VSV is both
neurotropic and neurovirulent in mice (54, 58, 60) and can
cause neurological disease when injected directly into the brain
of cows and horses (24). The original rVSV Indiana serotype
vector (rVSVIN) developed by J. Rose and colleagues was less
pathogenic following intranasal inoculation in mice than the
cell culture-adapted virus from which it was derived, but the
neurovirulence (NV) potential of this vector following direct
intracranial (IC) inoculation was not known. To address this
question, an exploratory nonhuman primate (NHP) NV study
based on the methodology used for NV testing of mumps
vaccine seed lots was carried out. In that pilot study, wild-type
(wt) VSVIN and rVSVIN caused clinical signs of severe neuro-
logical disease following intrathalamic inoculation of animals;
two additional rVSV vectors expressing the HIV-1 Gag protein
did not cause any clinical signs of disease, but histological
examination of the central nervous system (CNS) in these
animals revealed evidence of necrotic and inflammatory le-
sions (30). These findings indicated that rVSVIN vectors would
require further attenuation before being considered suitable
for clinical evaluation.

When it became possible to recover infectious VSV from
genomic cDNA (39, 61), directed approaches to study rVSV
attenuation were adopted. One attenuation strategy known as
gene shuffling involves rearranging the natural gene order of
VSV, which alters normal levels of gene expression (2, 60).
Viruses modified by gene rearrangement often grow poorly in
vitro and are typically less virulent in vivo (21–23, 42, 60).

A different attenuation strategy involves truncation of the
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29-amino-acid cytoplasmic tail (CT) region of the virus G pro-
tein (50, 55). Viruses with shortened CTs have slower growth
rates, reach lower peak titers in vitro, and are less pathogenic
in mice than unaltered viruses (49). Because N gene shuffles
and G protein CT truncations involve gene translocations and
deletion of part of the G gene, respectively, mutants generated
by these strategies have a stable attenuation phenotype-geno-
type (23, 55).

A third attenuation strategy relies on nucleotide substitu-
tions within the M gene that ablate expression of two in-frame
overlapping polypeptides initiated downstream from the M
protein translation start codon (29). Viruses that do not ex-
press these polypeptides demonstrate reduced cytopathology
in a variety of cell lines and are highly attenuated in mice.
Consequently, mutants that do not express these polypeptides
have been called noncytopathic M mutants (MNCP).

In this study, we sought to explore and define strategies that
would allow step-wise increases in rVSVIN vector attenuation
to levels beyond those previously described, thereby increasing
the range of attenuated vectors from which to generate an
ideal rVSVIN–HIV-1 vaccine vector for future clinical evalua-
tion. To achieve this we combined G protein CT truncations
with either N gene shuffles or MNCP gene mutations. Growth
characteristics of the resulting rVSVIN combination mutants
were studied in vitro, and their neurovirulence was assessed in
a mouse IC 50% lethal dose (LD50) model to determine de-
gree and relative order of vector attenuation.

MATERIALS AND METHODS

Cells and virus. Vero and baby hamster kidney (BHK) cell lines were obtained
from the American Type Culture Collection and propagated under conditions of
37�C and 5% CO2 in Dulbecco’s modified Eagle’s medium containing 10% fetal
bovine serum, sodium pyruvate (20 mM), and gentamicin (50 �g/ml). The tissue
culture-adapted San Juan strain of the VSV Indiana serotype (VSVIN), a re-
combinant form of VSVIN (rVSVIN) (39), rVSVIN expressing HIV-1 Gag pro-
tein (rVSVIN gag5), and two attenuated forms of rVSVIN gag5 (rVSVINCT1
gag5 and rVSVINCT9 gag5) were kindly provided by J. Rose (Yale University,
New Haven, CT). A modified form of vaccinia virus Ankara (MVA) that ex-
pressed bacteriophage T7 RNA polymerase (MVA-T7) (62) was obtained from
Bernard Moss (National Institutes of Health, Bethesda, Maryland) and further
modified to express T7 RNA polymerase under the control of an early transcrip-
tion promoter (38).

Virus propagation, purification, and titration. Virus was routinely amplified
on BHK cell monolayers and titrated on Vero cell monolayers. For virus ampli-
fication BHK cells were infected at a multiplicity of infection (MOI) of 0.001 to
0.05 PFU/cell. Virus inoculum was adsorbed for 15 min at room temperature
(RT) followed by 30 min at 37�C. Additional growth medium was then added,
and cells were incubated at 37�C until they became rounded and detached from
the flask. Infected cell supernatant was clarified by centrifugation for 10 min at
3,000 � g. The virus suspension was then flash frozen in an ethanol-dry ice bath
and stored at �80�C prior to titration. Where necessary, virus was further
purified from infected cell supernatant by centrifugation through 10% (wt/vol)
sucrose in 1� phosphate-buffered saline (PBS). Briefly, �20 ml of clarified cell
supernatant was underlaid with 12 to 15 ml of 10% (wt/vol) sucrose in a Beck-
mann Ultraclear tube followed by centrifugation at 28,000 rpm in a Beckmann
SW-28 rotor for 1.5 h at 4�C. Following centrifugation, supernatant was aspi-
rated, the virus pellet was resuspended in PBS, and the virus suspension was flash
frozen and stored at �80�C prior to plaque assay.

For virus titration by plaque assay, freshly confluent Vero cell monolayers in
six-well plates were infected with 0.1-ml aliquots from serial 10-fold dilutions of
rVSV in growth medium. An additional 0.4 ml of medium was added to each well
to prevent cell desiccation, and virus was adsorbed for 15 min at RT followed by
30 min at 37�C. The virus inoculum was then removed, and cell monolayers were
overlaid with 3 ml of 0.8% (wt/vol) agarose (SeaPlaque; Cambrex Bio Science
Rockland, Inc., Rockland, ME) in growth medium. After 10 min at RT to allow
the agarose to solidify, cells were incubated at 37�C in 5% CO2 for 1 to 4 days

for plaque development. The agarose overlay was then removed, monolayers
were rinsed once with 2 ml of PBS, and cells were stained and fixed in 0.5 ml of
70% methanol containing 2% crystal violet for 5 min at RT. Plaques were
counted after removal of excess stain under running water.

Generation of attenuated rVSVIN genome cDNAs. The generation of both CT1
and CT9 mutants has been previously described in detail (49, 55). The corre-
sponding rVSV genomic cDNAs were generously provided by J. Rose (Yale
University, New Haven, CT) and were used in the derivation of the combination
mutants described below.

A method for gene translocation within rVSVIN genomic cDNA has been
described in detail previously (2, 60). A different method of N gene translocation
was used in this study. Briefly, the N gene was first deleted from rVSVIN genomic
cDNA by replacing the natural BsaAI-XbaI genome fragment (Fig. 1) with a
DNA fragment that was generated by in vitro ligation of two PCR products, one
stretching from the BsaAI site in the plasmid vector to the exact 3� end of the
virus leader sequence (positive sense) and the other spanning the region from
the transcription start signal of the P gene to the downstream XbaI site. Precise
ligation of DNA containing the virus leader sequence, with DNA containing the
exact 3� end of the P gene, was achieved by addition of BsmBI sites to PCR
primers. The N gene was then reinserted into the �N genome cDNA between the
P and M genes (N2), between the M and G genes (N3), and between the G and
L genes (N4) by use of a similar approach. For generation of the N2 genome
cDNA, a PCR product spanning the entire N gene and 3� CT intergenic dinu-
cleotide was ligated to flanking PCR fragments in vitro; one DNA fragment
stretched from the unique XbaI site to the 3� end of the P gene and contained
the P/M intergenic dinucleotide GT. A second DNA fragment spanned the entire
M gene to the unique MluI site in the G gene. Addition of BsmBI sites to the 3�
and 5� ends of the P and M gene fragments, respectively, and to 3� and 5� ends
of the N gene fragment allowed all three DNA fragments to be ligated in vitro
and then cloned into the XbaI and MluI sites of the �N genome cDNA. The N3
cDNA genome was constructed in a similar fashion. A PCR fragment spanning
the region from the unique XbaI site in the P gene to the end of the M gene,
including the 3� CT intergenic dinucleotide, was ligated to a PCR fragment
spanning the entire N gene, a 3� CT intergenic dinucleotide, and the first 32
nucleotides of the G gene containing the unique MluI site. Both DNAs were
ligated through BsmBI sites at the 3� end of the P/M fragment and the 5� end of
the N gene fragment. This DNA fragment was then cloned into the unique XbaI
and MluI sites of the �N cDNA genome. For generation of the N4 genome
cDNA, a PCR product spanning the entire N gene was joined with flanking PCR
products, one stretching from the unique MluI site to the end of the G gene,
including the 3� CT intergenic dinucleotide, and the other containing the G/L
intergenic dinucleotide CT and the region from the 5� end of the L gene to the
unique HpaI site. All three fragments were joined by the addition of BsmBI sites
to the 3� and 5� ends of the G and L gene fragments, respectively, and to the 3�
and 5� ends of the N gene DNA fragment. The resulting contiguous DNA
fragment was then cloned into the MluI and HpaI sites of the �N cDNA genome.

A plasmid cDNA containing the MNCP gene in the rVSVIN backbone was
generously provided by Michael Whitt (University of Tennessee, Nashville) (29).
The MNCP gag5 and MNCPCT1 gag5 vectors were generated by cloning a DNA
fragment that spanned the mutant MNCP gene and part of the P gene into the
unique XbaI-MluI sites of rVSVIN cDNAs (generously provided by J. Rose, Yale
University, New Haven, CT) containing either the HIV-1 Gag gene inserted
between the G and L genes (rVSVIN gag5) or the HIV-1 Gag gene inserted
between a truncated (CT1) form of the G gene and the L gene (rVSVINCT1
gag5).

Four N gene shuffle-CT combination mutants (N2CT9, N2CT1, N3CT9, and
N3CT1) were generated by swapping the G genes from the N2 and N3 cDNAs
with the CT1 and CT9 truncated forms of the G gene via unique flanking MluI
and HpaI sites.

Recovery of rVSVIN from cDNA. Infectious virus was recovered from genomic
cDNA following transfection of BHK cells with a mixture of plasmids expressing
VSV N, P, and L proteins and full-length positive-sense genomic RNA, all under
the control of the bacteriophage T7 RNA polymerase transcription promoter
(39). For transfection, 95% to 100% confluent BHK cell monolayers in six-well
dishes were incubated for 4 h in 3% CO2 at 32�C in 4.5 ml/well of fresh growth
medium. Meanwhile, a plasmid DNA-CaPO4 precipitate was prepared for each
cell monolayer by mixing 2 to 4 �g of plasmid containing full-length genomic
cDNA, 1.0 �g of N plasmid, 0.5 �g of P plasmid, 0.15 �g of L plasmid, 25 �l of
CaCl2 (2.5 M), and water to achieve a 250-�l final volume. The DNA-CaPO4

precipitate was then formed by dropwise addition of 250 �l of 2� BBS (280 mM
NaCl, 50 mM BES, 1.5 mM Na2HPO4, pH 6.95 to 6.98) with gentle vortexing.
The mixture was incubated at RT for 20 min to allow precipitate formation and
then added dropwise to cells with gentle swirling. To provide a source of T7 RNA
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polymerase, MVA-T7-GK16 (38) was then added to each well at an MOI of 3 to
4 PFU/cell along with 20 �g/ml cytosine arabinoside to inhibit amplification of
MVA-T7. Cells were then incubated at 32�C in 3% CO2 for 3 h followed by a 2-h
heat shock at 43�C in 3% CO2 (43). Following heat shock, cells were incubated
at 32�C in 3% CO2 for 18 to 24 h. Transfection medium was then replaced with
2 ml of fresh growth medium containing cytosine arabinoside, and cells were
further incubated at 37�C in 5% CO2 for 48 to 72 h. Transfected cells were then
scraped into suspension, gently pipetted repeatedly to reduce cell clumping, and
transferred to 95% to 100% confluent Vero cell monolayers in six-well dishes.
The following day, cocultures were supplemented with 1 ml of fresh growth
medium and incubation was continued for a further 3 to 5 days, during which
time VSV cytopathic effect (CPE) became apparent. Rescued virus was then
triple plaque purified and further amplified prior to in vitro and in vivo analysis.

In vitro growth studies. For comparison of rVSVIN mutant plaque sizes,
plaque assays were performed in duplicate on replicate Vero cell monolayers as
described above. For growth kinetics studies, replicate Vero cell monolayers in
25 cm2 flasks were infected in duplicate at an MOI of 5 PFU/cell. Virus was
adsorbed in 0.5 ml of growth medium for 15 min at RT followed by 30 min at
37�C with occasional rocking to prevent cell desiccation. After removal of the
inoculum, monolayers were rinsed three times with 5 ml of PBS to remove
unbound virus; 5 ml of growth medium was then added to each monolayer, and
a 0.5-ml aliquot was immediately removed as a “time h 0” (T0) sample and
replaced with 0.5 ml of fresh medium. Incubation was continued at 37�C in 5%
CO2 for 48 to 72 h, and further samples were taken at T3 to T48. All samples were
flash frozen in ethanol-dry ice and stored at �80�C for titration.

Mouse IC LD50 studies. Five-week-old female Swiss Webster mice (Taconic
Laboratory Animals and Services, Germantown, NY) were anesthetized and
injected IC with log10-fold dilutions of virus in 30 �l PBS (10 mice per dilution,
with dilutions adjusted to range around the anticipated LD50). Weight and health
status were recorded daily for 2 weeks. Mice becoming either bilaterally para-
lyzed or showing significant signs of distress or severe illness were sacrificed and
recorded as succumbing to VSV disease. The LD50 and the 50% paralyzing dose
(PD50) were determined by the method of Reed and Muench (45) based on the

number of mice that became paralyzed. All animal care and procedures con-
formed to Institutional Animal Care and Use Committee guidelines. The facil-
ities are fully accredited by the American Association for Accreditation of Lab-
oratory Animal Care.

RESULTS

Recovery of attenuated rVSVIN vectors from genomic cDNA.
The complete spectra of rVSVIN vectors recovered from
genomic cDNA and subsequently used for in vitro and in vivo
attenuation studies are shown in Fig. 2A. Attenuated rVSVIN

mutants were generated using three different attenuation strat-
egies and combinations thereof. In one strategy the N gene was
translocated (shuffled) to the second, third, and fourth gene
positions (N2, N3, and N4, respectively) in the rVSVIN ge-
nome. In another strategy, the G protein CT was truncated to
either nine (CT9) amino acids or one (CT1) amino acid. A
third attenuation strategy abolished expression of two overlap-
ping polypeptides encoded within the M gene open reading
frame, generating the MNCP gag5 mutant containing the HIV-1
gag gene at position 5 in the genome. Both the CT9 and N4
mutants contain an additional “empty” transcriptional unit
(TU) at the fifth position in the genome. This TU contains an
XhoI-NheI cassette flanked by transcription start and stop
signals to facilitate insertion and expression of foreign genes
(50, 51). Because results from previous murine NV studies (60)
and an exploratory NHP NV study (30) indicated that N gene
shuffles and G protein CT truncations on their own might not

FIG. 1. Construction of rVSVIN mutant cDNA. The BsaAI, XbaI, MluI, and HpaI endonuclease sites used for construction of N gene shuffles
and insertion of G genes containing CT truncations and MNCP mutations are indicated with arrows. Virus leader (Le), trailer (Tr), GT, and CT
intergenic dinucleotides and transcriptional start signals (shaded boxes) at the beginning of each gene are shown. Synthesis of positive-sense
genomic RNA was under control of the T7 RNA polymerase transcription promoter (T7-Prom) and was terminated by a T7 transcription
terminator (T7 Term). Hepatitis delta virus ribozyme (HDV Ribozyme) was used to generate the precise viral 3� end on the positive-sense genomic
RNA transcript.
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attenuate rVSVIN sufficiently for use as a vaccine vector in
humans, these mutations were also combined in different con-
figurations in an effort to produce more highly attenuated
variants. Most double mutants were generated by combining N
gene shuffles with G protein CT9 and CT1 truncations (shuf-
fle-CT mutants), giving rise to N2CT9, N3CT9, N2CT1, and
N3CT1 vectors; another double mutant containing the HIV-1
gag gene at position 5 in the genome was generated by com-
bining the G protein CT1 truncation with the MNCP mutations
(MNCP CT1 gag5). Even though it was anticipated that the
mutant vectors would be more growth attenuated in vitro than
the prototype rVSVIN vector developed by J. Rose and col-
leagues, all single and combination mutants were recoverable
from cDNA.

Comparison of rVSVIN mutant plaque size. To gain a first
impression on the relative attenuation levels of rVSVIN mu-
tants, plaque sizes on Vero cell monolayers were compared at
different times postinfection (Fig. 2B). From this analysis a
number of trends emerged. Plaques produced by rVSVIN and
wt VSVIN were almost the same size at all time points, indi-
cating that rVSVIN growth was little more attenuated than wt
VSVIN growth in cell culture. Virus containing only MNCP-
attenuating mutations (MNCP gag5) produced a delayed cell
CPE, as previously observed (29), that resulted in very small
plaques by day 1. At later time points, plaques were only
slightly smaller than those made by rVSVIN, indicating efficient
growth and spread of this mutant in vitro. However, it should
be noted that although MNCP plaques were similar in size to

FIG. 2. Genetic organization of rVSVIN mutants and plaque size comparison. (A) Mutants were named to reflect genomic organization and
attenuating mutations. The N gene shuffle mutants N2, N3, and N4 were named according to the position of the N gene relative to that of wt
VSVIN. The G protein CT truncation mutants CT1 and CT9 were named according to the number of amino acids retained in the cytoplasmic tail
region of the G protein. Vectors containing noncytopathic M gene mutations (M33A and M51A [triangles]) were named MNCP mutants.
Combination mutants were named N2CT1, N3CT1, N2CT9, N3CT9, and MNCPCT1 to reflect contributing mutations. An additional empty TU
containing transcription start and stop signals but no additional gene was present in N4 and CT9 mutants. The HIV-1 gag gene was present in the
fifth position of virus genomes as indicated. (B) Representative plaques produced by wt VSVIN and rVSVIN variants following plaque assay on
replicate Vero cell monolayers at 37�C for 1 to 4 days.
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those made by rVSVIN and rVSVIN gag5 at days 2 to 4, cells
within the MNCP gag5 plaques displayed a reduced CPE at all
time points. The MNCP CT1 gag5 combination mutant pro-
duced plaques that were much smaller than MNCP gag5
plaques and similar in size to those produced by the CT1 virus,
indicating that the CT1 truncation was the dominant attenu-
ating mutation affecting virus growth and spread in vitro. Im-
portantly, both CT and N gene shuffle mutants had plaque
sizes commensurate with degrees of genetic alteration. For ex-
ample, CT1 mutants produced smaller plaques than CT9 mu-
tants, and there was a gradient of decreasing plaque size as the N
gene was moved further away from the 3� transcription promoter
(N2 to N4), as previously reported (60). When N gene shuffle and

CT mutations were combined, plaque size was decreased relative
to the results seen with mutants having only one of the two
mutations. For example, N2CT1 and N3CT1 produced plaques
that were on average smaller than plaques produced by N2, N3,
or CT1 mutants at all time intervals. This effect was also seen for
N3CT9 but was less notable for N2CT9 except at day 1. Plaque
sizes for N shuffle-CT combination mutants also varied incremen-
tally with degree of genetic alteration, and a gradient of decreas-
ing plaque size (N2CT93N3CT93N2CT13N3CT1) was seen.
Overall observations of plaque size indicated that the combina-
tion of N gene shuffles and CT truncations can attenuate virus
incrementally and to a greater degree than either single form of
mutation.

FIG. 3. Growth kinetics of rVSVIN mutants on Vero cell monolayers. Replicate Vero cell monolayers in 25 cm2 flasks were infected in duplicate
at an MOI of 5 PFU/cell. Infected-cell supernatants were collected at intervals postinfection and titrated on Vero cell monolayers. All datum points
represent the average titers of samples taken from duplicate infections. Growth curves are shown for mutants containing N gene shuffles (A), CT
truncations (B), N gene shuffle-CT truncation combinations (C and D), and MNCP mutations (E).
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In vitro growth kinetics of rVSVIN mutants. We next per-
formed a series of growth kinetic studies measuring the rate
and extent of virus growth to further compare relative in vitro
attenuation levels among rVSVIN mutants (Fig. 3). As shown
in Fig. 3A, the rate of virus growth was reduced in relation to
the position (N2 to N4) of the N gene, with a reduction in peak
virus titer of 5-fold for N2, 10-fold for N3, and 100-fold for N4
compared to rVSVIN results. The CT9 and CT1 gag5 mutants
(Fig. 3B) also had reduced growth rates and reached 10-fold
and 100-fold-lower peak titer respectively than rVSVIN, in
general agreement with previous reports (49, 55). It should be
noted that the addition of the HIV-1 gag gene between the G
and L genes of rVSVIN did not significantly reduce growth of
virus in cell culture and that the CT1 and CT1 gag5 mutants
displayed almost identical growth kinetics in vitro (data not
shown). More importantly, when N gene shuffles were com-
bined with G protein CT truncations a series of virus mutants
was generated that had reduced growth rates and a reduction
in peak infectious particle production compared to virus con-
taining either form of mutation alone (Fig. 3C and 3D). Over-
all, the growth kinetic studies indicated a gradient of increasing
virus attenuation (N2CT93N3CT93N2CT13N3CT1) iden-
tical to that observed in plaque size comparisons. In this
combinatorial approach to virus attenuation, N3CT1 had
1,000-fold-lower peak virus titer than rVSVIN and 50- and
500-fold-lower peak titer than CT1 and N3 mutants, respec-
tively (Fig. 3D). A separate series of growth kinetic studies
were performed for the MNCP mutants, as they were originally
generated with the HIV-1 gag gene inserted between the G
and L genes of the genome(s). As previously described, virus
containing the MNCP mutations replicated to a nearly normal
peak titer in cell culture (Fig. 3E) but with a delayed onset of
CPE in most cell types (29). Unlike the synergistic attenuation
of virus growth seen with N gene-CT combination mutants,
combining MNCP mutations with the CT1 truncation did not
significantly alter growth in cell culture compared to the results
seen with the CT1 mutant alone, indicating that the CT1 mu-
tation was the dominant attenuating mutation in vitro.

Assessment of rVSVIN vector neurovirulence in mice. Young
mice are much more sensitive to infection with VSV following
IC inoculation than following intranasal inoculation (54, 60).
Moreover, unlike wt VSVIN, attenuated rVSVIN mutants con-
taining either cytoplasmic tail truncations (CT1 and CT9) or N
gene shuffles (N2, N3, and N4) do not cause death following
intranasal inoculation (25, 60). Therefore, to measure differ-
ences in virulence among the attenuated rVSVIN mutants,
mice were inoculated IC, and the cumulative animal deaths,
time until death, and frequency and severity of paralysis were
measured. The LD50s and the PD50s were calculated based on
the method of Reed and Muench and are shown in Fig. 4A.
The time to death in animals receiving a lethal dose is shown
in Fig. 4B.

Mice receiving wt VSVIN reproducibly died 2 to 4 days
postinoculation, and the LD50 was only 1 to 2 PFU. In agree-
ment with plaque size comparisons and growth kinetics studies,
rVSVIN, with and without HIV gag inserted between the G and
L genes, was only marginally more attenuated than wt VSV,
with an LD50 of approximately 2 to 5 PFU and a slightly
delayed onset of death at 2 to 5 days. Viruses containing either
CT truncations or N gene shuffles alone were slightly more

attenuated than rVSVIN, with LD50 values of 12 to 21 PFU for
CT9, CT1, N2, N3, and N4. Although the LD50s of N2, N3, and
N4 mutants were similar, there was a respective incremental
increase in time to onset of death. However, a dramatic de-
crease in virulence was seen when the CT1 mutation was com-
bined with N gene shuffles. Most notably, for N3CT1 the LD50

increased to 	105 PFU compared to 15 PFU and 12 PFU for
CT1 and N3 viruses, respectively, and the LD50 for N2CT1 was
1.1 � 104 PFU, demonstrating powerful synergistic attenuation
of virulence for these combinations of mutations. Moreover,
when animals died at higher doses, onset to death was delayed
to 4 to 11 days postinoculation for N2CT1 and 6 to 14 days for
N3CT1. To a lesser extent, and consistent with the order of
attenuation observed in vitro, synergistic attenuation was also
observed for N3CT9, with an LD50 of 524 PFU and delayed
onset of death. As the least attenuated among the combination
mutants in vitro, the LD50 dose for N2CT9 was very similar to
the LD50s for N2 and CT9; however, time to onset of death was
delayed compared to that seen with the N2 and CT9 variants.

FIG. 4. Neurovirulence properties of rVSVIN mutants in mice fol-
lowing IC inoculation. In a series of experiments, 5-week-old Swiss
Webster mice were inoculated IC with log10-fold dilutions of virus.
Mice were monitored for 2 weeks for mortality and morbidity (paral-
ysis). (A) The LD50 and PD50 values were determined by the method
of Reed and Muench. (B) Time to death was recorded for mice in the
group receiving the dose immediately above the determined LD50.
Arrowheads indicate results in which LD50 and PD50 were not
achieved.
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Many of the mice inoculated with the combination mutants, in
particular, N3CT1 and N2CT1, displayed morbidity in the
form of paresis and unilateral paralysis, from which they
started to recover by week 3 postinfection, without mortality.
Thus, the PD50s for N3CT1 and N2CT1 were less than their
respective LD50s. Mice receiving the more virulent viruses died
quickly without a measurable paralytic phase. Therefore, the
PD50 and LD50 values for these viruses were recorded as being
identical. Overall, the gradient of attenuation for the N gene
shuffle-CT combination mutants observed in vivo was identical
to that observed in vitro.

IC infection with MNCP gag5 primarily caused some mild
paralysis (PD50 of 104 PFU) but not death at up to the highest
dose (106 PFU) tested, and an LD50 dose was not achieved.
However, combining the MNCP and CT1 mutations reduced
the amount of paralysis compared to the results seen with
MNCP gag5 alone such that neither a LD50 nor a PD50 could be
calculated for MNCPCT1 gag5. The very high level of attenu-
ation observed for the MNCP gag and MNCPCT1 gag5 mutants
in vivo and the absence of a measurable LD50 for both mutants
at input levels that were approaching a practical limit for
MNCPCT1 gag5 prevented any clear conclusions concerning
the synergistic effect of combining the MNCP and CT1 muta-
tions. However, the MNCP mutation was clearly the dominant
attenuating mutation in vivo, while the CT1 mutation was
clearly dominant in vitro.

DISCUSSION

An exploratory NV study of NHPs indicated that the
rVSVIN–HIV-1 vaccine vectors pioneered by J. Rose and col-
leagues retained significant levels of virulence and might be
insufficiently attenuated for clinical evaluation (30). The
present study was undertaken to investigate strategies for fur-
ther attenuation of rVSVIN and to identify less-virulent vari-
ants that might be more suitable as vaccine vectors for HIV-1
and other pathogens.

Variants containing only a single form of attenuating muta-
tion were more growth attenuated than the prototypic rVSVIN

vector in vitro but, except for the MNCP mutant, were still
highly neurovirulent when tested in the murine IC NV model.
Virus containing only the CT1 mutation also caused significant
neuropathology in an exploratory NHP NV study (30). In an
effort to further increase rVSVIN vector attenuation, CT trun-
cations were combined with either N gene shuffles or MNCP

mutations. Most of the resulting combination mutants were
more growth attenuated in vitro than vectors containing either
single form of mutation. Growth kinetics studies showed that
N2CT1 and N3CT1 reached approximately 500- to 1,000-fold-
lower peak titers than rVSVIN and approximately 50- to 500-
fold-lower peak titers than N2, N3, or CT1 mutants. Further-
more, the degree of vector attenuation could be altered
incrementally depending on the pairing of specific N gene
shuffle and CT mutations. For example, the N3CT1 mutant
was more growth attenuated than N2CT1, which was more
attenuated than N3CT9 and N2CT9 mutants. The gradient of
increasing virus attenuation for these combination mutants was
N2CT93N3CT93N2CT13N3CT1. The same order of atten-
uation was also observed in vivo, but differences in attenuation
between combination mutants and virus with only one type of

attenuating mutation were even more dramatic. The N2, N3,
CT9, and CT1 mutants still retained high levels of virulence
following IC inoculation of mice (LD50s of 12 to 21 PFU)
consistent with previously published data for N gene shuffles
(60). In contrast, N gene shuffle-CT combination mutants had
incrementally increasing LD50s ranging from 10 PFU for
N2CT9 to 	105 PFU for N3CT1. Specifically, attenuation syn-
ergy appeared to be greater when the CT1 truncation was
combined with N2 and N3 gene shuffles.

The differences in relative attenuation between single and
combination mutants observed in vitro probably reflect pre-
dominantly virus-specific growth attenuation factors. It is
thought that the length of the CT tail of VSV G protein may
affect the efficiency of virus budding from the cytoplasmic
membrane of infected cells. Shorter CTs reduce the rate of
particle formation and peak virus titer produced in vitro, pos-
sibly due to impaired CT interaction with viral core proteins
(16, 28, 50, 55). The N gene shuffles attenuate virus by a
different mechanism. During virus replication, N protein is
essential for the encapsidation of nascent genomic RNA, and
the resulting nucleocapsid structure is the functional template
for mRNA transcription and further genome replication.
When the N gene is translocated further away from the single
3� transcription promoter, N protein expression decreases (60).
Consequently, limiting N protein reduces the level of nucleo-
capsid available for transcription, replication, and subsequent
incorporation into virus progeny. When transcription is re-
duced, all virus proteins are expressed less abundantly, placing
additional constraints on the availability of all the components
needed for assembly and morphogenesis of virus progeny.
When both attenuation strategies are combined, not only are
viral nucleocapsid and truncated G protein, along with other
virus proteins, limiting for viral morphogenesis but impaired
interactions between viral nucleocapsid core and the truncated
G protein CT likely also further constrain the efficiency of
mature particle formation. In vivo, innate and cellular immune
responses are additionally superimposed on these growth-at-
tenuating virus-specific factors and likely contribute to the
level of attenuation observed in mice.

Innate immunity is usually rapidly induced in response to
viral infection in the periphery and likely also plays an impor-
tant role in controlling virus replication early (days 1 to 5)
following IC inoculation of mice (7, 10, 46). Recently, a role for
type I interferon has been proposed for control of attenuated
but not pathogenic strains of rabies virus, a relative of VSV,
following IC inoculation of mice (59), and it is possible that
differences in virulence between attenuated and pathogenic
strains of VSV can also be explained by differential stimulation
of alpha/beta interferon in the CNS. VSV growth in the brain
may also be controlled by the induction of nitric oxide, which
can inhibit VSV replication in vitro and in neurons (5, 8, 11, 13,
35–37, 47). Acquired cellular immunity likely also plays an
important role in killing some types of infected cells and clear-
ance of virus in the CNS early (days 1 to 8) in the infection (11,
46). In contrast, the humoral immune response does not ap-
pear to have a significant role in the control and clearance
of VSV from the CNS following direct IC inoculation of mice
(7, 11).

In view of the host-specific responses to VSV infection of the
CNS described above, it is possible that the more slowly rep-
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licating, highly attenuated N gene shuffle-CT truncation com-
bination mutants less efficiently down-regulate innate immune
responses, leading to a more potent antiviral state (14). For
example, reduced expression of the VSV M protein and asso-
ciated polypeptides can diminish the efficiency of host cell
protein shutoff, allowing more efficient induction of innate
immune responses (9, 20, 26, 29). Since the N gene shuffle-CT
truncation combination mutants also down-regulate viral gene
expression, including the M gene, the innate immune response
may be better able to control these viruses. Similar reasoning
likely also explains the observed differences between in vitro
and in vivo attenuation of MNCP mutants described here. In
vitro, the MNCP gag5 and MNCPCT1 gag5 mutants are not
subject to innate immune responses, and peak titer is close to
that of rVSV gag5 and CT1 gag5, respectively, indicating that
the CT1 mutation was the dominant attenuating mutation in
vitro. However, both MNCP gag5 and MNCPCT1 gag5 had
highly attenuated phenotypes in mice, indicating that the
MNCP mutations were dominant in vivo, presumably due to the
reduced ability of these viruses to interfere with innate im-
mune responses.

In general, the mouse IC LD50 NV model proved to be
highly sensitive and capable of discriminating changes in viru-
lence within the range of attenuated rVSV vectors tested in
this study. Rodent models have also been used to assess the
NV potential of other virus vaccine vectors and some licensed
live virus vaccines and vaccine candidates, including smallpox
vaccine (40), some yellow fever virus vaccine strains (6), atten-
uated Venezuelan equine encephalitis virus (41), the Jeryl
Lynn strain of mumps virus vaccine (52) and a modified mea-
sles virus vaccine strain (17). Interestingly, some of the more
highly attenuated rVSV vectors described here produced less
morbidity and mortality following IC inoculation than some of
the licensed live virus vaccines. However, it should be empha-
sized that differences in virus biology and the natural suscep-
tibility of different mouse strains to virus infection and repli-
cation make direct comparison of attenuation levels among
different virus vaccines and candidate vaccines extremely dif-
ficult.

In summary, the net effect of combining specific N gene
shuffles and G protein CT truncations was a measurable syn-
ergistic attenuation of rVSVIN growth in vitro and a dramatic
reduction of virulence in the very sensitive mouse IC LD50

model. These findings suggest that combining mutations that
interfere with viral morphogenesis by impairing interactions
between structural proteins with mutations that lead to down-
regulation of viral structural protein expression may be a useful
general mechanism for synergistic attenuation of rVSVIN and
other RNA and DNA viruses. Because of the potential of
rVSVIN as a vaccine vector for HIV-1 and other human patho-
gens, experiments are now under way to confirm attenuation of
the combination mutants in NHP NV studies and explore the
immunogenicity of these highly attenuated rVSVIN vectors.
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ABSTRACT Truncations of the cytoplasmic tail (CT) of entry proteins of enveloped
viruses dramatically increase the infectivity of pseudoviruses (PVs) bearing these pro-
teins. Several mechanisms have been proposed to explain this enhanced entry,
including an increase in cell surface expression. However, alternative explanations
have also been forwarded, and the underlying mechanisms for the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) S protein remain undetermined.
Here, we show that the partial or complete deletion of the CT (residues 19 to 35)
does not modify SARS-CoV-2 S protein expression on the cell surface when the S2
subunit is measured, whereas it is significantly increased when the S1 subunit is
measured. We also show that the higher level of S1 in these CT-truncated S proteins
reflects the decreased dissociation of the S1 subunit from the S2 subunit. In addition,
we demonstrate that CT truncation further promotes S protein incorporation into PV
particles, as indicated by biochemical analyses and cryo-electron microscopy. Thus,
our data show that two distinct mechanisms contribute to the markedly increased
infectivity of PVs carrying CT-truncated SARS-CoV-2 S proteins and help clarify the
interpretation of the results of studies employing such PVs.

IMPORTANCE Various forms of PVs have been used as tools to evaluate vaccine effi-
cacy and study virus entry steps. When PV infectivity is inherently low, such as that
of SARS-CoV-2, a CT-truncated version of the viral entry glycoprotein is widely used
to enhance PV infectivity, but the mechanism underlying this enhanced PV infectivity
has been unclear. Here, our study identified two mechanisms by which the CT trun-
cation of the SARS-CoV-2 S protein dramatically increases PV infectivity: a reduction
of S1 shedding and an increase in S protein incorporation into PV particles. An under-
standing of these mechanisms can clarify the mechanistic bases for the differences
observed among various assays employing such PVs.

KEYWORDS cytoplasmic tail, entry, infectivity, pseudovirus, S protein, S1 shedding,
SARS-CoV-2, spike density

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) encodes 15 nonstruc-
tural proteins as well as 4 structural proteins. Of these, only the structural proteins,

spike (S), membrane (M), envelope (E), and nucleocapsid (N), are incorporated into the vi-
rion. The N protein is essential for the encapsidation of the 30 kb positive-sense RNA ge-
nome, the M and E proteins contribute to virus assembly and budding via interactions
with other viral proteins (1, 2), and the S protein mediates entry into the target cell.

For successful entry, the S protein needs to be activated by two sequential proteo-
lytic cleavages. The first cleavage divides the S protein into the S1 and S2 subunits, of
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which S1 binds the receptor angiotensin-converting enzyme 2 (ACE2) and S2 mediates
membrane fusion (3). In the case of the first SARS-CoV that emerged 2 decades ago,
cleavage at the S1-S2 junction is accomplished in target cells by a cell surface protease,
TMPRSS2, or lysosomal proteases, cathepsins (4–8). In contrast, for SARS-CoV-2, cleav-
age is carried out by furin, a Golgi-resident protease, in infected cells during virus mat-
uration. The second cleavage occurs at a site internal to the S2 subunit, termed the S29
site, and is carried out by TMPRSS2 or cathepsins for both SARS-CoV and SARS-CoV-2
when they reach the target cells. This second cleavage releases the fusion peptide that
is required for subsequent fusion between the cellular and viral membranes (3).

Like SARS-CoV-2, the entry glycoproteins of many viruses are cleaved into the surface
and transmembrane subunits prior to virus release from infected cells. For most of these
viruses, the two subunits remain associated until the receptor-binding domain (RBD)
located in the surface subunit binds the receptor. Receptor binding induces conforma-
tional changes in the entry glycoprotein and leads to the dissociation of the surface subu-
nit and subsequent membrane fusion mediated by the transmembrane subunit. In the
case of the original Wuhan-Hu-1 strain of SARS-CoV-2, the S1-S2 association is weak, and
thus, S1 was easily shed from the spikes (9). To overcome this problem, the virus acquired
the D614G mutation early in the pandemic, which stabilized the S1-S2 association and
increased virus infectivity (9–12).

Another modification of the SARS-CoV-2 S protein that increases virus infectivity is
cytoplasmic tail (CT) truncation. The understanding that CT truncation of viral entry
glycoproteins enhances pseudovirus (PV) infectivity originated decades ago from in-
triguing observations that lentiviruses grown in human T cell lines acquired a prema-
ture stop codon in their CTs (13–16). Multiple subsequent studies reported that CT
truncations of the entry glycoproteins of various viruses enhanced PV infectivity (17–21).
We also showed that a 19-amino-acid truncation of the SARS-CoV S protein enhanced
PV infectivity (21). Mechanistic studies showed that CT truncation upregulated the cell
surface expression of the entry glycoproteins (20, 22). These observations have been
interpreted to suggest that the removal of the endoplasmic reticulum (ER) retention sig-
nal present at the carboxy-terminal end of the CT was responsible for the elevated
expression on the cell surface. However, other studies did not observe increased expres-
sion of the CT-truncated glycoproteins on the cell surface (23, 24). In addition, even if an
increase was observed, the degree of the increase was modest, and thus, it is difficult to
explain the dramatic changes in PV infectivity. An alternative mechanism, a conforma-
tional change in the ectodomain, was also proposed for various enveloped viruses to
explain the increased fusogenicity upon CT truncation of their entry glycoproteins (20,
23, 25–27).

Here, we show that CT truncation of the SARS-CoV-2 S protein modestly increases
cell surface expression when both S1 and S2 are measured, but no increase is observed
when only S2 is detected. When only S1 is detected, however, CT-truncated S protein
expression on the cell surface is substantially elevated. Further investigation shows
that these differences are contributed by reduced S1 shedding in the CT-truncated S
protein. We also demonstrate through biochemical and cryo-electron microscopy
(cryo-EM) studies that PVs bearing the CT-truncated S protein exhibit much higher
spike densities. Together, our studies show that CT truncation of the S protein enhan-
ces PV infectivity by decreasing S1 dissociation and increasing S protein incorporation
into PV particles.

RESULTS
Cytoplasmic tail truncation of the S protein does not change SARS-CoV-2 PV

production but dramatically enhances PV infectivity. The CT of the SARS-CoV-2 S
protein consists of 37 amino acids that contain four motifs, as shown in Fig. 1A: a puta-
tive ER retention signal (KXHXX) (28, 29), a charged cluster (KFDEDDSE) (30), and two
cysteine-rich motifs (CRMs), CCSCGSCC and SCCSC (30–32). To better understand the
role of the CT in SARS-CoV-2 infectivity, we made truncation variants of the S protein
(S-dCTs) in which these motifs were sequentially deleted, and we compared them to
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the full-length S protein (S-FL). PVs expressing firefly luciferase (FLuc) and bearing these
S-dCTs (PV-dCTs) were produced from HEK293T cell transfection. PVs bearing S-FL (PV-
FL) or no S protein were used as controls. To assess the effect of CT truncation on the PV
yield, PV titers were quantified by reverse transcription-quantitative PCR (RT-qPCR).
Figure 1B shows that these PVs were produced at comparable levels, indicating that CT
truncation did not affect PV production.

Next, we assessed their entry efficiency by infecting HEK293T cells stably expressing
human ACE2 and TMPRSS2 (hACE2/hTMPRSS2-293T cells) with the same genome copy
numbers. HEK293T cells transduced with empty vectors but selected with drugs in the
same way as for hACE2/hTMPRSS2-293T cells were used as negative controls for infec-
tion (Mock-293T cells). As shown in Fig. 1C, S-dCT5 unexpectedly decreased PV entry
compared to S-FL, indicating that the KLHYT motif, a putative ER retention signal, may
play its role only in the context of other motifs. In contrast, S-dCT19 increased PV entry
by more than 30-fold, which is consistent with previous reports that a deletion of the
last 13 to 21 amino acids from the carboxy terminus of the CT enhances PV infectivity
(23, 24, 33, 34). S-dCT27 and S-dCT35, which lack one or both CRMs, respectively, also
increased PV entry compared to S-FL but to a lesser degree than did S-dCT19, which con-
tains both CRMs (Fig. 1C). Together, these data confirm that CT truncations, except dCT5,
substantially enhance the PV entry efficiency and suggest that although the CRMs may
play a role in PV infectivity, they are not essential for either PV production or entry.

Cytoplasmic tail truncation does not increase S2 levels but significantly
increases S1 levels on the cell surface. Whereas most viruses that are commonly
used as a backbone for pseudotyping systems, including human immunodeficiency vi-
rus type 1 (HIV-1), murine leukemia virus (MLV), and vesicular stomatitis virus (VSV),
bud from the plasma membrane, SARS-CoV-2 buds from the membranes of the ER or
the ER-Golgi intermediate compartment (ERGIC) (35). The S protein is therefore designed

FIG 1 Cytoplasmic tail truncation of the S protein does not change SARS-CoV-2 PV production but
dramatically enhances PV infectivity. (A) Diagram representing the CT truncation variants of the S protein
used in this study. (B) MLV PVs bearing the full-length S protein (S-FL) or its CT truncation variants (S-
dCTs) and expressing firefly luciferase were produced from HEK293T cell transfection, and their titers
were quantified by RT-qPCR. (C) Infectivity of the same PVs in parental HEK293T cells or the same cells
expressing human ACE2 and TMPRSS2. Cells were infected for 1 h with 5 � 108 genome copies per well
in a 48-well plate, and infection levels were assessed by measuring luminescence at 24 h postinfection.
Panels B and C show mean values 6 SEM from three independent experiments conducted with three
independently prepared PVs, and statistical significance was calculated by two-way ANOVA using Sidak’s
multiple-comparison test (*, P , 0.05; ****, P , 0.0001; ns, not significant). CRM, cysteine-rich motif.
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to be expressed in the intracellular compartments, but when its expression level is high,
it is also trafficked to the plasma membrane. Because PV production could benefit from
increased S protein expressed on the plasma membrane, we investigated whether CT
truncation increased S protein expression on the cell surface. We expressed S-FL and S-
dCTs on HEK293T cells via transfection and detected them using convalescent-phase
plasma samples derived from coronavirus disease 2019 (COVID-19) patients. Note that
whereas all COVID-19 convalescent-phase plasma samples efficiently recognize the S2
subunit, they rarely recognize the S1 subunit (Fig. 2A), likely because the original SARS-
CoV-2 did not have much S1 remaining on the virion, owing to its shedding (9). When
plasma sample 2, which recognizes both S1 and S2, was used for detection, all S-dCTs,
except S-dCT5, were expressed at modestly higher levels than S-FL; albeit modest, the
difference was statistically significant (Fig. 2B). However, when plasma sample 9, which
recognizes only S2, was used, S-FL and all S-dCTs, except S-dCT5, were expressed at com-
parable levels (Fig. 2C). Because these data suggest that different S1 levels of S-FL and S-
dCTs are responsible for the disparate detection profiles of plasma samples 2 and 9, we
also detected S1 alone. To detect only S1, we used hACE2-NN-Ig, the human ACE2 ecto-
domain that contains enzyme activity-null mutations (H374N and H378N) and is fused to
the Fc region of human IgG1 (hIgG1) (21). Figure 2D shows that the S1 levels of S-dCTs,
except S-dCT5, detected by hACE2-NN-Ig were approximately 4-fold higher than that of
S-FL. These data show that the differences between S-FL and S-dCTs in cell surface
expression levels result from their differences in S1, but not S2, contents and that S-dCTs
have much higher S1 contents in the spike trimers than S-FL. These data also provide an
explanation for the conflicting observations made in previous reports on the cell surface
expression of CT-truncated glycoproteins (20, 22–24). Our results demonstrate that
depending on which component of the glycoprotein is measured, the expression levels
of the CT-truncated glycoproteins could appear to be increased or not increased.

The higher S1 levels observed with S-dCTs than with S-FL prompted us to hypothesize
that CT truncation may strengthen the S1-S2 association and, consequently, decrease S1 dis-
sociation from S2. However, because higher hACE2-NN-Ig binding to S-dCTs can result from
either a decrease in S1 shedding or an increase in the RBD-up conformation, the conforma-
tion that binds the receptor (36–38), we attempted to distinguish these two possibilities by
comparing the binding of hACE2-NN-Ig to that of an antibody recognizing the N-terminal
domain (NTD) of S1. As this antibody binds the NTD, its binding is unlikely to be affected by
the change in the RBD conformation. HEK293T cells were transfected with increasing
amounts of an S-dCT19 or S-FL plasmid, their cell surface levels of S1 were measured using
hACE2-NN-Ig or the NTD antibody, and their S2 levels were measured using plasma sample
9. Both the hACE2-NN-Ig and NTD antibodies detected severalfold-higher levels of S1 in S-
dCT19 than in S-FL at all expression levels (Fig. 2E and F), while the S2 levels of S-dCT19 and
S-FL were similar when measured using plasma sample 9 (Fig. 2G). The very similar detec-
tion profiles with hACE2-NN-Ig and the NTD antibody of S-FL and S-dCT19 suggest that the
RBD-up or -down conformation does not significantly contribute to the differences in the S1
levels but that reduced S1 shedding is likely the major source of the observed S1 differences
between S-FL and S-dCTs induced by CT truncation.

In contrast to the other S-dCTs, a low level of S-dCT5 was detected on the cell sur-
face when measured using convalescent-phase plasma sample 2 (Fig. 2B). We thus
assessed S-dCT5 expression inside the cell. As the relative level of S-dCT5 compared to
other S proteins in permeabilized cells was similar to that on the cell surface (Fig. 2H),
we further assessed the S-dCT5 level in cell lysates by Western blotting (WB). Because
plasma sample 2 does not efficiently detect S protein in cell lysates, while it does in
PVs, a polyclonal anti-S antibody was used for blotting. As shown in Fig. 2I, while com-
parable levels of the uncleaved S band were observed for all S proteins, indicating that
S-dCT5 is expressed comparably to the others, much lower levels of the S1 and S2
bands were observed for S-dCT5, suggesting that they may be rapidly degraded once
cleaved. Because this antibody detects S1 only very weakly, we used the NTD antibody
to better visualize the S1 bands. Figure 2J shows that the S1 bands in all S-dCTs, except
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FIG 2 Cytoplasmic tail truncation does not increase S2 levels but significantly increases S1 levels on the cell
surface. (A) Ten convalescent-phase plasma samples derived from individuals infected with SARS-CoV-2 early in
the pandemic were screened by Western blot analyses for their ability to recognize the S1 and S2 bands of
sucrose-pelleted PV-dCT19. (B to D) HEK293T cells grown on 6-well plates were transfected with 0.3 mg of a
plasmid encoding the indicated S-FL or S-dCT protein, and their cell surface expression levels were assessed at
42 h posttransfection using plasma sample 2 (at a 1:200 dilution), which recognizes both S1 and S2 (B); plasma
sample 9 (at a 1:200 dilution), which recognizes only S2 (C); or 3 mg/mL of hACE2-NN-Ig, which binds only S1
(D). Shown are the mean fluorescence intensity (M.F.I.) values 6 SEM from three independent experiments. (E
to G) HEK293T cells on 6-well plates were transfected with the indicated amounts of the plasmid encoding S-
FL or S-dCT19, and cell surface staining was conducted with 3 mg/mL hACE2-NN-Ig (E), 3 mg/mL NTD antibody
(Ab) (F), or plasma sample 9 (at a 1:200 dilution) recognizing only S2 (G). (H) Experiment similar to the one for
panel B except that staining was conducted in cells permeabilized with 0.1% saponin. (I and J) S protein
expression levels were assessed in cells lysed with dodecyl maltopyranoside and blotted with rabbit anti-S
antibody (I) or the same NTD antibody used for panel F (J). The average mean fluorescence intensity values 6
SEM from three independent experiments are shown. Statistical significance was analyzed by one-way ANOVA
using Dunnett’s multiple-comparison test (B to D) or two-way ANOVA using Sidak’s multiple-comparison test (E
to G) (*, P , 0.05; **, P , 0.005; ***, P , 0.0005; ****, P , 0.0001; ns, not significant).
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S-dCT5, are stronger than that in S-FL. These data are consistent with our conclusion
drawn from cell surface expression and confirm that S-dCTs, except S-dCT5, retain
higher levels of S1 than S-FL owing to reduced S1 shedding.

Cytoplasmic tail truncation dramatically enhances functional S protein incor-
poration into PV particles. As the S protein mediates receptor attachment, the quan-
tity and quality of spike trimers on the virion determine virus and PV infectivity. Thus,
we measured the S protein density on PV-FL and PV-dCTs, which were pelleted
through a sucrose layer (“sucrose-pelleted PV”), by WB analyses, using plasma sample
2, which recognizes both S1 and S2 (Fig. 2A). When the same numbers of PV particles
were analyzed, as supported by the comparable amounts of p30, the MLV Gag protein,
the intensities of the S1 and S2 bands of all PV-dCTs, except PV-dCT5, were dramati-
cally increased compared to those of PV-FL (Fig. 3A, left), which were barely detectable
only with a much longer exposure of the same blot (Fig. 3A, right). These data demon-
strate that CT truncation leads to the much more efficient incorporation of the S pro-
tein into PV particles.

To confirm that the increased intensities of the S1 and S2 bands of PV-dCTs
assessed by WB analyses (Fig. 3A and B) actually reflect an increased spike density on
the virion, we visualized PV-FL and PV-dCT19 by cryo-electron microscopy (cryo-EM).
We focused on PV-dCT19 because it exhibits the highest infectivity and virion spike
density. Examined by cryo-EM, both PV-FL and PV-dCT19 were quite heterogeneous
with respect to their spike densities. Although PV-dCT19 particles generally exhibited
higher spike densities than PV-FL particles, to analyze them in a semiquantitative way,
we sorted PV-FL and PV-dCT19 cryo-EM particles into high-, medium-, and low (or
bald)-spike-coverage groups (Fig. 3C). Three cryo-EM images, each representing the
three categories, are shown in Fig. 3C, left. Using these criteria, cryo-EM images of 61
PV-FL and 88 PV-dCT19 particles (see Fig. S1 in the supplemental material) were sorted
with four independent counts. Note that we found only one high-density and two me-
dium-density PV-FL particles. Most PV-FL particles belonged to the low-surface-density
group. Specifically, 1.3% and 7.1% of the PV-FL particles belonged to the high- and me-
dium-density groups, respectively, while the majority, 91.6%, had low or undetectable
levels of spike (Fig. 3D). In contrast, PV-dCT19 virions were more evenly distributed
among the high-, medium-, and low-surface-density groups (Fig. 3D): high at 25.4%,
medium at 40.6%, and low/bald at 34.0%. These cryo-EM data are consistent with the
WB results and clearly demonstrate that PV-FL overall has a much lower virion spike
density than does PV-dCT19.

Cytoplasmic tail truncation significantly enhances functional S protein on PV
particles.Much higher S1 levels were detected on PV-dCTs (Fig. 3A and B) as well as S-
dCTs on the cell surface. To confirm that the higher level of S1 indeed reflects the
more efficient retention of S1 on PV-dCTs, we analyzed the S1/S2 ratio of PV-dCTs and
PV-FL. Because of the much lower S density of PV-FL, a large amount of PV-FL was
compared to a much smaller amount of PV-dCTs in order to detect both the S1 and S2
bands in both PVs. As Fig. 4A and its quantification in Fig. 4B show, the S1/S2 ratio of
PV-dCT19 is approximately 2.5-fold higher than that of PV-FL. This result is consistent
with the differences that we observed with cell surface-expressed S-FL and S-dCTs
(Fig. 2D, E, and F) and again indicates that CT truncation contributes to the greater
retention of S1.

To understand the three-dimensional organization of the S protein on the surface
of PVs, we performed cryo-EM tomography with PV-FL and PV-dCT19 (Fig. 4 and Fig.
S2). On some of the PV surfaces, we were able to distinguish the prefusion trimers,
which look like half-blossomed flowers, from the postfusion trimers, which look like
thin sticks, as a result of S1 shedding and the conversion of S2 to a helical-bundle con-
formation (Fig. 4C) (37–39). Sequentially slabbing through the three-dimensional
tomogram slices, we observed that most PV-FL particles have extremely low coverage
of surface proteins and that the majority of the spike trimers are in the postfusion con-
formation, with a subset being in the prefusion conformation (Fig. 4D). In contrast, on
PV-dCT19, prefusion spikes can be abundantly identified amid closely spaced clusters
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of proteins on the PV surface resolved in three dimensions (Fig. 4E). While the high
density of protein on the PV-dCT19 particles could mask the presence of some postfu-
sion spikes, and only a portion of the spike conformations are clearly identifiable, many
spike trimers appear to be in the prefusion conformation. The higher abundance of
prefusion spike trimers on PV-dCT19 is consistent with the presence of intact, func-
tional S-dCTs on the cell surface (Fig. 2) and the high S1/S2 ratios observed in WB

FIG 3 Cytoplasmic tail truncation dramatically enhances S protein incorporation into PV particles. (A)
PVs bearing the indicated S variants and produced from HEK293T cell transfection were pelleted
through a layer of 30% of sucrose and analyzed by Western blotting. The S, S1, and S2 bands were
detected using convalescent-phase plasma sample 2 at a 1:200 dilution. (Left) Blot representative of
results from three independent experiments. The S1 and S2 bands of S-FL and S-dCT5 are too weak
to be detected. (Right) A much longer exposure of the same blot shown on the left. The S1 and S2
bands of S-FL, but not those of S-dCT5, are visible. (B) Sum of the S1 and S2 band intensities of the
Western blot shown in panel A normalized to the intensity of the p30 band in the same blot. Shown
are the averages from three independent experiments. (C, left) As both PV-FL and PV-dCT19 exhibit
heterogeneous spike densities, to provide an objective guideline for semiquantitative evaluation,
three representative cryo-EM images were selected for each of the high-, medium-, and low/bald-
spike-density groups. (Right) Images selected separately from PV-FL and PV-dCT19 for each category.
Note that there are only one high-density and a few medium-density particles among 61 PV-FL
particles. (D) A total of 149 PV particles (61 PV-FL and 88 PV-dCT19 [shown in Fig. S1 in the
supplemental material]) were evaluated by four individuals and categorized into the high-, medium-,
and low/bald-density groups using the criteria described above for panel C. Mean values 6 SEM are
shown. Statistical significance was analyzed by an unpaired t test (B) and two-way ANOVA using
Sidak’s multiple-comparison test (D) (*, P , 0.05; **, P , 0.005; ***, P , 0.005; ****, P , 0.0001).
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analyses of PV-dCTs relative to PV-FL (Fig. 4A). Taken together, these data demonstrate
that CT truncation enhances S protein incorporation into PVs and S1 retention in the
spike, leading to much higher numbers of prefusion spikes on the pseudovirion, thus
providing an explanation for the dramatic increase in PV-dCT infectivity.

DISCUSSION

CT truncation of virus entry glycoproteins has been widely used to enhance the
infectivity of various PVs. Although several potential explanations were offered, the
underlying mechanism for the greatly enhanced PV infectivity is still unclear. Increased
cell surface expression of viral glycoproteins upon CT truncation was proposed as an

FIG 4 Cytoplasmic tail truncation significantly enhances functional S protein on PV particles. (A) The same PVs
shown in Fig. 3A but with PV-FL compared to 10-times-less PV-dCT19 to more accurately measure their S1/S2
ratios. (B) Mean S1/S2 ratios 6 SEM of PV-FL and PV-dCT19 analyzed from five Western blots performed with
three sets of independently prepared PV batches. Statistical significance was analyzed by an unpaired t test
(****, P , 0.0001). (C) Prefusion (top) (blue arrows) and postfusion (bottom) (light-brown arrow) conformations
of spike trimers on sucrose-pelleted PVs examined by cryo-EM tomography. Schematic representations of these
two spike conformations are presented at the right. (D) Sequential slices, indicated by the numbers at the
bottom left, of PV-FL cryo-electron tomograms, with a mix of prefusion (blue arrows) and postfusion (light-
brown arrows) S conformations, enlarged at the bottom. (E) Sequential slices, indicated by the numbers at the
bottom left, of PV-dCT19 cryo-electron tomograms, with mostly the prefusion (blue arrows) S conformation,
enlarged at the bottom. See also Fig. S2 in the supplemental material.
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explanation for the enhanced PV infectivity, but conflicting results were also reported (20,
22–24). Furthermore, even if cell surface expression is increased, the degree of the
increase is modest and thus would not be sufficient to explain the dramatic change in PV
infectivity. Increased fusogenicity of the glycoproteins induced by CT truncation was also
proposed for measles, murine leukemia, vesicular stomatitis, and Nipah viruses (18, 20, 23,
25–27, 33), and a conformational change in the ectodomain induced by inside-out signal-
ing was proposed to explain such increased fusogenicity (20, 25, 27).

Our study here shows that the cell surface expression of CT-truncated SARS-CoV-2 S
protein could lead to different outcomes depending on which subunit, S1, S2, or both,
is measured (Fig. 5A). If S2 is measured, no significant difference is detected, while a
modest increase is observed if both S1 and S2 are measured. However, if only S1 is
measured, a much higher S1 level is observed with S-dCT19, -27, and -35 than with S-
FL. These data provide an explanation for the conflicting reports on the cell surface
expression of the CT-truncated viral entry glycoproteins (20, 22–24).

Our study further identifies two different mechanisms underlying the dramatically
increased infectivity of SARS-CoV-2 PVs carrying a CT truncation. Through biochemical
and cryo-electron microscopy, we show that CT truncation promotes S protein incor-
poration into PVs and enhances S1 retention on the S protein. These two events to-
gether result in much higher numbers of functional spikes in PV-dCT19, -27, and -35
(Fig. 5B), leading to a dramatic increase in their infectivity. Our results on the increased
S1 retention on S-dCTs are consistent with previous reports in which increased fusoge-
nicity upon CT truncation was observed for the entry glycoproteins of various viruses
(18, 25–27). Those studies were conducted using syncytium formation assays, and
thus, a higher level of the surface subunit of a glycoprotein expressed on the cell sur-
face would have resulted in more efficient syncytium formation. Although further stud-
ies are necessary, the increased S1 retention on S-dCTs may arise from the enhanced
flexibility of the S2 subunit, which accommodates a more stable S1-S2 interaction.

FIG 5 Schematic representation of increased functional spikes on the cell surface and in pseudoviruses
upon CT truncation of the S protein. (A) Higher levels of functional S-dCTs are observed on the cell
surface, while S2 levels are similar between S-dCTs and S-FL. Functional spikes (in blue), assessed using
ACE2-NN-Ig or NTD antibody (Fig. 2D to F), contain both S1 and S2 in the prefusion conformation.
Nonfunctional spikes (in light brown), measured using plasma sample 9, which recognizes only S2 (Fig.
2C and G), consist of only S2 in the postfusion conformation. (B) PV-dCTs exhibit much higher levels of
functional spikes than PV-FL. The diagrams of four PVs represent those with a high, medium, or low
spike density or bald virions. The group of 10 PV particles in the center for PV-FL and PV-dCTs reflects
the approximate composition of each PV population with respect to the virion spike density. The
proportion of each spike density group in the PV-FL and PV-dCT19 populations was assessed using
cryo-EM micrographs (Fig. 3C and D; see also Fig. S1 in the supplemental material).
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Our data also show that the differences in spike density induced by CT truncation
are much greater in PVs than on the cell surface; while the S2 levels are similar
between S-FL and S-dCTs on the cell surface (Fig. 2C), they are much higher in PV-dCTs
than in PV-FL (Fig. 3A). A higher spike density in PV-dCTs would be possible if S-dCTs
are more enriched in lipid rafts than S-FL because many viruses bud from this microdo-
main. However, S-dCT27 and S-dCT35 lack some or all of the motifs for palmitoylation,
a modification that promotes protein trafficking into lipid rafts (40), and thus, it is
unlikely that S-dCTs are enriched in lipid rafts and more efficiently incorporated into
the virion. A more likely explanation is that S-dCTs can be more freely incorporated
into PVs because they lack the binding motif for Ezrin-Moesin-Radixin proteins that
anchor membrane proteins to the cellular cytoskeleton (41). An alternative explanation
is that the steric hindrance formed between the structural proteins of PVs (Gag or ma-
trix protein) and the large CT of S-FL makes it difficult to be incorporated into PVs,
whereas the smaller CT of S-dCTs allows more efficient incorporation into PVs, as we
previously proposed (21).

MATERIALS ANDMETHODS
Plasmids. The SARS-CoV-2 S protein gene was codon optimized and synthesized by Integrated DNA

Technologies based on the protein sequence (Wuhan-Hu-1 strain [GenBank accession number YP
_009724390]) and cloned into the pCAGGS vector (42). The genes for cytoplasmic-tail-truncated variants
of the SARS-CoV-2 S protein were also synthesized and cloned into the pCAGGS vector. None of these
genes contain a tag. The retroviral vector pQCXIX (Clontech), encoding enhanced green fluorescent pro-
tein (eGFP) or firefly luciferase (FLuc), and the plasmid expressing the MLV Gag and Pol proteins or the G
protein of VSV (VSV-G) were previously described (43). An hTMPRSS2 expressor plasmid was constructed
by cloning its residues 1-492 (GenBank accession number NP_005647) into the retroviral vector pQCXIB
(44). The hACE2 expressor plasmid was constructed by cloning its residues 20 to 805 (GenBank accession
number NM_021804) downstream of the mouse ACE2 signal sequence (MSSSSWLLLSLVAVTTAQS) and
the Myc tag sequence into the retroviral vector pQCXIP. The expression plasmid for hACE2-NN-Ig was
previously described (45): the hACE2 ectodomain fragment (residues 20 to 615 [GenBank accession
number NM_021804]) containing the H374N and H378N mutations was cloned into pcDNA3.1 contain-
ing the CD5 signal sequence and the Fc region of human IgG1.

Cells. Human embryonic kidney HEK293T cells were obtained from the ATCC and maintained in
high-glucose Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum
(FBS) at 37°C with 5% CO2. HEK293T cells transduced to stably express hACE2 and hTMPRSS2 (hACE2/
hTMPRSS2-293T cells) or mock transduced (Mock-293T cells) were selected and maintained in medium
supplemented with 1 mg/mL puromycin and 10 mg/mL blasticidin (InvivoGen). The transduction vectors
for hACE2 and hTMPRSS2 were produced by transfecting pQCXIP-hACE2 or pQCXIB-hTMPRSS2 into
HEK293T cells together with the plasmid encoding murine leukemia virus Gag-Pol and the plasmid en-
coding the G protein of vesicular stomatitis virus. The vector for mock transduction was produced simi-
larly using the empty pQCXIP or pQCXIB plasmid.

MLV PV production and sucrose pelleting. HEK293T cells at ;60% confluence in T75 flasks were
transfected using a calcium-phosphate method with 24 mg of total DNA at a ratio of 5:5:1 (by mass) of
the retroviral vector pQCXIX encoding eGFP or FLuc, the plasmid expressing MLV Gag and Pol proteins,
and the plasmid expressing either the full-length S protein or the truncated version of the S protein of
SARS-CoV-2 (Wuhan-Hu-1). Transfected cells were washed at 6 h posttransfection and replenished with
10 mL DMEM supplemented with 10% FBS. The PV-containing culture supernatants were collected at
43 h posttransfection, cleared through 0.45-mm filters, and either immediately aliquoted and stored at
280°C or used for entry experiments.

For sucrose-pelleted PV preparation, 10 mL of the cleared culture supernatants containing PVs pre-
cleared by centrifugation in a TX-400 swinging-bucket rotor at 3,000 rpm for 10 min followed by filtration
through 0.22-mm filters was loaded onto 2 mL of 30% sucrose (catalog number S7903; Sigma-Aldrich) in
NTE buffer (120 mM NaCl, 20 mM Tris, 2 mM EDTA [pH 8.0]) and centrifuged at 50,000 � g in an SW41 rotor
for 2 h at 10°C. The PV pellets were resuspended in 20mL NTE buffer with gentle shaking on ice and either
used immediately or aliquoted and frozen at280°C.

PV quantification. PVs were quantified by RT-qPCR using primers and a probe that target the cyto-
megalovirus (CMV) promoter. Culture supernatants containing PVs were treated with 100 mg/mL RNase
A for 1 h at 37°C to degrade RNAs that were not packaged inside the virion, and RNA was extracted with
TRIzol and GlycoBlue coprecipitant and digested for 30 min at 37°C with DNase I at 1 IU per 1 mg
extracted RNA. DNase I was inactivated by incubation for 10 min at 65°C with EDTA added to a final con-
centration of 5 mM. DNase-treated RNA was reverse transcribed using a high-capacity cDNA reverse
transcription kit (catalog number 4374966; Applied Biosystems). qPCR was performed, using Luna uni-
versal probe qPCR master mix (catalog number M3004E; New England BioLabs) with a known quantity
of the pQCXIX vector (Clontech), to generate standard curves, and data were collected with CFX
Manager 3.1 (Bio-Rad). The primers and probe were synthesized by Integrated DNA Technologies (sense
primer 59-TCACGGGGATTTCCAAGTCTC-39, antisense primer 59-AATGGGGCGGAGTTGTTACGAC-39, and
probe 59-FAM [6-carboxyfluorescein]-AAACAAACT-[ZEN]-CCCATTGACGTCA-IBFQ-39).
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PV entry assay in hACE2-hTMPRSS2-293T cells. A PV entry (transduction) assay was performed
by incubating Mock-293T or hACE2/hTMPRSS2-293T cells on 48-well plates with PVs (5 � 108 genome
copies in 200 mL per well) for 1 h at 37°C in a CO2 incubator. Medium was replaced with DMEM contain-
ing 10% FBS. The entry levels of PVs expressing firefly luciferase were assessed by measuring luciferase
activity using the Luc-Pair firefly luciferase HS assay kit (catalog number LF009; GeneCopoeia) and
reading the plates on the SpectraMax paradigm multimode detection platform using SoftMax Pro 6.3
(Molecular Devices).

Screening of human plasma. Deidentified plasma samples were obtained by the Allergy, Asthma,
and Immunology Specialists of South Florida, LLC, in mid-2020 for COVID-19 serotyping, and these were
exempt (IRB-20-7580) from human subject research under CFR 45.101(b). These plasma samples were
screened by Western blotting at a 1:200 dilution for their ability to recognize the S1 and S2 subunits of
the SARS-CoV-2 S protein on sucrose-pelleted PV-dCT19. The blot was visualized using 1:10,000-diluted
goat anti-human IgG conjugated with horseradish peroxidase (HRP) (catalog number 109-035-098;
Jackson ImmunoResearch).

Cell surface and total expression of the spike protein. HEK293T cells at approximately 70% conflu-
ence in 6-well plates were transfected with 0.3 mg, unless indicated otherwise, of the plasmid expressing
the indicated S protein variant. Cells were detached at 42 h posttransfection in phosphate-buffered saline
(PBS) containing 2 mM EDTA. Approximately 1 � 106 cells were fixed with a 2% formaldehyde solution in
PBS for 30 min on ice and blocked with PBS containing 2% bovine serum albumin (BSA) (Sigma-Aldrich)
and 5% goat serum (Gibco) for 30 min on ice. These cells were then incubated on ice for 90 min in 100 mL
of PBS containing either SARS-CoV-2 convalescent-phase plasma at a 1:200 dilution, 3 mg/mL of purified
hACE2-NN-Ig (9), or 3 mg/mL of anti-NTD monoclonal antibodies (catalog number SPD-M121; Acro
Biosystems), followed by 1:600-diluted anti-hIgG–Alexa Fluor 647 (AF647) (catalog number 109-605-003;
Jackson ImmunoResearch). Stained cells were analyzed using an Accuri flow cytometer (BD Biosciences)
equipped with the HyperCyt autosampler (IntelliCyt) and ForeCyt 6.2R3 software (IntelliCyt). To measure the
total expression levels of the S protein, aliquots of the same cells were permeabilized with 0.1% saponin
(Alfa Aesar) in PBS for 10 min at room temperature and subjected to staining on ice as described above.

Western blot analysis of S protein in cell lysates and on pseudovirions. For the detection of S
protein bands in the cell lysates, HEK293T cells in 6-well plates were transfected to express S-FL or S-
dCT5 and lysed with 0.2 mL of PBS containing 0.5% dodecyl maltopyranoside (Anatrace) and a protease
inhibitor cocktail (catalog number A32955; Thermo Scientific). Fifteen microliters of the lysates was ana-
lyzed by WB using rabbit anti-S protein antibody (catalog number NR-52947; BEI Resources) at a 1:5,000
dilution or 1 mg/mL of NTD antibody (catalog number SPD-M121; Acro Biosystems) For the analyses of
the S protein density on the virion, sucrose-pelleted PVs were analyzed by SDS-PAGE and WB. Unless
indicated otherwise, 5 mL PVs was analyzed in each WB analysis. PV proteins were separated on a 4 to
12% Bis-Tris gel (catalog number NW041122; Life Technologies) and transferred to a polyvinylidene di-
fluoride (PVDF) membrane. The membrane was blocked with 5% milk in 1� Tris-buffered saline contain-
ing 0.1% Tween 20 for 1 h and blotted with human SARS-CoV-2 convalescent-phase plasma at a 1:200
dilution to detect the S protein bands or 1 mg/mL anti-p30 MLV Gag antibody (catalog number ab130757;
Abcam) to detect p30 bands as a PV quantity control. S protein bands were detected using 10 ng/mL
mouse anti-human IgG antibody conjugated with polymerized HRP (catalog number 61R-I166AHRP40;
Fitzgerald), and p30 bands were detected using 1:10,000-diluted goat anti-mouse IgG–HRP polyclonal anti-
body (catalog number 115-036-062; Jackson Immuno Laboratory). Bands were visualized using the
SuperSignal West Atto ultimate-sensitivity substrate (catalog number A38555; Thermo Scientific), and the
band intensities were measured using Image Lab software (Bio-Rad).

Cryo-EM of full-length and dCT19 spike proteins. For cryo-EM samples, 300-mesh R2/2 copper
Quantifoil grids (Electron Microscopy Sciences [EMS]) were negatively glow discharged for 30 s. The PV
sample (3.5 mL) was applied onto the grid and incubated for 30 s, followed by plunge-freezing into liq-
uid ethane with a Vitrobot Mark IV instrument (100% humidity, 4°C, and 4.5 s per blot). The grids were
imaged on an FEI Tecnai T12 120-kV electron microscope.

For cryo-electron tomography, grids were prepared as described above, with the addition of 10-nm
gold beads at a ratio of 14:1 (vol/vol) before plunge-freezing. Dose-symmetric tilt series (to 648° with 3°
increments) were collected on a Titan Krios instrument with a K3 detector (total dose of 100 e2/Å2; 7
frames per angle) and a 20-eV energy filter. The data set was motion corrected with MotionCor2 (46),
reconstructed with IMOD (47), denoised with Topaz (48), and processed using ImageJ software.

Statistical analysis. All of the statistical details of specific experiments, which included the statistical
tests used, numbers of samples, mean values, standard errors of the means (SEM), and P values derived
from the indicated tests, are described in the figure legends and shown in the figures. Statistical analyses
were conducted utilizing GraphPad Prism version 8.0 (GraphPad Software Inc.). Triplicate and other repli-
cative data are presented as means 6 SEM. A P value of ,0.05 was considered to be statistically signifi-
cant. For comparisons between two treatments, Student’s t test (unpaired) was used. For comparisons of
each group with the mean of every other group within a data set containing more than two groups, ei-
ther one-way analysis of variance (ANOVA) with Dunnett’s multiple-comparison test or two-way ANOVA
with Sidak’s multiple-comparison test was used.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.
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Polybasic KKR Motif in the Cytoplasmic Tail of Nipah Virus Fusion
Protein Modulates Membrane Fusion by Inside-Out Signaling�
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The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that
affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus
fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly
inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-
adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while
the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-
pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing
wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that
hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in
turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence
that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms.
Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where �20% of wild-type F and the
other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic
capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P � 0.007, r2 �
0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can
modulate its fusogenicity by multiple distinct mechanisms.

Nipah virus (NiV) and Hendra virus (HeV) are deadly
emerging zoonotic viruses belonging to the new Henipavirus
genus within the family Paramyxoviridae (66). NiV infections
result in respiratory and neurological symptoms, often leading
to fatal encephalitis, the primary reason for death in humans
(32, 64). Microvascular endothelial cell syncytium formation is
a hallmark of NiV infection, associated with endothelial cell
death, vascular inflammation, and necrosis (70). The mortality
rate of NiV-infected humans ranges from �40% in the original
outbreaks in Malaysia and Singapore in 1999 to 2000 to �70%
in Bangladesh in 2005 (5, 6). The natural reservoir for NiV has
been determined to be fruit bats of the genus Pteropus (46),
and pigs served as the intermediate amplifying host in the
original Malaysian-Singaporean outbreaks. Ominously, even
though human-to-human transmission was not documented in
the original outbreaks, direct bat-to-human and human-to-
human transmissions have been reported in the later outbreaks
in Bangladesh (5, 6). NiV is classified as a BSL4 pathogen and
has also been designated as a select agent because of its bio- or
agroterrorism potential. These characteristics of NiV under-
score the need for research and treatment development against
this perilous pathogen and the need for understanding of the
necessary components and mechanisms of virus-cell and cell-
cell fusions in order to inhibit viral infection and spread.

For paramyxoviruses, two separate membrane proteins are
involved in the fusion process, the attachment protein (H, HN,
or G), which binds to the receptor molecule in the target cell
membrane, and the fusion protein (F) that actually carries out
membrane fusion. For most paramyxoviruses, both F and its
homotypic attachment protein are necessary for membrane
fusion, except for rare cases like the hyperfusogenic simian
virus 5 (SV5) W3A isolate (27, 48). Activation of F is believed
to occur through the following three steps: (i) binding of the
attachment protein to the receptor, (ii) interaction of the at-
tachment and F proteins (or changes thereof), and (iii) con-
formational changes in F that mediate membrane fusion. The
fusion (F) and attachment (G) envelope glycoproteins in NiV
or HeV are both necessary for cell-cell fusion, syncytium for-
mation, and viral entry. G is responsible for binding to its
cognate receptor, ephrinB2 (9, 44), and at least for NiV, ephrinB3
can also be used as an alternative receptor (45). The high
expression of ephrinB2 on neurons and endothelial cells and
the patterns of expression of ephrinB3 in the central nervous
system largely account for the cell tropism of NiV and HeV (9,
44, 45). However, much less is known about the components
necessary for the subsequent steps in the activation of NiV
fusion (NiV-F) or HeV-F protein.

Paramyxovirus F proteins belong to the class I fusion pro-
teins that share several structural and functional characteris-
tics. The structures of the retroviral Moloney murine leukemia
virus (MoMuLV) p15E, lentiviral human immunodeficiency
virus type 1 (HIV-1) gp41, Ebola virus GP2, paramyxovirus
SV5 F, and influenza virus hemagglutinin (HA) fusion proteins
have all been shown to have similar trimeric coiled-coil core
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structures, suggesting similar membrane fusion mechanisms (8,
14, 20, 72). Class I fusion proteins of enveloped viruses are
synthesized as precursors that must be cleaved and hence ac-
tivated into a metastable conformation that is ready for en-
abling virus-cell membrane fusion. Typically, cleavage gener-
ates a new N terminus that contains a hydrophobic fusion
peptide motif. Upon activation of the fusion protein through
receptor binding and/or endosomal low pH, the fusion peptide
gets inserted into the host cell target membrane. Class I fusion
proteins also contain two heptad repeat regions (HR1 and
HR2); the C-terminal HR2 region is generally thought to be
preformed, but the N-terminal HR1 region is formed only
upon fusion peptide insertion (14, 35, 72, 73). Class I fusion
proteins function as trimers, and the HR1 and HR2 regions
have a strong propensity to fold into coiled-coil domains dur-
ing six-helix bundle (6HB) formation. The free energy released
from fusion protein refolding from the metastable prefusion
state to the stable postfusion 6HB state likely drives the virus-
host cell membranes together, overcoming the electrostatic
repulsion intrinsic to the negatively charged phospholipids’
head groups of the two membranes (38, 55).

For NiV and HeV, the fusion protein is cleaved within the
endosomal compartment from the precursor F0 to the F1 and
F2 subunits (18, 39). Such cleavage is likely required for acti-
vation of the F protein into the metastable state. For NiV, after
activation into the metastable state, not much is known about
the subsequent steps in the triggering of the fusion protein that
leads to eventual membrane fusion. We and others have re-
cently reported that N-glycans in both the NiV-F and HeV-F
proteins have some effects on protein expression and mem-
brane fusion (3, 15, 40). In addition, we identified N-glycans in
NiV-F that both reduce fusion and viral entry and protect the
virus against neutralizing antibodies (Abs) (3). These results
show some uniqueness of the Henipavirus genus fusion pro-
teins. However, little is known about other domains in NiV-F
or HeV-F that may have an important role in membrane fu-
sion. Triggering of fusion is usually envisioned to involve pri-
marily the ectodomain of the fusion protein. However, accu-
mulating evidence from retroviral (13, 25, 50, 54), lentiviral
(41, 42), and other paramyxoviral (65, 67) envelope (Env)
proteins suggests that the Env cytoplasmic tail (CT) is involved
in regulating the fusion process.

Multiple reports indicate that fusion mediated by the
ectodomain of the retrovirus MoMuLV (2), the lentiviruses
simian immunodeficiency virus (SIV) (61) and HIV-1 (71), and
the paramyxovirus SV5 (67) fusion proteins can be modulated
by inside-out signaling from the CT. Truncation of the long CT
of lentiviral Env proteins occurs under certain culture condi-
tions, and increased fusogenicity has been reported for trun-
cated versions of SIV, HIV-1, and HIV-2 Env (16, 31, 41, 60,
61, 76). For the paramyxovirus SV5 F protein, isolates with a
short (20-residue) CT (W3A and WR) cause extensive cell-cell
fusion, whereas isolates with an extended CT (T1 and SER)
cause little or no cell-cell fusion, and truncation of the CT
restores fusion to levels seen in W3A and WR isolates (28, 65).
For MoMuLV, SIV, and SV5, the hyperfusogenicity caused by
truncation of the CT is linked to overall conformational
changes in the ectodomain of the protein (2, 61, 67). In MoMuLV
and the Mason-Pfizer monkey virus, the CT is even protease
cleaved during viral maturation to “prime” the fusion protein

for fusogenicity (2, 13). Here we investigated the potential
role(s) of the CT of the NiV fusion protein in cell surface
expression (CSE), processing, membrane fusion, and viral en-
try and defined specific residues in a polybasic motif in the CT
that can affect the conformation of the ectodomain, fusogenic-
ity, and interaction of the fusion protein with the attachment
glycoprotein.

MATERIALS AND METHODS

Expression plasmids and codon optimization. The codon-optimized NiV-G
and NiV-F genes were tagged at their C termini with HA and AU1 tags, respec-
tively, as previously described (33). The NiV-HR2-Fc construct was made by
fusing the heptad repeat region 2 sequence of NiV-F (amino acids 447 to 488)
with the human immunoglobulin G1 Fc constant region as previously described
(3, 44). The deletion mutants �T, �T1, �T2, �T3, �T4, �T12, and �T234 and
point mutants K1A, K2A, R3A, N4A, and T5A were made by deleting or
mutating the codon-optimized wild-type (WT) NiV-F plasmid with appropriately
designed primers and the QuikChange site-directed mutagenesis kit (Stratagene,
Cedar Creek, TX). All mutations and deletions were confirmed by sequencing
the entire open reading frame.

Cell culture. Vero cells were cultured in minimal essential medium alpha with
10% fetal bovine serum (FBS). PK13 and 293T cells were cultured in Dulbecco’s
modified Eagle’s medium with 10% FBS. We obtained 293T and Vero cells from
the American Type Culture Collection, and PK13 (porcine fibroblasts) cells were
a kind gift from Irvin Chen at the University of California Los Angeles.

Quantitation of cell-cell fusion. Codon-optimized NiV-G and codon-opti-
mized WT or mutant NiV-F expression plasmids (1:1 ratio, 1 �g total) (3, 33)
were transfected with 1.5 �g pcDNA3.1 plasmid as filler DNA into 293T or Vero
cells growing in 12-well plates at 80% confluence, as indicated. At 12 to 18 h
posttransfection, cells were stained with 4�,6�-diamidino-2-phenylindole (DAPI)
and syncytium formation was quantified by counting the nuclei in syncytia per
�100 field (at least 10 fields were counted per condition). Syncytia were defined
as four or more nuclei visualized within a common cell membrane, as indicated
previously (3).

Quantification of NiV-F and NiV-G CSE levels by flow cytometry. Production
of antisera from genetically immunized rabbits (with NiV-M and -F or -G
expression plasmids) was previously described (44). Sera containing anti-F or
anti-G specific activities were used for flow cytometry on NiV-F- or -G-trans-
fected cells at a 1:1,000 dilution. Bound Ab was detected with phycoerythrin-
conjugated goat anti-rabbit Abs (Caltag, Burlingame, CA). Antisera were also
raised in rabbits immunized with peptides corresponding to amino acids 39 to 57
and 331 to 348 of NiV-F2 and NiV-G, respectively, as previously described (3,
33). These regions were previously shown to be immunogenic (10). For quanti-
tation of binding of the monoclonal Abs (MAbs), flow cytometry was performed
with MAb concentrations of 0.03 to 3 �g/ml. For calculating the binding ratios of
any given pair of Abs, data obtained from equal concentrations of the respective
Abs were used.

Reverse pseudotype viral entry assay. The ephrinB2 NiV receptor protein was
pseudotyped onto a reporter virus, vesicular stomatitis virus (VSV), by trans-
fecting an ephrinB2 expression plasmid into 293T cells and subsequently infect-
ing these cells with recombinant VSV expressing the Renilla Luc reporter gene
(VSV-�G-rLuc), similarly to the procedure described previously for preparation
of NiV-F- and -G-pseudotyped VSVrLuc virions (3, 44, 45). ephrinB2 reverse-
pseudotyped virions were purified over a 20% sucrose cushion as for NiV-F- and
-G-pseudotyped viruses. 293T cells plated in 96-well plates were transfected with
NiV-G and WT or mutant NiV-F and, 10 to 12 h later, infected with reverse-
pseudotyped virions in phosphate-buffered saline–1% FBS for 2 h at 37°C over
a 5-log viral dilution range (10�2 to 10�6). After 2 h, cells were washed and 293T
cell growth medium was added. At 24 h postinfection, cells were lysed and
luciferase activity was measured as relative light units (RLU) with a Renilla
luciferase detection system (Promega, Madison, WI) and a Veritas microplate
luminometer (Turner Biosystems, Sunnyvale, CA). Quantitation of viral genome
copies for the ephrinB2 VSV-pseudotyped viral prep was performed exactly as
previously described (3). For quantitation of neutralization of viral entry, the
reverse-pseudotyped viral entry assay was performed as described above, except
in the presence of the indicated amounts of the specified Abs. For the mixed
heterotrimer experiments with the K1A and K2A or R3A mutant proteins, the
indicated DNA ratios of the expression plasmids for the indicated proteins were
transfected into 293T cells 18 h before infection with the reverse-pseudotyped
virions.
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Western blot analysis of surface NiV-F and NiV-G proteins. Codon-optimized
NiV-F and/or NiV-G expression plasmids (1:1 ratios when in combination) were
transfected into 293T cells plated in six-well plates (total of 2 �g F and/or G
plasmids with 3 �g PCDNA3.1 plasmid as filler DNA/well), as indicated. Cells
were either cell surface biotinylated or not (EZ link Sulfo-NHS-LC-Biotin;
Pierce, Rockford, IL), as specified, and biotinylated proteins were precipitated
with streptavidin-agarose beads (Pierce, Rockford, IL). Twenty percent of the
biotinylated cell lysate was subjected to sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and subsequently detected by Western blotting with anti-tag
(HA or AU1), anti-F2, or anti-G peptide Abs, as indicated. Primary and second-
ary Abs were used at 1:1,000 and 1:20,000 dilutions, respectively, followed by
ECL Plus detection (Amersham Biosciences, Piscataway, NJ). For quantification
of relative processing levels for the various NiV-F proteins, the ratio of the
densitometric units of the F1 subunit over those of the sum of the precursor F0

and the F1 subunits was calculated.
Lipid raft association of NiV-F proteins. 293T cells transfected with WT or

mutant NiV-F proteins (as described above) were washed with phosphate-buff-
ered saline and resuspended in TNE buffer (25 mM Tris [pH 7.5], 150 mM NaCl,
5 mM EDTA) containing a protease inhibitor cocktail (Roche, Indianapolis, IN).
Cells were Dounce homogenized, and their nuclei were isolated and discarded.
Postnuclear supernatants were treated with 1% Triton X-100 for 30 min at 4°C.
Cell lysates were then brought up to a 40% OptiPrep (Sigma-Aldrich, St. Louis
MO) concentration in 1.2 ml, placed at the bottom of an ultracentrifuge tube,
and layered sequentially with 30% (3 ml) and 5% (0.8 ml) OptiPrep layers (in
TNE buffer plus protease inhibitors). These discontinuous gradients were cen-
trifuged at 45,000 rpm for 16 h at 4°C in an SW50.1 rotor. After centrifugation,
12 equal fractions were manually collected from the top, protein from 200 �l of
each fraction was precipitated by a methanol-chloroform extraction method (69),
and each fraction was analyzed by Western blotting. The overall lipid raft domain
isolation procedure was similar to that used by Fleming et al. (22).

Production of NiV-HR2-Fc immunoadhesin and fusion inhibition. The NiV-
HR2-Fc expression plasmid was transfected into 293T cells, and at 24 h post-
transfection, supernatants were collected and concentrated with a Centriplus
YM-10 filter (Millipore, Bedford, MA). Protein concentrations were measured
by an Fc-specific enzyme-linked immunosorbent assay as previously described
(44). For NiV fusion inhibition, the indicated amounts of NiV-HR2-Fc were
added to 293T cells transfected with NiV-G and WT or N-glycan mutant NiV-F
expression plasmids. Fusion was quantified after overnight incubation as de-
scribed above.

Fusion kinetics of WT or mutant NiV-F proteins. The fusion kinetics of WT
and mutant NiV-F proteins were determined in a �-lactamase reporter cell-cell
fusion assay as previously described (3, 34, 53). For better sensitivity, the �-lac-
tamase gene was also codon optimized for mammalian cell expression (Geneart,
Inc., Toronto, Ontario, Canada). Fusion-nonpermissive PK13 effector cells were
cotransfected with �-lactamase, NiV-G, and WT or mutant NiV-F expression
constructs with Lipofectamine 2000. These were then added to 293T target cells
labeled with CCF2-AM dye. Effector and target cells were mixed and incubated
at 37°C, and cell-cell fusion was detected by analyzing the shift from green to blue
fluorescence, indicating �-lactamase cleavage of CCF2. Fluorescence was quan-
tified every 3 min with a CytoFluor Series 4000 Fluorescence multiwell plate
reader (PerSeptive Biosystems, Framingham, MA). The results are expressed as
the ratio of blue to green fluorescence obtained with NiV-G- and NiV-F-trans-
fected effectors minus the background blue and green fluorescence obtained with
empty-vector-transfected cells.

NiV-F–NiV-G coimmunoprecipitation. 293T cells in 10-cm plates were trans-
fected with 20 �g of the indicated NiV-F-G plasmids at a 1:1 ratio with Lipo-
fectamine 2000. At 24 h posttransfection, cells were lysed and cell lysates were
subjected to immunoprecipitation as previously described (3, 33), with a 1:100
dilution of anti-NiV-G peptide serum. Coimmunoprecipitated (co-IP) proteins
were analyzed by Western blotting with the appropriate anti-tag Ab as described
above and then quantified by densitometry with a VersaDoc Imaging System
(Bio-Rad, Hercules, CA).

RESULTS

The membrane-proximal region in the CT of the NiV fusion
protein plays a role in membrane fusion. The CT of NiV-F can
be conveniently divided into four distinct regions, i.e., a mem-
brane-proximal polybasic region (T1), a functional tyrosine-
based endocytic motif (YSRL) (18, 39), a highly charged re-
gion (T3), and a C-terminal region that is rich in polar residues

(T4). To investigate the potential roles that these cytoplasmic
regions may play in membrane fusion, protein expression, pro-
cessing, and transport, we made a series of deletion mutants
that lack various regions of the CT, as illustrated in Fig. 1A.
The first amino acid of the CT is a glutamic acid and is likely
required to demarcate the membrane-spanning domain. Thus,
we kept this amino acid in every deletion mutant in order to
maximize the likelihood of correct protein folding and expres-
sion. We then analyzed the relative levels of CSE and process-
ing of such deletion mutants and compared them to those of
WT NiV-F.

Briefly, 293T cells transfected with expression plasmids for
WT NiV-F or the indicated mutant proteins were cell surface
biotinylated and lysed and cell surface proteins were precipi-
tated with streptavidin beads and then NiV-F detected by
Western blotting with the specified Abs (Fig. 1B). Alterna-
tively, we performed flow cytometric analysis on parallel sam-
ples of 293T cells expressing WT NiV-F or the deletion mu-
tants with polyclonal anti-NiV-F antiserum 834, which was
previously described (3, 33, 45) (Fig. 1D). Both biotinylation
and flow cytometric CSE analyses indicated that the deletion
mutants were expressed to at least 50% of the WT level and
some were even expressed at levels higher than that of the WT.
The cell surface biotinylation experiments also showed that the
deletion mutants were cleaved and processed more or less at
WT levels, with the exception of the deletion mutant missing
the entire CT (Fig. 1B, bottom). Interestingly, although this
deletion mutant (�T) did not include removal of the C-termi-
nal AU1 tag, the anti-AU1 MAb was not able to detect this
protein by Western blotting, perhaps because of the close prox-
imity of the AU1 tag to the detergent-lipid micelles (Fig. 1B,
top left part). However, the �T mutant was clearly expressed,
as shown by blotting with an anti-F2 peptide antiserum previ-
ously described (3, 33) (Fig. 1B, right part), as well as by flow
cytometry (Fig. 1D). Notably, the �T mutant was also not
processed efficiently despite being expressed on the cell surface
(Fig. 1B, right part).

Cleavage of NiV-F requires active endocytosis and process-
ing by endosomal cathepsin L, which is in part mediated by the
YXX	 endocytic motif in the T2 region (18, 39). Since the
AU1 tag contains a putative YXX	 endocytic motif, we sought
to determine if our AU1 tag had any inadvertent effects on the
expression or processing of NiV-F. Figure 1C shows that there
were no differences in cleavage or processing efficiency be-
tween tagged and untagged WT NiV-F (F and FNA, respec-
tively). Interestingly, the untagged version of the T2 mutant
(�T2NA), which lacks the endogenous YXX	 motif, also
showed no differences from untagged WT NiV-F (FNA), sim-
ilar to what has been found with the tagged versions (compare
Fig. 1B and C).

Next, we asked whether the CT deletion mutations affected
the fusogenicity of the NiV-F fusion protein. To normalize for
the differences in CSE, we compared the fusion-to-CSE ratios
induced by WT NiV-F and the indicated deletion mutants (Fig.
1D). We performed our syncytium-forming assays by transfect-
ing in 0.3 �g of NiV-F and -G per 12-well plate, which was
previously determined to result in CSE and fusion with the WT
NiV-F protein in the linear range of measurement (3). CSE
was measured by flow cytometry as described above, and fusion
was determined by counting nuclei inside syncytia (more than
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four nuclei per cell) per microscopic field, respectively. Figure
1D shows the relative CSE and fusogenicity of WT NiV-F and
the indicated mutants, and Table 1 (top) shows their corre-
sponding fusion/CSE ratios. Interestingly, all mutants that
lacked the membrane-proximal T1 region (�T1 and �T12)
were hypofusogenic and had fusion/CSE ratios of less than 0.5
(by definition, that of WT NiV-F is 1.0), while all mutants that
retained the T1 region (�T3, �T4, and �T234) had fusion/
CSE ratios equal to or higher than that of WT NiV-F, with the
exception of the �T2 mutant, which had a fusion/CSE ratio of
0.5. Since the fusion defect in the tailless mutant (�T) was
likely due at least partially to its processing defect, it was not
included in Table 1 for comparison. These results indicate that
the CT, in particular, the membrane-proximal T1 region of the
CT, plays an important role in membrane fusion and syncytium
formation.

Polybasic KKR motif in the membrane-proximal region of
the NiV-F CT modulates NiV-F-induced membrane fusion. To

FIG. 1. Analysis of NiV-F CT deletion mutants. (A) Schematic of the NiV-F CT deletion mutants. NiV-F CT was divided into four regions
(numbered 1, 2, 3, and 4) as described in the text, and the names of the deletion mutants examined are indicated. (B) Western blot analysis of
immunoprecipitated surface WT and mutant NiV-F proteins. Briefly, biotinylated cells were lysed, cell surface biotinylated proteins were
precipitated with streptavidin agarose beads, and NiV-F was detected in the biotinylated precipitates by Western blotting with either a monoclonal
anti-AU1 tag Ab (left part) or a rabbit anti NiV-F2 antipeptide Ab (3) (right part). Percent processing was calculated as the densitometric units
of the F1 subunit over those of the sum of the precursor F0 and the F1 subunits (bottom part) (n 
 3). (C) The AU1 tag does not affect cleavage
and processing of F. Identical cell surface biotinylation experiments were performed with tagged (F) and untagged versions of WT F (FNA) and
the �T2 mutant (�T2NA). A rabbit anti NiV-F2 antipeptide Ab (3) was used to detect NiV-F. (D) Relative levels of CSE and fusion obtained for
WT NiV-F and the indicated CT deletion mutants. Fusion was determined by counting nuclei in syncytia per field. At least 10 fields were counted
per condition. CSE was determined by flow cytometry with polyclonal anti-NiV-F specific antiserum as described previously (3). Both CSE and
fusion levels were separately normalized to levels of WT NiV-F protein, set at 100%. Data shown are averages � standard errors from three
independent experiments.

TABLE 1. Fusion/CSE ratios

Env fusion protein Fusion/CSE
ratioa

F.................................................................................................1.0
�T1 ...........................................................................................0.1
�T2 ...........................................................................................0.5
�T3 ...........................................................................................1.3
�T4 ...........................................................................................1.0
�T12 .........................................................................................0.1
�T234 .......................................................................................3.2

K1A...........................................................................................5.5
K2A...........................................................................................0.2
R3A...........................................................................................0.3
N4A...........................................................................................0.9
T5A ...........................................................................................0.9

a The ratio of the normalized fusion and CSE values for each mutant was
calculated from the data in Fig. 1D and 2C. By definition, the fusion/CSE ratio
for WT NiV-F would be 1.0 (100%/100%). Ratios of �1 indicate increased
fusogenicity, while mutants with decreased fusogenicity would have ratios of 
1.
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finely map the particular residues within the T1 region that can
modulate NiV-F-mediated fusion, we individually mutated
each amino acid of the T1 sequence (KKRNT) to an alanine,
as depicted in Fig. 2A. 293T cells transfected with an expres-
sion plasmid encoding each of the alanine scan mutants were
cell surface biotinylated, lysed, precipitated with streptavidin,
and subjected to Western blotting to detect NiV-F as described
above. All of the alanine scan mutants had levels of CSE and
processing similar to those of WT NiV-F (Fig. 2B). Similar
levels of CSE of WT and mutant NiV-F proteins were also
observed by flow cytometric analyses (Fig. 2C). Next, we de-
termined the fusogenicity of these mutants by quantifying syn-
cytium formation. Representative pictures of syncytia formed
by each mutant are shown in Fig. 2D, and the fusion/CSE
ratios for WT NiV-F and the indicated mutant were deter-
mined (Table 1, bottom). Interestingly, despite WT levels of
CSE, mutation of the K1 residue resulted in hyperfusogenicity
(fusion/CSE ratio of 5.5) while mutation of the K2 or R3
residue resulted in hypofusogenicity (fusion/CSE ratios of 0.2
and 0.3, respectively) (Table 1, bottom). Mutation of the N4 or
T5 residue did not result in any significant change in CSE or
fusion (ratio of 0.9) relative to the WT NiV-F protein (Fig. 2C
and D and Table 1, bottom). Similar but less dramatic effects
on fusogenicity were observed in Vero cells. In summary, these

results indicate that the membrane-proximal polybasic KKR
sequence in the CT of NiV-F protein can up- or downmodulate
its fusogenicity.

Fusion of membrane-proximal NiV-F mutants correlates
with entry of ephrinB2-reverse-pseudotyped virus-like parti-
cles. Next, we sought to determine if the differences in cell-cell
fusion exhibited by the NiV-F CT mutant proteins corre-
sponded to viral entry differences. However, some of these
CT mutants were very inefficiently incorporated into our
pseudotyped VSV-Renilla luciferase (VSVrLuc) reporter vi-
ruses, a previously established method for examining NiV en-
velope-mediated entry (3). To circumvent the problem of vari-
able envelope protein incorporation into VSVrLuc, we
developed a novel reverse-pseudotype VSVrLuc entry assay,
for which we reverse pseudotyped VSVrLuc with the NiV
receptor ephrinB2 (B2-VSVrLuc). We then used these B2-
VSVrLuc virions to infect 293T cells previously transfected
with equal amounts of mutant or WT NiV-F along with WT
NiV-G in a 96-well plate format. Infection of cells expressing
HIV Env glycoproteins with viral particles reverse pseudotyped
with CD4 and the corresponding coreceptor has been previ-
ously reported (36, 56). Figure 3A shows that B2-VSVrLuc
viral entry only occurs when cells express both the NiV-F
and NiV-G glycoproteins (Fig. 3A). In addition, reverse-

FIG. 2. Analysis of membrane-proximal point mutations in the CTs of NiV-F. (A) Schematic of the NiV-F CT point mutants, showing the
sequence of the whole CT, and the positions of the five alanine substitutions in the membrane-proximal region, designated K1A, K2A, R3A, N4A,
and T5A. (B) Western blot analysis of immunoprecipitated cell surface biotinylated WT and mutant NiV-F proteins. Surface proteins were
analyzed exactly as described in Fig. 1B. Percent processing was also analyzed as described in the legend to Fig. 1B, and the densitometric results
are shown graphically. (C) Relative levels of CSE and fusion obtained for WT NiV-F or CT point mutant proteins in 293T cells. Fusion and CSE
were determined exactly as for Fig. 1C. Data shown are averages � standard errors from three independent experiments. (D) Pictures of syncytium
formation by the WT NiV-F or the various NiV-F point mutants and WT NiV-G in Vero cells. Representative �100 fields are shown.
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pseudotyped viral entry was specifically blocked by previously
characterized anti-NiV-F or anti-NiV-G antiserum (3, 33, 44)
(Fig. 3B).

We then determined the entry of these B2-VSVrLuc virions
into cells expressing WT NiV-G and WT NiV-F or the indi-
cated NiV-F CT point mutants. Entry into K1A-expressing
cells was about 8- to 10-fold higher than that of WT NiV-F
over several logs of viral input. Conversely, entry into K2A-
and R3A-expressing cells was 8- to 30-fold lower than that of
WT NiV-F over the same range of viral inputs. Entry levels
obtained for the cells expressing the N4A or T5A mutant
protein were similar to those expressing WT NiV-F. Thus, our
reverse-pseudotype B2-VSVrLuc entry assay results are con-
sistent with our cell-cell fusion results and further demonstrate
that the membrane-proximal polybasic KKR motif in the
NiV-F CT can modulate virus-cell membrane fusion.

Differential binding and neutralization of hyper- and hypo-
fusogenic NiV-F mutants by distinct novel anti-NiV-F rabbit
MAbs. We then asked how specific residues in the KKR region
might be modulating fusion. Inside-out signaling from the CT
has been reported for other class I enveloped viruses (2, 61),
including at least one paramyxovirus (67). We first asked
whether any of the KKR alanine mutations affected the overall
ectodomain conformation of the NiV-F protein.

We had previously produced conformational polyclonal and
monoclonal rabbit Abs by genetically immunizing rabbits with
codon-optimized NiV-F and NiV-G and NiV-M expression
plasmids (4). We screened a panel of our rabbit MAbs and
found two (MAbs 92 and 66) whose epitopes were conforma-
tional and distinct. They were conformational because they

detected the NiV-F protein in its native state by flow cytometry
(Fig. 4A) but not in its denatured form, for example, by West-
ern blot analysis on sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (data not shown). They were distinct because
Ab 66 bound to NiV-F and HeV-F equivalently while Ab 92
bound to NiV-F approximately10-fold more efficiently than to
HeV-F at the same Ab concentrations (Fig. 4A). As a control,
polyclonal Ab 834 (3, 33, 44) was used to show that the levels
of NiV-F and HeV-F were approximately equally recognized
by flow cytometry in the same experiment (Fig. 4A).

Then we measured the relative binding of these Abs to the
various WT or mutant NiV-F proteins by flow cytometry. We
reasoned that conformational differences in the ectodomain
might be revealed by differential binding of these Abs. In order
to quantitatively correct for variations in the transfection effi-
ciencies and cell surface protein expression levels of the vari-
ous mutants from experiment to experiment, we analyzed the
binding data obtained by calculating the ratios of the mean
fluorescence intensities of pairs of Abs (92-66, 92-834, and
66-834). Figure 4B shows the relative binding ratios of thee Ab
combinations for WT NiV-F and the indicated mutants. There
was a modest but significant decrease in binding of MAb 92 to
the hyperfusogenic K1A mutant, as the 92/834 and 92/66 ratios,
but not the 66/834 ratio, were lower than those of the WT
NiV-F protein (P 
 0.015, P 
 0.0005, and P 
 0.94, respec-
tively) (Fig. 4B). We also detected an increase in binding of
MAb 66 to the hypofusogenic R3A mutant protein, as the
66/834 ratio for this mutant was increased, the 92/66 ratio was
decreased, and the 92/834 ratio was unchanged compared to
those obtained with the WT NiV-F protein (P 
 0.048, P 


FIG. 3. Reverse-pseudotyped viral entry assay for membrane-proximal CT point mutants. (A) An ephrinB2-pseudotyped VSV-Renilla lucif-
erase reporter virus (B2-VSV-rLuc) was used to infect 293T cells previously transfected with expression plasmids for NiV-F–NiV-G, NiV-G alone,
or NiV-F alone. Numbers of RLU are shown on a logarithmic scale. (B) Reverse-pseudotyped viral entry into NiV-F- or NiV-G-transfected 293T
cells was inhibited by anti-NiV-F and anti-NiV-G specific antisera 834 and 806, respectively. Data are presented as percent inhibition, where 0%
represents infection in the absence of any antiserum. The data were normalized as follows. The number of RLU obtained at each serum dilution
was calculated as a percentage of the average number of RLU obtained in the absence of any antiserum. Percent inhibition was then calculated
as 100% minus the percent infection at each serum dilution. The percent inhibition values were regressed and graphed with GraphPad PRISM.
An average of two experiments is shown, with four independent wells per datum point (serum dilution) � the standard deviation. (C) Relative entry
levels of B2-VSV-rLuc virus into 293T cells expressing the WT NiV-G protein and the WT or mutant NiV-F protein. RLU were quantified 24 h
postinfection and graphed against the number of viral genomes per milliliter. A single preparation of B2-VSV-rLuc was used for all of the
experiments shown. The number of genome copies in the viral preparation was analyzed by reverse transcription-PCR as described in Materials
and Methods. The data shown are averages from three independent experiments � the standard deviations.
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0.0022, and P 
 0.84, respectively) (Fig. 4B). All other point
mutant proteins did not display a change in Ab binding relative
to that of the WT NiV-F protein (P values of �0.5) (Fig. 4B).
Similar Ab binding ratios were obtained over an Ab concen-
tration range of 0.03 to 3 �g/ml, and the data shown are for 1
�g/ml.

Next, we measured the neutralization capabilities of MAbs
92 and 66 against the various mutant proteins with our reverse-
pseudotyped viral entry assay. In general, our neutralization
data were consistent with the above-mentioned binding data.
For example, since MAb 92 bound relatively less to mutant
K1A, we expected that mutant K1A may also be less sensitive
to neutralization by MAb 92, and that was indeed the case.
Figure 4C shows that the K1A protein was more than 10-fold
less sensitive than WT NiV-F to neutralization by MAb 92 (the
50% inhibitory concentrations [IC50s] for K1A and WT NiV-F
were approximately 19 and 0.3 �g/ml, respectively). In addi-

tion, since MAb 66 bound more strongly to mutant R3A, we
also expected that the R3A mutant might also be more sensi-
tive to neutralization by MAb 66 than the WT NiV-F. Indeed,
we observed that the R3A mutant protein was about fourfold
more sensitive to neutralization by MAb 66 than was the WT
NiV-F protein, as the IC50s for the R3A and WT proteins were
approximately 0.17 and 0.71 �g/ml, respectively (Fig. 4D). In
toto, our MAb binding and neutralization data show that spe-
cific residues in the CT of NiV-F can affect the conformation
of its ectodomain.

Association of NiV-F and the hyper- and hypofusogenic mu-
tants with lipid raft domains. Viral envelope glycoproteins are
often associated with lipid raft microdomains (22, 26, 43, 47,
62). Such membrane domains are known to have membrane
cross-thicknesses greater than those of non-lipid raft cell mem-
brane domains (23, 30) and are enriched in cholesterol and
glycosphingolipids. Thus, differential association of WT or mu-

FIG. 4. Specific CT mutants affect the ectodomain conformation as exhibited by differential MAb binding and neutralization. (A) Flow
cytometry histograms showing binding of polyclonal anti-NiV-F antiserum 834 or anti-NiV-F MAb 92 or 66 to 293T cells expressing either NiV-F,
HeV-F, or neither (pcDNA3 control). Green contours indicate binding of Abs to 293T cells transfected with the pcDNA3.1 backbone only.
Overlaid filled purple histograms indicate binding of Abs to NiV-F- or HeV-F-expressing cells, as indicated. (B) MAb binding ratios of pairs of
anti-NiV-F Abs. Polyclonal (antiserum 834) or monoclonal (antisera 492 and 66) rabbit Abs were used to stain 293T cells transfected with WT
NiV-F or the indicated CT point mutants at a concentration previously determined to be in the linear range of the binding curve. To compare data
from repeat experiments and to control for transfection efficiency and differential expression, a set of binding ratios was calculated by dividing the
mean fluorescence intensities obtained for the various Abs (92/66, 92/834, and 66/834). The Ab binding ratios for WT NiV-F is necessarily defined
as 1. P values were calculated with a nonpaired Student t test and multiplied by five, which takes into account the Bonferroni correction for the
multiple pairwise comparisons (WT versus the five mutants). (C and D) Neutralization of CT mutant proteins by anti-NiV-F Abs. 293T cells
expressing the WT NiV-G protein and the WT or mutant NiV-F protein were infected with B2-VSV-rLuc reverse-pseudotyped virus 8 h
posttransfection in the presence of increasing amounts of MAb 92 (C) or 66 (D). The amount of viral entry obtained in the absence of anti-NiV-F
MAb (artificially represented by the [MAb] 
 �4.0 datum point) was normalized to 100%, which is equivalent to 0% inhibition. The percent
inhibition was then plotted against the logarithm of the Ab concentration. Inhibition curves were regressed, and IC50s were calculated with
GraphPad PRISM. The data shown are normalized averages from three separate experiments � the standard deviations.
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tant NiV-F proteins with lipid raft domains may formally in-
fluence the conformation of their ectodomain epitopes, poten-
tially affecting the conformational data in Fig. 4. Therefore, we
assessed the relative association of WT and mutant NiV-F
proteins with lipid raft domains. First, we observed that a
distinct portion (�20%) of the total WT NiV-F protein was

associated with lipid raft fractions (Fig. 5), as demonstrated by
cofractionation with caveolin-1, a standard marker for lipid
raft domains. However, the most of the NiV-F was in nonraft
fractions, which were demarcated by the transferrin receptor, a
membrane protein known not to be associated with lipid rafts
(Fig. 5). With the exception of mutant K2A, all WT and mu-
tant NiV-F proteins were found in both lipid raft and non-lipid
raft domains at approximately equal distributions (18 to 25%
in lipid raft fractions), indicating that, at least for mutants K1A
and R3A, association with lipid rafts did not account for the
differences in conformational MAb binding seen in Fig. 4.
Interestingly, the hypofusogenic K2A mutant was almost com-
pletely absent from the lipid raft fractions, raising the possi-
bility that altered association with lipid raft domains may con-
tribute to its hypofusogenic phenotype and suggesting that
mechanistic differences may underlie the hypofusogenic phe-
notypes of the K2A and R3A mutants.

NiV-F CT fusion mutants are differentially resistant to fu-
sion inhibition by a reagent that prevents 6HB formation and
exhibit corresponding rates of fusion kinetics relative to WT
NiV-F. Having determined that the specific residues in the CT
can affect the ectodomain conformation of NiV-F, we then
asked whether the hyper- and hypofusogenic phenotypes ex-
hibited by the NiV-F CT point mutants are mediated by fusion
determinants in the ectodomain such as 6HB formation. We
have previously shown that a soluble NiV-HR2-Fc protein
(HR2 region of NiV-F linked to the Fc constant region of
human immunoglobulin G1) inhibits NiV fusion specifically
and that the sensitivity of inhibition by this protein inversely
correlated with the fusion kinetics of the hyperfusogenic NiV-F
N-glycan fusion proteins (3). With the same NiV-HR2-Fc in-
hibitory reagent, we tested the sensitivity of NiV-F CT mutants
or WT NiV-F to fusion inhibition. We observed that the K1A
mutant exhibited significantly greater resistance to NiV-
HR2-Fc than WT NiV-F for all three concentrations of
HR2-Fc tested (Fig. 6A). On the other hand, the K2A mutant
exhibited a significantly lower resistance to NiV-HR2-Fc (Fig.
6A), especially when subsaturating amounts of HR2-Fc were

FIG. 5. Association of NiV-F and the hyper- and hypofusogenic
mutants with lipid raft domains. Lipid raft fractionations were per-
formed as described in Materials and Methods. Caveolin-1 (Cav-1)
and transferrin receptor (TFR) were used as markers for raft (top) and
nonraft (bottom) domains, respectively. NiV-F and the indicated mu-
tants were detected by Western blotting with the AU1 Ab. The blots
were then stripped and reprobed for Cav-1 and TFR to ensure the
integrity of each lipid raft fractionation. Percent NiV-F in lipid rafts
was calculated as the percentage of the NiV-F signal observed in the
peak Cav-1 fractions (lanes 2 and 3 in most cases) over the sum of
signals in the peak Cav-1 and peak TFR fractions (lanes 7 and 8 in
most cases) for each sample. This controls for any slight variations
between tubes. Representative Cav-1 and TFR blots are shown. The
experiment was repeated twice with similar results. Band intensities
were quantified by densitometry with a VersaDoc Imaging System
(Bio-Rad).

FIG. 6. NiV-F CT fusion mutants are differentially resistant to fusion inhibition by NiV-F HR2-Fc and exhibit corresponding rates of fusion
kinetics relative to WT NiV-F. (A) The sensitivity of NiV envelope-mediated fusion to inhibition by NiV-HR2-Fc is shown for WT NiV-F and the
indicated CT mutants. For each fusion protein, the amount of fusion in the absence of any inhibitor is set at 0% inhibition. One representative
experiment out of two is shown. Error bars indicate standard deviations. P values were calculated with the Student t test and the Bonferroni
correction to account for the multiple pairwise comparisons of significance (F versus K1A, F versus K2A, and F versus R3A). (B) Fusion kinetics
of WT or mutant NiV-F protein. NiV-G was expressed with WT NiV-F or the indicated mutants in effector PK13 cells, and the relative rate of
fusion was assessed with target 293T cells loaded with CCF2 dye (see Materials and Methods). Relative fusion is the ratio of blue to green
fluorescence obtained with NiV-G- and NiV-F-transfected effectors minus the ratio of background blue and green fluorescence obtained with
empty-vector (pcDNA3)-transfected cells. Each datum point is an average from three independent experiments.
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used. These results suggested that the rate of 6HB formation
contributed to the hyper- and hypofusogenicity of the K1A and
K2A mutants, respectively. Interestingly, mutant R3A did not
reveal a significant difference in resistance to inhibition by the
NiV-HR2-Fc molecule relative to the WT NiV-F protein, sug-
gesting that the hypofusogenic phenotype of the K2A and R3A
mutants may be mediated via distinct mechanisms. This is also
consistent with our Ab binding data, which suggest that the
K2A and R3A mutants differentially affect ectodomain confor-
mation (Fig. 4B).

In order to determine if sensitivity to NiV-HR2-Fc inhibi-
tion is actually due to the rate of 6HB formation and, hence,
fusion pore formation, we measured fusion kinetics mediated
by NiV-F or the indicated CT mutants and WT NiV-G. Real-
time fusion kinetics can be measured and quantified with a
�-lactamase reporter cell-cell fusion assay that we previously
described for analysis of our hyperfusogenic N-glycan NiV-F
mutants (3). We found that cells expressing the hyperfusogenic
K1A fusion mutant showed faster fusion kinetics and fused to
a greater extent than cells expressing WT NiV-F (Fig. 6B). In
contrast, the hypofusogenic K2A mutant showed slower fusion
kinetics and fused to a lesser extent than cells expressing the
WT NiV-F protein (Fig. 6B). Interestingly, although the cells
expressing the R3A mutant fused at the same rate as the WT

NiV-F protein for the first 40 min, thereafter, their rates of
fusion diverged, with the R3A mutant slowing down signifi-
cantly such that at 100 min, it had fused at less than 50% of the
WT NiV-F level (Fig. 6B). The results in Fig. 6A and B
strongly suggest a mechanistic difference between the hypofu-
sogenic phenotypes exhibited by the K2A and R3A mutants.

Fusogenicity of NiV-F inversely correlates to the avidity of
F-G interactions for the CT mutant proteins. We had previ-
ously provided evidence for the attachment protein displace-
ment model for paramyxoviral entry. At least for NiV, the
hyperfusogenic N-glycan mutants appear to have weaker inter-
actions between the NiV-F mutants and NiV-G, allowing
greater NiV-F–NiV-G dissociation after receptor binding.
Thus, fusogenicity inversely correlated to the avidity of F-G
interactions for the hyperfusogenic N-glycan NiV-F mutants
(3). Here, we asked if the relative avidity of NiV-F–NiV-G
associations correlated with the fusogenicity of the CT mu-
tants.

We coexpressed NiV-G with WT NiV-F or the aforemen-
tioned mutants in permissive 293T cells and determined the
relative avidity of NiV-F and NiV-G interactions by immuno-
precipitating whole cell lysates with anti-NiV-G antiserum and
detecting the amount of co-IP NiV-F by Western blotting with
an AU1 epitope tag Ab (Fig. 7A, part a). The relative amounts

FIG. 7. Fusogenicity of WT NiV-F and the CT mutants inversely correlates with the avidity of F-G interactions. (A) Western blot analysis of
co-IP F0 and F1 (top part a), immunoprecipitated G (bottom part c), and the relative amounts of F0 and F1 present in total cell lysate (middle part
b). Cell lysates of 293T cells transfected with WT NiV-G and NiV-F or the indicated CT mutants were immunoprecipitated with rabbit anti-NiV-G
specific antisera. The top and middle parts were blotted with mouse anti-AU1 to detect NiV-F, and the bottom part was blotted with mouse
anti-HA to detect NiV-G. (B) A coimmunoprecipitation experiment identical to that in panel A was performed with tagged and untagged NiV-F
(F and FNA, respectively) but with a rabbit anti-F2 peptide Ab for detection. Parts a, b, and c are as in panel A. (C) Relative avidities of
NiV-F–NiV-G interactions for WT NiV-F and the indicated CT mutants. The amounts of co-IP NiV fusion proteins in panel A were quantified
by densitometry as described in the text, with a VersaDoc Imaging System (Bio-Rad). The avidity of F-G interactions is represented by the ratio
of the amount of NiV-F protein co-IP with anti-NiV-G antiserum to the relative amount of NiV-F expressed in cell lysates (parts a and b,
respectively). The data presented are averages � standard errors from three experiments. (D) Avidity of the F-G interactions from panel C plotted
against the fusion/CSE ratios from Table 1. Pearson correlation analysis was performed with GraphPad PRISM. (E) The avidities of F-G
interactions for the multiple N-glycan mutants previously reported by Aguilar et al. (3) were overlaid with the datum points from panel C and
plotted together against their respective fusogenic indexes. CT mutants and N-glycan mutants are represented by closed and open symbols,
respectively. Pearson correlation analysis was performed with GraphPad PRISM.
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of WT and mutant NiV-F were also determined in total cell
lysates (Fig. 7A, part b). To normalize for the various expres-
sion levels of WT or mutant NiV-F in any single experiment,
we calculated the ratio of the level of co-IP NiV-F to the
corresponding amount of NiV-F in the total cell lysate. For
example, if the amount of co-IP NiV-F was densitometrically
quantified at 160 U and the corresponding amount of NiV-F in
the cell lysate was 100 U, the F-G co-IP ratio would be 1.6. This
ratiometric value was arbitrarily set to 1.0 to indicate the rel-
ative avidity of the WT NiV-F–NiV-G interactions (Fig. 7C).
On this scale, a value of greater or less than 1.0 would indicate
a corresponding increased or decreased avidity in F-G inter-
action relative to the WT proteins, respectively. Also, we note
that the AU1 tag did not affect NiV-F’s interaction with G, as
the same experiment performed with tagged and untagged
NiV-F revealed no difference in the amount of F that can be
co-IP with G (Fig. 7B).

When we plotted the relative avidity of NiV-G interactions
with WT NiV-F or the indicated CT mutants (Fig. 7C) against
their fusogenicities (fusion/CSE ratio) as determined in Table
1, we obtained a significant negative correlation (r2 
 0.82, P 

0.007) between the avidity of F-G interaction and the fusoge-
nicity of the NiV-F protein (Fig. 7D). Thus, for example, the
NiV-F mutant (K1A) with the lowest relative avidity of F-G
interaction (0.4) was also the most fusogenic NiV-F CT mutant
examined (fusion/CSE ratio of 5.5), and mutants (K2A and
R3A) with the highest relative avidities of F-G interaction (2.1
and 2.6) were the least fusogenic (fusion/CSE ratios of 0.2 and
0.3). These results suggest that the effects of the CT mutants
on modulating fusogenicity were linked to the increasing or
decreasing avidity of F-G interactions and provide further sup-
port for the model (3, 63, 75) where dissociation of the attach-
ment protein from the fusion protein is a rate-limiting step
required for fusion peptide exposure and subsequent mem-
brane fusion.

DISCUSSION

Our results implicate the cytoplasmic domain of the NiV
fusion protein in modulating fusion through its membrane-
proximal polybasic KKR motif in an inside-out signaling man-
ner. Our data also shed some light on the mechanisms by which
the KKR motif modulates fusion; specific residues within the
KKR motif can modulate the conformation of NiV-F’s ectodo-
main and thus have an effect on fusion kinetics by regulating
the rate of 6HB formation and the avidity of the F-G interac-
tions.

The CTs of other paramyxovirus fusion proteins are known
to be required for various protein functions, including proper
surface expression, membrane fusion, fusion pore enlarge-
ment, transition from hemifusion to complete fusion, and/or
budding (7, 19, 59, 65, 68), although removal of the CT has
resulted in quite distinct phenotypes in different paramyxovi-
ruses, ranging from no effect (12) to fusion pore formation (65)
to fusion pore enlargement (19) to syncytium formation (59,
65). In this report, we show that relatively large deletions in the
NiV-F CT did not significantly compromise conformational
integrity or CSE but can either reduce or enhance fusion (Fig.
1). In addition, while point mutations in the membrane-prox-
imal region had no significant effect on conformational integ-

rity, processing, or CSE, they variably affected fusogenicity
(Fig. 2). Indeed, we identified a membrane-proximal polybasic
KKR patch in the CT of NiV-F as having the ability to up- or
downmodulate fusogenicity. Polybasic residues can also be
found near the membrane-spanning region in the CTs of most
other paramyxoviruses, but to our knowledge, their function in
modulating fusion has not been reported.

Our data show that specific CT mutants with changes in the
KKR motif mediate their hyper- or hypofusogenic phenotypes
through common mechanisms that have been defined for other
class I fusion proteins. For example, the hyperfusogenic V3
loop and CT mutants of the HIV-1 envelope glycoprotein also
show faster fusion kinetics and display increased resistance to
heptad repeat peptide inhibition (1, 52). In the case of NiV,
our results suggest that the hyper- and hypofusogenicity phe-
notypes of the K1A and K2A mutants are governed by the rate
of 6HB formation (Fig. 6A) during fusion pore formation,
resulting in increased or decreased fusion kinetics, respectively
(Fig. 6B). However, since we did not detect any apparent
differences between the R3A mutant and WT NiV-F during
6HB formation and its hypofusogenic phenotype was only
manifested in slower fusion kinetics at later time points (Fig.
6B), we speculate that a step post 6HB formation, perhaps
fusion pore enlargement, may be affected by the hypofusogenic
mutation R3A. The CT of at least one other paramyxovirus,
SV5, has been implicated in fusion pore enlargement (19). Our
lipid raft results also highlight the mechanistic differences ob-
served between the hypofusogenic K2A and R3A mutants ob-
served in Fig. 4 and 6. The K2A, but not the R3A, mutant
displayed differences in lipid raft association compared to the
WT NiV-F protein. While many hyper- or hypofusogenic phe-
notypes in class I viral fusion proteins have been identified, it
is uncommon to find a contiguous series of residues within a
small patch that have such contrasting contributory roles in
fusogenicity.

It remains to be determined how these three basic residues
in NiV-F CT actually modulate the kinetics of fusion. Do the
KKR mutants stabilize or destabilize the metastable prefuso-
genic conformation of NiV-F, and/or do they affect subsequent
steps in the fusion process? It is also possible that the KKR
basic motif may interact with cellular proteins that directly or
indirectly modulate the actin cortical cytoskeleton, which is
intimately involved in membrane dynamics and curvature dur-
ing fusion and syncytium formation (37, 49, 51). Dutch and
colleagues have previously reported that various transdomi-
nant Rho-GTPases can up- or down-regulate HeV fusion (57).
Since the ERM (ezrin-radixin-monesin) family of proteins is
known to connect the CTs of various membrane proteins to the
actin cortical cytoskeleton and the ERM proteins themselves
are known to be activated and inactivated by distinct Rho
GTPases (21, 29), we speculate that the ERM proteins may
connect the CT of NiV-F to the actin cortical cytoskeleton and
that modulation of the CT’s attachment to the cortical cy-
toskeleton by the Rho GTPases, or by our various KKR mu-
tants, is what accounts for the hyper- or hypofusogenic pheno-
types seen. Intriguingly, ERM proteins preferentially bind CTs
of membrane proteins that have isoelectric points higher than
9.0 and that have basic amino acid clusters (29, 74). They also
prefer to bind CTs that contain phosphorylated serines and
tyrosine motifs (17, 58). NiV-F’s CT has an isoelectric point of
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9.88, contains a C-terminal tyrosine-rich motif, and contains
two basic clusters, i.e., the membrane-proximal KKR cluster
that we know affects fusion and an RRVR cluster between
regions T3 and T4. In addition, preliminary mass spectrometry
analysis indicated that the two C-terminal serines in NiV-F are
phosphorylated (unpublished observations). Therefore, it
seems plausible that cellular factors such as ERM proteins may
connect the CT of NiV-F or HeV-F to the actin cortical cy-
toskeleton of cells, and the strength and stability of this con-
nection may modulate fusogenicity.

Our data also suggest that the KKR motif modulates fuso-
genicity via an inside-out signaling mechanism. Differential
MAb recognition of the ectodomain correlating with differen-
tial neutralization (Fig. 4), faster or slower rates of fusion
kinetics affected by the rate of 6HB formation (Fig. 6), and
differential effects on the avidity of F-G interactions (Fig. 7) all
argue that mutations of these cytoplasmic residues can affect
the conformation and subsequent fusogenic function of the
ectodomain. Interestingly, data from differential MAb binding,
rate of 6HB formation, and fusion kinetics experiments also
reveal that distinct mechanisms underlie the similar hypofuso-
genic phenotypes of the K2A and R3A mutants. For example,
while MAbs 92 and 66 clearly bound differentially to the R3A
mutant, no difference in K2A binding was observed (Fig. 4B).
On the other hand, while K2A was significantly more sensitive
to inhibition by HR2-Fc compared to WT NiV-F, R3A was
similar in sensitivity to WT NiV-F (Fig. 6A). This equivalent
sensitivity to HR2-Fc inhibition is consistent with our real-time
fusion kinetics data showing that for the first 40 min, R3A
fused at the same rate and to the same extent as WT NiV-F,
while K2A fused much more slowly from the very beginning
(Fig. 6B). However, after 40 min, R3A began to exhibit slower
fusion kinetics and eventually fused to a much lesser extent
than WT NiV-F at 100 min. As mentioned above, it is likely
that the defect in fusion in the R3A mutant is manifested at a
stage post 6HB formation, such as fusion pore enlargement.

We previously suggested that a critical parameter that gov-
erns NiV envelope-mediated fusion is the avidity of F and G
association, which we quantified by a rigorous coimmunopre-
cipitation assay (3). Our published data showed a strong and
significant negative correlation between the degree of hyper-
fusogenicity exhibited by a variety of ectodomain N-glycan
mutants and the avidity of F and G association. We had there-
fore favored the attachment protein displacement model of
paramyxovirus fusion where the dissociation of G from F after
receptor engagement better allows for the conformational
changes in F that lead to fusion peptide exposure and mem-
brane fusion. We now provide data to further expand and
support this model with both hyper- and hypofusogenic mu-
tants (Fig. 7D). Indeed, as shown in Fig. 7E, when we added
our present datum points to the datum points from our hyper-
fusogenic N-glycan mutants (3), the Pearson correlation be-
came even stronger (r2 
 0.91) and more significant (P 

0.0001). These data suggest that F and G dissociation can be a
common pathway for the triggering of F regardless of the
determinants of fusion in F involved. However, since we per-
formed these studies with receptor-containing 293T cells, we
are not able to distinguish whether the differences in F-G
association between WT and mutant fusion proteins we have
observed occur pre or post receptor binding. True avidity mea-

surements would have to be done with truly receptor-negative
cells. In addition, it remains to be determined whether the
KKR motif affects the interaction of NiV-F with NiV-G di-
rectly and/or via modification of the NiV-F ectodomain’s over-
all conformation. At least for one other paramyxovirus F pro-
tein (NDV), the ectodomain HR2 region has been implicated
in binding to the attachment protein HN (24); therefore, the
effects of NiV-F CT mutants on the avidities of NiV-F–NiV-G
interactions observed here may be due to inside-out signaling.

We also note that NiV-F processing is usually increased
when G is cotransfected (compare Fig. 7A with Fig. 1B and
2B). Since both F and G are encoded by codon-optimized
genes, a potential explanation is that expression of G competes
for transcriptional or translational resources, resulting in less
overexpression of F; overexpression of F in the absence of G
can overwhelm the proteolytic machinery required for F cleav-
age. However, it would be interesting to determine whether the
presence of G, and its association with F, can intrinsically affect
F processing, either by modulating its endosomal recycling
behavior or changing the conformation of F to make it more
accessible to cathepsin L cleavage.

Finally, it remains to be determined how the NiV-F CT
actually stabilizes or destabilizes F-G interactions and whether
the fusion-modulatory role played by the polybasic motif in the
CT of NiV-F is unique for NiV (or the henipaviruses). The
studies presented in this report point to the many determinants
of fusion in NiV-F and underscore the complexities that reg-
ulate the “proper” amount of fusion mediated by NiV-F, which
has both fusion-promoting and fusion-inhibiting determinants.
Further studies of these determinants will enhance our under-
standing of the pathobiology of this deadly emerging virus and
may reveal more targets for therapeutic intervention.
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Single-dose attenuated Vesiculovax vaccines protect
primates against Ebola Makona virus
ChadE.Mire1,2*,DemetriusMatassov3*, JoanB.Geisbert1,2, TheresaE. Latham3,KrystleN.Agans1,2, RongXu4,AyukoOta-Setlik4,
Michael A. Egan4, Karla A. Fenton1,2, David K. Clarke3, John H. Eldridge3,4 & Thomas W. Geisbert1,2

The family Filoviridae contains three genera, Ebolavirus,
Marburgvirus, and Cuevavirus1. Some members of the genus,
including Zaire ebolavirus (ZEBOV), can cause lethal haemorrha-
gic fever in humans. During 2014 an unprecedented ZEBOV out-
break occurred inWest Africa and is still ongoing, resulting in over
10,000 deaths, and causing global concern of uncontrolled disease.
To meet this challenge a rapid-acting vaccine is needed. Many
vaccine approaches have shown promise in being able to protect
nonhuman primates against ZEBOV2. In response to the current
ZEBOV outbreak several of these vaccines have been fast tracked
for human use. However, it is not known whether any of these
vaccines can provide protection against the new outbreak
Makona strain of ZEBOV. One of these approaches is a first-gen-
eration recombinant vesicular stomatitis virus (rVSV)-based vac-
cine expressing the ZEBOV glycoprotein (GP) (rVSV/ZEBOV). To
address safety concerns associated with this vector, we developed
two candidate, further-attenuated rVSV/ZEBOV vaccines. Both
attenuated vaccines produced an approximately tenfold lower vac-
cine-associated viraemia compared to the first-generation vaccine
and both provided complete, single-dose protection of macaques
from lethal challenge with the Makona outbreak strain of ZEBOV.
Since discovery of the virus in 1976, outbreaks of ZEBOV have been

detected sporadically inAfrica.With increasing population growth the
frequency of human contact with natural virus reservoirs3 is likely to
rise, potentially leading to more catastrophic outbreaks such as the
current epidemic inWest Africa, thus increasing the need for effective
antiviral strategies. A highly effective countermeasure would be a pre-
ventive vaccine that can be simply and widely administered to people
in regions of virus zoonosis and provide a ‘blanket immunity’ curtail-
ing any future outbreaks. Also important will be the ability to rapidly
combat deliberatemisuse of these deadly viruses. Therefore, a prevent-
ive vaccine should ideally confer rapid, single-dose protection.
There are currently no licensed filovirus vaccines or post-expo-

sure treatments available for human use. However, there are at
least ten different vaccine approaches that have shown the poten-
tial to protect nonhuman primates (NHPs) from lethal ZEBOV
infection, including platforms based on recombinant adenovirus
serotype 5 (rAd5) vectors, combined DNA/rAd5 vectors, com-
bined rAd serotype 26 and 35 vectors, recombinant chimpanzee
adenovirus serotype 3 (rChAd3) vectors, combined rChAd3 and
modified vaccinia Ankara (MVA) vectors, virus-like particles
(VLPs), alphavirus replicons, recombinant human parainfluenza
virus 3 (rHPIV3), rabies virus, and recombinant vesicular stomat-
itis virus (rVSV)2. Of the vaccines advancing to phase I trials, the
rChAd3 and rVSV vectored vaccines have shown success in single-
dose protection of NHPs against ZEBOV challenge; with the caveat
that the rChAd3/ZEBOV vaccine requires a boost with an MVA/
ZEBOV vector for protection past 6 months4. Also, NHPs inocu-

lated with the rChAd3/ZEBOV vaccine were challenged with a
ZEBOV seed stock containing a large virus population encoding
8 uridines (U) at a critical transcription editing site in the GP gene4.
This specific genetic feature typically arises following prolonged
passage of ZEBOV in Vero E6 cells and results in higher levels of
expression of full-length GP. In contrast, low-passage ZEBOV iso-
lates retain 7U at the GP editing site, resulting in higher levels of
secreted GP (sGP) expression, which is associated with greater
viral virulence5–7. Importantly, studies have shown that rAd-based
ZEBOV vaccines that completely protect NHPs against ZEBOV
stocks containing high populations of 8U virus are not able to
completely protect vaccinated macaques challenged with ZEBOV
stocks containing high populations of 7U virus8.
The first generation rVSV/ZEBOV vaccine that replaces the VSV

glycoprotein G with the ZEBOV GP (rVSV/ZEBOVDG), originally
developed by Drs Feldmann and Geisbert9 and currently licensed by
Merck, has demonstrated solid single-dose NHP protection against a
low-passage 7U ZEBOV stock8. The rVSV/ZEBOVDG vector has also
protected 50% of NHPs when administered shortly after ZEBOV chal-
lenge10, and has demonstrated safety in a NHP neurovirulence
model11. However, there is a robust post-vaccination viraemia in
macaques and a recent phase I trial of the rVSV/ZEBOVDG vaccine
in Geneva was halted due to temporary joint pain in some patients.
The level of vaccine-associated viraemia and frequency of adverse
events will be more fully documented as data from ongoing phase 3
trials become available for this vector; but the early observation suggest
that a further-attenuated rVSV vectormay bemore desirable for wide-
spread administration in endemic regions of Africa.
To address this possible safety concern we have developed and

tested two further-attenuated rVSV/ZEBOV vaccine candidates for
efficacy. One of these vaccines is based on an rVSV vector that has
advanced through clinical evaluation. It was attenuated by translocat-
ing the VSV nucleoprotein (N) gene from position 1 to position 4 in
the genome (N4) and truncating the cytoplasmic tail (CT) of the VSV
G protein from 29 to 1 amino acids (CT1)12. This rVSVN4CT1 vector
was modified to maximally express HIV-1 gag from position 1 in the
genome (rVSVN4CT1gag1) by positioning the gag gene immediately
adjacent to the single strong 39 VSV transcription promoter. The
rVSVN4CT1gag1 vector has demonstrated safety in mouse and
NHP neurovirulence studies12,13, and replication is restricted to the
IM inoculation site and draining lymph node following vaccination
of mice14. The rVSVN4CT1gag1 vector has demonstrated safety and
immunogenicity in two phase I clinical trials (HVTN 090 and HVTN
087: http://clinicaltrials.gov/) and no post-vaccination viraemia was
detected in urine, saliva, and blood of vaccine recipients. The
rVSVN4CT1GP1 vector described here (Fig. 1a, N4) is analogous in
design to that of the rVSVN4CT1gag1 vaccine and expresses ZEBOV
GP from genome position 1. The other attenuated rVSV/ZEBOV

*These authors contributed equally to this work.

1Galveston National Laboratory, University of Texas Medical Branch, Galveston, Texas 77555, USA. 2Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, Texas
77555, USA. 3Department of Virology and Vaccine Vectors, Profectus BioSciences, Inc., Tarrytown, New York 10591, USA. 4Department of Immunology, Profectus BioSciences, Inc., Tarrytown, New York
10591, USA.

G2015 Macmillan Publishers Limited. All rights reserved

6 8 8 | N A T U R E | V O L 5 2 0 | 3 0 A P R I L 2 0 1 5



vaccine described here (rVSVN1CT1GP3), expressing a truncated
form of VSV G, was designed to be of intermediate attenuation
between rVSVN4CT1GP1 and the first generation rVSV/
ZEBOVDG vaccine (Fig. 1a, N1). Both attenuated rVSV/ZEBOV
vectors express GP from the ZEBOV Mayinga strain, as do most
other candidate ZEBOV vaccines currently under evaluation.
Sequence homology between GPs from the new West African
Makona strains analysed to date and the 1976 Mayinga strain is
approximately 97%. Although this difference is not likely to affect
the protective efficacy of the current ZEBOV vaccines against the

heterologous West African strains, it is possible that small changes
in sequence could lead to reduced efficacy of a vaccine15. It is well
established that small variations in sequence and even single amino
acid changes in sequence for other viruses including influenza,
respiratory syncytial virus, polio, equine infectious anaemia virus,
and SIV can reduce vaccine efficacy. Here we assessed the ability of
our newly developed next-generation rVSV-based vaccines expres-
sing ZEBOVMayinga GP to protect against heterologous challenge
with the new outbreak Makona strain of ZEBOV in cynomolgus
monkeys.

Table 1 | Clinical findings for NHPs challenged with ZEBOV-Guinea
Animal Vaccine Day 226* PRNT50{ Clinical signs observed{ Final outcome

129 N/A 2 0/0 Fever (6), anorexia (5–8), depression (6–8), mild rash
(6–8), lymphopenia (3, 6), thrombocytopenia (6),
ALTR(6), ALPRR R (6), ASTRRR (6), GGTRRR (6),
CRP increase (6)

Expired day 8

276 N/A 2 0/0 Fever (6), anorexia (6–7), depression (6–7), mild rash
(6–7), thrombocytopenia (6, 10), ALTR(6),
ALPRRR (6), ASTRRR (6), GGTR (6), CRP
increase (6)

Expired day 7

0910078 N1 1 0/40 Ø1 Survived
1001100 N1 2 0/160 CRP increase (6) Survived
117 N1 2 0/80 Lymphopenia (6), CRP increase (6, 10) Survived
0907095 N1 2 0/160 Lymphopenia (6, 10), CRP increase (6, 10),

ALTRR(6), ALPR(6), ASTRR(6)
Survived

0807174 N4 1 0/160 Lymphopenia (6), CRP increase (6, 10) Survived
0901014 N4 2 0/80 Ø Survived
119 N4 1 0/80 Ø Survived
0811013 N4 1 0/20 Ø Survived

* rVSV viraemia 2 days post vaccination. 2, below limit of detection (25 PFU per ml); +, up to 33102 PFU per ml.
{50% plaque reduction neutralization titre at day of challenge and terminal day presented as day of challenge/terminal day.
{Days after ZEBOVchallenge are in parentheses. Fever is defined as a temperaturemore than1.4 uCabovebaseline or at least 0.9uCabovebaseline and$39.7uC. Lymphopenia and thrombocytopenia are defined
by a $ 35% drop in numbers of lymphocytes and platelets, respectively. ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase. CRP,
C-reactive protein: two- to threefold increase,R; 4- to fivefold increase, RR; . 5 fold increase, RRR.
1No symptoms observed.

100 3 6 14 21 28Day –28 –26 –18
*
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N4 n = 4
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Figure 1 | rVSV/ZEBOV vector design, growth kinetics and vaccine study strategy. a, Genome organization comparing ZEBOV GP (Mayinga strain)-
expressing rVSV vectors as described in methods. The rVSV/ZEBOVDG (DG) vector had the natural VSV G gene replaced with the ZEBOV GP at position 4
within the genome. rVSVN1CT1GP3 (N1) vector retained the position of VSVN in position 1 (orange box), insertion of ZEBOVGP at position 3 and a truncated
form of VSV G containing the CT1 truncation was inserted at position 6. The rVSVN4CT1GP1 (N4) vector had the insertion of ZEBOV GP in position 1,
attenuatingN gene translocation (N4) (black box) and truncated G protein cytoplasmic tail (CT1). Numbers above vector constructs designate genome positions.
Virus leader (Le), trailer (Tr), and intergenic regions are shown in black. Shaded regions represent deleted amino acid regions. b, Single-cycle growth kinetics
comparing the DG, N1, and N4 vectors depicted in a. Data shown are mean6 s.d. from two biological replicates titrated by plaque assay in triplicate. Titre
differences betweenDG andN1 vectors were statistically significant at 4 (P5 0.0001), 12 (P5 0.0055), and 24 h post infection (P5 0.0001). Likewise,DG andN4
vector titres were significantly different at 4 (P5 0.0001), 12 (P5 0.0005), 24 (P5 0.0001), and 48 h post infection (P5 0.0068). Unpaired t-test, P5 0.05.
c, Crystal violet-stained Vero cell monolayers showing plaques generated by the DG, N1, and N4 vectors at 48 h post infection. d, Flow chart showing the day of
vaccination (triangles), days of sampling (arrows), day of challenge (*). Blue triangle, unvaccinated cohort; orange triangle, N1-vaccinated cohort; black triangle,
N4-vaccinated cohort.
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Results from an in vitro growth kinetics study (Fig. 1b) indicate an
approximate tenfold reduction in growth rate early in infection for
rVSVN4CT1GP1 relative to rVSV/ZEBOVDG. Also noted during
virus plaque assay were the larger more rapidly forming plaques gen-
erated by rVSV/ZEBOVDG compared to rVSVN4CT1GP1, with
rVSVN1CT1GP3 showing intermediate growth and plaque size
(Fig. 1c).
We next tested if the further-attenuated rVSV/ZEBOV vaccines

could provide NHPs with single-dose protection against challenge
with ZEBOV isolated from the current outbreak in Guinea16. Groups
of four cynomolgus macaques were inoculated intramuscularly with
23 107 plaque-forming units (PFU) of either rVSVN4CT1GP1 or
rVSVN1CT1GP3; a group of two control macaques were unvaccinated
(Fig. 1d, arrow heads). None of themacaques showed any sign of illness
or distress following vaccine administration. Consistent with the stat-
istically significant growth differences between rVSV/ZEBOVDG and
the more attenuated vectors seen during in vitro growth kinetics stud-
ies, levels of both attenuated vaccine viruses detected in the blood of
vaccinated macaques (500 PFU per ml) were 10- to 50-fold lower than
those detected for the more replication competent rVSV/ZEBOVDG9

(Table 1, day 226). The ZEBOV GP-specific humoral immune res-
ponsewas assessed for all animals before vaccination (Fig. 2a,228) and
after vaccination (Fig. 2a,218 and 0) by IgG capture ELISA and neut-
ralizing antibody titres (Table 1, plaque 50% reduction neutralization
test (PRNT)50). Results showed neutralizing titres at terminal days for
vaccinated cohorts and detectable circulating levels of anti-ZEBOVGP
IgG for both vaccine cohorts after vaccination and before challenge
with no detectable levels for the unvaccinated control animals
(Fig. 2a). A cell-mediated immune response was also detected in all
vaccinated animals by ZEBOV GP-specific interferon gamma (IFN-c)
ELISpot assay 10 days after vaccination (Extended Data Fig. 1a and b).
The eight vaccinated and two unvaccinated control macaques were

challenged by intramuscular injection with 1,000 PFU of a low passage
100% 7U Makona strain stock of ZEBOV16 28 days after the single
injection vaccination (Fig. 1d, asterisk). None of the animals

vaccinated with either of the two further-attenuated rVSV/ZEBOV
vectors showed any severe signs of illness following challenge with
ZEBOV (Table 1), whereas the two unvaccinated control macaques
succumbed to disease on days 7 and 8 (Fig. 2b). Circulating infectious
ZEBOVwas isolated from both of the unvaccinated control macaques
on days 3 and 6 post challenge (Fig. 2c, blue) but no circulating
infectious ZEBOV could be detected in any of the vaccinated animals.
Examination of tissues by immunohistochemistry showed abundant
ZEBOV antigen in tissues of the unvaccinated control animals (129
and 276) (Fig. 3a–d) whereas ZEBOV antigen was not detected in
tissues of the macaques vaccinated with rVSVN1CT1GP3 (1001100)
or rVSVN4CT1GP1 (0807174) (Fig. 3e–h).
Herewe show protection against a newWest AfricanMakona strain

of ZEBOV using a novel filovirus vaccine platform. The large reduc-
tion in vaccine-associated viraemia indicates a significant increase of in
vivo attenuation for these next-generation rVSV/ZEBOV vaccine vec-
tors, which should translate into greater safety and reduced adverse
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events in humans. Importantly, single-dose vaccination of NHPs with
highly attenuated forms of rVSV expressing ZEBOV Mayinga GP
provides complete protection from heterologous challenge with a
highly virulent 7U ZEBOV isolated early during the current West
African outbreak16. ZEBOV genome sequencing from cases later dur-
ing theWest Africa outbreak has revealed little drift in theGP gene17,18,
suggesting that this vaccine platform could also be efficacious against
currently circulating ZEBOV. These findings pave the way for the
identification andmanufacture of safer, single-dose, high efficacy vac-
cine(s) to combat current and future filovirus outbreaks in Africa and
their potential use as biological weapons.

Online Content Methods, along with any additional Extended Data display items
andSourceData, are available in theonline versionof thepaper; referencesunique
to these sections appear only in the online paper.
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METHODS
No statistical methods were used to predetermine sample size.
Generation of N4 and N1 ZEBOV vectors. As described previously12,19 an
rVSVINN4CT1gag1 vector (Indian serotype) expressing HIV-1 gag was used as
the backbone for generating the attenuated rVSVN4CT1 vector expressing the
Zaire ebolavirus (ZEBOV) glycoprotein (GP). The corresponding
rVSVINN4CT1gag1 genomic cDNA was modified by exchanging the gag gene
expression cassette via XhoI/NotI restriction sites with an expression cassette
encoding a full length ZEBOV GP [1976, Mayinga strain], generating the
rVSVINN4CT1-ZEBOVGP1 cDNA (Fig. 1a, N4). The N1 vector was generated
by first inserting ZEBOV GP into a VSV-N1DG backbone via XhoI/NotI restric-
tion sites within a transcriptional cassette located at position 3 in the genome;
followed by the insertion of a PCR fragment containing a portion of VSV L, a
modified VSV G CT1 gene and trailer into the N1 genome at position 6 via the
HindIII/RsrII sites, generating the rVSVINN1(G CT1)6-ZEBOVGP3 cDNA
(Fig. 1a, N1).
The rVSV-ZEBOV vectors were rescued from genomic cDNA as previously

described20. Rescued virus was plaque purified and amplified on Vero cell mono-
layers (ATCC, CCL-81). For animal studies, virus vectors were purified from
infected BHK-21(ATCC CCL-10) cell supernatants by centrifugation through a
10% sucrose cushion. Purified virus was resuspended in PBS, pH7.0, mixed with a
sucrose phosphate (SP) stabilizer (7mM K2HPO4, 4mM KH2PO4, 218mM suc-
rose), snap frozen in ethanol/dry ice and stored at 280 uC until ready for use.
Growth kinetics study of DG, N4 and N1 ZEBOV vectors. Single-step growth
curves were performed by adsorbing the N4, N1 and aDG control virus to duplic-
atemonolayers of Vero cells (ATCC, CCL-81) in six-well plates at a multiplicity of
infection (MOI) of 10 for 15min at room temperature with continued rocking
followed by incubation at 37 uC with 5% CO2 for 30min without
agitation. The inoculum was aspirated, the cells washed 33 with serum-free
Dulbecco’s minimal Eagle’s medium (DMEM) and then DMEM containing
5% fetal bovine serum (FBS) was added to the plates, which were placed at
32 uC with 5% CO2. Samples for titration were taken at 4, 8, 12, 16, 24 and 48h
post infection and replaced with the same volume of freshmedia. Virus titres were
determined in duplicate by plaque assay on Vero cells. Growth curves were per-
formed in triplicate for each virus. Plaque images for each vector were taken at 48 h
post infection, after staining with a 1% crystal violet solution. Statistical analysis of
rVSV titres were performed using unpaired t-test with a 95% confidence level
(P, 0.05) with the GraphPad Prism program.
Challenge virus. The ZEBOV Makona strain seed stock originated from serum
from a fatal case early during the 2014 outbreak in Guékédou, Guinea16 (NCBI
accession number KJ660347) and was passaged twice in Vero E6 cells (ATCC,
CRL-1586). The virus stock was deep sequenced as 100% 7U at the GP editing site
in the viral genome (see below).
Deep sequencing. Approximately 1ml of the ZEBOV Makona strain seed stock
was removed from the seed stock vial and placed in 5ml of TRIzol LS and vortexed
three times and allowed to sit for 10min. The 6ml were then placed into two
separate 3mlNunc cryo-vials for removal from the BSL-4. RNAwas isolated from
the TRIzol LS/sample mixture using Zymo Research Direct-zol RNA mini-prep
permanufacturer’s instructions.Approximately 150ng of purified RNAwere used
to make cDNA using the NuGen Ovation RNA-seq 2.0 kit ultimately for the
preparation of the double-stranded DNA library using Encore Ion Torrent library
prep kit. Sequencing was performed by the UTMB Molecular Core on the Ion
Torrent using 318-v2 deep sequencing chips. Sequence analysis was performed
using DNA Star SeqmanNGen software based on paired-end analysis of 100 base
pairs overlaps.
Vaccination and animal challenge. Ten, healthy, filovirus-naive, adult (,3 to
9.5 kg, 7 female and 3 male), Chinese origin cynomolgus macaques (Macaca
fascicularis) were randomized with Microsoft Excel into two experiment groups
of four animals each and a control group of two animals. Animals in one experi-
mental group were vaccinated by intramuscular injection of approximately
23 107 PFU of the rVSVN4CT1GP1vaccine while animals in the other experi-
mental group were vaccinated with approximately 23 107 PFU of the VSV-
N1CT1 ZEBOVGP vaccine. The two control animals were not vaccinated. Four
weeks after the single injection vaccination all ten animals were challenged by
intramuscular injection with 1,000PFU of the ZEBOV Makona strain virus. All
animals were given physical exams and blood was collected before vaccination, at
day 10 after vaccination, at the time of ZEBOV challenge and on days 3, 6, 10, 14,
21 and 28 after ZEBOV challenge (Fig. 1d, arrows). Animals weremonitored daily
and scored for disease progression with an internal filovirus scoring protocol
approved by the UTMB Institutional Animal Care and Use Committee. The
scoring changes measured from baseline included posture/activity level, atti-
tude/behaviour, food andwater intake, weight, respiration, and diseasemanifesta-

tions such as visible rash, haemorrhage, ecchymosis, or flushed skin. A score of$ 9
indicated that an animal met criteria for euthanasia. This study was not blinded.
Anti-ZEBOVGP IgG ELISA. Serum collected at indicated time points was tested
for immunoglobulin G (IgG) antibodies against ZEBOV. Enzyme-linked immu-
nosorbent assay (ELISA) using recombinant ZEBOV GPdTM purified protein
(Integrated BioTherapeutics, Inc.) was used to detect cross-reactive IgG.
ZEBOV GPdTM was diluted to an optimal working concentration of 100ng per
well in 0.1ml carbonate/bicarbonate buffer (carbonate/bicarbonate buffer with
azide tablets from Sigma catalogue number 08058-50TAB-F) and used to coat
Immulon 2HB flat bottom ELISA plates (Thermo Labsystem catalogue number
3455) for 18 h at 4 uC. Coated plates were blocked (10% FBS1 13 PBS) for at least
2 h. The serum samples were assayed at twofold dilutions starting at a 1:100
dilution in ELISA diluent (1% heat inactivated fetal bovine serum (HI-FBS),
13 PBS, and 0.2% Tween-20). Samples were incubated for 1 h at room temper-
ature, removed, and plates were washed. Wells were then incubated at room
temperature for 1 h with anti-monkey IgG conjugated to horseradish peroxidase
(Fitzgerald Industries International) at a 1:2,500 dilution. Thesewells were washed
and then incubated with 2,2’-azine-di(3ethylbenzthiazoline-6-sulfonate) peroxi-
dase substrate system (KPL) at room temperature for approximately 10min.
Reaction was stopped with 1% SDS and read for dilution endpoints at 405nm
on amicroplate reader (Molecular Devices Emax system). Absorbance valueswere
normalized by subtraction of background A405nm from uncoated wells for each
serum dilution. Antigen-specific serum IgG end-point titres were defined as the
reciprocal of the last normalized serum dilution giving anA405 nm greater than 0.1.
ZEBOV neutralization assay. Neutralization assays were performed by mea-
suring plaque reduction in a constant virus:serum dilution format as previously
described9. Briefly, a standard amount of ZEBOV (,100PFU)was incubated with
serial twofold dilutions of the serum sample for 60min. The mixture was used to
inoculate Vero E6 cells (ATCC, CRL-1586) for 60min. Cells were overlaid with an
agar medium, incubated for 7 days, and plaques were counted 48 h after neutral
red staining. Endpoint titres were determined by the dilution of serum, which
neutralized 50% of the plaques (PRNT50).
IFN-c ELISpot assay. Ninety-six-well flat-bottomed ELISpot plates (Millipore)
were coated overnight with a mouse anti-human IFN-c monoclonal antibody
(clone 27; BD-Pharmingen) at a concentration of 10mgml21, after which the
plates were washed three times with 13 PBS and then blocked for 2 h with PBS
containing 5% heat-inactivated FBS. Heparinized whole blood was collected
10 days after immunization of macaques, and peripheral blood mononuclear cells
(PBMCs) were isolated from whole blood by Ficoll-Hypaque density gradient
centrifugation, and resuspended in complete R05 culture medium. The isolated
macaque PBMCs were washed once with complete R05 culture medium and
resuspended in complete R05 culture medium containing either 5mgml21 phy-
tohaemagglutinin mucoprotein (Sigma), peptide pools (15-mers overlapping by
11 amino acids; final peptide concentration, 1mM each) spanning the ZEBOV
Mayinga strain GP, or medium alone. The input cell number was 23 105 PBMCs
per well (23 106 PBMCs per ml), and cells were assayed in duplicate wells. Cells
were incubated for 18 to 24 h at 37 uC and then removed from the ELISpot plate by
first being washed with deionized water and then being washed six times with 13
PBS containing 0.25% Tween 20. Thereafter, plates were treated with a rabbit
polyclonal anti-human IFN-c biotinylated detection antibody (0.65mg per well;
Life Technologies) diluted with 13 PBS containing 1% bovine serum albumin
(BSA) and were incubated at 37 uC for 2 h. ELISpot plates were then washed 6
times with 13 PBS containing 0.25% Tween 20, treated with 100ml per well of
streptavidin–horseradish peroxidase conjugate (BD Biosciences) diluted 1:250
with 13 PBS containing 10% FBS and 0.005% Tween 20, and incubated for an
additional 1 h at room temperature. Unbound conjugate was removed by rinsing
the plate six times with 13 PBS containing 0.25% Tween 20 and three times with
13 PBS. A chromogenic substrate (100ml per well) (one-step nitroblue tetrazo-
lium/5-bromo-4-chloro-3-indolylphosphate (NBT/BCIP); Pierce)was then added
for 3 to 5min before being rinsed away with water, after which the plates were air
dried and the resulting spots counted using an ImmunoSpot reader (CTL Inc.).
Peptide-specific IFN-c ELISpot responses were considered positive if the res-
ponses (minus the medium background) were threefold above the medium res-
ponse and 50 spot-forming cells (SFC) per 106 PBMCs. Unpaired t-test analysis of
IFN-c ELISpot data was performed on GraphPad Prism version 5.02 software.
Two-tailed P values less than 0.05 indicated that the tests were statistically signifi-
cant.
Detection of viraemia. Virus titration of the rVSV vaccine vectors and ZEBOV
was performed by plaque assay with Vero E6 cells (ATCC, CRL-1586) from cell
culture or serum samples as previously described9. Briefly, increasing tenfold
dilutions of the samples were adsorbed to Vero E6 monolayers in duplicate wells
(200ml); the limit of detection was 25PFU per ml.
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Haematology and serum biochemistry. Total white blood cell counts, white
blood cell differentials, red blood cell counts, platelet counts, haematocrit values,
total haemoglobin concentrations, mean cell volumes, mean corpuscular volumes,
and mean corpuscular haemoglobin concentrations were analysed from blood
collected in tubes containing EDTA using a laser based haematologic analyser
(Beckman Coulter). Serum samples were tested for concentrations of albumin,
amylase, alanine aminotransferase, aspartate aminotransferase, alkaline phospha-
tase, gamma-glutamyltransferase, glucose, cholesterol, total protein, total biliru-
bin, blood urea nitrogen, creatine, andC-reactive protein by using a Piccolo point-
of-care analyser and Biochemistry Panel Plus analyser discs (Abaxis).
Histopathology and immunohistochemistry. Necropsy was performed on all
subjects. Tissue samples of all major organs were collected for histopathological
and immunohistochemical examination, immersion-fixed in 10% neutral buffered
formalin, and processed for histopathology as previously described21. For immuno-
histochemistry, specific anti-ZEBOV immunoreactivity was detected using an anti-

ZEBOVVP40 protein rabbit primary antibody (Integrated BioTherapeutics, Inc.) at
a 1:4,000 dilution. In brief, tissue sections were processed for immunohistochemistry
using the Dako Autostainer (Dako). Secondary antibody used was biotinylated goat
anti-rabbit IgG (Vector Laboratories) at 1:200 followedbyDakoLSAB2 streptavidin–
horseradish peroxidase (Dako). Slides were developed with Dako DAB chromagen
(Dako) and counterstained with haematoxylin. Non-immune rabbit IgGwas used as
a negative control.

19. Cooper, D. et al. Attenuation of recombinant vesicular stomatitis virus HIV-1
vaccine vectors by gene translocations and G gene truncation reduces
neurovirulence and enhances immunogenicity in mice. J. Virol. 82, 207–219
(2008). Medline CrossRef.

20. Witko, S. E. et al. An efficient helper-virus-freemethod for rescue of recombinant
paramyxoviruses and rhadoviruses from a cell line suitable for vaccine
development. J. Virol. Methods 135, 91–101 (2006). Medline CrossRef.

21. Thi, E. P. et al.Marburg virus infection in nonhuman primates: Therapeutic
treatment by lipid-encapsulated siRNA. Sci. Transl. Med. 6, 250ra116 (2014).
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Extended Data Figure 1 | Relative immunogenicity of rVSV/ZEBOV
vectors in cynomolgus macaques. At study day228, cynomolgus macaques
were immunized intramuscularly with 23 107 PFU of either N4 or N1 vectors.
Ten days after a single immunization, PBMCs were prepared and ZEBOVGP-

specific T-cell responses were quantified by IFN-c ELISpot assay. a, ZEBOV
GP-specific IFN-c ELISpot responses in individual macaques. b, Average
ZEBOV GP-specific IFN-c ELISpot responses with s.e.m. indicated.
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Some food for thought - would appreciate some feedback.

I really like the idea of focusing on the N4CT1 constructs to attenuate the rVSV constructs,
particularly for the virus families we're dealing with where neruovirulence of the rVSVs has
been shown or could be a limitation.

I coming to think that we should also propose testing other attenuating mutations as in Clarke
et al. [attached]

I also like inserting sG constructs.

Additionally, I think it's possible that we could both increase expression of our viral
glycoproteins AND attenuate them by truncating and mutating the cytoplasmic tails. IOWS
mutate not only the VSV G cytoplasmic tail but also or mutate the cytoplasmic tail of the
inserted viral glycoprotein. 

This makes a lot of sense [in my mind] for all our prototype pathogens but especially for JUNV
- check out the Nunberg paper attached. By truncating the CT of JUNC GPC you eliminate the
need for the SSP but more importantly drive the GP to the cell surface.

This draft figure is derived from Tom's Makona paper and shows what I think might be a good
grantsmanship approach of not putting all the eggs in one rVSV basket for any one virus. 
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The RNA virus that causes the Crimean Congo Hemorrhagic
Fever (CCHF) is a tick-borne pathogen of theNairovirus genus,
familyBunyaviridae. Unlikemany zoonotic viruses that are only
passed between animals and humans, the CCHF virus can also
be transmitted from human to human with an overall mortality
rate approaching 30%. Currently, there are no atomic structures
for any CCHF virus proteins or for any Nairovirus proteins. A
critical component of the virus is the envelope Gn glycoprotein,
which contains a C-terminal cytoplasmic tail. In other Bunya-
viridae viruses, theGn tail has been implicated inhost-pathogen
interaction and viral assembly. Here we report the NMR struc-
ture of the CCHF virus Gn cytoplasmic tail, residues 729–805.
The structure contains a pair of tightly arranged dual ��� zinc
fingers similar to those found in the Hantavirus genus, with
which it shares about 12% sequence identity. Unlike Hantavirus
zinc fingers, however, the CCHF virus zinc fingers bind viral
RNA and contain contiguous clusters of conserved surface elec-
trostatics. Our results provide insight into a likely role of the
CCHF virus Gn zinc fingers in Nairovirus assembly.


Recent outbreaks of the Crimean Congo Hemorrhagic Fever
(CCHF)2 virus along with the reported ability of the virus to
transfer between humans have raised concerns of a widespread
pandemic (1). The virus is transmitted to humans by tick bite or
by direct handling of infected animalmeat or blood (1, 2). Infec-
tion causes a hemorrhagic fever and myalgia resulting in mor-
tality rates approaching 30% (1–3). The virus contains an anti-
sense RNA genome divided into three segments, and named


according to lengths as the S,M, and L (for Small, Medium, and
Large) segments (4). The viral proteins are the nucleocapsid
protein, twomembrane glycoproteins Gn andGc (also referred
to as G1 and G2 in other Bunyaviridae) (5, 6), a nonstructural
protein (NSm) (7), and an RNA polymerase (4). In the mature
virion, the Gn glycoprotein contains a 176 residue ectodomain
followed by a 24 residue transmembrane region and terminates
in a long cytoplasmic tail consisting of �100 residues (5, 7).
Recent results from other related Bunyaviridae viruses sug-


gest the role of the Gn tail in viral assembly. For example, ala-
nine mutagenesis of the cytoplasmic tails of Uukuniemi virus
(genusPhlebovirus) (8) andBunyamwera virus (genusOrthobu-
nyavirus) (9) affect the ability of virus-like particles (VLPs) to
effectively incorporate ribonucleoproteins, thus intimating a
role for Gn tails in genome packaging. More recently, the Gn
tail of Puumala virus (genus Hantavirus) was shown to co-im-
munoprecipitate with the Puumala nucleocapsid protein (10).
These results suggest that the CCHF virus Gn tail plays an
equally important role in viral assembly of genus Nairovirus.
The sequence of the CCHF virus cytoplasmic tail is some-


what variable inNairoviruses (�24% identity) and evenmore so
when compared with other Bunyaviruses (12% identity with
Hantavirus Gn tails). However, one characteristic feature pres-
ent in four of the five genera ofBunyaviridae is a conserved dual
C-X-C-X-H-X-Cmotifs of cysteine and histidine residues with
X representing any amino acid (Fig. 1). Others have suggested
that the high cysteine content of the CCHF virus Gn tail could
be due to extensive disulfide bonding (5). Recently, we reported
that the cysteines in the Andes hantavirus Gn tail fold into a
novel arrangement of back-to-back classical ��� zinc fingers
(11). Despite low sequence identity between the Gn tail of Nai-
roviruses and Hantaviruses, the spacing of the dual CCHC
motif in the CCHF virus most closely resembles that of Hanta-
viruses, suggesting the presence of a similar dual zinc finger
structure. To test this hypothesis, we determined the NMR
structure of the CCHF virus Gn cytoplasmic tail from residues
729–805. We report here the first known atomic structure of
any protein component of the CCHF virus and demonstrate
that the high cysteine content of the Gn cytoplasmic tail is
partly due to the presence of dual, back to back ���-type zinc
fingers similar to those found in Hantaviruses. Unlike Hantavi-
ral zinc fingers, however, the electrostatic surface of the CCHF
virus zinc finger reveals a clear distribution of conserved elec-
trostatic charges. Moreover, we demonstrate using electropho-
reticmobility shift assays (EMSA) that these conserved electro-
statics may play a role in forming a surface for binding viral
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RNA. Together, these data provide insight into the role of the
Gn tail in Nairovirus assembly.


EXPERIMENTAL PROCEDURES


Protein Expression and Purification—Various constructs of
the CCHF virus (strain SPU103/87) Gn cytoplasmic region
(spanning residues 719–819) were subcloned from a synthetic
gene (GenScript) into the expression vectors pDZ1 and pDZ3
(12), which expressed His6-tagged GB1 fusion proteins with
TEVprotease cleavage sites. ForNMRstructure determination,
the soluble Gn construct spanning residues 729–805 (Gn729–805)
was expressed and purified under native conditions following
the method reported previously for the Andes hantavirus zinc
finger domain (11). Briefly, 15N- and 15N/13C-labeled proteins
were expressed in Escherichia coli BL21(DE3) grown in 1 liter
M9 minimal media supplemented with 0.1 mM ZnSO4 before
and after induction. Cells were grown at 37 °C, induced with 1
mM isopropyl-�-D-thiogalactopyranoside atA600 �0.8, and cell
growth was continued in a 15 °C shaker incubator overnight (to
a final A600 �2.0). Cells were harvested by centrifugation,
resuspended in buffer A (20 mM Tris-HCl pH 8.0, 20 mMNaCl,
1 mM DTT, 0.1 mM ZnSO4), and lysed by sonication. Cellular
debris was removed by centrifugation, and to the supernatant
was added one-tenth volume of 1% polyethyleneimine (pH 8) to
precipitate the nucleic acids. Following centrifugation, the
supernatant was bound to a 40ml ofQ column (GEHealthcare)
and eluted with a 280 ml linear gradient of buffer B (20 mM


Tris-HCl, pH 8.0, 0.5 M NaCl, 1 mM DTT, 1 mM ZnSO4). For
TEV protease digestion, fractions containing the fusion pro-


tein were pooled and dialyzed at 25 °C overnight in buffer (50
mM Tris-HCl pH 8.0, 20 mM NaCl, 1 mM DTT, 1 mM ZnSO4)
with 0.16 mg recombinant TEV protease (13) per 10 ml of
fusion protein. The TEV digestionmixture was dialyzed back
into buffer A and passed again through a 40 ml Q column
(GE Healthcare). The GB1 tag (theoretical pI of 5.6) was
retained on the column while Gn729–805 (theoretical pI of
8.6) was present in the flow-through. The 50 ml flow-
through fraction was concentrated using Ultra-15 centrifu-
gal filters (Amicon) and dialyzed in NMR buffer (10 mM


NaPO4 pH 7.0, 10 mMNaCl, 1 mMDTT, 0.1 mM ZnSO4). The
Gn729–805 construct retained three residues (Gly-His-Met)
cloning artifacts at the N terminus.
NMR Spectroscopy—NMR data were acquired at 25 °C using


a Bruker Avance 800MHz spectrometer equipped with a cryo-
probe, processed with NMRPipe (14), and analyzed with
NMRView (15). Backbone assignments were obtained from
two-dimensional 1H-15N HSQC (16) and three-dimensional
HNCA (17), CBCA(CO)NH (17), and HNCACB (18). Second-
ary structures were identified from the C�, C�, and H� chem-
ical shifts (19). Side chain assignments were obtained from
two-dimensional 1H-13C HMQC (20), three-dimensional
HBHA(CO)NH (21), and three-dimensional 13C-edited
HMQC-NOESY (22) (tmix � 120 ms). The histidine ring nitro-
gen atoms coordinated to Zn2� ions were identified from two-
dimensional 15N HMQC (23) using a nitrogen sweep width of
160–230 ppm. NOE (nuclear Overhauser effect) crosspeaks
were identified from three-dimensional 15N-edited NOESY-


FIGURE 1. Sequence alignment of the Gn tails of representative members of family Bunyaviridae. Bunyaviridae is comprised of five genera: Nairovirus,
Hantavirus, Orthobunyavirus, Tospovirus, and Phlebovirus. The conserved CCHC-zinc finger motifs (boxed) are present in four of the five genera, with Phlebo-
virus the lone exception. Another recurring feature is the clustering of conserved basic residues (in blue) in the vicinity of the CCHC-motifs. Notably, these basic
residues overlap with ZF2 in Nairovirus, Orthobunyavirus, and Tospovirus, but are located outside ZF2 in Hantavirus.
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HSQC (24) (tmix � 120 ms) and three-dimensional 13C-edited
HMQC-NOESY (22) (tmix � 120 ms).
Backbone 15N relaxation parameters were acquired on a 0.5


mM 15N-labeled sample in NMR buffer. The steady-state het-
eronuclear {1H}-15NNOEwas acquired as a pair of two-dimen-
sional datasets in an interleaved manner (where portions of
each two-dimensional spectrum were acquired sequentially
until both datasets were completed) (25). The first two-dimen-
sional dataset contained a 3-s proton saturation (achieved with
a series of 120° pulses) whereas the second two-dimensional
dataset contained a 3-s delay. The heteronuclear {1H}-15NNOE
was calculated as the ratio of the intensities for each peak in the
two datasets. Each two-dimensional dataset was acquired with
2048 (1H) � 128 (15N) complex points, 32 scans per point, and
a 5 s recycle delay. Error bars were estimated using the standard
deviation of the background signal of each spectrum. The 15N
backbone relaxation rates R1 and R2 were acquired as described
(26). The time delays used to determine R1 were 10, 60, 120,
240*, 400, 900, and 1100 ms, and the time delays used to deter-
mine R2 were 20, 40*, 50, 60, 70, 90, 100, 120, and 150ms (aster-
isk denotes spectra acquired in duplicate to estimate reproduc-
ibility). Peak intensities were obtained fromNMRView (15) and
fitted using GNUPLOT (27). Deviations from fitting were
reported as error bars. Because of peak overlap, residues 749,
787, 791, and 796 were not used in the analysis.
Structure Calculation—The protocol used for NMR struc-


ture calculation has been described previously (11). Briefly,
unique NOE distance restraints were classified into upper
bounds of 2.7, 3.5, 4.5, and 5.5Å and lower bound of 1.8 Å based
on peak volumes. Backbone dihedral angles in the �-helical
regions identified by the secondary C�, C�, and H� chemical
shifts (19) were restrained to � (�60 � 20°) and � (�40 � 20°).
Initial structures were generated using CYANA (28), followed
by molecular dynamics and simulated annealing in AMBER7
(29); first in vacuo, then with the generalized Born (GB) poten-
tial. Initial structural calculations were performed in CYANA
without the Zn2� restraints to confirm that the zinc finger
domain will fold from NOE-derived restraints only. Once the
topology of the Zn2�-coordinated residues were confirmed,
subsequent CYANA structure calculations used distance
restraints that imposed tetrahedral Zn2�-coordination to Cys
and His residues (22). Iterative cycles of AMBER calculations
followed by refinement of NMR-derived restraints were per-
formed until the structures converged with low restraint viola-
tions and good statistics in the Ramachandran plot. A family
of twenty lowest energy structures were analyzed using
PROCHECK (30) andmolecular graphics were generated using
PYMOL (31). The surface electrostatic potentials were calcu-
lated using APBS (32) and visualized in PYMOL (31).
In Vitro Transcription—A DNA oligonucleotide represent-


ing the M genomic segment panhandle was assembled by PCR
primer extension and used for in vitro transcription. In vitro
transcription was carried out following manufacturer’s proto-
col (MAXIscript Kit, Ambion). Briefly, a 20-�l reaction was
carried out for 1.5 h (37°) and terminated by adding 2 �l 0.25 M


EDTAandheating to 90° followed by rapid cooling on ice. Reac-
tion mixtures were then treated with DNase I and subjected to
ethanol precipitation. The RNA transcripts were resuspended


in RNase-free ddH2O and analyzed for purity on a native 12%
acrylamide gel stained with SYBR Green II dye (Invitrogen).
RNA Binding Assays—To assess protein-RNA binding by gel


electrophoresis, RNA transcripts were incubated on ice for 15
min with increasing amounts of either CCHF virus Gn729–805
or Andes hantavirus G1543–599 in binding buffer (30 mM


NaPO4, 30 mM NaCl, pH 7.4). Samples were mixed with one-
half volume 50% glycerol and loaded onto a native 12% acryl-
amide Tris borate gel. The gel was run in a coolingwater bath at
90 V for 1 h in Tris borate buffer, pH 8.3 and visualized by
staining with SYBR Green II dye. For nucleic acid size determi-
nation, each gel included a 100 bpDNA ladder (NEB,NO467S).
CD Spectroscopy—CD spectra were collected in triplicate at


25° on a JASCO J-815 Spectro-polarimeter using a scanning
speed of 50 nm/min. Protein concentrations were kept at 1 �M


in buffer (10 �M NaPO4, 10 �M NaCl, 0.1 mM ZnSO4). EDTA
and ZnSO4 titrations were applied to the same sample.


RESULTS


Protein Expression and Purification—Our previous work
with Hantavirus glycoprotein cytoplasmic tails indicates
expression of the tail is toxic to E. coli (11). Therefore, all con-
structs of theCCHF virusGn cytoplasmic tail were expressed as
GB1 fusion proteins. The GB1 tag contained His6 for nickel
affinity purification and a TEV protease cleavage site to recover
the native Gn zinc finger domain. The fusion protein was
expressed in soluble form in E. coli, purified under native con-
ditions, and digested with TEV protease to obtain the Gn zinc
finger domain. Longer constructs comprising the entire pre-
dicted cytoplasmic tail (Gn719–819) expressed as insoluble
inclusion bodies. Gn729–819, which was missing the first ten
residues following the transmembrane region, expressed as sol-
uble protein but with low yield. Gn729–805 represented the lon-
gest construct containing the conserved C-X2-C-X11–12-H-
X3-C (where X is any amino acid) that also expressed in high
enough yield to give high resolution NMR data.
Zn2� Is Required for Proper Folding—To examine the reli-


ance of Zn2�-coordination on the proper folding of the CCHF
virus Gn tail, we recorded the two-dimensional 15N HSQC of
the Gn729–805 in the presence of 4 mM EDTA (Fig. 2A). The
spectrum in the presence of EDTA is collapsed between ppm
values of 6.5 and 8.6, whereas the folded spectrum in the
absence of EDTA is well dispersed between 6.5 and 9.3 ppm.
Narrowing of the spectrum suggests a loss of tertiary structure
upon removal of Zn2�, indicating the requirement for Zn2�


binding in folding of the domain. A similar titration using cir-
cular dichroism (CD) spectroscopy demonstrates that the pres-
ence of EDTA causes a downward spectral shift, indicating a
transition toward an unfolded protein (Fig. 2B). Here we also
demonstrate that the addition of Zn2� ion back into the sample
recovers the trace of the original native spectrum. Therefore,
Zn2� is required for proper folding of the CCHF virus Gn tail.
NMR Structure Determination—CCHF virus Gn729–805


showed a well dispersed two-dimensional 1H-15N HSQC (Fig.
3A). Complete backbone assignments were obtained from
three-dimensional HNCA, CBCA(CO)NH, HNCACB, and
15N-edited NOESY-HSQC. The C�, H�, and C� secondary
chemical shifts (Fig. 3B) showed the presence of three short
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�-helices with an intervening random coil region between the
second and third helix. Two more regions in random coil ori-
entations flanked the central sequence of the domain as indi-
cated by the heteronuclear {1H}-15N NOE (Fig. 4C). Side chain
assignments were completed using two-dimensional 1H-13C
HMQC, three-dimensional HBHA(CO)NH, and three-dimen-
sional 13C editedHMQC-NOESY.Therewere six invariant cys-
teine and two histidine residues (His-752 and His-776) in
Gn729–805 (Fig. 1), all of which were involved in Zn2� coordi-
nation. Long distance NOE’s confirmed that His-752 and His-


776 were involved in Zn2� coordination. Notably, His-752 H�1
shares an NOE with Cys736 H��s. Likewise, His-776 H�1 and
H�2 share NOEs with Cys-761 and Cys-780 H��s. A two-di-
mensional 15NHMQC (23) spectrum showed that His-752 and
His-776 coordinated Zn2� through the N�1 and N�2 atoms
(supplemental Fig. S1), respectively. Manual analysis of three-
dimensional 15N- and 13C-edited NOESY spectra identified
1193 unambiguous interproton NOE distance restraints. The
NOE restraints together with 26 � and 26 � dihedral angle
restraints and zinc coordination restrains (Table 1) were used
in structure calculation and refinement in CYANA and


FIGURE 2. CCHF virus Gn zinc finger domain (residues 729 – 805) relies on
Zn2� for proper folding. Addition of 4 mM EDTA to a sample of 15N-labeled
Gn729 – 805 effectively narrows the HSQC spectrum into a characteristic of an
unfolded protein (A). Likewise, addition of a metal chelator causes a down-
ward shift at 208 nm in the CD spectra toward random coil (Y axis: molar
ellipticity � per residue, deg�cm2 dmol�1residue�1 � 104) (B). Titration of zinc
sulfate back into the sample recovers the original CD trace (B).


FIGURE 3. The CCHF virus Gn zinc finger yielded a well dispersed two-dimen-
sional 1H-15N HSQC spectrum (A). The smaller peak in the tryptophan (W801)
side-chain suggested a minor conformation of the tryptophan ring possibly
due to ring flip-flop. Secondary chemical shifts for 13C�, 1H�, and 13C� sug-
gest the presence of three short � helices interspersed with two short � hair-
pins (B).
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AMBER. The 20 low energy NMR structures of Gn729–805 con-
verged into a family of structures (Fig. 5) with low restraint
violations and good Ramachandran plot statistics (Table 1).
Structure of CCHFVirus Zinc Finger—TheNMR structure of


Gn729–805 reveals a rigid, compact three-helix structure with
four short �-strands (Fig. 5). The structure contains a pair of
tightly associated, back to back��� zinc fingers connected by a
short four residue linker (Ser757-Ile760) (Fig. 5). The first
CCHC-zinc finger array (ZF1) consists of a Zn2� ion coordi-


nated to residues Cys-736, Cys-739, His-752, and Cys-756 and
forms the classical ��� zinc finger fold. Cys-736 and Cys-739
form part of a short �-hairpin. Thr-737 and Ile-738 form a loop
with Cys-736 and Cys-739 on either side of the hairpin. The
structure contains helix �1 formed by Ile-747 to Ser-757 that
folds back toward the �-hairpin, forming the ��� zinc finger
fold. Cys-756 forms the fourth Zn2�-coordinating residue and
is located on the same surface of helix �3 with His-752.
Likewise, the second CCHC-zinc finger array (ZF2) consists


of a secondZn2� ion coordinated to residues Cys-761, Cys-764,
His-776, and Cys-780 into a classical ��� zinc finger fold. Cys-
761 and Cys-764 are positioned on either side of a short �-hair-
pin. Pro-762 and Tyr-763 form a loop between Cys-761 and
Cys-764. The structure is followedby a short helix�2 formedby
Leu773-Cys-780 and folded back toward the �-hairpin, form-
ing the ��� zinc finger fold. His-776 is located toward themid-
dle of helix �3, and the final coordinating cysteine (Cys-780) is
located at the end of helix �3. Although ZF2 also resembles the
classical ��� fold, a minor difference exists when compared
with ZF1. The helix �2 of ZF2 is shorter than helix �1 by three
residues. This is due to the presence of helix breakers Gly-772
and Pro-781 located at either end of helix �2.


Unlike many classical ��� zinc fingers which form inde-
pendently folded domains like “beads-on-a-string,” the two
CCHF virus zinc fingers were tightly stuck together, with over
65 NOEs observed between ZF1 and ZF2. These NOEs fix the
relative orientation of ZF1 with respect to ZF2. Among these
NOEs, the strongestwere observed betweenMet-751 (ZF1) and
Tyr-763 (ZF2), Cys-739 (ZF1) and Ala-774 (ZF2), His-752
(ZF1) andVal-777 (ZF2), andThr-741 (ZF1) andVal-777 (ZF2).
In addition to the two classical ��� fold zinc fingers, the


structure contains an additional helix, helix �3, formed by Lys-
782 to Glu-791 that packs against the dual zinc finger fold. A
hydrophobic interaction between Val-744 of ZF1 and Val-787
keeps helix �3 pinned to the core structure. The orientation of
helix �3 to ZF2 is partially determined by the helix breaker
Pro-781, the residue immediately following ZF2. Pro-781 is
100% identical among Nairoviruses (Fig. 1) and serves as a kink
between helix �2 and �3. Strong Cys C� to Pro-718 C� NOEs
indicated a trans proline isomer. The C-terminal 13 residues
(Leu-792 to Lys-805) are primarily unstructured. NOEs
between Ile-799 C	2 and Met-751 C	 indicate the unstruc-
tured tail is pinned to the rest of the structure.
The 15N backbone relaxation rates (R1 and R2) as well as the


heteronuclear {1H}-15N NOE (Fig. 4) showed that the ZF1,
linker (residue 757–760), and ZF2 regions behave with nearly
similar amide backbone dynamics. The average R1 values for
ZF1, ZF2 and linker regions were well within each other, with
values of 1.60 (� 0.15), 1.81 (� 0.40), and 1.65 (� 0.04) s�1,
respectively (Fig. 4A). ZF1 and the linker had essentially similar
R1 values, however, within ZF2, the R1 values increased for res-
idues 770 and 771 of the loop connecting �4 and �2, indicating
increased mobility of this region. Likewise, the average R2 val-
ues for ZF1, ZF2, and linker regions were similar to each other,
with values of 13.8 (� 1.8), 13.8 (� 1.8), and 15.6 (� 3.1) s�1,
respectively. Interestingly, the first linker residue, Ser-756,
showed increased R2 without a corresponding increase in R1,
which suggested chemical exchange on the�s-ms timescale for


FIGURE 4. Amide backbone relaxation rates R1 (A), R2 (B), and heteronu-
clear {1H}-15N NOE (C) of the CCHF virus Gn zinc finger.


TABLE 1
NMR restraints and structural statistics for the 20 refined NMR
structures


Total distance restraints 1193
Intraresidue (i, i) 246
Sequential (i, i �1) 407
Long Range (i-j) � 4) 307


Total dihedral angle restraints 52
Phi 26
Psi 26


RMS deviation frommean structure
Backbone atoms (N, C�, C´) (Å) 0.25
All heavy atoms (C, N, O) (Å) 0.76


NOE violations
Max distance violation (Å) 0.47
Max dihedral angle violation (°) 5.3


Energies (kcal/mol)
Mean GBa-AMBER energy �3359
Mean restraint energy 79


Ramachandran plot
Most favorable region (%) 79.2
Additionally allowed regions (%) 20.1
Generously allowed regions (%) 0.6
Disallowed regions (%) 0.2


a Generalized Born potential.
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Ser-756. The average heteronuclear {1H}-15NNOE for the ZF1,
linker and ZF2 regions was 0.8 (Fig. 4C), indicating reduced
flexibility for the dual zinc finger domain including the linker
region. In brief, the NMR amide backbone relaxation parame-
ters (Fig. 4) confirmed that the two zinc fingers essentially tum-
ble as one entity, that the linker between the two zinc fingers
was rigid and tumble at the same rate as the zinc fingers, and
that the loops and tails were flexible.
CCHF Virus Zinc Finger Contains Conserved Electrostatic


Surfaces—Analysis of the surface electrostatics of the CCHF
virus Gn729–805 reveals clustering of positive and negatively
charged surfaces on opposite faces of the structure (Fig. 6). Sur-
face residues Glu-740, Glu-750, and Asp-753 of ZF1 converge
with surface residues Glu-789 andGlu-791 of helix�3 andGlu-
797 of the C-terminal unstructured region to form a large,
nearly contiguous negatively charged surface. Similarly, Arg-
767 and Arg-775 of ZF2 converge with Lys-782, Lys-784, and
Lys-786 of helix�3 andArg-798 of theC-terminal unstructured
region to form a large contiguous positively charged surface. Of
the charged surface residues, only Glu-750, Glu-797, Lys-784,
and Arg-798 are not conserved in Nairoviruses. Most of the
surface electrostatics, therefore, is a conserved feature of the
Nairoviruses zinc finger domain.


CCHF Virus Gn Tail Binds RNA—RNA electrophoretic
mobility shift binding assays (EMSA) were carried out using
two different proteins: the zinc finger domain of CCHF virus
consisting of Gn729–805, and the zinc finger domain G1534–599
of the related Andes hantavirus. The RNA sequences used in
the EMSA were a 58-mer RNA of the Andes hantavirus and a
51-mer RNA of the CCHF virus (Fig. 7A). Both RNA sequences
contain 23–26 nucleotides at the 5� and 3� termini of the M
genomic segments of theAndes andCCHF viruses, and these 5�
and 3� strands are complementary to each other and are
expected to form into hairpin-like panhandle structures (Fig.
7A). On a 12%native acrylamide gel, theAndes hantavirus RNA
traveled as a single band consistent with a 58-mer hairpin (Fig.
7B), however, the CCHF virus 51-mer RNA migrated as two
bands, a higher molecular weight form and a lower band
migrating at a size consistent with a 51-mer hairpin (Fig. 7B).
Incubation of the Andes hantavirus protein with the 58-mer
RNA failed to affect the migration of RNA (Fig. 7B). The RNA
bands in the presence of the Andes hantavirus protein were
similar to the free RNA band (Fig. 7B). However, incubation of
the CCHF virus zinc finger protein notably affected the migra-
tion of the CCHF virus RNA, as demonstrated by the appear-
ance of an additional band (marked with asterisk, Fig. 7B)


FIGURE 5. NMR structure of CCHF virus Gn tail zinc finger. Stereoview of the superposition of 20 lowest energy NMR structures of CCHF virus Gn zinc finger
(A). CCHF virus Gn zinc finger domain folds into a compact three-helix structure consisting of two back-to-back ��� zinc fingers with helix �3 pinned
underneath the core zinc finger structure (B).
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migrating between the hairpin and the higher MW form of the
CCHF virus RNA. The protein-RNA complex band was most
likely formed between the zinc finger protein and the RNA
hairpin. Because the 51-mer CCHFVRNA existed in two forms
(the hairpin and the higher MW form), the relative amounts of
each form must be in equilibrium and binding of the CCHFV
zinc finger protein to the hairpin RNA will also affect the
amount of the RNA B form as seen in Fig. 7B. We are designing
new RNA sequences that will only form hairpins for future
studies of the protein-RNA interaction of the CCHF virus zinc
finger. Nevertheless, the main conclusion from the EMSA
results demonstrated that the CCHF Nairovirus Gn tail (resi-
dues 729–805) interacted with RNA whereas the Andes han-
tavirus G1 tail (residues 534–599) did not.
To test our hypothesis that conserved basic residues in the


CCHF virus zinc finger protein may be involved in RNA bind-
ing, point mutations were introduced in conserved lysine and
arginine residues into aspartic acid and the mutant proteins
were used in EMSA. The point mutants K783D, K786D, and
R767D retained the ability to bind RNA suggesting these basic
residues may not be critical in RNA binding (supplemental Fig.
S2A). However, the K782D mutation disrupted the protein-
RNA interaction, as its shift pattern resembles that of RNA
alone. Coincidentally, Lys-782 is located at the kink between
helix �2 and �3, and is pointed away from the zinc finger
domain (supplemental Fig. S2B), suggesting that the kink
between helix �2 and �3 may be important for RNA binding
interaction of the CCHF virus Gn zinc finger.


DISCUSSION


We report here that an envelope glycoprotein of aNairovirus
contains a dual CCHC-type zinc finger (Figs. 2–5) domain that


FIGURE 6. Comparison of the surface electrostatics of the CCHF virus (A)
and Andes hantavirus (B) zinc fingers. Analysis of the surface electrostatics
of the CCHF virus Gn zinc finger reveals a contiguous cluster of basic charges
(colored blue) that cover the entire half of the structure (A). Rotating the struc-
ture 180° reveals an equally large cluster of acidic charges (colored red) on the
opposite face (A). Surface electrostatics of the Andes hantavirus zinc fingers
(PDB 2K9H) in the same orientation as the CCHF virus structure (B). Notably,
the clustering of conserved basic surface in Nairovirus (A) is absent in Hanta-
virus (B).


FIGURE 7. RNA electrophoretic mobility shift assay comparing the Andes Hantavirus and the CCHF virus zinc fingers. RNA sequences used in the
EMSA: Andes Hantavirus RNA (58 nt) and CCHF virus RNA (51 nt) (A). CCHF virus RNA traveled in two forms (marked with �), lower band consistent with
a 51-nt hairpin form, and a higher molecular weight band above 100 bp (B). While the Andes hantavirus zinc finger fails to alter the mobility of Andes
hantavirus RNA, increasing the amount of CCHF virus zinc finger causes the appearance of an additional band (marked with *) for the CCHF virus RNA,
thus suggesting a protein-RNA complex (B). Each lane contained 0.24 �mol RNA, proteins came from 0.4 mM stock diluted accordingly (B). Surface
electrostatics combined with EMSA results of the Gn tail provide mechanistic insight into RNP packaging (C). We propose a model in which packaging
consists of a zinc finger-RNA complex. Studies in related viruses suggest a nucleocapsid, Gn tail interaction, presented here as a possible additional
packaging site (C).
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binds RNA. Although zinc fingers have been known in viruses,
in particular, the HIV-1 nucleocapsid protein zinc fingers (33)
are critical in RNA packaging and viral assembly, zinc fingers
are rarely found in viral envelope glycoproteins. Including the
zinc finger in this report, there are currently only three known
structures of viral envelope glycoprotein zinc fingers. First is
the zinc finger of theHantavirusG1 envelope glycoprotein (11),
and second is the zinc finger of the Junin virus envelope glyco-
protein (34) (also an RNA virus, of family Arenaviridae). In all
three cases, the cytoplasmic tails of the envelope glycoproteins
contain the zinc finger domains. The Junin virus zinc fingers
(34) form a unique fold that do not show any structural nor
sequence similarity with the Nairovirus and Hantavirus zinc
fingers. Although the Nairovirus and the Hantavirus zinc fin-
gers (11), which both belong to family Bunyaviridae (Fig. 1),
show an overall similar global fold (supplemental Fig. S3), they
also have major structural differences (Fig. 6) and properties
(Fig. 7).
Key Differences between Nairovirus and Hantavirus Gn Zinc


Fingers—Examination of the surface electrostatics of the CCHF
virus Gn tail reveals key differences when compared with the
Andes hantavirus structure (Fig. 6).Whereas the CCHFGn tail
displays sharp clustering of conserved charges that form a large
contiguous swath on the protein surface, the Andes hantavirus
zinc fingers display charges that are predominately negative
and apparently randomly dispersed (Fig. 6). The variation in
charge conservation is also evident in the sequence analysis
(supplemental Fig. S3). Whereas the spacing of CCHC motif
is mostly conserved, the spacing between conserved charges is
highly variable. The CCHF virus displays conserved negative
charges on ZF1 and conserved positive charges on ZF2. The
Andes hantavirus sequence, however, displays clustering of
conserved positive charges on the sequences flanking the neg-
atively charged core zinc finger structure.
Moreover, theCCHF virusGn tail contains a structuralmotif


that is absent in the Andes hantavirus structure. Helices �2 and
�3 (Fig. 3B), residues Leu-773 to Leu-792, form a helix-kink-
helix motif due the positioning of the conserved helix breaker
Pro-781. While not an uncommon motif, this structural aspect
in theCCHFGn tail forms the core scaffold for a large positively
charged surface partly composed of the conserved charges at
Arg-775, Lys-782, and Lys-786 (Fig. 6A). By contrast, the Andes
hantavirus structure contains neither the corresponding pro-
line nor the charges to support a similar motif (Fig. 1). Instead,
it contains the non-conserved helix breaker Gly-598 followed
by conserved charges exclusively on the C-terminal end of ZF2
(Fig. 1). In this respect, the surface electrostatics of the CCHF
virus Gn tail may more closely resemble that of Orthobunyavi-
ruses, with conserved helix breakers flanked by conserved basic
charges (Fig. 1). Perhaps not coincidentally, Nairoviruses and
Orthobunyaviruses are both arthropod-borne, whereas Hanta-
viruses are rodent-borne (3). Overall, the general preservation
of the fold indicates that the dual zinc finger motif plays a gen-
eral but important role in the life cycle of bothNairoviruses and
Hantaviruses. However, the major differences in the surface
electrostatics of the CCHF virus and Hantavirus cytoplasmic
tail structures (Fig. 6) also suggests that while general, the func-
tion of the tail may be species specific.


Proposed Role in Viral Assembly—Given the data available
regarding the BunyaviridaeGn role in viral assembly (8–10), it
is likely that the surface electrostatics play an important role in
assembly of the CCHF virus, presumably via direct interaction
with some component of the ribonucleoprotein. The large pos-
itively charged surface of the Gn tail would suggest RNA bind-
ing, as is the traditional role for zinc fingers in retroviruses (33,
35). Our EMSA results (Fig. 7) suggest that this may in fact be
the case. Using increasing amounts of Gn729–805 revealed the
migration of an additional RNA band (Fig. 7B), which likely
represents a protein-RNAcomplex consisting ofGn729–805 and
the hairpin-like M segment panhandle. While the observed
complex is weakly bound and therefore likely to be nonspecific,
these results suggest RNA interaction mediated by some of the
conserved residues in the Gn tail. Additionally, these results
suggest the possibility of an interaction between theGn tail and
the RNA component of the ribonucleoproteins (Fig. 7C). A
reverse genetics system for studying the CCHF virus has only
recently been developed (36), thus allowing testing of this
model in the future.
In summary, we present the NMR structure of a zinc finger


domain in the Gn tail of the CCHF virus. Currently, this is the
only available atomic structure for a protein component of the
Nairovirus genus. The global fold of this zinc finger is similar to
that of the Hantavirus zinc finger, which represents a unique
fold of two classical-type ���-zinc fingers that are stuck
together (in contrast, individual classical ���-zinc fingers
behave as independent domains, like beads-on-a-string). We
also demonstrated that the CCHF virus Gn tail binds RNA in
vitro, thus suggesting the possibility of an interaction between
the Gn tail with the viral RNA. Taken together, our results
contribute novelmechanistic insight toward understanding the
CCHF virus life cycle.
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Enveloped viruses utilize the membranous compartments of the host cell for the assembly and budding of
new virion particles. In this report, we have investigated the biogenesis and trafficking of the envelope
glycoprotein (GP-C) of the Junı́n arenavirus. The mature GP-C complex is unusual in that it retains a stable
signal peptide (SSP) as an essential component in association with the typical receptor-binding (G1) and
transmembrane fusion (G2) subunits. We demonstrate that, in the absence of SSP, the G1-G2 precursor is
restricted to the endoplasmic reticulum (ER). This constraint is relieved by coexpression of SSP in trans,
allowing transit of the assembled GP-C complex through the Golgi and to the cell surface, the site of arenavirus
budding. Transport of a chimeric CD4 glycoprotein bearing the transmembrane and cytoplasmic domains of
G2 is similarly regulated by SSP association. Truncations to the cytoplasmic domain of G2 abrogate SSP
association yet now permit transport of the G1-G2 precursor to the cell surface. Thus, the cytoplasmic domain
of G2 is an important determinant for both ER localization and its control through SSP binding. Alanine
mutations to either of two dibasic amino acid motifs in the G2 cytoplasmic domain can also mobilize the G1-G2
precursor for transit through the Golgi. Taken together, our results suggest that SSP binding masks endog-
enous ER localization signals in the cytoplasmic domain of G2 to ensure that only the fully assembled,
tripartite GP-C complex is transported for virion assembly. This quality control process points to an important
role of SSP in the structure and function of the arenavirus envelope glycoprotein.


Arenaviruses are endemic in rodent populations worldwide
(53), and infection can be transmitted to humans to cause
severe acute hemorrhagic fevers (44, 51). Recurring outbreaks
are common in regions of arenavirus endemicity, and thera-
peutic options to combat arenavirus infection are limited. Phy-
logenetic analyses divide the arenaviruses into the Old World
species, such as Lassa fever and lymphocytic choriomeningitis
(LCM) viruses, and the New World species, such as Junı́n and
Machupo viruses. Up to 300,000 infections with Lassa fever
virus occur annually in Africa (45), and outbreaks of New
World viruses in the Americas are sporadic but routine (51).
Recently, infections by LCM virus in transplant recipients have
been reported (8). In the absence of effective prophylaxis and
treatment, the hemorrhagic fever arenaviruses remain an ur-
gent public health concern.


The arenaviruses are enveloped viruses whose genomes con-
sist of two single-stranded RNA molecules, each of which
encodes the ambisense expression of two of the four viral
proteins (5, 9). The viral envelope glycoprotein (GP-C) is
translated from a genomic-sense mRNA generated from the
short (S) genomic RNA, whereas the nucleocapsid protein is
translated from the antigenomic-sense mRNA. Similarly, the
viral matrix protein (Z) and RNA-dependent RNA polymer-
ase are encoded in an ambisense orientation by the long (L)
RNA. During biogenesis, arenaviral particles assemble and
bud at the plasma membrane (49, 60). Viral entry into target


cells is initiated by GP-C binding to cell surface receptors
followed by endocytosis of the virion into smooth vesicles (2).
Although �-dystroglycan serves as a binding receptor for the
Old World arenaviruses (6), the receptor utilized by the major
New World group of arenaviruses is unknown (59). GP-C-
mediated membrane fusion is activated upon acidification of
the maturing endosome (2, 7, 13, 14) to deposit the virion core
into the cell cytoplasm and initiate replication.


The arenavirus envelope glycoprotein complex consists of
three noncovalently associated subunits derived from the
GP-C precursor: in addition to the typical receptor-binding
(G1) and transmembrane fusion (G2) subunits, the complex
contains a stable signal peptide (SSP) subunit (4, 18, 65) (Fig.
1). The 58-amino-acid SSP is generated by the cellular signal
peptidase and subsequently myristoylated (65). The mature G1
and G2 subunits are generated upon cleavage by the cellular
SKI-1/S1P protease (1, 35, 38) in the early Golgi compartment
(3). This proteolytic maturation event is essential for mem-
brane fusion activity. The arenavirus G2 is a member of the
class I group of viral fusion proteins (25, 64) that orchestrate
membrane fusion through the triggered formation of a stable
six-helix bundle core (references 16, 17, 32, and 63 and refer-
ences therein).


A tripartite envelope glycoprotein complex is unusual
among viral envelope glycoproteins, and the role of the unique
arenavirus SSP subunit has not been fully defined. In the GP-C
complex, SSP exists as a transmembrane protein, likely in a
type II topology with an extended luminal C terminus (19, 23).
The N terminus is modified by myristoylation, which is impor-
tant for efficient membrane fusion activity (65). Recombinant
GP-C constructs in which SSP is replaced by a conventional
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signal peptide do not undergo significant proteolytic matura-
tion by the SKI-1/S1P protease (18, 65). In the Old World
Lassa fever arenavirus, this defect can be rescued by coexpres-
sion of SSP in trans (18).


In the present report, we examine the biogenesis of the
GP-C complex of the Junı́n virus, a member of the New World
Tacaribe complex of arenaviruses that is responsible for recur-
ring outbreaks of hemorrhagic fever in the pampas grasslands
of Argentina. We show that SSP association is required for
transport of the G1-G2 precursor from the endoplasmic retic-
ulum (ER) and thereby for proteolytic maturation in the Golgi.
In the absence of SSP, the G1-G2 precursor is constrained to
the ER by dibasic amino acid sequences in the cytoplasmic
domain of G2. Association with SSP overcomes this block to
permit transit of the fully assembled complex through the
Golgi and to the cell surface. Moreover, our studies suggest
that, in addition to modulating trafficking of GP-C, SSP asso-
ciation may also be important for the membrane fusion activity
of the GP-C complex. The unique roles for SSP in the arena-
virus life cycle may suggest novel strategies towards the pre-
vention and treatment of arenaviral disease.


MATERIALS AND METHODS


Molecular reagents, recombinant vaccinia viruses, and monoclonal antibodies.
The GP-C coding region from the pathogenic Junı́n virus strain MC2 (28) was
provided by Victor Romanowski (Universidad Nacional de La Plata, Argentina)
and introduced into the mammalian expression vector pcDNA3.1� as described
previously (65). For trans-complementation studies (18), the CD4sp-GPC con-
struct in which SSP was replaced by the conventional signal peptide of CD4 (65)
was coexpressed with an SSP construct in which a stop codon was introduced
following the C-terminal SSP amino acid T58 (SSP-term). A chimeric glycopro-
tein (CD4ecto) bearing the CD4 signal peptide and ectodomain fused to the
transmembrane and cytoplasmic domains of G2 was constructed using the hu-
man CD4 cDNA (41) obtained through the National Institutes of Health (NIH)
AIDS Research and Reference Reagent Program. Mutations were introduced by
QuikChange mutagenesis (Stratagene), and PCR was used to generate trunca-
tions and chimeric plasmids. For the cytoplasmic-domain truncation series and in


a control cleavage-defective GP-C plasmid (cd-GPC) (65), a C-terminal 15-
amino-acid S-peptide (Spep) affinity tag (34) was introduced to facilitate bio-
chemical analysis (65). All constructs were verified by DNA sequencing, and
three independent clones typically were tested to ensure consistent phenotypes.


Optimal expression of the Junı́n virus GP-C gene and its derivatives in Vero 76
cells was achieved using the bacteriophage T7 promoter of the pcDNA3.1 vector
and infection by a recombinant vaccinia virus expressing the T7 polymerase
(vTF7-3) (24). The vaccinia virus vCB21R-lacZ expressing the �-galactosidase
gene under the control of the T7 promoter was used in our analysis of cell-cell
fusion (47). These recombinant vaccinia virus reagents were provided by T.
Fuerst and B. Moss and C. Broder, P. Kennedy, and E. Berger, respectively,
through the NIH AIDS Research and Reference Reagent Program.


Mouse monoclonal antibodies (MAbs) QC03-BF11 (BF11) and GB03-BE08
(BE08) (54), directed against the G1 subunit of GP-C, were kindly provided by
Tom Ksiasek and Tony Sanchez (Special Pathogens Branch, CDC, Atlanta,
Georgia). The anti-CD4 ectodomain MAb SIM.2 (43, 48) was obtained
through the NIH AIDS Research and Reference Reagent Program.


Expression of GP-C and its derivatives. The glycoproteins were expressed and
characterized as previously described (64, 65). Briefly, Vero 76 cells were in-
fected with the recombinant vaccinia virus vTF7-3 (24) at a multiplicity of 2 in
Dulbecco’s minimal essential medium containing 2% fetal bovine serum (FBS)
and 10 �M cytosine arabinoside (araC) (31). After 30 min, the cells were washed
and transfected with the GP-C expression plasmid using Lipofectamine 2000
reagent (Invitrogen). Metabolic labeling using 32 to 50 �Ci/ml of 35S-ProMix
(Amersham Pharmacia Biotech) was initiated 6 h posttransfection in methio-
nine- and cysteine-free medium containing 10% dialyzed FBS and 10 �M araC
and was continued for 12 to 16 h. Cultures were then washed in physiological
buffered saline (PBS) and lysed using cold Tris-saline buffer (50 mM Tris-HCl
and 150 mM NaCl, pH 7.5) containing 1% Triton X-100 nonionic detergent and
protease inhibitors (1 �g/ml each of aprotinin, leupeptin, and pepstatin). The
expressed glycoproteins were isolated from cleared lysates by immunoprecipita-
tion using either the G1-directed MAbs or the CD4-directed MAb SIM.2 and
protein A-Sepharose (Sigma). In some experiments, glycoproteins containing the
C-terminal Spep affinity tag were isolated using S-protein agarose (Novagen).
Isolated glycoproteins were deglycosylated using peptide:N-glycosidase F (PNGase
F; New England Biolabs). Proteins were analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis using NuPAGE 4 to 12% bis-Tris gels (In-
vitrogen) and the recommended sample buffer containing lithium dodecyl sulfate
and reducing agent. Molecular size markers included 14C-methylated Rainbow
proteins (Amersham Pharmacia Biotech). Radiolabeled proteins were imaged
using a Fuji FLA-3000G imager and analyzed using ImageGauge software (Fuji).


For immunoprecipitation of cell surface glycoproteins, monolayers of meta-
bolically labeled cells were incubated with MAb BE08 or SIM.2 in ice-cold PBS
containing 2% FBS and 0.1% NaN3 for 2 h. Following extensive washing, cells
were resuspended by scraping in PBS and lysed as described above. Immune
complexes were isolated from cleared lysates using protein A-Sepharose.


Flow cytometry. Vero 76 cells expressing GP-C or its derivatives were labeled
using the G1-specific MAb BE08 (54) and a secondary fluorescein isothiocya-
nate-conjugated goat anti-mouse antibody (Jackson ImmunoResearch). CD4
was detected using a fluorescein isothiocyanate-conjugated mouse anti-CD4
MAb (BD Biosciences). Cells were subsequently stained using propidium iodide
(1 �g/ml) and then fixed in 2% formaldehyde (64). Populations were analyzed
using a FACSCalibur flow cytometer and CellQuest software (BD Biosciences).


GP-C-mediated cell-cell fusion. The �-galactosidase fusion reporter assay (47)
was used to characterize the ability of the envelope glycoproteins to mediate
pH-dependent cell-cell fusion (64, 65). Briefly, Vero cells infected with vTF7-3
and expressing the envelope glycoprotein were cocultured with reporter cells
infected with vCB21R-lacZ, a recombinant vaccinia virus expressing �-galacto-
sidase under the control of the T7 promoter. The reporter cells were obtained by
incubating Vero 76 cells with vCB21R-lacZ at a multiplicity of 2 and allowing the
infection to proceed overnight in the presence of 100 �g/ml rifampin (31). The
GP-C-expressing cells and reporter cells were cocultured in medium containing
both araC and rifampin for 5 h and then subjected to a 30-min pulse of neutral
or acidic (pH 5.0) medium. �-Galactosidase expression is induced upon fusion of
the effector and reporter cells and was detected, after 5 h of continued cultivation
at neutral pH, in cell lysates (Tropix) using the chemiluminescent substrate
GalactoLite Plus (Tropix). Cell-cell fusion was quantified using a Tropix TR717
microplate luminometer.


Confocal microscopy. Cells expressing GP-C glycoproteins were harvested by
trypsinization 6 h after transfection and reseeded to 8-well chambered cover
glasses (Lab Tek II) in medium containing 10 �M araC. After 18 h, cultures were
washed in PBS and fixed with 4% formaldehyde for 10 min at room temperature.
Following washing and quenching with 50 mM Tris (pH 7.4) in PBS, cultures


FIG. 1. Schematic representation of the Junı́n virus GP-C glyco-
protein and G2 cytoplasmic domain sequences. Amino acids of the
Junı́n virus envelope glycoprotein are numbered from the initiating
methionine, and cysteine residues (|) and potential glycosylation sites
(Y) are marked. The SSP and SKI-1/S1P cleavage sites and the result-
ing SSP, G1, and G2 subunits are indicated. Within G2, the C-terminal
transmembrane (TM) and cytoplasmic (cyto) domains are shown, as
are the N- and C-terminal heptad repeat regions (light-gray shading).
A comparison of G2 cytoplasmic domain sequences among arenavirus
species is detailed below the schematic. Sequences include the New
World isolates Junı́n (D10072), Tacaribe (M20304), Pichindé
(U77601), Machupo (AY129248), and Sabiá (YP_089665) and Old
World isolates Lassa-Nigeria (X52400), Mopeia (M33879), and
LCMV-Armstrong (M20869). The sites used to generate truncations
in the Junı́n virus cytoplasmic tail are indicated by angle brackets and
dibasic amino acid sequences are underlined.
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were either permeabilized in PBS containing 0.1% Triton X-100 and blocked in
the same buffer containing 5% FBS (for intracellular staining) or simply blocked
in the absence of detergent (for cell surface staining). GP-C glycoproteins were
detected using the G1-directed MAb BF11 and an Alexa Fluor 488-conjugated
anti-mouse antibody (Molecular Probes) in the appropriate blocking buffer. The
Golgi marker giantin was detected using a rabbit polyclonal antiserum (Covance
Research Products) and an Alexa Fluor 568-conjugated anti-rabbit antibody
(Molecular Probes). Chambers were covered with Slow Fade Gold (Molecular
Probes) and visualized using an inverted Nikon TE-300 microscope. Fluores-
cence was examined using a Bio-Rad Radiance 2000 confocal laser scanning
microscope and images were merged using Lasersharp software (Bio-Rad).


RESULTS


SSP association is required for proteolytic maturation. The
arenavirus SSP is distinct from conventional signal peptides in
that it is retained as an essential subunit of the mature GP-C
envelope glycoprotein complex and mediates functions beyond
translocation of the nascent polypeptide to the ER (18, 20, 65).
We previously showed that a recombinant Junı́n virus GP-C
glycoprotein in which SSP was replaced by the conventional
signal peptide of human CD4 (CD4sp-GPC) was unable to
undergo efficient maturation by the SKI-1/S1P protease (65),
extending similar observations with GP-C of the Old World
Lassa fever virus (18). In this Old World virus, the deficiency in
proteolytic cleavage in the absence of SSP was reversed by
coexpression of SSP in trans (18).


To investigate the role of SSP in the proteolytic maturation
of the Junı́n virus GP-C, we determined whether the coexpres-
sion of SSP in trans could likewise rescue cleavage. In these
studies, the Junı́n virus CD4sp-GPC construct was cotrans-
fected with the SSP-term plasmid encoding the 58-amino-acid
SSP. Optimal expression in Vero cells was dependent on T7
RNA polymerase provided by the recombinant vaccinia virus
vTF7-3 (24). Cells were metabolically labeled, and GP-C gly-
coproteins were immunoprecipitated using the G1-directed
MAb BE08 (54). Baseline studies were performed using the
native GP-C glycoprotein that included its endogenous SSP.
Expression of the native glycoprotein resulted in the isolation
of a 60-kDa G1-G2 precursor glycoprotein and a heterodis-
perse smear of G1 and G2 subunits (30 to 35 kDa) (Fig. 2A,
top panel). These mature subunits are best resolved following
deglycosylation by PNGase F to yield 22- and 27-kDa polypep-
tides, respectively (bottom panel). The G1 and G2 subunits
were absent upon expression of an SKI-1/S1P cleavage-defec-
tive glycoprotein (cd-GPC) (65). A GP-C precursor glycopro-
tein bearing SSP is often detected as a minor species, suggest-
ing incomplete signal peptidase cleavage in transfected cells
(20, 23, 65). As previously reported (18, 20, 23, 65), SSP was
coprecipitated as part of the wild-type and cleavage-defective
GP-C complexes (Fig. 2A, top panel).


Expression of the CD4sp-GPC glycoprotein in the absence
of SSP generated the 60-kDa G1-G2 precursor (Fig. 2A, top
panel, �SSP) and considerably lesser amounts of the cleaved
glycoproteins (bottom panel). By contrast, expression of SSP in
trans (�SSP) enabled efficient cleavage of the G1-G2 precur-
sor glycoprotein to produce mature G1 and G2 subunits (bot-
tom panel). The relative efficiency of proteolytic maturation of
CD4sp-GPC in trans was similar to that of the native GP-C
glycoprotein. Furthermore, SSP was coprecipitated with the
CD4sp-GPC complex (top panel). Thus, coexpression of SSP


appears to rescue wild-type assembly and proteolytic process-
ing in the New World Junı́n virus CD4sp-GPC complex.


SSP rescues cell-cell fusion activity in trans. To determine
whether the trans-complemented complex was also able to
mediate pH-dependent membrane fusion, we cocultured cells
expressing GP-C glycoproteins with Vero target cells infected
with the fusion reporter vaccinia virus vCB21R-LacZ express-
ing the �-galactosidase gene under control of the T7 promoter
(47). In this assay, activation of GP-C-mediated membrane
fusion by acidic pH (5.0) results in syncytium formation be-
tween the effector and reporter cells and expression of �-ga-
lactosidase; the enzymatic activity is then monitored using a
chemiluminescent substrate (64). As shown in Fig. 3, pH-de-
pendent cell-cell fusion is readily detected using the native
GP-C glycoprotein and absent in the cleavage-defective cd-
GPC mutant. Cells expressing the CD4sp-GPC glycoprotein in
the absence of SSP were unable to mediate cell-cell fusion


FIG. 2. Coexpression of SSP in trans rescues SKI-1/S1P cleavage
and cell surface expression of the G1-G2 precursor. (A) Metabolically
labeled glycoproteins were immunoprecipitated using the G1-specific
MAb BE08 and separated on NuPAGE 4-to-12% bis-Tris gels. The
wild-type (GP-C) and SKI-1/S1P cleavage-defective (cd-GPC) glyco-
proteins are shown for comparison with the CD4sp-GPC construct
encoding the conventional signal peptide of human CD4. CD4sp-GPC
was expressed alone (�SSP) or with SSP (�SSP). In the bottom panel,
the glycoproteins have been treated with PNGase F to resolve G1 and
G2 polypeptides. The deglycosylated GP-C polypeptides reveal both
the G1-G2 precursor and, in SSP-containing constructs, the pre-GP-C
precursor (65); additional species that migrate more slowly than the
G1-G2 precursor and with the pre-GP-C precursor are likely products
of incomplete deglycosylation. cd-GPC contains a C-terminal S-pep-
tide affinity tag and migrates slightly slower than the other G1-G2
precursors. Known GP-C species are labeled at left; minor unidentified
bands are also present. The 14C-labeled protein markers (Amersham
Biosciences) are indicated (in kilodaltons). (B) Cell surface expression
of GP-C in Vero cells was determined by flow cytometry using the
G1-specific MAb BE08 (54). The cell population was subsequently
stained using propidium iodide (1 �g/ml) to exclude dead cells. Cells
were fixed using 2% formaldehyde and analyzed using a FACSCalibur
flow cytometer (BD Biosciences). The histograms plot cell number
(counts) versus the fluorescence intensity of MAb binding. Back-
ground staining of mock-transfected cells is shown to identify nonex-
pressing cells in the transfected cell populations.
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(Fig. 3, CD4sp, first of the bracketed pairs of bars). By con-
trast, coexpression of SSP reconstituted pH-dependent cell-
cell fusion activity in the trans-complemented CD4sp-GPC
complex (second of bracketed pairs of bars) to levels greater
than those seen with the native GP-C glycoprotein. Thus, ex-
pression of SSP in trans can fully restore membrane fusion
activity to the Junı́n virus G1-G2 precursor glycoprotein.


SSP association is required for exit from the ER. To inves-
tigate the role of SSP in the biogenesis of GP-C, we examined
the intracellular localization of the complex by confocal mi-
croscopy. In these experiments, Vero cells expressing the wild-
type and CD4sp-GPC glycoproteins were fixed, permeabilized,
and immunochemically stained using the anti-G1 MAb BF11
(54) and an Alexa Fluor 488-conjugated secondary antibody.
Nonpermeabilized cells were similarly stained to detect GP-C
accumulation on the cell surface. As shown in Fig. 4, the native
GP-C glycoprotein accumulated in the ER and Golgi-like
perinuclear structures (GP-C, permeabilized) and on the cell
surface (GP-C, surface). Localization to the Golgi apparatus
was confirmed using a rabbit polyclonal antibody directed
against an integral Golgi membrane protein, giantin (40), and
a secondary Alexa Fluor 568-conjugated antibody. Colocaliza-
tion of GP-C with the Golgi marker is visualized in yellow in
the merged images. Expression of CD4sp-GPC in the presence
of SSP resulted in a pattern of localization and transport to the
cell surface similar to that of native GP-C (Fig. 4, CD4sp,
�SSP). These findings highlight the reconstitution of the GP-C
complex upon trans complementation with SSP.


In the absence of SSP, however, the G1-G2 precursor of
CD4sp-GPC exhibited a diffuse reticulate pattern of intracel-


lular expression consistent with retention in the ER (Fig. 4,
CD4sp, �SSP). Notably absent was any concentration of GP-C
staining to a morphologically defined Golgi apparatus or spe-
cific colocalization with the antigiantin MAb (merged image).
The orange in the merged image likely reflects the spatial
coincidence of green and red fluorescence rather than specific
colocalization to a definable Golgi structure. Also absent was
any staining of CD4sp-GPC on the cell surface (surface). The
lack of transport to the cell surface is not due to the absence of
proteolytic cleavage per se, because the cleavage-site-defective
cd-GPC mutant is transported to the cell surface as the wild-
type glycoprotein (not shown) (1, 35). Nor did we detect punc-
tate staining in the ER that might suggest misfolding of the
G1-G2 precursor in the absence of SSP. The difference in
trafficking of the G1-G2 precursor to the Golgi in the presence
or absence of SSP likely accounts for the effect of trans comple-
mentation on proteolytic cleavage (Fig. 2A), consistent with
the activation of SKI-1/S1P protease in the cis-medial Golgi
compartment (10, 21).


Next, we examined the role of SSP in the transport of the
GP-C complex to the cell surface by using flow cytometry and
the G1-specific MAb BE08. In cell cultures transiently express-
ing the wild-type GP-C glycoprotein, a clear population of
GP-C-expressing cells was evident (Fig. 2B, top right). A com-
parison of cells expressing CD4sp-GPC in the presence or
absence of SSP revealed that the GP-C glycoproteins were
present on the cell surface only upon coexpression of SSP
(bottom panels). Cell surface accumulation of the trans-com-
plemented CD4sp-GPC glycoprotein was comparable to that
of the native GP-C glycoprotein. Taken together, these results
demonstrate that SSP is essential for GP-C transport to the
Golgi and the cell surface. In the absence of SSP, the G1-G2
precursor is localized to the ER.


Transit of a CD4 chimera bearing G2 sequences. To further
investigate the role of the G2 subunit in ER localization and
the role of SSP in regulating transit to the cell surface, we
determined whether control by SSP and the G2 subunit might
be transferable to a heterologous cell surface protein. Because
the ectodomain of human CD4 forms a soluble and secreted
protein (11, 58), we fused the CD4 signal peptide and ectodo-
main to the transmembrane and cytoplasmic regions of G2.
In the CD4ecto construct, the C terminus of soluble CD4
(TPV372) (11) was spliced at the G2 ectodomain sequence
TPL420, three residues upstream of D424, that nominally de-
fines the junction with the transmembrane domain.


Cells expressing the CD4ecto chimera or native CD4 were
metabolically labeled, and cell lysates were immunoprecipitated
using the anti-CD4 ectodomain MAb SIM.2. The CD4ecto chi-
mera was expressed as a 55-kDa glycoprotein that comigrated
with native CD4 (Fig. 5A, left panel). Upon coexpression, SSP
was found to coprecipitate with CD4ecto (Fig. 5A, left panel).
This association was specific to G2 sequences in the CD4ecto
glycoprotein; SSP did not bind to native CD4 (when coex-
pressed) (not shown). Thus, the transmembrane and cytoplas-
mic domains of G2 are sufficient for SSP binding.


Importantly, transport of the CD4ecto chimera through the
Golgi apparatus and to the cell surface was dependent on
coexpression of SSP. As shown by immunochemical staining
using SIM.2 MAb and confocal microscopy (Fig. 4, CD4ecto,
permeabilized), the chimeric glycoprotein was largely con-


FIG. 3. pH-dependent cell-cell fusion activity. pH-dependent fu-
sion was detected using the recombinant vaccinia virus-based �-galac-
tosidase reporter assay (47) as previously described (64, 65). �-Galac-
tosidase activity was quantitated using the chemiluminescent substrate
GalactoLite Plus (Tropix). Relative light unit (RLU) measurements
from cultures treated at pH 5.0 are shown after subtraction of back-
ground levels from neutral-pH cultures (average background, 1,500
RLU). Control conditions are shown in the underlined bars at left
(mock, wild-type GP-C, and cd-GPC). Note that CD4sp-GPC con-
structs are bracketed in pairs (below the axis) representing the
absence (open bars) and presence (gray bars) of SSP. Some bars are
not discernible on the scale of the graph. All conclusions were repli-
cated using X-Gal (5-bromo-4-chloro-3-indolyl-�-D-galactopyranoside)
staining of parallel cocultures.
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strained to the ER in the absence of SSP and failed to colo-
calize with the Golgi apparatus (�SSP). In addition, only trace
amounts of the CD4ecto glycoprotein were detected in the
absence of SSP on the cell surface, either through confocal
microscopy (Fig. 4, surface) or flow cytometry (Fig. 5B, �SSP).
Thus, fusion to the G2 transmembrane and cytoplasmic
domains prevented transport of the CD4 ectodomain from
the ER.


By contrast, coexpression with SSP resulted in significant
localization of CD4ecto in the Golgi (Fig. 4, �SSP) and ex-
pression on the cell surface (surface). Mobilization of the chi-
meric glycoprotein by SSP was confirmed by flow cytometry
(Fig. 5B, �SSP). Furthermore, immunoprecipitation studies of
CD4ecto expression on the cell surface (Fig. 5A, right panel)
identified the surface moiety as the complex of CD4ecto and
SSP. Together, these findings demonstrated that the essential
elements of ER localization and its control by SSP binding can
be recapitulated in a chimeric CD4ecto glycoprotein bearing
the transmembrane and cytoplasmic domains of G2.


Analysis of C-terminal truncations in the G2 cytoplasmic
domain. Among transmembrane proteins that are retained in
the ER, specific localization signals are often encoded within
the cytoplasmic domain (references 22, 37, and 62 and refer-
ences therein). In order to define the determinants in G2 that
are required for ER localization, we constructed a series of
C-terminal truncations in the cytoplasmic domain of G2. Three
arginine residues, spaced 4, 7, and 17 amino acids from the
nominal transmembrane domain, were used as endpoints in
the truncations (Fig. 1). These positively charged termini were
chosen to facilitate anchoring of the truncated CD4sp-GPC
glycoprotein in the membrane. The arginine codons were fused
to those encoding an S-peptide affinity tag (34) to facilitate
analysis of the G2 moiety (65). Metabolically labeled glyco-
protein was isolated using the Spep affinity tag and S-protein
agarose (Novagen). The truncated CD4sp-GPC glycoproteins
(R448�, R451�, and R460�) were well expressed in Vero cells
yet failed to coprecipitate significant amounts of SSP (Fig. 6A,
top panel). Nonetheless, all three truncated glycoproteins were


FIG. 4. Intracellular and cell surface visualization of glycoproteins. Confocal images were obtained as described in Materials and Methods.
Permeabilized cells were stained in green using either the MAb BF11 (GP-C) or, for CD4ecto, SIM.2 (CD4). Golgi structures were identified using
a rabbit polyclonal antiserum and stained in red. Merged images (merge) were created using Lasersharp software. Nonpermeabilized cells (surface)
were stained in green using either MAb BF11 or SIM.2. The expressed glycoproteins are indicated in white letters superimposed on the leftmost
images. The top row depicts cells expressing native GP-C or mock-transfected cells (all infected with the recombinant vaccinia virus vTF7-3). In
subsequent rows, the glycoproteins were expressed either in the absence (�SSP) or presence (�SSP) of SSP. In some images, the Golgi apparatus
is vesiculated and dispersed, perhaps due to infection of the cells by vaccinia virus.
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subjected to SKI-1/S1P cleavage, in the presence or absence of
SSP, to produce truncated and affinity-tagged G2 moieties
(Fig. 6A, bottom panel). The relative migrations of the trun-
cated G2 polypeptides correspond to their expected molecular
weights but cause them to overlap with the intact G1 polypep-
tide. The association between G1 and the truncated G2 sub-
units was separately confirmed by coimmunoprecipitation us-
ing a MAb directed to G1 (not shown). By contrast, similar
truncations in G2 of the Old World LCM virus were reported
to prevent SKI-1/S1P cleavage (35).


Flow cytometry was used to determine whether the trun-
cated Junı́n virus glycoproteins were also transported to the
cell surface without SSP. As shown in Fig. 6B, all three trun-
cation mutants were expressed on the cell surface in the ab-
sence of SSP, at levels comparable to the trans-complemented
CD4sp-GPC glycoprotein (Fig. 2B). Truncations in the context
of CD4ecto likewise enabled transport from the ER (not
shown). In the LCM virus (35), the truncated GP-C was also
expressed on the cell surface. Taken together, these results
suggest that amino acid sequences within the cytoplasmic do-
main of G2 are important in constraining the G1-G2 precursor
to the ER. The cytoplasmic region is also important for SSP
association.


We have demonstrated that GP-C glycoproteins bearing
truncations in the cytoplasmic domain of G2 can be proteo-
lytically processed and transported to the cell surface in the
absence of SSP. Surprisingly, however, none of the truncated
complexes was able to mediate pH-dependent cell-cell fusion
(Fig. 3). It is possible that this failure may be due to insufficient
cleavage or transport of the truncated glycoproteins. Alterna-
tively, the failure may reflect a requirement for either SSP or
the cytoplasmic domain of G2 for membrane fusion activity.


Dibasic amino acid sequences participate in ER localiza-
tion. Sequence analysis of the G2 cytoplasmic domain revealed


conserved motifs that may be involved in protein trafficking
and ER localization. In particular, dibasic amino acid se-
quences such as the canonical KKXX and RXR motifs are
widely utilized in the retrieval of transmembrane proteins to
the ER (see references 22, 37, and 62 and references therein).
The cytoplasmic domain of Junı́n virus G2 contains two related
dibasic sequences: KKPT479 and a C-terminal RRGH485. Vari-
ants of these sequences appear in other arenavirus G2 proteins
(Fig. 1). To assess the potential role of these sequences in ER
localization, we mutated the two basic amino acids at each site
to alanines, both individually (KK and RR glycoproteins) and
as the double mutant (KK/RR).


Immunoprecipitation studies of metabolically labeled
whole-cell lysates revealed that all of the mutant CD4sp-GPC
glycoproteins were able to associate with SSP (Fig. 7A, top
panel). Neither of the dibasic sequences was essential for SSP
binding. trans complementation with SSP enabled wild-type
levels of cell surface expression (Fig. 7B, �SSP) and efficient
pH-dependent cell-cell fusion (Fig. 3), arguing against signifi-
cant adverse effects of the mutations on overall protein folding.


In the absence of SSP, importantly, both the single and
double mutants were now capable of transport to the cell


FIG. 5. The chimeric CD4 glycoprotein bearing the transmem-
brane and cytoplasmic domains of G2 requires SSP for transport to the
cell surface. (A) The chimeric CD4ecto construct was expressed alone
(�SSP) or with SSP (�SSP) and metabolically labeled. Intact cells
were incubated with the anti-CD4 MAb SIM.2 (43, 48) and the cell
surface glycoproteins were subsequently isolated from cleared cell
lysates using protein A-Sepharose (surface). Intracellular CD4ecto
glycoprotein was immunoprecipitated from the post-protein A-Sepha-
rose supernatant using additional SIM.2 MAb (lysate). Mock- and
human CD4-transfected cells served as controls. Molecular size mark-
ers (in kilodaltons) are as described in the legend to Fig. 2A. (B) Flow
cytometry using SIM.2 MAb was otherwise performed as described in
the legend to Fig. 2B, and results are plotted similarly. The filled gray
(�SSP) and open (�SSP) histograms are overlaid.


FIG. 6. Truncations to the cytoplasmic domain of G2 ablate SSP
binding yet enable transport to the cell surface. (A) The wild-type and
truncated CD4sp-GPC glycoproteins (R448�, R451�, and R460�)
were expressed alone (�SSP) or with SSP (�SSP). Metabolically la-
beled glycoproteins were precipitated using the C-terminal Spep af-
finity tag and S-protein agarose (Novagen) and analyzed as described
in the legend to Fig. 2. The G1 and G2 glycoproteins are best resolved
following deglycosylation with PNGase F (bottom). Note that the
truncated G2 moieties (�G2) migrate near the wild-type G1 polypep-
tide; coassociation between G1 and �G2 was formally demonstrated by
immunoprecipitation using anti-G1 MAb BF11, which coprecipitated
�G2 (not shown). Although coprecipitation of SSP was markedly re-
duced with the truncated glycoproteins, trace amounts could be dis-
cerned upon darkening of the image (not shown). This low level of SSP
association is judged to be insignificant, as the properties of the trun-
cated glycoproteins are independent of SSP coexpression. Molecular
size markers (in kilodaltons) are as described in the legend to Fig. 2A.
(B) Cell surface expression of the truncated glycoproteins was deter-
mined by flow cytometry as described in the legend to Fig. 2B, and
results are plotted similarly. Note that expression of the wild-type
CD4sp-GPC glycoprotein (gray histograms in all three panels) is com-
pared with that of the truncations (open histograms), all in the absence
of SSP.
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surface. This phenotype was evident upon confocal micro-
scopic analysis of nonpermeabilized cells (Fig. 4, surface), al-
though specific localization in the Golgi was difficult to discern
(green and merged images). Flow-cytometric studies of cell
surface expression indicated that both the single and double
mutations provided modest, albeit significant, relief of ER
retention (Fig. 7B, �SSP). Evidence for enhanced SKI-1/S1P
cleavage of the mutant glycoproteins was, however, difficult to
discern in whole-cell lysates, above the residual level of cleav-
age in the wild-type glycoprotein (Fig. 7A, bottom panel). It
is possible that the cleaved species in the wild-type G1-G2
glycoprotein reflect transient residence in the Golgi, prior to
retrieval to the ER. In the Old World Lassa fever virus glyco-
protein, where cleaved products are not observed in the ab-
sence of SSP (18), retrieval of the G1-G2 precursor may be
more rapid. Nonetheless, mobilization of the mutant glycopro-
teins to the cell surface was consistently observed and distinct
from the strict intracellular retention seen with the wild-type
glycoprotein. Both KK and RR mutations appeared to be
comparably efficacious, and no synergy was observed in the
double KK/RR mutant. However, none of the mutant glyco-
proteins was able to mediate cell-cell fusion in the absence of
SSP (Fig. 3). This defect is not attributable to the amino acid
substitutions per se, as wild-type levels of fusion were restored
upon trans complementation with SSP.


To confirm that the mutations are sufficient for significant
mobilization of the G1-G2 precursor in the absence of SSP, we
examined the glycoprotein by immunoprecipitation from the
cell surface (Fig. 8). These experiments confirmed significant
expression of the dibasic sequence mutants on the cell surface


and demonstrated a preponderance of the proteolytically pro-
cessed G1-G2 complex, reflecting access to the SKI-1/S1P pro-
tease in the Golgi. The efficiency of cleavage in the mutant
glycoproteins was relatively unaffected by the presence or ab-
sence of SSP (60% cleaved versus 40% cleaved, respectively).


Taken together, these studies identify the two dibasic amino


FIG. 7. Alanine mutations to dibasic amino acid motifs enable transport from the ER. (A) CD4sp-GPC constructs containing KK, RR, and
double KK/RR mutations were expressed alone (�SSP) or with SSP (�SSP). Metabolically labeled glycoproteins were immunoprecipitated and
analyzed as described in the legend to Fig. 2A. Molecular size markers (in kilodaltons) are as described in the legend to Fig. 2A. (B) Flow cytometry
was performed as described in the legend to Fig. 2B, and results are plotted similarly. Note that the top panels compare expression of the
CD4sp-GPC glycoprotein (gray histograms in all panels) with that of the mutants (open histograms) in the absence of SSP. Expression with SSP
is shown in the bottom panels.


FIG. 8. Cell surface expression of dibasic amino acid motif CD4sp-
GPC mutants. Intact cells expressing the constructs shown in Fig. 7
were incubated with the G1-specific MAb BE08, and the cell surface
GP-C glycoproteins were isolated from cleared cell lysates using pro-
tein A-Sepharose and deglycosylated. The relative amounts of G1, G2,
and G1-G2 precursor in each lane were quantitated from the phos-
phorimage using Image Gauge software (Fuji), and the efficiency of
cleavage was determined as the sum of G1 plus G2 relative to total of
all forms. Distortion of the SSP band is due to the detergents used in
PNGase F treatment. Molecular size markers (in kilodaltons) are as
described in the legend to Fig. 2A.
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acid sequences (KKPT479 and RRGH485) as important deter-
minants of ER localization in the absence of SSP. Alanine
mutations at either or both of these sites result in partial relief
from ER retention and enable transport to the cell surface in
the absence of SSP. On the other hand, these mutations do not
completely obviate the requirement for SSP association in
transport of the G1-G2 precursor (Fig. 8). Quantitative anal-
ysis of the glycoproteins indicated that, whereas the mutations
were able to increase cell surface expression at least 10-fold,
coexpression of SSP resulted in an additional 10-fold increase
in all mutants, to the levels of the wild-type glycoprotein. These
findings are consistent with our results from confocal micros-
copy and flow cytometry studies (Fig. 4 and 7). Thus, con-
straints on the trafficking of the G1-G2 precursor include the
dibasic sequence motifs in the cytoplasmic domain of G2 but
also involve additional structural elements provided upon full
assembly with SSP.


DISCUSSION


The regulation of trafficking through intracellular membra-
nous compartments is central to the biogenesis of membrane
glycoproteins (15, 22). Quality control mechanisms for protein
folding and assembly are proposed to operate through check-
points on exit from the ER and through bidirectional transport
to and from the Golgi apparatus. Viruses make use of these
cellular pathways in the biosynthesis, assembly, and release of
new virion particles (15). In our studies, we have characterized
the biogenesis of the arenavirus envelope glycoprotein and the
requirement for tripartite assembly to enable transport of the
GP-C complex from the ER. Without the association of SSP,
the wild-type G1-G2 precursor remains localized to the ER.
We show that localization is mediated by the cytoplasmic do-
main of G2 and that the control of trafficking by SSP associa-
tion is transferable to a chimeric CD4 molecule bearing the G2
transmembrane and cytoplasmic domains. Conversely, regula-
tion of intracellular transport of the GP-C complex does not
require G1 or the ectodomain of G2.


Our studies demonstrate that ER localization is mediated in
part through dibasic amino acid sequences in the cytoplasmic
domain of G2. Alanine mutations to either of two dibasic
motifs provide partial relief from ER localization and enable
expression of the proteolytically cleaved G1-G2 complex on
the cell surface. Upon exit from the ER and transit through the
Golgi, the mutant G1-G2 precursor is now fully susceptible to
proteolytic maturation by SKI-1/S1P protease. Thus, absent
ER localization signals, the arenavirus GP-C precursor can
undergo proteolytic maturation much as do the precursor gly-
coproteins of other class I viral fusion proteins.


Dibasic amino acid sequences are known to mediate ER
localization through retrograde transport (retrieval) from the
Golgi (references 22, 37, and 62 and references therein). The
specific dibasic sequences we have identified as important for
ER localization in the Junı́n virus G2 glycoprotein do not
match precisely either of the canonical ER retrieval motifs:
the C-terminal KKXX or internal RXR sequences. Although
the internal KK sequence studied here is conserved among the
New World arenaviruses, the C-terminal RRXX sequence
shows considerable variation (Fig. 1). Among the Old World
viruses, only the C-terminal motif is identifiable. However,


variants to the canonical motifs are also common in other
ER-localized transmembrane proteins (46, 55, 62) and the
efficiency of retention by these sequences is often highly con-
text dependent (26, 57, 66). Many details regarding the mech-
anisms and molecular determinants involved in ER-Golgi traf-
ficking remain unresolved.


It is noteworthy that a viral envelope glycoprotein destined
for the cell surface should encode an ER localization signal.
For cellular transmembrane proteins that traverse the Golgi
and beyond, dibasic ER localization motifs are commonly
found to control the assembly and trafficking of heteromulti-
meric membrane protein complexes (12, 33, 39, 42, 67; re-
viewed in references 22 and 46). These endogenous signals
prevent transport of the individual subunits and are overcome
upon assembly of the multimeric complex. This quality control
mechanism ensures that only the fully and properly assembled
complex is transported from the ER. In the biogenesis of the
Junı́n virus GP-C complex, we propose an analogous role for
SSP association—namely, to mask endogenous ER localization
signals in the cytoplasmic domain of G2 and thus enable trans-
port of only the fully assembled tripartite complex.


This strategy for assembly-dependent control of viral enve-
lope glycoprotein trafficking is likely not unique to the arena-
viruses. The bunyavirus GC glycoprotein also contains a non-
canonical basic amino acid cluster that may be involved in ER
localization (29). In these viruses, transport of GC from the ER
requires association with a second envelope glycoprotein, GN


(30, 36), which in turn retains the GC-GN complex in the Golgi
(27, 29, 56), the site of virus budding. Together, these obser-
vations highlight the use of cellular ER-Golgi trafficking mech-
anisms during the viral life cycle to control the assembly and
transport of multimeric envelope glycoprotein complexes.


Despite mutations that enable the transport of the G1-G2
complex in the absence of SSP, wild-type levels of trafficking
were not restored by point mutations to the dibasic amino acid
sequences or by truncations in the cytoplasmic domain (not
shown). It is possible that additional constraints on GP-C
transport lie within the transmembrane domain of G2. More-
over, it is likely that the association with SSP remains essential
for the integrity of the GP-C complex. The SSP subunit has
uniquely evolved within the arenaviruses for purposes other
than simply to relieve ER retention of an envelope glycopro-
tein precursor. It is telling, then, that despite the accumulation
of cleaved G1-G2 complex on the cell surface, none of the
glycoproteins lacking SSP is able to mediate membrane fusion
(Fig. 3). Notably, GP-C glycoproteins bearing mutations at the
dibasic amino acid motifs are unable to promote fusion in the
absence of SSP yet are restored to full activity by coexpression
of SSP. This defect in fusion is likely not due to the lower levels
of cell surface glycoprotein in the absence of SSP, as robust
fusion is observed with comparably low levels of cleaved wild-
type glycoprotein (see Fig. 6 of reference 64). Rather, we
suggest that SSP may be directly involved in modulating
pH-dependent membrane fusion by the GP-C complex.


In addition, the G1-G2 complex lacking SSP is not myris-
toylated. GP-C complexes in which myristoylation is blocked
by a G2A mutation are less able to mediate cell-cell fusion
than the wild-type glycoprotein (65), perhaps due to alterations
in trafficking to specific membrane microdomains (52, 61). The
G2A glycoprotein, however, retains 30% of the wild-type
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fusion activity, significantly more than the present G1-G2 com-
plexes in the absence of SSP. This comparison suggests defects
beyond the lack of acylation in G1-G2 complexes lacking SSP.
Separately, myristoylation may also be important during virion
assembly in facilitating the colocalization of GP-C with the
myristoylated Z matrix protein (50).


Further studies will no doubt delineate the additional roles
of the unique SSP subunit in the arenavirus life cycle. Unique
solutions embodied in the assembly, trafficking, and membrane
fusion activity of the arenavirus GP-C complex may suggest
novel approaches for intervention towards the prevention and
treatment of arenavirus hemorrhagic fevers.
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A variety of rational approaches to attenuate growth and virulence of vesicular stomatitis virus (VSV) have
been described previously. These include gene shuffling, truncation of the cytoplasmic tail of the G protein, and
generation of noncytopathic M gene mutants. When separately introduced into recombinant VSV (rVSV), these
mutations gave rise to viruses distinguished from their “wild-type” progenitor by diminished reproductive
capacity in cell culture and/or reduced cytopathology and decreased pathogenicity in vivo. However, histopa-
thology data from an exploratory nonhuman primate neurovirulence study indicated that some of these
attenuated viruses could still cause significant levels of neurological injury. In this study, additional attenuated
rVSV variants were generated by combination of the above-named three distinct classes of mutation. The
resulting combination mutants were characterized by plaque size and growth kinetics in cell culture, and
virulence was assessed by determination of the intracranial (IC) 50% lethal dose (LD50) in mice. Compared to
virus having only one type of attenuating mutation, all of the mutation combinations examined gave rise to
virus with smaller plaque phenotypes, delayed growth kinetics, and 10- to 500-fold-lower peak titers in cell
culture. A similar pattern of attenuation was also observed following IC inoculation of mice, where differences
in LD50 of many orders of magnitude between viruses containing one and two types of attenuating mutation
were sometimes seen. The results show synergistic rather than cumulative increases in attenuation and
demonstrate a new approach to the attenuation of VSV and possibly other viruses.


Vesicular stomatitis virus (VSV) is a member of the Vesicu-
lovirus genus of the family Rhabdoviridae. The negative-sense
virus genome is 11,162 nucleotides long and contains five genes
in the order 3� N-P-M-G-L 5�, encoding the five major viral
proteins (1, 3). The bullet-shaped VSV particle (160 nm by 80
nm) contains a ribonucleoprotein core (nucleocapsid) com-
posed of genomic RNA closely associated with N protein and
a RNA polymerase composed of a complex of L and P proteins
enveloped in a host cell-derived plasma membrane (4, 18, 19,
44, 53, 56). Following uptake of the virus particle by susceptible
cells, nucleocapsid and viral RNA polymerase are released into
the cytoplasm and viral mRNA transcription ensues. A 3�-5�
gradient of viral mRNA transcription leads to abundant N
protein expression and successively decreasing levels of P, M,
G, and L proteins (1, 3, 15, 19, 27, 57). This gene expression
gradient provides virus proteins in a suitable ratio for subse-
quent viral genome replication and assembly of mature virus
particles. Virus replication in cell culture is rapid, and virus
progeny are detectable 5 to 6 h postinfection.


Since the initial recovery of infectious recombinant VSV
(rVSV) from genomic cDNA (39, 61), effort has been directed
towards the development of rVSV as a vaccine vector targeting
a variety of different human pathogens, including human im-
munodeficiency virus type 1 (HIV-1) (25, 31–34, 48–51). The


major advantages of rVSV vaccine vectors and their immuno-
genicity and protective efficacy in animal models have been
described in detail previously (12). However, VSV is both
neurotropic and neurovirulent in mice (54, 58, 60) and can
cause neurological disease when injected directly into the brain
of cows and horses (24). The original rVSV Indiana serotype
vector (rVSVIN) developed by J. Rose and colleagues was less
pathogenic following intranasal inoculation in mice than the
cell culture-adapted virus from which it was derived, but the
neurovirulence (NV) potential of this vector following direct
intracranial (IC) inoculation was not known. To address this
question, an exploratory nonhuman primate (NHP) NV study
based on the methodology used for NV testing of mumps
vaccine seed lots was carried out. In that pilot study, wild-type
(wt) VSVIN and rVSVIN caused clinical signs of severe neuro-
logical disease following intrathalamic inoculation of animals;
two additional rVSV vectors expressing the HIV-1 Gag protein
did not cause any clinical signs of disease, but histological
examination of the central nervous system (CNS) in these
animals revealed evidence of necrotic and inflammatory le-
sions (30). These findings indicated that rVSVIN vectors would
require further attenuation before being considered suitable
for clinical evaluation.


When it became possible to recover infectious VSV from
genomic cDNA (39, 61), directed approaches to study rVSV
attenuation were adopted. One attenuation strategy known as
gene shuffling involves rearranging the natural gene order of
VSV, which alters normal levels of gene expression (2, 60).
Viruses modified by gene rearrangement often grow poorly in
vitro and are typically less virulent in vivo (21–23, 42, 60).


A different attenuation strategy involves truncation of the


* Corresponding author. Mailing address: Department of Vaccines
Discovery Research, Wyeth, 401 N. Middletown Road, Bldg. 180/267,
Pearl River, NY 10965. Phone: (845) 602-3465. Fax: (845) 602-4941.
E-mail: clarked3@wyeth.com.


† Present address: IAVI, 110 William Street, Floor 27, New York,
NY 10038-3901.


� Published ahead of print on 6 December 2006.


2056


D
ow


nl
oa


de
d 


fr
om


 h
ttp


s:
//j


ou
rn


al
s.


as
m


.o
rg


/jo
ur


na
l/j


vi
 o


n 
06


 M
ay


 2
02


3 
by


 1
29


.8
1.


25
5.


94
.



https://crossmark.crossref.org/dialog/?doi=10.1128/JVI.01911-06&domain=pdf&date_stamp=2007-02-15





29-amino-acid cytoplasmic tail (CT) region of the virus G pro-
tein (50, 55). Viruses with shortened CTs have slower growth
rates, reach lower peak titers in vitro, and are less pathogenic
in mice than unaltered viruses (49). Because N gene shuffles
and G protein CT truncations involve gene translocations and
deletion of part of the G gene, respectively, mutants generated
by these strategies have a stable attenuation phenotype-geno-
type (23, 55).


A third attenuation strategy relies on nucleotide substitu-
tions within the M gene that ablate expression of two in-frame
overlapping polypeptides initiated downstream from the M
protein translation start codon (29). Viruses that do not ex-
press these polypeptides demonstrate reduced cytopathology
in a variety of cell lines and are highly attenuated in mice.
Consequently, mutants that do not express these polypeptides
have been called noncytopathic M mutants (MNCP).


In this study, we sought to explore and define strategies that
would allow step-wise increases in rVSVIN vector attenuation
to levels beyond those previously described, thereby increasing
the range of attenuated vectors from which to generate an
ideal rVSVIN–HIV-1 vaccine vector for future clinical evalua-
tion. To achieve this we combined G protein CT truncations
with either N gene shuffles or MNCP gene mutations. Growth
characteristics of the resulting rVSVIN combination mutants
were studied in vitro, and their neurovirulence was assessed in
a mouse IC 50% lethal dose (LD50) model to determine de-
gree and relative order of vector attenuation.


MATERIALS AND METHODS


Cells and virus. Vero and baby hamster kidney (BHK) cell lines were obtained
from the American Type Culture Collection and propagated under conditions of
37�C and 5% CO2 in Dulbecco’s modified Eagle’s medium containing 10% fetal
bovine serum, sodium pyruvate (20 mM), and gentamicin (50 �g/ml). The tissue
culture-adapted San Juan strain of the VSV Indiana serotype (VSVIN), a re-
combinant form of VSVIN (rVSVIN) (39), rVSVIN expressing HIV-1 Gag pro-
tein (rVSVIN gag5), and two attenuated forms of rVSVIN gag5 (rVSVINCT1
gag5 and rVSVINCT9 gag5) were kindly provided by J. Rose (Yale University,
New Haven, CT). A modified form of vaccinia virus Ankara (MVA) that ex-
pressed bacteriophage T7 RNA polymerase (MVA-T7) (62) was obtained from
Bernard Moss (National Institutes of Health, Bethesda, Maryland) and further
modified to express T7 RNA polymerase under the control of an early transcrip-
tion promoter (38).


Virus propagation, purification, and titration. Virus was routinely amplified
on BHK cell monolayers and titrated on Vero cell monolayers. For virus ampli-
fication BHK cells were infected at a multiplicity of infection (MOI) of 0.001 to
0.05 PFU/cell. Virus inoculum was adsorbed for 15 min at room temperature
(RT) followed by 30 min at 37�C. Additional growth medium was then added,
and cells were incubated at 37�C until they became rounded and detached from
the flask. Infected cell supernatant was clarified by centrifugation for 10 min at
3,000 � g. The virus suspension was then flash frozen in an ethanol-dry ice bath
and stored at �80�C prior to titration. Where necessary, virus was further
purified from infected cell supernatant by centrifugation through 10% (wt/vol)
sucrose in 1� phosphate-buffered saline (PBS). Briefly, �20 ml of clarified cell
supernatant was underlaid with 12 to 15 ml of 10% (wt/vol) sucrose in a Beck-
mann Ultraclear tube followed by centrifugation at 28,000 rpm in a Beckmann
SW-28 rotor for 1.5 h at 4�C. Following centrifugation, supernatant was aspi-
rated, the virus pellet was resuspended in PBS, and the virus suspension was flash
frozen and stored at �80�C prior to plaque assay.


For virus titration by plaque assay, freshly confluent Vero cell monolayers in
six-well plates were infected with 0.1-ml aliquots from serial 10-fold dilutions of
rVSV in growth medium. An additional 0.4 ml of medium was added to each well
to prevent cell desiccation, and virus was adsorbed for 15 min at RT followed by
30 min at 37�C. The virus inoculum was then removed, and cell monolayers were
overlaid with 3 ml of 0.8% (wt/vol) agarose (SeaPlaque; Cambrex Bio Science
Rockland, Inc., Rockland, ME) in growth medium. After 10 min at RT to allow
the agarose to solidify, cells were incubated at 37�C in 5% CO2 for 1 to 4 days


for plaque development. The agarose overlay was then removed, monolayers
were rinsed once with 2 ml of PBS, and cells were stained and fixed in 0.5 ml of
70% methanol containing 2% crystal violet for 5 min at RT. Plaques were
counted after removal of excess stain under running water.


Generation of attenuated rVSVIN genome cDNAs. The generation of both CT1
and CT9 mutants has been previously described in detail (49, 55). The corre-
sponding rVSV genomic cDNAs were generously provided by J. Rose (Yale
University, New Haven, CT) and were used in the derivation of the combination
mutants described below.


A method for gene translocation within rVSVIN genomic cDNA has been
described in detail previously (2, 60). A different method of N gene translocation
was used in this study. Briefly, the N gene was first deleted from rVSVIN genomic
cDNA by replacing the natural BsaAI-XbaI genome fragment (Fig. 1) with a
DNA fragment that was generated by in vitro ligation of two PCR products, one
stretching from the BsaAI site in the plasmid vector to the exact 3� end of the
virus leader sequence (positive sense) and the other spanning the region from
the transcription start signal of the P gene to the downstream XbaI site. Precise
ligation of DNA containing the virus leader sequence, with DNA containing the
exact 3� end of the P gene, was achieved by addition of BsmBI sites to PCR
primers. The N gene was then reinserted into the �N genome cDNA between the
P and M genes (N2), between the M and G genes (N3), and between the G and
L genes (N4) by use of a similar approach. For generation of the N2 genome
cDNA, a PCR product spanning the entire N gene and 3� CT intergenic dinu-
cleotide was ligated to flanking PCR fragments in vitro; one DNA fragment
stretched from the unique XbaI site to the 3� end of the P gene and contained
the P/M intergenic dinucleotide GT. A second DNA fragment spanned the entire
M gene to the unique MluI site in the G gene. Addition of BsmBI sites to the 3�
and 5� ends of the P and M gene fragments, respectively, and to 3� and 5� ends
of the N gene fragment allowed all three DNA fragments to be ligated in vitro
and then cloned into the XbaI and MluI sites of the �N genome cDNA. The N3
cDNA genome was constructed in a similar fashion. A PCR fragment spanning
the region from the unique XbaI site in the P gene to the end of the M gene,
including the 3� CT intergenic dinucleotide, was ligated to a PCR fragment
spanning the entire N gene, a 3� CT intergenic dinucleotide, and the first 32
nucleotides of the G gene containing the unique MluI site. Both DNAs were
ligated through BsmBI sites at the 3� end of the P/M fragment and the 5� end of
the N gene fragment. This DNA fragment was then cloned into the unique XbaI
and MluI sites of the �N cDNA genome. For generation of the N4 genome
cDNA, a PCR product spanning the entire N gene was joined with flanking PCR
products, one stretching from the unique MluI site to the end of the G gene,
including the 3� CT intergenic dinucleotide, and the other containing the G/L
intergenic dinucleotide CT and the region from the 5� end of the L gene to the
unique HpaI site. All three fragments were joined by the addition of BsmBI sites
to the 3� and 5� ends of the G and L gene fragments, respectively, and to the 3�
and 5� ends of the N gene DNA fragment. The resulting contiguous DNA
fragment was then cloned into the MluI and HpaI sites of the �N cDNA genome.


A plasmid cDNA containing the MNCP gene in the rVSVIN backbone was
generously provided by Michael Whitt (University of Tennessee, Nashville) (29).
The MNCP gag5 and MNCPCT1 gag5 vectors were generated by cloning a DNA
fragment that spanned the mutant MNCP gene and part of the P gene into the
unique XbaI-MluI sites of rVSVIN cDNAs (generously provided by J. Rose, Yale
University, New Haven, CT) containing either the HIV-1 Gag gene inserted
between the G and L genes (rVSVIN gag5) or the HIV-1 Gag gene inserted
between a truncated (CT1) form of the G gene and the L gene (rVSVINCT1
gag5).


Four N gene shuffle-CT combination mutants (N2CT9, N2CT1, N3CT9, and
N3CT1) were generated by swapping the G genes from the N2 and N3 cDNAs
with the CT1 and CT9 truncated forms of the G gene via unique flanking MluI
and HpaI sites.


Recovery of rVSVIN from cDNA. Infectious virus was recovered from genomic
cDNA following transfection of BHK cells with a mixture of plasmids expressing
VSV N, P, and L proteins and full-length positive-sense genomic RNA, all under
the control of the bacteriophage T7 RNA polymerase transcription promoter
(39). For transfection, 95% to 100% confluent BHK cell monolayers in six-well
dishes were incubated for 4 h in 3% CO2 at 32�C in 4.5 ml/well of fresh growth
medium. Meanwhile, a plasmid DNA-CaPO4 precipitate was prepared for each
cell monolayer by mixing 2 to 4 �g of plasmid containing full-length genomic
cDNA, 1.0 �g of N plasmid, 0.5 �g of P plasmid, 0.15 �g of L plasmid, 25 �l of
CaCl2 (2.5 M), and water to achieve a 250-�l final volume. The DNA-CaPO4


precipitate was then formed by dropwise addition of 250 �l of 2� BBS (280 mM
NaCl, 50 mM BES, 1.5 mM Na2HPO4, pH 6.95 to 6.98) with gentle vortexing.
The mixture was incubated at RT for 20 min to allow precipitate formation and
then added dropwise to cells with gentle swirling. To provide a source of T7 RNA
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polymerase, MVA-T7-GK16 (38) was then added to each well at an MOI of 3 to
4 PFU/cell along with 20 �g/ml cytosine arabinoside to inhibit amplification of
MVA-T7. Cells were then incubated at 32�C in 3% CO2 for 3 h followed by a 2-h
heat shock at 43�C in 3% CO2 (43). Following heat shock, cells were incubated
at 32�C in 3% CO2 for 18 to 24 h. Transfection medium was then replaced with
2 ml of fresh growth medium containing cytosine arabinoside, and cells were
further incubated at 37�C in 5% CO2 for 48 to 72 h. Transfected cells were then
scraped into suspension, gently pipetted repeatedly to reduce cell clumping, and
transferred to 95% to 100% confluent Vero cell monolayers in six-well dishes.
The following day, cocultures were supplemented with 1 ml of fresh growth
medium and incubation was continued for a further 3 to 5 days, during which
time VSV cytopathic effect (CPE) became apparent. Rescued virus was then
triple plaque purified and further amplified prior to in vitro and in vivo analysis.


In vitro growth studies. For comparison of rVSVIN mutant plaque sizes,
plaque assays were performed in duplicate on replicate Vero cell monolayers as
described above. For growth kinetics studies, replicate Vero cell monolayers in
25 cm2 flasks were infected in duplicate at an MOI of 5 PFU/cell. Virus was
adsorbed in 0.5 ml of growth medium for 15 min at RT followed by 30 min at
37�C with occasional rocking to prevent cell desiccation. After removal of the
inoculum, monolayers were rinsed three times with 5 ml of PBS to remove
unbound virus; 5 ml of growth medium was then added to each monolayer, and
a 0.5-ml aliquot was immediately removed as a “time h 0” (T0) sample and
replaced with 0.5 ml of fresh medium. Incubation was continued at 37�C in 5%
CO2 for 48 to 72 h, and further samples were taken at T3 to T48. All samples were
flash frozen in ethanol-dry ice and stored at �80�C for titration.


Mouse IC LD50 studies. Five-week-old female Swiss Webster mice (Taconic
Laboratory Animals and Services, Germantown, NY) were anesthetized and
injected IC with log10-fold dilutions of virus in 30 �l PBS (10 mice per dilution,
with dilutions adjusted to range around the anticipated LD50). Weight and health
status were recorded daily for 2 weeks. Mice becoming either bilaterally para-
lyzed or showing significant signs of distress or severe illness were sacrificed and
recorded as succumbing to VSV disease. The LD50 and the 50% paralyzing dose
(PD50) were determined by the method of Reed and Muench (45) based on the


number of mice that became paralyzed. All animal care and procedures con-
formed to Institutional Animal Care and Use Committee guidelines. The facil-
ities are fully accredited by the American Association for Accreditation of Lab-
oratory Animal Care.


RESULTS


Recovery of attenuated rVSVIN vectors from genomic cDNA.
The complete spectra of rVSVIN vectors recovered from
genomic cDNA and subsequently used for in vitro and in vivo
attenuation studies are shown in Fig. 2A. Attenuated rVSVIN


mutants were generated using three different attenuation strat-
egies and combinations thereof. In one strategy the N gene was
translocated (shuffled) to the second, third, and fourth gene
positions (N2, N3, and N4, respectively) in the rVSVIN ge-
nome. In another strategy, the G protein CT was truncated to
either nine (CT9) amino acids or one (CT1) amino acid. A
third attenuation strategy abolished expression of two overlap-
ping polypeptides encoded within the M gene open reading
frame, generating the MNCP gag5 mutant containing the HIV-1
gag gene at position 5 in the genome. Both the CT9 and N4
mutants contain an additional “empty” transcriptional unit
(TU) at the fifth position in the genome. This TU contains an
XhoI-NheI cassette flanked by transcription start and stop
signals to facilitate insertion and expression of foreign genes
(50, 51). Because results from previous murine NV studies (60)
and an exploratory NHP NV study (30) indicated that N gene
shuffles and G protein CT truncations on their own might not


FIG. 1. Construction of rVSVIN mutant cDNA. The BsaAI, XbaI, MluI, and HpaI endonuclease sites used for construction of N gene shuffles
and insertion of G genes containing CT truncations and MNCP mutations are indicated with arrows. Virus leader (Le), trailer (Tr), GT, and CT
intergenic dinucleotides and transcriptional start signals (shaded boxes) at the beginning of each gene are shown. Synthesis of positive-sense
genomic RNA was under control of the T7 RNA polymerase transcription promoter (T7-Prom) and was terminated by a T7 transcription
terminator (T7 Term). Hepatitis delta virus ribozyme (HDV Ribozyme) was used to generate the precise viral 3� end on the positive-sense genomic
RNA transcript.
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attenuate rVSVIN sufficiently for use as a vaccine vector in
humans, these mutations were also combined in different con-
figurations in an effort to produce more highly attenuated
variants. Most double mutants were generated by combining N
gene shuffles with G protein CT9 and CT1 truncations (shuf-
fle-CT mutants), giving rise to N2CT9, N3CT9, N2CT1, and
N3CT1 vectors; another double mutant containing the HIV-1
gag gene at position 5 in the genome was generated by com-
bining the G protein CT1 truncation with the MNCP mutations
(MNCP CT1 gag5). Even though it was anticipated that the
mutant vectors would be more growth attenuated in vitro than
the prototype rVSVIN vector developed by J. Rose and col-
leagues, all single and combination mutants were recoverable
from cDNA.


Comparison of rVSVIN mutant plaque size. To gain a first
impression on the relative attenuation levels of rVSVIN mu-
tants, plaque sizes on Vero cell monolayers were compared at
different times postinfection (Fig. 2B). From this analysis a
number of trends emerged. Plaques produced by rVSVIN and
wt VSVIN were almost the same size at all time points, indi-
cating that rVSVIN growth was little more attenuated than wt
VSVIN growth in cell culture. Virus containing only MNCP-
attenuating mutations (MNCP gag5) produced a delayed cell
CPE, as previously observed (29), that resulted in very small
plaques by day 1. At later time points, plaques were only
slightly smaller than those made by rVSVIN, indicating efficient
growth and spread of this mutant in vitro. However, it should
be noted that although MNCP plaques were similar in size to


FIG. 2. Genetic organization of rVSVIN mutants and plaque size comparison. (A) Mutants were named to reflect genomic organization and
attenuating mutations. The N gene shuffle mutants N2, N3, and N4 were named according to the position of the N gene relative to that of wt
VSVIN. The G protein CT truncation mutants CT1 and CT9 were named according to the number of amino acids retained in the cytoplasmic tail
region of the G protein. Vectors containing noncytopathic M gene mutations (M33A and M51A [triangles]) were named MNCP mutants.
Combination mutants were named N2CT1, N3CT1, N2CT9, N3CT9, and MNCPCT1 to reflect contributing mutations. An additional empty TU
containing transcription start and stop signals but no additional gene was present in N4 and CT9 mutants. The HIV-1 gag gene was present in the
fifth position of virus genomes as indicated. (B) Representative plaques produced by wt VSVIN and rVSVIN variants following plaque assay on
replicate Vero cell monolayers at 37�C for 1 to 4 days.
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those made by rVSVIN and rVSVIN gag5 at days 2 to 4, cells
within the MNCP gag5 plaques displayed a reduced CPE at all
time points. The MNCP CT1 gag5 combination mutant pro-
duced plaques that were much smaller than MNCP gag5
plaques and similar in size to those produced by the CT1 virus,
indicating that the CT1 truncation was the dominant attenu-
ating mutation affecting virus growth and spread in vitro. Im-
portantly, both CT and N gene shuffle mutants had plaque
sizes commensurate with degrees of genetic alteration. For ex-
ample, CT1 mutants produced smaller plaques than CT9 mu-
tants, and there was a gradient of decreasing plaque size as the N
gene was moved further away from the 3� transcription promoter
(N2 to N4), as previously reported (60). When N gene shuffle and


CT mutations were combined, plaque size was decreased relative
to the results seen with mutants having only one of the two
mutations. For example, N2CT1 and N3CT1 produced plaques
that were on average smaller than plaques produced by N2, N3,
or CT1 mutants at all time intervals. This effect was also seen for
N3CT9 but was less notable for N2CT9 except at day 1. Plaque
sizes for N shuffle-CT combination mutants also varied incremen-
tally with degree of genetic alteration, and a gradient of decreas-
ing plaque size (N2CT93N3CT93N2CT13N3CT1) was seen.
Overall observations of plaque size indicated that the combina-
tion of N gene shuffles and CT truncations can attenuate virus
incrementally and to a greater degree than either single form of
mutation.


FIG. 3. Growth kinetics of rVSVIN mutants on Vero cell monolayers. Replicate Vero cell monolayers in 25 cm2 flasks were infected in duplicate
at an MOI of 5 PFU/cell. Infected-cell supernatants were collected at intervals postinfection and titrated on Vero cell monolayers. All datum points
represent the average titers of samples taken from duplicate infections. Growth curves are shown for mutants containing N gene shuffles (A), CT
truncations (B), N gene shuffle-CT truncation combinations (C and D), and MNCP mutations (E).
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In vitro growth kinetics of rVSVIN mutants. We next per-
formed a series of growth kinetic studies measuring the rate
and extent of virus growth to further compare relative in vitro
attenuation levels among rVSVIN mutants (Fig. 3). As shown
in Fig. 3A, the rate of virus growth was reduced in relation to
the position (N2 to N4) of the N gene, with a reduction in peak
virus titer of 5-fold for N2, 10-fold for N3, and 100-fold for N4
compared to rVSVIN results. The CT9 and CT1 gag5 mutants
(Fig. 3B) also had reduced growth rates and reached 10-fold
and 100-fold-lower peak titer respectively than rVSVIN, in
general agreement with previous reports (49, 55). It should be
noted that the addition of the HIV-1 gag gene between the G
and L genes of rVSVIN did not significantly reduce growth of
virus in cell culture and that the CT1 and CT1 gag5 mutants
displayed almost identical growth kinetics in vitro (data not
shown). More importantly, when N gene shuffles were com-
bined with G protein CT truncations a series of virus mutants
was generated that had reduced growth rates and a reduction
in peak infectious particle production compared to virus con-
taining either form of mutation alone (Fig. 3C and 3D). Over-
all, the growth kinetic studies indicated a gradient of increasing
virus attenuation (N2CT93N3CT93N2CT13N3CT1) iden-
tical to that observed in plaque size comparisons. In this
combinatorial approach to virus attenuation, N3CT1 had
1,000-fold-lower peak virus titer than rVSVIN and 50- and
500-fold-lower peak titer than CT1 and N3 mutants, respec-
tively (Fig. 3D). A separate series of growth kinetic studies
were performed for the MNCP mutants, as they were originally
generated with the HIV-1 gag gene inserted between the G
and L genes of the genome(s). As previously described, virus
containing the MNCP mutations replicated to a nearly normal
peak titer in cell culture (Fig. 3E) but with a delayed onset of
CPE in most cell types (29). Unlike the synergistic attenuation
of virus growth seen with N gene-CT combination mutants,
combining MNCP mutations with the CT1 truncation did not
significantly alter growth in cell culture compared to the results
seen with the CT1 mutant alone, indicating that the CT1 mu-
tation was the dominant attenuating mutation in vitro.


Assessment of rVSVIN vector neurovirulence in mice. Young
mice are much more sensitive to infection with VSV following
IC inoculation than following intranasal inoculation (54, 60).
Moreover, unlike wt VSVIN, attenuated rVSVIN mutants con-
taining either cytoplasmic tail truncations (CT1 and CT9) or N
gene shuffles (N2, N3, and N4) do not cause death following
intranasal inoculation (25, 60). Therefore, to measure differ-
ences in virulence among the attenuated rVSVIN mutants,
mice were inoculated IC, and the cumulative animal deaths,
time until death, and frequency and severity of paralysis were
measured. The LD50s and the PD50s were calculated based on
the method of Reed and Muench and are shown in Fig. 4A.
The time to death in animals receiving a lethal dose is shown
in Fig. 4B.


Mice receiving wt VSVIN reproducibly died 2 to 4 days
postinoculation, and the LD50 was only 1 to 2 PFU. In agree-
ment with plaque size comparisons and growth kinetics studies,
rVSVIN, with and without HIV gag inserted between the G and
L genes, was only marginally more attenuated than wt VSV,
with an LD50 of approximately 2 to 5 PFU and a slightly
delayed onset of death at 2 to 5 days. Viruses containing either
CT truncations or N gene shuffles alone were slightly more


attenuated than rVSVIN, with LD50 values of 12 to 21 PFU for
CT9, CT1, N2, N3, and N4. Although the LD50s of N2, N3, and
N4 mutants were similar, there was a respective incremental
increase in time to onset of death. However, a dramatic de-
crease in virulence was seen when the CT1 mutation was com-
bined with N gene shuffles. Most notably, for N3CT1 the LD50


increased to 	105 PFU compared to 15 PFU and 12 PFU for
CT1 and N3 viruses, respectively, and the LD50 for N2CT1 was
1.1 � 104 PFU, demonstrating powerful synergistic attenuation
of virulence for these combinations of mutations. Moreover,
when animals died at higher doses, onset to death was delayed
to 4 to 11 days postinoculation for N2CT1 and 6 to 14 days for
N3CT1. To a lesser extent, and consistent with the order of
attenuation observed in vitro, synergistic attenuation was also
observed for N3CT9, with an LD50 of 524 PFU and delayed
onset of death. As the least attenuated among the combination
mutants in vitro, the LD50 dose for N2CT9 was very similar to
the LD50s for N2 and CT9; however, time to onset of death was
delayed compared to that seen with the N2 and CT9 variants.


FIG. 4. Neurovirulence properties of rVSVIN mutants in mice fol-
lowing IC inoculation. In a series of experiments, 5-week-old Swiss
Webster mice were inoculated IC with log10-fold dilutions of virus.
Mice were monitored for 2 weeks for mortality and morbidity (paral-
ysis). (A) The LD50 and PD50 values were determined by the method
of Reed and Muench. (B) Time to death was recorded for mice in the
group receiving the dose immediately above the determined LD50.
Arrowheads indicate results in which LD50 and PD50 were not
achieved.
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Many of the mice inoculated with the combination mutants, in
particular, N3CT1 and N2CT1, displayed morbidity in the
form of paresis and unilateral paralysis, from which they
started to recover by week 3 postinfection, without mortality.
Thus, the PD50s for N3CT1 and N2CT1 were less than their
respective LD50s. Mice receiving the more virulent viruses died
quickly without a measurable paralytic phase. Therefore, the
PD50 and LD50 values for these viruses were recorded as being
identical. Overall, the gradient of attenuation for the N gene
shuffle-CT combination mutants observed in vivo was identical
to that observed in vitro.


IC infection with MNCP gag5 primarily caused some mild
paralysis (PD50 of 104 PFU) but not death at up to the highest
dose (106 PFU) tested, and an LD50 dose was not achieved.
However, combining the MNCP and CT1 mutations reduced
the amount of paralysis compared to the results seen with
MNCP gag5 alone such that neither a LD50 nor a PD50 could be
calculated for MNCPCT1 gag5. The very high level of attenu-
ation observed for the MNCP gag and MNCPCT1 gag5 mutants
in vivo and the absence of a measurable LD50 for both mutants
at input levels that were approaching a practical limit for
MNCPCT1 gag5 prevented any clear conclusions concerning
the synergistic effect of combining the MNCP and CT1 muta-
tions. However, the MNCP mutation was clearly the dominant
attenuating mutation in vivo, while the CT1 mutation was
clearly dominant in vitro.


DISCUSSION


An exploratory NV study of NHPs indicated that the
rVSVIN–HIV-1 vaccine vectors pioneered by J. Rose and col-
leagues retained significant levels of virulence and might be
insufficiently attenuated for clinical evaluation (30). The
present study was undertaken to investigate strategies for fur-
ther attenuation of rVSVIN and to identify less-virulent vari-
ants that might be more suitable as vaccine vectors for HIV-1
and other pathogens.


Variants containing only a single form of attenuating muta-
tion were more growth attenuated than the prototypic rVSVIN


vector in vitro but, except for the MNCP mutant, were still
highly neurovirulent when tested in the murine IC NV model.
Virus containing only the CT1 mutation also caused significant
neuropathology in an exploratory NHP NV study (30). In an
effort to further increase rVSVIN vector attenuation, CT trun-
cations were combined with either N gene shuffles or MNCP


mutations. Most of the resulting combination mutants were
more growth attenuated in vitro than vectors containing either
single form of mutation. Growth kinetics studies showed that
N2CT1 and N3CT1 reached approximately 500- to 1,000-fold-
lower peak titers than rVSVIN and approximately 50- to 500-
fold-lower peak titers than N2, N3, or CT1 mutants. Further-
more, the degree of vector attenuation could be altered
incrementally depending on the pairing of specific N gene
shuffle and CT mutations. For example, the N3CT1 mutant
was more growth attenuated than N2CT1, which was more
attenuated than N3CT9 and N2CT9 mutants. The gradient of
increasing virus attenuation for these combination mutants was
N2CT93N3CT93N2CT13N3CT1. The same order of atten-
uation was also observed in vivo, but differences in attenuation
between combination mutants and virus with only one type of


attenuating mutation were even more dramatic. The N2, N3,
CT9, and CT1 mutants still retained high levels of virulence
following IC inoculation of mice (LD50s of 12 to 21 PFU)
consistent with previously published data for N gene shuffles
(60). In contrast, N gene shuffle-CT combination mutants had
incrementally increasing LD50s ranging from 10 PFU for
N2CT9 to 	105 PFU for N3CT1. Specifically, attenuation syn-
ergy appeared to be greater when the CT1 truncation was
combined with N2 and N3 gene shuffles.


The differences in relative attenuation between single and
combination mutants observed in vitro probably reflect pre-
dominantly virus-specific growth attenuation factors. It is
thought that the length of the CT tail of VSV G protein may
affect the efficiency of virus budding from the cytoplasmic
membrane of infected cells. Shorter CTs reduce the rate of
particle formation and peak virus titer produced in vitro, pos-
sibly due to impaired CT interaction with viral core proteins
(16, 28, 50, 55). The N gene shuffles attenuate virus by a
different mechanism. During virus replication, N protein is
essential for the encapsidation of nascent genomic RNA, and
the resulting nucleocapsid structure is the functional template
for mRNA transcription and further genome replication.
When the N gene is translocated further away from the single
3� transcription promoter, N protein expression decreases (60).
Consequently, limiting N protein reduces the level of nucleo-
capsid available for transcription, replication, and subsequent
incorporation into virus progeny. When transcription is re-
duced, all virus proteins are expressed less abundantly, placing
additional constraints on the availability of all the components
needed for assembly and morphogenesis of virus progeny.
When both attenuation strategies are combined, not only are
viral nucleocapsid and truncated G protein, along with other
virus proteins, limiting for viral morphogenesis but impaired
interactions between viral nucleocapsid core and the truncated
G protein CT likely also further constrain the efficiency of
mature particle formation. In vivo, innate and cellular immune
responses are additionally superimposed on these growth-at-
tenuating virus-specific factors and likely contribute to the
level of attenuation observed in mice.


Innate immunity is usually rapidly induced in response to
viral infection in the periphery and likely also plays an impor-
tant role in controlling virus replication early (days 1 to 5)
following IC inoculation of mice (7, 10, 46). Recently, a role for
type I interferon has been proposed for control of attenuated
but not pathogenic strains of rabies virus, a relative of VSV,
following IC inoculation of mice (59), and it is possible that
differences in virulence between attenuated and pathogenic
strains of VSV can also be explained by differential stimulation
of alpha/beta interferon in the CNS. VSV growth in the brain
may also be controlled by the induction of nitric oxide, which
can inhibit VSV replication in vitro and in neurons (5, 8, 11, 13,
35–37, 47). Acquired cellular immunity likely also plays an
important role in killing some types of infected cells and clear-
ance of virus in the CNS early (days 1 to 8) in the infection (11,
46). In contrast, the humoral immune response does not ap-
pear to have a significant role in the control and clearance
of VSV from the CNS following direct IC inoculation of mice
(7, 11).


In view of the host-specific responses to VSV infection of the
CNS described above, it is possible that the more slowly rep-
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licating, highly attenuated N gene shuffle-CT truncation com-
bination mutants less efficiently down-regulate innate immune
responses, leading to a more potent antiviral state (14). For
example, reduced expression of the VSV M protein and asso-
ciated polypeptides can diminish the efficiency of host cell
protein shutoff, allowing more efficient induction of innate
immune responses (9, 20, 26, 29). Since the N gene shuffle-CT
truncation combination mutants also down-regulate viral gene
expression, including the M gene, the innate immune response
may be better able to control these viruses. Similar reasoning
likely also explains the observed differences between in vitro
and in vivo attenuation of MNCP mutants described here. In
vitro, the MNCP gag5 and MNCPCT1 gag5 mutants are not
subject to innate immune responses, and peak titer is close to
that of rVSV gag5 and CT1 gag5, respectively, indicating that
the CT1 mutation was the dominant attenuating mutation in
vitro. However, both MNCP gag5 and MNCPCT1 gag5 had
highly attenuated phenotypes in mice, indicating that the
MNCP mutations were dominant in vivo, presumably due to the
reduced ability of these viruses to interfere with innate im-
mune responses.


In general, the mouse IC LD50 NV model proved to be
highly sensitive and capable of discriminating changes in viru-
lence within the range of attenuated rVSV vectors tested in
this study. Rodent models have also been used to assess the
NV potential of other virus vaccine vectors and some licensed
live virus vaccines and vaccine candidates, including smallpox
vaccine (40), some yellow fever virus vaccine strains (6), atten-
uated Venezuelan equine encephalitis virus (41), the Jeryl
Lynn strain of mumps virus vaccine (52) and a modified mea-
sles virus vaccine strain (17). Interestingly, some of the more
highly attenuated rVSV vectors described here produced less
morbidity and mortality following IC inoculation than some of
the licensed live virus vaccines. However, it should be empha-
sized that differences in virus biology and the natural suscep-
tibility of different mouse strains to virus infection and repli-
cation make direct comparison of attenuation levels among
different virus vaccines and candidate vaccines extremely dif-
ficult.


In summary, the net effect of combining specific N gene
shuffles and G protein CT truncations was a measurable syn-
ergistic attenuation of rVSVIN growth in vitro and a dramatic
reduction of virulence in the very sensitive mouse IC LD50


model. These findings suggest that combining mutations that
interfere with viral morphogenesis by impairing interactions
between structural proteins with mutations that lead to down-
regulation of viral structural protein expression may be a useful
general mechanism for synergistic attenuation of rVSVIN and
other RNA and DNA viruses. Because of the potential of
rVSVIN as a vaccine vector for HIV-1 and other human patho-
gens, experiments are now under way to confirm attenuation of
the combination mutants in NHP NV studies and explore the
immunogenicity of these highly attenuated rVSVIN vectors.
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ABSTRACT Truncations of the cytoplasmic tail (CT) of entry proteins of enveloped
viruses dramatically increase the infectivity of pseudoviruses (PVs) bearing these pro-
teins. Several mechanisms have been proposed to explain this enhanced entry,
including an increase in cell surface expression. However, alternative explanations
have also been forwarded, and the underlying mechanisms for the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) S protein remain undetermined.
Here, we show that the partial or complete deletion of the CT (residues 19 to 35)
does not modify SARS-CoV-2 S protein expression on the cell surface when the S2
subunit is measured, whereas it is significantly increased when the S1 subunit is
measured. We also show that the higher level of S1 in these CT-truncated S proteins
reflects the decreased dissociation of the S1 subunit from the S2 subunit. In addition,
we demonstrate that CT truncation further promotes S protein incorporation into PV
particles, as indicated by biochemical analyses and cryo-electron microscopy. Thus,
our data show that two distinct mechanisms contribute to the markedly increased
infectivity of PVs carrying CT-truncated SARS-CoV-2 S proteins and help clarify the
interpretation of the results of studies employing such PVs.


IMPORTANCE Various forms of PVs have been used as tools to evaluate vaccine effi-
cacy and study virus entry steps. When PV infectivity is inherently low, such as that
of SARS-CoV-2, a CT-truncated version of the viral entry glycoprotein is widely used
to enhance PV infectivity, but the mechanism underlying this enhanced PV infectivity
has been unclear. Here, our study identified two mechanisms by which the CT trun-
cation of the SARS-CoV-2 S protein dramatically increases PV infectivity: a reduction
of S1 shedding and an increase in S protein incorporation into PV particles. An under-
standing of these mechanisms can clarify the mechanistic bases for the differences
observed among various assays employing such PVs.


KEYWORDS cytoplasmic tail, entry, infectivity, pseudovirus, S protein, S1 shedding,
SARS-CoV-2, spike density


Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) encodes 15 nonstruc-
tural proteins as well as 4 structural proteins. Of these, only the structural proteins,


spike (S), membrane (M), envelope (E), and nucleocapsid (N), are incorporated into the vi-
rion. The N protein is essential for the encapsidation of the 30 kb positive-sense RNA ge-
nome, the M and E proteins contribute to virus assembly and budding via interactions
with other viral proteins (1, 2), and the S protein mediates entry into the target cell.


For successful entry, the S protein needs to be activated by two sequential proteo-
lytic cleavages. The first cleavage divides the S protein into the S1 and S2 subunits, of
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which S1 binds the receptor angiotensin-converting enzyme 2 (ACE2) and S2 mediates
membrane fusion (3). In the case of the first SARS-CoV that emerged 2 decades ago,
cleavage at the S1-S2 junction is accomplished in target cells by a cell surface protease,
TMPRSS2, or lysosomal proteases, cathepsins (4–8). In contrast, for SARS-CoV-2, cleav-
age is carried out by furin, a Golgi-resident protease, in infected cells during virus mat-
uration. The second cleavage occurs at a site internal to the S2 subunit, termed the S29
site, and is carried out by TMPRSS2 or cathepsins for both SARS-CoV and SARS-CoV-2
when they reach the target cells. This second cleavage releases the fusion peptide that
is required for subsequent fusion between the cellular and viral membranes (3).


Like SARS-CoV-2, the entry glycoproteins of many viruses are cleaved into the surface
and transmembrane subunits prior to virus release from infected cells. For most of these
viruses, the two subunits remain associated until the receptor-binding domain (RBD)
located in the surface subunit binds the receptor. Receptor binding induces conforma-
tional changes in the entry glycoprotein and leads to the dissociation of the surface subu-
nit and subsequent membrane fusion mediated by the transmembrane subunit. In the
case of the original Wuhan-Hu-1 strain of SARS-CoV-2, the S1-S2 association is weak, and
thus, S1 was easily shed from the spikes (9). To overcome this problem, the virus acquired
the D614G mutation early in the pandemic, which stabilized the S1-S2 association and
increased virus infectivity (9–12).


Another modification of the SARS-CoV-2 S protein that increases virus infectivity is
cytoplasmic tail (CT) truncation. The understanding that CT truncation of viral entry
glycoproteins enhances pseudovirus (PV) infectivity originated decades ago from in-
triguing observations that lentiviruses grown in human T cell lines acquired a prema-
ture stop codon in their CTs (13–16). Multiple subsequent studies reported that CT
truncations of the entry glycoproteins of various viruses enhanced PV infectivity (17–21).
We also showed that a 19-amino-acid truncation of the SARS-CoV S protein enhanced
PV infectivity (21). Mechanistic studies showed that CT truncation upregulated the cell
surface expression of the entry glycoproteins (20, 22). These observations have been
interpreted to suggest that the removal of the endoplasmic reticulum (ER) retention sig-
nal present at the carboxy-terminal end of the CT was responsible for the elevated
expression on the cell surface. However, other studies did not observe increased expres-
sion of the CT-truncated glycoproteins on the cell surface (23, 24). In addition, even if an
increase was observed, the degree of the increase was modest, and thus, it is difficult to
explain the dramatic changes in PV infectivity. An alternative mechanism, a conforma-
tional change in the ectodomain, was also proposed for various enveloped viruses to
explain the increased fusogenicity upon CT truncation of their entry glycoproteins (20,
23, 25–27).


Here, we show that CT truncation of the SARS-CoV-2 S protein modestly increases
cell surface expression when both S1 and S2 are measured, but no increase is observed
when only S2 is detected. When only S1 is detected, however, CT-truncated S protein
expression on the cell surface is substantially elevated. Further investigation shows
that these differences are contributed by reduced S1 shedding in the CT-truncated S
protein. We also demonstrate through biochemical and cryo-electron microscopy
(cryo-EM) studies that PVs bearing the CT-truncated S protein exhibit much higher
spike densities. Together, our studies show that CT truncation of the S protein enhan-
ces PV infectivity by decreasing S1 dissociation and increasing S protein incorporation
into PV particles.


RESULTS
Cytoplasmic tail truncation of the S protein does not change SARS-CoV-2 PV


production but dramatically enhances PV infectivity. The CT of the SARS-CoV-2 S
protein consists of 37 amino acids that contain four motifs, as shown in Fig. 1A: a puta-
tive ER retention signal (KXHXX) (28, 29), a charged cluster (KFDEDDSE) (30), and two
cysteine-rich motifs (CRMs), CCSCGSCC and SCCSC (30–32). To better understand the
role of the CT in SARS-CoV-2 infectivity, we made truncation variants of the S protein
(S-dCTs) in which these motifs were sequentially deleted, and we compared them to
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the full-length S protein (S-FL). PVs expressing firefly luciferase (FLuc) and bearing these
S-dCTs (PV-dCTs) were produced from HEK293T cell transfection. PVs bearing S-FL (PV-
FL) or no S protein were used as controls. To assess the effect of CT truncation on the PV
yield, PV titers were quantified by reverse transcription-quantitative PCR (RT-qPCR).
Figure 1B shows that these PVs were produced at comparable levels, indicating that CT
truncation did not affect PV production.


Next, we assessed their entry efficiency by infecting HEK293T cells stably expressing
human ACE2 and TMPRSS2 (hACE2/hTMPRSS2-293T cells) with the same genome copy
numbers. HEK293T cells transduced with empty vectors but selected with drugs in the
same way as for hACE2/hTMPRSS2-293T cells were used as negative controls for infec-
tion (Mock-293T cells). As shown in Fig. 1C, S-dCT5 unexpectedly decreased PV entry
compared to S-FL, indicating that the KLHYT motif, a putative ER retention signal, may
play its role only in the context of other motifs. In contrast, S-dCT19 increased PV entry
by more than 30-fold, which is consistent with previous reports that a deletion of the
last 13 to 21 amino acids from the carboxy terminus of the CT enhances PV infectivity
(23, 24, 33, 34). S-dCT27 and S-dCT35, which lack one or both CRMs, respectively, also
increased PV entry compared to S-FL but to a lesser degree than did S-dCT19, which con-
tains both CRMs (Fig. 1C). Together, these data confirm that CT truncations, except dCT5,
substantially enhance the PV entry efficiency and suggest that although the CRMs may
play a role in PV infectivity, they are not essential for either PV production or entry.


Cytoplasmic tail truncation does not increase S2 levels but significantly
increases S1 levels on the cell surface. Whereas most viruses that are commonly
used as a backbone for pseudotyping systems, including human immunodeficiency vi-
rus type 1 (HIV-1), murine leukemia virus (MLV), and vesicular stomatitis virus (VSV),
bud from the plasma membrane, SARS-CoV-2 buds from the membranes of the ER or
the ER-Golgi intermediate compartment (ERGIC) (35). The S protein is therefore designed


FIG 1 Cytoplasmic tail truncation of the S protein does not change SARS-CoV-2 PV production but
dramatically enhances PV infectivity. (A) Diagram representing the CT truncation variants of the S protein
used in this study. (B) MLV PVs bearing the full-length S protein (S-FL) or its CT truncation variants (S-
dCTs) and expressing firefly luciferase were produced from HEK293T cell transfection, and their titers
were quantified by RT-qPCR. (C) Infectivity of the same PVs in parental HEK293T cells or the same cells
expressing human ACE2 and TMPRSS2. Cells were infected for 1 h with 5 � 108 genome copies per well
in a 48-well plate, and infection levels were assessed by measuring luminescence at 24 h postinfection.
Panels B and C show mean values 6 SEM from three independent experiments conducted with three
independently prepared PVs, and statistical significance was calculated by two-way ANOVA using Sidak’s
multiple-comparison test (*, P , 0.05; ****, P , 0.0001; ns, not significant). CRM, cysteine-rich motif.
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to be expressed in the intracellular compartments, but when its expression level is high,
it is also trafficked to the plasma membrane. Because PV production could benefit from
increased S protein expressed on the plasma membrane, we investigated whether CT
truncation increased S protein expression on the cell surface. We expressed S-FL and S-
dCTs on HEK293T cells via transfection and detected them using convalescent-phase
plasma samples derived from coronavirus disease 2019 (COVID-19) patients. Note that
whereas all COVID-19 convalescent-phase plasma samples efficiently recognize the S2
subunit, they rarely recognize the S1 subunit (Fig. 2A), likely because the original SARS-
CoV-2 did not have much S1 remaining on the virion, owing to its shedding (9). When
plasma sample 2, which recognizes both S1 and S2, was used for detection, all S-dCTs,
except S-dCT5, were expressed at modestly higher levels than S-FL; albeit modest, the
difference was statistically significant (Fig. 2B). However, when plasma sample 9, which
recognizes only S2, was used, S-FL and all S-dCTs, except S-dCT5, were expressed at com-
parable levels (Fig. 2C). Because these data suggest that different S1 levels of S-FL and S-
dCTs are responsible for the disparate detection profiles of plasma samples 2 and 9, we
also detected S1 alone. To detect only S1, we used hACE2-NN-Ig, the human ACE2 ecto-
domain that contains enzyme activity-null mutations (H374N and H378N) and is fused to
the Fc region of human IgG1 (hIgG1) (21). Figure 2D shows that the S1 levels of S-dCTs,
except S-dCT5, detected by hACE2-NN-Ig were approximately 4-fold higher than that of
S-FL. These data show that the differences between S-FL and S-dCTs in cell surface
expression levels result from their differences in S1, but not S2, contents and that S-dCTs
have much higher S1 contents in the spike trimers than S-FL. These data also provide an
explanation for the conflicting observations made in previous reports on the cell surface
expression of CT-truncated glycoproteins (20, 22–24). Our results demonstrate that
depending on which component of the glycoprotein is measured, the expression levels
of the CT-truncated glycoproteins could appear to be increased or not increased.


The higher S1 levels observed with S-dCTs than with S-FL prompted us to hypothesize
that CT truncation may strengthen the S1-S2 association and, consequently, decrease S1 dis-
sociation from S2. However, because higher hACE2-NN-Ig binding to S-dCTs can result from
either a decrease in S1 shedding or an increase in the RBD-up conformation, the conforma-
tion that binds the receptor (36–38), we attempted to distinguish these two possibilities by
comparing the binding of hACE2-NN-Ig to that of an antibody recognizing the N-terminal
domain (NTD) of S1. As this antibody binds the NTD, its binding is unlikely to be affected by
the change in the RBD conformation. HEK293T cells were transfected with increasing
amounts of an S-dCT19 or S-FL plasmid, their cell surface levels of S1 were measured using
hACE2-NN-Ig or the NTD antibody, and their S2 levels were measured using plasma sample
9. Both the hACE2-NN-Ig and NTD antibodies detected severalfold-higher levels of S1 in S-
dCT19 than in S-FL at all expression levels (Fig. 2E and F), while the S2 levels of S-dCT19 and
S-FL were similar when measured using plasma sample 9 (Fig. 2G). The very similar detec-
tion profiles with hACE2-NN-Ig and the NTD antibody of S-FL and S-dCT19 suggest that the
RBD-up or -down conformation does not significantly contribute to the differences in the S1
levels but that reduced S1 shedding is likely the major source of the observed S1 differences
between S-FL and S-dCTs induced by CT truncation.


In contrast to the other S-dCTs, a low level of S-dCT5 was detected on the cell sur-
face when measured using convalescent-phase plasma sample 2 (Fig. 2B). We thus
assessed S-dCT5 expression inside the cell. As the relative level of S-dCT5 compared to
other S proteins in permeabilized cells was similar to that on the cell surface (Fig. 2H),
we further assessed the S-dCT5 level in cell lysates by Western blotting (WB). Because
plasma sample 2 does not efficiently detect S protein in cell lysates, while it does in
PVs, a polyclonal anti-S antibody was used for blotting. As shown in Fig. 2I, while com-
parable levels of the uncleaved S band were observed for all S proteins, indicating that
S-dCT5 is expressed comparably to the others, much lower levels of the S1 and S2
bands were observed for S-dCT5, suggesting that they may be rapidly degraded once
cleaved. Because this antibody detects S1 only very weakly, we used the NTD antibody
to better visualize the S1 bands. Figure 2J shows that the S1 bands in all S-dCTs, except
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FIG 2 Cytoplasmic tail truncation does not increase S2 levels but significantly increases S1 levels on the cell
surface. (A) Ten convalescent-phase plasma samples derived from individuals infected with SARS-CoV-2 early in
the pandemic were screened by Western blot analyses for their ability to recognize the S1 and S2 bands of
sucrose-pelleted PV-dCT19. (B to D) HEK293T cells grown on 6-well plates were transfected with 0.3 mg of a
plasmid encoding the indicated S-FL or S-dCT protein, and their cell surface expression levels were assessed at
42 h posttransfection using plasma sample 2 (at a 1:200 dilution), which recognizes both S1 and S2 (B); plasma
sample 9 (at a 1:200 dilution), which recognizes only S2 (C); or 3 mg/mL of hACE2-NN-Ig, which binds only S1
(D). Shown are the mean fluorescence intensity (M.F.I.) values 6 SEM from three independent experiments. (E
to G) HEK293T cells on 6-well plates were transfected with the indicated amounts of the plasmid encoding S-
FL or S-dCT19, and cell surface staining was conducted with 3 mg/mL hACE2-NN-Ig (E), 3 mg/mL NTD antibody
(Ab) (F), or plasma sample 9 (at a 1:200 dilution) recognizing only S2 (G). (H) Experiment similar to the one for
panel B except that staining was conducted in cells permeabilized with 0.1% saponin. (I and J) S protein
expression levels were assessed in cells lysed with dodecyl maltopyranoside and blotted with rabbit anti-S
antibody (I) or the same NTD antibody used for panel F (J). The average mean fluorescence intensity values 6
SEM from three independent experiments are shown. Statistical significance was analyzed by one-way ANOVA
using Dunnett’s multiple-comparison test (B to D) or two-way ANOVA using Sidak’s multiple-comparison test (E
to G) (*, P , 0.05; **, P , 0.005; ***, P , 0.0005; ****, P , 0.0001; ns, not significant).
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S-dCT5, are stronger than that in S-FL. These data are consistent with our conclusion
drawn from cell surface expression and confirm that S-dCTs, except S-dCT5, retain
higher levels of S1 than S-FL owing to reduced S1 shedding.


Cytoplasmic tail truncation dramatically enhances functional S protein incor-
poration into PV particles. As the S protein mediates receptor attachment, the quan-
tity and quality of spike trimers on the virion determine virus and PV infectivity. Thus,
we measured the S protein density on PV-FL and PV-dCTs, which were pelleted
through a sucrose layer (“sucrose-pelleted PV”), by WB analyses, using plasma sample
2, which recognizes both S1 and S2 (Fig. 2A). When the same numbers of PV particles
were analyzed, as supported by the comparable amounts of p30, the MLV Gag protein,
the intensities of the S1 and S2 bands of all PV-dCTs, except PV-dCT5, were dramati-
cally increased compared to those of PV-FL (Fig. 3A, left), which were barely detectable
only with a much longer exposure of the same blot (Fig. 3A, right). These data demon-
strate that CT truncation leads to the much more efficient incorporation of the S pro-
tein into PV particles.


To confirm that the increased intensities of the S1 and S2 bands of PV-dCTs
assessed by WB analyses (Fig. 3A and B) actually reflect an increased spike density on
the virion, we visualized PV-FL and PV-dCT19 by cryo-electron microscopy (cryo-EM).
We focused on PV-dCT19 because it exhibits the highest infectivity and virion spike
density. Examined by cryo-EM, both PV-FL and PV-dCT19 were quite heterogeneous
with respect to their spike densities. Although PV-dCT19 particles generally exhibited
higher spike densities than PV-FL particles, to analyze them in a semiquantitative way,
we sorted PV-FL and PV-dCT19 cryo-EM particles into high-, medium-, and low (or
bald)-spike-coverage groups (Fig. 3C). Three cryo-EM images, each representing the
three categories, are shown in Fig. 3C, left. Using these criteria, cryo-EM images of 61
PV-FL and 88 PV-dCT19 particles (see Fig. S1 in the supplemental material) were sorted
with four independent counts. Note that we found only one high-density and two me-
dium-density PV-FL particles. Most PV-FL particles belonged to the low-surface-density
group. Specifically, 1.3% and 7.1% of the PV-FL particles belonged to the high- and me-
dium-density groups, respectively, while the majority, 91.6%, had low or undetectable
levels of spike (Fig. 3D). In contrast, PV-dCT19 virions were more evenly distributed
among the high-, medium-, and low-surface-density groups (Fig. 3D): high at 25.4%,
medium at 40.6%, and low/bald at 34.0%. These cryo-EM data are consistent with the
WB results and clearly demonstrate that PV-FL overall has a much lower virion spike
density than does PV-dCT19.


Cytoplasmic tail truncation significantly enhances functional S protein on PV
particles.Much higher S1 levels were detected on PV-dCTs (Fig. 3A and B) as well as S-
dCTs on the cell surface. To confirm that the higher level of S1 indeed reflects the
more efficient retention of S1 on PV-dCTs, we analyzed the S1/S2 ratio of PV-dCTs and
PV-FL. Because of the much lower S density of PV-FL, a large amount of PV-FL was
compared to a much smaller amount of PV-dCTs in order to detect both the S1 and S2
bands in both PVs. As Fig. 4A and its quantification in Fig. 4B show, the S1/S2 ratio of
PV-dCT19 is approximately 2.5-fold higher than that of PV-FL. This result is consistent
with the differences that we observed with cell surface-expressed S-FL and S-dCTs
(Fig. 2D, E, and F) and again indicates that CT truncation contributes to the greater
retention of S1.


To understand the three-dimensional organization of the S protein on the surface
of PVs, we performed cryo-EM tomography with PV-FL and PV-dCT19 (Fig. 4 and Fig.
S2). On some of the PV surfaces, we were able to distinguish the prefusion trimers,
which look like half-blossomed flowers, from the postfusion trimers, which look like
thin sticks, as a result of S1 shedding and the conversion of S2 to a helical-bundle con-
formation (Fig. 4C) (37–39). Sequentially slabbing through the three-dimensional
tomogram slices, we observed that most PV-FL particles have extremely low coverage
of surface proteins and that the majority of the spike trimers are in the postfusion con-
formation, with a subset being in the prefusion conformation (Fig. 4D). In contrast, on
PV-dCT19, prefusion spikes can be abundantly identified amid closely spaced clusters
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of proteins on the PV surface resolved in three dimensions (Fig. 4E). While the high
density of protein on the PV-dCT19 particles could mask the presence of some postfu-
sion spikes, and only a portion of the spike conformations are clearly identifiable, many
spike trimers appear to be in the prefusion conformation. The higher abundance of
prefusion spike trimers on PV-dCT19 is consistent with the presence of intact, func-
tional S-dCTs on the cell surface (Fig. 2) and the high S1/S2 ratios observed in WB


FIG 3 Cytoplasmic tail truncation dramatically enhances S protein incorporation into PV particles. (A)
PVs bearing the indicated S variants and produced from HEK293T cell transfection were pelleted
through a layer of 30% of sucrose and analyzed by Western blotting. The S, S1, and S2 bands were
detected using convalescent-phase plasma sample 2 at a 1:200 dilution. (Left) Blot representative of
results from three independent experiments. The S1 and S2 bands of S-FL and S-dCT5 are too weak
to be detected. (Right) A much longer exposure of the same blot shown on the left. The S1 and S2
bands of S-FL, but not those of S-dCT5, are visible. (B) Sum of the S1 and S2 band intensities of the
Western blot shown in panel A normalized to the intensity of the p30 band in the same blot. Shown
are the averages from three independent experiments. (C, left) As both PV-FL and PV-dCT19 exhibit
heterogeneous spike densities, to provide an objective guideline for semiquantitative evaluation,
three representative cryo-EM images were selected for each of the high-, medium-, and low/bald-
spike-density groups. (Right) Images selected separately from PV-FL and PV-dCT19 for each category.
Note that there are only one high-density and a few medium-density particles among 61 PV-FL
particles. (D) A total of 149 PV particles (61 PV-FL and 88 PV-dCT19 [shown in Fig. S1 in the
supplemental material]) were evaluated by four individuals and categorized into the high-, medium-,
and low/bald-density groups using the criteria described above for panel C. Mean values 6 SEM are
shown. Statistical significance was analyzed by an unpaired t test (B) and two-way ANOVA using
Sidak’s multiple-comparison test (D) (*, P , 0.05; **, P , 0.005; ***, P , 0.005; ****, P , 0.0001).
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analyses of PV-dCTs relative to PV-FL (Fig. 4A). Taken together, these data demonstrate
that CT truncation enhances S protein incorporation into PVs and S1 retention in the
spike, leading to much higher numbers of prefusion spikes on the pseudovirion, thus
providing an explanation for the dramatic increase in PV-dCT infectivity.


DISCUSSION


CT truncation of virus entry glycoproteins has been widely used to enhance the
infectivity of various PVs. Although several potential explanations were offered, the
underlying mechanism for the greatly enhanced PV infectivity is still unclear. Increased
cell surface expression of viral glycoproteins upon CT truncation was proposed as an


FIG 4 Cytoplasmic tail truncation significantly enhances functional S protein on PV particles. (A) The same PVs
shown in Fig. 3A but with PV-FL compared to 10-times-less PV-dCT19 to more accurately measure their S1/S2
ratios. (B) Mean S1/S2 ratios 6 SEM of PV-FL and PV-dCT19 analyzed from five Western blots performed with
three sets of independently prepared PV batches. Statistical significance was analyzed by an unpaired t test
(****, P , 0.0001). (C) Prefusion (top) (blue arrows) and postfusion (bottom) (light-brown arrow) conformations
of spike trimers on sucrose-pelleted PVs examined by cryo-EM tomography. Schematic representations of these
two spike conformations are presented at the right. (D) Sequential slices, indicated by the numbers at the
bottom left, of PV-FL cryo-electron tomograms, with a mix of prefusion (blue arrows) and postfusion (light-
brown arrows) S conformations, enlarged at the bottom. (E) Sequential slices, indicated by the numbers at the
bottom left, of PV-dCT19 cryo-electron tomograms, with mostly the prefusion (blue arrows) S conformation,
enlarged at the bottom. See also Fig. S2 in the supplemental material.
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explanation for the enhanced PV infectivity, but conflicting results were also reported (20,
22–24). Furthermore, even if cell surface expression is increased, the degree of the
increase is modest and thus would not be sufficient to explain the dramatic change in PV
infectivity. Increased fusogenicity of the glycoproteins induced by CT truncation was also
proposed for measles, murine leukemia, vesicular stomatitis, and Nipah viruses (18, 20, 23,
25–27, 33), and a conformational change in the ectodomain induced by inside-out signal-
ing was proposed to explain such increased fusogenicity (20, 25, 27).


Our study here shows that the cell surface expression of CT-truncated SARS-CoV-2 S
protein could lead to different outcomes depending on which subunit, S1, S2, or both,
is measured (Fig. 5A). If S2 is measured, no significant difference is detected, while a
modest increase is observed if both S1 and S2 are measured. However, if only S1 is
measured, a much higher S1 level is observed with S-dCT19, -27, and -35 than with S-
FL. These data provide an explanation for the conflicting reports on the cell surface
expression of the CT-truncated viral entry glycoproteins (20, 22–24).


Our study further identifies two different mechanisms underlying the dramatically
increased infectivity of SARS-CoV-2 PVs carrying a CT truncation. Through biochemical
and cryo-electron microscopy, we show that CT truncation promotes S protein incor-
poration into PVs and enhances S1 retention on the S protein. These two events to-
gether result in much higher numbers of functional spikes in PV-dCT19, -27, and -35
(Fig. 5B), leading to a dramatic increase in their infectivity. Our results on the increased
S1 retention on S-dCTs are consistent with previous reports in which increased fusoge-
nicity upon CT truncation was observed for the entry glycoproteins of various viruses
(18, 25–27). Those studies were conducted using syncytium formation assays, and
thus, a higher level of the surface subunit of a glycoprotein expressed on the cell sur-
face would have resulted in more efficient syncytium formation. Although further stud-
ies are necessary, the increased S1 retention on S-dCTs may arise from the enhanced
flexibility of the S2 subunit, which accommodates a more stable S1-S2 interaction.


FIG 5 Schematic representation of increased functional spikes on the cell surface and in pseudoviruses
upon CT truncation of the S protein. (A) Higher levels of functional S-dCTs are observed on the cell
surface, while S2 levels are similar between S-dCTs and S-FL. Functional spikes (in blue), assessed using
ACE2-NN-Ig or NTD antibody (Fig. 2D to F), contain both S1 and S2 in the prefusion conformation.
Nonfunctional spikes (in light brown), measured using plasma sample 9, which recognizes only S2 (Fig.
2C and G), consist of only S2 in the postfusion conformation. (B) PV-dCTs exhibit much higher levels of
functional spikes than PV-FL. The diagrams of four PVs represent those with a high, medium, or low
spike density or bald virions. The group of 10 PV particles in the center for PV-FL and PV-dCTs reflects
the approximate composition of each PV population with respect to the virion spike density. The
proportion of each spike density group in the PV-FL and PV-dCT19 populations was assessed using
cryo-EM micrographs (Fig. 3C and D; see also Fig. S1 in the supplemental material).
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Our data also show that the differences in spike density induced by CT truncation
are much greater in PVs than on the cell surface; while the S2 levels are similar
between S-FL and S-dCTs on the cell surface (Fig. 2C), they are much higher in PV-dCTs
than in PV-FL (Fig. 3A). A higher spike density in PV-dCTs would be possible if S-dCTs
are more enriched in lipid rafts than S-FL because many viruses bud from this microdo-
main. However, S-dCT27 and S-dCT35 lack some or all of the motifs for palmitoylation,
a modification that promotes protein trafficking into lipid rafts (40), and thus, it is
unlikely that S-dCTs are enriched in lipid rafts and more efficiently incorporated into
the virion. A more likely explanation is that S-dCTs can be more freely incorporated
into PVs because they lack the binding motif for Ezrin-Moesin-Radixin proteins that
anchor membrane proteins to the cellular cytoskeleton (41). An alternative explanation
is that the steric hindrance formed between the structural proteins of PVs (Gag or ma-
trix protein) and the large CT of S-FL makes it difficult to be incorporated into PVs,
whereas the smaller CT of S-dCTs allows more efficient incorporation into PVs, as we
previously proposed (21).


MATERIALS ANDMETHODS
Plasmids. The SARS-CoV-2 S protein gene was codon optimized and synthesized by Integrated DNA


Technologies based on the protein sequence (Wuhan-Hu-1 strain [GenBank accession number YP
_009724390]) and cloned into the pCAGGS vector (42). The genes for cytoplasmic-tail-truncated variants
of the SARS-CoV-2 S protein were also synthesized and cloned into the pCAGGS vector. None of these
genes contain a tag. The retroviral vector pQCXIX (Clontech), encoding enhanced green fluorescent pro-
tein (eGFP) or firefly luciferase (FLuc), and the plasmid expressing the MLV Gag and Pol proteins or the G
protein of VSV (VSV-G) were previously described (43). An hTMPRSS2 expressor plasmid was constructed
by cloning its residues 1-492 (GenBank accession number NP_005647) into the retroviral vector pQCXIB
(44). The hACE2 expressor plasmid was constructed by cloning its residues 20 to 805 (GenBank accession
number NM_021804) downstream of the mouse ACE2 signal sequence (MSSSSWLLLSLVAVTTAQS) and
the Myc tag sequence into the retroviral vector pQCXIP. The expression plasmid for hACE2-NN-Ig was
previously described (45): the hACE2 ectodomain fragment (residues 20 to 615 [GenBank accession
number NM_021804]) containing the H374N and H378N mutations was cloned into pcDNA3.1 contain-
ing the CD5 signal sequence and the Fc region of human IgG1.


Cells. Human embryonic kidney HEK293T cells were obtained from the ATCC and maintained in
high-glucose Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum
(FBS) at 37°C with 5% CO2. HEK293T cells transduced to stably express hACE2 and hTMPRSS2 (hACE2/
hTMPRSS2-293T cells) or mock transduced (Mock-293T cells) were selected and maintained in medium
supplemented with 1 mg/mL puromycin and 10 mg/mL blasticidin (InvivoGen). The transduction vectors
for hACE2 and hTMPRSS2 were produced by transfecting pQCXIP-hACE2 or pQCXIB-hTMPRSS2 into
HEK293T cells together with the plasmid encoding murine leukemia virus Gag-Pol and the plasmid en-
coding the G protein of vesicular stomatitis virus. The vector for mock transduction was produced simi-
larly using the empty pQCXIP or pQCXIB plasmid.


MLV PV production and sucrose pelleting. HEK293T cells at ;60% confluence in T75 flasks were
transfected using a calcium-phosphate method with 24 mg of total DNA at a ratio of 5:5:1 (by mass) of
the retroviral vector pQCXIX encoding eGFP or FLuc, the plasmid expressing MLV Gag and Pol proteins,
and the plasmid expressing either the full-length S protein or the truncated version of the S protein of
SARS-CoV-2 (Wuhan-Hu-1). Transfected cells were washed at 6 h posttransfection and replenished with
10 mL DMEM supplemented with 10% FBS. The PV-containing culture supernatants were collected at
43 h posttransfection, cleared through 0.45-mm filters, and either immediately aliquoted and stored at
280°C or used for entry experiments.


For sucrose-pelleted PV preparation, 10 mL of the cleared culture supernatants containing PVs pre-
cleared by centrifugation in a TX-400 swinging-bucket rotor at 3,000 rpm for 10 min followed by filtration
through 0.22-mm filters was loaded onto 2 mL of 30% sucrose (catalog number S7903; Sigma-Aldrich) in
NTE buffer (120 mM NaCl, 20 mM Tris, 2 mM EDTA [pH 8.0]) and centrifuged at 50,000 � g in an SW41 rotor
for 2 h at 10°C. The PV pellets were resuspended in 20mL NTE buffer with gentle shaking on ice and either
used immediately or aliquoted and frozen at280°C.


PV quantification. PVs were quantified by RT-qPCR using primers and a probe that target the cyto-
megalovirus (CMV) promoter. Culture supernatants containing PVs were treated with 100 mg/mL RNase
A for 1 h at 37°C to degrade RNAs that were not packaged inside the virion, and RNA was extracted with
TRIzol and GlycoBlue coprecipitant and digested for 30 min at 37°C with DNase I at 1 IU per 1 mg
extracted RNA. DNase I was inactivated by incubation for 10 min at 65°C with EDTA added to a final con-
centration of 5 mM. DNase-treated RNA was reverse transcribed using a high-capacity cDNA reverse
transcription kit (catalog number 4374966; Applied Biosystems). qPCR was performed, using Luna uni-
versal probe qPCR master mix (catalog number M3004E; New England BioLabs) with a known quantity
of the pQCXIX vector (Clontech), to generate standard curves, and data were collected with CFX
Manager 3.1 (Bio-Rad). The primers and probe were synthesized by Integrated DNA Technologies (sense
primer 59-TCACGGGGATTTCCAAGTCTC-39, antisense primer 59-AATGGGGCGGAGTTGTTACGAC-39, and
probe 59-FAM [6-carboxyfluorescein]-AAACAAACT-[ZEN]-CCCATTGACGTCA-IBFQ-39).
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PV entry assay in hACE2-hTMPRSS2-293T cells. A PV entry (transduction) assay was performed
by incubating Mock-293T or hACE2/hTMPRSS2-293T cells on 48-well plates with PVs (5 � 108 genome
copies in 200 mL per well) for 1 h at 37°C in a CO2 incubator. Medium was replaced with DMEM contain-
ing 10% FBS. The entry levels of PVs expressing firefly luciferase were assessed by measuring luciferase
activity using the Luc-Pair firefly luciferase HS assay kit (catalog number LF009; GeneCopoeia) and
reading the plates on the SpectraMax paradigm multimode detection platform using SoftMax Pro 6.3
(Molecular Devices).


Screening of human plasma. Deidentified plasma samples were obtained by the Allergy, Asthma,
and Immunology Specialists of South Florida, LLC, in mid-2020 for COVID-19 serotyping, and these were
exempt (IRB-20-7580) from human subject research under CFR 45.101(b). These plasma samples were
screened by Western blotting at a 1:200 dilution for their ability to recognize the S1 and S2 subunits of
the SARS-CoV-2 S protein on sucrose-pelleted PV-dCT19. The blot was visualized using 1:10,000-diluted
goat anti-human IgG conjugated with horseradish peroxidase (HRP) (catalog number 109-035-098;
Jackson ImmunoResearch).


Cell surface and total expression of the spike protein. HEK293T cells at approximately 70% conflu-
ence in 6-well plates were transfected with 0.3 mg, unless indicated otherwise, of the plasmid expressing
the indicated S protein variant. Cells were detached at 42 h posttransfection in phosphate-buffered saline
(PBS) containing 2 mM EDTA. Approximately 1 � 106 cells were fixed with a 2% formaldehyde solution in
PBS for 30 min on ice and blocked with PBS containing 2% bovine serum albumin (BSA) (Sigma-Aldrich)
and 5% goat serum (Gibco) for 30 min on ice. These cells were then incubated on ice for 90 min in 100 mL
of PBS containing either SARS-CoV-2 convalescent-phase plasma at a 1:200 dilution, 3 mg/mL of purified
hACE2-NN-Ig (9), or 3 mg/mL of anti-NTD monoclonal antibodies (catalog number SPD-M121; Acro
Biosystems), followed by 1:600-diluted anti-hIgG–Alexa Fluor 647 (AF647) (catalog number 109-605-003;
Jackson ImmunoResearch). Stained cells were analyzed using an Accuri flow cytometer (BD Biosciences)
equipped with the HyperCyt autosampler (IntelliCyt) and ForeCyt 6.2R3 software (IntelliCyt). To measure the
total expression levels of the S protein, aliquots of the same cells were permeabilized with 0.1% saponin
(Alfa Aesar) in PBS for 10 min at room temperature and subjected to staining on ice as described above.


Western blot analysis of S protein in cell lysates and on pseudovirions. For the detection of S
protein bands in the cell lysates, HEK293T cells in 6-well plates were transfected to express S-FL or S-
dCT5 and lysed with 0.2 mL of PBS containing 0.5% dodecyl maltopyranoside (Anatrace) and a protease
inhibitor cocktail (catalog number A32955; Thermo Scientific). Fifteen microliters of the lysates was ana-
lyzed by WB using rabbit anti-S protein antibody (catalog number NR-52947; BEI Resources) at a 1:5,000
dilution or 1 mg/mL of NTD antibody (catalog number SPD-M121; Acro Biosystems) For the analyses of
the S protein density on the virion, sucrose-pelleted PVs were analyzed by SDS-PAGE and WB. Unless
indicated otherwise, 5 mL PVs was analyzed in each WB analysis. PV proteins were separated on a 4 to
12% Bis-Tris gel (catalog number NW041122; Life Technologies) and transferred to a polyvinylidene di-
fluoride (PVDF) membrane. The membrane was blocked with 5% milk in 1� Tris-buffered saline contain-
ing 0.1% Tween 20 for 1 h and blotted with human SARS-CoV-2 convalescent-phase plasma at a 1:200
dilution to detect the S protein bands or 1 mg/mL anti-p30 MLV Gag antibody (catalog number ab130757;
Abcam) to detect p30 bands as a PV quantity control. S protein bands were detected using 10 ng/mL
mouse anti-human IgG antibody conjugated with polymerized HRP (catalog number 61R-I166AHRP40;
Fitzgerald), and p30 bands were detected using 1:10,000-diluted goat anti-mouse IgG–HRP polyclonal anti-
body (catalog number 115-036-062; Jackson Immuno Laboratory). Bands were visualized using the
SuperSignal West Atto ultimate-sensitivity substrate (catalog number A38555; Thermo Scientific), and the
band intensities were measured using Image Lab software (Bio-Rad).


Cryo-EM of full-length and dCT19 spike proteins. For cryo-EM samples, 300-mesh R2/2 copper
Quantifoil grids (Electron Microscopy Sciences [EMS]) were negatively glow discharged for 30 s. The PV
sample (3.5 mL) was applied onto the grid and incubated for 30 s, followed by plunge-freezing into liq-
uid ethane with a Vitrobot Mark IV instrument (100% humidity, 4°C, and 4.5 s per blot). The grids were
imaged on an FEI Tecnai T12 120-kV electron microscope.


For cryo-electron tomography, grids were prepared as described above, with the addition of 10-nm
gold beads at a ratio of 14:1 (vol/vol) before plunge-freezing. Dose-symmetric tilt series (to 648° with 3°
increments) were collected on a Titan Krios instrument with a K3 detector (total dose of 100 e2/Å2; 7
frames per angle) and a 20-eV energy filter. The data set was motion corrected with MotionCor2 (46),
reconstructed with IMOD (47), denoised with Topaz (48), and processed using ImageJ software.


Statistical analysis. All of the statistical details of specific experiments, which included the statistical
tests used, numbers of samples, mean values, standard errors of the means (SEM), and P values derived
from the indicated tests, are described in the figure legends and shown in the figures. Statistical analyses
were conducted utilizing GraphPad Prism version 8.0 (GraphPad Software Inc.). Triplicate and other repli-
cative data are presented as means 6 SEM. A P value of ,0.05 was considered to be statistically signifi-
cant. For comparisons between two treatments, Student’s t test (unpaired) was used. For comparisons of
each group with the mean of every other group within a data set containing more than two groups, ei-
ther one-way analysis of variance (ANOVA) with Dunnett’s multiple-comparison test or two-way ANOVA
with Sidak’s multiple-comparison test was used.


SUPPLEMENTAL MATERIAL


Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.
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Polybasic KKR Motif in the Cytoplasmic Tail of Nipah Virus Fusion
Protein Modulates Membrane Fusion by Inside-Out Signaling�
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The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that
affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus
fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly
inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-
adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while
the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-
pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing
wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that
hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in
turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence
that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms.
Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where �20% of wild-type F and the
other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic
capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P � 0.007, r2 �
0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can
modulate its fusogenicity by multiple distinct mechanisms.


Nipah virus (NiV) and Hendra virus (HeV) are deadly
emerging zoonotic viruses belonging to the new Henipavirus
genus within the family Paramyxoviridae (66). NiV infections
result in respiratory and neurological symptoms, often leading
to fatal encephalitis, the primary reason for death in humans
(32, 64). Microvascular endothelial cell syncytium formation is
a hallmark of NiV infection, associated with endothelial cell
death, vascular inflammation, and necrosis (70). The mortality
rate of NiV-infected humans ranges from �40% in the original
outbreaks in Malaysia and Singapore in 1999 to 2000 to �70%
in Bangladesh in 2005 (5, 6). The natural reservoir for NiV has
been determined to be fruit bats of the genus Pteropus (46),
and pigs served as the intermediate amplifying host in the
original Malaysian-Singaporean outbreaks. Ominously, even
though human-to-human transmission was not documented in
the original outbreaks, direct bat-to-human and human-to-
human transmissions have been reported in the later outbreaks
in Bangladesh (5, 6). NiV is classified as a BSL4 pathogen and
has also been designated as a select agent because of its bio- or
agroterrorism potential. These characteristics of NiV under-
score the need for research and treatment development against
this perilous pathogen and the need for understanding of the
necessary components and mechanisms of virus-cell and cell-
cell fusions in order to inhibit viral infection and spread.


For paramyxoviruses, two separate membrane proteins are
involved in the fusion process, the attachment protein (H, HN,
or G), which binds to the receptor molecule in the target cell
membrane, and the fusion protein (F) that actually carries out
membrane fusion. For most paramyxoviruses, both F and its
homotypic attachment protein are necessary for membrane
fusion, except for rare cases like the hyperfusogenic simian
virus 5 (SV5) W3A isolate (27, 48). Activation of F is believed
to occur through the following three steps: (i) binding of the
attachment protein to the receptor, (ii) interaction of the at-
tachment and F proteins (or changes thereof), and (iii) con-
formational changes in F that mediate membrane fusion. The
fusion (F) and attachment (G) envelope glycoproteins in NiV
or HeV are both necessary for cell-cell fusion, syncytium for-
mation, and viral entry. G is responsible for binding to its
cognate receptor, ephrinB2 (9, 44), and at least for NiV, ephrinB3
can also be used as an alternative receptor (45). The high
expression of ephrinB2 on neurons and endothelial cells and
the patterns of expression of ephrinB3 in the central nervous
system largely account for the cell tropism of NiV and HeV (9,
44, 45). However, much less is known about the components
necessary for the subsequent steps in the activation of NiV
fusion (NiV-F) or HeV-F protein.


Paramyxovirus F proteins belong to the class I fusion pro-
teins that share several structural and functional characteris-
tics. The structures of the retroviral Moloney murine leukemia
virus (MoMuLV) p15E, lentiviral human immunodeficiency
virus type 1 (HIV-1) gp41, Ebola virus GP2, paramyxovirus
SV5 F, and influenza virus hemagglutinin (HA) fusion proteins
have all been shown to have similar trimeric coiled-coil core
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structures, suggesting similar membrane fusion mechanisms (8,
14, 20, 72). Class I fusion proteins of enveloped viruses are
synthesized as precursors that must be cleaved and hence ac-
tivated into a metastable conformation that is ready for en-
abling virus-cell membrane fusion. Typically, cleavage gener-
ates a new N terminus that contains a hydrophobic fusion
peptide motif. Upon activation of the fusion protein through
receptor binding and/or endosomal low pH, the fusion peptide
gets inserted into the host cell target membrane. Class I fusion
proteins also contain two heptad repeat regions (HR1 and
HR2); the C-terminal HR2 region is generally thought to be
preformed, but the N-terminal HR1 region is formed only
upon fusion peptide insertion (14, 35, 72, 73). Class I fusion
proteins function as trimers, and the HR1 and HR2 regions
have a strong propensity to fold into coiled-coil domains dur-
ing six-helix bundle (6HB) formation. The free energy released
from fusion protein refolding from the metastable prefusion
state to the stable postfusion 6HB state likely drives the virus-
host cell membranes together, overcoming the electrostatic
repulsion intrinsic to the negatively charged phospholipids’
head groups of the two membranes (38, 55).


For NiV and HeV, the fusion protein is cleaved within the
endosomal compartment from the precursor F0 to the F1 and
F2 subunits (18, 39). Such cleavage is likely required for acti-
vation of the F protein into the metastable state. For NiV, after
activation into the metastable state, not much is known about
the subsequent steps in the triggering of the fusion protein that
leads to eventual membrane fusion. We and others have re-
cently reported that N-glycans in both the NiV-F and HeV-F
proteins have some effects on protein expression and mem-
brane fusion (3, 15, 40). In addition, we identified N-glycans in
NiV-F that both reduce fusion and viral entry and protect the
virus against neutralizing antibodies (Abs) (3). These results
show some uniqueness of the Henipavirus genus fusion pro-
teins. However, little is known about other domains in NiV-F
or HeV-F that may have an important role in membrane fu-
sion. Triggering of fusion is usually envisioned to involve pri-
marily the ectodomain of the fusion protein. However, accu-
mulating evidence from retroviral (13, 25, 50, 54), lentiviral
(41, 42), and other paramyxoviral (65, 67) envelope (Env)
proteins suggests that the Env cytoplasmic tail (CT) is involved
in regulating the fusion process.


Multiple reports indicate that fusion mediated by the
ectodomain of the retrovirus MoMuLV (2), the lentiviruses
simian immunodeficiency virus (SIV) (61) and HIV-1 (71), and
the paramyxovirus SV5 (67) fusion proteins can be modulated
by inside-out signaling from the CT. Truncation of the long CT
of lentiviral Env proteins occurs under certain culture condi-
tions, and increased fusogenicity has been reported for trun-
cated versions of SIV, HIV-1, and HIV-2 Env (16, 31, 41, 60,
61, 76). For the paramyxovirus SV5 F protein, isolates with a
short (20-residue) CT (W3A and WR) cause extensive cell-cell
fusion, whereas isolates with an extended CT (T1 and SER)
cause little or no cell-cell fusion, and truncation of the CT
restores fusion to levels seen in W3A and WR isolates (28, 65).
For MoMuLV, SIV, and SV5, the hyperfusogenicity caused by
truncation of the CT is linked to overall conformational
changes in the ectodomain of the protein (2, 61, 67). In MoMuLV
and the Mason-Pfizer monkey virus, the CT is even protease
cleaved during viral maturation to “prime” the fusion protein


for fusogenicity (2, 13). Here we investigated the potential
role(s) of the CT of the NiV fusion protein in cell surface
expression (CSE), processing, membrane fusion, and viral en-
try and defined specific residues in a polybasic motif in the CT
that can affect the conformation of the ectodomain, fusogenic-
ity, and interaction of the fusion protein with the attachment
glycoprotein.


MATERIALS AND METHODS


Expression plasmids and codon optimization. The codon-optimized NiV-G
and NiV-F genes were tagged at their C termini with HA and AU1 tags, respec-
tively, as previously described (33). The NiV-HR2-Fc construct was made by
fusing the heptad repeat region 2 sequence of NiV-F (amino acids 447 to 488)
with the human immunoglobulin G1 Fc constant region as previously described
(3, 44). The deletion mutants �T, �T1, �T2, �T3, �T4, �T12, and �T234 and
point mutants K1A, K2A, R3A, N4A, and T5A were made by deleting or
mutating the codon-optimized wild-type (WT) NiV-F plasmid with appropriately
designed primers and the QuikChange site-directed mutagenesis kit (Stratagene,
Cedar Creek, TX). All mutations and deletions were confirmed by sequencing
the entire open reading frame.


Cell culture. Vero cells were cultured in minimal essential medium alpha with
10% fetal bovine serum (FBS). PK13 and 293T cells were cultured in Dulbecco’s
modified Eagle’s medium with 10% FBS. We obtained 293T and Vero cells from
the American Type Culture Collection, and PK13 (porcine fibroblasts) cells were
a kind gift from Irvin Chen at the University of California Los Angeles.


Quantitation of cell-cell fusion. Codon-optimized NiV-G and codon-opti-
mized WT or mutant NiV-F expression plasmids (1:1 ratio, 1 �g total) (3, 33)
were transfected with 1.5 �g pcDNA3.1 plasmid as filler DNA into 293T or Vero
cells growing in 12-well plates at 80% confluence, as indicated. At 12 to 18 h
posttransfection, cells were stained with 4�,6�-diamidino-2-phenylindole (DAPI)
and syncytium formation was quantified by counting the nuclei in syncytia per
�100 field (at least 10 fields were counted per condition). Syncytia were defined
as four or more nuclei visualized within a common cell membrane, as indicated
previously (3).


Quantification of NiV-F and NiV-G CSE levels by flow cytometry. Production
of antisera from genetically immunized rabbits (with NiV-M and -F or -G
expression plasmids) was previously described (44). Sera containing anti-F or
anti-G specific activities were used for flow cytometry on NiV-F- or -G-trans-
fected cells at a 1:1,000 dilution. Bound Ab was detected with phycoerythrin-
conjugated goat anti-rabbit Abs (Caltag, Burlingame, CA). Antisera were also
raised in rabbits immunized with peptides corresponding to amino acids 39 to 57
and 331 to 348 of NiV-F2 and NiV-G, respectively, as previously described (3,
33). These regions were previously shown to be immunogenic (10). For quanti-
tation of binding of the monoclonal Abs (MAbs), flow cytometry was performed
with MAb concentrations of 0.03 to 3 �g/ml. For calculating the binding ratios of
any given pair of Abs, data obtained from equal concentrations of the respective
Abs were used.


Reverse pseudotype viral entry assay. The ephrinB2 NiV receptor protein was
pseudotyped onto a reporter virus, vesicular stomatitis virus (VSV), by trans-
fecting an ephrinB2 expression plasmid into 293T cells and subsequently infect-
ing these cells with recombinant VSV expressing the Renilla Luc reporter gene
(VSV-�G-rLuc), similarly to the procedure described previously for preparation
of NiV-F- and -G-pseudotyped VSVrLuc virions (3, 44, 45). ephrinB2 reverse-
pseudotyped virions were purified over a 20% sucrose cushion as for NiV-F- and
-G-pseudotyped viruses. 293T cells plated in 96-well plates were transfected with
NiV-G and WT or mutant NiV-F and, 10 to 12 h later, infected with reverse-
pseudotyped virions in phosphate-buffered saline–1% FBS for 2 h at 37°C over
a 5-log viral dilution range (10�2 to 10�6). After 2 h, cells were washed and 293T
cell growth medium was added. At 24 h postinfection, cells were lysed and
luciferase activity was measured as relative light units (RLU) with a Renilla
luciferase detection system (Promega, Madison, WI) and a Veritas microplate
luminometer (Turner Biosystems, Sunnyvale, CA). Quantitation of viral genome
copies for the ephrinB2 VSV-pseudotyped viral prep was performed exactly as
previously described (3). For quantitation of neutralization of viral entry, the
reverse-pseudotyped viral entry assay was performed as described above, except
in the presence of the indicated amounts of the specified Abs. For the mixed
heterotrimer experiments with the K1A and K2A or R3A mutant proteins, the
indicated DNA ratios of the expression plasmids for the indicated proteins were
transfected into 293T cells 18 h before infection with the reverse-pseudotyped
virions.
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Western blot analysis of surface NiV-F and NiV-G proteins. Codon-optimized
NiV-F and/or NiV-G expression plasmids (1:1 ratios when in combination) were
transfected into 293T cells plated in six-well plates (total of 2 �g F and/or G
plasmids with 3 �g PCDNA3.1 plasmid as filler DNA/well), as indicated. Cells
were either cell surface biotinylated or not (EZ link Sulfo-NHS-LC-Biotin;
Pierce, Rockford, IL), as specified, and biotinylated proteins were precipitated
with streptavidin-agarose beads (Pierce, Rockford, IL). Twenty percent of the
biotinylated cell lysate was subjected to sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and subsequently detected by Western blotting with anti-tag
(HA or AU1), anti-F2, or anti-G peptide Abs, as indicated. Primary and second-
ary Abs were used at 1:1,000 and 1:20,000 dilutions, respectively, followed by
ECL Plus detection (Amersham Biosciences, Piscataway, NJ). For quantification
of relative processing levels for the various NiV-F proteins, the ratio of the
densitometric units of the F1 subunit over those of the sum of the precursor F0


and the F1 subunits was calculated.
Lipid raft association of NiV-F proteins. 293T cells transfected with WT or


mutant NiV-F proteins (as described above) were washed with phosphate-buff-
ered saline and resuspended in TNE buffer (25 mM Tris [pH 7.5], 150 mM NaCl,
5 mM EDTA) containing a protease inhibitor cocktail (Roche, Indianapolis, IN).
Cells were Dounce homogenized, and their nuclei were isolated and discarded.
Postnuclear supernatants were treated with 1% Triton X-100 for 30 min at 4°C.
Cell lysates were then brought up to a 40% OptiPrep (Sigma-Aldrich, St. Louis
MO) concentration in 1.2 ml, placed at the bottom of an ultracentrifuge tube,
and layered sequentially with 30% (3 ml) and 5% (0.8 ml) OptiPrep layers (in
TNE buffer plus protease inhibitors). These discontinuous gradients were cen-
trifuged at 45,000 rpm for 16 h at 4°C in an SW50.1 rotor. After centrifugation,
12 equal fractions were manually collected from the top, protein from 200 �l of
each fraction was precipitated by a methanol-chloroform extraction method (69),
and each fraction was analyzed by Western blotting. The overall lipid raft domain
isolation procedure was similar to that used by Fleming et al. (22).


Production of NiV-HR2-Fc immunoadhesin and fusion inhibition. The NiV-
HR2-Fc expression plasmid was transfected into 293T cells, and at 24 h post-
transfection, supernatants were collected and concentrated with a Centriplus
YM-10 filter (Millipore, Bedford, MA). Protein concentrations were measured
by an Fc-specific enzyme-linked immunosorbent assay as previously described
(44). For NiV fusion inhibition, the indicated amounts of NiV-HR2-Fc were
added to 293T cells transfected with NiV-G and WT or N-glycan mutant NiV-F
expression plasmids. Fusion was quantified after overnight incubation as de-
scribed above.


Fusion kinetics of WT or mutant NiV-F proteins. The fusion kinetics of WT
and mutant NiV-F proteins were determined in a �-lactamase reporter cell-cell
fusion assay as previously described (3, 34, 53). For better sensitivity, the �-lac-
tamase gene was also codon optimized for mammalian cell expression (Geneart,
Inc., Toronto, Ontario, Canada). Fusion-nonpermissive PK13 effector cells were
cotransfected with �-lactamase, NiV-G, and WT or mutant NiV-F expression
constructs with Lipofectamine 2000. These were then added to 293T target cells
labeled with CCF2-AM dye. Effector and target cells were mixed and incubated
at 37°C, and cell-cell fusion was detected by analyzing the shift from green to blue
fluorescence, indicating �-lactamase cleavage of CCF2. Fluorescence was quan-
tified every 3 min with a CytoFluor Series 4000 Fluorescence multiwell plate
reader (PerSeptive Biosystems, Framingham, MA). The results are expressed as
the ratio of blue to green fluorescence obtained with NiV-G- and NiV-F-trans-
fected effectors minus the background blue and green fluorescence obtained with
empty-vector-transfected cells.


NiV-F–NiV-G coimmunoprecipitation. 293T cells in 10-cm plates were trans-
fected with 20 �g of the indicated NiV-F-G plasmids at a 1:1 ratio with Lipo-
fectamine 2000. At 24 h posttransfection, cells were lysed and cell lysates were
subjected to immunoprecipitation as previously described (3, 33), with a 1:100
dilution of anti-NiV-G peptide serum. Coimmunoprecipitated (co-IP) proteins
were analyzed by Western blotting with the appropriate anti-tag Ab as described
above and then quantified by densitometry with a VersaDoc Imaging System
(Bio-Rad, Hercules, CA).


RESULTS


The membrane-proximal region in the CT of the NiV fusion
protein plays a role in membrane fusion. The CT of NiV-F can
be conveniently divided into four distinct regions, i.e., a mem-
brane-proximal polybasic region (T1), a functional tyrosine-
based endocytic motif (YSRL) (18, 39), a highly charged re-
gion (T3), and a C-terminal region that is rich in polar residues


(T4). To investigate the potential roles that these cytoplasmic
regions may play in membrane fusion, protein expression, pro-
cessing, and transport, we made a series of deletion mutants
that lack various regions of the CT, as illustrated in Fig. 1A.
The first amino acid of the CT is a glutamic acid and is likely
required to demarcate the membrane-spanning domain. Thus,
we kept this amino acid in every deletion mutant in order to
maximize the likelihood of correct protein folding and expres-
sion. We then analyzed the relative levels of CSE and process-
ing of such deletion mutants and compared them to those of
WT NiV-F.


Briefly, 293T cells transfected with expression plasmids for
WT NiV-F or the indicated mutant proteins were cell surface
biotinylated and lysed and cell surface proteins were precipi-
tated with streptavidin beads and then NiV-F detected by
Western blotting with the specified Abs (Fig. 1B). Alterna-
tively, we performed flow cytometric analysis on parallel sam-
ples of 293T cells expressing WT NiV-F or the deletion mu-
tants with polyclonal anti-NiV-F antiserum 834, which was
previously described (3, 33, 45) (Fig. 1D). Both biotinylation
and flow cytometric CSE analyses indicated that the deletion
mutants were expressed to at least 50% of the WT level and
some were even expressed at levels higher than that of the WT.
The cell surface biotinylation experiments also showed that the
deletion mutants were cleaved and processed more or less at
WT levels, with the exception of the deletion mutant missing
the entire CT (Fig. 1B, bottom). Interestingly, although this
deletion mutant (�T) did not include removal of the C-termi-
nal AU1 tag, the anti-AU1 MAb was not able to detect this
protein by Western blotting, perhaps because of the close prox-
imity of the AU1 tag to the detergent-lipid micelles (Fig. 1B,
top left part). However, the �T mutant was clearly expressed,
as shown by blotting with an anti-F2 peptide antiserum previ-
ously described (3, 33) (Fig. 1B, right part), as well as by flow
cytometry (Fig. 1D). Notably, the �T mutant was also not
processed efficiently despite being expressed on the cell surface
(Fig. 1B, right part).


Cleavage of NiV-F requires active endocytosis and process-
ing by endosomal cathepsin L, which is in part mediated by the
YXX	 endocytic motif in the T2 region (18, 39). Since the
AU1 tag contains a putative YXX	 endocytic motif, we sought
to determine if our AU1 tag had any inadvertent effects on the
expression or processing of NiV-F. Figure 1C shows that there
were no differences in cleavage or processing efficiency be-
tween tagged and untagged WT NiV-F (F and FNA, respec-
tively). Interestingly, the untagged version of the T2 mutant
(�T2NA), which lacks the endogenous YXX	 motif, also
showed no differences from untagged WT NiV-F (FNA), sim-
ilar to what has been found with the tagged versions (compare
Fig. 1B and C).


Next, we asked whether the CT deletion mutations affected
the fusogenicity of the NiV-F fusion protein. To normalize for
the differences in CSE, we compared the fusion-to-CSE ratios
induced by WT NiV-F and the indicated deletion mutants (Fig.
1D). We performed our syncytium-forming assays by transfect-
ing in 0.3 �g of NiV-F and -G per 12-well plate, which was
previously determined to result in CSE and fusion with the WT
NiV-F protein in the linear range of measurement (3). CSE
was measured by flow cytometry as described above, and fusion
was determined by counting nuclei inside syncytia (more than
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four nuclei per cell) per microscopic field, respectively. Figure
1D shows the relative CSE and fusogenicity of WT NiV-F and
the indicated mutants, and Table 1 (top) shows their corre-
sponding fusion/CSE ratios. Interestingly, all mutants that
lacked the membrane-proximal T1 region (�T1 and �T12)
were hypofusogenic and had fusion/CSE ratios of less than 0.5
(by definition, that of WT NiV-F is 1.0), while all mutants that
retained the T1 region (�T3, �T4, and �T234) had fusion/
CSE ratios equal to or higher than that of WT NiV-F, with the
exception of the �T2 mutant, which had a fusion/CSE ratio of
0.5. Since the fusion defect in the tailless mutant (�T) was
likely due at least partially to its processing defect, it was not
included in Table 1 for comparison. These results indicate that
the CT, in particular, the membrane-proximal T1 region of the
CT, plays an important role in membrane fusion and syncytium
formation.


Polybasic KKR motif in the membrane-proximal region of
the NiV-F CT modulates NiV-F-induced membrane fusion. To


FIG. 1. Analysis of NiV-F CT deletion mutants. (A) Schematic of the NiV-F CT deletion mutants. NiV-F CT was divided into four regions
(numbered 1, 2, 3, and 4) as described in the text, and the names of the deletion mutants examined are indicated. (B) Western blot analysis of
immunoprecipitated surface WT and mutant NiV-F proteins. Briefly, biotinylated cells were lysed, cell surface biotinylated proteins were
precipitated with streptavidin agarose beads, and NiV-F was detected in the biotinylated precipitates by Western blotting with either a monoclonal
anti-AU1 tag Ab (left part) or a rabbit anti NiV-F2 antipeptide Ab (3) (right part). Percent processing was calculated as the densitometric units
of the F1 subunit over those of the sum of the precursor F0 and the F1 subunits (bottom part) (n 
 3). (C) The AU1 tag does not affect cleavage
and processing of F. Identical cell surface biotinylation experiments were performed with tagged (F) and untagged versions of WT F (FNA) and
the �T2 mutant (�T2NA). A rabbit anti NiV-F2 antipeptide Ab (3) was used to detect NiV-F. (D) Relative levels of CSE and fusion obtained for
WT NiV-F and the indicated CT deletion mutants. Fusion was determined by counting nuclei in syncytia per field. At least 10 fields were counted
per condition. CSE was determined by flow cytometry with polyclonal anti-NiV-F specific antiserum as described previously (3). Both CSE and
fusion levels were separately normalized to levels of WT NiV-F protein, set at 100%. Data shown are averages � standard errors from three
independent experiments.


TABLE 1. Fusion/CSE ratios


Env fusion protein Fusion/CSE
ratioa


F.................................................................................................1.0
�T1 ...........................................................................................0.1
�T2 ...........................................................................................0.5
�T3 ...........................................................................................1.3
�T4 ...........................................................................................1.0
�T12 .........................................................................................0.1
�T234 .......................................................................................3.2


K1A...........................................................................................5.5
K2A...........................................................................................0.2
R3A...........................................................................................0.3
N4A...........................................................................................0.9
T5A ...........................................................................................0.9


a The ratio of the normalized fusion and CSE values for each mutant was
calculated from the data in Fig. 1D and 2C. By definition, the fusion/CSE ratio
for WT NiV-F would be 1.0 (100%/100%). Ratios of �1 indicate increased
fusogenicity, while mutants with decreased fusogenicity would have ratios of 
1.


VOL. 81, 2007 INSIDE-OUT SIGNALING OF NIPAH VIRUS FUSION PROTEIN 4523


D
ow


nl
oa


de
d 


fr
om


 h
ttp


s:
//j


ou
rn


al
s.


as
m


.o
rg


/jo
ur


na
l/j


vi
 o


n 
06


 M
ay


 2
02


3 
by


 1
29


.8
1.


25
5.


94
.







finely map the particular residues within the T1 region that can
modulate NiV-F-mediated fusion, we individually mutated
each amino acid of the T1 sequence (KKRNT) to an alanine,
as depicted in Fig. 2A. 293T cells transfected with an expres-
sion plasmid encoding each of the alanine scan mutants were
cell surface biotinylated, lysed, precipitated with streptavidin,
and subjected to Western blotting to detect NiV-F as described
above. All of the alanine scan mutants had levels of CSE and
processing similar to those of WT NiV-F (Fig. 2B). Similar
levels of CSE of WT and mutant NiV-F proteins were also
observed by flow cytometric analyses (Fig. 2C). Next, we de-
termined the fusogenicity of these mutants by quantifying syn-
cytium formation. Representative pictures of syncytia formed
by each mutant are shown in Fig. 2D, and the fusion/CSE
ratios for WT NiV-F and the indicated mutant were deter-
mined (Table 1, bottom). Interestingly, despite WT levels of
CSE, mutation of the K1 residue resulted in hyperfusogenicity
(fusion/CSE ratio of 5.5) while mutation of the K2 or R3
residue resulted in hypofusogenicity (fusion/CSE ratios of 0.2
and 0.3, respectively) (Table 1, bottom). Mutation of the N4 or
T5 residue did not result in any significant change in CSE or
fusion (ratio of 0.9) relative to the WT NiV-F protein (Fig. 2C
and D and Table 1, bottom). Similar but less dramatic effects
on fusogenicity were observed in Vero cells. In summary, these


results indicate that the membrane-proximal polybasic KKR
sequence in the CT of NiV-F protein can up- or downmodulate
its fusogenicity.


Fusion of membrane-proximal NiV-F mutants correlates
with entry of ephrinB2-reverse-pseudotyped virus-like parti-
cles. Next, we sought to determine if the differences in cell-cell
fusion exhibited by the NiV-F CT mutant proteins corre-
sponded to viral entry differences. However, some of these
CT mutants were very inefficiently incorporated into our
pseudotyped VSV-Renilla luciferase (VSVrLuc) reporter vi-
ruses, a previously established method for examining NiV en-
velope-mediated entry (3). To circumvent the problem of vari-
able envelope protein incorporation into VSVrLuc, we
developed a novel reverse-pseudotype VSVrLuc entry assay,
for which we reverse pseudotyped VSVrLuc with the NiV
receptor ephrinB2 (B2-VSVrLuc). We then used these B2-
VSVrLuc virions to infect 293T cells previously transfected
with equal amounts of mutant or WT NiV-F along with WT
NiV-G in a 96-well plate format. Infection of cells expressing
HIV Env glycoproteins with viral particles reverse pseudotyped
with CD4 and the corresponding coreceptor has been previ-
ously reported (36, 56). Figure 3A shows that B2-VSVrLuc
viral entry only occurs when cells express both the NiV-F
and NiV-G glycoproteins (Fig. 3A). In addition, reverse-


FIG. 2. Analysis of membrane-proximal point mutations in the CTs of NiV-F. (A) Schematic of the NiV-F CT point mutants, showing the
sequence of the whole CT, and the positions of the five alanine substitutions in the membrane-proximal region, designated K1A, K2A, R3A, N4A,
and T5A. (B) Western blot analysis of immunoprecipitated cell surface biotinylated WT and mutant NiV-F proteins. Surface proteins were
analyzed exactly as described in Fig. 1B. Percent processing was also analyzed as described in the legend to Fig. 1B, and the densitometric results
are shown graphically. (C) Relative levels of CSE and fusion obtained for WT NiV-F or CT point mutant proteins in 293T cells. Fusion and CSE
were determined exactly as for Fig. 1C. Data shown are averages � standard errors from three independent experiments. (D) Pictures of syncytium
formation by the WT NiV-F or the various NiV-F point mutants and WT NiV-G in Vero cells. Representative �100 fields are shown.
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pseudotyped viral entry was specifically blocked by previously
characterized anti-NiV-F or anti-NiV-G antiserum (3, 33, 44)
(Fig. 3B).


We then determined the entry of these B2-VSVrLuc virions
into cells expressing WT NiV-G and WT NiV-F or the indi-
cated NiV-F CT point mutants. Entry into K1A-expressing
cells was about 8- to 10-fold higher than that of WT NiV-F
over several logs of viral input. Conversely, entry into K2A-
and R3A-expressing cells was 8- to 30-fold lower than that of
WT NiV-F over the same range of viral inputs. Entry levels
obtained for the cells expressing the N4A or T5A mutant
protein were similar to those expressing WT NiV-F. Thus, our
reverse-pseudotype B2-VSVrLuc entry assay results are con-
sistent with our cell-cell fusion results and further demonstrate
that the membrane-proximal polybasic KKR motif in the
NiV-F CT can modulate virus-cell membrane fusion.


Differential binding and neutralization of hyper- and hypo-
fusogenic NiV-F mutants by distinct novel anti-NiV-F rabbit
MAbs. We then asked how specific residues in the KKR region
might be modulating fusion. Inside-out signaling from the CT
has been reported for other class I enveloped viruses (2, 61),
including at least one paramyxovirus (67). We first asked
whether any of the KKR alanine mutations affected the overall
ectodomain conformation of the NiV-F protein.


We had previously produced conformational polyclonal and
monoclonal rabbit Abs by genetically immunizing rabbits with
codon-optimized NiV-F and NiV-G and NiV-M expression
plasmids (4). We screened a panel of our rabbit MAbs and
found two (MAbs 92 and 66) whose epitopes were conforma-
tional and distinct. They were conformational because they


detected the NiV-F protein in its native state by flow cytometry
(Fig. 4A) but not in its denatured form, for example, by West-
ern blot analysis on sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (data not shown). They were distinct because
Ab 66 bound to NiV-F and HeV-F equivalently while Ab 92
bound to NiV-F approximately10-fold more efficiently than to
HeV-F at the same Ab concentrations (Fig. 4A). As a control,
polyclonal Ab 834 (3, 33, 44) was used to show that the levels
of NiV-F and HeV-F were approximately equally recognized
by flow cytometry in the same experiment (Fig. 4A).


Then we measured the relative binding of these Abs to the
various WT or mutant NiV-F proteins by flow cytometry. We
reasoned that conformational differences in the ectodomain
might be revealed by differential binding of these Abs. In order
to quantitatively correct for variations in the transfection effi-
ciencies and cell surface protein expression levels of the vari-
ous mutants from experiment to experiment, we analyzed the
binding data obtained by calculating the ratios of the mean
fluorescence intensities of pairs of Abs (92-66, 92-834, and
66-834). Figure 4B shows the relative binding ratios of thee Ab
combinations for WT NiV-F and the indicated mutants. There
was a modest but significant decrease in binding of MAb 92 to
the hyperfusogenic K1A mutant, as the 92/834 and 92/66 ratios,
but not the 66/834 ratio, were lower than those of the WT
NiV-F protein (P 
 0.015, P 
 0.0005, and P 
 0.94, respec-
tively) (Fig. 4B). We also detected an increase in binding of
MAb 66 to the hypofusogenic R3A mutant protein, as the
66/834 ratio for this mutant was increased, the 92/66 ratio was
decreased, and the 92/834 ratio was unchanged compared to
those obtained with the WT NiV-F protein (P 
 0.048, P 



FIG. 3. Reverse-pseudotyped viral entry assay for membrane-proximal CT point mutants. (A) An ephrinB2-pseudotyped VSV-Renilla lucif-
erase reporter virus (B2-VSV-rLuc) was used to infect 293T cells previously transfected with expression plasmids for NiV-F–NiV-G, NiV-G alone,
or NiV-F alone. Numbers of RLU are shown on a logarithmic scale. (B) Reverse-pseudotyped viral entry into NiV-F- or NiV-G-transfected 293T
cells was inhibited by anti-NiV-F and anti-NiV-G specific antisera 834 and 806, respectively. Data are presented as percent inhibition, where 0%
represents infection in the absence of any antiserum. The data were normalized as follows. The number of RLU obtained at each serum dilution
was calculated as a percentage of the average number of RLU obtained in the absence of any antiserum. Percent inhibition was then calculated
as 100% minus the percent infection at each serum dilution. The percent inhibition values were regressed and graphed with GraphPad PRISM.
An average of two experiments is shown, with four independent wells per datum point (serum dilution) � the standard deviation. (C) Relative entry
levels of B2-VSV-rLuc virus into 293T cells expressing the WT NiV-G protein and the WT or mutant NiV-F protein. RLU were quantified 24 h
postinfection and graphed against the number of viral genomes per milliliter. A single preparation of B2-VSV-rLuc was used for all of the
experiments shown. The number of genome copies in the viral preparation was analyzed by reverse transcription-PCR as described in Materials
and Methods. The data shown are averages from three independent experiments � the standard deviations.
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0.0022, and P 
 0.84, respectively) (Fig. 4B). All other point
mutant proteins did not display a change in Ab binding relative
to that of the WT NiV-F protein (P values of �0.5) (Fig. 4B).
Similar Ab binding ratios were obtained over an Ab concen-
tration range of 0.03 to 3 �g/ml, and the data shown are for 1
�g/ml.


Next, we measured the neutralization capabilities of MAbs
92 and 66 against the various mutant proteins with our reverse-
pseudotyped viral entry assay. In general, our neutralization
data were consistent with the above-mentioned binding data.
For example, since MAb 92 bound relatively less to mutant
K1A, we expected that mutant K1A may also be less sensitive
to neutralization by MAb 92, and that was indeed the case.
Figure 4C shows that the K1A protein was more than 10-fold
less sensitive than WT NiV-F to neutralization by MAb 92 (the
50% inhibitory concentrations [IC50s] for K1A and WT NiV-F
were approximately 19 and 0.3 �g/ml, respectively). In addi-


tion, since MAb 66 bound more strongly to mutant R3A, we
also expected that the R3A mutant might also be more sensi-
tive to neutralization by MAb 66 than the WT NiV-F. Indeed,
we observed that the R3A mutant protein was about fourfold
more sensitive to neutralization by MAb 66 than was the WT
NiV-F protein, as the IC50s for the R3A and WT proteins were
approximately 0.17 and 0.71 �g/ml, respectively (Fig. 4D). In
toto, our MAb binding and neutralization data show that spe-
cific residues in the CT of NiV-F can affect the conformation
of its ectodomain.


Association of NiV-F and the hyper- and hypofusogenic mu-
tants with lipid raft domains. Viral envelope glycoproteins are
often associated with lipid raft microdomains (22, 26, 43, 47,
62). Such membrane domains are known to have membrane
cross-thicknesses greater than those of non-lipid raft cell mem-
brane domains (23, 30) and are enriched in cholesterol and
glycosphingolipids. Thus, differential association of WT or mu-


FIG. 4. Specific CT mutants affect the ectodomain conformation as exhibited by differential MAb binding and neutralization. (A) Flow
cytometry histograms showing binding of polyclonal anti-NiV-F antiserum 834 or anti-NiV-F MAb 92 or 66 to 293T cells expressing either NiV-F,
HeV-F, or neither (pcDNA3 control). Green contours indicate binding of Abs to 293T cells transfected with the pcDNA3.1 backbone only.
Overlaid filled purple histograms indicate binding of Abs to NiV-F- or HeV-F-expressing cells, as indicated. (B) MAb binding ratios of pairs of
anti-NiV-F Abs. Polyclonal (antiserum 834) or monoclonal (antisera 492 and 66) rabbit Abs were used to stain 293T cells transfected with WT
NiV-F or the indicated CT point mutants at a concentration previously determined to be in the linear range of the binding curve. To compare data
from repeat experiments and to control for transfection efficiency and differential expression, a set of binding ratios was calculated by dividing the
mean fluorescence intensities obtained for the various Abs (92/66, 92/834, and 66/834). The Ab binding ratios for WT NiV-F is necessarily defined
as 1. P values were calculated with a nonpaired Student t test and multiplied by five, which takes into account the Bonferroni correction for the
multiple pairwise comparisons (WT versus the five mutants). (C and D) Neutralization of CT mutant proteins by anti-NiV-F Abs. 293T cells
expressing the WT NiV-G protein and the WT or mutant NiV-F protein were infected with B2-VSV-rLuc reverse-pseudotyped virus 8 h
posttransfection in the presence of increasing amounts of MAb 92 (C) or 66 (D). The amount of viral entry obtained in the absence of anti-NiV-F
MAb (artificially represented by the [MAb] 
 �4.0 datum point) was normalized to 100%, which is equivalent to 0% inhibition. The percent
inhibition was then plotted against the logarithm of the Ab concentration. Inhibition curves were regressed, and IC50s were calculated with
GraphPad PRISM. The data shown are normalized averages from three separate experiments � the standard deviations.
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tant NiV-F proteins with lipid raft domains may formally in-
fluence the conformation of their ectodomain epitopes, poten-
tially affecting the conformational data in Fig. 4. Therefore, we
assessed the relative association of WT and mutant NiV-F
proteins with lipid raft domains. First, we observed that a
distinct portion (�20%) of the total WT NiV-F protein was


associated with lipid raft fractions (Fig. 5), as demonstrated by
cofractionation with caveolin-1, a standard marker for lipid
raft domains. However, the most of the NiV-F was in nonraft
fractions, which were demarcated by the transferrin receptor, a
membrane protein known not to be associated with lipid rafts
(Fig. 5). With the exception of mutant K2A, all WT and mu-
tant NiV-F proteins were found in both lipid raft and non-lipid
raft domains at approximately equal distributions (18 to 25%
in lipid raft fractions), indicating that, at least for mutants K1A
and R3A, association with lipid rafts did not account for the
differences in conformational MAb binding seen in Fig. 4.
Interestingly, the hypofusogenic K2A mutant was almost com-
pletely absent from the lipid raft fractions, raising the possi-
bility that altered association with lipid raft domains may con-
tribute to its hypofusogenic phenotype and suggesting that
mechanistic differences may underlie the hypofusogenic phe-
notypes of the K2A and R3A mutants.


NiV-F CT fusion mutants are differentially resistant to fu-
sion inhibition by a reagent that prevents 6HB formation and
exhibit corresponding rates of fusion kinetics relative to WT
NiV-F. Having determined that the specific residues in the CT
can affect the ectodomain conformation of NiV-F, we then
asked whether the hyper- and hypofusogenic phenotypes ex-
hibited by the NiV-F CT point mutants are mediated by fusion
determinants in the ectodomain such as 6HB formation. We
have previously shown that a soluble NiV-HR2-Fc protein
(HR2 region of NiV-F linked to the Fc constant region of
human immunoglobulin G1) inhibits NiV fusion specifically
and that the sensitivity of inhibition by this protein inversely
correlated with the fusion kinetics of the hyperfusogenic NiV-F
N-glycan fusion proteins (3). With the same NiV-HR2-Fc in-
hibitory reagent, we tested the sensitivity of NiV-F CT mutants
or WT NiV-F to fusion inhibition. We observed that the K1A
mutant exhibited significantly greater resistance to NiV-
HR2-Fc than WT NiV-F for all three concentrations of
HR2-Fc tested (Fig. 6A). On the other hand, the K2A mutant
exhibited a significantly lower resistance to NiV-HR2-Fc (Fig.
6A), especially when subsaturating amounts of HR2-Fc were


FIG. 5. Association of NiV-F and the hyper- and hypofusogenic
mutants with lipid raft domains. Lipid raft fractionations were per-
formed as described in Materials and Methods. Caveolin-1 (Cav-1)
and transferrin receptor (TFR) were used as markers for raft (top) and
nonraft (bottom) domains, respectively. NiV-F and the indicated mu-
tants were detected by Western blotting with the AU1 Ab. The blots
were then stripped and reprobed for Cav-1 and TFR to ensure the
integrity of each lipid raft fractionation. Percent NiV-F in lipid rafts
was calculated as the percentage of the NiV-F signal observed in the
peak Cav-1 fractions (lanes 2 and 3 in most cases) over the sum of
signals in the peak Cav-1 and peak TFR fractions (lanes 7 and 8 in
most cases) for each sample. This controls for any slight variations
between tubes. Representative Cav-1 and TFR blots are shown. The
experiment was repeated twice with similar results. Band intensities
were quantified by densitometry with a VersaDoc Imaging System
(Bio-Rad).


FIG. 6. NiV-F CT fusion mutants are differentially resistant to fusion inhibition by NiV-F HR2-Fc and exhibit corresponding rates of fusion
kinetics relative to WT NiV-F. (A) The sensitivity of NiV envelope-mediated fusion to inhibition by NiV-HR2-Fc is shown for WT NiV-F and the
indicated CT mutants. For each fusion protein, the amount of fusion in the absence of any inhibitor is set at 0% inhibition. One representative
experiment out of two is shown. Error bars indicate standard deviations. P values were calculated with the Student t test and the Bonferroni
correction to account for the multiple pairwise comparisons of significance (F versus K1A, F versus K2A, and F versus R3A). (B) Fusion kinetics
of WT or mutant NiV-F protein. NiV-G was expressed with WT NiV-F or the indicated mutants in effector PK13 cells, and the relative rate of
fusion was assessed with target 293T cells loaded with CCF2 dye (see Materials and Methods). Relative fusion is the ratio of blue to green
fluorescence obtained with NiV-G- and NiV-F-transfected effectors minus the ratio of background blue and green fluorescence obtained with
empty-vector (pcDNA3)-transfected cells. Each datum point is an average from three independent experiments.


VOL. 81, 2007 INSIDE-OUT SIGNALING OF NIPAH VIRUS FUSION PROTEIN 4527


D
ow


nl
oa


de
d 


fr
om


 h
ttp


s:
//j


ou
rn


al
s.


as
m


.o
rg


/jo
ur


na
l/j


vi
 o


n 
06


 M
ay


 2
02


3 
by


 1
29


.8
1.


25
5.


94
.







used. These results suggested that the rate of 6HB formation
contributed to the hyper- and hypofusogenicity of the K1A and
K2A mutants, respectively. Interestingly, mutant R3A did not
reveal a significant difference in resistance to inhibition by the
NiV-HR2-Fc molecule relative to the WT NiV-F protein, sug-
gesting that the hypofusogenic phenotype of the K2A and R3A
mutants may be mediated via distinct mechanisms. This is also
consistent with our Ab binding data, which suggest that the
K2A and R3A mutants differentially affect ectodomain confor-
mation (Fig. 4B).


In order to determine if sensitivity to NiV-HR2-Fc inhibi-
tion is actually due to the rate of 6HB formation and, hence,
fusion pore formation, we measured fusion kinetics mediated
by NiV-F or the indicated CT mutants and WT NiV-G. Real-
time fusion kinetics can be measured and quantified with a
�-lactamase reporter cell-cell fusion assay that we previously
described for analysis of our hyperfusogenic N-glycan NiV-F
mutants (3). We found that cells expressing the hyperfusogenic
K1A fusion mutant showed faster fusion kinetics and fused to
a greater extent than cells expressing WT NiV-F (Fig. 6B). In
contrast, the hypofusogenic K2A mutant showed slower fusion
kinetics and fused to a lesser extent than cells expressing the
WT NiV-F protein (Fig. 6B). Interestingly, although the cells
expressing the R3A mutant fused at the same rate as the WT


NiV-F protein for the first 40 min, thereafter, their rates of
fusion diverged, with the R3A mutant slowing down signifi-
cantly such that at 100 min, it had fused at less than 50% of the
WT NiV-F level (Fig. 6B). The results in Fig. 6A and B
strongly suggest a mechanistic difference between the hypofu-
sogenic phenotypes exhibited by the K2A and R3A mutants.


Fusogenicity of NiV-F inversely correlates to the avidity of
F-G interactions for the CT mutant proteins. We had previ-
ously provided evidence for the attachment protein displace-
ment model for paramyxoviral entry. At least for NiV, the
hyperfusogenic N-glycan mutants appear to have weaker inter-
actions between the NiV-F mutants and NiV-G, allowing
greater NiV-F–NiV-G dissociation after receptor binding.
Thus, fusogenicity inversely correlated to the avidity of F-G
interactions for the hyperfusogenic N-glycan NiV-F mutants
(3). Here, we asked if the relative avidity of NiV-F–NiV-G
associations correlated with the fusogenicity of the CT mu-
tants.


We coexpressed NiV-G with WT NiV-F or the aforemen-
tioned mutants in permissive 293T cells and determined the
relative avidity of NiV-F and NiV-G interactions by immuno-
precipitating whole cell lysates with anti-NiV-G antiserum and
detecting the amount of co-IP NiV-F by Western blotting with
an AU1 epitope tag Ab (Fig. 7A, part a). The relative amounts


FIG. 7. Fusogenicity of WT NiV-F and the CT mutants inversely correlates with the avidity of F-G interactions. (A) Western blot analysis of
co-IP F0 and F1 (top part a), immunoprecipitated G (bottom part c), and the relative amounts of F0 and F1 present in total cell lysate (middle part
b). Cell lysates of 293T cells transfected with WT NiV-G and NiV-F or the indicated CT mutants were immunoprecipitated with rabbit anti-NiV-G
specific antisera. The top and middle parts were blotted with mouse anti-AU1 to detect NiV-F, and the bottom part was blotted with mouse
anti-HA to detect NiV-G. (B) A coimmunoprecipitation experiment identical to that in panel A was performed with tagged and untagged NiV-F
(F and FNA, respectively) but with a rabbit anti-F2 peptide Ab for detection. Parts a, b, and c are as in panel A. (C) Relative avidities of
NiV-F–NiV-G interactions for WT NiV-F and the indicated CT mutants. The amounts of co-IP NiV fusion proteins in panel A were quantified
by densitometry as described in the text, with a VersaDoc Imaging System (Bio-Rad). The avidity of F-G interactions is represented by the ratio
of the amount of NiV-F protein co-IP with anti-NiV-G antiserum to the relative amount of NiV-F expressed in cell lysates (parts a and b,
respectively). The data presented are averages � standard errors from three experiments. (D) Avidity of the F-G interactions from panel C plotted
against the fusion/CSE ratios from Table 1. Pearson correlation analysis was performed with GraphPad PRISM. (E) The avidities of F-G
interactions for the multiple N-glycan mutants previously reported by Aguilar et al. (3) were overlaid with the datum points from panel C and
plotted together against their respective fusogenic indexes. CT mutants and N-glycan mutants are represented by closed and open symbols,
respectively. Pearson correlation analysis was performed with GraphPad PRISM.
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of WT and mutant NiV-F were also determined in total cell
lysates (Fig. 7A, part b). To normalize for the various expres-
sion levels of WT or mutant NiV-F in any single experiment,
we calculated the ratio of the level of co-IP NiV-F to the
corresponding amount of NiV-F in the total cell lysate. For
example, if the amount of co-IP NiV-F was densitometrically
quantified at 160 U and the corresponding amount of NiV-F in
the cell lysate was 100 U, the F-G co-IP ratio would be 1.6. This
ratiometric value was arbitrarily set to 1.0 to indicate the rel-
ative avidity of the WT NiV-F–NiV-G interactions (Fig. 7C).
On this scale, a value of greater or less than 1.0 would indicate
a corresponding increased or decreased avidity in F-G inter-
action relative to the WT proteins, respectively. Also, we note
that the AU1 tag did not affect NiV-F’s interaction with G, as
the same experiment performed with tagged and untagged
NiV-F revealed no difference in the amount of F that can be
co-IP with G (Fig. 7B).


When we plotted the relative avidity of NiV-G interactions
with WT NiV-F or the indicated CT mutants (Fig. 7C) against
their fusogenicities (fusion/CSE ratio) as determined in Table
1, we obtained a significant negative correlation (r2 
 0.82, P 

0.007) between the avidity of F-G interaction and the fusoge-
nicity of the NiV-F protein (Fig. 7D). Thus, for example, the
NiV-F mutant (K1A) with the lowest relative avidity of F-G
interaction (0.4) was also the most fusogenic NiV-F CT mutant
examined (fusion/CSE ratio of 5.5), and mutants (K2A and
R3A) with the highest relative avidities of F-G interaction (2.1
and 2.6) were the least fusogenic (fusion/CSE ratios of 0.2 and
0.3). These results suggest that the effects of the CT mutants
on modulating fusogenicity were linked to the increasing or
decreasing avidity of F-G interactions and provide further sup-
port for the model (3, 63, 75) where dissociation of the attach-
ment protein from the fusion protein is a rate-limiting step
required for fusion peptide exposure and subsequent mem-
brane fusion.


DISCUSSION


Our results implicate the cytoplasmic domain of the NiV
fusion protein in modulating fusion through its membrane-
proximal polybasic KKR motif in an inside-out signaling man-
ner. Our data also shed some light on the mechanisms by which
the KKR motif modulates fusion; specific residues within the
KKR motif can modulate the conformation of NiV-F’s ectodo-
main and thus have an effect on fusion kinetics by regulating
the rate of 6HB formation and the avidity of the F-G interac-
tions.


The CTs of other paramyxovirus fusion proteins are known
to be required for various protein functions, including proper
surface expression, membrane fusion, fusion pore enlarge-
ment, transition from hemifusion to complete fusion, and/or
budding (7, 19, 59, 65, 68), although removal of the CT has
resulted in quite distinct phenotypes in different paramyxovi-
ruses, ranging from no effect (12) to fusion pore formation (65)
to fusion pore enlargement (19) to syncytium formation (59,
65). In this report, we show that relatively large deletions in the
NiV-F CT did not significantly compromise conformational
integrity or CSE but can either reduce or enhance fusion (Fig.
1). In addition, while point mutations in the membrane-prox-
imal region had no significant effect on conformational integ-


rity, processing, or CSE, they variably affected fusogenicity
(Fig. 2). Indeed, we identified a membrane-proximal polybasic
KKR patch in the CT of NiV-F as having the ability to up- or
downmodulate fusogenicity. Polybasic residues can also be
found near the membrane-spanning region in the CTs of most
other paramyxoviruses, but to our knowledge, their function in
modulating fusion has not been reported.


Our data show that specific CT mutants with changes in the
KKR motif mediate their hyper- or hypofusogenic phenotypes
through common mechanisms that have been defined for other
class I fusion proteins. For example, the hyperfusogenic V3
loop and CT mutants of the HIV-1 envelope glycoprotein also
show faster fusion kinetics and display increased resistance to
heptad repeat peptide inhibition (1, 52). In the case of NiV,
our results suggest that the hyper- and hypofusogenicity phe-
notypes of the K1A and K2A mutants are governed by the rate
of 6HB formation (Fig. 6A) during fusion pore formation,
resulting in increased or decreased fusion kinetics, respectively
(Fig. 6B). However, since we did not detect any apparent
differences between the R3A mutant and WT NiV-F during
6HB formation and its hypofusogenic phenotype was only
manifested in slower fusion kinetics at later time points (Fig.
6B), we speculate that a step post 6HB formation, perhaps
fusion pore enlargement, may be affected by the hypofusogenic
mutation R3A. The CT of at least one other paramyxovirus,
SV5, has been implicated in fusion pore enlargement (19). Our
lipid raft results also highlight the mechanistic differences ob-
served between the hypofusogenic K2A and R3A mutants ob-
served in Fig. 4 and 6. The K2A, but not the R3A, mutant
displayed differences in lipid raft association compared to the
WT NiV-F protein. While many hyper- or hypofusogenic phe-
notypes in class I viral fusion proteins have been identified, it
is uncommon to find a contiguous series of residues within a
small patch that have such contrasting contributory roles in
fusogenicity.


It remains to be determined how these three basic residues
in NiV-F CT actually modulate the kinetics of fusion. Do the
KKR mutants stabilize or destabilize the metastable prefuso-
genic conformation of NiV-F, and/or do they affect subsequent
steps in the fusion process? It is also possible that the KKR
basic motif may interact with cellular proteins that directly or
indirectly modulate the actin cortical cytoskeleton, which is
intimately involved in membrane dynamics and curvature dur-
ing fusion and syncytium formation (37, 49, 51). Dutch and
colleagues have previously reported that various transdomi-
nant Rho-GTPases can up- or down-regulate HeV fusion (57).
Since the ERM (ezrin-radixin-monesin) family of proteins is
known to connect the CTs of various membrane proteins to the
actin cortical cytoskeleton and the ERM proteins themselves
are known to be activated and inactivated by distinct Rho
GTPases (21, 29), we speculate that the ERM proteins may
connect the CT of NiV-F to the actin cortical cytoskeleton and
that modulation of the CT’s attachment to the cortical cy-
toskeleton by the Rho GTPases, or by our various KKR mu-
tants, is what accounts for the hyper- or hypofusogenic pheno-
types seen. Intriguingly, ERM proteins preferentially bind CTs
of membrane proteins that have isoelectric points higher than
9.0 and that have basic amino acid clusters (29, 74). They also
prefer to bind CTs that contain phosphorylated serines and
tyrosine motifs (17, 58). NiV-F’s CT has an isoelectric point of
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9.88, contains a C-terminal tyrosine-rich motif, and contains
two basic clusters, i.e., the membrane-proximal KKR cluster
that we know affects fusion and an RRVR cluster between
regions T3 and T4. In addition, preliminary mass spectrometry
analysis indicated that the two C-terminal serines in NiV-F are
phosphorylated (unpublished observations). Therefore, it
seems plausible that cellular factors such as ERM proteins may
connect the CT of NiV-F or HeV-F to the actin cortical cy-
toskeleton of cells, and the strength and stability of this con-
nection may modulate fusogenicity.


Our data also suggest that the KKR motif modulates fuso-
genicity via an inside-out signaling mechanism. Differential
MAb recognition of the ectodomain correlating with differen-
tial neutralization (Fig. 4), faster or slower rates of fusion
kinetics affected by the rate of 6HB formation (Fig. 6), and
differential effects on the avidity of F-G interactions (Fig. 7) all
argue that mutations of these cytoplasmic residues can affect
the conformation and subsequent fusogenic function of the
ectodomain. Interestingly, data from differential MAb binding,
rate of 6HB formation, and fusion kinetics experiments also
reveal that distinct mechanisms underlie the similar hypofuso-
genic phenotypes of the K2A and R3A mutants. For example,
while MAbs 92 and 66 clearly bound differentially to the R3A
mutant, no difference in K2A binding was observed (Fig. 4B).
On the other hand, while K2A was significantly more sensitive
to inhibition by HR2-Fc compared to WT NiV-F, R3A was
similar in sensitivity to WT NiV-F (Fig. 6A). This equivalent
sensitivity to HR2-Fc inhibition is consistent with our real-time
fusion kinetics data showing that for the first 40 min, R3A
fused at the same rate and to the same extent as WT NiV-F,
while K2A fused much more slowly from the very beginning
(Fig. 6B). However, after 40 min, R3A began to exhibit slower
fusion kinetics and eventually fused to a much lesser extent
than WT NiV-F at 100 min. As mentioned above, it is likely
that the defect in fusion in the R3A mutant is manifested at a
stage post 6HB formation, such as fusion pore enlargement.


We previously suggested that a critical parameter that gov-
erns NiV envelope-mediated fusion is the avidity of F and G
association, which we quantified by a rigorous coimmunopre-
cipitation assay (3). Our published data showed a strong and
significant negative correlation between the degree of hyper-
fusogenicity exhibited by a variety of ectodomain N-glycan
mutants and the avidity of F and G association. We had there-
fore favored the attachment protein displacement model of
paramyxovirus fusion where the dissociation of G from F after
receptor engagement better allows for the conformational
changes in F that lead to fusion peptide exposure and mem-
brane fusion. We now provide data to further expand and
support this model with both hyper- and hypofusogenic mu-
tants (Fig. 7D). Indeed, as shown in Fig. 7E, when we added
our present datum points to the datum points from our hyper-
fusogenic N-glycan mutants (3), the Pearson correlation be-
came even stronger (r2 
 0.91) and more significant (P 

0.0001). These data suggest that F and G dissociation can be a
common pathway for the triggering of F regardless of the
determinants of fusion in F involved. However, since we per-
formed these studies with receptor-containing 293T cells, we
are not able to distinguish whether the differences in F-G
association between WT and mutant fusion proteins we have
observed occur pre or post receptor binding. True avidity mea-


surements would have to be done with truly receptor-negative
cells. In addition, it remains to be determined whether the
KKR motif affects the interaction of NiV-F with NiV-G di-
rectly and/or via modification of the NiV-F ectodomain’s over-
all conformation. At least for one other paramyxovirus F pro-
tein (NDV), the ectodomain HR2 region has been implicated
in binding to the attachment protein HN (24); therefore, the
effects of NiV-F CT mutants on the avidities of NiV-F–NiV-G
interactions observed here may be due to inside-out signaling.


We also note that NiV-F processing is usually increased
when G is cotransfected (compare Fig. 7A with Fig. 1B and
2B). Since both F and G are encoded by codon-optimized
genes, a potential explanation is that expression of G competes
for transcriptional or translational resources, resulting in less
overexpression of F; overexpression of F in the absence of G
can overwhelm the proteolytic machinery required for F cleav-
age. However, it would be interesting to determine whether the
presence of G, and its association with F, can intrinsically affect
F processing, either by modulating its endosomal recycling
behavior or changing the conformation of F to make it more
accessible to cathepsin L cleavage.


Finally, it remains to be determined how the NiV-F CT
actually stabilizes or destabilizes F-G interactions and whether
the fusion-modulatory role played by the polybasic motif in the
CT of NiV-F is unique for NiV (or the henipaviruses). The
studies presented in this report point to the many determinants
of fusion in NiV-F and underscore the complexities that reg-
ulate the “proper” amount of fusion mediated by NiV-F, which
has both fusion-promoting and fusion-inhibiting determinants.
Further studies of these determinants will enhance our under-
standing of the pathobiology of this deadly emerging virus and
may reveal more targets for therapeutic intervention.
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Single-dose attenuated Vesiculovax vaccines protect
primates against Ebola Makona virus
ChadE.Mire1,2*,DemetriusMatassov3*, JoanB.Geisbert1,2, TheresaE. Latham3,KrystleN.Agans1,2, RongXu4,AyukoOta-Setlik4,
Michael A. Egan4, Karla A. Fenton1,2, David K. Clarke3, John H. Eldridge3,4 & Thomas W. Geisbert1,2


The family Filoviridae contains three genera, Ebolavirus,
Marburgvirus, and Cuevavirus1. Some members of the genus,
including Zaire ebolavirus (ZEBOV), can cause lethal haemorrha-
gic fever in humans. During 2014 an unprecedented ZEBOV out-
break occurred inWest Africa and is still ongoing, resulting in over
10,000 deaths, and causing global concern of uncontrolled disease.
To meet this challenge a rapid-acting vaccine is needed. Many
vaccine approaches have shown promise in being able to protect
nonhuman primates against ZEBOV2. In response to the current
ZEBOV outbreak several of these vaccines have been fast tracked
for human use. However, it is not known whether any of these
vaccines can provide protection against the new outbreak
Makona strain of ZEBOV. One of these approaches is a first-gen-
eration recombinant vesicular stomatitis virus (rVSV)-based vac-
cine expressing the ZEBOV glycoprotein (GP) (rVSV/ZEBOV). To
address safety concerns associated with this vector, we developed
two candidate, further-attenuated rVSV/ZEBOV vaccines. Both
attenuated vaccines produced an approximately tenfold lower vac-
cine-associated viraemia compared to the first-generation vaccine
and both provided complete, single-dose protection of macaques
from lethal challenge with the Makona outbreak strain of ZEBOV.
Since discovery of the virus in 1976, outbreaks of ZEBOV have been


detected sporadically inAfrica.With increasing population growth the
frequency of human contact with natural virus reservoirs3 is likely to
rise, potentially leading to more catastrophic outbreaks such as the
current epidemic inWest Africa, thus increasing the need for effective
antiviral strategies. A highly effective countermeasure would be a pre-
ventive vaccine that can be simply and widely administered to people
in regions of virus zoonosis and provide a ‘blanket immunity’ curtail-
ing any future outbreaks. Also important will be the ability to rapidly
combat deliberatemisuse of these deadly viruses. Therefore, a prevent-
ive vaccine should ideally confer rapid, single-dose protection.
There are currently no licensed filovirus vaccines or post-expo-


sure treatments available for human use. However, there are at
least ten different vaccine approaches that have shown the poten-
tial to protect nonhuman primates (NHPs) from lethal ZEBOV
infection, including platforms based on recombinant adenovirus
serotype 5 (rAd5) vectors, combined DNA/rAd5 vectors, com-
bined rAd serotype 26 and 35 vectors, recombinant chimpanzee
adenovirus serotype 3 (rChAd3) vectors, combined rChAd3 and
modified vaccinia Ankara (MVA) vectors, virus-like particles
(VLPs), alphavirus replicons, recombinant human parainfluenza
virus 3 (rHPIV3), rabies virus, and recombinant vesicular stomat-
itis virus (rVSV)2. Of the vaccines advancing to phase I trials, the
rChAd3 and rVSV vectored vaccines have shown success in single-
dose protection of NHPs against ZEBOV challenge; with the caveat
that the rChAd3/ZEBOV vaccine requires a boost with an MVA/
ZEBOV vector for protection past 6 months4. Also, NHPs inocu-


lated with the rChAd3/ZEBOV vaccine were challenged with a
ZEBOV seed stock containing a large virus population encoding
8 uridines (U) at a critical transcription editing site in the GP gene4.
This specific genetic feature typically arises following prolonged
passage of ZEBOV in Vero E6 cells and results in higher levels of
expression of full-length GP. In contrast, low-passage ZEBOV iso-
lates retain 7U at the GP editing site, resulting in higher levels of
secreted GP (sGP) expression, which is associated with greater
viral virulence5–7. Importantly, studies have shown that rAd-based
ZEBOV vaccines that completely protect NHPs against ZEBOV
stocks containing high populations of 8U virus are not able to
completely protect vaccinated macaques challenged with ZEBOV
stocks containing high populations of 7U virus8.
The first generation rVSV/ZEBOV vaccine that replaces the VSV


glycoprotein G with the ZEBOV GP (rVSV/ZEBOVDG), originally
developed by Drs Feldmann and Geisbert9 and currently licensed by
Merck, has demonstrated solid single-dose NHP protection against a
low-passage 7U ZEBOV stock8. The rVSV/ZEBOVDG vector has also
protected 50% of NHPs when administered shortly after ZEBOV chal-
lenge10, and has demonstrated safety in a NHP neurovirulence
model11. However, there is a robust post-vaccination viraemia in
macaques and a recent phase I trial of the rVSV/ZEBOVDG vaccine
in Geneva was halted due to temporary joint pain in some patients.
The level of vaccine-associated viraemia and frequency of adverse
events will be more fully documented as data from ongoing phase 3
trials become available for this vector; but the early observation suggest
that a further-attenuated rVSV vectormay bemore desirable for wide-
spread administration in endemic regions of Africa.
To address this possible safety concern we have developed and


tested two further-attenuated rVSV/ZEBOV vaccine candidates for
efficacy. One of these vaccines is based on an rVSV vector that has
advanced through clinical evaluation. It was attenuated by translocat-
ing the VSV nucleoprotein (N) gene from position 1 to position 4 in
the genome (N4) and truncating the cytoplasmic tail (CT) of the VSV
G protein from 29 to 1 amino acids (CT1)12. This rVSVN4CT1 vector
was modified to maximally express HIV-1 gag from position 1 in the
genome (rVSVN4CT1gag1) by positioning the gag gene immediately
adjacent to the single strong 39 VSV transcription promoter. The
rVSVN4CT1gag1 vector has demonstrated safety in mouse and
NHP neurovirulence studies12,13, and replication is restricted to the
IM inoculation site and draining lymph node following vaccination
of mice14. The rVSVN4CT1gag1 vector has demonstrated safety and
immunogenicity in two phase I clinical trials (HVTN 090 and HVTN
087: http://clinicaltrials.gov/) and no post-vaccination viraemia was
detected in urine, saliva, and blood of vaccine recipients. The
rVSVN4CT1GP1 vector described here (Fig. 1a, N4) is analogous in
design to that of the rVSVN4CT1gag1 vaccine and expresses ZEBOV
GP from genome position 1. The other attenuated rVSV/ZEBOV
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vaccine described here (rVSVN1CT1GP3), expressing a truncated
form of VSV G, was designed to be of intermediate attenuation
between rVSVN4CT1GP1 and the first generation rVSV/
ZEBOVDG vaccine (Fig. 1a, N1). Both attenuated rVSV/ZEBOV
vectors express GP from the ZEBOV Mayinga strain, as do most
other candidate ZEBOV vaccines currently under evaluation.
Sequence homology between GPs from the new West African
Makona strains analysed to date and the 1976 Mayinga strain is
approximately 97%. Although this difference is not likely to affect
the protective efficacy of the current ZEBOV vaccines against the


heterologous West African strains, it is possible that small changes
in sequence could lead to reduced efficacy of a vaccine15. It is well
established that small variations in sequence and even single amino
acid changes in sequence for other viruses including influenza,
respiratory syncytial virus, polio, equine infectious anaemia virus,
and SIV can reduce vaccine efficacy. Here we assessed the ability of
our newly developed next-generation rVSV-based vaccines expres-
sing ZEBOVMayinga GP to protect against heterologous challenge
with the new outbreak Makona strain of ZEBOV in cynomolgus
monkeys.


Table 1 | Clinical findings for NHPs challenged with ZEBOV-Guinea
Animal Vaccine Day 226* PRNT50{ Clinical signs observed{ Final outcome


129 N/A 2 0/0 Fever (6), anorexia (5–8), depression (6–8), mild rash
(6–8), lymphopenia (3, 6), thrombocytopenia (6),
ALTR(6), ALPRR R (6), ASTRRR (6), GGTRRR (6),
CRP increase (6)


Expired day 8


276 N/A 2 0/0 Fever (6), anorexia (6–7), depression (6–7), mild rash
(6–7), thrombocytopenia (6, 10), ALTR(6),
ALPRRR (6), ASTRRR (6), GGTR (6), CRP
increase (6)


Expired day 7


0910078 N1 1 0/40 Ø1 Survived
1001100 N1 2 0/160 CRP increase (6) Survived
117 N1 2 0/80 Lymphopenia (6), CRP increase (6, 10) Survived
0907095 N1 2 0/160 Lymphopenia (6, 10), CRP increase (6, 10),


ALTRR(6), ALPR(6), ASTRR(6)
Survived


0807174 N4 1 0/160 Lymphopenia (6), CRP increase (6, 10) Survived
0901014 N4 2 0/80 Ø Survived
119 N4 1 0/80 Ø Survived
0811013 N4 1 0/20 Ø Survived


* rVSV viraemia 2 days post vaccination. 2, below limit of detection (25 PFU per ml); +, up to 33102 PFU per ml.
{50% plaque reduction neutralization titre at day of challenge and terminal day presented as day of challenge/terminal day.
{Days after ZEBOVchallenge are in parentheses. Fever is defined as a temperaturemore than1.4 uCabovebaseline or at least 0.9uCabovebaseline and$39.7uC. Lymphopenia and thrombocytopenia are defined
by a $ 35% drop in numbers of lymphocytes and platelets, respectively. ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase. CRP,
C-reactive protein: two- to threefold increase,R; 4- to fivefold increase, RR; . 5 fold increase, RRR.
1No symptoms observed.
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N1 n = 4
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Results from an in vitro growth kinetics study (Fig. 1b) indicate an
approximate tenfold reduction in growth rate early in infection for
rVSVN4CT1GP1 relative to rVSV/ZEBOVDG. Also noted during
virus plaque assay were the larger more rapidly forming plaques gen-
erated by rVSV/ZEBOVDG compared to rVSVN4CT1GP1, with
rVSVN1CT1GP3 showing intermediate growth and plaque size
(Fig. 1c).
We next tested if the further-attenuated rVSV/ZEBOV vaccines


could provide NHPs with single-dose protection against challenge
with ZEBOV isolated from the current outbreak in Guinea16. Groups
of four cynomolgus macaques were inoculated intramuscularly with
23 107 plaque-forming units (PFU) of either rVSVN4CT1GP1 or
rVSVN1CT1GP3; a group of two control macaques were unvaccinated
(Fig. 1d, arrow heads). None of themacaques showed any sign of illness
or distress following vaccine administration. Consistent with the stat-
istically significant growth differences between rVSV/ZEBOVDG and
the more attenuated vectors seen during in vitro growth kinetics stud-
ies, levels of both attenuated vaccine viruses detected in the blood of
vaccinated macaques (500 PFU per ml) were 10- to 50-fold lower than
those detected for the more replication competent rVSV/ZEBOVDG9


(Table 1, day 226). The ZEBOV GP-specific humoral immune res-
ponsewas assessed for all animals before vaccination (Fig. 2a,228) and
after vaccination (Fig. 2a,218 and 0) by IgG capture ELISA and neut-
ralizing antibody titres (Table 1, plaque 50% reduction neutralization
test (PRNT)50). Results showed neutralizing titres at terminal days for
vaccinated cohorts and detectable circulating levels of anti-ZEBOVGP
IgG for both vaccine cohorts after vaccination and before challenge
with no detectable levels for the unvaccinated control animals
(Fig. 2a). A cell-mediated immune response was also detected in all
vaccinated animals by ZEBOV GP-specific interferon gamma (IFN-c)
ELISpot assay 10 days after vaccination (Extended Data Fig. 1a and b).
The eight vaccinated and two unvaccinated control macaques were


challenged by intramuscular injection with 1,000 PFU of a low passage
100% 7U Makona strain stock of ZEBOV16 28 days after the single
injection vaccination (Fig. 1d, asterisk). None of the animals


vaccinated with either of the two further-attenuated rVSV/ZEBOV
vectors showed any severe signs of illness following challenge with
ZEBOV (Table 1), whereas the two unvaccinated control macaques
succumbed to disease on days 7 and 8 (Fig. 2b). Circulating infectious
ZEBOVwas isolated from both of the unvaccinated control macaques
on days 3 and 6 post challenge (Fig. 2c, blue) but no circulating
infectious ZEBOV could be detected in any of the vaccinated animals.
Examination of tissues by immunohistochemistry showed abundant
ZEBOV antigen in tissues of the unvaccinated control animals (129
and 276) (Fig. 3a–d) whereas ZEBOV antigen was not detected in
tissues of the macaques vaccinated with rVSVN1CT1GP3 (1001100)
or rVSVN4CT1GP1 (0807174) (Fig. 3e–h).
Herewe show protection against a newWest AfricanMakona strain


of ZEBOV using a novel filovirus vaccine platform. The large reduc-
tion in vaccine-associated viraemia indicates a significant increase of in
vivo attenuation for these next-generation rVSV/ZEBOV vaccine vec-
tors, which should translate into greater safety and reduced adverse
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Figure 2 | N1 andN4 vaccination results in circulating anti-ZEBOVGP IgG
andprotection in cynomolgusmacaques. a, Reciprocal endpoint dilution titres
for circulating IgG against ZEBOV GP for control (blue), N1 (orange), and N4
cohorts (black-grey) onday of vaccination (228), 10 days post vaccination (218),
and on day of challenge (0). Red dashed line depicts limit of detection for ELISA
assay. Error bars represent s.e.m. b, Kaplan–Meier survival curve for each cohort
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detection is 25PFU per ml.
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Figure 3 | Comparison of ZEBOV antigen in tissues of cynomolgus
macaques either vaccinated or unvaccinated. a, c, Liver, diffuse cytoplasmic
immunolabelling (brown) of sinusoidal lining cells in both ZEBOV-infected
control animals. b, d, Spleen, diffuse cytoplasmic immunolabelling of
dendriform mononuclear cells in the red and white pulp of ZEBOV-infected
control animals. e, f, Liver and spleen, respectively, with a lack of
immunolabelling from N1 cohort animal 0910078. g, h, Liver and spleen,
respectively, with a lack of immunolabelling from N4 cohort animal 0807174.


6 9 0 | N A T U R E | V O L 5 2 0 | 3 0 A P R I L 2 0 1 5


RESEARCH LETTER


G2015 Macmillan Publishers Limited. All rights reserved







events in humans. Importantly, single-dose vaccination of NHPs with
highly attenuated forms of rVSV expressing ZEBOV Mayinga GP
provides complete protection from heterologous challenge with a
highly virulent 7U ZEBOV isolated early during the current West
African outbreak16. ZEBOV genome sequencing from cases later dur-
ing theWest Africa outbreak has revealed little drift in theGP gene17,18,
suggesting that this vaccine platform could also be efficacious against
currently circulating ZEBOV. These findings pave the way for the
identification andmanufacture of safer, single-dose, high efficacy vac-
cine(s) to combat current and future filovirus outbreaks in Africa and
their potential use as biological weapons.


Online Content Methods, along with any additional Extended Data display items
andSourceData, are available in theonline versionof thepaper; referencesunique
to these sections appear only in the online paper.
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METHODS
No statistical methods were used to predetermine sample size.
Generation of N4 and N1 ZEBOV vectors. As described previously12,19 an
rVSVINN4CT1gag1 vector (Indian serotype) expressing HIV-1 gag was used as
the backbone for generating the attenuated rVSVN4CT1 vector expressing the
Zaire ebolavirus (ZEBOV) glycoprotein (GP). The corresponding
rVSVINN4CT1gag1 genomic cDNA was modified by exchanging the gag gene
expression cassette via XhoI/NotI restriction sites with an expression cassette
encoding a full length ZEBOV GP [1976, Mayinga strain], generating the
rVSVINN4CT1-ZEBOVGP1 cDNA (Fig. 1a, N4). The N1 vector was generated
by first inserting ZEBOV GP into a VSV-N1DG backbone via XhoI/NotI restric-
tion sites within a transcriptional cassette located at position 3 in the genome;
followed by the insertion of a PCR fragment containing a portion of VSV L, a
modified VSV G CT1 gene and trailer into the N1 genome at position 6 via the
HindIII/RsrII sites, generating the rVSVINN1(G CT1)6-ZEBOVGP3 cDNA
(Fig. 1a, N1).
The rVSV-ZEBOV vectors were rescued from genomic cDNA as previously


described20. Rescued virus was plaque purified and amplified on Vero cell mono-
layers (ATCC, CCL-81). For animal studies, virus vectors were purified from
infected BHK-21(ATCC CCL-10) cell supernatants by centrifugation through a
10% sucrose cushion. Purified virus was resuspended in PBS, pH7.0, mixed with a
sucrose phosphate (SP) stabilizer (7mM K2HPO4, 4mM KH2PO4, 218mM suc-
rose), snap frozen in ethanol/dry ice and stored at 280 uC until ready for use.
Growth kinetics study of DG, N4 and N1 ZEBOV vectors. Single-step growth
curves were performed by adsorbing the N4, N1 and aDG control virus to duplic-
atemonolayers of Vero cells (ATCC, CCL-81) in six-well plates at a multiplicity of
infection (MOI) of 10 for 15min at room temperature with continued rocking
followed by incubation at 37 uC with 5% CO2 for 30min without
agitation. The inoculum was aspirated, the cells washed 33 with serum-free
Dulbecco’s minimal Eagle’s medium (DMEM) and then DMEM containing
5% fetal bovine serum (FBS) was added to the plates, which were placed at
32 uC with 5% CO2. Samples for titration were taken at 4, 8, 12, 16, 24 and 48h
post infection and replaced with the same volume of freshmedia. Virus titres were
determined in duplicate by plaque assay on Vero cells. Growth curves were per-
formed in triplicate for each virus. Plaque images for each vector were taken at 48 h
post infection, after staining with a 1% crystal violet solution. Statistical analysis of
rVSV titres were performed using unpaired t-test with a 95% confidence level
(P, 0.05) with the GraphPad Prism program.
Challenge virus. The ZEBOV Makona strain seed stock originated from serum
from a fatal case early during the 2014 outbreak in Guékédou, Guinea16 (NCBI
accession number KJ660347) and was passaged twice in Vero E6 cells (ATCC,
CRL-1586). The virus stock was deep sequenced as 100% 7U at the GP editing site
in the viral genome (see below).
Deep sequencing. Approximately 1ml of the ZEBOV Makona strain seed stock
was removed from the seed stock vial and placed in 5ml of TRIzol LS and vortexed
three times and allowed to sit for 10min. The 6ml were then placed into two
separate 3mlNunc cryo-vials for removal from the BSL-4. RNAwas isolated from
the TRIzol LS/sample mixture using Zymo Research Direct-zol RNA mini-prep
permanufacturer’s instructions.Approximately 150ng of purified RNAwere used
to make cDNA using the NuGen Ovation RNA-seq 2.0 kit ultimately for the
preparation of the double-stranded DNA library using Encore Ion Torrent library
prep kit. Sequencing was performed by the UTMB Molecular Core on the Ion
Torrent using 318-v2 deep sequencing chips. Sequence analysis was performed
using DNA Star SeqmanNGen software based on paired-end analysis of 100 base
pairs overlaps.
Vaccination and animal challenge. Ten, healthy, filovirus-naive, adult (,3 to
9.5 kg, 7 female and 3 male), Chinese origin cynomolgus macaques (Macaca
fascicularis) were randomized with Microsoft Excel into two experiment groups
of four animals each and a control group of two animals. Animals in one experi-
mental group were vaccinated by intramuscular injection of approximately
23 107 PFU of the rVSVN4CT1GP1vaccine while animals in the other experi-
mental group were vaccinated with approximately 23 107 PFU of the VSV-
N1CT1 ZEBOVGP vaccine. The two control animals were not vaccinated. Four
weeks after the single injection vaccination all ten animals were challenged by
intramuscular injection with 1,000PFU of the ZEBOV Makona strain virus. All
animals were given physical exams and blood was collected before vaccination, at
day 10 after vaccination, at the time of ZEBOV challenge and on days 3, 6, 10, 14,
21 and 28 after ZEBOV challenge (Fig. 1d, arrows). Animals weremonitored daily
and scored for disease progression with an internal filovirus scoring protocol
approved by the UTMB Institutional Animal Care and Use Committee. The
scoring changes measured from baseline included posture/activity level, atti-
tude/behaviour, food andwater intake, weight, respiration, and diseasemanifesta-


tions such as visible rash, haemorrhage, ecchymosis, or flushed skin. A score of$ 9
indicated that an animal met criteria for euthanasia. This study was not blinded.
Anti-ZEBOVGP IgG ELISA. Serum collected at indicated time points was tested
for immunoglobulin G (IgG) antibodies against ZEBOV. Enzyme-linked immu-
nosorbent assay (ELISA) using recombinant ZEBOV GPdTM purified protein
(Integrated BioTherapeutics, Inc.) was used to detect cross-reactive IgG.
ZEBOV GPdTM was diluted to an optimal working concentration of 100ng per
well in 0.1ml carbonate/bicarbonate buffer (carbonate/bicarbonate buffer with
azide tablets from Sigma catalogue number 08058-50TAB-F) and used to coat
Immulon 2HB flat bottom ELISA plates (Thermo Labsystem catalogue number
3455) for 18 h at 4 uC. Coated plates were blocked (10% FBS1 13 PBS) for at least
2 h. The serum samples were assayed at twofold dilutions starting at a 1:100
dilution in ELISA diluent (1% heat inactivated fetal bovine serum (HI-FBS),
13 PBS, and 0.2% Tween-20). Samples were incubated for 1 h at room temper-
ature, removed, and plates were washed. Wells were then incubated at room
temperature for 1 h with anti-monkey IgG conjugated to horseradish peroxidase
(Fitzgerald Industries International) at a 1:2,500 dilution. Thesewells were washed
and then incubated with 2,2’-azine-di(3ethylbenzthiazoline-6-sulfonate) peroxi-
dase substrate system (KPL) at room temperature for approximately 10min.
Reaction was stopped with 1% SDS and read for dilution endpoints at 405nm
on amicroplate reader (Molecular Devices Emax system). Absorbance valueswere
normalized by subtraction of background A405nm from uncoated wells for each
serum dilution. Antigen-specific serum IgG end-point titres were defined as the
reciprocal of the last normalized serum dilution giving anA405 nm greater than 0.1.
ZEBOV neutralization assay. Neutralization assays were performed by mea-
suring plaque reduction in a constant virus:serum dilution format as previously
described9. Briefly, a standard amount of ZEBOV (,100PFU)was incubated with
serial twofold dilutions of the serum sample for 60min. The mixture was used to
inoculate Vero E6 cells (ATCC, CRL-1586) for 60min. Cells were overlaid with an
agar medium, incubated for 7 days, and plaques were counted 48 h after neutral
red staining. Endpoint titres were determined by the dilution of serum, which
neutralized 50% of the plaques (PRNT50).
IFN-c ELISpot assay. Ninety-six-well flat-bottomed ELISpot plates (Millipore)
were coated overnight with a mouse anti-human IFN-c monoclonal antibody
(clone 27; BD-Pharmingen) at a concentration of 10mgml21, after which the
plates were washed three times with 13 PBS and then blocked for 2 h with PBS
containing 5% heat-inactivated FBS. Heparinized whole blood was collected
10 days after immunization of macaques, and peripheral blood mononuclear cells
(PBMCs) were isolated from whole blood by Ficoll-Hypaque density gradient
centrifugation, and resuspended in complete R05 culture medium. The isolated
macaque PBMCs were washed once with complete R05 culture medium and
resuspended in complete R05 culture medium containing either 5mgml21 phy-
tohaemagglutinin mucoprotein (Sigma), peptide pools (15-mers overlapping by
11 amino acids; final peptide concentration, 1mM each) spanning the ZEBOV
Mayinga strain GP, or medium alone. The input cell number was 23 105 PBMCs
per well (23 106 PBMCs per ml), and cells were assayed in duplicate wells. Cells
were incubated for 18 to 24 h at 37 uC and then removed from the ELISpot plate by
first being washed with deionized water and then being washed six times with 13
PBS containing 0.25% Tween 20. Thereafter, plates were treated with a rabbit
polyclonal anti-human IFN-c biotinylated detection antibody (0.65mg per well;
Life Technologies) diluted with 13 PBS containing 1% bovine serum albumin
(BSA) and were incubated at 37 uC for 2 h. ELISpot plates were then washed 6
times with 13 PBS containing 0.25% Tween 20, treated with 100ml per well of
streptavidin–horseradish peroxidase conjugate (BD Biosciences) diluted 1:250
with 13 PBS containing 10% FBS and 0.005% Tween 20, and incubated for an
additional 1 h at room temperature. Unbound conjugate was removed by rinsing
the plate six times with 13 PBS containing 0.25% Tween 20 and three times with
13 PBS. A chromogenic substrate (100ml per well) (one-step nitroblue tetrazo-
lium/5-bromo-4-chloro-3-indolylphosphate (NBT/BCIP); Pierce)was then added
for 3 to 5min before being rinsed away with water, after which the plates were air
dried and the resulting spots counted using an ImmunoSpot reader (CTL Inc.).
Peptide-specific IFN-c ELISpot responses were considered positive if the res-
ponses (minus the medium background) were threefold above the medium res-
ponse and 50 spot-forming cells (SFC) per 106 PBMCs. Unpaired t-test analysis of
IFN-c ELISpot data was performed on GraphPad Prism version 5.02 software.
Two-tailed P values less than 0.05 indicated that the tests were statistically signifi-
cant.
Detection of viraemia. Virus titration of the rVSV vaccine vectors and ZEBOV
was performed by plaque assay with Vero E6 cells (ATCC, CRL-1586) from cell
culture or serum samples as previously described9. Briefly, increasing tenfold
dilutions of the samples were adsorbed to Vero E6 monolayers in duplicate wells
(200ml); the limit of detection was 25PFU per ml.
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Haematology and serum biochemistry. Total white blood cell counts, white
blood cell differentials, red blood cell counts, platelet counts, haematocrit values,
total haemoglobin concentrations, mean cell volumes, mean corpuscular volumes,
and mean corpuscular haemoglobin concentrations were analysed from blood
collected in tubes containing EDTA using a laser based haematologic analyser
(Beckman Coulter). Serum samples were tested for concentrations of albumin,
amylase, alanine aminotransferase, aspartate aminotransferase, alkaline phospha-
tase, gamma-glutamyltransferase, glucose, cholesterol, total protein, total biliru-
bin, blood urea nitrogen, creatine, andC-reactive protein by using a Piccolo point-
of-care analyser and Biochemistry Panel Plus analyser discs (Abaxis).
Histopathology and immunohistochemistry. Necropsy was performed on all
subjects. Tissue samples of all major organs were collected for histopathological
and immunohistochemical examination, immersion-fixed in 10% neutral buffered
formalin, and processed for histopathology as previously described21. For immuno-
histochemistry, specific anti-ZEBOV immunoreactivity was detected using an anti-


ZEBOVVP40 protein rabbit primary antibody (Integrated BioTherapeutics, Inc.) at
a 1:4,000 dilution. In brief, tissue sections were processed for immunohistochemistry
using the Dako Autostainer (Dako). Secondary antibody used was biotinylated goat
anti-rabbit IgG (Vector Laboratories) at 1:200 followedbyDakoLSAB2 streptavidin–
horseradish peroxidase (Dako). Slides were developed with Dako DAB chromagen
(Dako) and counterstained with haematoxylin. Non-immune rabbit IgGwas used as
a negative control.


19. Cooper, D. et al. Attenuation of recombinant vesicular stomatitis virus HIV-1
vaccine vectors by gene translocations and G gene truncation reduces
neurovirulence and enhances immunogenicity in mice. J. Virol. 82, 207–219
(2008). Medline CrossRef.


20. Witko, S. E. et al. An efficient helper-virus-freemethod for rescue of recombinant
paramyxoviruses and rhadoviruses from a cell line suitable for vaccine
development. J. Virol. Methods 135, 91–101 (2006). Medline CrossRef.


21. Thi, E. P. et al.Marburg virus infection in nonhuman primates: Therapeutic
treatment by lipid-encapsulated siRNA. Sci. Transl. Med. 6, 250ra116 (2014).
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Extended Data Figure 1 | Relative immunogenicity of rVSV/ZEBOV
vectors in cynomolgus macaques. At study day228, cynomolgus macaques
were immunized intramuscularly with 23 107 PFU of either N4 or N1 vectors.
Ten days after a single immunization, PBMCs were prepared and ZEBOVGP-


specific T-cell responses were quantified by IFN-c ELISpot assay. a, ZEBOV
GP-specific IFN-c ELISpot responses in individual macaques. b, Average
ZEBOV GP-specific IFN-c ELISpot responses with s.e.m. indicated.
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Abstract: The henipaviruses, Nipah virus (NiV), and Hendra virus (HeV) can cause fatal diseases in
humans and animals, whereas Cedar virus is a nonpathogenic henipavirus. Here, using a recombinant
Cedar virus (rCedV) reverse genetics platform, the fusion (F) and attachment (G) glycoprotein genes
of rCedV were replaced with those of NiV-Bangladesh (NiV-B) or HeV, generating replication-
competent chimeric viruses (rCedV-NiV-B and rCedV-HeV), both with and without green fluorescent
protein (GFP) or luciferase protein genes. The rCedV chimeras induced a Type I interferon response
and utilized only ephrin-B2 and ephrin-B3 as entry receptors compared to rCedV. The neutralizing
potencies of well-characterized cross-reactive NiV/HeV F and G specific monoclonal antibodies
against rCedV-NiV-B-GFP and rCedV-HeV-GFP highly correlated with measurements obtained using
authentic NiV-B and HeV when tested in parallel by plaque reduction neutralization tests (PRNT). A
rapid, high-throughput, and quantitative fluorescence reduction neutralization test (FRNT) using
the GFP-encoding chimeras was established, and monoclonal antibody neutralization data derived
by FRNT highly correlated with data derived by PRNT. The FRNT assay could also measure serum
neutralization titers from henipavirus G glycoprotein immunized animals. These rCedV chimeras are
an authentic henipavirus-based surrogate neutralization assay that is rapid, cost-effective, and can be
utilized outside high containment.

Keywords: Hendra virus; Nipah virus; Cedar virus; henipavirus; chimera; reverse genetics; virus
neutralization; vaccine; virus-host cell interaction; antibody; serum

1. Introduction

The bat-borne highly pathogenic Hendra virus (HeV) and Nipah virus (NiV) are the
prototype members of the genus Henipavirus within the family Paramyxoviridae [1]. HeV and
NiV are classified as Biosafety Level-4 (BSL-4) pathogens because of their high lethality and
lack of approved vaccines or antivirals and are transboundary agents of significant disease
threats to livestock and people in Australia and South and Southeast Asia, respectively.
The genus now includes nine other reported henipaviruses; the four viral isolates of Cedar
virus (CedV), Gamak virus, Daeryong virus, and Langya virus (LayV), [2–4] and five
additional species known only from nucleic acid sequence information; Ghana bat virus
(GhV), Mòjiāng virus, Melian virus, Denwin virus, and Angavokely virus (AngV) [5–8].
The recognized or apparent natural reservoir of all isolates of NiV, HeV, and CedV, along
with the genomic data of GhV and AngV, are old-world fruit bats of the family Pteropodidae.
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Whereas the six other reported henipaviruses are, or are likely, of rodent origins, including
the isolate LayV. Only HeV and NiV are known to be associated with severe and often
fatal henipaviral disease in humans and a number of animal species (reviewed in: [9,10]),
while LayV was associated with nonfatal febrile illnesses in humans [4]. In contrast, CedV
is the only henipavirus isolate demonstrated to be nonpathogenic in well-established
animal models of NiV and HeV infection and disease, including guinea pigs, ferrets,
hamsters [2,11], and African green monkeys (Geisbert, T.W. and Broder, C.C., unpublished).
An important distinction between CedV and other henipaviruses lies within the P gene,
which encodes the phosphoprotein (P), and the P gene transcripts of NiV and HeV undergo
RNA editing to produce the V and W nonstructural proteins that are key interferon (IFN)
antagonists (reviewed in [12,13]). The CedV P gene lacks both RNA editing and does not
encode V or W [2,14]. Several studies with recombinant NiV variants have demonstrated
the differential importance of the V and W proteins in the pathogenesis brought about by
NiV infection in both the hamster and ferret models, and a lack of the V protein resulted
in nonlethal infections [15–18]. All other recognized or proposed henipaviruses have the
potential to express V and W proteins based on current genetic data. The absence of
these proteins in CedV is hypothesized to be the key factor underlying its nonpathogenic
nature in established NiV and HeV animal models. These data permitted the rescue and
characterization of recombinant CedV (rCedV) by reverse genetics at BSL-2 containment,
and CedV is now recognized as a BSL-2 restricted agent [19–21].

The development of effective countermeasures against NiV and HeV has been a
research priority since their discovery [22]. NiV and henipaviral diseases are also included
on the WHO’s Blueprint List of Priority Pathogens [23], and NiV is among the Coalition for
Epidemic Preparedness Innovations (CEPI) list of Priority Diseases needing urgent research
and countermeasure development [24,25]. There are currently no licensed NiV/HeV
vaccines or antivirals approved for human use, although a licensed vaccine to prevent
HeV infection in horses, based on a soluble form of the attachment (G) glycoprotein
(sG) from HeV (HeV-sG), was launched in Australia (Equivac® HeV) by Zoetis, Inc.,
in November 2012 [26]. A NiV vaccine formulated for human use with the HeV-sG
immunogen is currently in Phase 1 human clinical trials [27]. As a therapeutic approach
development for henipavirus human infection, the human monoclonal antibody (mAb)
m102.4, specific to the NiV and HeV G glycoprotein receptor binding site, has completed
a Phase I clinical trial in Australia [28]. To date, 18 individuals exposed to either HeV
in Australia (n = 17) or NiV in the United States (n = 1) have received high-dose, post-
exposure, m102.4 therapy (15–20 mg/kg) by emergency use protocols and no evidence of
virus infection has been reported.

The G glycoprotein (also referred to as the receptor-binding protein (RBP)), together
with the fusion (F) glycoprotein on the surface of the henipavirus virion, are the mediators
of virus attachment and infection [29]. The RBP determines the cellular tropism of infection.
The NiV and HeV G glycoproteins specifically bind to cells expressing the ephrin-B class
ligands, ephrin-B2, and ephrin-B3 [30–33]. In contrast, CedV has a uniquely broad ephrin
protein tropism and can utilize both B-class and A-class ephrins for cell entry and infec-
tion [21,34]. The binding of NiV or HeV G to their ephrin entry receptors on cells triggers a
well-characterized activation and refolding of F from a pre- to post-fusion conformation
that facilitates the merger of the virion and host cell membranes and subsequent delivery
of the viral nucleocapsid into the cell cytoplasm (reviewed in [35]). Importantly, the F and
G glycoproteins are also the major viral structural protein targets of neutralizing antibodies
and the relevant antigens employed in all henipavirus vaccine strategies [22]. However,
for pathogenic henipavirus vaccines or antibody-based countermeasure strategies, the
assessment and quantification of neutralizing antibody responses or their potencies against
authentic NiV and HeV, which requires BSL-4 containment, can be a major challenge.

Using a rCedV reverse genetics platform, the CedV F and G glycoprotein genes were
replaced with those of NiV-B or HeV, and replication-competent chimeric henipaviruses
(rCedV-NiV-B and rCedV-HeV) were rescued. Both non-reporter and two reporter gene
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versions, encoding a green fluorescent protein (GFP) or luciferase protein (Luc), of the
rCedV chimeras were also produced. Characterization of the chimeric viruses revealed no
significant differences in their replication kinetics or ability to induce a type I IFN response
compared to rCedV and possessed the same ephrin B-class entry receptor tropisms as NiV-B
and HeV. The neutralization potencies of several well-characterized cross-reactive NiV and
HeV F and G specific mAbs against rCedV-NiV-B-GFP and rCedV-HeV-GFP were highly
correlated with those measured using authentic NiV-B and HeV when tested in parallel by
a plaque reduction neutralization test (PRNT). A rapid high-throughput and quantitative
fluorescence reduction neutralization test (FRNT) using the GFP-encoding chimeras was
established that also yielded highly correlated mAb neutralization potencies with those
derived by PRNT. The FRNT assay was also suitable for measuring serum neutralization
titers from animals immunized with recombinant HeV or NiV soluble G glycoproteins.
Taken together, the rCedV chimera platform is an authentic henipavirus-based surrogate
neutralization assay for pathogenic henipaviruses that is rapid, cost-effective and can be
utilized outside BSL-4 containment.

2. Materials and Methods
2.1. Construction of pOLTV5-rCedV Chimeric Antigenomes

A full description of the synthesis of the rCedV antigenome clone (pOLTV5-rCedV)
has previously been described [20]. Here, an optimized version of the pOLTV5-rCedV
antigenome clone was designed, and the 3′ end of the T7 minimal promoter (T7min) se-
quence (TAATACGACTCACTATA) was modified by the addition of nucleotides GGGAGA
to generate a T7 optimal promoter (T7opt) [36]. The T7opt sequence was then followed by
the insertion of a self-cleaving autocatalytic hammerhead ribozyme A (HHRbzA) sequence
(GGGAGATTGGTCTGATGAGTCCGTGAGGACGAAACGGAGTCTAGACTCCGTC) [36].
This synthesized gene fragment (T7opt-HHRbzA) (Genscript; NJ, USA) was enzymatically
inserted to precede the CedV 3′ Leader (3′ Le) sequence in the pOLTV5-rCedV plasmid to
yield pOLTV5opt-rCedV (Figure 1A).
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Figure 1. Schematic representation of the optimized rCedV plasmid and the genomes of the generated
rCedV chimeric viruses. (A) The pOLTV5opt-rCedV plasmid illustrates the location and sequences
of the T7 optimal promoter (T7opt) and the Hammerhead Ribozyme A (HHRbzA). The long arrows
indicate regions of self-cleavage. Unique restriction sites MluI and SphI used to construct the rCedV
chimeric plasmids are shown. (B) The genomes and the lengths of the generated chimeras are
schematically diagrammed as rCedV-NiV-B, rCedV-NiV-B-GFP, rCedV-NiV-B-Luc, rCedV-HeV, rCedV-
HeV-GFP, and rCedV-HeV-Luc. pOLTV5opt-rCedV, optimized pOLTV5-rCedV plasmid; T7min, T7
minimal promoter; T7opt, T7 optimal promoter; HHRbzA, Hammerhead Ribozyme A; 3′Le, 3′ Leader;
5′Tr, 5′ Trailer; HDVRbz, hepatitis delta virus ribozyme; T7t, T7 terminator.
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Large gene cassettes comprising CedV F and G untranslated intergenic regions flank-
ing the respective NiV-B or HeV F and G coding sequences were synthesized (Genscript).
The NiV-B F and G coding sequences were based on the NiV-B 2010 Faridpur isolate (Gen-
Bank: JN808864.1). The HeV F and G protein sequences used here, HeV genome (GenBank:
MN062017.1), are identical to that of the HeV 2008 Redlands isolate (GenBank: JN255805.1).
The isolates and GenBank accession numbers for each F and G protein are listed in Table 1.
Unique restriction enzyme sites facilitated the insertion of the NiV-B or HeV F and G gene
cassettes into pOLTV5opt-rCedV (Figure 1A) to ultimately generate non-reporter versions,
pOLTV5opt-rCedV-NiV-B or pOLTV5opt-rCedV-HeV. The “rule-of-six” was maintained by
removing the last three nucleotides (ACG; amino acid Threonine) from the NiV-B F coding
sequence and adding a stop codon (TAA) to the end of the HeV F coding region. The
insertion of a modified turbo Green Fluorescent Protein (GFP) gene (Lonza Inc., Allen-
dale, NJ, USA) or firefly (Photinus pyralis) luciferase (Luc) gene (a kind gift from Dr. B
Schaefer, USU) between CedV P and M genes of the newly constructed pOLTV5opt-rCedV
chimeric plasmids using standard molecular techniques was as previously described [20,37]
and yielded pOLTV5opt-rCedV chimeric reporter gene encoding versions of the rCedV
antigenome clones. All cloning was performed with Escherichia coli Stbl2 cells (Invitrogen;
Carlsbad, CA, USA). The insertions were sequenced to obtain at least 2-fold coverage.

Table 1. GenBank accession numbers of NiV-B and HeV envelope glycoproteins.

Henipavirus Isolate Protein GenBank Accession Number

NiV-B 2010 Faridpur F AEZ01396.1
G AEZ01397.1

HeV 2008 Redlands
F AEQ38070.1
G AEQ38071.1

2.2. Cells, Monoclonal Antibodies, Rhesus Macaque, and Rabbit Immune Sera

BSR-T7/5 cells, a BHK-derived cell line stably expressing T7 RNA polymerase [38],
HeLa-USU, HeLa (ATCC CCL-2), Vero E6 (ATCC CCL-81), and Vero 76 (ATCC CRL-1587)
cell lines were maintained at 37 ◦C, 5% CO2 in Dulbecco’s modified eagle media (DMEM)
(Quality Biological; Gaithersburg, MD, USA) supplemented with 10% cosmic calf serum
(CCS) and 1% L-glutamine (Quality Biological) (DMEM-10). HeLa-USU-ephrin-B2 and
HeLa-USU-ephrin-B3 stable cell lines were maintained in DMEM-10% CCS, 1% L-glutamine
supplemented with 0.4 mg/mL Hygromycin B (Invitrogen).

The neutralizing HeV and NiV cross-reactive human mAb, m102.4, is a G glycoprotein-
specific IgG1 subclass antibody [28,39–43]. The humanized 5B3.1 (h5B3.1) mAb [44,45]
and the murine mAbs 12B2 and 1F5 [46] are IgG1 mAbs cross-reactive to HeV and NiV
F glycoprotein. Anti-NiV G glycoprotein-specific sera were from four rhesus macaques
immunized at the University of Texas Medical Branch at Galveston, TX, on days 0, 28,
and 56 with an equal mixture of 0.1 mg NiV-B and 0.1 mg NiV-M recombinant soluble G
(sG) glycoproteins adjuvanted with aluminum hydroxide suspension (Auro Vaccines, LLC,
Pearl River, NY, USA) [47]. Sera were collected on days 42 and 84 post-immunization and
stored at−80 ◦C. Anti-HeV G glycoprotein-specific sera were prepared using the HeV/NiV
recombinant soluble HeV G glycoprotein vaccine candidate (HeV-sG) [26,27,48–54] or HeV-
sGtet [55], a tetrameric version of the HeV sG glycoprotein which was constructed similarly
to other henipavirus sG glycoproteins as described in Cheliout Da Silva et al. [56]. Sera from
rabbits immunized on days 0 and 28 with 0.1 mg HeV-sG or HeV-sGtet formulated with
complete Freund’s adjuvant (initial injection) and boosted with immunogen formulated
with incomplete Freund’s adjuvant (booster injection) were prepared by Noble Life Sciences;
Woodbine, MD. Sera were collected on day 45 post-immunization and stored at −80 ◦C.
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2.3. Rescue of Recombinant CedV Chimeras

BSR-T7/5 cells in a 12-well plate (2.5× 105 cells/well) were co-transfected with pCMV-
CedV helper plasmids pCMV-CedV-N (1.25 µg), pCMV-CedV-P (0.8 µg) and pCMV-CedV-L
(0.4 µg) together with one of the pOLTV5opt-rCedV chimera antigenome constructs (3.5 µg)
using TransIT-LT1 transfection reagent (Mirus Bio; Madison, WI, USA) according to the
manufacturer’s recommendations. After 4–5 days, transfected cells were observed for
syncytia formation and/or GFP expression. Supernatants from successful rescue wells
were collected and passaged onto naïve Vero E6 cells in a T-75 flask to prepare a master
stock of each of the rCedV chimeras. When maximal syncytia and/or GFP expression was
observed (~2–3 days), viral supernatants were collected and clarified by centrifugation
at 948× g (2400 rpm) for 10 min to pellet cell debris. The supernatant was transferred to
screw-cap tubes as single-use aliquots and stored at −80 ◦C. All rCedV chimeras were deep
sequenced using Illumina short reads, and variants were analyzed. Briefly, sequencing
libraries were prepared from total RNA using the TruSeq Stranded Total RNA Sample Prep
kit (Illumina, San Diego, CA, USA) and subjected to multiplexed sequencing on either the
Illumina MiSeq platform using 600 cycles, V3 chemistry, or the Illumina NextSeq platform
using 300 cycles, V2 chemistry. The resulting sequencing reads were analyzed using EDGE
Bioinformatics tools [57] and an in-house metagenomics pipeline called MetaDetector
(unpublished). EDGE Bioinformatics suite was used for read processing, and the host read
subtraction, de novo assembly, taxonomic classification, and variant detection. Sequencing
reads were also processed in parallel using MetaDetector, which checked for quality using
FASTQC [58], trimmed for quality using BBDuk (Q20) [59], and removed incidental match-
ing human genome reads using BBMAP [59]. The remaining reads were assembled using
metaSPAdes and SPAdes [60]; the resulting contigs, along with all the cleaned singleton
reads, were BLAST searched using Diamond [61] for taxonomic classification. The final as-
semblies were examined and constructs were identified to be annotated using BLASTn and
BLASTx implemented in CLC Genomics Workbench (QIAGEN Bioinformatics; Redwood
City, CA). Variant analysis was performed by mapping the reads to a publicly available
reference Cedar virus genome from isolate CG1a (GenBank accession JQ001776) using
EDGE Bioinformatics tools and iVar [62].

2.4. Viral Plaque Assay

Viral stocks were titrated by plaque assay as previously described [20,37,63]. Briefly, a
ten-fold serial dilution of the virus stock was prepared in DMEM-10, 200 µL of which was
applied to pre-seeded Vero E6 cells in duplicate (5 × 105 cells/well) in a 12-well plate and
incubated for 1 h at 37 ◦C, 5% CO2. A 2 mL overlay of a 1:1 mix of DMEM containing 5%
CCS and 1% L-glutamine (DMEM-5) with 2% carboxymethylcellulose sodium salt (medium
viscosity) (Sigma-Aldrich; St. Louis, MO, USA) was applied to all wells and incubated for
4 days at 37 ◦C, 5% CO2. Cells were fixed with 4% Formaldehyde in 1× PBS for 1 h at
room temperature and stained with 0.5% crystal violet in 80% methanol for 15 min at room
temperature. The stain was removed and washed with diH2O, and plaque-forming units
(PFU) were counted and expressed as PFU/mL.

2.5. Virus Biosafety Procedures and Regulations

Laboratory manipulation guidelines and standard operating procedures for rCedV-
NiV-B, rCedV-NiV-B-GFP, rCedV-NiV-B-Luc, rCedV-HeV, rCedV-HeV-GFP, rCedV-HeV-
Luc, rCedV, rCedV-GFP and rCedV-Luc under BSL-2 conditions have been established, re-
viewed, and approved by the Uniformed Services University (USU), Institutional Biosafety
Committee in accordance with NIH guidelines. The rCedV-HeV-GFP and/or rCedV-NiV-
B-GFP chimeras have been previously used in mAb neutralization and mAb synergy
neutralization studies [47,64,65]. A P2 stock of NiV-B was used in these studies. There were
four mutations of sufficient frequency in comparison to the reference sequence GenBank
Accession number AY988601.1. Of these, one was non-coding, and the other three led to
single amino acid changes: one in the M protein and two in the F protein [66]. The HeV
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isolate used in these studies (GenBank Accession number NC_001906) was obtained from a
patient from the 1994 outbreak in Australia and was provided by Dr. Thomas Ksiazek [45].
All studies with authentic NiV-B and HeV were performed within the BSL-4 facilities of
the Galveston National Laboratory, The University of Texas Medical Branch at Galveston,
TX, USA.

2.6. Western Blot Analysis

Vero E6 cells in a 6-well plate were infected at a density of 1 × 106 cells/well with
rCedV-NiV-B, rCedV-NiV-B-GFP, rCedV-NiV-B-Luc, rCedV-HeV, rCedV-HeV-GFP, rCedV-
HeV-Luc, rCedV, rCedV-GFP or rCedV-Luc at a multiplicity of infection (MOI) of 0.01.
Simultaneously, the cells were co-transfected with a total of 2 µg of the plasmid to express
both F and G glycoproteins from either NiV or HeV. A promoter-modified pcDNA3.1 vector
with a hygromycin selection marker [67] encoding either NiV-F (pcDNA3.1-NiV-F) or NiV-
G (pcDNA3.1-NiV-G) was used for the NiV-F and NiV-G expression. A promoter-modified
pcDNA3.1 encoding either HeV-F (pcDNA3.1-HeV-F) or HeV-G (pcDNA3.1-HeV-G) was
used for the HeV-F and HeV-G expression. At 24 h and 48 h post-infection, cells were
collected and lysed with 1× RIPA (radioimmunoprecipitation assay) Lysis and Extraction
Buffer (ThermoFisher Scientific; Waltham, MA, USA) containing a protein inhibitor cocktail
(ThermoFisher Scientific). Total protein (~30 µg) in reducing sample buffer (2× lithium
dodecyl sulfate (LDS) NuPage® sample buffer (Invitrogen), 5% β-mercaptoethanol (Sigma-
Aldrich, St. Louis, MO, USA) was boiled for 10 min at 100 ◦C. Proteins were separated
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on a 4–12%
Bis-Tris gel (ThermoFisher Scientific) and then transferred on nitrocellulose membranes
(ThermoFisher Scientific). The membranes were blocked in 5% milk in 1× PBS with
0.1% Tween-20 at room temperature. Cross-reactive murine mAbs specific to NiV and
HeV F (mAb 5G7) or to NiV and HeV G (mAb 48D3) glycoproteins, polyclonal rabbit
sera to CedV-N (CSIRO, Victoria, Australia), and β-actin (ThermoFisher Scientific) were
used as primary antibodies and subsequently probed with a corresponding secondary
HRP-coupled antibody.

2.7. Virus Replication Kinetics

Vero E6 cells were seeded at a density of 2× 104 cells/well in a 96-well cell culture plate.
The next day, cells were infected at an MOI of 0.01 at 37 ◦C, 5% CO2. After 1 h, the viral
inoculum was removed, and fresh DMEM-10 was added to all wells. Supernatants were
collected at 0, 8, 24, 48, and 72 h post-infection and stored at −80 ◦C until ready to analyze.
Viral titers were determined by plaque assay as described in Section 2.4 and were expressed
as plaque-forming units (PFU) per mL (PFU/mL). To determine intracellular luciferase
activity, cells infected with either the non-reporter or Luc expressing viral chimeras were
lysed with the Steady-Glo® Luciferase Assay System (Promega, Madison, WI, USA) in a 1:1
mixture with DMEM-10. After a 10 min incubation at room temperature, the homogenate
was transferred to a white opaque 96-well cell culture plate, Nunc™ F96 MicroWell™ White
Polystyrene Plate (ThermoFisher Scientific), and luminescence read using the GloMax®—
Multi Detection System (Promega, Madison, WI, USA). Relative light units (RLU) were
measured and normalized by subtracting the luminescence values of rCedV-NiV-B or
rCedV-HeV infected cells from the luminescence values of rCedV-NiV-B-Luc or rCedV-HeV-
Luc infected cells, respectively. Virus titers and luciferase activity levels at 0 h post-infection
indicate the lower limit of detection for the plaque assay and the luminometer, respectively.

2.8. Ephrin Entry Receptor Tropism

HeLa-USU, HeLa-USU-ephrin-B2, and HeLa-USU-ephrin-B3 cell lines were seeded
at a density of 2.5 × 105 cells/well in a 12-well cell culture plate. When confluent, the cell
culture medium was removed, and cells were left uninfected (Mock) or infected at an MOI
of 0.5 with either rCedV-NiV-B-GFP, rCedV-HeV-GFP, or rCedV-GFP individually diluted
in DMEM-10. At 24 h post-infection, rCedV-NiV-B-GFP, rCedV-HeV-GFP, and rCedV-GFP
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infected cell cultures were monitored for GFP fluorescence and syncytia. Images were
captured with a Zeiss Axio Observer A1 inverted microscope using the 5× objective.

2.9. Reverse Transcriptase Quantitative PCR (RT-qPCR) and Type I IFN Response

HeLa-CCL-2 cells were seeded at a density of 1.25 × 105 cells/well in a 24-well plate and
incubated overnight. Cells were left intact (Mock), transfected with polyinosinic:polycytidylic
acid (Poly I:C) (InvivoGen; San Diego, CA, USA) (10 µg/mL) using Lipofectamine LTX (Ther-
moFisher Scientific), or infected with rCedV-NiV-B, rCedV-HeV or rCedV at either an MOI
of 0.5 or 1.0. At 24 h post-infection, total RNA was extracted using the RNeasy Mini Kit
(Qiagen Sciences Inc., Germantown; MD, USA). An amount of 500 ng of DNase I digested
RNA was converted to cDNA using the Superscript III First-Strand Synthesis System (Ther-
moFisher Scientific) with oligo(dT) primers. Quantitative PCR (qPCR) was then performed
with the synthesized cDNA using the Power SYBR Green PCR Master Mix (ThermoFisher
Scientific) and the Applied Biosystems 7500 Real-Time PCR System. PCR cycling conditions
were: 95 ◦C, 10 min; 40× cycles of 95 ◦C, 15 s; 60 ◦C, 1 min; followed by a melt curve
analysis at the completion of each experiment. Each sample was analyzed for IFN-α, IFN-β
and 18S ribosomal RNA in triplicate, and fold changes were calculated relative to 18S ribo-
somal RNA and normalized to mock samples using the 2(−∆∆Ct) method. IFN-α forward
primer, 5′ TTTCTCCTGCCTGAAGGACAG 3′, IFN-α reverse primer, 5′ ACAGTCTCGTCTT-
TAGTACTCG 3′ [68]. IFN-β forward primer, 5′ GTCAGAGTGGAAATCCTAAG 3′, IFN-β
reverse primer, 5′ ACAGCATCTGCTGGTTGAAG 3′ [69]. An 18S ribosomal RNA forward
primer 5′ GGGCATTCGTATTTCATAGTCAGAG 3′, 18S ribosomal RNA reverse primer 5′

CGGTTCTTGATTAATGAAAACATCCT 3′ [70].

2.10. Plaque Reduction Neutralization Test (PRNT)

Vero 76 cells were seeded at a density of 6 × 105 cells/well in a 6-well plate and
incubated overnight at 37 ◦C, 5% CO2. The mAbs were serially diluted 3-fold in DMEM-10
such that an initial concentration of 10 µg/mL was used for the 9-point dose-response
curve. The diluted mAbs were incubated with an equal volume of either rCedV-NiV-B-GFP,
rCedV-HeV-GFP, NiV-B, or HeV at an MOI of 0.0001 for 1 h at 37 ◦C, 5% CO2. MOI was
calculated for a tentative 106 cells/well and 0.4 mL virus and antibody mixture per well.
Each virus-mAb mixture (400 µL/well) was added to duplicate wells. Following a 1 h incu-
bation at 37 ◦C, 5% CO2, the wells were overlaid with a 1:1 mix of 0.8% agarose/DMEM-10
and incubated for 4 days. A neutral red solution was added to each well and incubated
for 24 h, at which time plaques were counted. Neutralization percent (%) was calculated
by subtracting the PFUmAb for each virus from the respective PFU without the antibody,
i.e., Neutralization(%) = 100× (PFU0−PFUmAb)

PFU0
, where the PFUmAb is the PFU at the respec-

tive mAb concentration, and PFU0 is the PFU without the antibody. The 50% inhibitory
concentration (IC50) was determined as the antibody concentration at which there was
a 50% reduction in plaque counts versus untreated control wells. The IC50 values were
calculated by non-linear regression curve fitting with a variable slope using GraphPad
Prism 9 (GraphPad Software Inc., San Diego, CA, USA). The limit of detection for this assay
was 50 PFU.

2.11. Fluorescent Reduction Neutralization Test (FRNT)

Vero 76 cells were seeded at a density of 2 × 104 cells/well in black-walled clear
bottom 96-well plates (Corning Life Sciences; Corning, NY, USA) and incubated for 24 h
at 37 ◦C, 5% CO2. m102.4, h5B3.1, 12B2, and 1F5 mAbs were serially diluted 3-fold such
that an initial concentration of 1.1 µg/mL was used for the 7-point dose-response curve.
Immunized sera were 3-fold serially diluted in DMEM-10 such that NiV-B and NiV-M sG
immunized rhesus macaque sera were at a starting dilution of 1:200, and the HeV-sG and
HeV-sGtet rabbit sera were at a starting dilution of 1:400. An equal volume of DMEM-10
containing either rCedV-NiV-B-GFP or rCedV-HeV-GFP was added to each dilution for
a final MOI of 0.05 and incubated for 2 h at 37 ◦C, 5% CO2. Each of the virus-mAb or
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virus-sera mixtures (90 µL/well) was added to the pre-seeded Vero 76 cells in triplicate
and incubated for an additional 24 h at 37 ◦C, 5% CO2. The virus-mAb supernatants
were removed, and the plates were fixed with 4% Formaldehyde in 1× PBS for 20 min
at room temperature. The plates were then washed 3 times by hand with a slow stream
of diH2O, and the last wash was discarded before the plates were imaged using a CTL
S6 analyzer (Cellular Technology Limited; Shaker Heights, OH, USA). Fluorescent foci
were counted using the CTL Basic Count software. The 50% inhibitory concentration (IC50)
was determined as the antibody concentration or serum dilution at which there was a
50% reduction in fluorescent foci versus untreated control wells. The IC50 values were
calculated by non-linear regression curve fitting with a variable slope using GraphPad
Prism 9 (GraphPad Software Inc., San Diego, CA, USA). The limit of detection for this assay
was 50 fluorescent foci.

2.12. Statistical Analysis

Data were analyzed and graphed using GraphPad Prism 9 (GraphPad Software Inc.).
Unless otherwise stated, graphs and images are the average of three independent experi-
ments and are expressed as the arithmetic mean. Standard deviations were calculated and
represented accordingly. Statistical analyses for viral replication kinetics were performed
with two-way ANOVA followed by the Tukey post hoc test (α = 0.05). Statistical analy-
ses for qPCR experiments were performed with the unpaired, two-tailed Student t-test
using GraphPad Prism 9. Correlation analyses were performed using Pearson correlation
coefficient analyses.

3. Results
3.1. Construction and Rescue of Recombinant Cedar Virus-Based Chimeras

To generate rCedV chimeric viruses encoding the NiV-B or HeV envelope glycoprotein
genes, we first optimized the virus rescue efficiency of the previously described rCedV
reverse genetics system [20]. A pOLTV5opt-rCedV antigenome plasmid was constructed
by inserting a DNA fragment containing sequences for a T7 optimal promoter (T7opt)
and an autocatalytic Hammerhead Ribozyme A (HHRbzA) sequence upstream of the
rCedV 3′ leader antigenome sequence (see Materials and Methods) (Figure 1A). Next, a
large fragment of the pOLTV5opt-rCedV plasmid flanked by unique restriction enzyme
sites MluI and SphI was replaced with synthesized DNA fragments containing the open
reading frames of either the NiV-B or HeV F and G glycoproteins in place of the CedV
F and G glycoprotein encoding region. Reporter genes containing antigenome plasmids
encoding either GFP or Luc genes for each chimera were also generated (see Materials and
Methods). The reverse genetics method was then used to rescue a panel of replication-
competent rCedV chimeras as non-reporter gene versions (rCedV-NiV-B and rCedV-HeV)
and reporter gene encoding versions expressing GFP (rCedV-NiV-B-GFP and rCedV-HeV-
GFP) or Luc (rCedV-NiV-B-Luc and rCedV-HeV-Luc) proteins. A schematic representation
of the genomes and genome lengths of all rescued viruses is illustrated in Figure 1B.
Successful rescue of the viruses was confirmed by the detection of syncytia formation
(cytopathic effect (CPE)) when supernatants from BSR-T7/5 cells transfected with the
rCedV chimeric antigenome and CedV helper plasmids were then passaged onto Vero
E6 cells. Stock virus preparations were subsequently prepared, and virus genomes were
sequenced. When compared to the predicted genome sequences, the following mutations
were detected within coding sequences in the chimera genomes (e.g., excluding intergenic
regions) (Table S1). There were two mutations in the rCedV-HeV genome: one synonymous
single nucleotide variation (SNV) and one SNV that resulted in a single amino acid change
in the F protein. Three mutations were detected in the rCedV-HeV-GFP genome: one
synonymous SNV and two that resulted in single amino acid changes: one in the N protein
and the other in the M protein. There were four mutations in the rCedV-HeV-Luc genome,
and all four were synonymous mutations. The rCedV-NiV-B genome contained four
mutations, all resulting in single amino acid changes: one in the N protein, one in the M
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protein, and two in the L protein. There were eight mutations in the rCedV-NiV-B-GFP
genome: six were synonymous SNVs, and two resulted in single amino acid changes in the
N protein. There were nine mutations detected in the rCedV-NiV-B-Luc genome: five were
synonymous SNVs, and four resulted in single amino acid changes: one in the N protein,
one in the Luc protein, one in the M protein, and one in the L protein. No apparent loss of
rCedV chimera reproductive capacity or reporter gene loss or integrity has been observed
to date, probably owing to the requirement of these paramyxoviruses to the ‘rule-of-six.’

3.2. Characterization of Recombinant Cedar Virus-Based Chimeric Viruses

We assessed the ability of the rCedV-NiV-B chimeras and the rCedV-HeV chimeras to
facilitate membrane fusion and syncytia formation when used to infect cells (Figure 2). Vero
E6 cells were either uninfected (Mock) or infected with either rCedV-NiV-B, rCedV-NiV-B-
GFP, rCedV-NiV-B-Luc, rCedV-HeV, rCedV-HeV-GFP, or rCedV-HeV-Luc and comparisons
then made to Vero E6 cells infected with rCedV, rCedV-GFP or rCedV-Luc. At 24 h post-
infection, cells infected with the GFP-expressing viruses were imaged for fluorescence
and syncytia (Figure 2A), while cells infected with the non-reporter or Luc expressing
rCedV chimeras were imaged following fixation and crystal violet staining (Figure 2B).
Fluorescence and/or syncytia (yellow arrows) were observed in all infected Vero E6 cells.
The syncytia observed in cells infected with either the rCedV-NiV-B chimeras or the rCedV-
HeV chimeras were noticeably larger and contained more nuclei than those syncytia
observed in rCedV-infected cells (Figure 2). These data confirmed the functionality of the
NiV-B and HeV F and G glycoproteins expressed in the context of rCedV.

We next evaluated the relative expression levels of NiV-B and HeV F and G enve-
lope glycoproteins from cells infected with the rCedV chimeras in comparison to rCedV
(comparative control). Vero E6 cells were uninfected (Mock) or infected with either rCedV-
NiV-B, rCedV-NiV-B-GFP, rCedV-NiV-B-Luc, rCedV-HeV, rCedV-HeV-GFP, rCedV-HeV-
Luc, rCedV, rCedV-GFP or rCedV-Luc. For additional comparative purposes, separate
populations of Vero E6 cells were co-transfected with plasmids, pcDNA3.1-NiV-F and
pcDNA3.1-NiV-G (pcDNA3.1-NiV F + G), or pcDNA3.1-HeV-F and pcDNA3.1-HeV-G
(pcDNA3.1-HeV F + G). Representative western blot images for NiV-B and HeV F and
G glycoproteins probed with cross-reactive NiV/HeV F or G specific mAbs are shown
in Figure 3. We observed the precursor protein F0 and the processed F1 subunit in the
lysates of cells infected with the rCedV-NiV-B chimeras (Figure 3A) or the rCedV-HeV
chimeras (Figure 3B,C). A distinct band representing the G glycoprotein was detected in
all rCedV-NiV-B (Figure 3A) and rCedV-HeV (Figure 3B,C) infected lysates. Furthermore,
the NiV-B and HeV F and G glycoprotein SDS-PAGE gel migration profiles were similar
to those observed in the pcDNA3.1-NiV F + G (Figure 3A) and pcDNA3.1-HeV F + G
(Figure 3B,C) transfected cell lysates, respectively. Whereas, HeV/NiV-B F0, F1, or G bands
were not observed in any of the rCedV infected lysates (Figure 3). The lower levels of
F0, F1, and G observed in the rCedV-HeV-Luc infected lysates in comparison to the other
rCedV-HeV chimera infected lysates at 24 h post-infection (Figure 3B) could be attributed
to slower virus replication kinetics of rCedV-HeV-Luc (see Figure 4B). To address this,
we analyzed lysates of all rCedV-HeV chimeras at 48 h post-infection by western blot.
As shown in Figure 3C, the levels of HeV F0, F1, and G glycoproteins in all rCedV-HeV
chimeras were comparable at this later time point. The presence of CedV N protein served
as an expressed viral protein control and was observed in all infected cell lysates, while
β-actin served as a lysate loading control. These data confirm the expression of NiV-B and
HeV F and G glycoproteins in infected cells and indicate functional compatibility between
rCedV and NiV-B and HeV envelope glycoproteins in a relevant viral context.
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Figure 2. Syncytia induced by rCedV expressing NiV-B or HeV envelope glycoproteins. Vero E6
cells were uninfected (Mock) or infected with either rCedV-NiV-B, rCedV-NiV-B-GFP, rCedV-NiV-
B-Luc, rCedV-HeV, rCedV-HeV-GFP, rCedV-HeV-Luc, rCedV, rCedV-GFP or rCedV-Luc at a MOI
of 0.01. All images were taken 24 h post-infection. (A) Cells infected with GFP-expressing viruses.
Transmitted light (top row), fluorescence (middle row), and merged (bottom row) images are shown.
The respective zoomed-in fluorescence images (3rd row) are regions from the yellow boxes. (B) Cells
infected with non-reporter or Luc expressing rCedV chimeras were fixed, stained, and then imaged
for syncytia. The images taken with transmitted light are shown. Images were captured with a Zeiss
Axio Observer A1 inverted microscope using a 5× objective. Arrows indicate giant multinucleated
cells (syncytia). Representative images from three independent experiments are shown. Scale bar,
50 µm.
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Figure 3. Expression of NiV-B and HeV envelope glycoproteins in infected cells. Vero E6 cells
were uninfected (Mock) or infected at a MOI of 0.01 with either rCedV-NiV-B, rCedV-NiV-B-GFP,
rCedV-NiV-B-Luc (A), rCedV-HeV, rCedV-HeV-GFP, rCedV-HeV-Luc (B,C), rCedV, rCedV-GFP or
rCedV-Luc. As a reference, cells were co-transfected with a total of 2 µg of pcDNA3.1-NiV-F and
pcDNA3.1-NiV-G (pcDNA3.1-NiV F + G), or pcDNA3.1-HeV-F and pcDNA3.1-HeV-G (pcDNA3.1-
HeV F + G). Cells were harvested at 24 h post-infection (A,B) (rCedV-NiV-B and rCedV-HeV chimeras)
or 48 h post-infection (C) (rCedV-HeV chimeras only), lysates were prepared and total protein (~30 µg)
resolved by SDS-PAGE followed by western blot assay. The subsequent membrane was probed with
HeV and NiV cross-reactive monoclonal antibodies (mAbs) against F glycoprotein (mAb 5G7) and G
glycoprotein (mAb 48D3), polyclonal rabbit serum to CedV-N and β-actin. Representative images
from two independent experiments are shown.

The replication kinetics of rCedV-NiV-B, rCedV-NiV-B-GFP, and rCedV-NiV-B-Luc
(Figure 4A) and rCedV-HeV, rCedV-HeV-GFP, and rCedV-HeV-Luc (Figure 4B) were also
compared to rCedV. Plaque assays were performed on harvested viral supernatants, and
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infectious virus titers were determined. We observed a gradual increase in infectious virus
titers of all rCedV chimeric viruses that peaked 48 h post-infection (Figure 4). Specifically,
the rCedV-NiV-B chimeras reached maximum virus titers of ~4–7× 105 PFU/mL, while the
rCedV-HeV chimeras peaked at ~2–9× 105 PFU/mL. No statistically significant differences
in replicated virus titers were observed between any of the rCedV-NiV-B chimeras or
the rCedV-HeV chimeras or when compared to rCedV. In parallel, luciferase activity
in rCedV-NiV-B-Luc and rCedV-HeV-Luc infected cells was measured. Figure 4 (right
y-axes, black dashed lines) shows an increase in luminescence signal for both rCedV-NiV-
B-Luc (Figure 4A) and rCedV-HeV-Luc (Figure 4B), which corresponded to the increase
in infectious virus titers of their respective chimeras. Maximum luminescence signal was
measured at 3.5 × 107 RLU at 48 h post-infection for rCedV-HeV-Luc and at ~8 × 106 RLU
at 24 h post-infection for rCedV-NiV-B-Luc. The latter is likely due to extensive syncytia,
and CPE observed in rCedV-NiV-B infected cells. These data illustrate that the rCedV
chimeric viruses replicated efficiently and were comparable to rCedV and that luciferase
activity is an indicator of viral genome expression.
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Figure 4. Replication kinetics of rCedV chimeras. Infectious virus titers (PFU/mL) determined from
supernatants harvested at the indicated time points from Vero E6 cells infected at a MOI of 0.01
with rCedV-NiV-B (clear red bar), rCedV-NiV-B-GFP (dotted red bar), rCedV-NiV-B-Luc (striped
red bar) (A), rCedV-HeV (clear green bar), rCedV-HeV-GFP (dotted green bar) or rCedV-HeV-Luc
(striped green bar) (B). As a reference, separate populations of Vero E6 cells were also infected
with rCedV (blue bar) (A,B). Normalized relative light units (RLU) for CedV-NiV-B-Luc (A) and
rCedV-HeV-Luc (B) infected cells are represented on the right y-axes as black dashed lines. These
data represent mean ± standard deviation from three independent experiments. Virus titers and
luciferase activity levels at 0 h post-infection indicate the lower limit of detection for the plaque
assay and the luminometer, respectively. Statistical analysis was performed in GraphPad Prism 9 by
two-way ANOVA followed by Tukey’s post hoc test (α = 0.05).
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3.3. Ephrin Entry Receptor Tropism of Recombinant Cedar Virus Chimeras

To define the receptor tropism of the newly generated rCedV chimeras, we used the
NiV and HeV non-permissive cell line, HeLa-USU [31] and HeLa-USU cells stably express-
ing either ephrin-B2 (HeLa-USU-ephrin-B2) or ephrin-B3 (HeLa-USU-ephrin-B3) [20]. Here,
all cells were either uninfected (Mock) or infected with rCedV-NiV-B-GFP, rCedV-HeV-
GFP, or rCedV-GFP and at 24 h post-infection imaged for GFP expression. We observed
fluorescence and/or syncytia in rCedV-NiV-B-GFP, and rCedV-HeV-GFP infected HeLa-
USU-ephrin-B2 (Figure 5A) and HeLa-USU-ephrin-B3 (Figure 5B) cells, but not in the
HeLa-USU infected cells (Figure 5C). In addition, GFP expression was detected in all
rCedV-GFP infected cells, although syncytia were only observed in HeLa-USU-ephrin-B2
infected cells and were consistent with prior observations [20].
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B, rCedV-HeV, or rCedV. Additional HeLa-CCL-2 cells were transfected with Poly I:C to 
verify the induction of IFN-β (positive control). At 24 h post-infection, total RNA was ex-
tracted from all samples, and IFN-α and IFN-β mRNA levels were quantified by qPCR. 
As shown in Figure 6, in contrast to the mock samples, we observed a significant dose-
dependent increase in IFN-β mRNA expression levels following rCedV-NiV-B, rCedV-
HeV, and rCedV infection. A significant increase in the expression levels of IFN-α mRNA 
was not observed in any of the infected samples. These data demonstrate that rCedV 

Figure 5. Ephrin-B2 and ephrin-B3 receptors facilitate rCedV-NiV-B-GFP and rCedV-HeV-GFP
infection. Confluent HeLa-USU-ephrin-B2 (A), HeLa-USU-ephrin-B3 (B), and HeLa-USU (C) cells
were uninfected (Mock) or infected with rCedV-NiV-B-GFP, rCedV-HeV-GFP, or rCedV-GFP at a
MOI of 0.5. Infected cells were imaged for fluorescence and syncytia at 24 h post-infection. In each
panel, transmitted light (1st column), fluorescence (2nd column), and merged (3rd column) images
are shown. Zoomed-in regions are from the yellow boxes. Images were captured with a Zeiss Axio
Observer A1 inverted microscope using a 5× objective. Representative images from two independent
experiments are shown. Scale bar, 50 µm.

3.4. Recombinant Cedar Virus Chimeras Induce an Interferon Response

We next evaluated the induction of a type I IFN response in cells infected with the
rCedV chimeras. HeLa-CCL-2 cells were uninfected (Mock) or infected with rCedV-NiV-B,
rCedV-HeV, or rCedV. Additional HeLa-CCL-2 cells were transfected with Poly I:C to
verify the induction of IFN-β (positive control). At 24 h post-infection, total RNA was
extracted from all samples, and IFN-α and IFN-β mRNA levels were quantified by qPCR.
As shown in Figure 6, in contrast to the mock samples, we observed a significant dose-
dependent increase in IFN-β mRNA expression levels following rCedV-NiV-B, rCedV-HeV,
and rCedV infection. A significant increase in the expression levels of IFN-α mRNA was
not observed in any of the infected samples. These data demonstrate that rCedV chimeric
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viruses induced a robust and dose-dependent IFN-β response similar to rCedV [20] and
also CedV [2].
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infected with rCedV-NiV-B, rCedV-HeV, or rCedV at a MOI of either 0.5 or 1.0 or transfected with Poly
I:C (10 µg/mL) for 24 h. IFN-α and IFN-β mRNA expression were determined by qPCR. Fold changes
were calculated relative to 18S ribosomal RNA and normalized to mock samples using the 2(−∆∆Ct)

method. These data represent mean ± standard deviation from two independent experiments, each
performed in triplicate. Statistical analysis was performed with all samples in GraphPad Prism 9
by performing t-tests of each virus against Mock (asterisk *) or each virus against Poly I:C (hash #).
**** p < 0.0001, # p = 0.011, ## p = 0.012, ### p = 0.0001 and #### p < 0.0001.

3.5. Plaque Reduction Neutralization Test (PRNT) of Chimeric Recombinant Cedar Viruses by
Cross-Reactive NiV and HeV Specific Monoclonal Antibodies

To determine whether the rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeras could
serve as suitable surrogate viruses for authentic NiV-B and HeV, respectively, the ability
of the GFP expressing rCedV chimeras to be neutralized by a panel of well-characterized
NiV/HeV cross-reactive neutralizing mAbs was conducted by PRNT. The antibody panel
included the human mAb m102.4 specific to the G glycoprotein and the humanized mAb
h5B3.1 and murine mAbs 12B2 and 1F5 specific to the F glycoprotein [44–46,71]. Figure 7 il-
lustrates the dose-response neutralization profiles for each mAb against rCedV-NiV-B-GFP
and rCedV-HeV-GFP performed at BSL-2 (Figure 7A). In addition, a set of parallel PRNTs
using authentic NiV-B and HeV and both rCedV chimeras were also performed simultane-
ously in BSL-4 containment (Figure 7B,C). Each mAb tested neutralized the infectivity of
rCedV-NiV-B-GFP and rCedV-HeV-GFP and NiV-B and HeV (Figure 7) with highly similar
dose-response virus neutralization profiles. The mean 50% inhibitory concentrations (IC50)
for each of the mAbs against rCedV-NiV-B-GFP, rCedV-HeV-GFP, NiV-B, and HeV are
summarized in Table 2. The most potent mAb was m102.4 with average IC50 values of
~20 ng/mL against rCedV-NiV-B-GFP and NiV-B, ~101 ng/mL against rCedV-HeV-GFP
and ~50 ng/mL against HeV. The IC50 values for the mAbs tested here are within compara-
ble ranges when compared to previous in vitro PRNT studies conducted with authentic
NiV and HeV with the same set of cross-reactive neutralizing mAbs [43,44,46,66].
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Figure 7. Neutralization of rCedV-NiV-B-GFP and rCedV-HeV-GFP by plaque reduction neutraliza-
tion test (PRNT). Nine-point dose-response neutralization profiles for mAbs m102.4, h5B3.1, 12B2,
and 1F5 against rCedV-NiV-B-GFP and rCedV-HeV-GFP at BSL-2 (A), at BSL-4 (B,C) and authentic
NiV-B and HeV at BSL-4 (B,C). The diluted mAbs were incubated with an equal volume of either
rCedV-NiV-B-GFP, rCedV-HeV-GFP, NiV-B, or HeV at an MOI of 0.0001 for 1 h at 37 ◦C, 5% CO2.
MOI was calculated for a tentative 106 cells/well and 0.4 mL virus and antibody mixture per well.
Neutralization percent (%) was calculated based on PFU for each virus without mAb. These data
represent mean± standard deviation and are plotted as a non-linear regression curve fit with variable
slope. BSL-2 studies are representative of two independent experiments, each performed in duplicate,
and BSL-4 studies are from a single experiment performed in duplicate. The limit of detection for this
assay was 50 PFU. Red circles and lines represent rCedV-NiV-B-GFP, red triangles and dashed lines
represent NiV-B, green squares and lines represent rCedV-HeV-GFP, and green triangles and dashed
lines represent HeV. The thick black line divides the BSL-2 PRNT from the BSL-4 PRNT.

Table 2. IC50 values of NiV and HeV cross-reactive monoclonal antibodies against henipavirus
infection by PRNT.

Monoclonal
Antibody (mAb)

IC50 (95% CI) (ng/mL)

BSL-2 BSL-4 BSL-2 BSL-4

rCedV-NiV-B-
GFP

rCedV-NiV-B-
GFP NiV-B rCedV-HeV-

GFP
rCedV-HeV-

GFP HeV

m102.4 20.30
(16.58–24.99)

21.20
(18.80–23.89)

18.36
(15.21–22.17)

112.9
(82.82–154.1)

137.0
(89.09–208.8)

52.41
(39.32–70.07)

h5B3.1 274.8
(185.9–403.7)

1122
(813.6–1548)

7101
(4323–15,087)

363.5
(241.6–546.3)

1202
(975.2–1481)

1064
(827.4–1372)

12B2 130.0
(97.10–174.0)

291.9
(219.9–381.5)

1467
(1098–1925)

502.3
(377.4–658.3)

700.1
(570.0–857.0)

2202
(1692–2846)

1F5 153.8
(107.0–219.4)

289.4
(229.9–360.9)

1036
(812.3–1298)

140.6
(83.29–232.0)

253.2
(200.5–318.8)

259.8
(213.2–315.8)

Note: All IC50 values are calculated by a nonlinear fit model and are shown with 95% confidence intervals (95%
CI). BSL-2 studies are representative of two independent experiments, each performed in duplicate, and BSL-4
studies are from a single experiment performed in duplicate.



Viruses 2023, 15, 1077 16 of 27

3.6. Correlation Analysis of Plaque Reduction Neutralization Tests (PRNT) Using GFP Expressing
Recombinant Cedar Virus Chimeras and Authentic NiV-B and HeV

To further evaluate if the rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeras are suit-
able surrogate virus platforms for authentic NiV-B and HeV antibody neutralization, a
correlation analysis was performed. A Pearson correlation coefficient ‘r’ for each mAb
was calculated by comparing the neutralization values derived from the rCedV chimeras
BSL-2 PRNT with those of the NiV-B or HeV BSL-4 PRNT. The analysis indicated strong
and statistically significant positive correlations between the two PRNTs (r values ranging
from 0.86 to 0.99, p values from 0.005 to 0.0001) (Figure 8 and Table 3).
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Figure 8. Correlation analysis of plaque reduction neutralization test (PRNT) neutralization values.
Pearson correlation analysis of PRNT neutralization (%) values of rCedV-NiV-B-GFP versus NiV-B
(A,C,E,G) and rCedV-HeV-GFP versus HeV (B,D,F,H) with mAbs m102.4, h5B3.1, 12B2 or 1F5. The
Pearson correlation coefficient ‘r,’ p-value (two-tailed), linear regression line (solid lines), and 95%
confidence intervals (dashed lines) are represented. Pearson’s r ≥ 0.8 and p-value < 0.05 indicate a
strong significant positive correlation.
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Table 3. Correlation analysis of rCedV chimeric viruses in BSL-2 PRNT versus NiV-B and HeV BSL-4
PRNT assays.

Virus Monoclonal
Antibody (mAb)

Pearson’s
Correlation

Coefficient (r)

Coefficient of
Determination (R2) Significance (p) 95% Confidence

Interval (CI)

rCedV-NiV-B-GFP
vs.

NiV-B

m102.4 0.9949 0.9898 <0.0001 0.9750–0.990
h5B3.1 0.8624 0.7437 0.0028 0.4640–0.9706
12B2 0.8363 0.6994 0.0050 0.3873–0.9647
1F5 0.9239 0.8536 0.0004 0.6722–0.9842

rCedV-HeV-GFP
vs.

HeV

m102.4 0.9771 0.9547 <0.0001 0.8914–0.9953
h5B3.1 0.9548 0.9117 <0.0001 0.7945–0.9907
12B2 0.8863 0.7855 0.0015 0.5400–0.9760
1F5 0.9898 0.9796 <0.0001 0.9503–0.9979

Note: Correlation analysis was performed with the neutralization values from Figure 7.

3.7. Establishment of a Fluorescence Reduction Neutralization Test (FRNT)

To further develop the utility of rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeras as a
surrogate platform for authentic NiV-B and HeV neutralization testing, we developed a
high-throughput and quantitative assay based on the reduction in GFP fluorescent virus
infection foci. Here, the virus neutralization efficacies of the same panel of mAbs used in
the PRNT assays (Figure 7) were analyzed against rCedV-NiV-B-GFP and rCedV-HeV-GFP
in a FRNT assay. As shown in Figure 9, the dose-response neutralization data were similar
to those obtained by a PRNT (Figures 7A and 9). The IC50 values for each mAb against
rCedV-NiV-B-GFP and rCedV-HeV-GFP are summarized in Table 4. The mAb m102.4
potently neutralized rCedV-NiV-B-GFP at an IC50 of 16.91 ng/mL, while rCedV-HeV-GFP
was neutralized by m102.4 and 1F5 with similar potencies at IC50 values of 58.12 ng/mL
and 50.16 ng/mL, respectively. These data reveal that rCedV-NiV-B-GFP and rCedV-HeV-
GFP mAb neutralization values in a FRNT are comparable to those obtained in a PRNT
(comparisons of Tables 2 and 4).
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Figure 9. Neutralization profiles of NiV and HeV cross-reactive monoclonal antibodies by fluores-
cence reduction neutralization test (FRNT). Seven-point dose-response neutralization profiles for
mAbs m102.4, h5B3.1, 12B2, and 1F5 against rCedV-NiV-B-GFP and rCedV-HeV-GFP. Neutralization
percent (%) was calculated based on fluorescent foci for each virus without mAb. These data represent
mean ± standard deviation from three independent experiments, each performed in triplicate. Data
are plotted as non-linear regression curve fit with variable slope. The limit of detection for this assay
was 50 fluorescent foci. Red circles and lines represent rCedV-NiV-B-GFP, and green squares and
lines represent rCedV-HeV-GFP.

Table 4. IC50 values of NiV and HeV cross-reactive specific monoclonal antibodies against rCedV-
NiV-B-GFP and rCedV-HeV-GFP infection by FRNT.

Monoclonal Antibody (mAb)
IC50 (95% CI) (ng/mL)

rCedV-NiV-B-GFP rCedV-HeV-GFP

m102.4 16.91 (14.72–19.45) 58.12 (49.27–68.70)
h5B3.1 333.0 (255.5–439.9) 700.2 (620.0–798.8)
12B2 34.07 (24.88–46.48) 124.5 (98.17–157.2)
1F5 28.97 (22.86–36.65) 50.16 (40.95–61.07)

Note: All IC50 values are calculated by a nonlinear fit model from three independent experiments, each performed
in triplicate, and are shown with 95% confidence intervals (95% CI).
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3.8. Correlation Analysis of the Conventional PRNT and the FRNT Neutralization Assays

To further evaluate the FRNT assay as a suitable alternative virus neutralization assay
to the standard PRNT, a correlation analysis was performed. A Pearson correlation analysis
using the neutralization values obtained with each mAb against the rCedV-GFP chimeras
by PRNT and FRNT assays was conducted (Figure 10 and Table 5), and a strong and
significant positive correlation between the neutralization values obtained by PRNT versus
the corresponding FRNT assay derived values was observed (r ≥ 0.9 and p ≤ 0.001). Taken
together, these data demonstrate that rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeric
viruses are an ideal set of suitable surrogate viruses for authentic NiV-B and HeV for
conducting a rapid FRNT-based assay for assessing NiV and HeV antibody neutralization.

Viruses 2023, 15, x FOR PEER REVIEW 19 of 28 
 

 

 
Figure 10. Correlation analysis of neutralization assays using the GFP expressing rCedV chimeric 
viruses. Pearson correlation analysis of neutralization (%) values from plaque reduction neutraliza-
tion tests (PRNTs) (y-axes) and fluorescence reduction neutralization tests (FRNTs) (x-axes) per-
formed with rCedV-NiV-B-GFP (A,C,E,G) and with rCedV-HeV-GFP (B,D,F,H) with mAbs m102.4, 
h5B3.1, 12B2 or 1F5. The Pearson correlation coefficient ‘r,’ p-value (two-tailed), linear regression 
line (solid lines), and 95% confidence intervals (dashed lines) are represented. Pearson’s r ≥ 0.8 and 
p-value < 0.05 indicate a strong significant positive correlation. 

3.9. Neutralization of rCedV-NiV-B-GFP and rCedV-HeV-GFP Using Henipavirus sG Immune 
Antisera 

The utility of the rCedV-NiV-B-GFP and rCedV-HeV-GFP viruses in the FRNT assay 
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or HeV-sG immunized nonhuman primates (NHP) (rhesus macaques) and rabbits, respec-
tively. NHP subjects were immunized with an equal mixture of recombinant NiV-M and 
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Figure 10. Correlation analysis of neutralization assays using the GFP expressing rCedV chimeric
viruses. Pearson correlation analysis of neutralization (%) values from plaque reduction neutralization
tests (PRNTs) (y-axes) and fluorescence reduction neutralization tests (FRNTs) (x-axes) performed with
rCedV-NiV-B-GFP (A,C,E,G) and with rCedV-HeV-GFP (B,D,F,H) with mAbs m102.4, h5B3.1, 12B2
or 1F5. The Pearson correlation coefficient ‘r,’ p-value (two-tailed), linear regression line (solid lines),
and 95% confidence intervals (dashed lines) are represented. Pearson’s r ≥ 0.8 and p-value < 0.05
indicate a strong significant positive correlation.



Viruses 2023, 15, 1077 19 of 27

Table 5. Correlation analysis of rCedV chimeric viruses in the PRNT versus FRNT assays.

Virus Monoclonal
Antibody (mAb)

Pearson’s
Correlation

Coefficient (r)

Coefficient of
Determination (R2) Significance (p) 95% Confidence

Interval

rCedV-NiV-B-GFP

m102.4 0.9522 0.9067 0.0009 0.7038–0.9931
h5B3.1 0.9957 0.9914 <0.0001 0.9698–0.9994
12B2 0.9495 0.9016 0.0011 0.6894–0.9927
1F5 0.9220 0.8501 0.0031 0.5527–0.9886

rCedV-HeV-GFP

m102.4 0.9786 0.9576 0.0001 0.8573–0.9970
h5B3.1 0.9587 0.9191 0.0007 0.7397–0.9941
12B2 0.9852 0.9707 <0.0001 0.8997–0.9979
1F5 0.8973 0.8051 0.0061 0.4448–0.9849

Note: Correlation analysis was performed with the neutralization values from Figures 7A and 9.

3.9. Neutralization of rCedV-NiV-B-GFP and rCedV-HeV-GFP Using Henipavirus sG
Immune Antisera

The utility of the rCedV-NiV-B-GFP and rCedV-HeV-GFP viruses in the FRNT assay for
measuring immune serum neutralization was examined by testing sera from NiV-sG or HeV-
sG immunized nonhuman primates (NHP) (rhesus macaques) and rabbits, respectively.
NHP subjects were immunized with an equal mixture of recombinant NiV-M and NiV-B sG
glycoproteins (see Section 2) [47]. Figure 11 shows the dose-response neutralization profiles
for each NHP sera against the rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeras. The IC50
titers for each of the sera against rCedV-NiV-B-GFP and rCedV-HeV-GFP are summarized
in Table 6. Sera collected on day 42 from subject 171269 had the highest neutralizing titer
against rCedV-NiV-B-GFP (1:32,147) and rCedV-HeV-GFP (1:4157). In addition, we were
also able to test sera collected on day 84 from 2 subjects, 171269 and 180227, and the IC50
titers are summarized in Table 6. Although still potently neutralizing, the 50% serum
neutralization titers for animal 171269 declined 2-fold against rCedV-NiV-B-GFP to 1:16,101
and 4.8-fold against rCedV-HeV-GFP to 1:873.6. As expected, although the NHP sera were
cross-neutralizing against rCedV-HeV-GFP the IC50 titers were much greater against the
homologous immunized subjects (NiV).

Table 6. IC50 Anti-NiV G glycoprotein immunized rhesus macaque serum titers against rCedV-NiV-
B-GFP and rCedV-HeV-GFP infection.

Animal ID
IC50 (95% CI) (Serum Titer)

rCedV-NiV-B-GFP rCedV-HeV-GFP

171269 Day 42 1:32,147 (1:29,414–1:35,182) 1:4157 (1:3711–1:4658)
171269 Day 84 1:16,101 (1:12,288–1:21,024) 1:873.6 (1:809.4–1:941.3)
180274 Day 42 1:14,860 (1:14,018–1:15,761) 1:2704 (1:2375–1:3082)
180606 Day 42 1:19,480 (1:18,181–1:20,948) 1:3739 (1:3094–1:4542)
180227 Day 42 1:19,408 (1:17,817–1:21,158) 1:2048 (1:1668–1:2539)
180227 Day 84 1:7283 (1:6079–1:8739) 1:689.0 (1:499.2–1:904.4)

Note: All IC50 values are calculated by a nonlinear fit model from two independent experiments, each performed
in triplicate, and are shown with 95% confidence intervals (95% CI).

We also analyzed sera from rabbits immunized with either HeV-sG or HeV-sG tetramer
(HeV-sGtet) (see Materials and Methods). The sG immune rabbit sera neutralized the in-
fectivity of both rCedV-NiV-B-GFP and rCedV-HeV-GFP, as shown by the dose-response
neutralization profiles in Figure 12. The IC50 titers for each of the rabbit sera against
rCedV-NiV-B-GFP and rCedV-HeV-GFP are summarized in Table 7. The HeV-sG and
HeV-sGtet sera had similar and very high neutralizing titers of 1:65,820 and 1:59,457, re-
spectively, against rCedV-HeV-GFP. Here, the HeV-sG-specific rabbit sera had higher cross-
neutralizing heterologous titers against rCedV-NiV-B-GFP (HeV-sG: 1:6881 and HeV-sGtet:
1:7367, respectively) with IC50 values again greater against the homologous immunized
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subjects (HeV), consistent with prior authentic NiV and HeV neutralization data derived
from NiV-sG versus HeV-sG immunized cats [49].
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Figure 11. Neutralization profiles of NHP immunized sera against the GFP expressing rCedV
chimeras by fluorescence reduction neutralization test (FRNT). Seven-point dose-response neutraliza-
tion profiles of rhesus macaque sera collected on day 42 (A) and day 84 (B) post-immunization against
rCedV-NiV-B-GFP and rCedV-HeV-GFP are shown. Neutralization percent (%) was calculated based
on fluorescent foci for each virus without serum. These data represent mean ± standard deviation
from two independent experiments, each performed in triplicate. Data are plotted as non-linear
regression curve fit with variable slope. The limit of detection for this assay was 50 fluorescent
foci. Animal ID numbers are 171269, 180274, 180606, and 180227. Red circles and lines represent
rCedV-NiV-B-GFP, and green squares and lines represent rCedV-HeV-GFP.
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are plotted as non-linear regression curve fit with variable slope. The limit of detection for this assay
was 50 fluorescent foci. Red circles and lines represent rCedV-NiV-B-GFP, and green squares and
lines represent rCedV-HeV-GFP.
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Table 7. IC50 rabbit serum titers against rCedV-NiV-B-GFP and rCedV-HeV-GFP infection.

Immunogen
IC50 (95% CI) (Serum Titer)

rCedV-NiV-B-GFP rCedV-HeV-GFP

HeV-sG 1:6881 (1:6211–1:7616) 1:65,820 (1:61,407–1:70,409)
HeV-sGtet 1:7367 (1:6642–1:8158) 1:59,457 (1:54,002–1:65,333)

Note: All IC50 values are calculated by a nonlinear fit model from two independent experiments, each performed
in triplicate, and are shown with 95% confidence intervals (95% CI).

4. Discussion

There has been increased concern regarding respiratory pathogens such as NiV as
a consequence of the COVID-19 pandemic [72]. The most recent significant outbreak
of NiV-B, which occurred in Kerala, India, in 2018, had a case-fatality rate of 91% and
revealed a high incidence of acute respiratory distress syndrome among those infected,
correlating with nosocomial respiratory droplet-mediated human-to-human transmission
by exposure to patient’s coughing [73]. Experimentally, both NiV-M and NiV-B have
been shown to cause lethal infection in NHPs when delivered as an aerosol [74,75], also
the likely route of infection from deliberate release. Indeed, in 2020 the US Department
of Health and Human Services (HHS) and Centers for Disease Control and Prevention
(CDC) recommended that NiV be added to the list of Tier 1 Select Agents [76]. NiV-B has
several characteristics enhancing its pandemic potential, including its respiratory tissue
tropism; human susceptibility to infection; person-to-person transmission capability; and its
potential to mutate, and the emergence of a human-adapted strain in South Asia could lead
to the rapid spread of infection [77]. NiV and HeV have been important targets for vaccine
development for more than 20 years, and these efforts have recently intensified [22,25].

In the present study, the rCedV reverse genetics platform [20,21] was modified by
employing an optimized T7 promoter (T7opt) and the self-cleaving HHRbzA in the pOLTV5-
rCedV antigenome plasmid, which improved the rescue efficiency of rCedVs. A similar
strategy was used to rescue a number of other single-stranded, negative-sense RNA viruses,
including NiV [36,78–82]. We then expanded the utility of the rCedV platform by replacing
the coding sequences of the CedV F and G glycoproteins with their NiV-B or HeV coun-
terparts to generate a panel of non-reporter gene and reporter gene encoding versions
of rCedV-NiV-B and rCedV-HeV chimeric viruses. Interestingly, all chimeras appeared
more fusogenic than those observed in rCedV-infected cells, and a similar phenotype was
observed by Yeo et al., where cell fusion levels of CedV were consistently lower than NiV in
transfected HEK293T cells [83]. All rCedV chimeras expressed the heterologous envelope
glycoproteins in infected cells, replicated similarly in comparison to rCedV, and infection
tropism was specific for ephrin-B2 and ephrin-B3 as entry receptors.

Previous in vitro cell-based assays demonstrated that CedV and rCedV induced a
robust IFN-β response [2,20], and CedV infection stimulated the expression of interferon
response genes, such as IFNA7, CCL5, STAT1, and STAT2 in primary hamster endothelial
cells [11]. Here, the rCedV chimeric viruses also induced the expression of IFN-β mRNA in
an infection dose-dependent manner to comparable levels observed with rCedV infection
and Poly I:C treatment.

Several surrogate NiV neutralization assays using recombinant Vesicular Stomatitis
Virus (VSV) as a replication-incompetent pseudovirus with a deletion of the VSV G gly-
coprotein gene have been developed as a tool to measure NiV neutralization at BSL-2
containment [84–86]. The VSV-based pseudotype virus particle system has also been uti-
lized with the HeV and GhV envelope glycoproteins for measuring neutralization [87].
Preparation of VSV pseudoviruses involves the budding progeny virions from cells that
are transiently expressing henipavirus F and G glycoproteins which can sometimes be
technically challenging to produce large quantities of pseudovirus stocks with reproducible
characteristics. We previously found similar challenges in developing a retrovirus-based
pseudotyped virus assay system that also required significant optimization [88]. These
replication-incompetent pseudovirus assays are sensitive and have a high correlation when
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samples are scored as either positive or negative for henipavirus neutralizing antibody.
However, specific mAb neutralization potencies or the virus-neutralizing titers of sera
against NiV using VSV pseudotypes, as examples, are often quite different in comparison
to sera titers obtained using authentic NiV [84–86].

Here, we sought to develop an improved surrogate neutralization assay system for
NiV and HeV using rCedV as replication-competent chimeric viruses. The rCedV chimeric
viruses developed and characterized here can be readily produced and stored in large
quantities and are an authentic replication-competent henipavirus platform that can be
used to study NiV and HeV F and G glycoprotein-mediated infection and also as surrogate
viruses for authentic NiV and HeV in neutralization assays without the requirement for
BSL-4 containment. Indeed, similar dose-response neutralization data and comparable
IC50 concentrations of well-characterized NiV and HeV cross-reactive mAbs were observed
between PRNTs using rCedV-NiV-B-GFP and NiV-B or rCedV-HeV-GFP and HeV. A strong
and significant correlation between the overall neutralization values of the BSL-2 and
BSL-4 PRNTs (Figure 8 and Table 3) validated the utility of the rCedV chimeric platform as
suitable surrogate viruses for authentic NiV and HeV by PRNT.

We also expanded the utility of these novel reporter genes encoding rCedV chimeric
viruses by developing a rapid and high-throughput fluorescence-based neutralization assay,
FRNT. In contrast to the PRNT, which is the current gold standard for determining the
presence of neutralizing antibodies and measuring the neutralizing titer in henipavirus-
specific antisera, the FRNT (i) is high-throughput and allows for more samples to be
assayed with more replicates in a 96-well plate format, (ii) requires smaller sample volumes,
(iii) is less time consuming taking less than 36 h from infection to assay completion, and
(iv) reduces the requirement for other reagents such as luciferase substrate. The rCedV-
NiV-B-GFP and rCedV-HeV-GFP chimeric viruses were used to assess the neutralization
potencies of mAbs by FRNT assay, and the neutralization values at each mAb concentration
obtained by FRNT were found to be highly correlated with those values obtained by
PRNT (Table 5). We further evaluated the utility of the rCedV-NiV-B-GFP and rCedV-
HeV-GFP FRNT by measuring the neutralization activities of henipavirus sG immunized
NHP sera and rabbit sera. The NiV-sG immunized NHP sera, and the HeV-sG immunized
rabbit sera were both cross-neutralizing to rCedV-NiV-B-GFP and rCedV-HeV-GFP, with
higher homotypic serum neutralization titers as expected. The rabbit HeV-sG immune
sera exhibited greater heterologous neutralization titers in comparison to the NHP NiV-sG
immune sera, which was also consistent with neutralization data derived from NiV-sG
versus HeV-sG immunized cats against authentic NiV-M and HeV [49].

In summary, a surrogate henipavirus-based system for NiV and HeV using the rCedV
platform suitable for use at BSL-2 containment has been developed and well-characterized.
These rCedV chimeras can serve as useful tools to study NiV and HeV entry, membrane
fusion mechanisms, and F and G glycoprotein interactions and aid in the discovery and
development of henipavirus countermeasures. More importantly, the specificity and utility
of the rCedV-NiV-B-GFP and rCedV-HeV-GFP viruses as a surrogate neutralization assay
for authentic NiV and HeV to evaluate the neutralization potential of mAbs and NiV/HeV
specific antisera has also been demonstrated. The rCedV chimeras will reduce the cost
and technical challenges of the high-containment environment, particularly when large
numbers of serum samples derived from NiV or HeV vaccine development programs will
require testing and quantitation.

5. Patents

C.C.B. and M.A. are United States federal employees and co-inventors on US and
foreign patents pertaining to Recombinant Cedar Virus Chimeras, whose assignees are the
United States as represented by the Henry M Jackson Foundation for the Advancement of
Military Medicine, Inc. (Bethesda, MD, USA).
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Abstract

Hendra virus (HeV) and Nipah virus (NiV) are bat-borne zoonotic para-
myxoviruses identified in the mid- to late 1990s in outbreaks of severe dis-
ease in livestock and people in Australia and Malaysia, respectively. HeV
repeatedly re-emerges in Australia while NiV continues to cause outbreaks
in South Asia (Bangladesh and India), and these viruses have remained trans-
boundary threats. In people and several mammalian species, HeV and NiV
infections present as a severe systemic and often fatal neurologic and/or res-
piratory disease.NiV stands out as a potential pandemic threat because of its
associated high case-fatality rates and capacity for human-to-human trans-
mission. The development of effective vaccines, suitable for people and live-
stock, against HeV and NiV has been a research focus. Here, we review the
progress made in NiV and HeV vaccine development, with an emphasis on
those approaches that have been tested in established animal challenge mod-
els of NiV and HeV infection and disease.
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INTRODUCTION

Nipah virus (NiV) and Hendra virus (HeV) are bat-borne viral zoonoses that were discovered in
the mid- to late 1990s in outbreaks of severe disease in livestock and people in Australia (HeV) and
Malaysia [NiV-Malaysia (NiV-M)] (1). They are the prototype members of the genusHenipavirus
in the family Paramyxoviridae (2). NiV outbreaks have also been recorded in Bangladesh and In-
dia by a closely related strain, NiV-Bangladesh (NiV-B) (3). Three other henipaviruses are also
recognized: Cedar virus (CedV) as an isolate and Ghana virus (GhV) and Mojiang virus (MojV)
known only from sequence data (4–7). Both NiV and HeV are highly pathogenic in a broad range
of mammalian hosts that are capable of infecting and causing severe disease in humans, monkeys,
pigs, horses, cats, dogs, ferrets, hamsters, and guinea pigs and that span six mammalian orders
including bats, although bats do not exhibit disease when infected (8–21). In contrast, CedV is
nonpathogenic in well-characterized models of HeV and NiV disease including ferrets and ham-
sters (4, 22). The pathogenic potential of GhV and MojV is unknown.

Several species of Pteropus fruit bats are the natural reservoir hosts of NiV, HeV, and CedV
(4, 23–27).NiV- orHeV-mediated disease has not been reported in wild or experimentally infected
bats (13, 28–30). NiV and HeV infections in people and many animals manifest as severe systemic
and often fatal neurologic and/or respiratory diseases (31–33). Both NiV and HeV are regarded as
transboundary biological threats to both human and animal health and are classified as biosafety
level 4 (BSL-4) select agents (34, 35). NiV and henipaviral diseases are included in the World
Health Organization (WHO) R&D Blueprint list of priority pathogens with epidemic potential
that need research attention (36). This review summarizes the important characteristics of the
NiV and HeV pathogens, the modes of virus transmission, and the immunization strategies being
developed against them.

Emergence and Outbreaks of Hendra and Nipah Viruses

In 1994 in the Brisbane suburb of Hendra, Australia, an outbreak of severe respiratory disease
resulted in the deaths of 14 horses and their trainer, along with the nonfatal infection of 7 other
horses and 1 other person. This led to the discovery of a novel paramyxovirus initially termed
equine morbillivirus, now known as HeV (37–39). The first known cases of HeV in horses and a
human actually occurred a few months prior, where one person became ill after assisting in the
necropsies of two horses later shown to have died fromHeV (40, 41). This individual experienced
a relapsed fatal encephalitis caused by HeV 13 months later (42). HeV has since re-emerged in
Australia 62 times with a total of 104 horse deaths (fatal or euthanized), along with 4 human
fatalities of 7 cases (43). Every recorded occurrence of HeV in Australia has involved horses, all
resulting in a severe or fatal disease, and all cases of human infection were acquired from virus-
shedding horses (31, 44).

In 1998, an outbreak of encephalitis among pig farmers in Peninsular Malaysia occurred and
a virus was isolated from samples of cerebrospinal fluid (CSF) of two patients who had died; cells
infected with this virus cross-reacted with antibodies against HeV (45). Genetic studies revealed
a new paramyxovirus that was closely related to HeV, and it was named Nipah after the village
in Malaysia where one of the patients had lived (45). There were 265 cases of human infection
with 105 fatalities in Malaysia and 11 cases and 1 fatality among abattoir workers in Singapore
(46, 47). This outbreak was controlled through the culling of more than 1 million pigs, resulting
in significant economic impacts to the region (48, 49).

A genetically similar but distinct strain of NiV was identified as the causative agent of fatal
encephalitis in people in Bangladesh (NiV-B) (3, 50). Since 2001, nearly annual occurrences of
human NiV-B infections have occurred in Bangladesh, and there have been three outbreaks in
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India (51–54). The recent 2018 NiV outbreak in Kerala, India, was significant, having occurred in
a new geographic region far from locations in Bangladesh and India where all prior outbreaks had
occurred and with a case fatality rate of 91% (51). In 2014, an outbreak of NiV-M encephalitis
occurred in the Philippines with 9 fatalities of 11 human cases of acute encephalitis and influenza-
like illness or meningitis in another 6 individuals (55). Altogether, there have been over 650 cases
of human NiV infection (combined ∼60% fatality rate) in South Asia and Southeast Asia in five
countries (54, 56).

Transmission of Hendra and Nipah Viruses

The routes of transmission of virus infection to humans from animals are different for HeV and
NiV, with horses the only spillover host of HeV in Australia, while for NiV it was pigs in Malaysia
and horses in the Philippines (Figure 1). However, human NiV infections in Bangladesh, In-
dia, and the Philippines also include bat-to-human and human-to-human transmission (57–60).
Transmission routes of HeV and NiV to animals are likely urine from infected bats contaminat-
ing pastures or pigsties and/or virus-contaminated fruit spat from bats that is ingested (61, 62)
(Figure 1). Recoverable virus is shed in the urine of experimentally infected bats and can also be
detected in throat and rectal swabs (13, 28–30). Pooled urine samples from flying foxes are also
routinely used to detect and isolate henipaviruses (4, 13, 23, 27, 63–65).

It was previously suggested that infected horses could transmit HeV to people during the feed-
ing of ill animals (38). Also, the majority of all HeV-infected horse cases have involved a single
animal, suggesting that HeV is not readily transmitted between horses, and multiple horse out-
breaks are likely via contamination of fomites (43, 66). The transmission risk of HeV from in-
fected horses to humans appears to be virus-contaminated fluids or tissues during examination
procedures and/or the necropsy of horses (31, 67) (Figure 1). Indeed, all cases of human HeV
infection have been associated with postmortem examination of horses or close contact with ill
horses (31, 38, 42, 68). In Malaysia, it was contact with infected pigs or fresh infected pig prod-
ucts that was required for transmission of virus to humans (45, 69, 70) (Figure 1). NiV shedding
in respiratory fluids of infected pigs suggested that it probably spread among farmed animals by
aerosol droplets or direct contact (16, 71, 72). In Bangladesh, the transmission of NiV from bats
to people has been linked to the consumption of virus-contaminated fresh date palm sap, and bats
will consume sap during its collection (57, 73, 74). Domestic animals have also been linked to NiV
infection in people in Bangladesh from unwell animals (cows and goats) and pigs (50, 59).Human-
to-human transmission of NiV has been well documented in Bangladesh and India (52, 58–60, 75)
(Figure 1). A study of human NiV-B cases in Bangladesh spanning 14 years reported that of 248
cases studied, one-third were caused by human-to-human transmission (56). Human-to-human
transmission of NiV-M was not apparent in Malaysia (76, 77), whereas in the Philippines’ NiV-M
outbreak, human cases were linked to horse slaughtering and horse meat consumption or exposure
to other human patients, indicating both horse-to-human and human-to-human transmission (55)
(Figure 1). The NiV-B outbreak in Kerala had a very high rate of human-to-human transmission
(22 of 23 cases) at three different hospital locations (51).

Naturally acquired NiV infections were also recorded in cats, dogs, and horses in the initial
Malaysian outbreak (Figure 1), and serological evidence of natural NiV infection in dogs was
linked to outbreak farms (11, 61, 78). In the Philippines, both dogs and cats were linked to NiV-M
infection, with cats dying after eating horse meat and dogs having NiV-neutralizing antibodies
(55) (Figure 1). In Australia, a dog was found to be seropositive for HeV and later euthanized
but showed no signs of disease, and a second HeV-positive dog was identified in 2013 following
exposure to blood from an infected horse (79) (Figure 1). Dogs are susceptible to experimental
HeV infection and shed virus but show little evidence of clinical illness (80).
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Figure 1

Nipah virus (NiV) and Hendra virus (HeV) modes of transmission in different countries. The transmission routes of NiV in Malaysia
(left), Philippines (middle right), Bangladesh (bottom right), and HeV (top right) are depicted. Solid lines represent transmission that has
been observed and documented, and dashed lines represent suspected transmission in natural conditions. Fruit bats are the natural
reservoirs of NiV and HeV. ( 1©) Pigs are infected by consuming partially eaten or contaminated fruit from infected bats (urine, saliva)
and transmit NiV to other pigs, pig farmers, or other animals (dogs, cats, and horses) through close or direct contact. ( 2©) Horses can
be infected from grazing in contaminated pastures and transmit HeV to humans and on occasion domestic dogs through close contact.
A One Health vaccine approach was developed for vaccination of horses in Australia with the dual purpose of saving horses from lethal
HeV infection and preventing HeV transmission from horses to humans. ( 3©) NiV is transmitted to humans through close contact with
infected horses. NiV transmission to humans, cats, and dogs appears to have occurred following close contact with or consumption of
infected horse meat. Human-to-human NiV transmission can occur through close contact. ( 4©) Bat-to-human NiV transmission
occurs through consumption of contaminated date palm sap. Human-to-human transmission can occur through close contact with
infected patients. Humans may also become infected through contact with infected animals. Figure adapted with permission from
Reference 171.

450 Amaya • Broder

A
nn

u.
 R

ev
. V

ir
ol

. 2
02

0.
7:

44
7-

47
3.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
 A

cc
es

s 
pr

ov
id

ed
 b

y 
71

.1
66

.1
79

.3
0 

on
 1

0/
20

/2
0.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



b

5B3 Fab
m102.3 Fab

a

HeV-sG dimer HeV-sG tetramer NiV-sF trimer
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V
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+ 1G
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Alternative start site

P gene
products

Nucleoprotein (N)

Phosphoprotein (P)

Polymerase (L)

Attachment glycoprotein (G)

Fusion glycoprotein (F)

Matrix protein (M)

Figure 2

Henipavirus structure and genome organization and models of the G and F glycoprotein soluble ectodomains, Hendra virus (HeV-sG)
and Nipah virus (NiV-sF), respectively, and their complexes with respective NiV and HeV cross-reactive neutralizing monoclonal
antibodies m102.3 (anti-G) and 5B3 (anti-F). (a) Schematic representation of a henipavirus particle with the structural proteins
depicted in different colors (left) and the henipavirus genome (right). HeV and NiV P genes encode 3 nonstructural proteins: The C
protein is expressed from an alternative start site, and the V and W proteins are expressed following the addition of one or two G
residues at the messenger RNA editing site, respectively (right). (b, left) HeV-sG shown as a dimer solvent-accessible surface view with
one monomer (cyan) overlaid with the monoclonal antibody m102.3 CDR-H3 loop (red) at the receptor binding site, and the other
monomer (magenta) in complex with m102.3 Fab, which has an identical heavy chain and a similar light chain, that was used in place of
the m102.4 monoclonal antibody (mAb) in the structural solution of the complex (109). The HeV-sG consists of amino acids 76–604,
and the structures of the two globular head domains of HeV-sG are derived from the crystal structure (103, 172). The stalk regions of
each G monomer (residues 77–136) are modeled (173). The light chain of m102.3 Fab is colored in yellow, and the heavy chain is
colored in red. (b,middle) The HeV-sG tetramer surface view is modeled with one dimer (cyan and magenta) in front and the other
dimer (blue and green) in back.N-linked glycans are gray spheres. (b, right) Structural model of the NiV-sF trimer in complex with the
5B3 Fab derived from the cryo–electron microscopy structure (110). The NiV-sF consists of amino acid residues 1–494 with a FLAG
tag (DYKDDDK) introduced between residues L104-V105 and a C-terminal GCN4 motif. Each monomer of NiV-sF is in a different
shade of blue, 5B3 heavy chain is in red, and light chain is in gold.N-linked glycans are illustrated in gray.

Entry and Tropism of Nipah and Hendra Viruses

NiV and HeV are enveloped viruses containing an unsegmented, single-stranded, negative-sense
RNA genome (2). Figure 2a is an illustration of the viral particle and the associated viral
proteins. The genomes of HeV and NiV, and also CedV, GhV, and MojV, are considerably
longer than the genomes of other paramyxoviruses, at greater than 18 kb. Henipavirus genomes
encode 6 structural proteins: nucleoprotein (N), phosphoprotein (P), matrix protein (M), fusion
glycoprotein (F), attachment glycoprotein (G), and the polymerase protein (L) (Figure 2a). The
N, P, and L proteins comprise the replication complex. The P gene undergoes RNA editing
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to produce 2 additional nonstructural proteins, V and W, that are interferon (IFN) antagonists
(81–84). The C protein is transcribed from a second open reading frame in the P gene (Figure
2a). NiV has been central to understanding the V, W, P, and C protein roles in antagonizing the
innate immune responses via a diverse set of mechanisms (85, 86). Recent in vivo studies with
recombinant NiV variants have further defined the varying importance of these nonstructural
proteins in pathogenesis, but only a lack of the V protein results in a nonlethal infection (87–89).

The henipavirus virion bears surface projections composed of the F and G glycoproteins that
are anchored in the viral membrane and together mediate infection of host cells, and they are
the major antigens of vaccine strategies (1) (Figure 2a). The F glycoprotein facilitates membrane
fusion between the virus and host cell. The G glycoprotein consists of a characteristic stalk with
a globular head that engages entry receptors on host cells, leading to the fusion activation of F
and virus infection. The native structure of G is a tetramer while F is a trimer, and together they
are the key determinants of infection and tropism (90–92). Models of the soluble ectodomain of
the HeV G (HeV-sG) as a dimer and tetramer and the soluble ectodomain of the NiV F (NiV-
sF) as a trimer are shown in Figure 2b. NiV and HeV utilize the host cell proteins ephrin-B2
and ephrin-B3 for entry (93–96). Ephrin-B2 and ephrin-B3 are members of a large family of
ligands that bind to Eph receptors and are highly sequence conserved among mammals (97, 98).
Ephrin-B2 expression is prominent in the vasculature of multiple organs, whereas ephrin-B3 is
found predominantly in the nervous system (99–101). The ability of HeV and NiV to use these
ephrins as receptors provided explanations of their broad host and tissue tropism (32, 33, 102).
The NiV and HeV G head domain structures alone and in complex with ephrin-B2 and ephrin-
B3 receptors have been determined (103–106). The structures of both the NiV and HeV F in
their prefusion conformation have also been determined (107, 108). These studies have provided
insights into understanding the virus entry receptors and host tropism features of the viruses on the
molecular level and also facilitated further structural studies of henipavirus G and F glycoproteins
in complexes with specific virus-neutralizing antibodies, providing valuable information that has
aided vaccine design and choice (109, 110).

Nipah Virus and Hendra Virus Infection in Humans and Animals

Human NiV and HeV infections are generally accepted to occur via the oronasal route, and the
incubation periods for both have been estimated to be 1 to 2 weeks (31, 51, 111). Acute infection
in people is a systemic infection likely via hematogenous spread of the virus from the respiratory
system (112). In general, HeV and NiV disease onset is characterized by fever, myalgia, shortness
of breath, and cough (38, 111). Human HeV infections have resulted in both fatal respiratory
or encephalitic disease and also recovery from infection (31, 38, 42, 68). The predominant clini-
cal feature in the NiV-M outbreak in Malaysia was encephalitis, but respiratory symptoms were
also common with fever, cough, and headache (47, 111, 112). The clinical presentation of NiV-B
infections in Bangladesh also includes severe respiratory disease. In the 2018 NiV-B outbreak in
Kerala, 83%of cases presented with acute respiratory distress syndrome (ARDS) (51, 113).Central
findings of human NiV and HeV infection are a widespread endothelial cell tropism and systemic
vasculitis,with prominent parenchymal cell infection inmostmajor organs with the brain and lung
significantly affected (45, 112, 114). Human NiV and HeV infections can also take a protracted
course following apparent recovery, and some patients can experience late-onset encephalitis or re-
lapsed encephalitis can occur in patients who previously recovered (42, 115). Relapsed encephalitis
caused by NiV appears to result from a recrudescence of virus replication in the central nervous
system (CNS), with cases presenting from a few months to as long as 11 years later (116–118).
Recrudescence of virus has important implications for vaccine development.
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The development of animal models of NiV and HeV infection and pathogenesis has been a
major focus since the late 1990s and an essential component of vaccine development and test-
ing. Also, the approval process of countermeasures for NiV and HeV would fall under the animal
rule requirement set forth by the US Food and Drug Administration (FDA) in 2002 as an al-
ternative licensing pathway for countermeasures against highly pathogenic agents when human
efficacy studies are not feasible or ethical (119, 120). Several animal models of NiV and HeV in-
fection have emerged that well reflect the pathogenesis seen in infected people, which includes a
systemic vasculitis with both respiratory and neurological diseases. Detailed reviews of NiV and
HeV infections of a variety of mammalian species have recently been published (33, 121–123). It is
generally accepted that the pathogenic processes of NiV and HeV infection in the hamster, ferret,
and African green monkey (AGM) best reflect the pathogenesis observed in humans, whereas the
most appropriate models for livestock are the horse and pig themselves.

VACCINATION

The attachment and fusion glycoproteins of paramyxoviruses such as measles,mumps, and parain-
fluenza viruses are the viral antigens to which virtually all neutralizing antibodies are directed
(124–126). Likewise, immunization strategies for NiV and HeV have largely targeted their G and
F glycoproteins.

Passive Immunization Strategies

Early passive immunization studies in the hamstermodel demonstrated that polyclonal antiserums
or mousemonoclonal antibodies (mAbs) toNiV F orG could provide complete protection against
NiV-M or HeV when administered before and immediately after virus infection (10, 127, 128).
These studies demonstrated a major role of a viral glycoprotein-specific antibody in protection.

Recombinant human antibody technology was used to generate a potent cross-neutralizing
mAb against NiV and HeV (m102.4) (129, 130). The m102.4 mAb epitope maps to the ephrin
receptor binding site of G and blocks virus infection (see the left side of Figure 2b), and it can
neutralize NiV-M, NiV-B, and HeV (8, 109). The m102.4 mAb provided complete protection
from NiV-M-mediated disease in ferrets as a single 50 mg dose administered 10 h post-challenge
(8). In the AGM model, m102.4 administered as two 20 mg/kg doses, intravenously, at 10 h and
again on day 3, on days 1 and 3 (days 1/3), or on days 3/5, after HeV challenge [4 × 105 50%
tissue culture infectious dose (TCID50)] by intratracheal (i.t.) administration, protected 100% of
treated subjects (131). All treated subjects seroconverted against HeV F glycoprotein with a rise
in antibody titer over time, indicating all animals had become infected with HeV and recovered,
whereas untreated control subjects succumbed to HeV disease and failed to mount a protective
immune response. No clinical signs were evident at any time in the early treatment groups; al-
though neurological symptoms were observed in subjects in the late treatment group (days 3/5),
all later recovered from infection. There was no HeV antigen or virus-specific histopathology de-
tected in the lung or brain at the conclusion of the study in any treated subject, and infectious virus
could not be recovered from any tissue. A similar study evaluated m102.4 against NiV-M disease
in the AGM model at several time points following virus challenge (5 × 105 PFU), including a
late cohort where treatment was initiated at the onset of clinical illness (day 5) (132). All subjects
became infected after challenge, and all subjects that received m102.4 survived infection and all
controls succumbed to disease. Subjects in the late day 5/7 treatment group exhibited disease, but
all recovered. A comparative study in AGMs usingNiV-M andNiV-B [5× 105 PFU divided by i.t.
and intranasal (i.n.) administration] revealed that NiV-B caused a more aggressive disease, with a
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shortened time to death and higher virus loads in tissues and fluids (133).Whenm102.4 was tested
in this model, all subjects in the days 1/3 and days 3/5 post-infection treatment groups survived
NiV-B challenge, but subjects in the days 5/7 treatment group succumbed, indicating a shorter
therapeutic window in treating NiV-B infection (133). Another well-characterized, humanized
mouse mAb, 5B3 (h5B3.1), that is cross-reactive to the F glycoprotein of NiV and HeV and binds
a prefusion conformation epitope on F, preventing membrane fusion, was recently tested (110,
134) (Figure 2b). The h5B3.1 mAb was given to ferrets in 20 mg/kg doses by intraperitoneal (i.p.)
injection, at 1 to several days post-challenge, with either NiV or HeV (∼5 × 103 PFU) delivered
i.n. (135). All subjects that received h5B3.1 after infection were protected from disease and had in-
creasing neutralizing antibody titers,whereas all controls died.No pathology was observed, and no
infectious virus could be isolated at the study endpoint. Altogether, these studies demonstrate that
passive immunization with mAbs can provide therapeutic benefit and allow the infected host an
extended period to mount a protective immune response. The findings from these experiments
were also important because they suggest that vaccine approaches designed to induce adequate
neutralizing antibody responses to NiV and HeV should be effective.

The m102.4 mAb producing cell line was provided to the Queensland Government, Australia,
to produce the mAb for compassionate use in future cases of high-risk human HeV infection. To
date, 14 individuals exposed to either HeV in Australia (n = 13) or NiV in the United States (n =
1) have been given high-dose m102.4 therapy (15–20 mg/kg) by emergency use protocols, and all
have remained well. In Australia, m102.4 was used in a randomized, controlled phase I study in
healthy adults (136).The study included four single and one repeat dosing groups, and the m102.4
mAb was found to be safe and well tolerated, with a half-life ranging between ∼16.5 and 27 days,
and no observed immunogenicity was reported. Two doses of 20 mg/kg (days 1/3) were as well
tolerated as a single dose. This study’s findings will aid in the design of future dosing regimens of
mAbs for evaluating their ability to prevent and/or treat HeV and NiV human infections.

Active Immunization Strategies

A variety of immunization strategies have been developed to prevent NiV and HeV infection
including several live-recombinant virus vectors, protein subunit, and virus-like particle (VLP)
approaches, and all target the virus attachment and entry steps of infection by employing the G
and/or F glycoprotein antigens. Here we summarize these various vaccination countermeasure
approaches to NiV and HeV infection (Tables 1 and 2).

Poxvirus vectored. Poxviruses have a long history as a platform for the expression of heterologous
genes to study protein function and serve as vaccine candidates as a live-attenuated viral vaccine
platform capable of inducing both cell-mediated and humoral immune responses (137). The F
and G glycoproteins of NiV and HeV were functionally characterized using recombinant vaccinia
viruses in the early 2000s (138, 139).The first NiV vaccine tested used a highly attenuated vaccinia
virus strain (NYVAC) encoding either the F or G glycoproteins from NiV-M (127). Hamsters
were vaccinated by subcutaneous (s.c.) injection in a prime-boost strategy with NYVAC-NiV-F
or NYVAC-NiV-G, individually and in combination, and then 3 months later challenged i.p. with
NiV-M. Vaccination yielded complete protection from NiV-M with no detection of viral RNA,
and control subjects succumbed 7–10 days after challenge (127) (Table 1). Another poxvirus-based
approach was examined as a vaccine for pigs using canarypox (ALVAC) vaccine vectors encoding
either NiV-M F or G glycoprotein (140). A prime-boost strategy with ALVAC-NiV-F or ALVAC-
NiV-G vectors was tested alone or in combination in pigs. The animals were then challenged
28 days later withNiV-M via i.n. administration.All vaccinated animals survivedNiV-M challenge
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Table 1 Virus vectored vaccine strategies for NiV and HeV

Approach Name(s)
Animal
model

Vaccination
dose, route,
schedule Adjuvant Challenge

Challenge
dose, route,
schedule Survival

Correlate(s) of
immunity/
protection Reference

Poxvirus NYVAC-NiV-F
and/or -G

Hamster 2 doses at
1 × 107

PFU, s.c., 1
month apart

None NiV-M 1 × 103 PFU,
i.p.,
3 months
later

100% NAb response,
viral RNA

127

ALVAC-NiV-F
and/or -G

Pigs 2 doses at
1 × 108

PFU, i.m., 2
weeks apart

None NiV-M 2.5 × 105

PFU, i.n.,
28 days
later

100% NAb response,
viral RNA,
infectious virus,
viral shedding,
cytokine
production

140

ALVAC-HeV-F
and/or -G

Hamster 2 doses at 7.4
or 5.4 log10
CCID50, s.c.,
3 weeks apart

None HeV 1 × 103

LD50, i.p.,
21 days
later

89% and
63%

NAb response,
viral RNA, viral
antigen, viral
shedding

141

Ponies 2 doses at 6
log10
CCID50,
i.m., 3 weeks
apart

None NT NA NA High NAb titers

MVA-NiV-sG
and/or
MVA-NiV-G

IFNAR−/−
mice

1 or 2 doses at
1 × 108

PFU, i.m.,
3 weeks apart

None NT NA NA High serum IgG
titers,
NiV-G-specific
CD8 and CD4
T cells

142

(Continued)
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Table 1 (Continued)

Approach Name(s)
Animal
model

Vaccination
dose, route,
schedule Adjuvant Challenge

Challenge
dose, route,
schedule Survival

Correlate(s) of
immunity/
protection Reference

VSV VSV-NiV-F
and/or -G

Mice 5 × 103 PFU,
i.n. or i.m.

None NT NA NA High NAb titers 144

Hamster 1 × 106

infectious
particles, i.m.

NiV-M 1 × 105

TCID50,
i.p., 32 days
later

100% NAb response,
viral RNA, viral
antigen

145

VSV-NiV-B F
and/or G

Ferret 1 × 107 PFU,
i.m.

None NiV-M 5 × 103 PFU,
i.n., 28 days
later

100% Serum IgG
response, viral
RNA, viral
antigen

146

AGM NiV-B 5 × 105 PFU,
i.t. and i.n.,
28 days
later

NAb response,
viral RNA, viral
antigen

147

VSV-ZEBOV-
GP-NiV F, G,
or N

Hamster 1 × 105 PFU,
i.p.

None NiV-M 1 × 103

LD50, i.p.,
28 days
later

100% NAb response,
viral RNA,
infectious virus

148

AGM 1 × 107 PFU,
i.m.

1 × 105

TCID50,
i.t., 29 days
later

NAb response,
viral RNA,
infectious virus,
viral shedding

149

VSV-HeV-G Mice 1 × 105 PFU,
i.m.

None NT NA NA Serum IgG, NAb
response

150

AAV AAV8 NiV.G Mice 2 × 1010

genome
particles, i.m.
or 1 × 1010

genome
particles, i.d.

None NT NA NA Serum IgG, NAb
response

151

Hamster 6 × 1011

genome
particles, i.m.

NiV-M

HeV

1 × 104 PFU,
i.p., 5
weeks later

100%

50%

Serum IgG, NAb
response, viral
RNA, viral
antigen

(Continued)
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Table 1 (Continued)

Approach Name(s)
Animal
model

Vaccination
dose, route,
schedule Adjuvant Challenge

Challenge
dose, route,
schedule Survival

Correlate(s) of
immunity/
protection Reference

Adenovirus ChAdOx1 NiV-B
G

Hamster 2 doses at 1 ×
108 IU, i.m.,
28 days apart

None NiV-B 5.3 × 105

TCID50,
i.p., 28 days
later

100% NAb response,
viral RNA,
infectious virus,
virus shedding

153

1 × 108 IU, i.m. NiV-M 6.8 × 104

TCID50,
i.p., 28 days
later

100%

HeV 6 × 103

TCID50,
i.p., 28 days
later

33%

Measles
virus

rMV-Ed-G or
rMV-HL-G

Hamster 2 doses at 2 ×
104 TCID50,
i.p., 3 weeks
apart

None NiV-M 1 × 103

TCID50,
i.p., 1 week
later

100% Serum IgG
response

NA

rMV-Ed-G AGM 2 doses at 1 ×
105 TCID50,
s.c., 4 weeks
apart

1 × 105

TCID50,
i.p., 1 week
later

Serum IgG
response, viral
RNA

154

Inactivated
RABV

RABV-HeV-G Mice 3 doses at
10 μg, i.m.,
2 weeks apart

None NT NA NA High NAb titers,
serum IgG
response

150

RABV-NiV-B G 2 doses at
10 μg, i.m.,
4 weeks apart

155

RABV RABV-NiV-F
and/or -G

Mice 1 × 106.5 FFU,
oral

None NT NA NA Serum IgG, NAb
response

156

All NiV glycoprotein vaccines employ the NiV-M strain unless otherwise indicated.
Abbreviations: AAV, adeno-associated virus; AGM, African green monkey; CCID50, 50% cell culture infectious dose; ChAdOx1, chimpanzee adenovirus Oxford 1; F, fusion glycoprotein; FFU,
focus forming units; G, attachment glycoprotein; HeV, Hendra virus; i.d., intradermal; i.m., intramuscular; i.n., intranasal; i.p., intraperitoneal; i.t., intratracheal; IFNAR, interferon receptor;
IgG, immunoglobulin G; IU, infectious unit; LD50, 50% lethal dose; MVA, modified vaccinia virus Ankara; NA, not applicable; NAb, neutralizing antibody; NiV, Nipah virus; NiV-B, Nipah
virus Bangladesh; NiV-M, Nipah virus Malaysia; NT, not tested; PFU, plaque forming unit; RABV, rabies virus; rMV-Ed, recombinant measles virus Edmonston; rMV-HL, recombinant measles
virus HL; s.c., subcutaneous; sF, F glycoprotein soluble ectodomain; sG, G glycoprotein soluble ectodomain; TCID50, 50% tissue culture infectious dose; VSV, vesicular stomatitis virus;
ZEBOV-GP, Zaire ebolavirus glycoprotein.
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Table 2 VLP, subunit, and nucleic acid–based vaccine strategies for NiV and HeV

Approach Name
Animal
model

Immunization
dose, route,
schedule Adjuvant Challenge

Challenge dose,
route, schedule Survival

Immune
correlate(s) of

survival Reference
VLPs VLPs-

NiV
M/F/G

Mice 2 doses at 1.75, 3.5,
7, or 14 μg and
6 μg, s.c.,
2 weeks apart

None NT NA NA High NAb
titers

159

Hamster 1 dose or 3 doses at
30 μg, i.m.,
3 weeks apart

Alhydrogel/MPLA
or
Alhydrogel/CpG

NiV-M 1.6 × 104 PFU
(3-dose trial)
or 3.3 × 104

PFU (1-dose
trial), i.p., 28
days later

100% NAb response,
viral RNA

160

Subunit
vaccines

NiV-sG Cat 3 doses at 100 μg,
s.c., 2 weeks
apart

CSIRO triple
adjuvant

NiV-M 5 × 102 TCID50,
s.c., 2 months
later

100% NAb response,
viral antigen,
viral genome

14

HeV-sG Cat 3 doses at 100 μg,
s.c., 2 weeks
apart

CSIRO triple
adjuvant

NiV-M 5 × 102 TCID50,
s.c., 2 months
later

100% NAb response,
viral antigen,
viral genome

14

2 doses at 50, 25, or
5 μg, i.m.,
3 weeks apart

CpG/Alhydrogel 5 × 104 TCID50,
o.n., 2 weeks
later

100% Serum IgG,
NAb
response,
viral RNA,
viral
shedding,
infectious
virus

162

Ferret 2 doses at 100, 20,
or 4 μg, i.m.,
20 days apart

CpG HeV 5 × 103 TCID50,
o.n., 3 weeks
later

100% NAb response,
viral RNA,
infectious
virus

163

CpG/Alhydrogel NiV-B 5 × 104 TCID50,
20 days later or
12 months
later

100% viral RNA, viral
antigen,
infectious
virus

164

(Continued)
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Table 2 (Continued)

Approach Name
Animal
model

Immunization
dose, route,
schedule Adjuvant Challenge

Challenge dose,
route, schedule Survival

Immune
correlate(s) of

survival Reference
AGM 2 doses at 100, 50,

or 10 μg, i.m.,
3 weeks apart

CpG/Alhydrogel NiV-M 1 × 105 TCID50,
i.t., 3 weeks
later

100% Serum IgG,
NAb
response,
viral RNA,
viral antigen,
infectious
virus

165

2 doses at 100 μg,
i.m., 3 weeks
apart

Alhydrogel or
CpG/Alhydrogel

HeV 5 × 105 PFU, i.t.,
21 days later

100% NAb response,
viral RNA

166

Horse 2 doses at 100 or
50 μg, i.m.,
3 weeks apart

Zoetis HeV 2 × 106 TCID50,
o.n., 28 or
194 days later

100% NAb response,
viral RNA,
viral antigen,
infectious
virus

167

Pig 2 doses of 2 mL
preformulation,
i.m., 3 weeks
apart

Zoetis HeV

NiV-M

5 × 105 PFU,
i.n., 35 days
later

Partial

0%

NAb response,
viral RNA,
infectious
virus, viral
shedding

168

Nucleic
acid–
based
vaccine

HeV-sG
mRNA
LNP

Hamster 10 or 30 μg, i.m. None NiV-M 1 × 105 TCID50,
i.p., 30 days
later

30% or
70%

Serum IgG,
NAb
response

169

All NiV glycoprotein vaccines employ the NiV-M strain.
Abbreviations: AGM, African green monkey; CSIRO, Commonwealth Scientific and Industrial Research Organisation; F, fusion glycoprotein; G, attachment glycoprotein; HeV, Hendra virus;
i.m., intramuscular; i.n., intranasal; i.p., intraperitoneal; i.t., intratracheal; IgG, immunoglobulin G; LNP, lipid nanoparticle; M, matrix protein; MPLA, monophosphoryl lipid A; mRNA,
messenger RNA; NA, not applicable; NAb, neutralizing antibody; NiV, Nipah virus; NiV-B, Nipah virus Bangladesh; NiV-M, Nipah virus Malaysia; NT, not tested; o.n., oronasal; PFU, plaque
forming unit; s.c., subcutaneous; sG, G glycoprotein soluble ectodomain; TCID50, 50% tissue culture infectious dose; VLP, virus-like particle.
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as determined by the lack of NiV RNA and infectious virus from nasal washes, pharyngeal swabs,
and a variety of sampled organs (140).

ALVAC-vectored vaccines encoding HeV F or G glycoprotein for potential use in horses were
also examined (141). ALVAC-HeV-F or ALVAC-HeV-G vectors were combined and first used to
vaccinate hamsters at a high or low dose of each vector, by s.c. injection, and then challenged with
HeV by i.p. administration. Vaccination did not result in complete protection, with 8 out of 9
subjects in the high-dose group and 5 out of 8 subjects in the low-dose group surviving challenge.
No signs of disease were noted, and viral antigen or viral RNA could not be detected in survivors.
Nine ponies vaccinated using the same prime-boost regimen were able to develop high cross-
neutralizing antibody titers to HeV and NiV-M at day 28 after vaccination. Although ponies were
not challenged, most animals yielded titers of at least 1:32 and were considered likely protective
(141).

More recently, a modified vaccinia virus Ankara (MVA) vector encoding NiV-M G glyco-
protein and a soluble version of G (NiV-sG) were examined in interferon receptor α and β

(IFNAR−/−) knockout mice (142) (Table 1). IFNAR−/− mice were immunized once with
MVA-NiV-G or MVA-NiV-sG or prime-boosted. IFNAR−/− mice developed high serum im-
munoglobulin G (IgG) titers to NiV-G and also generated NiV-G-specific CD8 and CD4 T cells
following vaccination. MVA-NiV-sG vaccination induced rapid and significantly higher amounts
of NiV-G epitope-specific CD8 T cells compared with the MVA-NiV-G candidate vaccine, sug-
gesting superior immunogenicity. Together, these immunization studies with poxvirus vectors
highlight that both T cell and B cell responses play a role in an adaptive immune response to
NiV and HeV. However, detailed studies on the adaptive immune responses in animal experi-
ments with henipaviruses have been limited. Future studies evaluating the role of NiV-specific T
cells will be important because two human survivors of NiV-B infection in the 2018 outbreak in
Kerala showed marked elevation of activated CD8+ T cells, which coincided with virus clearance
(143).

Vesicular stomatitis virus vectored. Recombinant vesicular stomatitis virus (rVSV) vectors as a
vaccine platform suitable for single immunization strategies to potentially meet emergency use
requirements have been tested by several groups (Table 1). A method of using two defective
VSV�G vectors each expressing only the NiV G or F glycoprotein was devised using VSV G
glycoprotein complementation that can generate replication-defective VSV vectors that could
elicit NiV-neutralizing antibodies (144). Using this technique, researchers tested rVSV vaccines
expressing either NiV-MF orG glycoproteins (VSV-�G-NiVG,VSV-�G-NiVF) in hamsters by
intramuscular (i.m.) vaccination (145). Hamsters were then challenged 32 days later with NiV-M
by i.p. administration. All vaccinated animals survived lethal infection with no clinical signs of dis-
ease. No viral RNA or viral antigen could be detected in the sampled tissues when compared with
controls, and there was a lack of an anamnestic immune response in vaccinated subjects following
challenge, suggesting the induction of sterilizing immunity.

Another study used rVSV-�G vectors expressing NiV-B F or G glycoprotein and also tested
them as single-injection vaccinations in NiV-M-challenged ferrets (146). Ferrets were vaccinated
i.m. with rVSV-NiV-B F or rVSV-NiV-B G complemented with VSV G or a mix of both vec-
tors, rVSV-NiV-B F/G, that was generated as a complementing pair in the absence of VSV G and
then challenged at 28 days with NiV-M by i.n. administration. All vaccinated ferrets were com-
pletely protected against NiV-M challenge. Although viral RNA was detected in blood at day 6
post-challenge in 2 of 5 animals in each group, those levels were 100 times lower than in the unvac-
cinated controls, and by day 21 no viral RNA was detected (146). In a second study, rVSV-NiV-B
F and rVSV-NiV-B G were assessed separately and in combination in AGMs (147). Cohorts were
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vaccinated with the rVSVs by i.m. injection and challenged 28 days later with NiV-B divided be-
tween the i.t. and i.n. routes (147). Complete protection was recorded fromNiV-B disease with no
gross pathology and no detectable NiV antigen in lung or spleen tissues. Viral RNA was detected
in nasal and oral swabs of the vaccinated groups, but no viral RNA could be detected in blood
samples.

Replication-competent rVSV-NiV-M F or G vectors, generated by the retention of the enve-
lope glycoprotein fromZaire ebolavirus (ZEBOV-GP),which allowed virus stocks to be propagated
(rVSV-ZEBOV-GP-NiVF, rVSV-ZEBOV-GP-NiVG, and rVSV-ZEBOV-GP-NiVN), have also
been tested (148). These rVSVs were used to immunize hamsters by i.p. administration and were
challenged 28 days later with NiV-M. All subjects vaccinated with either the NiV F or G glyco-
protein encoding rVSV vectors were completely protected with no clinical disease or pathology,
whereas those vaccinated with the NiV N protein were only partially protected (2 of 6 animals)
with no clinical signs of disease and the other subjects succumbed to infection. The protective ef-
ficacy of the rVSV-ZEBOV-GP-NiVG was also tested in AGMs, where vaccinated subjects were
challenged with NiV-M by i.t. administration 29 days later (149). All vaccinated subjects were
protected from lethal challenge and showed no signs of clinical disease, no viral RNA was de-
tected in the blood or oral and nasal swabs, and no infectious virus could be recovered. Another
study using a rVSV vector expressing a codon-optimized HeV G gene together with an inacti-
vated counterpart was evaluated in mice for humoral immune responses only as a comparator to
a recombinant rabies virus vaccine encoding HeV G as a HeV vaccine candidate (150). Here, the
live rVSV vectors induced greater levels of HeV G-specific antibodies and higher levels of HeV-
neutralizing antibodies than did the recombinant rabies virus vectors (see the section titled Rabies
Virus Vectored).

Adeno-associated virus and adenovirus vectored. Adeno-associated virus (AAV) vectors as a
vaccine platform against infectious diseases, particularly viral pathogens, have been explored. AAV
is a small, single-stranded DNA virus in the family Parvoviridae. Immunization of hamsters with
an AAV vector expressing NiV-M G glycoprotein (AAV8 NiV.G) by i.m. injection demonstrated
complete protection from a challenge of NiV-M by i.p. administration, and no signs of clinical
disease were recorded (151) (Table 1). Neutralizing antibodies to NiV were induced, no viral
RNA or viral antigen was detected in any of the sampled tissues, and there was only a moderate
anamnestic response observed in a single subject, suggestive of potential sterilizing immunity.
However, in a cross-protection study, AAV8 NiV.G protected only 50% of hamsters challenged
with HeV.

Chimpanzee adenoviral (ChAd) vectors circumvent issues of the preexisting immunity ob-
served with human adenovirus vectors (152). Adenoviruses are double-stranded DNA viruses in
the family Adenoviridae. An engineered replication-deficient ChAd vector, Oxford 1 (ChAdOx1),
was tested as a NiV/HeV vaccine (153). Here, ChAdOx1 encoding NiV-B (ChAdOx1 NiV-B) G
glycoprotein was used to vaccinate hamsters by i.m. injection, either as a single dose or as a prime-
boost protocol.Hamsters were challenged by i.p. administration withNiV-B 42 days following the
booster or the single vaccination.Neutralizing antibodies were detectable, and all vaccinated ham-
sters were protected against lethal disease with no lung pathology, suggesting that a single dose of
ChAdOx1 NiV-B was sufficient to completely protect against NiV-B. No viral RNA in the lung
tissue and no viral shedding in oropharyngeal swabs could be detected, and no infectious virus
could be isolated. A second cohort using a single dose of ChAdOx1 NiV-B to vaccinate hamsters
was trialed, and these animals were challenged 28 days later with NiV-M or HeV. All vaccinated
animals were protected from lethal NiV-M challenge, but 4 out of 6 hamsters succumbed to HeV
disease between days 5 and 7 post-challenge. Neither virus shedding in oropharyngeal swabs nor
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infectious virus was detected in the lung or brain tissues of NiV-M-challenged vaccinated ham-
sters. In contrast, infectious virus was detected in the lung tissues of 75% of the HeV-challenged
vaccinated animals. The lower cross-protection observation using NiV G vaccination followed by
HeV challenge was not unexpected, as it was previously shown that when the G glycoprotein (as a
recombinant soluble subunit immunogen) of either HeV or NiV was used to vaccinate cats, both
could completely protect against lethal NiV-M challenge, and that the HeV-sG elicited greater
heterologous neutralizing antibody responses in comparison to NiV-sG (14).

Measles virus vectored. Recombinant measles virus vectors based on the HL (rMV-HL) and
Edmonston (rMV-Ed) measles virus strains have also been explored in which they encoded the
NiV-MGglycoprotein (rMV-HL-G and rMV-Ed-G) (154) (Table 1).Hamsters were immunized
twice by i.p. administration of rMV-HL-G or rMV-Ed-G. All vaccinated animals produced NiV
G-specific antibody titers after the booster immunization. Animals were challenged 1 week after
the second immunization with NiV-M by i.p. administration. All immunized hamsters exhibited
no clinical symptoms and survived challenge. The study was extended to non-human primates
(NHPs), where 2 AGMs were immunized twice by s.c. injection with rMV-Ed-G. Subjects were
challenged 2 weeks after the second immunization with NiV-M by i.p. administration. Here, im-
munization completely protected the AGMs with no observed clinical disease and no detectable
pathological changes, and no viral RNA could be detected in sampled tissues. Although this was a
small study, the safety profile and success of the live-attenuated measles virus vaccine suggests that
a recombinant platform encoding theNiVG glycoprotein as aNiV vaccine candidate is promising
and should induce a balanced and long-lasting immune response against NiV.

Rabies virus vectored. A rabies virus (RABV) SAD B19 vaccine strain, BNSP333, expressing
HeV or NiV G glycoproteins has been evaluated (150, 155). Recombinant BNSP333 encoding
either the wild-type or a codon-optimized HeV G gene, together with their inactivated counter-
parts, was used in mice (150) (Table 1). Mice were immunized by i.m. injection with a single dose
of the RABV-based vectors or with 3 doses of their inactivated versions. The inactivated RABV-
based vectors induced higher and more rapid HeVG-specific antibody responses and higher neu-
tralizing antibody titers than their live counterparts. The inactivated RABV-coHeV-G induced
cross-neutralizing antibodies against NiV. A similar study used the BNSP333 vector expressing
NiV-B G glycoprotein (RABV-NiV-BG) (Table 1) and elicited NiV G-specific neutralizing an-
tibodies (155).

Recently, the recombinant RABV Evelyn-Rokitnicki-Abelseth (ERA) strain (rERAG333E) ex-
pressing either NiV-M F or G glycoproteins was evaluated in mice and pigs (156) (Table 1). This
vector, rERAG333E, serves as an oral vaccine in dogs. Here, mice were orally immunized with
RABV-NiV-F or RABV-NiV-G either individually or in combination. Pigs were also immunized
in a similar manner but with 2 doses of each vector either alone or in combination. RABV-NiV-F
and/or RABV-NiV-G immunization induced NiV F- and G-specific IgG antibody responses and
neutralizing antibodies in both mice and pigs with the combination vaccine inducing higher titers.
Although not suitable for human use, the live-attenuated rERAG333E vector is of interest as a po-
tential veterinary vaccine for NiV because it is already approved for use in some animals and could
be adapted for emergency use to protect against NiV infection in livestock, particularly swine.

Many of these virus-vectored vaccines for NiV are promising candidates because of their es-
tablished safety profiles and ease of genetic modification. Several of these virus-vectored vaccines
also require no adjuvants, and some are clearly efficacious as a single immunization strategy, suit-
able features for emergency use circumstances. In addition, several of these platforms are able to
induce both cell-mediated and humoral immune responses, which may also be desirable but as yet
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are not fully explored in the development of vaccines for NiV and HeV. Although animals immu-
nized with viral vectors encoding the NiV G glycoprotein and challenged with the homologous
virus were completely protected, cross-protection studies with some of these vaccines against a
HeV challenge were less effective. For example, only 50% of AAV8 NiV.G-immunized hamsters
or 33% of ChAdOx1 NiV-B G glycoprotein–immunized hamsters were protected from a lethal
HeV challenge (151, 153). In addition, the ALVAC-HeV-F and ALVAC-HeV-G vaccination stud-
ies showed that these vectors did not provide 100% protection in hamsters challenged with HeV,
perhaps due to either a suboptimal immunization dose or the immunization route (141).

Virus-like particles.VLPs have been explored as a vaccine platform because of the resemblance
of their surface structure, dimensions, and compositions to authentic virus yet are of high safety
because of the lack of viral genetic material. Earlier studies revealed that the M protein of NiV
was capable of orchestrating the formation and budding of NiV VLPs when expressed in cells
that appeared structurally similar to authentic NiV virions, and these VLPs could also incorpo-
rate other viral proteins such as the F and G glycoproteins (157, 158). VLPs composed of NiV
M, F, and G were used to vaccinate mice s.c. at weeks 0, 2, and 4 and demonstrated they could
induce high neutralizing antibody titers by day 35 (159) (Table 2). NiV VLPs were later used in
NiV-M challenge studies either alone or in combination with adjuvant, monophosphoryl lipid A
(MPLA) and AlhydrogelTM (15 μg/50 μg) or CpG and Alhydrogel (40 μg/50 μg) (160). Ham-
sters were vaccinated i.m. either as a single dose or as a 3-dose regimen and then challenged via
i.p. administration of NiV-M at 28 days or 58 days, respectively. In all cohorts, 100% of the vac-
cinated animals survived with no clinical signs of disease and no detection of viral RNA in any of
the sampled tissues, regardless of the presence of adjuvant. VLPs are thus an alternative means,
with inherent safety, of producing an inactivated whole virus vaccine from an otherwise highly
pathogenic virus.

Subunit vaccine.The HeV-sG subunit vaccine has been extensively evaluated in several studies.
Here, a brief summary of earlier reports is made, but the focus is on studies in NHPs and livestock.
Recombinant HeV-sG and NiV-sG can elicit a potent neutralizing antibody response and were
first tested as vaccine immunogens in the feline model (14, 161) (Table 2). Both HeV-sG and
NiV-sG vaccination of cats completely protected against lethal NiV-M challenge, and HeV-sG
elicited greater heterologous neutralizing titers than did NiV-sG, demonstrating that a single
subunit vaccine may be effective against both NiV and HeV (14). Other studies using lower doses
of HeV-sG (Table 2) demonstrated that a pre-challenge neutralizing titer of 1:32 could protect
against NiV-M (162). Additional studies in ferrets showed that low doses of HeV-sG could protect
againstHeV andNiV-B (163, 164) (Table 2).Also, a longevity study showed that vaccinated ferrets
challenged with NiV-B at 14 months post-immunization, with pre-challenge neutralizing titers of
1:16 to 1:128, were also protected (164).

The HeV-sG vaccine has been extensively evaluated in AGMs (Table 2). In a cross-protection
study, 100 μg, 50 μg, or 10 μg doses of HeV-sG in combination with Alhydrogel and CpG were
administered i.m. as a prime-boost, on days 0 and 21. Pre-challenge 50% neutralization titers
ranged from 1:28 to 1:379. All subjects were challenged with NiV-M by i.t. administration on day
42. All vaccinated subjects were completely protected, displaying no clinical signs of disease, and
no viral RNA could be detected in blood and tissues and no infectious virus was isolated (165).
Similarly, HeV-sG vaccination HeV challenge in AGMs has also been performed. Using a prime-
boost regimen, AGMs were vaccinated twice, 3 weeks apart, by i.m. injection with 100μgHeV-sG
with Alhydrogel or HeV-sG with Alhydrogel and CpG, and then challenged 3 weeks later with
HeV by i.t. administration (166). All vaccinated animals were completely protected from clinical
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disease, and noHeVRNAor viral antigen could be detected in swabs, blood, or tissues, and notably
HeV-sG formulated in only Alhydrogel protected (166).

The efficacy and inherent safety of the HeV-sG subunit led to its development as an equine
vaccine to prevent HeV infection of horses and also reduce the risk of HeV transmission to peo-
ple, as a One Health concept (Figure 1). HeV-sG, formulated in an approved equine adjuvant
(Zoetis, Inc.), was evaluated in two efficacy studies; the first tested 50 μg and 100 μg doses of
the same HeV-sG used in prior animal studies to vaccinate horses, and the second used 100 μg
doses of HeV-sG produced in Chinese hamster ovary cells (Zoetis, Inc.). Two vaccinations were
given by i.m. administration 3 weeks apart. All horses in these efficacy studies were challenged by
oronasal inoculation with HeV (Table 2). Seven horses were challenged at 28 days and 3 horses
were challenged at 194 days after the second immunization. All vaccinated horses remained clin-
ically healthy following challenge; pre-challenge neutralization titers ranged from 1:128 to more
than 4,096 in horses challenged 21 days after vaccination and only from 1:16 to 1:32 in horses
challenged at 6 months. There was no gross or histologic evidence of infection in any of the vac-
cinated horses at study completion, and all tissues examined were negative for viral antigen, with
no viral genome detected in any tissue. In 9 of 10 vaccinated horses, HeV nucleic acid was not de-
tected in daily nasal, oral, or rectal swab samples or from blood, urine, or fecal samples collected
before euthanasia, no recoverable virus was present, and no rise in antibody titer was detected in
any vaccinated horse following challenge (167). The HeV-sG horse vaccine (Equivac® HeV) was
launched by Zoetis, Inc., in November 2012 on aminor use permit by the regulatory authority, the
Australian Pesticides and Veterinary Medicines Authority (APVMA), and is the first commercially
developed and deployed vaccine against a BSL-4 agent. All vaccinated horses are microchipped,
and a database is maintained. Equivac HeV received full registration by the APVMA in 2015.
To date, more than 765,000 doses of Equivac HeV vaccine have been administered to more than
179,000 unique horses, and laboratory-confirmed HeV infections in horses have since occurred
only in unvaccinated animals.

Studies showed HeV-sG as a NiV vaccine in the pig model (which is a non-lethal challenge
model) was much less effective in comparison to results observed in the cat, ferret, NHP, and
horse, and HeV-sG was only partially protective against HeV challenge and unprotective against
NiV-M in the pig (168). These experiments also indicated that both humoral and cellular immune
responses were required for protection of swine against NiV andHeV.Here, pigs were immunized
with HeV-sG in a proprietary adjuvant (Zoetis, Inc.), and subjects were challenged with HeV
or NiV via i.n. administration (Table 2). HeV-sG-vaccinated pigs developed neutralizing titers
ranging from 1:160 to 1:320 to HeV, but only partial protection was achieved with reduced viral
RNA in tissues and no recoverable virus, and there was no reduction of viral shedding in nasal
washes. These HeV-sG-vaccinated pigs did not develop neutralizing antibodies to NiV-M that
were considered protective (low), nor did they have measurable activation of cellular immune
memory. Only a comparative group of pigs that were first orally infected (vaccinated) with NiV
(and recovered) were subsequently protected against an i.n. rechallenge with NiV. This group of
pigs developed protective antibody levels and cell-mediated immune memory responses (168).

Single-dose lipid nanoparticle mRNA, HeV-sG vaccine.More recently, messenger RNA
(mRNA)-based vaccines have emerged as an attractive vaccine strategy because of safety, efficacy,
and rapid implementation features. In a recent study, the efficacy of an mRNA vaccine approach
was assessed in a NiV-M animal challenge model (169). mRNA transcripts encoding HeV-sG
were complexed with lipid nanoparticles (LNPs) to generate HeV-sG mRNA LNP. Two groups
of 10 hamsters were vaccinated with a single dose of HeV-sG mRNA LNP at either 10 μg or
30 μg by i.m. injection. Subjects were challenged with NiV-M by i.p. administration 30 days
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post-vaccination (Table 2). The HeV-sG mRNA LNP was only partially protective, with 3
hamsters from the low-dose group and 7 hamsters from the high-dose group surviving challenge.
Of the surviving animals, signs of clinical disease were observed in 2 low-dose group and 6 high-
dose group hamsters; however, disease symptoms were gone by study termination. NiV N gene
RNA levels in the blood and a variety of tissues in surviving hamsters were lower compared with
nonsurvivors, but NiV RNA copy levels were not different compared with controls. No anti-NiV
IgG or virus-neutralizing activity was detected in vaccinated animals prior to challenge; however,
all post-challenge survivors were positive for anti-NiV IgG antibodies, and all survivors (in both
groups) had similar neutralizing titers ranging from 1:160 to 1:640. Euthanized animals had little
to undetectable neutralizing activity, highlighting the correlation of this immune response to
protection. Although promising, the partial efficacy of HeV-sG mRNA LNP observed in this
study suggests that further optimization of vaccination route, addition of an adjuvant, and/or a
prime-boost regimen is needed.

SUMMARY AND FUTURE PERSPECTIVES

The frequency of henipavirus outbreaks and human infections is a significant global health con-
cern. A promising passive immunization strategy has been developed using a humanmAb,m102.4,
shown effective in the NHP challenge model, which has also been administered numerous times
to people by compassionate use protocol and has successfully completed a phase I safety trial in
Australia. In addition, the Equivac HeV vaccine is available, targeting the protection of horses
and also people by breaking the chain of HeV transmission to people, and is an example of a One
Health approach to counter an infectious disease threat. Over the past 15 years, nearly a dozen
NiV and HeV vaccine approaches have been trialed in animal challenge models, and many show
promise as effective human-use vaccines. Recently, the formation of the Coalition for Epidemic
Preparedness Innovations (CEPI), a global partnership between public and private organizations,
was undertaken with the goals of developing vaccines against emerging infectious diseases and of-
fering equitable access to those vaccines (170). Indeed, without the support of CEPI, the prospects
of having a NiV or HeV vaccine suitable for use in people, at a deployable stage in the event of
a significant outbreak, would have remained academic. Research teams can now capitalize on the
large body of basic and preclinical vaccine development data on a half-dozen important emerging
viral threats including NiV and, with the support of CEPI, can develop vaccine candidates for
clinical use and future licensure. Several of the NiV human vaccine candidates described in this
review are now supported by CEPI.
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Stefan Seitz, Jelena Habjanič, Anne K. Schütz, and Ralf Bartenschlager � � � � � � � � � � � � � � � � 263

Transformation and Oncogenesis

Molecular Mechanisms of Merkel Cell Polyomavirus Transformation
and Replication
Wei Liu and Jianxin You � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 289

Herpesvirus Epigenetic Reprogramming and Oncogenesis
Yonggang Pei, Josiah Hiu-yuen Wong, and Erle S. Robertson � � � � � � � � � � � � � � � � � � � � � � � � � � � � 309

Pathogenesis

Single-Cell Analysis Reveals Heterogeneity of Virus Infection,
Pathogenicity, and Host Responses: HIV as a Pioneering Example
Ludivine Brandt, Sara Cristinelli, and Angela Ciuffi � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 333

Viral Hacks of the Plant Vasculature: The Role of Phloem Alterations
in Systemic Virus Infection
Madhu Kappagantu, Tamara D. Collum, Christopher Dardick,
and James N. Culver � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 351

Abortive Infection: Bacterial Suicide as an Antiviral Immune Strategy
Anna Lopatina, Nitzan Tal, and Rotem Sorek � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 371

Mucosal Dendritic Cell Subsets Control HIV-1’s Viral Fitness
Bernadien M. Nijmeijer, Catharina J.M. Langedijk,
and Teunis B.H. Geijtenbeek � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 385

A
nn

u.
 R

ev
. V

ir
ol

. 2
02

0.
7:

44
7-

47
3.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
 A

cc
es

s 
pr

ov
id

ed
 b

y 
71

.1
66

.1
79

.3
0 

on
 1

0/
20

/2
0.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



Autophagy in Plant-Virus Interactions
Meng Yang, Asigul Ismayil, and Yule Liu � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 403

Immunity

Viperin Reveals Its True Function
Efraín E. Rivera-Serrano, Anthony S. Gizzi, Jamie J. Arnold,
Tyler L. Grove, Steven C. Almo, and Craig E. Cameron � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 421

Vaccines

Vaccines to Emerging Viruses: Nipah and Hendra
Moushimi Amaya and Christopher C. Broder � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 447

Ethics of Conducting Clinical Research in an Outbreak Setting
Kathryn M. Edwards and Sonali Kochhar � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 475

Challenges of Making Effective Influenza Vaccines
Sigrid Gouma, Elizabeth M. Anderson, and Scott E. Hensley � � � � � � � � � � � � � � � � � � � � � � � � � � � � 495

Viral Vectors and Therapeutics

Plant Virus–Derived Vectors: Applications in Agricultural
and Medical Biotechnology
Peter Abrahamian, Rosemarie W. Hammond, and John Hammond � � � � � � � � � � � � � � � � � � � � � � 513

A Roadmap for the Success of Oncolytic Parvovirus-Based
Anticancer Therapies
Anna Hartley, Gayatri Kavishwar, Ilaria Salvato, and Antonio Marchini � � � � � � � � � � � � � � 537

Plant Viruses and Bacteriophage-Based Reagents for Diagnosis
and Therapy
Sourabh Shukla, He Hu, Hui Cai, Soo-Khim Chan, Christine E. Boone,
Veronique Beiss, Paul L. Chariou, and Nicole F. Steinmetz � � � � � � � � � � � � � � � � � � � � � � � � � � � � 559

Errata

An online log of corrections to Annual Review of Virology articles may be found at
http://www.annualreviews.org/errata/virology
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Confidentiality Notice: This email message, including any attachments, is for the sole use of the intended
recipient(s) and may contain confidential and privileged information. Any unauthorized use, disclosure or
distribution is prohibited. If you are not the intended recipient, please contact the sender by replying to
this e-mail and destroy all copies of the original message. (Uniformed Services University)



OMB No. 0925-0001 and 0925-0002 (Rev. 12/2020 Approved Through 02/28/2024)         

 

Name of Individual: Broder, Christopher 
Commons ID:  

 

Other Support  Project/Proposal 
ACTIVE 

Title: Collaborative Development and Evaluation of a Human Subunit Vaccine (HeV-sG) to 
Protect Against Nipah and Hendra Viruses 

Major Goals: This project will develop, characterize and test chimeric, luciferase encoding 
henipaviruses using CedV along with the fusion and attachment glycoproteins of Nipah virus 
and Hendra virus 

Overlap: None. This Project supported the development of the chimeric recombinant CedV 
serum neutralization test platform to be supplied to AuroVaccines LLC. 

Status of Support: Active 

Project Number: N/A 

Name of PD/PI: Hamm, Stefan. 

Source of Support: Subward from Profectus (Now AuroVaccines LLC) / CEPI CRADA 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 01/30/2019  01/29/2024 

Total Award Amount (including Indirect Costs): $796,308 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
4, 5.  2023 1.2 calendar 
5.  2024 0.1 calendar 

 
Title: Serological Biosurveillance for Spillover of Henipaviruses and Filoviruses at Agricultural 
and Hunting Human-Animal Interfaces in Peninsular Malaysia 

Major Goals: The overarching goal is to characterize the distribution and detect the spillover of 
henipaviruses and filoviruses among indigenous farming and hunting communities in Peninsular 
Malaysia. 

Status of Support: Active 

Project Number: 07-103-7096 

Name of PD/PI: Daszak, P. 

Source of Support: Subward from EcoHealth Alliance / DTRA 

 Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY)   05/01/2017-04/30/2023 

Total Award Amount (including Indirect Costs): $1,339,017  

Person Months (Calendar/Academic/Summer) per budget period. 
Year (YYYY) Person Months (##.##) 
7. 2023 0.3 calendar 

 
  

(b) (6)



Page 2 Other Support Format Page 

Name of Individual: Broder, Christopher 
Commons ID: 

 

Title: Advancement of Vaccines and Therapies for Henipaviruses 

Major Goals: The primary objective of the Center is to perform pivotal studies that will facilitate 
the development of products used for the prevention and treatment of Nipah and Hendra 
infections. All three RPs, and Center Cores: Administrative; human monoclonal antibody; and 
Biosafety Level (BSL)-4 work together to provide broadly effective countermeasures. 

Overlap: None. This program is focused on vaccine and antiviral monoclonal antibody 
countermeasure development. It uses recombinant CedV and recombinant CedV chimeras to 
measure virus neutralizing potencies of antibodies and to develop novel vaccine platforms and 
small animal models. Not antiviral drug discovery. 

Status of Support: Active 

Project Number: U19AI142764 

Name of PD/PI: Broder, C. 

Source of Support: NIAID/NIH (CETR) 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 03/01/19  02/28/24 

Total Award Amount (including Indirect Costs): $24,587,556 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
4, 5.  2023 1.2 calendar  Project 

0.6 calendar  Core Admin 
5.  2024 1.2 calendar  Project 

0.6 calendar  Core Admin 

 
 
Title: Biosurveillance for Spillover of Henipaviruses and Filoviruses in Rural Communities in 
India 

Major Goals: The major goals of this project are to enhance early detection and surveillance 
capacity in India. 

Status of Support: Active 

Project Number: HDTRA12010026 

Name of PD/PI: Epstein, Jonathan 

Source of Support: Subaward from EcoHealth Alliance / DTRA 

 Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 10/01/2020-9/30/2023  

Total Award Amount (including Indirect Costs): $175,000 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
3.  2023 0.6 calendar 

 
  

(b) (6)



Page 3 Other Support Format Page 

Name of Individual: Broder, Christopher 
Commons ID: 

 

 
Title: Understanding Risk of Zoonotic Virus Emergence in EID Hotspots of Southeast Asia 

Major Goals: The major goals of this project is to develop multidisciplinary teams of 
investigators in the program will conduct pathogen/host surveillance, study pathogen 
transmission, pathogenesis and immunologic responses in the host, and will develop reagents 
and diagnostic assays for improved detection for important emerging pathogens and their 
vectors. 

Status of Support: Active 

Project Number: U01AI151797 NIH/NIAID/CREID 07-049-7012-52338 

Name of PD/PI: Daszak, P. 

Source of Support: Subaward from EcoHealth Alliance / CREID, NIAID, NIH 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 06/17/2020-05/31/2024 

Total Award Amount (including Indirect Costs): $136,903 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
3.  2023, 2024 0.6 calendar 
4.  2024 0.6 calendar 

 
 
Title: Furopyrimidines as novel inhibitors of henipaviruses 

Major Goals: The major goals of this project are to discover, refine and optimize antiviral 
molecules from lead chemical hits, to improve antiviral activities against henipaviruses using 
CedV. 

Status of Support: Active 
Project Number:  R41AI157095 

Name of PD/PI: Rong, Lijun 

Source of Support: Subaward from Chicago BioSolutions, Inc. / NIAID, NIH 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 01/01/2021-12/31/2023 

Total Award Amount (including Indirect Costs): $45,750 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
3. 2023 0.5 calendar 

 
  

(b) (6)



Page 4 Other Support Format Page 

Name of Individual: Broder, Christopher 
Commons ID: 

 

 
Title: Biosurveillance for Viral Zoonoses and Bat-Livestock-Human interfaces in South Africa 

Major Goals: This project will focus on building capacity and enhancing surveillance, including 
early detection programs for henipa-, filo- and zoonotic coronaviruses in Southern Africa. 

Status of Support: Active 

Project Number: HDTRA12010025 

Name of PD/PI: Markotter, W. 

Source of Support: Subaward from University of Pretoria / DTRA 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 07/31/2020-07/30/2025 

Total Award Amount (including Indirect Costs): $1,120,965 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
3. 2023 0.5 calendar 
4. 2024 0.5 calendar 
5. 2025 0.5 calendar 

 
 
Title: Study of Nipah virus dynamics and genetics in its bat reservoir and of human exposure of 
NiV across Bangladesh to understand patterns of human outbreaks 

Major Goals: This project will use serological and genetic surveillance approaches to detect the 
presence of Nipah virus in serological samples by anti-Nipah virus antibody detection assays in 
human and wildlife samples from different locals and seasonal periods to improve knowledge of 
virus location and emergence dynamics. 

Status of Support: Active 

Project Number: U01AI153420 

Name of PD/PI: Epstein, Jonathan 

Source of Support: subaward from EcoHealth Alliance  /  NIAID, NIH 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 11/15/2020-06/30/2025 

Total Award Amount (including Indirect Costs): $45,939 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
4.  2023, 2024 0.5 calendar 
5.  2024, 2025 0.5 calendar 

 
  

(b) (6)
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Name of Individual: Broder, Christopher 
Commons ID: 

 

 
Title: Recombinant HeV-sG Vaccine Formulation and Delivery via Microneedle Patch 

Major Goals: This project will use recombinant soluble Hendra virus G antigen protein and test 
the feasibility of a novel immunization and vaccine platform to elicit anti-Hendra/Nipah virus 
antibodies in animal models. 

Status of Support: Active 

Project Number: 011882 

Name of PD/PI: Broder, C. 

Source of Support: Uniformed Services University 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 11/30/2021-11/29/2024 (pending NCE) 

Total Award Amount (including Indirect Costs): $2,575,800 

Person Months (Calendar/Academic/Summer) per budget period. 

Year (YYYY) Person Months (##.##) 
2. 2023 1.2 calendar 
3.  2024 1.2 calendar 

 
 
Title: Efficacy testing of a novel human monoclonal antibody therapy for late-stage 
rabies/lyssavirus infection 

Major Goals: The major goals of this project is to test the efficacy of mAb therapy at times 
beyond day seven post-infection, to more completely define the degree to which mAb therapy 
can confer protection from death post-onset of clinically evident severe neurological disease. 

Status of Support: Active 

Project Number: HU00011920118 

Name of PD/PI: Broder, C. 

Source of Support: CGHE / USUHS 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 09/30/2019-09/29/2024 (pending 
NCE) 

Total Award Amount (including Indirect Costs): $518,000 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
3. 2022, 2023 0.6 calendar 
4.  2023,2024 0.6 calendar 

 
  

(b) (6)



Page 6 Other Support Format Page 

Name of Individual: Broder, Christopher 
Commons ID: 

 

Title: UTMB-Novartis Alliance for Pandemic Preparedness (UNAPP). (An NIH AViDD Center) 

Sub-project 3: Henipaviruses. 

Major Goals: This project will use recombinant Cedar virus-based reporters to screen chemical 
libraries for antiviral activities; then tool compound generation, target identification, and lead 
compound optimization; then evaluate lead compounds in animal models and select 
Development Candidate (DC). 

 

Status of Support: Active 

Project Number: U19 AI171413 

Name of PD/PI: Diagana, Thierry 

Shi, Pei-Yong 

Source of Support: NIAID-NIH; subaward from University of Texas Med. Br. Galveston, TX 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 05/01/2022-04/30/2027 

Total Award Amount (including Indirect Costs): $2,885,380 

Person Months (Calendar/Academic/Summer) per budget period. 
 

Year (YYYY) Person Months (##.##) 
1, 2. 2023 0.6 calendar 
2, 3. 2024 0.6 calendar 
3, 4. 2025 0.6 calendar 
4,5. 2026 0.6 calendar 
   5. 2027 0.6 calendar 

 
Title: Informing biosurveillance: contribution of pteropdid fruit bats to virus spillover in the 
Philippines 

Major Goals: This project aims to characterize viruses shedding pulses and polymicrobial 
infection dynamics; investigate seasonal and temporal variation of host immune status; and 
conduct risk assessment of bat-borne viruses spillover to incidental hosts. 

Status of Support: Pending 

Project Number: N/A 

Name of PD/PI: Laing, E. 

Source of Support: DTRA / Duke NUS 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 05/01/2022-04/30/2027 

Total Award Amount (including Indirect Costs): $1,213,743 

Person Months (Calendar/Academic/Summer) per budget period. 
 

 

Year (YYYY) Person Months (##.##) 
    1. 2022 1 calendar 
1, 2. 2023 1 calendar 
2, 3. 2024 1 calendar 
3, 4. 2025 1 calendar 
4,5. 2026 1 calendar 
   5. 2027 1 calendar 

(b) (6)



Page 7 Other Support Format Page 

Name of Individual: Broder, Christopher 
Commons ID: 

 

 
Title: Establishment of a Bat Resource for Infectious Disease Research 

Major Goals: The major goals of this proposal is to contribute significant insight into the viral 
determinants that confer henipaviral pathogenesis. The construction and generation of 
recombinant henipavirus chimeric viruses will be the primary means for determining how 
virus receptor usage and the expression of virulence factors act individually or in conjunction 
to cause limited or severe disease. The recombinant constructs generated from the 
proposed studies will also be used to determine host determinants of immunity in Jamaican 
fruit bats and animal models. 

Status of Support: Pending 

Project Number:  R24AI165424 

Name of PD/PI: Schountz, T.  

Source of Support: Colorado State University (NIH / NIAID flow through) 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY): 01/01/2023-12/30/2027 

Total Award Amount (including Indirect Costs): $695,937 

Person Months (Calendar/Academic/Summer) per budget period. 

Year (YYYY) Person Months (##.##) 
1.  2023 0.5 calendar 
2.  2024 0.5 calendar 
3.  2025 0.5 calendar 
4.  2026 0.5 calendar 
5.  2027 0.25 calendar 

 
 
IN-KIND 

NONE 
 
OVERLAP 

There is no overlap with the pending awards with any of the projects listed above. A statement 
addressing overlap is made above under each active and pending item of support. 

 
 
I, PD/PI or other senior/key personnel, certify that the statements herein are true, complete and 
accurate to the best of my knowledge, and accept the obligation to comply with Public Health 
Services terms and conditions if a grant is awarded as a result of this application. I am aware 
that any false, fictitious, or fraudulent statements or claims may subject me to criminal, civil, or 
administrative penalties. 

 
 
*Signature: 
 

 

(b) (6)

(b) (6)
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Page 1 Other Support Format Page 

Name of Individual: Amaya, Moushimi
Commons ID:  

Other Support – Project/Proposal 
 
ACTIVE 

Title: Advancement of Vaccines and Therapies for Henipaviruses 

Major Goals: The primary objective of the Center is to perform pivotal studies that will 
facilitate the development of products used for the prevention and treatment of Nipah and 
Hendra infections. All three RPs, and Center Cores: Administrative; human monoclonal 
antibody; and Biosafety Level (BSL)-4 work together to provide broadly effective 
countermeasures. 
 
Overlap: None. This program is focused on vaccine and antiviral monoclonal antibody 
countermeasure development.  It uses recombinant CedV and recombinant CedV chimeras 
to measure virus neutralizing potencies of antibodies and to develop novel vaccine platforms 
and small animal models. Not antiviral drug discovery. 
 
 
Status of Support: Active 

Project Number: U19AI142764 

Name of PD/PI: Broder, C. 

Source of Support: NIAID/NIH (CETR) 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY) (if available): 03/01/19 – 02/28/24 

Total Award Amount (including Indirect Costs): $24,587,556 

Person Months (Calendar/Academic/Summer) per budget period. 

Year (YYYY) Person Months (##.##) 
5.   2023 3.0 calendar – Project
6.   2024 3.0 calendar – Project

Title: Furopyrimidines as novel inhibitors of henipaviruses 

Major Goals: The major goals of this project are to discover, refine and optimize small 
molecules from lead chemical hits to improve antiviral activities against henipaviruses using 
recombinant Cedar virus. 

Overlap: None. There is no relation to the pending award with UTMB/Novartis which will be 
using recombinant CedV to screen new and proprietary drug libraries from Novartis.  

 

Status of Support: Active 

Project Number: HR41AI157095 

(b) (6)
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Page 2 Other Support Format Page 

Name of PD/PI: Broder, C.

Source of Support: Sub-award from Chicago BioSolutions, Inc. / NIAID, NIH 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY) (if available): 01/01/2021-12/31/2023 

Total Award Amount (including Indirect Costs): $45,750 

Person Months (Calendar/Academic/Summer) per budget period.

 
Year (YYYY) Person Months (##.##) 
3.  2023 0.5 calendar

Title: UTMB-Novartis Alliance for Pandemic Preparedness (UNAPP).  (An NIH AViDD Center)

Sub-project 3: Henipaviruses. 

Major Goals: This project will use recombinant Cedar virus-based reporters to screen 
chemical libraries for antiviral activities; then tool compound generation, target 
identification, and lead compound optimization; then evaluate lead compounds in animal 
models and select Development Candidate (DC). 
 
Status of Support: Pending 

Project Number: N/A 

Name of PD/PI: Broder, C. 

Source of Support: NIAID-NIH; Sub-award from University of Texas Med. Br. Galveston, 
TX 

Primary Place of Performance: USUHS, Bethesda, MD 

Project/Proposal Start and End Date: (MM/YYYY) (if available): 05/01/2022-04/30/2027 

Total Award Amount (including Indirect Costs): $2,885,380 

Person Months (Calendar/Academic/Summer) per budget period. 

 
Year (YYYY) Person Months (##.##)
2.  2023 6 calendar
3.  2024 3 calendar
4.  2025 3 calendar
5.  2026 3 calendar
6.  2027 3 calendar

IN-KIND 

NONE 



OMB No. 0925-0001 and 0925-0002 (Rev. 12/2020 Approved Through 02/28/2024)  

Page 3 Other Support Format Page 

OVERLAP

There is no overlap with the pending awards with any of the projects listed above.  A statement 
addressing overlap is made above under each active and pending item of support.  

I, PD/PI or other senior/key personnel, certify that the statements herein are true, complete and 
accurate to the best of my knowledge, and accept the obligation to comply with Public Health 
Services terms and conditions if a grant is awarded as a result of this application. I am aware 
that any false, fictitious, or fraudulent statements or claims may subject me to criminal, civil, or 
administrative penalties. 

* SIGNATURE:

* DATE:  

(b) (6)



From: Tamera Porter Wilmot on behalf of Tamera Porter Wilmot <TPorterWilmot@hjf.org>
To: argoldbe@utmb.edu
Cc: Kimberly Boxley; CHRISTOPHER BRODER; Antony Dimitrov; Geisbert, Thomas W.; Haller, Sherry; Yongkang Qiu
Subject: RE: [EXTERNAL] Fwd: Revised Format for the Annual Progress Report for 1U19AI171413-01
Date: Monday, May 1, 2023 1:24:43 PM
Attachments: Other Support Broder Dec 2022 v5-ccb.pdf

All Personnel Report 67058.pdf
Other Support Amaya v5 signed.pdf
image001.png

Good Afternoon,
Please find the completed all personnel report and signed other support documents for Drs. Broder
and Amaya. Please let us know if any additional information is needed.
Thank you,
Tammy
 
Tamera Porter Wilmot - Currently teleworking
Grants Specialist - Office of Sponsored Programs
Research Administration and Innovation Management (RAIM)
Phone:  240-694-2008
Email:    tporterwilmot@hjf.org
 

 
 

 
---------- Forwarded message ---------
From: Goldberg, Alisha R. <argoldbe@utmb.edu>
Date: Wed, Apr 12, 2023 at 1:41 PM
Subject: RE: Fw: URGENT: Revised Format for the Annual Progress Report for 1U19AI171413-01
To: Boxley, Kimberly <kimberly.boxley.ctr@usuhs.edu>, CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>, Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Cc: Geisbert, Thomas W. <twgeisbe@utmb.edu>, Haller, Sherry <shhaller@utmb.edu>
 

Thanks – I talked to Kit at Novartis, who is compiling input for the Project 3 report. I think that
she is on track getting the input she needs for Form Page 5 by next week and we’ll handle Form
pages 1, and 6. We will need updated Other Support if either Chris or Moushimi have changes
to report. And I’m checking to make sure, but I think we’ll have to ask you to fill out Form page

7 – the All Personnel Report. For those two pieces, we’ve set the week of May 1st as a target
date.
Alisha
 



 
External Email Warning: Do not click links or open attachments unless you recognize
the sender and expect the content. UTMB Email Phishing Awareness

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU> 
Sent: Wednesday, April 12, 2023 11:45 AM
To: Boxley, Kimberly <kimberly.boxley.ctr@usuhs.edu>; CHRISTOPHER BRODER
<christopher.broder@usuhs.edu>; Goldberg, Alisha R. <argoldbe@UTMB.EDU>; Haller, Sherry
<shhaller@UTMB.EDU>
Cc: Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: Re: Fw: URGENT: Revised Format for the Annual Progress Report for 1U19AI171413-01
 
Bringing Alisha and Sherry into the loop on this.

From: Boxley, Kimberly <kimberly.boxley.ctr@usuhs.edu>
Sent: Wednesday, April 12, 2023 11:19 AM
To: CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>; Schuenke, Kimberly <kischuen@utmb.edu>; Shi, Pei yong
<peshi@UTMB.EDU>
Cc: Antony Dimitrov <antony.dimitrov.ctr@usuhs.edu>
Subject: Re: Fw: URGENT: Revised Format for the Annual Progress Report for 1U19AI171413-01
 

Hello all,
 
I don't see a due date for us to have these materials
to you. I inquired previously but want to make sure
we are on time.
 
Thanks much .... Kim
 
On Thu, Mar 2, 2023 at 10:30 AM Broder, Christopher <christopher.broder@usuhs.edu> wrote:

fysa

---------- Forwarded message ---------
From: Geisbert, Thomas W. <twgeisbe@utmb.edu>
Date: Thu, Mar 2, 2023 at 10:26 AM
Subject: Fw: URGENT: Revised Format for the Annual Progress Report for 1U19AI171413-01
To: CHRISTOPHER BRODER <christopher.broder@usuhs.edu>, Haller, Sherry
<shhaller@utmb.edu>, Stutz, Sonja J. <sjstutz@utmb.edu>
 

FYI

From: Shi, Pei yong <peshi@UTMB.EDU>



Sent: Thursday, March 2, 2023 9:24 AM
To: Chen, Ping (NIH/NIAID) [E <chenpi@niaid.nih.gov>
Cc: Kitsoulis, Regina (NIH/NIAID) [E <regina.kitsoulis@nih.gov>; Inbox <Inbox2@UTMB.EDU>;
Diagana, Thierry <thierry.diagana@novartis.com>; Menachery, Vineet
<vimenach@UTMB.EDU>; Jarrousse, Nadine <nadine.jarrousse@novartis.com>; Goldberg,
Alisha R. <argoldbe@UTMB.EDU>; Chan, Kit <kit.chan@novartis.com>; Xie, Xuping
<xuxie@UTMB.EDU>; Geisbert, Thomas W. <twgeisbe@UTMB.EDU>
Subject: FW: URGENT: Revised Format for the Annual Progress Report for 1U19AI171413-01
 

Dear Dr. Chen,

Thank you for the new information about the AViDD progress report. We will prepare
accordingly.

Best, Pei-Yong

 

Pei-Yong Shi, Ph.D.

John Sealy Distinguished Chair in Innovations in Molecular Biology

Director, Institute for Drug Discovery

Associate Chief Research Officer

Vice President for Research Innovation

University of Texas Medical Branch at Galveston

Phone: 409-772-6370

 

 

 

From: Chen, Ping (NIH/NIAID) [E] <chenpi@niaid.nih.gov> 
Sent: Thursday, March 2, 2023 9:14 AM
To: Shi, Pei yong <peshi@UTMB.EDU>
Cc: Kitsoulis, Regina (NIH/NIAID) [E] <regina.kitsoulis@nih.gov>; Inbox
<Inbox2@UTMB.EDU>; Inbox <Inbox2@UTMB.EDU>
Subject: URGENT: Revised Format for the Annual Progress Report for
1U19AI171413-01
Importance: High

 



  External Email Warning: Do not click links or open attachments unless you
recognize the sender and expect the content. UTMB Email Phishing Awareness

 Dear Dr. Shi and Authorized Institutional Official,

 

NIH has identified issues with the submission of Multi-Year Funded Research
Performance Progress Reports (RPPRs) using the eRA Commons, consequently all
AViDD awardees must now use the PHS 2590 format instead of the eRA Commons
to prepare and submit the Annual Progress Report for Year 1.   Please disregard the
instructions previously transmitted via the email sent in November 2022. 

 

Please see the attached instructions for the PHS 2590 format and the Revised AViDD
Progress Report Guidelines.  The additional information being requested in the Revised
AViDD Progress Report Guidelines is the same as the previous version, however, for
the PHS 2590 format you will now provide this information using Form page 5 instead
of sections noted in the previous version.

 

The PHS 2590 forms can be downloaded from:
https://grants.nih.gov/grants/funding/2590/2590.htm

 

The Annual Progress Report will contain separate reports for each component of your
AViDD.   You will create a separate PHS 2590 report for the AViDD Overall progress,
each Research Project, and each Core, and these will be combined to generate the
Annual Progress Report.

 

The separate reports for each component will contain:

Form Page 1:  Face Page – leave Items 8a and 8b blank

Form Page 1-continued:  Additional form if Multiple PIs are involved

Project/Performance Site Format Page - use only if additional space is
needed

Biographical Sketch: Complete a Biographical Sketch for all new senior/key
personnel since the previous submission.  Use form available from
https://grants.nih.gov/grants/forms/biosketch.htm

 

Other Support: Include other active support for all senior/key personnel whose
support has changed during the past year and indicate what the change has
occurred.  Use form available from



https://grants.nih.gov/grants/forms/othersupport.htm

 

Form Page 5:  Progress Report Summary - this form will be used to provide
both the additional information required for AViDD awards as well as the
standard information required for a Progress Report.  Please refer to the Revised
AViDD Progress Report Guidelines for the additional information required to
be included in the Progress Summary for the AViDD Overall, Research Project
and Core reports.

Use the Continuation page after Form page 5 is full for this section and any
other sections that require additional pages after the initial form.

 

Form Page 6:  Checklist

Form Page 7:  All Personnel Report

If Human Subjects Research is being conducted - include the PHS Inclusion
Enrollment Report

 

Please refer to the attached Revised AViDD Progress Report Guidelines and the
phs2590 General Instructions found on pages 5 through 17 for guidance about the
information required for each section.

 

Because your AViDD award is a Multi-Year Funded award you are not required to
submit Detailed Budget for Next Budget Period or Budget Justification pages as part of
the Annual Progress Report.  In addition, carry forward requests are not required during
the remaining time of the Multi-Year Funded project period.   However, if the situation
arises, please note, prior approval is still required for compliance with the significant
rebudgeting policy as stated in the NIH Grants Policy Statement
https://grants.nih.gov/policy/nihgps/index.htm:

Significant rebudgeting, whether or not the particular expenditure(s) require prior
approval:  Significant rebudgeting occurs when expenditures in a single direct cost
budget category deviate (increase or decrease) from the categorical commitment level
established for the budget period by 25 percent or more of the total direct costs
awarded. For example, if the award budget for total direct costs is $200,000, any
rebudgeting that would result in an increase or decrease of more than $50,000 in a
budget category is considered significant rebudgeting

 

To submit the report, your Authorized Institutional Official will email the entire Annual
Progress Report to Regina Kitsoulis, who is the NIAID Grants Management Official
for this award, and me.



 

These reports are due by the project anniversary date (05/16/2023) for your award
and can be submitted anytime between now and then.  As noted above, please read
through the Revised AViDD Report Guidelines and the PHS 2590 instructions.  If
questions remain, then please have your business official contact Regina Kitsoulis and
me.

 

We apologize for the inconvenience.

Sincerely yours,

Ping

 

Ping Chen PhD

Program Officer

Drug Development Section

Office of Biodefense Research Resources and Translational Research

Division of Microbiology and Infectious Diseases

National Institute of Allergy and Infectious Diseases

National Institutes of Health

5601 Fishers Lane, 8G37

Rockville, MD 20852

chenpi@niaid.nih.gov

Mobile: +1 240-507-9606

Office: +1 240-627-3462

 

 

 
--
Christopher C. Broder, Ph.D.
Professor and Chair
Department of Microbiology and Immunology





--
Kim N. Boxley   l   Program Manager 3  l  Henry M Jackson Foundation   
Uniformed Services University of the Health Sciences   l   Microbiology and Immunology
4301 Jones Bridge Road, Room B4122   l  Bethesda, Maryland  20814
Phone: 301-295-1941   l   Fax:  301-295-1545   l   Cell: 301-793-1883
Email: KIMBERLY.BOXLEY.CTR@USUHS.EDU

Confidentiality Notice: This email message, including any attachments, is for the sole use of the
intended recipient(s) and may contain confidential and privileged information. Any unauthorized use,
disclosure or distribution is prohibited. If you are not the intended recipient, please contact the sender
by replying to this e-mail and destroy all copies of the original message. 

 
--
Kim N. Boxley   l   Program Manager 3  l  Henry M Jackson Foundation   
Uniformed Services University of the Health Sciences   l   Microbiology and Immunology
4301 Jones Bridge Road, Room B4122   l  Bethesda, Maryland  20814
Phone: 301-295-1941   l   Fax:  301-295-1545   l   Cell: 301-793-1883
Email: KIMBERLY.BOXLEY.CTR@USUHS.EDU

Confidentiality Notice: This email message, including any attachments, is for the sole use of the intended
recipient(s) and may contain confidential and privileged information. Any unauthorized use, disclosure or
distribution is prohibited. If you are not the intended recipient, please contact the sender by replying to
this e-mail and destroy all copies of the original message. 
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Department of Health and Human Services

Part 1. Overview Information

Key Dates

Participating Organization(s)
National Institutes of Health (NIH (http://www.nih.gov))

Components of Participating Organizations

National Institute of Allergy and Infectious Diseases (NIAID (https://www.niaid.nih.gov/))

Funding Opportunity Title

Research and Development of Vaccines and Monoclonal Antibodies for Pandemic Preparedness (ReVAMPP) Centers
for Bunyavirales, Paramyxoviridae and Picornaviridae (U19 Clinical Trial Not Allowed)

Activity Code
U19 (//grants.nih.gov/grants/funding/ac_search_results.htm?text_curr=u19&Search.x=0&Search.y=0&sort=ac&Search_Type=Activity&text_prev=) Research Program – Cooperative
Agreements

Announcement Type

New

Related Notices

NOT-OD-22-189 (https://grants.nih.gov/grants/guide/notice-files/NOT-OD-22-189.html) - Implementation Details for the NIH Data Management and Sharing Policy

NOT-OD-22-195 (https://grants.nih.gov/grants/guide/notice-files/NOT-OD-22-195.html) - New NIH "FORMS-H" Grant Application Forms and Instructions Coming for Due Dates on
or after January 25, 2023

NOT-OD-22-198 (https://grants.nih.gov/grants/guide/notice-files/not-od-22-198.html) - Implementation Changes for Genomic Data Sharing Plans Included with Applications Due on
or after January 25, 2023

NOT-OD-23-012 (https://grants.nih.gov/grants/guide/notice-files/NOT-OD-23-012.html) - Reminder: FORMS-H Grant Application Forms & Instructions Must be Used for Due Dates
On or After January 25, 2023 - New Grant Application Instructions Now Available

Funding Opportunity Announcement (FOA) Number

RFA-AI-23-020

Companion Funding Opportunity
RFA-AI-23-019 (https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-019.html)  U19 (https://grants.nih.gov/grants/funding/ac_search_results.htm?
text_curr=U19&&Search.x=0&&Search.y=0&&Search_Type=Activity) Research Program (Cooperative Agreement)
RFA-AI-23-021 (https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-021.html)  UG3 (https://grants.nih.gov/grants/funding/ac_search_results.htm?
text_curr=UG3&&Search.x=0&&Search.y=0&&Search_Type=Activity)/ UH3 (https://grants.nih.gov/grants/funding/ac_search_results.htm?
text_curr=UH3&&Search.x=0&&Search.y=0&&Search_Type=Activity) Phase 1 Exploratory/Developmental Cooperative Agreement/Exploratory/Developmental Cooperative
Agreement Phase II

,

,

Number of Applications
See Section III. 3. Additional Information on Eligibility.

Assistance Listing Number(s)
93.855

Funding Opportunity Purpose

This Funding Opportunity Announcement (FOA) solicits applications to participate in the Research and Development of Vaccines and Monoclonal Antibodies for Pandemic
Preparedness (ReVAMPP) Network. The purpose of this FOA is to establish comprehensive, cooperative basic and translational research Centers to carry out in-depth research
on prototype members of select virus families that have the potential to emerge as pandemic pathogens. The goal of these Centers will be to develop vaccine and monoclonal
antibody strategies for prototype pathogen(s) that can be applied to closely related family members based on shared functional and structural properties.  This FOA solicits for
centers proposing research on virus families from Bunyavirales, Paramyxoviridae and Picornaviridae to be part of the ReVAMPP Network. 

Posted Date
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Application Due Dates Review and Award Cycles

New

Renewal /
Resubmission /

Revision (as
allowed) AIDS

Scientific Merit
Review

Advisory Council
Review Earliest Start Date

June 08, 2023 Not Applicable Not Applicable November 2023 January 2024 March 2024

No late applications will be accepted for this Funding Opportunity Announcement.

Required Application Instructions
It is critical that applicants follow the Multi-Project (M) Instructions in the SF424 (R&R) Application Guide (https://grants.nih.gov/grants/guide/url_redirect.htm?id=82400), except where
instructed to do otherwise (in this FOA or in a Notice from the NIH Guide for Grants and Contracts (//grants.nih.gov/grants/guide/url_redirect.htm?id=11164)). Conformance to all
requirements (both in the Application Guide and the FOA) is required and strictly enforced. Applicants must read and follow all application instructions in the Application Guide as well
as any program-specific instructions noted in Section IV. When the program-specific instructions deviate from those in the Application Guide, follow the program-specific instructions.
Applications that do not comply with these instructions may be delayed or not accepted for review.

There are several options available to submit your application through Grants.gov to NIH and Department of Health and Human Services partners. You must use one of these
submission options to access the application forms for this opportunity.

1. Use the NIH ASSIST system to prepare, submit and track your application online.

Apply Online Using ASSIST

2. Use an institutional system-to-system (S2S) solution to prepare and submit your application to Grants.gov and eRA Commons (https://public.era.nih.gov/commons/) to track
your application. Check with your institutional officials regarding availability.

Table of Contents
Part 1. Overview Information

Key Dates
Part 2. Full Text of Announcement

Section I. Funding Opportunity Description
Section II. Award Information
Section III. Eligibility Information
Section IV. Application and Submission Information
Section V. Application Review Information
Section VI. Award Administration Information
Section VII. Agency Contacts
Section VIII. Other Information

Part 2. Full Text of Announcement

Section I. Funding Opportunity Description

March 16, 2023

Open Date (Earliest Submission Date)

May 08, 2023

Letter of Intent Due Date(s)

30 days prior to the application due date

All applications are due by 5:00 PM local time of applicant organization. 

Applicants are encouraged to apply early to allow adequate time to make any corrections to errors found in the application during the submission process by the due date.

Expiration Date

June 09, 2023

Due Dates for E.O. 12372

Not Applicable
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The National Institute of Allergy and Infectious Diseases (NIAID) supports complementary research programs to understand, control and prevent viral diseases and related
pandemics. As part of pandemic preparedness planning, this Funding Opportunity Announcement (FOA) solicits applications to establish comprehensive, cooperative basic and
translational research centers to 1) advance scientific knowledge needed to develop vaccines and monoclonal antibodies (mAbs) for prototype viral pathogens within virus families
that have pandemic potential; and 2) leverage this information to develop and evaluate generalizable approaches for vaccines and mAbs for the prototype pathogens and other
related family members based on shared functional and structural properties. Centers proposing research on select virus families from Bunyavirales, Paramyxoviridae and
Picornaviridae are included in this FOA. 

The ReVAMPP Network is comprised of ReVAMPP Centers from both this RFA (Bunyavirales, Paramyxoviridae and Picornaviridae) and its companion FOAs soliciting for
ReVAMPP Centers focusing on Flaviviridae and Togaviridae (see RFA-AI-23-019 (https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-019.html)) and the ReVAMPP Coordinating
and Data Sharing Center (CDSC) (see RFA-AI-23-021 (https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-021.html)).  ReVAMPP Centers will conduct independent research
project(s) and are expected to share information and collaborate within the Network under the direction of the ReVAMPP CDSC which is responsible for establishing and
maintaining a collaborative ReVAMPP Network platform for data sharing and overall collaboration among the ReVAMPP Centers. 

In the event of an outbreak, the ReVAMPP Centers will be poised to leverage the expertise and resources within the network to assist in a coordinated research response.  This
new NIAID Network will align with the goals of the American Pandemic Preparedness Plan: Transforming Our Capabilities (AP3) (https://www.whitehouse.gov/wp-
content/uploads/2021/09/American-Pandemic-Preparedness-Transforming-Our-Capabilities-Final-For-Web.pdf), which was announced in September 2021, and recognizes the
need for a trans-government investment and response to combat future pandemics and NIAID's Pandemic Preparedness Plan
(https://www.niaid.nih.gov/sites/default/files/pandemic-preparedness-plan.pdf).

Background
The emergence and re-emergence of infectious diseases continues to threaten the health of Americans and people worldwide. Over the past two decades, the public health
community has responded to emerging infectious diseases including those caused by Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV-1), the 2009 H1N1 influenza
virus, Middle East Respiratory Syndrome Coronavirus (MERS-CoV), Ebola virus, Zika virus, and most recently, SARS-CoV-2. The global pandemic caused by SARS-CoV-2 further
underscores the continual threat of newly emerging and re-emerging pathogens and the critical value of basic and translational research for pandemic preparedness. The
unprecedented rapid development of vaccines and mAbs for SARS-CoV-2 was enabled by decades of foundational research on related coronaviruses which allowed scientists to
quickly and effectively respond once SARS-CoV-2 emerged. In recent years, considerable resources have been invested in vaccine and mAb development for coronavirus and
influenza viruses to prepare for the next pandemic from these families. However, viruses from other families also propose substantial risk of causing a pandemic.  Thus, continuing
to build a robust basic research portfolio and advancing translational science for other viral families with pandemic potential is essential for biomedical countermeasure
preparedness. In addition to known threats, effective preparedness must also account for unexpected emerging disease threats. To mitigate risks associated with these yet-
unknown pathogens, NIAID’s intent for the ReVAMPP Network is to promote focused research needed to develop vaccines and mAbs for prototype-pathogens from viral families
known to infect humans (Graham BS and Corbett KS J Clin Invest. 2020; 130(7):3348-3349 (https://www.jci.org/articles/view/139601), Cassetti MC, et al., JID. D022; jiac296).
(https://academic.oup.com/jid/advance-article/doi/10.1093/infdis/jiac296/6649664?login=true) As defined in this FOA, a prototype pathogen is a representative virus from which
research on the virology, pathology and immunology of the prototype will generate generalizable knowledge, and in turn vaccine and mAb strategies, which can be applied to other
members of the viral family. As the prototype pathogen approach proposes, viruses are organized into families based upon shared functional and structural similarities and thus
candidate vaccine strategies developed against a prototype pathogen may similarly work against other members in the same family. Through targeted basic and applied research
on these prototype pathogens, a solid foundation of knowledge will enable a rapid response when a previously unknown (or known but understudied) pathogen emerges or spreads
from any of the known high-risk viral families. This anticipatory approach will increase the knowledge base needed for preparedness and enable rapid development and translation
of candidate vaccines and mAbs into clinical trials and large-scale production. 

Research Objectives and Scope
The objective of this FOA is to establish multidisciplinary research Centers to be part of the highly collaborative ReVAMPP Network focused on in-depth basic and translational
research on prototype members of certain virus families that have the potential to emerge as pandemic pathogens, namely Paramyxoviridae, Picornaviridae and Bunyavirales
including Arenaviridae, Hantaviridae, Nairoviridae, Phenuiviridae, and Peribunyaviridae. The major goal of these Centers will be to develop vaccine strategies for prototype
pathogens that can be applied to other closely related family members based on shared functional and structural properties. Additionally, these Centers may perform basic
research to expand foundational knowledge of virology, pathology, and immunology, or perform early development activities for mAbs for prototype viruses. Towards these goals,
each Center will encompass a multi-project multidisciplinary research program that employs innovative virology, structural biology, and immunology to identify strategies for vaccine
design.  Each Center will collaborate across the ReVAMPP Network through the sharing of data, reagents, protocols, and animal models to facilitate advancement toward
pandemic preparedness for all virus families.

Priority Viral Families for Pandemic Preparedness

A prototype pathogen is a representative virus from which research on the virology, pathology and immunology of the prototype will generate generalizable knowledge, and in turn
vaccine and mAb strategies, which can be applied to other members of the virus family.  For this FOA, each ReVAMPP Center will support a multi-project research program
directed towards enabling basic and translational research and development of vaccines, and optionally early development of mAbs, against prototype viruses from one or more of
the following selected virus families of pandemic potential, and Centers are encouraged to work on more than one virus family (listed alphabetically, all of equivalent priority):

Bunyavirales
Arenaviridae (e.g., Lassa virus, Junin virus)
Hantaviridae (e.g., Andes virus, Sin Nombre virus, Hantaan orthohantavirus virus)
Nairoviridae (e.g., Crimean-Congo Hemorrhagic Fever virus (CCHF), Hazara virus) 
Phenuiviridae (e.g., Rift Valley Fever virus, Severe Fever with thrombocytopenia syndrome virus, Punta Toro virus)
Peribunyaviridae (e.g., LaCrosse virus (LAC), Cache Valley virus)

Paramyxoviridae (e.g., Menangle virus, HPIV1, HPIV3, Canine Distemper virus, Cedar virus)
Picornaviridae (e.g., Enterovirus A71, Enterovirus D68, Echovirus B29, Rhinovirus C)

Centers are encouraged to include research projects focused on multiple virus families and may include a single prototype or multiple prototypes from a family. The investigators
will determine which virus should serve as a prototype for a given family, but prototype selection must be justified. Considerations may include, but are not limited to, how well the
prototype reflects properties shared by other members of the family, whether a single prototype is sufficient or whether multiple prototypes are needed to address differences
amongst family members, the ease of working with the prototype virus, and whether vaccines against the prototype would have potential value for current public health needs. 

These selected priority virus families of pandemic potential were identified by NIAID based on the ability to infect humans, the potential to cause a pandemic, and the current
resources invested. The Coronaviridae and Orthomyxovirdae virus families were not included in this list as vaccine development and preparedness research for these families is
supported through other mechanisms such as NOT-AI-21-002: Emergency Awards: Notice of Special Interest (NOSI) on Pan-Coronavirus Vaccine Development Program Projects
(https://grants.nih.gov/grants/guide/notice-files/NOT-AI-21-002.html) and NIAID Centers of Excellence for Influenza Research and Surveillance (https://www.niaidceirs.org/), among
others. In November 2021, NIAID convened a workshop titled “NIAID Workshop on Pandemic Preparedness: The Prototype Pathogen Approach to Accelerate Medical
Countermeasures - Vaccines and Monoclonal Antibodies” where experts summarized current knowledge of the basic and translational research landscape, described research and
intervention gaps, and proposed suitable prototype pathogens for further study and medical countermeasure development (Graham BS and Corbett KS J Clin Invest. 2020;
130(7):3348-3349 (https://www.jci.org/articles/view/139601), Cassetti MC, et al. JID. 2022;jiac296. (https://academic.oup.com/jid/advance-
article/doi/10.1093/infdis/jiac296/6649664)) This workshop highlighted the critical need to continue to expand basic research efforts and advance translational science for nine of
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the selected virus families. NIAID’s intent for the ReVAMPP Network is to promote focused and coordinated research needed for the development of vaccines, and optionally early
development of mAbs, for prototype-pathogens from virus families known to infect humans. 

Research Areas

This FOA will support basic research such as virology studies to better understand cell tropism and receptor/entry requirements and to determine replication mechanisms,
pathogenesis, and capacity for antigenic diversity. It will also support structural biology research to define the atomic-level details of surface proteins likely to be
antigenic/immunologic targets. It will support research to assess the immune response in humans to natural infections and existing vaccines as well as determine correlates of
immune protection, establish robust animal models, and develop reagents and new immunological assays. 

This FOA will also support early and Investigational New Drug Application (IND)-enabling translational research for vaccines. Translational activities may include
antigen/immunogen design and evaluation, screening technology platforms or adjuvants for immunogenicity and efficacy in animal models, development of assays and reagents,
identification of correlates or surrogate markers of protection, lead optimization, stability, and manufacturability testing, and/or early process development. Once lead vaccine
candidates/strategies have been identified, the same generalizable approach will be applied to other viruses within in the same family to validate the overall strategy for the virus
family. Given the need to respond rapidly to emerging threats, the vaccine strategies should incorporate technologies that are amendable to antigen interchange and rapid
manufacturing such as “plug and play” platforms. 

The development of prototype vaccine strategies and structure-function characterization of the immune response to infection and vaccination is likely to result in the identification of
mAbs with therapeutic potential. Thus, this FOA will support functional characterization of candidate mAbs and early translational activities for mAb development for prototype
viruses. These activities may include discovery, in vitro characterization including epitope identification, neutralization potency, effector function analysis and structural studies, mAb
optimization, determination of mechanism of action, in vivo evaluation including efficacy, dose titration, and route of administration studies in animal models, and candidate down-
selection. If early mAb development is included, following the identification of lead mAb candidates for the prototype virus, it should be determined if antibodies with similar epitopes
and/or properties are effective against other viruses within the same family.

Milestones

This FOA will utilize a bi-phasic, milestone-driven cooperative agreement award mechanism with Phase I consisting of the first 3 years, and Phase II consisting of years 4 and 5. 
Although applicants will apply for five years of funding, near the end of year 3 grantees will submit a transition package which will be evaluated by NIAID program staff for progress
of research towards development of a generalizable vaccine strategy for the proposed viral family(ies), and if applicable early mAb development, and contribution to the ReVAMPP
Network through data sharing and collaboration. The administrative review for funding of years 4 and 5 will be based on successful achievement of milestones included in the
application and negotiated with the recipient prior to award, overall feasibility of program advancement,compliance with the ReVAMPP Network data sharing and CDSC requests,
evidence of collaboration with other ReVAMPP Centers, programmatic priorities, and the availability of funding. 

Industry Partnership

Each ReVAMPP Center is expected to have an established, or have plans to establish when appropriate, collaboration with an industry partner which will provide access to vaccine
expertise in manufacturing, clinical development, and regulatory pathways. For Centers proposing IND-enabling translational research, an industry partnership is required. For the
purpose of this FOA, "industry" is defined as a large or small, domestic, or foreign, pharmaceutical, biotechnology, or bioengineering company, or a related non-profit entity. The
establishment of these public-private-partnerships is expected to extend the reach of the Center’s comprehensive translational efforts, helping to ensure a focused, critical path
through early-phase clinical trials for the most promising candidates. Centers will be encouraged to create partnerships/in-licensing opportunities and intellectual property strategies
in compliance with NIH Intellectual Property Policy (https://grants.nih.gov/policy/intell-property.htm) to support advancing promising vaccine, and if applicable mAb, candidates into
the clinic and to allow for hand-off to industry for advanced development. Centers are encouraged to develop and use intellectual property strategies that promote accessibility,
similar to efforts from the World Health Organization (WHO), NIAID, and Bill & Melinda Gates Foundation (BMGF) to make COVID-19 vaccine and mAbs technologies accessible
for the developing world (COVID-19 technology access pool (https://www.who.int/initiatives/covid-19-technology-access-pool)). 

NIAID Resources

Each ReVAMPP Center is expected to provide lead candidates for comparative studies using NIAID’s preclinical services or other gap filling mechanisms. It is anticipated that after
award NIAID’s comprehensive suite of preclinical services (Resources for Researchers | NIH: National Institute of Allergy and Infectious Diseases
(https://www.niaid.nih.gov/research/resources)), NIAID’s Division of Allergy, Immunology, and Transplantation (DAIT) programs (Adjuvant Discovery Program
(https://www.niaid.nih.gov/research/adjuvant-discovery-program), B cell and T cell Epitope Discovery program, etc.) and repositories could be leveraged as needed to support
ReVAMPP objectives including reagent storage/development, assay and animal model harmonization and evaluation, and development of lead vaccine and mAb candidates
developed under this Network. NIAID program officials will connect ReVAMPP investigators to these services.

ReVAMPP Network interactions

Collaboration and data sharing among ReVAMPP Centers and with external partners is key to successful achievement of the ReVAMPP network goals.  Therefore, each ReVAMPP
Center must adopt FAIR data principles (https://www.go-fair.org/fair-principles/) as per the NIH Data Management Sharing Plan (DMSP (https://sharing.nih.gov/data-management-
and-sharing-policy)) and manage and rapidly share data within the Network of ReVAMPP Centers under the direction of the ReVAMPP CDSC. This data will be shared
confidentially within the Network to harmonize reagents, assays, and animal models and exchange knowledge on structure/function-based vaccine solutions and
antigen/immunogen designs as well as assess the utility of vaccine technology platforms for virus families. To assist in the administration and management of information
exchange, a separate ReVAMPP CDSC will be directing these efforts for the Network. The ReVAMPP CDSC will facilitate collaboration within and outside the Network, and each
ReVAMPP Center will be expected to comply in accordance with network-wide timelines. As such, the CDSC will develop network-wide data sharing platforms and templates for all
types of data generated by the ReVAMPP Centers. This may include information/data related to reagents, tools, assays, models, vaccine technology platforms, immune epitope
design and/or correlates of protection. The CDSC will also develop, in conjunction with the Centers, a network wide ReVAMPP governance structure, provide guidance as to
engagement with stakeholders within and outside the research centers, and collate information and facilitate exchange with other NIAID Programs, U.S. Government partners and
other key stakeholders, including the WHO, BMGF, and Coalition for Epidemic Preparedness Innovations (CEPI), among others as appropriate. 

ReVAMPP Center Structure

Each Center in the ReVAMPP Network will be organized around a multidisciplinary research program with interrelated projects focused on the prototype member(s) of virus families
that have the potential to emerge as pandemic pathogens to inform a strategy for development of vaccines for the prototype pathogen and other closely related family members
based on shared functional and structural properties, with the objective of translating research results to product development. Each Center is expected to include the following
components:

Administrative Core

An Administrative Core will manage, coordinate, and supervise all Center activities under the direction of the Program Director(s)/Principal Investigator(s) (PD(s)/PI(s). The
Administrative Core will also ensure seamless communication across the projects through regular meetings of Center participants and the ReVAMPP network as directed by the
ReVAMPP CDSC.  In addition, the Administrative Core will coordinate detailed communication of Center efforts and progress with NIAID program staff, including organizing annual
ReVAMPP Center progress meetings with NIAID, and participating and assisting with ReVAMPP Network meetings as necessary virtually and/or at NIAID.  The Administrative Core
will also be responsible for leading coordination and collaboration efforts with the CDSC and other Centers within the Network and ensuring the Center program complies with
requests from the CDSC and NIAID program staff.
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Scientific Advisory Board

Each Center will include a Scientific Advisory Board (SAB) that will act as an independent, external advisory body for the PD(s)/PI(s) but will not be involved in the day-to-day
activities of the Center. The SAB will facilitate Go/No-Go decision making and recommend new research directions as appropriate. The SAB will participate in annual ReVAMPP
Center progress meetings at NIAID to review Center activities and evaluate progress, adherence to milestones and timelines, and the continued relevance of each Research
Project, including those within industry partnerships, to the overall Center objective(s). If requested by the PD(s)/PI(s) and NIAID Project Scientist, the SAB will provide a summary
written evaluation of the group's activities and recommendations following the annual ReVAMPP Center progress meeting. The SAB will include at least 5 non-conflicted external
advisors. Centers must have at least 2 of the external advisors who have demonstrated and relevant industry-level expertise. SAB membership will be established in consultation
with NIAID program staff. Potential external SAB members MUST NOT be named in the application or contacted prior to completion of review activities.

Data Management Core

A Data Management Core will be responsible for housing data generated by the Center and managing the transfer of data within the Center and to the ReVAMPP Network as
directed by the ReVAMPP CDSC, including the upload of data to the ReVAMPP Network data sharing platforms.  The Data Management Core will also be responsible for collating
and collecting information from the Center as requested by the ReVAMPP CDSC or NIAID program staff in accordance with network-wide timelines, and ensuring the Center
complies with network data sharing policies.

Scientific Cores

A Center may include up to three Scientific Cores to support resources and/or facilities that are essential for the activities of two or more Research Projects, but inclusion of
Scientific Cores is not required. Scientific Cores are intended to only serve the needs of Center project researchers and they may not conduct research independent of the
Research Projects. In lieu of a Scientific Core,  use of existing institutional core facilities may be included in specific Research Projects.

Research Projects

Each Center must include at least 2 and no more than 5 interdependent Research Projects focused on prototype members of the priority virus families of pandemic potential listed
above. At least one Research Project must focus on development of vaccines, and other Research Projects may focus on additional vaccine development, early mAb development
or foundational research in virology, immunology, pathology, and structural biology necessary for such development. Each Research Project must clearly and directly contribute to
the Center’s approach and objective(s). The Center PD(s)/PI(s) will monitor all Research Projects and actively promote efforts that foster integration, collaboration, and synergy
across the program. Research Project Leaders may be affiliated with either an academic organization or industry. 

Research Projects are expected to incorporate state-of-the-art technology and approaches and may include consortium arrangements for required activities. Applicants are
encouraged to carefully consider the scope and range of research proposed and develop a Center that is coherent overall and consistent with available resources and personnel.

Example ReVAMPP Centers:

Center programs and objectives may range from research and development of single or multiple prototype vaccines targeting one or more of the priority virus families, and activities
may range from early basic research aimed at gaining the foundational knowledge needed to design a generalizable vaccine strategy, to mAb discovery and characterization to
late-stage preclinical vaccine development with industry participation. Examples of hypothetical ReVAMPP Centers follow:

Example 1: 

Center for Countermeasure Discovery for Bunyaviruses

Administrative Core

Data Management Core

Scientific Core: Virology, Reagents, and Assays

Scientific Core: Structural Biology of Viral Proteins, Vaccines, and Monoclonal Antibodies

Research Project 1: Viral receptor discovery and characterization for Nairoviruses and Peribunyaviruses

Research Project 2: Characterization of the human immune response and antibody discovery

Research Project 3: Antigen design and immunogenicity evaluation of Nairovirus vaccines

Research Project 4: Animal model development and determination of CCHF and LAC pathogenesis

Research Project 5: Antigen design and immunogenicity evaluation of Peribunyavirus vaccines

Example 2: 

Paramyxovirus and Arenavirus Vaccine and Monoclonal Antibody Development Center

Administrative Core

Data Management Core

Scientific Core: Animal model development and candidate vaccine and monoclonal antibody evaluation

Research Project 1: Antigen design and immunogenicity testing of Paramyxovirus vaccine candidates

Research Project 2: Antigen design and immunogenicity testing of Arenavirus vaccine candidates

Research Project 3: Determination of correlates of protection for different vaccine platforms

Research Project 4: Preclinical evaluation of monoclonal antibodies targeting paramyxoviruses and arenaviruses

Applications including the following types of studies will be considered non-responsive and will not be reviewed:

Clinical trials: Clinical research may be supported but not clinical trials, as defined by the NIH (https://grants.nih.gov/policy/clinical-trials/definition.htm
(https://grants.nih.gov/policy/clinical-trials/definition.htm)).
Centers proposing only monoclonal antibody discovery and development without vaccine development.
Projects proposing toxicology studies or GMP manufacturing for vaccines.
Projects proposing later-stage development of monoclonal antibodies including process development, tissue cross-reactivity studies, toxicology studies, or GMP
manufacturing.
Centers proposing research on Coronaviridae, Orthomyxoviridae or other virus families not listed under Priority Viral Families for Pandemic Preparedness.
Centers proposing research on Flaviviridae or Togaviridae families which are covered in the companion RFA-AI-22-019 (https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-
22-019.html)
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Applications that do not include a clear section on Milestones with Go/No-Go criteria for the Overall Program and each individual project.

This FOA supports research on virus families from Bunyavirales, Paramyxoviridae and Picornaviridae. For ReVAMPP Center programs proposing research on virus families from
Flaviviridae and Togaviridae see the companion FOA, RFA-AI-23-019 (https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-019.html). The ReVAMPP Coordinating and Data
Sharing Center (CDSC) will oversee data coordination and sharing for the ReVAMPP Centers in the ReVAMPP Network (companion FOA, RFA-AI-23-021
(https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-021.html)).  

For additional information about the Research and Development of Vaccines and Monoclonal Antibodies for Pandemic Preparedness (ReVAMPP) Centers), see the "Frequently
Asked Questions (FAQ)" link here: https://www.niaid.nih.gov/grants-contracts/questions-and-answers-revampp-funding-opportunities (https://www.niaid.nih.gov/grants-
contracts/questions-and-answers-revampp-funding-opportunities).

Webinar Announcement

NIAID plans to hold a pre-application informational webinar for this FOA. Details about webinar registration will be available at this same FAQ link shortly after FOA publication.
Participation in the webinar is not required to submit an application in response to this FOA.
See Section VIII. Other Information for award authorities and regulations.

Section II. Award Information

NIH grants policies as described in the NIH Grants Policy Statement (//grants.nih.gov/grants/guide/url_redirect.htm?id=11120) will apply to the applications submitted and awards made
from this FOA.

Section III. Eligibility Information
1. Eligible Applicants

Eligible Organizations
Higher Education Institutions

Public/State Controlled Institutions of Higher Education
Private Institutions of Higher Education

The following types of Higher Education Institutions are always encouraged to apply for NIH support as Public or Private Institutions of Higher Education:

Hispanic-serving Institutions
Historically Black Colleges and Universities (HBCUs)
Tribally Controlled Colleges and Universities (TCCUs)
Alaska Native and Native Hawaiian Serving Institutions
Asian American Native American Pacific Islander Serving Institutions (AANAPISIs)

Nonprofits Other Than Institutions of Higher Education

Nonprofits with 501(c)(3) IRS Status (Other than Institutions of Higher Education)
Nonprofits without 501(c)(3) IRS Status (Other than Institutions of Higher Education)

For-Profit Organizations

Small Businesses
For-Profit Organizations (Other than Small Businesses)

Funding Instrument

Cooperative Agreement: A support mechanism used when there will be substantial Federal scientific or programmatic involvement. Substantial involvement means that, after award,
NIH scientific or program staff will assist, guide, coordinate, or participate in project activities. See Section VI.2 for additional information about the substantial involvement for this
FOA.

Application Types Allowed
New

The OER Glossary (//grants.nih.gov/grants/guide/url_redirect.htm?id=11116) and the SF424 (R&R) Application Guide provide details on these application types. Only those
application types listed here are allowed for this FOA.

Clinical Trial?
Not Allowed: Only accepting applications that do not propose clinical trials.

Need help determining whether you are doing a clinical trial? (https://grants.nih.gov/grants/guide/url_redirect.htm?id=82370)

Funds Available and Anticipated Number of Awards

NIAID intends to commit ~$70-85M in FY2024 to fund 5-6 awards.  Funding in subsequent years is subject to the availability of funds.

Award Budget

Application budgets are not expected to exceed $10M direct costs/year and need to reflect the actual needs of the proposed project. 

Award Project Period
The scope of the proposed project should determine the project period. The maximum period is 5 years.   
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Local Governments

State Governments
County Governments
City or Township Governments
Special District Governments
Indian/Native American Tribal Governments (Federally Recognized)
Indian/Native American Tribal Governments (Other than Federally Recognized)

Federal Governments

Eligible Agencies of the Federal Government
U.S. Territory or Possession

Foreign Institutions
Non-domestic (non-U.S.) Entities (Foreign Institutions) are eligible to apply.

Non-domestic (non-U.S.) components of U.S. Organizations are eligible to apply.

Foreign components, as defined in the NIH Grants Policy Statement (//grants.nih.gov/grants/guide/url_redirect.htm?id=11118), are allowed. 

Required Registrations
Applicant organizations

Applicant organizations must complete and maintain the following registrations as described in the SF 424 (R&R) Application Guide to be eligible to apply for or receive an award. All
registrations must be completed prior to the application being submitted. Registration can take 6 weeks or more, so applicants should begin the registration process as soon as
possible. The NIH Policy on Late Submission of Grant Applications (//grants.nih.gov/grants/guide/notice-files/NOT-OD-15-039.html) states that failure to complete registrations in
advance of a due date is not a valid reason for a late submission.

System for Award Management (SAM) (https://grants.nih.gov/grants/guide/url_redirect.htm?id=82390) – Applicants must complete and maintain an active registration, which
requires renewal at least annually. The renewal process may require as much time as the initial registration. SAM registration includes the assignment of a Commercial and
Government Entity (CAGE) Code for domestic organizations which have not already been assigned a CAGE Code.

NATO Commercial and Government Entity (NCAGE) Code (//grants.nih.gov/grants/guide/url_redirect.htm?id=11176) – Foreign organizations must obtain an NCAGE
code (in lieu of a CAGE code) in order to register in SAM.
Unique Entity Identifier (UEI) - A UEI is issued as part of the SAM.gov registration process. The same UEI must be used for all registrations, as well as on the grant
application.

eRA Commons (https://era.nih.gov/) - Once the unique organization identifier is established, organizations can register with eRA Commons in tandem with completing their
Grants.gov registration; all registrations must be in place by time of submission. eRA Commons requires organizations to identify at least one Signing Official (SO) and at least
one Program Director/Principal Investigator (PD/PI) account in order to submit an application.
Grants.gov (//grants.nih.gov/grants/guide/url_redirect.htm?id=82300) – Applicants must have an active SAM registration in order to complete the Grants.gov registration.

Program Directors/Principal Investigators (PD(s)/PI(s))

All PD(s)/PI(s) must have an eRA Commons account.  PD(s)/PI(s) should work with their organizational officials to either create a new account or to affiliate their existing account with
the applicant organization in eRA Commons. If the PD/PI is also the organizational Signing Official, they must have two distinct eRA Commons accounts, one for each role. Obtaining
an eRA Commons account can take up to 2 weeks.

Eligible Individuals (Program Director/Principal Investigator)
Any individual(s) with the skills, knowledge, and resources necessary to carry out the proposed research as the Program Director(s)/Principal Investigator(s) (PD(s)/PI(s)) is invited to
work with his/her organization to develop an application for support. Individuals from diverse backgrounds, including underrepresented racial and ethnic groups, individuals with
disabilities, and women are always encouraged to apply for NIH support. See, Reminder: Notice of NIH's Encouragement of Applications Supporting Individuals from Underrepresented
Ethnic and Racial Groups as well as Individuals with Disabilities, NOT-OD-22-019 (https://grants.nih.gov/grants/guide/notice-files/NOT-OD-22-019.html). 

For institutions/organizations proposing multiple PDs/PIs, visit the Multiple Program Director/Principal Investigator Policy and submission details in the Senior/Key Person Profile
(Expanded) Component of the SF424 (R&R) Application Guide.

Applicants listed as a PD(s)/PI(s) for this FOA will not be eligible to be listed as PD(s)/PI(s) on applications submitted to the companion FOA (RFA-AI-23-019)
(https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-019.html) ReVAMPP Centers for Flaviviridae and Togaviridae but can participate as collaborators on subcomponents of
those Centers. Applicants to this FOA will not be eligible to submit to or participate in the companion ReVAMPP CDSC FOA (RFA-AI-23-021 (https://grants.nih.gov/grants/guide/rfa-
files/RFA-AI-23-021.html)) due to the centralized role of the CDSC in the Network coordination and communication.

2. Cost Sharing

This FOA does not require cost sharing as defined in the NIH Grants Policy Statement (//grants.nih.gov/grants/guide/url_redirect.htm?id=11126).

3. Additional Information on Eligibility

Number of Applications

Applicant organizations may submit more than one application, provided that each application is scientifically distinct.

The NIH will not accept duplicate or highly overlapping applications under review at the same time, per 2.3.7.4 Submission of Resubmission Application
(https://grants.nih.gov/grants/policy/nihgps/HTML5/section_2/2.3.7_policies_affecting_applications.htm#Submissi). This means that the NIH will not accept:

A new (A0) application that is submitted before issuance of the summary statement from the review of an overlapping new (A0) or resubmission (A1) application.
A resubmission (A1) application that is submitted before issuance of the summary statement from the review of the previous new (A0) application.
An application that has substantial overlap with another application pending appeal of initial peer review (see 2.3.9.4 Similar, Essentially Identical, or Identical Applications
(https://grants.nih.gov/grants/policy/nihgps/HTML5/section_2/2.3.9_application_receipt_information_and_deadlines.htm#Similar,)).

Section IV. Application and Submission Information
1. Requesting an Application Package

The application forms package specific to this opportunity must be accessed through ASSIST or an institutional system-to-system solution. A button to apply using ASSIST is available
in Part 1 of this FOA. See your administrative office for instructions if you plan to use an institutional system-to-system solution.
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Component Component Type for Submission Page Limit Required/Optional Minimum Maximum

Overall Overall 12 Required 1 1

Admin Core Admin Core 12 Required 1 1

Data Management Core Data Management Core 6 Required 1 1

Core Core 6 Optional 0 3

Project Project 12 Required 2 5

2. Content and Form of Application Submission

It is critical that applicants follow the Multi-Project (M) Instructions in the SF424 (R&R) Application Guide (https://grants.nih.gov/grants/guide/url_redirect.htm?id=82400), except where
instructed in this funding opportunity announcement to do otherwise and where instructions in the Application Guide are directly related to the Grants.gov downloadable forms currently
used with most NIH opportunities. Conformance to the requirements in the Application Guide is required and strictly enforced. Applications that are out of compliance with these
instructions may be delayed or not accepted for review.

Letter of Intent
Although a letter of intent is not required, is not binding, and does not enter into the review of a subsequent application, the information that it contains allows IC staff to estimate
the potential review workload and plan the review.

By the date listed in Part 1. Overview Information, prospective applicants are asked to submit a letter of intent that includes the following information:

Descriptive title of proposed activity
Name(s), address(es), and telephone number(s) of the PD(s)/PI(s)
Names of other key personnel
Participating institution(s)
Number and title of this funding opportunity

The letter of intent should be sent to:

Frank De Silva, Ph.D.   
Telephone: 240-669-5023 
Email: fdesilva@niaid.nih.gov (mailto:fdesilva@niaid.nih.gov)

Page Limitations

All page limitations described in the SF424 Application Guide and the Table of Page Limits (//grants.nih.gov/grants/guide/url_redirect.htm?id=11133) must be followed.

Instructions for the Submission of Multi-Component Applications

The following section supplements the instructions found in the SF424 (R&R) Application Guide and should be used for preparing a multi-component application.

The application should consist of the following components:

Overall: required

Administrative Core: required

Data Management Core: required

Scientific Cores: optional, maximum 3, each Scientific Core must support at least two Research Projects

Projects: required, minimum 2, maximum 5

Overall Component

When preparing your application, use Component Type ‘Overall’.

All instructions in the SF424 (R&R) Application Guide must be followed, with the following additional instructions, as noted.

SF424(R&R) Cover (Overall)

Complete entire form.

PHS 398 Cover Page Supplement (Overall)

Note: Human Embryonic Stem Cell lines from other components should be repeated in cell line table in Overall component.

Research & Related Other Project Information (Overall)

Follow standard instructions.

Facilities & Other Resources

Describe any unique features in the environment and/or resources that make this a strong research program. 

In the " Facilities & Other Resources" attachment include a clearly marked section titled “BSL3/4 facilities” detailing availability of adequate access to BSL3/4 biocontainment
facilities to support the proposed Center program, if applicable. Applicants must identify all Research Projects within the application that will require BSL3/4 containment
facilities and provide a description of facilities including that are available currently or planned at either the applicant institution or though consortium institutions. A table format
may be used to list each activity that requires BSL3/4 access and the likely facilities to be used. All information on BSL3/4 facilities should be contained in the Overall and not
within individual Research Projects.

If institutional core facilities will be utilized, in a clearly marked section titled "Institutional Core Facilities" describe how institutional core facilities will be used to support the
Research Projects.
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Project/Performance Site Locations (Overall)

Enter primary site only.

A summary of Project/Performance Sites in the Overall section of the assembled application image in eRA Commons compiled from data collected in the other components will be
generated upon submission.

Research and Related Senior/Key Person Profile (Overall)

Include only the Project Director/Principal Investigator (PD/PI) and any multi-PDs/PIs (if applicable to this FOA) for the entire application.

A summary of Senior/Key Persons followed by their Biographical Sketches in the Overall section of the assembled application image in eRA Commons will be generated upon
submission.

Budget (Overall)

The only budget information included in the Overall component is the Estimated Project Funding section of the SF424 (R&R) Cover.

A budget summary in the Overall section of the assembled application image in eRA Commons compiled from detailed budget data collected in the other components will be
generated upon submission.

PHS 398 Research Plan (Overall)
Specific Aims: List in priority order, the broad, long-range objectives, and goals of the proposed Center. Concisely describe the Center objectives.

Research Strategy: This narrative section summarizes the overall research plan for the multi-project application. The multi-project application should be viewed as a
confederation of interrelated research projects, each capable of standing on its own scientific merit, but complementary to one another. This is an important section for it
provides the group of investigators an opportunity to give conceptual wholeness to the overall program – by giving a statement of the general problem area and by laying out a
broad strategy for attacking the problems.

Applicants should clearly define the Center program and its significance regarding the scientific approach in terms of discovery and development of vaccines, and if applicable
early development of mAbs, against prototype viruses from families with high pandemic potential. Discuss the rationale behind the overall approach and prototype selected for
research and development including the public health need and benefit of a successful effort, and the range of activities being pursued. For the prototype selection justification,
considerations may include, but are not limited to, how well the prototype reflects properties shared by other members of the family, whether a single prototype is sufficient or
whether multiple prototypes are needed to address differences amongst family members, the ease of working with the prototype virus, and whether vaccines against the
prototype would have potential value for current public health needs.  Include a discussion of the current state of foundational knowledge and maturity of product development
for the proposed virus families, and how this Center program will advance vaccine development, and if applicable, early development of mAbs, and enhance the ability to
respond rapidly to an emerging virus from the prototype virus’s family. Additionally, each application must detail how each Research Project and Core contributes to the Center
program, objectives, and project interdependence. Applications should outline expected synergies provided by the proposed Center structure and any other special features
that make this application strong or unique.

Milestone Plan: In a clearly labeled section titled “Program Milestones and Timelines”, applicants should describe specific quantifiable milestones for the overall program,
including detailed quantitative and qualitative criteria for Go/No-Go decisions by annum and include annual timelines for the overall research program and for tracking progress
from individual research projects and Cores.  This plan must include Go/No-Go criteria to be met by the end of Year 3 of the award for continuation to Phase II.  Milestones
must specify the outcome(s) for each activity. Milestones should be quantifiable and scientifically justified, and include major milestones from the individual research projects
and Cores. Include any milestones that are integrated from independent research projects or Cores.  Milestone criteria should not simply be a restatement of the specific
aims. Using a Gantt chart or equivalent tool, describe the associated timelines and identified outcomes for the research Center. 

Resource Sharing Plan:
Individuals are required to comply with the instructions for the Resource Sharing Plans as provided in the SF424 (R&R) Application Guide.

Other Plan(s):

Note: Effective for due dates on or after January 25, 2023, the Data Management and Sharing Plan will be attached in the Other Plan(s) attachment in FORMS-H application forms
packages. If required, the Data Management and Sharing (DMS) Plan must be provided in the Overall component. 

All instructions in the SF424 (R&R) Application Guide must be followed, with the following additional instructions:

All applicants planning research (funded or conducted in whole or in part by NIH) that results in the generation of scientific data are required to comply with the instructions
for the Data Management and Sharing Plan. All applications, regardless of the amount of direct costs requested for any one year, must address a Data Management and
Sharing Plan.
Investigators must develop data structures that are FAIR (FAIR Principles - GO FAIR (go-fair.org) (https://gcc02.safelinks.protection.outlook.com/?
url=https%3A%2F%2Fwww.go-fair.org%2Ffair-
principles%2F&data=05%7C01%7Cchelsea.boyd%40nih.gov%7C8247f78a75c04c5ea99208db1b643066%7C14b77578977342d58507251ca2dc2b06%7C0%7C0%7C638133
This will produce data sets that are harmonized and facilitate progressive data sharing models. Applications must provide a well-thought-out plan for how data will be shared
using the FAIR principles.

Appendix:

Only limited items are allowed in the Appendix. Follow all instructions for the Appendix as described in the SF424 (R&R) Application Guide; any instructions provided here are in
addition to the SF424 (R&R) Application Guide instructions.

PHS Human Subjects and Clinical Trials Information (Overall)

When involving human subjects research, clinical research, and/or NIH-defined clinical trials follow all instructions for the PHS Human Subjects and Clinical Trials Information form
in the SF424 (R&R) Application Guide, with the following additional instructions:

If you answered “Yes” to the question “Are Human Subjects Involved?” on the R&R Other Project Information form, there must be at least one human subjects study record using
the Study Record: PHS Human Subjects and Clinical Trials Information form or a Delayed Onset Study record within the application. The study record(s) must be included in
the component(s) where the work is being done, unless the same study spans multiple components. To avoid the creation of duplicate study records, a single study record with
sufficient information for all involved components must be included in the Overall component when the same study spans multiple components.

Study Record: PHS Human Subjects and Clinical Trials Information

All instructions in the SF424 (R&R) Application Guide must be followed.

Delayed Onset Study
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Note: Delayed onset (https://grants.nih.gov/grants/glossary.htm#DelayedOnsetStudy) does NOT apply to a study that can be described but will not start immediately (i.e., delayed
start).All instructions in the SF424 (R&R) Application Guide must be followed.
PHS Assignment Request Form (Overall)

All instructions in the SF424 (R&R) Application Guide must be followed.

Administrative Core
When preparing your application, use Component Type ‘Admin Core.’

All instructions in the SF424 (R&R) Application Guide must be followed, with the following additional instructions, as noted. 

Note: Effective for due dates on or after January 25, 2023, the Data Management and Sharing Plan will be attached in the Other Plan(s) attachment in FORMS-H application forms
packages. If required, the Data Management and Sharing (DMS) Plan must be provided in the Overall component.

SF424 (R&R) Cover (Administrative Core)
Complete only the following fields:

Applicant Information
Type of Applicant (optional)
Descriptive Title of Applicant’s Project
Proposed Project Start/Ending Dates

PHS 398 Cover Page Supplement (Administrative Core)
Enter Human Embryonic Stem Cells in each relevant component.

Research & Related Other Project Information (Administrative Core)
Human Subjects: Answer only the ‘Are Human Subjects Involved?’ and 'Is the Project Exempt from Federal regulations?’ questions.

Vertebrate Animals: Answer only the ‘Are Vertebrate Animals Used?’ question.

Project Narrative: Do not complete. Note: ASSIST screens will show an asterisk for this attachment indicating it is required. However, eRA systems only enforce this
requirement in the Overall component and applications will not receive an error if omitted in other components.

Project /Performance Site Location(s) (Administrative Core)
List all performance sites that apply to the specific component.

Note: The Project Performance Site form allows up to 300 sites, prior to using additional attachment for additional entries.

Research & Related Senior/Key Person Profile (Administrative Core)
In the Project Director/Principal Investigator section of the form, use Project Role of ‘Other’ with Category of ‘Project Lead’ and provide a valid eRA Commons ID in the
Credential field.
In the additional Senior/Key Profiles section, list Senior/Key persons that are working in the component.
Include a single Biographical Sketch for each Senior/Key person listed in the application regardless of the number of components in which they participate. When a
Senior/Key person is listed in multiple components, the Biographical Sketch can be included in any one component.
If more than 100 Senior/Key persons are included in a component, the Additional Senior Key Person attachments should be used.

Budget (Administrative Core)
Budget forms appropriate for the specific component will be included in the application package.

The Core Lead must commit at least 0.6 person months effort per year to these responsibilities.
Include funds for the overall administrative effort, collaborative activities, communications, and publications.
Include costs related to Regulatory expertise as defined effort or periodic consultation.
Include funds for the PD(s)/PI(s), Project Leaders, additional Center Key Personnel and postdocs/researchers/students (at the discretion of the PD(s)/PI(s)), to travel and
attend annual ReVAMPP Network-wide review meetings to be held over an approximately 1-3 full days in the Rockville, MD area or other NIAID-approved site for data
presentation, progress evaluation and related activities.
Include funds for the PD(s)/PI(s), Project Leaders, external SAB members, and additional Center Key Personnel (at the discretion of the PD/PI) to travel and attend annual
mandatory ReVAMPP Center progress meetings at NIAID in Years 1-4 of the project period.

Note: The R&R Budget form included in many of the component types allows for up to 100 Senior/Key Persons in section A and 100 Equipment Items in section C prior to
using attachments for additional entries. All other SF424 (R&R) instructions apply.

PHS 398 Research Plan (Administrative Core)
Specific Aims: List in priority order, the broad, long-range objectives, and goals of the proposed Core. In addition, state the Core's relationship to the Center’s program and
how it relates to the individual Research Projects or other Cores in the application.

Research Strategy: The Administrative Core must include a Management Plan that identifies and discusses: The Administrative Core organizational structure, the roles of
Administrative Core personnel, the facilitation of communications throughout the Center, including with industry partners and how a strong collaborative environment will be
established within the Center. The plan should specifically address continual evaluation of research and development progress, communications, group meetings and
teleconferences, the identification and proposed resolution of problems and engagement of the NIAID staff as appropriate. A description of how consortia (subcontracts) will be
managed should be provided and should include how communications such as periodic meetings and conference calls will be organized, managed, and documented. The plan
should also detail how Center and research-related travel will be managed.

Describe how the Center will coordinate communication and collaborations with the CDSC, NIAID Staff, and other Centers within the Network.  Describe how the Administrative
Core will ensure the Center program complies in a timely manner with requests from the CDSC and NIAID program staff.

Each Administrative Core must include the following:

Scientific Advisory Board: Describe the composition and duties of the Scientific Advisory Board (SAB), including the categories of expertise to be represented on the SAB and
how the SAB will be utilized to guide Center activities. The description should include a discussion of how the proposed expertise of the SAB will be integrated into the
operations of the Center. Describe the procedures and approaches for obtaining SAB input via teleconferences, ad hoc and annual meetings, review of written materials/data,
etc. The SAB must include at least two members with relevant industry-level experience and procedures for identification and selection of the SAB should be included.
Candidates for the SAB MUST NOT be named in the application or contacted prior to completion of review activities.
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Resource Sharing Plan: Individuals are required to comply with the instructions for the Resource Sharing Plans as provided in the SF424 (R&R) Application Guide.

Appendix:

Only limited items are allowed in the Appendix. Follow all instructions for the Appendix as described in the SF424 (R&R) Application Guide; any instructions provided here are
in addition to the SF424 (R&R) Application Guide instructions.

PHS Human Subjects and Clinical Trials Information (Administrative Core)
When involving human subjects research, clinical research, and/or NIH-defined clinical trials follow all instructions for the PHS Human Subjects and Clinical Trials Information
form in the SF424 (R&R) Application Guide, with the following additional instructions:

If you answered “Yes” to the question “Are Human Subjects Involved?” on the R&R Other Project Information form, you must include at least one human subjects study record
using the Study Record: PHS Human Subjects and Clinical Trials Information form or a Delayed Onset Study record.

Study Record: PHS Human Subjects and Clinical Trials Information

All instructions in the SF424 (R&R) Application Guide must be followed

Delayed Onset Study

Note: Delayed onset (https://grants.nih.gov/grants/glossary.htm#DelayedOnsetHumanSubjectStudy) does NOT apply to a study that can be described but will not start
immediately (i.e., delayed start). All instructions in the SF424 (R&R) Application Guide must be followed.

Data Management Core
When preparing your application, use Component Type ‘Data Management Core.’

All instructions in the SF424 (R&R) Application Guide must be followed, with the following additional instructions, as noted.

Note: Effective for due dates on or after January 25, 2023, the Data Management and Sharing Plan will be attached in the Other Plan(s) attachment in FORMS-H application forms
packages. If required, the Data Management and Sharing (DMS) Plan must be provided in the Overall component.

SF424 (R&R) Cover (Data Management Core)
Complete only the following fields:

Applicant Information
Type of Applicant (optional)
Descriptive Title of Applicant’s Project
Proposed Project Start/Ending Dates

PHS 398 Cover Page Supplement (Data Management Core)
Enter Human Embryonic Stem Cells in each relevant component.

Research & Related Other Project Information (Data Management Core)
Human Subjects: Answer only the ‘Are Human Subjects Involved?’ and 'Is the Project Exempt from Federal regulations?’ questions.

Vertebrate Animals: Answer only the ‘Are Vertebrate Animals Used?’ question.

Project Narrative:  Do not complete. Note: ASSIST screens will show an asterisk for this attachment indicating it is required. However, eRA systems only enforce this
requirement in the Overall component and applications will not receive an error if omitted in other components.

Project /Performance Site Location(s) (Data Management Core)
List all performance sites that apply to the specific component.

Note: The Project Performance Site form allows up to 300 sites, prior to using additional attachment for additional entries.

Research & Related Senior/Key Person Profile (Data Management Core)
In the Project Director/Principal Investigator section of the form, use Project Role of ‘Other’ with Category of ‘Core Lead’ and provide a valid eRA Commons ID in the
Credential field.
In the additional Senior/Key Profiles section, list Senior/Key persons that are working in the component.
Include a single Biographical Sketch for each Senior/Key person listed in the application regardless of the number of components in which they participate. When a
Senior/Key person is listed in multiple components, the Biographical Sketch can be included in any one component.
If more than 100 Senior/Key persons are included in a component, the Additional Senior Key Person attachments should be used.   

Budget (Data Management Core)
Budget forms appropriate for the specific component will be included in the application package. 

The Core Leader should commit to the Core at least 1.2 person months of effort.

Note: The R&R Budget form included in many of the component types allows for up to 100 Senior/Key Persons in section A and 100 Equipment Items in section C prior to
using attachments for additional entries. All other SF424 (R&R) instructions apply.

PHS 398 Research Plan (Data Management Core)
Specific Aims:  List in priority order, the broad, long-range objectives, and goals of the proposed Core. In addition, state the Core's relationship to the Center program and how
it relates to the individual Research Projects or other Cores in the application.

Research Strategy:  Describe the organizational structure and role of the Data Management Core in the overall Center research activities and include a Strategy for
Management of Data Activities Plan that describes internal and external data acquisition strategies to achieve harmonization of systems and procedures for data management,
data quality, data analyses, and dissemination for all data and data-related materials generated by the Center to the ReVAMPP CDSC. Describe the quality control procedures
for the data, and how to identify and resolve issues with quality control that maintains data integrity. Describe how the Data Management Core will ensure compliance with the
ReVAMPP network-wide data sharing.

Resource Sharing Plan: Individuals are required to comply with the instructions for the Resource Sharing Plans as provided in the SF424 (R&R) Application Guide.

Appendix:
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Only limited items are allowed in the Appendix. Follow all instructions for the Appendix as described in the SF424 (R&R) Application Guide; any instructions provided here are
in addition to the SF424 (R&R) Application Guide instructions.   

PHS Human Subjects and Clinical Trials Information (Data Management Core)
When involving human subjects research, clinical research, and/or NIH-defined clinical trials follow all instructions for the PHS Human Subjects and Clinical Trials Information
form in the SF424 (R&R) Application Guide, with the following additional instructions:

If you answered “Yes” to the question “Are Human Subjects Involved?” on the R&R Other Project Information form, you must include at least one human subjects study record
using the Study Record: PHS Human Subjects and Clinical Trials Information form or a Delayed Onset Study record.

Study Record: PHS Human Subjects and Clinical Trials Information

All instructions in the SF424 (R&R) Application Guide must be followed 

Delayed Onset Study

Note: Delayed onset (https://grants.nih.gov/grants/glossary.htm#DelayedOnsetStudy) does NOT apply to a study that can be described but will not start immediately (i.e.,
delayed start). All instructions in the SF424 (R&R) Application Guide must be followed. 

Scientific Core
When preparing your application, use Component Type ‘Core.’

All instructions in the SF424 (R&R) Application Guide must be followed, with the following additional instructions, as noted.

Note: Effective for due dates on or after January 25, 2023, the Data Management and Sharing Plan will be attached in the Other Plan(s) attachment in FORMS-H application forms
packages. If required, the Data Management and Sharing (DMS) Plan must be provided in the Overall component.

SF424 (R&R) Cover (Scientific Core)
Complete only the following fields:

Applicant Information
Type of Applicant (optional)
Descriptive Title of Applicant’s Project
Proposed Project Start/Ending Dates

PHS 398 Cover Page Supplement (Scientific Core)
Enter Human Embryonic Stem Cells in each relevant component.

Research & Related Other Project Information (Scientific Core)
Human Subjects: Answer only the ‘Are Human Subjects Involved?’ and 'Is the Project Exempt from Federal regulations?’ questions.

Vertebrate Animals: Answer only the ‘Are Vertebrate Animals Used?’ question.

Project Narrative:  Do not complete. Note: ASSIST screens will show an asterisk for this attachment indicating it is required. However, eRA systems only enforce this
requirement in the Overall component and applications will not receive an error if omitted in other components.

Project /Performance Site Location(s) (Scientific Core)
List all performance sites that apply to the specific component.

Note: The Project Performance Site form allows up to 300 sites, prior to using additional attachment for additional entries.

Research & Related Senior/Key Person Profile (Scientific Core)
In the Project Director/Principal Investigator section of the form, use Project Role of ‘Other’ with Category of ‘Core Lead’ and provide a valid eRA Commons ID in the
Credential field.
In the additional Senior/Key Profiles section, list Senior/Key persons that are working in the component.
Include a single Biographical Sketch for each Senior/Key person listed in the application regardless of the number of components in which they participate. When a
Senior/Key person is listed in multiple components, the Biographical Sketch can be included in any one component.
If more than 100 Senior/Key persons are included in a component, the Additional Senior Key Person attachments should be used.   

Budget (Scientific Core)
Budget forms appropriate for the specific component will be included in the application package. 

The Core Leader should commit to the Core at least 1.2 person months of effort.

Note: The R&R Budget form included in many of the component types allows for up to 100 Senior/Key Persons in section A and 100 Equipment Items in section C prior to
using attachments for additional entries. All other SF424 (R&R) instructions apply.

PHS 398 Research Plan (Scientific Core)
Specific Aims:  List in priority order, the broad, long-range objectives, and goals of the proposed Core. In addition, state the Core's relationship to the Center program and how
it relates to the individual Research Projects or other Cores in the application.

Research Strategy: Describe and justify the role of the Core in the overall Center research activities, describe how the proposed Core activities will contribute to meeting the
Center's goals and objectives, specify how a proposed scientific Core provides a unique service that cannot be obtained through institutional or commercial means, and explain
the rationale for selection of the general methods and approaches proposed to accomplish the specific aims. Describe the facilities or services that will be provided by the Core
including procedures, techniques, and quality control to ensure high quality outputs.  In addition, this section should indicate the relevance of the Core to the primary objectives
of the application. Provide details of the services or resources provided by the optional Cores to at least two Research Projects and clarify how the optional Cores are not
duplicative of other services or facilities. Additionally, plans for staffing, managing, and prioritizing use of the Cores must be provided, as well as plans for determining fees to
users if charging fees is necessary.

Resource Sharing Plan: Individuals are required to comply with the instructions for the Resource Sharing Plans as provided in the SF424 (R&R) Application Guide.

Appendix:
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Only limited items are allowed in the Appendix. Follow all instructions for the Appendix as described in the SF424 (R&R) Application Guide; any instructions provided here are
in addition to the SF424 (R&R) Application Guide instructions.   

PHS Human Subjects and Clinical Trials Information (Scientific Core)
When involving human subjects research, clinical research, and/or NIH-defined clinical trials follow all instructions for the PHS Human Subjects and Clinical Trials Information
form in the SF424 (R&R) Application Guide, with the following additional instructions:

If you answered “Yes” to the question “Are Human Subjects Involved?” on the R&R Other Project Information form, you must include at least one human subjects study record
using the Study Record: PHS Human Subjects and Clinical Trials Information form or a Delayed Onset Study record.

Study Record: PHS Human Subjects and Clinical Trials Information

All instructions in the SF424 (R&R) Application Guide must be followed 

Delayed Onset Study

Note: Delayed onset (https://grants.nih.gov/grants/glossary.htm#DelayedOnsetStudy) does NOT apply to a study that can be described but will not start immediately (i.e.,
delayed start). All instructions in the SF424 (R&R) Application Guide must be followed. 

Research Project
When preparing your application, use Component Type ‘Project.’

All instructions in the SF424 (R&R) Application Guide must be followed, with the following additional instructions, as noted.

Note: Effective for due dates on or after January 25, 2023, the Data Management and Sharing Plan will be attached in the Other Plan(s) attachment in FORMS-H application forms
packages. If required, the Data Management and Sharing (DMS) Plan must be provided in the Overall component.

SF424 (R&R) Cover (Research Project)
Complete only the following fields:

Applicant Information
Type of Applicant (optional)
Descriptive Title of Applicant’s Project
Proposed Project Start/Ending Dates

PHS 398 Cover Page Supplement (Research Project)
Enter Human Embryonic Stem Cells in each relevant component.

Research & Related Other Project Information (Research Project)
Human Subjects: Answer only the ‘Are Human Subjects Involved?’ and 'Is the Project Exempt from Federal regulations? questions.

Vertebrate Animals: Answer only the ‘Are Vertebrate Animals Used?’ question.

Project Narrative:  Do not complete. Note: ASSIST screens will show an asterisk for this attachment indicating it is required. However, eRA systems only enforce this
requirement in the Overall component and applications will not receive an error if omitted in other components.

Project /Performance Site Location(s) (Research Project)
List all performance sites that apply to the specific component.

Note: The Project Performance Site form allows up to 300 sites, prior to using additional attachment for additional entries.

Research & Related Senior/Key Person Profile (Research Project)
In the Project Director/Principal Investigator section of the form, use Project Role of ‘Other’ with Category of ‘Project Lead’ and provide a valid eRA Commons ID in the
Credential field.
In the additional Senior/Key Profiles section, list Senior/Key persons that are working in the component.
Include a single Biographical Sketch for each Senior/Key person listed in the application regardless of the number of components in which they participate. When a
Senior/Key person is listed in multiple components, the Biographical Sketch can be included in any one component.
If more than 100 Senior/Key persons are included in a component, the Additional Senior Key Person attachments should be used.   

Budget (Research Project)
Budget forms appropriate for the specific component will be included in the application package. 

Each project leader must commit at least 1.2 person months effort to their project per year.

Note: The R&R Budget form included in many of the component types allows for up to 100 Senior/Key Persons in section A and 100 Equipment Items in section C prior to
using attachments for additional entries. All other SF424 (R&R) instructions apply.

PHS 398 Research Plan (Research Project)
Specific Aims:  List, in priority order, the broad long-range objectives and goals of the proposed project. Concisely describe the research activities to be performed. In addition,
concisely state the individual Research Project's relationship to the Center program and how it relates to other projects or cores.

Research Strategy:  Use this section to describe how the proposed research will contribute to meeting the Center objectives and explain the rationale for selecting the
methods to accomplish the specific aims, and the biological significance of the research. 

At least one Research Project must focus on development of vaccines, and other Research Projects may focus on additional vaccine development, early mAb development or
foundational research in virology, immunology, pathology, and structural biology necessary for such development.

Describe the research design, conceptual procedures, and analyses to be used to accomplish the specific aims of the project. Describe any new methodology and its
advantage over existing methodologies. Describe any novel concepts, approaches, techniques, methodologies, tools, or technologies for the proposed studies that will
fundamentally advance how vaccines, and if applicable mAbs, will be developed. Discuss whether traditional approaches will be used in a new, novel way and how reliable,
validated methods that mitigate risk will be balanced with innovative new approaches to expand foundational knowledge and advance product development. Describe plans for
how the vaccine strategies and other research findings from the prototype virus research will be applied broadly to other viruses within the family to assess the breadth of the
approach within and outside of the virus family to validate the generalizability of the approach.  Discuss how the vaccine technologies or platforms used can be rapidly adapted
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for response to known or novel emerging viruses within the same family. If proposing early mAb development, describe plans for the assessment of whether antibodies with
similar epitopes and/or properties of identified lead mAb candidates for the prototype virus are effective against other viruses within the same family. Discuss the potential
difficulties and limitations of the proposed procedures and alternative approaches to achieve the aims. 

Milestone Plan: In a clearly labeled section titled “Project Milestones and Timelines" include a clear delineation of goals with measurable milestones, including detailed
quantitative and qualitative criteria for Go/No-Go decision-making, and a timeline for the attainment of each goal and milestone and should be reflected in the Milestone Plan
for the overall Program. This plan must include Go/No-Go criteria to be met by the end of Year 3 of the award for continuation to Phase II.  Milestones must specify the
outcome(s) for each activity. Milestones should be quantifiable and scientifically justified, and include the completion of major research study activities, for example,
identification of protective epitopes, animal model development, vaccine or mAb candidate down-selection, identification of correlates of protection, validation of vaccine or
mAb strategies for other family members, and analysis, sharing and publication of final data. Milestone criteria should not simply be a restatement of the specific aims. Using a
Gantt chart or equivalent tool, describe the associated timelines and identified outcomes for the research Center.  

Industry Expertise and Regulatory Considerations: For projects proposing early vaccine development, describe how industry partners will be identified and incorporated into the
proposed project including a timeline for inclusion.  For projects proposing IND-enabling later stage vaccine development, NIAID requires Centers to include active participation
of an industry partner to ensure access to vaccine technology platforms, expertise in manufacturing, clinical development, and regulatory pathways. Applicants should describe
the role of this partner in the proposed project and/or team to facilitate discovery, candidate evaluation and/or product development.  For the purpose of this FOA, "industry" is
defined as a large or small, domestic or foreign, pharmaceutical, biotechnology, bioengineering, or chemical company, or a related non-profit entity. 

Additionally, each Center is expected to consider anticipated regulatory barriers for the targeted vaccine technology, particularly for new technology platforms for which there
are no precedents for FDA approval. Describe anticipated regulatory barriers and propose research and/or strategies to resolve or overcome these barriers. For a project
where multiple and/or complementary expertise is required, discuss plans for coordination among investigators and other collaborators including industry partners and the
process to overcome obstacles to achieve the Center aims. 

Letter of Support: For projects proposing later stage vaccine development where an industry partner is required, provide a Letter of Support from the Industry partner(s).  For
projects without later stage vaccine development, a Letter of Support from Industry partners may be included.  Provide any additional letters of support that are specific to this
project.

Resource Sharing Plan: Individuals are required to comply with the instructions for the Resource Sharing Plans as provided in the SF424 (R&R) Application Guide.

Appendix:

Only limited items are allowed in the Appendix. Follow all instructions for the Appendix as described in the SF424 (R&R) Application Guide; any instructions provided here are
in addition to the SF424 (R&R) Application Guide instructions.   

PHS Human Subjects and Clinical Trials Information (Research Project)
When involving human subjects research, clinical research, and/or NIH-defined clinical trials follow all instructions for the PHS Human Subjects and Clinical Trials Information
form in the SF424 (R&R) Application Guide, with the following additional instructions:

If you answered “Yes” to the question “Are Human Subjects Involved?” on the R&R Other Project Information form, you must include at least one human subjects study record
using the Study Record: PHS Human Subjects and Clinical Trials Information form or a Delayed Onset Study record.

Study Record: PHS Human Subjects and Clinical Trials Information

All instructions in the SF424 (R&R) Application Guide must be followed 

Delayed Onset Study

Note: Delayed onset (https://grants.nih.gov/grants/glossary.htm#DelayedOnsetStudy) does NOT apply to a study that can be described but will not start immediately (i.e.,
delayed start). All instructions in the SF424 (R&R) Application Guide must be followed.

Foreign Institutions

Foreign (non-U.S.) institutions must follow policies described in the NIH Grants Policy Statement (//grants.nih.gov/grants/guide/url_redirect.htm?id=11137), and procedures for foreign
institutions described throughout the SF424 (R&R) Application Guide.

3. Unique Entity Identifier and System for Award Management (SAM)

See Part 1. Section III.1 for information regarding the requirement for obtaining a unique entity identifier and for completing and maintaining active registrations in System for Award
Management (SAM), NATO Commercial and Government Entity (NCAGE) Code (if applicable), eRA Commons, and Grants.gov

4. Submission Dates and Times

Part I. Overview Information contains information about Key Dates and times. Applicants are encouraged to submit applications before the due date to ensure they have time to make
any application corrections that might be necessary for successful submission. When a submission date falls on a weekend or Federal holiday
(https://grants.nih.gov/grants/guide/url_redirect.htm?id=82380), the application deadline is automatically extended to the next business day.

Organizations must submit applications to Grants.gov (//grants.nih.gov/grants/guide/url_redirect.htm?id=11128) (the online portal to find and apply for grants across all Federal
agencies) using ASSIST or other electronic submission systems. Applicants must then complete the submission process by tracking the status of the application in the eRA Commons
(//grants.nih.gov/grants/guide/url_redirect.htm?id=11123), NIH’s electronic system for grants administration. NIH and Grants.gov systems check the application against many of the
application instructions upon submission. Errors must be corrected and a changed/corrected application must be submitted to Grants.gov on or before the application due date and
time. If a Changed/Corrected application is submitted after the deadline, the application will be considered late. Applications that miss the due date and time are subjected to the NIH
Policy on Late Application Submission.

Applicants are responsible for viewing their application before the due date in the eRA Commons to ensure accurate and successful submission.

Information on the submission process and a definition of on-time submission are provided in the SF424 (R&R) Application Guide.

5. Intergovernmental Review (E.O. 12372)

This initiative is not subject to intergovernmental review (https://grants.nih.gov/grants/policy/nihgps/html5/section_10/10.10.1_executive_orders.htm).

6. Funding Restrictions

All NIH awards are subject to the terms and conditions, cost principles, and other considerations described in the NIH Grants Policy Statement
(//grants.nih.gov/grants/guide/url_redirect.htm?id=11120).

Pre-award costs are allowable only as described in the NIH Grants Policy Statement (//grants.nih.gov/grants/guide/url_redirect.htm?id=11143).
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7. Other Submission Requirements and Information
Applications must be submitted electronically following the instructions described in the SF424 (R&R) Application Guide. Paper applications will not be accepted.

For information on how your application will be automatically assembled for review and funding consideration after submission go to:
http://grants.nih.gov/grants/ElectronicReceipt/files/Electronic_Multi-project_Application_Image_Assembly.pdf (//grants.nih.gov/grants/ElectronicReceipt/files/Electronic_Multi-
project_Application_Image_Assembly.pdf).

Applicants must complete all required registrations before the application due date. Section III. Eligibility Information contains information about registration.

For assistance with your electronic application or for more information on the electronic submission process, visit How to Apply – Application Guide
(https://grants.nih.gov/grants/how-to-apply-application-guide.html). If you encounter a system issue beyond your control that threatens your ability to complete the submission
process on-time, you must follow the Dealing with System Issues (https://grants.nih.gov/grants/how-to-apply-application-guide/due-dates-and-submission-policies/dealing-with-
system-issues.htm) guidance. For assistance with application submission, contact the Application Submission Contacts in Section VII.

Important reminders:

All PD(s)/PI(s) and component Project Leads must include their eRA Commons ID in the Credential field of the Senior/Key Person Profile form. Failure to register in the
Commons and to include a valid PD/PI Commons ID in the credential field will prevent the successful submission of an electronic application to NIH.

The applicant organization must ensure that the unique entity identifier provided on the application is the same identifier used in the organization’s profile in the eRA Commons
and for the System for Award Management. Additional information may be found in the SF424 (R&R) Application Guide (https://grants.nih.gov/grants/guide/url_redirect.htm?
id=82400).

See more tips (//grants.nih.gov/grants/guide/url_redirect.htm?id=11146) for avoiding common errors.

Upon receipt, applications will be evaluated for completeness and compliance with application instructions by the Center for Scientific Review and responsiveness by NIAID, NIH.
Applications that are incomplete, non-compliant and/or nonresponsive will not be reviewed. 

Post Submission Materials

Applicants are required to follow the instructions for post-submission materials, as described in the policy (//grants.nih.gov/grants/guide/url_redirect.htm?id=82299).

Section V. Application Review Information
1. Criteria
Only the review criteria described below will be considered in the review process. Applications submitted to the NIH in support of the NIH mission
(//grants.nih.gov/grants/guide/url_redirect.htm?id=11149) are evaluated for scientific and technical merit through the NIH peer review system.

Overall Impact - Overall
Reviewers will provide an overall impact score to reflect their assessment of the likelihood for the Program to exert a sustained, powerful influence on the research field(s) involved,
in consideration of the following review criteria and additional review criteria (as applicable for the  Program proposed).

Scored Review Criteria - Overall
Reviewers will consider each of the review criteria below in the determination of scientific merit and give a separate score for each. An application does not need to be strong in all
categories to be judged likely to have major scientific impact. For example, a project that by its nature is not innovative may be essential to advance a field.

Significance

Does the project address an important problem or a critical barrier to progress in the field? Is the prior research that serves as the key support for the proposed project rigorous? If
the aims of the project are achieved, how will scientific knowledge, technical capability, and/or clinical practice be improved? How will successful completion of the aims change the
concepts, methods, technologies, treatments, services, or preventative interventions that drive this field?

Specific to this FOA:

How well does the application describe a single clearly defined and scientifically justified program that supports the development of vaccine strategies for prototype pathogens
that can be applied to other family members? Understanding that the different virus families have different levels of existing foundational knowledge and different states of
maturity for product development, how appropriate is the research to increase knowledge to advance vaccine, and if applicable mAb, development for the proposed virus
family? If successful, how likely will the proposed Center program enhance the ability to rapidly respond to an emerging known or currently unknown virus from the prototype
virus’s family?

How well does the Center as a whole leverage scientific gains and synergy by combining the component projects into a multi-project program beyond the gains achievable if
each project were pursued independently?  To what extent is the program cohesive and do the Research Projects and Cores relate to a common objective demonstrating
cohesion, multidisciplinary interactions, and coordination? How well are the scientific cores justified relative to the Overall?

Investigator(s)
Are the PD(s)/PI(s), collaborators, and other researchers well suited to the project? If Early Stage Investigators or those in the early stages of independent careers, do they
have appropriate experience and training? If established, have they demonstrated an ongoing record of accomplishments that have advanced their field(s)? If the project is
collaborative or multi-PD/PI, do the investigators have complementary and integrated expertise; are their leadership approach, governance and organizational structure
appropriate for the project?

Specific to this FOA: 

To what extent is there an appropriate balance between investigators with expertise studying the virus families and investigators with product development experience?  To
what extent is there appropriate and adequate representation of investigators with the necessary vaccine discovery and development experience and expertise? For projects
involving IND-enabling later stage activities, how appropriate are industry partnerships proposed to support this effort?  For early development projects, how appropriate is the
plan and timeline for identification and incorporation of industry partnership to facilitate rapid transition of vaccines into clinical development? How sufficiently are the academic
and industry partners coordinated to facilitate discovery, candidate evaluation and/or product development? How adequate is the level of commitment of the PD(s)/PI(s) and
key personnel to manage the overall Program?    

Innovation
Does the application challenge and seek to shift current research or clinical practice paradigms by utilizing novel theoretical concepts, approaches or methodologies,
instrumentation, or interventions? Are the concepts, approaches or methodologies, instrumentation, or interventions novel to one field of research or novel in a broad sense? Is
a refinement, improvement, or new application of theoretical concepts, approaches or methodologies, instrumentation, or interventions proposed?
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Specific to this FOA:

To what extent is there an effective balance between reliable, validated methods that mitigate risk with innovative, new approaches that could expand the field? How well have
the investigators used traditional approaches in new, novel ways? To what extent are there techniques, methodologies, concepts, or processes which fundamentally advance
how vaccines, and if applicable mAbs, are developed?   

Approach
Are the overall strategy, methodology, and analyses well-reasoned and appropriate to accomplish the specific aims of the project? Have the investigators included plans to
address weaknesses in the rigor of prior research that serves as the key support for the proposed project? Have the investigators presented strategies to ensure a robust and
unbiased approach, as appropriate for the work proposed? Are potential problems, alternative strategies, and benchmarks for success presented? If the project is in the early
stages of development, will the strategy establish feasibility and will particularly risky aspects be managed? Have the investigators presented adequate plans to address
relevant biological variables, such as sex, for studies in vertebrate animals or human subjects?

If the project involves human subjects and/or NIH-defined clinical research, are the plans to address:

1) the protection of human subjects from research risks, and
2) inclusion (or exclusion) of individuals on the basis of sex/gender, race, and ethnicity, as well as the inclusion or exclusion of individuals of all ages (including children and
older adults), justified in terms of the scientific goals and research strategy proposed?

Specific to this FOA:

How well is the selection of the prototype(s) justified, and likely to generate generalizable knowledge that can be applied to develop vaccines for related viruses? To what
extent do the investigators propose a well-reasoned plan to evaluate their vaccine approach broadly to other viruses within a given family to validate the generalizability of the
approach? If proposing early mAb development, to what extent do the investigators propose a well-reasoned plan to validate the generalizability of the approach by assessing
whether mAbs with similar epitopes and/or properties of lead candidate mAbs against the prototype virus are effective against other viruses within a given family?

To what extent does the approach use technologies and platforms that could be rapidly adapted for response to known or novel emerging viruses within the same family? How
appropriate is the proposed project given the current level of knowledge and vaccine development landscape for the virus family? For programs that include IND-enabling
translational research, how well does the approach take into consideration the anticipated regulatory process and any anticipated regulatory barriers and resolutions?     

How well are the overall Timelines and proposed Milestones defined with quantifiable measures and criteria that are appropriate for enabling clear Go/No-Go decisions and
assessing the success of the overall program? How well do the overall milestones support the goal of advancing generalizable vaccine, and if applicable, mAb solutions? How
realistic are the timelines proposed for achieving these overall milestones?

How well do the individual projects contribute, either directly or through generation of essential resources or foundational knowledge, to the identification of generalizable
vaccine, and if applicable mAb, approaches for a given virus family?  How well are the Research Project milestones defined with quantifiable measures and appropriate for
enabling clear Go/No-Go decisions and assessing the success of the individual Research Projects? How well do the investigators provide a clear plan for achieving defined
Research Project milestones and timelines? To what extent are the  timelines proposed for achieving these Research Project milestones realistic or inclusive of necessary
steps?

Environment

Will the scientific environment in which the work will be done contribute to the probability of success? Are the institutional support, equipment and other physical resources
available to the investigators adequate for the project proposed? Will the project benefit from unique features of the scientific environment, subject populations, or collaborative
arrangements?

Specific to this FOA: To what extent do the investigators have access to facilities with the appropriate biocontainment and capacity and resources for the proposed research?

Additional Review Criteria - Overall, Administrative Core, Data Management Core, Scientific Core, and Research Projects
As applicable for the project proposed, reviewers will evaluate the following additional items while determining scientific and technical merit, and in providing an overall impact
score, but will not give separate scores for these items.

Administrative Core
How appropriate is the administrative and organizational structure and adequate to achieve the goals of the proposed program? How appropriate is the Management Plan for
fiscal accountability and communication within the program? How appropriate are the plans for coordination and the establishment of a strong collaborative environment for the
program? How adequate are the plans for communication among the Centers and with the CDSC to facilitate collaborative activities? How appropriate is the plan for
collaboration with industry partners clear given the state of the program? How sufficient is the time and effort committed by  the PD/PI and Key Personnel to adequately
manage the Program? To what extent do the investigators provide a well-thought-out plan for coordination, communication, and collaborations with the CDSC, NIAID Staff, and
other Centers within the Network? How well have the applicants developed a plan for ensuring timely communication and collaboration with the CDSC, NIAID Staff, and other
Centers within the Network?

Data Management Core
How appropriate and adequate is the organizational structure to achieve the goals of the proposed program? How appropriate is the Strategy for Management of Data Activities
Plan for the type of data generated by the research program? How sufficient are the described data management activities sufficient? To what extent do the investigators
provide a well-thought-out plan for network-wide sharing of the data generated by the Center? 

Scientific Core
How sufficiently is the Core justified? To what extent does it support at least two Research Projects? How well is the core connected to the central focus of the overall program?
To what extent are the facilities or services provided by the core (including procedures, techniques, and quality control) high quality and well-justified? How effectively will the
services be used? To what extent are the core leader and key personnel well qualified and is there an adequate commitment of time?       

Protections for Human Subjects

For research that involves human subjects but does not involve one of the categories of research that are exempt under 45 CFR Part 46, the committee will evaluate the
justification for involvement of human subjects and the proposed protections from research risk relating to their participation according to the following five review criteria: 1) risk to
subjects, 2) adequacy of protection against risks, 3) potential benefits to the subjects and others, 4) importance of the knowledge to be gained, and 5) data and safety monitoring
for clinical trials.

For research that involves human subjects and meets the criteria for one or more of the categories of research that are exempt under 45 CFR Part 46, the committee will evaluate:
1) the justification for the exemption, 2) human subjects involvement and characteristics, and 3) sources of materials. For additional information on review of the Human Subjects
section, please refer to the Guidelines for the Review of Human Subjects (//grants.nih.gov/grants/guide/url_redirect.htm?id=11175).

Inclusion of Women, Minorities, and Individuals Across the Lifespan



3/18/23, 5:55 PM RFA-AI-23-020: Research and Development of Vaccines and Monoclonal Antibodies for Pandemic Preparedness (ReVAMPP) Ce…

https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-020.html 17/21

When the proposed project involves human subjects and/or NIH-defined clinical research, the committee will evaluate the proposed plans for the inclusion (or exclusion) of
individuals on the basis of sex/gender, race, and ethnicity, as well as the inclusion (or exclusion) of individuals of all ages (including children and older adults) to determine if it is
justified in terms of the scientific goals and research strategy proposed. For additional information on review of the Inclusion section, please refer to the Guidelines for the Review
of Inclusion in Clinical Research (//grants.nih.gov/grants/guide/url_redirect.htm?id=11174).
Vertebrate Animals

The committee will evaluate the involvement of live vertebrate animals as part of the scientific assessment according to the following criteria: (1) description of proposed
procedures involving animals, including species, strains, ages, sex, and total number to be used; (2) justifications for the use of animals versus alternative models and for the
appropriateness of the species proposed; (3) interventions to minimize discomfort, distress, pain and injury; and (4) justification for euthanasia method if NOT consistent with the
AVMA Guidelines for the Euthanasia of Animals. Reviewers will assess the use of chimpanzees as they would any other application proposing the use of vertebrate animals. For
additional information on review of the Vertebrate Animals section, please refer to the Worksheet for Review of the Vertebrate Animals Section
(//grants.nih.gov/grants/guide/url_redirect.htm?id=11150).

Biohazards

Reviewers will assess whether materials or procedures proposed are potentially hazardous to research personnel and/or the environment, and if needed, determine whether
adequate protection is proposed.

Resubmissions

Not Applicable

Renewals

Not Applicable

Revisions

Not Applicable

Additional Review Considerations - Overall, Administrative Core, Data Management Core, Scientific Core, and Research Projects
As applicable for the project proposed, reviewers will consider each of the following items, but will not give scores for these items, and should not consider them in providing an overall
impact score.

Applications from Foreign Organizations

Reviewers will assess whether the project presents special opportunities for furthering research programs through the use of unusual talent, resources, populations, or
environmental conditions that exist in other countries and either are not readily available in the United States or augment existing U.S. resources.

Select Agent Research

Reviewers will assess the information provided in this section of the application, including 1) the Select Agent(s) to be used in the proposed research, 2) the registration status of
all entities where Select Agent(s) will be used, 3) the procedures that will be used to monitor possession use and transfer of Select Agent(s), and 4) plans for appropriate biosafety,
biocontainment, and security of the Select Agent(s).

Resource Sharing Plans

Reviewers will comment on whether the Resource Sharing Plan(s) (e.g., Sharing Model Organisms (https://sharing.nih.gov/other-sharing-policies/model-organism-sharing-
policy#policy-overview)) or the rationale for not sharing the resources, is reasonable.

Authentication of Key Biological and/or Chemical Resources:

For projects involving key biological and/or chemical resources, reviewers will comment on the brief plans proposed for identifying and ensuring the validity of those resources.

Budget and Period of Support

Reviewers will consider whether the budget and the requested period of support are fully justified and reasonable in relation to the proposed research.

2. Review and Selection Process

Applications will be evaluated for scientific and technical merit by (an) appropriate Scientific Review Group(s) convened by the National Institute of Allergy and Infectious Diseases,
in accordance with NIH peer review policy and procedures (//grants.nih.gov/grants/guide/url_redirect.htm?id=11154), using the stated review criteria. Assignment to a Scientific
Review Group will be shown in the eRA Commons.

As part of the scientific peer review, all applications will receive a written critique.

Applications may undergo a selection process in which only those applications deemed to have the highest scientific and technical merit (generally the top half of applications under
review) will be discussed and assigned an overall impact score.

Appeals (https://grants.nih.gov/grants/policy/nihgps/html5/section_2/2.4.2_appeals_of_initial_scientific_review.htm) of initial peer review will not be accepted for applications submitted
in response to this FOA

Applications will be assigned to the appropriate NIH Institute or Center. Applications will compete for available funds with all other recommended applications submitted in response
to this FOA. Following initial peer review, recommended applications will receive a second level of review by the National Advisory Allergy and Infectious Diseases Council. The
following will be considered in making funding decisions:

Scientific and technical merit of the proposed project as determined by scientific peer review.
Availability of funds.
Relevance of the proposed project to program priorities.

3. Anticipated Announcement and Award Dates

After the peer review of the application is completed, the PD/PI will be able to access his or her Summary Statement (written critique) via the eRA Commons
(//grants.nih.gov/grants/guide/url_redirect.htm?id=11123). Refer to Part 1 for dates for peer review, advisory council review, and earliest start date.

Information regarding the disposition of applications is available in the NIH Grants Policy Statement (//grants.nih.gov/grants/guide/url_redirect.htm?id=11120).
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Section VI. Award Administration Information
1. Award Notices

If the application is under consideration for funding, NIH will request "just-in-time" information from the applicant as described in the NIH Grants Policy Statement
(https://grants.nih.gov/grants/policy/nihgps/HTML5/section_2/2.5.1_just-in-time_procedures.htm).

A formal notification in the form of a Notice of Award (NoA) will be provided to the applicant organization for successful applications. The NoA signed by the grants management officer
is the authorizing document and will be sent via email to the recipient's business official.

Recipients must comply with any funding restrictions described in Section IV.6. Funding Restrictions. Selection of an application for award is not an authorization to begin performance.
Any costs incurred before receipt of the NoA are at the recipient's risk. These costs may be reimbursed only to the extent considered allowable pre-award costs.

Any application awarded in response to this FOA will be subject to terms and conditions found on the Award Conditions and Information for NIH Grants
(https://grants.nih.gov/grants/policy/nihgps/HTML5/part_ii_subpart_b.htm) website. This includes any recent legislation and policy applicable to awards that is highlighted on this
website.

Institutional Review Board or Independent Ethics Committee Approval: Grantee institutions must ensure that protocols are reviewed by their IRB or IEC. To help ensure the safety of
participants enrolled in NIH-funded studies, the recipient must provide NIH copies of documents related to all major changes in the status of ongoing protocols.

2. Administrative and National Policy Requirements
All NIH grant and cooperative agreement awards include the NIH Grants Policy Statement (//grants.nih.gov/grants/guide/url_redirect.htm?id=11120) as part of the NoA. For these
terms of award, see the NIH Grants Policy Statement Part II: Terms and Conditions of NIH Grant Awards, Subpart A: General (//grants.nih.gov/grants/guide/url_redirect.htm?
id=11157) and Part II: Terms and Conditions of NIH Grant Awards, Subpart B: Terms and Conditions for Specific Types of Grants, Recipients, and Activities
(//grants.nih.gov/grants/guide/url_redirect.htm?id=11159), including of note, but not limited to:

Federal wide Research Terms and Conditions
(https://grants.nih.gov/grants/policy/nihgps/HTML5/section_3/3.1_federalwide_standard_terms_and_conditions_for_research_grants.htm)
Prohibition on Certain Telecommunications and Video Surveillance Services or Equipment (https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-041.html)
Acknowledgment of Federal Funding (https://grants.nih.gov/grants/policy/nihgps/HTML5/section_4/4.2.1_acknowledgement_of_federal_funding.htm)

If a recipient is successful and receives a Notice of Award, in accepting the award, the recipient agrees that any activities under the award are subject to all provisions currently in effect
or implemented during the period of the award, other Department regulations and policies in effect at the time of the award, and applicable statutory provisions.

Should the applicant organization successfully compete for an award, recipients of federal financial assistance (FFA) from HHS will be required to complete an HHS Assurance of
Compliance form (HHS 690) (https://ocrportal.hhs.gov/ocr/aoc/instruction.jsf) in which the recipient agrees, as a term and condition of receiving the grant, to administer their programs
in compliance with federal civil rights laws that prohibit discrimination on the basis of race, color, national origin, age, sex and disability, and agreeing to comply with federal conscience
laws, where applicable. This includes ensuring that entities take meaningful steps to provide meaningful access to persons with limited English proficiency; and ensuring effective
communication with persons with disabilities. Where applicable, Title XI and Section 1557 prohibit discrimination on the basis of sexual orientation, and gender identity. The HHS Office
for Civil Rights provides guidance on complying with civil rights laws enforced by HHS. Please see https://www.hhs.gov/civil-rights/for-providers/provider-obligations/index.html
(https://www.hhs.gov/civil-rights/for-providers/provider-obligations/index.html) and https://www.hhs.gov/civil-rights/for-individuals/nondiscrimination/index.html (https://www.hhs.gov/civil-
rights/for-individuals/nondiscrimination/index.html)

HHS recognizes that research projects are often limited in scope for many reasons that are nondiscriminatory, such as the principal investigator’s scientific interest, funding limitations,
recruitment requirements, and other considerations. Thus, criteria in research protocols that target or exclude certain populations are warranted where nondiscriminatory justifications
establish that such criteria are appropriate with respect to the health or safety of the subjects, the scientific study design, or the purpose of the research. For additional guidance
regarding how the provisions apply to NIH grant programs, please contact the Scientific/Research Contact that is identified in Section VII under Agency Contacts of this FOA.

Recipients of FFA must ensure that their programs are accessible to persons with limited English proficiency. For guidance on meeting the legal obligation to take reasonable
steps to ensure meaningful access to programs or activities by limited English proficient individuals see https://www.hhs.gov/civil-rights/for-individuals/special-topics/limited-
english-proficiency/fact-sheet-guidance/index.html (https://www.hhs.gov/civil-rights/for-individuals/special-topics/limited-english-proficiency/fact-sheet-
guidance/index.html)andhttps://www.lep.gov (https://www.lep.gov/).

For information on an institution’s specific legal obligations for serving qualified individuals with disabilities, including providing program access, reasonable modifications, and to
provide effective communication, see https://www.hhs.gov/civil-rights/for-individuals/disability/index.html (https://www.hhs.gov/civil-rights/for-individuals/disability/index.html).

HHS funded health and education programs must be administered in an environment free of sexual harassment, see https://www.hhs.gov/civil-rights/for-individuals/sex-
discrimination/index.html (https://www.hhs.gov/civil-rights/for-individuals/sex-discrimination/index.html). For information about NIH's commitment to supporting a safe and
respectful work environment, who to contact with questions or concerns, and what NIH's expectations are for institutions and the individuals supported on NIH-funded awards,
please see https://grants.nih.gov/grants/policy/harassment.htm (https://grants.nih.gov/grants/policy/harassment.htm).

For guidance on administering programs in compliance with applicable federal religious nondiscrimination laws and applicable federal conscience protection and associated
anti-discrimination laws see https://www.hhs.gov/conscience/conscience-protections/index.html (https://www.hhs.gov/conscience/conscience-protections/index.html) and
https://www.hhs.gov/conscience/religious-freedom/index.html (https://www.hhs.gov/conscience/religious-freedom/index.html).

Please contact the HHS Office for Civil Rights for more information about obligations and prohibitions under federal civil rights laws at https://www.hhs.gov/ocr/about-us/contact-
us/index.html (https://www.hhs.gov/ocr/about-us/contact-us/index.html) or call 1-800-368-1019 or TDD 1-800-537-7697.

In accordance with the statutory provisions contained in Section 872 of the Duncan Hunter National Defense Authorization Act of Fiscal Year 2009 (Public Law 110-417), NIH awards
will be subject to the Federal Awardee Performance and Integrity Information System (FAPIIS) requirements. FAPIIS requires Federal award making officials to review and consider
information about an applicant in the designated integrity and performance system (currently FAPIIS) prior to making an award. An applicant, at its option, may review information in
the designated integrity and performance systems accessible through FAPIIS and comment on any information about itself that a federal agency previously entered and is currently in
FAPIIS. The Federal awarding agency will consider any comments by the applicant, in addition to other information in FAPIIS, in making a judgement about the applicant’s integrity,
business ethics, and record of performance under Federal awards when completing the review of risk posed by applicants as described in 45 CFR Part 75.205 and 2 CFR Part
200.206 “Federal awarding agency review of risk posed by applicants.” This provision will apply to all NIH grants and cooperative agreements except fellowships.”

Cooperative Agreement Terms and Conditions of Award
The following special terms of award are in addition to, and not in lieu of, otherwise applicable U.S. Office of Management and Budget (OMB) administrative guidelines, U.S.
Department of Health and Human Services (DHHS) grant administration regulations at 45 CFR Part 75 and 2 CFR Part 200, and other HHS, PHS, and NIH grant administration
policies. 

The administrative and funding instrument used for this program will be the cooperative agreement, an "assistance" mechanism (rather than an "acquisition" mechanism), in which
substantial NIH programmatic involvement with the recipients is anticipated during the performance of the activities. Under the cooperative agreement, the NIH purpose is to
support and stimulate the recipients' activities by involvement in and otherwise working jointly with the recipients in a partnership role; it is not to assume direction, prime



3/18/23, 5:55 PM RFA-AI-23-020: Research and Development of Vaccines and Monoclonal Antibodies for Pandemic Preparedness (ReVAMPP) Ce…

https://grants.nih.gov/grants/guide/rfa-files/RFA-AI-23-020.html 19/21

responsibility, or a dominant role in the activities. Consistent with this concept, the dominant role and prime responsibility resides with the recipients for the project as a whole,
although specific tasks and activities may be shared among the recipients and the NIH as defined below. 

The PD(s)/PI(s) will have the primary responsibility for:

PD(s)/PI(s) will have the primary responsibility for coordinating the Projects and Cores within the overall Program. Specifically, the PD(s)/PI(s) have primary responsibility as
described below.

The PD(s)/PI(s) will be responsible for defining the research objectives, approaches, and details of the projects within the guidelines of the FOA and retains primary
responsibility for the planning, directing, and executing the proposed scientific activities
The PD(s)/PI(s) will monitor all Research Projects and actively promote efforts that foster integration, collaboration, and synergy across the projects.
The PD(s)/PI(s) will be responsible for ensuring timely compliance with ReVAMPP Network policies for template usage, data sharing, and collaboration.
The PD(s)/PI(s) are responsible for ensuring that appropriate systems are in place to provide for biosafety and security of materials, data, facilities and resources, including
compliance with regard to Select Agent Regulations, Biosafety in Microbiology and Biomedical Laboratories (BMBL) Guidelines, Centers for Disease Control and Prevention
and the National Institutes of Health, sixth Edition; U.S. Code of Federal Regulations 42 C.F.R. Part 73, 7 C.F.R. Part 331, and 9 C.F.R. Part 121.

In addition, the PD(s)/PI(s) will be responsible for:

Organizing and chairing annual ReVAMPP Center Progress meeting activities. The annual ReVAMPP Center progress meetings are anticipated to be held at a location
at/near Rockville, MD or at another NIAID-approved site and will last up to 2 days. 
Advertising the availability of the Program generated resources through outreach activities.

Recipients will retain custody of and have primary rights to the data and software developed under these awards, subject to Government rights of access consistent with current
HHS, PHS, and NIH policies. 

NIH staff have substantial programmatic involvement that is above and beyond the normal stewardship role in awards, as described below:

The role of the NIAID Project Scientist is to support and encourage the recipient's activities by substantial involvement as partners and facilitators in the process without assuming
responsibilities that remain with the PDs/PIs.  

The NIAID Project Scientist will work closely with the PD(s)/PI(s) and other Program member scientists to facilitate collaborations and to leverage the resources available to
the ReVAMPP Network.
The NIAID Project Scientist will monitor the progress of the Center, help coordinate research approaches among all Centers funded through the FOA and contribute to the
shaping of research projects or approaches as warranted. The NIAID Project Scientist will support and facilitate this process but will not direct it. 
Near the end of year 3 of the award, Program Staff will assess the progress towards development of generalizable approaches for vaccine, and if applicable early
development of mAbs, for virus families of pandemic concern through the accomplishment of the milestones and overall feasibility of program advancement.  The
assessment will be based on the first three annual reports, the milestones included in the application and negotiated with the recipient prior to award, any additional
information that the PD/PI elects to submit, evidence of collaboration with other ReVAMPP Centers, compliance with the ReVAMPP Network data sharing and CDSC
requests, programmatic priorities, and the availability of funding.
The NIAID Project Scientist will keep the ReVAMPP Centers informed about other ongoing studies supported by NIAID to avoid duplication of effort and encourage
sharing/collaboration in infectious diseases research. 
The NIAID Project Scientist will coordinate access for the recipients to other NIAID resources, as well as assist the research efforts of the Program by facilitating access to
fiscal and intellectual resources provided by industry, private foundations, NIH intramural scientists and other federal government agencies as appropriate.

In addition to the NIAID Project Scientist, an agency program official or IC program director will be responsible for the normal scientific and programmatic stewardship of the award
and will be named in the award notice. 

Areas of Joint Responsibility include:

The NIAID Project Scientist and the PD(s)/PI(s) will hold regular program-wide discussions to facilitate the achievement of program goals. 
The PD(s)/PI(S) and the NIAID Project Scientist will collaborate in the establishment of the Scientific Advisory Board
The NIAID Project Scientist and the PD/PI will collaborate during the course of the award to revise and/or update project milestones as appropriate.

Dispute Resolution

Any disagreements that may arise in scientific or programmatic matters (within the scope of the award) between award recipients and the NIH may be brought to Dispute
Resolution. A Dispute Resolution Panel composed of three members will be convened. It will have three members: a designee of the Steering Committee chosen without NIH staff
voting, one NIH designee, and a third designee with expertise in the relevant area who is chosen by the other two; in the case of individual disagreement, the first member may be
chosen by the individual recipient. This special dispute resolution procedure does not alter the recipient's right to appeal an adverse action that is otherwise appealable in
accordance with PHS regulation 42 CFR Part 50, Subpart D and DHHS regulation 45 CFR Part 16. 

3. Data Management and Sharing
Note: The NIH Policy for Data Management and Sharing is effective for due dates on or after January 25, 2023.

Consistent with the NIH Policy for Data Management and Sharing, when data management and sharing is applicable to the award, recipients will be required to adhere to the Data
Management and Sharing requirements as outlined in the NIH Grants Policy Statement
(https://grants.nih.gov/grants/policy/nihgps/HTML5/section_8/8.2.3_sharing_research_resources.htm). Upon the approval of a Data Management and Sharing Plan, it is required
for recipients to implement the plan as described. 

Recipients will be required to adhere to the FAIR Principles (FAIR Principles - GO FAIR (go-fair.org) (https://gcc02.safelinks.protection.outlook.com/?
url=https%3A%2F%2Fwww.go-fair.org%2Ffair-
principles%2F&data=05%7C01%7Cchelsea.boyd%40nih.gov%7C8247f78a75c04c5ea99208db1b643066%7C14b77578977342d58507251ca2dc2b06%7C0%7C0%7C638133889348
for data management and sharing.

4. Reporting
When multiple years are involved, recipients will be required to submit the Research Performance Progress Report (RPPR) (//grants.nih.gov/grants/rppr/index.htm) annually and
financial statements as required in the NIH Grants Policy Statement. (https://grants.nih.gov/grants/policy/nihgps/HTML5/section_8/8.4.1_reporting.htm)

A final RPPR, invention statement, and the expenditure data portion of the Federal Financial Report are required for closeout of an award, as described in the NIH Grants Policy
Statement (https://grants.nih.gov/grants/policy/nihgps/HTML5/section_8/8.6_closeout.htm). NIH FOAs outline intended research goals and objectives. Post award, NIH will review and
measure performance based on the details and outcomes that are shared within the RPPR, as described at 45 CFR Part 75.301 and 2 CFR Part 200.301.

The Federal Funding Accountability and Transparency Act of 2006 (Transparency Act), includes a requirement for recipients of Federal grants to report information about first-tier
subawards and executive compensation under Federal assistance awards issued in FY2011 or later. All recipients of applicable NIH grants and cooperative agreements are required to
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report to the Federal Subaward Reporting System (FSRS) available at www.fsrs.gov (//grants.nih.gov/grants/guide/url_redirect.htm?id=11170) on all subawards over the threshold. See
the NIH Grants Policy Statement (https://grants.nih.gov/grants/policy/nihgps/HTML5/section_4/4.1.8_federal_funding_accountability_and_transparency_act__ffata_.htm) for additional
information on this reporting requirement.

In accordance with the regulatory requirements provided at 45 CFR 75.113and 2 CFR Part 200.113 and Appendix XII to 45 CFR Part 75 and 2 CFR Part 200, recipients that have
currently active Federal grants, cooperative agreements, and procurement contracts from all Federal awarding agencies with a cumulative total value greater than $10,000,000 for any
period of time during the period of performance of a Federal award, must report and maintain the currency of information reported in the System for Award Management (SAM)about
civil, criminal, and administrative proceedings in connection with the award or performance of a Federal award that reached final disposition within the most recent five-year period.
The recipient must also make semiannual disclosures regarding such proceedings. Proceedings information will be made publicly available in the designated integrity and performance
system (currently FAPIIS). This is a statutory requirement under section 872 of Public Law 110-417, as amended (41 U.S.C. 2313). As required by section 3010 of Public Law 111-212,
all information posted in the designated integrity and performance system on or after April 15, 2011, except past performance reviews required for Federal procurement contracts, will
be publicly available. Full reporting requirements and procedures are found in Appendix XII to 45 CFR Part 75and 2 CFR Part 200 – Award Term and Condition for Recipient Integrity
and Performance Matters.

Section VII. Agency Contacts
We encourage inquiries concerning this funding opportunity and welcome the opportunity to answer questions from potential applicants.

Application Submission Contacts
eRA Service Desk (Questions regarding ASSIST, eRA Commons, application errors and warnings, documenting system problems that threaten submission by the due date, and post-
submission issues)

Finding Help Online: https://www.era.nih.gov/need-help (https://www.era.nih.gov/need-help)  (preferred method of contact)
Telephone: 301-402-7469 or 866-504-9552 (Toll Free)

General Grants Information (Questions regarding application instructions, application processes, and NIH grant resources)
Email: GrantsInfo@nih.gov (mailto:GrantsInfo@nih.gov) (preferred method of contact)
Telephone: 301-637-3015

Grants.gov Customer Support (Questions regarding Grants.gov registration and Workspace)
Contact Center Telephone: 800-518-4726
Email: support@grants.gov (mailto:support@grants.gov)

Scientific/Research Contact(s)
Kaitlyn Morabito, Ph.D.   
National Institute of Allergy and Infectious Diseases (NIAID) 
Telephone: 301-204-3248   
Email: Kaitlyn.dambach@nih.gov (mailto:Kaitlyn.dambach@nih.gov)

Peer Review Contact(s)
Frank De Silva, Ph.D.
National Institute of Allergy and Infectious Diseases (NIAID)
Telephone: 240-669-5023
Email: fdesilva@niaid.nih.gov (mailto:fdesilva@niaid.nih.gov) 

Financial/Grants Management Contact(s)
Elizabeth Sihombing   
National Institute of Allergy and Infectious Diseases (NIAID)  
Telephone: 240-669-5530   
Email: elizabeth.sihombing@nih.gov (mailto:elizabeth.sihombing@nih.gov) 

Section VIII. Other Information
Recently issued trans-NIH policy notices (//grants.nih.gov/grants/guide/url_redirect.htm?id=11163) may affect your application submission. A full list of policy notices published by NIH
is provided in the NIH Guide for Grants and Contracts (//grants.nih.gov/grants/guide/url_redirect.htm?id=11164). All awards are subject to the terms and conditions, cost principles, and
other considerations described in the NIH Grants Policy Statement (//grants.nih.gov/grants/guide/url_redirect.htm?id=11120).

Authority and Regulations
Awards are made under the authorization of Sections 301 and 405 of the Public Health Service Act as amended (42 USC 241 and 284) and under Federal Regulations 42 CFR Part 52
and 45 CFR Part 75 and 2 CFR Part 200.

Weekly TOC for this Announcement (/grants/guide/WeeklyIndex.cfm?03-17-23)
NIH Funding Opportunities and Notices (/grants/guide/index.html)

 (/grants/oer.htm)

 (http://www.hhs.gov/) Department of Health
and Human Services (HHS)

 (http://www.usa.gov/)

NIH... Turning Discovery Into Health®
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Note: For help accessing PDF, RTF, MS Word, Excel, PowerPoint, Audio or Video files, see Help Downloading Files (/grants/edocs.htm).
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In brief

A clinical stage multivalent SARS-CoV-2

spike receptor-binding domain

nanoparticle (RBD-NP) vaccine is

protective in mice after a single

immunization and elicits strong antibody

responses across circulating mutants

and some sarbecoviruses. Multivalent

sarbecovirus RBD-NP vaccines elicit

heterotypic protection against

sarbecoviruses.
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SUMMARY
Understanding vaccine-elicited protection against SARS-CoV-2 variants and other sarbecoviruses is key for
guiding public health policies. We show that a clinical stage multivalent SARS-CoV-2 spike receptor-binding
domain nanoparticle (RBD-NP) vaccine protects mice from SARS-CoV-2 challenge after a single immuniza-
tion, indicating a potential dose-sparing strategy. We benchmarked serum neutralizing activity elicited by
RBD-NPs in non-human primates against a lead prefusion-stabilized SARS-CoV-2 spike (HexaPro) using a
panel of circulating mutants. Polyclonal antibodies elicited by both vaccines are similarly resilient to many
RBD residue substitutions tested, although mutations at and surrounding position 484 have negative conse-
quences for neutralization. Mosaic and cocktail nanoparticle immunogens displaying multiple sarbecovirus
RBDs elicit broad neutralizing activity in mice and protect mice against SARS-CoV challenge even in the
absence of SARS-CoV RBD in the vaccine. This study provides proof of principle that multivalent sarbecovi-
rus RBD-NPs induce heterotypic protection and motivates advancing such broadly protective sarbecovirus
vaccines to the clinic.
5432 Cell 184, 5432–5447, October 14, 2021 ª 2021 Elsevier Inc.
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INTRODUCTION

The emergence of SARS-CoV-2 in late 2019 resulted in the

COVID-19 pandemic that brought the world to a standstill. More-

over, the recurrent spillovers of coronaviruses in humans along

with detection of SARS-CoV-2-, SARS-CoV-, and MERS-CoV-

related coronaviruses in bats suggest that future zoonotic trans-

mission events may continue to occur (Menachery et al., 2015,

2016; Zhou et al., 2020a). SARS-CoV-2 infects host cells through

the attachment of the viral transmembrane spike (S) glycoprotein

to angiotensin-converting enzyme 2 (ACE2), followed by fusion

of the viral and host membranes (Hoffmann et al., 2020; Lan

et al., 2020; Letko et al., 2020; Shang et al., 2020; Walls et al.,

2020a; Wang et al., 2020; Wrapp et al., 2020; Yan et al., 2020;

Zhou et al., 2020b). The SARS-CoV-2 S protein is the primary

target of neutralizing antibodies (Abs), and the immunodominant

receptor-binding domain (RBD) accounts for more than 90% of

the neutralizing activity in COVID-19 convalescent sera and

vaccinated individuals (Greaney et al., 2021a, 2021b; Piccoli

et al., 2020). Numerous monoclonal Abs (mAbs) recognizing

distinct antigenic sites on the RBD were isolated and shown to

neutralize viral entry and protect small animals and non-human

primates (NHPs) from SARS-CoV-2 challenge (Barnes et al.,

2020; Baum et al., 2020a; Brouwer et al., 2020; Piccoli et al.,

2020; Pinto et al., 2020; Rogers et al., 2020; Starr et al., 2021;

Tortorici et al., 2020; Wec et al., 2020; Zost et al., 2020). As a

result, SARS-CoV-2 S is the focus of nucleic acid, vectored,

and protein subunit vaccines currently being developed and de-

ployed (Corbett et al., 2020a, 2020b; Jackson et al., 2020; Mer-

cado et al., 2020; Polack et al., 2020; Tostanoski et al., 2020; Yu

et al., 2020).

Worldwide sequencing of SARS-CoV-2 clinical isolates has

led to the identification of numerous mutations in the

>1,500,000 genome sequences available to date (https://www.

gisaid.org/). The SARS-CoV-2 S D614G mutation has become

globally dominant and is associated with enhanced viral trans-

mission and replication but does not significantly affect Ab-

mediated neutralization (Hou et al., 2020; Korber et al., 2020;

Plante et al., 2020; Yurkovetskiy et al., 2020). Conversely,

some mutations found in circulating SARS-CoV-2 isolates were

shown to promote escape from mAbs and to reduce neutraliza-

tion by immune sera (Baum et al., 2020b; Collier et al., 2021; Li

et al., 2020; McCallum et al., 2021a, 2021b; Wang et al.,

2021a; Weisblum et al., 2020; Wibmer et al., 2021). As a result,

formulation of mAb cocktails or the use of mAbs targeting

conserved epitopes and neutralizing a broader spectrum of

circulating SARS-CoV-2 variants emerged as a promising strat-

egy to overcome this issue (Baum et al., 2020b; Cathcart et al.,

2021; Dong et al., 2021; Greaney et al., 2020; Jette et al.,

2021; Martinez et al., 2021a; Pinto et al., 2020; Tortorici et al.,

2020, 2021). The recent emergence of several variants and var-

iants of concern (VOCs) with numerous S mutations is especially

worrisome, including B.1.1.7 (alpha), B.1.351 (beta), B.1.427/

B.1.429 (epsilon), P.1 (gamma), and B.1.617.2 (delta) that origi-

nated in the UK, South Africa, the USA, Brazil, and India, respec-

tively (Davies et al., 2020; Deng et al., 2021; Faria et al., 2021;

McCallum et al., 2021b; Tegally et al., 2020). Some of these mu-

tations lead to significant reductions in the neutralization potency
of N-terminal domain (NTD)- and RBD-specific mAbs, convales-

cent sera, and Pfizer/BioNTech BNT162b2- or Moderna mRNA-

1273-elicited sera (Collier et al., 2021; McCallum et al., 2021a,

2021b; Wang et al., 2021a).

We recently described a multivalent subunit vaccine display-

ing the SARS-CoV-2 RBD nanoparticle (RBD-NP) in a highly

immunogenic array using a computationally designed self-

assembling protein nanoparticle (Bale et al., 2016; Walls et al.,

2020b). Vaccination with RBD-NP resulted in 10-fold higher

neutralizing Ab titers in mice than the prefusion-stabilized S2P

trimer (which is used in most current vaccines) despite a 5-fold

lower dose and protected mice against mouse-adapted SARS-

CoV-2 (SARS-CoV-2-MA) challenge (Dinnon et al., 2020; Walls

et al., 2020b). We demonstrated that the RBD-NP vaccine eli-

cited robust neutralizing Ab and CD4 T cell responses in NHPs

when formulated with several clinic-ready adjuvants and

conferred protection against SARS-CoV-2 infection in the

nose, pharynges, and bronchioles (Arunachalam et al., 2021).

The RBD-NP vaccine is currently being evaluated in two

phase I/II clinical trials (ClinicalTrials.gov: NCT04742738 and

NCT04750343) and recently received funding from the coalition

for epidemic preparedness innovations for phase III clinical trials.

Although the S fusion machinery (S2 subunit) has higher

sequence conservation than the RBD (Pinto et al., 2021; Sauer

et al., 2021; Tortorici and Veesler, 2019; Walls et al., 2016,

2020a), the breadth of neutralization and protection provided

by RBD-based vaccines remains unknown. The isolation of

RBD-specific cross-reactive mAbs neutralizing SARS-CoV-2

and SARS-CoV suggests that RBD-based vaccines could, in

principle, elicit Abs that neutralize distantly related sarbecovi-

ruses, which have future pandemic potential (Cathcart et al.,

2021; Jette et al., 2021; Martinez et al., 2021a; Pinto et al.,

2020; Rappazzo et al., 2021; Starr et al., 2021; Tortorici et al.,

2021; Wec et al., 2020). RBD-based vaccines are also unaf-

fected by Smutations outside of the RBD, especially in the highly

variable NTD that is heavily mutated in many VOCs (Andreano

et al., 2020; Avanzato et al., 2020; Choi et al., 2020; Collier

et al., 2021; Wang et al., 2021a; McCallum et al., 2021a,

2021b; McCarthy et al., 2021). Here, we explored dose-sparing

strategies for the RBD-NP vaccine and evaluated the impact of

genetic diversity among SARS-CoV-2 clinical isolates and sar-

becoviruses on vaccine-elicited Abs. We further designed

mosaic and cocktail sarbecovirus RBD-NPs that elicit broad

and protective Ab responses against heterologous sarbecovirus

challenge, which could represent the next generation of pan-sar-

becovirus vaccines.

RESULTS

Dose-sparing RBD-NP vaccination protects mice
against SARS-CoV-2 challenge
Considering the unprecedented need for rapid global distribu-

tion of SARS-CoV-2 vaccines, we investigated the ability of

RBD-NP to induce neutralizing and protective Ab titers at lower

doses than previously evaluated. Specifically, we set out to

test whether vaccine-elicited neutralizing Ab titers are altered

by lowering the immunogen dose 10-fold (two 0.1 mg immuniza-

tions, RBD antigen dose) or reducing the number of doses
Cell 184, 5432–5447, October 14, 2021 5433



Figure 1. A single immunization with RBD-

NP protects BALB/c cByJ mice from

SARS-CoV-2 MA10 challenge

(A and C) S2P-binding Abs were measured 2 (A) or

5 (C) weeks post-prime; teal squares: 2 doses of

0.1 mg (n = 10); filled teal circles: 2 doses of 1 mg

(n = 8); open teal circles: one dose of 1 mg (n = 8)

with a limit of detection (LOD) of 1 3 102.

(B and D) Serum neutralizing Ab titers at 2 (B) or 5

(D) weeks post-prime determined using an MLV

pseudotyping system with an LOD of 3.3 3 101.

(E) Weight loss following SARS-CoV-2 MA10

challenge up to 4 days post infection (n = 8

vaccinated; n = 6 naive mice shown as black filled

circles).

(F) Congestion score following SARS-CoV-2

MA10 challenge with a score of 0 indicating un-

changed lung color and 4 indicating a darkened

and diseased lung.

(G) Viral titers in the mice lungs (expressed in

plaque forming units [PFUs] per lobe) following

challenge with an LOD of 9 3 101. Statistical sig-

nificance was determined by Kruskal-Wallis test

and shown only when significant. **p < 0.01. LODs

are shown as gray horizontal dotted lines.

Raw data curves shown in Data S1.
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(a single 1 mg immunization, RBD antigen dose) compared to our

initial work (Walls et al., 2020b). To test this, BALB/c cByJ mice

were immunized intramuscularly at week 0 with either 0.1 mg (ten

mice) or 1 mg (two groups of eight mice or sixteen mice total) of

AddaVax-adjuvanted RBD-NP. Two weeks post-prime, serum

binding and neutralizing Ab titers were roughly comparable for

the two vaccine doses (neutralization geometric mean titer

[GMT] �2–4 3 102) measured using a mouse leukemia virus

(MLV) pseudotyping system (Millet and Whittaker, 2016; Walls

et al., 2020a) (Figures 1A and 1B; Data S1). Three weeks post

prime, we boosted the mice that were immunized with 0.1 mg

of the vaccine and eight of the sixteen mice immunized with

1 mg of the vaccine with the same respective dose. Two weeks

post-boost, serum binding and neutralizing Ab titers were com-

parable for the 0.1 mg and 1 mg groups (neutralization GMT�23

104) (Figures 1C and 1D; Data S1), suggesting that a 10-fold

reduction in the RBD-NP dose does not affect serum neutralizing

responses. Furthermore, we observed that the magnitude of
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binding and neutralizing Ab titers

increased over time for the mice that

received a single immunization (neutrali-

zation GMT 2 3 103). These results sug-

gest that lowering the vaccine dose or

reducing the number of immunizations

represent possible dose-sparing strate-

gies that did not compromise elicitation

of high levels of neutralizing Ab titers us-

ing RBD-NPs.

To further evaluate vaccine efficacy,

eight mice that received one dose and

eight mice that received two doses of

the 1-mg RBD-NP vaccine along with six
unvaccinated mice were challenged ten weeks post-prime with

105 plaque-forming units (PFUs) of mouse-adapted SARS-

CoV-2 MA10 (Leist et al., 2020). The SARS-CoV-2 MA10 model

causes weight loss and lung pathology when 105 PFUs (the high-

est titer tested [Leist et al., 2020]) are used in young BALB/c

mice. The mice were followed for four days to assess protection

from disease. All mice in the RBD-NP-vaccinated groups were

protected fromweight loss throughout the duration of the exper-

iment regardless of the number of doses, whereas control mice

lost�10%of their weight by day four (Figure 1E). Analysis of lung

pathology and viral titers in lung tissues indicated that the vacci-

nated mice were not affected by SARS-CoV-2 MA10 challenge,

whereas the control mice showed lung discoloration four days

post-infection and a high viral load (~1 3 104 PFUs) (Figures

1F and 1G). These results indicate that one or two immunizations

with 1 mg RBD-NPs results in protection against SARS-CoV-2

MA10-induced disease. Furthermore, mice vaccinated twice

with a 10-fold lower dose of RBD-antigen (0.1 mg) had higher



Figure 2. RBD-NP vaccination elicits high titers of Abs targeting

diverse RBD antigenic sites in NHPs

(A) NHP study designs.

(B) Effect of RBD mutations on polyclonal Ab binding measured by DMS

analysis of serum obtained 8 weeks post-prime from an immunized pigtail

macaque (n = 1) compared to a previously reported DMSmeasurement from a

representative COVID-19 HCP sample (reproduced here for comparison;

Greaney et al., 2021b). The line plots on the left show the summed effect of all
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serum neutralizing Ab titers than mice receiving a single 1-mg

dose, suggesting that they would likely also be protected since

neutralizing Ab titers are a correlate of protection against

SARS-CoV-2 (Arunachalam et al., 2021; McMahan et al.,

2021). These data suggest that multiple RBD-NP dose-sparing

regimens may be possible.

RBD-NP vaccination induces Abs targeting diverse
antigenic sites in NHPs
To characterize the epitopes targeted by RBD-NP-elicited poly-

clonal Abs, we used deep mutational scanning (DMS) with sera

obtained 56 days post-prime from one of two pigtail macaques

immunized at days 0 and 28 with a dose of AddaVax-adjuvanted

RBD-NP containing 88 mg of the SARS-CoV-2 RBD (with a linker

of twelve glycine/serine (GS) residues between the RBD and the

NP) (Walls et al., 2020b) (Figures 2A and 2B). These experiments

rely on yeast surface display of RBD libraries covering nearly all

possible amino acid mutations coupled with fluorescence-acti-

vated cell sorting (FACS) to identify RBD mutants with attenu-

ated Ab binding compared to the wild-type (Wuhan-Hu-1)

SARS-CoV-2 RBD (Greaney et al., 2020; Starr et al., 2020a).

No single mutation had more than a marginal effect on serum

Ab (IgG/IgM/IgA) binding, indicating broad targeting of distinct

RBD epitopes, whereas several previously described COVID-

19 human convalescent plasmas (HCPs) analyzed by DMS dis-

played greater sensitivity to individual mutations and are

shown for comparison (Greaney et al., 2021b) (Figures 2B and

S1; Table S1). These results show that RBD-NP vaccination

elicits highly diverse polyclonal Ab responses that target multiple

distinct antigenic sites and are more resilient to escape muta-

tions reducing polyclonal Ab binding than HCP (Barnes et al.,

2020; Greaney et al., 2021b; Piccoli et al., 2020; Starr

et al., 2021).

To measure the magnitude of vaccine-elicited Abs against

distinct RBD antigenic sites, we used quantitative competition

ELISAs with human ACE2-Fc (hACE2-Fc), which binds to the

receptor-binding motif (RBM) corresponding to antigenic sites

Ia and Ib, as well as with structurally characterized mAbs

recognizing antigenic sites II (CR3022) and IV (S309) (Huo

et al., 2020; Piccoli et al., 2020; Pinto et al., 2020; Yuan

et al., 2020) (Figures 2C–2E; Data S1). These experiments
mutations at a site in the RBD on serum or plasma binding, with RBD residues

on the x axis and Ab escape on the y axis (Table S1). Due to the use of sample-

specific FACS gates (Figure S1), the y axes are scaled independently. Sites in

the logo plots are colored dark blue if located in the receptor-binding ridge or

cyan if located in the RBD 443–450 loop. Larger values indicate more Ab

escape.

(C–E) Competition ELISA between 0.2-nM hACE2-Fc (LOD of 2 3 101)

(C), 2-nM CR3022 mAb (LOD of 2 3 10�) (D), or 0.01-nM S309 mAb (LOD of

4 3 10�) (E), and RBD-NP-elicited sera in pigtail macaques (n = 2), RBD-NP-

elicited sera in rhesus macaques (n = 5), or HexaPro S-elicited sera in rhesus

macaques (n = 5) at various time points following vaccination, benchmarked

against HCP (n = 4) (Table S2). Each plot shows the magnitude of inhibition of

hACE2/mAb binding to immobilized SARS-CoV-2 S2P, expressed as recip-

rocal serum dilution blocking 50% of the maximum binding response. Statis-

tical significance was determined by Kruskal-Wallis test and shown only when

significant. **p < 0.01. LODs are shown as gray horizontal dotted lines.

Raw data curves shown in Data S1.
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used sera from the aforementioned pigtail macaques (RBD

GMT EC50 5 3 104) followed for 168 days and sera from 5 rhe-

sus macaques immunized twice on days 0 and 21 with AS03-

adjuvanted RBD-NPs containing 25 mg of the SARS-CoV-2

RBD (with a 16-GS linker between the RBD and the NP; RBD

GMT EC50 1 3 104) and followed for 98 days (Arunachalam

et al., 2021; Walls et al., 2020b; Figures 2A and S2A). These

two sets of RBD-NP sera were compared to sera from 5 rhesus

macaques immunized twice on days 0 and 21 with 12.5 mg of

AS03-adjuvanted prefusion-stabilized HexaPro S trimer (RBD

EC50 1 3 104) and followed for 42 days (Arunachalam et al.,

2021; Hsieh et al., 2020), as well as a panel of COVID-19

HCP (Table S2) (RBD EC50 2 3 104) (Figures 2A and S2A). All

NHP sera post boost had high titers of Abs targeting sites Ia

and Ib in the immunodominant RBM (day 42 hACE2 competi-

tion RBD-NP GMT 3 3 103 and HexaPro GMT 7 3 102) (Fig-

ure 2C; Data S1), a correlate of neutralization potency (Piccoli

et al., 2020), in agreement with the potent immunogenicity

and protective efficacy of RBD-NP and HexaPro S in NHPs (Ar-

unachalam et al., 2021). We also observed strong Ab re-

sponses against antigenic sites II (RBD-NP day 42 GMT 4 3

102 and HexaPro GMT 4 3 101) with CR3022 competition

and IV (RBD-NP day 42 GMT 2.5 3 103 and HexaPro GMT

6.5 3 101) (Figures 2D and 2E; Data S1), which comprise

conserved sarbecovirus epitopes recognized by broadly

neutralizing sarbecovirus mAbs such as S2X259 (site II) and

S309 (site IV) (Piccoli et al., 2020; Pinto et al., 2020; Tortorici

et al., 2021). Ab responses were durable against all 3 antigenic

sites regardless of dose or adjuvant, with a decrease of compe-

tition titers by roughly half an order to one order of magnitude

168 days (pigtail macaque) or 98 days (rhesus macaque) post-

prime. RBD-NP elicited much higher peak binding titers toward

all RBD antigenic sites evaluated compared to HexaPro S and

HCP, showcasing the potency, durability, and multi-specificity

of Ab responses induced by multivalent display of the RBD,

possibly as a result of enhanced accessibility of the antigen.

RBD-NP vaccine elicits potent neutralizing Ab
responses in NHPs against a panel of SARS-CoV-2 S
variants
To assess the neutralization breadth of RBD-NP- and HexaPro

S-elicited Abs in NHPs at peak titer (42 days post-prime), we

evaluated serum neutralizing activity against a panel of pseudo-

typed viruses comprising wild-type (D614G) SARS-CoV-2 S and

twelve single-residue SARS-CoV-2 RBD mutants detected in

clinical isolates (N439K, L452R, Y453F, L455F, S477N, E484A/

K/Q, F486L, S494P, N501Y, and G504D) as well as the B.1.1.7

(H69-V70 deletion, Y144 deletion, N501Y, A570D, D614G,

P681H, T716I, S982A, D1118H); B.1.1.7 + E484K (H69-V70 dele-

tion, Y144 deletion, E484K, N501Y, A570D, D614G, P681H,

T716I, S982A, D1118H); B.1.351 (L18F, D80A, D215G, L242-

L244 deletion, R246I, K417N, E484K, N501Y, D614G, A701V);

and P.1 (L18F, T20N, P26S, D138Y, R190S, K417T, E484K,

N501Y, D614G, H655Y, T1027I). Several single-residue RBD

mutations did not affect neutralizing titers compared to wild-

type D614G SARS-CoV-2 S, for which GMTs of 1.8 3 103

and 2.4 3 103 were determined with RBD-NP- and HexaPro

S-elicited sera, respectively, using a vesicular stomatitis virus
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(VSV) pseudotyped virus (Figure 3A; Data S1). For example,

the N439K- (GMT 2.5 3 103 for RBD-NP and 2.7 3 103 for

HexaPro S) and mink-associated Y453F (GMT 4 3 103 for

RBD-NP and 5 3 103 for HexaPro S) mutation did not dampen

the neutralization potency of either RBD-NP- or HexaPro S-eli-

cited sera (Figure 3A; Data S1). However, the N501Y substitution

(present in the B.1.1.7, P.1, and B.1.351 lineages) reduced the

neutralization potency of RBD-NP- (GMT 5 3 102) and HexaPro

S (GMT 8 3 102)-elicited sera 3-to-4-fold and the L452R muta-

tion (present in the B.1.427/B.1.429, B.1.617.1, and B.1.617.22

variant) led to a 3.4-to-4.4-fold drop in neutralization potency

(GMT 4 3 102 for RBD-NP and 7 3 102 for HexaPro S). These

substitutions have been associated with the loss of binding

and neutralization for vaccine-elicited Abs and mAbs (Collier

et al., 2021; McCallum et al., 2021b; Wang et al., 2021b; Thom-

son et al., 2021; Wang et al., 2021c). The E484A mutation

reduced serum neutralization activity up to 2-fold (GMT

1.1x103 for RBD-NP and 1.1x103 for HexaPro S) whereas

E484K, present in B.1.351 and P1 (GMT 2 3 102 for RBD-NP

and 2 3 102 for HexaPro S), and E484Q, found in B.1.617.1

(GMT 5 3 102 for RBD-NP and 3.6 3 102 for HexaPro S),

decreased it 9-fold (E484K) and 4-fold (E484Q) for RBD-NP

and 12-fold (484K) and 7-fold (484Q) for HexaPro S compared

to D614G SARS-CoV-2 S. These experiments suggest that a

substantial fraction of the neutralizing activity elicited by both

RBD-NP and HexaPro S is focused on the RBM, especially

near position 484, as further supported by the �5-fold decrease

in neutralization resulting from the F486L (GMT 3.7 3 102 for

RBD-NP and 5 3 102 for HexaPro S) substitution.

To understand the impact of the full constellation of mutations

present in the S proteins of the aforementioned VOCs, we eval-

uated RBD-NP- andHexaPro S-elicited serum neutralizing activ-

ity against corresponding HIV and VSV pseudotyped variants

(D614G GMT RBD-NP HIV 5 3 103 and VSV RBD-NP 6 3 102,

respectively, and D614G GMT HexaPro S HIV 3.5 3 103 and

VSV 1.23 103) (Figures 3B and 3C). Although we did not observe

major reductions in neutralization titers (up to to 2-fold) toward

the B.1.1.7 VOC (GMT RBD-NP HIV 2.5 3 103, VSV 4.7 3 102

and HexaPro S HIV 1.8 3 103, VSV 8.8 3 102) (Figures 3B and

3C), addition of the E484K mutation to the B.1.1.7 background

reduced neutralization 4-to-6-fold for RBD-NP- (GMT HIV

8.83 102) andHexaPro S-elicited sera (GMTHIV 8.63 102), con-

firming the importance of the 484 position (Figure 3B). Neutrali-

zation of B.1.351 was 10-fold lower using HIV pseudovirus

(GMT RBD-NP 5 3 102 and HexaPro S 3.6x102) (Figure 3B)

and �3-fold lower using VSV pseudovirus (GMT RBD-NP 2 3

102 and HexaPro S 4x102) (Figure 3C) for both RBD-NP- and

HexaPro-elicited sera, in agreement with authentic virus neutral-

ization data (Arunachalam et al., 2021). Interestingly, RBD-spe-

cific binding Ab titers did not differ significantly between the

B.1.351 RBD (GMT RBD-NP 6.5 3 103 and HexaPro S 3 3

103) and Wuhan-Hu-1 RBD (GMT RBD-NP 1.4 3 104 and Hex-

aPro S 1.73 104) (Figure S2A), indicating that neutralizing activ-

ity is accounted for by a portion of total binding Abs. Reductions

in neutralizing Ab titers were also observed against P.1 S VSV

pseudoviruses, with a 6-fold drop for RBD-NP (GMT 1 3 102)

and 8-fold dampening for HexaProS (GMT1.53 102) (Figure 3C).

Furthermore, we observed a 10-fold reduction in plasma



Figure 3. RBD-NP and HexaPro S elicit Abs

with similar neutralization breadth toward

SARS-CoV-2 variants

(A) Neutralizing Ab titers against wild-type (D614G)

SARS-CoV-2 S and RBD point mutants deter-

mined using RBD-NP-elicited sera in rhesus ma-

caques (blue, n = 5) and HexaPro S-elicited sera in

rhesus macaques (gray, n = 6) with an VSV pseu-

dotyping system with an LOD of 3.3 3 101.

Neutralization performed once.

(B) Neutralizing Ab titers against HIV pseudotyped

viruses harboring wild-type (D614G) SARS-CoV-2

S, B.1.1.7 S, B.1.1.7-E484K S, B.1.351 S, or P.1 S,

determined using RBD-NP-elicited sera in rhesus

macaques (blue), HexaPro S-elicited sera in rhe-

sus macaques (gray), or plasma from individuals

who received two doses of Pfizer mRNA vaccine

(open circles) with an LOD of 3.3 3 101. Neutrali-

zation performed twice and a representative

shown.

(C) Neutralizing Ab titers against VSV pseudo-

typed viruses harboring wild-type (D614G) SARS-

CoV-2 S, B.1.1.7 S, B.1.351 S, or P.1 S, deter-

mined using RBD-NP-elicited sera in rhesus

macaques (blue) or HexaPro S-elicited sera in

rhesus macaques (gray) with an LOD of 2.53 101.

Neutralization performed twice and a representa-

tive shown.

(D) Neutralizing Ab titers against D614G SARS-

CoV-2 S, B.1.1.7, and B.1.351 S HIV pseudovi-

ruses in pigtail macaque sera collected 28 days

after a second (filled symbols, n = 2) or third (open

symbols, n = 2) immunization with 88-mg RBD-NP

(RBD antigen dose) with an LOD of 1 3 102.

Neutralization performed twice and a representa-

tive shown.

(E) Neutralizing Ab titers against HIV pseudotyped

viruses harboring wild-type (D614G) SARS-CoV-2

S, Pangolin-GD S, or SARS-CoV S, determined

using RBD-NP-elicited sera in in rhesusmacaques

(blue) or HexaPro S-elicited sera in rhesus ma-

caques (gray) with an LOD of 1 3 101. Neutrali-

zation performed twice and a representative

shown.

(F) Neutralizing Ab titers against VSV pseudotyped

viruses harboring wild-type (D614G) SARS-CoV-2

S, Pangolin-GD S, RaTG13 S, SARS-CoV S, or

WIV1 S determined using SARS-CoV-2 RBD-NP-

elicited sera in rhesusmacaques (blue) or HexaPro

S-elicited sera in rhesus macaques (gray) with an

LOD of 2.53 101. Neutralization performed twice and a representative shown. Statistical significance was determined by Kruskal-Wallis test and shown in Table

S3. LODs are shown as gray horizontal dotted lines. Raw data curves shown in Data S1 and GMTs in Table S4. The various pseudovirus backbones were

benchmarked against NIBSC standard and are shown in Table S5.
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neutralizing potency for individuals who received two doses

of the Pfizer-BioNTech BNT162b2 mRNA vaccine against

B.1.351 S pseudotyped virus (GMT 6 3 101) relative to the

wild-type (D614G) SARS-CoV-2 S (GMT 6 3 102) pseudotyped

virus (Figure 3B; Data S1). These findings show that, as is the

case for many convalescent individuals (Greaney et al., 2021b;

Liu et al., 2021; Piccoli et al., 2020), an important fraction of vac-

cine-elicited neutralizing Abs in NHPs and humans is focused on

the RBM (specifically around position 484), independently of the

immunogen (RBD-NP, HexaPro S, or 2P-stabilized S [Pallesen

et al., 2017]) or the vaccine modality (protein subunit or
mRNA). However, we note that neutralization assays may under-

estimate the contribution of NTD-specific or non-RBM RBD-tar-

geted neutralizing Abs (Lempp et al., 2021; McCallum et al.,

2021a; Suryadevara et al., 2021), and protection from challenge

will be the ultimate readout.

To further investigate the relationships between neutralizing

Ab titers and emerging SARS-CoV-2 variants, we immunized

the two pigtail macaques a third time with RBD-NP, formulated

with an oil-in-water (O/W) emulsion-based adjuvant, 168 days

after the primary immunization (Figure 2A). This boost induced

potent serum neutralizing activity against wild-type (D614G)
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SARS-CoV-2 (GMT 2 3 104) (Figure 3D) as well as the B.1.1.7

(GMT 2 3 104) and B.1.351 (GMT 8 3 103) VOC pseudoviruses,

suggesting that an overall increase in neutralizing Ab titers may

be a suitable strategy to cope with emerging variants. These re-

sults are consistent with recent studies demonstrating that

boosting COVID-19 convalescent individuals with a single

mRNA vaccination elicited high (neutralizing) Ab titers, including

against the B.1.351 variant (Abu Jabal et al., 2021; Krammer

et al., 2021; Stamatatos et al., 2021), and suggest that a third

vaccination of naive individuals could be a suitable strategy to

limit the impact of emerging variants. This strategy is currently

being evaluated for immunocompromised patients in several

countries.

RBD-NP vaccine elicits cross-reactive sarbecovirus
polyclonal Abs in NHPs
As RBD-NP- and HexaPro S-elicited polyclonal Abs exhibited

similar resilience to a range of mutations, we next investigated

cross-reactivity with a panel of sarbecovirus RBDs. RBD-NP-eli-

cited polyclonal Abs purified from pigtail macaque serum ob-

tained 70 days post-prime strongly cross-reacted with the

SARS-CoV-2-related Pangolin-GD and RaTG13 RBDs and

bound more weakly to distantly related RmYN02, SARS-CoV,

WIV16, and ZXC21 RBDs (Figures S2B and S2C). Measurement

of Ab binding titers using the SARS-CoV and SARS-CoV-2 S2P

ectodomain trimers by ELISA showed that RBD-NPs and Hex-

aPro S induced similar levels of cross-reactive Abs against

each antigen, with responses roughly two orders of magnitude

higher against SARS-CoV-2 S2P (detection antigen matching

immunogen) compared to SARS-CoV S2P (Figure S2D; Data

S1). The two immunogens also elicited similar peak levels of

SARS-CoV S ACE2-competing Abs (GMT 2 3 102 RBD-NP

and 5 3 101 HexaPro) suggesting that cross-neutralizing Abs

might have been induced to similar extents between the two vac-

cines (Figure S2E).

Motivated by the cross-reactivity of RBD-NP-elicited poly-

clonal Abs with various sarbecovirus RBDs and the correlation

between ACE2 competition and serum neutralization titers (Pic-

coli et al., 2020), we evaluated neutralization of a panel of HIV

(D614G GMT 5.5 3 102) and VSV (D614G GMT 6 3 102) pseu-

doviruses harboring sarbecovirus S glycoproteins. RBD-NP-eli-

cited sera efficiently neutralized pseudotyped viruses harboring

the S glycoprotein of the Pangolin-GD isolate (GMT 6.6 3 102

and 7.7 3 102 VSV) and RaTG13 (GMT VSV 6 3 102) (Figures

3E and 3F) (Lam et al., 2020; Zhou et al., 2020b), in agreement

with the close phylogenetic relationship of their RBDs with that

of SARS-CoV-2 S (Figure S2B). HexaPro S-elicited NHP sera

also efficiently neutralized Pangolin-GD S (GMT HIV 4.7 3

103 and VSV 9 3 102) and RaTG13 S pseudotypes (GMT VSV

4.7 3 103) (Figures 3E and 3F). Furthermore, we observed

that both RBD-NP- and HexaPro S-induced polyclonal Abs

that weakly neutralized HIV pseudovirus carrying SARS-CoV

S (RBD-NP GMT 6 3 101 and HexaPro GMT 1 3 102) (Figures

3E and 3F). Collectively, these data demonstrate that both im-

munogens elicited comparable neutralization breadth and po-

tency against the pseudoviruses tested, reinforcing the notion

that most sarbecovirus S-directed neutralizing Abs target the

RBD (Greaney et al., 2021a, 2021b; Piccoli et al., 2020).
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Design, assembly, and characterization of mosaic and
cocktail sarbecovirus RBD-NPs
We and others have recently evaluated nanoparticle immuno-

gens that display multiple antigenic variants of viral glycopro-

teins as a potential route toward broadly protective vaccines

(Boyoglu-Barnum et al., 2021; Cohen et al., 2021a, 2021b; Kane-

kiyo et al., 2019). Given the large number of coronaviruses circu-

lating in zoonotic reservoirs, such vaccines could be important

for understanding vaccine-induced neutralization/protection

breadth and preventing future pandemics (Menachery et al.,

2015, 2016). We expressed and purified four RBDs from the S

proteins of SARS-CoV-2, SARS-CoV, and the bat coronaviruses

WIV1 and RaTG13 genetically fused to the I53-50A trimer. An

equimolar mixture of these four proteins was added to the I53-

50B pentamer to assemble a mosaic RBD-NP (mRBD-NP) co-

displaying the four RBDs on the same nanoparticle (Figure 4A

and S3A). We also assembled a trivalent mosaic RBD-NP desig-

nated ‘‘drop out’’ lacking the SARS-CoV RBD (mRBD-NP-DO),

as well as cocktail immunogens with three (cRBD-NP-DO; lack-

ing the SARS-CoV RBD) or four (cRBD-NP) independently

assembled nanoparticles, each displaying a single type of the

aforementioned RBDs, mixed after independent assembly.

Finally, we made a bivalent mosaic RBD-NP co-displaying the

SARS-CoV and SARS-CoV-2 RBDs (Figure S3A) to directly

confirm co-display on the nanoparticles using a sandwich bind-

ing assay. All of the nanoparticle immunogens formed the in-

tended icosahedral architecture and retained native antigenicity,

as shown by SDS-PAGE, dynamic light scattering, negative

staining electron microscopy, and binding to hACE2-Fc (Figures

S3B–S3E). We found that the vaccine candidates were stable for

at least 4 weeks at several temperatures except the highest tem-

perature evaluated (37�C), at which we observed a decrease in

hACE2 recognition over time beginning after 7 to 14 days, pre-

sumably due to aggregation (Figures 4B–4E). Following immobi-

lization using the SARS-CoV-2-specific mAb S2H14 (Piccoli

et al., 2020), the quadrivalent, trivalent, and bivalent mRBD-

NPs all bound the Fab of the SARS-CoV-specific Ab S230 (Pic-

coli et al., 2020; Rockx et al., 2008; Walls et al., 2019), confirming

co-display, whereas the monovalent SARS-CoV-2 RBD-NP did

not (Figure S3G). We determined that the reactivity of the triva-

lent mRBD-NP derived from the inclusion of the WIV1 RBD in

this vaccine, as the monovalent WIV1 RBD-NP also bound the

S230 Fab after immobilization with hACE2 (as expected [Men-

achery et al., 2016]), whereas the monovalent SARS-CoV-2

and RaTG13 RBD-NPs did not (Figure S3H). Collectively, these

data demonstrate that all of the nanoparticles were stable and

(co-)displayed the various RBDs as intended.

Cocktail and mosaic RBD-NP vaccines elicit cross-
reactive and broadly neutralizing sarbecovirus Abs
The mosaic and cocktail nanoparticle immunogens were

compared to monovalent RBD-NP vaccines and a non-assem-

bling control vaccine comprising all four RBD-I53-50A trimeric

components and a non-assembling I53-50B pentamer (Fig-

ure S3F) in an immunization study in BALB/c cByJ mice (Fig-

ures 4A and S3A). All immunizations comprised 1 mg of

total RBD antigen, such that �0.25 mg of each RBD was

given in each administration of the quadrivalent vaccines



Figure 4. In vitro assembly and accelerated

stability studies of mosaic and cocktail

nanoparticle immunogens

(A) Schematic of in vitro assembly of mRBD-NPs

and cRBD-NPs.

(B–E) The physical and antigenic stability of

mRBD-NP, cRBD-NP, and (SARS-CoV-2) RBD-

NP samples incubated at four different tempera-

tures was followed for four weeks.

(B) The ratio of UV/vis absorbance at 320 nm/

280 nm is a measure of turbidity (proxy for

aggregation).

(C) Hydrodynamic diameter of the nanoparticles

measured using dynamic light scattering.

(D) hACE2-Fc bindingmeasured by comparing the

peak amplitude of hACE2-Fc binding for each

sample to a reference sample stored at < �70�C
using biolayer interferometry.

(E) Electron micrographs of negatively stained

samples after incubation for 28 days at the indi-

cated temperatures. Scale bar, 50 nm.
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Figure 5. Mosaic and cocktail RBD-NP vaccines elicit neutralizing Abs against multiple sarbecoviruses

(A) Neutralizing Ab titers in mice (n = 8) against wild-type (D614G) SARS-CoV-2 S MLV pseudovirus five weeks post-prime elicited by monovalent, mosaic, and

cocktail RBD-NPs with an LOD of 1 3 101.

(B) Neutralizing Ab titers in mice against SARS-CoV S MLV pseudovirus five weeks post-prime elicited by monovalent, mosaic, and cocktail RBD-NPs with an

LOD of 1 3 101.

(C) Neutralizing Ab titers in mice against SHC014 VSV pseudovirus five weeks post-prime elicited by monovalent, mosaic, and cocktail RBD-NPs with an LOD of

1.7 3 101.

Raw data curves shown in Data S1. Statistical significance was determined by Kruskal-Wallis test and shown only when significant. **p<0.01. LOD is shown as a

gray horizontal dotted line in (C).

ll
Article
and �0.33 mg of each RBD in the trivalent vaccines. After two

immunizations, all four mosaic or cocktail RBD-NP vaccines eli-

cited strong binding (GMT �1–5 3 104) (Figure S4A; Data S1)

and potent serum neutralizing (GMT 2–8 3 103; Figure 5A;

Data S1) Ab titers against wild-type (D614G) SARS-CoV-2 S

pseudovirus. Competition ELISAs using hACE2, CR3022,

S309, and S2X259 demonstrated that all mosaic and cocktail

vaccine candidates elicited robust Ab titers targeting all anti-

genic sites tested, showcasing the diversity of RBD-specific

Abs elicited (Figures S4B–S4E; Data S1). The neutralizing

SARS-CoV-2 S (D614G) Ab responses were slightly higher for
5440 Cell 184, 5432–5447, October 14, 2021
mRBD-NPs and slightly lower for cRBD-NPs than that of the

monovalent RBD-NP (GMT 3 3 103) (Figure 5A), similar to the

aforementioned low-dose RBD-NP immunization study (Fig-

ure 1D) and suggesting that the dose of strain-matched antigen

in the multivalent vaccines is not a limiting factor of the magni-

tude of neutralizing Ab responses. The neutralizing activity

against SARS-CoV-2 elicited by the other monovalent RBD-

NPs and the non-assembling control were �2 orders of magni-

tude lower (GMT < 5 3 101) than for the monovalent RBD-NP,

indicating poor elicitation of cross-neutralizing Abs by these

heterologous monovalent RBD-NPs.



(legend on next page)
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Although ELISA binding titers were comparable across

mosaic and cocktail groups against SARS-CoV S2P (GMT 3–

10 3 103), the corresponding pseudovirus neutralization titers

showed more nuanced patterns (Figures 5B and S4F; Data

S1). Tetravalent mosaic and cocktail RBD-NPs elicited potent

neutralizing activity (GMT 3–5.53 103) with magnitudes roughly

comparable to that of the monovalent SARS-CoV-RBD-NP

(GMT 5 3 103) (Figure 5B). Strikingly, the trivalent nanoparticle

immunogens (mRBD-NP-DO and cRBD-NP-DO)—which did

not contain the SARS-CoV RBD—also elicited potent neutrali-

zation (GMT �1–2 3 103). This cross-neutralization likely arose

from the inclusion of the WIV1 RBD (Figure S4G; Data S1) in the

trivalent immunogens, asWIV1 cross-reacts with a SARS-CoV-

specific mAb (Figure S3H) (Menachery et al., 2016), and the

monovalent WIV1-RBD-NP induced similar levels of pseudovi-

rus neutralization (GMT 2 3 103) (Figure 5B; Data S1). The

non-assembling control immunogen, which contains all four

RBD-I53-50A trimeric components, also elicited substantial

neutralizing activity against SARS-CoV (GMT 1 3 103) but not

against SARS-CoV-2. Furthermore, we show that sera elicited

by the monovalent, mRBD-NPs, and cRBD-NPs neutralize

SHC014 pseudotyped virus, a distantly related sarbecovirus

sharing 76%, 76%, 82%, and 84% amino acid sequence iden-

tity with the SARS-CoV-2, RaTG13, SARS-CoV, and WIV1

RBDs, respectively (Figure 5C; Data S1). These data show

that both mRBD-NPs and cRBD-NPs are promising vaccine

candidates for eliciting broad sarbecovirus immunity, in agree-

ment with previous findings using a different nanoparticle

platform (Cohen et al., 2021a) or chimeric sarbecovirus S glyco-

proteins (Martinez et al., 2021b) and recent results obtained

with influenza virus hemagglutinin nanoparticle vaccines (Boy-

oglu-Barnum et al., 2021).

Mosaic RBD-NPs protect mice against heterotypic
SARS-CoV challenge
To gauge the ability of the multivalent RBD-NPs to confer pro-

tection against vaccine-matched and heterotypic sarbecovi-

ruses, we challenged groups of eight mice with a high dose

(105 PFUs) of the mouse-adapted SARS-CoV MA15 virus

(Roberts et al., 2007). In agreement with the pseudovirus

neutralization data, animals immunized with mRBD-NP,

mRBD-NP-DO, cRBD-NP, and cRBD-NP-DO were protected

from weight loss (ranging between 1% and 5%) and serious

lung pathology throughout the four days of the experiment

(Figures 6A and 6B). Unvaccinated mice exhibited up to

15% average weight loss and signs of lung pathology

(congestion score �1.5) that were only minorly seen in all

other vaccinated groups (Figures 6A and 6B). mRBD-NP-
Figure 6. Mosaic and cocktail RBD-NP vaccines protect against hetero

(A) Weight loss following SARS-CoV MA15 challenge up to 4 days post infection

(B) Congestion score following SARS-CoVMA15 infection with a score of 0 indicat

(C) Viral titers in mice lungs (expressed in PFUs per lobe) following challenge (n

Statistical significance was determined by Kruskal-Wallis and shown when signi

(D) Mean eosinophils per high power field (HPF) per sample run over 10 HPF per lun

and shown where significant.

(E–I) Histological analysis of stained lung sections for mRBD-NP (E), mRBD-NP-D

indicate eosinophils. Scale bar, 20 mm.
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and mRBD-NP-DO-vaccinated mice were completely pro-

tected from viral replication in the lungs (Figure 6C). Overall,

the trivalent mRBD-NP-DO provided protection that was

indistinguishable from the tetravalent mRBD-NP, despite lack-

ing the SARS-CoV RBD. Five out of eight and six out of

eight cRBD-NP- and cRBD-NP-DO-vaccinated mice were

completely protected from viral replication in the lungs,

respectively, with viral burden ranging between 102 and 103

PFUs/lobe for the remaining animals (compared to unvacci-

nated mice with �106 PFUs/lobe, Figure 6C). To assess

whether the RBD-NP platform causes vaccine-induced im-

mune pathology, which was previously described with dou-

ble-inactivated SARS-CoV vaccines (Bolles et al., 2011), we

investigated eosinophil infiltration and inflammation in the

lungs following SARS-CoV MA15 challenge. Although infec-

tion induced inflammation and infiltration of eosinophils in

the lungs of unvaccinated mice (Figures 6D, 6I, and S5A), no

signs of eosinophilia were detected for any animals in the

vaccinated groups using histological analysis of stained lung

sections (Figures 6D–6I and S5A). These data show that

mRBD-NP, mRBD-NP-DO, cRBD-NP, and cRBD-NP-DO pro-

tect against weight loss, lung injury, and viral replication

following challenge, with no detectable vaccine-induced im-

mune pathology.

To identify the gain in protective breadth provided by multiva-

lent display of sarbecovirus RBD-NP, relative to monovalent

RBD-NPs, we performed a second SARS-CoV MA15 challenge

experiment including monovalent RBD-NP and SARS-CoV-

RBD-NP (Figure S5B). In agreement with the pseudovirus

neutralization data and first challenge (Figures 4B–4D and 6A–

6C), animals immunized with the SARS-CoV-RBD-NP, mosaic,

and cocktail RBD-NP formulations, as well as the non-assem-

bling control immunogen, were protected from weight loss and

serious lung pathology throughout the four days of the experi-

ment. The animals receiving the monovalent RBD-NP vaccine

experienced up to 12%averageweight loss, whereas the unvac-

cinated mice exhibited further (up to 15%) average weight loss

and signs of lung pathology (congestion score �2) that were

only minorly seen in all other vaccinated groups (Figures S5B

and S5C). All mice vaccinated with SARS-CoV-RBD-NP, RBD-

NP, and mRBD-NP were protected from viral replication in the

lungs, whereas we detected �102.5 and 106 PFUs/lobe for half

of the mice receiving the non-assembling control immunogen

and unvaccinated mice, respectively (Figure S5D). These results

provide proof-of-principle that mosaic and cocktail RBD nano-

particle vaccines elicit broad protection against heterotypic sar-

becovirus challenge and could represent the next generation of

vaccines developed in anticipation of future spillovers.
typic SARS-CoV-MA15 challenge in 15-week-old BALB/c cByJ mice

(n = 8). Unvaccinated animals are shown as black circles.

ing unchanged lung color and 4 indicating a darkened and diseased lung (n = 8).

= 8) with an LOD of 9 3 101. LOD is shown as a gray horizontal dotted line.

ficant. **p < 0.01.

g stained with congo red. Significance was determined using one-way ANOVA

O (F), cRBD-NP (G), cRBD-NP-DO (H), and unvaccinated mice (I). Arrowheads
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DISCUSSION

The data presented here show that two ultra-low dose immuni-

zations or a single immunization with RBD-NP produces potent

neutralizing Ab responses in mice. The latter strategy confers

protection against SARS-CoV-2 MA10 challenge, suggesting

that the nanoparticle platform could enable dose-sparing regi-

mens to achieve global vaccination, especially given the high

shelf stability of this vaccine (Walls et al., 2020b). NHP vaccina-

tion with RBD-NP was concurrently shown to also elicit CD4

T cell responses and to protect from viral replication (Arunacha-

lam et al., 2021). Moreover, RBD-NP vaccination, which is

currently under phase I/II evaluation in the clinic, elicits diverse

Ab responses neutralizing a broad spectrum of SARS-CoV-2

variants detected in clinical isolates with similar potency to those

elicited by HexaPro S vaccination. Several RBM mutations,

including at position E484, however, lead to reductions in

neutralizing activity elicited by either RBD-NP or HexaPro S in

NHPs. Although both RBD-NP- and HexaPro S-elicited sera

robustly neutralize the B.1.1.7 S variant, which does not contain

the E484 substitution, neutralization of the B.1.351, P.1, and

B.1.1.7/E484K variants was dampened similarly to sera from in-

dividuals vaccinated twice with the Pfizer-BioNTech BNT162b2

mRNA. These findings are in agreement with reports showing

that the serum neutralizing activity against the B.1.351 variant

from mRNA-1273-vaccinated individuals was comparably

reduced (Wu et al., 2021), as was also the case for neutralization

of authentic SARS-CoV-2 B.1.351 by HCP (Wibmer et al., 2021).

Collectively, these data indicate that a significant fraction of vac-

cine-elicited neutralizing activity is directed to the RBM, which is

the target of potent neutralizing Abs, irrespective of the antigen

design strategy (RBD- or S-based), the vaccine modality (protein

subunit or mRNA), or species (NHPs or humans). We show that

receiving a third immunization, even of an unaltered vaccine, im-

proves the neutralizing Ab responses to VOCs, which is reminis-

cent of what has been shown in vaccinated humans previously

infected with SARS-CoV-2 (Abu Jabal et al., 2021; Krammer

et al., 2021; Stamatatos et al., 2021), suggesting that further

booster immunizations may limit the impact of VOCs without

vaccine update.

The ongoing global spread of SARS-CoV-2 and the circulation

of a large number of sarbecoviruses in bats (Menachery et al.,

2015, 2016) and other animal reservoirs strongly motivate the

development of vaccines that protect against a broad spectrum

of coronaviruses. We observed that vaccination of NHPs with

RBD-NPs or HexaPro S induced comparable but moderate

neutralization breadth against genetically distinct sarbecovi-

ruses. We demonstrate here that co-display (mRBD-NP) and

co-immunization (cRBD-NP) of multivalently arrayed sarbecovi-

rus RBDs elicit robust neutralizing Ab responses against SARS-

CoV-2, SARS-CoV, and SHC014 pseudotyped viruses and

outperform their monovalent vaccine counterparts. The obser-

vation that mosaic and cocktail RBD-NPs elicit greater titers of

Abs competing with the broadly neutralizing sarbecovirus mAb

S2X259 than monovalent vaccines suggest that this vaccine

design strategy could enhance neutralization breadth. Accord-

ingly, mice vaccinated with multivalent vaccines were protected

from disease upon SARS-CoV MA15 challenge, including with
formulations that did not include the SARS-CoV RBD, whereas

RBD-NP-vaccinated mice experienced weight loss. Previous

studies showed that double-inactivated SARS-CoV vaccines

could lead to eosinophil infiltration in the lungs and subsequent

immune pathology (Bolles et al., 2011). Our data show that

none of the multivalent vaccine candidates evaluated here

induced eosinophilia whereas SARS-CoV MA15 challenge did,

pointing to the safety and efficacy of these immunogens. Our

data highlight the potential of this approach to achieve broad

sarbecovirus immunity, overcoming both the emergence of

SARS-CoV-2 variants and putative future zoonosis of genetically

distinct sarbecoviruses not included in the vaccine. Based on the

RBD-centric nature of neutralizing Ab responses resulting from

infection and vaccination (Dejnirattisai et al., 2021; Greaney

et al., 2021a, 2021b; Piccoli et al., 2020), irrespective of immu-

nogen format or vaccine modality, and the enhanced elicitation

of Abs targeting all RBD antigenic sites for multivalent RBD-

NPs compared to S-based vaccines, this study paves the way

for advancing RBD pan-sarbecovirus subunit vaccines to the

clinic.

Limitations of study
Due to the cost of challenge and BSL-3 vivarium limitations, the

mice vaccinated with a low dose of RBD-NP were not chal-

lenged, and therefore we can only infer the likelihood of protec-

tion from their sera’s ability to neutralize SARS-CoV-2 pseudovi-

rus better than othermice (i.e., those given a single vaccine dose)

that were challenged. Neutralization is a correlate of protection in

NHPs (Arunachalam et al., 2021), but we recognize that neutral-

ization assays using HEK-ACE2 cell lines may underestimate the

effects of non-RBM targeting Abs (Lempp et al., 2021; McCallum

et al., 2021a; Suryadevara et al., 2021). Due to the limitations of

the number of animals and the cost of challenge, we cannot chal-

lenge with all desired point mutant or variant strains and must

use neutralization as the best correlate for interpreting the ex-

pected challenge outcome.
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Gillespie, R.A., Himansu, S., Schäfer, A., Ziwawo, C.T., DiPiazza, A.T., et al.

(2020a). SARS-CoV-2 mRNA vaccine design enabled by prototype pathogen

preparedness. Nature 586, 567–571.

Corbett, K.S., Flynn, B., Foulds, K.E., Francica, J.R., Boyoglu-Barnum, S.,

Werner, A.P., Flach, B., O’Connell, S., Bock, K.W., Minai, M., et al. (2020b).

Evaluation of the mRNA-1273 Vaccine against SARS-CoV-2 in Nonhuman Pri-

mates. N. Engl. J. Med. 383, 1544–1555.

Crawford, K.H.D., Eguia, R., Dingens, A.S., Loes, A.N., Malone, K.D., Wolf,

C.R., Chu, H.Y., Tortorici, M.A., Veesler, D., Murphy, M., et al. (2020). Protocol

and Reagents for Pseudotyping Lentiviral Particles with SARS-CoV-2 Spike

Protein for Neutralization Assays. Viruses 12, 513.

Davies, N.G., Barnard, R.C., Jarvis, C.I., Kucharski, A.J., Munday, J., Pearson,

C.A.B., Russell, T.W., Tully, D.C., Abbott, S., Gimma, A., et al. (2020).

Estimated transmissibility and severity of novel SARS-CoV-2 Variant of

Concern 202012/01 in England. medRxiv. https://doi.org/10.1101/2020.12.

24.20248822.

Dejnirattisai, W., Zhou, D., Ginn, H.M., Duyvesteyn, H.M.E., Supasa, P., Case,

J.B., Zhao, Y., Walter, T.S., Mentzer, A.J., Liu, C., et al. (2021). The antigenic

anatomy of SARS-CoV-2 receptor binding domain. Cell 184, 2183–2200.e22.

Deng, X., Garcia-Knight, M.A., Khalid, M.M., Servellita, V., Wang, C., Morris,
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Materials availability
All reagents will be made available on request after completion of a Materials Transfer Agreement.

Data and code availability
All data supporting the findings of this study are found within the paper and its Supplemental information, and are available from the

Lead Contact author upon request. Additional supplemental items are available from Mendeley Data at https://doi.org/10.17632/

5k989kb8t7.1.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Cell lines
Expi293F (derived from 293 cells which are female) cells are derived from the HEK293F cell line (Life Technologies). Expi293F cells

were grown in Expi293 Expression Medium (Life Technologies), cultured at 36.5�C with 8% CO2 and shaking at 150 rpm. HEK293T/

17 is a female human embryonic kidney cell line (ATCC). The HEK-ACE2 (derived fromHEK293T cells which are female) adherent cell

line was obtained through BEI Resources, NIAID, NIH: Human Embryonic Kidney Cells (HEK293T) Expressing Human Angiotensin-

Converting Enzyme 2, HEK293T-hACE2 Cell Line, NR-52511. All adherent cells were cultured at 37�C with 8% CO2 in flasks with

DMEM + 10% FBS (Hyclone) + 1% penicillin-streptomycin. Cell lines other than Expi293F were not tested for mycoplasma contam-

ination nor authenticated.

Mice
Female BALB/c mice (Stock # 000651, BALB/c cByJ mice) four weeks old were obtained from Jackson Laboratory, Bar Harbor,

Maine, and maintained at the Comparative Medicine Facility at the University of Washington, Seattle, WA, accredited by the Amer-

ican Association for the Accreditation of Laboratory Animal Care International (AAALAC). Animal procedures were performed under

the approvals of the Institutional Animal Care andUse Committee (IACUC) of University ofWashington, Seattle, WA, and University of

North Carolina, Chapel Hill, NC.

Pigtail macaques
Two adult male Pigtail macaques (Macaca nemestrina) were immunized in this study. All animals were housed at the Washington

National Primate Research Center (WaNPRC), an AAALAC International accredited institution. All experiments were approved by

TheUniversity ofWashington’s IACUC. Animals were singly housed in comfortable, clean, adequately-sized cageswith ambient tem-

peratures between 72–82�F. Animals received environmental enrichment for the duration of the study including grooming contact,

perches, toys, foraging experiences and access to additional environment enrichment devices. Water was available through auto-

matic watering devices and animals were fed a commercial monkey chow, supplemented daily with fruits and vegetables.

Throughout the study, animals were checked twice daily by husbandry staff.

Rhesus macaques
Male Rhesus macaques (Macaca mulatta) of Indian origin, aged 3–7 years were assigned to the study (Arunachalam et al., 2021).

Animals were distributed between the groups such that the age and weight distribution were comparable across the groups. Animals

were housed and maintained at the New Iberia Research Center (NIRC) of the University of Louisiana at Lafayette, an AAALAC In-

ternational accredited institution, in accordance with the rules and regulations of the Guide for the Care and Use of Laboratory Animal

Resources. The entire study (protocol 2020-8808-15) was reviewed and approved by the University of Louisiana at Lafayette IACUC.

All animals were negative for SIV, simian T cell leukemia virus, and simian retrovirus.

Convalescent human sera
Samples collected between 1–60 days post infection from individuals who tested positive for SARS-CoV-2 by PCR were profiled for

anti-SARS-CoV-2 S antibody responses and those with anti-S Ab responses were maintained in the cohort (Walls et al., 2020b).

Individuals were enrolled as part of the HAARVI study at the University of Washington in Seattle, WA. Baseline sociodemographic

and clinical data for these individuals are summarized in Table S1. This study was approved by the University of Washington Human

Subjects Division Institutional Review Board (STUDY00000959 and STUDY00003376). All experiments were performed in at least

two replicates. One sample is the 20/130 COVID-19 plasma from NIBSC (https://www.nibsc.org/documents/ifu/20-130.pdf).

Pfizer vaccinated human sera
Blood samples were collected from participants who had received both doses of the Pfizer mRNA vaccine and were 7–30 days post

second vaccine dose. Clinical data for these individuals are summarized in Table S1. Individuals were enrolled in the UWARN:

COVID-19 in WA study at the University of Washington in Seattle, WA. This study was approved by the University of Washington Hu-

man Subjects Division Institutional Review Board (STUDY00010350).
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Plasmid construction
The SARS-CoV-2-RBD-Avi construct was synthesized byGenScript into pcDNA3.1- with an N-terminal mu-phosphatase signal pep-

tide and a C-terminal octa-histidine tag, flexible linker, and avi tag (GHHHHHHHHGGSSGLNDIFEAQKIEWHE). The boundaries of the

construct are N-328RFPN331 and 528KKST531-C (Walls et al., 2020a). The GD-Pangolin (326-527), WIV1 (316-518), RaTG13 (359-562),

RmYN02 (307-492), and ZXC21 (323-507) were synthesized by GenScript into vector pcDNA3.1- or CMVR with a preceding mu-

phosphatase signal peptide and a C-terminal octahistidine tag. SARS-CoV-1 (306-575) was subcloned from a GenArt synthesized

SARS-CoV-1 Spike ectodomain. The SARS-CoV S2P ((Pallesen et al., 2017)) was synthesized by GeneArt and placed into amodified

pOPING vector with its original N-terminal mu-phosphatase signal peptide, and an engineeredC-terminal extension: SG-RENLYFQG

(TEV protease site), GGGSG-YIPEAPRDGQAYVRKDGEWVLLSTFL (foldon trimerization motif), G-HHHHHH (hexa-histidine tag), just

upstream of the predicted transmembrane region (YIK). The SARS-CoV-2 S2P ectodomain trimer (GenBank: YP_009724390.1, BEI

NR-52420) was synthesized byGenScript into pCMVwith an N-terminal mu-phosphatase signal peptide and aC-terminal TEV cleav-

age site (GSGRENLYPQG), T4 fibritin foldon (GGGSGYIPEAPRDGQAYVRKDGEWVLLSTPL), and octa-histidine tag (GHHHHHHHH)

(Walls et al., 2020a). The construct contains the 2Pmutations (proline substitutions at residues 986 and 987; and an 682SGAG685 sub-

stitution at the furin cleavage site. The SARS-CoV-2 RBDwas genetically fused to the N terminus of the trimeric I53-50A nanoparticle

component using 12 or 16 glycine and serine residues. RBD-12GS-I53-50A fusions were synthesized and cloned by Genscript into

pCMV. The RBD-16GS-I53-50A fusion was cloned into pCMV/R using the Xba1 and AvrII restriction sites and Gibson assembly

(Gibson et al., 2009). All RBD-bearing components contained an N-terminal mu-phosphatase signal peptide and a C-terminal

octa-histidine tag. Human ACE2 ectodomain was genetically fused to a sequence encoding a thrombin cleavage site and a human

Fc fragment at theC-terminal end. hACE2-Fcwas synthesized and cloned byGenScript with a BM40 signal peptide. Genes encoding

CR3022 heavy and light chains were ordered fromGenScript and cloned into pCMV/R. S309 construct as previously described (Pinto

et al., 2020). SARS-CoV-2 HexaPro construct is as previously described (Hsieh et al., 2020) and placed into CMVR with an octa-

his tag.

Transient transfection
Proteins were produced using endotoxin free DNA in Expi293F cells grown in suspension using Expi293F expression medium (Life

Technologies) at 33�C, 70% humidity, 8% CO2 rotating at 150 rpm. The cultures were transfected using PEI-MAX (Polyscience) with

cells grown to a density of 3.0 million cells per mL and cultivated for 3 days. Supernatants were clarified by centrifugation (5 min at

4000 rcf.), addition of PDADMAC solution to a final concentration of 0.0375% (Sigma Aldrich, #409014), and a second spin (5 min at

4000 rcf.).

Microbial protein expression and purification
The I53-50A and I53-50B.4.PT1 proteins (Bale et al., 2016) were expressed in Lemo21(DE3) (NEB) in LB (10 g Tryptone, 5 g Yeast

Extract, 10 g NaCl) grown in 2 L baffled shake flasks or a 10 L BioFlo 320 Fermenter (Eppendorf). Cells were grown at 37�C to an

OD600 �0.8, and then induced with 1 mM IPTG. Expression temperature was reduced to 18�C and the cells shaken for �16 h.

The cells were harvested and lysed by microfluidization using a Microfluidics M110P at 18,000 psi in 50 mM Tris, 500 mM NaCl,

30 mM imidazole, 1 mM PMSF, 0.75% CHAPS. Lysates were clarified by centrifugation at 24,000 g for 30 min and applied to a

2.6 3 10 cm Ni Sepharose 6 FF column (Cytiva) for purification by IMAC on an AKTA Avant150 FPLC system (Cytiva). Protein of in-

terest was eluted over a linear gradient of 30 mM to 500 mM imidazole in a background of 50 mM Tris pH 8, 500 mM NaCl, 0.75%

CHAPS buffer. Peak fractions were pooled, concentrated in 10K MWCO centrifugal filters (Millipore), sterile filtered (0.22 mm) and

applied to either a Superdex 200 Increase 10/300, or HiLoad S200 pg GL SEC column (Cytiva) using 50 mM Tris pH 8, 500 mM

NaCl, 0.75% CHAPS buffer. I53-50A elutes at �0.6 column volume (CV). I53-50B.4PT1 elutes at �0.45 CV. After sizing, bacterial-

derived components were tested to confirm low levels of endotoxin before using for nanoparticle assembly.

Protein purification
Proteins containing His tags were purified from clarified supernatants via a batch bind method where each clarified supernatant was

supplemented with 1 M Tris-HCl pH 8.0 to a final concentration of 45 mM and 5 M NaCl to a final concentration of �310 mM. Talon

cobalt affinity resin (Takara) was added to the treated supernatants and allowed to incubate for 15min with gentle shaking. Resin was

collected using vacuum filtration with a 0.2 mm filter and transferred to a gravity column. The resin was washed with 20 mM Tris pH

8.0, 300 mM NaCl, and the protein was eluted with 3 column volumes of 20 mM Tris pH 8.0, 300 mM NaCl, 300 mM imidazole. The

batch bind process was then repeated and the first and second elutions combined. SDS-PAGE was used to assess purity. RBD-I53-

50A fusion protein IMAC elutions were concentrated to > 1 mg/mL and subjected to three rounds of dialysis into 50 mM Tris pH 7.4,

185 mM NaCl, 100 mM Arginine, 4.5% glycerol, and 0.75% w/v 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate

(CHAPS) in a hydrated 10K molecular weight cutoff dialysis cassette (Thermo Scientific). S2P and HexaPro IMAC elution fractions

were concentrated to �1 mg/mL and dialyzed three times into 50 mM Tris pH 8, 150 mM NaCl, 0.25% L-Histidine in a hydrated

10K molecular weight cutoff dialysis cassette (Thermo Scientific).
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Clarified supernatants of cells expressing monoclonal antibodies and human ACE2-Fc were purified using a MabSelect PrismA

2.6 3 5 cm column (Cytiva) on an AKTA Avant150 FPLC (Cytiva). Bound antibodies were washed with five column volumes of

20 mM NaPO4, 150 mM NaCl pH 7.2, then five column volumes of 20 mM NaPO4, 1 M NaCl pH 7.4 and eluted with three column

volumes of 100 mM glycine at pH 3.0. The eluate was neutralized with 2 M Trizma base to 50 mM final concentration. SDS-PAGE

was used to assess purity.

Recombinant S309 was expressed as a Fab in expiCHO cells transiently co-transfected with plasmids expressing the heavy and

light chain, as described above (see Transient transfection) (Pinto et al., 2020). The protein was affinity-purified using a HiTrap Protein

A Mab select Xtra column (Cytiva) followed by desalting against 20 mM NaPO4, 150 mM NaCl pH 7.2 using a HiTrap Fast desalting

column (Cytiva). The protein was sterilized with a 0.22 mm filter and stored at 4�C until use.

In vitro nanoparticle assembly and purification
Total protein concentration of purified individual nanoparticle components was determined by measuring absorbance at 280 nm us-

ing a UV/vis spectrophotometer (Agilent Cary 8454) and calculated extinction coefficients. The assembly steps were performed at

room temperature with addition in the following order: RBD-I53-50A trimeric fusion protein, followed by additional buffer (50 mM

Tris pH 7.4, 185 mM NaCl, 100 mM Arginine, 4.5% glycerol, and 0.75% w/v CHAPS) as needed to achieve desired final concentra-

tion, and finally I53-50B.4PT1 pentameric component (in 50 mM Tris pH 8, 500 mM NaCl, 0.75% w/v CHAPS), with a molar ratio of

RBD-I53-50A:I53-50B.4PT1 of 1.1:1. All RBD-I53-50 in vitro assemblies were incubated at 2-8�C with gentle rocking for at least

30 min before subsequent purification by SEC in order to remove residual unassembled component. Different columns were utilized

depending on purpose: Superose 6 Increase 10/300 GL column was used analytically for nanoparticle size estimation, a Superdex

200 Increase 10/300 GL column used for small-scale pilot assemblies, and a HiLoad 26/600 Superdex 200 pg column used for nano-

particle production. Assembled particles were purified in 50 mM Tris pH 7.4, 185 mM NaCl, 100 mM Arginine, 4.5% glycerol, and

0.75% w/v CHAPS, and elute at �11 mL on the Superose 6 column and in the void volume of Superdex 200 columns. Assembled

nanoparticles were sterile filtered (0.22 mm) immediately prior to column application and following pooling of fractions.

Endotoxin measurements
Endotoxin levels in protein samples were measured using the EndoSafe Nexgen-MCS System (Charles River). Samples were diluted

1:50 or 1:100 in Endotoxin-free LAL reagent water, and applied into wells of an EndoSafe LAL reagent cartridge. Charles River Endo-

Scan-V software was used to analyze endotoxin content, automatically back-calculating for the dilution factor. Endotoxin values

were reported as EU/mL which were then converted to EU/mg based on UV/vis measurements. Our threshold for samples suitable

for immunization was < 50 EU/mg.

Pigtail macaque immunization
Two Pigtail macaques were immunized with 250 mg of RBD-12GS-I53-50 nanoparticle (88 mg RBD antigen) with AddaVax at day 0,

day 28, and O/W at day 168. Blood was collected every 14 days post-prime. Blood was collected in serum collection tubes and al-

lowed to clot at room temperature. Serumwas isolated after a 15min spin at 1455 x g for 15min and stored at�80C until use. Prior to

vaccination or blood collection, animals were sedated with an intramuscular injection (10 mg/kg) of ketamine (Ketaset�; Henry

Schein). Prior to inoculation, immunogen suspensions were gently mixed 1:1 vol/vol with AddaVax adjuvant for immunizations 1

and 2 and O/W for immunization 3 (VFI) to reach a final concentration of 0.250 mg/mL antigen. The vaccine was delivered intramus-

cularly into both quadriceps muscles with 1 mL per injection site on days 0, 28, and 168. All injection sites were shaved prior to in-

jection. Animals were observed daily for general health (activity and appetite, urine/feces output) and for evidence of reactogenicity at

the vaccine inoculation site (swelling, erythema, and pruritus) for up to 1 week following vaccination. They also received physical

exams including temperature and weight measurements at each study time point. None of the animals became severely ill during

the course of the study nor required euthanasia.

Rhesus macaque immunization
Adapted from Arunachalam et al. (2021). AS03 was kindly provided by GSK Vaccines. AS03 is an oil-in-water emulsion that contains

11.86 mg a-tocopherol, 10.69 mg squalene, and 4.86 mg polysorbate 80 (Tween-80) in PBS. For each dose, RBD-NP was diluted to

50 mg/ml (RBD component) in 250 mL of Tris-buffered saline (TBS) and mixed with an equal volume of AS03.The dose of AS03 was

50% v/v (equivalent of one human dose). Soluble HexaPro was diluted to 50 mg/ml in 250 mL of Tris-buffered saline (TBS) and mixed

with an equal volume of AS03. All immunizations were administered via the intramuscular route in right forelimbs. The volume of each

dose was 0.5 ml.

Deep mutational scanning
All mutations that escape serum antibody binding were mapped via a deep mutational scanning approach (Greaney et al., 2020,

2021b). We used previously described yeast-display RBDmutant libraries (Greaney et al., 2020; Starr et al., 2020a). Briefly, duplicate

mutant libraries were constructed in the spike receptor binding domain (RBD) from SARS-CoV-2 (isolate Wuhan-Hu-1, GenBank:

MN908947, residues N331-T531) and contain 3,804 of the 3,819 possible amino-acid mutations, with > 95% present as single mu-

tants. Each RBD variant was linked to a unique 16-nucleotide barcode sequence to facilitate downstream sequencing. As previously
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described, libraries were sorted for RBD expression and ACE2 binding to eliminate RBD variants that are completely misfolded or

non-functional (i.e., lacking modest ACE2 binding affinity) (Greaney et al., 2020).

Antibody escape mapping experiments were performed in biological duplicate using two independent mutant RBD libraries, with

minor modifications from Greaney et al. (2020), and exactly as described in Greaney et al. (2021b). The antibody escape mapping for

the vaccinated NHP serum was performed in this study; the antibody escape mapping from convalescent human plasma was per-

formed in Greaney et al. (2021b). Briefly, mutant yeast libraries induced to express RBD were washed and incubated with plasma or

serum at a range of dilutions for 1 h at room temperature with gentle agitation. For each sample, we chose a sub-saturating dilution

such that the amount of fluorescent signal due to plasma antibody binding to RBD was approximately equal across samples. A

1:1000 dilution was used for the vaccinated NHP serum, and the exact dilutions of human convalescent plasma are reported in Grea-

ney et al. (2021b). After the antibody incubations, the libraries were secondarily labeled with 1:100 FITC-conjugated anti-MYC anti-

body (Immunology Consultants Lab, CYMC-45F) to label for RBD expression and and 1:200 Alexa-647-conjugated goat anti-human-

IgA+IgG+IgM (Jackson ImmunoResearch 109-605-064) to label for bound serum or plasma antibodies. A flow cytometric selection

gatewas drawn to capture approximately 5%of the RBDmutant libraries with the lowest amount of plasma binding for their degree of

RBD expression. For each sample, approximately 10 million RBD+ cells were processed on the cytometer. Antibody-escaped cells

were grown overnight in SD-CAA (6.7g/L Yeast Nitrogen Base, 5.0g/L Casamino acids, 1.065 g/LMES acid, and 2%w/v dextrose) to

expand cells prior to plasmid extraction.

Plasmid samples were prepared from pre-selection and overnight cultures of antibody-escaped cells (Zymoprep Yeast Plasmid

Miniprep II) as previously described (Greaney et al., 2020). The 16-nucleotide barcode sequences identifying each RBD variant

were amplified by PCR and sequenced on an Illumina HiSeq 2500 with 50 bp single-end reads as described in Greaney et al.

(2020 and Starr et al. (2020a).

Escape fractions were computed as described in Greaney et al. (2020), and exactly as described in Greaney et al. (2021b).We used

the dms_variants package (https://jbloomlab.github.io/dms_variants/, version 0.8.2) to process Illumina sequences into counts of

each barcoded RBD variant in each pre-sort and antibody-escape population using the barcode/RBD look-up table from Starr

et al. (2021).

For each serum selection, we computed the ‘‘escape fraction’’ for each barcoded variant using the deep sequencing counts for

each variant in the original and serum-escape populations and the total fraction of the library that escaped antibody binding via

the formula provided inGreaney et al. (2020). These escape fractions represent the estimated fraction of cells expressing that specific

variant that fall in the antibody escape bin, such that a value of 0 means the variant is always bound by serum and a value of 1 means

that it always escapes serum binding. We then applied a computational filter to remove variants with low sequencing counts or highly

deleterious mutations that might cause antibody escape simply by leading to poor expression of properly folded RBD on the yeast

cell surface (Greaney et al., 2020; Starr et al., 2020a). Specifically, we removed variants that had (or contained mutations with) ACE2

binding scores <�2.35 or expression scores <�1, using the variant- andmutation-level deepmutational scanning scores from Starr

et al. (2020a). Note that these filtering criteria are slightly more stringent than those used in Greaney et al. (2020) but are identical to

those used in Greaney et al. (2021b) and Starr et al. (2020b).

We next deconvolved variant-level escape scores into escape fraction estimates for singlemutations using global epistasismodels

(Otwinowski et al., 2018) implemented in the dms_variants package, as detailed at (https://jbloomlab.github.io/dms_variants/

dms_variants.globalepistasis.html) and described in Greaney et al. (2020). The reported escape fractions throughout the paper

are the average across the libraries (correlations shown in Figure S2); these scores are also in Table S1 and at https://github.

com/jbloomlab/SARS-CoV-2-RBD_MAP_RBD-nano-vax-NHP1/blob/main/results/supp_data/NHP_HCS_raw_data.csv. Sites of

strong escape from each antibody were determined heuristically as sites whose summed mutational escape scores were at least

10 times the median sitewise sum of selection, and within 10-fold of the sitewise sum of the most strongly selected site. Sites shown

in Figures 2 and S2A are the sites of strong escape for any of the three human convalescent plasma, plus sites 417, 452, and 501 due

to their prevalence in circulating SARS-CoV-2 variants. For each plasma, the y axis is scaled to be the greatest of (a) the maximum

site-wise escape metric observed for that plasma, (b) 20x the median site-wise escape fraction observed across all sites for

that plasma, or (c) an absolute value of 1.0 (to appropriately scale plasma that are not ‘‘noisy’’ but for which no mutation has a

strong effect on plasma binding). Full documentation of the computational analysis is at https://github.com/jbloomlab/

SARS-CoV-2-RBD_MAP_RBD-nano-vax-NHP1. These results are also available in a zoomable, interactive form at https://

jbloomlab.github.io/SARS-CoV-2-RBD_MAP_RBD-nano-vax-NHP1/.

ELISA
For anti-S2P ELISA, 25 mL of 2 mg/mL S2P was plated onto 384-well Nunc Maxisorp (ThermoFisher) plates in PBS and sealed over-

night at RT. The next day plates were washed 4 3 in Tris Buffered Saline Tween (TBST) using a plate washer (BioTek) and blocked

with SuperBlock (ThermoFisher) for 1 h at 37�C. Plates were washed 4 3 in TBST and 1:5 serial dilutions of mouse, NHP, or human

seraweremade in 25 mL TBST and incubated at 37�C for 1 h. Plateswerewashed 43 in TBST, then anti-mouse (Invitrogen), anti-NHP

(AlphaDiagnostics), or anti-human (Invitrogen) horseradish peroxidase-conjugated antibodies were diluted 1:5,000 and 25 mL added

to each well and incubated at 37�C for 1 h. Plates were washed 43 in TBST and 25 mL of TMB (SeraCare) was added to every well for
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�5 min at room temperature. The reaction was quenched with the addition of 25 mL of 1 N HCl. Plates were immediately read at

450 nm on a BioTek plate reader and data plotted and fit in Prism (GraphPad) using nonlinear regression sigmoidal, 4PL, X is

log(concentration) to determine EC50 values from curve fits.

Competition ELISA of NHP sera with hACE2, CR3022 IgG, and S309 IgG for immobilized SARS-CoV-2 S2P
384-well Maxisorp plates (Thermo Fisher) were coated overnight at room temperature with 3 mg/mL of SARS-CoV-2 S2P (Pallesen

et al., 2017) in 20mMTris pH 8 and 150mMNaCl. Plates were slapped dry and blockedwith Blocker Casein in TBS (Thermo Fisher) for

one hour at 37�C. Plates were slapped dry and NHP sera was serially diluted 1:4 in TBST with an initial dilution of 1:4 for hACE2

competition or 1:2 for antibody competition. Random primary amine biotinylated (Thermo Fisher) hACE2-Fc, CR3022 (Yuan et al.,

2020), or S309 (Pinto et al., 2020) were added, bringing the concentration of each well to the EC50 values of 0.2nM, 2nm, and

0.01nM, respectively. Plates were left for one hour at 37�C, then washed 4x with TBST using a 405 TS Microplate Washer (BioTek)

followed by addition of 1:500 streptavidin-HRP (Thermo Fisher) for one hour at 37�C. Plates were washed 4x and TMB Microwell

Peroxidase (Seracare) was added. The reaction was quenched after 1-2 minutes with 1 N HCl and the A450 of each well was

read using a BioTek plate reader (BioTek). Data plotted and fit in Prism (GraphPad) using nonlinear regression sigmoidal, 4PL, X

is log(concentration) to determine EC50 values from curve fits with upper and lower constraints determined by uncompeted ELISA

per antigen.

Competition ELISA of mouse sera and immobilized hACE2 or mAbs with SARS-CoV-2 or SARS-CoV S2P
384-well Maxisorp plates (Thermo Fisher) were coated overnight at room temperature with 3 mg/mL of hACE2-Fc, CR3022 (Yuan

et al., 2020), or S309 (Pinto et al., 2020) in 20mM Tris pH 8 and 150mM NaCl. Plates were slapped dry and blocked with Blocker

Casein in TBS (Thermo Fisher) for one hour at 37�C. Plates were slapped dry and a 30-minute pre-incubated 1:5 serial dilution of

mouse sera in TBST, with in initial dilution of 1:50 for hACE2-Fc competition or 1:10 for antibody competition, and a constant con-

centration of biotinylated (Avidity) SARS-CoV-2 S2P or SARS-CoV 2P at their EC50 values were added. Spike concentrations were

0.63nM, 5.98nM, and 0.22nM of SARS-CoV-2 S2P or 4.11nM, 2.89nM, and 0.19nM of SARS-CoV S2P for immobilized hACE2,

CR3022, and S309, respectively. Plates were left for one hour at 37�C, then washed 4x with TBST using a 405 TSMicroplate Washer

(BioTek) followed by addition of 1:500 streptavidin-HRP (Thermo Fisher) for one hour at 37�C. Plates were washed 4x and TMB

Microwell Peroxidase (Seracare) was added. The reaction was quenched after 1-2 minutes with 1 N HCl and the A450 of each

well was read using a BioTek plate reader (BioTek). Data plotted and fit in Prism (GraphPad) using nonlinear regression sigmoidal,

4PL, X is log(concentration) to determine EC50 values from curve fits.

Pseudovirus production
MLV-based D614G SARS-CoV-2 S and SARS-CoV S pseudotypes were prepared as previously described (Millet and Whittaker,

2016; Walls et al., 2020a, 2020b). Briefly, HEK293T cells were co-transfected using Lipofectamine 2000 (Life Technologies) with

an S-encoding plasmid, anMLV Gag-Pol packaging construct, and theMLV transfer vector encoding a luciferase reporter according

to the manufacturer’s instructions. Cells were washed 3 3 with Opti-MEM and incubated for 5 h at 37�C with transfection medium.

DMEM containing 10% FBS was added for 60 h. The supernatants were harvested by spinning at 2,500 g, filtered through a 0.45 mm

filter, concentrated with a 100 kDa membrane for 10 min at 2,500 g and then aliquoted and stored at �80�C.
HIV-based pseudotypes were prepared as previously described (Crawford et al., 2020). Briefly, HEK293T cells were cotransfected

using Lipofectamine 2000 (Life Technologies) with an S-encoding plasmid (D614G SARS-CoV-2 S (YP 009724390.1), Pangolin-

Guangdong S (QLR06867.1), SARS-CoV S (YP 009825051.1), P1, B.1.351 S, B.1.1.7, and B.1.1.7+E484K S) an HIV Gag-Pol, Tat,

Rev1B packaging construct, and the HIV transfer vector encoding a luciferase reporter according to the manufacturer’s instructions.

Cells were washed 3 3 with Opti-MEM and incubated for 5 h at 37�C with transfection medium. DMEM containing 10% FBS was

added for 60 h. The supernatants were harvested by spinning at 2,500 g, filtered through a 0.45 mm filter, concentrated with a

100 kDa membrane for 10 min at 2,500 g and then aliquoted and stored at �80�C.
D614G SARS-CoV-2 S (YP 009724390.1), D614G SARS-CoV-2 point mutants, SHC014 (AGZ48806.1), RaTG13 S (QHR63300.2),

Pangolin-Guangdong S (QLR06867.1), SARS-CoV S (YP 009825051.1), WIV1 S (AGZ48831.1), B.1.351 S, P1, and B.1.1.7 S pseu-

dotyped VSV viruses were prepared as described previously (McCallum et al., 2021a; Sauer et al., 2021). Briefly, 293T cells in DMEM

supplemented with 10%FBS, 1%PenStrep seeded in 10-cm dishes were transfected with the plasmid encoding for the correspond-

ing S glycoprotein using lipofectamine 2000 (Life Technologies) following manufacturer’s indications. One day post-transfection,

cells were infectedwith VSV(G*DG-luciferase) and after 2 hwerewashed five timeswith DMEMbefore addingmedium supplemented

with anti-VSV-G antibody (I1- mouse hybridoma supernatant, CRL- 2700, ATCC). Virus pseudotypes were harvested 18-24 h post-

inoculation, clarified by centrifugation at 2,500 x g for 5 min, filtered through a 0.45 mmcut off membrane, concentrated 10 times with

a 30 kDa cut off membrane, aliquoted and stored at �80�C.

Pseudovirus neutralization
HEK293-hACE2 cells (Crawford et al., 2020) were cultured in DMEM with 10% FBS (Hyclone) and 1% PenStrep with 8% CO2 in a

37�C incubator (ThermoFisher). One day prior to infection, 40 mL of poly-lysine (Sigma) was placed into 96-well plates and incubated

with rotation for 5 min. Poly-lysine was removed, plates were dried for 5 min then washed 13 with water prior to plating with 40,000
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cells. The following day, cells were checked to be at 80% confluence. In an empty half-area 96-well plate a 1:3 serial dilution of sera

was made in DMEM and diluted pseudovirus was then added to the serial dilution and incubated at room temperature for 30-60 min.

After incubation, the sera-virus mixture was added to the cells at 37�C and 2 hours post-infection, 40 mL 20% FBS-2% PenStrep

DMEM was added. After 17-20 hours (VSV) or 48 hours (HIV, MLV) 40 mL/well of One-Glo-EX substrate (Promega) was added to

the cells and incubated in the dark for 5-10min prior reading on a BioTek plate reader. Measurements were done in at least duplicate.

Relative luciferase units were plotted and normalized in Prism (GraphPad). Nonlinear regression of log(inhibitor) versus normalized

response was used to determine IC50 values from curve fits. Kruskal Wallis tests were used to compare two groups to determine

whether they were statistically different.

Sarbecovirus biolayer interferometry binding analysis
Purification of Fabs from NHP serum was adapted from Boyoglu-Barnum et al. (2021). Briefly, 1 mL of day 70 serum was diluted to

10 mL with PBS and incubated with 1 mL of 33 PBS-washed protein A beads (GenScript) with agitation overnight at 37�C. The next

day beads were thoroughly washed with PBS using a gravity flow column and bound Abs were eluted with 0.1 M glycine pH 3.5 into

1M Tris-HCl (pH 8.0) to a final concentration of 100 mM. Serum and early washes that flowed through were re-bound to beads over-

night again for a second, repeat elution. IgGs were concentrated (Amicon 30 kDa) and buffer exchanged into PBS. 2 3 digestion

buffer (40 mM sodium phosphate pH 6.5, 20 mM EDTA, 40 mM cysteine) was added to concentrated and pooled IgGs. 500 mL of

resuspended immobilized papain resin (ThermoFisher Scientific) freshly washed in 1 3 digestion buffer (20 mM sodium phosphate,

10 mM EDTA, 20 mM cysteine, pH 6.5) was added to purified IgGs in 23 digestion buffer and samples were agitated for 5 h at 37�C.
The supernatant was separated from resin and resin washes were collected and pooled with the resin flow through. Pooled super-

natants were sterile-filtered at 0.22 mm and applied 6 3 to PBS-washed protein A beads in a gravity flow column. The column was

eluted as described above and the papain procedure repeated overnight with undigested IgGs to increase yield. The protein A flow

throughs were pooled, concentrated (using an Amicon 10 kDa), and buffer exchanged into PBS. Purity was checked by SDS-PAGE.

Assayswere performed and analyzed using biolayer interferometry on anOctet Red 96 System (Pall Forte Bio/Sartorius) at ambient

temperature with shaking at 1000 rpm. Different Sarbeco RBDs were purified like in Walls et al., 2020 and were diluted with different

acetate buffers and applied to a black 96-well Greiner Bio-one microplate at 200ul per well. GD-Pangolin RBD was diluted in pH 6

buffer to 5 mg/mL, RmNY02 were diluted in pH 5 to 25 mg/mL, WIV16 was diluted in pH 5 to 10 mg/mL, SARS-CoV-2 was diluted in pH

6 to 5 mg/mL, RaTG13 was diluted in pH 6 to 10 mg/mL, RaTG13 was diluted in pH 6 to 10 mg/mL, SARS-CoV was diluted in pH 6 to

50 mg/mL, and finally ZXC21 was diluted in pH 6 to 10mg/mL. AR2G biosensors (ForteBio/Sartorius) following 600 s hydration were

normalized in water for 180 s. Then tips were NHS-EDC activated for 300 s and the different sarbecovirus RBDs were loaded up to a

1.50 nm threshold for up to 600 s. Immobilized RBDs on the tips were quenched for 300 s in ethanolamine and dipped into kinetics

buffer for a 60 s baseline. The association step was performed by dipping the mobilized RBDs into diluted purified polyclonal pigtail

macaque IgGs for 600 s. Dissociation was measured by inserting the biosensors in kinetics buffer for 600 s. The data were baseline

subtracted and the plots fitted using the Pall ForteBio/Sartorius analysis software (version 12.0).

Cocktail and mosaic bio-layer interferometry (antigenicity)
Binding of hACE2-Fc to monovalent RBD-I53-50 nanoparticles, mosaic-RBD-I53-50 nanoparticles, and cocktail of RBD-nanopar-

ticles was analyzed for antigenicity experiments and real-time stability studies using anOctet Red 96 System (Pall FortéBio/Sartorius)

at ambient temperature with shaking at 1000 rpm. Protein samples were diluted to 100 nM in Kinetics buffer (1 3 HEPES-EP+ (Pall

Forté Bio), 0.05% nonfat milk, and 0.02% sodium azide). Buffer, receptor, and analyte were then applied to a black 96-well Greiner

Bio-one microplate at 200 mL per well. Protein A biosensors (FortéBio/Sartorius) were first hydrated for 10 minutes in Kinetics buffer,

then dipped into hACE2-Fc diluted to 10 mg/mL in Kinetics buffer in the immobilization step. After 150 s, the tips were transferred to

kinetics buffer for 60 s to reach a baseline. The association step was performed by dipping the loaded biosensors into the immuno-

gens for 300 s, and subsequent dissociation was performed by dipping the biosensors back into Kinetics buffer for an additional

300 s. The data were baseline subtracted prior for plotting using the FortéBio analysis software (version 12.0). Plots in Figure S3

show the 600 s of association and dissociation.

Sandwich bio-layer interferometry (mosaic display antigenicity)
Binding of hACE2-Fc or S2H14 mAb and S230 Fab to WIV1-RBD-I53-50, RaTG13-RBD-I53-50, SARS-CoV-SARS-CoV2-RBD-I53-

50, SARS-CoV2-I53-50, andmosaic-RBD-I53-50 nanoparticles were analyzed for co-display of RBDs using an Octet Red 96 System

(Pall FortéBio/Sartorius) at ambient temperature with shaking at 1000 rpm. Nanoparticles were diluted to 100 nM in Kinetics buffer.

Kinetics buffer, mAb, nanoparticles and Fab were then applied to a black 96-well Greiner Bio-one microplate at 200 mL per well. Pro-

tein A biosensors (FortéBio/Sartorius) were first hydrated for 10minutes in Kinetics buffer, then dipped into hACE2-Fc or S2H14mAb

diluted to 10 mg/mL in Kinetics buffer in the immobilization step. After 150 s, the tips were transferred to Kinetics buffer for 60 s to

reach a baseline. The receptor or mAb was then loaded with nanoparticle by dipping the loaded biosensors into the immunogens

for 300 s, and subsequent baseline was performed by dipping the biosensors back into the Kinetics buffer for an additional 60 s.

Association of S230 Fab diluted to 100 nM in Kinetics buffer was then measured for 300 s and subsequent dissociation in Kinetics

buffer of S230 Fab for 300 s. The data were baseline subtracted prior for plotting using the FortéBio analysis software (version 12.0).

Plots in Figure S3 exclude the initial mAb loading and the first baseline.
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Cocktail and mosaic negative stain electron microscopy
Monovalent RBD-I53-50 nanoparticles, mosaic-RBD-I53-50 nanoparticles, and cocktail of RBD-nanoparticles were first diluted to

75 mg/mL in 50 mM Tris pH 7.4, 185 mM NaCl, 100 mM Arginine, 4.5% v/v Glycerol, 0.75% w/v CHAPS prior to application of

3 mL of sample onto freshly glow-discharged 300-mesh copper grids. Sample was incubated on the grid for 1 minute before the

grid was dipped in a 50 mL droplet of water and excess liquid blotted away with filter paper (Whatman). The grids were then dipped

into 6 mL of 0.75%w/v uranyl formate stain. Stain was blotted off with filter paper, then the grids were dipped into another 6 mL of stain

and incubated for �70 s. Finally, the stain was blotted away and the grids were allowed to dry for 1 minute. Prepared grids were

imaged in a Talos model L120C electron microscope at 57,000 3 (nanoparticles).

Cocktail and mosaic dynamic light scattering
Dynamic Light Scattering (DLS) was used to measure hydrodynamic diameter (Dh) and% Polydispersity (%Pd) of monovalent RBD-

I53-50 nanoparticles, mosaic-RBD-I53-50 nanoparticles, and cocktail of RBD-nanoparticles on an UNcle Nano-DSF (UNchained

Laboratories). Sample was applied to a 8.8 mL quartz capillary cassette (UNi, UNchained Laboratories) and measured with 10 acqui-

sitions of 5 s each, using auto-attenuation of the laser. Increased viscosity due to 4.5% v/v glycerol in the RBD nanoparticle buffer

was accounted for by the UNcle Client software in Dh measurements.

Mouse immunizations and challenge
At six weeks of age, 8 female BALB/c mice per dosing group were vaccinated with a prime immunization, and three weeks later mice

were boosted with a second vaccination (IACUC protocol 4470.01). Prior to inoculation, immunogen suspensions were gently mixed

1:1 vol/vol with AddaVax adjuvant (Invivogen, San Diego, CA) to reach a final concentration of 0.01 mg/mL antigen. Mice were in-

jected intramuscularly into the gastrocnemius muscle of each hind leg using a 27-gauge needle (BD, San Diego, CA) with 50 mL

per injection site (100 mL total) of immunogen under isoflurane anesthesia. To obtain sera all mice were bled two weeks after prime

and boost immunizations. Blood was collected via submental venous puncture and rested in 1.5 mL plastic Eppendorf tubes at room

temperature for 30 min to allow for coagulation. Serum was separated from red blood cells via centrifugation at 2,000 g for 10 min.

Complement factors and pathogens in isolated serum were heat-inactivated via incubation at 56�C for 60 min. Serum was stored at

4�C or �80�C until use. The study was repeated twice. Five weeks post-boost, mice (aged 14 weeks) were exported from Compar-

ative Medicine Facility at the University of Washington, Seattle, WA to an AAALAC accredited Animal Biosafety Level 3 (ABSL3) Lab-

oratory at the University of North Carolina, Chapel Hill. After a 7-day acclimation time, mice were anesthetized with a mixture of ke-

tamine/xylazine and challenged intranasally with 105 plaque-forming units (pfu) of mouse-adapted SARS-CoV-2MA10 or SARS-CoV

MA15 strain for the evaluation of vaccine efficacy (IACUC protocol 20-114.0). After infection, body weight and congestion score were

monitored daily until the termination of the study two days post-infection, when lung and nasal turbinate tissues were harvested to

evaluate viral load by plaque assay.

Histopathology of post challenge mouse lungs
For eachmouse the left lung was incubated in formalin at 4�C for at least 7 days to fix tissue and inactivate virus. The fixed tissue was

processed and embedded in paraffin. 5 mm sections were cut and stained with either Congo red or hematoxylin and eosin (H&E).

Eosinophils were enumerated by counting the Congo red positive leukocytes in 10 high power fields (400X final magnification) per

mouse lung. Representative images were minimally and similarly adjusted with Adobe Photoshop 2020 to enhance contrast. Airway

pathology was assessed in H&E stained sections to assess bronchial epithelial cell death (score: 0 = no dead cells, 1 = 1-5 dead cells,

2 = 6-10 dead cells, 3 = 11-20 dead cells and 4 = > 20 dead cells; scored for 10 400X fields per mouse lung), peribronchial inflam-

mation (score 0 = none, 1 = 0%–25%circumference with > 1 leukocyte cell layer, 2 = 26%–50%circumference with > 1 leukocyte cell

layer, and 3 = 50%–100%circumference with > 1 leukocyte cell layer; scored for 10 400X fields permouse lung), and interstitial pneu-

monitis (score = percentage of pulmonary alveolar parenchyma with septae expanded by leukocyte; scored for 10 100X fields).

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical details of experiments can be found in the figure legends. For NHP experiments, 2-6 sera samples were used and exper-

iments were done in at least duplicate unless mentioned. For mouse ELISAs, neutralization, and challenge experiments, sera from 6,

8, or 10 BALB/c animals were used and experiments were completed in at least duplicate unless mentioned. Geometric mean titers

were calculated. KruskalWallis tests were performed to compare two groups to determinewhether they were statistically different for

ELISA and neutralization experiments. Significance is indicated with stars: *, p < 0.05; **** p < 0.0001 and non significant groups are

not shown.
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Supplemental figures

Figure S1. Effects of mutations on binding of HCP Abs to RBD and FACS gating strategy, related to Figure 2

(A) Correlation plots of site- andmutation-level escape for each of the two independent RBDmutant libraries for the Ab-escapemap shown in Figure 2B. Site-level

escape is the sum of the escape fractions for each mutation at a site. (B) Hierarchical FACS gating strategy used for selecting yeast cells expressing Ab-escape

RBD variants. First, gates are selected to enrich for single cells (SSC-A versus FSC-A, and FSC-W versus FSC-H) that also express RBD (FITC-A versus FSC-A,

cells in pink). Second, cells expressing RBDmutants with reduced polyclonal Ab binding, detectedwith an anti-IgA+IgG+IgM secondary Ab, were selected with a

gate that captured the �5% of cells with the lowest Ab binding (cells in blue).
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Figure S2. Evaluation of vaccine-elicited binding and neutralizing Ab titers against SARS-CoV-2 variants and sarbecoviruses, related to

Figure 3

(A) Wild-type (Wuhan-Hu-1) and B.1.351 SARS-CoV-2 RBD-specific Ab binding titers of RBD-NP-elicited sera in pigtail macaques (magenta, n = 2) and rhesus

macaques (blue, n = 5), HexaPro S-elicited sera in rhesus macaques (gray, n = 5), or HCP (orange, n = 6, Table S1) analyzed by ELISA with an LOD of 1x102. (B)

Cladogram based on sarbecovirus RBD amino acid sequences. (C) Biolayer interferometry analysis of binding of 1 mM purified polyclonal pigtail macaque IgGs

(obtained 70 days post prime) to sarbecovirus RBDs immobilized at the surface of biosensors. (D) SARS-CoV-2 S2P (left) or SARS-CoV S2P (right) Ab binding

titers of RBD-NP-elicited sera in pigtail macaques (magenta) or HexaPro S-elicited sera in rhesus macaques (gray) analyzed by ELISA with an LOD of 2.53 101.

(E) Competition ELISA between 0.13 nM human ACE2-Fc and RBD-NP-elicited sera in pigtail macaques (magenta) and rhesus macaques (blue), or HexaPro

S-elicited sera in rhesusmacaques (gray) at various time points following vaccination, benchmarked against COVID-19 HCPwith an LOD of 43 10�, showing the

magnitude of inhibition of ACE2 binding to immobilized SARS-CoV S2P expressed as reciprocal serum dilution blocking 50% of the maximum binding response.

Statistical significancewas determined by Kruskal-Wallis test and shownwhen significant. **, p < 0.01. All data repeated twice. LODs are shown as gray horizontal

dotted lines. Raw data curves shown in Data S1.
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(legend on next page)
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Figure S3. In vitro characterization and confirmation of co-display of sarbecovirus RBD-NP immunogens, related to Figure 4

(A) Design models of the various vaccine candidates evaluated. Scale bars, 36 nm. (B) SDS-PAGE analysis of purified nanoparticles. DTT, dithiothreitol; F/T,

freeze/thaw. (C) Dynamic light scattering. (D) Electron micrographs of negatively stained samples. Scale bars, 50 nm. (E) Binding of 100 nM SEC-purified

nanoparticle immunogens and the non-assembling cocktail immunogen (which was not purified with SEC) to immobilized hACE2-Fc. (F) SEC chromatogram

overlay of purified RBD-NP and non-assembling cocktail. (G-H) Sandwich biolayer interferometry. The SARS-CoV-2 S-specific mAb S2H14 immobilized on

protein A biosensors was used to capture various nanoparticle immunogens from 300-480 s. The captured nanoparticles were subsequently exposed to a Fab

derived from the SARS-CoV S-specific mAb S230 from 600-900 s (G). hACE2-Fc immobilized on protein A biosensors was used to capture various nanoparticle

immunogens from 300-480 s. The captured nanoparticles were subsequently exposed to a Fab derived from the SARS-CoV S-specific mAb S230 from 600-

900 s (H).
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(legend on next page)
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Figure S4. Serum Ab binding titers elicited by mosaic and cocktail RBD-NPs, related to Figure 5

(A) Ab binding titers to SARS-CoV-2 S2P at fiveweeks post prime analyzed by ELISAwith an LOD of 1x102. (B–E) Titers of SARS-CoV-2 S-specific Abs competing

with ACE2-Fc with an LOD of 5x101 (B), CR3022 with an LOD of 5x101 (C), S309 with an LOD of 1x101 (D), and S2X259 with an LOD of 1x101 (E) in immunized

mouse sera analyzed by competition ELISA. (F) Ab binding titers to SARS-CoV S2P at week 5 analyzed by ELISA. (G–H) Ab binding titers to the WIV1 (G), and

RaTG13 (H) RBDs analyzed by ELISAwith an LOD of 1x102. Statistical significance was determined by Kruskal Wallis test and shownwhen significant. **p < 0.01.

LODs are shown as gray horizontal dotted lines. Raw data curves shown in Data S1.
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Figure S5. Monovalent, mosaic, and cocktail RBD-NPs protect against heterotypic SARS-CoV-MA15 challenge in 15-week-old BALB/c cByJ

mice, related to Figure 6

(A) Normalized active inflammation following SARS-CoV MA 15 challenge shown in Figure 6 with venulitis, endarteritis, and interstitial pneumonitis shown as

stacked bar graphs in dark gray, light gray, and black respectively. (B) Weight loss following SARS-CoVMA15 challenge (N = 6). Unvaccinated animals are shown

as black circles. (C) Congestion score following SARS-CoV MA15 challenge with a score of 0 indicating unchanged lung color and 4 indicating a darkened and

diseased lung (N = 6). (D) Viral titers in mice lungs (expressed in plaque forming units per lobe) following challenge (N = 8) with an LOD of 9x101. Statistical

significance was determined by Kruskal Wallis test and shown when significant and **p < 0.01. LOD is shown as a gray horizontal dotted line.
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From: Broder, Christopher on behalf of Broder, Christopher <christopher.broder@usuhs.edu>
To: Falo Jr, Louis D; Stefan Hamm; Victor Leyva-Grado; Andrianov; Korkmaz, Emrullah; twgeisbe@UTMB.EDU; Cross,

Robert W.; Antony Dimitrov; Gambotto, Andrea; Moushimi Amaya; Boxley, Kimberly
Subject: NIAID funding new RFA
Date: Thursday, March 23, 2023 4:08:46 PM
Attachments: RFA-AI-23-020  RandD Vacs-mabs for Pandemic Prep-Bunya, Paramyxo and Picorna-U19.pdf

Veesler-SARS-nanoparticle-2021.pdf

hi all,  

thanks for taking the time for the call today on the sG Nipah/Hendra
patch/PCEP vaccine project.
It is looking really terrific.

Attached is the RFA from NIAID on Pandemic Preparedness 
that our patch vaccine approaches can be integrated into.

I envision, continuation with NiV/HeV  patch,
but the new area is doing Langya virus sG and/or Mojiang virus (both are the other
henipaviruses
with different features. Perhaps also Ghana bat virus.  All three have human infections, and/or
evidence of human infections.
In parallel, we can propose reverse genetics rescue of these viruses for experimental
pathogenesis studies.

The other vaccine method to continue, would be with nanoparticles which can also be
explored with the patch. (attached)
David Veesler would potentially also be a structural bio Core for the submission.  We are now
testing
a pilot exp with the nanoparticle method now with David's group.

Bunyavirus (focus on Hantaan virus) can be integrated with either vaccine approach.   We
have a 
pending submission for nanobody generation against these related viruses in collaboration
with Tom and Bob at UTMB
with recombinant proteins produced by Genovac.  Pete Leland at Genovac, has been able to
make Langya Henipavirus soluble
F and G viral glycoproteins which we just received to take a look at.   Genovac is also state of
the art for 
producing human and animal mAbs. 

Looking forward to keep our collaborations going.

Chris

-- 
Christopher C. Broder, Ph.D.
Professor and Chair
Department of Microbiology and Immunology
Uniformed Services University, B4152
4301 Jones Bridge Rd,  Bethesda, MD  20814-4799
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SECTION A – GRANT PROPOSAL 

Investment Name HTS for small molecule drug development for henipaviruses 

Investment ID INV-048917 

Investment Owner  Rob Jordan Investment Owner Email robert.jordan@gatesfoundation.org 

Investment Coordinator  Lisa Galaites Investment Coordinator Email lisa.galaites@gatesfoundation.org 

INVESTMENT DETAILS 

Estimated Grant Start Date 01 October 2022 Grant End Date 30 September 2025 

Requested Grant Amount (USD) $2,954,167 Total Project Cost (USD) $2,954,167 

Organization Legal Name1 
The Board of Trustees of the 
University of Illinois   

Organization Doing Business 
As/Trade Name2 

   

Fiscal Agent3 (if applicable)  Fiscal Agent Contact Name (if 
applicable) 

 

Tax Status (if known and applicable) 
Refer to Tax Status Definitions 

509(a)(1) Public Charity U.S. Employer Identification Number 
(EIN) (if applicable) 

37-6000511 

Mailing Address Primary Contact Name Karen McCormack 

   Street Address 1 MB 502, M/C 551 Primary Contact Title 
Executive Director, Office of 
Sponsored Programs 

   Street Address 2 809 S. Marshfield Avenue Primary Contact Email Awards@uic.edu 

   Street Address 3  Primary Contact Phone 312-996-2862 

   City Chicago Additional Contact  

   State / Province Illinois Additional Contact Title  

   Zip / Postal Code 60612-4305 Additional Contact Email  

                                                                        
1 Legal Name will be used in the agreement and should match the name on the bank account that receives the grant funds (assuming fully executed agreement). 
2 Trade Name or d/b/a (“doing business as”) only required if different from Legal Name.  
3 A fiscal agent is a third-party organization that is not the grantee. The fiscal agent, although not the grantee, signs the grant agreement in addition to the grantee and will receive the grant payments.     
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   Country U.S.A. Authorized Signer Name Paul N. Ellinger 

   Website (if applicable) https://www.uic.edu Authorized Signer Title Interim Comptroller 

 Authorized Signer Email Awards@uic.edu 

Organization's Fiscal Year End  06/30 Organization’s Total Revenue for 
Most Recent Fiscal Year (USD) 

$ 

Proposal Submitted By (name) Lijun Rong Proposal Submitted Date 24/07/2022 

Charitable Purpose - completed by the foundation 

 The following describes the charitable purpose of this project. It is written in a standard format by your foundation contact for publication on 
the foundation’s public website should your project receive funding.  

to identify novel agents targeting henipavirus replication for pandemic antiviral preparedness 

Strategic Fit - completed by the foundation 

 The following includes the foundation’s 3-5-year strategic goal(s) towards which this project contributes most directly. 

The goal of this proposal is to develop fast-acting, orally active small molecule therapeutic agents with an effective mechanism of action 
that could be stockpiled for any future pandemic. This program will use high throughput screening technologies to identify inhibitor 
compounds of cedar virus replication and counter screen against other paramyxoviruses to select compounds with broad spectrum 
antiviral activity. This project is one of several screening programs designed to identify new chemical matter for paramyxovirus antiviral 
development and is part of the portfolio being developed by the Pandemic Antiviral Discovery (PAD) Initiative to identify antiviral 
candidates targeting paramyxoviruses that can be deployed in an outbreak setting for pandemic preparedness. 

Project Description 

Note: this section may be pre-populated with your foundation contact's initial draft, please expand upon and/or continue to refine. 

In this section, please describe the proposed work, including a clear outline of the project plan, intended results, time frame, funding 
considerations and how you and your organization will work to further educational, scientific, or other charitable purposes and impacts for the 
intended beneficiaries.  Please be sure that your project description is sufficiently detailed and includes responses to the below questions: 

 What are the primary results (outcomes and outputs) this project will achieve or significantly contribute to? How will you know when the 
results have been achieved?  How will the results be measured? 

 How will your management of the project and the intended outcomes align with the Charitable Purpose, Strategic Fit, and the 
foundation’s Global Access requirements? 

 Describe potential risks/challenges to the success of this project and how you plan to address them. Include any external factors or 
critical relationships with other partners/projects that may influence the success of this project (including any anticipated agreements to 
be entered into for purposes of the project). 

 Describe any changes or improvements you plan to make to your organization's capacity to achieve the results of the project. 

 Beyond this project’s time frame and funding, what factors (financial/economic, organizational, behavioral, etc.) are required to sustain 
or build on the project’s results? 

Nipah virus is highly pathogenic human paramyxovirus that is considered a major pandemic threat pathogen. The virus is transmitted to 
humans through contact with infected bats or domestic animals that serve as amplifying hosts and infection results in both respiratory and 
neurological symptoms resulting in high mortality. There is documented evidence of person-to-person transmission and long term 
asymptomatic viral persistence that can lead to lethal disease in those who survive primary infection. Related paramyxoviruses (RSV, PIV, 
HMPV, measles) cause seasonal infections with low mortality but are highly transmissible via the respiratory route. Evolution of 
henipavirus to acquire the ability for efficient human-to-human transmission poses a major concern for pandemic preparedness. 
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A high throughput phenotypic pilot screen of 10K compounds identified two hit series that will be further optimized for potency and drug-
like properties. Optimization of hits that target the viral polymerase will be supported by cryoEM studies designed to solve the polymerase-
inhibitor complex structure. In addition, an extended HTS of new compound libraries will be conducted using a reporter Cedar virus 
expressing the luciferase gene (CedV-Luc) to identify additional hit compounds for optimization. Promising hit compounds will undergo a 
thorough characterization process including initial chemical exploration and antiviral validation in dose response titrations using NiV-B and 
HeV assays to quantify potency and determine the magnitude of the antiviral effect. 

Specific Aims: 

Aim 1A: Identify additional chemotypes that inhibit henipavirus replication by high throughput screening. A high throughput screen of a 
compound library will be conducted using the CedV-Luc construct. Active compounds will be evaluated in dose response experiments and 
virus yield assays in multiple cell types to determine the potency and magnitude of the antiviral effect.  

Aim 1B: Optimize furopyrimidine and 4-aminoquinazoline scaffolds to improve druglike properties. Medicinal chemistry optimization of 
two series identified from a pilot high throughput screen of 10K compounds will be conducted. Optimization will be facilitated by solving 
the structure of the henipavirus polymerase in complex with key inhibitors by cryoEM techniques (Aim 2). 

Aim 2: Investigate the mechanism of action (MOA) of lead inhibitors. We will use resistance selection assays and an SPR binding assay for 
target identification. High-resolution structures of the NiV RdRp complex with key inhibitors will be obtained by cryoEM. These structures 
will provide necessary structural information to facilitate lead optimization. 

Aim 3: In vivo analysis of lead compounds in animal models of nipah virus replication in BSL-4 containment. Promising candidates with 
appropriate ADME and PK properties will be evaluated in animal models of Nipah virus replication conducted in BSL-4 containment at 
UTMB. 

 
Milestones: 

1.       Complete HTS to identify antivirals active against Cedar virus and validate them against authentic NiV and HeV. (Year 1) 

2.       Optimize 4-aminoquinazoline and furopyrimidine series to late lead stage (Year 3) 

3.       Solve structure of henipaivirus polymerase complexes with key inhibitors by cryoEM (Year 2) 

4.       Evaluate at least nine lead compounds in a hamster model of nipah virus infection (Year 2) 

5.       Evaluate at least two advanced lead compounds in an African Green monkey model of nipah virus infection (Year 3) 

Deliverable: 

1.       1-2 small molecule compound series active across the henipavirus subfamily that can be optimized through medicinal chemistry. 

2.       1-2 late lead compounds optimized from the 4-aminoquinazoline and furopyrimidine series active in animal models of nipah virus 
replication advanced for IND-enabling studies. 

3.       Structure of the henipavirus polymerase complex with key inhibitors. 

Risks and Risk Mitigation 

1. There is a possibility that the HTS campaign will not yield viable hits that can be advanced into hit-to-lead optimization. While 
adjustments to the screening assay may yield more hits, the investigators should consider screening additional libraries. 
(Multiple ready-to-use chemical libraries to facilitate drug discovery and drug target identification are curated at the UIC 
Research Resource Center (RRC). They are comprised of > 150,000 compounds available in 96- or 384-well plate formats 
suitable for HTS. Additional “Antiviral Library” from ChemDiv, composed of 65,937 compounds total, will be purchased by the 
Rong Lab for this project). 
 

2. Lead optimization of the 4-aminoquinazoline and furopyrimidine may uncover terminal liabilities that can not be fixed by 
medicinal chemistry. While there is always inherent risk with drug discovery, conducting additional screens for new chemical 
matter can help mitigate this risk. 
(If we encounter a synthesis-related problem with our primary scaffold compounds, we will use an alternate strategy using a 
different reaction sequence. Should we encounter a scaffold-related problem with our furopyrimidine scaffold, we will switch 
to our backup quinazolin-4-one scaffold or other HTS hits identified using the expanded libraries of compounds. The proposed 
ADME/Tox and PK studies will be executed through the testing services provided by Eurofins Panlabs, Inc., and Pharmaron, 
Inc. and supervised by Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the 
compounds fail to meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup 
scaffold to meet the objectives in this aim. We have established rigorous criteria for go-no-go decision-making to ensure the 
production of suitable advanced lead compounds, which will be advanced to in vivo studies and will allow for the future 
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selection of a preclinical candidate.) 
3. Optimized compounds do not inhibit nipah virus replication in animal models. While not ideal, a negative result can help 

inform the field and guide medicinal chemists to improve molecules for this indication. 
(A critical aspect of antiviral discovery that is often overlooked is the early-stage testing of lead compounds in well-studied and 
well-validated in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic henipaviruses 
(NiV and HeV) which includes the Syrian golden hamster and AGM. In vivo studies in hamsters will be initiated in Year 1) 

4. PI and collaborators are AViDD grant recipients so clear delineation of their roles in these projects is essential to prevent 
duplication of effort. 

 
Drs. Rong and Gaisina are Co-Is on the National Institutes of Health (U19 AI171954) grant titled: “Midwest Antiviral Drug Discovery 
Center”(PIs: Reuben Harris and Fang Li); and their specific roles on the Project 1 (“Small molecule viral entry inhibitors”) are to develop 
small molecule entry inhibitors against Ebolaviruses. The lead series of compounds are not related to the henipavirus lead compounds 
proposed here. No overlap. 

Team: Dr. Lijun Rong (PI) is a Professor in the Department of Microbiology and Immunology at UIC, with expertise in mechanisms of viral 
entry and antiviral drug discovery. Dr. Rong will be responsible for the overall project and coordinate the assembled team for the proposed 
experiments. Dr. Irina Gaisina (Co-I) is a Research Associate Professor in the Department of Pharmaceutical Sciences and UICentre at UIC. 
She has extensive experience in hit-to-lead and lead optimization medicinal chemistry and preclinical drug development. She will assume 
overall responsibility for the medicinal chemistry work carried out at UIC. Dr. Thomas Geisbert (Co-I), a Professor of Microbiology and 
Immunology at UTMB, with expertise in highly pathogenic viruses and his group will perform the in vitro and in vivo studies using infectious 
henipaviruses in a BSL-4 facility. Dr. David Veesler (Co-I), an Associate Professor of Biochemistry at UW and HHMI investigator, is a world 
leader in structural studies of viral glycoproteins and will carry out cryoEM and X-ray crystallographic studies of the most potent inhibitors 
in complex with the NiV or HeV polymerase. Dr. Christopher Broder (Collaborator) is a professor and Chairperson of the Department of 
Microbiology and Immunology, USU, and he is one of the leading experts in the development of therapeutic agents for Nipah virus and 
Hendra virus. Dr. Norton P. Peet (Consultant), Chief Scientific Officer for Chicago BioSolutions, Inc., is a medicinal chemist who has over 30 
years of experience with preclinical development of small molecules as therapeutic agents and their advancement to a clinical setting, 
working with both multinational pharmaceutical and biotechnology companies. He will oversee the proposed ADME/Tox and PK studies. 

A. BACKGROUND AND SIGNIFICANCE 

For several decades, the major agents of emerged or newly identified infectious diseases in humans have been viruses of zoonotic origins.10-

12 Among these, two paramyxoviruses of importance are Nipah virus (NiV) and Hendra virus (HeV); the prototype species of the genus 
Henipavirus and are single-stranded, negative sense, enveloped RNA viruses.13 HeV appeared in 1994, in an outbreak of severe respiratory 
disease in horses in Australia, with the death of 14 horses and their trainer.14,15 NiV (Malaysia strain, NiV-M) appeared in an outbreak of 
encephalitis in pig farmers in Malaysia in 1998.16,17 NiV outbreaks have since been seen in Bangladesh and India by a related strain NiV-
Bangladesh (NiV-B).18 Pteropid fruit bats are the major reservoir hosts for henipaviruses.6,19 NiV and HeV have broad host tropism, infecting 
at least 18 species across 6 orders of mammals. Among these, NiV and HeV will cause a systemic and often fatal respiratory and/or 
neurological disease in at least 11 species including humans, with human fatality rates ranging from 40-100%.2,20 A third henipavirus isolate, 
Cedar virus (CedV), was discovered in 2010.21 However, CedV is not known to be zoonotic and has been shown to be nonpathogenic in HeV 
and NiV animal models.21-23 Two additional henipaviruses are also known, Ghana bat virus and Mojiang virus, but only from sequence data.24-

26 Since 2001, nearly annual occurrences of human NiV-B infections have occurred in Bangladesh, and 3 outbreaks in India.27 In 2014, an 
outbreak of NiV-M occurred in the Philippines with 9 fatalities of 11 human cases, with horse-to-human and human-to-human transmission.28 
The combined NiV case fatality rate is ~60% across a large region of Asia in five countries.3 The recent 2018 NiV outbreak in Kerala, India was 
significant, occurring in a new geographic region, with a case fatality rate of 91% and 22 of 23 cases the result of from human-to-human 
transmission. Most recently, a fatal case of NiV-B in Kerala occurred in September of 2021 reigniting the outbreak concerns associated with 
this deadly zoonotic viral agent, underscoring both the transmissibility and the lethal nature of this virus.4 In the latter and most recent case, 
an eleven-year-old boy was infected with Nipah virus and he succumbed, along with three health care workers who were in close contact. 

Human NiV/HeV infection is generally accepted to occur via the oronasal route with an incubation period of 1 to 2 weeks.4,29 Acute NiV/HeV 
infection in people is systemic and likely via hematogenous viral spread from the respiratory system.30 Disease onset is characterized by 
fever, myalgia, shortness of breath, and cough.15,31 Human HeV infections have resulted in both fatal respiratory or encephalitic disease, and 
also recovery.29,32 The predominant clinical feature in the Malaysia outbreak was encephalitis, but respiratory symptoms were also 
common.31,33 The clinical presentation of NiV-B infections in Bangladesh also includes severe respiratory disease and in the 2018 NiV-B 
outbreak in Kerala, 83% of cases had acute respiratory distress syndrome (ARDS).4,34 The key findings of human NiV/HeV infection are wide-
spread endothelial cell tropism and systemic vasculitis, with prominent parenchymal cell infection in most major organs with the brain and 
lung significantly affected.35,36 Human NiV/HeV infection can also be prolonged following apparent recovery, and some patients can 
experience a late-onset or relapsed encephalitis.32,37 Relapsed encephalitis caused by NiV appears to be a recrudescence of virus replication 
in the central nervous system (CNS), with cases presenting from a few months to as long as 11 years later.38 NiV and HeV are biosafety level-
4 (BSL-4) viruses and classified as Category C priority pathogens and transboundary agents by several US agencies. Also, both NiV-M and NiV-
B can cause lethal infection in nonhuman primates (NHPs), specifically the African green monkey (AGM), when delivered by small particle 
aerosol.39-41 NiV and henipaviral diseases (HeV) are included on the WHO’s Blueprint List of Priority Pathogens.42 NiV is a potential pandemic 
threat because of its high case-fatality rates, capacity for human-to-human transmission and potential to mutate, and a human-adapted 



  Investment Document - Grant 

Version 3.2 (updated 9/15/2021)   6 

strain in a region of high population density could lead to rapid spread.43 There are presently no approved vaccines or therapeutic modalities 
for NiV/HeV infections in people. 

The viral RNA-dependent-RNA polymerases of paramyxoviruses are attractive targets for antiviral compound discovery, but antiviral drug 
discovery for NiV and HeV has been hampered by requirements of BSL-4 containment. We recently developed and optimized an authentic 
henipavirus replication cell-based system using a recombinant CedV (rCedV) encoding luciferase (rCedV-Luc) for high-throughput screening 
(HTS) applications at the BSL-2 containment level (Figure 1) and identified several inhibitory compounds that were further validated with 
authentic NiV-B and HeV.7 Those leads provide the rationale for the current application. Our ability to employ rCedV provides an opportunity 
for anti-henipavirus drug discovery not previously available, that also allows for discovery across the whole replication cycle, not restricted 
to only the viral polymerase. Another well-exploited stage of virus infection is the attachment and entry process.44 NiV/HeV possess two 
membrane anchored glycoproteins required for infection; one for attachment, the G glycoprotein, and the other for membrane fusion of the 
F glycoprotein.45 The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and all vaccine strategies.27 

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative research and expertise of 
the investigators in this proposal. First, the cell-based high throughput screening (HTS) assay makes use of an authentic henipavirus infection 
and replication luciferase reporter-gene system, which provides an HTS platform for antiviral drug discovery that targets all stages of the 
virus lifecycle. Of additional significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, because 

of the close phylogenic relatedness of 
CedV to NiV and HeV, including the use of 
the same principal entry receptor (ephrin-
B2) and replication mechanisms, there is 
high potential that identified inhibitors 
may well have activity across related 
members of the henipavirus genus. 
Second, the rCedV platform allows for 
authentic henipavirus antiviral escape 
studies for variant selection and target 
identification. Third, the rCedV based 
reporter-gene system allows rapid and 
quantitative antiviral combination testing 
and the ability to measure synergistic 
activity among small molecules.  

C. PRELIMINARY RESULTS  

Identification of small molecule 
inhibitors of henipaviruses.  

C.1. HTS Assay development. We 
developed a robust (high signal-to-
background ratio), safe (BSL-2), cell-based 
HTS platform to identify small molecule 
antiviral agents targeting henipavirus 
replication without the requirement for 
BSL-4 containment (Figure 1).7 rCedV 

assays and tools. We also adapted the rCedV HTS infection platform to create another innovative toolset using novel chimeric viruses, where 
the viruses are altered only by the substitution of the F and G genes with thoset of NiV or HeV. As with the luciferase-encoding rCedV HTS 
assay, rCedV chimera using guidelines and procedures at the BSL-2 level were reviewed and approved by the Institutional Biosafety 
Committee (IBC) in accordance with NIH guidelines. 
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C.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from a ChemDiv library by UIC medicinal chemists 
and called “SMART Set”) was used for a pilot HTS campaign to identify rCedV-Luc inhibitors. This library (1) is pruned for known frequent 
hitters (PAINS and alike); (2) is balanced in terms of diversity 
of chemical scaffolds; and (3) has several representative 
compounds for each of the scaffolds in the library. From the 
initial single-dose screen, using 80% inhibition as the cutoff, 
151 hits (1.51% hit rate) were selected for further 
evaluation. To eliminate false positive hits due to 
cytotoxicity, a validation screen alongside a cellular toxicity 
assay (compound concentration of 33 µM) was carried out. 
The antiviral activities of 85 compounds were confirmed at 
10 µM, and 47 hits showed only minimal cytotoxicity at 33 
µM. Importantly, several small molecule inhibitors (Figure 
2) have been validated in vitro using infectious HeV and NiV 
in the BSL-4 facility, demonstrating the proof-of-concept 
feasibility of using this rCedV-based surrogate HTS platform 
for inhibitor screening against HeV and NiV, and providing a strong foundation for the current drug discovery project. Particularly, our 
quinazoline-based hit Z1 and furopyrimidine-based hit Z2 were found to have EC50 values of 3.3 and 0.5 µM, respectively, against NiV-B (Table 
1). Note that both HEK293T and Vero cell lines were employed in these assays, and that CC50 values were recorded for these two cell lines. 
Thus, we concluded that our HTS approach was a valid method for defining NiV inhibitors. Next, target specificity was confirmed in a 

counterscreen assay using a vesicular stomatitis virus G (VSV-G) 
protein as well as some other unrelated viral proteins, including 
Lassa glycoprotein, and influenza fusion protein hemagglutinin H1 
and H5. These hits showed a lack of detectable inhibition for VSV-
G as well as some other unrelated viral proteins (0% inhibition at 
12.5 µM). In addition to the high potency and selectivity, Z2 
displays excellent in vitro metabolic stability. The percentage of 
compound remaining after 60 minutes of incubation in both human 
plasma and liver microsomes is significant (91 and 68%, 
respectively), indicating good stability in both media. Stability in 
hamster plasma and liver microsomes will be evaluated by 
Pharmaron Inc. 

In Table 2 are shown additional inhibitors in the furopyrimidine 
series that we identified from a focused screening campaign, which 
allowed us to develop some initial structure-activity relationships 
(SARs). We do not yet fully understand the emerging SAR around 
substituents included on the phenyl ring, the tether length, and 
substituents on the tether and the pyrimidine ring, but we can 
make some comments. We do see activity with all three of the 
tether lengths studied, where n=0, 1 or 2. Replacement of the 
tether and the phenyl group with large hydrophobes, such as 
isopropyl or cyclohexyl, is not productive. Comparison of 
compounds 13 and 6 indicates that a methyl group on the 
pyrimidine ring is detrimental to activity. A methyl group on the 
sidechain in the benzyl subset of compounds appears to be 
tolerated; however, this inclusion adds an asymmetric center to the 
molecule. Disubstituted compounds 9 (n=0), 11 (n=0) and 12 (n=1) 

represent a subset of compounds that are of higher affinity, which suggests that we should explore more compounds with two diverse phenyl 
substituents with all tether lengths. 

In the Research Plan we discuss methods for the preparation of new compounds in each series as well as specific plans for developing the 
SARs. Our recombinant CedV HTS system will be used to support Aim 1. 

D. RESEARCH DESIGN AND METHODS  

D.1. Aim 1: Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. 

D.1.1. Synthesize diverse analogs of the furopyrimidine and quinazoline hit series to establish structure-activity relationships (SARs) and 
improve potency and selectivity index. Milestone: Synthesize directed libraries and discrete analogs of hit compounds; using the rCedV-
based assay for SAR development define henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 
µM). 
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Chemical optimization and SAR studies. In the initial stages, we will keep the heterocyclic core of the molecules of interest constant while 
making well-defined changes in substituents. We will initially probe steric and electronic factors of the substituents, but more substantial 
changes in the scaffold will be investigated as the structure is optimized. By an iterative process of design, synthesis, and assay, we will 

improve the structure, and ultimately produce a fully optimized structure. 
We will also assess the cytotoxicity and construct Structure-Toxicity 
Relationships (STRs). For potent, specific inhibitors, the SAR and the STR will 
diverge at critical points, and we will synthesize novel inhibitors with 
maximized activity and minimized cytotoxicity. The SAR plan for 
optimization of the HTS hit Z2 is exemplified in Figure 3. Substituent changes 
on the core fused scaffold will involve variation of the alkyl groups on the 
furan ring, as well as adding alkyl groups at the 2-position of the pyrimidine 
ring, to explore the optimum overall size for the core. Note that we will be 
able to use these substituents as “ADME handles” to control the overall 
hydrophobicity of the molecules and the cLogP values. We will replace the 
oxygen atom in the furan with a sulfur atom to compare the effect of 
changing the furan ring to the larger thiophene ring. Importantly, we will 

explore the biological activities of the R- and S-stereoisomers of this racemic molecule to determine whether there is differential recognition 
of these antipodes at the site of interaction in the inhibition assays. In addition to evaluating a variety of mono- and disubstituted aromatic 
rings, we will also explore length of the tether connecting these aromatic units to the amide nitrogen atom, knowing that both benzyl groups 

and phenyl groups give rise to active compounds. 

The synthetic route that we envision for the preparation of the 
furopyrimidines is shown in Scheme 1, as illustrated for the optimization of 
the amide N-substituent for furopyrimidine analogs of compound Z2. 
Starting with the commercially available 2-amino-4,5-dimethyl-3-
furancarbonitrile (i), treatment with formic acid in dimethylformamide will 
produce the 5,6-dimethylfuro[2,3-d]pyrimidine (ii). Conversion of ii to the 
corresponding chloro compound iii is accomplished by treatment with 
phosphoryl chloride. Displacement of the chloro group with piperidine-3-
carboxylic acid t-butyl ester, followed by removal of the t-butyl ester with 
trifluoroacetic acid, gives key intermediate iv, which can then be 
elaborated to amides v.46 In Table 3 is shown a set of proposed compounds 

related to Z2 (compound A) for which we show parameters 
calculated using Actelion OSIRIS software47. All of the 
proposed compounds (B through H) show improved 
druglikeness and drug scores with respect to Z2, and 
therefore represent promising new targets for synthesis and 
evaluation. 

We recently synthesized the R and S enantiomers of 
compound Z2 (MA-1-58 and MA-1-56, respectively) using the 
sequence shown in Scheme 2. Thus, starting with the 
optically active nipecotic acids vi(a) (R) and vi(b) (S), coupling 
with 3-chlorobenzylamine (vii) using a standard amide 
coupling procedure yielded amides vii(a) and viii(b), which 

were then subjected to deprotection conditions to give the free 
piperidines ix(a) and ix(b). Treatment of ix(a) and ix(b) with chloro 
compound iii in the presence of triethylamine in isopropanol at reflux 
produced the two final epimeric target compounds Z2 MA-1-58 and Z2 
MA-1-56, respectively. As expected, these two epimers rotated the plane 
of polarized light in opposite directions, to approximately the same 
degree, as shown in Scheme 2. Note that these two epimers have just 
been prepared and we have not yet tested these most interesting 
compounds to determine whether there is differentiated recognition of 
these epimers at their site of action. 

As cryo-EM structures of polymerase in complex with key inhibitors (i.e., 
Z2 and additional derivatives) become available, we will use this model 
for computational chemistry/docking studies to assist in the design of 
additional analogs with improved binding properties. 

 

 
Figure 3. SAR development plan for furopyrimidine Z2. 

 

Table 3. Actelion OSIRIS calculated parameters for Z2 
(compound A) and proposed analogs. 

ID R1 R2 R3 R4 X cLogP Sol MW 
Druglike 

ness 
Drug 
Score 

A Me Me H Cl O 4.0 -6.7 384 -0.95 0.23 
B Me Me H Cl S 4.4 -6.8 400 2.01 0.32 
C H H H Cl O 3.3 -6.0 356 3.04 0.42 
D H H H F O 2.8 -5.6 340 1.47 0.55 
E H H H Cl S 3.6 -6.0 372 3.70 0.41 
F H H H F S 3.1 -5.5 356 2.14 0.54 
G H H Me F O 3.0 -5.2 354 2.82 0.61 
H H H Me F S 3.3 -5.2 370 3.48 0.60 
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In addition, we have plans to introduce a diversity of substituents in the furan ring, as shown in Scheme 3. Using a variety of alpha-
bromoketones x(a-e) in a 
condensation rection with 
malononitrile (xi),48 we will 
produce furans xii(a-e) and 
use them in our one-pot 
protocol for preparing 
furanopyrimidines xiii(a-e). 
We will then elaborate 
compounds xiii(a-e) to the 
state of target compounds 
xiv(a-e) as previously 
described in Schemes 1-2. 
This chemistry will allow us 
to study the installation of a 
variety of substituents in 

the furan ring and to evaluate the consequences of these changes to the biological activity. 

Also, the furo[2,3-d]pyrimidine moiety will be replaced with the heterocyclic cores showcased in Figure 4. Although we will not show the 
chemistries that we will employ for the preparation of these additional fused ring systems that are bioisosteric with our hit series of 

furopyrimidines in this document, we have researched methods for the synthesis of these additional cores and 
are quite confident that we will be able to prepare representatives of these ring systems. Importantly, we will 
use the knowledge we have gained in developing the SARs with our furopyrimidines, and we will prepare 
selected derivatives in the additional 5,6-fused systems, based on the biological activities shown with 
substitutions present on our most active furopyrimidines. 

In Figure 5 is shown the SAR development plan for our quinazolin-4-one scaffold. There are three points of 
optimization that we envision for this trisubstituted fused core. At the 2-position, we will substitute the 
pyrrolidinyl substituent with additional cyclic and acyclic amines. The 
unsubstituted benzyl substituent at the 3-position will be optimized 
in terms of mono- and disubstitution patterns. The position of the 
carboxamide substituent located at the 7-position will be optimized, 
as will the N-alkyl group on the carboxamide. We will also replace 

the amide unit with various amide mimetic units, as indicated in Figure 5, since amides are subject 
to metabolic cleavage. We have also researched and found additional synthetic methods available 
for the construction of both 2,3,7-trisubstituted quinazolin-4-ones and an additional backup 
scaffold of 4-aminoquinazolines (Table 4). 

Table 4 shows eight additional inhibitors in the aminoquinazoline series, that we identified from 
a recent focused screening campaign, which allowed us to develop some initial structure-activity relationships (SARs). Note that these 4-
aminoquinazolines all bear substituents on the amino group at the 4-position of the quinazoline ring and a carboethoxy substituent at the 2-
position. In terms of SAR to be gleaned from the limited data set in Table 4, a few features stand out that are worth mentioning. It is clear 
that a variety of N-phenyl substituents give rise to active compounds, and that H, methyl and n-propyl groups as the second N-substituent all 
can produce good activity. However, it is also clear that one of the best compounds is compound 24 (Table 4), bearing an unsubstituted 
cyclohexyl group, which suggests an area for optimization since compound 24 is the only compound where the phenyl ring has been replaced 

by a completely saturated (cyclohexyl) substituent. Another point worth 
making is that the n-propyl compound 16 and iso-propyl-phenyl compound 
18 are two of the best inhibitors. There may, in fact, be a rough correlation 
between cLogP and inhibitory activity, it may be worth exploring with a 
larger set of derivatives. In Figure 6 is shown a summary of how we will 
develop the SAR plan for the 4-aminoquinazoline scaffold, as exemplified by 
changes to compound 27. Substituent changes on the core fused scaffold 
will involve exploration of mono- and di-substituent patterns on the 
quinazoline core to explore the optimum overall size for the core. Note that 
we may be able to use these substituents as “ADME handles” to control the 
overall hydrophobicity of the molecules and the cLogP values. In addition, 
we will optimize substituents on both aryl rings, as indicated, and optimize 
the alkyl group on the tertiary amine. We will also optimize the alkyl ester 
group, and we are very interested in replacing this ester with an amide, 

which would be chemically and metabolically more stable. If the amide turns out to be an effective replacement, then we will also explore 
amide replacement units, such as ketomethylene, reduced ketone, retroamide, ethylene, and sulfonamide units, etc. In Scheme 4 is shown 
a specific synthesis of one of our best inhibitors in this set. Anthranilamide xv is heated with diethyl oxalate in a solution of 
dimethylformamide to produce 2-carboethoxyquinazoline-4-one (xvi) in a condensation/cyclization process. Treatment of xvi with 

 

 
Figure 4. Additional 
core modifications. 
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phosphorous oxychloride next provides a reactive intermediate, namely, 2-carboethoxy-4-chloroquinazoline-4-one (xvii), which affords the 
specific inhibitor compound 27 after a displacement reaction with 2-methyl-N-methylaniline. A variety of alternate methods are available for 

accessing these 4-aminoquinazolines, including initial treatment of the 
anthranilamides with ethyl ethoxycarbonylformimidate in ether49-50 as well as 
other methods.51,52 Likewise, the additional reagents required for these 
syntheses are mostly commercially available, as well. Thus, it is very realistic 
that a large library of these potential inhibitors will be quite accessible. In Figure 
7 is shown a set of proposed compounds related to compound 27 for which we 
show parameters calculated using Actelion OSIRIS software47. The proposed 
compounds (I through M) generally show improved druglikeness and drug 
scores (and other parameters) with respect to compound 27, and therefore 
represent promising new targets for synthesis and evaluation. Note that a 
dramatic improvement in all parameters is seen in simply replacing the ester 
with an amide by substituting NH for O, to provide proposed new compound I. 

In progressing through the constrained compounds J through M, improvement of parameters culminates with the indoline derivative M, 
whose druglikeness and druglike scores have very dramatically improved. Advantages of imposed conformational restraints, as seen in 
tetrahydroquinolines J and K and indolines L and M, include a reduction in rotatable bonds, and, importantly, a preorganization of an effective 
conformation that can mitigate the entropic penalty of binding. 

D.1.2. Conduct HTS assays and identify additional hit compounds. Screening Libraries. The HTS will be performed in the Rong Lab. The 
libraries will be provided by the UIC Research Resource Center (RRC). They are comprised of >150,000 compounds available in 96- or 384-

well plate formats suitable for HTS. Additional libraries from ChemDiv and Enamine, 
including an Antiviral Library composed of 65,937 novel diverse and targeted compounds 
with privileged scaffolds from ChemDiv’s collection, will be acquired in Year 1. 

Hit Selection Algorithm. Validation: A compound which displays more than 90% 
inhibition (one log decrease in the luciferase activity in the presence of the compound, 
10 M final concentration) will be considered a “hit” compound after the initial round of 
screening. To further determine the specificity, a secondary screening (counter screen) 
for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions 
will be used as a specificity control. The third round or “tertiary” screening will focus on 
a selected group of compounds, and here classical dose-dependent inhibition assays will 
be carried out to estimate EC50 values. Multiple cell lines will also be used in these 
experiments to avoid cell line bias. The compounds that do not exert effective inhibition 
(nonpotent) will not be actively pursued, while the more potent compounds (EC50 values 
less than 10 µM) will be analyzed further. It is expected that through multiple rounds of 

screening, we can select the most potent compounds for optimization and validation 
studies. Cytotoxicity Assessment. We will measure the direct toxicity of compounds 
to human cells to assess the overall cytotoxicity of the potent inhibitors. A variety of 
human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using 
the “CellTiter 96 aqueous nonradioactive cell proliferation assay” as described 
previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). 
Ranking: The results from these screening assays will be analyzed and the compounds 
ranked according to antiviral potency with consideration of SI values. 
Hit Quality Control and Identity Assurance. All hits will be analyzed for chemical 
purity (HPLC), and we will confirm that the compounds have the expected structure 
(LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and 
retested. Compounds with incorrect structures assigned will be corrected. We will 
eliminate compounds that are known PAINS53 (e.g., rhodanines, aralkyl pyrroles, 
hydroxyphenylhydrazones), or that have reactive functional groups (e.g., Michael 
acceptors, alkylating agents). 
Synthesis. Lead candidate optimization and SAR development based on established 
drug design principles will be started as soon as affirmative results from the advanced 
validation assays are available. Appropriate drug design principles and in silico ADMET calculations will be used to direct new compound 
synthesis, so that analogs will have optimal druglike characteristics while minimizing side effects/toxicity. We will synthesize analogs with 
altered structures to test the limits of steric, electronic, and configurational factors in the activity and selectivity within the chemotypes. For 
synthesizing new analogs, we will use our considerable collective knowledge, synthetic search engines and state-of-the-art preparative 
procedures to prepare specific derivatives, e.g., conformationally constrained versions of the best inhibitors, which will provide the maximum 
amount of SAR information. When undesirable PK features are present in a hit molecule, we will address structural changes to eliminate 
these features to improve the molecule. For instance, if the molecule is too flexible due to a high number of rotatable bonds, we will impose 
conformational restraints that will reduce the number of rotatable bonds and freeze a conformation that might reproduce the conformation 
required for binding of the inhibitor. Thus, in this process, we may be able to also reduce the energy required to produce this conformation 
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from the unconstrained molecule, and thus reduce the entropic penalty of binding and produce a more potent inhibitor. Moreover, we will 
use Actelion OSIRIS software to design new derivatives of hit compounds to maximize druglike features of the new compounds and overall 
drug score. This software allows us to quantify PK parameters and use these numbers as comparators to define improved molecules for 
synthesis. We expect that we will be able to synthesize between 20 to 50 analogs of each hit compound to ascertain preliminary SARs and 
structure-toxicity relationships (STRs) for further optimization. From the “Expanded Screening” library screening campaigns, we will 
ultimately choose a primary scaffold and a backup scaffold for performing extensive lead optimization studies and will produce optimal 
candidates for further development. The advantage of defining two quality scaffolds is that should a liability arise that is scaffold-associated, 
e.g., relating to toxicity, we can switch to the alternate scaffold and proceed with optimizing development candidates. 

D.1.3. Evaluate efficacy of various derivatives in the furopyrimidine, quinazolin-4-one, and 4-aminoquinazoline and series and additional 
HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently published optimized HTS protocol.7 Cells 
preseeded in a 96-well plate at a density of 2.5x104 cells per well will be treated with growth medium containing either DMSO or selected 
compound at a 3-fold serial dilution ranging from 30 nM to 200 µM for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity 
of infection (MOI) of 0.01 and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using the 
ENVISION JANUS automated workstation. The data will be normalized by the average signal of the negative control wells in each plate. The 
best inhibitors will be evaluated in both HEK293T and Vero 76 cells. EC50 and CC50 values will be calculated by dose-response curve fitting 
with GraphPad Prism. These assays will be conducted in the Rong Lab.  

D.1.4. Evaluation of antiviral activity of advanced candidates. Inhibitors will be tested against authentic NiV and HeV as previously 
described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells per well and incubated at 37 °C overnight. Cells will be 
incubated with a 3-fold dilution series of the selected compounds diluted in cell culture growth medium (final concentrations ranging from 
100 µM to 0.01 µM) with or without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection 
(hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound only cells will be examined 
microscopically for cytopathic effects (CPE) induced by compound treatment. The percent reduction in PFU/mL titers in the samples 
containing compounds will be compared to parallel control cultures of virus and DMSO. This work will be performed in the BSL-4 facility at 
UTMB (Geisbert Lab). 

D.1.5. Evaluation of in vitro ADME properties and prioritization of the most potent compounds exhibiting optimal profile for whole animal 
testing. Our goal is to transform the validated hit series into advanced lead compounds suitable for further therapeutic development. These 
in vitro ADME-like predictors will not be used as exclusive criteria to select or eliminate inhibitors, but selection will be based upon the 
combination of all properties determined (e.g., potency, plasma stability, liver microsomal stability, etc.). Up to twelve potent inhibitors with 
good in vitro ADME properties will be chosen for pharmacokinetic/toxicokinetic evaluation in mice. 
Cytotoxicity. We will measure the direct toxicity of compounds in human cell lines to assess the overall cytotoxicity of potent inhibitors. A 
variety of human cell lines, including PTEC, Jurkat, HepG2, Huh-7 and Hep3B, will be examined utilizing the CellTiter 96 aqueous 
nonradioactive cell proliferation assay (Promega, Madison, WI) as previously described54 in a 96-well format. The ratio of CC50/EC50 is the 
selectivity index (SI). 
Rat/Human Liver Microsome Stability: Rat and human liver microsome preparations will be used to evaluate the metabolic stability of 
inhibitors using the method described by Kuhnz and Geischen55. Inhibitors with >60% recovery (1h) will be considered for further 
advancement. CYP450 inhibition: The CYP450 inhibition assays will be carried out using CYP3A4 and CYP2C9 Human Cytochrome P450 High 
Throughput Inhibitor Screening Kits (BD Gentest Corp., Woburn, MA). Inhibitors with IC50 values ≥30 µM for CYP isoforms will be prioritized 
for further advancement. hERG channel blockade: The ability of inhibitors to block the hERG channel will be assessed in a [3H] dofetilide-
binding assay as described by Finlayson et al56 using SHSY5Y cells. Inhibitors with <50% inhibition [3H]dofetilide binding at 5 µM 
concentration will advance. Plasma protein binding (PPB): because PPB affects drug metabolism and PK properties, we will measure the 
PPB of selected analogs. Cellular permeability: We will use the Caco-2 method as described by Greset al.57 to evaluate the potential for 
oral bioavailability of the analogs. Inhibitors exhibiting a Caco-2 permeability value (Papp) greater than 1 × 10-6 cm/sec will be prioritized. 
Advanced Lead candidates will be tested in Bacterial reverse mutation assay (Ames): Four Salmonella typhimurium strains (TA1535, 
TA1537, TA98, TA100) and one Escherichia coli strain (WP2 uvrA) will be used. The bacteria will be exposed to different dose levels and any 
reverse mutations will be determined. They will also be tested in the Tox-Genotoxicity panel assays, which includes cytotoxicity testing on 
primary human hepatocytes, cytotoxicity with primarily cultured neuronal model, and nephrotoxicity with HK2 cells (by Pharmaron, Inc.). 

Pitfalls and alternative strategies. The proposed synthetic derivatives will be synthesized under the guidance of Drs. Gaisina and Peet. If we 
encounter a synthesis-related problem with our primary scaffold compounds, we will use an alternate strategy using a different reaction 
sequence. Should we encounter a scaffold-related problem with our furopyrimidine scaffold, we will switch to our backup quinazolin-4-one 
scaffold or other HTS hits identified using the expanded libraries of compounds. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc., and Pharmaron, Inc. and supervised by Dr. Peet. We do not anticipate any 
problem obtaining high quality data from the assays. If the compounds fail to meet our benchmarks, then we will synthesize additional groups 
of compounds, or turn to our backup scaffold to meet the objectives in this aim. We have established rigorous criteria for go-no-go decision-
making to ensure the production of suitable advanced lead compounds (Figure 9), which will be advanced to in vivo studies (Aim 3) and will allow 
for the future selection of a preclinical candidate. 

D.2. Aim 2. Investigate the mechanism of action (MOA) of lead inhibitors. Understanding the mechanism of action of the novel inhibitors 
of henipaviruses will help us to prioritize the lead compounds. The following experiments will be performed:  
D.2.1. Determine the impact of compound treatment on viral protein expression and viral RNA levels in rCedV infected cells. Confluent 
HEK293T cells in a 6-well plate will be treated in duplicate with medium containing either DMSO or selected inhibitors at a predetermined 
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concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells will be collected to determine viral protein 
expression by western blot techniques or viral RNA levels by q-RT-PCR. CedV specific antibodies against G F N and P will be utilized. To 
determine changes in viral protein expression at the different time points, densitometric counts of these bands will be calculated using the 
ImageJ Software and normalized against β-actin and calculated as a fold change compared to the infected untreated cells (DMSO control). 
Total RNA will be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe 
pair targeting the N gene and performed using the ABI 7500 thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. 
Fold changes will be calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We expect to 
observe a decrease in intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results from 
this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds on viral RNA levels over time. 
D.2.2. Determine the stage(s) of inhibition of furopyrimidines and quinazolin-4-ones in the viral lifecycle. For time of addition studies, 
HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which time the viral inoculum will 
be removed, and cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium will be added 
to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All supernatants will be collected at 24 hpi 
and analyzed for infectious viral titers (PFU/mL) by plaque assay.7,8 Results from this data will indicate at which stage of the viral life cycle 
the compounds are affecting.  
D.2.3. Analyze escape mutants against the advanced lead compounds with Cedar virus. Target identification for small molecules. The 
rCedV tools used in Aim 1 will also be used for antiviral target identification. In vitro selection of virus escape mutants that acquire resistant 
to inhibitors is a routine approach for mapping genetic changes associated with escape. We have successfully used authentic NiV and HeV 
and also rCedV chimeras to generate neutralizing mAb escape mutants. Here, we will test advanced lead compounds for antiviral resistance 
using techniques similar for generating mAb escape mutants.58,59 Briefly, a select compound will be used at the sub-optimal inhibition 
concentrations determined from the studies in Aim 1, and virus will be serial passaged in multiple rounds. Amplified virus stocks obtained 
after several rounds of passage in the presence of inhibitor will be purified by limiting dilution in the presence of inhibitor, and a “drug 
resistant” virus stock will then be amplified and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant 
will be derived by deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral genomes. We expect 
that many mutations will map to the L gene of rCedV, however, both P and N proteins also comprise the replicase complex and mutations 
may appear in those gene products as well, which if identified also suggests the possibility of multiple drug combination testing going forward. 
We will validate key mutations found in drug resistant rCedV by engineering those mutations directly into the wild-type genome and re-
recuse those rCedVs and assay for drug resistance. We will also confirm and correlate our drug targets by performing resistance selection of 
the best inhibitors using authentic NiV-B and HeV in BSL-4 by the UTMB BSL-4 Core. 
D.2.4. Assess the binding properties by surface plasmon resonance (SPR). The NiV polymerase (L protein and a phosphoprotein P, or RdRp 
complex) will be prepared using a previously published protocol60. Biacore T200 and Biacore 8KSPR systems will be used to obtain information 

on binding specificity, binding affinity of the new lead inhibitors (KD) 
to the RdRp protein, and kinetics [association rate constants (ka), 
and dissociation rate constants (kd)] as previously described.61 RdRp 
protein will be immobilized on a CM5 chip using standard amine 
coupling protocols. Lead compounds at various concentrations (–.1 
- 50 µM) will be injected over the flow channel surfaces, and 
sensorgrams will be fitted by either steady-state affinity or to a 1:1 
Langmuir kinetic binding model. The equilibrium dissociation 
constants (KD) will be calculated as KD = kd/ka. This kinetic analysis 
will be performed by UIC RRC, as previously done by the Rong lab.62 

D.2.5. Structure determination of recombinant proteins with 
bound inhibitors by CryoEM. The Veesler lab is a world leader in 
structural studies of viral glycoproteins and will carry out cryoEM 
studies of the most potent and broad inhibitors in complex with the 
NiV RdRp to visualize recognition at the atomic level and inform 
further optimization of target binding affinity. The Veesler lab has 
developed a streamlined high-resolution cryoEM pipeline enabling 
high-throughput structural studies of viral glycoproteins. We use 
the Leginon data collection software, which runs 24 hours per day 
and enables automated targeting and image acquisition, while 
keeping a relational database of all micrographs to expedite 
subsequent processing.63 Many image processing tasks are 
automated as part of a workflow that allows assessing data quality 
in real time during acquisition, and prevents bookkeeping errors by 
storing all the details related to image acquisition and 
processing.64,65 Complexes of small molecule inhibitors with the NiV 
RdRp will be vitrified and imaged using cryoEM to visualize directly 
the molecular basis of binding. As specimen preparation for cryoEM 
is often a bottleneck, we will leverage our extensive experience in 

 
Figure 8. NiV G bound to the nAH1.3 neutralizing antibody Fab fragment. A) 
Ribbon diagram of the NiV G ectodomain bound to the broadly neutralizing 
nAH1.3 Fab fragment in two orthogonal orientations. Each of the four NiV G 
protomers is colored distinctly and resolved N-linked glycans are rendered as 
green surfaces. The nAH1.3 heavy and light chains are colored gold and 
yellow, respectively, and only the variable domains were modeled in density. 
The linkers connecting the neck to the two proximal head domains are shown 
as dashed lines due to weaker density in the cryoEM reconstruction. (B) 
Ribbon diagram of a NiV G head domain (blue) with the interacting nAH1.3 
heavy and light chains CDRs rendered in gold and yellow. (C) nAH1.3-
mediated neutralization of rCedV-NiV-B-GFP (black) and rCedV-HeV-GFP 
(blue). 
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overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,66-70 mechanical stage tilting with gold 
grids71,72 or detergents to modify surface tension73. To overcome possible conformational heterogeneity, we will use workflows developed 
in-house specifically for that purpose for previously characterized small molecules, miniprotein inhibitors and monoclonal antibody Fab 
fragments based on extensive (focused) 3D classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å 
resolutions.71,74-80 Refinement of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of 
Washington.81-83  

As cryo-EM structures of polymerase in complex with key inhibitors (i.e., Z2 and additional derivatives) become available, MD studies of 
these systems will be conducted to reveal the dynamic nature of protein/ligand interactions84-88, to explore the conformational landscape89 
of ligand binding events, and to capture conformational variability of intermediate states90,91, which can be crucial to gain mechanistic 
knowledge of biological function. 

The Veesler and Broder labs recently determined a high-resolution cryoEM structure of the NiV G glycoprotein ectodomain tetramer which 
has resisted structural characterization for 25 years, hindering both our understanding of immunity directed towards G and the rational 
design of vaccines. The structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3) (Figure 8), 
which recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. This study revealed the 
ultrastructural organization of this key target of the immune system, informs the mechanism of henipavirus entry into host cells and provides 
a blueprint for guiding vaccine and therapeutic design. The know-how generated to achieve this groundbreaking result will directly support 
the proposed project. 

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in the field. For cryoEM maps, 
these will include gold-standard projection matching refinements92-94 and high-resolution noise substitution prior to Fourier shell correlation 
calculations95 to avoid overfitting. Atomic models will be assessed using Molprobity,96 EMringer97 and Privateer.98 The coordinates of the 
structures solved as part of this work, as well as the corresponding experimental data, will be made freely available through deposition in 
the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 
Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between the inhibitors and the RdRp 
which will enable iterative optimization of binding affinity and the design of improved inhibitors.  

Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are commonly utilized techniques 
employed in the Rong, Vessler, and Geisbert labs. We have previously rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. 
We do not anticipate that the HEK293T cells will be problematic; however, several other cell lines may be tested in the assay. Successful 
mechanism studies may allow us to determine a mechanism of action that defines a binding site for inhibitory furopyrimidines or quinazoline-
4-ones. In the unlikely event we encounter protein complexes that cannot be vitrified using the strategies described, we will use the TTP 
Labtech Chameleon vitrification robot, which is available at the UW cryoEM center (Dr. Veesler as the co-director), and specifically designed 
to overcome these issues using self-wicking grids and ultra-fast (80-150ms) spot-to-plunge time (28–30). Alternatively, we will crystallize the 
RdRp in complex with inhibitors to determine X-ray diffraction structures, as routinely done in the Veesler lab.99,100 

D.3. AIM 3: Evaluation of lead compounds in vivo. 

A critical aspect of antiviral discovery that is often overlooked is the early-stage testing of lead compounds in well-studied and well-validated 
in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes 
the Syrian golden hamster and AGM.2,101 PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy studies using 
select best-in-class drugs will be used in NiV-B and HeV infected hamsters. Final proof-of-concept protective efficacy studies with best-in-
class drugs and/or nanobodies will be carried out in the NiV-B and HeV infected AGM models. 
D.3.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary pharmacokinetic (PK) studies 
in hamsters and AGMs will be performed. Using intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration 
for AGMs, these studies will examine the concentration of lead compounds in plasma over time in order to establish parameters such as 
bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and dosing regimens to be investigated 
in pharmacodynamic (PD) studies using a commonly used PK/PD parameter for efficacy in antiviral drug development, which is the 
maintenance of the minimum plasma concentration (Cmin) above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral 
activity will be assessed in hamster models of henipavirus disease. Lead compounds with good exposure-response antiviral activity in 
hamsters will then advance into AGM PK studies using similar dose administration and measured parameters as above. The data will help to 
select doses and dosing regimens for the subsequent protection studies in AGMs. Formulation stability and PK/Toxicity studies will be 
performed by CROs. 

D.3.2. In vivo testing of lead compounds in NiV/HeV infected Golden Syrian hamsters. The in vivo activity of the most potent compounds 
from Aim1 will be evaluated in a series of hamster infection studies. In brief, animals will be randomized to multiple study groups (n = 5 per 
group) and inoculated intranasally (i.n.) with ~ 5x10^6 PFU of NiV-B or HeV.102-105 Animals will then be treated by i.p. or i.v. injection ~ 1 hour 
after virus challenge with different doses of drugs. Additional treatments may be given based on PK data. The control animals will be treated 
in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight loss, temperature, viremia (nasal swabs 
and blood), and survival. The treatment initiation time points will also be optimized in later studies. The candidates showing the most 
protection will be selected for further analysis below. 

D.3.3. Define breakthrough conditions for anti-henipavirus agents in hamsters. This study will employ the most promising drugs from Aim 
1 that are shown to completely protect hamsters against lethal henipavirus infection. The goal is to determine the time points of treatment 
initiation when the antiviral agents fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) 
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and inoculated i.n. with ~ 5x106 PFU of NiV or HeV.102-105 Treatments will be initiated at various times after henipavirus infection, e.g., days 
1, 2, 3, etc. to determine the initiation time point at which most hamsters succumb to disease. 

D.3.4. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of concept study will be performed 
in NHPs using the lead candidates providing the best protection against NiV/HeV infection in hamsters. Healthy, NiV/HeV-seronegative AGMs 
will be inoculated either by large particle aerosol using the LMA mucosal atomization device (MAD) as previously described40 or by small 
particle aerosol as previously described41,106 with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV). Importantly, the MAD 
system delivers atomized particles that range in size from 30 to 100 µm, which is highly consistent with the size of droplets exhaled by 

humans when coughing. Previous studies with AGMs infected with NiV-B using the MAD system resulted in lethality in 9/9 animals and a 
disease course that is highly consistent with human infection (T.W. Geisbert, unpublished data). The treatment groups (consisting of five 
animals each) will be treated with the lead antivirals by bolus i.v. infusion oral gavage up to 5 days after viral challenge (initiation time 
informed by hamster studies) while control animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be 
assessed by respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival. Based on the results, 
the study will be repeated to further define the therapeutic window, e.g., if all five animals treated with the test compound survive the follow 
up study will begin treatment at day 5 after NiV infection. Conversely, if any of the drug treated AGMs succumb the follow up study will begin 
treatment at day 3 after NiV infection. A third study will be done to assess the protective efficacy of the drug for treating HeV-infected AGMs; 
test conditions for the HeV study will be the same as the test conditions showing the best protection against NiV-B. Defining the therapeutic 
window is not only important in terms of translating preclinical animal data to humans but also in regard to combination treatment studies 
where it is important to establish breakthrough for each individual drug to be used in combination approaches in order to be able to show a 
benefit of combining drugs. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all staff performing animal 
procedures and assays, and to the veterinary pathologist performing gross and/or histological analysis of tissues. We will employ equal or 
near equal numbers of male and female animals and general age (infant or geriatric animals will not be used). 

Here, we have established rigorous milestones to ensure the production of suitable advanced lead small molecule inhibitors, which will allow 
for the selection of preclinical candidates (Figure 9). 

Product Development Plan. Our team will meet quarterly over zoom to discuss the project progress and prioritize promising lead inhibitors 
generated from each iterative round of synthetic medicinal chemistry-biological testing, from those with desired PK, good safety profile and 
in vivo efficacy, for further advancement. 

In summary, the continued outbreaks of NiV across a large global region requires urgent translational countermeasure research to establish 
a readiness for the next NiV or related pathogenic henipavirus outbreak. We have discovered antiviral leads that show promise against NiV 
and HeV, and lay out a detailed plan to optimize, develop, and test these drugs. Together with the expertise, resources and experience within 
this proposal, we will deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease. 
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Investment Results - Outcomes and Outputs 

In this section, please provide specific details on the results this project will achieve. 

“Outcome” is the ultimate or overall change(s) in systems, populations, or behaviors that a project seeks to achieve within the time frame of the 
grant.  

 Describe what success looks like for the project by stating the intended outcome(s) of the project and how they relate to the activities funded 
by the grant.  

Definition three advanced lead compounds that are inhibitory against NiV and HeV, and identification of a potential clinical candidate for 
further development. 

“Output” or “Funded Development” means the products, services, processes, technologies, materials, software, data, other innovations, and 
intellectual property (IP) resulting from the project (including modifications, improvements, and further developments to Background Technology).  

 Please populate the table below with the intended outputs of the project. Add more rows as needed.  

Number Output/Funded Development Description 
Target Completion 
Date 

Is a Third-Party 
agreement required? 
If yes, by when? 

Will any IP rights be 
filed/generated?* 

1 Preparation of furopyrimidine compound library [30/09/24] No Yes 

2 Preparation of quinazolinone compound library [30/09/24] No Yes 

3 
Define three advanced lead compounds from the above compound 
libraries [30/09/24] No Yes 

4 Identify a potential clinical candidate compound for further development [30/09/25] No Yes 
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*Note: In future progress report(s) you will be required to report on these outputs, and to disclose and update intellectual property (IP) and include any links to IP applications, 
filings, or registrations, as applicable. 
 

 If necessary, please add further explanations below:  

 

Global Access – Charitable Impact for Beneficiaries 

To ensure a positive impact for the intended beneficiaries, the foundation requires that all projects and outputs be managed to ensure Global 
Access. 

“Global Access” is a foundation policy requiring that: (a) the knowledge and information gained from the project be promptly and broadly 
disseminated; and (b) the Funded Developments be made available and accessible at an affordable price (i) to people most in need within 
developing countries, or (ii) in support of the U.S. educational system and public libraries, as applicable to the project.  For more information and 
resources on Global Access, see the foundation’s Global Access Statement and Global Access webpage. 

 How will you disseminate the knowledge and information gained from the project? For additional information for peer-reviewed publications, 
see the foundation’s Open Access policy.  

Data generated from this project will be publish in Open Access journals and presented at the International Society for Antiviral Research 
conferences. 

“Background Technology” means all products, services, processes, technologies, materials, software, data, or other innovations, and intellectual 
property created by you or a third party prior to or outside of the project and used as part of the project. 

Please list any Background Technology that will be used in the project. Commonly available, off-the-shelf products (such as Microsoft Excel, 
Adobe, etc.) do not need to be disclosed. Add more rows as needed. 

Note: Background Technology previously funded by the foundation will be considered a Funded Development for purposes of Global Access and any 
license to the foundation. 

List each Background Technology to 
be used in the project 

Is this Background 
Technology 
owned, 
controlled, or 
developed by you 
or sublicensable 
by you?   

Do you need 
permission or a 
license from any 
third party to use 
this Background 
Technology to 
achieve Global 
Access? 

If any permission/license is needed, 
please detail below, and 
describe your plan and timeline to 
obtain such permission/license or 
submit a copy of the agreement.  

If this Background Technology is 
subject to Intellectual Property 
rights, please identify and include 
any links to applications, filings, or 
registrations, as applicable. 

Provisional patent application 

NOVEL INHIBITORS OF HENIPAVIRUSES 
Yes No  application serial no. is 63/391,893 

 No/Yes No/Yes    

 No/Yes No/Yes   

 

 How will you ensure affordable and meaningful access to the Funded Developments and Background Technology, if any? 

Publication in Open Access Journals; Patent sub-license. 

 Do you foresee any obstacles to achieving Global Access (e.g., third-party rights, restrictions on Background Technology, time frame, 
affordability)? 

__X_No___Yes (please explain and describe the specific steps that you will take to address the obstacles) 

 

 For Global Access purposes, please confirm that you will make available the funded developments and any Background Technology that is (a) 
owned, controlled, or developed by you, or in-licensed with the right to sublicense; and (b) either incorporated into a funded development or 
reasonably required to use the funded development. For more information, see the Global Access terms located in the foundation’s standard 
grant terms and conditions. 

_X__Confirmed___Not confirmed (please explain) 
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Data Access 

It is anticipated that the activities of this project will generate or collect datasets that may be useful to the foundation, project collaborators, third-
party researchers, and/or the public. Please answer the questions below with a level of detail appropriate to the project activities.   

 What types of data and specific datasets will be generated from the project activities and/or collected from other sources?  

HTS dataset; In vitro inhibition of CedV, NiV-B and HeV; PK and ADME/Tox data for lead compounds; In vivo efficacy data for advanced lead 
compounds 

 Do you plan to create a data management plan? If not, why not? 

Yes 

 What data curation (e.g., organizing, describing, cleaning, enhancing, and preserving) activities are planned to enable reuse or secondary use 
of the datasets?  

We will create a database in which we will routinely organize and store chemical and biological information that can be accessed by our 
team. We will use ChemBioFinder, because this program has the capability of searching compounds by sub-structures or similarity, 
facilitating data analysis and information retrieval. 

 Where and when will the datasets be deposited and preserved to enable reuse or secondary use and under what license? 

All data generated in the course of this project will be published in Open Access Journals. 

 Please describe any informed consents, approvals, and/or agreements that may be required to enable use or reuse of the datasets by the 
foundation, project collaborators, and/or third-party researchers. What steps do you plan to take to obtain such consents, approvals, and 
agreements?  

Office of Technology Management at UIC. To process material transfer agreements (MTA).  

BUDGET INFORMATION 
The purpose of this section is to supplement the information provided in the Excel budget template by justifying how the budgeted items are 
necessary to implement project activities and accomplish project results. Please focus on key costs and risks and avoid repeating information 
contained in the budget template. Together, this narrative section and Excel budget template should provide a complete description that supports 
the proposed budget. For questions below that are not relevant to your project, answer “N/A”. 

For additional instructions and guidance on the budget template, see the Grant Budgeting & Financial Reporting Detailed Instructions. 

Budget Summary 

 Explain the major cost drivers and how costs relate to planned activities and target outcomes. Also, explain any potential risks in spending and 
any plans to mitigate those risks. In the Excel budget template, an additional dimension can be defined to break down costs beyond the 
standard expense categories (e.g., by geography, product candidate, projects within a portfolio, or other). If you are defining such an 
additional dimension, please use it as you explain the major cost drivers here. 

We request funding to purchase the “ChemDiv Antiviral Library” ($124,621 – quote RT10212021-UIC-A), which will be screened for new 
inhibitors by HTS rCedV-Luc assay. 
ADME/Tox and PK screening (Y1-$35,000; Y2-$60,000, and Y3-$50,000).  

ADME panel Price * Species Comments 

Thermodynamic solubility in 
PBS 

$80  Plan to test:  
up to 15 compounds in LM and 
plasma stability assays in Y1-2; 
up to 12 compounds in CYP 
inhibition assay; 
up to 10 compounds in Caco-2, 
TS in PBS and Stability in Hep 
assays;  
up to 10 compounds in PPB, 

Thermodynamic solubility in 
FeSSIF, FaSSIF, FaSSGF, SIF or 
SGF 

$100 /incubation ($400 total)  

Stability in Liver Microsomes 4 
non-zero tps  

$200 / species Human, hamster, and monkey 

Stability in hepatocytes (1 non- $220 / species Human, hamster, and monkey 
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zero tps) thermodynamic solubility in 
FeSSIF, FaSSIF, FaSSGF, SIF 

Plasma stability (4 non-zero 
tps) 

$250 /species Human, hamster, and monkey 

Caco-2 Bidirectional $450   

Plasma protein binding $280   

CYP inhibition (2C9, 2C19, 2D6, 
3A4) 6 non-zero concs $1,120   

Tox-Genotoxicity panel   

Plan to test up to 10 
compounds in Tox-Genotoxicity 
panel in Y1-2 

hERG assay by manual patch-
clamp (IC50, n = 2) $450  

Nephrotoxicity (HK2 cells, IC50) $300  

Cytotoxicity with primarily 
cultured neuronal model (IC50) $600  

Cytotoxicity testing on primary 
human hepatocytes 

$1,200  

Mini-Ames 5 strains $1,350  

In vivo PK    

Screening PK in hamsters 
Plasma PK (IV and PO 
administration), n = 3, 8-9 time 
points 

$3,000  

Plan to test up to 9 compounds Bio analysis of samples 
(LC/MS/MS/ method 
development) 

$1,000  

Metabolite identification in 
biosamples 

$1,000/sample (blood, brain) 
$2,000 total  

Monkey standard PK Plasma PK 
(IV and PO administration), n = 
3, 8-9 time points 

$9,700  

Plan to test up to 3 compounds 
in Y2-3 

Bio analysis of samples 
(LC/MS/MS/ method 
development) 

$1,000  

Metabolite identification in 
biosamples (monkey) 

$1,000/sample (blood)  

*Pharmaron in vitro ADME-Tox and in vivo PK Pricing (2022) 
 

Detailed Budget Information 

In this section, please complete the sub-sections that apply to your project and associated budget, and answer “N/A” for those that do not apply. 

Personnel and Benefits 

 Provide a description of budgeted personnel (including staff to-be-hired) and their responsibilities as they relate to the project. For to-be-hired 
individuals, please make sure your budgeting assumptions factor in realistic timing for recruiting. 

Describe the components included in the benefits percentage (column R of the “Budget Details” sheet in the budget template). For example: 
pension, health insurance, expatriate costs, etc. 

Dr. Lijun Rong, PI (0.13, 0.1, and 0.08 FTE), is a Professor and Director of High Throughput Screening (HTS) facility at the Department of 
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Microbiology and Immunology at the University of Illinois at Chicago (UIC).  Dr. Rong has extensive research experience in studying the 
entry and replication mechanisms of several emerging viruses including SARS2, Ebola virus, influenza and henipaviruses, and in developing 
small molecule inhibitors against these viruses. As the PI, he will supervise and coordinate all aspects of the proposed experiments in this 
proposal He will be also responsible for communicating with the Co-Is and collaborators. 
Dr. Irina N. Gaisina, Co-Investigator (2.88 Acad, 0.6 Sum. Y1; 2.16 Acad 0.6 Sum. Y2; 1.44 Acad, 0.6 Sum Y3), is a Research Associate 
Professor in the Department of Pharmaceutical Sciences, College of Pharmacy, UIC. She has extensive experience in hit-to-lead and lead 
optimization medicinal chemistry and preclinical drug development. Dr. Gaisina will assume overall responsibility for the medicinal 
chemistry work carried out at UIC, including coordinating the work of project personnel and writing reports associated with the project. Dr. 
Gaisina will directly supervise Dr. Argade, and TBN technician. She will work on structure-activity relationship development, including 
computational aspects, and lead optimization. As a key team member in the medicinal chemistry core at UIC’s collaborative drug discovery 
center, UICentre, Dr. Gaisina has been leading multiple antiviral drug discovery projects. She has a well-established collaboration with Dr. 
Rong.  
Dr. Malaika Argade, Research Scientist (8.25 Cal. Y1; 6.6 Cal. Y2; 3.3 Cal. Y3), a medicinal chemist at UICentre, will perform the proposed 
synthetic medicinal chemistry and optimize scaleup synthesis of lead compounds for the PK assessments and the proposed in vivo studies. 
Salary support plus applicable fringe benefits for effort are requested. 
TBN, Technician (12 Cal. Y1-Y2; 9 Cal. Y3), with background in organic synthesis and/or medicinal chemistry will be recruited to join the 
research team. The technician will synthesize focused libraries of small molecule inhibitors of henipaviruses and characterize them using 
NMR spectroscopy and mass-spectrometry. 
Ryan Bott, B.S. Research Specialist (0.63, 0.5, and 0.38), has started to work in Dr. Rong Lab as a research specialist since May 2021. Before 
that he worked in Rong Lab as an undergraduate lab aide for three years. He has been trained for basic lab techniques and will assist the 
proposed experiments in this proposal.  
Dr. Laura Cooper, Postdoctoral Fellow (1.25, 1, and 0.75), was a PhD student in Dr, Rong lab and her PhD research focused on antiviral drug 
discovery and MOA studies of small molecule inhibitors. She has published more than 15 peer-reviewed papers since she joined Dr. Rong 
Lab. Her responsibilities include bioassay development and MOA studies in this application. 
 
Salary support plus applicable fringe benefits for effort are requested. UIC’s FY23 projected fringe rate is 37.17% for academic 
professionals. 
 
Fringe benefits include pension, health, life and dental insurance, workers comp, term. vacation/sick, medicare (for those hired after 
4/1/1986), OASDI (for certain appointment types). 

Travel 

 Describe the travel budgeted and the assumptions used to estimate the appropriate number of trips and associated costs. 

$3,000 /year funding is requested for the PI and Co-I to attend antiviral research meetings, such as the International Society for Antiviral 
Research (ISAR) conferences and present the project. This travel budget covers airfare, lodging, and per diem associated costs. 

Consultants 

 Describe the work to be performed by consultants and any reimbursable expenses that have been budgeted in addition to consulting fees. 

Dr. Norton P. Peet, Consultant, is Chief Scientific Officer for Chicago BioSolutions. Dr. Peet is a medicinal chemist who has over 30 years of 
experience with both multinational pharmaceutical and biotechnology companies. Dr. Peet has previous experience with the preclinical 
development of therapeutic agents and their advancement to a clinical setting. He will oversee the proposed ADME/Tox and PK studies (his 
consulting fee is $300/h). 

Capital Equipment 

 Describe any budgeted capital equipment items and explain why they are needed for the project. Only items with a unit cost of more than 
$5,000 (USD) and a "useful life" of more than one year should be included here, whereas items with a lower cost or shorter life should be 
budgeted under Other Direct Costs (see below). 

none 

Other Direct Costs 

 Describe other items required for the project that fall under direct costs and are not part of any cost category above. For additional 
information on direct and indirect costs, please see the foundation's Indirect Cost policy. 

Chemistry Lab:  
1) Chemical and solvents including, but not limited to specialty chemicals, inorganic salts, ACS grade solvents for synthesis ($28,697 Y1; 
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$23,000 Y2; $19,000 Y3). 
2) Chromatography supplies  including, but not limited to tubes for fractionation, replacement HPLC columns, lamps for 
spectrophotometers, preloaded silica gel cartridges, LC-MS grade solvents for LC-MS and HPLC ($3,000/year). 
3) Glassware and disposable plasticware supplies including, but not limited to flasks, vials, pipette tips, containers for sample storage 
($3,000/year). 
4) $17,000 per year is requested to cover instrumentation charges include routine NMR analysis and characterization of intermediates and 
products ($10/hr); charges for IT-TOF-MS at $52/hr; UIC Research Resources Center (RRC) services including mass spectrometry, high field 
NMR, surface plasmon resonance (SPR) to assess binding of small molecules to target protein, and bioinformatics. 
Biology Lab: 
1) HTS reagents and supplies 
2) Tissue culture supplies 
3) Reagents for DNA and protein work 
4) Tissue culture supplies to characterize the lead inhibitors, and to study MOA of these inhibitors.  
5) Assay kits and reagents (such as luciferase substrate, LiveBLAzer-FRET B/substrate). 
6) Glassware, plasticware and other miscellaneous items. 
Publication in Open Access Journals: 
Funding is requested to cover the publication costs ($5,000/Year) 
 

Subawards  

Subawards are contracts or grants that you, as the prospective primary grantee, negotiate with other organizations who contribute to the 
completion of this project. A subaward is “under” the main grant award; as the primary grantee you will receive funds from the foundation and 
manage the disbursements to the subawardee. You are responsible for negotiating the subaward budget, overseeing the work of the subawardee, 
disbursing funds in accordance with the subaward agreement and ensuring all applicable policies are met. For additional information, see 
Exercising Expenditure Responsibility Over Subgrants. 

If your project will include subawards, please include the following information: 

 If you are an Indian organization/entity subject to India’s Foreign Contribution Regulation Act (FCRA), then in compliance with FCRA, do you 
confirm that your proposed project will not include any subgrantees? This prohibition does not preclude subcontracts in the ordinary course of 
business. 

_X__Not applicable     ___Confirmed     ___Not confirmed (please explain)  

  
. 

 In the Excel budget spreadsheet, please enter each subaward as a separate line item with the expected disbursement for each period broken 
out. 

If your proposal includes any subawards greater than $1 million USD, please provide a separate budget spreadsheet for each subaward as an 
appendix to the proposal materials, using the foundations Excel budget template. Please reach out to your foundation contact if you need a 
blank budget template or have questions or concerns about using this format with any of your subawardees.   

 In addition to the information included in the Excel budget template, please also list all subgrantees or subcontractors involved in this project 
in the table below. Add more rows as needed.  

Type of Subaward 
(grant or contract) 

Organization Name 
Organization Location 
(Country) 

Website or Email  
(please include email if subcontracting to an individual) 

Contract The University of Texas Medical Branch at 
Galveston 

U.S.A.  

Contract The University of Washington Seattle U.S.A.  

    

 
 In the space below, provide the following additional information for each organization chosen to participate on this project as a subawardee: 

Describe the work the subawardee is going to perform, what selection process was used, how the sub-budgets were negotiated, and what the 
key cost drivers are.  If organizations are not yet known or "to-be-determined" (TBD), include the assumptions used to estimate the cost for 
the subaward, and the process and timeline you will use to select these organizations and negotiate budgets. Once subaward organizations 
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are selected, you will be required to submit the subaward information and budget (as necessary) to the foundation in writing. 

The University of Texas Medical Branch at Galveston: Evaluation of antiviral activity of advanced candidates against authentic NiV and 
HeV in vitro and in vivo testing of lead compounds in NiV/HeV infected Golden Syrian hamster and AGM models. 
Dr. Thomas W. Geisbert (Co-I), Professor, Department of Microbiology & Immunology at UTMB-Galveston and of the Galveston National 
Laboratory (GNL), will serve as the UTMB principal investigator for a subcontract for this project. He has expertise in nearly all technical 
aspects of this project. Dr. Geisbert has over 30 years’ BSL-4 experience at USAMRIID and at the GNL. For these many years, his research 
interests have focused on the study of hemorrhagic fever viruses, and he has published extensively in this area. His group demonstrated 
complete protection of nonhuman primates against Ebola, Marburg, and Lassa viruses using a novel vaccine based on recombinant 
vesicular stomatitis virus. He will devote 0.6 calendar months in Periods 1-3 to project planning and performance and hands-on 
participation in these experiments. Dr. Geisbert’s institutional base salary exceeds the current salary limitation for Executive Level II of the 
Federal Executive pay scale; therefore, the salary cap was used. Fringe rates are calculated using his actual institutional salary. 
BSL-4 Research Scientist: Robert Cross, PhD, Assistant Professor, Department of Microbiology & Immunology at UTMB-Galveston and of 
the GNL will devote 0.8 calendar months per year in Periods 1-2 and 0.9 calendar months in Period 3 of the project assisting Dr. Geisbert 
with the conduct of this research. He will participate in the BSL-4 portions of the work including hands on procedures with the mice 
including necropsies. He will also assist in performing various assays including virology assays. Dr. Cross has seven years’ BSL-4 experience. 
BSL-4 Technical Director: Joan B. Geisbert has more than 35 years’ hands-on BSL-4 laboratory experience and serves as the Associate 
Director for In Vivo Training at the GNL. Ms. Geisbert will serve as chief technical manager for all of the mouse challenge studies including 
laboratory set-up, supervision of the BSL-4 research technicians and graduate student, and hands-on participation in these experiments. 
She will devote 0.75 calendar months each year in all periods of the project. Ms. Geisbert will also perform animal challenges, treatments, 
clinical observations, and assist with necropsies. Ms. Geisbert will also oversee the select agent inventory and controlled substances 
inventory for this project. 
BSL-4 Veterinary Pathologist: Karla Fenton, DVM, PhD, Senior Scientist, Department of Microbiology & Immunology at UTMB-Galveston 
and of the GNL will devote 0.8 calendar months each year in Periods 1-2 and 0.9 calendar months in Period 3 assisting Dr. Geisbert with the 
conduct of this research. Dr. Fenton is an ACVP board-certified veterinary pathologist and has been trained in BSL-4/ABSL-4 in the Geisbert 
laboratory. She will perform and oversee necropsies on the animals and will assist in animal challenges, treatments, clinical observations, 
and sample collection, and will perform gross and histological analysis of selected tissues and will prepare pathology reports. Dr. Fenton 
has six years’ BSL4 experience. 
BSL-4 Research Scientist: Abhishek Prasad, PhD, Department of Microbiology & Immunology at UTMB- Galveston and of the GNL, will 
devote 0.96 calendar months in Period 1-2 and 1.2 calendar months in Period 3 of the project assisting Dr. Geisbert with the conduct of this 
research. He will participate in the BSL-4 portions of the work, including hands on procedures with the mice and performing various assays 
including virology assays. Dr. Prasad has four years’ BSL-4 experience. 
BSL-4 Postdoctoral Fellow: Dylan Johnson, postdoctoral fellow in the Department of Microbiology & Immunology at UTMB- Galveston and 
of the GNL will devote 0.96 calendar months in all Periods of the project assisting Dr. Geisbert with the conduct of this research. He will 
participate in the BSL-4 portions of the work, including reverse genetics, hands-on procedures with the mice, and performing various 
assays including virology assays.  
BSL-4 Postdoctoral Fellow: Alyssa Fears, postdoctoral fellow in the Department of Microbiology & Immunology at UTMB- Galveston and of 
the GNL will devote 0.96 calendar months in all Periods of the project assisting Dr. Geisbert with the conduct of this research. She will 
participate in the BSL-4 portions of the work, including reverse genetics, hands-on procedures with the mice, and performing various 
assays including virology assays.  
BSL-4 Research Scientist: Courtney Woolsey, PhD, was a graduate student and postdoctoral fellow in Dr. Geisbert’s laboratory and has 
since formerly assumed a role as a research scientist in the Department of Microbiology & Immunology at UTMB. Dr. Woolsey will devote 
0.96 calendar months in Periods 1-2 and 1.2 calendar months in Period 3 assisting Dr. Geisbert with the conduct of this research. She will 
participate in the BSL-4 portions of the work, including performing various procedures including hematology, clinical chemistry, and 
virology assays. 
BSL-4 Research Technician: Krystle Agans, BS, will devote 1.2 calendar months in Periods 1-2 and 1.5 calendar month in Period 3 of the 
project performing BSL-4 in vitro and animal studies. Ms. Agans will participate in the BSL-4 portions of the work including virology assays 
as well as the BSL-2 RT-PCR assays. She has over seven years’ BSL-4 experience. 
BSL-4 Research Technician: Daniel Deer, BS, will devote 1.2 calendar months in Periods 1-2 and 1.5 calendar month in Period 3 of the 
project performing BSL-4 in vitro and animal studies. Mr. Deer will participate in the BSL- 4 portions of the work including virology assays as 
well as clinical observations. He has over six years’ BSL-4 experience. 
BSL-4 Research Technician: Viktoriya Borisevich, MD, PhD will devote 1.2 calendar months in Periods 1-2 and 1.5 calendar month in Period 
3 of the project performing BSL-4 in vitro and animal studies. Dr. Borisevich will participate in the BSL-4 portions of the work including 
sequencing and virology assays, as well as the BSL-2 RT-PCR assays. Dr. Borisevich has over eight years’ BSL-4 experience. 
Research Technician: Brittany Franshaw will assist Dr. Borisevich in performing BSL-2 RT-PCR assays and will devote 1.2 calendar months 
each year in all Periods of the project. She is currently being trained in BSL-4 and will assist with various procedures including virology 
assays. 
Research Technician: Rachel O’Toole will assist Dr. Borisevich in performing BSL-2 RT-PCR assays and will devote 1.2 calendar months each 
year in all Periods of the project. She is currently being trained in BSL-4 and will assist with various procedures including virology assays. 
Histopathology Technician: Natalie Dobias, HT(ASCP), is a histologist with 11 years’ experience (5 of those working with NHP tissue) who 
will be tasked with processing, embedding, sectioning, and staining mouse tissues as needed for the project. She will devote 0.8 calendar 



  Investment Document - Grant 

Version 3.2 (updated 9/15/2021)   25

months in Periods 1-2 and 0.96 calendar months in Period 3 of the project assisting Dr. Fenton with the histology studies.  
Program Administrator: Sherry Haller, PhD, Associate Director, Center for Biodefense and Emerging Infectious Diseases, will oversee all 
administrative aspects of the project and will work with Dr. Geisbert to see that deliverables are being met. She will devote 0.2 calendar 
months per year in all Periods of the project.  
 
The table below reflects staff effort to be devoted to this project. 
Fringe Benefits: The UTMB-Galveston fringe benefit rate for FY22 is calculated by salary  
range as follows: 

 
OTHER DIRECT COSTS 
Materials and Supplies. 
 
General lab supplies- Funds are requested for laboratory supplies to perform in vitro assays including costs for PPE (gloves, masks, etc.), cell 
culture material, plasticware, flasks, pipette tips and disinfectant as well as for in vivo work including costs to perform hematology, clinical 
chemistry, virology, animal procedures, and necropsies, based on historical usage of these items. We request $64,401 in Period 1, $29,321 
in Period 2 and $32,562 in Period 3 for a total of $126,285. 
 
Hamster purchase, shipping and per diems- Funds are requested for the purchase of 100 hamsters in Period 1 and 200 hamsters in Period 
2. A total of $18,500 is requested in Period 1 and $37,000 in Period 2 to include the cost of purchasing the hamsters, shipping them to 
UTMB, and housing them in the UTMB Animal Resource Center for the duration of the studies. 
 
NHP purchase, shipping and per diems- Funds are requested for the purchase of 12 African green monkeys in Period 3. African green 
monkeys currently cost $8,870 per animal plus shipping. A total of $152,000 is requested in Period 3 to include the cost of purchasing, 
testing and shipping the NHPs to UTMB. Also included are costs to cover per diem charges. 
 
 
INDIRECT COSTS 
According to the Pandemic Antiviral Discovery guidelines, the indirect costs for this work have been set at 10% of modified total direct 
costs for the project period. 
 
The University of Washington Seattle: Structure determination of recombinant proteins with bound inhibitors by CryoEM. 
Dr. David Veesler (Co-I), an Associate Professor of Biochemistry at UW and HHMI investigator (no salary requested), is a world leader in 
structural studies of viral glycoproteins and will carry out cryoEM and X-ray crystallographic studies of the most potent inhibitors in 
complex with the NiV or HeV polymerase. 
Dr. Daniel Asarnow, Postdoctoral Fellow, (effort 69% FTE). Dr. Asarnow is an expert in biophysics and has a strong background in structural 
biology. Dr. Asarnow determined cryoEM and X-ray crystallographic structures of neutralizing coronavirus antibodies targeting the spike 
and will participate in structural determination efforts. Dr. Asarnow will be playing a major role in experimental design, data analysis and 
interpretation, writing manuscripts and will report directly to Dr. Veesler. 
William Sharkey, Research Technician, (effort 75% FTE). Mr. Sharkey has extensive experience in recombinant glycoprotein production in 
mammalian cells, purification and biophysical characterization. His work will support cryoEM structural studies under the supervision of Dr. 
Veesler to whom he will directly report. 
Zaneta Holman, Lab manager, (effort 7% FTE). Ms. Holman is in charge of ordering and stocking lab supplies and of interactions with 
vendors under the supervision of Dr. Veesler to whom she will directly report. 
 
Mammalian cell culture, protein production and purification: Funds are requested  to support the purchase of protein production materials 
and supplies including media, chromatography columns, gels, stains, ladders, purification reagents, concentrators, and buffer reagents. It 
will also include transfection reagents, cell culture media and plasticware for suspension cells to support structural biology efforts.  
 
Microscope time. This will cover access to our Thermo-Fisher Titan Krios, Glacios and Tecnai T12 Spirit electron microscopes for screening 
and high-resolution data collection. 



  Investment Document - Grant 

Version 3.2 (updated 9/15/2021)   26

 
INDIRECT COSTS 
According to the Pandemic Antiviral Discovery guidelines, the indirect costs for this work have been set at 10% of modified total direct 
costs for the project period. 

Indirect Cost Rate 

 Briefly explain the indirect cost rate being charged on this project and the rationale and assumptions behind it. 

10% maximum amount per sponsor policy.  

Currency Exchange  

 What is the operating currency you will be using to manage project financials? If different from USD, please explain your organization’s foreign 
exchange policy, including how and when U.S. Dollars are converted to local currency. (If no formal policy exists, explain the approach you 
plan to follow on this project.) 

USD 

 If the project is exposed to additional currencies, other than your operating currency and USD, please name these currencies and provide a 
rough estimate on how much will be spent in these currencies.  

 

 Are there any measures you plan to take for reducing currency risk? 

 

Other Sources of Support  

 Beyond the requested funding from this grant, will the total cost of this project require contributions of funding from other sources (either 
from your organization or others)? 

_X__No (skip questions below)   ___Yes (please explain) 

Please fill out the Total Project Cost and Funding Plan sections in the Excel Budget template and provide further context and explanations 
here, such as timing, uncertainties/dependencies and important restrictions that apply. If applicable, please also describe any expected in-kind 
contributions (e.g., drug donations, personnel time), and explain how dollar values were estimated. 

 

 If any of the funding (other than this grant) is not yet secured, please describe what you will do if it does not become available. 

 

Geography Served 

 List all countries, sub-regions, and/or states that will benefit from this work and the associated dollar amounts for the full term of the grant. 
Please avoid listing "World," unless the work truly serves beneficiaries globally. If geographies include the United States, please indicate city 
and state. The total of "Foundation Funding" amounts should match the requested grant funding. Add more rows as needed.   

For additional information, see the Geography and Location of Work – Frequently Asked Questions. 

Geography Served Foundation Funding Amount (USD) 

World $2,954,167 

 $ 

 $ 
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Location of Work 

 List all countries, sub-regions, and/or states where this work would be performed, and associated dollar amounts for the full term of the grant.  
This includes your location and any locations where you plan to make payments to individuals or organizations with grant funds. If locations 
include the United States, please indicate city and state. The total of "Foundation Funding" amounts should match the requested grant 
funding. Add more rows as needed.  

For additional information, see the Geography and Location of Work – Frequently Asked Questions. 

Location of Work Foundation Funding Amount (USD) 

United States of America, Illinois, Chicago $1,655,106 

United States of America, Michigan, Holland $36,000 

United States of America, Texas, Galveston $780,000 

United States of America, Washington, Seattle $483,061 

 Many countries, including India, Vietnam, Bangladesh, and Pakistan require organizations conducting activities funded with foreign funds to 
comply with local registrations or other requirements. These restrictions may apply to funds you disburse to sub-awardees under this project. 
Please confirm that your organization will ensure compliance with any such requirements, including taking reasonable steps to ensure that 
any subgrantees subject to India's Foreign Contribution Regulation Act (FCRA) are in compliance with this law and the regulations thereunder 
(e.g., depositing subgrant funds only into accounts maintained at the State Bank of India, New Delhi Main Branch and ensuring such 
subgrantees do not further subgrant funds).   

_X__Not applicable     ___Confirmed     ___Not confirmed (please explain) 

 

Anti-Terrorism and Use of Funds 

 Did you list any locations of work as "to be determined" (TBD) or geographic areas instead of specific countries (e.g., Sub-Saharan Africa or 
Middle East)?  

_X __No     ___Yes 

 Did you list any locations of work that are subject to U.S. government sanctions as identified below? 

Comprehensive Sanctioned Countries  List-based Sanctioned Countries  

___Cuba 

___Ukraine’s Crimea Region or so-called Luhansk or Donetsk People’s Republics 

___Iran 

___North Korea 

___Syria  

___Countries subject to list-based sanctions* 

*Note: Countries subject to list-based sanctions can be found on the U.S. Department of Treasury 
website 

 If you selected ‘yes’ to TBD locations or locations that are not country-specific, and/or selected locations that are subject to U.S. government 
sanctions or believe that project work could reasonably occur in a location that is subject to U.S. government sanctions, please review the 
guidance in the Office of Foreign Assets Control (OFAC) Guidelines and confirm that: (a) you have discussed the location of work with your 
foundation contact, and (b) your organization will ensure compliance throughout the term of the project with the anti-terrorism clause in our 
grant agreement. 

___Confirmed     ___Not confirmed (please explain) 
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ROLES AND RESPONSIBILITIES 

Conduct and Control  

In answering the questions in this section, please consider all project activities, such as those involving: confidential or protected information 
(including personally identifiable information or protected health information); the inclusion of children or vulnerable populations; research 
involving human subjects; clinical trials; post-approval studies; field trials; experimental medicine; provision of medical services (diagnostic, 
prophylactic or treatment); product development; use of genetically modified organisms, human tissue, animals, radioactive isotopes, 
pathogenic organisms, recombinant nucleic acids, select agents or toxins, dual-use technology, or any substance, organism, or material that is toxic 
or hazardous; use of aircraft, unmanned vehicle systems, drones or satellites; and the import, export, transfer, approvals, consents, records, data, 
specimens, images, and materials related to any of the foregoing.     

Please confirm that your organization: 

 Will maintain the expertise necessary to conduct, control, manage, and monitor all aspects of the project in compliance with all 
applicable ethical, legal, regulatory, and safety requirements including applicable international, national, state, local, and institutional, 
school district or school network standards and policies and is responsible for determining and complying with these requirements and 
standards; 

 Will not disclose any confidential or protected information to the foundation without obtaining prior written approval from the 
foundation and all necessary consents to disclose such information; 

 Acknowledges that any activities by the foundation in reviewing documents, providing input or funding does not modify your 
organization’s responsibility for determining and complying with all applicable ethical, legal, regulatory, and safety requirements for the 
project in all places; 

 Is a government agency, public institution or multilateral organization or will otherwise maintain insurance coverage sufficient to cover 
the activities, risks, and potential omissions of the project in accordance with generally-accepted standards and as required by law (for 
instance, general, professional, clinical trial, product liability, medical malpractice, workers' compensation, or otherwise); and 

 Will not transfer any biological materials, chemicals, reagents, hazardous materials, or the like to the foundation. 
 
_X__Confirmed     ___Not confirmed (please explain) 

 

 Does the project involve any of the following: clinical trial, other trial involving human subjects, post-approval study, experimental medicine, 
field trial of genetically modified organisms, or the provision of medical/health services?   

_X__No     ___Yes (please explain) 

If yes, please list all approvals and consents required for each site and describe the time frame in which your organization will acquire the 
necessary approvals and consents. 

 

 If yes, please identify the name of the entity that will be the sponsor/responsible party of any clinical trials, studies involving human subjects, 
experimental medicine studies, post-approval studies, products, or regulatory filings contemplated by the project. 

Note: The foundation will not serve as the sponsor/responsible party nor accept delegation of any of these responsibilities. If the project will 
not involve such activities, please indicate not applicable or N/A below. 

 

Advocacy and Lobbying 

 While the foundation funds a broad range of advocacy activities, U.S. law prohibits foundation funds from being earmarked to support direct 
or grassroots lobbying communications.  You should answer “Yes” to this question if this project will include engaging with the public or 
government partners to influence government policy decisions or actions.  Does your project include advocacy activities? 

_X__No     ___Yes (please explain) 

If “yes,” please describe how the project will be conducted to ensure foundation funds are not earmarked to support grassroots or direct 
lobbying, as summarized in the foundation’s Advocacy Guidelines, identifying any potential legislative actions related to your advocacy goals. 
Your response should demonstrate your understanding of the relevant restrictions and exceptions and explain how you will manage 
compliance during the term of the project. If relevant, also explain how you will comply with other pertinent lobbying rules or requirements 
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(e.g., local, state, or federal disclosure rules).  
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SECTION B – PROGRESS NARRATIVE(S) 
This section is for progress reporting on funded grants. For each required progress report, complete a version of this progress narrative section 
and submit the Investment Document to your foundation contact by the date indicated in your grant agreement or latest amendment.  If you have 
any questions or need support, please reach out to your foundation contact. Please find contact information in Section A – Investment Details. The 
progress narrative is your opportunity to update the foundation on the following:  

 Progress made toward achieving your project's stated outputs and outcomes 
 Any adjustments to the project 
 Financial update for the reporting period 
 Feedback for the foundation 

Reminder: This document must be submitted in English and as a Word file. PDFs and other file types will not be accepted.  

IMPORTANT: For each subsequent progress report, do not overwrite existing progress narratives. Instead, copy the following questions and paste 
to the end of this section before Section C – Final Narrative. 

PROGRESS REPORTING PERIOD 1 

Progress Report 
Number 

Reporting Period Start Date Reporting Period End Date Progress Report Due Date Scheduled Payment Amount 
(if applicable) 

 [DD Month YYYY] [DD Month YYYY] [DD Month YYYY] $ 

Progress Details 

 What progress have you made toward achieving the project's desired outcomes? Describe what you did in this reporting period and what 
work is planned or anticipated for the next period.  

 

Outputs/Funded Developments and Background Technology Update 

 Update the table below to reflect completed and/or adjusted outputs, and new outputs/Funded Developments not previously reported. See 
your original results table in Section A of your proposal for reference. Add more rows as needed.  

Number Output/Funded Development 
Description 

Newly Added 
Output/Funded 
Development? 

Status  
(e.g., 
planned, in 
progress, 
complete, 
canceled) 

Target  
Completion 
Date* 

Actual  
Completion Date 

Third-Party 
agreement 
required? If 
yes, by 
when? 

Will any IP 
rights be 
filed/ 
generated? 

1  No/Yes  [DD Month YYYY] [DD Month YYYY] No/Yes No/Yes 

2  No/Yes    No/Yes No/Yes 

3  No/Yes    No/Yes No/Yes 

4  No/Yes    No/Yes No/Yes 

*Note: For items that are complete or canceled, this should be the date that was stated in the most recent progress report or in the proposal if this is the first report. For items 
that are not yet complete, either restate the most recent target date or propose a revised target date (e.g., 30 Nov 2023 31 Jan 2024). 

 If necessary, please add further explanation below. 

 

 Are there any additional Background Technologies to report which were not described in any documents previously submitted to the 
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foundation?   

___No     ___Yes (please explain) 

 

Project Adjustments 

 What adjustments to the project (scope, timeline, resources) have you made over the past period or are you proposing to make? 

 

Global Access Update 

 Are there any updates to your responses to the Global Access questions in Section A?   

___No     ___Yes (please explain) 

 

Roles and Responsibilities Update 

 Do you represent that the project activities were conducted in compliance with all applicable ethical, legal, regulatory and safety 
requirements?  

___Yes     ___No (please explain) 

 

 Are all the project activities described in the documents previously submitted to the foundation?  

___Yes     ___No (please explain and describe any new project activities) 

 

Financial Update 

The purpose of this section is to help the foundation understand expenditures in relation to the work performed under this grant during the most 
recent reporting period and the upcoming one(s). Please provide actual expenditures for past periods and projected expenditures for future 
periods by updating the Excel budget template and use this narrative document to share additional explanations. Together, this narrative section 
and Excel budget should provide a complete quantitative and qualitative description of the current financial state of the project.  

For additional instructions, see the Grant Budgeting & Financial Reporting Detailed Instructions. 

Latest Period Variance 

“Latest period variance” compares expenditures that occurred in the most recent reporting period against the projections that were provided at 
the beginning of the same period.  See the “Financial Summary & Reporting” sheet in the Excel budget template for the calculated variance (for 
example, column AD, starting on row 29 for period 1). The budget template also includes an “Analytics” sheet for convenient calculation of 
variances.  

 Did the project spend more or less than anticipated? At a high level, what are the reasons for spending more or less than projected (such as, 
programmatic changes, delays in recruitment, etc.)?  

 

 Please provide a detailed explanation for any expense category in which the variance was greater than 10%. This should include an 
explanation of relevant project decisions or changes to actual costs compared to prior assumptions. 

 

Future Period Projections 

In the Excel budget template, please provide estimated expenditures ("projections") for all future periods of the grant (for example, in the 
“Financial Summary & Reporting” sheet, after period 1, populate the yellow cells in column T and following). It is important that your projections 
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are realistic and consider the latest plan of activities with updated costs. For example, projections should not just carry forward previously unspent 
budget amounts into the next period without reassessing expected spending for each future period. In total, the projections should not exceed the 
total approved grant amount. The budget template’s “Analytics” sheet may be helpful for comparing current to previous projections.  

Note: Over the course of a grant’s life, the foundation may adjust the timing and amounts disbursed to the grantee. This is done to avoid oversized 
cash balances on grantee bank accounts when spending is slower than originally budgeted. Realistic and up-to-date projections are a crucial input 
for right-sizing disbursements.  

 How have your projections for the remaining periods changed compared to your previous projections (from your most recent progress report, 
or original proposal if this is the first report) and why? Please discuss any project adjustments and shifts in scope, assumptions, timing, 
decisions etc. which will affect spending. If you had previous discussions with the foundation on changes, please mention.  

 

Subawards (if applicable)  

  If you are an Indian organization/entity subject to India’s Foreign Contribution Regulation Act (FCRA), then in compliance with FCRA, do you 
confirm that your project does not include any subgrantees? This prohibition does not preclude subcontracts in the ordinary course of business.  

___Not applicable     ___Confirmed     ___Not confirmed (please explain)  

  
. 

 In the table below, please provide information for all subgrantees or subcontractors receiving grant funds. The total of the column titled 
Amount disbursed to subawardee in most recent reporting period should equal the actual subaward expenses reported for this period in the 
Excel budget template's “Financial Summary & Reporting” sheet. Add more rows as needed.  

Type of Subaward 
(grant or contract) 

Organization Name 

New and/or 
newly 
identified 
subawardee? 

Amount 
disbursed to 
subawardee in 
most recent 
reporting period 
(USD) 

Total amount 
disbursed to 
subawardee to 
date* (USD) 

Total amount 
spent by the 
subawardee to 
date* (USD) 

Total subaward 
amount (USD) 

  No/Yes $ $ $ $ 

  No/Yes $ $ $ $ 

  No/Yes $ $ $ $ 

Total $ $ $ $ 

*As of the end of the most recent reporting period and since the grant start date. 
 

 If not already addressed in your answers above, please provide additional explanations on subaward spending below. In particular, for 
subawards that are large or where actual and projected spending are significantly different from prior projections, please explain. Note: The 
foundation may request updated budget files for large subawards. 

 

Other Sources of Support and External Factors (if applicable) 

 Please provide an update on other sources of support and external factors that affect the financial situation of this project. This may include 
information on co-funding (updates to the sources listed in the Funding Plan, recent commitments secured, funding gaps and contingency 
plans). Please also comment on interest earned/spent, and currency exchange impacts (as applicable). 

 

Geography Served  

 List all countries, sub-regions, and/or states that benefit from this work and the associated dollar amounts for the full term of the grant.  The 
total of "Foundation Funding" amounts should match the approved and/or most recently amended grant total. If any of the amounts have 
changed since your last report (or original proposal if no prior report), please mark with an ‘X’ in the third column below. As a reminder, please 
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avoid listing "World," unless the work truly serves beneficiaries globally. If geographies include the United States, indicate city and state. Add 
more rows as needed.   

For additional information, see the Geography and Location of Work – Frequently Asked Questions. 

Geography Served Foundation Funding Amount (USD) 

Has the amount changed 
since the proposal or last 
report? 
(if yes, mark with an ‘X’) 

 $  

 $  

 $  

Location of Work Updates (if applicable) 

 List all locations (countries, sub-regions, and/or states) where this work is being performed and the associated dollar amounts for the full term 
of the grant. The total of "Foundation Funding" amounts should match the approved and/or most recently amended grant total. If any of the 
amounts have changed since your last report (or original proposal if no prior report), please mark with an ‘X’ in the third column below.  As a 
reminder, if locations include the United States, please indicate city and state. Add more rows as needed.  

For additional information, see the Geography and Location of Work – Frequently Asked Questions. 

Location of Work Foundation Funding Amount (USD) 

Has the amount changed 
since the proposal or last 
report? 
(if yes, mark with an ‘X’) 

 $  

 $  

 $  

 If you listed any TBD locations or locations that are not country-specific, and/or locations that are subject to U.S. government sanctions or 
believe that project work could reasonably occur in a location that is subject to U.S. government sanctions, please review the guidance in the 
Office of Foreign Assets Control (OFAC) Guidelines and confirm that: (a) you have discussed the location of work with your foundation contact, 
and (b) your organization will ensure compliance throughout the term of the project with the anti-terrorism clause in our grant agreement. 

___Confirmed     ___Not confirmed (please explain) 

 

Feedback for the Foundation 

 What are 1–3 ways that the foundation successfully enabled or supported your work during this project? What are 1–3 ways that the 
foundation can improve?  

 

Grantee Confirmation 

By submitting this report, I declare that I am authorized to certify, on behalf of the grantee identified under Section A – Investment Details, that I 
have examined the responses provided and related attachments, and that to the best of my knowledge, they are true, correct, and complete. 
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I also confirm that the grantee identified under Section A – Investment Details has complied with all of the terms and conditions of the grant 
agreement, including but not limited to the clauses regarding Use of Funds, Anti-Terrorism, Subgrants and Subcontracts, and Regulated Activities. 

Your Name Report Submitted Date 

 [DD Month YYYY] 
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SECTION C – FINAL NARRATIVE 
For completed grants only. At the end of your grant, complete this final narrative section and submit to your foundation contact by the date 
indicated in your grant agreement or latest amendment. If you have any questions or need support, please reach out to your foundation contact. 
Please find contact information under Section A – Investment Details.  

This is your final update to the foundation, please include: 

 The results you achieved for the entire project 
 Your perspective on what you learned 
 Final financial update  
 Feedback you have on the foundation’s support of your work  

Grant Start Date Grant End Date Final Report Due Date 
Remaining / 
Unexpended Grant 
Funds (if applicable) 

Remaining / 
Unexpended Interest (if 
applicable) 

Remaining / 
Unexpended Currency 
Gains (if applicable) 

[DD Month YYYY] [DD Month YYYY] [DD Month YYYY] $ $ $ 

Final Results 

 Provide information about what you achieved during the grant and your progress towards achieving the project's desired outcomes and 
outputs.  

 

Outputs/Funded Developments and Background Technology 

 Please update the results table below to reflect completed and/or adjusted outputs, and new outputs/Funded Developments not previously 
reported. Add more rows as needed. 

Number Output/Funded Development 
Description 

Newly Added 
Output/Funded 
Development? 

Status  
(e.g., 
planned, in 
progress, 
complete, 
canceled) 

Target  
Completion 
Date* 

Actual  
Completion Date 

Third-Party 
agreement 
required? If 
yes, by 
when? 

Were any IP 
rights be 
filed/ 
generated? 

1  No/Yes  [DD Month YYYY] [DD Month YYYY] No/Yes No/Yes 

2  No/Yes    No/Yes No/Yes 

3  No/Yes    No/Yes No/Yes 

4  No/Yes    No/Yes No/Yes 

*Note: For items that are complete or canceled, this should be the date that was stated in the most recent progress report or in the proposal if this is the first report. For items 
that are not yet complete, either restate the most recent target date or propose a revised target date (e.g., 30 Nov 2023 31 Jan 2024). 

 If necessary, please add further explanation below. 

 

 Do you confirm that you have provided a full and accurate disclosure of all outputs/Funded Developments and Background Technology as 
applicable to the project? 

___Yes     ___No (please explain) 
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Global Access 

 Do you confirm that you have ensured and will continue to ensure Global Access for the Funded Developments of the project and, as 
applicable, Background Technology? 

___Yes     ___No (please explain) 

 

Financial Update 

The purpose of this section is to help the foundation understand expenditures in relation to the work performed under this grant during the most 
recent reporting period. Please provide actual expenditures for past periods by updating the Excel budget template and use this narrative 
document to share additional explanations. Together, this narrative section and Excel budget should provide a complete quantitative and 
qualitative description of the financial state of the project. 

For additional instructions, see the Grant Budgeting & Financial Reporting Detailed Instructions. 

Latest Period Variance 

“Latest period variance” compares expenditures that occurred in the most recent reporting period against the projections that were provided at 
the beginning of the same period. 

 Did the project spend more or less than anticipated? At a high level, what are the reasons for spending more or less than projected?  

 

 Please provide a detailed explanation for any expense category in which the variance was greater than 10%. This should include an 
explanation of relevant project decisions or changes to actual costs compared to prior assumptions. 

 

Subawards (if applicable) 

  If you are an Indian organization/entity subject to India’s Foreign Contribution Regulation Act (FCRA), then in compliance with FCRA, do you 
confirm that your project did not include any subgrantees? This prohibition does not preclude subcontracts in the ordinary course of business.  

___Not applicable     ___Confirmed     ___Not confirmed (please explain)  

  
. 

 In the table below, please provide information for all subgrantees or subcontractors receiving grant funds. The total of the column titled 
Amount disbursed to subawardee in most recent reporting period should equal the actual subaward expenses reported for this period in the 
Excel budget template's “Financial Summary & Reporting” sheet. 

Type of Subaward 
(grant or contract) 

Organization Name 

New and/or 
newly 
identified 
subawardee? 

Amount 
disbursed to 
subawardee in 
most recent 
reporting period 
(USD) 

Total amount 
disbursed to 
subawardee to 
date* (USD) 

Total amount 
spent by the 
subawardee to 
date* (USD) 

Total subaward 
amount (USD) 

  No/Yes $ $ $ $ 

  No/Yes $ $ $ $ 

  No/Yes $ $ $ $ 

Total $ $ $ $ 

*Over the life of the grant, from start date to end date 
 

 If not already addressed in your answers above, please provide additional explanations on subaward spending below. In particular, for 
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subawards that are large or where actual spending was significantly different from prior projections, please explain. Note: The foundation may 
request separate updated budget files for sub-awards. 

 

Other Sources of Support and External Factors (if applicable) 

 Please provide an update on other sources of support and external factors that affected the financial situation of this project. This may include 
information on co-funding, interest earned/spent, and currency exchange impacts (as applicable). 

 

Geography Served  

 List all countries, sub-regions, and/or states that benefit from this work and the associated dollar amounts for the full term of the grant.  The 
total of "Foundation Funding" amounts should match the approved and/or most recently amended grant total. If any of the amounts have 
changed since your last report (or original proposal if no prior report), please mark with an ‘X’ in the third column below. As a reminder, please 
avoid listing "World," unless the work truly serves beneficiaries globally. If geographies include the United States, indicate city and state. Add 
more rows as needed.   

For additional information, see the Geography and Location of Work – Frequently Asked Questions. 

Geography Served Foundation Funding Amount (USD) 

Has the amount changed 
since the proposal or last 
report? 
(if yes, mark with an ‘X’) 

 $  

 $  

 $  

Location of Work Updates (if applicable) 

 List all locations (countries, sub-regions, and/or states) where this work is being performed and the associated dollar amounts for the full term 
of the grant. The total of "Foundation Funding" amounts should match the approved and/or most recently amended grant total. If any of the 
amounts have changed since your last report (or original proposal if no prior report), please mark with an ‘X’ in the third column below.  As a 
reminder, if locations include the United States, please indicate city and state. Add more rows as needed.  

For additional information, see the Geography and Location of Work – Frequently Asked Questions. 

Location of Work 
Foundation Funding Amount 
(USD) 

Has the amount changed since 
the proposal or last report? 
(if yes, mark with an ‘X’) 

 $  

 $  

 $  

 Do you confirm that you have complied throughout the term of the project with the anti-terrorism clause in our grant agreement? 

___Confirmed   ___Not confirmed (please explain) 
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Lessons Learned 

 What are 1–3 lessons that you learned from this project? If you were to do this project again, how would you approach things differently? 

 

Feedback for the Foundation 

 What are 1–3 ways that the foundation successfully enabled or supported your work during this project? What are 1–3 ways that the 
foundation can improve?  

 

Grantee Confirmation 

By submitting this report, I declare that I am authorized to certify, on behalf of the grantee identified under Section A – Investment Details, that I 
have examined the responses provided and related attachments, and that to the best of my knowledge, they are true, correct, and complete. 

I also confirm that the grantee identified under Section A – Investment Details has complied with all of the terms and conditions of the grant 
agreement, including but not limited to the clauses regarding Use of Funds, Anti-Terrorism, Subgrants and Subcontracts, and Regulated Activities. 

Your Name Report Submitted Date 

 [DD Month YYYY] 

 

 



QUICK START GUIDE

This page provides a quick overview of the BMGF budget template to orient you before getting started. 
As you populate the sheets, you will find direct links to specific instructions with examples throughout the template. 

Main Sheets
These first three sheets need to be filled out by the grantee for every grant.

General Information Budget Details Financial Summary & Reporting Payment Schedule

Important information for working with the template

Legend for cell formatting Hints for specific data entry fields Copying data into the template

Enter information into light yellow cells
Enter actual expenditures into green cells
Blue cells are intended to be populated by BMGF

Error checking
Cash vs. Projected Actuals (Accruals)

incorrect entry

01-Jan-22 124,237$       

BMGF Work Sheets
These three sheets are primarily used by BMGF to analyze and manage the grant. You may use them yourself, but please do not enter or alter any data or formulas.

Payment Schedule Analytics Budget Pivot
(typically hidden)

Historic or Background Information
These sheets are used by BMGF to preserve historic information throughout the grant or for administrative purposes. Please do not make any changes to these sheets.

[Historic Budget Details] Historic Budget Summaries Config
0, 1 or more sheets (typically hidden) (typically hidden) (typically hidden)

This sheet creates an auto-generated 
payment schedule; BMGF may make 

changes before incorporating it into the grant 
agreement.

Grantees do not enter information into this sheet, 
but can preview the auto-generated schedule.

→

If you would like to include additional information (or are asked for it by BMGF) in this file, it is OK to add 
extra sheets  for this purpose. However, please do not make any changes to the structure, formatting 
or formulas of the existing sheets. 

In addition to the three sheets described above, there are several additional sheets  included in the 
template, some of them optional and/or hidden. Grantees do not need to use  these additional sheets, but 
for transparency, you will find an overview below. 

Input cells are colored according to the following scheme. At 
the time of budgeting, populate only light yellow cells. 

All actual amounts reported should be based on cash spent , 
not PROJECTED (or ACCRUED) for the remainder of the 
period. 

Use Paste Values whenever 
transferring data from an 
external source into the 
template. If not, the template 
can become corrupted 

For some fields, a red 
triangle in the upper right 
corner indicates that a hint is 
available when hovering the 
mouse over the cell. 

For some cells, an automatic error check will 
show its value in red if it appears to be 
populated incorrectly or if the calculation 
yields a result that is inconsistent with another 
value.

Inconsistent 
result

The full instruction document  can be accessed here.

→
Review the summary tables from the Budget 

Detail sheet and add further information 
(where applicable). This sheet is also used to 

enter actual and projected expenditures as 
part of reporting.

Enter the required basic information into this 
sheet before populating any of the other 

sheets.

For each of the 6 expense categories, enter 
the items that collectively make up the grant 

budget into this sheet.

→

Frequently Asked Questions (FAQs)  can be accessed here. Click here for a video explaining how to create a financial report

Click here for a video explaining how to create a simple budget

Used for administrative purposes to populate 
dropdown lists etc. throughout the template.

If grant budget revisions take place, this sheet 
can be used to preserve previous versions of 

the Budget Summary for reference.

If a grant budget revision takes place, the 
previous version of the Budget Detail sheet can 
be preserved as a separate sheet for reference.

Excel Pivot table that can be used to analyze 
the data in the Budget Detail sheet.

Contains two analytic features: a set of Basic 
Charts and a Comparison Tool

This sheet is used by the grantee to review an 
auto-generated preliminary payment schedule 

and by BMGF to make any changes before 
incorporating it into the grant agreement.

START HERE 1



HTS for small molecule drug development for henipaviruses  

University of Chicago  

Prepared by: Legend for cell formatting:
Enter information into light yellow cells

Date submitted: Enter actual expenditures into green cells

Template version 2022-01-04 Blue cells are intended to be populated by BMGF

GENERAL INFORMATION Go to instructions for this page…

Organization Name

Investment Name

Investment ID

Is this a Subaward Budget? No

Requested Grant Amount

Total Project Cost

Anticipated Start Date 01-Oct-22 Preferred Reporting Cadence

Anticipated End Date 30-Sep-25 12-month increments
Project Duration (months) 36 Align with calendar year

Align with fiscal year
Preferred Reporting Cadence Next FY begins on [enter date] 1/1/2023 Custom periods

Reporting Periods Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 Period 7 Period 8 Period 9 Period 10

Period Start Date 01-Oct-22 01-Jan-24 01-Jan-25
Period End Date 31-Dec-23 31-Dec-24 30-Sep-25
Number of Months 15.0 12.0 9.0

Custom Period End Dates 31-Dec-23 31-Dec-24 30-Sep-25

Please enter indirect cost rates in accordance with the indirect cost policy: Organization Type
Read BMGF Indirect Cost policy… Non-Profit / NGO

Government agency
Organization Type Other private foundation

For‐profit organization
10.00% U.S. university
10.00% U.S. community college

Non-U.S. university
U.N. organization

Other Budget Factors Other multilateral organization

More info… No

… By Addtl. Dimension

USD

More info… No

Dim

More info… No At line item level
By category

At line item level By Addtl. Dimension
Total only

More info… No

Please ensure actual expenditures are captured in the respective section of the Financial Summary & Reporting sheet

Additional Dimension:
(define the "bins" that make up the addtl. 
dimension, using short descriptions)

1

2

3

4

5

6

7

8

9

10

← unhide additional rows if needed
Periods of Actuals Available

1 Period of Actuals
2 Periods of Actuals
3 Periods of Actuals
4 Periods of Actuals
5 Periods of Actuals
6 Periods of Actuals
7 Periods of Actuals
8 Periods of Actuals
9 Periods of Actuals

 

Please enter total project cost as line items into the Budget Detail sheet

 

Please note that some functionality of the budget template may not be 
relevant or required if this is a Subaward budget.

What will be the project's Operating Currency? Enter 3-letter code.
(e.g. INR, ZAR, GBP, NGN, …)

Maximum rates for selected organization type are 10%.

Is this a new version of a previously approved budget?
(e.g. supplement)

Will the total cost of this project require contributions of funding from sources 
other than BMGF? (e.g. either by your organization or others)

How will the total project cost be captured in the budget template?

Proposal Information

Will the budget be broken down by an additional dimension? 
(e.g. outcomes/outputs, project components/phases)

 

 

Budgeting & Reporting Periods

Indirect Cost Rate(s)

Will the financials of this project be managed in a currency other than USD?

Total Project Cost Capture 
Method

Please ensure that you are selecting the correct reporting cadence before inputting the budget details.  If you need to 
readjust the reporting periods, the budget details will need to be revised as well to reflect the date changes.
Note that if your grant is an Expenditure Responsibility (ER) grant, you must select "Align with fiscal year" as the reporting 
cadence.  

Since the beginning of the grant, for how many periods are actual expenditures available? 1 Period of Actuals

Megan Konley

HTS for small molecule drug development for henipaviruses

University of Chicago

Custom periods

$2,954,167

Primary Grantee's Indirect Cost Rate on Subaward Portion
Indirect Cost Rate on Primary Grantee's Portion

INV-048917

U.S. university

$2,954,167

General Information 2



BUDGET DETAILS
Go to instructions for this page…

Enter budget details for each expenditure category below. Period 1 Period 2 Period 3 Period 4 Period 5 Period 1 Period 2 Period 3 Period 4 Period 5
Oct-22 - Dec-23 Jan-24 - Dec-24 Jan-25 - Sep-25  -  - Oct-22 - Dec-23 Jan-24 - Dec-24 Jan-25 - Sep-25  -  - 

ID Description Purpose Unit Cost Quantity Quantity Quantity Quantity Quantity  Addtl. Info  Addtl. Info Amount Amount Amount Amount Amount TOTAL AMOUNT TOTAL UNITS % of Total Direct Cost Category[empty]
4.07                   3.45                   2.58                   -                     -                     350,354$           293,690$           219,881$           -$                       -$                       863,925$            10.10              32.2% Personnel Total

Name Job Title
Annual Salary per 

FTE
Period 1 FTE 

Allocation
Period 2 FTE  

Allocation
Period 3 FTE  

Allocation
Period 4 FTE  

Allocation
Period 5 FTE  

Allocation
% Inflation 

(Annualized) % Benefits
Period 1 

Personnel Cost
Period 2 

Personnel Cost
Period 3 

Personnel Cost
Period 4 

Personnel Cost
Period 5 

Personnel Cost
Total Personnel 

Cost
Total FTE 
Allocation % of Total Direct Cost Personnel Header

1 Lijun Rong Professor $168,318 0.13 0.10 0.08 0% 37% 28,860$             23,088$             17,316$             -$                       -$                       69,265$              0.30                2.6% Personnel
2 Irina Gaisina Research Associate Professor $86,554 0.38 0.30 0.22 0% 37% 44,909               35,618               26,327               -                         -                         106,854              0.90                4.0% Personnel
3 Ryan Bott Research Scientist $60,000 0.63 0.50 0.38 0% 37% 51,439               41,151               30,863               -                         -                         123,453              1.50                4.6% Personnel
4 Malaika Argade Research Scientist $56,925 0.69 0.55 0.41 0% 37% 53,683               42,946               32,210               -                         -                         128,839              1.65                4.8% Personnel
5 Laura Cooper Postdoctoral Associate $60,000 1.25 1.00 0.75 0% 37% 102,878             82,302               61,727               -                         -                         246,906              3.00                9.2% Personnel
6 TBN Research Technician $50,000 1.00 1.00 0.75 0% 37% 68,585               68,585               51,439               -                         -                         188,609              2.75                7.0% Personnel
7 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel
8 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel
9 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel

10 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel
11 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel
12 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel
13 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel
14 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel
15 -                         -                         -                         -                         -                         -                           -                  0.0% Personnel

← Unhide additional rows if needed [empty]

3,000$               3,000$               3,000$               -$                       -$                       9,000$                 3.00                0.3% Travel Total

Travel Cost Item Description Purpose of Trip Cost per Item
Period 1 

No. of Items
Period 2 

No. of Items
Period 3 

No. of Items
Period 4 

No. of Items
Period 5 

No. of Items N/A N/A
Period 1 Travel 

Cost
Period 2 Travel 

Cost
Period 3 Travel 

Cost
Period 4 Travel 

Cost
Period 5 Travel 

Cost Total Travel Cost
Total Number 

of Units % of Total Direct Cost Travel Header
1 Antiviral research meetings To attend and present our work $3,000 1 1 1 3,000$               3,000$               3,000$               -$                       -$                       9,000$                 3.00                0.3% Travel
2 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
3 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
4 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
5 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
6 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
7 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
8 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
9 -                         -                         -                         -                         -                         -                           -                  0.0% Travel

10 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
11 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
12 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
13 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
14 -                         -                         -                         -                         -                         -                           -                  0.0% Travel
15 -                         -                         -                         -                         -                         -                           -                  0.0% Travel

← Unhide additional rows if needed [empty]

15,000$             12,000$             9,000$               -$                       -$                       36,000$              120                 1.3% Consultants Total

Consultant Name Role / Purpose of Engagement
Billing Rate / 
Project Cost

Period 1
Billable Units

Period 2 Billable 
Units

Period 3 Billable 
Units

Period 4 Billable 
Units

Period 5 Billable 
Units

Billing Unit / 
Expense N/A

Period 1 
Consultants Cost

Period 2 
Consultants Cost

Period 3 
Consultants Cost

Period 4 
Consultants Cost

Period 5 
Consultants Cost

Total Consultants 
Cost

Total Number 
of Units % of Total Direct Cost Consultants Header

1 Norton Peet supervises ADME/Tox and PK studies $300 50                      40                      30                      15,000$             12,000$             9,000$               -$                       -$                       36,000$              120.00            1.3% Consultants
2 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants
3 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants
4 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants
5 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants
6 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants
7 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants
8 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants
9 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants

10 -                         -                         -                         -                         -                         -                           -                  0.0% Consultants

← Unhide additional rows if needed [empty]

-$                       -$                       -$                       -$                       -$                       -$                         -                  0.0% Capital Equipment Total

Equipment Description Purpose of Equipment Cost per Item
Period 1 
Quantity

Period 2 
Quantity

Period 3 
Quantity

Period 4 
Quantity

Period 5 
Quantity N/A N/A

Period 1 
Equipment Cost

Period 2 
Equipment Cost

Period 3 
Equipment Cost

Period 4 
Equipment Cost

Period 5 
Equipment Cost

Total Equipment 
Cost

Total Number 
of Units % of Total Direct Cost Capital Equipment Header

1 -$                       -$                       -$                       -$                       -$                       -$                         -                  0.0% Capital Equipment
2 -                         -                         -                         -                         -                         -                           -                  0.0% Capital Equipment
3 -                         -                         -                         -                         -                         -                           -                  0.0% Capital Equipment
4 -                         -                         -                         -                         -                         -                           -                  0.0% Capital Equipment
5 -                         -                         -                         -                         -                         -                           -                  0.0% Capital Equipment

← Unhide additional rows if needed [empty]

253,371$           138,000$           122,250$           -$                       -$                       513,621$            26                    19.1% Other Direct Costs Total

Item description Purpose of Item Cost per Item
Period 1 
Quantity

Period 2 
Quantity

Period 3 
Quantity

Period 4 
Quantity

Period 5 
Quantity N/A N/A

Period 1 Other 
Direct Cost

Period 2 Other 
Direct Cost

Period 3 Other 
Direct Cost

Period 4 Other 
Direct Cost

Period 5 Other 
Direct Cost

Total Other Direct 
Cost

Total Number 
of Units % of Total Direct Cost Other Direct Costs Header

1 ChemDiv Antiviral library For HTS to identify new hits $124,621 1.00                    -                      -                     124,621$           -$                       -$                       -$                       -$                       124,621$            1.00                4.6% Other Direct Costs
2 HTS supplies (plates, tips. Reagents, etc) For Rong Lab HTS $15,000 1.00                   -                     -                     15,000               -                         -                         -                         -                         15,000                 1.00                0.6% Other Direct Costs
3 Tissue culture work supplies for Rong Lab bioassays $15,000 1.00                   1.00                   1.00                   15,000               15,000               15,000               -                         -                         45,000                 3.00                1.7% Other Direct Costs
4 Reagents for DNA and protein work for Rong Lab supplies $12,000 1.00                   1.00                   1.00                   12,000               12,000               12,000               -                         -                         36,000                 3.00                1.3% Other Direct Costs
5 Chemicals and solvents Compounds syntheses $23,000 1.25                   1.00                   0.75                   28,750               23,000               17,250               -                         -                         69,000                 3.00                2.6% Other Direct Costs
6 Chromatography supplies Purification $3,000 1.00                   1.00                   1.00                   3,000                 3,000                 3,000                 -                         -                         9,000                   3.00                0.3% Other Direct Costs
7 Glassware and plasticware Synthesis and storage $3,000 1.00                   1.00                   1.00                   3,000                 3,000                 3,000                 -                         -                         9,000                   3.00                0.3% Other Direct Costs
8 Instrument fees NMR/MS service fees $17,000 1.00                   1.00                   1.00                   17,000               17,000               17,000               -                         -                         51,000                 3.00                1.9% Other Direct Costs
9 ADME/Tox and PK screening Characterization of Lead compds $35,000 1.00                   1.71                   1.43                   35,000               60,000               50,000               -                         -                         145,000              4.14                5.4% Other Direct Costs

10 publication costs $5,000 1.00                   1.00                   -                         5,000                 5,000                 -                         -                         10,000                 2.00                0.4% Other Direct Costs
11 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
12 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
13 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
14 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
15 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
16 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
17 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
18 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
19 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs
20 -                         -                         -                         -                         -                         -                           -                  0.0% Other Direct Costs

← Unhide additional rows if needed [empty]

454,377$           371,778$           436,906$           -$                       -$                       1,263,061$         1,263,061       47.0% Subawards Total

Subaward Organization Scope of Subaward N/A
Period 1 
Amount

Period 2 
Amount

Period 3 
Amount

Period 4 
Amount

Period 5 
Amount

Subaward 
Type

% Indirect 
Cost

Period 1 
Subaward Cost

Period 2 
Subaward Cost

Period 3 
Subaward Cost

Period 4 
Subaward Cost

Period 5 
Subaward Cost

Total Subaward 
Cost

Total Number 
of Units % of Total Direct Cost Subawards Header

1 The University of Texas Medical Branch at Galveston in vitro and in vivo studies $260,000 $210,000 $310,000 Contract 10% 260,000$           210,000$           310,000$           -$                       -$                       780,000$            780,000.00     29.0% Subawards
2 The University of Washington Seattle Stuctural studies of drug/RdRp $194,377 $161,778 $126,906 Contract 10% 194,377             161,778             126,906             -                         -                         483,061              483,061.00     18.0% Subawards
3 -                         -                         -                         -                         -                         -                           -                  0.0% Subawards
4 -                         -                         -                         -                         -                         -                           -                  0.0% Subawards
5 -                         -                         -                         -                         -                         -                           -                  0.0% Subawards
6 -                         -                         -                         -                         -                         -                           -                  0.0% Subawards

Subawards

Personnel

Travel

Consultants

Capital Equipment

Other Direct Costs



7 -                         -                         -                         -                         -                         -                           -                  0.0% Subawards
8 -                         -                         -                         -                         -                         -                           -                  0.0% Subawards
9 -                         -                         -                         -                         -                         -                           -                  0.0% Subawards

10 -                         -                         -                         -                         -                         -                           -                  0.0% Subawards

← Unhide additional rows if needed [empty]



FINANCIAL SUMMARY & REPORTING

Expand/Collapse sections to see/hide the 
budget and actuals & projections → Budget

Prepared by:

Period 1 Period 2 Period 3 Period 4 Period 5

Oct-22 - Dec-23 Jan-24 - Dec-24 Jan-25 - Sep-25  -  - 
Budget Budget Budget Budget Budget

Note: Grantees are not expected to populate the blue cells
TOTAL

-$                   
-                       -                       -                       -                       -                       -                    
-                       -                       -                       -                       -                       -                    
-                       (1,183,712)           (2,084,026)           (2,954,167)           (2,954,167)           N/A
-                       (1,183,712)           (2,084,026)           (2,954,167)           (2,954,167)           N/A

1,076,102            818,468               791,037               -                       -                       2,685,607          
107,610               81,847                 79,104                 -                       -                       268,561             

-                       -                       -                       -                       -                       -                    
1,183,712            900,315               870,141               -                       -                       2,954,167          

(1,183,712)$         (2,084,026)$         (2,954,167)$         (2,954,167)$         (2,954,167)$         N/A

TOTAL

350,354$             293,690$             219,881$             -$                     -$                     863,925$           32%
3,000                   3,000                   3,000                   -                       -                       9,000                 0%

15,000                 12,000                 9,000                   -                       -                       36,000               1%
-                       -                       -                       -                       -                       -                    0%

253,371               138,000               122,250               -                       -                       513,621             19%
454,377               371,778               436,906               -                       -                       1,263,061          47%

1,076,102            818,468               791,037               -                       -                       2,685,607          100%
Indirect Cost 107,610               81,847                 79,104                 -                       -                       268,561             10%

1,183,712$          900,315$             870,141$             -$                     -$                     2,954,167$        110%

Cash Flow Summary (BMGF Funds Only)

% of Total 
Direct Cost

BALANCE AT PERIOD END

BMGF Payment(s)
Interest Earned
Currency Gains / (Losses)
Carry-over Amount from Prior Period

TOTAL CASH AVAILABLE BY PERIOD
Expenditure

BMGF Funds Spent on Direct Cost
BMGF Funds Spent on Indirect Cost

Revenue

Megan Konley

Interest Spent
TOTAL EXPENDITURE BY PERIOD

Category

Personnel
Travel
Consultants
Capital Equipment
Other Direct Costs
Subawards

TOTAL DIRECT COST

TOTAL COST

Summary by Expense Category

Go to budgeting  instructions for this page…

Go to reporting  instructions for this page…



TOTAL

-$                     -$                     -$                     -$                     -$                     -$                   
-                       -                       -                       -                       -                       -                    
-                       -                       -                       -                       -                       -                    
-                       -                       -                       -                       -                       -                    
-                       -                       -                       -                       -                       -                    
-                       -                       -                       -                       -                       -                    

Total Project Cost
TOTAL % of Total

-$                   0%

-                    0%

-                    0%

-                    0%

-                    0%

-                    0%

Indirect Costs -                    0%
1,183,712$          900,315$             870,141$             -$                     -$                     2,954,167          100%

Sources of Funding TOTAL % of Total
BMGF - Direct Cost -$                     -$                     -$                     -$                     -$                     -$                   
BMGF - Indirect Cost -                       -                       -                       -                       -                       -                    

1 -                    
2 -                    
3 -                    
4 -                    
5 -                    

-                       -                       -                       -                       -                       -                    
Total BMGF and Secured Funding -                    
Total Potential Funding -                       -                       -                       -                       -                       -                    

OVER/(UNDER) FUNDING (1,183,712)$         (900,315)$            (870,141)$            -$                     -$                     (2,954,167)$       
Cumulative overage / (underage) (1,183,712)           (2,084,026)           (2,954,167)           (2,954,167)           (2,954,167)           (2,954,167)         

Currency

Budget rate used to convert from … to USD -                       -                       -                       -                       -                       

… spot rate at end of period

N/A

Breakdown along Additional Dimension % of Total 
Direct Cost

TOTAL PROJECT COST

N/A
N/A
N/A
N/A

Travel

Other Direct Costs

Exchange Rates

TOTAL FUNDING PLAN

Funding Plan

Consultants

Capital Equipment

Sub-awards

Personnel

TOTAL DIRECT COST

Category



Balance held in USD at end of period

Balance held in … at end of period

Balance held in other currencies at end of period

Bank Balances (BMGF project funds only)



From: Rong, Lijun on behalf of Rong, Lijun <lijun@uic.edu>
To: Broder, Christopher; Geisbert, Thomas W.; David Veesler
Subject: FW: PAD henipavirus RFP
Date: Monday, July 25, 2022 6:10:13 PM
Attachments: INV-048917_UIC_Investment Document_proposal-07-25-22.docx

Copy of FINAL_ INV-048917_UIC_budget_proposalJuly2022 (003).xlsx

Hi all,
 
Fyi, we just submitted the full proposal to Gates Foundation. I assume they will work with us to make
it fit their requirements.
Hopefully we will be funded (cautiously optimistic).
 
Best,
Lijun
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: Rong, Lijun 
Sent: Monday, July 25, 2022 1:51 PM
To: Lisa Galaites <Lisa.Galaites@gatesfoundation.org>; Rob Jordan
<robert.jordan@gatesfoundation.org>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Konley, Megan
E. <mkonley@uic.edu>
Subject: RE: PAD henipavirus RFP
 
Dear Rob, Linu, and Lisa,
 
Attached are the full proposal from us. Please acknowledge when you receive it. We look forward to
working with you to make this “perfect”. Please kindly let us know if we miss anything. Thank you so
much for your guidance!
 
Best,
Lijun
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
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[bookmark: _Toc50001497][bookmark: _Toc65525715]INVESTMENT DOCUMENT – GRANT

Cover Page & Document Guidance

Welcome! The Investment Document is both your proposal shaping document, as well as your reporting document should your project receive funding. Before beginning, discuss the requirements for this document with your foundation contact for guidance and expectations on content, length, and level of detail.



		Proposal Sections

		Reporting Sections



		Section A constitutes the grant proposal narrative. Typically, this section and the budget template (separate Excel document) are considered your proposal package.



		Section B contains progress narrative questions to be completed for each progress reporting cycle defined in your grant agreement.

Section C contains final narrative questions to be completed at the end of your grant.



		Important Guidance:

· This document is not a commitment by the foundation to fund the work. If a grant agreement is executed, the grant proposal narrative (Section A) and budget will be incorporated therein by reference. 

· To better understand the restrictions on foundation funding, please review the foundation's standard grant terms and conditions. This is not an exhaustive list and is subject to change. This list is provided for informational purposes only and does not imply an award, agreement, or offer to contract. 

· This document must be submitted in English and as a Microsoft Word file. PDFs and other file types will not be accepted.

· Privacy and Non-Confidentiality Notice: The Internal Revenue Service (IRS) administers U.S. federal tax laws and requires that the foundation publish a list of its grants. We may also provide a general description of our grants and contracts on our web sites, in press releases, and in other marketing materials. Subject to the foundation’s Privacy & Cookies Notice, the foundation may also share information you provide to us (either orally or in writing) with third parties, including external reviewers, key partners and co-funders. This document is subject to the foundation’s Terms of Use.

If you have any questions or need support, please reach out to your foundation contact at the email listed on the next page.
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[bookmark: _Toc71535245]SECTION A – GRANT PROPOSAL

		Investment Name

		HTS for small molecule drug development for henipaviruses



		Investment ID

		INV-048917



		Investment Owner 

		Rob Jordan

		Investment Owner Email

		robert.jordan@gatesfoundation.org



		Investment Coordinator 

		Lisa Galaites

		Investment Coordinator Email

		lisa.galaites@gatesfoundation.org





[bookmark: _Investment_Details_1][bookmark: _Investment_Details][bookmark: _Toc71535246]Investment Details

		Estimated Grant Start Date

		01 October 2022

		Grant End Date

		30 September 2025



		Requested Grant Amount (USD)

		$2,954,167

		Total Project Cost (USD)

		$2,954,167



		Organization Legal Name[footnoteRef:2] [2:  Legal Name will be used in the agreement and should match the name on the bank account that receives the grant funds (assuming fully executed agreement).] 


		The Board of Trustees of the University of Illinois

		

		



		Organization Doing Business As/Trade Name[footnoteRef:3] [3:  Trade Name or d/b/a (“doing business as”) only required if different from Legal Name. ] 


		

		

		



		Fiscal Agent[footnoteRef:4] (if applicable) [4:  A fiscal agent is a third-party organization that is not the grantee. The fiscal agent, although not the grantee, signs the grant agreement in addition to the grantee and will receive the grant payments.    ] 


		

		Fiscal Agent Contact Name (if applicable)

		



		Tax Status (if known and applicable)
Refer to Tax Status Definitions

		509(a)(1) Public Charity

		U.S. Employer Identification Number (EIN) (if applicable)

		37-6000511



		Mailing Address

		Primary Contact Name

		Karen McCormack



		   Street Address 1

		MB 502, M/C 551

		Primary Contact Title

		Executive Director, Office of Sponsored Programs



		   Street Address 2

		809 S. Marshfield Avenue

		Primary Contact Email

		Awards@uic.edu



		   Street Address 3

		

		Primary Contact Phone

		312-996-2862



		   City

		Chicago

		Additional Contact

		



		   State / Province

		Illinois

		Additional Contact Title

		



		   Zip / Postal Code

		60612-4305

		Additional Contact Email

		



		   Country

		U.S.A.

		Authorized Signer Name

		Paul N. Ellinger



		   Website (if applicable)

		https://www.uic.edu

		Authorized Signer Title

		Interim Comptroller



		

		Authorized Signer Email

		Awards@uic.edu



		Organization's Fiscal Year End 

		06/30

		Organization’s Total Revenue for Most Recent Fiscal Year (USD)

		$



		Proposal Submitted By (name)

		Lijun Rong

		Proposal Submitted Date

		24/07/2022





[bookmark: _Charitable_Purpose_-]Charitable Purpose - completed by the foundation

The following describes the charitable purpose of this project. It is written in a standard format by your foundation contact for publication on the foundation’s public website should your project receive funding. 

		to identify novel agents targeting henipavirus replication for pandemic antiviral preparedness





[bookmark: _Strategic_Fit_-]Strategic Fit - completed by the foundation

The following includes the foundation’s 3-5-year strategic goal(s) towards which this project contributes most directly.

		The goal of this proposal is to develop fast-acting, orally active small molecule therapeutic agents with an effective mechanism of action that could be stockpiled for any future pandemic. This program will use high throughput screening technologies to identify inhibitor compounds of cedar virus replication and counter screen against other paramyxoviruses to select compounds with broad spectrum antiviral activity. This project is one of several screening programs designed to identify new chemical matter for paramyxovirus antiviral development and is part of the portfolio being developed by the Pandemic Antiviral Discovery (PAD) Initiative to identify antiviral candidates targeting paramyxoviruses that can be deployed in an outbreak setting for pandemic preparedness.





Project Description

Note: this section may be pre-populated with your foundation contact's initial draft, please expand upon and/or continue to refine.

In this section, please describe the proposed work, including a clear outline of the project plan, intended results, time frame, funding considerations and how you and your organization will work to further educational, scientific, or other charitable purposes and impacts for the intended beneficiaries.  Please be sure that your project description is sufficiently detailed and includes responses to the below questions:

· What are the primary results (outcomes and outputs) this project will achieve or significantly contribute to? How will you know when the results have been achieved?  How will the results be measured?

· How will your management of the project and the intended outcomes align with the Charitable Purpose, Strategic Fit, and the foundation’s Global Access requirements?

· Describe potential risks/challenges to the success of this project and how you plan to address them. Include any external factors or critical relationships with other partners/projects that may influence the success of this project (including any anticipated agreements to be entered into for purposes of the project).

· Describe any changes or improvements you plan to make to your organization's capacity to achieve the results of the project.

· Beyond this project’s time frame and funding, what factors (financial/economic, organizational, behavioral, etc.) are required to sustain or build on the project’s results?

		Nipah virus is highly pathogenic human paramyxovirus that is considered a major pandemic threat pathogen. The virus is transmitted to humans through contact with infected bats or domestic animals that serve as amplifying hosts and infection results in both respiratory and neurological symptoms resulting in high mortality. There is documented evidence of person-to-person transmission and long term asymptomatic viral persistence that can lead to lethal disease in those who survive primary infection. Related paramyxoviruses (RSV, PIV, HMPV, measles) cause seasonal infections with low mortality but are highly transmissible via the respiratory route. Evolution of henipavirus to acquire the ability for efficient human-to-human transmission poses a major concern for pandemic preparedness.


A high throughput phenotypic pilot screen of 10K compounds identified two hit series that will be further optimized for potency and drug-like properties. Optimization of hits that target the viral polymerase will be supported by cryoEM studies designed to solve the polymerase-inhibitor complex structure. In addition, an extended HTS of new compound libraries will be conducted using a reporter Cedar virus expressing the luciferase gene (CedV-Luc) to identify additional hit compounds for optimization. Promising hit compounds will undergo a thorough characterization process including initial chemical exploration and antiviral validation in dose response titrations using NiV-B and HeV assays to quantify potency and determine the magnitude of the antiviral effect.

Specific Aims:

Aim 1A: Identify additional chemotypes that inhibit henipavirus replication by high throughput screening. A high throughput screen of a compound library will be conducted using the CedV-Luc construct. Active compounds will be evaluated in dose response experiments and virus yield assays in multiple cell types to determine the potency and magnitude of the antiviral effect. 

Aim 1B: Optimize furopyrimidine and 4-aminoquinazoline scaffolds to improve druglike properties. Medicinal chemistry optimization of two series identified from a pilot high throughput screen of 10K compounds will be conducted. Optimization will be facilitated by solving the structure of the henipavirus polymerase in complex with key inhibitors by cryoEM techniques (Aim 2).

Aim 2: Investigate the mechanism of action (MOA) of lead inhibitors. We will use resistance selection assays and an SPR binding assay for target identification. High-resolution structures of the NiV RdRp complex with key inhibitors will be obtained by cryoEM. These structures will provide necessary structural information to facilitate lead optimization.

Aim 3: In vivo analysis of lead compounds in animal models of nipah virus replication in BSL-4 containment. Promising candidates with appropriate ADME and PK properties will be evaluated in animal models of Nipah virus replication conducted in BSL-4 containment at UTMB.


Milestones:

1.       Complete HTS to identify antivirals active against Cedar virus and validate them against authentic NiV and HeV. (Year 1)

2.       Optimize 4-aminoquinazoline and furopyrimidine series to late lead stage (Year 3)

3.       Solve structure of henipaivirus polymerase complexes with key inhibitors by cryoEM (Year 2)

4.       Evaluate at least nine lead compounds in a hamster model of nipah virus infection (Year 2)

5.       Evaluate at least two advanced lead compounds in an African Green monkey model of nipah virus infection (Year 3)

Deliverable:

1.       1-2 small molecule compound series active across the henipavirus subfamily that can be optimized through medicinal chemistry.

2.       1-2 late lead compounds optimized from the 4-aminoquinazoline and furopyrimidine series active in animal models of nipah virus replication advanced for IND-enabling studies.

3.       Structure of the henipavirus polymerase complex with key inhibitors.

Risks and Risk Mitigation

1. There is a possibility that the HTS campaign will not yield viable hits that can be advanced into hit-to-lead optimization. While adjustments to the screening assay may yield more hits, the investigators should consider screening additional libraries.

(Multiple ready-to-use chemical libraries to facilitate drug discovery and drug target identification are curated at the UIC Research Resource Center (RRC). They are comprised of > 150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional “Antiviral Library” from ChemDiv, composed of 65,937 compounds total, will be purchased by the Rong Lab for this project).



2. Lead optimization of the 4-aminoquinazoline and furopyrimidine may uncover terminal liabilities that can not be fixed by medicinal chemistry. While there is always inherent risk with drug discovery, conducting additional screens for new chemical matter can help mitigate this risk.

(If we encounter a synthesis-related problem with our primary scaffold compounds, we will use an alternate strategy using a different reaction sequence. Should we encounter a scaffold-related problem with our furopyrimidine scaffold, we will switch to our backup quinazolin-4-one scaffold or other HTS hits identified using the expanded libraries of compounds. The proposed ADME/Tox and PK studies will be executed through the testing services provided by Eurofins Panlabs, Inc., and Pharmaron, Inc. and supervised by Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to meet the objectives in this aim. We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced lead compounds, which will be advanced to in vivo studies and will allow for the future selection of a preclinical candidate.)

3. Optimized compounds do not inhibit nipah virus replication in animal models. While not ideal, a negative result can help inform the field and guide medicinal chemists to improve molecules for this indication.

(A critical aspect of antiviral discovery that is often overlooked is the early-stage testing of lead compounds in well-studied and well-validated in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster and AGM. In vivo studies in hamsters will be initiated in Year 1)

4. PI and collaborators are AViDD grant recipients so clear delineation of their roles in these projects is essential to prevent duplication of effort.


Drs. Rong and Gaisina are Co-Is on the National Institutes of Health (U19 AI171954) grant titled: “Midwest Antiviral Drug Discovery Center”(PIs: Reuben Harris and Fang Li); and their specific roles on the Project 1 (“Small molecule viral entry inhibitors”) are to develop small molecule entry inhibitors against Ebolaviruses. The lead series of compounds are not related to the henipavirus lead compounds proposed here. No overlap.

Team: Dr. Lijun Rong (PI) is a Professor in the Department of Microbiology and Immunology at UIC, with expertise in mechanisms of viral entry and antiviral drug discovery. Dr. Rong will be responsible for the overall project and coordinate the assembled team for the proposed experiments. Dr. Irina Gaisina (Co-I) is a Research Associate Professor in the Department of Pharmaceutical Sciences and UICentre at UIC. She has extensive experience in hit-to-lead and lead optimization medicinal chemistry and preclinical drug development. She will assume overall responsibility for the medicinal chemistry work carried out at UIC. Dr. Thomas Geisbert (Co-I), a Professor of Microbiology and Immunology at UTMB, with expertise in highly pathogenic viruses and his group will perform the in vitro and in vivo studies using infectious henipaviruses in a BSL-4 facility. Dr. David Veesler (Co-I), an Associate Professor of Biochemistry at UW and HHMI investigator, is a world leader in structural studies of viral glycoproteins and will carry out cryoEM and X-ray crystallographic studies of the most potent inhibitors in complex with the NiV or HeV polymerase. Dr. Christopher Broder (Collaborator) is a professor and Chairperson of the Department of Microbiology and Immunology, USU, and he is one of the leading experts in the development of therapeutic agents for Nipah virus and Hendra virus. Dr. Norton P. Peet (Consultant), Chief Scientific Officer for Chicago BioSolutions, Inc., is a medicinal chemist who has over 30 years of experience with preclinical development of small molecules as therapeutic agents and their advancement to a clinical setting, working with both multinational pharmaceutical and biotechnology companies. He will oversee the proposed ADME/Tox and PK studies.

A. BACKGROUND AND SIGNIFICANCE

For several decades, the major agents of emerged or newly identified infectious diseases in humans have been viruses of zoonotic origins.10-12 Among these, two paramyxoviruses of importance are Nipah virus (NiV) and Hendra virus (HeV); the prototype species of the genus Henipavirus and are single-stranded, negative sense, enveloped RNA viruses.13 HeV appeared in 1994, in an outbreak of severe respiratory disease in horses in Australia, with the death of 14 horses and their trainer.14,15 NiV (Malaysia strain, NiV-M) appeared in an outbreak of encephalitis in pig farmers in Malaysia in 1998.16,17 NiV outbreaks have since been seen in Bangladesh and India by a related strain NiV-Bangladesh (NiV-B).18 Pteropid fruit bats are the major reservoir hosts for henipaviruses.6,19 NiV and HeV have broad host tropism, infecting at least 18 species across 6 orders of mammals. Among these, NiV and HeV will cause a systemic and often fatal respiratory and/or neurological disease in at least 11 species including humans, with human fatality rates ranging from 40-100%.2,20 A third henipavirus isolate, Cedar virus (CedV), was discovered in 2010.21 However, CedV is not known to be zoonotic and has been shown to be nonpathogenic in HeV and NiV animal models.21-23 Two additional henipaviruses are also known, Ghana bat virus and Mojiang virus, but only from sequence data.24-26 Since 2001, nearly annual occurrences of human NiV-B infections have occurred in Bangladesh, and 3 outbreaks in India.27 In 2014, an outbreak of NiV-M occurred in the Philippines with 9 fatalities of 11 human cases, with horse-to-human and human-to-human transmission.28 The combined NiV case fatality rate is ~60% across a large region of Asia in five countries.3 The recent 2018 NiV outbreak in Kerala, India was significant, occurring in a new geographic region, with a case fatality rate of 91% and 22 of 23 cases the result of from human-to-human transmission. Most recently, a fatal case of NiV-B in Kerala occurred in September of 2021 reigniting the outbreak concerns associated with this deadly zoonotic viral agent, underscoring both the transmissibility and the lethal nature of this virus.4 In the latter and most recent case, an eleven-year-old boy was infected with Nipah virus and he succumbed, along with three health care workers who were in close contact.

Human NiV/HeV infection is generally accepted to occur via the oronasal route with an incubation period of 1 to 2 weeks.4,29 Acute NiV/HeV infection in people is systemic and likely via hematogenous viral spread from the respiratory system.30 Disease onset is characterized by fever, myalgia, shortness of breath, and cough.15,31 Human HeV infections have resulted in both fatal respiratory or encephalitic disease, and also recovery.29,32 The predominant clinical feature in the Malaysia outbreak was encephalitis, but respiratory symptoms were also common.31,33 The clinical presentation of NiV-B infections in Bangladesh also includes severe respiratory disease and in the 2018 NiV-B outbreak in Kerala, 83% of cases had acute respiratory distress syndrome (ARDS).4,34 The key findings of human NiV/HeV infection are wide-spread endothelial cell tropism and systemic vasculitis, with prominent parenchymal cell infection in most major organs with the brain and lung significantly affected.35,36 Human NiV/HeV infection can also be prolonged following apparent recovery, and some patients can experience a late-onset or relapsed encephalitis.32,37 Relapsed encephalitis caused by NiV appears to be a recrudescence of virus replication in the central nervous system (CNS), with cases presenting from a few months to as long as 11 years later.38 NiV and HeV are biosafety level-4 (BSL-4) viruses and classified as Category C priority pathogens and transboundary agents by several US agencies. Also, both NiV-M and NiV-B can cause lethal infection in nonhuman primates (NHPs), specifically the African green monkey (AGM), when delivered by small particle aerosol.39-41 NiV and henipaviral diseases (HeV) are included on the WHO’s Blueprint List of Priority Pathogens.42 NiV is a potential pandemic threat because of its high case-fatality rates, capacity for human-to-human transmission and potential to mutate, and a human-adapted strain in a region of high population density could lead to rapid spread.43 There are presently no approved vaccines or therapeutic modalities for NiV/HeV infections in people.

[bookmark: _Hlk101436130]The viral RNA-dependent-RNA polymerases of paramyxoviruses are attractive targets for antiviral compound discovery, but antiviral drug discovery for NiV and HeV has been hampered by requirements of BSL-4 containment. We recently developed and optimized an authentic henipavirus replication cell-based system using a recombinant CedV (rCedV) encoding luciferase (rCedV-Luc) for high-throughput screening (HTS) applications at the BSL-2 containment level (Figure 1) and identified several inhibitory compounds that were further validated with authentic NiV-B and HeV.7 Those leads provide the rationale for the current application. Our ability to employ rCedV provides an opportunity for anti-henipavirus drug discovery not previously available, that also allows for discovery across the whole replication cycle, not restricted to only the viral polymerase. Another well-exploited stage of virus infection is the attachment and entry process.44 NiV/HeV possess two membrane anchored glycoproteins required for infection; one for attachment, the G glycoprotein, and the other for membrane fusion of the F glycoprotein.45 The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and all vaccine strategies.27

B. INNOVATION

[bookmark: _Hlk101436407][image: Diagram

Description automatically generated]There are several innovative aspects within the present application which capitalize on the ongoing collaborative research and expertise of the investigators in this proposal. First, the cell-based high throughput screening (HTS) assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may well have activity across related members of the henipavirus genus. Second, the rCedV platform allows for authentic henipavirus antiviral escape studies for variant selection and target identification. Third, the rCedV based reporter-gene system allows rapid and quantitative antiviral combination testing and the ability to measure synergistic activity among small molecules. 

C. PRELIMINARY RESULTS 

Identification of small molecule inhibitors of henipaviruses. 

C.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2), cell-based HTS platform to identify small molecule antiviral agents targeting henipavirus replication without the requirement for BSL-4 containment (Figure 1).7 rCedV assays and tools. We also adapted the rCedV HTS infection platform to create another innovative toolset using novel chimeric viruses, where the viruses are altered only by the substitution of the F and G genes with thoset of NiV or HeV. As with the luciferase-encoding rCedV HTS assay, rCedV chimera using guidelines and procedures at the BSL-2 level were reviewed and approved by the Institutional Biosafety Committee (IBC) in accordance with NIH guidelines.

C.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from a ChemDiv library by UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS campaign to identify rCedV-Luc inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of diversity of chemical scaffolds; and (3) has several representative compounds for each of the scaffolds in the library. From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM. Importantly, several small molecule inhibitors (Figure 2) have been validated in vitro using infectious HeV and NiV in the BSL-4 facility, demonstrating the proof-of-concept feasibility of using this rCedV-based surrogate HTS platform for inhibitor screening against HeV and NiV, and providing a strong foundation for the current drug discovery project. Particularly, our quinazoline-based hit Z1 and furopyrimidine-based hit Z2 were found to have EC50 values of 3.3 and 0.5 µM, respectively, against NiV-B (Table 1). Note that both HEK293T and Vero cell lines were employed in these assays, and that CC50 values were recorded for these two cell lines. Thus, we concluded that our HTS approach was a valid method for defining NiV inhibitors. Next, target specificity was confirmed in a counterscreen assay using a vesicular stomatitis virus G (VSV-G) protein as well as some other unrelated viral proteins, including Lassa glycoprotein, and influenza fusion protein hemagglutinin H1 and H5. These hits showed a lack of detectable inhibition for VSV-G as well as some other unrelated viral proteins (0% inhibition at 12.5 µM). In addition to the high potency and selectivity, Z2 displays excellent in vitro metabolic stability. The percentage of compound remaining after 60 minutes of incubation in both human plasma and liver microsomes is significant (91 and 68%, respectively), indicating good stability in both media. Stability in hamster plasma and liver microsomes will be evaluated by Pharmaron Inc.[image: Table  Description automatically generated]
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In Table 2 are shown additional inhibitors in the furopyrimidine series that we identified from a focused screening campaign, which allowed us to develop some initial structure-activity relationships (SARs). We do not yet fully understand the emerging SAR around substituents included on the phenyl ring, the tether length, and substituents on the tether and the pyrimidine ring, but we can make some comments. We do see activity with all three of the tether lengths studied, where n=0, 1 or 2. Replacement of the tether and the phenyl group with large hydrophobes, such as isopropyl or cyclohexyl, is not productive. Comparison of compounds 13 and 6 indicates that a methyl group on the pyrimidine ring is detrimental to activity. A methyl group on the sidechain in the benzyl subset of compounds appears to be tolerated; however, this inclusion adds an asymmetric center to the molecule. Disubstituted compounds 9 (n=0), 11 (n=0) and 12 (n=1) represent a subset of compounds that are of higher affinity, which suggests that we should explore more compounds with two diverse phenyl substituents with all tether lengths.

In the Research Plan we discuss methods for the preparation of new compounds in each series as well as specific plans for developing the SARs. Our recombinant CedV HTS system will be used to support Aim 1.

D. RESEARCH DESIGN AND METHODS 

D.1. Aim 1: Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays.

D.1.1. Synthesize diverse analogs of the furopyrimidine and quinazoline hit series to establish structure-activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM).

Chemical optimization and SAR studies. In the initial stages, we will keep the heterocyclic core of the molecules of interest constant while making well-defined changes in substituents. We will initially probe steric and electronic factors of the substituents, but more substantial changes in the scaffold will be investigated as the structure is optimized. By an iterative process of design, synthesis, and assay, we will improve the structure, and ultimately produce a fully optimized structure. We will also assess the cytotoxicity and construct Structure-Toxicity Relationships (STRs). For potent, specific inhibitors, the SAR and the STR will diverge at critical points, and we will synthesize novel inhibitors with maximized activity and minimized cytotoxicity. The SAR plan for optimization of the HTS hit Z2 is exemplified in Figure 3. Substituent changes on the core fused scaffold will involve variation of the alkyl groups on the furan ring, as well as adding alkyl groups at the 2-position of the pyrimidine ring, to explore the optimum overall size for the core. Note that we will be able to use these substituents as “ADME handles” to control the overall hydrophobicity of the molecules and the cLogP values. We will replace the oxygen atom in the furan with a sulfur atom to compare the effect of changing the furan ring to the larger thiophene ring. Importantly, we will explore the biological activities of the R- and S-stereoisomers of this racemic molecule to determine whether there is differential recognition of these antipodes at the site of interaction in the inhibition assays. In addition to evaluating a variety of mono- and disubstituted aromatic rings, we will also explore length of the tether connecting these aromatic units to the amide nitrogen atom, knowing that both benzyl groups and phenyl groups give rise to active compounds.

 Figure 3. SAR development plan for furopyrimidine Z2.







[bookmark: _Hlk108703112]The synthetic route that we envision for the preparation of the furopyrimidines is shown in Scheme 1, as illustrated for the optimization of the amide N-substituent for furopyrimidine analogs of compound Z2. Starting with the commercially available 2-amino-4,5-dimethyl-3-furancarbonitrile (i), treatment with formic acid in dimethylformamide will produce the 5,6-dimethylfuro[2,3-d]pyrimidine (ii). Conversion of ii to the corresponding chloro compound iii is accomplished by treatment with phosphoryl chloride. Displacement of the chloro group with piperidine-3-carboxylic acid t-butyl ester, followed by removal of the t-butyl ester with trifluoroacetic acid, gives key intermediate iv, which can then be elaborated to amides v.46 In Table 3 is shown a set of proposed compounds related to Z2 (compound A) for which we show parameters calculated using Actelion OSIRIS software47. All of the proposed compounds (B through H) show improved druglikeness and drug scores with respect to Z2, and therefore represent promising new targets for synthesis and evaluation.



Table 3. Actelion OSIRIS calculated parameters for Z2 (compound A) and proposed analogs.



ID

R1

R2

R3

R4

X

cLogP

Sol

MW

Druglike

ness

Drug

Score



A

Me

Me

H

Cl

O

4.0

-6.7

384

-0.95

0.23



B

Me

Me

H

Cl

S

4.4

-6.8

400

2.01

0.32



C

H

H

H

Cl

O

3.3

-6.0

356

3.04

0.42



D

H

H

H

F

O

2.8

-5.6

340

1.47

0.55



E

H

H

H

Cl

S

3.6

-6.0

372

3.70

0.41



F

H

H

H

F

S

3.1

-5.5

356

2.14

0.54



G

H

H

Me

F

O

3.0

-5.2

354

2.82

0.61



H

H

H

Me

F

S

3.3

-5.2

370

3.48

0.60





We recently synthesized the R and S enantiomers of compound Z2 (MA-1-58 and MA-1-56, respectively) using the sequence shown in Scheme 2. Thus, starting with the optically active nipecotic acids vi(a) (R) and vi(b) (S), coupling with 3-chlorobenzylamine (vii) using a standard amide coupling procedure yielded amides vii(a) and viii(b), which were then subjected to deprotection conditions to give the free piperidines ix(a) and ix(b). Treatment of ix(a) and ix(b) with chloro compound iii in the presence of triethylamine in isopropanol at reflux produced the two final epimeric target compounds Z2 MA-1-58 and Z2 MA-1-56, respectively. As expected, these two epimers rotated the plane of polarized light in opposite directions, to approximately the same degree, as shown in Scheme 2. Note that these two epimers have just been prepared and we have not yet tested these most interesting compounds to determine whether there is differentiated recognition of these epimers at their site of action.





As cryo-EM structures of polymerase in complex with key inhibitors (i.e., Z2 and additional derivatives) become available, we will use this model for computational chemistry/docking studies to assist in the design of additional analogs with improved binding properties.

In addition, we have plans to introduce a diversity of substituents in the furan ring, as shown in Scheme 3. Using a variety of alpha-bromoketones x(a-e) in a condensation rection with malononitrile (xi),48 we will produce furans xii(a-e) and use them in our one-pot protocol for preparing furanopyrimidines xiii(a-e). We will then elaborate compounds xiii(a-e) to the state of target compounds xiv(a-e) as previously described in Schemes 1-2. This chemistry will allow us to study the installation of a variety of substituents in the furan ring and to evaluate the consequences of these changes to the biological activity.





Also, the furo[2,3-d]pyrimidine moiety will be replaced with the heterocyclic cores showcased in Figure 4. Although we will not show the chemistries that we will employ for the preparation of these additional fused ring systems that are bioisosteric with our hit series of furopyrimidines in this document, we have researched methods for the synthesis of these additional cores and are quite confident that we will be able to prepare representatives of these ring systems. Importantly, we will use the knowledge we have gained in developing the SARs with our furopyrimidines, and we will prepare selected derivatives in the additional 5,6-fused systems, based on the biological activities shown with substitutions present on our most active furopyrimidines.



Figure 4. Additional core modifications.



[image: ]In Figure 5 is shown the SAR development plan for our quinazolin-4-one scaffold. There are three points of optimization that we envision for this trisubstituted fused core. At the 2-position, we will substitute the pyrrolidinyl substituent with additional cyclic and acyclic amines. The unsubstituted benzyl substituent at the 3-position will be optimized in terms of mono- and disubstitution patterns. The position of the carboxamide substituent located at the 7-position will be optimized, as will the N-alkyl group on the carboxamide. We will also replace the amide unit with various amide mimetic units, as indicated in Figure 5, since amides are subject to metabolic cleavage. We have also researched and found additional synthetic methods available for the construction of both 2,3,7-trisubstituted quinazolin-4-ones and an additional backup scaffold of 4-aminoquinazolines (Table 4).
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Description automatically generated]Table 4 shows eight additional inhibitors in the aminoquinazoline series, that we identified from a recent focused screening campaign, which allowed us to develop some initial structure-activity relationships (SARs). Note that these 4-aminoquinazolines all bear substituents on the amino group at the 4-position of the quinazoline ring and a carboethoxy substituent at the 2-position. In terms of SAR to be gleaned from the limited data set in Table 4, a few features stand out that are worth mentioning. It is clear that a variety of N-phenyl substituents give rise to active compounds, and that H, methyl and n-propyl groups as the second N-substituent all can produce good activity. However, it is also clear that one of the best compounds is compound 24 (Table 4), bearing an unsubstituted cyclohexyl group, which suggests an area for optimization since compound 24 is the only compound where the phenyl ring has been replaced by a completely saturated (cyclohexyl) substituent. Another point worth making is that the n-propyl compound 16 and iso-propyl-phenyl compound 18 are two of the best inhibitors. There may, in fact, be a rough correlation between cLogP and inhibitory activity, it may be worth exploring with a larger set of derivatives. In Figure 6 is shown a summary of how we will develop the SAR plan for the 4-aminoquinazoline scaffold, as exemplified by changes to compound 27. Substituent changes on the core fused scaffold will involve exploration of mono- and di-substituent patterns on the quinazoline core to explore the optimum overall size for the core. Note that we may be able to use these substituents as “ADME handles” to control the overall hydrophobicity of the molecules and the cLogP values. In addition, we will optimize substituents on both aryl rings, as indicated, and optimize the alkyl group on the tertiary amine. We will also optimize the alkyl ester group, and we are very interested in replacing this ester with an amide, which would be chemically and metabolically more stable. If the amide turns out to be an effective replacement, then we will also explore amide replacement units, such as ketomethylene, reduced ketone, retroamide, ethylene, and sulfonamide units, etc. In Scheme 4 is shown a specific synthesis of one of our best inhibitors in this set. Anthranilamide xv is heated with diethyl oxalate in a solution of dimethylformamide to produce 2-carboethoxyquinazoline-4-one (xvi) in a condensation/cyclization process. Treatment of xvi with phosphorous oxychloride next provides a reactive intermediate, namely, 2-carboethoxy-4-chloroquinazoline-4-one (xvii), which affords the specific inhibitor compound 27 after a displacement reaction with 2-methyl-N-methylaniline. A variety of alternate methods are available for accessing these 4-aminoquinazolines, including initial treatment of the anthranilamides with ethyl ethoxycarbonylformimidate in ether49-50 as well as other methods.51,52 Likewise, the additional reagents required for these syntheses are mostly commercially available, as well. Thus, it is very realistic that a large library of these potential inhibitors will be quite accessible. In Figure 7 is shown a set of proposed compounds related to compound 27 for which we show parameters calculated using Actelion OSIRIS software47. The proposed compounds (I through M) generally show improved druglikeness and drug scores (and other parameters) with respect to compound 27, and therefore represent promising new targets for synthesis and evaluation. Note that a dramatic improvement in all parameters is seen in simply replacing the ester with an amide by substituting NH for O, to provide proposed new compound I. In progressing through the constrained compounds J through M, improvement of parameters culminates with the indoline derivative M, whose druglikeness and druglike scores have very dramatically improved. Advantages of imposed conformational restraints, as seen in tetrahydroquinolines J and K and indolines L and M, include a reduction in rotatable bonds, and, importantly, a preorganization of an effective conformation that can mitigate the entropic penalty of binding.







D.1.2. Conduct HTS assays and identify additional hit compounds. Screening Libraries. The HTS will be performed in the Rong Lab. The libraries will be provided by the UIC Research Resource Center (RRC). They are comprised of >150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional libraries from ChemDiv and Enamine, including an Antiviral Library composed of 65,937 novel diverse and targeted compounds with privileged scaffolds from ChemDiv’s collection, will be acquired in Year 1.



Hit Selection Algorithm. Validation: A compound which displays more than 90% inhibition (one log decrease in the luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” compound after the initial round of screening. To further determine the specificity, a secondary screening (counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be used as a specificity control. The third round or “tertiary” screening will focus on a selected group of compounds, and here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition (nonpotent) will not be actively pursued, while the more potent compounds (EC50 values less than 10 µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most potent compounds for optimization and validation studies. Cytotoxicity Assessment. We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using the “CellTiter 96 aqueous nonradioactive cell proliferation assay” as described previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). Ranking: The results from these screening assays will be analyzed and the compounds ranked according to antiviral potency with consideration of SI values.

Hit Quality Control and Identity Assurance. All hits will be analyzed for chemical purity (HPLC), and we will confirm that the compounds have the expected structure (LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and retested. Compounds with incorrect structures assigned will be corrected. We will eliminate compounds that are known PAINS53 (e.g., rhodanines, aralkyl pyrroles, hydroxyphenylhydrazones), or that have reactive functional groups (e.g., Michael acceptors, alkylating agents).

Synthesis. Lead candidate optimization and SAR development based on established drug design principles will be started as soon as affirmative results from the advanced validation assays are available. Appropriate drug design principles and in silico ADMET calculations will be used to direct new compound synthesis, so that analogs will have optimal druglike characteristics while minimizing side effects/toxicity. We will synthesize analogs with altered structures to test the limits of steric, electronic, and configurational factors in the activity and selectivity within the chemotypes. For synthesizing new analogs, we will use our considerable collective knowledge, synthetic search engines and state-of-the-art preparative procedures to prepare specific derivatives, e.g., conformationally constrained versions of the best inhibitors, which will provide the maximum amount of SAR information. When undesirable PK features are present in a hit molecule, we will address structural changes to eliminate these features to improve the molecule. For instance, if the molecule is too flexible due to a high number of rotatable bonds, we will impose conformational restraints that will reduce the number of rotatable bonds and freeze a conformation that might reproduce the conformation required for binding of the inhibitor. Thus, in this process, we may be able to also reduce the energy required to produce this conformation from the unconstrained molecule, and thus reduce the entropic penalty of binding and produce a more potent inhibitor. Moreover, we will use Actelion OSIRIS software to design new derivatives of hit compounds to maximize druglike features of the new compounds and overall drug score. This software allows us to quantify PK parameters and use these numbers as comparators to define improved molecules for synthesis. We expect that we will be able to synthesize between 20 to 50 analogs of each hit compound to ascertain preliminary SARs and structure-toxicity relationships (STRs) for further optimization. From the “Expanded Screening” library screening campaigns, we will ultimately choose a primary scaffold and a backup scaffold for performing extensive lead optimization studies and will produce optimal candidates for further development. The advantage of defining two quality scaffolds is that should a liability arise that is scaffold-associated, e.g., relating to toxicity, we can switch to the alternate scaffold and proceed with optimizing development candidates.

D.1.3. Evaluate efficacy of various derivatives in the furopyrimidine, quinazolin-4-one, and 4-aminoquinazoline and series and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5x104 cells per well will be treated with growth medium containing either DMSO or selected compound at a 3-fold serial dilution ranging from 30 nM to 200 µM for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using the ENVISION JANUS automated workstation. The data will be normalized by the average signal of the negative control wells in each plate. The best inhibitors will be evaluated in both HEK293T and Vero 76 cells. EC50 and CC50 values will be calculated by dose-response curve fitting with GraphPad Prism. These assays will be conducted in the Rong Lab. 

D.1.4. Evaluation of antiviral activity of advanced candidates. Inhibitors will be tested against authentic NiV and HeV as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells per well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection (hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The percent reduction in PFU/mL titers in the samples containing compounds will be compared to parallel control cultures of virus and DMSO. This work will be performed in the BSL-4 facility at UTMB (Geisbert Lab).

D.1.5. Evaluation of in vitro ADME properties and prioritization of the most potent compounds exhibiting optimal profile for whole animal testing. Our goal is to transform the validated hit series into advanced lead compounds suitable for further therapeutic development. These in vitro ADME-like predictors will not be used as exclusive criteria to select or eliminate inhibitors, but selection will be based upon the combination of all properties determined (e.g., potency, plasma stability, liver microsomal stability, etc.). Up to twelve potent inhibitors with good in vitro ADME properties will be chosen for pharmacokinetic/toxicokinetic evaluation in mice.

Cytotoxicity. We will measure the direct toxicity of compounds in human cell lines to assess the overall cytotoxicity of potent inhibitors. A variety of human cell lines, including PTEC, Jurkat, HepG2, Huh-7 and Hep3B, will be examined utilizing the CellTiter 96 aqueous nonradioactive cell proliferation assay (Promega, Madison, WI) as previously described54 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI).

Rat/Human Liver Microsome Stability: Rat and human liver microsome preparations will be used to evaluate the metabolic stability of inhibitors using the method described by Kuhnz and Geischen55. Inhibitors with >60% recovery (1h) will be considered for further advancement. CYP450 inhibition: The CYP450 inhibition assays will be carried out using CYP3A4 and CYP2C9 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp., Woburn, MA). Inhibitors with IC50 values ≥30 µM for CYP isoforms will be prioritized for further advancement. hERG channel blockade: The ability of inhibitors to block the hERG channel will be assessed in a [3H] dofetilide-binding assay as described by Finlayson et al56 using SHSY5Y cells. Inhibitors with <50% inhibition [3H]dofetilide binding at 5 µM concentration will advance. Plasma protein binding (PPB): because PPB affects drug metabolism and PK properties, we will measure the PPB of selected analogs. Cellular permeability: We will use the Caco-2 method as described by Greset al.57 to evaluate the potential for oral bioavailability of the analogs. Inhibitors exhibiting a Caco-2 permeability value (Papp) greater than 1 × 10-6 cm/sec will be prioritized. Advanced Lead candidates will be tested in Bacterial reverse mutation assay (Ames): Four Salmonella typhimurium strains (TA1535, TA1537, TA98, TA100) and one Escherichia coli strain (WP2 uvrA) will be used. The bacteria will be exposed to different dose levels and any reverse mutations will be determined. They will also be tested in the Tox-Genotoxicity panel assays, which includes cytotoxicity testing on primary human hepatocytes, cytotoxicity with primarily cultured neuronal model, and nephrotoxicity with HK2 cells (by Pharmaron, Inc.).

Pitfalls and alternative strategies. The proposed synthetic derivatives will be synthesized under the guidance of Drs. Gaisina and Peet. If we encounter a synthesis-related problem with our primary scaffold compounds, we will use an alternate strategy using a different reaction sequence. Should we encounter a scaffold-related problem with our furopyrimidine scaffold, we will switch to our backup quinazolin-4-one scaffold or other HTS hits identified using the expanded libraries of compounds. The proposed ADME/Tox and PK studies will be executed through the testing services provided by Eurofins Panlabs, Inc., and Pharmaron, Inc. and supervised by Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to meet the objectives in this aim. We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced lead compounds (Figure 9), which will be advanced to in vivo studies (Aim 3) and will allow for the future selection of a preclinical candidate.

D.2. Aim 2. Investigate the mechanism of action (MOA) of lead inhibitors. Understanding the mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The following experiments will be performed: 

D.2.1. Determine the impact of compound treatment on viral protein expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be treated in duplicate with medium containing either DMSO or selected inhibitors at a predetermined concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells will be collected to determine viral protein expression by western blot techniques or viral RNA levels by q-RT-PCR. CedV specific antibodies against G F N and P will be utilized. To determine changes in viral protein expression at the different time points, densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe pair targeting the N gene and performed using the ABI 7500 thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold changes will be calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We expect to observe a decrease in intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds on viral RNA levels over time.

D.2.2. Determine the stage(s) of inhibition of furopyrimidines and quinazolin-4-ones in the viral lifecycle. For time of addition studies, HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which time the viral inoculum will be removed, and cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious viral titers (PFU/mL) by plaque assay.7,8 Results from this data will indicate at which stage of the viral life cycle the compounds are affecting. 

[bookmark: _Hlk86425665]D.2.3. Analyze escape mutants against the advanced lead compounds with Cedar virus. Target identification for small molecules. The rCedV tools used in Aim 1 will also be used for antiviral target identification. In vitro selection of virus escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic changes associated with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras to generate neutralizing mAb escape mutants. Here, we will test advanced lead compounds for antiviral resistance using techniques similar for generating mAb escape mutants.58,59 Briefly, a select compound will be used at the sub-optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial passaged in multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of inhibitor will be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then be amplified and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will be derived by deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral genomes. We expect that many mutations will map to the L gene of rCedV, however, both P and N proteins also comprise the replicase complex and mutations may appear in those gene products as well, which if identified also suggests the possibility of multiple drug combination testing going forward. We will validate key mutations found in drug resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse those rCedVs and assay for drug resistance. We will also confirm and correlate our drug targets by performing resistance selection of the best inhibitors using authentic NiV-B and HeV in BSL-4 by the UTMB BSL-4 Core.

D.2.4. Assess the binding properties by surface plasmon resonance (SPR). The NiV polymerase (L protein and a phosphoprotein P, or RdRp complex) will be prepared using a previously published protocol60. Biacore T200 and Biacore 8KSPR systems will be used to obtain information on binding specificity, binding affinity of the new lead inhibitors (KD) to the RdRp protein, and kinetics [association rate constants (ka), and dissociation rate constants (kd)] as previously described.61 RdRp protein will be immobilized on a CM5 chip using standard amine coupling protocols. Lead compounds at various concentrations (–.1 - 50 µM) will be injected over the flow channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir kinetic binding model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic analysis will be performed by UIC RRC, as previously done by the Rong lab.62[image: NiVG-Figure.png] Figure 8. NiV G bound to the nAH1.3 neutralizing antibody Fab fragment. A) Ribbon diagram of the NiV G ectodomain bound to the broadly neutralizing nAH1.3 Fab fragment in two orthogonal orientations. Each of the four NiV G protomers is colored distinctly and resolved N-linked glycans are rendered as green surfaces. The nAH1.3 heavy and light chains are colored gold and yellow, respectively, and only the variable domains were modeled in density. The linkers connecting the neck to the two proximal head domains are shown as dashed lines due to weaker density in the cryoEM reconstruction. (B) Ribbon diagram of a NiV G head domain (blue) with the interacting nAH1.3 heavy and light chains CDRs rendered in gold and yellow. (C) nAH1.3-mediated neutralization of rCedV-NiV-B-GFP (black) and rCedV-HeV-GFP (blue).



[bookmark: _Hlk108784397]D.2.5. Structure determination of recombinant proteins with bound inhibitors by CryoEM. The Veesler lab is a world leader in structural studies of viral glycoproteins and will carry out cryoEM studies of the most potent and broad inhibitors in complex with the NiV RdRp to visualize recognition at the atomic level and inform further optimization of target binding affinity. The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput structural studies of viral glycoproteins. We use the Leginon data collection software, which runs 24 hours per day and enables automated targeting and image acquisition, while keeping a relational database of all micrographs to expedite subsequent processing.63 Many image processing tasks are automated as part of a workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by storing all the details related to image acquisition and processing.64,65 Complexes of small molecule inhibitors with the NiV RdRp will be vitrified and imaged using cryoEM to visualize directly the molecular basis of binding. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,66-70 mechanical stage tilting with gold grids71,72 or detergents to modify surface tension73. To overcome possible conformational heterogeneity, we will use workflows developed in-house specifically for that purpose for previously characterized small molecules, miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.71,74-80 Refinement of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of Washington.81-83 

As cryo-EM structures of polymerase in complex with key inhibitors (i.e., Z2 and additional derivatives) become available, MD studies of these systems will be conducted to reveal the dynamic nature of protein/ligand interactions84-88, to explore the conformational landscape89 of ligand binding events, and to capture conformational variability of intermediate states90,91, which can be crucial to gain mechanistic knowledge of biological function.

The Veesler and Broder labs recently determined a high-resolution cryoEM structure of the NiV G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 years, hindering both our understanding of immunity directed towards G and the rational design of vaccines. The structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3) (Figure 8), which recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. This study revealed the ultrastructural organization of this key target of the immune system, informs the mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic design. The know-how generated to achieve this groundbreaking result will directly support the proposed project.

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in the field. For cryoEM maps, these will include gold-standard projection matching refinements92-94 and high-resolution noise substitution prior to Fourier shell correlation calculations95 to avoid overfitting. Atomic models will be assessed using Molprobity,96 EMringer97 and Privateer.98 The coordinates of the structures solved as part of this work, as well as the corresponding experimental data, will be made freely available through deposition in the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB).

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between the inhibitors and the RdRp which will enable iterative optimization of binding affinity and the design of improved inhibitors. 

Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are commonly utilized techniques employed in the Rong, Vessler, and Geisbert labs. We have previously rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism studies may allow us to determine a mechanism of action that defines a binding site for inhibitory furopyrimidines or quinazoline-4-ones. In the unlikely event we encounter protein complexes that cannot be vitrified using the strategies described, we will use the TTP Labtech Chameleon vitrification robot, which is available at the UW cryoEM center (Dr. Veesler as the co-director), and specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-150ms) spot-to-plunge time (28–30). Alternatively, we will crystallize the RdRp in complex with inhibitors to determine X-ray diffraction structures, as routinely done in the Veesler lab.99,100

[bookmark: _Hlk108788167][bookmark: _Hlk101447121]D.3. AIM 3: Evaluation of lead compounds in vivo.

A critical aspect of antiviral discovery that is often overlooked is the early-stage testing of lead compounds in well-studied and well-validated in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster and AGM.2,101 PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy studies using select best-in-class drugs will be used in NiV-B and HeV infected hamsters. Final proof-of-concept protective efficacy studies with best-in-class drugs and/or nanobodies will be carried out in the NiV-B and HeV infected AGM models.

D.3.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary pharmacokinetic (PK) studies in hamsters and AGMs will be performed. Using intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these studies will examine the concentration of lead compounds in plasma over time in order to establish parameters such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in hamster models of henipavirus disease. Lead compounds with good exposure-response antiviral activity in hamsters will then advance into AGM PK studies using similar dose administration and measured parameters as above. The data will help to select doses and dosing regimens for the subsequent protection studies in AGMs. Formulation stability and PK/Toxicity studies will be performed by CROs.

D.3.2. In vivo testing of lead compounds in NiV/HeV infected Golden Syrian hamsters. The in vivo activity of the most potent compounds from Aim1 will be evaluated in a series of hamster infection studies. In brief, animals will be randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 PFU of NiV-B or HeV.102-105 Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different doses of drugs. Additional treatments may be given based on PK data. The control animals will be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be optimized in later studies. The candidates showing the most protection will be selected for further analysis below.

D.3.3. Define breakthrough conditions for anti-henipavirus agents in hamsters. This study will employ the most promising drugs from Aim 1 that are shown to completely protect hamsters against lethal henipavirus infection. The goal is to determine the time points of treatment initiation when the antiviral agents fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x106 PFU of NiV or HeV.102-105 Treatments will be initiated at various times after henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters succumb to disease.

D.3.4. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol using the LMA mucosal atomization device (MAD) as previously described40 or by small particle aerosol as previously described41,106 with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV). Importantly, the MAD system delivers atomized particles that range in size from 30 to 100 µm, which is highly consistent with the size of droplets exhaled by [image: A picture containing text

Description automatically generated]humans when coughing. Previous studies with AGMs infected with NiV-B using the MAD system resulted in lethality in 9/9 animals and a disease course that is highly consistent with human infection (T.W. Geisbert, unpublished data). The treatment groups (consisting of five animals each) will be treated with the lead antivirals by bolus i.v. infusion oral gavage up to 5 days after viral challenge (initiation time informed by hamster studies) while control animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival. Based on the results, the study will be repeated to further define the therapeutic window, e.g., if all five animals treated with the test compound survive the follow up study will begin treatment at day 5 after NiV infection. Conversely, if any of the drug treated AGMs succumb the follow up study will begin treatment at day 3 after NiV infection. A third study will be done to assess the protective efficacy of the drug for treating HeV-infected AGMs; test conditions for the HeV study will be the same as the test conditions showing the best protection against NiV-B. Defining the therapeutic window is not only important in terms of translating preclinical animal data to humans but also in regard to combination treatment studies where it is important to establish breakthrough for each individual drug to be used in combination approaches in order to be able to show a benefit of combining drugs.

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or histological analysis of tissues. We will employ equal or near equal numbers of male and female animals and general age (infant or geriatric animals will not be used).

Here, we have established rigorous milestones to ensure the production of suitable advanced lead small molecule inhibitors, which will allow for the selection of preclinical candidates (Figure 9).

Product Development Plan. Our team will meet quarterly over zoom to discuss the project progress and prioritize promising lead inhibitors generated from each iterative round of synthetic medicinal chemistry-biological testing, from those with desired PK, good safety profile and in vivo efficacy, for further advancement.

[bookmark: _Hlk101447201]In summary, the continued outbreaks of NiV across a large global region requires urgent translational countermeasure research to establish a readiness for the next NiV or related pathogenic henipavirus outbreak. We have discovered antiviral leads that show promise against NiV and HeV, and lay out a detailed plan to optimize, develop, and test these drugs. Together with the expertise, resources and experience within this proposal, we will deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease.
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[bookmark: _Investment_Results_-][bookmark: _Hlk109632110]Investment Results - Outcomes and Outputs

In this section, please provide specific details on the results this project will achieve.

“Outcome” is the ultimate or overall change(s) in systems, populations, or behaviors that a project seeks to achieve within the time frame of the grant. 

Describe what success looks like for the project by stating the intended outcome(s) of the project and how they relate to the activities funded by the grant. 

		Definition three advanced lead compounds that are inhibitory against NiV and HeV, and identification of a potential clinical candidate for further development.





[bookmark: FundedDevelopment]“Output” or “Funded Development” means the products, services, processes, technologies, materials, software, data, other innovations, and intellectual property (IP) resulting from the project (including modifications, improvements, and further developments to Background Technology). 

Please populate the table below with the intended outputs of the project. Add more rows as needed. 

		Number

		Output/Funded Development Description

		Target Completion Date

		Is a Third-Party agreement required? If yes, by when?

		Will any IP rights be filed/generated?*



		1

		Preparation of furopyrimidine compound library

		[30/09/24]

		No

		Yes



		2

		Preparation of quinazolinone compound library

		[30/09/24]

		No

		Yes



		3

		Define three advanced lead compounds from the above compound libraries

		[30/09/24]

		No

		Yes



		4

		Identify a potential clinical candidate compound for further development

		[30/09/25]

		No

		Yes





*Note: In future progress report(s) you will be required to report on these outputs, and to disclose and update intellectual property (IP) and include any links to IP applications, filings, or registrations, as applicable.


If necessary, please add further explanations below: 

		





[bookmark: _Global_Access_–]Global Access – Charitable Impact for Beneficiaries

To ensure a positive impact for the intended beneficiaries, the foundation requires that all projects and outputs be managed to ensure Global Access.

[bookmark: GlobalAccess]“Global Access” is a foundation policy requiring that: (a) the knowledge and information gained from the project be promptly and broadly disseminated; and (b) the Funded Developments be made available and accessible at an affordable price (i) to people most in need within developing countries, or (ii) in support of the U.S. educational system and public libraries, as applicable to the project.  For more information and resources on Global Access, see the foundation’s Global Access Statement and Global Access webpage.

How will you disseminate the knowledge and information gained from the project? For additional information for peer-reviewed publications, see the foundation’s Open Access policy. 

		[bookmark: _Hlk71213977]Data generated from this project will be publish in Open Access journals and presented at the International Society for Antiviral Research conferences.





[bookmark: BackgroundTechnology]“Background Technology” means all products, services, processes, technologies, materials, software, data, or other innovations, and intellectual property created by you or a third party prior to or outside of the project and used as part of the project.

Please list any Background Technology that will be used in the project. Commonly available, off-the-shelf products (such as Microsoft Excel, Adobe, etc.) do not need to be disclosed. Add more rows as needed.

Note: Background Technology previously funded by the foundation will be considered a Funded Development for purposes of Global Access and any license to the foundation.

		List each Background Technology to be used in the project

		Is this Background Technology owned, controlled, or developed by you or sublicensable by you?  

		Do you need permission or a license from any third party to use this Background Technology to achieve Global Access?

		If any permission/license is needed, please detail below, and describe your plan and timeline to obtain such permission/license or submit a copy of the agreement. 

		If this Background Technology is subject to Intellectual Property rights, please identify and include any links to applications, filings, or registrations, as applicable.



		Provisional patent application

NOVEL INHIBITORS OF HENIPAVIRUSES

		Yes

		No

		

		application serial no. is 63/391,893



		

		No/Yes

		No/Yes

		

		 



		

		No/Yes

		No/Yes

		

		







How will you ensure affordable and meaningful access to the Funded Developments and Background Technology, if any?

		Publication in Open Access Journals; Patent sub-license.





Do you foresee any obstacles to achieving Global Access (e.g., third-party rights, restrictions on Background Technology, time frame, affordability)?

__X_No___Yes (please explain and describe the specific steps that you will take to address the obstacles)

		





For Global Access purposes, please confirm that you will make available the funded developments and any Background Technology that is (a) owned, controlled, or developed by you, or in-licensed with the right to sublicense; and (b) either incorporated into a funded development or reasonably required to use the funded development. For more information, see the Global Access terms located in the foundation’s standard grant terms and conditions.

_X__Confirmed___Not confirmed (please explain)

		





Data Access

It is anticipated that the activities of this project will generate or collect datasets that may be useful to the foundation, project collaborators, third-party researchers, and/or the public. Please answer the questions below with a level of detail appropriate to the project activities.  

What types of data and specific datasets will be generated from the project activities and/or collected from other sources? 

		HTS dataset; In vitro inhibition of CedV, NiV-B and HeV; PK and ADME/Tox data for lead compounds; In vivo efficacy data for advanced lead compounds





Do you plan to create a data management plan? If not, why not?

		Yes





· What data curation (e.g., organizing, describing, cleaning, enhancing, and preserving) activities are planned to enable reuse or secondary use of the datasets? 

		We will create a database in which we will routinely organize and store chemical and biological information that can be accessed by our team. We will use ChemBioFinder, because this program has the capability of searching compounds by sub-structures or similarity, facilitating data analysis and information retrieval.





Where and when will the datasets be deposited and preserved to enable reuse or secondary use and under what license?

		All data generated in the course of this project will be published in Open Access Journals.





Please describe any informed consents, approvals, and/or agreements that may be required to enable use or reuse of the datasets by the foundation, project collaborators, and/or third-party researchers. What steps do you plan to take to obtain such consents, approvals, and agreements? 

		Office of Technology Management at UIC. To process material transfer agreements (MTA). 





[bookmark: _Toc71535247]Budget Information

The purpose of this section is to supplement the information provided in the Excel budget template by justifying how the budgeted items are necessary to implement project activities and accomplish project results. Please focus on key costs and risks and avoid repeating information contained in the budget template. Together, this narrative section and Excel budget template should provide a complete description that supports the proposed budget. For questions below that are not relevant to your project, answer “N/A”.

For additional instructions and guidance on the budget template, see the Grant Budgeting & Financial Reporting Detailed Instructions.

Budget Summary

Explain the major cost drivers and how costs relate to planned activities and target outcomes. Also, explain any potential risks in spending and any plans to mitigate those risks. In the Excel budget template, an additional dimension can be defined to break down costs beyond the standard expense categories (e.g., by geography, product candidate, projects within a portfolio, or other). If you are defining such an additional dimension, please use it as you explain the major cost drivers here.

		We request funding to purchase the “ChemDiv Antiviral Library” ($124,621 – quote RT10212021-UIC-A), which will be screened for new inhibitors by HTS rCedV-Luc assay.

ADME/Tox and PK screening (Y1-$35,000; Y2-$60,000, and Y3-$50,000). 

		ADME panel

		Price *

		Species

		Comments



		Thermodynamic solubility in PBS

		$80

		

		Plan to test: 

up to 15 compounds in LM and plasma stability assays in Y1-2;

up to 12 compounds in CYP inhibition assay;

up to 10 compounds in Caco-2, TS in PBS and Stability in Hep assays; 

up to 10 compounds in PPB, thermodynamic solubility in FeSSIF, FaSSIF, FaSSGF, SIF



		Thermodynamic solubility in FeSSIF, FaSSIF, FaSSGF, SIF or SGF

		$100 /incubation ($400 total)

		

		



		Stability in Liver Microsomes 4 non-zero tps 

		$200 / species

		Human, hamster, and monkey

		



		Stability in hepatocytes (1 non-zero tps)

		$220 / species

		Human, hamster, and monkey

		



		Plasma stability (4 non-zero tps)

		$250 /species

		Human, hamster, and monkey

		



		Caco-2 Bidirectional

		$450

		

		



		Plasma protein binding

		$280

		

		



		CYP inhibition (2C9, 2C19, 2D6, 3A4) 6 non-zero concs

		$1,120

		

		



		Tox-Genotoxicity panel

		

		

		Plan to test up to 10 compounds in Tox-Genotoxicity panel in Y1-2



		hERG assay by manual patch-clamp (IC50, n = 2)

		$450

		

		



		Nephrotoxicity (HK2 cells, IC50)

		$300

		

		



		Cytotoxicity with primarily cultured neuronal model (IC50)

		$600

		

		



		Cytotoxicity testing on primary human hepatocytes

		$1,200

		

		



		Mini-Ames 5 strains

		$1,350

		

		



		In vivo PK

		

		

		



		Screening PK in hamsters Plasma PK (IV and PO administration), n = 3, 8-9 time points

		$3,000

		

		Plan to test up to 9 compounds



		Bio analysis of samples (LC/MS/MS/ method development)

		$1,000

		

		



		Metabolite identification in biosamples

		$1,000/sample (blood, brain) $2,000 total

		

		



		Monkey standard PK Plasma PK (IV and PO administration), n = 3, 8-9 time points

		$9,700

		

		Plan to test up to 3 compounds in Y2-3



		Bio analysis of samples (LC/MS/MS/ method development)

		$1,000

		

		



		Metabolite identification in biosamples (monkey)

		$1,000/sample (blood)

		

		



		*Pharmaron in vitro ADME-Tox and in vivo PK Pricing (2022)











Detailed Budget Information

In this section, please complete the sub-sections that apply to your project and associated budget, and answer “N/A” for those that do not apply.

Personnel and Benefits

Provide a description of budgeted personnel (including staff to-be-hired) and their responsibilities as they relate to the project. For to-be-hired individuals, please make sure your budgeting assumptions factor in realistic timing for recruiting.

Describe the components included in the benefits percentage (column R of the “Budget Details” sheet in the budget template). For example: pension, health insurance, expatriate costs, etc.

		Dr. Lijun Rong, PI (0.13, 0.1, and 0.08 FTE), is a Professor and Director of High Throughput Screening (HTS) facility at the Department of Microbiology and Immunology at the University of Illinois at Chicago (UIC).  Dr. Rong has extensive research experience in studying the entry and replication mechanisms of several emerging viruses including SARS2, Ebola virus, influenza and henipaviruses, and in developing small molecule inhibitors against these viruses. As the PI, he will supervise and coordinate all aspects of the proposed experiments in this proposal He will be also responsible for communicating with the Co-Is and collaborators.

Dr. Irina N. Gaisina, Co-Investigator (2.88 Acad, 0.6 Sum. Y1; 2.16 Acad 0.6 Sum. Y2; 1.44 Acad, 0.6 Sum Y3), is a Research Associate Professor in the Department of Pharmaceutical Sciences, College of Pharmacy, UIC. She has extensive experience in hit-to-lead and lead optimization medicinal chemistry and preclinical drug development. Dr. Gaisina will assume overall responsibility for the medicinal chemistry work carried out at UIC, including coordinating the work of project personnel and writing reports associated with the project. Dr. Gaisina will directly supervise Dr. Argade, and TBN technician. She will work on structure-activity relationship development, including computational aspects, and lead optimization. As a key team member in the medicinal chemistry core at UIC’s collaborative drug discovery center, UICentre, Dr. Gaisina has been leading multiple antiviral drug discovery projects. She has a well-established collaboration with Dr. Rong. 

Dr. Malaika Argade, Research Scientist (8.25 Cal. Y1; 6.6 Cal. Y2; 3.3 Cal. Y3), a medicinal chemist at UICentre, will perform the proposed synthetic medicinal chemistry and optimize scaleup synthesis of lead compounds for the PK assessments and the proposed in vivo studies. Salary support plus applicable fringe benefits for effort are requested.

TBN, Technician (12 Cal. Y1-Y2; 9 Cal. Y3), with background in organic synthesis and/or medicinal chemistry will be recruited to join the research team. The technician will synthesize focused libraries of small molecule inhibitors of henipaviruses and characterize them using NMR spectroscopy and mass-spectrometry.

Ryan Bott, B.S. Research Specialist (0.63, 0.5, and 0.38), has started to work in Dr. Rong Lab as a research specialist since May 2021. Before that he worked in Rong Lab as an undergraduate lab aide for three years. He has been trained for basic lab techniques and will assist the proposed experiments in this proposal. 

Dr. Laura Cooper, Postdoctoral Fellow (1.25, 1, and 0.75), was a PhD student in Dr, Rong lab and her PhD research focused on antiviral drug discovery and MOA studies of small molecule inhibitors. She has published more than 15 peer-reviewed papers since she joined Dr. Rong Lab. Her responsibilities include bioassay development and MOA studies in this application.



Salary support plus applicable fringe benefits for effort are requested. UIC’s FY23 projected fringe rate is 37.17% for academic professionals.



Fringe benefits include pension, health, life and dental insurance, workers comp, term. vacation/sick, medicare (for those hired after 4/1/1986), OASDI (for certain appointment types).





Travel

Describe the travel budgeted and the assumptions used to estimate the appropriate number of trips and associated costs.

		$3,000 /year funding is requested for the PI and Co-I to attend antiviral research meetings, such as the International Society for Antiviral Research (ISAR) conferences and present the project. This travel budget covers airfare, lodging, and per diem associated costs.





Consultants

Describe the work to be performed by consultants and any reimbursable expenses that have been budgeted in addition to consulting fees.

		Dr. Norton P. Peet, Consultant, is Chief Scientific Officer for Chicago BioSolutions. Dr. Peet is a medicinal chemist who has over 30 years of experience with both multinational pharmaceutical and biotechnology companies. Dr. Peet has previous experience with the preclinical development of therapeutic agents and their advancement to a clinical setting. He will oversee the proposed ADME/Tox and PK studies (his consulting fee is $300/h).





Capital Equipment

Describe any budgeted capital equipment items and explain why they are needed for the project. Only items with a unit cost of more than $5,000 (USD) and a "useful life" of more than one year should be included here, whereas items with a lower cost or shorter life should be budgeted under Other Direct Costs (see below).

		none





Other Direct Costs

Describe other items required for the project that fall under direct costs and are not part of any cost category above. For additional information on direct and indirect costs, please see the foundation's Indirect Cost policy.

		[bookmark: _Hlk74057473]Chemistry Lab: 

1) Chemical and solvents including, but not limited to specialty chemicals, inorganic salts, ACS grade solvents for synthesis ($28,697 Y1; $23,000 Y2; $19,000 Y3).

2) Chromatography supplies	 including, but not limited to tubes for fractionation, replacement HPLC columns, lamps for spectrophotometers, preloaded silica gel cartridges, LC-MS grade solvents for LC-MS and HPLC ($3,000/year).

3) Glassware and disposable plasticware supplies including, but not limited to flasks, vials, pipette tips, containers for sample storage ($3,000/year).

4) $17,000 per year is requested to cover instrumentation charges include routine NMR analysis and characterization of intermediates and products ($10/hr); charges for IT-TOF-MS at $52/hr; UIC Research Resources Center (RRC) services including mass spectrometry, high field NMR, surface plasmon resonance (SPR) to assess binding of small molecules to target protein, and bioinformatics.

Biology Lab:

1) HTS reagents and supplies

2) Tissue culture supplies

3) Reagents for DNA and protein work



		4) Tissue culture supplies to characterize the lead inhibitors, and to study MOA of these inhibitors. 

5) Assay kits and reagents (such as luciferase substrate, LiveBLAzer-FRET B/substrate).

6) Glassware, plasticware and other miscellaneous items.

Publication in Open Access Journals:

Funding is requested to cover the publication costs ($5,000/Year)







Subawards 

Subawards are contracts or grants that you, as the prospective primary grantee, negotiate with other organizations who contribute to the completion of this project. A subaward is “under” the main grant award; as the primary grantee you will receive funds from the foundation and manage the disbursements to the subawardee. You are responsible for negotiating the subaward budget, overseeing the work of the subawardee, disbursing funds in accordance with the subaward agreement and ensuring all applicable policies are met. For additional information, see Exercising Expenditure Responsibility Over Subgrants.

If your project will include subawards, please include the following information:

		· [bookmark: _Hlk74058168]If you are an Indian organization/entity subject to India’s Foreign Contribution Regulation Act (FCRA), then in compliance with FCRA, do you confirm that your proposed project will not include any subgrantees? This prohibition does not preclude subcontracts in the ordinary course of business.

_X__Not applicable     ___Confirmed     ___Not confirmed (please explain) 

		 





.





In the Excel budget spreadsheet, please enter each subaward as a separate line item with the expected disbursement for each period broken out.

If your proposal includes any subawards greater than $1 million USD, please provide a separate budget spreadsheet for each subaward as an appendix to the proposal materials, using the foundations Excel budget template. Please reach out to your foundation contact if you need a blank budget template or have questions or concerns about using this format with any of your subawardees.  

In addition to the information included in the Excel budget template, please also list all subgrantees or subcontractors involved in this project in the table below. Add more rows as needed. 

		Type of Subaward (grant or contract)

		Organization Name

		Organization Location (Country)

		Website or Email 

(please include email if subcontracting to an individual)



		Contract

		The University of Texas Medical Branch at Galveston

		U.S.A.

		



		Contract

		The University of Washington Seattle

		U.S.A.

		



		

		

		

		







In the space below, provide the following additional information for each organization chosen to participate on this project as a subawardee:

Describe the work the subawardee is going to perform, what selection process was used, how the sub-budgets were negotiated, and what the key cost drivers are.  If organizations are not yet known or "to-be-determined" (TBD), include the assumptions used to estimate the cost for the subaward, and the process and timeline you will use to select these organizations and negotiate budgets. Once subaward organizations are selected, you will be required to submit the subaward information and budget (as necessary) to the foundation in writing.

		The University of Texas Medical Branch at Galveston: Evaluation of antiviral activity of advanced candidates against authentic NiV and HeV in vitro and in vivo testing of lead compounds in NiV/HeV infected Golden Syrian hamster and AGM models.

Dr. Thomas W. Geisbert (Co-I), Professor, Department of Microbiology & Immunology at UTMB-Galveston and of the Galveston National Laboratory (GNL), will serve as the UTMB principal investigator for a subcontract for this project. He has expertise in nearly all technical aspects of this project. Dr. Geisbert has over 30 years’ BSL-4 experience at USAMRIID and at the GNL. For these many years, his research interests have focused on the study of hemorrhagic fever viruses, and he has published extensively in this area. His group demonstrated complete protection of nonhuman primates against Ebola, Marburg, and Lassa viruses using a novel vaccine based on recombinant vesicular stomatitis virus. He will devote 0.6 calendar months in Periods 1-3 to project planning and performance and hands-on participation in these experiments. Dr. Geisbert’s institutional base salary exceeds the current salary limitation for Executive Level II of the Federal Executive pay scale; therefore, the salary cap was used. Fringe rates are calculated using his actual institutional salary.

BSL-4 Research Scientist: Robert Cross, PhD, Assistant Professor, Department of Microbiology & Immunology at UTMB-Galveston and of the GNL will devote 0.8 calendar months per year in Periods 1-2 and 0.9 calendar months in Period 3 of the project assisting Dr. Geisbert with the conduct of this research. He will participate in the BSL-4 portions of the work including hands on procedures with the mice including necropsies. He will also assist in performing various assays including virology assays. Dr. Cross has seven years’ BSL-4 experience.

BSL-4 Technical Director: Joan B. Geisbert has more than 35 years’ hands-on BSL-4 laboratory experience and serves as the Associate Director for In Vivo Training at the GNL. Ms. Geisbert will serve as chief technical manager for all of the mouse challenge studies including laboratory set-up, supervision of the BSL-4 research technicians and graduate student, and hands-on participation in these experiments. She will devote 0.75 calendar months each year in all periods of the project. Ms. Geisbert will also perform animal challenges, treatments, clinical observations, and assist with necropsies. Ms. Geisbert will also oversee the select agent inventory and controlled substances inventory for this project.

BSL-4 Veterinary Pathologist: Karla Fenton, DVM, PhD, Senior Scientist, Department of Microbiology & Immunology at UTMB-Galveston and of the GNL will devote 0.8 calendar months each year in Periods 1-2 and 0.9 calendar months in Period 3 assisting Dr. Geisbert with the conduct of this research. Dr. Fenton is an ACVP board-certified veterinary pathologist and has been trained in BSL-4/ABSL-4 in the Geisbert laboratory. She will perform and oversee necropsies on the animals and will assist in animal challenges, treatments, clinical observations, and sample collection, and will perform gross and histological analysis of selected tissues and will prepare pathology reports. Dr. Fenton has six years’ BSL4 experience.

BSL-4 Research Scientist: Abhishek Prasad, PhD, Department of Microbiology & Immunology at UTMB- Galveston and of the GNL, will devote 0.96 calendar months in Period 1-2 and 1.2 calendar months in Period 3 of the project assisting Dr. Geisbert with the conduct of this research. He will participate in the BSL-4 portions of the work, including hands on procedures with the mice and performing various assays including virology assays. Dr. Prasad has four years’ BSL-4 experience.

BSL-4 Postdoctoral Fellow: Dylan Johnson, postdoctoral fellow in the Department of Microbiology & Immunology at UTMB- Galveston and of the GNL will devote 0.96 calendar months in all Periods of the project assisting Dr. Geisbert with the conduct of this research. He will participate in the BSL-4 portions of the work, including reverse genetics, hands-on procedures with the mice, and performing various assays including virology assays. 

BSL-4 Postdoctoral Fellow: Alyssa Fears, postdoctoral fellow in the Department of Microbiology & Immunology at UTMB- Galveston and of the GNL will devote 0.96 calendar months in all Periods of the project assisting Dr. Geisbert with the conduct of this research. She will participate in the BSL-4 portions of the work, including reverse genetics, hands-on procedures with the mice, and performing various assays including virology assays. 

BSL-4 Research Scientist: Courtney Woolsey, PhD, was a graduate student and postdoctoral fellow in Dr. Geisbert’s laboratory and has since formerly assumed a role as a research scientist in the Department of Microbiology & Immunology at UTMB. Dr. Woolsey will devote 0.96 calendar months in Periods 1-2 and 1.2 calendar months in Period 3 assisting Dr. Geisbert with the conduct of this research. She will participate in the BSL-4 portions of the work, including performing various procedures including hematology, clinical chemistry, and virology assays.

BSL-4 Research Technician: Krystle Agans, BS, will devote 1.2 calendar months in Periods 1-2 and 1.5 calendar month in Period 3 of the project performing BSL-4 in vitro and animal studies. Ms. Agans will participate in the BSL-4 portions of the work including virology assays as well as the BSL-2 RT-PCR assays. She has over seven years’ BSL-4 experience.

BSL-4 Research Technician: Daniel Deer, BS, will devote 1.2 calendar months in Periods 1-2 and 1.5 calendar month in Period 3 of the project performing BSL-4 in vitro and animal studies. Mr. Deer will participate in the BSL- 4 portions of the work including virology assays as well as clinical observations. He has over six years’ BSL-4 experience.

BSL-4 Research Technician: Viktoriya Borisevich, MD, PhD will devote 1.2 calendar months in Periods 1-2 and 1.5 calendar month in Period 3 of the project performing BSL-4 in vitro and animal studies. Dr. Borisevich will participate in the BSL-4 portions of the work including sequencing and virology assays, as well as the BSL-2 RT-PCR assays. Dr. Borisevich has over eight years’ BSL-4 experience.

Research Technician: Brittany Franshaw will assist Dr. Borisevich in performing BSL-2 RT-PCR assays and will devote 1.2 calendar months each year in all Periods of the project. She is currently being trained in BSL-4 and will assist with various procedures including virology assays.

Research Technician: Rachel O’Toole will assist Dr. Borisevich in performing BSL-2 RT-PCR assays and will devote 1.2 calendar months each year in all Periods of the project. She is currently being trained in BSL-4 and will assist with various procedures including virology assays.

Histopathology Technician: Natalie Dobias, HT(ASCP), is a histologist with 11 years’ experience (5 of those working with NHP tissue) who will be tasked with processing, embedding, sectioning, and staining mouse tissues as needed for the project. She will devote 0.8 calendar months in Periods 1-2 and 0.96 calendar months in Period 3 of the project assisting Dr. Fenton with the histology studies. 

Program Administrator: Sherry Haller, PhD, Associate Director, Center for Biodefense and Emerging Infectious Diseases, will oversee all administrative aspects of the project and will work with Dr. Geisbert to see that deliverables are being met. She will devote 0.2 calendar months per year in all Periods of the project. 



The table below reflects staff effort to be devoted to this project.

Fringe Benefits: The UTMB-Galveston fringe benefit rate for FY22 is calculated by salary 

range as follows:

[image: Table

Description automatically generated]

OTHER DIRECT COSTS

Materials and Supplies.



General lab supplies- Funds are requested for laboratory supplies to perform in vitro assays including costs for PPE (gloves, masks, etc.), cell culture material, plasticware, flasks, pipette tips and disinfectant as well as for in vivo work including costs to perform hematology, clinical chemistry, virology, animal procedures, and necropsies, based on historical usage of these items. We request $64,401 in Period 1, $29,321 in Period 2 and $32,562 in Period 3 for a total of $126,285.



Hamster purchase, shipping and per diems- Funds are requested for the purchase of 100 hamsters in Period 1 and 200 hamsters in Period 2. A total of $18,500 is requested in Period 1 and $37,000 in Period 2 to include the cost of purchasing the hamsters, shipping them to UTMB, and housing them in the UTMB Animal Resource Center for the duration of the studies.



NHP purchase, shipping and per diems- Funds are requested for the purchase of 12 African green monkeys in Period 3. African green monkeys currently cost $8,870 per animal plus shipping. A total of $152,000 is requested in Period 3 to include the cost of purchasing, testing and shipping the NHPs to UTMB. Also included are costs to cover per diem charges.





INDIRECT COSTS

According to the Pandemic Antiviral Discovery guidelines, the indirect costs for this work have been set at 10% of modified total direct costs for the project period.



The University of Washington Seattle: Structure determination of recombinant proteins with bound inhibitors by CryoEM.

Dr. David Veesler (Co-I), an Associate Professor of Biochemistry at UW and HHMI investigator (no salary requested), is a world leader in structural studies of viral glycoproteins and will carry out cryoEM and X-ray crystallographic studies of the most potent inhibitors in complex with the NiV or HeV polymerase.

Dr. Daniel Asarnow, Postdoctoral Fellow, (effort 69% FTE). Dr. Asarnow is an expert in biophysics and has a strong background in structural biology. Dr. Asarnow determined cryoEM and X-ray crystallographic structures of neutralizing coronavirus antibodies targeting the spike and will participate in structural determination efforts. Dr. Asarnow will be playing a major role in experimental design, data analysis and interpretation, writing manuscripts and will report directly to Dr. Veesler.

William Sharkey, Research Technician, (effort 75% FTE). Mr. Sharkey has extensive experience in recombinant glycoprotein production in mammalian cells, purification and biophysical characterization. His work will support cryoEM structural studies under the supervision of Dr. Veesler to whom he will directly report.

Zaneta Holman, Lab manager, (effort 7% FTE). Ms. Holman is in charge of ordering and stocking lab supplies and of interactions with vendors under the supervision of Dr. Veesler to whom she will directly report.



Mammalian cell culture, protein production and purification: Funds are requested  to support the purchase of protein production materials and supplies including media, chromatography columns, gels, stains, ladders, purification reagents, concentrators, and buffer reagents. It will also include transfection reagents, cell culture media and plasticware for suspension cells to support structural biology efforts. 



Microscope time. This will cover access to our Thermo-Fisher Titan Krios, Glacios and Tecnai T12 Spirit electron microscopes for screening and high-resolution data collection.



INDIRECT COSTS

According to the Pandemic Antiviral Discovery guidelines, the indirect costs for this work have been set at 10% of modified total direct costs for the project period.





Indirect Cost Rate

Briefly explain the indirect cost rate being charged on this project and the rationale and assumptions behind it.

		10% maximum amount per sponsor policy. 





Currency Exchange 

What is the operating currency you will be using to manage project financials? If different from USD, please explain your organization’s foreign exchange policy, including how and when U.S. Dollars are converted to local currency. (If no formal policy exists, explain the approach you plan to follow on this project.)

		USD





If the project is exposed to additional currencies, other than your operating currency and USD, please name these currencies and provide a rough estimate on how much will be spent in these currencies. 

		





Are there any measures you plan to take for reducing currency risk?

		





Other Sources of Support 

Beyond the requested funding from this grant, will the total cost of this project require contributions of funding from other sources (either from your organization or others)?

_X__No (skip questions below)   ___Yes (please explain)

Please fill out the Total Project Cost and Funding Plan sections in the Excel Budget template and provide further context and explanations here, such as timing, uncertainties/dependencies and important restrictions that apply. If applicable, please also describe any expected in-kind contributions (e.g., drug donations, personnel time), and explain how dollar values were estimated.

		





· If any of the funding (other than this grant) is not yet secured, please describe what you will do if it does not become available.

		





Geography Served

List all countries, sub-regions, and/or states that will benefit from this work and the associated dollar amounts for the full term of the grant. Please avoid listing "World," unless the work truly serves beneficiaries globally. If geographies include the United States, please indicate city and state. The total of "Foundation Funding" amounts should match the requested grant funding. Add more rows as needed.  

For additional information, see the Geography and Location of Work – Frequently Asked Questions.

		Geography Served

		Foundation Funding Amount (USD)



		World

		$2,954,167



		

		$



		

		$





Location of Work

List all countries, sub-regions, and/or states where this work would be performed, and associated dollar amounts for the full term of the grant.  This includes your location and any locations where you plan to make payments to individuals or organizations with grant funds. If locations include the United States, please indicate city and state. The total of "Foundation Funding" amounts should match the requested grant funding. Add more rows as needed. 

For additional information, see the Geography and Location of Work – Frequently Asked Questions.

		Location of Work

		Foundation Funding Amount (USD)



		United States of America, Illinois, Chicago

		$1,655,106



		United States of America, Michigan, Holland

		$36,000



		United States of America, Texas, Galveston

		$780,000



		United States of America, Washington, Seattle

		$483,061





Many countries, including India, Vietnam, Bangladesh, and Pakistan require organizations conducting activities funded with foreign funds to comply with local registrations or other requirements. These restrictions may apply to funds you disburse to sub-awardees under this project. Please confirm that your organization will ensure compliance with any such requirements, including taking reasonable steps to ensure that any subgrantees subject to India's Foreign Contribution Regulation Act (FCRA) are in compliance with this law and the regulations thereunder (e.g., depositing subgrant funds only into accounts maintained at the State Bank of India, New Delhi Main Branch and ensuring such subgrantees do not further subgrant funds).  

_X__Not applicable     ___Confirmed     ___Not confirmed (please explain)

		





Anti-Terrorism and Use of Funds

Did you list any locations of work as "to be determined" (TBD) or geographic areas instead of specific countries (e.g., Sub-Saharan Africa or Middle East)? 

_X __No     ___Yes

Did you list any locations of work that are subject to U.S. government sanctions as identified below?

		Comprehensive Sanctioned Countries 

		List-based Sanctioned Countries 



		___Cuba

___Ukraine’s Crimea Region or so-called Luhansk or Donetsk People’s Republics

___Iran

___North Korea

___Syria 

		___Countries subject to list-based sanctions*

*Note: Countries subject to list-based sanctions can be found on the U.S. Department of Treasury website





If you selected ‘yes’ to TBD locations or locations that are not country-specific, and/or selected locations that are subject to U.S. government sanctions or believe that project work could reasonably occur in a location that is subject to U.S. government sanctions, please review the guidance in the Office of Foreign Assets Control (OFAC) Guidelines and confirm that: (a) you have discussed the location of work with your foundation contact, and (b) your organization will ensure compliance throughout the term of the project with the anti-terrorism clause in our grant agreement.

___Confirmed     ___Not confirmed (please explain)

		





[bookmark: _Toc71535248]Roles and Responsibilities

[bookmark: _Conduct_and_Control]Conduct and Control 

In answering the questions in this section, please consider all project activities, such as those involving: confidential or protected information (including personally identifiable information or protected health information); the inclusion of children or vulnerable populations; research involving human subjects; clinical trials; post-approval studies; field trials; experimental medicine; provision of medical services (diagnostic, prophylactic or treatment); product development; use of genetically modified organisms, human tissue, animals, radioactive isotopes, pathogenic organisms, recombinant nucleic acids, select agents or toxins, dual-use technology, or any substance, organism, or material that is toxic or hazardous; use of aircraft, unmanned vehicle systems, drones or satellites; and the import, export, transfer, approvals, consents, records, data, specimens, images, and materials related to any of the foregoing.    

Please confirm that your organization:

· Will maintain the expertise necessary to conduct, control, manage, and monitor all aspects of the project in compliance with all applicable ethical, legal, regulatory, and safety requirements including applicable international, national, state, local, and institutional, school district or school network standards and policies and is responsible for determining and complying with these requirements and standards;

· Will not disclose any confidential or protected information to the foundation without obtaining prior written approval from the foundation and all necessary consents to disclose such information;

· Acknowledges that any activities by the foundation in reviewing documents, providing input or funding does not modify your organization’s responsibility for determining and complying with all applicable ethical, legal, regulatory, and safety requirements for the project in all places;

· Is a government agency, public institution or multilateral organization or will otherwise maintain insurance coverage sufficient to cover the activities, risks, and potential omissions of the project in accordance with generally-accepted standards and as required by law (for instance, general, professional, clinical trial, product liability, medical malpractice, workers' compensation, or otherwise); and

· Will not transfer any biological materials, chemicals, reagents, hazardous materials, or the like to the foundation.


_X__Confirmed     ___Not confirmed (please explain)

		





Does the project involve any of the following: clinical trial, other trial involving human subjects, post-approval study, experimental medicine, field trial of genetically modified organisms, or the provision of medical/health services?  

_X__No     ___Yes (please explain)

If yes, please list all approvals and consents required for each site and describe the time frame in which your organization will acquire the necessary approvals and consents.

		





If yes, please identify the name of the entity that will be the sponsor/responsible party of any clinical trials, studies involving human subjects, experimental medicine studies, post-approval studies, products, or regulatory filings contemplated by the project.

Note: The foundation will not serve as the sponsor/responsible party nor accept delegation of any of these responsibilities. If the project will not involve such activities, please indicate not applicable or N/A below.

		





Advocacy and Lobbying

While the foundation funds a broad range of advocacy activities, U.S. law prohibits foundation funds from being earmarked to support direct or grassroots lobbying communications.  You should answer “Yes” to this question if this project will include engaging with the public or government partners to influence government policy decisions or actions.  Does your project include advocacy activities?

_X__No     ___Yes (please explain)

If “yes,” please describe how the project will be conducted to ensure foundation funds are not earmarked to support grassroots or direct lobbying, as summarized in the foundation’s Advocacy Guidelines, identifying any potential legislative actions related to your advocacy goals. Your response should demonstrate your understanding of the relevant restrictions and exceptions and explain how you will manage compliance during the term of the project. If relevant, also explain how you will comply with other pertinent lobbying rules or requirements (e.g., local, state, or federal disclosure rules). 

		








[bookmark: _SECTION_B_–][bookmark: _Toc71535249]SECTION B – PROGRESS NARRATIVE(S)

This section is for progress reporting on funded grants. For each required progress report, complete a version of this progress narrative section and submit the Investment Document to your foundation contact by the date indicated in your grant agreement or latest amendment.  If you have any questions or need support, please reach out to your foundation contact. Please find contact information in Section A – Investment Details. The progress narrative is your opportunity to update the foundation on the following: 

· Progress made toward achieving your project's stated outputs and outcomes

· Any adjustments to the project

· Financial update for the reporting period

· Feedback for the foundation

Reminder: This document must be submitted in English and as a Word file. PDFs and other file types will not be accepted. 

IMPORTANT: For each subsequent progress report, do not overwrite existing progress narratives. Instead, copy the following questions and paste to the end of this section before Section C – Final Narrative.

[bookmark: _Toc71535250]Progress Reporting Period 1

		Progress Report Number

		Reporting Period Start Date

		Reporting Period End Date

		Progress Report Due Date

		Scheduled Payment Amount (if applicable)



		

		

		

		

		$





Progress Details

What progress have you made toward achieving the project's desired outcomes? Describe what you did in this reporting period and what work is planned or anticipated for the next period. 

		





Outputs/Funded Developments and Background Technology Update

Update the table below to reflect completed and/or adjusted outputs, and new outputs/Funded Developments not previously reported. See your original results table in Section A of your proposal for reference. Add more rows as needed. 

		Number

		Output/Funded Development Description

		Newly Added Output/Funded Development?

		Status 
(e.g., planned, in progress, complete, canceled)

		Target 
Completion Date*

		Actual 
Completion Date

		Third-Party agreement required? If yes, by when?

		Will any IP rights be filed/ generated?



		1

		

		No/Yes

		

		[DD Month YYYY]

		[DD Month YYYY]

		No/Yes

		No/Yes



		2

		

		No/Yes

		

		

		

		No/Yes

		No/Yes



		3

		

		No/Yes

		

		

		

		No/Yes

		No/Yes



		4

		

		No/Yes

		

		

		

		No/Yes

		No/Yes





*Note: For items that are complete or canceled, this should be the date that was stated in the most recent progress report or in the proposal if this is the first report. For items that are not yet complete, either restate the most recent target date or propose a revised target date (e.g., 30 Nov 2023 31 Jan 2024).

If necessary, please add further explanation below.

		





Are there any additional Background Technologies to report which were not described in any documents previously submitted to the foundation?  

___No     ___Yes (please explain)

		





Project Adjustments

What adjustments to the project (scope, timeline, resources) have you made over the past period or are you proposing to make?

		





Global Access Update

Are there any updates to your responses to the Global Access questions in Section A?  

___No     ___Yes (please explain)

		





Roles and Responsibilities Update

Do you represent that the project activities were conducted in compliance with all applicable ethical, legal, regulatory and safety requirements? 

___Yes     ___No (please explain)

		





Are all the project activities described in the documents previously submitted to the foundation? 

___Yes     ___No (please explain and describe any new project activities)

		





Financial Update

The purpose of this section is to help the foundation understand expenditures in relation to the work performed under this grant during the most recent reporting period and the upcoming one(s). Please provide actual expenditures for past periods and projected expenditures for future periods by updating the Excel budget template and use this narrative document to share additional explanations. Together, this narrative section and Excel budget should provide a complete quantitative and qualitative description of the current financial state of the project. 

For additional instructions, see the Grant Budgeting & Financial Reporting Detailed Instructions.

Latest Period Variance

“Latest period variance” compares expenditures that occurred in the most recent reporting period against the projections that were provided at the beginning of the same period.  See the “Financial Summary & Reporting” sheet in the Excel budget template for the calculated variance (for example, column AD, starting on row 29 for period 1). The budget template also includes an “Analytics” sheet for convenient calculation of variances. 

Did the project spend more or less than anticipated? At a high level, what are the reasons for spending more or less than projected (such as, programmatic changes, delays in recruitment, etc.)? 

		





Please provide a detailed explanation for any expense category in which the variance was greater than 10%. This should include an explanation of relevant project decisions or changes to actual costs compared to prior assumptions.

		





Future Period Projections

In the Excel budget template, please provide estimated expenditures ("projections") for all future periods of the grant (for example, in the “Financial Summary & Reporting” sheet, after period 1, populate the yellow cells in column T and following). It is important that your projections are realistic and consider the latest plan of activities with updated costs. For example, projections should not just carry forward previously unspent budget amounts into the next period without reassessing expected spending for each future period. In total, the projections should not exceed the total approved grant amount. The budget template’s “Analytics” sheet may be helpful for comparing current to previous projections. 

Note: Over the course of a grant’s life, the foundation may adjust the timing and amounts disbursed to the grantee. This is done to avoid oversized cash balances on grantee bank accounts when spending is slower than originally budgeted. Realistic and up-to-date projections are a crucial input for right-sizing disbursements. 

· How have your projections for the remaining periods changed compared to your previous projections (from your most recent progress report, or original proposal if this is the first report) and why? Please discuss any project adjustments and shifts in scope, assumptions, timing, decisions etc. which will affect spending. If you had previous discussions with the foundation on changes, please mention. 

		





Subawards (if applicable) 

		· [bookmark: _Hlk74059121] If you are an Indian organization/entity subject to India’s Foreign Contribution Regulation Act (FCRA), then in compliance with FCRA, do you confirm that your project does not include any subgrantees? This prohibition does not preclude subcontracts in the ordinary course of business.

___Not applicable     ___Confirmed     ___Not confirmed (please explain) 

		 





.





· In the table below, please provide information for all subgrantees or subcontractors receiving grant funds. The total of the column titled Amount disbursed to subawardee in most recent reporting period should equal the actual subaward expenses reported for this period in the Excel budget template's “Financial Summary & Reporting” sheet. Add more rows as needed. 

		Type of Subaward (grant or contract)

		Organization Name

		New and/or newly identified subawardee?

		Amount disbursed to subawardee in most recent reporting period (USD)

		Total amount disbursed to subawardee to date* (USD)

		Total amount spent by the subawardee to date* (USD)

		Total subaward amount (USD)



		

		

		No/Yes

		$

		$

		$

		$



		

		

		No/Yes

		$

		$

		$

		$



		

		

		No/Yes

		$

		$

		$

		$



		Total

		$

		$

		$

		$





*As of the end of the most recent reporting period and since the grant start date.


If not already addressed in your answers above, please provide additional explanations on subaward spending below. In particular, for subawards that are large or where actual and projected spending are significantly different from prior projections, please explain. Note: The foundation may request updated budget files for large subawards.

		





Other Sources of Support and External Factors (if applicable)

· Please provide an update on other sources of support and external factors that affect the financial situation of this project. This may include information on co-funding (updates to the sources listed in the Funding Plan, recent commitments secured, funding gaps and contingency plans). Please also comment on interest earned/spent, and currency exchange impacts (as applicable).

		





Geography Served 

List all countries, sub-regions, and/or states that benefit from this work and the associated dollar amounts for the full term of the grant.  The total of "Foundation Funding" amounts should match the approved and/or most recently amended grant total. If any of the amounts have changed since your last report (or original proposal if no prior report), please mark with an ‘X’ in the third column below. As a reminder, please avoid listing "World," unless the work truly serves beneficiaries globally. If geographies include the United States, indicate city and state. Add more rows as needed.  

For additional information, see the Geography and Location of Work – Frequently Asked Questions.

		Geography Served

		Foundation Funding Amount (USD)

		Has the amount changed since the proposal or last report?
(if yes, mark with an ‘X’)



		

		$

		



		

		$

		



		

		$

		





Location of Work Updates (if applicable)

List all locations (countries, sub-regions, and/or states) where this work is being performed and the associated dollar amounts for the full term of the grant. The total of "Foundation Funding" amounts should match the approved and/or most recently amended grant total. If any of the amounts have changed since your last report (or original proposal if no prior report), please mark with an ‘X’ in the third column below.  As a reminder, if locations include the United States, please indicate city and state. Add more rows as needed. 

For additional information, see the Geography and Location of Work – Frequently Asked Questions.

		Location of Work

		Foundation Funding Amount (USD)

		Has the amount changed since the proposal or last report?
(if yes, mark with an ‘X’)



		

		$

		



		

		$

		



		

		$

		





If you listed any TBD locations or locations that are not country-specific, and/or locations that are subject to U.S. government sanctions or believe that project work could reasonably occur in a location that is subject to U.S. government sanctions, please review the guidance in the Office of Foreign Assets Control (OFAC) Guidelines and confirm that: (a) you have discussed the location of work with your foundation contact, and (b) your organization will ensure compliance throughout the term of the project with the anti-terrorism clause in our grant agreement.

___Confirmed     ___Not confirmed (please explain)

		





Feedback for the Foundation

What are 1–3 ways that the foundation successfully enabled or supported your work during this project? What are 1–3 ways that the foundation can improve? 

		





Grantee Confirmation

By submitting this report, I declare that I am authorized to certify, on behalf of the grantee identified under Section A – Investment Details, that I have examined the responses provided and related attachments, and that to the best of my knowledge, they are true, correct, and complete.

I also confirm that the grantee identified under Section A – Investment Details has complied with all of the terms and conditions of the grant agreement, including but not limited to the clauses regarding Use of Funds, Anti-Terrorism, Subgrants and Subcontracts, and Regulated Activities.

		Your Name

		Report Submitted Date



		

		










[bookmark: _SECTION_C_–][bookmark: _Toc71535251]SECTION C – FINAL NARRATIVE

For completed grants only. At the end of your grant, complete this final narrative section and submit to your foundation contact by the date indicated in your grant agreement or latest amendment. If you have any questions or need support, please reach out to your foundation contact. Please find contact information under Section A – Investment Details. 

This is your final update to the foundation, please include:

· The results you achieved for the entire project

· Your perspective on what you learned

· Final financial update 

· Feedback you have on the foundation’s support of your work 

		Grant Start Date

		Grant End Date

		Final Report Due Date

		Remaining / Unexpended Grant Funds (if applicable)

		Remaining / Unexpended Interest (if applicable)

		Remaining / Unexpended Currency Gains (if applicable)



		

		

		

		$

		$

		$





Final Results

Provide information about what you achieved during the grant and your progress towards achieving the project's desired outcomes and outputs. 

		





Outputs/Funded Developments and Background Technology

Please update the results table below to reflect completed and/or adjusted outputs, and new outputs/Funded Developments not previously reported. Add more rows as needed.

		Number

		Output/Funded Development Description

		Newly Added Output/Funded Development?

		Status 
(e.g., planned, in progress, complete, canceled)

		Target 
Completion Date*

		Actual 
Completion Date

		Third-Party agreement required? If yes, by when?

		Were any IP rights be filed/ generated?



		1

		

		No/Yes

		

		[DD Month YYYY]

		[DD Month YYYY]

		No/Yes

		No/Yes



		2

		

		No/Yes

		

		

		

		No/Yes

		No/Yes



		3

		

		No/Yes

		

		

		

		No/Yes

		No/Yes



		4

		

		No/Yes

		

		

		

		No/Yes

		No/Yes





*Note: For items that are complete or canceled, this should be the date that was stated in the most recent progress report or in the proposal if this is the first report. For items that are not yet complete, either restate the most recent target date or propose a revised target date (e.g., 30 Nov 2023 31 Jan 2024).

If necessary, please add further explanation below.

		





Do you confirm that you have provided a full and accurate disclosure of all outputs/Funded Developments and Background Technology as applicable to the project?

___Yes     ___No (please explain)

		





Global Access

Do you confirm that you have ensured and will continue to ensure Global Access for the Funded Developments of the project and, as applicable, Background Technology?

___Yes     ___No (please explain)

		





Financial Update

The purpose of this section is to help the foundation understand expenditures in relation to the work performed under this grant during the most recent reporting period. Please provide actual expenditures for past periods by updating the Excel budget template and use this narrative document to share additional explanations. Together, this narrative section and Excel budget should provide a complete quantitative and qualitative description of the financial state of the project.

For additional instructions, see the Grant Budgeting & Financial Reporting Detailed Instructions.

Latest Period Variance

“Latest period variance” compares expenditures that occurred in the most recent reporting period against the projections that were provided at the beginning of the same period.

Did the project spend more or less than anticipated? At a high level, what are the reasons for spending more or less than projected? 

		





Please provide a detailed explanation for any expense category in which the variance was greater than 10%. This should include an explanation of relevant project decisions or changes to actual costs compared to prior assumptions.

		





Subawards (if applicable)

		·  If you are an Indian organization/entity subject to India’s Foreign Contribution Regulation Act (FCRA), then in compliance with FCRA, do you confirm that your project did not include any subgrantees? This prohibition does not preclude subcontracts in the ordinary course of business.

___Not applicable     ___Confirmed     ___Not confirmed (please explain) 

		 





.





· In the table below, please provide information for all subgrantees or subcontractors receiving grant funds. The total of the column titled Amount disbursed to subawardee in most recent reporting period should equal the actual subaward expenses reported for this period in the Excel budget template's “Financial Summary & Reporting” sheet.

		Type of Subaward (grant or contract)

		Organization Name

		New and/or newly identified subawardee?

		Amount disbursed to subawardee in most recent reporting period (USD)

		Total amount disbursed to subawardee to date* (USD)

		Total amount spent by the subawardee to date* (USD)

		Total subaward amount (USD)



		

		

		No/Yes

		$

		$

		$

		$



		

		

		No/Yes

		$

		$

		$

		$



		

		

		No/Yes

		$

		$

		$

		$



		Total

		$

		$

		$

		$





*Over the life of the grant, from start date to end date


If not already addressed in your answers above, please provide additional explanations on subaward spending below. In particular, for subawards that are large or where actual spending was significantly different from prior projections, please explain. Note: The foundation may request separate updated budget files for sub-awards.

		





Other Sources of Support and External Factors (if applicable)

Please provide an update on other sources of support and external factors that affected the financial situation of this project. This may include information on co-funding, interest earned/spent, and currency exchange impacts (as applicable).

		





Geography Served 

List all countries, sub-regions, and/or states that benefit from this work and the associated dollar amounts for the full term of the grant.  The total of "Foundation Funding" amounts should match the approved and/or most recently amended grant total. If any of the amounts have changed since your last report (or original proposal if no prior report), please mark with an ‘X’ in the third column below. As a reminder, please avoid listing "World," unless the work truly serves beneficiaries globally. If geographies include the United States, indicate city and state. Add more rows as needed.  

For additional information, see the Geography and Location of Work – Frequently Asked Questions.

		Geography Served

		Foundation Funding Amount (USD)

		Has the amount changed since the proposal or last report?
(if yes, mark with an ‘X’)



		

		$

		



		

		$

		



		

		$

		





Location of Work Updates (if applicable)

List all locations (countries, sub-regions, and/or states) where this work is being performed and the associated dollar amounts for the full term of the grant. The total of "Foundation Funding" amounts should match the approved and/or most recently amended grant total. If any of the amounts have changed since your last report (or original proposal if no prior report), please mark with an ‘X’ in the third column below.  As a reminder, if locations include the United States, please indicate city and state. Add more rows as needed. 

For additional information, see the Geography and Location of Work – Frequently Asked Questions.

		Location of Work

		Foundation Funding Amount (USD)

		Has the amount changed since the proposal or last report?
(if yes, mark with an ‘X’)



		

		$

		



		

		$

		



		

		$

		





Do you confirm that you have complied throughout the term of the project with the anti-terrorism clause in our grant agreement?

___Confirmed   ___Not confirmed (please explain)

		





Lessons Learned

What are 1–3 lessons that you learned from this project? If you were to do this project again, how would you approach things differently?

		





Feedback for the Foundation

What are 1–3 ways that the foundation successfully enabled or supported your work during this project? What are 1–3 ways that the foundation can improve? 

		





Grantee Confirmation

By submitting this report, I declare that I am authorized to certify, on behalf of the grantee identified under Section A – Investment Details, that I have examined the responses provided and related attachments, and that to the best of my knowledge, they are true, correct, and complete.

I also confirm that the grantee identified under Section A – Investment Details has complied with all of the terms and conditions of the grant agreement, including but not limited to the clauses regarding Use of Funds, Anti-Terrorism, Subgrants and Subcontracts, and Regulated Activities.
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Figure 1. Characterization of recombinant CedV expressing luciferase. A) Schematic representation of rCedV antigenome inthe pOLTVS
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Table 2. Antiviral activity of furopyrimidines in the CedV-luc reporter virus
assay in Vero 76 cells

Core R1 R2 | n | ECs(um)y | SCs
o (LM)

R 1t [ v [ 2o [ W [1] 1522066 [ >100
O}Qﬁ N 2 | 3-OMe H |1] 573£1.95 | >100
%\fk 3 | 4-F H | 1] 338+023 | >100
NR2[ | 4-SMe H | 1| 727£214 | >100
O 5 | 3,4,5-tris-OEt | H | 1 | 10.03+2.09 | >50
O™ [ [T 20 | A 2] tsrz008 | >100
A%tﬁN 7 | 3-Cl H | 0| 1.73+£0.35 | >100
. 7 |8 | 3-CF3 H | 0| 1.66+0.08 | >100
9 | 2-Me, 4-F H | o] 087+0001 | >100
RLE R o [10 | 2-Br,4-Me | H | 0| 624153 | >100
R? 11 | 35di-OMe | H | 0| 1.66+0.08 | >100
" N 12 | | 3'4‘”3%23"6"6 H | 1| 094022 | >100
4 'NL\I 13 | | 2-Cl Me | 0 | 14.11+£2.08 | >100
o 14 | 1 ] _ | - 11.18+0.001 | >100
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v 16 | Il 3-Cl H | 1] 922+2.34 | >100
/ |N‘,ﬁj 17 | I H Me | - | 3.32+£0.94 | >100
18 | IV c-hexyl ~ | -] 789+006 | >50
19 | IV i-Pr _ | - | 13212249 | >50

* Compounds were 3-fold serially diluted in cell culture medium containing 2%
DMSO from 200 uM to 0.09 uM. Compounds (50 uL) were added to pre-seeded
Vero 76 cells followed by rCedV-Luc (MOI: 0.01) (50 yL) and incubated for 48
hours at 37 °C. Luminescence was measured using the Steady Glo Assay
Reagent
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'Table 4. Antiviral activity of 4-amino-quinazoline-2-carboxylates
20-27 in the rCedV luciferase reporter virus assay.

1 2
R\N.R

e}

\

% inhib
N R1 R2 at 10 pM
3-chloro-4-
20 H methoxyphenyl 81
21 H  [2,4-difluorophenyl 18
2-chloro-4-
22 H fluoropheny! 58
23 H 3-methoxyphenyl 46
24 Me cyclohexyl 93
25 H 4-isopropylphenyl 85
26 [n-propyl| 4-fluorophenyl 86
27 Me 2-methylphenyl 94

ICompounds (50 uL, 10 uM final concentration) were added to pre-
seeded Vero 76 cells followed by rCedV-Luc (MOI: 0.01) (50 pL
and incubated for 48 hours at 37 °C. Luminescence was measure:

using the Steady Glo Assay Reagent
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								Date submitted:								Enter actual expenditures into green cells
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		Proposal Information



				Organization Name		HTS for small molecule drug development for henipaviruses
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				Investment ID		INV-048917
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				Total Project Cost		$2,954,167
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Note that if your grant is an Expenditure Responsibility (ER) grant, you must select "Align with fiscal year" as the reporting cadence.  



				Anticipated Start Date		01-Oct-22																						Preferred Reporting Cadence

				Anticipated End Date		30-Sep-25																						12-month increments

				Project Duration (months)		36																						Align with calendar year

																												Align with fiscal year

				Preferred Reporting Cadence		Custom periods						Next FY begins on		[enter date]				1/1/23										Custom periods



				Reporting Periods		Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10



				Period Start Date		01-Oct-22		01-Jan-24		01-Jan-25														

				Period End Date		31-Dec-23		31-Dec-24		30-Sep-25														

				Number of Months		15.0		12.0		9.0														



				Custom Period End Dates		31-Dec-23		31-Dec-24		30-Sep-25





		Indirect Cost Rate(s)



				Please enter indirect cost rates in accordance with the indirect cost policy: 																								Organization Type

				Read BMGF Indirect Cost policy…																								Non-Profit / NGO

																												Government agency

				Organization Type		U.S. university																						Other private foundation

																												For‐profit organization

				Indirect Cost Rate on Primary Grantee's Portion						10.00%		Maximum rates for selected organization type are 10%.																U.S. university

				Primary Grantee's Indirect Cost Rate on Subaward Portion

Andri Kofmehl: This is the rate of indirect costs applied to the collective amount budgeted for sub-awards and is part of the indirect cost requested by the primary grantee, not the sub-awardees. The rates that apply for indirect cost received by sub-awardees are captured in the Budget Details sheet, not here. 						10.00%																		U.S. community college

																												Non-U.S. university

																												U.N. organization

		Other Budget Factors																										Other multilateral organization



		More info…		Will the financials of this project be managed in a currency other than USD?						No		 



				What will be the project's Operating Currency? Enter 3-letter code.
(e.g. INR, ZAR, GBP, NGN, …)						…																		By Addtl. Dimension

										USD

		More info…		Will the budget be broken down by an additional dimension? 
(e.g. outcomes/outputs, project components/phases)						No		 																Total Project Cost Capture Method

												Dim

		More info…		Will the total cost of this project require contributions of funding from sources other than BMGF? (e.g. either by your organization or others)						No		 																At line item level

																												By category

				How will the total project cost be captured in the budget template?						At line item level		Please enter total project cost as line items into the Budget Detail sheet																By Addtl. Dimension

																												Total only

		More info…		Is this a new version of a previously approved budget?
(e.g. supplement)						No		 



		Since the beginning of the grant, for how many periods are actual expenditures available?								1 Period of Actuals				Please ensure actual expenditures are captured in the respective section of the Financial Summary & Reporting sheet





				Additional Dimension:
(define the "bins" that make up the addtl. dimension, using short descriptions)

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		← unhide additional rows if needed

																										Periods of Actuals Available

																										1 Period of Actuals

																										2 Periods of Actuals

																										3 Periods of Actuals

																										4 Periods of Actuals

																										5 Periods of Actuals

																										6 Periods of Actuals

																										7 Periods of Actuals

																										8 Periods of Actuals

																										9 Periods of Actuals
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Budget Details

		BUDGET DETAILS												

		Go to instructions for this page…												

														

				Enter budget details for each expenditure category below.										Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10												Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10								

														Oct-22 - Dec-23		Jan-24 - Dec-24		Jan-25 - Sep-25		 - 		 - 		 - 		 - 		 - 		 - 		 - 												Oct-22 - Dec-23		Jan-24 - Dec-24		Jan-25 - Sep-25		 - 		 - 		 - 		 - 		 - 		 - 		 - 

				ID		Additional Dimension

Andri Kofmehl: If the budget is not broken down by an additional dimension, this column does not need to be populated and can be collapsed. 		Description		Purpose		Unit Cost		Period 1 
Quantity		Period 2 
Quantity		Period 3 
Quantity		Period 4 
Quantity		Period 5 
Quantity		Period 6 
Quantity		Period 7 
Quantity		Period 8 
Quantity		Period 9 
Quantity		Period 10 
Quantity		Addtl. Info
1		Addtl. Info
2		Notes		Attribute 1		Attribute 2		Period 1 
Amount		Period 2 
Amount		Period 3 
Amount		Period 4 
Amount		Period 5 
Amount		Period 6 
Amount		Period 7 
Amount		Period 8 
Amount		Period 9 
Amount		Period 10 
Amount		TOTAL AMOUNT		TOTAL UNITS		% of Total Direct Cost		Category

																																																																						[empty]

				Personnel

Andri Kofmehl: Personnel costs include the total compensation and benefits for staff that will work directly on this project.										4.07		3.45		2.58		- 0		- 0		- 0		- 0		- 0		- 0		- 0												$   350,354		$   293,690		$   219,881		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   863,925		10.10		32.2%		Personnel Total

						Additional Dimension		Name		Job Title		Annual Salary per FTE		Period 1 FTE Allocation		Period 2 FTE  Allocation		Period 3 FTE  Allocation		Period 4 FTE  Allocation		Period 5 FTE  Allocation		Period 6 FTE  Allocation		Period 7 FTE  Allocation		Period 8 FTE  Allocation		Period 9 FTE  Allocation		Period 10 FTE  Allocation		% Inflation (Annualized)		% Benefits		Notes (optional)		Addtl. Attribute 1 (optional)		Addtl. Attribute 2 (optional)		Period 1 Personnel Cost		Period 2 Personnel Cost		Period 3 Personnel Cost		Period 4 Personnel Cost		Period 5 Personnel Cost		Period 6 Personnel Cost		Period 7 Personnel Cost		Period 8 Personnel Cost		Period 9 Personnel Cost		Period 10 Personnel Cost		Total Personnel Cost		Total FTE Allocation		% of Total Direct Cost		Personnel Header

				1				Lijun Rong

Benjamin Alex: When entering personnel items, each line should be for no more than one individual (i.e., multiple individuals should not appear in a given row)

Please see the "Personnel" section in the detailed instructions for more information.		Professor		$168,318		0.13

Benjamin Alex: The allocation per period is expressed as a fraction of a full work year. If a period spans 12 months, this corresponds to the fraction of time an individual dedicates to the project. If a period’s length is less than 12 months, the value entered needs to be discounted accordingly. 

Please see the "Personnel" section in the detailed instructions for more information.		0.10		0.08																0%		37%								$   28,860		$   23,088		$   17,316		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   69,265		0.30		2.6%		Personnel

				2				Irina Gaisina		Research Associate Professor		$86,554		0.38		0.30		0.22																0%		37%								44,909		35,618		26,327		-		-		-		-		-		-		-		106,854		0.90		4.0%		Personnel

				3				Ryan Bott		Research Scientist		$60,000		0.63		0.50		0.38																0%		37%								51,439		41,151		30,863		-		-		-		-		-		-		-		123,453		1.50		4.6%		Personnel

				4				Malaika Argade		Research Scientist		$56,925		0.69		0.55		0.41																0%		37%								53,683		42,946		32,210		-		-		-		-		-		-		-		128,839		1.65		4.8%		Personnel

				5				Laura Cooper		Postdoctoral Associate		$60,000		1.25		1.00		0.75																0%		37%								102,878		82,302		61,727		-		-		-		-		-		-		-		246,906		3.00		9.2%		Personnel

				6				TBN		Research Technician		$50,000		1.00		1.00		0.75																0%		37%								68,585		68,585		51,439		-		-		-		-		-		-		-		188,609		2.75		7.0%		Personnel

				7																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				8																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				9																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				10																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				11																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				12																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				13																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				14																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				15																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				16																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				17																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				18																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				19																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				20																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				21																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				22																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				23																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				24																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				25																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				26																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				27																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				28																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				29																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				30																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				31																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				32																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				33																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				34																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				35																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				36																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				37																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				38																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				39																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				40																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				41																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				42																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				43																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				44																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				45																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				46																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				47																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				48																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				49																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				50																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				51																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				52																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				53																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				54																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				55																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				56																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				57																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				58																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				59																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				60																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				61																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				62																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				63																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				64																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				65																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				66																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				67																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				68																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				69																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				70																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				71																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				72																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				73																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				74																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				75																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				76																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				77																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				78																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				79																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				80																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				81																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				82																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				83																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				84																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				85																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				86																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				87																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				88																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				89																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				90																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				91																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				92																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				93																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				94																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				95																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				96																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				97																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				98																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				99																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				100																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				101																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				102																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				103																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				104																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				105																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				106																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				107																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				108																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				109																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				110																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				111																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				112																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				113																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				114																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				115																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				116																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				117																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				118																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				119																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				120																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				121																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				122																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				123																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				124																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				125																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				126																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				127																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				128																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				129																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				130																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				131																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				132																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				133																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				134																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				135																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				136																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				137																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				138																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				139																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				140																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				141																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				142																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				143																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				144																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				145																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				146																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				147																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				148																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				149																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				150																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				151																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				152																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				153																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				154																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				155																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				156																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				157																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				158																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				159																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				160																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				161																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				162																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				163																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				164																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				165																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				166																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				167																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				168																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				169																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				170																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				171																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				172																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				173																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				174																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				175																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				176																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				177																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				178																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				179																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				180																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				181																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				182																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				183																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				184																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				185																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				186																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				187																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				188																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				189																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				190																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				191																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				192																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				193																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				194																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				195																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				196																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				197																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				198																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				199																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

				200																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Personnel

		← Unhide additional rows if needed																																																																				[empty]

				Travel

Andri Kofmehl: Travel costs include all travel-related costs that are necessary to complete the project, including all forms of travel, but not vehicles purchased. Travel costs reimbursed to consultants can be included under the Consultant category.																																								$   3,000		$   3,000		$   3,000		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   9,000		3.00		0.3%		Travel Total

						Additional Dimension		Travel Cost Item Description		Purpose of Trip		Cost per Item		Period 1 
No. of Items		Period 2 
No. of Items		Period 3 
No. of Items		Period 4 
No. of Items		Period 5 
No. of Items		Period 6 
No. of Items		Period 7 
No. of Items		Period 8 
No. of Items		Period 9 
No. of Items		Period 10 
No. of Items		N/A		N/A		Notes (optional)		Addtl. Attribute 1 (optional)		Addtl. Attribute 2 (optional)		Period 1 Travel Cost		Period 2 Travel Cost		Period 3 Travel Cost		Period 4 Travel Cost		Period 5 Travel Cost		Period 6 Travel Cost		Period 7 Travel Cost		Period 8 Travel Cost		Period 9 Travel Cost		Period 10 Travel Cost		Total Travel Cost		Total Number of Units		% of Total Direct Cost		Travel Header

				1				Antiviral research meetings 		To attend and present our work		$3,000		1		1		1																										$   3,000		$   3,000		$   3,000		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   9,000		3.00		0.3%		Travel

				2																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				3																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				4																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				5																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				6																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				7																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				8																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				9																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				10																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				11																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				12																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				13																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				14																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				15																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				16																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				17																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				18																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				19																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				20																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				21																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				22																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				23																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				24																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				25																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				26																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				27																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				28																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				29																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				30																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				31																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				32																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				33																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				34																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				35																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				36																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				37																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				38																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				39																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				40																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				41																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				42																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				43																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				44																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				45																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				46																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				47																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				48																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				49																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				50																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				51																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				52																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				53																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				54																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				55																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				56																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				57																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				58																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				59																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				60																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				61																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				62																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				63																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				64																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				65																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				66																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				67																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				68																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				69																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				70																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				71																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				72																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				73																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				74																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				75																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				76																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				77																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				78																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				79																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				80																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				81																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				82																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				83																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				84																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				85																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				86																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				87																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				88																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				89																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				90																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				91																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				92																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				93																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				94																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				95																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				96																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				97																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				98																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				99																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

				100																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Travel

		← Unhide additional rows if needed																																																																				[empty]

				Consultants

Andri Kofmehl: Consultant costs include amounts paid to non-employees who are retained to complete work for this project.																																								$   15,000		$   12,000		$   9,000		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   36,000		120		1.3%		Consultants Total

						Additional Dimension		Consultant Name		Role / Purpose of Engagement		Billing Rate / Project Cost		Period 1
Billable Units		Period 2 Billable Units		Period 3 Billable Units		Period 4 Billable Units		Period 5 Billable Units		Period 6 Billable Units		Period 7 Billable Units		Period 8 Billable Units		Period 9 Billable Units		Period 10 Billable Units		Billing Unit / Expense

Andri Kofmehl: Specify whether the Billing Rate amount refers an 'hourly', 'daily', 'weekly' rate or other arrangement, such as 'fixed fee'. If the line is used to budget reimbursable expenses, enter 'expense'.		N/A		Notes (optional)		Addtl. Attribute 1 (optional)		Addtl. Attribute 2 (optional)		Period 1 Consultants Cost		Period 2 Consultants Cost		Period 3 Consultants Cost		Period 4 Consultants Cost		Period 5 Consultants Cost		Period 6 Consultants Cost		Period 7 Consultants Cost		Period 8 Consultants Cost		Period 9 Consultants Cost		Period 10 Consultants Cost		Total Consultants Cost		Total Number of Units		% of Total Direct Cost		Consultants Header

				1				Norton Peet		supervises ADME/Tox and PK studies		$300		50		40		30																										$   15,000		$   12,000		$   9,000		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   36,000		120.00		1.3%		Consultants

				2																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				3																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				4																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				5																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				6																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				7																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				8																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				9																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				10																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				11																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				12																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				13																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				14																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				15																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				16																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				17																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				18																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				19																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				20																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				21																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				22																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				23																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				24																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				25																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				26																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				27																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				28																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				29																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				30																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				31																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				32																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				33																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				34																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				35																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				36																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				37																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				38																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				39																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				40																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				41																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				42																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				43																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				44																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				45																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				46																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				47																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				48																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				49																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

				50																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Consultants

		← Unhide additional rows if needed																																																																				[empty]

				Capital Equipment

Andri Kofmehl: Capital Equipment costs include any item purchased for the project with a unit cost greater than $5,000 and a useful life greater than one year.																																								$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		- 0		0.0%		Capital Equipment Total

						Additional Dimension		Equipment Description		Purpose of Equipment		Cost per Item		Period 1 Quantity		Period 2 Quantity		Period 3 Quantity		Period 4 Quantity		Period 5 Quantity		Period 6 Quantity		Period 7 Quantity		Period 8 Quantity		Period 9 Quantity		Period 10 Quantity		N/A		N/A		Notes (optional)		Addtl. Attribute 1 (optional)		Addtl. Attribute 2 (optional)		Period 1 Equipment Cost		Period 2 Equipment Cost		Period 3 Equipment Cost		Period 4 Equipment Cost		Period 5 Equipment Cost		Period 6 Equipment Cost		Period 7 Equipment Cost		Period 8 Equipment Cost		Period 9 Equipment Cost		Period 10 Equipment Cost		Total Equipment Cost		Total Number of Units		% of Total Direct Cost		Capital Equipment Header

				1																																								$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		- 0		0.0%		Capital Equipment

				2																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				3																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				4																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				5																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				6																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				7																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				8																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				9																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				10																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				11																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				12																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				13																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				14																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				15																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				16																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				17																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				18																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				19																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				20																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				21																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				22																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				23																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				24																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				25																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				26																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				27																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				28																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				29																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				30																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				31																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				32																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				33																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				34																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				35																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				36																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				37																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				38																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				39																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				40																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				41																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				42																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				43																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				44																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				45																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				46																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				47																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				48																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				49																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

				50																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Capital Equipment

		← Unhide additional rows if needed																																																																				[empty]

				Other Direct Costs

Andri Kofmehl: Other direct costs are direct project expenses that do not fit into the other cost categories.																																								$   253,371		$   138,000		$   122,250		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   513,621		26		19.1%		Other Direct Costs Total

						Additional Dimension		Item description		Purpose of Item		Cost per Item		Period 1 Quantity		Period 2 Quantity		Period 3 Quantity		Period 4 Quantity		Period 5 Quantity		Period 6 Quantity		Period 7 Quantity		Period 8 Quantity		Period 9 Quantity		Period 10 Quantity		N/A		N/A		Notes (optional)		Addtl. Attribute 1 (optional)		Addtl. Attribute 2 (optional)		Period 1 Other Direct Cost		Period 2 Other Direct Cost		Period 3 Other Direct Cost		Period 4 Other Direct Cost		Period 5 Other Direct Cost		Period 6 Other Direct Cost		Period 7 Other Direct Cost		Period 8 Other Direct Cost		Period 9 Other Direct Cost		Period 10 Other Direct Cost		Total Other Direct Cost		Total Number of Units		% of Total Direct Cost		Other Direct Costs Header

				1				ChemDiv Antiviral library		For HTS to identify new hits		$124,621		1.00		- 0		- 0																										$   124,621		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   124,621		1.00		4.6%		Other Direct Costs

				2				HTS supplies (plates, tips. Reagents, etc)		For Rong Lab HTS 		$15,000		1.00		- 0		- 0																										15,000		-		-		-		-		-		-		-		-		-		15,000		1.00		0.6%		Other Direct Costs

				3				Tissue culture work supplies 		for Rong Lab bioassays		$15,000		1.00		1.00		1.00																										15,000		15,000		15,000		-		-		-		-		-		-		-		45,000		3.00		1.7%		Other Direct Costs

				4				Reagents for DNA and protein work		for Rong Lab supplies		$12,000		1.00		1.00		1.00																										12,000		12,000		12,000		-		-		-		-		-		-		-		36,000		3.00		1.3%		Other Direct Costs

				5				Chemicals and solvents		Compounds syntheses		$23,000		1.25		1.00		0.75																										28,750		23,000		17,250		-		-		-		-		-		-		-		69,000		3.00		2.6%		Other Direct Costs

				6				Chromatography supplies		Purification		$3,000		1.00		1.00		1.00																										3,000		3,000		3,000		-		-		-		-		-		-		-		9,000		3.00		0.3%		Other Direct Costs

				7				Glassware and plasticware		Synthesis and storage		$3,000		1.00		1.00		1.00																										3,000		3,000		3,000		-		-		-		-		-		-		-		9,000		3.00		0.3%		Other Direct Costs

				8				Instrument fees		NMR/MS service fees		$17,000		1.00		1.00		1.00																										17,000		17,000		17,000		-		-		-		-		-		-		-		51,000		3.00		1.9%		Other Direct Costs

				9				ADME/Tox and PK screening		Characterization of Lead compds		$35,000		1.00		1.71		1.43																										35,000		60,000		50,000		-		-		-		-		-		-		-		145,000		4.14		5.4%		Other Direct Costs

				10				publication costs				$5,000				1.00		1.00																										-		5,000		5,000		-		-		-		-		-		-		-		10,000		2.00		0.4%		Other Direct Costs

				11																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				12																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				13																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				14																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				15																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				16																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				17																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				18																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				19																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				20																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				21																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				22																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				23																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				24																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				25																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				26																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				27																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				28																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				29																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				30																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				31																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				32																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				33																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				34																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				35																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				36																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				37																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				38																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				39																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				40																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				41																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				42																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				43																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				44																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				45																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				46																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				47																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				48																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				49																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				50																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				51																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				52																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				53																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				54																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				55																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				56																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				57																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				58																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				59																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				60																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				61																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				62																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				63																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				64																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				65																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				66																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				67																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				68																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				69																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				70																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				71																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				72																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				73																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				74																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				75																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				76																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				77																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				78																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				79																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				80																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				81																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				82																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				83																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				84																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				85																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				86																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				87																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				88																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				89																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				90																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				91																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				92																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				93																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				94																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				95																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				96																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				97																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				98																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				99																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				100																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				101																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				102																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				103																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				104																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				105																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				106																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				107																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				108																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				109																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				110																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				111																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				112																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				113																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				114																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				115																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				116																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				117																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				118																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				119																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				120																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				121																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				122																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				123																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				124																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				125																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				126																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				127																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				128																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				129																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				130																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				131																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				132																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				133																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				134																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				135																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				136																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				137																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				138																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				139																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				140																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				141																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				142																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				143																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				144																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				145																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				146																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				147																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				148																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				149																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				150																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				151																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				152																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				153																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				154																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				155																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				156																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				157																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				158																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				159																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				160																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				161																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				162																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				163																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				164																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				165																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				166																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				167																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				168																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				169																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				170																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				171																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				172																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				173																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				174																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				175																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				176																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				177																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				178																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				179																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				180																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				181																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				182																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				183																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				184																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				185																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				186																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				187																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				188																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				189																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				190																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				191																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				192																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				193																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				194																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				195																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				196																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				197																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				198																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				199																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

				200																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Other Direct Costs

		← Unhide additional rows if needed																																																																				[empty]

				Subawards

Andri Kofmehl: Subawards include grants and contracts made by the primary grantee to other organizations to complete work for this project.																																								$   454,377		$   371,778		$   436,906		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   1,263,061		1,263,061		47.0%		Subawards Total

						Additional Dimension		Subaward Organization		Scope of Subaward		N/A		Period 1 
Amount		Period 2 
Amount		Period 3 
Amount		Period 4 
Amount		Period 5 
Amount		Period 6 
Amount		Period 7 
Amount		Period 8 
Amount		Period 9 
Amount		Period 10 
Amount		Subaward Type

Andri Kofmehl: Enter 'grant' or 'contract'		% Indirect Cost

Andri Kofmehl: Enter Indirect Cost percentage included in the budgeted payments to the sub-awardee (limits are defined by the BMGF policy)		

Andri Kofmehl: Travel costs include all travel-related costs that are necessary to complete the project, including all forms of travel, but not vehicles purchased. Travel costs reimbursed to consultants can be included under the Consultant category.		

Andri Kofmehl: Other direct costs are direct project expenses that do not fit into the other cost categories.		

Andri Kofmehl: If the budget is not broken down by an additional dimension, this column does not need to be populated and can be collapsed. 		

Andri Kofmehl: Personnel costs include the total compensation and benefits for staff that will work directly on this project.		

Andri Kofmehl: Consultant costs include amounts paid to non-employees who are retained to complete work for this project.																														

Andri Kofmehl: Specify whether the Billing Rate amount refers an 'hourly', 'daily', 'weekly' rate or other arrangement, such as 'fixed fee'. If the line is used to budget reimbursable expenses, enter 'expense'.		

Benjamin Alex: When entering personnel items, each line should be for no more than one individual (i.e., multiple individuals should not appear in a given row)

Please see the "Personnel" section in the detailed instructions for more information.						

Benjamin Alex: The allocation per period is expressed as a fraction of a full work year. If a period spans 12 months, this corresponds to the fraction of time an individual dedicates to the project. If a period’s length is less than 12 months, the value entered needs to be discounted accordingly. 

Please see the "Personnel" section in the detailed instructions for more information.		

Andri Kofmehl: Capital Equipment costs include any item purchased for the project with a unit cost greater than $5,000 and a useful life greater than one year.		

Andri Kofmehl: Subawards include grants and contracts made by the primary grantee to other organizations to complete work for this project.																														

Andri Kofmehl: Enter 'grant' or 'contract'				Notes (optional)		Addtl. Attribute 1 (optional)		Addtl. Attribute 2 (optional)		Period 1 Subaward Cost		Period 2 Subaward Cost		Period 3 Subaward Cost		Period 4 Subaward Cost		Period 5 Subaward Cost		Period 6 Subaward Cost		Period 7 Subaward Cost		Period 8 Subaward Cost		Period 9 Subaward Cost		Period 10 Subaward Cost		Total Subaward Cost		Total Number of Units		% of Total Direct Cost		Subawards Header

				1				The University of Texas Medical Branch at Galveston		in vitro and in vivo studies 				$260,000		$210,000		$310,000																Contract		10%								$   260,000		$   210,000		$   310,000		$   -		$   -		$   -		$   -		$   -		$   -		$   -		$   780,000		780,000.00		29.0%		Subawards

				2				The University of Washington Seattle		Stuctural studies of drug/RdRp				$194,377		$161,778		$126,906																Contract		10%								194,377		161,778		126,906		-		-		-		-		-		-		-		483,061		483,061.00		18.0%		Subawards

				3																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				4																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				5																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				6																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				7																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				8																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				9																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				10																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				11																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				12																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				13																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				14																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				15																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				16																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				17																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				18																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				19																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				20																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				21																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				22																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				23																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				24																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				25																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				26																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				27																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				28																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				29																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				30																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				31																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				32																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				33																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				34																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				35																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				36																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				37																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				38																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				39																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				40																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				41																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				42																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				43																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				44																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				45																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				46																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				47																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				48																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				49																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

				50																																								-		-		-		-		-		-		-		-		-		-		-		- 0		0.0%		Subawards

		← Unhide additional rows if needed																																																																				[empty]

				Indirect Cost																																								$   107,610		$   81,847		$   79,104		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   268,561

								Indirect Costs on Primary Grantee's Portion		Indirect Costs																																		$   62,172		$   44,669		$   35,413		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   142,255						Indirect Cost

								Indirect Costs on Subaward Portion		Indirect Costs																																		$   45,438		$   37,178		$   43,691		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   126,306						Indirect Cost
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				Revenue																										TOTAL																												TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL

				BMGF Payment(s)																										$   - 0																												$   - 0										$   - 0																				$   - 0										$   - 0		$   - 0																		$   - 0										$   - 0		$   - 0		$   - 0																$   - 0										$   - 0		$   - 0		$   - 0		$   - 0														$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0												$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0								$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0						$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				$   - 0

				Interest Earned						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0

				Currency Gains / (Losses)						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0

				Carry-over Amount from Prior Period						- 0		(1,183,712)		(2,084,026)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		N/A								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A

				TOTAL CASH AVAILABLE BY PERIOD						- 0		(1,183,712)		(2,084,026)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		N/A								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		N/A

				Expenditure

				BMGF Funds Spent on Direct Cost						1,076,102		818,468		791,037		- 0		- 0		- 0		- 0		- 0		- 0		- 0		2,685,607								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				BMGF Funds Spent on Indirect Cost						107,610		81,847		79,104		- 0		- 0		- 0		- 0		- 0		- 0		- 0		268,561								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				Interest Spent						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0

				TOTAL EXPENDITURE BY PERIOD						1,183,712		900,315		870,141		- 0		- 0		- 0		- 0		- 0		- 0		- 0		2,954,167								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				BALANCE AT PERIOD END						$   (1,183,712)		$   (2,084,026)		$   (2,954,167)		$   (2,954,167)		$   (2,954,167)		$   (2,954,167)		$   (2,954,167)		$   (2,954,167)		$   (2,954,167)		$   (2,954,167)		N/A								$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		N/A







		Summary by Expense Category																														% of Total Direct Cost						Go to reporting instructions for this table…																						P1 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P2 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P3 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P4 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P5 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P6 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P7 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P8 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P9 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P10 Actuals Variance		Budget Variance

				Category																										TOTAL																												TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL

				Personnel						$   350,354		$   293,690		$   219,881		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   863,925		32%																										$   - 0		-100%		-100%						$   - 0																				$   - 0				-100%						$   - 0		$   - 0																		$   - 0				-100%						$   - 0		$   - 0		$   - 0																$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0														$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0												$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0								$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0						$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				$   - 0				-100%

				Travel						3,000		3,000		3,000		- 0		- 0		- 0		- 0		- 0		- 0		- 0		9,000		0%																										- 0		-100%		-100%						- 0																				- 0				-100%						- 0		- 0																		- 0				-100%						- 0		- 0		- 0																- 0				-100%						- 0		- 0		- 0		- 0														- 0				-100%						- 0		- 0		- 0		- 0		- 0												- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0										- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				-100%

				Consultants						15,000		12,000		9,000		- 0		- 0		- 0		- 0		- 0		- 0		- 0		36,000		1%																										- 0		-100%		-100%						- 0																				- 0				-100%						- 0		- 0																		- 0				-100%						- 0		- 0		- 0																- 0				-100%						- 0		- 0		- 0		- 0														- 0				-100%						- 0		- 0		- 0		- 0		- 0												- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0										- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				-100%

				Capital Equipment						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				Other Direct Costs						253,371		138,000		122,250		- 0		- 0		- 0		- 0		- 0		- 0		- 0		513,621		19%																										- 0		-100%		-100%						- 0																				- 0				-100%						- 0		- 0																		- 0				-100%						- 0		- 0		- 0																- 0				-100%						- 0		- 0		- 0		- 0														- 0				-100%						- 0		- 0		- 0		- 0		- 0												- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0										- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				-100%

				Subawards						454,377		371,778		436,906		- 0		- 0		- 0		- 0		- 0		- 0		- 0		1,263,061		47%																										- 0		-100%		-100%						- 0																				- 0				-100%						- 0		- 0																		- 0				-100%						- 0		- 0		- 0																- 0				-100%						- 0		- 0		- 0		- 0														- 0				-100%						- 0		- 0		- 0		- 0		- 0												- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0										- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				-100%

				TOTAL DIRECT COST						1,076,102		818,468		791,037		- 0		- 0		- 0		- 0		- 0		- 0		- 0		2,685,607		100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		-100%		-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				-100%

				Indirect Cost						107,610		81,847		79,104		- 0		- 0		- 0		- 0		- 0		- 0		- 0		268,561		10%																										- 0		-100%		-100%						- 0																				- 0				-100%						- 0		- 0																		- 0				-100%						- 0		- 0		- 0																- 0				-100%						- 0		- 0		- 0		- 0														- 0				-100%						- 0		- 0		- 0		- 0		- 0												- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0										- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0				-100%						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				-100%

				TOTAL COST						$   1,183,712		$   900,315		$   870,141		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   2,954,167		110%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		-100%		-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				-100%

																																																																																																																						Over Budget																														Over Budget																														Over Budget																														Over Budget																														Over Budget																														Over Budget																														Over Budget																														Over Budget

																																																										0.0																														0.0																														0.0																														0.0																														0.0																														0.0																														0.0																														0.0																														0.0																														0.0



		Breakdown along Additional Dimension 																														% of Total Direct Cost						Go to reporting instructions for this table…																						P1 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P2 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P3 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P4 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P5 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P6 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P7 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P8 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P9 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P10 Actuals Variance		Budget Variance

																														TOTAL																												TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL

				N/A						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0																												$   - 0										$   - 0																				$   - 0										$   - 0		$   - 0																		$   - 0										$   - 0		$   - 0		$   - 0																$   - 0										$   - 0		$   - 0		$   - 0		$   - 0														$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0												$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0								$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0						$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				$   - 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				N/A						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				TOTAL DIRECT COST						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				

																																																																																																																																																																																																																																																																																																								





		Total Project Cost																																				Go to reporting instructions for this table…																						P1 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P2 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P3 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P4 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P5 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P6 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P7 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P8 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P9 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P10 Actuals Variance		Budget Variance

				Category																										TOTAL		% of Total																										TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL

				Personnel																										$   - 0		0%																										$   - 0										$   - 0																				$   - 0										$   - 0		$   - 0																		$   - 0										$   - 0		$   - 0		$   - 0																$   - 0										$   - 0		$   - 0		$   - 0		$   - 0														$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0												$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0								$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0						$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0				$   - 0				

				Travel																										- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				Consultants																										- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				Capital Equipment																										- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				Other Direct Costs																										- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				Sub-awards																										- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

																														- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				Indirect Costs																										- 0		0%																										- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				TOTAL PROJECT COST						$   1,183,712		$   900,315		$   870,141		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		2,954,167		100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0		-100%		-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0				-100%







		Funding Plan																																				Go to reporting instructions for this table…																						P1 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P2 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P3 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P4 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P5 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P6 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P7 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P8 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P9 Actuals Variance		Budget Variance						Go to reporting instructions for this table…																						P10 Actuals Variance		Budget Variance

				Sources of Funding																										TOTAL		% of Total																										TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL

						BMGF - Direct Cost				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0																												$   - 0																														$   - 0																														$   - 0																														$   - 0																														$   - 0																														$   - 0																														$   - 0																														$   - 0																														$   - 0																														$   - 0				

						BMGF - Indirect Cost				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																												- 0																														- 0																														- 0																														- 0																														- 0																														- 0																														- 0																														- 0																														- 0																														- 0				

				1																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				2																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				3																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				4																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				5																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				6																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				7																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				8																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				9																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				10																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0				

				TOTAL FUNDING PLAN		TOTAL FUNDING PLAN				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				

				Total BMGF and Secured Funding																										- 0																												- 0										- 0																				- 0										- 0		- 0																		- 0										- 0		- 0		- 0																- 0										- 0		- 0		- 0		- 0														- 0										- 0		- 0		- 0		- 0		- 0												- 0										- 0		- 0		- 0		- 0		- 0		- 0										- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0						- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0

				Total Potential Funding						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				OVER/(UNDER) FUNDING						$   (1,183,712)		$   (900,315)		$   (870,141)		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   (2,954,167)								$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		- 0

				Cumulative overage / (underage)						(1,183,712)		(2,084,026)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)		(2,954,167)								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0







		Currency																																				Go to reporting instructions for this table…																														Go to reporting instructions for this table…																														Go to reporting instructions for this table…																														Go to reporting instructions for this table…																														Go to reporting instructions for this table…																														Go to reporting instructions for this table…																														Go to reporting instructions for this table…																														Go to reporting instructions for this table…																														Go to reporting instructions for this table…																														Go to reporting instructions for this table…

				Exchange Rates

				Budget rate used to convert from … to USD						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0												- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0												- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0		- 0												- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0		- 0												- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0		- 0												- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0				- 0												- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				… spot rate at end of period																																																																- 0																														- 0		- 0																												- 0		- 0		- 0																										- 0		- 0		- 0		- 0																								- 0		- 0		- 0		- 0		- 0																						- 0		- 0		- 0		- 0		- 0		- 0																				- 0		- 0		- 0		- 0		- 0		- 0		- 0																		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				Bank Balances (BMGF project funds only)																								

				Balance held in USD at end of period																																																																- 0																														- 0		- 0																												- 0		- 0		- 0																										- 0		- 0		- 0		- 0																								- 0		- 0		- 0		- 0		- 0																						- 0		- 0		- 0		- 0		- 0		- 0																				- 0		- 0		- 0		- 0		- 0		- 0		- 0																		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				Balance held in … at end of period																																																																- 0																														- 0		- 0																												- 0		- 0		- 0																										- 0		- 0		- 0		- 0																								- 0		- 0		- 0		- 0		- 0																						- 0		- 0		- 0		- 0		- 0		- 0																				- 0		- 0		- 0		- 0		- 0		- 0		- 0																		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				Balance held in other currencies at end of period																																																																- 0																														- 0		- 0																												- 0		- 0		- 0																										- 0		- 0		- 0		- 0																								- 0		- 0		- 0		- 0		- 0																						- 0		- 0		- 0		- 0		- 0		- 0																				- 0		- 0		- 0		- 0		- 0		- 0		- 0																		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0																- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				      (if applicable; convert to USD using spot rate)																								

				Total Balance in USD based on spot rates																																																																																																																																																																																																																																																																																																																																		

				      (calc. from bank balances, not using budget rate)





		U.N. Levy																												TOTAL																												TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL																														TOTAL

				Grant Amount excluding U.N. Levy						$   1,171,875		$   891,312		$   861,439		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   2,924,626								$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

				U.N. Levy Amount (1% of Total Cost in row 37)						$   11,837		$   9,003		$   8,701		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   29,542								$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

				This amount is included in Indirect Cost above.
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Payment Schedule

		PAYMENT SCHEDULE								Go to instructions for this page…



				This sheet is intended for BMGF use. Grantees can review the calculated payment schedule but should not edit any information.

				The calculator below automatically generates a payment schedule based your inputs in other sheets. 

				Please note that BMGF may make changes to the schedule based on your inputs and other factors.







		Payment Schedule Calculator												Figures to be used for calculations		Budget



						Anticipated Start Date				01-Oct-22

						Anticipated End Date				30-Sep-25				Except for payment amounts, this information is from the General Information sheet.

						Project Duration (months)				36.0



						Reporting Periods				Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10



						Period Start Date				01-Oct-22		01-Jan-24		01-Jan-25														

						Period End Date				31-Dec-23		31-Dec-24		30-Sep-25														

						Number of Months				15.0		12.0		9.0																				OVER/(UNDER) FUNDING

										Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		TOTAL		BUDGET

						BMGF Spend per Period				$   1,183,712		$   900,315		$   870,141		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   2,954,167		$   2,954,167		$   - 0

						Cumulative BMGF Spend				$   1,183,712		$   2,084,026		$   2,954,167		$   2,954,167		$   2,954,167		$   2,954,167		$   2,954,167		$   2,954,167		$   2,954,167		$   2,954,167		$   2,954,167

						BMGF Payments to date				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

						Cumulative BMGF Payments				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0



						Time between period end date and report due date (months)										1

						Time between report due date and payment date (months)										2

						Time between period end date and payment date (months)										3		This is the sum of the previous two values



						Suggested
Investment Period				Suggested Report Due Date		Suggested Payment Date		Adjusted Payment Date		Projected Months of Cash on Hand as of Payment Date		Projected Date when Cash on Hand is Used Up		Period when Cash on Hand is Used Up		Cumul. Projected Expenditure when Cash is Used Up		Calculated Payment Amount		Adjusted Payment Amount

				1		N/A				N/A		01-Oct-22		1-Oct-22		- 0		01-Oct-22		1		$   -		$   1,405,707		$1,405,707										Original Budget

				2		October 1, 2022  to  December 31, 2023				31-Jan-24		31-Mar-24		31-Mar-24		- 0		31-Mar-24		2		$   1,405,707		$   963,035		$963,035										End of Period 1

				3		January 1, 2024  to  December 31, 2024				31-Jan-25		31-Mar-25		31-Mar-25		- 0		31-Mar-25		3		$   2,368,742		$   585,426		$585,426										End of Period 2

				4												- 0																				End of Period 3

				5												- 0																				End of Period 4

				6												- 0																				End of Period 5		14

				7												- 0																				End of Period 6		28

				8												- 0																				End of Period 7		42

				9												- 0																				End of Period 8		56

				10												- 0																				End of Period 9		70

				11												- 0																				End of Period 10		84

				12												- 0										

				13												- 0										

				14												- 0										

				15												- 0										

				16												- 0										

				17												- 0										

				18												- 0										

				19												- 0										

				20												- 0										

																						TOTAL				$   2,954,167

																						Over/(Under) Funding				$   - 0

																						Budget				$   2,954,167





		Grant Agreement

				Please note that the table below is initially auto-populated and may be changed by BMGF as the reporting & payment schedule is finalized and incorporated in the grant agreement. 

				In case of inconsistencies between the table below and the grant agreement, the grant agreement overrides the table below. 

						Investment Period				Target, Milestone, or Reporting Deliverable 						Due By		Payment Date		Payment Amount (U.S.$)

																		Within 15 days after receipt of countersigned Agreement		$1,405,707

						October 1, 2022  to  December 31, 2023				Progress Report						January 31, 2024		March 2024		$963,035

						January 1, 2024  to  December 31, 2024				Progress Report						January 31, 2025		March 2025		$585,426

																				

																				

																				

																				

																				

																				

																				

																				

																				

																				

																				

																				

																				

																				

																				

																				

																				

						Start Date to End Date				Final Report 						Within 60 days of End Date

																		Total Grant Amount		$2,954,167



https://docs.gatesfoundation.org/documents/budget_template_instructions.docx

Analytics

		ANALYTICS						Go to instructions for this page…



				This sheet is primarily intended for BMGF use and does not require any grantee input.

				You may use the features to analyze the budget and actuals & projections, but please do not edit anything other than using the yellow drop-down boxes.

				Available features include a set of Basic Graphs and a Comparison Tool (as the grant progresses).





		Basic Graphs												Figures to be used for charts		Budget				All amounts in:		USD



										Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10		TOTAL

										Oct-22 - Dec-23		Jan-24 - Dec-24		Jan-25 - Sep-25		 - 		 - 		 - 		 - 		 - 		 - 		 - 				% of Direct Cost

						Category				Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget						% of Total

						Personnel				350,354		293,690		219,881		- 0		- 0		- 0		- 0		- 0		- 0		- 0		863,925		32%		29%

						Travel				3,000		3,000		3,000		- 0		- 0		- 0		- 0		- 0		- 0		- 0		9,000		0%		0%

						Consultants				15,000		12,000		9,000		- 0		- 0		- 0		- 0		- 0		- 0		- 0		36,000		1%		1%

						Capital Equipment				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		0%		0%

						Other Direct Costs				253,371		138,000		122,250		- 0		- 0		- 0		- 0		- 0		- 0		- 0		513,621		19%		17%

						Subawards				454,377		371,778		436,906		- 0		- 0		- 0		- 0		- 0		- 0		- 0		1,263,061		47%		43%

						TOTAL DIRECT COST				1,076,102		818,468		791,037		- 0		- 0		- 0		- 0		- 0		- 0		- 0		2,685,607		100%		91%

						Indirect Cost				107,610		81,847		79,104		- 0		- 0		- 0		- 0		- 0		- 0		- 0		268,561		10%		9%

						TOTAL				1,183,712		900,315		870,141		0		0		0		0		0		0		0		2,954,167		110%		100%

						   Budget Rate				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00



						Total Amount by Category												Amount by Category for Each Period

































						Additional Dimension 				Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10		TOTAL

										Oct-22 - Dec-23		Jan-24 - Dec-24		Jan-25 - Sep-25		 - 		 - 		 - 		 - 		 - 		 - 		 - 

										Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						TOTAL DIRECT COST				0		0		0		0		0		0		0		0		0		0		0

						   Budget Rate				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

						Total Amounts for Additional Dimension												Amounts for Additional Dimension































		Comparison Tool												Figures to be used for baseline		Budget				All amounts in:		USD



														Figures to be used for comparison		End of Period 1

				Comparison by Expense Category

										Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10		TOTAL		Cumul. Actual

				Baseline						Oct-22 - Dec-23		Jan-24 - Dec-24		Jan-25 - Sep-25		 - 		 - 		 - 		 - 		 - 		 - 		 - 

						Category				Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget

						Personnel				350,354		293,690		219,881		- 0		- 0		- 0		- 0		- 0		- 0		- 0		863,925		350,354

						Travel				3,000		3,000		3,000		- 0		- 0		- 0		- 0		- 0		- 0		- 0		9,000		3,000

						Consultants				15,000		12,000		9,000		- 0		- 0		- 0		- 0		- 0		- 0		- 0		36,000		15,000

						Capital Equipment				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						Other Direct Costs				253,371		138,000		122,250		- 0		- 0		- 0		- 0		- 0		- 0		- 0		513,621		253,371

						Subawards				454,377		371,778		436,906		- 0		- 0		- 0		- 0		- 0		- 0		- 0		1,263,061		454,377

						Indirect Cost				107,610		81,847		79,104		- 0		- 0		- 0		- 0		- 0		- 0		- 0		268,561		107,610

						TOTAL				1,183,712		900,315		870,141		0		0		0		0		0		0		0		2,954,167		1,183,712

						   Budget Rate				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00



				Comparison

						Category				Actual		Projected		Projected		Projected		Projected		Projected		Projected		Projected		Projected		Projected				Cumul. Actual

						Personnel				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						Travel				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						Consultants				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						Capital Equipment				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						Other Direct Costs				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						Subawards				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						Indirect Cost				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						TOTAL				0		0		0		0		0		0		0		0		0		0		0		0

						   Budget Rate				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00



				Difference in USD						Latest Actual																		

						Category				Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10		TOTAL		Cumul. Variance

						Personnel				(350,354)		(293,690)		(219,881)		- 0		- 0		- 0		- 0		- 0		- 0		- 0		(863,925)		(350,354)

						Travel				(3,000)		(3,000)		(3,000)		- 0		- 0		- 0		- 0		- 0		- 0		- 0		(9,000)		(3,000)

						Consultants				(15,000)		(12,000)		(9,000)		- 0		- 0		- 0		- 0		- 0		- 0		- 0		(36,000)		(15,000)

						Capital Equipment				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						Other Direct Costs				(253,371)		(138,000)		(122,250)		- 0		- 0		- 0		- 0		- 0		- 0		- 0		(513,621)		(253,371)

						Subawards				(454,377)		(371,778)		(436,906)		- 0		- 0		- 0		- 0		- 0		- 0		- 0		(1,263,061)		(454,377)

						Indirect Cost				(107,610)		(81,847)		(79,104)		- 0		- 0		- 0		- 0		- 0		- 0		- 0		(268,561)		(107,610)

						TOTAL				(1,183,712)		(900,315)		(870,141)		0		0		0		0		0		0		0		(2,954,167)		(1,183,712)



				Difference in %						Latest Actual																		

						Category				Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10		TOTAL		Cumul. Variance

						Personnel				-100%		-100%		-100%		-		-		-		-		-		-		-		-100%		-100%

						Travel				-100%		-100%		-100%		-		-		-		-		-		-		-		-100%		-100%

						Consultants				-100%		-100%		-100%		-		-		-		-		-		-		-		-100%		-100%

						Capital Equipment				-		-		-		-		-		-		-		-		-		-		-		-

						Other Direct Costs				-100%		-100%		-100%		-		-		-		-		-		-		-		-100%		-100%

						Subawards				-100%		-100%		-100%		-		-		-		-		-		-		-		-100%		-100%

						Indirect Cost				-100%		-100%		-100%		-		-		-		-		-		-		-		-100%		-100%

						TOTAL				-100%		-100%		-100%		-		-		-		-		-		-		-		-100%		-100%





				Comparison for Additional Dimension

										Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10		TOTAL		Cumul. Actual

				Baseline						Oct-22 - Dec-23		Jan-24 - Dec-24		Jan-25 - Sep-25		 - 		 - 		 - 		 - 		 - 		 - 		 - 

										Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget		Budget

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						TOTAL DIRECT COST				0		0		0		0		0		0		0		0		0		0		0		0

						   Budget Rate				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00



				Comparison

										Actual		Projected		Projected		Projected		Projected		Projected		Projected		Projected		Projected		Projected				Cumul. Actual

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						TOTAL DIRECT COST				0		0		0		0		0		0		0		0		0		0		0		0

						   Budget Rate				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00



				Difference in USD						Latest Actual																		

										Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10		TOTAL		Cumul. Variance

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						N/A				- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

						TOTAL DIRECT COST				0		0		0		0		0		0		0		0		0		0		0		0



				Difference in %						Latest Actual																						ERROR:#REF!

										Period 1		Period 2		Period 3		Period 4		Period 5		Period 6		Period 7		Period 8		Period 9		Period 10		TOTAL		Cumul. Variance

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						N/A				-		-		-		-		-		-		-		-		-		-		-		-

						TOTAL DIRECT COST				-		-		-		-		-		-		-		-		-		-		-		-







Personnel	Travel	Consultants	Capital Equipment	Other Direct Costs	Subawards	TOTAL DIRECT COST	Indirect Cost	863925.03055560892	9000	36000	0	513620.68	1263061	2685606.7105556088	268560.67105556093	

Personnel	350353.58337581798	293690.22897499998	219881.21820479099	0	0	0	0	0	0	0	Travel	3000	3000	3000	0	0	0	0	0	0	0	Consultants	15000	12000	9000	0	0	0	0	0	0	0	Capital Equipment	0	0	0	0	0	0	0	0	0	0	Other Direct Costs	253370.93	137999.79999999999	122249.95	0	0	0	0	0	0	0	Subawards	454377	371778	436906	0	0	0	0	0	0	0	Indirect Cost	107610.1513375818	81846.802897500005	79103.716820479109	0	0	0	0	0	0	0	Period

N/A	N/A	N/A	N/A	N/A	0	0	0	0	0	N/A	N/A	N/A	N/A	N/A	0	0	0	0	0	

N/A	0	0	0	0	0	0	0	0	0	0	N/A	0	0	0	0	0	0	0	0	0	0	N/A	0	0	0	0	0	0	0	0	0	0	N/A	0	0	0	0	0	0	0	0	0	0	N/A	0	0	0	0	0	0	0	0	0	0	N/A	N/A	N/A	N/A	N/A	N/A	N/A	N/A	N/A	N/A	N/A	N/A	N/A	N/A	N/A	Period

https://docs.gatesfoundation.org/documents/budget_template_instructions.docxhttps://docs.gatesfoundation.org/documents/budget_template_instructions.docxhttps://docs.gatesfoundation.org/documents/budget_template_instructions.docx

Budget Pivot

		BUDGET PIVOT



		This sheet is primarily intended for BMGF use and does not require any grantee input.

		If familiar with Excel Pivot tables, grantees may use this feature to analyze the budget as well.



		Additional Dimension		Category		Description		Purpose		Unit Cost		Sum of TOTAL UNITS		Sum of TOTAL AMOUNT

		(blank)		Personnel		(blank)		(blank)		(blank)		- 0		$   - 0

				Travel		(blank)		(blank)		(blank)		- 0		$   - 0

				Consultants		(blank)		(blank)		(blank)		- 0		$   - 0

				Capital Equipment		(blank)		(blank)		(blank)		- 0		$   - 0

				Other Direct Costs		(blank)		(blank)		(blank)		- 0		$   - 0

				Indirect Cost		Indirect Costs on Primary Grantee's Portion		Indirect Costs		(blank)				$   - 0

						Indirect Costs on Subaward Portion		Indirect Costs		(blank)				$   - 0

		Grand Total										- 0		$   - 0





Historic Budget Summaries

		HISTORIC BUDGET SUMMARIES

						Expand/Collapse sections to see/hide the initial budget and actuals & projections →		Original		Original Budget																								Rev. 1		Budget Revision 1																								Rev. 2		Budget Revision 2																								Rev. 3		Budget Revision 3																								Rev. 4		Budget Revision 4																								Rev. 5		Budget Revision 5																								Rev. 6		Budget Revision 6																								Rev. 7		Budget Revision 7																								Rev. 8		Budget Revision 8																								Rev. 9		Budget Revision 9

										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓																										↓   To preserve historic budget summary, copy values from Financial Summary & Reporting sheet into outlined area.   ↓













		Cash Flow Summary (BMGF Funds Only)

				Revenue

				BMGF Payment(s)

				Interest Earned

				Currency Gains / (Losses)

				Carry-over Amount from Prior Period

				TOTAL CASH AVAILABLE BY PERIOD

				Expenditure

				BMGF Funds Spent on Direct Cost

				BMGF Funds Spent on Indirect Cost

				Interest Spent

				TOTAL EXPENDITURE BY PERIOD

				BALANCE AT PERIOD END







		Summary by Expense Category

				Category

				Personnel

				Travel

				Consultants

				Capital Equipment

				Other Direct Costs

				Subawards

				TOTAL DIRECT COST

				Indirect Cost

				TOTAL BUDGET







		Breakdown along Additional Dimension 



				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				N/A

				TOTAL DIRECT COST







		Total Project Cost

				Category

				Personnel

				Travel

				Consultants

				Capital Equipment

				Other Direct Costs

				Sub-awards

				

				

				

				

				

				

				

				

				

				

				

				

				

				

				Indirect Costs

				TOTAL PROJECT COST







		Funding Plan

				Sources of Funding

						BMGF - Direct Cost

						BMGF - Indirect Cost

				1		- 0

				2		- 0

				3		- 0

				4		- 0

				5		- 0

				6		- 0

				7		- 0

				8		- 0

				9		- 0

				10		- 0

				TOTAL FUNDING PLAN		TOTAL FUNDING PLAN

				Total BMGF and Secured Funding

				Total Potential Funding

				OVER/(UNDER) FUNDING

				Cumulative overage / (underage)







		Currency

				Exchange Rates

				Budget rate used to convert from … to USD

				… spot rate at end of period

				Bank Balances (BMGF project funds only)

				Balance held in USD at end of period

				Balance held in … at end of period

				Balance held in other currencies at end of period

				      (if applicable; convert to USD using spot rate)

				Total Balance in USD based on spot rates

				      (calc. from bank balances, not using budget rate)









Config

		Configuration



				This sheet is intended for BMGF use only. 

				These settings are used for the various calculations, drop down lists, and conditional formatting in the template.  

				DO NOT CHANGE

				General Information Sheet

				IDC drop down list						Reporting Cadence				Reporting Cadence Error Messages						Is this a Sub-Award Budget?

				Non-Profit / NGO		15%				12-month increments				Please re-enter the organization's reporting cadence using one of the values in the table to the right.						No		Please enter either "Yes" or "No"

				Government agency		0%				Align with calendar year										Yes

				Other private foundation		0%				Align with fiscal year				Fiscal Year Error Messages

				For‐profit organization		15%				Custom periods				Please enter a date that is both after and within one year of the Anticpated Start Date.

				U.S. university		10%

				U.S. community college		10%				Organization Type Messages

				Non-U.S. university		15%				Please use the drop-down list to enter the Organization Type.

				U.N. organization		15%				Please re-enter the Organization Type using one of the values in the table to the right.

				Other multilateral organization		15%

				Non-USD Currencies

				No		 				Non-USD Currencies Error Messages

				Yes		Please answer next question and use the Currency functionality in the Budget Details and Financial Summary & Reporting sheets				Please enter either "Yes" or "No"								Include budget rate at the top of the Budget Details sheet (use USD unless requested otherwise)

				Multiple Sources of Funding

				Question 1		General Info comment		Total Project Cost comment				Question 1 Error Messages

				No		 		DO NOT POPULATE (only required if multiple funding sources apply)				Please enter either "Yes" or "No"

				Yes		Please answer next question and enter expected funding contributions in Financial Summary & Reporting sheet as instructed		 

				Question 2		General Info comment		Total Project Cost comment		Budget Detail comment		Question 2 Error Messages

				Total only		Please enter total project cost in Financial Summary & Reporting sheet		Please enter only TOTAL PROJECT COST at the bottom (overwrite formulas)		Only enter items that are funded by BMGF.		Please use the drop-down list to enter how the total project cost will be captured.

				By category		Please enter total project cost by expense category in Financial Summary sheet		Please enter the cost for the total project broken out by category		Only enter items that are funded by BMGF.		Please re-enter how the total project cost will be captured using the table to the right.

				By Addtl. Dimension		Please enter total project cost by Additional Dimension (See Above) in Financial Summary Sheet		Please enter the cost for the total project broken out by Additional Dimension

				At line item level		Please enter total project cost as line items into the Budget Detail sheet		 		Enter the full project budget, not just BMGF-funded items.



				Total only		Please enter total project cost in Financial Summary & Reporting sheet

				By category		Please enter total project cost by expense category in Financial Summary sheet

				At line item level		Please enter total project cost as line items into the Budget Detail sheet



				Additional Dimension						Additional Dimension Error Messages

				Question 1		General Info comment				Please enter either "Yes" or "No"

				No		 				Please enter yes or choose another method of capturing the total project cost in the question below.

				Yes		Please complete the table below		 

				Budget Revisions						Budget Revisions Error Messages

				Question 1		General Info comment				Please enter either "Yes" or "No"

				No		 

				Yes		Please answer next question		 

				Question 2		General Info comment		Period count		Budget detail column		Financial Summary column

				No Actuals		 		0

				1 Period of Actuals		Please ensure actual expenditures are captured in the respective section of the Financial Summary & Reporting sheet		1		7		5		19				Number of periods of actuals Error Messages

				2 Periods of Actuals		Please ensure actual expenditures are captured in the respective sections of the Financial Summary & Reporting sheet		2		8		6		34				Please re-enter the number of periods of actuals available using one of the values in the table below.

				3 Periods of Actuals		Please ensure actual expenditures are captured in the respective sections of the Financial Summary & Reporting sheet		3		9		7		49

				4 Periods of Actuals		Please ensure actual expenditures are captured in the respective sections of the Financial Summary & Reporting sheet		4		10		8		64

				5 Periods of Actuals		Please ensure actual expenditures are captured in the respective sections of the Financial Summary & Reporting sheet		5		11		9		79

				6 Periods of Actuals		Please ensure actual expenditures are captured in the respective sections of the Financial Summary & Reporting sheet		6		12		10		94

				7 Periods of Actuals		Please ensure actual expenditures are captured in the respective sections of the Financial Summary & Reporting sheet		7		13		11		109

				8 Periods of Actuals		Please ensure actual expenditures are captured in the respective sections of the Financial Summary & Reporting sheet		8		14		12		124

				9 Periods of Actuals		Please ensure actual expenditures are captured in the respective sections of the Financial Summary & Reporting sheet		9		15		13		139

				Budget Details Sheet

				Sub-award Type				Budget Details Category Column Error Messages						Budget Details Formula Drag Down Error Messages

				Grant				Extra rows have been added to the data. Please go down this column and fill in empty rows with the correct category.						Cost formulas are missing in the data likely due to added rows. Please go down through columns V-AH and drag down formulas into any blank rows.

				Contract				Extra rows have been added to the data. Please go to the Category column (column AI) and find the cells which need to be filled in.

				Analytics Sheet

				Offset for Section in Financial Summary

				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23

				Section 		Sheet		Column		Row (Category)		String (Category)		Row (Additional Dimension)		String (Additional Dimension)		Row (Header)		String (Header)		Row (BMGF Direct Expenditures)		String (BMGF Direct Expenditures)		Row (BMGF Indirect Expenditures)		String (BMGF Indirect Expenditures)		Row (BMGF Payments)		String (BMGF Payments)		Row (Interest Earned)		String (Interest Earned)		Row (Interest Spent)		String (Interest Spent)		Row (BMGF Payments)		String (BMGF Payments)		Row (BMGF Payments)		String (Currency Gains / (Losses))

				Budget		Financial Summary & Reporting		5		29		'Financial Summary & Reporting'!$E$29		43		'Financial Summary & Reporting'!$E$43		5		'Financial Summary & Reporting'!$E$5		19		'Financial Summary & Reporting'!$E$19		20		'Financial Summary & Reporting'!$E$20		13		'Financial Summary & Reporting'!$E$13		14		'Financial Summary & Reporting'!$E$14		21		'Financial Summary & Reporting'!$E$21		13		'Financial Summary & Reporting'!$E$13		15		'Financial Summary & Reporting'!$E$15

				End of Period 1		Financial Summary & Reporting		19		29		'Financial Summary & Reporting'!$S$29		43		'Financial Summary & Reporting'!$S$43		5		'Financial Summary & Reporting'!$S$5		19		'Financial Summary & Reporting'!$S$19		20		'Financial Summary & Reporting'!$S$20		13		'Financial Summary & Reporting'!$S$13		14		'Financial Summary & Reporting'!$S$14		21		'Financial Summary & Reporting'!$S$21		13		'Financial Summary & Reporting'!$S$13		15		'Financial Summary & Reporting'!$S$15

				End of Period 2		Financial Summary & Reporting		34		29		'Financial Summary & Reporting'!$AH$29		43		'Financial Summary & Reporting'!$AH$43		5		'Financial Summary & Reporting'!$AH$5		19		'Financial Summary & Reporting'!$AH$19		20		'Financial Summary & Reporting'!$AH$20		13		'Financial Summary & Reporting'!$AH$13		14		'Financial Summary & Reporting'!$AH$14		21		'Financial Summary & Reporting'!$AH$21		13		'Financial Summary & Reporting'!$AH$13		15		'Financial Summary & Reporting'!$AH$15

				End of Period 3		Financial Summary & Reporting		49		29		'Financial Summary & Reporting'!$AW$29		43		'Financial Summary & Reporting'!$AW$43		5		'Financial Summary & Reporting'!$AW$5		19		'Financial Summary & Reporting'!$AW$19		20		'Financial Summary & Reporting'!$AW$20		13		'Financial Summary & Reporting'!$AW$13		14		'Financial Summary & Reporting'!$AW$14		21		'Financial Summary & Reporting'!$AW$21		13		'Financial Summary & Reporting'!$AW$13		15		'Financial Summary & Reporting'!$AW$15

				End of Period 4		Financial Summary & Reporting		64		29		'Financial Summary & Reporting'!$BL$29		43		'Financial Summary & Reporting'!$BL$43		5		'Financial Summary & Reporting'!$BL$5		19		'Financial Summary & Reporting'!$BL$19		20		'Financial Summary & Reporting'!$BL$20		13		'Financial Summary & Reporting'!$BL$13		14		'Financial Summary & Reporting'!$BL$14		21		'Financial Summary & Reporting'!$BL$21		13		'Financial Summary & Reporting'!$BL$13		15		'Financial Summary & Reporting'!$BL$15

				End of Period 5		Financial Summary & Reporting		79		29		'Financial Summary & Reporting'!$CA$29		43		'Financial Summary & Reporting'!$CA$43		5		'Financial Summary & Reporting'!$CA$5		19		'Financial Summary & Reporting'!$CA$19		20		'Financial Summary & Reporting'!$CA$20		13		'Financial Summary & Reporting'!$CA$13		14		'Financial Summary & Reporting'!$CA$14		21		'Financial Summary & Reporting'!$CA$21		13		'Financial Summary & Reporting'!$CA$13		15		'Financial Summary & Reporting'!$CA$15

				End of Period 6		Financial Summary & Reporting		94		29		'Financial Summary & Reporting'!$CP$29		43		'Financial Summary & Reporting'!$CP$43		5		'Financial Summary & Reporting'!$CP$5		19		'Financial Summary & Reporting'!$CP$19		20		'Financial Summary & Reporting'!$CP$20		13		'Financial Summary & Reporting'!$CP$13		14		'Financial Summary & Reporting'!$CP$14		21		'Financial Summary & Reporting'!$CP$21		13		'Financial Summary & Reporting'!$CP$13		15		'Financial Summary & Reporting'!$CP$15

				End of Period 7		Financial Summary & Reporting		109		29		'Financial Summary & Reporting'!$DE$29		43		'Financial Summary & Reporting'!$DE$43		5		'Financial Summary & Reporting'!$DE$5		19		'Financial Summary & Reporting'!$DE$19		20		'Financial Summary & Reporting'!$DE$20		13		'Financial Summary & Reporting'!$DE$13		14		'Financial Summary & Reporting'!$DE$14		21		'Financial Summary & Reporting'!$DE$21		13		'Financial Summary & Reporting'!$DE$13		15		'Financial Summary & Reporting'!$DE$15

				End of Period 8		Financial Summary & Reporting		124		29		'Financial Summary & Reporting'!$DT$29		43		'Financial Summary & Reporting'!$DT$43		5		'Financial Summary & Reporting'!$DT$5		19		'Financial Summary & Reporting'!$DT$19		20		'Financial Summary & Reporting'!$DT$20		13		'Financial Summary & Reporting'!$DT$13		14		'Financial Summary & Reporting'!$DT$14		21		'Financial Summary & Reporting'!$DT$21		13		'Financial Summary & Reporting'!$DT$13		15		'Financial Summary & Reporting'!$DT$15

				End of Period 9		Financial Summary & Reporting		139		29		'Financial Summary & Reporting'!$EI$29		43		'Financial Summary & Reporting'!$EI$43		5		'Financial Summary & Reporting'!$EI$5		19		'Financial Summary & Reporting'!$EI$19		20		'Financial Summary & Reporting'!$EI$20		13		'Financial Summary & Reporting'!$EI$13		14		'Financial Summary & Reporting'!$EI$14		21		'Financial Summary & Reporting'!$EI$21		13		'Financial Summary & Reporting'!$EI$13		15		'Financial Summary & Reporting'!$EI$15

				End of Period 10		Financial Summary & Reporting		154		29		'Financial Summary & Reporting'!$EX$29		43		'Financial Summary & Reporting'!$EX$43		5		'Financial Summary & Reporting'!$EX$5		19		'Financial Summary & Reporting'!$EX$19		20		'Financial Summary & Reporting'!$EX$20		13		'Financial Summary & Reporting'!$EX$13		14		'Financial Summary & Reporting'!$EX$14		21		'Financial Summary & Reporting'!$EX$21		13		'Financial Summary & Reporting'!$EX$13		15		'Financial Summary & Reporting'!$EX$15

				Original Budget		Historic Budget Summaries		5		28		'Historic Budget Summaries'!$E$28		42		'Historic Budget Summaries'!$E$42		4		'Historic Budget Summaries'!$E$4		18		'Historic Budget Summaries'!$E$18		19		'Historic Budget Summaries'!$E$19		12		'Historic Budget Summaries'!$E$12		13		'Historic Budget Summaries'!$E$13		20		'Historic Budget Summaries'!$E$20		12		'Historic Budget Summaries'!$E$12		14		'Historic Budget Summaries'!$E$14

				Budget Revision 1		Historic Budget Summaries		18		28		'Historic Budget Summaries'!$R$28		42		'Historic Budget Summaries'!$R$42		4		'Historic Budget Summaries'!$R$4		18		'Historic Budget Summaries'!$R$18		19		'Historic Budget Summaries'!$R$19		12		'Historic Budget Summaries'!$R$12		13		'Historic Budget Summaries'!$R$13		20		'Historic Budget Summaries'!$R$20		12		'Historic Budget Summaries'!$R$12		14		'Historic Budget Summaries'!$R$14

				Budget Revision 2		Historic Budget Summaries		31		28		'Historic Budget Summaries'!$AE$28		42		'Historic Budget Summaries'!$AE$42		4		'Historic Budget Summaries'!$AE$4		18		'Historic Budget Summaries'!$AE$18		19		'Historic Budget Summaries'!$AE$19		12		'Historic Budget Summaries'!$AE$12		13		'Historic Budget Summaries'!$AE$13		20		'Historic Budget Summaries'!$AE$20		12		'Historic Budget Summaries'!$AE$12		14		'Historic Budget Summaries'!$AE$14
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College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: Lisa Galaites <Lisa.Galaites@gatesfoundation.org> 
Sent: Monday, July 25, 2022 1:46 PM
To: Rong, Lijun <lijun@uic.edu>; Rob Jordan <robert.jordan@gatesfoundation.org>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Konley, Megan
E. <mkonley@uic.edu>
Subject: RE: PAD henipavirus RFP
 
Hi Lijun,
Submitting through email is preferred. If the files are too big to send via email, please send us a
Dropbox link or I’m happy to set up a MS Teams site for file sharing.
Thanks!
 
Lisa Galaites (she/her)
Senior Program Coordinator
Global Health | Discovery & Translational Sciences
 

From: Rong, Lijun <lijun@uic.edu> 
Sent: Monday, July 25, 2022 2:41 PM
To: Lisa Galaites <Lisa.Galaites@gatesfoundation.org>; Rob Jordan
<robert.jordan@gatesfoundation.org>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Konley, Megan
E. <mkonley@uic.edu>
Subject: RE: PAD henipavirus RFP
 
Dear Lisa,
 
Could you please let us know the link we need to submit the proposal? Thank you so much!
 
Best,
Lijun
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)



lijun@uic.edu
 

From: Lisa Galaites <Lisa.Galaites@gatesfoundation.org> 
Sent: Wednesday, July 13, 2022 1:11 PM
To: Rong, Lijun <lijun@uic.edu>; Rob Jordan <robert.jordan@gatesfoundation.org>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Konley, Megan
E. <mkonley@uic.edu>
Subject: RE: PAD henipavirus RFP
 
Hi Lijun,
We don’t require any signature at this point as we shape the proposal documents. Once both parties
have agreed on the final proposal documents (we typically go back and forth on a few iterations of
the Investment Document and budget), we will then create the Grant Agreement that references
both proposal documents. It is the Grant Agreement that will need a signature from UIC.
Hope that helps!
 
Lisa Galaites (she/her)
Senior Program Coordinator
Global Health | Discovery & Translational Sciences
 

From: Rong, Lijun <lijun@uic.edu> 
Sent: Monday, July 11, 2022 11:25 AM
To: Rob Jordan <robert.jordan@gatesfoundation.org>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Lisa Galaites
<Lisa.Galaites@gatesfoundation.org>; Konley, Megan E. <mkonley@uic.edu>
Subject: RE: PAD henipavirus RFP
 
Thank you Rob for your prompt response!
Lisa, please advise us how to proceed.
 
Best,
Lijun
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: Rob Jordan <robert.jordan@gatesfoundation.org> 
Sent: Monday, July 11, 2022 9:19 AM



To: Rong, Lijun <lijun@uic.edu>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Lisa Galaites
<Lisa.Galaites@gatesfoundation.org>; Konley, Megan E. <mkonley@uic.edu>
Subject: RE: PAD henipavirus RFP
 
Hi Lijun,
I believe and email approval will be sufficient but I will let Lisa provide the final word here. Lisa is out
of the office until Wednesday this week.
Best regards,
Rob
 

From: Rong, Lijun <lijun@uic.edu> 
Sent: Monday, July 11, 2022 9:47 AM
To: Rob Jordan <robert.jordan@gatesfoundation.org>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Lisa Galaites
<Lisa.Galaites@gatesfoundation.org>; Konley, Megan E. <mkonley@uic.edu>
Subject: RE: PAD henipavirus RFP
 
Hi Rob and Linu,
 
Megan will help us to get the proposal and budget together here at UIC. We need some clarification
on the institutional approval.
What do you need from UIC, a letter or email from UIC? Thank you so much for the information.
 
Best regards,
Lijun
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: Rong, Lijun 
Sent: Wednesday, July 6, 2022 11:52 AM
To: Rob Jordan <robert.jordan@gatesfoundation.org>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Lisa Galaites
<Lisa.Galaites@gatesfoundation.org>
Subject: RE: PAD henipavirus RFP
 
Hi Rob and all,



 
We look forward to talking with you tmmr.
 
Best,
Lijun
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: Rob Jordan <robert.jordan@gatesfoundation.org> 
Sent: Wednesday, July 6, 2022 10:41 AM
To: Rong, Lijun <lijun@uic.edu>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>; Lisa Galaites
<Lisa.Galaites@gatesfoundation.org>
Subject: RE: PAD henipavirus RFP
 
Hi Lijun,
Thursday July 7 at 1p seems like a good time to meet. Please invite others who will participate in the
proposal. Lisa Galaites (cc’d) will provide the grant template, budget template and instructions for
the proposal. We would like to receive a full proposal for review by July 22. Two areas that we would
like to discuss are your plans for medicinal chemistry and overlap with AViDD programs. I will send
the meeting invitation for 1p PST July 7.
We look forward to speaking with you soon.
Best regards,
Rob
 

From: Rong, Lijun <lijun@uic.edu> 
Sent: Friday, July 1, 2022 9:24 AM
To: Rob Jordan <robert.jordan@gatesfoundation.org>
Cc: Linu John <linu.john@gatesfoundation.org>; Gaisina, Irina N <igaysina@uic.edu>
Subject: RE: PAD henipavirus RFP
 
Dear Rob and Linu,
 
We have very pleased and honored to be accepted to submit a full proposal from the PAD program,
and we are eager to learn about the next step, and seek your guidance on it.
 
I am available next week:



Thursday July 7, 3 pm-5 pm (Central time) or Pacific time: 1-3 pm

Friday July 8th 3-5 pm (CT), or PT: 1-3 pm
 
Does that work out for you?
 
Also is it OK if I include Dr. Irina Gaisina to this meeting since she will work with me on the full
proposal?
 
We look forward to talking with you!
 
Best,
Lijun
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: Rob Jordan <robert.jordan@gatesfoundation.org> 
Sent: Friday, July 1, 2022 6:49 AM
To: Rong, Lijun <lijun@uic.edu>
Cc: Linu John <linu.john@gatesfoundation.org>
Subject: PAD henipavirus RFP
 
Dear Lijun,
 
Congratulations on being accepted to submit a full proposal for the PAD program. It would be good
for us to have a quick call to answer questions and make sure we’re on the same page with the
process. We would like to have the full proposal submitted by July 22 if possible so that we can go
through the internal review process and make any adjustments as needed. I will be the senior
program officer (SPO) managing this proposal and my colleague Linu John will be helping as the
secondary program officer.
 
Please let me know a few dates and times next week (after July 5) that you might be available for a
call.
 
We look forward to working with you on this interesting project.
Best regards,
Rob
 



 
 
Robert Jordan, PhD
Senior Program Officer
Global Health Discovery & Translational Sciences 
M +1.206.734.9686
E robert.jordan@gatesfoundation.org 
Bill & Melinda Gates Foundation   
www.gatesfoundation.org 
 
 



SUMMARY STATEMENT
Release Date: 06/24/2022PROGRAM CONTACT:

Eun-Chung Park 
240-627-3338
epark@niaid.nih.gov

 ( Privileged Communication )
Revised Date:

Application Number: 1 R01 AI168287-01A1
Principal Investigator Formerly: 1R01AI168287-01

GURLEY, EMILY SUZANNE 

Applicant Organization:  JOHNS HOPKINS UNIVERSITY

Review Group: CRFS
Clinical Research and Field Studies of Infectious Diseases Study Section

Meeting Date: 06/16/2022 RFA/PA: PA20-185
Council: OCT 2022 PCC: M32A B

Requested Start: 09/01/2022

Project Title: Solving Opportunities for Spillover (SOS): Frequency and Mechanisms of Cross-
species Transmission of Henipaviruses in Bangladesh

SRG Action: Impact Score:20     Percentile:5
Next Steps: Visit https://grants.nih.gov/grants/next_steps.htm

Human Subjects: 30-Human subjects involved - Certified, no SRG concerns
Animal Subjects: 30-Vertebrate animals involved - no SRG concerns noted

Gender:
Minority:

Age:

1A-Both genders, scientifically acceptable
5A-Only foreign subjects, scientifically acceptable
1A-Children, Adults, Older Adults, scientifically acceptable 

Project
Year

1
2
3
4
5

Direct Costs
Requested
       499,647
       499,444
       498,172
       499,809
       498,639

Estimated
 Total Cost
       671,913
       671,640
       669,930
       672,131
       670,558

_______
TOTAL

_______________         
     2,495,711

    _______________         
     3,356,172

ADMINISTRATIVE BUDGET NOTE: The budget shown is the requested budget and has not been adjusted 
to reflect any recommendations made by reviewers. If an award is planned, the costs will be calculated by 
Institute grants management staff based on the recommendations outlined below in the COMMITTEE 
BUDGET RECOMMENDATIONS section.
EARLY STAGE INVESTIGATOR
NEW INVESTIGATOR
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1R01AI168287-01A1 GURLEY, EMILY

EARLY STAGE INVESTIGATOR
NEW INVESTIGATOR
ADMINISTRATIVE NOTE

RESUME AND SUMMARY OF DISCUSSION: This application proposes to investigate the drivers of 
spillover events of henipavirus from bats to domesticated animals to humans. The characterization of 
transmission routes as well as molecular and serological analyses to assess exposure to henipavirus 
are highly significant and address an important knowledge gap. The work is performed by an 
outstanding team of investigators with complementary expertise in virology, epidemiology, zoonotic 
diseases; as well as a solid track record of working together with collaborators in Bangladesh. 
Strengths of the application also include highly significant biomedical and public health problems being 
addressed, well-developed approach including comprehensive sampling and multiplex pan-henipavirus 
assays, the integration of modeling input on weather patterns, and the use of camera trapping 
observations to determine interactions between domesticated animals with bats. Most of the critiques 
from previous review are adequately addressed including additional details of biosafety protocols on 
handling the virus. A minor concern identified during the discussion is the lack of details on statistical 
analysis method. Overall, the application is considered outstanding and high enthusiasm is expressed 
by the review committee.

DESCRIPTION (provided by applicant): Until and unless we better understand and prevent spillovers 
of bat-borne viruses into intermediate hosts and humans, we will be severely limited in our ability to 
stop pandemics. Henipaviruses are bat-borne, RNA viruses that spillover through this route. Nearly half 
of all reported human henipavirus infections have been associated with contact with sick domesticated 
animals, though our understanding of drivers of henipavirus spillovers and specific transmission 
pathways remains severely limited. Building on preliminary data about bat, domesticated animal and 
human infections, this multidisciplinary study integrates epidemiology, ecology, and anthropology to 
identify spillover pathways for henipaviruses into domesticated animals in Bangladesh and the risk they 
pose to human health. Our first aim is to identify drivers of henipavirus spillovers into domesticated 
animals in Faridpur, Bangladesh. We will use multiplex pan-henipavirus assays to identify infections in 
Pteropus medius bats and domesticated animals living nearby this roost through cross-sectional and 
prospective studies. Combined with intensive studies of bat-domesticated animal interactions and 
weather data, we will build statistical models to identify the relative contribution of each of these factors. 
Our second aim is to describe which henipaviruses are being transmitted from bats to domesticated 
animals. Serologic studies of animals in Bangladesh show that they are frequently infected with non-
Nipah henipaviruses. Through surveillance for and sampling of sick domesticated animals, we will 
describe the specific viruses that spillover from bats in Faridpur. Our third aim is to determine the risk of 
henipavirus transmission from domesticated animals to humans. We hypothesize that undetected 
henipavirus spillovers in humans are occurring through contact with sick domesticated animals and will 
conduct cross-sectional and prospective serosurveys of humans who have close contact with sick 
animals in Faridpur. We remain ignorant about henipavirus spillovers through intermediate hosts – 
including the specific viruses spilling over, the frequency and distribution of spillovers, and the 
pathways of transmission – at our own peril. The knowledge gained from this study will be immediately 
applicable to human and animal health programs in Bangladesh and other countries where 
henipaviruses circulate in bats. By learning about which henipaviruses infect humans, and how they are 
infected, we can advise public health surveillance programs on how to optimize detection and 
epidemiologic investigation of cases across Bangladesh. Our investigations about spillovers in Faridpur 
can also be scaled- up to other areas of Bangladesh and countries where henipaviruses circulate in 
bats so that we can truly begin to appreciate the scale of henipavirus spillovers in the global landscape.
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PUBLIC HEALTH RELEVANCE: We remain ignorant about bat henipavirus spillovers through 
intermediate hosts – including the specific viruses spilling over, the frequency and distribution of 
spillovers, and the pathways of transmission – at our own peril. Until and unless we better understand 
and prevent spillovers of bat-borne viruses into intermediate hosts and humans, we will be severely 
limited in our ability to stop pandemics. The knowledge gained from this study will be immediately 
applicable to human and animal health programs because if we know which henipaviruses infect 
humans and domesticated animals, and how they are infected, we can advise public health surveillance 
programs on how to optimize detection and prevention of infections.

CRITIQUE 1: 

Significance: 1
Investigator(s): 1
Innovation: 1
Approach: 3
Environment: 1

Overall Impact: This proposal addresses a highly significant and timely set of questions around 
spillover of viruses from animals to humans with a focus on the role of understudied intermediate hosts. 
The investigators propose to obtain a comprehensive picture of viral transmission at the animal-human 
interface, with a focus on henipavirus. There is a well-considered strategy for sampling both animals 
and humans that addresses a gap and bias in existing surveillance data identified by the investigators. 
The study team has tremendous experience both in the technical areas as well as working with this 
community, and this comes through clearly in the proposal. The revised proposal has addressed the 
major concerns from the initial review around biosafety with a select agent and have provided details 
about safety protocols for both the study team and for the collaborating laboratory in the US. There are 
some areas of the proposal where further detail about the statistical analysis plan could be further 
developed, but this was a minor concern. Overall, the successful completion of this project would yield 
novel insights into routes of viral spillover at the animal-human interface.

1. Significance:
Strengths 

• Spillovers of henipavirus are a major concern, and the proposed work will provide a 
comprehensive understanding of how those spillovers occur.

• The role of intermediate hosts has been understudied due to typical sampling protocols.
Weaknesses

• None noted.

2. Investigator(s):
Strengths 

• PI Dr. Gurley and collaborators have long track record working on Nipah virus in the region.

• Combined study team is highly interdisciplinary.

• Strong collaboration with researchers at icddr,b.
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Weaknesses
• None noted.

3. Innovation:
Strengths

• Interdisciplinary combination of epidemiology, anthropology, ecology, immunology is innovative.

• Focus on potential gaps in current reactive sampling schemes with  a focus on intermediate 
hosts.

• Strong conceptual model that identifies weaknesses in current data.
Weaknesses

• None noted.

4. Approach:
Strengths

• Comprehensive sampling of multiple animal species and humans will allow for a comprehensive 
view of spillover pathways.

• Possibility to detect novel/unexpected viruses.
Weaknesses

• The statistical analysis/model for Aim 1could be better developed. These are complex time 
series data with many outcomes.

• As the investigators acknowledge, the number of events is unpredictable, which could limit the 
ability to make strong inferences.

5. Environment:
Strengths

• Facilities at Rocky Mountain labs appropriate for BSL-4 work.

• Facilities at USUHS and Johns Hopkins are appropriate for the proposed work.

• icddr,b has tremendous experience conducting field studies with humans and animals in 
Bangladesh.

Weaknesses
• None noted.

Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections.

Inclusion Plans:
• Sex/Gender:  Distribution justified scientifically.

• Race/Ethnicity:  Distribution justified scientifically. 
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• Inclusion/Exclusion Based on Age:  Distribution justified scientifically.

Vertebrate Animals:
YES, all criteria addressed.

Biohazards:
Acceptable protocols in place for handling the pathogens.

Resubmission:
The investigators were highly responsive to previous reviews, including comments about biosafety and 
questions about the assays.

Applications from Foreign Components:
icddr,b in Bangladesh is a key partner in this proposal and necessary for the completion of the Aims.

Select Agents:
BSL-4 work will be conducted at Rocky Mountain Laboratories in the US; Personnel in Bangladesh will 
handle shipments for shipping at BSL-2 and will inactivate sera prior to testing in the BSL-2 lab.

Resource Sharing Plans:
Acceptable.

Authentication of Key Biological and/or Chemical Resources:
Not included.

Budget and Period of Support:
Recommended as requested.

CRITIQUE 2: 

Significance: 3
Investigator(s): 2
Innovation: 2
Approach: 3
Environment: 1

Overall Impact: This reversed application seeks to identify spillover pathways for henipaviruses into 
domesticated animals in Faridpur, Bangladesh and identify the risk they pose to human health.  They 
report that nearly half of all reported human henipavirus infections have been associated with contact 
with sick domesticated animals, though our understanding of drivers of henipavirus spillovers and 
specific transmission pathways remains severely limited.  Preventing spillovers of bat-borne viruses into 
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intermediate hosts is critical to stopping pandemics. In Aim 1 they will identify drivers of henipavirus 
spillovers into domesticated animals. To do this they will use multiplex pan-henipavirus assays to 
identify infections in bats and domesticated animals living nearby roosts.  They speculate that that there 
is also substantial temporal variation in domesticated animal spillovers driven by infection dynamics in 
bats, weather patterns, and domesticated animal contact with bats. They will build statistical models to 
identify the relative contribution of each of these factors to spillover into potential intermediate hosts.  In 
Aim 2, they will describe which henipaviruses are being transmitted from bats to domesticated animals.  
They will sample sick animals in Faridpur and will sequence any detected henipaviruses.  In Aim 3, they 
will determine the risk of henipavirus transmission from domesticated animals to humans.  They will 
identify human henipavirus infections following contact with domesticated animals and identify the types 
of contact associated with transmission. Strengths of the application include the public health 
importance and potential relevance of findings to other zoonotic viruses, the superb study team with 
prior collaborative work in the study site, the clear enrollment and sampling strategy, and inclusion of 
children who have potential to care for sick animals.  Weaknesses are minor and include reliance of 
aims on detecting virus and reliance of aims on prior aims although this is inherent in nature of this 
study and a mitigation plan is outlined.  Overall enthusiasm for this application is high.

1. Significance:
Strengths 

• Need to better understand spillovers of bat-borne viruses into intermediate host to improve 
ability to prevent pandemics.

• Spillovers into intermediate hosts represent important opportunities for bat-borne viruses as 
they adapt and become more infectious to humans.

• Goal of updating public health surveillance systems to reduce pandemic risk is critical.
Weaknesses

• Unclear generalizability of findings to other pathogens although given public health importance 
of knowledge gained this could be viewed as minor.

2. Investigator(s):
Strengths 

• Expertise in epidemiology, virology, infectious disease, microbiology, zoonotic diseases, 
anthropology, modeling.

Weaknesses
• None noted.

3. Innovation:
Strengths

• Use of multiplex pan-henipavirus assay.

• Planned field work to study pathway from bats to intermediate host to humans.

• Study setting is optimal for proposed analyses.
Weaknesses

• None noted.
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4. Approach:
Strengths

• Optimal study site (Faridpur District) for proposed analyses.

• Use of the multiplex pan-henipavirus assay will be used to detect all five known henipaviruses 
(Nipah virus, Hendra virus, Cedar virus, Ghana virus and Mojiang virus).

• Planned modeling will factor in weather patterns, changes in domesticated animal-bat contacts; 
use of camera tracking for data collection.

• Responsive to prior reviewer comments and plan for keeping field worker/veterinarian going to 
assist with sick animals clearly outlined.

• Phylogenetic analysis is planned to examine relationships between viruses identified in 
domesticated animals and bats within each of the six-month sampling periods. 

• Inclusion of children who have potential to care for sick animals.
Weaknesses

• They acknowledge they may identify too few spillovers to make strong inferences about the 
drivers of those spillovers and may not identify sick animals.  However contingency plans 
outlined so this could be viewed as minor.

• Aim 3 reliant on success of prior two aims.

• Unclear number humans planned to be enrolled with discrepancy between research strategy 
and the 3000 included in targeted enrollment table.

5. Environment:
Strengths

• Superb for carrying out proposed analyses.

• Existing collaboration exists in Bangladesh.
Weaknesses

• None noted.

Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections.

Inclusion Plans:
• Sex/Gender:  Distribution justified scientifically.

• Race/Ethnicity:  Distribution justified scientifically. 

• Inclusion/Exclusion Based on Age:  Distribution justified scientifically.

Vertebrate Animals:
YES, all criteria addressed.
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Biohazards:
Acceptable.

Resubmission:
Responsive to prior comments.

Applications from Foreign Components:
Justified.

Select Agents:
Acceptable.

Resource Sharing Plans:
Acceptable.

Authentication of Key Biological and/or Chemical Resources:
Unacceptable.  Not included.

Budget and Period of Support:
Recommend as Requested.

CRITIQUE 3:

Significance: 2
Investigator(s): 2
Innovation: 2
Approach: 2
Environment: 2

Overall Impact: This is a resubmission of an R01 investigating the potential risk of spillovers of 
henipaviruses into domesticated animals and subsequently into man. The proposal will define the 
drivers and variability factors of spillover into domesticated animals and whether certain henipaviruses 
are more often found outside of bats than others, and finally will assess the risk of subsequent 
transmission into humans. The significance of the work is strong, given the substantial risk from 
henipaviruses and repeated regional/seasonal outbreaks. There were major concerns about the safety 
of the sampling within the study, but these issues have been addressed in the resubmission. There are 
also other improvements as suggested, including broader screening for novel spillover pathogens. The 
proposed work by a very experienced team should lead to important insights into the ecosystem for 
henipaviruses at the intersection between wildlife, domesticated animals, and humans. 

Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections.

Inclusion Plans:
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• Sex/Gender:  Distribution justified scientifically.

• Race/Ethnicity:  Distribution justified scientifically. 

• Inclusion/Exclusion Based on Age:  Distribution justified scientifically.

Vertebrate Animals:
YES, all criteria addressed.

Budget and Period of Support:
Recommended as requested.

THE FOLLOWING SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW OFFICER TO 
SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW COMMITTEE, OR REVIEWERS’ 
WRITTEN CRITIQUES, ON THE FOLLOWING ISSUES:

PROTECTION OF HUMAN SUBJECTS: ACCEPTABLE.

INCLUSION OF WOMEN PLAN: ACCEPTABLE.

INCLUSION OF MINORITIES PLAN: ACCEPTABLE.

INCLUSION ACROSS THE LIFESPAN: ACCEPTABLE.

VERTEBRATE ANIMALS: ACCEPTABLE.

COMMITTEE BUDGET RECOMMENDATIONS: The budget was recommended as requested.

ADMINISTRATIVE NOTE: Applications proposing the use of key biological and/or chemical resources 
are expected to include a one-page PDF attachment describing plans for Authentication of Key 
Biological and/or Chemical Resources (see NOT-OD-17-068). Reviewers were asked to consider 
information provided in this attachment as part of their evaluation of your application. This attachment 
was missing from your application and the information could not be assessed.
  

Footnotes for 1 R01 AI168287-01A1; PI Name: Gurley, Emily Suzanne

NIH has modified its policy regarding the receipt of resubmissions (amended applications).See 
Guide Notice NOT-OD-18-197 at https://grants.nih.gov/grants/guide/notice-files/NOT-OD-18-
197.html.  The impact/priority score is calculated after discussion of an application by 
averaging the overall scores (1-9) given by all voting reviewers on the committee and 
multiplying by 10. The criterion scores are submitted prior to the meeting by the individual 
reviewers assigned to an application, and are not discussed specifically at the review meeting 
or calculated into the overall impact score. Some applications also receive a percentile 
ranking. For details on the review process, see 
http://grants.nih.gov/grants/peer_review_process.htm#scoring.
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From: Plowright, Raina on behalf of Plowright, Raina <raina.plowright@montana.edu>
To: Emily Gurley
Cc: Henrik Salje; clifton.mckee; Munster, Vincent (NIH/NIAID) [E]; Broder, Chris (USU-DoD); Dr. Mohammed Ziaur

Rahman; Laing, Eric; islam_ausraf@icddrb.org; nadiarimi@icddrb.org; rebeca@icddrb.org; sluby@stanford.edu;
Dr Sayera Banu

Subject: Re: R01 reviews
Date: Sunday, June 26, 2022 9:33:32 PM
Attachments: 1R01AI168287-01A1.pdf

Great reviews, Emily. It is interesting to see the panel is almost all human infectious disease
people. So it’s great that you were able to get a One Health proposal through and with such
strong reviews.

Sent from my iPhone

On Jun 26, 2022, at 7:13 AM, Emily Gurley <egurley1@jhu.edu> wrote:

﻿

**External Sender**

Attached are the reviews, FYI.

Emily

From: Henrik Salje <hs743@cam.ac.uk> 
Sent: Wednesday, June 22, 2022 11:12 AM
To: clifton.mckee <clifton.mckee@gmail.com>; Munster, Vincent (NIH/NIAID) [E]
<vincent.munster@nih.gov>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; Dr Sayera Banu
<sbanu@icddrb.org>; Dr. Mohammed Ziaur Rahman <mzrahman@icddrb.org>; Emily
Gurley <egurley1@jhu.edu>; Laing, Eric <eric.laing@usuhs.edu>; Raina Plowright
<raina.plowright@montana.edu>; islam_ausraf@icddrb.org; nadiarimi@icddrb.org;
rebeca@icddrb.org; sluby@stanford.edu
Subject: Re: plans for R01 submission

This makes me so happy. Well done Emily and team on leading this. 5th percentile!
Looking forward to working with everyone.
Henrik

Henrik Salje
Professor
Pathogen Dynamics Group
Department of Genetics
University of Cambridge
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Applicant Organization:  JOHNS HOPKINS UNIVERSITY


Review Group: CRFS
Clinical Research and Field Studies of Infectious Diseases Study Section


Meeting Date: 06/16/2022 RFA/PA: PA20-185
Council: OCT 2022 PCC: M32A B


Requested Start: 09/01/2022


Project Title: Solving Opportunities for Spillover (SOS): Frequency and Mechanisms of Cross-
species Transmission of Henipaviruses in Bangladesh


SRG Action: Impact Score:20     Percentile:5
Next Steps: Visit https://grants.nih.gov/grants/next_steps.htm


Human Subjects: 30-Human subjects involved - Certified, no SRG concerns
Animal Subjects: 30-Vertebrate animals involved - no SRG concerns noted


Gender:
Minority:


Age:


1A-Both genders, scientifically acceptable
5A-Only foreign subjects, scientifically acceptable
1A-Children, Adults, Older Adults, scientifically acceptable 


Project
Year


1
2
3
4
5


Direct Costs
Requested
       499,647
       499,444
       498,172
       499,809
       498,639


Estimated
 Total Cost
       671,913
       671,640
       669,930
       672,131
       670,558


_______
TOTAL


_______________         
     2,495,711


    _______________         
     3,356,172


ADMINISTRATIVE BUDGET NOTE: The budget shown is the requested budget and has not been adjusted 
to reflect any recommendations made by reviewers. If an award is planned, the costs will be calculated by 
Institute grants management staff based on the recommendations outlined below in the COMMITTEE 
BUDGET RECOMMENDATIONS section.
EARLY STAGE INVESTIGATOR
NEW INVESTIGATOR
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1R01AI168287-01A1 GURLEY, EMILY


EARLY STAGE INVESTIGATOR
NEW INVESTIGATOR
ADMINISTRATIVE NOTE


RESUME AND SUMMARY OF DISCUSSION: This application proposes to investigate the drivers of 
spillover events of henipavirus from bats to domesticated animals to humans. The characterization of 
transmission routes as well as molecular and serological analyses to assess exposure to henipavirus 
are highly significant and address an important knowledge gap. The work is performed by an 
outstanding team of investigators with complementary expertise in virology, epidemiology, zoonotic 
diseases; as well as a solid track record of working together with collaborators in Bangladesh. 
Strengths of the application also include highly significant biomedical and public health problems being 
addressed, well-developed approach including comprehensive sampling and multiplex pan-henipavirus 
assays, the integration of modeling input on weather patterns, and the use of camera trapping 
observations to determine interactions between domesticated animals with bats. Most of the critiques 
from previous review are adequately addressed including additional details of biosafety protocols on 
handling the virus. A minor concern identified during the discussion is the lack of details on statistical 
analysis method. Overall, the application is considered outstanding and high enthusiasm is expressed 
by the review committee.


DESCRIPTION (provided by applicant): Until and unless we better understand and prevent spillovers 
of bat-borne viruses into intermediate hosts and humans, we will be severely limited in our ability to 
stop pandemics. Henipaviruses are bat-borne, RNA viruses that spillover through this route. Nearly half 
of all reported human henipavirus infections have been associated with contact with sick domesticated 
animals, though our understanding of drivers of henipavirus spillovers and specific transmission 
pathways remains severely limited. Building on preliminary data about bat, domesticated animal and 
human infections, this multidisciplinary study integrates epidemiology, ecology, and anthropology to 
identify spillover pathways for henipaviruses into domesticated animals in Bangladesh and the risk they 
pose to human health. Our first aim is to identify drivers of henipavirus spillovers into domesticated 
animals in Faridpur, Bangladesh. We will use multiplex pan-henipavirus assays to identify infections in 
Pteropus medius bats and domesticated animals living nearby this roost through cross-sectional and 
prospective studies. Combined with intensive studies of bat-domesticated animal interactions and 
weather data, we will build statistical models to identify the relative contribution of each of these factors. 
Our second aim is to describe which henipaviruses are being transmitted from bats to domesticated 
animals. Serologic studies of animals in Bangladesh show that they are frequently infected with non-
Nipah henipaviruses. Through surveillance for and sampling of sick domesticated animals, we will 
describe the specific viruses that spillover from bats in Faridpur. Our third aim is to determine the risk of 
henipavirus transmission from domesticated animals to humans. We hypothesize that undetected 
henipavirus spillovers in humans are occurring through contact with sick domesticated animals and will 
conduct cross-sectional and prospective serosurveys of humans who have close contact with sick 
animals in Faridpur. We remain ignorant about henipavirus spillovers through intermediate hosts – 
including the specific viruses spilling over, the frequency and distribution of spillovers, and the 
pathways of transmission – at our own peril. The knowledge gained from this study will be immediately 
applicable to human and animal health programs in Bangladesh and other countries where 
henipaviruses circulate in bats. By learning about which henipaviruses infect humans, and how they are 
infected, we can advise public health surveillance programs on how to optimize detection and 
epidemiologic investigation of cases across Bangladesh. Our investigations about spillovers in Faridpur 
can also be scaled- up to other areas of Bangladesh and countries where henipaviruses circulate in 
bats so that we can truly begin to appreciate the scale of henipavirus spillovers in the global landscape.
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PUBLIC HEALTH RELEVANCE: We remain ignorant about bat henipavirus spillovers through 
intermediate hosts – including the specific viruses spilling over, the frequency and distribution of 
spillovers, and the pathways of transmission – at our own peril. Until and unless we better understand 
and prevent spillovers of bat-borne viruses into intermediate hosts and humans, we will be severely 
limited in our ability to stop pandemics. The knowledge gained from this study will be immediately 
applicable to human and animal health programs because if we know which henipaviruses infect 
humans and domesticated animals, and how they are infected, we can advise public health surveillance 
programs on how to optimize detection and prevention of infections.


CRITIQUE 1: 


Significance: 1
Investigator(s): 1
Innovation: 1
Approach: 3
Environment: 1


Overall Impact: This proposal addresses a highly significant and timely set of questions around 
spillover of viruses from animals to humans with a focus on the role of understudied intermediate hosts. 
The investigators propose to obtain a comprehensive picture of viral transmission at the animal-human 
interface, with a focus on henipavirus. There is a well-considered strategy for sampling both animals 
and humans that addresses a gap and bias in existing surveillance data identified by the investigators. 
The study team has tremendous experience both in the technical areas as well as working with this 
community, and this comes through clearly in the proposal. The revised proposal has addressed the 
major concerns from the initial review around biosafety with a select agent and have provided details 
about safety protocols for both the study team and for the collaborating laboratory in the US. There are 
some areas of the proposal where further detail about the statistical analysis plan could be further 
developed, but this was a minor concern. Overall, the successful completion of this project would yield 
novel insights into routes of viral spillover at the animal-human interface.


1. Significance:
Strengths 


• Spillovers of henipavirus are a major concern, and the proposed work will provide a 
comprehensive understanding of how those spillovers occur.


• The role of intermediate hosts has been understudied due to typical sampling protocols.
Weaknesses


• None noted.


2. Investigator(s):
Strengths 


• PI Dr. Gurley and collaborators have long track record working on Nipah virus in the region.


• Combined study team is highly interdisciplinary.


• Strong collaboration with researchers at icddr,b.
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Weaknesses
• None noted.


3. Innovation:
Strengths


• Interdisciplinary combination of epidemiology, anthropology, ecology, immunology is innovative.


• Focus on potential gaps in current reactive sampling schemes with  a focus on intermediate 
hosts.


• Strong conceptual model that identifies weaknesses in current data.
Weaknesses


• None noted.


4. Approach:
Strengths


• Comprehensive sampling of multiple animal species and humans will allow for a comprehensive 
view of spillover pathways.


• Possibility to detect novel/unexpected viruses.
Weaknesses


• The statistical analysis/model for Aim 1could be better developed. These are complex time 
series data with many outcomes.


• As the investigators acknowledge, the number of events is unpredictable, which could limit the 
ability to make strong inferences.


5. Environment:
Strengths


• Facilities at Rocky Mountain labs appropriate for BSL-4 work.


• Facilities at USUHS and Johns Hopkins are appropriate for the proposed work.


• icddr,b has tremendous experience conducting field studies with humans and animals in 
Bangladesh.


Weaknesses
• None noted.


Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections.


Inclusion Plans:
• Sex/Gender:  Distribution justified scientifically.


• Race/Ethnicity:  Distribution justified scientifically. 
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• Inclusion/Exclusion Based on Age:  Distribution justified scientifically.


Vertebrate Animals:
YES, all criteria addressed.


Biohazards:
Acceptable protocols in place for handling the pathogens.


Resubmission:
The investigators were highly responsive to previous reviews, including comments about biosafety and 
questions about the assays.


Applications from Foreign Components:
icddr,b in Bangladesh is a key partner in this proposal and necessary for the completion of the Aims.


Select Agents:
BSL-4 work will be conducted at Rocky Mountain Laboratories in the US; Personnel in Bangladesh will 
handle shipments for shipping at BSL-2 and will inactivate sera prior to testing in the BSL-2 lab.


Resource Sharing Plans:
Acceptable.


Authentication of Key Biological and/or Chemical Resources:
Not included.


Budget and Period of Support:
Recommended as requested.


CRITIQUE 2: 


Significance: 3
Investigator(s): 2
Innovation: 2
Approach: 3
Environment: 1


Overall Impact: This reversed application seeks to identify spillover pathways for henipaviruses into 
domesticated animals in Faridpur, Bangladesh and identify the risk they pose to human health.  They 
report that nearly half of all reported human henipavirus infections have been associated with contact 
with sick domesticated animals, though our understanding of drivers of henipavirus spillovers and 
specific transmission pathways remains severely limited.  Preventing spillovers of bat-borne viruses into 
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intermediate hosts is critical to stopping pandemics. In Aim 1 they will identify drivers of henipavirus 
spillovers into domesticated animals. To do this they will use multiplex pan-henipavirus assays to 
identify infections in bats and domesticated animals living nearby roosts.  They speculate that that there 
is also substantial temporal variation in domesticated animal spillovers driven by infection dynamics in 
bats, weather patterns, and domesticated animal contact with bats. They will build statistical models to 
identify the relative contribution of each of these factors to spillover into potential intermediate hosts.  In 
Aim 2, they will describe which henipaviruses are being transmitted from bats to domesticated animals.  
They will sample sick animals in Faridpur and will sequence any detected henipaviruses.  In Aim 3, they 
will determine the risk of henipavirus transmission from domesticated animals to humans.  They will 
identify human henipavirus infections following contact with domesticated animals and identify the types 
of contact associated with transmission. Strengths of the application include the public health 
importance and potential relevance of findings to other zoonotic viruses, the superb study team with 
prior collaborative work in the study site, the clear enrollment and sampling strategy, and inclusion of 
children who have potential to care for sick animals.  Weaknesses are minor and include reliance of 
aims on detecting virus and reliance of aims on prior aims although this is inherent in nature of this 
study and a mitigation plan is outlined.  Overall enthusiasm for this application is high.


1. Significance:
Strengths 


• Need to better understand spillovers of bat-borne viruses into intermediate host to improve 
ability to prevent pandemics.


• Spillovers into intermediate hosts represent important opportunities for bat-borne viruses as 
they adapt and become more infectious to humans.


• Goal of updating public health surveillance systems to reduce pandemic risk is critical.
Weaknesses


• Unclear generalizability of findings to other pathogens although given public health importance 
of knowledge gained this could be viewed as minor.


2. Investigator(s):
Strengths 


• Expertise in epidemiology, virology, infectious disease, microbiology, zoonotic diseases, 
anthropology, modeling.


Weaknesses
• None noted.


3. Innovation:
Strengths


• Use of multiplex pan-henipavirus assay.


• Planned field work to study pathway from bats to intermediate host to humans.


• Study setting is optimal for proposed analyses.
Weaknesses


• None noted.
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4. Approach:
Strengths


• Optimal study site (Faridpur District) for proposed analyses.


• Use of the multiplex pan-henipavirus assay will be used to detect all five known henipaviruses 
(Nipah virus, Hendra virus, Cedar virus, Ghana virus and Mojiang virus).


• Planned modeling will factor in weather patterns, changes in domesticated animal-bat contacts; 
use of camera tracking for data collection.


• Responsive to prior reviewer comments and plan for keeping field worker/veterinarian going to 
assist with sick animals clearly outlined.


• Phylogenetic analysis is planned to examine relationships between viruses identified in 
domesticated animals and bats within each of the six-month sampling periods. 


• Inclusion of children who have potential to care for sick animals.
Weaknesses


• They acknowledge they may identify too few spillovers to make strong inferences about the 
drivers of those spillovers and may not identify sick animals.  However contingency plans 
outlined so this could be viewed as minor.


• Aim 3 reliant on success of prior two aims.


• Unclear number humans planned to be enrolled with discrepancy between research strategy 
and the 3000 included in targeted enrollment table.


5. Environment:
Strengths


• Superb for carrying out proposed analyses.


• Existing collaboration exists in Bangladesh.
Weaknesses


• None noted.


Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections.


Inclusion Plans:
• Sex/Gender:  Distribution justified scientifically.


• Race/Ethnicity:  Distribution justified scientifically. 


• Inclusion/Exclusion Based on Age:  Distribution justified scientifically.


Vertebrate Animals:
YES, all criteria addressed.
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Biohazards:
Acceptable.


Resubmission:
Responsive to prior comments.


Applications from Foreign Components:
Justified.


Select Agents:
Acceptable.


Resource Sharing Plans:
Acceptable.


Authentication of Key Biological and/or Chemical Resources:
Unacceptable.  Not included.


Budget and Period of Support:
Recommend as Requested.


CRITIQUE 3:


Significance: 2
Investigator(s): 2
Innovation: 2
Approach: 2
Environment: 2


Overall Impact: This is a resubmission of an R01 investigating the potential risk of spillovers of 
henipaviruses into domesticated animals and subsequently into man. The proposal will define the 
drivers and variability factors of spillover into domesticated animals and whether certain henipaviruses 
are more often found outside of bats than others, and finally will assess the risk of subsequent 
transmission into humans. The significance of the work is strong, given the substantial risk from 
henipaviruses and repeated regional/seasonal outbreaks. There were major concerns about the safety 
of the sampling within the study, but these issues have been addressed in the resubmission. There are 
also other improvements as suggested, including broader screening for novel spillover pathogens. The 
proposed work by a very experienced team should lead to important insights into the ecosystem for 
henipaviruses at the intersection between wildlife, domesticated animals, and humans. 


Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections.


Inclusion Plans:







1 R01 AI168287-01A1 9 CRFS


GURLEY, E 


• Sex/Gender:  Distribution justified scientifically.


• Race/Ethnicity:  Distribution justified scientifically. 


• Inclusion/Exclusion Based on Age:  Distribution justified scientifically.


Vertebrate Animals:
YES, all criteria addressed.


Budget and Period of Support:
Recommended as requested.


THE FOLLOWING SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW OFFICER TO 
SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW COMMITTEE, OR REVIEWERS’ 
WRITTEN CRITIQUES, ON THE FOLLOWING ISSUES:


PROTECTION OF HUMAN SUBJECTS: ACCEPTABLE.


INCLUSION OF WOMEN PLAN: ACCEPTABLE.


INCLUSION OF MINORITIES PLAN: ACCEPTABLE.


INCLUSION ACROSS THE LIFESPAN: ACCEPTABLE.


VERTEBRATE ANIMALS: ACCEPTABLE.


COMMITTEE BUDGET RECOMMENDATIONS: The budget was recommended as requested.


ADMINISTRATIVE NOTE: Applications proposing the use of key biological and/or chemical resources 
are expected to include a one-page PDF attachment describing plans for Authentication of Key 
Biological and/or Chemical Resources (see NOT-OD-17-068). Reviewers were asked to consider 
information provided in this attachment as part of their evaluation of your application. This attachment 
was missing from your application and the information could not be assessed.
  


Footnotes for 1 R01 AI168287-01A1; PI Name: Gurley, Emily Suzanne


NIH has modified its policy regarding the receipt of resubmissions (amended applications).See 
Guide Notice NOT-OD-18-197 at https://grants.nih.gov/grants/guide/notice-files/NOT-OD-18-
197.html.  The impact/priority score is calculated after discussion of an application by 
averaging the overall scores (1-9) given by all voting reviewers on the committee and 
multiplying by 10. The criterion scores are submitted prior to the meeting by the individual 
reviewers assigned to an application, and are not discussed specifically at the review meeting 
or calculated into the overall impact score. Some applications also receive a percentile 
ranking. For details on the review process, see 
http://grants.nih.gov/grants/peer_review_process.htm#scoring.



http://grants.nih.gov/grants/guide/notice-files/NOT-OD-17-068.html
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From: Clif McKee <clifton.mckee@gmail.com>
Date: Wednesday, 22 June 2022 at 15:59
To: Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>, Dr Sayera Banu
<sbanu@icddrb.org>, Dr. Mohammed Ziaur Rahman <mzrahman@icddrb.org>,
Emily Gurley <egurley1@jhu.edu>, Laing, Eric <eric.laing@usuhs.edu>, Raina
Plowright <raina.plowright@montana.edu>, Henrik Salje <hs743@cam.ac.uk>,
islam_ausraf@icddrb.org <islam_ausraf@icddrb.org>, nadiarimi@icddrb.org
<nadiarimi@icddrb.org>, rebeca@icddrb.org <rebeca@icddrb.org>,
sluby@stanford.edu <sluby@stanford.edu>
Subject: Re: plans for R01 submission

Yesss!!! This is terrific news!
 
On Wed, Jun 22, 2022 at 5:42 PM Munster, Vincent (NIH/NIAID) [E]
<vincent.munster@nih.gov> wrote:

Congrats!!!
 
Vincent Munster, PhD
Chief Virus Ecology Section
Rocky Mountain Laboratories
NIAID/NIH

 

From: Emily Gurley <egurley1@jhu.edu> 
Sent: Wednesday, June 22, 2022 8:30 AM
To: clifton.mckee <clifton.mckee@gmail.com>; islam_ausraf@icddrb.org; Laing, Eric
<eric.laing@usuhs.edu>; Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>;
Dr. Mohammed Ziaur Rahman <mzrahman@icddrb.org>; sluby@stanford.edu; Raina
Plowright <raina.plowright@montana.edu>; Munster, Vincent (NIH/NIAID) [E]
<vincent.munster@nih.gov>; nadiarimi@icddrb.org; hs743@cam.ac.uk;
rebeca@icddrb.org
Cc: Dr Sayera Banu <sbanu@icddrb.org>
Subject: [EXTERNAL] RE: plans for R01 submission
 
Dear colleagues,
 



We’ve received scores back on our resubmission. Impact score is 20 and we’re at the
5% percentile. With these numbers, we should expect to be funded. Congratulations.
 
I’ve heard from our Program Officer about timelines. Funding will start in fiscal year
2023, which begins on Oct 1, 2022. Her best guess is that we’ll be funded to begin
before the end of 2022, but exact timing will depend on when the US government
approves their annual budget.
 
I look forward to working with you all on this exciting study.
 
Emily
 

From: Emily Gurley 
Sent: Monday, January 10, 2022 4:13 PM
To: Clif McKee <clifton.mckee@gmail.com>; islam_ausraf@icddrb.org;
hsalje@gmail.com; Laing, Eric <eric.laing@usuhs.edu>;
christopher.broder@usuhs.edu; Dr. Mohammed Ziaur Rahman
<mzrahman@icddrb.org>; sluby@stanford.edu; Raina Plowright
<raina.plowright@montana.edu>; vincent.munster@nih.gov
Subject: plans for R01 submission
 
Dear colleagues,
 
Happy New Year to you all!
 
I’m writing to follow up and move us forward with plans to resubmit the R01. The

date for submission is Feb 7th, but it’s likely that our admin team will require
documents well before that. Clif is working to put together our timeline now –
updates shortly.
 
Based on my understanding, these are the updates that need to happen to respond
to our last round of reviews:

1. Add in reference to preprint from Eric’s group on the sero assay
2. Add in appendix with biosafety protocols from icddr,b, including staff safety,

and perhaps letter from biosafety committee at icddr,b
3. Updating research plan to mention these updates, and address question of

collecting some additional samples from sick animals (per reviewer comment)
4. Drafting one page response to reviewers to include in resubmission

 
I will draft the response to reviewers for your review and comment. Eric, grateful for
updates and reference for your preprint. Rajib, look forward to receiving the
biosafety SOPs (and thoughts on letter) as soon as you’re able.
 
I assume that there are no changes required to budget. If this assumption is



incorrect for you, please get in touch with me ASAP with the changes you’d like to
include. However, there are new updates to biosketches that could be time
consuming – Clif will send out guidance on this so please be on the lookout.
 
Look forward to getting this back in!
 
Emily
 
Professor of the Practice
Co-Director, Child Health and Mortality Prevention Surveillance (CHAMPS) project, Bangladesh
Department of Epidemiology
Department of International Health (Joint Appointment)
Johns Hopkins Bloomberg School of Public Health
615 N Wolfe St, E6545
Baltimore MD 21205
Link to my office hours booking site: https://emilysgurley.youcanbook.me

CAUTION: This email originated from outside of the organization. Do not click links or open
attachments unless you recognize the sender and are confident the content is safe.
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Expert Panel Discussion for Vaccine Library virus selection #2 
 

1. Introduction/overview of next steps. 
 

2. Presentation and discussion of Spillover program- Dr. Mazet 
 

3. Questions for panel discussion. 

What below factors in selecting viruses for a potential Disease X emergence do you believe are 
important in selecting a virus for a Disease X emergence? 

1. RNA vs DNA virus with RNA>DNA 
2. Virus characteristics: mutation rate of the virus, ability to reassort and/or recombine, 

fitness, tropism, number of recognized generic lineages ie genetic diversity?  
3. Mode of human to human transmission: respiratory > oral-fecal > vector-borne (mosquito 

>tick>midge>sandflies) > sexual transmission >  water-borne > fomite > others? A virus that 
uses several modes of transmission ie vector plus sexual would this increase its importance?  

4. Zoonotic transmission: NHP>wild birds > bats>domestic animal ie 
(cattle>pigs>horses>birds>camels>fish) > market food (bush meat, civets, snakes, snails)> 
others?  

5. Is the type of zoonotic transmission important and can it be ranked: wild-birds > domestic 
birds > cattle > pigs > sheep> horse > domestic dogs/cats > goats > camels > NHP > guinea 
pigs > others?  

6. Should we consider viruses with a successful vaccine ie measles, chickenpox, polio or should 
we anticipate escape mutants that aren’t protected by a current vaccine and develop 
vaccines against these pathogens that are more broadly protective?  

7. R0  if known of the virus or within a family?  
8. Reported human outbreaks of viruses in a family and if they are: sporadic outbreaks, 

cyclical, annual, endemic, pandemic pathogens. 
9. Number of spillover events from zoonotic to humans in total, per year; spillover to human 

with human-to-human transmission, spillover to vector to human?  
10. If vector-borne, characteristics of the vector ie stable distribution, expanding due to 

environmental changes, number of viable vectors, phylogenetic distance ie diversity in the 
vectors?  

11. Susceptible population: for example, restricted regional occurrence leaving a large 
population susceptible.  

12. Potential disease impact/burden, mortality, and/or morbidity?  

Do you think the human outbreak characteristics of one virus in a family could be a potential 
characteristic of other viral pathogens within a family ie do they share potentially common virulence 
factors? For example Lassa fever and Junin viruses would they elevate specific viruses in the viral family 
of arenaviruses that may share common characteristic but are not known human pathogens 
yet?  Knowing the potential of SARS-Cov and MERS before Covid-19 would that have elevated the 
concerns for other coronaviruses 

 In the selection of viruses within a family, do you believe there is short-term heterotypic protection 
from one virus within or beyond a genera and this should be considered in selecting viruses for the 
vaccine library?  For example, acute DENV-1 may provide short-term protection against other serotypes, 
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JEV vaccination may provide short-term protection against DENV infection. If yes, is this specific for a 
virus family and not generic across many families?   

4. Summary  



Please highlight your 10 to 15 viruses selection by highlighting or filling in the box with red.
Genus Spillover rank of 

887/risk score
Zoonotic Human Notes

Metaavulavirus Avian 
metaavulavirus 2

Avian 
metaavulavirus 
5

Avian 
metaavulavirus 6

Avian 
metaavulavirus 
7

Avian 
metaavulavirus 
8

Avian 
metaavulavirus 
10

Avian 
metaavulaviru
s 11

Avian 
metaavula
virus 14

Avian 
metaavula
virus 15

Avian 
metaavula
virus 20

Avian paramyxovirus, migratory birds, natural reservoir, can cause high mortality.

Orthoavulavirus Avian 
orthoavulavirus 1 
(Newcastle 
disease)

Avian 
orthoavulavirus 
9

Avian 
orthoavulavirus 
12

Avian 
orthoavulavirus 
13

Avian 
orthoavulavirus 
16

Avian 
orthoavulavirus 
17

Avian 
orthoavulaviru
s 18

Avian 
orthoavula
virus 19

Avian 
orthoavula
virus 21

Avian paramyxovirus, migratory birds, natural reservoir, can cause high mortality ie Newcastle disease..

Praavulavirus Avian 
paraavulavirus 3

Avian 
paraavulavirus 4

Synodonvirus Synodus 
synodonvirus Isolated from a triplecross lizardfish

Aquaparamyxovirus Oncorhynchus 
aquaparamyxoviru
s

Salmo 
aquaparamyxovi
rus Isolated from Atlantic and Pacific Salmon

Ferlavirus Reptilian ferlavirus Isolated from a fer-de-lance snake and anaconda snakes.
Henipavirus Cedar henipavirus Ghanaian bat  

henipavirus
Hendra 
henipavirus

Mojiang 
henipavirus

Nipah 
henipavirus 
5/86

Paramyxovirus 
PREDICT PMV-
61 411/56

Jeilongvirus Beilong 
jeilongvirus 54/70

Jun jeilongvirus Lophuromys 
jeilongvirus 1

Lophuromys 
jeilongvirus 2

Miniopteran 
jeilongvirus

Myodes 
jeilongvirus

Tailam 
jeilongvirus 
610/52 Beilong virus widely distributed in rodents and shrews in China.

Morbillivirus Canine 
morbillivirus

Cetacean 
morbillivirus

Feline 
morbillivirus

Measles 
morbillivirus 
100/66

Phocine 
morbillivirus

Rinderpest 
morbillivirus

Small 
ruminant 
morbillivirus

Paramyxo
virus 
PREDICT 
PMV-83 
72/68

Paramyxov
irus 
PREDICT 
PMV-83 
72/68

Paramyxov
irus 
PREDICT 
PMV-63 
85/67

Paramyxo
virus 
PREDICT 
PMV-55 
325/57 Paper suggesting Measles virus adapted to dogs forming canine distemper.

Narmovirus Mossman 
narmovirus

Myodes 
narmovirus

Nariva 
narmovirus

Tupaia 
narmovirus Isolated from rodents

Respirovirus Bovine 
respirovirus 3

Caprine 
respirovirus 3

Human 
respirovirus 1

Human 
respirovirus 3 
80/67

Murine 
respirovirus 
(Sendai virus) 
70/68

Porcine 
respirovirus 1

Squirrel 
respirovirus

Sendai virus pathogen of lab mice, etiology of a fatal epidemic of newborn pneumonitis in Japan 1952
Salemvirus Salem salemvirus

Orthorubulavirus Human 
orthorubulavirus 2

Human 
orthorubulavirus 
4

Mammalian 
orthorubulavirus 5

Mammalian 
orthorubulaviru
s 6

Mapuera 
orthorubulavirus

Mumps 
orthorubulaviru
s

Porcine 
orthorubulavir
us

Simian 
orthorubul
avirus Mammalian orthorubulavirus 6 (Alston virus) isolated from bats and produces respiratory infection in a ferret model. Mapuera isolated from bats.

Pararubulavirus Achimota 
pararubulavirus 1

Achimota 
pararubulavirus 
2

Hervey 
pararubulavirus

Menangle 
pararubulaviru
s

Sosuga 
pararubulavirus

Teviot 
pararubulaviru
s

Tioman 
pararubulavir
us

Tuhoko 
pararubula
virus 1

Tuhoko 
pararubula
virus 2

Tuhoko 
pararubula
virus 3

Menangle in flying foxes, infected sows, human cases with an ILI. 

Cynoglossusvirus Cynoglossus 
cynoglossusvirus Gut from a flatfish.

Hoplichthysvirus Hoplichthys 
hoplichthysvirus Isolated from a fish.

Scoliodonvirus Scoliodon 
scoliodonvirus Isolated from a shark.

Unassigned Ranking Risk Ranking Risk Ranking Risk

Paramyxovirus 
PREDICT PMV-10 39 72.07902481

Paramyxovirus 
PREDICT PMV-
47 248 59.11712896

Paramyxovirus 
PREDICT 
PMV-14 504 53.4084

Paramyxovirus 
PREDICT PMV-13 48 70.99553712

Paramyxovirus 
PREDICT PMV-
104 252 58.83546349

Paramyxovirus 
PREDICT 
PMV-17 505 53.4084

Paramyxovirus 
PREDICT PMV-15 49 70.97716116

Paramyxovirus 
PREDICT PMV-
172 254 58.83546349

Paramyxovirus 
PREDICT 
PMV-27 506 53.4084

Paramyxovirus 
PREDICT PMV-
149 60 69.60909767

Paramyxovirus 
PREDICT PMV-
103 251 58.83546349

Paramyxovirus 
PREDICT 
PMV-73 507 53.4084

Paramyxovirus 
PREDICT PMV-56 62 69.22202264

Paramyxovirus 
PREDICT PMV-
109 253 58.83546349

Paramyxovirus 
PREDICT 
PMV-23 509 53.3879

Paramyxovirus 
PREDICT PMV-
145 66 68.55846605

Paramyxovirus 
PREDICT PMV-
130 257 58.71416092

Paramyxovirus 
PREDICT 
PMV-31 510 53.3631

Paramyxovirus 
PREDICT PMV-49 74 67.65025218

Paramyxovirus 
PREDICT PMV-
93 258 58.68033907

Paramyxovirus 
PREDICT 
PMV-59 513 53.2416

Paramyxovirus 
PREDICT PMV-58 89 66.47281694

Paramyxovirus 
PREDICT PMV-
96 260 58.64911534

Paramyxovirus 
PREDICT 
PMV-86 530 52.8982

Paramyxovirus 
PREDICT PMV-20 97 66.04101324

Paramyxovirus 
PREDICT PMV-
54 265 58.43175242

Paramyxovirus 
PREDICT 
PMV-80 578 52.2184

Paramyxovirus 
PREDICT PMV-5 102 65.75010308

Paramyxovirus 
PREDICT PMV-
68 267 58.37530581

Paramyxovirus 
IFBPV32-2012 605 51.8273

Paramyxovirus 
PREDICT PMV-3 101 65.75010308

Paramyxovirus 
PREDICT PMV-
9 275 58.00599498

Paramyxovirus 
PREDICT 
PMV-18 606 51.7919

Paramyxovirus 
PREDICT PMV-6 103 65.75010308

Paramyxovirus 
PREDICT PMV-
7 273 58.00599498

Paramyxovirus 
PREDICT 
PMV-129 609 51.7427

Rodent 
Paramyxovirus 
MpR12 109 65.38293715

Paramyxovirus 
PREDICT PMV-
8 274 58.00599498

Paramyxovirus 
PREDICT 
PMV-123 613 51.598

Bat paramyxovirus 
BtHp-
ParaV/GD2012 115 64.58634082

Paramyxovirus 
PREDICT PMV-
41 276 57.87965224

Paramyxovirus 
PREDICT 
PMV-62 618 51.4239

Paramyxovirus 
PREDICT PMV-67 119 64.08792135

Paramyxovirus 
PREDICT PMV-
88 279 57.86006414

Eidolon 
helvum 
paramyxovirus
/UG23/U67N 645 51.2074

Paramyxovirus 
PREDICT PMV-66 118 64.08792135

Paramyxovirus 
PREDICT PMV-
164 278 57.86006414

Paramyxovirus 
PREDICT 
PMV-133 646 51.1716

Bat paramyxovirus 
R_aeg_UPE766/52
5/122 121 63.98133582

Paramyxovirus 
PREDICT PMV-
69 280 57.85533478

Paramyxovirus 
PREDICT 
PMV-160 647 51.1107

Paramyxovirus 
PREDICT PMV-
134 130 63.70877156

Paramyxovirus 
PREDICT PMV-
44 282 57.73493354

Paramyxovirus 
PREDICT 
PMV-30 648 51.0649

Paramyxovirus 
PREDICT PMV-
174 136 63.60697594

Paramyxovirus 
PREDICT PMV-
135 286 57.56373446

Paramyxovirus 
PREDICT 
PMV-101 650 51.0091

Paramyxovirus 
PREDICT PMV-
117 138 63.42710609

Paramyxovirus 
PREDICT PMV-
89 295 57.30044495

Paramyxovirus 
PREDICT 
PMV-25 652 50.9838

Paramyxovirus 
PREDICT PMV-
173 142 63.38398556

Eidolon helvum 
paramyxovirus/
TZ13 296 57.26059743

Paramyxovirus 
PREDICT 
PMV-156 663 50.7687

Paramyxovirus 
PREDICT PMV-
185 143 63.3425238

Paramyxovirus 
PREDICT PMV-
169 299 57.22316235

Paramyxovirus 
PREDICT 
PMV-53 666 50.5154

Paramyxovirus 
PREDICT PMV-90 145 63.30076335

Paramyxovirus 
PREDICT PMV-
57 305 57.01221967

Paramyxovirus 
PREDICT 
PMV-131 669 50.4468

Paramyxovirus 
PREDICT PMV-
175 147 63.16088738

Paramyxovirus 
PREDICT PMV-
166 309 57.00411526

Paramyxovirus 
PREDICT 
PMV-97 675 50.4468

Paramyxovirus 
PREDICT PMV-
179 148 63.07493714

Paramyxovirus 
PREDICT PMV-
162 308 57.00411526

Paramyxovirus 
PREDICT 
PMV-163 674 50.4468

Paramyxovirus 
PREDICT PMV-
181 154 62.4934672

Paramyxovirus 
PREDICT PMV-
157 306 57.00411526

Paramyxovirus 
PREDICT 
PMV-161 673 50.4468

Paramyxovirus 
PREDICT PMV-46 156 62.47129485

Paramyxovirus 
PREDICT PMV-
158 307 57.00411526

Paramyxovirus 
PREDICT 
PMV-152 672 50.4468

Paramyxovirus 
PREDICT PMV-40 155 62.47129485

Paramyxovirus 
PREDICT PMV-
121 365 56.52161552

Paramyxovirus 
PREDICT 
PMV-147 671 50.4468

Paramyxovirus 
PREDICT PMV-
178 157 62.43333078

Paramyxovirus 
PREDICT PMV-
100 363 56.52161552

Paramyxovirus 
PREDICT 
PMV-138 670 50.4468

Paramyxovirus 
PREDICT PMV-
143 162 62.1370011

Paramyxovirus 
PREDICT PMV-
102 364 56.52161552

Paramyxovirus 
PREDICT 
PMV-127 668 50.4468

Paramyxovirus 
PREDICT PMV-
150 165 62.1370011

Paramyxovirus 
PREDICT PMV-
124 366 56.52161552

Paramyxovirus 
PREDICT 
PMV-137 691 50.171

Paramyxovirus 
PREDICT PMV-
141 161 62.1370011

Pteropus 
poliocephalus 
paramyxovirus 369 56.52161552

Paramyxovirus 
PREDICT 
PMV-82 693 50.0438

Paramyxovirus 
PREDICT PMV-
146 164 62.1370011

Paramyxovirus 
PREDICT PMV-
126 367 56.52161552

Paramyxovirus 
PREDICT 
PMV-180 695 50.0213

Paramyxovirus 
PREDICT PMV-
144 163 62.1370011

Paramyxovirus 
PREDICT PMV-
94 368 56.52161552

Paramyxovirus 
PREDICT 
PMV-159 700 49.9077

Paramyxovirus 
PREDICT PMV-
136 166 62.09647043

Paramyxovirus 
PREDICT PMV-
112 370 56.47029096

Paramyxovirus 
PREDICT 
PMV-139 709 49.6404

Paramyxovirus 
PREDICT PMV-2 169 61.97950739

Paramyxovirus 
PREDICT PMV-
39 376 56.32625774

Paramyxovirus 
PREDICT 
PMV-38 711 49.6378

Eidolon helvum 
paramyxovirus/U6B 172 61.74427326

Paramyxovirus 
PREDICT PMV-
22 377 56.30788178

Paramyxovirus 
PREDICT 
PMV-50 712 49.6378



Paramyxovirus 
PREDICT PMV-
171 178 61.61400919

Paramyxovirus 
PREDICT PMV-
142 400 55.93877764

Paramyxovirus 
PREDICT 
PMV-51 713 49.6378

Paramyxovirus 
PREDICT PMV-76 179 61.60386228

Paramyxovirus 
PREDICT PMV-
140 399 55.93877764

Paramyxovirus 
PREDICT 
PMV-37 710 49.6378

Paramyxovirus 
PREDICT PMV-
155 185 60.99651439

Paramyxovirus 
PREDICT PMV-
154 410 55.72800524

Paramyxovirus 
PREDICT 
PMV-183 717 49.6183

Paramyxovirus 
PREDICT PMV-
153 188 60.96575438

Paramyxovirus 
PREDICT PMV-
72 413 55.66817555

Paramyxovirus 
PREDICT 
PMV-118 729 48.8244

Paramyxovirus 
PREDICT PMV-
151 187 60.96575438

Paramyxovirus 
PREDICT PMV-
177 428 55.18759243

Paramyxovirus 
PREDICT 
PMV-16 732 48.7682

Paramyxovirus 
PREDICT PMV-
170 190 60.96047038

Paramyxovirus 
PREDICT PMV-
60 429 55.15951619

Paramyxovirus 
PREDICT 
PMV-11 730 48.7682

Paramyxovirus 
PREDICT PMV-
168 189 60.96047038

Paramyxovirus 
PREDICT PMV-
106 430 55.06747828

Paramyxovirus 
PREDICT 
PMV-12 731 48.7682

Paramyxovirus 
PREDICT PMV-
182 193 60.88116606

Paramyxovirus 
PREDICT PMV-
111 435 54.90974338

Paramyxovirus 
PREDICT 
PMV-26 733 48.7682

Paramyxovirus 
PREDICT PMV-
184 194 60.88116606

Paramyxovirus 
PREDICT PMV-
95 436 54.90974338

Paramyxovirus 
PREDICT 
PMV-19 758 48.3653

Paramyxovirus 
PREDICT PMV-70 196 60.75480568

Paramyxovirus 
PREDICT PMV-
148 450 54.89646659

Paramyxovirus 
PREDICT 
PMV-65 769 47.6318

Paramyxovirus 
PREDICT PMV-4 212 60.25288153

Paramyxovirus 
PREDICT PMV-
122 451 54.85841881

Paramyxovirus 
PREDICT 
PMV-91 806 47.2885

Bat paramyxovirus 
B16-40 214 60.1167148

Paramyxovirus 
PREDICT PMV-
81 454 54.7906063

Paramyxovirus 
PREDICT 
PMV-74 812 47.0732

Paramyxovirus 
PREDICT PMV-
176 217 59.9602049

Paramyxovirus 
PREDICT PMV-
105 452 54.7906063

Paramyxovirus 
PREDICT 
PMV-107 811 47.0732

Paramyxovirus 
PREDICT PMV-85 226 59.67857859

Paramyxovirus 
PREDICT PMV-
110 453 54.7906063

Paramyxovirus 
PREDICT 
PMV-119 820 46.7887

Paramyxovirus 
PREDICT PMV-
128 225 59.67857859

Paramyxovirus 
PREDICT PMV-
28 458 54.69558064

Paramyxovirus 
PREDICT 
PMV-48 821 46.7699

Paramyxovirus 
PREDICT PMV-
125 224 59.67857859

Paramyxovirus 
IFBPV25/2011 469 54.31677487

Paramyxovirus 
YN12103/CH
N/2012 822 46.7516

Paramyxovirus 
PREDICT PMV-
167 228 59.64139956

Paramyxovirus 
PREDICT PMV-
1 476 54.23539929

Paramyxovirus 
PREDICT 
PMV-108 857 46.1956

Paramyxovirus 
PREDICT PMV-29 230 59.62481605

Paramyxovirus 
PREDICT PMV-
43 480 54.10311505

Paramyxovirus 
PREDICT 
PMV-120 858 46.1956

Paramyxovirus 
PREDICT PMV-24 236 59.51815567

Paramyxovirus 
PREDICT PMV-
42 479 54.10311505

Paramyxovirus 
PREDICT 
PMV-99 860 46.1956

Paramyxovirus 
PREDICT PMV-
165 237 59.41345865

Paramyxovirus 
PREDICT PMV-
79 481 54.07109249

Paramyxovirus 
PREDICT 
PMV-98 859 46.1956

Paramyxovirus 
PREDICT PMV-
114 241 59.36018071

Paramyxovirus 
PREDICT PMV-
36 484 53.96433785

Paramyxovirus 
PREDICT 
PMV-87 864 46.0741

Paramyxovirus 
PREDICT PMV-
115 242 59.36018071

Paramyxovirus 
PREDICT PMV-
64 499 53.44947053

Paramyxovirus 
PREDICT 
PMV-113 879 45.0182

Paramyxovirus 
PREDICT PMV-
116 243 59.36018071

Paramyxovirus 
PREDICT PMV-
92 500 53.43920561

Paramyxovirus 
PREDICT 
PMV-132 885 41.7002

Paramyxovirus 
PREDICT PMV-71 244 59.30507023

Paramyxovirus 
PREDICT PMV-
75 508 53.40841088



Please highlight your 10 to 15 viruses selection by highlighting or filling in the box with red.
Genus Spillover 

rank of 
887/risk 
score

Zoonotic Human Notes

Antennavirus Hairy 
antennavirus

Salmon 
antennavi
rus

Striated 
antennavi
rus Isolated from fish

Hartmanivirus Haartman 
hartmaniviru
s

Heimat 
hartmaniv
irus

Muikkune
n 
hartmaniv
irus

Schoolho
use 
hartmaniv
irus

Setpatvet 
hartmaniv
irus

Zurich 
hartmaniv
irus

Isolated from snakes
Mammarenavirus Allpahuayo 

mammarena
virus

Alxa 
mammar
enavirus

Argentinia
n 
mammar
enavirus 
(Junin 
virus) 
96/66

Bear 
Canyon 
mammar
enavirus

Brazilian 
mammar
enavirus 
(Sabia 
virus)

Cali 
mammar
enavirus

Chapare 
mammar
enavirus

Chevrier 
mammar
enavirus

Cupixi 
mammar
enavirus

Flexal 
mammar
enavirus

Gairo 
mammar
enavirus

Guanarito 
mammar
enavirus 
110/65

Ippy 
mammar
enavirus

Kitale 
mammar
enavirus

Lassa 
mammar
enavirus 
1/91

Latino 
mammar
enavirus

Loei River 
mammar
enavirus

Lujo 
mammar
enavirus

Luna 
mammar
enavirus

Lunk 
mammar
enavirus

Lymphoc
ytic 
choriome
ningitis 
mammar
enavirus 
10/85

Machupo 
mammar
enavirus 
99/66

Mariental 
mammar
enavirus

Merino 
Walk 
mammar
enavirus

Mobala 
mammar
enavirus

Mopeia 
mammar
enavirus 
204/61 
(subspeci
es 
Morogoro 
virus 
171/62)

Okahandj
a 
mammar
enavirus

Oliveros 
mammar
enavirus

Paraguay
an 
mammar
enavirus

Pirital 
mammar
enavirus

Planalto 
mammar
enavirus

Ryukyu 
mammar
enavirus

Serra do 
Navio 
mammar
enavirus

Solwezi 
mammar
enavirus

Souris 
mammar
enavirus

Tacaribe 
mammar
enavirus

Tamiami 
mammar
enavirus

Wenzhou 
mammar
enavirus

Whitewate
r Arroyo 
mammar
enavirus 
134/62

Xapuri 
mammar
enavirus

Arenaviru
s 
PREDICT
_ArenaV-
1 68950

Arenavirus 
PREDICT 
ArenaV-2 
749/48

Tacaribe and LCMV isolated from ticks recently.

Reptarenavirus California 
reptarenaviru
s

Giessen 
reptarena
virus

Golden 
reptarena
virus

Ordinary 
reptarena
virus

Rotterda
m 
reptarena Isolated from snakes



From: Luz Hermida on behalf of Luz Hermida <luz.hermida@cepi.net>
To: Eileen Fairclough; Timothy Endy; Daniel Bausch; WOOLHOUSE Mark; Broder, Christopher; Ksiazek, Thomas G.;

Jason McLellan; ccs8@cdc.gov; Brian H Bird; feldmannh@mail.nih.gov; Jonna Mazet; Kathryn Hastie; Barrett,
Alan; Wang Linfa

Cc: Mark Polhemus; Maïna L"Azou Jackson; Mike Whelan; Gabrielle Breugelmans; In-Kyu Yoon; Gerald Voss; Diana
Magallanes; William Dowling; Jakob Cramer; Feldmann, Heinrich (NIH/NIAID) [E]

Subject: RE: Vaccine library virus selection available times for meetings #2
Date: Monday, April 4, 2022 1:55:21 PM
Attachments: 2022 0405 Apr - Experts Agenda meeting #2 questions for discussion.docx

2022 0405 Virus panel selection.xlsx

Dear all,

Please see attached the agenda for tomorrow’s Expert panel meeting #2.
Included also is the spreadsheet for the virus rankings for the paramyxo and arenaviruses.

Looking forward to a good discussion tomorrow.
Thank you. Best regards,

Luz on behalf of Tim

-----Original Appointment-----
From: Eileen Fairclough <eileen.fairclough@cepi.net> 
Sent: Thursday, March 17, 2022 1:00 PM
To: Eileen Fairclough; Luz Hermida; Timothy Endy; Daniel Bausch; WOOLHOUSE Mark; Broder,
Christopher; Ksiazek, Thomas G.; Jason McLellan; ccs8@cdc.gov; Brian H Bird;
feldmannh@mail.nih.gov; Jonna Mazet; Kathryn Hastie; Barrett, Alan; Wang Linfa
Cc: Mark Polhemus; Maïna L'Azou Jackson; Mike Whelan; Gabrielle Breugelmans; In-Kyu Yoon;
Gerald Voss; Diana Magallanes; William Dowling; Jakob Cramer (jakob.cramer@cepi.net); Feldmann,
Heinrich (NIH/NIAID) [E]
Subject: Vaccine library virus selection available times for meetings #2 
When: Tuesday, April 5, 2022 6:00 PM-8:00 PM (UTC+00:00) Dublin, Edinburgh, Lisbon, London.
Where: https://cepi-net.zoom.us/j/85749182660

Vaccine library virus selection available times for meetings #2

Join Zoom Meeting
https://cepi-net.zoom.us/j/85749182660

Meeting ID: 857 4918 2660
Passcode: 412457
One tap mobile
+16699006833,,85749182660#,,,,*412457# US (San Jose)
+19292056099,,85749182660#,,,,*412457# US (New York)

Dial by your location
+1 669 900 6833 US (San Jose)








Expert Panel Discussion for Vaccine Library virus selection #2



1. Introduction/overview of next steps.



2. Presentation and discussion of Spillover program- Dr. Mazet



3. Questions for panel discussion.

What below factors in selecting viruses for a potential Disease X emergence do you believe are important in selecting a virus for a Disease X emergence?

1. RNA vs DNA virus with RNA>DNA

1. Virus characteristics: mutation rate of the virus, ability to reassort and/or recombine, fitness, tropism, number of recognized generic lineages ie genetic diversity? 

1. Mode of human to human transmission: respiratory > oral-fecal > vector-borne (mosquito >tick>midge>sandflies) > sexual transmission >  water-borne > fomite > others? A virus that uses several modes of transmission ie vector plus sexual would this increase its importance? 

1. Zoonotic transmission: NHP>wild birds > bats>domestic animal ie (cattle>pigs>horses>birds>camels>fish) > market food (bush meat, civets, snakes, snails)> others? 

1. Is the type of zoonotic transmission important and can it be ranked: wild-birds > domestic birds > cattle > pigs > sheep> horse > domestic dogs/cats > goats > camels > NHP > guinea pigs > others? 

1. Should we consider viruses with a successful vaccine ie measles, chickenpox, polio or should we anticipate escape mutants that aren’t protected by a current vaccine and develop vaccines against these pathogens that are more broadly protective? 

1. R0  if known of the virus or within a family? 

1. Reported human outbreaks of viruses in a family and if they are: sporadic outbreaks, cyclical, annual, endemic, pandemic pathogens.

1. Number of spillover events from zoonotic to humans in total, per year; spillover to human with human-to-human transmission, spillover to vector to human? 

1. If vector-borne, characteristics of the vector ie stable distribution, expanding due to environmental changes, number of viable vectors, phylogenetic distance ie diversity in the vectors? 

1. Susceptible population: for example, restricted regional occurrence leaving a large population susceptible. 

1. Potential disease impact/burden, mortality, and/or morbidity? 

Do you think the human outbreak characteristics of one virus in a family could be a potential characteristic of other viral pathogens within a family ie do they share potentially common virulence factors? For example Lassa fever and Junin viruses would they elevate specific viruses in the viral family of arenaviruses that may share common characteristic but are not known human pathogens yet?  Knowing the potential of SARS-Cov and MERS before Covid-19 would that have elevated the concerns for other coronaviruses

 In the selection of viruses within a family, do you believe there is short-term heterotypic protection from one virus within or beyond a genera and this should be considered in selecting viruses for the vaccine library?  For example, acute DENV-1 may provide short-term protection against other serotypes, JEV vaccination may provide short-term protection against DENV infection. If yes, is this specific for a virus family and not generic across many families?  

4. Summary 
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Paramyxovirus ranking

		Please highlight your 10 to 15 viruses selection by highlighting or filling in the box with red.

		Genus		Spillover rank of 887/risk score		Zoonotic		Human 																		Notes

		Metaavulavirus		Avian metaavulavirus 2		Avian metaavulavirus 5		Avian metaavulavirus 6		Avian metaavulavirus 7		Avian metaavulavirus 8		Avian metaavulavirus 10		Avian metaavulavirus 11		Avian metaavulavirus 14		Avian metaavulavirus 15		Avian metaavulavirus 20				Avian paramyxovirus, migratory birds, natural reservoir, can cause high mortality.

		Orthoavulavirus		Avian orthoavulavirus 1 (Newcastle disease)		Avian orthoavulavirus 9		Avian orthoavulavirus 12		Avian orthoavulavirus 13		Avian orthoavulavirus 16		Avian orthoavulavirus 17		Avian orthoavulavirus 18		Avian orthoavulavirus 19		Avian orthoavulavirus 21						Avian paramyxovirus, migratory birds, natural reservoir, can cause high mortality ie Newcastle disease..

		Praavulavirus		Avian paraavulavirus 3		Avian paraavulavirus 4



		Synodonvirus		Synodus synodonvirus																						Isolated from a triplecross lizardfish



		Aquaparamyxovirus		Oncorhynchus aquaparamyxovirus		Salmo aquaparamyxovirus																				Isolated from Atlantic and Pacific Salmon

		Ferlavirus		Reptilian ferlavirus																						Isolated from a fer-de-lance snake and anaconda snakes.

		Henipavirus		Cedar henipavirus		Ghanaian bat  henipavirus		Hendra henipavirus		Mojiang henipavirus		Nipah henipavirus 5/86		Paramyxovirus PREDICT PMV-61 411/56

		Jeilongvirus		Beilong jeilongvirus 54/70		Jun jeilongvirus		Lophuromys jeilongvirus 1		Lophuromys jeilongvirus 2		Miniopteran jeilongvirus		Myodes jeilongvirus		Tailam jeilongvirus 610/52										Beilong virus widely distributed in rodents and shrews in China.

		Morbillivirus		Canine morbillivirus		Cetacean morbillivirus		Feline morbillivirus		Measles morbillivirus 100/66		Phocine morbillivirus		Rinderpest morbillivirus		Small ruminant morbillivirus		Paramyxovirus PREDICT PMV-83 72/68		Paramyxovirus PREDICT PMV-83 72/68		Paramyxovirus PREDICT PMV-63 85/67		Paramyxovirus PREDICT PMV-55 325/57		Paper suggesting Measles virus adapted to dogs forming canine distemper.

		Narmovirus		Mossman narmovirus		Myodes narmovirus		Nariva narmovirus		Tupaia narmovirus																Isolated from rodents

		Respirovirus		Bovine respirovirus 3		Caprine respirovirus 3		Human respirovirus 1		Human respirovirus 3 80/67		Murine respirovirus (Sendai virus) 70/68		Porcine respirovirus 1		Squirrel respirovirus										Sendai virus pathogen of lab mice, etiology of a fatal epidemic of newborn pneumonitis in Japan 1952

		Salemvirus		Salem salemvirus

		Orthorubulavirus		Human orthorubulavirus 2		Human orthorubulavirus 4		Mammalian orthorubulavirus 5		Mammalian orthorubulavirus 6		Mapuera orthorubulavirus		Mumps orthorubulavirus		Porcine orthorubulavirus		Simian orthorubulavirus								Mammalian orthorubulavirus 6 (Alston virus) isolated from bats and produces respiratory infection in a ferret model. Mapuera isolated from bats.

		Pararubulavirus		Achimota pararubulavirus 1		Achimota pararubulavirus 2		Hervey pararubulavirus		Menangle pararubulavirus		Sosuga pararubulavirus		Teviot pararubulavirus		Tioman pararubulavirus		Tuhoko pararubulavirus 1		Tuhoko pararubulavirus 2		Tuhoko pararubulavirus 3				Menangle in flying foxes, infected sows, human cases with an ILI. 

		Cynoglossusvirus		Cynoglossus cynoglossusvirus																						Gut from a flatfish.

		Hoplichthysvirus		Hoplichthys hoplichthysvirus																						Isolated from a fish.

		Scoliodonvirus		Scoliodon scoliodonvirus																						Isolated from a shark.

		Unassigned				Ranking		Risk				Ranking		Risk				Ranking		Risk

				Paramyxovirus PREDICT PMV-10		39		72.0790248107		Paramyxovirus PREDICT PMV-47		248		59.1171289591		Paramyxovirus PREDICT PMV-14		504		53.4084108752

				Paramyxovirus PREDICT PMV-13		48		70.9955371244		Paramyxovirus PREDICT PMV-104		252		58.8354634868		Paramyxovirus PREDICT PMV-17		505		53.4084108752

				Paramyxovirus PREDICT PMV-15		49		70.9771611597		Paramyxovirus PREDICT PMV-172		254		58.8354634868		Paramyxovirus PREDICT PMV-27		506		53.4084108752

				Paramyxovirus PREDICT PMV-149		60		69.6090976692		Paramyxovirus PREDICT PMV-103		251		58.8354634868		Paramyxovirus PREDICT PMV-73		507		53.4084108752

				Paramyxovirus PREDICT PMV-56		62		69.2220226431		Paramyxovirus PREDICT PMV-109		253		58.8354634868		Paramyxovirus PREDICT PMV-23		509		53.3878810498

				Paramyxovirus PREDICT PMV-145		66		68.5584660541		Paramyxovirus PREDICT PMV-130		257		58.7141609226		Paramyxovirus PREDICT PMV-31		510		53.3631364838

				Paramyxovirus PREDICT PMV-49		74		67.6502521751		Paramyxovirus PREDICT PMV-93		258		58.6803390678		Paramyxovirus PREDICT PMV-59		513		53.2416239848

				Paramyxovirus PREDICT PMV-58		89		66.4728169435		Paramyxovirus PREDICT PMV-96		260		58.6491153386		Paramyxovirus PREDICT PMV-86		530		52.8982474511

				Paramyxovirus PREDICT PMV-20		97		66.0410132408		Paramyxovirus PREDICT PMV-54		265		58.4317524173		Paramyxovirus PREDICT PMV-80		578		52.2183890026

				Paramyxovirus PREDICT PMV-5		102		65.7501030791		Paramyxovirus PREDICT PMV-68		267		58.375305808		Paramyxovirus IFBPV32-2012		605		51.8273334672

				Paramyxovirus PREDICT PMV-3		101		65.7501030791		Paramyxovirus PREDICT PMV-9		275		58.0059949825		Paramyxovirus PREDICT PMV-18		606		51.7918885348

				Paramyxovirus PREDICT PMV-6		103		65.7501030791		Paramyxovirus PREDICT PMV-7		273		58.0059949825		Paramyxovirus PREDICT PMV-129		609		51.7427244695

				Rodent Paramyxovirus MpR12		109		65.3829371515		Paramyxovirus PREDICT PMV-8		274		58.0059949825		Paramyxovirus PREDICT PMV-123		613		51.5980057655

				Bat paramyxovirus BtHp-ParaV/GD2012		115		64.5863408228		Paramyxovirus PREDICT PMV-41		276		57.8796522432		Paramyxovirus PREDICT PMV-62		618		51.4239364395

				Paramyxovirus PREDICT PMV-67		119		64.0879213511		Paramyxovirus PREDICT PMV-88		279		57.8600641438		Eidolon helvum paramyxovirus/UG23/U67N		645		51.2074317925

				Paramyxovirus PREDICT PMV-66		118		64.0879213511		Paramyxovirus PREDICT PMV-164		278		57.8600641438		Paramyxovirus PREDICT PMV-133		646		51.1716215891

				Bat paramyxovirus R_aeg_UPE766/525/122		121		63.9813358238		Paramyxovirus PREDICT PMV-69		280		57.8553347765		Paramyxovirus PREDICT PMV-160		647		51.1106540753

				Paramyxovirus PREDICT PMV-134		130		63.7087715645		Paramyxovirus PREDICT PMV-44		282		57.7349335392		Paramyxovirus PREDICT PMV-30		648		51.0648669492

				Paramyxovirus PREDICT PMV-174		136		63.606975943		Paramyxovirus PREDICT PMV-135		286		57.5637344558		Paramyxovirus PREDICT PMV-101		650		51.009055902

				Paramyxovirus PREDICT PMV-117		138		63.4271060921		Paramyxovirus PREDICT PMV-89		295		57.3004449481		Paramyxovirus PREDICT PMV-25		652		50.9837594427

				Paramyxovirus PREDICT PMV-173		142		63.3839855615		Eidolon helvum paramyxovirus/TZ13		296		57.2605974322		Paramyxovirus PREDICT PMV-156		663		50.7686535526

				Paramyxovirus PREDICT PMV-185		143		63.3425238008		Paramyxovirus PREDICT PMV-169		299		57.2231623496		Paramyxovirus PREDICT PMV-53		666		50.5153844435

				Paramyxovirus PREDICT PMV-90		145		63.3007633528		Paramyxovirus PREDICT PMV-57		305		57.0122196748		Paramyxovirus PREDICT PMV-131		669		50.4467538641

				Paramyxovirus PREDICT PMV-175		147		63.1608873758		Paramyxovirus PREDICT PMV-166		309		57.0041152601		Paramyxovirus PREDICT PMV-97		675		50.4467538641

				Paramyxovirus PREDICT PMV-179		148		63.0749371423		Paramyxovirus PREDICT PMV-162		308		57.0041152601		Paramyxovirus PREDICT PMV-163		674		50.4467538641

				Paramyxovirus PREDICT PMV-181		154		62.4934671971		Paramyxovirus PREDICT PMV-157		306		57.0041152601		Paramyxovirus PREDICT PMV-161		673		50.4467538641

				Paramyxovirus PREDICT PMV-46		156		62.4712948485		Paramyxovirus PREDICT PMV-158		307		57.0041152601		Paramyxovirus PREDICT PMV-152		672		50.4467538641

				Paramyxovirus PREDICT PMV-40		155		62.4712948485		Paramyxovirus PREDICT PMV-121		365		56.5216155238		Paramyxovirus PREDICT PMV-147		671		50.4467538641

				Paramyxovirus PREDICT PMV-178		157		62.4333307845		Paramyxovirus PREDICT PMV-100		363		56.5216155238		Paramyxovirus PREDICT PMV-138		670		50.4467538641

				Paramyxovirus PREDICT PMV-143		162		62.1370010965		Paramyxovirus PREDICT PMV-102		364		56.5216155238		Paramyxovirus PREDICT PMV-127		668		50.4467538641

				Paramyxovirus PREDICT PMV-150		165		62.1370010965		Paramyxovirus PREDICT PMV-124		366		56.5216155238		Paramyxovirus PREDICT PMV-137		691		50.1709540015

				Paramyxovirus PREDICT PMV-141		161		62.1370010965		Pteropus poliocephalus paramyxovirus		369		56.5216155238		Paramyxovirus PREDICT PMV-82		693		50.0437858276

				Paramyxovirus PREDICT PMV-146		164		62.1370010965		Paramyxovirus PREDICT PMV-126		367		56.5216155238		Paramyxovirus PREDICT PMV-180		695		50.0212978541

				Paramyxovirus PREDICT PMV-144		163		62.1370010965		Paramyxovirus PREDICT PMV-94		368		56.5216155238		Paramyxovirus PREDICT PMV-159		700		49.9076644938

				Paramyxovirus PREDICT PMV-136		166		62.0964704273		Paramyxovirus PREDICT PMV-112		370		56.4702909605		Paramyxovirus PREDICT PMV-139		709		49.6403888

				Paramyxovirus PREDICT PMV-2		169		61.9795073891		Paramyxovirus PREDICT PMV-39		376		56.3262577398		Paramyxovirus PREDICT PMV-38		711		49.6378151852

				Eidolon helvum paramyxovirus/U6B		172		61.7442732628		Paramyxovirus PREDICT PMV-22		377		56.3078817752		Paramyxovirus PREDICT PMV-50		712		49.6378151852

				Paramyxovirus PREDICT PMV-171		178		61.614009193		Paramyxovirus PREDICT PMV-142		400		55.9387776365		Paramyxovirus PREDICT PMV-51		713		49.6378151852

				Paramyxovirus PREDICT PMV-76		179		61.6038622802		Paramyxovirus PREDICT PMV-140		399		55.9387776365		Paramyxovirus PREDICT PMV-37		710		49.6378151852

				Paramyxovirus PREDICT PMV-155		185		60.9965143897		Paramyxovirus PREDICT PMV-154		410		55.7280052435		Paramyxovirus PREDICT PMV-183		717		49.6183298176

				Paramyxovirus PREDICT PMV-153		188		60.9657543755		Paramyxovirus PREDICT PMV-72		413		55.6681755535		Paramyxovirus PREDICT PMV-118		729		48.8243824571

				Paramyxovirus PREDICT PMV-151		187		60.9657543755		Paramyxovirus PREDICT PMV-177		428		55.1875924305		Paramyxovirus PREDICT PMV-16		732		48.7682287562

				Paramyxovirus PREDICT PMV-170		190		60.96047038		Paramyxovirus PREDICT PMV-60		429		55.1595161883		Paramyxovirus PREDICT PMV-11		730		48.7682287562

				Paramyxovirus PREDICT PMV-168		189		60.96047038		Paramyxovirus PREDICT PMV-106		430		55.0674782757		Paramyxovirus PREDICT PMV-12		731		48.7682287562

				Paramyxovirus PREDICT PMV-182		193		60.88116606		Paramyxovirus PREDICT PMV-111		435		54.9097433778		Paramyxovirus PREDICT PMV-26		733		48.7682287562

				Paramyxovirus PREDICT PMV-184		194		60.88116606		Paramyxovirus PREDICT PMV-95		436		54.9097433778		Paramyxovirus PREDICT PMV-19		758		48.3652607197

				Paramyxovirus PREDICT PMV-70		196		60.7548056765		Paramyxovirus PREDICT PMV-148		450		54.8964665873		Paramyxovirus PREDICT PMV-65		769		47.6317804842

				Paramyxovirus PREDICT PMV-4		212		60.2528815271		Paramyxovirus PREDICT PMV-122		451		54.8584188145		Paramyxovirus PREDICT PMV-91		806		47.2885326544

				Bat paramyxovirus B16-40		214		60.1167148041		Paramyxovirus PREDICT PMV-81		454		54.7906062951		Paramyxovirus PREDICT PMV-74		812		47.0732105901

				Paramyxovirus PREDICT PMV-176		217		59.9602049023		Paramyxovirus PREDICT PMV-105		452		54.7906062951		Paramyxovirus PREDICT PMV-107		811		47.0732105901

				Paramyxovirus PREDICT PMV-85		226		59.6785785885		Paramyxovirus PREDICT PMV-110		453		54.7906062951		Paramyxovirus PREDICT PMV-119		820		46.788708176

				Paramyxovirus PREDICT PMV-128		225		59.6785785885		Paramyxovirus PREDICT PMV-28		458		54.695580638		Paramyxovirus PREDICT PMV-48		821		46.7699442705

				Paramyxovirus PREDICT PMV-125		224		59.6785785885		Paramyxovirus IFBPV25/2011		469		54.3167748715		Paramyxovirus YN12103/CHN/2012		822		46.7515683058

				Paramyxovirus PREDICT PMV-167		228		59.6413995598		Paramyxovirus PREDICT PMV-1		476		54.2353992925		Paramyxovirus PREDICT PMV-108		857		46.1956413318

				Paramyxovirus PREDICT PMV-29		230		59.6248160543		Paramyxovirus PREDICT PMV-43		480		54.1031150512		Paramyxovirus PREDICT PMV-120		858		46.1956413318

				Paramyxovirus PREDICT PMV-24		236		59.5181556725		Paramyxovirus PREDICT PMV-42		479		54.1031150512		Paramyxovirus PREDICT PMV-99		860		46.1956413318

				Paramyxovirus PREDICT PMV-165		237		59.4134586471		Paramyxovirus PREDICT PMV-79		481		54.0710924891		Paramyxovirus PREDICT PMV-98		859		46.1956413318

				Paramyxovirus PREDICT PMV-114		241		59.3601807141		Paramyxovirus PREDICT PMV-36		484		53.9643378492		Paramyxovirus PREDICT PMV-87		864		46.0741352953

				Paramyxovirus PREDICT PMV-115		242		59.3601807141		Paramyxovirus PREDICT PMV-64		499		53.4494705258		Paramyxovirus PREDICT PMV-113		879		45.0182356166

				Paramyxovirus PREDICT PMV-116		243		59.3601807141		Paramyxovirus PREDICT PMV-92		500		53.4392056132		Paramyxovirus PREDICT PMV-132		885		41.7001779168

				Paramyxovirus PREDICT PMV-71		244		59.3050702265		Paramyxovirus PREDICT PMV-75		508		53.4084108752





Arenaviridae ranking

		Please highlight your 10 to 15 viruses selection by highlighting or filling in the box with red.

		Genus		Spillover rank of 887/risk score		Zoonotic		Human 																																																																																Notes

		Antennavirus		Hairy antennavirus		Salmon antennavirus		Striated antennavirus																																																																																Isolated from fish

		Hartmanivirus		Haartman hartmanivirus		Heimat hartmanivirus		Muikkunen hartmanivirus		Schoolhouse hartmanivirus		Setpatvet hartmanivirus		Zurich hartmanivirus																																																																										Isolated from snakes

		Mammarenavirus		Allpahuayo mammarenavirus		Alxa mammarenavirus		Argentinian mammarenavirus (Junin virus) 96/66		Bear Canyon mammarenavirus		Brazilian mammarenavirus (Sabia virus)		Cali mammarenavirus		Chapare mammarenavirus		Chevrier mammarenavirus		Cupixi mammarenavirus		Flexal mammarenavirus		Gairo mammarenavirus		Guanarito mammarenavirus 110/65		Ippy mammarenavirus		Kitale mammarenavirus		Lassa mammarenavirus 1/91		Latino mammarenavirus		Loei River mammarenavirus		Lujo mammarenavirus		Luna mammarenavirus		Lunk mammarenavirus		Lymphocytic choriomeningitis mammarenavirus 10/85		Machupo mammarenavirus 99/66		Mariental mammarenavirus		Merino Walk mammarenavirus		Mobala mammarenavirus		Mopeia mammarenavirus 204/61 (subspecies Morogoro virus 171/62)		Okahandja mammarenavirus		Oliveros mammarenavirus		Paraguayan mammarenavirus		Pirital mammarenavirus		Planalto mammarenavirus		Ryukyu mammarenavirus		Serra do Navio mammarenavirus		Solwezi mammarenavirus		Souris mammarenavirus		Tacaribe mammarenavirus		Tamiami mammarenavirus		Wenzhou mammarenavirus		Whitewater Arroyo mammarenavirus 134/62		Xapuri mammarenavirus		Arenavirus PREDICT_ArenaV-1 68950		Arenavirus PREDICT ArenaV-2 749/48		Tacaribe and LCMV isolated from ticks recently.

		Reptarenavirus		California reptarenavirus		Giessen reptarenavirus		Golden reptarenavirus		Ordinary reptarenavirus		Rotterdam reptarenavirus																																																																												Isolated from snakes
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Summary

Members of the family Arenaviridae produce enveloped virions containing genomes consisting of 2 to 3
single-stranded RNA segments totaling about 10.5 kb (Table 1.Arenaviridae). Arenaviruses are currently
classified into four genera (Antennavirus, Hartmanivirus, Mammarenavirus, and Reptarenavirus). These
viruses infect fish (antennaviruses), snakes (hartmaniviruses and reptarenaviruses) and mammals
(mammarenaviruses). Some reptarenaviruses cause boid inclusion body disease in captive snakes,
whereas some mammarenaviruses can infect humans and other primates, causing mild, severe, and
sometimes fatal diseases.

Table 1.Arenaviridae. Characteristics of members of the family Arenaviridae.

Characteristic Description*

Typical member
lymphocytic choriomeningitis virus Armstrong 53b [S segment: AY847350; L
segment: AY847351], species Lymphocytic choriomeningitis mammarenavirus,
genus Mammarenavirus.

Virion
Enveloped, pleomorphic virions 40–200 nm in diameter with trimeric surface
spikes

Genome
Two or three single-stranded, usually ambisense coding arrangement, RNA
molecules called small (S), medium (M), and large (L)

Replication Ribonucleoprotein (RNP) complexes are generated that contain anti-genomic
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RNA serving as coding templates for synthesis of genomic RNA

Translation
Proteins are produced from capped and non-polyadenylated mRNAs. The 5′-cap
structure is derived by polymerase slippage or cap-snatching from cellular
mRNAs

Host range
Fish (antennaviruses), predominantly small mammals (mammarenaviruses), and
reptiles (hartmaniviruses and reptarenaviruses), but potentially also bats and ticks

Taxonomy
Realm Riboviria, phylum Negarnaviricota, subphylum Polyploviricotina,
class Ellioviricetes, order Bunyavirales. The family includes 4 genera and 50
species

* mostly based on experiments with mammalian arenaviruses

Viruses assigned to each of the 4 genera form a monophyletic clade based on phylogenetic analysis of
large protein/RNA-directed RNA polymerase (L/RdRP) and nucleoprotein (NP) sequences. Viruses from
all four genera share one or more of the following characteristics: (i) enveloped spherical or pleomorphic
virions; (ii) segmented single-stranded, ambisense RNA genome without polyadenylated tracts at the 3′-
termini; (iii) genomic 5′- and 3′-end sequence complementarity; (iv) nucleotide sequences that could form
one or more hairpin configurations within non-coding intergenic regions (IGRs) of genomic segments; (v)
capped but not polyadenylated virus mRNAs; and (vi) induction of a persistent and frequently
asymptomatic infection in reservoir hosts, in which chronic viremia and/or viruria occur (Radoshitzky et al.,
2015).

Piscine host

Genus Antennavirus. This recently established genus currently includes 2 species for 2 viruses
discovered in actinopterygian fish. Antennaviruses are notable for having genomes consisting of 3, rather
than 2, genomic segments and likely not encoding the zinc -binding matrix (Z) protein, which is encoded
by mammarenaviruses and reptarenaviruses.

Reptilian host

Genus Hartmanivirus. This recently established genus currently includes 4 species for 6 viruses
discovered in captive snakes with boid inclusion body disease (BIBD). Hartmaniviruses are notable for
genomes lacking a gene encoding the Z protein, which is encoded by mammarenaviruses and
reptarenaviruses. 

Genus Reptarenavirus. This genus currently includes 5 species for 8 viruses discovered in captive
snakes, some of which were suffering from BIBD. Reptarenaviruses are notable for their transmembrane
surface GP2 glycoproteins, which are more closely related to those of ebolaviruses
(order Mononegavirales, family Filoviridae) than to those of antennaviruses, hartmaniviruses,
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mammarenaviruses or other bunyaviruses. Reptarenaviruses are also unusual in that they are prone to
cause co-infections, with multiple distinct S and L segments, not necessarily in a 1:1 ratio, being
detectable in snakes.

Mammalian host

Genus Mammarenavirus. The genus currently includes 39 species for 46 viruses. These viruses have
been detected in rodent hosts, apart from Tacaribe virus (TCRV) which has been found only in
phyllostomid bats and ixodid lone star ticks. Mammarenavirus infections of their natural rodent hosts are
generally asymptomatic. In humans, some mammarenaviruses, such as Western African Lassa virus
(LASV) or several viruses of South American origin, can cause severe and often fatal diseases with
hemorrhagic manifestations. Lymphocytic choriomeningitis virus (LCMV), the typical mammalian
arenavirus, can also cause disease in humans and poses a serious threat to immunocompromised
individuals.

Virion

Morphology

Virions are spherical or pleomorphic in shape, 40–200 nm in diameter, with dense lipid envelopes (Figure
1.Arenaviridae). The virion surface layer is covered with club-shaped projections with distinctive stalk and
head regions. These projections are made of trimeric spike structures of two virus-encoded membrane
glycoprotein (GP) subunits (GP1 and GP2) and in case of some arenaviruses, a third component (stable
signal peptide [SSP]). Isolated RNP complexes are organized into “beads-on-a-string”-like
structures (Hetzel et al., 2013, Li et al., 2016, Neuman et al., 2005, Buchmeier 2002, Charrel and de
Lamballerie 2003, Jay et al., 2005, Meyer et al., 2002, Hepojoki et al., 2018).
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Figure 1.Arenaviridae. A) Electron micrograph of (mammalian) arenavirus particles, showing dark
internal inclusion bodies (Latin: arena, sand), budding from an infected cell. B) Schematic illustration
of an arenavirus particle. Shown is the spherical and enveloped (grey) particle that is spiked with
glycoproteins (GP, gold) around a layer of zinc-binding matrix proteins (Z, brown; missing in
hartmaniviruses). The small (S) and large (L) ribonucleoprotein (RNP) complexes inside the particle
consist of nucleoprotein (NP, blue) and RNA-directed RNA polymerase (L, green).

Physicochemical and physical properties

Mainly known for members of the genus Mammarenavirus (see section on genus page).

Nucleic acid

Arenavirions typically contain 2 or 3 linear, ambisense or negative-sense single-stranded RNA segments
that are encapsidated independently. These RNAs are uncapped (Leung et al., 1977) and contain a single
non-templated G at each of the 5′-ends (Garcin and Kolakofsky 1990, Raju et al., 1990, Shi et al., 2018).
No poly(A) tracts are present at the 3′-termini. The termini of the RNAs ends have inverted complementary
sequences encoding transcription and replication initiation signals (Hepojoki et al., 2018, Salvato et al.,
1989, Harnish et al., 1993, Young and Howard 1983). 

Proteins

Arenaviruses express 3 (hartmaniviruses) or 4 (antennaviruses, mammarenaviruses, reptarenaviruses)
structural proteins. The most abundant structural protein in virions is the nucleoprotein (NP), which
encapsidates the virus genomic segments. The least abundant protein is the RNA-directed RNA
polymerase (L), which mediates virus genome replication and transcription. The zinc-binding matrix (Z)
protein, which is absent in antennaviruses and hartmaniviruses, is a matrix protein. Glycoproteins (GP1 or
G1, GP2 or G2) are derived by post-translational cleavage of an intracellular GP precursor, the
“glycoprotein-cell-associated” preprotein (GPC) by the cellular S1P/SKI protease. A third GPC cleavage
product, the signal peptide, stays attached to the GP complex in hartmaniviruses and mammarenaviruses
(stable signal peptide [SSP]), but not in reptarenaviruses (signal peptide [SP]). The GP structure of
antennaviruses is unknown (Hepojoki et al., 2018, Shi et al., 2018, Buchmeier et al., 1987, Kunz et al.,
2003, Lenz et al., 2001, Koellhoffer et al., 2014, Bederka et al., 2014, Eichler et al., 2003, York et al.,
2004).  

Lipids

Only known for members of the genus Mammarenavirus (see section on genus page).

Carbohydrates
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Only known for members of the genus Mammarenavirus (see section on genus page). 

Genome organization and replication

The arenavirus genome typically consists of two or three single-stranded, typically ambisense RNA
molecules, termed S, (M), and L. Some of these RNAs encode two proteins in non-overlapping open
reading frames (ORF) of opposite polarities (ambisense coding arrangement) that are separated by non-
coding intergenic regions (IGRs) (Figure 2.Arenaviridae). The S RNA encodes NP in the virus genome-
complementary sequence, and, in many cases, the GPC in the virus genome-sense sequence. The L
RNA encodes L in the virus genome-complementary sequence, and, in some case, Z in the virus genome-
sense sequence. Antennaviruses and hartmaniviruses lack the Z ORF, and antennaviruses encode at
least one protein of unknown function. The IGRs form one or more energetically stable stem-loop (hairpin)
structures and which function in structure-dependent transcription termination and in virion assembly and
budding. 

Figure 2.Arenaviridae. Schematic representation of the bi- or tri-segmented arenavirus genome
organization. The 5′- and 3′-ends of all segments (S, [M], and L) are complementary at their termini,
likely promoting the formation of circular ribonucleoprotein complexes within the virion. GPC,
glycoprotein precursor; L, RNA-directed RNA polymerase; NP, nucleoprotein; Z, zinc-binding matrix
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protein. Open reading frames are separated by non-coding intergenic regions (IGRs), with predicted
hairpin structures (not shown).

Arenavirus infection starts with attachment to cell-surface receptors and entry via the endosomal
route (Martinez et al., 2007, Vela et al., 2007, Borrow and Oldstone 1994, Radoshitzky et al., 2007, Cao et
al., 1998, Raaben et al., 2017, Glushakova and Lukashevich 1989) (Figure 3.Arenaviridae). pH-dependent
fusion with late endosomes releases the virion RNP complex into the cytoplasm. In the case of some
mammalian arenaviruses (LASV), this fusion event involves a pH-dependent switch to an intracellular
receptor, lysosomal associated membrane protein 1 (LAMP1) (Jae et al., 2014). The virus RNP directs
both RNA genome replication and gene transcription (Meyer et al., 2002). During replication, L reads
through the IGR transcription-termination signal and generates uncapped antigenomic and genomic
RNAs (Leung et al., 1977). Because these RNAs contain a single non-templated G at the 5′-ends (Garcin
and Kolakofsky 1990, Raju et al., 1990), replication initiation might involve a slippage mechanism of L on
the nascent RNA (Garcin and Kolakofsky 1992). In case of ambisense coding arrangements, only mRNAs
encoding NP or L can be synthesized from genomic RNAs. Transcription of mRNAs encoding GPC or Z
occurs only after the first round of virus replication, during which S and L antigenomes are produced.

Virus proteins are synthesized from subgenomic capped mRNAs that lack terminal poly(A) (Meyer and
Southern 1993, Singh et al., 1987, Southern et al., 1987). The 5′-ends of virus mRNAs contain several
non-templated bases, suggesting that arenaviruses use either polymerase slippage or a cap-snatching
mechanism similar to that used by other members of the subphylum Polyploviricotina (Garcin and
Kolakofsky 1990, Raju et al., 1990, Meyer and Southern 1993). Cap-snatching would require an
endonuclease presumed to be present in the N-terminal part of L, which cleaves cellular mRNAs to
generate a cap leader that is subsequently used to prime arenavirus transcription. The 3′-termini of the
mRNAs have been mapped to locations in the IGRs.

Virion budding occurs from the cellular plasma membrane, thereby providing the virion envelope (Dalton
et al., 1968, Eichler et al., 2004, Perez et al., 2003, Strecker et al., 2003).

Figure 3.Arenaviridae. Lifecycle of arenaviruses. (1) Virion uptake; (2) virus-cell membrane fusion;
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(3) uncoating; (4) transcription, translation, and replication; (5) virion assembly; and (6) virion budding.
GP, glycoprotein; IGR, intergenic region; L, RNA-directed RNA polymerase; NP, nucleoprotein; RNP,
ribonucleoprotein; Z, zinc-binding matrix protein. Note that antennaviruses and hartmaniviruses do not
encode Z.

Biology

Arenaviruses are ecologically diverse: they have been isolated from fish (antennaviruses) (Shi et al.,
2018), rodents, bats, and ticks (mammarenaviruses) (Downs et al., 1963, Sayler et al., 2014), and snakes
(reptarenaviruses, hartmaniviruses) (Hetzel et al., 2013, Hepojoki et al., 2018, Hepojoki et al.,
2015, Stenglein et al., 2012). The geographic distribution of arenaviruses overlaps with the distribution of
their hosts. Most mammalian arenaviruses infect rodents of preferentially one or a few species and are,
therefore, geographically constrained to their hosts, but LCMV, which infects the ubiquitous house mouse
(Mus musculus Linnaeus, 1758) appears distributed globally (Childs 1993). The natural distribution of
reptilian arenaviruses is unknown as they have only been detected in captive snakes thus far (Hetzel et
al., 2013, Hepojoki et al., 2018, Hepojoki et al., 2015, Stenglein et al., 2012). A diverse range of vertebrate
cell lines are permissive to mammalian arenavirus infection in vitro; certain reptilian cell lines support
replication of reptilian arenaviruses (Hepojoki et al., 2018, Stenglein et al., 2012, Lukashevich et al.,
1983).

Antigenicity

Systematic antigenicity studies have only been reported for mammarenavirions (see section
on Mammarenavirus genus page). 

Genus demarcation criteria

Classification of arenaviruses is currently based on pairwise sequence comparisons (PASC) of coding-
complete genomes. Based on the most current sequence dataset, S segment and L segment nucleotide
sequence identities for viruses within the same genus need to be higher than 40% and 35%, respectively
(Radoshitzky et al., 2015). Four genera have been established to date. Viruses assigned to a genus form
a monophyletic clade in well-supported maximum likelihood trees using complete L and NP nucleotide
sequences and/or core L palm domain sequences. Use of L and NP for taxonomic purposes is justified by
the presence of broadly conserved domains and the rarity of reassortment between genetic segments, at
least in mammarenaviruses. Hence, the availability of at least coding-complete sequences of all genome
segments may be sufficient for arenavirus classification in the absence of a cultured isolate. Classification
is also possible when at least a coding-complete genomic S segment sequence is available together with
a cultured isolate (Radoshitzky et al., 2015). However, at the present time, classification also includes the
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consideration of phenotypic characters such as significant differences in member virus genome
architecture, virion antigenicity, and virus ecology (e.g., host range, pathobiology, and transmission
patterns).

Derivation of names 

Arenaviridae: from the Latin arenosus meaning “sandy” and arena meaning “sand,” in recognition of the
“sandy” appearance of mammarenavirus particles observed in electron-microscopic thin sections (Rowe
et al., 1970a).

Relationships within the family

Phylogenetic relationships across the family have been established from maximum likelihood trees
generated using complete L amino acid sequences (Figure 4.Arenaviridae). Phylogenetic relationships
between viruses assigned to more closely related genera and within genera can also be established using
other structural protein genes, notably NP.
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Figure 4.Arenaviridae. Maximum likelihood phylogenetic tree inferred from PRANK alignment
(Löytynoja and Goldman 2008) of the complete L amino acid sequences of 50 arenaviruses assigned
to the genera Antennavirus (blue dots, blue rings for unclassified viruses the
genus), Hartmanivirus(green dots), Mammarenavirus (red dots) and Reptarenavirus (yellow dots),
along with representative viruses of other bunyavirus families (other colors of dots). The best-fit model
of protein evolution (LG+G) was selected using ProtTest 3 (v. 3.4.2) (Darriba et al., 2011). The
maximum likelihood tree with 1,000 bootstrap replicates was produced using RAxML (v. 8)
(Stamatakis 2014). The percentage of replicate trees in which the associated taxa clustered together
in the bootstrap is shown next to branch nodes (when ≥ 70%). The tree was visualized using FigTree
(http://tree.bio.ed.ac.uk) and is mid-point rooted. This phylogenetic tree and corresponding sequence
alignment are available to download from the Resources page.

Relationships with other taxa 

Arenaviruses are closely related to Húběi myriapoda virus 5 (Bunyavirales: Mypoviridae) (Shi et al., 2016).

Related, unclassified viruses 

Additional unclassified arenaviruses that are probable members of existing genera are listed under
individual genus descriptions.

Virus name Accession number Virus abbreviation

DF 20/00 virus (Granzow et al., 2014) Not available -

DF 26/02 virus (Granzow et al., 2014) Not available -

Hyriopsis cumingii Lea plague virus (Carella et
al., 2016, Zhong et al., 2011)

Not available HcPV

Virus names and abbreviations are not official ICTV designations.

Member taxa

Antennavirus
Hartmanivirus
Mammarenavirus
Reptarenavirus



12/27/2021 Arenaviridae - Arenaviridae - Negative-sense RNA Viruses - ICTV

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/w/arenaviridae 11/11

 



12/27/2021 Paramyxoviridae - Paramyxoviridae - Negative-sense RNA Viruses - ICTV

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/w/paramyxoviridae 1/16

Paramyxoviridae

Bert Rima, Anne Balkema-Buschmann, William G. Dundon, Paul Duprex, Andrew Easton, Ron
Fouchier, Gael Kurath, Robert Lamb, Benhur Lee, Paul Rota and Linfa Wang

The citation for this ICTV Report chapter is the summary published as Rima et al., (2019):
ICTV Virus Taxonomy Profile: Paramyxoviridae, Journal of General Virology, 100:1593–1594

Corresponding author: Bert Rima (b.rima@qub.ac.uk)
Edited by: Jens H. Kuhn and Stuart G. Siddell


Posted: September 2019, updated August 2020
PDF: ICTV_Paramyxoviridae.pdf

Summary

The family Paramyxoviridae consists of large enveloped RNA viruses infecting mammals and birds, or in
some cases reptiles and fish (Table 1.Paramyxoviridae). Many paramyxoviruses are host-specific and
several such as measles virus, mumps virus, Nipah virus, Hendra virus and several parainfluenza viruses
are pathogenic for humans. Virus transmission is horizontal, mainly through direct contact and airborne
routes; no vectors are known.

Table 1.Paramyxoviridae. Characteristics of members of the family Paramyxoviridae

Characteristic Description

Typical member
measles virus, Ichinose-B95a (AB016162), species Measles morbillivirus,
genus Morbillivirus

Virion
Enveloped, pleomorphic (mostly spherical) virions with a diameter of 300–500
nm enclosing a ribonucleoprotein

Genome Negative-sense, non-segmented RNA genomes of 14.6–20.1 kb

Replication
Cytoplasmic, by the virus ribonucleoprotein complex, involves replication of
antigenome and transcription of 6–8 positive-sense mRNAs

Translation Cytoplasmic, by cellular machinery from capped and poly-adenylated mRNAs

Host range Mammals, birds, fish and reptiles
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Taxonomy Realm Riboviria, phylum Negarnaviricota, class Monjiviricetes,
order Mononegavirales. Currently 4 subfamilies, 17 genera and 78 species

Virion 

Morphology

Virions are 150 nm or more (up to 500nm) in diameter, pleomorphic, but usually spherical in shape in
vitreous ice. Virions consist of a lipid envelope surrounding a nucleocapsid. The envelope is derived
directly from the host cell plasma membrane by budding and contains two transmembrane glycoproteins
(Figure 1.Paramyxoviridae). These are present as homo-oligomers and form spike-like projections, 8–12
nm in length, spaced 7–10 nm apart (depending on virus genus affiliation). Also, depending on the genus,
one or two additional transmembrane proteins may be present. One non-glycosylated membrane or matrix
protein is associated with the inner face of the envelope. The virus nucleocapsid consists of negative-
sense virus genome RNA and the nucleocapsid protein (N). The nucleocapsid has helical symmetry and is
approximately 18 nm in diameter with a 7 nm pitch; its length can be up to 1,000 nm in viruses of some
genera. The ribonucleoprotein (RNP) complex in the virion consists of the nucleocapsid together with the
polymerase-associated or phosphoprotein (P) and the L protein (L, including RNA-directed RNA
polymerase, capping and cap methylation activities) (Lamb and Parks 2007). Multiploid virions are found,
although the vast majority of virions contain a single functional genome.  

Figure 1.Paramyxoviridae. Paramyxovirus virion structure. (A) Negative-contrast electron
micrograph of intact measles virus particle (genus Morbillivirus). Scale bar = 100 nm. (B) Schematic
diagram of paramyxovirus particle in cross-section.

Physicochemical and physical properties
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Virion Mr is about 500 ×10 , and much greater for multiploid virions. Virion buoyant density in sucrose is
1.18–1.20 g cm . Virion S  is at least 1000S. Virions are very sensitive to heat, lipid solvents, ionic and
non-ionic detergents, formaldehyde and oxidizing agents.

Nucleic acid

Virions contain a single molecule of linear, negative-sense, single stranded RNA that is not infectious
alone but is infectious if the RNP complex is introduced into the cytoplasm. The RNA genome varies from
14,296 nucleotides for Antarctic penguin virus B to 20,148 nt for Pohorje Myodes paramyxovirus 1.
Genomes of all viruses in the family Paramyxoviridae are multiples of 6 nt, which is a requirement for
efficient replication (Calain and Roux 1993). Some virions may contain positive-sense RNA and so partial
self-annealing of extracted RNA may occur. Intracellularly, or in virions, genome-length RNA is found
exclusively encapsidated in ribonucleocapsids (RNPs). The genome RNA does not contain a 5′-cap, nor a
covalently linked protein. The genome 3′-end is not polyadenylated.

Proteins

Members of the family Paramyxoviridae encode 6–10 proteins (5–250 kDa) of which several can be
derived either from gene editing events in the P locus and an overlapping ORF in the P gene itself (Figure
2.Paramyxoviridae). Virion proteins common to all genera include: three nucleocapsid-associated
proteins, i.e., an RNA-binding nucleocapsid protein (N), a polymerase-associated phosphoprotein (P) and
a large protein (L, including an RNA-directed RNA polymerase (RdRP), mRNA guanylyl- and
methyltransferases, and methylation functions required for the capping of mRNAs), and three membrane-
associated proteins, i.e., an unglycosylated inner membrane or matrix protein (M) and two glycosylated
envelope proteins, comprising a fusion protein (F) and an attachment or receptor-binding protein (RBP,
designated variably as HN, haemagglutinin-neuraminidase protein, H, haemagglutinin or G, glycoprotein).
The F protein is synthesized within infected cells as a precursor (F ) that is activated following cleavage
by cellular protease(s) to produce the virion disulfide-linked F  and F  subunits (order: N-F -S-S-F -C).
Some viruses also encode putative non-structural proteins (C), a cysteine-rich protein that binds Zn  (V)
that can be structural or non-structural depending on the virus, a small integral membrane protein (SH)
and transmembrane proteins (tM). Some virus genomes, such as that of the fer-de-lance virus, contain
transcription units encoding proteins with unidentified functions. Virion enzyme activities include the RNA-
directed RNA polymerase and mRNA guanylyl- and methyltransferases functionally encoded in the L
protein. Variously represented among the genera are neuraminidases associated with the RBP.

Lipids

Lipids in the virus envelope are derived from host cell plasma membrane.

Carbohydrates
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Virions are composed of approximately 6% carbohydrate by weight; composition is dependent on the host
cell. Fusion and RBP proteins are glycosylated by N-linked carbohydrate side chains.

Genome organization and replication

The genome organization is illustrated in Figure 2.Paramyxoviridae for viruses representing 14 of the
genera in the family.  
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Figure 2.Paramyxoviridae. Genome organization (3′-to-5′) of viruses in the family Paramyxoviridae.
Each box represents a separately encoded coding sequence; slashes indicate where multiple distinct
ORFs are present within mRNA transcripts. Co-transcriptional editing leads to expression of the V or
the P protein: the first shown is derived from the unedited sequence. The lengths of the boxes are
approximately to scale although the non-coding sequences (NCS) are not to scale. Certain viruses
express additional C proteins by the using multiple secondary translational start sites within the P
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gene. In human parainfluenza virus 1 and human parainfluenza virus 3 of the genus Respirovirus, the
V ORF may be a non-expressed relic, the function of which may be partially compensated by an
edited D protein. U is an additional transcription unit between the N and P genes in ferlavirus
genomes.

After attachment to cell receptors, virion entry is achieved by fusion of the virion envelope with the cell
surface membrane. This can occur at neutral pH. Virus replication occurs in the cell cytoplasm and is
thought to be independent of host nuclear functions. The genome is transcribed processively from the 3′-
end by the virion-associated RdRP into 6–8 separate positive-sense mRNAs. Transcription is guided by
short (10–13 nt) conserved gene start (GS) and gene end (GE) signals flanking the intergenic sequence.
The mRNAs are capped by the guanylyl- and methyltransferase activities of the L protein and possess 3′-
poly(A) tracts synthesized by reiterative copying of U tracts in GE sequence. Intergenic regions are highly
conserved in length (3 nt) and sequence (CUU with few exceptions see Table 2.Paramyxoviridae for
details) in the orthoparamyxoviruses and metaparamyxoviruses. Neither, the length or sequence of the
intergenic sequences is conserved in avulavirus or rubulavirus genomes. RNA replication occurs through
an intermediate, the antigenome, which is an exact positive-sense copy of the genome.

RNP assembly occurs in the cytoplasm and is tightly linked to RNA synthesis. RNPs are enveloped by
budding at the cell surface plasma membrane at sites containing virion envelope proteins.
Orthoparamyxovirus genomes contain 6–8 transcriptional elements that encode 7–11 proteins. Each
element encodes a single mRNA with the exception of the P/V element. This element is transcribed into
an exact copy mRNA (P or V mRNA, depending on genus) and into alternative versions in which the RNA
transcriptase ‘stutters’ on the template at an editing motif midway down the element. This stuttering results
in the insertion of one or more pseudo-templated G nucleotides (“RNA editing”) and shifts the reading
frame to access alternative ORFs. The exact copy and edited mRNAs synthesize two alternative proteins,
P and V, which have identical amino-terminal domains but due to the insertions of G residues have
different carboxy-terminal domains. Other truncated, or chimeric, proteins (called I, W, or D, depending on
the virus) can be produced by shifting into the third reading frame. The C ORF present in henipavirus,
morbillivirus, narmovirus, jeilongvirus, aquaparamyxovirus and respirovirus genomes overlaps the P ORF
and can initiate synthesis at an AUG codon that is accessed by ribosomal choice or at alternative start
codons in the same ORF.

Biology 

Paramyxoviruses have been conclusively identified only in vertebrates and mostly in mammals and birds,
although they have recently also been detected in reptiles and fish, including boneless fish. Most viruses
have a narrow host range in nature but can infect a broader range of cultured cells. Infection of cultured
cells is generally lytic, but temperate or persistent infections are common in this family in vitroand in vivo.
Other features of infection include the formation of inclusion bodies and syncytia. Host cell surface
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molecules reported to serve as receptors for the attachment for members of the family vary (Thibault et
al., 2017). Respiroviruses, some rubulaviruses and all avulaviruses use sialoglycoproteins and glycolipids
as receptors. The cell surface proteins signaling lymphocytic activation molecule family member 1
(SLAMF1, aka CD150) and nectin cell adhesion molecule 4 (nectin 4) are major receptors for measles
virus and other morbilliviruses. Henipaviruses use ephrin B2 (EFNB2) and B3 (EFNB3) proteins as cellular
entry receptors (Table 2.Paramyxoviridae).

Table 2.Paramyxoviridae. Receptor and receptor binding protein properties of paramyxoviruses

Orthoparamyxovirinae

Genus Virus
RBP name /

amino acid
residues

Sequence at
start of RBP
propeller blade
2

Cell receptor
Intergenic
trinucleotides

 

Aquaparamyxovirus Atlantic salmon
paramyxovirus HN 576 NRKSCS ?  probably  neuraminic

acid CUU + CAU (F-HN)

Aquaparamyxovirus Pacific salmon
paramyxovirus HN 578 NRKSCS ?  probably  neuraminic

acid CUU

Ferlavirus fer-de-lance virus HN 564 NRKSCS ?  probably  neuraminic
acid

CCU(3x)+ CUU(4x)
alternating

Jeilongvirus Beilong virus “G” 734 NRRSCT ?  CUU

Jeilongvirus Tailam virus “G” 1052 NRRSCT ? CUU

Jeilongvirus J-virus “G” 709 NRRSCS ? CUU

Jeilongvirus Pohorje Myodes
paramyxovirus 1 “G” 1589 NRRSCT ? CUU

Jeilongvirus Mount Mabu Lophuromys
virus 1 “G” 854 NRKSCT ? CUU

Jeilongvirus Mount Mabu  Lophuromys
virus 2 “G” 810 NRKSCS ? probably  neuraminic

acid CUU

Jeilongvirus Shaan virus HN 588 NRKSCS ? probably  neuraminic
acid CUU + CGU (F-SH)

Henipavirus Hendra virus G 604 TIHHCS EFNB2/3 CUU

# *
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Henipavirus Nipah virus G 420 TVYHCS EFNB2/3 CUU

Henipavirus Cedar virus G 622 QVINCV EFNB2 CUU

Henipavirus Mòjiāng virus G 625 IINSCA protein? CUU

Henipavirus Ghana virus G 632 NYHSCT EFNB2 CUU + CUG (F-G)

Morbillivirus measles virus wt H 617 DFSNCM SLAMF1/NECTIN4 CUU + CGU (H-L)

Morbillivirus measles Ed-Zag vac H 617 DLSNCM SLAMF1/NECTIN4/CD46 CUU + CGU (H-L)

Morbillivirus canine distemper virus H 607 KTKVCT SLAMF1/NECTIN4 CUU + CUA (H-L)

Morbillivirus canine distemper virus
vaccine H 607 KAKVCT SLAMF1/NECTIN4/? CUU + CUA (H-L)

Morbillivirus phocine distemper virus H 607 NTKICT SLAMF1/NECTIN4t CUU + CUA (H-L)

Morbillivirus rinderpest virus H 609 ELETCM SLAMF1/NECTIN4 CUU + CGU (H-L)

Morbillivirus peste des petits ruminants
virus H 609 DYRSCL SLAMF1/NECTIN4 CUU

Morbillivirus dolphin morbillivirus H 604 GLNFCL SLAMF1/ NECTIN4 CUU

Morbillivirus feline morbillivirus H 595 GMESCT SLAMF1/ NECTIN4 CUU + CUA (M-F)

Narmovirus Nariva virus “H” 657 AYDGCA protein? CUU

Narmovirus Mossman virus “G” 632 VFDGCS protein? CUU + CGU (F-H)

Narmovirus bank vole virus 1 “G” 625 LRDSCT protein?
CUU + CUA (P-M
and F-H and L-t);
CAU (M-F)

Narmovirus Tupaia paramyxovirus “H” 665 NLRDCS protein? CUU

Respirovirus human parainfluenza virus
1 HN 575 NRKSCS Neuraminic acid CUU + CGU (P-M)

Respirovirus Sendai virus HN 575 NRKSCS Neuraminic acid CUU + CCC (HN-L)
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Respirovirus giant squirrel virus HN 574 NRKSCS ? probably neuraminic
acid

CUU +CAU (HN-L)

Respirovirus human parainfluenza virus
3 HN 572 NRKSCS Neuraminic acid CUU

Respirovirus bovine parainfluenza virus
3 HN 572 NRKSCS Neuraminic acid CUU

Respirovirus porcine parainfluenza virus
1 HN 576 NRKSCS ? probably  neuraminic

acid CUU

Respirovirus caprine parainfluenza virus
3 HN 574 NRKSCS ? probably  neuraminic

acid CUU

Salemvirus Salem virus “G” 620 LSGKCT protein? CUU + CCU(P-M) +
CGU (F-G)

Metaparaymyxovirinae

Genus Virus

RBP name
/

amino acid
residues

Sequence at start
of RBP propeller
blade 2

Cell receptor
Intergenic
trinucleotides

 

Synodonvirus Wēnlǐng triplecross lizardfish
paramyxovirus “HN”621 PAPSCP protein? CUU + CAUCUU (F-

HN)

Rubulavirinae

Genus Virus
RBP name/

amino acid
residues

Sequence at start of
RBP propeller blade
2

Cell receptor

Orthorubulavirus mumps virus HN 582 NRKSCS Neuraminic acid

Orthorubulavirus La Piedad Michoacán Mexico virus HN 576 NRKSCS ? probably neuraminic.acid

Orthorubulavirus Mapuera virus HN 582 NRKSCS ? probably neuraminic acid

Orthorubulavirus simian virus 41 HN 568 NRKSCS ? probably neuraminic acid

Orthorubulavirus human parainfluenza virus 2 HN 571 NRKSCS ? probably neuraminic acid

#
*

# *
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Orthorubulavirus human parainfluenza virus 4 HN 579 NRKSCS ? probably neuraminic acid

Orthorubulavirus parainfluenza virus 5 HN 532 NRKSCS Neuraminic acid

Orthorubulavirus Alston virus HN 565 NRKSCS ? probably neuraminic acid

Pararubulavirus Menangle virus “HN” 595 PVRTCS protein?

Pararubulavirus Tioman virus “HN” 593 QARGCS protein?

Pararubulavirus Teviot virus “HN” 595 QTRGCS protein?

Pararubulavirus Achimota virus 1 “HN” 595 VTYQCS protein?

Pararubulavirus Achimota virus 2 “HN” 583 FRRGCS protein?

Pararubulavirus Hervey virus “HN” 543 PKRSCS protein?

Pararubulavirus Tuhoko virus 1 “HN” 580 WLRSCS protein?

Pararubulavirus Tuhoko virus 2 “HN” 588 VSRQCS protein?

Pararubulavirus Tuhoko virus 3 “HN” 582 RLYHCS protein?

Pararubulavirus Sosuga virus “HN” 582 RLYHCS protein?

Avulavirinae

Genus Virus
RBP name/ 

amino acid
residues

Sequence at start
of RBP propeller
blade 2

Cell receptor

Metaavulavirus avian paramyxovirus 2 HN 580 NRKSCS ? probably neuraminic acid

Metaavulavirus avian paramyxovirus 5 HN 574 NRKSCS ? probably neuraminic acid

Metaavulavirus avian paramyxovirus 6 HN 613 NRKSCS ? probably neuraminic acid

Metaavulavirus avian paramyxovirus 7 HN 569 NRKSCS ? probably neuraminic acid

Metaavulavirus avian paramyxovirus 8 HN 577 NRKSCS ? probably neuraminic acid

*
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Metaavulavirus avian paramyxovirus 10 HN 575 NRKSCS ? probably neuraminic acid

Metaavulavirus avian paramyxovirus 11 HN 583 NRKSCS ? probably neuraminic acid

Metaavulavirus avian paramyxovirus 14 HN 580 NRKSCS ? probably neuraminic acid

Metaavulavirus avian paramyxovirus 15 HN 579 NRKSCS ? probably neuraminic acid

Metaavulavirus avian paramyxovirus 20 HN 574 NRKSCS ? probably neuraminic acid

Orthoavulavirus avian paramyxovirus 1 (NDV) HN 571 NRKSCS Neuraminic acid

Orthoavulavirus avian paramyxovirus 9 HN 579 NRKSCS ? probably neuraminic acid

Orthoavulavirus avian paramyxovirus 12 HN 614 NRKSCS ? probably neuraminic acid

Orthoavulavirus avian paramyxovirus 13 HN 579 NRKSCS ? probably neuraminic acid

Orthoavulavirus avian paramyxovirus 16 HN 618 NRKSCS ? probably neuraminic acid

Orthoavulavirus Antarctic penguin virus A HN 599 NRKSCS ? probably neuraminic acid

Orthoavulavirus Antarctic penguin virus B HN 591 NRKSCS ? probably neuraminic acid

Orthoavulavirus Antarctic penguin virus C HN 587 NRKSCS ? probably neuraminic acid

Orthoavulavirus avian paramyxovirus 21 HN 567 NRKSCS ? probably neuraminic acid

Paraavulavirus avian paramyxovirus 3 HN 577 NRKSCS ? probably neuraminic acid

Paraavulavirus avian paramyxovirus 4 HN 569 NRKSCS ? probably neuraminic acid

 The nomenclature for RBP (G, H or HN) used in the accessions in the data bank submissions is shown in quotation marks.  

 The canonical NRKSCS sequence at the start of propeller blade 2 (Langedijk et al., 1997) is shown in bold lettering; in
the Avulavirinae and Rubulavirinae intergenic sequences vary widely in length and sequence and hence are not recorded in the Table.

Nucleocapsids associate with virus membrane proteins at the plasma membrane and are enveloped by
budding out at the membrane.  

#

*



12/27/2021 Paramyxoviridae - Paramyxoviridae - Negative-sense RNA Viruses - ICTV

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/w/paramyxoviridae 12/16

Transmission of paramyxoviruses is horizontal, mainly through airborne and direct contact routes; no
vectors are known. Paramyxovirus infection typically begins in the respiratory tract and may remain at that
site (e.g., human parainfluenza virus 1 [HPIV-1]) or spread to secondary sites (e.g., lymphoid and
endothelial tissues for measles virus (MV) (Griffin 2007), the parotid gland, CNS and endothelial tissues
for mumps virus (MuV) (Carbone and Rubin 2007) or lung and CNS for Hendra virus (HeV) and Nipah
virus (NiV) (Eaton et al., 2007). In general, paramyxovirus infections are limited, and eliminated, by host
immunity. However, virus can sometimes be shed for periods of weeks or months in healthy and,
especially, in immunocompromised individuals. Latent infection is unknown. However, long-term persistent
infection is known for several morbilliviruses such as MV in subacute sclerosing panencephalitis, a rare
complication that involves persistence of a defective measles virus in the CNS for periods of, on average,
8 years. Old dog distemper can involve persistence of defective or fully infectious canine distemper virus
for weeks or months in healthy and, especially, immunocompromised animals. Feline morbillivirus has
been shown to be shed for long periods from the kidneys of cats. The recurrence of neurological
manifestations has also been noted in NiV patients more than 4 years after recovery from acute
encephalitis (Eaton et al., 2007).

Antigenicity 

The RBP and F proteins are of primary importance in inducing virus-neutralizing antibodies and immunity
against reinfection. Antibodies to N and, variably, to other virus proteins also are induced by infection.
Following processing into small peptides the virus proteins also stimulate cell-mediated immune
responses. 

Derivation of names 

Avula: from avian and rubula

Cynoglossusvirus: from the genus Cynoglossus of the fish from which the virus sequence was obtained

Henipa: from Hendra and Nipah viruses, the first isolates assigned to this genus

Hoplichthysvirus: from the genus Hoplichthys of the fish from which the virus sequence was obtained

Meta: from Greek meta, meaning “after, beyond”.

Morbilli: from Latin morbillus, diminutive of morbus, “disease”.

Ortho: from Greek orthos, “straight”.

Paramyxo: from Greek para, “by the side of”, and myxa, “mucus”.
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Pneumo: from Greek pneuma, “breath”.

Respiro: from Latin respirare, “respire, breathe”.

Rubula: from Rubula inflans – old name for the disease mumps from Latin Rubula, red; inflans, swelling or
puffing up.

Scoliodonvirus: from binomial name Scoliodon macrorhynchos (Bleeker 1852) of Pacific spadenose shark
from which the virus sequence was obtained

Subfamily, genus and species demarcation criteria

The current paramyxovirus taxonomic structure is based on a comparison of complete L protein amino
acid sequences. The Paramyxoviridae Study Group decided to use this as a sole criterion on the basis of
the likely monophyly of this large and complex virus protein (Wolf et al., 2018, Dolja and Koonin
2018)consequential upon the ICTV decision to classify viruses even if only known from their genome
sequences (Simmonds et al., 2017) . The genetic-based classification reflected previous classifications
based on biological characteristics, which are unlikely to be known for all the new paramyxovirus
sequences that have become available (Rima et al., 2018). Four subfamilies have been established on
the basis of their genetic distance from the node distinguishing the family Paramyxoviridae from
the Sunviridae, which is the closest related outlier family. These distances (substitutions per site) are
respectively 0.64 for the Metaparamyxovirinae, 0.80 for the Avulavirinae, 0.82 for
the Orthoparamyxovirinae and 0.90 for the Rubulavirinae. 

Relationships within the family

Phylogenetic analysis of complete L protein amino acid sequences (Figure 3.Paramyxoviridae) supports
the classification of paramyxoviruses into four subfamilies and fourteen genera based on genetic
distances; in addition, three viruses are members of species that are not assigned to a genus or subfamily
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Figure 3.Paramyxoviridae. Phylogenetic analysis of complete L protein amino acid sequences of
members of the family Paramyxoviridae. Complete L protein amino acid sequences were aligned by
Clustal W with gap generation penalties of 5 and extension penalties of 1 in both multi and pairwise
alignments. The evolutionary history was inferred by using the Maximum Likelihood method and JTT
matrix-based model. The tree with the highest log likelihood (-258124.74)  is shown. The percentage
of 500 trees in which the associated taxa clustered together is shown next to the branches where this
was > 70%. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-
Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then
selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch
lengths measured in the number of substitutions per site. This analysis involved 78 amino acid
sequences. There were a total of 2745 positions in the final dataset. Evolutionary analyses were
conducted in MEGA X (Kumar et al., 2018). This phylogenetic tree and corresponding sequence
alignment are available to download from the Resources page.

Relationships with other taxa

The member viruses of the family Paramyxoviridae have a similar strategy of gene expression and
replication and gene order to those of other mononegaviruses, specifically filoviruses and rhabdoviruses.

Member taxa

Avulavirinae
Metaavulavirus
Orthoavulavirus
Paraavulavirus

Metaparamyxovirinae
Synodonvirus

Orthoparamyxovirinae
Aquaparamyxovirus
Ferlavirus
Henipavirus
Jeilongvirus
Morbillivirus
Narmovirus
Respirovirus
Salemvirus

Rubulavirinae
Orthorubulavirus



12/27/2021 Paramyxoviridae - Paramyxoviridae - Negative-sense RNA Viruses - ICTV

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/w/paramyxoviridae 16/16

Pararubulavirus
Genera unassigned to a subfamily

Cynoglossusvirus
Hoplichthysvirus
Scoliodonvirus



Genus Spillover 
rank of 
887/risk 
score

Zoonotic Human 
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antennavirus
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antennavir
us

Striated 
antennavir
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virus) 
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Brazilian 
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mammare
navirus
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Giessen 
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irus
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Latino 
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navirus
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mammare
navirus

Lujo 
mammare
navirus



Luna 
mammare
navirus

Lunk 
mammare
navirus
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mammare
navirus 
10/85

Machupo 
mammare
navirus 
99/66
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navirus
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navirus

Mobala 
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navirus
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Notes

Isolated from fish

Isolated from snakes
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Arenavirus 
PREDICT_
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Arenavirus 
PREDICT 
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749/48

Tacaribe and LCMV isolated from ticks recently.

Isolated from snakes
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Non-Disclosure Agreement 

Agreement Summary 

[COUNTERPARTY] INFORMATION 

Name: [●]

Mailing Address: [●]

Project Lead: [●]

Management Contact: [●]

CEPI INFORMATION 

Name: Coalition for Epidemic Preparedness Innovations (“CEPI”) 

Mailing Address: Marcus Thranesgate 2, PO Box 123 Torshov, N-0412 Oslo, Norway 

Project Lead: [●]  Timothy P. Endy MD, MPH

Management Contact: [●]  timothy.endy@cepi.net

AGREEMENT INFORMATION 

Project Name: [●] Virus Expert Panel for Disease X Vaccine Libraries

Effective Date: January 17, 2022 

Expiration Date: [●] January 17, 2023

This Agreement includes 
and incorporates by 
reference:  

The agreement (referred to as the “Agreement”) means this Agreement Summary 
together with the following:  

- Terms and Conditions (“T&Cs”) (Annex A)

THIS AGREEMENT is between the Counterparty and CEPI (each as defined above) and comes into force as of the 
Effective Date. Each party to this Agreement may be referred to individually as a "Party" and together as the 
"Parties".  

This Agreement sets out the terms and conditions governing the exchange of information between the Parties and 
their representatives in the context of the selection of viruses for the Disease X vaccine library (the “Purpose”). As 
a pre-condition of this information exchange, the Parties enter into this Agreement by having their authorized 
representatives sign below. 

Signed for and on behalf of [COUNTERPARTY] by: 

Signature:……………………………………… 

Name:………………………………………….. 

Title:……………………………………………. 

Date:……………………………………………. 
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Signed for and on behalf of COALITION FOR EPIDEMIC PREPAREDNESS INNOVATIONS by: 

Signature:……………………………………… 

Name:………………………………………….. 

Title:……………………………………………. 

Date:……………………………………………. 
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Non-Disclosure Agreement - Terms and Conditions 

1. Definitions 

1.1 In this Agreement, terms shall have the following meaning:  

1.2 “Applicable Laws” means all national and supranational laws and regulations and other mandatory 
professional regulations applicable to a Party or any activities carried out or to be carried in order to achieve 
the Purpose or a Party’s activities or obligations described under or pursuant to this Agreement; 

1.3 “Business Day” means a day which is not a Saturday or Sunday, or a bank or public holiday in England, 
Norway, and/or the country in which a Party’s mailing address (as set out in the Agreement Summary) is 
located;  

1.4 “Confidential Information” means any and all non-public information which by its nature or the manner of 
its disclosure is reasonably identifiable as Confidential Information, including but not limited to data, results, 
know-how, software (further including non-open source code), plans, details of research work, discoveries, 
inventions, intended publications, intended or pending patent applications, designs, technical information, 
business plans, budgets and strategies, business or financial information or other information in any medium, 
and any physical items, prototypes, compounds, samples, components, non-public regulatory filings, non-
public submissions to regulatory authorities or other articles or materials disclosed on or after the Effective 
Date of this Agreement by one Party to the other Party whether orally or in writing or in any other form. 
Confidential information will not include: 

a. information that is or was already known to the receiving Party at the time of disclosure, as shown by 
written records, without any obligation to keep it confidential; 

b. information that is independently developed by employees of the receiving Party who have not had 
access to the Confidential Information of the disclosing Party as evidenced by contemporaneous 
written records; 

c. information that at the time of being disclosed or obtained by the receiving Party or at any time 
thereafter, is published or otherwise generally available to the public other than due to default by the 
receiving Party of its obligations hereunder;  

d. information properly obtained by the receiving Party from a source which, to the best knowledge of 
the receiving Party, is not known to be bound by a confidentiality agreement, fiduciary obligation or 
other legal or contractual restriction that may prohibit the disclosure of such Confidential Information; 

e. information necessarily disclosed by the receiving Party pursuant to a statutory obligation and the 
Party required to make that disclosure has informed the other, within a reasonable time after being 
required to make such disclosure, of the requirement to disclose and the information required to be 
disclosed; and 

f. information approved for release in writing by an authorised representative of the disclosing Party. 

1.5 ”CEPI Group” means the nodes of CEPI established in Norway, England, India, the United States of 
America and any other node of CEPI which may be established from time to time. 

1.6 “Group” means in relation to a company (other than CEPI), that company, any subsidiary or any holding 
company from time to time of that company, and any subsidiary from time to time of a holding company of 
that company. Each company in a Group is a member of the Group;  

1.7 all terms defined in the Agreement Summary shall have the same meaning throughout the Agreement.  

2. Confidentiality; Restricted Use 

2.1 All Confidential Information shall be used by the receiving Party (“Receiving Party”) exclusively for the 
Purpose, unless otherwise expressly agreed to in writing by the disclosing Party (“Disclosing Party”). 

2.2 Each Party undertakes that during the term of this Agreement and for a period of five (5) years after its 
termination or expiry, it shall keep confidential and not disclose any Confidential Information of the other 
Party disclosed to or obtained by it in connection with this Agreement or the Purpose other than 
representatives, employees, agents, consultants, professional advisers, sub-contractors, regulatory 
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authorities of itself or members of its Group and, in the case of CEPI, its funders or members of the CEPI 
Group, in each case who have a need to know Confidential Information of the other Party disclosed to or 
obtained by it in connection with the Purpose.  

2.3 Each Party shall ensure that all representatives, employees, agents, consultants, professional advisers, sub-
contractors (to the extent it can legally do so) and third parties to which Confidential Information of the other 
Party is disclosed are:  

a. informed of the confidentiality provisions of this Agreement and  

b. bound by obligations of confidentiality and non-use at least as protective as the provisions contained 
herein, it being understood that where such person is a natural person (i.e. individual), such person 
shall not be allowed to disclose the Confidential Information to any other person.   

2.4 Each Party shall take reasonable security precautions to protect against unauthorized disclosure of 
Confidential Information.  

2.5 Required Disclosure. The disclosure of information that is required to be disclosed by a competent Court 
or regulatory authority or otherwise by Applicable Law may be disclosed as required, provided that where it 
is free to do so, the Receiving Party shall give notice of such disclosure to the Disclosing Party as soon as 
reasonably practicable and all such information shall be marked as “Confidential”. 

2.6 Permitted Disclosures. Notwithstanding the above, nothing in this Agreement shall restrict a Party’s (or 
any of its representatives, employees, agents, consultants, professional advisers, sub-contractors) right to  

a. disclose the existence of a relationship between the Parties for the purpose of declaring a potential 
conflict of interest;  

b. disclose Confidential Information to any committee or regulatory body in furtherance of Party’s 
statutory or regulatory duties. 

3. Refusal 

3.1 Each Party shall have the right to refuse to accept any information under this Agreement prior to any 
disclosure; information disclosed despite such a refusal is not covered by the confidentiality obligation under 
this Agreement. Nothing herein shall require either Party to disclose any particular information. 

4. No Licence 

4.1 Each Party reserves all rights in its Confidential Information. The disclosure of Confidential Information by 
one Party does not give the other Party or any other person any licence or other right in respect of any 
Confidential Information beyond the rights expressly set out in this Agreement.  

5. No Warranty 

5.1 Except as expressly stated in this Agreement, neither Party makes any express or implied warranty or 
representation concerning its Confidential Information, including but not limited to the accuracy or 
completeness of the Confidential Information. 

5.2 The disclosure of Confidential Information by the parties shall not form any offer by, or representation or 
warranty on the part of, that party to enter into any further agreement with the other party in relation to the 
Purpose.  
 

6. Termination 

6.1 This Agreement shall come into force on the Effective Date and shall automatically expire five (5) years later. 
It may be prematurely terminated by mutual agreement of the Parties or by one Party upon thirty (30) days' 
prior written notice to the other Party of its intention to terminate. The rights and obligations of the Parties 
which have accrued prior to termination shall, however, survive the termination of this Agreement for a period 
of five (5) years. 
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7. Return 

7.1 Within sixty (60) days after termination or expiry of this Agreement the disclosing Party may request in writing 
from the Receiving Party that the Receiving Party at the Disclosing Party’s discretion either return or destroy 
all Confidential Information received from the Disclosing Party and stored electronically and/or on record-
bearing media as well as any copies thereof. The Receiving Party shall confirm in writing such destruction 
or return the Confidential Information as well as any copies thereof to the Disclosing Party within fourteen 
(14) days after receipt of the Disclosing Party’s request. 

7.2 The Parties acknowledge that return and/or destruction of Confidential Information constitutes an 
administrative burden, and agree to keep requests for return and/or destruction of Confidential Information 
to the minimum required. 

7.3 The provisions of Clause Error! Reference source not found. above shall not apply to copies of 
electronically exchanged Confidential Information made as a matter of routine information technology 
backup and to Confidential Information or copies thereof which must be stored by the receiving Party 
according to provisions of mandatory law or to the receiving Party’s internal compliance guidelines, provided 
that such Confidential Information or copies thereof shall be subject to an indefinite confidentiality obligation 
according to the terms and conditions set forth herein until returned and/or destroyed, as the case may be. 

8. Resolving Differences 

8.1 Escalation process. Any question, difference or dispute which may arise concerning the construction, 
meaning or effect of this Agreement, or concerning the rights or liabilities of the Parties hereunder, or any 
other matter arising out of or in connection with this Agreement shall first be submitted to the Chief Executive 
Officer of CEPI and to the Chief Executive Officer of the other Party (the “Senior Officers”) for resolution 
(each of whom may call on others to advise them as they see fit). The Senior Officers shall discuss the 
matter arising in good faith and in a timely manner and endeavour to reach a mutually agreeable solution. If 
the Parties are unable to resolve such dispute through such negotiations within sixty (60) days of such 
dispute being escalated to the Senior Officers, then in respect of any dispute, controversy or claim the Parties 
irrevocably submit to arbitration in accordance with Clause Error! Reference source not found.. 

8.2 Arbitration. All disputes arising out of or in connection with this Agreement, including disputes on its 
conclusion, binding effect, amendment and termination, shall be resolved by arbitration, in accordance with 
the arbitration rules of the United Nations Commission of International Trade Law (UNCITRAL Arbitration 
rules) then-current in force. The appointing authority shall be the President of the Swiss Arbitration 
Association. The number of arbitrators shall be one, unless the parties agree otherwise. The arbitration 
proceedings shall take place in Geneva. The language of the arbitration shall be in English. The Parties 
agree to be bound by any award made by the arbitrator(s). An award shall be final and not be subject to any 
setting aside proceedings before any court absent fraud or misconduct. This clause shall be governed by 
and construed in accordance with the law of England and Wales without giving effect to any choice of law 
or conflict of law provisions or rules that would cause the application of the laws of any other jurisdiction. 

8.3 Good faith cooperation in resolving differences: The Parties will cooperate in good faith to resolve 
differences and disputes pursuant to this Clause Error! Reference source not found.. 

9. Limitation and exclusion of liability 

9.1 Liability cap.  Unless otherwise agreed by the Parties in writing, each Party’s maximum liability in aggregate 
to the other Party arising out of this Agreement shall not exceed the higher of: 

(a) US Dollars $10,000; and 

(b) the amount (if higher) that such Party can recover from its insurer for the liability in 

question. 

 
9.2 Exclusions. Neither Party shall be liable to the other Party for any loss of an indirect or consequential nature, 

nor for any loss of turnover, profits, business or goodwill, whether in contract, warranty, negligence, tort, 
strict liability or otherwise, arising out of any breach of or failure to perform any of the provisions of this 
Agreement. 

9.3 Exclusions from Liability Cap. Notwithstanding the foregoing, nothing in this Agreement shall limit the 
liability of either Party in respect of: personal injury or death arising out of that Party’s negligence or wilful 
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misconduct; or fraud or fraudulent misrepresentation or wilful misconduct; or for any other liability which 
cannot be limited or excluded as a matter of Applicable Laws. 

10. General Provisions 

10.1 Choice of law. This Agreement and any dispute or claim (including non-contractual disputes or claims) 
arising out of or in connection with it or its subject matter or formation shall be governed by and construed 
in accordance with the law of England and Wales without giving effect to any choice of law or conflict of law 
provisions or rules that would cause the application of the laws of any other jurisdiction. 

10.2 No Rights for Third Parties.  A person who is not a Party to this Agreement has no right under the Contracts 
(Rights of Third Parties) Act 1999 or otherwise to enforce or to enjoy the benefit of any term of this 
Agreement.  

10.3 Notices. Any notice to be given pursuant to this Agreement shall be in writing in the English language and 
shall be delivered by overnight courier, by registered, recorded delivery or certified mail (postage prepaid) 
to the address of the recipient Party provided in the Agreement Summary or such other address as a Party 
may from time to time designate by written notice. Any notice given pursuant to this clause shall be deemed 
to have been received on the day of receipt, provided receipt occurs on a Business Day of the recipient Party 
or otherwise on the next following Business Day of the recipient. The Parties agree that email and fax are 
not valid methods of giving notice under this Agreement. 

10.4 No Waiver. Neither Party shall be deemed to have waived any of its rights or remedies under this Agreement 
unless the waiver is expressly made in writing and signed by a duly authorized representative of that Party. 

10.5 Assignment. Neither this Agreement nor any rights and obligations under this Agreement may be assigned 
or delegated by either Party without the prior written consent of the other Party, such consent not to be 
unreasonably withheld. 

10.6 Entire Agreement. This Agreement, including its Agreement Summary and Annex(es), constitutes the entire 
agreement and understanding between the Parties relating to its subject matter and together they supersede 
and replace all prior arrangements, whether written or oral, between the Parties relating to the subject matter 
of this Agreement. 

10.7 Export regulations. The Parties shall abide by the applicable export license regulations of the respective 
country(ies) and, if required, the disclosing Party shall apply for an export license grant prior to any 
transmission of Confidential Information and to inform the receiving Party sufficiently of any existing 
limitation. 

10.8 Variation. No variation, amendment, modification or supplement to this Agreement will be valid unless and 
until it is made in writing and signed by a duly authorised representative of each Party.  
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Dear Expert Panel, from all of us at CEPI we are grateful for your taking the time and agreeing to
serve on our expert panel to select viruses for our vaccine library efforts to meet the 100-day
mission of having a vaccine available for the next Disease X outbreak.  The task at hand in which we
need your expertise is to help us in selecting 10-15 viruses from each of our two pilot vaccine
projects to develop vaccine libraries for the paramyxoviruses and the arenaviruses.
 
Organization of the Expert Panel:  Attached is a listing of the participants in the expert panels for the
paramyxoviruses and the arenaviruses.  Some of the experts will be serving on both panels because
of your broad expertise.  Others will be serving on one due to time constraints or a particular
interest in one family.  However, if those serving on one panel would like to be involved in both
please let me know as you will be welcome to participate.  If you see an essential expert I should
have invited but failed to please let me know.
 
Housekeeping:  Per CEPI procedure we request that you complete with your information and sign
the attached NDA.  For members of our Scientific Advisory Committee your current NDA with us will
suffice. For those of you who can accept an honorarium we would like to provide a $1,000
honorarium for your participation on each panel.  This of course doesn’t cover your time
commitment to this project but hope you will accept this as our appreciation for your efforts.
 
Background Information: Attached you will find some background information on the viruses from
each family as listed in the ICTV by subfamilies and genera.  I also highlighted those that are human
pathogens and those that are zoonotic.  In the excel file I merged in information from the UC Davis
Spillover program on the spillover likelihood of some specific viruses.  These are combined and also
in a separate file. The spillover program lists viruses recently identified that are not yet listed in the
ICTV or assigned a genera.  Dr Bird and Dr Mazet who are on the expert panel are part of the DARPA
sponsored Spillover program and will provide more information on this dataset in our general
discussion meeting.  Also attached are some general information and the latest phylogenetic trees
from ICTV.  As we progress we at CEPI are available to do the leg work on any additional information
you will need ie research papers etc and please send me requests and I’ll make sure they are
available prior to the meetings.
 
Organization of Meetings: Due to travel constraints all meetings will be held by zoom meetings. I will
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Summary


Members of the family Arenaviridae produce enveloped virions containing genomes consisting of 2 to 3
single-stranded RNA segments totaling about 10.5 kb (Table 1.Arenaviridae). Arenaviruses are currently
classified into four genera (Antennavirus, Hartmanivirus, Mammarenavirus, and Reptarenavirus). These
viruses infect fish (antennaviruses), snakes (hartmaniviruses and reptarenaviruses) and mammals
(mammarenaviruses). Some reptarenaviruses cause boid inclusion body disease in captive snakes,
whereas some mammarenaviruses can infect humans and other primates, causing mild, severe, and
sometimes fatal diseases.


Table 1.Arenaviridae. Characteristics of members of the family Arenaviridae.


Characteristic Description*


Typical member
lymphocytic choriomeningitis virus Armstrong 53b [S segment: AY847350; L
segment: AY847351], species Lymphocytic choriomeningitis mammarenavirus,
genus Mammarenavirus.


Virion
Enveloped, pleomorphic virions 40–200 nm in diameter with trimeric surface
spikes


Genome
Two or three single-stranded, usually ambisense coding arrangement, RNA
molecules called small (S), medium (M), and large (L)


Replication Ribonucleoprotein (RNP) complexes are generated that contain anti-genomic



https://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.001280

http://taxonomy.cvr.gla.ac.uk/PDF/Arenaviridae.pdf
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RNA serving as coding templates for synthesis of genomic RNA


Translation
Proteins are produced from capped and non-polyadenylated mRNAs. The 5′-cap
structure is derived by polymerase slippage or cap-snatching from cellular
mRNAs


Host range
Fish (antennaviruses), predominantly small mammals (mammarenaviruses), and
reptiles (hartmaniviruses and reptarenaviruses), but potentially also bats and ticks


Taxonomy
Realm Riboviria, phylum Negarnaviricota, subphylum Polyploviricotina,
class Ellioviricetes, order Bunyavirales. The family includes 4 genera and 50
species


* mostly based on experiments with mammalian arenaviruses


Viruses assigned to each of the 4 genera form a monophyletic clade based on phylogenetic analysis of
large protein/RNA-directed RNA polymerase (L/RdRP) and nucleoprotein (NP) sequences. Viruses from
all four genera share one or more of the following characteristics: (i) enveloped spherical or pleomorphic
virions; (ii) segmented single-stranded, ambisense RNA genome without polyadenylated tracts at the 3′-
termini; (iii) genomic 5′- and 3′-end sequence complementarity; (iv) nucleotide sequences that could form
one or more hairpin configurations within non-coding intergenic regions (IGRs) of genomic segments; (v)
capped but not polyadenylated virus mRNAs; and (vi) induction of a persistent and frequently
asymptomatic infection in reservoir hosts, in which chronic viremia and/or viruria occur (Radoshitzky et al.,
2015).


Piscine host


Genus Antennavirus. This recently established genus currently includes 2 species for 2 viruses
discovered in actinopterygian fish. Antennaviruses are notable for having genomes consisting of 3, rather
than 2, genomic segments and likely not encoding the zinc -binding matrix (Z) protein, which is encoded
by mammarenaviruses and reptarenaviruses.


Reptilian host


Genus Hartmanivirus. This recently established genus currently includes 4 species for 6 viruses
discovered in captive snakes with boid inclusion body disease (BIBD). Hartmaniviruses are notable for
genomes lacking a gene encoding the Z protein, which is encoded by mammarenaviruses and
reptarenaviruses. 


Genus Reptarenavirus. This genus currently includes 5 species for 8 viruses discovered in captive
snakes, some of which were suffering from BIBD. Reptarenaviruses are notable for their transmembrane
surface GP2 glycoproteins, which are more closely related to those of ebolaviruses
(order Mononegavirales, family Filoviridae) than to those of antennaviruses, hartmaniviruses,



https://www.ncbi.nlm.nih.gov/pubmed/25935216
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mammarenaviruses or other bunyaviruses. Reptarenaviruses are also unusual in that they are prone to
cause co-infections, with multiple distinct S and L segments, not necessarily in a 1:1 ratio, being
detectable in snakes.


Mammalian host


Genus Mammarenavirus. The genus currently includes 39 species for 46 viruses. These viruses have
been detected in rodent hosts, apart from Tacaribe virus (TCRV) which has been found only in
phyllostomid bats and ixodid lone star ticks. Mammarenavirus infections of their natural rodent hosts are
generally asymptomatic. In humans, some mammarenaviruses, such as Western African Lassa virus
(LASV) or several viruses of South American origin, can cause severe and often fatal diseases with
hemorrhagic manifestations. Lymphocytic choriomeningitis virus (LCMV), the typical mammalian
arenavirus, can also cause disease in humans and poses a serious threat to immunocompromised
individuals.


Virion


Morphology


Virions are spherical or pleomorphic in shape, 40–200 nm in diameter, with dense lipid envelopes (Figure
1.Arenaviridae). The virion surface layer is covered with club-shaped projections with distinctive stalk and
head regions. These projections are made of trimeric spike structures of two virus-encoded membrane
glycoprotein (GP) subunits (GP1 and GP2) and in case of some arenaviruses, a third component (stable
signal peptide [SSP]). Isolated RNP complexes are organized into “beads-on-a-string”-like
structures (Hetzel et al., 2013, Li et al., 2016, Neuman et al., 2005, Buchmeier 2002, Charrel and de
Lamballerie 2003, Jay et al., 2005, Meyer et al., 2002, Hepojoki et al., 2018).



https://www.ncbi.nlm.nih.gov/pubmed/23926354
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Figure 1.Arenaviridae. A) Electron micrograph of (mammalian) arenavirus particles, showing dark
internal inclusion bodies (Latin: arena, sand), budding from an infected cell. B) Schematic illustration
of an arenavirus particle. Shown is the spherical and enveloped (grey) particle that is spiked with
glycoproteins (GP, gold) around a layer of zinc-binding matrix proteins (Z, brown; missing in
hartmaniviruses). The small (S) and large (L) ribonucleoprotein (RNP) complexes inside the particle
consist of nucleoprotein (NP, blue) and RNA-directed RNA polymerase (L, green).


Physicochemical and physical properties


Mainly known for members of the genus Mammarenavirus (see section on genus page).


Nucleic acid


Arenavirions typically contain 2 or 3 linear, ambisense or negative-sense single-stranded RNA segments
that are encapsidated independently. These RNAs are uncapped (Leung et al., 1977) and contain a single
non-templated G at each of the 5′-ends (Garcin and Kolakofsky 1990, Raju et al., 1990, Shi et al., 2018).
No poly(A) tracts are present at the 3′-termini. The termini of the RNAs ends have inverted complementary
sequences encoding transcription and replication initiation signals (Hepojoki et al., 2018, Salvato et al.,
1989, Harnish et al., 1993, Young and Howard 1983). 


Proteins


Arenaviruses express 3 (hartmaniviruses) or 4 (antennaviruses, mammarenaviruses, reptarenaviruses)
structural proteins. The most abundant structural protein in virions is the nucleoprotein (NP), which
encapsidates the virus genomic segments. The least abundant protein is the RNA-directed RNA
polymerase (L), which mediates virus genome replication and transcription. The zinc-binding matrix (Z)
protein, which is absent in antennaviruses and hartmaniviruses, is a matrix protein. Glycoproteins (GP1 or
G1, GP2 or G2) are derived by post-translational cleavage of an intracellular GP precursor, the
“glycoprotein-cell-associated” preprotein (GPC) by the cellular S1P/SKI protease. A third GPC cleavage
product, the signal peptide, stays attached to the GP complex in hartmaniviruses and mammarenaviruses
(stable signal peptide [SSP]), but not in reptarenaviruses (signal peptide [SP]). The GP structure of
antennaviruses is unknown (Hepojoki et al., 2018, Shi et al., 2018, Buchmeier et al., 1987, Kunz et al.,
2003, Lenz et al., 2001, Koellhoffer et al., 2014, Bederka et al., 2014, Eichler et al., 2003, York et al.,
2004).  


Lipids


Only known for members of the genus Mammarenavirus (see section on genus page).


Carbohydrates
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Only known for members of the genus Mammarenavirus (see section on genus page). 


Genome organization and replication


The arenavirus genome typically consists of two or three single-stranded, typically ambisense RNA
molecules, termed S, (M), and L. Some of these RNAs encode two proteins in non-overlapping open
reading frames (ORF) of opposite polarities (ambisense coding arrangement) that are separated by non-
coding intergenic regions (IGRs) (Figure 2.Arenaviridae). The S RNA encodes NP in the virus genome-
complementary sequence, and, in many cases, the GPC in the virus genome-sense sequence. The L
RNA encodes L in the virus genome-complementary sequence, and, in some case, Z in the virus genome-
sense sequence. Antennaviruses and hartmaniviruses lack the Z ORF, and antennaviruses encode at
least one protein of unknown function. The IGRs form one or more energetically stable stem-loop (hairpin)
structures and which function in structure-dependent transcription termination and in virion assembly and
budding. 


Figure 2.Arenaviridae. Schematic representation of the bi- or tri-segmented arenavirus genome
organization. The 5′- and 3′-ends of all segments (S, [M], and L) are complementary at their termini,
likely promoting the formation of circular ribonucleoprotein complexes within the virion. GPC,
glycoprotein precursor; L, RNA-directed RNA polymerase; NP, nucleoprotein; Z, zinc-binding matrix
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protein. Open reading frames are separated by non-coding intergenic regions (IGRs), with predicted
hairpin structures (not shown).


Arenavirus infection starts with attachment to cell-surface receptors and entry via the endosomal
route (Martinez et al., 2007, Vela et al., 2007, Borrow and Oldstone 1994, Radoshitzky et al., 2007, Cao et
al., 1998, Raaben et al., 2017, Glushakova and Lukashevich 1989) (Figure 3.Arenaviridae). pH-dependent
fusion with late endosomes releases the virion RNP complex into the cytoplasm. In the case of some
mammalian arenaviruses (LASV), this fusion event involves a pH-dependent switch to an intracellular
receptor, lysosomal associated membrane protein 1 (LAMP1) (Jae et al., 2014). The virus RNP directs
both RNA genome replication and gene transcription (Meyer et al., 2002). During replication, L reads
through the IGR transcription-termination signal and generates uncapped antigenomic and genomic
RNAs (Leung et al., 1977). Because these RNAs contain a single non-templated G at the 5′-ends (Garcin
and Kolakofsky 1990, Raju et al., 1990), replication initiation might involve a slippage mechanism of L on
the nascent RNA (Garcin and Kolakofsky 1992). In case of ambisense coding arrangements, only mRNAs
encoding NP or L can be synthesized from genomic RNAs. Transcription of mRNAs encoding GPC or Z
occurs only after the first round of virus replication, during which S and L antigenomes are produced.


Virus proteins are synthesized from subgenomic capped mRNAs that lack terminal poly(A) (Meyer and
Southern 1993, Singh et al., 1987, Southern et al., 1987). The 5′-ends of virus mRNAs contain several
non-templated bases, suggesting that arenaviruses use either polymerase slippage or a cap-snatching
mechanism similar to that used by other members of the subphylum Polyploviricotina (Garcin and
Kolakofsky 1990, Raju et al., 1990, Meyer and Southern 1993). Cap-snatching would require an
endonuclease presumed to be present in the N-terminal part of L, which cleaves cellular mRNAs to
generate a cap leader that is subsequently used to prime arenavirus transcription. The 3′-termini of the
mRNAs have been mapped to locations in the IGRs.


Virion budding occurs from the cellular plasma membrane, thereby providing the virion envelope (Dalton
et al., 1968, Eichler et al., 2004, Perez et al., 2003, Strecker et al., 2003).


Figure 3.Arenaviridae. Lifecycle of arenaviruses. (1) Virion uptake; (2) virus-cell membrane fusion;
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(3) uncoating; (4) transcription, translation, and replication; (5) virion assembly; and (6) virion budding.
GP, glycoprotein; IGR, intergenic region; L, RNA-directed RNA polymerase; NP, nucleoprotein; RNP,
ribonucleoprotein; Z, zinc-binding matrix protein. Note that antennaviruses and hartmaniviruses do not
encode Z.


Biology


Arenaviruses are ecologically diverse: they have been isolated from fish (antennaviruses) (Shi et al.,
2018), rodents, bats, and ticks (mammarenaviruses) (Downs et al., 1963, Sayler et al., 2014), and snakes
(reptarenaviruses, hartmaniviruses) (Hetzel et al., 2013, Hepojoki et al., 2018, Hepojoki et al.,
2015, Stenglein et al., 2012). The geographic distribution of arenaviruses overlaps with the distribution of
their hosts. Most mammalian arenaviruses infect rodents of preferentially one or a few species and are,
therefore, geographically constrained to their hosts, but LCMV, which infects the ubiquitous house mouse
(Mus musculus Linnaeus, 1758) appears distributed globally (Childs 1993). The natural distribution of
reptilian arenaviruses is unknown as they have only been detected in captive snakes thus far (Hetzel et
al., 2013, Hepojoki et al., 2018, Hepojoki et al., 2015, Stenglein et al., 2012). A diverse range of vertebrate
cell lines are permissive to mammalian arenavirus infection in vitro; certain reptilian cell lines support
replication of reptilian arenaviruses (Hepojoki et al., 2018, Stenglein et al., 2012, Lukashevich et al.,
1983).


Antigenicity


Systematic antigenicity studies have only been reported for mammarenavirions (see section
on Mammarenavirus genus page). 


Genus demarcation criteria


Classification of arenaviruses is currently based on pairwise sequence comparisons (PASC) of coding-
complete genomes. Based on the most current sequence dataset, S segment and L segment nucleotide
sequence identities for viruses within the same genus need to be higher than 40% and 35%, respectively
(Radoshitzky et al., 2015). Four genera have been established to date. Viruses assigned to a genus form
a monophyletic clade in well-supported maximum likelihood trees using complete L and NP nucleotide
sequences and/or core L palm domain sequences. Use of L and NP for taxonomic purposes is justified by
the presence of broadly conserved domains and the rarity of reassortment between genetic segments, at
least in mammarenaviruses. Hence, the availability of at least coding-complete sequences of all genome
segments may be sufficient for arenavirus classification in the absence of a cultured isolate. Classification
is also possible when at least a coding-complete genomic S segment sequence is available together with
a cultured isolate (Radoshitzky et al., 2015). However, at the present time, classification also includes the
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consideration of phenotypic characters such as significant differences in member virus genome
architecture, virion antigenicity, and virus ecology (e.g., host range, pathobiology, and transmission
patterns).


Derivation of names 


Arenaviridae: from the Latin arenosus meaning “sandy” and arena meaning “sand,” in recognition of the
“sandy” appearance of mammarenavirus particles observed in electron-microscopic thin sections (Rowe
et al., 1970a).


Relationships within the family


Phylogenetic relationships across the family have been established from maximum likelihood trees
generated using complete L amino acid sequences (Figure 4.Arenaviridae). Phylogenetic relationships
between viruses assigned to more closely related genera and within genera can also be established using
other structural protein genes, notably NP.



https://www.ncbi.nlm.nih.gov/pubmed/4986852





12/27/2021 Arenaviridae - Arenaviridae - Negative-sense RNA Viruses - ICTV


https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/w/arenaviridae 9/11







12/27/2021 Arenaviridae - Arenaviridae - Negative-sense RNA Viruses - ICTV


https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/w/arenaviridae 10/11


Figure 4.Arenaviridae. Maximum likelihood phylogenetic tree inferred from PRANK alignment
(Löytynoja and Goldman 2008) of the complete L amino acid sequences of 50 arenaviruses assigned
to the genera Antennavirus (blue dots, blue rings for unclassified viruses the
genus), Hartmanivirus(green dots), Mammarenavirus (red dots) and Reptarenavirus (yellow dots),
along with representative viruses of other bunyavirus families (other colors of dots). The best-fit model
of protein evolution (LG+G) was selected using ProtTest 3 (v. 3.4.2) (Darriba et al., 2011). The
maximum likelihood tree with 1,000 bootstrap replicates was produced using RAxML (v. 8)
(Stamatakis 2014). The percentage of replicate trees in which the associated taxa clustered together
in the bootstrap is shown next to branch nodes (when ≥ 70%). The tree was visualized using FigTree
(http://tree.bio.ed.ac.uk) and is mid-point rooted. This phylogenetic tree and corresponding sequence
alignment are available to download from the Resources page.


Relationships with other taxa 


Arenaviruses are closely related to Húběi myriapoda virus 5 (Bunyavirales: Mypoviridae) (Shi et al., 2016).


Related, unclassified viruses 


Additional unclassified arenaviruses that are probable members of existing genera are listed under
individual genus descriptions.


Virus name Accession number Virus abbreviation


DF 20/00 virus (Granzow et al., 2014) Not available -


DF 26/02 virus (Granzow et al., 2014) Not available -


Hyriopsis cumingii Lea plague virus (Carella et
al., 2016, Zhong et al., 2011)


Not available HcPV


Virus names and abbreviations are not official ICTV designations.


Member taxa


Antennavirus
Hartmanivirus
Mammarenavirus
Reptarenavirus
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Summary


The family Paramyxoviridae consists of large enveloped RNA viruses infecting mammals and birds, or in
some cases reptiles and fish (Table 1.Paramyxoviridae). Many paramyxoviruses are host-specific and
several such as measles virus, mumps virus, Nipah virus, Hendra virus and several parainfluenza viruses
are pathogenic for humans. Virus transmission is horizontal, mainly through direct contact and airborne
routes; no vectors are known.


Table 1.Paramyxoviridae. Characteristics of members of the family Paramyxoviridae


Characteristic Description


Typical member
measles virus, Ichinose-B95a (AB016162), species Measles morbillivirus,
genus Morbillivirus


Virion
Enveloped, pleomorphic (mostly spherical) virions with a diameter of 300–500
nm enclosing a ribonucleoprotein


Genome Negative-sense, non-segmented RNA genomes of 14.6–20.1 kb


Replication
Cytoplasmic, by the virus ribonucleoprotein complex, involves replication of
antigenome and transcription of 6–8 positive-sense mRNAs


Translation Cytoplasmic, by cellular machinery from capped and poly-adenylated mRNAs


Host range Mammals, birds, fish and reptiles


 



https://www.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.001328

http://taxonomy.cvr.gla.ac.uk/PDF/Paramyxoviridae.pdf
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Taxonomy Realm Riboviria, phylum Negarnaviricota, class Monjiviricetes,
order Mononegavirales. Currently 4 subfamilies, 17 genera and 78 species


Virion 


Morphology


Virions are 150 nm or more (up to 500nm) in diameter, pleomorphic, but usually spherical in shape in
vitreous ice. Virions consist of a lipid envelope surrounding a nucleocapsid. The envelope is derived
directly from the host cell plasma membrane by budding and contains two transmembrane glycoproteins
(Figure 1.Paramyxoviridae). These are present as homo-oligomers and form spike-like projections, 8–12
nm in length, spaced 7–10 nm apart (depending on virus genus affiliation). Also, depending on the genus,
one or two additional transmembrane proteins may be present. One non-glycosylated membrane or matrix
protein is associated with the inner face of the envelope. The virus nucleocapsid consists of negative-
sense virus genome RNA and the nucleocapsid protein (N). The nucleocapsid has helical symmetry and is
approximately 18 nm in diameter with a 7 nm pitch; its length can be up to 1,000 nm in viruses of some
genera. The ribonucleoprotein (RNP) complex in the virion consists of the nucleocapsid together with the
polymerase-associated or phosphoprotein (P) and the L protein (L, including RNA-directed RNA
polymerase, capping and cap methylation activities) (Lamb and Parks 2007). Multiploid virions are found,
although the vast majority of virions contain a single functional genome.  


Figure 1.Paramyxoviridae. Paramyxovirus virion structure. (A) Negative-contrast electron
micrograph of intact measles virus particle (genus Morbillivirus). Scale bar = 100 nm. (B) Schematic
diagram of paramyxovirus particle in cross-section.


Physicochemical and physical properties



https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1198/references-paramyxoviridae
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Virion Mr is about 500 ×10 , and much greater for multiploid virions. Virion buoyant density in sucrose is
1.18–1.20 g cm . Virion S  is at least 1000S. Virions are very sensitive to heat, lipid solvents, ionic and
non-ionic detergents, formaldehyde and oxidizing agents.


Nucleic acid


Virions contain a single molecule of linear, negative-sense, single stranded RNA that is not infectious
alone but is infectious if the RNP complex is introduced into the cytoplasm. The RNA genome varies from
14,296 nucleotides for Antarctic penguin virus B to 20,148 nt for Pohorje Myodes paramyxovirus 1.
Genomes of all viruses in the family Paramyxoviridae are multiples of 6 nt, which is a requirement for
efficient replication (Calain and Roux 1993). Some virions may contain positive-sense RNA and so partial
self-annealing of extracted RNA may occur. Intracellularly, or in virions, genome-length RNA is found
exclusively encapsidated in ribonucleocapsids (RNPs). The genome RNA does not contain a 5′-cap, nor a
covalently linked protein. The genome 3′-end is not polyadenylated.


Proteins


Members of the family Paramyxoviridae encode 6–10 proteins (5–250 kDa) of which several can be
derived either from gene editing events in the P locus and an overlapping ORF in the P gene itself (Figure
2.Paramyxoviridae). Virion proteins common to all genera include: three nucleocapsid-associated
proteins, i.e., an RNA-binding nucleocapsid protein (N), a polymerase-associated phosphoprotein (P) and
a large protein (L, including an RNA-directed RNA polymerase (RdRP), mRNA guanylyl- and
methyltransferases, and methylation functions required for the capping of mRNAs), and three membrane-
associated proteins, i.e., an unglycosylated inner membrane or matrix protein (M) and two glycosylated
envelope proteins, comprising a fusion protein (F) and an attachment or receptor-binding protein (RBP,
designated variably as HN, haemagglutinin-neuraminidase protein, H, haemagglutinin or G, glycoprotein).
The F protein is synthesized within infected cells as a precursor (F ) that is activated following cleavage
by cellular protease(s) to produce the virion disulfide-linked F  and F  subunits (order: N-F -S-S-F -C).
Some viruses also encode putative non-structural proteins (C), a cysteine-rich protein that binds Zn  (V)
that can be structural or non-structural depending on the virus, a small integral membrane protein (SH)
and transmembrane proteins (tM). Some virus genomes, such as that of the fer-de-lance virus, contain
transcription units encoding proteins with unidentified functions. Virion enzyme activities include the RNA-
directed RNA polymerase and mRNA guanylyl- and methyltransferases functionally encoded in the L
protein. Variously represented among the genera are neuraminidases associated with the RBP.


Lipids


Lipids in the virus envelope are derived from host cell plasma membrane.


Carbohydrates
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https://www.ncbi.nlm.nih.gov/pubmed/8392616





12/27/2021 Paramyxoviridae - Paramyxoviridae - Negative-sense RNA Viruses - ICTV


https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/w/paramyxoviridae 4/16


Virions are composed of approximately 6% carbohydrate by weight; composition is dependent on the host
cell. Fusion and RBP proteins are glycosylated by N-linked carbohydrate side chains.


Genome organization and replication


The genome organization is illustrated in Figure 2.Paramyxoviridae for viruses representing 14 of the
genera in the family.  
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Figure 2.Paramyxoviridae. Genome organization (3′-to-5′) of viruses in the family Paramyxoviridae.
Each box represents a separately encoded coding sequence; slashes indicate where multiple distinct
ORFs are present within mRNA transcripts. Co-transcriptional editing leads to expression of the V or
the P protein: the first shown is derived from the unedited sequence. The lengths of the boxes are
approximately to scale although the non-coding sequences (NCS) are not to scale. Certain viruses
express additional C proteins by the using multiple secondary translational start sites within the P
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gene. In human parainfluenza virus 1 and human parainfluenza virus 3 of the genus Respirovirus, the
V ORF may be a non-expressed relic, the function of which may be partially compensated by an
edited D protein. U is an additional transcription unit between the N and P genes in ferlavirus
genomes.


After attachment to cell receptors, virion entry is achieved by fusion of the virion envelope with the cell
surface membrane. This can occur at neutral pH. Virus replication occurs in the cell cytoplasm and is
thought to be independent of host nuclear functions. The genome is transcribed processively from the 3′-
end by the virion-associated RdRP into 6–8 separate positive-sense mRNAs. Transcription is guided by
short (10–13 nt) conserved gene start (GS) and gene end (GE) signals flanking the intergenic sequence.
The mRNAs are capped by the guanylyl- and methyltransferase activities of the L protein and possess 3′-
poly(A) tracts synthesized by reiterative copying of U tracts in GE sequence. Intergenic regions are highly
conserved in length (3 nt) and sequence (CUU with few exceptions see Table 2.Paramyxoviridae for
details) in the orthoparamyxoviruses and metaparamyxoviruses. Neither, the length or sequence of the
intergenic sequences is conserved in avulavirus or rubulavirus genomes. RNA replication occurs through
an intermediate, the antigenome, which is an exact positive-sense copy of the genome.


RNP assembly occurs in the cytoplasm and is tightly linked to RNA synthesis. RNPs are enveloped by
budding at the cell surface plasma membrane at sites containing virion envelope proteins.
Orthoparamyxovirus genomes contain 6–8 transcriptional elements that encode 7–11 proteins. Each
element encodes a single mRNA with the exception of the P/V element. This element is transcribed into
an exact copy mRNA (P or V mRNA, depending on genus) and into alternative versions in which the RNA
transcriptase ‘stutters’ on the template at an editing motif midway down the element. This stuttering results
in the insertion of one or more pseudo-templated G nucleotides (“RNA editing”) and shifts the reading
frame to access alternative ORFs. The exact copy and edited mRNAs synthesize two alternative proteins,
P and V, which have identical amino-terminal domains but due to the insertions of G residues have
different carboxy-terminal domains. Other truncated, or chimeric, proteins (called I, W, or D, depending on
the virus) can be produced by shifting into the third reading frame. The C ORF present in henipavirus,
morbillivirus, narmovirus, jeilongvirus, aquaparamyxovirus and respirovirus genomes overlaps the P ORF
and can initiate synthesis at an AUG codon that is accessed by ribosomal choice or at alternative start
codons in the same ORF.


Biology 


Paramyxoviruses have been conclusively identified only in vertebrates and mostly in mammals and birds,
although they have recently also been detected in reptiles and fish, including boneless fish. Most viruses
have a narrow host range in nature but can infect a broader range of cultured cells. Infection of cultured
cells is generally lytic, but temperate or persistent infections are common in this family in vitroand in vivo.
Other features of infection include the formation of inclusion bodies and syncytia. Host cell surface
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molecules reported to serve as receptors for the attachment for members of the family vary (Thibault et
al., 2017). Respiroviruses, some rubulaviruses and all avulaviruses use sialoglycoproteins and glycolipids
as receptors. The cell surface proteins signaling lymphocytic activation molecule family member 1
(SLAMF1, aka CD150) and nectin cell adhesion molecule 4 (nectin 4) are major receptors for measles
virus and other morbilliviruses. Henipaviruses use ephrin B2 (EFNB2) and B3 (EFNB3) proteins as cellular
entry receptors (Table 2.Paramyxoviridae).


Table 2.Paramyxoviridae. Receptor and receptor binding protein properties of paramyxoviruses


Orthoparamyxovirinae


Genus Virus
RBP name /


amino acid
residues


Sequence at
start of RBP
propeller blade
2


Cell receptor
Intergenic
trinucleotides


 


Aquaparamyxovirus Atlantic salmon
paramyxovirus HN 576 NRKSCS ?  probably  neuraminic


acid CUU + CAU (F-HN)


Aquaparamyxovirus Pacific salmon
paramyxovirus HN 578 NRKSCS ?  probably  neuraminic


acid CUU


Ferlavirus fer-de-lance virus HN 564 NRKSCS ?  probably  neuraminic
acid


CCU(3x)+ CUU(4x)
alternating


Jeilongvirus Beilong virus “G” 734 NRRSCT ?  CUU


Jeilongvirus Tailam virus “G” 1052 NRRSCT ? CUU


Jeilongvirus J-virus “G” 709 NRRSCS ? CUU


Jeilongvirus Pohorje Myodes
paramyxovirus 1 “G” 1589 NRRSCT ? CUU


Jeilongvirus Mount Mabu Lophuromys
virus 1 “G” 854 NRKSCT ? CUU


Jeilongvirus Mount Mabu  Lophuromys
virus 2 “G” 810 NRKSCS ? probably  neuraminic


acid CUU


Jeilongvirus Shaan virus HN 588 NRKSCS ? probably  neuraminic
acid CUU + CGU (F-SH)


Henipavirus Hendra virus G 604 TIHHCS EFNB2/3 CUU


# *



https://www.ncbi.nlm.nih.gov/pubmed/28433050
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Henipavirus Nipah virus G 420 TVYHCS EFNB2/3 CUU


Henipavirus Cedar virus G 622 QVINCV EFNB2 CUU


Henipavirus Mòjiāng virus G 625 IINSCA protein? CUU


Henipavirus Ghana virus G 632 NYHSCT EFNB2 CUU + CUG (F-G)


Morbillivirus measles virus wt H 617 DFSNCM SLAMF1/NECTIN4 CUU + CGU (H-L)


Morbillivirus measles Ed-Zag vac H 617 DLSNCM SLAMF1/NECTIN4/CD46 CUU + CGU (H-L)


Morbillivirus canine distemper virus H 607 KTKVCT SLAMF1/NECTIN4 CUU + CUA (H-L)


Morbillivirus canine distemper virus
vaccine H 607 KAKVCT SLAMF1/NECTIN4/? CUU + CUA (H-L)


Morbillivirus phocine distemper virus H 607 NTKICT SLAMF1/NECTIN4t CUU + CUA (H-L)


Morbillivirus rinderpest virus H 609 ELETCM SLAMF1/NECTIN4 CUU + CGU (H-L)


Morbillivirus peste des petits ruminants
virus H 609 DYRSCL SLAMF1/NECTIN4 CUU


Morbillivirus dolphin morbillivirus H 604 GLNFCL SLAMF1/ NECTIN4 CUU


Morbillivirus feline morbillivirus H 595 GMESCT SLAMF1/ NECTIN4 CUU + CUA (M-F)


Narmovirus Nariva virus “H” 657 AYDGCA protein? CUU


Narmovirus Mossman virus “G” 632 VFDGCS protein? CUU + CGU (F-H)


Narmovirus bank vole virus 1 “G” 625 LRDSCT protein?
CUU + CUA (P-M
and F-H and L-t);
CAU (M-F)


Narmovirus Tupaia paramyxovirus “H” 665 NLRDCS protein? CUU


Respirovirus human parainfluenza virus
1 HN 575 NRKSCS Neuraminic acid CUU + CGU (P-M)


Respirovirus Sendai virus HN 575 NRKSCS Neuraminic acid CUU + CCC (HN-L)
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Respirovirus giant squirrel virus HN 574 NRKSCS ? probably neuraminic
acid


CUU +CAU (HN-L)


Respirovirus human parainfluenza virus
3 HN 572 NRKSCS Neuraminic acid CUU


Respirovirus bovine parainfluenza virus
3 HN 572 NRKSCS Neuraminic acid CUU


Respirovirus porcine parainfluenza virus
1 HN 576 NRKSCS ? probably  neuraminic


acid CUU


Respirovirus caprine parainfluenza virus
3 HN 574 NRKSCS ? probably  neuraminic


acid CUU


Salemvirus Salem virus “G” 620 LSGKCT protein? CUU + CCU(P-M) +
CGU (F-G)


Metaparaymyxovirinae


Genus Virus


RBP name
/


amino acid
residues


Sequence at start
of RBP propeller
blade 2


Cell receptor
Intergenic
trinucleotides


 


Synodonvirus Wēnlǐng triplecross lizardfish
paramyxovirus “HN”621 PAPSCP protein? CUU + CAUCUU (F-


HN)


Rubulavirinae


Genus Virus
RBP name/


amino acid
residues


Sequence at start of
RBP propeller blade
2


Cell receptor


Orthorubulavirus mumps virus HN 582 NRKSCS Neuraminic acid


Orthorubulavirus La Piedad Michoacán Mexico virus HN 576 NRKSCS ? probably neuraminic.acid


Orthorubulavirus Mapuera virus HN 582 NRKSCS ? probably neuraminic acid


Orthorubulavirus simian virus 41 HN 568 NRKSCS ? probably neuraminic acid


Orthorubulavirus human parainfluenza virus 2 HN 571 NRKSCS ? probably neuraminic acid


#
*


# *
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Orthorubulavirus human parainfluenza virus 4 HN 579 NRKSCS ? probably neuraminic acid


Orthorubulavirus parainfluenza virus 5 HN 532 NRKSCS Neuraminic acid


Orthorubulavirus Alston virus HN 565 NRKSCS ? probably neuraminic acid


Pararubulavirus Menangle virus “HN” 595 PVRTCS protein?


Pararubulavirus Tioman virus “HN” 593 QARGCS protein?


Pararubulavirus Teviot virus “HN” 595 QTRGCS protein?


Pararubulavirus Achimota virus 1 “HN” 595 VTYQCS protein?


Pararubulavirus Achimota virus 2 “HN” 583 FRRGCS protein?


Pararubulavirus Hervey virus “HN” 543 PKRSCS protein?


Pararubulavirus Tuhoko virus 1 “HN” 580 WLRSCS protein?


Pararubulavirus Tuhoko virus 2 “HN” 588 VSRQCS protein?


Pararubulavirus Tuhoko virus 3 “HN” 582 RLYHCS protein?


Pararubulavirus Sosuga virus “HN” 582 RLYHCS protein?


Avulavirinae


Genus Virus
RBP name/ 


amino acid
residues


Sequence at start
of RBP propeller
blade 2


Cell receptor


Metaavulavirus avian paramyxovirus 2 HN 580 NRKSCS ? probably neuraminic acid


Metaavulavirus avian paramyxovirus 5 HN 574 NRKSCS ? probably neuraminic acid


Metaavulavirus avian paramyxovirus 6 HN 613 NRKSCS ? probably neuraminic acid


Metaavulavirus avian paramyxovirus 7 HN 569 NRKSCS ? probably neuraminic acid


Metaavulavirus avian paramyxovirus 8 HN 577 NRKSCS ? probably neuraminic acid


*
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Metaavulavirus avian paramyxovirus 10 HN 575 NRKSCS ? probably neuraminic acid


Metaavulavirus avian paramyxovirus 11 HN 583 NRKSCS ? probably neuraminic acid


Metaavulavirus avian paramyxovirus 14 HN 580 NRKSCS ? probably neuraminic acid


Metaavulavirus avian paramyxovirus 15 HN 579 NRKSCS ? probably neuraminic acid


Metaavulavirus avian paramyxovirus 20 HN 574 NRKSCS ? probably neuraminic acid


Orthoavulavirus avian paramyxovirus 1 (NDV) HN 571 NRKSCS Neuraminic acid


Orthoavulavirus avian paramyxovirus 9 HN 579 NRKSCS ? probably neuraminic acid


Orthoavulavirus avian paramyxovirus 12 HN 614 NRKSCS ? probably neuraminic acid


Orthoavulavirus avian paramyxovirus 13 HN 579 NRKSCS ? probably neuraminic acid


Orthoavulavirus avian paramyxovirus 16 HN 618 NRKSCS ? probably neuraminic acid


Orthoavulavirus Antarctic penguin virus A HN 599 NRKSCS ? probably neuraminic acid


Orthoavulavirus Antarctic penguin virus B HN 591 NRKSCS ? probably neuraminic acid


Orthoavulavirus Antarctic penguin virus C HN 587 NRKSCS ? probably neuraminic acid


Orthoavulavirus avian paramyxovirus 21 HN 567 NRKSCS ? probably neuraminic acid


Paraavulavirus avian paramyxovirus 3 HN 577 NRKSCS ? probably neuraminic acid


Paraavulavirus avian paramyxovirus 4 HN 569 NRKSCS ? probably neuraminic acid


 The nomenclature for RBP (G, H or HN) used in the accessions in the data bank submissions is shown in quotation marks.  


 The canonical NRKSCS sequence at the start of propeller blade 2 (Langedijk et al., 1997) is shown in bold lettering; in
the Avulavirinae and Rubulavirinae intergenic sequences vary widely in length and sequence and hence are not recorded in the Table.


Nucleocapsids associate with virus membrane proteins at the plasma membrane and are enveloped by
budding out at the membrane.  


#


*



https://www.ncbi.nlm.nih.gov/pubmed/9223510
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Transmission of paramyxoviruses is horizontal, mainly through airborne and direct contact routes; no
vectors are known. Paramyxovirus infection typically begins in the respiratory tract and may remain at that
site (e.g., human parainfluenza virus 1 [HPIV-1]) or spread to secondary sites (e.g., lymphoid and
endothelial tissues for measles virus (MV) (Griffin 2007), the parotid gland, CNS and endothelial tissues
for mumps virus (MuV) (Carbone and Rubin 2007) or lung and CNS for Hendra virus (HeV) and Nipah
virus (NiV) (Eaton et al., 2007). In general, paramyxovirus infections are limited, and eliminated, by host
immunity. However, virus can sometimes be shed for periods of weeks or months in healthy and,
especially, in immunocompromised individuals. Latent infection is unknown. However, long-term persistent
infection is known for several morbilliviruses such as MV in subacute sclerosing panencephalitis, a rare
complication that involves persistence of a defective measles virus in the CNS for periods of, on average,
8 years. Old dog distemper can involve persistence of defective or fully infectious canine distemper virus
for weeks or months in healthy and, especially, immunocompromised animals. Feline morbillivirus has
been shown to be shed for long periods from the kidneys of cats. The recurrence of neurological
manifestations has also been noted in NiV patients more than 4 years after recovery from acute
encephalitis (Eaton et al., 2007).


Antigenicity 


The RBP and F proteins are of primary importance in inducing virus-neutralizing antibodies and immunity
against reinfection. Antibodies to N and, variably, to other virus proteins also are induced by infection.
Following processing into small peptides the virus proteins also stimulate cell-mediated immune
responses. 


Derivation of names 


Avula: from avian and rubula


Cynoglossusvirus: from the genus Cynoglossus of the fish from which the virus sequence was obtained


Henipa: from Hendra and Nipah viruses, the first isolates assigned to this genus


Hoplichthysvirus: from the genus Hoplichthys of the fish from which the virus sequence was obtained


Meta: from Greek meta, meaning “after, beyond”.


Morbilli: from Latin morbillus, diminutive of morbus, “disease”.


Ortho: from Greek orthos, “straight”.


Paramyxo: from Greek para, “by the side of”, and myxa, “mucus”.



https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1198/references-paramyxoviridae
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Pneumo: from Greek pneuma, “breath”.


Respiro: from Latin respirare, “respire, breathe”.


Rubula: from Rubula inflans – old name for the disease mumps from Latin Rubula, red; inflans, swelling or
puffing up.


Scoliodonvirus: from binomial name Scoliodon macrorhynchos (Bleeker 1852) of Pacific spadenose shark
from which the virus sequence was obtained


Subfamily, genus and species demarcation criteria


The current paramyxovirus taxonomic structure is based on a comparison of complete L protein amino
acid sequences. The Paramyxoviridae Study Group decided to use this as a sole criterion on the basis of
the likely monophyly of this large and complex virus protein (Wolf et al., 2018, Dolja and Koonin
2018)consequential upon the ICTV decision to classify viruses even if only known from their genome
sequences (Simmonds et al., 2017) . The genetic-based classification reflected previous classifications
based on biological characteristics, which are unlikely to be known for all the new paramyxovirus
sequences that have become available (Rima et al., 2018). Four subfamilies have been established on
the basis of their genetic distance from the node distinguishing the family Paramyxoviridae from
the Sunviridae, which is the closest related outlier family. These distances (substitutions per site) are
respectively 0.64 for the Metaparamyxovirinae, 0.80 for the Avulavirinae, 0.82 for
the Orthoparamyxovirinae and 0.90 for the Rubulavirinae. 


Relationships within the family


Phylogenetic analysis of complete L protein amino acid sequences (Figure 3.Paramyxoviridae) supports
the classification of paramyxoviruses into four subfamilies and fourteen genera based on genetic
distances; in addition, three viruses are members of species that are not assigned to a genus or subfamily



https://www.ncbi.nlm.nih.gov/pubmed/30482837

https://www.ncbi.nlm.nih.gov/pubmed/29103997

https://www.ncbi.nlm.nih.gov/pubmed/28134265

https://www.ncbi.nlm.nih.gov/pubmed/29372404
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Figure 3.Paramyxoviridae. Phylogenetic analysis of complete L protein amino acid sequences of
members of the family Paramyxoviridae. Complete L protein amino acid sequences were aligned by
Clustal W with gap generation penalties of 5 and extension penalties of 1 in both multi and pairwise
alignments. The evolutionary history was inferred by using the Maximum Likelihood method and JTT
matrix-based model. The tree with the highest log likelihood (-258124.74)  is shown. The percentage
of 500 trees in which the associated taxa clustered together is shown next to the branches where this
was > 70%. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-
Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then
selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch
lengths measured in the number of substitutions per site. This analysis involved 78 amino acid
sequences. There were a total of 2745 positions in the final dataset. Evolutionary analyses were
conducted in MEGA X (Kumar et al., 2018). This phylogenetic tree and corresponding sequence
alignment are available to download from the Resources page.


Relationships with other taxa


The member viruses of the family Paramyxoviridae have a similar strategy of gene expression and
replication and gene order to those of other mononegaviruses, specifically filoviruses and rhabdoviruses.


Member taxa


Avulavirinae
Metaavulavirus
Orthoavulavirus
Paraavulavirus


Metaparamyxovirinae
Synodonvirus


Orthoparamyxovirinae
Aquaparamyxovirus
Ferlavirus
Henipavirus
Jeilongvirus
Morbillivirus
Narmovirus
Respirovirus
Salemvirus


Rubulavirinae
Orthorubulavirus



https://www.ncbi.nlm.nih.gov/pubmed/29722887
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https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1194/genus-metaavulavirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1193/genus-orthoavulavirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1195/genus-paraavulavirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1187/subfamily-metaparamyxovirinae

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1188/genus-synodonvirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1178/subfamily-orthoparamyxovirinae

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1180/genus-aquaparamyxovirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1181/genus-ferlavirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1182/genus-henipavirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1185/genus-jeilongvirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1183/genus-morbillivirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1184/genus-narmovirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1179/genus-respirovirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1186/genus-salemvirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1189/subfamily-rubulavirinae

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1190/genus-orthorubulavirus
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Pararubulavirus
Genera unassigned to a subfamily


Cynoglossusvirus
Hoplichthysvirus
Scoliodonvirus



https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1191/genus-pararubulavirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1375/genus-cynoglossusvirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1376/genus-hoplichthysvirus

https://talk.ictvonline.org/ictv-reports/ictv_online_report/negative-sense-rna-viruses/mononegavirales/w/paramyxoviridae/1377/genus-scoliodonvirus




Paramyxoviridae

		Paramyxoviridae		Subfamily		Genus		Species

		ICTV October 2020		Avulavirinae

		4 subfamilies				Metaavulavirus		Avian metaavulavirus 2		Avian metaavulavirus 5		Avian metaavulavirus 6		Avian metaavulavirus 7		Avian metaavulavirus 8		Avian metaavulavirus 10		Avian metaavulavirus 11		Avian metaavulavirus 14		Avian metaavulavirus 15		Avian metaavulavirus 20		Avian metaavulavirus 22

		17 genera				Orthoavulavirus		Avian orthoavulavirus 1		Avian orthoavulavirus 9		Avian orthoavulavirus 12		Avian orthoavulavirus 13		Avian orthoavulavirus 16		Avian orthoavulavirus 17		Avian orthoavulavirus 18		Avian orthoavulavirus 19		Avian orthoavulavirus 21

		78 species				Praavulavirus		Avian paraavulavirus 3		Avian paraavulavirus 4

				Metaparamyxovirinae

						Synodonvirus		Synodus synodonvirus

				Orthoparamyxovirinae

						Aquaparamyxovirus		Oncorhynchus aquaparamyxovirus		Salmo aquaparamyxovirus

						Ferlavirus		Reptilian ferlavirus

						Henipavirus		Cedar henipavirus		Ghanaian bat  henipavirus		Hendra henipavirus		Mojiang henipavirus		Nipah henipavirus

						Jeilongvirus		Beilong jeilongvirus		Jun jeilongvirus		Lophuromys jeilongvirus 1		Lophuromys jeilongvirus 2		Miniopteran jeilongvirus		Myodes jeilongvirus		Tailam jeilongvirus

						Morbillivirus		Canine morbillivirus		Cetacean morbillivirus		Feline morbillivirus		Measles morbillivirus		Phocine morbillivirus		Rinderpest morbillivirus		Small ruminant morbillivirus

						Narmovirus		Mossman narmovirus		Myodes narmovirus		Nariva narmovirus		Tupaia narmovirus

						Respirovirus		Bovine respirovirus 3		Caprine respirovirus 3		Human respirovirus 1		Human respirovirus 3		Murine respirovirus		Porcine respirovirus 1		Squirrel respirovirus

						Salemvirus		Salem salemvirus

				Rubulavirinae

						Orthorubulavirus		Human orthorubulavirus 2		Human orthorubulavirus 4		Mammalian orthorubulavirus 5		Mammalian orthorubulavirus 6		Mapuera orthorubulavirus		Mumps orthorubulavirus		Porcine orthorubulavirus		Simian orthorubulavirus

						Pararubulavirus		Achimota pararubulavirus 1		Achimota pararubulavirus 2		Hervey pararubulavirus		Menangle pararubulavirus		Sosuga pararubulavirus		Teviot pararubulavirus		Tioman pararubulavirus		Tuhoko pararubulavirus 1		Tuhoko pararubulavirus 2		Tuhoko pararubulavirus 3

						Cynoglossusvirus		Cynoglossus cynoglossusvirus

						Hoplichthysvirus		Hoplichthys hoplichthysvirus

						Scoliodonvirus		Scoliodon scoliodonvirus













Paramyxovirus ranking

		Genus		Spillover rank of 887/risk score		Zoonotic		Human 																		Notes

		Metaavulavirus		Avian metaavulavirus 2		Avian metaavulavirus 5		Avian metaavulavirus 6		Avian metaavulavirus 7		Avian metaavulavirus 8		Avian metaavulavirus 10		Avian metaavulavirus 11		Avian metaavulavirus 14		Avian metaavulavirus 15		Avian metaavulavirus 20				Avian paramyxovirus, migratory birds, natural reservoir, can cause high mortality.

		Orthoavulavirus		Avian orthoavulavirus 1 (Newcastle disease)		Avian orthoavulavirus 9		Avian orthoavulavirus 12		Avian orthoavulavirus 13		Avian orthoavulavirus 16		Avian orthoavulavirus 17		Avian orthoavulavirus 18		Avian orthoavulavirus 19		Avian orthoavulavirus 21						Avian paramyxovirus, migratory birds, natural reservoir, can cause high mortality ie Newcastle disease..

		Praavulavirus		Avian paraavulavirus 3		Avian paraavulavirus 4



		Synodonvirus		Synodus synodonvirus																						Isolated from a triplecross lizardfish



		Aquaparamyxovirus		Oncorhynchus aquaparamyxovirus		Salmo aquaparamyxovirus																				Isolated from Atlantic and Pacific Salmon

		Ferlavirus		Reptilian ferlavirus																						Isolated from a fer-de-lance snake and anaconda snakes.

		Henipavirus		Cedar henipavirus		Ghanaian bat  henipavirus		Hendra henipavirus		Mojiang henipavirus		Nipah henipavirus 5/86		Paramyxovirus PREDICT PMV-61 411/56

		Jeilongvirus		Beilong jeilongvirus 54/70		Jun jeilongvirus		Lophuromys jeilongvirus 1		Lophuromys jeilongvirus 2		Miniopteran jeilongvirus		Myodes jeilongvirus		Tailam jeilongvirus 610/52										Beilong virus widely distributed in rodents and shrews in China.

		Morbillivirus		Canine morbillivirus		Cetacean morbillivirus		Feline morbillivirus		Measles morbillivirus 100/66		Phocine morbillivirus		Rinderpest morbillivirus		Small ruminant morbillivirus		Paramyxovirus PREDICT PMV-83 72/68		Paramyxovirus PREDICT PMV-83 72/68		Paramyxovirus PREDICT PMV-63 85/67		Paramyxovirus PREDICT PMV-55 325/57		Paper suggesting Measles virus adapted to dogs forming canine distemper.

		Narmovirus		Mossman narmovirus		Myodes narmovirus		Nariva narmovirus		Tupaia narmovirus																Isolated from rodents

		Respirovirus		Bovine respirovirus 3		Caprine respirovirus 3		Human respirovirus 1		Human respirovirus 3 80/67		Murine respirovirus (Sendai virus) 70/68		Porcine respirovirus 1		Squirrel respirovirus										Sendai virus pathogen of lab mice, etiology of a fatal epidemic of newborn pneumonitis in Japan 1952

		Salemvirus		Salem salemvirus

		Orthorubulavirus		Human orthorubulavirus 2		Human orthorubulavirus 4		Mammalian orthorubulavirus 5		Mammalian orthorubulavirus 6		Mapuera orthorubulavirus		Mumps orthorubulavirus		Porcine orthorubulavirus		Simian orthorubulavirus								Mammalian orthorubulavirus 6 (Alston virus) isolated from bats and produces respiratory infection in a ferret model. Mapuera isolated from bats.

		Pararubulavirus		Achimota pararubulavirus 1		Achimota pararubulavirus 2		Hervey pararubulavirus		Menangle pararubulavirus		Sosuga pararubulavirus		Teviot pararubulavirus		Tioman pararubulavirus		Tuhoko pararubulavirus 1		Tuhoko pararubulavirus 2		Tuhoko pararubulavirus 3				Menangle in flying foxes, infected sows, human cases with an ILI. 

		Cynoglossusvirus		Cynoglossus cynoglossusvirus																						Gut from a flatfish.

		Hoplichthysvirus		Hoplichthys hoplichthysvirus																						Isolated from a fish.

		Scoliodonvirus		Scoliodon scoliodonvirus																						Isolated from a shark.

		Unassigned				Ranking		Risk				Ranking		Risk				Ranking		Risk

				Paramyxovirus PREDICT PMV-10		39		72.0790248107		Paramyxovirus PREDICT PMV-47		248		59.1171289591		Paramyxovirus PREDICT PMV-14		504		53.4084108752

				Paramyxovirus PREDICT PMV-13		48		70.9955371244		Paramyxovirus PREDICT PMV-104		252		58.8354634868		Paramyxovirus PREDICT PMV-17		505		53.4084108752

				Paramyxovirus PREDICT PMV-15		49		70.9771611597		Paramyxovirus PREDICT PMV-172		254		58.8354634868		Paramyxovirus PREDICT PMV-27		506		53.4084108752

				Paramyxovirus PREDICT PMV-149		60		69.6090976692		Paramyxovirus PREDICT PMV-103		251		58.8354634868		Paramyxovirus PREDICT PMV-73		507		53.4084108752

				Paramyxovirus PREDICT PMV-56		62		69.2220226431		Paramyxovirus PREDICT PMV-109		253		58.8354634868		Paramyxovirus PREDICT PMV-23		509		53.3878810498

				Paramyxovirus PREDICT PMV-145		66		68.5584660541		Paramyxovirus PREDICT PMV-130		257		58.7141609226		Paramyxovirus PREDICT PMV-31		510		53.3631364838

				Paramyxovirus PREDICT PMV-49		74		67.6502521751		Paramyxovirus PREDICT PMV-93		258		58.6803390678		Paramyxovirus PREDICT PMV-59		513		53.2416239848

				Paramyxovirus PREDICT PMV-58		89		66.4728169435		Paramyxovirus PREDICT PMV-96		260		58.6491153386		Paramyxovirus PREDICT PMV-86		530		52.8982474511

				Paramyxovirus PREDICT PMV-20		97		66.0410132408		Paramyxovirus PREDICT PMV-54		265		58.4317524173		Paramyxovirus PREDICT PMV-80		578		52.2183890026

				Paramyxovirus PREDICT PMV-5		102		65.7501030791		Paramyxovirus PREDICT PMV-68		267		58.375305808		Paramyxovirus IFBPV32-2012		605		51.8273334672

				Paramyxovirus PREDICT PMV-3		101		65.7501030791		Paramyxovirus PREDICT PMV-9		275		58.0059949825		Paramyxovirus PREDICT PMV-18		606		51.7918885348

				Paramyxovirus PREDICT PMV-6		103		65.7501030791		Paramyxovirus PREDICT PMV-7		273		58.0059949825		Paramyxovirus PREDICT PMV-129		609		51.7427244695

				Rodent Paramyxovirus MpR12		109		65.3829371515		Paramyxovirus PREDICT PMV-8		274		58.0059949825		Paramyxovirus PREDICT PMV-123		613		51.5980057655

				Bat paramyxovirus BtHp-ParaV/GD2012		115		64.5863408228		Paramyxovirus PREDICT PMV-41		276		57.8796522432		Paramyxovirus PREDICT PMV-62		618		51.4239364395

				Paramyxovirus PREDICT PMV-67		119		64.0879213511		Paramyxovirus PREDICT PMV-88		279		57.8600641438		Eidolon helvum paramyxovirus/UG23/U67N		645		51.2074317925

				Paramyxovirus PREDICT PMV-66		118		64.0879213511		Paramyxovirus PREDICT PMV-164		278		57.8600641438		Paramyxovirus PREDICT PMV-133		646		51.1716215891

				Bat paramyxovirus R_aeg_UPE766/525/122		121		63.9813358238		Paramyxovirus PREDICT PMV-69		280		57.8553347765		Paramyxovirus PREDICT PMV-160		647		51.1106540753

				Paramyxovirus PREDICT PMV-134		130		63.7087715645		Paramyxovirus PREDICT PMV-44		282		57.7349335392		Paramyxovirus PREDICT PMV-30		648		51.0648669492

				Paramyxovirus PREDICT PMV-174		136		63.606975943		Paramyxovirus PREDICT PMV-135		286		57.5637344558		Paramyxovirus PREDICT PMV-101		650		51.009055902

				Paramyxovirus PREDICT PMV-117		138		63.4271060921		Paramyxovirus PREDICT PMV-89		295		57.3004449481		Paramyxovirus PREDICT PMV-25		652		50.9837594427

				Paramyxovirus PREDICT PMV-173		142		63.3839855615		Eidolon helvum paramyxovirus/TZ13		296		57.2605974322		Paramyxovirus PREDICT PMV-156		663		50.7686535526

				Paramyxovirus PREDICT PMV-185		143		63.3425238008		Paramyxovirus PREDICT PMV-169		299		57.2231623496		Paramyxovirus PREDICT PMV-53		666		50.5153844435

				Paramyxovirus PREDICT PMV-90		145		63.3007633528		Paramyxovirus PREDICT PMV-57		305		57.0122196748		Paramyxovirus PREDICT PMV-131		669		50.4467538641

				Paramyxovirus PREDICT PMV-175		147		63.1608873758		Paramyxovirus PREDICT PMV-166		309		57.0041152601		Paramyxovirus PREDICT PMV-97		675		50.4467538641

				Paramyxovirus PREDICT PMV-179		148		63.0749371423		Paramyxovirus PREDICT PMV-162		308		57.0041152601		Paramyxovirus PREDICT PMV-163		674		50.4467538641

				Paramyxovirus PREDICT PMV-181		154		62.4934671971		Paramyxovirus PREDICT PMV-157		306		57.0041152601		Paramyxovirus PREDICT PMV-161		673		50.4467538641

				Paramyxovirus PREDICT PMV-46		156		62.4712948485		Paramyxovirus PREDICT PMV-158		307		57.0041152601		Paramyxovirus PREDICT PMV-152		672		50.4467538641

				Paramyxovirus PREDICT PMV-40		155		62.4712948485		Paramyxovirus PREDICT PMV-121		365		56.5216155238		Paramyxovirus PREDICT PMV-147		671		50.4467538641

				Paramyxovirus PREDICT PMV-178		157		62.4333307845		Paramyxovirus PREDICT PMV-100		363		56.5216155238		Paramyxovirus PREDICT PMV-138		670		50.4467538641

				Paramyxovirus PREDICT PMV-143		162		62.1370010965		Paramyxovirus PREDICT PMV-102		364		56.5216155238		Paramyxovirus PREDICT PMV-127		668		50.4467538641

				Paramyxovirus PREDICT PMV-150		165		62.1370010965		Paramyxovirus PREDICT PMV-124		366		56.5216155238		Paramyxovirus PREDICT PMV-137		691		50.1709540015

				Paramyxovirus PREDICT PMV-141		161		62.1370010965		Pteropus poliocephalus paramyxovirus		369		56.5216155238		Paramyxovirus PREDICT PMV-82		693		50.0437858276

				Paramyxovirus PREDICT PMV-146		164		62.1370010965		Paramyxovirus PREDICT PMV-126		367		56.5216155238		Paramyxovirus PREDICT PMV-180		695		50.0212978541

				Paramyxovirus PREDICT PMV-144		163		62.1370010965		Paramyxovirus PREDICT PMV-94		368		56.5216155238		Paramyxovirus PREDICT PMV-159		700		49.9076644938

				Paramyxovirus PREDICT PMV-136		166		62.0964704273		Paramyxovirus PREDICT PMV-112		370		56.4702909605		Paramyxovirus PREDICT PMV-139		709		49.6403888

				Paramyxovirus PREDICT PMV-2		169		61.9795073891		Paramyxovirus PREDICT PMV-39		376		56.3262577398		Paramyxovirus PREDICT PMV-38		711		49.6378151852

				Eidolon helvum paramyxovirus/U6B		172		61.7442732628		Paramyxovirus PREDICT PMV-22		377		56.3078817752		Paramyxovirus PREDICT PMV-50		712		49.6378151852

				Paramyxovirus PREDICT PMV-171		178		61.614009193		Paramyxovirus PREDICT PMV-142		400		55.9387776365		Paramyxovirus PREDICT PMV-51		713		49.6378151852

				Paramyxovirus PREDICT PMV-76		179		61.6038622802		Paramyxovirus PREDICT PMV-140		399		55.9387776365		Paramyxovirus PREDICT PMV-37		710		49.6378151852

				Paramyxovirus PREDICT PMV-155		185		60.9965143897		Paramyxovirus PREDICT PMV-154		410		55.7280052435		Paramyxovirus PREDICT PMV-183		717		49.6183298176

				Paramyxovirus PREDICT PMV-153		188		60.9657543755		Paramyxovirus PREDICT PMV-72		413		55.6681755535		Paramyxovirus PREDICT PMV-118		729		48.8243824571

				Paramyxovirus PREDICT PMV-151		187		60.9657543755		Paramyxovirus PREDICT PMV-177		428		55.1875924305		Paramyxovirus PREDICT PMV-16		732		48.7682287562

				Paramyxovirus PREDICT PMV-170		190		60.96047038		Paramyxovirus PREDICT PMV-60		429		55.1595161883		Paramyxovirus PREDICT PMV-11		730		48.7682287562

				Paramyxovirus PREDICT PMV-168		189		60.96047038		Paramyxovirus PREDICT PMV-106		430		55.0674782757		Paramyxovirus PREDICT PMV-12		731		48.7682287562

				Paramyxovirus PREDICT PMV-182		193		60.88116606		Paramyxovirus PREDICT PMV-111		435		54.9097433778		Paramyxovirus PREDICT PMV-26		733		48.7682287562

				Paramyxovirus PREDICT PMV-184		194		60.88116606		Paramyxovirus PREDICT PMV-95		436		54.9097433778		Paramyxovirus PREDICT PMV-19		758		48.3652607197

				Paramyxovirus PREDICT PMV-70		196		60.7548056765		Paramyxovirus PREDICT PMV-148		450		54.8964665873		Paramyxovirus PREDICT PMV-65		769		47.6317804842

				Paramyxovirus PREDICT PMV-4		212		60.2528815271		Paramyxovirus PREDICT PMV-122		451		54.8584188145		Paramyxovirus PREDICT PMV-91		806		47.2885326544

				Bat paramyxovirus B16-40		214		60.1167148041		Paramyxovirus PREDICT PMV-81		454		54.7906062951		Paramyxovirus PREDICT PMV-74		812		47.0732105901

				Paramyxovirus PREDICT PMV-176		217		59.9602049023		Paramyxovirus PREDICT PMV-105		452		54.7906062951		Paramyxovirus PREDICT PMV-107		811		47.0732105901

				Paramyxovirus PREDICT PMV-85		226		59.6785785885		Paramyxovirus PREDICT PMV-110		453		54.7906062951		Paramyxovirus PREDICT PMV-119		820		46.788708176

				Paramyxovirus PREDICT PMV-128		225		59.6785785885		Paramyxovirus PREDICT PMV-28		458		54.695580638		Paramyxovirus PREDICT PMV-48		821		46.7699442705

				Paramyxovirus PREDICT PMV-125		224		59.6785785885		Paramyxovirus IFBPV25/2011		469		54.3167748715		Paramyxovirus YN12103/CHN/2012		822		46.7515683058

				Paramyxovirus PREDICT PMV-167		228		59.6413995598		Paramyxovirus PREDICT PMV-1		476		54.2353992925		Paramyxovirus PREDICT PMV-108		857		46.1956413318

				Paramyxovirus PREDICT PMV-29		230		59.6248160543		Paramyxovirus PREDICT PMV-43		480		54.1031150512		Paramyxovirus PREDICT PMV-120		858		46.1956413318

				Paramyxovirus PREDICT PMV-24		236		59.5181556725		Paramyxovirus PREDICT PMV-42		479		54.1031150512		Paramyxovirus PREDICT PMV-99		860		46.1956413318

				Paramyxovirus PREDICT PMV-165		237		59.4134586471		Paramyxovirus PREDICT PMV-79		481		54.0710924891		Paramyxovirus PREDICT PMV-98		859		46.1956413318

				Paramyxovirus PREDICT PMV-114		241		59.3601807141		Paramyxovirus PREDICT PMV-36		484		53.9643378492		Paramyxovirus PREDICT PMV-87		864		46.0741352953

				Paramyxovirus PREDICT PMV-115		242		59.3601807141		Paramyxovirus PREDICT PMV-64		499		53.4494705258		Paramyxovirus PREDICT PMV-113		879		45.0182356166

				Paramyxovirus PREDICT PMV-116		243		59.3601807141		Paramyxovirus PREDICT PMV-92		500		53.4392056132		Paramyxovirus PREDICT PMV-132		885		41.7001779168

				Paramyxovirus PREDICT PMV-71		244		59.3050702265		Paramyxovirus PREDICT PMV-75		508		53.4084108752





Spillover Para ranking

		Ranking		Virus Name		Virus Species		Virus Genus		Virus Family		Virus Distribution		Host Distribution		Host Plasticity (Species)		Host Plasticity (Order)		Human Virus?		Zoonotic Virus?		Human Transmission?		Risk Levels		Data Availability		 Host Score		Environment Score		Virus Score		Total Score

		5		Nipah virus		Nipah virus		Henipavirus		Paramyxoviridae		Semi-global		Semi-global		7		1		Yes		Yes		Yes		Risk Name: Host plasticity - No. of species
Risk Score: 4
Impact Score: 2.632707775
Weighted Score: 3.5102770333333
Corresponding level/levels: 
6 - 10 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Zoo or Sanctuary


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 4
Impact Score: 2.688022284
Weighted Score: 3.584029712
Corresponding level/levels: 
Large outbreak or epidemic - humans (+/- animals)


Risk Name: Geography of the virus in animals
Risk Score: 4
Impact Score: 2.168141593
Weighted Score: 2.8908554573333
Corresponding level/levels: 
Semi-global


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Direct


Risk Name: Animal to human transmission
Risk Score: 5
Impact Score: 2.920560748
Weighted Score: 4.8676012466667
Corresponding level/levels: 
Yes


Risk Name: Human to human transmission
Risk Score: 5
Impact Score: 2.781609195
Weighted Score: 4.636015325
Corresponding level/levels: 
Yes


Risk Name: Duration of virus species infection in humans
Risk Score: 3
Impact Score: 2.021472393
Weighted Score: 2.021472393
Corresponding level/levels: 
Less Than 4 Weeks


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		31		24.8450265086		18.9044928333		42.738796655		86.4883159969

		39		Paramyxovirus PREDICT PMV-10		Paramyxovirus PREDICT PMV-10		Unassigned		Paramyxoviridae		Regional		Semi-global		3		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 3
Impact Score: 2.632707775
Weighted Score: 2.632707775
Corresponding level/levels: 
3 - 5 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		27.3357361922		18.2001549337		26.5431336848		72.0790248107

		48		Paramyxovirus PREDICT PMV-13		Paramyxovirus PREDICT PMV-13		Unassigned		Paramyxoviridae		Semi-global		Semi-global		3		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 3
Impact Score: 2.632707775
Weighted Score: 2.632707775
Corresponding level/levels: 
3 - 5 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 4
Impact Score: 2.168141593
Weighted Score: 2.8908554573333
Corresponding level/levels: 
Semi-global


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		25.5295346416		18.2001549337		27.2658475492		70.9955371244

		49		Paramyxovirus PREDICT PMV-15		Paramyxovirus PREDICT PMV-15		Unassigned		Paramyxoviridae		Regional		Semi-global		3		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 3
Impact Score: 2.632707775
Weighted Score: 2.632707775
Corresponding level/levels: 
3 - 5 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		25.5295346416		18.9044928333		26.5431336848		70.9771611597

		54		Beilong virus		Beilong jeilongvirus		Jeilongvirus		Paramyxoviridae		Regional		Global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		25.4579014562		18.2001549337		26.5431336848		70.2011900748

		60		Paramyxovirus PREDICT PMV-149		Paramyxovirus PREDICT PMV-149		Unassigned		Paramyxoviridae		National - small		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.9375
Impact Score: 2.657971014
Weighted Score: 0.830615941875
Corresponding level/levels: 
Human Dwellings
Livestock
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		26.6634057292		17.8479859838		25.0977059562		69.6090976692

		62		Paramyxovirus PREDICT PMV-56		Paramyxovirus PREDICT PMV-56		Unassigned		Paramyxoviridae		Regional		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		23.7743961249		18.9044928333		26.5431336848		69.2220226431

		66		Paramyxovirus PREDICT PMV-145		Paramyxovirus PREDICT PMV-145		Unassigned		Paramyxoviridae		National - small		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		26.109661768		17.35109833		25.0977059562		68.5584660541

		70		Sendai virus		Sendai virus		Respirovirus		Paramyxoviridae		Semi-global		National - large		1		2		Yes		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 2
Impact Score: 2.768817204
Weighted Score: 1.845878136
Corresponding level/levels: 
2 orders


Risk Name: Geography of the host(s)
Risk Score: 3
Impact Score: 2.417808219
Weighted Score: 2.417808219
Corresponding level/levels: 
National - large


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 4
Impact Score: 2.420382166
Weighted Score: 3.2271762213333
Corresponding level/levels: 
Very Recent (10-50 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 4
Impact Score: 2.168141593
Weighted Score: 2.8908554573333
Corresponding level/levels: 
Semi-global


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Airborne


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 2.5
Impact Score: 2.021472393
Weighted Score: 1.6845603275
Corresponding level/levels: 
Unknown


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		19.3745171447		17.35109833		31.2149616201		67.9405770948

		72		Paramyxovirus PREDICT PMV-83		Paramyxovirus PREDICT PMV-83		Morbillivirus		Paramyxoviridae		Regional		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Airborne


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		74		Paramyxovirus PREDICT PMV-49		Paramyxovirus PREDICT PMV-49		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Crop or Agricultural
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		80		Human parainfluenza virus 3		Human parainfluenza virus 3		Respirovirus		Paramyxoviridae		National - small		Global		1		1		Yes		No		Yes		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 4
Impact Score: 2.420382166
Weighted Score: 3.2271762213333
Corresponding level/levels: 
Very Recent (10-50 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Airborne


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 5
Impact Score: 2.781609195
Weighted Score: 4.636015325
Corresponding level/levels: 
Yes


Risk Name: Duration of virus species infection in humans
Risk Score: 3
Impact Score: 2.021472393
Weighted Score: 2.021472393
Corresponding level/levels: 
Less Than 4 Weeks


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		26		20.0634502227		14.0773902938		33.0925443526		67.2333848691

		85		Paramyxovirus PREDICT PMV-63		Paramyxovirus PREDICT PMV-63		Morbillivirus		Paramyxoviridae		Regional		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Airborne


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		31		23.7743961249		18.2001549337		24.9972136123		66.9717646709

		89		Paramyxovirus PREDICT PMV-58		Paramyxovirus PREDICT PMV-58		Unassigned		Paramyxoviridae		Semi-global		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 4
Impact Score: 2.168141593
Weighted Score: 2.8908554573333
Corresponding level/levels: 
Semi-global


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		21.0068144606		18.2001549337		27.2658475492		66.4728169435

		97		Paramyxovirus PREDICT PMV-20		Paramyxovirus PREDICT PMV-20		Unassigned		Paramyxoviridae		Semi-global		Global		5		2		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 3
Impact Score: 2.632707775
Weighted Score: 2.632707775
Corresponding level/levels: 
3 - 5 species


Risk Name: Host plasticity - No. of orders
Risk Score: 2
Impact Score: 2.768817204
Weighted Score: 1.845878136
Corresponding level/levels: 
2 orders


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 4
Impact Score: 2.168141593
Weighted Score: 2.8908554573333
Corresponding level/levels: 
Semi-global


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		23.61325886		15.1619068317		27.2658475492		66.0410132408

		100		Measles virus		Measles virus		Morbillivirus		Paramyxoviridae		National - small		Semi-global		1		1		Yes		No		Yes		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 4
Impact Score: 2.420382166
Weighted Score: 3.2271762213333
Corresponding level/levels: 
Very Recent (10-50 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 4
Impact Score: 2.688022284
Weighted Score: 3.584029712
Corresponding level/levels: 
Large outbreak or epidemic - humans (+/- animals)


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Airborne


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 5
Impact Score: 2.781609195
Weighted Score: 4.636015325
Corresponding level/levels: 
Yes


Risk Name: Duration of virus species infection in humans
Risk Score: 3
Impact Score: 2.021472393
Weighted Score: 2.021472393
Corresponding level/levels: 
Less Than 4 Weeks


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		26		19.2575141497		9.8599848247		36.6765740646		65.794073039

		102		Paramyxovirus PREDICT PMV-5		Paramyxovirus PREDICT PMV-5		Unassigned		Paramyxoviridae		Regional		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		21.0068144606		18.2001549337		26.5431336848		65.7501030791

		101		Paramyxovirus PREDICT PMV-3		Paramyxovirus PREDICT PMV-3		Unassigned		Paramyxoviridae		Regional		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		21.0068144606		18.2001549337		26.5431336848		65.7501030791

		103		Paramyxovirus PREDICT PMV-6		Paramyxovirus PREDICT PMV-6		Unassigned		Paramyxoviridae		Regional		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		21.0068144606		18.2001549337		26.5431336848		65.7501030791

		109		Rodent Paramyxovirus MpR12		Rodent Paramyxovirus MpR12		Unassigned		Paramyxoviridae		Regional		Semi-global		2		2		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 2
Impact Score: 2.768817204
Weighted Score: 1.845878136
Corresponding level/levels: 
2 orders


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		21.6334238406		17.206379626		26.5431336848		65.3829371515

		115		Bat paramyxovirus BtHp-ParaV/GD2012		Bat paramyxovirus BtHp-ParaV/GD2012		Unassigned		Paramyxoviridae		National - large		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		20.7104847726		18.0554362297		25.8204198205		64.5863408228

		119		Paramyxovirus PREDICT PMV-67		Paramyxovirus PREDICT PMV-67		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		21.639117065		17.35109833		25.0977059562		64.0879213511

		118		Paramyxovirus PREDICT PMV-66		Paramyxovirus PREDICT PMV-66		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		21.639117065		17.35109833		25.0977059562		64.0879213511

		121		Bat paramyxovirus R_aeg_UPE766/525/122		Bat paramyxovirus R_aeg_UPE766/525/122		Unassigned		Paramyxoviridae		Semi-global		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Crop or Agricultural
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 4
Impact Score: 2.168141593
Weighted Score: 2.8908554573333
Corresponding level/levels: 
Semi-global


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		20.1097874949		16.6057007797		27.2658475492		63.9813358238

		130		Paramyxovirus PREDICT PMV-134		Paramyxovirus PREDICT PMV-134		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		18.0554362297		25.8204198205		63.7087715645

		136		Paramyxovirus PREDICT PMV-174		Paramyxovirus PREDICT PMV-174		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Restaurant


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		24.9007576585		13.6085123283		25.0977059562		63.606975943

		138		Paramyxovirus PREDICT PMV-117		Paramyxovirus PREDICT PMV-117		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		18.2001549337		25.0977059562		63.4271060921

		142		Paramyxovirus PREDICT PMV-173		Paramyxovirus PREDICT PMV-173		Unassigned		Paramyxoviridae		National - small		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.9351812753		17.35109833		25.0977059562		63.3839855615

		143		Paramyxovirus PREDICT PMV-185		Paramyxovirus PREDICT PMV-185		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		21.639117065		16.6057007797		25.0977059562		63.3425238008

		145		Paramyxovirus PREDICT PMV-90		Paramyxovirus PREDICT PMV-90		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		17.35109833		25.8204198205		63.3007633528

		147		Paramyxovirus PREDICT PMV-175		Paramyxovirus PREDICT PMV-175		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		25.303725695		12.7594557247		25.0977059562		63.1608873758

		148		Paramyxovirus PREDICT PMV-179		Paramyxovirus PREDICT PMV-179		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		17.8479859838		25.0977059562		63.0749371423

		154		Paramyxovirus PREDICT PMV-181		Paramyxovirus PREDICT PMV-181		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		21.639117065		15.756644176		25.0977059562		62.4934671971

		156		Paramyxovirus PREDICT PMV-46		Paramyxovirus PREDICT PMV-46		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		18.2001549337		25.8204198205		62.4712948485

		155		Paramyxovirus PREDICT PMV-40		Paramyxovirus PREDICT PMV-40		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		18.2001549337		25.8204198205		62.4712948485

		157		Paramyxovirus PREDICT PMV-178		Paramyxovirus PREDICT PMV-178		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		17.206379626		25.0977059562		62.4333307845

		162		Paramyxovirus PREDICT PMV-143		Paramyxovirus PREDICT PMV-143		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		17.206379626		25.0977059562		62.1370010965

		165		Paramyxovirus PREDICT PMV-150		Paramyxovirus PREDICT PMV-150		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		161		Paramyxovirus PREDICT PMV-141		Paramyxovirus PREDICT PMV-141		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		17.206379626		25.0977059562		62.1370010965

		164		Paramyxovirus PREDICT PMV-146		Paramyxovirus PREDICT PMV-146		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		17.206379626		25.0977059562		62.1370010965

		163		Paramyxovirus PREDICT PMV-144		Paramyxovirus PREDICT PMV-144		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		166		Paramyxovirus PREDICT PMV-136		Paramyxovirus PREDICT PMV-136		Unassigned		Paramyxoviridae		National - large		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		169		Paramyxovirus PREDICT PMV-2		Paramyxovirus PREDICT PMV-2		Unassigned		Paramyxoviridae		Regional		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		172		Eidolon helvum paramyxovirus/U6B		Eidolon helvum Paramyxovirus/U6B		Unassigned		Paramyxoviridae		Regional		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		178		Paramyxovirus PREDICT PMV-171		Paramyxovirus PREDICT PMV-171		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		179		Paramyxovirus PREDICT PMV-76		Paramyxovirus PREDICT PMV-76		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		185		Paramyxovirus PREDICT PMV-155		Paramyxovirus PREDICT PMV-155		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Extractive Industry
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		18.5477101036		17.35109833		25.0977059562		60.9965143897

		188		Paramyxovirus PREDICT PMV-153		Paramyxovirus PREDICT PMV-153		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		25.303725695		10.5643227243		25.0977059562		60.9657543755

		187		Paramyxovirus PREDICT PMV-151		Paramyxovirus PREDICT PMV-151		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		25.303725695		10.5643227243		25.0977059562		60.9657543755

		190		Paramyxovirus PREDICT PMV-170		Paramyxovirus PREDICT PMV-170		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		21.639117065		14.2236473588		25.0977059562		60.96047038

		189		Paramyxovirus PREDICT PMV-168		Paramyxovirus PREDICT PMV-168		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		21.639117065		14.2236473588		25.0977059562		60.96047038

		193		Paramyxovirus PREDICT PMV-182		Paramyxovirus PREDICT PMV-182		Unassigned		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		28		20.0268159278		15.756644176		25.0977059562		60.88116606

		194		Paramyxovirus PREDICT PMV-184		Paramyxovirus PREDICT PMV-184		Unassigned		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		28		20.0268159278		15.756644176		25.0977059562		60.88116606

		196		Paramyxovirus PREDICT PMV-70		Paramyxovirus PREDICT PMV-70		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		17.206379626		25.0977059562		60.7548056765

		212		Paramyxovirus PREDICT PMV-4		Paramyxovirus PREDICT PMV-4		Unassigned		Paramyxoviridae		Regional		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		13.58050264		26.5431336848		60.2528815271

		214		Bat paramyxovirus B16-40		Bat paramyxovirus B16-40		Unassigned		Paramyxoviridae		Regional		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Crop or Agricultural
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		20.1097874949		13.4637936243		26.5431336848		60.1167148041

		217		Paramyxovirus PREDICT PMV-176		Paramyxovirus PREDICT PMV-176		Unassigned		Paramyxoviridae		National - small		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		20.6388515873		14.2236473588		25.0977059562		59.9602049023

		226		Paramyxovirus PREDICT PMV-85		Paramyxovirus PREDICT PMV-85		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		14.45162743		25.0977059562		59.6785785885

		225		Paramyxovirus PREDICT PMV-128		Paramyxovirus PREDICT PMV-128		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		14.45162743		25.0977059562		59.6785785885

		224		Paramyxovirus PREDICT PMV-125		Paramyxovirus PREDICT PMV-125		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		14.45162743		25.0977059562		59.6785785885

		228		Paramyxovirus PREDICT PMV-167		Paramyxovirus PREDICT PMV-167		Unassigned		Paramyxoviridae		National - small		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.9351812753		13.6085123283		25.0977059562		59.6413995598

		230		Paramyxovirus PREDICT PMV-29		Paramyxovirus PREDICT PMV-29		Unassigned		Paramyxoviridae		National - large		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.0477520578		15.756644176		25.8204198205		59.6248160543

		236		Paramyxovirus PREDICT PMV-24		Paramyxovirus PREDICT PMV-24		Unassigned		Paramyxoviridae		Regional		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		26.1812949533		6.7937270343		26.5431336848		59.5181556725

		237		Paramyxovirus PREDICT PMV-165		Paramyxovirus PREDICT PMV-165		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		13.4637936243		25.8204198205		59.4134586471

		241		Paramyxovirus PREDICT PMV-114		Paramyxovirus PREDICT PMV-114		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		14.4295592437		25.0977059562		59.3601807141

		242		Paramyxovirus PREDICT PMV-115		Paramyxovirus PREDICT PMV-115		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		14.4295592437		25.0977059562		59.3601807141

		243		Paramyxovirus PREDICT PMV-116		Paramyxovirus PREDICT PMV-116		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		14.4295592437		25.0977059562		59.3601807141

		244		Paramyxovirus PREDICT PMV-71		Paramyxovirus PREDICT PMV-71		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		15.756644176		25.0977059562		59.3050702265

		248		Paramyxovirus PREDICT PMV-47		Paramyxovirus PREDICT PMV-47		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		13.4637936243		25.8204198205		59.1171289591

		252		Paramyxovirus PREDICT PMV-104		Paramyxovirus PREDICT PMV-104		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		254		Paramyxovirus PREDICT PMV-172		Paramyxovirus PREDICT PMV-172		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		251		Paramyxovirus PREDICT PMV-103		Paramyxovirus PREDICT PMV-103		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		253		Paramyxovirus PREDICT PMV-109		Paramyxovirus PREDICT PMV-109		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		257		Paramyxovirus PREDICT PMV-130		Paramyxovirus PREDICT PMV-130		Unassigned		Paramyxoviridae		National - large		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		258		Paramyxovirus PREDICT PMV-93		Paramyxovirus PREDICT PMV-93		Unassigned		Paramyxoviridae		National - small		National - small		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2
Impact Score: 2.417808219
Weighted Score: 1.611872146
Corresponding level/levels: 
National - small


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		28		23.691853549		9.8907795627		25.0977059562		58.6803390678

		260		Paramyxovirus PREDICT PMV-96		Paramyxovirus PREDICT PMV-96		Unassigned		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		28		23.6914245578		9.8599848247		25.0977059562		58.6491153386

		265		Paramyxovirus PREDICT PMV-54		Paramyxovirus PREDICT PMV-54		Unassigned		Paramyxoviridae		National - small		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		19.2566561673		14.0773902938		25.0977059562		58.4317524173

		267		Paramyxovirus PREDICT PMV-68		Paramyxovirus PREDICT PMV-68		Unassigned		Paramyxoviridae		National - small		Regional		1		2		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 2
Impact Score: 2.768817204
Weighted Score: 1.845878136
Corresponding level/levels: 
2 orders


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.9706911258		14.306908726		25.0977059562		58.375305808

		275		Paramyxovirus PREDICT PMV-9		Paramyxovirus PREDICT PMV-9		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		273		Paramyxovirus PREDICT PMV-7		Paramyxovirus PREDICT PMV-7		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		274		Paramyxovirus PREDICT PMV-8		Paramyxovirus PREDICT PMV-8		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		276		Paramyxovirus PREDICT PMV-41		Paramyxovirus PREDICT PMV-41		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		279		Paramyxovirus PREDICT PMV-88		Paramyxovirus PREDICT PMV-88		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		278		Paramyxovirus PREDICT PMV-164		Paramyxovirus PREDICT PMV-164		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		280		Paramyxovirus PREDICT PMV-69		Paramyxovirus PREDICT PMV-69		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		282		Paramyxovirus PREDICT PMV-44		Paramyxovirus PREDICT PMV-44		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		286		Paramyxovirus PREDICT PMV-135		Paramyxovirus PREDICT PMV-135		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		295		Paramyxovirus PREDICT PMV-89		Paramyxovirus PREDICT PMV-89		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		296		Eidolon helvum paramyxovirus/TZ13		Eidolon helvum Paramyxovirus/TZ13		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		299		Paramyxovirus PREDICT PMV-169		Paramyxovirus PREDICT PMV-169		Unassigned		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		305		Paramyxovirus PREDICT PMV-57		Paramyxovirus PREDICT PMV-57		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		309		Paramyxovirus PREDICT PMV-166		Paramyxovirus PREDICT PMV-166		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		308		Paramyxovirus PREDICT PMV-162		Paramyxovirus PREDICT PMV-162		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		306		Paramyxovirus PREDICT PMV-157		Paramyxovirus PREDICT PMV-157		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		307		Paramyxovirus PREDICT PMV-158		Paramyxovirus PREDICT PMV-158		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		325		Paramyxovirus PREDICT PMV-55		Paramyxovirus PREDICT PMV-55		Morbillivirus		Paramyxoviridae		National - small		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Airborne


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		26		19.2566561673		14.0773902938		23.5517858836		56.8858323448

		365		Paramyxovirus PREDICT PMV-121		Paramyxovirus PREDICT PMV-121		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		363		Paramyxovirus PREDICT PMV-100		Paramyxovirus PREDICT PMV-100		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		364		Paramyxovirus PREDICT PMV-102		Paramyxovirus PREDICT PMV-102		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		366		Paramyxovirus PREDICT PMV-124		Paramyxovirus PREDICT PMV-124		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		369		Pteropus poliocephalus paramyxovirus		Pteropus poliocephalus paramyxovirus		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		367		Paramyxovirus PREDICT PMV-126		Paramyxovirus PREDICT PMV-126		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		368		Paramyxovirus PREDICT PMV-94		Paramyxovirus PREDICT PMV-94		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		370		Paramyxovirus PREDICT PMV-112		Paramyxovirus PREDICT PMV-112		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		376		Paramyxovirus PREDICT PMV-39		Paramyxovirus PREDICT PMV-39		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3
Impact Score: 2.113013699
Weighted Score: 2.113013699
Corresponding level/levels: 
Grasslands


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		377		Paramyxovirus PREDICT PMV-22		Paramyxovirus PREDICT PMV-22		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		400		Paramyxovirus PREDICT PMV-142		Paramyxovirus PREDICT PMV-142		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		399		Paramyxovirus PREDICT PMV-140		Paramyxovirus PREDICT PMV-140		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		410		Paramyxovirus PREDICT PMV-154		Paramyxovirus PREDICT PMV-154		Unassigned		Paramyxoviridae		National - small		National - small		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2
Impact Score: 2.417808219
Weighted Score: 1.611872146
Corresponding level/levels: 
National - small


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		411		Paramyxovirus PREDICT PMV-61		Paramyxovirus PREDICT PMV-61		Henipavirus		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Direct


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		413		Paramyxovirus PREDICT PMV-72		Paramyxovirus PREDICT PMV-72		Unassigned		Paramyxoviridae		National - small		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		428		Paramyxovirus PREDICT PMV-177		Paramyxovirus PREDICT PMV-177		Unassigned		Paramyxoviridae		National - small		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		19.2566561673		10.833230307		25.0977059562		55.1875924305

		429		Paramyxovirus PREDICT PMV-60		Paramyxovirus PREDICT PMV-60		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.0477520578		12.0140581743		25.0977059562		55.1595161883

		430		Paramyxovirus PREDICT PMV-106		Paramyxovirus PREDICT PMV-106		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Crop or Agricultural
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		20.1097874949		9.8599848247		25.0977059562		55.0674782757

		435		Paramyxovirus PREDICT PMV-111		Paramyxovirus PREDICT PMV-111		Unassigned		Paramyxoviridae		National - small		National - small		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2
Impact Score: 2.417808219
Weighted Score: 1.611872146
Corresponding level/levels: 
National - small


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		28		23.691853549		6.1201838727		25.0977059562		54.9097433778

		436		Paramyxovirus PREDICT PMV-95		Paramyxovirus PREDICT PMV-95		Unassigned		Paramyxoviridae		National - small		National - small		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2
Impact Score: 2.417808219
Weighted Score: 1.611872146
Corresponding level/levels: 
National - small


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		28		23.691853549		6.1201838727		25.0977059562		54.9097433778

		450		Paramyxovirus PREDICT PMV-148		Paramyxovirus PREDICT PMV-148		Unassigned		Paramyxoviridae		National - small		Regional		3		2		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 3
Impact Score: 2.632707775
Weighted Score: 2.632707775
Corresponding level/levels: 
3 - 5 species


Risk Name: Host plasticity - No. of orders
Risk Score: 2
Impact Score: 2.768817204
Weighted Score: 1.845878136
Corresponding level/levels: 
2 orders


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		22.4043547505		7.3944058807		25.0977059562		54.8964665873

		451		Paramyxovirus PREDICT PMV-122		Paramyxovirus PREDICT PMV-122		Unassigned		Paramyxoviridae		National - small		National - small		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2
Impact Score: 2.417808219
Weighted Score: 1.611872146
Corresponding level/levels: 
National - small


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Market


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		23.691853549		6.0688593093		25.0977059562		54.8584188145

		454		Paramyxovirus PREDICT PMV-81		Paramyxovirus PREDICT PMV-81		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		9.8599848247		25.0977059562		54.7906062951

		452		Paramyxovirus PREDICT PMV-105		Paramyxovirus PREDICT PMV-105		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		9.8599848247		25.0977059562		54.7906062951

		453		Paramyxovirus PREDICT PMV-110		Paramyxovirus PREDICT PMV-110		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		9.8599848247		25.0977059562		54.7906062951

		458		Paramyxovirus PREDICT PMV-28		Paramyxovirus PREDICT PMV-28		Unassigned		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		23		16.8384189572		12.7594557247		25.0977059562		54.695580638

		469		Paramyxovirus IFBPV25/2011		Paramyxovirus IFBPV25/2011		Unassigned		Paramyxoviridae		National - small		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		23		19.3282893527		9.8907795627		25.0977059562		54.3167748715

		476		Paramyxovirus PREDICT PMV-1		Paramyxovirus PREDICT PMV-1		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		10.686973242		25.0977059562		54.2353992925

		480		Paramyxovirus PREDICT PMV-43		Paramyxovirus PREDICT PMV-43		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		9.8319751363		25.8204198205		54.1031150512

		479		Paramyxovirus PREDICT PMV-42		Paramyxovirus PREDICT PMV-42		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		481		Paramyxovirus PREDICT PMV-79		Paramyxovirus PREDICT PMV-79		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		484		Paramyxovirus PREDICT PMV-36		Paramyxovirus PREDICT PMV-36		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		499		Paramyxovirus PREDICT PMV-64		Paramyxovirus PREDICT PMV-64		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		500		Paramyxovirus PREDICT PMV-92		Paramyxovirus PREDICT PMV-92		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		23		18.4507200943		9.8907795627		25.0977059562		53.4392056132

		508		Paramyxovirus PREDICT PMV-75		Paramyxovirus PREDICT PMV-75		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		9.8599848247		25.0977059562		53.4084108752

		504		Paramyxovirus PREDICT PMV-14		Paramyxovirus PREDICT PMV-14		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		9.8599848247		25.0977059562		53.4084108752

		505		Paramyxovirus PREDICT PMV-17		Paramyxovirus PREDICT PMV-17		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		9.8599848247		25.0977059562		53.4084108752

		506		Paramyxovirus PREDICT PMV-27		Paramyxovirus PREDICT PMV-27		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		9.8599848247		25.0977059562		53.4084108752

		507		Paramyxovirus PREDICT PMV-73		Paramyxovirus PREDICT PMV-73		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		9.8599848247		25.0977059562		53.4084108752

		509		Paramyxovirus PREDICT PMV-23		Paramyxovirus PREDICT PMV-23		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		9.8394549993		25.0977059562		53.3878810498

		510		Paramyxovirus PREDICT PMV-31		Paramyxovirus PREDICT PMV-31		Unassigned		Paramyxoviridae		National - large		Global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		19.2566561673		8.286060496		25.8204198205		53.3631364838

		513		Paramyxovirus PREDICT PMV-59		Paramyxovirus PREDICT PMV-59		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		9.6931979343		25.0977059562		53.2416239848

		530		Paramyxovirus PREDICT PMV-86		Paramyxovirus PREDICT PMV-86		Unassigned		Paramyxoviridae		National - small		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		21.0068144606		6.7937270343		25.0977059562		52.8982474511

		578		Paramyxovirus PREDICT PMV-80		Paramyxovirus PREDICT PMV-80		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		605		Paramyxovirus IFBPV32-2012		Paramyxovirus IFBPV32-2012		Unassigned		Paramyxoviridae		National - small		National - small		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2
Impact Score: 2.417808219
Weighted Score: 1.611872146
Corresponding level/levels: 
National - small


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		606		Paramyxovirus PREDICT PMV-18		Paramyxovirus PREDICT PMV-18		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		8.2434624843		25.0977059562		51.7918885348

		609		Paramyxovirus PREDICT PMV-129		Paramyxovirus PREDICT PMV-129		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		610		Tailam virus		Tailam jeilongvirus		Jeilongvirus		Paramyxoviridae		Semi-global		Global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 4
Impact Score: 2.168141593
Weighted Score: 2.8908554573333
Corresponding level/levels: 
Semi-global


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		12.9214558823		11.5300883437		27.2658475492		51.7173917751

		613		Paramyxovirus PREDICT PMV-123		Paramyxovirus PREDICT PMV-123		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		5.9446704307		25.8204198205		51.5980057655

		618		Paramyxovirus PREDICT PMV-62		Paramyxovirus PREDICT PMV-62		Unassigned		Paramyxoviridae		National - small		National - small		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2
Impact Score: 2.417808219
Weighted Score: 1.611872146
Corresponding level/levels: 
National - small


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		22		16.4354509207		9.8907795627		25.0977059562		51.4239364395

		645		Eidolon helvum paramyxovirus/UG23/U67N		Eidolon helvum Paramyxovirus/UG23/U67N		Unassigned		Paramyxoviridae		Regional		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		6.2135780133		26.5431336848		51.2074317925

		646		Paramyxovirus PREDICT PMV-133		Paramyxovirus PREDICT PMV-133		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		5.9446704307		25.0977059562		51.1716215891

		647		Paramyxovirus PREDICT PMV-160		Paramyxovirus PREDICT PMV-160		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		648		Paramyxovirus PREDICT PMV-30		Paramyxovirus PREDICT PMV-30		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		650		Paramyxovirus PREDICT PMV-101		Paramyxovirus PREDICT PMV-101		Unassigned		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		652		Paramyxovirus PREDICT PMV-25		Paramyxovirus PREDICT PMV-25		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		7.4353333922		25.0977059562		50.9837594427

		663		Paramyxovirus PREDICT PMV-156		Paramyxovirus PREDICT PMV-156		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		19.7262771658		5.9446704307		25.0977059562		50.7686535526

		666		Paramyxovirus PREDICT PMV-53		Paramyxovirus PREDICT PMV-53		Unassigned		Paramyxoviridae		National - small		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		669		Paramyxovirus PREDICT PMV-131		Paramyxovirus PREDICT PMV-131		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		675		Paramyxovirus PREDICT PMV-97		Paramyxovirus PREDICT PMV-97		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		674		Paramyxovirus PREDICT PMV-163		Paramyxovirus PREDICT PMV-163		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		673		Paramyxovirus PREDICT PMV-161		Paramyxovirus PREDICT PMV-161		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		672		Paramyxovirus PREDICT PMV-152		Paramyxovirus PREDICT PMV-152		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		671		Paramyxovirus PREDICT PMV-147		Paramyxovirus PREDICT PMV-147		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		670		Paramyxovirus PREDICT PMV-138		Paramyxovirus PREDICT PMV-138		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		668		Paramyxovirus PREDICT PMV-127		Paramyxovirus PREDICT PMV-127		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High
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		691		Paramyxovirus PREDICT PMV-137		Paramyxovirus PREDICT PMV-137		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium


		30		19.8329155143		5.240332531		25.0977059562		50.1709540015

		693		Paramyxovirus PREDICT PMV-82		Paramyxovirus PREDICT PMV-82		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		19.7262771658		5.2198027057		25.0977059562		50.0437858276

		695		Paramyxovirus PREDICT PMV-180		Paramyxovirus PREDICT PMV-180		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 5
Impact Score: 2.270758123
Weighted Score: 3.7845968716667
Corresponding level/levels: 
Yes


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		13.685641347		25.0977059562		50.0212978541

		700		Paramyxovirus PREDICT PMV-159		Paramyxovirus PREDICT PMV-159		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		30		20.1292452023		4.6807133353		25.0977059562		49.9076644938

		709		Paramyxovirus PREDICT PMV-139		Paramyxovirus PREDICT PMV-139		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		29		19.3228801381		5.2198027057		25.0977059562		49.6403888

		711		Paramyxovirus PREDICT PMV-38		Paramyxovirus PREDICT PMV-38		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		712		Paramyxovirus PREDICT PMV-50		Paramyxovirus PREDICT PMV-50		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		713		Paramyxovirus PREDICT PMV-51		Paramyxovirus PREDICT PMV-51		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		710		Paramyxovirus PREDICT PMV-37		Paramyxovirus PREDICT PMV-37		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		717		Paramyxovirus PREDICT PMV-183		Paramyxovirus PREDICT PMV-183		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 5
Impact Score: 2.270758123
Weighted Score: 3.7845968716667
Corresponding level/levels: 
Yes


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		10.8349825145		13.685641347		25.0977059562		49.6183298176

		729		Paramyxovirus PREDICT PMV-118		Paramyxovirus PREDICT PMV-118		Unassigned		Paramyxoviridae		National - small		Global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		12.9214558823		10.8052206187		25.0977059562		48.8243824571

		732		Paramyxovirus PREDICT PMV-16		Paramyxovirus PREDICT PMV-16		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		5.2198027057		25.0977059562		48.7682287562

		730		Paramyxovirus PREDICT PMV-11		Paramyxovirus PREDICT PMV-11		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		5.2198027057		25.0977059562		48.7682287562

		731		Paramyxovirus PREDICT PMV-12		Paramyxovirus PREDICT PMV-12		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		5.2198027057		25.0977059562		48.7682287562

		733		Paramyxovirus PREDICT PMV-26		Paramyxovirus PREDICT PMV-26		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.4507200943		5.2198027057		25.0977059562		48.7682287562

		758		Paramyxovirus PREDICT PMV-19		Paramyxovirus PREDICT PMV-19		Unassigned		Paramyxoviridae		National - small		Regional		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		25		18.0477520578		5.2198027057		25.0977059562		48.3652607197

		769		Paramyxovirus PREDICT PMV-65		Paramyxovirus PREDICT PMV-65		Unassigned		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 2.5
Impact Score: 2.547169811
Weighted Score: 2.1226415091667
Corresponding level/levels: 
Unknown


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown


		20		16.8384189572		5.6956555708		25.0977059562		47.6317804842

		806		Paramyxovirus PREDICT PMV-91		Paramyxovirus PREDICT PMV-91		Morbillivirus		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Human Dwellings


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Airborne


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		29		18.5169440651		5.2198027057		23.5517858836		47.2885326544

		812		Paramyxovirus PREDICT PMV-74		Paramyxovirus PREDICT PMV-74		Unassigned		Paramyxoviridae		National - small		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		12.1155198093		9.8599848247		25.0977059562		47.0732105901

		811		Paramyxovirus PREDICT PMV-107		Paramyxovirus PREDICT PMV-107		Unassigned		Paramyxoviridae		National - small		Semi-global		2		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		12.1155198093		9.8599848247		25.0977059562		47.0732105901

		820		Paramyxovirus PREDICT PMV-119		Paramyxovirus PREDICT PMV-119		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 3.5
Impact Score: 2.113013699
Weighted Score: 2.4651826488333
Corresponding level/levels: 
Urban Land


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		10.4530516688		25.0977059562		46.788708176

		821		Paramyxovirus PREDICT PMV-48		Paramyxovirus PREDICT PMV-48		Unassigned		Paramyxoviridae		Regional		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		8.9888600347		26.5431336848		46.7699442705

		822		Paramyxovirus YN12103/CHN/2012		Paramyxovirus YN12103/CHN/2012		Unassigned		Paramyxoviridae		National - large		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		9.6931979343		25.8204198205		46.7515683058

		857		Paramyxovirus PREDICT PMV-108		Paramyxovirus PREDICT PMV-108		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		9.8599848247		25.0977059562		46.1956413318

		858		Paramyxovirus PREDICT PMV-120		Paramyxovirus PREDICT PMV-120		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		9.8599848247		25.0977059562		46.1956413318

		860		Paramyxovirus PREDICT PMV-99		Paramyxovirus PREDICT PMV-99		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		9.8599848247		25.0977059562		46.1956413318

		859		Paramyxovirus PREDICT PMV-98		Paramyxovirus PREDICT PMV-98		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		9.8599848247		25.0977059562		46.1956413318

		864		Paramyxovirus PREDICT PMV-87		Paramyxovirus PREDICT PMV-87		Unassigned		Paramyxoviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		28		9.6256494138		11.3507799253		25.0977059562		46.0741352953

		879		Paramyxovirus PREDICT PMV-113		Paramyxovirus PREDICT PMV-113		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Agriculture


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2.5
Impact Score: 2.547169811
Weighted Score: 2.1226415091667
Corresponding level/levels: 
Unknown


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		29		11.237950551		8.6825791095		25.0977059562		45.0182356166

		885		Paramyxovirus PREDICT PMV-132		Paramyxovirus PREDICT PMV-132		Unassigned		Paramyxoviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 3
Impact Score: 1.703470032
Weighted Score: 1.703470032
Corresponding level/levels: 
No


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 4
Impact Score: 1.988571429
Weighted Score: 2.651428572
Corresponding level/levels: 
High (50-75%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 2.5
Impact Score: 2.596730245
Weighted Score: 2.1639418708333
Corresponding level/levels: 
Unknown


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low


		30		11.237950551		5.3645214097		25.0977059562		41.7001779168





Arenaviridae

		Arenaviridae		Subfamily		Genus		Species

		ICTV				Antennavirus		Hairy antennavirus		Salmon antennavirus		Striated antennavirus

		Oct-20				Hartmanivirus		Haartman hartmanivirus		Heimat hartmanivirus		Muikkunen hartmanivirus		Schoolhouse hartmanivirus		Setpatvet hartmanivirus		Zurich hartmanivirus

		4 genera				Mammarenavirus		Allpahuayo mammarenavirus		Alxa mammarenavirus		Argentinian mammarenavirus (Junin virus) 		Bear Canyon mammarenavirus		Brazilian mammarenavirus		Cali mammarenavirus		Chapare mammarenavirus		Chevrier mammarenavirus		Cupixi mammarenavirus		Flexal mammarenavirus		Gairo mammarenavirus		Guanarito mammarenavirus		Ippy mammarenavirus		Kitale mammarenavirus		Lassa mammarenavirus		Latino mammarenavirus		Loei River mammarenavirus		Lujo mammarenavirus		Luna mammarenavirus		Lunk mammarenavirus		Lymphocytic choriomeningitis mammarenavirus		Machupo mammarenavirus		Mariental mammarenavirus		Merino Walk mammarenavirus		Mobala mammarenavirus		Mopeia mammarenavirus		Okahandja mammarenavirus		Oliveros mammarenavirus		Paraguayan mammarenavirus		Pirital mammarenavirus		Planalto mammarenavirus		Ryukyu mammarenavirus		Serra do Navio mammarenavirus		Solwezi mammarenavirus		Souris mammarenavirus		Tacaribe mammarenavirus		Tamiami mammarenavirus		Wenzhou mammarenavirus		Whitewater Arroyo mammarenavirus		Xapuri mammarenavirus

		54 species				Reptarenavirus		California reptarenavirus		Giessen reptarenavirus		Golden reptarenavirus		Ordinary reptarenavirus		Rotterdam reptarenavirus





Arenaviridae ranking

		Genus		Spillover rank of 887/risk score		Zoonotic		Human 																																																																																Notes

		Antennavirus		Hairy antennavirus		Salmon antennavirus		Striated antennavirus																																																																																Isolated from fish

		Hartmanivirus		Haartman hartmanivirus		Heimat hartmanivirus		Muikkunen hartmanivirus		Schoolhouse hartmanivirus		Setpatvet hartmanivirus		Zurich hartmanivirus																																																																										Isolated from snakes

		Mammarenavirus		Allpahuayo mammarenavirus		Alxa mammarenavirus		Argentinian mammarenavirus (Junin virus) 96/66		Bear Canyon mammarenavirus		Brazilian mammarenavirus (Sabia virus)		Cali mammarenavirus		Chapare mammarenavirus		Chevrier mammarenavirus		Cupixi mammarenavirus		Flexal mammarenavirus		Gairo mammarenavirus		Guanarito mammarenavirus 110/65		Ippy mammarenavirus		Kitale mammarenavirus		Lassa mammarenavirus 1/91		Latino mammarenavirus		Loei River mammarenavirus		Lujo mammarenavirus		Luna mammarenavirus		Lunk mammarenavirus		Lymphocytic choriomeningitis mammarenavirus 10/85		Machupo mammarenavirus 99/66		Mariental mammarenavirus		Merino Walk mammarenavirus		Mobala mammarenavirus		Mopeia mammarenavirus 204/61 (subspecies Morogoro virus 171/62)		Okahandja mammarenavirus		Oliveros mammarenavirus		Paraguayan mammarenavirus		Pirital mammarenavirus		Planalto mammarenavirus		Ryukyu mammarenavirus		Serra do Navio mammarenavirus		Solwezi mammarenavirus		Souris mammarenavirus		Tacaribe mammarenavirus		Tamiami mammarenavirus		Wenzhou mammarenavirus		Whitewater Arroyo mammarenavirus 134/62		Xapuri mammarenavirus		Arenavirus PREDICT_ArenaV-1 68950		Arenavirus PREDICT ArenaV-2 749/48		Tacaribe and LCMV isolated from ticks recently.

		Reptarenavirus		California reptarenavirus		Giessen reptarenavirus		Golden reptarenavirus		Ordinary reptarenavirus		Rotterdam reptarenavirus																																																																												Isolated from snakes





Spillover Arena ranking

		Ranking		Virus Name		Virus Species		Virus Genus		Virus Family		Virus Distribution		Host Distribution		Host Plasticity (Species)		Host Plasticity (Order)		Human Virus?		Zoonotic Virus?		Human Transmission?		Risk Levels		Data Availability		 Host Score		Environment Score		Virus Score		Total Score

		1		Lassa virus		Lassa mammarenavirus		Mammarenavirus		Arenaviridae		Regional		Semi-global		4		1		Yes		Yes		Yes		Risk Name: Host plasticity - No. of species
Risk Score: 3
Impact Score: 2.632707775
Weighted Score: 2.632707775
Corresponding level/levels: 
3 - 5 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Livestock


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 5
Impact Score: 2.270758123
Weighted Score: 3.7845968716667
Corresponding level/levels: 
Yes


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 4
Impact Score: 2.688022284
Weighted Score: 3.584029712
Corresponding level/levels: 
Large outbreak or epidemic - humans (+/- animals)


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 5
Impact Score: 2.920560748
Weighted Score: 4.8676012466667
Corresponding level/levels: 
Yes


Risk Name: Human to human transmission
Risk Score: 5
Impact Score: 2.781609195
Weighted Score: 4.636015325
Corresponding level/levels: 
Yes


Risk Name: Duration of virus species infection in humans
Risk Score: 3
Impact Score: 2.021472393
Weighted Score: 2.021472393
Corresponding level/levels: 
Less Than 4 Weeks


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.709302326
Weighted Score: 2.709302326
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		31		25.5295346416		21.8400331013		43.8145866216		91.1841543646

		10		Lymphocytic choriomeningitis virus		Lymphocytic choriomeningitis mammarenavirus		Mammarenavirus		Arenaviridae		Global		Global		4		2		Yes		Yes		No		Risk Name: Host plasticity - No. of species
Risk Score: 3
Impact Score: 2.632707775
Weighted Score: 2.632707775
Corresponding level/levels: 
3 - 5 species


Risk Name: Host plasticity - No. of orders
Risk Score: 2
Impact Score: 2.768817204
Weighted Score: 1.845878136
Corresponding level/levels: 
2 orders


Risk Name: Geography of the host(s)
Risk Score: 5
Impact Score: 2.417808219
Weighted Score: 4.029680365
Corresponding level/levels: 
Global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.625
Impact Score: 2.657971014
Weighted Score: 0.55374396125
Corresponding level/levels: 
Human Dwellings
Zoo or Sanctuary


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 4
Impact Score: 2.420382166
Weighted Score: 3.2271762213333
Corresponding level/levels: 
Very Recent (10-50 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 5
Impact Score: 2.547169811
Weighted Score: 4.2452830183333
Corresponding level/levels: 
>1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 3
Impact Score: 2.688022284
Weighted Score: 2.688022284
Corresponding level/levels: 
Small outbreak - humans (+/- animals)


Risk Name: Geography of the virus in animals
Risk Score: 5
Impact Score: 2.168141593
Weighted Score: 3.6135693216667
Corresponding level/levels: 
Global


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 5
Impact Score: 2.920560748
Weighted Score: 4.8676012466667
Corresponding level/levels: 
Yes


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 3
Impact Score: 2.021472393
Weighted Score: 2.021472393
Corresponding level/levels: 
Less Than 4 Weeks


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.538904899
Weighted Score: 2.538904899
Corresponding level/levels: 
Medium


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.513513514
Weighted Score: 2.513513514
Corresponding level/levels: 
Medium


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.709302326
Weighted Score: 4.5155038766667
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.787610619
Weighted Score: 4.6460176983333
Corresponding level/levels: 
High


		31		26.5031264466		17.4547573833		40.6551946623		84.6130784922

		96		Junin virus		Junin mammarenavirus		Mammarenavirus		Arenaviridae		National - large		Regional		2		1		Yes		Yes		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 2.5
Impact Score: 2.547169811
Weighted Score: 2.1226415091667
Corresponding level/levels: 
Unknown


Risk Name: Deforestation in host ecosystem
Risk Score: 2.5
Impact Score: 2.270758123
Weighted Score: 1.8922984358333
Corresponding level/levels: 
Unknown


Risk Name: Urbanization in host ecosystem
Risk Score: 2.5
Impact Score: 2.245551601
Weighted Score: 1.8712930008333
Corresponding level/levels: 
Unknown


Risk Name: Agricultural system change in host ecosystem
Risk Score: 2.5
Impact Score: 2.262357414
Weighted Score: 1.885297845
Corresponding level/levels: 
Unknown


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 2
Impact Score: 2.168141593
Weighted Score: 1.4454277286667
Corresponding level/levels: 
National - large


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 5
Impact Score: 2.920560748
Weighted Score: 4.8676012466667
Corresponding level/levels: 
Yes


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 3
Impact Score: 2.021472393
Weighted Score: 2.021472393
Corresponding level/levels: 
Less Than 4 Weeks


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		99		Machupo virus		Machupo mammarenavirus		Mammarenavirus		Arenaviridae		National - small		Regional		1		1		Yes		Yes		Yes		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 0
Impact Score: 2.174603175
Weighted Score: 0
Corresponding level/levels: 
No Livestock


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 5
Impact Score: 2.920560748
Weighted Score: 4.8676012466667
Corresponding level/levels: 
Yes


Risk Name: Human to human transmission
Risk Score: 5
Impact Score: 2.781609195
Weighted Score: 4.636015325
Corresponding level/levels: 
Yes


Risk Name: Duration of virus species infection in humans
Risk Score: 3
Impact Score: 2.021472393
Weighted Score: 2.021472393
Corresponding level/levels: 
Less Than 4 Weeks


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		110		Guanarito virus		Guanarito mammarenavirus		Mammarenavirus		Arenaviridae		National - small		Regional		2		1		Yes		Yes		No		Risk Name: Host plasticity - No. of species
Risk Score: 2
Impact Score: 2.632707775
Weighted Score: 1.7551385166667
Corresponding level/levels: 
2 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2.5
Impact Score: 2.113013699
Weighted Score: 1.7608447491667
Corresponding level/levels: 
Unknown


Risk Name: Livestock density in host ecosystem
Risk Score: 2.5
Impact Score: 2.174603175
Weighted Score: 1.8121693125
Corresponding level/levels: 
Unknown


Risk Name: Human population density in host ecosystem
Risk Score: 2.5
Impact Score: 2.547169811
Weighted Score: 2.1226415091667
Corresponding level/levels: 
Unknown


Risk Name: Deforestation in host ecosystem
Risk Score: 2.5
Impact Score: 2.270758123
Weighted Score: 1.8922984358333
Corresponding level/levels: 
Unknown


Risk Name: Urbanization in host ecosystem
Risk Score: 2.5
Impact Score: 2.245551601
Weighted Score: 1.8712930008333
Corresponding level/levels: 
Unknown


Risk Name: Agricultural system change in host ecosystem
Risk Score: 2.5
Impact Score: 2.262357414
Weighted Score: 1.885297845
Corresponding level/levels: 
Unknown


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 5
Impact Score: 2.920560748
Weighted Score: 4.8676012466667
Corresponding level/levels: 
Yes


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 3
Impact Score: 2.021472393
Weighted Score: 2.021472393
Corresponding level/levels: 
Less Than 4 Weeks


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		132		Whitewater Arroyo virus		Whitewater Arroyo mammarenavirus		Mammarenavirus		Arenaviridae		Regional		Regional		5		1		Yes		Yes		No		Risk Name: Host plasticity - No. of species
Risk Score: 3
Impact Score: 2.632707775
Weighted Score: 2.632707775
Corresponding level/levels: 
3 - 5 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 3.5
Impact Score: 2.417808219
Weighted Score: 2.8207762555
Corresponding level/levels: 
Regional


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Pristine Habitat


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 5
Impact Score: 2.920560748
Weighted Score: 4.8676012466667
Corresponding level/levels: 
Yes


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 2.5
Impact Score: 2.021472393
Weighted Score: 1.6845603275
Corresponding level/levels: 
Unknown


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.538904899
Weighted Score: 0.846301633
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.513513514
Weighted Score: 0.837837838
Corresponding level/levels: 
Low


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.787610619
Weighted Score: 0.92920353966667
Corresponding level/levels: 
Low
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		171		Morogoro mammarenavirus		Morogoro mammarenavirus		Mammarenavirus		Arenaviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 0.3125
Impact Score: 2.657971014
Weighted Score: 0.276871980625
Corresponding level/levels: 
Crop or Agricultural


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 5
Impact Score: 2.113013699
Weighted Score: 3.5216894983333
Corresponding level/levels: 
Forest


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 4
Impact Score: 2.547169811
Weighted Score: 3.3962264146667
Corresponding level/levels: 
250-1000 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 5
Impact Score: 2.245551601
Weighted Score: 3.7425860016667
Corresponding level/levels: 
Yes


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.538904899
Weighted Score: 4.231508165
Corresponding level/levels: 
High


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 5
Impact Score: 2.513513514
Weighted Score: 4.18918919
Corresponding level/levels: 
High


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 1
Impact Score: 2.709302326
Weighted Score: 0.90310077533333
Corresponding level/levels: 
Low


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 3
Impact Score: 2.787610619
Weighted Score: 2.787610619
Corresponding level/levels: 
Medium
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		204		Mopeia mammarenavirus		Mopeia mammarenavirus		Mammarenavirus		Arenaviridae		Regional		Semi-global		1		1		Yes		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 3
Impact Score: 2.174603175
Weighted Score: 2.174603175
Corresponding level/levels: 
Medium


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 5
Impact Score: 2.262357414
Weighted Score: 3.77059569
Corresponding level/levels: 
Yes


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 5
Impact Score: 2.857855362
Weighted Score: 4.76309227
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 3
Impact Score: 2.168141593
Weighted Score: 2.168141593
Corresponding level/levels: 
Regional


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 2.5
Impact Score: 2.021472393
Weighted Score: 1.6845603275
Corresponding level/levels: 
Unknown


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		689		Arenavirus PREDICT_ArenaV-1		Arenavirus PREDICT_ArenaV-1		Mammarenavirus		Arenaviridae		National - small		Unknown		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 2.5
Impact Score: 2.417808219
Weighted Score: 2.0148401825
Corresponding level/levels: 
Unknown


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 2.5
Impact Score: 2.420382166
Weighted Score: 2.0169851383333
Corresponding level/levels: 
Unknown


Risk Name: Land use in host ecosystem
Risk Score: 4
Impact Score: 2.113013699
Weighted Score: 2.8173515986667
Corresponding level/levels: 
Crops


Risk Name: Livestock density in host ecosystem
Risk Score: 5
Impact Score: 2.174603175
Weighted Score: 3.624338625
Corresponding level/levels: 
High


Risk Name: Human population density in host ecosystem
Risk Score: 2
Impact Score: 2.547169811
Weighted Score: 1.6981132073333
Corresponding level/levels: 
5-25 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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		749		Arenavirus PREDICT ArenaV-2		Arenavirus PREDICT ArenaV-2		Mammarenavirus		Arenaviridae		National - small		Semi-global		1		1		No		No		No		Risk Name: Host plasticity - No. of species
Risk Score: 1
Impact Score: 2.632707775
Weighted Score: 0.87756925833333
Corresponding level/levels: 
1 species


Risk Name: Host plasticity - No. of orders
Risk Score: 1
Impact Score: 2.768817204
Weighted Score: 0.922939068
Corresponding level/levels: 
1 order


Risk Name: Geography of the host(s)
Risk Score: 4
Impact Score: 2.417808219
Weighted Score: 3.223744292
Corresponding level/levels: 
Semi-global


Risk Name: Number of primary high-risk disease transmission interfaces where the virus has been detected
Risk Score: 2.5
Impact Score: 2.657971014
Weighted Score: 2.214975845
Corresponding level/levels: 
Unknown


Risk Name: Genetic relatedness between the host species and humans
Risk Score: 3
Impact Score: 2.420382166
Weighted Score: 2.420382166
Corresponding level/levels: 
Recent (50-100 MYA)


Risk Name: Land use in host ecosystem
Risk Score: 2
Impact Score: 2.113013699
Weighted Score: 1.4086757993333
Corresponding level/levels: 
Shrubs


Risk Name: Livestock density in host ecosystem
Risk Score: 1
Impact Score: 2.174603175
Weighted Score: 0.724867725
Corresponding level/levels: 
Low


Risk Name: Human population density in host ecosystem
Risk Score: 3
Impact Score: 2.547169811
Weighted Score: 2.547169811
Corresponding level/levels: 
25-250 persons per sqKm


Risk Name: Deforestation in host ecosystem
Risk Score: 0
Impact Score: 2.270758123
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Urbanization in host ecosystem
Risk Score: 0
Impact Score: 2.245551601
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Agricultural system change in host ecosystem
Risk Score: 0
Impact Score: 2.262357414
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Genome classification of the virus
Risk Score: 5
Impact Score: 2.046296296
Weighted Score: 3.4104938266667
Corresponding level/levels: 
RNA


Risk Name: Envelope status of the virus
Risk Score: 3
Impact Score: 1.552980132
Weighted Score: 1.552980132
Corresponding level/levels: 
Yes


Risk Name: Viral genome segmentation
Risk Score: 5
Impact Score: 1.703470032
Weighted Score: 2.83911672
Corresponding level/levels: 
Yes


Risk Name: Virus species infectivity in humans
Risk Score: 1
Impact Score: 2.857855362
Weighted Score: 0.952618454
Corresponding level/levels: 
Not known to infect


Risk Name: Virus species infectivity in terrestrial mammals (excluding humans)
Risk Score: 5
Impact Score: 2.431876607
Weighted Score: 4.0531276783333
Corresponding level/levels: 
Yes


Risk Name: Proportion of virus species known to infect humans in the viral family
Risk Score: 3
Impact Score: 2.432065217
Weighted Score: 2.432065217
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Proportion of virus species known to infect terrestrial mammals (excluding humans) in the viral family
Risk Score: 5
Impact Score: 1.988571429
Weighted Score: 3.314285715
Corresponding level/levels: 
Very High (75-100%)


Risk Name: Proportion of viruses within a viral family that are known to infect more than 1 host species
Risk Score: 3
Impact Score: 1.950146628
Weighted Score: 1.950146628
Corresponding level/levels: 
Medium (25-50%)


Risk Name: Epidemicity of the virus species
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Geography of the virus in animals
Risk Score: 1
Impact Score: 2.168141593
Weighted Score: 0.72271386433333
Corresponding level/levels: 
National - small


Risk Name: Proportion of known human pathogens in the viral family
Risk Score: 2
Impact Score: 2.40599455
Weighted Score: 1.6039963666667
Corresponding level/levels: 
Low (10-25%)


Risk Name: Transmission mode of the virus
Risk Score: 0.714
Impact Score: 2.596730245
Weighted Score: 0.61802179831
Corresponding level/levels: 
Indirect - Fomite


Risk Name: Animal to human transmission
Risk Score: 1
Impact Score: 2.920560748
Weighted Score: 0.97352024933333
Corresponding level/levels: 
Not known to transmit


Risk Name: Human to human transmission
Risk Score: 1
Impact Score: 2.781609195
Weighted Score: 0.927203065
Corresponding level/levels: 
Not known to transmit


Risk Name: Duration of virus species infection in humans
Risk Score: 0
Impact Score: 2.021472393
Weighted Score: 0
Corresponding level/levels: 
Not Known to Infect Humans


Risk Name: Pandemic virus
Risk Score: 0
Impact Score: 2.688022284
Weighted Score: 0
Corresponding level/levels: 
No


Risk Name: Frequency of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.538904899
Weighted Score: 2.1157540825
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between domestic animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.513513514
Weighted Score: 2.094594595
Corresponding level/levels: 
Unknown


Risk Name: Frequency of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.709302326
Weighted Score: 2.2577519383333
Corresponding level/levels: 
Unknown


Risk Name: Intimacy of interaction between wild animals and humans in the host ecosystem
Risk Score: 2.5
Impact Score: 2.787610619
Weighted Score: 2.3230088491667
Corresponding level/levels: 
Unknown
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Non-Disclosure Agreement 


Agreement Summary



		[COUNTERPARTY] INFORMATION



		Name: 

		[●] 



		Mailing Address:

		[●]



		Project Lead:

		[●]



		Management Contact:

		[●]







		CEPI INFORMATION



		Name: 

		Coalition for Epidemic Preparedness Innovations (“CEPI”)



		Mailing Address:

		Marcus Thranesgate 2, PO Box 123 Torshov, N-0412 Oslo, Norway



		Project Lead:

		[●]  Timothy P. Endy MD, MPH



		Management Contact:

		[●]  timothy.endy@cepi.net







		AGREEMENT INFORMATION



		Project Name:

		[●] Virus Expert Panel for Disease X Vaccine Libraries



		Effective Date:

		January 17, 2022



		Expiration Date:

		[●] January 17, 2023



		This Agreement includes and incorporates by reference: 

		The agreement (referred to as the “Agreement”) means this Agreement Summary together with the following: 

- Terms and Conditions (“T&Cs”) (Annex A)









THIS AGREEMENT is between the Counterparty and CEPI (each as defined above) and comes into force as of the Effective Date. Each party to this Agreement may be referred to individually as a "Party" and together as the "Parties". 



This Agreement sets out the terms and conditions governing the exchange of information between the Parties and their representatives in the context of the selection of viruses for the Disease X vaccine library (the “Purpose”). As a pre-condition of this information exchange, the Parties enter into this Agreement by having their authorized representatives sign below.



Signed for and on behalf of [COUNTERPARTY] by:

Signature:………………………………………

Name:…………………………………………..

Title:…………………………………………….

Date:…………………………………………….



Signed for and on behalf of COALITION FOR EPIDEMIC PREPAREDNESS INNOVATIONS by:

Signature:………………………………………

Name:…………………………………………..

Title:…………………………………………….

Date:…………………………………………….
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Last updated: October 2021

Non-Disclosure Agreement - Terms and Conditions

1. Definitions

1.1 In this Agreement, terms shall have the following meaning: 

1.2 “Applicable Laws” means all national and supranational laws and regulations and other mandatory professional regulations applicable to a Party or any activities carried out or to be carried in order to achieve the Purpose or a Party’s activities or obligations described under or pursuant to this Agreement;

1.3 “Business Day” means a day which is not a Saturday or Sunday, or a bank or public holiday in England, Norway, and/or the country in which a Party’s mailing address (as set out in the Agreement Summary) is located; 

1.4 “Confidential Information” means any and all non-public information which by its nature or the manner of its disclosure is reasonably identifiable as Confidential Information, including but not limited to data, results, know-how, software (further including non-open source code), plans, details of research work, discoveries, inventions, intended publications, intended or pending patent applications, designs, technical information, business plans, budgets and strategies, business or financial information or other information in any medium, and any physical items, prototypes, compounds, samples, components, non-public regulatory filings, non-public submissions to regulatory authorities or other articles or materials disclosed on or after the Effective Date of this Agreement by one Party to the other Party whether orally or in writing or in any other form. Confidential information will not include:

a. information that is or was already known to the receiving Party at the time of disclosure, as shown by written records, without any obligation to keep it confidential;

b. information that is independently developed by employees of the receiving Party who have not had access to the Confidential Information of the disclosing Party as evidenced by contemporaneous written records;

c. information that at the time of being disclosed or obtained by the receiving Party or at any time thereafter, is published or otherwise generally available to the public other than due to default by the receiving Party of its obligations hereunder; 

d. information properly obtained by the receiving Party from a source which, to the best knowledge of the receiving Party, is not known to be bound by a confidentiality agreement, fiduciary obligation or other legal or contractual restriction that may prohibit the disclosure of such Confidential Information;

e. information necessarily disclosed by the receiving Party pursuant to a statutory obligation and the Party required to make that disclosure has informed the other, within a reasonable time after being required to make such disclosure, of the requirement to disclose and the information required to be disclosed; and

f. information approved for release in writing by an authorised representative of the disclosing Party.

1.5 ”CEPI Group” means the nodes of CEPI established in Norway, England, India, the United States of America and any other node of CEPI which may be established from time to time.

1.6 “Group” means in relation to a company (other than CEPI), that company, any subsidiary or any holding company from time to time of that company, and any subsidiary from time to time of a holding company of that company. Each company in a Group is a member of the Group; 

1.7 all terms defined in the Agreement Summary shall have the same meaning throughout the Agreement. 

2. Confidentiality; Restricted Use

2.1 All Confidential Information shall be used by the receiving Party (“Receiving Party”) exclusively for the Purpose, unless otherwise expressly agreed to in writing by the disclosing Party (“Disclosing Party”).

2.2 Each Party undertakes that during the term of this Agreement and for a period of five (5) years after its termination or expiry, it shall keep confidential and not disclose any Confidential Information of the other Party disclosed to or obtained by it in connection with this Agreement or the Purpose other than representatives, employees, agents, consultants, professional advisers, sub-contractors, regulatory authorities of itself or members of its Group and, in the case of CEPI, its funders or members of the CEPI Group, in each case who have a need to know Confidential Information of the other Party disclosed to or obtained by it in connection with the Purpose. 

2.3 [bookmark: _Ref42256011]Each Party shall ensure that all representatives, employees, agents, consultants, professional advisers, sub-contractors (to the extent it can legally do so) and third parties to which Confidential Information of the other Party is disclosed are: 

a. informed of the confidentiality provisions of this Agreement and 

b. bound by obligations of confidentiality and non-use at least as protective as the provisions contained herein, it being understood that where such person is a natural person (i.e. individual), such person shall not be allowed to disclose the Confidential Information to any other person.  

2.4 Each Party shall take reasonable security precautions to protect against unauthorized disclosure of Confidential Information. 

2.5 Required Disclosure. The disclosure of information that is required to be disclosed by a competent Court or regulatory authority or otherwise by Applicable Law may be disclosed as required, provided that where it is free to do so, the Receiving Party shall give notice of such disclosure to the Disclosing Party as soon as reasonably practicable and all such information shall be marked as “Confidential”.

2.6 Permitted Disclosures. Notwithstanding the above, nothing in this Agreement shall restrict a Party’s (or any of its representatives, employees, agents, consultants, professional advisers, sub-contractors) right to 

a. disclose the existence of a relationship between the Parties for the purpose of declaring a potential conflict of interest; 

b. disclose Confidential Information to any committee or regulatory body in furtherance of Party’s statutory or regulatory duties.

3. Refusal

3.1 Each Party shall have the right to refuse to accept any information under this Agreement prior to any disclosure; information disclosed despite such a refusal is not covered by the confidentiality obligation under this Agreement. Nothing herein shall require either Party to disclose any particular information.

4. No Licence

4.1 Each Party reserves all rights in its Confidential Information. The disclosure of Confidential Information by one Party does not give the other Party or any other person any licence or other right in respect of any Confidential Information beyond the rights expressly set out in this Agreement. 

5. No Warranty

5.1 Except as expressly stated in this Agreement, neither Party makes any express or implied warranty or representation concerning its Confidential Information, including but not limited to the accuracy or completeness of the Confidential Information.

5.2 The disclosure of Confidential Information by the parties shall not form any offer by, or representation or warranty on the part of, that party to enter into any further agreement with the other party in relation to the Purpose. 


6. Termination

6.1 [bookmark: _Ref42586214]This Agreement shall come into force on the Effective Date and shall automatically expire five (5) years later. It may be prematurely terminated by mutual agreement of the Parties or by one Party upon thirty (30) days' prior written notice to the other Party of its intention to terminate. The rights and obligations of the Parties which have accrued prior to termination shall, however, survive the termination of this Agreement for a period of five (5) years.

7. Return

7.1 Within sixty (60) days after termination or expiry of this Agreement the disclosing Party may request in writing from the Receiving Party that the Receiving Party at the Disclosing Party’s discretion either return or destroy all Confidential Information received from the Disclosing Party and stored electronically and/or on record-bearing media as well as any copies thereof. The Receiving Party shall confirm in writing such destruction or return the Confidential Information as well as any copies thereof to the Disclosing Party within fourteen (14) days after receipt of the Disclosing Party’s request.

7.2 The Parties acknowledge that return and/or destruction of Confidential Information constitutes an administrative burden, and agree to keep requests for return and/or destruction of Confidential Information to the minimum required.

7.3 The provisions of Clause 7.1 above shall not apply to copies of electronically exchanged Confidential Information made as a matter of routine information technology backup and to Confidential Information or copies thereof which must be stored by the receiving Party according to provisions of mandatory law or to the receiving Party’s internal compliance guidelines, provided that such Confidential Information or copies thereof shall be subject to an indefinite confidentiality obligation according to the terms and conditions set forth herein until returned and/or destroyed, as the case may be.

8. Resolving Differences

8.1 Escalation process. Any question, difference or dispute which may arise concerning the construction, meaning or effect of this Agreement, or concerning the rights or liabilities of the Parties hereunder, or any other matter arising out of or in connection with this Agreement shall first be submitted to the Chief Executive Officer of CEPI and to the Chief Executive Officer of the other Party (the “Senior Officers”) for resolution (each of whom may call on others to advise them as they see fit). The Senior Officers shall discuss the matter arising in good faith and in a timely manner and endeavour to reach a mutually agreeable solution. If the Parties are unable to resolve such dispute through such negotiations within sixty (60) days of such dispute being escalated to the Senior Officers, then in respect of any dispute, controversy or claim the Parties irrevocably submit to arbitration in accordance with Clause 8.2.

8.2 Arbitration. All disputes arising out of or in connection with this Agreement, including disputes on its conclusion, binding effect, amendment and termination, shall be resolved by arbitration, in accordance with the arbitration rules of the United Nations Commission of International Trade Law (UNCITRAL Arbitration rules) then-current in force. The appointing authority shall be the President of the Swiss Arbitration Association. The number of arbitrators shall be one, unless the parties agree otherwise. The arbitration proceedings shall take place in Geneva. The language of the arbitration shall be in English. The Parties agree to be bound by any award made by the arbitrator(s). An award shall be final and not be subject to any setting aside proceedings before any court absent fraud or misconduct. This clause shall be governed by and construed in accordance with the law of England and Wales without giving effect to any choice of law or conflict of law provisions or rules that would cause the application of the laws of any other jurisdiction.

8.3 Good faith cooperation in resolving differences: The Parties will cooperate in good faith to resolve differences and disputes pursuant to this Clause 8.

9. Limitation and exclusion of liability

9.1 Liability cap.  Unless otherwise agreed by the Parties in writing, each Party’s maximum liability in aggregate to the other Party arising out of this Agreement shall not exceed the higher of:

(a) US Dollars $10,000; and

(b) the amount (if higher) that such Party can recover from its insurer for the liability in question.



9.2 Exclusions. Neither Party shall be liable to the other Party for any loss of an indirect or consequential nature, nor for any loss of turnover, profits, business or goodwill, whether in contract, warranty, negligence, tort, strict liability or otherwise, arising out of any breach of or failure to perform any of the provisions of this Agreement.

9.3 Exclusions from Liability Cap. Notwithstanding the foregoing, nothing in this Agreement shall limit the liability of either Party in respect of: personal injury or death arising out of that Party’s negligence or wilful misconduct; or fraud or fraudulent misrepresentation or wilful misconduct; or for any other liability which cannot be limited or excluded as a matter of Applicable Laws.

10. General Provisions

10.1 Choice of law. This Agreement and any dispute or claim (including non-contractual disputes or claims) arising out of or in connection with it or its subject matter or formation shall be governed by and construed in accordance with the law of England and Wales without giving effect to any choice of law or conflict of law provisions or rules that would cause the application of the laws of any other jurisdiction.

10.2 No Rights for Third Parties.  A person who is not a Party to this Agreement has no right under the Contracts (Rights of Third Parties) Act 1999 or otherwise to enforce or to enjoy the benefit of any term of this Agreement. 

10.3 Notices. Any notice to be given pursuant to this Agreement shall be in writing in the English language and shall be delivered by overnight courier, by registered, recorded delivery or certified mail (postage prepaid) to the address of the recipient Party provided in the Agreement Summary or such other address as a Party may from time to time designate by written notice. Any notice given pursuant to this clause shall be deemed to have been received on the day of receipt, provided receipt occurs on a Business Day of the recipient Party or otherwise on the next following Business Day of the recipient. The Parties agree that email and fax are not valid methods of giving notice under this Agreement.

10.4 No Waiver. Neither Party shall be deemed to have waived any of its rights or remedies under this Agreement unless the waiver is expressly made in writing and signed by a duly authorized representative of that Party.

10.5 Assignment. Neither this Agreement nor any rights and obligations under this Agreement may be assigned or delegated by either Party without the prior written consent of the other Party, such consent not to be unreasonably withheld.

10.6 Entire Agreement. This Agreement, including its Agreement Summary and Annex(es), constitutes the entire agreement and understanding between the Parties relating to its subject matter and together they supersede and replace all prior arrangements, whether written or oral, between the Parties relating to the subject matter of this Agreement.

10.7 Export regulations. The Parties shall abide by the applicable export license regulations of the respective country(ies) and, if required, the disclosing Party shall apply for an export license grant prior to any transmission of Confidential Information and to inform the receiving Party sufficiently of any existing limitation.

10.8 Variation. No variation, amendment, modification or supplement to this Agreement will be valid unless and until it is made in writing and signed by a duly authorised representative of each Party. 
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be sending out a doodle poll for availability for our first Zoom meeting.  Our participants cross 5
different time zones so will try for early morning meetings US time which will be late afternoon for
our UK members and early evening for those in SE Asia.  For the first meeting I would like both
expert panels for each virus family to participate as I’ll give details in a presentation on our Disease X
vaccine planning process as well as regulatory approach to meet the 100-day mission and the
objectives for this panel to select 10-15 viruses with a likelihood for Disease X emergence for each
virus family.  I am planning a 1.5 hour first meeting leaving time for discussion and feedback.  I
envision that for each virus family we will need an additional two 1.5 hour meetings consisting of a
general discussion on factors to be considered and a final meeting for virus selection.  We can
schedule additional meetings if needed.  After the general discussion I’ll send out a listing of the
viruses and for each of you to select 10-15 viruses you think should go into the library.  I’ll then
consolidate the information for our final virus selection meeting as I suspect we will have consensus
on a portion of the viruses and can focus on the other viruses for discussion and a final consensus
selection.  First up will be the paramyxoviruses then the arenaviruses. 
 
Please let me know if you would like additional information or recommendations on ways to
improve this selection process. 
 
Again thank you for your participation and very excited to have you involved in this.
 
Best,
 
Tim
 
Timothy Endy​

Disease X Project Leader

+13153956450

timothy.endy@cepi.net

 Visiting address: 1901 Pennsylvania Ave, NW; Suite 1003; Washington, DC 20006; USA
Postal address: Post box 1030 Hoff, 0218 Oslo
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>150,000 horses 
vaccinated from 
2012 to 2019

>650,000 doses 
administered.













BVSc(Hons) MANZCVS (Equine Surgery) & (Epidemiology) CertAVP (Equine Stud Medicine) PgCertVPS MRCVS



From: Edward Annand on behalf of Edward Annand <ed.annand@sydney.edu.au>
To: John-Sebastian Eden; Broder, Christopher; Ina.Smith@csiro.au; Alison Peel; Plowright, Raina; Breed, Andrew;

Ibrahim Diallo; Bethany Horsburgh; Peter Reid; John Grewar SAEHP; annejackson251@gmail.com;
n.brown.bvsc@gmail.com; Xu, Kai

Cc: Navneet Dhand; Jenny-Ann Toribio; Ruth Zadoks; Philip Britton (SCHN); Cheryl Jones; inasmith23@gmail.com
Subject: Updating of One Health & Outbreak Surveillance Symposium 2021 lunchtime abstract presentation.
Date: Saturday, November 27, 2021 9:04:52 AM
Attachments: One-Health_Singapore_2021_EJAnnand_HeV-g2.pdf
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Hi JS, Ina, Chris, Peter, Kai, Ali, Raina, Andrew, Anne, Nicki, John, Ibrahim and Beth (Jenny-Ann, Ruth,
Phil and Cheryl),

Updating here that I have had a late call up facilitated by Navneet (Cc’d - who is giving a keynote at
the same event) to present the HeVg2 findings at:

One Health & Outbreak Surveillance Symposium 2021, Singapore (online) on Monday -
https://blog.nus.edu.sg/ciderohs/ - in the lunchtime abstracts session.

The title of the abstract is: Horses as Sentinels for Emerging Infectious Disease Research Discovery
(2021) of a variant genotype of Hendra virus (HeVg2) affording prospective spillover detection
(2021) and revision of geographical spillover risk.

Sharing pdf of slides for your records.

I’ve had to send the slides in advance already but if anyone has any particular requests for edits let
me know and I’ll see if it can be accommodated. Ali and Raina – this is the same slide I used (while
perhaps a little clearer) in the AVA VET Fest presentation on Thursday night which went very well by
the way.

Cheers

Ed

Ed Annand
BVSc(Hons) MANZCVS (Equine Surgery) & (Epidemiology) CertAVP (Equine Stud Medicine) PgCertVPS MRCVS
Research Associate and PhD candidate
One Health Epidemiology and Virology
University of Sydney | Sydney School of Veterinary Science
Marie Bashir Institute for Infectious Diseases and Biosecurity (Zoonoses Node)




Dr Edward J Annand


1


The Research Discovery of a variant genotype of Hendra virus (HeVg2) affording 
prospective spillover detection and revision of geographical spillover risk.


with


Horses as Sentinels for
Emerging Infectious Disease


University of Sydney | Sydney School of Veterinary Science and Sydney Institute of Infectious Diseases, Sydney, NSW.
CSIRO | Health and Biosecurity, Black Mountain, ACT.


EquiEpiVet | Equine Veterinary and One Health Epidemiology, Aireys Inlet, Vic.







2Horse cases listed in blue include recently identified HeVg2 disease events. Human cases listed in blue indicate received monoclonal antibody m102.4
Cases marked with an * represent human laboratory exposures (2013 US NiV 2015 CSIRO HeV) and thus are not included in the spillover tally.


YEAR/S QLD NSW TOTAL HORSE
FATALITIES


Human


Exposures / illnesses 
requiring intensive 
treatment


Fatalities


1994-2010 13 1 14 48 10 (7+3) 4 (3+1)


2011 10 8 18 24 0 0


2012 8 0 8 10 1 0


2013 4 4 8 8 (1*) 0


2014 3 1 4 4 6 0


2015 2 2 4 4 (1*) 0


2016 0 1 1 1 0 0


2017 1 3 4 4 3 0


2018 0 1 1 1 0 0


2019 0 1 1 1 0 0


2020 0 1 1 1 0 0


2021 0 1 1 1 0 0


TOTALS 41 24 65 107 22 (13)+2* 4


HeV Outbreaks in Horses
1994 - 2021


HeV spillover to horses and humans as a low sporadic incidence but HIGH CONSEQUENCE disease
Any single missed detection of an infected case (false negatives) place humans and animals at risk of fatal illness


And yet missed detections are inevitable due to LOW and SPORADIC INCIDENCE of disease







Veterinary Testing for unvaccinated horses


• Samples tested for Hendra virus exclusion
• Negative samples are not thoroughly investigated for other pathogens
• Significance realised with detection of two fatal cases of ABLV in 2013







Horses as Sentinels of Emerging Infectious Disease


Driven by the hypothesis that:


Some cases of severe Hendra virus-like disease in Australian 
horses is due to spillover infection by related but divergent bat 
borne paramyxoviruses such as those in the Rubulavirus and 
Henipavirus families of which our awareness is emerging.


Testing Hendra negative horses to Discover Emerging Pathogens causing Hendra like illnesses.


Which pathogens are causing neurological and respiratory symptoms in Hendra negative horses?







Parallel Pathogen Discovery 
Serology and Molecular Pipelines


33 plex Microbead Fluorescent Immunoassay Targeting EIDs of 
Putative EID Relevance to Australian Geography and Horses Nested Conventional RT-PCR and Total RNA NGS


Sensitive Bioinformatical Pipeline
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Horses as Sentinels – Targeted Disease Surveillance via research partnering with and extending routine Biosecurity


SQL database allowing syndromic classification,
sample processing and multiple testing pipelines.


Additional pathway extended from and supporting routine surveillance
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Horses as Sentinels – Targeted Disease Surveillance via research partnering with and extending routine Biosecurity


Understanding HeV disease in horses in its pathogenic basis and the syndromic presentation


Upset plot reported HeV cases


Upset plot AEFI
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Important update for HeV surveillance in humans and animals.
Hendra-virus-variant - Horse South-East Qld 2015


A Hendra virus variant (HeV-var) detected:
• 2015 South-east Queensland case of fatal equine disease;
• Previously found negative by routine state PCR testing for HeV at the time;
• Not detected by the molecular methods routinely relied upon due to sufficient nucleotide


mismatches in genomic sequence (approx. 15%).
• Equine HeV disease caused by this variant was clinically indistinguishable from the most


severe reported form of acute HeV disease.
• This 2015 horse HeV-variant shares near-identical genomic sequence to that detected in a


grey-headed flying fox (Pteropus poliocephalus) from Adelaide in 2013.
2013 viral sequence was shared with us in good-will prior to publication will by relevant CSIRO scientists.


Initial action:
• Timely communication with state biosecurity research partners and CVO allowing for immediate actions relevant to local stakeholders.
• Redesigned PCR assays suitable for routine biosecurity screening and shared these with state and national human and animal health 


laboratory network.
• Undertook genomic and phenotypic analysis of the HeV-variant to support the understanding that immune-protection should be 


afforded as for the prototypic HeV by both the Equivac HeVÒ vaccine in horses and the mono-clonal antibody m102.4 post-exposure 
therapy in humans.


Hendra virus variant primers shared with Human and Animal Health laboratory 
and biosecurity network 24th February 2021 courtesy of ‘Horses as Sentinels 
Research’ group in recommendation for urgent prepublication use on 
compassionate grounds. Primer design by JS Eden WIMR and I Smith CSIRO. 
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It should be emphasized, that the HeV RBP shares only 79% amino acid identity to NiV RBP, yet the HeV-sG
subunit vaccine provides 100% protection against lethal challenge with both HeV and NiV in animal models 
(11).


Both the higher similarity between the HeV-var and HeV RBP (92.5% amino acid identity) and structural 
consistency of critical epitopes mentioned above, suggest that current vaccination utilizing the HEV RBP 
will elicit similarly protective antibodies against this HeV-var. Current serological assays based on the HeV 
RBP are not expected to distinguish between exposure to the variants.


>150,000 horses 
vaccinated from 
2012 to 2019


>650,000 doses 
administered.


Neutralisation Titres on Vaccinated Horses
Serum HeV HeV-var/g2 


1 64 64
2 256 256
3 128 128
4 128 128
5 64 64
6 2048 1024
7 16 16
8 1024 1024
9 2048 2048


10 64 64
11 512 1024
12 2048 2048
13 512 512
14 512 512
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0


HeV-RBP (G)
Epitope
Variant


m102.4
Heavy chain
Light chain


Anticipated efficacy of sG vaccine for horses and post-
exposure immunotherapy with m102.4 via In silico
analysis of HeV variant receptor-binding protein 
structure based on established structure for HeV via x-
ray crystallography.


Dr Kai Xu Ohio State University College of Veterinary Medicine Department of 
Veterinary Biosciences, Columbus, Ohio, USA 


Comparison of the translated 
amino-acid sequence of this 
HeV-var and prototypic HeV 
RBP in silico revealed the 
ephrin-B2 entry receptor 
binding site and that of mAb
m102.4 to be unchanged. 
Similarly, m102.4 neutralization 
was confirmed in vitro with 
HeV-var as for HeV. As such, it is 
expected that current PEP 
utilizing mAb m102.4 will 
remain effective against this 
HeV-var. 







Timely communication of equivalent pathogenicity and immunogenicity with updated qPCR 
testing capacity shared for routine priority disease investigation.







Timely Prepublication Sharing of Duplex qPCR for Variant (HeVg2)
and Original HeV Genotypes Results in Prospective Detection
(Southern-most HeV Spillover)







1
3


Numerous molecular detections of the same variant genotype of Hendra virus (HeVg2), in grey-
headed flying foxes in South Australia and Victoria and a little red flying fox in Western Australia:


Wang, J., Anderson, D.E., Halpin, K. et al. A new Hendra virus genotype found in Australian flying 
foxes. Virol J 18, 197 (2021). https://doi.org/10.1186/s12985-021-01652-7.


The manuscript describes detections in bat samples (2013-2021) 
of the same consistent phenotypic second genotypic lineage 
detected retrospectively (2021) by this research to have caused 
fatal equine disease in QLD (2015).


Map of Australia showing the locations of the HeV-g2 positive flying foxes collected between 2013 and 
2021: one LRFF was from Broome, three GHFF were from Adelaide and 7 GHFF were from Melbourne. 


East IJ, Wicks RM, Martin PAJ, Sergeant ESG, Randall LA, 
Garner MG. Use of a multi-criteria analysis framework to 
inform the design of risk based general surveillance systems 
for animal disease in Australia. Preventive Veterinary 
Medicine. 2013 Nov 1;112(3):230–47.



https://doi.org/10.1186/s12985-021-01652-7?fbclid=IwAR3VUbQd3KUyz0MSYtkqt83IV56WBKAgg8QnPhf64c-KCcoEMZ3Xr32-BEA





Revised Geographic HeV Spillover Risk


Plowright RK et al. 2015 
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Horses as Sentinels
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Prof. Raina Plowright
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HeV and ABLV are both severe zoonotic diseases
that circulate amongst Australian bats
and are lethal to both horses and humans.


While they are likely ancient viruses,
our awareness of them is relatively recent and emerging.


Horses as Sentinels of Emerging Infectious Diseases Research
Co-leadership: Dr Ina Smith, Dr Peter Reid, Dr John-Sebastian Eden A/Prof Navneet Dhand
Dr Philip Britton, Prof. Cheryl Jones, A/Prof Jenny-Ann Toribio
Co-Hosted by: The University of Sydney (USYD) (Sydney School of Veterinary Science and Faculty of 
Medicine and Sydney Institute for Biosecurity and Infectious Diseases) and CSIRO (Health and Biosecurity 
Business unit). Supported by: Westmead Institute for Medical Research: Queensland Government 
Biosecurity Sciences Laboratory and Queensland Department of Agriculture and Fisheries; Australian 
Centre of Disease Preparedness Diagnostic Surveillance and Response Laboratory; University of Sydney, 
Sydney Medical School; EquiEpiVet; JData and the Broder lab - Uniformed Services, University of Health 
Sciences, USA.
Additional funding contribution from: Dalara Foundation, philanthropic donation - Horses and Human 
Health; Marie Bashir Institute of Biosecurity and Infectious Diseases - Internal USYD seed funding; USYD on 
behalf of Australian Government – Department of Education Skills and Employment - Research Training 
Program scholarship.
Co-investigators and contributors: Molecular and Bioinformatical co-investigators: Dr Bethany Horsburgh 
and Miss Kate Cousins. Technical scientific contributors: Dr Maximillian de Kantzow, Miss Michelle Michie 
and Ms Allison Tweedie, Ms Karan Kim and Dr Karren Plain. Database, and data analysis contributors: Dr 
John Grewar, Dr Nicole Brown and Dr Nagendra Singanallur. Clinical disease and syndrome contributors: Dr 
Anne Jackson, A/Prof. Cristy Secombe, Prof. Cheryl Jones, Dr Tim Annand, Dr Ben Poole, Dr Carly Garling, Dr 
Greg Baldwin and Dr Doug English. Workshops and system processes: Dr Anna Gonzalez, Miss Nicole 
Popovic, Mr Tim Jackson and Dr Sandra Steele. Serology recombinant protein contributors: Prof. 
Christopher Broder, Dr Eric Laing, Dr Spenser Sterling, Dr Lianying Yan, Dr Rasa Burneikiene-Petraityte and 
Dr Aurelija Zvirbliene.
Federal Government DAWE research partner: Dr Andrew Breed; project manager: Mr David Bath and 
research sponsor: Dr Robyn Martin. Queensland Government QDAF research partner: Dr Ibrahim Diallo 
and project governance: Dr Louise Jackson
Additional university research governance: Prof. Ruth Zadoks. Broader epidemiology engagement/advice:
Dr Ali Peel, Prof. Raina Plowright, Dr Andrew Way, Dr Kate Sawford, Dr Jonathan Happold and Dr Ian 
Langstaff. Additional Federal Government DAWE support/consultation: Dr William Wong, Dr Laura 
McFarlane-Berry and Dr Ariella Hayek. Broader Scientific collaboration and contributions: Dr David 
Williams, Dr Brenda van der Heide, Dr Sandy Crameri, Ms Jen Barr, Dr Mary Tachedjian and Dr Stacey Lynch 
and Dr Caroline Spelta.


Dr Ed Annand


University of Sydney | Sydney School of Veterinary Science and Sydney Institute of 
Infectious Diseases, Sydney, NSW.
CSIRO | Health and Biosecurity, Black Mountain, ACT.
EquiEpiVet | Equine Veterinary and One Health Epidemiology, Aireys Inlet, Vic.


BVSc(Hons) MANZCVS (Equine Surgery) & (Epidemiology) CertAVP (Equine Stud Medicine) PgCertVPS MRCVS


Research Associate and PhD candidate | One Health Epidemiology and Virology


ed.annand@sydney.edu.au






One Health & Outbreak Surveillance Online Symposium

One Integrative Surveillance System for Pandemic Preparedness

29 November 2021 | Zoom (Online)

Organised by the Centre for Infactious Disease Epidemiclogy & Research,
Saw Swee Hock Schiool of Public Health, Mational University of Singapore
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November 9, 2021

PARAMYXOVIRIDAE
Dr. Paul Duprex, University of Pittsburgh, Co-Chair
Dr. Rebecca Dutch, University of Kentucky College of Medicine, Co-Chair

NIAID WORKSHOP ON 
PANDEMIC PREPAREDNESS
The Prototype Pathogen Approach to Accelerate Medical 
Countermeasures: Vaccines and Monoclonal Antibodies



 Dr. Christopher Broder, Uniformed Services University
 Dr. Emmie De Wit, National Institute of Allergy and Infectious Diseases
 Dr. Felix Drexler, Charite - Universitätsmedizin Berlin
 Dr. Benhur Lee, Icahn School of Medicine at Mount Sinai
 Dr. Anne Moscona, Columbia University
 Dr. Richard Plemper, Georgia State University
 Dr. Veronika von Messling, German Federal Ministry of Education and Research
 Dr. Linfa Wang, Duke-NUS Medical School

FOCUS GROUP PANELISTS



PARAMYXOVIRIDAE TAXONOMY
Subfamily Genus Virus

Avulavirinae Orthoavulavirus
Metaavulavirus
Paraavulavirus

avian paramyxovirus 2

avian paramyxovirus 1

avian paramyxovirus 3

Rubulavirinae Orthoarubulavirus
Pararubulavirus

mumps virus
respiratory viruses human 
parainfluenza viruses 2 and 4

Orthoparamyxovirinae Respirovirus
Aquaparamyxovirus
Henipavirus
Narmovirus
Morbillivirus
Salemvirus
Ferlavirus
Jeilongvirus

human parainfluenza virus 1/3

Pacific salmon paramyxovirus

Nipah virus

Tupaia paramyxovirus

Measles virus

Salem virus

fer-de-lance virus

Beilong virus

Metaparamyxovirinae Synodus synodonvirus

Orthorubulavirus

Pararubulavirus
Avulavirinae

Morbillivirus

Respirovirus

Henipavirus

Orthoparamyxovirinae

Rubulavirinae

Metaparamyxovirinae



PARAMYXOVIRIDAE TAXONOMY
Subfamily Genus Virus

Avulavirinae Orthoavulavirus
Metaavulavirus
Paraavulavirus

avian paramyxovirus 2

avian paramyxovirus 1

avian paramyxovirus 3

Rubulavirinae Orthoarubulavirus
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Nipah virus
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Paramyxoviridae
HN/H/GP

L

Morbillivirus

Respirovirus

Henipavirus

Rubulavirinae



Orthorubulavirus

Pararubulavirus

Orthorubulavirus

Pararubulavirus

Narmovirus

Avulavirinae

Narmovirus

Orthorubulavirus

Pararubulavirus

Orthoparamyxovirinae

Rubulavirinae



THE IMPORTANCE OF VIRAL ECOLOGY

Morbillivirus

Respirovirus

Henipavirus

Rubulavirinae

Morbillivirus-related HenipavirusRubulavirus Respirovirus



 Brief history of the subfamilies we are focusing on – including info on 
recently identified members of the family. 
 Also – do we need to summarize the basic biology of these???

Paramyxoviridae

Paul to finish tomorrow



 There are differences between clinical isolates laboratory-adapted strains. Can 
we develop and provide model reagents for clinical strains to overcome this 
issue?

 Wide breadth of immune memory.  How does the immune response vary 
between the different viruses?  What would be the primary antigen target? Are 
there conserved key epitopes?

 Persistence is common.  What is the mechanism?  What are the implications for 
pathogen emergence?

 Neurotropism is common. What is the molecular basis of neurovirulence?
 All existing vaccines are live-attenuated.  What is the molecular basis of 

attenuation? What can we learnt from what we have?

BASIC BIOLOGY: KEY GAPS



 There is a difference in the level of protection after infection with a systemic versus a 
respiratory tract-limited virus. Why are some paramyxoviruses systemic while some 
are limited to the respiratory tract?

 Receptor binding is a hallmark. Can we get a better understanding of glycoprotein 
evolution and determinants of cross-reactivity? 

 Non-structural protein are important. How does viral protein variation affect innate 
immune activation?

 Some genera are very diverse. How stable are these viruses? What types of 
decontamination are effective and does this differ between paramyxoviruses?

BASIC BIOLOGY: KEY GAPS



Cell culture/non-animal models: 
 We need better human derived systems that are approachable and affordable.
Animal models of human pathogens alongside real animal diseases:  
 Some paramyxoviruses don’t have good animal models (e.g. mumps). 
 Some paramyxoviruses can only use NHP as good models (e.g. measles).
 CDV pathogenesis in ferrets is critical, systemic model – but to date this is not a human 

pathogen.
 While there are solid animal models for henipaviruses, the viruses are primarily BSL-4 

(except for Cedar), making these challenging to work with for most researchers.
 Mouse models are not good for many (most) paramyxoviruses – we need to develop 

reagents for animal species beyond mice.
 Can we improve the predictive power of animals models for humans?

MODELS OF DISEASE: KEY GAPS



Vaccines available for paramyxoviruses:
 Measles, mumps vaccines have been used for decades, though there are still 

questions about the molecular basis of attenuation and they a ALL live-
attenuated.

 CDV vaccines have been developed, and there are many studies of the immune 
response in animals to these vaccines.

 A Hendra G protein vaccine is used in horses, and correlates of protection are 
currently being investigated. This vaccine is cross-protective for Nipah.  It 
demonstrated subunit vaccines for paramyxoviruses are possible.

Monoclonals for paramyxoviruses: 
 A henipavirus monoclonal antibody is through Phase 1 trials. 

MEDICAL COUNTERMEASURES



Basic Biology
 Mechanisms of viral transmission dynamics, cell entry, long-term persistence
 Systemic vs tissue-limited viral replication, disease manifestations (molecular and cellular 

basis)
 Differences between clinical isolates and lab viral strains; Glycoprotein evolution and 

determinants of cross-reactivity
 Immune response differences and similarities across viral family; Primary antigenic target; 

Immune epitope landscape (conserved key epitopes?); Role of innate immunity 
Models

 Cell culture/non-animal models: human derived systems that are approachable and 
affordable

 Animal model development for some viruses in family
 Immunologic reagents for non-murine animal models (mouse - poor model for most family 

members)
Countermeasures

 Mechanisms of protection still unknown for successful licensed vaccines in family (e.g., 
measles)

 Correlates of protection for many paramyxoviruses
 Shorten mAb identification, development and production timelines
 Approaches to move promising candidates beyond Phase I trials (determine efficacy etc)

OVERALL SUMMARY: SCIENTIFIC GAPS





Henipaviruses

Issues with choosing as prototype pathogen:
 The BSL-4 nature creates considerable challenge for the wider 

research community. 
 Significant funding is already directed towards vaccine development 

through CEPI.
 The consistent low R0 value for Hendra and Nipah decreases the 

concerns about evolution to a highly transmissible agent.

However:
 The on-going outbreaks and high mortality rate make Henipaviruses a 

critical genus for continued research.
 Cedar virus could be considered as it is BSL-2+

PROTOTYPE PATHOGENS: ADDITIONAL CONSIDERATIONS



Morbilliviruses

 High transmissibility
 Propensity to jump species
 A number of emerging morbilliviruses have been identified
 Key data needed: what level of protection to novel morbilliviruses is 

provided by measles vaccination?
 Potential choices: canine distemper virus; bat morbilliviruses

PROTOTYPE PATHOGENS: POTENTIAL CHOICES



Respiroviruses

 Need to be prepared for both possible new systemic (e.g., pararubula) 
and respiratory-limited (respiroviruses) paramyxoviruses
 Novel respiroviruses have been recently identified, including from 

pangolins and squirrels
 Potential choices:  HPIV1 or 3 (established pathogens), bat 

respiraoviruses

PROTOTYPE PATHOGENS: POTENTIAL CHOICES



Rubulaviruses

 High degree of viral diversity
 Novel members found in animal reservoirs, zoonotic transmission 

observed.
 Demonstrated ability to infect numerous cell types
 Current mumps vaccine doesn’t induce durable immunity, reducing 

potential protection to new members of this genus
 Potential choices: Menagle virus, Sosuga virus, Tioman virus, 

Achimotaviruses (all recently identified viruses);  human parainfluenza 
virus 2, parainfluenza virus 5 or mumps (established) bat rubulaviruses

PROTOTYPE PATHOGENS: POTENTIAL CHOICES
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Dear All,
 
We promised to get you a draft of the slides for next week.  Becky and I are meeting this afternoon to
finalize.  We have been tag-teaming preparation, life and calendars. 
 
Please don’t worry about format just content. 
 
ACTION
 
If anyone has useful slides to contribute to paramyxovirus background please can you send them to me –
it would save us some time over the weekend
 
Please look at the summary slide we tried to capture what drover our recommendation, remembering not
all columns are weighted equally.  The colors are simply our best guess if anyone has strong opinions
and how we have rated anything or if we have totally miscalled please let us know.
 
I have tried to really simplify the taxonomy … Benhur and Felix can you give this a good look at those
slides.
 
If anyone finds it easier to chat I am around this afternoon from 14:00.  Remember there’s only 5 hours
between EDT and CET at the minute.
 
Thanks so much in advance.
 
Kind regards
 
Paul and Becky
 

Paul Duprex PhD
 

Director
Center for Vaccine Research
Professor of Microbiology and Molecular Genetics
University of Pittsburgh School of Medicine
3501 Fifth Avenue, Pittsburgh, Pennsylvania 15261
United States of America
 

pduprex@pitt.edu | @10queues | LinkedIn
 
Ryan Gidel: Administrative Assistant: rjg23@pitt.edu | +1 412 624 4480 (CVR office) | +1 412 624 4440 (CVR fax)

 
Becky
 
Rebecca Dutch
Vice Dean for Research
Professor, Molecular and Cellular Biochemistry
University Research Professor
President Emeritus, American Society for Virology
University of Kentucky College of Medicine
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PARAMYXOVIRIDAE TAXONOMY

		Subfamily		Genus		Virus

		Avulavirinae		Orthoavulavirus
Metaavulavirus
Paraavulavirus 		avian paramyxovirus 2
avian paramyxovirus 1
avian paramyxovirus 3

		Rubulavirinae		Orthoarubulavirus Pararubulavirus		mumps virus
respiratory viruses human parainfluenza viruses 2 and 4

		Orthoparamyxovirinae		Respirovirus Aquaparamyxovirus
Henipavirus
Narmovirus
Morbillivirus
Salemvirus
Ferlavirus
Jeilongvirus		human parainfluenza virus 1/3
Pacific salmon paramyxovirus
Nipah virus
Tupaia paramyxovirus
Measles virus
Salem virus
fer-de-lance virus
Beilong virus

		Metaparamyxovirinae				Synodus synodonvirus











Orthorubulavirus

Pararubulavirus





















Avulavirinae

Morbillivirus

Respirovirus

Henipavirus

Orthoparamyxovirinae

Rubulavirinae

Metaparamyxovirinae







PARAMYXOVIRIDAE TAXONOMY

		Subfamily		Genus		Virus

		Avulavirinae		Orthoavulavirus
Metaavulavirus
Paraavulavirus 		avian paramyxovirus 2
avian paramyxovirus 1
avian paramyxovirus 3

		Rubulavirinae		Orthoarubulavirus Pararubulavirus		mumps virus
respiratory viruses human parainfluenza viruses 2 and 4

		Orthoparamyxovirinae		Respirovirus Aquaparamyxovirus
Henipavirus
Narmovirus
Morbillivirus
Salemvirus
Ferlavirus
Jeilongvirus		human parainfluenza virus 1/3
Pacific salmon paramyxovirus
Nipah virus
Tupaia paramyxovirus
Measles virus
Salem virus
fer-de-lance virus
Beilong virus

		Metaparamyxovirinae				Synodus synodonvirus































Morbillivirus

Respirovirus

Henipavirus

Rubulavirinae































Paramyxoviridae



































HN/H/G

P

L



















Morbillivirus

Respirovirus

Henipavirus

Rubulavirinae

























Orthorubulavirus



Pararubulavirus







Orthorubulavirus

Pararubulavirus



Narmovirus









Avulavirinae





Narmovirus

Orthorubulavirus



Pararubulavirus

Orthoparamyxovirinae







Rubulavirinae





THE IMPORTANCE OF VIRAL ECOLOGY
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Brief history of the subfamilies we are focusing on – including info on recently identified members of the family. 

Also – do we need to summarize the basic biology of these???

Paramyxoviridae

Paul to finish tomorrow





There are differences between clinical isolates laboratory-adapted strains. Can we develop and provide model reagents for clinical strains to overcome this issue?

Wide breadth of immune memory.  How does the immune response vary between the different viruses?  What would be the primary antigen target? Are there conserved key epitopes?

Persistence is common.  What is the mechanism?  What are the implications for pathogen emergence?

Neurotropism is common. What is the molecular basis of neurovirulence?

All existing vaccines are live-attenuated.  What is the molecular basis of attenuation? What can we learnt from what we have?

BASIC BIOLOGY: KEY GAPS





There is a difference in the level of protection after infection with a systemic versus a respiratory tract-limited virus. Why are some paramyxoviruses systemic while some are limited to the respiratory tract?

Receptor binding is a hallmark. Can we get a better understanding of glycoprotein evolution and determinants of cross-reactivity? 

Non-structural protein are important. How does viral protein variation affect innate immune activation?

Some genera are very diverse. How stable are these viruses? What types of decontamination are effective and does this differ between paramyxoviruses?



BASIC BIOLOGY: KEY GAPS





Cell culture/non-animal models: 

We need better human derived systems that are approachable and affordable.

Animal models of human pathogens alongside real animal diseases:  

Some paramyxoviruses don’t have good animal models (e.g. mumps). 

Some paramyxoviruses can only use NHP as good models (e.g. measles).

CDV pathogenesis in ferrets is critical, systemic model – but to date this is not a human pathogen.

While there are solid animal models for henipaviruses, the viruses are primarily BSL-4 (except for Cedar), making these challenging to work with for most researchers.

Mouse models are not good for many (most) paramyxoviruses – we need to develop reagents for animal species beyond mice.

Can we improve the predictive power of animals models for humans?





MODELS OF DISEASE: KEY GAPS





Vaccines available for paramyxoviruses:

Measles, mumps vaccines have been used for decades, though there are still questions about the molecular basis of attenuation and they a ALL live-attenuated.

CDV vaccines have been developed, and there are many studies of the immune response in animals to these vaccines.

A Hendra G protein vaccine is used in horses, and correlates of protection are currently being investigated. This vaccine is cross-protective for Nipah.  It demonstrated subunit vaccines for paramyxoviruses are possible.



Monoclonals for paramyxoviruses: 

A henipavirus monoclonal antibody is through Phase 1 trials. 



MEDICAL COUNTERMEASURES





Basic Biology

Mechanisms of viral transmission dynamics, cell entry, long-term persistence

Systemic vs tissue-limited viral replication, disease manifestations (molecular and cellular basis)

Differences between clinical isolates and lab viral strains; Glycoprotein evolution and determinants of cross-reactivity

Immune response differences and similarities across viral family; Primary antigenic target; Immune epitope landscape (conserved key epitopes?); Role of innate immunity 

Models

Cell culture/non-animal models: human derived systems that are approachable and affordable

Animal model development for some viruses in family

Immunologic reagents for non-murine animal models (mouse - poor model for most family members)

Countermeasures

Mechanisms of protection still unknown for successful licensed vaccines in family (e.g., measles)

Correlates of protection for many paramyxoviruses

Shorten mAb identification, development and production timelines

Approaches to move promising candidates beyond Phase I trials (determine efficacy etc)



OVERALL SUMMARY: SCIENTIFIC GAPS













Henipaviruses



Issues with choosing as prototype pathogen:

The BSL-4 nature creates considerable challenge for the wider research community. 

Significant funding is already directed towards vaccine development through CEPI.

The consistent low R0 value for Hendra and Nipah decreases the concerns about evolution to a highly transmissible agent.



However:

The on-going outbreaks and high mortality rate make Henipaviruses a critical genus for continued research.

Cedar virus could be considered as it is BSL-2+







PROTOTYPE PATHOGENS: ADDITIONAL CONSIDERATIONS
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Morbilliviruses



 High transmissibility

 Propensity to jump species

 A number of emerging morbilliviruses have been identified

 Key data needed: what level of protection to novel morbilliviruses is provided by measles vaccination?

Potential choices: canine distemper virus; bat morbilliviruses



PROTOTYPE PATHOGENS: POTENTIAL CHOICES
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Respiroviruses 



Need to be prepared for both possible new systemic (e.g., pararubula) and respiratory-limited (respiroviruses) paramyxoviruses

Novel respiroviruses have been recently identified, including from pangolins and squirrels

Potential choices:  HPIV1 or 3 (established pathogens), bat respiraoviruses

PROTOTYPE PATHOGENS: POTENTIAL CHOICES
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Rubulaviruses



High degree of viral diversity

Novel members found in animal reservoirs, zoonotic transmission observed.

Demonstrated ability to infect numerous cell types

Current mumps vaccine doesn’t induce durable immunity, reducing potential protection to new members of this genus

Potential choices: Menagle virus, Sosuga virus, Tioman virus, Achimotaviruses (all recently identified viruses);  human parainfluenza virus 2, parainfluenza virus 5 or mumps (established) bat rubulaviruses



PROTOTYPE PATHOGENS: POTENTIAL CHOICES
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SUMMARY

		DECISION DRIVERS		HIGH TRANSMISSION		HIGH
DIVERSITY		THERAPEUTIC AVAILABILITY 		LABORATORY TRACTABILITY		POPULATION NAIVETY		ZOONOTIC POTENTIAL		DISEASE PROGRESSION

		DECISION DRIVERS														

		Henipaviruses 														

		Morbilliviruses														

		Respiroviruses														

		Rubulaviruses														
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The pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV) cause severe respiratory illness and 
encephalitis in both animals and humans with human case fatality rates ranging from 40-100%. The NiV-
Bangladesh strain (NiV-B) is associated with multiple rounds of human-to-human transmission and is a pathogen 
of pandemic concern for which there are no vaccines or antivirals approved for human use. We have recently 
shown that the nonpathogenic Cedar henipavirus (CedV) is a useful surrogate platform for high throughput 
screening (HTS) for antiviral drug discovery, and for virus neutralization assays. This proposal focuses on 
developing antiviral small molecule and nanobody countermeasures to combat the pathogenic henipaviruses 
including therapeutic modalities by an aerosol delivery approach. We created reporter gene-encoding 
recombinant CedVs and discovered a series of fused heterocycles, e.g., 4-aminoquinazoline-based, antivirals, 
and showed that a representative quinazoline CBS1437 was an effective inhibitor of rCedV replication and also 
both NiV-B and HeV, with EC50 values in the low µM range and minimal cytotoxicity. Neutralizing antibodies to 
the henipavirus F and G glycoproteins have also shown therapeutic promise, but antiviral nanobodies as 
potential immunotherapeutics represent a novel area of NiV and HeV countermeasure development. This 
proposal will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral 
nanobodies to pathogenic henipaviruses. Aim 1 will focus on optimizing lead anti-henipavirus small molecules 
and conduct cell-based antiviral HTS assays. Viral polymerase-targeting lead molecules will be selected using 
NiV-B and HeV assays and mechanism of action (MOA) studies, and best-in-class drugs will be developed by 
chemical modifications aimed to improve drug-like properties, increase potencies, decrease toxicity, and improve 
pharmacokinetic properties. Aim 2 will isolate and fully characterize nanobodies broadly neutralizing NiV-B and 
HeV derived by immunization of transgenic mice that produce nanobodies from alpacas, dromedaries and 
Bactrian camels, using phage display technology of cloned nanobody gene fragments. Best-in-class, cross-
reactive nanobodies will then be characterized in binding and neutralization assays and structurally analyzed in 
complex with their viral targets to delineate the recognition sites, mode of action and guide formulation of 
nanobody cocktails. Aim 3 will focus on in vivo efficacy evaluation of lead compounds and nanobodies in animal 
models. Both monotherapies and combination therapeutic modalities will be tested, along with testing antiviral 
nanobody delivery by aerosol. These two unique henipavirus-targeted antiviral development directions will 
generate novel countermeasures that may display more broad effectiveness. 

  



SPECIFIC AIMS  

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case 
fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-
to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 
23 total cases, leaving only 2 survivors.4 Twenty-two cases were from virus transmission in 3 hospital settings, 
with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of 
pandemic concern, and there are no vaccines or antiviral agents approved for human use. Indeed, the detection 
of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people 
worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug 
Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic 
henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus that is 
nonpathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse 
genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an 
extensive characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high 
throughput antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase 
in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a 
representative quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and 
HeV, with an EC50 value of 3.3 µM against NiV-B replication with minimal cytotoxicity. The further development 
of small molecules together with more extensive compound library screening using rCedV will yield testable 
antiviral agents with potential pan-henipavirus effectiveness. Our collaborative team also has extensive 
experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. 
In this proposal, we have initiated a completely different approach for developing antiviral nanobodies which are 
acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been 
shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent 
antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across 
viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, 
characterize and test both viral polymerase-targeting small molecule inhibitors and antiviral nanobodies to 
pathogenic henipaviruses. Specifically, we will: 

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
and SPR binding assay for target identification; advanced lead molecules will be selected using NiV-B and HeV 
assays, and best-in-class drugs will be developed using predictive software to improve drug-like properties, 
increase potencies, decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and later, best-in-class nanobodies will be also tested by aerosol delivery. PK/PD 
studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. Combination studies of 
drug with nanobody studies will also be conducted and final proof-of-concept protective efficacy studies will be 
carried out in the HeV and NiV-B African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease. 



A. BACKGROUND AND SIGNIFICANCE 

For several decades, the major agents of emerged or newly identified infectious diseases in humans have been 
viruses of zoonotic origins.11-13 Among these, two paramyxoviruses of importance are Nipah virus (NiV) and 
Hendra virus (HeV); the prototype species of the genus Henipavirus and are single-stranded, negative sense, 
enveloped RNA viruses.14 HeV appeared in 1994, in an outbreak of severe respiratory disease in horses in 
Australia, with the death of 14 horses and their trainer.15,16 NiV (Malaysia strain, NiV-M) appeared in an outbreak 
of encephalitis in pig farmers in Malaysia in 1998.17,18 NiV outbreaks have since been seen in Bangladesh and 
India by a related strain NiV-Bangladesh (NiV-B).19 Pteropid fruit bats are the major reservoir hosts for 
henipaviruses.6,20 NiV and HeV have broad host tropism, infecting at least 18 species across 6 orders of 
mammals. Among these, NiV and HeV will cause a systemic and often fatal respiratory and/or neurological 
disease in at least 11 species including humans, with human fatality rates ranging from 40-100%.2,21 A third 
henipavirus isolate, Cedar virus (CedV), was discovered in 2010.22 However, CedV is not known to be zoonotic 
and has been shown to be nonpathogenic in HeV and NiV animal models.22-24 Two additional henipaviruses are 
also known, Ghana bat virus and Mojiang virus, but only from sequence data.25-27 Since 2001, nearly annual 
occurrences of human NiV-B infections have occurred in Bangladesh, and 3 outbreaks in India.28 In 2014, an 
outbreak of NiV-M occurred in the Philippines with 9 fatalities of 11 human cases, with horse-to-human and 
human-to-human transmission.29 The combined NiV case fatality rate is ~60% across a large region of Asia in 
five countries.3 The recent 2018 NiV outbreak in Kerala, India was significant, occurring in a new geographic 
region, with a case fatality rate of 91% and 22 of 23 cases the result of from human-to-human transmission, 
underscoring both the transmissibility and the lethal nature of this virus.4  

Human NiV/HeV infection is generally accepted to occur via the oronasal route with an incubation period 
of 1 to 2 weeks.4,30 Acute NiV/HeV infection in people is systemic and likely via hematogenous viral spread from 
the respiratory system.31 Disease onset is characterized by fever, myalgia, shortness of breath, and cough.16,32 
Human HeV infections have resulted in both fatal respiratory or encephalitic disease, and also recovery.30,33 The 
predominant clinical feature in the Malaysia outbreak was encephalitis, but respiratory symptoms were also 
common.32,34 The clinical presentation of NiV-B infections in Bangladesh also includes severe respiratory disease 
and in the 2018 NiV-B outbreak in Kerala, 83% of cases had acute respiratory distress syndrome (ARDS).4,35 
The key findings of human NiV/HeV infection are wide-spread endothelial cell tropism and systemic vasculitis, 
with prominent parenchymal cell infection in most major organs with the brain and lung significantly affected.36,37 
Human NiV/HeV infection can also be prolonged following apparent recovery, and some patients can experience 
a late-onset or relapsed encephalitis.33,38 Relapsed encephalitis caused by NiV appears to be a recrudescence 
of virus replication in the central nervous system (CNS), with cases presenting from a few months to as long as 
11 years later,39 NiV and HeV are biosafety level-4 (BSL-4) viruses and classified as Category C priority 
pathogens and transboundary agents by several US agencies. Also, both NiV-M and NiV-B can cause lethal 
infection in nonhuman primates (NHPs), the African green monkey (AGM), when delivered by small particle 
aerosol.40-42 NiV and henipaviral diseases (HeV) are included on the WHO’s Blueprint List of Priority Pathogens.43 
NiV is a potential pandemic threat because of its high case-fatality rates, capacity for human-to-human 
transmission and potential to mutate, and a human-adapted strain in a region of high population density, could 
lead to rapid spread.44 There are presently no approved vaccines or therapeutic modalities for NiV/HeV infections 
in people. 

The viral RNA-dependent-RNA polymerases of paramyxoviruses are attractive targets for antiviral 
compound discovery, but antiviral drug discovery for NiV and HeV has been hampered by requirements of BSL-
4 containment. We recently developed and optimized an authentic henipavirus replication cell-based system 
using a recombinant CedV (rCedV) encoding luciferase (rCedV-Luc) for high-throughput screening (HTS) 
applications at BSL-2 and identified several inhibitory compounds that were further validated with authentic NiV-
B and HeV.7 Those leads provide the rationale for the current application. Our ability to employ rCedV provides 
an opportunity for anti-henipavirus drug discovery not previously available, that also allows for discovery across 
the whole replication cycle, not restricted to only the viral polymerase. Another well-exploited stage of virus 
infection is the attachment and entry process.45 NiV/HeV possess two membrane anchored glycoproteins 
required for infection; one for attachment, the G glycoprotein, and the other for membrane fusion the F 
glycoprotein.46 The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and all 
vaccine strategies.28 Although an effective post-exposure human monoclonal antibody (mAb) therapy targeting 
the NiV and HeV G glycoprotein (m102.4) has been extensively examined,47-51 its delivery must be within several 
days following infection in NHPs. An unexplored alternative but related antibody-based strategy are antiviral 
nanobodies. A nanobody, is an antibody fragment comprised of just a single monomeric variable antibody 
domain.52 Nanobodies were first engineered from variable heavy chain domains of camelid heavy chain 



antibodies (VHHs), and camelid VHHs retain full antigen specificity and are only a fraction of the size of a human 
antibody, and they have extended complementarity determining regions (CDRs) which can allow them to bind 
epitopes not normally accessible to conventional antibodies, such as conserved viral epitopes often masked by 
glycan shields.10 Our expertise in henipavirus F and G structural and functional analyses together with anti-F 
and G mAb development and therapeutic application, will facilitate the development and testing of a new and 
understudied area of nanobody-based immunotherapeutic against NiV and HeV.  

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of the investigators in this proposal. First, the cell-based high throughput screening (HTS) 
assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which 
provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional 
significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, 
because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal 
entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may well 
have activity across related members of the henipavirus genus. Second, our native-like, recombinant soluble 
tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice 
that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of 
a high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and 
characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-
reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape 
studies for variant selection and target identification. Finally, the rCedV based reporter-gene system allows rapid 
and quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules 
or nanobodies or combinations of both.  

Small molecule antiviral drug discovery. Anti-whole NiV or HeV immune sera shows cross-reactivity with CedV, 
however, such sera or even specific high-titer anti-CedV F or G antisera will not cross-neutralize HeV or NiV. 
Nevertheless, several CedV proteins show high amino acid (aa) identity to those in NiV and HeV, with highly 
conserved domains particularly in the N, M and L proteins.22 Interestingly, the CedV L polymerase protein is 257-
aa larger in comparison to NiV and HeV L, and the largest polymerase in the order Mononegavirale, yet it shares 
high aa identity to NiV and HeV L proteins. Indeed, CedV L is ~56% aa identical overall to the NiV-B and HeV L 
proteins; aa identities of L domains are: catalytic domain ~59.5%; the mRNA capping domain ~64.7%; 
methyltransferase domain ~50.5% (NiV-B) and ~52% (HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); 
and the 2-O-ribose methyltransferase domain ~60.8% (NiV-B) and ~61.7% (HeV). This overall high degree of 
identity, shared between CedV and that of NiV and HeV, suggests that antivirals that target the L polymerase, 
could be identified and also offer the possibility of identifying pan-henipavirus countermeasures. We recently 
tested this possibility and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and 
conducted a small molecule library screening project to identify inhibitors of rCedV replication.7 Several small 
molecule inhibitors have been validated in vitro using infectious HeV and NiV, demonstrating proof-of-concept 
and the feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and 
providing a strong foundation for this drug discovery project. This rCedV HTS system will be used to support 
Aim 1 to optimize our current best-in-class leads and also screen large libraries of compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized 
and have been shown to be safe with low immunogenicity in clinical trials.53-55 Nanobodies can be isolated using 
the same phage library construction methods and phage panning procedures routinely employed for mAb 
discovery, which allows for in vitro production of various amounts and their rapid characterization. Nanobody 
development will be carried out by Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice 
that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels.10 Immunized mouse cohorts 
are in progress using recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid 
progress in Aim 2.  

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new 
compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, 
in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-
henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and 



characterize batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins of NiV 
and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small 
molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel 
therapeutic modalities capable of treating NiV and HeV disease. 

C. PRELIMINARY RESULTS  

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors 
between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead 
on small molecule discovery) and Drs. Norton Peet, Irina Gaisina, and Terry Moore, UIC and Chicago 
BioSolutions Inc. (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator 
lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. 
Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and 
BSL-4 and ABSL-4 Core lead). Chicago BioSolutions, Inc. is a privately held, product-focused 
biopharmaceutical company engaged in the research and development of small molecule antiviral drugs that 
address commercially significant medical markets and unmet medical needs. 

C.2. Preliminary Data: Identification of small molecule inhibitors of henipaviruses.  

C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2), cell-
based HTS platform to identify small molecule antiviral agents targeting henipavirus replication without the 

requirement for BSL-4 containment.7 rCedV assays and tools. We also adapted 
the rCedV HTS infection platform to create another innovative toolset using novel 
chimeric viruses, where the viruses are altered only by the substitution of the F 
and G genes with that of NiV or HeV. As with the luciferase-encoding rCedV HTS 
assay, rCedV chimera use guidelines and procedures at the BSL-2 level were 
reviewed and approved by the USU, Institutional Biosafety Committee (IBC) in 
accordance with NIH guidelines. These replication competent rCedV chimeras 
create a very rapid and robust surrogate infection assay for NiVB and HeV that 
can be used as a neutralization or entry inhibitor assay to measure neutralizing 
antibodies, or as a surrogate for generating virus escape mutants to neutralizing 
antibodies. Here, the F and G genes of NiVB (2010 Faridpur isolate) and HeV 
(2008 Redlands isolate) were synthesized and 
inserted into our pOLTV5-rCedV anti-genome 
plasmid. For the HTS neutralization assay, a 
turbo-GFP gene was inserted between the 
CedV P and M genes. Each chimera (rCedV-
NiVB-GFP and rCedV-HeV-GFP) were rescued 
as previously described.8 Other versions 
without reporter genes have also been 
prepared. All virus stocks are cloned and 
genomes confirmed by NGS. Typically, large 
stocks are prepared and frozen as single use 

aliquots. Show in Figure 1 is an example of how these chimeras are used in a 
virus neutralization test, referred to as a fluorescent reduction neutralization 
test (FRNT) using two human NiV/HeV cross-reactive anti-G mAbs (HENV-103 

and -117) as previously 
described.56 Briefly, 
Vero 76 cells are used 
in black walled clear 
bottom 96-well plates, 
mAbs are serially 

diluted in medium, and equal volumes of medium containing rCedV-NiV-B or 
rCedV-HeV are added to each mAb dilution for a final concentration of 2000 
PFU, incubated for 2 h at 37 °C. Each virus-mAb mixture (90 µL/well) is added 
to the pre-seeded Vero 76 cells in triplicate and the assay run for just another 
24 h followed by 4% formaldehyde fixation, washing and then scanning using a CTL S6 analyzer. Fluorescent 
foci are counted using the CTL Basic Count™ and an IC50 value is determined as the antibody concentration 

Figure 1. Neutralization curves for 
HENV-117 and HENV-103 mAbs 
against rCedV-HeV-GFP (top) and 
rCedV-NiV-B-GFP (bottom). Data 
are from a single experiment 
performed in technical triplicate.  

Table 1. IC50 values of cross-reactive anti-G human mAbs HENV-
103 and -117) as determined by rCedV chimera FRNT assay and 
NiV-B and HeV conventional PRNT assay. 

Figure 2. Synergy map with calculated 
synergy score using the zero 
interactions potency (ZIP) model 
generated by SynergyFinder for 
neutralization of rCedV-NiV-B-GFP by 
serially diluted m102.4 and nAH1.3 
mAbs.  



yielding 50% reduction in fluorescent foci versus control wells. Table 1 shows the calculated IC50 values using 
rCedV chimeras vs. those determined by a conventional PRNT assay with authentic NiV-B and HeV, and they 
are remarkably within a 2-fold range. 

In addition to conventional single agent neutralization tests, the rCedV-NiV-B-GFP and rCedV-HeV-GFP 
chimeras can also be used in rapid HTS assays to measure synergistic activities of inhibitors, such as antibodies 
or drugs. The synergistic neutralizing activity of the HENV-103 and HENV-117 mAbs were described utilizing 
the rCedV chimera assay.56 Shown in Figure 2 is a neutralization synergy assay conducted with mAbs m102.4 
and nAH1.3 (both NiV/HeV cross-reactive anti-G mAbs) where they are individually diluted 2-fold in a 7x7 
concentration matrix. The diluted mAbs are added 1:1 to 4000 PFU per well of rCedV-NiV-B-GFP and the assay 
essentially carried out as above, with percent neutralization calculated by normalizing foci to a virus only control. 
Matrices are imported into SynergyFinder and analyzed Neutralization synergy was calculated by comparing 
treatment to virus only control wells. Values were imported into SynergyFinder software57 using a Zero 
Interactions Potency (ZIP) statistical model; delta scores >10 indicate likely synergy as shown here.  

Antiviral evaluation and combination testing of small molecules and nanobodies. These rCedV-based 
tools and rCedV chimera viruses will allow for rapid antiviral activity assessment and an ability to measure 
synergistic antiviral activities for both small molecule inhibitors derived from Aim 1 and nanobodies derived from 
Aim 2; and will also allow the novel approach of testing small molecules and nanobody combinations in a rapid 
and quantitative manner, in vitro, to select best-in-class candidates for both monotherapeutic and combination 
therapeutic modalities prior to in vivo animal model testing. 

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv 
library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc 
inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of 
diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. 
From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for 
further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular 
toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were 
confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM.  

In Table 2 is shown a representative quinazoline compound from our quinazoline series 
of rCedV inhibitors, designated as CBS1437. Note that both HEK293T and Vero cell 
lines were employed in these assays, and that CC50 values were recorded for these two 
cell lines. Compound CBS1437 was also evaluated in the infectious NiV (NiV-B) assay 
and found to have an EC50 value of 3.3 µM. An important reason for producing the data 
shown in Table 2 was to validate the primary screening data that was gathered from the 
rCedV HTS assay. Thus, we concluded that our HTS approach was a valid method for 
defining NiV inhibitors. Next, target specificity was confirmed in a counterscreen assay 
using a vesicular stomatitis virus G (VSV-G) protein. This hit showed a lack of detectable 
inhibition for VSV-G as well as some other unrelated viral proteins, including Lassa 

glycoprotein, and influenza fusion protein hemagglutinin H1 and H5 
(0% inhibition at 12.5 µM). Table 3 shows eight additional inhibitors 
in the quinazoline series, namely 4-aminoquinazolines, that we 
identified from a focused screening campaign, which allowed us to 
develop some initial structure-activity relationships (SARs). Note 
that these 4-aminoquinazolines all bear substituents on the amino 
group at the 4-position of the quinazoline ring and a carboethoxy 
substituent at the 2-position. In terms of SAR to be gleaned from the 
limited data set in Table 3, a few features stand out that are worth 
mentioning. It is clear that a variety of N-phenyl substituents give rise 
to active compounds, and that H, methyl and n-propyl groups as the second N-substituent all can produce good 
activity. However, it is also clear that one of the best compounds is compound 14 (Figure 4), bearing an 
unsubstituted cyclohexyl group, which suggests an area for optimization since compound 14 is the only 
compound where the phenyl ring has been replaced by a completely saturated (cyclohexyl) substituent. Another 
point worth making is that the two n-propyl compounds (16 and 18) are two of the best inhibitors. There may, in 
fact, be a rough correlation between cLogP and inhibitory activity, which may be worth exploring with a larger 
set of derivatives. It is clear that additional compounds in our 4-aminoquinazoline series (Table 3) would provide 
excellent opportunities for further optimization of the inhibitory activities. In the Research Plan we discuss 

Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates 1-8 in 
the rCedV luciferase reporter virus assay. 

 

N Comp ID R1 R2 % inhib  
at 10 µM 

1 G577-0014 H 3-chloro-4- 
methoxyphenyl 81 

2 G577-0016 H 2,4-difluorophenyl 18 

3 G577-0021 H 2-chloro-4- 
fluorophenyl 58 

4 G577-0022 H 3-methoxyphenyl 46 
5 G577-0028 Me cyclohexyl 93 
6 G577-0084 H 4-isopropylphenyl 85 
7 G577-0111 n-propyl 4-fluorophenyl 86 
8 G577-0112 Me 2-methylphenyl 94 

Table 2. Inhibition of rCedV and 
NiV-B by the HTS hit CBS1437. 

 
CedV  
(293T) 

CedV  
(Vero) 

NiV-B 
(Vero) 

EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 

0.70 100 2.1 100 3.3 



methods for the preparation of new 4-aminoquinazolines in addition to compounds in a backup series defined 
by our validation agent, CBS1437, as well as specific plans for developing the SARs. 
C2.2.3. Generation of Nipah and Hendra G and F nanobodies. We recently initiated a collaborative project in 
nanobody development against NiV and HeV, as well as other henipavirus glycoproteins, with Dr. Jianliang Xu 
(RAViD, Nanobody Core Lead). The Xu lab has engineered and established transgenic mice that produce 
VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels, and has published on the power and utility 
of anti-SARS-CoV-2 nanobodies.10 We have already initiated the immunizations of several nanomouse cohorts 
using native-like oligomeric recombinant sF (Veesler lab) and sG glycoproteins (Broder lab) of NiV-B and HeV. 
Immune responses are excellent and sera measured by ELISA using the immunogens. The first of these cohorts 
will be processed in the coming weeks, and the Xu lab will be constructing phage libraries of polyclonal VHHs 
from each cohort. We expect to be able to make rapid progress in Aim 2, in generating and characterizing 
diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV. 

D. RESEARCH DESIGN AND METHODS  
D1. Aim 1: Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. 

D.1.1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-
activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed 
libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define 
henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM). 
D.1.1.1. Synthetic Chemistry. In Figure 3 is shown a summary of how we will develop the SAR plan for the 4-

aminoquinazoline scaffold, as exemplified by changes to compound 8 
(G577-0112). Substituent changes on the core fused scaffold will involve 
exploration of mono- and disubstitution substituent patterns on the 
quinazoline core to explore the optimum overall size for the core. Note 
that we may be able to use these substituents as “ADME handles” to 
control the overall hydrophobicity of 
the molecules and the cLogP values. In 
addition, we will optimize substituents 
on both aryl rings, as indicated, and 

optimize the alkyl group on the tertiary amine. We will also optimize the alkyl 
ester group, and we are very interested in replacing this ester with an amide, 
which would be chemically and metabolically more stable. If the amide turns 

out to be an effective 
replacement, then we will also 
explore amide replacement 
units, such as ketomethylene, reduced ketone, retroamide, 
ethylene, and sulfonamide units, etc. In Scheme 1 is shown a 
specific synthesis of one of our best inhibitors in this set. 
Anthranilamide 9 is heated with diethyl oxalate in a solution of 
dimethylformamide (DMF) to produce 2-carboethoxyquinazoline-4-
one (10) in a condensation/cyclization process. Treatment of 10 
with phosphorous oxychloride next provides a reactive 
intermediate, namely, 2-carboethoxy-4-chloroquinazoline-4-one 
(12), which affords the specific inhibitor G577-0112 (compound 8) 
after a displacement reaction 
with 2-methyl-N-methylaniline. A 
variety of methods are available 
for accessing these 4-
aminoquinazolines, including 

initial treatment of the anthranilamides with ethyl ethoxycarbonylformimidate 
in ether58-59 as well as other methods.60,61 Likewise, the additional reagents 
required for these syntheses are mostly commercially available, as well. Thus, 
it is very realistic that a large library of these potential inhibitors will be quite 
accessible. In Figure 4 is shown a set of proposed compounds related to G577-0112 (compound 8) for which 
we show parameters calculated using Actelion OSIRIS software62. The proposed compounds (13 through 17) 
generally show improved druglikeness and drug scores (and other parameters) with respect to G577-0112 



(compound 8), and therefore represent promising new targets for synthesis and evaluation. Note that a dramatic 
improvement in all parameters is seen in simply replacing the ester with an amide by substituting NH for O, to 
provide proposed new compound 13. In progressing through the constrained compounds 14 through 17, 
improvement of parameters culminates with the indoline derivative 17, whose druglikeness and druglike scores 
have very dramatically improved. Advantages of imposed conformational restraints, as seen in 
tetrahydroquinolines 14 and 15 and indolines 16 and 17, include a reduction in rotatable bonds, and, importantly, 
a preorganization of an effective conformation that can mitigate the entropic penalty of binding. In Figure 5 is 
shown the SAR development plan for our quinazolin-4-one scaffold. There are three points of optimization that 
we envision for this trisubstituted fused core. At the 2-position, we will substitute the pyrrolidinyl substituent with 
additional cyclic and acyclic amines. The unsubstituted benzyl substituent at the 3-position will be optimized in 
terms of mono- and disubstitution patterns. The position of the carboxamide substituent located at the 7-position 
will be optimized, as will the N-alkyl group on the carboxamide. We will also replace the amide unit with various 
amide mimetic units, as indicated in Figure 5, since amides are subject to metabolic cleavage. We have also 
researched and found additional synthetic methods are available for the construction of both 4-
aminoquinazolines and 2,3,7-trisubstituted quinazolin-4-ones. 

D.1.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one 
series and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our 
recently published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5x104 cells per 
well will be treated with growth medium containing either DMSO or selected compound for 1 h at 37 °C, 5% CO2. 
Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 and the plate incubated for 48 h. 
Luciferase activity will be examined by reading the luminescent signal using the ENVISION JANUS automated 
workstation. This plate reader is integrated directly with the robotic deck so that readings can be made 
unattended. The data will be normalized by the average signal of the negative control wells in each plate. The 
best inhibitors will be evaluated in HEK293T and Vero cells in 96-well plates. Cells will be incubated with 
compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 
0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the luminescent signal 
as described above. Sample signals will be normalized by signals from the DMSO control wells. EC50 and CC50 
values will be calculated by dose-response curve fitting with Graphpad prism. These assays will be conducted 
in the Broder Lab.  

Screening Libraries. The HTS will be performed in the Rong Lab. The libraries will be provided by the UIC 
Research Resource Center (RRC). They are comprised of >150,000 compounds available in 96- or 384-well 
plate formats suitable for HTS. Additional libraries from ChemDiv and Enamine, including an Antiviral Library 
composed of 65,937 novel diverse and targeted compounds with privileged scaffolds from ChemDiv’s collection, 
will be purchased by Chicago BioSolutions, Inc. Hit Selection Algorithm. A compound which displays more 
than 90% inhibition (one log decrease in the luciferase activity in the presence of the compound, 10 M final 
concentration) will be considered a “hit” compound after the initial round of screening. To further determine the 
specificity, a secondary screening (counter screen) for the “hit” compounds will be performed, where the VSV-G 
pseudotyped HIV virions will be used as a specificity control. The third round or “tertiary” screening will focus on 
a selected group of compounds, and here classical dose-dependent inhibition assays will be carried out to 
estimate EC50 values. Multiple cell lines will also be used in these experiments to avoid cell line bias. The 
compounds that do not exert effective inhibition (non-potent) will not be actively pursued, while the more potent 
compounds (EC50 values less than 10 µM) will be analyzed further. It is expected that through multiple rounds of 
screening, we can select the most potent compounds for optimization and validation studies. Hit Validation, 
Cytotoxicity Assessment and Ranking. We will measure the direct toxicity of compounds to human cells to assess 
the overall cytotoxicity of the potent inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-
7 and Hep3B, will be tested using the “CellTiter 96 aqueous nonradioactive cell proliferation assay” as described 
previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening 
will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control 
and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have 
the expected structure (LC-MS, NMR spectroscopy). Compounds <80% pure will be purified and retested. 

D.1.1.3. Evaluation of antiviral activity of advanced candidates. Inhibitors will be tested against authentic 
NiV and HeV as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells 
per well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected 
compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or 
without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection 
(hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound 



only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The 
percent reduction in PFU/mL titers in the samples containing compounds will be compared to parallel control 
cultures of virus and DMSO. This work will be performed in the BSL-4 facility at UTMB (Geisbert, Core D). 

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of 
Drs. Peet, Gaisina, and Moore. If we encounter a synthesis-related problem with our primary scaffold 
compounds, we will use an alternate strategy using a different reaction sequence. Should we encounter a 
scaffold-related problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one 
scaffold or other HTS hits identified using the expanded libraries of compounds. 

D.1.2. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the 
mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The 
following experiments will be performed: 1) Determine the impact of compound treatment on viral protein 
expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be 
treated in duplicate with medium containing either DMSO or selected inhibitors at a predetermined concentration 
for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells will be collected to determine 
viral protein expression by western blot techniques or viral RNA levels by q-RT-PCR. CedV specific antibodies 
against G F N and P will be utilized. To determine changes in viral protein expression at the different time points, 
densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-
actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will 
be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific 
TaqMan primer/probe pair targeting the N gene, and performed using the ABI 7500 thermocycler. The ABI 7500 
software will be used to analyze all q-RT-PCR results. Fold changes will be calculated relative to 18S using the 
ΔΔCt method and normalized to respective DMSO control samples. We expect to observe a decrease in 
intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results 
from this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds 
on viral RNA levels over time; 2) Determine the stage(s) of inhibition of 4-aminoquinazolines and 
quinazolin-4-ones in the viral lifecycle. For time of addition studies, HEK293T cells will be infected with rCedV 
at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which time the viral inoculum will be removed and 
cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium 
will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All 
supernatants will be collected at 24 hpi and analyzed for infectious viral titers (PFU/mL) by plaque assay.7,8 
Results from this data will indicate at which stage of the viral life cycle the compounds are affecting; 3) Analyze 
escape mutants against the advanced lead compounds with Cedar virus. Target identification for small 
molecules. The rCedV tools used in Aim 1 will also be used for antiviral target identification. In vitro selection 
of virus escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic changes 
associated with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras to generate 
neutralizing mAb escape mutants. Here, we will test advanced lead compounds for antiviral resistance using 
techniques similar for generating mAb escape mutants.63,64 Briefly, a select compound will be used at the sub-
optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial passaged in 
multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of inhibitor will 
be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then be amplified 
and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will be derived by 
deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral genomes. 
We expect that many mutations will map to the L gene of rCedV, however, both P and N proteins also comprise 
the replicase complex and mutations may appear in those gene products as well, which if identified also suggests 
the possibility of multiple drug combination testing going forward. We will validate key mutations found in drug 
resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse those rCedVs 
and assay for drug resistance. We will also confirm and correlate our drug targets by performing resistance 
selection of the best inhibitors using authentic NiV-B and HeV in BSL-4 by the UTMB BSL-4 Core. 
D.1.2.1. Assess the binding properties by surface plasmon resonance (SPR). The NiV polymerase (L 
protein and a phosphoprotein P, or RdRp complex) will be prepared using a previously published protocol65. 
Biacore T200 and Biacore 8KSPR systems will be used to obtain information on binding specificity, binding 
affinity of the new lead inhibitors (KD) to the RdRp protein, and kinetics [association rate constants (ka), and 
dissociation rate constants (kd)] as previously described.66 RdRp protein will be immobilized on a CM5 chip using 
standard amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected 
over the flow channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir 



kinetic binding model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic 
analysis will be performed by UIC RRC, as previously done by the Rong lab.67 

D.1.2.2. Structure determination of recombinant proteins with bound inhibitors by CryoEM. High-
resolution structures of the NiV RdRp complex with key inhibitors such as CBS1437 and the advanced lead 
compounds to be defined will be obtained using CryoEM by the Veesler Lab at the Arnold and Mabel CryoEM 
Center at the UW. It is expected that these structures will be determined and will reveal the atomic level details 
of how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for 
developing potent high-affinity ligands. For EM studies, we will utilize automated data collection software to 
facilitate throughput. In brief, data will be processed using the Appion68 pipeline, which keeps track of all data 
and processing steps. All data will be processed using multiple single particle EM software packages, including 
Warp69, cryoSparc70, and RELION71. Purified complexes will be deposited onto grids, blotted, and cryo-plunged 
into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the complexes will be collected 
using automated image acquisition software under low dose conditions. Structures generated by cryo-EM will 
be refined and reconstructed using Rosetta which is developed at the UW. As cryo-EM structures of polymerase 
in complex with key inhibitors (i.e., CBS1437 and additional derivatives) become available, MD studies of these 
systems will be conducted to reveal the dynamic nature of protein/ligand interactions72-76, to explore the 
conformational landscape77 of ligand binding events, and to capture conformational variability of intermediate 
states78,79, which can be crucial to gain mechanistic knowledge of biological function, but remain out of reach 
through experimental approaches. 

Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are 
commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously 
rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T 
cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism 
studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-
aminoquinazolines or quinazoline-4-ones. 

D.1.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. 
Milestone: Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver 
microsomes, low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before 
investigating the efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal 
dosing regimen for the efficacy studies with the advanced lead compounds. 
D.1.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing.  
Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further 
therapeutic development. We will assess several critical in vitro ADME-Tox properties and prioritize compounds 
accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out to rapidly screen for potential 
inhibitors of the principal drug metabolizing cytochrome P450 enzymes.80 Compounds with IC50 values ≥100 µM 
for CYP isoforms will be prioritized for further advancement. Rat/Human Liver Microsome Stability. Rat and 
human liver microsome preparations will be used to evaluate the metabolic stability of compounds.81 Compounds  

 
with >50% recovery (1 h) will be considered for further advancement. hERG channel blockade. The ability of 
compounds to block the hERG channel will be assessed as previously described.82 Compounds that do not 
prevent [3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug absorption through the 
intestinal epithelium is critical to good oral bioavailability. We will use the Caco-2 method83 to evaluate the 
potential for oral bioavailability of the lead inhibitors. Compounds exhibiting a Caco-2 permeability value (Papp) 
greater than 1 × 10-6 cm/sec will be prioritized. Bacterial reverse mutation assay (Ames): Four Salmonella 
typhimurium strains (TA1535, TA1537, TA98, TA100) and one Escherichia coli strain (WP2 uvrA) will be used. 



The bacteria will be exposed to different dose levels and any reverse mutations will be determined. In vitro 
mammalian chromosomal aberration test: The purpose of this study is to evaluate the clastogenic potential 
of the compound based on its ability to induce chromosome aberrations in human peripheral blood lymphocytes. 
D.1.3.2. PK studies: PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. Depending 
on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate calculations of 
AUC. Plasma concentration will be established to support dosage selection for efficacy studies. Formulation 
stability and PK/Toxicity studies will be performed by CROs. 

Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc., and supervised by Dr. Peet. We do not anticipate 
any problem obtaining high quality data from the assays. If the compounds fail to meet our benchmarks, then 
we will synthesize additional groups of compounds, or turn to our backup scaffold to meet the objectives in this 
aim. We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable 
advanced lead compounds, which will allow for the future selection of a preclinical candidate (Figure 6). 

D.2. AIM 2: Characterization of the potency and breadth of selected nanobodies. 
Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies 
targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also 
collaborate with the UTMB, BSL-4 Core D to evaluate lead candidates with authentic NiV and HeV and also in 
vivo in Aim 3. Batteries of nanobodies to the F and G glycoproteins of NiV and HeV will be isolated from phage 
libraries constructed using cohorts of nanomice immunized with sF and sG recombinant glycoproteins (C2.2.3. 
Preliminary Data). The Core will conduct preliminary characterizations on binding and specificities and then 
provide purified nanobody panels to the Veesler and Broder labs for detailed studies. 

D.2.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth. 

D.2.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of 
prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian 
cells, including NiV (Bengladesh and Malaysia strains) and HeV (both ancestral and the newly described variant) 
with and without avi-tag for biotinylation.84-86 These proteins were used to vaccinate transgenic mice for 
nanobody production and will be used for downstream screening of the nanobody libraries and for exploring 
cross-reactivity with NiV and HeV glycoproteins and with more distantly related henipaviruses using high-
throughput ELISA assays. Biolayer interferometry analysis of binding kinetics and affinity will be carried out for 
the most promising nanobodies selected by ELISAs to enable ranking them based on binding affinities and cross-
reactivity. 

D.2.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit NiV and 
HeV, we will use a high-throughput neutralization assay (conducted in the Broder lab). This assay is based on 
GFP-encoding, recombinant replication-competent, Cedar henipavirus (rCedV) chimeras in which the native 
glycoproteins are substituted with the NiV-B (rCedV-NiV-B-GFP, Bengladesh strain) or the HeV (rCedV-HeV-
GFP) F and G glycoproteins (see:  C.2.1. Preliminary Data).7,87 This platform is safe, enabling utilization at BSL-
2 compared to BSL-4 for authentic viruses, and has been thoroughly validated and shown to faithfully recapitulate 
the data obtained with NiV-B and HeV with both monoclonal antibodies and vaccine-elicited polyclonal sera. This 
method was used to support the preclinical development of G-specific antibodies5. Furthermore, the Broder lab 
recently developed a rCedV-HeVv-GFP using reverse-genetics to study the antigenic properties of a newly 
described HeV variant.88 These assays will enable ranking each nanobody based on their neutralization potency 
and breadth to assist downstream selection. For nanobodies for which cross-reactivity will be detected beyond 
NiV and HeV (e.g. CedV), their inhibitory activity will be tested against authentic CedV. Finally, these chimeric 
virus neutralization assays can be implemented for viruses for which no isolates are available (as is the case for 
henipaviruses discovered through metagenomics in bats or other animals).89,90 

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing 
certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity 
with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy 
imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins 
and viruses and performed by multiple individuals to ensure the reproducibility of our assays.  

Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad 
and potent neutralizing activity against NiV and HeV. The top candidates will be further studied structurally and 
functionally and evaluated for in vivo efficacy. 

D.2.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition. 



Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-
level understanding of binding and inhibition which will be validated using functional assays. This structural 
framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth 
and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins 
and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G 
glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. 
The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput 
structural studies of viral glycoproteins. We use the Leginon data collection software, which runs 24 hours per 
day and enables automated targeting and image acquisition, while keeping a relational database of all 
micrographs to expedite subsequent processing.91 Many image processing tasks are automated as part of a 
workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by 
storing all the details related to image acquisition and processing.68,69 Complexes of nanobodies with 
glycoproteins will be vitrified and imaged using cryoEM to visualize directly the epitopes targeted by the different 
nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience 
in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,84,86,92-94 
mechanical stage tilting with gold grids95,96 or detergents to modify surface tension97. Some of the nanobodies 
might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened resolution. 
We will overcome this using workflows developed in-house specifically for that purpose for previously 
characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D 
classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.95,98-102 
Refinement of atomic models in cryoEM density maps will leverage the Rosetta software developed at the 
University of Washington.103-105 The NiV attachment (G) glycoprotein engages host receptors, and is the basis 
of a commercially available horse vaccine and entered phase I clinical trials for use in humans with funding from 
the Coalition for Epidemic Preparedness Initiatives. The Veesler and Broder labs recently determined a high-
resolution cryoEM structure of the NiV G glycoprotein ectodomain tetramer which has resisted structural 

characterization for 25 years, hindering both our 
understanding of immunity directed towards G and 
the rational design of vaccines. The structure was 
obtained in complex with a potent broadly 
neutralizing antibody Fab fragment (nAH1.3) (Figure 
7), which recognizes an epitope distinct from the 
receptor-binding site and is a candidate for 
therapeutic development. This study revealed the 
ultrastructural organization of this key target of the 
immune system, informs the mechanism of 
henipavirus entry into host cells and provides a 
blueprint for guiding vaccine and therapeutic design. 
The know-how generated to achieve this 
groundbreaking result will directly support the 
proposed project. 
D.2.2.1. High-resolution structural studies using 
X-ray crystallography. Some nanobodies might 
bind to regions that are intrinsically flexible, thereby 
limiting resolution using cryoEM. We have already 
encountered such cases with coronavirus fusion 
machinery-directed antibodies binding to linear 
epitopes in the spikes. We will overcome these 
challenges by determining high-resolution crystal 
structures of the nanobodies bound to their cognate 
epitopes, similar to the strategy we used to obtain 
structural information of the B6 and S2P6 antibodies 
bound to several β-coronavirus stem helices. 

Refinement of atomic models will use both Phenix106 and BUSTER-TNT.107 

D.2.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred 
from the structural data will be validated using receptor binding, F cleavage and membrane fusion assays we 
previously implemented for henipaviruses and coronaviruses.84-86,93,108,109 

 
Figure 7. NiV G bound to the nAH1.3 neutralizing antibody Fab fragment. 
A) Ribbon diagram of the NiV G ectodomain bound to the broadly 
neutralizing nAH1.3 Fab fragment in two orthogonal orientations. Each of 
the four NiV G protomers is colored distinctly and resolved N-linked glycans 
are rendered as green surfaces. The nAH1.3 heavy and light chains are 
colored gold and yellow, respectively, and only the variable domains were 
modeled in density. The linkers connecting the neck to the two proximal 
head domains are shown as dashed lines due to weaker density in the 
cryoEM reconstruction. (B) Ribbon diagram of a NiV G head domain (blue) 
with the interacting nAH1.3 heavy and light chains CDRs rendered in gold 
and yellow. (C) nAH1.3-mediated neutralization of rCedV-NiV-B-GFP 
(black) and rCedV-HeV-GFP (blue). 



Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot 
be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, 
which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-
150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM 
center, which Dr. Veesler co-directs. 

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in 
the field. For cryoEM maps, these will include gold-standard projection matching refinements110-112 and high-
resolution noise substitution prior to Fourier shell correlation calculations113 to avoid overfitting. Atomic models 
will be assessed using Molprobity,114 EMringer115 and Privateer.116 The coordinates of the structures solved as 
part of this work, as well as the corresponding experimental data, will be made freely available through deposition 
in the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 
Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-
reactivity and the design of nanobody cocktails. This work will also demonstrate the mechanism(s) of action of 
nanobodies leading to inhibition of viral entry. 

D.2.3. AIM 2C. Structure-guided formulation of nanobody cocktails. 

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or 
treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 
10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical 
isolates, the two-mAb cocktail proved more resilient to escape mutations.117-119 Because experimental passaging 
of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape 
mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails 
that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins.  

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent 
a unique opportunity for implementing multi-pronged targeting, which has not been evaluated previously. We will 
combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their 
antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV 
chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side 
to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-
selection will include maximal neutralization potency and breadth and structural characterization will be used to 
ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary. 

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails 
with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection. 

D.3. AIM 3: Evaluation of lead compounds in vivo. 

Rationale: Aim 3 will collaborate with the ABSL-3 and ABSL-4 Core (Core D) to evaluate lead candidate drugs 
and nanobodies in vivo. A critical aspect of antiviral discovery that is often overlooked is the early stage testing 
of lead compounds in well-studied and well-validated in vivo animal models. Here, our experimental plan has the 
benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster 
and AGM.2,120 PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy studies using 
select best-in-class drugs and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-
concept protective efficacy studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and 
HeV infected AGM models. 

D.3.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary 
pharmacokinetic (PK) studies in hamsters and AGMs will be performed by the UTMB Core (Core D). Using 
intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these 
studies will examine the concentration of lead compounds in plasma over time in order to establish parameters 
such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and 
dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter 
for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) 
above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in 
hamster models of henipavirus disease. Lead compounds which demonstrate good exposure-response antiviral 
activity in hamsters will then advance into AGM PK studies using similar dose administration and measured 
parameters as above. The data will be used to select doses and dosing regimens for the subsequent protection 
studies in AGMs. 



D.3.2. In vivo testing of lead compounds NiV/HeV in infected hamsters. The in vivo activity of the most 
potent compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will 
be randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of 
NiVB or HeV.87,121-123 Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different 
doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will 
be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight 
loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 
optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis 
in the Subaims below. 

D.3.4. Define breakthrough conditions for anti-henipavirus antiviral agents in hamsters. This Subaim will 
employ the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect 
hamsters against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after 
henipavirus exposure. The goal of this Subaim is to determine the time points of treatment initiation when the 
antiviral agents fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated i.n. with ~ 5x106 PFU of NiV or HeV.87,121-123 Treatments will be initiated at various times 
after henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters 
succumb to disease. 

D.3.5. Combination therapy of anti-henipavirus antiviral agents in hamsters. This subaim will employ the 
most promising antiviral agents from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. 
Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x106 PFU of 
NiV or HeV.87,121-123Treatment with at least two different antiviral agents will be administered beginning at a time 
point where substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if 
combining at least two different antivirals improves survival. Group sizes may be increased as needed to obtain 
appropriate statistical power to show the survival benefit of combination therapy. 

D.3.6. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will 
employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol 
delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can 
protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB or HeV as determined in henipavirus 
dose confirmation studies conducted by the ABSL-3 and ABSL-4 Core. Treatments with drugs, nanobodies, or 
combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization 
by the Aerosol Delivery Core (see Core B) at various times after henipavirus infection. 

D.3.7. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of 
concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV 
infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol 
using the LMA mucosal atomization device (MAD) as previously described41 or by small particle aerosol as 
previously described42,124 with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV). Importantly, the 
MAD system delivers atomized particles that range in size from 30 to 100 µm, which is highly consistent with the 
size of droplets exhaled by humans when coughing. Previous studies with AGMs infected with NiVB using the 
MAD system resulted in lethality in 9/9 animals and a disease course that is highly consistent with human 
infection (TW Geisbert, C Broder, unpublished data). The treatment groups (consisting of five animals each) will 
be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by the Aerosol Delivery 
Core (see Core B) up to 5 days after viral challenge (initiation time informed by hamster studies) while control 
animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by 
respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival. 

Potential Pitfalls and Alternative Strategies. It is possible that Core B may experience difficulties in optimizing 
aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that aerosol delivery of antiviral agents may 
not improve protective efficacy or extend the therapeutic window of the agents. We will also assess conventional 
parenteral delivery routes (as noted in the subaims above) which were previously shown for remdesivir and 
mAbs to protect animals against lethal henipavirus disease to de-risk this Aim. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues.. We will employ equal or near equal numbers of male and female animals and 
general age (infant or geriatric animals will not be used). 



In summary, the continued outbreaks of NiV across a large global region requires urgent translational 
countermeasure research to establish a readiness for the next NiV or related pathogenic henipavirus outbreak. 
We have discovered antiviral leads that show promise against NiV and HeV, and lay out a detailed plan to 
optimize, develop, and test these drugs. We also initiate a new plan to develop and test antiviral nanobodies. 
Together with the expertise, resources and experience within this proposal, we will deliver preclinical antiviral 
candidate treatment modalities against henipavirus mediated disease. 
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The pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV) cause severe respiratory illness and 
encephalitis in both animals and humans with human case fatality rates ranging from 40-100%. The NiV-
Bangladesh strain (NiV-B) is associated with multiple rounds of human-to-human transmission and is a pathogen 
of pandemic concern for which there are no vaccines or antivirals approved for human use. We have recently 
shown that the nonpathogenic Cedar henipavirus (CedV) is a useful surrogate platform for high throughput 
screening (HTS) for antiviral drug discovery, and for virus neutralization assays. This proposal focuses on 
developing antiviral small molecule and nanobody countermeasures to combat the pathogenic henipaviruses 
including therapeutic modalities by an aerosol delivery approach. We created reporter gene-encoding 
recombinant CedVs and discovered a series of fused heterocycles, e.g., 4-aminoquinazoline-based, antivirals, 
and showed that a representative quinazoline CBS1435 was an effective inhibitor of rCedV replication and also 
both NiV-B and HeV, with EC50 values in the low µM range and minimal cytotoxicity. Neutralizing antibodies to 
the henipavirus F and G glycoproteins have also shown therapeutic promise, but antiviral nanobodies as 
potential immunotherapeutics represent a novel area of NiV and HeV countermeasure development. This 
proposal will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral 
nanobodies to pathogenic henipaviruses. Aim 1 will focus on optimizing lead anti-henipavirus small molecules 
and conduct cell-based antiviral HTS assays. Viral polymerase-targeting lead molecules will be selected using 
NiV-B and HeV assays and mechanism of action (MOA) studies, and best-in-class drugs will be developed by 
chemical modifications aimed to improve drug-like properties, increase potencies, decrease toxicity, and improve 
pharmacokinetic properties. Aim 2 will isolate and fully characterize nanobodies broadly neutralizing NiV-B and 
HeV derived by immunization of transgenic mice that produce nanobodies from alpacas, dromedaries and 
Bactrian camels, using phage display technology of cloned nanobody gene fragments. Best-in-class, cross-
reactive nanobodies will then be characterized in binding and neutralization assays and structurally analyzed in 
complex with their viral targets to delineate the recognition sites, mode of action and guide formulation of 
nanobody cocktails. Aim 3 will focus on in vivo efficacy evaluation of lead compounds and nanobodies in animal 
models. Both monotherapies and combination therapeutic modalities will be tested, along with testing antiviral 
nanobody delivery by aerosol. These two unique henipavirus-targeted antiviral development directions will 
generate novel countermeasures that may display more broad effectiveness. 

  



SPECIFIC AIMS  

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case 
fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-
to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 
23 total cases, leaving only 2 survivors.4 Twenty-two cases were from virus transmission in 3 hospital settings, 
with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of 
pandemic concern, and there are no vaccines or antiviral agents approved for human use. Indeed, the detection 
of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people 
worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug 
Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic 
henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus that is 
nonpathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse 
genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an 
extensive characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high 
throughput antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase 
in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a 
representative quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and 
HeV, with an IC50 value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development 
of small molecules together with more extensive compound library screening using rCedV will yield testable 
antiviral agents with potential pan-henipavirus effectiveness. Our collaborative team also has extensive 
experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. 
In this proposal, we have initiated a completely different approach for developing antiviral nanobodies which are 
acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been 
shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent 
antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across 
viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, 
characterize and test both viral polymerase-targeting small molecule inhibitors and antiviral nanobodies to 
pathogenic henipaviruses. Specifically, we will: 

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
and SPR binding assay for target identification; advanced lead molecules will be selected using NiV-B and HeV 
assays, and best-in-class drugs will be developed using predictive software to improve drug-like properties, 
increase potencies, decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and later, best-in-class nanobodies will be also tested by aerosol delivery. PK/PD 
studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. Combination studies of 
drug with nanobody studies will also be conducted and final proof-of-concept protective efficacy studies will be 
carried out in the HeV and NiV-B African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease. 



A. BACKGROUND AND SIGNIFICANCE 

For several decades, the major agents of emerged or newly identified infectious diseases in humans have been 
viruses of zoonotic origins.11-13 Among these, two paramyxoviruses of importance are Nipah virus (NiV) and 
Hendra virus (HeV); the prototype species of the genus Henipavirus and are single-stranded, negative sense, 
enveloped RNA viruses.14 HeV appeared in 1994, in an outbreak of severe respiratory disease in horses in 
Australia, with the death of 14 horses and their trainer.15,16 NiV (Malaysia strain, NiV-M) appeared in an outbreak 
of encephalitis in pig farmers in Malaysia in 1998.17,18 NiV outbreaks have since been seen in Bangladesh and 
India by a related strain NiV-Bangladesh (NiV-B).19 Pteropid fruit bats are the major reservoir hosts for 
henipaviruses.6,20 NiV and HeV have broad host tropism, infecting at least 18 species across 6 orders of 
mammals. Among these, NiV and HeV will cause a systemic and often fatal respiratory and/or neurological 
disease in at least 11 species including humans, with human fatality rates ranging from 40-100%.2,21 A third 
henipavirus isolate, Cedar virus (CedV), was discovered in 2010.22 However, CedV is not known to be zoonotic 
and has been shown to be nonpathogenic in HeV and NiV animal models.22-24 Two additional henipaviruses are 
also known, Ghana bat virus and Mojiang virus, but only from sequence data.25-27 Since 2001, nearly annual 
occurrences of human NiV-B infections have occurred in Bangladesh, and 3 outbreaks in India.28 In 2014, an 
outbreak of NiV-M occurred in the Philippines with 9 fatalities of 11 human cases, with horse-to-human and 
human-to-human transmission.29 The combined NiV case fatality rate is ~60% across a large region of Asia in 
five countries.3 The recent 2018 NiV outbreak in Kerala, India was significant, occurring in a new geographic 
region, with a case fatality rate of 91% and 22 of 23 cases the result of from human-to-human transmission, 
underscoring both the transmissibility and the lethal nature of this virus.4  

Human NiV/HeV infection is generally accepted to occur via the oronasal route with an incubation period 
of 1 to 2 weeks.4,30 Acute NiV/HeV infection in people is systemic and likely via hematogenous viral spread from 
the respiratory system.31 Disease onset is characterized by fever, myalgia, shortness of breath, and cough.16,32 
Human HeV infections have resulted in both fatal respiratory or encephalitic disease, and also recovery.30,33 The 
predominant clinical feature in the Malaysia outbreak was encephalitis, but respiratory symptoms were also 
common.32,34 The clinical presentation of NiV-B infections in Bangladesh also includes severe respiratory disease 
and in the 2018 NiV-B outbreak in Kerala, 83% of cases had acute respiratory distress syndrome (ARDS).4,35 
The key findings of human NiV/HeV infection are wide-spread endothelial cell tropism and systemic vasculitis, 
with prominent parenchymal cell infection in most major organs with the brain and lung significantly affected.36,37 
Human NiV/HeV infection can also be prolonged following apparent recovery, and some patients can experience 
a late-onset or relapsed encephalitis.33,38 Relapsed encephalitis caused by NiV appears to be a recrudescence 
of virus replication in the central nervous system (CNS), with cases presenting from a few months to as long as 
11 years later,39 NiV and HeV are biosafety level-4 (BSL-4) viruses and classified as Category C priority 
pathogens and transboundary agents by several US agencies. Also, both NiV-M and NiV-B can cause lethal 
infection in nonhuman primates (NHPs), the African green monkey (AGM), when delivered by small particle 
aerosol.40-42 NiV and henipaviral diseases (HeV) are included on the WHO’s Blueprint List of Priority Pathogens.43 
NiV is a potential pandemic threat because of its high case-fatality rates, capacity for human-to-human 
transmission and potential to mutate, and a human-adapted strain in a region of high population density, could 
lead to rapid spread.44 There are presently no approved vaccines or therapeutic modalities for NiV/HeV infections 
in people. 

The viral RNA-dependent-RNA polymerases of paramyxoviruses are attractive targets for antiviral 
compound discovery, but antiviral drug discovery for NiV and HeV has been hampered by requirements of BSL-
4 containment. We recently developed and optimized an authentic henipavirus replication cell-based system 
using a recombinant CedV (rCedV) encoding luciferase (rCedV-Luc) for high-throughput screening (HTS) 
applications at BSL-2 and identified several inhibitory compounds that were further validated with authentic NiV-
B and HeV.7 Those leads provide the rationale for the current application. Our ability to employ rCedV provides 
an opportunity for anti-henipavirus drug discovery not previously available, that also allows for discovery across 
the whole replication cycle, not restricted to only the viral polymerase. Another well-exploited stage of virus 
infection is the attachment and entry process.45 NiV/HeV possess two membrane anchored glycoproteins 
required for infection; one for attachment, the G glycoprotein, and the other for membrane fusion the F 
glycoprotein.46 The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and all 
vaccine strategies.28 Although an effective post-exposure human monoclonal antibody (mAb) therapy targeting 
the NiV and HeV G glycoprotein (m102.4) has been extensively examined,47-51 its delivery must be within several 
days following infection in NHPs. An unexplored alternative but related antibody-based strategy are antiviral 
nanobodies. A nanobody, is an antibody fragment comprised of just a single monomeric variable antibody 
domain.52 Nanobodies were first engineered from variable heavy chain domains of camelid heavy chain 



antibodies (VHHs), and camelid VHHs retain full antigen specificity and are only a fraction of the size of a human 
antibody, and they have extended complementarity determining regions (CDRs) which can allow them to bind 
epitopes not normally accessible to conventional antibodies, such as conserved viral epitopes often masked by 
glycan shields.10 Our expertise in henipavirus F and G structural and functional analyses together with anti-F 
and G mAb development and therapeutic application, will facilitate the development and testing of a new and 
understudied area of nanobody-based immunotherapeutic against NiV and HeV.  

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of the investigators in this proposal. First, the cell-based high throughput screening (HTS) 
assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which 
provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional 
significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, 
because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal 
entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may well 
have activity across related members of the henipavirus genus. Second, our native-like, recombinant soluble 
tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice 
that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of 
a high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and 
characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-
reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape 
studies for variant selection and target identification. Finally, the rCedV based reporter-gene system allows rapid 
and quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules 
or nanobodies or combinations of both.  

Small molecule antiviral drug discovery. Anti-whole NiV or HeV immune sera shows cross-reactivity with CedV, 
however, such sera or even specific high-titer anti-CedV F or G antisera will not cross-neutralize HeV or NiV. 
Nevertheless, several CedV proteins show high amino acid (aa) identity to those in NiV and HeV, with highly 
conserved domains particularly in the N, M and L proteins.22 Interestingly, the CedV L polymerase protein is 257-
aa larger in comparison to NiV and HeV L, and the largest polymerase in the order Mononegavirale, yet it shares 
high aa identity to NiV and HeV L proteins. Indeed, CedV L is ~56% aa identical overall to the NiV-B and HeV L 
proteins; aa identities of L domains are: catalytic domain ~59.5%; the mRNA capping domain ~64.7%; 
methyltransferase domain ~50.5% (NiV-B) and ~52% (HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); 
and the 2-O-ribose methyltransferase domain ~60.8% (NiV-B) and ~61.7% (HeV). This overall high degree of 
identity, shared between CedV and that of NiV and HeV, suggests that antivirals that target the L polymerase, 
could be identified and also offer the possibility of identifying pan-henipavirus countermeasures. We recently 
tested this possibility and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and 
conducted a small molecule library screening project to identify inhibitors of rCedV replication.7 Several small 
molecule inhibitors have been validated in vitro using infectious HeV and NiV, demonstrating proof-of-concept 
and the feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and 
providing a strong foundation for this drug discovery project. This rCedV HTS system will be used to support 
Aim 1 to optimize our current best-in-class leads and also screen large libraries of compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized 
and have been shown to be safe with low immunogenicity in clinical trials.53-55 Nanobodies can be isolated using 
the same phage library construction methods and phage panning procedures routinely employed for mAb 
discovery, which allows for in vitro production of various amounts and their rapid characterization. Nanobody 
development will be carried out by Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice 
that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels.10 Immunized mouse cohorts 
are in progress using recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid 
progress in Aim 2.  

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new 
compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, 
in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-
henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and 



characterize batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins of NiV 
and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small 
molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel 
therapeutic modalities capable of treating NiV and HeV disease. 

C. PRELIMINARY RESULTS  

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors 
between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead 
on small molecule discovery) and Drs. Norton Peet, Irina Gaisina, and Terry Moore, UIC and Chicago 
BioSolutions Inc. (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator 
lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. 
Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and 
BSL-4 and ABSL-4 Core lead). Chicago BioSolutions, Inc. is a privately held, product-focused 
biopharmaceutical company engaged in the research and development of small molecule antiviral drugs that 
address commercially significant medical markets and unmet medical needs. 

C.2. Preliminary Data: Identification of small molecule inhibitors of henipaviruses.  

C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2), cell-
based HTS platform to identify small molecule antiviral agents targeting henipavirus replication without the 

requirement for BSL-4 containment.7 rCedV assays and tools. We also adapted 
the rCedV HTS infection platform to create another innovative toolset using novel 
chimeric viruses, where the viruses are altered only by the substitution of the F 
and G genes with that of NiV or HeV. As with the luciferase-encoding rCedV HTS 
assay, rCedV chimera use guidelines and procedures at the BSL-2 level were 
reviewed and approved by the USU, Institutional Biosafety Committee (IBC) in 
accordance with NIH guidelines. These replication competent rCedV chimeras 
create a very rapid and robust surrogate infection assay for NiVB and HeV that 
can be used as a neutralization or entry inhibitor assay to measure neutralizing 
antibodies, or as a surrogate for generating virus escape mutants to neutralizing 
antibodies. Here, the F and G genes of NiVB (2010 Faridpur isolate) and HeV 
(2008 Redlands isolate) were synthesized and 
inserted into our pOLTV5-rCedV anti-genome 
plasmid. For the HTS neutralization assay, a 
turbo-GFP gene was inserted between the 
CedV P and M genes. Each chimera (rCedV-
NiVB-GFP and rCedV-HeV-GFP) were rescued 
as previously described.8 Other versions 
without reporter genes have also been 
prepared. All virus stocks are cloned and 
genomes confirmed by NGS. Typically, large 
stocks are prepared and frozen as single use 

aliquots. Show in Figure 1 is an example of how these chimeras are used in a 
virus neutralization test, referred to as a fluorescent reduction neutralization 
test (FRNT) using two human NiV/HeV cross-reactive anti-G mAbs (HENV-103 

and -117) as previously 
described.56 Briefly, 
Vero 76 cells are used 
in black walled clear 
bottom 96-well plates, 
mAbs are serially 

diluted in medium, and equal volumes of medium containing rCedV-NiV-B or 
rCedV-HeV are added to each mAb dilution for a final concentration of 2000 
PFU, incubated for 2 h at 37 °C. Each virus-mAb mixture (90 µL/well) is added 
to the pre-seeded Vero 76 cells in triplicate and the assay run for just another 
24 h followed by 4% formaldehyde fixation, washing and then scanning using a CTL S6 analyzer. Fluorescent 
foci are counted using the CTL Basic Count™ and an IC50 value is determined as the antibody concentration 

Figure 1. Neutralization curves for 
HENV-117 and HENV-103 mAbs 
against rCedV-HeV-GFP (top) and 
rCedV-NiV-B-GFP (bottom). Data 
are from a single experiment 
performed in technical triplicate.  

Table 1. IC50 values of cross-reactive anti-G human mAbs HENV-
103 and -117) as determined by rCedV chimera FRNT assay and 
NiV-B and HeV conventional PRNT assay. 

Figure 2. Synergy map with calculated 
synergy score using the zero 
interactions potency (ZIP) model 
generated by SynergyFinder for 
neutralization of rCedV-NiV-B-GFP by 
serially diluted m102.4 and nAH1.3 
mAbs.  



yielding 50% reduction in fluorescent foci versus control wells. Table 1 shows the calculated IC50 values using 
rCedV chimeras vs. those determined by a conventional PRNT assay with authentic NiV-B and HeV, and they 
are remarkably within a 2-fold range. 

In addition to conventional single agent neutralization tests, the rCedV-NiV-B-GFP and rCedV-HeV-GFP 
chimeras can also be used in rapid HTS assays to measure synergistic activities of inhibitors, such as antibodies 
or drugs. The synergistic neutralizing activity of the HENV-103 and HENV-117 mAbs were described utilizing 
the rCedV chimera assay.56 Shown in Figure 2 is a neutralization synergy assay conducted with mAbs m102.4 
and nAH1.3 (both NiV/HeV cross-reactive anti-G mAbs) where they are individually diluted 2-fold in a 7x7 
concentration matrix. The diluted mAbs are added 1:1 to 4000 PFU per well of rCedV-NiV-B-GFP and the assay 
essentially carried out as above, with percent neutralization calculated by normalizing foci to a virus only control. 
Matrices are imported into SynergyFinder and analyzed Neutralization synergy was calculated by comparing 
treatment to virus only control wells. Values were imported into SynergyFinder software57 using a Zero 
Interactions Potency (ZIP) statistical model; delta scores >10 indicate likely synergy as shown here.  

Antiviral evaluation and combination testing of small molecules and nanobodies. These rCedV-based 
tools and rCedV chimera viruses will allow for rapid antiviral activity assessment and an ability to measure 
synergistic antiviral activities for both small molecule inhibitors derived from Aim 1 and nanobodies derived from 
Aim 2; and will also allow the novel approach of testing small molecules and nanobody combinations in a rapid 
and quantitative manner, in vitro, to select best-in-class candidates for both monotherapeutic and combination 
therapeutic modalities prior to in vivo animal model testing. 

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv 
library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc 
inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of 
diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. 
From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for 
further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular 
toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were 
confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM.  

In Table 2 is shown a representative quinazoline compound from our quinazoline series 
of rCedV inhibitors, designated as CBS1437. Note that both HEK293T and Vero cell 
lines were employed in these assays, and that CC50 values were recorded for these two 
cell lines. Compound CBS1437 was also evaluated in the infectious NiV (NiV-B) assay 
and found to have an EC50 value of 3.3 µM. An important reason for producing the data 
shown in Table 2 was to validate the primary screening data that was gathered from the 
rCedV HTS assay. Thus, we concluded that our HTS approach was a valid method for 
defining NiV inhibitors. Next, target specificity was confirmed in a counterscreen assay 
using a vesicular stomatitis virus G (VSV-G) protein. This hit showed a lack of detectable 
inhibition for VSV-G as well as some other unrelated viral proteins, including Lassa 

glycoprotein, and influenza fusion protein hemagglutinin H1 and H5 
(0% inhibition at 12.5 µM). Table 3 shows eight additional inhibitors 
in the quinazoline series, namely 4-aminoquinazolines, that we 
identified from a focused screening campaign, which allowed us to 
develop some initial structure-activity relationships (SARs). Note 
that these 4-aminoquinazolines all bear substituents on the amino 
group at the 4-position of the quinazoline ring and a carboethoxy 
substituent at the 2-position. In terms of SAR to be gleaned from the 
limited data set in Table 3, a few features stand out that are worth 
mentioning. It is clear that a variety of N-phenyl substituents give rise 
to active compounds, and that H, methyl and n-propyl groups as the second N-substituent all can produce good 
activity. However, it is also clear that one of the best compounds is compound 14 (Figure 4), bearing an 
unsubstituted cyclohexyl group, which suggests an area for optimization since compound 14 is the only 
compound where the phenyl ring has been replaced by a completely saturated (cyclohexyl) substituent. Another 
point worth making is that the two n-propyl compounds (16 and 18) are two of the best inhibitors. There may, in 
fact, be a rough correlation between cLogP and inhibitory activity, which may be worth exploring with a larger 
set of derivatives. It is clear that additional compounds in our 4-aminoquinazoline series (Table 3) would provide 
excellent opportunities for further optimization of the inhibitory activities. In the Research Plan we discuss 

Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates 1-8 in 
the rCedV luciferase reporter virus assay. 

 

N Comp ID R1 R2 % inhib  
at 10 µM 

1 G577-0014 H 3-chloro-4- 
methoxyphenyl 81 

2 G577-0016 H 2,4-difluorophenyl 18 

3 G577-0021 H 2-chloro-4- 
fluorophenyl 58 

4 G577-0022 H 3-methoxyphenyl 46 
5 G577-0028 Me cyclohexyl 93 
6 G577-0084 H 4-isopropylphenyl 85 
7 G577-0111 n-propyl 4-fluorophenyl 86 
8 G577-0112 Me 2-methylphenyl 94 

Table 2. Inhibition of rCedV and 
NiV-B by the HTS hit CBS1437. 

 
CedV  
(293T) 

CedV  
(Vero) 

NiV-B 
(Vero) 

EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 

0.70 100 2.1 100 3.3 



methods for the preparation of new 4-aminoquinazolines in addition to compounds in a backup series defined 
by our validation agent, CBS1437, as well as specific plans for developing the SARs. 
C2.2.3. Generation of Nipah and Hendra G and F nanobodies. We recently initiated a collaborative project in 
nanobody development against NiV and HeV, as well as other henipavirus glycoproteins, with Dr. Jianliang Xu 
(RAViD, Nanobody Core Lead). The Xu lab has engineered and established transgenic mice that produce 
VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels, and has published on the power and utility 
of anti-SARS-CoV-2 nanobodies.10 We have already initiated the immunizations of several nanomouse cohorts 
using native-like oligomeric recombinant sF (Veesler lab) and sG glycoproteins (Broder lab) of NiV-B and HeV. 
Immune responses are excellent and sera measured by ELISA using the immunogens. The first of these cohorts 
will be processed in the coming weeks, and the Xu lab will be constructing phage libraries of polyclonal VHHs 
from each cohort. We expect to be able to make rapid progress in Aim 2, in generating and characterizing 
diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV. 

D. RESEARCH DESIGN AND METHODS  
D1. Aim 1: Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. 

D.1.1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-
activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed 
libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define 
henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM). 
D.1.1.1. Synthetic Chemistry. In Figure 3 is shown a summary of how we will develop the SAR plan for the 4-

aminoquinazoline scaffold, as exemplified by changes to compound 8 
(G577-0112). Substituent changes on the core fused scaffold will involve 
exploration of mono- and disubstitution substituent patterns on the 
quinazoline core to explore the optimum overall size for the core. Note 
that we may be able to use these substituents as “ADME handles” to 
control the overall hydrophobicity of 
the molecules and the cLogP values. In 
addition, we will optimize substituents 
on both aryl rings, as indicated, and 

optimize the alkyl group on the tertiary amine. We will also optimize the alkyl 
ester group, and we are very interested in replacing this ester with an amide, 
which would be chemically and metabolically more stable. If the amide turns 

out to be an effective 
replacement, then we will also 
explore amide replacement 
units, such as ketomethylene, reduced ketone, retroamide, 
ethylene, and sulfonamide units, etc. In Scheme 1 is shown a 
specific synthesis of one of our best inhibitors in this set. 
Anthranilamide 9 is heated with diethyl oxalate in a solution of 
dimethylformamide (DMF) to produce 2-carboethoxyquinazoline-4-
one (10) in a condensation/cyclization process. Treatment of 10 
with phosphorous oxychloride next provides a reactive 
intermediate, namely, 2-carboethoxy-4-chloroquinazoline-4-one 
(12), which affords the specific inhibitor G577-0112 (compound 8) 
after a displacement reaction 
with 2-methyl-N-methylaniline. A 
variety of methods are available 
for accessing these 4-
aminoquinazolines, including 

initial treatment of the anthranilamides with ethyl ethoxycarbonylformimidate 
in ether58-59 as well as other methods.60,61 Likewise, the additional reagents 
required for these syntheses are mostly commercially available, as well. Thus, 
it is very realistic that a large library of these potential inhibitors will be quite 
accessible. In Figure 4 is shown a set of proposed compounds related to G577-0112 (compound 8) for which 
we show parameters calculated using Actelion OSIRIS software62. The proposed compounds (13 through 17) 
generally show improved druglikeness and drug scores (and other parameters) with respect to G577-0112 



(compound 8), and therefore represent promising new targets for synthesis and evaluation. Note that a dramatic 
improvement in all parameters is seen in simply replacing the ester with an amide by substituting NH for O, to 
provide proposed new compound 13. In progressing through the constrained compounds 14 through 17, 
improvement of parameters culminates with the indoline derivative 17, whose druglikeness and druglike scores 
have very dramatically improved. Advantages of imposed conformational restraints, as seen in 
tetrahydroquinolines 14 and 15 and indolines 16 and 17, include a reduction in rotatable bonds, and, importantly, 
a preorganization of an effective conformation that can mitigate the entropic penalty of binding. In Figure 5 is 
shown the SAR development plan for our quinazolin-4-one scaffold. There are three points of optimization that 
we envision for this trisubstituted fused core. At the 2-position, we will substitute the pyrrolidinyl substituent with 
additional cyclic and acyclic amines. The unsubstituted benzyl substituent at the 3-position will be optimized in 
terms of mono- and disubstitution patterns. The position of the carboxamide substituent located at the 7-position 
will be optimized, as will the N-alkyl group on the carboxamide. We will also replace the amide unit with various 
amide mimetic units, as indicated in Figure 5, since amides are subject to metabolic cleavage. We have also 
researched and found additional synthetic methods are available for the construction of both 4-
aminoquinazolines and 2,3,7-trisubstituted quinazolin-4-ones. 

D.1.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one 
series and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our 
recently published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5x104 cells per 
well will be treated with growth medium containing either DMSO or selected compound for 1 h at 37 °C, 5% CO2. 
Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 and the plate incubated for 48 h. 
Luciferase activity will be examined by reading the luminescent signal using the ENVISION JANUS automated 
workstation. This plate reader is integrated directly with the robotic deck so that readings can be made 
unattended. The data will be normalized by the average signal of the negative control wells in each plate. The 
best inhibitors will be evaluated in HEK293T and Vero cells in 96-well plates. Cells will be incubated with 
compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 
0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the luminescent signal 
as described above. Sample signals will be normalized by signals from the DMSO control wells. EC50 and CC50 
values will be calculated by dose-response curve fitting with Graphpad prism. These assays will be conducted 
in the Broder Lab.  

Screening Libraries. The HTS will be performed in the Rong Lab. The libraries will be provided by the UIC 
Research Resource Center (RRC). They are comprised of >150,000 compounds available in 96- or 384-well 
plate formats suitable for HTS. Additional libraries from ChemDiv and Enamine, including an Antiviral Library 
composed of 65,937 novel diverse and targeted compounds with privileged scaffolds from ChemDiv’s collection, 
will be purchased by Chicago BioSolutions, Inc. Hit Selection Algorithm. A compound which displays more 
than 90% inhibition (one log decrease in the luciferase activity in the presence of the compound, 10 M final 
concentration) will be considered a “hit” compound after the initial round of screening. To further determine the 
specificity, a secondary screening (counter screen) for the “hit” compounds will be performed, where the VSV-G 
pseudotyped HIV virions will be used as a specificity control. The third round or “tertiary” screening will focus on 
a selected group of compounds, and here classical dose-dependent inhibition assays will be carried out to 
estimate EC50 values. Multiple cell lines will also be used in these experiments to avoid cell line bias. The 
compounds that do not exert effective inhibition (non-potent) will not be actively pursued, while the more potent 
compounds (EC50 values less than 10 µM) will be analyzed further. It is expected that through multiple rounds of 
screening, we can select the most potent compounds for optimization and validation studies. Hit Validation, 
Cytotoxicity Assessment and Ranking. We will measure the direct toxicity of compounds to human cells to assess 
the overall cytotoxicity of the potent inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-
7 and Hep3B, will be tested using the “CellTiter 96 aqueous nonradioactive cell proliferation assay” as described 
previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening 
will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control 
and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have 
the expected structure (LC-MS, NMR spectroscopy). Compounds <80% pure will be purified and retested. 

D.1.1.3. Evaluation of antiviral activity of advanced candidates. Inhibitors will be tested against authentic 
NiV and HeV as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells 
per well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected 
compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or 
without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection 
(hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound 



only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The 
percent reduction in PFU/mL titers in the samples containing compounds will be compared to parallel control 
cultures of virus and DMSO. This work will be performed in the BSL-4 facility at UTMB (Geisbert, Core D). 

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of 
Drs. Peet, Gaisina, and Moore. If we encounter a synthesis-related problem with our primary scaffold 
compounds, we will use an alternate strategy using a different reaction sequence. Should we encounter a 
scaffold-related problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one 
scaffold or other HTS hits identified using the expanded libraries of compounds. 

D.1.2. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the 
mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The 
following experiments will be performed: 1) Determine the impact of compound treatment on viral protein 
expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be 
treated in duplicate with medium containing either DMSO or selected inhibitors at a predetermined concentration 
for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells will be collected to determine 
viral protein expression by western blot techniques or viral RNA levels by q-RT-PCR. CedV specific antibodies 
against G F N and P will be utilized. To determine changes in viral protein expression at the different time points, 
densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-
actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will 
be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific 
TaqMan primer/probe pair targeting the N gene, and performed using the ABI 7500 thermocycler. The ABI 7500 
software will be used to analyze all q-RT-PCR results. Fold changes will be calculated relative to 18S using the 
ΔΔCt method and normalized to respective DMSO control samples. We expect to observe a decrease in 
intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results 
from this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds 
on viral RNA levels over time; 2) Determine the stage(s) of inhibition of 4-aminoquinazolines and 
quinazolin-4-ones in the viral lifecycle. For time of addition studies, HEK293T cells will be infected with rCedV 
at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which time the viral inoculum will be removed and 
cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium 
will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All 
supernatants will be collected at 24 hpi and analyzed for infectious viral titers (PFU/mL) by plaque assay.7,8 
Results from this data will indicate at which stage of the viral life cycle the compounds are affecting; 3) Analyze 
escape mutants against the advanced lead compounds with Cedar virus. Target identification for small 
molecules. The rCedV tools used in Aim 1 will also be used for antiviral target identification. In vitro selection 
of virus escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic changes 
associated with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras to generate 
neutralizing mAb escape mutants. Here, we will test advanced lead compounds for antiviral resistance using 
techniques similar for generating mAb escape mutants.63,64 Briefly, a select compound will be used at the sub-
optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial passaged in 
multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of inhibitor will 
be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then be amplified 
and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will be derived by 
deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral genomes. 
We expect that many mutations will map to the L gene of rCedV, however, both P and N proteins also comprise 
the replicase complex and mutations may appear in those gene products as well, which if identified also suggests 
the possibility of multiple drug combination testing going forward. We will validate key mutations found in drug 
resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse those rCedVs 
and assay for drug resistance. We will also confirm and correlate our drug targets by performing resistance 
selection of the best inhibitors using authentic NiV-B and HeV in BSL-4 by the UTMB BSL-4 Core. 
D.1.2.1. Assess the binding properties by surface plasmon resonance (SPR). The NiV polymerase (L 
protein and a phosphoprotein P, or RdRp complex) will be prepared using a previously published protocol65. 
Biacore T200 and Biacore 8KSPR systems will be used to obtain information on binding specificity, binding 
affinity of the new lead inhibitors (KD) to the RdRp protein, and kinetics [association rate constants (ka), and 
dissociation rate constants (kd)] as previously described.66 RdRp protein will be immobilized on a CM5 chip using 
standard amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected 
over the flow channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir 



kinetic binding model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic 
analysis will be performed by UIC RRC, as previously done by the Rong lab.67 

D.1.2.2. Structure determination of recombinant proteins with bound inhibitors by CryoEM. High-
resolution structures of the NiV RdRp complex with key inhibitors such as CBS1437 and the advanced lead 
compounds to be defined will be obtained using CryoEM by the Veesler Lab at the Arnold and Mabel CryoEM 
Center at the UW. It is expected that these structures will be determined and will reveal the atomic level details 
of how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for 
developing potent high-affinity ligands. For EM studies, we will utilize automated data collection software to 
facilitate throughput. In brief, data will be processed using the Appion68 pipeline, which keeps track of all data 
and processing steps. All data will be processed using multiple single particle EM software packages, including 
Warp69, cryoSparc70, and RELION71. Purified complexes will be deposited onto grids, blotted, and cryo-plunged 
into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the complexes will be collected 
using automated image acquisition software under low dose conditions. Structures generated by cryo-EM will 
be refined and reconstructed using Rosetta which is developed at the UW. As cryo-EM structures of polymerase 
in complex with key inhibitors (i.e., CBS1437 and additional derivatives) become available, MD studies of these 
systems will be conducted to reveal the dynamic nature of protein/ligand interactions72-76, to explore the 
conformational landscape77 of ligand binding events, and to capture conformational variability of intermediate 
states78,79, which can be crucial to gain mechanistic knowledge of biological function, but remain out of reach 
through experimental approaches. 

Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are 
commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously 
rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T 
cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism 
studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-
aminoquinazolines or quinazoline-4-ones. 

D.1.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. 
Milestone: Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver 
microsomes, low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before 
investigating the efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal 
dosing regimen for the efficacy studies with the advanced lead compounds. 
D.1.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing.  
Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further 
therapeutic development. We will assess several critical in vitro ADME-Tox properties and prioritize compounds 
accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out to rapidly screen for potential 
inhibitors of the principal drug metabolizing cytochrome P450 enzymes.80 Compounds with IC50 values ≥100 µM 
for CYP isoforms will be prioritized for further advancement. Rat/Human Liver Microsome Stability. Rat and 
human liver microsome preparations will be used to evaluate the metabolic stability of compounds.81 Compounds 

with >50% recovery (1 h) will be considered for further advancement. hERG channel blockade. The ability of 
compounds to block the hERG channel will be assessed as previously described.82 Compounds that do not 
prevent [3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug absorption through the 
intestinal epithelium is critical to good oral bioavailability. We will use the Caco-2 method83 to evaluate the 
potential for oral bioavailability of the lead inhibitors. Compounds exhibiting a Caco-2 permeability value (Papp) 
greater than 1 × 10-6 cm/sec will be prioritized. Bacterial reverse mutation assay (Ames): Four Salmonella 



typhimurium strains (TA1535, TA1537, TA98, TA100) and one Escherichia coli strain (WP2 uvrA) will be used. 
The bacteria will be exposed to different dose levels and any reverse mutations will be determined. In vitro 
mammalian chromosomal aberration test: The purpose of this study is to evaluate the clastogenic potential 
of the compound based on its ability to induce chromosome aberrations in human peripheral blood lymphocytes. 
D.1.3.2. PK studies: PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. Depending 
on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate calculations of 
AUC. Plasma concentration will be established to support dosage selection for efficacy studies. Formulation 
stability and PK/Toxicity studies will be performed by CROs. 

Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc., and supervised by Dr. Peet. We do not anticipate 
any problem obtaining high quality data from the assays. If the compounds fail to meet our benchmarks, then 
we will synthesize additional groups of compounds, or turn to our backup scaffold to meet the objectives in this 
aim. We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable 
advanced lead compounds, which will allow for the future selection of a preclinical candidate (Figure 6). 

D.2. AIM 2: Characterization of the potency and breadth of selected nanobodies. 
Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies 
targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also 
collaborate with the UTMB, BSL-4 Core D to evaluate lead candidates with authentic NiV and HeV and also in 
vivo in Aim 3. Batteries of nanobodies to the F and G glycoproteins of NiV and HeV will be isolated from phage 
libraries constructed using cohorts of nanomice immunized with sF and sG recombinant glycoproteins (C2.2.3. 
Preliminary Data). The Core will conduct preliminary characterizations on binding and specificities and then 
provide purified nanobody panels to the Veesler and Broder labs for detailed studies. 

D.2.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth. 

D.2.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of 
prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian 
cells, including NiV (Bengladesh and Malaysia strains) and HeV (both ancestral and the newly described variant) 
with and without avi-tag for biotinylation.84-86 These proteins were used to vaccinate transgenic mice for 
nanobody production and will be used for downstream screening of the nanobody libraries and for exploring 
cross-reactivity with NiV and HeV glycoproteins and with more distantly related henipaviruses using high-
throughput ELISA assays. Biolayer interferometry analysis of binding kinetics and affinity will be carried out for 
the most promising nanobodies selected by ELISAs to enable ranking them based on binding affinities and cross-
reactivity. 

D.2.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit NiV and 
HeV, we will use a high-throughput neutralization assay (conducted in the Broder lab). This assay is based on 
GFP-encoding, recombinant replication-competent, Cedar henipavirus (rCedV) chimeras in which the native 
glycoproteins are substituted with the NiV-B (rCedV-NiV-B-GFP, Bengladesh strain) or the HeV (rCedV-HeV-
GFP) F and G glycoproteins (see:  C.2.1. Preliminary Data).7,87 This platform is safe, enabling utilization at BSL-
2 compared to BSL-4 for authentic viruses, and has been thoroughly validated and shown to faithfully recapitulate 
the data obtained with NiV-B and HeV with both monoclonal antibodies and vaccine-elicited polyclonal sera. This 
method was used to support the preclinical development of G-specific antibodies5. Furthermore, the Broder lab 
recently developed a rCedV-HeVv-GFP using reverse-genetics to study the antigenic properties of a newly 
described HeV variant.88 These assays will enable ranking each nanobody based on their neutralization potency 
and breadth to assist downstream selection. For nanobodies for which cross-reactivity will be detected beyond 
NiV and HeV (e.g. CedV), their inhibitory activity will be tested against authentic CedV. Finally, these chimeric 
virus neutralization assays can be implemented for viruses for which no isolates are available (as is the case for 
henipaviruses discovered through metagenomics in bats or other animals).89,90 

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing 
certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity 
with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy 
imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins 
and viruses and performed by multiple individuals to ensure the reproducibility of our assays.  

Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad 
and potent neutralizing activity against NiV and HeV. The top candidates will be further studied structurally and 
functionally and evaluated for in vivo efficacy. 

D.2.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition. 



Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-
level understanding of binding and inhibition which will be validated using functional assays. This structural 
framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth 
and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins 
and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G 
glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. 
The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput 
structural studies of viral glycoproteins. We use the Leginon data collection software, which runs 24 hours per 
day and enables automated targeting and image acquisition, while keeping a relational database of all 
micrographs to expedite subsequent processing.91 Many image processing tasks are automated as part of a 
workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by 
storing all the details related to image acquisition and processing.68,69 Complexes of nanobodies with 
glycoproteins will be vitrified and imaged using cryoEM to visualize directly the epitopes targeted by the different 
nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience 
in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,84,86,92-94 
mechanical stage tilting with gold grids95,96 or detergents to modify surface tension97. Some of the nanobodies 
might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened resolution. 
We will overcome this using workflows developed in-house specifically for that purpose for previously 
characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D 
classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.95,98-102 
Refinement of atomic models in cryoEM density maps will leverage the Rosetta software developed at the 
University of Washington.103-105 The NiV attachment (G) glycoprotein engages host receptors, and is the basis 
of a commercially available horse vaccine and entered phase I clinical trials for use in humans with funding from 
the Coalition for Epidemic Preparedness Initiatives. The Veesler and Broder labs recently determined a high-
resolution cryoEM structure of the NiV G glycoprotein ectodomain tetramer which has resisted structural 

characterization for 25 years, hindering both our 
understanding of immunity directed towards G and 
the rational design of vaccines. The structure was 
obtained in complex with a potent broadly 
neutralizing antibody Fab fragment (nAH1.3) (Figure 
7), which recognizes an epitope distinct from the 
receptor-binding site and is a candidate for 
therapeutic development. This study revealed the 
ultrastructural organization of this key target of the 
immune system, informs the mechanism of 
henipavirus entry into host cells and provides a 
blueprint for guiding vaccine and therapeutic design. 
The know-how generated to achieve this 
groundbreaking result will directly support the 
proposed project. 
D.2.2.1. High-resolution structural studies using 
X-ray crystallography. Some nanobodies might 
bind to regions that are intrinsically flexible, thereby 
limiting resolution using cryoEM. We have already 
encountered such cases with coronavirus fusion 
machinery-directed antibodies binding to linear 
epitopes in the spikes. We will overcome these 
challenges by determining high-resolution crystal 
structures of the nanobodies bound to their cognate 
epitopes, similar to the strategy we used to obtain 
structural information of the B6 and S2P6 antibodies 
bound to several β-coronavirus stem helices. 

Refinement of atomic models will use both Phenix106 and BUSTER-TNT.107 

D.2.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred 
from the structural data will be validated using receptor binding, F cleavage and membrane fusion assays we 
previously implemented for henipaviruses and coronaviruses.84-86,93,108,109 

 
Figure 7. NiV G bound to the nAH1.3 neutralizing antibody Fab fragment. 
A) Ribbon diagram of the NiV G ectodomain bound to the broadly 
neutralizing nAH1.3 Fab fragment in two orthogonal orientations. Each of 
the four NiV G protomers is colored distinctly and resolved N-linked glycans 
are rendered as green surfaces. The nAH1.3 heavy and light chains are 
colored gold and yellow, respectively, and only the variable domains were 
modeled in density. The linkers connecting the neck to the two proximal 
head domains are shown as dashed lines due to weaker density in the 
cryoEM reconstruction. (B) Ribbon diagram of a NiV G head domain (blue) 
with the interacting nAH1.3 heavy and light chains CDRs rendered in gold 
and yellow. (C) nAH1.3-mediated neutralization of rCedV-NiV-B-GFP 
(black) and rCedV-HeV-GFP (blue). 



Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot 
be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, 
which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-
150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM 
center, which Dr. Veesler co-directs. 

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in 
the field. For cryoEM maps, these will include gold-standard projection matching refinements110-112 and high-
resolution noise substitution prior to Fourier shell correlation calculations113 to avoid overfitting. Atomic models 
will be assessed using Molprobity,114 EMringer115 and Privateer.116 The coordinates of the structures solved as 
part of this work, as well as the corresponding experimental data, will be made freely available through deposition 
in the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 
Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-
reactivity and the design of nanobody cocktails. This work will also demonstrate the mechanism(s) of action of 
nanobodies leading to inhibition of viral entry. 

D.2.3. AIM 2C. Structure-guided formulation of nanobody cocktails. 

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or 
treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 
10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical 
isolates, the two-mAb cocktail proved more resilient to escape mutations.117-119 Because experimental passaging 
of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape 
mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails 
that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins.  

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent 
a unique opportunity for implementing multi-pronged targeting, which has not been evaluated previously. We will 
combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their 
antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV 
chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side 
to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-
selection will include maximal neutralization potency and breadth and structural characterization will be used to 
ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary. 

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails 
with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection. 

D.3. AIM 3: Evaluation of lead compounds in vivo. 

Rationale: Aim 3 will collaborate with the ABSL-3 and ABSL-4 Core (Core D) to evaluate lead candidate drugs 
and nanobodies in vivo. A critical aspect of antiviral discovery that is often overlooked is the early stage testing 
of lead compounds in well-studied and well-validated in vivo animal models. Here, our experimental plan has the 
benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster 
and AGM.2,120 PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy studies using 
select best-in-class drugs and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-
concept protective efficacy studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and 
HeV infected AGM models. 

D.3.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary 
pharmacokinetic (PK) studies in hamsters and AGMs will be performed by the UTMB Core (Core D). Using 
intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these 
studies will examine the concentration of lead compounds in plasma over time in order to establish parameters 
such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and 
dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter 
for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) 
above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in 
hamster models of henipavirus disease. Lead compounds which demonstrate good exposure-response antiviral 
activity in hamsters will then advance into AGM PK studies using similar dose administration and measured 
parameters as above. The data will be used to select doses and dosing regimens for the subsequent protection 
studies in AGMs. 



D.3.2. In vivo testing of lead compounds NiV/HeV in infected hamsters. The in vivo activity of the most 
potent compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will 
be randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of 
NiVB or HeV.87,121-123 Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different 
doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will 
be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight 
loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 
optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis 
in the Subaims below. 

D.3.4. Define breakthrough conditions for anti-henipavirus antiviral agents in hamsters. This Subaim will 
employ the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect 
hamsters against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after 
henipavirus exposure. The goal of this Subaim is to determine the time points of treatment initiation when the 
antiviral agents fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated i.n. with ~ 5x106 PFU of NiV or HeV.87,121-123 Treatments will be initiated at various times 
after henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters 
succumb to disease. 

D.3.5. Combination therapy of anti-henipavirus antiviral agents in hamsters. This subaim will employ the 
most promising antiviral agents from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. 
Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x106 PFU of 
NiV or HeV.87,121-123Treatment with at least two different antiviral agents will be administered beginning at a time 
point where substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if 
combining at least two different antivirals improves survival. Group sizes may be increased as needed to obtain 
appropriate statistical power to show the survival benefit of combination therapy. 

D.3.6. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will 
employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol 
delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can 
protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB or HeV as determined in henipavirus 
dose confirmation studies conducted by the ABSL-3 and ABSL-4 Core. Treatments with drugs, nanobodies, or 
combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization 
by the Aerosol Delivery Core (see Core A) at various times after henipavirus infection. 

D.3.7. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of 
concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV 
infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol 
using the LMA mucosal atomization device (MAD) as previously described41 or by small particle aerosol as 
previously described42,124 with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV). Importantly, the 
MAD system delivers atomized particles that range in size from 30 to 100 µm, which is highly consistent with the 
size of droplets exhaled by humans when coughing. Previous studies with AGMs infected with NiVB using the 
MAD system resulted in lethality in 9/9 animals and a disease course that is highly consistent with human 
infection (TW Geisbert, C Broder, unpublished data). The treatment groups (consisting of five animals each) will 
be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by the Aerosol Delivery 
Core (see Core A) up to 5 days after viral challenge (initiation time informed by hamster studies) while control 
animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by 
respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival. 

Potential Pitfalls and Alternative Strategies. It is possible that Core A may experience difficulties in optimizing 
aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that aerosol delivery of antiviral agents may 
not improve protective efficacy or extend the therapeutic window of the agents. We will also assess conventional 
parenteral delivery routes (as noted in the subaims above) which were previously shown for remdesivir and 
mAbs to protect animals against lethal henipavirus disease to de-risk this Aim. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues.. We will employ equal or near equal numbers of male and female animals and 
general age (infant or geriatric animals will not be used). 



In summary, the continued outbreaks of NiV across a large global region requires urgent translational 
countermeasure research to establish a readiness for the next NiV or related pathogenic henipavirus outbreak. 
We have discovered antiviral leads that show promise against NiV and HeV, and lay out a detailed plan to 
optimize, develop, and test these drugs. We also initiate a new plan to develop and test antiviral nanobodies. 
Together with the expertise, resources and experience within this proposal, we will deliver preclinical antiviral 
candidate treatment modalities against henipavirus mediated disease. 
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The pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV) cause severe respiratory illness and 
encephalitis in both animals and humans with human case fatality rates ranging from 40-100%. The NiV-
Bangladesh strain (NiV-B) is associated with multiple rounds of human-to-human transmission and is a pathogen 
of pandemic concern for which there are no vaccines or antivirals approved for human use. We have recently 
shown that the nonpathogenic Cedar henipavirus (CedV) is a useful surrogate platform for high throughput 
screening (HTS) for antiviral drug discovery, and for virus neutralization assays. This proposal focuses on 
developing antiviral small molecule and nanobody countermeasures to combat the pathogenic henipaviruses 
including therapeutic modalities by an aerosol delivery approach. We created reporter gene-encoding 
recombinant CedVs and discovered a series of fused heterocycles, e.g., 4-aminoquinazoline-based, antivirals, 
and showed that a representative quinazoline CBS1435 was an effective inhibitor of rCedV replication and also 
both NiV-B and HeV, with EC50 values in the low µM range and minimal cytotoxicity. Neutralizing antibodies to 
the henipavirus F and G glycoproteins have also shown therapeutic promise, but antiviral nanobodies as 
potential immunotherapeutics represent a novel area of NiV and HeV countermeasure development. This 
proposal will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral 
nanobodies to pathogenic henipaviruses. Aim 1 will focus on optimizing lead anti-henipavirus small molecules 
and conduct cell-based antiviral HTS assays. Viral polymerase-targeting lLead molecules will be selected using 
NiV-B and HeV assays and, mechanism of action (MOA) studies, and best-in-class drugs will be developed by 
chemical modifications aimed to improve drug-like properties, increase potencies, decrease toxicity, and improve 
pharmacokinetic properties. Aim 2 will isolate and fully characterize nanobodies broadly neutralizing NiV-B and 
HeV derived by immunization of transgenic mice that produce nanobodies from alpacas, dromedaries and 
Bactrian camels, using phage display technology of cloned nanobody gene fragments. Best-in-class, cross-
reactive nanobodies will then be characterized in binding and neutralization assays and structurally analyzed in 
complex with their viral targets to delineate the recognition sites, mode of action and guide formulation of 
nanobody cocktails. Aim 3 will focus on in vivo efficacy evaluation of lead compounds and nanobodies in animal 
models. Both monotherapies and combination therapeutic modalities will be tested, along with testing antiviral 
nanobody delivery by aerosol. These two unique henipavirus-targeted antiviral development directions will 
generate novel countermeasures that may display more broad effectiveness. 

  



SPECIFIC AIMS  

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case 
fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-
to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 
23 total cases, leaving only 2 survivors.4 Twenty-two cases were from virus transmission in 3 hospital settings, 
with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of 
pandemic concern, and there are no vaccines or antiviral agents approved for human use. Indeed, the detection 
of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people 
worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug 
Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic 
henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus that is 
nonpathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse 
genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an 
extensive characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high 
throughput antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase 
in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a 
representative quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and 
HeV, with an IC50 value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development 
of small molecules together with more extensive compound library screening using rCedV will potentially yield 
testable antiviral agents with potential pan-henipavirus effectiveness. Our collaborative team also has extensive 
experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. 
In this proposal, we have initiated a completely different approach for developing antiviral nanobodies which are 
acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been 
shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent 
antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across 
viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, 
characterize and test both viral polymerase-targeting small molecule inhibitors and antiviral nanobodies to 
pathogenic henipaviruses. Specifically, we will: 

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
and SPR binding assay for target identification; advanced lead molecules will be selected using NiV-B and HeV 
assays, and best-in-class drugs will be developed using predictive software to improve drug-like properties, 
increase potencies, decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and later, best-in-class nanobodies will be also tested by aerosol delivery. PK/PD 
studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. Combination studies of 
drug with nanobody studies will also be conducted and final proof-of-concept protective efficacy studies will be 
carried out in the HeV and NiV-B African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease. 



A. BACKGROUND AND SIGNIFICANCE 

For several decades, the major agents of emerged or newly identified infectious diseases in humans have been 
viruses of zoonotic origins.11-13 Among these, two paramyxoviruses of importance are Nipah virus (NiV) and 
Hendra virus (HeV); the prototype species of the genus Henipavirus and are single-stranded, negative sense, 
enveloped RNA viruses.14 HeV appeared in 1994, in an outbreak of severe respiratory disease in horses in 
Australia, with the death of 14 horses and their trainer.15,16 NiV (Malaysia strain, NiV-M) appeared in an outbreak 
of encephalitis in pig farmers in Malaysia in 1998.17,18 NiV outbreaks have since been seen in Bangladesh and 
India by a related strain NiV-Bangladesh (NiV-B).19 Pteropid fruit bats are the major reservoir hosts for 
henipaviruses.6,20 NiV and HeV have broad host tropism, infecting at least 18 species across 6 orders of 
mammals. Among these, NiV and HeV will cause a systemic and often fatal respiratory and/or neurological 
disease in at least 11 species including humans, with human fatality rates ranging from 40-100%.2,21 A third 
henipavirus isolate, Cedar virus (CedV), was discovered in 2010.22 However, CedV is not known to be zoonotic 
and has been shown to be nonpathogenic in HeV and NiV animal models.22-24 Two additional henipaviruses are 
also known, Ghana bat virus and Mojiang virus, but only from sequence data.25-27 Since 2001, nearly annual 
occurrences of human NiV-B infections have occurred in Bangladesh, and 3 outbreaks in India.28 In 2014, an 
outbreak of NiV-M occurred in the Philippines with 9 fatalities of 11 human cases, with horse-to-human and 
human-to-human transmission.29 The combined NiV case fatality rate is ~60% across a large region of Asia in 
five countries.3 The recent 2018 NiV outbreak in Kerala, India was significant, occurring in a new geographic 
region, with a case fatality rate of 91% and 22 of 23 cases the result of from human-to-human transmission, 
underscoring both the transmissibility and the lethal nature of this virus.4  

Human NiV/HeV infection is generally accepted to occur via the oronasal route with an incubation period 
of 1 to 2 weeks.4,30 Acute NiV/HeV infection in people is systemic and likely via hematogenous viral spread from 
the respiratory system.31 Disease onset is characterized by fever, myalgia, shortness of breath, and cough.16,32 
Human HeV infections have resulted in both fatal respiratory or encephalitic disease, and also recovery.30,33 The 
predominant clinical feature in the Malaysia outbreak was encephalitis, but respiratory symptoms were also 
common.32,34 The clinical presentation of NiV-B infections in Bangladesh also includes severe respiratory disease 
and in the 2018 NiV-B outbreak in Kerala, 83% of cases had acute respiratory distress syndrome (ARDS).4,35 
The key findings of human NiV/HeV infection are wide-spread endothelial cell tropism and systemic vasculitis, 
with prominent parenchymal cell infection in most major organs with the brain and lung significantly affected.36,37 
Human NiV/HeV infection can also be prolonged following apparent recovery, and some patients can experience 
a late-onset or relapsed encephalitis.33,38 Relapsed encephalitis caused by NiV appears to be a recrudescence 
of virus replication in the central nervous system (CNS), with cases presenting from a few months to as long as 
11 years later,39 NiV and HeV are biosafety level-4 (BSL-4) viruses and classified as Category C priority 
pathogens and transboundary agents by several US agencies. Also, both NiV-M and NiV-B can cause lethal 
infection in nonhuman primates (NHPs), the African green monkey (AGM), when delivered by small particle 
aerosol.40-42 NiV and henipaviral diseases (HeV) are included on the WHO’s Blueprint List of Priority Pathogens.43 
NiV is a potential pandemic threat because of its high case-fatality rates, capacity for human-to-human 
transmission and potential to mutate, and a human-adapted strain in a region of high population density, could 
lead to rapid spread.44 There are presently no approved vaccines or therapeutic modalities for NiV/HeV infections 
in people.  

The viral RNA-dependent-RNA polymerases of paramyxoviruses are attractive targets for antiviral 
compound discovery, but antiviral drug discovery for NiV and HeV has been hampered by requirements of BSL-
4 containment. We recently developed and optimized an authentic henipavirus replication cell-based system 
using a recombinant CedV (rCedV) encoding luciferase (rCedV-Luc) for high-throughput screening (HTS) 
applications at BSL-2 and identified several inhibitory compounds that were further validated with authentic NiV-
B and HeV.7 Those leads provide the rationale for the current application. Our ability to employ rCedV provides 
an opportunity for anti-henipavirus drug discovery not previously available, that also allows for discovery across 
the whole replication cycle, not restricted to only the viral polymerase. Another well-exploited stage of virus 
infection is the attachment and entry process.45 NiV/HeV possess two membrane anchored glycoproteins 
required for infection; one for attachment, the G glycoprotein, and the other for membrane fusion the F 
glycoprotein.46 The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and all 
vaccine strategies.28 Although an effective post-exposure human monoclonal antibody (mAb) therapy targeting 
the NiV and HeV G glycoprotein (m102.4) has been extensively examined,47-51 its delivery must be within several 
days following infection in NHPs. An unexplored alternative but related antibody-based strategy are antiviral 
nanobodies. A nanobody, is an antibody fragment comprised of just a single monomeric variable antibody 
domain.52 Nanobodies were first engineered from variable heavy chain domains of camelid heavy chain 



antibodies (VHHs), and camelid VHHs retain full antigen specificity and are only a fraction of the size of a human 
antibody, and they have extended complementarity determining regions (CDRs) which can allow them to bind 
epitopes not normally accessible to conventional antibodies, such as conserved viral epitopes often masked by 
glycan shields.10 Our expertise in henipavirus F and G structural and functional analyses together with anti-F 
and G mAb development and therapeutic application, will facilitate the development and testing of a new and 
understudied area of nanobody-based immunotherapeutic for against NiV and HeV.  

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of the investigators in this proposal. First, the cell-based high throughput screening (HTS) 
assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which 
provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional 
significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, 
because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal 
entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may well 
have activity across related members of the henipavirus genus. Second, our native-like, recombinant soluble 
tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice 
that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of 
a high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and 
characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-
reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape 
studies for variant selection and target identification. Finally, the rCedV based reporter-gene system allows rapid 
and quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules 
or nanobodies or combinations of both.  

Small molecule antiviral drug discovery. Anti-whole NiV or HeV immune sera shows cross-reactivity with CedV, 
however, such sera or even specific high-titer anti-CedV F or G antisera will not cross-neutralize HeV or NiV. 
Nevertheless, several CedV proteins show high amino acid (aa) identity to those in NiV and HeV, with highly 
conserved domains particularly in the N, M and L proteins.22 Interestingly, the CedV L polymerase protein is 257-
aa larger in comparison to NiV and HeV L, and the largest polymerase in the order Mononegavirale, yet it shares 
high aa identity to NiV and HeV L proteins. Indeed, CedV L is ~56% aa identical overall to the NiV-B and HeV L 
proteins; aa identities of L domains are: catalytic domain ~59.5%; the mRNA capping domain ~64.7%; 
methyltransferase domain ~50.5% (NiV-B) and ~52% (HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); 
and the 2-O-ribose methyltransferase domain ~60.8% (NiV-B) and ~61.7% (HeV). This overall high degree of 
identity, shared between CedV and that of NiV and HeV, suggests that antivirals that target the L polymerase, 
could be identified and perhaps also offer the possibility of identifying pan-henipavirus countermeasures. We 
recently tested this possibility and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and 
conducted a small molecule library screening project to identify inhibitors of rCedV replication.7 Several small 
molecule inhibitors have been validated in vitro using infectious HeV and NiV, demonstrating proof-of-concept 
and the feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and 
providing a strong foundation for this drug discovery project. This rCedV HTS system will be used to support 
Aim 1 to optimize our current best-in-class leads and also screen large libraries of compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized 
and have been shown to be safe with low immunogenicity in clinical trials.53-55 Nanobodies can be isolated using 
the same phage library construction methods and phage panning procedures routinely employed for mAb 
discovery, which allows for in vitro production of various amounts and their rapid characterization. Nanobody 
development will be carried out by Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice 
that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels.10 Immunized mouse cohorts 
are in progress using recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid 
progress in Aim 2.  

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new 
compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, 
in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-
henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and 



characterize batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins of NiV 
and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small 
molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel 
therapeutic modalities capable of treating NiV and HeV disease. 

C. PRELIMINARY RESULTS  

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors 
between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead 
on small molecule discovery) and Drs. Norton Peet, Irina Gaisina, and Terry Moore, UIC and Chicago 
BioSolutions Inc. (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator 
lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. 
Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and 
BSL-4 and ABSL-4 Core lead). Chicago BioSolutions, Inc. is a privately held, product-focused 
biopharmaceutical company engaged in the research and development of small molecule antiviral drugs that 
address commercially significant medical markets and unmet medical needs. 

C.2. Preliminary Data: Identification of small molecule inhibitors of henipaviruses.  

C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2), cell-
based HTS platform to identify small molecule antiviral agents targeting henipavirus replication without the 

requirement for BSL-4 containment.7 rCedV assays and tools. We also adapted 
the rCedV HTS infection platform to create another innovative toolset using novel 
chimeric viruses, where the viruses are altered only by the substitution of the F 
and G genes with that of NiV or HeV. As with the luciferase-encoding rCedV HTS 
assay, rCedV chimera use guidelines and procedures at the BSL-2 level were 
reviewed and approved by the USU, Institutional Biosafety Committee (IBC) in 
accordance with NIH guidelines. These replication competent rCedV chimeras 
create a very rapid and robust surrogate infection assay for NiVB and HeV that 
can be used as a neutralization or entry inhibitor assay to measure neutralizing 
antibodies, or as a surrogate for generating virus escape mutants to neutralizing 
antibodies. Here, the F and G genes of NiVB (2010 Faridpur isolate) and HeV 
(2008 Redlands isolate) were synthesized and 
inserted into our pOLTV5-rCedV anti-genome 
plasmid. For the HTS neutralization assay, a 
turbo-GFP gene was inserted between the 
CedV P and M genes. Each chimera (rCedV-
NiVB-GFP and rCedV-HeV-GFP) were rescued 
as previously described.8 Other versions 
without reporter genes have also been 
prepared. All virus stocks are cloned and 
genomes confirmed by NGS. Typically, large 
stocks are prepared and frozen as single use 

aliquots. Show in Figure 1 is an example of how these chimeras are used in a 
virus neutralization test, referred to as a fluorescent reduction neutralization 
test (FRNT) using two human NiV/HeV cross-reactive anti-G mAbs (HENV-103 

and -117) as previously 
described.56 Briefly, 
Vero 76 cells are used 
in black walled clear 
bottom 96-well plates, 
mAbs are serially 

diluted in medium, and equal volumes of medium containing rCedV-NiV-B or 
rCedV-HeV are added to each mAb dilution for a final concentration of 2000 
PFU, incubated for 2 h at 37 °C. Each virus-mAb mixture (90 µL/well) is added 
to the pre-seeded Vero 76 cells in triplicate and the assay run for just another 
24 h followed by 4% formaldehyde fixation, washing and then scanning using 
a CTL S6 analyzer. Fluorescent foci are counted using the CTL Basic Count™ and an IC50 value is determined 

Figure 1. Neutralization curves for 
HENV-117 and HENV-103 mAbs 
against rCedV-HeV-GFP (top) and 
rCedV-NiV-B-GFP (bottom). Data 
are from a single experiment 
performed in technical triplicate.  

Table 1. IC50 values of cross-reactive anti-G human mAbs HENV-
103 and -117) as determined by rCedV chimera FRNT assay and 
NiV-B and HeV conventional PRNT assay. 

Figure 2. Synergy map with calculated 
synergy score using the zero 
interactions potency (ZIP) model 
generated by SynergyFinder for 
neutralization of rCedV-NiV-B-GFP by 
serially diluted m102.4 and nAH1.3 
mAbs.  



as the antibody concentration yielding 50% reduction in fluorescent foci versus control wells. Table 1 shows the 
calculated IC50 values using rCedV chimeras vs. those determined by a conventional PRNT assay with authentic 
NiV-B and HeV, and they are remarkably within a 2-fold range. 

In addition to conventional single agent neutralization tests, the rCedV-NiV-B-GFP and rCedV-HeV-GFP 
chimeras can also be used in rapid HTS assays to measure synergistic activities of inhibitors, such as antibodies 
or drugs. The synergistic neutralizing activity of the HENV-103 and HENV-117 mAbs were described utilizing 
the rCedV chimera assay.56 Shown in Figure 2 is a neutralization synergy assay conducted with mAbs m102.4 
and nAH1.3 (both NiV/HeV cross-reactive anti-G mAbs) where they are individually diluted 2-fold in a 7x7 
concentration matrix. The diluted mAbs are added 1:1 to 4000 PFU per well of rCedV-NiV-B-GFP and the assay 
essentially carried out as above, with percent neutralization calculated by normalizing foci to a virus only control. 
Matrices are imported into SynergyFinder and analyzed Neutralization synergy was calculated by comparing 
treatment to virus only control wells. Values were imported into SynergyFinder software57 using a Zero 
Interactions Potency (ZIP) statistical model; delta scores >10 indicate likely synergy as shown here.  

Antiviral evaluation and combination testing of small molecules and nanobodies. These rCedV-based 
tools and rCedV chimera viruses will allow for rapid antiviral activity assessment and an ability to measure 
synergistic antiviral activities for both small molecule inhibitors derived from Aim 1 and nanobodies derived from 
Aim 2; and will also allow the novel approach of testing small molecules and nanobody combinations in a rapid 
and quantitative manner, in vitro, to select best-in-class candidates for both monotherapeutic and combination 
therapeutic modalities prior to in vivo animal model testing. 

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv 
library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc 
inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of 
diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. 

From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits 
(1.51% hit rate) were selected for further evaluation. To eliminate false positive hits 
due to cytotoxicity, a validation screen alongside a cellular toxicity assay 
(compound concentration of 33 µM) was carried out. The antiviral activities of 85 
compounds were confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity 
at 33 µM.  

In Table 2 is shown a representative quinazoline compound from our quinazoline 
series of rCedV inhibitors, designated as CBS1437. Note that both HEK293T and 
Vero cell lines were employed in these assays, and that CC50 values were recorded 
for these two cell lines. Compound CBS1437 was also evaluated in the infectious 
NiV (NiV-B) assay and found to have an EC50 value of 3.3 µM. An important reason 
for producing the data shown in Table 2 was to validate the primary screening data 

that was gathered from the rCedV HTS assay. Thus, we concluded that our HTS approach was a valid method 
for defining NiV inhibitors. Next, target specificity was confirmed in a counterscreen assay using a vesicular 
stomatitis virus G (VSV-G) protein. This hit showed a lack of detectable inhibition for VSV-G as well as some 
other unrelated viral proteins, including Lassa 
glycoprotein, and influenza fusion protein 
hemagglutinin H1 and H5 (0% inhibition at 12.5 
µM). Table 3 shows eight additional inhibitors 
in the quinazoline series, namely 4-
aminoquinazolines, that we identified from a 
focused screening campaign, which allowed us 
to develop some initial structure-activity 
relationships (SARs). Note that these 4-
aminoquinazolines all bear substituents on the 
amino group at the 4-position of the quinazoline 
ring and a carboethoxy substituent at the 2-
position. In terms of SAR to be gleaned from the 
limited data set in Table 3, a few features stand 
out that are worth mentioning. It is clear that a variety of N-phenyl substituents give rise to active compounds, 
and that H, methyl and n-propyl groups as the second N-substituent all can produce good activity. However, it is 
also clear that one of the best compounds is compound 14 (Figure 4), bearing an unsubstituted cyclohexyl 

Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates     
1-8 in the rCedV luciferase reporter virus assay. 

 

N 
Compound 

ID 
R1 R2 % inhib  

at 10 µM 

1 G577-0014 H 
3-chloro-4- 

methoxyphenyl 
81 

2 G577-0016 H 
2,4-

difluorophenyl 
18 

3 G577-0021 H 
2-chloro-4- 

fluorophenyl 
58 

4 G577-0022 H 3-methoxyphenyl 46 
5 G577-0028 Me cyclohexyl 93 
6 G577-0084 H 4-isopropylphenyl 85 
7 G577-0111 n-propyl 4-fluorophenyl 86 
8 G577-0112 Me 2-methylphenyl 94 

 

Table 2. Inhibition of rCedV and 
NiV-B by the HTS hit CBS1437. 

 
CedV  
(293T) 

CedV  
(Vero) 

NiV-B 
(Vero) 

EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 

0.70 100 2.1 100 3.3 
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group, which suggests an area for optimization since compound 14 is the only compound where the phenyl ring 
has been replaced by a completely saturated (cyclohexyl) substituent. Another point worth making is that the 
two n-propyl compounds (16 and 18) are two of the best inhibitors. There may, in fact, be a rough correlation 
between cLogP and inhibitory activity, which may be worth exploring with a larger set of derivatives. It is clear 
that additional compounds in our 4-aminoquinazoline series (Table 3) would provide excellent opportunities for 
further optimization of the inhibitory activities. In the Research Plan we discuss methods for the preparation of 
new 4-aminoquinazolines in addition to compounds in a backup series defined by our validation agent, CBS1437, 
as well as specific plans for developing the SARs. 
C2.2.3. Generation of Nipah and Hendra G and F nanobodies. We recently initiated a collaborative project in 
nanobody development against NiV and HeV, as well as other henipavirus glycoproteins, with Dr. Jianliang Xu 
(RAViD, Nanobody Core Lead). The Xu lab has engineered and established transgenic mice that produce 
VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels, and has published on the power and utility 
of anti-SARS-CoV-2 nanobodies.10 We have already initiated the immunizations of several nanomouse cohorts 
using native-like oligomeric recombinant sF (Veesler lab) and sG glycoproteins (Broder lab) of NiV-B and HeV. 
Immune responses are excellent and sera measured by ELISA using the immunogens. The first of these cohorts 
will be processed in the coming weeks, and the Xu lab will be constructing phage libraries of polyclonal VHHs 
from each cohort. We expeccept to be able to make rapid progress in Aim 2, in generating and characterizing 
diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV. 

D. RESEARCH DESIGN AND METHODS  
D1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-
activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed 
libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define 
henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM). 
D1.1. Synthetic Chemistry. In Figure 3 is shown a summary of how we will develop the SAR plan for the 4-

aminoquinazoline scaffold, as exemplified by changes to 
compound 8 (G577-0112). Substituent changes on the core 
fused scaffold will involve exploration of mono- and 
disubstitution substituent patterns on the quinazoline core to 
explore the optimum overall size for the core. Note that we 
may be able to use these substituents as “ADME handles” to 
control the overall hydrophobicity of the molecules and the 
cLogP values. In addition, we will optimize substituents on 
both aryl rings, as indicated, and optimize the alkyl group on 
the tertiary amine. We 
will also optimize the 
alkyl ester group, and 

we are very 
interested in 
replacing this ester 
with an amide, which 
would be chemically 
and metabolically 
more stable. If the 
amide turns out to be 
an effective 
replacement, then 
we will also explore amide replacement units, such as 
ketomethylene, reduced ketone, retroamide, ethylene, and 
sulfonamide units, etc.  

In Scheme 1 is shown a specific synthesis of one of our 
best inhibitors in this set. Anthranilamide 9 is heated with 
diethyl oxalate in a solution of dimethylformamide (DMF) to 
produce 2-carboethoxyquinazoline-4-one (10) in a 
condensation/cyclization process. Treatment of 10 with 
phosphorous oxychloride next provides a reactive 

Figure 3. SAR development for 4-aminoquinazolines 

Scheme 1. Synthesis of G577-0112 
(cmpd 8). 
 

Figure 4. Proposed inhibitors of rCedV based on Actelion 
OSIRIS predicted parameters. 



intermediate, namely, 2-carboethoxy-4-chloroquinazoline-4-one (12), which affords the specific inhibitor G577-
0112 (compound 8) after a displacement reaction with 2-methyl-N-methylaniline. A variety of methods are 
available for accessing these 4-aminoquinazolines, including initial treatment of the anthranilamides with ethyl 
ethoxycarbonylformimidate in ether58-59 as well as other methods.60,61 Likewise, the additional reagents required 
for these syntheses are mostly commercially available, as well. Thus, it is very realistic that a large library of 
these potential inhibitors will be quite accessible. 

In Figure 4 is shown a set of proposed compounds related to G577-0112 (compound 8) for which we show 
parameters calculated using Actelion OSIRIS software62. The proposed compounds (13 through 17) generally 
show improved druglikeness and drug scores (and other parameters) with respect to G577-0112 (compound 8), 
and therefore represent promising new targets for synthesis and evaluation. Note that a dramatic improvement 
in all parameters is seen in simply replacing the ester with an amide by 
substituting NH for O, to provide proposed new compound 13. In 
progressing through the constrained compounds 14 through 17, 
improvement of parameters culminates with the indoline derivative 17, 
whose druglikeness and druglike scores have very dramatically 
improved. Advantages of imposed conformational restraints, as seen 
in tetrahydroquinolines 14 and 15 and indolines 16 and 17, include a 
reduction in rotatable bonds, and, importantly, a preorganization of an 
effective conformation that can mitigate the entropic penalty of binding. 
In Figure 5 is shown the SAR development plan for our quinazolin-4-
one scaffold. There are three points of optimization that we envision for 
this trisubstituted fused core. At the 2-position, we will substitute the 
pyrrolidinyl substituent with additional cyclic and acyclic amines. The unsubstituted benzyl substituent at the 3-
position will be optimized in terms of mono- and disubstitution patterns. The position of the carboxamide 
substituent located at the 7-position will be optimized, as will the N-alkyl group on the carboxamide. We will also 
replace the amide unit with various amide mimetic units, as indicated in Figure 5, since amides are subject to 
metabolic cleavage. We have also researched and found additional synthetic methods are available for the 
construction of both 4-aminoquinazolines and 2,3,7-trisubstituted quinazolin-4-ones. 

D.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one series 
and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently 
published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5x104 cells per well will 
be treated with growth medium containing either DMSO or selected compound at predetermined nontoxic 
concentrations for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 
and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using 
the ENVISION JANUS automated workstation. This plate reader is integrated directly with the robotic deck so 
that readings can be made unattended. The data will be normalized by the average signal of the negative control 
wells in each plate. The best inhibitors will be evaluated in HEK293T and Vero cells in 96-well plates. Cells will 
be incubated with compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition 
of rCedV-Luc (MOI: 0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the 
luminescent signal as described above. Sample signals will be normalized by signals from the DMSO control 
wells. EC50 and CC50 values will be calculated by dose-response curve fitting with Graphpad prism. These assays 
will be conducted in the Broder Lab.  

Screening Libraries. The HTS will be performed in the Rong Lab.These libraries will be provided by the UIC 
Research Resource Center (RRC). They are comprised of >150,000 compounds available in 96- or 384-well 
plate formats suitable for HTS. Additional libraries from ChemDiv and Enamine, including an Antiviral Library 
composed of 65,937 novel diverse and targeted compounds with privileged scaffolds from ChemDiv’s collection, 
will be purchased by Chicago BioSolutions, Inc. Hit Selection Algorithm. A compound which displays more 
than 90% inhibition (one log decrease in the luciferase activity in the presence of the compound, 10 M final 
concentration) will be considered a “hit” compound after the initial round of screening. To further determine the 
specificity, a secondary screening (counter screen) for the “hit” compounds will be performed, where the VSV-G 
pseudotyped HIV virions will be used again aas a specificity control. The third round or “tertiary” screening will 
focus on a selected group of compounds, and here classical dose-dependent inhibition assays will be carried 
out to estimate EC50 values. Multiple cell lines will also be used in these experiments to avoid cell line bias. The 
compounds that do not exert effective inhibition (non-potent) will not be actively pursued, while the more potent 
compounds (EC50 values less than 10 µM) will be analyzed further. It is expected that through multiple rounds of 
screening, we can select the most potent compounds for optimization and validation studies. Hit Validation, 

Figure 5. SAR development for CBS1437. 
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Cytotoxicity Assessment and Ranking. We will measure the direct toxicity of compounds to human cells to assess 
the overall cytotoxicity of the potent inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-
7 and Hep3B, will be tested using the “CellTiter 96 aqueous nonradioactive cell proliferation assay” as described 
previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening 
will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control 
and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have 
the expected structure (LC-MS, NMR spectroscopy). Compounds <80% pure will be purified and retested. 

D.1.3. Evaluation of antiviral activity of advanced candidates. Inhibitors will be tested against authentic NiV 
and HeV as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells per 
well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected 
compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or 
without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection 
(hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound 
only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The 
percent reduction in PFU/mL titers in the samples containing compounds will be compared to parallel control 
cultures of virus and DMSO. This work will be performed in the BSL-4 facility at UTMB (Geisbert, Core D). 

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of 
Drs. Peet, Gaisina, and Moore. If we encounter a synthesis-related problem with our primary scaffold 
compounds, we will use an alternate strategy using a different reaction sequence. Should we encounter a 
scaffold-related problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one 
scaffold or other HTS hits identified using the expanded libraries of compounds. 

D.2.1. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the 
mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The 
following experiments will be performed: 1) Determine the impact of compound treatment on viral protein 
expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be 
treated in duplicate with medium containing either DMSO or selected inhibitors at a predetermined concentration 
for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells will be collected to determine 
viral protein expression by western blot techniques or viral RNA levels by q-RT-PCR. CedV specific antibodies 
against G F N and P will be utilized. To determine changes in viral protein expression at the different time points, 
densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-
actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will 
be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific 
TaqMan primer/probe pair targeting the N gene, and performed using the ABI 7500 thermocycler. The ABI 7500 
software will be used to analyze all q-RT-PCR results. Fold changes will be calculated relative to 18S using the 
ΔΔCt method and normalized to respective DMSO control samples. We expect to observe a decrease in 
intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results 
from this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds 
on viral RNA levels over time; 2) Determine the stage(s) of inhibition of 4-aminoquinazolines and 
quinazolin-4-ones in the viral lifecycle. For time of addition studies, HEK293T cells will be infected with rCedV 
at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which time the viral inoculum will be removed and 
cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium 
will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All 
supernatants will be collected at 24 hpi and analyzed for infectious viral titers (PFU/mL) by plaque assay.7,8 
Results from this data will indicate at which stage of the viral life cycle the compounds are affecting; 3) Analyze 
escape mutants against the advanced lead compounds with Cedar virus. Target identification for small 
molecules. The rCedV tools used in Aim 1 willcan also be usedexploited for antiviral target identification. In vitro 
selection of virus escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic 
changes associated with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras 
to generate neutralizing mAb escape mutants. Here, we will test advanced lead compounds for antiviral 
resistance using techniques similar for generating mAb escape mutants.63,64 Briefly, a select compound will be 
used at the sub-optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial 
passaged in multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of 
inhibitor will be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then 
be amplified and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will 
be derived by deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral 
genomes. We expect that many mutations will map to the L gene of rCedV, however, both P and N proteins also 



comprise the replicase complex and mutations may appear in those gene products as well, which if identified 
also suggests the possibility of multiple drug combination testing going forward. We will validate key mutations 
found in drug resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse 
those rCedVs and assay for drug resistance. We will also confirm and correlate our drug targets by performing 
resistance selection of the best inhibitors using authentic NiV-B and HeV in BSL-4 by the UTMB BSL-4 Core. 
D.2.2. Assess the binding properties by surface plasmon resonance (SPR). The NiV polymerase (L protein 
and a phosphoprotein P, or RdRp complex) will be prepared using a previously published protocol( ref). Biacore 
T200 and Biacore 8KSPR systems will be used to obtain information on binding specificity, binding affinity of the 
new lead inhibitors (KD) to the RdRp protein, and kinetics [association rate constants (ka), and dissociation rate 
constants (kd)] as previously described.65 Prefusion-stabilized RdRp protein will be immobilized on a CM5 chip 
using standard amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be 
injected over the flow channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 
Langmuir kinetic binding model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This 
kinetic analysis will be performed by UIC RRC, as previously done by the Rong lab (ref). 

D.2.3. Structuretructure determination of recombinant proteins with bound inhibitors by by X-Ray 
crystallography and CryoEM. High-resolution structures of the NiV RdRp complex with key inhibitors such as 
CBS1437 and the advanced lead compounds to be defined will be obtained using both x-ray crystallography and 
CryoEM by Dr.the Veesler Lab at the Arnold and Mabel CryoEM Center at the UW. It is expected that these 
structures will be determined and will reveal the atomic level details of how our inhibitors interact with the 
polymerase and inhibit its activity, which will be highly informative for developing potent high-affinity ligands. 
Biophysical techniques such as native mass spectrometry and thermal shift assays, light scattering, and 
fluorophore analysis to measure protein stability and folding are routine and will be used to ensure that bound 
compounds are not destabilizing domain structures to prevent crystallization. For EM studies, we will utilize 
automated data collection software to facilitate throughput. In brief, data will be processed using the Appion66 
pipeline, which keeps track of all data and processing steps. All data will be processed using multiple single 
particle EM software packages, including Warp67, cryoSparc68, and RELION69. Purified complexes will be 
deposited onto grids, blotted, and cryo-plunged into liquid ethane to preserve them in a thin layer of vitreous 
buffer. Images of the complexes will be collected using automated image acquisition software under low dose 
conditions. Structures generated by cryo-EM will be refined and reconstructed using Rosetta which is developed 
at the UW. As cryo-EM structures of polymerase in complex with key inhibitors (i.e., CBS1437 and additional 
derivatives) become available, MD studies of these systems will be conducted to reveal the dynamic nature of 
protein/ligand interactions70-74, to explore the conformational landscape75 of ligand binding events, and to capture 
conformational variability of intermediate states76,77, which can be crucial to gain mechanistic knowledge of 
biological function, but remain out of reach through experimental approaches. 

Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are 
commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously 
rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T 
cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism 
studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-
aminoquinazolines or quinazoline-4-ones. 

D.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. Milestone: 
Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver microsomes, 
low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before investigating the 
efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal dosing regimen 
for the efficacy studies with the advanced lead compounds. 
D.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing.  
Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further 
therapeutic development. We will assess several critical in vitro ADME-T properties and prioritize compounds 
accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out using the CYP3A4, and 
CYP2D6 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp.) to rapidly 
screen for potential inhibitors of the principal drug metabolizing cytochrome P450 enzymes.78 Compounds with 
IC50 values ≥100 µM for CYP isoforms will be prioritized for further advancement. Rat/Human  Liver Microsome 
Stability. Rat and human liver microsome preparations will be used to evaluate the metabolic stability of 
compounds by the method of Kuhnz et al.79 Compounds with >30% recovery (1 h) will be considered for further 
advancement. hERG channel blockade. The ability of compounds to block the hERG channel will be assessed 

Formatted: Font: Bold

Formatted: Font: Bold



in a [3H] dofetilide-binding assay as previously described.80 using SHSY5Y cells. Compounds that do not prevent 
[3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug absorption through the intestinal 
epithelium is critical to good oral bioavailability. We will use the Caco-2 method81 to evaluate the potential for 
oral bioavailability of the lead inhibitors. Compounds exhibiting a Caco-2 permeability value (Papp) greater than 
1 × 10-6 cm/sec will be prioritized. Bacterial reverse mutation assay (Ames): Four Salmonella typhimurium 
strains (TA1535, TA1537, TA98, TA100) and one Escherichia coli strain (WP2 uvrA) will be used. The bacteria 
will be exposed to different dose levels of the compound up to a solubility-limiting level in the presence or 
absence of rat liver enzymes (rat S9 liver fraction) acting in the normal process of metabolism and any reverse 
mutations will be determined. In vitro mammalian chromosomal aberration test: The purpose of this study is 
to evaluate the clastogenic potential of the compound based on its ability to induce chromosome aberrations in 
human peripheral blood lymphocytes. 
D.3.2. PK studies: Naïve male/female mice (equal number, 3 groups of 36 animals total) will be treated with a 
single dose via i.v., i.p., or oral gavage administration and blood will be collected and processed to obtain plasma 
and serum from three animals/group/time point at up to 12 time points through 24 h post dose. Two doses will 
be used to establish the drug exposure-dose range relationship: the estimated efficacious dose (ED), based 

upon preliminary data at 25 mg/kg i.p. or p.o. and an observable adverse effect dose (OAED) (to be determined). 
Compounds of interest will be extracted from biological specimens by protein precipitation, analyzed on a triple-
quadruple mass spectrometer (LC-MS/MS) and quantified using an internal standard method with a minimum of 
a five-point calibration curve. PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. 
Depending on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate 
calculations of AUC. Plasma concentration will be established to support dosage selection for efficacy studies. 
Formulation stability and PK/Toxicity studies will be performed by CROs. 

Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc. and Reaction Biology, Corp., and supervised by 
Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to 
meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to 
meet the objectives in this aim.  

We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced 
lead compounds, which will allow for the future selection of a preclinical candidate (Figure 6). 

D.4. AIM 2: Characterization of the potency and breadth of selected nanobodies. 
Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies 
targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also 
collaborate with the UTMB, BSL-4 Core D to evaluate lead candidates with authentic NiV and HeV and also in 
vivo in Aim 3. Batteries of nanobodies to the F and G glycoproteins of NiV and HeV will be isolated from phage 
libraries constructed using cohorts of nanomice immunized with sF and sG recombinant glycoproteins (C2.2.3. 
Preliminary Data). The Core will conduct preliminary characterizations on binding and specificities and then 
provide purified nanobody panels to the Veesler and Broder labs for detailed studies. 

D.4.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth. 

D.4.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of 
prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian 
cells, including NiV  (Bengladesh and Malaysia strains) and HeV (both ancestral and the newly described variant) 
with and without avi-tag for biotinylation.82-84 These proteins were used to vaccinate transgenic mice for 

 
Figure 6. Flowchart for henipavirus inhibitor development. NOT FINAL 
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nanobody production and will be used for downstream screening of the nanobody libraries and for exploring 
cross-reactivity with NiV and HeV glycoproteins and with more distantly related henipaviruses using high-
throughput ELISA assays. Biolayer interferometry analysis of binding kinetics and affinity will be carried out for 
the most promising nanobodies selected by ELISAs to enable ranking them based on binding affinities and cross-
reactivity. 

D.4.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit NiV and 
HeV, we will use a high-throughput neutralization assay (conducted in the Broder lab). This assay is based on 
GFP-encoding, recombinant replication-competent, Cedar henipavirus (rCedV) chimeras in which the native 
glycoproteins are substituted with the NiV-B (rCedV-NiV-B-GFP, Bengladesh strain) or the HeV (rCedV-HeV-
GFP) F and G glycoproteins (see:  C.2.1. Preliminary Data).7,85 This platform is safe, enabling utilization at BSL-
2 compared to BSL-4 for authentic viruses, and has been thoroughly validated and shown to faithfully recapitulate 
the data obtained with NiV-B and HeV with both monoclonal antibodies and vaccine-elicited polyclonal sera. This 
method was used to support the preclinical development of G-specific antibodies5. Furthermore, the Broder lab 
recently developed a rCedV-HeVv-GFP using reverse-genetics to study the antigenic properties of a newly 
described HeV variant.86 These assays will enable ranking each nanobody based on their neutralization potency 
and breadth to assist downstream selection. For nanobodies for which cross-reactivity will be detected beyond 
NiV and HeV (e.g. CedV), their inhibitory activity will be tested against authentic CedV. Finally, these chimeric 
virus neutralization assays can be implemented for viruses for which no isolates are available (as is the case for 
henipaviruses discovered through metagenomics in bats or other animals).87,88 

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing 
certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity 
with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy 

imaging. All data will be obtained using multiple 
replicate measurements using independent 
batches of proteins and viruses and performed by 
multiple individuals to ensure the reproducibility of 
our assays.  

Anticipated results. This aim will assist the 
selection of the most promising individual 
nanobodies with broad and potent neutralizing 
activity against NiV and HeV. The top candidates 
will be further studied structurally and functionally 
and evaluated for in vivo efficacy. 

D.4.2. AIM 2B: Studies of molecular basis of 
nanobody-mediated viral inhibition. 
Rationale: Aim 2B will explore the structural 
basis of target recognition by the nanobodies to 
provide an atomic-level understanding of binding 
and inhibition which will be validated using 
functional assays. This structural framework will 
be used to guide the design of nanobody cocktails 
with enhanced neutralization potency, breadth 
and resistance to escape mutations. The Veesler 
lab is a world leader in structural studies of viral 
glycoproteins and will carry out cryoEM studies of 
the most potent and broad inhibitors in complex 
with NiV or HeV F and G glycoproteins to 
visualize recognition at the atomic level and 

inform further optimization of target binding affinity. The Veesler lab has developed a streamlined high-resolution 
cryoEM pipeline enabling high-throughput structural studies of viral glycoproteins. We use the Leginon data 
collection software, which runs 24 hours per day and enables automated targeting and image acquisition, while 
keeping a relational database of all micrographs to expedite subsequent processing.89 Many image processing 
tasks are automated as part of a workflow that allows assessing data quality in real time during acquisition, and 
prevents bookkeeping errors by storing all the details related to image acquisition and processing.66,67 
Complexes of nanobodies with glycoproteins will be vitrified and imaged using cryoEM to visualize directly the 

 
A) Ribbon diagram of the NiV G ectodomain bound to the broadly neutralizing 
nAH1.3 Fab fragment in two orthogonal orientations. Each of the four NiV G 
protomers is colored distinctly and resolved N-linked glycans are rendered as 
green surfaces. The nAH1.3 heavy and light chains are colored gold and 
yellow, respectively, and only the variable domains were modeled in density. 
The linkers connecting the neck to the two proximal head domains are shown 
as dashed lines due to weaker density in the cryoEM reconstruction. (B) Ribbon 
diagram of a NiV G head domain (blue) with the interacting nAH1.3 heavy and 
light chains CDRs rendered in gold and yellow. (C) nAH1.3-mediated 
neutralization of rCedV-NiV-B-GFP (black) and rCedV-HeV-GFP (blue). 



epitopes targeted by the different nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will 
leverage our extensive experience in overcoming specimen preferred orientation upon vitrification using ultrathin 
continuous carbon films,82,84,90-92 mechanical stage tilting with gold grids93,94 or detergents to modify surface 
tension95. Some of the nanobodies might not recognize the glycoproteins rigidly leading to conformational 
heterogeneity and dampened resolution. We will overcome this using workflows developed in-house specifically 
for that purpose for previously characterized miniprotein inhibitors and monoclonal antibody Fab fragments 
based on extensive (focused) 3D classification and local 3D refinement of subregions of the map to achieve 2.5-
3.5Å resolutions.93,96-100 Refinement of atomic models in cryoEM density maps will leverage the Rosetta software 
developed at the University of Washington.101-103 
The NiV attachment (G) glycoprotein engages host receptors, and is the basis of a commercially available horse 
vaccine and entered phase I clinical trials for use in humans with funding from the Coalition for Epidemic 
Preparedness Initiatives. The Veesler and Broder labs recently determined a high-resolution cryoEM structure 
of the NiV G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 years, 
hindering both our understanding of immunity directed towards G and the rational design of vaccines. The 
structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3), which 
recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. 
This study revealed the ultrastructural organization of this key target of the immune system, informs the 
mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic 
design. The know-how generated to achieve this groundbreaking result will directly support the proposed project. 
D.4.2.1. High-resolution structural studies using X-ray crystallography. Some nanobodies might bind to 
regions that are intrinsically flexible, thereby limiting resolution using cryoEM. We have already encountered 
such cases with coronavirus fusion machinery-directed antibodies binding to linear epitopes in the spikes. We 
will overcome these challenges by determining high-resolution crystal structures of the nanobodies bound to 
their cognate epitopes, similar to the strategy we used to obtain structural information of the B6 and S2P6 
antibodies bound to several β-coronavirus stem helices. Refinement of atomic models will use both Phenix104 
and BUSTER-TNT.105 

D.4.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred 
from the structural data will be validated using receptor binding, F cleavage and membrane fusion assays we 
previously implemented for henipaviruses and coronaviruses.82-84,91,106,107 

Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot 
be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, 
which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-
150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM 
center, which Dr. Veesler co-directs. 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and 
the formulation of cocktails. This work will also demonstrate the mechanism(s) of action of nanobodies leading 
to inhibition of viral entry. 

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in 
the field. For cryoEM maps, these will include gold-standard projection matching refinements108-110 and high-
resolution noise substitution prior to Fourier shell correlation calculations111 to avoid overfitting. Atomic models 
will be assessed using Molprobity,112 EMringer113 and Privateer.114 The coordinates of the structures solved as 
part of this work, as well as the corresponding experimental data, will be made freely available through deposition 
in the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-
reactivity and the design of nanobody cocktails. 

D.4.3. AIM 2C. Structure-guided formulation of nanobody cocktails. 

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or 
treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 
10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical 
isolates, the two-mAb cocktail proved more resilient to escape mutations.115-117 Because experimental passaging 
of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape 



mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails 
that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins.  

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent 
a unique opportunity for implementing multi-pronged targeting, which has not been evaluated previously. We will 
combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their 
antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV 
chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side 
to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-
selection will include maximal neutralization potency and breadth and structural characterization will be used to 
ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary. 

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails 
with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection. 

D.5. AIM 3: Evaluation of lead compounds in vivo. 

Rationale: Aim 3 will collaborate with the ABSL-3 and ABSL-4 Core (Core D) to evaluate lead candidate drugs 
and nanobodies in vivo. A critical aspect of antiviral discovery that is often overlooked is the early stage testing 
of lead compounds in well-studied and well-validated in vivo animal models. Here, our experimental plan has the 
benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster 
and AGM.2,118 PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy studies using 
select best-in-class drugs and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-
concept protective efficacy studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and 
HeV infected AGM models. 

D.5.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary 
pharmacokinetic (PK) studies in hamsters and AGMs will be performed by the UTMB Core (Core D). Using 
intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these 
studies will examine the concentration of lead compounds in plasma over time in order to establish parameters 
such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and 
dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter 
for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) 
above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in 
hamster models of henipavirus disease. Lead compounds which demonstrate good exposure-response antiviral 
activity in hamsters will then advance into AGM PK studies using similar dose administration and measured 
parameters as above. The data will be used to select doses and dosing regimens for the subsequent protection 
studies in AGMs. 

D.5.2. In vivo testing of lead compounds NiV/HeV in infected hamsters. The in vivo activity of the most 
potent compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will 
be randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of 
NiVB or HeV.85,119-121 Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different 
doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will 
be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight 
loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 
optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis 
in the Subaims below. 

D.5.3. Define breakthrough conditions for anti-henipavirus antiviral agents in hamsters. This Subaim will 
employ the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect 
hamsters against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after 
henipavirus exposure. The goal of this Subaim is to determine the time points of treatment initiation when the 
antiviral agents fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated i.n. with ~ 5x106 PFU of NiV or HeV.85,119-121 Treatments will be initiated at various times 
after henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters 
succumb to disease. 

D.5.4. Combination therapy of anti-henipavirus antiviral agents in hamsters. This subaim will employ the 
most promising antiviral agents from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. 
Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x106 PFU of 
NiV or HeV.85,119-121Treatment with at least two different antiviral agents will be administered beginning at a time 
point where substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if 



combining at least two different antivirals improves survival. Group sizes may be increased as needed to obtain 
appropriate statistical power to show the survival benefit of combination therapy. 

D.5.5. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will 
employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol 
delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can 
protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB or HeV as determined in henipavirus 
dose confirmation studies conducted by the ABSL-3 and ABSL-4 Core. Treatments with drugs, nanobodies, or 
combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization 
by the Aerosol Delivery Core (see Core A) at various times after henipavirus infection. 

D.5.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of 
concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV 
infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol 
using the LMA mucosal atomization device (MAD) as previously described41 or by small particle aerosol as 
previously described42,122 with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV). Importantly, the 
MAD system delivers atomized particles that range in size from 30 to 100 µm, which is highly consistent with the 
size of droplets exhaled by humans when coughing. Previous studies with AGMs infected with NiVB using the 
MAD system resulted in lethality in 9/9 animals and a disease course that is highly consistent with human 
infection (TW Geisbert, C Broder, unpublished data). The treatment groups (consisting of five animals each) will 
be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by the Aerosol Delivery 
Core (see Core A) up to 5 days after viral challenge (initiation time informed by hamster studies) while control 
animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by 
several methods, including respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and 
blood), and survival. 

Potential Pitfalls and Alternative Strategies. It is possible that Aerosol Delivery Core (Core A) may 
experience difficulties in optimizing aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that 
aerosol delivery of antiviral agents may not improve protective efficacy or extend the therapeutic window of the 
agents. We will also assess conventional parenteral delivery routes (as noted in the subaims above) which were 
previously shown for remdesivir and mAbs to protect animals against lethal henipavirus disease to de-risk this 
Aim. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which 
compounds were given to which animals until experiments and analysis are completed. We will employ equal or 
near equal numbers of male and female animals and general age (infant or geriatric animals will not be used). 

In summary, the emergence and re-emergence of NiV infections throughout the world, coupled with its high 
fatality rate, provide very significant motivation for the preparation of small molecule inhibitors of this virus to 
create a readiness for the next NiV or other related pathogenic henipavirus outbreaks. We have discovered two 
differentiated series of compounds that show early promise as agents that have potential for treating NiV 
infections, and we have designed a series of optimized druglike candidates for future preparation and 
development.  
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The pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV) cause severe respiratory illness and 
encephalitis in both animals and humans with human case fatality rates ranging from 40-100%. The NiV-
Bangladesh strain (NiV-B) is associated with multiple rounds of human-to-human transmission and is a pathogen 
of pandemic concern for which there are no vaccines or antivirals approved for human use. We have recently 
shown that the nonpathogenic Cedar henipavirus (CedV) is a useful surrogate platform for high throughput 
screening (HTS) for antiviral drug discovery, and for virus neutralization assays. This proposal focuses on 
developing antiviral small molecule and nanobody countermeasures to combat the pathogenic henipaviruses 
including therapeutic modalities by an aerosol delivery approach. We created reporter gene-encoding 
recombinant CedVs and discovered a series of fused heterocycles, e.g., 4-aminoquinazoline-based, antivirals, 
and showed that a representative quinazoline CBS1435 was an effective inhibitor of rCedV replication and also 
both NiV-B and HeV, with EC50 values in the low µM range and minimal cytotoxicity. Neutralizing antibodies to 
the henipavirus F and G glycoproteins have also shown therapeutic promise, but antiviral nanobodies as 
potential immunotherapeutics represent a novel area of NiV and HeV countermeasure development. This 
proposal will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral 
nanobodies to pathogenic henipaviruses. Aim 1 will focus on optimizing lead anti-henipavirus small molecules 
and conduct cell-based antiviral HTS assays. Lead molecules will be selected using NiV-B and HeV assays, and 
best-in-class drugs will be developed by chemical modifications aimed to improve drug-like properties, increase 
potencies, decrease toxicity, and improve pharmacokinetic properties. Aim 2 will isolate and fully characterize 
nanobodies broadly neutralizing NiV-B and HeV derived by immunization of transgenic mice that produce 
nanobodies from alpacas, dromedaries and Bactrian camels, using phage display technology of cloned 
nanobody gene fragments. Best-in-class, cross-reactive nanobodies will then be characterized in binding and 
neutralization assays and structurally analyzed in complex with their viral targets to delineate the recognition 
sites, mode of action and guide formulation of nanobody cocktails. Aim 3 will focus on in vivo efficacy evaluation 
of lead compounds and nanobodies in animal models. Both monotherapies and combination therapeutic 
modalities will be tested, along with testing antiviral nanobody delivery by aerosol. These two unique henipavirus-
targeted antiviral development directions will generate novel countermeasures that may display more broad 
effectiveness. 

  



SPECIFIC AIMS  

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case 
fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-
to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 
23 total cases, leaving only 2 survivors.4 Twenty-two cases were from virus transmission in 3 hospital settings, 
with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of 
pandemic concern, and there are no vaccines or antiviral agents approved for human use. Indeed, the detection 
of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people 
worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug 
Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic 
henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus that is 
nonpathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse 
genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an 
extensive characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high 
throughput antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase 
in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a 
representative quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and 
HeV, with an IC50 value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development 
of small molecules together with more extensive compound library screening using rCedV will potentially yield 
testable antiviral agents with potential pan-henipavirus effectiveness. Our collaborative team also has extensive 
experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. 
In this proposal, we have initiated a completely different approach for developing antiviral nanobodies which are 
acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been 
shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent 
antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across 
viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, 
characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. 
Specifically, we will: 

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-
class drugs will be developed using predictive software to improve drug-like properties, increase potencies, 
decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and later, best-in-class nanobodies will be also tested by aerosol delivery. PK/PD 
studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. Combination studies of 
drug with nanobody studies will also be conducted and final proof-of-concept protective efficacy studies will be 
carried out in the HeV and NiV-B African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease. 



A. BACKGROUND AND SIGNIFICANCE 

Over the past 40 years the major etiological agents of emerged or identified infectious diseases in humans have 
been viruses.11 Among these, the paramyxoviruses, which include many important human and animal 
pathogens, also include two emerged, zoonotic viral pathogens of importance: the henipaviruses; Hendra virus 
(HeV) and Nipah virus (NiV).12,13 In 1994, HeV caused an outbreak of severe respiratory disease in horses in 
Brisbane, Australia, resulting in the deaths of 14 horses and their trainer.14,15 NiV was the causative agent of a 
significant outbreak of severe encephalitis in pig farmers in Malaysia in 1998. Spread of NiV infections typically 
requires direct contact with an infected source, and transmission can occur between people and from animals to 
people. Symptoms may culminate in a severe respiratory and/or neurological disease that is often fatal. 
Complications of the infection can result in relapsed encephalitis following recovery. On September 5, 2021, a 
twelve-year-old boy in the Indian state of Kerala died after contracting NiV infection. During the process of 
transporting him to medical centers for a diagnosis, twenty-three health care workers exposed to this boy also 
died, which underscores both the transmissability and the lethal nature of this virus. There is presently no vaccine 
or small molecule therapeutics that have been developed for NiV infections. Pteropid bats appear to be the major 
reservoir hosts for henipaviruses.6,16 HeV and NiV have a uniquely broad host tropism capable of infecting at 
least 18 animal species across 6 orders of mammals, including their natural bat hosts. Among these animals, 
HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at least 11 
mammalian species including humans, with human fatality rates ranging from 40-100%.2,17  
NiV and HeV are classified as biosafety level-4 (BSL-4) restricted pathogens and both remain transboundary 
threats to livestock and people throughout South Asia and Australia. NiV and henipaviral diseases have been 
categorized by the World Health Organization (WHO) as an epidemic threat needing urgent research and 
countermeasure development and are included in the WHO R&D Blueprint list of priority pathogens with 
epidemic potential.18 Presently, there are no prophylactic or therapeutic treatment options for henipavirus 
infections approved for use in humans. A subunit vaccine, Equivac® HeV, has been available for use in horses 
in Australia since 201219 for the prevention of HeV infection. This equine vaccine received full registration by the 
Australian Pesticides and Veterinary Medicines Authority in 2015, with all vaccinated horses receiving a 
microchip with a database being maintained and is the first commercially deployed vaccine against a BSL-4 
agent.20 Although a human monoclonal antibody (mAb) m102.4 has successfully completed a phase I safety trial 
in Australia,21 developing vaccines or therapeutics against henipaviruses for use in people remains a high priority. 
Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane anchored 
glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) glycoprotein and the other 
is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G and F 
glycoproteins are the major antigenic targets of neutralizing antibodies and also the main focus of several vaccine 
strategies.2 Although an effective post-exposure human monoclonal antibody (mAb) therapy (anti-NiV/HeV G 
glycoprotein mAb m102.4) has been extensively examined,22-26 it must be administered within several days 
following lethal infection in animal challenge models. In contrast, however, antiviral drug discovery for HeV and 
NiV has been significantly hampered due to requirements of biosafety level-4 (BSL-4) containment. Recently, a 
third isolate, namely, Cedar virus (CedV) has been added to the Henipavirus genus.27 However, whereas HeV 
and NiV are bat-borne disease-causing zoonoses, CedV is not known to be zoonotic and has been shown to be 
nonpathogenic in animals susceptible to HeV and NiV disease and resides in nature in the same bat host species 
as HeV.27,28 Nucleic acid based detection studies have identified related henipavirus species, including complete 
genomic sequences,29,30 but HeV, NiV, and CedV are the only virus isolates reported. 
We have recently optimized a recombinant CedV encoding luciferase (rCedV-Luc) for high-throughput screening 
(HTS) applications and have identified several inhibitory compounds that were further validated with the 
infectious NiV-Bangladesh (NiV-B) strain. The validated compounds provide the foundation for the current 
application.  

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of the investigators in this proposal. First, the cell-based high throughput screening (HTS) 
assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which 
provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional 
significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, 
because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal 
entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may well 
have activity across related members of the henipavirus genus. Second, our native-like, recombinant soluble 
tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice 
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that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of 
a high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and 
characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-
reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape 
studies for variant selection and target identification. Finally, the rCedV based reporter-gene system allows rapid 
and quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules 
or nanobodies or combinations of both.  

Small molecule antiviral drug discovery. Anti-whole NiV or HeV immune sera shows cross-reactivity with CedV, 
however, such sera or even specific high-titer anti-CedV F or G antisera will not cross-neutralize HeV or NiV. 
Nevertheless, several CedV proteins show high amino acid (aa) identity to those in NiV and HeV, with highly 
conserved domains particularly in the N, M and L proteins. 27 Interestingly, the CedV L polymerase protein is 
257-aa larger in comparison to NiV and HeV L, and the largest polymerase in the order Mononegavirale, yet it 
shares high aa identity to NiV and HeV L proteins. Indeed, CedV L is ~56% aa identical overall to the NiV-B and 
HeV L proteins; aa identities of L domains are: catalytic domain ~59.5%; the mRNA capping domain ~64.7%; 
methyltransferase domain ~50.5% (NiV-B) and ~52% (HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); 
and the 2-O-ribose methyltransferase domain ~60.8% (NiV-B) and ~61.7% (HeV). This overall high degree of 
identity, shared between CedV and that of NiV and HeV, suggests that antivirals that target the L polymerase, 
could be identified and perhaps also offer the possibility of identifying pan-henipavirus countermeasures. We 
recently tested this possibility and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and 
conducted a small molecule library screening project to identify inhibitors of rCedV replication.7 Several small 
molecule inhibitors have been validated in vitro using infectious HeV and NiV, demonstrating proof-of-concept 
and the feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and 
providing a strong foundation for this drug discovery project. This rCedV HTS system will be used to support 
Aim 1 to optimize our current best-in-class leads and also screen large libraries of compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized 
and have been shown to be safe with low immunogenicity in clinical trials.31-33 Nanobodies can be isolated using 
the same phage library construction methods and phage panning procedures routinely employed for mAb 
discovery, which allows for in vitro production of various amounts and their rapid characterization. Nanobody 
development will be carried out by Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice 
that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels.10 Immunized mouse cohorts 
are in progress using recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid 
progress in Aim 2.  

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new 
compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, 
in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-
henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and 
characterize batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins of NiV 
and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small 
molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel 
therapeutic modalities capable of treating NiV and HeV disease. 

C. PRELIMINARY RESULTS  

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors 
between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead 
on small molecule discovery) and Drs. Norton Peet, Irina Gaisina, and Terry Moore, UIC and Chicago 
BioSolutions Inc. (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator 
lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. 
Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and 
BSL-4 and ABSL-4 Core lead). Chicago BioSolutions, Inc. is a privately held, product-focused 
biopharmaceutical company engaged in the research and development of small molecule antiviral drugs that 
address commercially significant medical markets and unmet medical needs. 

C.2. Preliminary Data: Identification of small molecule inhibitors of henipaviruses.  



C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2), cell-
based HTS platform to identify small molecule antiviral agents targeting henipavirus replication without the 

requirement for BSL-4 containment.7 rCedV assays and tools. We also adapted 
the rCedV HTS infection platform to create another innovative toolset using novel 
chimeric viruses, where the viruses are altered only by the substitution of the F 
and G genes with that of NiV or HeV. As with the luciferase-encoding rCedV HTS 
assay, rCedV chimera use guidelines and procedures at the BSL-2 level were 
reviewed and approved by the USU, Institutional Biosafety Committee (IBC) in 
accordance with NIH guidelines. These replication competent rCedV chimeras 
create a very rapid and robust surrogate infection assay for NiVB and HeV that 
can be used as a neutralization or entry inhibitor assay to measure neutralizing 
antibodies, or as a surrogate for generating virus escape mutants to neutralizing 
antibodies. Here, the F and G genes of NiVB (2010 Faridpur isolate) and HeV 
(2008 Redlands isolate) were synthesized and inserted into our pOLTV5-rCedV 
anti-genome plasmid. For the HTS neutralization assay, a turbo-GFP gene was 
inserted between the CedV P and M genes. Each chimera (rCedV-NiVB-GFP and 
rCedV-HeV-GFP) were rescued as previously described.8 Other versions without 
reporter genes have also been prepared. All virus stocks are cloned and genomes 
confirmed by NGS. Typically, large stocks are prepared and frozen as single use 
aliquots. Show in Figure 1 is an example of how these chimeras are used in a 
virus neutralization test, referred to as a fluorescent reduction neutralization test 
(FRNT) using two human NiV/HeV cross-reactive anti-G mAbs (HENV-103 and -
117) as previously described.34 Briefly, Vero 76 cells are used in black walled 
clear bottom 96-well plates, mAbs are serially diluted in medium, and equal 

volumes of medium containing rCedV-NiV-B or rCedV-HeV are added to each mAb dilution for a final 
concentration of 2000 PFU, incubated for 2 h at 37 °C. Each virus-mAb mixture (90 µL/well) is added to the pre-
seeded Vero 76 cells in triplicate and the assay run for just another 24 h 

followed by 4% 
formaldehyde fixation, 
washing and then 
scanning using a CTL 
S6 analyzer. 
Fluorescent foci are 

counted using the CTL Basic Count™ and an IC50 value is determined as the 
antibody concentration yielding 50% reduction in fluorescent foci versus 
control wells. Table 1 shows the calculated IC50 values using rCedV chimeras 
vs. those determined by a conventional PRNT assay with authentic NiV-B and 
HeV, and they are remarkably within a 2-fold range. 

In addition to conventional single agent neutralization tests, the rCedV-NiV-B-
GFP and rCedV-HeV-GFP chimeras can also be used in rapid HTS assays to 
measure synergistic activities of inhibitors, such as antibodies or drugs. The 
synergistic neutralizing activity of the HENV-103 and HENV-117 mAbs were 
described utilizing the rCedV chimera assay.34 Shown in Figure 2 is a 
neutralization synergy assay conducted with mAbs m102.4 and nAH1.3 (both 
NiV/HeV cross-reactive anti-G mAbs) where they are individually diluted 2-fold 
in a 7x7 concentration matrix. The diluted mAbs are added 1:1 to 4000 PFU 
per well of rCedV-NiV-B-GFP and the assay essentially carried out as above, 
with percent neutralization calculated by normalizing foci to a virus only 
control. Matrices are imported into SynergyFinder and analyzed Neutralization 
synergy was calculated by comparing treatment to virus only control wells. 
Values were imported into SynergyFinder software35 using a Zero Interactions 
Potency (ZIP) statistical model; delta scores >10 indicate likely synergy as 
shown here.  

Antiviral evaluation and combination testing of small molecules and nanobodies. These rCedV-based 
tools and rCedV chimera viruses will allow for rapid antiviral activity assessment and an ability to measure 
synergistic antiviral activities for both small molecule inhibitors derived from Aim 1 and nanobodies derived from 

Figure 1. Neutralization curves for 
HENV-117 and HENV-103 mAbs 
against rCedV-HeV-GFP (top) and 
rCedV-NiV-B-GFP (bottom). Data 
are from a single experiment 
performed in technical triplicate.  

Table 1. IC50 values of cross-reactive anti-G human mAbs HENV-
103 and -117) as determined by rCedV chimera FRNT assay and 
NiV-B and HeV conventional PRNT assay. 

Figure 2. Synergy map with calculated 
synergy score using the zero 
interactions potency (ZIP) model 
generated by SynergyFinder for 
neutralization of rCedV-NiV-B-GFP by 
serially diluted m102.4 and nAH1.3 
mAbs.  



Aim 2; and will also allow the novel approach of testing small molecules and nanobody combinations in a rapid 
and quantitative manner, in vitro, to select best-in-class candidates for both monotherapeutic and combination 
therapeutic modalities prior to in vivo animal model testing. 

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv 
library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc 
inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of 
diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. 
From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for 
further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular 
toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were 
confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM.  

In Table 2 is shown a representative quinazoline compound from our quinazoline 
series of rCedV inhibitors, designated as CBS1437. Note that both HEK293T and 
Vero cell lines were employed in these assays, and that CC50 values were recorded 
for these two cell lines. Compound CBS1437 was also evaluated in the infectious 
NiV (NiV-B) assay and found to have an EC50 value of 3.3 µM. An important reason 
for producing the data shown in Table 2 was to validate the primary screening data 
that was gathered from the rCedV HTS assay. Thus, we concluded that our HTS 
approach was a valid method for defining NiV inhibitors. Next, target specificity 
was confirmed in a counterscreen assay using a vesicular stomatitis virus G (VSV-
G) protein. This hit showed a lack of detectable inhibition for VSV-G as well as 
some other unrelated viral proteins, including Lassa glycoprotein, and influenza 
fusion protein hemagglutinin H1 and H5 (0% inhibition at 12.5 µM). 

Table 3 shows eight additional inhibitors in the quinazoline series, namely 4-aminoquinazolines, that we 
identified from a focused screening campaign, which allowed us to develop some initial structure-activity 
relationships (SARs). Note that these 4-aminoquinazolines all bear substituents on the amino group at the 4-
position of the quinazoline ring and a carboethoxy substituent at the 2-position. In terms of SAR to be gleaned 
from the limited data set in Table 3, a few features stand out that are worth mentioning. It is clear that a variety 
of N-phenyl substituents give rise to active 
compounds, and that H, methyl and n-propyl 
groups as the second N-substituent all can 
produce good activity. However, it is also clear 
that one of the best compounds is compound 
14, bearing an unsubstituted cyclohexyl group, 
which suggests an area for optimization since 
compound 14 is the only compound where the 
phenyl ring has been replaced by a completely 
saturated (cyclohexyl) substituent. Another 
point worth making is that the two n-propyl 
compounds (16 and 18) are two of the best 
inhibitors. There may, in fact, be a rough 
correlation between cLogP and inhibitory 
activity, which may be worth exploring with a larger set of derivatives. It is clear that additional compounds in our 
4-aminoquinazoline series (Table 3) would provide excellent opportunities for further optimization of the inhibitory 
activities. In the Research Plan we discuss methods for the preparation of new 4-aminoquinazolines in addition 
to compounds in a backup series defined by our validation agent, CBS1437, as well as specific plans for 
developing the SARs. 

C2.2.3. Generation of Nipah and Hendra G and F nanobodies. We recently initiated a collaborative project in 
nanobody development against NiV and HeV, as well as other henipavirus glycoproteins, with Dr. Jianliang Xu 
(RAViD, Nanobody Core Lead). The Xu lab has engineered and established transgenic mice that produce 
VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels, and has published on the power and utility 
of anti-SARS-CoV-2 nanobodies.10 We have already initiated the immunizations of several nanomouse cohorts 
using native-like oligomeric recombinant sF (Veesler lab) and sG glycoproteins (Broder lab) of NiV-B and HeV. 
Immune responses are excellent and sera measured by ELISA using the immunogens. The first of these cohorts 
will be processed in the coming weeks, and the Xu lab will be constructing phage libraries of polyclonal VHHs 

Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates     
1-8 in the rCedV luciferase reporter virus assay. 

 

N 
Compound 

ID 
R1 R2 % inhib  

at 10 µM 

1 G577-0014 H 
3-chloro-4- 

methoxyphenyl 
81 

2 G577-0016 H 2,4-
difluorophenyl 

18 

3 G577-0021 H 2-chloro-4- 
fluorophenyl 

58 

4 G577-0022 H 3-methoxyphenyl 46 
5 G577-0028 Me cyclohexyl 93 
6 G577-0084 H 4-isopropylphenyl 85 
7 G577-0111 n-propyl 4-fluorophenyl 86 
8 G577-0112 Me 2-methylphenyl 94 

 

Table 2. Inhibition of rCedV and 
NiV-B by the HTS hit CBS1437. 

 
CedV  
(293T) 

CedV  
(Vero) 

NiV-B 
(Vero) 

EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 

0.70 100 2.1 100 3.3 
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from each cohort. We except to be able to make rapid progress in Aim 2, in generating and characterizing 
diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV. 

D. RESEARCH DESIGN AND METHODS  
D1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-
activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed 
libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define 
henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM). 
D1.1. Synthetic Chemistry. In Figure 3 is shown a summary of how we will develop the SAR plan for the 4-
aminoquinazoline scaffold, as exemplified by changes to compound 8 (G577-0112). Substituent changes on the 

core fused scaffold will involve exploration of mono- and 
disubstitution substituent patterns on the quinazoline core to 
explore the optimum overall size for the core. Note that we 
may be able to use these substituents as “ADME handles” to 
control the overall hydrophobicity of the molecules and the 
cLogP values. In addition, we will optimize substituents on 
both aryl rings, as indicated, and optimize the alkyl group on 
the tertiary amine. We will also optimize the alkyl ester group, 
and we are very interested in replacing this ester with an 
amide, which would be chemically and metabolically more 
stable. If the amide turns out to be an effective replacement, 
then we will also explore amide replacement units, such as 

ketomethylene, reduced ketone, retroamide, ethylene, and sulfonamide units, etc. In Scheme 1 is shown a brief 
synopsis of the general method used for the synthesis of 4-
aminoquinazolines. The specific procedures for the three steps vary, but 
all initiate with anthranilamides. This general route will allow us to prepare 
compounds with varied R1, R2 and 
R3 groups as well as compounds 
with substituents that replace the 
carboethoxy functionality at the 2-
position. Several anthranilamides 

are commercially available, which will allow us to initially access starting 
materials with a variety of R3 groups. A variety of methods are available 
for accessing these 4-aminoquinazolines, including initial treatment of the 
anthranilamides with ethyl ethoxycarbonylformimidate in ether36-37 as well 
as other methods.38,39 Likewise, the additional reagents required for these 
syntheses are mostly commercially available, as well. Thus, it is very 
realistic that a large library of these potential inhibitors will be quite 

accessible. 

In Scheme 2 is shown a specific synthesis of one of our 
best inhibitors in this set. Anthranilamide 9 is heated with 
diethyl oxalate in a solution of dimethylformamide (DMF) to 
produce 2-carboethoxyquinazoline-4-one (10) in a 
condensation/cyclization process. Treatment of 10 with 
phosphorous oxychloride next provides a reactive 
intermediate, namely, 2-carboethoxy-4-chloroquinazoline-
4-one (12), which affords the specific inhibitor G577-0112 
(compound 8) after a displacement reaction with 2-methyl-
N-methylaniline. 

In Figure 4 is shown a set of proposed compounds related 
to G577-0112 (compound 8) for which we show 
parameters calculated using Actelion OSIRIS software40. 
The proposed compounds (13 through 17) generally show 
improved druglikeness and drug scores (and other 
parameters) with respect to G577-0112 (compound 8), and 
therefore represent promising new targets for synthesis 

Figure 3. SAR development for 4-aminoquinazolines 

Scheme 1. General synthesis for 4-
aminoquinazolines. 

Scheme 2. Synthesis of G577-0112 
(cmpd 8). 
 

Figure 4. Proposed inhibitors of rCedV based on Actelion 
OSIRIS predicted parameters. 
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and evaluation. Note that a dramatic improvement in all parameters is seen in simply replacing the ester with an 
amide by substituting NH for O, to provide proposed new compound 13. In progressing through the constrained 
compounds 14 through 17, improvement of parameters culminates with the indoline derivative 17, whose 

druglikeness and druglike scores have very dramatically improved. 
Advantages of imposed conformational restraints, as seen in 
tetrahydroquinolines 14 and 15 and indolines 16 and 17, include a 
reduction in rotatable bonds, and, importantly, a preorganization of an 
effective conformation that can mitigate the entropic penalty of binding. 
In Figure 5 is shown the SAR development plan for our quinazolin-4-
one scaffold. There are three points of optimization that we envision for 
this trisubstituted fused core. At the 2-position, we will substitute the 
pyrrolidinyl substituent with additional cyclic and acyclic amines. The 
unsubstituted benzyl substituent at the 3-position will be optimized in 
terms of mono- and disubstitution patterns. The position of the 
carboxamide substituent located at the 7-position will be optimized, as 

will the N-alkyl group on the carboxamide. We will also replace the amide unit with various amide mimetic units, 
as indicated in Figure 5, since amides are subject to metabolic cleavage. We have also researched and found 
additional synthetic methods are available for the construction of both 4-aminoquinazolines and 2,3,7-
trisubstituted quinazolin-4-ones. 

D.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one series 
and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently 
published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5x104 cells per well will 
be treated with growth medium containing either DMSO or selected compound at predetermined nontoxic 
concentrations for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 
and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using 
the ENVISION JANUS automated workstation. This plate reader is integrated directly with the robotic deck so 
that readings can be made unattended. The data will be normalized by the average signal of the negative control 
wells in each plate. The best inhibitors will be evaluated in HEK293T and Vero cells in 96-well plates. Cells will 
be incubated with compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition 
of rCedV-Luc (MOI: 0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the 
luminescent signal as described above. Sample signals will be normalized by signals from the DMSO control 
wells. EC50 and CC50 values will be calculated by dose-response curve fitting with Graphpad prism. These assays 
will be conducted in the Broder Lab.  

Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). They are 
comprised of >150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional libraries 
from ChemDiv and Enamine, including an Antiviral Library composed of 65,937 novel diverse and targeted 
compounds with privileged scaffolds from ChemDiv’s collection, will be purchased by Chicago BioSolutions, 
Inc. Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the 
luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” 
compound after the initial round of screening. To further determine the specificity, a secondary screening 
(counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be 
used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSV-
G-mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and 
here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines 
will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition 
(non-potent) will not be actively pursued, while the more potent compounds (EC50 values less than 10 µM) will 
be analyzed further. It is expected that through multiple rounds of screening, we can select the most potent 
compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and Ranking. We will 
measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent inhibitors. 
A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using the “CellTiter 
96 aqueous nonradioactive cell proliferation assay” as described previously97 in a 96-well format. The ratio of 
CC50/EC50 is the selectivity index (SI). The results from the screening will be analyzed and the compounds ranked 
according to antiviral potency and cytotoxicity. Hit Quality Control and Identity Assurance. The hits will be 
analyzed for chemical purity (HPLC) to confirm that the compounds have the expected structure (LC-MS, NMR 
spectroscopy). Compounds <80% pure will be purified and retested. 

Figure 5. SAR development for CBS1437. 



D.1.3. Evaluation of antiviral activity of advanced candidates. Inhibitors will be tested against authentic NiV 
and HeV as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells per 
well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected 
compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or 
without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection 
(hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound 
only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The 
percent reduction in PFU/mL titers in the samples containing compounds will be compared to parallel control 
cultures of virus and DMSO. This work will be performed in the BSL-4 facility at UTMB (Geisbert, Core D). 

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of 
Drs. Peet, Gaisina, and Moore. If we encounter a synthesis-related problem with our primary scaffold 
compounds, we will use an alternate strategy using a different reaction sequence. Should we encounter a 
scaffold-related problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one 
scaffold or other HTS hits identified using the expanded libraries of compounds. 

D.2.1. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the 
mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The 
following experiments will be performed: 1) Determine the impact of compound treatment on viral protein 
expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be 
treated in duplicate with medium containing either DMSO or selected inhibitors at a predetermined concentration 
for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells will be collected to determine 
viral protein expression by western blot techniques or viral RNA levels by q-RT-PCR. CedV specific antibodies 
against G F N and P will be utilized. To determine changes in viral protein expression at the different time points, 
densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-
actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will 
be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific 
TaqMan primer/probe pair targeting the N gene, and performed using the ABI 7500 thermocycler. The ABI 7500 
software will be used to analyze all q-RT-PCR results. Fold changes will be calculated relative to 18S using the 
ΔΔCt method and normalized to respective DMSO control samples. We expect to observe a decrease in 
intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results 
from this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds 
on viral RNA levels over time; 2) Determine the stage(s) of inhibition of 4-aminoquinazolines and 
quinazolin-4-ones in the viral lifecycle. For time of addition studies, HEK293T cells will be infected with rCedV 
at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which time the viral inoculum will be removed and 
cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium 
will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All 
supernatants will be collected at 24 hpi and analyzed for infectious viral titers (PFU/mL) by plaque assay.7,8 
Results from this data will indicate at which stage of the viral life cycle the compounds are affecting; 3) Analyze 
escape mutants against the advanced lead compounds with Cedar virus. Target identification for small 
molecules. The rCedV tools used in Aim 1 can also be exploited for antiviral target identification. In vitro 
selection of virus escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic 
changes associated with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras 
to generate neutralizing mAb escape mutants. Here, we will test advanced lead compounds for antiviral 
resistance using techniques similar for generating mAb escape mutants.41,42 Briefly, a select compound will be 
used at the sub-optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial 
passaged in multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of 
inhibitor will be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then 
be amplified and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will 
be derived by deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral 
genomes. We expect that many mutations will map to the L gene of rCedV, however, both P and N proteins also 
comprise the replicase complex and mutations may appear in those gene products as well, which if identified 
also suggests the possibility of multiple drug combination testing going forward. We will validate key mutations 
found in drug resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse 
those rCedVs and assay for drug resistance. We will also confirm and correlate our drug targets by performing 
resistance selection of the best inhibitors using authentic NiV-B and HeV in BSL-4 by the UTMB BSL-4 Core. 
D.2.2. Assess the binding properties by surface plasmon resonance (SPR). The NiV polymerase (L protein 
and a phosphoprotein P) will be prepared using a previously published protocol. Biacore T200 and Biacore 



8KSPR systems will be used to obtain information on binding specificity, binding affinity of the new lead inhibitors 
(KD) to the RdRp protein, and kinetics [association rate constants (ka), and dissociation rate constants (kd)] as 
previously described.43 Prefusion-stabilized RdRp protein will be immobilized on a CM5 chip using standard 
amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected over the flow 
channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir kinetic binding 
model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic analysis will be 
performed by UIC RRC, as previously done by the Rong lab. 

D.2.3. Structure determination of recombinant proteins with bound inhibitors by X-Ray crystallography 
and CryoEM. High-resolution structures of the NiV RdRp complex with key inhibitors such as CBS1437 and the 
advanced lead compounds to be defined will be obtained using both x-ray crystallography and CryoEM by the 
Dr. Vessler Lab. It is expected that these structures will be determined and will reveal the atomic level details 
of how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for 
developing potent high-affinity ligands. Initial crystallization screens will be set up robotically using in-house 
Gryphon crystallization robotics. Biophysical techniques such as native mass spectrometry and thermal shift 
assays, light scattering, and fluorophore analysis to measure protein stability and folding are routine and will be 
used to ensure that bound compounds are not destabilizing domain structures to prevent crystallization. X-ray 
data collection will be done where? Crystal structures will be determined by molecular replacement using existing 
structures as search models. For inhibitors binding to regions other than above or if co-crystals cannot be 
obtained, cryo-EM will be used to determine the complex structure. For EM studies, we will utilize automated 
data collection software to facilitate throughput. In brief, data will be processed using the Appion44 pipeline, which 
keeps track of all data and processing steps. All data will be processed using multiple single particle EM software 
packages, including cryoSparc45, EMAN46, and RELION47. Purified complexes will be deposited onto grids, 
blotted, and cryo-plunged into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the 
complexes will be collected using automated image acquisition software under low dose conditions. Structures 
generated by cryo-EM will be refined and reconstructed by molecular dynamics (MD) studies. While cryo-EM 
can provide access to the near-atomic resolution structures of large biomolecular systems, in their near native 
environment, MD can be used to reveal its dynamic behavior and refine low-resolution regions of cryo-EM 
reconstructions48,49. Furthermore, as X-ray/cryo-EM structures of polymerase in complex with key inhibitors (i.e., 
CBS1437 and additional inhibitors as they become available), MD studies of these systems will be conducted to 
reveal the dynamic nature of protein/ligand interactions50-54, to explore the conformational landscape55 of ligand 
binding events, and to capture conformational variability of intermediate states48,56, which can be crucial to gain 
mechanistic knowledge of biological function, but remain out of reach through experimental approaches. David, 
please look at this section. Make necessary corrections.  

Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are 
commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously 
rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T 
cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism 
studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-
aminoquinazolines or quinazoline-4-ones. 

D.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. Milestone: 
Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver microsomes, 
low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before investigating the 
efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal dosing regimen 
for the efficacy studies with the advanced lead compounds. 
D.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing.  
Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further 
therapeutic development. We will assess several critical in vitro ADME-T properties and prioritize compounds 
accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out using the CYP3A4, and 
CYP2D6 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp.) to rapidly 
screen for potential inhibitors of the principal drug metabolizing cytochrome P450 enzymes.57 Compounds with 
IC50 values ≥100 µM for CYP isoforms will be prioritized for further advancement. Rat/Human  Liver Microsome 
Stability. Rat and human liver microsome preparations will be used to evaluate the metabolic stability of 
compounds by the method of Kuhnz et al.58 Compounds with >30% recovery (1 h) will be considered for further 
advancement. hERG channel blockade. The ability of compounds to block the hERG channel will be assessed 
in a [3H] dofetilide-binding assay as previously described.59 using SHSY5Y cells. Compounds that do not prevent 



[3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug absorption through the intestinal 
epithelium is critical to good oral bioavailability. We will use the Caco-2 method60 to evaluate the potential for 
oral bioavailability of the lead inhibitors. Compounds exhibiting a Caco-2 permeability value (Papp) greater than 
1 × 10-6 cm/sec will be prioritized. Bacterial reverse mutation assay (Ames): Four Salmonella typhimurium 
strains (TA1535, TA1537, TA98, TA100) and one Escherichia coli strain (WP2 uvrA) will be used. The bacteria 
will be exposed to different dose levels of the compound up to a solubility-limiting level in the presence or 
absence of rat liver enzymes (rat S9 liver fraction) acting in the normal process of metabolism and any reverse 
mutations will be determined. In vitro mammalian chromosomal aberration test: The purpose of this study is 
to evaluate the clastogenic potential of the compound based on its ability to induce chromosome aberrations in 
human peripheral blood lymphocytes. 
D.3.2. PK studies: Naïve male/female mice (equal number, 3 groups of 36 animals total) will be treated with a 
single dose via i.v., i.p., or oral gavage administration and blood will be collected and processed to obtain plasma 
and serum from three animals/group/time point at up to 12 time points through 24 h post dose. Two doses will 
be used to establish the drug exposure-dose range relationship: the estimated efficacious dose (ED), based 

upon preliminary data at 25 mg/kg i.p. or p.o. and an observable adverse effect dose (OAED) (to be determined). 
Compounds of interest will be extracted from biological specimens by protein precipitation, analyzed on a triple-
quadruple mass spectrometer (LC-MS/MS) and quantified using an internal standard method with a minimum of 
a five-point calibration curve. PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. 
Depending on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate 
calculations of AUC. Plasma concentration will be established to support dosage selection for efficacy studies. 
Formulation stability and PK/Toxicity studies will be performed by CROs. 

Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc. and Reaction Biology, Corp., and supervised by 
Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to 
meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to 
meet the objectives in this aim.  

We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced 
lead compounds, which will allow for the future selection of a preclinical candidate (Figure 6). 

D.4. AIM 2: Characterization of the potency and breadth of selected nanobodies. 
Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies 
targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also 
collaborate with the UTMB, BSL-4 Core D to evaluate lead candidates with authentic NiV and HeV and also in 
vivo in Aim 3. Batteries of nanobodies to the F and G glycoproteins of NiV and HeV will be isolated from phage 
libraries constructed using cohorts of nanomice immunized with sF and sG recombinant glycoproteins (C2.2.3. 
Preliminary Data). The Core will conduct preliminary characterizations on binding and specificities and then 
provide purified nanobody panels to the Veesler and Broder labs for detailed studies. 

D.4.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth. 

D.4.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of 
prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian 
cells, including NiV  (Bengladesh and Malaysia strains) and HeV (both ancestral and the newly described variant) 
with and without avi-tag for biotinylation.61-63 These proteins were used to vaccinate transgenic mice for 
nanobody production and will be used for downstream screening of the nanobody libraries and for exploring 



cross-reactivity with NiV and HeV glycoproteins and with more distantly related henipaviruses using high-
throughput ELISA assays. Biolayer interferometry analysis of binding kinetics and affinity will be carried out for 
the most promising nanobodies selected by ELISAs to enable ranking them based on binding affinities and cross-
reactivity. 

D.4.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit NiV and 
HeV, we will use a high-throughput neutralization assay (conducted in the Broder lab). This assay is based on 
GFP-encoding, recombinant replication-competent, Cedar henipavirus (rCedV) chimeras in which the native 
glycoproteins are substituted with the NiV-B (rCedV-NiV-B-GFP, Bengladesh strain) or the HeV (rCedV-HeV-
GFP) F and G glycoproteins (see:  C.2.1. Preliminary Data).7,64 This platform is safe, enabling utilization at BSL-
2 compared to BSL-4 for authentic viruses, and has been thoroughly validated and shown to faithfully recapitulate 
the data obtained with NiV-B and HeV with both monoclonal antibodies and vaccine-elicited polyclonal sera. This 
method was used to support the preclinical development of G-specific antibodies5. Furthermore, the Broder lab 
recently developed a rCedV-HeVv-GFP using reverse-genetics to study the antigenic properties of a newly 
described HeV variant.65 These assays will enable ranking each nanobody based on their neutralization potency 
and breadth to assist downstream selection. For nanobodies for which cross-reactivity will be detected beyond 
NiV and HeV (e.g. CedV), their inhibitory activity will be tested against authentic CedV. Finally, these chimeric 
virus neutralization assays can be implemented for viruses for which no isolates are available (as is the case for 
henipaviruses discovered through metagenomics in bats or other animals).66,67 

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing 
certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity 
with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy 
imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins 
and viruses and performed by multiple individuals to ensure the reproducibility of our assays.  

Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad 
and potent neutralizing activity against NiV and HeV. The top candidates will be further studied structurally and 
functionally and evaluated for in vivo efficacy. 

D.4.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition. 
Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-
level understanding of binding and inhibition which will be validated using functional assays. This structural 
framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth 
and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins 
and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G 
glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. 

The Veesler lab has developed a streamlined 
high-resolution cryoEM pipeline enabling high-
throughput structural studies of viral 
glycoproteins. We use the Leginon data 
collection software, which runs 24 hours per day 
and enables automated targeting and image 
acquisition, while keeping a relational database 
of all micrographs to expedite subsequent 
processing.68 Many image processing tasks are 
automated as part of a workflow that allows 
assessing data quality in real time during 
acquisition, and prevents bookkeeping errors by 
storing all the details related to image acquisition 
and processing.44,69 Complexes of nanobodies 
with glycoproteins will be vitrified and imaged 
using cryoEM to visualize directly the epitopes 
targeted by the different nanobodies. As 
specimen preparation for cryoEM is often a 
bottleneck, we will leverage our extensive 

experience in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon 
films,61,63,70-72 mechanical stage tilting with gold grids73,74 or detergents to modify surface tension75. Some of the 
nanobodies might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened 

 



resolution. We will overcome this using workflows developed in-house specifically for that purpose for previously 
characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D 
classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.73,76-80 Refinement 
of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of 
Washington.81-83 
The NiV attachment (G) glycoprotein engages host receptors, and is the basis of a commercially available horse 
vaccine and entered phase I clinical trials for use in humans with funding from the Coalition for Epidemic 
Preparedness Initiatives. The Veesler and Broder labs recently determined a high-resolution cryoEM structure 
of the NiV G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 years, 
hindering both our understanding of immunity directed towards G and the rational design of vaccines. The 
structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3), which 
recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. 
This study revealed the ultrastructural organization of this key target of the immune system, informs the 
mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic 
design. The know-how generated to achieve this groundbreaking result will directly support the proposed project. 
D.4.2.1. High-resolution structural studies using X-ray crystallography. Some nanobodies might bind to 
regions that are intrinsically flexible, thereby limiting resolution using cryoEM. We have already encountered 
such cases with coronavirus fusion machinery-directed antibodies binding to linear epitopes in the spikes. We 
will overcome these challenges by determining high-resolution crystal structures of the nanobodies bound to 
their cognate epitopes, similar to the strategy we used to obtain structural information of the B6 and S2P6 
antibodies bound to several β-coronavirus stem helices. Refinement of atomic models will use both Phenix84 and 
BUSTER-TNT.85 

D.4.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred 
from the structural data will be validated using receptor binding, F cleavage and membrane fusion assays we 
previously implemented for henipaviruses and coronaviruses.61-63,71,86,87 

Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot 
be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, 
which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-
150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM 
center, which Dr. Veesler co-directs. 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and 
the formulation of cocktails. This work will also demonstrate the mechanism(s) of action of nanobodies leading 
to inhibition of viral entry. 

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in 
the field. For cryoEM maps, these will include gold-standard projection matching refinements88-90 and high-
resolution noise substitution prior to Fourier shell correlation calculations91 to avoid overfitting. Atomic models 
will be assessed using Molprobity,92 EMringer93 and Privateer.94 The coordinates of the structures solved as part 
of this work, as well as the corresponding experimental data, will be made freely available through deposition in 
the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-
reactivity and the design of nanobody cocktails. 

D.4.3. AIM 2C. Structure-guided formulation of nanobody cocktails. 

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or 
treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 
10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical 
isolates, the two-mAb cocktail proved more resilient to escape mutations.95-97 Because experimental passaging 
of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape 
mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails 
that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins.  

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent 
a unique opportunity for implementing multi-pronged targeting, which has not been evaluated previously. We will 
combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their 



antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV 
chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side 
to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-
selection will include maximal neutralization potency and breadth and structural characterization will be used to 
ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary. 

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails 
with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection. 

D.5. AIM 3: Evaluation of lead compounds in vivo. 

Rationale: Aim 3 will collaborate with the ABSL-3 and ABSL-4 Core (Core D) to evaluate lead candidate drugs 
and nanobodies in vivo. A critical aspect of antiviral discovery that is often overlooked is the early stage testing 
of lead compounds in well-studied and well-validated in vivo animal models. Here, our experimental plan has the 
benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster 
and AGM.2,98 PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy studies using 
select best-in-class drugs and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-
concept protective efficacy studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and 
HeV infected AGM models. 

D.5.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary 
pharmacokinetic (PK) studies in hamsters and AGMs will be performed by the UTMB Core (Core D). Using 
intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these 
studies will examine the concentration of lead compounds in plasma over time in order to establish parameters 
such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and 
dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter 
for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) 
above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in 
hamster models of henipavirus disease. Lead compounds which demonstrate good exposure-response antiviral 
activity in hamsters will then advance into AGM PK studies using similar dose administration and measured 
parameters as above. The data will be used to select doses and dosing regimens for the subsequent protection 
studies in AGMs. 

D.5.2. In vivo testing of lead compounds NiV/HeV in infected hamsters. The in vivo activity of the most 
potent compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will 
be randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of 
NiVB or HeV.64,99-101 Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different 
doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will 
be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight 
loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 
optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis 
in the Subaims below. 

D.5.3. Define breakthrough conditions for anti-henipavirus antiviral agents in hamsters. This Subaim will 
employ the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect 
hamsters against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after 
henipavirus exposure. The goal of this Subaim is to determine the time points of treatment initiation when the 
antiviral agents fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated i.n. with ~ 5x106 PFU of NiV or HeV.64,99-101 Treatments will be initiated at various times 
after henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters 
succumb to disease. 

D.5.4. Combination therapy of anti-henipavirus antiviral agents in hamsters. This subaim will employ the 
most promising antiviral agents from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. 
Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x106 PFU of 
NiV or HeV.64,99-101Treatment with at least two different antiviral agents will be administered beginning at a time 
point where substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if 
combining at least two different antivirals improves survival. Group sizes may be increased as needed to obtain 
appropriate statistical power to show the survival benefit of combination therapy. 

D.5.5. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will 
employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol 
delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can 



protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB or HeV as determined in henipavirus 
dose confirmation studies conducted by the ABSL-3 and ABSL-4 Core. Treatments with drugs, nanobodies, or 
combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization 
by the Aerosol Delivery Core (see Core A) at various times after henipavirus infection. 

D.5.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of 
concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV 
infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol 
using the LMA mucosal atomization device (MAD) as previously described102 or by small particle aerosol as 
previously described103,104 with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV). Importantly, the 
MAD system delivers atomized particles that range in size from 30 to 100 µm, which is highly consistent with the 
size of droplets exhaled by humans when coughing. Previous studies with AGMs infected with NiVB using the 
MAD system resulted in lethality in 9/9 animals and a disease course that is highly consistent with human 
infection (TW Geisbert, C Broder, unpublished data). The treatment groups (consisting of five animals each) will 
be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by the Aerosol Delivery 
Core (see Core A) up to 5 days after viral challenge (initiation time informed by hamster studies) while control 
animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by 
several methods, including respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and 
blood), and survival. 

Potential Pitfalls and Alternative Strategies. It is possible that Aerosol Delivery Core (Core A) may 
experience difficulties in optimizing aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that 
aerosol delivery of antiviral agents may not improve protective efficacy or extend the therapeutic window of the 
agents. We will also assess conventional parenteral delivery routes (as noted in the subaims above) which were 
previously shown for remdesivir and mAbs to protect animals against lethal henipavirus disease to de-risk this 
Aim. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which 
compounds were given to which animals until experiments and analysis are completed. We will employ equal or 
near equal numbers of male and female animals and general age (infant or geriatric animals will not be used). 

In summary, the emergence and re-emergence of NiV infections throughout the world, coupled with its high 
fatality rate, provide very significant motivation for the preparation of small molecule inhibitors of this virus to 
create a readiness for the next NiV or other related pathogenic henipavirus outbreaks. We have discovered two 
differentiated series of compounds that show early promise as agents that have potential for treating NiV 
infections, and we have designed a series of optimized druglike candidates for future preparation and 
development.  
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The pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV) cause severe respiratory illness and 
encephalitis in both animals and humans with human case fatality rates ranging from 40-100%. The NiV-
Bangladesh strain (NiV-B) is associated with multiple rounds of human-to-human transmission and is a pathogen 
of pandemic concern for which there are no vaccines or antivirals approved for human use. We have recently 
shown that the non-pathogenic Cedar henipavirus (CedV) is useful surrogate platform for high throughput 
screening (HTS) for antiviral drug discovery, and for virus neutralization assays. This proposal focuses on 
developing antiviral small molecule and nanobody countermeasures to combat the pathogenic henipaviruses 
including therapeutic modalities by an aerosol delivery approach. We created reporter gene-encoding 
recombinant CedVs and discovered a series of fused heterocycles, e.g., 4-aminoquinazoline-based, antivirals, 
and showed that a representative quinazoline CBS1435 was an effective inhibitor of rCedV replication and also 
both NiV-B and HeV, with EC50s in the low µM range and minimal cytotoxicity. Neutralizing antibodies to the 
henipavirus F and G glycoproteins have also shown therapeutic promise, but antiviral nanobodies as potential 
immunotherapeutics represent a novel area of NiV and HeV countermeasure development. This proposal will 
screen, identify, develop, characterize and test both small molecule inhibitors and antiviral nanobodies to 
pathogenic henipaviruses. Aim 1 will focus on optimizing lead anti-henipavirus small molecules and conduct cell-
based antiviral HTS assays. Lead molecules will be selected using NiV-B and HeV assays, and best-in-class 
drugs will be developed by chemical modifications aimed to improve drug-like properties, increase potencies, 
decrease toxicity, and improve pharmacokinetic properties. Aim 2 will isolate and fully characterize nanobodies 
broadly neutralizing NiV-B and HeV derived by immunization of transgenic mice that produce nanobodies from 
alpacas, dromedaries and Bactrian camels, using phage display technology of cloned nanobody gene fragments. 
Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization assays and 
structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of action and 
guide formulation of nanobody cocktails. Aim 3 will focus on in vivo efficacy evaluation of lead compounds and 
nanobodies in animal models. Both monotherapies and combination therapeutic modalities will be tested, along 
with testing antiviral nanobody delivery by aerosol. These two unique henipavirus-targeted antiviral development 
directions will generate novel countermeasures that may display more broad effectiveness. 

  



SPECIFIC AIMS  

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case 
fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-
to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 
23 total cases, leaving only 2 survivors.4 22 cases were from virus transmission in 3 hospital settings, with 
coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of 
pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the detection of 
cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people 
worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug 
Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic 
henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-
pathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse genetics 
platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an extensive 
characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high throughput 
antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase in HTS 
assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a representative 
quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and HeV, with an IC50 
value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development of small molecules 
together with more extensive compound library screening using rCedV will potentially yield testable antivirals 
with potential pan-henipavirus effectiveness. Our collaborative team also has an extensive experience in 
developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. In this 
proposal, we have initiated a completely different approach for developing antiviral nanobodies which are 
acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been 
shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent 
antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across 
viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, 
characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. 
Specifically, we will: 

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-
class drugs will be developed using predictive software to improve drug-like properties, increase potencies, 
decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and later, best-in-class  also aerosol delivery of nanobodies will be also tested by 
aerosol delivery. PK/PD studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. 
Combination studies of drug with nanobodies studies will also be conducted and final proof-of-concept protective 
efficacy studies will be carried out in the HeV and NiV-B African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease.  



A. BACKGROUND AND SIGNIFICANCE 

Over the past 40 years the major etiological agents of emerged or identified infectious diseases in humans have 
been viruses.11 Among these, the paramyxoviruses, which include many important human and animal 
pathogens, also include two emerged, zoonotic viral pathogens of importance: the henipaviruses; Hendra virus 
(HeV) and Nipah virus (NiV).12,13. In 1994, HeV caused an outbreak of severe respiratory disease in horses in 
Brisbane, Australia, resulting in the deaths of 14 horses and their trainer.14,15 NiV was the causative agent of a 
significant outbreak of severe encephalitis in pig farmers in Malaysia in 1998. Spread of NiV infections typically 
requires direct contact with an infected source, and transmission can occur between people and from animals to 
people. Symptoms may culminate in a severe respiratory and/or neurological disease that is often fatal. 
Complications of the infection can result in relapsed encephalitis following recovery. On September 5, 2021, a 
twelve-year-old boy in the Indian state of Kerala died after contracting the Nipah virusNiV infection. During the 
process of transporting him to medical centers for a diagnosis, twenty-three health care workers exposed to this 
boy also died, which underscores both the transmissability and the lethal nature of this virus. There is presently 
no vaccine or small molecule therapeutics that have been developed for NiV infections. Pteropid bats appear to 
be the major reservoir hosts for henipaviruses.6,16. HeV and NiV have a uniquely broad host tropism capable of 
infecting at least 18 animal species across 6 orders of mammals, including their natural bat hosts. Among these 
animals, HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at least 
11 mammalian species including humans, with human fatality rates ranging from 40-100%.2,17.  
NiV and HeV are classified as biosafety level-4 (BSL-4) restricted pathogens and both remain transboundary 
threats to livestock and people throughout South Asia and Australia. NiV and henipaviral diseases have been 
categorized by the World Health Organization (WHO) as an epidemic threat needing urgent research and 
countermeasure development and are included in the WHO R&D Blueprint list of priority pathogens with 
epidemic potential. 18. Presently, there are no prophylactic or therapeutic treatment options for henipavirus 
infections approved for use in humans. A subunit vaccine, Equivac® HeV, has been available for use in horses 
in Australia since 2012 19 for the prevention of HeV infection. This equine vaccine received full registration by 
the Australian Pesticides and Veterinary Medicines Authority in 2015, with all vaccinated horses receiving a 
microchip with a database being maintained and is the first commercially deployed vaccine against a BSL-4 
agent. 20. Although a human monoclonal antibody (mAb) m102.4 has successfully completed a phase I safety 
trial in Australia, 21, developing vaccines or therapeutics against henipaviruses for use in people remains a high 
priority. Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane 
anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) glycoprotein and 
the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G 
and F glycoproteins are the major antigenic targets of neutralizing antibodies and also the main focus of several 
vaccine strategies.2. Although an effective post-exposure human monoclonal antibody (mAb) therapy (anti-
NiV/HeV G glycoprotein mAb m102.4) has been extensively examined,22-26, it must be administered within 
several days following lethal infection in animal challenge models. In contrast, however, antiviral drug discovery 
for HeV and NiV has been significantly hampered due to requirements of biosafety level-4 (BSL-4) containment. 
Recently, a third isolate, namely, Cedar virus (CedV) has been added to the Henipavirus genus.27. However, 
whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not known to be zoonotic and has been 
shown to be nonpathogenic in animals susceptible to HeV and NiV disease and resides in nature in the same 
bat host species as HeV.27,28. Nucleic acid based detection studies have identified related henipavirus species, 
including complete genomic sequences,29,30, but HeV, NiV, and CedV are the only virus isolates reported. 
We have recently optimized a recombinant CedV encoding luciferase (rCedV-Luc) for high-throughput screening 
(HTS) applications and have identified several inhibitory compounds that were further validated with the 
infectious NiV-Bangladesh (NiV-B) strain. The validated compounds provide the foundation for the current 
application.  

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of this proposal’s investigators. First, the cell-based high throughput screening (HTS) 
assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which 
provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional 
significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, 
because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal 
entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will 
have activity across related members of henipavirus genus. Second, our native-like, recombinant soluble 
tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice 
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that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of 
high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and 
characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-
reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape 
studies for variant selection and target identification, and finally, the rCedV based reporter-gene system allows 
rapid and quantitative antiviral combination testing and the ability to measure synergistic activity with small 
molecules or nanobodies or combinations of both.  

Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will shows cross-
reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will 
not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those 
in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins. 27 Interestingly, the CedV 
L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase in 
the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% 
aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic 
domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% 
(HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% 
(NiV-B) and ~61.7% (HeV). This overall high degree of protein identity, overall, shared between CedV, and that 
of NiV and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and 
perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility 
and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule 
library screening project to identify inhibitors of rCedV replication.7 Indeed, sSeveral small molecule inhibitors 
have been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the 
feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a 
strong foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to 
optimize our current best-in-class leads and also screen large libraries of antiviral compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized 
and have been shown to be safe with low immunogenicity in clinical trials.31-33 Nanobodies can be isolated using 
the same phage library construction methods and phage panning procedures routinely employed for mAb 
discovery, which allows for in vitro production of various amounts and their rapid characterization. In 
collaborationNanobody development will be carried out by with Dr. Jianliang Xu (Nanobody Core Lead), who 
engineered transgenic mice that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels,. 
10 we have several Iimmunized mouse cohorts are in progress now underway using native-like oligomeric 
recombinantusing recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid 
progress in Aim 2. in generating and characterizing diverse panels of nanobodies to the F and G glycoproteins 
of NiV and HeV. 

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new 
compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, 
in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-
henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and 
well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins 
of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small 
molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel 
therapeutic modalities capable of treating NiV and HeV disease. 

C. PRELIMINARY RESULTS  

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors 
between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead 
on small molecule discovery) and Drs. Norton Peet and Irina Gaisina, Chicago BioSolutions (Co-
Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator lead on structural 
henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. Jianliang Xu, 
(Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and BSL-4 and ABSL-
4 Core Lead). Chicago BioSolutions, Inc. is a privately held, product-focused biopharmaceutical company 
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engaged in the research and development of small molecule antiviral drugs that address commercially significant 
medical markets and unmet medical needs. 

C.2. Preliminary Data: Identification of small molecule entry inhibitors of henipavirusesNipah.  

C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2 
containment), cell-based HTS platform to identify small molecule antivirals targeting henipavirus replication 

without the requirement for BSL-4 containment.7 rCedV assays and tools. We 
also adapted the rCedV HTS infection platform to create another innovative 
toolset using novel chimeric viruses, where the viruses are altered only by the 
substitution of the F and G genes with that of NiV or HeV. As with the luciferase-
encoding rCedV HTS assay, rCedV chimera use guidelines and procedures at 
BSL-2 were reviewed and approved by the USU, Institutional Biosafety 
Committee (IBC) in accordance with NIH guidelines. These replication competent 
rCedV chimeras create a very rapid and robust surrogate infection assay for NiV-
B and HeV that can be used as a neutralization tool or entry inhibitor assay to 
measure neutralizing antibodies or sera, or as a surrogate for generating virus 
escape mutants to F or G neutralizing antibodies. Here, the F and G genes of 
NiV-B (2010 Faridpur isolate) and HeV (2008 Redlands isolate) were synthesized 
and inserted into our pOLTV5-rCedV anti-genome plasmid. For the HTS 
neutralization assay, a turbo-GFP gene was inserted between the CedV P and M 
genes. Each chimera (rCedV-NiV-B-GFP and rCedV-HeV-GFP) were rescued as 
previously described.8 Other versions without reporter genes have also been 
prepared (rCedV-NiV-B and rCedV-HeV). All virus stocks are cloned and 
genomes confirmed by NGS. Typically, large stocks are prepared and frozen as 
single use aliquots. Show in Figure 1 is an example of how these chimeras are 
used in a virus neutralization test, referred to as a fluorescent reduction 
neutralization test (FRNT) using two human NiV/HeV cross-reactive anti-G mAbs 
(HENV-103 and -117) as previously described.34 Briefly, Vero 76 cells are used 

in black walled clear bottom 96-well plates, mAbs are serially diluted in medium, and equal volumes of medium 
containing rCedV-NiV-B or rCedV-HeV are added to each mAb dilution for a final concentration of 2000 PFU, 
incubated for 2 hrs at 37 °C. Each virus-mAb mixture (90 µl/well) is added to 

the pre-seeded Vero 76 
cells in triplicate and 
the assay run for just 
another 24 h followed 
by 4% formaldehyde 
fixation, washing and 

then scanning using a CTL S6 analyzer. Fluorescent foci were are counted 
using the CTL Basic Count™ and an IC50 is determined as the antibody 
concentration at which there was ayielding 50% reduction in fluorescent foci 
versus untreated control wells. Table 1 shows the calculated EC50 IC50 values 
using rCedV chimeras vs. those determined by conventional PRNT assay with 
authentic NiV-B and HeV in BSL-4, and they are remarkably within a 2-fold 
range. 

In addition to conventional single agent neutralization tests, the rCedV-NiV-B-
GFP and rCedV-HeV-GFP chimeras can also be used in rapid HTS 
neutralization assays to measure synergistic activities of inhibitors, such as 
antibodies or drugs. The synergistic neutralizing activity of the HENV-103 and 
HENV-117 mAbs were described utilizing the rCedV chimera assay.34 Shown 
in Figure 2 is a neutralization synergy assay conducted with mAbs m102.4 
and nAH1.3 (both NiV/HeV cross-reactive anti-G mAbs) where they are 
individually diluted 2-fold in a 7x7 concentration matrix. The diluted mAbs are 
added 1:1 to 4000 PFU per well of rCedV-NiV-B-GFP and the assay 
essentially carried out as above, with percent neutralization calculated by 
normalizing foci to a virus only control. Matrices are imported into 
SynergyFinder and analyzed Neutralization synergy was calculated by 
comparing treatment to virus only control wells. Values were imported into SynergyFinder software35 using a 

Figure 1. Neutralization curves for 
HENV-117 and HENV-103 mAbs 
against rCedV-HeV-GFP (top) and 
rCedV-NiV-B-GFP (bottom). Data 
are from a single experiment 
performed in technical triplicate.  

Table 1. IC50 values of cross-reactive anti-G human mAbs HENV-
103 and -117) as determined by rCedV chimera FRNT assay and 
NiV-B and HeV conventional PRNT assay. 

Figure 2. Synergy map with calculated 
synergy score using the zero 
interactions potency (ZIP) model 
generated by SynergyFinder for 
neutralization of rCedV-NiV-B-GFP by 
serially diluted m102.4 and nAH1.3 
mAbs.  
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Zero Interactions Potency (ZIP) statistical model; delta scores >10 indicate likely synergy as shown here. m102.4 
and nAH1.3 indicate here.  

Antiviral evaluation and combination testing of small molecules and nanobodies. These rCedV-based 
tools and rCedV chimera viruses will allow for rapid antiviral activity assessment and an ability to measure 
synergistic antiviral activities for both small molecule inhibitors derived from Aim 1 and nanobodies derived from 
Aim 2; and will also allow the novel approach of testing small molecules and nanobody combinations in a rapid 
and quantitative manner, in vitro, to select best-in-class candidates for both monotherapeutic and combination 
therapeutic modalities prior to in vivo animal model testing. 

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv 
library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc 
inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of 
diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. 
From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for 
further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular 
toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were 
confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM.  

In Table 2 is shown a representative quinazoline compound from our quinazoline 
series of rCedV inhibitors, designated as CBS1437. Note that both HEK293T and 
Vero cell lines were employed in these assays, and that CC50 values were recorded 
for these two cell lines. Compound CBS1437 was also evaluated in the infectious 
NiV (NiV-B) assay and found to have an EC50 value of 3.3 µM. An important reason 
for producing the data shown in Table 2 was to validate the primary screening data 
that was gathered from the rCedV HTS assay. Thus, we concluded that our HTS 
approach was a valid method for defining NiV inhibitors. Next, target specificity 
was confirmed in a counterscreen assay using a vesicular stomatitis virus G (VSV-
G) protein. This hit showed a lack of detectable inhibition for VSV-G as well as 
some other unrelated viral proteins, including Lassa glycoprotein, and influenza 
fusion protein hemagglutinin H1 and H5 (0% inhibition at 12.5 µM). 

Table 3 shows eight additional inhibitors in the quinazoline series, namely 4-aminoquinazolines, that we 
identified from a focused screening campaign, which allowed us to develop some initial structure-activity 
relationships (SARs). Note that these 4-aminoquinazolines all bear substituents on the amino group at the 4-
position of the quinazoline ring and a carboethoxy substituent at the 2-position. In terms of SAR to be gleaned 
from the limited data set in Table 3, a few features stand out that are worth mentioning. It is clear that a variety 
of N-phenyl substituents give rise to active 
compounds, and that H, methyl and n-propyl 
groups as the second N-substituent all can 
produce good activity. However, it is also clear 
that one of the best compounds is compound 
14, bearing an unsubstituted cyclohexyl group, 
which suggests an area for optimization since 
compound 14 is the only compound where the 
phenyl ring has been replaced by a completely 
saturated (cyclohexyl) substituent. Another 
point worth making is that the two n-propyl 
compounds (16 and 18) are two of the best 
inhibitors. There may, in fact, be a rough 
correlation between cLogP and inhibitory 
activity, which may be worth exploring with a larger set of derivatives. It is clear that additional compounds in our 
4-aminoquinazoline series (Table 3) would provide excellent opportunities for further optimization of the inhibitory 
activities. In the Research Plan we discuss methods for the preparation of new 4-aminoquinazolines in addition 
to compounds in a backup series defined by our validation agent, CBS1437, as well as specific plans for 
developing the SARs. 

C2.2.3. Generation of Nipah and Hendra G and F nanobodies. We recently initiated a collaborative project 
in nanobody development against NiV and HeV, as well as other henipavirus glycoproteins, with Dr. Jianliang 
Xu (RAViD, Nanobody Core Lead). The Xu lab has engineered and established transgenic mice that produce 

Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates     
1-8 in the rCedV luciferase reporter virus assay. 

 

N 
Compound 

ID 
R1 R2 % inhib  

at 10 µM 

1 G577-0014 H 
3-chloro-4- 

methoxyphenyl 
81 

2 G577-0016 H 
2,4-

difluorophenyl 
18 

3 G577-0021 H 
2-chloro-4- 

fluorophenyl 
58 

4 G577-0022 H 3-methoxyphenyl 46 
5 G577-0028 Me cyclohexyl 93 
6 G577-0084 H 4-isopropylphenyl 85 
7 G577-0111 n-propyl 4-fluorophenyl 86 
8 G577-0112 Me 2-methylphenyl 94 

 

Table 2. Inhibition of rCedV and 
NiV-B by the HTS hit CBS1437. 

 
CedV  
(293T) 

CedV  
(Vero) 

NiV-B 
(Vero) 

EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 

0.70 100 2.1 100 3.3 
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VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels, and has published on the power and 
utility of anti-SARS-CoV-2 nanobodies(REF). We have already initiated the immunizations of several 
nanomouse cohorts using native-like oligomeric recombinant sF (Veesler lab) and sG glycoproteins (Broder 
lab) of NiV-B and HeV. Immune responses are excellent and sera measured by ELISA using the immunogens. 
The first of these cohorts will be processed in the coming weeks, and the Xu lab will be constructing phage 
libraries of polyclonal VHHs from each cohort. We except to be able to make rapid progress in Aim 2, in 
generating and characterizing diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV. 

D. RESEARCH DESIGN AND METHODS  
D1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-
activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed 
libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define 
henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM). 
D1.1. Synthetic Chemistry. In Figure 3 is shown a summary of how we will develop the SAR plan for the 4-
aminoquinazoline scaffold, as exemplified by changes to compound 8 (F577-0112). Substituent changes on the 

core fused scaffold will involve exploration of mono- and 
disubstitution substituent patterns on the quinazoline core to 
explore the optimum overall size for the core. Note that we 
may be able to use these substituents as “ADME handles” to 
control the overall hydrophobicity of the molecules and the 
cLogP values. In addition, we optimize substituents on both 
aryl rings, as indicated, and optimize the alkyl group on the 
tertiary amine. In addition, we will optimize the alkyl ester 
group, and we are very interested in replacing this ester with 
an amide, which would be more chemically and metabolically 
more stable. If the amide turns out to be an effective 

replacement, then we will also explore amide replacement units, such as ketomethylene, reduced ketone, 
retroamide, ethylene, and sulfonamide units, etc. In Scheme 1 is shown a brief synopsis of the general method 

used for the synthesis of 4-aminoquinazolines. The specific procedures 
for the three steps vary, but all initiate with anthranilamides. This general 
route will allow us to prepare compounds with varied R1, R2 and R3 groups 
as well as compounds with 
substituents that replace the 
carboethoxy functionality at the 2-
position. Several anthranilamides 
are commercially available, which 

will allow us to initially access starting materials with a variety of R3 groups. 
A variety of methods are available for accessing these 4-
aminoquinazolines, including initial treatment of the anthranilamides with 
ethyl ethoxycarbonylformimidate in ether36-37 as well as other methods.38,39 
Likewise, the additional reagents required for these syntheses are mostly 
commercially available, as well. Thus, it is very realistic that a large library 
of these potential inhibitors will be quite accessible. 

 
Figure 3. SAR development for 4-aminoquinazolines 

Scheme 1. General synthesis for 4-
aminoquinazolines. 

Scheme 2. Synthesis of G577-0112 
(cmpd 8). 
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In Scheme 2 is shown a specific synthesis of one of our best inhibitors in this set. Anthranilamide 9 is heated 
with diethyl oxalate in a solution of dimethylformamide (DMF) produces 2-carboethoxyquinazoline-4-one (10) in 
a condensation/cyclization process. Treatment of 10 with phosphorous oxychloride next provides a reactive 

intermediate, namely 2-carboethoxy-4-chloroquinazoline-
4-one (12), which affords the specific inhibitor G577-0112 
(compound 8) after a displacement reaction with 2-methyl-
N-methylaniline. 

In Figure 4 is shown a set of proposed compounds related 
to G577-0112 (compound 8) for which we show 
parameters calculated using Actelion OSIRIS software40. 
The proposed compounds (13 through 17) generally show 
improved druglikeness and drug scores (and other 
parameters) with respect to G577-0112 (compound 8), and 
therefore represent promising new targets for synthesis 
and evaluation. Note that a dramatic improvement in all 
parameters is seen in simply replacing the ester to an 
amide by substituting NH for O, to provide proposed new 
compound 13. In progressing through the constrained 
compounds 14 through 17, improvement of parameters 
culminates with the indoline derivative 17, whose 
druglikeness and druglike scres have very dramatically 
improved. Advantages of imposed conformational 
restraints, as seen in tetrahydroquinolines 14 and 15 and 

indolines 16 and 17, include a reduction in rotatable bonds, and, importantly, a preorganization of an effective 
conformation that can mitigate the entropic penalty of binding. 
In Figure 5 is shown the SAR development plan for our quinazolin-4-
one scaffold. There are three points of optimization that we envision 
for this trisubstituted fused core. At the 2-position, we will substitute the 
pyrrolidinyl substituent with additional cyclic and acyclic amines. The 
unsubstituted benzyl substituent at the 3-position will be optimized in 
terms of mono- and disubstitution patterns. The position of the 
carboxamide substituent located at the 7-position will be optimized, as 
will the N-alkyl group on the carboxamide. We will also replace the 
amide unit with various amide mimetic units, as indicated in Figure 5, 
since amides are subject to metabolic cleavage. Additional synthetic 
methods are available for the construction of both 4-aminoquinazolines 
and 2,3,7-trisubstituted quinazolin-4-ones. 

D.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one series 
and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently 
published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5 x 104 cells per well will 
be treated with growth medium containing either DMSO or selected compound at predetermined nontoxic 
concentrations for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 
and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using 
the ENVISION JANUS automated workstation (PerkinElmer, Waltham, MA) as per the manufacturer’s 
instructions. This plate reader is integrated directly with the robotic deck so that readings can be made 
unattended. The data will be normalized by the average signal of the negative control wells in each plate. The 
best inhibitors will be evaluated in HEK293T cells and Vero cells in 96-well plates. Cells will be incubated with 
compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 
0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the luminescent signal 
as described above. Sample signals will be normalized by signals from the DMSO control wells. EC50 and CC50 
values will be calculated by dose-response curve fitting with Graphpad prism. These assays will be conducted 
in the Broder Lab.  

Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). They are 
comprised of > 150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional 
libraries from ChemDiv and Enamine, including Antiviral Library composed of 65,937 novel diverse and targeted 
compounds with privileged scaffolds from ChemDiv’s collection, will be purchased by Chicago BioSolutions, 

Figure 4. Proposed inhibitors of rCedV based on Actelion 
OSIRIS predicted parameters. 

Figure 5. SAR development for CBS1437. 



Inc. Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the 
luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” 
compound after the initial round of screening. To further determine the specificity, a secondary screening 
(counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be 
used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSV-
G-mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and 
here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines 
will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition 
(non-potent) will not be actively pursued, while the more potent compounds (potent inhibitor, EC50 less than 10 
µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most 
potent compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and Ranking. 
We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent 
inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using 
the “CellTiter 96 aqueous nonradioactive cell proliferation assay” (Promega, Madison, WI) as described 
previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening 
will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control 
and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have 
the expected structure (LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and 
retested. 

D.1.3. Evaluation of protective propertiesantiviral activity of the advanced candidates. in the henipavirus 
infectious assays Inhibitors will be done tested against authentic NiV and HeV as previously described.7 Vero 
cells will be seeded in a 96-well plate at a density of 2 × 104 cells per well and incubated at 37 °C overnight. 
Cells will be incubated with a 3-fold dilution series of the selected compounds diluted in cell culture growth 
medium (final concentrations ranging from 100 µM to 0.01 µM) with or without NiV and HeV (200 PFU/mL). 
Infected cells treated with DMSO will serve as controls. At 48 h post infection (hpi), viral supernatant will be 
collected and titrated by plaque assay to determine infectious viral titer. Compound only cells will be examined 
microscopically for cytopathic effects (CPE) induced by compound treatment. The percent reduction in PFU/mL 
titers in the samples containing compounds will be compared to that from parallel control cultures with of virus 
and DMSO vehicle only. This work will be performed in the BSL-4 facility at UTMB (by the Geisbert Lab (Core 
?BSL-4 Core lead) . 

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of 
Drs. Gaisina and Moore. If we encounter a synthesis-related problem with our primary scaffold compounds, we 
will use an alternate strategy based on ausing a different reaction sequence. Should we encounter a scaffold-
related problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one scaffold or 
the additionalother HTS hits identified with the HTS of theusing the expanded libraries of compounds for defining 
lead compounds for advancement. 

D.2.1. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the 
mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The 
following experiments will be performed: 1) Determine the impact of compound treatment on viral protein 
expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be 
treated in duplicate with cell growth medium containing either DMSO or selected furopyrimidines at a 
predetermined concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells 
will be collected to determine viral protein expression by standard western blot techniques or viral RNA levels by 
quantitative real time polymerase chain reaction assays (q-RT-PCR). CedV specific antibodies against the 
attachment (G) and fusion (F) that were generated in the Broder Lab and antibodies to CedV-N and CedV-P 
will be utilized. To determine changes in viral protein expression at the different time points, densitometric counts 
of these bands will be calculated using the ImageJ Software and normalized against β-actin and calculated as a 
fold change compared to the infected untreated cells (DMSO control). Total RNA will be extracted and 500 ng of 
total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe pair 
targeting the N gene, and . The one-step reaction will be performed using the Applied Biosystems (ABI) 7500 
thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold changes will be 
calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We 
expect to observe a decrease in intracellular viral RNA levels expression with compound treatment when 
compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the 
compounds and the impact of the compounds on viral RNA levels over time; 2) Determine the stage(s) of 
inhibition of 4-aminoquinazolines and quinazolin-4-ones in the viral lifecycle. For time of addition studies, 
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HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which 
time the viral inoculum will be removed and cells washed three times with PBS. This will be considered as 0 hpi. 
Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain 
on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious 
viral titers (PFU/mL) by plaque assay.7,8 Results from this data will indicate at which stage of the viral life cycle 
the compounds are affecting; 3) Analyze escape mutants against the advanced lead compounds with Cedar 
virus. Target identification for small molecules. The rCedV tools used in the small molecule inhibitor 
identification assays (Aim 1) can also be exploited for antiviral target identification. In vitro selection of virus 
escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic changes associated 
with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras to generate 
neutralizing mAb escape mutants viruses. Here, we will test advanced lead compounds for antiviral resistance 
using techniques similar for generating mAb escape mutants.41,42 Briefly, a select compound will be used at the 
sub-optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial passaged in 
multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of inhibitor will 
be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then be amplified 
and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will be derived by 
deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral genomes. 
We expect that many mutations will map to the L polymerase gene of rCedV, however, both P and N proteins 
also comprise the replicase complex and mutations may appear in those gene products as well, which if identified 
also suggests the possibility of multiple drug combination testing going forward. We will validate key mutations 
found in drug resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse 
those rCedVs and assay for drug resistance. We will also confirm and correlate our drug targets by performing 
resistance selection of the best inibitors using authentic NiV-B and HeV in BSL-4 by the UTMB BSL-4 Core. 
D.2.2. Assess the binding properties by surface plasmon resonance (SPR). The Nipah NiV polymerase (L 
protein and a phosphoprotein P) will be prepared using a previously published protocol. Biacore T200 and 
Biacore 8KSPR systems will be used to obtain information on binding specificity, binding affinity of the new lead 
inhibitors (KD) to the RdRp protein, kinetics [association rate constants (ka), and dissociation rate constants (kd)] 
as previously described.43 Prefusion-stabilized RdRp protein will be immobilized on a CM5 chip using standard 
amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected over the flow 
channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir kinetic binding 
model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic analysis will be 
performed by UIC RRC, as previously done by the Rong lab. 

D.2.3. Structure determination of recombinant proteins with bound inhibitors by X-Ray crystallography 
and CryoEM. High-resolution structures of the Nipah NiV RdRp complex with key inhibitors such as CBS1437 
and the advanced lead compound to be developed will be obtained using both x-ray crystallography and CryoEM 
by Dr. Vessler Lab. It is expected that these structures will be determined and will reveal the atomic level details 
of how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for 
developing potent high-affinity ligands. Initial crystallization screens will be set up robotically using in-house 
Gryphon crystallization robotics. Biophysical techniques such as native mass spectrometry and thermal shift 
assays, light scattering, and fluorophore analysis to measure protein stability and folding are routine and will be 
used to ensure that bound compounds are not destabilizing domain structures to prevent crystallization. X-ray 
data collection will be done where? Crystal structures will be determined by molecular replacement using existing 
structures as search models. For inhibitors binding to regions other than above or if co-crystals cannot be 
obtained, cryo-EM will be used to determine the complex structure. For EM studies, we will utilize automated 
data collection software to facilitate throughput. In brief, data will be processed using the Appion44 pipeline, which 
keeps track of all data and processing steps. All data will be processed using multiple single particle EM software 
packages, including cryoSparc45, EMAN46, and RELION47. Purified complexes will be deposited onto grids, 
blotted, and cryo-plunged into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the 
complexes will be collected using automated image acquisition software under low dose conditions. Structures 
generated by cryo-EM will be refined and reconstructed by molecular dynamics (MD) studies. While cryo-EM 
can provide access to the near-atomic resolution structures of large biomolecular systems--in their near native 
environment, MD can be used to reveal its dynamic behavior and refine low-resolution regions of cryo-EM 
reconstructions48,49. Furthermore, as X-ray/cryo-EM structures of polymerase in complex with key inhibitors (i.e., 
CBS1437 and additional derivatives) become available, MD studies of these systems will be conducted to reveal 
the dynamic nature of protein/ligand interactions50-54, to explore the conformational landscape55 of ligand binding 
events, and to capture conformational variability of intermediate states48,56, which can be crucial to gain 
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mechanistic knowledge of biological function, but remain out of reach through experimental approaches. David, 
please look at this section. Make necessary corrections.  
 
Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are 
commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously 
rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T 
cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism 
studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-
aminoquinazolines or quinazoline-4-ones. 

D.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. Milestone: 
Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver microsomes, 
low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before investigating the 
efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal dosing regimen 
for the efficacy studies with the advanced lead compounds. 
D.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing.  
Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further 
therapeutic development. We will assess several critical in vitro ADME-T properties and prioritize compounds 
accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out using the CYP3A4, and 
CYP2D6 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp.), Woburn, MA) 
to rapidly screen for potential inhibitors of the principal drug metabolizing cytochrome P450 enzymes.57 
Compounds with IC50 values ≥100 µM for CYP isoforms will be prioritized for further advancement. Rat/Human  
Liver Microsome Stability. Rat and human liver microsome preparations will be used to evaluate the metabolic 
stability of compounds by the method of Kuhnz et al.58 Compounds with >30% recovery (1 h) will be considered 
for further advancement. hERG channel blockade. The ability of compounds to block the hERG channel will be 
assessed in a [3H] dofetilide-binding assay as previously described by Finlayson et al.59 using SHSY5Y cells. 
Compounds that do not prevent [3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug 
absorption through the intestinal epithelium is critical to good oral bioavailability. We will use the Caco-2 method 
as described by Gres et al.60 to evaluate the potential for oral bioavailability of the lead inhibitors. Compounds 
exhibiting a Caco-2 permeability value (Papp) greater than 1 × 10-6 cm/sec will be prioritized. Bacterial reverse 
mutation assay (Ames): Four Salmonella typhimurium strains (TA1535, TA1537, TA98, TA100) and one 
Escherichia coli strain (WP2 uvrA) will be used. The bacteria will be exposed to different dose levels of the 
compound up to a solubility-limiting level in the presence or absence of rat liver enzymes (rat S9 liver fraction) 
acting in the normal process of metabolism and any reverse mutations will be determined. In vitro mammalian 
chromosomal aberration test: The purpose of this study is to evaluate the clastogenic potential of the 
compound based on its ability to induce chromosome aberrations in human peripheral blood lymphocytes. 
D.3.2. PK studies: Naïve male/female mice (equal number, 3 groups of 36 animals total) will be treated with a 

single dose via i.v., i.p., or oral gavage administration and blood will be collected and processed to obtain plasma 
and serum from three animals/group/time point at up to 12 time points through 24 h post dose. Two doses will 

 

Will be MODIFIED Figure 5 
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be used to establish the drug exposure-dose range relationship: the estimated efficacious dose (ED), based 
upon preliminary data at 25 mg/kg i.p. or p.o. and an observable adverse effect dose (OAED) (to be determined). 
Compounds of interest will be extracted from biological specimens by protein precipitation, analyzed on a triple-
quadruple mass spectrometer (LC-MS/MS) and quantified using an internal standard method with a minimum of 
a five-point calibration curve. PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. 
Depending on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate 
calculations of AUC. Plasma concentration will be established to support dosage selection for efficacy studies. 
Formulation stability and PK/Toxicity studies will be performed by CROs. 

Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc. and Reaction Biology, Corp., and supervised by 
Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to 
meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to 
meet the objectives in this aim.  

We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced 
lead compounds, which will allow for the future selection of a preclinical candidate (Figure 5). 

D.4. AIM 2: Characterization of the potency and breadth of selected nanobodies. 
Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies 
targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also 
collaborate with the core??? UTMB, BSL-4 Core to evaluate lead candidates with authentic NiV and HeV and 
also in vivo in Aim 3. Batteries of nanobodies to the F and G glycoproteins of NiV and HeV will be isolated from 
phage libraries constructed using cohorts of nanomice immunized with sF and sG recombinant glycoproteins 
(C2.2.3. Preliminary Data). The Core will conduct preliminary characterizations on binding and specificities and 
then provide purified nanobody panels to the Veesler and Broder labs for detailed studies. 

D.4.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth. 

D.4.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of 
prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian 
cells, including NiV pah virus (Bengladesh and Malaysia strains) and Hendra HeV virus (both ancestral and the 
newly described variant) with and without avi-tag for biotinylation.61-63 These proteins were used to vaccinate 
transgenic mice for nanobody production and will be used for downstream screening of the nanobody libraries 
and for exploring cross-reactivity with Nipah and Hendra virusNiV and HeV glycoproteins and with more distantly 
related henipaviruses using high-throughput ELISA assays. Biolayer interferometry analysis of binding kinetics 
and affinity will be carried out for the most promising nanobodies selected by ELISAs to enable ranking them 
based on binding affinities and cross-reactivity. 

D.4.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit Nipah virus 
and Hendra virusNiV and HeV, we will use a high-throughput neutralization assay developed in the (conducted 
in the Broder lab). This assay is based on green fluorescent protein (GFP)-encoding, recombinant replication-
competent, Cedar (henipa)virus (rCedV) chimeras in which the native glycoproteins are substituted with the NiV-
B (rCedV-NiV-B-GFP, Bengladesh strain) or the HeV (rCedV-HeV-GFP) F and G glycoproteins (see:  C.2.1. 
Preliminary Data).7,64 This platform is safe, enabling utilization at BSL-2 compared to BSL-4 for authentic viruses, 
and has been thoroughly validated and shown to faithfully recapitulate the data obtained with NiV-B and HeV 
with both monoclonal antibodies and vaccine-elicited polyclonal sera. This method was used to support the 
preclinical development of G-specific antibodies5. Furthermore, the Broder lab recently developed a rCedV-
HeVv-GFP using reverse-genetics to study the antigenic properties of a newly described Hendra virusHeV 
variant.65 These assays will enable ranking each nanobody based on their neutralization potency and breadth to 
assist downstream selection. For nanobodies for which cross-reactivity will be detected beyond Nipah and 
Hendra virusesNiV and HeV (e.g. CedV), their inhibitory activity will be tested against authentic CedV. Finally, 
these chimeric virus neutralization assays can be implemented for viruses for which no isolates are available (as 
is the case for henipaviruses discovered through metagenomics in bats or other animals).66,67 

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing 
certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity 
with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy 
imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins 
and viruses and performed by multiple individuals to ensure the reproducibility of our assays.  
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Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad 
and potent neutralizing activity against Nipah virus and Hendra virusNiV and HeV. The top candidates will be 
further studied structurally and functionally and evaluated for in vivo efficacy. 

D.4.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition. 
Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-
level understanding of binding and inhibition which will be validated using functional assays. This structural 
framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth 
and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins 
and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G 
glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. 
The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput 
structural studies of viral glycoproteins. We use the Leginon data collection software which runs 24 hours per 
day and enables automated targeting and image acquisition while keeping a relational database of all 
micrographs to expedite subsequent processing.68 Many image processing tasks are automated as part of a 
workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by 
storing all the details related to image acquisition and processing.44,69 Complexes of nanobodies with 
glycoproteins will be vitrified and imaged using cryoEM to visualize directly the epitopes targeted by the different 
nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience 
in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,61,63,70-72 
mechanical stage tilting with gold grids73,74 or detergents to modify surface tension75. Some of the nanobodies 
might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened resolution. 
We will overcome this using workflows developed in-house specifically for that purpose for previously 
characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D 
classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.73,76-80 Refinement 
of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of 
Washington.81-83 
The Nipah virusNiV attachment (G) glycoprotein engages host receptors, is the basis of a commercially available 
horse vaccine and entered phase I clinical trials for use in humans with funding from the Coalition for Epidemic 
Preparedness Initiatives. The Veesler and Broder labs recently determined a high-resolution cryoEM structure 
of the Nipah virusNiV G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 
years, hindering both our understanding of immunity directed towards G and the rational design of vaccines. The 
structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3) which 
recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. 
This study revealed the ultrastructural organization of this key target of the immune system, informs the 
mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic 
design. The know-how generated to achieve this groundbreaking result will directly support the proposed project. 
D.4.2.1. High-resolution structural studies using X-ray crystallography. Some of the nanobodies might bind 
to regions that are intrinsically flexible thereby limiting resolution using cryoEM. We have already encountered 
such cases with coronavirus fusion machinery-directed antibodies binding to linear epitopes in the spikes. We 
will overcome these challenges by determining high-resolution crystal structures of the nanobodies bound to 
their cognate epitopes, similar to the strategy we used to obtain structural information of the B6 and S2P6 
antibodies bound to several β-coronavirus stem helices. Refinement of atomic models will use both Phenix84 and 
BUSTER-TNT.85. 

D.4.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred 
from the the structural data will be validated using receptor binding, F cleavage and membrane fusion assays 
we previously implemented for henipaviruses and coronaviruses.61-63,71,86,87 

Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot 
be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, 
which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-
150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM 
center, which Dr. Veesler co-directs. 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and 
the formulation of cocktails. This work will also demonstrate the mechanism(s) of action of nanobodies leading 
to inhibition of viral entry. 
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Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in 
the field. For cryoEM maps, these will include gold-standard projection matching refinements88-90 and high-
resolution noise substitution prior to Fourier shell correlation calculations91 to avoid overfitting. Atomic models 
will be assessed using Molprobity,92, EMringer93 and Privateer.94. The coordinates of the structures solved as 
part of this work, as well as the corresponding experimental data, will be made freely available through deposition 
in the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-
reactivity and the design of nanobody cocktails. 

D.4.3. AIM 2C. Structure-guided formulation of nanobody cocktails. 

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or 
treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 
10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical 
isolates, the two-mAb cocktail proved more resilient to escape mutations.95-97 Because experimental passaging 
of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape 
mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails 
that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins.  

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent 
a unique opportunity for implementing multi-pronged targeting which has not been evaluated previously. We will 
combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their 
antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV 
chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side 
to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-
selection will include maximal neutralization potency and breadth and structural characterization will be used to 
ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary. 

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails 
with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection. 

D.5. AIM 3: Evaluation of lead compounds in vivo. 

Rationale: Aim 3 will collaborate with the ABSL-3 and ABSL-4 Core (Core D) to evaluate lead candidate drugs 
and nanobodiess in vivo. A critical aspect of antiviral discovery that is often overlooked is the early stage testing 
of lead compounds in a well-studied and well-validated in vivo animal models. Here, our experimental plan has 
the benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster 
(refs) and AGM (refs 1, 2s). PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy 
studies using select best-in-class drugs and nanobodies will be used in NiVB and HeV infected hamsters. Final 
proof-of-concept protective efficacy studies with best-in-class drugs and/or nanobodies will be carried out in the 
NiVB and HeV infected AGM models. 

D.5.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary 
pharmacokinetic (PK) studies in hamsters and AGMs will be performed by Core Dby the UTMB Core. Using 
intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these 
studies will examine the concentration of lead compounds in plasma over time in order to establish parameters 
such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and 
dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter 
for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) 
above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in 
hamster models of heniavirus disease. Lead compounds which demonstrate good exposure-response antiviral 
activity in hamsters will then advance into AGM PK studies using similar dose administration and measured 
parameters as above. The data will be used to select doses and dosing regimens for the subsequent protection 
studies in AGMs. 

D.5.2. In vivo testing of lead compounds NiV/HeV infected hamsters. The in vivo activity of the most potent 
compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will be 
randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of NiVB 
or HeV (refs 3-6). Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different 
doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will 
be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight 
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loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 
optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis 
in the Subaims below. 

D.5.3. Define breakthrough conditions for anti-henipavirus antivirals in hamsters. This Subaim will employ 
the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect hamsters 
against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after henipavirus 
exposure. The goal of this Subaim is to determine the time points of treatment initiation when the antivirals fail 
to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and 
inoculated i.n. with ~ 5x106 PFU of NiV or HeV (refs 3-6). Treatments will be initiated at various times after 
henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters 
succumb to disease. 

D.5.4. Combination therapy of anti-henipavirus antivirals in hamsters. This Subaim will employ the most 
promising antivirals from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. Hamsters will 
be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x1065x105 PFU of NiV or 
HeV (refs 3-6). Treatment with at least two different antivirals will be administered beginning at a time point 
where substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if combining 
at least two different antivirals improves survival. Group sizes may be increased as needed to obtain appropriate 
statistical power to show the survival benefit of combination therapy. 

D.5.5. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will 
employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol 
delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can 
protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB-B or HeV as determined in henipavirus 
dose confirmation studies conducted by the ABSL-3 and ABSL-4 Core Core D (see Core D). Treatments with 
drugs, nanobodies, or combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery 
following optimization by the Aerosol Delivery CoreCore X (see Core AX) at various times after henipavirus 
infection. 

D.5.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of 
concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV 
infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol 
using the LMA mucosal atomization device (MAD)MAD system as previously described (ref 7) or by small particle 
aerosol as previously described (refs 8, 9) with a uniformly lethal challenge dose (~  20,000 PFU of NiV or HeV). 
Importantly, the MAD system delivers atomized particles that range in size from 30 to 100 µm, which is highly 
consistent with the size of droplets exhaled by humans when coughing. Previous studies with AGMs infected 
with NiVB using the MAD system resulted in lethality in 9/9 animals and a disease course that is highly consistent 
with human infection (TW Geisbert, C Broder, unpublished data). The treatment groups (consisting of five 
animals each) will be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by the  
Aerosol Delivery CoreCore X (see Core A)up to 5 days after viral challenge (initiation time informed by hamster 
studies) while control animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy 
will be assessed by several methods, including respiration quality, physical appearance, clinical pathology, 
viremia (nasal swabs and blood), and survival. 

Potential Pitfalls and Alternative Strategies. It is possible that Aerosol Delivery Core (Core A)  X may 
experience difficulties in optimizing aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that 
aerosol delivery of antivirals may not improve protective efficacy or extend the therapeutic window of antivirals. 
We will also assess conventional parenteral delivery routes (as noted in the subaims above) which were 
previously shown for remdesivir and monoclonal antibodiesmAbs to protect animals against lethal henipavirus 
disease to de-risk this Aim.. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which 
compounds were given to which animals until experiments and analysis are completed. We will employ equal or 
near equal numbers of male and female animals and general age (infant or geriatric animals will not be used). 

In summary, the emergence and re-emergence of Nipah virusNiV infections throughout the world, coupled with 
its high fatality rate, provide very significant motivation for the preparation of small molecule inhibitors of this 
virus to create a readiness for the next Nipah virusNiV or other related pathogenic henipavirus outbreaks. We 
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have discovered two differentiated series of compounds that show early promise as agents that have potential 
for treating Nipah virusNiV infections, and we have designed a series of optimized druglike candidates for future 
preparation and development.  
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RAViD Center Project 2: Structure-guided development of nanobody therapeutics against Arenaviruses

Aim Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

1 Generation of Nbs in nanomice & camelids

2 Camelization of LASV huMAb V chains

3 Structural & biochemical evaluation of Nbs in vitro

4 Therapeutic efficacy of Nbs w/ i.p. challenge & treatment in GP

5 Therapeutic efficacy of Nbs w/ i.p. challenge & delayed treatment in GP

6 4-week non-GLP GP PK study

7 Therapeutic efficacy of Nbs w/ i.p. challenge & i.n. treatment

Therapeutic efficacy of Nbs w/ i.n. challenge & i.n. treatment

11

10

9

8

Therapeutic dose finding study with Nbs in GP

Delayed Protective Efficacy with Combination Therapeutic Nbs in GP  

Delayed Protective Efficacy w/ camelized VHH Domains in GP

12

13

Prophylactic therapeutic efficacy of Nbs w/ IM challenge and i.n. 
delivery in macaques

Delayed therapeutic efficacy of Nbs w/ IM challenge and i.n. delivery in 
macaques

Prophylactic therapeutic efficacy of Nbs w/ i.n. challenge and i.n. 
delivery in macaques

Delayed therapeutic efficacy of Nbs w/ i.n. challenge and i.n. delivery in 
macaques

17 9-week non-GLP PK study in macaques, i.n. delivery, Nbs & camelized 
VHH

Delayed Protective Efficacy w/ camelized VHH Domains in macaques

14

15

16

NHP

Guinea pigs

Development of Nbs



Aim Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

1 Select and characterize SARS-CoV-2 nanobodies

2 Down-select nanobodies in K18 ACE2 mice 1

3 Characterization for nanobody inhalation delivery 2

4 Nanobody efficacy studies in rhesus macaques 1,3

5 Nanobody method of manufacture 3

7 Preclinical pharmacokinetics in Guinea pigs 1,3

8 Preclinical pharmacokinetics in rhesus macaques 1,3

Select and characterize anti-SARS-CoV-2 peptides

13

12

11

10

Down-select peptides for potency in K18 ACE2 mice 1

Characterization for peptide inhalation delivery 2  

Combination therapy with nanobody and peptides 1,3

9 Preclinical toxicology in rhesus macaques 1,3

6 Generation of anti-id MAbs against Nbs in top 2 cocktails

1A
1B
1C
1D
2A
3A
3B
3C

4A

4B
4C
4D

1. ABSL3 and ABSL4 Core
2. Aerobiology and Formulation Core
3. Reagents and Production Core

RAViD Center Project 3: Aerosol delivery of nanobodies and peptides for coronaviruses

NHP

GP

Development of Nbs

mice

3D



Aim Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

1 Produce AT, MDR 503, 504, 505

2 Aerosol PK/PD in K18 Mice

3 Aerosol Efficacy Studies in K18 Mice

4 Produce bacteria expressing decoys

5 Bacterial PK/PD in K18 mice

6 Efficacy Studies in K18 mice

7 Lead compound PK/PD in NHPs

8 Lead compound efficacy in NHPs

RAViD Center Project 4: Aerosol delivery of ACE2 decoys for coronaviruses

NHPs

mice

1A
1B

2A
2B

3A
3B

2C

1C



RAViD Center Project 5: Lipid nanoparticle delivery of Cas13-based antiviral therapies

Aim Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

1 Identify antiviral targeting sequences for SARS-CoV-2, Lassa 
and Nipah viruses

2 Engineer Cas13 to enhance its activity

3 Determine Cas13 effects on viral evolution 2

4 Quantify host immune response to Cas13

5 Downselect lipid nanoparticle (LNP) formulations for Cas13 
transfection of cultured cells

6 Characterization for Cas13 inhalation delivery 1

7 Using Cas13 to treat SARS-CoV-2 infection in k18-ACE2 
mouse models 1,2

Pilot studies in NHP models of infection 1,210

9

8 Using Cas13 to treat Nipah infection in hamster models 1,2

Using Cas13 to treat Lassa infection in guinea pig models 1,2

NHPs

GPsmice

hamsters
1. Aerobiology and Formulation Core
2. ABSL3 and ABSL4 Core

1A
1B
1C
1D
2A
2B
3A
3B
3C

3D



Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

1 Kickoff meeting at NIH (In-person)

2 Reverse Site visits at NIH (In-person)

3 Annual in-person meeting – key personnel

4 Annual online retreat – all hands (online)

5 IAC, Research Project and Core meetings (online)

6 SAB and IAC joint evaluation meeting (online)

7 Solicitation/Review

8 Developmental Projects Round 1

9 Developmental Projects Round 2

10

11 Mentored Projects Round 1

12 Mentored Projects Round 2

RAViD Center Administrative Core: Schedule



Aim Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

2 Support of early animal model efforts by RP 
individual investigators

5 Lead optimization of aerosol therapies

Comparative in vivo pharmacokinetics and evaluation 
studies

6 Formulation and aerosol characterization studies

7

1 Oversee and harmonize all aerobiology-related 
studies as related to aerosol infectious challenge

3 Harmonization of methodologies associated with 
aerosol/mucosal infectious challenge

4 Aerosol characterization for inhalation delivery in 
preclinical antiviral evaluation studies

Aim Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

1 Aerosol characterization of promising lead antiviral 
candidates

2 Initial in vivo comparative toxicology and PK studies 
in multiple species

3 Preliminary dose ranging evaluation of leading 
candidates from individual RPs

4 Therapeutic antiviral dosing in PK/PD and evaluation 
of leading candidates from individual RPs
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Aim Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

3 Production of therapeutic candidate Nbs for in vivo studies

5 Production of ACE2-Fc decoy therapeutic candidates for in 
vivo studies 

6
Generation of anti-idiotypic (anti-id) MAbs to therapeutic Nb 
candidates, development of matched-pair ELISA and SPR, and 
assay support for pharmacokinetics studies 
Development of matched-pair anti-id ELISA to support PK 
studies 

ELISA analysis of Nb concentration from macaque PK studies

Manufacturing of ReLASV™ and ReSARS™ ELISA platforms to 
support evaluation of the humoral immune response in virus 
challenged and treated animals 

ELISA analysis of Nb concentration from GP PK studies

7

8

10

9

1
Generation of phage libraries from nanomice immunized with 
recombinant Henipavirus, Arenavirus, and Coronavirus 
glycoprotein antigens 

2

4 C  o  r  e       B,       D

RP1, RP2,  RP3

1

2

3

4

5

RAViD Center Core C: Reagents and Production

4.1

Core B

RP1,  RP2,   RP3

Core B, D, RP2, RP3, RP4

Core B
4.2



Aim Task
2022 2023 2024 2025 2026 2027

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

1
Provide BSL-3, BSL-4 resources, including a  secure 
repository of well characterized seed stocks of SARS-
CoV-2, henipaviruses, and Lassa virus

2 Provide technical expertise and conduct in vitro 
assays in BSL-3 and BSL-4 containment

3

Provide technical expertise and conduct animal 
challenges, treatments, clinical pathology assays, 
virology assays, and necropsies in ABSL-3, ABSL-4 
containment

1

2

3

RAViD Center Core D: Animal Biosafety Level (ABSL)-3 and ABSL-4 Core



The pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV) cause severe respiratory illness and 
encephalitis in both animals and humans with human case fatality rates ranging from 40-100%. The NiV-
Bangladesh strain (NiV-B) is associated with multiple rounds of human-to-human transmission and is a pathogen 
of pandemic concern for which there are no vaccines or antivirals approved for human use. We have recently 
shown that the non-pathogenic Cedar henipavirus (CedV) is useful surrogate platform for high throughput 
screening (HTS) for antiviral drug discovery, and for virus neutralization assays. This proposal focuses on 
developing antiviral small molecule and nanobody countermeasures to combat the pathogenic henipaviruses 
including therapeutic modalities by an aerosol delivery approach. We created reporter gene-encoding 
recombinant CedVs and discovered a series of fused heterocycles, e.g., 4-aminoquinazoline-based, antivirals, 
and showed that a representative quinazoline CBS1435 was an effective inhibitor of rCedV replication and also 
both NiV-B and HeV, with EC50s in the low µM range and minimal cytotoxicity. Neutralizing antibodies to the 
henipavirus F and G glycoproteins have also shown therapeutic promise, but antiviral nanobodies as potential 
immunotherapeutics represent a novel area of NiV and HeV countermeasure development. This proposal will 
screen, identify, develop, characterize and test both small molecule inhibitors and antiviral nanobodies to 
pathogenic henipaviruses. Aim 1 will focus on optimizing lead anti-henipavirus small molecules and conduct cell-
based antiviral HTS assays. Lead molecules will be selected using NiV-B and HeV assays, and best-in-class 
drugs will be developed by chemical modifications aimed to improve drug-like properties, increase potencies, 
decrease toxicity, and improve pharmacokinetic properties. Aim 2 will isolate and fully characterize nanobodies 
broadly neutralizing NiV-B and HeV derived by immunization of transgenic mice that produce nanobodies from 
alpacas, dromedaries and Bactrian camels, using phage display technology of cloned nanobody gene fragments. 
Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization assays and 
structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of action and 
guide formulation of nanobody cocktails. Aim 3 will focus on in vivo efficacy evaluation of lead compounds and 
nanobodies in animal models. Both monotherapies and combination therapeutic modalities will be tested, along 
with testing antiviral nanobody delivery by aerosol. These two unique henipavirus-targeted antiviral development 
directions will generate novel countermeasures that may display more broad effectiveness. 



SPECIFIC AIMS  

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case 
fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-
to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 
23 total cases, leaving only 2 survivors.4 22 cases were from virus transmission in 3 hospital settings, with 
coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of 
pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the detection of 
cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people 
worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug 
Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic 
henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-
pathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse genetics 
platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an extensive 
characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high throughput 
antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase in HTS 
assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a representative 
quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and HeV, with an IC50 
value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development of small molecules 
together with more extensive compound library screening using rCedV will potentially yield testable antivirals 
with potential pan-henipavirus effectiveness. Our collaborative team also has an extensive experience in 
developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. In this 
proposal, we have initiated a completely different approach for developing antiviral nanobodies which are 
acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been 
shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent 
antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across 
viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, 
characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. 
Specifically, we will: 

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-
class drugs will be developed using predictive software to improve drug-like properties, increase potencies, 
decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and later, best-in-class  also aerosol delivery of nanobodies will be also tested by 
aerosol delivery. PK/PD studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. 
Combination studies of drug with nanobodies studies will also be conducted and final proof-of-concept protective 
efficacy studies will be carried out in the HeV and NiV-B African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease.  



A. BACKGROUND AND SIGNIFICANCE 

Over the past 40 years the major etiological agents of emerged or identified infectious diseases in humans have 
been viruses.11 Among these, the paramyxoviruses, which include many important human and animal 
pathogens, also include two emerged, zoonotic viral pathogens of importance: the henipaviruses; Hendra virus 
(HeV) and Nipah virus (NiV).12,13. In 1994, HeV caused an outbreak of severe respiratory disease in horses in 
Brisbane, Australia, resulting in the deaths of 14 horses and their trainer.14,15 NiV was the causative agent of a 
significant outbreak of severe encephalitis in pig farmers in Malaysia in 1998. Spread of NiV infections typically 
requires direct contact with an infected source, and transmission can occur between people and from animals to 
people. Symptoms may culminate in a severe respiratory and/or neurological disease that is often fatal. 
Complications of the infection can result in relapsed encephalitis following recovery. On September 5, 2021, a 
twelve-year-old boy in the Indian state of Kerala died after contracting the Nipah virusNiV infection. During the 
process of transporting him to medical centers for a diagnosis, twenty-three health care workers exposed to this 
boy also died, which underscores both the transmissability and the lethal nature of this virus. There is presently 
no vaccine or small molecule therapeutics that have been developed for NiV infections. Pteropid bats appear to 
be the major reservoir hosts for henipaviruses.6,16. HeV and NiV have a uniquely broad host tropism capable of 
infecting at least 18 animal species across 6 orders of mammals, including their natural bat hosts. Among these 
animals, HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at least 
11 mammalian species including humans, with human fatality rates ranging from 40-100%.2,17.  
NiV and HeV are classified as biosafety level-4 (BSL-4) restricted pathogens and both remain transboundary 
threats to livestock and people throughout South Asia and Australia. NiV and henipaviral diseases have been 
categorized by the World Health Organization (WHO) as an epidemic threat needing urgent research and 
countermeasure development and are included in the WHO R&D Blueprint list of priority pathogens with 
epidemic potential. 18. Presently, there are no prophylactic or therapeutic treatment options for henipavirus 
infections approved for use in humans. A subunit vaccine, Equivac® HeV, has been available for use in horses 
in Australia since 2012 19 for the prevention of HeV infection. This equine vaccine received full registration by 
the Australian Pesticides and Veterinary Medicines Authority in 2015, with all vaccinated horses receiving a 
microchip with a database being maintained and is the first commercially deployed vaccine against a BSL-4 
agent. 20. Although a human monoclonal antibody (mAb) m102.4 has successfully completed a phase I safety 
trial in Australia, 21, developing vaccines or therapeutics against henipaviruses for use in people remains a high 
priority. Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane 
anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) glycoprotein and 
the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G 
and F glycoproteins are the major antigenic targets of neutralizing antibodies and also the main focus of several 
vaccine strategies.2. Although an effective post-exposure human monoclonal antibody (mAb) therapy (anti-
NiV/HeV G glycoprotein mAb m102.4) has been extensively examined,22-26, it must be administered within 
several days following lethal infection in animal challenge models. In contrast, however, antiviral drug discovery 
for HeV and NiV has been significantly hampered due to requirements of biosafety level-4 (BSL-4) containment. 
Recently, a third isolate, namely, Cedar virus (CedV) has been added to the Henipavirus genus.27. However, 
whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not known to be zoonotic and has been 
shown to be nonpathogenic in animals susceptible to HeV and NiV disease and resides in nature in the same 
bat host species as HeV.27,28. Nucleic acid based detection studies have identified related henipavirus species, 
including complete genomic sequences,29,30, but HeV, NiV, and CedV are the only virus isolates reported. 
We have recently optimized a recombinant CedV encoding luciferase (rCedV-Luc) for high-throughput screening 
(HTS) applications and have identified several inhibitory compounds that were further validated with the 
infectious NiV-Bangladesh (NiV-B) strain. The validated compounds provide the foundation for the current 
application.  

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of this proposal’s investigators. First, the cell-based high throughput screening (HTS) 
assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which 
provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional 
significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, 
because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal 
entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will 
have activity across related members of henipavirus genus. Second, our native-like, recombinant soluble 
tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice 
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that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of 
high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and 
characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-
reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape 
studies for variant selection and target identification, and finally, the rCedV based reporter-gene system allows 
rapid and quantitative antiviral combination testing and the ability to measure synergistic activity with small 
molecules or nanobodies or combinations of both.  

Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will shows cross-
reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will 
not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those 
in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins. 27 Interestingly, the CedV 
L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase in 
the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% 
aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic 
domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% 
(HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% 
(NiV-B) and ~61.7% (HeV). This overall high degree of protein identity, overall, shared between CedV, and that 
of NiV and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and 
perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility 
and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule 
library screening project to identify inhibitors of rCedV replication.7 Indeed, sSeveral small molecule inhibitors 
have been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the 
feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a 
strong foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to 
optimize our current best-in-class leads and also screen large libraries of antiviral compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized 
and have been shown to be safe with low immunogenicity in clinical trials.31-33 Nanobodies can be isolated using 
the same phage library construction methods and phage panning procedures routinely employed for mAb 
discovery, which allows for in vitro production of various amounts and their rapid characterization. In 
collaborationNanobody development will be carried out by with Dr. Jianliang Xu (Nanobody Core Lead), who 
engineered transgenic mice that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels,. 
10 we have several Iimmunized mouse cohorts are in progress now underway using native-like oligomeric 
recombinantusing recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid 
progress in Aim 2. in generating and characterizing diverse panels of nanobodies to the F and G glycoproteins 
of NiV and HeV. 

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new 
compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, 
in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-
henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and 
well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins 
of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small 
molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel 
therapeutic modalities capable of treating NiV and HeV disease. 

C. PRELIMINARY RESULTS  

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors 
between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead 
on small molecule discovery) and Drs. Norton Peet and Irina Gaisina, Chicago BioSolutions (Co-
Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator lead on structural 
henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. Jianliang Xu, 
(Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and BSL-4 and ABSL-
4 Core Lead). Chicago BioSolutions, Inc. is a privately held, product-focused biopharmaceutical company 
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engaged in the research and development of small molecule antiviral drugs that address commercially significant 
medical markets and unmet medical needs. 

C.2. Preliminary Data: Identification of small molecule entry inhibitors of henipavirusesNipah.  

C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2 
containment), cell-based HTS platform to identify small molecule antivirals targeting henipavirus replication 

without the requirement for BSL-4 containment.7 rCedV assays and tools. We 
also adapted the rCedV HTS infection platform to create another innovative 
toolset using novel chimeric viruses, where the viruses are altered only by the 
substitution of the F and G genes with that of NiV or HeV. As with the luciferase-
encoding rCedV HTS assay, rCedV chimera use guidelines and procedures at 
BSL-2 were reviewed and approved by the USU, Institutional Biosafety 
Committee (IBC) in accordance with NIH guidelines. These replication competent 
rCedV chimeras create a very rapid and robust surrogate infection assay for NiV-
B and HeV that can be used as a neutralization tool or entry inhibitor assay to 
measure neutralizing antibodies or sera, or as a surrogate for generating virus 
escape mutants to F or G neutralizing antibodies. Here, the F and G genes of 
NiV-B (2010 Faridpur isolate) and HeV (2008 Redlands isolate) were synthesized 
and inserted into our pOLTV5-rCedV anti-genome plasmid. For the HTS 
neutralization assay, a turbo-GFP gene was inserted between the CedV P and M 
genes. Each chimera (rCedV-NiV-B-GFP and rCedV-HeV-GFP) were rescued as 
previously described.8 Other versions without reporter genes have also been 
prepared (rCedV-NiV-B and rCedV-HeV). All virus stocks are cloned and 
genomes confirmed by NGS. Typically, large stocks are prepared and frozen as 
single use aliquots. Show in Figure 1 is an example of how these chimeras are 
used in a virus neutralization test, referred to as a fluorescent reduction 
neutralization test (FRNT) using two human NiV/HeV cross-reactive anti-G mAbs 
(HENV-103 and -117) as previously described.34 Briefly, Vero 76 cells are used 

in black walled clear bottom 96-well plates, mAbs are serially diluted in medium, and equal volumes of medium 
containing rCedV-NiV-B or rCedV-HeV are added to each mAb dilution for a final concentration of 2000 PFU, 
incubated for 2 hrs at 37 °C. Each virus-mAb mixture (90 µl/well) is added to 

the pre-seeded Vero 76 
cells in triplicate and 
the assay run for just 
another 24 h followed 
by 4% formaldehyde 
fixation, washing and 

then scanning using a CTL S6 analyzer. Fluorescent foci were are counted 
using the CTL Basic Count™ and an IC50 is determined as the antibody 
concentration at which there was ayielding 50% reduction in fluorescent foci 
versus untreated control wells. Table 1 shows the calculated EC50 IC50 values 
using rCedV chimeras vs. those determined by conventional PRNT assay with 
authentic NiV-B and HeV in BSL-4, and they are remarkably within a 2-fold 
range. 

In addition to conventional single agent neutralization tests, the rCedV-NiV-B-
GFP and rCedV-HeV-GFP chimeras can also be used in rapid HTS 
neutralization assays to measure synergistic activities of inhibitors, such as 
antibodies or drugs. The synergistic neutralizing activity of the HENV-103 and 
HENV-117 mAbs were described utilizing the rCedV chimera assay.34 Shown 
in Figure 2 is a neutralization synergy assay conducted with mAbs m102.4 
and nAH1.3 (both NiV/HeV cross-reactive anti-G mAbs) where they are 
individually diluted 2-fold in a 7x7 concentration matrix. The diluted mAbs are 
added 1:1 to 4000 PFU per well of rCedV-NiV-B-GFP and the assay 
essentially carried out as above, with percent neutralization calculated by 
normalizing foci to a virus only control. Matrices are imported into 
SynergyFinder and analyzed Neutralization synergy was calculated by 
comparing treatment to virus only control wells. Values were imported into SynergyFinder software35 using a 

Figure 1. Neutralization curves for 
HENV-117 and HENV-103 mAbs 
against rCedV-HeV-GFP (top) and 
rCedV-NiV-B-GFP (bottom). Data 
are from a single experiment 
performed in technical triplicate.  

Table 1. IC50 values of cross-reactive anti-G human mAbs HENV-
103 and -117) as determined by rCedV chimera FRNT assay and 
NiV-B and HeV conventional PRNT assay. 

Figure 2. Synergy map with calculated 
synergy score using the zero 
interactions potency (ZIP) model 
generated by SynergyFinder for 
neutralization of rCedV-NiV-B-GFP by 
serially diluted m102.4 and nAH1.3 
mAbs.  
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Zero Interactions Potency (ZIP) statistical model; delta scores >10 indicate likely synergy as shown here. m102.4 
and nAH1.3 indicate here.  

Antiviral evaluation and combination testing of small molecules and nanobodies. These rCedV-based 
tools and rCedV chimera viruses will allow for rapid antiviral activity assessment and an ability to measure 
synergistic antiviral activities for both small molecule inhibitors derived from Aim 1 and nanobodies derived from 
Aim 2; and will also allow the novel approach of testing small molecules and nanobody combinations in a rapid 
and quantitative manner, in vitro, to select best-in-class candidates for both monotherapeutic and combination 
therapeutic modalities prior to in vivo animal model testing. 

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv 
library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc 
inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of 
diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. 
From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for 
further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular 
toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were 
confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM.  

In Table 2 is shown a representative quinazoline compound from our quinazoline 
series of rCedV inhibitors, designated as CBS1437. Note that both HEK293T and 
Vero cell lines were employed in these assays, and that CC50 values were recorded 
for these two cell lines. Compound CBS1437 was also evaluated in the infectious 
NiV (NiV-B) assay and found to have an EC50 value of 3.3 µM. An important reason 
for producing the data shown in Table 2 was to validate the primary screening data 
that was gathered from the rCedV HTS assay. Thus, we concluded that our HTS 
approach was a valid method for defining NiV inhibitors. Next, target specificity 
was confirmed in a counterscreen assay using a vesicular stomatitis virus G (VSV-
G) protein. This hit showed a lack of detectable inhibition for VSV-G as well as 
some other unrelated viral proteins, including Lassa glycoprotein, and influenza 
fusion protein hemagglutinin H1 and H5 (0% inhibition at 12.5 µM). 

Table 3 shows eight additional inhibitors in the quinazoline series, namely 4-aminoquinazolines, that we 
identified from a focused screening campaign, which allowed us to develop some initial structure-activity 
relationships (SARs). Note that these 4-aminoquinazolines all bear substituents on the amino group at the 4-
position of the quinazoline ring and a carboethoxy substituent at the 2-position. In terms of SAR to be gleaned 
from the limited data set in Table 3, a few features stand out that are worth mentioning. It is clear that a variety 
of N-phenyl substituents give rise to active 
compounds, and that H, methyl and n-propyl 
groups as the second N-substituent all can 
produce good activity. However, it is also clear 
that one of the best compounds is compound 
14, bearing an unsubstituted cyclohexyl group, 
which suggests an area for optimization since 
compound 14 is the only compound where the 
phenyl ring has been replaced by a completely 
saturated (cyclohexyl) substituent. Another 
point worth making is that the two n-propyl 
compounds (16 and 18) are two of the best 
inhibitors. There may, in fact, be a rough 
correlation between cLogP and inhibitory 
activity, which may be worth exploring with a larger set of derivatives. It is clear that additional compounds in our 
4-aminoquinazoline series (Table 3) would provide excellent opportunities for further optimization of the inhibitory 
activities. In the Research Plan we discuss methods for the preparation of new 4-aminoquinazolines in addition 
to compounds in a backup series defined by our validation agent, CBS1437, as well as specific plans for 
developing the SARs. 

C2.2.3. Generation of Nipah and Hendra G and F nanobodies. We recently initiated a collaborative project 
in nanobody development against NiV and HeV, as well as other henipavirus glycoproteins, with Dr. Jianliang 
Xu (RAViD, Nanobody Core Lead). The Xu lab has engineered and established transgenic mice that produce 

Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates     
1-8 in the rCedV luciferase reporter virus assay. 

 

N 
Compound 

ID 
R1 R2 % inhib  

at 10 µM 

1 G577-0014 H 
3-chloro-4- 

methoxyphenyl 
81 

2 G577-0016 H 
2,4-

difluorophenyl 
18 

3 G577-0021 H 
2-chloro-4- 

fluorophenyl 
58 

4 G577-0022 H 3-methoxyphenyl 46 
5 G577-0028 Me cyclohexyl 93 
6 G577-0084 H 4-isopropylphenyl 85 
7 G577-0111 n-propyl 4-fluorophenyl 86 
8 G577-0112 Me 2-methylphenyl 94 

 

Table 2. Inhibition of rCedV and 
NiV-B by the HTS hit CBS1437. 

 
CedV  
(293T) 

CedV  
(Vero) 

NiV-B 
(Vero) 

EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 

0.70 100 2.1 100 3.3 
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VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels, and has published on the power and 
utility of anti-SARS-CoV-2 nanobodies(REF). We have already initiated the immunizations of several 
nanomouse cohorts using native-like oligomeric recombinant sF (Veesler lab) and sG glycoproteins (Broder 
lab) of NiV-B and HeV. Immune responses are excellent and sera measured by ELISA using the immunogens. 
The first of these cohorts will be processed in the coming weeks, and the Xu lab will be constructing phage 
libraries of polyclonal VHHs from each cohort. We except to be able to make rapid progress in Aim 2, in 
generating and characterizing diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV. 

D. RESEARCH DESIGN AND METHODS  
D1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-
activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed 
libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define 
henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM). 
D1.1. Synthetic Chemistry. In Figure 3 is shown a summary of how we will develop the SAR plan for the 4-
aminoquinazoline scaffold, as exemplified by changes to compound 8 (F577-0112). Substituent changes on the 

core fused scaffold will involve exploration of mono- and 
disubstitution substituent patterns on the quinazoline core to 
explore the optimum overall size for the core. Note that we 
may be able to use these substituents as “ADME handles” to 
control the overall hydrophobicity of the molecules and the 
cLogP values. In addition, we optimize substituents on both 
aryl rings, as indicated, and optimize the alkyl group on the 
tertiary amine. In addition, we will optimize the alkyl ester 
group, and we are very interested in replacing this ester with 
an amide, which would be more chemically and metabolically 
more stable. If the amide turns out to be an effective 

replacement, then we will also explore amide replacement units, such as ketomethylene, reduced ketone, 
retroamide, ethylene, and sulfonamide units, etc. In Scheme 1 is shown a brief synopsis of the general method 

used for the synthesis of 4-aminoquinazolines. The specific procedures 
for the three steps vary, but all initiate with anthranilamides. This general 
route will allow us to prepare compounds with varied R1, R2 and R3 groups 
as well as compounds with 
substituents that replace the 
carboethoxy functionality at the 2-
position. Several anthranilamides 
are commercially available, which 

will allow us to initially access starting materials with a variety of R3 groups. 
A variety of methods are available for accessing these 4-
aminoquinazolines, including initial treatment of the anthranilamides with 
ethyl ethoxycarbonylformimidate in ether36-37 as well as other methods.38,39 
Likewise, the additional reagents required for these syntheses are mostly 
commercially available, as well. Thus, it is very realistic that a large library 
of these potential inhibitors will be quite accessible. 

 
Figure 3. SAR development for 4-aminoquinazolines 

Scheme 1. General synthesis for 4-
aminoquinazolines. 

Scheme 2. Synthesis of G577-0112 
(cmpd 8). 
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In Scheme 2 is shown a specific synthesis of one of our best inhibitors in this set. Anthranilamide 9 is heated 
with diethyl oxalate in a solution of dimethylformamide (DMF) produces 2-carboethoxyquinazoline-4-one (10) in 
a condensation/cyclization process. Treatment of 10 with phosphorous oxychloride next provides a reactive 

intermediate, namely 2-carboethoxy-4-chloroquinazoline-
4-one (12), which affords the specific inhibitor G577-0112 
(compound 8) after a displacement reaction with 2-methyl-
N-methylaniline. 

In Figure 4 is shown a set of proposed compounds related 
to G577-0112 (compound 8) for which we show 
parameters calculated using Actelion OSIRIS software40. 
The proposed compounds (13 through 17) generally show 
improved druglikeness and drug scores (and other 
parameters) with respect to G577-0112 (compound 8), and 
therefore represent promising new targets for synthesis 
and evaluation. Note that a dramatic improvement in all 
parameters is seen in simply replacing the ester to an 
amide by substituting NH for O, to provide proposed new 
compound 13. In progressing through the constrained 
compounds 14 through 17, improvement of parameters 
culminates with the indoline derivative 17, whose 
druglikeness and druglike scres have very dramatically 
improved. Advantages of imposed conformational 
restraints, as seen in tetrahydroquinolines 14 and 15 and 

indolines 16 and 17, include a reduction in rotatable bonds, and, importantly, a preorganization of an effective 
conformation that can mitigate the entropic penalty of binding. 
In Figure 5 is shown the SAR development plan for our quinazolin-4-
one scaffold. There are three points of optimization that we envision 
for this trisubstituted fused core. At the 2-position, we will substitute the 
pyrrolidinyl substituent with additional cyclic and acyclic amines. The 
unsubstituted benzyl substituent at the 3-position will be optimized in 
terms of mono- and disubstitution patterns. The position of the 
carboxamide substituent located at the 7-position will be optimized, as 
will the N-alkyl group on the carboxamide. We will also replace the 
amide unit with various amide mimetic units, as indicated in Figure 5, 
since amides are subject to metabolic cleavage. Additional synthetic 
methods are available for the construction of both 4-aminoquinazolines 
and 2,3,7-trisubstituted quinazolin-4-ones. 

D.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one series 
and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently 
published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5 x 104 cells per well will 
be treated with growth medium containing either DMSO or selected compound at predetermined nontoxic 
concentrations for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 
and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using 
the ENVISION JANUS automated workstation (PerkinElmer, Waltham, MA) as per the manufacturer’s 
instructions. This plate reader is integrated directly with the robotic deck so that readings can be made 
unattended. The data will be normalized by the average signal of the negative control wells in each plate. The 
best inhibitors will be evaluated in HEK293T cells and Vero cells in 96-well plates. Cells will be incubated with 
compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 
0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the luminescent signal 
as described above. Sample signals will be normalized by signals from the DMSO control wells. EC50 and CC50 
values will be calculated by dose-response curve fitting with Graphpad prism. These assays will be conducted 
in the Broder Lab.  

Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). They are 
comprised of > 150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional 
libraries from ChemDiv and Enamine, including Antiviral Library composed of 65,937 novel diverse and targeted 
compounds with privileged scaffolds from ChemDiv’s collection, will be purchased by Chicago BioSolutions, 

Figure 4. Proposed inhibitors of rCedV based on Actelion 
OSIRIS predicted parameters. 

Figure 5. SAR development for CBS1437. 



Inc. Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the 
luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” 
compound after the initial round of screening. To further determine the specificity, a secondary screening 
(counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be 
used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSV-
G-mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and 
here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines 
will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition 
(non-potent) will not be actively pursued, while the more potent compounds (potent inhibitor, EC50 less than 10 
µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most 
potent compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and Ranking. 
We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent 
inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using 
the “CellTiter 96 aqueous nonradioactive cell proliferation assay” (Promega, Madison, WI) as described 
previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening 
will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control 
and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have 
the expected structure (LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and 
retested. 

D.1.3. Evaluation of protective propertiesantiviral activity of the advanced candidates. in the henipavirus 
infectious assays Inhibitors will be done tested against authentic NiV and HeV as previously described.7 Vero 
cells will be seeded in a 96-well plate at a density of 2 × 104 cells per well and incubated at 37 °C overnight. 
Cells will be incubated with a 3-fold dilution series of the selected compounds diluted in cell culture growth 
medium (final concentrations ranging from 100 µM to 0.01 µM) with or without NiV and HeV (200 PFU/mL). 
Infected cells treated with DMSO will serve as controls. At 48 h post infection (hpi), viral supernatant will be 
collected and titrated by plaque assay to determine infectious viral titer. Compound only cells will be examined 
microscopically for cytopathic effects (CPE) induced by compound treatment. The percent reduction in PFU/mL 
titers in the samples containing compounds will be compared to that from parallel control cultures with of virus 
and DMSO vehicle only. This work will be performed in the BSL-4 facility at UTMB (by the Geisbert Lab (Core 
?BSL-4 Core lead) . 

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of 
Drs. Gaisina and Moore. If we encounter a synthesis-related problem with our primary scaffold compounds, we 
will use an alternate strategy based on ausing a different reaction sequence. Should we encounter a scaffold-
related problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one scaffold or 
the additionalother HTS hits identified with the HTS of theusing the expanded libraries of compounds for defining 
lead compounds for advancement. 

D.2.1. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the 
mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The 
following experiments will be performed: 1) Determine the impact of compound treatment on viral protein 
expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be 
treated in duplicate with cell growth medium containing either DMSO or selected furopyrimidines at a 
predetermined concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells 
will be collected to determine viral protein expression by standard western blot techniques or viral RNA levels by 
quantitative real time polymerase chain reaction assays (q-RT-PCR). CedV specific antibodies against the 
attachment (G) and fusion (F) that were generated in the Broder Lab and antibodies to CedV-N and CedV-P 
will be utilized. To determine changes in viral protein expression at the different time points, densitometric counts 
of these bands will be calculated using the ImageJ Software and normalized against β-actin and calculated as a 
fold change compared to the infected untreated cells (DMSO control). Total RNA will be extracted and 500 ng of 
total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe pair 
targeting the N gene, and . The one-step reaction will be performed using the Applied Biosystems (ABI) 7500 
thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold changes will be 
calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We 
expect to observe a decrease in intracellular viral RNA levels expression with compound treatment when 
compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the 
compounds and the impact of the compounds on viral RNA levels over time; 2) Determine the stage(s) of 
inhibition of 4-aminoquinazolines and quinazolin-4-ones in the viral lifecycle. For time of addition studies, 
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HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which 
time the viral inoculum will be removed and cells washed three times with PBS. This will be considered as 0 hpi. 
Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain 
on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious 
viral titers (PFU/mL) by plaque assay.7,8 Results from this data will indicate at which stage of the viral life cycle 
the compounds are affecting; 3) Analyze escape mutants against the advanced lead compounds with Cedar 
virus. Target identification for small molecules. The rCedV tools used in the small molecule inhibitor 
identification assays (Aim 1) can also be exploited for antiviral target identification. In vitro selection of virus 
escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic changes associated 
with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras to generate 
neutralizing mAb escape mutants viruses. Here, we will test advanced lead compounds for antiviral resistance 
using techniques similar for generating mAb escape mutants.41,42 Briefly, a select compound will be used at the 
sub-optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial passaged in 
multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of inhibitor will 
be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then be amplified 
and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will be derived by 
deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral genomes. 
We expect that many mutations will map to the L polymerase gene of rCedV, however, both P and N proteins 
also comprise the replicase complex and mutations may appear in those gene products as well, which if identified 
also suggests the possibility of multiple drug combination testing going forward. We will validate key mutations 
found in drug resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse 
those rCedVs and assay for drug resistance. We will also confirm and correlate our drug targets by performing 
resistance selection of the best inibitors using authentic NiV-B and HeV in BSL-4 by the UTMB BSL-4 Core. 
D.2.2. Assess the binding properties by surface plasmon resonance (SPR). The Nipah NiV polymerase (L 
protein and a phosphoprotein P) will be prepared using a previously published protocol. Biacore T200 and 
Biacore 8KSPR systems will be used to obtain information on binding specificity, binding affinity of the new lead 
inhibitors (KD) to the RdRp protein, kinetics [association rate constants (ka), and dissociation rate constants (kd)] 
as previously described.43 Prefusion-stabilized RdRp protein will be immobilized on a CM5 chip using standard 
amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected over the flow 
channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir kinetic binding 
model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic analysis will be 
performed by UIC RRC, as previously done by the Rong lab. 

D.2.3. Structure determination of recombinant proteins with bound inhibitors by X-Ray crystallography 
and CryoEM. High-resolution structures of the Nipah NiV RdRp complex with key inhibitors such as CBS1437 
and the advanced lead compound to be developed will be obtained using both x-ray crystallography and CryoEM 
by Dr. Vessler Lab. It is expected that these structures will be determined and will reveal the atomic level details 
of how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for 
developing potent high-affinity ligands. Initial crystallization screens will be set up robotically using in-house 
Gryphon crystallization robotics. Biophysical techniques such as native mass spectrometry and thermal shift 
assays, light scattering, and fluorophore analysis to measure protein stability and folding are routine and will be 
used to ensure that bound compounds are not destabilizing domain structures to prevent crystallization. X-ray 
data collection will be done where? Crystal structures will be determined by molecular replacement using existing 
structures as search models. For inhibitors binding to regions other than above or if co-crystals cannot be 
obtained, cryo-EM will be used to determine the complex structure. For EM studies, we will utilize automated 
data collection software to facilitate throughput. In brief, data will be processed using the Appion44 pipeline, which 
keeps track of all data and processing steps. All data will be processed using multiple single particle EM software 
packages, including cryoSparc45, EMAN46, and RELION47. Purified complexes will be deposited onto grids, 
blotted, and cryo-plunged into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the 
complexes will be collected using automated image acquisition software under low dose conditions. Structures 
generated by cryo-EM will be refined and reconstructed by molecular dynamics (MD) studies. While cryo-EM 
can provide access to the near-atomic resolution structures of large biomolecular systems--in their near native 
environment, MD can be used to reveal its dynamic behavior and refine low-resolution regions of cryo-EM 
reconstructions48,49. Furthermore, as X-ray/cryo-EM structures of polymerase in complex with key inhibitors (i.e., 
CBS1437 and additional derivatives) become available, MD studies of these systems will be conducted to reveal 
the dynamic nature of protein/ligand interactions50-54, to explore the conformational landscape55 of ligand binding 
events, and to capture conformational variability of intermediate states48,56, which can be crucial to gain 
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mechanistic knowledge of biological function, but remain out of reach through experimental approaches. David, 
please look at this section. Make necessary corrections.  
 
Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are 
commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously 
rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T 
cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism 
studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-
aminoquinazolines or quinazoline-4-ones. 

D.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. Milestone: 
Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver microsomes, 
low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before investigating the 
efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal dosing regimen 
for the efficacy studies with the advanced lead compounds. 
D.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing.  
Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further 
therapeutic development. We will assess several critical in vitro ADME-T properties and prioritize compounds 
accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out using the CYP3A4, and 
CYP2D6 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp.), Woburn, MA) 
to rapidly screen for potential inhibitors of the principal drug metabolizing cytochrome P450 enzymes.57 
Compounds with IC50 values ≥100 µM for CYP isoforms will be prioritized for further advancement. Rat/Human  
Liver Microsome Stability. Rat and human liver microsome preparations will be used to evaluate the metabolic 
stability of compounds by the method of Kuhnz et al.58 Compounds with >30% recovery (1 h) will be considered 
for further advancement. hERG channel blockade. The ability of compounds to block the hERG channel will be 
assessed in a [3H] dofetilide-binding assay as previously described by Finlayson et al.59 using SHSY5Y cells. 
Compounds that do not prevent [3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug 
absorption through the intestinal epithelium is critical to good oral bioavailability. We will use the Caco-2 method 
as described by Gres et al.60 to evaluate the potential for oral bioavailability of the lead inhibitors. Compounds 
exhibiting a Caco-2 permeability value (Papp) greater than 1 × 10-6 cm/sec will be prioritized. Bacterial reverse 
mutation assay (Ames): Four Salmonella typhimurium strains (TA1535, TA1537, TA98, TA100) and one 
Escherichia coli strain (WP2 uvrA) will be used. The bacteria will be exposed to different dose levels of the 
compound up to a solubility-limiting level in the presence or absence of rat liver enzymes (rat S9 liver fraction) 
acting in the normal process of metabolism and any reverse mutations will be determined. In vitro mammalian 
chromosomal aberration test: The purpose of this study is to evaluate the clastogenic potential of the 
compound based on its ability to induce chromosome aberrations in human peripheral blood lymphocytes. 
D.3.2. PK studies: Naïve male/female mice (equal number, 3 groups of 36 animals total) will be treated with a 

single dose via i.v., i.p., or oral gavage administration and blood will be collected and processed to obtain plasma 
and serum from three animals/group/time point at up to 12 time points through 24 h post dose. Two doses will 

 

Will be MODIFIED Figure 5 
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be used to establish the drug exposure-dose range relationship: the estimated efficacious dose (ED), based 
upon preliminary data at 25 mg/kg i.p. or p.o. and an observable adverse effect dose (OAED) (to be determined). 
Compounds of interest will be extracted from biological specimens by protein precipitation, analyzed on a triple-
quadruple mass spectrometer (LC-MS/MS) and quantified using an internal standard method with a minimum of 
a five-point calibration curve. PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. 
Depending on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate 
calculations of AUC. Plasma concentration will be established to support dosage selection for efficacy studies. 
Formulation stability and PK/Toxicity studies will be performed by CROs. 

Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc. and Reaction Biology, Corp., and supervised by 
Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to 
meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to 
meet the objectives in this aim.  

We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced 
lead compounds, which will allow for the future selection of a preclinical candidate (Figure 5). 

D.4. AIM 2: Characterization of the potency and breadth of selected nanobodies. 
Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies 
targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also 
collaborate with the core??? UTMB, BSL-4 Core to evaluate lead candidates with authentic NiV and HeV and 
also in vivo in Aim 3. Batteries of nanobodies to the F and G glycoproteins of NiV and HeV will be isolated from 
phage libraries constructed using cohorts of nanomice immunized with sF and sG recombinant glycoproteins 
(C2.2.3. Preliminary Data). The Core will conduct preliminary characterizations on binding and specificities and 
then provide purified nanobody panels to the Veesler and Broder labs for detailed studies. 

D.4.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth. 

D.4.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of 
prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian 
cells, including NiV pah virus (Bengladesh and Malaysia strains) and Hendra HeV virus (both ancestral and the 
newly described variant) with and without avi-tag for biotinylation.61-63 These proteins were used to vaccinate 
transgenic mice for nanobody production and will be used for downstream screening of the nanobody libraries 
and for exploring cross-reactivity with Nipah and Hendra virusNiV and HeV glycoproteins and with more distantly 
related henipaviruses using high-throughput ELISA assays. Biolayer interferometry analysis of binding kinetics 
and affinity will be carried out for the most promising nanobodies selected by ELISAs to enable ranking them 
based on binding affinities and cross-reactivity. 

D.4.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit Nipah virus 
and Hendra virusNiV and HeV, we will use a high-throughput neutralization assay developed in the (conducted 
in the Broder lab). This assay is based on green fluorescent protein (GFP)-encoding, recombinant replication-
competent, Cedar (henipa)virus (rCedV) chimeras in which the native glycoproteins are substituted with the NiV-
B (rCedV-NiV-B-GFP, Bengladesh strain) or the HeV (rCedV-HeV-GFP) F and G glycoproteins (see:  C.2.1. 
Preliminary Data).7,64 This platform is safe, enabling utilization at BSL-2 compared to BSL-4 for authentic viruses, 
and has been thoroughly validated and shown to faithfully recapitulate the data obtained with NiV-B and HeV 
with both monoclonal antibodies and vaccine-elicited polyclonal sera. This method was used to support the 
preclinical development of G-specific antibodies5. Furthermore, the Broder lab recently developed a rCedV-
HeVv-GFP using reverse-genetics to study the antigenic properties of a newly described Hendra virusHeV 
variant.65 These assays will enable ranking each nanobody based on their neutralization potency and breadth to 
assist downstream selection. For nanobodies for which cross-reactivity will be detected beyond Nipah and 
Hendra virusesNiV and HeV (e.g. CedV), their inhibitory activity will be tested against authentic CedV. Finally, 
these chimeric virus neutralization assays can be implemented for viruses for which no isolates are available (as 
is the case for henipaviruses discovered through metagenomics in bats or other animals).66,67 

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing 
certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity 
with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy 
imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins 
and viruses and performed by multiple individuals to ensure the reproducibility of our assays.  
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Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad 
and potent neutralizing activity against Nipah virus and Hendra virusNiV and HeV. The top candidates will be 
further studied structurally and functionally and evaluated for in vivo efficacy. 

D.4.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition. 
Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-
level understanding of binding and inhibition which will be validated using functional assays. This structural 
framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth 
and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins 
and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G 
glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. 
The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput 
structural studies of viral glycoproteins. We use the Leginon data collection software which runs 24 hours per 
day and enables automated targeting and image acquisition while keeping a relational database of all 
micrographs to expedite subsequent processing.68 Many image processing tasks are automated as part of a 
workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by 
storing all the details related to image acquisition and processing.44,69 Complexes of nanobodies with 
glycoproteins will be vitrified and imaged using cryoEM to visualize directly the epitopes targeted by the different 
nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience 
in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,61,63,70-72 
mechanical stage tilting with gold grids73,74 or detergents to modify surface tension75. Some of the nanobodies 
might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened resolution. 
We will overcome this using workflows developed in-house specifically for that purpose for previously 
characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D 
classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.73,76-80 Refinement 
of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of 
Washington.81-83 
The Nipah virusNiV attachment (G) glycoprotein engages host receptors, is the basis of a commercially available 
horse vaccine and entered phase I clinical trials for use in humans with funding from the Coalition for Epidemic 
Preparedness Initiatives. The Veesler and Broder labs recently determined a high-resolution cryoEM structure 
of the Nipah virusNiV G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 
years, hindering both our understanding of immunity directed towards G and the rational design of vaccines. The 
structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3) which 
recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. 
This study revealed the ultrastructural organization of this key target of the immune system, informs the 
mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic 
design. The know-how generated to achieve this groundbreaking result will directly support the proposed project. 
D.4.2.1. High-resolution structural studies using X-ray crystallography. Some of the nanobodies might bind 
to regions that are intrinsically flexible thereby limiting resolution using cryoEM. We have already encountered 
such cases with coronavirus fusion machinery-directed antibodies binding to linear epitopes in the spikes. We 
will overcome these challenges by determining high-resolution crystal structures of the nanobodies bound to 
their cognate epitopes, similar to the strategy we used to obtain structural information of the B6 and S2P6 
antibodies bound to several β-coronavirus stem helices. Refinement of atomic models will use both Phenix84 and 
BUSTER-TNT.85. 

D.4.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred 
from the the structural data will be validated using receptor binding, F cleavage and membrane fusion assays 
we previously implemented for henipaviruses and coronaviruses.61-63,71,86,87 

Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot 
be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, 
which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-
150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM 
center, which Dr. Veesler co-directs. 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and 
the formulation of cocktails. This work will also demonstrate the mechanism(s) of action of nanobodies leading 
to inhibition of viral entry. 

Formatted: Font: Bold

Formatted: Font: Bold



Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in 
the field. For cryoEM maps, these will include gold-standard projection matching refinements88-90 and high-
resolution noise substitution prior to Fourier shell correlation calculations91 to avoid overfitting. Atomic models 
will be assessed using Molprobity,92, EMringer93 and Privateer.94. The coordinates of the structures solved as 
part of this work, as well as the corresponding experimental data, will be made freely available through deposition 
in the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-
reactivity and the design of nanobody cocktails. 

D.4.3. AIM 2C. Structure-guided formulation of nanobody cocktails. 

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or 
treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 
10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical 
isolates, the two-mAb cocktail proved more resilient to escape mutations.95-97 Because experimental passaging 
of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape 
mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails 
that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins.  

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent 
a unique opportunity for implementing multi-pronged targeting which has not been evaluated previously. We will 
combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their 
antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV 
chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side 
to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-
selection will include maximal neutralization potency and breadth and structural characterization will be used to 
ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary. 

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails 
with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection. 

D.5. AIM 3: Evaluation of lead compounds in vivo. 

Rationale: Aim 3 will collaborate with Core D to evaluate lead candidates in vivo. A critical aspect of antiviral 
discovery that is often overlooked is the early stage testing of lead compounds in a well-studied and well-
validated in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic 
henipaviruses (NiV and HeV) which includes the Syrian golden hamster (refs) and AGM (refs). PK/PD studies 
will be carried out in the NiV/HeV hamster model. Protective efficacy studies using select best-in-class drugs 
and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-concept protective efficacy 
studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and HeV infected AGM models. 

D.5.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary 
pharmacokinetic (PK) studies in hamsters and AGMs will be performed by Core Dby the UTMB Core. Using 
intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these 
studies will examine the concentration of lead compounds in plasma over time in order to establish parameters 
such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and 
dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter 
for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) 
above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in 
hamster models of heniavirus disease. Lead compounds which demonstrate good exposure-response antiviral 
activity in hamsters will then advance into AGM PK studies using similar dose administration and measured 
parameters as above. The data will be used to select doses and dosing regimens for the subsequent protection 
studies in AGMs. 

D.5.2. In vivo testing of lead compounds NiV/HeV infected hamsters. The in vivo activity of the most potent 
compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will be 
randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of NiVB 
or HeV (refs). Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different 
doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will 
be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight 
loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 
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optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis 
in the Subaims below. 

D.5.3. Define breakthrough conditions for anti-henipavirus antivirals in hamsters. This Subaim will employ 
the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect hamsters 
against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after henipavirus 
exposure. The goal of this Subaim is to determine the time points of treatment initiation when the antivirals fail 
to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and 
inoculated i.n. with ~ 5x106 PFU of NiV or HeV (refs). Treatments will be initiated at various times after 
henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters 
succumb to disease. 

D.5.4. Combination therapy of anti-henipavirus antivirals in hamsters. This Subaim will employ the most 
promising antivirals from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. Hamsters will 
be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x105 PFU of NiV or HeV 
(refs). Treatment with at least two different antivirals will be administered beginning at a time point where 
substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if combining at 
least two different antivirals improves survival. Group sizes may be increased as needed to obtain appropriate 
statistical power to show the survival benefit of combination therapy. 

D.5.5. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will 
employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol 
delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can 
protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiV-B or HeV as determined in henipavirus 
dose confirmation studies conducted by Core D (see Core D). Treatments with drugs, nanobodies, or 
combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization 
by Aerosol Delivery CoreCore X (see Core X) at various times after henipavirus infection. 

D.5.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of 
concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV 
infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol 
using the MAD system as previously described (ref) or by small particle aerosol as previously described (refs) 
with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV. The treatment groups (consisting of five 
animals each) will be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by 
Aerosol Delivery CoreCore X up to 5 days after viral challenge (initiation time informed by hamster studies) 
while control animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be 
assessed by several methods, including respiration quality, physical appearance, clinical pathology, viremia 
(nasal swabs and blood), and survival. 

Potential Pitfalls and Alternative Strategies. It is possible that Aerosol Delivery Core X may experience 
difficulties in optimizing aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that aerosol delivery 
of antivirals may not improve protective efficacy or extend the therapeutic window of antivirals. We will also 
assess conventional parenteral delivery routes (as noted in the subaims above) which were previously shown 
for remdesivir and monoclonal antibodiesmAbs to protect animals against lethal henipavirus disease to de-risk 
this Aim. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which 
compounds were given to which animals until experiments and analysis are completed. We will employ equal or 
near equal numbers of male and female animals and general age (infant or geriatric animals will not be used). 

In summary, the emergence and re-emergence of Nipah virusNiV infections throughout the world, coupled with 
its high fatality rate, provide very significant motivation for the preparation of small molecule inhibitors of this 
virus to create a readiness for the next Nipah virusNiV or other related pathogenic henipavirus outbreaks. We 
have discovered two differentiated series of compounds that show early promise as agents that have potential 
for treating Nipah virusNiV infections, and we have designed a series of optimized druglike candidates for future 
preparation and development.  

 

  

Formatted: Not Superscript/ Subscript

Formatted: Font: Bold

Formatted: Font: Bold



 
REFERENCES 

1 Eaton, B. T., Broder, C. C., Middleton, D. & Wang, L. F. Hendra and Nipah viruses: different and dangerous. Nat 
Rev Microbiol 4, 23-35, doi:10.1038/nrmicro1323 (2006). 

2 Geisbert, T. W., Feldmann, H. & Broder, C. C. Animal challenge models of henipavirus infection and 
pathogenesis. Curr Top Microbiol Immunol 359, 153-177, doi:10.1007/82_2012_208 (2012). 

3 Nikolay, B. et al. Transmission of Nipah Virus - 14 Years of Investigations in Bangladesh. N Engl J Med 380, 1804-
1814, doi:10.1056/NEJMoa1805376 (2019). 

4 Arunkumar, G. et al. Outbreak Investigation of Nipah Virus Disease in Kerala, India, 2018. J Infect Dis 219, 1867-
1878, doi:10.1093/infdis/jiy612 (2019). 

5 Pernet, O. et al. Evidence for henipavirus spillover into human populations in Africa. Nat Commun 5, 5342, 
doi:10.1038/ncomms6342 (2014). 

6 Clayton, B. A., Wang, L. F. & Marsh, G. A. Henipaviruses: an updated review focusing on the pteropid reservoir 
and features of transmission. Zoonoses Public Health 60, 69-83, doi:10.1111/j.1863-2378.2012.01501.x (2013). 

7 Amaya, M. et al. A recombinant Cedar virus based high-throughput screening assay for henipavirus antiviral 
discovery. Antiviral Res 193, 105084, doi:10.1016/j.antiviral.2021.105084 (2021). 

8 Laing, E. D. et al. Rescue and characterization of recombinant cedar virus, a non-pathogenic Henipavirus species. 
Virol J 15, 56, doi:10.1186/s12985-018-0964-0 (2018). 

9 Laing, E. D. et al. Structural and functional analyses reveal promiscuous and species specific use of ephrin 
receptors by Cedar virus. Proc Natl Acad Sci U S A 116, 20707-20715, doi:10.1073/pnas.1911773116 (2019). 

10 Xu, J. et al. Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants. Nature 595, 278-282, 
doi:10.1038/s41586-021-03676-z (2021). 

11 Desselberger, U. Emerging and re-emerging infectious diseases. J Infect 40, 3-15 (2000). 
12 Luby, S. P. & Broder, C. C. in Viral Infections of Humans, Epidemiology and Control   (eds R. A. Kaslow, L. R. 

Stanberry, & J. W. Le Duc) Ch. 22, 519-536 (Springer Science+Business Media, 2014). 
13 Wang, L.-F., Mackenzie, J. S. & Broder, C. C. in Fields Virology Vol. 1  (eds D. M. Knipe & P. M. Howley) Ch. 37, 

1070-1085 (Lippincott Williams & Wilkins, 2013). 
14 Murray, K. et al. A novel morbillivirus pneumonia of horses and its transmission to humans. Emerg Infect Dis 1, 

31-33, doi:10.3201/eid0101.950107 (1995). 
15 Selvey, L. A. et al. Infection of humans and horses by a newly described morbillivirus. Med J Aust 162, 642-645 

(1995). 
16 Halpin, K. et al. Pteropid Bats are Confirmed as the Reservoir Hosts of Henipaviruses: A Comprehensive 

Experimental Study of Virus Transmission. Am J Trop Med Hyg 85, 946-951, doi:85/5/946 [pii] 

10.4269/ajtmh.2011.10-0567 [doi] (2011). 
17 Broder, C. C. et al. A treatment for and vaccine against the deadly Hendra and Nipah viruses. Antiviral research 

100, 8-13, doi:10.1016/j.antiviral.2013.06.012 (2013). 
18 Sweileh, W. M. Global research trends of World Health Organization's top eight emerging pathogens. Global 

Health 13, 9, doi:10.1186/s12992-017-0233-9 (2017). 
19 Middleton, D. et al. Hendra virus vaccine, a one health approach to protecting horse, human, and environmental 

health. Emerg Infect Dis 20, 372-379, doi:10.3201/eid2003.131159 (2014). 
20 Amaya, M. & Broder, C. C. Vaccines to Emerging Viruses: Nipah and Hendra. Annu Rev Virol 7, 447-473, 

doi:10.1146/annurev-virology-021920-113833 (2020). 
21 Playford, E. G. et al. Safety, tolerability, pharmacokinetics, and immunogenicity of a human monoclonal antibody 

targeting the G glycoprotein of henipaviruses in healthy adults: a first-in-human, randomised, controlled, phase 
1 study. Lancet Infect Dis, doi:10.1016/s1473-3099(19)30634-6 (2020). 

22 Mire, C. E. et al. Pathogenic Differences between Nipah Virus Bangladesh and Malaysia Strains in Primates: 
Implications for Antibody Therapy. Sci Rep 6, 30916, doi:10.1038/srep30916 (2016). 

23 Geisbert, T. W. et al. Therapeutic treatment of Nipah virus infection in nonhuman primates with a neutralizing 
human monoclonal antibody. Science translational medicine 6, 242ra282, doi:10.1126/scitranslmed.3008929 
(2014). 



24 Xu, K. et al. Crystal structure of the hendra virus attachment g glycoprotein bound to a potent cross-reactive 
neutralizing human monoclonal antibody. PLoS pathogens 9, e1003684, doi:10.1371/journal.ppat.1003684 
(2013). 

25 Bossart, K. N. et al. A neutralizing human monoclonal antibody protects African green monkeys from Hendra 
virus challenge. Science translational medicine 3, 105ra103, doi:10.1126/scitranslmed.3002901 (2011). 

26 Bossart, K. N. et al. A neutralizing human monoclonal antibody protects against lethal disease in a new ferret 
model of acute Nipah virus infection. PLoS pathogens 5, e1000642, doi:10.1371/journal.ppat.1000642 [doi] 
(2009). 

27 Marsh, G. A. et al. Cedar virus: a novel Henipavirus isolated from Australian bats. PLoS pathogens 8, e1002836, 
doi:10.1371/journal.ppat.1002836 (2012). 

28 Lieu, K. G., Marsh, G. A., Wang, L. F. & Netter, H. J. The non-pathogenic Henipavirus Cedar paramyxovirus 
phosphoprotein has a compromised ability to target STAT1 and STAT2. Antiviral research 124, 69-76, 
doi:10.1016/j.antiviral.2015.09.017 (2015). 

29 Wu, Z. et al. Novel Henipa-like virus, Mojiang Paramyxovirus, in rats, China, 2012. Emerg Infect Dis 20, 1064-
1066, doi:10.3201/eid2006.131022 (2014). 

30 Drexler, J. F. et al. Bats host major mammalian paramyxoviruses. Nature communications 3, 796, 
doi:10.1038/ncomms1796 (2012). 

31 Muyldermans, S. Nanobodies: natural single-domain antibodies. Annual review of biochemistry 82, 775-797, 
doi:10.1146/annurev-biochem-063011-092449 (2013). 

32 Muyldermans, S. Applications of Nanobodies. Annual review of animal biosciences 9, 401-421, 
doi:10.1146/annurev-animal-021419-083831 (2021). 

33 Scully, M. et al. Caplacizumab Treatment for Acquired Thrombotic Thrombocytopenic Purpura. The New England 
journal of medicine 380, 335-346, doi:10.1056/NEJMoa1806311 (2019). 

34 Doyle, M. P. et al. Cooperativity mediated by rationally selected combinations of human monoclonal antibodies 
targeting the henipavirus receptor binding protein. Cell reports 36, 109628, doi:10.1016/j.celrep.2021.109628 
(2021). 

35 Ianevski, A., Giri, A. K. & Aittokallio, T. SynergyFinder 2.0: visual analytics of multi-drug combination synergies. 
Nucleic Acids Res 48, W488-W493, doi:10.1093/nar/gkaa216 (2020). 

36 Gomez, E., Avendano, C. & Mckillop, A. Ethyl Carboethoxyformimidate in Heterocyclic Chemistry. Tetrahedron 
42, 2625-2634, doi:Doi 10.1016/S0040-4020(01)90547-2 (1986). 

37 Mckillop, A., Henderson, A., Ray, P. S., Avendano, C. & Molinero, E. G. Heterocyclic Synthesis Using Ethyl 
Carboethoxyformimidate. Tetrahedron Lett 23, 3357-3360, doi:Doi 10.1016/S0040-4039(00)87614-5 (1982). 

38 Suesse, M. A., F.; Johne, S. Quinazolinecarboxylic acid.  Synthesis of alkyl[2-(ethoxycarbonyl)-3,4-dihydro-4-
oxoquinazolin-3-yl]-, [2-(ethoxycarbonyl)quinazolin-4-yloxy]- and (5,6,7,8-tetrahydro-2-phenylquinazolin-4-
ylthio)alkanoates. Helvetica Chimica Acta 69, 1017-1024 (1986). 

39 Sugiyama, Y., Sasaki, T. & Nagato, N. Acid-Catalyzed Reactions of Ethyl Cyanoformate with Aromatic-Amines in 
Acetic-Acid - Facile Synthesis of N-Substituted Amidinoformic Acids and Ethyl 4-Quinazolone-2-Carboxylate. J 
Org Chem 43, 4485-4487, doi:DOI 10.1021/jo00417a020 (1978). 

40 Ursu, O., Rayan, A., Goldblum, A. & Oprea, T. I. Understanding drug-likeness. WIRES Comp. Mol. Sci. 1, 760-781, 
doi:10.1002/wcms.52 (2011). 

41 Dang, H. V. et al. Broadly neutralizing antibody cocktails targeting Nipah virus and Hendra virus fusion 
glycoproteins. Nat Struct Mol Biol 28, 426-434, doi:10.1038/s41594-021-00584-8 (2021). 

42 Dang, H. V. et al. An antibody against the F glycoprotein inhibits Nipah and Hendra virus infections. Nat Struct 
Mol Biol 26, 980-987, doi:10.1038/s41594-019-0308-9 (2019). 

43 Markgren, P. O., Hamalainen, M. & Danielson, U. H. Kinetic analysis of the interaction between HIV-1 protease 
and inhibitors using optical biosensor technology. Anal Biochem 279, 71-78, doi:DOI 10.1006/abio.1999.4467 
(2000). 

44 Lander, G. C. et al. Appion: an integrated, database-driven pipeline to facilitate EM image processing. Journal of 
structural biology 166, 95-102 (2009). 

45 Punjani, A., Rubinstein, J. L., Fleet, D. J. & Brubaker, M. A. cryoSPARC: algorithms for rapid unsupervised cryo-EM 
structure determination. Nat Methods 14, 290-296, doi:10.1038/nmeth.4169 (2017). 

46 Ludtke, S. J. 3-D structures of macromolecules using single-particle analysis in EMAN. Methods in molecular 
biology 673, 157-173, doi:10.1007/978-1-60761-842-3_9 (2010). 



47 Scheres, S. H. RELION: implementation of a Bayesian approach to cryo-EM structure determination. Journal of 
structural biology 180, 519-530, doi:10.1016/j.jsb.2012.09.006 (2012). 

48 Nierzwicki, Ł. & Palermo, G. Molecular Dynamics to Predict Cryo-EM: Capturing Transitions and Short-Lived 
Conformational States of Biomolecules. Front Mol Biosci 8, 641208, doi:10.3389/fmolb.2021.641208 (2021). 

49 Hughes, T. E. T. et al. Structural insights on TRPV5 gating by endogenous modulators. Nature communications 9, 
4198, doi:10.1038/s41467-018-06753-6 (2018). 

50 Wu, Y. et al. Flipping in the Pore: Discovery of Dual Inhibitors That Bind in Different Orientations to the Wild-
Type versus the Amantadine-Resistant S31N Mutant of the Influenza A Virus M2 Proton Channel. Journal of the 
American Chemical Society 136, 17987-17995, doi:10.1021/ja508461m (2014). 

51 Gianti, E., Carnevale, V., DeGrado, W. F., Klein, M. L. & Fiorin, G. Hydrogen-Bonded Water Molecules in the M2 
Channel of the Influenza A Virus Guide the Binding Preferences of Ammonium-Based Inhibitors. J. Phys. Chem. B 
119, 1173-1183, doi:10.1021/jp506807y (2015). 

52 Wang, J. et al. Structure and inhibition of the drug-resistant S31N mutant of the M2 ion channel of influenza A 
virus. PNAS 110, 1315-1320, doi:10.1073/pnas.1216526110 (2013). 

53 Wang, J. et al. Molecular Dynamics Simulation Directed Rational Design of Inhibitors Targeting Drug-Resistant 
Mutants of Influenza A Virus M2. Journal of the American Chemical Society 133, 12834-12841, 
doi:10.1021/ja204969m (2011). 

54 Gianti, E., Delemotte, L., Klein, M. L. & Carnevale, V. On the role of water density fluctuations in the inhibition of 
a proton channel. PNAS 113, E8359-E8368, doi:10.1073/pnas.1609964114 (2016). 

55 Casalino, L. et al. Beyond Shielding: The Roles of Glycans in the SARS-CoV-2 Spike Protein. ACS Cent Sci 6, 1722-
1734, doi:10.1021/acscentsci.0c01056 (2020). 

56 Delemotte, L., Tarek, M., Klein, M. L., Amaral, C. & Treptow, W. Intermediate states of the Kv1.2 voltage sensor 
from atomistic molecular dynamics simulations. PNAS 108, 6109-6114, doi:10.1073/pnas.1102724108 (2011). 

57 Perni, R. B. et al. Preclinical profile of VX-950, a potent, selective, and orally bioavailable inhibitor of hepatitis C 
virus NS3-4A serine protease. Antimicrob Agents Chemother 50, 899-909, doi:50/3/899 [pii] 

10.1128/AAC.50.3.899-909.2006 (2006). 
58 Kuhnz, W. & Gieschen, H. Predicting the oral bioavailability of 19-nortestosterone progestins in vivo from their 

metabolic stability in human liver microsomal preparations in vitro. Drug Metab Dispos 26, 1120-1127 (1998). 
59 Finlayson, K., Pennington, A. J. & Kelly, J. S. [3H]dofetilide binding in SHSY5Y and HEK293 cells expressing a 

HERG-like K+ channel? Eur J Pharmacol 412, 203-212, doi:S0014299901007312 [pii] (2001). 
60 Gres, M. C. et al. Correlation between oral drug absorption in humans, and apparent drug permeability in TC-7 

cells, a human epithelial intestinal cell line: comparison with the parental Caco-2 cell line. Pharm Res 15, 726-
733 (1998). 

61 Dang, H. V. et al. Broadly neutralizing antibody cocktails targeting Nipah virus and Hendra virus fusion 
glycoproteins. Nat Struct Mol Biol 28, 426-+ (2021). 

62 Cheliout Da Silva, S. et al. Functional Analysis of the Fusion and Attachment Glycoproteins of Mojiang 
Henipavirus. Viruses 13, doi:10.3390/v13030517 (2021). 

63 Dang, H. V. et al. An antibody against the F glycoprotein inhibits Nipah and Hendra virus infections. Nat Struct 
Mol Biol 26, 980-+ (2019). 

64 Doyle, M. P. et al. Cooperativity mediated by rationally selected combinations of human monoclonal antibodies 
targeting the henipavirus receptor binding protein. Cell Rep 36 (2021). 

65 Wang, J. N. et al. A new Hendra virus genotype found in Australian flying foxes. Virol J 18, doi:ARTN 197 

10.1186/s12985-021-01652-7 (2021). 
66 Drexler, J. F. et al. Henipavirus RNA in African Bats. Plos One 4, doi:ARTN e6367 

10.1371/journal.pone.0006367 (2009). 
67 Weiss, S. et al. Henipavirus-related Sequences in Fruit Bat Bushmeat, Republic of Congo. Emerg Infect Dis 18, 

1536-+, doi:10.3201/eid1809.111607 (2012). 
68 Suloway, C. et al. Automated molecular microscopy: The new Leginon system. J Struct Biol 151, 41-60, 

doi:10.1016/j.jsb.2005.03.010 (2005). 
69 Tegunov, D. & Cramer, P. Real-time cryo-electron microscopy data preprocessing with Warp. Nat Methods 16, 

1146-+, doi:10.1038/s41592-019-0580-y (2019). 



70 Park, Y. J. et al. Structures of MERS-CoV spike glycoprotein in complex with sialoside attachment receptors. Nat 
Struct Mol Biol 26, 1151-+, doi:10.1038/s41594-019-0334-7 (2019). 

71 Tortorici, M. A. et al. Broad sarbecovirus neutralization by a human monoclonal antibody. Nature 597, 103-+, 
doi:10.1038/s41586-021-03817-4 (2021). 

72 Walls, A. C. et al. Structure, Function, and Antigenicity of the SARS-CoV-2 Spike Glycoprotein (vol 180, 281.e1, 
2020). Cell 183, 1735-1735, doi:10.1016/j.cell.2020.11.032 (2020). 

73 Piccoli, L. et al. Mapping Neutralizing and Immunodominant Sites on the SARS-CoV-2 Spike Receptor-Binding 
Domain by Structure-Guided High-Resolution Serology. Cell 183, 1024-+, doi:10.1016/j.cell.2020.09.037 (2020). 

74 Pinto, D. et al. Cross-neutralization ofSARS-CoV-2 by a human monoclonal SARS-CoV antibody. Nature 583, 290-
+, doi:10.1038/s41586-020-2349-y (2020). 

75 Tortorici, M. A. et al. Structural basis for human coronavirus attachment to sialic acid receptors. Nat Struct Mol 
Biol 26, 481-+, doi:10.1038/s41594-019-0233-y (2019). 

76 Cao, L. X. et al. De novo design of picomolar SARS-CoV-2 miniprotein inhibitors. Science 370, 426-+, 
doi:10.1126/science.abd9909 (2020). 

77 Hunt, A. C. et al. Multivalent designed proteins protect against SARS-CoV-2 variants of concern. bioRxiv : the 
preprint server for biology, doi:10.1101/2021.07.07.451375 (2021). 

78 McCallum, M. et al. SARS-CoV-2 immune evasion by the B.1.427/B.1.429 variant of concern. Science 373, 648-
654, doi:10.1126/science.abi7994 (2021). 

79 McCallum, M. et al. N-terminal domain antigenic mapping reveals a site of vulnerability for SARS-CoV-2. bioRxiv : 
the preprint server for biology, doi:10.1101/2021.01.14.426475 (2021). 

80 Tortorici, M. A. et al. Ultrapotent human antibodies protect against SARS-CoV-2 challenge via multiple 
mechanisms. Science 370, 950-957, doi:10.1126/science.abe3354 (2020). 

81 Frenz, B., Walls, A. C., Egelman, E. H., Veesler, D. & DiMaio, F. RosettaES: a sampling strategy enabling 
automated interpretation of difficult cryo-EM maps. Nat Methods 14, 797-800, doi:10.1038/nmeth.4340 (2017). 

82 Frenz, B. et al. Automatically Fixing Errors in Glycoprotein Structures with Rosetta. Structure 27, 134-139 e133, 
doi:10.1016/j.str.2018.09.006 (2019). 

83 Wang, R. Y. et al. Automated structure refinement of macromolecular assemblies from cryo-EM maps using 
Rosetta. eLife 5, doi:10.7554/eLife.17219 (2016). 

84 Liebschner, D. et al. Macromolecular structure determination using X-rays, neutrons and electrons: recent 
developments in Phenix. Acta crystallographica. Section D, Structural biology 75, 861-877, 
doi:10.1107/S2059798319011471 (2019). 

85 Blanc, E. et al. Refinement of severely incomplete structures with maximum likelihood in BUSTER-TNT. Acta 
crystallographica. Section D, Biological crystallography 60, 2210-2221, doi:10.1107/S0907444904016427 (2004). 

86 Pinto, D. et al. Broad betacoronavirus neutralization by a stem helix-specific human antibody. Science 373, 1109-
1116, doi:10.1126/science.abj3321 (2021). 

87 Sauer, M. M. et al. Structural basis for broad coronavirus neutralization. bioRxiv : the preprint server for biology, 
doi:10.1101/2020.12.29.424482 (2021). 

88 Scheres, S. H. W. RELION: Implementation of a Bayesian approach to cryo-EM structure determination. J Struct 
Biol 180, 519-530, doi:10.1016/j.jsb.2012.09.006 (2012). 

89 Punjani, A., Zhang, H. W. & Fleet, D. J. Non-uniform refinement: adaptive regularization improves single-particle 
cryo-EM reconstruction. Nat Methods 17, 1214-+, doi:10.1038/s41592-020-00990-8 (2020). 

90 Rosenthal, P. B. & Henderson, R. Optimal determination of particle orientation, absolute hand, and contrast loss 
in single-particle electron cryomicroscopy. J Mol Biol 333, 721-745, doi:DOI 10.1016/j.jmb.2003.07.013 (2003). 

91 Chen, S. X. et al. High-resolution noise substitution to measure overfitting and validate resolution in 3D structure 
determination by single particle electron cryomicroscopy. Ultramicroscopy 135, 24-35, 
doi:10.1016/j.ultramic.2013.06.004 (2013). 

92 Chen, V. B. et al. MolProbity: all-atom structure validation for macromolecular crystallography. Acta Crystallogr 
D 66, 12-21, doi:10.1107/S0907444909042073 (2010). 

93 Barad, B. A. et al. EMRinger: side chain directed model and map validation for 3D cryo-electron microscopy. Nat 
Methods 12, 943-946, doi:10.1038/Nmeth.3541 (2015). 

94 Agirre, J. et al. Privateer: software for the conformational validation of carbohydrate structures. Nat Struct Mol 
Biol 22, 833-834, doi:Doi 10.1038/Nsmb.3115 (2015). 



95 Hansen, J. et al. Studies in humanized mice and convalescent humans yield a SARS-CoV-2 antibody cocktail. 
Science 369, 1010-+, doi:10.1126/science.abd0827 (2020). 

96 Baum, A. et al. Antibody cocktail to SARS-CoV-2 spike protein prevents rapid mutational escape seen with 
individual antibodies. Science 369, 1014-+, doi:10.1126/science.abd0831 (2020). 

97 Baum, A. et al. REGN-COV2 antibodies prevent and treat SARS-CoV-2 infection in rhesus macaques and 
hamsters. Science 370, 1110-+, doi:10.1126/science.abe2402 (2020). 

 



From: Gaisina, Irina N on behalf of Gaisina, Irina N <igaysina@uic.edu>
To: Geisbert, Thomas W.; CHRISTOPHER BRODER
Cc: Rong, Lijun; David Veesler; norton peet; Moushimi Amaya
Subject: RE: Project 1 RAViD version for editing
Date: Wednesday, November 3, 2021 3:16:36 PM
Attachments: Tulane Res strategy Nipah-Final-for-revision .docx

Yes, thank you.
 
I changed it the text and fig 6
 

From: Geisbert, Thomas W. <twgeisbe@UTMB.EDU> 
Sent: Wednesday, November 3, 2021 2:06 PM
To: CHRISTOPHER BRODER <christopher.broder@usuhs.edu>; Gaisina, Irina N <igaysina@uic.edu>
Cc: Rong, Lijun <lijun@uic.edu>; David Veesler <dveesler@uw.edu>; norton peet
<norton.peet@chicagobiosolutions.com>; Moushimi Amaya <moushimi.amaya.ctr@usuhs.edu>
Subject: Re: Project 1 RAViD version for editing
 
Please check the reference to the Aerobiology Delivery Core.  I think that may be Core B and
not Core A.
 

From: Broder, Christopher <christopher.broder@usuhs.edu>
Sent: Wednesday, November 3, 2021 1:56 PM
To: Gaisina, Irina N <igaysina@uic.edu>
Cc: Rong, Lijun <lijun@uic.edu>; David Veesler <dveesler@uw.edu>; Geisbert, Thomas W.
<twgeisbe@UTMB.EDU>; norton peet <norton.peet@chicagobiosolutions.com>; Moushimi Amaya
<moushimi.amaya.ctr@usuhs.edu>
Subject: Re: Project 1 RAViD version for editing
 
WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

 
if all OK with you ALL
then i am going to make the edits to
cut off 6 lines of text
and return to Irina 
 
 
On Wed, Nov 3, 2021 at 2:49 PM Broder, Christopher <christopher.broder@usuhs.edu> wrote:

going over it now
 
On Wed, Nov 3, 2021 at 2:40 PM Gaisina, Irina N <igaysina@uic.edu> wrote:

Please use this one for final review.
 



One more time…
 

From: Rong, Lijun <lijun@uic.edu> 
Sent: Wednesday, November 3, 2021 1:37 PM
To: David Veesler <dveesler@uw.edu>
Cc: Broder, Christopher <christopher.broder@usuhs.edu>; Gaisina, Irina N <igaysina@uic.edu>;
twgeisbe@utmb.edu; norton peet <norton.peet@chicagobiosolutions.com>; Moushimi Amaya
<moushimi.amaya.ctr@usuhs.edu>
Subject: RE: Project 1 RAViD version for editing
 
No we are cool 
Thank you!
 
LR
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: David Veesler <dveesler@uw.edu> 
Sent: Wednesday, November 3, 2021 10:35 AM
To: Rong, Lijun <lijun@uic.edu>
Cc: Broder, Christopher <christopher.broder@usuhs.edu>; Gaisina, Irina N <igaysina@uic.edu>;
twgeisbe@utmb.edu; norton peet <norton.peet@chicagobiosolutions.com>; Moushimi Amaya
<moushimi.amaya.ctr@usuhs.edu>
Subject: Re: Project 1 RAViD version for editing
 
The current text looks great. Do we need to cut it further?
 
On Wed, Nov 3, 2021 at 9:41 AM Rong, Lijun <lijun@uic.edu> wrote:

Once Irina has a new version, I can cut some in moa studies

Sent from my iPhone
 

On Nov 3, 2021, at 8:24 AM, Broder, Christopher
<christopher.broder@usuhs.edu> wrote:



Yes this is looking great guys.
 
We need to be orderly.
Perhaps Irinia shrink figures a bit and reduce font sizes in AIm 1 figures.
Figs in preliminary data could be a tad smaller. and the sG structure reduce a bit
as well
Do anything else to cut down text.  Make a final formatted version as soon as
you can do it,
 
Then send to all of us.    But in the meantime  we can look at this version and
mark your own changes in your own version 
to get a head start,   then move your edits into her version when we get it.
 
 
 
 
 
 
On Tue, Nov 2, 2021 at 11:57 PM Rong, Lijun <lijun@uic.edu> wrote:

Dear all,
 
This is a well prepared document and I really like it. I did not try to cut it yet,
but if we want to cut, we can shorten the MOA studies for small molecules.
Maybe David can shorten the MOA studies for nanobodies?
 
Will work with you all to make a great project tomorrow.
 
Best,
Lijun
 
Lijun Rong, PhD
Professor
Dept of Microbiology and Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: Gaisina, Irina N <igaysina@uic.edu> 
Sent: Tuesday, November 2, 2021 7:34 PM
To: Rong, Lijun <lijun@uic.edu>; Broder, Christopher
<christopher.broder@usuhs.edu>; twgeisbe@utmb.edu
Cc: norton peet <norton.peet@chicagobiosolutions.com>; Moushimi Amaya



<moushimi.amaya.ctr@usuhs.edu>; David Veesler <dveesler@uw.edu>
Subject: RE: Project 1 RAViD version for editing
 
Please use this one for editing.
 
We will format the tables and figures afterwards.
 
Thanks
 

From: Rong, Lijun 
Sent: Tuesday, November 02, 2021 5:27 PM
To: Gaisina, Irina N <igaysina@uic.edu>
Cc: Broder, Christopher <christopher.broder@usuhs.edu>;
twgeisbe@utmb.edu; norton peet <norton.peet@chicagobiosolutions.com>;
Moushimi Amaya <moushimi.amaya.ctr@usuhs.edu>; David Veesler
<dveesler@uw.edu>
Subject: Re: Project 1 RAViD
 
Hi Irina,
 
Pls send us the updated version with everything incorporated so we can edit.
Thank you!
 
LR

Sent from my iPhone
 

On Nov 2, 2021, at 4:41 PM, Gaisina, Irina N <igaysina@uic.edu>
wrote:

I noticed that NiV-B was replaced with NiVB  in aim 3 (same way

as “NiV Bangladesh (NiVB)” in Doyle’s  publication).

Should we change it everywhere in the text?  
 

From: Gaisina, Irina N 
Sent: Tuesday, November 02, 2021 4:03 PM
To: Rong, Lijun <lijun@uic.edu>; David Veesler
<dveesler@uw.edu>
Cc: Broder, Christopher <christopher.broder@usuhs.edu>;
norton peet <norton.peet@chicagobiosolutions.com>;
twgeisbe@utmb.edu; Moushimi Amaya
<moushimi.amaya.ctr@usuhs.edu>; Gaisina, Irina N
<igaysina@uic.edu>



Subject: RE: Project 1 RAViD
 
Here is the intermediate version – for everyone to see what we
have – where we  keep everything as Lijun suggested.
 
my next task will be to replace the yellow section.
 
You can still use this version for any additional corrections and
comments.
 
thanks

From: Rong, Lijun 
Sent: Tuesday, November 02, 2021 3:44 PM
To: David Veesler <dveesler@uw.edu>
Cc: Gaisina, Irina N <igaysina@uic.edu>; Broder, Christopher
<christopher.broder@usuhs.edu>; norton peet
<norton.peet@chicagobiosolutions.com>; twgeisbe@utmb.edu;
Moushimi Amaya <moushimi.amaya.ctr@usuhs.edu>
Subject: Re: Project 1 RAViD
 
David,
 
Do not worry about space now. We will do it once we have the
entire doc.
 
LR

Sent from my iPhone
 

On Nov 2, 2021, at 3:37 PM, David Veesler
<dveesler@uw.edu> wrote:

 I was thinking of having it near the description of
the cryoEM work.
 
As space is limited, I added headings to avoid
adding more text. I can provide a caption but it will
take space. Just let me know 

Sent from my iPhone
 

On Nov 2, 2021, at 3:58 PM, Rong,
Lijun <lijun@uic.edu> wrote:



I think once we have the text, we can
decide how to cut it.
My understanding is Chris will edit
the first part of the strategy?
The project is looking better and
better.
 
LR
 
Lijun Rong, PhD
Professor
Dept of Microbiology and
Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: Gaisina, Irina N
<igaysina@uic.edu> 
Sent: Tuesday, November 2, 2021
11:54 AM
To: Rong, Lijun <lijun@uic.edu>;
David Veesler <dveesler@uw.edu>;
Broder, Christopher
<christopher.broder@usuhs.edu>
Cc: norton peet
<norton.peet@chicagobiosolutions.c
om>; twgeisbe@UTMB.EDU;
Moushimi Amaya
<moushimi.amaya.ctr@usuhs.edu>
Subject: RE: Project 1 RAViD
 
Where do you want it to be? Pls
indicate paragraph ID (ex. C1.2…..)
Do you have a fig legend or a short
description to be incorporated in the
text?
 

From: Rong, Lijun <lijun@uic.edu> 
Sent: Tuesday, November 2, 2021
2:50 PM



To: David Veesler
<dveesler@uw.edu>; Broder,
Christopher
<christopher.broder@usuhs.edu>
Cc: Gaisina, Irina N
<igaysina@uic.edu>; norton peet
<norton.peet@chicagobiosolutions.c
om>; twgeisbe@UTMB.EDU;
Moushimi Amaya
<moushimi.amaya.ctr@usuhs.edu>
Subject: RE: Project 1 RAViD
 
David and Chris,
 
I love it!
Irina, pls add it and will see how to
shorten other parts. As Chris said,
Aim 1 is too long.
 
LR
 
Lijun Rong, PhD
Professor
Dept of Microbiology and
Immunology
College of Medicine
University of Illinois at Chicago (UIC)
8133 COMRB, 909 S Wolcott Ave
Chicago, IL 60612
312-355-0203 (office phone)
lijun@uic.edu
 

From: David Veesler
<dveesler@uw.edu> 
Sent: Tuesday, November 2, 2021
11:29 AM
To: Broder, Christopher
<christopher.broder@usuhs.edu>
Cc: Gaisina, Irina N
<igaysina@uic.edu>; norton peet
<norton.peet@chicagobiosolutions.c
om>; Rong, Lijun <lijun@uic.edu>;
twgeisbe@UTMB.EDU; Moushimi
Amaya
<moushimi.amaya.ctr@usuhs.edu>



Subject: Re: Project 1 RAViD
 
How about that?
 
<image001.jpg>
 
On Tue, Nov 2, 2021 at 2:53 PM
Broder, Christopher
<christopher.broder@usuhs.edu>
wrote:

David
it would be awesome yes, but we
have to cut text in AIM 1
insert were you mention nAH1.3?
 
 
 
On Tue, Nov 2, 2021 at 2:48 PM
David Veesler <dveesler@uw.edu>
wrote:

Hi Chris,
 
Is there room for me to include
a figure about NiV G?
 
David
 
On Tue, Nov 2, 2021 at 2:08 PM
Broder, Christopher
<christopher.broder@usuhs.edu
> wrote:

Hi all
 
Irina, 
 
As I mentioned this AM, 
please use this
attached tracked version.
There are many edits.   
Incorporate Norton's into this
one.
 
We are down to details and
every edit helps with space



and length
 
As soon as Irina gets another
version everyone should
please at least check their
sections.  I have added the
missing sections on
nanobody development and
sources
to preliminary data and to
Aim 2 Vessler.
 
Then we need to remove all
hanging sentences to tighten
and save space
 
I am rewriting the
background (Yellow
highlighted here) as I said
earlier. It is not
the version from Sunday and
has major errors.
 
General,  Aim #1 needs to be
cut down, either by detail or
removing some figures,
It is too long and out of
balance with Aim 2 and 3  in
scope.
 
Do you need refs for Tom's
section Aim 3    ?   I can do
that also
 
Did all of you send your
consortium letter of
agreement to Chris and Bob?
 
Irina is doing this lifting here
now,  if someone wants to
make 
a list of bullets of the major
AIMS and SubAIMS   we can
sent
to Bob and Luis and Luis said
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AUTHENTICATION OF KEY BIOLOGICAL AND/OR CHEMICAL RESOURCES

RESUME AND SUMMARY OF DISCUSSION: This application proposes to investigate the drivers of 
spillover events of henipaviruses from bats to domesticated animals to humans in Bangladesh. The 
characterization of the routes of transmission and molecular and serological analyses to assess 
exposure to henipaviruses is highly significant and addresses an important knowledge gap. The 
Principal Investigator (PI) and the investigative team are strong with complimentary expertise and a 
record of previous successful collaborations and are well-positioned to carry out the proposed studies. 
Additional strengths of this well put together application are its data collection and analysis and the use 
of camera trapping observations to determine interactions between domesticated animals with bats. A 
number of weaknesses were identified. Some reviewers expressed concern about the lack of detail for 
the secondary antibodies in the multiplex assay or what the expected benchmarks are for success of 
this assay. There was also considerable concern related to the biosafety level of the henipavirus, which 
is a BSL-3/BSL-4 pathogen. Questions were raised whether this was adequately addressed in the 
application. For example, inactivation of the samples, the human transmission risk to study personnel 
handling the virus in the different work environments, and appropriate biohazard containment at one of 
the institutions that only has a BSL-2 facility. Overall, the weaknesses dampened the enthusiasm of the 
review committee.

DESCRIPTION (provided by applicant): Until and unless we better understand and prevent spillovers 
of bat-borne viruses into intermediate hosts and humans, we will be severely limited in our ability to 
stop pandemics. Henipaviruses are bat-borne, RNA viruses that spillover through this route. Nearly half 
of all reported human henipavirus infections have been associated with contact with sick domesticated 
animals, though our understanding of drivers of henipavirus spillovers and specific transmission 
pathways remains severely limited. Building on preliminary data about bat, domesticated animal and 
human infections, this multidisciplinary study integrates epidemiology, ecology, and anthropology, will 
identify spillover pathways for henipaviruses into domesticated animals in Bangladesh and the risk they 
pose to human health. Our first aim is to identify drivers of henipavirus spillovers into domesticated 
animals in Faridpur, Bangladesh. We will use multiplex pan-henipavirus assays to identify infections in 
Pteropus medius bats and domesticated animals living nearby this roost through cross-sectional and 
prospective studies. Combined with intensive studies of bat-domesticated animal interactions and 
weather data, we will build statistical models to identify the relative contribution of each of these factors. 
Our second aim is to describe which henipaviruses are being transmitted from bats to domesticated 
animals. Serologic studies of animals in Bangladesh show that they are frequently infected with non-
Nipah henipaviruses. Through surveillance for and sampling of sick domesticated animals, we will 
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describe the specific viruses that spillover from bats in Faridpur. Our third aim is to determine the risk of 
henipavirus transmission from domesticated animals to humans. We hypothesize that undetected 
henipavirus spillovers in humans are occurring through contact with sick domesticated animals and will 
conduct cross-sectional and prospective serosurveys of humans who have close contact with sick 
animals in Faridpur. We remain ignorant about henipavirus spillovers through intermediate hosts – 
including the specific viruses spilling over, the frequency and distribution of spillovers, and the 
pathways of transmission – at our own peril. The knowledge gained from this study will be immediately 
applicable to human and animal health programs in Bangladesh and other countries where 
henipaviruses circulate in bats. By learning about which henipaviruses infect humans, and how they are 
infected, we can advise public health surveillance programs on how to optimize detection and 
epidemiologic investigation of cases across Bangladesh. Our investigations about spillovers in Faridpur 
can also be scaled- up to other areas of Bangladesh and countries where henipaviruses circulate in 
bats so that we can truly begin to appreciate the scale of henipavirus spillovers in the global landscape.

PUBLIC HEALTH RELEVANCE: We remain ignorant about bat henipavirus spillovers through 
intermediate hosts – including the specific viruses spilling over, the frequency and distribution of 
spillovers, and the pathways of transmission – at our own peril. Until and unless we better understand 
and prevent spillovers of bat-borne viruses into intermediate hosts and humans, we will be severely 
limited in our ability to stop pandemics. The knowledge gained from this study will be immediately 
applicable to human and animal health programs because if we know which henipaviruses infect 
humans and domesticated animals, and how they are infected, we can advise public health surveillance 
programs on how to optimize detection and prevention of infections.

CRITIQUE 1:

Significance: 2
Investigator(s): 1
Innovation: 2
Approach: 2
Environment: 1

Overall Impact: The proposed project aims to improve our current understanding of Henipavirus 
spillovers from animals to humans. Henipaviruses are a highly relevant viral group that have been 
associated with significant mortality outbreaks in humans. Importantly, in most cases human infections 
have been associated to contact with an animal reservoir including wild animals (e.g., bats) or domestic 
livestock species (e.g., pigs). The proposed study will investigate risk factors and drivers of henipavirus 
spillovers into humans, identify which henipaviruses are being transmitted to humans and determine 
the risk of transmission of henipavirus from domestic animals to humans. The project will be conducted 
in a henipavirus endemic area in Bangladesh and will involve field epidemiological investigations as 
well as prospective sample collection and testing of both human and animals in close contact. This is a 
highly relevant study, especially when considering the context of the current COVID-19 pandemic. 
Identification and characterization of pathways of henipavirus spillover is critical to devise strategies 
that could help to prevent the next epidemic or pandemic. 

1. Significance:
Strengths 
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• This is a field study that will investigate spillover events of henipaviruses from animals to 
humans in a setting that has seen multiple outbreaks in humans.

• The study will involve field epidemiology-, ecology-, and anthropology and will focus on 
sampling of both humans and animals that live in henipavirus endemic areas. 

• The investigators propose to look at multiple animal species that are raised in the target study 
area in Bangladesh.

• Outcomes of the study will clearly help and improve our understanding of the factors and risks 
associated with spillover events of henipaviruses into humans.

• The study will identify the henipaviruses that have the potential to spill over into humans.  
Weaknesses

• Most henipavirus outbreaks described to date, have been linked to palm tree sap contact or 
ingestion. The study will target several domestic animal species that may not serve as 
intermediate hosts. 

2. Investigator(s):
Strengths 

• The team of investigators is very strong and have a good track record of collaboration.
• Experience in conducting the proposed field epi studies is well documented and the PI and Co-

PI have active and ongoing collaborations.
• The PI has first-hand knowledge of the institution in Bangladesh that will be conducting the field 

trial in the henipavirus endemic area.
Weaknesses

• None noted.

3. Innovation (2):
Strengths

• The study will undertake an interdisciplinary approach to dissect and improve understanding of 
spillover events of henipaviruses between animals and humans. 

• This will involve field-based surveillance in both humans and animals. 
Weaknesses

• None noted.

4. Approach:
Strengths

• The project will include epidemiological investigations, field observation of animal and human 
behavior and sample collection and testing. 

• Molecular and serological tests will be used to assess exposure to known henipaviruses. 

• Epidemiological data will be linked to behavioral data and testing data collected in the field. 
Weaknesses



1 R01 AI168287-01 5 CRFS

GURLEY, E 

• The assays employed will only target known nipaviruses. The study and work would benefit 
from unbiased pathogen detection approaches (e.g., sequencing) at least in samples collected 
from sick people and humans or a subset of those.  

5. Environment:
Strengths

• The infrastructure available in the U.S. and in Bangladesh are excellent and the team has a 
good track record of collaboration and international interactions. 

Weaknesses
• None noted.

Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections

• Well-articulated human subjects document was provided and all potential issues related to 
protection of human subjects has been well thought out.

Inclusion Plans:
• Sex/Gender: Distribution justified scientifically
• Race/Ethnicity: Distribution justified scientifically 
• For NIH-Defined Phase III trials, Plans for valid design and analysis:  
• Inclusion/Exclusion Based on Age: Distribution justified scientifically

Vertebrate Animals:
Yes, all criteria addressed

• Use of animals in the project is well justified.

Biohazards:
Acceptable

• All institutions involved have the infrastructure in place to handle potentially zoonotic 
henipaviruses. Work in the U.S. will be conducted at a high biocontainment facility.

Applications from Foreign Organizations:
Justified

• Well-articulated and justified plan to collaborate on with an institution located in a henipavirus 
endemic area.

Select Agents:
Acceptable
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Resource Sharing Plans:
Acceptable

• Resource sharing plan well described and follows NIH guidelines.

Authentication of Key Biological and/or Chemical Resources:
Acceptable

Budget and Period of Support:
Recommend as Requested

CRITIQUE 2:

Significance: 3
Investigator(s): 3
Innovation: 3
Approach: 6
Environment: 7

Overall Impact: This is an application from a complementary team of investigators led by an 
experienced early-stage investigator working in an scientific environment that is partially suitable to the 
project. The project is highly significant and innovative. The team proposes to identify drivers of 
henipavirus spillovers into domesticated animals, describe which viruses are being transmitted from 
bats to domesticated animals and lastly, they will serosurvey people to predict possible transmission. 
Swabs, urine, and blood samples will be collected from bats and from domesticated animals. A major 
weakness was identified in the Approach as the project entails a human transmission risk to the 
personnel conducting the study in the field in Bangladesh and appropriate biocontainment conditions 
are not listed for the sample collection part of the work. Benchmarks for success are not discussed. The 
likelihood that this project will exert a sustained powerful influence in the field is moderate.

1. Significance:
Strengths 

• The significance of this project is very high. It addresses a critical barrier to progress in the field: 
understanding the nature and frequency of spillover events of RNA viruses which have high 
genomic mutation rates that favor onward transmission into humans. The goal of the current 
application is to focus on transmission of henipaviruses (which include Nipah and Hendra 
viruses) from bats to domesticated animals to humans.

• The work described will address gaps in knowledge in the field and there is strong scientific 
premise for the project. They propose to use a multiplex pan-henipavirus assay to investigate 
exposure to these infections across multiple animal species, including humans.

Weaknesses
• None noted.



1 R01 AI168287-01 7 CRFS

GURLEY, E 

2. Investigator(s):
Strengths 

• This early-stage investigator PI is well suited to this project in terms of experience, expertise 
and leadership.

• The collaborators have complementary and integrated expertise.
• All established investigators have ongoing records of accomplishments that have advanced the 

field.
Weaknesses

• None noted.

3. Innovation:
Strengths

• The application challenges current research paradigms as it attempts to simultaneously identify 
and explain transmission pathways of henipaviruses from bats to intermediate hosts and from 
intermediate hosts to humans.

• Current human henipaviruses surveillance exclude human infections acquired through contact 
with sick animals.

Weaknesses
• None noted.

4. Approach:
Strengths

• The team proposes to identify drivers of henipavirus spillovers into domesticated animals, 
describe which viruses are being transmitted from bats to domesticated animals and lastly, they 
will serosurvey people to predict possible transmission. Swabs, blood, and urine samples will be 
collected from bats (urine to check for virus shedding) and from domesticated animals.

• The overall strategy and analysis are well reasoned, and potential problems of the study are 
discussed for each aim.

• A study timeline/milestones is provided.
Weaknesses

• One major weakness was identified in the methodology. Nipah Virus is a select agent BSL-
3/BSL-4 pathogen and Nipah virus shedding in urine has been detected repeatedly in 
longitudinal surveys of bats in Faridpur District in Bangladesh. Although in the select agent 
section there’s one sentence on sample collection into a solution containing trizol, there’s not 
enough biocontainment discussed in the approach to reassure that this work will not 
inadvertently produce a patient zero for a new pandemic virus. This project entails a 
considerable human transmission risk to the personnel conducting the study in the field due to 
exposure to bat excretions and large numbers if multiple infected domestic animals and specific 
measures for personal protection are not mentioned in the Approach for Aims 1 and 2, which 
are the major risk factors for collection of samples at the interface of bat/human and infected 
domesticated animal/human. 

• Benchmarks for success are not discussed.
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5. Environment.
Strengths

• None noted.
Weaknesses

• The associated institution in Bangladesh does not have appropriate biosafety level facilities 
(minimum BSL3) to handle the samples they propose to collect and test.

• Equipment is not listed.

Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections

• Human serosurveys in native environment.

Inclusion Plans:
• Sex/Gender: Distribution justified scientifically
• Race/Ethnicity: Distribution justified scientifically 
• For NIH-Defined Phase III trials, Plans for valid design and analysis: Not applicable
• Inclusion/Exclusion Based on Age: Distribution justified scientifically
• Males, females, children, non-Hispanic Asians will be included.

Vertebrate Animals:
Yes, all criteria addressed

• The face page of the application states No Vertebrate Animals but they addressed this issue.

Biohazards:
Unacceptable

• They propose to capture and sample swabs, urine, and blood from bats and domesticated 
animals in Bangladesh and use multiplex pan-henipavirus assays to identify infections in bats 
and domesticated animals. Henipaviruses pose a meaningful pandemic threat. Since there will 
be exposure of humans to potentially new unknown bat viruses, and they will acquire samples in 
solution containing trizol before being processed in BSL2 at least a plan to safeguard the 
personal protection of the people doing the field work needs to be explained.

Applications from Foreign Organizations:
Justified

• Work to be conducted in Bangladesh.

Select Agents:
Unacceptable
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• Nipah virus is a select agent to be handled in BSL-3/4 conditions. The facility in Bangladesh that 
will handle samples at interfaces of bat/human can only handle BSL-2 containment.

Resource Sharing Plans:
Acceptable

Authentication of Key Biological and/or Chemical Resources:
Unacceptable

• All the secondary antibodies used for each one of the species proposed for serosurveys, 
including bats, must be authenticated. This section was not addressed.

Budget and Period of Support:
Recommend as Requested

CRITIQUE 3:

Significance: 2
Investigator(s): 1
Innovation: 2
Approach: 2
Environment: 1

Overall Impact: The investigators propose a study to investigate routes of spillover of henipaviruses 
from bats to domestic animals to humans. The study is justified by prior work suggesting that a key 
route of exposure to henipaviruses is via domestic animals and a gap in the scientific understanding of 
what contributes to these spillover events. The research includes the collection of ecological, 
environmental, and anthropological data, as well as sero-surveillance in bats, domestic animals and 
humans, and sequencing virus obtained from bats and sick domestic animals. The study is well-
designed to address the research questions both in terms of the study location, the excellent research 
team, and the design of data collection and analysis. The investigator’s greatest challenges are the 
many unknowns about henipavirus spillovers which will require the team to be agile (the proposal has 
well-reasoned contingency plans). However, this is also strong justification for the proposed work. The 
team is well positioned to carry-out the proposed research and improve our understanding of 
henipavirus transmission.

1. Significance:
Strengths 

• Henipaviruses are a model system for studying spillover of viruses into human populations. The 
proposed research will shed light on pathways by which henipaviruses move from wild to 
domestic animal populations and cross over to humans.
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• The proposed research can help inform how to improve surveillance systems for emerging 
henipaviruses, which are currently focused, at least in Bangladesh, on human symptomatic 
surveillance.

Weaknesses
• The generalizability to other emerging pathogens is unclear as the spillover pathways may vary 

by pathogen. Nonetheless the wild animal to domestic animal to human pathway has historically 
been a key route of disease emergence.

2. Investigator(s):
Strengths 

• The investigator team is well-positioned to conduct the proposed research. 
Weaknesses

• None noted.

3. Innovation:
Strengths

• The proposed research focuses on the wild animal/domestic animal interface which is an 
important but poorly characterized route of pathogen emergence.

• The integration of diverse data streams is novel and can help fill gaps left by studies focused 
only on a single host species.

Weaknesses
• None noted.

4. Approach:
Strengths

• The bat and domestic animal surveillance is well-designed, providing temporal data.
• The proposed analyses clearly make use of the data collected and are appropriate for the study 

aims.
• The qualitative studies in SA1 will add a rich data source that is particularly important given the 

number of unknowns.
• Camera trapping to assess animal contacts is a key strength to allow objective measurement of 

this feature.
• The sequencing and phylogenic analysis of samples collected from bats and domestic animals 

is a key strength and will allow the researchers to assess the relatedness of viruses found in 
animal and bat populations. 

Weaknesses
• The investigators may want to consider chipping or tagging bovines, as they are harder to 

consistently identify over time than they indicate in their proposal.
• It is unclear how/whether mobile animal or human populations such as the mobile pigs they 

mention will be surveyed as it is plausible they play a role in transmission.
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5. Environment:
Strengths

• The study location is excellent as it is likely a region with concentration of henipaviruses and 
high human – domestic animal – bat exposures. 

Weaknesses
• None noted.

Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections

• Acceptable

Inclusion Plans:
• Sex/Gender: Distribution justified scientifically
• Race/Ethnicity: Distribution justified scientifically 
• For NIH-Defined Phase III trials, Plans for valid design and analysis: Not applicable
• Inclusion/Exclusion Based on Age: Distribution justified scientifically
• Will restrict to ages 5 and older. This is scientifically and logistically justified.

Vertebrate Animals:
Yes, all criteria addressed

• Adequate protections for all field staff to prevent virus exposure when handling animals will be 
paramount.

Biohazards:
Acceptable

• This is addressed in the select agent section.

Applications from Foreign Organizations:
Justified

• There is a partnership with ICDDR,B in Bangladesh which is necessary for the proposed 
research.

Select Agents:
Acceptable

• The project involves works with Nipah and other henipaviruses.

Resource Sharing Plans:
Acceptable
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Authentication of Key Biological and/or Chemical Resources:
Acceptable

Budget and Period of Support:
Recommend as Requested

THE FOLLOWING SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW OFFICER TO 
SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW COMMITTEE, OR REVIEWERS' 
WRITTEN CRITIQUES, ON THE FOLLOWING ISSUES:

PROTECTION OF HUMAN SUBJECTS: Acceptable

INCLUSION OF WOMEN PLAN: Acceptable

INCLUSION OF MINORITIES PLAN: Acceptable

INCLUSION ACROSS THE LIFESPAN: Acceptable

COMMITTEE BUDGET RECOMMENDATIONS: The budget was recommended as requested.

BIOHAZARDS: Unacceptable

SELECT AGENTS: Unacceptable

AUTHENTICATION OF KEY BIOLOGICAL AND/OR CHEMICAL RESOURCES: Unacceptable

  

Footnotes for 1 R01 AI168287-01; PI Name: Gurley, Emily Suzanne

NIH has modified its policy regarding the receipt of resubmissions (amended applications).See 
Guide Notice NOT-OD-18-197 at https://grants.nih.gov/grants/guide/notice-files/NOT-OD-18-
197.html.  The impact/priority score is calculated after discussion of an application by 
averaging the overall scores (1-9) given by all voting reviewers on the committee and 
multiplying by 10. The criterion scores are submitted prior to the meeting by the individual 
reviewers assigned to an application, and are not discussed specifically at the review meeting 
or calculated into the overall impact score. Some applications also receive a percentile 
ranking. For details on the review process, see 
http://grants.nih.gov/grants/peer_review_process.htm#scoring.
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From: Emily Gurley on behalf of Emily Gurley <egurley1@jhu.edu>
To: clifton.mckee; islam_ausraf@icddrb.org; Dr. Mohammed Ziaur Rahman; Laing, Eric; Broder, Christopher;

sluby@stanford.edu; Henrik Salje; Plowright, Raina; Munster, Vincent (NIH/NIAID) [E]
Subject: comments on henipavirus RO1
Date: Wednesday, November 3, 2021 12:13:40 PM
Attachments: 1R01AI168287-01.pdf

Colleagues,
 

We’ve received scores and comments on our RO1. Score was 31, 21st percentile. We need to be

around 10-14th percentile to be funded. So, not too bad for our first submission.
 
Two reviewers scored the proposal very high. Reviewer #2 is very cranky about biosafety issues.
Hopefully, we can address these in the next submission. I’ll meet with the Program Officer soon to
see if she has any insights.
 
There are also some concerns about validating the serology tests, which was predictable. Perhaps
we can think of ways to address that as well.
 
The plan is to resubmit at the next deadline in Feb.
 
Feeling hopeful.
Emily
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BIOHAZARDS


SELECT AGENTS


AUTHENTICATION OF KEY BIOLOGICAL AND/OR CHEMICAL RESOURCES


RESUME AND SUMMARY OF DISCUSSION: This application proposes to investigate the drivers of 
spillover events of henipaviruses from bats to domesticated animals to humans in Bangladesh. The 
characterization of the routes of transmission and molecular and serological analyses to assess 
exposure to henipaviruses is highly significant and addresses an important knowledge gap. The 
Principal Investigator (PI) and the investigative team are strong with complimentary expertise and a 
record of previous successful collaborations and are well-positioned to carry out the proposed studies. 
Additional strengths of this well put together application are its data collection and analysis and the use 
of camera trapping observations to determine interactions between domesticated animals with bats. A 
number of weaknesses were identified. Some reviewers expressed concern about the lack of detail for 
the secondary antibodies in the multiplex assay or what the expected benchmarks are for success of 
this assay. There was also considerable concern related to the biosafety level of the henipavirus, which 
is a BSL-3/BSL-4 pathogen. Questions were raised whether this was adequately addressed in the 
application. For example, inactivation of the samples, the human transmission risk to study personnel 
handling the virus in the different work environments, and appropriate biohazard containment at one of 
the institutions that only has a BSL-2 facility. Overall, the weaknesses dampened the enthusiasm of the 
review committee.


DESCRIPTION (provided by applicant): Until and unless we better understand and prevent spillovers 
of bat-borne viruses into intermediate hosts and humans, we will be severely limited in our ability to 
stop pandemics. Henipaviruses are bat-borne, RNA viruses that spillover through this route. Nearly half 
of all reported human henipavirus infections have been associated with contact with sick domesticated 
animals, though our understanding of drivers of henipavirus spillovers and specific transmission 
pathways remains severely limited. Building on preliminary data about bat, domesticated animal and 
human infections, this multidisciplinary study integrates epidemiology, ecology, and anthropology, will 
identify spillover pathways for henipaviruses into domesticated animals in Bangladesh and the risk they 
pose to human health. Our first aim is to identify drivers of henipavirus spillovers into domesticated 
animals in Faridpur, Bangladesh. We will use multiplex pan-henipavirus assays to identify infections in 
Pteropus medius bats and domesticated animals living nearby this roost through cross-sectional and 
prospective studies. Combined with intensive studies of bat-domesticated animal interactions and 
weather data, we will build statistical models to identify the relative contribution of each of these factors. 
Our second aim is to describe which henipaviruses are being transmitted from bats to domesticated 
animals. Serologic studies of animals in Bangladesh show that they are frequently infected with non-
Nipah henipaviruses. Through surveillance for and sampling of sick domesticated animals, we will 







1 R01 AI168287-01 3 CRFS


GURLEY, E 


describe the specific viruses that spillover from bats in Faridpur. Our third aim is to determine the risk of 
henipavirus transmission from domesticated animals to humans. We hypothesize that undetected 
henipavirus spillovers in humans are occurring through contact with sick domesticated animals and will 
conduct cross-sectional and prospective serosurveys of humans who have close contact with sick 
animals in Faridpur. We remain ignorant about henipavirus spillovers through intermediate hosts – 
including the specific viruses spilling over, the frequency and distribution of spillovers, and the 
pathways of transmission – at our own peril. The knowledge gained from this study will be immediately 
applicable to human and animal health programs in Bangladesh and other countries where 
henipaviruses circulate in bats. By learning about which henipaviruses infect humans, and how they are 
infected, we can advise public health surveillance programs on how to optimize detection and 
epidemiologic investigation of cases across Bangladesh. Our investigations about spillovers in Faridpur 
can also be scaled- up to other areas of Bangladesh and countries where henipaviruses circulate in 
bats so that we can truly begin to appreciate the scale of henipavirus spillovers in the global landscape.


PUBLIC HEALTH RELEVANCE: We remain ignorant about bat henipavirus spillovers through 
intermediate hosts – including the specific viruses spilling over, the frequency and distribution of 
spillovers, and the pathways of transmission – at our own peril. Until and unless we better understand 
and prevent spillovers of bat-borne viruses into intermediate hosts and humans, we will be severely 
limited in our ability to stop pandemics. The knowledge gained from this study will be immediately 
applicable to human and animal health programs because if we know which henipaviruses infect 
humans and domesticated animals, and how they are infected, we can advise public health surveillance 
programs on how to optimize detection and prevention of infections.


CRITIQUE 1:


Significance: 2
Investigator(s): 1
Innovation: 2
Approach: 2
Environment: 1


Overall Impact: The proposed project aims to improve our current understanding of Henipavirus 
spillovers from animals to humans. Henipaviruses are a highly relevant viral group that have been 
associated with significant mortality outbreaks in humans. Importantly, in most cases human infections 
have been associated to contact with an animal reservoir including wild animals (e.g., bats) or domestic 
livestock species (e.g., pigs). The proposed study will investigate risk factors and drivers of henipavirus 
spillovers into humans, identify which henipaviruses are being transmitted to humans and determine 
the risk of transmission of henipavirus from domestic animals to humans. The project will be conducted 
in a henipavirus endemic area in Bangladesh and will involve field epidemiological investigations as 
well as prospective sample collection and testing of both human and animals in close contact. This is a 
highly relevant study, especially when considering the context of the current COVID-19 pandemic. 
Identification and characterization of pathways of henipavirus spillover is critical to devise strategies 
that could help to prevent the next epidemic or pandemic. 


1. Significance:
Strengths 
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• This is a field study that will investigate spillover events of henipaviruses from animals to 
humans in a setting that has seen multiple outbreaks in humans.


• The study will involve field epidemiology-, ecology-, and anthropology and will focus on 
sampling of both humans and animals that live in henipavirus endemic areas. 


• The investigators propose to look at multiple animal species that are raised in the target study 
area in Bangladesh.


• Outcomes of the study will clearly help and improve our understanding of the factors and risks 
associated with spillover events of henipaviruses into humans.


• The study will identify the henipaviruses that have the potential to spill over into humans.  
Weaknesses


• Most henipavirus outbreaks described to date, have been linked to palm tree sap contact or 
ingestion. The study will target several domestic animal species that may not serve as 
intermediate hosts. 


2. Investigator(s):
Strengths 


• The team of investigators is very strong and have a good track record of collaboration.
• Experience in conducting the proposed field epi studies is well documented and the PI and Co-


PI have active and ongoing collaborations.
• The PI has first-hand knowledge of the institution in Bangladesh that will be conducting the field 


trial in the henipavirus endemic area.
Weaknesses


• None noted.


3. Innovation (2):
Strengths


• The study will undertake an interdisciplinary approach to dissect and improve understanding of 
spillover events of henipaviruses between animals and humans. 


• This will involve field-based surveillance in both humans and animals. 
Weaknesses


• None noted.


4. Approach:
Strengths


• The project will include epidemiological investigations, field observation of animal and human 
behavior and sample collection and testing. 


• Molecular and serological tests will be used to assess exposure to known henipaviruses. 


• Epidemiological data will be linked to behavioral data and testing data collected in the field. 
Weaknesses
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• The assays employed will only target known nipaviruses. The study and work would benefit 
from unbiased pathogen detection approaches (e.g., sequencing) at least in samples collected 
from sick people and humans or a subset of those.  


5. Environment:
Strengths


• The infrastructure available in the U.S. and in Bangladesh are excellent and the team has a 
good track record of collaboration and international interactions. 


Weaknesses
• None noted.


Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections


• Well-articulated human subjects document was provided and all potential issues related to 
protection of human subjects has been well thought out.


Inclusion Plans:
• Sex/Gender: Distribution justified scientifically
• Race/Ethnicity: Distribution justified scientifically 
• For NIH-Defined Phase III trials, Plans for valid design and analysis:  
• Inclusion/Exclusion Based on Age: Distribution justified scientifically


Vertebrate Animals:
Yes, all criteria addressed


• Use of animals in the project is well justified.


Biohazards:
Acceptable


• All institutions involved have the infrastructure in place to handle potentially zoonotic 
henipaviruses. Work in the U.S. will be conducted at a high biocontainment facility.


Applications from Foreign Organizations:
Justified


• Well-articulated and justified plan to collaborate on with an institution located in a henipavirus 
endemic area.


Select Agents:
Acceptable
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Resource Sharing Plans:
Acceptable


• Resource sharing plan well described and follows NIH guidelines.


Authentication of Key Biological and/or Chemical Resources:
Acceptable


Budget and Period of Support:
Recommend as Requested


CRITIQUE 2:


Significance: 3
Investigator(s): 3
Innovation: 3
Approach: 6
Environment: 7


Overall Impact: This is an application from a complementary team of investigators led by an 
experienced early-stage investigator working in an scientific environment that is partially suitable to the 
project. The project is highly significant and innovative. The team proposes to identify drivers of 
henipavirus spillovers into domesticated animals, describe which viruses are being transmitted from 
bats to domesticated animals and lastly, they will serosurvey people to predict possible transmission. 
Swabs, urine, and blood samples will be collected from bats and from domesticated animals. A major 
weakness was identified in the Approach as the project entails a human transmission risk to the 
personnel conducting the study in the field in Bangladesh and appropriate biocontainment conditions 
are not listed for the sample collection part of the work. Benchmarks for success are not discussed. The 
likelihood that this project will exert a sustained powerful influence in the field is moderate.


1. Significance:
Strengths 


• The significance of this project is very high. It addresses a critical barrier to progress in the field: 
understanding the nature and frequency of spillover events of RNA viruses which have high 
genomic mutation rates that favor onward transmission into humans. The goal of the current 
application is to focus on transmission of henipaviruses (which include Nipah and Hendra 
viruses) from bats to domesticated animals to humans.


• The work described will address gaps in knowledge in the field and there is strong scientific 
premise for the project. They propose to use a multiplex pan-henipavirus assay to investigate 
exposure to these infections across multiple animal species, including humans.


Weaknesses
• None noted.
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2. Investigator(s):
Strengths 


• This early-stage investigator PI is well suited to this project in terms of experience, expertise 
and leadership.


• The collaborators have complementary and integrated expertise.
• All established investigators have ongoing records of accomplishments that have advanced the 


field.
Weaknesses


• None noted.


3. Innovation:
Strengths


• The application challenges current research paradigms as it attempts to simultaneously identify 
and explain transmission pathways of henipaviruses from bats to intermediate hosts and from 
intermediate hosts to humans.


• Current human henipaviruses surveillance exclude human infections acquired through contact 
with sick animals.


Weaknesses
• None noted.


4. Approach:
Strengths


• The team proposes to identify drivers of henipavirus spillovers into domesticated animals, 
describe which viruses are being transmitted from bats to domesticated animals and lastly, they 
will serosurvey people to predict possible transmission. Swabs, blood, and urine samples will be 
collected from bats (urine to check for virus shedding) and from domesticated animals.


• The overall strategy and analysis are well reasoned, and potential problems of the study are 
discussed for each aim.


• A study timeline/milestones is provided.
Weaknesses


• One major weakness was identified in the methodology. Nipah Virus is a select agent BSL-
3/BSL-4 pathogen and Nipah virus shedding in urine has been detected repeatedly in 
longitudinal surveys of bats in Faridpur District in Bangladesh. Although in the select agent 
section there’s one sentence on sample collection into a solution containing trizol, there’s not 
enough biocontainment discussed in the approach to reassure that this work will not 
inadvertently produce a patient zero for a new pandemic virus. This project entails a 
considerable human transmission risk to the personnel conducting the study in the field due to 
exposure to bat excretions and large numbers if multiple infected domestic animals and specific 
measures for personal protection are not mentioned in the Approach for Aims 1 and 2, which 
are the major risk factors for collection of samples at the interface of bat/human and infected 
domesticated animal/human. 


• Benchmarks for success are not discussed.
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5. Environment.
Strengths


• None noted.
Weaknesses


• The associated institution in Bangladesh does not have appropriate biosafety level facilities 
(minimum BSL3) to handle the samples they propose to collect and test.


• Equipment is not listed.


Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections


• Human serosurveys in native environment.


Inclusion Plans:
• Sex/Gender: Distribution justified scientifically
• Race/Ethnicity: Distribution justified scientifically 
• For NIH-Defined Phase III trials, Plans for valid design and analysis: Not applicable
• Inclusion/Exclusion Based on Age: Distribution justified scientifically
• Males, females, children, non-Hispanic Asians will be included.


Vertebrate Animals:
Yes, all criteria addressed


• The face page of the application states No Vertebrate Animals but they addressed this issue.


Biohazards:
Unacceptable


• They propose to capture and sample swabs, urine, and blood from bats and domesticated 
animals in Bangladesh and use multiplex pan-henipavirus assays to identify infections in bats 
and domesticated animals. Henipaviruses pose a meaningful pandemic threat. Since there will 
be exposure of humans to potentially new unknown bat viruses, and they will acquire samples in 
solution containing trizol before being processed in BSL2 at least a plan to safeguard the 
personal protection of the people doing the field work needs to be explained.


Applications from Foreign Organizations:
Justified


• Work to be conducted in Bangladesh.


Select Agents:
Unacceptable
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• Nipah virus is a select agent to be handled in BSL-3/4 conditions. The facility in Bangladesh that 
will handle samples at interfaces of bat/human can only handle BSL-2 containment.


Resource Sharing Plans:
Acceptable


Authentication of Key Biological and/or Chemical Resources:
Unacceptable


• All the secondary antibodies used for each one of the species proposed for serosurveys, 
including bats, must be authenticated. This section was not addressed.


Budget and Period of Support:
Recommend as Requested


CRITIQUE 3:


Significance: 2
Investigator(s): 1
Innovation: 2
Approach: 2
Environment: 1


Overall Impact: The investigators propose a study to investigate routes of spillover of henipaviruses 
from bats to domestic animals to humans. The study is justified by prior work suggesting that a key 
route of exposure to henipaviruses is via domestic animals and a gap in the scientific understanding of 
what contributes to these spillover events. The research includes the collection of ecological, 
environmental, and anthropological data, as well as sero-surveillance in bats, domestic animals and 
humans, and sequencing virus obtained from bats and sick domestic animals. The study is well-
designed to address the research questions both in terms of the study location, the excellent research 
team, and the design of data collection and analysis. The investigator’s greatest challenges are the 
many unknowns about henipavirus spillovers which will require the team to be agile (the proposal has 
well-reasoned contingency plans). However, this is also strong justification for the proposed work. The 
team is well positioned to carry-out the proposed research and improve our understanding of 
henipavirus transmission.


1. Significance:
Strengths 


• Henipaviruses are a model system for studying spillover of viruses into human populations. The 
proposed research will shed light on pathways by which henipaviruses move from wild to 
domestic animal populations and cross over to humans.
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• The proposed research can help inform how to improve surveillance systems for emerging 
henipaviruses, which are currently focused, at least in Bangladesh, on human symptomatic 
surveillance.


Weaknesses
• The generalizability to other emerging pathogens is unclear as the spillover pathways may vary 


by pathogen. Nonetheless the wild animal to domestic animal to human pathway has historically 
been a key route of disease emergence.


2. Investigator(s):
Strengths 


• The investigator team is well-positioned to conduct the proposed research. 
Weaknesses


• None noted.


3. Innovation:
Strengths


• The proposed research focuses on the wild animal/domestic animal interface which is an 
important but poorly characterized route of pathogen emergence.


• The integration of diverse data streams is novel and can help fill gaps left by studies focused 
only on a single host species.


Weaknesses
• None noted.


4. Approach:
Strengths


• The bat and domestic animal surveillance is well-designed, providing temporal data.
• The proposed analyses clearly make use of the data collected and are appropriate for the study 


aims.
• The qualitative studies in SA1 will add a rich data source that is particularly important given the 


number of unknowns.
• Camera trapping to assess animal contacts is a key strength to allow objective measurement of 


this feature.
• The sequencing and phylogenic analysis of samples collected from bats and domestic animals 


is a key strength and will allow the researchers to assess the relatedness of viruses found in 
animal and bat populations. 


Weaknesses
• The investigators may want to consider chipping or tagging bovines, as they are harder to 


consistently identify over time than they indicate in their proposal.
• It is unclear how/whether mobile animal or human populations such as the mobile pigs they 


mention will be surveyed as it is plausible they play a role in transmission.
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5. Environment:
Strengths


• The study location is excellent as it is likely a region with concentration of henipaviruses and 
high human – domestic animal – bat exposures. 


Weaknesses
• None noted.


Protections for Human Subjects:
Acceptable Risks and/or Adequate Protections


• Acceptable


Inclusion Plans:
• Sex/Gender: Distribution justified scientifically
• Race/Ethnicity: Distribution justified scientifically 
• For NIH-Defined Phase III trials, Plans for valid design and analysis: Not applicable
• Inclusion/Exclusion Based on Age: Distribution justified scientifically
• Will restrict to ages 5 and older. This is scientifically and logistically justified.


Vertebrate Animals:
Yes, all criteria addressed


• Adequate protections for all field staff to prevent virus exposure when handling animals will be 
paramount.


Biohazards:
Acceptable


• This is addressed in the select agent section.


Applications from Foreign Organizations:
Justified


• There is a partnership with ICDDR,B in Bangladesh which is necessary for the proposed 
research.


Select Agents:
Acceptable


• The project involves works with Nipah and other henipaviruses.


Resource Sharing Plans:
Acceptable
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Authentication of Key Biological and/or Chemical Resources:
Acceptable


Budget and Period of Support:
Recommend as Requested


THE FOLLOWING SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW OFFICER TO 
SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW COMMITTEE, OR REVIEWERS' 
WRITTEN CRITIQUES, ON THE FOLLOWING ISSUES:


PROTECTION OF HUMAN SUBJECTS: Acceptable


INCLUSION OF WOMEN PLAN: Acceptable


INCLUSION OF MINORITIES PLAN: Acceptable


INCLUSION ACROSS THE LIFESPAN: Acceptable


COMMITTEE BUDGET RECOMMENDATIONS: The budget was recommended as requested.


BIOHAZARDS: Unacceptable


SELECT AGENTS: Unacceptable


AUTHENTICATION OF KEY BIOLOGICAL AND/OR CHEMICAL RESOURCES: Unacceptable


  


Footnotes for 1 R01 AI168287-01; PI Name: Gurley, Emily Suzanne


NIH has modified its policy regarding the receipt of resubmissions (amended applications).See 
Guide Notice NOT-OD-18-197 at https://grants.nih.gov/grants/guide/notice-files/NOT-OD-18-
197.html.  The impact/priority score is calculated after discussion of an application by 
averaging the overall scores (1-9) given by all voting reviewers on the committee and 
multiplying by 10. The criterion scores are submitted prior to the meeting by the individual 
reviewers assigned to an application, and are not discussed specifically at the review meeting 
or calculated into the overall impact score. Some applications also receive a percentile 
ranking. For details on the review process, see 
http://grants.nih.gov/grants/peer_review_process.htm#scoring.
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The pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV) cause severe respiratory illness and 
encephalitis in both animals and humans with human case fatality rates ranging from 40-100%. The NiV-
Bangladesh strain (NiV-B) is associated with multiple rounds of human-to-human transmission and is a pathogen 
of pandemic concern for which there are no vaccines or antivirals approved for human use. We have recently 
shown that the non-pathogenic Cedar henipavirus (CedV) is useful surrogate platform for high throughput 
screening (HTS) for antiviral drug discovery, and for virus neutralization assays. This proposal focuses on 
developing antiviral small molecule and nanobody countermeasures to combat the pathogenic henipaviruses 
including therapeutic modalities by an aerosol delivery approach. We created reporter gene-encoding 
recombinant CedVs and discovered a series of fused heterocycles, e.g., 4-aminoquinazoline-based, antivirals, 
and showed that a representative quinazoline CBS1435 was an effective inhibitor of rCedV replication and also 
both NiV-B and HeV, with EC50s in the low µM range and minimal cytotoxicity. Neutralizing antibodies to the 
henipavirus F and G glycoproteins have also shown therapeutic promise, but antiviral nanobodies as potential 
immunotherapeutics represent a novel area of NiV and HeV countermeasure development. This proposal will 
screen, identify, develop, characterize and test both small molecule inhibitors and antiviral nanobodies to 
pathogenic henipaviruses. Aim 1 will focus on optimizing lead anti-henipavirus small molecules and conduct cell-
based antiviral HTS assays. Lead molecules will be selected using NiV-B and HeV assays, and best-in-class 
drugs will be developed by chemical modifications aimed to improve drug-like properties, increase potencies, 
decrease toxicity, and improve pharmacokinetic properties. Aim 2 will isolate and fully characterize nanobodies 
broadly neutralizing NiV-B and HeV derived by immunization of transgenic mice that produce nanobodies from 
alpacas, dromedaries and Bactrian camels, using phage display technology of cloned nanobody gene fragments. 
Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization assays and 
structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of action and 
guide formulation of nanobody cocktails. Aim 3 will focus on in vivo efficacy evaluation of lead compounds and 
nanobodies in animal models. Both monotherapies and combination therapeutic modalities will be tested, along 
with testing antiviral nanobody delivery by aerosol. These two unique henipavirus-targeted antiviral development 
directions will generate novel countermeasures that may display more broad effectiveness. 

  

Commented [d1]: This is unlikely to be the case (at least 
for the nanobodies) 



SPECIFIC AIMS  

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case 
fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-
to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 
23 total cases, leaving only 2 survivors.4 22 cases were from virus transmission in 3 hospital settings, with 
coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of 
pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the detection of 
cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people 
worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug 
Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic 
henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-
pathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse genetics 
platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an extensive 
characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high throughput 
antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase in HTS 
assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a representative 
quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and HeV, with an IC50 
value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development of small molecules 
together with more extensive compound library screening using rCedV will potentially yield testable antivirals 
with potential pan-henipavirus effectiveness. Our collaborative team also has an extensive experience in 
developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. In this 
proposal, we have initiated a completely different approach for developing antiviral nanobodies which are 
acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been 
shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent 
antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across 
viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, 
characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. 
Specifically, we will: 

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-
class drugs will be developed using predictive software to improve drug-like properties, increase potencies, 
decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and also aerosol delivery of nanobodies. PK/PD studies of lead drugs (Aim 1) and 
nanobodies (Aim 2) will be carried out in hamsters. Combination studies of drug with nanobodies studies will 
also be conducted and final proof-of-concept protective efficacy studies will be carried out in the HeV and NiV-B 
African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease.  



A. BACKGROUND AND SIGNIFICANCE 

Over the past 40 years the major etiological agents of emerged or identified infectious diseases in humans have 
been viruses.11 Among these, the paramyxoviruses, which include many important human and animal 
pathogens, also include two emerged, zoonotic viral pathogens of importance: the henipaviruses; Hendra virus 
(HeV) and Nipah virus (NiV)12,13. In 1994, HeV caused an outbreak of severe respiratory disease in horses in 
Brisbane, Australia, resulting in the deaths of 14 horses and their trainer.14,15 NiV was the causative agent of a 
significant outbreak of severe encephalitis in pig farmers in Malaysia in 1998. Spread of NiV infections typically 
requires direct contact with an infected source, and transmission can occur between people and from animals to 
people. Symptoms may culminate in a severe respiratory and/or neurological disease that is often fatal. 
Complications of the infection can result in relapsed encephalitis following recovery. On September 5, 2021, a 
twelve-year-old boy in the Indian state of Kerala died after contracting the Nipah virus. During the process of 
transporting him to medical centers for a diagnosis, twenty-three health care workers exposed to this boy also 
died, which underscores both the transmissability and the lethal nature of this virus. There is presently no vaccine 
or small molecule therapeutics that have been developed for NiV infections. Pteropid bats appear to be the major 
reservoir hosts for henipaviruses6,16. HeV and NiV have a uniquely broad host tropism capable of infecting at 
least 18 animal species across 6 orders of mammals, including their natural bat hosts. Among these animals, 
HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at least 11 
mammalian species including humans, with human fatality rates ranging from 40-100%2,17.  
NiV and HeV are classified as biosafety level-4 (BSL-4) restricted pathogens and both remain transboundary 
threats to livestock and people throughout South Asia and Australia. NiV and henipaviral diseases have been 
categorized by the World Health Organization (WHO) as an epidemic threat needing urgent research and 
countermeasure development and are included in the WHO R&D Blueprint list of priority pathogens with 
epidemic potential 18. Presently, there are no prophylactic or therapeutic treatment options for henipavirus 
infections approved for use in humans. A subunit vaccine, Equivac® HeV, has been available for use in horses 
in Australia since 2012 19 for the prevention of HeV infection. This equine vaccine received full registration by 
the Australian Pesticides and Veterinary Medicines Authority in 2015, with all vaccinated horses receiving a 
microchip with a database being maintained and is the first commercially deployed vaccine against a BSL-4 
agent 20. Although a human monoclonal antibody (mAb) m102.4 has successfully completed a phase I safety 
trial in Australia 21, developing vaccines or therapeutics against henipaviruses for use in people remains a high 
priority. Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane 
anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) glycoprotein and 
the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G 
and F glycoproteins are the major antigenic targets of neutralizing antibodies and also the main focus of several 
vaccine strategies2. Although an effective post-exposure human monoclonal antibody (mAb) therapy (anti-
NiV/HeV G glycoprotein mAb m102.4) has been extensively examined22-26, it must be administered within several 
days following lethal infection in animal challenge models. In contrast, however, antiviral drug discovery for HeV 
and NiV has been significantly hampered due to requirements of biosafety level-4 (BSL-4) containment. 
Recently, a third isolate, namely, Cedar virus (CedV) has been added to the Henipavirus genus27. However, 
whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not known to be zoonotic and has been 
shown to be nonpathogenic in animals susceptible to HeV and NiV disease and resides in nature in the same 
bat host species as HeV27,28. Nucleic acid based detection studies have identified related henipavirus species, 
including complete genomic sequences29,30, but HeV, NiV, and CedV are the only virus isolates reported. 
We have recently optimized a recombinant CedV encoding luciferase (rCedV-Luc) for high-throughput screening 
(HTS) applications and have identified several inhibitory compounds that were further validated with the 
infectious NiV-Bangladesh (NiV-B) strain. The validated compounds provide the foundation for the current 
application.  

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of this proposal’s investigators. First, the cell-based high throughput screening (HTS) 
assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which 
provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional 
significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, 
because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal 
entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will 
have activity across related members of henipavirus genus. Second, our native-like, recombinant soluble 
tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice 



that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of 
high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and 
characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-
reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape 
studies for variant selection and target identification, and finally, the rCedV based reporter-gene system allows 
rapid and quantitative antiviral combination testing and the ability to measure synergistic activity with small 
molecules or nanobodies or combinations of both.  

Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will show cross-
reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will 
not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those 
in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins. 27 Interestingly, the CedV 
L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase in 
the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% 
aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic 
domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% 
(HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% 
(NiV-B) and ~61.7% (HeV). This high degree of protein identity, overall, shared between CedV, and that of NiV 
and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and 
perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility 
and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule 
library screening project to identify inhibitors of rCedV replication.7 Indeed, several small molecule inhibitors have 
been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the feasibility 
of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a strong 
foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to optimize our 
current best-in-class leads and also screen large libraries of antiviral compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized 
and have been shown to be safe with low immunogenicity in clinical trials.31-33 Nanobodies can be isolated using 
the same phage library construction methods and phage panning procedure routinely employed for mAb 
discovery, which allows for in vitro production of various amounts and their rapid characterization. In collaboration 
with Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice that produce VHHs (nanobodies) 
from alpacas, dromedaries and Bactrian camels, 10 we have several immunized mouse cohorts now underway 
using native-like oligomeric recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make 
rapid progress in Aim 2 in generating and characterizing diverse panels of nanobodies to the F and G 
glycoproteins of NiV and HeV. 

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new 
compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, 
in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-
henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and 
well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins 
of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small 
molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel 
therapeutic modalities capable of treating NiV and HeV disease. 

C. PRELIMINARY RESULTS  

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors 
between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead 
on small molecule discovery) and Drs. Norton Peet and Irina Gaisina, Chicago BioSolutions (Co-
Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator lead on structural 
henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. Jianliang Xu, 
(Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and BSL-4 and ABSL-
4 Core Lead). Chicago BioSolutions, Inc. is a privately held, product-focused biopharmaceutical company 



engaged in the research and development of small molecule antiviral drugs that address commercially significant 
medical markets and unmet medical needs. 

C.2. Preliminary Data: Identification of small molecule entry inhibitors of Nipah.  
C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2 
containment), cell-based HTS platform to identify small molecule antivirals targeting henipavirus replication 

without the requirement for BSL-4 containment.7 rCedV assays and tools. We 
also adapted the rCedV HTS infection platform to create another innovative 
toolset using novel chimeric viruses, where the viruses are altered only by the 
substitution of the F and G genes with that of NiV or HeV. As with the luciferase-
encoding rCedV HTS assay, rCedV chimera use guidelines and procedures at 
BSL-2 were reviewed and approved by the USU, Institutional Biosafety 
Committee (IBC) in accordance with NIH guidelines. These replication competent 
rCedV chimeras create a very rapid and robust surrogate infection assay for NiV-
B and HeV that can be used as a neutralization tool or entry inhibitor assay to 
measure neutralizing antibodies or sera, or as a surrogate for generating virus 
escape mutants to F or G neutralizing antibodies. Here, the F and G genes of 
NiV-B (2010 Faridpur isolate) and HeV (2008 Redlands isolate) were synthesized 
and inserted into our pOLTV5-rCedV anti-genome plasmid. For the HTS 
neutralization assay, a turbo-GFP gene was inserted between the CedV P and M 
genes. Each chimera (rCedV-NiV-B-GFP and rCedV-HeV-GFP) were rescued as 
previously described.8 Other versions without reporter genes have also been 
prepared (rCedV-NiV-B and rCedV-HeV). All virus stocks are cloned and 
genomes confirmed by NGS. Typically, large stocks are prepared and frozen as 
single use aliquots. Show in Figure 1 is an example of how these chimeras are 
used in a virus neutralization test, referred to as a fluorescent reduction 
neutralization test (FRNT) using two human NiV/HeV cross-reactive anti-G mAbs 
(HENV-103 and -117) as previously described.34 Briefly, Vero 76 cells are used 

in black walled clear bottom 96-well plates, mAbs are serially diluted in medium, and equal volumes of medium 
containing rCedV-NiV-B or rCedV-HeV are added to each mAb dilution for a final concentration of 2000 PFU, 
incubated for 2 hrs at 37 °C. Each virus-mAb mixture (90 µl/well) is added to 

the pre-seeded Vero 76 
cells in triplicate and 
the assay run for just 
another 24 h followed 
by 4% formaldehyde 
fixation, washing and 

then scanning using a CTL S6 analyzer. Fluorescent foci were counted using 
the CTL Basic Count™ and an IC50 is determined as the antibody 
concentration at which there was a 50% reduction in fluorescent foci versus 
untreated control wells. Table 1 shows the calculated EC50 values using 
rCedV chimeras vs. those determined by conventional PRNT assay with 
authentic NiV-B and HeV in BSL-4, and they are remarkably within a 2-fold 
range. 

In addition to conventional single agent neutralization tests, the rCedV-NiV-B-
GFP and rCedV-HeV-GFP chimeras can also be used in rapid HTS 
neutralization assays to measure synergistic activities of inhibitors, such as 
antibodies or drugs. The synergistic neutralizing activity of the HENV-103 and 
HENV-117 mAbs were described utilizing the rCedV chimera assay.34 Shown 
in Figure 2 is a neutralization synergy assay conducted with mAbs m102.4 
and nAH1.3 (both NiV/HeV cross-reactive anti-G mAbs) where they are 
individually diluted 2-fold in a 7x7 concentration matrix. The diluted mAbs are 
added 1:1 to 4000 PFU per well of rCedV-NiV-B-GFP and the assay 
essentially carried out as above, with percent neutralization calculated by 
normalizing foci to a virus only control. Matrices are imported into 
SynergyFinder and analyzed Neutralization synergy was calculated by 
comparing treatment to virus only control wells. Values were imported into SynergyFinder software35 using a 

Figure 1. Neutralization curves for 
HENV-117 and HENV-103 mAbs 
against rCedV-HeV-GFP (top) and 
rCedV-NiV-B-GFP (bottom). Data 
are from a single experiment 
performed in technical triplicate.  

Table 1. IC50 values of cross-reactive anti-G human mAbs HENV-
103 and -117) as determined by rCedV chimera FRNT assay and 
NiV-B and HeV conventional PRNT assay. 

Figure 2. Synergy map with calculated 
synergy score using the zero 
interactions potency (ZIP) model 
generated by SynergyFinder for 
neutralization of rCedV-NiV-B-GFP by 
serially diluted m102.4 and nAH1.3 
mAbs.  



Zero Interactions Potency (ZIP) statistical model; delta scores >10 indicate likely synergy as m102.4 and nAH1.3 
indicate here.  

Antiviral evaluation and combination testing of small molecules and nanobodies. These rCedV-based 
tools and rCedV chimera viruses will allow for rapid antiviral activity assessment and an ability to measure 
synergistic antiviral activities for both small molecule inhibitors derived from Aim 1 and nanobodies derived from 
Aim 2; and will also allow the novel approach of testing small molecules and nanobody combinations in a rapid 
and quantitative manner, in vitro, to select best-in-class candidates for both monotherapeutic and combination 
therapeutic modalities prior to in vivo animal model testing. 

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv 
library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc 
inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of 
diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. 
From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for 
further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular 
toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were 
confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM.  

In Table 2 is shown a representative quinazoline compound from our quinazoline 
series of rCedV inhibitors, designated as CBS1437. Note that both HEK293T and 
Vero cell lines were employed in these assays, and that CC50 values were recorded 
for these two cell lines. Compound CBS1437 was also evaluated in the infectious 
NiV (NiV-B) assay and found to have an EC50 value of 3.3 µM. An important reason 
for producing the data shown in Table 2 was to validate the primary screening data 
that was gathered from the rCedV HTS assay. Thus, we concluded that our HTS 
approach was a valid method for defining NiV inhibitors. Next, target specificity 
was confirmed in a counterscreen assay using a vesicular stomatitis virus G (VSV-
G) protein. This hit showed a lack of detectable inhibition for VSV-G as well as 
some other unrelated viral proteins, including Lassa glycoprotein, and influenza 
fusion protein hemagglutinin H1 and H5 (0% inhibition at 12.5 µM). 

Table 3 shows eight additional inhibitors in the quinazoline series, namely 4-aminoquinazolines, that we 
identified from a focused screening campaign, which allowed us to develop some initial structure-activity 
relationships (SARs). Note that these 4-aminoquinazolines all bear substituents on the amino group at the 4-
position of the quinazoline ring and a carboethoxy substituent at the 2-position. In terms of SAR to be gleaned 
from the limited data set in Table 3, a few features stand out that are worth mentioning. It is clear that a variety 
of N-phenyl substituents give rise to active 
compounds, and that H, methyl and n-propyl 
groups as the second N-substituent all can 
produce good activity. However, it is also clear 
that one of the best compounds is compound 
14, bearing an unsubstituted cyclohexyl group, 
which suggests an area for optimization since 
compound 14 is the only compound where the 
phenyl ring has been replaced by a completely 
saturated (cyclohexyl) substituent. Another 
point worth making is that the two n-propyl 
compounds (16 and 18) are two of the best 
inhibitors. There may, in fact, be a rough 
correlation between cLogP and inhibitory 
activity, which may be worth exploring with a larger set of derivatives. It is clear that additional compounds in our 
4-aminoquinazoline series (Table 3) would provide excellent opportunities for further optimization of the inhibitory 
activities. In the Research Plan we discuss methods for the preparation of new 4-aminoquinazolines in addition 
to compounds in a backup series defined by our validation agent, CBS1437, as well as specific plans for 
developing the SARs. 

D. RESEARCH DESIGN AND METHODS  
D1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-
activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed 

Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates     
1-8 in the rCedV luciferase reporter virus assay. 

 

N 
Compound 

ID 
R1 R2 % inhib  

at 10 µM 

1 G577-0014 H 
3-chloro-4- 

methoxyphenyl 
81 

2 G577-0016 H 
2,4-

difluorophenyl 
18 

3 G577-0021 H 
2-chloro-4- 

fluorophenyl 
58 

4 G577-0022 H 3-methoxyphenyl 46 
5 G577-0028 Me cyclohexyl 93 
6 G577-0084 H 4-isopropylphenyl 85 
7 G577-0111 n-propyl 4-fluorophenyl 86 
8 G577-0112 Me 2-methylphenyl 94 

 

Table 2. Inhibition of rCedV and 
NiV-B by the HTS hit CBS1437. 

 
CedV  
(293T) 

CedV  
(Vero) 

NiV-B 
(Vero) 

EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 

0.70 100 2.1 100 3.3 

 



libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define 
henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM). 
D1.1. Synthetic Chemistry. In Figure 3 is shown a summary of how we will develop the SAR plan for the 4-
aminoquinazoline scaffold, as exemplified by changes to compound 8 (F577-0112). Substituent changes on the 

core fused scaffold will involve exploration of mono- and 
disubstitution substituent patterns on the quinazoline core to 
explore the optimum overall size for the core. Note that we 
may be able to use these substituents as “ADME handles” to 
control the overall hydrophobicity of the molecules and the 
cLogP values. In addition, we optimize substituents on both 
aryl rings, as indicated, and optimize the alkyl group on the 
tertiary amine. In addition, we will optimize the alkyl ester 
group, and we are very interested in replacing this ester with 
an amide, which would be more chemically and metabolically 
more stable. If the amide turns out to be an effective 

replacement, then we will also explore amide replacement units, such as ketomethylene, reduced ketone, 
retroamide, ethylene, and sulfonamide units, etc. In Scheme 1 is shown a brief synopsis of the general method 

used for the synthesis of 4-aminoquinazolines. The specific procedures 
for the three steps vary, but all initiate with anthranilamides. This general 
route will allow us to prepare compounds with varied R1, R2 and R3 groups 
as well as compounds with 
substituents that replace the 
carboethoxy functionality at the 2-
position. Several anthranilamides 
are commercially available, which 

will allow us to initially access starting materials with a variety of R3 groups. 
A variety of methods are available for accessing these 4-
aminoquinazolines, including initial treatment of the anthranilamides with 
ethyl ethoxycarbonylformimidate in ether36-37 as well as other methods.38,39 
Likewise, the additional reagents required for these syntheses are mostly 
commercially available, as well. Thus, it is very realistic that a large library 
of these potential inhibitors will be quite accessible. 

In Scheme 2 is shown a specific synthesis of one of our best inhibitors in 
this set. Anthranilamide 9 is heated with diethyl oxalate in a solution of dimethylformamide (DMF) produces 2-
carboethoxyquinazoline-4-one (10) in a condensation/cyclization process. Treatment of 10 with phosphorous 

oxychloride next provides a reactive intermediate, namely 
2-carboethoxy-4-chloroquinazoline-4-one (12), which 
affords the specific inhibitor G577-0112 (compound 8) after 
a displacement reaction with 2-methyl-N-methylaniline. 

In Figure 4 is shown a set of proposed compounds related 
to G577-0112 (compound 8) for which we show 
parameters calculated using Actelion OSIRIS software40. 
The proposed compounds (13 through 17) generally show 
improved druglikeness and drug scores (and other 
parameters) with respect to G577-0112 (compound 8), and 
therefore represent promising new targets for synthesis 
and evaluation. Note that a dramatic improvement in all 
parameters is seen in simply replacing the ester to an 
amide by substituting NH for O, to provide proposed new 
compound 13. In progressing through the constrained 
compounds 14 through 17, improvement of parameters 
culminates with the indoline derivative 17, whose 
druglikeness and druglike scres have very dramatically 
improved. Advantages of imposed conformational 
restraints, as seen in tetrahydroquinolines 14 and 15 and 

 
Figure 3. SAR development for 4-aminoquinazolines 

Scheme 1. General synthesis for 4-
aminoquinazolines. 

Scheme 2. Synthesis of G577-0112 
(cmpd 8). 
 

Figure 4. Proposed inhibitors of rCedV based on Actelion 
OSIRIS predicted parameters. 



indolines 16 and 17, include a reduction in rotatable bonds, and, importantly, a preorganization of an effective 
conformation that can mitigate the entropic penalty of binding. 
In Figure 5 is shown the SAR development plan for our quinazolin-4-
one scaffold. There are three points of optimization that we envision 
for this trisubstituted fused core. At the 2-position, we will substitute the 
pyrrolidinyl substituent with additional cyclic and acyclic amines. The 
unsubstituted benzyl substituent at the 3-position will be optimized in 
terms of mono- and disubstitution patterns. The position of the 
carboxamide substituent located at the 7-position will be optimized, as 
will the N-alkyl group on the carboxamide. We will also replace the 
amide unit with various amide mimetic units, as indicated in Figure 5, 
since amides are subject to metabolic cleavage. Additional synthetic 
methods are available for the construction of both 4-aminoquinazolines 
and 2,3,7-trisubstituted quinazolin-4-ones. 

D.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one series 
and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently 
published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5 x 104 cells per well will 
be treated with growth medium containing either DMSO or selected compound at predetermined nontoxic 
concentrations for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 
and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using 
the ENVISION JANUS automated workstation (PerkinElmer, Waltham, MA) as per the manufacturer’s 
instructions. This plate reader is integrated directly with the robotic deck so that readings can be made 
unattended. The data will be normalized by the average signal of the negative control wells in each plate. The 
best inhibitors will be evaluated in HEK293T cells and Vero cells in 96-well plates. Cells will be incubated with 
compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 
0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the luminescent signal 
as described above. Sample signals will be normalized by signals from the DMSO control wells. EC50 and CC50 
values will be calculated by dose-response curve fitting with Graphpad prism. These assays will be conducted 
in the Broder Lab.  

Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). They are 
comprised of > 150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional 
libraries from ChemDiv and Enamine, including Antiviral Library composed of 65,937 novel diverse and targeted 
compounds with privileged scaffolds from ChemDiv’s collection, will be purchased by Chicago BioSolutions, 
Inc. Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the 
luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” 
compound after the initial round of screening. To further determine the specificity, a secondary screening 
(counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be 
used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSV-
G-mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and 
here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines 
will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition 
(non-potent) will not be actively pursued, while the more potent compounds (potent inhibitor, EC50 less than 10 
µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most 
potent compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and Ranking. 
We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent 
inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using 
the “CellTiter 96 aqueous nonradioactive cell proliferation assay” (Promega, Madison, WI) as described 
previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening 
will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control 
and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have 
the expected structure (LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and 
retested. 

D.1.3. Evaluation of protective properties of the advanced candidates in the henipavirus infectious 
assays will be done as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 
cells per well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected 
compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or 

Figure 5. SAR development for CBS1437. 



without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection 
(hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound 
only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The 
percent reduction in PFU/mL titers in the samples containing compounds will be compared to that from parallel 
cultures with virus and DMSO vehicle only. This work will be performed in the BSL-4 facility at UTMB by the 
Geisbert Lab (Core ?) . 

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of 
Drs. Gaisina and Moore. If we encounter a synthesis-related problem with our primary scaffold compounds, we 
will use an alternate strategy based on a different reaction sequence. Should we encounter a scaffold-related 
problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one scaffold or the 
additional HTS hits identified with the HTS of the expanded libraries of compounds for defining lead compounds 
for advancement. 
D.2.1. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the 
mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The 
following experiments will be performed: 1) Determine the impact of compound treatment on viral protein 
expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be 
treated in duplicate with cell growth medium containing either DMSO or selected furopyrimidines at a 
predetermined concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells 
will be collected to determine viral protein expression by standard western blot techniques or viral RNA levels by 
quantitative real time polymerase chain reaction assays (q-RT-PCR). CedV specific antibodies against the 
attachment (G) and fusion (F) that were generated in the Broder Lab and antibodies to CedV-N and CedV-P will 
be utilized. To determine changes in viral protein expression at the different time points, densitometric counts of 
these bands will be calculated using the ImageJ Software and normalized against β-actin and calculated as a 
fold change compared to the infected untreated cells (DMSO control). Total RNA will be extracted and 500 ng of 
total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe pair 
targeting the N gene. The one-step reaction will be performed using the Applied Biosystems (ABI) 7500 
thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold changes will be 
calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We 
expect to observe a decrease in intracellular viral RNA levels expression with compound treatment when 
compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the 
compounds and the impact of the compounds on viral RNA levels over time; 2) Determine the stage(s) of 
inhibition of 4-aminoquinazolines and quinazolin-4-ones in the viral lifecycle. For time of addition studies, 
HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which 
time the viral inoculum will be removed and cells washed three times with PBS. This will be considered as 0 hpi. 
Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain 
on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious 
viral titers (PFU/mL) by plaque assay.7,8 Results from this data will indicate at which stage of the viral life cycle 
the compounds are affecting; 3) Analyze escape mutants against the advanced lead compounds with Cedar 
virus. Target identification for small molecules. The rCedV tools used in the small molecule inhibitor 
identification assays (Aim 1) can also be exploited for antiviral target identification. In vitro selection of virus 
escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic changes associated 
with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras to generate 
neutralizing mAb escape mutant viruses. Here, we will test advanced lead compounds for antiviral resistance 
using techniques similar for generating mAb escape mutants.41,42 Briefly, a select compound will be used at the 
sub-optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial passaged in 
multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of inhibitor will 
be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then be amplified 
and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will be derived by 
deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral genomes. 
We expect that many mutations will map to the L polymerase gene of rCedV, however, both P and N proteins 
also comprise the replicase complex and mutations may appear in those gene products as well, which if identified 
also suggests the possibility of multiple drug combination testing going forward. We will validate key mutations 
found in drug resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse 
those rCedVs and assay for drug resistance. We will also confirm and correlate our drug targets by performing 
resistance selection of the best inibitors using authentic NiV-B and HeV in BSL-4 by the UTMB Core. 



D.2.2. Assess the binding properties by surface plasmon resonance (SPR). The Nipah polymerase (L 
protein and a phosphoprotein P) will be prepared using a previously published protocol. Biacore T200 and 
Biacore 8KSPR systems will be used to obtain information on binding specificity, binding affinity of the new lead 
inhibitors (KD) to the RdRp protein, kinetics [association rate constants (ka), and dissociation rate constants (kd)] 
as previously described.43 Prefusion-stabilized RdRp protein will be immobilized on a CM5 chip using standard 
amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected over the flow 
channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir kinetic binding 
model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic analysis will be 
performed by UIC RRC, as previously done by the Rong lab. 
D.2.3. Structure determination of recombinant proteins with bound inhibitors by X-Ray crystallography 
and CryoEM. High-resolution structures of the Nipah RdRp complex with key inhibitors such as CBS1437 and 
the advanced lead compound to be developed will be obtained using both x-ray crystallography and CryoEM by 
Dr. Vessler Lab. It is expected that these structures will be determined and will reveal the atomic level details of 
how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for 
developing potent high-affinity ligands. Initial crystallization screens will be set up robotically using in-house 
Gryphon crystallization robotics. Biophysical techniques such as native mass spectrometry and thermal shift 
assays, light scattering, and fluorophore analysis to measure protein stability and folding are routine and will be 
used to ensure that bound compounds are not destabilizing domain structures to prevent crystallization. X-ray 
data collection will be done where? Crystal structures will be determined by molecular replacement using existing 
structures as search models. For inhibitors binding to regions other than above or if co-crystals cannot be 
obtained, cryo-EM will be used to determine the complex structure. For EM studies, we will utilize automated 
data collection software to facilitate throughput. In brief, data will be processed using the Appion44 pipeline, which 
keeps track of all data and processing steps. All data will be processed using multiple single particle EM software 
packages, including cryoSparc45, EMAN46, and RELION47. Purified complexes will be deposited onto grids, 
blotted, and cryo-plunged into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the 
complexes will be collected using automated image acquisition software under low dose conditions. Structures 
generated by cryo-EM will be refined and reconstructed by molecular dynamics (MD) studies. While cryo-EM 
can provide access to the near-atomic resolution structures of large biomolecular systems--in their near native 
environment, MD can be used to reveal its dynamic behavior and refine low-resolution regions of cryo-EM 
reconstructions48,49. Furthermore, as X-ray/cryo-EM structures of polymerase in complex with key inhibitors (i.e., 
CBS1437 and additional derivatives) become available, MD studies of these systems will be conducted to reveal 
the dynamic nature of protein/ligand interactions50-54, to explore the conformational landscape55 of ligand binding 
events, and to capture conformational variability of intermediate states48,56, which can be crucial to gain 
mechanistic knowledge of biological function, but remain out of reach through experimental approaches. David, 
please look at this section. Make necessary corrections.  
 
Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are 
commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously 
rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T 
cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism 
studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-
aminoquinazolines or quinazoline-4-ones. 

D.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. Milestone: 
Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver microsomes, 
low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before investigating the 
efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal dosing regimen 
for the efficacy studies with the advanced lead compounds. 
D.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing.  
Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further 
therapeutic development. We will assess several critical in vitro ADME-T properties and prioritize compounds 
accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out using the CYP3A4, and 
CYP2D6 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp., Woburn, MA) 
to rapidly screen for potential inhibitors of the principal drug metabolizing cytochrome P450 enzymes.57 
Compounds with IC50 values ≥100 µM for CYP isoforms will be prioritized for further advancement. Rat/Human  
Liver Microsome Stability. Rat and human liver microsome preparations will be used to evaluate the metabolic 
stability of compounds by the method of Kuhnz et al.58 Compounds with >30% recovery (1 h) will be considered 



for further advancement. hERG channel blockade. The ability of compounds to block the hERG channel will be 
assessed in a [3H] dofetilide-binding assay as described by Finlayson et al.59 using SHSY5Y cells. Compounds 
that do not prevent [3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug absorption 
through the intestinal epithelium is critical to good oral bioavailability. We will use the Caco-2 method as 
described by Gres et al.60 to evaluate the potential for oral bioavailability of the lead inhibitors. Compounds 
exhibiting a Caco-2 permeability value (Papp) greater than 1 × 10-6 cm/sec will be prioritized. Bacterial reverse 
mutation assay (Ames): Four Salmonella typhimurium strains (TA1535, TA1537, TA98, TA100) and one 
Escherichia coli strain (WP2 uvrA) will be used. The bacteria will be exposed to different dose levels of the 
compound up to a solubility-limiting level in the presence or absence of rat liver enzymes (rat S9 liver fraction) 
acting in the normal process of metabolism and any reverse mutations will be determined. In vitro mammalian 
chromosomal aberration test: The purpose of this study is to evaluate the clastogenic potential of the 
compound based on its ability to induce chromosome aberrations in human peripheral blood lymphocytes. 
D.3.2. PK studies: Naïve male/female mice (equal number, 3 groups of 36 animals total) will be treated with a 

single dose via i.v., i.p., or oral gavage administration and blood will be collected and processed to obtain plasma 
and serum from three animals/group/time point at up to 12 time points through 24 h post dose. Two doses will 
be used to establish the drug exposure-dose range relationship: the estimated efficacious dose (ED), based 
upon preliminary data at 25 mg/kg i.p. or p.o. and an observable adverse effect dose (OAED) (to be determined). 
Compounds of interest will be extracted from biological specimens by protein precipitation, analyzed on a triple-
quadruple mass spectrometer (LC-MS/MS) and quantified using an internal standard method with a minimum of 
a five-point calibration curve. PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. 
Depending on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate 
calculations of AUC. Plasma concentration will be established to support dosage selection for efficacy studies. 
Formulation stability and PK/Toxicity studies will be performed by CROs. 
Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc. and Reaction Biology, Corp., and supervised by 
Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to 
meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to 
meet the objectives in this aim.  
We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced 
lead compounds, which will allow for the future selection of a preclinical candidate (Figure 5). 

D.4. AIM 2: Characterization of the potency and breadth of selected nanobodies 

Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies 
targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also 
collaborate with the core??? to evaluate lead candidates in vivo. 

D.4.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth 
D.4.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of 
prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian 
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cells, including Nipah virus (Bengladesh and Malaysia strains) and Hendra virus (both ancestral and the newly 
described variant) with and without avi-tag for biotinylation.61-63 These proteins were used to vaccinate transgenic 
mice for nanobody production and will be used for downstream screening of the nanobody libraries and for 
exploring cross-reactivity with Nipah and Hendra virus glycoproteins and with more distantly related 
henipaviruses using high-throughput ELISA assays. Biolayer interferometry analysis of binding kinetics and 
affinity will be carried out for the most promising nanobodies selected by ELISAs to enable ranking them based 
on binding affinities and cross-reactivity. 

D.4.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit Nipah virus 
and Hendra virus, we will use a high-throughput neutralization assay developed in the Broder lab. This assay is 
based on green fluorescent protein (GFP)-encoding, replication-competent, Cedar (henipa)virus (rCedV) 
chimeras in which the native glycoproteins are substituted with the NiV-B (rCedV-NiV-B-GFP, Bengladesh strain) 
or the HeV (rCedV-HeV-GFP) F and G glycoproteins.7,64 This platform is safe, enabling utilization at BSL2 
compared to BSL4 for authentic viruses, and has been thoroughly validated and shown to faithfully recapitulate 
the data obtained with NiV-B and HeV with both monoclonal antibodies and vaccine-elicited polyclonal sera. This 
method was used to support the preclinical development of G-specific antibodies5. Furthermore, the Broder lab 
recently developed a rCedV-HeVv-GFP using reverse-genetics to study the antigenic properties of a newly 
described Hendra virus variant.65 These assays will enable ranking each nanobody based on their neutralization 
potency and breadth to assist downstream selection. For nanobodies for which cross-reactivity will be detected 
beyond Nipah and Hendra viruses (e.g. CedV), their inhibitory activity will be tested against authentic CedV. 
Finally, these chimeric virus neutralization assays can be implemented for viruses for which no isolates are 
available (as is the case for henipaviruses discovered through metagenomics in bats or other animals).66,67 

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing 
certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity 
with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy 
imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins 
and viruses and performed by multiple individuals to ensure the reproducibility of our assays.  

Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad 
and potent neutralizing activity against Nipah virus and Hendra virus. The top candidates will be further studied 
structurally and functionally and evaluated for in vivo efficacy. 

D.4.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition 
Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-
level understanding of binding and inhibition which will be validated using functional assays. This structural 
framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth 
and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins 
and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G 
glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. 
The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput 
structural studies of viral glycoproteins. We use the Leginon data collection software which runs 24 hours per 
day and enables automated targeting and image acquisition while keeping a relational database of all 
micrographs to expedite subsequent processing.68 Many image processing tasks are automated as part of a 
workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by 
storing all the details related to image acquisition and processing.44,69 Complexes of nanobodies with 
glycoproteins will be vitrified and imaged using cryoEM to visualize directly the epitopes targeted by the different 
nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience 
in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,61,63,70-72 
mechanical stage tilting with gold grids73,74 or detergents to modify surface tension75. Some of the nanobodies 
might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened resolution. 
We will overcome this using workflows developed in-house specifically for that purpose for previously 
characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D 
classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.73,76-80 Refinement 
of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of 
Washington.81-83 
The Nipah virus attachment (G) glycoprotein engages host receptors, is the basis of a commercially available 
horse vaccine and entered phase I clinical trials for use in humans with funding from the Coalition for Epidemic 
Preparedness Initiatives. The Veesler and Broder labs recently determined a high-resolution cryoEM structure 



of the Nipah virus G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 years, 
hindering both our understanding of immunity directed towards G and the rational design of vaccines. The 
structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3) which 
recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. 
This study revealed the ultrastructural organization of this key target of the immune system, informs the 
mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic 
design. The know-how generated to achieve this groundbreaking result will directly support the proposed project. 
D.4.2.1. High-resolution structural studies using X-ray crystallography. Some of the nanobodies might bind 
to regions that are intrinsically flexible thereby limiting resolution using cryoEM. We have already encountered 
such cases with coronavirus fusion machinery-directed antibodies binding to linear epitopes in the spikes. We 
will overcome these challenges by determining high-resolution crystal structures of the nanobodies bound to 
their cognate epitopes, similar to the strategy we used to obtain structural information of the B6 and S2P6 
antibodies bound to several β-coronavirus stem helices. Refinement of atomic models will use both Phenix84 and 
BUSTER-TNT85. 

D.4.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred 
from the the structural data will be validated using receptor binding, F cleavage and membrane fusion assays 
we previously implemented for henipaviruses and coronaviruses.61-63,71,86,87 

Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot 
be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, 
which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-
150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM 
center, which Dr. Veesler co-directs. 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and 
the formulation of cocktails. This work will also demonstrate the mechanism(s) of action of nanobodies leading 
to inhibition of viral entry. 

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in 
the field. For cryoEM maps, these will include gold-standard projection matching refinements88-90 and high-
resolution noise substitution prior to Fourier shell correlation calculations91 to avoid overfitting. Atomic models 
will be assessed using Molprobity92, EMringer93 and Privateer94. The coordinates of the structures solved as part 
of this work, as well as the corresponding experimental data, will be made freely available through deposition in 
the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-
reactivity and the design of nanobody cocktails. 

D.4.3. AIM 2C. Structure-guided formulation of nanobody cocktails 

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or 
treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 
10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical 
isolates, the two-mAb cocktail proved more resilient to escape mutations.95-97 Because experimental passaging 
of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape 
mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails 
that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins.  

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent 
a unique opportunity for implementing multi-pronged targeting which has not been evaluated previously. We will 
combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their 
antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV 
chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side 
to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-
selection will include maximal neutralization potency and breadth and structural characterization will be used to 
ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary. 

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails 
with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection. 

D.5. AIM 3: Evaluation of lead compounds in vivo. 



Rationale: Aim 3 will collaborate with Core D to evaluate lead candidates in vivo. A critical aspect of antiviral 
discovery that is often overlooked is the early stage testing of lead compounds in a well-studied and well-
validated in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic 
henipaviruses (NiV and HeV) which includes the Syrian golden hamster (refs) and AGM (refs). PK/PD studies 
will be carried out in the NiV/HeV hamster model. Protective efficacy studies using select best-in-class drugs 
and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-concept protective efficacy 
studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and HeV infected AGM models. 

D.5.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary 
pharmacokinetic (PK) studies in hamsters and AGMs will be performed by Core D. Using intraperitoneal (i.p.) or 
intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these studies will examine the 
concentration of lead compounds in plasma over time in order to establish parameters such as bioavailability, 
volume of distribution, clearance, and half-life. This data will be used to select doses and dosing regimens to be 
investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter for efficacy in antiviral 
drug development, which is the maintenance of the minimum plasma concentration (Cmin) above the EC90 in 
cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in hamster models of 
heniavirus disease. Lead compounds which demonstrate good exposure-response antiviral activity in hamsters 
will then advance into AGM PK studies using similar dose administration and measured parameters as above. 
The data will be used to select doses and dosing regimens for the subsequent protection studies in AGMs. 

D.5.2. In vivo testing of lead compounds NiV/HeV infected hamsters. The in vivo activity of the most potent 
compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will be 
randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of NiVB 
or HeV (refs). Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different 
doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will 
be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight 
loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 
optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis 
in the Subaims below. 

D.5.3. Define breakthrough conditions for anti-henipavirus antivirals in hamsters. This Subaim will employ 
the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect hamsters 
against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after henipavirus 
exposure. The goal of this Subaim is to determine the time points of treatment initiation when the antivirals fail 
to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and 
inoculated i.n. with ~ 5x106 PFU of NiV or HeV (refs). Treatments will be initiated at various times after 
henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters 
succumb to disease. 

D.5.4. Combination therapy of anti-henipavirus antivirals in hamsters. This Subaim will employ the most 
promising antivirals from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. Hamsters will 
be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x105 PFU of NiV or HeV 
(refs). Treatment with at least two different antivirals will be administered beginning at a time point where 
substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if combining at 
least two different antivirals improves survival. Group sizes may be increased as needed to obtain appropriate 
statistical power to show the survival benefit of combination therapy. 

D.5.5. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will 
employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol 
delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can 
protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB or HeV as determined in henipavirus 
dose confirmation studies conducted by Core D (see Core D). Treatments with drugs, nanobodies, or 
combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization 
by Core X (see Core X) at various times after henipavirus infection. 

D.5.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of 
concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV 
infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol 
using the MAD system as previously described (ref) or by small particle aerosol as previously described (refs) 
with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV. The treatment groups (consisting of five 



animals each) will be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by 
Core X up to 5 days after viral challenge (initiation time informed by hamster studies) while control animals will 
receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by several methods, 
including respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and 
survival. 

Potential Pitfalls and Alternative Strategies. It is possible that Core X may experience difficulties in optimizing 
aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that aerosol delivery of antivirals may not 
improve protective efficacy or extend the therapeutic window of antivirals. We will also assess conventional 
parenteral delivery routes (as noted in the subaims above) which were previously shown for remdesivir and 
monoclonal antibodies to protect animals against lethal henipavirus disease to de-risk this Aim. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which 
compounds were given to which animals until experiments and analysis are completed. We will employ equal or 
near equal numbers of male and female animals and general age (infant or geriatric animals will not be used). 

In summary, the emergence and re-emergence of Nipah virus infections throughout the world, coupled with its 
high fatality rate, provide very significant motivation for the preparation of small molecule inhibitors of this virus 
to create a readiness for the next Nipah virus outbreaks. We have discovered two differentiated series of 
compounds that show early promise as agents that have potential for treating Nipah virus infections, and we 
have designed a series of optimized druglike candidates for future preparation and development.  
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figure 1 which we should remove.  the chimera prelim data supports high throughput
nanobody assessment, and synergy assay (which can be mentioned in Aim 1 drugs, and Aim 2
nanobodies.

also there is some text for resistance selection and genome sequencing  for
target identification  if needed somewhere


The pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV) cause severe respiratory illness and encephalitis in both animals and humans with human case fatality rates ranging from 40-100%. The NiV-Bangladesh strain (NiV-B) is associated with multiple rounds of human-to-human transmission and is a pathogen of pandemic concern for which there are no vaccines or antivirals approved for human use. We have recently shown that the non-pathogenic Cedar henipavirus (CedV) is useful surrogate platform for high throughput screening (HTS) for antiviral drug discovery, and for virus neutralization assays. This proposal focuses on developing antiviral small molecule and nanobody countermeasures to combat the pathogenic henipaviruses including therapeutic modalities by an aerosol delivery approach. We created reporter gene-encoding recombinant CedVs and discovered a series of fused heterocycles, e.g., 4-aminoquinazoline-based, antivirals, and showed that a representative quinazoline CBS1435 was an effective inhibitor of rCedV replication and also both NiV-B and HeV, with EC50s in the low µM range and minimal cytotoxicity. Neutralizing antibodies to the henipavirus F and G glycoproteins have also shown therapeutic promise, but antiviral nanobodies as potential immunotherapeutics represent a novel area of NiV and HeV countermeasure development. This proposal will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. Aim 1 will focus on optimizing lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. Lead molecules will be selected using NiV-B and HeV assays, and best-in-class drugs will be developed by chemical modifications aimed to improve drug-like properties, increase potencies, decrease toxicity, and improve pharmacokinetic properties. Aim 2 will isolate and fully characterize nanobodies broadly neutralizing NiV-B and HeV derived by immunization of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, using phage display technology of cloned nanobody gene fragments. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of action and guide formulation of nanobody cocktails. Aim 3 will focus on in vivo efficacy evaluation of lead compounds and nanobodies in animal models. Both monotherapies and combination therapeutic modalities will be tested, along with testing antiviral nanobody delivery by aerosol. These two unique henipavirus-targeted antiviral development directions will generate novel countermeasures that may display more broad effectiveness.	Comment by dveesler: This is unlikely to be the case (at least for the nanobodies)




SPECIFIC AIMS 

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 23 total cases, leaving only 2 survivors.4 22 cases were from virus transmission in 3 hospital settings, with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the detection of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic henipaviruses including therapeutic modalities by an aerosol delivery approach. 

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-pathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an extensive characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high throughput antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a representative quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and HeV, with an IC50 value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development of small molecules together with more extensive compound library screening using rCedV will potentially yield testable antivirals with potential pan-henipavirus effectiveness. Our collaborative team also has an extensive experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. In this proposal, we have initiated a completely different approach for developing antiviral nanobodies which are acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. Specifically, we will:

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct new compound library HTS assays and identify new lead candidates. We will use resistance selection assays for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-class drugs will be developed using predictive software to improve drug-like properties, increase potencies, decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties. 

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of action and guide formulation of nanobody cocktails.

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal delivery (drug or nanobody) and also aerosol delivery of nanobodies. PK/PD studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. Combination studies of drug with nanobodies studies will also be conducted and final proof-of-concept protective efficacy studies will be carried out in the HeV and NiV-B African green monkey models.

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease. 

A. BACKGROUND AND SIGNIFICANCE

Over the past 40 years the major etiological agents of emerged or identified infectious diseases in humans have been viruses.11 Among these, the paramyxoviruses, which include many important human and animal pathogens, also include two emerged, zoonotic viral pathogens of importance: the henipaviruses; Hendra virus (HeV) and Nipah virus (NiV)12,13. In 1994, HeV caused an outbreak of severe respiratory disease in horses in Brisbane, Australia, resulting in the deaths of 14 horses and their trainer.14,15 NiV was the causative agent of a significant outbreak of severe encephalitis in pig farmers in Malaysia in 1998. Spread of NiV infections typically requires direct contact with an infected source, and transmission can occur between people and from animals to people. Symptoms may culminate in a severe respiratory and/or neurological disease that is often fatal. Complications of the infection can result in relapsed encephalitis following recovery. On September 5, 2021, a twelve-year-old boy in the Indian state of Kerala died after contracting the Nipah virus. During the process of transporting him to medical centers for a diagnosis, twenty-three health care workers exposed to this boy also died, which underscores both the transmissability and the lethal nature of this virus. There is presently no vaccine or small molecule therapeutics that have been developed for NiV infections. Pteropid bats appear to be the major reservoir hosts for henipaviruses6,16. HeV and NiV have a uniquely broad host tropism capable of infecting at least 18 animal species across 6 orders of mammals, including their natural bat hosts. Among these animals, HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at least 11 mammalian species including humans, with human fatality rates ranging from 40-100%2,17. 

NiV and HeV are classified as biosafety level-4 (BSL-4) restricted pathogens and both remain transboundary threats to livestock and people throughout South Asia and Australia. NiV and henipaviral diseases have been categorized by the World Health Organization (WHO) as an epidemic threat needing urgent research and countermeasure development and are included in the WHO R&D Blueprint list of priority pathogens with epidemic potential 18. Presently, there are no prophylactic or therapeutic treatment options for henipavirus infections approved for use in humans. A subunit vaccine, Equivac® HeV, has been available for use in horses in Australia since 2012 19 for the prevention of HeV infection. This equine vaccine received full registration by the Australian Pesticides and Veterinary Medicines Authority in 2015, with all vaccinated horses receiving a microchip with a database being maintained and is the first commercially deployed vaccine against a BSL-4 agent 20. Although a human monoclonal antibody (mAb) m102.4 has successfully completed a phase I safety trial in Australia 21, developing vaccines or therapeutics against henipaviruses for use in people remains a high priority. Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) glycoprotein and the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and also the main focus of several vaccine strategies2. Although an effective post-exposure human monoclonal antibody (mAb) therapy (anti-NiV/HeV G glycoprotein mAb m102.4) has been extensively examined22-26, it must be administered within several days following lethal infection in animal challenge models. In contrast, however, antiviral drug discovery for HeV and NiV has been significantly hampered due to requirements of biosafety level-4 (BSL-4) containment. Recently, a third isolate, namely, Cedar virus (CedV) has been added to the Henipavirus genus27. However, whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not known to be zoonotic and has been shown to be nonpathogenic in animals susceptible to HeV and NiV disease and resides in nature in the same bat host species as HeV27,28. Nucleic acid based detection studies have identified related henipavirus species, including complete genomic sequences29,30, but HeV, NiV, and CedV are the only virus isolates reported.

We have recently optimized a recombinant CedV encoding luciferase (rCedV-Luc) for high-throughput screening (HTS) applications and have identified several inhibitory compounds that were further validated with the infectious NiV-Bangladesh (NiV-B) strain. The validated compounds provide the foundation for the current application. 

B. INNOVATION

There are several innovative aspects within the present application which capitalize on the ongoing collaborative research and expertise of this proposal’s investigators. First, the cell-based high throughput screening (HTS) assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will have activity across related members of henipavirus genus. Second, our native-like, recombinant soluble tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape studies for variant selection and target identification, and finally, the rCedV based reporter-gene system allows rapid and quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules or nanobodies or combinations of both. 

Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will show cross-reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins. 27 Interestingly, the CedV L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase in the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% (HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% (NiV-B) and ~61.7% (HeV). This high degree of protein identity, overall, shared between CedV, and that of NiV and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule library screening project to identify inhibitors of rCedV replication.7 Indeed, several small molecule inhibitors have been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a strong foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to optimize our current best-in-class leads and also screen large libraries of antiviral compounds.

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized and have been shown to be safe with low immunogenicity in clinical trials.31-33 Nanobodies can be isolated using the same phage library construction methods and phage panning procedure routinely employed for mAb discovery, which allows for in vitro production of various amounts and their rapid characterization. In collaboration with Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels, 10 we have several immunized mouse cohorts now underway using native-like oligomeric recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid progress in Aim 2 in generating and characterizing diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV.

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the henipaviruses through the applications of our novel proposed approaches, may lead to novel therapeutic modalities capable of treating NiV and HeV disease.

C. PRELIMINARY RESULTS 

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead on small molecule discovery) and Drs. Norton Peet and Irina Gaisina, Chicago BioSolutions (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and BSL-4 and ABSL-4 Core Lead). Chicago BioSolutions, Inc. is a privately held, product-focused biopharmaceutical company engaged in the research and development of small molecule antiviral drugs that address commercially significant medical markets and unmet medical needs.

C.2. Preliminary Data: Identification of small molecule entry inhibitors of Nipah. 

C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2 containment), cell-based HTS platform to identify small molecule antivirals targeting henipavirus replication without the requirement for BSL-4 containment.7 rCedV assays and tools. We also adapted the rCedV HTS infection platform to create another innovative toolset using novel chimeric viruses, where the viruses are altered only by the substitution of the F and G genes with that of NiV or HeV. As with the luciferase-encoding rCedV HTS assay, rCedV chimera use guidelines and procedures at BSL-2 were reviewed and approved by the USU, Institutional Biosafety Committee (IBC) in accordance with NIH guidelines. These replication competent rCedV chimeras create a very rapid and robust surrogate infection assay for NiV-B and HeV that can be used as a neutralization tool or entry inhibitor assay to measure neutralizing antibodies or sera, or as a surrogate for generating virus escape mutants to F or G neutralizing antibodies. Here, the F and G genes of NiV-B (2010 Faridpur isolate) and HeV (2008 Redlands isolate) were synthesized and inserted into our pOLTV5-rCedV anti-genome plasmid. For the HTS neutralization assay, a turbo-GFP gene was inserted between the CedV P and M genes. Each chimera (rCedV-NiV-B-GFP and rCedV-HeV-GFP) were rescued as previously described.8 Other versions without reporter genes have also been prepared (rCedV-NiV-B and rCedV-HeV). All virus stocks are cloned and genomes confirmed by NGS. Typically, large stocks are prepared and frozen as single use aliquots. Show in Figure 1 is an example of how these chimeras are used in a virus neutralization test, referred to as a fluorescent reduction neutralization test (FRNT) using two human NiV/HeV cross-reactive anti-G mAbs (HENV-103 and -117) as previously described.34 Briefly, Vero 76 cells are used in black walled clear bottom 96-well plates, mAbs are serially diluted in medium, and equal volumes of medium containing rCedV-NiV-B or rCedV-HeV are added to each mAb dilution for a final concentration of 2000 PFU, incubated for 2 hrs at 37 °C. Each virus-mAb mixture (90 µl/well) is added to the pre-seeded Vero 76 cells in triplicate and the assay run for just another 24 h followed by 4% formaldehyde fixation, washing and then scanning using a CTL S6 analyzer. Fluorescent foci were counted using the CTL Basic Count™ and an IC50 is determined as the antibody concentration at which there was a 50% reduction in fluorescent foci versus untreated control wells. Table 1 shows the calculated EC50 values using rCedV chimeras vs. those determined by conventional PRNT assay with authentic NiV-B and HeV in BSL-4, and they are remarkably within a 2-fold range.Figure 2. Synergy map with calculated synergy score using the zero interactions potency (ZIP) model generated by SynergyFinder for neutralization of rCedV-NiV-B-GFP by serially diluted m102.4 and nAH1.3 mAbs. 

Figure 1. Neutralization curves for HENV-117 and HENV-103 mAbs against rCedV-HeV-GFP (top) and rCedV-NiV-B-GFP (bottom). Data are from a single experiment performed in technical triplicate. 

Table 1. IC50 values of cross-reactive anti-G human mAbs HENV-103 and -117) as determined by rCedV chimera FRNT assay and NiV-B and HeV conventional PRNT assay.



In addition to conventional single agent neutralization tests, the rCedV-NiV-B-GFP and rCedV-HeV-GFP chimeras can also be used in rapid HTS neutralization assays to measure synergistic activities of inhibitors, such as antibodies or drugs. The synergistic neutralizing activity of the HENV-103 and HENV-117 mAbs were described utilizing the rCedV chimera assay.34 Shown in Figure 2 is a neutralization synergy assay conducted with mAbs m102.4 and nAH1.3 (both NiV/HeV cross-reactive anti-G mAbs) where they are individually diluted 2-fold in a 7x7 concentration matrix. The diluted mAbs are added 1:1 to 4000 PFU per well of rCedV-NiV-B-GFP and the assay essentially carried out as above, with percent neutralization calculated by normalizing foci to a virus only control. Matrices are imported into SynergyFinder and analyzed Neutralization synergy was calculated by comparing treatment to virus only control wells. Values were imported into SynergyFinder software35 using a Zero Interactions Potency (ZIP) statistical model; delta scores >10 indicate likely synergy as m102.4 and nAH1.3 indicate here. 

Antiviral evaluation and combination testing of small molecules and nanobodies. These rCedV-based tools and rCedV chimera viruses will allow for rapid antiviral activity assessment and an ability to measure synergistic antiviral activities for both small molecule inhibitors derived from Aim 1 and nanobodies derived from Aim 2; and will also allow the novel approach of testing small molecules and nanobody combinations in a rapid and quantitative manner, in vitro, to select best-in-class candidates for both monotherapeutic and combination therapeutic modalities prior to in vivo animal model testing.

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM. 

In Table 2 is shown a representative quinazoline compound from our quinazoline series of rCedV inhibitors, designated as CBS1437. Note that both HEK293T and Vero cell lines were employed in these assays, and that CC50 values were recorded for these two cell lines. Compound CBS1437 was also evaluated in the infectious NiV (NiV-B) assay and found to have an EC50 value of 3.3 µM. An important reason for producing the data shown in Table 2 was to validate the primary screening data that was gathered from the rCedV HTS assay. Thus, we concluded that our HTS approach was a valid method for defining NiV inhibitors. Next, target specificity was confirmed in a counterscreen assay using a vesicular stomatitis virus G (VSV-G) protein. This hit showed a lack of detectable inhibition for VSV-G as well as some other unrelated viral proteins, including Lassa glycoprotein, and influenza fusion protein hemagglutinin H1 and H5 (0% inhibition at 12.5 µM).Table 2. Inhibition of rCedV and NiV-B by the HTS hit CBS1437.
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Table 3 shows eight additional inhibitors in the quinazoline series, namely 4-aminoquinazolines, that we identified from a focused screening campaign, which allowed us to develop some initial structure-activity relationships (SARs). Note that these 4-aminoquinazolines all bear substituents on the amino group at the 4-position of the quinazoline ring and a carboethoxy substituent at the 2-position. In terms of SAR to be gleaned from the limited data set in Table 3, a few features stand out that are worth mentioning. It is clear that a variety of N-phenyl substituents give rise to active compounds, and that H, methyl and n-propyl groups as the second N-substituent all can produce good activity. However, it is also clear that one of the best compounds is compound 14, bearing an unsubstituted cyclohexyl group, which suggests an area for optimization since compound 14 is the only compound where the phenyl ring has been replaced by a completely saturated (cyclohexyl) substituent. Another point worth making is that the two n-propyl compounds (16 and 18) are two of the best inhibitors. There may, in fact, be a rough correlation between cLogP and inhibitory activity, which may be worth exploring with a larger set of derivatives. It is clear that additional compounds in our 4-aminoquinazoline series (Table 3) would provide excellent opportunities for further optimization of the inhibitory activities. In the Research Plan we discuss methods for the preparation of new 4-aminoquinazolines in addition to compounds in a backup series defined by our validation agent, CBS1437, as well as specific plans for developing the SARs.Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates     1-8 in the rCedV luciferase reporter virus assay.
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D. RESEARCH DESIGN AND METHODS 

D1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM).

D1.1. Synthetic Chemistry. In Figure 3 is shown a summary of how we will develop the SAR plan for the 4-aminoquinazoline scaffold, as exemplified by changes to compound 8 (F577-0112). Substituent changes on the core fused scaffold will involve exploration of mono- and disubstitution substituent patterns on the quinazoline core to explore the optimum overall size for the core. Note that we may be able to use these substituents as “ADME handles” to control the overall hydrophobicity of the molecules and the cLogP values. In addition, we optimize substituents on both aryl rings, as indicated, and optimize the alkyl group on the tertiary amine. In addition, we will optimize the alkyl ester group, and we are very interested in replacing this ester with an amide, which would be more chemically and metabolically more stable. If the amide turns out to be an effective replacement, then we will also explore amide replacement units, such as ketomethylene, reduced ketone, retroamide, ethylene, and sulfonamide units, etc. In Scheme 1 is shown a brief synopsis of the general method used for the synthesis of 4-aminoquinazolines. The specific procedures for the three steps vary, but all initiate with anthranilamides. This general route will allow us to prepare compounds with varied R1, R2 and R3 groups as well as compounds with substituents that replace the carboethoxy functionality at the 2-position. Several anthranilamides are commercially available, which will allow us to initially access starting materials with a variety of R3 groups. A variety of methods are available for accessing these 4-aminoquinazolines, including initial treatment of the anthranilamides with ethyl ethoxycarbonylformimidate in ether36-37 as well as other methods.38,39 Likewise, the additional reagents required for these syntheses are mostly commercially available, as well. Thus, it is very realistic that a large library of these potential inhibitors will be quite accessible.

Scheme 2. Synthesis of G577-0112 (cmpd 8).





Scheme 1. General synthesis for 4-aminoquinazolines.





Figure 3. SAR development for 4-aminoquinazolines



In Scheme 2 is shown a specific synthesis of one of our best inhibitors in this set. Anthranilamide 9 is heated with diethyl oxalate in a solution of dimethylformamide (DMF) produces 2-carboethoxyquinazoline-4-one (10) in a condensation/cyclization process. Treatment of 10 with phosphorous oxychloride next provides a reactive intermediate, namely 2-carboethoxy-4-chloroquinazoline-4-one (12), which affords the specific inhibitor G577-0112 (compound 8) after a displacement reaction with 2-methyl-N-methylaniline.

Figure 4. Proposed inhibitors of rCedV based on Actelion OSIRIS predicted parameters.



In Figure 4 is shown a set of proposed compounds related to G577-0112 (compound 8) for which we show parameters calculated using Actelion OSIRIS software40. The proposed compounds (13 through 17) generally show improved druglikeness and drug scores (and other parameters) with respect to G577-0112 (compound 8), and therefore represent promising new targets for synthesis and evaluation. Note that a dramatic improvement in all parameters is seen in simply replacing the ester to an amide by substituting NH for O, to provide proposed new compound 13. In progressing through the constrained compounds 14 through 17, improvement of parameters culminates with the indoline derivative 17, whose druglikeness and druglike scres have very dramatically improved. Advantages of imposed conformational restraints, as seen in tetrahydroquinolines 14 and 15 and indolines 16 and 17, include a reduction in rotatable bonds, and, importantly, a preorganization of an effective conformation that can mitigate the entropic penalty of binding.

In Figure 5 is shown the SAR development plan for our quinazolin-4-one scaffold. There are three points of optimization that we envision for this trisubstituted fused core. At the 2-position, we will substitute the pyrrolidinyl substituent with additional cyclic and acyclic amines. The unsubstituted benzyl substituent at the 3-position will be optimized in terms of mono- and disubstitution patterns. The position of the carboxamide substituent located at the 7-position will be optimized, as will the N-alkyl group on the carboxamide. We will also replace the amide unit with various amide mimetic units, as indicated in Figure 5, since amides are subject to metabolic cleavage. Additional synthetic methods are available for the construction of both 4-aminoquinazolines and 2,3,7-trisubstituted quinazolin-4-ones.

Figure 5. SAR development for CBS1437.



D.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one series and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5 x 104 cells per well will be treated with growth medium containing either DMSO or selected compound at predetermined nontoxic concentrations for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using the ENVISION JANUS automated workstation (PerkinElmer, Waltham, MA) as per the manufacturer’s instructions. This plate reader is integrated directly with the robotic deck so that readings can be made unattended. The data will be normalized by the average signal of the negative control wells in each plate. The best inhibitors will be evaluated in HEK293T cells and Vero cells in 96-well plates. Cells will be incubated with compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the luminescent signal as described above. Sample signals will be normalized by signals from the DMSO control wells. EC50 and CC50 values will be calculated by dose-response curve fitting with Graphpad prism. These assays will be conducted in the Broder Lab. 

Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). They are comprised of > 150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional libraries from ChemDiv and Enamine, including Antiviral Library composed of 65,937 novel diverse and targeted compounds with privileged scaffolds from ChemDiv’s collection, will be purchased by Chicago BioSolutions, Inc. Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” compound after the initial round of screening. To further determine the specificity, a secondary screening (counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSV-G-mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition (non-potent) will not be actively pursued, while the more potent compounds (potent inhibitor, EC50 less than 10 µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most potent compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and Ranking. We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using the “CellTiter 96 aqueous nonradioactive cell proliferation assay” (Promega, Madison, WI) as described previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have the expected structure (LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and retested.

D.1.3. Evaluation of protective properties of the advanced candidates in the henipavirus infectious assays will be done as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells per well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection (hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The percent reduction in PFU/mL titers in the samples containing compounds will be compared to that from parallel cultures with virus and DMSO vehicle only. This work will be performed in the BSL-4 facility at UTMB by the Geisbert Lab (Core ?) .

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of Drs. Gaisina and Moore. If we encounter a synthesis-related problem with our primary scaffold compounds, we will use an alternate strategy based on a different reaction sequence. Should we encounter a scaffold-related problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one scaffold or the additional HTS hits identified with the HTS of the expanded libraries of compounds for defining lead compounds for advancement.

[bookmark: _Hlk86425665]D.2.1. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The following experiments will be performed: 1) Determine the impact of compound treatment on viral protein expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be treated in duplicate with cell growth medium containing either DMSO or selected furopyrimidines at a predetermined concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells will be collected to determine viral protein expression by standard western blot techniques or viral RNA levels by quantitative real time polymerase chain reaction assays (q-RT-PCR). CedV specific antibodies against the attachment (G) and fusion (F) that were generated in the Broder Lab and antibodies to CedV-N and CedV-P will be utilized. To determine changes in viral protein expression at the different time points, densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe pair targeting the N gene. The one-step reaction will be performed using the Applied Biosystems (ABI) 7500 thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold changes will be calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We expect to observe a decrease in intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds on viral RNA levels over time; 2) Determine the stage(s) of inhibition of 4-aminoquinazolines and quinazolin-4-ones in the viral lifecycle. For time of addition studies, HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which time the viral inoculum will be removed and cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious viral titers (PFU/mL) by plaque assay.7,8 Results from this data will indicate at which stage of the viral life cycle the compounds are affecting; 3) Analyze escape mutants against the advanced lead compounds with Cedar virus. Target identification for small molecules. The rCedV tools used in the small molecule inhibitor identification assays (Aim 1) can also be exploited for antiviral target identification. In vitro selection of virus escape mutants that acquire resistant to inhibitors is a routine approach for mapping genetic changes associated with escape. We have successfully used authentic NiV and HeV and also rCedV chimeras to generate neutralizing mAb escape mutant viruses. Here, we will test advanced lead compounds for antiviral resistance using techniques similar for generating mAb escape mutants.41,42 Briefly, a select compound will be used at the sub-optimal inhibition concentrations determined from the studies in Aim 1, and virus will be serial passaged in multiple rounds. Amplified virus stocks obtained after several rounds of passage in the presence of inhibitor will be purified by limiting dilution in the presence of inhibitor, and a “drug resistant” virus stock will then be amplified and prepared for genomic sequencing. Full virus genomes of any “drug resistant” virus variant will be derived by deep-sequencing and annotated by a commercial source. All mutations will be mapped to the viral genomes. We expect that many mutations will map to the L polymerase gene of rCedV, however, both P and N proteins also comprise the replicase complex and mutations may appear in those gene products as well, which if identified also suggests the possibility of multiple drug combination testing going forward. We will validate key mutations found in drug resistant rCedV by engineering those mutations directly into the wild-type genome and re-recuse those rCedVs and assay for drug resistance. We will also confirm and correlate our drug targets by performing resistance selection of the best inibitors using authentic NiV-B and HeV in BSL-4 by the UTMB Core.

D.2.2. Assess the binding properties by surface plasmon resonance (SPR). The Nipah polymerase (L protein and a phosphoprotein P) will be prepared using a previously published protocol. Biacore T200 and Biacore 8KSPR systems will be used to obtain information on binding specificity, binding affinity of the new lead inhibitors (KD) to the RdRp protein, kinetics [association rate constants (ka), and dissociation rate constants (kd)] as previously described.43 Prefusion-stabilized RdRp protein will be immobilized on a CM5 chip using standard amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected over the flow channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir kinetic binding model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic analysis will be performed by UIC RRC, as previously done by the Rong lab.

D.2.3. Structure determination of recombinant proteins with bound inhibitors by X-Ray crystallography and CryoEM. High-resolution structures of the Nipah RdRp complex with key inhibitors such as CBS1437 and the advanced lead compound to be developed will be obtained using both x-ray crystallography and CryoEM by Dr. Vessler Lab. It is expected that these structures will be determined and will reveal the atomic level details of how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for developing potent high-affinity ligands. Initial crystallization screens will be set up robotically using in-house Gryphon crystallization robotics. Biophysical techniques such as native mass spectrometry and thermal shift assays, light scattering, and fluorophore analysis to measure protein stability and folding are routine and will be used to ensure that bound compounds are not destabilizing domain structures to prevent crystallization. X-ray data collection will be done where? Crystal structures will be determined by molecular replacement using existing structures as search models. For inhibitors binding to regions other than above or if co-crystals cannot be obtained, cryo-EM will be used to determine the complex structure. For EM studies, we will utilize automated data collection software to facilitate throughput. In brief, data will be processed using the Appion44 pipeline, which keeps track of all data and processing steps. All data will be processed using multiple single particle EM software packages, including cryoSparc45, EMAN46, and RELION47. Purified complexes will be deposited onto grids, blotted, and cryo-plunged into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the complexes will be collected using automated image acquisition software under low dose conditions. Structures generated by cryo-EM will be refined and reconstructed by molecular dynamics (MD) studies. While cryo-EM can provide access to the near-atomic resolution structures of large biomolecular systems--in their near native environment, MD can be used to reveal its dynamic behavior and refine low-resolution regions of cryo-EM reconstructions48,49. Furthermore, as X-ray/cryo-EM structures of polymerase in complex with key inhibitors (i.e., CBS1437 and additional derivatives) become available, MD studies of these systems will be conducted to reveal the dynamic nature of protein/ligand interactions50-54, to explore the conformational landscape55 of ligand binding events, and to capture conformational variability of intermediate states48,56, which can be crucial to gain mechanistic knowledge of biological function, but remain out of reach through experimental approaches. David, please look at this section. Make necessary corrections. 



Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-aminoquinazolines or quinazoline-4-ones.

[bookmark: _Hlk84273206][bookmark: _Hlk80880883]D.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. Milestone: Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver microsomes, low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before investigating the efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal dosing regimen for the efficacy studies with the advanced lead compounds.

D.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing. 

Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further therapeutic development. We will assess several critical in vitro ADME-T properties and prioritize compounds accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out using the CYP3A4, and CYP2D6 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp., Woburn, MA) to rapidly screen for potential inhibitors of the principal drug metabolizing cytochrome P450 enzymes.57 Compounds with IC50 values ≥100 µM for CYP isoforms will be prioritized for further advancement. Rat/Human  Liver Microsome Stability. Rat and human liver microsome preparations will be used to evaluate the metabolic stability of compounds by the method of Kuhnz et al.58 Compounds with >30% recovery (1 h) will be considered for further advancement. hERG channel blockade. The ability of compounds to block the hERG channel will be assessed in a [3H] dofetilide-binding assay as described by Finlayson et al.59 using SHSY5Y cells. Compounds that do not prevent [3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug absorption through the intestinal epithelium is critical to good oral bioavailability. We will use the Caco-2 method as described by Gres et al.60 to evaluate the potential for oral bioavailability of the lead inhibitors. Compounds exhibiting a Caco-2 permeability value (Papp) greater than 1 × 10-6 cm/sec will be prioritized. Bacterial reverse mutation assay (Ames): Four Salmonella typhimurium strains (TA1535, TA1537, TA98, TA100) and one Escherichia coli strain (WP2 uvrA) will be used. The bacteria will be exposed to different dose levels of the compound up to a solubility-limiting level in the presence or absence of rat liver enzymes (rat S9 liver fraction) acting in the normal process of metabolism and any reverse mutations will be determined. In vitro mammalian chromosomal aberration test: The purpose of this study is to evaluate the clastogenic potential of the compound based on its ability to induce chromosome aberrations in human peripheral blood lymphocytes.

D.3.2. PK studies: Naïve male/female mice (equal number, 3 groups of 36 animals total) will be treated with a single dose via i.v., i.p., or oral gavage administration and blood will be collected and processed to obtain plasma and serum from three animals/group/time point at up to 12 time points through 24 h post dose. Two doses will be used to establish the drug exposure-dose range relationship: the estimated efficacious dose (ED), based upon preliminary data at 25 mg/kg i.p. or p.o. and an observable adverse effect dose (OAED) (to be determined). Compounds of interest will be extracted from biological specimens by protein precipitation, analyzed on a triple-quadruple mass spectrometer (LC-MS/MS) and quantified using an internal standard method with a minimum of a five-point calibration curve. PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. Depending on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate calculations of AUC. Plasma concentration will be established to support dosage selection for efficacy studies. Formulation stability and PK/Toxicity studies will be performed by CROs.[image: A picture containing graphical user interface  Description automatically generated]
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Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed through the testing services provided by Eurofins Panlabs, Inc. and Reaction Biology, Corp., and supervised by Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to meet the objectives in this aim. 

We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced lead compounds, which will allow for the future selection of a preclinical candidate (Figure 5).

D.4. AIM 2: Characterization of the potency and breadth of selected nanobodies

Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also collaborate with the core??? to evaluate lead candidates in vivo.

D.4.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth

D.4.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian cells, including Nipah virus (Bengladesh and Malaysia strains) and Hendra virus (both ancestral and the newly described variant) with and without avi-tag for biotinylation.61-63 These proteins were used to vaccinate transgenic mice for nanobody production and will be used for downstream screening of the nanobody libraries and for exploring cross-reactivity with Nipah and Hendra virus glycoproteins and with more distantly related henipaviruses using high-throughput ELISA assays. Biolayer interferometry analysis of binding kinetics and affinity will be carried out for the most promising nanobodies selected by ELISAs to enable ranking them based on binding affinities and cross-reactivity.

D.4.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit Nipah virus and Hendra virus, we will use a high-throughput neutralization assay developed in the Broder lab. This assay is based on green fluorescent protein (GFP)-encoding, replication-competent, Cedar (henipa)virus (rCedV) chimeras in which the native glycoproteins are substituted with the NiV-B (rCedV-NiV-B-GFP, Bengladesh strain) or the HeV (rCedV-HeV-GFP) F and G glycoproteins.7,64 This platform is safe, enabling utilization at BSL2 compared to BSL4 for authentic viruses, and has been thoroughly validated and shown to faithfully recapitulate the data obtained with NiV-B and HeV with both monoclonal antibodies and vaccine-elicited polyclonal sera. This method was used to support the preclinical development of G-specific antibodies5. Furthermore, the Broder lab recently developed a rCedV-HeVv-GFP using reverse-genetics to study the antigenic properties of a newly described Hendra virus variant.65 These assays will enable ranking each nanobody based on their neutralization potency and breadth to assist downstream selection. For nanobodies for which cross-reactivity will be detected beyond Nipah and Hendra viruses (e.g. CedV), their inhibitory activity will be tested against authentic CedV. Finally, these chimeric virus neutralization assays can be implemented for viruses for which no isolates are available (as is the case for henipaviruses discovered through metagenomics in bats or other animals).66,67

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins and viruses and performed by multiple individuals to ensure the reproducibility of our assays. 

Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad and potent neutralizing activity against Nipah virus and Hendra virus. The top candidates will be further studied structurally and functionally and evaluated for in vivo efficacy.

D.4.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition

Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-level understanding of binding and inhibition which will be validated using functional assays. This structural framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput structural studies of viral glycoproteins. We use the Leginon data collection software which runs 24 hours per day and enables automated targeting and image acquisition while keeping a relational database of all micrographs to expedite subsequent processing.68 Many image processing tasks are automated as part of a workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by storing all the details related to image acquisition and processing.44,69 Complexes of nanobodies with glycoproteins will be vitrified and imaged using cryoEM to visualize directly the epitopes targeted by the different nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,61,63,70-72 mechanical stage tilting with gold grids73,74 or detergents to modify surface tension75. Some of the nanobodies might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened resolution. We will overcome this using workflows developed in-house specifically for that purpose for previously characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.73,76-80 Refinement of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of Washington.81-83

The Nipah virus attachment (G) glycoprotein engages host receptors, is the basis of a commercially available horse vaccine and entered phase I clinical trials for use in humans with funding from the Coalition for Epidemic Preparedness Initiatives. The Veesler and Broder labs recently determined a high-resolution cryoEM structure of the Nipah virus G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 years, hindering both our understanding of immunity directed towards G and the rational design of vaccines. The structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3) which recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. This study revealed the ultrastructural organization of this key target of the immune system, informs the mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic design. The know-how generated to achieve this groundbreaking result will directly support the proposed project.

D.4.2.1. High-resolution structural studies using X-ray crystallography. Some of the nanobodies might bind to regions that are intrinsically flexible thereby limiting resolution using cryoEM. We have already encountered such cases with coronavirus fusion machinery-directed antibodies binding to linear epitopes in the spikes. We will overcome these challenges by determining high-resolution crystal structures of the nanobodies bound to their cognate epitopes, similar to the strategy we used to obtain structural information of the B6 and S2P6 antibodies bound to several β-coronavirus stem helices. Refinement of atomic models will use both Phenix84 and BUSTER-TNT85.

D.4.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred from the the structural data will be validated using receptor binding, F cleavage and membrane fusion assays we previously implemented for henipaviruses and coronaviruses.61-63,71,86,87

Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM center, which Dr. Veesler co-directs.

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between the nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and the formulation of cocktails. This work will also demonstrate the mechanism(s) of action of nanobodies leading to inhibition of viral entry.

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in the field. For cryoEM maps, these will include gold-standard projection matching refinements88-90 and high-resolution noise substitution prior to Fourier shell correlation calculations91 to avoid overfitting. Atomic models will be assessed using Molprobity92, EMringer93 and Privateer94. The coordinates of the structures solved as part of this work, as well as the corresponding experimental data, will be made freely available through deposition in the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB).

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and the design of nanobody cocktails.

D.4.3. AIM 2C. Structure-guided formulation of nanobody cocktails

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical isolates, the two-mAb cocktail proved more resilient to escape mutations.95-97 Because experimental passaging of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins. 

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent a unique opportunity for implementing multi-pronged targeting which has not been evaluated previously. We will combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-selection will include maximal neutralization potency and breadth and structural characterization will be used to ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary.

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection.

D.5. AIM 3: Evaluation of lead compounds in vivo.

Rationale: Aim 3 will collaborate with Core D to evaluate lead candidates in vivo. A critical aspect of antiviral discovery that is often overlooked is the early stage testing of lead compounds in a well-studied and well-validated in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster (refs) and AGM (refs). PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy studies using select best-in-class drugs and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-concept protective efficacy studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and HeV infected AGM models.

D.5.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary pharmacokinetic (PK) studies in hamsters and AGMs will be performed by Core D. Using intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these studies will examine the concentration of lead compounds in plasma over time in order to establish parameters such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in hamster models of heniavirus disease. Lead compounds which demonstrate good exposure-response antiviral activity in hamsters will then advance into AGM PK studies using similar dose administration and measured parameters as above. The data will be used to select doses and dosing regimens for the subsequent protection studies in AGMs.

D.5.2. In vivo testing of lead compounds NiV/HeV infected hamsters. The in vivo activity of the most potent compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will be randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of NiVB or HeV (refs). Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis in the Subaims below.

D.5.3. Define breakthrough conditions for anti-henipavirus antivirals in hamsters. This Subaim will employ the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect hamsters against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after henipavirus exposure. The goal of this Subaim is to determine the time points of treatment initiation when the antivirals fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x106 PFU of NiV or HeV (refs). Treatments will be initiated at various times after henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters succumb to disease.

D.5.4. Combination therapy of anti-henipavirus antivirals in hamsters. This Subaim will employ the most promising antivirals from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x105 PFU of NiV or HeV (refs). Treatment with at least two different antivirals will be administered beginning at a time point where substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if combining at least two different antivirals improves survival. Group sizes may be increased as needed to obtain appropriate statistical power to show the survival benefit of combination therapy.

D.5.5. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB or HeV as determined in henipavirus dose confirmation studies conducted by Core D (see Core D). Treatments with drugs, nanobodies, or combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization by Core X (see Core X) at various times after henipavirus infection.

D.5.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol using the MAD system as previously described (ref) or by small particle aerosol as previously described (refs) with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV. The treatment groups (consisting of five animals each) will be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by Core X up to 5 days after viral challenge (initiation time informed by hamster studies) while control animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by several methods, including respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival.

Potential Pitfalls and Alternative Strategies. It is possible that Core X may experience difficulties in optimizing aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that aerosol delivery of antivirals may not improve protective efficacy or extend the therapeutic window of antivirals. We will also assess conventional parenteral delivery routes (as noted in the subaims above) which were previously shown for remdesivir and monoclonal antibodies to protect animals against lethal henipavirus disease to de-risk this Aim.

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which compounds were given to which animals until experiments and analysis are completed. We will employ equal or near equal numbers of male and female animals and general age (infant or geriatric animals will not be used).

In summary, the emergence and re-emergence of Nipah virus infections throughout the world, coupled with its high fatality rate, provide very significant motivation for the preparation of small molecule inhibitors of this virus to create a readiness for the next Nipah virus outbreaks. We have discovered two differentiated series of compounds that show early promise as agents that have potential for treating Nipah virus infections, and we have designed a series of optimized druglike candidates for future preparation and development. 
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SPECIFIC AIMS 

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case 
fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-
to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 
23 total cases, leaving only 2 survivors.4 22 cases were from virus transmission in 3 hospital settings, with 
coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of 
pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the detection of 
cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people 
worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug 
Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic 
henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-
pathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse genetics 
platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an extensive 
characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high throughput 
antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase in HTS 
assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a representative 
quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and HeV, with an IC50 
value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development of small molecules 
together with more extensive compound library screening using rCedV will potentially yield testable antivirals 
with potential pan-henipavirus effectiveness. Our collaborative team also has an extensive experience in 
developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. In this 
proposal, we have initiated a completely different approach for developing antiviral nanobodies which are 
acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been 
shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent 
antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across 
viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, 
characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. 
Specifically, we will: 

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-
class drugs will be developed using predictive software to improve drug-like properties, increase potencies, 
decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and also aerosol delivery of nanobodies. PK/PD studies of lead drugs (Aim 1) and 
nanobodies (Aim 2) will be carried out in hamsters. Combination studies of drug with nanobodies studies will 
also be conducted and final proof-of-concept protective efficacy studies will be carried out in the HeV and NiV-B 
African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease.  



A. BACKGROUND AND SIGNIFICANCE 

Over the past 40 years the major etiological agents of emerged or identified infectious diseases in humans have 
been viruses.11 Among these, the paramyxoviruses, which include many important human and animal 
pathogens, also include two emerged, zoonotic viral pathogens of importance: the henipaviruses; Hendra virus 
(HeV) and Nipah virus (NiV)12,13. In 1994, HeV caused an outbreak of severe respiratory disease in horses in 
Brisbane, Australia, resulting in the deaths of 14 horses and their trainer.14,15 NiV was the causative agent of a 
significant outbreak of severe encephalitis in pig farmers in Malaysia in 1998. Spread of NiV infections typically 
requires direct contact with an infected source, and transmission can occur between people and from animals to 
people. Symptoms may culminate in a severe respiratory and/or neurological disease that is often fatal. 
Complications of the infection can result in relapsed encephalitis following recovery. On September 5, 2021, a 
twelve-year-old boy in the Indian state of Kerala died after contracting the Nipah virus. During the process of 
transporting him to medical centers for a diagnosis, twenty-three health care workers exposed to this boy also 
died, which underscores both the transmissability and the lethal nature of this virus. There is presently no vaccine 
or small molecule therapeutics that have been developed for NiV infections. Pteropid bats appear to be the major 
reservoir hosts for henipaviruses6,16. HeV and NiV have a uniquely broad host tropism capable of infecting at 
least 18 animal species across 6 orders of mammals, including their natural bat hosts. Among these animals, 
HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at least 11 
mammalian species including humans, with human fatality rates ranging from 40-100%2,17.  
NiV and HeV are classified as biosafety level-4 (BSL-4) restricted pathogens and both remain transboundary 
threats to livestock and people throughout South Asia and Australia. NiV and henipaviral diseases have been 
categorized by the World Health Organization (WHO) as an epidemic threat needing urgent research and 
countermeasure development and are included in the WHO R&D Blueprint list of priority pathogens with 
epidemic potential 18. Presently, there are no prophylactic or therapeutic treatment options for henipavirus 
infections approved for use in humans. A subunit vaccine, Equivac® HeV, has been available for use in horses 
in Australia since 2012 19 for the prevention of HeV infection. This equine vaccine received full registration by 
the Australian Pesticides and Veterinary Medicines Authority in 2015, with all vaccinated horses receiving a 
microchip with a database being maintained and is the first commercially deployed vaccine against a BSL-4 
agent 20. Although a human monoclonal antibody (mAb) m102.4 has successfully completed a phase I safety 
trial in Australia 21, developing vaccines or therapeutics against henipaviruses for use in people remains a high 
priority. Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane 
anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) glycoprotein and 
the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G 
and F glycoproteins are the major antigenic targets of neutralizing antibodies and also the main focus of several 
vaccine strategies2. Although an effective post-exposure human monoclonal antibody (mAb) therapy (anti-
NiV/HeV G glycoprotein mAb m102.4) has been extensively examined22-26, it must be administered within several 
days following lethal infection in animal challenge models. In contrast, however, antiviral drug discovery for HeV 
and NiV has been significantly hampered due to requirements of biosafety level-4 (BSL-4) containment. 
Recently, a third isolate, namely, Cedar virus (CedV) has been added to the Henipavirus genus27. However, 
whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not known to be zoonotic and has been 
shown to be nonpathogenic in animals susceptible to HeV and NiV disease and resides in nature in the same 
bat host species as HeV27,28. Nucleic acid based detection studies have identified related henipavirus species, 
including complete genomic sequences29,30, but HeV, NiV, and CedV are the only virus isolates reported. 
We have recently optimized a recombinant CedV encoding luciferase (rCedV-Luc) for high-throughput screening 
(HTS) applications and have identified several inhibitory compounds that were further validated with the 
infectious NiV-Bangladesh (NiV-B) strain. The validated compounds provide the foundation for the current 
application.  

B. INNOVATION 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of this proposal’s investigators. First, the cell-based high throughput screening (HTS) 
assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which 
provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional 
significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, 
because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal 
entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will 
have activity across related members of henipavirus genus. Second, our native-like, recombinant soluble 
tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice 



that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of 
high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and 
characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-
reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape 
studies for variant selection and target identification, and finally, the rCedV based reporter-gene system allows 
rapid and quantitative antiviral combination testing and the ability to measure synergistic activity with small 
molecules or nanobodies or combinations of both.  

Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will show cross-
reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will 
not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those 
in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins. 27 Interestingly, the CedV 
L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase in 
the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% 
aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic 
domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% 
(HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% 
(NiV-B) and ~61.7% (HeV). This high degree of protein identity, overall, shared between CedV, and that of NiV 
and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and 
perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility 
and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule 
library screening project to identify inhibitors of rCedV replication.7 Indeed, several small molecule inhibitors have 
been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the feasibility 
of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a strong 
foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to optimize our 
current best-in-class leads and also screen large libraries of antiviral compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized 
and have been shown to be safe with low immunogenicity in clinical trials.31-33 Nanobodies can be isolated using 
the same phage library construction methods and phage panning procedure routinely employed for mAb 
discovery, which allows for in vitro production of various amounts and their rapid characterization. In collaboration 
with Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice that produce VHHs (nanobodies) 
from alpacas, dromedaries and Bactrian camels, 10 we have several immunized mouse cohorts now underway 
using native-like oligomeric recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make 
rapid progress in Aim 2 in generating and characterizing diverse panels of nanobodies to the F and G 
glycoproteins of NiV and HeV. 

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new 
compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, 
in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-
henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and 
well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins 
of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small 
molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel 
therapeutic modalities capable of treating NiV and HeV disease. 

C. PRELIMINARY RESULTS  

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors 
between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead 
on small molecule discovery) and Drs. Norton Peet and Irina Gaisina, Chicago BioSolutions (Co-
Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator lead on structural 
henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. Jianliang Xu, 
(Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and BSL-4 and ABSL-
4 Core Lead). Chicago BioSolutions, Inc. is a privately held, product-focused biopharmaceutical company 



engaged in the research and development of small molecule antiviral drugs that address commercially significant 
medical markets and unmet medical needs. 

C.2. Preliminary Data: Identification of small molecule entry inhibitors of Nipah.  

C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2 
containment), cell-based HTS platform to identify small molecule antivirals targeting henipavirus replication 

without the requirement for BSL-4 
containment. A reverse genetics 
approach was used to generate rCedV 
expressing luciferase (rCedV-Luc). A 
firefly luciferase (Luc) gene was 
inserted between CedV P and M genes 
in the rCedV anti-genome clone by 
standard restriction digest and ligation 
methods to yield the luciferase reporter 
rCedV full-length genome plasmid 
(Figure 1A). Successful rescue of 
rCedV-Luc was demonstrated by 
observing multiple syncytia on Vero E6 
cells inoculated with freeze-thawed cell 
culture supernatants from BSR-T7/5 
cells transfected with rCedV-Luc anti-
genome and helper plasmids (yellow 
box in Figure 1B). The growth kinetics 
of rCedV-Luc to rCedV was compared 
(Figure 1C). Vero E6 cells were 

infected with either rCedV or rCedV-Luc at an MOI of 0.01. At 24 h intervals, supernatants from infected cells 
were collected and analyzed by plaque assay for infectious viral titers. At all-time points examined, no statistically 

significant differences were observed between rCedV and rCedV-Luc, 
indicating that the recombinant viruses have similar growth kinetics. In 
parallel, infected cells were lysed and analyzed for intracellular luciferase 
activity. As seen in Figure 1C (blue axis), increasing luciferase activity was 
detected that reached saturation at ~1 × 108 
relative luciferase units (RLU) at 72 hpi (blue 
dashed line). The increase in luciferase signal 

correlated with the increase in infectious viral titers. These results indicated that 
introduction of the luciferase reporter gene did not interfere with the growth of the 
recombinant virus and that luciferase activity is an indicator of viral genome 
expression. 

The optimization of cell type, virus MOI, and incubation time was conducted to 
develop an assay suitable for HTS antiviral screening is described in our recently 
published manuscript.7 Shown in Table 1 are the results of further optimization of 
the HTS assay and resulting parameters in both 96- and 384-well formats. Z’ 
scores ≥ 0.5, high S/B ratios and CV < 20% were recorded, indicating a robust 
sensitive high-throughput assay. These data demonstrated that the rCedV-Luc platform is suitable for HTS-
based hit identification. 

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv 
library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc 
inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of 
diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. 
From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for 
further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular 
toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were 
confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM.  
In Table 1 is shown a representative quinazoline compound from our quinazoline series of rCedV inhibitors, 
designated as CBS1437 (Table 2). Note that both HEK293T and Vero cell lines were employed in these assays, 

 
Figure 1. Characterization of recombinant CedV expressing luciferase. A) The firefly 
luciferase (Luc) gene was inserted at the unique MluI restriction site between the P 
and M genes to produce rCedV-Luc. B) Vero E6 cells infected with rCedV-Luc C) 
Vero E6 cells infected with either rCedV or rCedV-Luc at an MOI of 0.01. At 0, 24, 
48 and 72 hpi. Viral titers determined by plaque assay and calculated as PFU/ml 

Table 2. Inhibition of rCedV and 
NiV-B by the HTS hit CBS1437. 

 
CedV  
(293T) 

CedV  
(Vero) 

NiV-B 
(Vero) 

EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 
CC50 

(µM) 
EC50 

(µM) 

0.70 100 2.1 100 3.3 

 

Table 1. High throughput screening 
assay parameters 

Assay 
Parameters 

96-well 
format 

384-well 
format 

Z’ 0.6 ± 0.02 0.5 ± 0.2 
%CV 13.3 ± 1.14 14 ± 0.05 
S/B > 103 > 40 

 



and that CC50 values were recorded for these two cell lines. Compound CBS1437 was also evaluated in the 
infectious NiV (NiV-B) assay and found to have an EC50 value of 3.3 µM. An important reason for producing the 
data shown in Table 2 was to validate the primary screening data that was gathered from the rCedV HTS assay. 
Thus, we concluded that our HTS approach was a valid method for defining NiV inhibitors. Next, target specificity 
was confirmed in a counterscreen assay using a vesicular stomatitis virus G (VSV-G) protein. This hit showed a 
lack of detectable inhibition for VSV-G as well as some other unrelated viral proteins, including Lassa 
glycoprotein, and influenza fusion protein hemagglutinin H1 and H5 (0% inhibition at 12.5 µM). 
Table 3 shows eight additional inhibitors in the quinazoline series, namely 4-aminoquinazolines, that we 

identified from a focused screening campaign, 
which allowed us to develop some initial 
structure-activity relationships (SARs). Note 
that these 4-aminoquinazolines all bear 
substituents on the amino group at the 4-
position of the quinazoline ring and a 
carboethoxy substituent at the 2-position. In 
terms of SAR to be gleaned from the limited 
data set in Table 3, a few features stand out 
that are worth mentioning. It is clear that a 
variety of N-phenyl substituents give rise to 
active compounds, and that H, methyl and n-
propyl groups as the second N-substituent all 
can produce good activity. However, it is also 
clear that one of the best compounds is 

compound 14, bearing an unsubstituted cyclohexyl group, which suggests an area for optimization since 
compound 14 is the only compound where the phenyl ring has been replaced by a completely saturated 
(cyclohexyl) substituent. Another point worth making is that the two n-propyl compounds (16 and 18) are two of 
the best inhibitors. There may, in fact, be a rough correlation between cLogP and inhibitory activity, which may 
be worth exploring with a larger set of derivatives. It is clear that additional compounds in our 4-aminoquinazoline 
series (Table 3) would provide excellent opportunities for further optimization of the inhibitory activities. In the 
Research Plan we discuss methods for the preparation of new 4-aminoquinazolines in addition to compounds in 
a backup series defined by our validation agent, CBS1437, as well as specific plans for developing the SARs. 
C3. Any data on monobodies?  

D. RESEARCH DESIGN AND METHODS  
D1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-
activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed 
libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define 
henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM). 
D1.1. Synthetic Chemistry. In Figure 2 is shown a summary of how we will develop the SAR plan for the 4-
aminoquinazoline scaffold, as exemplified by changes to compound 8 (F577-0112). Substituent changes on the 

core fused scaffold will involve exploration of mono- and 
disubstitution substituent patterns on the quinazoline core to 
explore the optimum overall size for the core. Note that we 
may be able to use these substituents as “ADME handles” to 
control the overall hydrophobicity of the molecules and the 
cLogP values. In addition, we optimize substituents on both 
aryl rings, as indicated, and optimize the alkyl group on the 
tertiary amine. In addition, we will optimize the alkyl ester 
group, and we are very interested in replacing this ester with 
an amide, which would be more chemically and metabolically 
more stable. If the amide turns out to be an effective 

replacement, then we will also explore amide replacement units, such as ketomethylene, reduced ketone, 
retroamide, ethylene, and sulfonamide units, etc. In Scheme 1 is shown a brief synopsis of the general method 
used for the synthesis of 4-aminoquinazolines. The specific procedures for the three steps vary, but all initiate 
with anthranilamides. This general route will allow us to prepare compounds with varied R1, R2 and R3 groups 
as well as compounds with substituents that replace the carboethoxy functionality at the 2-position. Several 

Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates     
1-8 in the rCedV luciferase reporter virus assay. 

 

N 
Compound 

ID 
R1 R2 % inhib  

at 10 µM 

1 G577-0014 H 
3-chloro-4- 

methoxyphenyl 81 

2 G577-0016 H 
2,4-

difluorophenyl 18 

3 G577-0021 H 
2-chloro-4- 

fluorophenyl 58 

4 G577-0022 H 3-methoxyphenyl 46 
5 G577-0028 Me cyclohexyl 93 
6 G577-0084 H 4-isopropylphenyl 85 
7 G577-0111 n-propyl 4-fluorophenyl 86 
8 G577-0112 Me 2-methylphenyl 94 

 

 
Figure 2. SAR development for 4-aminoquinazolines 



anthranilamides are commercially available, which will allow us to initially access starting materials with a variety 
of R3 groups. A variety of methods are available for accessing these 4-aminoquinazolines, including initial 

treatment of the anthranilamides with ethyl ethoxycarbonylformimidate in 
ether34-35 as well as other methods.36,37 Likewise, the additional reagents 
required for these syntheses are mostly commercially available, as well. 
Thus, it is very realistic that a large 
library of these potential inhibitors 
will be quite accessible. 

In Scheme 2 is shown a specific 
synthesis of one of our best 

inhibitors in this set. Anthranilamide 9 is heated with diethyl oxalate in a 
solution of dimethylformamide (DMF) produces 2-
carboethoxyquinazoline-4-one (10) in a condensation/cyclization 
process. Treatment of 10 with phosphorous oxychloride next provides a 
reactive intermediate, namely 2-carboethoxy-4-chloroquinazoline-4-one 
(12), which affords the specific inhibitor G577-0112 (compound 8) after a 
displacement reaction with 2-methyl-N-methylaniline. 

In Figure 3 is shown a set of proposed compounds related to G577-0112 
(compound 8) for which we show parameters calculated 
using Actelion OSIRIS software38. The proposed 
compounds (13 through 17) generally show improved 
druglikeness and drug scores (and other parameters) with 
respect to G577-0112 (compound 8), and therefore 
represent promising new targets for synthesis and 
evaluation. Note that a dramatic improvement in all 
parameters is seen in simply replacing the ester to an 
amide by substituting NH for O, to provide proposed new 
compound 13. In progressing through the constrained 
compounds 14 through 17, improvement of parameters 
culminates with the indoline derivative 17, whose 
druglikeness and druglike scres have very dramatically 
improved. Advantages of imposed conformational 
restraints, as seen in tetrahydroquinolines 14 and 15 and 
indolines 16 and 17, include a reduction in rotatable bonds, 
and, importantly, a preorganization of an effective 
conformation that can mitigate the entropic penalty of 
binding. 
In Figure 4 is shown the SAR development plan for our 

quinazolin-4-one scaffold. There are three points of optimization that 
we envision for this trisubstituted fused core. At the 2-position, we will 
substitute the pyrrolidinyl substituent with additional cyclic and acyclic 
amines. The unsubstituted benzyl substituent at the 3-position will be 
optimized in terms of mono- and disubstitution patterns. The position 
of the carboxamide substituent located at the 7-position will be 
optimized, as will the N-alkyl group on the carboxamide. We will also 
replace the amide unit with various amide mimetic units, as indicated 
in Figure 4, since amides are subject to metabolic cleavage. 
Additional synthetic methods are available for the construction of both 
4-aminoquinazolines and 2,3,7-trisubstituted quinazolin-4-ones. 

D.1.2. Evaluate efficacy of various derivatives in the 4-
aminoquinazoline and the quinazolin-4-one series and additional HTS hits to inhibit viral replication in 
rCedV-Luc infected cells. We will employ our recently published optimized HTS protocol.7 Cells preseeded in 
a 96-well plate at a density of 2.5 x 104 cells per well will be treated with growth medium containing either DMSO 
or selected compound at predetermined nontoxic concentrations for 1 h at 37 °C, 5% CO2. Cells will be infected 
with rCedV at multiplicity of infection (MOI) of 0.01 and the plate incubated for 48 h. Luciferase activity will be 
examined by reading the luminescent signal using the ENVISION JANUS automated workstation (PerkinElmer, 

Scheme 1. General synthesis for 4-
aminoquinazolines. 

Scheme 2. Synthesis of G577-0112 
(cmpd 8). 

Figure 3. Proposed inhibitors of rCedV based on Actelion 
OSIRIS predicted parameters. 

Figure 4. SAR development for CBS1437. 



Waltham, MA) as per the manufacturer’s instructions. This plate reader is integrated directly with the robotic deck 
so that readings can be made unattended. The data will be normalized by the average signal of the negative 
control wells in each plate. The best inhibitors will be evaluated in HEK293T cells and Vero cells in 96-well plates. 
Cells will be incubated with compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the 
addition of rCedV-Luc (MOI: 0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by 
reading the luminescent signal as described above. Sample signals will be normalized by signals from the DMSO 
control wells. EC50 and CC50 values will be calculated by dose-response curve fitting with Graphpad prism. These 
assays will be conducted in the Broder Lab.  

Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). They are 
comprised of > 150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional 
libraries from ChemDiv and Enamine, including Antiviral Library composed of 65,937 novel diverse and targeted 
compounds with privileged scaffolds from ChemDiv’s collection, will be purchased by Chicago BioSolutions, 
Inc. Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the 
luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” 
compound after the initial round of screening. To further determine the specificity, a secondary screening 
(counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be 
used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSV-
G-mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and 
here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines 
will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition 
(non-potent) will not be actively pursued, while the more potent compounds (potent inhibitor, EC50 less than 10 
µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most 
potent compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and Ranking. 
We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent 
inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using 
the “CellTiter 96 aqueous nonradioactive cell proliferation assay” (Promega, Madison, WI) as described 
previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening 
will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control 
and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have 
the expected structure (LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and 
retested. 

D.1.3. Evaluation of protective properties of the advanced candidates in the henipavirus infectious 
assays will be done as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 
cells per well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected 
compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or 
without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection 
(hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound 
only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The 
percent reduction in PFU/mL titers in the samples containing compounds will be compared to that from parallel 
cultures with virus and DMSO vehicle only. This work will be performed in the BSL-4 facility at UTMB by the 
Geisbert Lab (Core ?) . 

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of 
Drs. Gaisina and Moore. If we encounter a synthesis-related problem with our primary scaffold compounds, we 
will use an alternate strategy based on a different reaction sequence. Should we encounter a scaffold-related 
problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one scaffold or the 
additional HTS hits identified with the HTS of the expanded libraries of compounds for defining lead compounds 
for advancement. 
D.2.1. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the 
mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The 
following experiments will be performed: 1) Determine the impact of compound treatment on viral protein 
expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be 
treated in duplicate with cell growth medium containing either DMSO or selected furopyrimidines at a 
predetermined concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells 
will be collected to determine viral protein expression by standard western blot techniques or viral RNA levels by 
quantitative real time polymerase chain reaction assays (q-RT-PCR). CedV specific antibodies against the 
attachment (G) and fusion (F) that were generated in the Broder Lab and antibodies to CedV-N and CedV-P will 



be utilized. To determine changes in viral protein expression at the different time points, densitometric counts of 
these bands will be calculated using the ImageJ Software and normalized against β-actin and calculated as a 
fold change compared to the infected untreated cells (DMSO control). Total RNA will be extracted and 500 ng of 
total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe pair 
targeting the N gene. The one-step reaction will be performed using the Applied Biosystems (ABI) 7500 
thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold changes will be 
calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We 
expect to observe a decrease in intracellular viral RNA levels expression with compound treatment when 
compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the 
compounds and the impact of the compounds on viral RNA levels over time; 2) Determine the stage(s) of 
inhibition of 4-aminoquinazolines and quinazolin-4-ones in the viral lifecycle. For time of addition studies, 
HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which 
time the viral inoculum will be removed and cells washed three times with PBS. This will be considered as 0 hpi. 
Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain 
on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious 
viral titers (PFU/mL) by plaque assay.7,8 Results from this data will indicate at which stage of the viral life cycle 
the compounds are affecting; 3) Analyze escape mutants against the advanced lead compounds with Cedar 
virus. Escape mutants provide information on potential targets of small molecule inhibitors as well as the 
potential for development of drug resistance in the field. We will generate escape mutant rCedV viruses that are 
resistant to the identified lead compounds and determine the rate at which resistance is developed to our 
inhibitors. In so doing, we will also identify protein coding as well as regulatory sequences that are altered. 
HEK293T cells will be infected with rCedV virus at MOI of 1 in the presence of the inhibitors at 10 times the IC50 
values of each of the compounds. At 72 hpi, viral supernatant will be passaged in Vero cells at MOI of 0.01 in 
the presence of increasing concentrations of compound for >5 passages to obtain the escape mutants. The 
escape mutants will be plaque purified and subjected to whole-genome sequencing. The identified mutation(s) 
will be introduced into the rCedV anti-genome cDNA and upon successful incorporation of the mutation, the 
mutant rCedV will be rescued and sequenced to ensure retention of the introduced mutation. The rescued mutant 
rCedV will be fully characterized as described.8  
D.2.2. Assess the binding properties by surface plasmon resonance (SPR). The Nipah polymerase (L 
protein and a phosphoprotein P) will be prepared using a previously published protocol. Biacore T200 and 
Biacore 8KSPR systems will be used to obtain information on binding specificity, binding affinity of the new lead 
inhibitors (KD) to the RdRp protein, kinetics [association rate constants (ka), and dissociation rate constants (kd)] 
as previously described.39 Prefusion-stabilized RdRp protein will be immobilized on a CM5 chip using standard 
amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected over the flow 
channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir kinetic binding 
model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic analysis will be 
performed by UIC RRC, as previously done by the Rong lab. 
D.2.3. Structure determination of recombinant proteins with bound inhibitors by X-Ray crystallography 
and CryoEM. High-resolution structures of the Nipah RdRp complex with key inhibitors such as CBS1437 and 
the advanced lead compound to be developed will be obtained using both x-ray crystallography and CryoEM by 
Dr. Vessler Lab. It is expected that these structures will be determined and will reveal the atomic level details of 
how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for 
developing potent high-affinity ligands. Initial crystallization screens will be set up robotically using in-house 
Gryphon crystallization robotics. Biophysical techniques such as native mass spectrometry and thermal shift 
assays, light scattering, and fluorophore analysis to measure protein stability and folding are routine and will be 
used to ensure that bound compounds are not destabilizing domain structures to prevent crystallization. X-ray 
data collection will be done where? Crystal structures will be determined by molecular replacement using existing 
structures as search models. For inhibitors binding to regions other than above or if co-crystals cannot be 
obtained, cryo-EM will be used to determine the complex structure. For EM studies, we will utilize automated 
data collection software to facilitate throughput. In brief, data will be processed using the Appion40 pipeline, which 
keeps track of all data and processing steps. All data will be processed using multiple single particle EM software 
packages, including cryoSparc41, EMAN42, and RELION43. Purified complexes will be deposited onto grids, 
blotted, and cryo-plunged into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the 
complexes will be collected using automated image acquisition software under low dose conditions. Structures 
generated by cryo-EM will be refined and reconstructed by molecular dynamics (MD) studies. While cryo-EM 
can provide access to the near-atomic resolution structures of large biomolecular systems--in their near native 



environment, MD can be used to reveal its dynamic behavior and refine low-resolution regions of cryo-EM 
reconstructions44,45. Furthermore, as X-ray/cryo-EM structures of polymerase in complex with key inhibitors (i.e., 
CBS1437 and additional derivatives) become available, MD studies of these systems will be conducted to reveal 
the dynamic nature of protein/ligand interactions46-50, to explore the conformational landscape51 of ligand binding 
events, and to capture conformational variability of intermediate states44,52, which can be crucial to gain 
mechanistic knowledge of biological function, but remain out of reach through experimental approaches. David, 
please look at this section. Make necessary corrections.  
 
Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are 
commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously 
rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T 
cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism 
studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-
aminoquinazolines or quinazoline-4-ones. 

D.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. Milestone: 
Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver microsomes, 
low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before investigating the 
efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal dosing regimen 
for the efficacy studies with the advanced lead compounds. 
D.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing. 
Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further 
therapeutic development. We will assess several critical in vitro ADME-T properties and prioritize compounds 
accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out using the CYP3A4, and 
CYP2D6 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp., Woburn, MA) 
to rapidly screen for potential inhibitors of the principal drug metabolizing cytochrome P450 enzymes.53 

Compounds with IC50 values ≥100 µM for CYP isoforms will be prioritized for further advancement. Rat/Human 
Liver Microsome Stability. Rat and human liver microsome preparations will be used to evaluate the metabolic 
stability of compounds by the method of Kuhnz et al.54 Compounds with >30% recovery (1 h) will be considered 
for further advancement. hERG channel blockade. The ability of compounds to block the hERG channel will be 
assessed in a [3H] dofetilide-binding assay as described by Finlayson et al.55 using SHSY5Y cells. Compounds 
that do not prevent [3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug absorption 
through the intestinal epithelium is critical to good oral bioavailability. We will use the Caco-2 method as 
described by Gres et al.56 to evaluate the potential for oral bioavailability of the lead inhibitors. Compounds 
exhibiting a Caco-2 permeability value (Papp) greater than 1 × 10-6 cm/sec will be prioritized. Bacterial reverse 
mutation assay (Ames): Four Salmonella typhimurium strains (TA1535, TA1537, TA98, TA100) and one 
Escherichia coli strain (WP2 uvrA) will be used. The bacteria will be exposed to different dose levels of the 
compound up to a solubility-limiting level in the presence or absence of rat liver enzymes (rat S9 liver fraction) 
acting in the normal process of metabolism and any reverse mutations will be determined. In vitro mammalian 
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chromosomal aberration test: The purpose of this study is to evaluate the clastogenic potential of the 
compound based on its ability to induce chromosome aberrations in human peripheral blood lymphocytes. 
D.3.2. PK studies: Naïve male/female mice (equal number, 3 groups of 36 animals total) will be treated with a 
single dose via i.v., i.p., or oral gavage administration and blood will be collected and processed to obtain plasma 
and serum from three animals/group/time point at up to 12 time points through 24 h post dose. Two doses will 
be used to establish the drug exposure-dose range relationship: the estimated efficacious dose (ED), based 
upon preliminary data at 25 mg/kg i.p. or p.o. and an observable adverse effect dose (OAED) (to be determined). 
Compounds of interest will be extracted from biological specimens by protein precipitation, analyzed on a triple-
quadruple mass spectrometer (LC-MS/MS) and quantified using an internal standard method with a minimum of 
a five-point calibration curve. PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. 
Depending on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate 
calculations of AUC. Plasma concentration will be established to support dosage selection for efficacy studies. 
Formulation stability and PK/Toxicity studies will be performed by CROs. 
Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed 
through the testing services provided by Eurofins Panlabs, Inc. and Reaction Biology, Corp., and supervised by 
Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to 
meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to 
meet the objectives in this aim.  
We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced 
lead compounds, which will allow for the future selection of a preclinical candidate (Figure 5). 

D.4. AIM 2: Characterization of the potency and breadth of selected nanobodies 

Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies 
targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also 
collaborate with the core??? to evaluate lead candidates in vivo. 

D.4.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth 
D.4.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of 
prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian 
cells, including Nipah virus (Bengladesh and Malaysia strains) and Hendra virus (both ancestral and the newly 
described variant) with and without avi-tag for biotinylation.57-59 These proteins were used to vaccinate transgenic 
mice for nanobody production and will be used for downstream screening of the nanobody libraries and for 
exploring cross-reactivity with Nipah and Hendra virus glycoproteins and with more distantly related 
henipaviruses using high-throughput ELISA assays. Biolayer interferometry analysis of binding kinetics and 
affinity will be carried out for the most promising nanobodies selected by ELISAs to enable ranking them based 
on binding affinities and cross-reactivity. 

D.4.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit Nipah virus 
and Hendra virus, we will use a high-throughput neutralization assay developed in the Broder lab. This assay is 
based on green fluorescent protein (GFP)-encoding, replication-competent, Cedar (henipa)virus (rCedV) 
chimeras in which the native glycoproteins are substituted with the NiV-B (rCedV-NiV-B-GFP, Bengladesh strain) 
or the HeV (rCedV-HeV-GFP) F and G glycoproteins.7,60 This platform is safe, enabling utilization at BSL2 
compared to BSL4 for authentic viruses, and has been thoroughly validated and shown to faithfully recapitulate 
the data obtained with NiV-B and HeV with both monoclonal antibodies and vaccine-elicited polyclonal sera. This 
method was used to support the preclinical development of G-specific antibodies5. Furthermore, the Broder lab 
recently developed a rCedV-HeVv-GFP using reverse-genetics to study the antigenic properties of a newly 
described Hendra virus variant.61 These assays will enable ranking each nanobody based on their neutralization 
potency and breadth to assist downstream selection. For nanobodies for which cross-reactivity will be detected 
beyond Nipah and Hendra viruses (e.g. CedV), their inhibitory activity will be tested against authentic CedV. 
Finally, these chimeric virus neutralization assays can be implemented for viruses for which no isolates are 
available (as is the case for henipaviruses discovered through metagenomics in bats or other animals).62,63 

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing 
certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity 
with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy 
imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins 
and viruses and performed by multiple individuals to ensure the reproducibility of our assays.  



Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad 
and potent neutralizing activity against Nipah virus and Hendra virus. The top candidates will be further studied 
structurally and functionally and evaluated for in vivo efficacy. 

D.4.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition 
Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-
level understanding of binding and inhibition which will be validated using functional assays. This structural 
framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth 
and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins 
and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G 
glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. 
The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput 
structural studies of viral glycoproteins. We use the Leginon data collection software which runs 24 hours per 
day and enables automated targeting and image acquisition while keeping a relational database of all 
micrographs to expedite subsequent processing.64 Many image processing tasks are automated as part of a 
workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by 
storing all the details related to image acquisition and processing.40,65 Complexes of nanobodies with 
glycoproteins will be vitrified and imaged using cryoEM to visualize directly the epitopes targeted by the different 
nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience 
in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,57,59,66-68 
mechanical stage tilting with gold grids69,70 or detergents to modify surface tension71. Some of the nanobodies 
might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened resolution. 
We will overcome this using workflows developed in-house specifically for that purpose for previously 
characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D 
classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.69,72-76 Refinement 
of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of 
Washington.77-79 
The Nipah virus attachment (G) glycoprotein engages host receptors, is the basis of a commercially available 
horse vaccine and entered phase I clinical trials for use in humans with funding from the Coalition for Epidemic 
Preparedness Initiatives. The Veesler and Broder labs recently determined a high-resolution cryoEM structure 
of the Nipah virus G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 years, 
hindering both our understanding of immunity directed towards G and the rational design of vaccines. The 
structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3) which 
recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. 
This study revealed the ultrastructural organization of this key target of the immune system, informs the 
mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic 
design. The know-how generated to achieve this groundbreaking result will directly support the proposed project. 
D.4.2.1. High-resolution structural studies using X-ray crystallography. Some of the nanobodies might bind 
to regions that are intrinsically flexible thereby limiting resolution using cryoEM. We have already encountered 
such cases with coronavirus fusion machinery-directed antibodies binding to linear epitopes in the spikes. We 
will overcome these challenges by determining high-resolution crystal structures of the nanobodies bound to 
their cognate epitopes, similar to the strategy we used to obtain structural information of the B6 and S2P6 
antibodies bound to several β-coronavirus stem helices. Refinement of atomic models will use both Phenix80 and 
BUSTER-TNT81. 

D.4.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred 
from the the structural data will be validated using receptor binding, F cleavage and membrane fusion assays 
we previously implemented for henipaviruses and coronaviruses.57-59,67,82,83 

Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot 
be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, 
which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-
150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM 
center, which Dr. Veesler co-directs. 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and 
the formulation of cocktails. This work will also demonstrate the mechanism(s) of action of nanobodies leading 
to inhibition of viral entry. 



Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in 
the field. For cryoEM maps, these will include gold-standard projection matching refinements84-86 and high-
resolution noise substitution prior to Fourier shell correlation calculations87 to avoid overfitting. Atomic models 
will be assessed using Molprobity88, EMringer89 and Privateer90. The coordinates of the structures solved as part 
of this work, as well as the corresponding experimental data, will be made freely available through deposition in 
the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB). 

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between 
the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-
reactivity and the design of nanobody cocktails. 

D.4.3. AIM 2C. Structure-guided formulation of nanobody cocktails 

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or 
treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 
10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical 
isolates, the two-mAb cocktail proved more resilient to escape mutations.91-93 Because experimental passaging 
of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape 
mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails 
that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins.  

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent 
a unique opportunity for implementing multi-pronged targeting which has not been evaluated previously. We will 
combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their 
antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV 
chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side 
to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-
selection will include maximal neutralization potency and breadth and structural characterization will be used to 
ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary. 

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails 
with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection. 

D.5. AIM 3: Evaluation of lead compounds in vivo. 

Rationale: Aim 3 will collaborate with Core D to evaluate lead candidates in vivo. A critical aspect of antiviral 
discovery that is often overlooked is the early stage testing of lead compounds in a well-studied and well-
validated in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic 
henipaviruses (NiV and HeV) which includes the Syrian golden hamster (refs) and AGM (refs). PK/PD studies 
will be carried out in the NiV/HeV hamster model. Protective efficacy studies using select best-in-class drugs 
and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-concept protective efficacy 
studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and HeV infected AGM models. 

D.5.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary 
pharmacokinetic (PK) studies in hamsters and AGMs will be performed by Core D. Using intraperitoneal (i.p.) or 
intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these studies will examine the 
concentration of lead compounds in plasma over time in order to establish parameters such as bioavailability, 
volume of distribution, clearance, and half-life. This data will be used to select doses and dosing regimens to be 
investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter for efficacy in antiviral 
drug development, which is the maintenance of the minimum plasma concentration (Cmin) above the EC90 in 
cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in hamster models of 
heniavirus disease. Lead compounds which demonstrate good exposure-response antiviral activity in hamsters 
will then advance into AGM PK studies using similar dose administration and measured parameters as above. 
The data will be used to select doses and dosing regimens for the subsequent protection studies in AGMs. 

D.5.2. In vivo testing of lead compounds NiV/HeV infected hamsters. The in vivo activity of the most potent 
compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will be 
randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of NiVB 
or HeV (refs). Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different 
doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will 
be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight 
loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 



optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis 
in the Subaims below. 

D.5.3. Define breakthrough conditions for anti-henipavirus antivirals in hamsters. This Subaim will employ 
the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect hamsters 
against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after henipavirus 
exposure. The goal of this Subaim is to determine the time points of treatment initiation when the antivirals fail 
to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and 
inoculated i.n. with ~ 5x106 PFU of NiV or HeV (refs). Treatments will be initiated at various times after 
henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters 
succumb to disease. 

D.5.4. Combination therapy of anti-henipavirus antivirals in hamsters. This Subaim will employ the most 
promising antivirals from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. Hamsters will 
be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x105 PFU of NiV or HeV 
(refs). Treatment with at least two different antivirals will be administered beginning at a time point where 
substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if combining at 
least two different antivirals improves survival. Group sizes may be increased as needed to obtain appropriate 
statistical power to show the survival benefit of combination therapy. 

D.5.5. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will 
employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol 
delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can 
protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per 
group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB or HeV as determined in henipavirus 
dose confirmation studies conducted by Core D (see Core D). Treatments with drugs, nanobodies, or 
combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization 
by Core X (see Core X) at various times after henipavirus infection. 

D.5.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of 
concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV 
infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol 
using the MAD system as previously described (ref) or by small particle aerosol as previously described (refs) 
with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV. The treatment groups (consisting of five 
animals each) will be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by 
Core X up to 5 days after viral challenge (initiation time informed by hamster studies) while control animals will 
receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by several methods, 
including respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and 
survival. 

Potential Pitfalls and Alternative Strategies. It is possible that Core X may experience difficulties in optimizing 
aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that aerosol delivery of antivirals may not 
improve protective efficacy or extend the therapeutic window of antivirals. We will also assess conventional 
parenteral delivery routes (as noted in the subaims above) which were previously shown for remdesivir and 
monoclonal antibodies to protect animals against lethal henipavirus disease to de-risk this Aim. 

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which 
compounds were given to which animals until experiments and analysis are completed. We will employ equal or 
near equal numbers of male and female animals and general age (infant or geriatric animals will not be used). 

In summary, the emergence and re-emergence of Nipah virus infections throughout the world, coupled with its 
high fatality rate, provide very significant motivation for the preparation of small molecule inhibitors of this virus 
to create a readiness for the next Nipah virus outbreaks. We have discovered two differentiated series of 
compounds that show early promise as agents that have potential for treating Nipah virus infections, and we 
have designed a series of optimized druglike candidates for future preparation and development.  
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SPECIFIC AIMS 

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV).1 NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with impressive lethality.2 Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-to-human transmission.3 Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 23 total cases, leaving only 2 survivors.4 22 cases were from virus transmission in 3 hospital settings, with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the detection of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people worldwide live in regions threatened by spillovers.5 As part of the Respiratory Pathogen Aerosol Antiviral Drug Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic henipaviruses including therapeutic modalities by an aerosol delivery approach. 

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-pathogenic in well-established animal models of NiV and HeV pathogenesis.6 We developed a reverse genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an extensive characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high throughput antiviral screening (HTS).7-9 We validated and published on the utility of rCedV encoding luciferase in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a representative quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and HeV, with an IC50 value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development of small molecules together with more extensive compound library screening using rCedV will potentially yield testable antivirals with potential pan-henipavirus effectiveness. Our collaborative team also has an extensive experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. In this proposal, we have initiated a completely different approach for developing antiviral nanobodies which are acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent antiviral activity.10 These nanobody accessible epitopes may also have the potential to be more conserved across viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. Specifically, we will:

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct new compound library HTS assays and identify new lead candidates. We will use resistance selection assays for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-class drugs will be developed using predictive software to improve drug-like properties, increase potencies, decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties. 

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of action and guide formulation of nanobody cocktails.

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal delivery (drug or nanobody) and also aerosol delivery of nanobodies. PK/PD studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. Combination studies of drug with nanobodies studies will also be conducted and final proof-of-concept protective efficacy studies will be carried out in the HeV and NiV-B African green monkey models.

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease. 

A. BACKGROUND AND SIGNIFICANCE

Over the past 40 years the major etiological agents of emerged or identified infectious diseases in humans have been viruses.11 Among these, the paramyxoviruses, which include many important human and animal pathogens, also include two emerged, zoonotic viral pathogens of importance: the henipaviruses; Hendra virus (HeV) and Nipah virus (NiV)12,13. In 1994, HeV caused an outbreak of severe respiratory disease in horses in Brisbane, Australia, resulting in the deaths of 14 horses and their trainer.14,15 NiV was the causative agent of a significant outbreak of severe encephalitis in pig farmers in Malaysia in 1998. Spread of NiV infections typically requires direct contact with an infected source, and transmission can occur between people and from animals to people. Symptoms may culminate in a severe respiratory and/or neurological disease that is often fatal. Complications of the infection can result in relapsed encephalitis following recovery. On September 5, 2021, a twelve-year-old boy in the Indian state of Kerala died after contracting the Nipah virus. During the process of transporting him to medical centers for a diagnosis, twenty-three health care workers exposed to this boy also died, which underscores both the transmissability and the lethal nature of this virus. There is presently no vaccine or small molecule therapeutics that have been developed for NiV infections. Pteropid bats appear to be the major reservoir hosts for henipaviruses6,16. HeV and NiV have a uniquely broad host tropism capable of infecting at least 18 animal species across 6 orders of mammals, including their natural bat hosts. Among these animals, HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at least 11 mammalian species including humans, with human fatality rates ranging from 40-100%2,17. 

NiV and HeV are classified as biosafety level-4 (BSL-4) restricted pathogens and both remain transboundary threats to livestock and people throughout South Asia and Australia. NiV and henipaviral diseases have been categorized by the World Health Organization (WHO) as an epidemic threat needing urgent research and countermeasure development and are included in the WHO R&D Blueprint list of priority pathogens with epidemic potential 18. Presently, there are no prophylactic or therapeutic treatment options for henipavirus infections approved for use in humans. A subunit vaccine, Equivac® HeV, has been available for use in horses in Australia since 2012 19 for the prevention of HeV infection. This equine vaccine received full registration by the Australian Pesticides and Veterinary Medicines Authority in 2015, with all vaccinated horses receiving a microchip with a database being maintained and is the first commercially deployed vaccine against a BSL-4 agent 20. Although a human monoclonal antibody (mAb) m102.4 has successfully completed a phase I safety trial in Australia 21, developing vaccines or therapeutics against henipaviruses for use in people remains a high priority. Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) glycoprotein and the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and also the main focus of several vaccine strategies2. Although an effective post-exposure human monoclonal antibody (mAb) therapy (anti-NiV/HeV G glycoprotein mAb m102.4) has been extensively examined22-26, it must be administered within several days following lethal infection in animal challenge models. In contrast, however, antiviral drug discovery for HeV and NiV has been significantly hampered due to requirements of biosafety level-4 (BSL-4) containment. Recently, a third isolate, namely, Cedar virus (CedV) has been added to the Henipavirus genus27. However, whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not known to be zoonotic and has been shown to be nonpathogenic in animals susceptible to HeV and NiV disease and resides in nature in the same bat host species as HeV27,28. Nucleic acid based detection studies have identified related henipavirus species, including complete genomic sequences29,30, but HeV, NiV, and CedV are the only virus isolates reported.

We have recently optimized a recombinant CedV encoding luciferase (rCedV-Luc) for high-throughput screening (HTS) applications and have identified several inhibitory compounds that were further validated with the infectious NiV-Bangladesh (NiV-B) strain. The validated compounds provide the foundation for the current application. 

B. INNOVATION

There are several innovative aspects within the present application which capitalize on the ongoing collaborative research and expertise of this proposal’s investigators. First, the cell-based high throughput screening (HTS) assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will have activity across related members of henipavirus genus. Second, our native-like, recombinant soluble tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape studies for variant selection and target identification, and finally, the rCedV based reporter-gene system allows rapid and quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules or nanobodies or combinations of both. 

Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will show cross-reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins. 27 Interestingly, the CedV L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase in the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% (HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% (NiV-B) and ~61.7% (HeV). This high degree of protein identity, overall, shared between CedV, and that of NiV and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule library screening project to identify inhibitors of rCedV replication.7 Indeed, several small molecule inhibitors have been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a strong foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to optimize our current best-in-class leads and also screen large libraries of antiviral compounds.

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized and have been shown to be safe with low immunogenicity in clinical trials.31-33 Nanobodies can be isolated using the same phage library construction methods and phage panning procedure routinely employed for mAb discovery, which allows for in vitro production of various amounts and their rapid characterization. In collaboration with Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels, 10 we have several immunized mouse cohorts now underway using native-like oligomeric recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid progress in Aim 2 in generating and characterizing diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV.

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the henipaviruses through the applications of our novel proposed approaches, may lead to novel therapeutic modalities capable of treating NiV and HeV disease.

C. PRELIMINARY RESULTS 

C.1. Project Team. All aspects of the proposed research are new extensions of productive research endeavors between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead on small molecule discovery) and Drs. Norton Peet and Irina Gaisina, Chicago BioSolutions (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and BSL-4 and ABSL-4 Core Lead). Chicago BioSolutions, Inc. is a privately held, product-focused biopharmaceutical company engaged in the research and development of small molecule antiviral drugs that address commercially significant medical markets and unmet medical needs.

C.2. Preliminary Data: Identification of small molecule entry inhibitors of Nipah. 

C.2.1. HTS Assay development. We developed a robust (high signal-to-background ratio), safe (BSL-2 containment), cell-based HTS platform to identify small molecule antivirals targeting henipavirus replication without the requirement for BSL-4 containment. A reverse genetics approach was used to generate rCedV expressing luciferase (rCedV-Luc). A firefly luciferase (Luc) gene was inserted between CedV P and M genes in the rCedV anti-genome clone by standard restriction digest and ligation methods to yield the luciferase reporter rCedV full-length genome plasmid (Figure 1A). Successful rescue of rCedV-Luc was demonstrated by observing multiple syncytia on Vero E6 cells inoculated with freeze-thawed cell culture supernatants from BSR-T7/5 cells transfected with rCedV-Luc anti-genome and helper plasmids (yellow box in Figure 1B). The growth kinetics of rCedV-Luc to rCedV was compared (Figure 1C). Vero E6 cells were infected with either rCedV or rCedV-Luc at an MOI of 0.01. At 24 h intervals, supernatants from infected cells were collected and analyzed by plaque assay for infectious viral titers. At all-time points examined, no statistically significant differences were observed between rCedV and rCedV-Luc, indicating that the recombinant viruses have similar growth kinetics. In parallel, infected cells were lysed and analyzed for intracellular luciferase activity. As seen in Figure 1C (blue axis), increasing luciferase activity was detected that reached saturation at ~1 × 108 relative luciferase units (RLU) at 72 hpi (blue dashed line). The increase in luciferase signal correlated with the increase in infectious viral titers. These results indicated that introduction of the luciferase reporter gene did not interfere with the growth of the recombinant virus and that luciferase activity is an indicator of viral genome expression.Table 2. Inhibition of rCedV and NiV-B by the HTS hit CBS1437.
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Table 1. High throughput screening assay parameters

Assay Parameters

96-well format

384-well format

Z’

0.6 ± 0.02

0.5 ± 0.2

%CV

13.3 ± 1.14

14 ± 0.05

S/B

> 103

> 40
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Figure 1. Characterization of recombinant CedV expressing luciferase. A) The firefly luciferase (Luc) gene was inserted at the unique MluI restriction site between the P and M genes to produce rCedV-Luc. B) Vero E6 cells infected with rCedV-Luc C) Vero E6 cells infected with either rCedV or rCedV-Luc at an MOI of 0.01. At 0, 24, 48 and 72 hpi. Viral titers determined by plaque assay and calculated as PFU/ml



The optimization of cell type, virus MOI, and incubation time was conducted to develop an assay suitable for HTS antiviral screening is described in our recently published manuscript.7 Shown in Table 1 are the results of further optimization of the HTS assay and resulting parameters in both 96- and 384-well formats. Z’ scores ≥ 0.5, high S/B ratios and CV < 20% were recorded, indicating a robust sensitive high-throughput assay. These data demonstrated that the rCedV-Luc platform is suitable for HTS-based hit identification.

C.2.2. Pilot screening of a small molecule library. A library of 10,000 compounds (preselected from ChemDiv library by the UIC medicinal chemists and called “SMART Set”) was used for a pilot HTS to identify rCedV-Luc inhibitors. This library (1) is pruned for known frequent hitters (PAINS and alike); (2) is balanced in terms of diversity of chemical scaffolds; and (3) has several representative analogs for each of the scaffolds in the library. From the initial single-dose screen, using 80% inhibition as the cutoff, 151 hits (1.51% hit rate) were selected for further evaluation. To eliminate false positive hits due to cytotoxicity, a validation screen alongside a cellular toxicity assay (compound concentration of 33 µM) was carried out. The antiviral activities of 85 compounds were confirmed at 10 µM, and 47 hits showed only minimal cytotoxicity at 33 µM. 

In Table 1 is shown a representative quinazoline compound from our quinazoline series of rCedV inhibitors, designated as CBS1437 (Table 2). Note that both HEK293T and Vero cell lines were employed in these assays, and that CC50 values were recorded for these two cell lines. Compound CBS1437 was also evaluated in the infectious NiV (NiV-B) assay and found to have an EC50 value of 3.3 µM. An important reason for producing the data shown in Table 2 was to validate the primary screening data that was gathered from the rCedV HTS assay. Thus, we concluded that our HTS approach was a valid method for defining NiV inhibitors. Next, target specificity was confirmed in a counterscreen assay using a vesicular stomatitis virus G (VSV-G) protein. This hit showed a lack of detectable inhibition for VSV-G as well as some other unrelated viral proteins, including Lassa glycoprotein, and influenza fusion protein hemagglutinin H1 and H5 (0% inhibition at 12.5 µM).

Table 3 shows eight additional inhibitors in the quinazoline series, namely 4-aminoquinazolines, that we identified from a focused screening campaign, which allowed us to develop some initial structure-activity relationships (SARs). Note that these 4-aminoquinazolines all bear substituents on the amino group at the 4-position of the quinazoline ring and a carboethoxy substituent at the 2-position. In terms of SAR to be gleaned from the limited data set in Table 3, a few features stand out that are worth mentioning. It is clear that a variety of N-phenyl substituents give rise to active compounds, and that H, methyl and n-propyl groups as the second N-substituent all can produce good activity. However, it is also clear that one of the best compounds is compound 14, bearing an unsubstituted cyclohexyl group, which suggests an area for optimization since compound 14 is the only compound where the phenyl ring has been replaced by a completely saturated (cyclohexyl) substituent. Another point worth making is that the two n-propyl compounds (16 and 18) are two of the best inhibitors. There may, in fact, be a rough correlation between cLogP and inhibitory activity, which may be worth exploring with a larger set of derivatives. It is clear that additional compounds in our 4-aminoquinazoline series (Table 3) would provide excellent opportunities for further optimization of the inhibitory activities. In the Research Plan we discuss methods for the preparation of new 4-aminoquinazolines in addition to compounds in a backup series defined by our validation agent, CBS1437, as well as specific plans for developing the SARs.Table 3. Antiviral activity of 4-amino-quinazoline-2-carboxylates     1-8 in the rCedV luciferase reporter virus assay.
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Me
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C3. Any data on monobodies? 

D. RESEARCH DESIGN AND METHODS 

D1. Aim 1A. Synthesize diverse analogs of the 4-aminoquinazoline hit series to establish structure-activity relationships (SARs) and improve potency and selectivity index. Milestone: Synthesize directed libraries and discrete analogs of hit compounds; using the rCedV-based assay for SAR development define henipavirus replication inhibitors with high potency (EC50 <1 µM) and low cytotoxicity (CC50 >100 µM).

D1.1. Synthetic Chemistry. In Figure 2 is shown a summary of how we will develop the SAR plan for the 4-aminoquinazoline scaffold, as exemplified by changes to compound 8 (F577-0112). Substituent changes on the core fused scaffold will involve exploration of mono- and disubstitution substituent patterns on the quinazoline core to explore the optimum overall size for the core. Note that we may be able to use these substituents as “ADME handles” to control the overall hydrophobicity of the molecules and the cLogP values. In addition, we optimize substituents on both aryl rings, as indicated, and optimize the alkyl group on the tertiary amine. In addition, we will optimize the alkyl ester group, and we are very interested in replacing this ester with an amide, which would be more chemically and metabolically more stable. If the amide turns out to be an effective replacement, then we will also explore amide replacement units, such as ketomethylene, reduced ketone, retroamide, ethylene, and sulfonamide units, etc. In Scheme 1 is shown a brief synopsis of the general method used for the synthesis of 4-aminoquinazolines. The specific procedures for the three steps vary, but all initiate with anthranilamides. This general route will allow us to prepare compounds with varied R1, R2 and R3 groups as well as compounds with substituents that replace the carboethoxy functionality at the 2-position. Several anthranilamides are commercially available, which will allow us to initially access starting materials with a variety of R3 groups. A variety of methods are available for accessing these 4-aminoquinazolines, including initial treatment of the anthranilamides with ethyl ethoxycarbonylformimidate in ether34-35 as well as other methods.36,37 Likewise, the additional reagents required for these syntheses are mostly commercially available, as well. Thus, it is very realistic that a large library of these potential inhibitors will be quite accessible.



Figure 2. SAR development for 4-aminoquinazolines



Scheme 2. Synthesis of G577-0112 (cmpd 8).





Scheme 1. General synthesis for 4-aminoquinazolines.



In Scheme 2 is shown a specific synthesis of one of our best inhibitors in this set. Anthranilamide 9 is heated with diethyl oxalate in a solution of dimethylformamide (DMF) produces 2-carboethoxyquinazoline-4-one (10) in a condensation/cyclization process. Treatment of 10 with phosphorous oxychloride next provides a reactive intermediate, namely 2-carboethoxy-4-chloroquinazoline-4-one (12), which affords the specific inhibitor G577-0112 (compound 8) after a displacement reaction with 2-methyl-N-methylaniline.

In Figure 3 is shown a set of proposed compounds related to G577-0112 (compound 8) for which we show parameters calculated using Actelion OSIRIS software38. The proposed compounds (13 through 17) generally show improved druglikeness and drug scores (and other parameters) with respect to G577-0112 (compound 8), and therefore represent promising new targets for synthesis and evaluation. Note that a dramatic improvement in all parameters is seen in simply replacing the ester to an amide by substituting NH for O, to provide proposed new compound 13. In progressing through the constrained compounds 14 through 17, improvement of parameters culminates with the indoline derivative 17, whose druglikeness and druglike scres have very dramatically improved. Advantages of imposed conformational restraints, as seen in tetrahydroquinolines 14 and 15 and indolines 16 and 17, include a reduction in rotatable bonds, and, importantly, a preorganization of an effective conformation that can mitigate the entropic penalty of binding.

Figure 3. Proposed inhibitors of rCedV based on Actelion OSIRIS predicted parameters.



In Figure 4 is shown the SAR development plan for our quinazolin-4-one scaffold. There are three points of optimization that we envision for this trisubstituted fused core. At the 2-position, we will substitute the pyrrolidinyl substituent with additional cyclic and acyclic amines. The unsubstituted benzyl substituent at the 3-position will be optimized in terms of mono- and disubstitution patterns. The position of the carboxamide substituent located at the 7-position will be optimized, as will the N-alkyl group on the carboxamide. We will also replace the amide unit with various amide mimetic units, as indicated in Figure 4, since amides are subject to metabolic cleavage. Additional synthetic methods are available for the construction of both 4-aminoquinazolines and 2,3,7-trisubstituted quinazolin-4-ones.

Figure 4. SAR development for CBS1437.



D.1.2. Evaluate efficacy of various derivatives in the 4-aminoquinazoline and the quinazolin-4-one series and additional HTS hits to inhibit viral replication in rCedV-Luc infected cells. We will employ our recently published optimized HTS protocol.7 Cells preseeded in a 96-well plate at a density of 2.5 x 104 cells per well will be treated with growth medium containing either DMSO or selected compound at predetermined nontoxic concentrations for 1 h at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using the ENVISION JANUS automated workstation (PerkinElmer, Waltham, MA) as per the manufacturer’s instructions. This plate reader is integrated directly with the robotic deck so that readings can be made unattended. The data will be normalized by the average signal of the negative control wells in each plate. The best inhibitors will be evaluated in HEK293T cells and Vero cells in 96-well plates. Cells will be incubated with compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the luminescent signal as described above. Sample signals will be normalized by signals from the DMSO control wells. EC50 and CC50 values will be calculated by dose-response curve fitting with Graphpad prism. These assays will be conducted in the Broder Lab. 

Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). They are comprised of > 150,000 compounds available in 96- or 384-well plate formats suitable for HTS. Additional libraries from ChemDiv and Enamine, including Antiviral Library composed of 65,937 novel diverse and targeted compounds with privileged scaffolds from ChemDiv’s collection, will be purchased by Chicago BioSolutions, Inc. Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” compound after the initial round of screening. To further determine the specificity, a secondary screening (counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSV-G-mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition (non-potent) will not be actively pursued, while the more potent compounds (potent inhibitor, EC50 less than 10 µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most potent compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and Ranking. We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using the “CellTiter 96 aqueous nonradioactive cell proliferation assay” (Promega, Madison, WI) as described previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control and Identity Assurance. The hits will be analyzed for chemical purity (HPLC) to confirm that the compounds have the expected structure (LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and retested.

D.1.3. Evaluation of protective properties of the advanced candidates in the henipavirus infectious assays will be done as previously described.7 Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells per well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected compounds diluted in cell culture growth medium (final concentrations ranging from 100 µM to 0.01 µM) with or without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 h post infection (hpi), viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The percent reduction in PFU/mL titers in the samples containing compounds will be compared to that from parallel cultures with virus and DMSO vehicle only. This work will be performed in the BSL-4 facility at UTMB by the Geisbert Lab (Core ?) .

Pitfalls and alternate strategies. The proposed synthetic derivatives will be synthesized under the guidance of Drs. Gaisina and Moore. If we encounter a synthesis-related problem with our primary scaffold compounds, we will use an alternate strategy based on a different reaction sequence. Should we encounter a scaffold-related problem with our 4-aminoquinazoline scaffold, we will switch to our backup quinazolin-4-one scaffold or the additional HTS hits identified with the HTS of the expanded libraries of compounds for defining lead compounds for advancement.

[bookmark: _Hlk86425665]D.2.1. Aim 1B. Investigate the mechanism of action (MOA) of the replication inhibitors. Understanding the mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The following experiments will be performed: 1) Determine the impact of compound treatment on viral protein expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be treated in duplicate with cell growth medium containing either DMSO or selected furopyrimidines at a predetermined concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 hpi cells will be collected to determine viral protein expression by standard western blot techniques or viral RNA levels by quantitative real time polymerase chain reaction assays (q-RT-PCR). CedV specific antibodies against the attachment (G) and fusion (F) that were generated in the Broder Lab and antibodies to CedV-N and CedV-P will be utilized. To determine changes in viral protein expression at the different time points, densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe pair targeting the N gene. The one-step reaction will be performed using the Applied Biosystems (ABI) 7500 thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold changes will be calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We expect to observe a decrease in intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds on viral RNA levels over time; 2) Determine the stage(s) of inhibition of 4-aminoquinazolines and quinazolin-4-ones in the viral lifecycle. For time of addition studies, HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 h at 37 °C, at which time the viral inoculum will be removed and cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious viral titers (PFU/mL) by plaque assay.7,8 Results from this data will indicate at which stage of the viral life cycle the compounds are affecting; 3) Analyze escape mutants against the advanced lead compounds with Cedar virus. Escape mutants provide information on potential targets of small molecule inhibitors as well as the potential for development of drug resistance in the field. We will generate escape mutant rCedV viruses that are resistant to the identified lead compounds and determine the rate at which resistance is developed to our inhibitors. In so doing, we will also identify protein coding as well as regulatory sequences that are altered. HEK293T cells will be infected with rCedV virus at MOI of 1 in the presence of the inhibitors at 10 times the IC50 values of each of the compounds. At 72 hpi, viral supernatant will be passaged in Vero cells at MOI of 0.01 in the presence of increasing concentrations of compound for >5 passages to obtain the escape mutants. The escape mutants will be plaque purified and subjected to whole-genome sequencing. The identified mutation(s) will be introduced into the rCedV anti-genome cDNA and upon successful incorporation of the mutation, the mutant rCedV will be rescued and sequenced to ensure retention of the introduced mutation. The rescued mutant rCedV will be fully characterized as described.8 

D.2.2. Assess the binding properties by surface plasmon resonance (SPR). The Nipah polymerase (L protein and a phosphoprotein P) will be prepared using a previously published protocol. Biacore T200 and Biacore 8KSPR systems will be used to obtain information on binding specificity, binding affinity of the new lead inhibitors (KD) to the RdRp protein, kinetics [association rate constants (ka), and dissociation rate constants (kd)] as previously described.39 Prefusion-stabilized RdRp protein will be immobilized on a CM5 chip using standard amine coupling protocols. Lead compounds at various concentrations (0.1 - 50 µM) will be injected over the flow channel surfaces, and sensorgrams will be fitted by either steady-state affinity or to a 1:1 Langmuir kinetic binding model. The equilibrium dissociation constants (KD) will be calculated as KD = kd/ka. This kinetic analysis will be performed by UIC RRC, as previously done by the Rong lab.

D.2.3. Structure determination of recombinant proteins with bound inhibitors by X-Ray crystallography and CryoEM. High-resolution structures of the Nipah RdRp complex with key inhibitors such as CBS1437 and the advanced lead compound to be developed will be obtained using both x-ray crystallography and CryoEM by Dr. Vessler Lab. It is expected that these structures will be determined and will reveal the atomic level details of how our inhibitors interact with the polymerase and inhibit its activity, which will be highly informative for developing potent high-affinity ligands. Initial crystallization screens will be set up robotically using in-house Gryphon crystallization robotics. Biophysical techniques such as native mass spectrometry and thermal shift assays, light scattering, and fluorophore analysis to measure protein stability and folding are routine and will be used to ensure that bound compounds are not destabilizing domain structures to prevent crystallization. X-ray data collection will be done where? Crystal structures will be determined by molecular replacement using existing structures as search models. For inhibitors binding to regions other than above or if co-crystals cannot be obtained, cryo-EM will be used to determine the complex structure. For EM studies, we will utilize automated data collection software to facilitate throughput. In brief, data will be processed using the Appion40 pipeline, which keeps track of all data and processing steps. All data will be processed using multiple single particle EM software packages, including cryoSparc41, EMAN42, and RELION43. Purified complexes will be deposited onto grids, blotted, and cryo-plunged into liquid ethane to preserve them in a thin layer of vitreous buffer. Images of the complexes will be collected using automated image acquisition software under low dose conditions. Structures generated by cryo-EM will be refined and reconstructed by molecular dynamics (MD) studies. While cryo-EM can provide access to the near-atomic resolution structures of large biomolecular systems--in their near native environment, MD can be used to reveal its dynamic behavior and refine low-resolution regions of cryo-EM reconstructions44,45. Furthermore, as X-ray/cryo-EM structures of polymerase in complex with key inhibitors (i.e., CBS1437 and additional derivatives) become available, MD studies of these systems will be conducted to reveal the dynamic nature of protein/ligand interactions46-50, to explore the conformational landscape51 of ligand binding events, and to capture conformational variability of intermediate states44,52, which can be crucial to gain mechanistic knowledge of biological function, but remain out of reach through experimental approaches. David, please look at this section. Make necessary corrections. 



Pitfalls and alternate strategies. We do not anticipate any technical difficulties in this aim as these are commonly utilized techniques employed in the Broder, Rong, Vessler, and Geisbert labs. We have previously rescued a GFP reporter rCedV as well as rCedV that lacks a reporter. We do not anticipate that the HEK293T cells will be problematic; however, several other cell lines may be tested in the assay. Successful mechanism studies may allow us to determine a mechanism of action that defines a binding site for inhibitory 4-aminoquinazolines or quinazoline-4-ones.

[bookmark: _Hlk84273206][bookmark: _Hlk80880883]D.3. Aim 1C. Evaluation of pharmacokinetics/toxicokinetics of the advanced lead compounds. Milestone: Designate advanced lead compounds exhibiting optimal ADME properties in vitro: stability to liver microsomes, low CYP isoform inhibition, Caco-2 permeability, and devoid of hERG channel affinity. Before investigating the efficacy of the compounds in vivo (Aim 3), PK studies will be performed to determine an optimal dosing regimen for the efficacy studies with the advanced lead compounds.

D.3.1. Select NiV-B inhibitors with in vitro ADME properties suitable for whole animal testing.

Rationale: Our goal is to transform the validated hit series into advanced lead compounds suitable for further therapeutic development. We will assess several critical in vitro ADME-T properties and prioritize compounds accordingly. CYP450 inhibition. The CYP450 inhibition assays will be carried out using the CYP3A4, and CYP2D6 Human Cytochrome P450 High Throughput Inhibitor Screening Kits (BD Gentest Corp., Woburn, MA) to rapidly screen for potential inhibitors of the principal drug metabolizing cytochrome P450 enzymes.53 Compounds with IC50 values ≥100 µM for CYP isoforms will be prioritized for further advancement. Rat/Human Liver Microsome Stability. Rat and human liver microsome preparations will be used to evaluate the metabolic stability of compounds by the method of Kuhnz et al.54 Compounds with >30% recovery (1 h) will be considered for further advancement. hERG channel blockade. The ability of compounds to block the hERG channel will be assessed in a [3H] dofetilide-binding assay as described by Finlayson et al.55 using SHSY5Y cells. Compounds that do not prevent [3H]dofetilide binding (IC50 >10 µM) will advance. Cellular permeability. Drug absorption through the intestinal epithelium is critical to good oral bioavailability. We will use the Caco-2 method as described by Gres et al.56 to evaluate the potential for oral bioavailability of the lead inhibitors. Compounds exhibiting a Caco-2 permeability value (Papp) greater than 1 × 10-6 cm/sec will be prioritized. Bacterial reverse mutation assay (Ames): Four Salmonella typhimurium strains (TA1535, TA1537, TA98, TA100) and one Escherichia coli strain (WP2 uvrA) will be used. The bacteria will be exposed to different dose levels of the compound up to a solubility-limiting level in the presence or absence of rat liver enzymes (rat S9 liver fraction) acting in the normal process of metabolism and any reverse mutations will be determined. In vitro mammalian chromosomal aberration test: The purpose of this study is to evaluate the clastogenic potential of the compound based on its ability to induce chromosome aberrations in human peripheral blood lymphocytes.[image: A picture containing graphical user interface  Description automatically generated]
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D.3.2. PK studies: Naïve male/female mice (equal number, 3 groups of 36 animals total) will be treated with a single dose via i.v., i.p., or oral gavage administration and blood will be collected and processed to obtain plasma and serum from three animals/group/time point at up to 12 time points through 24 h post dose. Two doses will be used to establish the drug exposure-dose range relationship: the estimated efficacious dose (ED), based upon preliminary data at 25 mg/kg i.p. or p.o. and an observable adverse effect dose (OAED) (to be determined). Compounds of interest will be extracted from biological specimens by protein precipitation, analyzed on a triple-quadruple mass spectrometer (LC-MS/MS) and quantified using an internal standard method with a minimum of a five-point calibration curve. PK parameters including AUC, C0, Cmax, T1/2, Tmax, and F(%) will be determined. Depending on the estimation of Tmax, PK study time points can be further adjusted to reach more accurate calculations of AUC. Plasma concentration will be established to support dosage selection for efficacy studies. Formulation stability and PK/Toxicity studies will be performed by CROs.

Potential Pitfalls and Alternative Strategies. The proposed ADME/Tox and PK studies will be executed through the testing services provided by Eurofins Panlabs, Inc. and Reaction Biology, Corp., and supervised by Dr. Peet. We do not anticipate any problem obtaining high quality data from the assays. If the compounds fail to meet our benchmarks, then we will synthesize additional groups of compounds, or turn to our backup scaffold to meet the objectives in this aim. 

We have established rigorous criteria for go-no-go decision-making to ensure the production of suitable advanced lead compounds, which will allow for the future selection of a preclinical candidate (Figure 5).

D.4. AIM 2: Characterization of the potency and breadth of selected nanobodies

Rationale: Aim 2A will investigate the binding properties, cross-reactivity and inhibition of the nanobodies targeting henipavirus F and G glycoproteins to assess potency and breadth of neutralization. Aim 1 will also collaborate with the core??? to evaluate lead candidates in vivo.

D.4.1. AIM 2A. Evaluation of nanobody cross-reactivity, neutralization potency and breadth

D.4.1.1. ELISA and biolayer interferometry assessment of cross-reactivity. The Veesler lab has a panel of prefusion-stabilized F ectodomain trimers and G ectodomain tetramers recombinantly expressed in mammalian cells, including Nipah virus (Bengladesh and Malaysia strains) and Hendra virus (both ancestral and the newly described variant) with and without avi-tag for biotinylation.57-59 These proteins were used to vaccinate transgenic mice for nanobody production and will be used for downstream screening of the nanobody libraries and for exploring cross-reactivity with Nipah and Hendra virus glycoproteins and with more distantly related henipaviruses using high-throughput ELISA assays. Biolayer interferometry analysis of binding kinetics and affinity will be carried out for the most promising nanobodies selected by ELISAs to enable ranking them based on binding affinities and cross-reactivity.

D.4.1.2. Chimeric virus neutralization assays. To evaluate the ability of the nanobodies to inhibit Nipah virus and Hendra virus, we will use a high-throughput neutralization assay developed in the Broder lab. This assay is based on green fluorescent protein (GFP)-encoding, replication-competent, Cedar (henipa)virus (rCedV) chimeras in which the native glycoproteins are substituted with the NiV-B (rCedV-NiV-B-GFP, Bengladesh strain) or the HeV (rCedV-HeV-GFP) F and G glycoproteins.7,60 This platform is safe, enabling utilization at BSL2 compared to BSL4 for authentic viruses, and has been thoroughly validated and shown to faithfully recapitulate the data obtained with NiV-B and HeV with both monoclonal antibodies and vaccine-elicited polyclonal sera. This method was used to support the preclinical development of G-specific antibodies5. Furthermore, the Broder lab recently developed a rCedV-HeVv-GFP using reverse-genetics to study the antigenic properties of a newly described Hendra virus variant.61 These assays will enable ranking each nanobody based on their neutralization potency and breadth to assist downstream selection. For nanobodies for which cross-reactivity will be detected beyond Nipah and Hendra viruses (e.g. CedV), their inhibitory activity will be tested against authentic CedV. Finally, these chimeric virus neutralization assays can be implemented for viruses for which no isolates are available (as is the case for henipaviruses discovered through metagenomics in bats or other animals).62,63

Rigor and reproducibility. All plasmids are purchased from Genescript and delivered with sequencing certificates. Each batch of recombinant glycoprotein and pseudovirus is quality-controlled based on reactivity with or inhibition by well-characterized reagents such as monoclonal antibodies and electron microscopy imaging. All data will be obtained using multiple replicate measurements using independent batches of proteins and viruses and performed by multiple individuals to ensure the reproducibility of our assays. 

Anticipated results. This aim will assist the selection of the most promising individual nanobodies with broad and potent neutralizing activity against Nipah virus and Hendra virus. The top candidates will be further studied structurally and functionally and evaluated for in vivo efficacy.

D.4.2. AIM 2B: Studies of molecular basis of nanobody-mediated viral inhibition

Rationale: Aim 2B will explore the structural basis of target recognition by the nanobodies to provide an atomic-level understanding of binding and inhibition which will be validated using functional assays. This structural framework will be used to guide the design of nanobody cocktails with enhanced neutralization potency, breadth and resistance to escape mutations. The Veesler lab is a world leader in structural studies of viral glycoproteins and will carry out cryoEM studies of the most potent and broad inhibitors in complex with NiV or HeV F and G glycoproteins to visualize recognition at the atomic level and inform further optimization of target binding affinity. The Veesler lab has developed a streamlined high-resolution cryoEM pipeline enabling high-throughput structural studies of viral glycoproteins. We use the Leginon data collection software which runs 24 hours per day and enables automated targeting and image acquisition while keeping a relational database of all micrographs to expedite subsequent processing.64 Many image processing tasks are automated as part of a workflow that allows assessing data quality in real time during acquisition, and prevents bookkeeping errors by storing all the details related to image acquisition and processing.40,65 Complexes of nanobodies with glycoproteins will be vitrified and imaged using cryoEM to visualize directly the epitopes targeted by the different nanobodies. As specimen preparation for cryoEM is often a bottleneck, we will leverage our extensive experience in overcoming specimen preferred orientation upon vitrification using ultrathin continuous carbon films,57,59,66-68 mechanical stage tilting with gold grids69,70 or detergents to modify surface tension71. Some of the nanobodies might not recognize the glycoproteins rigidly leading to conformational heterogeneity and dampened resolution. We will overcome this using workflows developed in-house specifically for that purpose for previously characterized miniprotein inhibitors and monoclonal antibody Fab fragments based on extensive (focused) 3D classification and local 3D refinement of subregions of the map to achieve 2.5-3.5Å resolutions.69,72-76 Refinement of atomic models in cryoEM density maps will leverage the Rosetta software developed at the University of Washington.77-79

The Nipah virus attachment (G) glycoprotein engages host receptors, is the basis of a commercially available horse vaccine and entered phase I clinical trials for use in humans with funding from the Coalition for Epidemic Preparedness Initiatives. The Veesler and Broder labs recently determined a high-resolution cryoEM structure of the Nipah virus G glycoprotein ectodomain tetramer which has resisted structural characterization for 25 years, hindering both our understanding of immunity directed towards G and the rational design of vaccines. The structure was obtained in complex with a potent broadly neutralizing antibody Fab fragment (nAH1.3) which recognizes an epitope distinct from the receptor-binding site and is a candidate for therapeutic development. This study revealed the ultrastructural organization of this key target of the immune system, informs the mechanism of henipavirus entry into host cells and provides a blueprint for guiding vaccine and therapeutic design. The know-how generated to achieve this groundbreaking result will directly support the proposed project.

D.4.2.1. High-resolution structural studies using X-ray crystallography. Some of the nanobodies might bind to regions that are intrinsically flexible thereby limiting resolution using cryoEM. We have already encountered such cases with coronavirus fusion machinery-directed antibodies binding to linear epitopes in the spikes. We will overcome these challenges by determining high-resolution crystal structures of the nanobodies bound to their cognate epitopes, similar to the strategy we used to obtain structural information of the B6 and S2P6 antibodies bound to several β-coronavirus stem helices. Refinement of atomic models will use both Phenix80 and BUSTER-TNT81.

D.4.2.2. Functional analysis of nanobodies. The mechanism(s) of viral inhibition of each nanobody inferred from the the structural data will be validated using receptor binding, F cleavage and membrane fusion assays we previously implemented for henipaviruses and coronaviruses.57-59,67,82,83

Potential Pitfalls and Alternative Strategies. In the unlikely event we encounter protein complexes that cannot be vitrified using any of the strategies described, we will use the TTP Labtech Chameleon vitrification robot, which has been specifically designed to overcome these issues using self-wicking grids and ultra-fast (80-150ms) spot-to-plunge time (28–30). This device is available at the UW Arnold and Mabel Beckman cryoEM center, which Dr. Veesler co-directs.

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between the nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and the formulation of cocktails. This work will also demonstrate the mechanism(s) of action of nanobodies leading to inhibition of viral entry.

Rigor and reproducibility. Maps and models will be thoroughly validated using standards widely accepted in the field. For cryoEM maps, these will include gold-standard projection matching refinements84-86 and high-resolution noise substitution prior to Fourier shell correlation calculations87 to avoid overfitting. Atomic models will be assessed using Molprobity88, EMringer89 and Privateer90. The coordinates of the structures solved as part of this work, as well as the corresponding experimental data, will be made freely available through deposition in the RCSB Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB).

Anticipated results. The structural studies outlined will provide a blueprint of the atomic interactions between the designed nanobodies and their targets which will enable iterative optimization of binding affinity, cross-reactivity and the design of nanobody cocktails.

D.4.3. AIM 2C. Structure-guided formulation of nanobody cocktails

Rationale: The formulation of mAb cocktails has become a widely used and successful approach to prevent or treat infections with RNA viruses. For instance, although the individual Regeneron 10933 (casirivimab) and 10987 (imdevimab) mAbs are affected by a range of residue substitutions detected in SARS-CoV-2 clinical isolates, the two-mAb cocktail proved more resilient to escape mutations.91-93 Because experimental passaging of NiV and HeV with low concentrations of neutralizing mAbs can favor the emergence of neutralization escape mutants, although none were ever detected in vivo, we will formulate and test neutralizing nanobody cocktails that targets multiple, yet distinct and conserved, antigenic sites on the NiV and HeV F and G glycoproteins. 

The separation of receptor engagement and membrane fusion functions on two distinct glycoproteins represent a unique opportunity for implementing multi-pronged targeting which has not been evaluated previously. We will combine multiple, distinct F-specific, G-specific and F/G-specific nanobodies based on classification of their antigenic sites resulting from our structural studies, biolayer interferometry and competition ELISA data. CedV chimera-based neutralization assays will be used to characterize the cocktails and compare them side-by-side to individual constituting nanobodies with matched composition, as described in Aim 2A. Readouts for down-selection will include maximal neutralization potency and breadth and structural characterization will be used to ensure that multi-pronged binding occurs as designed and to guide future rounds of optimization if necessary.

Anticipated results. The outcome of this aim will be the generation and down-selection of nanobody cocktails with broad and potent neutralizing activity against NiV and HeV ready to be tested for in vivo protection.

D.5. AIM 3: Evaluation of lead compounds in vivo.

Rationale: Aim 3 will collaborate with Core D to evaluate lead candidates in vivo. A critical aspect of antiviral discovery that is often overlooked is the early stage testing of lead compounds in a well-studied and well-validated in vivo animal models. Here, our experimental plan has the benefit of such models for pathogenic henipaviruses (NiV and HeV) which includes the Syrian golden hamster (refs) and AGM (refs). PK/PD studies will be carried out in the NiV/HeV hamster model. Protective efficacy studies using select best-in-class drugs and nanobodies will be used in NiVB and HeV infected hamsters. Final proof-of-concept protective efficacy studies with best-in-class drugs and/or nanobodies will be carried out in the NiVB and HeV infected AGM models.

D.5.1. Pharmacokinetic studies in hamsters and AGMs. In order to enable in vivo efficacy studies, preliminary pharmacokinetic (PK) studies in hamsters and AGMs will be performed by Core D. Using intraperitoneal (i.p.) or intravenous (i.v.) administration for hamsters and i.v. administration for AGMs, these studies will examine the concentration of lead compounds in plasma over time in order to establish parameters such as bioavailability, volume of distribution, clearance, and half-life. This data will be used to select doses and dosing regimens to be investigated in pharmacodynamic (PD) studies using a commonly used PK/PD parameter for efficacy in antiviral drug development, which is the maintenance of the minimum plasma concentration (Cmin) above the EC90 in cellular assays. The PK/PD relationship and impact on antiviral activity will be assessed in hamster models of heniavirus disease. Lead compounds which demonstrate good exposure-response antiviral activity in hamsters will then advance into AGM PK studies using similar dose administration and measured parameters as above. The data will be used to select doses and dosing regimens for the subsequent protection studies in AGMs.

D.5.2. In vivo testing of lead compounds NiV/HeV infected hamsters. The in vivo activity of the most potent compounds from Aims 1 and 2 will be tested in a series of hamster infection studies. In brief, animals will be randomized to multiple study groups (n = 5 per group) and inoculated intranasally (i.n.) with ~ 5x10^6 pfu of NiVB or HeV (refs). Animals will then be treated by i.p. or i.v. injection ~ 1 hour after virus challenge with different doses of drugs or nanobodies. Additional treatments may be given based on PK data. The control animals will be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be optimized in later studies. Antiviral candidates showing the most protection will be selected for further analysis in the Subaims below.

D.5.3. Define breakthrough conditions for anti-henipavirus antivirals in hamsters. This Subaim will employ the most promising drugs from Aim 1 and nanobodies from Aim 2 that are shown to completely protect hamsters against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after henipavirus exposure. The goal of this Subaim is to determine the time points of treatment initiation when the antivirals fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x106 PFU of NiV or HeV (refs). Treatments will be initiated at various times after henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters succumb to disease.

D.5.4. Combination therapy of anti-henipavirus antivirals in hamsters. This Subaim will employ the most promising antivirals from Aims 1 and 2 where breakthrough conditions have been defined in D.5.3. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x105 PFU of NiV or HeV (refs). Treatment with at least two different antivirals will be administered beginning at a time point where substantial breakthrough was shown in D.5.3 for each individual antiviral in D.5.3 to determine if combining at least two different antivirals improves survival. Group sizes may be increased as needed to obtain appropriate statistical power to show the survival benefit of combination therapy.

D.5.5. Evaluation of aerosol delivery of antivirals against aerosol exposure in hamsters. This subaim will employ the most promising antivirals from Aims 1 and 2 individually or in combinations to determine 1) if aerosol delivery can improve efficacy or extend the therapeutic window versus parenteral delivery and 2) if antivirals can protect against small particle aerosol exposure. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated by aerosol exposure with up to ~ 5x106 PFU of NiVB or HeV as determined in henipavirus dose confirmation studies conducted by Core D (see Core D). Treatments with drugs, nanobodies, or combinations of drugs and/or nanobodies will be initiated by i.v., i.p., or aerosol delivery following optimization by Core X (see Core X) at various times after henipavirus infection.

D.5.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates (NHP). A final proof of concept study will be performed in NHPs using the lead candidates providing the best protection against NiV/HeV infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated either by large particle aerosol using the MAD system as previously described (ref) or by small particle aerosol as previously described (refs) with a uniformly lethal challenge dose (~ 20,000 PFU of NiV or HeV. The treatment groups (consisting of five animals each) will be treated with the lead antivirals by bolus i.v. infusion or aerosol following optimization by Core X up to 5 days after viral challenge (initiation time informed by hamster studies) while control animals will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by several methods, including respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival.

Potential Pitfalls and Alternative Strategies. It is possible that Core X may experience difficulties in optimizing aerosol delivery of drugs and/or nanobodies. Likewise, it is possible that aerosol delivery of antivirals may not improve protective efficacy or extend the therapeutic window of antivirals. We will also assess conventional parenteral delivery routes (as noted in the subaims above) which were previously shown for remdesivir and monoclonal antibodies to protect animals against lethal henipavirus disease to de-risk this Aim.

General Methods, Scientific Rigor, and Biological Variables Criteria: All animal studies will be blinded to all staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which compounds were given to which animals until experiments and analysis are completed. We will employ equal or near equal numbers of male and female animals and general age (infant or geriatric animals will not be used).

In summary, the emergence and re-emergence of Nipah virus infections throughout the world, coupled with its high fatality rate, provide very significant motivation for the preparation of small molecule inhibitors of this virus to create a readiness for the next Nipah virus outbreaks. We have discovered two differentiated series of compounds that show early promise as agents that have potential for treating Nipah virus infections, and we have designed a series of optimized druglike candidates for future preparation and development. 
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SPECIFIC AIMS 

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV)(REF). NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality(REF). Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human 
case fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of 
human-to-human transmission(REF). Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality 
rate among 23 total cases, leaving only 2 survivors(REF). 22 cases were from virus transmission in 3 hospital 
settings, with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a 
pathogen of pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the 
detection of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 
billion people worldwide live in regions threatened by spillovers(REF). As part of the Respiratory Pathogen 
Aerosol Antiviral Drug Discovery (RAViD) Center, this proposal focuses on developing countermeasures to 
combat the pathogenic henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-
pathogenic in well-established animal models of NiV and HeV pathogenesis{Marsh, 2012 #2}. We developed a 
reverse genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and 
performed an extensive characterization of its cellular infection tropism and also developed reporter rCedVs 
suitable for high throughput antiviral screening (HTS)(REFS). We validated and published on the utility of rCedV 
encoding luciferase in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, 
and showed a representative quinoline was an effective inhibitor of rCedV replication that also extended to both 
NiV-B and HeV, with an IC50 value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further 
development of small molecules together with more extensive compound library screening using rCedV will 
potentially yield testable antivirals with potential pan-henipavirus effectiveness. Our collaborative team also has 
an extensive experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment 
(G) proteins. In this proposal, we have initiated a completely different approach for developing antiviral
nanobodies which are acceptable for the goals of this program. Nanobodies are versatile potential
immunotherapeutics and have been shown to recognize epitopes that are often inaccessible to conventional
antibodies and to achieve ultra-potent antiviral activity(REF). These nanobody accessible epitopes may also
have the potential to be more conserved across viral strains, potentially exhibiting greater cross-reactivity. In this
proposal we will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral
nanobodies to pathogenic henipaviruses. Specifically, we will:

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-
class drugs will be developed using predictive software to improve drug-like properties, increase potencies, 
decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and also aerosol delivery of nanobodies. PK/PD studies of lead drugs (Aim 1) and 
nanobodies (Aim 2) will be carried out in hamsters. Combination studies of drug with nanobodies studies will 
also be conducted and final proof-of-concept protective efficacy studies will be carried out in the HeV and NiV-B 
African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease.  
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RESEARCH STRATEGY 

A) Background and Significance 

Over the past 40 years the major etiological agents of emerged or newly identified infectious diseases in humans 
have been viruses{Desselberger, 2000 #1}. Among these, two zoonotic paramyxoviruses of particular 
importance are Nipah virus (NiV) and Hendra virus (HeV) which are the prototype members of the genus 
Henipavirus in the family Paramyxoviridae and are single-stranded, negative sense, enveloped RNA viruses. 
{Wang, 2013 #1} HeV was discovered first in 1994, in an outbreak of severe respiratory disease in horses in 
Brisbane, Australia, resulting in the deaths of 14 horses and their trainer{Murray, 1995 #109;Selvey, 1995 #110}. 
NiV (Malaysia strain NiV-M) was discovered a few years later as the causative agent of a significant outbreak of 
severe encephalitis in pig farmers in Malaysia in 1998(REF). NiV outbreaks have also been recorded in 
Bangladesh and India by a closely related strain NiV-Bangladesh (NiV-B)(REF). Pteropid bats are the major 
reservoir hosts for henipaviruses{Clayton, 2013 #3;Halpin, 2011 #58}. HeV and NiV have a uniquely broad host 
tropism capable of infecting at least 18 animal species across 6 orders of mammals, including their natural bat 
hosts. Among these animals, NiV and HeV can cause a systemic and often fatal respiratory and/or neurological 
disease in at least 11 mammalian species including humans, with human fatality rates ranging from 40-
100%{Broder, 2013 #11;Geisbert, 2012 #13}. A third henipavirus isolate, Cedar virus (CedV), was discovered in 
2010.{Marsh, 2012 #2} However, whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not 
known to be zoonotic and has been shown to be nonpathogenic in animals susceptible to HeV and NiV 
disease{Lieu, 2015 #642;Marsh, 2012 #2}(REF). Two additional henipaviruses are also recognized, Ghana bat 
virus and Mojiang virus, but are known only from sequence data{Wu, 2014 #4;Drexler, 2012 #5}(REF). Since 
2001, nearly annual occurrences of human NiV-B infections have occurred in Bangladesh, and three outbreaks 
in India (reviewed(REF)). In 2014, an outbreak of NiV-M encephalitis occurred in the Philippines with 9 fatalities 
of 11 human cases, along with horse-to-human and human-to-human transmission{Ching, 2015 #66}.The 
combined NiV case fatality rate is ~60% across a large region of South Asia and Southeast Asia in five 
countries(REF). The recent 2018 NiV outbreak in Kerala, India was significant, having occurred in a new 
geographic region, a high case fatality rate of 91% and 22 of 23 cases the result of from human-to-human 
transmission, underscoring both the transmissibility and the lethal nature of this virus{Arunkumar, 2018 #927}.  

Human NiV/HeV infection is generally accepted to occur via the oronasal route with an incubation 
period estimated to be 1 to 2 weeks(REF). Acute NiV/HeV infection in people is systemic and likely via 
hematogenous spread of the virus from the respiratory system(REF). Disease onset is characterized by fever, 
myalgia, shortness of breath, and cough(REF). Human HeV infections have resulted in both fatal respiratory or 
encephalitic disease, and also recovery from infection(REF). The predominant clinical feature in the NiV-M 
outbreak in Malaysia was encephalitis, but respiratory symptoms were also common, with fever, cough, and 
headache(REF). The clinical presentation of NiV-B infections in Bangladesh also includes severe respiratory 
disease and in the 2018 NiV-B outbreak in Kerala, India, 83% of cases presented with acute respiratory 
distress syndrome (ARDS)(REF). The key findings of human NiV/HeV infection are a wide-spread endothelial 
cell tropism and systemic vasculitis, with prominent parenchymal cell infection in most major organs with the 
brain and lung significantly affected(REF). However, human NiV/HeV infection can also be prolonged following 
apparent recovery, and some patients can experience a late-onset encephalitis or a relapsed encephalitis in 
patients who previously recovered(REF). Relapsed encephalitis caused by NiV appears to result from a 
recrudescence of virus replication in the central nervous system (CNS), with cases presenting from a few 
months to as long as 11 years later(REF). NiV and HeV are also biosafety level-4 (BSL-4) viruses and 
classified as Category C priority pathogens and transboundary agents, infecting both humans and 
economically important livestock by several US Government agencies and both NiV-M and NiV-B can cause 
lethal infection in nonhuman primates (NHPs), the African green monkey (AGM) when delivered by small 
particle aerosol(REF). NiV and henipaviral diseases (HeV) are also included on the WHO’s Blueprint List of 
Priority Pathogens(REF). NiV stands out as a potential pandemic threat because of its associated high case-
fatality rates, capacity for human-to-human transmission, potential to mutate, and if a human-adapted strain 
were to infect communities in South Asia, the high regional population densities could lead to rapid infection 
spread(REF). There is presently no approved vaccines or therapeutic modalities for preventing or treating 
NiV/HeV infections in people.  

The viral RNA-dependent-RNA polymerase of paramyxoviruses are attractive targets for antiviral 
compound discovery, but antiviral drug discovery for NiV and HeV has been significantly hampered due to 
requirements of BSL-4 containment in research and development process. We recently developed and optimized 
an authentic henipavirus replication cell-based system using a recombinant CedV (rCedV) encoding luciferase 
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(rCedV-Luc) for high-throughput screening (HTS) applications at BSL-2 containment and identified several 
inhibitory compounds that were further validated with authentic NiV-B and HeV(REF). Those validated lead 
compounds provide a foundation and rationale for the current application. This ability to employ rCedV provides 
an opportunity for anti-henipavirus drug discovery not previously available, allowing for inhibitor discovery across 
the virus replication cycle, and not restricted to only the viral polymerase. Another well-exploited stage of virus 
infection that has been successfully targeted is virus attachment and entry(REF). Henipaviruses possess two 
membrane anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) 
glycoprotein and the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane 
fusion(REF). The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and also 
the main focus of all vaccine strategies(REF). Although an effective post-exposure human monoclonal antibody 
(mAb) therapy targeting the NiV and HeV G glycoprotein (m102.4) has been extensively examined{Mire, 2016 
#322;Geisbert, 2014 #154;Xu, 2013 #152;Bossart, 2011 #153;Bossart, 2009 #125}, it must be administered 
within several days following a lethal virus challenge in NHP models. An unexplored alternative but related 
antibody-based therapeutic strategy against henipavirus infection are antiviral nanobodies. A nanobody, also 
termed single-domain antibody (sdAb), is an antibody fragment comprised of just a single monomeric variable 
antibody domain(REF). Nanobodies were first engineered from variable heavy chain domains of camelid heavy 
chain antibodies (VHHs), and camelid VHHs retain full antigen specificity and are only a fraction of the size of 
mouse or human antibody, and they also have extended complementarity determining regions (CDRs) which 
can allow them to bind epitopes that are not normally accessible to conventional antibodies such as conserved 
viral epitopes that are often masked by glycan shields(REF). Here, our expertise in recombinant henipavirus F 
and G glycoprotein structural and functional analysis together with anti-F and G mAb development and their 
therapeutic application, will facilitate the development and testing of a new and understudied area of nanobody-
based countermeasures for combating NiV and HeV.  

B) Innovation 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of this proposal’s investigators. Indeed, all aspects of the proposed research are new 
extensions of productive research endeavors between: Dr. Christopher Broder, USU (Henipavirus Project 1 
lead); Dr. Lijun Rong, UIC (Co-Investigator lead on small molecule discovery) and Drs. Norton Peet and Irina 
Gaisina, Chicago BioSolutions (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW 
(Co-Investigator lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on 
rCedV tools), Dr. Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-
Investigator and BSL-4 and ABSL-4 Core Lead). First, the cell-based high throughput screening (HTS) assay 
makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which provides 
an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional significance, 
this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, because of the 
close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal entry receptor 
(ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will have activity 
across related members of henipavirus genus. Second, our native-like, recombinant soluble tetrameric G and 
trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice that produce 
VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of high-
throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and characterization 
of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-reactivity 
features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape studies for 
variant selection and target identification, and finally, the rCedV based reporter-gene system allows rapid and 
quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules or 
nanobodies or combinations of both.  

Cedar henipavirus. The closely related henipavirus, Cedar henipavirus (CedV), was recovered from Pteropus 
flying fox urine samples in Australia and shown to be nonpathogenic (REF). CedV was isolated in BSL-4 
containment, but there was potential to use it a surrogate system for the study of pathogenic henipaviruses at 
BSL-2. We developed a reverse genetics system for designing and rescuing recombinant CedV (rCedV) (REF). 
Interestingly, unlike HeV and NiV that use only ephrin-B2 and ephrin-B3 as entry receptors, CedV displays a 
broader ephrin usage profile, employing human ephrin-B2, ephrin-B1, ephrin-A2 and ephrin-A5 and murine-A1 
for infection(REF). However, CedV is nonpathogenic in the well-accepted experimental animal models of HeV 
and NiV infection and disease including the hamster, ferret, and AGM(REF). CedV attenuation has been 
attributed to the lack of an RNA editing site in the P gene for the production of the interferon antagonist proteins, 
V and W(REF).  
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Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will show cross-
reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will 
not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those 
in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins (REF). Interestingly, the 
CedV L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase 
in the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% 
aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic 
domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% 
(HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% 
(NiV-B) and ~61.7% (HeV). This high degree of protein identity, overall, shared between CedV, and that of NiV 
and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and 
perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility 
and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule 
library screening project to identify inhibitors of rCedV replication (REF). Indeed, several small molecule inhibitors 
have been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the 
feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a 
strong foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to 
optimize our current best-in-class leads and also screen large libraries of antiviral compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily 
humanized and have been shown to be safe with low immunogenicity in clinical trials(REFs). Nanobodies can 
be isolated using the same phage library construction methods and phage panning procedure routinely 
employed for mAb discovery, which allows for in vitro production of various amounts and their rapid 
characterization. In collaboration with Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic 
mice that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels(REF), we have several 
immunized mouse cohorts now underway using native-like oligomeric recombinant F and G glycoproteins of 
NiV-B and HeV. We except to be able to make rapid progress in Aim 2 in generating and characterizing 
diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV. 

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of 
new compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction 
assays, in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple 
lead anti-henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to 
discover, and well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G 
glycoproteins of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of 
new small molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel therapeutic 
modalities capable of treating NiV and HeV disease. 

 

C) Preliminary Results  

 
Related to AIM 1 
 
Drugs and structures and activities  
 
Related to AIM 2 
 
ELISA data on nanomice  
rCedV SNT assays 
 
 
NOTES to RES PLAN 
Synergy 
Target identification  

Commented [CB37]: https://pubmed.ncbi.nlm.nih.gov/2
2879820/ 
 

Commented [CB38]: https://pubmed.ncbi.nlm.nih.gov/3
4077807/ 
 

Commented [CB39]: Nanobodies: natural single-domain 
antibodies 
S. Muyldermans 
Annu Rev Biochem 2013 Vol. 82 Pages 775-97 
DOI: 10.1146/annurev-biochem-063011-092449 
 
Applications of Nanobodies 
S. Muyldermans 
Annu Rev Anim Biosci 2021 Vol. 9 Pages 401-421 
DOI: 10.1146/annurev-animal-021419-083831 
 
Caplacizumab Treatment for Acquired Thrombotic 
Thrombocytopenic Purpura 
M. Scully, S. R. Cataland, F. Peyvandi, P. Coppo, P. Knöbl, J. 
A. Kremer Hovinga, et al. 
N Engl J Med 2019 Vol. 380 Issue 4 Pages 335-346 
DOI: 10.1056/NEJMoa1806311 

Commented [CB40]: Nature 2021 Jul;595(7866):278-282. 
doi: 10.1038/s41586-021-03676-z.  
Nanobodies from camelid mice and llamas neutralize SARS-
CoV-2 variants 
Jianliang Xu et al., 



Page 2: [1] Commented [CB8]   Christopher Broder   10/29/2021 1:00:00 PM 

K. B. Chua, K. J. Goh, K. T. Wong, A. Kamarulzaman, P. S. Tan, T. G. Ksiazek, et al. 

Lancet 1999 Vol. 354 Issue 9186 Pages 1257-9 

Accession Number: 10520635 DOI: S0140-6736(99)04299-3 [pii] 

10.1016/S0140-6736(99)04299-3 [doi] 

 

Nipah virus: a recently emergent deadly paramyxovirus 

K. B. Chua, W. J. Bellini, P. A. Rota, B. H. Harcourt, A. Tamin, S. K. Lam, et al. 

Science 2000 Vol. 288 Issue 5470 Pages 1432-5 

 

Page 2: [2] Commented [CB9]   Christopher Broder   10/29/2021 1:10:00 PM 

Genetic characterization of Nipah virus, Bangladesh, 2004 

B. H. Harcourt, L. Lowe, A. Tamin, X. Liu, B. Bankamp, N. Bowden, et al. 

Emerg Infect Dis 2005 Vol. 11 Issue 10 Pages 1594-7 

Accession Number: 16318702 

 

Page 2: [3] Commented [CB10]   Christopher Broder   10/29/2021 1:14:00 PM 

Differential Innate Immune Responses Elicited by Nipah Virus and Cedar Virus Correlate with Disparate In Vivo 
Pathogenesis in Hamsters 

T. Schountz, C. Campbell, K. Wagner, J. Rovnak, C. Martellaro, B. L. DeBuysscher, et al. 

Viruses 2019 Vol. 11 Issue 3  

Acession Number: 30909389 PMCID: PMC6466075 DOI: 10.3390/v11030291 

 

Page 2: [4] Commented [CB11]   Christopher Broder   10/29/2021 1:18:00 PM 

Taxonomy of the order Mononegavirales: second update 2018 

P. Maes, G. K. Amarasinghe, M. A. Ayllon, C. F. Basler, S. Bavari, K. R. Blasdell, et al. 

Arch Virol 2019 Vol. 164 Issue 4 Pages 1233-1244 

Accession Number: 30663023 

 

Page 2: [5] Commented [CB12]   Christopher Broder   10/29/2021 2:02:00 PM 

Vaccines to Emerging Viruses: Nipah and Hendra 

M. Amaya and C. C. Broder 

Annu Rev Virol 2020 Vol. 7 Issue 1 Pages 447-473 

Accession Number: 32991264 DOI: 10.1146/annurev-virology-021920-113833 

 

Page 2: [6] Commented [CB13]   Christopher Broder   10/29/2021 2:11:00 PM 

Transmission of Nipah Virus - 14 Years of Investigations in Bangladesh 



B. Nikolay, H. Salje, M. J. Hossain, A. Khan, H. M. S. Sazzad, M. Rahman, et al. 

N Engl J Med 2019 Vol. 380 Issue 19 Pages 1804-1814 

Accession Number: 31067370 

 

Page 2: [7] Commented [CB14]   Christopher Broder   10/29/2021 2:27:00 PM 

G. Arunkumar, R. Chandni, D. T. Mourya, S. K. Singh, R. Sadanandan, P. Sudan, et al. 

J Infect Dis 2018 Vol. 219 Pages 1867-1878 

Accession Number: 30364984 DOI: 10.1093/infdis/jiy612 

 

E. G. Playford, B. McCall, G. Smith, V. Slinko, G. Allen, I. Smith, et al. 

Emerg Infect Dis 2010 Vol. 16 Issue 2 Pages 219-23 

Accession Number: 20113550 

 

Page 2: [8] Commented [CB15]   Christopher Broder   10/29/2021 2:28:00 PM 

K. T. Wong, W. J. Shieh, S. R. Zaki and C. T. Tan 

Springer Semin Immunopathol 2002 Vol. 24 Issue 2 Pages 215-28 

Accession Number: 12503066 

 

Page 2: [9] Commented [CB16]   Christopher Broder   10/29/2021 2:29:00 PM 

L. A. Selvey, R. M. Wells, J. G. McCormack, A. J. Ansford, K. Murray, R. J. Rogers, et al. 

Med J Aust 1995 Vol. 162 Issue 12 Pages 642-5 

 

K. J. Goh, C. T. Tan, N. K. Chew, P. S. Tan, A. Kamarulzaman, S. A. Sarji, et al. 

N Engl J Med 2000 Vol. 342 Issue 17 Pages 1229-35 

Accession Number: 10781618 DOI: MJBA-421701 [pii] 10.1056/NEJM200004273421701 [doi] 

 

 

 

Page 2: [10] Commented [CB17]   Christopher Broder   10/29/2021 2:31:00 PM 

J. D. O'Sullivan, A. M. Allworth, D. L. Paterson, T. M. Snow, R. Boots, L. J. Gleeson, et al. 

Lancet 1997 Vol. 349 Issue 9045 Pages 93-5 

 

E. G. Playford, B. McCall, G. Smith, V. Slinko, G. Allen, I. Smith, et al. 

Emerg Infect Dis 2010 Vol. 16 Issue 2 Pages 219-23 

Accession Number: 20113550 

 



Page 2: [11] Commented [CB18]   Christopher Broder   10/29/2021 2:32:00 PM 

N. I. Paton, Y. S. Leo, S. R. Zaki, A. P. Auchus, K. E. Lee, A. E. Ling, et al. 

Lancet 1999 Vol. 354 Issue 9186 Pages 1253-6 

Accession Number: 10520634 

 

K. J. Goh, C. T. Tan, N. K. Chew, P. S. Tan, A. Kamarulzaman, S. A. Sarji, et al. 

N Engl J Med 2000 Vol. 342 Issue 17 Pages 1229-35 

Accession Number: 10781618 DOI: MJBA-421701 [pii] 10.1056/NEJM200004273421701 [doi] 

 

Page 2: [12] Commented [CB19]   Christopher Broder   10/29/2021 2:34:00 PM 

M. J. Hossain, E. S. Gurley, J. M. Montgomery, M. Bell, D. S. Carroll, V. P. Hsu, et al. 

Clin Infect Dis 2008 Vol. 46 Issue 7 Pages 977-84 

Accession Number: 18444812 DOI: 10.1086/529147 [doi] 

 

G. Arunkumar, R. Chandni, D. T. Mourya, S. K. Singh, R. Sadanandan, P. Sudan, et al. 

J Infect Dis 2018 Vol. 219 Pages 1867-1878 

Accession Number: 30364984 DOI: 10.1093/infdis/jiy612 

 

Page 2: [13] Commented [CB20]   Christopher Broder   10/29/2021 2:35:00 PM 

K. T. Wong, W. J. Shieh, S. Kumar, K. Norain, W. Abdullah, J. Guarner, et al. 

Am J Pathol 2002 Vol. 161 Issue 6 Pages 2153-67. 

 

K. T. Wong, T. Robertson, B. B. Ong, J. W. Chong, K. C. Yaiw, L. F. Wang, et al. 

Neuropathol Appl Neurobiol 2009 Vol. 35 Issue 3 Pages 296-305 

Accession Number: 19473296 DOI: NAN991 [pii] 

10.1111/j.1365-2990.2008.00991.x [doi] 

 

Page 2: [14] Commented [CB21]   Christopher Broder   10/29/2021 2:37:00 PM 

C. T. Tan, K. J. Goh, K. T. Wong, S. A. Sarji, K. B. Chua, N. K. Chew, et al. 

Ann Neurol 2002 Vol. 51 Issue 6 Pages 703-8. 

 

J. D. O'Sullivan, A. M. Allworth, D. L. Paterson, T. M. Snow, R. Boots, L. J. Gleeson, et al. 

Lancet 1997 Vol. 349 Issue 9045 Pages 93-5 

 

Page 2: [15] Commented [CB23]   Christopher Broder   10/29/2021 3:00:00 PM 

 



D. A. Hammoud, M. R. Lentz, A. Lara, J. K. Bohannon, I. Feuerstein, L. Huzella, et al. 

PLoS Negl Trop Dis 2018 Vol. 12 Issue 11 Pages e0006978 

 

J. B. Geisbert, V. Borisevich, A. N. Prasad, K. N. Agans, S. L. Foster, D. J. Deer, et al. 

J Infect Dis 2020 Vol. 221 Issue Suppl 4 Pages S414-S418 

Accession Number: 31665362 

 

A. N. Prasad, K. N. Agans, S. K. Sivasubramani, J. B. Geisbert, V. Borisevich, C. E. Mire, et al. 

J Infect Dis 2020 Vol. 221 Issue Suppl 4 Pages S431-S435 

Accession Number: 31665351 PMCID: 7213566 DOI: 10.1093/infdis/jiz391 

10.1093/infdis/jiz469 

 

Page 2: [16] Commented [CB24]   Christopher Broder   10/29/2021 2:52:00 PM 

 

The WHO R&D Blueprint: 2018 review of emerging infectious diseases requiring urgent research and development 
efforts 

M. S. Mehand, F. Al-Shorbaji, P. Millett and B. Murgue 

Antiviral Res 2018 Vol. 159 Pages 63-67 

Accession Number: 30261226 

 

Page 2: [17] Commented [CB25]   Christopher Broder   10/29/2021 2:58:00 PM 

The pandemic potential of Nipah virus 

S. P. Luby 

Antiviral Res 2013 Vol. 100 Issue 1 Pages 38-43 

Accession Number: 23911335 DOI: 10.1016/j.antiviral.2013.07.011 

 

Page 3: [18] Commented [CB35]   Christopher Broder   10/31/2021 3:43:00 PM 

Cedar virus: a novel Henipavirus isolated from Australian bats 

G. A. Marsh, C. de Jong, J. A. Barr, M. Tachedjian, C. Smith, D. Middleton, et al. 

PLoS Pathog 2012 Vol. 8 Issue 8 Pages e1002836 

DOI: 10.1371/journal.ppat.1002836 

 

Differential Innate Immune Responses Elicited by Nipah Virus and Cedar Virus Correlate with Disparate In Vivo 
Pathogenesis in Hamsters 

T. Schountz, C. Campbell, K. Wagner, J. Rovnak, C. Martellaro, B. L. DeBuysscher, et al. 



Viruses 2019 Vol. 11 Issue 3 

 

(Geisbert and Broder unpublished) 

 

Page 3: [19] Commented [CB36]   Christopher Broder   10/31/2021 3:47:00 PM 

Cedar virus: a novel Henipavirus isolated from Australian bats 

G. A. Marsh, C. de Jong, J. A. Barr, M. Tachedjian, C. Smith, D. Middleton, et al. 

PLoS Pathog 2012 Vol. 8 Issue 8 Pages e1002836 

DOI: 10.1371/journal.ppat.1002836 

 

The non-pathogenic Henipavirus Cedar paramyxovirus phosphoprotein has a compromised ability to target STAT1 
and STAT2 

K. G. Lieu, G. A. Marsh, L. F. Wang and H. J. Netter 

Antiviral Res 2015 Vol. 124 Pages 69-76 

DOI: 10.1016/j.antiviral.2015.09.017 

 

 



From: Broder, Christopher on behalf of Broder, Christopher <christopher.broder@usuhs.edu>
To: Rong, Lijun
Cc: David Veesler; Moushimi Amaya; Gaisina, Irina N; Thomas Geisbert
Subject: Re: Project 1 absrt
Date: Monday, November 1, 2021 9:36:40 PM
Attachments: SpecificAims-ResStrategy-HenipaRP1-RAViD-10312021.docx

i sent you all the Aims page on Sunday night--
it was page 1  of the document so that the references would be 
a simple manner (attached here again)

i have not made any more changes.

On Mon, Nov 1, 2021 at 2:50 PM Rong, Lijun <lijun@uic.edu> wrote:

Thank you Chris. Do you have an updated Aims page to share with us pls?

 

LR

 

 

Lijun Rong, PhD

Professor

Dept of Microbiology and Immunology

College of Medicine

University of Illinois at Chicago (UIC)

8133 COMRB, 909 S Wolcott Ave

Chicago, IL 60612

312-355-0203 (office phone)

lijun@uic.edu

 

From: Broder, Christopher <christopher.broder@usuhs.edu> 
Sent: Monday, November 1, 2021 10:02 AM
To: Rong, Lijun <lijun@uic.edu>; David Veesler <dveesler@uw.edu>; Moushimi Amaya
<moushimi.amaya.ctr@usuhs.edu>; Gaisina, Irina N <igaysina@uic.edu>; Thomas Geisbert
<twgeisbe@utmb.edu>
Subject: Project 1 absrt





SPECIFIC AIMS 

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to 
public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also 
include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus 
(HeV)(REF). NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with 
impressive lethality(REF). Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human 
case fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of 
human-to-human transmission(REF). Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality 
rate among 23 total cases, leaving only 2 survivors(REF). 22 cases were from virus transmission in 3 hospital 
settings, with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a 
pathogen of pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the 
detection of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 
billion people worldwide live in regions threatened by spillovers(REF). As part of the Respiratory Pathogen 
Aerosol Antiviral Drug Discovery (RAViD) Center, this proposal focuses on developing countermeasures to 
combat the pathogenic henipaviruses including therapeutic modalities by an aerosol delivery approach.  

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-
pathogenic in well-established animal models of NiV and HeV pathogenesis{Marsh, 2012 #2}. We developed a 
reverse genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and 
performed an extensive characterization of its cellular infection tropism and also developed reporter rCedVs 
suitable for high throughput antiviral screening (HTS)(REFS). We validated and published on the utility of rCedV 
encoding luciferase in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, 
and showed a representative quinoline was an effective inhibitor of rCedV replication that also extended to both 
NiV-B and HeV, with an IC50 value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further 
development of small molecules together with more extensive compound library screening using rCedV will 
potentially yield testable antivirals with potential pan-henipavirus effectiveness. Our collaborative team also has 
an extensive experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment 
(G) proteins. In this proposal, we have initiated a completely different approach for developing antiviral
nanobodies which are acceptable for the goals of this program. Nanobodies are versatile potential
immunotherapeutics and have been shown to recognize epitopes that are often inaccessible to conventional
antibodies and to achieve ultra-potent antiviral activity(REF). These nanobody accessible epitopes may also
have the potential to be more conserved across viral strains, potentially exhibiting greater cross-reactivity. In this
proposal we will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral
nanobodies to pathogenic henipaviruses. Specifically, we will:

Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, 
the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct 
new compound library HTS assays and identify new lead candidates. We will use resistance selection assays 
for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-
class drugs will be developed using predictive software to improve drug-like properties, increase potencies, 
decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties.  

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. 
Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, 
using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene 
fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific 
nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization 
assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of 
action and guide formulation of nanobody cocktails. 

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and 
nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal 
delivery (drug or nanobody) and also aerosol delivery of nanobodies. PK/PD studies of lead drugs (Aim 1) and 
nanobodies (Aim 2) will be carried out in hamsters. Combination studies of drug with nanobodies studies will 
also be conducted and final proof-of-concept protective efficacy studies will be carried out in the HeV and NiV-B 
African green monkey models. 

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development 
and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will 
deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease.  
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RESEARCH STRATEGY 

A) Background and Significance 

Over the past 40 years the major etiological agents of emerged or newly identified infectious diseases in humans 
have been viruses{Desselberger, 2000 #1}. Among these, two zoonotic paramyxoviruses of particular 
importance are Nipah virus (NiV) and Hendra virus (HeV) which are the prototype members of the genus 
Henipavirus in the family Paramyxoviridae and are single-stranded, negative sense, enveloped RNA viruses. 
{Wang, 2013 #1} HeV was discovered first in 1994, in an outbreak of severe respiratory disease in horses in 
Brisbane, Australia, resulting in the deaths of 14 horses and their trainer{Murray, 1995 #109;Selvey, 1995 #110}. 
NiV (Malaysia strain NiV-M) was discovered a few years later as the causative agent of a significant outbreak of 
severe encephalitis in pig farmers in Malaysia in 1998(REF). NiV outbreaks have also been recorded in 
Bangladesh and India by a closely related strain NiV-Bangladesh (NiV-B)(REF). Pteropid bats are the major 
reservoir hosts for henipaviruses{Clayton, 2013 #3;Halpin, 2011 #58}. HeV and NiV have a uniquely broad host 
tropism capable of infecting at least 18 animal species across 6 orders of mammals, including their natural bat 
hosts. Among these animals, NiV and HeV can cause a systemic and often fatal respiratory and/or neurological 
disease in at least 11 mammalian species including humans, with human fatality rates ranging from 40-
100%{Broder, 2013 #11;Geisbert, 2012 #13}. A third henipavirus isolate, Cedar virus (CedV), was discovered in 
2010.{Marsh, 2012 #2} However, whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not 
known to be zoonotic and has been shown to be nonpathogenic in animals susceptible to HeV and NiV 
disease{Lieu, 2015 #642;Marsh, 2012 #2}(REF). Two additional henipaviruses are also recognized, Ghana bat 
virus and Mojiang virus, but are known only from sequence data{Wu, 2014 #4;Drexler, 2012 #5}(REF). Since 
2001, nearly annual occurrences of human NiV-B infections have occurred in Bangladesh, and three outbreaks 
in India (reviewed(REF)). In 2014, an outbreak of NiV-M encephalitis occurred in the Philippines with 9 fatalities 
of 11 human cases, along with horse-to-human and human-to-human transmission{Ching, 2015 #66}.The 
combined NiV case fatality rate is ~60% across a large region of South Asia and Southeast Asia in five 
countries(REF). The recent 2018 NiV outbreak in Kerala, India was significant, having occurred in a new 
geographic region, a high case fatality rate of 91% and 22 of 23 cases the result of from human-to-human 
transmission, underscoring both the transmissibility and the lethal nature of this virus{Arunkumar, 2018 #927}.  

Human NiV/HeV infection is generally accepted to occur via the oronasal route with an incubation 
period estimated to be 1 to 2 weeks(REF). Acute NiV/HeV infection in people is systemic and likely via 
hematogenous spread of the virus from the respiratory system(REF). Disease onset is characterized by fever, 
myalgia, shortness of breath, and cough(REF). Human HeV infections have resulted in both fatal respiratory or 
encephalitic disease, and also recovery from infection(REF). The predominant clinical feature in the NiV-M 
outbreak in Malaysia was encephalitis, but respiratory symptoms were also common, with fever, cough, and 
headache(REF). The clinical presentation of NiV-B infections in Bangladesh also includes severe respiratory 
disease and in the 2018 NiV-B outbreak in Kerala, India, 83% of cases presented with acute respiratory 
distress syndrome (ARDS)(REF). The key findings of human NiV/HeV infection are a wide-spread endothelial 
cell tropism and systemic vasculitis, with prominent parenchymal cell infection in most major organs with the 
brain and lung significantly affected(REF). However, human NiV/HeV infection can also be prolonged following 
apparent recovery, and some patients can experience a late-onset encephalitis or a relapsed encephalitis in 
patients who previously recovered(REF). Relapsed encephalitis caused by NiV appears to result from a 
recrudescence of virus replication in the central nervous system (CNS), with cases presenting from a few 
months to as long as 11 years later(REF). NiV and HeV are also biosafety level-4 (BSL-4) viruses and 
classified as Category C priority pathogens and transboundary agents, infecting both humans and 
economically important livestock by several US Government agencies and both NiV-M and NiV-B can cause 
lethal infection in nonhuman primates (NHPs), the African green monkey (AGM) when delivered by small 
particle aerosol(REF). NiV and henipaviral diseases (HeV) are also included on the WHO’s Blueprint List of 
Priority Pathogens(REF). NiV stands out as a potential pandemic threat because of its associated high case-
fatality rates, capacity for human-to-human transmission, potential to mutate, and if a human-adapted strain 
were to infect communities in South Asia, the high regional population densities could lead to rapid infection 
spread(REF). There is presently no approved vaccines or therapeutic modalities for preventing or treating 
NiV/HeV infections in people.  

The viral RNA-dependent-RNA polymerase of paramyxoviruses are attractive targets for antiviral 
compound discovery, but antiviral drug discovery for NiV and HeV has been significantly hampered due to 
requirements of BSL-4 containment in research and development process. We recently developed and optimized 
an authentic henipavirus replication cell-based system using a recombinant CedV (rCedV) encoding luciferase 
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(rCedV-Luc) for high-throughput screening (HTS) applications at BSL-2 containment and identified several 
inhibitory compounds that were further validated with authentic NiV-B and HeV(REF). Those validated lead 
compounds provide a foundation and rationale for the current application. This ability to employ rCedV provides 
an opportunity for anti-henipavirus drug discovery not previously available, allowing for inhibitor discovery across 
the virus replication cycle, and not restricted to only the viral polymerase. Another well-exploited stage of virus 
infection that has been successfully targeted is virus attachment and entry(REF). Henipaviruses possess two 
membrane anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) 
glycoprotein and the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane 
fusion(REF). The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and also 
the main focus of all vaccine strategies(REF). Although an effective post-exposure human monoclonal antibody 
(mAb) therapy targeting the NiV and HeV G glycoprotein (m102.4) has been extensively examined{Mire, 2016 
#322;Geisbert, 2014 #154;Xu, 2013 #152;Bossart, 2011 #153;Bossart, 2009 #125}, it must be administered 
within several days following a lethal virus challenge in NHP models. An unexplored alternative but related 
antibody-based therapeutic strategy against henipavirus infection are antiviral nanobodies. A nanobody, also 
termed single-domain antibody (sdAb), is an antibody fragment comprised of just a single monomeric variable 
antibody domain(REF). Nanobodies were first engineered from variable heavy chain domains of camelid heavy 
chain antibodies (VHHs), and camelid VHHs retain full antigen specificity and are only a fraction of the size of 
mouse or human antibody, and they also have extended complementarity determining regions (CDRs) which 
can allow them to bind epitopes that are not normally accessible to conventional antibodies such as conserved 
viral epitopes that are often masked by glycan shields(REF). Here, our expertise in recombinant henipavirus F 
and G glycoprotein structural and functional analysis together with anti-F and G mAb development and their 
therapeutic application, will facilitate the development and testing of a new and understudied area of nanobody-
based countermeasures for combating NiV and HeV.  

B) Innovation 

There are several innovative aspects within the present application which capitalize on the ongoing collaborative 
research and expertise of this proposal’s investigators. Indeed, all aspects of the proposed research are new 
extensions of productive research endeavors between: Dr. Christopher Broder, USU (Henipavirus Project 1 
lead); Dr. Lijun Rong, UIC (Co-Investigator lead on small molecule discovery) and Drs. Norton Peet and Irina 
Gaisina, Chicago BioSolutions (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW 
(Co-Investigator lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on 
rCedV tools), Dr. Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-
Investigator and BSL-4 and ABSL-4 Core Lead). First, the cell-based high throughput screening (HTS) assay 
makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which provides 
an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional significance, 
this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, because of the 
close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal entry receptor 
(ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will have activity 
across related members of henipavirus genus. Second, our native-like, recombinant soluble tetrameric G and 
trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice that produce 
VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of high-
throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and characterization 
of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-reactivity 
features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape studies for 
variant selection and target identification, and finally, the rCedV based reporter-gene system allows rapid and 
quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules or 
nanobodies or combinations of both.  

Cedar henipavirus. The closely related henipavirus, Cedar henipavirus (CedV), was recovered from Pteropus 
flying fox urine samples in Australia and shown to be nonpathogenic (REF). CedV was isolated in BSL-4 
containment, but there was potential to use it a surrogate system for the study of pathogenic henipaviruses at 
BSL-2. We developed a reverse genetics system for designing and rescuing recombinant CedV (rCedV) (REF). 
Interestingly, unlike HeV and NiV that use only ephrin-B2 and ephrin-B3 as entry receptors, CedV displays a 
broader ephrin usage profile, employing human ephrin-B2, ephrin-B1, ephrin-A2 and ephrin-A5 and murine-A1 
for infection(REF). However, CedV is nonpathogenic in the well-accepted experimental animal models of HeV 
and NiV infection and disease including the hamster, ferret, and AGM(REF). CedV attenuation has been 
attributed to the lack of an RNA editing site in the P gene for the production of the interferon antagonist proteins, 
V and W(REF).  
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Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will show cross-
reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will 
not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those 
in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins (REF). Interestingly, the 
CedV L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase 
in the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% 
aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic 
domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% 
(HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% 
(NiV-B) and ~61.7% (HeV). This high degree of protein identity, overall, shared between CedV, and that of NiV 
and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and 
perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility 
and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule 
library screening project to identify inhibitors of rCedV replication (REF). Indeed, several small molecule inhibitors 
have been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the 
feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a 
strong foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to 
optimize our current best-in-class leads and also screen large libraries of antiviral compounds. 

Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid 
VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of 
nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to 
bind epitopes that are often less accessible to conventional antibodies, and they can also be readily 
humanized and have been shown to be safe with low immunogenicity in clinical trials(REFs). Nanobodies can 
be isolated using the same phage library construction methods and phage panning procedure routinely 
employed for mAb discovery, which allows for in vitro production of various amounts and their rapid 
characterization. In collaboration with Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic 
mice that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels(REF), we have several 
immunized mouse cohorts now underway using native-like oligomeric recombinant F and G glycoproteins of 
NiV-B and HeV. We except to be able to make rapid progress in Aim 2 in generating and characterizing 
diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV. 

By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of 
new compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction 
assays, in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple 
lead anti-henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to 
discover, and well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G 
glycoproteins of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of 
new small molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the 
henipaviruses through the applications of our novel proposed approaches, may lead to novel therapeutic 
modalities capable of treating NiV and HeV disease. 
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SPECIFIC AIMS 

The emergence and reemergence of pathogenic viruses represent continuous infectious disease threats to public health. Among these, the paramyxoviruses, which include many human and animal pathogens, also include two zoonoses of particular importance: the pathogenic henipaviruses; Nipah virus (NiV) and Hendra virus (HeV)(REF). NiV and HeV cause severe respiratory illness and encephalitis in both animals and humans with impressive lethality(REF). Two strains of NiV, Malaysia (NiV-M) and Bangladesh (NiV-B) together have human case fatality rates ranging from 40-100%, and some outbreaks of NiV-B are associated with multiple rounds of human-to-human transmission(REF). Indeed, the 2018 NiV-B outbreak in Kerala, India had a 91% case fatality rate among 23 total cases, leaving only 2 survivors(REF). 22 cases were from virus transmission in 3 hospital settings, with coughing and close proximity to aerosol droplet infection were major risk factors. NiV-B is a pathogen of pandemic concern, and there are no vaccines or antivirals approved for human use. Indeed, the detection of cross-reactive henipavirus antibodies in humans and Pteropus bats in Africa underscored that 2 billion people worldwide live in regions threatened by spillovers(REF). As part of the Respiratory Pathogen Aerosol Antiviral Drug Discovery (RAViD) Center, this proposal focuses on developing countermeasures to combat the pathogenic henipaviruses including therapeutic modalities by an aerosol delivery approach. 	Comment by Christopher Broder: Hendra and Nipah viruses: different and dangerous
B. T. Eaton, C. C. Broder, D. Middleton and L. F. Wang
Nat Rev Microbiol 2006 Vol. 4 Issue 1 Pages 23-35
Accession Number: 16357858	Comment by Christopher Broder: Animal Challenge Models of Henipavirus Infection and Pathogenesis
T. W. Geisbert, H. Feldmann and C. C. Broder
Curr Top Microbiol Immunol 2012 Vol. 359 Pages 153-77
Accession Number: 22476556 DOI: 10.1007/82_2012_208	Comment by Christopher Broder: Transmission of Nipah Virus - 14 Years of Investigations in Bangladesh
B. Nikolay, H. Salje, M. J. Hossain, A. Khan, H. M. S. Sazzad, M. Rahman, et al.
N Engl J Med 2019 Vol. 380 Issue 19 Pages 1804-1814
Accession Number: 31067370	Comment by Christopher Broder: Outbreak investigation of Nipah Virus Disease in Kerala, India, 2018
G. Arunkumar, R. Chandni, D. T. Mourya, S. K. Singh, R. Sadanandan, P. Sudan, et al.
J Infect Dis 2018 Vol. 219 Pages 1867-1878
Accession Number: 30364984 DOI: 10.1093/infdis/jiy612	Comment by Christopher Broder: Evidence for henipavirus spillover into human populations in Africa
O. Pernet, B. S. Schneider, S. M. Beaty, M. LeBreton, T. E. Yun, A. Park, et al.
Nat Commun 2014 Vol. 5 Pages 5342
Accession Number: 25405640 PMCID: 4237230 DOI: 10.1038/ncomms6342

Recently, Cedar henipavirus (CedV) was identified in bats and is the only known henipavirus non-pathogenic in well-established animal models of NiV and HeV pathogenesis{Marsh, 2012 #2}. We developed a reverse genetics platform for recombinant CedV (rCedV) construction which is suitable for BSL-2 use, and performed an extensive characterization of its cellular infection tropism and also developed reporter rCedVs suitable for high throughput antiviral screening (HTS)(REFS). We validated and published on the utility of rCedV encoding luciferase in HTS assays and discovered a series of fused heterocycles, e.g., 4-aminoquinazolines, and showed a representative quinoline was an effective inhibitor of rCedV replication that also extended to both NiV-B and HeV, with an IC50 value of 3.3 µm against NiV-B replication with minimal cytotoxicity. The further development of small molecules together with more extensive compound library screening using rCedV will potentially yield testable antivirals with potential pan-henipavirus effectiveness. Our collaborative team also has an extensive experience in developing henipavirus neutralizing antibodies to both the fusion (F) and attachment (G) proteins. In this proposal, we have initiated a completely different approach for developing antiviral nanobodies which are acceptable for the goals of this program. Nanobodies are versatile potential immunotherapeutics and have been shown to recognize epitopes that are often inaccessible to conventional antibodies and to achieve ultra-potent antiviral activity(REF). These nanobody accessible epitopes may also have the potential to be more conserved across viral strains, potentially exhibiting greater cross-reactivity. In this proposal we will screen, identify, develop, characterize and test both small molecule inhibitors and antiviral nanobodies to pathogenic henipaviruses. Specifically, we will:	Comment by Christopher Broder: A recombinant Cedar virus based high-throughput screening assay for henipavirus antiviral discovery
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Rescue and characterization of recombinant cedar virus, a non-pathogenic Henipavirus species
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Structural and functional analyses reveal promiscuous and species specific use of ephrin receptors by Cedar virus
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Aim 1. Optimize lead anti-henipavirus small molecules and conduct cell-based antiviral HTS assays. First, the 4-aminoquinazoline scaffold will be used to develop and test improved drug candidates. We will also conduct new compound library HTS assays and identify new lead candidates. We will use resistance selection assays for target identification; advanced lead molecules will be selected using NiV-B and HeV assays, and best-in-class drugs will be developed using predictive software to improve drug-like properties, increase potencies, decrease toxicity, and improve cell permeability and favorable pharmacokinetic properties. 

Aim 2. Isolate and fully characterize nanobodies to the F and G glycoproteins of Nipah and Hendra virus. Immunizations of transgenic mice that produce nanobodies from alpacas, dromedaries and Bactrian camels, using native-like oligomeric G and F proteins will be completed. Phage libraries of cloned nanobody gene fragments will be constructed by the Nanobody Core followed by panning and isolation of F and G specific nanobodies. Best-in-class, cross-reactive nanobodies will then be characterized in binding and neutralization assays and structurally analyzed in complex with their viral targets to delineate the recognition sites, mode of action and guide formulation of nanobody cocktails.

Aim 3. Evaluation of lead compounds in vivo. Protective efficacy studies using select best-in-class drugs and nanobodies will be conducted early in NiV/HeV-infected hamsters using both conventional intraperitoneal delivery (drug or nanobody) and also aerosol delivery of nanobodies. PK/PD studies of lead drugs (Aim 1) and nanobodies (Aim 2) will be carried out in hamsters. Combination studies of drug with nanobodies studies will also be conducted and final proof-of-concept protective efficacy studies will be carried out in the HeV and NiV-B African green monkey models.

This project brings together a highly-experienced team in henipavirus countermeasure discovery, development and testing. Together with the expertise, resources and track record within the proposed RAViD center, we will deliver preclinical antiviral candidate treatment modalities against henipavirus mediated disease. 

RESEARCH STRATEGY

A) Background and Significance

Over the past 40 years the major etiological agents of emerged or newly identified infectious diseases in humans have been viruses{Desselberger, 2000 #1}. Among these, two zoonotic paramyxoviruses of particular importance are Nipah virus (NiV) and Hendra virus (HeV) which are the prototype members of the genus Henipavirus in the family Paramyxoviridae and are single-stranded, negative sense, enveloped RNA viruses. {Wang, 2013 #1} HeV was discovered first in 1994, in an outbreak of severe respiratory disease in horses in Brisbane, Australia, resulting in the deaths of 14 horses and their trainer{Murray, 1995 #109;Selvey, 1995 #110}. NiV (Malaysia strain NiV-M) was discovered a few years later as the causative agent of a significant outbreak of severe encephalitis in pig farmers in Malaysia in 1998(REF). NiV outbreaks have also been recorded in Bangladesh and India by a closely related strain NiV-Bangladesh (NiV-B)(REF). Pteropid bats are the major reservoir hosts for henipaviruses{Clayton, 2013 #3;Halpin, 2011 #58}. HeV and NiV have a uniquely broad host tropism capable of infecting at least 18 animal species across 6 orders of mammals, including their natural bat hosts. Among these animals, NiV and HeV can cause a systemic and often fatal respiratory and/or neurological disease in at least 11 mammalian species including humans, with human fatality rates ranging from 40-100%{Broder, 2013 #11;Geisbert, 2012 #13}. A third henipavirus isolate, Cedar virus (CedV), was discovered in 2010.{Marsh, 2012 #2} However, whereas HeV and NiV are bat-borne disease-causing zoonoses, CedV is not known to be zoonotic and has been shown to be nonpathogenic in animals susceptible to HeV and NiV disease{Lieu, 2015 #642;Marsh, 2012 #2}(REF). Two additional henipaviruses are also recognized, Ghana bat virus and Mojiang virus, but are known only from sequence data{Wu, 2014 #4;Drexler, 2012 #5}(REF). Since 2001, nearly annual occurrences of human NiV-B infections have occurred in Bangladesh, and three outbreaks in India (reviewed(REF)). In 2014, an outbreak of NiV-M encephalitis occurred in the Philippines with 9 fatalities of 11 human cases, along with horse-to-human and human-to-human transmission{Ching, 2015 #66}.The combined NiV case fatality rate is ~60% across a large region of South Asia and Southeast Asia in five countries(REF). The recent 2018 NiV outbreak in Kerala, India was significant, having occurred in a new geographic region, a high case fatality rate of 91% and 22 of 23 cases the result of from human-to-human transmission, underscoring both the transmissibility and the lethal nature of this virus{Arunkumar, 2018 #927}. 	Comment by Christopher Broder: K. B. Chua, K. J. Goh, K. T. Wong, A. Kamarulzaman, P. S. Tan, T. G. Ksiazek, et al.
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Human NiV/HeV infection is generally accepted to occur via the oronasal route with an incubation period estimated to be 1 to 2 weeks(REF). Acute NiV/HeV infection in people is systemic and likely via hematogenous spread of the virus from the respiratory system(REF). Disease onset is characterized by fever, myalgia, shortness of breath, and cough(REF). Human HeV infections have resulted in both fatal respiratory or encephalitic disease, and also recovery from infection(REF). The predominant clinical feature in the NiV-M outbreak in Malaysia was encephalitis, but respiratory symptoms were also common, with fever, cough, and headache(REF). The clinical presentation of NiV-B infections in Bangladesh also includes severe respiratory disease and in the 2018 NiV-B outbreak in Kerala, India, 83% of cases presented with acute respiratory distress syndrome (ARDS)(REF). The key findings of human NiV/HeV infection are a wide-spread endothelial cell tropism and systemic vasculitis, with prominent parenchymal cell infection in most major organs with the brain and lung significantly affected(REF). However, human NiV/HeV infection can also be prolonged following apparent recovery, and some patients can experience a late-onset encephalitis or a relapsed encephalitis in patients who previously recovered(REF). Relapsed encephalitis caused by NiV appears to result from a recrudescence of virus replication in the central nervous system (CNS), with cases presenting from a few months to as long as 11 years later(REF). NiV and HeV are also biosafety level-4 (BSL-4) viruses and classified as Category C priority pathogens and transboundary agents, infecting both humans and economically important livestock by several US Government agencies and both NiV-M and NiV-B can cause lethal infection in nonhuman primates (NHPs), the African green monkey (AGM) when delivered by small particle aerosol(REF). NiV and henipaviral diseases (HeV) are also included on the WHO’s Blueprint List of Priority Pathogens(REF). NiV stands out as a potential pandemic threat because of its associated high case-fatality rates, capacity for human-to-human transmission, potential to mutate, and if a human-adapted strain were to infect communities in South Asia, the high regional population densities could lead to rapid infection spread(REF). There is presently no approved vaccines or therapeutic modalities for preventing or treating NiV/HeV infections in people. 	Comment by Christopher Broder: G. Arunkumar, R. Chandni, D. T. Mourya, S. K. Singh, R. Sadanandan, P. Sudan, et al.
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The viral RNA-dependent-RNA polymerase of paramyxoviruses are attractive targets for antiviral compound discovery, but antiviral drug discovery for NiV and HeV has been significantly hampered due to requirements of BSL-4 containment in research and development process. We recently developed and optimized an authentic henipavirus replication cell-based system using a recombinant CedV (rCedV) encoding luciferase (rCedV-Luc) for high-throughput screening (HTS) applications at BSL-2 containment and identified several inhibitory compounds that were further validated with authentic NiV-B and HeV(REF). Those validated lead compounds provide a foundation and rationale for the current application. This ability to employ rCedV provides an opportunity for anti-henipavirus drug discovery not previously available, allowing for inhibitor discovery across the virus replication cycle, and not restricted to only the viral polymerase. Another well-exploited stage of virus infection that has been successfully targeted is virus attachment and entry(REF). Henipaviruses possess two membrane anchored glycoproteins involved in virus entry; one mediates host cell receptor attachment (G) glycoprotein and the other is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion(REF). The viral G and F glycoproteins are the major antigenic targets of neutralizing antibodies and also the main focus of all vaccine strategies(REF). Although an effective post-exposure human monoclonal antibody (mAb) therapy targeting the NiV and HeV G glycoprotein (m102.4) has been extensively examined{Mire, 2016 #322;Geisbert, 2014 #154;Xu, 2013 #152;Bossart, 2011 #153;Bossart, 2009 #125}, it must be administered within several days following a lethal virus challenge in NHP models. An unexplored alternative but related antibody-based therapeutic strategy against henipavirus infection are antiviral nanobodies. A nanobody, also termed single-domain antibody (sdAb), is an antibody fragment comprised of just a single monomeric variable antibody domain(REF). Nanobodies were first engineered from variable heavy chain domains of camelid heavy chain antibodies (VHHs), and camelid VHHs retain full antigen specificity and are only a fraction of the size of mouse or human antibody, and they also have extended complementarity determining regions (CDRs) which can allow them to bind epitopes that are not normally accessible to conventional antibodies such as conserved viral epitopes that are often masked by glycan shields(REF). Here, our expertise in recombinant henipavirus F and G glycoprotein structural and functional analysis together with anti-F and G mAb development and their therapeutic application, will facilitate the development and testing of a new and understudied area of nanobody-based countermeasures for combating NiV and HeV. 	Comment by Christopher Broder: Amaya et al.,
Antiviral Res 2021 Vol. 193 Pages 105084
Accession Number: 34077807 DOI: 10.1016/j.antiviral.2021.105084	Comment by Christopher Broder: Henipavirus outbreaks to antivirals: the current status of potential therapeutics
C. C. Broder
Curr Opin Virol 2012 Vol. 2 Issue 2 Pages 176-87
Accssion Number: 22482714 DOI: 10.1016/j.coviro.2012.02.016	Comment by Christopher Broder: Differential Features of Fusion Activation within the Paramyxoviridae
K. D. Azarm and B. Lee
Viruses 2020 Vol. 12 Issue 2 
Accession Number: 32019182 DOI: 10.3390/v12020161	Comment by Christopher Broder: Vaccines to Emerging Viruses: Nipah and Hendra
M. Amaya and C. C. Broder
Annu Rev Virol 2020 Vol. 7 Issue 1 Pages 447-473
Accession Number: 32991264 DOI: 10.1146/annurev-virology-021920-113833	Comment by Christopher Broder: Appl Microbiol Biotechnol
2007 Nov;77(1):13-22. doi: 10.1007/s00253-007-1142-2. 
Properties, production, and applications of camelid single-domain antibody fragments
M M Harmsen 1, H J De Haard
DOI: 10.1007/s00253-007-1142-2	Comment by Christopher Broder: Nature 2021 Jul;595(7866):278-282. doi: 10.1038/s41586-021-03676-z. 
Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants
Jianliang Xu et al., 


B) Innovation

There are several innovative aspects within the present application which capitalize on the ongoing collaborative research and expertise of this proposal’s investigators. Indeed, all aspects of the proposed research are new extensions of productive research endeavors between: Dr. Christopher Broder, USU (Henipavirus Project 1 lead); Dr. Lijun Rong, UIC (Co-Investigator lead on small molecule discovery) and Drs. Norton Peet and Irina Gaisina, Chicago BioSolutions (Co-Investigators and leads on medicinal chemistry); Dr. David Veesler, UW (Co-Investigator lead on structural henipaviral biology), Dr. Moushimi Amaya, USU (Co-Investigator lead on rCedV tools), Dr. Jianliang Xu, (Nanobody Core Lead, Zalgen Labs), and Dr. Thomas Giesbert, UTMB (Co-Investigator and BSL-4 and ABSL-4 Core Lead). First, the cell-based high throughput screening (HTS) assay makes use of an authentic henipavirus infection and replication luciferase reporter-gene system, which provides an HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. Of additional significance, this recombinant Cedar virus (rCedV) based platform requires only BSL-2 containment. Also, because of the close phylogenic relatedness of CedV to NiV and HeV, including the use of the same principal entry receptor (ephrin-B2) and replication mechanisms, there is high potential that identified inhibitors may will have activity across related members of henipavirus genus. Second, our native-like, recombinant soluble tetrameric G and trimeric F NiV and HeV glycoproteins are now being used to immunize novel engineered mice that produce VHHs (nanobodies). Third, together with newly created rCedV chimeras and the establishment of high-throughput NiV/HeV GFP reporter-gene, neutralization assays, the screening, identification and characterization of large numbers of nanobodies for their NiV and HeV specific neutralization potency and cross-reactivity features is now possible. Fourth, the rCedV platform allows for authentic henipavirus antiviral escape studies for variant selection and target identification, and finally, the rCedV based reporter-gene system allows rapid and quantitative antiviral combination testing and the ability to measure synergistic activity with small molecules or nanobodies or combinations of both. 

Cedar henipavirus. The closely related henipavirus, Cedar henipavirus (CedV), was recovered from Pteropus flying fox urine samples in Australia and shown to be nonpathogenic (REF). CedV was isolated in BSL-4 containment, but there was potential to use it a surrogate system for the study of pathogenic henipaviruses at BSL-2. We developed a reverse genetics system for designing and rescuing recombinant CedV (rCedV) (REF). Interestingly, unlike HeV and NiV that use only ephrin-B2 and ephrin-B3 as entry receptors, CedV displays a broader ephrin usage profile, employing human ephrin-B2, ephrin-B1, ephrin-A2 and ephrin-A5 and murine-A1 for infection(REF). However, CedV is nonpathogenic in the well-accepted experimental animal models of HeV and NiV infection and disease including the hamster, ferret, and AGM(REF). CedV attenuation has been attributed to the lack of an RNA editing site in the P gene for the production of the interferon antagonist proteins, V and W(REF). 	Comment by Christopher Broder: https://pubmed.ncbi.nlm.nih.gov/22879820/
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Small molecule antiviral drug discovery. Anti-whole inactivated NiV or HeV immune sera will show cross-reactivity with CedV, however such sera or even specific high-titer anti-CedV F or G glycoprotein antisera will not cross-neutralize HeV or NiV. Nevertheless, several CedV proteins show high amino acid (aa) identity to those in NiV and HeV, with highly conserved domains particularly in the N, M and L proteins (REF). Interestingly, the CedV L polymerase protein is 257-aa larger in comparison to NiV and HeV L, and it is also the largest polymerase in the order Mononegavirale, yet it still shares high aa identity to NiV and HeV L protein. Indeed, CedV L is ~56% aa identical overall to the NiV-B and HeV L proteins; the aa identities of the important L domains are: catalytic domain ~59.5%; the mRNA capping domain ~64.7%; methyltransferase domain ~50.5% (NiV-B) and ~52% (HeV); C-terminal domain ~51% (NiV-B) and ~52% (HeV); and the 2-O-ribose methyltransferase domain ~60.8% (NiV-B) and ~61.7% (HeV). This high degree of protein identity, overall, shared between CedV, and that of NiV and HeV, suggests that antiviral agents that target for example, the L polymerase, could be identified and perhaps also offer the possibility of pan-henipavirus antiviral countermeasures. We recently tested this possibility and optimized a rCedV encoding firefly luciferase (rCedV-Luc) for HTS assays and conducted a small molecule library screening project to identify inhibitors of rCedV replication (REF). Indeed, several small molecule inhibitors have been validated in vitro using infectious HeV and NiV in BSL-4, demonstrating proof-of-concept and the feasibility of using this CedV-based HTS platform for inhibitor screening against HeV and NiV, and providing a strong foundation for this drug discovery project. This rCedV HTS system will be used to support Aim 1 to optimize our current best-in-class leads and also screen large libraries of antiviral compounds.	Comment by Christopher Broder: https://pubmed.ncbi.nlm.nih.gov/22879820/
	Comment by Christopher Broder: https://pubmed.ncbi.nlm.nih.gov/34077807/


Nanobodies. In contrast to mouse and human antibody binding domains (which are ~50 kDa in size), camelid VHHs retain full antigen binding specificity but are only ~15 kDa in size. Other advantageous features of nanobodies are their extended CDR elements that engage their antigen targets and thus possess abilities to bind epitopes that are often less accessible to conventional antibodies, and they can also be readily humanized and have been shown to be safe with low immunogenicity in clinical trials(REFs). Nanobodies can be isolated using the same phage library construction methods and phage panning procedure routinely employed for mAb discovery, which allows for in vitro production of various amounts and their rapid characterization. In collaboration with Dr. Jianliang Xu (Nanobody Core Lead), who engineered transgenic mice that produce VHHs (nanobodies) from alpacas, dromedaries and Bactrian camels(REF), we have several immunized mouse cohorts now underway using native-like oligomeric recombinant F and G glycoproteins of NiV-B and HeV. We except to be able to make rapid progress in Aim 2 in generating and characterizing diverse panels of nanobodies to the F and G glycoproteins of NiV and HeV.	Comment by Christopher Broder [2]: Nanobodies: natural single-domain antibodies
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By utilizing an integrated approach in medicinal chemistry that includes synthesis and antiviral testing of new compounds, in silico prediction of compound properties, and the utilization of in vitro ADME prediction assays, in both building on our preliminary findings and new discovery initiatives, we expect to derive multiple lead anti-henipaviral molecules that will be testable as part of the goals of Aim 3. In addition, we expect to discover, and well-characterize, batteries of new and novel anti-henipavirus nanobodies specific to the F and G glycoproteins of NiV and HeV, and test their therapeutic activities in Aim 3. Taken together, the combinations of new small molecule drugs and nanobodies to be developed in this proposal, with their specificities tailored to the henipaviruses through the applications of our novel proposed approaches, may lead to novel therapeutic modalities capable of treating NiV and HeV disease.
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SPECIFIC AIMS. 

The COVID-19 pandemic caused by SARS-CoV-2 continues to profoundly impact individuals, communities, and 
nations. SARS-CoV-2 is rapidly evolving, demonstrating a capacity to persist and cause disease despite effective 
vaccines. There is a profound need for new antivirals for SARS-CoV-2 and particularly orally bioavailable 
antivirals for prophylaxis and early treatment. For over 20 years, our NIH-supported studies have advanced 
understanding of the functions and inhibitors of the CoV replicase, specifically the nsp12 RNA-dependent RNA 
polymerase (nsp12-RdRp) and the nsp14 proofreading exoribonuclease (nsp14-ExoN), both highly conserved 
and critical functions for CoV replication and RNA synthesis. Since 2014, our program has led IND-enabling 
preclinical studies for remdesivir and molnupiravir, including in vitro and in vivo efficacy, potency, toxicity, 
mechanism of action (MOA), resistance and combination studies. Thus, our capabilities are well established for 
coronavirus inhibitor hit identification and lead development using relevant in vitro and in vivo models, in 
conjunction with iterative chemical design and modification with industry and academic labs.   
In this program, we propose to use novel design and chemistry to: 1) develop inhibitor hit compounds and 
validate leads targeting nsp12-RdRp (and cofactors nsp7,8) and nsp14-ExoN (and cofactor nsp10); and 2) 
advance available and newly identified priority leads through in vitro, in vivo, and chemical studies toward oral 
formulation and IND-ready potent, oral drugs active against SARS-CoV-2 and other present and future zoonotic 
CoVs.  

Aim 1. dentification and Selection of Hit and Lead Compounds Targeting the SARS-CoV-2 nsp12-RdRp 
and nsp14-ExoN Complexes. The objective of this aim is to define hit compounds suitable for chemical 
modification, validation, and advancement to lead optimization. Part 1 will test novel nucleoside analogs (NAs) 
targeting the nsp12-RdRp. In Part 2, chemical libraries will be screened for selective activity using in vitro 
biochemical assays against defined components of the replicase core complex, nsp12-7-8, and nsp14-10. Part 
3 will test inhibitors of two-metal-ion-dependent (TMID) enzymes that have demonstrated inhibition of nsp14-
ExoN and CoV replication. In Part 4, high-impact hits identified using continuous human respiratory cell cultures 
(A549-hACE2, Calu-3) will be validated in primary human airway epithelial (HAE) cells and against multiple 
human and model animal CoVs. Hits will be prioritized for lead advancement based on potency, activity in primary 
cells types, selectivity index, and amenability to SAR and oral administration. 

Aim 2. Lead Development for Mechanism of Action (MOA), Viral Determinants of Activity and Resistance, 
and Combination Testing. The objective of this aim is to rapidly move validated hits through rigorous in vitro 
testing and further lead advancement to in vivo studies. In Part 1, SARS-CoV-2 will be passaged for resistance 
to lead inhibitors, followed by testing of isolates showing phenotypic resistance in quantitative assays of potency 
and efficacy, replication kinetics, and cytopathic effect. Viral genomes will be sequenced to define candidate 
determinants of resistance and known and novel drug targets in nsp12, nsp14, and across the genome. 
Prioritized candidate mutations will be introduced into isogenic backgrounds of SARS-CoV2 to test and confirm 
putative drug targets and resistance determinants. This information will be fed to the Structure and Analysis 
cores to further explore mechanism of action. In Part 2, passaged virus populations and engineered mutants will 
be tested for cross-resistance or increased sensitivity to compounds of similar or different chemical classes and 
for relative fitness vs. wild-type SARS-CoV-2 in direct co-infection competition experiments. In Part 3, lead 
compounds will be tested in combinations with remdesivir, molnupiravir, and other novel leads from this program 
to determine whether their interactions are synergistic, additive, or antagonistic.  

Aim 3. Lead Evaluation in Rodent Models of Zoonotic CoV Replication, Pathogenesis, Disease, 
Transmission, and Persistence. The objective of this aim is to use established, robust, murine and hamster 
models for SARS-CoV-2, SARS-CoV, and MERS-CoV infection to determine lead efficacy in vivo. In Part 1, 
validated leads (prioritizing established oral formulations) will be tested in wild-type, young, adult mice at different 
times of infection for impact on viral replication, disease, and pathology. In Part 2, a hamster model will be used 
to test lead efficacy in a different host species and prevention of transmission to uninfected contacts. In Part 3, 
compounds demonstrating activity in young, immunocompetent mice will be tested in aged and 
immunocompromised (RAG -/- and MuMT-/- strains) mice for capacity to ameliorate replication and disease in 
animals predisposed to severe infection. In Part 4, the potential and genetic basis for in vivo development of 
SARS-CoV-2 and SARS-CoV resistance to advanced leads will be explored using virus isolated from 
immunocompromised mice that progress to persistent infection.    



RESEARCH STRATEGY 
 

SIGNIFICANCE AND IMPACT.  
 

SARS-CoV-2 and other zoonotic coronaviruses (CoVs) cause devastating disease and remain 
uncontrolled. During the past 20 years, five novel CoVs have emerged to cause severe illness in new hosts, 
three of which are human respiratory pathogens: severe acute respiratory syndrome (SARS)-CoV (2002-2004), 
Middle East respiratory syndrome (MERS)-CoV (2012-present), and SARS-CoV-2 (2019-present)7-9. Viruses 
similar to SARS-CoV, MERS-CoV, and SARS-CoV-2 have been found in reservoir species such as bats and 
pangolins10-14. Thus, in addition to the current pandemic that has killed 1 in 500 Americans, all evidence indicates 
that new CoV emergence will continuously threaten global health at the animal-to-animal, animal-to-human, and 
human-to-human interfaces. Potent, broad-spectrum, resistance-averting, and orally-administered antivirals are 
thus urgently needed to prevent and treat SARS-CoV-2 and allow rapid response to future high-consequence 
zoonotic CoVs as vaccines and other countermeasures are developed. 

The CoV replicase as a target of antiviral drug development. CoVs contain the largest positive sense single-
strand RNA of any known human virus, ranging from 28-32 kb in length (Fig. 1). CoV RNA genome replication 
and subgenomic mRNA transcription are mediated by the replicase nonstructural proteins 1-16 (nsps 1-16) which 
are translated from input genome RNA as large replicase polyproteins15 and processed by viral proteases in 
nsp3 and nsp5 into intermediate and mature nsps 1-16 containing known or predicted functions in RNA synthesis 
and modification15-18. Biochemical, genetic, protein-interaction, cryo-EM, and crystallographic structure studies 
of replicase components all support a model of a multi-protein replicase holoenzyme with polymerase, RNA-
modification, and proofreading functions containing at a minimum nsps 7-8-9-10-12-13-14 (Fig. 1). The nsp12-
RNA-dependent-RNA-polymerase (nsp12-RdRp) is the central component in the RNA synthesis and 
modification machinery. The nsp12-RdRp folds into canonical “fingers-palm-thumb” domains forming the active-
site cleft, which contains SDD metal-coordinating catalytic residues, as well as a novel “NiRAN” domain harboring 
nucleotidyl and guanylyl transferase activities. The nsp12-RdRp has multiple demonstrated interacting proteins 
and cofactors, including nsp7, nsp8, nsp9, nsp13, and the bifunctional nsp14-exoribonuclease/ N7-
methyltransferase19-21. The Denison lab has been a world leader in studies of the nsp14-exoribonuclease 
(nsp14-ExoN) and has shown nsp14-ExoN to have critical roles in virus replication, genomic and subgenomic 
RNA synthesis, high-fidelity replication (RNA-dependent RNA proofreading), RNA recombination, innate immune 
antagonism, and native resistance to nucleoside analogs (NAs)19,20,22-28. The CoV replicase thus constitutes a 
holoenzyme with arrayed critical 
enzymatic functions and 
cofactors that are vulnerable to 
perturbation by precisely acting 
small-molecule antivirals.  

Research team focus on next-
generation inhibitors, oral 
formulations, and 
combinations.  Prior to the 
COVID-19 pandemic, very few 
labs were focused on 
fundamental CoV biology and 
fewer still on CoV antiviral drug 
development. Our CoV antivirals 
program in the NIAID-U19-
supported “Antiviral Drug 
Discovery and Development 
Center” (AD3C) between 2014 
and 2020 advanced two 
nucleoside analog (NA) antivirals 
through preclinical development 
into IND: remdesivir (Veklury, 
Gilead Sciences) and 
molnupiravir (NHC, MK-4482 / 
EIDD-2801, Emory Institute for 

 
Figure 1. Coronavirus replicase protein expression, reporters, organization and structures 
of nsp12-7-8 and nsp14-10 subcomplexes. (A) Genome organization of SARS-CoV-2. (~30kb ss 
(+)RNA genome). (B) Translation of ORF1ab replicase polyprotein 1ab and processing of 
nonstructural proteins 1-16 (nsp1-16) by viral encoded proteases nsp3-PLpro and nsp5-3Clpro 
(Mpro). (C) Engineered reporters in SARS-CoV-2 ORF7 for analysis of replication and inhibition: 
mNeonGreen, mNG; nanoluciferase; red fluorescent protein (RFP)3,4. Similarly, reporters for SARS-
CoV5 and MERS-CoV 6 are available. (D) Model of known interactions and proposed holoenzyme 
of the CoV replicase including: nsp12-RdRp; nsp7-8, required nsp12-RdRP cofactors; nsp14-
exoribonuclease and N7 methyltransferase (ExoN, N7MTase); nsp10, required nsp14 cofactor. (E) 
Structure of nsp12-RdRp and nsp7/8 cofactors and RNA (PDB 6YYT). Domains of core nsp12-
RdRp are shown: blue, fingers; yellow, palm; red, thumb. NiRAN domain not shown. The molecules 
of nsp8 (green) and nsp7 (light blue) required for nsp12 activity are shown, as well as location of 
RNA.  (F) Structure of nsp14, required nsp10 cofactor, and RNA molecule (PDB 7N0B). Locations 
of active Mg2+ (2) (red) and coordinating DE-E-D residues (blue) are indicated.  
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Drug Development). Both showed remarkable potency and efficacy against CoVs, including SARS-CoV-2, and 
both target the nsp12-RdRp29-32. Due in large part to our preclinical development contributions, remdesivir was 
rapidly moved into human trials and remains the only FDA-approved direct-acting antiviral (DAA) for SARS-CoV-
2. Yet, the remdesivir requirement for IV administration limited the scope of trials and its subsequent indications 
to hospitalized and severely ill patients33, which excludes treatment of COVID-19 cases comprising the vast 
majority of infections. Similarly, our studies supported use of the orally bioavailable NA, molnupiravir, now in 
advanced-stage clinical trials34. The recent announcement by MERCK that the phase 3 trial was terminated due 
to clear benefit of molnupiravir over placebo for prevention of hospitalization and severe disease (awaiting 
publication and FDA review) is highly encouraging and supportive of our studies in vitro and in animals and 
demonstrates our ability to identify oral inhibitors of CoV replication and disease. We have shown that both 
remdesivir and molnupiravir present high genetic barriers to resistance, but just as clearly we have shown that 
resistance can emerge against either drug31,32. Thus, it is imperative to establish additional antiviral strategies 
for all stages of infection—early, late, and post-exposure prophylaxis—and to include combinations of DAAs to 
improve outcomes and prevent emergence of resistance.   
 

INNOVATION 
 

Discovery of chemical matter for testing.  Multiple parallel and highly innovative approaches will be used to 
develop hits and identify and optimize leads (see below for team integration and expertise), including: 1) novel 
NA chemistry (Arbutus [AR]) and modifications (University of Southern California [USC]); 2) structure-based 
design and modification of two-metal-ion-dependent (TMID) enzyme inhibitors active against nsp14-ExoN 
(University of Connecticut [UConn]); 3) biochemical screening of active nsp12-7-8 and nsp14-10 replicase 
subcomplexes against massive compound libraries (Southern Research [SR]); and 4) integrated molecular 
modeling, cryo-EM, NMR, crystallography, and fragment-based screening of hits or chemically modified leads 
(SR Cores).  

Established pathways for hit identification and lead development.  We have well-established and effective 
strategies for testing inhibitor efficacy, potency, and toxicity across multiple CoVs and cell lines, which will allow 
for rapid and accurate assessment of candidate hits meriting modification and/or advancement. Further, we will 
merge rational drug design and discovery approaches to identify candidate resistance mutations and relevant 
mutation linkages25,31 in linear but extensively cross-linked workflows to achieve high-throughput hit evaluation 
and refinement, rapid down-selection, and seamless progression of our best leads though comprehensive 
functional analyses in vitro and in vivo. These approaches include: 1) numerous relevant in vitro systems of 
HCoV infection utilizing continuous and primary human airway cells30,35,36; 2) physiologic in vivo models of HCoV 
disease35,37-41; 3) precision biochemical assays of priority targets in the viral replicase1,2; 4) a panel of well 
characterized epidemic and endemic HCoVs 6,12,13,30,40-45; 5) reverse-genetics systems for human endemic, 
zoonotic, and pre-epidemic CoVs4,6,12,13,42,43,46; and 6) deep- and long-read next-generation sequencing (NGS) 
methods 25.   
 

RESEARCH TEAM 

CoV research team and integration of expertise. This project proposes a highly synergistic collaboration 
incorporating novel target and drug discovery and chemistry, biochemistry, structural biology, and in vitro and in 
vivo preclinical models of infection (Fig. 2). The Denison lab at Vanderbilt University Medical Center (VUMC) 
has been a leader in CoV research for over 30 years and in preclinical development of remdesivir and 
molnupiravir29-32,47,48. The Denison lab houses longstanding fundamental research programs in the virology and 
genetics of the CoV replicase, particularly nsp12-RdRp and nsp14-ExoN, across SARS-CoV-2, MERS-CoV, and 
SARS-CoV and the highly tractable animal beta-CoV, murine hepatitis virus (MHV). The Denison lab was the 
first to confirm and characterize the CoV unique RNA-proofreading function of nsp14-ExoN and its critical role 
in virus fidelity, replication, and intrinsic resistance to classes of NAs22,23,32,49-51. The Menachery lab at the 
University of Texas Medical Branch (UTMB) will perform hit validation and lead development in vitro and in 
vivo. They have established robust small animal models for SARS-CoV-2, SARS-CoV, MERS-CoV, and bat- 
CoV infection6,12,13,40-45, including animal-adapted strains of SARS-CoV-2 for use in native mice--young, aged, 
and immunocompromised animals40. Further, they have established models in hamsters for studies of SARS-
CoV-2 replication, pathology, and transmission35,38,39. In addition to animal models, UTMB has long-standing 
expertise in highly relevant in vitro primary cell-culture systems, including air-liquid-interface (ALI) human airway 
epithelial (HAE) cultures35. Their well-established reverse genetics for multiple CoVs, including SARS-CoV-2, 
allows for testing of resistance mutations in mouse-adapted viral genetic backgrounds. Finally, Andrew Routh, 



PhD (UTMB) is an expert in deep sequencing analysis and 
has developed pipelines for analysis of RNA-seq and long-
read (nanopore MinION) data in collaboration with the 
Denison lab, showing the role of CoV nsp14-ExoN in CoV 
recombination25. 

Expertise in fundamental CoV biology, replication, and 
pathogenesis at VUMC and UTMB is complemented by 
decades of experience and demonstrated success in novel 
antiviral discovery, chemistry, and development. The Weller 
and Wright labs at UConn have long-standing expertise in 
viral exonucleases and have established novel approaches 
for developing inhibitors of TMID enzymes, specifically 
against viral exonucleases. They have collaborated with the 
Denison lab to identify exonuclease-targeted compounds that 
demonstrate inhibition of SARS-CoV-2. SR will direct the 
Medicinal Chemistry (MedChem) Core, Analysis Core, 
and Structure Core. SR will perform screening of large 
libraries in defined biochemical assays of nsp12-7-8 and 
nsp14-10 to identify hits with potential for active-site and 
allosteric inhibition of those complexes. In addition, they have 
established lead compounds of unknown mechanism that will 
serve as initial development candidates at VUMC and UTMB. 
The McKenna lab at USC has established an approach for 
tunable chemical modifications to increase the potency and 
metabolism of NAs. They also will contribute modified NAs 
with significant in vitro efficacy for hit-to-lead validation and 
development. AR is an established company whose scientific 
director is Michael Sofia, a discoverer of sofosbuvir. Dr. Sofia 
and his research team have ongoing programs on antivirals 
against both hepatitis B virus and CoVs. AR has generated a 
panel of anti-CoV NAs with activity against HCoV-OC43 
and/or SARS-CoV-2; these will be tested for hit identification 
and lead development in collaboration with AR. The drug-
development programs are highly integrated and will work 
with the MedChem Core in the conduct of structure-activity 
refinement (SAR), biochemical testing, structure 
determination, modeling, and modifications. 

Project 1 interactions and with other projects. Project 1 has been designed as an integrated, iterative 
workflow across the partnering scientific teams and cores. We will promptly communicate about leads that target 
proteins and functions conserved across virus families. Combination treatments built from leads not only carry 
the potential to improve breadth, potency, and resistance profiles against CoVs, but also might create bridge 
regimens effective against disparate virus families. Thus, the preclinical development program for CoV antivirals 
will promote progress across all AD3C-2 AVIDD projects and potentially define novel, broad-spectrum antivirals. 
 

SCIENTIFIC PREMISE, EXPERIMENTAL RIGOR, AND CONSIDERATION OF RELEVANT BIOLOGICAL 
VARIABLES  

The scientific premise of this program is that small-molecule antivirals, singly and in combination and designed 
for oral administration, are essential for the control of current (SARS-CoV-2 and MERS-CoV) and future zoonotic 
CoV epidemics. Additionally, we propose that broad-spectrum therapies can be developed that target more than 
one virus and more than one virus family to maximize their benefit to global public health. We are committed to 
conducting rigorous, unbiased, and transparent research that generates repeatable and reproducible data 
amenable to statistically verifiable outcomes as part of comprehensive laboratory quality assurance. Cell lines, 
including primary cells, will be routinely monitored for purity by histological analysis of cell morphology and testing 
for contaminants (e.g., Mycoplasma). To reduce biological variability of in vitro antiviral analyses, we will perform 
assays using multiple complementary cell types (continuous cell lines and primary cells) and methods (reporter 

 
 

Figure 2. Experimental design and integration of programs 
for hit discovery and lead development. Schematic of 
experimental design, hit discovery and validation, and lead 
development through in vitro and in vivo testing. Cores:  
MedChem, Analysis and Structure; SR, Southern Research; 
USC, McKenna lab (Univ. Southern California); UCONN,  
Weller/Wright labs, (Univ. Connecticut); AR, Arbutus Biopharma; 
VUMC, Denison Lab (Vanderbilt University Medical Center); 
UTMB, Menachery lab (University of Texas Medical Branch); 
Admin, Admin Core.  
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gene expression, infectious virus production, and viral RNA quantification by RT-qPCR). Experimental animals 
will be purchased through standard vendors that maintain genotypic control of their colonies. If non-commercially 
available animals are required, genetic backgrounds will be determined using state-of-the-art genotyping arrays. 
Any mutant animal strain used in this project will be confirmed within each cohort using validated diagnostic 
assays. To safeguard reproducibility across the scientific community, we will make novel virus strains, vectored 
viral cDNAs, and engineered cell lines available through BEI and Addgene.  
 

APPROACH 
 

SPECIFIC AIM 1. Identification and Selection of Hit and Lead Compounds Targeting the SARS-CoV-2 
nsp12-RdRp and nsp14-ExoN.   

Rationale. The objective of this aim is to define hit compounds for chemical modification, in vitro validation, and 
advancement to lead optimization. These studies focus on the critical conserved replicase complex, specifically 
nsp12-RdRp, nsp14-ExoN, and cofactors. However, all proteins that assemble in the functional replicase 
complex and required for RNA synthesis and modification are potential targets that may emerge during the 
course of the study.    

Part 1. NA chemistry and targeting the nsp12-RdRp.   

NA modifications for nsp12-RdRp inhibition.  Modified NAs have the 
potential for both enhanced and more universal cell penetration as well 
as increased efficacy and potential oral bioavailability. USC has 
designed and synthesized a series of NAs52 (Fig. 3), one of which, 
USC-088, shows 30x higher potency than remdesivir against a clinical 
isolate of SARS-CoV-2 in Vero E6 cells (IC50 = 0.04 μM; CC50 >100 
μM). USC-088 incorporates a unique promoiety platform created at 
USC that provides versatile chemical ‘tunability’ to enhance the potency 
and PK properties of antiviral nucleoside phosphonates and 
phosphates (Fig. 3). In support of Project 1, they will develop this 
potential lead and its back-up, USC-026. USC-088 and USC-026 will 
be tested for activity against SARS-CoV-2 in continuous and primary 
cells (Part 4) and further developed and characterized in Aim 2. 
Concurrently, USC will collaborate with the MedChem Core to perform 
SAR, ADME, and PK in animal models, with the goal of obtaining an 
orally effective final lead compound. USC-088 and USC-026 or a lead 
derived therefrom by SAR will be made available for evaluation to other 
projects as a broad-spectrum antiviral RdRp inhibitor. The pro-moiety platform will also be applied to enhance 
potency53 and oral bioavailability54-56 of emerging nucleoside/nucleotide leads from Project 1 and MedChem 
Core.   

Novel NA inhibitors from structure-based design and pharmacophore screening. Through structure-based 
modeling and medicinal chemistry approaches, the chemistry team at Arbutus (AR) has synthesized or 
identified novel NAs as candidate broad-spectrum inhibitors of nsp12-RdRp. AR has complemented In-house 
de novo design with in silico pharmacophore-based pre-screening of compound libraries to triage a diverse set 
of known NA inhibitors to be tested against CoVs. In the AR development pipeline, systematic modifications are 
introduced to trigger antiviral activity and favorable selectivity toward virus vs. host cells. Any identified hits are 
elaborated further based on emerging SAR and through structure-based computational modeling. Hits validated 
using SARS-CoV-2-infected Vero cells and/or other CoV-infected cell systems with low micromolar EC50 values 
and no cytotoxicity in the efficacy range will be evaluated in continuous and primary cells (VUMC and 
UTMB). Results will be communicated with AR for their analysis of desirable drug-like properties, including 
stability and solubility (See Letter). Advancement of potential leads through Aims 2 and 3 (VUMC) will occur in 
parallel and iteratively with SAR to improve stability, solubility, and cell permeability for oral bioavailability 
(AR). Subsequent ADMET and PK analyses will be conducted at AR. Mechanism-of-action (MOA) studies of 
lead molecules will be performed using synthesized triphosphate metabolites and nsp12-RdRp enzymatic 
assays (AR). 

 Part 2. Biochemical high-throughput screening of nsp12-7-8 and nsp14-10 complex inhibitors.  

 
Figure 3. A) Tunable prodrug scaffold to enhance 
potency, tissue selectivity, and oral bioavailability. 
CDV and HPMPA are shown as antiviral 
nucleoside examples. B) Compound activity 
against  SARS CoV-2 in Vero E6 cells (McKenna, 
USC). C) In vitro activity profile of USC-88 (two 
synthetic batches to demonstrate reproducibility) 
against SARS-CoV-2.  
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Current Lead Compounds.  The existing and 
productive collaboration between VUMC and SR has 
yielded 4 compounds based on viral cytopathic effect 
(CPE) screening against SARS-CoV in Vero-E6 cells 
(Fig 4) The compounds demonstrate >3 log virus titer 
reduction.  sub-M potency against SARS-CoV-2 in 
A549 cells at VUMC. These are currently progressing 
through SAR in the MedChem Core and will 
immediately be studied in vitro and in vivo as leads. 
Because mechanism is unknown, we will pursue 
passage / resistance / sequencing studies to 
determine if these leads are virus-targeted and, if so, 
the specific protein(s) with which they interact.  

Biochemical Screening for Novel Inhibitors. Going 
forward in this proposal, SR will not further pursue viral CPE-based screening; in this project SR will deploy 
biochemical assays using SARS-CoV-2 replicase subunits: nsp12-7-8 as an active polymerase complex and 
nsp14-10 as an active exoribonuclease/N7-methyltransferase assay. A) The nsp12-7-8 complex. A functionally 
active SARS-CoV-2 RdRp comprised of recombinant nsp12-7-8 has been reported1 and will be used (Fig. 5, 
panel A). This assay will enable high-throughput screening for compounds that directly target polymerase 
activity. The system has the advantage of targeting the core synthetic complex and thus will capture active 
compounds specific for the nsp12-RdRp active site as well as allosteric or other inhibitors of nsp12, 7 or 8. Hits 

that advance with priority in Aim 1 will be subjected to MOA studies in 
Aim 2 and iterative SAR and structural analyses at SR. B) The nsp14-
10 complex. Nsp14-ExoN function may require or be facilitated or 
modified by the small non-enzymatic nsp1057. Complexes of nsp14-10 
have been confirmed to show ExoN function when expressed and 
purified from bacteria 2,24,26,27,58. A SARS-CoV-2 nsp14-10 ExoN 
functional assay sensitive to dsRNA digestion by ExoN will be 
employed2 (Fig. 5, panel B). The complex will be screened against the 
same library as the nsp12-7-8 complex, with similar potential to detect 
both direct and indirect inhibitors (allosteric and disruption of protein 
interactions). Further, this biochemical testing approach using nsp12-
7-8 and nsp14-10 complexes will allow protein-focused evaluation of 
confirmed and new hits identified from AR, USC, and UConn libraries. 

PART 3. TMID enzyme inhibitors of nsp14-ExoN (UConn).  

The large size of CoV genomes and inherent error-prone nature of the viral RdRp necessitate a proofreading 
step (mediated by the ExoN domain of nsp14) to avoid buildup of lethal mutations in progeny genomes59,60. The 
nsp14-ExoN activity also renders CoVs resistant to many classic NAs via ExoN-mediated excision of the 
mispaired base24. Inhibitors of ExoN function are therefore expected to be directly antiviral and are also 
anticipated to strongly synergize with NAs such as ribavirin and remdesivir 32,49-51. ExoN belongs to a large 
superfamily of DE-D-D exonucleases (DE-E-D in CoVs), whose catalytic functions are orchestrated by two Mg2+ 
atoms16,60. Both DNA and RNA viruses encode such TMID enzymes, many of which have been shown to perform 
essential roles in nucleic acid metabolism (e.g., HIV integrase61-63 and influenza endoribonuclease64,65). Despite 
a common two-metal dependent mechanism, TMID enzymes differ considerably in the overall active site 
architecture, offering opportunities to engineer both potency and selectivity. The Weller/Wright labs (UConn) 
have developed a small-molecule platform to target viral TMID enzymes and generate novel antivirals, now 
extended to nsp14-ExoN in collaboration with the Denison lab at VUMC. The high-resolution structure of the 
nsp10-nsp14 complex enabled rapid virtual screening of a TMID-focused library developed by the Weller/Wright 
lab. Compounds were flexibly docked to the active site using Schrodinger Maestro Suite, and the resulting poses 
were ranked by docking score and fit. Visual inspection of top-scoring complexes revealed the promise of a 
subset of inhibitors, which made contacts in the deeper regions of the active site while retaining key interactions 
with the metal centers. Figure 6 shows a representative in silico complex of one such inhibitor, DDI-117 docked 
to ExoN. Eight of the compounds were tested for inhibition of ExoN activity using a gel-based assay to monitor 
cleavage of a ssRNA substrate. While six of the derivatives showed no effect on ExoN activity, two compounds 
reduced activity significantly. Next, we evaluated direct binding to ExoN protein by measuring the thermal shift 

 
Figure 4. Existing Lead Inhibitors from Southern Research. 
Compounds identified by previous CPE-based library screening 
demonstrate activity against both SARS-CoV (VeroE6) and SARS-CoV-
2 (A549), meeting criteria for progression as leads according to EC50, 
CC50, SI, and virus titer reduction. 

Assay
Target 
Values

SRI-45975 SRI-46488 SRI-46944 SRI-46897

SARS-CoV
EC50 (µM)

(Vero E6-CPE)
<1 1.0 0.209 0.179 0.13

CC50 (µM) [SI] >30 >30  [>30] >30 [>140] >30 [>165] >30 [>230]

SARS-CoV-2
EC50 (µM)

(A549-hACE2)
<1       0.65 0.102 0.003 0.088

Virus Titer Reduction
(VTR)  (log10) >2 2.98 3.08 2.938 2.589 

 
Figure 5. A) FRET-based SARS-CoV-2 recombinant 
nsp12/7/8 RdRp strand- displacement assay. Figure 
from (1). B) RiboGreen recombinant SARS-CoV-2 
nsp14-10 exoribonuclease assay. Figure from (2).  
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of unlabeled protein in the presence of 20-fold excess of inhibitor 
(Tycho, Nanotemper). Both DDI-117 and DDI-116 produced a 
pronounced shift in the inflection temperature (∆Ti = 1.1°C), 
indicative of significant stabilization of the protein:ligand complex, 
while two structurally related but inactive compounds had no effect. 
These four compounds were tested at VUMC to determine anti-
SARS-CoV-2 activity in culture. DDI-117 and DDI-116 demonstrated 
low micromolar level antiviral activity with an SI of >5, while the 
others exhibited no antiviral activity. 

These validated hists demonstrate direct target engagement, 
functional inhibition, and antiviral activity in cell culture, providing a 
strong foundation for the ongoing Weller/Wright ExoN inhibitor 
program. This program will use a combination of structure-based 
lead optimization, in vitro analysis, biophysical evaluations, 
functional analysis, and antiviral activity to generate an evolving SAR 
model. Refinements will be made to induce improvements in potency 
and selectivity at UConn and in collaboration with the MedChem, 
Structure, and Analysis Cores. For example, additional contacts 
with proximate, conserved residues including Pro141, Pro142, 
His95, Gln145, Gln104, and Phe146 will be pursued. Candidates 
demonstrating good levels of antiviral activity in cell culture (EC50 < 
2.5 M) and an acceptable SI (> 30) will be recommended for 
synergy testing with nucleoside inhibitors, formulation studies, and in 
vivo evaluation in collaboration. 

Part 4. In vitro hit determination and validation.  

Hit testing in continuous cell lines. Compounds from parts 1-3 above will be tested in SARS-CoV-2-infected 
cells using recombinant virus expressing mNeonGreen (mNG), nanoluciferase, and red fluorescent protein 
(RFP) (Fig. 1). We will employ Calu-3 (human lung adenocarcinoma), A549-ACE2 (human lung 
adenocarcinoma), and Huh-7 (human hepatocellular carcinoma) cells using approaches we have previously 
reported for remdesivir and molnupiravir30-32 and as described for preliminary studies with SR compounds and 
UConn TMID enzyme inhibitors. The use of multiple cell types is important to address potential differences in 
cell penetration or metabolism, as we observed with remdesivir and its parent compound GS-441524 in Vero 
and A549 cells30. Cultures will be infected in multiple replicates and then left untreated, treated with carrier (such 
as DMSO), or treated with compound in carrier at concentration ranges designed to either establish or directly 
test the needed range for a 10-point analysis to calculate potency (log10 virus titer reduction [VTR]) and efficacy 
(EC50). Virus replication will be initially quantified using luminescence or fluorescence, followed by confirmation 
with qRT-PCR and/or plaque assay. Parallel uninfected cells will be similarly treated across a broad range of 
drug concentrations to determine cytotoxicity (CC50) using CellTiter-Glo luminescence assay. Data will be used 
to calculate compound selectivity index (SI = EC50/CC50) and compared between cell types. Compounds with 
EC50 <10 m and SI >10 will be considered for further analysis, with priority on compounds demonstrating EC50 
<2 M and SI >50. While not a chief criterion, we will further prioritize compounds that show VTR >2 log10. 
However, compounds with higher EC50s and/or promising feasibility based on modeling, docking, or other assays 
may be considered for further testing if they are especially relevant 
and good candidates for SAR.   

Hit validation in physiologically relevant primary cells against 
SARS-CoV-2 and determination of breadth of activity. 
Compounds of significant interest from testing in continuous cell 
lines will be assessed for efficacy, potency, and cytotoxicity in SARS-
CoV-2-infected primary HAE cultures using methods established in 
the Menachery lab at UTMB35 (Fig. 7). In this system, Cultures are 
established from explanted tracheal/bronchial cells on air-liquid-
interface (ALI) transwells, which allows differentiation into ciliated 
cells as natural targets of infection. Cells are infected at the apical 
surface and may be treated with drug either from the apical or basal 

Figure 7. Human airway cultures for anti-SARS-
CoV-2 testing. a) Primary human airway epithelia 
(HAE) cultures will be infected with reporter-expressing 
CoVs and treated with candidate drugs. b) Remdesivir 
was tested in nanoluciferase-SARS-CoV-2-infected 
HAE cultures. EC50 value is shown. Each dot 
represents one replicate data point.   

 
Figure 6. Structure-based compounds against 
nsp14-ExoN inhibit SARS-CoV-2 (Weller-Wright, 
UConn). A) Ligand plot showing key interactions 
between DDI-117 and ExoN. B) Surface plot of DDI-
117 in the ExoN active site (based on PDB:7DIY). C) 
Activity of DDI-116 and DDI-117 against SARS-
CoV-2 in human A549-hACE2 cells. CC50: 
cytotoxicity. SI: selectivity index (CC50/EC50). VTR 
max: maximum virus titer reduction. D) Inhibition and 
cytotoxicity data used to generate EC50 and CC50.    



compartments depending on formulation, cell penetration, and metabolism. Efficacy, potency, cytotoxicity, and 
SI will be determined. Compounds also will be examined for breadth of activity in HAE cultures infected with 
SARS-CoV and MERS-CoV. 

Prioritization, capacity, lead identification, optimization, and advancement. We will prioritize initial hits 
based on multiple factors including potency, activity in primary cell types, SI, potential for SAR, and development 
potential for oral administration. Prioritized compounds will be further developed within this Aim and down-
selected to a top-performing pool of leads for testing in Aim 2. We have significant capacity between VUMC and 
UTMB for evaluation and validation of up to 20 hits per month, and we are positioned to advance 10 compounds 
annually into detailed in vitro and in vivo studies. We have already identified multiple compounds (Figs. 3, 4, 6) 
satisfying basic criteria for advancement Those will enter studies in Aim 2, and possibly Aim 3, as the pipeline of 
new hit compounds and validated hits from parts 1-3 above progress. Thus, we anticipate a fully established 
pipeline of drug candidates, from novel discovery to hit validation to lead optimization at project inception, which 
will continue toward IND-enabling studies over the course of the project.    
 
SPECIFIC AIM 2: Lead Development for Mechanism of Action (MOA), Viral Determinants of Activity and 
Resistance, and Combination Testing.   

Rationale. The objective of this aim is to rapidly move advanced hits and validated leads through rigorous in 
vitro virologic assays to define MOA, phenotypic and genotypic resistance, and functional interactions with other 
priority compounds; inform additional SAR; and guide other modifications based on structural and biophysical 
analyses, leading to Go/No-Go decisions on progression of leads to in vivo testing.   

Published and preliminary results supporting feasibility and capacity. Studies at VUMC over the past  
eight years have established approaches for lead development that define MOA, resistance, and novel protein 
determinants and combination studies of NAs, including remdesivir and molnupiravir29,31,32. These studies have 

been IND-enabling and supported advancement of remdesivir 
(RDV) and molnupiravir (MPV) into clinical trials. We have shown: 
1) RDV and MPV demonstrate high barriers to resistance and 
follow different genetic pathways impacted by MOA. 2) 
Introduction of two nsp12-RdRp mutations associated with MHV 
resistance to RDV into WT MHV reconstitutes the resistance 
phenotype, and homologous mutations introduced into SARS-
CoV confer RDV resistance32. 3) Resistance of MHV to RDV 
results in increased sensitivity to MPV29 (Fig. 8). 4) 
Combination treatment with MPV and RDV show no antagonism 
and are at least additive in their anti-CoV activity (unpublished-
score 1.72). These findings support our proposal that multiple 
NAs targeting nsp12-RdRp alone or with other replicase inhibitors 
may be useful combinations to enhance efficacy and  limit 
emergence of resistance.  

Part 1. Identification of resistance determinants. We will 
serially passage SARS-CoV-2 and MHV in A549-hACE2 and murine delayed brain tumor (DBT) cells, 
respectively, in the presence of leads to select for resistance. This parallel approach allows for analysis of the 
trajectory of resistance development along different genetic pathways taken by distantly related beta-CoVs in 
different cell types. We will serially passage virus in the presence of increasing concentrations of lead compounds 
in three parallel lineages for each virus and cell type to allow for selection of alternative pathways to resistance. 
Vehicle-passaged lineages will serve as controls for drug-independent cell-culture adaptations. Passaged virus 
populations displaying phenotypic resistance, including increased viral titers and CPE at higher drug 
concentrations, will be tested in EC50 and VTR assays to quantify the level of resistance.  

 

Part 2. Sequence analysis, confirmation of targets, determinants of resistance, and biochemical and 
structural implications. Viruses demonstrating resistance phenotypes (e.g., increased CPE and infectious 
titers) will be analyzed by combined RNA-seq and long-read RNA sequencing (nanopore MinION) at VUMC and 
UTMB (See Routh letter) to confirm or define targets, mechanism of action (MOA), candidate resistance 
mutations, and novel physical or functional linkages in known or unpredicted interacting viral proteins or genetic 
elements. We will initially examine RNA from cells infected with population virus, which represents total diversity 

 
Figure 8. Remdesivir resistance mutations from MHV 
confer increased sensitivity to molnupiravir parent 
compound EIDD-1931. A) Remdesivir-mediated reduction 
in murine hepatitis virus (MHV) titer. Wildtype MHV (WT, 
black). Virus passaged 23 times in the presence of 
remdesivir (P23, orange). nsp12-RdRP resistance 
mutations F476L (blue), V553I (green) or both (magenta) in 
the WT MHV genetic background. B) EIDD-1931-mediated 
reduction in titers of viruses from panel A.   
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of potential mutations selected over passage. If multiple mutations are identified in a known or putative target, 
additional studies will determine whether mutations occur singly or in specific combinations (i.e., genetic linkage), 
including selection and sequencing of plaque isolates and MinION sequencing to define mutation haplotypes in 
sub-lineages or individual genomes. Single and combination mutations that have emerged to dominate WT 
sequences will be engineered in isogenic clones of SARS-CoV-2 to test/confirm drug targets and candidate 
resistance mutations. Confirmed mutations impacting resistance or MOA will be engineered at conserved 
homologous positions of MERS-CoV, MHV, and other beta- and alpha-CoVs to test for shared resistance 
determinants across divergent CoVs. Finally, confirmed mutations impacting resistance or MOA will be submitted 
to collaborators and to the Structure Core for potential structural determination and to the Analysis Core for 
testing in defined biochemical nsp12/7/8 or nsp14-10 systems.   

Part 3. Impact of resistance mutations on viral fitness and susceptibility to other compounds. Our 
previous studies have shown that CoV passage in the presence of an inhibitory drug can select specific 
resistance mutations and may concurrently select for epistatic (compensatory) or adaptive mutations, which can 
impact virus replication, fitness, resistance, and general sensitivity to multiple compounds31,32,50,51. 1) 
Replication. Viruses will be compared in side-by-side replicate assays during single-cycle (high multiplicity of 
infection [MOI]) and multiple-cycle (low MOI) replication in the presence and absence of compounds. Replication 
curves will reveal changes in eclipse period, exponential growth kinetics, time to maximum replication, and peak 
titer. 2) Competitive fitness. SARS-CoV-2 passaged populations and isogenic clones containing engineered 
confirmed mutations will be co-infected with WT virus containing a silent (synonymous) barcode of up to 8 
nucleotides, which allows quantitative comparison of WT and mutant virus abundances by qRT-PCR using 
specific primers and probes51. WT and mutant viruses will be inoculated onto cells at ratios of 1:1, 1:9, and 9:1, 
followed by five serial passages of culture supernatants and qRT-PCR for WT and mutant virus in supernatant 
and total infected-cell RNA at each passage level. Based on our long experience, we predict that selection of 
resistance mutations in the replicase will confer a fitness cost (less competitive) compared to vehicle-passaged 
virus in the absence of compound and display distinct replication advantages against all viruses in presence of 
drug. 3) Resistance/sensitivity to other compounds with similar or different targets. We will assess the 
sensitivity of drug-resistant mutants to other leads targeting the same and different proteins. These experiments 
will define the potential for cross-resistance and sensitivity to leads with distinct target specificities—e.g., nsp14-
ExoN inhibitors vs. nsp12-RdRp resistance mutations—and guide selection of combinations.  

Part 4. Combination testing. An important goal of this program is to define interactions between lead 
compounds and establish a basis in support of - or rationale against - combination therapy for CoVs as a strategy 
to increase potency and prevent emergence of resistance. Most basically, it is critical to establish that a 
compound does not broadly antagonize other compounds and/or exacerbate cellular toxicity. On the other hand, 
additivity or synergy with other compounds would favor advancement of a lead. Leads advancing from preceding 
sections will be tested in two-way dose matrices, initially with clinical-stage and approved anti-CoV DAAs (e.g., 
remdesivir, molnupiravir, protease inhibitors GC376 and PF-07321332, and then with combinations of 
compounds targeting nsp12/7/8 and nsp14-10 complexes or individual proteins. Synergy testing will be 
performed in technical and biological replicates, beginning with EC50 concentrations centered in the six-point 
dose-response curve. Combinations that display neutrality in toxicity assays and either additive or synergistic 
efficacy as defined by the BLISS synergy score66 will be prioritized for testing in vivo.  
 
SPECIFIC AIM 3. Lead evaluation in rodent models of zoonotic CoV replication, pathogenesis, disease, 
transmission, and persistence.  

Rationale. In vivo models of CoV infection offer a critical, complex system to evaluate drug efficacy67. Robust 
mouse and hamster models have been established at UTMB for SARS-CoV, SARS-CoV-2, and MERS-CoV 
infection. In addition, these systems can be tailored to evaluate drug efficacy against transmission, in aged 
models, and in immune compromised states. This approach will provide crucial insights into how a drug performs 
in limiting disease and spread in healthy and vulnerable populations. The models also will allow iterative testing 
for route of drug administration, formulation, and testing of combinations. 
  

Part 1. Utilize mouse models of SARS-CoV-2, SARS-CoV, and MERS-CoV infection to explore how drug 
treatment via different routes alters viral replication and pathogenesis. In this sub-aim, we will use 
established mouse infection models for SARS-CoV-240, SARS-CoV41, and MERS-CoV37 to explore drug efficacy 
in vivo. Each of these murine models of CoV infection recapitulate key elements of human disease and allow 
examination of how a drug impacts virus replication, disease progression, and recovery. Mouse models. Both 
SARS-CoV and MERS-CoV models of infection have been previously established and use mouse-adapted 



strains to demonstrate viral replication in respiratory tissues and significant 
disease in terms of weight loss, respiratory function, and damage to the 
lung37,41. Our group at UTMB has generated a mouse-adapted SARS-CoV-
2 strain (CMA3p20) that induces dose-dependent weight loss, immune 
infiltration/lung damage, and virus replication limited to the respiratory tract 
(Fig. 9)40. For SARS-CoV and SARS-CoV-2, these studies utilize standard 
laboratory strains (BALB/C, C57BL/6), while the MERS-CoV model employs 
human DPP4 transgenic mice37. Importantly, these CoV mouse models do 
not produce disease in off-target tissues like the CNS as seen with human 
ACE2 transgenic mice68. As such, these models provide a more 
physiologically relevant system to evaluate drug efficacy in the respiratory 
tract following infection.  Route of treatment. The mouse models offer 
several avenues for drug administration. We will utilize two routes for each 
target drug. The first route will be decided based on expected efficacy 
(intranasal [i.n.], intraperitoneal [i.p.], intravenous [i.v.], inhalation). In 
addition, we will also use on oral delivery (gavage) to facilitate transfer to 
studies in humans. Evaluation of viral load. Initial studies will examine the 
impact a drug has on virus replication in the respiratory tract. In mice, we 
focus on viral titer found in the upper (trachea) and lower (lung) airways. We 
anticipate effective drugs will yield a reduction >1 log10 in viral titer relative 

to control. In addition to plaque assays, lobes of the lung will be examined for changes in viral RNA and antigen 
staining. From each of these parameters, the impact of the drug on viral load will be comprehensively evaluated. 
Disease parameters. In addition to viral load, we will evaluate the impact of drug treatment on CoV-induced 
disease. The most common metric, weight loss, will be examined over a 7-day time course with peak disease 
occurring between days 2-5 post-infection. We also will survey changes in disease score (ruffled fur, hunching, 
diminished movement) and use whole body plethysmography (WBP) to evaluate changes to respiratory 
function69. Finally, we will utilize histopathology (H&E) to examine immune-cell infiltration and lung damage in 
the presence of drug treatment. Experimental design. Drug efficacy will be evaluated in CoV models in the 
following order: SARS-CoV-2, SARS-CoV, and MERS-CoV. Briefly, 10 week-old C57BL/6 (SARS-Cov-2, SARS-
CoV) or transgenic DPP4 (MERS-CoV) mice will be treated with the drug of interest or vehicle control starting 1 
day prior to infection and continued throughout the time course of infection (Fig. 10). Animals subsequently will 
be infected with a dose of virus inducing up 20% weight loss and evaluated 
over a 7-day time course. Subsets of mice will be euthanized at days 2, 4, 
and 7 for determination of viral replication (lung and trachea), viral RNA 
(lung), and histopathology (lung). We anticipate an effective drug will have 
a significant impact on viral replication (reduction >1 log10), reduction in 
weight loss (>10% [absolute magnitude]), improved respiratory function, 
and/or diminished damage/immune infiltration in the lung. Targets 
validated with the most sensitive route (i.n., i.v., i.p., inhalation) or oral 
administration will be evaluated for therapeutic treatment commencing 
after infection. Because a priority is for development of orally available 
drugs, any lead advancing through in vitro studies that has known oral 
formulation will be prioritized and immediately tested by oral gavage 
administration.  
 

Part 2. Examine drug efficacy in the SARS-CoV-2 hamster model: impact on airway replication, lung 
damage, disease induction, and transmission. We will utilize the golden Syrian hamster, a second model of 
SARS-CoV-2 infection, to evaluate efficacy of a drug at limiting CoV replication, disease, and spread.  Hamster 
model. Similar to mice, the golden Syrian hamster provides an in vivo model that recapitulates key elements of 
human disease, including replication limited to the airway, disease with non-adapted SARS-CoV-2 strains, and 
immune infiltration and damage to the lung. Importantly, the model also evaluates how drug treatment impacts 
virus transmission. Overall, our group has had significant experience utilizing the hamster model to evaluate 
fundamental aspects of SARS-CoV-2 biology and impact of variants35,38,39. Route of treatment. Paralleling the 
mouse studies, we will pursue two routes for drug treatment. The first approach will use best-efficacy route (i.n., 
i.p., i.v., or inhalation). Subsequent studies will focus on oral delivery (gavage). Selected routes will be informed 
by efficacy data from mouse studies. Evaluation of viral load. We will evaluate viral replication in both lower 

 

Figure 10. Drug efficacy testing in murine CoV 
models of infection. Mice will be treated with 
target drug or vehicle control beginning at day -1 
and infected, monitored, euthanized for tissue 
harvest at days 2, 4, and 7.  

Figure 9. Mouse-adapted SARS-CoV-2 
model. A) Dose response of 10 week old 
BALB/C mice infected with 104 (green), 
105 (blue), or 106 (pink) PFU of SARS-
CoV-2 CMA3. B) Immune infiltration in the 
lung 2 days post-infection with 105 PFU 
SARS-CoV-2. C) Viral RNA in various 
tissues following 105 PFU SARS-CoV-2 
infection. Dashed line indicates lower limit 
of quantification. 

A B

C Commented [CJ1]: Add panel labeling to figure (A., B., C.) 
Also, correct statement re. dashed line in panel C? 



(lung) and upper (trachea) airways. In addition, we will determine viral titers in nasal washes as a proxy for 
transmission capacity38,39. We also will examine changes in viral RNA and antigen staining in the lung in the 
presence of drug treatment. Disease parameters. Drug-treated and control hamsters will be evaluated for 
changes in disease by weight loss, disease score, and histopathology. We will perform WBP in the hamster 
model by leveraging current equipment available in the animal BSL3. Transmission. One advantage of the 
hamster model of SARS-CoV-2 over mice is the capacity to evaluate changes in transmission between animals. 
While mice fail to transmit virus even via contact, our group has demonstrated efficient transmission of SARS-
CoV-2 in the hamster model38,39. In this study, we will use drug- and mock-treated hamsters infected with 
barcoded SARS-CoV-2 as donor animals (Fig. 11). We will subsequently expose infected hamsters to naïve 
hamsters and evaluate transmission efficiency under drug treatment using NGS (see Letter Andrew Routh). 

Experimental design. 4-6 week old male golden Syrian hamsters will 
be treated with drug of interest or vehicle 1 day prior to infection with 
SARS-CoV-2 and continued throughout the experimental time 
course. Hamsters will be evaluated over a 7-day time course, with 
subsets euthanized at days 2, 4, and 7 for assessment of viral 
replication, viral RNA, and histopathology. We anticipate an effective 
drug will reduce viral replication (>1 log10) and weight loss (>10% 
[absolute magnitude]), improve respiratory function, and/or diminish 
lung damage and immune infiltration. Treatments that result in 
reduced viral replication or improved disease outcomes will be further 
evaluated for changes in transmission. Finally, targets validated by 
sensitive routes (i.n., i.v., i.p., inhalation) will tested for oral dosing 
using same design. 

Part 3. Evaluate drug efficacy in reducing disease in the susceptible aged mouse model of CoV infection. 
Based on demographic data from SARS-CoV-2, SARS-CoV, and MERS-CoV outbreaks, CoV infection causes 
increased mortality in aged human populations, an  age-dependent susceptibility is recapitulated in our mouse 
models of SARS-CoV and SARS-CoV-2 pathogenesis70,71. Therefore, these aging models allow evaluation of 
drug efficacy in a critical, susceptible population. Aged mouse model. While young C57BL/6 mice (10 weeks 
old) are relatively resistant to SARS-CoV infection, aged mice (20 months) have significantly more disease in 
terms of weight loss, immune infiltration, and respiratory dysfunction (Fig. 12). Similar age-dependent disease 
has been observed following SARS-CoV-2 infection of mice70. Importantly, drug treatments that reduce or disrupt 
virus replication may have augmented efficacy in aging mouse models and show utility in treating CoV-mediated 
disease in this susceptible population. Viral load and disease parameters. We anticipate changes in viral 

replication will be similar between young and aged mice. However, we 
predict drug treatment will have an increased impact in aged mice due 
to exacerbated disease. We will focus on several disease readouts to 
mark improved outcomes, including weight loss, disease course, and 
survival over a 7-day time period. We will also utilize WBP to evaluate 
changes in respiratory function with and without drug treatment. Finally, 
histopathology of the lung will provide insight into damage and immune 
infiltration in the presence of drug treatment. Experimental Design. 
Aged C57BL/6 mice (14-20 months) will be treated with the drug of 
interest or vehicle control 1 day prior to infection. Animals will be 
subsequently infected with mouse-adapted SARS-CoV (MA15) or 
SARS-CoV-2 (CMA3p20) and evaluated over a 7-day time course. 
Subsets of mice will be euthanized at days 2, 4, and 7 for analyses of 
viral replication, viral RNA, and histopathology. We expect treated aged 
mice will experience a reduction in weight loss (>10% [absolute 
magnitude), improved respiratory function, and/or diminished damage 
and immune infiltration in the lung.   

Part 4. Determine drug efficacy and viral resistance generation in immune compromised mouse models. 
In addition to aged populations, immunocompromised people represent a major vulnerable population to CoV 
disease, and specific genetic knockout mouse models recapitulate similar immune deficiencies as found in 
humans. These models will be used to evaluate drug efficacy as well as define potential routes for drug 

Figure 11. Drug impact on SARS-CoV-2 
transmission. Drug- and mock-treated animals 
infected with barcoded SARS-CoV-2 will be co-
housed with naïve animals and transmission 
evaluated by NGS. 

Figure 12. Age-dependent disease in mouse 
models of SARS-CoV. Young (10 week-old, 
black) and aged (20 month old, red) C57BL/6 mice 
infected with 104 PFU of SARS-CoV MA15 were 
monitored for a) weight loss, b) viral titer in the 
lung, c) airway resistance (penH) by WBP and d) 
diffuse alveolar damage by histopathology. 
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resistance produced in persistently infected in vivo models. Immune compromised 
mouse model. Previous work with mice lacking both B- and T-cell immunity (RAG-/-
) or B cells immunity alone (MuMT-/-) has demonstrated persistent infection with 
SARS-CoV lasting >30 days post-initial challenge72 (Fig. 13). As such, these mouse 
models correspond to persistent infection with SARS-CoV-2 observed in 
immunocompromised humans73. Importantly, immune compromised mouse models 
provide an avenue to explore drug efficacy in a vulnerable population, which often 
respond poorly to vaccines74,75. In addition, the persistent infection model provides an 
in vivo system to explore drug resistance that can expand on in vitro studies. 
Evaluation of viral load. We will evaluate virus replication in drug-treated 
immunocompromised mice over an extended timeline—early (day 2), intermediate 
(day 7), and extended (day 30) intervals post-infection. We will focus on the lungs in 
these animals and evaluate viral replication, RNA, and antigen staining in parallel. 
Disease parameters. Previous studies with SARS-CoV demonstrated that, although 
RAG-/- and MuMT-/- fail to clear virus over time, the disease phenotypes are 

consistent with WT mice in terms of disease and damage. Therefore, while we will evaluate weight loss, disease 
score, and histopathology, we do not anticipate significant changes in disease relative to young mice in Part 1. 
For SARS-CoV-2, the immune compromised model development is ongoing and may reveal distinction in 
disease that will be pursued as indicated by specific phenotypes. Resistance mutations. Consistent with in vitro 
resistance testing, immunocompromised mice used in these studies will allow exploration of the generation of 
resistance in vivo. Using the day 30 samples from persistently infected mice, we will work with Dr. Andrew Routh 
(see letter) to examine coding changes in the SARS-CoV and SARS-CoV-2 genomes that may contribute to 
drug resistance. Experimental Design. RAG-/- and MuMT-/- mice will be treated with the drug of interest or 
vehicle control 1 day prior to infection and continued throughout the 30-day time course. Animals will be 
subsequently infected with either SARS-CoV (MA15) or SARS-CoV-2 (CMA3) and evaluated over a 30-day time 
course. Subsets of mice will be euthanized at days 2, 7, and 30 for viral replication (lung and trachea), viral RNA 
(lung), and histopathology (lung). We anticipate an effective drug will have a significant impact on viral replication 
(reduction >1 log10), even in the absence of adaptive immune responses. We do not anticipate significant 
changes to disease parameters between WT and mutant animals in the SARS-CoV model. For SARS-CoV-2, 
model development will inform measurable changes to pathogenesis. For resistance, we will focus on virus-
coding mutations found at late time points (days 15 and 30), and these mutations will be cross-referenced to Aim 
2 results to identify unique and shared features of in vitro- and in vivo-selected resistance. Critical mutations will 
be engineered in isogenic backgrounds for in vitro testing and for direct testing of impact of mutations on virus 
fitness (VUMC), attenuation in vivo (UTMB), and in biochemical systems with the Structure and Analysis Cores 
for impact on protein function and sensitivity to the compound in question.   

Expected outcomes, potential challenges, and alternative strategies. Our group has extensive experience 
with in vivo models of coronavirus infection12,13,38-40,76-82. We anticipate each activity in Aim 3 will be successful 
based on robust animal model systems, well-established experimental design, and prior experience with the 
proposed studies. We predict that targets advancing to this aim will show efficacy in both the hamster and mouse 
models of infection. In addition, the transmission and aged models will provide important insights into the use of 
these drugs in a metric of spread and a key, susceptible population, respectively. While the models are well 
characterized, the oral dosing and candidate formulations may require optimization to improve efficacy and may 
vary across CoV strains. Similarly, while we anticipate generation of resistance, failure to induce resistance in 
vivo would be a positive result, suggesting limited escape from the candidate tested. Absence of resistant 
mutants, while unlikely, would obviate the need for studies to characterize attenuation of resistant viruses in 
immune competent animals.  

 
PROJECT DEVELOPMENT PLAN.  The table below shows the stages of development. It is broadly useful to 
look at overall process but less so in regards to specific compounds and our high priority of identifying and rapidly 
advancing compounds with broad efficacy and potential for oral administration.   With the ongoing pandemic, 
our demonstrated expertise, and the highly integrated labs (VUMC, UTMB, UCONN, SR), collaborators (Arbutus, 
USC) and Cores (MedChem, Structure, Analysis) we are positioned for rapid-cycle iteration on validated hits and 
advanced leads to improve potency, physical properties, and toxicity profiles via combination of structural 
analyses, biochemical assays, and medicinal chemistry. All requisite capabilities exist within Project 1 
consortium. Importantly, we start with multiple validated hits from USC, Arbutus, UConn that will enter Aims 1 

Figure 13. CoV clearance 
requires adaptive immunity. 
WT mice clear SARS-CoV by 
day 7. Mice lacking lympho-
cytes (Rag-/-) or only B-cells 
(MuMT-/-) fail to clear SARS-
CoV, permitting continued 
replication.  



and 2 and even Aim 3. We will constantly review and prioritize / reprioritize compounds to continue to develop 
novel approaches while rapidly advancing those most promising.  
 
Based on the monthly progress meetings and annual project reviewers, the AD3C-2 Center will prioritize 
promising projects and drug candidate for fast-track development. Compounds with in vivo efficacy, desired PK, 
and good safety profile will be prioritized for preclinical development and IND profiling. Please refer the details 
for the Product Development Plan in the OVERALL write-up of the application. 
 

Project 1 Milestones  Year 1 Year 2 Year 3 Year 4 Year 5 

Quarter 1/2 3/4 1/2 3/4 1/2 3/4 1/2 3/4 1/2 3/4 

SPECIFIC AIM 1: Identification and selection of hit and lead compounds targeting the SARS-CoV-2 nsp12-RdRp and nsp14-ExoN 

Part 1. NA chemistry and targeting the nsp12-RdRp                     

Part 2. Biochemical high-throughput screening of nsp12-7-8 
and nsp14-10 complex inhibitors 

                    

Part 3. TMID enzyme inhibitors of nsp14-ExoN                     

Part 4. In vitro hit identification and validation                     

SPECIFIC AIM 2: Lead development for mechanism of action, viral determinants of activity and resistance, and combination testing 

Part 1. Identification of resistance determinants                     

Part 2. Sequence analysis, confirmation of targets, 
determinants of resistance, and biochemical and structural 
implications 

                    

Part 3. Impact of resistance mutations on viral fitness and 
susceptibility to other compounds 

                    

Part 4. Combination testing                     

SPECIFIC AIM 3: Lead evaluation in rodent models of zoonotic CoV replication, pathogenesis, disease, transmission, and persistence 

Part 1. Utilize mouse models of SARS-CoV-2, SARS-CoV, 
and MERS-CoV infection to explore how drug treatment via 
different routes alters viral replication and pathogenesis 

          

Part 2. Examine drug efficacy in the SARS-CoV-2 hamster 
model: impact on airway replication, lung damage, disease 
induction, and transmission 

                    

Part 3. Evaluate drug efficacy in reducing disease in the 
susceptible aged mouse model of CoV infection 
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SPECIFIC AIMS 

Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus (family Paramyxoviridae) that can cause 
severe respiratory illness and encephalitis in animals and humans. Both viruses are among the deadliest human pathogens 
known to man with case fatality rates up to 100% for the Bangladesh strain of NiV (NiVB). Significantly, multiple rounds of 
person-to-person transmission of NiVB is also possible. Cedar henipavirus (CedV) is the only other henipavirus isolate and 
also the only known non-pathogenic henipavirus, and has been recently demonstrated to be an effective surrogate platform 
for henipavirus antiviral drug discovery and tool for countermeasure research. There are no approved vaccines or 
therapeutics for disease caused by HeV or NiV. This proposal focuses on developing antiviral countermeasures to combat 
the pathogenic henipaviruses which today includes HeV and two distinct NiV strains, NiVB and NiV Malaysia (NiVM). 
Genevant Sciences, Inc. has considerable experience developing RNA interference (RNAi) therapeutics against highly 
pathogenic viruses, with demonstrated efficacy in nonhuman primate (NHP) models of infection. The RNAi therapeutics 
approach utilizes Genevant’s lipid nanoparticle (LNP) platform which stabilizes encapsulated small interfering RNA (siRNA) 
ensuring effective delivery to target cells. Aim 1 will focus on developing RNAi strategies to combat henipaviruses. A second 
antiviral discovery approach will focus on compounds that target the replication complex of henipaviruses. This approach is 
supported by the previous results that the polymerase inhibitor remdesivir can confer protection to animals against NiVB 
demonstrating the promise of this class of drugs. Here, Aim 2 will perform high-throughput screening (HTS) using a large 
library of compounds with an established HTS assay employing a replication competent authentic henipavirus platform 
(CedV) to identify additional lead antiviral candidates. Aim 3 will focus on combination therapy which is known to be highly 
effective for combating other viral pathogens, and also one that limits the potential emergence of drug resistance. This 
uniquely different and targeted combination approach will utilize the most potent antivirals identified in Aims 1 and/or 2 and 
could provide an effective and complementary treatment of henipavirus infection that is more effective than each therapeutic 
modality alone. Specifically, we will pursue the following three aims: 
 
Aim 1. Develop and optimize siRNA for protection against Hendra and Nipah viruses. A battery of siRNAs against 
conserved regions of the L, N, P, M, G, and F genes of HeV, NiVM, and NiVB will be designed and evaluated for antiviral 
activity in vitro. The most promising candidates will be formulated in LNP targeting different cell types.  Pharmacokinetic 
and biodistribution studies will be performed in hamsters. Protective efficacy of lead candidates will be evaluated in hamster 
models of henipavirus disease when administered at various times after exposure and by different routes of delivery. Dosing 
and delivery regimens will be evaluated in hamsters, and the most promising siRNAs will be assessed in a proof-of-concept 
protective efficacy in African green monkey (AGM) models of HeV and NiVB. 
 
Aim 2. Develop and optimize replication complex inhibitors against Hendra and Nipah viruses. Libraries of drugs 
predicted to have activity against the replication complex of henipaviruses will be screened using a novel surrogate virus 
system based on the henipavirus Cedar virus (CedV) which has significant homology to both HeV and NiV. This system 
utilizes recombinant CedV encoding luciferase (rCedV-Luc) and will be used at BSL-2 for high-throughput screening (HTS) 
of a library of up to 100,000 compounds. Lead candidates will then be screened against wild type HeV and NiV in vitro. 
Pharmacokinetic and biodistribution studies will be performed in hamsters on inhibitors showing in vitro activity against wild 
type henipaviruses. Protective efficacy of lead drugs will be performed in hamster models of HeV and NiV infection.  
Antivirals showing strong protective efficacy may be optimized in collaboration with the Chemistry Core. Following 
optimization of dosing and delivery regimens in hamsters the most promising antivirals will be assessed for protective 
efficacy in AGM models of HeV and NiVB. In order to leverage existing data showing that remdesivir protected a small cohort 
of AGMs when given very shortly after exposure to NiVB, studies will be performed to determine the therapeutic window for 
remdesivir in AGMs exposed to HeV and NiVB, i.e., can remdesivir be given at the onset of clinical disease or at advanced 
stages of illness and still have a beneficial effect? 
 
Aim 3. Develop combination therapy of broad-spectrum siRNA-conjugate therapeutics and/or replication complex 
inhibitors against Hendra and Nipah viruses. The most promising antivirals from Aims 1 and/or 2 targeting different 
antigenic sites will be combined and assessed for enhanced efficacy in henipavirus-infected cells and hamsters. The 
objectives of these studies will be to determine if the combinatorial approach will confer 1) improved antiviral efficacy over 
that seen with each therapeutic alone; and 2) improved efficacy when treatment is initiated either at, or even after, the 
prodromal phase. 
 

  



RESEARCH STRATEGY 

(a) Significance. Hendra virus (HeV) and Nipah virus (NiV) are enveloped, single-stranded negative-sense RNA 
viruses and the prototype members of the genus Henipavirus in the family Paramyxoviridae1-3. NiV and HeV are 
bat-borne paramyxoviruses that are distinguished from the many paramyxoviruses that cause human and animal 
diseases by virtue of their uniquely broad host tropism and impressive lethality. Henipaviruses are capable of 
infecting at least 18 animal species across six orders of mammals, including bats4,5. HeV was first recognized in 
1994 as the cause of an outbreak that led to fatal cases of severe respiratory disease in horses and humans in 
the Brisbane suburb of Hendra, Australia. To date, HeV has appeared in Eastern Australia on 62 occasions 
causing the death or euthanasia of more than 100 horses, two HeV antibody-positive and euthanized dogs, and 
4 fatalities of 7 human cases6,7. The horse is the predominant target host acquiring HeV infection from virus-
shedding bats and is also the source of human infection. NiV emerged just a few years later in Malaysia and 
Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory 
disease in pigs which served as amplifying hosts8,9.  NiV was later recognized as the agent causing a large 
outbreak of encephalitis among pig farmers in Malaysia in 1998/1999. Although NiV from Malaysia (NiVM) has 
not re-emerged in Malaysia, nearly annual outbreaks of human cases of NiV infection have been recorded since 
2001 in Bangladesh and a few in India caused by NiV-Bangladesh (NiVB)10. The outbreaks of NiVB have had 
notably higher human fatality rates ranging from 75-100%, along with the direct food-borne transmission of NiV 
from bats to humans and significant human-to-human transmission of NiV infection11. Evidence of NiV has also 
been detected in cattle, goats, and pigs12. However, in 2014, an outbreak of NiV encephalitis (attributed to the 
NiV-Malaysia strain) occurred in the Philippines with 9 fatalities of 11 human encephalitic cases and an influenza-
like illness in another 6 individuals, one also with meningitis13. The Philippines outbreak involved horse-to-human 
and human-to-human transmission of NiV infection as well as apparent lethal infections of both cats and dogs. 
A more recent 2018 NiVB outbreak in Kerala, India, occurred in a new geographic region far from the locations 
in Bangladesh and India where all prior appearances have occurred and had a high case fatality - 91%, with 22 
of 23 cases the result of human-to-human infection transmission at three different hospital locations14. A fatal 
case of NiVB was reported in Kerala in September of 2021 causing concern of another potential outbreak15.  
Together, there have been over 650 cases of human NiV infection with a combined ∼60% case fatality rate, in 
South Asia and Southeast Asia across five countries16. The observations that the NiVM and NiVB strains 
reportedly display differences in case fatality rates and human-to-human transmission are interesting as there is 
91.8% nucleotide homology between the genomes17. 

HeV and NiV are classified as Biosafety Level (BSL)-4 pathogens because of the high mortality rates associated 
with infection, the lack of effective medical countermeasures, and the ease of transmission. In addition to causing 
morbidity and mortality as a naturally acquired infection, HeV and NiV are also categorized as Category C priority 
pathogens by several US Government agencies because of the concern for deliberate misuse. Along this line 
NIVM and NiVB cause lethal infection in nonhuman primates (NHPs) when delivered by small particle aerosol18,19. 
Importantly, NiV and henipaviral diseases were recently included on the World Health Organization’s (WHO) 
Blueprint List of Priority Pathogens20 while NiV was also included on the Coalition for Epidemic Preparedness 
Innovations (CEPI) list of Priority Diseases21. As a result of the unprecedented global pandemic of COVID-19 
there is heightened concern regarding respiratory pathogens. Consequently, in March of 2020 the US CDC 
recommended that NiV be added to the list of Tier 1 Select Agents22. Characteristics of NiV enhancing its global 
pandemic potential include: humans are susceptible; NiV is capable of person-to-person transmission; it is an 
RNA virus with potential to mutate, and if a human-adapted strain were to infect communities in South Asia, high 
population densities and global interconnectedness would rapidly spread the infection23. 

Currently, there are no approved human vaccines or therapeutics for NiV or HeV disease. While substantial 
progress has been made in developing preventive vaccines against NiV and HeV24-29, with a soluble glycoprotein-
based vaccine in Phase I clinical trials30, the development of postexposure treatments has lagged behind. A 
variety of antiviral therapies have been explored to combat NiV and HeV infection with some assessed in animal 
challenge models, including ribavirin, chloroquine, polyIC12U, and heptad peptide fusion inhibitors but all with 
none to limited effectiveness31.  The most effective postexposure treatments identified to date that have been 
assessed in the gold standard African green monkey (AGM) models have been remdesivir32 and the human 
monoclonal antibody (mAb) m102.433-35.  Remdesivir was shown to completely protect AGMs from lethal NiVB 
disease when treatment was initiated 24 hours after virus exposure and before the onset of viremia or clinical 
disease.  The human mAb m102.4, which targets the henipavirus G glycoprotein, has shown more promise in 
the AGM model.  Specifically, m102.4 completely protected AGMs against HeV or NiVB when treatment was 
initiated beginning 3 days after virus exposure33,35 and against NiVM when treatment was initiated as late as 5 
days after virus exposure34.  In addition, m102.4 has also been employed under compassionate use protocols 



to treat HeV patients in Australia and a potential exposure in the US30. However, while m102.4 completely 
protected AGMs when initiated beginning 5 days after exposure to NiVM it was unable to protect any AGMs when 
initiated beginning 5 days after exposure to NiVB

35 supporting views that NiVB is more pathogenic in humans and 
AGMs. Importantly, while NiVM causes disease and lethality in AGMs it is not uniformly lethal while NiVB causes 
uniform lethality in AGMs under the same test conditions35. A current major gap in preclinical postexposure 
treatment studies is the lack of any antiviral modality to show protective efficacy in animal models when treatment 
is initiated at the onset of clinical signs for HeV and NiVB or at more advanced stages of clinical illness. 

Henipaviruses have a negative sense, single-stranded RNA genome that is 18,234 nucleotides in length for 
HeV36, 18,246 nucleotides in length for NiVM

37 or 18,252 nucleotides in length for NiVB
17. The genome consists 

of six genes, namely, N, P, M, F, G and L36,37. The N gene encodes the nucleoprotein that is essential for genome 
replication and packaging38. The P gene encodes the phosphoprotein (P), which is essential for genome 
replication38, and three additional proteins termed C, V, and W that appear to have pathogenic roles39. The M 
gene encodes the matrix protein that is required for viral particle formation and budding40,41. The F gene encodes 
the fusion protein that allows for fusion of the viral and host cell membranes in viral entry42. The G gene encodes 
the glycoprotein, which is the viral attachment protein that recognizes the host ephrin-B2 and ephrin-B3 receptors 
expressed on a variety of cell types including endothelial cells, neurons, pulmonary alveolar Type 
II epithelial cells, and dendritic cells that are highly conserved among many mammalian species43-45. The L gene 
encodes the large viral RNA-dependent RNA polymerase9,37. All of these genes and gene products serve as 
potential targets for therapeutic interventions. This proposal focuses on developing antivirals that can provide 
broad protection against all medically relevant henipaviruses by 1) developing and optimizing small interfering 
RNAs (siRNA) directed against genes important for henipavirus replication and assembly; 2) developing and 
optimizing small molecules inhibitors of the henipavirus replication complex; and 3) combining the most 
promising antivirals for improved antiviral efficacy over that seen with an individual therapeutic. 

(b) Innovation. 
siRNA and LNP. siRNAs are powerful, sequence-specific reagents able to suppress gene expression through 
the process of RNAi. The siRNA approach described in this proposal provides a significant new antiviral strategy 
that enables targeting of multiple viral genomes and virally-derived mRNA molecules. Development and 
optimization of this technology has the potential to lead to an effective “one-stop” treatment against NiV and 
HeV. Genevant’s liver targeting LNP platform is a clinically validated technology that enabled the FDA approval 
of the first RNAi drug (Onpattro™)46. They have shown promising results in clinical trials targeting hepatitis B 
virus, and more recently been successfully deployed in clinical trials for mRNA-LNP vaccines designed against 
SARS-CoV-2 with Pfizer recently obtaining US FDA licensure. Moreover, in a previous collaboration with UTMB 
Genevant (formerly Arbutus) developed LNP-siRNA therapeutics that demonstrated complete protection against 
Ebola, Sudan, and Marburg viruses in guinea pigs and NHPs47-53. As with this proposal, that work began with 
siRNA screening and lead identification, progressing through to proof of concept studies in NHPs during a 5 year 
term. siRNAs have also shown in vitro efficacy against henipaviruses54,55. Together, these results strongly 
support the applicability of an siRNA-LNP approach to addressing pathogenic henipaviruses.  

siRNA Delivery. Genevant’s technology platform is based on specialized lipid nanoparticles (LNP) capable of 
efficient encapsulation and delivery of nucleic acids (Figure 1). LNP are comprised of a proprietary combination 
of various lipid components and novel cationic lipids56. The spontaneous vesicle formation process is highly 

efficient, and typically 90-95% of the siRNA are encapsulated 
within these lipid particles. The resulting LNP are filter-sterilized, 
and ready-for-injection vials can be stored refrigerated for many 
months. LNP particles are 50-90 nm in diameter and serum 
stable, rendering them suitable for parenteral administration. In 
addition, the feasibility of pulmonary delivery of nucleic acid 
payload with LNP has been demonstrated by our group and 
others57-59. The small size of LNP allows them to be entrapped in 
aerosolized droplets that can easily be deposited deep in the 
lungs. Thus, LNP provide a means of transporting nucleic acid 
drugs to the appropriate target tissues and target cells in a much 
more efficient and pharmacologically active manner than is 
achieved by administering the nucleic acid alone. It does this by: 
1) providing protection from nuclease degradation in the 

bloodstream, 2) permitting administration via several different routes; 3) allowing accumulation in target tissues 
and 4) providing a means of siRNA entry into the cellular cytoplasm for RNAi activity. The LNP delivery platform 

 
Figure 1. Schematic of LNP. 



can be readily adapted as needed to target new or divergent agents by incorporation of different siRNAs, and 
the delivery of multiple siRNAs (a "cocktail") within a single LNP is a powerful tool for targeting different critical 
nodes within a single disease or to enable broad spectrum antiviral activity.  

Henipaviruses have a broad cellular tropism. The early targets of NiV and HeV infection are respiratory epithelial 
and endothelial cells60,61. Multiple sources of data indicate that LNP are effectively delivered to these cells in 
preclinical species57-59. Genevant has demonstrated that LNP lipid components can be designed and combined 
in a rational manner to modulate the pharmacology of the resulting particle, allowing optimization of formulations 
for new applications62,63. LNP pharmacology is particularly influenced by the polyethylene glycol (PEG)-lipid and 
cationic lipid structures and content. Changes to the LNP bilayer have provided up to 10-fold improved target 
knockdown in rodents and NHPs64. Engineering of lipid components should also allow redirection of LNP to other 
cells, including extra hepatic. Genevant has already developed LNP formulations that can withstand nebulization 
for delivery to the airway epithelium, and further optimization should enhance delivery efficiency. 
Immunostimulation. Many types of nucleic acids, including siRNAs, are potent activators of the mammalian 
immune system65. Immune activation represents an undesirable side effect due to the toxicities induced by 
unwarranted cytokine expression and inflammation. The potential of siRNA-based drugs to activate the immune 
system and elicit downstream effects such as antibody responses is an area of concern in the evaluation of both 
safety and efficacy. These responses to nucleic acids may further be amplified through the use of delivery 
vehicles that facilitate the cellular uptake of the siRNA (such as LNP). Genevant’s work developing siRNAs for 
therapeutic applications has shown that siRNA chemical modifications confer nuclease resistance and prevent 
recognition of siRNA by the innate immune system66. These chemically modified siRNAs have improved 
tolerability and reduced off-target effects (relative to siRNAs composed of native RNA chemistry) in an animal 
model of hepatitis B infection67. Genevant’s “minimal modification” strategy involves the incorporation of 2’-OMe 
nucleotides into siRNAs - this approach has been demonstrated to abrogate the induction of the immune 
response and associated toxicities in primary human cell cultures, mice and NHPs, indicating the preservation 
of the inhibitory mechanism across species68. 

Preliminary studies.  
b.1 Design of Specific siRNAs Using Bioinformatic Algorithms. Genevant is experienced in designing active 
and specific siRNAs for targets using the Whitehead site (http://jura.wi.mit.edu/bioc/siRNAext/) based on 
thermodynamic criteria, known to be a major factor in siRNA efficacy. We have successfully designed siRNAs 
targeting both endogenous and viral genes using this method50-54,69,70. Recently, we have improved our design 
by adopting a proprietary bioinformatic algorithm with more advanced off-target analysis for higher specificity. 
This algorithm allows off-target sequence alignment with all known transcripts for a given species. It also 
compares the seed region of siRNAs with known microRNAs for evaluating potential microRNA-like off-target 
effects. In addition, single nucleotide polymorphism (SNP) will also be investigated for each of the nucleotide in 
the siRNA to estimate potential loss of activity risk. Using this algorithm, we have successfully identified active 
siRNAs in vivo for multiple programs. In this research project, we will apply our siRNA design experience to 
identify specific siRNA candidates for NiV and HeV. 
b.2 In vitro Screen of Virus Targeting siRNA with Dual Luciferase Reporter (DLR) Assay. In vitro screening 
of antiviral siRNAs is challenging with live viral infection models, particularly for viruses in Risk Groups 3 or 4 
that requires specialized facilities for handling. The DLR assay has been identified as an effective strategy to 
enable early-stage siRNA screening that mitigates this risk. This nonviral screening system involves transfection 
of plasmid vectors for firefly and Renilla luciferase. The viral gene fragments containing the siRNA targeting sites 
will be inserted between the two luciferase genes. siRNA knock down of target mRNA is reflected by a 
concomitant decrease in the (downstream) Renilla luciferase luminescence, which is normalized to 
luminescence produced by firefly luciferase (itself a measure for cell transfection efficiency). Genevant 
harnesses this assay for multiple antiviral siRNA screen efforts such as HBV, Ebola, Marburg, etc. In this 
research proposal, we will synthesis luciferase reporter constructs containing the NiV and HeV viral gene targets 
and screen designed anti-NiV/HeV siRNAs using DLR assay.  
b.3 Delivery of Luciferase mRNA LNP via Aerosolization. The aerosolized approach is complicated by the 
mucosal barrier of the respiratory epithelium, which facilitates ciliary clearance of foreign particulates. LNP 
typically comprise four lipid components: an ionizable lipid, a PEG-conjugated lipid, cholesterol, and a 
phospholipid. To identify an initial LNP for delivery to lung epithelium, we employed a nucleic acid reporter 
payload (luciferase mRNA) and tested different combinations of each for their ability to withstand nebulization 
(PennCentury microsprayer) and impart functional delivery and expression of the nucleic acid payload. 
Luciferase biodistribution was visualized by luminescence imaging (Figure 2) and activity was assessed with a 
luciferase enzymatic assay (Figure 3). We found that variations in the identity and proportions of the lipid 



components strongly influence the ability to mediate delivery. LNP 
F demonstrated localized expression in the lung, with high 
luciferase activity in this target organ compared to the liver. In 
later studies, we moved from intratracheal (i.t.) delivery to 
nebulization (Aerogen Aeroneb Solo device). Nebulizers are 
commonly used for the treatment of respiratory diseases because 
of their ability to disperse drug formulations into small aerosol 
droplets that are inhaled into the airway through a mouthpiece. 
Animals in these studies were exposed to LNP in a nebulization 
chamber. Luciferase expression was predominantly reported in 
the lung, whereas i.t. administration (Penn Century) often resulted 
in expression in the airway bifurcation. IVIS whole body imaging 

showed localized distribution of luciferase in the lung 
following nebulization (Figure 4). Although 
bioluminescence differed visually between left lung (1 
lobe) and right lung (4 lobes), we confirmed that both 
lungs have similar luciferase activity. Furthermore, 
we hypothesized that rapid clearance would improve 
tolerability profile of the LNP formulation. Thus, we 
designed and used biodegradable lipids with 
structural motifs that are rapidly hydrolyzed to 
facilitate rapid clearance. As confirmed by Mass 
Spectrometry (MS) analysis, very low levels of the 
parent ionizable lipid were present in the lungs at 6h 
and 24h post-nebulization (Figure 5). 

Delivery of siRNA LNP via intravenous 
administration to target specific cell 
types in the liver. Although our work with 
lung delivery has been focused on delivery 
to the lung epithelium, we have 
demonstrated in another application that 
LNPs can be designed to selectively target 
different cell types in the liver following 
intravenous (i.v.) administration. As an 
example, we have developed LNPs that 
target hepatic stellate cells (HSCs) in the 
liver and demonstrated that they accumulate 
to a much lesser degree in hepatocytes (the 
usual target of LNP in the liver). A sustained 

12-month screening effort of our proprietary lipids and compositions resulted in the identification of LNP M3, a 
considerably more effective formulation for silencing the HSC-specific gene target RELN. It showed minimal 
activity against hepatocyte (TTR) or endothelial cell (TIE-2) targets (Figure 6). Conversely, LNP A is far more 

effective for targeting hepatocytes and LNP G was effective against 
all 3 cell-specific gene targets. A similar screening approach could 
be used to identify LNP compositions that target the lung 
endothelium, using TIE-2 siRNA.   
b.4. Antiviral drug discovery. Antiviral drug discovery for HeV and 
NiV has been significantly hampered due to requirements of BSL-4 
containment. However, the recently discovered Cedar virus (CedV), 
which shares significant homology to both NiV and HeV and the 
third member of the Henipavirus genus, has allowed us to 
circumvent the BSL-4 requirement for henipavirus drug discovery, 
because CedV is not known to be zoonotic and has been shown to 
be nonpathogenic in animals susceptible to HeV and NiV disease, 
and thus designated as a BSL-2 agent. We have recently optimized 
a recombinant CedV encoding luciferase (rCedV-Luc) for high-

 
Figure 2. Ex vivo imaging of tissues from 
animals treated with PBS, a lung-directed, or 
liver-directed LNP. 

 
Figure 3. Example of a formulation screen in naïve mice. 

 
Figure 4. IVIS whole body imaging of mice at 6h following 
aerosolized delivery of luciferase mRNA LNP. 
 

 
Figure 5. Clearance of parent ionizable 
lipid following aerosolized delivery to mice. 



throughput screening (HTS) applications and performed a pilot HTS to identify small molecule inhibitors using 
the recombinant CedV71. Importantly, several small molecule inhibitors (Figure 7) have been validated in vitro 
using infectious HeV and NiV in the BSL-4 facility, demonstrating the proof-of-concept feasibility of using this 
CedV-based surrogate HTS platform for inhibitor screening against HeV and NiV, and providing a strong 
foundation for the current drug discovery project. Particularly, our furopyrimidine-based hit Z2 was found to have 

an EC50 value of 0.5 µM. In 
Table 2 are shown 
additional inhibitors in the 
furopyrimidine series that 
we identified from a 
focused screening 
campaign, which allowed 
us to develop some initial 

structure-activity 
relationships (SARs). In 

the Research Plan we discuss methods for the preparation of new compounds in each series as well as specific 
plans for developing the SARs. Our recombinant CedV HTS system will be used to support Aim 2. 

b.5. Combination therapy. Combining antiviral drugs with different 
mechanisms of action is one possible strategy for limiting drug 
resistance and may have 
synergistic or additive 
effects that can improve 
outcome. Combination 
therapies became a 
standard of care for 
treating HIV and HCV 
infections and have been 
more commonly used to 
treat chronic viral infection.  
However, we recently 
showed that a combination 
of a polymerase inhibitor 

(remdesivir) with a human mAb targeting a surface glycoprotein had 
a substantial and statistically significant effect in extending the therapeutic window for treated Marburg virus 
infection of NHPs72.  In brief, rhesus monkeys are protected against lethal Marburg virus infection when treatment 
with either a human mAb (MR186-YTE; 100%), or remdesivir (80%), is initiated 5 days post-inoculation (dpi) with 
Marburg while no animals survive when either treatment is initiated alone beginning 6 dpi. However, by 
combining MR186-YTE with remdesivir beginning 6 dpi, significant protection (80%) is achieved, thereby 
extending the therapeutic window. This new data shows that combination therapy may also have utility against 
acute viral infections. 

(c) Approach 

Research Strategy: 
Respiratory epithelial cells, endothelial cells, and neurons are important cellular targets of NiV and HeV73-88. In 
addition, dendritic cells and macrophages can be infected and disseminate henipaviruses79,86. Temporal studies 
in animal models show that henipaviruses initially infect respiratory epithelium, spread to other cells such as 
endothelial cells, and eventually to neurons75,76. Once henipaviruses infect neurons therapeutic intervention is 
difficult. A goal of Aim 1 is to develop siRNAs that can target henipavirus genes associated with replication and 
assembly and deliver these siRNAs to primary cellular targets in order to slow the ability of henipaviruses to gain 
access to the CNS and improve survival. In addition to liver-based targets and indications, Genevant has been 
working to expand LNP delivery to extrahepatic tissues, including lung. Here we will seek to apply these 
advances, identifying potent and cross-species active NiV/HeV targeting siRNAs for pulmonary delivery to both 
endothelium and epithelium. Aim 2 is focused on replication complex inhibitors. Some of these inhibitors will be 
developed within this project while other antivirals will be provided by Arbutus and Gilead. Currently, Arbutus has 
actively engaged in the discovery and development of broad spectrum small-molecule inhibitors against the 
RNA-dependent RNA polymerase of coronaviruses, including that of SARS-CoV-2. Since the active site of these 
viral enzymes can be highly conserved, antiviral compounds discovered from this program may also exhibit 

Table 1. Validation of rCedV-based HTS 
assay hits for inhibition of NiVB. 

 

Hit 

CedV  
(293T) 

CedV  
(Vero) 

NiVB 
(Vero) 

IC50 

(µM) 
CC50 

(µM) 
IC50 

(µM) 
CC50 

(µM) 
IC50(µM) 

Z1 0.70 100 2.1 100 3.3 

Z2 0.78 37 13.2 100 0.5 
 

 
Figure 7. Inhibition of NiVB replication 
Vero 76 cells measured by virus titer 
reduction assay (% infection relative to 
the DMSO control). 

 
Figure 6. Gene silencing in different cell types following IV administration of LNPs. 
 



inhibitory effect across multiple RNA viruses. Representative compounds from the different sub-series will be 
evaluated by the HTS Core for antiviral effect against henipaviruses. Confirmed hits will be elaborated to develop 
SAR, with assistance from structure-based computational modeling. Lead compounds with promising antiviral 
and pharmacokinetics profiles will be progressed into testing against viral infection in animal models to determine 
in vivo efficacy. 

Aim 1. Develop and optimize siRNA for protection against Hendra and Nipah viruses. We have three Subaims 
under Aim 1 that together are focused on the development of broad spectrum, non-immunostimulatory siRNAs 
targeting NiV and HeV genes associated with replication and assembly. They will be encapsulated in a single 
LNP to form a postexposure therapeutic and tested in hamsters and NHPs for protection against NiV and HeV. 
We will first identify the most efficacious siRNAs against four different genes (L, N, P, M) of one or more NiV 
and/or HeV strains (Subaim 1.1). These will subsequently be combined into a tri- or quadripartite siRNA cocktail 
to confer activity against potential mutations of the virus. siRNAs displaying the strongest anti-NiV/HeV activity 
will be incorporated into selected novel LNP to enable their delivery to the lung endothelium and/or epithelium. 
In parallel, we will select and formulate a shortlist of novel lipid compositions for lung delivery (both intravenously 
to endothelium and aerosolized to the epithelium) (Subaim 1.2). Emphasis will be placed on those with proven 
high potency in other applications and biodegradable functionality to provide the best tolerability profile. LNP will 
be screened in naïve rodents using model siRNA (TIE2 for endothelium, e-Cadherin for epithelium). The best 
LNP will be combined with the NiV/HeV siRNA from Subaim1.1 and assessed in hamsters and NHPs challenged 
with NiV and HeV (Subaim 1.3). 
1.1. Design and In vitro screening of siRNAs targeting NiV/HeV L, N, P and M proteins. The goal of Aim 1 
is to design, screen, and select lead siRNAs targeting NiV and HeV viral genes. siRNAs targeting each viral gene 
will be designed using bioinformatic algorithms and screened through in vitro dual luciferase reporter (DLR) 
assays. 2’-OMe chemical modifications will be applied to the lead siRNA candidates to mitigate 
immunostimulatory effect while maintain the gene silencing potency. siRNAs targeting the conserved regions of 
viral genes will be prioritized for candidates down selection. For viral genes with short sequence length and low 
homology between NiV and HeV or among different viral strains in the same species, siRNAs targeting one or 
more dominant strains will also be screened as potential cocktail component. The viral gene targets we selected 
include the L pol (L), which provides the RNA-dependent RNA polymerase activity of the polymerase complex, and 
which is necessary for all viral RNA synthesis. The second target is the nucleocapsid (N) protein that facilitates the 
functional transition of the viral polymerase from a viral transcriptase to a viral replicase during viral replication. In 
addition, the polymerase cofactor phosphoprotein (P) and virion budding coordinator matrix protein (M) are also 
promising anti-NiV/HeV targets. Design of siRNAs targeting NiV/HeV L, N, P and M proteins. Using proprietary 
bioinformatic algorithms, siRNA will be designed targeting NiV/HeV L, N, P and M genes. Viral gene sequences 
of all clinically relevant NiV and HeV species will be obtained from NCBI Entrez viral genome sequence 
databases. If available, conserved regions of each viral gene will be identified for siRNA design. For viral genes 
with low cross-species homology, the sequence from dominant clinic species will be used. The siRNA targeting 
specificity will be assessed by aligning with human, NHP and rodent transcriptomes and seed sequence 
comparison with known human, NHP and rodent microRNAs. Specificity of both sense and antisense strand will 
be analyzed. In vitro screening of unmodified NiV/HeV siRNA. For each gene target, a pool of 48 of 
bioinformatically designed siRNA candidates with high specificity will be synthesized for in vitro activity screening 
using DLR assay. This nonviral screening system involves transfection of plasmid vectors for firefly and Renilla 
luciferase. The viral gene fragments containing the siRNA targeting sites will be inserted at the 3’ end of Renilla 
luciferase gene. siRNA knock down of target mRNA is reflected by a decrease in Renilla luciferase luminescence, 
which is normalized to luminescence produced by firefly luciferase (itself a measure for cell transfection 
efficiency).  Two rounds of screening will be performed, including a 2-concentration initial screen for all 
candidates and a subsequent 10-concentration dose response comparison for the top 12 candidates. The most 
active siRNA candidates will be selected for chemical modification optimization. Chemical modification 
optimization for lead siRNA. Through our research at Genevant, we have determined that 2′-OMe 
modifications to both sense and antisense strands yields viable and effective siRNAs without any induced 
toxicity, cytokine induction or off-target effects59,62. In this Aim, we will modify 3-6 best unmodified siRNA 
performers (Subaim 1-2) for each viral gene. For each parental siRNA sequence, 5-10 different modification 
patterns will be tested. The activity of modified siRNAs will be tested using DLR assay. The suppression effect 
on immune stimulatory will be verified using human whole blood assay. The siRNAs (single siRNA or siRNA 
cocktails) will be formulated into the lung targeting LNP and incubated with heparinised human whole blood for 
24 h, followed by plasma isolation. Cytokine and/or chemokine levels will be quantitated using commercially 
available assays. In addition to assessments in human whole blood, modified siRNAs will also be administered 



to ICR mice and assessed for the production of IFN-α and IFN-β and IFN-induced protein with tetratricopeptide 
repeats (IFIT1) mRNA as has been done previously51. Efficacy testing of siRNA candidates against live 
henipavirus infection. Antiviral activity of the LNP-encapsulated siRNAs will be evaluated against live NiVB, 
NiVM, and HeV infection. In brief, human airway epithelial and endothelial cells or Vero cells will be infected with 
different strains of NiV and HeV as described previously80,83,85,88. One hour post-infection, cells will be treated 
with individual anti-NiV/HeV siRNAs. Culture fluids will be harvested at various times after challenge (e.g., 24, 
48, 72, 96 hours) and assayed for the presence of infectious NiV and HeV by conventional plaque assay and by 
quantitative RT-PCR73,74. Non-targeting luciferase siRNA will be used as a control in all assays. 
1.2. Identify novel LNP compositions for lung specific-siRNA delivery in naïve mice. In parallel with Subaim 
1-1, we will screen and select one or more LNP lipid compositions with potent and specific delivery to the lung 
endothelium and/or epithelium in naïve mice. Through our previous research, we have demonstrated functional 
nucleic delivery (luciferase mRNA) to the lung epithelium via nebulization, with minimal expression in the liver. Our 
current benchmark lung formulation exhibits rapid clearance and great stability, withstanding shear forces generated 
during aerosolization. Furthermore, we have demonstrated the ability to design LNP compositions that specifically 
target different cell types in the liver following intravenous administration. We will leverage this combined experience 
to identify a potent LNP formulation for i.v. delivery of siRNA to lung endothelium, and/or for aerosolized delivery to 
the lung epithelium. Genevant has designed a library of advanced lipid components that have been engineered 
to clear shortly after administration. This biodegradable functionality results in improved tolerability, while 
maintaining high potency in vivo. Initial screening of these novel lipids for lung specific delivery will utilize model 
siRNAs (e.g., TIE-2 to target endothelial cells and CDH1 to target epithelial cells) and will take place in a naïve 
mouse model. Screen novel lipids for lung siRNA delivery in naïve mice. The goal is to design, screen, and 
select novel lipids and LNP compositions to be used for delivery of a cocktail of model siRNAs (e.g., TIE-2 and 
CDH1) to the lung endothelium via i.v. administration, or to the lung epithelium via aerosolized delivery. Initial 
screening of these novel LNP will take place in a single dose naïve mouse model and will comprise four rounds 
of LNP screening; each round will consist of PBS + 9 novel LNPs. Since there are two routes of administration, 
the same 9 LNP formulations in each round of screening (encapsulating both TIE-2 and CDH1) will be 
administered i.v. (in one study) and aerosolized (in a separate study). In total eight mouse studies conducted in 
this phase. LNP specificity will be evaluated using model siRNA specific to endothelial cells (e.g., TIE-2) or 
epithelial cells (e.g., CDH1). Activity of these formulations in the lung tissue (versus other tissues) will be 
determined by measuring mRNA knockdown using the QuantiGene 2.0 Assay (QG 2.0) assay. After four rounds 
of screening, the top 5 LNP compositions will advance to a dose response study (at 3 dose levels) to rank 
potency and assess tolerability. Tolerability of these formulations will be assessed by cytokine (e.g., MCP-1, IL-
6) ELISA assays and clinical pathology analysis. The top three formulations will advance to the next phase based 
on their activity and tolerability profiles. Dose response/tolerability studies. The three lead LNP candidates 
selected from the initial LNP screens will be evaluated for dose responsiveness and tolerability at three dose 
levels. Activity will be measured by mRNA knockdown and tolerability will be assessed by clinical pathology, 
cytokine induction, and anti-PEG antibody responses. Duration of action/repeat dose tolerability studies.  The 
three lead LNP candidates selected from the initial LNP screens will also be evaluated for duration of activity 
and repeat dose tolerability at an appropriate dose level selected from the dose response study above. Duration 
of activity (measured by mRNA knockdown over a time course) will be determined following single dose i.v. 
administration or aerosolization in naïve mice. Repeat dose tolerability will be assessed by clinical pathology, 
cytokine induction, and anti-PEG antibody responses. Rate of lipid clearance/accumulation will also be 
determined in this study. Frequency of siRNA LNP administration will depend on duration of activity results and 
will provide informative data for subsequent studies in viral challenge models where LNPs may require repeat 
dose administration. The best formulations (based on their activity and tolerability profiles) will advance to further 
assessment in naïve hamsters. Evaluate translation of results in naive hamster model. To ensure translation 
of results from the mouse to hamster model, we will perform a final LNP evaluation of the top three LNP 
candidates in naïve hamsters. Based on the activity and tolerability results in naïve hamsters, three lung targeted 
LNP compositions will be selected and combined with lead siRNAs (Subaim 1-1) for evaluation in the HeV and 
NiV hamster models at UTMB in the Geisbert Lab (Subaim 1-3). 
1.3. Assessing anti-NiV/HeV activity of LNP-siRNA cocktail therapeutics in preclinical species. Lead 
siRNA sequences and LNP compositions resulting from Subaims 1 and 2 will be tested for efficacy in a series of 
hamster viral challenge studies against NiV and HeV. Cocktails of different siRNA candidates will be formulated 
to lead LNP compositions. Infected hamsters will receive treatment of LNP-siRNA cocktails via i.v. injection 
and/or aerosol delivery, starting at different time points post-infection to assess protective efficacy. In vivo 
testing of anti-NiV/HeV LNP-siRNA cocktails in NiV/HeV infected hamsters. Cocktails of chemically 



optimized siRNA leads from Subaim 1-1 will be formulated to LNP composition leads from Aim 1-2. The in vivo 
activity of these LNP-siRNAs will be tested in a series of hamster infection studies. In brief, animals will be 
randomized to multiple study groups (n = 5 per group) and intranasally (i.n.) inoculated with ~ 5x10^6 PFU of 
NiVB or HeV75,89-91. Animals will then be treated with anti-NiV/HeV LNP-siRNAs by i.v. injection (starting at 1 
mg/kg) and/or aerosol delivery, beginning ~ 1 hour after virus challenge, and continuing daily for up to 6 days 
after exposure. The control animals will be treated in parallel with an equivalent dose of a non-targeting 
Luciferase LNP-siRNA. siRNA antiviral efficacy will be assessed by several methods, including weight loss, 
temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be 
optimized in later studies. siRNA candidates showing the most protection will be selected for assessment in 
NHPs. In vivo testing of anti-NiV/HeV LNP-siRNA cocktails in NiV/HeV infected nonhuman primates. A 
final proof of concept study will be performed in NHPs using the LNP-siRNA candidates providing best protection 
against NiV/HeV infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated i.t. and i.n. with 
a uniformly lethal challenge dose (~ 2.5x105 PFU per route, ~ 5x105 PFU total dose) of NiV or HeV as described 
previously29,35. The treatment groups (consisting of five animals each) will be treated with an anti-NiV/HeV LNP-
siRNA candidate (1 mg/kg) by bolus i.v. infusion up to 5 days after viral challenge (initiation time informed by 
hamster studies) while a control animal will receive an equivalent dose of non-targeting Luciferase LNP-siRNA. 
Animals will receive six additional daily treatments of the anti-NiV/HeV LNP-siRNAs. The siRNA antiviral efficacy 
will be assessed by several methods, including respiration quality, physical appearance, clinical pathology, 
viremia (nasal swabs and blood), and survival. 

Aim 2. Develop and optimize replication complex inhibitors against Hendra and Nipah viruses. Toward this Aim 
we will 1) further develop remdesivir in NHPs; 2) perform large scale screening of small molecule libraries (up to 
100,000 compounds) using an optimized HTS platform; 3) confirm, analyze, and validate hit compounds with 
infectious HeV and NiV in vitro, and rank according to their antiviral potency and cytotoxicity; 4) chemically 
optimize the lead compounds and construct useful Structure-Activity Relationships (SAR); 5) evaluate the most 
potent lead compounds with infectious HeV and NiV both in vitro (5-10) and in vivo (2-5); 6) perform mechanism 
of action (MOA) studies to determine the targets of these lead compounds using an integral approach of 
biochemical, biophysical, biological, and structural techniques; and 7) identify the best lead compounds with 
good oral bioavailability as candidates for an IND study. In addition, antivirals from Arbutus and Gilead funneled 
in from the HTS Core will be assessed in vitro and in vivo against infectious HeV and NiV. 
2.1. Optimization of remdesivir in AGMs. A previous study showed that administration of remdesivir beginning 
one day after exposure of AGMs to NiVB completely protected the animals against lethal disease32. While the 
results of this work are encouraging the treatment was initiated very shortly after infection before any animals 
showed clinical signs of illness. The goal of this Subaim is to better define the therapeutic window of remdesivir 
in AGMs, i.e., can remdesivir still protect AGMs against henipavirus disease if administered at or after the onset 
of clinical illness? A group of six AGMs will be challenged by combined i.t. and i.n. routes with a lethal challenge 
dose (~ 2.5x105 PFU per route, ~ 5x105 PFU total dose) of a low passage (p2) NiVB isolate as previously 
described29,35. At day 4 after NiVB infection (when AGMs begin to show signs of clinical disease) five of the 
animals will be given a 10 mg/kg i.v. loading dose of remdesivir, followed by 5 mg/kg i.v. daily maintenance 
doses 5-15 dpi, for a total of 12 consecutive days of treatment, as previously described32 while a control AGM 
will be treated in parallel with sterile saline. Based on the results, the study will be repeated to further define the 
therapeutic window, e.g., if all five animals treated with remdesivir survive the follow up study will begin treatment 
at day 5 after NiVB infection. Conversely, if any of the remdesivir treated AGMs succumb the follow up study will 
begin treatment at day 3 after NiVB infection. A third study will be done to assess the protective efficacy of 
remdesivir for treating HeV-infected AGMs; test conditions for the HeV study will be the same as the test 
conditions showing the best protection against NiVB. Defining the therapeutic window is not only important in 
terms of translating preclinical animal data to humans but also in regard to combination treatment studies where 
it is important to establish breakthrough for each individual drug to be used in combination approaches in order 
to be able to show a benefit of combining drugs. 
2.2. HTS assay. We will employ our recently published optimized HTS protocol utilizing the recombinant CedV 
system71. Cells preseeded in a 96-well plate at a density of 2.5 x 104 cells per well will be treated with growth 
medium containing either DMSO or selected compound at predetermined nontoxic concentrations for 1 hour at 
37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 and the plate incubated 
for 48 h. Luciferase activity will be examined by reading the luminescent signal using the ENVISION JANUS 
automated workstation (PerkinElmer, Waltham, MA) as per the manufacturer’s instructions. This plate reader is 
integrated directly with the robotic deck so that readings can be made unattended. The data will be normalized 
by the average signal of the negative control wells in each plate. The best inhibitors will be evaluated in HEK293T 



cells and Vero cells in 96-well plates. Cells will be incubated with compounds at a 3-fold serial dilution ranging 
from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 0.01). After incubation at 37 °C for 48 h, 
luciferase activity will be examined by reading the luminescent signal as described above. Sample signals will 
be normalized by signals from the DMSO control wells. EC50 and CC50 values will be calculated by dose-response 
curve fitting with Graphpad prism. These assays will be conducted in the Rong Lab. 
Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). Multiple 
ready-to-use chemical libraries to facilitate drug discovery and drug target identification are curated at the RRC. 
They are available in 96- or 384-well plate formats suitable for HTS. 
AI-Aided Screens for Anti-Henipaviral (Nipah/Hendra) Drug Discovery In collaboration with the MCC at 
Southern Research, artificial intelligence (AI)-aided screens will be utilized for the efficient discovery of novel 
anti-henipaviral agents (Figure 8). Cheminformatics analysis will be performed on the UIC HTS library to remove 
the pan-assay interference compounds (PAINS) based 
on an in-house developed PAINS structure filter. A 
machine learning (ML) model will be used to perform AI-
aided predictions of the phenotypical anti-henipaviral 
activity of non-PAINS compounds. Taking NiV as an 
example, an ML model (via BIOVIA Pipeline Pilot 
platform) will be constructed and trained with the 
already-available phenotypical anti-NiV data of 10K 
compounds from Southern Research database92 as well 
as other anti-henipaviral compounds previously 
identified in PIs’ labs71. Based on our experience of the 
successful development of a SARS-CoV-2 ML model 
using similar algorithm and data size (Core Approach 
Section C1), we expect a NiV ML model of at least 80% 
prediction accuracy to be developed. Subsequently, 
protein-structure-based virtual screens (VS) will be 
performed on the AI-predicted active compounds to 
evaluate their target specificity. For example, two of our top interests are the NiV G glycoprotein (G-gp) and 
polymerase. The G-gp VS will utilize a crystal structure of NiV G-gp93 and a validated VS protocol that we 
previously applied in other antiviral projects94. The VS site will be defined as a pocket at the Ephrin-B3 (entry 
receptor) recognition region on G-gp that is suitable for small molecule binding. To tackle the lack of NiV and 
HeV polymerase crystal structures, the viral polymerase VS will utilize homology models built through an AI-
aided protein structure prediction algorithm95,96. Both the RNA binding cleft and allosteric binding regions will be 
defined as VS sites. Finally, the library for actual HTS will be tailored down to 10K−100K according to both the 
ML and VS predictions. Overall, the AI-aided screens would significantly increase the HTS hit rate of novel 
antiviral chemical matters that are both phenotypically potent and target-specific. 
There are several possible outcomes from the proposed HTS: 1) the majority of the compounds do not exert 
any inhibition on rCedPV infection. That is, the target cells infected with the virions in the presence of these 
compounds give the same levels of luciferase activity as the no compound control (DMSO). These compounds 
will not be further considered; 2) some compounds may enhance entry and infection (Higher Luc). These 
compounds will be noted but will not be characterized further since they are not the focus of this project. 
Nevertheless, we realize that these compounds may have added value in elucidating further details of the entry 
and replication of henipaviruses; 3) some compounds can “inhibit” and these compounds could be active during 
replication (post-entry), on the membrane fusion step during viral entry, or may be toxic to cells. These 
compounds will be the focus of this application, and their effects will be further evaluated. 
Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the 
luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” 
compound after the initial round of screening. To further determine the specificity, a secondary screening 
(counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be 
used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSVG-
mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and 
here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines 
will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition 
(non-potent) will not be actively pursued, while the more potent compounds (potent inhibitor, EC50 less than 10 
µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most 

 

Figure 8. Workflow of AI-aided screens 
 



potent compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and 
Ranking. We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of 
the potent inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be 
tested using the “CellTiter 96 aqueous nonradioactive cell proliferation assay” (Promega, Madison, WI) as 
described previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from 
the screening will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit 
Quality Control and Identity Assurance. The most potent and selective compounds will be analyzed for 
chemical purity (HPLC) to confirm that the compounds have the expected structure (LC-MS, NMR spectroscopy). 
Compounds found to be <80% pure will be purified and retested; compounds found to have incorrect structures 
assigned will be corrected. We will eliminate compounds that are known PAINS98 (e.g., rhodanines aralkyl 
pyrroles, hydroxyphenylhydrazones), or that have reactive functional groups (e.g., Michael acceptors, alkylating 
agents). 
2.3. Evaluation of protective properties of the advanced candidates in the henipavirus infectious assays 

will be done as previously described71. Vero cells will be 
seeded in a 96-well plate at a density of 2 × 104 cells per well 
and incubated at 37 °C overnight. Cells will be incubated with 
a 3-fold dilution series of the selected compounds diluted in 
cell culture growth medium (concentrations ranging from 100 
µM to 0.01 µM) with or without NiV and HeV (200 PFU/mL). 
Infected cells treated with DMSO will serve as controls. At 48 
hpi, viral supernatant will be collected and titrated by plaque 
assay to determine infectious viral titer. Compound only cells 
will be examined microscopically for cytopathic effects (CPE) 
induced by compound treatment. The percent reduction in 
PFU/mL titers in the samples containing compounds will be 
compared to that from parallel cultures with virus and DMSO 

vehicle only. This work will be performed in the BSL-4 facility at UTMB by the Geisbert Lab. 
2.4. Chemical optimization and SAR studies. In the 
initial stages, we will keep most of the molecule of 
interest constant while making well-defined changes in 
substituents. We will initially probe steric and electronic 
factors of the substituents, but more substantial changes 
in the scaffold will be investigated as the structure is 
optimized. By an iterative process of design, synthesis, 
and assay, we will improve the structure, and ultimately 
produce a fully optimized structure. We will also assess 
the cytotoxicity and construct Structure-Toxicity 
Relationships (STR). For potent, specific inhibitors, the 
SAR and STR will diverge at critical points, and we will 
synthesize novel inhibitors with maximized activity and 
minimized cytotoxicity. The SAR plan for optimization of the HTS hit Z2 is exemplified in Figure 9. Substituent 
changes on the core fused scaffold will involve variation of the alkyl groups on the furan ring, as well as adding 
alkyl groups at the 2-position of the pyrimidine ring, to explore the optimum overall size for the core. Note that 

we will be able to use 
these substituents as 
“ADME handles” to 
control the overall 
hydrophobicity of the 
molecules and the 
cLogP values. We will 
also replace the 
oxygen atom in the 
furan with a sulfur 
atom to compare the 
effect of changing the 
furan ring to the larger 

 

Table 2. Actelion OSIRIS calculated parameters for Z2 (compound A) and proposed 
analogs. 

ID R1 R2 R3 R4 R5 cLogP Sol MW 
Druglike- 

ness 
Drug 
Score 

A Me Me H Cl O 4.0 -6.7 384 -0.95 0.23 
B Me Me H F O 3.5 -6.3 368 -2.53 0.27 
C Me Me H Cl S 4.4 -6.8 400 2.01 0.32 
D Me Me H F S 3.9 -6.3 384 0.46 0.39 
E H H H Cl O 3.3 -6.0 356 3.04 0.42 
F H H H F O 2.8 -5.6 340 1.47 0.55 
G H H H Cl S 3.6 -6.0 372 3.70 0.41 
H H H H F S 3.1 -5.5 356 2.14 0.54 
I H H Me F O 3.0 -5.2 354 2.82 0.61 
J H H Me F S 3.3 -5.2 370 3.48 0.60 

 

 

Figure 9. SAR development plan for furopyrimidine Z2. 



thiophene ring. Importantly, we will explore the biological activities of the R- and S-stereoisomers of this racemic 
molecule to determine whether there is differential recognition of these antipodes at the site of interaction in the 
inhibition assays. In addition to evaluating a variety of mono- and disubstituted aromatic rings, we will also 
explore length of the tether connecting these aromatic units to the amide nitrogen atom, knowing that both benzyl 
groups and phenyl groups give rise to active compounds. 

The synthetic route that we envision for the preparation of the furopyrimidines is shown in Scheme 1, as 
illustrated for the optimization of the amide N-substituent for furopyrimidine analogs of compound 1. Starting with 
the commercially available 2-amino-4,5-dimethyl-3-furancarbonitrile (1), treatment with formic acid in 
dimethylformamide will produce the 5,6-dimethylfuro[2,3-d]pyrimidine (2). Conversion of 2 to the corresponding 
chloro compound 3 is accomplished by treatment with phosphoryl chloride. Displacement of the chloro group 
with piperidine-3-carboxylic acid t-butyl ester, followed by removal of the t-butyl ester with trifluoroacetic acid, 
gives key intermediate 4, which can then be elaborated to amides 599. In Table 2 is shown a set of proposed 
compounds related to Z2 (compound A) for which we show parameters calculated using Actelion OSIRIS 
software100. All of the proposed compounds (B through J) show improved druglikeness and drug scores with 
respect to Z2, and therefore represent promising new targets for synthesis and evaluation.  
2.5. In vivo testing of lead compounds NiV/HeV infected hamsters. The in vivo activity of the most potent 
compounds from 2.5 will be tested in a series of hamster infection studies. In brief, animals will be randomized 
to multiple study groups (n = 5 per group) inoculated i.n. with ~ 5x10^6 PFU of NiVB or HeV75,89-91. Animals will 
then be treated by i.v. injection ~ 1 hour after virus challenge. Additional treatments may be given based on PK 
data. The control animals will be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several 
methods, including weight loss, temperature, viremia (nasal swabs and blood), and survival. The treatment 
initiation time points will also be optimized in later studies. Antiviral candidates showing the most protection will 
be selected for assessment in NHPs. 
2.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates. A final proof of concept 
study will be performed in NHPs using the lead candidates providing best protection against NiV/HeV infection 
in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated i.t. and i.n. with a uniformly lethal challenge 
dose (~ 2.5x105 PFU per route, ~ 5x105 PFU total dose) of NiV or HeV as described previously29,35. The treatment 
groups (consisting of five animals each) will be treated with the lead antivirals by bolus i.v. infusion up to 5 days 
after viral challenge (initiation time informed by hamster studies) while a control animal will receive sterile saline. 
Additional treatments may be given. Antiviral efficacy will be assessed by several methods, including respiration 
quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival. 
2.7. Mechanism of action (MOA) studies. Understanding the mechanism of action of the novel inhibitors of 
henipaviruses will help us to prioritize the lead compounds. The following experiments will be performed: 1) 
Determine the impact of compound treatment on viral protein expression and viral RNA levels in rCedV 
infected cells. Confluent HEK293T cells in a 6-well plate will be treated in duplicate with cell growth medium 
containing either DMSO or selected furopyrimidines at a predetermined concentration for 1 h, followed by 
infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 h post infection (hpi) cells will be collected to determine 
viral protein expression by standard western blot techniques or viral RNA levels by quantitative real time 
polymerase chain reaction assays (q-RT-PCR). Subsequent immunoblot with CedV specific antibodies against 
the attachment (G) and fusion (F) that were generated in the Broder Lab. In addition, antibodies to CedV-N and 
CedV-P will be utilized. To determine changes in viral protein expression at the different time points, 
densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-
actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will 
be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific 
TaqMan primer/probe pair targeting the P gene. The one-step reaction will be performed using the Applied 
Biosystems (ABI) 7500 thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold 
changes will be calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control 
samples. We expect to observe a decrease in intracellular viral RNA levels expression with compound treatment 
when compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the 
compounds and the impact of the compounds on viral RNA levels over time; 2) Determine the stage(s) of 
inhibition of furopyrimidines (and quinazolines) in the viral lifecycle. For time of addition studies, HEK293T 
cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 hour at 37 °C, at which time 
the viral inoculum will be removed and cells washed three times with PBS. This will be considered as 0 hpi. 
Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain 
on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious 
viral titers (PFU/mL) by plaque assay37,38. Results from this data will indicate at which stage of the viral life cycle 



the compounds are affecting; 3) Analyze escape mutants against the advanced lead compounds with Cedar 
virus. Escape mutants provide information on potential targets of small molecule inhibitors as well as the 
potential for development of drug resistance in the field. We will generate escape mutant rCedV viruses that are 
resistant to the identified lead compounds and determine the rate at which resistance is developed to our 
inhibitors. In so doing, we will also identify protein coding as well as regulatory sequences that are altered. 
HEK293T cells will be infected with rCedV virus at MOI of 1 in the presence of the lead compounds at 10 times 
the EC50 values of each of the compounds. At 72 hpi, viral supernatant will be passaged in Vero cells at MOI of 
0.01 in the presence of increasing concentrations of compound for >5 passages to obtain the escape mutants. 
The escape mutants will be plaque purified and subjected to whole-genome sequencing. The identified 
mutation(s) will be introduced into the rCedV anti-genome cDNA and upon successful incorporation of the 
mutation, the mutant rCedV will be rescued and sequenced to ensure retention of the introduced mutation. The 
rescued mutant rCedV will be fully characterized as described. 

Aim 3. Develop combination therapy of broad spectrum siRNA-conjugate therapeutics and/or replication complex 
inhibitors against Hendra and Nipah viruses. Different combinations of broad spectrum siRNA therapeutics and 
small molecule therapeutics will be evaluated in hamsters infected with HeV and NiVB. The objectives of these 
studies will be to determine if the combinatorial approach will confer 1) improved antiviral efficacy over that seen 
with each therapeutic alone; and 2) improved efficacy when treatment is initiated either at, or even after, the 
prodromal phase. A combinatorial therapy approach to treat henipaviral infection has several advantages. The 
application of multiple modalities ensures against the development of viral escape mutants, as each of the 
therapeutics target different aspects of viral infection biology. In addition, therapeutic activities may synergize 
and offer greater efficacy in treating henipavirus infection when compared to a therapeutic used alone. 
3.1. Define breakthrough conditions for anti-henipavirus inhibitors in hamsters. This Subaim will employ 
the most promising antivirals from Aims 1 and 2 that are shown to completely protect hamsters against lethal 
henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after henipavirus exposure. The 
goal of this Subaim is to determine the time points of treatment initiation when the antivirals fail to confer 
protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. 
with ~ 5x10^6 PFU of NiV or HeV75,89-91. Treatments will be initiated at various times after henipavirus infection, 
e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters succumb to disease. 
3.2. Combination therapy of anti-henipavirus inhibitors in hamsters. This Subaim will employ the most 
promising antivirals from Aims 1 and 2 where breakthrough conditions have been defined in 3.1. Hamsters will 
be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x10^5 PFU of NiV or HeV75,89-

91. Treatment with at least two different antivirals will be administered beginning at a time point where substantial 
breakthrough was shown in 3.1 for each individual antiviral in 3.1 to determine if combining at least two different 
antivirals improves survival. Groups may be repeated or group sizes increased as needed to obtain appropriate 
statistical power to show the survival benefit of combination therapy. 

General Methods, Scientific Rigor, and Biological Variables Criteria:  All animal studies will be blinded to all 
staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or 
histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which 
compounds were given to which animals until experiments and analysis are completed. We will employ equal or 
near equal numbers of male and female animals and general age (infant or geriatric animals will not be used).  

Pitfalls and Alternative approaches: A theoretical (although unlikely) pitfall for siRNA design In Aim 1 would 
be the inability to identify a potent siRNA against one or more of the four viral gene targets. However, we have 
previously shown that LNP bearing siRNA against just one or two viral genes constitute effective antiviral 
therapeutics in the context of Marburg virus50, and Sudan virus52. Another possible pitfall would the inability to 
identify a LNP formulation that provided sufficient siRNA delivery to the lung. Here, we would switch to an 
alternate siRNA delivery strategy, using a ligand-siRNA conjugate approach. Other groups have shown gene 

silencing in the airway using this type of 
delivery system101. For Aim 2, the proposed 
synthetic derivatives will be synthesized, under 
the guidance of Dr. Gaisina, by MedChem 
Core. If we encounter a synthesis-related 
problem with our primary scaffold compounds, 
we will use an alternate strategy based on a 
different reaction sequence. Should we 

encounter a scaffold-related problem with our furopyrimidines, we will switch to the additional HTS hits71 shown 
in Figure 10 and use them as our backup scaffolds for defining lead compounds for advancement. 

 
Figure 10. Additional HTS hits. 
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SPECIFIC AIMS 

The Administrative Core of the Antiviral Drug Discovery and Development Center-2 (AD3C-2) has a history of 
providing organizational leadership for the current Antiviral Drug Discovery and Development Center (AD3C), a 
NIAID Center of Excellence for Translational Research (CETR). The Administrative Core of AD3C-2 will continue 
to play a key role in leadership, communication, coordination and oversight of the proposed projects and cores 
in this application. Importantly, it will promote collaboration and synergy between the projects. Operationally, it 
is responsible for the fiscal and contractual management of the Center. Further, it organizes such activities as 
meetings among the Scientific Advisory Board (SAB), members composed of at least 5 non-conflicted external 
advisors, the Executive Committee (EC, lead PIs) and, and an annual meeting of all Projects and Cores. In 
addition, it will manage the inter-institutional consortium/contractual agreements. The broad objectives of the 
Core are as follows: 

1. Providing programmatic and administrative leadership
a. Make decisions, specifically “go versus no-go” per discussions with the Executive Committee

(EC).
b. Track and encourage research productivity 
c. Promote interactions and collaboration between Projects and Cores, in particular facilitate

overarching synergy to pursue orally bioavailable broad-spectrum antivirals as well as sharing of
reagents

d. Monitor the direction and overall priorities of the Center
e. Directly interface with NIH staff, consultants, and the Scientific Advisory Board (SAB)

2. Fiscal and administrative management of the center
a. Oversee expenditures, budget information, fiscal reports
b. Manage contracts and the consortium agreement
c. Establish and monitor compliance with federal and NIH regulations

3. Develop, support and monitor progress of projects
a. Manage projects through regular virtual and in-person meetings
b. Organize quarterly project reviews (face-to-face or virtual) by the EC
c. Monitor overall Center research quality and progress annually with the SAB
d. Solicit additional regulatory guidance on an as-needed basis
e. Assist with identification and management of intellectual property developed by projects
f. Manage the ‘Developmental Research’ and ‘Mentored Projects.’ The later will train young

investigators in antiviral drug discovery.
4. Stimulate collaboration and synergy

a. Identify potential areas or topics of collaboration between Projects and Cores
b. Provide and facilitate access to resources needed in the Projects
c. Ensure that all active compounds are cross-evaluated in other Projects
d. Manage a data sharing and project tracking web-based system
e. Encourage public/private partnerships and alternative sources of funding to expedite project

development and translation to INDs
5. Facilitate meetings

a. Host monthly virtual meetings among project teams
b. Organize virtual and in-person meetings of the Project and Core PIs (EC)
c. Organize and implement an annual face-to-face meeting with all involved personnel, including the

SAB
d. Facilitate consulting and other scientific and professional meetings
e. Attend and assist with coordination of the NIH reverse site visit

6. Outreach to the public
a. Maintain a website
b. Manage press releases
c. Assist with scientific publications and ensure grant acknowledgement
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We firmly believe that a strong Administrative Core will be crucial to the success of the AD3C-2. We have brought 
together leading virologists, chemists, scientific advisors, and projects and cores from around the country and 
are confident that the Administrative Core will facilitate communication and collaboration among the PIs. 
Accomplishing the objectives set out above will ensure focus and synergy among the projects, accelerating the 
development of new, and potentially broad-spectrum therapeutics for emerging infections caused by 
coronaviruses, henipaviruses, flaviviruses, bunyaviruses and alphaviruses. With the new Developmental and 
Mentored projects to expand the scope and flexibility of the overall center, we will have new and exciting paths 
to follow. 
 
I ADMINISTRATIVE CORE STRATEGY: 

I.1 RELATIONSHIP OF THE ADMINISTRATIVE CORE TO THE PROGRAM’S GOALS 

The first iteration of AD3C was established as a CETR in 2014 and is driven toward product development of 
broad-spectrum antivirals. Over the years of its existence, we have explored novel targets and defined their role 
in viral biology. Furthermore, we have utilized state-of-the-art screening mechanisms and first-rate medicinal 
chemistry resources to develop novel hit and lead molecules for unmet medical needs. Essential to this process 
has been the involvement of individuals with basic, translational, clinical and regulatory experience, and bringing 
them together in a structured way to ensure progress down the drug discovery and development.  
AD3C and now this iteration, AD3C-2, was modeled after the Alabama Drug Discovery Alliance (ADDA), a 
collaboration initiated in 2008 between the University of Alabama at Birmingham (UAB) and Southern Research 
(SR), and directed by Dr. Richard Whitley – the proposed Program Director/Principal Investigator for this AD3C-
2 application and also Lead of this Administrative Core. Similar to the AD3C-2, the ADDA aims to support the 
discovery and development of therapeutic molecules that address unmet medical needs. It has built on the 
expertise present at both UAB and SR, with several in preclinical lead development and one compound in phase 
I clinical trials. The ADDA has succeeded by emphasizing the use of interdisciplinary teams to achieve the project 
goals. These teams consist of investigators with a wide variety of expertise from both UAB and SR and contribute 
to the program’s success. In addition, individuals from the respective technology transfer offices are an integral 
part of the team in order to guide intellectual property development and any commercial opportunities that may 
arise. Another key member of this Administrative Core is Dr. Stephanie Moore who plays a critical role in 
orchestrating the ADDA. She will be an important go-to for the AD3C-2 teams to facilitate communication among 
teams and directly work with each member of the team for communications, meetings, and progress. She has 
assisted the current AD3C by managing progress and communication among projects and cores as well as the 
NIH. The Core’s Project Oversight Director, Dr. Shi from University of Texas Medical Branch (UTMB), is the 
proposed Co-Program Director/Principal Investigator for this AD3C-2 application. He is an expert in virology, 
drug discovery, and vaccine development with both translational and basic research expertise from academia, 
a public health laboratory, and the pharmaceutical industry. He has extensive experience in leadership, 
mentoring, and has played a major role in the response to the SARS-CoV-2 by quickly developing critical assays 
that enabled Pfizer’s COVID-19 vaccine development. With the experience of these core members, and those 
introduced below, the administrative core will be in a position to support all of the program’s Core and Project 
teams. 
For this new iteration, Antiviral Drug Discovery and Development Center-2, we have structured our program in 
a similar manner as AD3C; however, we have added important new members. The focus of our drug discovery 
screening is biochemical in nature. Briefly, we will continue to use the structure of an interdisciplinary model to 
manage the five proposed research projects and their interactions with the Screening, Medicinal Chemistry, and 
Structural Biology Core. The Administrative Core will organize regular team meetings in which the projects’ 
progress will be discussed, along with the identification of logical next steps. These meetings will provide an 
opportunity to identify potential solutions to encountered obstacles, whether those are resource or expertise 
related. In addition, closely monitoring projects will ensure clarity about when assays are completed and 
compounds of interest have emerged, particularly those of potential interest to all the projects.  The expectations 
of each of the cores will be ensured by the Administrative Core. The Screening Core will provide the expertise 
and platform to develop high-through put screening and assay development for each Project. Further, the 
Medicinal Chemistry Core is one of the most critical aspects of this application. Chemistry from SR, University 
of Southern California, and UTMB with consultation and collaboration of industry partners, Arbutus, Genevant 
and Gilead, through iterative design and AI-assisted modeling, will design compounds optimized to inhibit viral 
replication among all project viral families and also decrease non-specific interactions with host-targets. 
Compounds must have drug-like properties for oral delivery. Since multiple medical chemistry resources are 
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involved, efforts will be co-ordinated by Corinne Augelli-Szafran at SR and monitored by the Administrative Core. 
A critical asset of this program is the new Structural Biology Core, consisting of structural biologists who are also 
virologists. The Administrative Core ensures that each project utilizes the resources within the cores by holding 
monthly meetings among project and Core members.   
Together, our Project PIs and Core leaders have an impressive track record in research productivity, 
collaboration and expertise in drug discovery and development. With our Administrative Core, we plan on 
maximizing utilization of these groups by providing a structured framework in which projects and advanced 
compounds with in vivo antiviral activity can progress as expeditiously and efficiently as possible. 

I.2 ADMINISTRATIVE CORE STRUCTURE 

There are three components to the planned Administrative Core: 1) the Core Personnel who manage day to day 
operations of the Center; 2) the Executive Committee (EC), which is responsible for monitoring progress of the 
Center’s research projects as well as functionality of the Center’s Cores and consists of all project PIs and core 
directors and 3) the Scientific Advisory Board (SAB) consisting of external advisors who will provide additional 
expertise and a high level review of the Center’s productivity and direction on, at minimum, an annual basis; they 
will also be responsible for oversight and selection of the Developmental and Mentored Research Projects. 
Importantly, the SAB will provide ‘go-no-go’ insight on all projects. Regularly scheduled communications between 
these three components ensure timely dissemination of materials, information, data and advice – a detailed 
management plan can be found below under section I.3. 
A key role of the Administrative Core is to support the project teams to guide the planning and progress of each 
individual research Project. In general, the Project teams include the project PI and listed co-investigators, but 
also key individuals from other projects with appropriate expertise, as well as personnel situated in the Screening 
Core, the Medicinal Chemistry Core, and Structural Biology Core. Involving individuals and expertise throughout 
the process help facilitate transferring compounds in and out of the Cores as well as between Projects, since 
personal relationships have been developed over time and individuals will be intimately familiar with the goals 
and details of the respective project. A diagram detailing the relationship of the Administrative Core with the 
Projects and Cores can be found in Figure 1. 

 

Figure 1 Structure of AD3C-2. Overall oversight will be provided by Drs. Richard Whitley and Pei-Yong Shi. 
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I.2.1 Role of Administrative Core Personnel 

Richard J. Whitley, MD – Core Lead (2.4 calendar months) 

Dr. Whitley is currently Distinguished Professor, Professor of Pediatrics, Microbiology, Medicine and 
Neurosurgery, and holds the Loeb Chair in Pediatrics in the Heersink School of Medicine at the University of 
Alabama at Birmingham (UAB).  He has performed translational research for more than 40 years at UAB and 
has focused on antiviral drug development ranging from molecule selection, preclinical toxicology, ADME, animal 
models, resistance assessment, to human studies. Through his contracts from the National Institute of Allergy 
and Infectious Diseases’ (NIAID) Collaborative Antiviral Study Group (CASG), he has directed multi-institutional 
Phase I-III trials in both adults and children that have led to seven NDAs.  In addition, his team has performed 
detailed pharmacokinetic and pharmacodynamic studies on drugs advancing toward licensure for pediatric 
indications (acyclovir for the neonatal HSV and herpes simplex encephalitis, valganciclovir for congenital 
cytomegalovirus infection and oseltamivir for influenza in babies < 2 years of life. As the PI of AD3C-2, Dr. 
Whitley is also the Administrative Core Lead, and will utilize his expertise in managing consortia with multiple 
institutions to ensure appropriate communications between projects and cores and will aid in conflict resolution, 
should any conflicts arise.  

Pei-Yong Shi, PhD – Core Project Oversight Director (1.8 calendar months effort) 

Dr. Shi is the Director for the Institute for Drug Discovery, Vice President for Research Innovation, and 
Associate Chief Research Officer at UTMB. He is an expert in virology, drug discovery, and vaccine 
development with both translational and basic research expertise from academia, public health laboratory, and 
pharmaceutical industry. He served as Executive Director at Novartis Institute for Tropical Diseases from 2008 
to 2015 and has a track record in leading multifunctional teams to develop therapeutic and vaccine products. 
Dr. Shi’s team developed the first infectious cDNA clone and replicon systems for Zika virus and the epidemic 
strain of West Nile virus. His team also developed the first peer-reviewed infectious cDNA clone for SARS-
CoV-2. Together with Dr. Richard Whitley (PI of the AD3C-2 Center), Dr. Shi will be responsible for the overall 
operation of the AD3C-2 Center as well as the oversight of the projects at UTMB.  
 
Stephanie Moore, PhD – Associate Administrative Core Director (3.6 calendar months effort) 
Dr. Moore is Instructor in the Department of Pediatrics, Heersink School of Medicine at the University of 
Alabama at Birmingham. She is also the Associate Director with the Alabama Drug Discovery Alliance (ADDA). 
In that capacity, she interfaces with a wide range of scientists involved in the drug discovery and development 
process, with a focus on projects in oncology, infectious diseases and neurodegenerative disorders. She is 
trained in biochemistry and protein biology and has a broad range of publications in protein post-translational 
modifications and translational studies regarding oxidative lung injury. For both collaborative efforts of the 
ADDA and AD3C, she aids in building Project teams for funded drug discovery grants, facilitates regular 
meetings and helps with communications between UAB and SR. Importantly, she will organize the necessary 
project teams, ensuring the appropriate expertise is represented and will organize and chair the various project 
team meetings. In addition, she will work with AD3C-2’s PIs and Core Lead (Rich Whitley and Pei-Yong Shi – 
see above) and Business Officer (Sarah Dowdy – see below) to achieve the Administrative Core’s objectives. 
These include the organization of all in-person meetings, communication with the EC and SAB, communication 
with NIAID, preparation of relevant documents such as annual progress reports, solicitation and organization of 
scientific review of supplemental research projects.  

Sarah Dowdy – Administrative Core Business Officer (2.4 calendar months effort) 

Ms. Dowdy has 15 years of experience in research administration managing research grants and contracts. She 
is the current AD3C program manager and will oversee the financial and contractual administration of the 
proposed AD3C-2. She has extensive experience with coordination of subcontracts, institutional invoicing, 
federal guidelines related to both grants and contracts and large meeting planning. She will be responsible for 
all budgetary issues including institutional consortium/cooperative agreements, subawards, amendments to the 
budget, invoicing, monitoring spending, and keeping the PI and Executive Committee informed about the status 
of the annual budget. She will be responsible for grants management issues and will aid Dr. Moore (see above) 
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with meeting organization, the annual noncompetitive progress report preparation, and all other proposals related 
to AD3C funding. She will oversee all compliance and federal regulatory requirements of AD3C.  

Other Administrative Staff 

Other Administrative Staff includes Ms. Sara Davis (4.2 calendar months) who is the administrative coordinator 
for Dr. Rich Whitley. Ms. Davis will assist Drs. Whitley and Moore with logistical aspects of meeting scheduling, 
travel arrangements, and organization as well as maintenance of the AD3C-2 website. An additional 
administrative support person (4.2 calendar months) will be on-boarded to assist with the complex program 
management logistics involved in this large program. Support person would be selected for basic skills in note 
taking, time management, communication, and assisting with online submissions. 

I.2.2 Executive Committee 

The Executive Committee will be composed of all Project PIs and Core Leaders and will be responsible for 
monitoring the progress and direction of each project, as well as AD3C-2 as a whole. The EC will meet quarterly: 
one meeting will be held at the time of the annual AD3C-2 meeting in Birmingham, AL, and a second, six months 
following the annual meeting, at a rotating project site or in conjunction with related national scientific meetings 
such as International Conference on Antiviral Research (ICAR). Two additional meetings will be virtual. During 
these meetings, the EC will review each project and core for scientific progress as measured against the 
proposed timelines and milestones, as well as the utilization of financial resources. Additional opportunities for 
collaboration between the projects will be identified.  
EC members will be familiar with the Projects since each member will participate in monthly conference calls 
where all Projects provide a status update. This frequency of communication will ensure that EC members are 
well informed and can make appropriate decisions during their quarterly EC meetings. 
EC members, in addition to the PI’s, Drs. Whitley and  Shi, include Drs. Alec Hirsch, Dan Streblow (Oregon 
Health & Science University), Michael Diamond and Sean Whelan (Washington University), Mark Denison 
(Vanderbilt University), Mark Heise (University of North Carolina, Chapel Hill), Bob Bostwick and Corinne Augelli-
Szafran, (SR), Charles McKenna (University of Southern California), Vineet Menachery, Jai Zhou, Alex Freiberg, 
Tom Geisbert, and Shinji Makino (UTMB), Jamil Saad, and Stephanie Moore (UAB). Our pharmaceutical 
partners will be invited to attend. 

I.2.3 Scientific Advisory Board (SAB) 

We will recruit a Scientific Advisory Board of at minimum 5 non-conflicted advisors with experience in molecular 
virology and biochemistry as well as, importantly, drug discovery and development. Since our Center is engaged 
ultimately in product development, we will have at least two advisors with industry-level expertise in antiviral 
therapeutics and especially those with experience at all levels of drug development. Considering the multiple 
contacts that the various Project and Core Leaders have had with industry throughout their respective careers, 
we do not anticipate any hurdles in identifying appropriate individuals. All proposed members will be vetted by 
NIAID staff. The SAB will complement the EC by providing a high-level evaluation of AD3C-2’s progress and 
successes and will help refine and focus the Center’s activities and direction, particularly as to those projects 
that should be discontinued. The SAB will perform this evaluation annually and will be invited to the EC meeting 
in conjunction with the annual AD3C-2 meeting, in Birmingham, AL. Additionally, their advice will be sought at 
quarterly intervals for appropriate projects.  Of note, appropriate NIAID staff will also be invited to join this 
meeting, should they be able to attend. Prior to these meetings, Projects and Cores will prepare annual reports 
that will be submitted to the SAB for evaluation. Scheduling the SAB meeting at the end of the annual AD3C-2 
meeting will allow the SAB members to attend scientific presentations of the projects that will complement the 
written reports, thus fully informing these individuals about the Projects’ status and direction.   
Annually, NIAID requires a reverse site visit at which time the progress of each Project is presented. Such 
meetings will be organized by the Administrative Core. Importantly, in addition to Project PIs, at least one 
member of the SAB will be in attendance in order to present an external, objective evaluation of the projects to 
NIH Program Officers and staff.   
The SAB will also be engaged on an ad-hoc basis if the EC deems this appropriate.  EC members participate in 
updates about each Project on a monthly basis via teleconference in addition to a more thorough review during 
the semi-annual meeting, providing important touch points to evaluate the need to engage the SAB. Should this 
need be identified, the Administrative Core will mediate a virtual meeting to discuss the matter. 
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Finally, we expect that several SAB members to have extensive regulatory expertise and will help guide the 
projects to an appropriate preclinical development plan in collaboration with the EC.   

I.2.4 Regulatory Expertise with Respect to the Challenges Facing Infectious Diseases 

The Center will draw upon the regulatory knowledge and experience of the PI, Project and Core Leaders and 
SAB to meet the regulatory requirements related to research in emerging infection diseases. As past president 
of the Infectious Diseases Society of America (IDSA) and a member of the Working Group on Influenza for the 
Presidential Council of Advisors on Science and Technology during the 2009 influenza pandemic and the vaccine 
advisory board for the current COVID-19 pandemic, Dr. Whitley is intimately familiar with challenges of 
conducting research in infectious diseases in the existing regulatory environment.  He has led numerous UAB 
research projects that included both in vitro and in vivo work related to orthopox drug discovery in BSL3 certified 
labs. In addition, he was instrumental in the preparation and successful submission of the funding application for 
the BSL3 facility, SEBLAB, which opened at UAB in 2009 and is aware of strict oversight, certifications, and 
regulations required for select agent research lab including CDC, IACUC and Occupational and Safety review 
and approval for projects. Preclinical toxicology studies have been overseen by him in preparation for human 
Phase I studies. He has been the PI for the NIAID Collaborative Study Group that was responsible for all phases 
of clinical trial development from protocol design, IRB approval, including the establishment of a universal IRB, 
biostatistical coordination, investigator recruitment, clinical trial monitoring (by FDA standards), addressing FDA 
audits, and data analysis and reporting. Data tapes were provided to the NIH, FDA and pharmaceutical sponsors 
for registrational purposes. His studies have led to the definition of the standard of care for herpes encephalitis, 
neonatal herpes, congenital cytomegalovirus infections, and influenza in children, among others. 
Dr. Shi also has vast experience related to navigating the challenges of regulatory requirements for research in 
emerging infectious diseases. As discussed above, he has unique expertise within the context of academia and 
industry, but he also has worked in the realm of public health too. As a key leader at Novartis institute for Tropical 
Diseases, he has been responsible for developing antiviral strategies and has executed drug discovery and 
development for this purpose. A recent example is his team at UTMB that delivered Phase I and II neutralization 
data for Pfizer/BioNTech’s COVID-19 vaccine, which led to the first FDA EUA and final approval. 
 
In addition to regulatory challenges pertinent to infectious diseases, several individuals on the EC have extensive 
experiences in regulatory expertise appropriate for lead development activities in general, including patent issues 
and IND submissions.  

I.3 MANAGEMENT PLAN 

It is imperative that AD3C-2 is appropriately managed to ensure that projects can flourish and be supported by 
high-functioning cores. Timely and clear communication will be critical to achieve the objectives listed under the 
Specific Aims (above), and further elaborated on below. The Administrative Core will oversee and manage the 
Center activities by implementing the following: 

1. Providing programmatic and administrative leadership 
a. Make decisions, specifically “go versus no-go” decisions per discussions with the EC and SAB. 

Quarterly in person meetings will provide an opportunity for the EC to be updated in-depth on 
progress made in each project, and provide feedback to adjust Projects’ direction and focus, 
as needed. At key points, more frequent meetings may be required and organized. Of note, 
EC members will also attend monthly conference calls. 

b. Track and encourage research productivity 
Project teams have conference calls at least monthly in which an update of the projects will 
be presented. This is summarized by the Administrative Director, Stephanie Moore. Meeting 
minutes, including action items, will be distributed to the Project teams using a ShareFile site 
managed at SR.  Minutes will include a list of metrics, including Intellectual Property 
disclosures filed with respective technology transfer offices, (provisional) patents filed, patents 
awarded, presentations at meetings (oral or poster), and those publications submitted and 
accepted. These metrics will be used to assist in preparing annual progress reports to the 
EAB and NIAID staff. 

c. Promote interactions and collaboration between Projects and Cores 
The evaluation of active compounds in multiple projects to identify broad-spectrum antivirals 
will promote interactions and collaboration between Projects. In addition, the EC will meet 
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quarterly and have a discrete agenda item for identification of additional opportunities for 
collaboration. Finally, the monthly conference calls for the Project teams regularly inform team 
members about status of all projects. Along with promoting interactions, the core will utilize 
the structure to identify and manage the resolution of problems in a timely fashion. 

d. Monitor the direction and overall priorities of the Center 
This will occur during the EC and SAB meetings immediately following the annual AD3C-2 
meeting. We will invite NIAID staff to attend these meetings as well, who can provide feedback 
on how the Institute sees AD3C-2 evolving.  

e. Directly interface with NIH staff and consultants 
As mentioned above under 1.d, NIAID staff will be formally invited to attend the annual AD3C-
2 meeting. In addition, the Administrative Core will regularly communicate with NIAID to 
answer questions that may arise and provide informal updates about AD3C-2’s progress. 
Further, this Core will facilitate the reverse site visit at the NIH. 

2. Fiscal and administrative management of AD3C 
a. Finances: oversee expenditures, budget information, fiscal reports  

Project leaders and administrators at each institution will be provided with quarterly financial 
reports, which will provide current balances and projected balances based on rate of 
expenditures, to ensure that projects are not over/under budget for the year. Project leaders 
will be notified should it appear that funds are not being expended as outlined, or if it appears 
re-budgeting is needed.   

b. Manage contracts and the consortium agreement 
Our team has navigated the implementation of an institutional consortium/contractual 
agreement among many of the members of this current proposal. Under this proposal, the 
Administrative Core will facilitate the development of a new consortium agreement with all 
members and with requirements specific to this application. We have provided the consortium 
agreement plan to the PIs for this application and they are committed to ensure the 
development of this agreement (see letters of support).  The core also facilitates preparation 
and processing of other agreements or forms such as confidential disclosures (CDAs), 
material transfer agreements (MTAs) or invention statements that may be needed by 
investigators.  

c. Establish and monitor compliance with federal and NIH regulations 
The Administrative Core will ensure compliance with the financial and administrative aspects 
of the award. AD3C-2’s Business Officer, Ms. Dowdy, will work closely with UAB’s Office of 
Sponsored Programs as well as with similar offices at the participating institutions and will 
create and maintain necessary documentation, such as technical and administrative reports, 
preparing justifications, appropriately acknowledging NIAID support of research findings in 
publications, announcements, news programs, and other media, and ensuring compliance 
with other federal and organizational requirements. 

3. Develop, support and monitor progress of Projects 
a. Manage Projects by having regular conference calls and in-person meetings 

As noted above, Project teams will have monthly conference calls with progress being tracked 
and to-do-items clearly delineated by preparing and distributing minutes by the Administrative 
Director. Quarterly EC meetings will provide regular feedback to the Projects, allowing rapid 
realignment, should Projects veer off course.  

b. Organize quarterly Project reviews (face-to-face) by the EC 
As elaborated above, the EC will meet quarterly, in addition to attending the monthly 
conference calls. This will provide the opportunity to review the Projects in greater depth. 

c. Monitor overall Center research quality and progress annually by the SAB 
Annual SAB meetings will provide feedback and advice on a high, project portfolio level. 
Preparation of progress reports in advance of these meetings will also help in preparing 
documents to be submitted NIAID. 

d. Solicit additional regulatory guidance on an as-needed basis  
As noted in above in section II.2.4, several investigators in AD3C-2 have regulatory expertise 
that can be brought to bear on the individual research projects. These individuals include the 
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PI, Drs. Whitley, Shi, and Geisbert, who have direct experience and track records in antiviral 
and vaccine product development.  

e. Assist with identification and management of Intellectual Property developed by projects 
As mentioned under Point 2.b, AD3C-2 will establish an umbrella inter-institutional consortium 
agreement, part of which describes how Intellectual Property (IP) is managed. Existing IP will 
not be affected by the agreement completed under this proposal, allowing collaborators to 
contribute exciting compounds to the consortium, but all inventions, developments and 
discoveries resulting from AD3C-2 efforts will be promptly disclosed to the employer of the 
associated scientists. Most likely, there will be joint inventions, as, for example, novel chemical 
scaffolds may be identified that have potent antiviral activity. In these cases, the Administrative 
Core will aid in the formation of appropriate inter-institutional agreements regarding this 
specific invention, which will describe aspects such as patent filing, prosecuting, patent 
maintenance, marketing and revenue sharing, among others, taking into account the relative 
contributions of the inventors. 

f. Manage the Developmental Research and Mentored Project Programs 
Developmental Research Projects – The Administrative Core will at the end of years 1 and 
3 release a RFA to each Project and Core for Developmental Research Projects. The purpose 
will be to expand the scope of the current platform - develop inhibitors of viral replication – as 
well as to increase the range of research, investigators, and institutions involved in the 
program. Applicants will be directed to submit a 6-page description regarding the scope of the 
proposed studies and must describe how the work supports the platform, the innovation, and 
significance of the project, along with a biosketch and a budget and justification. The EC and 
SAB will be responsible for selection of applications that are potentially most scientifically 
fruitful and fit the Center platform. The selection committee, consisting of senior scientists in 
the program (TBD), will select applications to initiate studies in years 2 and 4 of the project 
period and must be completed by the end of year 5. The selection committee will be instructed 
to focus on expanding the scope of the current platform. Progress for the selected projects 
will be tracked by the Administrative Core and will be assisted as needed or ended with 
oversight from the SAB and EC. The awardees will be invited to attend monthly meetings (with 
appropriate agreements added as needed). The budgets will be limited for one or two years, 
with a range of $200,000 to $250,000 per project per year, direct costs. The Developmental 
Project Leader must commit at least 1.2 (CY) person months effort per year. Budgets for 
Developmental Research Projects can be requested in years 2-5 of the project period and 
must be completed by the award end date. 
 
Mentored Projects – The Administrative Core will release, on a rolling basis during years 2-
5, an RFA for mentored projects. The goal of this program will be to develop junior scientists 
on a career path of drug discovery. The application and the materials requested (2-page 
application, biosketch, and budget/justification) will be accepted via an online application form. 
The applicant will be required to define the scope and career goals. Once received, the 
Administrative Core will determine the potential fit and utilize the EC and SAB as the selection 
committee. Applicants must be postdoctoral fellows, early career investigators or senior 
investigators new to the field. The intention will be to increase the availability of qualified 
researchers and other personnel for antiviral discovery and to offer opportunities to advance 
the applicant’s professional career. Furthermore, selection will focus on promoting diversity in 
the biomedical research workforce by making efforts to welcome underrepresented racial and 
ethnic groups, persons with disabilities and women. Once selected the awardee will be 
assigned a mentor and progress reports will be requested annually. No more than $600,000 
(total) would be awarded per year; awardee(s) must devote 9.6 (CY) to the project. In addition 
to the financial support, the trainee would be offered the opportunity to travel to our core sites 
including SC, MCC, and SBC to get specialized support and training experience in drug 
discovery and development. 
 

4. Stimulate collaboration and synergy 
a. Identify potential areas of collaboration between Projects and Cores 

Commented [MS(1]: Cores please comment on whether 
this is feasible or if you have opinion on this. 
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As noted, monthly conference calls will allow Project teams to benefit from the expertise of all 
other scientists and will lead to additional collaborations. The quarterly EC meeting will 
specifically evaluate this topic during each of its get-togethers. 

b. Provide and facilitate access to resources needed in the projects 
Although we have mapped out a reasonable timetable and order in which Projects will be 
queued up for assay support and medicinal chemistry, adjustments will undoubtedly have to 
be made as Projects progress and unexpected delays occur. The EC will evaluate 
adjustments and change resource allocation accordingly. 

c. Ensure that active hits in one Project with potential against other viruses are evaluated in other 
Projects 

The SR Screening Core will perform a targeted evaluation of a novel 1000 compound library 
of nucleoside analogues against all viruses in the program. The goal is to identify hits with 
broad-spectrum activity. Further, all Project leads will be tested across the spectrum of virus 
families. These hits will be prioritized for further evaluation and optimization. The 
Administrative Core, in collaboration with the Medicinal Chemistry and Lead Development 
Core, will continue to manage a data sharing and project tracking website at SR. 
To avoid sending data files back and forth as email attachments, we will continue to utilize a 
password protected, web-based software system, Citrix ShareFile, to share data and track 
projects. All screening data on compounds will be available to all the Project team members.  
The data will be organized according to viral target; the database will be maintained by the 
SR Cores. SR has extensive experience in data management of large cooperative projects, 
including ones funded by NIAID.  All the AD3C-2 and SAB members will have access to this 
secured and encrypted site. 

d. Encourage public/private partnerships and alternative sources of funding to expedite project 
development and translation to INDs 

From the previous iteration, AD3C, we successfully competed for a complementary 
Partnerships for Countermeasures against Select Pathogens (R01) grant (R01AI132178). 
This grant has been awarded to Vanderbilt University, the University of North Carolina at 
Chapel Hill and Gilead Sciences, to facilitate (pre-) clinical development of an antiviral against 
coronavirus infections. Within, this new proposal, AD3C-2, we will encourage our projects to 
look for such opportunities to further support IND-enabling studies for our newly discovered 
direct acting antivirals. 

5. Facilitate meetings 
a. Host meetings among project and core teams 

Monthly virtual meetings will be held for the Project and Core teams.  
b. Organize in-person meetings of the Project and Core PIs (EC) 

The EC will meet during the annual AD3C-2 meeting in Birmingham AL, and 6 months 
thereafter in person, at rotating project sites. Any additional meetings will be held virtually. 

c. Organize and implement Annual face-to-face meeting with all involved personnel, including the SAB 
AD3C-2 will host an annual scientific meeting, in which all involved personnel will be invited 
to get together in Birmingham, AL, if the pandemic abates. The goal of this meeting is to learn 
about the status of each of the Projects. The SAB will convene at this time as well, to review 
the science and progress of each project.  This will not only provide an opportunity to present 
an in-depth update of all Projects to the EC, SAB and NIAID staff, but will also provide an 
educational opportunity for involved trainees. 

d. Facilitate consulting and other scientific and professional meetings 
As described under Point 3.d, we will solicit additional regulatory expertise on an ad-hoc basis, 
should this be necessary to move projects forward down the development pathway. The 
Administrative Core will make the necessary arrangements to orchestrate such consulting 
meetings and will invite the appropriate personnel to attend. Furthermore, if it is deemed 
appropriate to have Project teams meet face-to-face in addition to the annual meeting, the 
Administrative Core will facilitate such travel. This might occur for example when the chemists 
need to meet with the virologists to focus on the most attractive chemical series. A conference 
call may not allow a comprehensive interrogation of the data. 

e. Attend the reverse site visit 
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The Administrative Core will help organize the attendance of Dr. Whitley along with selected 
key Project leaders and one SAB member at the annual NIAID reverse site visit. We have 
included funds in our travel budget for these meetings. 

6. Outreach to the public 
a. Maintain a website 

The Administrative Core will develop a website for the AD3C-2. The website will list the 
Projects and the Cores, key personnel and publications, among others. This website will be 
updated regularly. 

b. Manage press releases  
UAB has an active and well-staffed Media Relations Office in place which includes science 
writers. It also maintains a web address exclusively for research related news 
(http://www.uab.edu/news/research).  The Administrative Core will utilize the expertise of the 
staff to ensure that Center research findings and related news is disseminated in a timely and 
appropriate manner. 

c. Assist with scientific publications and ensure grant acknowledgement 
The Center will follow all current guidelines related to the NIH Public Access Policies for NIH 
funded research.  It will assist project investigators with final review of publications resulting 
from research and ensure that it is submitted to PubMed Central and a PMCID number 
obtained.  In addition, the Administrative Core staff will assist investigators with obtaining My 
NCBI lists of publications as part of the annual progress reports. 

 

I.4 BSL3/4 ACTIVITIES AND ACCESS 

Several Projects and Cores require access to BSL3/4 biocontainment facilities. The table below lists the various 
activities within AD3C that require such access, and which facilities will likely be used. Detailed descriptions of 
the BSL3/4 facilities can be found in the Resources sections of the respective projects. 
 
Table I  
Activity Facility 

Assay activity of compounds against SARS-
Urbani Coronavirus with a nanoluc reporter 
(Screening Core) 

Testing of antiviral activity of compounds against this virus 
will be performed at Southern Research’s HTS BLS3 
biocontainment facility. The Freiberg, Menachery, and Shi 
labs (UTMB) will  be able to perform SARS-CoV, MERS-
CoV, SARS-CoV-2, Nipah virus, and/or other BSL3/4 
viruses for antiviral spectrum study. 

Determine mechanism of action of compounds 
with activity against SARS-Coronavirus and in 
vivo evaluation of compounds’ activity against 
SARS-Coronavirus (Project 1) 

Both the Denison (Vanderbilt University) and Menachery 
and Shi (UTMB) labs have SA-registered BSL3 suites 
capable of working with SARS-CoV, and the Baric lab is well 
equipped to perform in vivo pathogenesis studies at SA-
BSL3 conditions. 

Compounds against Henipavirus replication 
(Project 2) 

Both Geisbert and Freiberg labs (UTMB) will be able to 
perform Hendra virus and Nipah virus. 

In vitro and in vivo evaluation of compounds’ 
activity against West Nile Virus (Project 3)  

Both the Hirsh (OHSU) and the Diamond (Wash U) labs 
have access to BSL3 facilities for cell culture and animal 
work at their respective institutions. Mice used in the in vivo 
evaluation will be housed either at Washington University or 
at OHSU in an A-BSL3 animal facility that has been 
approved by the USDA. 

In vitro and in vivo evaluation of compounds’ 
activity against Bunyavirus (Project 4) 

The BSL-3 laboratory at SR will be utilized for testing of lead 
compounds against HPAI both in vitro and in vivo. 
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In vitro and in vivo evaluation of compounds’ 
activity against VEEV and/or Chikungunya 
(CHIKV) (Project 5) 

Dr. Streblow (OHSU) has access to the Vaccine and Gene 
Therapy Institute (VGTI) at Oregon Health and Science 
University, which contains 2 BSL-3 suites comprising 4 BSL-
3 tissue culture laboratories of 800 sq. ft. each. One suite is 
registered with the Federal Select Agent Program. In 
addition, Dr. Streblow has access to the Oregon National 
Primate Research Center (ONPRC), one of eight national 
primate centers supported by the National Institutes of 
Health, located on the West Campus of the OHSU with the 
VGTI.  Animals are housed in ABSL-2, 2+ or 3 containment 
housing as appropriate for the agent under study. 

Dr. Heise (UNC-Chapel Hill) supervises a secure BSL-3+ 
facility (approximately 1500 square feet), registered with the 
CDC for select agent use, with dedicated animal housing 
where animals will be housed in negative pressure caging.  

 

I.5 TRAVEL BUDGET 

The Administrative Core has a travel budget that will allow for the following meetings: 

- Reverse site visit to NIAID – Dr. Whitley along with 5 other Project and/or Core Leaders and 1 SAB 
member - Years 1-4 

- In-person semi-annual EC meeting not associated with AD3C-2’s annual meeting – all Years 
- Annual AD3C-2 scientific meeting for all AD3C-2 personnel, in conjunction with the EC and SAB meeting 

– all Years 
- Ad-hoc travel, such as project personnel traveling in between project sites, meeting with external 

consultants, etcetera. 

In order to manage AD3C-2 travel budgets, the Administrative Core will utilize procedures developed as part of 
the meeting management and planning practices for the multi-institutional clinical trials group meetings organized 
by staff at UAB. As part of the meeting planning process, a budget will be set and expenses estimated for all 
costs including a “per traveler” estimate.  Prior to any Center meetings, travelers will be provided with information 
related to both UAB and NIH travel guidelines, including federal rates for mileage, lodging and per diem to ensure 
that policies are followed.  As required by UAB, travelers will be required to provide original receipts for all travel 
related expenses and reimbursement requests will be reviewed by Core staff prior to submission for processing. 
We are planning to host the annual AD3C meeting in Birmingham, AL, to keep meeting costs as low as possible. 
Personnel from UAB and SR would not need to travel, and Birmingham is only a few hours’ drive from Nashville, 
TN, thus making travel for Vanderbilt personnel easy as well. Both UAB and SR have conference rooms available 
and have negotiated favorable rates with hotels in the vicinity. In addition, Birmingham is an airport serviced by 
Southwest Airlines, an airline with very favorable airfares which also services cities where the additional project 
sites are located (Portland, OR; Galveston (Houston), TX; Raleigh/Durham, NC). 



The Screening Core (SC) will support Antiviral Drug Discovery & Development Consortium-2 (AD3C-3) for 
identification of novel antiviral drug-leads. SC will employ the unique set of Antiviral Assays based on rational 
selection of druggable viral targets and functional integration of these therapeutic targets into the molecular 
network of interrelated biological pathways that are linked to unique viral transcriptional machinery and 
associated functions. The integrated cellular models that we will construct will monitor the functions of molecular 
networks that are linked to viral transcription and proliferation. Before initiation of High Throughput Screening 
(HTS) campaigns, the SC will work with individual projects (Figure 1) to assess the candidate target across a 
common set of selection criteria such as genetic evidence, druggability, assay viability, availability of crystal 
structures, and availability of known ligands and essential role of the target in viral transcription and proliferation. 

The SC shall capitalize on state-of-the-art infrastructures and a highly qualified team of researchers at Southern 
Research (SR) and the University of Texas Medical Branch (UTMB) with complimentary experience on the 
development and validation of antiviral assays and a thorough understanding of pathogenesis, biology and 
pharmacology of antiviral drugs. This also includes experience in the constructions of transgenic cellular models. 
The SC will be responsible for achieving the following Specific Aims:  

Aim 1. Develop, optimize and miniaturize assays for use in HTS to identify hit compounds and in 
secondary screening to support the Medicinal Chemistry Core and individual projects. Unique reagents 
will be required to enable development and performance of assays for RdRp and associated targets functions 
identified by the individual projects. The SC will work with the Structural Biology Core and Project Leaders to 
develop these unique reagents. Several BSL2/3/4/antiviral assays with multiple variants have already been 
established and optimized by the SC. Biochemical, molecular and cell-based assays will be established based 
on the functionality and selectivity of the antiviral targets identified by individual projects.  

Aim 2. Identify novel-hit compounds for each unique viral targets by executing HTS campaign. A diverse 
collection of ~212K novel compounds, selected through a Machine-Learning Process from non-proprietary 
libraries assembled from various commercial vendors, targeted fragments library at SR and a focused set of 
nucleosides, will be screened to identify novel-compounds engaging each viral target. Hit compounds will be 
validated by determining potency and efficacy for on-target activity and antiviral functions in cell-based assays. 

Aim 3. Support hit development, structure-activity relationship studies (SAR) and lead optimization for 
advancing the leads to preclinical & clinical development. Newly synthesized compounds originating in the 
Medicinal Chemistry Core will be tested in dose-response assays to provide biological data for the development 
of SAR for the discovery of chemical probes.  Testing will be performed in an iterative fashion to help drive the 
design-make-test cycle in medicinal chemistry. Lead compounds will also be profiled for activity against multiple-
variants, more virulent viral species as well as in secondary assays for early cytotoxicity, organ-specific toxicity 
and other adverse-reactions. 

A comprehensive IT infrastructure with secure Oracle database will be used for screening data storage, analysis, 
retrieval and follow-up analyses performed by the SC. A Laboratory Management Information System (LIMS) 
will be used to track and manage reagent and resource consumption. 

Figure 1- Overview of Antiviral Screening Core and Relationship with Other Cores and Individual Projects.  
The target screens shown in Red have been selected for HTS campaigns and will also be used in SAR analysis and reiterative 
screening for lead optimization. The target screens shown in Blue will be employed to supplement SAR, lead optimization and target 
identification The target screens have been selected based on objectives of the individual research projects. The Screening 
and SAR Assays may be tailored based on dynamic project needs.  

 



Introduction 
The Screening Core (SC) will develop, optimize, and conduct biochemical and cell-based assays for High & 
Medium Throughput Screening (HTS) and subsequent testing of compounds synthesized to support hit 
identification and hit-to-lead efforts for the multiple viral-targets identified by the individual projects in the Antiviral 
Drug Discovery & Development Center-2 (AD3C-2) (Figure 1). The SC will optimize the research reagents 
needed for functional cell-based and target-based antiviral bioassays for use in HTS campaigns with the goal to 
identify the leads for target-engagement and to complement medicinal chemistry efforts for lead-optimization for 
enhanced activity and individual projects to investigate molecular pharmacology of novel-antiviral drug leads. 
The SC has worked with the individual research projects and identified the targets and assays for initial HTS 
campaigns. The SC will work with Structural Biology Core (SBC) to produce functionally active recombinant 
target proteins and also acquire engineered reporter cell-lines for the target viruses.  SC will develop and validate 
assays for HTS and will subsequently conduct all of the HTS campaigns as well as provide data management 
and analysis of the hits. The SC will also perform the assays needed by the Medicinal Chemistry Core (MCC) 
to develop the structure-activity relationships (SAR) for each project to ensure a timely turnaround of the 
biological data necessary to the chemists. By screening a unique, common compound collection against multiple 
targets across the Projects, the program will seek to identify selective as well as broad-based inhibitors of the 
targets-linked to viral replication in accordance with the theme of the program. This will require an integrated 
approach and information sharing between the project centers the SC, SBC and MCC (Figure 1-Specific Aims). 
The SC will also provide resources to assist with specific assays that may be needed by the individual 
investigators and tailor these assays to support specific viral targets identified by individual projects. This core 
group has extensive experience in the development and miniaturization of cell based and biochemical assays 
as well as automation, compound management and bioinformatics experience across a wide variety of assay 
types. The combined SC at Southern Research (SR) and the University of Texas Medical Branch (UTMB) has 
the ability to conduct assays and HTS at all levels of biosafety containment (BSL1-4). Several of the key assays 
needed, such as SARS-CoV-2 cell-based assays using multiple strains of live virus, are already established, 
validated and are routinely run under BSL2/BSL3 condition at SR1-6 and BSL2-4 conditions at UTMB7-10.   
Screening Core (SC) Overview The SC shall capitalize on state-of-the-art infrastructure for HTS as well as 
highly experienced team of researchers at SR and UTMB with complimentary experience on antiviral drug 
discovery including HTS, transgenic cell-lines, pharmacology, bioassays, target-identification, target-
engagement, target-validation and HTS data analysis & management. 
The HTS Center at Southern Research has advanced robotic equipment and a well-trained staff to ensure the 
highest quality of screening for research projects. The Center maintains a collection of over 750,000 compounds 
and has IT capabilities to enable large scale data analysis and management. Since 2006 the HTS Center at SR 
has tested over 30 million compound samples in more than 100 screening campaigns which included over 200 
assays to obtain quantitative results for hit identification, confirmation, and validation.  During this time the HTS 
Center has supported dozens of grants and contracts originating from both private organizations, academic 
research institutions and government agencies.  Historically, the HTS Center has performed HTS campaigns for 
several viruses including an in vitro antiviral screening program for SARS-CoV1-6, highly pathogenic (H5N1) avian 
influenza, and other respiratory viruses (NIAID, N01-AI-30047)11-14, has served as the Specialized 
Biocontainment Screening Center for the Molecular Libraries Program during its pilot program (U54 HG003917) 
and further production phase (U54 HG005034). In addition, the HTS Center has performed ten HTS campaigns 
as assigned Task Orders under an NIAID/DAIDS contract (N01-AI-1400010I) “In Vitro Testing Resources for 
HIV Therapeutics and Topical Microbicides”, and seven HTS campaigns for various viruses (SARS-CoV, DENV-
2, WNV, ZIKV, CHIKV, VEEV, and H1N1/H3N2) as the Screening Core for the Antiviral Drug Discovery and 
Development (AD3C) program funded under an NIAID supported multi-institute CETR program titled 
“Identification of New Antiviral Therapies” (1U19AI109680).  Currently, the SR HTS Center functions as the 
Assay Core for the AD3C funded under NIAID CETR grant (U19AI142759). 
The Screening Core at University of Texas Medical Branch (UTMB), an internationally recognized institution 
with strong expertise and resources in the global fight against infectious diseases, is part of the Keiller Building-
Galveston National Laboratory (GNL) research complex. GNL is a sophisticated high containment select agent 
research facility that houses approximately 36,000 sqft of BSL3/ABSL3 and 14,500 sqft of BSL4/ABSL4 space. 
The latter is split up between the Robert E. Shope BSL4 and the GNL BSL4 laboratories. The GNL is located 
on the campus of the UTMB and operates under the umbrella of UTMB’s Institute for Human Infections and 
Immunity. Since 2011, UTMB has performed antiviral screens as part of the NIH/NIAID B task order focusing on 
Ebola, Marburg, Lassa, and Nipah viruses (HHSN2722010000401, B07; HHSN272201100019I, B09, B12, B16, 
B20, B22, B24, B27, B28, B05, and B07). Several compounds identified through these screening efforts have 
been further characterized in rodent models for Filoviruses through the NIH/NIAID A task orders 



(HHSN272201000040I, A64, HHSN272201700040I A07, A35). In addition, UTMB is home to the World 
Reference Center for Emerging Viruses and Arboviruses (WRCEAV)15,16, a collection of over >8,000 arbovirus 
strains, encompassing 21 viral families. These viruses, along with associated antigens and antibodies, represent 
a critical resource that the WRCEVA distributes to the research and surveillance community free of charge to 
facilitate the response to new and continuing outbreaks. 

Innovation  
The SC will engage novel research reagents (functionally active target recombinant proteins and uniquely 
engineered reporter cell lines e.g., RVFV NLuc Reporter virus) and employ innovative complex bioassays [e.g., 
Fluorescence Resonance Energy Transfer(FRET) SARS CoV-2 RdRp complex assay; AlphaScreen assay for 
CHIV/VEEV macrodomain function; Nipah Virus RdRp mini-genome bioluminescence assay) to screen a new 
and unique compound library assembled through machine learning algorithm, target-based fragment analysis 
and unique set of nucleosides for  the discovery of new therapeutic approaches for antiviral drug discovery 
against pathogens with pandemic potential. Novel therapeutic targets have been selected based on evidence 
of functional integration into the molecular network of interrelated biological pathways linked to unique viral 
transcriptional machinery of individual viral pathogens. The HTS centers at SR and UTMB have several unique 
screening platforms, an unparalleled battery of BSL3/BSL4 antiviral screens, streamlined HTS data analysis 
and management systems as well as exceptionally experienced team of researchers & technicians that have 
developed and validated multiple types of antiviral assays for use in HTS, SAR and lead optimizations. 

Research Strategy 
The SC will follow an industry accepted hit-to-lead strategy in early phase drug discovery. Assays suitable 

for HTS will be developed and employed to identify active compounds 
which can be used as starting points for medicinal chemistry efforts 
to develop structure activity relationships for synthesis of new 
compounds and discovery of leads for further development. The 
overall research strategy of SC has been outlined in Figure 2. 
Additional details on individual target screens are and an overview of 
SC are presented in Figure 1 (Specific Aims).  A new unique library 
composed of compounds with structures designed and synthesized 
within the last three years will be screened in HTS assays for each 
proposed target.  As such, the compounds in this collection have had 
very little exposure to human pathogen drug discovery programs, and 
have a great chance of providing novel, chemically-tractable hits for 
lead optimization. The unique design of the library is not only based 
on optimizing diversity in terms of chemical composition and spatial 
orientation, but also on appropriate physicochemical properties 
(Lipinski Rules of Five, i.e. MW) to ensure hits are appropriate 
starting points for medicinal chemistry efforts. 
Aim 1. Develop, optimize and miniaturize assays for use in HTS 
to identify hit compounds and in secondary screening to support the MCC and individual projects.   
 Although several assays are already available for screening, others will need to be developed and 
optimized depending on the molecular targets (Figure 1; Tables 1-3). Prior to assay development it will be 
necessary to design and develop required reagents and tools, particularly for the RdRp target assays. 
Reagent production. Unique reagents may be required to enable development and performance of an assay 
for new targets. The SC will work with the SBC to ensure that these reagents can be produced and that they 
meet the reproducibility and rigor needed to advance a discovery campaign. Also, it will be important to ensure 
that reagents can be produced in sufficient quantities for screening and to support SAR-driving assays. SARS-
CoV-2 NSP12/8/7 RdRp complex17-21, SARS-CoV-2 NSP14/NSP10 exonuclease function22-26, alphaviruses 
macrodomain interactions27-28, flaviviruses NSP4/NSP5 RdRp activities29-31 and relevant proteases from target 
viruses have been identified as potential targets for reagent generation. Additionally, cells-based ‘mini-
replicon/mini-genome complex’ models32-36 may be established and tailored to investigate functions of individual 
components of virus replication/transcription machinery.         
Development of biochemical and cell-based assays. Once the appropriate reagents are obtained the assays 
will be constructed and optimized. Since compound samples in the screening collection are dissolved in 100% 
DMSO, we will initially measure the limit of DMSO tolerance in the assay. The assay will be further developed at 
the DMSO concentration required for screening to determine appropriate plate type, optimized reagent 

Figure 2-Overall Research Strategy of SC: Outlines 



concentrations, order of addition of reagents, and incubation times that give an optimal signal to background 
ratio and %CVs.   
Assay implementation and optimization. Each assay used in HTS will be optimized to provide a positive signal 
above background that is of sufficient magnitude and of low 
enough variability to allow for reliable detection of an active 
compound when tested once at a single concentration. Overall 
assay quality will be assessed by several factors during assay 
implementation and validation and must meet the criteria 
specified below to be considered for an HTS campaign. A 
battery of statistical methods (See Box- Equations 1-3) are 
used at this stage to characterize the suitability of the assay 
with regard to sensitivity, accuracy, precision and robustness.     
Assay sensitivity. The maximum assay signal should be 
sufficiently above background to allow for identification of active compounds and minimize the number of false 
negatives. Assays will be optimized to give SBR ≥ 5 prior to implementation in HTS. 
Assay accuracy.  Concentration-response assays will be performed for reference compounds, if available, on 
three different days and the calculated IC50 or EC50 values will be compared between runs and with those 
obtained in the originating investigator laboratory or as reported in the literature. The acceptance criteria is that 
the obtained values agree within 3-fold.  
Assay precision.  Inter-plate, intra-plate and inter-run reproducibility of the assay will be assessed by calculating 
the %CV.  Acceptance criteria are %CV < 10% for Max and Min signals with SBR > 5. The assay should also 
exhibit plate spatial uniformity devoid of drift or edge effects. This parameter can be assessed by visual heat 
maps of the plate data and by calculating ratios of average signals in left/right, top/bottom, inner wells/outer 
wells, Quad1/Quad4, Q2/Q3, Q1/Q2, Q3/Q4, Q1/Q3 and Q2/Q4 for plates with constant signals in each. Ratios 
should = 1 for all comparisons of average minimum or average maximum signals. 
Assay robustness. When all of the conditions are optimized, three Z-plates consisting of positive and negative 
controls will be run on three separate days to assess inter- and intra-day variability. For reliability under these 
conditions, the Z'-factor should be ≥ 0.5, indicating that the minimum and maximum signals are sufficiently 
separated, and that the variation of these signals do not overlap.  
HTS assay validation. The final step prior to undertaking a full screening campaign is to validate the 
performance of the assay under screening conditions37-40. A subset of 10K compounds, selected to represent 
the chemical diversity of the full collection, will be screened at 10 μM in two independent runs on different days. 
The results from the two assay runs will be compared statistically to determine whether “hits” and non-hits 
reproduce on both days. It also provides an initial estimate of the expected hit rate for the full campaign. If the 
hit rate (using provisionally defined threshold of 50% effect) is very high (>2%) or very low (<0.2%), then the 
screening concentration can be adjusted for the full campaign. These validation runs must demonstrate that the 
assay is both robust (Z’ ≥ 0.5) and reproducible (correlation P value < 0.001) when performed using the 
automated platform under conditions to be used in the full HTS campaign. This step is also used to evaluate 
parameters associated with running large batches of plates such as timing of reagent additions and reagent 
stability.   
Quality control of biological reagents for HTS. As a quality control measure, cell lines will be tested for 
mycoplasma. Biological reagents amenable to freezing will be stored in frozen aliquots sufficient to supply a 
single screening run which will avoid repeated freeze/thaw cycles. We will also determine that the stability of all 
reagents used for an assay will be sufficient to allow for their use in an HTS format in which they may be exposed 
to suboptimal storage conditions for several hours during the processing of hundreds of assay plates 

Aim 2. Identify novel-hit compounds for each target by executing HTS campaigns. 
HTS campaigns will be implemented only when each assay is validated as described above. Assay runs 

will be scheduled in advance depending on the number of runs allowable within a work week to accommodate 
necessary incubation times. The primary HTS of the compound library will be performed by testing each 
compound once at a single concentration, typically 10 μM. Positive and negative controls used to assess assay 
quality will be placed in the outside columns of each plate to accommodate automation of liquid dispensing 
systems. The data generated during a screening campaign will be evaluated for consistency and bias as 
described above. Plates with non-uniform spatial patterns will also be scrutinized for possible effects due to liquid 
handling errors and scheduled for retesting. Raw values for positive and negative controls will be tracked by 
plate over the course of the screen and control CV values and Z'-values calculated for each plate. The trends 
observed in the controls are helpful in troubleshooting the automation process to minimize artifacts or reagent 

Equation 1:  𝑪𝒐𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒕 𝒐𝒇 𝑽𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏 (%𝑪𝑽) = 𝟏𝟎𝟎 ×  
𝑺𝑫

𝒎
 

𝑆𝐷 = Standard Deviation 
𝑚 = mean of maximum or minimum control response values 

Equation 2: 𝑺𝒊𝒈𝒏𝒂𝒍 𝒕𝒐 𝑩𝒂𝒄𝒌𝒈𝒓𝒐𝒖𝒏𝒅 𝑹𝒂𝒕𝒊𝒐 (𝑺𝑩𝑹) =  
𝒎𝒕

𝒎𝒃
 

𝑚௧ = Mean of the maximum controls  
𝑚௕ = Mean of the minimum controls  

Equation 3:  𝒁ᇱ − 𝒇𝒂𝒄𝒕𝒐𝒓 𝒗𝒂𝒍𝒖𝒆 = 𝟏 −  
𝟑(𝑺𝑫𝒕ା𝑺𝑫𝒃)

|𝒎𝒕ି𝒎𝒃|
 

𝑆𝐷௧  = Standard deviation of the maximum controls 
𝑆𝐷௕  = Standard deviation of the minimum controls 

  



failures. Controls also serve a quality control purpose. Plates that do not demonstrate acceptable Z'-values, 
positive control compound response inconsistent with historical values or spatial-non-uniformity will be rejected 
and scheduled for retesting. 

Upon completion of a screen, a statistical analysis of the HTS data will be performed to determine overall 
distribution and variability of data and to set the activity threshold or “hit” criteria at 3xSD above the average 
value for all of the compound wells. This is accepted as the value which is statistically outside the population of 
no effect data. The database will be queried to correlate the selected hits with the specified source plate and 
well locations for each compound. The “hit” compounds will be cherry picked from the source plates and retested 
in a 10-point concentration response series from 0.2 -100 μM to confirm activity and determine the potency of 
the compound to inhibit or enhance the assay signal. A counter-screen will be performed to exclude false 
positives resulting from off-target effects. In biochemical assays compounds will be tested in assays omitting the 
molecular target in order to exclude compounds causing interference with the assay signal. In cell-based assays 
compounds will be tested for cytotoxic effect on uninfected host cells.  Concentration-response assays are set 
up as serial two-fold dilutions in an inter-plate rather than intra-plate dilution scheme to enable more efficient and 
cost-effective use of liquid handling systems. This method also allows for many more compounds to be selected 
and tested in a concentration-response assay, thus maximizing potency and efficacy data available to chemists 
for selecting scaffolds to advance through the hit-to-lead process. 

The biological single concentration and concentration response data will be uploaded into an ActivityBase 
database.  The technical lead scientist who conducted the screen will review the data and accept or reject the 
assay plates based on defined assay criteria. Once verified in ActivityBase, the data is then accessible to the 
chemistry team through Dotmatics and available for additional analysis such as a cluster analysis, analysis of 
structure–activity relationship (SAR) trends and property predictions using sophisticated software such as 
Pipeline Pilot, ScaffoldHunter, Star Drop, Dotmatics-Vortex, StarVision, Sybyl and Schrödinger-QikProp.  The 
ActivityBase administrator will prepare a report describing overall assay statistics for the HTS campaign as well 
as a report containing concentration-response data and graphs for each individual hit compound. 
The medicinal-computational chemistry team will perform cluster analysis of the hits to organize the small 
molecules into groups based on common core structural features referred to as clusters containing a common 
substructure or scaffold.  In some cases, a compound may have structural features in the molecule that permits 
the molecule to be grouped into more than one clustered group of molecules.  The hits will be analyzed and 
clustered based on Tanimoto distances using the predefined FCFP_4 fingerprint property of Pipeline Pilot 
software (Accelrys, San Diego, CA).  The cluster analysis and scaffold enrichment analysis that compares the 
distribution of members of each scaffold within the hit set versus their distribution in the entire screening set 
provides knowledge regarding privileged scaffolds and structural features present in the hits. The chemists will 
also utilize property predictions such as solubility and metabolic liabilities of compound clusters of interest to 
permit prioritization of the active compounds/scaffolds based on lead-like characteristics. 
Unique HTS Compounds Collections. To address the need for 
novel, drug-like, and target-specific antiviral chemicals, a new HTS 
library of 200K compounds has been assembled from recent drug-
like commercial collections (Figure 3). A major part of this new 
library is a 150K diversity set from ChemDiv. This customized 
selection aided by our cheminformatics approaches processes 
multiple merits. Specifically, it only contains new chemical 
structures that have been synthesized within the last three years 
thus making this a less explored and more novel collection. It does 
not contain duplicates to our current HTS collection for pan-assay 
interference structures (PAINS)41-45. The library has high structural 
diversity (~7,500 clusters with average size of 20 compounds per 
cluster) but no singletons (thus every hit will have initial structure-
activity-relationship information without testing additional analogs). 
The compounds are also pre-rated by ChemDiv to ensure synthetic 
feasibility. The molecular property distribution analysis indicates 
that the compounds in the new library are drug-like (molecular weight ≤ 500; heteroatom count ≤ 10; rotatable 
bonds ≤ 8; aromatic rings ≤ 4; predicted log P ≤ 5; polar surface area ≤ 125; H-bond acceptors ≤ 7; H-bond 
donors ≤ 3). Moreover, according to our in-house developed machine learning prediction model for SARS-CoV-
2, 20K of the 150K diversity set are likely to show phenotypical anti-SARS-CoV-2 activity, which makes it suitable 
to meet the special need for SARS-CoV-2 drug discovery.  An additional 25K compounds have been selected 

Figure 3- Unique HTS Compounds Library Sets 



according to solubility and metabolic stability predictions (via cheminformatics software BIOVIA Pipeline Pilot) to 
increase the chance of finding hits with good pharmacological properties and facilitate the hit-to-lead pipeline. A 
25K target specificity set selected by in-house virtual screens against viral targets nsP2 and nsP3 and virtual 
screens performed by vendors (e.g. viral RdRP inhibitor collections from OTAVA Chemicals and TargetMol) has 
been added to enhance target focus. Since the SBC will be able to crystalize several targets we will also include 
a library of 11,350 fragment compounds existing at SR and a library of 200 nucleotides provided by Arbutus. As 
a whole, these collections comprise a 211,550 HTS compound library suitable to discover novel, drug-like, and 
target-specific antiviral matters (Figure 3). 
Compound Storage, Replication and Distribution: The compound library dissolved at 10 mM in 100% DMSO 
will be stored in deep well polypropylene 384-well plates containing 200 µL samples. This plate set is called a 
“mother” set.  The “mother” set is then used to create copies of 384-well “daughter” plates in 384-well 
polypropylene Echo-qualified flat-bottom plates to allow for creation of assay ready plates (ARPs).  All plates are 
barcoded and the compound IDs with plate and well locations are loaded to IDBS ActivityBase where they are 
tracked during all processes including compound plate replications, production of ARPs for single concentration 
and concentration response screening campaigns, distribution of ARPs to the screening labs at SR and UTMB 
as well as recording compound storage locations and maintaining inventory information. 
HTS Assays. The HTS assays to identify compounds for each virus target are presented in Table 1. The 
HTS targets have been selected based on individual project objectives.     
SARS-CoV-2: A FRET-based assay identifies RdRp inhibitors in which SARS-CoV-2 RdRp (NSP12/7/8) 

synthesizes RNA on a primer 
stand labeled with Cy3 and 
displaces a quencher strand 
resulting in an increase in 
Cy3 fluorescent signal17.  
SARS CoV-2 NSP14 protein 
is a bi-functional enzyme with 
an N-terminal 3-5-
exoribonuclease (ExoN) 
domain and a C-terminal 
SAM-dependent N7-

Methyltransferase23,46. NSP14/NSP10 Exo-N function may be measured with intercalating Quant-it TM 
RiboGreen RNA reagent, which shows specific binding with dsRNA and generates strong fluorescent signal47.  
 DENV:  RdRp (NS5): Fluorescence-based alkaline phosphatase–coupled polymerase assay utilizes a modified 
nucleotide analogue (2′-[2-benzothiazoyl]-6′-hydroxy- benzothiazole) conjugated adenosine triphosphate (BBT-
ATP) and 3′UTR-U30 RNA as substrates. After the polymerase reaction, treatment with alkaline phosphatase 
liberates the BBT fluorophore from the polymerase reaction byproduct48, 49. The assay can be performed with 
recombinant NS5 from DENV, WNV and ZIKV 50-53 
NiV- Small molecules inhibiting the NiV RNA synthesis machinery54. We will develop and optimize a HTS assay 
based on a NiV minigenome (MG) system. Synthesis of NiV RNA is dependent on the complex of several viral 
proteins, including the nucleoprotein (N), the phosphoprotein (P), and the viral RdRP55. Reconstitution of a 
functional NiV RdRp complex can be achieved by transfection of these three proteins into mammalian cells56,57. 

CHIKV and VEEV: An AlphaScreen binding displacement assay to 
screen for compounds that inhibit the interaction of an ADP-ribose 
attached peptide to the nsP3 macrodomain58-60 has been modified 
and validated for HTS at SR (Figure 4)   
RVFV: A cell based nanoluciferase reporter virus assay 
measuring inhibition of virus replication61,62. We have already 
employed a similar assay for screening against SARS CoV-22,3.  

Additional target assays will be included to enable dynamic 
individual project needs.  
Aim 3. Support hit development, structure-activity 
relationship studies (SAR) and lead optimization for 
advancing the leads to preclinical & clinical development. The 
biochemical assays measuring target engagement of compounds 
will be used to drive hit-to-lead SAR. In most cases, these will be 
the same assays employed for HTS. However, it will be necessary 

Figure 4. CHIKV Macrodomain AlphaScreen- 
Employs GST-tagged CHIKV NSP3, Biotinylated 
ADP-ribose attached peptide, Biotinylated-GST 
(Counter Screen) and GST Detection kit 



to demonstrate that compounds showing target engagement in biochemical assays also exhibit antiviral activity 
against the live virus in a secondary cell-based assay. Also, the cell-based assays can be used to assess if 
compounds have pan-virus effects.  These assays already exist in the SC and have been used to the support 
ongoing medicinal chemistry efforts of the current AD3C program. The assays available for each virus are 
shown in Table 2  The MOA of compounds identified in the cell-based HTS for RVFV will be determined by the 

project team and the relevant 
target based assay will be 
subsequently established in 
the SC to drive SAR.  
The SC at UTMB will primarily 
focus on performing antiviral 
screens utilizing infectious 
viruses at BSL4 to identify 
small molecules that target 
viral replication.  Previous 
efforts between SR and 
UTMB have established an 

automated HST platform, which was capable of testing up to 10,000 compounds per day within the BSL4 
laboratory63,64. Using a cell-based HTS screen, compounds were identified for their ability to inhibit virus-induced 
cytopathic effect. However, since successfully establishing this HTS capability under BSL4 conditions, the 
platform has not been utilized since then. We propose to re-establish the screening capabilities at both BSL3 
and BSL4 and then utilize to perform the screens through this project. Assays at BSL4 will focus on NiV63,64, but 
will also be established for tick-borne flaviviruses (such as Central European Encephalitis virus) and Nairoviridae 
(Crimean-Congo hemorrhagic fever virus) to evaluate leads identified in Projects 2 and 4. At BSL3, assays will 
also be established for the viruses relevant to this application (SARS-CoV-1, SARS-CoV-2, MERS, CHIKV, 
VEEV) using cytopathic effect reduction and virus linked nanoluciferase reporter assays, as described in Table 
2. Furthermore, antiviral screens may be employed expanding the screening of lead compounds based on 
individual projects. This could for example cover antiviral compounds identified in Project 4 for members of the 
Bunyavirales order and could be tested against additional human pathogenic members (such as Severe Fever 
with Thrombocytopenia Syndrome virus and Oropouche virus). In addition to wild-type viruses, certain 
recombinant viruses expressing fluorescent or luminescent reporter genes are available. Table 3: Screening 
Core UTMB- Antiviral assays for BSL-4 viruses available for this program and may be employed for 
expanding the screening of leads based on individual Project needs.  

Additional viruses that 
can be screened for at 
BSL-4 include tick-
borne flaviviruses, as 
well as additional 
ebolavirus strains and 
arenaviruses. 
Initial efforts will focus 
on assay 

implementation, 
optimization (as 
needed), and validation 
as described above. 
During this phase, the 
UTMB SC will work 

closely with colleagues at SR utilizing their HTS expertise, compound libraries, and bioinformatic support. For 
actual screens at UTMB and to simplify the assay performance, assay plates will be prepared at SR, sealed, and 
frozen plates send to UTMB. Screening will be performed against selected viruses listed in Table 3. Compounds 
that demonstrate antiviral activity in the primary screen, will then be confirmed in concentration dose-response, 
cell toxicity, viral yield reduction, and/or time-of-addition assays. Characterization of the MOA of identified small 
molecules will be further characterized by the individual Research Projects. 
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SPECIFIC AIMS.



The COVID-19 pandemic caused by SARS-CoV-2 continues to profoundly impact individuals, communities, and nations. SARS-CoV-2 is rapidly evolving, demonstrating a capacity to persist and cause disease despite effective vaccines. There is a profound need for new antivirals for SARS-CoV-2 and particularly orally bioavailable antivirals for prophylaxis and early treatment. For over 20 years, our NIH-supported studies have advanced understanding of the functions and inhibitors of the CoV replicase, specifically the nsp12 RNA-dependent RNA polymerase (nsp12-RdRp) and the nsp14 proofreading exoribonuclease (nsp14-ExoN), both highly conserved and critical functions for CoV replication and RNA synthesis. Since 2014, our program has led IND-enabling preclinical studies for remdesivir and molnupiravir, including in vitro and in vivo efficacy, potency, toxicity, mechanism of action (MOA), resistance and combination studies. Thus, our capabilities are well established for coronavirus inhibitor hit identification and lead development using relevant in vitro and in vivo models, in conjunction with iterative chemical design and modification with industry and academic labs.  

In this program, we propose to use novel design and chemistry to: 1) develop inhibitor hit compounds and validate leads targeting nsp12-RdRp (and cofactors nsp7,8) and nsp14-ExoN (and cofactor nsp10); and 2) advance available and newly identified priority leads through in vitro, in vivo, and chemical studies toward oral formulation and IND-ready potent, oral drugs active against SARS-CoV-2 and other present and future zoonotic CoVs. 



Aim 1. dentification and Selection of Hit and Lead Compounds Targeting the SARS-CoV-2 nsp12-RdRp and nsp14-ExoN Complexes. The objective of this aim is to define hit compounds suitable for chemical modification, validation, and advancement to lead optimization. Part 1 will test novel nucleoside analogs (NAs)  targeting the nsp12-RdRp. In Part 2, chemical libraries will be screened for selective activity using in vitro biochemical assays against defined components of the replicase core complex, nsp12-7-8, and nsp14-10. Part 3 will test inhibitors of two-metal-ion-dependent (TMID) enzymes that have demonstrated inhibition of nsp14-ExoN and CoV replication. In Part 4, high-impact hits identified using continuous human respiratory cell cultures (A549-hACE2, Calu-3) will be validated in primary human airway epithelial (HAE) cells and against multiple human and model animal CoVs. Hits will be prioritized for lead advancement based on potency, activity in primary cells types, selectivity index, and amenability to SAR and oral administration.



Aim 2. Lead Development for Mechanism of Action (MOA), Viral Determinants of Activity and Resistance, and Combination Testing. The objective of this aim is to rapidly move validated hits through rigorous in vitro testing and further lead advancement to in vivo studies. In Part 1, SARS-CoV-2 will be passaged for resistance to lead inhibitors, followed by testing of isolates showing phenotypic resistance in quantitative assays of potency and efficacy, replication kinetics, and cytopathic effect. Viral genomes will be sequenced to define candidate determinants of resistance and known and novel drug targets in nsp12, nsp14, and across the genome. Prioritized candidate mutations will be introduced into isogenic backgrounds of SARS-CoV2 to test and confirm putative drug targets and resistance determinants. This information will be fed to the Structure and Analysis cores to further explore mechanism of action. In Part 2, passaged virus populations and engineered mutants will be tested for cross-resistance or increased sensitivity to compounds of similar or different chemical classes and for relative fitness vs. wild-type SARS-CoV-2 in direct co-infection competition experiments. In Part 3, lead compounds will be tested in combinations with remdesivir, molnupiravir, and other novel leads from this program to determine whether their interactions are synergistic, additive, or antagonistic. 



Aim 3. Lead Evaluation in Rodent Models of Zoonotic CoV Replication, Pathogenesis, Disease, Transmission, and Persistence. The objective of this aim is to use established, robust, murine and hamster models for SARS-CoV-2, SARS-CoV, and MERS-CoV infection to determine lead efficacy in vivo. In Part 1, validated leads (prioritizing established oral formulations) will be tested in wild-type, young, adult mice at different times of infection for impact on viral replication, disease, and pathology. In Part 2, a hamster model will be used to test lead efficacy in a different host species and prevention of transmission to uninfected contacts. In Part 3, compounds demonstrating activity in young, immunocompetent mice will be tested in aged and immunocompromised (RAG -/- and MuMT-/- strains) mice for capacity to ameliorate replication and disease in animals predisposed to severe infection. In Part 4, the potential and genetic basis for in vivo development of SARS-CoV-2 and SARS-CoV resistance to advanced leads will be explored using virus isolated from immunocompromised mice that progress to persistent infection.   


RESEARCH STRATEGY



SIGNIFICANCE AND IMPACT. 



[bookmark: _Hlk81909924][bookmark: _Hlk81909957]SARS-CoV-2 and other zoonotic coronaviruses (CoVs) cause devastating disease and remain uncontrolled. During the past 20 years, five novel CoVs have emerged to cause severe illness in new hosts, three of which are human respiratory pathogens: severe acute respiratory syndrome (SARS)-CoV (2002-2004), Middle East respiratory syndrome (MERS)-CoV (2012-present), and SARS-CoV-2 (2019-present)7-9. Viruses similar to SARS-CoV, MERS-CoV, and SARS-CoV-2 have been found in reservoir species such as bats and pangolins10-14. Thus, in addition to the current pandemic that has killed 1 in 500 Americans, all evidence indicates that new CoV emergence will continuously threaten global health at the animal-to-animal, animal-to-human, and human-to-human interfaces. Potent, broad-spectrum, resistance-averting, and orally-administered antivirals are thus urgently needed to prevent and treat SARS-CoV-2 and allow rapid response to future high-consequence zoonotic CoVs as vaccines and other countermeasures are developed.

The CoV replicase as a target of antiviral drug development. CoVs contain the largest positive sense single-strand RNA of any known human virus, ranging from 28-32 kb in length (Fig. 1). CoV RNA genome replication and subgenomic mRNA transcription are mediated by the replicase nonstructural proteins 1-16 (nsps 1-16) which are translated from input genome RNA as large replicase polyproteins15 and processed by viral proteases in nsp3 and nsp5 into intermediate and mature nsps 1-16 containing known or predicted functions in RNA synthesis and modification15-18. Biochemical, genetic, protein-interaction, cryo-EM, and crystallographic structure studies of replicase components all support a model of a multi-protein replicase holoenzyme with polymerase, RNA-modification, and proofreading functions containing at a minimum nsps 7-8-9-10-12-13-14 (Fig. 1). The nsp12-RNA-dependent-RNA-polymerase (nsp12-RdRp) is the central component in the RNA synthesis and modification machinery. The nsp12-RdRp folds into canonical “fingers-palm-thumb” domains forming the active-site cleft, which contains SDD metal-coordinating catalytic residues, as well as a novel “NiRAN” domain harboring nucleotidyl and guanylyl transferase activities. The nsp12-RdRp has multiple demonstrated interacting proteins and cofactors, including nsp7, nsp8, nsp9, nsp13, and the bifunctional nsp14-exoribonuclease/ N7-methyltransferase19-21. The Denison lab has been a world leader in studies of the nsp14-exoribonuclease (nsp14-ExoN) and has shown nsp14-ExoN to have critical roles in virus replication, genomic and subgenomic RNA synthesis, high-fidelity replication (RNA-dependent RNA proofreading), RNA recombination, innate immune antagonism, and native resistance to nucleoside analogs (NAs)19,20,22-28. The CoV replicase thus constitutes a holoenzyme with arrayed critical enzymatic functions and cofactors that are vulnerable to perturbation by precisely acting small-molecule antivirals. [image: ]

Figure 1. Coronavirus replicase protein expression, reporters, organization and structures of nsp12-7-8 and nsp14-10 subcomplexes. (A) Genome organization of SARS-CoV-2. (~30kb ss (+)RNA genome). (B) Translation of ORF1ab replicase polyprotein 1ab and processing of nonstructural proteins 1-16 (nsp1-16) by viral encoded proteases nsp3-PLpro and nsp5-3Clpro (Mpro). (C) Engineered reporters in SARS-CoV-2 ORF7 for analysis of replication and inhibition: mNeonGreen, mNG; nanoluciferase; red fluorescent protein (RFP)3,4. Similarly, reporters for SARS-CoV5 and MERS-CoV 6 are available. (D) Model of known interactions and proposed holoenzyme of the CoV replicase including: nsp12-RdRp; nsp7-8, required nsp12-RdRP cofactors; nsp14-exoribonuclease and N7 methyltransferase (ExoN, N7MTase); nsp10, required nsp14 cofactor. (E) Structure of nsp12-RdRp and nsp7/8 cofactors and RNA (PDB 6YYT). Domains of core nsp12-RdRp are shown: blue, fingers; yellow, palm; red, thumb. NiRAN domain not shown. The molecules of nsp8 (green) and nsp7 (light blue) required for nsp12 activity are shown, as well as location of RNA.  (F) Structure of nsp14, required nsp10 cofactor, and RNA molecule (PDB 7N0B). Locations of active Mg2+ (2) (red) and coordinating DE-E-D residues (blue) are indicated. 



Research team focus on next-generation inhibitors, oral formulations, and combinations.  Prior to the COVID-19 pandemic, very few labs were focused on fundamental CoV biology and fewer still on CoV antiviral drug development. Our CoV antivirals program in the NIAID-U19-supported “Antiviral Drug Discovery and Development Center” (AD3C) between 2014 and 2020 advanced two nucleoside analog (NA) antivirals through preclinical development into IND: remdesivir (Veklury, Gilead Sciences) and molnupiravir (NHC, MK-4482 / EIDD-2801, Emory Institute for Drug Development). Both showed remarkable potency and efficacy against CoVs, including SARS-CoV-2, and both target the nsp12-RdRp29-32. Due in large part to our preclinical development contributions, remdesivir was rapidly moved into human trials and remains the only FDA-approved direct-acting antiviral (DAA) for SARS-CoV-2. Yet, the remdesivir requirement for IV administration limited the scope of trials and its subsequent indications to hospitalized and severely ill patients33, which excludes treatment of COVID-19 cases comprising the vast majority of infections. Similarly, our studies supported use of the orally bioavailable NA, molnupiravir, now in advanced-stage clinical trials34. The recent announcement by MERCK that the phase 3 trial was terminated due to clear benefit of molnupiravir over placebo for prevention of hospitalization and severe disease (awaiting publication and FDA review) is highly encouraging and supportive of our studies in vitro and in animals and demonstrates our ability to identify oral inhibitors of CoV replication and disease. We have shown that both remdesivir and molnupiravir present high genetic barriers to resistance, but just as clearly we have shown that resistance can emerge against either drug31,32. Thus, it is imperative to establish additional antiviral strategies for all stages of infection—early, late, and post-exposure prophylaxis—and to include combinations of DAAs to improve outcomes and prevent emergence of resistance.  



INNOVATION



Discovery of chemical matter for testing.  Multiple parallel and highly innovative approaches will be used to develop hits and identify and optimize leads (see below for team integration and expertise), including: 1) novel NA chemistry (Arbutus [AR]) and modifications (University of Southern California [USC]); 2) structure-based design and modification of two-metal-ion-dependent (TMID) enzyme inhibitors active against nsp14-ExoN (University of Connecticut [UConn]); 3) biochemical screening of active nsp12-7-8 and nsp14-10 replicase subcomplexes against massive compound libraries (Southern Research [SR]); and 4) integrated molecular modeling, cryo-EM, NMR, crystallography, and fragment-based screening of hits or chemically modified leads (SR Cores). 

Established pathways for hit identification and lead development.  We have well-established and effective strategies for testing inhibitor efficacy, potency, and toxicity across multiple CoVs and cell lines, which will allow for rapid and accurate assessment of candidate hits meriting modification and/or advancement. Further, we will merge rational drug design and discovery approaches to identify candidate resistance mutations and relevant mutation linkages25,31 in linear but extensively cross-linked workflows to achieve high-throughput hit evaluation and refinement, rapid down-selection, and seamless progression of our best leads though comprehensive functional analyses in vitro and in vivo. These approaches include: 1) numerous relevant in vitro systems of HCoV infection utilizing continuous and primary human airway cells30,35,36; 2) physiologic in vivo models of HCoV disease35,37-41; 3) precision biochemical assays of priority targets in the viral replicase1,2; 4) a panel of well characterized epidemic and endemic HCoVs 6,12,13,30,40-45; 5) reverse-genetics systems for human endemic, zoonotic, and pre-epidemic CoVs4,6,12,13,42,43,46; and 6) deep- and long-read next-generation sequencing (NGS) methods 25.  



RESEARCH TEAM

CoV research team and integration of expertise. This project proposes a highly synergistic collaboration incorporating novel target and drug discovery and chemistry, biochemistry, structural biology, and in vitro and in vivo preclinical models of infection (Fig. 2). The Denison lab at Vanderbilt University Medical Center (VUMC) has been a leader in CoV research for over 30 years and in preclinical development of remdesivir and molnupiravir29-32,47,48. The Denison lab houses longstanding fundamental research programs in the virology and genetics of the CoV replicase, particularly nsp12-RdRp and nsp14-ExoN, across SARS-CoV-2, MERS-CoV, and SARS-CoV and the highly tractable animal beta-CoV, murine hepatitis virus (MHV). The Denison lab was the first to confirm and characterize the CoV unique RNA-proofreading function of nsp14-ExoN and its critical role in virus fidelity, replication, and intrinsic resistance to classes of NAs22,23,32,49-51. The Menachery lab at the University of Texas Medical Branch (UTMB) will perform hit validation and lead development in vitro and in vivo. They have established robust small animal models for SARS-CoV-2, SARS-CoV, MERS-CoV, and bat- CoV infection6,12,13,40-45, including animal-adapted strains of SARS-CoV-2 for use in native mice--young, aged, and immunocompromised animals40. Further, they have established models in hamsters for studies of SARS-CoV-2 replication, pathology, and transmission35,38,39. In addition to animal models, UTMB has long-standing expertise in highly relevant in vitro primary cell-culture systems, including air-liquid-interface (ALI) human airway epithelial (HAE) cultures35. Their well-established reverse genetics for multiple CoVs, including SARS-CoV-2, allows for testing of resistance mutations in mouse-adapted viral genetic backgrounds. Finally, Andrew Routh, PhD (UTMB) is an expert in deep sequencing analysis and has developed pipelines for analysis of RNA-seq and long-read (nanopore MinION) data in collaboration with the Denison lab, showing the role of CoV nsp14-ExoN in CoV recombination25.[image: ]



Figure 2. Experimental design and integration of programs for hit discovery and lead development. Schematic of experimental design, hit discovery and validation, and lead development through in vitro and in vivo testing. Cores:  MedChem, Analysis and Structure; SR, Southern Research; USC, McKenna lab (Univ. Southern California); UCONN,  Weller/Wright labs, (Univ. Connecticut); AR, Arbutus Biopharma; VUMC, Denison Lab (Vanderbilt University Medical Center); UTMB, Menachery lab (University of Texas Medical Branch); Admin, Admin Core. 



Expertise in fundamental CoV biology, replication, and pathogenesis at VUMC and UTMB is complemented by decades of experience and demonstrated success in novel antiviral discovery, chemistry, and development. The Weller and Wright labs at UConn have long-standing expertise in viral exonucleases and have established novel approaches for developing inhibitors of TMID enzymes, specifically against viral exonucleases. They have collaborated with the Denison lab to identify exonuclease-targeted compounds that demonstrate inhibition of SARS-CoV-2. SR will direct the Medicinal Chemistry (MedChem) Core, Analysis Core, and Structure Core. SR will perform screening of large libraries in defined biochemical assays of nsp12-7-8 and nsp14-10 to identify hits with potential for active-site and allosteric inhibition of those complexes. In addition, they have established lead compounds of unknown mechanism that will serve as initial development candidates at VUMC and UTMB. The McKenna lab at USC has established an approach for tunable chemical modifications to increase the potency and metabolism of NAs. They also will contribute modified NAs with significant in vitro efficacy for hit-to-lead validation and development. AR is an established company whose scientific director is Michael Sofia, a discoverer of sofosbuvir. Dr. Sofia and his research team have ongoing programs on antivirals against both hepatitis B virus and CoVs. AR has generated a panel of anti-CoV NAs with activity against HCoV-OC43 and/or SARS-CoV-2; these will be tested for hit identification and lead development in collaboration with AR. The drug-development programs are highly integrated and will work with the MedChem Core in the conduct of structure-activity refinement (SAR), biochemical testing, structure determination, modeling, and modifications.

Project 1 interactions and with other projects. Project 1 has been designed as an integrated, iterative workflow across the partnering scientific teams and cores. We will promptly communicate about leads that target proteins and functions conserved across virus families. Combination treatments built from leads not only carry the potential to improve breadth, potency, and resistance profiles against CoVs, but also might create bridge regimens effective against disparate virus families. Thus, the preclinical development program for CoV antivirals will promote progress across all AD3C-2 AVIDD projects and potentially define novel, broad-spectrum antivirals.



SCIENTIFIC PREMISE, EXPERIMENTAL RIGOR, AND CONSIDERATION OF RELEVANT BIOLOGICAL VARIABLES 

The scientific premise of this program is that small-molecule antivirals, singly and in combination and designed for oral administration, are essential for the control of current (SARS-CoV-2 and MERS-CoV) and future zoonotic CoV epidemics. Additionally, we propose that broad-spectrum therapies can be developed that target more than one virus and more than one virus family to maximize their benefit to global public health. We are committed to conducting rigorous, unbiased, and transparent research that generates repeatable and reproducible data amenable to statistically verifiable outcomes as part of comprehensive laboratory quality assurance. Cell lines, including primary cells, will be routinely monitored for purity by histological analysis of cell morphology and testing for contaminants (e.g., Mycoplasma). To reduce biological variability of in vitro antiviral analyses, we will perform assays using multiple complementary cell types (continuous cell lines and primary cells) and methods (reporter gene expression, infectious virus production, and viral RNA quantification by RT-qPCR). Experimental animals will be purchased through standard vendors that maintain genotypic control of their colonies. If non-commercially available animals are required, genetic backgrounds will be determined using state-of-the-art genotyping arrays. Any mutant animal strain used in this project will be confirmed within each cohort using validated diagnostic assays. To safeguard reproducibility across the scientific community, we will make novel virus strains, vectored viral cDNAs, and engineered cell lines available through BEI and Addgene. 



APPROACH



SPECIFIC AIM 1. Identification and Selection of Hit and Lead Compounds Targeting the SARS-CoV-2 nsp12-RdRp and nsp14-ExoN.  

Rationale. The objective of this aim is to define hit compounds for chemical modification, in vitro validation, and advancement to lead optimization. These studies focus on the critical conserved replicase complex, specifically nsp12-RdRp, nsp14-ExoN, and cofactors. However, all proteins that assemble in the functional replicase complex and required for RNA synthesis and modification are potential targets that may emerge during the course of the study.   

Part 1. NA chemistry and targeting the nsp12-RdRp.  [image: ]

Figure 3. A) Tunable prodrug scaffold to enhance potency, tissue selectivity, and oral bioavailability. CDV and HPMPA are shown as antiviral nucleoside examples. B) Compound activity against  SARS CoV-2 in Vero E6 cells (McKenna, USC). C) In vitro activity profile of USC-88 (two synthetic batches to demonstrate reproducibility) against SARS-CoV-2. 



[bookmark: _Hlk82617365]NA modifications for nsp12-RdRp inhibition.  Modified NAs have the potential for both enhanced and more universal cell penetration as well as increased efficacy and potential oral bioavailability. USC has designed and synthesized a series of NAs52 (Fig. 3), one of which, USC-088, shows 30x higher potency than remdesivir against a clinical isolate of SARS-CoV-2 in Vero E6 cells (IC50 = 0.04 μM; CC50 >100 μM). USC-088 incorporates a unique promoiety platform created at USC that provides versatile chemical ‘tunability’ to enhance the potency and PK properties of antiviral nucleoside phosphonates and phosphates (Fig. 3). In support of Project 1, they will develop this potential lead and its back-up, USC-026. USC-088 and USC-026 will be tested for activity against SARS-CoV-2 in continuous and primary cells (Part 4) and further developed and characterized in Aim 2. Concurrently, USC will collaborate with the MedChem Core to perform SAR, ADME, and PK in animal models, with the goal of obtaining an orally effective final lead compound. USC-088 and USC-026 or a lead derived therefrom by SAR will be made available for evaluation to other projects as a broad-spectrum antiviral RdRp inhibitor. The pro-moiety platform will also be applied to enhance potency53 and oral bioavailability54-56 of emerging nucleoside/nucleotide leads from Project 1 and MedChem Core.  

Novel NA inhibitors from structure-based design and pharmacophore screening. Through structure-based modeling and medicinal chemistry approaches, the chemistry team at Arbutus (AR) has synthesized or identified novel NAs as candidate broad-spectrum inhibitors of nsp12-RdRp. AR has complemented In-house de novo design with in silico pharmacophore-based pre-screening of compound libraries to triage a diverse set of known NA inhibitors to be tested against CoVs. In the AR development pipeline, systematic modifications are introduced to trigger antiviral activity and favorable selectivity toward virus vs. host cells. Any identified hits are elaborated further based on emerging SAR and through structure-based computational modeling. Hits validated using SARS-CoV-2-infected Vero cells and/or other CoV-infected cell systems with low micromolar EC50 values and no cytotoxicity in the efficacy range will be evaluated in continuous and primary cells (VUMC and UTMB). Results will be communicated with AR for their analysis of desirable drug-like properties, including stability and solubility (See Letter). Advancement of potential leads through Aims 2 and 3 (VUMC) will occur in parallel and iteratively with SAR to improve stability, solubility, and cell permeability for oral bioavailability (AR). Subsequent ADMET and PK analyses will be conducted at AR. Mechanism-of-action (MOA) studies of lead molecules will be performed using synthesized triphosphate metabolites and nsp12-RdRp enzymatic assays (AR).

 Part 2. Biochemical high-throughput screening of nsp12-7-8 and nsp14-10 complex inhibitors. 

Current Lead Compounds.  The existing and productive collaboration between VUMC and SR has yielded 4 compounds based on viral cytopathic effect (CPE) screening against SARS-CoV in Vero-E6 cells (Fig 4) The compounds demonstrate >3 log virus titer reduction.  sub-mM potency against SARS-CoV-2 in A549 cells at VUMC. These are currently progressing through SAR in the MedChem Core and will immediately be studied in vitro and in vivo as leads. Because mechanism is unknown, we will pursue passage / resistance / sequencing studies to determine if these leads are virus-targeted and, if so, the specific protein(s) with which they interact. [image: ]

Figure 4. Existing Lead Inhibitors from Southern Research. Compounds identified by previous CPE-based library screening demonstrate activity against both SARS-CoV (VeroE6) and SARS-CoV-2 (A549), meeting criteria for progression as leads according to EC50, CC50, SI, and virus titer reduction.



Biochemical Screening for Novel Inhibitors. Going forward in this proposal, SR will not further pursue viral CPE-based screening; in this project SR will deploy biochemical assays using SARS-CoV-2 replicase subunits: nsp12-7-8 as an active polymerase complex and nsp14-10 as an active exoribonuclease/N7-methyltransferase assay. A) The nsp12-7-8 complex. A functionally active SARS-CoV-2 RdRp comprised of recombinant nsp12-7-8 has been reported1 and will be used (Fig. 5, panel A). This assay will enable high-throughput screening for compounds that directly target polymerase activity. The system has the advantage of targeting the core synthetic complex and thus will capture active compounds specific for the nsp12-RdRp active site as well as allosteric or other inhibitors of nsp12, 7 or 8. Hits that advance with priority in Aim 1 will be subjected to MOA studies in Aim 2 and iterative SAR and structural analyses at SR. B) The nsp14-10 complex. Nsp14-ExoN function may require or be facilitated or modified by the small non-enzymatic nsp1057. Complexes of nsp14-10 have been confirmed to show ExoN function when expressed and purified from bacteria 2,24,26,27,58. A SARS-CoV-2 nsp14-10 ExoN functional assay sensitive to dsRNA digestion by ExoN will be employed2 (Fig. 5, panel B). The complex will be screened against the same library as the nsp12-7-8 complex, with similar potential to detect both direct and indirect inhibitors (allosteric and disruption of protein interactions). Further, this biochemical testing approach using nsp12-7-8 and nsp14-10 complexes will allow protein-focused evaluation of confirmed and new hits identified from AR, USC, and UConn libraries.[image: ]

Figure 5. A) FRET-based SARS-CoV-2 recombinant nsp12/7/8 RdRp strand- displacement assay. Figure from (1). B) RiboGreen recombinant SARS-CoV-2 nsp14-10 exoribonuclease assay. Figure from (2). 



PART 3. TMID enzyme inhibitors of nsp14-ExoN (UConn). 

The large size of CoV genomes and inherent error-prone nature of the viral RdRp necessitate a proofreading step (mediated by the ExoN domain of nsp14) to avoid buildup of lethal mutations in progeny genomes59,60. The nsp14-ExoN activity also renders CoVs resistant to many classic NAs via ExoN-mediated excision of the mispaired base24. Inhibitors of ExoN function are therefore expected to be directly antiviral and are also anticipated to strongly synergize with NAs such as ribavirin and remdesivir 32,49-51. ExoN belongs to a large superfamily of DE-D-D exonucleases (DE-E-D in CoVs), whose catalytic functions are orchestrated by two Mg2+ atoms16,60. Both DNA and RNA viruses encode such TMID enzymes, many of which have been shown to perform essential roles in nucleic acid metabolism (e.g., HIV integrase61-63 and influenza endoribonuclease64,65). Despite a common two-metal dependent mechanism, TMID enzymes differ considerably in the overall active site architecture, offering opportunities to engineer both potency and selectivity. The Weller/Wright labs (UConn) have developed a small-molecule platform to target viral TMID enzymes and generate novel antivirals, now extended to nsp14-ExoN in collaboration with the Denison lab at VUMC. The high-resolution structure of the nsp10-nsp14 complex enabled rapid virtual screening of a TMID-focused library developed by the Weller/Wright lab. Compounds were flexibly docked to the active site using Schrodinger Maestro Suite, and the resulting poses were ranked by docking score and fit. Visual inspection of top-scoring complexes revealed the promise of a subset of inhibitors, which made contacts in the deeper regions of the active site while retaining key interactions with the metal centers. Figure 6 shows a representative in silico complex of one such inhibitor, DDI-117 docked to ExoN. Eight of the compounds were tested for inhibition of ExoN activity using a gel-based assay to monitor cleavage of a ssRNA substrate. While six of the derivatives showed no effect on ExoN activity, two compounds reduced activity significantly. Next, we evaluated direct binding to ExoN protein by measuring the thermal shift of unlabeled protein in the presence of 20-fold excess of inhibitor (Tycho, Nanotemper). Both DDI-117 and DDI-116 produced a pronounced shift in the inflection temperature (∆Ti = 1.1°C), indicative of significant stabilization of the protein:ligand complex, while two structurally related but inactive compounds had no effect. These four compounds were tested at VUMC to determine anti-SARS-CoV-2 activity in culture. DDI-117 and DDI-116 demonstrated low micromolar level antiviral activity with an SI of >5, while the others exhibited no antiviral activity.[image: A picture containing chart  Description automatically generated]

Figure 6. Structure-based compounds against nsp14-ExoN inhibit SARS-CoV-2 (Weller-Wright, UConn). A) Ligand plot showing key interactions between DDI-117 and ExoN. B) Surface plot of DDI-117 in the ExoN active site (based on PDB:7DIY). C) Activity of DDI-116 and DDI-117 against SARS-CoV-2 in human A549-hACE2 cells. CC50: cytotoxicity. SI: selectivity index (CC50/EC50). VTR max: maximum virus titer reduction. D) Inhibition and cytotoxicity data used to generate EC50 and CC50.   



These validated hists demonstrate direct target engagement, functional inhibition, and antiviral activity in cell culture, providing a strong foundation for the ongoing Weller/Wright ExoN inhibitor program. This program will use a combination of structure-based lead optimization, in vitro analysis, biophysical evaluations, functional analysis, and antiviral activity to generate an evolving SAR model. Refinements will be made to induce improvements in potency and selectivity at UConn and in collaboration with the MedChem, Structure, and Analysis Cores. For example, additional contacts with proximate, conserved residues including Pro141, Pro142, His95, Gln145, Gln104, and Phe146 will be pursued. Candidates demonstrating good levels of antiviral activity in cell culture (EC50 < 2.5 M) and an acceptable SI (> 30) will be recommended for synergy testing with nucleoside inhibitors, formulation studies, and in vivo evaluation in collaboration.

Part 4. In vitro hit determination and validation. 

Hit testing in continuous cell lines. Compounds from parts 1-3 above will be tested in SARS-CoV-2-infected cells using recombinant virus expressing mNeonGreen (mNG), nanoluciferase, and red fluorescent protein (RFP) (Fig. 1). We will employ Calu-3 (human lung adenocarcinoma), A549-ACE2 (human lung adenocarcinoma), and Huh-7 (human hepatocellular carcinoma) cells using approaches we have previously reported for remdesivir and molnupiravir30-32 and as described for preliminary studies with SR compounds and UConn TMID enzyme inhibitors. The use of multiple cell types is important to address potential differences in cell penetration or metabolism, as we observed with remdesivir and its parent compound GS-441524 in Vero and A549 cells30. Cultures will be infected in multiple replicates and then left untreated, treated with carrier (such as DMSO), or treated with compound in carrier at concentration ranges designed to either establish or directly test the needed range for a 10-point analysis to calculate potency (log10 virus titer reduction [VTR]) and efficacy (EC50). Virus replication will be initially quantified using luminescence or fluorescence, followed by confirmation with qRT-PCR and/or plaque assay. Parallel uninfected cells will be similarly treated across a broad range of drug concentrations to determine cytotoxicity (CC50) using CellTiter-Glo luminescence assay. Data will be used to calculate compound selectivity index (SI = EC50/CC50) and compared between cell types. Compounds with EC50 <10 mm and SI >10 will be considered for further analysis, with priority on compounds demonstrating EC50 <2 mM and SI >50. While not a chief criterion, we will further prioritize compounds that show VTR >2 log10. However, compounds with higher EC50s and/or promising feasibility based on modeling, docking, or other assays may be considered for further testing if they are especially relevant and good candidates for SAR.  [image: Diagram, schematic  Description automatically generated]Figure 7. Human airway cultures for anti-SARS-CoV-2 testing. a) Primary human airway epithelia (HAE) cultures will be infected with reporter-expressing CoVs and treated with candidate drugs. b) Remdesivir was tested in nanoluciferase-SARS-CoV-2-infected HAE cultures. EC50 value is shown. Each dot represents one replicate data point.  



Hit validation in physiologically relevant primary cells against SARS-CoV-2 and determination of breadth of activity. Compounds of significant interest from testing in continuous cell lines will be assessed for efficacy, potency, and cytotoxicity in SARS-CoV-2-infected primary HAE cultures using methods established in the Menachery lab at UTMB35 (Fig. 7). In this system, Cultures are established from explanted tracheal/bronchial cells on air-liquid-interface (ALI) transwells, which allows differentiation into ciliated cells as natural targets of infection. Cells are infected at the apical surface and may be treated with drug either from the apical or basal compartments depending on formulation, cell penetration, and metabolism. Efficacy, potency, cytotoxicity, and SI will be determined. Compounds also will be examined for breadth of activity in HAE cultures infected with SARS-CoV and MERS-CoV.

Prioritization, capacity, lead identification, optimization, and advancement. We will prioritize initial hits based on multiple factors including potency, activity in primary cell types, SI, potential for SAR, and development potential for oral administration. Prioritized compounds will be further developed within this Aim and down-selected to a top-performing pool of leads for testing in Aim 2. We have significant capacity between VUMC and UTMB for evaluation and validation of up to 20 hits per month, and we are positioned to advance 10 compounds annually into detailed in vitro and in vivo studies. We have already identified multiple compounds (Figs. 3, 4, 6) satisfying basic criteria for advancement Those will enter studies in Aim 2, and possibly Aim 3, as the pipeline of new hit compounds and validated hits from parts 1-3 above progress. Thus, we anticipate a fully established pipeline of drug candidates, from novel discovery to hit validation to lead optimization at project inception, which will continue toward IND-enabling studies over the course of the project.   



SPECIFIC AIM 2: Lead Development for Mechanism of Action (MOA), Viral Determinants of Activity and Resistance, and Combination Testing.  

Rationale. The objective of this aim is to rapidly move advanced hits and validated leads through rigorous in vitro virologic assays to define MOA, phenotypic and genotypic resistance, and functional interactions with other priority compounds; inform additional SAR; and guide other modifications based on structural and biophysical analyses, leading to Go/No-Go decisions on progression of leads to in vivo testing.  

Published and preliminary results supporting feasibility and capacity. Studies at VUMC over the past 

eight years have established approaches for lead development that define MOA, resistance, and novel protein determinants and combination studies of NAs, including remdesivir and molnupiravir29,31,32. These studies have been IND-enabling and supported advancement of remdesivir (RDV) and molnupiravir (MPV) into clinical trials. We have shown: 1) RDV and MPV demonstrate high barriers to resistance and follow different genetic pathways impacted by MOA. 2) Introduction of two nsp12-RdRp mutations associated with MHV resistance to RDV into WT MHV reconstitutes the resistance phenotype, and homologous mutations introduced into SARS-CoV confer RDV resistance32. 3) Resistance of MHV to RDV results in increased sensitivity to MPV29 (Fig. 8). 4) Combination treatment with MPV and RDV show no antagonism and are at least additive in their anti-CoV activity (unpublished-score 1.72). These findings support our proposal that multiple NAs targeting nsp12-RdRp alone or with other replicase inhibitors may be useful combinations to enhance efficacy and  limit emergence of resistance. [image: ]

Figure 8. Remdesivir resistance mutations from MHV confer increased sensitivity to molnupiravir parent compound EIDD-1931. A) Remdesivir-mediated reduction in murine hepatitis virus (MHV) titer. Wildtype MHV (WT, black). Virus passaged 23 times in the presence of remdesivir (P23, orange). nsp12-RdRP resistance mutations F476L (blue), V553I (green) or both (magenta) in the WT MHV genetic background. B) EIDD-1931-mediated reduction in titers of viruses from panel A.  



Part 1. Identification of resistance determinants. We will serially passage SARS-CoV-2 and MHV in A549-hACE2 and murine delayed brain tumor (DBT) cells, respectively, in the presence of leads to select for resistance. This parallel approach allows for analysis of the trajectory of resistance development along different genetic pathways taken by distantly related beta-CoVs in different cell types. We will serially passage virus in the presence of increasing concentrations of lead compounds in three parallel lineages for each virus and cell type to allow for selection of alternative pathways to resistance. Vehicle-passaged lineages will serve as controls for drug-independent cell-culture adaptations. Passaged virus populations displaying phenotypic resistance, including increased viral titers and CPE at higher drug concentrations, will be tested in EC50 and VTR assays to quantify the level of resistance. 



Part 2. Sequence analysis, confirmation of targets, determinants of resistance, and biochemical and structural implications. Viruses demonstrating resistance phenotypes (e.g., increased CPE and infectious titers) will be analyzed by combined RNA-seq and long-read RNA sequencing (nanopore MinION) at VUMC and UTMB (See Routh letter) to confirm or define targets, mechanism of action (MOA), candidate resistance mutations, and novel physical or functional linkages in known or unpredicted interacting viral proteins or genetic elements. We will initially examine RNA from cells infected with population virus, which represents total diversity of potential mutations selected over passage. If multiple mutations are identified in a known or putative target, additional studies will determine whether mutations occur singly or in specific combinations (i.e., genetic linkage), including selection and sequencing of plaque isolates and MinION sequencing to define mutation haplotypes in sub-lineages or individual genomes. Single and combination mutations that have emerged to dominate WT sequences will be engineered in isogenic clones of SARS-CoV-2 to test/confirm drug targets and candidate resistance mutations. Confirmed mutations impacting resistance or MOA will be engineered at conserved homologous positions of MERS-CoV, MHV, and other beta- and alpha-CoVs to test for shared resistance determinants across divergent CoVs. Finally, confirmed mutations impacting resistance or MOA will be submitted to collaborators and to the Structure Core for potential structural determination and to the Analysis Core for testing in defined biochemical nsp12/7/8 or nsp14-10 systems.  

Part 3. Impact of resistance mutations on viral fitness and susceptibility to other compounds. Our previous studies have shown that CoV passage in the presence of an inhibitory drug can select specific resistance mutations and may concurrently select for epistatic (compensatory) or adaptive mutations, which can impact virus replication, fitness, resistance, and general sensitivity to multiple compounds31,32,50,51. 1) Replication. Viruses will be compared in side-by-side replicate assays during single-cycle (high multiplicity of infection [MOI]) and multiple-cycle (low MOI) replication in the presence and absence of compounds. Replication curves will reveal changes in eclipse period, exponential growth kinetics, time to maximum replication, and peak titer. 2) Competitive fitness. SARS-CoV-2 passaged populations and isogenic clones containing engineered confirmed mutations will be co-infected with WT virus containing a silent (synonymous) barcode of up to 8 nucleotides, which allows quantitative comparison of WT and mutant virus abundances by qRT-PCR using specific primers and probes51. WT and mutant viruses will be inoculated onto cells at ratios of 1:1, 1:9, and 9:1, followed by five serial passages of culture supernatants and qRT-PCR for WT and mutant virus in supernatant and total infected-cell RNA at each passage level. Based on our long experience, we predict that selection of resistance mutations in the replicase will confer a fitness cost (less competitive) compared to vehicle-passaged virus in the absence of compound and display distinct replication advantages against all viruses in presence of drug. 3) Resistance/sensitivity to other compounds with similar or different targets. We will assess the sensitivity of drug-resistant mutants to other leads targeting the same and different proteins. These experiments will define the potential for cross-resistance and sensitivity to leads with distinct target specificities—e.g., nsp14-ExoN inhibitors vs. nsp12-RdRp resistance mutations—and guide selection of combinations. 

Part 4. Combination testing. An important goal of this program is to define interactions between lead compounds and establish a basis in support of - or rationale against - combination therapy for CoVs as a strategy to increase potency and prevent emergence of resistance. Most basically, it is critical to establish that a compound does not broadly antagonize other compounds and/or exacerbate cellular toxicity. On the other hand, additivity or synergy with other compounds would favor advancement of a lead. Leads advancing from preceding sections will be tested in two-way dose matrices, initially with clinical-stage and approved anti-CoV DAAs (e.g., remdesivir, molnupiravir, protease inhibitors GC376 and PF-07321332, and then with combinations of compounds targeting nsp12/7/8 and nsp14-10 complexes or individual proteins. Synergy testing will be performed in technical and biological replicates, beginning with EC50 concentrations centered in the six-point dose-response curve. Combinations that display neutrality in toxicity assays and either additive or synergistic efficacy as defined by the BLISS synergy score66 will be prioritized for testing in vivo. 



SPECIFIC AIM 3. Lead evaluation in rodent models of zoonotic CoV replication, pathogenesis, disease, transmission, and persistence. 

Rationale. In vivo models of CoV infection offer a critical, complex system to evaluate drug efficacy67. Robust mouse and hamster models have been established at UTMB for SARS-CoV, SARS-CoV-2, and MERS-CoV infection. In addition, these systems can be tailored to evaluate drug efficacy against transmission, in aged models, and in immune compromised states. This approach will provide crucial insights into how a drug performs in limiting disease and spread in healthy and vulnerable populations. The models also will allow iterative testing for route of drug administration, formulation, and testing of combinations.

 

Part 1. Utilize mouse models of SARS-CoV-2, SARS-CoV, and MERS-CoV infection to explore how drug treatment via different routes alters viral replication and pathogenesis. In this sub-aim, we will use established mouse infection models for SARS-CoV-240, SARS-CoV41, and MERS-CoV37 to explore drug efficacy in vivo. Each of these murine models of CoV infection recapitulate key elements of human disease and allow examination of how a drug impacts virus replication, disease progression, and recovery. Mouse models. Both SARS-CoV and MERS-CoV models of infection have been previously established and use mouse-adapted strains to demonstrate viral replication in respiratory tissues and significant disease in terms of weight loss, respiratory function, and damage to the lung37,41. Our group at UTMB has generated a mouse-adapted SARS-CoV-2 strain (CMA3p20) that induces dose-dependent weight loss, immune infiltration/lung damage, and virus replication limited to the respiratory tract (Fig. 9)40. For SARS-CoV and SARS-CoV-2, these studies utilize standard laboratory strains (BALB/C, C57BL/6), while the MERS-CoV model employs human DPP4 transgenic mice37. Importantly, these CoV mouse models do not produce disease in off-target tissues like the CNS as seen with human ACE2 transgenic mice68. As such, these models provide a more physiologically relevant system to evaluate drug efficacy in the respiratory tract following infection.  Route of treatment. The mouse models offer several avenues for drug administration. We will utilize two routes for each target drug. The first route will be decided based on expected efficacy (intranasal [i.n.], intraperitoneal [i.p.], intravenous [i.v.], inhalation). In addition, we will also use on oral delivery (gavage) to facilitate transfer to studies in humans. Evaluation of viral load. Initial studies will examine the impact a drug has on virus replication in the respiratory tract. In mice, we focus on viral titer found in the upper (trachea) and lower (lung) airways. We anticipate effective drugs will yield a reduction >1 log10 in viral titer relative to control. In addition to plaque assays, lobes of the lung will be examined for changes in viral RNA and antigen staining. From each of these parameters, the impact of the drug on viral load will be comprehensively evaluated. Disease parameters. In addition to viral load, we will evaluate the impact of drug treatment on CoV-induced disease. The most common metric, weight loss, will be examined over a 7-day time course with peak disease occurring between days 2-5 post-infection. We also will survey changes in disease score (ruffled fur, hunching, diminished movement) and use whole body plethysmography (WBP) to evaluate changes to respiratory function69. Finally, we will utilize histopathology (H&E) to examine immune-cell infiltration and lung damage in the presence of drug treatment. Experimental design. Drug efficacy will be evaluated in CoV models in the following order: SARS-CoV-2, SARS-CoV, and MERS-CoV. Briefly, 10 week-old C57BL/6 (SARS-Cov-2, SARS-CoV) or transgenic DPP4 (MERS-CoV) mice will be treated with the drug of interest or vehicle control starting 1 day prior to infection and continued throughout the time course of infection (Fig. 10). Animals subsequently will be infected with a dose of virus inducing up 20% weight loss and evaluated over a 7-day time course. Subsets of mice will be euthanized at days 2, 4, and 7 for determination of viral replication (lung and trachea), viral RNA (lung), and histopathology (lung). We anticipate an effective drug will have a significant impact on viral replication (reduction >1 log10), reduction in weight loss (>10% [absolute magnitude]), improved respiratory function, and/or diminished damage/immune infiltration in the lung. Targets validated with the most sensitive route (i.n., i.v., i.p., inhalation) or oral administration will be evaluated for therapeutic treatment commencing after infection. Because a priority is for development of orally available drugs, any lead advancing through in vitro studies that has known oral formulation will be prioritized and immediately tested by oral gavage administration. 	Comment by Jim Chappell: Add panel labeling to figure (A., B., C.) Also, correct statement re. dashed line in panel C?[image: ]Figure 9. Mouse-adapted SARS-CoV-2 model. A) Dose response of 10 week old BALB/C mice infected with 104 (green), 105 (blue), or 106 (pink) PFU of SARS-CoV-2 CMA3. B) Immune infiltration in the lung 2 days post-infection with 105 PFU SARS-CoV-2. C) Viral RNA in various tissues following 105 PFU SARS-CoV-2 infection. Dashed line indicates lower limit of quantification.

[image: ]

Figure 10. Drug efficacy testing in murine CoV models of infection. Mice will be treated with target drug or vehicle control beginning at day -1 and infected, monitored, euthanized for tissue harvest at days 2, 4, and 7. 





Part 2. Examine drug efficacy in the SARS-CoV-2 hamster model: impact on airway replication, lung damage, disease induction, and transmission. We will utilize the golden Syrian hamster, a second model of SARS-CoV-2 infection, to evaluate efficacy of a drug at limiting CoV replication, disease, and spread.  Hamster model. Similar to mice, the golden Syrian hamster provides an in vivo model that recapitulates key elements of human disease, including replication limited to the airway, disease with non-adapted SARS-CoV-2 strains, and immune infiltration and damage to the lung. Importantly, the model also evaluates how drug treatment impacts virus transmission. Overall, our group has had significant experience utilizing the hamster model to evaluate fundamental aspects of SARS-CoV-2 biology and impact of variants35,38,39. Route of treatment. Paralleling the mouse studies, we will pursue two routes for drug treatment. The first approach will use best-efficacy route (i.n., i.p., i.v., or inhalation). Subsequent studies will focus on oral delivery (gavage). Selected routes will be informed by efficacy data from mouse studies. Evaluation of viral load. We will evaluate viral replication in both lower (lung) and upper (trachea) airways. In addition, we will determine viral titers in nasal washes as a proxy for transmission capacity38,39. We also will examine changes in viral RNA and antigen staining in the lung in the presence of drug treatment. Disease parameters. Drug-treated and control hamsters will be evaluated for changes in disease by weight loss, disease score, and histopathology. We will perform WBP in the hamster model by leveraging current equipment available in the animal BSL3. Transmission. One advantage of the hamster model of SARS-CoV-2 over mice is the capacity to evaluate changes in transmission between animals. While mice fail to transmit virus even via contact, our group has demonstrated efficient transmission of SARS-CoV-2 in the hamster model38,39. In this study, we will use drug- and mock-treated hamsters infected with barcoded SARS-CoV-2 as donor animals (Fig. 11). We will subsequently expose infected hamsters to naïve hamsters and evaluate transmission efficiency under drug treatment using NGS (see Letter Andrew Routh). Experimental design. 4-6 week old male golden Syrian hamsters will be treated with drug of interest or vehicle 1 day prior to infection with SARS-CoV-2 and continued throughout the experimental time course. Hamsters will be evaluated over a 7-day time course, with subsets euthanized at days 2, 4, and 7 for assessment of viral replication, viral RNA, and histopathology. We anticipate an effective drug will reduce viral replication (>1 log10) and weight loss (>10% [absolute magnitude]), improve respiratory function, and/or diminish lung damage and immune infiltration. Treatments that result in reduced viral replication or improved disease outcomes will be further evaluated for changes in transmission. Finally, targets validated by sensitive routes (i.n., i.v., i.p., inhalation) will tested for oral dosing using same design.[image: Diagram  Description automatically generated]Figure 11. Drug impact on SARS-CoV-2 transmission. Drug- and mock-treated animals infected with barcoded SARS-CoV-2 will be co-housed with naïve animals and transmission evaluated by NGS.



Part 3. Evaluate drug efficacy in reducing disease in the susceptible aged mouse model of CoV infection. Based on demographic data from SARS-CoV-2, SARS-CoV, and MERS-CoV outbreaks, CoV infection causes increased mortality in aged human populations, an  age-dependent susceptibility is recapitulated in our mouse models of SARS-CoV and SARS-CoV-2 pathogenesis70,71. Therefore, these aging models allow evaluation of drug efficacy in a critical, susceptible population. Aged mouse model. While young C57BL/6 mice (10 weeks old) are relatively resistant to SARS-CoV infection, aged mice (20 months) have significantly more disease in terms of weight loss, immune infiltration, and respiratory dysfunction (Fig. 12). Similar age-dependent disease has been observed following SARS-CoV-2 infection of mice70. Importantly, drug treatments that reduce or disrupt virus replication may have augmented efficacy in aging mouse models and show utility in treating CoV-mediated disease in this susceptible population. Viral load and disease parameters. We anticipate changes in viral replication will be similar between young and aged mice. However, we predict drug treatment will have an increased impact in aged mice due to exacerbated disease. We will focus on several disease readouts to mark improved outcomes, including weight loss, disease course, and survival over a 7-day time period. We will also utilize WBP to evaluate changes in respiratory function with and without drug treatment. Finally, histopathology of the lung will provide insight into damage and immune infiltration in the presence of drug treatment. Experimental Design. Aged C57BL/6 mice (14-20 months) will be treated with the drug of interest or vehicle control 1 day prior to infection. Animals will be subsequently infected with mouse-adapted SARS-CoV (MA15) or SARS-CoV-2 (CMA3p20) and evaluated over a 7-day time course. Subsets of mice will be euthanized at days 2, 4, and 7 for analyses of viral replication, viral RNA, and histopathology. We expect treated aged mice will experience a reduction in weight loss (>10% [absolute magnitude), improved respiratory function, and/or diminished damage and immune infiltration in the lung.  	Comment by Jim Chappell: Will treatment continue throughout the infection course?[image: ]Figure 12. Age-dependent disease in mouse models of SARS-CoV. Young (10 week-old, black) and aged (20 month old, red) C57BL/6 mice infected with 104 PFU of SARS-CoV MA15 were monitored for a) weight loss, b) viral titer in the lung, c) airway resistance (penH) by WBP and d) diffuse alveolar damage by histopathology.



Part 4. Determine drug efficacy and viral resistance generation in immune compromised mouse models. In addition to aged populations, immunocompromised people represent a major vulnerable population to CoV disease, and specific genetic knockout mouse models recapitulate similar immune deficiencies as found in humans. These models will be used to evaluate drug efficacy as well as define potential routes for drug resistance produced in persistently infected in vivo models. Immune compromised mouse model. Previous work with mice lacking both B- and T-cell immunity (RAG-/-) or B cells immunity alone (MuMT-/-) has demonstrated persistent infection with SARS-CoV lasting >30 days post-initial challenge72 (Fig. 13). As such, these mouse models correspond to persistent infection with SARS-CoV-2 observed in immunocompromised humans73. Importantly, immune compromised mouse models provide an avenue to explore drug efficacy in a vulnerable population, which often respond poorly to vaccines74,75. In addition, the persistent infection model provides an in vivo system to explore drug resistance that can expand on in vitro studies. Evaluation of viral load. We will evaluate virus replication in drug-treated immunocompromised mice over an extended timeline—early (day 2), intermediate (day 7), and extended (day 30) intervals post-infection. We will focus on the lungs in these animals and evaluate viral replication, RNA, and antigen staining in parallel. Disease parameters. Previous studies with SARS-CoV demonstrated that, although RAG-/- and MuMT-/- fail to clear virus over time, the disease phenotypes are consistent with WT mice in terms of disease and damage. Therefore, while we will evaluate weight loss, disease score, and histopathology, we do not anticipate significant changes in disease relative to young mice in Part 1. For SARS-CoV-2, the immune compromised model development is ongoing and may reveal distinction in disease that will be pursued as indicated by specific phenotypes. Resistance mutations. Consistent with in vitro resistance testing, immunocompromised mice used in these studies will allow exploration of the generation of resistance in vivo. Using the day 30 samples from persistently infected mice, we will work with Dr. Andrew Routh (see letter) to examine coding changes in the SARS-CoV and SARS-CoV-2 genomes that may contribute to drug resistance. Experimental Design. RAG-/- and MuMT-/- mice will be treated with the drug of interest or vehicle control 1 day prior to infection and continued throughout the 30-day time course. Animals will be subsequently infected with either SARS-CoV (MA15) or SARS-CoV-2 (CMA3) and evaluated over a 30-day time course. Subsets of mice will be euthanized at days 2, 7, and 30 for viral replication (lung and trachea), viral RNA (lung), and histopathology (lung). We anticipate an effective drug will have a significant impact on viral replication (reduction >1 log10), even in the absence of adaptive immune responses. We do not anticipate significant changes to disease parameters between WT and mutant animals in the SARS-CoV model. For SARS-CoV-2, model development will inform measurable changes to pathogenesis. For resistance, we will focus on virus-coding mutations found at late time points (days 15 and 30), and these mutations will be cross-referenced to Aim 2 results to identify unique and shared features of in vitro- and in vivo-selected resistance. Critical mutations will be engineered in isogenic backgrounds for in vitro testing and for direct testing of impact of mutations on virus fitness (VUMC), attenuation in vivo (UTMB), and in biochemical systems with the Structure and Analysis Cores for impact on protein function and sensitivity to the compound in question.  [image: ]Figure 13. CoV clearance requires adaptive immunity. WT mice clear SARS-CoV by day 7. Mice lacking lympho-cytes (Rag-/-) or only B-cells (MuMT-/-) fail to clear SARS-CoV, permitting continued replication. 



Expected outcomes, potential challenges, and alternative strategies. Our group has extensive experience with in vivo models of coronavirus infection12,13,38-40,76-82. We anticipate each activity in Aim 3 will be successful based on robust animal model systems, well-established experimental design, and prior experience with the proposed studies. We predict that targets advancing to this aim will show efficacy in both the hamster and mouse models of infection. In addition, the transmission and aged models will provide important insights into the use of these drugs in a metric of spread and a key, susceptible population, respectively. While the models are well characterized, the oral dosing and candidate formulations may require optimization to improve efficacy and may vary across CoV strains. Similarly, while we anticipate generation of resistance, failure to induce resistance in vivo would be a positive result, suggesting limited escape from the candidate tested. Absence of resistant mutants, while unlikely, would obviate the need for studies to characterize attenuation of resistant viruses in immune competent animals. 

[bookmark: _Hlk83384332]

PROJECT DEVELOPMENT PLAN.  The table below shows the stages of development. It is broadly useful to look at overall process but less so in regards to specific compounds and our high priority of identifying and rapidly advancing compounds with broad efficacy and potential for oral administration.   With the ongoing pandemic, our demonstrated expertise, and the highly integrated labs (VUMC, UTMB, UCONN, SR), collaborators (Arbutus, USC) and Cores (MedChem, Structure, Analysis) we are positioned for rapid-cycle iteration on validated hits and advanced leads to improve potency, physical properties, and toxicity profiles via combination of structural analyses, biochemical assays, and medicinal chemistry. All requisite capabilities exist within Project 1 consortium. Importantly, we start with multiple validated hits from USC, Arbutus, UConn that will enter Aims 1 and 2 and even Aim 3. We will constantly review and prioritize / reprioritize compounds to continue to develop novel approaches while rapidly advancing those most promising. 



Based on the monthly progress meetings and annual project reviewers, the AD3C-2 Center will prioritize promising projects and drug candidate for fast-track development. Compounds with in vivo efficacy, desired PK, and good safety profile will be prioritized for preclinical development and IND profiling. Please refer the details for the Product Development Plan in the OVERALL write-up of the application.
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[bookmark: _Hlk82328809]SPECIFIC AIMS

Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus (family Paramyxoviridae) that can cause severe respiratory illness and encephalitis in animals and humans. Both viruses are among the deadliest human pathogens known to man with case fatality rates up to 100% for the Bangladesh strain of NiV (NiVB). Significantly, multiple rounds of person-to-person transmission of NiVB is also possible. Cedar henipavirus (CedV) is the only other henipavirus isolate and also the only known non-pathogenic henipavirus, and has been recently demonstrated to be an effective surrogate platform for henipavirus antiviral drug discovery and tool for countermeasure research. There are no approved vaccines or therapeutics for disease caused by HeV or NiV. This proposal focuses on developing antiviral countermeasures to combat the pathogenic henipaviruses which today includes HeV and two distinct NiV strains, NiVB and NiV Malaysia (NiVM). Genevant Sciences, Inc. has considerable experience developing RNA interference (RNAi) therapeutics against highly pathogenic viruses, with demonstrated efficacy in nonhuman primate (NHP) models of infection. The RNAi therapeutics approach utilizes Genevant’s lipid nanoparticle (LNP) platform which stabilizes encapsulated small interfering RNA (siRNA) ensuring effective delivery to target cells. Aim 1 will focus on developing RNAi strategies to combat henipaviruses. A second antiviral discovery approach will focus on compounds that target the replication complex of henipaviruses. This approach is supported by the previous results that the polymerase inhibitor remdesivir can confer protection to animals against NiVB demonstrating the promise of this class of drugs. Here, Aim 2 will perform high-throughput screening (HTS) using a large library of compounds with an established HTS assay employing a replication competent authentic henipavirus platform (CedV) to identify additional lead antiviral candidates. Aim 3 will focus on combination therapy which is known to be highly effective for combating other viral pathogens, and also one that limits the potential emergence of drug resistance. This uniquely different and targeted combination approach will utilize the most potent antivirals identified in Aims 1 and/or 2 and could provide an effective and complementary treatment of henipavirus infection that is more effective than each therapeutic modality alone. Specifically, we will pursue the following three aims:



Aim 1.	Develop and optimize siRNA for protection against Hendra and Nipah viruses. A battery of siRNAs against conserved regions of the L, N, P, M, G, and F genes of HeV, NiVM, and NiVB will be designed and evaluated for antiviral activity in vitro. The most promising candidates will be formulated in LNP targeting different cell types.  Pharmacokinetic and biodistribution studies will be performed in hamsters. Protective efficacy of lead candidates will be evaluated in hamster models of henipavirus disease when administered at various times after exposure and by different routes of delivery. Dosing and delivery regimens will be evaluated in hamsters, and the most promising siRNAs will be assessed in a proof-of-concept protective efficacy in African green monkey (AGM) models of HeV and NiVB.



Aim 2. Develop and optimize replication complex inhibitors against Hendra and Nipah viruses. Libraries of drugs predicted to have activity against the replication complex of henipaviruses will be screened using a novel surrogate virus system based on the henipavirus Cedar virus (CedV) which has significant homology to both HeV and NiV. This system utilizes recombinant CedV encoding luciferase (rCedV-Luc) and will be used at BSL-2 for high-throughput screening (HTS) of a library of up to 100,000 compounds. Lead candidates will then be screened against wild type HeV and NiV in vitro. Pharmacokinetic and biodistribution studies will be performed in hamsters on inhibitors showing in vitro activity against wild type henipaviruses. Protective efficacy of lead drugs will be performed in hamster models of HeV and NiV infection.  Antivirals showing strong protective efficacy may be optimized in collaboration with the Chemistry Core. Following optimization of dosing and delivery regimens in hamsters the most promising antivirals will be assessed for protective efficacy in AGM models of HeV and NiVB. In order to leverage existing data showing that remdesivir protected a small cohort of AGMs when given very shortly after exposure to NiVB, studies will be performed to determine the therapeutic window for remdesivir in AGMs exposed to HeV and NiVB, i.e., can remdesivir be given at the onset of clinical disease or at advanced stages of illness and still have a beneficial effect?



Aim 3. Develop combination therapy of broad-spectrum siRNA-conjugate therapeutics and/or replication complex inhibitors against Hendra and Nipah viruses. The most promising antivirals from Aims 1 and/or 2 targeting different antigenic sites will be combined and assessed for enhanced efficacy in henipavirus-infected cells and hamsters. The objectives of these studies will be to determine if the combinatorial approach will confer 1) improved antiviral efficacy over that seen with each therapeutic alone; and 2) improved efficacy when treatment is initiated either at, or even after, the prodromal phase.






RESEARCH STRATEGY

(a) Significance. Hendra virus (HeV) and Nipah virus (NiV) are enveloped, single-stranded negative-sense RNA viruses and the prototype members of the genus Henipavirus in the family Paramyxoviridae1-3. NiV and HeV are bat-borne paramyxoviruses that are distinguished from the many paramyxoviruses that cause human and animal diseases by virtue of their uniquely broad host tropism and impressive lethality. Henipaviruses are capable of infecting at least 18 animal species across six orders of mammals, including bats4,5. HeV was first recognized in 1994 as the cause of an outbreak that led to fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra, Australia. To date, HeV has appeared in Eastern Australia on 62 occasions causing the death or euthanasia of more than 100 horses, two HeV antibody-positive and euthanized dogs, and 4 fatalities of 7 human cases6,7. The horse is the predominant target host acquiring HeV infection from virus-shedding bats and is also the source of human infection. NiV emerged just a few years later in Malaysia and Singapore in 1998-99 causing a large outbreak of encephalitis with high mortality in people and also respiratory disease in pigs which served as amplifying hosts8,9.  NiV was later recognized as the agent causing a large outbreak of encephalitis among pig farmers in Malaysia in 1998/1999. Although NiV from Malaysia (NiVM) has not re-emerged in Malaysia, nearly annual outbreaks of human cases of NiV infection have been recorded since 2001 in Bangladesh and a few in India caused by NiV-Bangladesh (NiVB)10. The outbreaks of NiVB have had notably higher human fatality rates ranging from 75-100%, along with the direct food-borne transmission of NiV from bats to humans and significant human-to-human transmission of NiV infection11. Evidence of NiV has also been detected in cattle, goats, and pigs12. However, in 2014, an outbreak of NiV encephalitis (attributed to the NiV-Malaysia strain) occurred in the Philippines with 9 fatalities of 11 human encephalitic cases and an influenza-like illness in another 6 individuals, one also with meningitis13. The Philippines outbreak involved horse-to-human and human-to-human transmission of NiV infection as well as apparent lethal infections of both cats and dogs. A more recent 2018 NiVB outbreak in Kerala, India, occurred in a new geographic region far from the locations in Bangladesh and India where all prior appearances have occurred and had a high case fatality - 91%, with 22 of 23 cases the result of human-to-human infection transmission at three different hospital locations14. A fatal case of NiVB was reported in Kerala in September of 2021 causing concern of another potential outbreak15.  Together, there have been over 650 cases of human NiV infection with a combined ∼60% case fatality rate, in South Asia and Southeast Asia across five countries16. The observations that the NiVM and NiVB strains reportedly display differences in case fatality rates and human-to-human transmission are interesting as there is 91.8% nucleotide homology between the genomes17.

HeV and NiV are classified as Biosafety Level (BSL)-4 pathogens because of the high mortality rates associated with infection, the lack of effective medical countermeasures, and the ease of transmission. In addition to causing morbidity and mortality as a naturally acquired infection, HeV and NiV are also categorized as Category C priority pathogens by several US Government agencies because of the concern for deliberate misuse. Along this line NIVM and NiVB cause lethal infection in nonhuman primates (NHPs) when delivered by small particle aerosol18,19. Importantly, NiV and henipaviral diseases were recently included on the World Health Organization’s (WHO) Blueprint List of Priority Pathogens20 while NiV was also included on the Coalition for Epidemic Preparedness Innovations (CEPI) list of Priority Diseases21. As a result of the unprecedented global pandemic of COVID-19 there is heightened concern regarding respiratory pathogens. Consequently, in March of 2020 the US CDC recommended that NiV be added to the list of Tier 1 Select Agents22. Characteristics of NiV enhancing its global pandemic potential include: humans are susceptible; NiV is capable of person-to-person transmission; it is an RNA virus with potential to mutate, and if a human-adapted strain were to infect communities in South Asia, high population densities and global interconnectedness would rapidly spread the infection23.

Currently, there are no approved human vaccines or therapeutics for NiV or HeV disease. While substantial progress has been made in developing preventive vaccines against NiV and HeV24-29, with a soluble glycoprotein-based vaccine in Phase I clinical trials30, the development of postexposure treatments has lagged behind. A variety of antiviral therapies have been explored to combat NiV and HeV infection with some assessed in animal challenge models, including ribavirin, chloroquine, polyIC12U, and heptad peptide fusion inhibitors but all with none to limited effectiveness31.  The most effective postexposure treatments identified to date that have been assessed in the gold standard African green monkey (AGM) models have been remdesivir32 and the human monoclonal antibody (mAb) m102.433-35.  Remdesivir was shown to completely protect AGMs from lethal NiVB disease when treatment was initiated 24 hours after virus exposure and before the onset of viremia or clinical disease.  The human mAb m102.4, which targets the henipavirus G glycoprotein, has shown more promise in the AGM model.  Specifically, m102.4 completely protected AGMs against HeV or NiVB when treatment was initiated beginning 3 days after virus exposure33,35 and against NiVM when treatment was initiated as late as 5 days after virus exposure34.  In addition, m102.4 has also been employed under compassionate use protocols to treat HeV patients in Australia and a potential exposure in the US30. However, while m102.4 completely protected AGMs when initiated beginning 5 days after exposure to NiVM it was unable to protect any AGMs when initiated beginning 5 days after exposure to NiVB35 supporting views that NiVB is more pathogenic in humans and AGMs. Importantly, while NiVM causes disease and lethality in AGMs it is not uniformly lethal while NiVB causes uniform lethality in AGMs under the same test conditions35. A current major gap in preclinical postexposure treatment studies is the lack of any antiviral modality to show protective efficacy in animal models when treatment is initiated at the onset of clinical signs for HeV and NiVB or at more advanced stages of clinical illness.

Henipaviruses have a negative sense, single-stranded RNA genome that is 18,234 nucleotides in length for HeV36, 18,246 nucleotides in length for NiVM37 or 18,252 nucleotides in length for NiVB17. The genome consists of six genes, namely, N, P, M, F, G and L36,37. The N gene encodes the nucleoprotein that is essential for genome replication and packaging38. The P gene encodes the phosphoprotein (P), which is essential for genome replication38, and three additional proteins termed C, V, and W that appear to have pathogenic roles39. The M gene encodes the matrix protein that is required for viral particle formation and budding40,41. The F gene encodes the fusion protein that allows for fusion of the viral and host cell membranes in viral entry42. The G gene encodes the glycoprotein, which is the viral attachment protein that recognizes the host ephrin-B2 and ephrin-B3 receptors expressed on a variety of cell types including endothelial cells, neurons, pulmonary alveolar Type II epithelial cells, and dendritic cells that are highly conserved among many mammalian species43-45. The L gene encodes the large viral RNA-dependent RNA polymerase9,37. All of these genes and gene products serve as potential targets for therapeutic interventions. This proposal focuses on developing antivirals that can provide broad protection against all medically relevant henipaviruses by 1) developing and optimizing small interfering RNAs (siRNA) directed against genes important for henipavirus replication and assembly; 2) developing and optimizing small molecules inhibitors of the henipavirus replication complex; and 3) combining the most promising antivirals for improved antiviral efficacy over that seen with an individual therapeutic.

(b) Innovation.

siRNA and LNP. siRNAs are powerful, sequence-specific reagents able to suppress gene expression through the process of RNAi. The siRNA approach described in this proposal provides a significant new antiviral strategy that enables targeting of multiple viral genomes and virally-derived mRNA molecules. Development and optimization of this technology has the potential to lead to an effective “one-stop” treatment against NiV and HeV. Genevant’s liver targeting LNP platform is a clinically validated technology that enabled the FDA approval of the first RNAi drug (Onpattro™)46. They have shown promising results in clinical trials targeting hepatitis B virus, and more recently been successfully deployed in clinical trials for mRNA-LNP vaccines designed against SARS-CoV-2 with Pfizer recently obtaining US FDA licensure. Moreover, in a previous collaboration with UTMB Genevant (formerly Arbutus) developed LNP-siRNA therapeutics that demonstrated complete protection against Ebola, Sudan, and Marburg viruses in guinea pigs and NHPs47-53. As with this proposal, that work began with siRNA screening and lead identification, progressing through to proof of concept studies in NHPs during a 5 year term. siRNAs have also shown in vitro efficacy against henipaviruses54,55. Together, these results strongly support the applicability of an siRNA-LNP approach to addressing pathogenic henipaviruses. 

siRNA Delivery. Genevant’s technology platform is based on specialized lipid nanoparticles (LNP) capable of efficient encapsulation and delivery of nucleic acids (Figure 1). LNP are comprised of a proprietary combination of various lipid components and novel cationic lipids56. The spontaneous vesicle formation process is highly efficient, and typically 90-95% of the siRNA are encapsulated within these lipid particles. The resulting LNP are filter-sterilized, and ready-for-injection vials can be stored refrigerated for many months. LNP particles are 50-90 nm in diameter and serum stable, rendering them suitable for parenteral administration. In addition, the feasibility of pulmonary delivery of nucleic acid payload with LNP has been demonstrated by our group and others57-59. The small size of LNP allows them to be entrapped in aerosolized droplets that can easily be deposited deep in the lungs. Thus, LNP provide a means of transporting nucleic acid drugs to the appropriate target tissues and target cells in a much more efficient and pharmacologically active manner than is achieved by administering the nucleic acid alone. It does this by: 1) providing protection from nuclease degradation in the bloodstream, 2) permitting administration via several different routes; 3) allowing accumulation in target tissues and 4) providing a means of siRNA entry into the cellular cytoplasm for RNAi activity. The LNP delivery platform can be readily adapted as needed to target new or divergent agents by incorporation of different siRNAs, and the delivery of multiple siRNAs (a "cocktail") within a single LNP is a powerful tool for targeting different critical nodes within a single disease or to enable broad spectrum antiviral activity. [image: Untitled-1]

Figure 1. Schematic of LNP.



Henipaviruses have a broad cellular tropism. The early targets of NiV and HeV infection are respiratory epithelial and endothelial cells60,61. Multiple sources of data indicate that LNP are effectively delivered to these cells in preclinical species57-59. Genevant has demonstrated that LNP lipid components can be designed and combined in a rational manner to modulate the pharmacology of the resulting particle, allowing optimization of formulations for new applications62,63. LNP pharmacology is particularly influenced by the polyethylene glycol (PEG)-lipid and cationic lipid structures and content. Changes to the LNP bilayer have provided up to 10-fold improved target knockdown in rodents and NHPs64. Engineering of lipid components should also allow redirection of LNP to other cells, including extra hepatic. Genevant has already developed LNP formulations that can withstand nebulization for delivery to the airway epithelium, and further optimization should enhance delivery efficiency. Immunostimulation. Many types of nucleic acids, including siRNAs, are potent activators of the mammalian immune system65. Immune activation represents an undesirable side effect due to the toxicities induced by unwarranted cytokine expression and inflammation. The potential of siRNA-based drugs to activate the immune system and elicit downstream effects such as antibody responses is an area of concern in the evaluation of both safety and efficacy. These responses to nucleic acids may further be amplified through the use of delivery vehicles that facilitate the cellular uptake of the siRNA (such as LNP). Genevant’s work developing siRNAs for therapeutic applications has shown that siRNA chemical modifications confer nuclease resistance and prevent recognition of siRNA by the innate immune system66. These chemically modified siRNAs have improved tolerability and reduced off-target effects (relative to siRNAs composed of native RNA chemistry) in an animal model of hepatitis B infection67. Genevant’s “minimal modification” strategy involves the incorporation of 2’-OMe nucleotides into siRNAs - this approach has been demonstrated to abrogate the induction of the immune response and associated toxicities in primary human cell cultures, mice and NHPs, indicating the preservation of the inhibitory mechanism across species68.

Preliminary studies. 

b.1 Design of Specific siRNAs Using Bioinformatic Algorithms. Genevant is experienced in designing active and specific siRNAs for targets using the Whitehead site (http://jura.wi.mit.edu/bioc/siRNAext/) based on thermodynamic criteria, known to be a major factor in siRNA efficacy. We have successfully designed siRNAs targeting both endogenous and viral genes using this method50-54,69,70. Recently, we have improved our design by adopting a proprietary bioinformatic algorithm with more advanced off-target analysis for higher specificity. This algorithm allows off-target sequence alignment with all known transcripts for a given species. It also compares the seed region of siRNAs with known microRNAs for evaluating potential microRNA-like off-target effects. In addition, single nucleotide polymorphism (SNP) will also be investigated for each of the nucleotide in the siRNA to estimate potential loss of activity risk. Using this algorithm, we have successfully identified active siRNAs in vivo for multiple programs. In this research project, we will apply our siRNA design experience to identify specific siRNA candidates for NiV and HeV.

b.2 In vitro Screen of Virus Targeting siRNA with Dual Luciferase Reporter (DLR) Assay. In vitro screening of antiviral siRNAs is challenging with live viral infection models, particularly for viruses in Risk Groups 3 or 4 that requires specialized facilities for handling. The DLR assay has been identified as an effective strategy to enable early-stage siRNA screening that mitigates this risk. This nonviral screening system involves transfection of plasmid vectors for firefly and Renilla luciferase. The viral gene fragments containing the siRNA targeting sites will be inserted between the two luciferase genes. siRNA knock down of target mRNA is reflected by a concomitant decrease in the (downstream) Renilla luciferase luminescence, which is normalized to luminescence produced by firefly luciferase (itself a measure for cell transfection efficiency). Genevant harnesses this assay for multiple antiviral siRNA screen efforts such as HBV, Ebola, Marburg, etc. In this research proposal, we will synthesis luciferase reporter constructs containing the NiV and HeV viral gene targets and screen designed anti-NiV/HeV siRNAs using DLR assay. 

b.3 Delivery of Luciferase mRNA LNP via Aerosolization. The aerosolized approach is complicated by the mucosal barrier of the respiratory epithelium, which facilitates ciliary clearance of foreign particulates. LNP typically comprise four lipid components: an ionizable lipid, a PEG-conjugated lipid, cholesterol, and a phospholipid. To identify an initial LNP for delivery to lung epithelium, we employed a nucleic acid reporter payload (luciferase mRNA) and tested different combinations of each for their ability to withstand nebulization (PennCentury microsprayer) and impart functional delivery and expression of the nucleic acid payload. Luciferase biodistribution was visualized by luminescence imaging (Figure 2) and activity was assessed with a luciferase enzymatic assay (Figure 3). We found that variations in the identity and proportions of the lipid components strongly influence the ability to mediate delivery. LNP F demonstrated localized expression in the lung, with high luciferase activity in this target organ compared to the liver. In later studies, we moved from intratracheal (i.t.) delivery to nebulization (Aerogen Aeroneb Solo device). Nebulizers are commonly used for the treatment of respiratory diseases because of their ability to disperse drug formulations into small aerosol droplets that are inhaled into the airway through a mouthpiece. Animals in these studies were exposed to LNP in a nebulization chamber. Luciferase expression was predominantly reported in the lung, whereas i.t. administration (Penn Century) often resulted in expression in the airway bifurcation. IVIS whole body imaging showed localized distribution of luciferase in the lung following nebulization (Figure 4). Although bioluminescence differed visually between left lung (1 lobe) and right lung (4 lobes), we confirmed that both lungs have similar luciferase activity. Furthermore, we hypothesized that rapid clearance would improve tolerability profile of the LNP formulation. Thus, we designed and used biodegradable lipids with structural motifs that are rapidly hydrolyzed to facilitate rapid clearance. As confirmed by Mass Spectrometry (MS) analysis, very low levels of the parent ionizable lipid were present in the lungs at 6h and 24h post-nebulization (Figure 5).[image: A picture containing text, screen, several  Description automatically generated]

Figure 2. Ex vivo imaging of tissues from animals treated with PBS, a lung-directed, or liver-directed LNP.

[image: A picture containing logo  Description automatically generated]

Figure 3. Example of a formulation screen in naïve mice.



Delivery of siRNA LNP via intravenous administration to target specific cell types in the liver. Although our work with lung delivery has been focused on delivery to the lung epithelium, we have demonstrated in another application that LNPs can be designed to selectively target different cell types in the liver following intravenous (i.v.) administration. As an example, we have developed LNPs that target hepatic stellate cells (HSCs) in the liver and demonstrated that they accumulate to a much lesser degree in hepatocytes (the usual target of LNP in the liver). A sustained 12-month screening effort of our proprietary lipids and compositions resulted in the identification of LNP M3, a considerably more effective formulation for silencing the HSC-specific gene target RELN. It showed minimal activity against hepatocyte (TTR) or endothelial cell (TIE-2) targets (Figure 6). Conversely, LNP A is far more effective for targeting hepatocytes and LNP G was effective against all 3 cell-specific gene targets. A similar screening approach could be used to identify LNP compositions that target the lung endothelium, using TIE-2 siRNA.  [image: A picture containing indoor, dark, light  Description automatically generated]

Figure 5. Clearance of parent ionizable lipid following aerosolized delivery to mice.
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Figure 4. IVIS whole body imaging of mice at 6h following aerosolized delivery of luciferase mRNA LNP.







b.4. Antiviral drug discovery. Antiviral drug discovery for HeV and NiV has been significantly hampered due to requirements of BSL-4 containment. However, the recently discovered Cedar virus (CedV), which shares significant homology to both NiV and HeV and the third member of the Henipavirus genus, has allowed us to circumvent the BSL-4 requirement for henipavirus drug discovery, because CedV is not known to be zoonotic and has been shown to be nonpathogenic in animals susceptible to HeV and NiV disease, and thus designated as a BSL-2 agent. We have recently optimized a recombinant CedV encoding luciferase (rCedV-Luc) for high-throughput screening (HTS) applications and performed a pilot HTS to identify small molecule inhibitors using the recombinant CedV71. Importantly, several small molecule inhibitors (Figure 7) have been validated in vitro using infectious HeV and NiV in the BSL-4 facility, demonstrating the proof-of-concept feasibility of using this CedV-based surrogate HTS platform for inhibitor screening against HeV and NiV, and providing a strong foundation for the current drug discovery project. Particularly, our furopyrimidine-based hit Z2 was found to have an EC50 value of 0.5 µM. In Table 2 are shown additional inhibitors in the furopyrimidine series that we identified from a focused screening campaign, which allowed us to develop some initial structure-activity relationships (SARs). In the Research Plan we discuss methods for the preparation of new compounds in each series as well as specific plans for developing the SARs. Our recombinant CedV HTS system will be used to support Aim 2.[image: A picture containing logo  Description automatically generated]

Figure 6. Gene silencing in different cell types following IV administration of LNPs.





b.5. Combination therapy. Combining antiviral drugs with different mechanisms of action is one possible strategy for limiting drug resistance and may have synergistic or additive effects that can improve outcome. Combination therapies became a standard of care for treating HIV and HCV infections and have been more commonly used to treat chronic viral infection.  However, we recently showed that a combination of a polymerase inhibitor (remdesivir) with a human mAb targeting a surface glycoprotein had a substantial and statistically significant effect in extending the therapeutic window for treated Marburg virus infection of NHPs72.  In brief, rhesus monkeys are protected against lethal Marburg virus infection when treatment with either a human mAb (MR186-YTE; 100%), or remdesivir (80%), is initiated 5 days post-inoculation (dpi) with Marburg while no animals survive when either treatment is initiated alone beginning 6 dpi. However, by combining MR186-YTE with remdesivir beginning 6 dpi, significant protection (80%) is achieved, thereby extending the therapeutic window. This new data shows that combination therapy may also have utility against acute viral infections.[image: ]

Figure 7. Inhibition of NiVB replication Vero 76 cells measured by virus titer reduction assay (% infection relative to the DMSO control).

Table 1. Validation of rCedV-based HTS assay hits for inhibition of NiVB.





Hit

CedV 

(293T)

CedV 

(Vero)

NiVB (Vero)



IC50 (µM)

CC50 (µM)

IC50 (µM)

CC50 (µM)

IC50(µM)

Z1

0.70

100

2.1

100

3.3

Z2

0.78

37

13.2

100

0.5





(c) Approach

Research Strategy:

Respiratory epithelial cells, endothelial cells, and neurons are important cellular targets of NiV and HeV73-88. In addition, dendritic cells and macrophages can be infected and disseminate henipaviruses79,86. Temporal studies in animal models show that henipaviruses initially infect respiratory epithelium, spread to other cells such as endothelial cells, and eventually to neurons75,76. Once henipaviruses infect neurons therapeutic intervention is difficult. A goal of Aim 1 is to develop siRNAs that can target henipavirus genes associated with replication and assembly and deliver these siRNAs to primary cellular targets in order to slow the ability of henipaviruses to gain access to the CNS and improve survival. In addition to liver-based targets and indications, Genevant has been working to expand LNP delivery to extrahepatic tissues, including lung. Here we will seek to apply these advances, identifying potent and cross-species active NiV/HeV targeting siRNAs for pulmonary delivery to both endothelium and epithelium. Aim 2 is focused on replication complex inhibitors. Some of these inhibitors will be developed within this project while other antivirals will be provided by Arbutus and Gilead. Currently, Arbutus has actively engaged in the discovery and development of broad spectrum small-molecule inhibitors against the RNA-dependent RNA polymerase of coronaviruses, including that of SARS-CoV-2. Since the active site of these viral enzymes can be highly conserved, antiviral compounds discovered from this program may also exhibit inhibitory effect across multiple RNA viruses. Representative compounds from the different sub-series will be evaluated by the HTS Core for antiviral effect against henipaviruses. Confirmed hits will be elaborated to develop SAR, with assistance from structure-based computational modeling. Lead compounds with promising antiviral and pharmacokinetics profiles will be progressed into testing against viral infection in animal models to determine in vivo efficacy.

Aim 1.	Develop and optimize siRNA for protection against Hendra and Nipah viruses. We have three Subaims under Aim 1 that together are focused on the development of broad spectrum, non-immunostimulatory siRNAs targeting NiV and HeV genes associated with replication and assembly. They will be encapsulated in a single LNP to form a postexposure therapeutic and tested in hamsters and NHPs for protection against NiV and HeV. We will first identify the most efficacious siRNAs against four different genes (L, N, P, M) of one or more NiV and/or HeV strains (Subaim 1.1). These will subsequently be combined into a tri- or quadripartite siRNA cocktail to confer activity against potential mutations of the virus. siRNAs displaying the strongest anti-NiV/HeV activity will be incorporated into selected novel LNP to enable their delivery to the lung endothelium and/or epithelium. In parallel, we will select and formulate a shortlist of novel lipid compositions for lung delivery (both intravenously to endothelium and aerosolized to the epithelium) (Subaim 1.2). Emphasis will be placed on those with proven high potency in other applications and biodegradable functionality to provide the best tolerability profile. LNP will be screened in naïve rodents using model siRNA (TIE2 for endothelium, e-Cadherin for epithelium). The best LNP will be combined with the NiV/HeV siRNA from Subaim1.1 and assessed in hamsters and NHPs challenged with NiV and HeV (Subaim 1.3).

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]1.1. Design and In vitro screening of siRNAs targeting NiV/HeV L, N, P and M proteins. The goal of Aim 1 is to design, screen, and select lead siRNAs targeting NiV and HeV viral genes. siRNAs targeting each viral gene will be designed using bioinformatic algorithms and screened through in vitro dual luciferase reporter (DLR) assays. 2’-OMe chemical modifications will be applied to the lead siRNA candidates to mitigate immunostimulatory effect while maintain the gene silencing potency. siRNAs targeting the conserved regions of viral genes will be prioritized for candidates down selection. For viral genes with short sequence length and low homology between NiV and HeV or among different viral strains in the same species, siRNAs targeting one or more dominant strains will also be screened as potential cocktail component. The viral gene targets we selected include the L pol (L), which provides the RNA-dependent RNA polymerase activity of the polymerase complex, and which is necessary for all viral RNA synthesis. The second target is the nucleocapsid (N) protein that facilitates the functional transition of the viral polymerase from a viral transcriptase to a viral replicase during viral replication. In addition, the polymerase cofactor phosphoprotein (P) and virion budding coordinator matrix protein (M) are also promising anti-NiV/HeV targets. Design of siRNAs targeting NiV/HeV L, N, P and M proteins. Using proprietary bioinformatic algorithms, siRNA will be designed targeting NiV/HeV L, N, P and M genes. Viral gene sequences of all clinically relevant NiV and HeV species will be obtained from NCBI Entrez viral genome sequence databases. If available, conserved regions of each viral gene will be identified for siRNA design. For viral genes with low cross-species homology, the sequence from dominant clinic species will be used. The siRNA targeting specificity will be assessed by aligning with human, NHP and rodent transcriptomes and seed sequence comparison with known human, NHP and rodent microRNAs. Specificity of both sense and antisense strand will be analyzed. In vitro screening of unmodified NiV/HeV siRNA. For each gene target, a pool of 48 of bioinformatically designed siRNA candidates with high specificity will be synthesized for in vitro activity screening using DLR assay. This nonviral screening system involves transfection of plasmid vectors for firefly and Renilla luciferase. The viral gene fragments containing the siRNA targeting sites will be inserted at the 3’ end of Renilla luciferase gene. siRNA knock down of target mRNA is reflected by a decrease in Renilla luciferase luminescence, which is normalized to luminescence produced by firefly luciferase (itself a measure for cell transfection efficiency).  Two rounds of screening will be performed, including a 2-concentration initial screen for all candidates and a subsequent 10-concentration dose response comparison for the top 12 candidates. The most active siRNA candidates will be selected for chemical modification optimization. Chemical modification optimization for lead siRNA. Through our research at Genevant, we have determined that 2′-OMe modifications to both sense and antisense strands yields viable and effective siRNAs without any induced toxicity, cytokine induction or off-target effects59,62. In this Aim, we will modify 3-6 best unmodified siRNA performers (Subaim 1-2) for each viral gene. For each parental siRNA sequence, 5-10 different modification patterns will be tested. The activity of modified siRNAs will be tested using DLR assay. The suppression effect on immune stimulatory will be verified using human whole blood assay. The siRNAs (single siRNA or siRNA cocktails) will be formulated into the lung targeting LNP and incubated with heparinised human whole blood for 24 h, followed by plasma isolation. Cytokine and/or chemokine levels will be quantitated using commercially available assays. In addition to assessments in human whole blood, modified siRNAs will also be administered to ICR mice and assessed for the production of IFN-α and IFN-β and IFN-induced protein with tetratricopeptide repeats (IFIT1) mRNA as has been done previously51. Efficacy testing of siRNA candidates against live henipavirus infection. Antiviral activity of the LNP-encapsulated siRNAs will be evaluated against live NiVB, NiVM, and HeV infection. In brief, human airway epithelial and endothelial cells or Vero cells will be infected with different strains of NiV and HeV as described previously80,83,85,88. One hour post-infection, cells will be treated with individual anti-NiV/HeV siRNAs. Culture fluids will be harvested at various times after challenge (e.g., 24, 48, 72, 96 hours) and assayed for the presence of infectious NiV and HeV by conventional plaque assay and by quantitative RT-PCR73,74. Non-targeting luciferase siRNA will be used as a control in all assays.

1.2. Identify novel LNP compositions for lung specific-siRNA delivery in naïve mice. In parallel with Subaim 1-1, we will screen and select one or more LNP lipid compositions with potent and specific delivery to the lung endothelium and/or epithelium in naïve mice. Through our previous research, we have demonstrated functional nucleic delivery (luciferase mRNA) to the lung epithelium via nebulization, with minimal expression in the liver. Our current benchmark lung formulation exhibits rapid clearance and great stability, withstanding shear forces generated during aerosolization. Furthermore, we have demonstrated the ability to design LNP compositions that specifically target different cell types in the liver following intravenous administration. We will leverage this combined experience to identify a potent LNP formulation for i.v. delivery of siRNA to lung endothelium, and/or for aerosolized delivery to the lung epithelium. Genevant has designed a library of advanced lipid components that have been engineered to clear shortly after administration. This biodegradable functionality results in improved tolerability, while maintaining high potency in vivo. Initial screening of these novel lipids for lung specific delivery will utilize model siRNAs (e.g., TIE-2 to target endothelial cells and CDH1 to target epithelial cells) and will take place in a naïve mouse model. Screen novel lipids for lung siRNA delivery in naïve mice. The goal is to design, screen, and select novel lipids and LNP compositions to be used for delivery of a cocktail of model siRNAs (e.g., TIE-2 and CDH1) to the lung endothelium via i.v. administration, or to the lung epithelium via aerosolized delivery. Initial screening of these novel LNP will take place in a single dose naïve mouse model and will comprise four rounds of LNP screening; each round will consist of PBS + 9 novel LNPs. Since there are two routes of administration, the same 9 LNP formulations in each round of screening (encapsulating both TIE-2 and CDH1) will be administered i.v. (in one study) and aerosolized (in a separate study). In total eight mouse studies conducted in this phase. LNP specificity will be evaluated using model siRNA specific to endothelial cells (e.g., TIE-2) or epithelial cells (e.g., CDH1). Activity of these formulations in the lung tissue (versus other tissues) will be determined by measuring mRNA knockdown using the QuantiGene 2.0 Assay (QG 2.0) assay. After four rounds of screening, the top 5 LNP compositions will advance to a dose response study (at 3 dose levels) to rank potency and assess tolerability. Tolerability of these formulations will be assessed by cytokine (e.g., MCP-1, IL-6) ELISA assays and clinical pathology analysis. The top three formulations will advance to the next phase based on their activity and tolerability profiles. Dose response/tolerability studies. The three lead LNP candidates selected from the initial LNP screens will be evaluated for dose responsiveness and tolerability at three dose levels. Activity will be measured by mRNA knockdown and tolerability will be assessed by clinical pathology, cytokine induction, and anti-PEG antibody responses. Duration of action/repeat dose tolerability studies.  The three lead LNP candidates selected from the initial LNP screens will also be evaluated for duration of activity and repeat dose tolerability at an appropriate dose level selected from the dose response study above. Duration of activity (measured by mRNA knockdown over a time course) will be determined following single dose i.v. administration or aerosolization in naïve mice. Repeat dose tolerability will be assessed by clinical pathology, cytokine induction, and anti-PEG antibody responses. Rate of lipid clearance/accumulation will also be determined in this study. Frequency of siRNA LNP administration will depend on duration of activity results and will provide informative data for subsequent studies in viral challenge models where LNPs may require repeat dose administration. The best formulations (based on their activity and tolerability profiles) will advance to further assessment in naïve hamsters. Evaluate translation of results in naive hamster model. To ensure translation of results from the mouse to hamster model, we will perform a final LNP evaluation of the top three LNP candidates in naïve hamsters. Based on the activity and tolerability results in naïve hamsters, three lung targeted LNP compositions will be selected and combined with lead siRNAs (Subaim 1-1) for evaluation in the HeV and NiV hamster models at UTMB in the Geisbert Lab (Subaim 1-3).

1.3. Assessing anti-NiV/HeV activity of LNP-siRNA cocktail therapeutics in preclinical species. Lead siRNA sequences and LNP compositions resulting from Subaims 1 and 2 will be tested for efficacy in a series of hamster viral challenge studies against NiV and HeV. Cocktails of different siRNA candidates will be formulated to lead LNP compositions. Infected hamsters will receive treatment of LNP-siRNA cocktails via i.v. injection and/or aerosol delivery, starting at different time points post-infection to assess protective efficacy. In vivo testing of anti-NiV/HeV LNP-siRNA cocktails in NiV/HeV infected hamsters. Cocktails of chemically optimized siRNA leads from Subaim 1-1 will be formulated to LNP composition leads from Aim 1-2. The in vivo activity of these LNP-siRNAs will be tested in a series of hamster infection studies. In brief, animals will be randomized to multiple study groups (n = 5 per group) and intranasally (i.n.) inoculated with ~ 5x10^6 PFU of NiVB or HeV75,89-91. Animals will then be treated with anti-NiV/HeV LNP-siRNAs by i.v. injection (starting at 1 mg/kg) and/or aerosol delivery, beginning ~ 1 hour after virus challenge, and continuing daily for up to 6 days after exposure. The control animals will be treated in parallel with an equivalent dose of a non-targeting Luciferase LNP-siRNA. siRNA antiviral efficacy will be assessed by several methods, including weight loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be optimized in later studies. siRNA candidates showing the most protection will be selected for assessment in NHPs. In vivo testing of anti-NiV/HeV LNP-siRNA cocktails in NiV/HeV infected nonhuman primates. A final proof of concept study will be performed in NHPs using the LNP-siRNA candidates providing best protection against NiV/HeV infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated i.t. and i.n. with a uniformly lethal challenge dose (~ 2.5x105 PFU per route, ~ 5x105 PFU total dose) of NiV or HeV as described previously29,35. The treatment groups (consisting of five animals each) will be treated with an anti-NiV/HeV LNP-siRNA candidate (1 mg/kg) by bolus i.v. infusion up to 5 days after viral challenge (initiation time informed by hamster studies) while a control animal will receive an equivalent dose of non-targeting Luciferase LNP-siRNA. Animals will receive six additional daily treatments of the anti-NiV/HeV LNP-siRNAs. The siRNA antiviral efficacy will be assessed by several methods, including respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival.

Aim 2. Develop and optimize replication complex inhibitors against Hendra and Nipah viruses. Toward this Aim we will 1) further develop remdesivir in NHPs; 2) perform large scale screening of small molecule libraries (up to 100,000 compounds) using an optimized HTS platform; 3) confirm, analyze, and validate hit compounds with infectious HeV and NiV in vitro, and rank according to their antiviral potency and cytotoxicity; 4) chemically optimize the lead compounds and construct useful Structure-Activity Relationships (SAR); 5) evaluate the most potent lead compounds with infectious HeV and NiV both in vitro (5-10) and in vivo (2-5); 6) perform mechanism of action (MOA) studies to determine the targets of these lead compounds using an integral approach of biochemical, biophysical, biological, and structural techniques; and 7) identify the best lead compounds with good oral bioavailability as candidates for an IND study. In addition, antivirals from Arbutus and Gilead funneled in from the HTS Core will be assessed in vitro and in vivo against infectious HeV and NiV.

2.1. Optimization of remdesivir in AGMs. A previous study showed that administration of remdesivir beginning one day after exposure of AGMs to NiVB completely protected the animals against lethal disease32. While the results of this work are encouraging the treatment was initiated very shortly after infection before any animals showed clinical signs of illness. The goal of this Subaim is to better define the therapeutic window of remdesivir in AGMs, i.e., can remdesivir still protect AGMs against henipavirus disease if administered at or after the onset of clinical illness? A group of six AGMs will be challenged by combined i.t. and i.n. routes with a lethal challenge dose (~ 2.5x105 PFU per route, ~ 5x105 PFU total dose) of a low passage (p2) NiVB isolate as previously described29,35. At day 4 after NiVB infection (when AGMs begin to show signs of clinical disease) five of the animals will be given a 10 mg/kg i.v. loading dose of remdesivir, followed by 5 mg/kg i.v. daily maintenance doses 5-15 dpi, for a total of 12 consecutive days of treatment, as previously described32 while a control AGM will be treated in parallel with sterile saline. Based on the results, the study will be repeated to further define the therapeutic window, e.g., if all five animals treated with remdesivir survive the follow up study will begin treatment at day 5 after NiVB infection. Conversely, if any of the remdesivir treated AGMs succumb the follow up study will begin treatment at day 3 after NiVB infection. A third study will be done to assess the protective efficacy of remdesivir for treating HeV-infected AGMs; test conditions for the HeV study will be the same as the test conditions showing the best protection against NiVB. Defining the therapeutic window is not only important in terms of translating preclinical animal data to humans but also in regard to combination treatment studies where it is important to establish breakthrough for each individual drug to be used in combination approaches in order to be able to show a benefit of combining drugs.

2.2. HTS assay. We will employ our recently published optimized HTS protocol utilizing the recombinant CedV system71. Cells preseeded in a 96-well plate at a density of 2.5 x 104 cells per well will be treated with growth medium containing either DMSO or selected compound at predetermined nontoxic concentrations for 1 hour at 37 °C, 5% CO2. Cells will be infected with rCedV at multiplicity of infection (MOI) of 0.01 and the plate incubated for 48 h. Luciferase activity will be examined by reading the luminescent signal using the ENVISION JANUS automated workstation (PerkinElmer, Waltham, MA) as per the manufacturer’s instructions. This plate reader is integrated directly with the robotic deck so that readings can be made unattended. The data will be normalized by the average signal of the negative control wells in each plate. The best inhibitors will be evaluated in HEK293T cells and Vero cells in 96-well plates. Cells will be incubated with compounds at a 3-fold serial dilution ranging from 30 nM to 200 µM followed by the addition of rCedV-Luc (MOI: 0.01). After incubation at 37 °C for 48 h, luciferase activity will be examined by reading the luminescent signal as described above. Sample signals will be normalized by signals from the DMSO control wells. EC50 and CC50 values will be calculated by dose-response curve fitting with Graphpad prism. These assays will be conducted in the Rong Lab.

Screening Libraries. These libraries will be provided by the UIC Research Resource Center (RRC). Multiple ready-to-use chemical libraries to facilitate drug discovery and drug target identification are curated at the RRC. They are available in 96- or 384-well plate formats suitable for HTS.

AI-Aided Screens for Anti-Henipaviral (Nipah/Hendra) Drug Discovery In collaboration with the MCC at Southern Research, artificial intelligence (AI)-aided screens will be utilized for the efficient discovery of novel anti-henipaviral agents (Figure 8). Cheminformatics analysis will be performed on the UIC HTS library to remove the pan-assay interference compounds (PAINS) based on an in-house developed PAINS structure filter. A machine learning (ML) model will be used to perform AI-aided predictions of the phenotypical anti-henipaviral activity of non-PAINS compounds. Taking NiV as an example, an ML model (via BIOVIA Pipeline Pilot platform) will be constructed and trained with the already-available phenotypical anti-NiV data of 10K compounds from Southern Research database92 as well as other anti-henipaviral compounds previously identified in PIs’ labs71. Based on our experience of the successful development of a SARS-CoV-2 ML model using similar algorithm and data size (Core Approach Section C1), we expect a NiV ML model of at least 80% prediction accuracy to be developed. Subsequently, protein-structure-based virtual screens (VS) will be performed on the AI-predicted active compounds to evaluate their target specificity. For example, two of our top interests are the NiV G glycoprotein (G-gp) and polymerase. The G-gp VS will utilize a crystal structure of NiV G-gp93 and a validated VS protocol that we previously applied in other antiviral projects94. The VS site will be defined as a pocket at the Ephrin-B3 (entry receptor) recognition region on G-gp that is suitable for small molecule binding. To tackle the lack of NiV and HeV polymerase crystal structures, the viral polymerase VS will utilize homology models built through an AI-aided protein structure prediction algorithm95,96. Both the RNA binding cleft and allosteric binding regions will be defined as VS sites. Finally, the library for actual HTS will be tailored down to 10K−100K according to both the ML and VS predictions. Overall, the AI-aided screens would significantly increase the HTS hit rate of novel antiviral chemical matters that are both phenotypically potent and target-specific.[bookmark: _Ref76566770][image: ]

Figure 8. Workflow of AI-aided screens





There are several possible outcomes from the proposed HTS: 1) the majority of the compounds do not exert any inhibition on rCedPV infection. That is, the target cells infected with the virions in the presence of these compounds give the same levels of luciferase activity as the no compound control (DMSO). These compounds will not be further considered; 2) some compounds may enhance entry and infection (Higher Luc). These compounds will be noted but will not be characterized further since they are not the focus of this project. Nevertheless, we realize that these compounds may have added value in elucidating further details of the entry and replication of henipaviruses; 3) some compounds can “inhibit” and these compounds could be active during replication (post-entry), on the membrane fusion step during viral entry, or may be toxic to cells. These compounds will be the focus of this application, and their effects will be further evaluated.

Hit Selection Algorithm. A compound which displays more than 90% inhibition (one log decrease in the luciferase activity in the presence of the compound, 10 M final concentration) will be considered a “hit” compound after the initial round of screening. To further determine the specificity, a secondary screening (counter screen) for the “hit” compounds will be performed, where the VSV-G pseudotyped HIV virions will be used again as a specificity control. We expect that the majority of the “hit” compounds will not inhibit the VSVG-mediated viral entry. The third round or “tertiary” screening will focus on a selected group of compounds, and here classical dose-dependent inhibition assays will be carried out to estimate EC50 values. Multiple cell lines will also be used in these experiments to avoid cell line bias. The compounds that do not exert effective inhibition (non-potent) will not be actively pursued, while the more potent compounds (potent inhibitor, EC50 less than 10 µM) will be analyzed further. It is expected that through multiple rounds of screening, we can select the most potent compounds for optimization and validation studies. Hit Validation, Cytotoxicity Assessment and Ranking. We will measure the direct toxicity of compounds to human cells to assess the overall cytotoxicity of the potent inhibitors. A variety of human cell lines, including HeLa, Jurkat, HepG2, Huh-7 and Hep3B, will be tested using the “CellTiter 96 aqueous nonradioactive cell proliferation assay” (Promega, Madison, WI) as described previously97 in a 96-well format. The ratio of CC50/EC50 is the selectivity index (SI). The results from the screening will be analyzed and the compounds ranked according to antiviral potency and cytotoxicity. Hit Quality Control and Identity Assurance. The most potent and selective compounds will be analyzed for chemical purity (HPLC) to confirm that the compounds have the expected structure (LC-MS, NMR spectroscopy). Compounds found to be <80% pure will be purified and retested; compounds found to have incorrect structures assigned will be corrected. We will eliminate compounds that are known PAINS98 (e.g., rhodanines aralkyl pyrroles, hydroxyphenylhydrazones), or that have reactive functional groups (e.g., Michael acceptors, alkylating agents).

2.3. Evaluation of protective properties of the advanced candidates in the henipavirus infectious assays will be done as previously described71. Vero cells will be seeded in a 96-well plate at a density of 2 × 104 cells per well and incubated at 37 °C overnight. Cells will be incubated with a 3-fold dilution series of the selected compounds diluted in cell culture growth medium (concentrations ranging from 100 µM to 0.01 µM) with or without NiV and HeV (200 PFU/mL). Infected cells treated with DMSO will serve as controls. At 48 hpi, viral supernatant will be collected and titrated by plaque assay to determine infectious viral titer. Compound only cells will be examined microscopically for cytopathic effects (CPE) induced by compound treatment. The percent reduction in PFU/mL titers in the samples containing compounds will be compared to that from parallel cultures with virus and DMSO vehicle only. This work will be performed in the BSL-4 facility at UTMB by the Geisbert Lab.

 

Figure 9. SAR development plan for furopyrimidine Z2.



2.4. Chemical optimization and SAR studies. In the initial stages, we will keep most of the molecule of interest constant while making well-defined changes in substituents. We will initially probe steric and electronic factors of the substituents, but more substantial changes in the scaffold will be investigated as the structure is optimized. By an iterative process of design, synthesis, and assay, we will improve the structure, and ultimately produce a fully optimized structure. We will also assess the cytotoxicity and construct Structure-Toxicity Relationships (STR). For potent, specific inhibitors, the SAR and STR will diverge at critical points, and we will synthesize novel inhibitors with maximized activity and minimized cytotoxicity. The SAR plan for optimization of the HTS hit Z2 is exemplified in Figure 9. Substituent changes on the core fused scaffold will involve variation of the alkyl groups on the furan ring, as well as adding alkyl groups at the 2-position of the pyrimidine ring, to explore the optimum overall size for the core. Note that we will be able to use these substituents as “ADME handles” to control the overall hydrophobicity of the molecules and the cLogP values. We will also replace the oxygen atom in the furan with a sulfur atom to compare the effect of changing the furan ring to the larger thiophene ring. Importantly, we will explore the biological activities of the R- and S-stereoisomers of this racemic molecule to determine whether there is differential recognition of these antipodes at the site of interaction in the inhibition assays. In addition to evaluating a variety of mono- and disubstituted aromatic rings, we will also explore length of the tether connecting these aromatic units to the amide nitrogen atom, knowing that both benzyl groups and phenyl groups give rise to active compounds.



Table 2. Actelion OSIRIS calculated parameters for Z2 (compound A) and proposed analogs.
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The synthetic route that we envision for the preparation of the furopyrimidines is shown in Scheme 1, as illustrated for the optimization of the amide N-substituent for furopyrimidine analogs of compound 1. Starting with the commercially available 2-amino-4,5-dimethyl-3-furancarbonitrile (1), treatment with formic acid in dimethylformamide will produce the 5,6-dimethylfuro[2,3-d]pyrimidine (2). Conversion of 2 to the corresponding chloro compound 3 is accomplished by treatment with phosphoryl chloride. Displacement of the chloro group with piperidine-3-carboxylic acid t-butyl ester, followed by removal of the t-butyl ester with trifluoroacetic acid, gives key intermediate 4, which can then be elaborated to amides 599. In Table 2 is shown a set of proposed compounds related to Z2 (compound A) for which we show parameters calculated using Actelion OSIRIS software100. All of the proposed compounds (B through J) show improved druglikeness and drug scores with respect to Z2, and therefore represent promising new targets for synthesis and evaluation. 

2.5. In vivo testing of lead compounds NiV/HeV infected hamsters. The in vivo activity of the most potent compounds from 2.5 will be tested in a series of hamster infection studies. In brief, animals will be randomized to multiple study groups (n = 5 per group) inoculated i.n. with ~ 5x10^6 PFU of NiVB or HeV75,89-91. Animals will then be treated by i.v. injection ~ 1 hour after virus challenge. Additional treatments may be given based on PK data. The control animals will be treated in parallel with sterile saline. Antiviral efficacy will be assessed by several methods, including weight loss, temperature, viremia (nasal swabs and blood), and survival. The treatment initiation time points will also be optimized in later studies. Antiviral candidates showing the most protection will be selected for assessment in NHPs.

2.6. In vivo testing of lead compounds in NiV/HeV infected nonhuman primates. A final proof of concept study will be performed in NHPs using the lead candidates providing best protection against NiV/HeV infection in hamsters. Healthy, NiV/HeV-seronegative AGMs will be inoculated i.t. and i.n. with a uniformly lethal challenge dose (~ 2.5x105 PFU per route, ~ 5x105 PFU total dose) of NiV or HeV as described previously29,35. The treatment groups (consisting of five animals each) will be treated with the lead antivirals by bolus i.v. infusion up to 5 days after viral challenge (initiation time informed by hamster studies) while a control animal will receive sterile saline. Additional treatments may be given. Antiviral efficacy will be assessed by several methods, including respiration quality, physical appearance, clinical pathology, viremia (nasal swabs and blood), and survival.

2.7. Mechanism of action (MOA) studies. Understanding the mechanism of action of the novel inhibitors of henipaviruses will help us to prioritize the lead compounds. The following experiments will be performed: 1) Determine the impact of compound treatment on viral protein expression and viral RNA levels in rCedV infected cells. Confluent HEK293T cells in a 6-well plate will be treated in duplicate with cell growth medium containing either DMSO or selected furopyrimidines at a predetermined concentration for 1 h, followed by infection with rCedV at MOI of 0.1. At 4, 8, 16 and 24 h post infection (hpi) cells will be collected to determine viral protein expression by standard western blot techniques or viral RNA levels by quantitative real time polymerase chain reaction assays (q-RT-PCR). Subsequent immunoblot with CedV specific antibodies against the attachment (G) and fusion (F) that were generated in the Broder Lab. In addition, antibodies to CedV-N and CedV-P will be utilized. To determine changes in viral protein expression at the different time points, densitometric counts of these bands will be calculated using the ImageJ Software and normalized against β-actin and calculated as a fold change compared to the infected untreated cells (DMSO control). Total RNA will be extracted and 500 ng of total DNase I digested RNA will be used in q-RT-PCR assays with CedV specific TaqMan primer/probe pair targeting the P gene. The one-step reaction will be performed using the Applied Biosystems (ABI) 7500 thermocycler. The ABI 7500 software will be used to analyze all q-RT-PCR results. Fold changes will be calculated relative to 18S using the ΔΔCt method and normalized to respective DMSO control samples. We expect to observe a decrease in intracellular viral RNA levels expression with compound treatment when compared to the DMSO control. Results from this data will indicate which viral protein(s) is affected by the compounds and the impact of the compounds on viral RNA levels over time; 2) Determine the stage(s) of inhibition of furopyrimidines (and quinazolines) in the viral lifecycle. For time of addition studies, HEK293T cells will be infected with rCedV at MOI of 0.1 diluted in cell growth medium for 1 hour at 37 °C, at which time the viral inoculum will be removed and cells washed three times with PBS. This will be considered as 0 hpi. Compounds diluted in cell growth medium will be added to the cells at either 0, 2, 4, 6, 8 or 12 hpi and remain on the cells for the duration of the assay. All supernatants will be collected at 24 hpi and analyzed for infectious viral titers (PFU/mL) by plaque assay37,38. Results from this data will indicate at which stage of the viral life cycle the compounds are affecting; 3) Analyze escape mutants against the advanced lead compounds with Cedar virus. Escape mutants provide information on potential targets of small molecule inhibitors as well as the potential for development of drug resistance in the field. We will generate escape mutant rCedV viruses that are resistant to the identified lead compounds and determine the rate at which resistance is developed to our inhibitors. In so doing, we will also identify protein coding as well as regulatory sequences that are altered. HEK293T cells will be infected with rCedV virus at MOI of 1 in the presence of the lead compounds at 10 times the EC50 values of each of the compounds. At 72 hpi, viral supernatant will be passaged in Vero cells at MOI of 0.01 in the presence of increasing concentrations of compound for >5 passages to obtain the escape mutants. The escape mutants will be plaque purified and subjected to whole-genome sequencing. The identified mutation(s) will be introduced into the rCedV anti-genome cDNA and upon successful incorporation of the mutation, the mutant rCedV will be rescued and sequenced to ensure retention of the introduced mutation. The rescued mutant rCedV will be fully characterized as described.

Aim 3. Develop combination therapy of broad spectrum siRNA-conjugate therapeutics and/or replication complex inhibitors against Hendra and Nipah viruses. Different combinations of broad spectrum siRNA therapeutics and small molecule therapeutics will be evaluated in hamsters infected with HeV and NiVB. The objectives of these studies will be to determine if the combinatorial approach will confer 1) improved antiviral efficacy over that seen with each therapeutic alone; and 2) improved efficacy when treatment is initiated either at, or even after, the prodromal phase. A combinatorial therapy approach to treat henipaviral infection has several advantages. The application of multiple modalities ensures against the development of viral escape mutants, as each of the therapeutics target different aspects of viral infection biology. In addition, therapeutic activities may synergize and offer greater efficacy in treating henipavirus infection when compared to a therapeutic used alone.

3.1. Define breakthrough conditions for anti-henipavirus inhibitors in hamsters. This Subaim will employ the most promising antivirals from Aims 1 and 2 that are shown to completely protect hamsters against lethal henipavirus infection. Aims 1 and 2 assess protective efficacy at times shortly after henipavirus exposure. The goal of this Subaim is to determine the time points of treatment initiation when the antivirals fail to confer protective efficacy. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x10^6 PFU of NiV or HeV75,89-91. Treatments will be initiated at various times after henipavirus infection, e.g., days 1, 2, 3, etc. to determine the initiation time point at which most hamsters succumb to disease.

3.2. Combination therapy of anti-henipavirus inhibitors in hamsters. This Subaim will employ the most promising antivirals from Aims 1 and 2 where breakthrough conditions have been defined in 3.1. Hamsters will be randomized to multiple study groups (n = 5 per group) and inoculated i.n. with ~ 5x10^5 PFU of NiV or HeV75,89-91. Treatment with at least two different antivirals will be administered beginning at a time point where substantial breakthrough was shown in 3.1 for each individual antiviral in 3.1 to determine if combining at least two different antivirals improves survival. Groups may be repeated or group sizes increased as needed to obtain appropriate statistical power to show the survival benefit of combination therapy.

General Methods, Scientific Rigor, and Biological Variables Criteria:  All animal studies will be blinded to all staff performing animal procedures and assays, and to the veterinary pathologist performing gross and/or histological analysis of tissues, i.e., antiviral drugs will be coded so that researchers will not know which compounds were given to which animals until experiments and analysis are completed. We will employ equal or near equal numbers of male and female animals and general age (infant or geriatric animals will not be used). 

Pitfalls and Alternative approaches: A theoretical (although unlikely) pitfall for siRNA design In Aim 1 would be the inability to identify a potent siRNA against one or more of the four viral gene targets. However, we have previously shown that LNP bearing siRNA against just one or two viral genes constitute effective antiviral therapeutics in the context of Marburg virus50, and Sudan virus52. Another possible pitfall would the inability to identify a LNP formulation that provided sufficient siRNA delivery to the lung. Here, we would switch to an alternate siRNA delivery strategy, using a ligand-siRNA conjugate approach. Other groups have shown gene silencing in the airway using this type of delivery system101. For Aim 2, the proposed synthetic derivatives will be synthesized, under the guidance of Dr. Gaisina, by MedChem Core. If we encounter a synthesis-related problem with our primary scaffold compounds, we will use an alternate strategy based on a different reaction sequence. Should we encounter a scaffold-related problem with our furopyrimidines, we will switch to the additional HTS hits71 shown in Figure 10 and use them as our backup scaffolds for defining lead compounds for advancement.



Figure 10. Additional HTS hits.
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SpeCific Aims



The Administrative Core of the Antiviral Drug Discovery and Development Center-2 (AD3C-2) has a history of providing organizational leadership for the current Antiviral Drug Discovery and Development Center (AD3C), a NIAID Center of Excellence for Translational Research (CETR). The Administrative Core of AD3C-2 will continue to play a key role in leadership, communication, coordination and oversight of the proposed projects and cores in this application. Importantly, it will promote collaboration and synergy between the projects. Operationally, it is responsible for the fiscal and contractual management of the Center. Further, it organizes such activities as meetings among the Scientific Advisory Board (SAB), members composed of at least 5 non-conflicted external advisors, the Executive Committee (EC, lead PIs) and, and an annual meeting of all Projects and Cores. In addition, it will manage the inter-institutional consortium/contractual agreements. The broad objectives of the Core are as follows:



1. Providing programmatic and administrative leadership

a. Make decisions, specifically “go versus no-go” per discussions with the Executive Committee (EC).

b. Track and encourage research productivity

c. Promote interactions and collaboration between Projects and Cores, in particular facilitate overarching synergy to pursue orally bioavailable broad-spectrum antivirals as well as sharing of reagents

d. Monitor the direction and overall priorities of the Center

e. Directly interface with NIH staff, consultants, and the Scientific Advisory Board (SAB)

2. Fiscal and administrative management of the center

a. Oversee expenditures, budget information, fiscal reports

b. Manage contracts and the consortium agreement

c. Establish and monitor compliance with federal and NIH regulations

3. Develop, support and monitor progress of projects

a. Manage projects through regular virtual and in-person meetings

b. Organize quarterly project reviews (face-to-face or virtual) by the EC

c. Monitor overall Center research quality and progress annually with the SAB

d. Solicit additional regulatory guidance on an as-needed basis

e. Assist with identification and management of intellectual property developed by projects

f. Manage the ‘Developmental Research’ and ‘Mentored Projects.’ The later will train young investigators in antiviral drug discovery.

4. Stimulate collaboration and synergy

a. Identify potential areas or topics of collaboration between Projects and Cores

b. Provide and facilitate access to resources needed in the Projects

c. Ensure that all active compounds are cross-evaluated in other Projects

d. Manage a data sharing and project tracking web-based system

e. Encourage public/private partnerships and alternative sources of funding to expedite project development and translation to INDs

5. Facilitate meetings

a. Host monthly virtual meetings among project teams

b. Organize virtual and in-person meetings of the Project and Core PIs (EC) 

c. Organize and implement an annual face-to-face meeting with all involved personnel, including the SAB

d. Facilitate consulting and other scientific and professional meetings

e. Attend and assist with coordination of the NIH reverse site visit

6. Outreach to the public 

a. Maintain a website

b. Manage press releases

c. Assist with scientific publications and ensure grant acknowledgement



We firmly believe that a strong Administrative Core will be crucial to the success of the AD3C-2. We have brought together leading virologists, chemists, scientific advisors, and projects and cores from around the country and are confident that the Administrative Core will facilitate communication and collaboration among the PIs. Accomplishing the objectives set out above will ensure focus and synergy among the projects, accelerating the development of new, and potentially broad-spectrum therapeutics for emerging infections caused by coronaviruses, henipaviruses, flaviviruses, bunyaviruses and alphaviruses. With the new Developmental and Mentored projects to expand the scope and flexibility of the overall center, we will have new and exciting paths to follow.



Administrative Core Strategy:

Relationship of the Administrative Core to the Program’s Goals

The first iteration of AD3C was established as a CETR in 2014 and is driven toward product development of broad-spectrum antivirals. Over the years of its existence, we have explored novel targets and defined their role in viral biology. Furthermore, we have utilized state-of-the-art screening mechanisms and first-rate medicinal chemistry resources to develop novel hit and lead molecules for unmet medical needs. Essential to this process has been the involvement of individuals with basic, translational, clinical and regulatory experience, and bringing them together in a structured way to ensure progress down the drug discovery and development. 

AD3C and now this iteration, AD3C-2, was modeled after the Alabama Drug Discovery Alliance (ADDA), a collaboration initiated in 2008 between the University of Alabama at Birmingham (UAB) and Southern Research (SR), and directed by Dr. Richard Whitley – the proposed Program Director/Principal Investigator for this AD3C-2 application and also Lead of this Administrative Core. Similar to the AD3C-2, the ADDA aims to support the discovery and development of therapeutic molecules that address unmet medical needs. It has built on the expertise present at both UAB and SR, with several in preclinical lead development and one compound in phase I clinical trials. The ADDA has succeeded by emphasizing the use of interdisciplinary teams to achieve the project goals. These teams consist of investigators with a wide variety of expertise from both UAB and SR and contribute to the program’s success. In addition, individuals from the respective technology transfer offices are an integral part of the team in order to guide intellectual property development and any commercial opportunities that may arise. Another key member of this Administrative Core is Dr. Stephanie Moore who plays a critical role in orchestrating the ADDA. She will be an important go-to for the AD3C-2 teams to facilitate communication among teams and directly work with each member of the team for communications, meetings, and progress. She has assisted the current AD3C by managing progress and communication among projects and cores as well as the NIH. The Core’s Project Oversight Director, Dr. Shi from University of Texas Medical Branch (UTMB), is the proposed Co-Program Director/Principal Investigator for this AD3C-2 application. He is an expert in virology, drug discovery, and vaccine development with both translational and basic research expertise from academia, a public health laboratory, and the pharmaceutical industry. He has extensive experience in leadership, mentoring, and has played a major role in the response to the SARS-CoV-2 by quickly developing critical assays that enabled Pfizer’s COVID-19 vaccine development. With the experience of these core members, and those introduced below, the administrative core will be in a position to support all of the program’s Core and Project teams.

For this new iteration, Antiviral Drug Discovery and Development Center-2, we have structured our program in a similar manner as AD3C; however, we have added important new members. The focus of our drug discovery screening is biochemical in nature. Briefly, we will continue to use the structure of an interdisciplinary model to manage the five proposed research projects and their interactions with the Screening, Medicinal Chemistry, and Structural Biology Core. The Administrative Core will organize regular team meetings in which the projects’ progress will be discussed, along with the identification of logical next steps. These meetings will provide an opportunity to identify potential solutions to encountered obstacles, whether those are resource or expertise related. In addition, closely monitoring projects will ensure clarity about when assays are completed and compounds of interest have emerged, particularly those of potential interest to all the projects.  The expectations of each of the cores will be ensured by the Administrative Core. The Screening Core will provide the expertise and platform to develop high-through put screening and assay development for each Project. Further, the Medicinal Chemistry Core is one of the most critical aspects of this application. Chemistry from SR, University of Southern California, and UTMB with consultation and collaboration of industry partners, Arbutus, Genevant and Gilead, through iterative design and AI-assisted modeling, will design compounds optimized to inhibit viral replication among all project viral families and also decrease non-specific interactions with host-targets. Compounds must have drug-like properties for oral delivery. Since multiple medical chemistry resources are involved, efforts will be co-ordinated by Corinne Augelli-Szafran at SR and monitored by the Administrative Core. A critical asset of this program is the new Structural Biology Core, consisting of structural biologists who are also virologists. The Administrative Core ensures that each project utilizes the resources within the cores by holding monthly meetings among project and Core members.  

Together, our Project PIs and Core leaders have an impressive track record in research productivity, collaboration and expertise in drug discovery and development. With our Administrative Core, we plan on maximizing utilization of these groups by providing a structured framework in which projects and advanced compounds with in vivo antiviral activity can progress as expeditiously and efficiently as possible.

Administrative Core Structure

There are three components to the planned Administrative Core: 1) the Core Personnel who manage day to day operations of the Center; 2) the Executive Committee (EC), which is responsible for monitoring progress of the Center’s research projects as well as functionality of the Center’s Cores and consists of all project PIs and core directors and 3) the Scientific Advisory Board (SAB) consisting of external advisors who will provide additional expertise and a high level review of the Center’s productivity and direction on, at minimum, an annual basis; they will also be responsible for oversight and selection of the Developmental and Mentored Research Projects. Importantly, the SAB will provide ‘go-no-go’ insight on all projects. Regularly scheduled communications between these three components ensure timely dissemination of materials, information, data and advice – a detailed management plan can be found below under section I.3.

A key role of the Administrative Core is to support the project teams to guide the planning and progress of each individual research Project. In general, the Project teams include the project PI and listed co-investigators, but also key individuals from other projects with appropriate expertise, as well as personnel situated in the Screening Core, the Medicinal Chemistry Core, and Structural Biology Core. Involving individuals and expertise throughout the process help facilitate transferring compounds in and out of the Cores as well as between Projects, since personal relationships have been developed over time and individuals will be intimately familiar with the goals and details of the respective project. A diagram detailing the relationship of the Administrative Core with the Projects and Cores can be found in Figure 1.
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Figure 1 Structure of AD3C-2. Overall oversight will be provided by Drs. Richard Whitley and Pei-Yong Shi.



Role of Administrative Core Personnel

Richard J. Whitley, MD – Core Lead (2.4 calendar months)

Dr. Whitley is currently Distinguished Professor, Professor of Pediatrics, Microbiology, Medicine and Neurosurgery, and holds the Loeb Chair in Pediatrics in the Heersink School of Medicine at the University of Alabama at Birmingham (UAB).  He has performed translational research for more than 40 years at UAB and has focused on antiviral drug development ranging from molecule selection, preclinical toxicology, ADME, animal models, resistance assessment, to human studies. Through his contracts from the National Institute of Allergy and Infectious Diseases’ (NIAID) Collaborative Antiviral Study Group (CASG), he has directed multi-institutional Phase I-III trials in both adults and children that have led to seven NDAs.  In addition, his team has performed detailed pharmacokinetic and pharmacodynamic studies on drugs advancing toward licensure for pediatric indications (acyclovir for the neonatal HSV and herpes simplex encephalitis, valganciclovir for congenital cytomegalovirus infection and oseltamivir for influenza in babies < 2 years of life. As the PI of AD3C-2, Dr. Whitley is also the Administrative Core Lead, and will utilize his expertise in managing consortia with multiple institutions to ensure appropriate communications between projects and cores and will aid in conflict resolution, should any conflicts arise. 

Pei-Yong Shi, PhD – Core Project Oversight Director (1.8 calendar months effort)

Dr. Shi is the Director for the Institute for Drug Discovery, Vice President for Research Innovation, and Associate Chief Research Officer at UTMB. He is an expert in virology, drug discovery, and vaccine development with both translational and basic research expertise from academia, public health laboratory, and pharmaceutical industry. He served as Executive Director at Novartis Institute for Tropical Diseases from 2008 to 2015 and has a track record in leading multifunctional teams to develop therapeutic and vaccine products. Dr. Shi’s team developed the first infectious cDNA clone and replicon systems for Zika virus and the epidemic strain of West Nile virus. His team also developed the first peer-reviewed infectious cDNA clone for SARS-CoV-2. Together with Dr. Richard Whitley (PI of the AD3C-2 Center), Dr. Shi will be responsible for the overall operation of the AD3C-2 Center as well as the oversight of the projects at UTMB. 



Stephanie Moore, PhD – Associate Administrative Core Director (3.6 calendar months effort)

Dr. Moore is Instructor in the Department of Pediatrics, Heersink School of Medicine at the University of Alabama at Birmingham. She is also the Associate Director with the Alabama Drug Discovery Alliance (ADDA). In that capacity, she interfaces with a wide range of scientists involved in the drug discovery and development process, with a focus on projects in oncology, infectious diseases and neurodegenerative disorders. She is trained in biochemistry and protein biology and has a broad range of publications in protein post-translational modifications and translational studies regarding oxidative lung injury. For both collaborative efforts of the ADDA and AD3C, she aids in building Project teams for funded drug discovery grants, facilitates regular meetings and helps with communications between UAB and SR. Importantly, she will organize the necessary project teams, ensuring the appropriate expertise is represented and will organize and chair the various project team meetings. In addition, she will work with AD3C-2’s PIs and Core Lead (Rich Whitley and Pei-Yong Shi – see above) and Business Officer (Sarah Dowdy – see below) to achieve the Administrative Core’s objectives. These include the organization of all in-person meetings, communication with the EC and SAB, communication with NIAID, preparation of relevant documents such as annual progress reports, solicitation and organization of scientific review of supplemental research projects. 

Sarah Dowdy – Administrative Core Business Officer (2.4 calendar months effort)

Ms. Dowdy has 15 years of experience in research administration managing research grants and contracts. She is the current AD3C program manager and will oversee the financial and contractual administration of the proposed AD3C-2. She has extensive experience with coordination of subcontracts, institutional invoicing, federal guidelines related to both grants and contracts and large meeting planning. She will be responsible for all budgetary issues including institutional consortium/cooperative agreements, subawards, amendments to the budget, invoicing, monitoring spending, and keeping the PI and Executive Committee informed about the status of the annual budget. She will be responsible for grants management issues and will aid Dr. Moore (see above) with meeting organization, the annual noncompetitive progress report preparation, and all other proposals related to AD3C funding. She will oversee all compliance and federal regulatory requirements of AD3C. 

Other Administrative Staff

Other Administrative Staff includes Ms. Sara Davis (4.2 calendar months) who is the administrative coordinator for Dr. Rich Whitley. Ms. Davis will assist Drs. Whitley and Moore with logistical aspects of meeting scheduling, travel arrangements, and organization as well as maintenance of the AD3C-2 website. An additional administrative support person (4.2 calendar months) will be on-boarded to assist with the complex program management logistics involved in this large program. Support person would be selected for basic skills in note taking, time management, communication, and assisting with online submissions.

Executive Committee

The Executive Committee will be composed of all Project PIs and Core Leaders and will be responsible for monitoring the progress and direction of each project, as well as AD3C-2 as a whole. The EC will meet quarterly: one meeting will be held at the time of the annual AD3C-2 meeting in Birmingham, AL, and a second, six months following the annual meeting, at a rotating project site or in conjunction with related national scientific meetings such as International Conference on Antiviral Research (ICAR). Two additional meetings will be virtual. During these meetings, the EC will review each project and core for scientific progress as measured against the proposed timelines and milestones, as well as the utilization of financial resources. Additional opportunities for collaboration between the projects will be identified. 

EC members will be familiar with the Projects since each member will participate in monthly conference calls where all Projects provide a status update. This frequency of communication will ensure that EC members are well informed and can make appropriate decisions during their quarterly EC meetings.

EC members, in addition to the PI’s, Drs. Whitley and  Shi, include Drs. Alec Hirsch, Dan Streblow (Oregon Health & Science University), Michael Diamond and Sean Whelan (Washington University), Mark Denison (Vanderbilt University), Mark Heise (University of North Carolina, Chapel Hill), Bob Bostwick and Corinne Augelli-Szafran, (SR), Charles McKenna (University of Southern California), Vineet Menachery, Jai Zhou, Alex Freiberg, Tom Geisbert, and Shinji Makino (UTMB), Jamil Saad, and Stephanie Moore (UAB). Our pharmaceutical partners will be invited to attend.

Scientific Advisory Board (SAB)

We will recruit a Scientific Advisory Board of at minimum 5 non-conflicted advisors with experience in molecular virology and biochemistry as well as, importantly, drug discovery and development. Since our Center is engaged ultimately in product development, we will have at least two advisors with industry-level expertise in antiviral therapeutics and especially those with experience at all levels of drug development. Considering the multiple contacts that the various Project and Core Leaders have had with industry throughout their respective careers, we do not anticipate any hurdles in identifying appropriate individuals. All proposed members will be vetted by NIAID staff. The SAB will complement the EC by providing a high-level evaluation of AD3C-2’s progress and successes and will help refine and focus the Center’s activities and direction, particularly as to those projects that should be discontinued. The SAB will perform this evaluation annually and will be invited to the EC meeting in conjunction with the annual AD3C-2 meeting, in Birmingham, AL. Additionally, their advice will be sought at quarterly intervals for appropriate projects.  Of note, appropriate NIAID staff will also be invited to join this meeting, should they be able to attend. Prior to these meetings, Projects and Cores will prepare annual reports that will be submitted to the SAB for evaluation. Scheduling the SAB meeting at the end of the annual AD3C-2 meeting will allow the SAB members to attend scientific presentations of the projects that will complement the written reports, thus fully informing these individuals about the Projects’ status and direction.  

Annually, NIAID requires a reverse site visit at which time the progress of each Project is presented. Such meetings will be organized by the Administrative Core. Importantly, in addition to Project PIs, at least one member of the SAB will be in attendance in order to present an external, objective evaluation of the projects to NIH Program Officers and staff.  

The SAB will also be engaged on an ad-hoc basis if the EC deems this appropriate.  EC members participate in updates about each Project on a monthly basis via teleconference in addition to a more thorough review during the semi-annual meeting, providing important touch points to evaluate the need to engage the SAB. Should this need be identified, the Administrative Core will mediate a virtual meeting to discuss the matter.

Finally, we expect that several SAB members to have extensive regulatory expertise and will help guide the projects to an appropriate preclinical development plan in collaboration with the EC.  

Regulatory Expertise with Respect to the Challenges Facing Infectious Diseases

The Center will draw upon the regulatory knowledge and experience of the PI, Project and Core Leaders and SAB to meet the regulatory requirements related to research in emerging infection diseases. As past president of the Infectious Diseases Society of America (IDSA) and a member of the Working Group on Influenza for the Presidential Council of Advisors on Science and Technology during the 2009 influenza pandemic and the vaccine advisory board for the current COVID-19 pandemic, Dr. Whitley is intimately familiar with challenges of conducting research in infectious diseases in the existing regulatory environment.  He has led numerous UAB research projects that included both in vitro and in vivo work related to orthopox drug discovery in BSL3 certified labs. In addition, he was instrumental in the preparation and successful submission of the funding application for the BSL3 facility, SEBLAB, which opened at UAB in 2009 and is aware of strict oversight, certifications, and regulations required for select agent research lab including CDC, IACUC and Occupational and Safety review and approval for projects. Preclinical toxicology studies have been overseen by him in preparation for human Phase I studies. He has been the PI for the NIAID Collaborative Study Group that was responsible for all phases of clinical trial development from protocol design, IRB approval, including the establishment of a universal IRB, biostatistical coordination, investigator recruitment, clinical trial monitoring (by FDA standards), addressing FDA audits, and data analysis and reporting. Data tapes were provided to the NIH, FDA and pharmaceutical sponsors for registrational purposes. His studies have led to the definition of the standard of care for herpes encephalitis, neonatal herpes, congenital cytomegalovirus infections, and influenza in children, among others.

Dr. Shi also has vast experience related to navigating the challenges of regulatory requirements for research in emerging infectious diseases. As discussed above, he has unique expertise within the context of academia and industry, but he also has worked in the realm of public health too. As a key leader at Novartis institute for Tropical Diseases, he has been responsible for developing antiviral strategies and has executed drug discovery and development for this purpose. A recent example is his team at UTMB that delivered Phase I and II neutralization data for Pfizer/BioNTech’s COVID-19 vaccine, which led to the first FDA EUA and final approval.



In addition to regulatory challenges pertinent to infectious diseases, several individuals on the EC have extensive experiences in regulatory expertise appropriate for lead development activities in general, including patent issues and IND submissions. 

Management plan

It is imperative that AD3C-2 is appropriately managed to ensure that projects can flourish and be supported by high-functioning cores. Timely and clear communication will be critical to achieve the objectives listed under the Specific Aims (above), and further elaborated on below. The Administrative Core will oversee and manage the Center activities by implementing the following:

1. Providing programmatic and administrative leadership

a. Make decisions, specifically “go versus no-go” decisions per discussions with the EC and SAB.

Quarterly in person meetings will provide an opportunity for the EC to be updated in-depth on progress made in each project, and provide feedback to adjust Projects’ direction and focus, as needed. At key points, more frequent meetings may be required and organized. Of note, EC members will also attend monthly conference calls.

b. Track and encourage research productivity

Project teams have conference calls at least monthly in which an update of the projects will be presented. This is summarized by the Administrative Director, Stephanie Moore. Meeting minutes, including action items, will be distributed to the Project teams using a ShareFile site managed at SR.  Minutes will include a list of metrics, including Intellectual Property disclosures filed with respective technology transfer offices, (provisional) patents filed, patents awarded, presentations at meetings (oral or poster), and those publications submitted and accepted. These metrics will be used to assist in preparing annual progress reports to the EAB and NIAID staff.

c. Promote interactions and collaboration between Projects and Cores

The evaluation of active compounds in multiple projects to identify broad-spectrum antivirals will promote interactions and collaboration between Projects. In addition, the EC will meet quarterly and have a discrete agenda item for identification of additional opportunities for collaboration. Finally, the monthly conference calls for the Project teams regularly inform team members about status of all projects. Along with promoting interactions, the core will utilize the structure to identify and manage the resolution of problems in a timely fashion.

d. Monitor the direction and overall priorities of the Center

This will occur during the EC and SAB meetings immediately following the annual AD3C-2 meeting. We will invite NIAID staff to attend these meetings as well, who can provide feedback on how the Institute sees AD3C-2 evolving. 

e. Directly interface with NIH staff and consultants

As mentioned above under 1.d, NIAID staff will be formally invited to attend the annual AD3C-2 meeting. In addition, the Administrative Core will regularly communicate with NIAID to answer questions that may arise and provide informal updates about AD3C-2’s progress. Further, this Core will facilitate the reverse site visit at the NIH.

2. Fiscal and administrative management of AD3C

a. Finances: oversee expenditures, budget information, fiscal reports 

Project leaders and administrators at each institution will be provided with quarterly financial reports, which will provide current balances and projected balances based on rate of expenditures, to ensure that projects are not over/under budget for the year. Project leaders will be notified should it appear that funds are not being expended as outlined, or if it appears re-budgeting is needed.  

b. Manage contracts and the consortium agreement

Our team has navigated the implementation of an institutional consortium/contractual agreement among many of the members of this current proposal. Under this proposal, the Administrative Core will facilitate the development of a new consortium agreement with all members and with requirements specific to this application. We have provided the consortium agreement plan to the PIs for this application and they are committed to ensure the development of this agreement (see letters of support).  The core also facilitates preparation and processing of other agreements or forms such as confidential disclosures (CDAs), material transfer agreements (MTAs) or invention statements that may be needed by investigators. 

c. Establish and monitor compliance with federal and NIH regulations

The Administrative Core will ensure compliance with the financial and administrative aspects of the award. AD3C-2’s Business Officer, Ms. Dowdy, will work closely with UAB’s Office of Sponsored Programs as well as with similar offices at the participating institutions and will create and maintain necessary documentation, such as technical and administrative reports, preparing justifications, appropriately acknowledging NIAID support of research findings in publications, announcements, news programs, and other media, and ensuring compliance with other federal and organizational requirements.

3. Develop, support and monitor progress of Projects

a. Manage Projects by having regular conference calls and in-person meetings

As noted above, Project teams will have monthly conference calls with progress being tracked and to-do-items clearly delineated by preparing and distributing minutes by the Administrative Director. Quarterly EC meetings will provide regular feedback to the Projects, allowing rapid realignment, should Projects veer off course. 

b. Organize quarterly Project reviews (face-to-face) by the EC

As elaborated above, the EC will meet quarterly, in addition to attending the monthly conference calls. This will provide the opportunity to review the Projects in greater depth.

c. Monitor overall Center research quality and progress annually by the SAB

Annual SAB meetings will provide feedback and advice on a high, project portfolio level. Preparation of progress reports in advance of these meetings will also help in preparing documents to be submitted NIAID.

d. Solicit additional regulatory guidance on an as-needed basis 

As noted in above in section II.2.4, several investigators in AD3C-2 have regulatory expertise that can be brought to bear on the individual research projects. These individuals include the PI, Drs. Whitley, Shi, and Geisbert, who have direct experience and track records in antiviral and vaccine product development. 

e. Assist with identification and management of Intellectual Property developed by projects

As mentioned under Point 2.b, AD3C-2 will establish an umbrella inter-institutional consortium agreement, part of which describes how Intellectual Property (IP) is managed. Existing IP will not be affected by the agreement completed under this proposal, allowing collaborators to contribute exciting compounds to the consortium, but all inventions, developments and discoveries resulting from AD3C-2 efforts will be promptly disclosed to the employer of the associated scientists. Most likely, there will be joint inventions, as, for example, novel chemical scaffolds may be identified that have potent antiviral activity. In these cases, the Administrative Core will aid in the formation of appropriate inter-institutional agreements regarding this specific invention, which will describe aspects such as patent filing, prosecuting, patent maintenance, marketing and revenue sharing, among others, taking into account the relative contributions of the inventors.

f. Manage the Developmental Research and Mentored Project Programs

Developmental Research Projects – The Administrative Core will at the end of years 1 and 3 release a RFA to each Project and Core for Developmental Research Projects. The purpose will be to expand the scope of the current platform - develop inhibitors of viral replication – as well as to increase the range of research, investigators, and institutions involved in the program. Applicants will be directed to submit a 6-page description regarding the scope of the proposed studies and must describe how the work supports the platform, the innovation, and significance of the project, along with a biosketch and a budget and justification. The EC and SAB will be responsible for selection of applications that are potentially most scientifically fruitful and fit the Center platform. The selection committee, consisting of senior scientists in the program (TBD), will select applications to initiate studies in years 2 and 4 of the project period and must be completed by the end of year 5. The selection committee will be instructed to focus on expanding the scope of the current platform. Progress for the selected projects will be tracked by the Administrative Core and will be assisted as needed or ended with oversight from the SAB and EC. The awardees will be invited to attend monthly meetings (with appropriate agreements added as needed). The budgets will be limited for one or two years, with a range of $200,000 to $250,000 per project per year, direct costs. The Developmental Project Leader must commit at least 1.2 (CY) person months effort per year. Budgets for Developmental Research Projects can be requested in years 2-5 of the project period and must be completed by the award end date.



Mentored Projects – The Administrative Core will release, on a rolling basis during years 2-5, an RFA for mentored projects. The goal of this program will be to develop junior scientists on a career path of drug discovery. The application and the materials requested (2-page application, biosketch, and budget/justification) will be accepted via an online application form. The applicant will be required to define the scope and career goals. Once received, the Administrative Core will determine the potential fit and utilize the EC and SAB as the selection committee. Applicants must be postdoctoral fellows, early career investigators or senior investigators new to the field. The intention will be to increase the availability of qualified researchers and other personnel for antiviral discovery and to offer opportunities to advance the applicant’s professional career. Furthermore, selection will focus on promoting diversity in the biomedical research workforce by making efforts to welcome underrepresented racial and ethnic groups, persons with disabilities and women. Once selected the awardee will be assigned a mentor and progress reports will be requested annually. No more than $600,000 (total) would be awarded per year; awardee(s) must devote 9.6 (CY) to the project. In addition to the financial support, the trainee would be offered the opportunity to travel to our core sites including SC, MCC, and SBC to get specialized support and training experience in drug discovery and development.	Comment by Moore, Stephanie (Campus): Cores please comment on whether this is feasible or if you have opinion on this.



4. Stimulate collaboration and synergy

a. Identify potential areas of collaboration between Projects and Cores

As noted, monthly conference calls will allow Project teams to benefit from the expertise of all other scientists and will lead to additional collaborations. The quarterly EC meeting will specifically evaluate this topic during each of its get-togethers.

b. Provide and facilitate access to resources needed in the projects

Although we have mapped out a reasonable timetable and order in which Projects will be queued up for assay support and medicinal chemistry, adjustments will undoubtedly have to be made as Projects progress and unexpected delays occur. The EC will evaluate adjustments and change resource allocation accordingly.

c. Ensure that active hits in one Project with potential against other viruses are evaluated in other Projects

The SR Screening Core will perform a targeted evaluation of a novel 1000 compound library of nucleoside analogues against all viruses in the program. The goal is to identify hits with broad-spectrum activity. Further, all Project leads will be tested across the spectrum of virus families. These hits will be prioritized for further evaluation and optimization. The Administrative Core, in collaboration with the Medicinal Chemistry and Lead Development Core, will continue to manage a data sharing and project tracking website at SR.

To avoid sending data files back and forth as email attachments, we will continue to utilize a password protected, web-based software system, Citrix ShareFile, to share data and track projects. All screening data on compounds will be available to all the Project team members.  The data will be organized according to viral target; the database will be maintained by the SR Cores. SR has extensive experience in data management of large cooperative projects, including ones funded by NIAID.  All the AD3C-2 and SAB members will have access to this secured and encrypted site.

d. Encourage public/private partnerships and alternative sources of funding to expedite project development and translation to INDs

From the previous iteration, AD3C, we successfully competed for a complementary Partnerships for Countermeasures against Select Pathogens (R01) grant (R01AI132178). This grant has been awarded to Vanderbilt University, the University of North Carolina at Chapel Hill and Gilead Sciences, to facilitate (pre-) clinical development of an antiviral against coronavirus infections. Within, this new proposal, AD3C-2, we will encourage our projects to look for such opportunities to further support IND-enabling studies for our newly discovered direct acting antivirals.

5. Facilitate meetings

a. Host meetings among project and core teams

Monthly virtual meetings will be held for the Project and Core teams. 

b. Organize in-person meetings of the Project and Core PIs (EC)

The EC will meet during the annual AD3C-2 meeting in Birmingham AL, and 6 months thereafter in person, at rotating project sites. Any additional meetings will be held virtually.

c. Organize and implement Annual face-to-face meeting with all involved personnel, including the SAB

AD3C-2 will host an annual scientific meeting, in which all involved personnel will be invited to get together in Birmingham, AL, if the pandemic abates. The goal of this meeting is to learn about the status of each of the Projects. The SAB will convene at this time as well, to review the science and progress of each project.  This will not only provide an opportunity to present an in-depth update of all Projects to the EC, SAB and NIAID staff, but will also provide an educational opportunity for involved trainees.

d. Facilitate consulting and other scientific and professional meetings

As described under Point 3.d, we will solicit additional regulatory expertise on an ad-hoc basis, should this be necessary to move projects forward down the development pathway. The Administrative Core will make the necessary arrangements to orchestrate such consulting meetings and will invite the appropriate personnel to attend. Furthermore, if it is deemed appropriate to have Project teams meet face-to-face in addition to the annual meeting, the Administrative Core will facilitate such travel. This might occur for example when the chemists need to meet with the virologists to focus on the most attractive chemical series. A conference call may not allow a comprehensive interrogation of the data.

e. Attend the reverse site visit

The Administrative Core will help organize the attendance of Dr. Whitley along with selected key Project leaders and one SAB member at the annual NIAID reverse site visit. We have included funds in our travel budget for these meetings.

6. Outreach to the public

a. Maintain a website

The Administrative Core will develop a website for the AD3C-2. The website will list the Projects and the Cores, key personnel and publications, among others. This website will be updated regularly.

b. Manage press releases 

UAB has an active and well-staffed Media Relations Office in place which includes science writers. It also maintains a web address exclusively for research related news (http://www.uab.edu/news/research).  The Administrative Core will utilize the expertise of the staff to ensure that Center research findings and related news is disseminated in a timely and appropriate manner.

c. Assist with scientific publications and ensure grant acknowledgement

The Center will follow all current guidelines related to the NIH Public Access Policies for NIH funded research.  It will assist project investigators with final review of publications resulting from research and ensure that it is submitted to PubMed Central and a PMCID number obtained.  In addition, the Administrative Core staff will assist investigators with obtaining My NCBI lists of publications as part of the annual progress reports.



BSL3/4 Activities and access

Several Projects and Cores require access to BSL3/4 biocontainment facilities. The table below lists the various activities within AD3C that require such access, and which facilities will likely be used. Detailed descriptions of the BSL3/4 facilities can be found in the Resources sections of the respective projects.



Table I 

		Activity

		Facility



		Assay activity of compounds against SARS-Urbani Coronavirus with a nanoluc reporter (Screening Core)

		Testing of antiviral activity of compounds against this virus will be performed at Southern Research’s HTS BLS3 biocontainment facility. The Freiberg, Menachery, and Shi labs (UTMB) will  be able to perform SARS-CoV, MERS-CoV, SARS-CoV-2, Nipah virus, and/or other BSL3/4 viruses for antiviral spectrum study.



		Determine mechanism of action of compounds with activity against SARS-Coronavirus and in vivo evaluation of compounds’ activity against SARS-Coronavirus (Project 1)

		Both the Denison (Vanderbilt University) and Menachery and Shi (UTMB) labs have SA-registered BSL3 suites capable of working with SARS-CoV, and the Baric lab is well equipped to perform in vivo pathogenesis studies at SA-BSL3 conditions.



		Compounds against Henipavirus replication (Project 2)

		Both Geisbert and Freiberg labs (UTMB) will be able to perform Hendra virus and Nipah virus.



		In vitro and in vivo evaluation of compounds’ activity against West Nile Virus (Project 3) 

		Both the Hirsh (OHSU) and the Diamond (Wash U) labs have access to BSL3 facilities for cell culture and animal work at their respective institutions. Mice used in the in vivo evaluation will be housed either at Washington University or at OHSU in an A-BSL3 animal facility that has been approved by the USDA.



		In vitro and in vivo evaluation of compounds’ activity against Bunyavirus (Project 4)

		The BSL-3 laboratory at SR will be utilized for testing of lead compounds against HPAI both in vitro and in vivo.



		In vitro and in vivo evaluation of compounds’ activity against VEEV and/or Chikungunya (CHIKV) (Project 5)

		Dr. Streblow (OHSU) has access to the Vaccine and Gene Therapy Institute (VGTI) at Oregon Health and Science University, which contains 2 BSL-3 suites comprising 4 BSL-3 tissue culture laboratories of 800 sq. ft. each. One suite is registered with the Federal Select Agent Program. In addition, Dr. Streblow has access to the Oregon National Primate Research Center (ONPRC), one of eight national primate centers supported by the National Institutes of Health, located on the West Campus of the OHSU with the VGTI.  Animals are housed in ABSL-2, 2+ or 3 containment housing as appropriate for the agent under study.

Dr. Heise (UNC-Chapel Hill) supervises a secure BSL-3+ facility (approximately 1500 square feet), registered with the CDC for select agent use, with dedicated animal housing where animals will be housed in negative pressure caging. 







travel Budget

The Administrative Core has a travel budget that will allow for the following meetings:

· Reverse site visit to NIAID – Dr. Whitley along with 5 other Project and/or Core Leaders and 1 SAB member - Years 1-4

· In-person semi-annual EC meeting not associated with AD3C-2’s annual meeting – all Years

· Annual AD3C-2 scientific meeting for all AD3C-2 personnel, in conjunction with the EC and SAB meeting – all Years

· Ad-hoc travel, such as project personnel traveling in between project sites, meeting with external consultants, etcetera.

In order to manage AD3C-2 travel budgets, the Administrative Core will utilize procedures developed as part of the meeting management and planning practices for the multi-institutional clinical trials group meetings organized by staff at UAB. As part of the meeting planning process, a budget will be set and expenses estimated for all costs including a “per traveler” estimate.  Prior to any Center meetings, travelers will be provided with information related to both UAB and NIH travel guidelines, including federal rates for mileage, lodging and per diem to ensure that policies are followed.  As required by UAB, travelers will be required to provide original receipts for all travel related expenses and reimbursement requests will be reviewed by Core staff prior to submission for processing.

We are planning to host the annual AD3C meeting in Birmingham, AL, to keep meeting costs as low as possible. Personnel from UAB and SR would not need to travel, and Birmingham is only a few hours’ drive from Nashville, TN, thus making travel for Vanderbilt personnel easy as well. Both UAB and SR have conference rooms available and have negotiated favorable rates with hotels in the vicinity. In addition, Birmingham is an airport serviced by Southwest Airlines, an airline with very favorable airfares which also services cities where the additional project sites are located (Portland, OR; Galveston (Houston), TX; Raleigh/Durham, NC).
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The Screening Core (SC) will support Antiviral Drug Discovery & Development Consortium-2 (AD3C-3) for identification of novel antiviral drug-leads. SC will employ the unique set of Antiviral Assays based on rational selection of druggable viral targets and functional integration of these therapeutic targets into the molecular network of interrelated biological pathways that are linked to unique viral transcriptional machinery and associated functions. The integrated cellular models that we will construct will monitor the functions of molecular networks that are linked to viral transcription and proliferation. Before initiation of High Throughput Screening (HTS) campaigns, the SC will work with individual projects (Figure 1) to assess the candidate target across a common set of selection criteria such as genetic evidence, druggability, assay viability, availability of crystal structures, and availability of known ligands and essential role of the target in viral transcription and proliferation.

[image: ]The SC shall capitalize on state-of-the-art infrastructures and a highly qualified team of researchers at Southern Research (SR) and the University of Texas Medical Branch (UTMB) with complimentary experience on the development and validation of antiviral assays and a thorough understanding of pathogenesis, biology and pharmacology of antiviral drugs. This also includes experience in the constructions of transgenic cellular models. The SC will be responsible for achieving the following Specific Aims: Figure 1- Overview of Antiviral Screening Core and Relationship with Other Cores and Individual Projects. 

The target screens shown in Red have been selected for HTS campaigns and will also be used in SAR analysis and reiterative screening for lead optimization. The target screens shown in Blue will be employed to supplement SAR, lead optimization and target identification The target screens have been selected based on objectives of the individual research projects. The Screening and SAR Assays may be tailored based on dynamic project needs. 

(figure may be revised based on project aims)     



Aim 1. Develop, optimize and miniaturize assays for use in HTS to identify hit compounds and in secondary screening to support the Medicinal Chemistry Core and individual projects. Unique reagents will be required to enable development and performance of assays for RdRp and associated targets functions identified by the individual projects. The SC will work with the Structural Biology Core and Project Leaders to develop these unique reagents. Several BSL2/3/4/antiviral assays with multiple variants have already been established and optimized by the SC. Biochemical, molecular and cell-based assays will be established based on the functionality and selectivity of the antiviral targets identified by individual projects. 

Aim 2. Identify novel-hit compounds for each unique viral targets by executing HTS campaign. A diverse collection of ~212K novel compounds, selected through a Machine-Learning Process from non-proprietary libraries assembled from various commercial vendors, targeted fragments library at SR and a focused set of nucleosides, will be screened to identify novel-compounds engaging each viral target. Hit compounds will be validated by determining potency and efficacy for on-target activity and antiviral functions in cell-based assays.

Aim 3. Support hit development, structure-activity relationship studies (SAR) and lead optimization for advancing the leads to preclinical & clinical development. Newly synthesized compounds originating in the Medicinal Chemistry Core will be tested in dose-response assays to provide biological data for the development of SAR for the discovery of chemical probes.  Testing will be performed in an iterative fashion to help drive the design-make-test cycle in medicinal chemistry. Lead compounds will also be profiled for activity against multiple-variants, more virulent viral species as well as in secondary assays for early cytotoxicity, organ-specific toxicity and other adverse-reactions.

A comprehensive IT infrastructure with secure Oracle database will be used for screening data storage, analysis, retrieval and follow-up analyses performed by the SC. A Laboratory Management Information System (LIMS) will be used to track and manage reagent and resource consumption.




Introduction

The Screening Core (SC) will develop, optimize, and conduct biochemical and cell-based assays for High & Medium Throughput Screening (HTS) and subsequent testing of compounds synthesized to support hit identification and hit-to-lead efforts for the multiple viral-targets identified by the individual projects in the Antiviral Drug Discovery & Development Center-2 (AD3C-2) (Figure 1). The SC will optimize the research reagents needed for functional cell-based and target-based antiviral bioassays for use in HTS campaigns with the goal to identify the leads for target-engagement and to complement medicinal chemistry efforts for lead-optimization for enhanced activity and individual projects to investigate molecular pharmacology of novel-antiviral drug leads. The SC has worked with the individual research projects and identified the targets and assays for initial HTS campaigns. The SC will work with Structural Biology Core (SBC) to produce functionally active recombinant target proteins and also acquire engineered reporter cell-lines for the target viruses.  SC will develop and validate assays for HTS and will subsequently conduct all of the HTS campaigns as well as provide data management and analysis of the hits. The SC will also perform the assays needed by the Medicinal Chemistry Core (MCC) to develop the structure-activity relationships (SAR) for each project to ensure a timely turnaround of the biological data necessary to the chemists. By screening a unique, common compound collection against multiple targets across the Projects, the program will seek to identify selective as well as broad-based inhibitors of the targets-linked to viral replication in accordance with the theme of the program. This will require an integrated approach and information sharing between the project centers the SC, SBC and MCC (Figure 1-Specific Aims). The SC will also provide resources to assist with specific assays that may be needed by the individual investigators and tailor these assays to support specific viral targets identified by individual projects. This core group has extensive experience in the development and miniaturization of cell based and biochemical assays as well as automation, compound management and bioinformatics experience across a wide variety of assay types. The combined SC at Southern Research (SR) and the University of Texas Medical Branch (UTMB) has the ability to conduct assays and HTS at all levels of biosafety containment (BSL1-4). Several of the key assays needed, such as SARS-CoV-2 cell-based assays using multiple strains of live virus, are already established, validated and are routinely run under BSL2/BSL3 condition at SR1-6 and BSL2-4 conditions at UTMB7-10.  

Screening Core (SC) Overview The SC shall capitalize on state-of-the-art infrastructure for HTS as well as highly experienced team of researchers at SR and UTMB with complimentary experience on antiviral drug discovery including HTS, transgenic cell-lines, pharmacology, bioassays, target-identification, target-engagement, target-validation and HTS data analysis & management.

The HTS Center at Southern Research has advanced robotic equipment and a well-trained staff to ensure the highest quality of screening for research projects. The Center maintains a collection of over 750,000 compounds and has IT capabilities to enable large scale data analysis and management. Since 2006 the HTS Center at SR has tested over 30 million compound samples in more than 100 screening campaigns which included over 200 assays to obtain quantitative results for hit identification, confirmation, and validation.  During this time the HTS Center has supported dozens of grants and contracts originating from both private organizations, academic research institutions and government agencies.  Historically, the HTS Center has performed HTS campaigns for several viruses including an in vitro antiviral screening program for SARS-CoV1-6, highly pathogenic (H5N1) avian influenza, and other respiratory viruses (NIAID, N01-AI-30047)11-14, has served as the Specialized Biocontainment Screening Center for the Molecular Libraries Program during its pilot program (U54 HG003917) and further production phase (U54 HG005034). In addition, the HTS Center has performed ten HTS campaigns as assigned Task Orders under an NIAID/DAIDS contract (N01-AI-1400010I) “In Vitro Testing Resources for HIV Therapeutics and Topical Microbicides”, and seven HTS campaigns for various viruses (SARS-CoV, DENV-2, WNV, ZIKV, CHIKV, VEEV, and H1N1/H3N2) as the Screening Core for the Antiviral Drug Discovery and Development (AD3C) program funded under an NIAID supported multi-institute CETR program titled “Identification of New Antiviral Therapies” (1U19AI109680).  Currently, the SR HTS Center functions as the Assay Core for the AD3C funded under NIAID CETR grant (U19AI142759).

The Screening Core at University of Texas Medical Branch (UTMB), an internationally recognized institution with strong expertise and resources in the global fight against infectious diseases, is part of the Keiller Building-Galveston National Laboratory (GNL) research complex. GNL is a sophisticated high containment select agent research facility that houses approximately 36,000 sqft of BSL3/ABSL3 and 14,500 sqft of BSL4/ABSL4 space. The latter is split up between the Robert E. Shope BSL4 and the GNL BSL4 laboratories. The GNL is located on the campus of the UTMB and operates under the umbrella of UTMB’s Institute for Human Infections and Immunity. Since 2011, UTMB has performed antiviral screens as part of the NIH/NIAID B task order focusing on Ebola, Marburg, Lassa, and Nipah viruses (HHSN2722010000401, B07; HHSN272201100019I, B09, B12, B16, B20, B22, B24, B27, B28, B05, and B07). Several compounds identified through these screening efforts have been further characterized in rodent models for Filoviruses through the NIH/NIAID A task orders (HHSN272201000040I, A64, HHSN272201700040I A07, A35). In addition, UTMB is home to the World Reference Center for Emerging Viruses and Arboviruses (WRCEAV)15,16, a collection of over >8,000 arbovirus strains, encompassing 21 viral families. These viruses, along with associated antigens and antibodies, represent a critical resource that the WRCEVA distributes to the research and surveillance community free of charge to facilitate the response to new and continuing outbreaks.

Innovation 

The SC will engage novel research reagents (functionally active target recombinant proteins and uniquely engineered reporter cell lines e.g., RVFV NLuc Reporter virus) and employ innovative complex bioassays [e.g., Fluorescence Resonance Energy Transfer(FRET) SARS CoV-2 RdRp complex assay; AlphaScreen assay for CHIV/VEEV macrodomain function; Nipah Virus RdRp mini-genome bioluminescence assay) to screen a new and unique compound library assembled through machine learning algorithm, target-based fragment analysis and unique set of nucleosides for  the discovery of new therapeutic approaches for antiviral drug discovery against pathogens with pandemic potential. Novel therapeutic targets have been selected based on evidence of functional integration into the molecular network of interrelated biological pathways linked to unique viral transcriptional machinery of individual viral pathogens. The HTS centers at SR and UTMB have several unique screening platforms, an unparalleled battery of BSL3/BSL4 antiviral screens, streamlined HTS data analysis and management systems as well as exceptionally experienced team of researchers & technicians that have developed and validated multiple types of antiviral assays for use in HTS, SAR and lead optimizations.

Research Strategy

[image: ]The SC will follow an industry accepted hit-to-lead strategy in early phase drug discovery. Assays suitable for HTS will be developed and employed to identify active compounds which can be used as starting points for medicinal chemistry efforts to develop structure activity relationships for synthesis of new compounds and discovery of leads for further development. The overall research strategy of SC has been outlined in Figure 2. Additional details on individual target screens are and an overview of SC are presented in Figure 1 (Specific Aims).  A new unique library composed of compounds with structures designed and synthesized within the last three years will be screened in HTS assays for each proposed target.  As such, the compounds in this collection have had very little exposure to human pathogen drug discovery programs, and have a great chance of providing novel, chemically-tractable hits for lead optimization. The unique design of the library is not only based on optimizing diversity in terms of chemical composition and spatial orientation, but also on appropriate physicochemical properties (Lipinski Rules of Five, i.e. MW) to ensure hits are appropriate starting points for medicinal chemistry efforts.Figure 2-Overall Research Strategy of SC: Outlines



Aim 1. Develop, optimize and miniaturize assays for use in HTS to identify hit compounds and in secondary screening to support the MCC and individual projects.  

	Although several assays are already available for screening, others will need to be developed and optimized depending on the molecular targets (Figure 1; Tables 1-3). Prior to assay development it will be necessary to design and develop required reagents and tools, particularly for the RdRp target assays.

Reagent production. Unique reagents may be required to enable development and performance of an assay for new targets. The SC will work with the SBC to ensure that these reagents can be produced and that they meet the reproducibility and rigor needed to advance a discovery campaign. Also, it will be important to ensure that reagents can be produced in sufficient quantities for screening and to support SAR-driving assays. SARS-CoV-2 NSP12/8/7 RdRp complex17-21, SARS-CoV-2 NSP14/NSP10 exonuclease function22-26, alphaviruses macrodomain interactions27-28, flaviviruses NSP4/NSP5 RdRp activities29-31 and relevant proteases from target viruses have been identified as potential targets for reagent generation. Additionally, cells-based ‘mini-replicon/mini-genome complex’ models32-36 may be established and tailored to investigate functions of individual components of virus replication/transcription machinery.        

Development of biochemical and cell-based assays. Once the appropriate reagents are obtained the assays will be constructed and optimized. Since compound samples in the screening collection are dissolved in 100% DMSO, we will initially measure the limit of DMSO tolerance in the assay. The assay will be further developed at the DMSO concentration required for screening to determine appropriate plate type, optimized reagent concentrations, order of addition of reagents, and incubation times that give an optimal signal to background ratio and %CVs.  

Assay implementation and optimization. Each assay used in HTS will be optimized to provide a positive signal above background that is of sufficient magnitude and of low enough variability to allow for reliable detection of an active compound when tested once at a single concentration. Overall assay quality will be assessed by several factors during assay implementation and validation and must meet the criteria specified below to be considered for an HTS campaign. A battery of statistical methods (See Box- Equations 1-3) are used at this stage to characterize the suitability of the assay with regard to sensitivity, accuracy, precision and robustness.    Equation 1:  

 = Standard Deviation

 = mean of maximum or minimum control response values

Equation 2: 

 = Mean of the maximum controls 

 = Mean of the minimum controls 

Equation 3:  

 = Standard deviation of the maximum controls

 = Standard deviation of the minimum controls

 



Assay sensitivity. The maximum assay signal should be sufficiently above background to allow for identification of active compounds and minimize the number of false negatives. Assays will be optimized to give SBR ≥ 5 prior to implementation in HTS.

Assay accuracy.  Concentration-response assays will be performed for reference compounds, if available, on three different days and the calculated IC50 or EC50 values will be compared between runs and with those obtained in the originating investigator laboratory or as reported in the literature. The acceptance criteria is that the obtained values agree within 3-fold. 

Assay precision.  Inter-plate, intra-plate and inter-run reproducibility of the assay will be assessed by calculating the %CV.  Acceptance criteria are %CV < 10% for Max and Min signals with SBR > 5. The assay should also exhibit plate spatial uniformity devoid of drift or edge effects. This parameter can be assessed by visual heat maps of the plate data and by calculating ratios of average signals in left/right, top/bottom, inner wells/outer wells, Quad1/Quad4, Q2/Q3, Q1/Q2, Q3/Q4, Q1/Q3 and Q2/Q4 for plates with constant signals in each. Ratios should = 1 for all comparisons of average minimum or average maximum signals.

Assay robustness. When all of the conditions are optimized, three Z-plates consisting of positive and negative controls will be run on three separate days to assess inter- and intra-day variability. For reliability under these conditions, the Z'-factor should be ≥ 0.5, indicating that the minimum and maximum signals are sufficiently separated, and that the variation of these signals do not overlap. 

HTS assay validation. The final step prior to undertaking a full screening campaign is to validate the performance of the assay under screening conditions37-40. A subset of 10K compounds, selected to represent the chemical diversity of the full collection, will be screened at 10 μM in two independent runs on different days. The results from the two assay runs will be compared statistically to determine whether “hits” and non-hits reproduce on both days. It also provides an initial estimate of the expected hit rate for the full campaign. If the hit rate (using provisionally defined threshold of 50% effect) is very high (>2%) or very low (<0.2%), then the screening concentration can be adjusted for the full campaign. These validation runs must demonstrate that the assay is both robust (Z’ ≥ 0.5) and reproducible (correlation P value < 0.001) when performed using the automated platform under conditions to be used in the full HTS campaign. This step is also used to evaluate parameters associated with running large batches of plates such as timing of reagent additions and reagent stability.  

Quality control of biological reagents for HTS. As a quality control measure, cell lines will be tested for mycoplasma. Biological reagents amenable to freezing will be stored in frozen aliquots sufficient to supply a single screening run which will avoid repeated freeze/thaw cycles. We will also determine that the stability of all reagents used for an assay will be sufficient to allow for their use in an HTS format in which they may be exposed to suboptimal storage conditions for several hours during the processing of hundreds of assay plates

Aim 2. Identify novel-hit compounds for each target by executing HTS campaigns.

HTS campaigns will be implemented only when each assay is validated as described above. Assay runs will be scheduled in advance depending on the number of runs allowable within a work week to accommodate necessary incubation times. The primary HTS of the compound library will be performed by testing each compound once at a single concentration, typically 10 μM. Positive and negative controls used to assess assay quality will be placed in the outside columns of each plate to accommodate automation of liquid dispensing systems. The data generated during a screening campaign will be evaluated for consistency and bias as described above. Plates with non-uniform spatial patterns will also be scrutinized for possible effects due to liquid handling errors and scheduled for retesting. Raw values for positive and negative controls will be tracked by plate over the course of the screen and control CV values and Z'-values calculated for each plate. The trends observed in the controls are helpful in troubleshooting the automation process to minimize artifacts or reagent failures. Controls also serve a quality control purpose. Plates that do not demonstrate acceptable Z'-values, positive control compound response inconsistent with historical values or spatial-non-uniformity will be rejected and scheduled for retesting.

Upon completion of a screen, a statistical analysis of the HTS data will be performed to determine overall distribution and variability of data and to set the activity threshold or “hit” criteria at 3xSD above the average value for all of the compound wells. This is accepted as the value which is statistically outside the population of no effect data. The database will be queried to correlate the selected hits with the specified source plate and well locations for each compound. The “hit” compounds will be cherry picked from the source plates and retested in a 10-point concentration response series from 0.2 -100 μM to confirm activity and determine the potency of the compound to inhibit or enhance the assay signal. A counter-screen will be performed to exclude false positives resulting from off-target effects. In biochemical assays compounds will be tested in assays omitting the molecular target in order to exclude compounds causing interference with the assay signal. In cell-based assays compounds will be tested for cytotoxic effect on uninfected host cells.  Concentration-response assays are set up as serial two-fold dilutions in an inter-plate rather than intra-plate dilution scheme to enable more efficient and cost-effective use of liquid handling systems. This method also allows for many more compounds to be selected and tested in a concentration-response assay, thus maximizing potency and efficacy data available to chemists for selecting scaffolds to advance through the hit-to-lead process.

The biological single concentration and concentration response data will be uploaded into an ActivityBase database.  The technical lead scientist who conducted the screen will review the data and accept or reject the assay plates based on defined assay criteria. Once verified in ActivityBase, the data is then accessible to the chemistry team through Dotmatics and available for additional analysis such as a cluster analysis, analysis of structure–activity relationship (SAR) trends and property predictions using sophisticated software such as Pipeline Pilot, ScaffoldHunter, Star Drop, Dotmatics-Vortex, StarVision, Sybyl and Schrödinger-QikProp.  The ActivityBase administrator will prepare a report describing overall assay statistics for the HTS campaign as well as a report containing concentration-response data and graphs for each individual hit compound.

The medicinal-computational chemistry team will perform cluster analysis of the hits to organize the small molecules into groups based on common core structural features referred to as clusters containing a common substructure or scaffold.  In some cases, a compound may have structural features in the molecule that permits the molecule to be grouped into more than one clustered group of molecules.  The hits will be analyzed and clustered based on Tanimoto distances using the predefined FCFP_4 fingerprint property of Pipeline Pilot software (Accelrys, San Diego, CA).  The cluster analysis and scaffold enrichment analysis that compares the distribution of members of each scaffold within the hit set versus their distribution in the entire screening set provides knowledge regarding privileged scaffolds and structural features present in the hits. The chemists will also utilize property predictions such as solubility and metabolic liabilities of compound clusters of interest to permit prioritization of the active compounds/scaffolds based on lead-like characteristics.

[image: ]Unique HTS Compounds Collections. To address the need for novel, drug-like, and target-specific antiviral chemicals, a new HTS library of 200K compounds has been assembled from recent drug-like commercial collections (Figure 3). A major part of this new library is a 150K diversity set from ChemDiv. This customized selection aided by our cheminformatics approaches processes multiple merits. Specifically, it only contains new chemical structures that have been synthesized within the last three years thus making this a less explored and more novel collection. It does not contain duplicates to our current HTS collection for pan-assay interference structures (PAINS)41-45. The library has high structural diversity (~7,500 clusters with average size of 20 compounds per cluster) but no singletons (thus every hit will have initial structure-activity-relationship information without testing additional analogs). The compounds are also pre-rated by ChemDiv to ensure synthetic feasibility. The molecular property distribution analysis indicates that the compounds in the new library are drug-like (molecular weight ≤ 500; heteroatom count ≤ 10; rotatable bonds ≤ 8; aromatic rings ≤ 4; predicted log P ≤ 5; polar surface area ≤ 125; H-bond acceptors ≤ 7; H-bond donors ≤ 3). Moreover, according to our in-house developed machine learning prediction model for SARS-CoV-2, 20K of the 150K diversity set are likely to show phenotypical anti-SARS-CoV-2 activity, which makes it suitable to meet the special need for SARS-CoV-2 drug discovery.  An additional 25K compounds have been selected according to solubility and metabolic stability predictions (via cheminformatics software BIOVIA Pipeline Pilot) to increase the chance of finding hits with good pharmacological properties and facilitate the hit-to-lead pipeline. A 25K target specificity set selected by in-house virtual screens against viral targets nsP2 and nsP3 and virtual screens performed by vendors (e.g. viral RdRP inhibitor collections from OTAVA Chemicals and TargetMol) has been added to enhance target focus. Since the SBC will be able to crystalize several targets we will also include a library of 11,350 fragment compounds existing at SR and a library of 200 nucleotides provided by Arbutus. As a whole, these collections comprise a 211,550 HTS compound library suitable to discover novel, drug-like, and target-specific antiviral matters (Figure 3).Figure 3- Unique HTS Compounds Library Sets



Compound Storage, Replication and Distribution: The compound library dissolved at 10 mM in 100% DMSO will be stored in deep well polypropylene 384-well plates containing 200 µL samples. This plate set is called a “mother” set.  The “mother” set is then used to create copies of 384-well “daughter” plates in 384-well polypropylene Echo-qualified flat-bottom plates to allow for creation of assay ready plates (ARPs).  All plates are barcoded and the compound IDs with plate and well locations are loaded to IDBS ActivityBase where they are tracked during all processes including compound plate replications, production of ARPs for single concentration and concentration response screening campaigns, distribution of ARPs to the screening labs at SR and UTMB as well as recording compound storage locations and maintaining inventory information.

HTS Assays. The HTS assays to identify compounds for each virus target are presented in Table 1. The HTS targets have been selected based on individual project objectives.    

[image: ]SARS-CoV-2: A FRET-based assay identifies RdRp inhibitors in which SARS-CoV-2 RdRp (NSP12/7/8) synthesizes RNA on a primer stand labeled with Cy3 and displaces a quencher strand resulting in an increase in Cy3 fluorescent signal17.  SARS CoV-2 NSP14 protein is a bi-functional enzyme with an N-terminal 3-5-exoribonuclease (ExoN) domain and a C-terminal SAM-dependent N7-Methyltransferase23,46. NSP14/NSP10 Exo-N function may be measured with intercalating Quant-it TM RiboGreen RNA reagent, which shows specific binding with dsRNA and generates strong fluorescent signal47. 

 DENV:  RdRp (NS5): Fluorescence-based alkaline phosphatase–coupled polymerase assay utilizes a modified nucleotide analogue (2′-[2-benzothiazoyl]-6′-hydroxy- benzothiazole) conjugated adenosine triphosphate (BBT-ATP) and 3′UTR-U30 RNA as substrates. After the polymerase reaction, treatment with alkaline phosphatase liberates the BBT fluorophore from the polymerase reaction byproduct48, 49. The assay can be performed with recombinant NS5 from DENV, WNV and ZIKV 50-53

[image: ]NiV- Small molecules inhibiting the NiV RNA synthesis machinery54. We will develop and optimize a HTS assay based on a NiV minigenome (MG) system. Synthesis of NiV RNA is dependent on the complex of several viral proteins, including the nucleoprotein (N), the phosphoprotein (P), and the viral RdRP55. Reconstitution of a functional NiV RdRp complex can be achieved by transfection of these three proteins into mammalian cells56,57.

CHIKV and VEEV: An AlphaScreen binding displacement assay to screen for compounds that inhibit the interaction of an ADP-ribose attached peptide to the nsP3 macrodomain58-60 has been modified and validated for HTS at SR (Figure 4)  

RVFV: A cell based nanoluciferase reporter virus assay measuring inhibition of virus replication61,62. We have already employed a similar assay for screening against SARS CoV-22,3. 

Additional target assays will be included to enable dynamic individual project needs. 

Aim 3. Support hit development, structure-activity relationship studies (SAR) and lead optimization for advancing the leads to preclinical & clinical development. The biochemical assays measuring target engagement of compounds will be used to drive hit-to-lead SAR. In most cases, these will be the same assays employed for HTS. However, it will be necessary to demonstrate that compounds showing target engagement in biochemical assays also exhibit antiviral activity against the live virus in a secondary cell-based assay. Also, the cell-based assays can be used to assess if compounds have pan-virus effects.  These assays already exist in the SC and have been used to the support ongoing medicinal chemistry efforts of the current AD3C program. The assays available for each virus are shown in Table 2  The MOA of compounds identified in the cell-based HTS for RVFV will be determined by the project team and the relevant target based assay will be [image: ]subsequently established in the SC to drive SAR. Figure 4. CHIKV Macrodomain AlphaScreen- Employs GST-tagged CHIKV NSP3, Biotinylated ADP-ribose attached peptide, Biotinylated-GST (Counter Screen) and GST Detection kit



The SC at UTMB will primarily focus on performing antiviral screens utilizing infectious viruses at BSL4 to identify small molecules that target viral replication.  Previous efforts between SR and UTMB have established an automated HST platform, which was capable of testing up to 10,000 compounds per day within the BSL4 laboratory63,64. Using a cell-based HTS screen, compounds were identified for their ability to inhibit virus-induced cytopathic effect. However, since successfully establishing this HTS capability under BSL4 conditions, the platform has not been utilized since then. We propose to re-establish the screening capabilities at both BSL3 and BSL4 and then utilize to perform the screens through this project. Assays at BSL4 will focus on NiV63,64, but will also be established for tick-borne flaviviruses (such as Central European Encephalitis virus) and Nairoviridae (Crimean-Congo hemorrhagic fever virus) to evaluate leads identified in Projects 2 and 4. At BSL3, assays will also be established for the viruses relevant to this application (SARS-CoV-1, SARS-CoV-2, MERS, CHIKV, VEEV) using cytopathic effect reduction and virus linked nanoluciferase reporter assays, as described in Table 2. Furthermore, antiviral screens may be employed expanding the screening of lead compounds based on individual projects. This could for example cover antiviral compounds identified in Project 4 for members of the Bunyavirales order and could be tested against additional human pathogenic members (such as Severe Fever with Thrombocytopenia Syndrome virus and Oropouche virus). In addition to wild-type viruses, certain recombinant viruses expressing fluorescent or luminescent reporter genes are available. Table 3: Screening Core UTMB- Antiviral assays for BSL-4 viruses available for this program and may be employed for expanding the screening of leads based on individual Project needs. 

[image: ]Additional viruses that can be screened for at BSL-4 include tick-borne flaviviruses, as well as additional ebolavirus strains and arenaviruses.

Initial efforts will focus on assay implementation, optimization (as needed), and validation as described above. During this phase, the UTMB SC will work closely with colleagues at SR utilizing their HTS expertise, compound libraries, and bioinformatic support. For actual screens at UTMB and to simplify the assay performance, assay plates will be prepared at SR, sealed, and frozen plates send to UTMB. Screening will be performed against selected viruses listed in Table 3. Compounds that demonstrate antiviral activity in the primary screen, will then be confirmed in concentration dose-response, cell toxicity, viral yield reduction, and/or time-of-addition assays. Characterization of the MOA of identified small molecules will be further characterized by the individual Research Projects.
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<prevelig@uab.edu>, "Moukha-Chafiq, Omar" <omoukha-chafiq@southernresearch.org>,
"Augelli-Szafran, Corinne" <caugelli-szafran@southernresearch.org>, "Wu, Mason"
<mwu@southernresearch.org>, Carrie Evans <cevans@southernresearch.org>,
"msuto@southernresearch.org" <msuto@southernresearch.org>, Inah Kang
<inahkang@usc.edu>, Babu Tekwani <btekwani@southernresearch.org>, "Ballinger, Carol A"
<caball@uab.edu>
Cc: "Whitley, Richard" <rwhitley@uabmc.edu>, Pei-Yong Shi <peshi@UTMB.EDU>
Subject: Re: Project Order, PDP, and Project drafts
 

Hello all,

 

Please find the current draft of the Structural Biology Core from Dr. Jamil Saad and team. The
file is quite large - please find the file here. 

 

Please let me know if you have questions or need help sending edits back to him.

 

Thank you,

 

Stephanie

From: Moore, Stephanie B
Sent: Monday, October 4, 2021 3:57:21 PM
To: Denison, Mark; Menachery, Vineet; Weller,Sandra K.; Wright, Dennis L.; Geisbert, Thomas W.;
lijun@uic.edu; igaysina@uic.edu; CHRISTOPHER BRODER; James Heyes; Diamond, Michael; Alec
Hirsch; Makino, Shinji; Freiberg, Alex; Whelan, Sean; Daniel Streblow; Heise, Mark T; Morrison,
Thomas; Hanks, Lynae J.; Bostwick, Bob; Augelli-Szafran, Corinne; Zhou, Jia; Chappell, Jim; Charles
Mc Kenna; Saad, Jamil S; Prevelige, Peter Edward, Jr; Moukha-Chafiq, Omar; Augelli-Szafran, Corinne;
Wu, Mason; Evans, Carrie W.; Suto, Mark J.; Inah Kang
Cc: Whitley, Richard; Pei-Yong Shi
Subject: Project Order, PDP, and Project drafts
 

Hello all project and core leaders,

Thank you for your continued progress. We have a few immediate items to bring to your
attention. 

While working on the overall specific aims, it became necessary to reorder the projects.
Therefore, here is the new project order:



1. Coronavirus
2. Henipavirus
3. Flavivirus
4. Bunyavirus
5. Alphavirus

Stephanie can help address the change of numbers on the documents and will change the
component order in ASSIST to reflect the new project order.

Another point we want to address is that we would like to use a product development profile
(PDP) within the "overall" section to apply to all projects. We would like the attached
paragraph that references the PDP to be added to all projects and for you to include a
timeline for your project please refer to Bunya write up for an example timeline.

Finally, please see the attached current versions of Alpha and Bunya projects. We would
appreciate any comments or edits by Thursday, Oct. 7 that we can share with them. The other
project drafts will be sent as they are received.

Thank you,

Stephanie, Rich, and Pei-Yong
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Agenda
Topic Presenter Allocated time Objective

Introduction & welcome Raúl Gómez Román, CEPI 5 min

Updates from henipavirus-
affected countries

Glenn Marsh, Australia
Syed Satter, Bangladesh
Pragya Yadav, India
LiYen Chang, Malaysia

10 min each 
+ 5 min Q&A

To gain visibility on recent henipavirus work and on how 
COVID-19 has affected R&D in country

NiV antibody standard 
development I

LiYen Chang, University of Malaya 10 min To share information on objectives, including NiV assays 
in the pipeline

NiV antibody standard 
development II

Mark Hassall, NIBSC 10 min To gain visibility on the plans and timelines for the 
feasibility study leading to the development of an 
international NiV antibody standard

10 min Q&A on antibody standard development
Natural history studies Carolyn Clark/Amy Shurtleff , CEPI 10 min To share information/updates on objectives, status and 

expected timelines.
Updates from CREID 
network

Sara Woodson, NIAID 10 min

Updates from CEPI Epi RfP Maïna L’Azou Jackson, CEPI 10 min

5 min Q&A on CEPI & NIAID initiatives
Action items & closing Raúl Gómez Román, CEPI 5 min



Affected country updates



Australia (placeholder)



DDr.. Syedd Moinuddinn Satter
Assistant Scientist and Deputy Project Coordinator
Principal Investigator, National Nipah Surveillance

Programme for Emerging Infections, icddr,b

Professorr Dr.. Mahmudurr Rahman
MBBS(Bangladesh), MPHM (Thailand), PhD (Cambridge, UK)

Seniorr Technicall GHSAA Consultant
Globall Healthh Development/EMPHNET

(Support to the US CDC, Bangladesh Country Team)
Former Director, IEDCR, Bangladesh

Nipahh viruss inn Bangladesh:: 20011 too 2021



Nipah virus transmission in Bangladesh
First identified as the cause of an outbreak of encephalitis 
in 2001 in Meherpur district

Nipah Surveillance and laboratory established in 2006

Till July, 2021, a total of 322 cases of Nipah infection were 
recognized; 228 (71 %) died, indicating a very high 
mortality

Spillover identified 135 times

Secondary cases identified 46%

Current Nipah survivor 79

Till date, 38 outbreaks have been identified, involving 32 
districts out of 64 districts



Nipah surveillance activity in Bangladesh

Nipah

1. Hospital based sentinel surveillance (icddr,b)
Active surveillance at eight medical collage hospitals 
(Three additional sites in non-Nipah belt)
Passive surveillance at two district health care facilities
Enhanced surveillance activity during Nipah season 
(Dec’2020-Apl’2021) at 355 health care facilities (HCF)

- District and sub district public HCF: 99
- Public HCF: 256

Year-round Nipah testing

2. Event Based Surveillance at IEDCR
24/7 hotline (2) 
Media Monitoring

–All national daily newspapers
–All TV channels

Any informal reporting

3. Other encephalitis surveillance (JE, WHO and IEDCR)



Trend of Nipah virus cases in Bangladesh
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Mortality trend of Nipah virus cases in Bangladesh
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Gap in Nipah surveillance

Population based active surveillance system 

Sequelae of Nipah survivor

Immunology status of date palm sap harvester (gachi)
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Plasma Therapy

















“COVID-19  has taught that diseases have no borders, pathogens 
treat humans equally. Remember the strength which we have 
gained , lessons which we  have learnt to fight unending war of 
infectious disease but lets do it together”

Pragya Yadav  
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Antibody standard 













Nipah antibody standard development - NIBSC

Mark Hassall
7th September 2021
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Why do we need biological standards in assays
The potency of biological products can differ between different tests and laboratories and this needs to be controlled for

Without any physical measure of activity they can be measured by referencing against a standard

Serology testing in bioassays can be harmonised by comparison to the performance of a reference standard

For clinical testing this allows comparison of vaccine responses from different assays or labs

Hierarchy of standards:
- Primary calibrant – WHO IS
- External control/secondary standards
- Assay standards

Internal calibrator/standard
run control
working reagent
Secondary or tertiary reagent
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Primary calibrant
WHO International Standard – established by the WHO ECBS
Define the common language to express potency of the samples

So, what is the 
protective titre ?

330 ug/mL

2450 unit/mL

1:50
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Standards projects

Project endorsement

- NIBSC

- WHO ECBS

WHO IS

Formulation studies and fills 

Report writing and consultation

Product available for distribution

Working Standard

7

8

10

12
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Sample collection and preparation
• UM will collect samples from convalescent patient and ship to PHE
• NIBSC will provide PHE with any blood virology report & previous PCR test results 

associated with samples
• Samples tested for Nipah virus and If sample is negative ship to NIBSC
• Samples received at NIBSC CL3 lab
• Samples treated by solvent detergent
• Samples tested by ELISA and PV assay
• Samples prepared for final formulation
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Nipah antibody standard timelines
Cepi Working standard

• Endorsement by the WHO Expert committee on Biological standardization (Jan 2019)
• Sample collection from source country/partner – MTA signed with UM (Aug-Sept 2021)
• Sample testing by PHE then transfer to NIBSC (Sept 2021)
• Characterisation of antibody at NIBSC by ELISA, neutralisation assay (Sept-Oct 2021)
• Data reporting to partner and recommendation for larger donation (Oct 2021)
• Sample testing by PHE then transfer to NIBSC (Dec 2021)
• Formulation of working standard candidate and reference panel (Jan 2022)
• Feasibility study (Feb-Mar 2022)
• Analysis and reporting of study (Mar-Apr 2022)
• Establishment of working standard and reference panel (Apr 2022)



7

Nipah antibody standard timelines
International standard

• Stability study for candidate International Standard (Feb 2022-Feb 2023)
• Organisation of the WHO Collaborative study (Apr-May 2022)
• WHO Collaborative study (Jun-Sep 2022)
• Statistical analysis (Sep-Oct 2022)
• Collaborative study report and submission to WHO (Oct-Nov 2022)
• Establishment of International Standard by WHO ECBS (Mar or Oct 2023)
• Deliverable: WHO International Standard made available for distribution (May or Dec 

2023)



8

What is the purpose of a collaborative study?
• It is to gather a set of data to confirm that an antibody reference candidate 

is fit for purpose

• It should work in a range of assays (ELISA, neutralisation)

• It allows harmonisation of results from different labs/assays

• It works across a titration range (limit of detection)

• To assign an (international)unitage to the standard and a consensus on the 
panel levels (high, medium, low)

• It is not for validating or for testing assays
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Collaborative study
Ahead of receiving the study samples you will be sent
• A study protocol

• Introduction to the study - aims
• Description of the study samples (numbers, volume, origin, treatments, etc.)
• How many independent assays and possible dilutions suggestion
• How to report the results - timelines
• Contact details

• A result reporting Excel file
• Assay reporting tables already setup
• Data reporting tabs for each assay method
• Comments box

When the samples are shipped participants will be notified of shipment and arrival dates, and 
• Information for use – including MSDS

After the collaborative study is completed the data will be analysed at NIBSC and a report with the 
results issued (labs are anonymised). All participants will have the opportunity to comment
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NIBSC
Mark Page
Emma Bentley
Giada Mattiuzzo
Mark Hassall

PHE 
Marion Killip



Antibody standard
Q&A 
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Natural History 
Studies
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• CEPI and NIAID will design an animal modeling approach that will serve CEPI and NIAID (maybe also other USG 
entities) with robust Nipah animal models that will suit regulatory applications for product approval using the 
Animal Rule approval pathway

• Studies will be executed to high data quality standards (GLP or well-documented)

• Assumption: 2 animal species will be used, Syrian golden hamsters and African Green monkeys (SGH and 
AGM)

• Studies will be protocol driven, reviewed by stakeholders

• Using a pre-IND submission package for formal FDA interaction through CEPI regulatory support, Study 
Protocols will be presented to FDA for review and approval, feedback to be shared with stakeholders

• Work to be performed by CEPI Animal Model Network Partner lab

Concept and Assumptions
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Progress on design of natural history studies
• July 20, CEPI circulated design plans for hamster and AGM studies to experts and stakeholders:

• CEPI internal, NIAID team (NI-V PO, CREID, Preclinical services)

• RML, IRF, UTMB

• CEPI statistical support

• CEPI laboratory network partner engaged to carry out this work

• Ongoing work, planned through Q3 2021: 

• Designing studies (complete with statistical rationale), endpoints and scoresheet design to support euthanasia 
criteria

• Compiling, reviewing study protocols, obtaining regulatory support from CEPI and other stakeholders 

• Submission of pre-IND package for model building

• NIAID/BEI production of NIV-B stock (characterized, with CofA) expected in Fall 2021
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1. Virus stock

Summary of proposed activities, circulated for 
feedback 7/20

2. Confirmation 
of virulence 
studies

3. Dose titration 
studies

Bracket confirmation of 
virulence doses

Determine adequate dose 
for reproducible modelling

Hamster and AGM

Strain at hand: NiV
Bangladesh

BEI Inventory: 35 
vials, supported with 
CofA

NIAID stock 
generation effort

Use new stock

Hamster first

Then AGM

4. Natural 
History  studies

Detailed study at chosen dose 
level

Serial sac design was favored for 
certain aspects

Hamster and AGM

Results will provide a complete 
package describing  model



Sensitivity: CEPI Internal

5

Comments and issues raised by reviewers
“Design as written is repetitive, and experiments may be combined for collection of enough data and statistical power.”

“Desirable to define an LD50, LD99 if possible.”  Plan is to actually use the LD99 dose or something close to it in our models studies testing the NiV-B stock.

CEPI statistical consultant proposes: Adaptive dose finding study can be informed by using a starting dose of virus expected to cause severe disease/lethality in hamster (e.g. 107

pfu/mL or TCID50 for hamsters); a similar design can be evaluated for AGM (different dose)

Choose 3 doses, ideally equally spaced and logarithmic (eg. 106, 107, and 108), n=5 or 6 animals per group

Collect data, refine curve with second block design, calculate LD50 and LD99

Benefit: spares use of many animals in large groups to define LD50 in a large blind study; two experiments’ data can be compiled if data are independent blocks

“Should we consider a study that is designed to rule out any role that sedation/manipulation might play in NiV disease progression?”

Suggestion that NIAID’s PCS could do this in parallel. Maybe also evaluate alternative routes of inoculation (IP vs IN)

“Are we using more than one site for data collection/model establishment?”  

Probably, and especially if NIAID chips in for parallel studies.  Raises questions of how endpoints collected at various sites will be standardized to allow comparison.  E.g. Need 
consistent euthanasia criteria and health scoring sheets to perform consistent work, as well as consistent animal species ages, weights, feeding and handling methods, etc.

“Use TCID50 or PFU/mL, and be consistent.”  Perhaps early studies could present data in both formats, enabling comparisons. 

If we are evaluating hematology and clinical chemistry parameters, we should make sure normal values for these in the animals under test are established at the site.
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Model characterization studies, serial-sac 
design
• Well-designed serial sac studies could enable collection of model characterization over infection 

time period, yet also collect timepoints

• Animals would be randomized to sac days (eg. 2, 4, 6, 8, 10 etc, out as far as day 28 or 35 (if any 
survivors in those groups).

• The collection of longitudinal data from this study will be useful in designing challenge and other 
studies:
• The serial sacrifice and natural mortality will produce a survival curve that can be estimated using the 

Kaplan Meier method. Parameters such as average and median survival time can be estimated.

• The logitudinal nature of the data allows for a more sophisticated analyses of data using mixed models 
to estimate characteristics of the infected animals. This may allow us to define additional target 
parameters for assessing vaccines or other treatments.  
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Study Elements
• Telemetry for temperature, activity levels, RR, BP, SPO2, etc

• Also EEG?, CVC was not favored.

• Frequency of clinical monitoring (at least 2x per day, 3 or 4 times during disease timeframe)

• Clinical signs expected: depression, lethargy, fever, loss of appetite – Draft clinical score sheet TBD

• Observations on labored breathing, nasal (bloody) discharge

• Observations for neurological signs, seizures, muscle twitch tremors, paralysis (may not be consistent)

• Blood sampling to evaluate: viral load (infectious virus and RT-PCR), IgM and IgG, wbc and serum clinical chemistry (what analytes? 
CRP, etc)

• Euthanasia criteria plan should be based on clinical scoring (what are driving attributes of clinical scoring?)

• Febrile response (loss thereof?)

• Observed changes in posture and activity levels

• Changes in breathing patterns,  labored breathing

• Necropsy and tissue histology. Can discuss full tissue list.



Sara E. Woodson, PhD
Program Officer

September 1, 2021
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Website: https://creid-network.org/

Email: NIAIDCREIDNetwork@niaid.nih.gov



CREID Program Goals & Objectives

Improve knowledge of emerging and re-emerging infectious diseases
Conducting pathogen/host surveillance and clinical research studies

Studying pathogen transmission

Developing reagents and diagnostic tests for detection of emerging pathogens and vectors

Increase outbreak research response flexibility and capacity

Contribute to training the next generation of EID investigators & 
leaders
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American Region 
Pathogens of Focus: 
Arboviruses (Flaviviruses, 
Alphaviruses, Bunyaviruses)

African & European Region Pathogens of Focus: 
Arboviruses (Flaviviruses, Alphaviruses, Bunyaviruses [RVFV 
and CCHFV], Coronaviruses (SARS-related, MERS-CoV), 
Arenaviruses (Lassa Virus), Filovirus (Ebola virus), and 
Henipaviruses

Asian Region 
Pathogens of Focus: 
Arboviruses (Flaviviruses [DEN, 
JEV], Alphaviruses, 
Bunyaviruses), Coronaviruses, 
Paramyxoviruses, and 
Filoviruses 
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American Region 
Pathogens of Focus: 
Arboviruses (Flaviviruses, 
Alphaviruses, Bunyaviruses)

African & European Region Pathogens of Focus: 
Arboviruses (Flaviviruses, Alphaviruses, Bunyaviruses [RVFV 
and CCHFV], Coronaviruses (SARS-related, MERS-CoV), 
Arenaviruses (Lassa Virus), Filovirus (Ebola virus), and 
Henipaviruses

Asian Region 
Pathogens of Focus: 
Arboviruses (Flaviviruses [DEN, 
JEV], Alphaviruses, 
Bunyaviruses), Coronaviruses, 
Paramyxoviruses, and 
Filoviruses 
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CREID Network Henipavirus Activities
-In Progress

Surveillance & Seroprevalence for Henipavirus infections
Wildlife (e.g. bats) & Humans

>1,600 bat samples (17 Asian species, 11 West African)
Swine, NHPs, and other species sampling under way. 

>2,000 human samples AFI

Characterization of Henipaviruses for Spillover Potential
Phylogenetic analysis
Receptor utilization
Human cell type susceptibility

5 Image from:
https://hub.jhu.edu/2020/01/03/nipah-virus-tracking-2499-em1-art1-rea-health/



6 Image from: 
https://www.cdc.gov/vhf/nipah/outbreaks/distribution-map.html

• Human Sampling
• Pakistan
• Nepal
• Sri Lanka
• Thailand
• Cambodia
• Malaysia
• Taiwan

• Animal Sampling
• Thailand
• Malaysia
• Hong Kong
• Vietnam* 

(*Pilot Program Award)

Nipah Virus Relevant CREID Field Sites



Henipavirus or Nipah Assays in CREID Network

Sequencing
RT-qPCR & RT-PCR
Next Gen 

Serological Assays
ELISA
Multiplex Arrays
Neutralization (FRNTs)

T-cell Activation

7 Image from: 
https://www.news-medical.net/health/Nipah-Virus-Diagnosis-and-Treatment.aspx



CREID Research Center Details

Emerging Infectious Diseases: South-
East Asia Research Collaboration Hub
aka EID-SEARCH

EcoHealth Alliance, PI Peter Daszak

Primary Collaborating Institutions:
Chulalongkorn University Hospital
Conservation Medicine Ltd.
Uniformed Services University
University of North Carolina-Chapel 
Hill
Duke-NUS

West African Center for Emerging 
Infectious Diseases
aka WAC-EID

University of Texas Medical Branch, PI 
Scott Weaver

Primary Collaborating Institutions:
University of Jos
Jos University Teaching Hospital
Kenema Government Hospital
National Veterinary Research 
Institute, Vom
Njala University
Institut Pasteur de Dakar
Duke-NUS
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RfP: Characterizing the 
epidemiological diversity of Nipah
strains

An epidemiological investigation

PL: Maïna L’Azou Jackson

PM: Roice Fulton

RfP available at:

https://cepi.net/get_involved/cfps/?learn-more-7099=5 

https://cepi.net/wp-content/uploads/2021/08/CEPI-Nipah-RfP-Call-Text.pdf
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• The vast majority of experimental Nipah virus research in the past 20 years has been performed with a single isolate 
obtained from a patient during the Nipah virus outbreak in Malaysia (Nipah Virus, 1999 Malaysia).

• More recent work has expanded to include an isolate from a patient in Bangladesh (Nipah virus, 2004 Bangladesh). 
However, this still means that all experimental knowledge on Nipah virus has been derived from work with only 2 virus 
strains, limiting inferences and interpretations about the impact of strain variation on pathogenicity, virus shedding, 
transmission, and efficacy of countermeasures.

• With a regulatory approach based on animal experiments, there will be a need to characterize the challenge strains 
and compare them with the circulating strains.

• Difficult-to-obtain samples

• Disease progression is rapid, and delays in seeking care coupled with lack of rapid diagnostics means that only rarely 
are patients diagnosed with Nipah virus infection before death, severely limiting opportunities to collect biological 
samples.

• Furthermore, outbreaks have occurred in areas where diagnostic autopsy is not the standard of care, due to religious 
and cultural concerns or to limited capacity, further limiting samples available for analysis. 

• The true geographical spread of Nipah is unknown and cases likely to pass undetected in certain countries (communications 
with US CDC)

Background

Emily S. Gurley Christina F. Spiropoulou and Emmie de Wit. Twenty Years of Nipah Virus Research: Where Do We Go
From Here? The Journal of Infectious Diseases® 2020;221(S4):S359–62
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• Goal: To fundamentally expand our phylogenetic understanding of Nipah virus in all affected countries and 
any associated epidemiology in humans to ensure vaccine development efforts are suitably addressing any 
strain variation.

• 607 reported cases of Nipah

• of which 110 patients have been sampled

• A recent paper (Whitmer et al., 2021) reported 55 full length genomes. There were initially only 20 full 
length genomes but this paper has identified and sequenced an additional 35 full length genomes (22 
directly from Bangladeshi clinical specimens and 13 viral isolates - 6 Malaysian and 7 Bangladeshi)

• Research concluded that additional genotyping is needed in and beyond the Nipah ‘belt’

• There is a need to revisit the meta and epi data - as new evidence is emerging from sequencing activities -
to characterize the diversity of NIV and understand if for example the different NiV B clades 1 and 2 

genotypes translate into different phenotypes, such as differences in human-to-human transmission rates, 
pathology, morbidity, and mortality.

Goal and needs
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• This RfP is open to any organization or consortium of organizations with the requisite expertise, experience and resources to complete the 
following tasks, grouped into workstreams (proposed outputs are included per workstream below, but may be adapted by applicants to the 
specifics of their proposed implementation): 

• Workstream 1: Retrospectively explore whether there are additional “historical” human NIV samples that could be sequenced from known 
affected geographical areas

• Output 1: Map and describe extant samples and isolates from human Nipah cases 

Explore the possibilities for additional analyses on these samples to produce new biologic data and, with assistance from qualified 
biocontainment labs made available through CEPI or via applicant partnerships, investigate whether virus can be isolated and 
cultured for use as a future research strain 

• Output 2: Complement the existing genome sequences by sequencing any extant NIV samples which have not yet been sequenced 

• Output 3: Ensure sequences are made available in public genome database(s) 

• Workstream 2: Retrospectively analyze the metadata associated with extant human NIV sequences 

• Output 1: Build out database on existing genomes with associated metadata 

• Output 2: Retrospective analysis of the existing metadata associated with NIV sequences, including assessment of differences between 
countries and strains over time 

• Output 3: Peer-reviewed publication(s) of results of the above analyses (WS1 & WS2) 

• Workstream 3: Prospectively provide additional support to existing surveillance systems to: - sequence Nipah samples from human clinical 
cases, - report them in public genomic databases in a timely manner, and collect epi data and prospectively analyse metadata associated with 
these sequences in known affected geographical areas 

Deliverables

WS 1, 2 and 3 are independent from each other but are complementary, can be managed separately or not
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Matrix of candidate Nipah-affected target regions 
versus project workstreams 
Potential scenarios for allocating workstreams

All the activities in both the columns and rows are independent from each other but 
are complementary, can be managed separately or not
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Timelines



CEPI & NIAID initiatives
Q&A 





From: Raúl Gómez Román
To: Mark Hassall; Spiropoulou, Christina (CDC/DDID/NCEZID/DHCPP); 王佑春; mark.page@nibsc.org; Dr Syed M

Satter; Mahmudur Rahman; LiYen Chang; Pragya yadav; Levis, Robin; Broder, Christopher; Park, Eun-Chung
(NIH/NIAID) [E]; Woodson, Sara (NIH/NIAID) [E]; Geisbert, Thomas W.; De wit, Emmie (NIH/NIAID) [E]; Steve
Luby; John James Openshaw; Ksiazek, Thomas G.; Glenn.Marsh@csiro.au; Yoshihiro KAKU; Simon Graham;
Dalan Bailey; Keith Chappell; Paul Young; Christopher da Costa; Michael Egan; Hilde Depraetere; Chieko KAI;
Katie Ewer; Teresa Lambe; KNEZEVIC, Ivana; YOO, Si Hyung; Elwyn Griffiths; Giada Mattiuzzo; Emma Bentley;
Rick Nichols; Paul Kristiansen; Carolyn Clark; Amy C. Shurtleff; Eric Mungai; Sophie Houard; Mahmudur Rahman;
Maïna L"Azou Jackson; Mariann Vaule Bringsværd; Katie Smith; In-Kyu Yoon; Mark Polhemus

Cc: Valentina Bernasconi; Neil George Cherian; William Dowling; Debra Yeskey; dr.rima.sahay@gmail.com;
Patterson, Jean (NIH/NIAID) [E]; Ana Paula De Almeida Aranha; honko@bu.edu; ahgriff@bu.edu; Sullivan,
Nancy (NIH/VRC) [E]; Rick Nichols; Heidi Sneddon; Victor Leyva-Grado; Tracy Chen; Roice Fulton;
rebecca.loomis@nih.gov; Nairuti Patel

Subject: Nipah Task Force (confirmed)
Attachments: CEPI Nipah Task Force_September 2021_final.pdf

Dear Members of CEPI’s Task Force on Nipah Standards, Assays & Animal Models,
 
Please find the attached pre-reads ahead of our call next week.  We look forward to our discussions.
 
Best wishes,
Raúl
 
Topic Presenter Allocated time Objective 
Introduction & welcome Raúl Gómez Román, CEPI 5 min   
Updates from henipavirus-affected countries Glenn Marsh, Australia
Syed Satter, Bangladesh
Pragya Yadav, India
LiYen Chang, Malaysia
  10 min each 
+ 5 min Q&A To gain visibility on recent henipavirus work and on how COVID-19 has affected R&D in country 
NiV antibody standard development I LiYen Chang, University of Malaya 10 min To share information on objectives, including NiV assays in the
pipeline 
NiV antibody standard development II Mark Hassall, NIBSC 10 min To gain visibility on the plans and timelines for the feasibility study leading to the
development of an international NiV antibody standard 
    10 min Q&A on antibody standard development 
Natural history studies Carolyn Clark/Amy Shurtleff , CEPI 10 min To share information/updates on objectives, status and expected timelines.
  
Updates from CREID network Sara Woodson, NIAID 10 min 
Updates from CEPI Epi RfP  Maïna L’Azou Jackson, CEPI 10 min 
    5 min Q&A on CEPI & NIAID initiatives 
Action items & closing Raúl Gómez Román, CEPI 5 min   

 
 
________________________________________________________________________________ 
Microsoft Teams meeting 
Join on your computer or mobile app 
Meeting options 
________________________________________________________________________________ 
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CEPI Task Force on Nipah Standards, 
Assays & Animal Models


September 2021







Agenda
Topic Presenter Allocated time Objective


Introduction & welcome Raúl Gómez Román, CEPI 5 min


Updates from henipavirus-
affected countries


Glenn Marsh, Australia
Syed Satter, Bangladesh
Pragya Yadav, India
LiYen Chang, Malaysia


10 min each 
+ 5 min Q&A


To gain visibility on recent henipavirus work and on how 
COVID-19 has affected R&D in country


NiV antibody standard 
development I


LiYen Chang, University of Malaya 10 min To share information on objectives, including NiV assays 
in the pipeline


NiV antibody standard 
development II


Mark Hassall, NIBSC 10 min To gain visibility on the plans and timelines for the 
feasibility study leading to the development of an 
international NiV antibody standard


10 min Q&A on antibody standard development
Natural history studies Carolyn Clark/Amy Shurtleff , CEPI 10 min To share information/updates on objectives, status and 


expected timelines.
Updates from CREID 
network


Sara Woodson, NIAID 10 min


Updates from CEPI Epi RfP Maïna L’Azou Jackson, CEPI 10 min


5 min Q&A on CEPI & NIAID initiatives
Action items & closing Raúl Gómez Román, CEPI 5 min







Affected country updates







Australia (placeholder)







Dr. Syed Moinuddin Satter
Assistant Scientist and Deputy Project Coordinator
Principal Investigator, National Nipah Surveillance


Programme for Emerging Infections, icddr,b


Professor Dr. Mahmudur Rahman
MBBS(Bangladesh), MPHM (Thailand), PhD (Cambridge, UK)


Senior Technical GHSA Consultant
Global Health Development/EMPHNET


(Support to the US CDC, Bangladesh Country Team)


Former Director, IEDCR, Bangladesh


Nipah virus in Bangladesh: 2001 to 2021







Nipah virus transmission in Bangladesh
▪ First identified as the cause of an outbreak of encephalitis 


in 2001 in Meherpur district


▪ Nipah Surveillance and laboratory established in 2006


▪ Till July, 2021, a total of 322 cases of Nipah infection were 
recognized; 228 (71 %) died, indicating a very high 
mortality


▪ Spillover identified 135 times


▪ Secondary cases identified 46%


▪ Current Nipah survivor 79


▪ Till date, 38 outbreaks have been identified, involving 32 
districts out of 64 districts







Nipah surveillance activity in Bangladesh


Nipah


1. Hospital based sentinel surveillance (icddr,b)
▪ Active surveillance at eight medical collage hospitals 


(Three additional sites in non-Nipah belt)
▪ Passive surveillance at two district health care facilities
▪ Enhanced surveillance activity during Nipah season 


(Dec’2020-Apl’2021) at 355 health care facilities (HCF)
- District and sub district public HCF: 99
- Public HCF: 256


▪ Year-round Nipah testing


2. Event Based Surveillance at IEDCR
▪ 24/7 hotline (2) 
▪ Media Monitoring


–All national daily newspapers
–All TV channels


▪ Any informal reporting


3. Other encephalitis surveillance (JE, WHO and IEDCR)







Trend of Nipah virus cases in Bangladesh
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Mortality trend of Nipah virus cases in Bangladesh
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Gap in Nipah surveillance


▪ Population based active surveillance system 


▪ Sequelae of Nipah survivor


▪ Immunology status of date palm sap harvester (gachi)











CEPI Task Force on Nipah Standards, Assays & 
Animal Models


Dr. Pragya D Yadav, 
Scientist E & In-charge, Maximum Containment Facility,


ICMR-NIV, Pune, Department of Health Research, Ministry of Health & Family 
Welfare, Government of India







Yearly Ox documented till date


Ox 1: 1998
Malaysia


Source: Infected pigs


Ox 2: 1999; Singapore
Source:


Imported Malay pigs


Ox 3: 2001
Bangladesh
Source: Uk


Ox 4: 2001
India (Ox 1)
Source: Uk


Siliguri


India 
(Ox 2): 2007
Source: Uk


Nadia


India 
(Ox 3): 2018


Source: Pteropus
Bats


Kozhikode


India 
(Ox 4): 2019


Source: Pteropus
Bats


Ernakulum


Ox = Outbreaks
Uk = Unknown


1. Nipah Virus: Indian Scenario (Epidemiology)







Evolution of detection and diagnosis capacity in India


2015:
- BSL4 Lab operational &
- Capacity for bat


surveillance established.
- Bat samples from WB &


Assam screened for NiV.
- 8% positivity


2001 
Siliguri Ox: 30 days; 66 cases;
CFR = 74%
- Diagnosis not established.
- No BSL4/BSL3 labs.
- Misdiagnosed: Measles.
- CDC, US confirmed as NiV.


2007 
Nadia Ox: 19 days; 6 cases; CFR
= 100%
- Diagnosis established.
- Diagnostics provided by


CDC (serology & molecular).
- BSL3 labs +.
- Early detection failed.


2018 
Kozhikode Ox: 27 days; 23 cases; CFR = 89%
- Diagnosis in index case not established.
- Early diagnosis & Ox containment.
- Bat survey positivity ~23%.
- Virus isolated
- m102.4 monoclonal imported from UQ


for treating Nipah infected patients


2019 
Ernakulum Ox: 1 case; No fatality.
- Quick diagnosis.
- Early Ox containment.
- Onsite diagnosis: PoC; Serology & molecular.
- Bat positivity ~12.7%.
- Validated in house diagnosis
- Clinical trial protocol developed (m102.4)







Core capacity required for surveillance and research for Nipah virus disease


1. Surveillance for early detection of circulation of the virus


- Human surveillance


- Bat surveillance


2. Laboratory detection capacity


3. Capacity to conduct systematic epidemiological studies.


4. Clinical trial capacity for newer drugs, monoclonal and vaccines.


5. Clinical Research for appropriate treatment and management of patients


6. Risk communication and community mobilization strategies.







Human & Bat surveillance


• India has an Integrated Disease Surveillance Program (IDSP) under aegis of Ministry of Health & 


Family Welfare.


• IDSP picks up clusters of cases and collects outbreak samples.


• Samples are referred to Deptt. of Health Research (DHR) / Indian Council of Medical Research 


(ICMR) network of Virus Research & Diagnostic Laboratories (VRDLs).


• VRDLs are equipped to detect viruses of public health importance.


• Selected VRDLs with BSL-3 labs are trained to detect high risk pathogens. 


• ICMR-NIV, Pune has specialized teams for bat surveillance
• Relevant recent publications:


- Emerg Infect Dis. 2019 May;25(5):1003-1006.
- Clin Infect Dis. 2019 Jul 2;69(2):378-379.
- J Infect Dis. 2019 May 24;219(12):1867-1878.
- BMJ Glob Health. 2018 Nov 9;3(6):e001086.
- Emerg Infect Dis. 2019 May;25(5):1007-1010







Nipah Virus Outbreaks in India


Month/ Year Location No. of cases No. of 
deaths


Case Fatality 
Rate


Feb. 2001 Siliguri 66 45 68%


April 2007 Nadia 05 05 100%


May 2018 Kozhikode 19 17 89.5%


June 2019 Ernakulum 01 01 0%







Siliguri Outbreak: April 9-28, 2007


Family Member


Family Member


Family Member


Paramedical Staff


• 35 yr / M
• h/o consumption 


of date palm sap
• Bats in vicinity
• Fever, ARDS & 


altered sensorium


Index case


Full-genome NiV sequence from lung
tissue: 99.2% nt and 99.8% aa identity
with the Bangladesh-2004 isolate.


Partial N gene 159 bp


Full genome ~18KB


All secondary cases
became symptomatic
within 12-14 days of
contact with index
case







Distribution of Nipah cases (n=23) by residence


Kozhikode District


Malappuram District


23 cases reported
• 18 lab confirmed (NiV RNA +ve); 5 probable 


(including index case)


• 22 had acute neurological and/or respiratory 
symptoms


• 16 of the 18 lab confirmed cases died (CFR=89%)


Source of infection of primary case remained unknown


• 21 had history of contact with confirmed/probable 
cases


Nipah outbreak in Kozhikode and Malappuram districts (2-29 May 2018), 


Kerala 2018
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Transmission of Nipah from primary case by date of exposure and location


Perambra Taluk Hospital


CT waiting
room 


Casualty
Changaroth village


Primary
Survived


Female


Male


Deceased


Referral
Person-Person 
transmission


Probable


20


21


23


22


• Significant risk factors


• Contact with body fluids (OR 
15.49).


• Present in the same room 
(OR 4.46).


• Contact duration >24 hours 
in hospital (OR 4.39).







Bats: Source of Infection in Kozhikode 2018 outbreak


Full gene sequence Partial gene sequence







BSL-3 & BSL-4 Laboratory Complex
ICMR-National Institute of Virology, Pune


Specialized capacity for bat surveillance & sample processing


Bat Survey Team of ICMR-NIV, Pune
Trapping pteropus bat from Kerala
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Persistence of anti-Nipah IgM and IgG antibody 
(3 survivors, 3 close contacts)


4-Sep-21 12
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IgG Positive Cut Off


1 yr


Total positivity No. positive samples/total no. of samples tested (%) 


Anti Nipah human IgG Anti Nipah human IgM
3/279 2/279(0.716%) 3/279(1.075%)


q Evidence for human to human transmission through body fluids of NiV case-patients 
q • Low prevalence of sub-clinical NiV infection among contacts 
Anti-Nipah Human IgM antibodies were detected from POD 5 to POD 42 (O.D ≥0.2)
Anti-Nipah Human IgG antibodies were detected from POD 5 to until 438 POD in survivors and 385 Days Post 
Exposure in close







Nipah Outbreak of 2019: Ernakulum, Kerala 


Epidemiological Assessments


• ICMR team designed a risk categorization algorithm, implemented
during contact tracing activities by the district teams


• 330 contacts of the index case were traced/ risk categorized


• High-risk category included either history of direct contact with
body fluids of the index case or having spent >12 hours in close
proximity of index case


• 52 contacts (35 hospital staff, 11 community members, 6
family members) were categorized into high-risk category


• None of these were found to be positive for Nipah virus
infection


• ICMR team also aided the state to revise the Nipah surveillance
and contact tracing guidelines that were finalized







Laboratory capacity for detection of Nipah virus


• ICMR-NIV, Pune team had set 
up the testing facilities at GMC 
Ernakulam within 24 hours:


•Light weight
•Portable
•Rugged (No A/C)
•Battery powered
•Ready to use, stabilized consumables Components:


1. Sample Prep kit


2. Autoprep RNA extraction kit


3. POC Nipah Real Time machine


Autoprep
RNA 


extraction 
machine


Truelab
POC 
Nipah 
Real Time 
machine







ICMR’s contribution in understanding NiV prevalence 
& further support to public health system


• Conducted surveys for  Nipah virus and anti-NiV IgG antibodies in bats, pigs and human population from North-
East region.


• Deputed experts to support the state government towards investigation, prevention, and control of Nipah virus 
outbreak in Kerala during 2018-2019


• Training on PPE donning/doffing,  sample collection  & triple packaging for Medical officers, HCWs  ASHA and 
ANMs. 


• Training for safe burial of human remains in cemetery.


• Un-folding the mystery- Source of outbreak in Kerala with positivity in Pteropus bats.


• Laboratory capacity building by training 12 VRDL laboratory for Nipah and other high risk pathogens.


• Capacity building for NiV testing at ICMR-NIV, Kerala unit 


• Nationwide surveillance of for  NiV in bat population revealed presence of virus in Kerala, West Bengal and 
Maharashtra.







Key partners


q Indian Council of Medical Research (ICMR) Headquarter (Implementing agency)


q ICMR Institutes: 


q National Institute of Virology, Pune (virus detection, in-house diagnostics, bat survey)


q National Institute of Epidemiology, Chennai (epidemiological studies)


q National AIDS Research Institute, Pune (clinical trial and clinical pharmacy)


q Department of Health Research (DHR) /ICMR Virus Research & Diagnostic Laboratory (VRDL) network 


(virus detection & surveillance)


q National Institute of Health/National Institute of Allergy & Infectious Diseases, USA (clinical trials with 


newer MCMs)


q Coalition for Epidemic Preparedness & Innovation, Norway (vaccine trials)


q World Health Organization –SEARO & Hq (sharing WHO blueprint implementation plan and connecting 


with other affected countries)


q IEDCR, Bangladesh (intercountry Nipah clinical trial)







Containment of NiV in Kerala


Intensive field work for case contact tracing


Training for safe burial of dead body in cemetery


Training on sample collection & triple packaging for Medical officers, ASHA and ANMs 







q Development of Point of care Diagnostic kit in public private partnership 


[Molbio Diag. TM]


q NiV isolate characterized


q Collaboration with Bangladesh 


q Countrywide bat studies for NiV initiated


q Capacity building for NiV testing at ICMR-NIV, Kerala


q Un-folding the mystery- Source of outbreak in Kerala with positivity in 


Pteropus bats


q Sero-prevalence of NiV specific antibodies among close contacts Kerala, 2018


q On 3rd June 2019 - a college student resident of Ernakulam was confirmed to 


be positive for NiV


qNiV positivity in 


Pteropus bats 


12/52=23% 


qNiV sequence 


from Pteropus 


bats and human 


homology 99.7-


100% 


2. Nipah Virus: Research and Development
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Harayana


l 2008


Assam


l Dhubri, 2014-15


West Bengal


l Cooch behar, 2015
l Myanaguri, 2009


Maharashtra


l Karad 2015


Nipah virus positivity recorded in Pteropus bat in India from 2011-18 


Species screened 
§ Rousettus 


leschenaulti
§ Pteropus medius
§ Cynopterus sphinx
§ Pipistrellus tenuis


mimus
§ Megaderma lyra







Country wide survey of Nipah virus in bats from 2019


Karnataka


Gujarat


Telengana


Odisha


Tamil Nadu


Kerala


Puducherry


Punjab


Himachal 
Pradesh


Karnataka


Gujarat


Telengana


Odisha


Tamil Nadu


Kerala


Puducherry


Punjab


Himachal 
Pradesh


Survey of 11 states 
completed







1.Development of Anti-Nipah human IgM antibody  detection 


2.Development of Anti-Nipah human IgG antibody  detection 


3.Development of Anti-Nipah bat IgG antibody  detection 


4.Clinical trial for NiV monoclonal documents prepared


5.Study on pathogenicity of Nipah virus (Kerala isolate) in Syrian hamster 
model


6.Standardization of plaque assay for Nipah Virus in Vero CCL81


q Evidence for 


human to human 


transmission 


through body 


fluids of NiV case-


patients 


q • Low prevalence 


of sub-clinical NiV


infection among 


contacts 


Development of the Diagnostic assays







Assays developed for Nipah detection
1. TruenatTM Nipah Point of Care Test (POCT), developed 


by Molbio Diagnostics and optimized by ICMR-NIV, 
Pune.


2. Nipah Human IgG ELISA
3.   Nipah Human IgM ELISA


q Indigenous assays 
developed by ICMR NIV, 
Pune


q CDCSO (DCGI) approved 
the clinical protocol of PoC
for NiV detection


External Validation of Nipah virus Point of Care assay and ELISA


qNipah Human IgM and IgG ELISA reagents from CDC, USA were used as a gold standard.


q99.26%  specificity and 100%  sensitivity was found for both the assays.







Nipah POCT Validation in collaboration with Institute of epidemiology disease 
control and research, Dhaka


q MoU was signed between ICMR-NIV , Pune and IEDCR, 


Dhaka , November 2020 


q NIV team visited IEDCR during period of 3-7 November 


and performed the validation 


q Used the clinical samples of IEDCR for validation of 


Nipah assays .


Anti-Nipah Human IgM and IgG ELISA onsite 
validation in Kerala and Bangladesh 
IEDCR, Dhaka and Kerala indicated  100% 
concordant results in comparison of CDC 
reagents







Repurposing TrueLabTM (TrueNat) Diagnostic Platform during Pandemic


COVID-19:
1. Beta CoV E gene screening assay
2. RdRp gene confirmatory assay
3. Multiplex E gene & Orf1a gene assay


On Sept. 25, 2530 TruelabTM workstations were 
operational at 1008 sites in 530 districts of India.


Reference: 
Basawarajappa et al; IJMR; epub ahead of print


N Gupta et al; https://www.thelancet.com/journals/lanmic/article/PIIS2666-
5247(20)30164-6/fulltext







Dedicated 


funding


Multi-


disciplinary trial 


team


Adaptation of 


trial protocol to 


Indian setting


Standard 


Operating 


Procedures


Indigenous 


Point-of-Care 


PCR diagnostics


MOU between 


Henry Jackson 


Foundation, 


USA and Serum 


Institute of 


India for 


production of 


m102.4 in India


Adapting trial 


protocol to 


Bangladesh 


setting


ICMR’s commitment to Nipah virus infection therapeutic clinical trial
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ICMR-WHO collaborative International Consultation for R&D on Nipah Virus 
and Nipah road map [2018-19]


q Monoclonal antibody trials 


q Vaccine possibilities


q Diagnostic issues 


q Preparedness for next outbreak 


q R& D for Nipah 


Nipah task force Expert meeting for Team 


members from NIH, Bangladesh , Malaysia , 


WHO and ICMR and Non-ICMR other 


institutes of India  


4-Sep-21 26
Followed by consultation meeting for the implementation of Nipah Clinical Trial in Dhaka Bangladesh from 24th 


to 26th September 2019







3. Impact of COVID-19 on henipavirus projects


• Please describe the impact COVID-19 has had on henipavirus-related work.  This could 
include impact on staff, resources, laboratories, etc.


• Please include projections of how you anticipate projects will be delayed.
• In very few cases, COVID-19 research may accelerate R&D for other viruses.  Please 


describe if this is the case for your working group(s).







Contribution 
in Pandemic


First Genome sequencing and virus isolation 


Variant of concern and its studies


Validation of Real time PCR, RNA extraction, 
ELISA , Antigen kits 


Development of assays eg. ELISA, IFA, PRNT, 
MNT etc 


Development of animals model for SARS 
CoV-2


Screening of Anti-viral protocol and 
compounds


Development of Monoclonal and Polyclonal 
Antibody 


Indigenous Vaccine development with 
Bharat Biotech International Limited


Preparing antigen bulk for raising equine 
sera for therapy 


Preclinical study for vaccine in collaboration 
with Serum Institute and Zydus Cadilla







Technology transferred to Zydus 
Cadila & seven other companies
To check presence of IgG (determine 
exposure COVID-19 in past)


Indigenous Development COVID ‘KAWACH’ ELISA


SARS- CoV-2 virus was isolated in 
March 2020


Assay was optimized and validated by April 
2020


Technology was transferred in May 2020 to 
Zydus


First serosurvey conducted using these kits 
in May- June 2020 


Further technology is transferred to 6 more 
companies 







Indian Council of Medical Research


Therapeutics and Prophylactics for COVID-19 


Plasma Therapy


Equine antisera


Purified F(ab)2 fragments of antisera against SARS CoV-2 
in Syrian hamster model


Monoclonal antibody  against SARS-CoV-2 in Syrian 
hamster model
Zydus Cadilla


Prophylactics


Inactivated whole virion vaccine (COVAXIN) 
Bharat Biotech


DNA vaccine
Zydus Cadilla


• ICMR-NIV has collaborated with multiple institutes and Pharma companies for 
preclinical research and clinical trials for therapeutic and prophylactic products 
against SARS-CoV-2 











Indian Council of Medical Research


Development of Indigenous COVID-19 Vaccine 
ICMR-NIV and BBIL, Hyderabad







Indian Council of Medical Research


Preclinical study of COVAXIN™







• 375 healthy participants (18-55 age group enrolled)
• 100 each - randomly assigned to  3 vaccine groups
• 75 were randomly assigned to the control group
• The most common solicited adverse events were mild 
• 82.3-91.9% seroconversion


Phase-I (13-30 July 2020) 


Phase-II (5-12 Sep 2020)


Phase-III (16 Nov 2020-7 Jan 2021)


• 380 healthy participants (12-65 age group enrolled)
• GMT titres ranged from 100·9-197·0
• Seroconversion at Day 56 is 88.0%-96·6%
• 3-month post-second-dose GMTs ranged from 39·9-69·5
• 6 μg with Algel-IMDG formulation selected for the phase-III


• 25,798 participants (18-98 age group enrolled)
• 78% efficacy- against Mild, moderate and severe COVID-19
• 93% efficacy- against severe COVID-19 reducing hospitalization
• 63% efficacy- against asymptomatic COVID-19 transmission







Training of Rapid Response Teams  Public Health Preparedness and Response to Ebola and 
Nipah Virus Disease (Oct-Dec 2019)


Bangalore, Guwahati, Pune, New Delhi , Bhubaneswar 


Indian Council of Medical Research







Impact Lesson learned and advantages gained


With all the challenges of natural disaster happening and 
two severe waves of pandemic in 2020 and 2021 and 
emerge of VOC has impacted the Nipah virus bat survey
in different states due to intermittent  lockdown in 
different states . 


Ø Enhanced strengthening, testing of the laboratories in the country 
including mobile laboratory and containment facility 


Ø Laboratory capacity for preclinical studies of vaccine and clinical trial 
sites improved and enhanced in country 


Ø Ready for Nipah vaccine and drugs trials and preclinical study 


Both the waves of the pandemic had led the public 
health system to completely driven for the SARS-CoV-2 
surveillance and control. 
This had led to reduce surveillance of other diseases 
including Nipah and other high-risk pathogens .


Ø Self reliance for the development of PPEs, Vaccine, along with 
conducting pre-clinical study in animal models and multi-centric trials 
on different products.


Ø Excellent private and Government collaborations 


This has also impacted the further strengthening of the 
RESEARCH platform and Nipah clinical trial work


Ø Bio-risk mitigation practices improved, creation of isolation facility 
and PPE donning and doffing training all over the country and its 
importance is now inculcated amongst the health care and frontline 
workers


All efforts and research are diverted to SARS-CoV-2 
pandemic.


Ø Working in extreme diversity and showing the humungous efforts at 
each level


No cases referred so we don’t know the immediate 
status 


Ø Establishment of robust validation of kits including PCR, RNA, 
Serological assay


R& D research focused complete as per need of country 
for COVID-19 


Ø Fast track approval from different sectors to enhance studies


Impact of COVID-19 on Nipah virus R&D in India
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Major obstacles for Nipah Way out


Ø Diagnosis and scaling up 
Ø [Molecular and serological assays and its quality]
Ø Containment facility
Ø Augment clinical research capacity.


ü Strengthen  AES/SARI network including Nipah as one of screening agent
ü Validation at different facility to make robust testing including standard diagnostic is 


needed
ü External validation of the diagnostic assays


Ø Risk communication and community mobilization 
strategies during Nipah virus outbreak as well as during 
implementation of clinical trials during outbreak. 


ü Enhancing number of such facilities and work culture 


Ø Cutting edge technology for development of 
vaccine candidates 


ü Development of the vaccine and therapeutic products and its clinical trial at fast
speed 


ü Need help of CEPI and other organization 


Ø Augment clinical trial capacity with newer
medical countermeasures (drugs, vaccines and
monoclonals)


ü Safety and efficacy studies and Immunogenicity studies in multiple-partners network 


Ø Epidemiological studies to enable early 
detection of Nipah virus (including modelling).


ü Need multicentre approach and smooth process


Ø As the cases of Nipah outbreaks are mostly 
sporadic, its difficult to initiate any such study. 


Ø Dedicated team should  plan and ready for such 
outbreaks  to act immediately in clinical trail mode. 


Ø Preparedness


ü Need for the trained manpower for field, laboratory and clinical trail related work


4. Major obstacles and how Task Force can facilitate moving forward







“COVID-19  has taught that diseases have no borders, pathogens 
treat humans equally. Remember the strength which we have 
gained , lessons which we  have learnt to fight unending war of 
infectious disease but lets do it together”


Pragya Yadav  
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Antibody standard 



























Nipah antibody standard development - NIBSC


Mark Hassall


7th September 2021
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Why do we need biological standards in assays


The potency of biological products can differ between different tests and laboratories and this needs to be controlled for


Without any physical measure of activity they can be measured by referencing against a standard


Serology testing in bioassays can be harmonised by comparison to the performance of a reference standard


For clinical testing this allows comparison of vaccine responses from different assays or labs


Hierarchy of standards:


- Primary calibrant – WHO IS


- External control/secondary standards


- Assay standards


▪ Internal calibrator/standard


▪ run control


▪ working reagent


▪ Secondary or tertiary reagent
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Primary calibrant


WHO International Standard – established by the WHO ECBS


Define the common language to express potency of the samples


So, what is the 


protective titre ?


330 ug/mL


2450 unit/mL


1:50
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Standards projects


Project endorsement


- NIBSC


- WHO ECBS


WHO IS


Formulation studies and fills 


Report writing and consultation


Product available for distribution


Working Standard


7


8


10


12
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Sample collection and preparation


• UM will collect samples from convalescent patient and ship to PHE


• NIBSC will provide PHE with any blood virology report & previous PCR test results 


associated with samples


• Samples tested for Nipah virus and If sample is negative ship to NIBSC


• Samples received at NIBSC CL3 lab


• Samples treated by solvent detergent


• Samples tested by ELISA and PV assay


• Samples prepared for final formulation
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Nipah antibody standard timelines


Cepi Working standard


• Endorsement by the WHO Expert committee on Biological standardization (Jan 2019)


• Sample collection from source country/partner – MTA signed with UM (Aug-Sept 2021)


• Sample testing by PHE then transfer to NIBSC (Sept 2021)


• Characterisation of antibody at NIBSC by ELISA, neutralisation assay (Sept-Oct 2021)


• Data reporting to partner and recommendation for larger donation (Oct 2021)


• Sample testing by PHE then transfer to NIBSC (Dec 2021)


• Formulation of working standard candidate and reference panel (Jan 2022)


• Feasibility study (Feb-Mar 2022)


• Analysis and reporting of study (Mar-Apr 2022)


• Establishment of working standard and reference panel (Apr 2022)
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Nipah antibody standard timelines


International standard


• Stability study for candidate International Standard (Feb 2022-Feb 2023)


• Organisation of the WHO Collaborative study (Apr-May 2022)


• WHO Collaborative study (Jun-Sep 2022)


• Statistical analysis (Sep-Oct 2022)


• Collaborative study report and submission to WHO (Oct-Nov 2022)


• Establishment of International Standard by WHO ECBS (Mar or Oct 2023)


• Deliverable: WHO International Standard made available for distribution (May or Dec 


2023)
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What is the purpose of a collaborative study?


• It is to gather a set of data to confirm that an antibody reference candidate 


is fit for purpose


• It should work in a range of assays (ELISA, neutralisation)


• It allows harmonisation of results from different labs/assays


• It works across a titration range (limit of detection)


• To assign an (international)unitage to the standard and a consensus on the 


panel levels (high, medium, low)


• It is not for validating or for testing assays
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Collaborative study


Ahead of receiving the study samples you will be sent


• A study protocol
• Introduction to the study - aims


• Description of the study samples (numbers, volume, origin, treatments, etc.)


• How many independent assays and possible dilutions suggestion


• How to report the results - timelines


• Contact details


• A result reporting Excel file
• Assay reporting tables already setup


• Data reporting tabs for each assay method


• Comments box


When the samples are shipped participants will be notified of shipment and arrival dates, and 


• Information for use – including MSDS


After the collaborative study is completed the data will be analysed at NIBSC and a report with the 


results issued (labs are anonymised). All participants will have the opportunity to comment
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NIBSC


Mark Page


Emma Bentley


Giada Mattiuzzo


Mark Hassall


PHE 


Marion Killip







Antibody standard
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Natural History 
Studies
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• CEPI and NIAID will design an animal modeling approach that will serve CEPI and NIAID (maybe also other USG 


entities) with robust Nipah animal models that will suit regulatory applications for product approval using the 


Animal Rule approval pathway


• Studies will be executed to high data quality standards (GLP or well-documented)


• Assumption: 2 animal species will be used, Syrian golden hamsters and African Green monkeys (SGH and 


AGM)


• Studies will be protocol driven, reviewed by stakeholders


• Using a pre-IND submission package for formal FDA interaction through CEPI regulatory support, Study 


Protocols will be presented to FDA for review and approval, feedback to be shared with stakeholders


• Work to be performed by CEPI Animal Model Network Partner lab


Concept and Assumptions







Sensitivity: CEPI Internal
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Progress on design of natural history studies


• July 20, CEPI circulated design plans for hamster and AGM studies to experts and stakeholders:


• CEPI internal, NIAID team (NI-V PO, CREID, Preclinical services)


• RML, IRF, UTMB


• CEPI statistical support


• CEPI laboratory network partner engaged to carry out this work


• Ongoing work, planned through Q3 2021: 


• Designing studies (complete with statistical rationale), endpoints and scoresheet design to support euthanasia 


criteria


• Compiling, reviewing study protocols, obtaining regulatory support from CEPI and other stakeholders 


• Submission of pre-IND package for model building


• NIAID/BEI production of NIV-B stock (characterized, with CofA) expected in Fall 2021







Sensitivity: CEPI Internal


4


1. Virus stock


Summary of proposed activities, circulated for 
feedback 7/20


2. Confirmation 
of virulence 
studies


3. Dose titration 
studies


Bracket confirmation of 


virulence doses


Determine adequate dose 


for reproducible modelling


Hamster and AGM


Strain at hand: NiV


Bangladesh


BEI Inventory: 35 


vials, supported with 


CofA


NIAID stock 


generation effort


Use new stock


Hamster first


Then AGM


4. Natural 
History  studies


Detailed study at chosen dose 


level


Serial sac design was favored for 


certain aspects


Hamster and AGM


Results will provide a complete 


package describing  model







Sensitivity: CEPI Internal
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Comments and issues raised by reviewers
“Design as written is repetitive, and experiments may be combined for collection of enough data and statistical power.”


“Desirable to define an LD50, LD99 if possible.”  Plan is to actually use the LD99 dose or something close to it in our models studies testing the NiV-B stock.


CEPI statistical consultant proposes: Adaptive dose finding study can be informed by using a starting dose of virus expected to cause severe disease/lethality in hamster (e.g. 107


pfu/mL or TCID50 for hamsters); a similar design can be evaluated for AGM (different dose)


Choose 3 doses, ideally equally spaced and logarithmic (eg. 106, 107, and 108), n=5 or 6 animals per group


Collect data, refine curve with second block design, calculate LD50 and LD99


Benefit: spares use of many animals in large groups to define LD50 in a large blind study; two experiments’ data can be compiled if data are independent blocks


“Should we consider a study that is designed to rule out any role that sedation/manipulation might play in NiV disease progression?”


Suggestion that NIAID’s PCS could do this in parallel. Maybe also evaluate alternative routes of inoculation (IP vs IN)


“Are we using more than one site for data collection/model establishment?”  


Probably, and especially if NIAID chips in for parallel studies.  Raises questions of how endpoints collected at various sites will be standardized to allow comparison.  E.g. Need 
consistent euthanasia criteria and health scoring sheets to perform consistent work, as well as consistent animal species ages, weights, feeding and handling methods, etc.


“Use TCID50 or PFU/mL, and be consistent.”  Perhaps early studies could present data in both formats, enabling comparisons. 


If we are evaluating hematology and clinical chemistry parameters, we should make sure normal values for these in the animals under test are established at the site.







Sensitivity: CEPI Internal
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Model characterization studies, serial-sac 
design
• Well-designed serial sac studies could enable collection of model characterization over infection 


time period, yet also collect timepoints


• Animals would be randomized to sac days (eg. 2, 4, 6, 8, 10 etc, out as far as day 28 or 35 (if any 
survivors in those groups).


• The collection of longitudinal data from this study will be useful in designing challenge and other 
studies:


• The serial sacrifice and natural mortality will produce a survival curve that can be estimated using the 


Kaplan Meier method. Parameters such as average and median survival time can be estimated.


• The logitudinal nature of the data allows for a more sophisticated analyses of data using mixed models 


to estimate characteristics of the infected animals. This may allow us to define additional target 


parameters for assessing vaccines or other treatments.  







Sensitivity: CEPI Internal
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Study Elements
• Telemetry for temperature, activity levels, RR, BP, SPO2, etc


• Also EEG?, CVC was not favored.


• Frequency of clinical monitoring (at least 2x per day, 3 or 4 times during disease timeframe)


• Clinical signs expected: depression, lethargy, fever, loss of appetite – Draft clinical score sheet TBD


• Observations on labored breathing, nasal (bloody) discharge


• Observations for neurological signs, seizures, muscle twitch tremors, paralysis (may not be consistent)


• Blood sampling to evaluate: viral load (infectious virus and RT-PCR), IgM and IgG, wbc and serum clinical chemistry (what analytes? 


CRP, etc)


• Euthanasia criteria plan should be based on clinical scoring (what are driving attributes of clinical scoring?)


• Febrile response (loss thereof?)


• Observed changes in posture and activity levels


• Changes in breathing patterns,  labored breathing


• Necropsy and tissue histology. Can discuss full tissue list.







Sara E. Woodson, PhD
Program Officer


September 1, 2021
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Website: https://creid-network.org/


Email: NIAIDCREIDNetwork@niaid.nih.gov



https://creid-network.org/





CREID Program Goals & Objectives


◎ Improve knowledge of emerging and re-emerging infectious diseases
○ Conducting pathogen/host surveillance and clinical research studies


○ Studying pathogen transmission


○ Developing reagents and diagnostic tests for detection of emerging pathogens and vectors


◎ Increase outbreak research response flexibility and capacity
◎ Contribute to training the next generation of EID investigators & 


leaders
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American Region 
Pathogens of Focus: 
Arboviruses (Flaviviruses, 
Alphaviruses, Bunyaviruses)


African & European Region Pathogens of Focus: 
Arboviruses (Flaviviruses, Alphaviruses, Bunyaviruses [RVFV 
and CCHFV], Coronaviruses (SARS-related, MERS-CoV), 
Arenaviruses (Lassa Virus), Filovirus (Ebola virus), and 
Henipaviruses


Asian Region 
Pathogens of Focus: 
Arboviruses (Flaviviruses [DEN, 
JEV], Alphaviruses, 
Bunyaviruses), Coronaviruses, 
Paramyxoviruses, and 
Filoviruses 
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American Region 
Pathogens of Focus: 
Arboviruses (Flaviviruses, 
Alphaviruses, Bunyaviruses)


African & European Region Pathogens of Focus: 
Arboviruses (Flaviviruses, Alphaviruses, Bunyaviruses [RVFV 
and CCHFV], Coronaviruses (SARS-related, MERS-CoV), 
Arenaviruses (Lassa Virus), Filovirus (Ebola virus), and 
Henipaviruses


Asian Region 
Pathogens of Focus: 
Arboviruses (Flaviviruses [DEN, 
JEV], Alphaviruses, 
Bunyaviruses), Coronaviruses, 
Paramyxoviruses, and 
Filoviruses 
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CREID Network Henipavirus Activities
-In Progress


◎ Surveillance & Seroprevalence for Henipavirus infections
○ Wildlife (e.g. bats) & Humans


◉ >1,600 bat samples (17 Asian species, 11 West African)
● Swine, NHPs, and other species sampling under way. 


◉ >2,000 human samples AFI
◎ Characterization of Henipaviruses for Spillover Potential


○ Phylogenetic analysis
○ Receptor utilization
○ Human cell type susceptibility


5 Image from:
https://hub.jhu.edu/2020/01/03/nipah-virus-tracking-2499-em1-art1-rea-health/







6 Image from: 
https://www.cdc.gov/vhf/nipah/outbreaks/distribution-map.html


• Human Sampling
• Pakistan
• Nepal
• Sri Lanka
• Thailand
• Cambodia
• Malaysia
• Taiwan


• Animal Sampling
• Thailand
• Malaysia
• Hong Kong
• Vietnam* 


(*Pilot Program Award)


Nipah Virus Relevant CREID Field Sites







Henipavirus or Nipah Assays in CREID Network


◎ Sequencing
○ RT-qPCR & RT-PCR
○ Next Gen 


◎ Serological Assays
○ ELISA
○ Multiplex Arrays
○ Neutralization (FRNTs)


◎ T-cell Activation


7 Image from: 
https://www.news-medical.net/health/Nipah-Virus-Diagnosis-and-Treatment.aspx







CREID Research Center Details


◎ Emerging Infectious Diseases: South-
East Asia Research Collaboration Hub
aka EID-SEARCH


◎ EcoHealth Alliance, PI Peter Daszak
◎ Primary Collaborating Institutions:


○ Chulalongkorn University Hospital
○ Conservation Medicine Ltd.
○ Uniformed Services University
○ University of North Carolina-Chapel 


Hill
○ Duke-NUS


◎ West African Center for Emerging 
Infectious Diseases
aka WAC-EID


◎ University of Texas Medical Branch, PI 
Scott Weaver


◎ Primary Collaborating Institutions:
○ University of Jos
○ Jos University Teaching Hospital
○ Kenema Government Hospital
○ National Veterinary Research 


Institute, Vom
○ Njala University
○ Institut Pasteur de Dakar
○ Duke-NUS
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RfP: Characterizing the 
epidemiological diversity of Nipah
strains


An epidemiological investigation


PL: Maïna L’Azou Jackson


PM: Roice Fulton


RfP available at:


https://cepi.net/get_involved/cfps/?learn-more-7099=5 


https://cepi.net/wp-content/uploads/2021/08/CEPI-Nipah-RfP-Call-Text.pdf
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• The vast majority of experimental Nipah virus research in the past 20 years has been performed with a single isolate 


obtained from a patient during the Nipah virus outbreak in Malaysia (Nipah Virus, 1999 Malaysia).


• More recent work has expanded to include an isolate from a patient in Bangladesh (Nipah virus, 2004 Bangladesh). 


However, this still means that all experimental knowledge on Nipah virus has been derived from work with only 2 virus 


strains, limiting inferences and interpretations about the impact of strain variation on pathogenicity, virus shedding, 


transmission, and efficacy of countermeasures.


• With a regulatory approach based on animal experiments, there will be a need to characterize the challenge strains 


and compare them with the circulating strains.


• Difficult-to-obtain samples


• Disease progression is rapid, and delays in seeking care coupled with lack of rapid diagnostics means that only rarely 


are patients diagnosed with Nipah virus infection before death, severely limiting opportunities to collect biological 


samples.


• Furthermore, outbreaks have occurred in areas where diagnostic autopsy is not the standard of care, due to religious 


and cultural concerns or to limited capacity, further limiting samples available for analysis. 


• The true geographical spread of Nipah is unknown and cases likely to pass undetected in certain countries (communications 


with US CDC)


Background


Emily S. Gurley Christina F. Spiropoulou and Emmie de Wit. Twenty Years of Nipah Virus Research: Where Do We Go
From Here? The Journal of Infectious Diseases® 2020;221(S4):S359–62
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• Goal: To fundamentally expand our phylogenetic understanding of Nipah virus in all affected countries and 


any associated epidemiology in humans to ensure vaccine development efforts are suitably addressing any 


strain variation.


• 607 reported cases of Nipah


• of which 110 patients have been sampled


• A recent paper (Whitmer et al., 2021) reported 55 full length genomes. There were initially only 20 full 


length genomes but this paper has identified and sequenced an additional 35 full length genomes (22 


directly from Bangladeshi clinical specimens and 13 viral isolates - 6 Malaysian and 7 Bangladeshi)


• Research concluded that additional genotyping is needed in and beyond the Nipah ‘belt’


• There is a need to revisit the meta and epi data - as new evidence is emerging from sequencing activities -


to characterize the diversity of NIV and understand if for example the different NiV B clades 1 and 2 


genotypes translate into different phenotypes, such as differences in human-to-human transmission rates, 


pathology, morbidity, and mortality.


Goal and needs
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• This RfP is open to any organization or consortium of organizations with the requisite expertise, experience and resources to complete the 


following tasks, grouped into workstreams (proposed outputs are included per workstream below, but may be adapted by applicants to the 


specifics of their proposed implementation): 


• Workstream 1: Retrospectively explore whether there are additional “historical” human NIV samples that could be sequenced from known 


affected geographical areas


• Output 1: Map and describe extant samples and isolates from human Nipah cases 


Explore the possibilities for additional analyses on these samples to produce new biologic data and, with assistance from qualified 


biocontainment labs made available through CEPI or via applicant partnerships, investigate whether virus can be isolated and 


cultured for use as a future research strain 


• Output 2: Complement the existing genome sequences by sequencing any extant NIV samples which have not yet been sequenced 


• Output 3: Ensure sequences are made available in public genome database(s) 


• Workstream 2: Retrospectively analyze the metadata associated with extant human NIV sequences 


• Output 1: Build out database on existing genomes with associated metadata 


• Output 2: Retrospective analysis of the existing metadata associated with NIV sequences, including assessment of differences between 


countries and strains over time 


• Output 3: Peer-reviewed publication(s) of results of the above analyses (WS1 & WS2) 


• Workstream 3: Prospectively provide additional support to existing surveillance systems to: - sequence Nipah samples from human clinical 


cases, - report them in public genomic databases in a timely manner, and collect epi data and prospectively analyse metadata associated with 


these sequences in known affected geographical areas 


Deliverables


WS 1, 2 and 3 are independent from each other but are complementary, can be managed separately or not
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Matrix of candidate Nipah-affected target regions 
versus project workstreams 
Potential scenarios for allocating workstreams


All the activities in both the columns and rows are independent from each other but 
are complementary, can be managed separately or not
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Timelines







CEPI & NIAID initiatives
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Solving Opportunities for Spillover (SOS): Frequency and Mechanisms of Cross-species 
Transmission of Nipah Virus in Bangladesh 

1 

SPECIFIC AIMS 
Nipah virus has characteristics that suggest it could pose a meaningful pandemic threat: human 
infections are highly fatal [1], there are currently no therapies or vaccines, and it can spread person-to-
person through the respiratory route [1]. Nipah virus is not currently transmitted efficiently between 
people [1], but this characteristic is mutable and could change in the future – other viruses have 
accomplished this through infections in intermediate hosts (e.g., SARS coronavirus). Due to the risk of 
pandemic emergence of Nipah virus, it is prudent to learn more about the frequency, geographic 
distribution, and nature of spillover events so that we can prevent them. Since the first recognized 
outbreak in Bangladesh in 2001 [2], human Nipah infections have been detected nearly every year [1]. 
Human spillovers primarily occur through consumption of date palm sap contaminated with bat saliva 
or urine [3]. Human spillovers through date palm sap occur primarily during winter, when the sap is 
consumed fresh, but more spillovers occur in colder winters [4,5]. Temperature variations explain 
well the inter-annual variation in human spillover events, but the mechanisms driving these 
differences remain unexplored [5]. Moreover, Nipah outbreaks in humans are uncommon events and 
may not represent the true number of spillovers occurring from bats. Antibodies against Nipah virus 
have been found in several domesticated animal species in Bangladesh [6], indicating additional 
spillover events from bats. However, little is known about the role of these animals in Nipah virus 
ecology. In particular, the timing, frequency, and transmission routes of spillovers into other 
animals in Bangladesh have not been investigated. If we are to meaningfully mitigate our risk for 
Nipah virus pandemics, we must solve the remaining questions about spillovers. Specifically, we must 
understand how many spillovers are occurring, which animal species are involved, and what 
ecological forces drive variation in spillovers. 

This multidisciplinary study, integrating epidemiology, ecology, and anthropology, will solve 
these most pressing questions related to Nipah virus spillover. This work is centered on the 
establishesment of longitudinal animal cohorts for measuring Nipah seroincidence and household 
surveys to capture variation in human date palm sap consumption at two sites in Bangladesh. 

Specific Aim 1: Characterize the frequency, nature, and timing of contact between bats, humans, 
and potential intermediate hosts. We hypothesize that humans and domesticated animals have 
numerous interactions with each other and bats that could lead to Nipah virus spillover. In areas near 
bat roosts in Faridpur and Chittagong, we will use surveys, social mapping, and camera traps to 
describe the ecological interactions between human and domesticated animal populations at a fine 
geographic scale. 

Specific Aim 2: Measure seroincidence of Nipah virus spillovers in mammals. We hypothesize 
that several domesticated animal species have non-zero incidence of Nipah virus exposure due to 
contact with bats. We will sample cohorts of cattle, pigs, goats, dogs, and cats living near bat roosts to 
measure seroprevalence at baseline and seroconversion over time. 

Specific Aim 3: Identify drivers of variation in human sap consumption behavior. We hypothesize 
that date palm physiology and human date palm sap consumption vary with weather patterns. 
Household cohorts will report their sap consumption weekly during winter to track intra-annual and 
inter-annual patterns of sap consumption while we monitor weather patterns, volume of sap production, 
and sap quality to identify drivers of human consumption. 

The expected products of this study include: 1) descriptions of interactions between bats, humans, 
and domesticated animals that could facilitate Nipah spillover; 2) quantification of spillover events 
occurring from bats into domesticated animals; and 3) identification of sources of variation in date palm 
sap production and human consumption. 
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RESEARCH STRATEGY – SIGNIFICANCE 

Nipah virus is an emerging zoonotic pathogen that has caused outbreaks of human illness with high 
case fatality in Malaysia, Bangladesh, India, and likely the Philippines (Arunkumar et al., 2019; 
Chadha et al., 2006; Ching et al., 2015; Kaw Bing Chua, 2003; Nikolay et al., 2019). Systematic 
surveillance of human Nipah cases only occurs in a limited region within Bangladesh (Naser et al., 
2015), so the known cases outside of Bangladesh have exclusively been detected as part of 
outbreaks. Since Bangladesh represents a small portion of the geographic range that Pteropus fruit 
bat hosts of Nipah virus occupy in South and Southeast Asia (Figure), many human Nipah infections 
in this region are not captured with current surveillance efforts. Furthermore, Nipah virus poses some 
risk for pandemic spread (Luby, 2013). Observed outbreaks with person-to-person transmission have 
not been sustained for more than five generations, but its elevated mutation rate as an RNA virus, 
and its geographic niche in a densely populated and interconnected region of Asia highlight the need 
for continued study of this virus. Each new spillover event from bats represents an opportunity for a 
new Nipah virus strain to emerge with greater transmissibility in humans and thus greater pandemic 
potential. 

 

Figure. The overlapping geographic ranges of Pteropus fruit bat species with evidence of Nipah virus infection via 
sequencing or virus isolation. Black points show the location of hospitals with systematic surveillance of human Nipah 
cases in Bangladesh. 

Beyond the aims outlined above for understanding the ecology of Nipah virus at the human-animal 
interface in Bangladesh, there are opportunities to expand the impact of this work. For example, the 
study framework and samples collected from bats and other animals could be used to study infections 
with other viruses shed by Pteropus bats, including novel paramyxoviruses recently identified from 
these roosts. Multiple studies have found evidence of human and animal exposure to other bat 
paramyxoviruses (Albariño et al., 2014; Baker et al., 2013; Philbey et al., 1998; Yaiw et al., 2007). 
Since paramyxoviruses unrelated to Nipah virus have been detected in P. medius in Bangladesh 
(Anthony et al., 2013) and other Pteropus species in Asia and Australia (K B Chua et al., 2001; Marsh 
et al., 2012; Sasaki et al., 2012), it is possible that these viruses may share some pathways to animal 
and human spillover with Nipah virus. Furthermore, the study framework devised for this project could 
easily be scaled and adapted for use in understanding Nipah virus ecology in other regions within the 
range of Pteropus spp. reservoir hosts (Figure 1). Projects such as these could explore some of the 
ecological and cultural dimensions that may explain why some regions of Asia with documented 
Nipah virus circulation in bat populations have yet to experience documented outbreaks of human 
disease. 
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● However,  during  two  outbreaks  in 2001 and 2003, epidemiologic studies showed that cases 
were more likely to have had contact with livestock than controls (Hsu et al. 2004). 

● In addition, one child with  NiV  reported  exposure  to  goats  who  had  died  from  apparent  
neurological illness,  but  these  animals  were  not  available  for  exam  during  the  
investigation (Luby et al. 2009). 

RESEARCH STRATEGY – INNOVATION 

The primary aim of surveillance for spillovers has focused on human infections, yet many of these 
likely go undetected nonetheless. In Bangladesh, where active surveillance for acute cases has been 
ongoing at hospitals since 2007, an estimated half of all human cases in the catchment area of 
hospitals still go undetected (Hegde et al. 2019). When surveillance for acute cases of emerging 
pathogens is limited, serological surveys are frequently used to detect pathogen spillover into human 
populations outside of documented outbreaks (Cappelle et al., 2020; Yong et al., 2020). However, 
this approach would be inefficient for Nipah virus due to the rarity of spillover in a given year and the 
high case fatality of Nipah virus infection in humans, often exceeding 70% for primary cases in 
Bangladesh (Nikolay et al., 2019). 

Looking for infections exclusively in humans is also an overly narrow approach for detecting Nipah 
virus spillover events, especially given the importance of intermediate hosts in past outbreaks. The 
human outbreak of Nipah virus in Malaysia in 1998-1999 was driven by transmission from pigs 
following spillover from bats (Kaw Bing Chua et al., 2002; Kaw Bing Chua, 2003). A similar outbreak 
occurred in the Philippines in 2014 with horses as the likely intermediate hosts (Ching et al., 2015). 
Although there has been no clear involvement of intermediate hosts in human outbreaks in 
Bangladesh, there is evidence of Nipah virus exposure in domestic animals. Studies of animals living 
around Pteropus bat roosts in areas of Bangladesh with past Nipah virus outbreaks have found 
antibodies against Nipah virus in cattle, goats, and pigs (Chowdhury et al., 2014) as well as in dogs 
and cats (Islam et al., unpublished data). These data suggest that transmission of Nipah virus to 
humans through domestic animals is possible and may contribute to spillover risk in regions where 
outbreaks involving intermediate hosts have not yet been observed. 

The advantage of animal serological surveys is that they are easier and less costly to perform than 
human surveys, so greater sample sizes can be obtained. Domesticated animals may also have more 
frequent interactions with bats or bat excreta than humans and lower case fatality following exposure, 
thereby increasing the probability of spillover events. Thus, serological surveys of animals are likely to 
yield better information on the zoonotic force of infection of Nipah virus than records of human 
outbreaks or human serological surveys alone. Animal serosurveys could also be expanded to 
regions outside of the small catchment area for human Nipah surveillance in Bangladesh and into 
other countries with Pteropus bat populations (Figure). Data from such animal serosurveys would 
increase our understanding of the frequency of Nipah virus spillover events occurring from bats. 
Knowledge of these animal spillover events would aid in evaluating risks for subsequent human 
spillover and the opportunities for viral adaptation in different hosts. 

Commented [14]: Roughly 1-2 pages, with the 
conceptual figure that Raina suggested 

Commented [15]: Some draft text from our previous 
document. 

Commented [spl16]: This would seem a good location 
to include the two ideas in the bullet points above the 
research strategy. 

Commented [spl17]: I recommend leading with 
scientific rather than logistical advantages. 

Commented [spl18]: Yes, but this is not the strategy 
that is proposed for this study. 



 

4 

In addition to more accurate estimates of Nipah virus spillover, there is a need to understand the 
ecological drivers of spillover in the cultural context of Bangladesh. Consumption of date palm sap 
contaminated with Nipah virus from fruit bat excreta or saliva is the primary spillover route in this 
country and variation in sap consumption rates partially explain the geographic localization of 
documented human cases (Gurley et al., 2017). Nevertheless, there is substantial annual variation in 
the number of Nipah virus spillover events that is not matched with longitudinal data on date palm sap 
production and consumption in Bangladesh. Moreover, more spillover events appear to happen in 
years with cooler winters (McKee et al., 2021), suggesting that climate may affect bat behavior, Nipah 
virus shedding from bats or survival in sap, date palm biology, human consumption behavior, or a 
combination of these factors. Thus, there is a need to collect concurrent longitudinal data on Nipah 
virus shedding in bat populations, date palm sap physiology, and date palm sap production and 
consumption to understand how these factors interact to explain yearly variation in spillover events. 
 
RESEARCH STRATEGY – APPROACH 
Preliminary data 
Ecological interactions with bats: Previous studies have identified ecological interactions between 
humans, bats, and domesticated animals, although the role these interactions play in Nipah virus 
ecology are unclear. As mentioned above, the primary route for human exposure to Nipah virus is 
through consumption of raw or fermented date palm sap [3,7]. Pteropus medius fruit bats frequently 
visit date palm trees to feed on sap during collection and can contaminate sap with their saliva, urine, 
or feces [8,9]. Some households also report feeding raw date palm sap to their livestock [7]. P. medius 
bats also feed frequently on cultivated fruit trees in populated areas [7], dropping partially eaten fruits 
that are sometimes consumed by humans or fed to domesticated animals [6,7]. While consumption of 
bat-bitten fruit is not a significant risk factor for human infection [3], it may contribute to exposure in 
domesticated animals, as was hypothesized to occurred with pigs in the 1998-1999 Nipah outbreak in 
Malaysia [10]. A study of Nipah seroprevalence in domesticated animals found that seropositive cattle 
and goats were more likely to have been fed fruits partially eaten by bird and/or bats and palmyra palm 
fruit juice than seronegative animals [6]. Bat hunting is a direct interaction with bats practiced in 
Bangladesh for consumption or medicinal use [11], although no outbreaks have been associated with 
hunters [7]. Finally, dogs, cats, and pigs may be exposed when hunting or scavenging [12–14], 
including possible consumption of dead bats or bat placenta. 

Nipah virus exposure in domesticated animals: There is existing evidence that domesticated 
animals are exposed to Nipah virus in Bangladesh outside of the context of human outbreaks, but 
systematic surveillance is missing. A serological survey of cattle, goats, and pigs sampled between 
2009 and 2011 from seven districts of central and western Bangladesh (the region where most human 
outbreaks have been reported) found 6.5% of cattle, 4.3% of goats, and 44.2% of pigs were positive 
for antibodies against Nipah virus glycoprotein using a Luminex-based multiplexed microsphere assay 
[6]. A second study of animals sampled between 2013 and 2015 from five districts in the same region 
of Bangladesh using an enzyme-linked immunosorbent assay for Nipah immunoglobulin G found 1.1% 
of cattle, 1.2% of goats, 3.2% of dogs, and 4.7% of cats were seropositive (Islam et al., unpublished 
data). Pigs and cats are highly susceptible to Nipah virus infection in experimental settings and shed 
virus from the nasopharynx [15,16]. Other studies outside of Bangladesh have reported exposure to 
Nipah virus or other related henipaviruses. Infected or seropositive goats, dogs, and cats were detected 
during the 1998-1999 outbreak among pigs and humans in Malaysia [17–19]. During a henipavirus 
outbreak among humans and horses in the Philippines in 2014, four cats and one dog died after 
consuming horse meat, and four dogs were found with neutralizing antibodies against Nipah virus [13]. 
Sheep and goats in Ghana [20] and pigs and horses in Nigeria [21] have also been reported 
seropositive for henipavirus exposure. 

Date palm physiology and sap consumption patterns: The limited data available suggest that sap 
production and consumption vary seasonally (Figure 1) and that annual temperature fluctuations in 
winter may explain changes in sap consumption and the resulting risk of human spillovers. Fresh date 
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palm sap is usually harvested fresh in winter between mid-November and early March [22]; peak 
months for household consumption of fresh sap are in January and February (Shanta et al., 
unpublished data). In some areas of Bangladesh where fermented date palm sap (tari) is consumed, 
tari production occurs year-round, although production peaks 
during winter to meet higher customer demand for tari [23]. 
Sap yield also appears to peak during January during the 
coolest weather, although these data come from only one 
study of four trees in the winter of 1911-1912 [22] (Figure 1). 
Information from sap collectors also indicates that sap flows 
more freely and is higher quality during clear, cool nights 
while warm or cloudy weather diminish sap yield and quality 
[9,22]. However, no longitudinal data on date palm sap yield 
and quality over multiple years are available to determine the 
effects of weather. Nearly all human Nipah outbreaks have 
occurred in winter, with the highest proportion of spillover 
events occurring in January [4]. Additionally, more spillovers 
occur in winter weeks following a previous week with cooler 
temperatures [4] and more spillover events have been 
observed in years with colder winters [5]. Human sap 
consumption also varies annually. The proportion of 
households consuming date palm sap declined across 
Bangladesh during the winters of 2014 through 2016 (Shanta et al., unpublished data). Coincidentally, 
the winters became progressively warmer during those years and the number of reported human Nipah 
spillover events declined [5]. It is possible that warmer temperatures during those winters decreased 
the availability or quality of date palm sap, resulting in reduced consumption and the associated risk of 
Nipah virus exposure. 

Overall strategy 
The three specific aims of this study will be pursued in stages 
over five years (Figure 2). In Year 1, we will map the study 
sites, census animal populations, and interview households 
about their interactions with animals and typical date palm 
sap consumption behavior (Aim 1). Cohorts of censused 
domesticated animals and human households will be 
enrolled in Year 1 and an initial serological survey will 
establish baseline levels of Nipah virus exposure. Collection 
of sera from domesticated animal cohorts will follow every six 
months in Years 2–4 to measure Nipah seroincidence (Aim 
2). A cohort of date palm trees will also be identified at each 
site in Year 1 for weekly measurements of sap yield and 
quality in winter through Year 4, along with temperature and 
other weather variables. Records of date palm sap 
consumption during winters of Year 1–4 will be collected 
weekly from household cohorts (Aim 3). Data analysis and 
testing of sera will occur continuously through Year 5. 

Study Sites 
Research will be conducted at two study sites in Bangladesh that differ in the number of reported Nipah 
spillovers despite similarities in their ecology. A goal of this study is to understand how spillover events 
in domesticated animals relate to observed human risk at these sites, if at all. Pteropus medius bat 
populations roosting in Faridpur and Chittagong do not have overlapping home ranges and are 
genetically distinct [24,25]. Nipah virus shedding in urine has been detected repeatedly in longitudinal 
surveys of bats at both sites (Gurley et al., unpublished data). Humans and animals live in close 
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proximity to bats in each area, but Faridpur has reported the highest number of Nipah spillover events 
into humans in Bangladesh while spillovers have never been detected in Chittagong (Figure 3). 
Communities in Faridpur also report higher rates of drinking fresh date palm sap than those in 
Chittagong [7]. Furthermore, seropositive cattle and goats [6] and dogs and cats (Islam et al., 
unpublished data) have also been reported from studies in Faridpur. It is likely that Nipah virus spillover 
events are occurring undetected in animals and humans in Chittagong due to lack of surveillance effort. 
However, there may be other important biological and cultural factors explaining variation in spillover 

risk between these two areas that will be explored in this 
study, including the frequency of interactions between bats, 
humans, and other animals and different patterns of date 
palm sap production and consumption. 

Aim 1 Strategy 
Community enrollment: Previously identified roosts of 
Pteropus medius fruit bats in Faridpur (~2000 bats) and 
Chittagong (~8000 bats) will serve as central points for 
enrolling communities into the study. Based on a survey of 
Bangladeshi communities on household size [7], we 
conservatively estimate that there are 200 households in a 
given suburban community. Survey estimates of the average 
numbers of domesticated animals owned per household 
indicate that at least three communities will need to be 
enrolled at each site to capture enough individual cattle, 
goats, pigs, dogs, and cats for the serological assessments 
in Aim 2 and for the required number of households for 

assessing trends in date palm sap consumption in Aim 3. Communities nearest to the focal bat roosts 
will be enrolled first, with a maximum radius of 15 km for community enrollment based on the observed 
home range size of P. medius [25]. 

Mapping and census: Teams 
dispatched to each community within 
the Faridpur and Chittagong sites will 
first speak with local leaders to 
delineate the boundaries of the 
community. Once boundaries are 
established, teams will then map the 
location of households and other 
structures, populations of livestock and 
peri-domestic animals (cattle, goats, 
pigs, dogs, and cats), fruit bat roosts, 
cultivated fruit trees (e.g, mango, 
lychee), date palm trees, and any other 
natural resources that are shared 
between host groups (Figure 4). GPS 
locations for each point will be recorded 
and then used to develop preliminary maps of each community and the estimated populations of 
humans, bats, and domesticated animal species. 

Describing human-animal and animal-animal interactions: This portion of the work will occur in 
three parts. First, teams will enroll members of each community for a social mapping exercise. In this 
exercise, members will collaborate in focus groups to identify where domesticated animal populations 
or bat roosts are located in the community and the known forms of interactions. Human-domesticated 
animal interactions may include owning and caring for livestock, dogs, or cats. Human-bat interactions 
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could include bat hunting or observing bats visiting a residential fruit tree or eating bat-bitten fruit. 
Domesticated animal-bat interactions might involve livestock, cats, or dogs grazing or scavenging 
underneath bat roosts or popular bat feeding sites; domesticated animals being fed bat-bitten fruits or 
date palm sap; or observations of carnivores scavenging dead bats or bat placenta. 

Second, qualitative information on ecological interactions gathered from the social mapping will be used 
to design surveys to quantify the types and intensity of human-animal and animal-animal interactions. 
In addition to the example interactions given above, the survey will ask households about their typical 
consumption of date palm sap, either fresh or fermented. Questions about the number of household 
members that drink sap during winter, how frequently household members drink sap, and the typical 
volume consumed. These data will provide a baseline for the longitudinal assessments of sap 
consumption in Aim 3. Two hundred randomly selected households across enrolled communities at 
each site will be administered the survey in Year 1 to evaluate a difference in the proportion of 
households consuming sap between study sites. 

Power calculation: With 200 households interviewed at each site, this sample size will be 
sufficient to identify a moderate effect size (d = 0.4) for a difference in the proportion of 
households consuming sap between sites with 0.8 power and a significance level of 0.05. As 
discussed in the strategy for Aim 3, this number of households will be sufficient for assessing 
differences in sap consumption between study sites or years. 

Third, nighttime space use and food resource consumption will be described using camera traps in 
Year 1. Based on the social mapping exercise and household interviews, teams will identify Pteropus 
medius bat roosts (beyond the focal roost at each study site), fruit trees that are popular feeding sites 
for bats and other animals, and date palm trees that are harvested for fresh sap. A motion-sensor 
tripped infrared camera will be mounted at the base of each bat roost tree (Figure 4) for three 
consecutive nights each month to record any visitations by livestock, dogs, cats, or other wild animals 
at night and any interactions they may have with bats (e.g., scavenging dead bats). Cameras will be 
installed at the base of fruit trees that are known popular feeding sites for bats in each community; 
recordings will be performed over three consecutive nights during the tree species’ peak fruiting time. 
Finally, if date palm trees are found within the community and are harvested for fresh sap in winter, 
cameras will record visits by bats or other animals (e.g., rodents). Cameras will be mounted at the top 
of the tree near the collection pot to observe animals touching or licking sap [9] (Figure 4). A target of 
five date palm sap trees per community will be recorded for three consecutive nights in winter (between 
December and February). All cameras will be set at dusk and record animal visits until cameras are 
retrieved at dawn. A hired guard will protect the cameras during each night they are mounted. 

Limitations: 

Aim 2 Strategy 
Baseline seroprevalence survey and force of infection: 
Between the surveyed communities from Aim 1, teams will 
aim to capture 150 animals each of cattle, goats, pigs, dogs, 
and cats in Year 1 from the Faridpur and Chittagong study 
sites (Figure 5). Teams will capture animals and take a 
sample of whole blood. Blood samples will be placed in a 
vacutainer, centrifuged to separate the serum, and 
immediately preserved in liquid nitrogen in the field. 
Samples will then be stored in a -20 °C freezer until testing. 
Serum samples will be tested for the presence of Nipah virus 
antibodies using a bead-based assay. 

Power calculation: Based on a survey showing Nipah 
seroprevalence 1.1% in cattle, 1.2% in goats, 3.2% in 
dogs, and 4.7% in cats, a sample size of 150 animals 
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is more than sufficient to measure a seroprevalence greater than zero in the baseline survey, 
with a power of 0.8 and a significance level of 0.05. 

During capture, teams will record the age in months of each animal if known from the owner. Otherwise, 
teams will estimate the age of animals or classify animals into juvenile or adult age groups. The serology 
data will then be used to calculate baseline seroprevalence by animal species, and using the age 
information, seroprevalence by age classes. The latter data will then be used to fit catalytic models to 
estimate the average annual force of infection from NiV in the region for each animal species [26]. 
These will be used as a baseline estimate of annual incidence that will be compared to the prospective 
study. 

Estimating seroincidence prospectively: During animal captures in Year 1, teams will identify the 
number of juvenile cattle, goats, pigs, dogs, and cats that are Nipah seronegative at baseline. In Year 
2, additional juvenile animals of each species will be captured to reach a cohort of 150 seronegative 
individuals. This same cohort will be sampled again six months later in Year 2 to measure the change 
in serostatus. If any members of the cohort seroconvert or cannot be captured due to disappearance 
or death, a new seronegative animal will be identified and added to the cohort. The same procedure of 
serological testing on 150 cohort animals per site of all five species every six months will continue 
through Years 3 and 4 (Figure 5). Juveniles will be targeted for two primary reasons: 1) juvenile animals 
are more likely to be immunologically naïve to Nipah virus than adults, so seroconversion will be easy 
to interpret; and 2) young animals are more likely to remain alive throughout the duration of the study. 
The latter is especially true for livestock animals, which are typically slaughtered for meat after about a 
year. The same serological assay as was used in the baseline survey will be used. Seroincidence 
during Years 2–4 will be measured for each animal species as the number of individuals seroconverting 
in a six month period and over the entire year. 

Bat serology: In addition to domesticated animals, we will measure changes in seroprevalence in the 
fruit bat populations living in the focal roosts in Faridpur and Chittagong. A target of 50 bats per site will 
be captured for blood serum sampling every other month in Years 1–4 (Figure 5) and tested for Nipah 
antibodies using the same bead-based assay as the domesticated animals. Changes in the proportion 
of juvenile and adult bats in the roosts will be monitored over time to compare with any observed 
changes in seroprevalence. All captured bats will be marked with microchips so that any change in 
serostatus (conversion or reversion) can be recorded for recaptured individuals. 

Human seroprevalence: In Year 1, during the interviews on household consumption of date palm sap 
and animal interactions as part of Aim 1, blood samples will be taken from household members that 
report drinking the most fresh sap to test for Nipah antibodies, with a target of 200 tests per site (Figure 
5). Responses to quantitative survey questions will be 
used to analyze if any ecological interactions (e.g., 
consuming date palm sap) or history of contact with a 
human Nipah cases can explain seropositivity. 

Limitations: 

Aim 3 Strategy 
Date palm tree physiology: To understand how date 
palm sap production relates to patterns of human 
consumption, we will enroll a cohort of 20 date palm 
trees per site to measure sap yield and quality over the 
winter production period in Years 1–4. For two nights 
each week over the 22 weeks of the typical sap 
production season (mid-November to mid-April), we will 
measure nightly sap yield, sap pH, sap sugar content 
(using a Brix refractometer), and sap clarity from each 
tree (Figure 6). In addition to sap measurements, each 
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tree’s height, trunk diameter, age, sex, amount of foliage, flowering status, and health status based on 
appearance will be recorded to explain individual variation in sap flow or quality. 

Power calculation: With 20 date palm trees per site followed for two nights over 22 weeks,  this 
sample size (880 observations) will be more than sufficient to detect a small effect size (d = 0.2) 
for the difference in mean sap yields between years or between sites with a power of 0.8 and a 
significance level of 0.05. 

Household surveys on sap consumption: Households reporting date palm sap consumption during 
the baseline survey of 200 households at each site in Year 1 as part of Aim 1 will be enrolled into a 
cohort whose fresh sap consumption behavior will be enumerated throughout winter over Years 2–4. 
Households will be given a paper log sheet to tally the daily volume of date palm sap consumed by 
each household member and the price that was paid per volume. Teams will then return to each 
household monthly to switch out paper logs and to perform a short survey on household sap 
consumption behavior. The survey will ask household members about the factors influencing their 
choice to buy sap that month, including sap availability, price, and quality (e.g., sweetness, flavor). 

Power calculations: Assuming that 60% of households consume sap in Faridpur and 30% 
consume sap in Chittagong [7], 120 households in Faridpur and 60 households in Chittagong 
will be enrolled in the longitudinal assessments of sap consumption behavior. When daily sap 
consumption records from households at each site are combined over the 22 weeks of winter 
(mid-November to mid-April, covering the typical sap production period), this will produce sample 
sizes (15400 observations in Faridpur, 9240 in Chittagong) that are more than sufficient to 
identify a small effect size (d = 0.2) for the difference between the average number of household 
members consuming sap in a given year with 0.8 power at a significance level of 0.05. 

Weather patterns: Weather variables that could influence sap production and quality will be measured 
concurrently with tree physiology measurements. Based on anecdotal reports of their effects on sap 
yield or quality [22], measured variables will include ambient temperature, relative humidity, solar 
illuminance, and precipitation (Figure 6). All variables from throughout the sap production season will 
be downloaded from the nearest weather station; cloud cover and solar illuminance will be recorded 
during daytime prior to tree observations using a handheld light meter. 

Inferential models: These data will build on existing knowledge within the system, including increased 
nightly Pteropus fruit bat visits to taller date palm trees and more visits during winter months (Islam et 
al., in review), more Nipah virus spillover events during cooler weeks [4], more Nipah spillover events 
in cooler years [5], and anecdotal reports from sap producers that date palm sap is sweeter and flows 
more freely during cooler weather [8,22,23]. These data on sap production and consumption, along 
with weather variables, will then be used to develop inferential models to disentangle the interactions 
between weather and date palm sap consumption patterns, including weekly variation within winter 
months and inter-annual variation between winters, and then relate these patterns with what has been 
previously observed in Nipah virus spillover risk in humans (Figure 6). 

Limitations: 

Study Team 

Conclusion 
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3.3 *Please add a Protocol Contact:  

AGAN, BRIAN K, MD 

BURGESS, TIMOTHY H, MD, MPH CAPT 

Chapo, Elisa Wago 

English, Caroline E 

Fox, Christina joy 

Illinik, Luca, MPH 

Morales, Carlos Enrique 

Moreno, Nicole C 

Nevo, Lev N/A, M.D. 

Rozman, Julia Sofia 

Sanchez Edwards, Margaret Anne, MS 

The Protocol Contact(s) will receive all important system notifications along with the Principal 
Investigator. (i.e. The protocol contact(s) are typically either the Protocol Coordinator or the 
Principal Investigator themselves).

3.4 If applicable, please select the Designated Site Approval(s):  

Add the name of the individual authorized to approve and sign off on this protocol from your Site 
(e.g. the Site Chair).

4.0  

Project Information

4.1  Is this a research study?

 Yes    No

4.2  What type of research is this?

Biomedical Research



Clinical trial (FDA regulated)

Behavioral Research

Educational Research

Psychosocial Research

Oral History

Other

4.4  Is this human subjects research (Activities that include both a systematic investigation designed to 
develop or contribute to generalizable knowledge AND involve a living individual about whom an 
investigator conducting research obtains data through intervention or interaction with the individual 
or identifiable private information.  Activities covered by 32 CFR 219.101(a) (including exempt 
research involving human subjects) and DoDI 3216.02)?

 Yes    No

4.5  Do you believe this human subjects research is exempt from IRB review?

  Yes     No

5.0  

Personnel Details

5.1  
Will you have a Research Monitor for this study?

Yes 

No 

N/A 

Research Monitor Role:

If applicable, you may nominate an individual to serve as the Research Monitor:

No Users have been selected.

6.0  

Data/Specimens

6.1  Does the study involve the use of existing data or specimens only (no interaction with human 
subjects)?

  Yes     No

7.0  

Funding and Disclosures

7.1  Source of Funding:

Funding Source Funding Type Amount



NIAID IAA
: Other 56632

Total amount of funding:

56632

7.2  Do you or any other Investigator(s) have a disclosure of a personal interest or financial nature 
significant with sponsor(s), product(s), instrument(s) and/or company(ies) involved in this study?

  Yes     No

8.0  

Study Locations

8.1  List any Research Team members without EIRB access that are not previously entered in the 
protocol:

Name:
(Last, First, M.I.)

Clark, Danielle

Role on Protocol:

Associate Investigator

Phone Number:
 

508-471-7655

Email Address:
 

dclark@aceso-sepsis.
org

Associated Institution:
 

Henry M Jackson 
Foundation

Name:
(Last, First, M.I.)

Blair, Paul

Role on Protocol:

Associate Investigator

Phone Number:
 

301-256-2165

Email Address:
 

pblair@aceso-sepsis.
org

Associated Institution:
 

Henry M Jackson 
Foundation/USUHS

Name:
(Last, First, M.I.)

Koehler, Jeff

Role on Protocol:

Associate Investigator

Phone Number:
 

301-619-8342

Email Address:
 

jeffrey.w.koehler4.
civ@mail.mil

Associated Institution:
 

US Army Med Rsch 
Inst of Infectious 
Diseases

Name:
(Last, First, M.I.)

Fries, Anthony

Role on Protocol:

Associate Investigator

Phone Number:
 

937-938-2847

Email Address:
 

anthony.fries.tr@us.
af.mil

Associated Institution:
 

US Air Force Sch 
Aerospace Med

Name:
(Last, First, M.I.)

Hansen, Erin

Role on Protocol:

Associate Investigator

Phone Number:
 

619-857-5219

Email Address:
 

erin.a.hansen.
ctr@mail.mil

Associated Institution:
 

Naval Health 
Research Center



Name:
(Last, First, M.I.)

Peel, Sheila

Role on Protocol:

Associate Investigator

Phone Number:
 

301-319-2297

Email Address:
 

sheila.a.peel2.
civ@mail.mil

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Darden, Janice

Role on Protocol:

Associate Investigator

Phone Number:
 

301-275-1190

Email Address:
 

jdarden@hivresearch.
org

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Letizia, Andrew

Role on Protocol:

Associate Investigator

Phone Number:
 

240-507-6326

Email Address:
 

andrew.g.letizia.
mil@mail.mil

Associated Institution:
 

Naval Medical 
Research Center

Name:
(Last, First, M.I.)

Snow, Andrew

Role on Protocol:

Associate Investigator

Phone Number:
 

301-295-3267

Email Address:
 

andrew.snow@usuhs.
edu

Associated Institution:
 

USUHS

Name:
(Last, First, M.I.)

Pollett, Simon

Role on Protocol:

Associate Investigator

Phone Number:
 

301-319-2059

Email Address:
 

simon.d.pollett.
ctr@mail.mil

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Berry, Irina

Role on Protocol:

Associate Investigator

Phone Number:
 

301-319-2032

Email Address:
 

irina.maljkovicberry.
ctr@mail.mil

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Friberg, Heather

Role on Protocol:

Associate Investigator

Phone Number:
 

301-319-9224

Email Address:
 

heather.l.friberg-
robertson.civ@mail.
mil

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Currier, Jeffrey

Role on Protocol:

Phone Number:
 

240-994-3911

Email Address:
 

jeffrey.r.currier.
civ@mail.mil

Associated Institution:
 

Walter Reed Army of 
Institute Research



Associate Investigator

8.2  Has another IRB reviewed this study?

  Yes     No

IRB Name Review Date Determination

No records have been added

8.3  Is this a collaborative or multi-site study? (e.g., are there any other institutions involved?)

 Yes    No

8.4  Study Facilities and Locations:

Institution Site Name Site Role
FWA or DoD 
Assurance 
Number

Assurance 
Expiration 
Date

Is there an 
agreement?

IRB 
Reviewing 
for Site

Navy Naval 
Health 
Research 
Center

Laboratory 
analyses

FWA00013516 03/02
/2021

: IAIR
:

USUHS 
IRB #1

Army US Army 
Med Rsch 
Inst 
Infectious 
Dis

Laboratory 
analyses

FWA00007368 10/02
/2024

: MOU
:

USUHS 
IRB #1

Air Force US AF Sch 
Aerospace 
Med

Laboratory 
analyses

FWA00027236 08/29
/2023

: IAIR
:

USUHS 
IRB #1

Army Walter 
Reed 
Army of 
Institute 
Research

Laboratory 
analyses

FWA00000015 11/20
/2023

: Other
:

USUHS 
IRB #1

Navy Naval 
Medical 
Research 
Center

Laboratory 
analyses

FWA00000152 06/05
/2024

: IAIR
:

USUHS 
IRB #1

Other:

Other 
Institution 
Site

Site Role
FWA or DoD 
Assurance 
Number

FWA or DoD 
Expiration 
Date

Is there an 
agreement?

IRB 
Reviewing 
for Site

No records have been added

8.5  Are there international sites?

Attach international approval documents, if applicable, when prompted. Note: Ensure local research 
context has been considered

  Yes     No



8.6  Is this an OCONUS (Outside Continental United States) study?

  Yes     No

Select  the area of responsibility:

Have you obtained permission from that area of responsibility? (This is a requirement prior to study 
approval)

  Yes     No

9.0  

Study Details

9.1  Abstract/ Summary:

Summarize the proposed study in 500 words or less, to include the purpose, the subject population, the 
study’s design type, and procedures

The overarching objective of the Epidemiology, Immunology and Clinical Characteristics of Emerging 

Infectious Diseases with Pandemic Potential (EPICC) protocol is to provide the Military Health System (MHS) 

with a contingency protocol intended for activation at Military Treatment Facilities (MTFs) during outbreaks to 

allow clinical investigation of severe or potentially severe acute infections with pathogens of concern to public 

health and U.S. military medical readiness. The protocol outlines a systematic approach to collection of clinical  

specimens and data by adapting standard procedures for conducting clinical characterizations of severe 

emerging infections as published by the International Severe Acute Respiratory and Emerging Infection 

Consortium (ISARIC) network (ISARIC/WHO Clinical Characterisation Protocol for Severe Emerging 

Infections, version 3.1).

The EPICC protocol can be conducted as a multi-site study at participating MTFs, and overall protocol 

oversight will be coordinated centrally by the Uniformed Services University’s Infectious Disease Clinical 

Research Program (IDCRP). MHS-wide enrollment for online participation will be coordinated by the IDCRP 

Program Coordinating Center (PCC).

EPICC activities will be executed by clinical study teams comprising existing IDCRP clinical research 

investigators and staff located at each MTF and protocol investigators from relevant hospital departments. The 

protocol is designed to be modified to accommodate longitudinal observational study of specific emerging or re-

emerging pathogens. Protocol modifications will describe methods for serial collection and clinical 

characterization of specimens and associated demographic, laboratory, clinical, and other data specific for the 

pathogen of interest and associated study population(s).

9.2  Key Words:

Provide up to 5 key words that identify the broad topic(s) of your study

Epidemiology, Immunology, Emerging Infectious Diseases

9.3  Background and Significance:

Include a literature review that describes in detail the rationale for conducting the study. Include 
descriptions of any preliminary studies and findings that led to the development of the protocol.  The 
background section should clearly support the choice of study variables and explain the basis for the 
research questions and/or study hypotheses.  This section establishes the relevance of the study and 
explains the applicability of its findings

The EPICC protocol is intended to serve as a foundation for modification to allow the observational, 

longitudinal study of specific emerging or re-emerging pathogens causing disease with pandemic potential 

within the MHS. Modifications responsive to specific diseases will be described to include  a schedule for serial 

collection of clinical specimens and data and methods for recruiting, enrolling, and observational study within 
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the desired MHS study population(s). In general, enrolled participants (eligible adults or children) who are 

known or suspected cases at MTFs as inpatients or in isolation settings will undergo serial collections of 

biological specimens and clinical and laboratory data at day of enrollment and during the duration of 

hospitalization or isolation, with follow-up specimen and data collection convalescent and long-term follow-up 

timepoints. The study design can also include clinical observational investigation in outpatients. The major 

focus of this protocol is to conduct clinical observational study in symptomatic individuals; however, there is 

also the opportunity to enroll and follow (potentially at a reduced specimen and data collection frequency 

relative to symptomatic participants) individuals who are asymptomatic but who are at high/some risk for 

exposure. Inclusion of an asymptomatic comparator cohort could provide insight on risk factors or biomarkers 

associated with symptomatic versus asymptomatic presentations. The protocol supports observational, 

longitudinal collection of clinical specimens and data with a goal of identifying host biomarkers that predict 

severity of illness, resistance to infection, treatment failure, etc. If volunteers receive an experimental treatment 

product under eIND, the data collected through the EPICC protocol may help inform about the safety and 

efficacy of that product.
 

In subsequent sections, relevant background information on acute respiratory infections (ARI) of pandemic 

potential is provided, followed by specific schedule of events and other details to allow observational study of 

an ongoing outbreak of the 2019 novel coronavirus (COVID-19).

Acute Respiratory Infections of Pandemic Potential: Epidemiology, Immunology and Clinical 

Characteristics

ARI Case Definitions

To characterize the epidemiology, immunology and clinical features of novel pathogens associated with severe 

ARI, case definitions appropriate to emerging infection scenarios will be utilized.  These definitions will vary by 

the availability and result of laboratory-based diagnostic tests.
 

, the case definition includes the presence of laboratory-confirmed I. For laboratory-confirmed cases

infection with an agent of severe ARI (e.g., SARS-CoV-2, influenza A/H7N9, MERS-CoV, SARS, etc.).
 

OR
 

  the case definition includes:II. For persons under investigation (PUI),

The current CDC case definition for a PUI for a respiratory pathogen under study.

An unknown or pending laboratory confirmation of an agent of severe ARI.

III. For individuals who are asymptomatic and have had recent high-risk exposure to the pathogen 

such that they have increased their risk for infection, 1 or more of the following criteria must be of interest 

met:

Unprotected exposure (for e.g., < 14 days of illness onset, modified commensurate with evolving 

epidemiologic information) with confirmed or suspected cases of human infection with a novel 

respiratory pathogen. Close contact is typically defined as coming within about 6 feet (2 meters) of a 

confirmed or suspected case while the case was ill (beginning 1 day prior to illness onset and 

continuing until resolution of illness).

Unprotected exposure to infectious pathogens in a laboratory setting.

If exigencies warrant, then asymptomatic/high exposure risk individuals in isolation may be considered 

for enrollment.

Acute respiratory infections (ARI) are among the most common infectious diseases. Due to conditions and 

circumstances of military training and deployment (e.g., crowding, inadequate hygiene practices, physical 

stress, etc.), military personnel in congregate settings are at increased risk for outbreaks due to ARI. There are 

a number of emerging viral respiratory pathogens to which military forces may be exposed, that carry 

substantial importation risk, and that also have significant pandemic potential. Recent and current examples 

are described below.

Influenza A/H5N1 was first identified in the human population in Hong Kong in 1997. Since 2003, 16 

countries have reported 668 confirmed cases and 393 deaths due to influenza A/H5N1 (as of 1 Nov 

2014). The global case fatality rate for influenza A/H5N1 infection is 60%, and the estimates range 

widely (0% to 100%) by country. While the significant morbidity and mortality of influenza A/H5N1 

infection is readily apparent, its occurrence among humans has been relatively infrequent to date. 

Circulation of H5N1 predominates in poultry, currently the main reservoir, in Asia and northeast Africa. 

Host-to-human (i.e., zoonotic transmission of A/H5N1) infections are unpredictable and “remain rare 
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despite frequent and widespread contact with infected poultry and contaminated environments” (1). 

The majority (71%) of cases of influenza A/H5N1 have had recent exposure to live birds or 

contaminated areas. Cases of influenza A/H5N1 to date have been relatively young (median age: 19 

years) (2). Exposure to other cases of influenza A/H5N1 has not been a major risk factor to date, 

suggesting that the likelihood of human-to-human transmission of this particular strain remains low 

(R0< 1) (3). The severity of influenza A/H5N1 is dependent upon the strain associated with infection

/disease. Among strains with low pathogenicity, generally mild, non-fatal illnesses have been observed, 

ranging from conjunctivitis to influenza-like illness (e.g., fever, cough, sore throat, muscle aches) to 

lower respiratory disease (pneumonia). Among strains with high pathogenicity, the disease spectrum 

has ranged from a milder febrile respiratory illness to severe disease (e.g., dyspnea, hypoxemia, 

pneumonia, acute respiratory failure) with multi-organ disease, sometimes accompanied by nausea, 

abdominal pain, diarrhea, vomiting and delirium. The high mortality rate (~60%) associated with 

pathogenic strains of influenza A/H5N1 has been reported from multiple studies (2).

Influenza A/H7N9 infection of humans was first identified in China in March 2013. Since then China 

has reported 453 confirmed cases and 175 deaths due to influenza A/H7N9 (WHO 2014). As with 

influenza A/H5N1, most of the cases had recent exposures to live poultry or had visited areas where 

live poultry was sold (75%) (3). By contrast to influenza A/H5N1, the host reservoir, main exposures, 

routes of transmission, and distribution and prevalence of influenza A/H7N9 among humans and 

animals are unknown. Influenza A/H7N9 does not appear to transmit easily from birds or the 

environment to humans. In addition, reported cases of Influenza A/H7N9 have not demonstrated high 

transmissibility between humans to date, suggesting that the risk of pandemic potential currently 

remains low (4). Though limited in its reach, influenza A/H7N9 infection has been associated with 

significant mortality: approximately 39% of cases resulted in a fatal outcome (4).

The coronavirus associated with the Middle Eastern Respiratory Syndrome (MERS-CoV) was first 

identified in Saudi Arabia in 2012 (5). Several outbreaks have since occurred, originating in Middle 

Eastern countries and spreading globally, albeit to a limited extent, by international travelers. 

Symptoms including fever, rigors, malaise, cough, myalgia, headache, shortness of breath, anorexia, 

diarrhea and abdominal pain were observed in MERS-CoV cases (6,7). As of October 2014, a total of 

897 confirmed cases and 325 deaths (case fatality rate [CFR]: 36%) have been reported worldwide 

(WHO 2014). In 2013, two studies concluded that MERS-CoV did not yet exhibit pandemic potential, 

with an estimated basic reproduction number less than 1.0 (8, 9). Some research indicates that camels 

may act as the host reservoir for MERS-CoV, although evidence is inconclusive (10). Human-to-human 

transmission of MERS-CoV has been observed in healthcare settings, possibly due to greater 

infectiousness in the later stages of illness; however, evidence that may further elucidate risk factors 

for transmission is limited (6, 7).

The 2002-3 pandemic of Severe Acute Respiratory Syndrome (SARS), also due to a novel 

Coronavirus, originated in China’s Guangdong Province and resulted in 8,422 probable cases and 916 

deaths reported from 29 countries (mostly in mainland China, where 63% of cases and 38% of deaths 

occurred) (11). The global case fatality rate due to SARS was estimated to be 11% (11). Although the 

host reservoir remains unknown, some studies have found coronaviruses similar to the SARS 

coronavirus circulating in bat populations (12). Transmission in human populations occurs by direct 

contact with the infectious respiratory droplets and/or fomites via the eyes, nose, and mouth (13). The 

incubation period ranges from 1-14 days (mean 4-6 days) and transmissibility appears to increase with 

severity of illness (greatest at day 10) (14). Attack rates ranged widely by geographic region from 2.2 

per 100,000 in Guangdong Province to 25.6 per 100,000 in Hong Kong (14). Risk factors for infection 

include occupation as a healthcare worker (21% of all probable cases), household contact with a 

probable case, older age, male sex and existing illnesses (14). Symptoms include fever, dry cough, 

dyspnea, headache and hypoxemia (14).

Since December 2019 through March 2020, the 2019 novel coronavirus (SARS-CoV-2) causing 

 has spread from Wuhan, China to 64 countries and has led “coronavirus disease 2019” (COVID-19)

to more than 88,948 confirmed cases globally, including 80,174 confirmed cases in China and 8,774 

confirmed cases outside of China (15). To date, there have been 2,915 deaths in China and 128 

deaths outside of China. As of 03 March 2020, in the United States there are 60 confirmed cases (22 

travel-related, 11 person-to-person spread, 27 under investigation) and a total of 6 deaths (16). 

Individuals with COVID-19 can present with fever, and cough, ground-glass opacity on chest computed 

tomography (CT), and lymphocytopenia (17). The case-fatality rate (CFR) appears to be highly variable 

with early reports of 8-15% in older adults infected in Hubei Province (CFR is increased in adults with 

comorbid conditions who develop respiratory symptoms) but likely no higher than 1-2% outside of 

Hubei (though data is limited and this will depend on accurate detection of those with mild disease) 

(18). Several risk factors, including age, history of smoking, maximum body temperature on hospital 

admission, respiratory failure, albumin, and C-reactive protein, appear associated with increased risk 

for progression to pneumonia among COVID-19 hospitalized patients (19). Risk factors of disease 

progression and magnitude of clinical severity are incompletely understood and require further study. 

SARS-CoV-2 is believed to be transmitted primarily via person-to-person, such as through close 
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contact (within about 6 feet) and exposure to respiratory droplets from an infected individual who 

coughs or sneezes (20). Evidence exists for transmission of SARS-CoV-2 via the oral-fecal route, as 

viral nucleotide was detected in rectal swabs and blood later in the course of infection when virus was 

not detected in oral swabs (21). On the population level, there is a poorly-defined risk of transmission 

via asymptomatic infection (22). The occurrence of asymptomatic infections has raised concerns about 

the rapid spread of transmission to vulnerable populations (21).

 

9.4  
Objectives/Specific Aims/Research Questions:

Describe the purpose and objective(s) of the study, specific aims, and/or research questions/hypotheses

General Goals and Objectives:

To describe the natural history of clinical disease
To identify risk factors for infection and severe clinical course
To characterize the host immune response to infection
To evaluate the correlation between symptom severity, virologic/microbiologic characteristics, the 
host immune response and clinical course and outcome
To develop and/or operationally assess diagnostic and prognostic tools for the study of novel 
pathogens / emerging infectious diseases
To establish a clinical and laboratory database, and related specimen repository, for future studies 
of novel pathogens / emerging infectious diseases
To investigate efficacy of emergency Investigational New Drug (eIND) therapies that may be 
administered to enrolled study participants during the course of clinical care

For COVID-19 / SARS-CoV-2 infection, clinical and demographic data will be evaluated, along with 
laboratory findings as appropriate, to assess key endpoints of interest to include, but not limited to, the 
following:

Incubation period
Duration of illness / symptoms
Duration of functional disability
Duration of shedding from respiratory and gastrointestinal tract
Incidence and duration of viremia
Predictors of severe disease: clinical signs, symptoms, laboratory features; host factors, eg 
smoking, vaping, alcohol consumption, comorbid illness/conditions, occupational health factors 
influencing lung disease; host biomarkers; virologic (strain/virulence) attributes
Supportive management required: O , HFNC, NIPPV, ventilation; hemodynamics2

Complications: e.g., bacterial pneumonia; bacteremia; AKI; liver injury; CNS involvement, etc.
Outcomes: resolution of symptoms; return to pre-illness functional status; requirement for O ; 2

development / exacerbation of reactive airway disease; pulmonary function; resolution of medical 
complications; new Rx requirements, eg bronchodilators; other sequelae
Development of immunity (i.e., correlates), kinetics, duration of antibody detection
Relationship between acute illness (or pre-illness) HCoV titer and infection, outcome, virologic 
parameters
Costs of care, costs of duty days lost

9.5  Study Design:

Describe study design in one to two sentences (e.g., prospective, use of existing records/data
/specimens, observational, cross-sectional, interventional, randomized, placebo-controlled, cohort, etc.). 
Specify the phase – Phase I, II, III, or IV – for FDA-regulated investigational drug research

A prospective, longitudinal cohort study of novel pathogens / emerging infections with pandemic potential

9.6  Target Population:



Describe the population to whom the study findings will be generalized

Study findings will be generalized and applicable to all populations that travel to or reside in disease 
endemic areas or live within an area that has been exposed to infectious pathogens with pandemic 
potential; some of which include military personnel and the general public. 

9.7  Benefit to the DoD:

State how this study will impact or be of benefit to the Department of Defense

Infectious diseases are a significant source of morbidity among military forces. Infectious disease 
outbreaks compromise force readiness and interfere with training programs. Strategies to characterize 
and ultimately to treat and prevent the major infectious disease threats to military personnel are 
urgently needed.

10.0  

Study Procedures and Data management

10.1  Study Procedures:

Describe step-by-step how the study will be conducted from beginning to end

Recruitment and enrollment strategies will be dynamically responsive to the outbreak as the situation evolves. 

Study volunteers may be recruited from areas of the hospital where they present for care or in the inpatient 

and isolation settings. Informed consents and enrollments will be conducted by study staff included on the IRB 

approved protocol, including staff named on delegation log, and trained in study procedures. Clinical 

evaluations will be performed by the MTF healthcare team and may also be conducted by qualified study team 

members.

In addition to MTF enrollment, MHS beneficiaries who have been clinically tested for COVID-19 will be invited 

to participate in a limited schedule of assessments for EPICC, including completion of a series of online 

questionnaires and at-home capillary blood sample collection at three timepoints.  See Appendix A for further 

details.

At the time of a participant’s initial consultation at an MTF, study activities will consist of explanation of study 

goals and purpose, and obtaining informed consent (may include consultation with Legally Authorized 

Representative). The day of enrollment will be defined as Study Day 0. The team will subsequently conduct 

serial collection of data (demographics, vital signs, clinical findings, diagnostics and other laboratory results, 

etc.) through study participant interview and from medical record review from time of disease onset throughout 

study duration. Specific risk factors linked to pathogen exposure (eg., travel history to disease endemic 

regions, contact with sick individuals or known reservoirs of disease, etc.) will also be acquired from study 

volunteers, mainly through interview at Day 0. Medical records collected prior to day of enrollment will also be 

evaluated to ascertain medical history information pertinent to understanding baseline health and analysis of 

underlying risk factors associated with disease progression and other outcomes. Study team members will 

collect for research purposes biological specimens (e.g., nasopharyngeal and oropharyngeal swabs, rectal 

swabs, and blood) from enrolled participants who are laboratory-confirmed or suspected cases at time of 

enrollment, during the duration of hospitalization and/or isolation, with follow-up specimen collection up to 

approximately 1 year post-enrollment.
 

When possible, the study team will also obtain residual volumes of specimens collected for clinical care that 

would otherwise be discarded. Sample types include but are not limited to bronchoalveolar lavage, blood, 

urine, sputum, saliva, stool, cerebrospinal fluid, semen (adults only), or vomit.As available, these residual 

samples will be obtained from the time of onset of the disease under study.  For active duty servicemembers, 

the study team will also request a pre-illness (up to 2 years prior to enrollment) serum sample from the DoD 

Serum Repository (DoDSR).
 

Some subjects may undergo clinical imaging studies as part of regular patient care or as part of this protocol 

using clinical imaging devices. For example, point-of-care portable ultrasound may be used to image areas 

such as the lungs, heart, and lower extremity veins, to explore the prognostic use of ultrasound in early 

These imaging studies, detection of pneumonia and cardiovascular sequelae associated with severe disease. 

when available, will be part of the collected subject data.
 



Study participants recruited and enrolled at MTFs who are ambulatory may also be evaluated via serial self-

collection of samples such as nasopharyngeal swabs, oropharyngeal swabs, capillary blood samples, and/or 

other specimens appropriate for self-collection.
 

Recruitment of individuals who are asymptomatic at high/some risk of exposure may involve study team 

members approaching family or friends who escorted the sick individual to the hospital as well as healthcare 

providers who have potentially been exposed to known or suspected cases. Enrollees who are asymptomatic 

high/some risk will undergo serial collections of clinical and laboratory data as well as biological specimens (e.

g., nasopharyngeal, oropharyngeal, and rectal swabs and blood) at enrollment, with follow-up specimen 

collection up to approximately 12 months post-enrollment. The study team may consider implementing a plan 

for asymptomatic study volunteers to conduct self-collection of clinical specimens (e.g. nasopharyngeal swabs, 

oropharyngeal swabs, rectal swabs, capillary blood smaples) through the follow-up period. Demographic, 

clinical, and other data as described above for symptomatic volunteers may also be acquired for asymptomatic 

high/some risk participants.
 

The Flu- PRO questionnaire (24-27) may be used to record the patient-reported outcome (PRO) on severity of 

clinical symptoms and the impact of clinical interventions on infection. A web link to the Flu-PRO questionnaire 

may be provided to participants to record the severity of ILI symptoms daily for 14 days from either the day of 

enrollment, or the date of onset of symptoms (for subjects who were asymptomatic at enrollment). Paper 

versions of the Flu-PRO questionnaire may be administered as needed.  
 

In addition, an online questionnaire will be administered at enrollment and follow-up timepoints to collect data 

on medical history, comorbidities, behavioral risk factors, symptoms and recovery status.
 

If a participant is dually enrolled in a treatment protocol and scheduled to receive investigational products 

under an eIND, an additional sample may be collected in the first 48 hours after test article administration. If 

eligible, study participants may also be considered for enrollment  concurrently in an interventional clinical trial 

evaluating efficacy of treatment regimens. The priority of collection of clinical specimens will be as follows: 1. 

specimens collected for clinical care; 2. specimens collected in support of an interventional clinical trial; and 3. 

specimens collected for observational study (i.e., EPICC protocol).
 

The study team may consider discontinuation of study participants who have a negative test result for the 

pathogen of interest (based on current standard of care diagnostics) and/or are diagnosed with another 

respiratory pathogen other than the one of interest and/or the disease of interest is highly unlikely based on 

the primary clinical team assessment. This approach may need to be taken to conserve study staff time and 

resources depending upon local epidemiologic circumstances, e.g. very high incidence and subject accrual.
 

Results obtained from research analyses will not be entered into the participant’s medical record. However, 

the study team will communicate relevant findings to the participant’s primary care provider overseeing care of 

the indicated infection of study. The study volunteer’s primary healthcare provider is likely to be a member of 

the protocol study team, and as such will be directly aware of study findings. If the primary healthcare provider 

is not a part of the protocol team, relevant findings from the study will be communicated to the healthcare 

provider verbally in a private setting to protect patient confidentiality or via a secure encrypted electronic 

communication.
 

Pregnant participants will be followed monthly until delivery to collect information on pregnancy outcome and 

health of the child with regards to the disease under study, to the extent practicable. A cord blood sample may 

be collected for research purposes following childbirth.
 

Specimens collected through this observational study will be evaluated in various laboratory assays to 

characterize the epidemiology, immunology, clinical characteristics, and other important outcomes of interest. 

Associated clinical and demographic data will also be evaluated, along with laboratory findings as appropriate, 

to assess key endpoints of interest as described in Section 9.4.

Schedule of Patient Evaluation and Data Collection

The table below shows the schedule of assessments for study participants enrolled in EPICC. Given the 

possibility of critical illness of the patient and the potential increased risk of exposure to medical personnel, 

assessments that cannot be completed due to patient care considertaions, indection control measures, or 

other logistical challenges will not constitute protocol deviations. In addition, the frequency of specimen and 

data collection may be reduced to accommodate logistics of acquiring specimens and data among study 

volunteers who are outpatients.

Ambulatory subjects who do not have restrictions of movement for infection control purposes (i.e., not advised 

by their care provider/local health authority to remain home in isolation) will be invited to return to the hospital 

for follow-up assessment and collection of specimens.



Specimen/ Assessment Enrollment 

(Day 0)

Days 3, 7

(± 1 day)

Once Weekly 

until 

discharge

(± 2 days)

Day 14 if 

Discharged

(± 3 days)

Day 28

(± 7 days)

6 Months

(± 14 days)

12 Months

(± 28 days)

Virology Sample: Nasal, 

Throat, and/or Oral specimen*
√ √ √ √    

Virology Sample: Rectal Swab √ √ √  √   

Blood √ √ √ √¶ √¶ √¶ √¶

Residual Clinical Samples  # √ √ √ √ √ √ √

Radiologic images ** √ √      

Flu-PRO Symptom Diary *** √ √ √ √    

Online Questionnaire √    √ √ √

 

If an asymptomatic and/or COVID-19-negative subject develops symptoms or receives a positive test result for 

COVID-19, they will be asked to contact study staff to report their symptoms/test result and will restart the 

schedule of assessments from Day 0.

Inpatient MTF-Enrolled Subjects

*  To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed 

may change to  follow updated best practices as reported in the scientific literature. Example sample types are 

swabs (nasal, nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-

collected by subjects.

¶ Blood collection after discharge may be done using a commercial at-home microsampling blood collection kit.

#   Residual samples from clinically-indicated lab tests will be collected for research. Sample types may 

include sputum, saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from 

samples collected starting at the date of disease onset, which may be prior to Study Day 0.

** Lung, cardiac, and/or venous ultrasound may be conducted on hospitalized subjects on days 0, 1, and 3 as 

resources and local patient care policy allows. Findings from any additional radiologic images obtained during 

routine clinical care will be collected for research.

*** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 

14 days.

Outpatient MTF-Enrolled Subjects

Specimen/ Data Enrollment 

(Day 0)

Day 7

(± 1 day)

Day 14

(± 3 days)

Day 28

(± 7 days)

6 Months

(± 14 days)

12 Months

(± 28 days)

Virology Sample: Nasal, Throat, 

and/or Oral specimen*
√‡  √    

Blood¶ √‡ √ √ √ √ √

Flu-PRO Symptom Diary ** √ √ √    

Online Questionnaire √   √ √ √

Residual clinical samples # √ √ √ √ √ √

*  To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed 

may change to  follow updated best practices as reported in the scientific literature. Example sample types are 

swabs (nasal, nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-

collected by subjects.

¶ Blood collection may be done using a commercial at-home microsampling blood collection kit.

# Residual samples from clinically-indicated lab tests will be collected for research. Sample types may include 

sputum, saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from samples 

collected starting at the date of disease onset, which may be prior to Study Day 0.

** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 

14 days.

‡ There is a +3 day window for Day 0 research sample collection to allow for distribution of self-
collection kits to participants whose samples could not be collected at enrollment.
 

Online Cohort:  See Appendix A

Specimen/ Data Day 28



Enrollment 

(Day 0)

(± 7 days) 6 Months

(± 14 days)

12 Months

(± 28 days)

Online Questionnaire √ √ √ √

Self-collected blood¶  √ √ √

¶ All blood collection for this cohort will be done using a commercial at-home microsampling blood collection 

kit.

Considerations for Pediatric Participants

Flu-PRO symptom diary may be completed by subjects aged .7 and older

Pediatric subjects will not be asked to complete the online questionnaires.

Self-collection of specimens is an option for subjects aged .8 and older

Blood collection volume and frequency may be reduced to comply with safety limits. For these 

subjects, the amount drawn may not exceed the lesser of 50 ml or 3 ml per kg in an 8 week period and 

collection may not occur more frequently than 2 times per week.

Research Laboratory Methods

Clinical specimens collected through this observational study will be evaluated in a variety of laboratory assays 

developed by laboratory partners. Specific laboratory assays to study the virologic, immunologic, and other 

relevant aspects of infections are unlikely to be available at the time of specimen collection (i.e., during the 

outbreak) given the time required to establish assays specific for novel, emerging pathogens. Below is a 

general description of laboratory assay methods and endpoints that may be used; however, this does not 

represent an exhaustive list to include new methodologies that are later developed in response to assaying 

novel pathogens. 
 

To characterize virologic correlates (e.g., viremia) of clinical symptoms and disease severity, serum levels of 

viral genomes can be assessed by real time-PCR at various time points. Serum concentration of viral antigen 

can be evaluated by enzyme-linked immunosorbent assay (ELISA). These same assays may be utilized in the 

longitudinal detection of virus in body fluids (e.g., nasal mucosa, sputum, urine, stool, etc.) throughout the 

course of evaluation/illness.
 

In addition, serum may be assayed for concentrations of virus-specific IgM and IgG in the acute and 

convalescent stages of evaluation/illness. Cytokine profiles can be conducted via multiplex assay to describe 

the pro- versus anti-inflammatory cytokine responses of study volunteers throughout the course of illness. 

PBMCs may be collected to investigate cell-mediated immune responses in the acute and convalescent 

phases of illness.
 

Novel biomarkers, including transcriptomic and proteomic signatures, are promising for diagnosis and 

prognosis. Collection of appropriate specimens from individuals with well-characterized illnesses is required to 

inform assay development. Immune factors have been used as biomarkers for predicting clinical course and 

outcome, as well as the severity of clinical symptoms. For example, higher levels of cytokines IL2, IL7, IL10, 

GCSF, IP10, MCP1, MIP1A, and TNFα were observed in patients with SARS-CoV-2 infection requiring ICU-

level care compared to those receiving non-ICU care (21). Host specific responses may be evaluated using 

real-time PCR and other molecular methods to identify biomarkers, transcriptomic signatures, or other lab-

based endpoints indicative of severity of clinical course of disease progression and other risk factors 

associated with clinical outcomes, etc. In addition, evaluation of host transcriptomic responses among 

symptomatic versus asymptomatic, high risk exposure individuals may identify an early warning means for 

identifying asymptomatic people who eventually develop disease. RNA sequencing of blood specimens may 

also be conducted to assess viral transcription signatures as biomarkers for clinical outcomes. Blood 

specimens may also be used in phosphoproteomic assessments by measuring the proportion of host immune 

system proteins that are phosphorylated to evaluate novel biomarkers associated with activation of protein 

signaling pathways in response to infection.

10.2   Data Collection:

Describe all the data variables, information to be collected, the source of the data, how the data will be 
operationally measured, and approvals needed for use of information from DoD databases

Diagnostic Tests and Laboratory Analysis to be Obtained:

 
As available, laboratory data elements, such as but not limited to hematologic, biochemical, and other clinical 

parameters; clinical images and associated reports; and clinical diagnosis of the pathogen of interest (SARS-CoV-2) and



1.  
2.  
3.  
4.  
5.  

/or alternate or co-infective pathogens, will be abstracted from the medical record of study volunteers on the day of 

enrollment (Study Day 0), throughout the period of hospitalization (inpatients) and through duration of follow-up.  In 

addition, laboratory and diagnostic data available in medical records prior to Day 0 will be abstracted for study of 

baseline health, existing co-morbidities, etc.

Data Elements

Case report forms (CRFs) for this protocol have been adapted from those of the International Severe Acute Respiratory 

Infection Consortium (ISARIC).

 
There are five main components of the data collection forms, encompassing study participant information at:

The time of enrollment (at time of presentation at MTF, hospital admission, or being placed in isolation),

Period prior to Day 0, as appropriate, to assess recent medical history, 

Medical encounter data (inpatient or outpatient),

The time of discharge or death

Follow-up period (following hospital discharge or being released from isolation setting, or otherwise as an out-

patient)

Major data variable categories to be collected include, but are not limited to the following:

Day of enrollment

Demographics (Residence, Occupation, Military Status)

Signs and Symptoms at onset of illness and presentation for care

Epidemiological Risk Factors and Exposures

Pre-admission Medications

Review of recent medical history via medical record review

Flu-PRO symptom severity questionnaire

Hospitalization or Isolation Period

Daily Observations (i.e., vital signs) and Treatments (i.e., receipt of IV fluids)

Daily Laboratory Results

Medications and Blood Products

Microbiology Results

Critical Care

Severe Symptoms and Complications

Flu-PRO symptom severity questionnaire

Outcome

Final Diagnosis

Patient Status at Outcome

Follow-up period

Data Collection

Study data will be copied onto electronic CRFs at the study site. These transcriptions will occur on an ongoing basis 

during the study in accordance with Good Clinical Practice (GCP) guidelines. Data entered on CRFs, as well as 

corrections made, shall be performed by authorized individuals. This study will make use of electronic case report forms 

(eCRFs) using tablets with the Research Electronic Data Capture (REDCap). For cases where a tablet cannot be used 

because of infection control concerns or logistical issues, authorized personnel will capture CRF information using a 

paper based version and later electronically record results into REDCap. All data transmitted to and from the application 

is done using a secure, encrypted transmission (SSL/HTTPS). For increased security, the application additionally verifies 

the SSL certificate of the REDCap server that it is communicating with in order to validate the server’s identity. The 

REDCap mobile application employs encryption-at-rest on the mobile device’s hard drive, so all data and information 

stored on the device is protected from unauthorized users. REDCap has built-in safeguards such as username and PIN, 

and remote lockout. When resources are available, data from clinical devices including de-identified ultrasound or 

radiograph images, continuous vital signs, and/or cardiac telemetry will be locally stored on password-protected devices, 

and if possible, transmitted wirelessly to a secure Cloud backup. Henry Jackson Foundation (HJF) headquarters IT will 

host deidentified study data on HJF HQ secured servers. HJF is responsible for the purchase, setup, maintenance, and 

service of any its servers and technology.

 
The supervising principal investigator, or designated associate investigator, will be responsible for regular maintenance 

and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care providers and research team 

members given specific tasks to perform. The files are kept in a secured location in each study site. Some participant-

completed forms such as questionnaires may be completed through the web-based program. These will be transmitted 

directly into the study database. Research labs will transmit their testing data to the DCC using standard procedures for 

data handling and transmission.

Data Management/Quality Control

During the study, the investigator will review study data from their site, including medical records, records detailing the 

progress of the study for each volunteer, laboratory reports, CRFs, documentation of informed consent and authorization 

forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports and information regarding 



volunteer discontinuation of the study. All required study data will be clearly and accurately recorded on source 

documents or CRFs by either the participant themselves or authorized study personnel. Only designated study 

personnel shall record or change data on a CRF. During the study, the investigator will be responsible for the 

procurement of data and for quality of data recorded on the CRFs. Original observations entered directly onto the CRFs 

are defined as source data. PHI will be removed from clinical devices, such as those used for radiology, and associated 

data will be labeled with the study participant’s ID. For each pivotal analysis (e.g., for a sub-study, manuscript, or 

presentation), the ‘snapshot’ (or ‘data freeze’) database will be made and archived in the study data repository. After the 

study analysis ends, the database will be locked.

10.3  At any point in the study, will you request, use, or access PII from the Military Health System 
(MHS)?

 Yes    No

10.4  Have you consulted with an MHS data expert to determine the data elements to be extracted or the 
information system(s) to access? 

Consulting with a data expert often saves time later in the compliance process because the data expert 
can advise on the data available in the numerous MHS information systems, the quality of that data and 
the methods for encrypting and collapsing data.  To schedule a consult with an MHS data expert, send 
an email to: ( )dha.ncr.pcl.mbx.privacyboard@mail.mil

Yes, then complete the questions below according to the data consult 

No, then complete the questions below according to the best of your knowledge (NOTE: It is highly 
recommended that you work with an MHS data expert) 

10.5  Indicate whether you plan to receive a data extract from the MHS or plan to access an information 
system directly to create a data set:

A data extract is when the MHS or a contractor provides the data set directly to the researcher.  When 
receiving a data set through data extract, the researcher may indicate whether the data elements should 
be provided as is, encrypted or collapsed.  In contrast to a data extract, access to an information system 
means that the researcher may directly access an MHS information system and create a data set for the 
research study

Data Extract

Access

10.6  Do you intend to use only de-identified data from the MHS in your research study?

There are different two methods for de-identifying data pursuant to HIPAA:
1) Safe Harbor Method: Removing all of the identifiers listed in Table 1 below, provided that the 
researcher does not have actual knowledge that the remaining data can be used alone or in combination 
with other information to identify the individual who is the subject of the information
2) Statistical Method: An expert, with appropriate knowledge of and experience with generally accepted 
statistical and scientific principles and methods for rendering information not individually identifiable, 
determines that the data is not individually identifiable

  Yes     No

10.7  If your research study requires access to an MHS information system, please indicate the system to 
obtain data:

If you do not know which system(s) contain the data elements you need, refer to the Guide for DoD 
Researchers on Using MHS Data or seek guidance from an MHS data expert:
 
PHI Systems:

MHS Information System Requesting Data



: AHLTA : Yes

: CHCS : Yes

: ESSENTRIS : Yes

: MDR : Yes

PII-Only Systems:

MHS Information System Requesting Data

No records have been added

De-Identified Data & Other Systems:

Information System Requesting Data

Expense Assignment System

MHS Genesis; JLV (accessed via AHLTA or MHS 
Genesis)

: Yes

DMSS, DRSi : Yes

10.8  Do you intend to merge or otherwise associate the requested data with data from any sources 
outside of the MHS, including other DoD systems that are not part of the MHS?

Yes, will merge data  

No, will not merge data 

10.9  Indicate the categories of data that you will request from MHS systems or MHS health care 
providers about research participants or relatives, employers, or household members of the 
research participants.

Data Element(s) MHS Non-MHS Systems

1. Names

2. Postal address with only 
town, city, state and zip code

3. Postal address with all 
geographic subdivisions smaller 
than a state, including street 
address, city, county, precinct, 
zip code and their equivalent 
geocodes, except for the initial 
three digits of a zip code if, 
according to the current 
publicly available data from the 
Bureau of Census: 1) the 
geographic unit formed by 
combining all zip codes with the 
same three initial digits 
contains more than 20,000 
people; and 2) the initial three 
digits of a zip code for all such 
geographic units containing 



20,000 or fewer people is 
changed to 000

4. Dates including all elements 
(except year) directly related to 
an individual, including birth 
date, admission date, discharge 
date, and date of death

5. Ages over 89 and all 
elements of dates (including 
year) indicative of such age, 
unless you will only request a 
single category of “age 90 or 
older”

6. Telephone numbers

7. Fax numbers

8. Electronic mail addresses

9. Social Security numbers 
(SSNs)

10. Medical record numbers

11. Health plan beneficiary 
numbers

12. Account numbers

13. Certificate/license numbers

14. Vehicle identifiers and serial 
numbers, including license plate 
numbers

15. Device identifiers and serial 
numbers

16. Web Universal Resource 
Locators (URLs)

17. Internet Protocol (IP) 
address numbers

18. Biometric identifiers, 
including finger and voice prints

19. Full-face photographic 
images and any comparable 
images



20. Any other unique 
identifying number, 
characteristic, or code (DEERs 
ID, EDIPN, Rank)

If you are obtaining SSNs, provide a justification as to why and explain why a substitute cannot be used

We request to access potential subjects' medical records in order to evaluate them for recruitment for 
this protocol. PHI to be screened include (name, date of birth, social security number and health 
beneficiary numbers). These risks are no more than minimal because they are not greater than those 
ordinarily encountered by the patient during a medical visit.  
 
Study investigators and personnel will review potential subjects' medical history to assess protocol 
eligibility. If the person consents to participate in the research study, the PHI will be stored in accordance 
with the protocol.

10.10  Is it possible that the data will become identifiable because of triangulation, a small cell size, or 
any unique data element(s)?

Triangulation means using different data elements that are not themselves identifiable but that when 
combined can be used to identify an individual. For example, triangulation would be using rank and race 
together to determine the identity of an individual with a particular health condition
Small cell size means that there are only a small number of eligible individuals that satisfy the category 
description.  Guidance for acceptable cell size is available from the Centers for Medicare and Medicaid 
Services. For example, the rank category of four star generals with a particular diagnosis may be less 
than 30 so the rank category may need to be expanded to include lower ranks
A unique data element includes any unique features that are not explicitly enumerated in the categories 
of data in rows 1 – 19 of Table 1 above, but that could be used to identify an individual.  Examples of 
unique data elements include: 1) a unique number, such as a medical record number or EDIPN; 2) a 
unique code, such as a diagnosis code or a bar code on an electronic health record; and 3) any unique 
characteristic, such as the rank of general or admiral, or a race or gender combined with another unique 
characteristic

Yes, there is a reasonable possibility the data will become identifiable 

No, there is no reasonable possibility the data will become identifiable 

10.11  HIPAA Privacy Rule and Use of Protected Health Information in Research:

N/A – will not use or disclose protected health information (PHI) 

HIPAA Authorization will be obtained 

Use of a limited data set where a data use agreement will be obtained 

Waiver/alteration of HIPAA Authorization is being requested 

10.12  Managing Data (Data Management and/or Sharing Plan ) and/or Human Biological Specimens for 
this Study:

Include in this section the plan for acquiring data (both electronic and hard copy), access during the 
study, data/specimen storage and length of time stored, shipment/transmission, and the plan for 
storage and final disposition at the conclusion of the study. Describe any data agreements in place for 
accessing data within and/or outside of your institution (e.g., Data Sharing Agreement, Data Use 
Agreement, Business Agreements, etc.)

Human Biological Specimens

1. Intended Use of the Samples/Specimens/Data

Specimens will be processed and handled as appropriate following applicable MTF enhanced precaution 
and Infection Control SOPs. Methods for specimen collection, handling, and processing are described in 
their respective SOPs. Details of specimen storage, maintenance, and QA/QC are described in their 
respective SOPs.
 



Samples and data collected under this protocol will be analyzed to study the pathogenesis of disease and 
the host immune response to infection. Genetic testing on human specimens
will be conducted to evaluate the host (subject’s) immune response to SARS-CoV-2 infection and its 
association with clinical outcomes. Additional genetic testing will examine viral genetic markers and 
transcription signatures as predictors of infection severity, clinical course, and outcomes. Genetic testing 
results will not be provided to participants.

This is a purely observational study. Any experimental treatments will be done under other protocols for 
which separate IRB review and approval will be obtained.

2. How Samples/Specimens/Data Will Be Stored

Access to research samples will be limited using locked facilities and monitored freezers. Samples and 
data will be stored using codes assigned by the investigators or their designee(s). Data will be kept in 
password-protected computers. Only investigators or their designee(s) will have access to the samples 
and data.

3. How Samples/Specimens/Data Will Be Stored & Tracked

Samples from individuals found infected with a novel pathogen / emerging infectious disease of interest 
will be archived and stored at an appropriate biosafety level facility.
 
Samples acquired as part of the protocol will be tracked using appropriate software, such as Freezer 
Works, a sample tracking, biorepository management and freezer inventory program.

4. What Will Happen to the Samples/Specimens/Data at the Completion of the 
Protocol?

In the future, other investigators may wish to study these samples and/or data. IRB approval will be sought 

prior to any sharing of samples/data. Any clinical information associated with the sample, with or without 

patient identifiers, will be shared after IRB approval has been obtained.Upon study closure, all samples and 

data will be de-identified in accordance with the DHA-approved Data De-Identification Plan.

5. What Circumstances Would Prompt the PI to Report to the IRB Loss or 
Destruction of Samples/Specimens/Data

Any loss or unanticipated destruction of samples (for example, due to freezer malfunction) or data (for 
example, misplacing a printout of data with identifiers) that compromises the scientific integrity of the 
study will be reported to the IRB.

6. Storage and Tracking of Samples/Specimens/Data

Research use of data collected through this protocol will be coded and will not contain identifiers. These 
data will be coded with access maintained by a custodian not affiliated with the study team per IDCRP 
policy. Much of the subsequent research using the coded materials collected under the auspices of this 
study will be accomplishable through approved exempt or non-human use sub-studies. All research using 
the materials collected under this protocol will be conducted in accordance with an IRB-reviewed 
protocol. Data and specimens released for research use will be labeled by PIN only; data will be shared 
without any identifiers or links to individuals. The DCC custodian, the DCC Chief, will not share 
identifying information with investigators without explicit IRB approval.
 
A Defense Health Agency (DHA) Data Sharing Agreement will be implemented as needed to access MHS 
data. Appropriate data sharing agreements and other legal agreements will be implemented prior to 
sharing of data and specimens with collaborators.

10.13  Managing Data (Data Management and/or Sharing Plan) and/or Human Biological Specimens for 
Future Research:

If the study involves collecting, storing, or banking human specimens, data, or documents (either by the 
Investigator or through an established repository) for FUTURE research, address. How the specimens
/data will be used, where and how data/specimens will be stored (including shipping procedures, storage 
plan, etc.), whether and how consent will be obtained, procedures that will fulfill subjects’ request as 
stated in the consent, whether subjects may withdraw their data/specimens from storage, whether and 
how subjects may be recontacted for future research and given the option to decline, whether there will 
be genetic testing on the specimens, who will have access to the data/specimens, and the linkage, the 
length of time that data/specimens will be stored and conditions under which data/specimens will be 
destroyed



Establishment of a specimen repository for future clinical and laboratory investigation for future 
emerging infectious disease research:
 
The study aims to build a repository of biological specimens (e.g. whole blood, serum, and PBMCs, as 
well as nasopharyngeal fluid, sputum, bronchioalveolar lavage fluid, oropharyngeal fluid, saliva, urine, 
semen, and rectal swab specimens, etc.) from an observational, longitudinal study of emerging infectious 
diseases. Specimens may be stored in an appropriate biosafety level facility at a protocol-approved 
biorepository. These specimen repositories will be linked to an extensive de-identified clinical database.
 
In the future, this repository might be used in the identification and validation of biomarkers for severe 
infection, identification and molecular characterization of novel pathogens, development and evaluation 
of new diagnostic platforms, and/or evaluation of host factors that may be associated with susceptibility 
and outcome. Coupled with detailed clinical history and risk factor information gleaned through electronic 
medical record review, this repository will ultimately be an invaluable resource for future investigations 
of emerging infectious diseases in clinical as well as laboratory settings. Moreover, the infrastructure 
developed through these activities will serve as a broad-based platform for a diverse portfolio of relevant 
sub-studies into emerging infectious diseases and strategies for its control and prevention.
 
Study Time Line
 
This natural history core protocol will be open indefinitely, although sites may close once an epidemic has 
passed.

11.0  

Statistical/Data Analysis Plan

11.1  Statistical Considerations:

List the statistical methods to be used to address the primary and secondary objectives, specific aims, 
and/or research hypotheses.  Explain how missing data and outliers will be handled in the analysis.  The 
analysis plan should be consistent with the study objectives.  Include any sub-group analyses (e.g., 
gender or age group).  Specify statistical methods and variables for each analysis.  Describe how 
confounding variables will be controlled in the data analysis

Statistical Considerations
 
This is an enhanced surveillance protocol using clinical observations and laboratory testing, 
supplemented by additional lab testing for research purposes. The frequency and expansion of such 
outbreaks is unknown, and hence this protocol will be activated on contingencies in many cases. Data 
from a given outbreak will be compiled into a dataset for descriptive analyses. Risk factors will be 
identified retrospectively using odds ratios. Comparison between similar outbreaks may be performed if 
sufficient data allows. It is recognized that a proportion (i.e., not all) of eligible subjects will consent to 
participate in this study. As such, the limitations and generalizability of the study findings will be 
acknowledged in associated reports and manuscripts.
 
 

11.2  Sample Size Estimation:

As determined by exigencies of the outbreak, and resource availability. Please see Appendix A for sample 
size considerations for the online cohort.

11.3  Data Analysis Plan:

Data Analysis Plan
 
Student’s t test (or Wilcoxon rank-sum test if appropriate) on continuous variables and Pearson’s chi-
square tests (or Fisher’s exact test if appropriate) for categorical variable to summarize key outcomes of 
interest. Multivariate regression techniques will be used to assess relationships between key variables 
adjusted for potential confounders.
 
A data analysis plan will be created to meet the following reporting requirements:



1.  

1.  
2.  

3.  

4.  

1.  

2.  
1.  

2.  
1.  
2.  
3.  

3.  

1.  

2.  

During an outbreak, descriptive clinical and laboratory data will be summarized per patient on a 
regular basis as appropriate for all investigators, involved hospitals, the respective service’s public 
health agencies, AFHSB, and DHA leadership as a part of the epidemiologic reporting 
requirements. It is recognized this data may not be fully cleaned. Aggregate data report will be 
prepared monthly.
At conclusion of an outbreak, a summary report per outbreak will be prepared once all data is 
cleaned. This will take an estimated 90 days.

With respect to the analysis of the study data, the following objectives will be addressed, and more fully 
articulated, in a statistical analysis plan:
 
1) Describe natural history of clinical disease.
 
Data items related to disease duration include duration of fever and other predominant symptoms, and 
days from onset of symptoms until hospital discharge/return to normal activity. Each variable will be 
summarized by mean, standard deviation, median, inter-quartile range, minimum and maximum overall 
and also for each group within several groupings: age categories, adult vs. minor, gender, different race 
groups, index cases vs. secondary cases, military rank and/or nature of duties for those with active duty 
military duty status. We will also use symptom severity data from the Flu-PRO questionnaire to explore 
the extent to which ARI symptom severity scores differs across the cohort.
 
Adverse binary outcomes where the time to event may also be of interest: These include requirement for 
ICU admission, development of any super infection, development of oxygen requirement, mortality, etc. 
For each of these, we will first give a simple summary of the number and percent experiencing each 
outcome. We will also summarize by different subgroups as above.
 
2) Identify risk factors for infection and severe clinical course.
 
One set of analyses will treat laboratory-confirmed diagnosis as the outcome in logistic regression 
models, with the following covariates: age, sex, race, military rank, service branch, type of exposure, 
use of personal protective equipment, etc. Similar logistic regression models will be developed to 
determine predictors of severe clinical course, such as mortality.  
 
Another set of analyses will treat illness duration as a quantitative endpoint to be used as the outcome 
variable in multiple linear regressions. The key endpoint will be the total symptom score considered at 
three different time points: at symptom onset, at 48 hours post symptom onset, and at its maximum 
value whenever that occurs. Other potential confounders to be included as covariates are: age, sex, 
race, and number of days since presumed exposure.
Complementary methods of subject recruitment and data collection within the study will address the 
following specific aims:

Among COVID-19 confirmed cases  compare  (comorbidities, lifestyle factors, ,  risk factors
medications, exposure opportunities, general symptoms)  for:

Those who get hospitalized vs. those who do not get hospitalized
Those who get hospitalized with a ventilator vs. those who do not get hospitalized and 
those hospitalized but not placed on a ventilator
Those who get hospitalized in the ICU vs. those who do not get hospitalized and those 
hospitalized but not in the ICU
Those who go on to die vs. those who do not die

Compare  (comorbidities, lifestyle factors, medications, exposure opportunities, risk factors
general symptoms) for infection among the total COVID-19 tested study population of COVID-19 
confirmed cases (test positive) vs. confirmed non-cases (test negative).
Compare   between various groups:symptoms

Among the total COVID_19 tested study population, COVID-19 confirmed cases vs. 
confirmed non-cases
Among COVID-19 confirmed cases for those:

who get hospitalized vs. those who do not get hospitalized
who get hospitalized in the ICU vs. those who are hospitalized, but not in the ICU
who go on to die vs. those who do not die

Among the COVID-19-confirmed cases and an appropriate and hypothesis-specific randomly 
selected comparison group, using medical record data, identify comorbidities and medications that 
are associated with reduced occurrence of COVID-19 symptoms as well as with becoming infected 
with COVID-19.

The proposed analytic strategy will be to report crude (non-adjusted), age and sex-adjusted, and 
multivariable adjusted probability of hospitalization in those with and without the exposures of interest.

Calculate crude (non-adjusted) likelihood of hospitalization in demographic sub-populations of 
interest (e.g. by age strata, sex, and race/ethnicity)



2.  

3.  

1.  

Determine the age-specific prevalence of the major comorbidities (obesity, hypertension, asthma) 
separately by sex and race/ethnicity
The primary model will be logistic regression, calculating adjusted predicted prevalence of 
hospitalization for those with each comorbidity alone and comorbidity clusters (since comorbidities 
are correlated)

A priori, evaluate whether risk associated with each comorbidity is similar for men and 
women and for African Americans vs others (interaction by sex; interaction by race).

Conduct separate models for the active duty population and the beneficiary populations
 
3) Characterize host immune response.
 
We will examine the relationship between factors, such as the immune response (e.g., serum antibody 
concentration) and pathogen infection kinetics, and disease progression, symptom severity, and clinical 
outcomes of interest. We will look at both cross-sectional relationships (i.e., among people) and within 
person relationships. For cross-sectional relationships, we will start by plotting the total symptom 
severity score against the immune response, separately for each of the four blood samples. We 
anticipate a monotonic relationship, but it is possible for a U-shaped relationship in some cases, i.e., 
illness severity is greater if there is a too small immune response or a too large one. We will develop 
regression models with the outcome of the symptom severity or clinical course on the chosen function of 
immune response to see if there is a statistically significant relationship. We will add covariates to control 
for possible confounders, such as age, race, sex, military status, etc. and others mentioned above.
 
4) Evaluate correlations between symptom severity, virologic/microbiologic characteristics, 
host immune response and clinical course/outcome.
 
We will consider two groups: subjects with versus without a severe clinical course, such as mortality. We 
will compare the proportions with a significant serum antibody ‘response’ between the two groups by 
contingency table chi-square tests. We anticipate that the categorization of immune response will be 
binary (i.e., proportion of individuals exceeding a given concentration of serum antibody), in which case 
we will be comparing a binomial probability between the two groups. These analyses will form the 
backbone for more elaborate multivariate analyses.
 
5) Develop diagnostic and prognostic tools.
 
Data and specimens from this protocol may be used in the development of diagnostic and prognostic 
assays for novel pathogens. For example, the collection of blood and other body fluids from individuals 
with laboratory-confirmed infection may aid in the development of novel assays with higher sensitivity 
and specificity. Additionally, the collection of longitudinal clinical characteristics in addition to clinical 
laboratory data may aid in the development of prediction models to determine risk factors for severe 
clinical course, such as mortality.  

12.0  

Participant Information

12.1  Subject Population:

As this is an observational study, subjects of all ages will be enrolled. Military Treatment Facilities see a 
diverse population including all genders and races, and a wide range of ages. This study will examine the 
epidemiology of novel pathogens / emerging infectious diseases, seek to identify risk factors for severe 
disease and elucidate mechanisms of host immunity to these pathogens.
 
Given the possibility of MTFs being used as surge capacity to support the care of individuals affected by 
an infectious disease outbreak, this study also allows for enrollment of anyone meeting the inclusion 
criteria and obtaining care at a participating MTF. Males and females of all ages who are symptomatic or 
asymptomatic individuals (at high/some risk of exposure) meeting inclusion criteria are eligible for 
participation.
 
Participation in the online-only study group is limited to adults only.

12.2  Age Range:

0-17

18-24



1.  

2.  

25-34

35-44

45-54

55-64

65-74

75+

12.3  Gender:

Male

Female

12.4  Special categories:

Minors /Children - “You must also consider the requirements of 45 CFR 46 Subpart D and DoDI 
3216.02, Enclosure 3, paragraph 7.d.”

Students

Employees - Civilian - “You must also consider the requirements of DoDI 3216.02, paragraph 7.e.”

Employees - Contractor

Resident/trainee

Cadets /Midshipmen - “You must also consider the requirements of DoDI 3216.02, Enclosure 3, 
paragraphs 7.e. and 12.”

Active Duty Military Personnel - “You must also consider the requirements of DoDI 3216.02, Enclosure 
3, paragraph 7.e.”

Wounded Warriors - “Depending on your intended subjects’ status, you may also need to consider the 
requirements of DoDI 3216.02, Enclosure 3, paragraph 7.e.”

Economically Disadvantaged Persons - “You must also consider the requirements of 32 CFR 219.111
(b).”

Educationally Disadvantaged Persons - “You must also consider the requirements of 32 CFR 219.111
(b).”

Physically Challenged (Physical challenges include visual and/or auditory impairment)

Persons with Impaired Decisional Capacity - “You must also consider the requirements of 10 USC 
980.”

Prisoners - “You must also consider the requirements of 45 CFR 46 Subpart C and DoDI 3216.02, 
Enclosure 3, paragraphs 7.b. and 7.c.”

Pregnant Women, Fetuses, and Neonates

Non-English Speakers

International Research involving Foreign Nationals - Headquarters Review is necessary

12.5  Inclusion Criteria:

Order 
Number

Criteria

1 

Inclusion Criteria:

Individuals of any age who are eligible for care at an MTF and meet at least one of the 

following criteria:

 (e.g., SARS-CoV-2, Laboratory-confirmed presence of the pathogen of interest

influenza A /H7N9, etc.)

*OR*

Meet criteria for testing for the pathogen as identified per  of interest, 
current CDC guidelines at https://www.cdc.gov/coronavirus/2019-nCoV
/hcp/clinical-criteria.html

 

Additional Inclusion Criteria for Online Enrollment:



1.  

2.  

3.  

2 
An MHS Beneficiary who has been clinically tested for the pathogen of interest

Able to receive email communications and respond to web-based questionnaires

≥18 years of age

 

12.6  Exclusion Criteria:

Order 
Number

Criteria

1 
Individuals who decline participation in the study
 

2 
Individuals who the study investigators believe are unable to comply with the requirements of 

the study
 

13.0  

Recruitment and Consent

13.1  Identification and Selection of Subjects:

Given the dynamic nature of novel pathogens/emerging infectious diseases, there is no pre-defined 
target enrollment for the protocol. The main objective of this protocol is to recruit and enroll a 
representative proportion of cases of emerging infectious diseases to characterize the epidemiology and 
clinical characteristics of disease. Site study team members will engage with relevant clinical staff to 
identify eligible patients in inpatient wards, intensive care units, acute care clinics, and emergency 
departments. Participants will be identified through screening of medical records to identify individuals 
with the recent exposures and clinical manifestations of interest, and will be approached following the 
initial medical evaluation. The study will be described to patients, and their eligibility and willingness to 
participate will be assessed. For those with confirmed or suspected infection, room access may be limited 
and consent will be performed by study staff members with patient access.
 
Individuals presenting for care at MTFs, such as at clinics or in the inpatient and isolation setting, will be 
recruited and enrolled and will participate in serial  collection of biological specimens  over a 12-month 
period, with more intensive (i.e., daily, weekly) data collection occurring during the inpatient or isolation 
period. Information on current and prior medical conditions and hospitalizations will be collected via 
medical chart review and/or MDR data extractions. Information on specific epidemiologic risk factors 
during or related to deployment (e.g., travel history, zoonotic exposures, etc.) will be ascertained 
through participant interview or review of available medical records (e.g., AHLTA-T, ALTHA, CHCS, 
Essentris, MHS Genesis, JLV (accessed via AHLTA or MHS Genesis), MDR, DMSS, and/or DRSi). Study 
participants evaluated at MTFs and who are either 1. ambulatory cases advised to return home and 
remain home in isolation or 2. classified as asymptomatic individuals with high/some risk for exposure 
may also be evaluated for follow up through a study design including serial self-collection of nasal swabs, 
oropharyngeal swabs, rectal swabs, or other specimens appropriate for self-collection. A similar schedule 
of data collection and methods used for enrolled inpatients will be applied for ambulatory cases (non-
hospitalized) and asymptomatic individuals as feasible.
 
Details on the recruitment, consent, and enrollment of subjects participating through the MHS-wide 
online process are included in Appendix A.

13.2  Recruitment Process:

Recruitment of study volunteers at the MTFs will rely heavily on the direct interface of healthcare 
providers with potential eligible participants. The study team will develop an MTF communications plan, 
outlined in the protocol’s Manual of Procedures, that will be implemented by local site teams to facilitate 
identification of potential eligible participants.  Study volunteers may be recruited from clinics and 
inpatient or isolation settings. In addition, recruitment of individuals who are asymptomatic at high/some 
risk of exposure may involve study team members approaching family or friends who escorted the sick 
individual to the hospital. Another group of individuals who may be approached for recruitment as 



asymptomatic high/some risk participants, are healthcare providers who are in close contact with and 
potentially exposed to known cases. Adults and children are eligible for participation.
 
The study team will use multiple means of communicating study awareness to enhance recruitment 
efforts, including periodic briefings delivered by the site PI’s and their study teams to their critical care 

and infectious disease staff and inpatient nursing staff. Information notices with points of contacts will be 

posted in clinical sites such as inpatient units, acute care clinics, and several points in the emergency room. Re

search team members who are Active Duty military personnel will not wear visible signs of their rank during 

Site PI’s or their authorized designees will conduct daily queries of MTF electronic health heath recruitment. 

records (including infectious disease reportables list, DRSi, and searching in CHCS for patients with 

identify individuals who tested positive for disease of interest and will review coronavirus lab code) to 
daily admissions into the ICU, general pediatric and internal medicine wards with their study personnel to 
identify new inpatients. Information from infection control, preventive medicine and infectious disease 
departments may be obtained to find patients who may be managed / followed outside of the MTF.
 
J6 Data: Staff at the J6 CarePoint MHS Information Portal will provide subject identifiers (including 
names, Active Duty status, DoD Identifier, DOB, Email addresses, Date of Initial COVID-19 Respiratory 
Swab PCR Test, and all available COVID-19 Respiratory Swab PCR Test results ) of AD members and 
beneficiaries who have been tested for COVID-19 to the approved research team using DoD SAFE. These 
data will be used to contact subjects for potential enrollment in the study and to contact subjects while 
enrolled. The original data file is retained only until a QC check determines the data have been uploaded 
successfully to REDCap, after which the file is destroyed. At study end, all PHI and PII shall be de-
identified per the De-identification Plan.
 
Depending on age, severity of infection, and MTF requirements, study staff will determine if a potential 
subject is capable and/or allowed to provide a signed consent, verbal consent, or if an LAR is required 
according to IRB, HIPAA, and local MTF requirements.

13.3  Compensation for Participation:

In accordance with 24 USC 30:

MTF-enrolled subjects will be provided compensation in the form of a gift card. Subjects enrolled in the online-

only group will receive compensation in the form of an electronic gift code sent via email.

Subjects will receive:

$50 for each outpatient venipuncture

$10 for each self-collected sample completed at home

$10 for completion of each online questionnaire

$10 for completion of 14-day Flu-PRO symptom diary

13.4  Eligibility Assessment Process:

As part of medical record review, the team will assess the eligibility of potential subjects. Individuals 
identified as having known risk factors for an emerging infectious disease (e.g., recent travel to a 
disease-endemic region, or close contact with a known or suspected infected individual or a returning 
traveler) who present to a participating MTF for medical care (e.g., febrile illness) or are placed into 
isolation are eligible for study participation. Additionally, asymptomatic high/some risk for exposure 
individuals may be enrolled at MTFs. Given the possibility of MTFs being used as surge capacity to 
support the care of individuals affected by an infectious disease outbreak, this study allows for 
enrollment of anyone meeting the inclusion criteria and obtaining care at a participating MTF. Eligibility 
will be assessed and a final determination of subject eligibility will be made during the consent process. 
Please refer to section 12.5 for the inclusion criteria.

13.5  Consent Process:

Are you requesting a waiver or alteration of informed consent?



 Yes    No

What type?

Waiver of documentation of informed consent

Waiver or alteration of informed consent

Please explain why you qualify for a waiver or alteration of informed consent:

Due to the contagious nature of the emergent infectious diseases being studied under this protocol, 
study staff may not always be allowed work near the potential and/or active study subjects or handle any 
items that they may have come in contact with per local MTF infection control policies. Therefore, 
obtaining signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be 
feasible or safe for study staff. The study team is requesting a waiver of documentation of informed 
consent to allow for verbal subject/LAR informed consent, an Alteration of Authorization of HIPAA to 
allow for verbal subject/LAR HIPAA authorization, as well as a partial Waiver of HIPAA Authorization to 
identify eligible potential subjects and make initial contact with individuals to notify them regarding the 
study. These will be used as appropriate based on the circumstances of the disease being studied and 
MTF requirements. This study falls under the following criteria noted in 32 CFR 219.117: “That 
the research presents no more than minimal risk of harm to subjects and involves no procedures for 
which written consent is normally required outside of the research context."

Please explain the consent process:

ICD and Assent Regulatory Requirements

The Informed Consent Document (ICD) and Assent Form, including a HIPAA authorization, will be 
reviewed and approved by the IRB prior to initiation of the study. The ICD will contain a full explanation 
of the possible advantages and risks of study participation. The ICD will be compliant with applicable DoD 
regulations, 32 CFR 219, and the Belmont Principles, and the Health Insurance Portability and 
Accountability Act (HIPAA) Authorization. Informed consent includes the principle that it is critical the 
participant be informed about the principal potential risks and benefits. This information will allow the 
participant to make a personal risk versus benefit decision and understand the following general 
principles:

Participation is entirely voluntary,
Participants may withdraw from participation at any time,
Refusal to participate involves no penalty; and
The individual is free to ask any questions that will allow him/her to understand the nature of the 
protocol.

An ICD or Assent Form (with parental permission) will be signed by the participant before any study-
related procedures are initiated for each participant. The investigators or their designees will present the 
protocol in lay terms to the participants. If access is limited, an authorized member of the study team 
accompanied by a witness may conduct the informed consent process. Questions on the nature of the 
protocol, the means by which it is to be accomplished, and the risks to the participants will then be 
solicited. Any question that cannot be answered will be referred to the principal investigator (PI). All 
participants will be given the opportunity to ask questions. No participant should grant consent until 
questions have been answered to his/her satisfaction. Documented parental permission will be received 
prior to obtaining assent from a minor. If rules allow, a copy should be provided to the volunteer or their 
guardian.

Minors:

An assent form (with parental permission) will be used for children aged 7-17. The ICD and Assent Form 
(with parental permission) indicate that by signature, the participant permits access to relevant medical 
records by the study investigators and regulatory authorities. Documented parental permission is 
required prior to assent by a minor using the ICD. A Waiver of Documentation of Assent will be used for 
children 6 and under, documenting that the study was explained to the child in age-appropriate terms 
and that the child has either expressed verbal assent or does not have the capacity to do so.

For adults who are incapacitated by the illness:

Consent may be obtained by a Legally Authorized Representative (LAR). The patients should be 
consented themselves at such time that they are able to provide consent.

For Hospital Staff who are Active Duty Military:

Hospital staff who are active duty military, and therefore eligible for care at a military treatment facility, 
may be approached for consenting to the study due to their potential exposure to coronavirus. If hospital 



staff who are active duty military are approached for participation in the study, supervisors will not be 
present at any human subject recruitment sessions or during the consent process in which hospital staff 
who are active duty military under their supervision are afforded the opportunity to participate as human 
subjects. Supervisors (e.g., military and civilian supervisors or anyone in the supervisory structure) will 
not influence the decisions of their subordinates regarding their participation as subjects in this study.

Verbal Informed Consent:

Due to the contagious nature of the emergent infectious diseases being studied under this protocol, 
study staff may not always be allowed work near the potential and/or active study subjects or handle any 
items that they may have come in contact with per local MTF infection control policies. Therefore, 
obtaining signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be 
feasible or safe for study staff.
 
The study team is requesting a waiver of documentation of informed consent, an Alteration of HIPAA 
Authorization, as well as a partial Waiver of HIPAA Authorization to use as appropriate based on the 
circumstances of the disease being studied and MTF requirements. When possible, the subject will 
provide signed ICD and HIPAA authorization. If the subject is unable to provide signed authorizations, 
the Alteration of HIPAA Authorization will be utilized, allowing the subject/LAR to provide verbal, rather 
than written, HIPAA Authorization. If study personnel are unable to work near the potential and/or active 
subject for safety reasons, the study personnel will contact the patient according to the requirements of 
the MTF. Options may include but are not limited to speaking with the patient from a safe distance in 
person, contacting the patient by phone in person with a barrier in between the potential and/or active 
subject and the study personnel, contacting the patient by phone from a separate location, or having a 
study physician trained in infectious disease safety procedures meet with the potential and/or active 
subject in close proximity (if allowed by the MTF).
 
Regardless of the method of delivery, the potential and/or active subject would be thoroughly briefed on 
the study’s Informed Consent and HIPAA information. They would also be provided with an opportunity 
to ask any questions and an unsigned copy of the informed consent if permissible by the MTF. In turn, 
study staff will thoroughly document the informed consent process and the subject’s verbal consent in 
the study chart. The study personnel will sign and file the ICD. The study personnel will also include a 
note in the study chart summarizing the informed consent process.

13.6  DoDI 3216.02 requires an ombudsman to be present during recruitment briefings when research 
involves greater than minimal risk and recruitment of Service members occurs in a group setting. If 
applicable, you may nominate an individual to serve as the ombudsman.

N/A 

Propose ombudsman 

13.7  Withdrawal from Study Participation:

Explain the process for withdrawal and specify whether or not the subjects will be given the opportunity 
to withdraw their data their data/specimens in the event they wish to withdraw from the study

A subject may voluntarily end participation in the study at any time. If a subject withdraws, the 
investigator will make a reasonable effort to determine the reason for the subject’s withdrawal from the 
study. Telephone calls, registered letters, and/or e-mail correspondence will be considered reasonable 
effort. Data and specimens collected up to the time of withdrawal will be retained and de-identified in 
accordance with IRB, HIPAA, and Safe Harbor requirements.
 
Subjects may be discontinued by the study team if there is a determination by the on-site physician that 
the volunteer may be unable to comply with the requirements of the study, or in the interest of the 
military mission.
 
The study team may consider discontinuation of study participants who have a negative test result for 
the pathogen of interest (based on current standard of care diagnostics)  are diagnosed with and/or
another respiratory pathogen other than the one of interest  the disease of interest is highly and/or
unlikely based on the primary clinical team assessment. This approach may need to be taken to conserve 
study staff time and resources depending upon local epidemiologic circumstances, e.g. very high 
incidence and subject accrual.

14.0  

Risks and Benefits



14.1  
Risks of Harm:

Identify all research-related risks of harm to which the subject will be exposed for each research 
procedure or intervention as a result of participation in this study.  Consider the risks of breach of 
confidentiality, psychological, legal, social, and economic risks as well as physical risks.  Do not describe 
risks from standard care procedures; only describe risks from procedures done for research purposes

Risks associated with obtaining specimens:

Obtaining specimens could be associated with discomfort from a needle stick, swab, or other 
procedure, and occasionally associated with bleeding, bruising, local or systemic infection.  

Genetic testing may reveal sensitive information that subjects may not want disclosed, and may 
cause some emotional distress for the participant.

Risks associated with privacy:

Despite meticulous precautions, breaches of confidential information (including genetic 
information) do occasionally occur, although the chances of such a breach are unlikely.

Expected Adverse Events from Research Risks and Reporting

a. Rare (Event Rate < 1%)
Secondary infection and syncope from vasovagal reactions occur from blood collection in rare cases. 
Risks of nasopharyngeal swab, rectal swab, cheek swab could include bleeding or mucous membrane 
irritation.

 
b. Less Likely (1% ≤ Event Rate < 5%)

No known risks
 
c. Likely (5% ≤ Event Rate < 10%)

Bruising and bleeding may occur as a result of blood collection procedures.
 
d. More likely (Event Rate ≥10%)

No known risks

14.2  
Measures to Minimize Risks of Harm (Precautions, safeguards):

For each research procedure or intervention, describe all measures to minimize and/or eliminate risk of 
harms to subjects and study personnel

Participation in this protocol will impose minimal risks to the participant. As feasible, the study team will 
coordinate the collection of research purpose blood draws during timing of blood collection for clinical 
care to minimize discomfort to the patient. Blood volume collection per visit will be approximately 25 mL 
total. Total blood volumes collected over the 12 month duration of study will not exceed limitations for 
adults and children outlined in the CFR §46.110: Expedited review procedures for certain kinds of 
research involving no more than minimal risk, and for minor changes in approved research. Blood draw 
volumes will be reduced for pediatric subjects, small adults, and pregnant women in accordance with 
minimal risk and safety guidelines, and as needed per guidance from the primary care provider 
overseeing care of enrolled patients.
 
Staff safety in sample collection and handling is a concern that will be closely monitored by the Infection 
Control staff at the facility. Risk to staff is mitigated by minimizing an additional phlebotomy beyond that 
being done for clinical care. Specimen collection should be harmonized with the clinician’s requirements, 
and missed samples will not be re-drawn.
 
Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not 
related to a described harm (adverse event) to study subject, rather a potential harm (such as loss of 
accountability of PII/PHI) or risks to others including medical staff. Specifically in this study is a concern 
that collection of infection fluids may cause harm to study personnel. Collection of samples for this study 



must only be conducted by individuals trained and authorized to collect and handle serious biohazardous 
specimens wearing proper personal protective equipment (PPE). PPE training will be conducted and 
documented for all personnel who may interact directly with patients and/or samples in order to mitigate 
any UPIRTSO related to accidental exposure of study staff and other individuals in the facility. 

14.3  
Confidentiality Protections (for research records, data and/or specimens):

Describe in detail the plan to maintain confidentiality of the research data, specimens, and records 
throughout the study and at its conclusion (e.g., destruction, long term storage, or banking). Explain the 
plan for securing the data (e.g., use of passwords, encryption, secure servers, firewalls, and other 
appropriate methods). If data will be shared electronically with other team members/collaborators 
outside the institution, describe the method of transmission and safeguards to maintain confidentiality. 
Explain whether this study may collect information that State or Federal law requires to be reported to 
other officials or ethically requires action, e.g., child or spouse abuse

A certificate of confidentiality will not be used in this protocol.
 
The only electronic links established between the participant name, SSN, and the Study ID number will 
be in the data management system managed by DCC and on a tracking spreadsheet used for scheduling 
purposes, which will both require a password to access and will only be accessed by authorized study 
personnel. During the study, source documents will be held in a secured cabinet with restricted access. 
Team members with access to the documents are counseled on the importance of confidentiality of 
participant medical records. All staff involved in this study have completed the required human subjects 
protection and ethics training. In all electronic records for data analysis, the participant is not referenced 
by name, but only Study ID number. This method is designed to protect the privacy of study participant 
medical information. All CRFs will be held at the individual study sites in the research spaces in secured 
cabinets with restricted access.
 
The only hard copy link between participant identifiers and Study ID will be on the Registry Form and 
Contact Information Form. This will be kept in a secure location separate from source document 
files.  Any copies faxed to DCC personnel acting as a backup Registrar will be shredded after registration 
is complete.
 
In order to determine whether an individual has been enrolled previously at another study site, study 
staff at all active sites will have the ability to query DCC’s data management system to locate an 
individual. The data management system is secure and can only be accessed via authorized individuals 
using a password.
 
What precautions will you take to protect the confidentiality of research source documents (Case Report 
Forms, questionnaires, etc.), the research data file, and the master code (if any)?
 
The only hard copy link established between the participant’s name, SSN, and the study code number 
will be held in a secured cabinet with access restricted to research team members with a need to use the 
Registry Form or Contact Information Form. Team members with access to CRFs are counseled on the 
importance of confidentiality of participant medical records. In all electronic records for data analysis, the 
participant is not referenced by name, but only study code number.
 
The only electronic link will be stored on a secure password protected server. The file is only accessible 
directly to the DCC data custodian. The designated CRC at each site and two backups at DCC will also 
have access via DCC’s data management system.
 
Will research data including Identifiable Protected Health Information be sent outside of Department of 
Defense facilities?
 
The study team may share coded data with collaborators at non-DoD facilities, and may work with 
participating MTFs to assist with appropriate public health data reporting requirements.

14.4  
Potential Benefits:



Describe any real and potential benefits of the research to the subject and any potential benefits to a 
specific community or society

If the individuals in the research are considered experimental subjects (per 10 USC 980), and they 
cannot provide their own consent, the protocol must describe the intent to directly benefit all subjects

This is an observational study that does not test interventions that would offer direct benefit to study 
volunteers.
 
Study volunteers may indirectly benefit from enhanced clinical testing, physical examination, 
radiographic studies, and longitudinal follow up, or improved access to related trials of therapeutics.
 

14.5  
Privacy for Subjects:

Describe the measures to protect subject’s privacy during recruitment, the consent process, and all 
research activities, etc.

When possible, all means necessary will be taken to ensure participant privacy. This may entail 
conducting study procedures in a private area and keeping study documents coded. Non-coded study 
documents will be kept in a locked drawer and/or locked file in a locked room. Subjects will disclose 
information at their consent, if subjects choose not to disclose information, the study team will respect 
subject privacy and not inquire further. 
 
 

14.6  
Incidental or Unexpected Findings:

Describe the plan to address incidental findings and unexpected findings about individuals from 
screening to the end of the subject’s participation in the research. In cases where the subject could 
possibly benefit medically or otherwise from the information, state whether or not the results of 
screening, research participation, research tests, etc., will be shared with subjects or their primary care 
provider. State whether the researcher is obligated or mandated to report results to appropriate military 
or civilian authorities and explain the potential impact on the subject

The study team will share relevant findings from research labs/imaging with the patient’s healthcare 
provider(s).
 
Aspects of this study may include epidemiologic reporting to AFHSB and public health authorities at the 
respective services, state and local health departments, and CDC. That data transfer is not subject to 
Data Use Agreement or HIPAA requirements.

15.0  

Study Monitoring

15.1  Data Monitoring Plan:

Describe the plan to monitor the data to verify that data are collected and analyzed as specified in the 
protocol. Include who will conduct the monitoring, what will be monitored and the frequency of 
monitoring

The supervising principal investigator, or designated associate investigator, will be responsible for regular 
maintenance and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care 
providers and research team members given specific tasks to perform. The files are kept in a secured 
location in each study site. Some participant-completed forms such as questionnaires may be completed 



1.  
2.  
3.  
4.  
5.  
6.  
7.  

through the web-based program. These will be transmitted directly into the study database. Research 
labs will transmit their testing data to the DCC using standard procedures for data handling and 
transmission.
 
During the study, the investigator will review study data from their site, including medical records, 
records detailing the progress of the study for each volunteer, laboratory reports, CRFs, signed ICD and 
authorization forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports 
and information regarding volunteer discontinuation of the study. All required study data will be clearly 
and accurately recorded on source documents or CRFs by either the participant themselves 
(questionnaires) or authorized study personnel. Only designated study personnel shall record or change 
data on a CRF. The data system includes password protection and internal quality checks, such as 
automatic range checks, to identify data that appear inconsistent, incomplete, or inaccurate. During the 
study, the investigator will be responsible for the procurement of data and for quality of data recorded on 
the CRFs. Original observations entered directly onto the CRFs are defined as source data. A Quality 
Management Plan (QMP) will be used for this study. The QMP will include a QC subject data review 
checklist, a QC Subject data review checklist, as well as automatic queries from the electronic database 
based on expected parameters for data entry, noting possible inconsistencies or omissions. The QC 
subject data review checklist will be completed at each site on 100% of subject’s study files. This will be 
completed by another member of the study team who did not complete the original source document or 
CRF. A QA subject data review checklist will also be used on a small subset of study records at each site 
to ensure that quality management processes are being conducted appropriately for the study. QA 
review will be conducted by an individual on the study who is not involved in the day-to-day activities of 
the study.
 
Responsibilities of the Data Coordination Center (DCC)

Provides review of protocol, CRFs, data security plan and data management SOPs
Complies with protocol, SOPs, and all federal and local regulations and policies
Develops clinical database
Entry and quality control of CRF based study data
Receipt and management of specimen tracking and laboratory data
Provides study database to IDCRP Program Coordination Center (PCC)
Locks final study database

15.2  Safety Monitoring Plan:

Describe the plan to monitor the data to ensure the safety of subjects

Participation in this protocol will impose minimal risks to the participant. Staff safety in sample collection 
and handling is a concern that will be closely monitored by the Infection Control staff at the facility. Risk 
to staff is mitigated by minimizing an additional phlebotomy beyond that being done for clinical care. 
Specimen collection must be harmonized with the clinician’s requirements, and missed samples will not 
be re-drawn. Proper safety training, following hospital Infection Control requirements, of study team 
members who come in contact with study participants will be implemented to mitigate disease 
transmission risk.
 
Termination of study participation will take place through 1) an expressed desire by the volunteer to 
terminate participation, 2) a determination by the on-site physician that the volunteer risks his/her 
health by further participation in the study, or 3) in the interest of the military mission.

15.3  Does your study require independent data and safety monitoring?

  Yes     No

16.0  

Reportable Events

16.1  Reportable Events:

Consult with the research office at your institution to ensure requirements are met



• Describe plans for reporting expected adverse events. Identify what the expected adverse events will 
be for this study, describe the likelihood (frequency, severity, reversibility, short term management and 
any long term implications of each expected event)
• Describe plans for reporting unexpected adverse events and unanticipated problems. Address how 
unexpected adverse events will be identified, who will report, how often adverse events and 
unanticipated problems will be reviewed to determine if any changes to the research protocol or consent 
form are needed and the scale that will be used to grade the severity of the adverse event

Reporting Protocol Deviations

The PI or designee will be responsible for identifying and reporting all deviations, which are defined as isolated 

occurrences involving a procedure that did not follow the study protocol or study-specific procedure. 

Investigators will report protocol deviations to the USU IRB within 2 business days that:

relate to participant safety

relate to the informed consent process

are any other protocol deviations which, in the opinion of the PI, should be promptly reported to the IRB.

A log of all deviations will be reported annually in the continuing review report to the IRB and in the Final Study 

Report.

Reportable events will also be submitted to reporting site's regulatory authorities as required.

Reporting Adverse Events and Serious Adverse Events

In this observational, no-greater-than-minimal risk study, the reporting of adverse events is limited to an 
analysis at the time of annual reporting. Prompt reporting is required for any related serious adverse 
event or unanticipated problems involving risk to subject or others (UPIRTSO).

An adverse event is defined as any untoward or unfavorable medical occurrence in a human subject, including 

any abnormal sign (e.g., abnormal physical exam or laboratory finding), symptom, or disease, temporally 

associated with the subject’s participation in the research, whether or not considered related to the research.

AEs that meet all of the following criteria will be recorded by the study team and reported to the IRB at the 

annual Continuing Review:

related to study proceduresAt least possibly 

Unexpected (i.e. not included in the list of known risks in section 14)

Moderate or greater severity

Additional AEs may be reported if the determined by the study site investigator to be of sufficient significance 

to require reporting to the IRB.

AEs are recorded and inspected by the supervising physician investigator to determine severity and 

relatedness to participation (definite, probable, possible, or unlikely). The physician investigator is responsible 

for directly managing or coordinating management of adverse events.

Reporting unanticipated problems involving risk to subjects or others

Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not related to a 

described harm (adverse event) to study subject, rather a potential harm (such as loss of accountability of PII

/PHI) or risks to others including medical staff. Specifically in this study is a concern that collection of infection 

fluids may cause harm to study personnel. Collection of samples for this study must only be conducted by 

individuals trained and authorized to collect and handle serious biohazardous specimens wearing proper 

personal protective equipment. Any sample collection for research purposes (as compared to clinical care) that 

results in an exposure to clinical staff is considered a UPIRTSO.

All UPIRTSOs will be collected and reported to the IRB within 24 hours of the PI recognition of the problem.

17.0  

Equipment/non-FDA Regulated Devices



1.  

17.1  Does the study involve the use of any unique non-medical devices/equipment?

  Yes     No

18.0  

FDA-Regulated Products

18.1  Will any drugs , dietary supplements, biologics, or devices be utilized in this study?

Drugs

Dietary Supplements

Biologics

Devices

N/A

18.5  Sponsor (organization/institution/company):

N/A

If applicable, provide sponsor contact information:

Infectious Diseases Clinical Research Program
Department of Preventive Medicine and Biometrics
Uniformed Services University of the Health Sciences
11300 Rockville Pike, Suite 1211
Rockville, MD 20852

19.0  

Research Registration Requirements

19.1  ClinicalTrials.gov Registration:

Registration is not required 

Registration pending 

Registration complete 

19.2  Defense Technical Information Center Registration (Optional):

Registration is not required 

Registration pending 

Registration complete 
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INFORMED CONSENT DOCUMENT FOR AN OBSERVATIONAL COVID-19 RESEARCH STUDY: 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases 

with Pandemic Potential (EPICC) 

Thank you for your interest in learning more about this study. Please read the following information to ensure that 
you would like to participate. The Department of Defense has sponsored this research study, led by the Infectious 
Disease Clinical Research Program at the Uniformed Services University of the Health Sciences (the military's 
medical school), to better understand risks and illness caused by the novel Coronavirus disease (COVID-19).The 
COVID-19 pandemic is a global public health emergency. We are asking you to consider volunteering for this 
research study because you may have COVID-19 and/or qualify for COVID-19 testing according to the Centers for 
Disease Control and Prevention (CDC) guidelines. We are asking you to complete questionnaires about your health 
history, possible exposures, symptoms and health care visits, and keep a two week daily diary of your symptoms. 
We also are asking to collect nose, mouth, rectum, and blood samples, as well as ultrasounds of your lungs, heart 
and veins. From your medical care, we would like to use any leftover samples, and review your medical records in 
the military health system now and in the future for information related to COVID-19 risks, treatments, and health 
outcomes. 

Who can participate? 
This study is available to DoD beneficiaries (active duty and non-active duty) of all ages who have confirmed 
COVID-19 or who meet current CDC criteria for testing for the virus that causes COVID-19. If you are unable to 
actively participate in this informed consent process, your legally authorized representative (LAR) may do that on 
your behalf. If your LAR consents on your behalf and you later become capable of consent, you will be asked to 
give your informed consent once you are able to do so. 

KEY INFORMATION 
• This is an observational study meaning we will look at your medical records and collect data and samples from

you but we will not give you any medicine or treatment. Questions about your treatment should be directed to
your doctor.

• Volunteering for this study does not limit your ability to participate in another study of an experimental drug or
vaccine. That decision would be made in discussion with your doctor and the other study’s investigators and is
separate from this study. We may collect additional blood to assess the new treatment’s effects.

• Your participation is voluntary, your decision will not affect your care or any other benefits to which you are
entitled. Your alternative to volunteering is to not participate.

• Your participation will last about 1 year.
• You may end your participation at any time without any consequences.
• There is no cost for participating.
• All information and samples you provide will be handled securely and in confidence. Only those involved in

conducting this study will know you are enrolled.
• The information collected about you is for research purposes only. This information will not be used to guide

your medical care.
• Leftover samples from tests your doctor orders will be stored and may be shared for future analyses related to

COVID-19 or other infections
• You may not personally benefit from this study. The information gained from this study may not be available

in time to affect your care. The information we learn may help in caring for other future patients with COVID-
19 or similar pandemics.

• Potential risks in participating include the following:
o Blood draws can cause a risk of pain, bruising, bleeding, and (rarely) fainting or infection.
o Nose, mouth, and rectal swabs may cause discomfort but are generally well tolerated.
o There may also be unforeseen risks associated with this study.

• If you are pregnant, there are no additional known risks to you or your fetus.

(USUHS) IRB 1
IRB NUMBER: 409136 (IDCRP-085)
IRB APPROVAL DATE: 07/28/2020
IRB EXPIRATION DATE: 07/25/2021
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• Once your identifying information has been removed from the collected data and specimens, additional consent 
will not be sought for future studies. This also applies if you withdraw from the study. 

What is involved in the study? 
During your hospitalization: 
 We will review your medical records to collect information related to your health. 
 Blood samples for research will be collected (~5 teaspoons each time from your vein) and/or you will be asked 

to collect a small blood sample (a few drops from your finger), using a specially designed device similar to 
blood glucose monitoring used by diabetic people. 

 Nose, mouth and rectum samples will be collected using a swab or other simple collection method to identify 
and count the virus. You may also be asked to collect some samples yourself with our help. The type of sample 
may change during your participation in the study as we learn more about the virus. 

 We may do an ultrasound to look at your lungs, heart, and veins. 
 You will start a daily online symptom diary called Flu-PRO for 14 days. 
 We will ask you to complete a small questionnaire about your medical history, illness, and vaccine history. 

Samples will be collected following the below schedule as feasible, however it is possible that not all samples will 
be collected. 

Procedure / Assessment Day 0 
(today) 

Days 
3 and 7 

If hospitalized longer than 7 
days: samples obtained 
weekly until discharge 

Nose, mouth, and rectal samples ✓ ✓ ✓ 
Blood collection for research ✓ ✓ ✓ 
Ultrasound of your lungs, heart and veins * ✓ ✓  
Flu-PRO Symptom Diary (14 days)** ✓ ✓ ✓ 
Online Questionnaire ✓   
*  May be performed on or around hospital days 0 (admission), 1, and 3, based on availability. 
** Does not all have to be completed while hospitalized. 

Follow-Up Visits: 

In 1 Week  
(If you’ve left 
the hospital) 

• Continue the Flu-PRO online daily symptom diary (14-days total). 
• Blood collection – we will draw blood from your vein (about 25 mL or 5 teaspoons) and/or 

you will be asked to collect a small blood sample (a few drops from your finger), using a 
specially designed device similar to blood glucose monitoring used by diabetic people.  

• If you are at home, we will provide you with the materials and instructions to collect your 
own samples, including pre-paid mailing materials to return your samples. 

In 2 Weeks 
(If you’ve left 
the hospital) 

• Finish the Flu-PRO online daily symptom diary (14-day total). 
• To check for active virus, we will collect samples from your nose and/or mouth using a swab 

or other simple collection method. This method may change during your participation in the 
study as we learn more about the virus.  

• Blood collection (same as above - either at home or in clinic). 

In 1 Month 

• Complete an online questionnaire that takes about 10 minutes. We will send you an email 
reminder with the web link as it gets closer to the time. 

• Blood collection (same as above - either at home or in clinic). 
• If you return to the clinic for this visit, we will ask to collect a follow-up rectal swab sample 

to check for presence of the virus. 

In 6 Months The following procedures happen at each time point (6 and 12 months): 
• Complete an online questionnaire that takes about 10 minutes. We will send you an email 

reminder with the web link as it gets closer to the time. 
• Blood collection (same as above - either at home or in clinic). In 12 Months 

(USUHS) IRB 1
IRB NUMBER: 409136 (IDCRP-085)
IRB APPROVAL DATE: 07/28/2020
IRB EXPIRATION DATE: 07/25/2021
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Additional information 

• You can choose not to provide blood samples or swabs and still participate in the study. 
• The total amount of blood collected for research while hospitalized or during a return visit at the hospital at one 

sitting will be about 25 mL (5 teaspoons). The total number of required blood samples depends on the duration 
of your illness. During the 12 months that you participate in the study, no more than 550 mL (2⅓ cups) total of 
blood will be collected. For comparison, a typical blood drive donation is 470 mL (about 2 cups) in one day. 
To minimize discomfort to you, we will try to coordinate with your healthcare providers so that the collection 
of research blood samples happens at the same time as your standard blood draws. 

• Based on your answers to the questionnaires, we may contact you to discuss your health if you have particular 
symptoms or any new illness that may be related to COVID-19. 

• Throughout your participation in the study, we will collect leftover samples from tests your doctors order such 
as blood, swabs, urine, etc. We will collect these samples dating back to the time you became ill. We will study 
these materials for COVID-19 and related illnesses. You do not have to do anything additional for this. 

• The US military regularly stores service members blood samples obtained for medical surveillance in the DoD 
Serum Repository. If you are Active Duty or former military (since the 1990s) we plan to obtain stored blood 
specimens prior to and after your COVID-19 illness. You do not have to do anything additional for this. 

• If you are pregnant or become pregnant during the study participation period, we will follow up with you until 
your baby is born. We may collect a sample of umbilical cord blood at the time of birth, review your baby’s 
medical records, and ask you questions about your baby’s health. There are no additional known risks to you 
or your fetus for participating in the study. 

Genetic Information 
The study is focusing on risks related to COVID-19 including your genetic results as part of the analysis. The risks 
of studying your unique genetic code may be the identification of risk for developing certain diseases. We will not 
be studying general issues related to your genetic results because our research is focused on COVID-19 and related 
illnesses. We will not provide you with your genetic results or release any information regarding your results 
connected to your personal identification. 
Please let us know your decision by signing your initials: 

______ Yes, I give permission to use my genetic information for COVID-19-related research 

______ No, I DO NOT give permission to use my genetic information for COVID-19 research 

Compensation: 
You will receive payment (compensation) in the form of gift cards as follows for completion of the following study 
procedures: 

• Completion of each online questionnaire: $10 (if completed off-duty for service members) 
• Completion of 14-day Flu-PRO Symptom Diary: $10 (if completed off-duty for service members) 
• Completion of each at-home self-collected sample: $10 (if completed off-duty for service members) 
• Blood draws at hospital/clinic after you leave the hospital: $50 per blood draw 

Under 24 USC 30, payment to Federal Employees and Active Duty military personnel for participation in research 
while on duty is limited to blood donation. Military members may not receive any payment or non-monetary 
compensation for participation in a research study unless they are off duty or on leave during the time they are 
participating in the protocol. There are no restrictions on payment while off-duty. 

HIPAA: AUTHORIZATION TO USE AND/OR DISCLOSE PROTECTED HEALTH INFORMATION 
FOR RESEARCH 
PI Name and Rank: Brian Agan, MD, DrPH 
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Corps and Service/Organization: Infectious Disease Clinical Research Program, Uniformed Services University 
of the Health Sciences 
Title of Research Study: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious 
Diseases with Pandemic Potential 
 
Purpose of this Document: 
An Authorization is your signed permission to use or disclose your health information. The Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule, as implemented by the Department of Defense (DoD), 
permits the Military Health System (MHS) to use or disclose your health information with a valid Authorization. 
The MHS is defined as all DoD health plans and DoD health care providers that are organized under the 
management authority of, or in the case of covered individual providers, assigned to or employed by, the Defense 
Health Agency (DHA), the Army, the Navy, or the Air Force. A valid Authorization must include the core elements 
and required statements as contained in this document. 
Please read the information below and ask questions about anything you do not understand before deciding 
to give permission for the use and disclosure of your health information. 
The Health Insurance Portability & Accountability Act of 1996, Public Law 104-109 (also known as HIPAA), 
establishes privacy standards to protect your health information. This law requires the researchers to obtain your 
authorization (by signing this form) before they use or disclose your protected health information for research 
purposes in the study discussed in this form. Note: Protected health information of military service members may 
be used or disclosed for activities deemed necessary by appropriate military command authorities to ensure the 
proper execution of the military mission. 
By signing this authorization, you give your permission for information gained from your participation in this 
study to be published in medical literature, discussed for educational purposes, and used generally to further 
medical science. You will not be personally identified; all information will be presented as anonymous data. 

A. What health information will be used or disclosed about you?  
• Names 
• Address 
• Date of birth 
• Ages over 89 (can be grouped as age 90 or older) 
• DoD identification number 
• Health information 

• Health plan beneficiary numbers 
• Phone numbers 
• Fax numbers 
• E-mail addresses 
• Social security numbers 
• Medical record numbers 

 

B. Who will be authorized to use or disclose (release) your health information? 
MTFs who have treated you over the past ten years 

C. Who may receive your health information? 
 
• The Institutional Review Board (USU IRB) 
• Infectious Disease Clinical Research Program 

(IDCRP) 
• Military Treatment Facilities who have treated you 

or Department of Defense representatives 
• Henry M. Jackson Foundation and their 

representatives 
• Neoteryx and their representatives 

• Local, State and Federal Government 
representatives, when required by law 

• Defense Health Agency (DHA) 
• Food and Drug Administration (FDA) 
• Centers for Disease Control and Prevention (CDC) 
• National Institute of Allergy and Infectious Disease 

(NIAID) and their representatives 

 
The researchers and those listed above agree to protect your health information by using and disclosing it only as 
permitted by you in this Authorization and as directed by state and federal law. 
You need to be aware that some parties receiving your protected health information may not have the same 
obligations to protect your protected health information and may re-disclose your protected health information to 
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parties not named here. If your protected health information is re-disclosed, it may no longer be protected by state 
or federal privacy laws. This authorization does not expire. 

D. What if you decide not to sign this Authorization? 
You do not have to sign this Authorization. If you decide not to sign the Authorization it will not affect your 
treatment, payment or enrollment in any health plans or affect your benefit eligibility. You will not be allowed to 
participate in this research study because your health information is required in order for you to take part in this 
study. The MHS will not condition (withhold or refuse) treatment that is not part of this study, payment, enrollment, 
or eligibility for benefits on whether you sign this Authorization. 

E. Is your health information requested for future research studies? 
Yes, your health information is requested for future research studies as specified below: Your health information 
will not be used for future research studies unless you give your permission by initialing your choice below: 

____  YES, I give permission to use my health information for future research studies 

____  NO, I do not give permission to use my health information for future research studies 

F. Can you access your health information during the study? 
You may have access to your health information at any time, unless your identifiers are permanently removed from 
the data. 

G. Can you revoke this Authorization? 
You may change your mind and revoke (take back) your Authorization at any time. However, if you revoke this 
Authorization, any person listed above may still use or disclose any already obtained health information as 
necessary to maintain the integrity or reliability of this research. 
• If you revoke this Authorization, you may no longer be allowed to participate in this research study. 
• If you want to revoke your Authorization, you must write to the Study Doctor. 

H. Does this Authorization expire? 
No, it does not expire 

I. What else may you want to consider? 
• No publication or public presentation about the research described above will reveal your identity without 
another signed Authorization from you. 
• If all information that does or can identify you is removed from your health information, the remaining de-
identified information will no longer be subject to this Authorization and may be used or disclosed for other 
purposes. 
• In the event your health information is disclosed to an organization that is not covered by HIPAA, the privacy 
of your health information cannot be guaranteed. 

If you have not already received a copy of the brochure entitled “Military Health System Notice of Privacy 
Practices,” you may request one. DD Form 2005, Privacy Act Statement - Military Health Records (located on 
your medical records jacket), contains the Privacy Act Statement for the records. If you have any questions or 
concerns about your privacy rights, you should contact the Uniformed Services University of the Health Sciences 
(USU) Human Research Protections Program at 301-295-9534. 

Who can answer my questions? 
Any questions about this research study or if you believe you have received a research-related injury, you may 
contact the lead for the study at your hospital or the study Principal Investigator. 
PRINCIPAL INVESTIGATOR: Overall director of this research study is Dr. Brian Agan at the Infectious Disease 
Clinical Research Program, Uniformed Services University of the Health Sciences (a DoD institution). 
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Questions? Call Dr. Agan at 1-833-475-0881 or contact at this address: Uniformed Services University of the 
Health Sciences (USU), Department of Preventive Medicine and Biostatistics, 4301 Jones Bridge Road, Bethesda, 
MD 20814-5119 
 
LOCAL PRINCIPAL INVESTIGATOR (Study Doctor): – [Sites will fill in] 
 
The USU Institutional Review Board is the research ethics committee responsible for safeguarding your rights as 
a research participant. If you have any questions about your rights as a research participant or any other concerns 
that cannot be addressed by the Study Doctor, you can contact the Director of the Human Research Protections 
Program at (301) 295-9534.  
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SIGNATURE PAGE: 
Your signature is voluntary consent to participate in this study. Your signature also acknowledges that you 
authorize personnel to use and disclose your Protected Health Information (PHI) collected about you for research 
purposes as described above. A copy of this form will be offered to you. 

        
Printed Name of Participant 
 
             
Participant Signature       Today’s Date 

        
Printed Name of Study Representative 
 
             
Study Representative Signature      Today’s Date 

 

Verbal/physical limitation section: use the section below only if applicable. 

The participant, ______________________________________________ (name), has verbally consented to 
participate in the study as described and also authorizes the use and disclosure of his/her health information as 
described. The participant is coherent and in the opinion of the advising research staff, the participant has 
understood the nature and consequences of participation in the study, but the participant is physically disabled or 
in isolation and is unable to sign the informed consent document. 

The consent and authorization information were accurately explained. The participant was given the opportunity 
to ask questions. All questions were answered before giving verbal consent. The participant apparently understood 
the information. The informed consent and authorization were given freely by the participant.  

        
Printed Name of Witness 
 
             
Witness Signature       Today’s Date  
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Complete LAR section only if applicable. If the LAR has a copy of the power of attorney or court appointment, 
attach it to this consent document. 

              
Printed Name of Legally Authorized Representative (LAR)  Relationship to Participant 
 
             
LAR Signature        Today’s Date 
 
        
Printed Name of Witness (if applicable) 
 
             
Witness Signature (if applicable)     Today’s Date 

 
Consent of participant who regains ability to consent on their own behalf for continued participation. 
I understand the nature and consequences of my participation in this study. The consent and authorization 
information were accurately explained. I have been given the opportunity to ask questions and my questions have 
been answered. 

_____ I agree to continue in this research. 

_____ I do not agree to continue in this research. 

        
Printed Name of Participant 
 
             
Participant Signature       Today’s Date 
 
        
Printed Name of Study Representative 
 
             
Study Representative Signature      Today’s Date 
 
        
Printed Name of Witness (if applicable) 
 
             
Witness Signature (if applicable)     Today’s Date 
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INFORMED CONSENT DOCUMENT FOR AN OBSERVATIONAL COVID-19 RESEARCH STUDY: 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases 

with Pandemic Potential (EPICC) 

Thank you for your interest in learning more about this study. Please read the following information to ensure that 
you would like to participate. The Department of Defense has sponsored this research study, led by the Infectious 
Disease Clinical Research Program at the Uniformed Services University of the Health Sciences (the military's 
medical school), to better understand risks and illness caused by the novel Coronavirus disease (COVID-19). 

The COVID-19 pandemic is a global public health emergency. We are asking you to consider volunteering for this 
research study because you may have COVID-19 and/or qualify for COVID-19 testing according to the Centers 
for Disease Control and Prevention (CDC) guidelines. If you agree to participate, we will ask you to complete 
online questionnaires about your health history, possible exposures, symptoms, and health care visits. We will 
collect swabs from your nose and/or mouth to check for the virus, and draw blood to see how your body reacts to 
the infection. In the future we will ask you to return for more visits and/or collect some samples at home such as a 
nose and/or mouth swab and a few drops of blood from your fingertip, using a simple kit that you mail in. Your 
medical records in the military health system will be reviewed now and in the future for information related to 
COVID-19 risks, treatments, and health outcomes. 

Who can participate? 
This study is available to DoD beneficiaries (active duty and non-active duty) of all ages who have confirmed 
COVID-19 or who meet current Centers for Disease Control and Prevention (CDC) criteria for testing for the virus 
that causes COVID-19. 

KEY INFORMATION 
• This is an observational study, meaning we will look at your medical records and collect data and samples

from you but we will not give you any medicine or treatment. Questions about your treatment should be
directed to your doctor.

• Volunteering for this study does not limit your ability to participate in another study of an experimental drug
or vaccine. That decision would be made in discussion with your doctor and the other study’s investigators
and is separate from this study. We may collect additional blood to assess the new treatment’s effects.

• Your participation is voluntary, your decision will not affect your care or any other benefits to which you are
entitled. Your alternative to volunteering is to not participate.

• Your participation will last about 1 year.
• You may end your participation at any time without any consequences.
• There is no cost for participating.
• All information and samples you provide will be handled securely and in confidence. Only those involved in

conducting this study will know you are enrolled.
• The information collected about you is for research purposes only. This information will not be used to guide

your medical care.
• Leftover samples from tests your doctor orders will be stored and may be shared for future analyses related

to COVID-19 or other infections.
• You may not personally benefit from this study. The information gained from this study may not be available

in time to affect your care. The information we learn may help in caring for future patients with COVID-19
or similar pandemics.

• Potential risks in participating include the following:
o Blood draws can cause a risk of pain, bruising, bleeding, and (rarely) fainting or infection.
o Nose and mouth swabs may cause discomfort but are generally well tolerated.
o There may also be unforeseen risks associated with this study.

• If you are pregnant, there are no additional known risks to you or your fetus.
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• Once your identifying information has been removed from the collected data and specimens, additional 
consent will not be required for future studies. This also applies if you withdraw from the study. 

What is involved in the study? 
The following schedule describes the research study procedures and when they occur.  

Today 

• You will be given a link to a questionnaire to complete online (takes about 20 minutes). 
• Blood collection – we will draw blood from your vein (about 25 mL or 5 teaspoons) and/or you 

will be asked to collect a small blood sample (a few drops from your finger), using a specially 
designed device similar to blood glucose monitoring used by diabetic people.  

• We will collect samples from your nose and/or mouth using a swab or other simple collection 
method. You may also be asked to collect some samples yourself with our help. The type of 
sample may change during your participation in the study as we learn more about the virus. 

• If you are at home, we will provide you with the materials and instructions to collect your own 
samples, including pre-paid mailing materials to return your samples. 

• You will start an online daily symptom diary called Flu-PRO. 

In 1 Week • Blood collection (same as above - either at home or in clinic). 
• Continue to complete the Flu-PRO online daily symptom diary. 

In 2 Weeks 
• Finish the Flu-PRO online daily symptom diary (14 days total). 
• Nose and/or mouth sample (same as above, either at home or in clinic). 
• Blood collection (same as above - either at home or in clinic).  

In 1 Month The following procedures happen at each of the time points (1, 6, and 12 months): 
• Blood collection (same as above - either at home or in clinic). 
• Online questionnaire (takes about 10 minutes). 

In 6 Months 
In 12 Months 
 
Additional information 
• Blood collection: During the 12 months that you participate in the study, approximately 180 mL (less than a 

cup) total of blood will be collected. For comparison, a typical blood drive donation is 470 mL (about 2 cups) 
in one day. 

• You can choose to not provide samples and still participate in the study. 
• If you are admitted to the hospital for COVID-19 symptoms, we may ask to collect additional samples. 
• Based on your answers to the questionnaires, we may contact you to discuss your health if you have particular 

symptoms or new illness that may be related to COVID-19. 
• Throughout your participation in the study, we will collect leftover samples from tests your doctors order such 

as blood, swabs, urine, etc. We will collect these samples dating back to the time you became ill.  We will study 
these materials for COVID-19 and related illnesses. You do not have to do anything additional for this. 

• The US military regularly stores service members blood samples obtained for medical surveillance in the DoD 
Serum Repository. If you are Active Duty or former military (since the 1990s) we plan to obtain stored blood 
specimens prior to and after your COVID-19 illness. You do not have to do anything additional for this. 

• If you are pregnant or become pregnant during the study participation period, we will follow up with you until 
your baby is born. We may collect a sample of umbilical cord blood at the time of birth, review your baby’s 
medical records, and ask you questions about your baby’s health. 

Genetic Information 
The study is focusing on understanding risks related to COVID-19 including how genetic factors impact COVID-
19. The risks of studying your unique genetic code may be the identification of risk for developing certain diseases. 
We will not be studying general issues related to your genetic results because our research is focused on COVID-
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19 and related illnesses. We will not provide you with your genetic results or release any information regarding 
your results connected to your personal identification. 
Please let us know your decision by signing your initials: 
 Yes, I give permission to use my genetic information for COVID-19-related research 
 
  No, I DO NOT give permission to use my genetic information for COVID-19 research 

Compensation: 
You will receive payment (compensation) in the form of gift cards as follows for completion of the following study 
procedures: 
• Completion of each online questionnaire: $10 (if completed off duty for servicemembers) 
• Completion of 14-day Flu-PRO Symptom Diary: $10 (if completed off-duty for service members) 
• Completion of each at-home self-collected sample: $10 (if completed off-duty for service members) 
• Blood draws at hospital/clinic: $50 per blood draw 

Under 24 USC 30, payment to Federal Employees and Active Duty military personnel for participation in research 
while on duty is limited to blood donation. Military personnel may not receive any payment or non-monetary 
compensation for participation in a research study unless they are off duty or on leave during the time they are 
participating in the protocol. There are no restrictions on payment while off-duty. 

HIPAA: AUTHORIZATION TO USE AND/OR DISCLOSE PROTECTED HEALTH INFORMATION 
FOR RESEARCH 
PI Name and Rank: Brian Agan, MD, DrPH 
Corps and Service/Organization: Infectious Disease Clinical Research Program, Uniformed Services University 
of the Health Sciences 
Title of Research Study: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious 
Diseases with Pandemic Potential 
 
Purpose of this Document: 
An Authorization is your signed permission to use or disclose your health information. The Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule, as implemented by the Department of Defense (DoD), 
permits the Military Health System (MHS) to use or disclose your health information with a valid Authorization. 
The MHS is defined as all DoD health plans and DoD health care providers that are organized under the 
management authority of, or in the case of covered individual providers, assigned to or employed by, the Defense 
Health Agency (DHA), the Army, the Navy, or the Air Force. A valid Authorization must include the core elements 
and required statements as contained in this document. 
Please read the information below and ask questions about anything you do not understand before deciding 
to give permission for the use and disclosure of your health information. 
The Health Insurance Portability & Accountability Act of 1996, Public Law 104-109 (also known as HIPAA), 
establishes privacy standards to protect your health information. This law requires the researchers to obtain your 
authorization (by signing this form) before they use or disclose your protected health information for research 
purposes in the study discussed in this form. Note: Protected health information of military service members may 
be used or disclosed for activities deemed necessary by appropriate military command authorities to ensure the 
proper execution of the military mission. 
By signing this authorization, you give your permission for information gained from your participation in this 
study to be published in medical literature, discussed for educational purposes, and used generally to further 
medical science. You will not be personally identified; all information will be presented as anonymous data. 

A. What health information will be used or disclosed about you? 
• Names 
• Address 
• Date of birth 

• Health plan beneficiary numbers 
• Phone numbers 
• Fax numbers 
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• Ages over 89 (can be grouped as age 90 or older) 
• DoD identification number 
• Health information 

• E-mail addresses 
• Social security numbers 
• Medical record numbers 

B. Who will be authorized to use or disclose (release) your health information? 
MTFs who have treated you over the past ten years 

C. Who may receive your health information? 
• The Institutional Review Board (USU IRB) 
• Infectious Disease Clinical Research Program 

(IDCRP) 
• Other Military Treatment Facilities or Department 

of Defense representatives 
• Henry M. Jackson Foundation and their 

representatives 
• Neoteryx and their representatives 

• Local, State and Federal Government 
representatives, when required by law 

• Defense Health Agency (DHA) 
• Food and Drug Administration (FDA) 
• Centers for Disease Control and Prevention (CDC) 
• National Institute of Allergy and Infectious Disease 

(NIAID) and their representatives 

 
The researchers and those listed above agree to protect your health information by using and disclosing it only as 
permitted by you in this Authorization and as directed by state and federal law. 
You need to be aware that some parties receiving your protected health information may not have the same 
obligations to protect your protected health information and may re-disclose your protected health information to 
parties not named here. If your protected health information is re-disclosed, it may no longer be protected by state 
or federal privacy laws. This authorization does not expire. 

D. What if you decide not to sign this Authorization? 
You do not have to sign this Authorization. If you decide not to sign the Authorization it will not affect your 
treatment, payment or enrollment in any health plans or affect your benefit eligibility. You will not be allowed to 
participate in this research study because your health information is required in order for you to take part in this 
study. The MHS will not condition (withhold or refuse) treatment that is not part of this study, payment, enrollment, 
or eligibility for benefits on whether you sign this Authorization. 

E. Is your health information requested for future research studies? 
Yes, your health information is requested for future research studies as specified below: Your health information 
will not be used for future research studies unless you give your permission by initialing your choice below: 

____  YES, I give permission to use my health information for future research studies 

____  NO, I do not give permission to use my health information for future research studies 

F. Can you access your health information during the study? 
You may have access to your health information at any time, unless your identifiers are permanently removed 
from the data. 

G. Can you revoke this Authorization? 
You may change your mind and revoke (take back) your Authorization at any time. However, if you revoke this 
Authorization, any person listed above may still use or disclose any already obtained health information as necessary 
to maintain the integrity or reliability of this research. 
• If you revoke this Authorization, you may no longer be allowed to participate in this research study. 
• If you want to revoke your Authorization, you must write to the Study Doctor. 

H. Does this Authorization expire? 
No, it does not expire 
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I. What else may you want to consider? 
• No publication or public presentation about the research described above will reveal your identity without 

another signed Authorization from you. 
• If all information that does or can identify you is removed from your health information, the remaining de-

identified information will no longer be subject to this Authorization and may be used or disclosed for other 
purposes. 

• In the event your health information is disclosed to an organization that is not covered by HIPAA, the privacy 
of your health information cannot be guaranteed.  

If you have not already received a copy of the brochure entitled “Military Health System Notice of Privacy 
Practices,” you may request one. DD Form 2005, Privacy Act Statement - Military Health Records (located on 
your medical records jacket), contains the Privacy Act Statement for the records. If you have any questions or 
concerns about your privacy rights, you should contact the Uniformed Services University of the Health Sciences 
(USU) Human Research Protections Program at 301-295-9534. 

Who can answer my questions? 
Any questions about this research study or if you believe you have received a research-related injury, you may 
contact the lead for the study at your hospital or the study Principal Investigator. 

PRINCIPAL INVESTIGATOR: Overall director of this research study is Dr. Brian Agan at the Infectious Disease 
Clinical Research Program, Uniformed Services University of the Health Sciences (a DoD institution). 
 
Questions? Call Dr. Agan at 1-833-475-0881 or contact at this address: Uniformed Services University of the Health 
Sciences (USU), Department of Preventive Medicine and Biostatistics, 4301 Jones Bridge Road, Bethesda, MD 
20814-5119 
 
LOCAL PRINCIPAL INVESTIGATOR (Study Doctor): – [Sites will fill in] 
 
The USU Institutional Review Board is the research ethics committee responsible for safeguarding your rights as 
a research participant. If you have any questions about your rights as a research participant or any other concerns 
that cannot be addressed by the Study Doctor, you can contact the Director of the Human Research Protections 
Program at (301) 295-9534.  
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SIGNATURE PAGE: 
Your signature is voluntary consent to participate in this study. Your signature also acknowledges that you authorize 
personnel to use and disclose your Protected Health Information (PHI) collected about you for research purposes 
as described above. provide your signature (in person or electronic). A copy of this form will be offered to you. 
purposes as described above. A copy of this form will be offered to you. 

 

        
Printed Name of Participant 
 
             
Participant Signature       Today’s Date 

 
        
Printed Name of Study Representative 
 
             
Study Representative Signature      Today’s Date 
 

Verbal/physical limitation section: use the section below only if applicable. 

The participant, ______________________________________________ (name), has verbally consented to 
participate in the study as described and also authorizes the use and disclosure of his/her health information as 
described. The participant is coherent and in the opinion of the advising research staff, the participant has 
understood the nature and consequences of participation in the study, but the participant is physically disabled or 
in isolation and is unable to sign the informed consent document. 

The consent and authorization information were accurately explained. The participant was given the opportunity 
to ask questions. All questions were answered before giving verbal consent. The participant apparently understood 
the information. The informed consent and authorization were given freely by the participant.  

 
        
Printed Name of Witness 
 
             
Witness Signature       Today’s Date 
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INFORMED CONSENT DOCUMENT FOR AN OBSERVATIONAL COVID-19 RESEARCH STUDY: 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases 

with Pandemic Potential (EPICC) 

Thank you for your interest in learning more about this study. Please read the following information to ensure that 
you would like to participate. The Department of Defense has sponsored this research study, led by the Infectious 
Disease Clinical Research Program at the Uniformed Services University of the Health Sciences (the military's 
medical school), to better understand risks and illness caused by the novel Coronavirus disease (COVID-19). 

The COVID-19 pandemic is a global public health emergency. We are asking you to consider volunteering for this 
research study because you may have been tested for COVID-19. If you agree to participate, we are asking you to 
complete online questionnaires about your health history, possible exposures, symptoms and health care visits and 
to collect small blood samples using a simple in-home kit to look for immunity (antibodies against the virus). Your 
medical records in the military health system will be reviewed now and in the future for information related to 
COVID-19 risks, treatments, and health outcomes. 

Who can participate? 
The EPICC study is available to DoD beneficiaries of all ages who have confirmed COVID-19 or who meet current 
Centers for Disease Control and Prevention (CDC) criteria for testing for the virus that causes COVID-19. 

This online-only section of the study is available to adult DoD beneficiaries who have been tested for COVID-19 
and are able to send/receive email and complete online questionnaires. You do not have to know the result of your 
COVID-19 test to volunteer, nor does the test have to be positive. 

KEY INFORMATION 
• This is an observational study meaning we will look at your medical records and collect data and samples 

from you but we will not give you any medicine or treatment. Questions about your treatment should be 
directed to your doctor. 

• Your participation is voluntary, your decision will not affect your care or any other benefits to which you are 
entitled. Your alternative to volunteering is to not participate. 

• Your participation will last about 1 year. 
• You may end your participation at any time without any consequences. 
• There is no cost for participating. 
• All information and samples you provide will be handled securely and in confidence. Only those involved in 

conducting this study will know you are enrolled. 
• The information collected about you is for research purposes only. This information will not be used to guide 

your medical care.  
• You may not personally benefit from this study. The information gained from this study may not be available 

in time to affect your care. The information we learn may help in caring for other future patients with COVID-
19 or similar illnesses. 

• Potential risks in participating include the following: 
o Blood draws can cause a risk of pain, bruising, bleeding, and rarely fainting or infection. 
o There may also be unforeseen risks associated with this study. 

• If you are pregnant, there are no additional risks to you or your fetus. 
• Once your identifying information has been removed from the collected data and specimens, additional 

consent will not be sought for future studies. This also applies if you withdraw from the study. Leftover 
samples will be stored and may be shared for future analyses related to COVID-19 or other infections. 

• Volunteering for this study does not limit your ability to participate in another study of an experimental drug 
or vaccine. That decision would be made in discussion with your doctor and the other study’s investigators 
and is separate from this study. We may ask to collect additional blood to assess the new treatment’s effects. 
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What is involved in the study? 
The following schedule describes the research study procedures and when they occur. 

Today 

• You will be asked to sign this informed consent form online that also includes HIPAA 
authorization (related to your privacy protections). 

• After consenting you will be provided a link to an online questionnaire that takes about 20 
minutes to complete. 

In 1 Month The following procedures happen at each of the time points (1, 6 and 12 months): 
• Complete an online questionnaire that takes about 10 minutes to complete. We will send 

you an email reminder with the web link as it gets closer to the time. 
• Collect a small blood sample at home consisting of a few drops of blood from your finger, 

similar to blood glucose monitoring used by diabetic people. You will use a simple kit that 
we provide. You will then mail the kit into our lab using a pre-paid mailer. 

In 6 Months 

In 12 Months 

 
You can choose to not provide these blood samples and still participate in the study. If you agree to participate in this 
portion of the study, we will inform you if you will be asked to provide the samples. Due to availability of study 
resources, not all participants who agree to provide a blood sample will be invited. 
Please let us know your decision by signing your initials: 

______ Yes, I DO want to participate in the at-home blood collection part of the study.  
 
______ No, I DO NOT want to participate in the at-home blood collection part of the study. 

Additional information 
• Based on your answers to the questionnaires, we may contact you to discuss your health if you have particular 

symptoms or new illness that may be related to COVID-19. 
• The US military regularly stores servicemembers blood samples obtained for medical surveillance in the DoD 

Serum Repository. If you are Active Duty or former military (since the 1990s) we plan to obtain stored blood 
specimens prior to and after your COVID-19 illness. You do not have to do anything additional for this. 

• If you are pregnant or become pregnant during the study participation period, we will follow up with you until 
your baby is born. We may review your baby’s medical records, and ask you questions about your baby’s 
health. 

Genetic Information 
The study will be evaluating how a person's genes are associated with risk and outcomes related to COVID-19. The 
risks of studying your unique genetic code may be the identification of risk for developing certain diseases. We will 
not be studying general issues related to your genetic results because our research is focused on COVID-19 and 
related illnesses. We will not provide you with your genetic results or release any information regarding your results 
connected to your personal identification. 
Please let us know your decision by signing your initials: 

______ Yes, I give permission to use my genetic information for COVID-19-related research. 
 
______ No, I DO NOT give permission to use my genetic information for COVID-19 research. 

Compensation: 
You will receive payment (compensation) in the form of Amazon gift codes as follows for completion of the 
following study procedures: 
• Completion of each online questionnaire: $10 (if completed off duty for servicemembers) 
• Completion of each self-collected blood sample: $10 
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Under 24 USC 30, payment to Federal Employees and Active Duty military personnel for participation in research 
while on duty is limited to blood donation. They may not receive any payment or non-monetary compensation for 
participation in a research study unless they are off duty or on leave during the time they are participating in the 
protocol. There are no restrictions on payment while off-duty. 

HIPAA: AUTHORIZATION TO USE AND/OR DISCLOSE PROTECTED HEALTH INFORMATION 
FOR RESEARCH 
PI Name and Rank: Brian Agan, MD, DrPH 
Corps and Service/Organization: Infectious Disease Clinical Research Program, Uniformed Services University 
of the Health Sciences 
Title of Research Study: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious 
Diseases with Pandemic Potential 
 
Purpose of this Document: 
An Authorization is your signed permission to use or disclose your health information. The Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule, as implemented by the Department of Defense (DoD), 
permits the Military Health System (MHS) to use or disclose your health information with a valid Authorization. 
The MHS is defined as all DoD health plans and DoD health care providers that are organized under the 
management authority of, or in the case of covered individual providers, assigned to or employed by, the Defense 
Health Agency (DHA), the Army, the Navy, or the Air Force. A valid Authorization must include the core elements 
and required statements as contained in this document. 
Please read the information below and ask questions about anything you do not understand before deciding 
to give permission for the use and disclosure of your health information. 
The Health Insurance Portability & Accountability Act of 1996, Public Law 104-109 (also known as HIPAA), 
establishes privacy standards to protect your health information. This law requires the researchers to obtain your 
authorization (by signing this form) before they use or disclose your protected health information for research 
purposes in the study discussed in this form. Note: Protected health information of military service members may 
be used or disclosed for activities deemed necessary by appropriate military command authorities to ensure the 
proper execution of the military mission. 
By signing this authorization, you give your permission for information gained from your participation in this 
study to be published in medical literature, discussed for educational purposes, and used generally to further 
medical science. You will not be personally identified; all information will be presented as anonymous data. 

A. What health information will be used or disclosed about you?  
• Names 
• Address 
• Date of birth 
• Ages over 89 (can be grouped as age 90 or older) 
• DoD identification number 
• Health information 

• Health plan beneficiary numbers 
• Phone numbers 
• Fax numbers 
• E-mail addresses 
• Social security numbers 
• Medical record numbers 

B. Who will be authorized to use or disclose (release) your health information? 

MTFs who have treated you over the past ten years. 

C. Who may receive your health information? 
• The Institutional Review Board (USU IRB) 
• Infectious Disease Clinical Research Program 

(IDCRP) 
• Other Military Treatment Facilities or Department 

of Defense representatives 

• Henry M. Jackson Foundation and their 
representatives 

• Neoteryx and their representatives 
• Local, State and Federal Government 

representatives, when required by law 
• Defense Health Agency (DHA) 
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• Food and Drug Administration (FDA) 
• Centers for Disease Control and Prevention (CDC) 

• National Institute of Allergy and Infectious Disease 
(NIAID) and their representatives 

 
The researchers and those listed above agree to protect your health information by using and disclosing it only as 
permitted by you in this Authorization and as directed by state and federal law. 
You need to be aware that some parties receiving your protected health information may not have the same 
obligations to protect your protected health information and may re-disclose your protected health information to 
parties not named here. If your protected health information is re-disclosed, it may no longer be protected by state 
or federal privacy laws. This authorization does not expire. 

D. What if you decide not to sign this Authorization? 
You do not have to sign this Authorization. If you decide not to sign the Authorization it will not affect your 
treatment, payment or enrollment in any health plans or affect your benefit eligibility. You will not be allowed to 
participate in this research study because your health information is required in order for you to take part in this 
study. The MHS will not condition (withhold or refuse) treatment that is not part of this study, payment, enrollment, 
or eligibility for benefits on whether you sign this Authorization. 

E. Is your health information requested for future research studies? 
Yes, your health information is requested for future research studies as specified below: Your health information 
will not be used for future research studies unless you give your permission by initialing your choice below: 

____  YES, I give permission to use my health information for future research studies 

____  NO, I do not give permission to use my health information for future research studies 

F. Can you access your health information during the study? 
You may have access to your health information at any time, unless your identifiers are permanently removed from 
the data. 

G. Can you revoke this Authorization? 
You may change your mind and revoke (take back) your Authorization at any time. However, if you revoke this 
Authorization, any person listed above may still use or disclose any already obtained health information as necessary 
to maintain the integrity or reliability of this research. 
• If you revoke this Authorization, you may no longer be allowed to participate in this research study. 
• If you want to revoke your Authorization, you must write to the Study Doctor. 

H. Does this Authorization expire? 
No, it does not expire 

I. What else may you want to consider? 
• No publication or public presentation about the research described above will reveal your identity without 
another signed Authorization from you. 
• If all information that does or can identify you is removed from your health information, the remaining de-
identified information will no longer be subject to this Authorization and may be used or disclosed for other 
purposes. 
• In the event your health information is disclosed to an organization that is not covered by HIPAA, the privacy 
of your health information cannot be guaranteed. 

If you have not already received a copy of the brochure entitled “Military Health System Notice of Privacy 
Practices,” you may request one. DD Form 2005, Privacy Act Statement - Military Health Records (located on 
your medical records jacket), contains the Privacy Act Statement for the records. If you have any questions or 
concerns about your privacy rights, you should contact the Uniformed Services University of the Health Sciences 
(USU) Human Research Protections Program at 301-295-9534. (USUHS) IRB 1
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Who can answer my questions? 
Any questions about this research study or if you believe you have received a research-related injury, you may 
contact the study Principal Investigator (overall director based at USU).  

PRINCIPAL INVESTIGATOR (Study Doctor): Overall director of this research study is Dr. Brian Agan at the 
Infectious Disease Clinical Research Program, Uniformed Services University of the Health Sciences (a DoD 
institution). 

Questions? Call Dr. Agan at 1-833-475-0881 or contact at this address: Uniformed Services University of the Health 
Sciences (USU), Department of Preventive Medicine and Biostatistics, 4301 Jones Bridge Road, Bethesda, 
MD 20814-5119 

 

The USU Institutional Review Board is the research ethics committee responsible for safeguarding your rights as a 
research participant. If you have any questions about your rights as a research participant or any other concerns that 
cannot be addressed by the Study Doctor, you can contact the Director of the Human Research Protections Program 
at (301) 295-9534. 

Your digital signature (signed using your mouse or finger) is voluntary consent to participate in this study. Your 
signature also acknowledges that you authorize personnel to use and disclose your Protected Health Information 
(PHI) collected about you for research purposes as described above. 

A copy of this form will be sent to you by email.  

 

        
Printed Name of Participant 
 
             
Participant Signature       Today’s Date 
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ASSENT FORM FOR PARTICIPANTS AGED 7-17 YEARS 

IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious 
Diseases with Pandemic Potential (EPICC) 

We are doing a research study about people who are sick with a new illness called COVID-19. A research 
study is a way to find out about something. We are talking to you today because you may have had 
COVID-19, or you may have been close to people who are sick with COVID-19. We want to ask you to 
help us find out more about this illness. 

You can decide if you want to be in this research study or not. We have discussed this research with your 
parent(s)/guardian, and they know that we are also asking you if you want to join. If you want to 
participate in the study, your parent(s)/guardians need to give permission. If you do not want to 
be in the study, you do not have to, even if your parents have given permission. 

If you do want to be in the study, this is what will happen: 

• We will ask you and your parent or guardian to sign a form letting us know that you want to be in the
study.

• A staff member may rub the inside of your nose and mouth with a swab. This may be uncomfortable
and may cause you to cough, sneeze, or bleed a little bit.

• A staff member may draw a small amount of blood from you. When the blood is drawn, it will be done
using a clean needle that is stuck into your arm or a tube that is already connected to you. When your
blood is drawn, it may hurt, but the hurt will go away before very long. You may bleed a little bit or get
a bruise. Sometimes getting blood drawn can make some people faint, but this doesn’t happen very
often.

o We will try our best to draw blood at the same time as your doctor so you don’t have to be
stuck with a needle as often.

• If there are any leftover samples from other tests that your doctors do, we will keep them so the
leftovers can be tested.

• We will ask you to answer some questions about how you’re feeling every day for the next 2 weeks
using an online diary called Flu-PRO.

• If you are 8 or older, we may ask you to use a simple kit to collect a sample from your nose and/or
mouth, and take a small blood sample from your finger using a different simple kit. Your
parent/guardian can help.

• If you are in the hospital:
o We may use ultrasound to look at your lungs, heart, arms and legs using a wand and gel.
o We may ask to swab the inside of your bottom/butt. You can do this yourself, or your

parent/guardian or a staff member can help. This may be uncomfortable.

Some of these procedures will be done while you are in a hospital or clinic. We may ask you to return 
there after you have left to do more tests and ask you more questions about how you are feeling. If you 
can’t come back, we may ask you to collect your own samples with help from your parent/guardian. 

Being in the study may not benefit you or help you. What we learn about the sickness from you may help 
other people not get sick in the future or help them get better faster. If we learn anything that will help 
you, we will let your doctors know right away. 

For your participation in this research, you will receive $50 for each sample of blood that is collected from 
your arm after you leave the hospital, $10 for each sample you collect at home, and $10 for completing 
the 14-day Flu-PRO diary. 
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We will not tell other people that you are in this study. The only people that will know you are in the study 
are those people that work on the research study. Any information about you will have a number on it 
instead of your name. Only the researchers will know what your number is, and we will lock up that 
information. It will not be shared with or given to anyone except the hospital and people who make sure 
that research is done in a way that is safe. 

You can ask questions if you don’t understand something about the study. You don’t have to be in this 
study. The choice is yours. You will still be taken care of even if you decide that you don’t want to be in 
the study. If you say okay now, but change your mind later, that’s okay too. Just tell one of the study 
doctors. 

To be in this study, both you and your parent must agree. 

If you want to be in this study, please sign and print your name. You will be offered a copy of this form to 
keep. 

☐ Yes, I will be in this research study. 

☐ No, I do not want to be in this research study. 

 

        
PRINT your name here 
 
 
             
SIGN your name here       Today’s Date 
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INFORMED CONSENT DOCUMENT FOR AN OBSERVATIONAL COVID-19 RESEARCH STUDY: 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases with 

Pandemic Potential (EPICC) 

Thank you for your interest in learning more about this study. Please read the following information to ensure your 
child would like to participate. The Department of Defense has sponsored this research study, led by the Infectious 
Disease Clinical Research Program at the Uniformed Services University of the Health Sciences (the military's medical 
school), to better understand risks and illness caused by the novel Coronavirus disease (COVID-19). 
The COVID-19 pandemic is a global public health emergency. We are asking you to consider allowing your child to 
participate in this research study because your child may have COVID-19 and/or qualify for COVID-19 testing 
according to the Centers for Disease Control and Prevention (CDC) guidelines. 

Who can participate? 
This study is available to DoD beneficiaries of all ages (active duty and non-active duty) who have confirmed COVID-
19 or who meet current Centers for Disease Control and Prevention (CDC) criteria for testing for the virus that causes 
COVID-19. 

KEY INFORMATION 
• This is an observational study, meaning we will look at your child’s medical records and collect data and samples

from your child, but we will not give your child any medicine or treatment. Questions about your child’s treatment
should be directed to your child’s doctor.

• Your child’s participation is voluntary, you and your child’s decision will not affect your child’s care or any other
benefits to which he or she is entitled. Your child’s alternative to volunteering is to not participate.

• Your child’s participation will last about 1 year. If your child is not sick now but later develops symptoms, we will
follow up with them for 1 year from the time they became ill.

• If your child is unable to actively participate in the assent process, for example if they are incapacitated due to illness,
you may do that on their behalf. If they later become capable of assent, they will be approached to give their assent.

• You or your child may end his or her participation at any time without any consequences.
• There is no cost for participating.
• All information and samples your child provides will be handled securely and in confidence. Only those involved in

conducting this study will know your child is enrolled.
• The information collected about your child is for research purposes only. This information will not be used to guide

your child’s medical care.
• Your child may not personally benefit from this study. The information gained from this study may not be available

in time to affect your child’s care. The information we learn may help in caring for other future patients with COVID-
19 or similar pandemics.

• Leftover samples from tests ordered by your child’s doctor will be stored and may be shared for future analyses related
to COVID-19 or other infections.

• Potential risks in participating include the following:
o Blood draws can cause a risk of pain, bruising, bleeding, and rarely fainting or infection.
o Nose, mouth, and rectal swabs may cause discomfort but are generally well tolerated.
o There may also be unforeseen risks associated with this study.

• If your child is pregnant, we will ask to follow your child until your grandchild is born. There are no known additional
risks to your child or her fetus.

• Once your child’s identifying information has been removed from the collected data and specimens, additional consent 
will not be required for future studies. This also applies if your child withdraws from the study.

• Volunteering for this study does not limit your child’s ability to participate in another study of an experimental drug
or vaccine. That decision would be made in discussion with your child’s doctor and the other study’s investigators
and is separate from this study. If your child receives an experimental drug or vaccine, we may collect an additional
blood sample to study the new treatment’s effects.
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IF YOUR CHILD IS CURRENTLY HOSPITALIZED: 

During your child’s hospitalization: 
 We will review your child’s medical records now and in the future for information related to your child’s health. 
 Blood samples for research will be collected. 
 Nose, mouth and rectum sample will be collected for identifying and counting the virus. 

If your child is 8 years old or older, we may ask your child to collect some of their own samples with your help. 
 We may do an ultrasound to look at your child’s lungs, heart, and veins. 
 If your child is 7 or older, we will ask them to complete a daily symptom diary for 14 days. 

Samples will be collected following the below schedule as feasible, however it is possible that not all samples will be 
collected. 

Procedure / Assessment Day 0 
(Today) Days 3 and 7 If hospitalized longer than 7 days: 

samples obtained weekly until discharge 
Nose, mouth, and rectal samples ✓ ✓ ✓ 
Blood collection for research ✓ ✓ ✓ 
Ultrasound of lungs, heart and veins 
* ✓ ✓  

Flu-PRO Symptom Diary (14 
days)** ✓ ✓ ✓ 

*  May be performed on or around hospital days 0 (admission), 1, and 3, based on availability. 
** For participants 7 years of age and older. Does not all have to be completed while hospitalized. 

IF YOUR CHILD IS NOT HOSPITALIZED:  

If your child is 8 years old or older, we may request self-collection of a nose and/or mouth sample to check for the 
virus, as well as self-collection of blood using  a sample kit to perform blood collection to look for immunity (antibodies 
against the virus). Your child may collect the nose and/or mouth samples and blood (few droplets from fingerstick) by 
themselves, or you may assist them with sample collection. For at-home collections you will be given instructions and 
pre-addressed mailing materials to return the specimens. Your child’s medical records in the military health system 
will be reviewed now and in the future for information related to COVID-19.  If your child is admitted to the hospital 
for COVID-19 symptoms, we may ask to collect additional samples. 

Today 

• Blood collection – we will draw your child’s blood, from a vein (about 25 mL or 5 teaspoons; total 
blood collected may be less based on body weight, age, and other factors). We may also collect 
another blood sample (a few drops from finger/heel prick) using a simple device similar to blood 
glucose monitoring used by diabetic people. 

• We will collect samples from your child’s nose and/or mouth using a swab or other simple 
collection method. The type of sample may change during your participation in the study as we 
learn more about the virus. 

• For children 8 years of age and older: your child may be asked to collect their own samples with 
your help. 

• For children age 7 and older: you will assist your child with starting a daily online symptom diary 
called Flu-PRO. 

In 1 Week • Blood collection (same as above - either at home or in clinic). 
• For children age 7 and older: Continue to assist your child with the Flu-PRO symptom diary. 
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FOLLOW-UP VISITS FOR ALL PARTICIPANTS 

In 2 Weeks 
• For children age 7 and older: Finish the Flu-PRO daily online symptom diary (14 days total). 
• Nose and/or mouth sample (same as above, either at home or in clinic). 
• Blood collection (same as above - either at home or in clinic). 

In 1 Month 
• Blood collection (same as above - either at home or in clinic). 
• If your child was hospitalized, we will ask to collect a follow-up rectal swab sample to check 

for presence of the virus, if you return to the hospital/clinic for this visit. 

In 6 Months  
• Blood collection (same as above - either at home or in clinic). 

In 12 Months 

Additional information 
• The total amount of blood collected for research while hospitalized or during a return visit at the hospital at one 

sitting will be up to 25 mL (5 teaspoons). Blood collection volume and frequency may be reduced to comply with 
safety limits. The amount of blood drawn for research will not exceed the lesser of 50 mL or 3 mL per kg in any 
8 week period, and collection will not occur more frequently than 2 times per week. For comparison, a typical 
blood drive donation is 470 mL (about 2 cups) in one day. To minimize discomfort to your child, we will try to 
coordinate with your healthcare providers so that the collection of research blood samples happens at the same 
time as standard blood draws. 

• Your child can choose not to provide samples at the time points listed above and still participate in the study. 
• You will be asked to read, sign, and date this consent form after the study has been verbally explained to you by 

one of the research staff members and all your questions have been answered. Your child will be asked to read 
and sign an assent form if he or she is between the ages of 7 and 17 years old. 

• Throughout your child’s participation in the study, we will collect leftover samples from tests their doctors order 
such as blood, swabs, urine, etc. We will collect samples dating back to the time your child became ill. We will 
study these materials for COVID-19 and related illnesses. You do not have to do anything additional for this. 

Genetic Information 
The study is focusing on understanding risks related to COVID-19, including how genetic factors impact COVID-19. 
The risks of studying your child’s unique genetic code may be the identification of risk for developing certain diseases. 
We will not be studying general issues related to your child’s genetic results, our research is focused on COVID-19 
and related illnesses. We will not provide you or your child with your child’s genetic results or release any information 
regarding your child’s results connected to his or her personal identification. 
Please let us know your decision by signing your initials: 

  Yes, I give permission to use my child’s genetic information for COVID-19-related research 
 
  No, I DO NOT give permission to use my child’s genetic information for COVID-19 research 

Compensation: 
Your child will not receive any compensation while hospitalized. Your child will receive payment (compensation) in 
the form of gift cards as follows for completion of the following study procedures: 

• Completion of each at-home self-collected sample: $10 
• Completion of 14-day Flu-PRO Symptom Diary: $10 total (for participants 7 years of age and older) 
• Blood draws at hospital/clinic after your child leaves the hospital: $50 per blood draw 
 
HIPAA: AUTHORIZATION TO USE AND/OR DISCLOSE PROTECTED HEALTH INFORMATION FOR 
RESEARCH 
PI Name and Rank: Brian Agan, MD, DrPH  

(USUHS) IRB 1
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Corps and Service/Organization: Infectious Disease Clinical Research Program, Uniformed Services University of 
the Health Sciences 
Title of Research Study: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases 
with Pandemic Potential 
 
Purpose of this Document: 
An Authorization is your signed permission to use or disclose your child’s health information. The Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule, as implemented by the Department of Defense (DoD), 
permits the Military Health System (MHS) to use or disclose your child’s health information with a valid 
Authorization. The MHS is defined as all DoD health plans and DoD health care providers that are organized under 
the management authority of, or in the case of covered individual providers, assigned to or employed by, the Defense 
Health Agency (DHA), the Army, the Navy, or the Air Force. A valid Authorization must include the core elements 
and required statements as contained in this document. 
Please read the information below and ask questions about anything you do not understand before deciding to 
give permission for the use and disclosure of your child’s health information. 
The Health Insurance Portability & Accountability Act of 1996, Public Law 104-109 (also known as HIPAA), 
establishes privacy standards to protect your child’s health information. This law requires the researchers to obtain 
your authorization (by signing this form) before they use or disclose your child’s protected health information for 
research purposes in the study discussed in this form. Note: Protected health information of military service members 
may be used or disclosed for activities deemed necessary by appropriate military command authorities to ensure the 
proper execution of the military mission. 
By signing this authorization, you give your permission for information gained from your child’s participation in this 
study to be published in medical literature, discussed for educational purposes, and used generally to further medical 
science. Your child will not be personally identified; all information will be presented as anonymous data. 

A. What health information will be used or disclosed about your child? 
• Names 
• Address 
• Date of birth 
• DoD identification number 
• Health information 

• Health plan beneficiary numbers 
• Phone numbers 
• Fax numbers 
• E-mail addresses 
• Social security numbers 
• Medical record numbers 

B. Who will be authorized to use or disclose (release) your child’s health information? 
MTFs who have treated your child over the past ten years 
 
C. Who will be authorized to use or disclose (release) your child’s health information and who may receive 

your child’s health information? 
• The Institutional Review Board (USU IRB) 
• Infectious Disease Clinical Research Program 

(IDCRP) 
• Other Military Treatment Facilities or Department of 

Defense representatives 
• Henry M. Jackson Foundation and their 

representatives 
• Neoteryx and their representatives 

• Local, State and Federal Government representatives, 
when required by law 

• Defense Health Agency (DHA) 
• Food and Drug Administration (FDA) 
• Centers for Disease Control and Prevention (CDC) 
• National Institute of Allergy and Infectious Disease 

(NIAID) and their representatives 

 
The researchers and those listed above agree to protect your child’s health information by using and disclosing it only 
as permitted by you in this Authorization and as directed by state and federal law. 
You need to be aware that some parties receiving your child’s protected health information may not have the same 
obligations to protect your child’s protected health information and may re-disclose your child’s protected health 
information to parties not named here. If your child’s protected health information is re-disclosed, it may no longer be 
protected by state or federal privacy laws. 

(USUHS) IRB 1
IRB NUMBER: 409136 (IDCRP-085)
IRB APPROVAL DATE: 07/28/2020
IRB EXPIRATION DATE: 07/25/2021



IDCRP-085: EPICC Informed Consent Document – 2019 Novel Coronavirus Disease (COVID-19) Research Study 
[Parental ICD for Pediatric Subjects] 

CORE Parental ICD 
V4.0, 15-JUL-2020 Page 5 of 6 

D. What if you decide not to sign this Authorization? 
You do not have to sign this Authorization. If you decide not to sign the Authorization it will not affect your child’s 
treatment, payment or enrollment in any health plans or affect your child’s benefit eligibility. Your child will not be 
allowed to participate in this research study because your child’s health information is required in order for them to 
take part in this study. The MHS will not condition (withhold or refuse) treatment that is not part of this study, payment, 
enrollment, or eligibility for benefits on whether you sign this Authorization. 
E. Is your child’s health information requested for future research studies? 
Yes, your child’s health information is requested for future research studies as specified below: Your child’s health 
information will not be used for future research studies unless you give your permission by initialing your choice 
below: 
____  YES, I give permission to use my child’s health information for future research studies 

____  NO, I do not give permission to use my child’s health information for future research studies 

F. Can you access your child’s health information during the study? 
You may have access to your child’s health information at any time, unless their identifiers are permanently removed 
from the data. 
G. Can you revoke this Authorization? 
You may change your mind and revoke (take back) your Authorization at any time. However, if you revoke this 
Authorization, any person listed above may still use or disclose any already obtained health information as necessary 
to maintain the integrity or reliability of this research. 
• If you revoke this Authorization, your child may no longer be allowed to participate in this research study. 
• If you want to revoke your Authorization, you must write to the Study Doctor. 
H. Does this Authorization expire? 
No, it does not expire 
I. What else may you want to consider? 
• No publication or public presentation about the research described above will reveal your child’s identity without 
another signed Authorization from you. 
• If all information that does or can identify your child is removed from your health information, the remaining de-
identified information will no longer be subject to this Authorization and may be used or disclosed for other purposes. 
• In the event your child’s health information is disclosed to an organization that is not covered by HIPAA, the privacy 
of your child’s health information cannot be guaranteed.  
If you have not already received a copy of the brochure entitled “Military Health System Notice of Privacy Practices,” 
you may request one. DD Form 2005, Privacy Act Statement - Military Health Records (located on your child’s 
medical records jacket), contains the Privacy Act Statement for the records. If you have any questions or concerns 
about your child’s privacy rights, you should contact the USU Human Research Protections Program at 301-295-9534. 

Who can answer my questions? 
Any questions about this research study or if you believe your child’s child has received a research-related injury, you 
may contact the lead for the study at your child’s hospital (overall director based at USU) or the study Principal 
Investigator. 

PRINCIPAL INVESTIGATOR: Overall director of this research study is Dr. Brian Agan at the Infectious Disease 
Clinical Research Program, Uniformed Services University of the Health Sciences (a DoD institution). 
Questions? Call Dr. Agan at 1-833-475-0881 or contact at this address: Uniformed Services University of the Health 
Sciences (USU), Department of Preventive Medicine and Biostatistics, 4301 Jones Bridge Road, Bethesda, MD 20814-
5119 
LOCAL PRINCIPAL INVESTIGATOR (Study Doctor): – [Sites will fill in] 
 
The USU Institutional Review Board is the research ethics committee responsible for safeguarding your child’s rights 
as a research participant. If you have any questions about your child’s rights as a research participant or any other 
concerns that cannot be addressed by the Study Doctor, you can contact the Director of the Human Research 
Protections Program at (301) 295-9534.  
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SIGNATURE PAGE: 
You have been asked to provide permission for your child, for whom you are either the parent or legal representative, 
to participate in this research study. Your signature indicates that you have had this information presented to you and 
your child, have had the opportunity to ask questions about the research and your child’s participation, and agree to 
permit them to participate in the study. Your signature also acknowledges that you authorize personnel to use and 
disclose your child’s Protected Health Information (PHI) collected about your child for research purposes as described 
above. Further, your signature indicates that you have been offered a copy of this consent document. You will also be 
offered a copy of your child’s assent document. 

             
Printed Name of Parent/Guardian     Relationship to Participant 
 
             
Parent/Guardian Signature      Today’s Date 
 
        
Printed Name of Study Representative 
 
             
Study Representative Signature     Today’s Date 
 
Verbal/physical limitation section: use the section below only if applicable 

The subject’s parent/guardian, ______________________________________________ (name), has verbally 
consented for their child to participate in the study as described and also authorizes the use and disclosure their child’s 
health information as described. The subject’s parent/guardian is coherent and has understood the nature and 
consequences of participation in the study, but the subject’s parent/guardian is physically disabled or in isolation and 
is unable to sign. 
The consent and authorization information were accurately explained. The subject’s parent/guardian was given the 
opportunity to ask questions. All questions were answered before giving verbal consent. The subject’s parent/guardian 
apparently understood the information. The informed consent and authorization were given freely by the subject’s 
parent/guardian. 
 
        
Printed Name of Witness (if applicable) 
 
             
Witness Signature (if applicable)     Today’s Date 
 
Complete LAR section only if applicable. If the LAR has a copy of the power of attorney or court 
appointment, attach it to this consent document. 

             
Printed Name of Legally Authorized Representative (LAR)  Relationship to Participant 
 
             
LAR Signature       Today’s Date 
 
        
Printed Name of Witness (if applicable) 
 
            
Witness Signature (if applicable)     Today’s Date 

(USUHS) IRB 1
IRB NUMBER: 409136 (IDCRP-085)
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From: Simon Pollett on behalf of Simon Pollett <spollett@idcrp.org>
To: Munster, Vincent (NIH/NIAID) [E]; Eric Laing; Brian Agan; Caroline English
Cc: Broder, Chris (USU-DoD); De wit, Emmie (NIH/NIAID) [E]; Cammarata, Stephanie M CTR USN NAVMEDCEN SAN

CA (USA)
Subject: Statement of work for Munster Lab; ethics approval
Date: Tuesday, November 3, 2020 1:17:12 PM
Attachments: IDCRP-085_CORE_AM14_Approval_20201016.pdf

IDCRP-085_CORE_Protocol_v11_EIRB v1.15_20200914.pdf
IDCRP-085_CORE_Adult_ICD_HIPAA_MTF Inpatient_v2.0_20200715_STAMPED.pdf
IDCRP-085_CORE_Adult_ICD_HIPAA_MTF Outpatient_v2.0_20200715_STAMPED.pdf
IDCRP-085_CORE_Adult_ICD_HIPAA_Online_v2.0_15JUL2020_STAMPED.pdf
IDCRP-085_CORE_Assent_v4.0_15JUL2020_STAMPED.pdf
IDCRP-085_CORE_Parental ICD_v4.0_20200715_STAMPED.pdf

Dr Munster and all,
 
We are enthused to start this collaboration on the EPICC project. See below for the next two steps:
 

1. Below is a description of the proposed scope of this work so we can get the agreements in
place to send specimens and data to the Munster Lab. Is the below accurate?

a. IDCRP/USU sends up to 500 uL of sera from 50 subjects and associated metadata from
the EPICC study.

b. Munster Lab perform wild type MERS, SARS-CoV-1 and SARS-COV2 neutralization on up
to 50 SARS-CoV-2 positive sera with and without cross binding to MERS and SARS-1 (as
determined by the Broder lab) with an objective to examine how cross-binding
correlates with wildtype cross-neutralization.

2. For your NIH NHSR determination, please find the protocol, CV, and ICF attached.
 
Thanks, let me know if you have any questions
 
Simon
 
 
Dr. Simon Pollett, MBBS
Associate Scientific Director, HJF
Infectious Disease Clinical Research Program
Department of Preventive Medicine and Biostatistics
Uniformed Services University of the Health Sciences
6720A Rockledge Drive, Suite 250
Rockville, MD 20817
Phone: 310-895-8048
Email: spollett@idcrp.org
 
 
 

From: Simon Pollett 
Sent: Wednesday, October 21, 2020 11:54 AM
To: 'Munster, Vincent (NIH/NIAID) [E]' <vincent.munster@nih.gov>; Eric Laing
<eric.laing@usuhs.edu>; Brian Agan <BAgan@idcrp.org>; Caroline English <CEnglish@idcrp.org>




UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES


4301 JONES BRIDGE ROAD 
BETHESDA, MARYLAND 


20814-4799
www.usuhs.edu


October 16, 2020


MEMORANDUM FOR BRIAN K AGAN, MD , P and R - Uniformed Services University of the Health 


Sciences (USUHS) SUBJECT: USUHS IRB (FWA 00001628; DoD Assurance P60001) Approval 


Modification of Protocol 409136 (IDCRP-
085) for Human Subjects Participation


The modification to your Minimal Risk 32 CFR 219 / 21 CFR 56 human subjects research protocol 409136 
(IDCRP-
085) (ref # 931762) titled “Epidemiology, Immunology and Clinical Characteristics of Emerging 
Infectious Diseases with Pandemic Potential (EPICC)” was reviewed and approved for execution on 
October 15, 2020 by Dr. Edmund G. Howe, M.D., J.D., chair USUHS IRB under the provision of 32 CFR 
219.110(b)(2). This approval will be reported to the USUHS IRB scheduled to meet on October 22, 
2020.


The protocol outlines a systematic approach to collection of clinical specimens and data by adapting 
standard procedures for conducting clinical characterizations of severe emerging infections as 
published by the International Severe Acute Respiratory and Emerging Infection Consortium 
(ISARIC) network (ISARIC/WHO Clinical Characterization Protocol for Severe Emerging Infections, 
version 3.1). .


This action approves the modification to update Appendix A of the protocol. This will reflect recent 
changes approved in the ICD/HIPAA document and set forth in the recent partial HIPAA waiver 
authorization indicating what information may be obtained from MDR or J6.


Authorization to conduct protocol 409136 (IDCRP-085) will automatically expire on July 25, 2021. If 
you plan to continue data collection or analysis beyond this date, IRB approval for continuation is 
required. Please submit a Continuing Review Form via EIRB to the IRB Office 60 days prior to your 
expiration date.


You are required to submit amendments to this protocol, changes to the informed consent document 
(if applicable), adverse event reports, and other information pertinent to human research for this 
project. No changes to this protocol may be implemented prior to IRB approval. If you have questions 
regarding this IRB action or questions of a more general nature concerning human participation in 
research, please contact Chris Murphy at christopher.murphy.ctr@usuhs.edu or (301) 319-0444.


MURPHY.C Digitally signed by


HRISTO
PH 
ER.J.138
33 78407
Chris Murphy, 
CIP Sr. IRB 
Analyst


MURPHY.CHRI
STO 
PHER.J.138337
840 7
Date: 2020.10.16
15:44:04 -04'00'



http://www.usuhs.edu/

mailto:christopher.murphy.ctr@usuhs.edu





Learning to Care for Those in Harm’s Way








EIRB Protocol Template (Version 1.15)


1.0 General Information


*Please enter the full title of your study:


Epidemiology, Immunology and Clinical Characteristics of Emerging Infectious Diseases with 
Pandemic Potential (EPICC)


  


*Please enter the Protocol Number you would like to use to reference the protocol:


IDCRP-085 Version 11.0, 14-SEP-2020, eIRB v1.15
* This field allows you to enter an abbreviated version of the Protocol Title to quickly identify 
this protocol.


  


Is this a multi-site study (i.e. Each site has their own Principal Investigator)?


Yes   


Does this protocol involve the use of animals?


Yes No   


2.0 Add Site(s)


2.1 List sites associated with this study:


Primary 
Dept?


Department Name


P and R - Uniformed Services University of the Health Sciences (USUHS)


 


3.0 Assign project personnel access to the project


3.1 *Please add a Principal Investigator for the study:  


AGAN, BRIAN K, MD


Select if applicable


Student Site Chair


Resident Fellow


 


3.2 If applicable, please select the Research Staff personnel:  


A) Additional Investigators


AGAN, BRIAN K, MD 


 Associate Investigator


BRODY, DAVID L, MD PhD 







 Associate Investigator


BURGESS, TIMOTHY H, MD, MPH CAPT 


 Associate Investigator


BYRNE, Celia, PhD 


 Associate Investigator


Broder, Christopher C 


 Associate Investigator


Chung, Kevin Kee, MD COL 


 Associate Investigator


Coles, Christian Logan, PhD 


 Associate Investigator


DUMLER, JOHN S, MD 


 Associate Investigator


Dalgard, Clifton Lee 


 Associate Investigator


HAIGNEY, MARK C, MD 


 Associate Investigator


Hickey, Patrick Wilson, MD COL 


 Associate Investigator


Laing, Eric Daniel 


 Associate Investigator


Lanteri, Charlotte Anne, PhD LTC 


 Associate Investigator


Livezey, Jeffrey Robert, LTC 


 Associate Investigator


MALLOY, Allison M, MD 


 Associate Investigator


Mcleroy, Robert Dustin 


 Associate Investigator


Oliver, Thomas George, MD COL 


 Associate Investigator


Rajnik, Michael, MD Col 


 Associate Investigator


Rusiecki, Jennifer A. 


 Associate Investigator


SCHER, ANN 


 Associate Investigator


Simons, Mark Paul, PhD, D(ABMM), MScPH CDR 


 Associate Investigator


TRIBBLE, DAVID R, MD DrPH 


 Associate Investigator


B) Research Support Staff


Austin, Anissa Dawn 


 Research Coordinator


Chapo, Elisa Wago 


 Research Coordinator


English, Caroline E 


 Research Coordinator


Fox, Christina joy 


 Research Coordinator


Fraser, Jamie Alexandra 


 Research Coordinator







Hadley, Arile 


 Research Coordinator


Illinik, Luca, MPH 


 Research Coordinator


Law, Natasha N 


 Research Coordinator


Morales, Carlos Enrique 


 Research Coordinator


Moreno, Nicole C 


 Research Coordinator


Nevo, Lev N/A, M.D. 


 Research Coordinator


Rozman, Julia Sofia 


 Research Coordinator


Sanchez Edwards, Margaret Anne, MS 


 Research Coordinator


Spevak, Marianne V, BSHS 


 Research Coordinator


3.3 *Please add a Protocol Contact:  


AGAN, BRIAN K, MD 


BURGESS, TIMOTHY H, MD, MPH CAPT 


Chapo, Elisa Wago 


English, Caroline E 


Fox, Christina joy 


Illinik, Luca, MPH 


Morales, Carlos Enrique 


Moreno, Nicole C 


Nevo, Lev N/A, M.D. 


Rozman, Julia Sofia 


Sanchez Edwards, Margaret Anne, MS 


The Protocol Contact(s) will receive all important system notifications along with the Principal 
Investigator. (i.e. The protocol contact(s) are typically either the Protocol Coordinator or the 
Principal Investigator themselves).


3.4 If applicable, please select the Designated Site Approval(s):  


Add the name of the individual authorized to approve and sign off on this protocol from your Site 
(e.g. the Site Chair).


4.0  


Project Information


4.1  Is this a research study?


 Yes    No


4.2  What type of research is this?


Biomedical Research







Clinical trial (FDA regulated)


Behavioral Research


Educational Research


Psychosocial Research


Oral History


Other


4.4  Is this human subjects research (Activities that include both a systematic investigation designed to 
develop or contribute to generalizable knowledge AND involve a living individual about whom an 
investigator conducting research obtains data through intervention or interaction with the individual 
or identifiable private information.  Activities covered by 32 CFR 219.101(a) (including exempt 
research involving human subjects) and DoDI 3216.02)?


 Yes    No


4.5  Do you believe this human subjects research is exempt from IRB review?


  Yes     No


5.0  


Personnel Details


5.1  
Will you have a Research Monitor for this study?


Yes 


No 


N/A 


Research Monitor Role:


If applicable, you may nominate an individual to serve as the Research Monitor:


No Users have been selected.


6.0  


Data/Specimens


6.1  Does the study involve the use of existing data or specimens only (no interaction with human 
subjects)?


  Yes     No


7.0  


Funding and Disclosures


7.1  Source of Funding:


Funding Source Funding Type Amount







NIAID IAA
: Other 56632


Total amount of funding:


56632


7.2  Do you or any other Investigator(s) have a disclosure of a personal interest or financial nature 
significant with sponsor(s), product(s), instrument(s) and/or company(ies) involved in this study?


  Yes     No


8.0  


Study Locations


8.1  List any Research Team members without EIRB access that are not previously entered in the 
protocol:


Name:
(Last, First, M.I.)


Clark, Danielle


Role on Protocol:


Associate Investigator


Phone Number:
 


508-471-7655


Email Address:
 


dclark@aceso-sepsis.
org


Associated Institution:
 


Henry M Jackson 
Foundation


Name:
(Last, First, M.I.)


Blair, Paul


Role on Protocol:


Associate Investigator


Phone Number:
 


301-256-2165


Email Address:
 


pblair@aceso-sepsis.
org


Associated Institution:
 


Henry M Jackson 
Foundation/USUHS


Name:
(Last, First, M.I.)


Koehler, Jeff


Role on Protocol:


Associate Investigator


Phone Number:
 


301-619-8342


Email Address:
 


jeffrey.w.koehler4.
civ@mail.mil


Associated Institution:
 


US Army Med Rsch 
Inst of Infectious 
Diseases


Name:
(Last, First, M.I.)


Fries, Anthony


Role on Protocol:


Associate Investigator


Phone Number:
 


937-938-2847


Email Address:
 


anthony.fries.tr@us.
af.mil


Associated Institution:
 


US Air Force Sch 
Aerospace Med


Name:
(Last, First, M.I.)


Hansen, Erin


Role on Protocol:


Associate Investigator


Phone Number:
 


619-857-5219


Email Address:
 


erin.a.hansen.
ctr@mail.mil


Associated Institution:
 


Naval Health 
Research Center







Name:
(Last, First, M.I.)


Peel, Sheila


Role on Protocol:


Associate Investigator


Phone Number:
 


301-319-2297


Email Address:
 


sheila.a.peel2.
civ@mail.mil


Associated Institution:
 


Walter Reed Army of 
Institute Research


Name:
(Last, First, M.I.)


Darden, Janice


Role on Protocol:


Associate Investigator


Phone Number:
 


301-275-1190


Email Address:
 


jdarden@hivresearch.
org


Associated Institution:
 


Walter Reed Army of 
Institute Research


Name:
(Last, First, M.I.)


Letizia, Andrew


Role on Protocol:


Associate Investigator


Phone Number:
 


240-507-6326


Email Address:
 


andrew.g.letizia.
mil@mail.mil


Associated Institution:
 


Naval Medical 
Research Center


Name:
(Last, First, M.I.)


Snow, Andrew


Role on Protocol:


Associate Investigator


Phone Number:
 


301-295-3267


Email Address:
 


andrew.snow@usuhs.
edu


Associated Institution:
 


USUHS


Name:
(Last, First, M.I.)


Pollett, Simon


Role on Protocol:


Associate Investigator


Phone Number:
 


301-319-2059


Email Address:
 


simon.d.pollett.
ctr@mail.mil


Associated Institution:
 


Walter Reed Army of 
Institute Research


Name:
(Last, First, M.I.)


Berry, Irina


Role on Protocol:


Associate Investigator


Phone Number:
 


301-319-2032


Email Address:
 


irina.maljkovicberry.
ctr@mail.mil


Associated Institution:
 


Walter Reed Army of 
Institute Research


Name:
(Last, First, M.I.)


Friberg, Heather


Role on Protocol:


Associate Investigator


Phone Number:
 


301-319-9224


Email Address:
 


heather.l.friberg-
robertson.civ@mail.
mil


Associated Institution:
 


Walter Reed Army of 
Institute Research


Name:
(Last, First, M.I.)


Currier, Jeffrey


Role on Protocol:


Phone Number:
 


240-994-3911


Email Address:
 


jeffrey.r.currier.
civ@mail.mil


Associated Institution:
 


Walter Reed Army of 
Institute Research







Associate Investigator


8.2  Has another IRB reviewed this study?


  Yes     No


IRB Name Review Date Determination


No records have been added


8.3  Is this a collaborative or multi-site study? (e.g., are there any other institutions involved?)


 Yes    No


8.4  Study Facilities and Locations:


Institution Site Name Site Role
FWA or DoD 
Assurance 
Number


Assurance 
Expiration 
Date


Is there an 
agreement?


IRB 
Reviewing 
for Site


Navy Naval 
Health 
Research 
Center


Laboratory 
analyses


FWA00013516 03/02
/2021


: IAIR
:


USUHS 
IRB #1


Army US Army 
Med Rsch 
Inst 
Infectious 
Dis


Laboratory 
analyses


FWA00007368 10/02
/2024


: MOU
:


USUHS 
IRB #1


Air Force US AF Sch 
Aerospace 
Med


Laboratory 
analyses


FWA00027236 08/29
/2023


: IAIR
:


USUHS 
IRB #1


Army Walter 
Reed 
Army of 
Institute 
Research


Laboratory 
analyses


FWA00000015 11/20
/2023


: Other
:


USUHS 
IRB #1


Navy Naval 
Medical 
Research 
Center


Laboratory 
analyses


FWA00000152 06/05
/2024


: IAIR
:


USUHS 
IRB #1


Other:


Other 
Institution 
Site


Site Role
FWA or DoD 
Assurance 
Number


FWA or DoD 
Expiration 
Date


Is there an 
agreement?


IRB 
Reviewing 
for Site


No records have been added


8.5  Are there international sites?


Attach international approval documents, if applicable, when prompted. Note: Ensure local research 
context has been considered


  Yes     No







8.6  Is this an OCONUS (Outside Continental United States) study?


  Yes     No


Select  the area of responsibility:


Have you obtained permission from that area of responsibility? (This is a requirement prior to study 
approval)


  Yes     No


9.0  


Study Details


9.1  Abstract/ Summary:


Summarize the proposed study in 500 words or less, to include the purpose, the subject population, the 
study’s design type, and procedures


The overarching objective of the Epidemiology, Immunology and Clinical Characteristics of Emerging 


Infectious Diseases with Pandemic Potential (EPICC) protocol is to provide the Military Health System (MHS) 


with a contingency protocol intended for activation at Military Treatment Facilities (MTFs) during outbreaks to 


allow clinical investigation of severe or potentially severe acute infections with pathogens of concern to public 


health and U.S. military medical readiness. The protocol outlines a systematic approach to collection of clinical  


specimens and data by adapting standard procedures for conducting clinical characterizations of severe 


emerging infections as published by the International Severe Acute Respiratory and Emerging Infection 


Consortium (ISARIC) network (ISARIC/WHO Clinical Characterisation Protocol for Severe Emerging 


Infections, version 3.1).


The EPICC protocol can be conducted as a multi-site study at participating MTFs, and overall protocol 


oversight will be coordinated centrally by the Uniformed Services University’s Infectious Disease Clinical 


Research Program (IDCRP). MHS-wide enrollment for online participation will be coordinated by the IDCRP 


Program Coordinating Center (PCC).


EPICC activities will be executed by clinical study teams comprising existing IDCRP clinical research 


investigators and staff located at each MTF and protocol investigators from relevant hospital departments. The 


protocol is designed to be modified to accommodate longitudinal observational study of specific emerging or re-


emerging pathogens. Protocol modifications will describe methods for serial collection and clinical 


characterization of specimens and associated demographic, laboratory, clinical, and other data specific for the 


pathogen of interest and associated study population(s).


9.2  Key Words:


Provide up to 5 key words that identify the broad topic(s) of your study


Epidemiology, Immunology, Emerging Infectious Diseases


9.3  Background and Significance:


Include a literature review that describes in detail the rationale for conducting the study. Include 
descriptions of any preliminary studies and findings that led to the development of the protocol.  The 
background section should clearly support the choice of study variables and explain the basis for the 
research questions and/or study hypotheses.  This section establishes the relevance of the study and 
explains the applicability of its findings


The EPICC protocol is intended to serve as a foundation for modification to allow the observational, 


longitudinal study of specific emerging or re-emerging pathogens causing disease with pandemic potential 


within the MHS. Modifications responsive to specific diseases will be described to include  a schedule for serial 


collection of clinical specimens and data and methods for recruiting, enrolling, and observational study within 
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the desired MHS study population(s). In general, enrolled participants (eligible adults or children) who are 


known or suspected cases at MTFs as inpatients or in isolation settings will undergo serial collections of 


biological specimens and clinical and laboratory data at day of enrollment and during the duration of 


hospitalization or isolation, with follow-up specimen and data collection convalescent and long-term follow-up 


timepoints. The study design can also include clinical observational investigation in outpatients. The major 


focus of this protocol is to conduct clinical observational study in symptomatic individuals; however, there is 


also the opportunity to enroll and follow (potentially at a reduced specimen and data collection frequency 


relative to symptomatic participants) individuals who are asymptomatic but who are at high/some risk for 


exposure. Inclusion of an asymptomatic comparator cohort could provide insight on risk factors or biomarkers 


associated with symptomatic versus asymptomatic presentations. The protocol supports observational, 


longitudinal collection of clinical specimens and data with a goal of identifying host biomarkers that predict 


severity of illness, resistance to infection, treatment failure, etc. If volunteers receive an experimental treatment 


product under eIND, the data collected through the EPICC protocol may help inform about the safety and 


efficacy of that product.
 


In subsequent sections, relevant background information on acute respiratory infections (ARI) of pandemic 


potential is provided, followed by specific schedule of events and other details to allow observational study of 


an ongoing outbreak of the 2019 novel coronavirus (COVID-19).


Acute Respiratory Infections of Pandemic Potential: Epidemiology, Immunology and Clinical 


Characteristics


ARI Case Definitions


To characterize the epidemiology, immunology and clinical features of novel pathogens associated with severe 


ARI, case definitions appropriate to emerging infection scenarios will be utilized.  These definitions will vary by 


the availability and result of laboratory-based diagnostic tests.
 


, the case definition includes the presence of laboratory-confirmed I. For laboratory-confirmed cases


infection with an agent of severe ARI (e.g., SARS-CoV-2, influenza A/H7N9, MERS-CoV, SARS, etc.).
 


OR
 


  the case definition includes:II. For persons under investigation (PUI),


The current CDC case definition for a PUI for a respiratory pathogen under study.


An unknown or pending laboratory confirmation of an agent of severe ARI.


III. For individuals who are asymptomatic and have had recent high-risk exposure to the pathogen 


such that they have increased their risk for infection, 1 or more of the following criteria must be of interest 


met:


Unprotected exposure (for e.g., < 14 days of illness onset, modified commensurate with evolving 


epidemiologic information) with confirmed or suspected cases of human infection with a novel 


respiratory pathogen. Close contact is typically defined as coming within about 6 feet (2 meters) of a 


confirmed or suspected case while the case was ill (beginning 1 day prior to illness onset and 


continuing until resolution of illness).


Unprotected exposure to infectious pathogens in a laboratory setting.


If exigencies warrant, then asymptomatic/high exposure risk individuals in isolation may be considered 


for enrollment.


Acute respiratory infections (ARI) are among the most common infectious diseases. Due to conditions and 


circumstances of military training and deployment (e.g., crowding, inadequate hygiene practices, physical 


stress, etc.), military personnel in congregate settings are at increased risk for outbreaks due to ARI. There are 


a number of emerging viral respiratory pathogens to which military forces may be exposed, that carry 


substantial importation risk, and that also have significant pandemic potential. Recent and current examples 


are described below.


Influenza A/H5N1 was first identified in the human population in Hong Kong in 1997. Since 2003, 16 


countries have reported 668 confirmed cases and 393 deaths due to influenza A/H5N1 (as of 1 Nov 


2014). The global case fatality rate for influenza A/H5N1 infection is 60%, and the estimates range 


widely (0% to 100%) by country. While the significant morbidity and mortality of influenza A/H5N1 


infection is readily apparent, its occurrence among humans has been relatively infrequent to date. 


Circulation of H5N1 predominates in poultry, currently the main reservoir, in Asia and northeast Africa. 


Host-to-human (i.e., zoonotic transmission of A/H5N1) infections are unpredictable and “remain rare 
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despite frequent and widespread contact with infected poultry and contaminated environments” (1). 


The majority (71%) of cases of influenza A/H5N1 have had recent exposure to live birds or 


contaminated areas. Cases of influenza A/H5N1 to date have been relatively young (median age: 19 


years) (2). Exposure to other cases of influenza A/H5N1 has not been a major risk factor to date, 


suggesting that the likelihood of human-to-human transmission of this particular strain remains low 


(R0< 1) (3). The severity of influenza A/H5N1 is dependent upon the strain associated with infection


/disease. Among strains with low pathogenicity, generally mild, non-fatal illnesses have been observed, 


ranging from conjunctivitis to influenza-like illness (e.g., fever, cough, sore throat, muscle aches) to 


lower respiratory disease (pneumonia). Among strains with high pathogenicity, the disease spectrum 


has ranged from a milder febrile respiratory illness to severe disease (e.g., dyspnea, hypoxemia, 


pneumonia, acute respiratory failure) with multi-organ disease, sometimes accompanied by nausea, 


abdominal pain, diarrhea, vomiting and delirium. The high mortality rate (~60%) associated with 


pathogenic strains of influenza A/H5N1 has been reported from multiple studies (2).


Influenza A/H7N9 infection of humans was first identified in China in March 2013. Since then China 


has reported 453 confirmed cases and 175 deaths due to influenza A/H7N9 (WHO 2014). As with 


influenza A/H5N1, most of the cases had recent exposures to live poultry or had visited areas where 


live poultry was sold (75%) (3). By contrast to influenza A/H5N1, the host reservoir, main exposures, 


routes of transmission, and distribution and prevalence of influenza A/H7N9 among humans and 


animals are unknown. Influenza A/H7N9 does not appear to transmit easily from birds or the 


environment to humans. In addition, reported cases of Influenza A/H7N9 have not demonstrated high 


transmissibility between humans to date, suggesting that the risk of pandemic potential currently 


remains low (4). Though limited in its reach, influenza A/H7N9 infection has been associated with 


significant mortality: approximately 39% of cases resulted in a fatal outcome (4).


The coronavirus associated with the Middle Eastern Respiratory Syndrome (MERS-CoV) was first 


identified in Saudi Arabia in 2012 (5). Several outbreaks have since occurred, originating in Middle 


Eastern countries and spreading globally, albeit to a limited extent, by international travelers. 


Symptoms including fever, rigors, malaise, cough, myalgia, headache, shortness of breath, anorexia, 


diarrhea and abdominal pain were observed in MERS-CoV cases (6,7). As of October 2014, a total of 


897 confirmed cases and 325 deaths (case fatality rate [CFR]: 36%) have been reported worldwide 


(WHO 2014). In 2013, two studies concluded that MERS-CoV did not yet exhibit pandemic potential, 


with an estimated basic reproduction number less than 1.0 (8, 9). Some research indicates that camels 


may act as the host reservoir for MERS-CoV, although evidence is inconclusive (10). Human-to-human 


transmission of MERS-CoV has been observed in healthcare settings, possibly due to greater 


infectiousness in the later stages of illness; however, evidence that may further elucidate risk factors 


for transmission is limited (6, 7).


The 2002-3 pandemic of Severe Acute Respiratory Syndrome (SARS), also due to a novel 


Coronavirus, originated in China’s Guangdong Province and resulted in 8,422 probable cases and 916 


deaths reported from 29 countries (mostly in mainland China, where 63% of cases and 38% of deaths 


occurred) (11). The global case fatality rate due to SARS was estimated to be 11% (11). Although the 


host reservoir remains unknown, some studies have found coronaviruses similar to the SARS 


coronavirus circulating in bat populations (12). Transmission in human populations occurs by direct 


contact with the infectious respiratory droplets and/or fomites via the eyes, nose, and mouth (13). The 


incubation period ranges from 1-14 days (mean 4-6 days) and transmissibility appears to increase with 


severity of illness (greatest at day 10) (14). Attack rates ranged widely by geographic region from 2.2 


per 100,000 in Guangdong Province to 25.6 per 100,000 in Hong Kong (14). Risk factors for infection 


include occupation as a healthcare worker (21% of all probable cases), household contact with a 


probable case, older age, male sex and existing illnesses (14). Symptoms include fever, dry cough, 


dyspnea, headache and hypoxemia (14).


Since December 2019 through March 2020, the 2019 novel coronavirus (SARS-CoV-2) causing 


 has spread from Wuhan, China to 64 countries and has led “coronavirus disease 2019” (COVID-19)


to more than 88,948 confirmed cases globally, including 80,174 confirmed cases in China and 8,774 


confirmed cases outside of China (15). To date, there have been 2,915 deaths in China and 128 


deaths outside of China. As of 03 March 2020, in the United States there are 60 confirmed cases (22 


travel-related, 11 person-to-person spread, 27 under investigation) and a total of 6 deaths (16). 


Individuals with COVID-19 can present with fever, and cough, ground-glass opacity on chest computed 


tomography (CT), and lymphocytopenia (17). The case-fatality rate (CFR) appears to be highly variable 


with early reports of 8-15% in older adults infected in Hubei Province (CFR is increased in adults with 


comorbid conditions who develop respiratory symptoms) but likely no higher than 1-2% outside of 


Hubei (though data is limited and this will depend on accurate detection of those with mild disease) 


(18). Several risk factors, including age, history of smoking, maximum body temperature on hospital 


admission, respiratory failure, albumin, and C-reactive protein, appear associated with increased risk 


for progression to pneumonia among COVID-19 hospitalized patients (19). Risk factors of disease 


progression and magnitude of clinical severity are incompletely understood and require further study. 


SARS-CoV-2 is believed to be transmitted primarily via person-to-person, such as through close 
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contact (within about 6 feet) and exposure to respiratory droplets from an infected individual who 


coughs or sneezes (20). Evidence exists for transmission of SARS-CoV-2 via the oral-fecal route, as 


viral nucleotide was detected in rectal swabs and blood later in the course of infection when virus was 


not detected in oral swabs (21). On the population level, there is a poorly-defined risk of transmission 


via asymptomatic infection (22). The occurrence of asymptomatic infections has raised concerns about 


the rapid spread of transmission to vulnerable populations (21).


 


9.4  
Objectives/Specific Aims/Research Questions:


Describe the purpose and objective(s) of the study, specific aims, and/or research questions/hypotheses


General Goals and Objectives:


To describe the natural history of clinical disease
To identify risk factors for infection and severe clinical course
To characterize the host immune response to infection
To evaluate the correlation between symptom severity, virologic/microbiologic characteristics, the 
host immune response and clinical course and outcome
To develop and/or operationally assess diagnostic and prognostic tools for the study of novel 
pathogens / emerging infectious diseases
To establish a clinical and laboratory database, and related specimen repository, for future studies 
of novel pathogens / emerging infectious diseases
To investigate efficacy of emergency Investigational New Drug (eIND) therapies that may be 
administered to enrolled study participants during the course of clinical care


For COVID-19 / SARS-CoV-2 infection, clinical and demographic data will be evaluated, along with 
laboratory findings as appropriate, to assess key endpoints of interest to include, but not limited to, the 
following:


Incubation period
Duration of illness / symptoms
Duration of functional disability
Duration of shedding from respiratory and gastrointestinal tract
Incidence and duration of viremia
Predictors of severe disease: clinical signs, symptoms, laboratory features; host factors, eg 
smoking, vaping, alcohol consumption, comorbid illness/conditions, occupational health factors 
influencing lung disease; host biomarkers; virologic (strain/virulence) attributes
Supportive management required: O , HFNC, NIPPV, ventilation; hemodynamics2


Complications: e.g., bacterial pneumonia; bacteremia; AKI; liver injury; CNS involvement, etc.
Outcomes: resolution of symptoms; return to pre-illness functional status; requirement for O ; 2


development / exacerbation of reactive airway disease; pulmonary function; resolution of medical 
complications; new Rx requirements, eg bronchodilators; other sequelae
Development of immunity (i.e., correlates), kinetics, duration of antibody detection
Relationship between acute illness (or pre-illness) HCoV titer and infection, outcome, virologic 
parameters
Costs of care, costs of duty days lost


9.5  Study Design:


Describe study design in one to two sentences (e.g., prospective, use of existing records/data
/specimens, observational, cross-sectional, interventional, randomized, placebo-controlled, cohort, etc.). 
Specify the phase – Phase I, II, III, or IV – for FDA-regulated investigational drug research


A prospective, longitudinal cohort study of novel pathogens / emerging infections with pandemic potential


9.6  Target Population:







Describe the population to whom the study findings will be generalized


Study findings will be generalized and applicable to all populations that travel to or reside in disease 
endemic areas or live within an area that has been exposed to infectious pathogens with pandemic 
potential; some of which include military personnel and the general public. 


9.7  Benefit to the DoD:


State how this study will impact or be of benefit to the Department of Defense


Infectious diseases are a significant source of morbidity among military forces. Infectious disease 
outbreaks compromise force readiness and interfere with training programs. Strategies to characterize 
and ultimately to treat and prevent the major infectious disease threats to military personnel are 
urgently needed.


10.0  


Study Procedures and Data management


10.1  Study Procedures:


Describe step-by-step how the study will be conducted from beginning to end


Recruitment and enrollment strategies will be dynamically responsive to the outbreak as the situation evolves. 


Study volunteers may be recruited from areas of the hospital where they present for care or in the inpatient 


and isolation settings. Informed consents and enrollments will be conducted by study staff included on the IRB 


approved protocol, including staff named on delegation log, and trained in study procedures. Clinical 


evaluations will be performed by the MTF healthcare team and may also be conducted by qualified study team 


members.


In addition to MTF enrollment, MHS beneficiaries who have been clinically tested for COVID-19 will be invited 


to participate in a limited schedule of assessments for EPICC, including completion of a series of online 


questionnaires and at-home capillary blood sample collection at three timepoints.  See Appendix A for further 


details.


At the time of a participant’s initial consultation at an MTF, study activities will consist of explanation of study 


goals and purpose, and obtaining informed consent (may include consultation with Legally Authorized 


Representative). The day of enrollment will be defined as Study Day 0. The team will subsequently conduct 


serial collection of data (demographics, vital signs, clinical findings, diagnostics and other laboratory results, 


etc.) through study participant interview and from medical record review from time of disease onset throughout 


study duration. Specific risk factors linked to pathogen exposure (eg., travel history to disease endemic 


regions, contact with sick individuals or known reservoirs of disease, etc.) will also be acquired from study 


volunteers, mainly through interview at Day 0. Medical records collected prior to day of enrollment will also be 


evaluated to ascertain medical history information pertinent to understanding baseline health and analysis of 


underlying risk factors associated with disease progression and other outcomes. Study team members will 


collect for research purposes biological specimens (e.g., nasopharyngeal and oropharyngeal swabs, rectal 


swabs, and blood) from enrolled participants who are laboratory-confirmed or suspected cases at time of 


enrollment, during the duration of hospitalization and/or isolation, with follow-up specimen collection up to 


approximately 1 year post-enrollment.
 


When possible, the study team will also obtain residual volumes of specimens collected for clinical care that 


would otherwise be discarded. Sample types include but are not limited to bronchoalveolar lavage, blood, 


urine, sputum, saliva, stool, cerebrospinal fluid, semen (adults only), or vomit.As available, these residual 


samples will be obtained from the time of onset of the disease under study.  For active duty servicemembers, 


the study team will also request a pre-illness (up to 2 years prior to enrollment) serum sample from the DoD 


Serum Repository (DoDSR).
 


Some subjects may undergo clinical imaging studies as part of regular patient care or as part of this protocol 


using clinical imaging devices. For example, point-of-care portable ultrasound may be used to image areas 


such as the lungs, heart, and lower extremity veins, to explore the prognostic use of ultrasound in early 


These imaging studies, detection of pneumonia and cardiovascular sequelae associated with severe disease. 


when available, will be part of the collected subject data.
 







Study participants recruited and enrolled at MTFs who are ambulatory may also be evaluated via serial self-


collection of samples such as nasopharyngeal swabs, oropharyngeal swabs, capillary blood samples, and/or 


other specimens appropriate for self-collection.
 


Recruitment of individuals who are asymptomatic at high/some risk of exposure may involve study team 


members approaching family or friends who escorted the sick individual to the hospital as well as healthcare 


providers who have potentially been exposed to known or suspected cases. Enrollees who are asymptomatic 


high/some risk will undergo serial collections of clinical and laboratory data as well as biological specimens (e.


g., nasopharyngeal, oropharyngeal, and rectal swabs and blood) at enrollment, with follow-up specimen 


collection up to approximately 12 months post-enrollment. The study team may consider implementing a plan 


for asymptomatic study volunteers to conduct self-collection of clinical specimens (e.g. nasopharyngeal swabs, 


oropharyngeal swabs, rectal swabs, capillary blood smaples) through the follow-up period. Demographic, 


clinical, and other data as described above for symptomatic volunteers may also be acquired for asymptomatic 


high/some risk participants.
 


The Flu- PRO questionnaire (24-27) may be used to record the patient-reported outcome (PRO) on severity of 


clinical symptoms and the impact of clinical interventions on infection. A web link to the Flu-PRO questionnaire 


may be provided to participants to record the severity of ILI symptoms daily for 14 days from either the day of 


enrollment, or the date of onset of symptoms (for subjects who were asymptomatic at enrollment). Paper 


versions of the Flu-PRO questionnaire may be administered as needed.  
 


In addition, an online questionnaire will be administered at enrollment and follow-up timepoints to collect data 


on medical history, comorbidities, behavioral risk factors, symptoms and recovery status.
 


If a participant is dually enrolled in a treatment protocol and scheduled to receive investigational products 


under an eIND, an additional sample may be collected in the first 48 hours after test article administration. If 


eligible, study participants may also be considered for enrollment  concurrently in an interventional clinical trial 


evaluating efficacy of treatment regimens. The priority of collection of clinical specimens will be as follows: 1. 


specimens collected for clinical care; 2. specimens collected in support of an interventional clinical trial; and 3. 


specimens collected for observational study (i.e., EPICC protocol).
 


The study team may consider discontinuation of study participants who have a negative test result for the 


pathogen of interest (based on current standard of care diagnostics) and/or are diagnosed with another 


respiratory pathogen other than the one of interest and/or the disease of interest is highly unlikely based on 


the primary clinical team assessment. This approach may need to be taken to conserve study staff time and 


resources depending upon local epidemiologic circumstances, e.g. very high incidence and subject accrual.
 


Results obtained from research analyses will not be entered into the participant’s medical record. However, 


the study team will communicate relevant findings to the participant’s primary care provider overseeing care of 


the indicated infection of study. The study volunteer’s primary healthcare provider is likely to be a member of 


the protocol study team, and as such will be directly aware of study findings. If the primary healthcare provider 


is not a part of the protocol team, relevant findings from the study will be communicated to the healthcare 


provider verbally in a private setting to protect patient confidentiality or via a secure encrypted electronic 


communication.
 


Pregnant participants will be followed monthly until delivery to collect information on pregnancy outcome and 


health of the child with regards to the disease under study, to the extent practicable. A cord blood sample may 


be collected for research purposes following childbirth.
 


Specimens collected through this observational study will be evaluated in various laboratory assays to 


characterize the epidemiology, immunology, clinical characteristics, and other important outcomes of interest. 


Associated clinical and demographic data will also be evaluated, along with laboratory findings as appropriate, 


to assess key endpoints of interest as described in Section 9.4.


Schedule of Patient Evaluation and Data Collection


The table below shows the schedule of assessments for study participants enrolled in EPICC. Given the 


possibility of critical illness of the patient and the potential increased risk of exposure to medical personnel, 


assessments that cannot be completed due to patient care considertaions, indection control measures, or 


other logistical challenges will not constitute protocol deviations. In addition, the frequency of specimen and 


data collection may be reduced to accommodate logistics of acquiring specimens and data among study 


volunteers who are outpatients.


Ambulatory subjects who do not have restrictions of movement for infection control purposes (i.e., not advised 


by their care provider/local health authority to remain home in isolation) will be invited to return to the hospital 


for follow-up assessment and collection of specimens.







Specimen/ Assessment Enrollment 


(Day 0)


Days 3, 7


(± 1 day)


Once Weekly 


until 


discharge


(± 2 days)


Day 14 if 


Discharged


(± 3 days)


Day 28


(± 7 days)


6 Months


(± 14 days)


12 Months


(± 28 days)


Virology Sample: Nasal, 


Throat, and/or Oral specimen*
√ √ √ √    


Virology Sample: Rectal Swab √ √ √  √   


Blood √ √ √ √¶ √¶ √¶ √¶


Residual Clinical Samples  # √ √ √ √ √ √ √


Radiologic images ** √ √      


Flu-PRO Symptom Diary *** √ √ √ √    


Online Questionnaire √    √ √ √


 


If an asymptomatic and/or COVID-19-negative subject develops symptoms or receives a positive test result for 


COVID-19, they will be asked to contact study staff to report their symptoms/test result and will restart the 


schedule of assessments from Day 0.


Inpatient MTF-Enrolled Subjects


*  To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed 


may change to  follow updated best practices as reported in the scientific literature. Example sample types are 


swabs (nasal, nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-


collected by subjects.


¶ Blood collection after discharge may be done using a commercial at-home microsampling blood collection kit.


#   Residual samples from clinically-indicated lab tests will be collected for research. Sample types may 


include sputum, saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from 


samples collected starting at the date of disease onset, which may be prior to Study Day 0.


** Lung, cardiac, and/or venous ultrasound may be conducted on hospitalized subjects on days 0, 1, and 3 as 


resources and local patient care policy allows. Findings from any additional radiologic images obtained during 


routine clinical care will be collected for research.


*** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 


14 days.


Outpatient MTF-Enrolled Subjects


Specimen/ Data Enrollment 


(Day 0)


Day 7


(± 1 day)


Day 14


(± 3 days)


Day 28


(± 7 days)


6 Months


(± 14 days)


12 Months


(± 28 days)


Virology Sample: Nasal, Throat, 


and/or Oral specimen*
√‡  √    


Blood¶ √‡ √ √ √ √ √


Flu-PRO Symptom Diary ** √ √ √    


Online Questionnaire √   √ √ √


Residual clinical samples # √ √ √ √ √ √


*  To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed 


may change to  follow updated best practices as reported in the scientific literature. Example sample types are 


swabs (nasal, nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-


collected by subjects.


¶ Blood collection may be done using a commercial at-home microsampling blood collection kit.


# Residual samples from clinically-indicated lab tests will be collected for research. Sample types may include 


sputum, saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from samples 


collected starting at the date of disease onset, which may be prior to Study Day 0.


** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 


14 days.


‡ There is a +3 day window for Day 0 research sample collection to allow for distribution of self-
collection kits to participants whose samples could not be collected at enrollment.
 


Online Cohort:  See Appendix A


Specimen/ Data Day 28







Enrollment 


(Day 0)


(± 7 days) 6 Months


(± 14 days)


12 Months


(± 28 days)


Online Questionnaire √ √ √ √


Self-collected blood¶  √ √ √


¶ All blood collection for this cohort will be done using a commercial at-home microsampling blood collection 


kit.


Considerations for Pediatric Participants


Flu-PRO symptom diary may be completed by subjects aged .7 and older


Pediatric subjects will not be asked to complete the online questionnaires.


Self-collection of specimens is an option for subjects aged .8 and older


Blood collection volume and frequency may be reduced to comply with safety limits. For these 


subjects, the amount drawn may not exceed the lesser of 50 ml or 3 ml per kg in an 8 week period and 


collection may not occur more frequently than 2 times per week.


Research Laboratory Methods


Clinical specimens collected through this observational study will be evaluated in a variety of laboratory assays 


developed by laboratory partners. Specific laboratory assays to study the virologic, immunologic, and other 


relevant aspects of infections are unlikely to be available at the time of specimen collection (i.e., during the 


outbreak) given the time required to establish assays specific for novel, emerging pathogens. Below is a 


general description of laboratory assay methods and endpoints that may be used; however, this does not 


represent an exhaustive list to include new methodologies that are later developed in response to assaying 


novel pathogens. 
 


To characterize virologic correlates (e.g., viremia) of clinical symptoms and disease severity, serum levels of 


viral genomes can be assessed by real time-PCR at various time points. Serum concentration of viral antigen 


can be evaluated by enzyme-linked immunosorbent assay (ELISA). These same assays may be utilized in the 


longitudinal detection of virus in body fluids (e.g., nasal mucosa, sputum, urine, stool, etc.) throughout the 


course of evaluation/illness.
 


In addition, serum may be assayed for concentrations of virus-specific IgM and IgG in the acute and 


convalescent stages of evaluation/illness. Cytokine profiles can be conducted via multiplex assay to describe 


the pro- versus anti-inflammatory cytokine responses of study volunteers throughout the course of illness. 


PBMCs may be collected to investigate cell-mediated immune responses in the acute and convalescent 


phases of illness.
 


Novel biomarkers, including transcriptomic and proteomic signatures, are promising for diagnosis and 


prognosis. Collection of appropriate specimens from individuals with well-characterized illnesses is required to 


inform assay development. Immune factors have been used as biomarkers for predicting clinical course and 


outcome, as well as the severity of clinical symptoms. For example, higher levels of cytokines IL2, IL7, IL10, 


GCSF, IP10, MCP1, MIP1A, and TNFα were observed in patients with SARS-CoV-2 infection requiring ICU-


level care compared to those receiving non-ICU care (21). Host specific responses may be evaluated using 


real-time PCR and other molecular methods to identify biomarkers, transcriptomic signatures, or other lab-


based endpoints indicative of severity of clinical course of disease progression and other risk factors 


associated with clinical outcomes, etc. In addition, evaluation of host transcriptomic responses among 


symptomatic versus asymptomatic, high risk exposure individuals may identify an early warning means for 


identifying asymptomatic people who eventually develop disease. RNA sequencing of blood specimens may 


also be conducted to assess viral transcription signatures as biomarkers for clinical outcomes. Blood 


specimens may also be used in phosphoproteomic assessments by measuring the proportion of host immune 


system proteins that are phosphorylated to evaluate novel biomarkers associated with activation of protein 


signaling pathways in response to infection.


10.2   Data Collection:


Describe all the data variables, information to be collected, the source of the data, how the data will be 
operationally measured, and approvals needed for use of information from DoD databases


Diagnostic Tests and Laboratory Analysis to be Obtained:


 
As available, laboratory data elements, such as but not limited to hematologic, biochemical, and other clinical 


parameters; clinical images and associated reports; and clinical diagnosis of the pathogen of interest (SARS-CoV-2) and
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/or alternate or co-infective pathogens, will be abstracted from the medical record of study volunteers on the day of 


enrollment (Study Day 0), throughout the period of hospitalization (inpatients) and through duration of follow-up.  In 


addition, laboratory and diagnostic data available in medical records prior to Day 0 will be abstracted for study of 


baseline health, existing co-morbidities, etc.


Data Elements


Case report forms (CRFs) for this protocol have been adapted from those of the International Severe Acute Respiratory 


Infection Consortium (ISARIC).


 
There are five main components of the data collection forms, encompassing study participant information at:


The time of enrollment (at time of presentation at MTF, hospital admission, or being placed in isolation),


Period prior to Day 0, as appropriate, to assess recent medical history, 


Medical encounter data (inpatient or outpatient),


The time of discharge or death


Follow-up period (following hospital discharge or being released from isolation setting, or otherwise as an out-


patient)


Major data variable categories to be collected include, but are not limited to the following:


Day of enrollment


Demographics (Residence, Occupation, Military Status)


Signs and Symptoms at onset of illness and presentation for care


Epidemiological Risk Factors and Exposures


Pre-admission Medications


Review of recent medical history via medical record review


Flu-PRO symptom severity questionnaire


Hospitalization or Isolation Period


Daily Observations (i.e., vital signs) and Treatments (i.e., receipt of IV fluids)


Daily Laboratory Results


Medications and Blood Products


Microbiology Results


Critical Care


Severe Symptoms and Complications


Flu-PRO symptom severity questionnaire


Outcome


Final Diagnosis


Patient Status at Outcome


Follow-up period


Data Collection


Study data will be copied onto electronic CRFs at the study site. These transcriptions will occur on an ongoing basis 


during the study in accordance with Good Clinical Practice (GCP) guidelines. Data entered on CRFs, as well as 


corrections made, shall be performed by authorized individuals. This study will make use of electronic case report forms 


(eCRFs) using tablets with the Research Electronic Data Capture (REDCap). For cases where a tablet cannot be used 


because of infection control concerns or logistical issues, authorized personnel will capture CRF information using a 


paper based version and later electronically record results into REDCap. All data transmitted to and from the application 


is done using a secure, encrypted transmission (SSL/HTTPS). For increased security, the application additionally verifies 


the SSL certificate of the REDCap server that it is communicating with in order to validate the server’s identity. The 


REDCap mobile application employs encryption-at-rest on the mobile device’s hard drive, so all data and information 


stored on the device is protected from unauthorized users. REDCap has built-in safeguards such as username and PIN, 


and remote lockout. When resources are available, data from clinical devices including de-identified ultrasound or 


radiograph images, continuous vital signs, and/or cardiac telemetry will be locally stored on password-protected devices, 


and if possible, transmitted wirelessly to a secure Cloud backup. Henry Jackson Foundation (HJF) headquarters IT will 


host deidentified study data on HJF HQ secured servers. HJF is responsible for the purchase, setup, maintenance, and 


service of any its servers and technology.


 
The supervising principal investigator, or designated associate investigator, will be responsible for regular maintenance 


and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care providers and research team 


members given specific tasks to perform. The files are kept in a secured location in each study site. Some participant-


completed forms such as questionnaires may be completed through the web-based program. These will be transmitted 


directly into the study database. Research labs will transmit their testing data to the DCC using standard procedures for 


data handling and transmission.


Data Management/Quality Control


During the study, the investigator will review study data from their site, including medical records, records detailing the 


progress of the study for each volunteer, laboratory reports, CRFs, documentation of informed consent and authorization 


forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports and information regarding 







volunteer discontinuation of the study. All required study data will be clearly and accurately recorded on source 


documents or CRFs by either the participant themselves or authorized study personnel. Only designated study 


personnel shall record or change data on a CRF. During the study, the investigator will be responsible for the 


procurement of data and for quality of data recorded on the CRFs. Original observations entered directly onto the CRFs 


are defined as source data. PHI will be removed from clinical devices, such as those used for radiology, and associated 


data will be labeled with the study participant’s ID. For each pivotal analysis (e.g., for a sub-study, manuscript, or 


presentation), the ‘snapshot’ (or ‘data freeze’) database will be made and archived in the study data repository. After the 


study analysis ends, the database will be locked.


10.3  At any point in the study, will you request, use, or access PII from the Military Health System 
(MHS)?


 Yes    No


10.4  Have you consulted with an MHS data expert to determine the data elements to be extracted or the 
information system(s) to access? 


Consulting with a data expert often saves time later in the compliance process because the data expert 
can advise on the data available in the numerous MHS information systems, the quality of that data and 
the methods for encrypting and collapsing data.  To schedule a consult with an MHS data expert, send 
an email to: ( )dha.ncr.pcl.mbx.privacyboard@mail.mil


Yes, then complete the questions below according to the data consult 


No, then complete the questions below according to the best of your knowledge (NOTE: It is highly 
recommended that you work with an MHS data expert) 


10.5  Indicate whether you plan to receive a data extract from the MHS or plan to access an information 
system directly to create a data set:


A data extract is when the MHS or a contractor provides the data set directly to the researcher.  When 
receiving a data set through data extract, the researcher may indicate whether the data elements should 
be provided as is, encrypted or collapsed.  In contrast to a data extract, access to an information system 
means that the researcher may directly access an MHS information system and create a data set for the 
research study


Data Extract


Access


10.6  Do you intend to use only de-identified data from the MHS in your research study?


There are different two methods for de-identifying data pursuant to HIPAA:
1) Safe Harbor Method: Removing all of the identifiers listed in Table 1 below, provided that the 
researcher does not have actual knowledge that the remaining data can be used alone or in combination 
with other information to identify the individual who is the subject of the information
2) Statistical Method: An expert, with appropriate knowledge of and experience with generally accepted 
statistical and scientific principles and methods for rendering information not individually identifiable, 
determines that the data is not individually identifiable


  Yes     No


10.7  If your research study requires access to an MHS information system, please indicate the system to 
obtain data:


If you do not know which system(s) contain the data elements you need, refer to the Guide for DoD 
Researchers on Using MHS Data or seek guidance from an MHS data expert:
 
PHI Systems:


MHS Information System Requesting Data







: AHLTA : Yes


: CHCS : Yes


: ESSENTRIS : Yes


: MDR : Yes


PII-Only Systems:


MHS Information System Requesting Data


No records have been added


De-Identified Data & Other Systems:


Information System Requesting Data


Expense Assignment System


MHS Genesis; JLV (accessed via AHLTA or MHS 
Genesis)


: Yes


DMSS, DRSi : Yes


10.8  Do you intend to merge or otherwise associate the requested data with data from any sources 
outside of the MHS, including other DoD systems that are not part of the MHS?


Yes, will merge data  


No, will not merge data 


10.9  Indicate the categories of data that you will request from MHS systems or MHS health care 
providers about research participants or relatives, employers, or household members of the 
research participants.


Data Element(s) MHS Non-MHS Systems


1. Names


2. Postal address with only 
town, city, state and zip code


3. Postal address with all 
geographic subdivisions smaller 
than a state, including street 
address, city, county, precinct, 
zip code and their equivalent 
geocodes, except for the initial 
three digits of a zip code if, 
according to the current 
publicly available data from the 
Bureau of Census: 1) the 
geographic unit formed by 
combining all zip codes with the 
same three initial digits 
contains more than 20,000 
people; and 2) the initial three 
digits of a zip code for all such 
geographic units containing 







20,000 or fewer people is 
changed to 000


4. Dates including all elements 
(except year) directly related to 
an individual, including birth 
date, admission date, discharge 
date, and date of death


5. Ages over 89 and all 
elements of dates (including 
year) indicative of such age, 
unless you will only request a 
single category of “age 90 or 
older”


6. Telephone numbers


7. Fax numbers


8. Electronic mail addresses


9. Social Security numbers 
(SSNs)


10. Medical record numbers


11. Health plan beneficiary 
numbers


12. Account numbers


13. Certificate/license numbers


14. Vehicle identifiers and serial 
numbers, including license plate 
numbers


15. Device identifiers and serial 
numbers


16. Web Universal Resource 
Locators (URLs)


17. Internet Protocol (IP) 
address numbers


18. Biometric identifiers, 
including finger and voice prints


19. Full-face photographic 
images and any comparable 
images







20. Any other unique 
identifying number, 
characteristic, or code (DEERs 
ID, EDIPN, Rank)


If you are obtaining SSNs, provide a justification as to why and explain why a substitute cannot be used


We request to access potential subjects' medical records in order to evaluate them for recruitment for 
this protocol. PHI to be screened include (name, date of birth, social security number and health 
beneficiary numbers). These risks are no more than minimal because they are not greater than those 
ordinarily encountered by the patient during a medical visit.  
 
Study investigators and personnel will review potential subjects' medical history to assess protocol 
eligibility. If the person consents to participate in the research study, the PHI will be stored in accordance 
with the protocol.


10.10  Is it possible that the data will become identifiable because of triangulation, a small cell size, or 
any unique data element(s)?


Triangulation means using different data elements that are not themselves identifiable but that when 
combined can be used to identify an individual. For example, triangulation would be using rank and race 
together to determine the identity of an individual with a particular health condition
Small cell size means that there are only a small number of eligible individuals that satisfy the category 
description.  Guidance for acceptable cell size is available from the Centers for Medicare and Medicaid 
Services. For example, the rank category of four star generals with a particular diagnosis may be less 
than 30 so the rank category may need to be expanded to include lower ranks
A unique data element includes any unique features that are not explicitly enumerated in the categories 
of data in rows 1 – 19 of Table 1 above, but that could be used to identify an individual.  Examples of 
unique data elements include: 1) a unique number, such as a medical record number or EDIPN; 2) a 
unique code, such as a diagnosis code or a bar code on an electronic health record; and 3) any unique 
characteristic, such as the rank of general or admiral, or a race or gender combined with another unique 
characteristic


Yes, there is a reasonable possibility the data will become identifiable 


No, there is no reasonable possibility the data will become identifiable 


10.11  HIPAA Privacy Rule and Use of Protected Health Information in Research:


N/A – will not use or disclose protected health information (PHI) 


HIPAA Authorization will be obtained 


Use of a limited data set where a data use agreement will be obtained 


Waiver/alteration of HIPAA Authorization is being requested 


10.12  Managing Data (Data Management and/or Sharing Plan ) and/or Human Biological Specimens for 
this Study:


Include in this section the plan for acquiring data (both electronic and hard copy), access during the 
study, data/specimen storage and length of time stored, shipment/transmission, and the plan for 
storage and final disposition at the conclusion of the study. Describe any data agreements in place for 
accessing data within and/or outside of your institution (e.g., Data Sharing Agreement, Data Use 
Agreement, Business Agreements, etc.)


Human Biological Specimens


1. Intended Use of the Samples/Specimens/Data


Specimens will be processed and handled as appropriate following applicable MTF enhanced precaution 
and Infection Control SOPs. Methods for specimen collection, handling, and processing are described in 
their respective SOPs. Details of specimen storage, maintenance, and QA/QC are described in their 
respective SOPs.
 







Samples and data collected under this protocol will be analyzed to study the pathogenesis of disease and 
the host immune response to infection. Genetic testing on human specimens
will be conducted to evaluate the host (subject’s) immune response to SARS-CoV-2 infection and its 
association with clinical outcomes. Additional genetic testing will examine viral genetic markers and 
transcription signatures as predictors of infection severity, clinical course, and outcomes. Genetic testing 
results will not be provided to participants.


This is a purely observational study. Any experimental treatments will be done under other protocols for 
which separate IRB review and approval will be obtained.


2. How Samples/Specimens/Data Will Be Stored


Access to research samples will be limited using locked facilities and monitored freezers. Samples and 
data will be stored using codes assigned by the investigators or their designee(s). Data will be kept in 
password-protected computers. Only investigators or their designee(s) will have access to the samples 
and data.


3. How Samples/Specimens/Data Will Be Stored & Tracked


Samples from individuals found infected with a novel pathogen / emerging infectious disease of interest 
will be archived and stored at an appropriate biosafety level facility.
 
Samples acquired as part of the protocol will be tracked using appropriate software, such as Freezer 
Works, a sample tracking, biorepository management and freezer inventory program.


4. What Will Happen to the Samples/Specimens/Data at the Completion of the 
Protocol?


In the future, other investigators may wish to study these samples and/or data. IRB approval will be sought 


prior to any sharing of samples/data. Any clinical information associated with the sample, with or without 


patient identifiers, will be shared after IRB approval has been obtained.Upon study closure, all samples and 


data will be de-identified in accordance with the DHA-approved Data De-Identification Plan.


5. What Circumstances Would Prompt the PI to Report to the IRB Loss or 
Destruction of Samples/Specimens/Data


Any loss or unanticipated destruction of samples (for example, due to freezer malfunction) or data (for 
example, misplacing a printout of data with identifiers) that compromises the scientific integrity of the 
study will be reported to the IRB.


6. Storage and Tracking of Samples/Specimens/Data


Research use of data collected through this protocol will be coded and will not contain identifiers. These 
data will be coded with access maintained by a custodian not affiliated with the study team per IDCRP 
policy. Much of the subsequent research using the coded materials collected under the auspices of this 
study will be accomplishable through approved exempt or non-human use sub-studies. All research using 
the materials collected under this protocol will be conducted in accordance with an IRB-reviewed 
protocol. Data and specimens released for research use will be labeled by PIN only; data will be shared 
without any identifiers or links to individuals. The DCC custodian, the DCC Chief, will not share 
identifying information with investigators without explicit IRB approval.
 
A Defense Health Agency (DHA) Data Sharing Agreement will be implemented as needed to access MHS 
data. Appropriate data sharing agreements and other legal agreements will be implemented prior to 
sharing of data and specimens with collaborators.


10.13  Managing Data (Data Management and/or Sharing Plan) and/or Human Biological Specimens for 
Future Research:


If the study involves collecting, storing, or banking human specimens, data, or documents (either by the 
Investigator or through an established repository) for FUTURE research, address. How the specimens
/data will be used, where and how data/specimens will be stored (including shipping procedures, storage 
plan, etc.), whether and how consent will be obtained, procedures that will fulfill subjects’ request as 
stated in the consent, whether subjects may withdraw their data/specimens from storage, whether and 
how subjects may be recontacted for future research and given the option to decline, whether there will 
be genetic testing on the specimens, who will have access to the data/specimens, and the linkage, the 
length of time that data/specimens will be stored and conditions under which data/specimens will be 
destroyed







Establishment of a specimen repository for future clinical and laboratory investigation for future 
emerging infectious disease research:
 
The study aims to build a repository of biological specimens (e.g. whole blood, serum, and PBMCs, as 
well as nasopharyngeal fluid, sputum, bronchioalveolar lavage fluid, oropharyngeal fluid, saliva, urine, 
semen, and rectal swab specimens, etc.) from an observational, longitudinal study of emerging infectious 
diseases. Specimens may be stored in an appropriate biosafety level facility at a protocol-approved 
biorepository. These specimen repositories will be linked to an extensive de-identified clinical database.
 
In the future, this repository might be used in the identification and validation of biomarkers for severe 
infection, identification and molecular characterization of novel pathogens, development and evaluation 
of new diagnostic platforms, and/or evaluation of host factors that may be associated with susceptibility 
and outcome. Coupled with detailed clinical history and risk factor information gleaned through electronic 
medical record review, this repository will ultimately be an invaluable resource for future investigations 
of emerging infectious diseases in clinical as well as laboratory settings. Moreover, the infrastructure 
developed through these activities will serve as a broad-based platform for a diverse portfolio of relevant 
sub-studies into emerging infectious diseases and strategies for its control and prevention.
 
Study Time Line
 
This natural history core protocol will be open indefinitely, although sites may close once an epidemic has 
passed.


11.0  


Statistical/Data Analysis Plan


11.1  Statistical Considerations:


List the statistical methods to be used to address the primary and secondary objectives, specific aims, 
and/or research hypotheses.  Explain how missing data and outliers will be handled in the analysis.  The 
analysis plan should be consistent with the study objectives.  Include any sub-group analyses (e.g., 
gender or age group).  Specify statistical methods and variables for each analysis.  Describe how 
confounding variables will be controlled in the data analysis


Statistical Considerations
 
This is an enhanced surveillance protocol using clinical observations and laboratory testing, 
supplemented by additional lab testing for research purposes. The frequency and expansion of such 
outbreaks is unknown, and hence this protocol will be activated on contingencies in many cases. Data 
from a given outbreak will be compiled into a dataset for descriptive analyses. Risk factors will be 
identified retrospectively using odds ratios. Comparison between similar outbreaks may be performed if 
sufficient data allows. It is recognized that a proportion (i.e., not all) of eligible subjects will consent to 
participate in this study. As such, the limitations and generalizability of the study findings will be 
acknowledged in associated reports and manuscripts.
 
 


11.2  Sample Size Estimation:


As determined by exigencies of the outbreak, and resource availability. Please see Appendix A for sample 
size considerations for the online cohort.


11.3  Data Analysis Plan:


Data Analysis Plan
 
Student’s t test (or Wilcoxon rank-sum test if appropriate) on continuous variables and Pearson’s chi-
square tests (or Fisher’s exact test if appropriate) for categorical variable to summarize key outcomes of 
interest. Multivariate regression techniques will be used to assess relationships between key variables 
adjusted for potential confounders.
 
A data analysis plan will be created to meet the following reporting requirements:







1.  


1.  
2.  


3.  


4.  


1.  


2.  
1.  


2.  
1.  
2.  
3.  


3.  


1.  


2.  


During an outbreak, descriptive clinical and laboratory data will be summarized per patient on a 
regular basis as appropriate for all investigators, involved hospitals, the respective service’s public 
health agencies, AFHSB, and DHA leadership as a part of the epidemiologic reporting 
requirements. It is recognized this data may not be fully cleaned. Aggregate data report will be 
prepared monthly.
At conclusion of an outbreak, a summary report per outbreak will be prepared once all data is 
cleaned. This will take an estimated 90 days.


With respect to the analysis of the study data, the following objectives will be addressed, and more fully 
articulated, in a statistical analysis plan:
 
1) Describe natural history of clinical disease.
 
Data items related to disease duration include duration of fever and other predominant symptoms, and 
days from onset of symptoms until hospital discharge/return to normal activity. Each variable will be 
summarized by mean, standard deviation, median, inter-quartile range, minimum and maximum overall 
and also for each group within several groupings: age categories, adult vs. minor, gender, different race 
groups, index cases vs. secondary cases, military rank and/or nature of duties for those with active duty 
military duty status. We will also use symptom severity data from the Flu-PRO questionnaire to explore 
the extent to which ARI symptom severity scores differs across the cohort.
 
Adverse binary outcomes where the time to event may also be of interest: These include requirement for 
ICU admission, development of any super infection, development of oxygen requirement, mortality, etc. 
For each of these, we will first give a simple summary of the number and percent experiencing each 
outcome. We will also summarize by different subgroups as above.
 
2) Identify risk factors for infection and severe clinical course.
 
One set of analyses will treat laboratory-confirmed diagnosis as the outcome in logistic regression 
models, with the following covariates: age, sex, race, military rank, service branch, type of exposure, 
use of personal protective equipment, etc. Similar logistic regression models will be developed to 
determine predictors of severe clinical course, such as mortality.  
 
Another set of analyses will treat illness duration as a quantitative endpoint to be used as the outcome 
variable in multiple linear regressions. The key endpoint will be the total symptom score considered at 
three different time points: at symptom onset, at 48 hours post symptom onset, and at its maximum 
value whenever that occurs. Other potential confounders to be included as covariates are: age, sex, 
race, and number of days since presumed exposure.
Complementary methods of subject recruitment and data collection within the study will address the 
following specific aims:


Among COVID-19 confirmed cases  compare  (comorbidities, lifestyle factors, ,  risk factors
medications, exposure opportunities, general symptoms)  for:


Those who get hospitalized vs. those who do not get hospitalized
Those who get hospitalized with a ventilator vs. those who do not get hospitalized and 
those hospitalized but not placed on a ventilator
Those who get hospitalized in the ICU vs. those who do not get hospitalized and those 
hospitalized but not in the ICU
Those who go on to die vs. those who do not die


Compare  (comorbidities, lifestyle factors, medications, exposure opportunities, risk factors
general symptoms) for infection among the total COVID-19 tested study population of COVID-19 
confirmed cases (test positive) vs. confirmed non-cases (test negative).
Compare   between various groups:symptoms


Among the total COVID_19 tested study population, COVID-19 confirmed cases vs. 
confirmed non-cases
Among COVID-19 confirmed cases for those:


who get hospitalized vs. those who do not get hospitalized
who get hospitalized in the ICU vs. those who are hospitalized, but not in the ICU
who go on to die vs. those who do not die


Among the COVID-19-confirmed cases and an appropriate and hypothesis-specific randomly 
selected comparison group, using medical record data, identify comorbidities and medications that 
are associated with reduced occurrence of COVID-19 symptoms as well as with becoming infected 
with COVID-19.


The proposed analytic strategy will be to report crude (non-adjusted), age and sex-adjusted, and 
multivariable adjusted probability of hospitalization in those with and without the exposures of interest.


Calculate crude (non-adjusted) likelihood of hospitalization in demographic sub-populations of 
interest (e.g. by age strata, sex, and race/ethnicity)
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Determine the age-specific prevalence of the major comorbidities (obesity, hypertension, asthma) 
separately by sex and race/ethnicity
The primary model will be logistic regression, calculating adjusted predicted prevalence of 
hospitalization for those with each comorbidity alone and comorbidity clusters (since comorbidities 
are correlated)


A priori, evaluate whether risk associated with each comorbidity is similar for men and 
women and for African Americans vs others (interaction by sex; interaction by race).


Conduct separate models for the active duty population and the beneficiary populations
 
3) Characterize host immune response.
 
We will examine the relationship between factors, such as the immune response (e.g., serum antibody 
concentration) and pathogen infection kinetics, and disease progression, symptom severity, and clinical 
outcomes of interest. We will look at both cross-sectional relationships (i.e., among people) and within 
person relationships. For cross-sectional relationships, we will start by plotting the total symptom 
severity score against the immune response, separately for each of the four blood samples. We 
anticipate a monotonic relationship, but it is possible for a U-shaped relationship in some cases, i.e., 
illness severity is greater if there is a too small immune response or a too large one. We will develop 
regression models with the outcome of the symptom severity or clinical course on the chosen function of 
immune response to see if there is a statistically significant relationship. We will add covariates to control 
for possible confounders, such as age, race, sex, military status, etc. and others mentioned above.
 
4) Evaluate correlations between symptom severity, virologic/microbiologic characteristics, 
host immune response and clinical course/outcome.
 
We will consider two groups: subjects with versus without a severe clinical course, such as mortality. We 
will compare the proportions with a significant serum antibody ‘response’ between the two groups by 
contingency table chi-square tests. We anticipate that the categorization of immune response will be 
binary (i.e., proportion of individuals exceeding a given concentration of serum antibody), in which case 
we will be comparing a binomial probability between the two groups. These analyses will form the 
backbone for more elaborate multivariate analyses.
 
5) Develop diagnostic and prognostic tools.
 
Data and specimens from this protocol may be used in the development of diagnostic and prognostic 
assays for novel pathogens. For example, the collection of blood and other body fluids from individuals 
with laboratory-confirmed infection may aid in the development of novel assays with higher sensitivity 
and specificity. Additionally, the collection of longitudinal clinical characteristics in addition to clinical 
laboratory data may aid in the development of prediction models to determine risk factors for severe 
clinical course, such as mortality.  


12.0  


Participant Information


12.1  Subject Population:


As this is an observational study, subjects of all ages will be enrolled. Military Treatment Facilities see a 
diverse population including all genders and races, and a wide range of ages. This study will examine the 
epidemiology of novel pathogens / emerging infectious diseases, seek to identify risk factors for severe 
disease and elucidate mechanisms of host immunity to these pathogens.
 
Given the possibility of MTFs being used as surge capacity to support the care of individuals affected by 
an infectious disease outbreak, this study also allows for enrollment of anyone meeting the inclusion 
criteria and obtaining care at a participating MTF. Males and females of all ages who are symptomatic or 
asymptomatic individuals (at high/some risk of exposure) meeting inclusion criteria are eligible for 
participation.
 
Participation in the online-only study group is limited to adults only.


12.2  Age Range:


0-17


18-24
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25-34


35-44


45-54


55-64


65-74


75+


12.3  Gender:


Male


Female


12.4  Special categories:


Minors /Children - “You must also consider the requirements of 45 CFR 46 Subpart D and DoDI 
3216.02, Enclosure 3, paragraph 7.d.”


Students


Employees - Civilian - “You must also consider the requirements of DoDI 3216.02, paragraph 7.e.”


Employees - Contractor


Resident/trainee


Cadets /Midshipmen - “You must also consider the requirements of DoDI 3216.02, Enclosure 3, 
paragraphs 7.e. and 12.”


Active Duty Military Personnel - “You must also consider the requirements of DoDI 3216.02, Enclosure 
3, paragraph 7.e.”


Wounded Warriors - “Depending on your intended subjects’ status, you may also need to consider the 
requirements of DoDI 3216.02, Enclosure 3, paragraph 7.e.”


Economically Disadvantaged Persons - “You must also consider the requirements of 32 CFR 219.111
(b).”


Educationally Disadvantaged Persons - “You must also consider the requirements of 32 CFR 219.111
(b).”


Physically Challenged (Physical challenges include visual and/or auditory impairment)


Persons with Impaired Decisional Capacity - “You must also consider the requirements of 10 USC 
980.”


Prisoners - “You must also consider the requirements of 45 CFR 46 Subpart C and DoDI 3216.02, 
Enclosure 3, paragraphs 7.b. and 7.c.”


Pregnant Women, Fetuses, and Neonates


Non-English Speakers


International Research involving Foreign Nationals - Headquarters Review is necessary


12.5  Inclusion Criteria:


Order 
Number


Criteria


1 


Inclusion Criteria:


Individuals of any age who are eligible for care at an MTF and meet at least one of the 


following criteria:


 (e.g., SARS-CoV-2, Laboratory-confirmed presence of the pathogen of interest


influenza A /H7N9, etc.)


*OR*


Meet criteria for testing for the pathogen as identified per  of interest, 
current CDC guidelines at https://www.cdc.gov/coronavirus/2019-nCoV
/hcp/clinical-criteria.html


 


Additional Inclusion Criteria for Online Enrollment:



https://www.cdc.gov/coronavirus/2019-nCoV/hcp/clinical-criteria.html

https://www.cdc.gov/coronavirus/2019-nCoV/hcp/clinical-criteria.html
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2 
An MHS Beneficiary who has been clinically tested for the pathogen of interest


Able to receive email communications and respond to web-based questionnaires


≥18 years of age


 


12.6  Exclusion Criteria:


Order 
Number


Criteria


1 
Individuals who decline participation in the study
 


2 
Individuals who the study investigators believe are unable to comply with the requirements of 


the study
 


13.0  


Recruitment and Consent


13.1  Identification and Selection of Subjects:


Given the dynamic nature of novel pathogens/emerging infectious diseases, there is no pre-defined 
target enrollment for the protocol. The main objective of this protocol is to recruit and enroll a 
representative proportion of cases of emerging infectious diseases to characterize the epidemiology and 
clinical characteristics of disease. Site study team members will engage with relevant clinical staff to 
identify eligible patients in inpatient wards, intensive care units, acute care clinics, and emergency 
departments. Participants will be identified through screening of medical records to identify individuals 
with the recent exposures and clinical manifestations of interest, and will be approached following the 
initial medical evaluation. The study will be described to patients, and their eligibility and willingness to 
participate will be assessed. For those with confirmed or suspected infection, room access may be limited 
and consent will be performed by study staff members with patient access.
 
Individuals presenting for care at MTFs, such as at clinics or in the inpatient and isolation setting, will be 
recruited and enrolled and will participate in serial  collection of biological specimens  over a 12-month 
period, with more intensive (i.e., daily, weekly) data collection occurring during the inpatient or isolation 
period. Information on current and prior medical conditions and hospitalizations will be collected via 
medical chart review and/or MDR data extractions. Information on specific epidemiologic risk factors 
during or related to deployment (e.g., travel history, zoonotic exposures, etc.) will be ascertained 
through participant interview or review of available medical records (e.g., AHLTA-T, ALTHA, CHCS, 
Essentris, MHS Genesis, JLV (accessed via AHLTA or MHS Genesis), MDR, DMSS, and/or DRSi). Study 
participants evaluated at MTFs and who are either 1. ambulatory cases advised to return home and 
remain home in isolation or 2. classified as asymptomatic individuals with high/some risk for exposure 
may also be evaluated for follow up through a study design including serial self-collection of nasal swabs, 
oropharyngeal swabs, rectal swabs, or other specimens appropriate for self-collection. A similar schedule 
of data collection and methods used for enrolled inpatients will be applied for ambulatory cases (non-
hospitalized) and asymptomatic individuals as feasible.
 
Details on the recruitment, consent, and enrollment of subjects participating through the MHS-wide 
online process are included in Appendix A.


13.2  Recruitment Process:


Recruitment of study volunteers at the MTFs will rely heavily on the direct interface of healthcare 
providers with potential eligible participants. The study team will develop an MTF communications plan, 
outlined in the protocol’s Manual of Procedures, that will be implemented by local site teams to facilitate 
identification of potential eligible participants.  Study volunteers may be recruited from clinics and 
inpatient or isolation settings. In addition, recruitment of individuals who are asymptomatic at high/some 
risk of exposure may involve study team members approaching family or friends who escorted the sick 
individual to the hospital. Another group of individuals who may be approached for recruitment as 







asymptomatic high/some risk participants, are healthcare providers who are in close contact with and 
potentially exposed to known cases. Adults and children are eligible for participation.
 
The study team will use multiple means of communicating study awareness to enhance recruitment 
efforts, including periodic briefings delivered by the site PI’s and their study teams to their critical care 


and infectious disease staff and inpatient nursing staff. Information notices with points of contacts will be 


posted in clinical sites such as inpatient units, acute care clinics, and several points in the emergency room. Re


search team members who are Active Duty military personnel will not wear visible signs of their rank during 


Site PI’s or their authorized designees will conduct daily queries of MTF electronic health heath recruitment. 


records (including infectious disease reportables list, DRSi, and searching in CHCS for patients with 


identify individuals who tested positive for disease of interest and will review coronavirus lab code) to 
daily admissions into the ICU, general pediatric and internal medicine wards with their study personnel to 
identify new inpatients. Information from infection control, preventive medicine and infectious disease 
departments may be obtained to find patients who may be managed / followed outside of the MTF.
 
J6 Data: Staff at the J6 CarePoint MHS Information Portal will provide subject identifiers (including 
names, Active Duty status, DoD Identifier, DOB, Email addresses, Date of Initial COVID-19 Respiratory 
Swab PCR Test, and all available COVID-19 Respiratory Swab PCR Test results ) of AD members and 
beneficiaries who have been tested for COVID-19 to the approved research team using DoD SAFE. These 
data will be used to contact subjects for potential enrollment in the study and to contact subjects while 
enrolled. The original data file is retained only until a QC check determines the data have been uploaded 
successfully to REDCap, after which the file is destroyed. At study end, all PHI and PII shall be de-
identified per the De-identification Plan.
 
Depending on age, severity of infection, and MTF requirements, study staff will determine if a potential 
subject is capable and/or allowed to provide a signed consent, verbal consent, or if an LAR is required 
according to IRB, HIPAA, and local MTF requirements.


13.3  Compensation for Participation:


In accordance with 24 USC 30:


MTF-enrolled subjects will be provided compensation in the form of a gift card. Subjects enrolled in the online-


only group will receive compensation in the form of an electronic gift code sent via email.


Subjects will receive:


$50 for each outpatient venipuncture


$10 for each self-collected sample completed at home


$10 for completion of each online questionnaire


$10 for completion of 14-day Flu-PRO symptom diary


13.4  Eligibility Assessment Process:


As part of medical record review, the team will assess the eligibility of potential subjects. Individuals 
identified as having known risk factors for an emerging infectious disease (e.g., recent travel to a 
disease-endemic region, or close contact with a known or suspected infected individual or a returning 
traveler) who present to a participating MTF for medical care (e.g., febrile illness) or are placed into 
isolation are eligible for study participation. Additionally, asymptomatic high/some risk for exposure 
individuals may be enrolled at MTFs. Given the possibility of MTFs being used as surge capacity to 
support the care of individuals affected by an infectious disease outbreak, this study allows for 
enrollment of anyone meeting the inclusion criteria and obtaining care at a participating MTF. Eligibility 
will be assessed and a final determination of subject eligibility will be made during the consent process. 
Please refer to section 12.5 for the inclusion criteria.


13.5  Consent Process:


Are you requesting a waiver or alteration of informed consent?







 Yes    No


What type?


Waiver of documentation of informed consent


Waiver or alteration of informed consent


Please explain why you qualify for a waiver or alteration of informed consent:


Due to the contagious nature of the emergent infectious diseases being studied under this protocol, 
study staff may not always be allowed work near the potential and/or active study subjects or handle any 
items that they may have come in contact with per local MTF infection control policies. Therefore, 
obtaining signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be 
feasible or safe for study staff. The study team is requesting a waiver of documentation of informed 
consent to allow for verbal subject/LAR informed consent, an Alteration of Authorization of HIPAA to 
allow for verbal subject/LAR HIPAA authorization, as well as a partial Waiver of HIPAA Authorization to 
identify eligible potential subjects and make initial contact with individuals to notify them regarding the 
study. These will be used as appropriate based on the circumstances of the disease being studied and 
MTF requirements. This study falls under the following criteria noted in 32 CFR 219.117: “That 
the research presents no more than minimal risk of harm to subjects and involves no procedures for 
which written consent is normally required outside of the research context."


Please explain the consent process:


ICD and Assent Regulatory Requirements


The Informed Consent Document (ICD) and Assent Form, including a HIPAA authorization, will be 
reviewed and approved by the IRB prior to initiation of the study. The ICD will contain a full explanation 
of the possible advantages and risks of study participation. The ICD will be compliant with applicable DoD 
regulations, 32 CFR 219, and the Belmont Principles, and the Health Insurance Portability and 
Accountability Act (HIPAA) Authorization. Informed consent includes the principle that it is critical the 
participant be informed about the principal potential risks and benefits. This information will allow the 
participant to make a personal risk versus benefit decision and understand the following general 
principles:


Participation is entirely voluntary,
Participants may withdraw from participation at any time,
Refusal to participate involves no penalty; and
The individual is free to ask any questions that will allow him/her to understand the nature of the 
protocol.


An ICD or Assent Form (with parental permission) will be signed by the participant before any study-
related procedures are initiated for each participant. The investigators or their designees will present the 
protocol in lay terms to the participants. If access is limited, an authorized member of the study team 
accompanied by a witness may conduct the informed consent process. Questions on the nature of the 
protocol, the means by which it is to be accomplished, and the risks to the participants will then be 
solicited. Any question that cannot be answered will be referred to the principal investigator (PI). All 
participants will be given the opportunity to ask questions. No participant should grant consent until 
questions have been answered to his/her satisfaction. Documented parental permission will be received 
prior to obtaining assent from a minor. If rules allow, a copy should be provided to the volunteer or their 
guardian.


Minors:


An assent form (with parental permission) will be used for children aged 7-17. The ICD and Assent Form 
(with parental permission) indicate that by signature, the participant permits access to relevant medical 
records by the study investigators and regulatory authorities. Documented parental permission is 
required prior to assent by a minor using the ICD. A Waiver of Documentation of Assent will be used for 
children 6 and under, documenting that the study was explained to the child in age-appropriate terms 
and that the child has either expressed verbal assent or does not have the capacity to do so.


For adults who are incapacitated by the illness:


Consent may be obtained by a Legally Authorized Representative (LAR). The patients should be 
consented themselves at such time that they are able to provide consent.


For Hospital Staff who are Active Duty Military:


Hospital staff who are active duty military, and therefore eligible for care at a military treatment facility, 
may be approached for consenting to the study due to their potential exposure to coronavirus. If hospital 







staff who are active duty military are approached for participation in the study, supervisors will not be 
present at any human subject recruitment sessions or during the consent process in which hospital staff 
who are active duty military under their supervision are afforded the opportunity to participate as human 
subjects. Supervisors (e.g., military and civilian supervisors or anyone in the supervisory structure) will 
not influence the decisions of their subordinates regarding their participation as subjects in this study.


Verbal Informed Consent:


Due to the contagious nature of the emergent infectious diseases being studied under this protocol, 
study staff may not always be allowed work near the potential and/or active study subjects or handle any 
items that they may have come in contact with per local MTF infection control policies. Therefore, 
obtaining signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be 
feasible or safe for study staff.
 
The study team is requesting a waiver of documentation of informed consent, an Alteration of HIPAA 
Authorization, as well as a partial Waiver of HIPAA Authorization to use as appropriate based on the 
circumstances of the disease being studied and MTF requirements. When possible, the subject will 
provide signed ICD and HIPAA authorization. If the subject is unable to provide signed authorizations, 
the Alteration of HIPAA Authorization will be utilized, allowing the subject/LAR to provide verbal, rather 
than written, HIPAA Authorization. If study personnel are unable to work near the potential and/or active 
subject for safety reasons, the study personnel will contact the patient according to the requirements of 
the MTF. Options may include but are not limited to speaking with the patient from a safe distance in 
person, contacting the patient by phone in person with a barrier in between the potential and/or active 
subject and the study personnel, contacting the patient by phone from a separate location, or having a 
study physician trained in infectious disease safety procedures meet with the potential and/or active 
subject in close proximity (if allowed by the MTF).
 
Regardless of the method of delivery, the potential and/or active subject would be thoroughly briefed on 
the study’s Informed Consent and HIPAA information. They would also be provided with an opportunity 
to ask any questions and an unsigned copy of the informed consent if permissible by the MTF. In turn, 
study staff will thoroughly document the informed consent process and the subject’s verbal consent in 
the study chart. The study personnel will sign and file the ICD. The study personnel will also include a 
note in the study chart summarizing the informed consent process.


13.6  DoDI 3216.02 requires an ombudsman to be present during recruitment briefings when research 
involves greater than minimal risk and recruitment of Service members occurs in a group setting. If 
applicable, you may nominate an individual to serve as the ombudsman.


N/A 


Propose ombudsman 


13.7  Withdrawal from Study Participation:


Explain the process for withdrawal and specify whether or not the subjects will be given the opportunity 
to withdraw their data their data/specimens in the event they wish to withdraw from the study


A subject may voluntarily end participation in the study at any time. If a subject withdraws, the 
investigator will make a reasonable effort to determine the reason for the subject’s withdrawal from the 
study. Telephone calls, registered letters, and/or e-mail correspondence will be considered reasonable 
effort. Data and specimens collected up to the time of withdrawal will be retained and de-identified in 
accordance with IRB, HIPAA, and Safe Harbor requirements.
 
Subjects may be discontinued by the study team if there is a determination by the on-site physician that 
the volunteer may be unable to comply with the requirements of the study, or in the interest of the 
military mission.
 
The study team may consider discontinuation of study participants who have a negative test result for 
the pathogen of interest (based on current standard of care diagnostics)  are diagnosed with and/or
another respiratory pathogen other than the one of interest  the disease of interest is highly and/or
unlikely based on the primary clinical team assessment. This approach may need to be taken to conserve 
study staff time and resources depending upon local epidemiologic circumstances, e.g. very high 
incidence and subject accrual.


14.0  


Risks and Benefits







14.1  
Risks of Harm:


Identify all research-related risks of harm to which the subject will be exposed for each research 
procedure or intervention as a result of participation in this study.  Consider the risks of breach of 
confidentiality, psychological, legal, social, and economic risks as well as physical risks.  Do not describe 
risks from standard care procedures; only describe risks from procedures done for research purposes


Risks associated with obtaining specimens:


Obtaining specimens could be associated with discomfort from a needle stick, swab, or other 
procedure, and occasionally associated with bleeding, bruising, local or systemic infection.  


Genetic testing may reveal sensitive information that subjects may not want disclosed, and may 
cause some emotional distress for the participant.


Risks associated with privacy:


Despite meticulous precautions, breaches of confidential information (including genetic 
information) do occasionally occur, although the chances of such a breach are unlikely.


Expected Adverse Events from Research Risks and Reporting


a. Rare (Event Rate < 1%)
Secondary infection and syncope from vasovagal reactions occur from blood collection in rare cases. 
Risks of nasopharyngeal swab, rectal swab, cheek swab could include bleeding or mucous membrane 
irritation.


 
b. Less Likely (1% ≤ Event Rate < 5%)


No known risks
 
c. Likely (5% ≤ Event Rate < 10%)


Bruising and bleeding may occur as a result of blood collection procedures.
 
d. More likely (Event Rate ≥10%)


No known risks


14.2  
Measures to Minimize Risks of Harm (Precautions, safeguards):


For each research procedure or intervention, describe all measures to minimize and/or eliminate risk of 
harms to subjects and study personnel


Participation in this protocol will impose minimal risks to the participant. As feasible, the study team will 
coordinate the collection of research purpose blood draws during timing of blood collection for clinical 
care to minimize discomfort to the patient. Blood volume collection per visit will be approximately 25 mL 
total. Total blood volumes collected over the 12 month duration of study will not exceed limitations for 
adults and children outlined in the CFR §46.110: Expedited review procedures for certain kinds of 
research involving no more than minimal risk, and for minor changes in approved research. Blood draw 
volumes will be reduced for pediatric subjects, small adults, and pregnant women in accordance with 
minimal risk and safety guidelines, and as needed per guidance from the primary care provider 
overseeing care of enrolled patients.
 
Staff safety in sample collection and handling is a concern that will be closely monitored by the Infection 
Control staff at the facility. Risk to staff is mitigated by minimizing an additional phlebotomy beyond that 
being done for clinical care. Specimen collection should be harmonized with the clinician’s requirements, 
and missed samples will not be re-drawn.
 
Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not 
related to a described harm (adverse event) to study subject, rather a potential harm (such as loss of 
accountability of PII/PHI) or risks to others including medical staff. Specifically in this study is a concern 
that collection of infection fluids may cause harm to study personnel. Collection of samples for this study 







must only be conducted by individuals trained and authorized to collect and handle serious biohazardous 
specimens wearing proper personal protective equipment (PPE). PPE training will be conducted and 
documented for all personnel who may interact directly with patients and/or samples in order to mitigate 
any UPIRTSO related to accidental exposure of study staff and other individuals in the facility. 


14.3  
Confidentiality Protections (for research records, data and/or specimens):


Describe in detail the plan to maintain confidentiality of the research data, specimens, and records 
throughout the study and at its conclusion (e.g., destruction, long term storage, or banking). Explain the 
plan for securing the data (e.g., use of passwords, encryption, secure servers, firewalls, and other 
appropriate methods). If data will be shared electronically with other team members/collaborators 
outside the institution, describe the method of transmission and safeguards to maintain confidentiality. 
Explain whether this study may collect information that State or Federal law requires to be reported to 
other officials or ethically requires action, e.g., child or spouse abuse


A certificate of confidentiality will not be used in this protocol.
 
The only electronic links established between the participant name, SSN, and the Study ID number will 
be in the data management system managed by DCC and on a tracking spreadsheet used for scheduling 
purposes, which will both require a password to access and will only be accessed by authorized study 
personnel. During the study, source documents will be held in a secured cabinet with restricted access. 
Team members with access to the documents are counseled on the importance of confidentiality of 
participant medical records. All staff involved in this study have completed the required human subjects 
protection and ethics training. In all electronic records for data analysis, the participant is not referenced 
by name, but only Study ID number. This method is designed to protect the privacy of study participant 
medical information. All CRFs will be held at the individual study sites in the research spaces in secured 
cabinets with restricted access.
 
The only hard copy link between participant identifiers and Study ID will be on the Registry Form and 
Contact Information Form. This will be kept in a secure location separate from source document 
files.  Any copies faxed to DCC personnel acting as a backup Registrar will be shredded after registration 
is complete.
 
In order to determine whether an individual has been enrolled previously at another study site, study 
staff at all active sites will have the ability to query DCC’s data management system to locate an 
individual. The data management system is secure and can only be accessed via authorized individuals 
using a password.
 
What precautions will you take to protect the confidentiality of research source documents (Case Report 
Forms, questionnaires, etc.), the research data file, and the master code (if any)?
 
The only hard copy link established between the participant’s name, SSN, and the study code number 
will be held in a secured cabinet with access restricted to research team members with a need to use the 
Registry Form or Contact Information Form. Team members with access to CRFs are counseled on the 
importance of confidentiality of participant medical records. In all electronic records for data analysis, the 
participant is not referenced by name, but only study code number.
 
The only electronic link will be stored on a secure password protected server. The file is only accessible 
directly to the DCC data custodian. The designated CRC at each site and two backups at DCC will also 
have access via DCC’s data management system.
 
Will research data including Identifiable Protected Health Information be sent outside of Department of 
Defense facilities?
 
The study team may share coded data with collaborators at non-DoD facilities, and may work with 
participating MTFs to assist with appropriate public health data reporting requirements.


14.4  
Potential Benefits:







Describe any real and potential benefits of the research to the subject and any potential benefits to a 
specific community or society


If the individuals in the research are considered experimental subjects (per 10 USC 980), and they 
cannot provide their own consent, the protocol must describe the intent to directly benefit all subjects


This is an observational study that does not test interventions that would offer direct benefit to study 
volunteers.
 
Study volunteers may indirectly benefit from enhanced clinical testing, physical examination, 
radiographic studies, and longitudinal follow up, or improved access to related trials of therapeutics.
 


14.5  
Privacy for Subjects:


Describe the measures to protect subject’s privacy during recruitment, the consent process, and all 
research activities, etc.


When possible, all means necessary will be taken to ensure participant privacy. This may entail 
conducting study procedures in a private area and keeping study documents coded. Non-coded study 
documents will be kept in a locked drawer and/or locked file in a locked room. Subjects will disclose 
information at their consent, if subjects choose not to disclose information, the study team will respect 
subject privacy and not inquire further. 
 
 


14.6  
Incidental or Unexpected Findings:


Describe the plan to address incidental findings and unexpected findings about individuals from 
screening to the end of the subject’s participation in the research. In cases where the subject could 
possibly benefit medically or otherwise from the information, state whether or not the results of 
screening, research participation, research tests, etc., will be shared with subjects or their primary care 
provider. State whether the researcher is obligated or mandated to report results to appropriate military 
or civilian authorities and explain the potential impact on the subject


The study team will share relevant findings from research labs/imaging with the patient’s healthcare 
provider(s).
 
Aspects of this study may include epidemiologic reporting to AFHSB and public health authorities at the 
respective services, state and local health departments, and CDC. That data transfer is not subject to 
Data Use Agreement or HIPAA requirements.


15.0  


Study Monitoring


15.1  Data Monitoring Plan:


Describe the plan to monitor the data to verify that data are collected and analyzed as specified in the 
protocol. Include who will conduct the monitoring, what will be monitored and the frequency of 
monitoring


The supervising principal investigator, or designated associate investigator, will be responsible for regular 
maintenance and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care 
providers and research team members given specific tasks to perform. The files are kept in a secured 
location in each study site. Some participant-completed forms such as questionnaires may be completed 







1.  
2.  
3.  
4.  
5.  
6.  
7.  


through the web-based program. These will be transmitted directly into the study database. Research 
labs will transmit their testing data to the DCC using standard procedures for data handling and 
transmission.
 
During the study, the investigator will review study data from their site, including medical records, 
records detailing the progress of the study for each volunteer, laboratory reports, CRFs, signed ICD and 
authorization forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports 
and information regarding volunteer discontinuation of the study. All required study data will be clearly 
and accurately recorded on source documents or CRFs by either the participant themselves 
(questionnaires) or authorized study personnel. Only designated study personnel shall record or change 
data on a CRF. The data system includes password protection and internal quality checks, such as 
automatic range checks, to identify data that appear inconsistent, incomplete, or inaccurate. During the 
study, the investigator will be responsible for the procurement of data and for quality of data recorded on 
the CRFs. Original observations entered directly onto the CRFs are defined as source data. A Quality 
Management Plan (QMP) will be used for this study. The QMP will include a QC subject data review 
checklist, a QC Subject data review checklist, as well as automatic queries from the electronic database 
based on expected parameters for data entry, noting possible inconsistencies or omissions. The QC 
subject data review checklist will be completed at each site on 100% of subject’s study files. This will be 
completed by another member of the study team who did not complete the original source document or 
CRF. A QA subject data review checklist will also be used on a small subset of study records at each site 
to ensure that quality management processes are being conducted appropriately for the study. QA 
review will be conducted by an individual on the study who is not involved in the day-to-day activities of 
the study.
 
Responsibilities of the Data Coordination Center (DCC)


Provides review of protocol, CRFs, data security plan and data management SOPs
Complies with protocol, SOPs, and all federal and local regulations and policies
Develops clinical database
Entry and quality control of CRF based study data
Receipt and management of specimen tracking and laboratory data
Provides study database to IDCRP Program Coordination Center (PCC)
Locks final study database


15.2  Safety Monitoring Plan:


Describe the plan to monitor the data to ensure the safety of subjects


Participation in this protocol will impose minimal risks to the participant. Staff safety in sample collection 
and handling is a concern that will be closely monitored by the Infection Control staff at the facility. Risk 
to staff is mitigated by minimizing an additional phlebotomy beyond that being done for clinical care. 
Specimen collection must be harmonized with the clinician’s requirements, and missed samples will not 
be re-drawn. Proper safety training, following hospital Infection Control requirements, of study team 
members who come in contact with study participants will be implemented to mitigate disease 
transmission risk.
 
Termination of study participation will take place through 1) an expressed desire by the volunteer to 
terminate participation, 2) a determination by the on-site physician that the volunteer risks his/her 
health by further participation in the study, or 3) in the interest of the military mission.


15.3  Does your study require independent data and safety monitoring?


  Yes     No


16.0  


Reportable Events


16.1  Reportable Events:


Consult with the research office at your institution to ensure requirements are met







• Describe plans for reporting expected adverse events. Identify what the expected adverse events will 
be for this study, describe the likelihood (frequency, severity, reversibility, short term management and 
any long term implications of each expected event)
• Describe plans for reporting unexpected adverse events and unanticipated problems. Address how 
unexpected adverse events will be identified, who will report, how often adverse events and 
unanticipated problems will be reviewed to determine if any changes to the research protocol or consent 
form are needed and the scale that will be used to grade the severity of the adverse event


Reporting Protocol Deviations


The PI or designee will be responsible for identifying and reporting all deviations, which are defined as isolated 


occurrences involving a procedure that did not follow the study protocol or study-specific procedure. 


Investigators will report protocol deviations to the USU IRB within 2 business days that:


relate to participant safety


relate to the informed consent process


are any other protocol deviations which, in the opinion of the PI, should be promptly reported to the IRB.


A log of all deviations will be reported annually in the continuing review report to the IRB and in the Final Study 


Report.


Reportable events will also be submitted to reporting site's regulatory authorities as required.


Reporting Adverse Events and Serious Adverse Events


In this observational, no-greater-than-minimal risk study, the reporting of adverse events is limited to an 
analysis at the time of annual reporting. Prompt reporting is required for any related serious adverse 
event or unanticipated problems involving risk to subject or others (UPIRTSO).


An adverse event is defined as any untoward or unfavorable medical occurrence in a human subject, including 


any abnormal sign (e.g., abnormal physical exam or laboratory finding), symptom, or disease, temporally 


associated with the subject’s participation in the research, whether or not considered related to the research.


AEs that meet all of the following criteria will be recorded by the study team and reported to the IRB at the 


annual Continuing Review:


related to study proceduresAt least possibly 


Unexpected (i.e. not included in the list of known risks in section 14)


Moderate or greater severity


Additional AEs may be reported if the determined by the study site investigator to be of sufficient significance 


to require reporting to the IRB.


AEs are recorded and inspected by the supervising physician investigator to determine severity and 


relatedness to participation (definite, probable, possible, or unlikely). The physician investigator is responsible 


for directly managing or coordinating management of adverse events.


Reporting unanticipated problems involving risk to subjects or others


Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not related to a 


described harm (adverse event) to study subject, rather a potential harm (such as loss of accountability of PII


/PHI) or risks to others including medical staff. Specifically in this study is a concern that collection of infection 


fluids may cause harm to study personnel. Collection of samples for this study must only be conducted by 


individuals trained and authorized to collect and handle serious biohazardous specimens wearing proper 


personal protective equipment. Any sample collection for research purposes (as compared to clinical care) that 


results in an exposure to clinical staff is considered a UPIRTSO.


All UPIRTSOs will be collected and reported to the IRB within 24 hours of the PI recognition of the problem.


17.0  


Equipment/non-FDA Regulated Devices







1.  


17.1  Does the study involve the use of any unique non-medical devices/equipment?


  Yes     No


18.0  


FDA-Regulated Products


18.1  Will any drugs , dietary supplements, biologics, or devices be utilized in this study?


Drugs


Dietary Supplements


Biologics


Devices


N/A


18.5  Sponsor (organization/institution/company):


N/A


If applicable, provide sponsor contact information:


Infectious Diseases Clinical Research Program
Department of Preventive Medicine and Biometrics
Uniformed Services University of the Health Sciences
11300 Rockville Pike, Suite 1211
Rockville, MD 20852


19.0  


Research Registration Requirements


19.1  ClinicalTrials.gov Registration:


Registration is not required 


Registration pending 


Registration complete 


19.2  Defense Technical Information Center Registration (Optional):


Registration is not required 


Registration pending 


Registration complete 
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INFORMED CONSENT DOCUMENT FOR AN OBSERVATIONAL COVID-19 RESEARCH STUDY: 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases 


with Pandemic Potential (EPICC) 


Thank you for your interest in learning more about this study. Please read the following information to ensure that 
you would like to participate. The Department of Defense has sponsored this research study, led by the Infectious 
Disease Clinical Research Program at the Uniformed Services University of the Health Sciences (the military's 
medical school), to better understand risks and illness caused by the novel Coronavirus disease (COVID-19).The 
COVID-19 pandemic is a global public health emergency. We are asking you to consider volunteering for this 
research study because you may have COVID-19 and/or qualify for COVID-19 testing according to the Centers for 
Disease Control and Prevention (CDC) guidelines. We are asking you to complete questionnaires about your health 
history, possible exposures, symptoms and health care visits, and keep a two week daily diary of your symptoms. 
We also are asking to collect nose, mouth, rectum, and blood samples, as well as ultrasounds of your lungs, heart 
and veins. From your medical care, we would like to use any leftover samples, and review your medical records in 
the military health system now and in the future for information related to COVID-19 risks, treatments, and health 
outcomes. 


Who can participate? 
This study is available to DoD beneficiaries (active duty and non-active duty) of all ages who have confirmed 
COVID-19 or who meet current CDC criteria for testing for the virus that causes COVID-19. If you are unable to 
actively participate in this informed consent process, your legally authorized representative (LAR) may do that on 
your behalf. If your LAR consents on your behalf and you later become capable of consent, you will be asked to 
give your informed consent once you are able to do so. 


KEY INFORMATION 
• This is an observational study meaning we will look at your medical records and collect data and samples from 


you but we will not give you any medicine or treatment. Questions about your treatment should be directed to 
your doctor. 


• Volunteering for this study does not limit your ability to participate in another study of an experimental drug or 
vaccine. That decision would be made in discussion with your doctor and the other study’s investigators and is 
separate from this study. We may collect additional blood to assess the new treatment’s effects. 


• Your participation is voluntary, your decision will not affect your care or any other benefits to which you are 
entitled. Your alternative to volunteering is to not participate. 


• Your participation will last about 1 year. 
• You may end your participation at any time without any consequences. 
• There is no cost for participating. 
• All information and samples you provide will be handled securely and in confidence. Only those involved in 


conducting this study will know you are enrolled. 
• The information collected about you is for research purposes only. This information will not be used to guide 


your medical care. 
• Leftover samples from tests your doctor orders will be stored and may be shared for future analyses related to 


COVID-19 or other infections 
• You may not personally benefit from this study. The information gained from this study may not be available 


in time to affect your care. The information we learn may help in caring for other future patients with COVID-
19 or similar pandemics. 


• Potential risks in participating include the following: 
o Blood draws can cause a risk of pain, bruising, bleeding, and (rarely) fainting or infection. 
o Nose, mouth, and rectal swabs may cause discomfort but are generally well tolerated. 
o There may also be unforeseen risks associated with this study. 


• If you are pregnant, there are no additional known risks to you or your fetus. 


(USUHS) IRB 1
IRB NUMBER: 409136 (IDCRP-085)
IRB APPROVAL DATE: 07/28/2020
IRB EXPIRATION DATE: 07/25/2021







IDCRP-085: EPICC Informed Consent Document – 2019 Novel Coronavirus Disease (COVID-19) Research Study 
[Adult – Inpatient Military Treatment Facility Enrollment] 


CORE Inpatient MTF Adult ICD 
V2.0, 15-JUL-2020 Page 2 of 8 


• Once your identifying information has been removed from the collected data and specimens, additional consent 
will not be sought for future studies. This also applies if you withdraw from the study. 


What is involved in the study? 
During your hospitalization: 
 We will review your medical records to collect information related to your health. 
 Blood samples for research will be collected (~5 teaspoons each time from your vein) and/or you will be asked 


to collect a small blood sample (a few drops from your finger), using a specially designed device similar to 
blood glucose monitoring used by diabetic people. 


 Nose, mouth and rectum samples will be collected using a swab or other simple collection method to identify 
and count the virus. You may also be asked to collect some samples yourself with our help. The type of sample 
may change during your participation in the study as we learn more about the virus. 


 We may do an ultrasound to look at your lungs, heart, and veins. 
 You will start a daily online symptom diary called Flu-PRO for 14 days. 
 We will ask you to complete a small questionnaire about your medical history, illness, and vaccine history. 


Samples will be collected following the below schedule as feasible, however it is possible that not all samples will 
be collected. 


Procedure / Assessment Day 0 
(today) 


Days 
3 and 7 


If hospitalized longer than 7 
days: samples obtained 
weekly until discharge 


Nose, mouth, and rectal samples ✓ ✓ ✓ 
Blood collection for research ✓ ✓ ✓ 
Ultrasound of your lungs, heart and veins * ✓ ✓  
Flu-PRO Symptom Diary (14 days)** ✓ ✓ ✓ 
Online Questionnaire ✓   
*  May be performed on or around hospital days 0 (admission), 1, and 3, based on availability. 
** Does not all have to be completed while hospitalized. 


Follow-Up Visits: 


In 1 Week  
(If you’ve left 
the hospital) 


• Continue the Flu-PRO online daily symptom diary (14-days total). 
• Blood collection – we will draw blood from your vein (about 25 mL or 5 teaspoons) and/or 


you will be asked to collect a small blood sample (a few drops from your finger), using a 
specially designed device similar to blood glucose monitoring used by diabetic people.  


• If you are at home, we will provide you with the materials and instructions to collect your 
own samples, including pre-paid mailing materials to return your samples. 


In 2 Weeks 
(If you’ve left 
the hospital) 


• Finish the Flu-PRO online daily symptom diary (14-day total). 
• To check for active virus, we will collect samples from your nose and/or mouth using a swab 


or other simple collection method. This method may change during your participation in the 
study as we learn more about the virus.  


• Blood collection (same as above - either at home or in clinic). 


In 1 Month 


• Complete an online questionnaire that takes about 10 minutes. We will send you an email 
reminder with the web link as it gets closer to the time. 


• Blood collection (same as above - either at home or in clinic). 
• If you return to the clinic for this visit, we will ask to collect a follow-up rectal swab sample 


to check for presence of the virus. 


In 6 Months The following procedures happen at each time point (6 and 12 months): 
• Complete an online questionnaire that takes about 10 minutes. We will send you an email 


reminder with the web link as it gets closer to the time. 
• Blood collection (same as above - either at home or in clinic). In 12 Months 
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Additional information 


• You can choose not to provide blood samples or swabs and still participate in the study. 
• The total amount of blood collected for research while hospitalized or during a return visit at the hospital at one 


sitting will be about 25 mL (5 teaspoons). The total number of required blood samples depends on the duration 
of your illness. During the 12 months that you participate in the study, no more than 550 mL (2⅓ cups) total of 
blood will be collected. For comparison, a typical blood drive donation is 470 mL (about 2 cups) in one day. 
To minimize discomfort to you, we will try to coordinate with your healthcare providers so that the collection 
of research blood samples happens at the same time as your standard blood draws. 


• Based on your answers to the questionnaires, we may contact you to discuss your health if you have particular 
symptoms or any new illness that may be related to COVID-19. 


• Throughout your participation in the study, we will collect leftover samples from tests your doctors order such 
as blood, swabs, urine, etc. We will collect these samples dating back to the time you became ill. We will study 
these materials for COVID-19 and related illnesses. You do not have to do anything additional for this. 


• The US military regularly stores service members blood samples obtained for medical surveillance in the DoD 
Serum Repository. If you are Active Duty or former military (since the 1990s) we plan to obtain stored blood 
specimens prior to and after your COVID-19 illness. You do not have to do anything additional for this. 


• If you are pregnant or become pregnant during the study participation period, we will follow up with you until 
your baby is born. We may collect a sample of umbilical cord blood at the time of birth, review your baby’s 
medical records, and ask you questions about your baby’s health. There are no additional known risks to you 
or your fetus for participating in the study. 


Genetic Information 
The study is focusing on risks related to COVID-19 including your genetic results as part of the analysis. The risks 
of studying your unique genetic code may be the identification of risk for developing certain diseases. We will not 
be studying general issues related to your genetic results because our research is focused on COVID-19 and related 
illnesses. We will not provide you with your genetic results or release any information regarding your results 
connected to your personal identification. 
Please let us know your decision by signing your initials: 


______ Yes, I give permission to use my genetic information for COVID-19-related research 


______ No, I DO NOT give permission to use my genetic information for COVID-19 research 


Compensation: 
You will receive payment (compensation) in the form of gift cards as follows for completion of the following study 
procedures: 


• Completion of each online questionnaire: $10 (if completed off-duty for service members) 
• Completion of 14-day Flu-PRO Symptom Diary: $10 (if completed off-duty for service members) 
• Completion of each at-home self-collected sample: $10 (if completed off-duty for service members) 
• Blood draws at hospital/clinic after you leave the hospital: $50 per blood draw 


Under 24 USC 30, payment to Federal Employees and Active Duty military personnel for participation in research 
while on duty is limited to blood donation. Military members may not receive any payment or non-monetary 
compensation for participation in a research study unless they are off duty or on leave during the time they are 
participating in the protocol. There are no restrictions on payment while off-duty. 


HIPAA: AUTHORIZATION TO USE AND/OR DISCLOSE PROTECTED HEALTH INFORMATION 
FOR RESEARCH 
PI Name and Rank: Brian Agan, MD, DrPH 
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Corps and Service/Organization: Infectious Disease Clinical Research Program, Uniformed Services University 
of the Health Sciences 
Title of Research Study: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious 
Diseases with Pandemic Potential 
 
Purpose of this Document: 
An Authorization is your signed permission to use or disclose your health information. The Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule, as implemented by the Department of Defense (DoD), 
permits the Military Health System (MHS) to use or disclose your health information with a valid Authorization. 
The MHS is defined as all DoD health plans and DoD health care providers that are organized under the 
management authority of, or in the case of covered individual providers, assigned to or employed by, the Defense 
Health Agency (DHA), the Army, the Navy, or the Air Force. A valid Authorization must include the core elements 
and required statements as contained in this document. 
Please read the information below and ask questions about anything you do not understand before deciding 
to give permission for the use and disclosure of your health information. 
The Health Insurance Portability & Accountability Act of 1996, Public Law 104-109 (also known as HIPAA), 
establishes privacy standards to protect your health information. This law requires the researchers to obtain your 
authorization (by signing this form) before they use or disclose your protected health information for research 
purposes in the study discussed in this form. Note: Protected health information of military service members may 
be used or disclosed for activities deemed necessary by appropriate military command authorities to ensure the 
proper execution of the military mission. 
By signing this authorization, you give your permission for information gained from your participation in this 
study to be published in medical literature, discussed for educational purposes, and used generally to further 
medical science. You will not be personally identified; all information will be presented as anonymous data. 


A. What health information will be used or disclosed about you?  
• Names 
• Address 
• Date of birth 
• Ages over 89 (can be grouped as age 90 or older) 
• DoD identification number 
• Health information 


• Health plan beneficiary numbers 
• Phone numbers 
• Fax numbers 
• E-mail addresses 
• Social security numbers 
• Medical record numbers 


 


B. Who will be authorized to use or disclose (release) your health information? 
MTFs who have treated you over the past ten years 


C. Who may receive your health information? 
 
• The Institutional Review Board (USU IRB) 
• Infectious Disease Clinical Research Program 


(IDCRP) 
• Military Treatment Facilities who have treated you 


or Department of Defense representatives 
• Henry M. Jackson Foundation and their 


representatives 
• Neoteryx and their representatives 


• Local, State and Federal Government 
representatives, when required by law 


• Defense Health Agency (DHA) 
• Food and Drug Administration (FDA) 
• Centers for Disease Control and Prevention (CDC) 
• National Institute of Allergy and Infectious Disease 


(NIAID) and their representatives 


 
The researchers and those listed above agree to protect your health information by using and disclosing it only as 
permitted by you in this Authorization and as directed by state and federal law. 
You need to be aware that some parties receiving your protected health information may not have the same 
obligations to protect your protected health information and may re-disclose your protected health information to 
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parties not named here. If your protected health information is re-disclosed, it may no longer be protected by state 
or federal privacy laws. This authorization does not expire. 


D. What if you decide not to sign this Authorization? 
You do not have to sign this Authorization. If you decide not to sign the Authorization it will not affect your 
treatment, payment or enrollment in any health plans or affect your benefit eligibility. You will not be allowed to 
participate in this research study because your health information is required in order for you to take part in this 
study. The MHS will not condition (withhold or refuse) treatment that is not part of this study, payment, enrollment, 
or eligibility for benefits on whether you sign this Authorization. 


E. Is your health information requested for future research studies? 
Yes, your health information is requested for future research studies as specified below: Your health information 
will not be used for future research studies unless you give your permission by initialing your choice below: 


____  YES, I give permission to use my health information for future research studies 


____  NO, I do not give permission to use my health information for future research studies 


F. Can you access your health information during the study? 
You may have access to your health information at any time, unless your identifiers are permanently removed from 
the data. 


G. Can you revoke this Authorization? 
You may change your mind and revoke (take back) your Authorization at any time. However, if you revoke this 
Authorization, any person listed above may still use or disclose any already obtained health information as 
necessary to maintain the integrity or reliability of this research. 
• If you revoke this Authorization, you may no longer be allowed to participate in this research study. 
• If you want to revoke your Authorization, you must write to the Study Doctor. 


H. Does this Authorization expire? 
No, it does not expire 


I. What else may you want to consider? 
• No publication or public presentation about the research described above will reveal your identity without 
another signed Authorization from you. 
• If all information that does or can identify you is removed from your health information, the remaining de-
identified information will no longer be subject to this Authorization and may be used or disclosed for other 
purposes. 
• In the event your health information is disclosed to an organization that is not covered by HIPAA, the privacy 
of your health information cannot be guaranteed. 


If you have not already received a copy of the brochure entitled “Military Health System Notice of Privacy 
Practices,” you may request one. DD Form 2005, Privacy Act Statement - Military Health Records (located on 
your medical records jacket), contains the Privacy Act Statement for the records. If you have any questions or 
concerns about your privacy rights, you should contact the Uniformed Services University of the Health Sciences 
(USU) Human Research Protections Program at 301-295-9534. 


Who can answer my questions? 
Any questions about this research study or if you believe you have received a research-related injury, you may 
contact the lead for the study at your hospital or the study Principal Investigator. 
PRINCIPAL INVESTIGATOR: Overall director of this research study is Dr. Brian Agan at the Infectious Disease 
Clinical Research Program, Uniformed Services University of the Health Sciences (a DoD institution). 
 


(USUHS) IRB 1
IRB NUMBER: 409136 (IDCRP-085)
IRB APPROVAL DATE: 07/28/2020
IRB EXPIRATION DATE: 07/25/2021







IDCRP-085: EPICC Informed Consent Document – 2019 Novel Coronavirus Disease (COVID-19) Research Study 
[Adult – Inpatient Military Treatment Facility Enrollment] 


CORE Inpatient MTF Adult ICD 
V2.0, 15-JUL-2020  Page 6 of 8 


Questions? Call Dr. Agan at 1-833-475-0881 or contact at this address: Uniformed Services University of the 
Health Sciences (USU), Department of Preventive Medicine and Biostatistics, 4301 Jones Bridge Road, Bethesda, 
MD 20814-5119 
 
LOCAL PRINCIPAL INVESTIGATOR (Study Doctor): – [Sites will fill in] 
 
The USU Institutional Review Board is the research ethics committee responsible for safeguarding your rights as 
a research participant. If you have any questions about your rights as a research participant or any other concerns 
that cannot be addressed by the Study Doctor, you can contact the Director of the Human Research Protections 
Program at (301) 295-9534.  
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SIGNATURE PAGE: 
Your signature is voluntary consent to participate in this study. Your signature also acknowledges that you 
authorize personnel to use and disclose your Protected Health Information (PHI) collected about you for research 
purposes as described above. A copy of this form will be offered to you. 


        
Printed Name of Participant 
 
             
Participant Signature       Today’s Date 


        
Printed Name of Study Representative 
 
             
Study Representative Signature      Today’s Date 


 


Verbal/physical limitation section: use the section below only if applicable. 


The participant, ______________________________________________ (name), has verbally consented to 
participate in the study as described and also authorizes the use and disclosure of his/her health information as 
described. The participant is coherent and in the opinion of the advising research staff, the participant has 
understood the nature and consequences of participation in the study, but the participant is physically disabled or 
in isolation and is unable to sign the informed consent document. 


The consent and authorization information were accurately explained. The participant was given the opportunity 
to ask questions. All questions were answered before giving verbal consent. The participant apparently understood 
the information. The informed consent and authorization were given freely by the participant.  


        
Printed Name of Witness 
 
             
Witness Signature       Today’s Date  
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Complete LAR section only if applicable. If the LAR has a copy of the power of attorney or court appointment, 
attach it to this consent document. 


              
Printed Name of Legally Authorized Representative (LAR)  Relationship to Participant 
 
             
LAR Signature        Today’s Date 
 
        
Printed Name of Witness (if applicable) 
 
             
Witness Signature (if applicable)     Today’s Date 


 
Consent of participant who regains ability to consent on their own behalf for continued participation. 
I understand the nature and consequences of my participation in this study. The consent and authorization 
information were accurately explained. I have been given the opportunity to ask questions and my questions have 
been answered. 


_____ I agree to continue in this research. 


_____ I do not agree to continue in this research. 


        
Printed Name of Participant 
 
             
Participant Signature       Today’s Date 
 
        
Printed Name of Study Representative 
 
             
Study Representative Signature      Today’s Date 
 
        
Printed Name of Witness (if applicable) 
 
             
Witness Signature (if applicable)     Today’s Date 
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INFORMED CONSENT DOCUMENT FOR AN OBSERVATIONAL COVID-19 RESEARCH STUDY: 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases 


with Pandemic Potential (EPICC) 


Thank you for your interest in learning more about this study. Please read the following information to ensure that 
you would like to participate. The Department of Defense has sponsored this research study, led by the Infectious 
Disease Clinical Research Program at the Uniformed Services University of the Health Sciences (the military's 
medical school), to better understand risks and illness caused by the novel Coronavirus disease (COVID-19). 


The COVID-19 pandemic is a global public health emergency. We are asking you to consider volunteering for this 
research study because you may have COVID-19 and/or qualify for COVID-19 testing according to the Centers 
for Disease Control and Prevention (CDC) guidelines. If you agree to participate, we will ask you to complete 
online questionnaires about your health history, possible exposures, symptoms, and health care visits. We will 
collect swabs from your nose and/or mouth to check for the virus, and draw blood to see how your body reacts to 
the infection. In the future we will ask you to return for more visits and/or collect some samples at home such as a 
nose and/or mouth swab and a few drops of blood from your fingertip, using a simple kit that you mail in. Your 
medical records in the military health system will be reviewed now and in the future for information related to 
COVID-19 risks, treatments, and health outcomes. 


Who can participate? 
This study is available to DoD beneficiaries (active duty and non-active duty) of all ages who have confirmed 
COVID-19 or who meet current Centers for Disease Control and Prevention (CDC) criteria for testing for the virus 
that causes COVID-19. 


KEY INFORMATION 
• This is an observational study, meaning we will look at your medical records and collect data and samples 


from you but we will not give you any medicine or treatment. Questions about your treatment should be 
directed to your doctor. 


• Volunteering for this study does not limit your ability to participate in another study of an experimental drug 
or vaccine. That decision would be made in discussion with your doctor and the other study’s investigators 
and is separate from this study. We may collect additional blood to assess the new treatment’s effects. 


• Your participation is voluntary, your decision will not affect your care or any other benefits to which you are 
entitled. Your alternative to volunteering is to not participate. 


• Your participation will last about 1 year. 
• You may end your participation at any time without any consequences. 
• There is no cost for participating. 
• All information and samples you provide will be handled securely and in confidence. Only those involved in 


conducting this study will know you are enrolled. 
• The information collected about you is for research purposes only. This information will not be used to guide 


your medical care. 
• Leftover samples from tests your doctor orders will be stored and may be shared for future analyses related 


to COVID-19 or other infections. 
• You may not personally benefit from this study. The information gained from this study may not be available 


in time to affect your care. The information we learn may help in caring for future patients with COVID-19 
or similar pandemics. 


• Potential risks in participating include the following: 
o Blood draws can cause a risk of pain, bruising, bleeding, and (rarely) fainting or infection. 
o Nose and mouth swabs may cause discomfort but are generally well tolerated. 
o There may also be unforeseen risks associated with this study. 


• If you are pregnant, there are no additional known risks to you or your fetus. 
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• Once your identifying information has been removed from the collected data and specimens, additional 
consent will not be required for future studies. This also applies if you withdraw from the study. 


What is involved in the study? 
The following schedule describes the research study procedures and when they occur.  


Today 


• You will be given a link to a questionnaire to complete online (takes about 20 minutes). 
• Blood collection – we will draw blood from your vein (about 25 mL or 5 teaspoons) and/or you 


will be asked to collect a small blood sample (a few drops from your finger), using a specially 
designed device similar to blood glucose monitoring used by diabetic people.  


• We will collect samples from your nose and/or mouth using a swab or other simple collection 
method. You may also be asked to collect some samples yourself with our help. The type of 
sample may change during your participation in the study as we learn more about the virus. 


• If you are at home, we will provide you with the materials and instructions to collect your own 
samples, including pre-paid mailing materials to return your samples. 


• You will start an online daily symptom diary called Flu-PRO. 


In 1 Week • Blood collection (same as above - either at home or in clinic). 
• Continue to complete the Flu-PRO online daily symptom diary. 


In 2 Weeks 
• Finish the Flu-PRO online daily symptom diary (14 days total). 
• Nose and/or mouth sample (same as above, either at home or in clinic). 
• Blood collection (same as above - either at home or in clinic).  


In 1 Month The following procedures happen at each of the time points (1, 6, and 12 months): 
• Blood collection (same as above - either at home or in clinic). 
• Online questionnaire (takes about 10 minutes). 


In 6 Months 
In 12 Months 
 
Additional information 
• Blood collection: During the 12 months that you participate in the study, approximately 180 mL (less than a 


cup) total of blood will be collected. For comparison, a typical blood drive donation is 470 mL (about 2 cups) 
in one day. 


• You can choose to not provide samples and still participate in the study. 
• If you are admitted to the hospital for COVID-19 symptoms, we may ask to collect additional samples. 
• Based on your answers to the questionnaires, we may contact you to discuss your health if you have particular 


symptoms or new illness that may be related to COVID-19. 
• Throughout your participation in the study, we will collect leftover samples from tests your doctors order such 


as blood, swabs, urine, etc. We will collect these samples dating back to the time you became ill.  We will study 
these materials for COVID-19 and related illnesses. You do not have to do anything additional for this. 


• The US military regularly stores service members blood samples obtained for medical surveillance in the DoD 
Serum Repository. If you are Active Duty or former military (since the 1990s) we plan to obtain stored blood 
specimens prior to and after your COVID-19 illness. You do not have to do anything additional for this. 


• If you are pregnant or become pregnant during the study participation period, we will follow up with you until 
your baby is born. We may collect a sample of umbilical cord blood at the time of birth, review your baby’s 
medical records, and ask you questions about your baby’s health. 


Genetic Information 
The study is focusing on understanding risks related to COVID-19 including how genetic factors impact COVID-
19. The risks of studying your unique genetic code may be the identification of risk for developing certain diseases. 
We will not be studying general issues related to your genetic results because our research is focused on COVID-
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19 and related illnesses. We will not provide you with your genetic results or release any information regarding 
your results connected to your personal identification. 
Please let us know your decision by signing your initials: 
 Yes, I give permission to use my genetic information for COVID-19-related research 
 
  No, I DO NOT give permission to use my genetic information for COVID-19 research 


Compensation: 
You will receive payment (compensation) in the form of gift cards as follows for completion of the following study 
procedures: 
• Completion of each online questionnaire: $10 (if completed off duty for servicemembers) 
• Completion of 14-day Flu-PRO Symptom Diary: $10 (if completed off-duty for service members) 
• Completion of each at-home self-collected sample: $10 (if completed off-duty for service members) 
• Blood draws at hospital/clinic: $50 per blood draw 


Under 24 USC 30, payment to Federal Employees and Active Duty military personnel for participation in research 
while on duty is limited to blood donation. Military personnel may not receive any payment or non-monetary 
compensation for participation in a research study unless they are off duty or on leave during the time they are 
participating in the protocol. There are no restrictions on payment while off-duty. 


HIPAA: AUTHORIZATION TO USE AND/OR DISCLOSE PROTECTED HEALTH INFORMATION 
FOR RESEARCH 
PI Name and Rank: Brian Agan, MD, DrPH 
Corps and Service/Organization: Infectious Disease Clinical Research Program, Uniformed Services University 
of the Health Sciences 
Title of Research Study: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious 
Diseases with Pandemic Potential 
 
Purpose of this Document: 
An Authorization is your signed permission to use or disclose your health information. The Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule, as implemented by the Department of Defense (DoD), 
permits the Military Health System (MHS) to use or disclose your health information with a valid Authorization. 
The MHS is defined as all DoD health plans and DoD health care providers that are organized under the 
management authority of, or in the case of covered individual providers, assigned to or employed by, the Defense 
Health Agency (DHA), the Army, the Navy, or the Air Force. A valid Authorization must include the core elements 
and required statements as contained in this document. 
Please read the information below and ask questions about anything you do not understand before deciding 
to give permission for the use and disclosure of your health information. 
The Health Insurance Portability & Accountability Act of 1996, Public Law 104-109 (also known as HIPAA), 
establishes privacy standards to protect your health information. This law requires the researchers to obtain your 
authorization (by signing this form) before they use or disclose your protected health information for research 
purposes in the study discussed in this form. Note: Protected health information of military service members may 
be used or disclosed for activities deemed necessary by appropriate military command authorities to ensure the 
proper execution of the military mission. 
By signing this authorization, you give your permission for information gained from your participation in this 
study to be published in medical literature, discussed for educational purposes, and used generally to further 
medical science. You will not be personally identified; all information will be presented as anonymous data. 


A. What health information will be used or disclosed about you? 
• Names 
• Address 
• Date of birth 


• Health plan beneficiary numbers 
• Phone numbers 
• Fax numbers 
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• Ages over 89 (can be grouped as age 90 or older) 
• DoD identification number 
• Health information 


• E-mail addresses 
• Social security numbers 
• Medical record numbers 


B. Who will be authorized to use or disclose (release) your health information? 
MTFs who have treated you over the past ten years 


C. Who may receive your health information? 
• The Institutional Review Board (USU IRB) 
• Infectious Disease Clinical Research Program 


(IDCRP) 
• Other Military Treatment Facilities or Department 


of Defense representatives 
• Henry M. Jackson Foundation and their 


representatives 
• Neoteryx and their representatives 


• Local, State and Federal Government 
representatives, when required by law 


• Defense Health Agency (DHA) 
• Food and Drug Administration (FDA) 
• Centers for Disease Control and Prevention (CDC) 
• National Institute of Allergy and Infectious Disease 


(NIAID) and their representatives 


 
The researchers and those listed above agree to protect your health information by using and disclosing it only as 
permitted by you in this Authorization and as directed by state and federal law. 
You need to be aware that some parties receiving your protected health information may not have the same 
obligations to protect your protected health information and may re-disclose your protected health information to 
parties not named here. If your protected health information is re-disclosed, it may no longer be protected by state 
or federal privacy laws. This authorization does not expire. 


D. What if you decide not to sign this Authorization? 
You do not have to sign this Authorization. If you decide not to sign the Authorization it will not affect your 
treatment, payment or enrollment in any health plans or affect your benefit eligibility. You will not be allowed to 
participate in this research study because your health information is required in order for you to take part in this 
study. The MHS will not condition (withhold or refuse) treatment that is not part of this study, payment, enrollment, 
or eligibility for benefits on whether you sign this Authorization. 


E. Is your health information requested for future research studies? 
Yes, your health information is requested for future research studies as specified below: Your health information 
will not be used for future research studies unless you give your permission by initialing your choice below: 


____  YES, I give permission to use my health information for future research studies 


____  NO, I do not give permission to use my health information for future research studies 


F. Can you access your health information during the study? 
You may have access to your health information at any time, unless your identifiers are permanently removed 
from the data. 


G. Can you revoke this Authorization? 
You may change your mind and revoke (take back) your Authorization at any time. However, if you revoke this 
Authorization, any person listed above may still use or disclose any already obtained health information as necessary 
to maintain the integrity or reliability of this research. 
• If you revoke this Authorization, you may no longer be allowed to participate in this research study. 
• If you want to revoke your Authorization, you must write to the Study Doctor. 


H. Does this Authorization expire? 
No, it does not expire 
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I. What else may you want to consider? 
• No publication or public presentation about the research described above will reveal your identity without 


another signed Authorization from you. 
• If all information that does or can identify you is removed from your health information, the remaining de-


identified information will no longer be subject to this Authorization and may be used or disclosed for other 
purposes. 


• In the event your health information is disclosed to an organization that is not covered by HIPAA, the privacy 
of your health information cannot be guaranteed.  


If you have not already received a copy of the brochure entitled “Military Health System Notice of Privacy 
Practices,” you may request one. DD Form 2005, Privacy Act Statement - Military Health Records (located on 
your medical records jacket), contains the Privacy Act Statement for the records. If you have any questions or 
concerns about your privacy rights, you should contact the Uniformed Services University of the Health Sciences 
(USU) Human Research Protections Program at 301-295-9534. 


Who can answer my questions? 
Any questions about this research study or if you believe you have received a research-related injury, you may 
contact the lead for the study at your hospital or the study Principal Investigator. 


PRINCIPAL INVESTIGATOR: Overall director of this research study is Dr. Brian Agan at the Infectious Disease 
Clinical Research Program, Uniformed Services University of the Health Sciences (a DoD institution). 
 
Questions? Call Dr. Agan at 1-833-475-0881 or contact at this address: Uniformed Services University of the Health 
Sciences (USU), Department of Preventive Medicine and Biostatistics, 4301 Jones Bridge Road, Bethesda, MD 
20814-5119 
 
LOCAL PRINCIPAL INVESTIGATOR (Study Doctor): – [Sites will fill in] 
 
The USU Institutional Review Board is the research ethics committee responsible for safeguarding your rights as 
a research participant. If you have any questions about your rights as a research participant or any other concerns 
that cannot be addressed by the Study Doctor, you can contact the Director of the Human Research Protections 
Program at (301) 295-9534.  
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SIGNATURE PAGE: 
Your signature is voluntary consent to participate in this study. Your signature also acknowledges that you authorize 
personnel to use and disclose your Protected Health Information (PHI) collected about you for research purposes 
as described above. provide your signature (in person or electronic). A copy of this form will be offered to you. 
purposes as described above. A copy of this form will be offered to you. 


 


        
Printed Name of Participant 
 
             
Participant Signature       Today’s Date 


 
        
Printed Name of Study Representative 
 
             
Study Representative Signature      Today’s Date 
 


Verbal/physical limitation section: use the section below only if applicable. 


The participant, ______________________________________________ (name), has verbally consented to 
participate in the study as described and also authorizes the use and disclosure of his/her health information as 
described. The participant is coherent and in the opinion of the advising research staff, the participant has 
understood the nature and consequences of participation in the study, but the participant is physically disabled or 
in isolation and is unable to sign the informed consent document. 


The consent and authorization information were accurately explained. The participant was given the opportunity 
to ask questions. All questions were answered before giving verbal consent. The participant apparently understood 
the information. The informed consent and authorization were given freely by the participant.  


 
        
Printed Name of Witness 
 
             
Witness Signature       Today’s Date 
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INFORMED CONSENT DOCUMENT FOR AN OBSERVATIONAL COVID-19 RESEARCH STUDY: 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases 


with Pandemic Potential (EPICC) 


Thank you for your interest in learning more about this study. Please read the following information to ensure that 
you would like to participate. The Department of Defense has sponsored this research study, led by the Infectious 
Disease Clinical Research Program at the Uniformed Services University of the Health Sciences (the military's 
medical school), to better understand risks and illness caused by the novel Coronavirus disease (COVID-19). 


The COVID-19 pandemic is a global public health emergency. We are asking you to consider volunteering for this 
research study because you may have been tested for COVID-19. If you agree to participate, we are asking you to 
complete online questionnaires about your health history, possible exposures, symptoms and health care visits and 
to collect small blood samples using a simple in-home kit to look for immunity (antibodies against the virus). Your 
medical records in the military health system will be reviewed now and in the future for information related to 
COVID-19 risks, treatments, and health outcomes. 


Who can participate? 
The EPICC study is available to DoD beneficiaries of all ages who have confirmed COVID-19 or who meet current 
Centers for Disease Control and Prevention (CDC) criteria for testing for the virus that causes COVID-19. 


This online-only section of the study is available to adult DoD beneficiaries who have been tested for COVID-19 
and are able to send/receive email and complete online questionnaires. You do not have to know the result of your 
COVID-19 test to volunteer, nor does the test have to be positive. 


KEY INFORMATION 
• This is an observational study meaning we will look at your medical records and collect data and samples 


from you but we will not give you any medicine or treatment. Questions about your treatment should be 
directed to your doctor. 


• Your participation is voluntary, your decision will not affect your care or any other benefits to which you are 
entitled. Your alternative to volunteering is to not participate. 


• Your participation will last about 1 year. 
• You may end your participation at any time without any consequences. 
• There is no cost for participating. 
• All information and samples you provide will be handled securely and in confidence. Only those involved in 


conducting this study will know you are enrolled. 
• The information collected about you is for research purposes only. This information will not be used to guide 


your medical care.  
• You may not personally benefit from this study. The information gained from this study may not be available 


in time to affect your care. The information we learn may help in caring for other future patients with COVID-
19 or similar illnesses. 


• Potential risks in participating include the following: 
o Blood draws can cause a risk of pain, bruising, bleeding, and rarely fainting or infection. 
o There may also be unforeseen risks associated with this study. 


• If you are pregnant, there are no additional risks to you or your fetus. 
• Once your identifying information has been removed from the collected data and specimens, additional 


consent will not be sought for future studies. This also applies if you withdraw from the study. Leftover 
samples will be stored and may be shared for future analyses related to COVID-19 or other infections. 


• Volunteering for this study does not limit your ability to participate in another study of an experimental drug 
or vaccine. That decision would be made in discussion with your doctor and the other study’s investigators 
and is separate from this study. We may ask to collect additional blood to assess the new treatment’s effects. 
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What is involved in the study? 
The following schedule describes the research study procedures and when they occur. 


Today 


• You will be asked to sign this informed consent form online that also includes HIPAA 
authorization (related to your privacy protections). 


• After consenting you will be provided a link to an online questionnaire that takes about 20 
minutes to complete. 


In 1 Month The following procedures happen at each of the time points (1, 6 and 12 months): 
• Complete an online questionnaire that takes about 10 minutes to complete. We will send 


you an email reminder with the web link as it gets closer to the time. 
• Collect a small blood sample at home consisting of a few drops of blood from your finger, 


similar to blood glucose monitoring used by diabetic people. You will use a simple kit that 
we provide. You will then mail the kit into our lab using a pre-paid mailer. 


In 6 Months 


In 12 Months 


 
You can choose to not provide these blood samples and still participate in the study. If you agree to participate in this 
portion of the study, we will inform you if you will be asked to provide the samples. Due to availability of study 
resources, not all participants who agree to provide a blood sample will be invited. 
Please let us know your decision by signing your initials: 


______ Yes, I DO want to participate in the at-home blood collection part of the study.  
 
______ No, I DO NOT want to participate in the at-home blood collection part of the study. 


Additional information 
• Based on your answers to the questionnaires, we may contact you to discuss your health if you have particular 


symptoms or new illness that may be related to COVID-19. 
• The US military regularly stores servicemembers blood samples obtained for medical surveillance in the DoD 


Serum Repository. If you are Active Duty or former military (since the 1990s) we plan to obtain stored blood 
specimens prior to and after your COVID-19 illness. You do not have to do anything additional for this. 


• If you are pregnant or become pregnant during the study participation period, we will follow up with you until 
your baby is born. We may review your baby’s medical records, and ask you questions about your baby’s 
health. 


Genetic Information 
The study will be evaluating how a person's genes are associated with risk and outcomes related to COVID-19. The 
risks of studying your unique genetic code may be the identification of risk for developing certain diseases. We will 
not be studying general issues related to your genetic results because our research is focused on COVID-19 and 
related illnesses. We will not provide you with your genetic results or release any information regarding your results 
connected to your personal identification. 
Please let us know your decision by signing your initials: 


______ Yes, I give permission to use my genetic information for COVID-19-related research. 
 
______ No, I DO NOT give permission to use my genetic information for COVID-19 research. 


Compensation: 
You will receive payment (compensation) in the form of Amazon gift codes as follows for completion of the 
following study procedures: 
• Completion of each online questionnaire: $10 (if completed off duty for servicemembers) 
• Completion of each self-collected blood sample: $10 
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Under 24 USC 30, payment to Federal Employees and Active Duty military personnel for participation in research 
while on duty is limited to blood donation. They may not receive any payment or non-monetary compensation for 
participation in a research study unless they are off duty or on leave during the time they are participating in the 
protocol. There are no restrictions on payment while off-duty. 


HIPAA: AUTHORIZATION TO USE AND/OR DISCLOSE PROTECTED HEALTH INFORMATION 
FOR RESEARCH 
PI Name and Rank: Brian Agan, MD, DrPH 
Corps and Service/Organization: Infectious Disease Clinical Research Program, Uniformed Services University 
of the Health Sciences 
Title of Research Study: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious 
Diseases with Pandemic Potential 
 
Purpose of this Document: 
An Authorization is your signed permission to use or disclose your health information. The Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule, as implemented by the Department of Defense (DoD), 
permits the Military Health System (MHS) to use or disclose your health information with a valid Authorization. 
The MHS is defined as all DoD health plans and DoD health care providers that are organized under the 
management authority of, or in the case of covered individual providers, assigned to or employed by, the Defense 
Health Agency (DHA), the Army, the Navy, or the Air Force. A valid Authorization must include the core elements 
and required statements as contained in this document. 
Please read the information below and ask questions about anything you do not understand before deciding 
to give permission for the use and disclosure of your health information. 
The Health Insurance Portability & Accountability Act of 1996, Public Law 104-109 (also known as HIPAA), 
establishes privacy standards to protect your health information. This law requires the researchers to obtain your 
authorization (by signing this form) before they use or disclose your protected health information for research 
purposes in the study discussed in this form. Note: Protected health information of military service members may 
be used or disclosed for activities deemed necessary by appropriate military command authorities to ensure the 
proper execution of the military mission. 
By signing this authorization, you give your permission for information gained from your participation in this 
study to be published in medical literature, discussed for educational purposes, and used generally to further 
medical science. You will not be personally identified; all information will be presented as anonymous data. 


A. What health information will be used or disclosed about you?  
• Names 
• Address 
• Date of birth 
• Ages over 89 (can be grouped as age 90 or older) 
• DoD identification number 
• Health information 


• Health plan beneficiary numbers 
• Phone numbers 
• Fax numbers 
• E-mail addresses 
• Social security numbers 
• Medical record numbers 


B. Who will be authorized to use or disclose (release) your health information? 


MTFs who have treated you over the past ten years. 


C. Who may receive your health information? 
• The Institutional Review Board (USU IRB) 
• Infectious Disease Clinical Research Program 


(IDCRP) 
• Other Military Treatment Facilities or Department 


of Defense representatives 


• Henry M. Jackson Foundation and their 
representatives 


• Neoteryx and their representatives 
• Local, State and Federal Government 


representatives, when required by law 
• Defense Health Agency (DHA) 
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• Food and Drug Administration (FDA) 
• Centers for Disease Control and Prevention (CDC) 


• National Institute of Allergy and Infectious Disease 
(NIAID) and their representatives 


 
The researchers and those listed above agree to protect your health information by using and disclosing it only as 
permitted by you in this Authorization and as directed by state and federal law. 
You need to be aware that some parties receiving your protected health information may not have the same 
obligations to protect your protected health information and may re-disclose your protected health information to 
parties not named here. If your protected health information is re-disclosed, it may no longer be protected by state 
or federal privacy laws. This authorization does not expire. 


D. What if you decide not to sign this Authorization? 
You do not have to sign this Authorization. If you decide not to sign the Authorization it will not affect your 
treatment, payment or enrollment in any health plans or affect your benefit eligibility. You will not be allowed to 
participate in this research study because your health information is required in order for you to take part in this 
study. The MHS will not condition (withhold or refuse) treatment that is not part of this study, payment, enrollment, 
or eligibility for benefits on whether you sign this Authorization. 


E. Is your health information requested for future research studies? 
Yes, your health information is requested for future research studies as specified below: Your health information 
will not be used for future research studies unless you give your permission by initialing your choice below: 


____  YES, I give permission to use my health information for future research studies 


____  NO, I do not give permission to use my health information for future research studies 


F. Can you access your health information during the study? 
You may have access to your health information at any time, unless your identifiers are permanently removed from 
the data. 


G. Can you revoke this Authorization? 
You may change your mind and revoke (take back) your Authorization at any time. However, if you revoke this 
Authorization, any person listed above may still use or disclose any already obtained health information as necessary 
to maintain the integrity or reliability of this research. 
• If you revoke this Authorization, you may no longer be allowed to participate in this research study. 
• If you want to revoke your Authorization, you must write to the Study Doctor. 


H. Does this Authorization expire? 
No, it does not expire 


I. What else may you want to consider? 
• No publication or public presentation about the research described above will reveal your identity without 
another signed Authorization from you. 
• If all information that does or can identify you is removed from your health information, the remaining de-
identified information will no longer be subject to this Authorization and may be used or disclosed for other 
purposes. 
• In the event your health information is disclosed to an organization that is not covered by HIPAA, the privacy 
of your health information cannot be guaranteed. 


If you have not already received a copy of the brochure entitled “Military Health System Notice of Privacy 
Practices,” you may request one. DD Form 2005, Privacy Act Statement - Military Health Records (located on 
your medical records jacket), contains the Privacy Act Statement for the records. If you have any questions or 
concerns about your privacy rights, you should contact the Uniformed Services University of the Health Sciences 
(USU) Human Research Protections Program at 301-295-9534. (USUHS) IRB 1
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Who can answer my questions? 
Any questions about this research study or if you believe you have received a research-related injury, you may 
contact the study Principal Investigator (overall director based at USU).  


PRINCIPAL INVESTIGATOR (Study Doctor): Overall director of this research study is Dr. Brian Agan at the 
Infectious Disease Clinical Research Program, Uniformed Services University of the Health Sciences (a DoD 
institution). 


Questions? Call Dr. Agan at 1-833-475-0881 or contact at this address: Uniformed Services University of the Health 
Sciences (USU), Department of Preventive Medicine and Biostatistics, 4301 Jones Bridge Road, Bethesda, 
MD 20814-5119 


 


The USU Institutional Review Board is the research ethics committee responsible for safeguarding your rights as a 
research participant. If you have any questions about your rights as a research participant or any other concerns that 
cannot be addressed by the Study Doctor, you can contact the Director of the Human Research Protections Program 
at (301) 295-9534. 


Your digital signature (signed using your mouse or finger) is voluntary consent to participate in this study. Your 
signature also acknowledges that you authorize personnel to use and disclose your Protected Health Information 
(PHI) collected about you for research purposes as described above. 


A copy of this form will be sent to you by email.  


 


        
Printed Name of Participant 
 
             
Participant Signature       Today’s Date 
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ASSENT FORM FOR PARTICIPANTS AGED 7-17 YEARS 


 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious 


Diseases with Pandemic Potential (EPICC) 
 


We are doing a research study about people who are sick with a new illness called COVID-19. A research 
study is a way to find out about something. We are talking to you today because you may have had 
COVID-19, or you may have been close to people who are sick with COVID-19. We want to ask you to 
help us find out more about this illness. 


You can decide if you want to be in this research study or not. We have discussed this research with your 
parent(s)/guardian, and they know that we are also asking you if you want to join. If you want to 
participate in the study, your parent(s)/guardians need to give permission. If you do not want to 
be in the study, you do not have to, even if your parents have given permission. 


If you do want to be in the study, this is what will happen: 


• We will ask you and your parent or guardian to sign a form letting us know that you want to be in the 
study. 


• A staff member may rub the inside of your nose and mouth with a swab. This may be uncomfortable 
and may cause you to cough, sneeze, or bleed a little bit. 


• A staff member may draw a small amount of blood from you. When the blood is drawn, it will be done 
using a clean needle that is stuck into your arm or a tube that is already connected to you. When your 
blood is drawn, it may hurt, but the hurt will go away before very long. You may bleed a little bit or get 
a bruise. Sometimes getting blood drawn can make some people faint, but this doesn’t happen very 
often. 


o We will try our best to draw blood at the same time as your doctor so you don’t have to be 
stuck with a needle as often. 


• If there are any leftover samples from other tests that your doctors do, we will keep them so the 
leftovers can be tested. 


• We will ask you to answer some questions about how you’re feeling every day for the next 2 weeks 
using an online diary called Flu-PRO. 


• If you are 8 or older, we may ask you to use a simple kit to collect a sample from your nose and/or 
mouth, and take a small blood sample from your finger using a different simple kit. Your 
parent/guardian can help. 


• If you are in the hospital: 
o We may use ultrasound to look at your lungs, heart, arms and legs using a wand and gel. 
o We may ask to swab the inside of your bottom/butt. You can do this yourself, or your 


parent/guardian or a staff member can help. This may be uncomfortable.  


Some of these procedures will be done while you are in a hospital or clinic. We may ask you to return 
there after you have left to do more tests and ask you more questions about how you are feeling. If you 
can’t come back, we may ask you to collect your own samples with help from your parent/guardian. 


Being in the study may not benefit you or help you. What we learn about the sickness from you may help 
other people not get sick in the future or help them get better faster. If we learn anything that will help 
you, we will let your doctors know right away. 


For your participation in this research, you will receive $50 for each sample of blood that is collected from 
your arm after you leave the hospital, $10 for each sample you collect at home, and $10 for completing 
the 14-day Flu-PRO diary. 
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We will not tell other people that you are in this study. The only people that will know you are in the study 
are those people that work on the research study. Any information about you will have a number on it 
instead of your name. Only the researchers will know what your number is, and we will lock up that 
information. It will not be shared with or given to anyone except the hospital and people who make sure 
that research is done in a way that is safe. 


You can ask questions if you don’t understand something about the study. You don’t have to be in this 
study. The choice is yours. You will still be taken care of even if you decide that you don’t want to be in 
the study. If you say okay now, but change your mind later, that’s okay too. Just tell one of the study 
doctors. 


To be in this study, both you and your parent must agree. 


If you want to be in this study, please sign and print your name. You will be offered a copy of this form to 
keep. 


☐ Yes, I will be in this research study. 


☐ No, I do not want to be in this research study. 


 


        
PRINT your name here 
 
 
             
SIGN your name here       Today’s Date 
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INFORMED CONSENT DOCUMENT FOR AN OBSERVATIONAL COVID-19 RESEARCH STUDY: 
IDCRP-085: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases with 


Pandemic Potential (EPICC) 


Thank you for your interest in learning more about this study. Please read the following information to ensure your 
child would like to participate. The Department of Defense has sponsored this research study, led by the Infectious 
Disease Clinical Research Program at the Uniformed Services University of the Health Sciences (the military's medical 
school), to better understand risks and illness caused by the novel Coronavirus disease (COVID-19). 
The COVID-19 pandemic is a global public health emergency. We are asking you to consider allowing your child to 
participate in this research study because your child may have COVID-19 and/or qualify for COVID-19 testing 
according to the Centers for Disease Control and Prevention (CDC) guidelines. 


Who can participate? 
This study is available to DoD beneficiaries of all ages (active duty and non-active duty) who have confirmed COVID-
19 or who meet current Centers for Disease Control and Prevention (CDC) criteria for testing for the virus that causes 
COVID-19. 


KEY INFORMATION 
• This is an observational study, meaning we will look at your child’s medical records and collect data and samples 


from your child, but we will not give your child any medicine or treatment. Questions about your child’s treatment 
should be directed to your child’s doctor. 


• Your child’s participation is voluntary, you and your child’s decision will not affect your child’s care or any other 
benefits to which he or she is entitled. Your child’s alternative to volunteering is to not participate. 


• Your child’s participation will last about 1 year. If your child is not sick now but later develops symptoms, we will 
follow up with them for 1 year from the time they became ill. 


• If your child is unable to actively participate in the assent process, for example if they are incapacitated due to illness, 
you may do that on their behalf. If they later become capable of assent, they will be approached to give their assent. 


• You or your child may end his or her participation at any time without any consequences. 
• There is no cost for participating. 
• All information and samples your child provides will be handled securely and in confidence. Only those involved in 


conducting this study will know your child is enrolled. 
• The information collected about your child is for research purposes only. This information will not be used to guide 


your child’s medical care. 
• Your child may not personally benefit from this study. The information gained from this study may not be available 


in time to affect your child’s care. The information we learn may help in caring for other future patients with COVID-
19 or similar pandemics. 


• Leftover samples from tests ordered by your child’s doctor will be stored and may be shared for future analyses related 
to COVID-19 or other infections. 


• Potential risks in participating include the following: 
o Blood draws can cause a risk of pain, bruising, bleeding, and rarely fainting or infection. 
o Nose, mouth, and rectal swabs may cause discomfort but are generally well tolerated. 
o There may also be unforeseen risks associated with this study. 


• If your child is pregnant, we will ask to follow your child until your grandchild is born. There are no known additional 
risks to your child or her fetus. 


• Once your child’s identifying information has been removed from the collected data and specimens, additional consent 
will not be required for future studies. This also applies if your child withdraws from the study. 


• Volunteering for this study does not limit your child’s ability to participate in another study of an experimental drug 
or vaccine. That decision would be made in discussion with your child’s doctor and the other study’s investigators 
and is separate from this study. If your child receives an experimental drug or vaccine, we may collect an additional 
blood sample to study the new treatment’s effects. 
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IF YOUR CHILD IS CURRENTLY HOSPITALIZED: 


During your child’s hospitalization: 
 We will review your child’s medical records now and in the future for information related to your child’s health. 
 Blood samples for research will be collected. 
 Nose, mouth and rectum sample will be collected for identifying and counting the virus. 


If your child is 8 years old or older, we may ask your child to collect some of their own samples with your help. 
 We may do an ultrasound to look at your child’s lungs, heart, and veins. 
 If your child is 7 or older, we will ask them to complete a daily symptom diary for 14 days. 


Samples will be collected following the below schedule as feasible, however it is possible that not all samples will be 
collected. 


Procedure / Assessment Day 0 
(Today) Days 3 and 7 If hospitalized longer than 7 days: 


samples obtained weekly until discharge 
Nose, mouth, and rectal samples ✓ ✓ ✓ 
Blood collection for research ✓ ✓ ✓ 
Ultrasound of lungs, heart and veins 
* ✓ ✓  


Flu-PRO Symptom Diary (14 
days)** ✓ ✓ ✓ 


*  May be performed on or around hospital days 0 (admission), 1, and 3, based on availability. 
** For participants 7 years of age and older. Does not all have to be completed while hospitalized. 


IF YOUR CHILD IS NOT HOSPITALIZED:  


If your child is 8 years old or older, we may request self-collection of a nose and/or mouth sample to check for the 
virus, as well as self-collection of blood using  a sample kit to perform blood collection to look for immunity (antibodies 
against the virus). Your child may collect the nose and/or mouth samples and blood (few droplets from fingerstick) by 
themselves, or you may assist them with sample collection. For at-home collections you will be given instructions and 
pre-addressed mailing materials to return the specimens. Your child’s medical records in the military health system 
will be reviewed now and in the future for information related to COVID-19.  If your child is admitted to the hospital 
for COVID-19 symptoms, we may ask to collect additional samples. 


Today 


• Blood collection – we will draw your child’s blood, from a vein (about 25 mL or 5 teaspoons; total 
blood collected may be less based on body weight, age, and other factors). We may also collect 
another blood sample (a few drops from finger/heel prick) using a simple device similar to blood 
glucose monitoring used by diabetic people. 


• We will collect samples from your child’s nose and/or mouth using a swab or other simple 
collection method. The type of sample may change during your participation in the study as we 
learn more about the virus. 


• For children 8 years of age and older: your child may be asked to collect their own samples with 
your help. 


• For children age 7 and older: you will assist your child with starting a daily online symptom diary 
called Flu-PRO. 


In 1 Week • Blood collection (same as above - either at home or in clinic). 
• For children age 7 and older: Continue to assist your child with the Flu-PRO symptom diary. 
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FOLLOW-UP VISITS FOR ALL PARTICIPANTS 


In 2 Weeks 
• For children age 7 and older: Finish the Flu-PRO daily online symptom diary (14 days total). 
• Nose and/or mouth sample (same as above, either at home or in clinic). 
• Blood collection (same as above - either at home or in clinic). 


In 1 Month 
• Blood collection (same as above - either at home or in clinic). 
• If your child was hospitalized, we will ask to collect a follow-up rectal swab sample to check 


for presence of the virus, if you return to the hospital/clinic for this visit. 


In 6 Months  
• Blood collection (same as above - either at home or in clinic). 


In 12 Months 


Additional information 
• The total amount of blood collected for research while hospitalized or during a return visit at the hospital at one 


sitting will be up to 25 mL (5 teaspoons). Blood collection volume and frequency may be reduced to comply with 
safety limits. The amount of blood drawn for research will not exceed the lesser of 50 mL or 3 mL per kg in any 
8 week period, and collection will not occur more frequently than 2 times per week. For comparison, a typical 
blood drive donation is 470 mL (about 2 cups) in one day. To minimize discomfort to your child, we will try to 
coordinate with your healthcare providers so that the collection of research blood samples happens at the same 
time as standard blood draws. 


• Your child can choose not to provide samples at the time points listed above and still participate in the study. 
• You will be asked to read, sign, and date this consent form after the study has been verbally explained to you by 


one of the research staff members and all your questions have been answered. Your child will be asked to read 
and sign an assent form if he or she is between the ages of 7 and 17 years old. 


• Throughout your child’s participation in the study, we will collect leftover samples from tests their doctors order 
such as blood, swabs, urine, etc. We will collect samples dating back to the time your child became ill. We will 
study these materials for COVID-19 and related illnesses. You do not have to do anything additional for this. 


Genetic Information 
The study is focusing on understanding risks related to COVID-19, including how genetic factors impact COVID-19. 
The risks of studying your child’s unique genetic code may be the identification of risk for developing certain diseases. 
We will not be studying general issues related to your child’s genetic results, our research is focused on COVID-19 
and related illnesses. We will not provide you or your child with your child’s genetic results or release any information 
regarding your child’s results connected to his or her personal identification. 
Please let us know your decision by signing your initials: 


  Yes, I give permission to use my child’s genetic information for COVID-19-related research 
 
  No, I DO NOT give permission to use my child’s genetic information for COVID-19 research 


Compensation: 
Your child will not receive any compensation while hospitalized. Your child will receive payment (compensation) in 
the form of gift cards as follows for completion of the following study procedures: 


• Completion of each at-home self-collected sample: $10 
• Completion of 14-day Flu-PRO Symptom Diary: $10 total (for participants 7 years of age and older) 
• Blood draws at hospital/clinic after your child leaves the hospital: $50 per blood draw 
 
HIPAA: AUTHORIZATION TO USE AND/OR DISCLOSE PROTECTED HEALTH INFORMATION FOR 
RESEARCH 
PI Name and Rank: Brian Agan, MD, DrPH  
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Corps and Service/Organization: Infectious Disease Clinical Research Program, Uniformed Services University of 
the Health Sciences 
Title of Research Study: Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases 
with Pandemic Potential 
 
Purpose of this Document: 
An Authorization is your signed permission to use or disclose your child’s health information. The Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule, as implemented by the Department of Defense (DoD), 
permits the Military Health System (MHS) to use or disclose your child’s health information with a valid 
Authorization. The MHS is defined as all DoD health plans and DoD health care providers that are organized under 
the management authority of, or in the case of covered individual providers, assigned to or employed by, the Defense 
Health Agency (DHA), the Army, the Navy, or the Air Force. A valid Authorization must include the core elements 
and required statements as contained in this document. 
Please read the information below and ask questions about anything you do not understand before deciding to 
give permission for the use and disclosure of your child’s health information. 
The Health Insurance Portability & Accountability Act of 1996, Public Law 104-109 (also known as HIPAA), 
establishes privacy standards to protect your child’s health information. This law requires the researchers to obtain 
your authorization (by signing this form) before they use or disclose your child’s protected health information for 
research purposes in the study discussed in this form. Note: Protected health information of military service members 
may be used or disclosed for activities deemed necessary by appropriate military command authorities to ensure the 
proper execution of the military mission. 
By signing this authorization, you give your permission for information gained from your child’s participation in this 
study to be published in medical literature, discussed for educational purposes, and used generally to further medical 
science. Your child will not be personally identified; all information will be presented as anonymous data. 


A. What health information will be used or disclosed about your child? 
• Names 
• Address 
• Date of birth 
• DoD identification number 
• Health information 


• Health plan beneficiary numbers 
• Phone numbers 
• Fax numbers 
• E-mail addresses 
• Social security numbers 
• Medical record numbers 


B. Who will be authorized to use or disclose (release) your child’s health information? 
MTFs who have treated your child over the past ten years 
 
C. Who will be authorized to use or disclose (release) your child’s health information and who may receive 


your child’s health information? 
• The Institutional Review Board (USU IRB) 
• Infectious Disease Clinical Research Program 


(IDCRP) 
• Other Military Treatment Facilities or Department of 


Defense representatives 
• Henry M. Jackson Foundation and their 


representatives 
• Neoteryx and their representatives 


• Local, State and Federal Government representatives, 
when required by law 


• Defense Health Agency (DHA) 
• Food and Drug Administration (FDA) 
• Centers for Disease Control and Prevention (CDC) 
• National Institute of Allergy and Infectious Disease 


(NIAID) and their representatives 


 
The researchers and those listed above agree to protect your child’s health information by using and disclosing it only 
as permitted by you in this Authorization and as directed by state and federal law. 
You need to be aware that some parties receiving your child’s protected health information may not have the same 
obligations to protect your child’s protected health information and may re-disclose your child’s protected health 
information to parties not named here. If your child’s protected health information is re-disclosed, it may no longer be 
protected by state or federal privacy laws. 
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D. What if you decide not to sign this Authorization? 
You do not have to sign this Authorization. If you decide not to sign the Authorization it will not affect your child’s 
treatment, payment or enrollment in any health plans or affect your child’s benefit eligibility. Your child will not be 
allowed to participate in this research study because your child’s health information is required in order for them to 
take part in this study. The MHS will not condition (withhold or refuse) treatment that is not part of this study, payment, 
enrollment, or eligibility for benefits on whether you sign this Authorization. 
E. Is your child’s health information requested for future research studies? 
Yes, your child’s health information is requested for future research studies as specified below: Your child’s health 
information will not be used for future research studies unless you give your permission by initialing your choice 
below: 
____  YES, I give permission to use my child’s health information for future research studies 


____  NO, I do not give permission to use my child’s health information for future research studies 


F. Can you access your child’s health information during the study? 
You may have access to your child’s health information at any time, unless their identifiers are permanently removed 
from the data. 
G. Can you revoke this Authorization? 
You may change your mind and revoke (take back) your Authorization at any time. However, if you revoke this 
Authorization, any person listed above may still use or disclose any already obtained health information as necessary 
to maintain the integrity or reliability of this research. 
• If you revoke this Authorization, your child may no longer be allowed to participate in this research study. 
• If you want to revoke your Authorization, you must write to the Study Doctor. 
H. Does this Authorization expire? 
No, it does not expire 
I. What else may you want to consider? 
• No publication or public presentation about the research described above will reveal your child’s identity without 
another signed Authorization from you. 
• If all information that does or can identify your child is removed from your health information, the remaining de-
identified information will no longer be subject to this Authorization and may be used or disclosed for other purposes. 
• In the event your child’s health information is disclosed to an organization that is not covered by HIPAA, the privacy 
of your child’s health information cannot be guaranteed.  
If you have not already received a copy of the brochure entitled “Military Health System Notice of Privacy Practices,” 
you may request one. DD Form 2005, Privacy Act Statement - Military Health Records (located on your child’s 
medical records jacket), contains the Privacy Act Statement for the records. If you have any questions or concerns 
about your child’s privacy rights, you should contact the USU Human Research Protections Program at 301-295-9534. 


Who can answer my questions? 
Any questions about this research study or if you believe your child’s child has received a research-related injury, you 
may contact the lead for the study at your child’s hospital (overall director based at USU) or the study Principal 
Investigator. 


PRINCIPAL INVESTIGATOR: Overall director of this research study is Dr. Brian Agan at the Infectious Disease 
Clinical Research Program, Uniformed Services University of the Health Sciences (a DoD institution). 
Questions? Call Dr. Agan at 1-833-475-0881 or contact at this address: Uniformed Services University of the Health 
Sciences (USU), Department of Preventive Medicine and Biostatistics, 4301 Jones Bridge Road, Bethesda, MD 20814-
5119 
LOCAL PRINCIPAL INVESTIGATOR (Study Doctor): – [Sites will fill in] 
 
The USU Institutional Review Board is the research ethics committee responsible for safeguarding your child’s rights 
as a research participant. If you have any questions about your child’s rights as a research participant or any other 
concerns that cannot be addressed by the Study Doctor, you can contact the Director of the Human Research 
Protections Program at (301) 295-9534.  


(USUHS) IRB 1
IRB NUMBER: 409136 (IDCRP-085)
IRB APPROVAL DATE: 07/28/2020
IRB EXPIRATION DATE: 07/25/2021







IDCRP-085: EPICC Informed Consent Document – 2019 Novel Coronavirus Disease (COVID-19) Research Study 
[Parental ICD for Pediatric Subjects] 


CORE Parental ICD 
V4.0, 15-JUL-2020 Page 6 of 6 


SIGNATURE PAGE: 
You have been asked to provide permission for your child, for whom you are either the parent or legal representative, 
to participate in this research study. Your signature indicates that you have had this information presented to you and 
your child, have had the opportunity to ask questions about the research and your child’s participation, and agree to 
permit them to participate in the study. Your signature also acknowledges that you authorize personnel to use and 
disclose your child’s Protected Health Information (PHI) collected about your child for research purposes as described 
above. Further, your signature indicates that you have been offered a copy of this consent document. You will also be 
offered a copy of your child’s assent document. 


             
Printed Name of Parent/Guardian     Relationship to Participant 
 
             
Parent/Guardian Signature      Today’s Date 
 
        
Printed Name of Study Representative 
 
             
Study Representative Signature     Today’s Date 
 
Verbal/physical limitation section: use the section below only if applicable 


The subject’s parent/guardian, ______________________________________________ (name), has verbally 
consented for their child to participate in the study as described and also authorizes the use and disclosure their child’s 
health information as described. The subject’s parent/guardian is coherent and has understood the nature and 
consequences of participation in the study, but the subject’s parent/guardian is physically disabled or in isolation and 
is unable to sign. 
The consent and authorization information were accurately explained. The subject’s parent/guardian was given the 
opportunity to ask questions. All questions were answered before giving verbal consent. The subject’s parent/guardian 
apparently understood the information. The informed consent and authorization were given freely by the subject’s 
parent/guardian. 
 
        
Printed Name of Witness (if applicable) 
 
             
Witness Signature (if applicable)     Today’s Date 
 
Complete LAR section only if applicable. If the LAR has a copy of the power of attorney or court 
appointment, attach it to this consent document. 


             
Printed Name of Legally Authorized Representative (LAR)  Relationship to Participant 
 
             
LAR Signature       Today’s Date 
 
        
Printed Name of Witness (if applicable) 
 
            
Witness Signature (if applicable)     Today’s Date 


(USUHS) IRB 1
IRB NUMBER: 409136 (IDCRP-085)
IRB APPROVAL DATE: 07/28/2020
IRB EXPIRATION DATE: 07/25/2021











Cc: 'Broder, Chris (USU-DoD)' <christopher.broder@usuhs.edu>; 'De wit, Emmie (NIH/NIAID) [E]'
<emmie.dewit@nih.gov>; 'Cammarata, Stephanie M CTR USN NAVMEDCEN SAN CA (USA)'
<stephanie.m.cammarata.ctr@mail.mil>
Subject: RE: nhps and CoV-2 question
 
Hi all
 
Following up on the below:
 
1/ See current protocol and IRB approval to inform NIAID NHSR determination
 
2/ CCing in Stephanie Cammarata for agreements
 
3/ Eric and Chris: to confirm,  is the proposed project synopsis  essentially wt VNT of n = ?25 SARS-
CoV-2 positive sera with and without cross binding to MERS and SARS-1 with an aim to examine how
cross-binding correlates with wildtype cross-neutralization?
 
Thanks
 
Simon

From: Simon Pollett 
Sent: Monday, October 5, 2020 7:59 AM
To: 'Munster, Vincent (NIH/NIAID) [E]' <vincent.munster@nih.gov>; Eric Laing
<eric.laing@usuhs.edu>; Brian Agan <BAgan@idcrp.org>; Caroline English <CEnglish@idcrp.org>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; De wit, Emmie (NIH/NIAID) [E]
<emmie.dewit@nih.gov>
Subject: RE: nhps and CoV-2 question
 
Dr Munster,
 
I am one of the AIs on the EPICC study and the director of the COVID19 research area at IDCRP. 
Pleased to meet you and looking forward to this EPICC subproject. Dr Brian Again is the EPICC PI and
deputy science director of IDCRP and Caroline English the CRM of EPICC. Stephanie Cammarata is
our IDCRP Agreements Officer (among other roles).  Below are the  relatively simple next logistic
steps required to execute this really interesting serology subproject.
 

1. Ethics review (NIAID NHSR determination) - Attached is the EPICC protocol v 9 for your
preliminary review. I will send ICF and protocol for version 10. Caroline are you able to send
the relevant DoD determination?

 
2. I discussed with Stephanie Cammarata and this should just require a SLA between USU and

NIAID. We can initiate this on our side.
 

3. Study synopsis – for the purposes of #2, we’d need a brief synopsis. Eric and Chris, this sounds
like wt VNT of n = ?25 SARS-CoV-2 positive sera with and without cross binding to MERS and



SARS-1 with an aim to examine how cross-binding correlates with wildtype cross-
neutralization?

 
Happy to assist on all the above as needed
 
Simon
 
Dr. Simon Pollett, MBBS
Associate Scientific Director, HJF
Infectious Disease Clinical Research Program
Department of Preventive Medicine and Biostatistics
Uniformed Services University of the Health Sciences
Phone: 310-895-8048
Email: spollett@idcrp.org
 
 
 

From: Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov> 
Sent: Tuesday, September 29, 2020 3:09 PM
To: Eric Laing <eric.laing@usuhs.edu>; Simon Pollett <spollett@idcrp.org>; Brian Agan
<bagan@idcrp.org>; Caroline English <CEnglish@idcrp.org>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; De wit, Emmie (NIH/NIAID) [E]
<emmie.dewit@nih.gov>
Subject: [EXTERNAL] RE: nhps and CoV-2 question
 

ATTENTION: This email originated from outside of the organization.
Do not open attachments or click on links unless you recognize the

sender and know the content is safe.
 

Thanks Eric,
 
Sounds good, would be easy to determine any neutralizing cross-reactivity with MERS, SARS-2/2
 
Cheers,
 
Vincent Munster, PhD
Chief Virus Ecology Section
Rocky Mountain Laboratories
NIAID/NIH
 
From: Laing, Eric <eric.laing@usuhs.edu> 
Sent: Tuesday, September 29, 2020 12:42 PM
To: Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>; Simon Pollett
<spollett@idcrp.org>; Agan, Brian (IDCRP) <bagan@idcrp.org>; Caroline English



<CEnglish@idcrp.org>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; De wit, Emmie (NIH/NIAID) [E]
<emmie.dewit@nih.gov>
Subject: Re: nhps and CoV-2 question
 
Hi Vincent,
 
Looping back to this topic regarding MERS/SARS-CoV VNs/PRNTs and bringing in the IDCRP
leadership that can begin an approval process for non-human research determination.
 
 
We have a handful of SARS-CoV-2 IgG positive serum samples (~15 - 20) with fairly high cross-
reactivity to SARS-CoV-1 and MERS-CoV. Some of these serum samples are longitudinal collections
from the same subject; over time, the cross-reactivity decreases as the IgG response matures and
becomes monotypic for SARS-CoV-2. It would be interesting to write a short letter about cross-
reactivity and cross-neutralization between SARS-CoV-2 IgG antibodies and high priority zoonotic
bCoVs.
 
- Eric 

Eric D. Laing, Ph.D.
Research Assistant Professor
Department of Microbiology and Immunology
Uniformed Services University
4301 Jones Bridge Road
Bethesda, MD 20814
cell: (301) 980-8192
office: (301) 295-9884
lab: (301) 295-9618
 
eric.laing@usuhs.edu
 
 
On Thu, Sep 10, 2020 at 9:47 AM Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>
wrote:

Hi Chris,
 
Would be easy to do some MERS and SARS-CoV-2 VNs or prnts.
 
Cheers,
 
Vincent Munster, PhD
Chief Virus Ecology Section
Rocky Mountain Laboratories
NIAID/NIH



 
From: Laing, Eric <eric.laing@usuhs.edu> 
Sent: Wednesday, September 9, 2020 8:34 PM
To: Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; De wit, Emmie (NIH/NIAID) [E]
<emmie.dewit@nih.gov>
Subject: Re: nhps and CoV-2 question
 
Hi Vincent and Emmie, 
 
Any interest or bandwidth for testing SARS-CoV-2 patient serum samples that are highly cross-
reactive with MERS-CoV and SARS-CoV-1 spike proteins to assess cross-neutralization potential?
We have a handful of SARS-CoV-2 seroconverts that have a strong polyclonal response to SARS-
CoV-1 and MERS-CoV, could be an interesting short translational letter if the antisera retains
neutralizing antibodies. 
 
- Eric 

Eric D. Laing, Ph.D.
Research Assistant Professor
Department of Microbiology and Immunology
Uniformed Services University
4301 Jones Bridge Road
Bethesda, MD 20814
cell: (301) 980-8192
office: (301) 295-9884
lab: (301) 295-9618
 
eric.laing@usuhs.edu
 
 
On Fri, Sep 4, 2020 at 9:42 AM Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>
wrote:

Hi Chris no plans for that,
 
Housing the animals for 6 months after challenge into high containment would make it
unfeasible. There are reports of back challenge after a month or so, but I think we should start
getting data from humans soon,
 
Cheers,
 
 
Vincent Munster, PhD
Chief Virus Ecology Section
Rocky Mountain Laboratories



NIAID/NIH
 

From: "Broder, Christopher" <christopher.broder@usuhs.edu>
Date: Thursday, September 3, 2020 at 10:01 AM
To: "vincent.munster@nih.gov" <vincent.munster@nih.gov>, Emmie De wit
<emmie.dewit@nih.gov>
Cc: Eric Laing <eric.laing@usuhs.edu>
Subject: nhps and CoV-2 question
 
hi Vincent / Emmie.
 
hope all is continuing to go so great.
 
are you all going to try an NHP SARS-2 back challenge exp after 
waiting 6 or more months after primary infection and recovery?   so expensive i know,
might provide very informative data on the ab response / longevity / anamnestic response ect..
 
chris
 

This message contains information that may be confidential, privileged, proprietary, or
otherwise protected. If you are not the intended recipient, notify the sender immediately and
delete/destroy all copies of this message and any attachments. This message is not intended to
constitute or include either an electronic record or an electronic signature unless otherwise
specifically indicated.
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October 16, 2020

MEMORANDUM FOR BRIAN K AGAN, MD , P and R - Uniformed Services University of the Health 

Sciences (USUHS) SUBJECT: USUHS IRB (FWA 00001628; DoD Assurance P60001) Approval 

Modification of Protocol 409136 (IDCRP-
085) for Human Subjects Participation

The modification to your Minimal Risk 32 CFR 219 / 21 CFR 56 human subjects research protocol 409136 
(IDCRP-
085) (ref # 931762) titled “Epidemiology, Immunology and Clinical Characteristics of Emerging 
Infectious Diseases with Pandemic Potential (EPICC)” was reviewed and approved for execution on 
October 15, 2020 by Dr. Edmund G. Howe, M.D., J.D., chair USUHS IRB under the provision of 32 CFR 
219.110(b)(2). This approval will be reported to the USUHS IRB scheduled to meet on October 22, 
2020.

The protocol outlines a systematic approach to collection of clinical specimens and data by adapting 
standard procedures for conducting clinical characterizations of severe emerging infections as 
published by the International Severe Acute Respiratory and Emerging Infection Consortium 
(ISARIC) network (ISARIC/WHO Clinical Characterization Protocol for Severe Emerging Infections, 
version 3.1). .

This action approves the modification to update Appendix A of the protocol. This will reflect recent 
changes approved in the ICD/HIPAA document and set forth in the recent partial HIPAA waiver 
authorization indicating what information may be obtained from MDR or J6.

Authorization to conduct protocol 409136 (IDCRP-085) will automatically expire on July 25, 2021. If 
you plan to continue data collection or analysis beyond this date, IRB approval for continuation is 
required. Please submit a Continuing Review Form via EIRB to the IRB Office 60 days prior to your 
expiration date.

You are required to submit amendments to this protocol, changes to the informed consent document 
(if applicable), adverse event reports, and other information pertinent to human research for this 
project. No changes to this protocol may be implemented prior to IRB approval. If you have questions 
regarding this IRB action or questions of a more general nature concerning human participation in 
research, please contact Chris Murphy at christopher.murphy.ctr@usuhs.edu or (301) 319-0444.

(b) (6)



Learning to Care for Those in Harm’s Way



EIRB Protocol Template (Version 1.15)

1.0 General Information

*Please enter the full title of your study:

Epidemiology, Immunology and Clinical Characteristics of Emerging Infectious Diseases with 
Pandemic Potential (EPICC)

*Please enter the Protocol Number you would like to use to reference the protocol:

IDCRP-085 Version 11.0, 14-SEP-2020, eIRB v1.15
* This field allows you to enter an abbreviated version of the Protocol Title to quickly identify
this protocol.

Is this a multi-site study (i.e. Each site has their own Principal Investigator)?

Yes

Does this protocol involve the use of animals?

Yes No

2.0 Add Site(s)

2.1 List sites associated with this study:

Primary 
Dept?

Department Name

P and R - Uniformed Services University of the Health Sciences (USUHS)

3.0 Assign project personnel access to the project

3.1 *Please add a Principal Investigator for the study:

AGAN, BRIAN K, MD

Select if applicable

Student Site Chair

Resident Fellow

3.2 If applicable, please select the Research Staff personnel:

A) Additional Investigators

AGAN, BRIAN K, MD 

Associate Investigator

BRODY, DAVID L, MD PhD 



 Associate Investigator

BURGESS, TIMOTHY H, MD, MPH CAPT 

 Associate Investigator

BYRNE, Celia, PhD 

 Associate Investigator

Broder, Christopher C 

 Associate Investigator

Chung, Kevin Kee, MD COL 

 Associate Investigator

Coles, Christian Logan, PhD 

 Associate Investigator

DUMLER, JOHN S, MD 

 Associate Investigator

Dalgard, Clifton Lee 

 Associate Investigator

HAIGNEY, MARK C, MD 

 Associate Investigator

Hickey, Patrick Wilson, MD COL 

 Associate Investigator

Laing, Eric Daniel 

 Associate Investigator

Lanteri, Charlotte Anne, PhD LTC 

 Associate Investigator

Livezey, Jeffrey Robert, LTC 

 Associate Investigator

MALLOY, Allison M, MD 

 Associate Investigator

Mcleroy, Robert Dustin 

 Associate Investigator

Oliver, Thomas George, MD COL 

 Associate Investigator

Rajnik, Michael, MD Col 

 Associate Investigator

Rusiecki, Jennifer A. 

 Associate Investigator

SCHER, ANN 

 Associate Investigator

Simons, Mark Paul, PhD, D(ABMM), MScPH CDR 

 Associate Investigator

TRIBBLE, DAVID R, MD DrPH 

 Associate Investigator

B) Research Support Staff

Austin, Anissa Dawn 

 Research Coordinator

Chapo, Elisa Wago 

 Research Coordinator

English, Caroline E 

 Research Coordinator

Fox, Christina joy 

 Research Coordinator

Fraser, Jamie Alexandra 

 Research Coordinator



Hadley, Arile 

 Research Coordinator

Illinik, Luca, MPH 

 Research Coordinator

Law, Natasha N 

 Research Coordinator

Morales, Carlos Enrique 

 Research Coordinator

Moreno, Nicole C 

 Research Coordinator

Nevo, Lev N/A, M.D. 

 Research Coordinator

Rozman, Julia Sofia 

 Research Coordinator

Sanchez Edwards, Margaret Anne, MS 

 Research Coordinator

Spevak, Marianne V, BSHS 

 Research Coordinator

3.3 *Please add a Protocol Contact:  

AGAN, BRIAN K, MD 

BURGESS, TIMOTHY H, MD, MPH CAPT 

Chapo, Elisa Wago 

English, Caroline E 

Fox, Christina joy 

Illinik, Luca, MPH 

Morales, Carlos Enrique 

Moreno, Nicole C 

Nevo, Lev N/A, M.D. 

Rozman, Julia Sofia 

Sanchez Edwards, Margaret Anne, MS 

The Protocol Contact(s) will receive all important system notifications along with the Principal 
Investigator. (i.e. The protocol contact(s) are typically either the Protocol Coordinator or the 
Principal Investigator themselves).

3.4 If applicable, please select the Designated Site Approval(s):  

Add the name of the individual authorized to approve and sign off on this protocol from your Site 
(e.g. the Site Chair).

4.0  

Project Information

4.1  Is this a research study?

 Yes    No

4.2  What type of research is this?

Biomedical Research



Clinical trial (FDA regulated)

Behavioral Research

Educational Research

Psychosocial Research

Oral History

Other

4.4  Is this human subjects research (Activities that include both a systematic investigation designed to 
develop or contribute to generalizable knowledge AND involve a living individual about whom an 
investigator conducting research obtains data through intervention or interaction with the individual 
or identifiable private information.  Activities covered by 32 CFR 219.101(a) (including exempt 
research involving human subjects) and DoDI 3216.02)?

 Yes    No

4.5  Do you believe this human subjects research is exempt from IRB review?

  Yes     No

5.0  

Personnel Details

5.1  
Will you have a Research Monitor for this study?

Yes 

No 

N/A 

Research Monitor Role:

If applicable, you may nominate an individual to serve as the Research Monitor:

No Users have been selected.

6.0  

Data/Specimens

6.1  Does the study involve the use of existing data or specimens only (no interaction with human 
subjects)?

  Yes     No

7.0  

Funding and Disclosures

7.1  Source of Funding:

Funding Source Funding Type Amount



NIAID IAA
: Other 56632

Total amount of funding:

56632

7.2  Do you or any other Investigator(s) have a disclosure of a personal interest or financial nature 
significant with sponsor(s), product(s), instrument(s) and/or company(ies) involved in this study?

  Yes     No

8.0  

Study Locations

8.1  List any Research Team members without EIRB access that are not previously entered in the 
protocol:

Name:
(Last, First, M.I.)

Clark, Danielle

Role on Protocol:

Associate Investigator

Phone Number:
 

508-471-7655

Email Address:
 

dclark@aceso-sepsis.
org

Associated Institution:
 

Henry M Jackson 
Foundation

Name:
(Last, First, M.I.)

Blair, Paul

Role on Protocol:

Associate Investigator

Phone Number:
 

301-256-2165

Email Address:
 

pblair@aceso-sepsis.
org

Associated Institution:
 

Henry M Jackson 
Foundation/USUHS

Name:
(Last, First, M.I.)

Koehler, Jeff

Role on Protocol:

Associate Investigator

Phone Number:
 

301-619-8342

Email Address:
 

jeffrey.w.koehler4.
civ@mail.mil

Associated Institution:
 

US Army Med Rsch 
Inst of Infectious 
Diseases

Name:
(Last, First, M.I.)

Fries, Anthony

Role on Protocol:

Associate Investigator

Phone Number:
 

937-938-2847

Email Address:
 

anthony.fries.tr@us.
af.mil

Associated Institution:
 

US Air Force Sch 
Aerospace Med

Name:
(Last, First, M.I.)

Hansen, Erin

Role on Protocol:

Associate Investigator

Phone Number:
 

619-857-5219

Email Address:
 

erin.a.hansen.
ctr@mail.mil

Associated Institution:
 

Naval Health 
Research Center



Name:
(Last, First, M.I.)

Peel, Sheila

Role on Protocol:

Associate Investigator

Phone Number:
 

301-319-2297

Email Address:
 

sheila.a.peel2.
civ@mail.mil

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Darden, Janice

Role on Protocol:

Associate Investigator

Phone Number:
 

301-275-1190

Email Address:
 

jdarden@hivresearch.
org

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Letizia, Andrew

Role on Protocol:

Associate Investigator

Phone Number:
 

240-507-6326

Email Address:
 

andrew.g.letizia.
mil@mail.mil

Associated Institution:
 

Naval Medical 
Research Center

Name:
(Last, First, M.I.)

Snow, Andrew

Role on Protocol:

Associate Investigator

Phone Number:
 

301-295-3267

Email Address:
 

andrew.snow@usuhs.
edu

Associated Institution:
 

USUHS

Name:
(Last, First, M.I.)

Pollett, Simon

Role on Protocol:

Associate Investigator

Phone Number:
 

301-319-2059

Email Address:
 

simon.d.pollett.
ctr@mail.mil

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Berry, Irina

Role on Protocol:

Associate Investigator

Phone Number:
 

301-319-2032

Email Address:
 

irina.maljkovicberry.
ctr@mail.mil

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Friberg, Heather

Role on Protocol:

Associate Investigator

Phone Number:
 

301-319-9224

Email Address:
 

heather.l.friberg-
robertson.civ@mail.
mil

Associated Institution:
 

Walter Reed Army of 
Institute Research

Name:
(Last, First, M.I.)

Currier, Jeffrey

Role on Protocol:

Phone Number:
 

240-994-3911

Email Address:
 

jeffrey.r.currier.
civ@mail.mil

Associated Institution:
 

Walter Reed Army of 
Institute Research



Associate Investigator

8.2  Has another IRB reviewed this study?

  Yes     No

IRB Name Review Date Determination

No records have been added

8.3  Is this a collaborative or multi-site study? (e.g., are there any other institutions involved?)

 Yes    No

8.4  Study Facilities and Locations:

Institution Site Name Site Role
FWA or DoD 
Assurance 
Number

Assurance 
Expiration 
Date

Is there an 
agreement?

IRB 
Reviewing 
for Site

Navy Naval 
Health 
Research 
Center

Laboratory 
analyses

FWA00013516 03/02
/2021

: IAIR
:

USUHS 
IRB #1

Army US Army 
Med Rsch 
Inst 
Infectious 
Dis

Laboratory 
analyses

FWA00007368 10/02
/2024

: MOU
:

USUHS 
IRB #1

Air Force US AF Sch 
Aerospace 
Med

Laboratory 
analyses

FWA00027236 08/29
/2023

: IAIR
:

USUHS 
IRB #1

Army Walter 
Reed 
Army of 
Institute 
Research

Laboratory 
analyses

FWA00000015 11/20
/2023

: Other
:

USUHS 
IRB #1

Navy Naval 
Medical 
Research 
Center

Laboratory 
analyses

FWA00000152 06/05
/2024

: IAIR
:

USUHS 
IRB #1

Other:

Other 
Institution 
Site

Site Role
FWA or DoD 
Assurance 
Number

FWA or DoD 
Expiration 
Date

Is there an 
agreement?

IRB 
Reviewing 
for Site

No records have been added

8.5  Are there international sites?

Attach international approval documents, if applicable, when prompted. Note: Ensure local research 
context has been considered

  Yes     No



8.6  Is this an OCONUS (Outside Continental United States) study?

  Yes     No

Select  the area of responsibility:

Have you obtained permission from that area of responsibility? (This is a requirement prior to study 
approval)

  Yes     No

9.0  

Study Details

9.1  Abstract/ Summary:

Summarize the proposed study in 500 words or less, to include the purpose, the subject population, the 
study’s design type, and procedures

The overarching objective of the Epidemiology, Immunology and Clinical Characteristics of Emerging 

Infectious Diseases with Pandemic Potential (EPICC) protocol is to provide the Military Health System (MHS) 

with a contingency protocol intended for activation at Military Treatment Facilities (MTFs) during outbreaks to 

allow clinical investigation of severe or potentially severe acute infections with pathogens of concern to public 

health and U.S. military medical readiness. The protocol outlines a systematic approach to collection of clinical  

specimens and data by adapting standard procedures for conducting clinical characterizations of severe 

emerging infections as published by the International Severe Acute Respiratory and Emerging Infection 

Consortium (ISARIC) network (ISARIC/WHO Clinical Characterisation Protocol for Severe Emerging 

Infections, version 3.1).

The EPICC protocol can be conducted as a multi-site study at participating MTFs, and overall protocol 

oversight will be coordinated centrally by the Uniformed Services University’s Infectious Disease Clinical 

Research Program (IDCRP). MHS-wide enrollment for online participation will be coordinated by the IDCRP 

Program Coordinating Center (PCC).

EPICC activities will be executed by clinical study teams comprising existing IDCRP clinical research 

investigators and staff located at each MTF and protocol investigators from relevant hospital departments. The 

protocol is designed to be modified to accommodate longitudinal observational study of specific emerging or re-

emerging pathogens. Protocol modifications will describe methods for serial collection and clinical 

characterization of specimens and associated demographic, laboratory, clinical, and other data specific for the 

pathogen of interest and associated study population(s).

9.2  Key Words:

Provide up to 5 key words that identify the broad topic(s) of your study

Epidemiology, Immunology, Emerging Infectious Diseases

9.3  Background and Significance:

Include a literature review that describes in detail the rationale for conducting the study. Include 
descriptions of any preliminary studies and findings that led to the development of the protocol.  The 
background section should clearly support the choice of study variables and explain the basis for the 
research questions and/or study hypotheses.  This section establishes the relevance of the study and 
explains the applicability of its findings

The EPICC protocol is intended to serve as a foundation for modification to allow the observational, 

longitudinal study of specific emerging or re-emerging pathogens causing disease with pandemic potential 

within the MHS. Modifications responsive to specific diseases will be described to include  a schedule for serial 

collection of clinical specimens and data and methods for recruiting, enrolling, and observational study within 
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the desired MHS study population(s). In general, enrolled participants (eligible adults or children) who are 

known or suspected cases at MTFs as inpatients or in isolation settings will undergo serial collections of 

biological specimens and clinical and laboratory data at day of enrollment and during the duration of 

hospitalization or isolation, with follow-up specimen and data collection convalescent and long-term follow-up 

timepoints. The study design can also include clinical observational investigation in outpatients. The major 

focus of this protocol is to conduct clinical observational study in symptomatic individuals; however, there is 

also the opportunity to enroll and follow (potentially at a reduced specimen and data collection frequency 

relative to symptomatic participants) individuals who are asymptomatic but who are at high/some risk for 

exposure. Inclusion of an asymptomatic comparator cohort could provide insight on risk factors or biomarkers 

associated with symptomatic versus asymptomatic presentations. The protocol supports observational, 

longitudinal collection of clinical specimens and data with a goal of identifying host biomarkers that predict 

severity of illness, resistance to infection, treatment failure, etc. If volunteers receive an experimental treatment 

product under eIND, the data collected through the EPICC protocol may help inform about the safety and 

efficacy of that product.
 

In subsequent sections, relevant background information on acute respiratory infections (ARI) of pandemic 

potential is provided, followed by specific schedule of events and other details to allow observational study of 

an ongoing outbreak of the 2019 novel coronavirus (COVID-19).

Acute Respiratory Infections of Pandemic Potential: Epidemiology, Immunology and Clinical 

Characteristics

ARI Case Definitions

To characterize the epidemiology, immunology and clinical features of novel pathogens associated with severe 

ARI, case definitions appropriate to emerging infection scenarios will be utilized.  These definitions will vary by 

the availability and result of laboratory-based diagnostic tests.
 

, the case definition includes the presence of laboratory-confirmed I. For laboratory-confirmed cases

infection with an agent of severe ARI (e.g., SARS-CoV-2, influenza A/H7N9, MERS-CoV, SARS, etc.).
 

OR
 

  the case definition includes:II. For persons under investigation (PUI),

The current CDC case definition for a PUI for a respiratory pathogen under study.

An unknown or pending laboratory confirmation of an agent of severe ARI.

III. For individuals who are asymptomatic and have had recent high-risk exposure to the pathogen 

such that they have increased their risk for infection, 1 or more of the following criteria must be of interest 

met:

Unprotected exposure (for e.g., < 14 days of illness onset, modified commensurate with evolving 

epidemiologic information) with confirmed or suspected cases of human infection with a novel 

respiratory pathogen. Close contact is typically defined as coming within about 6 feet (2 meters) of a 

confirmed or suspected case while the case was ill (beginning 1 day prior to illness onset and 

continuing until resolution of illness).

Unprotected exposure to infectious pathogens in a laboratory setting.

If exigencies warrant, then asymptomatic/high exposure risk individuals in isolation may be considered 

for enrollment.

Acute respiratory infections (ARI) are among the most common infectious diseases. Due to conditions and 

circumstances of military training and deployment (e.g., crowding, inadequate hygiene practices, physical 

stress, etc.), military personnel in congregate settings are at increased risk for outbreaks due to ARI. There are 

a number of emerging viral respiratory pathogens to which military forces may be exposed, that carry 

substantial importation risk, and that also have significant pandemic potential. Recent and current examples 

are described below.

Influenza A/H5N1 was first identified in the human population in Hong Kong in 1997. Since 2003, 16 

countries have reported 668 confirmed cases and 393 deaths due to influenza A/H5N1 (as of 1 Nov 

2014). The global case fatality rate for influenza A/H5N1 infection is 60%, and the estimates range 

widely (0% to 100%) by country. While the significant morbidity and mortality of influenza A/H5N1 

infection is readily apparent, its occurrence among humans has been relatively infrequent to date. 

Circulation of H5N1 predominates in poultry, currently the main reservoir, in Asia and northeast Africa. 

Host-to-human (i.e., zoonotic transmission of A/H5N1) infections are unpredictable and “remain rare 
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despite frequent and widespread contact with infected poultry and contaminated environments” (1). 

The majority (71%) of cases of influenza A/H5N1 have had recent exposure to live birds or 

contaminated areas. Cases of influenza A/H5N1 to date have been relatively young (median age: 19 

years) (2). Exposure to other cases of influenza A/H5N1 has not been a major risk factor to date, 

suggesting that the likelihood of human-to-human transmission of this particular strain remains low 

(R0< 1) (3). The severity of influenza A/H5N1 is dependent upon the strain associated with infection

/disease. Among strains with low pathogenicity, generally mild, non-fatal illnesses have been observed, 

ranging from conjunctivitis to influenza-like illness (e.g., fever, cough, sore throat, muscle aches) to 

lower respiratory disease (pneumonia). Among strains with high pathogenicity, the disease spectrum 

has ranged from a milder febrile respiratory illness to severe disease (e.g., dyspnea, hypoxemia, 

pneumonia, acute respiratory failure) with multi-organ disease, sometimes accompanied by nausea, 

abdominal pain, diarrhea, vomiting and delirium. The high mortality rate (~60%) associated with 

pathogenic strains of influenza A/H5N1 has been reported from multiple studies (2).

Influenza A/H7N9 infection of humans was first identified in China in March 2013. Since then China 

has reported 453 confirmed cases and 175 deaths due to influenza A/H7N9 (WHO 2014). As with 

influenza A/H5N1, most of the cases had recent exposures to live poultry or had visited areas where 

live poultry was sold (75%) (3). By contrast to influenza A/H5N1, the host reservoir, main exposures, 

routes of transmission, and distribution and prevalence of influenza A/H7N9 among humans and 

animals are unknown. Influenza A/H7N9 does not appear to transmit easily from birds or the 

environment to humans. In addition, reported cases of Influenza A/H7N9 have not demonstrated high 

transmissibility between humans to date, suggesting that the risk of pandemic potential currently 

remains low (4). Though limited in its reach, influenza A/H7N9 infection has been associated with 

significant mortality: approximately 39% of cases resulted in a fatal outcome (4).

The coronavirus associated with the Middle Eastern Respiratory Syndrome (MERS-CoV) was first 

identified in Saudi Arabia in 2012 (5). Several outbreaks have since occurred, originating in Middle 

Eastern countries and spreading globally, albeit to a limited extent, by international travelers. 

Symptoms including fever, rigors, malaise, cough, myalgia, headache, shortness of breath, anorexia, 

diarrhea and abdominal pain were observed in MERS-CoV cases (6,7). As of October 2014, a total of 

897 confirmed cases and 325 deaths (case fatality rate [CFR]: 36%) have been reported worldwide 

(WHO 2014). In 2013, two studies concluded that MERS-CoV did not yet exhibit pandemic potential, 

with an estimated basic reproduction number less than 1.0 (8, 9). Some research indicates that camels 

may act as the host reservoir for MERS-CoV, although evidence is inconclusive (10). Human-to-human 

transmission of MERS-CoV has been observed in healthcare settings, possibly due to greater 

infectiousness in the later stages of illness; however, evidence that may further elucidate risk factors 

for transmission is limited (6, 7).

The 2002-3 pandemic of Severe Acute Respiratory Syndrome (SARS), also due to a novel 

Coronavirus, originated in China’s Guangdong Province and resulted in 8,422 probable cases and 916 

deaths reported from 29 countries (mostly in mainland China, where 63% of cases and 38% of deaths 

occurred) (11). The global case fatality rate due to SARS was estimated to be 11% (11). Although the 

host reservoir remains unknown, some studies have found coronaviruses similar to the SARS 

coronavirus circulating in bat populations (12). Transmission in human populations occurs by direct 

contact with the infectious respiratory droplets and/or fomites via the eyes, nose, and mouth (13). The 

incubation period ranges from 1-14 days (mean 4-6 days) and transmissibility appears to increase with 

severity of illness (greatest at day 10) (14). Attack rates ranged widely by geographic region from 2.2 

per 100,000 in Guangdong Province to 25.6 per 100,000 in Hong Kong (14). Risk factors for infection 

include occupation as a healthcare worker (21% of all probable cases), household contact with a 

probable case, older age, male sex and existing illnesses (14). Symptoms include fever, dry cough, 

dyspnea, headache and hypoxemia (14).

Since December 2019 through March 2020, the 2019 novel coronavirus (SARS-CoV-2) causing 

 has spread from Wuhan, China to 64 countries and has led “coronavirus disease 2019” (COVID-19)

to more than 88,948 confirmed cases globally, including 80,174 confirmed cases in China and 8,774 

confirmed cases outside of China (15). To date, there have been 2,915 deaths in China and 128 

deaths outside of China. As of 03 March 2020, in the United States there are 60 confirmed cases (22 

travel-related, 11 person-to-person spread, 27 under investigation) and a total of 6 deaths (16). 

Individuals with COVID-19 can present with fever, and cough, ground-glass opacity on chest computed 

tomography (CT), and lymphocytopenia (17). The case-fatality rate (CFR) appears to be highly variable 

with early reports of 8-15% in older adults infected in Hubei Province (CFR is increased in adults with 

comorbid conditions who develop respiratory symptoms) but likely no higher than 1-2% outside of 

Hubei (though data is limited and this will depend on accurate detection of those with mild disease) 

(18). Several risk factors, including age, history of smoking, maximum body temperature on hospital 

admission, respiratory failure, albumin, and C-reactive protein, appear associated with increased risk 

for progression to pneumonia among COVID-19 hospitalized patients (19). Risk factors of disease 

progression and magnitude of clinical severity are incompletely understood and require further study. 

SARS-CoV-2 is believed to be transmitted primarily via person-to-person, such as through close 
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contact (within about 6 feet) and exposure to respiratory droplets from an infected individual who 

coughs or sneezes (20). Evidence exists for transmission of SARS-CoV-2 via the oral-fecal route, as 

viral nucleotide was detected in rectal swabs and blood later in the course of infection when virus was 

not detected in oral swabs (21). On the population level, there is a poorly-defined risk of transmission 

via asymptomatic infection (22). The occurrence of asymptomatic infections has raised concerns about 

the rapid spread of transmission to vulnerable populations (21).

 

9.4  
Objectives/Specific Aims/Research Questions:

Describe the purpose and objective(s) of the study, specific aims, and/or research questions/hypotheses

General Goals and Objectives:

To describe the natural history of clinical disease
To identify risk factors for infection and severe clinical course
To characterize the host immune response to infection
To evaluate the correlation between symptom severity, virologic/microbiologic characteristics, the 
host immune response and clinical course and outcome
To develop and/or operationally assess diagnostic and prognostic tools for the study of novel 
pathogens / emerging infectious diseases
To establish a clinical and laboratory database, and related specimen repository, for future studies 
of novel pathogens / emerging infectious diseases
To investigate efficacy of emergency Investigational New Drug (eIND) therapies that may be 
administered to enrolled study participants during the course of clinical care

For COVID-19 / SARS-CoV-2 infection, clinical and demographic data will be evaluated, along with 
laboratory findings as appropriate, to assess key endpoints of interest to include, but not limited to, the 
following:

Incubation period
Duration of illness / symptoms
Duration of functional disability
Duration of shedding from respiratory and gastrointestinal tract
Incidence and duration of viremia
Predictors of severe disease: clinical signs, symptoms, laboratory features; host factors, eg 
smoking, vaping, alcohol consumption, comorbid illness/conditions, occupational health factors 
influencing lung disease; host biomarkers; virologic (strain/virulence) attributes
Supportive management required: O , HFNC, NIPPV, ventilation; hemodynamics2

Complications: e.g., bacterial pneumonia; bacteremia; AKI; liver injury; CNS involvement, etc.
Outcomes: resolution of symptoms; return to pre-illness functional status; requirement for O ; 2

development / exacerbation of reactive airway disease; pulmonary function; resolution of medical 
complications; new Rx requirements, eg bronchodilators; other sequelae
Development of immunity (i.e., correlates), kinetics, duration of antibody detection
Relationship between acute illness (or pre-illness) HCoV titer and infection, outcome, virologic 
parameters
Costs of care, costs of duty days lost

9.5  Study Design:

Describe study design in one to two sentences (e.g., prospective, use of existing records/data
/specimens, observational, cross-sectional, interventional, randomized, placebo-controlled, cohort, etc.). 
Specify the phase – Phase I, II, III, or IV – for FDA-regulated investigational drug research

A prospective, longitudinal cohort study of novel pathogens / emerging infections with pandemic potential

9.6  Target Population:



Describe the population to whom the study findings will be generalized

Study findings will be generalized and applicable to all populations that travel to or reside in disease 
endemic areas or live within an area that has been exposed to infectious pathogens with pandemic 
potential; some of which include military personnel and the general public. 

9.7  Benefit to the DoD:

State how this study will impact or be of benefit to the Department of Defense

Infectious diseases are a significant source of morbidity among military forces. Infectious disease 
outbreaks compromise force readiness and interfere with training programs. Strategies to characterize 
and ultimately to treat and prevent the major infectious disease threats to military personnel are 
urgently needed.

10.0  

Study Procedures and Data management

10.1  Study Procedures:

Describe step-by-step how the study will be conducted from beginning to end

Recruitment and enrollment strategies will be dynamically responsive to the outbreak as the situation evolves. 

Study volunteers may be recruited from areas of the hospital where they present for care or in the inpatient 

and isolation settings. Informed consents and enrollments will be conducted by study staff included on the IRB 

approved protocol, including staff named on delegation log, and trained in study procedures. Clinical 

evaluations will be performed by the MTF healthcare team and may also be conducted by qualified study team 

members.

In addition to MTF enrollment, MHS beneficiaries who have been clinically tested for COVID-19 will be invited 

to participate in a limited schedule of assessments for EPICC, including completion of a series of online 

questionnaires and at-home capillary blood sample collection at three timepoints.  See Appendix A for further 

details.

At the time of a participant’s initial consultation at an MTF, study activities will consist of explanation of study 

goals and purpose, and obtaining informed consent (may include consultation with Legally Authorized 

Representative). The day of enrollment will be defined as Study Day 0. The team will subsequently conduct 

serial collection of data (demographics, vital signs, clinical findings, diagnostics and other laboratory results, 

etc.) through study participant interview and from medical record review from time of disease onset throughout 

study duration. Specific risk factors linked to pathogen exposure (eg., travel history to disease endemic 

regions, contact with sick individuals or known reservoirs of disease, etc.) will also be acquired from study 

volunteers, mainly through interview at Day 0. Medical records collected prior to day of enrollment will also be 

evaluated to ascertain medical history information pertinent to understanding baseline health and analysis of 

underlying risk factors associated with disease progression and other outcomes. Study team members will 

collect for research purposes biological specimens (e.g., nasopharyngeal and oropharyngeal swabs, rectal 

swabs, and blood) from enrolled participants who are laboratory-confirmed or suspected cases at time of 

enrollment, during the duration of hospitalization and/or isolation, with follow-up specimen collection up to 

approximately 1 year post-enrollment.
 

When possible, the study team will also obtain residual volumes of specimens collected for clinical care that 

would otherwise be discarded. Sample types include but are not limited to bronchoalveolar lavage, blood, 

urine, sputum, saliva, stool, cerebrospinal fluid, semen (adults only), or vomit.As available, these residual 

samples will be obtained from the time of onset of the disease under study.  For active duty servicemembers, 

the study team will also request a pre-illness (up to 2 years prior to enrollment) serum sample from the DoD 

Serum Repository (DoDSR).
 

Some subjects may undergo clinical imaging studies as part of regular patient care or as part of this protocol 

using clinical imaging devices. For example, point-of-care portable ultrasound may be used to image areas 

such as the lungs, heart, and lower extremity veins, to explore the prognostic use of ultrasound in early 

These imaging studies, detection of pneumonia and cardiovascular sequelae associated with severe disease. 

when available, will be part of the collected subject data.
 



Study participants recruited and enrolled at MTFs who are ambulatory may also be evaluated via serial self-

collection of samples such as nasopharyngeal swabs, oropharyngeal swabs, capillary blood samples, and/or 

other specimens appropriate for self-collection.
 

Recruitment of individuals who are asymptomatic at high/some risk of exposure may involve study team 

members approaching family or friends who escorted the sick individual to the hospital as well as healthcare 

providers who have potentially been exposed to known or suspected cases. Enrollees who are asymptomatic 

high/some risk will undergo serial collections of clinical and laboratory data as well as biological specimens (e.

g., nasopharyngeal, oropharyngeal, and rectal swabs and blood) at enrollment, with follow-up specimen 

collection up to approximately 12 months post-enrollment. The study team may consider implementing a plan 

for asymptomatic study volunteers to conduct self-collection of clinical specimens (e.g. nasopharyngeal swabs, 

oropharyngeal swabs, rectal swabs, capillary blood smaples) through the follow-up period. Demographic, 

clinical, and other data as described above for symptomatic volunteers may also be acquired for asymptomatic 

high/some risk participants.
 

The Flu- PRO questionnaire (24-27) may be used to record the patient-reported outcome (PRO) on severity of 

clinical symptoms and the impact of clinical interventions on infection. A web link to the Flu-PRO questionnaire 

may be provided to participants to record the severity of ILI symptoms daily for 14 days from either the day of 

enrollment, or the date of onset of symptoms (for subjects who were asymptomatic at enrollment). Paper 

versions of the Flu-PRO questionnaire may be administered as needed.  
 

In addition, an online questionnaire will be administered at enrollment and follow-up timepoints to collect data 

on medical history, comorbidities, behavioral risk factors, symptoms and recovery status.
 

If a participant is dually enrolled in a treatment protocol and scheduled to receive investigational products 

under an eIND, an additional sample may be collected in the first 48 hours after test article administration. If 

eligible, study participants may also be considered for enrollment  concurrently in an interventional clinical trial 

evaluating efficacy of treatment regimens. The priority of collection of clinical specimens will be as follows: 1. 

specimens collected for clinical care; 2. specimens collected in support of an interventional clinical trial; and 3. 

specimens collected for observational study (i.e., EPICC protocol).
 

The study team may consider discontinuation of study participants who have a negative test result for the 

pathogen of interest (based on current standard of care diagnostics) and/or are diagnosed with another 

respiratory pathogen other than the one of interest and/or the disease of interest is highly unlikely based on 

the primary clinical team assessment. This approach may need to be taken to conserve study staff time and 

resources depending upon local epidemiologic circumstances, e.g. very high incidence and subject accrual.
 

Results obtained from research analyses will not be entered into the participant’s medical record. However, 

the study team will communicate relevant findings to the participant’s primary care provider overseeing care of 

the indicated infection of study. The study volunteer’s primary healthcare provider is likely to be a member of 

the protocol study team, and as such will be directly aware of study findings. If the primary healthcare provider 

is not a part of the protocol team, relevant findings from the study will be communicated to the healthcare 

provider verbally in a private setting to protect patient confidentiality or via a secure encrypted electronic 

communication.
 

Pregnant participants will be followed monthly until delivery to collect information on pregnancy outcome and 

health of the child with regards to the disease under study, to the extent practicable. A cord blood sample may 

be collected for research purposes following childbirth.
 

Specimens collected through this observational study will be evaluated in various laboratory assays to 

characterize the epidemiology, immunology, clinical characteristics, and other important outcomes of interest. 

Associated clinical and demographic data will also be evaluated, along with laboratory findings as appropriate, 

to assess key endpoints of interest as described in Section 9.4.

Schedule of Patient Evaluation and Data Collection

The table below shows the schedule of assessments for study participants enrolled in EPICC. Given the 

possibility of critical illness of the patient and the potential increased risk of exposure to medical personnel, 

assessments that cannot be completed due to patient care considertaions, indection control measures, or 

other logistical challenges will not constitute protocol deviations. In addition, the frequency of specimen and 

data collection may be reduced to accommodate logistics of acquiring specimens and data among study 

volunteers who are outpatients.

Ambulatory subjects who do not have restrictions of movement for infection control purposes (i.e., not advised 

by their care provider/local health authority to remain home in isolation) will be invited to return to the hospital 

for follow-up assessment and collection of specimens.



Specimen/ Assessment Enrollment 

(Day 0)

Days 3, 7

(± 1 day)

Once Weekly 

until 

discharge

(± 2 days)

Day 14 if 

Discharged

(± 3 days)

Day 28

(± 7 days)

6 Months

(± 14 days)

12 Months

(± 28 days)

Virology Sample: Nasal, 

Throat, and/or Oral specimen*
√ √ √ √    

Virology Sample: Rectal Swab √ √ √  √   

Blood √ √ √ √¶ √¶ √¶ √¶

Residual Clinical Samples  # √ √ √ √ √ √ √

Radiologic images ** √ √      

Flu-PRO Symptom Diary *** √ √ √ √    

Online Questionnaire √    √ √ √

 

If an asymptomatic and/or COVID-19-negative subject develops symptoms or receives a positive test result for 

COVID-19, they will be asked to contact study staff to report their symptoms/test result and will restart the 

schedule of assessments from Day 0.

Inpatient MTF-Enrolled Subjects

*  To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed 

may change to  follow updated best practices as reported in the scientific literature. Example sample types are 

swabs (nasal, nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-

collected by subjects.

¶ Blood collection after discharge may be done using a commercial at-home microsampling blood collection kit.

#   Residual samples from clinically-indicated lab tests will be collected for research. Sample types may 

include sputum, saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from 

samples collected starting at the date of disease onset, which may be prior to Study Day 0.

** Lung, cardiac, and/or venous ultrasound may be conducted on hospitalized subjects on days 0, 1, and 3 as 

resources and local patient care policy allows. Findings from any additional radiologic images obtained during 

routine clinical care will be collected for research.

*** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 

14 days.

Outpatient MTF-Enrolled Subjects

Specimen/ Data Enrollment 

(Day 0)

Day 7

(± 1 day)

Day 14

(± 3 days)

Day 28

(± 7 days)

6 Months

(± 14 days)

12 Months

(± 28 days)

Virology Sample: Nasal, Throat, 

and/or Oral specimen*
√‡  √    

Blood¶ √‡ √ √ √ √ √

Flu-PRO Symptom Diary ** √ √ √    

Online Questionnaire √   √ √ √

Residual clinical samples # √ √ √ √ √ √

*  To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed 

may change to  follow updated best practices as reported in the scientific literature. Example sample types are 

swabs (nasal, nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-

collected by subjects.

¶ Blood collection may be done using a commercial at-home microsampling blood collection kit.

# Residual samples from clinically-indicated lab tests will be collected for research. Sample types may include 

sputum, saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from samples 

collected starting at the date of disease onset, which may be prior to Study Day 0.

** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 

14 days.

‡ There is a +3 day window for Day 0 research sample collection to allow for distribution of self-
collection kits to participants whose samples could not be collected at enrollment.
 

Online Cohort:  See Appendix A

Specimen/ Data Day 28



Enrollment 

(Day 0)

(± 7 days) 6 Months

(± 14 days)

12 Months

(± 28 days)

Online Questionnaire √ √ √ √

Self-collected blood¶  √ √ √

¶ All blood collection for this cohort will be done using a commercial at-home microsampling blood collection 

kit.

Considerations for Pediatric Participants

Flu-PRO symptom diary may be completed by subjects aged .7 and older

Pediatric subjects will not be asked to complete the online questionnaires.

Self-collection of specimens is an option for subjects aged .8 and older

Blood collection volume and frequency may be reduced to comply with safety limits. For these 

subjects, the amount drawn may not exceed the lesser of 50 ml or 3 ml per kg in an 8 week period and 

collection may not occur more frequently than 2 times per week.

Research Laboratory Methods

Clinical specimens collected through this observational study will be evaluated in a variety of laboratory assays 

developed by laboratory partners. Specific laboratory assays to study the virologic, immunologic, and other 

relevant aspects of infections are unlikely to be available at the time of specimen collection (i.e., during the 

outbreak) given the time required to establish assays specific for novel, emerging pathogens. Below is a 

general description of laboratory assay methods and endpoints that may be used; however, this does not 

represent an exhaustive list to include new methodologies that are later developed in response to assaying 

novel pathogens. 
 

To characterize virologic correlates (e.g., viremia) of clinical symptoms and disease severity, serum levels of 

viral genomes can be assessed by real time-PCR at various time points. Serum concentration of viral antigen 

can be evaluated by enzyme-linked immunosorbent assay (ELISA). These same assays may be utilized in the 

longitudinal detection of virus in body fluids (e.g., nasal mucosa, sputum, urine, stool, etc.) throughout the 

course of evaluation/illness.
 

In addition, serum may be assayed for concentrations of virus-specific IgM and IgG in the acute and 

convalescent stages of evaluation/illness. Cytokine profiles can be conducted via multiplex assay to describe 

the pro- versus anti-inflammatory cytokine responses of study volunteers throughout the course of illness. 

PBMCs may be collected to investigate cell-mediated immune responses in the acute and convalescent 

phases of illness.
 

Novel biomarkers, including transcriptomic and proteomic signatures, are promising for diagnosis and 

prognosis. Collection of appropriate specimens from individuals with well-characterized illnesses is required to 

inform assay development. Immune factors have been used as biomarkers for predicting clinical course and 

outcome, as well as the severity of clinical symptoms. For example, higher levels of cytokines IL2, IL7, IL10, 

GCSF, IP10, MCP1, MIP1A, and TNFα were observed in patients with SARS-CoV-2 infection requiring ICU-

level care compared to those receiving non-ICU care (21). Host specific responses may be evaluated using 

real-time PCR and other molecular methods to identify biomarkers, transcriptomic signatures, or other lab-

based endpoints indicative of severity of clinical course of disease progression and other risk factors 

associated with clinical outcomes, etc. In addition, evaluation of host transcriptomic responses among 

symptomatic versus asymptomatic, high risk exposure individuals may identify an early warning means for 

identifying asymptomatic people who eventually develop disease. RNA sequencing of blood specimens may 

also be conducted to assess viral transcription signatures as biomarkers for clinical outcomes. Blood 

specimens may also be used in phosphoproteomic assessments by measuring the proportion of host immune 

system proteins that are phosphorylated to evaluate novel biomarkers associated with activation of protein 

signaling pathways in response to infection.

10.2   Data Collection:

Describe all the data variables, information to be collected, the source of the data, how the data will be 
operationally measured, and approvals needed for use of information from DoD databases

Diagnostic Tests and Laboratory Analysis to be Obtained:

 
As available, laboratory data elements, such as but not limited to hematologic, biochemical, and other clinical 

parameters; clinical images and associated reports; and clinical diagnosis of the pathogen of interest (SARS-CoV-2) and
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/or alternate or co-infective pathogens, will be abstracted from the medical record of study volunteers on the day of 

enrollment (Study Day 0), throughout the period of hospitalization (inpatients) and through duration of follow-up.  In 

addition, laboratory and diagnostic data available in medical records prior to Day 0 will be abstracted for study of 

baseline health, existing co-morbidities, etc.

Data Elements

Case report forms (CRFs) for this protocol have been adapted from those of the International Severe Acute Respiratory 

Infection Consortium (ISARIC).

 
There are five main components of the data collection forms, encompassing study participant information at:

The time of enrollment (at time of presentation at MTF, hospital admission, or being placed in isolation),

Period prior to Day 0, as appropriate, to assess recent medical history, 

Medical encounter data (inpatient or outpatient),

The time of discharge or death

Follow-up period (following hospital discharge or being released from isolation setting, or otherwise as an out-

patient)

Major data variable categories to be collected include, but are not limited to the following:

Day of enrollment

Demographics (Residence, Occupation, Military Status)

Signs and Symptoms at onset of illness and presentation for care

Epidemiological Risk Factors and Exposures

Pre-admission Medications

Review of recent medical history via medical record review

Flu-PRO symptom severity questionnaire

Hospitalization or Isolation Period

Daily Observations (i.e., vital signs) and Treatments (i.e., receipt of IV fluids)

Daily Laboratory Results

Medications and Blood Products

Microbiology Results

Critical Care

Severe Symptoms and Complications

Flu-PRO symptom severity questionnaire

Outcome

Final Diagnosis

Patient Status at Outcome

Follow-up period

Data Collection

Study data will be copied onto electronic CRFs at the study site. These transcriptions will occur on an ongoing basis 

during the study in accordance with Good Clinical Practice (GCP) guidelines. Data entered on CRFs, as well as 

corrections made, shall be performed by authorized individuals. This study will make use of electronic case report forms 

(eCRFs) using tablets with the Research Electronic Data Capture (REDCap). For cases where a tablet cannot be used 

because of infection control concerns or logistical issues, authorized personnel will capture CRF information using a 

paper based version and later electronically record results into REDCap. All data transmitted to and from the application 

is done using a secure, encrypted transmission (SSL/HTTPS). For increased security, the application additionally verifies 

the SSL certificate of the REDCap server that it is communicating with in order to validate the server’s identity. The 

REDCap mobile application employs encryption-at-rest on the mobile device’s hard drive, so all data and information 

stored on the device is protected from unauthorized users. REDCap has built-in safeguards such as username and PIN, 

and remote lockout. When resources are available, data from clinical devices including de-identified ultrasound or 

radiograph images, continuous vital signs, and/or cardiac telemetry will be locally stored on password-protected devices, 

and if possible, transmitted wirelessly to a secure Cloud backup. Henry Jackson Foundation (HJF) headquarters IT will 

host deidentified study data on HJF HQ secured servers. HJF is responsible for the purchase, setup, maintenance, and 

service of any its servers and technology.

 
The supervising principal investigator, or designated associate investigator, will be responsible for regular maintenance 

and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care providers and research team 

members given specific tasks to perform. The files are kept in a secured location in each study site. Some participant-

completed forms such as questionnaires may be completed through the web-based program. These will be transmitted 

directly into the study database. Research labs will transmit their testing data to the DCC using standard procedures for 

data handling and transmission.

Data Management/Quality Control

During the study, the investigator will review study data from their site, including medical records, records detailing the 

progress of the study for each volunteer, laboratory reports, CRFs, documentation of informed consent and authorization 

forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports and information regarding 



volunteer discontinuation of the study. All required study data will be clearly and accurately recorded on source 

documents or CRFs by either the participant themselves or authorized study personnel. Only designated study 

personnel shall record or change data on a CRF. During the study, the investigator will be responsible for the 

procurement of data and for quality of data recorded on the CRFs. Original observations entered directly onto the CRFs 

are defined as source data. PHI will be removed from clinical devices, such as those used for radiology, and associated 

data will be labeled with the study participant’s ID. For each pivotal analysis (e.g., for a sub-study, manuscript, or 

presentation), the ‘snapshot’ (or ‘data freeze’) database will be made and archived in the study data repository. After the 

study analysis ends, the database will be locked.

10.3  At any point in the study, will you request, use, or access PII from the Military Health System 
(MHS)?

 Yes    No

10.4  Have you consulted with an MHS data expert to determine the data elements to be extracted or the 
information system(s) to access? 

Consulting with a data expert often saves time later in the compliance process because the data expert 
can advise on the data available in the numerous MHS information systems, the quality of that data and 
the methods for encrypting and collapsing data.  To schedule a consult with an MHS data expert, send 
an email to: ( )dha.ncr.pcl.mbx.privacyboard@mail.mil

Yes, then complete the questions below according to the data consult 

No, then complete the questions below according to the best of your knowledge (NOTE: It is highly 
recommended that you work with an MHS data expert) 

10.5  Indicate whether you plan to receive a data extract from the MHS or plan to access an information 
system directly to create a data set:

A data extract is when the MHS or a contractor provides the data set directly to the researcher.  When 
receiving a data set through data extract, the researcher may indicate whether the data elements should 
be provided as is, encrypted or collapsed.  In contrast to a data extract, access to an information system 
means that the researcher may directly access an MHS information system and create a data set for the 
research study

Data Extract

Access

10.6  Do you intend to use only de-identified data from the MHS in your research study?

There are different two methods for de-identifying data pursuant to HIPAA:
1) Safe Harbor Method: Removing all of the identifiers listed in Table 1 below, provided that the 
researcher does not have actual knowledge that the remaining data can be used alone or in combination 
with other information to identify the individual who is the subject of the information
2) Statistical Method: An expert, with appropriate knowledge of and experience with generally accepted 
statistical and scientific principles and methods for rendering information not individually identifiable, 
determines that the data is not individually identifiable

  Yes     No

10.7  If your research study requires access to an MHS information system, please indicate the system to 
obtain data:

If you do not know which system(s) contain the data elements you need, refer to the Guide for DoD 
Researchers on Using MHS Data or seek guidance from an MHS data expert:
 
PHI Systems:

MHS Information System Requesting Data



: AHLTA : Yes

: CHCS : Yes

: ESSENTRIS : Yes

: MDR : Yes

PII-Only Systems:

MHS Information System Requesting Data

No records have been added

De-Identified Data & Other Systems:

Information System Requesting Data

Expense Assignment System

MHS Genesis; JLV (accessed via AHLTA or MHS 
Genesis)

: Yes

DMSS, DRSi : Yes

10.8  Do you intend to merge or otherwise associate the requested data with data from any sources 
outside of the MHS, including other DoD systems that are not part of the MHS?

Yes, will merge data  

No, will not merge data 

10.9  Indicate the categories of data that you will request from MHS systems or MHS health care 
providers about research participants or relatives, employers, or household members of the 
research participants.

Data Element(s) MHS Non-MHS Systems

1. Names

2. Postal address with only 
town, city, state and zip code

3. Postal address with all 
geographic subdivisions smaller 
than a state, including street 
address, city, county, precinct, 
zip code and their equivalent 
geocodes, except for the initial 
three digits of a zip code if, 
according to the current 
publicly available data from the 
Bureau of Census: 1) the 
geographic unit formed by 
combining all zip codes with the 
same three initial digits 
contains more than 20,000 
people; and 2) the initial three 
digits of a zip code for all such 
geographic units containing 



20,000 or fewer people is 
changed to 000

4. Dates including all elements 
(except year) directly related to 
an individual, including birth 
date, admission date, discharge 
date, and date of death

5. Ages over 89 and all 
elements of dates (including 
year) indicative of such age, 
unless you will only request a 
single category of “age 90 or 
older”

6. Telephone numbers

7. Fax numbers

8. Electronic mail addresses

9. Social Security numbers 
(SSNs)

10. Medical record numbers

11. Health plan beneficiary 
numbers

12. Account numbers

13. Certificate/license numbers

14. Vehicle identifiers and serial 
numbers, including license plate 
numbers

15. Device identifiers and serial 
numbers

16. Web Universal Resource 
Locators (URLs)

17. Internet Protocol (IP) 
address numbers

18. Biometric identifiers, 
including finger and voice prints

19. Full-face photographic 
images and any comparable 
images



20. Any other unique 
identifying number, 
characteristic, or code (DEERs 
ID, EDIPN, Rank)

If you are obtaining SSNs, provide a justification as to why and explain why a substitute cannot be used

We request to access potential subjects' medical records in order to evaluate them for recruitment for 
this protocol. PHI to be screened include (name, date of birth, social security number and health 
beneficiary numbers). These risks are no more than minimal because they are not greater than those 
ordinarily encountered by the patient during a medical visit.  
 
Study investigators and personnel will review potential subjects' medical history to assess protocol 
eligibility. If the person consents to participate in the research study, the PHI will be stored in accordance 
with the protocol.

10.10  Is it possible that the data will become identifiable because of triangulation, a small cell size, or 
any unique data element(s)?

Triangulation means using different data elements that are not themselves identifiable but that when 
combined can be used to identify an individual. For example, triangulation would be using rank and race 
together to determine the identity of an individual with a particular health condition
Small cell size means that there are only a small number of eligible individuals that satisfy the category 
description.  Guidance for acceptable cell size is available from the Centers for Medicare and Medicaid 
Services. For example, the rank category of four star generals with a particular diagnosis may be less 
than 30 so the rank category may need to be expanded to include lower ranks
A unique data element includes any unique features that are not explicitly enumerated in the categories 
of data in rows 1 – 19 of Table 1 above, but that could be used to identify an individual.  Examples of 
unique data elements include: 1) a unique number, such as a medical record number or EDIPN; 2) a 
unique code, such as a diagnosis code or a bar code on an electronic health record; and 3) any unique 
characteristic, such as the rank of general or admiral, or a race or gender combined with another unique 
characteristic

Yes, there is a reasonable possibility the data will become identifiable 

No, there is no reasonable possibility the data will become identifiable 

10.11  HIPAA Privacy Rule and Use of Protected Health Information in Research:

N/A – will not use or disclose protected health information (PHI) 

HIPAA Authorization will be obtained 

Use of a limited data set where a data use agreement will be obtained 

Waiver/alteration of HIPAA Authorization is being requested 

10.12  Managing Data (Data Management and/or Sharing Plan ) and/or Human Biological Specimens for 
this Study:

Include in this section the plan for acquiring data (both electronic and hard copy), access during the 
study, data/specimen storage and length of time stored, shipment/transmission, and the plan for 
storage and final disposition at the conclusion of the study. Describe any data agreements in place for 
accessing data within and/or outside of your institution (e.g., Data Sharing Agreement, Data Use 
Agreement, Business Agreements, etc.)

Human Biological Specimens

1. Intended Use of the Samples/Specimens/Data

Specimens will be processed and handled as appropriate following applicable MTF enhanced precaution 
and Infection Control SOPs. Methods for specimen collection, handling, and processing are described in 
their respective SOPs. Details of specimen storage, maintenance, and QA/QC are described in their 
respective SOPs.
 



Samples and data collected under this protocol will be analyzed to study the pathogenesis of disease and 
the host immune response to infection. Genetic testing on human specimens
will be conducted to evaluate the host (subject’s) immune response to SARS-CoV-2 infection and its 
association with clinical outcomes. Additional genetic testing will examine viral genetic markers and 
transcription signatures as predictors of infection severity, clinical course, and outcomes. Genetic testing 
results will not be provided to participants.

This is a purely observational study. Any experimental treatments will be done under other protocols for 
which separate IRB review and approval will be obtained.

2. How Samples/Specimens/Data Will Be Stored

Access to research samples will be limited using locked facilities and monitored freezers. Samples and 
data will be stored using codes assigned by the investigators or their designee(s). Data will be kept in 
password-protected computers. Only investigators or their designee(s) will have access to the samples 
and data.

3. How Samples/Specimens/Data Will Be Stored & Tracked

Samples from individuals found infected with a novel pathogen / emerging infectious disease of interest 
will be archived and stored at an appropriate biosafety level facility.
 
Samples acquired as part of the protocol will be tracked using appropriate software, such as Freezer 
Works, a sample tracking, biorepository management and freezer inventory program.

4. What Will Happen to the Samples/Specimens/Data at the Completion of the 
Protocol?

In the future, other investigators may wish to study these samples and/or data. IRB approval will be sought 

prior to any sharing of samples/data. Any clinical information associated with the sample, with or without 

patient identifiers, will be shared after IRB approval has been obtained.Upon study closure, all samples and 

data will be de-identified in accordance with the DHA-approved Data De-Identification Plan.

5. What Circumstances Would Prompt the PI to Report to the IRB Loss or 
Destruction of Samples/Specimens/Data

Any loss or unanticipated destruction of samples (for example, due to freezer malfunction) or data (for 
example, misplacing a printout of data with identifiers) that compromises the scientific integrity of the 
study will be reported to the IRB.

6. Storage and Tracking of Samples/Specimens/Data

Research use of data collected through this protocol will be coded and will not contain identifiers. These 
data will be coded with access maintained by a custodian not affiliated with the study team per IDCRP 
policy. Much of the subsequent research using the coded materials collected under the auspices of this 
study will be accomplishable through approved exempt or non-human use sub-studies. All research using 
the materials collected under this protocol will be conducted in accordance with an IRB-reviewed 
protocol. Data and specimens released for research use will be labeled by PIN only; data will be shared 
without any identifiers or links to individuals. The DCC custodian, the DCC Chief, will not share 
identifying information with investigators without explicit IRB approval.
 
A Defense Health Agency (DHA) Data Sharing Agreement will be implemented as needed to access MHS 
data. Appropriate data sharing agreements and other legal agreements will be implemented prior to 
sharing of data and specimens with collaborators.

10.13  Managing Data (Data Management and/or Sharing Plan) and/or Human Biological Specimens for 
Future Research:

If the study involves collecting, storing, or banking human specimens, data, or documents (either by the 
Investigator or through an established repository) for FUTURE research, address. How the specimens
/data will be used, where and how data/specimens will be stored (including shipping procedures, storage 
plan, etc.), whether and how consent will be obtained, procedures that will fulfill subjects’ request as 
stated in the consent, whether subjects may withdraw their data/specimens from storage, whether and 
how subjects may be recontacted for future research and given the option to decline, whether there will 
be genetic testing on the specimens, who will have access to the data/specimens, and the linkage, the 
length of time that data/specimens will be stored and conditions under which data/specimens will be 
destroyed



Establishment of a specimen repository for future clinical and laboratory investigation for future 
emerging infectious disease research:
 
The study aims to build a repository of biological specimens (e.g. whole blood, serum, and PBMCs, as 
well as nasopharyngeal fluid, sputum, bronchioalveolar lavage fluid, oropharyngeal fluid, saliva, urine, 
semen, and rectal swab specimens, etc.) from an observational, longitudinal study of emerging infectious 
diseases. Specimens may be stored in an appropriate biosafety level facility at a protocol-approved 
biorepository. These specimen repositories will be linked to an extensive de-identified clinical database.
 
In the future, this repository might be used in the identification and validation of biomarkers for severe 
infection, identification and molecular characterization of novel pathogens, development and evaluation 
of new diagnostic platforms, and/or evaluation of host factors that may be associated with susceptibility 
and outcome. Coupled with detailed clinical history and risk factor information gleaned through electronic 
medical record review, this repository will ultimately be an invaluable resource for future investigations 
of emerging infectious diseases in clinical as well as laboratory settings. Moreover, the infrastructure 
developed through these activities will serve as a broad-based platform for a diverse portfolio of relevant 
sub-studies into emerging infectious diseases and strategies for its control and prevention.
 
Study Time Line
 
This natural history core protocol will be open indefinitely, although sites may close once an epidemic has 
passed.

11.0  

Statistical/Data Analysis Plan

11.1  Statistical Considerations:

List the statistical methods to be used to address the primary and secondary objectives, specific aims, 
and/or research hypotheses.  Explain how missing data and outliers will be handled in the analysis.  The 
analysis plan should be consistent with the study objectives.  Include any sub-group analyses (e.g., 
gender or age group).  Specify statistical methods and variables for each analysis.  Describe how 
confounding variables will be controlled in the data analysis

Statistical Considerations
 
This is an enhanced surveillance protocol using clinical observations and laboratory testing, 
supplemented by additional lab testing for research purposes. The frequency and expansion of such 
outbreaks is unknown, and hence this protocol will be activated on contingencies in many cases. Data 
from a given outbreak will be compiled into a dataset for descriptive analyses. Risk factors will be 
identified retrospectively using odds ratios. Comparison between similar outbreaks may be performed if 
sufficient data allows. It is recognized that a proportion (i.e., not all) of eligible subjects will consent to 
participate in this study. As such, the limitations and generalizability of the study findings will be 
acknowledged in associated reports and manuscripts.
 
 

11.2  Sample Size Estimation:

As determined by exigencies of the outbreak, and resource availability. Please see Appendix A for sample 
size considerations for the online cohort.

11.3  Data Analysis Plan:

Data Analysis Plan
 
Student’s t test (or Wilcoxon rank-sum test if appropriate) on continuous variables and Pearson’s chi-
square tests (or Fisher’s exact test if appropriate) for categorical variable to summarize key outcomes of 
interest. Multivariate regression techniques will be used to assess relationships between key variables 
adjusted for potential confounders.
 
A data analysis plan will be created to meet the following reporting requirements:



1.  

1.  
2.  

3.  
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2.  

During an outbreak, descriptive clinical and laboratory data will be summarized per patient on a 
regular basis as appropriate for all investigators, involved hospitals, the respective service’s public 
health agencies, AFHSB, and DHA leadership as a part of the epidemiologic reporting 
requirements. It is recognized this data may not be fully cleaned. Aggregate data report will be 
prepared monthly.
At conclusion of an outbreak, a summary report per outbreak will be prepared once all data is 
cleaned. This will take an estimated 90 days.

With respect to the analysis of the study data, the following objectives will be addressed, and more fully 
articulated, in a statistical analysis plan:
 
1) Describe natural history of clinical disease.
 
Data items related to disease duration include duration of fever and other predominant symptoms, and 
days from onset of symptoms until hospital discharge/return to normal activity. Each variable will be 
summarized by mean, standard deviation, median, inter-quartile range, minimum and maximum overall 
and also for each group within several groupings: age categories, adult vs. minor, gender, different race 
groups, index cases vs. secondary cases, military rank and/or nature of duties for those with active duty 
military duty status. We will also use symptom severity data from the Flu-PRO questionnaire to explore 
the extent to which ARI symptom severity scores differs across the cohort.
 
Adverse binary outcomes where the time to event may also be of interest: These include requirement for 
ICU admission, development of any super infection, development of oxygen requirement, mortality, etc. 
For each of these, we will first give a simple summary of the number and percent experiencing each 
outcome. We will also summarize by different subgroups as above.
 
2) Identify risk factors for infection and severe clinical course.
 
One set of analyses will treat laboratory-confirmed diagnosis as the outcome in logistic regression 
models, with the following covariates: age, sex, race, military rank, service branch, type of exposure, 
use of personal protective equipment, etc. Similar logistic regression models will be developed to 
determine predictors of severe clinical course, such as mortality.  
 
Another set of analyses will treat illness duration as a quantitative endpoint to be used as the outcome 
variable in multiple linear regressions. The key endpoint will be the total symptom score considered at 
three different time points: at symptom onset, at 48 hours post symptom onset, and at its maximum 
value whenever that occurs. Other potential confounders to be included as covariates are: age, sex, 
race, and number of days since presumed exposure.
Complementary methods of subject recruitment and data collection within the study will address the 
following specific aims:

Among COVID-19 confirmed cases  compare  (comorbidities, lifestyle factors, ,  risk factors
medications, exposure opportunities, general symptoms)  for:

Those who get hospitalized vs. those who do not get hospitalized
Those who get hospitalized with a ventilator vs. those who do not get hospitalized and 
those hospitalized but not placed on a ventilator
Those who get hospitalized in the ICU vs. those who do not get hospitalized and those 
hospitalized but not in the ICU
Those who go on to die vs. those who do not die

Compare  (comorbidities, lifestyle factors, medications, exposure opportunities, risk factors
general symptoms) for infection among the total COVID-19 tested study population of COVID-19 
confirmed cases (test positive) vs. confirmed non-cases (test negative).
Compare   between various groups:symptoms

Among the total COVID_19 tested study population, COVID-19 confirmed cases vs. 
confirmed non-cases
Among COVID-19 confirmed cases for those:

who get hospitalized vs. those who do not get hospitalized
who get hospitalized in the ICU vs. those who are hospitalized, but not in the ICU
who go on to die vs. those who do not die

Among the COVID-19-confirmed cases and an appropriate and hypothesis-specific randomly 
selected comparison group, using medical record data, identify comorbidities and medications that 
are associated with reduced occurrence of COVID-19 symptoms as well as with becoming infected 
with COVID-19.

The proposed analytic strategy will be to report crude (non-adjusted), age and sex-adjusted, and 
multivariable adjusted probability of hospitalization in those with and without the exposures of interest.

Calculate crude (non-adjusted) likelihood of hospitalization in demographic sub-populations of 
interest (e.g. by age strata, sex, and race/ethnicity)



2.  

3.  

1.  

Determine the age-specific prevalence of the major comorbidities (obesity, hypertension, asthma) 
separately by sex and race/ethnicity
The primary model will be logistic regression, calculating adjusted predicted prevalence of 
hospitalization for those with each comorbidity alone and comorbidity clusters (since comorbidities 
are correlated)

A priori, evaluate whether risk associated with each comorbidity is similar for men and 
women and for African Americans vs others (interaction by sex; interaction by race).

Conduct separate models for the active duty population and the beneficiary populations
 
3) Characterize host immune response.
 
We will examine the relationship between factors, such as the immune response (e.g., serum antibody 
concentration) and pathogen infection kinetics, and disease progression, symptom severity, and clinical 
outcomes of interest. We will look at both cross-sectional relationships (i.e., among people) and within 
person relationships. For cross-sectional relationships, we will start by plotting the total symptom 
severity score against the immune response, separately for each of the four blood samples. We 
anticipate a monotonic relationship, but it is possible for a U-shaped relationship in some cases, i.e., 
illness severity is greater if there is a too small immune response or a too large one. We will develop 
regression models with the outcome of the symptom severity or clinical course on the chosen function of 
immune response to see if there is a statistically significant relationship. We will add covariates to control 
for possible confounders, such as age, race, sex, military status, etc. and others mentioned above.
 
4) Evaluate correlations between symptom severity, virologic/microbiologic characteristics, 
host immune response and clinical course/outcome.
 
We will consider two groups: subjects with versus without a severe clinical course, such as mortality. We 
will compare the proportions with a significant serum antibody ‘response’ between the two groups by 
contingency table chi-square tests. We anticipate that the categorization of immune response will be 
binary (i.e., proportion of individuals exceeding a given concentration of serum antibody), in which case 
we will be comparing a binomial probability between the two groups. These analyses will form the 
backbone for more elaborate multivariate analyses.
 
5) Develop diagnostic and prognostic tools.
 
Data and specimens from this protocol may be used in the development of diagnostic and prognostic 
assays for novel pathogens. For example, the collection of blood and other body fluids from individuals 
with laboratory-confirmed infection may aid in the development of novel assays with higher sensitivity 
and specificity. Additionally, the collection of longitudinal clinical characteristics in addition to clinical 
laboratory data may aid in the development of prediction models to determine risk factors for severe 
clinical course, such as mortality.  

12.0  

Participant Information

12.1  Subject Population:

As this is an observational study, subjects of all ages will be enrolled. Military Treatment Facilities see a 
diverse population including all genders and races, and a wide range of ages. This study will examine the 
epidemiology of novel pathogens / emerging infectious diseases, seek to identify risk factors for severe 
disease and elucidate mechanisms of host immunity to these pathogens.
 
Given the possibility of MTFs being used as surge capacity to support the care of individuals affected by 
an infectious disease outbreak, this study also allows for enrollment of anyone meeting the inclusion 
criteria and obtaining care at a participating MTF. Males and females of all ages who are symptomatic or 
asymptomatic individuals (at high/some risk of exposure) meeting inclusion criteria are eligible for 
participation.
 
Participation in the online-only study group is limited to adults only.

12.2  Age Range:

0-17

18-24



1.  

2.  

25-34

35-44

45-54

55-64

65-74

75+

12.3  Gender:

Male

Female

12.4  Special categories:

Minors /Children - “You must also consider the requirements of 45 CFR 46 Subpart D and DoDI 
3216.02, Enclosure 3, paragraph 7.d.”

Students

Employees - Civilian - “You must also consider the requirements of DoDI 3216.02, paragraph 7.e.”

Employees - Contractor

Resident/trainee

Cadets /Midshipmen - “You must also consider the requirements of DoDI 3216.02, Enclosure 3, 
paragraphs 7.e. and 12.”

Active Duty Military Personnel - “You must also consider the requirements of DoDI 3216.02, Enclosure 
3, paragraph 7.e.”

Wounded Warriors - “Depending on your intended subjects’ status, you may also need to consider the 
requirements of DoDI 3216.02, Enclosure 3, paragraph 7.e.”

Economically Disadvantaged Persons - “You must also consider the requirements of 32 CFR 219.111
(b).”

Educationally Disadvantaged Persons - “You must also consider the requirements of 32 CFR 219.111
(b).”

Physically Challenged (Physical challenges include visual and/or auditory impairment)

Persons with Impaired Decisional Capacity - “You must also consider the requirements of 10 USC 
980.”

Prisoners - “You must also consider the requirements of 45 CFR 46 Subpart C and DoDI 3216.02, 
Enclosure 3, paragraphs 7.b. and 7.c.”

Pregnant Women, Fetuses, and Neonates

Non-English Speakers

International Research involving Foreign Nationals - Headquarters Review is necessary

12.5  Inclusion Criteria:

Order 
Number

Criteria

1 

Inclusion Criteria:

Individuals of any age who are eligible for care at an MTF and meet at least one of the 

following criteria:

 (e.g., SARS-CoV-2, Laboratory-confirmed presence of the pathogen of interest

influenza A /H7N9, etc.)

*OR*

Meet criteria for testing for the pathogen as identified per  of interest, 
current CDC guidelines at https://www.cdc.gov/coronavirus/2019-nCoV
/hcp/clinical-criteria.html

 

Additional Inclusion Criteria for Online Enrollment:



1.  

2.  

3.  

2 
An MHS Beneficiary who has been clinically tested for the pathogen of interest

Able to receive email communications and respond to web-based questionnaires

≥18 years of age

 

12.6  Exclusion Criteria:

Order 
Number

Criteria

1 
Individuals who decline participation in the study
 

2 
Individuals who the study investigators believe are unable to comply with the requirements of 

the study
 

13.0  

Recruitment and Consent

13.1  Identification and Selection of Subjects:

Given the dynamic nature of novel pathogens/emerging infectious diseases, there is no pre-defined 
target enrollment for the protocol. The main objective of this protocol is to recruit and enroll a 
representative proportion of cases of emerging infectious diseases to characterize the epidemiology and 
clinical characteristics of disease. Site study team members will engage with relevant clinical staff to 
identify eligible patients in inpatient wards, intensive care units, acute care clinics, and emergency 
departments. Participants will be identified through screening of medical records to identify individuals 
with the recent exposures and clinical manifestations of interest, and will be approached following the 
initial medical evaluation. The study will be described to patients, and their eligibility and willingness to 
participate will be assessed. For those with confirmed or suspected infection, room access may be limited 
and consent will be performed by study staff members with patient access.
 
Individuals presenting for care at MTFs, such as at clinics or in the inpatient and isolation setting, will be 
recruited and enrolled and will participate in serial  collection of biological specimens  over a 12-month 
period, with more intensive (i.e., daily, weekly) data collection occurring during the inpatient or isolation 
period. Information on current and prior medical conditions and hospitalizations will be collected via 
medical chart review and/or MDR data extractions. Information on specific epidemiologic risk factors 
during or related to deployment (e.g., travel history, zoonotic exposures, etc.) will be ascertained 
through participant interview or review of available medical records (e.g., AHLTA-T, ALTHA, CHCS, 
Essentris, MHS Genesis, JLV (accessed via AHLTA or MHS Genesis), MDR, DMSS, and/or DRSi). Study 
participants evaluated at MTFs and who are either 1. ambulatory cases advised to return home and 
remain home in isolation or 2. classified as asymptomatic individuals with high/some risk for exposure 
may also be evaluated for follow up through a study design including serial self-collection of nasal swabs, 
oropharyngeal swabs, rectal swabs, or other specimens appropriate for self-collection. A similar schedule 
of data collection and methods used for enrolled inpatients will be applied for ambulatory cases (non-
hospitalized) and asymptomatic individuals as feasible.
 
Details on the recruitment, consent, and enrollment of subjects participating through the MHS-wide 
online process are included in Appendix A.

13.2  Recruitment Process:

Recruitment of study volunteers at the MTFs will rely heavily on the direct interface of healthcare 
providers with potential eligible participants. The study team will develop an MTF communications plan, 
outlined in the protocol’s Manual of Procedures, that will be implemented by local site teams to facilitate 
identification of potential eligible participants.  Study volunteers may be recruited from clinics and 
inpatient or isolation settings. In addition, recruitment of individuals who are asymptomatic at high/some 
risk of exposure may involve study team members approaching family or friends who escorted the sick 
individual to the hospital. Another group of individuals who may be approached for recruitment as 



asymptomatic high/some risk participants, are healthcare providers who are in close contact with and 
potentially exposed to known cases. Adults and children are eligible for participation.
 
The study team will use multiple means of communicating study awareness to enhance recruitment 
efforts, including periodic briefings delivered by the site PI’s and their study teams to their critical care 

and infectious disease staff and inpatient nursing staff. Information notices with points of contacts will be 

posted in clinical sites such as inpatient units, acute care clinics, and several points in the emergency room. Re

search team members who are Active Duty military personnel will not wear visible signs of their rank during 

Site PI’s or their authorized designees will conduct daily queries of MTF electronic health heath recruitment. 

records (including infectious disease reportables list, DRSi, and searching in CHCS for patients with 

identify individuals who tested positive for disease of interest and will review coronavirus lab code) to 
daily admissions into the ICU, general pediatric and internal medicine wards with their study personnel to 
identify new inpatients. Information from infection control, preventive medicine and infectious disease 
departments may be obtained to find patients who may be managed / followed outside of the MTF.
 
J6 Data: Staff at the J6 CarePoint MHS Information Portal will provide subject identifiers (including 
names, Active Duty status, DoD Identifier, DOB, Email addresses, Date of Initial COVID-19 Respiratory 
Swab PCR Test, and all available COVID-19 Respiratory Swab PCR Test results ) of AD members and 
beneficiaries who have been tested for COVID-19 to the approved research team using DoD SAFE. These 
data will be used to contact subjects for potential enrollment in the study and to contact subjects while 
enrolled. The original data file is retained only until a QC check determines the data have been uploaded 
successfully to REDCap, after which the file is destroyed. At study end, all PHI and PII shall be de-
identified per the De-identification Plan.
 
Depending on age, severity of infection, and MTF requirements, study staff will determine if a potential 
subject is capable and/or allowed to provide a signed consent, verbal consent, or if an LAR is required 
according to IRB, HIPAA, and local MTF requirements.

13.3  Compensation for Participation:

In accordance with 24 USC 30:

MTF-enrolled subjects will be provided compensation in the form of a gift card. Subjects enrolled in the online-

only group will receive compensation in the form of an electronic gift code sent via email.

Subjects will receive:

$50 for each outpatient venipuncture

$10 for each self-collected sample completed at home

$10 for completion of each online questionnaire

$10 for completion of 14-day Flu-PRO symptom diary

13.4  Eligibility Assessment Process:

As part of medical record review, the team will assess the eligibility of potential subjects. Individuals 
identified as having known risk factors for an emerging infectious disease (e.g., recent travel to a 
disease-endemic region, or close contact with a known or suspected infected individual or a returning 
traveler) who present to a participating MTF for medical care (e.g., febrile illness) or are placed into 
isolation are eligible for study participation. Additionally, asymptomatic high/some risk for exposure 
individuals may be enrolled at MTFs. Given the possibility of MTFs being used as surge capacity to 
support the care of individuals affected by an infectious disease outbreak, this study allows for 
enrollment of anyone meeting the inclusion criteria and obtaining care at a participating MTF. Eligibility 
will be assessed and a final determination of subject eligibility will be made during the consent process. 
Please refer to section 12.5 for the inclusion criteria.

13.5  Consent Process:

Are you requesting a waiver or alteration of informed consent?



 Yes    No

What type?

Waiver of documentation of informed consent

Waiver or alteration of informed consent

Please explain why you qualify for a waiver or alteration of informed consent:

Due to the contagious nature of the emergent infectious diseases being studied under this protocol, 
study staff may not always be allowed work near the potential and/or active study subjects or handle any 
items that they may have come in contact with per local MTF infection control policies. Therefore, 
obtaining signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be 
feasible or safe for study staff. The study team is requesting a waiver of documentation of informed 
consent to allow for verbal subject/LAR informed consent, an Alteration of Authorization of HIPAA to 
allow for verbal subject/LAR HIPAA authorization, as well as a partial Waiver of HIPAA Authorization to 
identify eligible potential subjects and make initial contact with individuals to notify them regarding the 
study. These will be used as appropriate based on the circumstances of the disease being studied and 
MTF requirements. This study falls under the following criteria noted in 32 CFR 219.117: “That 
the research presents no more than minimal risk of harm to subjects and involves no procedures for 
which written consent is normally required outside of the research context."

Please explain the consent process:

ICD and Assent Regulatory Requirements

The Informed Consent Document (ICD) and Assent Form, including a HIPAA authorization, will be 
reviewed and approved by the IRB prior to initiation of the study. The ICD will contain a full explanation 
of the possible advantages and risks of study participation. The ICD will be compliant with applicable DoD 
regulations, 32 CFR 219, and the Belmont Principles, and the Health Insurance Portability and 
Accountability Act (HIPAA) Authorization. Informed consent includes the principle that it is critical the 
participant be informed about the principal potential risks and benefits. This information will allow the 
participant to make a personal risk versus benefit decision and understand the following general 
principles:

Participation is entirely voluntary,
Participants may withdraw from participation at any time,
Refusal to participate involves no penalty; and
The individual is free to ask any questions that will allow him/her to understand the nature of the 
protocol.

An ICD or Assent Form (with parental permission) will be signed by the participant before any study-
related procedures are initiated for each participant. The investigators or their designees will present the 
protocol in lay terms to the participants. If access is limited, an authorized member of the study team 
accompanied by a witness may conduct the informed consent process. Questions on the nature of the 
protocol, the means by which it is to be accomplished, and the risks to the participants will then be 
solicited. Any question that cannot be answered will be referred to the principal investigator (PI). All 
participants will be given the opportunity to ask questions. No participant should grant consent until 
questions have been answered to his/her satisfaction. Documented parental permission will be received 
prior to obtaining assent from a minor. If rules allow, a copy should be provided to the volunteer or their 
guardian.

Minors:

An assent form (with parental permission) will be used for children aged 7-17. The ICD and Assent Form 
(with parental permission) indicate that by signature, the participant permits access to relevant medical 
records by the study investigators and regulatory authorities. Documented parental permission is 
required prior to assent by a minor using the ICD. A Waiver of Documentation of Assent will be used for 
children 6 and under, documenting that the study was explained to the child in age-appropriate terms 
and that the child has either expressed verbal assent or does not have the capacity to do so.

For adults who are incapacitated by the illness:

Consent may be obtained by a Legally Authorized Representative (LAR). The patients should be 
consented themselves at such time that they are able to provide consent.

For Hospital Staff who are Active Duty Military:

Hospital staff who are active duty military, and therefore eligible for care at a military treatment facility, 
may be approached for consenting to the study due to their potential exposure to coronavirus. If hospital 



staff who are active duty military are approached for participation in the study, supervisors will not be 
present at any human subject recruitment sessions or during the consent process in which hospital staff 
who are active duty military under their supervision are afforded the opportunity to participate as human 
subjects. Supervisors (e.g., military and civilian supervisors or anyone in the supervisory structure) will 
not influence the decisions of their subordinates regarding their participation as subjects in this study.

Verbal Informed Consent:

Due to the contagious nature of the emergent infectious diseases being studied under this protocol, 
study staff may not always be allowed work near the potential and/or active study subjects or handle any 
items that they may have come in contact with per local MTF infection control policies. Therefore, 
obtaining signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be 
feasible or safe for study staff.
 
The study team is requesting a waiver of documentation of informed consent, an Alteration of HIPAA 
Authorization, as well as a partial Waiver of HIPAA Authorization to use as appropriate based on the 
circumstances of the disease being studied and MTF requirements. When possible, the subject will 
provide signed ICD and HIPAA authorization. If the subject is unable to provide signed authorizations, 
the Alteration of HIPAA Authorization will be utilized, allowing the subject/LAR to provide verbal, rather 
than written, HIPAA Authorization. If study personnel are unable to work near the potential and/or active 
subject for safety reasons, the study personnel will contact the patient according to the requirements of 
the MTF. Options may include but are not limited to speaking with the patient from a safe distance in 
person, contacting the patient by phone in person with a barrier in between the potential and/or active 
subject and the study personnel, contacting the patient by phone from a separate location, or having a 
study physician trained in infectious disease safety procedures meet with the potential and/or active 
subject in close proximity (if allowed by the MTF).
 
Regardless of the method of delivery, the potential and/or active subject would be thoroughly briefed on 
the study’s Informed Consent and HIPAA information. They would also be provided with an opportunity 
to ask any questions and an unsigned copy of the informed consent if permissible by the MTF. In turn, 
study staff will thoroughly document the informed consent process and the subject’s verbal consent in 
the study chart. The study personnel will sign and file the ICD. The study personnel will also include a 
note in the study chart summarizing the informed consent process.

13.6  DoDI 3216.02 requires an ombudsman to be present during recruitment briefings when research 
involves greater than minimal risk and recruitment of Service members occurs in a group setting. If 
applicable, you may nominate an individual to serve as the ombudsman.

N/A 

Propose ombudsman 

13.7  Withdrawal from Study Participation:

Explain the process for withdrawal and specify whether or not the subjects will be given the opportunity 
to withdraw their data their data/specimens in the event they wish to withdraw from the study

A subject may voluntarily end participation in the study at any time. If a subject withdraws, the 
investigator will make a reasonable effort to determine the reason for the subject’s withdrawal from the 
study. Telephone calls, registered letters, and/or e-mail correspondence will be considered reasonable 
effort. Data and specimens collected up to the time of withdrawal will be retained and de-identified in 
accordance with IRB, HIPAA, and Safe Harbor requirements.
 
Subjects may be discontinued by the study team if there is a determination by the on-site physician that 
the volunteer may be unable to comply with the requirements of the study, or in the interest of the 
military mission.
 
The study team may consider discontinuation of study participants who have a negative test result for 
the pathogen of interest (based on current standard of care diagnostics)  are diagnosed with and/or
another respiratory pathogen other than the one of interest  the disease of interest is highly and/or
unlikely based on the primary clinical team assessment. This approach may need to be taken to conserve 
study staff time and resources depending upon local epidemiologic circumstances, e.g. very high 
incidence and subject accrual.

14.0  

Risks and Benefits



14.1  
Risks of Harm:

Identify all research-related risks of harm to which the subject will be exposed for each research 
procedure or intervention as a result of participation in this study.  Consider the risks of breach of 
confidentiality, psychological, legal, social, and economic risks as well as physical risks.  Do not describe 
risks from standard care procedures; only describe risks from procedures done for research purposes

Risks associated with obtaining specimens:

Obtaining specimens could be associated with discomfort from a needle stick, swab, or other 
procedure, and occasionally associated with bleeding, bruising, local or systemic infection.  

Genetic testing may reveal sensitive information that subjects may not want disclosed, and may 
cause some emotional distress for the participant.

Risks associated with privacy:

Despite meticulous precautions, breaches of confidential information (including genetic 
information) do occasionally occur, although the chances of such a breach are unlikely.

Expected Adverse Events from Research Risks and Reporting

a. Rare (Event Rate < 1%)
Secondary infection and syncope from vasovagal reactions occur from blood collection in rare cases. 
Risks of nasopharyngeal swab, rectal swab, cheek swab could include bleeding or mucous membrane 
irritation.

 
b. Less Likely (1% ≤ Event Rate < 5%)

No known risks
 
c. Likely (5% ≤ Event Rate < 10%)

Bruising and bleeding may occur as a result of blood collection procedures.
 
d. More likely (Event Rate ≥10%)

No known risks

14.2  
Measures to Minimize Risks of Harm (Precautions, safeguards):

For each research procedure or intervention, describe all measures to minimize and/or eliminate risk of 
harms to subjects and study personnel

Participation in this protocol will impose minimal risks to the participant. As feasible, the study team will 
coordinate the collection of research purpose blood draws during timing of blood collection for clinical 
care to minimize discomfort to the patient. Blood volume collection per visit will be approximately 25 mL 
total. Total blood volumes collected over the 12 month duration of study will not exceed limitations for 
adults and children outlined in the CFR §46.110: Expedited review procedures for certain kinds of 
research involving no more than minimal risk, and for minor changes in approved research. Blood draw 
volumes will be reduced for pediatric subjects, small adults, and pregnant women in accordance with 
minimal risk and safety guidelines, and as needed per guidance from the primary care provider 
overseeing care of enrolled patients.
 
Staff safety in sample collection and handling is a concern that will be closely monitored by the Infection 
Control staff at the facility. Risk to staff is mitigated by minimizing an additional phlebotomy beyond that 
being done for clinical care. Specimen collection should be harmonized with the clinician’s requirements, 
and missed samples will not be re-drawn.
 
Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not 
related to a described harm (adverse event) to study subject, rather a potential harm (such as loss of 
accountability of PII/PHI) or risks to others including medical staff. Specifically in this study is a concern 
that collection of infection fluids may cause harm to study personnel. Collection of samples for this study 



must only be conducted by individuals trained and authorized to collect and handle serious biohazardous 
specimens wearing proper personal protective equipment (PPE). PPE training will be conducted and 
documented for all personnel who may interact directly with patients and/or samples in order to mitigate 
any UPIRTSO related to accidental exposure of study staff and other individuals in the facility. 

14.3  
Confidentiality Protections (for research records, data and/or specimens):

Describe in detail the plan to maintain confidentiality of the research data, specimens, and records 
throughout the study and at its conclusion (e.g., destruction, long term storage, or banking). Explain the 
plan for securing the data (e.g., use of passwords, encryption, secure servers, firewalls, and other 
appropriate methods). If data will be shared electronically with other team members/collaborators 
outside the institution, describe the method of transmission and safeguards to maintain confidentiality. 
Explain whether this study may collect information that State or Federal law requires to be reported to 
other officials or ethically requires action, e.g., child or spouse abuse

A certificate of confidentiality will not be used in this protocol.
 
The only electronic links established between the participant name, SSN, and the Study ID number will 
be in the data management system managed by DCC and on a tracking spreadsheet used for scheduling 
purposes, which will both require a password to access and will only be accessed by authorized study 
personnel. During the study, source documents will be held in a secured cabinet with restricted access. 
Team members with access to the documents are counseled on the importance of confidentiality of 
participant medical records. All staff involved in this study have completed the required human subjects 
protection and ethics training. In all electronic records for data analysis, the participant is not referenced 
by name, but only Study ID number. This method is designed to protect the privacy of study participant 
medical information. All CRFs will be held at the individual study sites in the research spaces in secured 
cabinets with restricted access.
 
The only hard copy link between participant identifiers and Study ID will be on the Registry Form and 
Contact Information Form. This will be kept in a secure location separate from source document 
files.  Any copies faxed to DCC personnel acting as a backup Registrar will be shredded after registration 
is complete.
 
In order to determine whether an individual has been enrolled previously at another study site, study 
staff at all active sites will have the ability to query DCC’s data management system to locate an 
individual. The data management system is secure and can only be accessed via authorized individuals 
using a password.
 
What precautions will you take to protect the confidentiality of research source documents (Case Report 
Forms, questionnaires, etc.), the research data file, and the master code (if any)?
 
The only hard copy link established between the participant’s name, SSN, and the study code number 
will be held in a secured cabinet with access restricted to research team members with a need to use the 
Registry Form or Contact Information Form. Team members with access to CRFs are counseled on the 
importance of confidentiality of participant medical records. In all electronic records for data analysis, the 
participant is not referenced by name, but only study code number.
 
The only electronic link will be stored on a secure password protected server. The file is only accessible 
directly to the DCC data custodian. The designated CRC at each site and two backups at DCC will also 
have access via DCC’s data management system.
 
Will research data including Identifiable Protected Health Information be sent outside of Department of 
Defense facilities?
 
The study team may share coded data with collaborators at non-DoD facilities, and may work with 
participating MTFs to assist with appropriate public health data reporting requirements.

14.4  
Potential Benefits:



Describe any real and potential benefits of the research to the subject and any potential benefits to a 
specific community or society

If the individuals in the research are considered experimental subjects (per 10 USC 980), and they 
cannot provide their own consent, the protocol must describe the intent to directly benefit all subjects

This is an observational study that does not test interventions that would offer direct benefit to study 
volunteers.
 
Study volunteers may indirectly benefit from enhanced clinical testing, physical examination, 
radiographic studies, and longitudinal follow up, or improved access to related trials of therapeutics.
 

14.5  
Privacy for Subjects:

Describe the measures to protect subject’s privacy during recruitment, the consent process, and all 
research activities, etc.

When possible, all means necessary will be taken to ensure participant privacy. This may entail 
conducting study procedures in a private area and keeping study documents coded. Non-coded study 
documents will be kept in a locked drawer and/or locked file in a locked room. Subjects will disclose 
information at their consent, if subjects choose not to disclose information, the study team will respect 
subject privacy and not inquire further. 
 
 

14.6  
Incidental or Unexpected Findings:

Describe the plan to address incidental findings and unexpected findings about individuals from 
screening to the end of the subject’s participation in the research. In cases where the subject could 
possibly benefit medically or otherwise from the information, state whether or not the results of 
screening, research participation, research tests, etc., will be shared with subjects or their primary care 
provider. State whether the researcher is obligated or mandated to report results to appropriate military 
or civilian authorities and explain the potential impact on the subject

The study team will share relevant findings from research labs/imaging with the patient’s healthcare 
provider(s).
 
Aspects of this study may include epidemiologic reporting to AFHSB and public health authorities at the 
respective services, state and local health departments, and CDC. That data transfer is not subject to 
Data Use Agreement or HIPAA requirements.

15.0  

Study Monitoring

15.1  Data Monitoring Plan:

Describe the plan to monitor the data to verify that data are collected and analyzed as specified in the 
protocol. Include who will conduct the monitoring, what will be monitored and the frequency of 
monitoring

The supervising principal investigator, or designated associate investigator, will be responsible for regular 
maintenance and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care 
providers and research team members given specific tasks to perform. The files are kept in a secured 
location in each study site. Some participant-completed forms such as questionnaires may be completed 



1.  
2.  
3.  
4.  
5.  
6.  
7.  

through the web-based program. These will be transmitted directly into the study database. Research 
labs will transmit their testing data to the DCC using standard procedures for data handling and 
transmission.
 
During the study, the investigator will review study data from their site, including medical records, 
records detailing the progress of the study for each volunteer, laboratory reports, CRFs, signed ICD and 
authorization forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports 
and information regarding volunteer discontinuation of the study. All required study data will be clearly 
and accurately recorded on source documents or CRFs by either the participant themselves 
(questionnaires) or authorized study personnel. Only designated study personnel shall record or change 
data on a CRF. The data system includes password protection and internal quality checks, such as 
automatic range checks, to identify data that appear inconsistent, incomplete, or inaccurate. During the 
study, the investigator will be responsible for the procurement of data and for quality of data recorded on 
the CRFs. Original observations entered directly onto the CRFs are defined as source data. A Quality 
Management Plan (QMP) will be used for this study. The QMP will include a QC subject data review 
checklist, a QC Subject data review checklist, as well as automatic queries from the electronic database 
based on expected parameters for data entry, noting possible inconsistencies or omissions. The QC 
subject data review checklist will be completed at each site on 100% of subject’s study files. This will be 
completed by another member of the study team who did not complete the original source document or 
CRF. A QA subject data review checklist will also be used on a small subset of study records at each site 
to ensure that quality management processes are being conducted appropriately for the study. QA 
review will be conducted by an individual on the study who is not involved in the day-to-day activities of 
the study.
 
Responsibilities of the Data Coordination Center (DCC)

Provides review of protocol, CRFs, data security plan and data management SOPs
Complies with protocol, SOPs, and all federal and local regulations and policies
Develops clinical database
Entry and quality control of CRF based study data
Receipt and management of specimen tracking and laboratory data
Provides study database to IDCRP Program Coordination Center (PCC)
Locks final study database

15.2  Safety Monitoring Plan:

Describe the plan to monitor the data to ensure the safety of subjects

Participation in this protocol will impose minimal risks to the participant. Staff safety in sample collection 
and handling is a concern that will be closely monitored by the Infection Control staff at the facility. Risk 
to staff is mitigated by minimizing an additional phlebotomy beyond that being done for clinical care. 
Specimen collection must be harmonized with the clinician’s requirements, and missed samples will not 
be re-drawn. Proper safety training, following hospital Infection Control requirements, of study team 
members who come in contact with study participants will be implemented to mitigate disease 
transmission risk.
 
Termination of study participation will take place through 1) an expressed desire by the volunteer to 
terminate participation, 2) a determination by the on-site physician that the volunteer risks his/her 
health by further participation in the study, or 3) in the interest of the military mission.

15.3  Does your study require independent data and safety monitoring?

  Yes     No

16.0  

Reportable Events

16.1  Reportable Events:

Consult with the research office at your institution to ensure requirements are met



• Describe plans for reporting expected adverse events. Identify what the expected adverse events will 
be for this study, describe the likelihood (frequency, severity, reversibility, short term management and 
any long term implications of each expected event)
• Describe plans for reporting unexpected adverse events and unanticipated problems. Address how 
unexpected adverse events will be identified, who will report, how often adverse events and 
unanticipated problems will be reviewed to determine if any changes to the research protocol or consent 
form are needed and the scale that will be used to grade the severity of the adverse event

Reporting Protocol Deviations

The PI or designee will be responsible for identifying and reporting all deviations, which are defined as isolated 

occurrences involving a procedure that did not follow the study protocol or study-specific procedure. 

Investigators will report protocol deviations to the USU IRB within 2 business days that:

relate to participant safety

relate to the informed consent process

are any other protocol deviations which, in the opinion of the PI, should be promptly reported to the IRB.

A log of all deviations will be reported annually in the continuing review report to the IRB and in the Final Study 

Report.

Reportable events will also be submitted to reporting site's regulatory authorities as required.

Reporting Adverse Events and Serious Adverse Events

In this observational, no-greater-than-minimal risk study, the reporting of adverse events is limited to an 
analysis at the time of annual reporting. Prompt reporting is required for any related serious adverse 
event or unanticipated problems involving risk to subject or others (UPIRTSO).

An adverse event is defined as any untoward or unfavorable medical occurrence in a human subject, including 

any abnormal sign (e.g., abnormal physical exam or laboratory finding), symptom, or disease, temporally 

associated with the subject’s participation in the research, whether or not considered related to the research.

AEs that meet all of the following criteria will be recorded by the study team and reported to the IRB at the 

annual Continuing Review:

related to study proceduresAt least possibly 

Unexpected (i.e. not included in the list of known risks in section 14)

Moderate or greater severity

Additional AEs may be reported if the determined by the study site investigator to be of sufficient significance 

to require reporting to the IRB.

AEs are recorded and inspected by the supervising physician investigator to determine severity and 

relatedness to participation (definite, probable, possible, or unlikely). The physician investigator is responsible 

for directly managing or coordinating management of adverse events.

Reporting unanticipated problems involving risk to subjects or others

Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not related to a 

described harm (adverse event) to study subject, rather a potential harm (such as loss of accountability of PII

/PHI) or risks to others including medical staff. Specifically in this study is a concern that collection of infection 

fluids may cause harm to study personnel. Collection of samples for this study must only be conducted by 

individuals trained and authorized to collect and handle serious biohazardous specimens wearing proper 

personal protective equipment. Any sample collection for research purposes (as compared to clinical care) that 

results in an exposure to clinical staff is considered a UPIRTSO.

All UPIRTSOs will be collected and reported to the IRB within 24 hours of the PI recognition of the problem.

17.0  

Equipment/non-FDA Regulated Devices



1.  

17.1  Does the study involve the use of any unique non-medical devices/equipment?

  Yes     No

18.0  

FDA-Regulated Products

18.1  Will any drugs , dietary supplements, biologics, or devices be utilized in this study?

Drugs

Dietary Supplements

Biologics

Devices

N/A

18.5  Sponsor (organization/institution/company):

N/A

If applicable, provide sponsor contact information:

Infectious Diseases Clinical Research Program
Department of Preventive Medicine and Biometrics
Uniformed Services University of the Health Sciences
11300 Rockville Pike, Suite 1211
Rockville, MD 20852

19.0  

Research Registration Requirements

19.1  ClinicalTrials.gov Registration:

Registration is not required 

Registration pending 

Registration complete 

19.2  Defense Technical Information Center Registration (Optional):

Registration is not required 

Registration pending 

Registration complete 
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1.0 General Information

Title: Epidemiology, Immunology and Clinical Characteristics of Emerging Infectious Diseases with 
Pandemic Potential (EPICC) 
Protocol Number: IDCRP-085 
Version/Date: Version 9.0, 01-JUN-2020 

9. Study Details

9.1 Abstract/ Summary: 

The overarching objective of the Epidemiology, Immunology and Clinical Characteristics of Emerging Infectious 
Diseases with Pandemic Potential (EPICC) protocol is to provide the Military Health System (MHS) with a 
contingency protocol intended for activation at Military Treatment Facilities (MTFs) during outbreaks to allow 
clinical investigation of severe or potentially severe acute infections with pathogens of concern to public health 
and U.S. military medical readiness. The protocol outlines a systematic approach to collection of clinical 
specimens and data by adapting standard procedures for conducting clinical characterizations of severe 
emerging infections as published by the International Severe Acute Respiratory and Emerging Infection 
Consortium (ISARIC) network (ISARIC/WHO Clinical Characterization Protocol for Severe Emerging 
Infections, version 3.1). 

The EPICC protocol can be conducted as a multi-site study at participating MTFs, and overall protocol 
oversight will be coordinated centrally by the Uniformed Services University’s Infectious Disease Clinical 
Research Program (IDCRP). EPICC activities will be executed by clinical study teams comprising existing 
IDCRP clinical research investigators and staff located at each MTF and protocol investigators from relevant 
hospital departments. MHS-wide enrollment for online survey participation will be coordinated by the IDCRP 
Program Coordinating Center (PCC). 

The protocol is designed to be modified to accommodate longitudinal observational study of specific emerging 
or re-emerging pathogens. Protocol modifications will describe methods for serial collection and clinical 
characterization of specimens and associated demographic, laboratory, clinical, and other data specific for the 
pathogen of interest and associated study population(s).  

9.3 Background and Significance: 

The EPICC protocol is intended to serve as a foundation for modification to allow the observational, 
longitudinal study of specific emerging or re-emerging pathogens causing disease with pandemic potential 
within the MHS. Modifications responsive to specific diseases will be described to include a schedule for 
serial collection of clinical specimens and data and methods for recruiting, enrolling, and observational 
study within the desired MHS study population(s). In general, enrolled participants (eligible adults or 
children) who are known cases or Persons Under Investigation (PUIs) at MTFs as inpatients or in isolation 
settings will undergo serial collections of biological specimens and clinical and laboratory data at day of 
enrollment and during the duration of hospitalization or isolation, with follow-up specimen and data 
collection at convalescent and long-term follow up timepoints. The study design can also include clinical 
observational investigation in outpatients. The major focus of this protocol is to conduct clinical 
observational study in symptomatic individuals; however, there is also the opportunity to enroll and follow 
(potentially at a reduced specimen and data collection frequency relative to symptomatic participants) 
individuals who are asymptomatic but at increased risk for exposure. Inclusion of an asymptomatic 
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comparator cohort could provide insight on risk factors or biomarkers associated with symptomatic versus 
asymptomatic presentations. The protocol supports observational, longitudinal collection of clinical 
specimens and data with a goal of identifying host biomarkers that predict severity of illness, resistance to 
infection, treatment failure, etc. If volunteers receive an experimental treatment product under eIND, the 
data collected through the EPICC protocol may help inform about the safety and efficacy of that product. 

In subsequent sections, relevant background information on acute respiratory infections (ARI) of pandemic 
potential is provided, followed by specific schedule of events and other details to allow observational study 
of an ongoing outbreak of the 2019 novel coronavirus (COVID-19). 

Acute Respiratory Infections of Pandemic Potential: Epidemiology, Immunology and Clinical 
Characteristics  

ARI Case Definitions 

To characterize the epidemiology, immunology and clinical features of novel pathogens associated with 
severe ARI, case definitions appropriate to emerging infection scenarios will be utilized. These definitions 
will vary by the availability and result of laboratory-based diagnostic tests. 

I. For laboratory-confirmed cases, the case definition includes the presence of laboratory-confirmed 
infection with an agent of severe ARI (e.g., SARS-CoV-2, influenza A/H7N9, MERS-CoV, SARS, etc.). 

OR 

II. For persons under investigation (PUI), the case definition includes: 

1. The current CDC case definition for a PUI for a respiratory pathogen under study. 
2. An unknown or pending laboratory confirmation of an agent of severe ARI. 

III. For individuals who are asymptomatic and have had recent high-risk exposure to the pathogen of 
interest such that they have increased their risk for infection, 1 or more of the following criteria must be met: 

1. Unprotected exposure (for e.g., < 14 days of illness onset, modified commensurate with evolving 
epidemiologic information) with confirmed or suspected cases of human infection with a novel respiratory 
pathogen. Close contact is typically defined as coming within about 6 feet (2 meters) of a confirmed or 
suspected case while the case was ill (beginning 1 day prior to illness onset and continuing until resolution 
of illness). 

2. Unprotected exposure to infectious pathogens in a laboratory setting. 
3. If exigencies warrant, then asymptomatic/high exposure risk individuals in isolation may be considered 

for enrollment. 
 

Acute respiratory infections (ARI) are among the most common infectious diseases. Due to conditions 
and circumstances of military training and deployment (e.g., crowding, inadequate hygiene practices, 
physical stress, etc.), military personnel in congregate settings are at increased risk for outbreaks due 
to ARI. There are a number of emerging viral respiratory pathogens to which military forces may be 
exposed, that carry substantial importation risk, and that also have significant pandemic potential. 
Recent and current examples are described below: 
 

1. Influenza A/H5N1 was first identified in the human population in Hong Kong in 1997. Since 2003, 16 
countries have reported 668 confirmed cases and 393 deaths due to influenza A/H5N1 (as of 1 Nov 
2014). The global case fatality rate for influenza A/H5N1 infection is 60%, and the estimates range 



IDCRP-085 EPICC Protocol 

v9, 01JUN2020   Page 3 of 29 

widely (0% to 100%) by country. While the significant morbidity and mortality of influenza A/H5N1 
infection is readily apparent, its occurrence among humans has been relatively infrequent to date. 
Circulation of H5N1 predominates in poultry, currently the main reservoir, in Asia and northeast Africa. 
Host-to-human (i.e., zoonotic transmission of A/H5N1) infections are unpredictable and “remain rare 
despite frequent and widespread contact with infected poultry and contaminated environments” (1). The 
majority (71%) of cases of influenza A/H5N1 have had recent exposure to live birds or contaminated 
areas. Cases of influenza A/H5N1 to date have been relatively young (median age: 19 years) (2). 
Exposure to other cases of influenza A/H5N1 has not been a major risk factor to date, suggesting that 
the likelihood of human-to-human transmission of this particular strain remains low (R0< 1) (3). The 
severity of influenza A/H5N1 is dependent upon the strain associated with infection/disease. Among 
strains with low pathogenicity, generally mild, non-fatal illnesses have been observed, ranging from 
conjunctivitis to influenza-like illness (e.g., fever, cough, sore throat, muscle aches) to lower respiratory 
disease (pneumonia). Among strains with high pathogenicity, the disease spectrum has ranged from a 
milder febrile respiratory illness to severe disease (e.g., dyspnea, hypoxemia, pneumonia, acute 
respiratory failure) with multi-organ disease, sometimes accompanied by nausea, abdominal pain, 
diarrhea, vomiting and delirium. The high mortality rate (~60%) associated with pathogenic strains of 
influenza A/H5N1 has been reported from multiple studies (2). 

2. Influenza A/H7N9 infection of humans was first identified in China in March 2013. Since then China has 
reported 453 confirmed cases and 175 deaths due to influenza A/H7N9 (WHO 2014). As with influenza 
A/H5N1, most of the cases had recent exposures to live poultry or had visited areas where live poultry 
was sold (75%) (3). By contrast to influenza A/H5N1, the host reservoir, main exposures, routes of 
transmission, and distribution and prevalence of influenza A/H7N9 among humans and animals are 
unknown. Influenza A/H7N9 does not appear to transmit easily from birds or the environment to 
humans. In addition, reported cases of Influenza A/H7N9 have not demonstrated high transmissibility 
between humans to date, suggesting that the risk of pandemic potential currently remains low (4). 
Though limited in its reach, influenza A/H7N9 infection has been associated with significant mortality: 
approximately 39% of cases resulted in a fatal outcome (4). 

The coronavirus associated with the Middle Eastern Respiratory Syndrome (MERS-CoV) was first identified 
in Saudi Arabia in 2012 (5). Several outbreaks have since occurred, originating in Middle Eastern countries 
and spreading globally, albeit to a limited extent, by international travelers. Symptoms including fever, 
rigors, malaise, cough, myalgia, headache, shortness of breath, anorexia, diarrhea and abdominal pain 
were observed in MERS-CoV cases (6,7). As of October 2014, a total of 897 confirmed cases and 325 
deaths (case fatality rate [CFR]: 36%) have been reported worldwide (WHO 2014). In 2013, two studies 
concluded that MERS-CoV did not yet exhibit pandemic potential, with an estimated basic reproduction 
number less than 1.0 (8, 9). Some research indicates that camels may act as the host reservoir for 
MERS-CoV, although evidence is inconclusive (10). Human-to-human transmission of MERS-CoV has 
been observed in healthcare settings, possibly due to greater infectiousness in the later stages of illness; 
however, evidence that may further elucidate risk factors for transmission is limited (6, 7). 

3. The 2002-3 pandemic of Severe Acute Respiratory Syndrome (SARS), also due to a novel 
Coronavirus, originated in China’s Guangdong Province and resulted in 8,422 probable cases and 916 
deaths reported from 29 countries (mostly in mainland China, where 63% of cases and 38% of deaths 
occurred) (11). The global case fatality rate due to SARS was estimated to be 11% (11). Although the 
host reservoir remains unknown, some studies have found coronaviruses similar to the SARS 
coronavirus circulating in bat populations (12). Transmission in human populations occurs by direct 
contact with the infectious respiratory droplets and/or fomites via the eyes, nose, and mouth (13). The 
incubation period ranges from 1-14 days (mean 4-6 days) and transmissibility appears to increase with 
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severity of illness (greatest at day 10) (14). Attack rates ranged widely by geographic region from 2.2 
per 100,000 in Guangdong Province to 25.6 per 100,000 in Hong Kong (14). Risk factors for infection 
include occupation as a healthcare worker (21% of all probable cases), household contact with a 
probable case, older age, male sex and existing illnesses (14). Symptoms include fever, dry cough, 
dyspnea, headache and hypoxemia (14). 

4. Since December 2019 through March 2020, the 2019 novel coronavirus (SARS-CoV-2) causing 
“coronavirus disease 2019” (COVID-19) has spread from Wuhan, China to 64 countries and has led 
to more than 88,948 confirmed cases globally, including 80,174 confirmed cases in China and 8,774 
confirmed cases outside of China (15). To date, there have been 2,915 deaths in China and 128 deaths 
outside of China. As of 03 March 2020, in the United States there are 60 confirmed cases (22 travel-
related, 11 person-to-person spread, 27 under investigation) and a total of 6 deaths (16). Individuals 
with COVID-19 can present with fever, and cough, ground-glass opacity on chest computed 
tomography (CT), and lymphocytopenia (17). The case- fatality rate (CFR) appears to be highly variable 
with early reports of 8-15% in older adults infected in Hubei Province (CFR is increased in adults with 
comorbid conditions who develop respiratory symptoms) but likely no higher than 1-2% outside of 
Hubei (though data is limited and this will depend on accurate detection of those with mild disease) (18). 
Several risk factors, including age, history of smoking, maximum body temperature on hospital 
admission, respiratory failure, albumin, and C-reactive protein, appear associated with increased risk 
for progression to pneumonia among COVID-19 hospitalized patients (19). Risk factors of disease 
progression and magnitude of clinical severity are incompletely understood and require further study. 
SARS-CoV-2 is believed to be transmitted primarily via person-to-person, such as through close 
contact (within about 6 feet) and exposure to respiratory droplets from an infected individual who 
coughs or sneezes (20). Evidence exists for transmission of SARS-CoV-2 via the oral-fecal route, as 
viral nucleotide was detected in rectal swabs and blood later in the course of infection when virus was 
not detected in oral swabs (21). On the population level, there is a poorly-defined risk of transmission 
via asymptomatic infection (22). The occurrence of asymptomatic infections has raised concerns about 
the rapid spread of transmission to vulnerable populations (21). 

9.4 Objectives/Specific Aims/Research Questions: 

General Goals and Objectives: 
1. To describe the natural history of clinical disease 
2. To identify risk factors for infection and severe clinical course 
3. To characterize the host immune response to infection 
4. To evaluate the correlation between symptom severity, virologic/microbiologic characteristics, the host 

immune response and clinical course and outcome 
5. To develop diagnostic and prognostic tools for future clinical study of novel pathogens / emerging 

infectious diseases 
6. To establish a clinical and laboratory database, and related specimen repository, for future studies of 

novel pathogens / emerging infectious diseases 
7. To investigate efficacy of emergency Investigational New Drug (eIND) therapies that may be 

administered to enrolled study participants during the course of clinical care 

For COVID-19 / SARS-CoV-2 infection, clinical and demographic data will be evaluated, along with 
laboratory findings as appropriate, to assess key endpoints of interest to include, but not limited to, the 
following: 

 Incubation period 
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 Duration of illness / symptoms  
 Duration of functional disability 
 Duration of shedding from respiratory and gastrointestinal tract  
 Incidence and duration of viremia 
 Predictors of severe disease: clinical signs, symptoms, laboratory features; host factors, eg smoking, 

vaping, alcohol consumption, comorbid illness/conditions, occupational health factors influencing lung 
disease; host biomarkers; virologic (strain/virulence) attributes 

 Supportive management required: O2, HFNC, NIPPV, ventilation; hemodynamics  
 Complications: e.g., bacterial pneumonia; bacteremia; AKI; liver injury; CNS involvement, etc. 
 Outcomes: resolution of symptoms; return to pre-illness functional status; requirement for O2; 

development / exacerbation of reactive airway disease; pulmonary function; resolution of medical 
complications; new Rx requirements, e.g. bronchodilators; other sequelae 

 Development of immunity (i.e., correlates), kinetics, duration of antibody detection  
 Relationship between acute illness (or pre-illness) CoV titer and infection, outcome, virologic 

parameters 
 Costs of care, costs of duty days lost 

9.5 Study Design: 

A prospective, longitudinal cohort study of novel pathogens / emerging infections with pandemic potential 

9.6 Target Population: 

Study findings will be generalized and applicable to all populations that travel to or reside in disease endemic 
areas or live within an area that has been exposed to infectious pathogens with pandemic potential; some of 
which include military personnel and the general public. 

9.7 Benefit to the DoD: 

Infectious diseases are a significant source of morbidity among military forces. Infectious disease 
outbreaks compromise force readiness and interfere with training programs. Strategies to characterize and 
ultimately to treat and prevent the major infectious disease threats to military personnel are urgently 
needed. 

10.0 Study Procedures and Data management 

10.1 Study Procedures: 

Recruitment and enrollment strategies will be dynamically responsive to the outbreak as the situation 
evolves. Study volunteers may be recruited from areas of the hospital where they present for care or in the 
inpatient and isolation settings. Informed consents and enrollments will be conducted by study staff 
included on the IRB approved protocol, including staff named on delegation log, and trained in study 
procedures. Clinical evaluations will be performed by the MTF healthcare team and may also be conducted 
by qualified study team members. 

In addition to MTF enrollment, MHS beneficiaries who have been clinically tested for COVID-19 will be 
invited to participate in a limited schedule of assessments for EPICC, including completion of a series of 
online surveys and at-home capillary blood sample collection at three timepoints.  See Appendix A for 



IDCRP-085 EPICC Protocol 

v9, 01JUN2020   Page 6 of 29 

further details. 

At the time of a participant’s initial consultation at an MTF, study activities will consist of explanation of 
study goals and purpose, and obtaining informed consent (may include consultation with Legally 
Authorized Representative). The day of enrollment will be defined as Study Day 0. The team will 
subsequently conduct serial collection of data (demographics, vital signs, clinical findings, diagnostics and 
other laboratory results, etc.) through study participant interview and from medical record review from the time 
of onset of illness throughout study duration. Specific risk factors linked to pathogen exposure (e.g., travel 
history to disease endemic regions, contact with sick individuals or known reservoirs of disease, etc.) will also 
be acquired from study volunteers, mainly through interview at Day 0. Medical records collected prior to day of 
enrollment will also be evaluated to ascertain medical history information pertinent to understanding baseline 
health and analysis of underlying risk factors associated with disease progression and other outcomes. Study 
team members will collect for research purposes biological specimens (e.g., nasopharyngeal and 
oropharyngeal swabs, rectal swabs, and blood) from enrolled participants who are laboratory-confirmed cases 
and Persons Under Investigation (PUIs) at time of enrollment, during the duration of hospitalization and/or 
isolation, with follow-up specimen collections up to approximately 6 and 12 months post-enrollment. 

When possible, the study team will also obtain residual volumes of specimens collected for clinical care that 
would otherwise be discarded. Sample types include but are not limited to bronchoalveolar lavage, blood, 
urine, sputum, saliva, stool, cerebrospinal fluid, semen (adults only), or vomit. As available, these residual 
samples will be obtained from the time of onset of the disease under study. For active duty servicemembers, 
the study team will also request a pre-illness (up to 2 years prior to enrollment)  serum sample from the DoD 
Serum Repository (DoDSR)  

Some subjects may undergo clinical imaging studies as part of regular patient care or as part of this protocol 
using clinical imaging devices. For example, point-of-care portable ultrasound may be used to image areas 
such as the lungs, heart, and lower extremity veins, to explore the prognostic use of ultrasound in early 
detection of pneumonia and cardiovascular sequelae associated with severe disease. These imaging studies, 
when available, will be part of the collected subject data. 

Study participants recruited and enrolled at MTFs who are ambulatory cases may also be evaluated via serial 
self-collection of samples such as nasal swabs, oropharyngeal swabs, capillary blood samples, and/or other 
specimens appropriate for self-collection. 

Recruitment of individuals who are asymptomatic at high/some risk of exposure may involve study team 
members approaching family or friends who escorted the sick individual to the hospital as well as healthcare 
providers who have potentially been exposed to known or suspected cases. Enrollees who are asymptomatic 
high/some risk will undergo serial collections of clinical and laboratory data as well as biological specimens 
(e.g., nasopharyngeal, oropharyngeal, and rectal swabs and blood) at enrollment, with follow-up specimen 
collections up to approximately 12 months post-enrollment. The study team may consider implementing a plan 
for asymptomatic study volunteers to conduct self-collection of clinical specimens (eg., nasopharyngeal swabs, 
oropharyngeal swabs, rectal swabs, capillary blood samples) through the follow-up period. Demographic, 
clinical, and other data as described above for symptomatic volunteers may also be acquired for asymptomatic 
high/some risk participants. 

The Flu-PRO questionnaire (24-27) may be used to record the patient-reported outcome (PRO) on severity of 
clinical symptoms and the impact of clinical interventions on infection. A web link to the Flu-PRO questionnaire 
may be provided to participants to record the severity of ILI symptoms daily for 14 days from either the day of 



IDCRP-085 EPICC Protocol 

v9, 01JUN2020   Page 7 of 29 

enrollment, or the date of onset of symptoms (for subjects who were asymptomatic at enrollment). Paper 
based versions of the Flu-PRO questionnaire may be administered as needed. 

In addition, an online questionnaire will be administered at enrollment and follow-up timepoints to collect data 
on medical history, comorbidities, and subject-reported recovery status.  

If a participant is dually-enrolled in a treatment protocol and scheduled to receive investigational products 
under an eIND, an additional sample may be collected in the first 48 hours after test article administration. If 
eligible, study participants may also be considered for enrollment concurrently in an interventional clinical trial 
evaluating efficacy of treatment regimens. The priority of collection of clinical specimens will be as follows: 1. 
specimens collected for clinical care; 2. specimens collected in support of an interventional clinical trial; and 3. 
specimens collected for observational study (i.e., EPICC protocol). 

The study team may consider discontinuation of study participants who have a negative test result for the 
pathogen of interest (based on current standard of care diagnostics) and/or are diagnosed with another 
respiratory pathogen other than the one of interest and/or the disease of interest is highly unlikely based on the 
primary clinical team assessment. This approach may need to be taken to conserve study staff time and 
resources depending upon local epidemiologic circumstances, e.g. very high incidence and subject accrual. 

Results obtained from research analyses will not be entered into the participant’s medical record. However, the 
study team will communicate relevant findings to the participant’s primary care provider overseeing care of the 
indicated infection of study. The study volunteer’s primary healthcare provider is likely to be a member of the 
protocol study team, and as such will be directly aware of study findings. If the primary healthcare provider is 
not a part of the protocol team, relevant findings from the study will be communicated to the healthcare 
provider verbally in a private setting to protect patient confidentiality or via a secure encrypted electronic 
communication. 

Pregnant participants will be followed monthly until delivery to collect information on pregnancy outcome and 
health of the child with regards to the disease under study, to the extent practicable. Cord blood (a clinical 
residual specimen) may be collected for research purposes from enrolled women following childbirth.  

Specimens collected through this observational study will be evaluated in various laboratory assays to 
characterize the epidemiology, immunology, clinical characteristics, and other important outcomes of interest. 
Associated clinical and demographic data will also be evaluated, along with laboratory findings as appropriate, 
to assess key endpoints of interest as described above. 

Schedule of Patient Evaluation and Data Collection 
The table below shows the schedule of assessments for study participants enrolled in EPICC. Given the 
possibility of critical illness of the patient and the potential increased risk of exposure to medical personnel, 
assessments that cannot be completed due to patient care considerations, infection control measures, or other 
logistical challenges will not constitute protocol deviations. In addition, the frequency of specimen and data 
collection may be reduced to accommodate logistics of acquiring specimens and data among study volunteers 
who are outpatients. 

Ambulatory subjects who do not have restrictions of movement for infection control purposes (i.e., not advised 
by their care provider/local health authority to remain home in isolation) will be invited to return to the hospital 
for follow-up assessment and collection of specimens. 
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If an asymptomatic and/or COVID-19-negative subject develops symptoms or receives a positive test result for 
COVID-19, they will be asked to contact study staff to report their symptoms/test result and will restart the 
schedule of assessments from Day 0. 

Inpatient MTF-Enrolled Subjects 
Specimen/ Data Enrollment 

(Day 0) 
Days 3, 7 
(± 1 day) 

Weekly until 
discharge 
(± 2 days) 

Day 14 if 
Discharged  
(± 3 days) 

Day 28 
(± 7 days) 

6 Months 
(± 14 days) 

12 Months 
(± 28 days) 

Virology Samples – Nasal, 
Throat, and/or Oral specimen* 

√ √ √ √    

Virology Sample - Rectal swab √ √ √  √   

Blood¶ √ √ √ √¶ √¶ √¶ √¶ 

Residual clinical samples # √ √ √ √ √ √ √ 

Radiologic images ** √ √      

Flu-PRO Symptom Diary *** √ √ √ √    

Online Questionnaires √    √ √ √ 
* To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed may change to 
follow updated best practices as reported in the scientific literature. Example sample types are swabs (nasal, 
nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-collected by subjects. 
¶ Blood collection after discharge may be done using a commercial at-home microsampling blood collection kit. 
# Residual samples from clinically-indicated lab tests will be collected for research. Sample types may include sputum, 
saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from samples collected starting at the 
date of disease onset, which may be prior to Study Day 0. 
** Lung, cardiac, and/or venous ultrasound may be conducted on hospitalized subjects on days 0, 1, and 3 as resources 
and local patient care policy allows. Findings from any additional radiologic images obtained during routine clinical care 
will be collected for research. 
*** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 14 days. 
 
Outpatient MTF-Enrolled Subjects 
Specimen/ Data Enrollment 

(Day 0) 
Day 7 

(± 1 day) 
Day 14 

(± 3 days) 
Day 28 

(± 7 days) 
6 Months 

(± 14 days) 
12 Months 
(± 28 days) 

Virology Sample – Nasal, 
Throat, and/or Oral specimen* 

√  √    

Blood¶ √ √ √ √ √ √ 

Flu-PRO Symptom Diary ** √ √ √    

Online Questionnaires √   √ √ √ 

Residual clinical samples # √ √ √ √ √ √ 
* To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed may change to 
follow updated best practices as reported in the scientific literature. Example sample types are swabs (nasal, 
nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-collected by subjects. 
¶ Blood collection may be done using a commercial at-home microsampling blood collection kit. 
# Residual samples from clinically-indicated lab tests will be collected for research. Sample types may include sputum, 
saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from samples collected starting at the 
date of disease onset, which may be prior to Study Day 0. 
** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 14 days. 
 
Online Cohort:  See Appendix A 
Specimen/ Data Enrollment 

(Day 0) 
Day 28 

(± 7 days) 
6 Months 

(± 14 days) 
12 Months 
(± 28 days) 

Online Questionnaires √ √ √ √ 

Self-collected blood¶  √ √ √ 

¶ All blood collection for this cohort will be done using a commercial at-home microsampling blood collection kit. 
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Considerations for Pediatric Participants 
 Flu-PRO symptom diary may be completed by subjects aged 7 and older. 
 Pediatric subjects will not be asked to complete the online questionnaires. 
 Self-collection of specimens is an option for subjects aged 8 and older. 
 Blood collection volume and frequency may be reduced to comply with safety limits.  For these 

subjects, the amount drawn may not exceed the lesser of 50 ml or 3 ml per kg in an 8 week period and 
collection may not occur more frequently than 2 times per week.  

Research Laboratory Methods  
Clinical specimens collected through this observational study will be evaluated in a variety of laboratory 
assays developed by laboratory partners. Specific laboratory assays to study the virologic, immunologic, 
and other relevant aspects of infections are unlikely to be available at the time of specimen collection (i. e., 
during the outbreak) given the time required to establish assays specific for novel, emerging pathogens. 
Below is a general description of laboratory assay methods and endpoints that may be used; however, this 
does not represent an exhaustive list to include new methodologies that are later developed in response to 
assaying novel pathogens. 

To characterize virologic correlates (e.g., viremia) of clinical symptoms and disease severity, serum levels 
of viral genomes can be assessed by real time-PCR at various time points. Serum concentration of viral 
antigen can be evaluated by enzyme-linked immunosorbent assay (ELISA). These same assays may be 
utilized in the longitudinal detection of virus in body fluids (e.g., nasal mucosa, sputum, urine, stool, etc.) 
throughout the course of evaluation/illness. 

In addition, serum may be assayed for concentrations of virus-specific IgM and IgG in the acute and 
convalescent stages of evaluation/illness. Cytokine profiles can be conducted via multiplex assay to 
describe the pro- versus anti-inflammatory cytokine responses of study volunteers throughout the course of 
illness. PBMCs may be collected to investigate cell-mediated immune responses in the acute and 
convalescent phases of illness. 

Novel biomarkers, including transcriptomic and proteomic signatures, are promising for diagnosis and 
prognosis. Collection of appropriate specimens from individuals with well-characterized illnesses is required 
to inform assay development. Immune factors have been used as biomarkers for predicting clinical course 
and outcome, as well as the severity of clinical symptoms. For example, higher levels of cytokines IL2, IL7, 
IL10, GCSF, IP10, MCP1, MIP1A, and TNFα were observed in patients with SARS-CoV- 2 infection 
requiring ICU-level care compared to those receiving non-ICU care (21). Host specific responses may be 
evaluated using real-time PCR and other molecular methods to identify biomarkers, transcriptomic 
signatures, or other lab-based endpoints indicative of severity of clinical course of disease progression and 
other risk factors associated with clinical outcomes, etc. In addition, evaluation of host transcriptomic 
responses among symptomatic versus asymptomatic, high risk exposure individuals may identify an early 
warning means for identifying asymptomatic people who eventually develop disease. 

RNA sequencing of blood specimens may also be conducted to assess viral transcription signatures as 
biomarkers for clinical outcomes. Blood specimens may also be used in phosphoproteomic assessments 
by measuring the proportion of host immune system proteins that are phosphorylated to evaluate novel 
biomarkers associated with activation of protein signaling pathways in response to infection. 

10.2 Data Collection: 

Diagnostic Tests and Laboratory Analysis to be Obtained: 
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As available, laboratory data elements, such as but not limited to hematologic, biochemical, and other 
clinical parameters; clinical images and associated reports; and clinical diagnosis of the pathogen of 
interest (SARS-CoV-2) and/or alternate or co-infective pathogens, will be abstracted from the medical 
record of study volunteers on the day of enrollment (Study Day 0), throughout the period of hospitalization 
(inpatients) and through duration of follow-up. In addition, laboratory and diagnostic data available in 
medical records prior to Day 0 will be abstracted for study of baseline health, existing co- morbidities, etc. 

Data Elements 
Case report forms (CRFs) for this protocol have been adapted from those of the International Severe Acute 
Respiratory Infection Consortium (ISARIC). 

There are five main components of the data collection forms, encompassing study participant information at: 

1. The time of enrollment (at time of presentation at MTF, hospital admission, or being placed in isolation), 
2. Period prior to Day 0, as appropriate, to assess recent medical history,   
3. Medical encounter data (inpatient or outpatient), 
4. The time of discharge or death 
5. Follow-up period (following hospital discharge or being released from isolation setting, or otherwise as 

an out-patient) 

Major data variable categories to be collected include, but are not limited to the following: 

 Day of enrollment  
o Demographics (Residence, Occupation, Military Status) 
o Signs and Symptoms at onset of illness and presentation for care 
o Epidemiological Risk Factors and Exposures 
o Pre-admission Medications 
o Review of recent medical history via medical record review  
o Flu-PRO symptom severity questionnaire  

 Hospitalization or Isolation Period 
o Daily Observations (i.e., vital signs) and Treatments (i.e., receipt of IV fluids) 
o Daily Laboratory Results 
o Medications and Blood Products 
o Microbiology Results 
o Critical Care 
o Severe Symptoms and Complications 
o Flu-PRO symptom severity questionnaire  

 Outcome 
o Final Diagnosis 
o Patient Status at Outcome 
o Follow-up period 

Data Collection 
Study data will be copied onto electronic CRFs at the study site. These transcriptions will occur on an 
ongoing basis during the study in accordance with Good Clinical Practice (GCP) guidelines. Data entered 
on CRFs, as well as corrections made, shall be performed by authorized individuals. This study will make 
use of electronic case report forms (eCRFs) using tablets with the Research Electronic Data Capture 
(REDCap). For cases where a tablet cannot be used because of infection control concerns or logistical 
issues, authorized personnel will capture CRF information using a paper based version and later 
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electronically record results into REDCap. All data transmitted to and from the application is done using a 
secure, encrypted transmission (SSL/HTTPS). For increased security, the application additionally verifies 
the SSL certificate of the REDCap server that it is communicating with in order to validate the server’s 
identity. The REDCap mobile application employs encryption-at-rest on the mobile device’s hard drive, so 
all data and information stored on the device is protected from unauthorized users. REDCap has built-in 
safeguards such as username and PIN, and remote lockout. When resources are available, data from 
clinical devices including de-identified ultrasound or radiograph images, continuous vital signs, and/or 
cardiac telemetry will be locally stored on password-protected devices, and if possible, transmitted 
wirelessly to a secure Cloud backup. Henry Jackson Foundation (HJF) headquarters IT will host 
deidentified study data on HJF HQ secured servers. HJF is responsible for the purchase, setup, 
maintenance, and service of any its servers and technology. 

The supervising principal investigator, or designated associate investigator, will be responsible for regular 
maintenance and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care 
providers and research team members given specific tasks to perform. The files are kept in a secured 
location in each study site. Some participant-completed forms such as surveys may be completed through 
the web-based program. These will be transmitted directly into the study database. Research labs will 
transmit their testing data to the DCC using standard procedures for data handling and transmission. 

Data Management/Quality Control 
During the study, the investigator will review study data from their site, including medical records, records 
detailing the progress of the study for each volunteer, laboratory reports, CRFs, documentation of informed 
consent and authorization forms for each study volunteer, correspondence with the IRB, adverse event 
(AE) reports and information regarding volunteer discontinuation of the study. All required study data will be 
clearly and accurately recorded on source documents or CRFs by either the participant themselves or 
authorized study personnel. Only designated study personnel shall record or change data on a CRF. 
During the study, the investigator will be responsible for the procurement of data and for quality of data 
recorded on the CRFs. Original observations entered directly onto the CRFs are defined as source data. 
PHI will be removed from clinical devices, such as those used for radiology, and associated data will be 
labeled with the study participant’s ID. For each pivotal analysis (e.g., for a sub-study, manuscript, or 
presentation), the ‘snapshot’ (or ‘data freeze’) database will be made and archived in the study data 
repository. After the study analysis ends, the database will be locked. 

Managing Data (Data Management and/or Sharing Plan ) and/or Human Biological Specimens for 
this Study: 

Human Biological Specimens  

1. Intended Use of the Samples/Specimens/Data 
Specimens will be processed and handled as appropriate following applicable MTF enhanced precaution 
and Infection Control SOPs. Methods for specimen collection, handling, and processing are described in 
their respective SOPs. Details of specimen storage, maintenance, and QA/QC are described in their 
respective SOPs. 

Samples and data collected under this protocol will be analyzed to study the pathogenesis of disease and 
the host immune response to infection. Genetic testing on human specimens will be conducted to evaluate 
the host (subject’s) immune response to SARS-CoV-2 infection and its association with clinical outcomes. 
Additional genetic testing will examine viral genetic markers and transcription signatures as predictors of 
infection severity, clinical course, and outcomes. Genetic testing results will not be provided to participants. 
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This is a purely observational study. Any experimental treatments will be done under other protocols for which 
separate IRB review and approval will be obtained. 

2. How Samples/Specimens/Data Will Be Stored 
Access to research samples will be limited using locked facilities and monitored freezers. Samples and 
data will be stored using codes assigned by the investigators or their designee(s). Data will be kept in 
password-protected computers. Only investigators or their designee(s) will have access to the samples and 
data. 

3. How Samples/Specimens/Data Will Be Stored & Tracked 
Samples from individuals found infected with a novel pathogen / emerging infectious disease of interest will 
be archived and stored at an appropriate biosafety level facility. 

Samples acquired as part of the protocol will be tracked using appropriate software, such as Freezer 
Works, a sample tracking, biorepository management and freezer inventory program. 

4. What Will Happen to the Samples/Specimens/Data at the Completion of the Protocol? 
In the future, other investigators may wish to study these samples and/or data. IRB approval will be sought 
prior to any sharing of samples/data. Any clinical information associated with the sample with or without patient 
identifiers will be shared after IRB approval has been obtained. Upon study closure, all samples and data will 
be de-identified in accordance with the DHA-approved Data De-Identification Plan. 

5. What Circumstances Would Prompt the PI to Report to the IRB Loss or Destruction of 
Samples/Specimens/Data 
Any loss or unanticipated destruction of samples (for example, due to freezer malfunction) or data (for 
example, misplacing a printout of data with identifiers) that compromises the scientific integrity of the study will 
be reported to the IRB. 

6. Storage and Tracking of Samples/Specimens/Data 
Research use of data collected through this protocol will be coded and will not contain identifiers. These 
data will be coded with access maintained by a custodian not affiliated with the study team per IDCRP 
policy. Much of the subsequent research using the coded materials collected under the auspices of this 
study will be accomplishable through approved exempt or non-human use sub-studies. All research using 
the materials collected under this protocol will be conducted in accordance with an IRB-reviewed 

protocol. Data and specimens released for research use will be labeled by PIN only; data will be shared 
without any identifiers or links to individuals. The DCC custodian, the DCC Chief, will not share identifying 
information with investigators without explicit IRB approval. 

A Defense Health Agency (DHA) Data Sharing Agreement will be implemented as needed to access MHS 
data. Appropriate data sharing agreements and other legal agreements will be implemented prior to sharing 
of data and specimens with collaborators. 

Managing Data (Data Management and/or Sharing Plan) and/or Human Biological Specimens for 
Future Research: 

If the study involves collecting, storing, or banking human specimens, data, or documents (either by the 
Investigator or through an established repository) for FUTURE research, address. How the specimens/data 
will be used, where and how data/specimens will be stored (including shipping procedures, storage plan, 
etc.), whether and how consent will be obtained, procedures that will fulfill subjects’ request as stated in the 
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consent, whether subjects may withdraw their data/specimens from storage, whether and how subjects 
may be re-contacted for future research and given the option to decline, whether there will be genetic 
testing on the specimens, who will have access to the data/specimens, and the linkage, the length of time 
that data/specimens will be stored and conditions under which data/specimens will be destroyed 

Establishment of a specimen repository for future clinical and laboratory investigation for future emerging 
infectious disease research: 

The study aims to build a repository of biological specimens (e.g. whole blood, serum, and PBMCs, as well as 
nasopharyngeal fluid, sputum, bronchioalveolar lavage fluid, oropharyngeal fluid, saliva, urine, semen, and 
rectal swab specimens, etc.) from an observational, longitudinal study of emerging infectious diseases. 
Specimens may be stored in an appropriate biosafety level facility at a protocol-approved biorepository. These 
specimen repositories will be linked to an extensive de-identified clinical database.  

In the future, this repository might be used in the identification and validation of biomarkers for severe infection, 
identification and molecular characterization of novel pathogens, development and evaluation of new 
diagnostic platforms, and/or evaluation of host factors that may be associated with susceptibility and outcome. 
Coupled with detailed clinical history and risk factor information gleaned through electronic medical record 
review, this repository will ultimately be an invaluable resource for future investigations of emerging infectious 
diseases in clinical as well as laboratory settings. Moreover, the infrastructure developed through these 
activities will serve as a broad-based platform for a diverse portfolio of relevant sub-studies into emerging 
infectious diseases and strategies for its control and prevention. 

Study Time Line 

This natural history core protocol will be open indefinitely, although sites may close once an epidemic has 
passed. 

11.0 Statistical/Data Analysis Plan 

11.1 Statistical Considerations 

This is an enhanced surveillance protocol using clinical observations and laboratory testing, supplemented 
by additional lab testing for research purposes. The frequency and expansion of such outbreaks is 
unknown, and hence this protocol will be activated on contingencies in many cases. Data from a given 
outbreak will be compiled into a dataset for descriptive analyses. Risk factors will be identified 
retrospectively using odds ratios. Comparison between similar outbreaks may be performed if sufficient 
data allows. It is recognized that a proportion (i.e., not all) of eligible subjects will consent to participate in 
this study. As such, the limitations and generalizability of the study findings will be acknowledged in 
associated reports and manuscripts. 

11.2 Sample Size Estimation: 

As determined by exigencies of the outbreak, and resource availability. Please see Appendix A for sample size 
considerations for the online cohort. 

11.3 Data Analysis Plan: 

Student’s t test (or Wilcoxon rank-sum test if appropriate) on continuous variables and Pearson’s chi- 
square tests (or Fisher’s exact test if appropriate) for categorical variable to summarize key outcomes of 
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interest. Multivariate regression techniques will be used to assess relationships between key variables 
adjusted for potential confounders. 

A data analysis plan will be created to meet the following reporting requirements: 

 During an outbreak, descriptive clinical and laboratory data will be summarized per patient on a 
regular basis as appropriate for all investigators, involved hospitals, the respective service’s public 
health agencies, AFHSB, and DHA leadership as a part of the epidemiologic reporting 
requirements. It is recognized this data may not be fully cleaned. Aggregate data report will be 
prepared monthly. 

 At conclusion of an outbreak, a summary report per outbreak will be prepared once all data is 
cleaned. This will take an estimated 90 days. 

With respect to the analysis of the study data, the following objectives will be addressed, and more fully 
articulated, in a statistical analysis plan: 

1) Describe natural history of clinical disease. 

Data items related to disease duration include duration of fever and other predominant symptoms, and 
days from onset of symptoms until hospital discharge/return to normal activity. Each variable will be 
summarized by mean, standard deviation, median, inter-quartile range, minimum and maximum overall and 
also for each group within several groupings: age categories, adult vs. minor, gender, different race groups, 
index cases vs. secondary cases, military rank and/or nature of duties for those with active duty military 
duty status. We will also use symptom severity data from the Flu-PRO questionnaire to explore the extent 
to which ARI symptom severity scores differs across the cohort. 

Adverse binary outcomes where the time to event may also be of interest: These include requirement for 
ICU admission, development of any super infection, development of oxygen requirement, mortality, etc. For 
each of these, we will first give a simple summary of the number and percent experiencing each outcome. 
We will also summarize by different subgroups as above. 

2) Identify risk factors for infection and severe clinical course. 

One set of analyses will treat laboratory-confirmed diagnosis as the outcome in logistic regression models, 
with the following covariates: age, sex, race, military rank, service branch, type of exposure, use of 
personal protective equipment, etc. Similar logistic regression models will be developed to determine 
predictors of severe clinical course, such as mortality. 

Another set of analyses will treat illness duration as a quantitative endpoint to be used as the outcome 
variable in multiple linear regressions. The key endpoint will be the total symptom score considered at three 
different time points: at symptom onset, at 48 hours post symptom onset, and at its maximum value 
whenever that occurs. Other potential confounders to be included as covariates are: age, sex, race, and 
number of days since presumed exposure. 

Complementary methods of subject recruitment and data collection within the study will address the following 
specific aims:  

1. Among COVID-19 confirmed cases, compare risk factors (comorbidities, lifestyle factors, medications, 
exposure opportunities, general symptoms) for: 
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a. Those who get hospitalized vs. those who do not get hospitalized 
b. Those who get hospitalized with a ventilator vs. those who do not get hospitalized and those 

hospitalized but not placed on a ventilator 
c. Those who get hospitalized in the ICU vs. those who do not get hospitalized and those 

hospitalized but not in the ICU 
d. Those who go on to die vs. those who do not die 

2. Compare risk factors (comorbidities, lifestyle factors, medications, exposure opportunities, general 
symptoms) for infection among the total COVID-19 tested study population of COVID-19 confirmed 
cases (test positive) vs. confirmed non-cases (test negative).  

3. Compare symptoms between various groups: 
a. Among the total COVID-19 tested study population, COVID-19 confirmed cases vs. confirmed 

non-cases 
b. Among COVID-19 confirmed cases for those: 

i. who get hospitalized vs. those who do not get hospitalized 
ii. who get hospitalized in the ICU vs. those who are hospitalized, but not in the ICU 
iii. who go on to die vs. those who do not die 

4. Among the COVID-19-confirmed cases and an appropriate and hypothesis-specific randomly selected 
comparison group, using medical record data, identify comorbidities and medications that are 
associated with reduced occurrence of COVID-19 symptoms as well as with becoming infected with 
COVID-19. 

The proposed analytic strategy will be to report crude (non-adjusted), age and sex-adjusted, and multivariable 
adjusted probability of hospitalization in those with and without the exposures of interest. 

1) Calculate crude (non-adjusted) likelihood of hospitalization in demographic sub-populations of interest 
(e.g. by age strata, sex, and race/ethnicity) 

2) Determine the age-specific prevalence of the major comorbidities (obesity, hypertension, asthma) 
separately by sex and race/ethnicity 

3) The primary model will be logistic regression, calculating adjusted predicted prevalence of 
hospitalization for those with each comorbidity alone and comorbidity clusters (since comorbidities are 
correlated) 

a. A priori, evaluate whether risk associated with each comorbidity is similar for men and women 
and for African Americans vs others (interaction by sex; interaction by race). 

Conduct separate models for the active duty population and the beneficiary populations 

3) Characterize host immune response. 

We will examine the relationship between factors, such as the immune response (e.g., serum antibody 
concentration) and pathogen infection kinetics, and disease progression, symptom severity, and clinical 
outcomes of interest. We will look at both cross-sectional relationships (i.e., among people) and within 
person relationships. For cross-sectional relationships, we will start by plotting the total symptom severity 
score against the immune response, separately for each of the four blood samples. We anticipate a 
monotonic relationship, but it is possible for a U-shaped relationship in some cases, i.e., illness severity is 
greater if there is a too small immune response or a too large one. We will develop regression models with 
the outcome of the symptom severity or clinical course on the chosen function of 

immune response to see if there is a statistically significant relationship. We will add covariates to control 
for possible confounders, such as age, race, sex, military status, etc. and others mentioned above. 
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4) Evaluate correlations between symptom severity, virologic/microbiologic characteristics, host immune 
response and clinical course/outcome. 

We will consider two groups: subjects with versus without a severe clinical course, such as mortality. We 
will compare the proportions with a significant serum antibody ‘response’ between the two groups by 
contingency table chi-square tests. We anticipate that the categorization of immune response will be binary 
(i.e., proportion of individuals exceeding a given concentration of serum antibody), in which case we will be 
comparing a binomial probability between the two groups. These analyses will form the backbone for more 
elaborate multivariate analyses. 

5) Develop diagnostic and prognostic tools. 

Data and specimens from this protocol may be used in the development of diagnostic and prognostic 
assays for novel pathogens. For example, the collection of blood and other body fluids from individuals with 
laboratory-confirmed infection may aid in the development of novel assays with higher sensitivity and 
specificity. Additionally, the collection of longitudinal clinical characteristics in addition to clinical laboratory 
data may aid in the development of prediction models to determine risk factors for severe clinical course, 
such as mortality. 

12.0 Participant Information 

Subject Population: 

As this is an observational study, subjects of all ages will be enrolled. Military Treatment Facilities see a 
diverse population including all genders and races, and a wide range of ages. This study will examine the 
epidemiology of novel pathogens / emerging infectious diseases, seek to identify risk factors for severe 
disease and elucidate mechanisms of host immunity to these pathogens. 

Given the possibility of MTFs being used as surge capacity to support the care of individuals affected by an 
infectious disease outbreak, this study also allows for enrollment of anyone meeting the inclusion criteria 
and obtaining care at a participating MTF. Males and females of all ages who are symptomatic or 
asymptomatic individuals (at high/some risk of exposure) meeting inclusion criteria are eligible for 
participation. 

Participation in the online survey-based cohort is limited to adults only. 

 

12.5 Inclusion Criteria: 

Inclusion Criteria for MTF Enrollment: 

Individuals of any age who are located at a participating MTF and meet at least one of the following 
criteria: 
 
1. Laboratory-confirmed presence of the pathogen of interest (e.g., SARS-CoV-2, influenza A /H7N9, 

etc.) 
*OR* 

2. Are a person under investigation (PUI) for the pathogen of interest, as identified per current CDC 
PUI case definition 
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(refer to “Criteria to Guide Evaluation of PUI for COVID-19” at https://www.cdc.gov/coronavirus/2019-
nCoV/hcp/clinical-criteria.html 
*OR* 

3. Are asymptomatic and/or have tested negative for the pathogen of interest, but are considered 
per current CDC guidance to have had recent high/some risk for exposure to pathogen of 
interest 
For assessing asymptomatic individuals, refer to guidance provided by the CDC for COVID-19 at: 
https://www.cdc.gov/coronavirus/2019-ncov/php/public-health-recommendations.html 
 
 
 

Inclusion Criteria for Online Enrollment: 

1. An MHS Beneficiary who has been clinically tested for the pathogen of interest 
2. Able to receive email communications and respond to web-based surveys 
3. ≥18 years of age 

 

12.6 Exclusion Criteria: 

1. Individuals who decline participation in the study 
2. Individuals who the study investigators believe are unable to comply with the requirements of the study 

13.0 Recruitment and Consent 

13.1 Identification and Selection of Subjects: 

Given the dynamic nature of novel pathogens/emerging infectious diseases, there is no pre-defined target 
enrollment for the protocol. The main objective of this protocol is to recruit and enroll a representative 
proportion of cases of emerging infectious diseases to characterize the epidemiology and clinical 
characteristics of disease. Site study team members will engage with relevant clinical staff to identify 
eligible patients in inpatient wards, intensive care units, acute care clinics, and emergency departments. 
Participants will be identified through screening of medical records to identify individuals with the recent 
exposures and clinical manifestations of interest, and will be approached following the initial medical 
evaluation. The study will be described to patients, and their eligibility and willingness to participate will be 
assessed. For those with confirmed infection or PUI, room access may be limited and consent will be 
performed by study staff members with patient access. 

Individuals presenting for care at MTFs, such as at clinics or in the inpatient and isolation setting, will be 
recruited and enrolled and will participate in serial collection of biological specimens over a 12-month 
period, with more intensive (i.e., daily, weekly) data collection occurring during the inpatient or isolation 
period. Information on current and prior medical conditions and hospitalizations will be collected via medical 
chart review and/or MDR data extractions. Information on specific epidemiologic risk factors during or 
related to deployment (e.g., travel history, zoonotic exposures, etc.) will be ascertained through participant 
interview or review of available medical records (e.g., AHLTA-T, ALTHA, CHCS, Essentris, MHS Genesis, 
JLV (accessed via AHLTA or MHS Genesis), MDR, DMSS, and/or DRSi). Study participants evaluated at 
MTFs and who are either 1. ambulatory cases advised to return home and remain home in isolation or 2. 
classified as asymptomatic individuals with high/some risk for exposure may also be evaluated for follow up 
through a study design including serial self-collection of nasopharyngeal swabs, oropharyngeal swabs, 
rectal swabs, or other specimens appropriate for self-collection. A similar schedule of data collection and 
methods used for enrolled inpatients will be applied for ambulatory cases (non-hospitalized) and 
asymptomatic individuals as feasible. 
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Details on the recruitment, consent, and enrollment of subjects participating through the MHS-wide online 
process are included in Appendix A. 

13.2 Recruitment Process: 

Recruitment of study volunteers at the MTFs will rely heavily on the direct interface of healthcare providers 
with potential eligible participants. The study team will develop an MTF communications plan, outlined in 
the protocol’s Manual of Procedures, that will be implemented by local site teams to facilitate identification 
of potential eligible participants. Study volunteers may be recruited from clinics and inpatient or isolation 
settings (to include PUI). In addition, recruitment of individuals who are asymptomatic at high/some risk of 
exposure may involve study team members approaching family or friends who escorted the sick individual 
to the hospital. Another group of individuals who may be approached for recruitment as asymptomatic 
high/some risk participants, are healthcare providers who are in close contact with and potentially exposed 
to known cases. Adults and children are eligible for participation. 

The study team will use multiple means of communicating study awareness to enhance recruitment efforts, 
including periodic briefings delivered by the site PI’s and their study teams to their critical care and 
infectious disease staff and inpatient nursing staff. Information notices with points of contacts will be posted 
in clinical sites such as inpatient units, acute care clinics, and several points in the emergency room. 
Research team members who are Active Duty military personnel will not wear visible signs of their rank during 
recruitment. Site PI’s or their authorized designees will conduct daily queries of MTF electronic health heath 
records (including infectious disease reportables list, DRSi, and searching in CHCS for patients with 
coronavirus lab code) to identify individuals who tested positive for disease of interest and will review daily 
admissions into the ICU, general pediatric and internal medicine wards with their study personnel to identify 
new inpatients. Information from infection control, preventive medicine and infectious disease departments 
may be obtained to find patients who may be managed / followed outside of the MTF. 

Depending on age, severity of infection, and MTF requirements, study staff will determine if a potential 
subject is capable and/or allowed to provide a signed consent, verbal consent, or if an LAR is required 
according to IRB, HIPAA, and local MTF requirements. 

13.3 Compensation for Participation: 

In accordance with 24 USC 30, enrolled subjects will be provided compensation in the form of a gift card. 
Subjects will receive: 

 $50 for each outpatient venipuncture 
 $10 for each self-collected blood sample and swab 
 $10 for completion of online surveys and Flu-PRO 

13.4 Eligibility Assessment Process: 

As part of medical record review, the team will assess the eligibility of potential subjects. Individuals 
identified as having known risk factors for an emerging infectious disease (e.g., recent travel to a disease-
endemic region, or close contact with a known or suspected infected individual or a returning traveler) who 
present to a participating MTF for medical care (e.g., febrile illness) or are placed into isolation are eligible 
for study participation. Additionally, asymptomatic high/some risk for exposure individuals may be enrolled 
at MTFs. Given the possibility of MTFs being used as surge capacity to support the care of individuals 
affected by an infectious disease outbreak, this study allows for enrollment of anyone meeting the inclusion 
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criteria and obtaining care at a participating MTF. Eligibility will be assessed and a final determination of 
subject eligibility will be made during the consent process. Please refer to section 12.5 for the inclusion 
criteria. 

13.5 Consent Process: 

ICD and Assent Regulatory Requirements 

Are you requesting a waiver or alteration of informed consent?  

 Yes    No 

What type? 

Waiver of documentation of informed consent  

 Waiver or alteration of informed consent 

Due to the contagious nature of the emergent infectious diseases being studied under this protocol, study 
staff may not always be allowed work near the potential and/or active study subjects or handle any items 
that they may have come in contact with per local MTF infection control policies. Therefore, obtaining 
signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be feasible or 
safe for study staff. The study team is requesting a waiver of documentation of informed consent as well as 
a full Waiver of HIPAA Authorization to use as appropriate based on the circumstances of the disease 
being studied and MTF requirements. This study falls under the following criteria noted in 32 CFR 219.117: 
“That the research presents no more than minimal risk of harm to subjects and involves no procedures for 
which written consent is normally required outside of the research context."  

Please explain the consent process: 

ICD and Assent Regulatory Requirements 

The Informed Consent Document (ICD) and Assent Form, including a HIPAA authorization, will be 
reviewed and approved by the IRB prior to initiation of the study. The ICD will contain a full explanation of 
the possible advantages and risks of study participation. The ICD will be compliant with applicable DoD 
regulations, 32 CFR 219, and the Belmont Principles, and the Health Insurance Portability and 
Accountability Act (HIPAA) Authorization. Informed consent includes the principle that it is critical the 
participant be informed about the principal potential risks and benefits. This information will allow the 
participant to make a personal risk versus benefit decision and understand the following general principles: 

 Participation is entirely voluntary, 
 Participants may withdraw from participation at any time, 
 Refusal to participate involves no penalty; and 
 The individual is free to ask any questions that will allow him/her to understand the nature of the 

protocol. 

An ICD or Assent Form (with parental permission) will be signed by the participant before any study- 
related procedures are initiated for each participant. The investigators or their designees will present the 
protocol in lay terms to the participants. If access is limited, an authorized member of the study team 
accompanied by a witness may conduct the informed consent process. Questions on the nature of the 
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protocol, the means by which it is to be accomplished, and the risks to the participants will then be solicited. 
Any question that cannot be answered will be referred to the principal investigator (PI). All participants will 
be given the opportunity to ask questions. No participant should grant consent until questions have been 
answered to his/her satisfaction. Documented parental permission will be received prior to obtaining assent 
from a minor. If rules allow, a copy should be provided to the volunteer or their guardian. 

Minors: 
An assent form (with parental permission) will be used for children aged 7-17. The ICD and Assent Form 
(with parental permission) indicate that by signature, the participant permits access to relevant medical 
records by the study investigators and regulatory authorities. Documented parental permission is required 
prior to assent by a minor using the ICD. A Waiver of Documentation of Assent will be used for children 6 
and under, documenting that the study was explained to the child in age-appropriate terms and that the 
child has either expressed verbal assent or does not have the capacity to do so. 

For adults who are incapacitated by the illness: 
Consent may be obtained by a Legally Authorized Representative (LAR). The patients should be 
consented themselves at such time that they are able to provide consent. 

For Hospital Staff who are Active Duty Military: 
Hospital staff who are active duty military, and therefore eligible for care at a military treatment facility, may 
be approached for consenting to the study due to their potential exposure to coronavirus. If hospital staff 
who are active duty military are approached for participation in the study, supervisors will not be present at 
any human subject recruitment sessions or during the consent process in which hospital staff who are 
active duty military under their supervision are afforded the opportunity to participate as human subjects. 
Supervisors (e.g., military and civilian supervisors or anyone in the supervisory structure) will not influence 
the decisions of their subordinates regarding their participation as subjects in this study. 

Verbal Informed Consent: 
Due to the contagious nature of the emergent infectious diseases being studied under this protocol, study staff 
may not always be allowed work near the potential and/or active study subjects or handle any items that they 
may have come in contact with per local MTF infection control policies. Therefore, obtaining signed ICDs and 
HIPAA Authorizations for subjects enrolled in this study may not always be feasible or safe for study staff. 

The study team is requesting a waiver of documentation of informed consent as well as a full Waiver of HIPAA 
Authorization to use as appropriate based on the circumstances of the disease being studied and MTF 
requirements. When possible, the subject will provide signed ICD and HIPAA authorization. If the subject is 
unable to provide signed authorizations, the full Waiver of HIPAA Authorization will be utilized. If study 
personnel are unable to work near the potential and/or active subject for safety reasons, the study personnel 
will contact the patient according to the requirements of the MTF. Options may include but are not limited to 
speaking with the patient from a safe distance in person, contacting the patient by phone in person with a 
barrier in between the potential and/or active subject and the study personnel, contacting the patient by phone 
from a separate location, or having a study physician trained in infectious disease safety procedures meet with 
the potential and/or active subject in close proximity (if allowed by the MTF). 

Regardless of the method of delivery, the potential and/or active subject would be thoroughly briefed on the 
study’s Informed Consent and HIPAA information. They would also be provided with an opportunity to ask 
any questions and an unsigned copy of the informed consent if permissible by the MTF. In turn, study staff 
will thoroughly document the informed consent process and the subject’s verbal approval of the ICD in the 
study chart. The study personnel will sign and file the ICD. The study personnel will also include a note in 
the study chart summarizing the informed consent process. 
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13.7 Withdrawal from Study Participation: 

A subject may voluntarily end participation in the study at any time. If a subject withdraws, the investigator 
will make a reasonable effort to determine the reason for the subject’s withdrawal from the study. 
Telephone calls, registered letters, and/or e-mail correspondence will be considered reasonable effort. 
Data and specimens collected up to the time of withdrawal will be retained and de-identified in accordance 
with IRB, HIPAA, and Safe Harbor requirements. 

Subjects may be discontinued by the study team if there is a determination by the on-site physician that the 
volunteer may be unable to comply with the requirements of the study, or in the interest of the military 
mission. 

14.0 Risks and Benefits 

Risks of Harm: 

Risks associated with obtaining specimens: 

 Obtaining specimens could be associated with discomfort from a needle stick, swab, or other 
procedure, and occasionally associated with bleeding, bruising, local or systemic infection. 

 Genetic testing may reveal sensitive information that subjects may not want disclosed, and may cause 
some emotional distress for the participant. 

Risks associated with privacy: 

 Despite meticulous precautions, breaches of confidential information (including genetic information) do 
occasionally occur, although the chances of such a breach are unlikely. 

Expected Adverse Events from Research Risks and Reporting 
 Rare (Event Rate < 1%)  

o Secondary infection and syncope from vasovagal reactions occur from blood collection in rare 
cases. Risks of nasopharyngeal swab, rectal swab, cheek swab could include bleeding or mucous 
membrane irritation. 

 Less Likely (1% ≤ Event Rate < 5%) 
o No known risks 

 Likely (5% ≤ Event Rate < 10%) 
o Bruising and bleeding may occur as a result of blood collection procedures. 

 More likely (Event Rate ≥10%) 
o No known risks 

Measures to Minimize Risks of Harm (Precautions, safeguards): 

Participation in this protocol will impose minimal risks to the participant. As feasible, the study team will 
coordinate the collection of research purpose blood draws during timing of blood collection for clinical care 
to minimize discomfort to the patient. Blood volume collection per visit will be approximately 25 mL total. 
Total blood volumes collected over the 6 month duration of study will not exceed limitations for adults and 
children outlined in the CFR §46.110: Expedited review procedures for certain kinds of research involving 
no more than minimal risk, and for minor changes in approved research. Blood draw volumes will be 
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reduced for pediatric subjects, small adults, and pregnant women in accordance with minimal risk and 
safety guidelines, and as needed per guidance from the primary care provider overseeing care of enrolled 
patients. 

Staff safety in sample collection and handling is a concern that will be closely monitored by the Infection 
Control staff at the facility. Risk to staff is mitigated by minimizing an additional phlebotomy beyond that 
being done for clinical care. Specimen collection should be harmonized with the clinician’s requirements, 
and missed samples will not be re-drawn. 

Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not related 
to a described harm (adverse event) to study subject, rather a potential harm (such as loss of accountability 
of PII/PHI) or risks to others including medical staff. Specifically in this study is a concern that collection of 
infection fluids may cause harm to study personnel. Collection of samples for this study must only be 
conducted by individuals trained and authorized to collect and handle serious biohazardous specimens 
wearing proper personal protective equipment (PPE). PPE training will be conducted and documented for 
all personnel who may interact directly with patients and/or samples in order to mitigate any UPIRTSO 
related to accidental exposure of study staff and other individuals in the facility. 

Confidentiality Protections (for research records, data and/or specimens): 

A certificate of confidentiality will not be used in this protocol. 

The only electronic links established between the participant name, SSN, and the Study ID number will be in 
the data management system managed by DCC and on a tracking spreadsheet used for scheduling purposes, 
which will both require a password to access and will only be accessed by authorized study personnel. During 
the study, source documents will be held in a secured cabinet with restricted access. Team members with 
access to the documents are counseled on the importance of confidentiality of participant medical records. All 
staff involved in this study have completed the required human subjects protection and ethics training. In all 
electronic records for data analysis, the participant is not referenced by name, but only Study ID number. 
This method is designed to protect the privacy of study participant medical information. All CRFs will be 
held at the individual study sites in the research spaces in secured cabinets with restricted access. 

The only hard copy link established between the participant’s name, SSN, and the study code number will 
be held in a secured cabinet with access restricted to research team members with a need to use the 
Registry Form or Contact Information Form. Team members with access to CRFs are counseled on the 

importance of confidentiality of participant medical records. In all electronic records for data analysis, the 
participant is not referenced by name, but only study code number. 

The only electronic link will be stored on a secure password protected server. The file is only accessible 
directly to the DCC data custodian. The designated CRC at each site and two backups at DCC will also 
have access via DCC’s data management system. 

The study team may share coded data with collaborators at non-DoD facilities, and may work with 
participating MTFs to assist with appropriate public health data reporting requirements. 

Potential Benefits: 

If the individuals in the research are considered experimental subjects (per 10 USC 980), and they cannot 
provide their own consent, the protocol must describe the intent to directly benefit all subjects 
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This is an observational study that does not test interventions that would offer direct benefit to study 
volunteers. 

Study volunteers may indirectly benefit from enhanced clinical testing, physical examination, radiographic 
studies, and longitudinal follow up, or improved access to related trials of therapeutics. 

Privacy for Subjects: 

When possible, all means necessary will be taken to ensure participant privacy. This may entail conducting 
study procedures in a private area and keeping study documents coded. Non-coded study documents will be 
kept in a locked drawer and/or locked file in a locked room. Subjects will disclose information at their consent, if 
subjects choose not to disclose information, the study team will respect subject privacy and not inquire further. 

Incidental or Unexpected Findings: 

The study team will share relevant findings from research labs/imaging with the patient’s healthcare 
provider(s). 

Aspects of this study may include epidemiologic reporting to AFHSB and public health authorities at the 
respective services, state and local health departments, and CDC. That data transfer is not subject to Data 
Use Agreement or HIPAA requirements. 

15.0 Study Monitoring 

Data Monitoring Plan: 

The supervising principal investigator, or designated associate investigator, will be responsible for regular 
maintenance and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care 
providers and research team members given specific tasks to perform. The files are kept in a secured 
location in each study site. Some participant-completed forms such as surveys may be completed through 
the web-based program. These will be transmitted directly into the study database. Research labs will 
transmit their testing data to the DCC using standard procedures for data handling and transmission. 

During the study, the investigator will review study data from their site, including medical records, records 
detailing the progress of the study for each volunteer, laboratory reports, CRFs, signed ICD and 
authorization forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports and 
information regarding volunteer discontinuation of the study. All required study data will be clearly and 
accurately recorded on source documents or CRFs by either the participant themselves (questionnaires) or 
authorized study personnel. Only designated study personnel shall record or change data on a CRF. The 
data system includes password protection and internal quality checks, such as automatic range checks, to 
identify data that appear inconsistent, incomplete, or inaccurate. During the study, the investigator will be 
responsible for the procurement of data and for quality of data recorded on the CRFs. Original observations 
entered directly onto the CRFs are defined as source data. A Quality Management Plan (QMP) will be used 
for this study. The QMP will include a QC subject data review checklist, a QC Subject data review checklist, 
as well as automatic queries from the electronic database based on expected parameters for data entry, 
noting possible inconsistencies or omissions. The QC subject data review checklist will be completed at 
each site on 100% of subject’s study files. This will be completed by another member of the study team 
who did not complete the original source document or CRF. A QA subject data review checklist will also be 
used on a small subset of study records at each site to ensure that quality management processes are 



IDCRP-085 EPICC Protocol 

v9, 01JUN2020   Page 24 of 29 

being conducted appropriately for the study. QA review will be conducted by an individual on the study who 
is not involved in the day-to-day activities of the study. 

Responsibilities of the Data Coordination Center (DCC) 

1. Provides review of protocol, CRFs, data security plan and data management SOPs 
2. Complies with protocol, SOPs, and all federal and local regulations and policies 
3. Develops clinical database 
4. Entry and quality control of CRF based study data 
5. Receipt and management of specimen tracking and laboratory data 
6. Provides study database to IDCRP Program Coordination Center (PCC) 
7. Locks final study database 

Safety Monitoring Plan: 

Participation in this protocol will impose minimal risks to the participant. Staff safety in sample collection 
and handling is a concern that will be closely monitored by the Infection Control staff at the facility. Risk to 
staff is mitigated by minimizing an additional phlebotomy beyond that being done for clinical care. 

Specimen collection must be harmonized with the clinician’s requirements, and missed samples will not be 
re-drawn. Proper safety training, following hospital Infection Control requirements, of study team members 
who come in contact with study participants will be implemented to mitigate disease transmission risk. 

Termination of study participation will take place through 1) an expressed desire by the volunteer to 
terminate participation, 2) a determination by the on-site physician that the volunteer risks his/her health by 
further participation in the study, or 3) in the interest of the military mission. 

16.0 Reportable Events 

Reportable Events: 

Reporting Protocol Deviations 

The PI or designee will be responsible for identifying and reporting all deviations, which are defined as isolated 
occurrences involving a procedure that did not follow the study protocol or study-specific procedure. 
Investigators will report protocol deviations to the USU IRB within 2 business days that: 

 relate to participant safety 
 relate to the informed consent process 
 are any other protocol deviations which, in the opinion of the PI, should be promptly reported to the 

IRB. 

A log of all deviations will be reported annually in the continuing review report to the IRB and in the Final Study 
Report. 

Reportable events will also be submitted to reporting site's regulatory authorities as required. 

Reporting Adverse Events and Serious Adverse Events 
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An adverse event is any untoward or unfavorable medical occurrence in a human subject, including any 
abnormal sign (e.g., abnormal physical exam or laboratory finding), symptom, or disease, temporally 
associated with the subject’s participation in the research, whether or not considered related to the 
research. For this minimal risk observational study, AEs that meet all of the following criteria will be recorded by 
the study team and reported to the IRB at the annual Continuing Review: 

 At least possibly related to study procedures 
 Unexpected (i.e. not included in the list of known risks in section 14) 
 Moderate or greater severity 

Additional AEs may be reported if determined by the study site investigator to be of sufficient significance to 
notify the IRB. 

Prompt reporting is required for any related serious adverse events, and any unanticipated problem 
involving risk to subject or others (UPIRTSO). 

AEs are recorded and inspected by the site PI or designee to determine severity and relatedness to study 
participation (definite, probable, possible, or unlikely). The physician investigator is responsible for directly 
managing or coordinating management of adverse events. 

Because this is proposed to be a minimal risk study, the reporting of adverse events is limited to an 
analysis at the time of annual reporting.  Prompt reporting is required for unless it is a related serious 
adverse event or unanticipated problem involving risk to subject or others (UPIRTSO). 

Reporting unanticipated problems involving risk to subjects or others 

Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not related 
to a described harm (adverse event) to study subject, rather a potential harm (such as loss of accountability 
of PII/PHI) or risks to others including medical staff. Specifically in this study is a concern that collection of 
infection fluids may cause harm to study personnel. Collection of samples for this study must only be 
conducted by individuals trained and authorized to collect and handle serious biohazardous specimens 
wearing proper personal protective equipment. Any sample collection for research purposes (as compared 
to clinical care) that results in an exposure to clinical staff is considered a UPIRTSO. 

All UPIRTSOs will be collected and reported to the IRB within 24 hours of the PI recognition of the problem. 
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IDCRP-085 Appendix A – MHS-Wide Online 
Recruitment  
Target population: COVID-19-tested individuals who have not had contact with IDCRP study staff including at 

non-EPICC sites or do not wish to participate in MTF-based enrollment 

Benefit: Increased enrollment and participation in limited survey; improved targeting of risk factors for infection 

Procedures: 

1) Consent completed electronically

a) Medical record access

b) DoD serum repository access, if active duty

c) Opt-in/out self-collected blood

d) Opt-in/out genetic testing

2) Day 0, Day 28, 6 months, 12 months – survey via REDCap

3) Day 28, 6 months, 12 months – self-collected blood

Figure 1, study schema: 

MHS-wide Online Recruitment: 

Study advertising via MHS CarePoint Information Portal messaging and MTF based flyers targeting individuals 

tested for either COVID19 PCR-based and/or serology tests 

Recruitment approaches: 

1. All adults within the MHS who have been tested for COVID-19 (irrespective of result) are identified within

the Defense Health Agency (DHA) CarePoint Information Portal. In accordance with an approved DHA

Day 0

•Informed Consent
and HIPAA
authorization

•Medical record
review

•DoD serum
repository access
(Active Duty only)

•Opt-in/out genetic
testing

•Opt-in/out self-
collected blood

•Questionnaire
online via RedCap

Day 28

•Questionnaire
completed online
via RedCap (email
sent to subject with
web link)

•Blood collection –
self-collection
device (mailed to lab
by subject)

6 Months 

•Questionnaire
completed online
via RedCap (email
sent to subject with
web link)

•Blood collection –
self-collection
device (mailed to lab
by subject)

12 Months

•Questionnaire
completed online
via RedCap (email
sent to subject with
web link)

•Blood collection –
self-collection
device (mailed to lab
by subject)
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DSA a weekly list of adult MHS beneficiaries who have been clinically tested for COVID-19 will be 

provided through secure file transfer to IDCRP Data Custodian. The list will contain the following 

information: patient name, DOB, DoD Number, COVID-19 test collection date, and email address.  

2. An IRB-approved email message will be sent to each eligible DoD beneficiary containing a web link to 

consent and questionnaire. If there is no response after 1 week a second email invitation will be sent. 

The message to all eligible participants would inform them of eligibility in the study and direct them to 

contact the study website for further information and enrollment. The website will offer a description of the 

study objectives and procedures, as well as a consent form.  

3. Upon local approval, IRB-approved recruitment flyers, with the link to the EPICC enrollment website, will 

also be handed out at MTFs COVID-19 evaluation/testing sites participating in the EPICC study. 

Informed Consent 

1. Patients will be given an opportunity to provide informed consent to enroll in the EPICC study. The 

prospective subject will be instructed through information on the website. There will be an opportunity to 

request a call from study personnel to answer questions; however, this is not required for enrollment.  

2. The subject will be asked to provide their name, date of birth, last 4 of SSN, and contact information (email 

and phone number) in order to permit future contact as well as review and abstraction from the MHS 

electronic medical records related to management and outcomes of COVID-19 illness. 

3. For active duty servicemembers, consent will be requested to obtain a pre-illness (up to 2 years prior)  

serum sample from the DoD Serum Repository (DoDSR) as well as a post-illness sample (2 months out to 

1 year) in order to assess seroconversion  

4. Subjects will be asked to provide an opt in to evaluate genetic susceptibility to COVID-19 (similar to current 

approved EPICC consent). 

Study Procedures 

1. Subjects will be directed on the website to completion of a questionnaire which will collect information on 

demographics, the illness or exposure that prompted COVID-19 testing, comorbidities, medications, and 

other risk factors. The subject will be contacted via email at 1, 6, and 12 months from enrollment with a link 

to questionnaires regarding resolution and outcomes related to the COVID-19 illness. Questionnaires will 

be administered at enrollment, Day 28 (± 1 week), 6 Months (± 2 weeks), and 12 Months (± 4 weeks) 

2. Self-collected blood collection at home will be done using the Neoteryx Mitra® Collection Kits or similar. A 

subject who opts into this procedure will be mailed the collection kit closer to time of collection. The subject 

will collect 40 μL via finger prick using the all-in-one provided device (or a comparable microsampling kit). 

The Neoteryx sample dries on the collection tip. The subject will be asked to send their sample in a pre-

paid mailer to the study laboratory. Information regarding the Neoteryx collection kits is available at URL: 

https://www.neoteryx.com/home-blood-blood-collection-kits-dried-capillary-blood (last accessed: 20 April 

2020). Subjects will be provided the blood collection kits along with pre-addressed mailers for follow-up 

timepoints.  

Sample Size Considerations and Analytic Strategy 

Part I: Source Study Population 

The study population will consist of MHS beneficiaries who have received SARS-CoV-2 testing. The following 

figures on TRICARE beneficiaries indicate the potential distribution of this population 

Figure 2: 
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Uncertainties: Are all beneficiaries identifiable via DHA search or are some (e.g. retirees, dependents) who go 

outside of MHS for testing be captured? Uncertainty about how many minors are included in above. Source: 
https://www.health.mil/I-Am-A/Media/Media-Center/Patient-Population-Statistics/Patients-by-Beneficiary-Category 

Part II: Approximate Demographics (Age and Sex) of Source Study Population 

Tables 2a, 2b provide further details about the demographics of the TRICARE beneficiary population (active 

duty and other beneficiaries). Table 2a is the entire beneficiary population and Table 2b is the Active 

Component Population. Note from Table 2b that only about 6% of the AD population is older than 45 while 50-

55% of the total TRICARE population is older than 45 (Table 2a). 

Table 2a: Demographics of TRICARE Beneficiary / Adult Beneficiary Population 

Age Male Female Male* Female* 

<=4 6% 6%   

5-14 11% 12%   

15-17 4% 4%   

18-24 16% 11% 19% 13% 

25-34 12% 11% 15% 13% 

35-44 9% 10% 11% 12% 

45-64 23% 24% 28% 29% 

65+ 19% 22% 23% 27% 

*percentage of adults >= 18; Source: https://www.ncbi.nlm.nih.gov/books/NBK259169/; Estimated from Figure 2 

Table 2b: Demographics of Active Component Population 

Age Male Female Total 

15-19 5% 6% 5% 

20-24 32% 34% 32% 

25-29 26% 25% 26% 

30-34 12% 13% 12% 

35-39 11% 10% 11% 

40-44 8% 8% 8% 

45-49 3% 2% 3% 

50-54 2% 1% 2% 

55-59 1% 1% 1% 

Note: 84% male; Source: Estimated from MSMR Figure 1; November 2013 Vol 20 Number 11 

Table 2c: Age Distribution of Active Duty and Dependent / Retiree Population 

Age Active Duty 

<=25 45% 

26-30 21% 

Population Count % 

Active Duty Service Members 1.38 Million 15% 

Active Duty Family Members 1.68 Million 18% 

National Guard and Reserve 190,000 2% 

Family Members National Guard and Reserve 780,000 8% 

Retirees and Family Members < 65 3.2 Million 34% 

Retirees and Family Members >= 65 2.29 Million 24% 

   

Total 9.5 Million 100% 
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31-35 15% 

36-40 10% 

41+ 8% 

Source: file:///C:/Users/Admin/Desktop/EPICC/Stats/2017-demographics-report.pdf 

Part III: Count of SARS-CoV-2 Test Positives on April 3 and April 8 2020 

Limited surveillance data have been provided thus far about test results. The two tables below indicate an 

approximate doubling between April 3 and April 8 for military screen-positive patients. For the purpose of the 

sample size calculations, assume that approximately 2500 individuals (2000 active component) have been 

tested as of April 8 with hospitalization reported in approximately 5% thus far. 

DoD COVID-19 Update April 3 2020 

 Current 
Cases 

Hospitalized Recovered Deaths 

Military 978 34 (3.5%) 73 1 

Dependent* 256 16 (6.3%) 12 1 

 

DoD COVID-19 Update April 8 2020 

 Current 
Cases 

Hospitalized Recovered Deaths 

Military 1975 61 (3.1%) 144 1 

Dependent* 347 15 (4.3%) 35 1? 

*does not include retirees as per Dr. Shauna Stahlman. Approximately the same number of retirees as 

dependents have been tested thus far. 

To get updates: osd.pa.dutyofficer@mail.mil 

https://www.militarytimes.com/news/your-military/2020/04/08/pentagon-reports-nearly-1000-new-troops-with-coronavirus-in-last-five-days/ 

Part IV: Estimated Prevalence of Selected Comorbid Conditions in the Active Duty and Beneficiary 

Population 

Table 1 shows the prevalence of common comorbidities based on reported prevalence in the general 

population and in the active duty population. 

Table 1: Estimated Prevalence of Selected Comorbid Conditions in the Active Duty (AD) and Beneficiary 

Population 

Condition AD AD Incidence* Dependent (<65) Dependent (>=65) 

Hypertension 4% 15.3 20% 60% 

Diabetes 1.2% 0.8 10% 27% 

Asthma 2.5% 5.3 8% 8% 

BMI>=30 17% 19.1 35% 35% 

*per 1000 person-years; Sources: Obesity, OSA from 2018 HEALTH OF THE DOD FORCE 

Asthma, diabetes, hypertension DMED Population-level prevalence estimates listed below 

Additional background information on comorbidities  
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Prevalence of Diabetes [CDC National Diabetes Statistics Report, 2020] 

 

 

Prevalence of Selected Respiratory Diseases, National Health Interview Survey, 

2018 

https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/2018_SHS_Table_A-2.pdf 

https://www.cdc.gov/nchs/fastats/asthma.htm 

Percent of adults aged 18 and over who currently have asthma: 7.7% 

 

 

 

Hypertension Prevalence, 

NCHS Data Brief No 289 October 2017 

https://www.cdc.gov/nchs/data/databriefs/db289.pdf 

 

 

 

Among those with hypertension, percentage controlled 

 

 

Prevalence of obesity 

https://www.cdc.gov/nchs/products/databriefs/db131.htm 

 

 

 

Part V: Sample Size Calculation 

The primary outcome of interest is hospitalization. We will explore whether hospitalization is associated with 

demographic factors (age, sex, race). We will determine whether risk is related to the presence and severity of 

underlying comorbidities and whether this risk is modified by the degree of controls, and medications taken, for 

comorbidities. 

Age Prevalence 
(%) 

18-44 4% 

45-64 18% 

65+ 27% 

Age Emphysema Hx of 
Asthma 

Current 
Asthma 

Hay 
Fever 

Sinusitis Chronic 
Bronchitis 

18-44 0.2% 14.7% 7.2% 5% 8.5% 2.2% 

45-64 1.6% 12.6% 8.3% 10.8% 14.5% 4.5% 

65-74 4.1% 12.5% 8.6% 9.8% 14.8% 5.1% 

75+ 4.5% 10.6% 6.7% 6.8% 12.5% 5.6% 

Age Men Women Total 

18-39 9.2% 5.6% 7.5% 

40-59 37.2% 29.4% 33.2% 

60+ 58.5% 66.8% 63.1% 

Total 30.2% 27.7% 29.0% 

Age Men Women Total 

18-39 15.5% 62.6% 32.5% 

40-59 48.1% 54.2% 50.8% 

60+ 49.7% 49.2% 49.4% 

Total 45.7% 52.5% 48.3% 

Age Men Women Total 

30-39 29% 32% 30% 

40-59 39% 40% 39% 

60+ 32% 38% 35% 

Total 34% 36% 35% 
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Assumptions:  

• Approximately equal numbers of retirees as family member beneficiaries will access testing 

• Prevalence of comorbidities in non-active duty beneficiaries will be approximately equal to the general 

population 

• Likelihood of hospitalization is approximately 5% (although note that there are no data yet about the 

likelihood of hospitalization in the retiree population) 

• Sample size calculations assume a study population of 5,000 

• Sample size calculations based on 80% power with given study population to detect a change in 

prevalence of hospitalization from assumed prevalence of 5% 

Prevalence of Risk 
Factor* 

Examples Hospitalization in 
Non-Exposed 

Hospitalization in 
Exposed 

20% Hypertension, Obesity 5% 7.5% 

15% African American / All 
Others 

5% 9% 

5% Asthma 5% 10% 

2% Diabetes 5% 15% 

*Estimated weighted prevalence for tested population, assuming over-representation of AD vs beneficiaries / 

retirees 

Interpretation:  

Common risk factor (prevalence 20%): With a study population of 5000, there is 80% power to detect an 

approximate 1.5X risk of hospitalization vs baseline risk (e.g. 7.5% risk in those with hypertension vs 5% risk in 

others).  

Rare risk factor (prevalence 2%): With a study population of 5000, there is 80% power to detect an 

approximate 3X risk of hospitalization vs baseline risk (e.g. 15% risk in those with diabetes vs 5% risk in 

others). 



From: Simon Pollett on behalf of Simon Pollett <spollett@idcrp.org>
To: Munster, Vincent (NIH/NIAID) [E]; Eric Laing; Brian Agan; Caroline English
Cc: Broder, Chris (USU-DoD); De wit, Emmie (NIH/NIAID) [E]; Cammarata, Stephanie M CTR USN NAVMEDCEN SAN

CA (USA)
Subject: RE: nhps and CoV-2 question
Date: Wednesday, October 21, 2020 11:53:54 AM
Attachments: IDCRP-085_CORE_AM14_Approval_20201016.pdf

IDCRP-085_CORE_Protocol_v11_EIRB v1.15_20200914.pdf

Hi all
 
Following up on the below:
 
1/ See current protocol and IRB approval to inform NIAID NHSR determination
 
2/ CCing in Stephanie Cammarata for agreements
 
3/ Eric and Chris: to confirm,  is the proposed project synopsis  essentially wt VNT of n = ?25 SARS-
CoV-2 positive sera with and without cross binding to MERS and SARS-1 with an aim to examine how
cross-binding correlates with wildtype cross-neutralization?
 
Thanks
 
Simon

From: Simon Pollett 
Sent: Monday, October 5, 2020 7:59 AM
To: 'Munster, Vincent (NIH/NIAID) [E]' <vincent.munster@nih.gov>; Eric Laing
<eric.laing@usuhs.edu>; Brian Agan <BAgan@idcrp.org>; Caroline English <CEnglish@idcrp.org>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; De wit, Emmie (NIH/NIAID) [E]
<emmie.dewit@nih.gov>
Subject: RE: nhps and CoV-2 question
 
Dr Munster,
 
I am one of the AIs on the EPICC study and the director of the COVID19 research area at IDCRP. 
Pleased to meet you and looking forward to this EPICC subproject. Dr Brian Again is the EPICC PI and
deputy science director of IDCRP and Caroline English the CRM of EPICC. Stephanie Cammarata is
our IDCRP Agreements Officer (among other roles).  Below are the  relatively simple next logistic
steps required to execute this really interesting serology subproject.
 

1. Ethics review (NIAID NHSR determination) - Attached is the EPICC protocol v 9 for your
preliminary review. I will send ICF and protocol for version 10. Caroline are you able to send
the relevant DoD determination?

 
2. I discussed with Stephanie Cammarata and this should just require a SLA between USU and

NIAID. We can initiate this on our side.
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4301 JONES BRIDGE ROAD 
BETHESDA, MARYLAND 


20814-4799
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October 16, 2020


MEMORANDUM FOR BRIAN K AGAN, MD , P and R - Uniformed Services University of the Health 


Sciences (USUHS) SUBJECT: USUHS IRB (FWA 00001628; DoD Assurance P60001) Approval 


Modification of Protocol 409136 (IDCRP-
085) for Human Subjects Participation


The modification to your Minimal Risk 32 CFR 219 / 21 CFR 56 human subjects research protocol 409136 
(IDCRP-
085) (ref # 931762) titled “Epidemiology, Immunology and Clinical Characteristics of Emerging 
Infectious Diseases with Pandemic Potential (EPICC)” was reviewed and approved for execution on 
October 15, 2020 by Dr. Edmund G. Howe, M.D., J.D., chair USUHS IRB under the provision of 32 CFR 
219.110(b)(2). This approval will be reported to the USUHS IRB scheduled to meet on October 22, 
2020.


The protocol outlines a systematic approach to collection of clinical specimens and data by adapting 
standard procedures for conducting clinical characterizations of severe emerging infections as 
published by the International Severe Acute Respiratory and Emerging Infection Consortium 
(ISARIC) network (ISARIC/WHO Clinical Characterization Protocol for Severe Emerging Infections, 
version 3.1). .


This action approves the modification to update Appendix A of the protocol. This will reflect recent 
changes approved in the ICD/HIPAA document and set forth in the recent partial HIPAA waiver 
authorization indicating what information may be obtained from MDR or J6.


Authorization to conduct protocol 409136 (IDCRP-085) will automatically expire on July 25, 2021. If 
you plan to continue data collection or analysis beyond this date, IRB approval for continuation is 
required. Please submit a Continuing Review Form via EIRB to the IRB Office 60 days prior to your 
expiration date.


You are required to submit amendments to this protocol, changes to the informed consent document 
(if applicable), adverse event reports, and other information pertinent to human research for this 
project. No changes to this protocol may be implemented prior to IRB approval. If you have questions 
regarding this IRB action or questions of a more general nature concerning human participation in 
research, please contact Chris Murphy at christopher.murphy.ctr@usuhs.edu or (301) 319-0444.


MURPHY.C Digitally signed by
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PH 
ER.J.138
33 78407
Chris Murphy, 
CIP Sr. IRB 
Analyst


MURPHY.CHRI
STO 
PHER.J.138337
840 7
Date: 2020.10.16
15:44:04 -04'00'
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EIRB Protocol Template (Version 1.15)


1.0 General Information


*Please enter the full title of your study:


Epidemiology, Immunology and Clinical Characteristics of Emerging Infectious Diseases with 
Pandemic Potential (EPICC)


  


*Please enter the Protocol Number you would like to use to reference the protocol:


IDCRP-085 Version 11.0, 14-SEP-2020, eIRB v1.15
* This field allows you to enter an abbreviated version of the Protocol Title to quickly identify 
this protocol.


  


Is this a multi-site study (i.e. Each site has their own Principal Investigator)?


Yes   


Does this protocol involve the use of animals?


Yes No   


2.0 Add Site(s)


2.1 List sites associated with this study:


Primary 
Dept?


Department Name


P and R - Uniformed Services University of the Health Sciences (USUHS)


 


3.0 Assign project personnel access to the project


3.1 *Please add a Principal Investigator for the study:  


AGAN, BRIAN K, MD


Select if applicable


Student Site Chair


Resident Fellow


 


3.2 If applicable, please select the Research Staff personnel:  


A) Additional Investigators


AGAN, BRIAN K, MD 


 Associate Investigator


BRODY, DAVID L, MD PhD 







 Associate Investigator


BURGESS, TIMOTHY H, MD, MPH CAPT 


 Associate Investigator


BYRNE, Celia, PhD 


 Associate Investigator


Broder, Christopher C 


 Associate Investigator


Chung, Kevin Kee, MD COL 


 Associate Investigator


Coles, Christian Logan, PhD 


 Associate Investigator


DUMLER, JOHN S, MD 


 Associate Investigator


Dalgard, Clifton Lee 


 Associate Investigator


HAIGNEY, MARK C, MD 


 Associate Investigator


Hickey, Patrick Wilson, MD COL 


 Associate Investigator


Laing, Eric Daniel 


 Associate Investigator


Lanteri, Charlotte Anne, PhD LTC 


 Associate Investigator


Livezey, Jeffrey Robert, LTC 


 Associate Investigator


MALLOY, Allison M, MD 


 Associate Investigator


Mcleroy, Robert Dustin 


 Associate Investigator


Oliver, Thomas George, MD COL 


 Associate Investigator


Rajnik, Michael, MD Col 


 Associate Investigator


Rusiecki, Jennifer A. 


 Associate Investigator


SCHER, ANN 


 Associate Investigator


Simons, Mark Paul, PhD, D(ABMM), MScPH CDR 


 Associate Investigator


TRIBBLE, DAVID R, MD DrPH 


 Associate Investigator


B) Research Support Staff


Austin, Anissa Dawn 


 Research Coordinator


Chapo, Elisa Wago 


 Research Coordinator


English, Caroline E 


 Research Coordinator


Fox, Christina joy 


 Research Coordinator


Fraser, Jamie Alexandra 


 Research Coordinator







Hadley, Arile 


 Research Coordinator


Illinik, Luca, MPH 


 Research Coordinator


Law, Natasha N 


 Research Coordinator


Morales, Carlos Enrique 


 Research Coordinator


Moreno, Nicole C 


 Research Coordinator


Nevo, Lev N/A, M.D. 


 Research Coordinator


Rozman, Julia Sofia 


 Research Coordinator


Sanchez Edwards, Margaret Anne, MS 


 Research Coordinator


Spevak, Marianne V, BSHS 


 Research Coordinator


3.3 *Please add a Protocol Contact:  


AGAN, BRIAN K, MD 


BURGESS, TIMOTHY H, MD, MPH CAPT 


Chapo, Elisa Wago 


English, Caroline E 


Fox, Christina joy 


Illinik, Luca, MPH 


Morales, Carlos Enrique 


Moreno, Nicole C 


Nevo, Lev N/A, M.D. 


Rozman, Julia Sofia 


Sanchez Edwards, Margaret Anne, MS 


The Protocol Contact(s) will receive all important system notifications along with the Principal 
Investigator. (i.e. The protocol contact(s) are typically either the Protocol Coordinator or the 
Principal Investigator themselves).


3.4 If applicable, please select the Designated Site Approval(s):  


Add the name of the individual authorized to approve and sign off on this protocol from your Site 
(e.g. the Site Chair).


4.0  


Project Information


4.1  Is this a research study?


 Yes    No


4.2  What type of research is this?


Biomedical Research







Clinical trial (FDA regulated)


Behavioral Research


Educational Research


Psychosocial Research


Oral History


Other


4.4  Is this human subjects research (Activities that include both a systematic investigation designed to 
develop or contribute to generalizable knowledge AND involve a living individual about whom an 
investigator conducting research obtains data through intervention or interaction with the individual 
or identifiable private information.  Activities covered by 32 CFR 219.101(a) (including exempt 
research involving human subjects) and DoDI 3216.02)?


 Yes    No


4.5  Do you believe this human subjects research is exempt from IRB review?


  Yes     No


5.0  


Personnel Details


5.1  
Will you have a Research Monitor for this study?


Yes 


No 


N/A 


Research Monitor Role:


If applicable, you may nominate an individual to serve as the Research Monitor:


No Users have been selected.


6.0  


Data/Specimens


6.1  Does the study involve the use of existing data or specimens only (no interaction with human 
subjects)?


  Yes     No


7.0  


Funding and Disclosures


7.1  Source of Funding:


Funding Source Funding Type Amount







NIAID IAA
: Other 56632


Total amount of funding:


56632


7.2  Do you or any other Investigator(s) have a disclosure of a personal interest or financial nature 
significant with sponsor(s), product(s), instrument(s) and/or company(ies) involved in this study?


  Yes     No


8.0  


Study Locations


8.1  List any Research Team members without EIRB access that are not previously entered in the 
protocol:
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8.2  Has another IRB reviewed this study?


  Yes     No


IRB Name Review Date Determination


No records have been added


8.3  Is this a collaborative or multi-site study? (e.g., are there any other institutions involved?)


 Yes    No


8.4  Study Facilities and Locations:


Institution Site Name Site Role
FWA or DoD 
Assurance 
Number


Assurance 
Expiration 
Date


Is there an 
agreement?


IRB 
Reviewing 
for Site


Navy Naval 
Health 
Research 
Center


Laboratory 
analyses


FWA00013516 03/02
/2021


: IAIR
:


USUHS 
IRB #1


Army US Army 
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analyses
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/2024


: MOU
:


USUHS 
IRB #1


Air Force US AF Sch 
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/2023
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IRB #1
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/2023
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:
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IRB #1


Navy Naval 
Medical 
Research 
Center
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analyses


FWA00000152 06/05
/2024


: IAIR
:


USUHS 
IRB #1


Other:


Other 
Institution 
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Site Role
FWA or DoD 
Assurance 
Number


FWA or DoD 
Expiration 
Date


Is there an 
agreement?


IRB 
Reviewing 
for Site


No records have been added


8.5  Are there international sites?


Attach international approval documents, if applicable, when prompted. Note: Ensure local research 
context has been considered


  Yes     No







8.6  Is this an OCONUS (Outside Continental United States) study?


  Yes     No


Select  the area of responsibility:


Have you obtained permission from that area of responsibility? (This is a requirement prior to study 
approval)


  Yes     No


9.0  


Study Details


9.1  Abstract/ Summary:


Summarize the proposed study in 500 words or less, to include the purpose, the subject population, the 
study’s design type, and procedures


The overarching objective of the Epidemiology, Immunology and Clinical Characteristics of Emerging 


Infectious Diseases with Pandemic Potential (EPICC) protocol is to provide the Military Health System (MHS) 


with a contingency protocol intended for activation at Military Treatment Facilities (MTFs) during outbreaks to 


allow clinical investigation of severe or potentially severe acute infections with pathogens of concern to public 


health and U.S. military medical readiness. The protocol outlines a systematic approach to collection of clinical  


specimens and data by adapting standard procedures for conducting clinical characterizations of severe 


emerging infections as published by the International Severe Acute Respiratory and Emerging Infection 


Consortium (ISARIC) network (ISARIC/WHO Clinical Characterisation Protocol for Severe Emerging 


Infections, version 3.1).


The EPICC protocol can be conducted as a multi-site study at participating MTFs, and overall protocol 


oversight will be coordinated centrally by the Uniformed Services University’s Infectious Disease Clinical 


Research Program (IDCRP). MHS-wide enrollment for online participation will be coordinated by the IDCRP 


Program Coordinating Center (PCC).


EPICC activities will be executed by clinical study teams comprising existing IDCRP clinical research 


investigators and staff located at each MTF and protocol investigators from relevant hospital departments. The 


protocol is designed to be modified to accommodate longitudinal observational study of specific emerging or re-


emerging pathogens. Protocol modifications will describe methods for serial collection and clinical 


characterization of specimens and associated demographic, laboratory, clinical, and other data specific for the 


pathogen of interest and associated study population(s).


9.2  Key Words:


Provide up to 5 key words that identify the broad topic(s) of your study


Epidemiology, Immunology, Emerging Infectious Diseases


9.3  Background and Significance:


Include a literature review that describes in detail the rationale for conducting the study. Include 
descriptions of any preliminary studies and findings that led to the development of the protocol.  The 
background section should clearly support the choice of study variables and explain the basis for the 
research questions and/or study hypotheses.  This section establishes the relevance of the study and 
explains the applicability of its findings


The EPICC protocol is intended to serve as a foundation for modification to allow the observational, 


longitudinal study of specific emerging or re-emerging pathogens causing disease with pandemic potential 


within the MHS. Modifications responsive to specific diseases will be described to include  a schedule for serial 


collection of clinical specimens and data and methods for recruiting, enrolling, and observational study within 
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the desired MHS study population(s). In general, enrolled participants (eligible adults or children) who are 


known or suspected cases at MTFs as inpatients or in isolation settings will undergo serial collections of 


biological specimens and clinical and laboratory data at day of enrollment and during the duration of 


hospitalization or isolation, with follow-up specimen and data collection convalescent and long-term follow-up 


timepoints. The study design can also include clinical observational investigation in outpatients. The major 


focus of this protocol is to conduct clinical observational study in symptomatic individuals; however, there is 


also the opportunity to enroll and follow (potentially at a reduced specimen and data collection frequency 


relative to symptomatic participants) individuals who are asymptomatic but who are at high/some risk for 


exposure. Inclusion of an asymptomatic comparator cohort could provide insight on risk factors or biomarkers 


associated with symptomatic versus asymptomatic presentations. The protocol supports observational, 


longitudinal collection of clinical specimens and data with a goal of identifying host biomarkers that predict 


severity of illness, resistance to infection, treatment failure, etc. If volunteers receive an experimental treatment 


product under eIND, the data collected through the EPICC protocol may help inform about the safety and 


efficacy of that product.
 


In subsequent sections, relevant background information on acute respiratory infections (ARI) of pandemic 


potential is provided, followed by specific schedule of events and other details to allow observational study of 


an ongoing outbreak of the 2019 novel coronavirus (COVID-19).


Acute Respiratory Infections of Pandemic Potential: Epidemiology, Immunology and Clinical 


Characteristics


ARI Case Definitions


To characterize the epidemiology, immunology and clinical features of novel pathogens associated with severe 


ARI, case definitions appropriate to emerging infection scenarios will be utilized.  These definitions will vary by 


the availability and result of laboratory-based diagnostic tests.
 


, the case definition includes the presence of laboratory-confirmed I. For laboratory-confirmed cases


infection with an agent of severe ARI (e.g., SARS-CoV-2, influenza A/H7N9, MERS-CoV, SARS, etc.).
 


OR
 


  the case definition includes:II. For persons under investigation (PUI),


The current CDC case definition for a PUI for a respiratory pathogen under study.


An unknown or pending laboratory confirmation of an agent of severe ARI.


III. For individuals who are asymptomatic and have had recent high-risk exposure to the pathogen 


such that they have increased their risk for infection, 1 or more of the following criteria must be of interest 


met:


Unprotected exposure (for e.g., < 14 days of illness onset, modified commensurate with evolving 


epidemiologic information) with confirmed or suspected cases of human infection with a novel 


respiratory pathogen. Close contact is typically defined as coming within about 6 feet (2 meters) of a 


confirmed or suspected case while the case was ill (beginning 1 day prior to illness onset and 


continuing until resolution of illness).


Unprotected exposure to infectious pathogens in a laboratory setting.


If exigencies warrant, then asymptomatic/high exposure risk individuals in isolation may be considered 


for enrollment.


Acute respiratory infections (ARI) are among the most common infectious diseases. Due to conditions and 


circumstances of military training and deployment (e.g., crowding, inadequate hygiene practices, physical 


stress, etc.), military personnel in congregate settings are at increased risk for outbreaks due to ARI. There are 


a number of emerging viral respiratory pathogens to which military forces may be exposed, that carry 


substantial importation risk, and that also have significant pandemic potential. Recent and current examples 


are described below.


Influenza A/H5N1 was first identified in the human population in Hong Kong in 1997. Since 2003, 16 


countries have reported 668 confirmed cases and 393 deaths due to influenza A/H5N1 (as of 1 Nov 


2014). The global case fatality rate for influenza A/H5N1 infection is 60%, and the estimates range 


widely (0% to 100%) by country. While the significant morbidity and mortality of influenza A/H5N1 


infection is readily apparent, its occurrence among humans has been relatively infrequent to date. 


Circulation of H5N1 predominates in poultry, currently the main reservoir, in Asia and northeast Africa. 


Host-to-human (i.e., zoonotic transmission of A/H5N1) infections are unpredictable and “remain rare 
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despite frequent and widespread contact with infected poultry and contaminated environments” (1). 


The majority (71%) of cases of influenza A/H5N1 have had recent exposure to live birds or 


contaminated areas. Cases of influenza A/H5N1 to date have been relatively young (median age: 19 


years) (2). Exposure to other cases of influenza A/H5N1 has not been a major risk factor to date, 


suggesting that the likelihood of human-to-human transmission of this particular strain remains low 


(R0< 1) (3). The severity of influenza A/H5N1 is dependent upon the strain associated with infection


/disease. Among strains with low pathogenicity, generally mild, non-fatal illnesses have been observed, 


ranging from conjunctivitis to influenza-like illness (e.g., fever, cough, sore throat, muscle aches) to 


lower respiratory disease (pneumonia). Among strains with high pathogenicity, the disease spectrum 


has ranged from a milder febrile respiratory illness to severe disease (e.g., dyspnea, hypoxemia, 


pneumonia, acute respiratory failure) with multi-organ disease, sometimes accompanied by nausea, 


abdominal pain, diarrhea, vomiting and delirium. The high mortality rate (~60%) associated with 


pathogenic strains of influenza A/H5N1 has been reported from multiple studies (2).


Influenza A/H7N9 infection of humans was first identified in China in March 2013. Since then China 


has reported 453 confirmed cases and 175 deaths due to influenza A/H7N9 (WHO 2014). As with 


influenza A/H5N1, most of the cases had recent exposures to live poultry or had visited areas where 


live poultry was sold (75%) (3). By contrast to influenza A/H5N1, the host reservoir, main exposures, 


routes of transmission, and distribution and prevalence of influenza A/H7N9 among humans and 


animals are unknown. Influenza A/H7N9 does not appear to transmit easily from birds or the 


environment to humans. In addition, reported cases of Influenza A/H7N9 have not demonstrated high 


transmissibility between humans to date, suggesting that the risk of pandemic potential currently 


remains low (4). Though limited in its reach, influenza A/H7N9 infection has been associated with 


significant mortality: approximately 39% of cases resulted in a fatal outcome (4).


The coronavirus associated with the Middle Eastern Respiratory Syndrome (MERS-CoV) was first 


identified in Saudi Arabia in 2012 (5). Several outbreaks have since occurred, originating in Middle 


Eastern countries and spreading globally, albeit to a limited extent, by international travelers. 


Symptoms including fever, rigors, malaise, cough, myalgia, headache, shortness of breath, anorexia, 


diarrhea and abdominal pain were observed in MERS-CoV cases (6,7). As of October 2014, a total of 


897 confirmed cases and 325 deaths (case fatality rate [CFR]: 36%) have been reported worldwide 


(WHO 2014). In 2013, two studies concluded that MERS-CoV did not yet exhibit pandemic potential, 


with an estimated basic reproduction number less than 1.0 (8, 9). Some research indicates that camels 


may act as the host reservoir for MERS-CoV, although evidence is inconclusive (10). Human-to-human 


transmission of MERS-CoV has been observed in healthcare settings, possibly due to greater 


infectiousness in the later stages of illness; however, evidence that may further elucidate risk factors 


for transmission is limited (6, 7).


The 2002-3 pandemic of Severe Acute Respiratory Syndrome (SARS), also due to a novel 


Coronavirus, originated in China’s Guangdong Province and resulted in 8,422 probable cases and 916 


deaths reported from 29 countries (mostly in mainland China, where 63% of cases and 38% of deaths 


occurred) (11). The global case fatality rate due to SARS was estimated to be 11% (11). Although the 


host reservoir remains unknown, some studies have found coronaviruses similar to the SARS 


coronavirus circulating in bat populations (12). Transmission in human populations occurs by direct 


contact with the infectious respiratory droplets and/or fomites via the eyes, nose, and mouth (13). The 


incubation period ranges from 1-14 days (mean 4-6 days) and transmissibility appears to increase with 


severity of illness (greatest at day 10) (14). Attack rates ranged widely by geographic region from 2.2 


per 100,000 in Guangdong Province to 25.6 per 100,000 in Hong Kong (14). Risk factors for infection 


include occupation as a healthcare worker (21% of all probable cases), household contact with a 


probable case, older age, male sex and existing illnesses (14). Symptoms include fever, dry cough, 


dyspnea, headache and hypoxemia (14).


Since December 2019 through March 2020, the 2019 novel coronavirus (SARS-CoV-2) causing 


 has spread from Wuhan, China to 64 countries and has led “coronavirus disease 2019” (COVID-19)


to more than 88,948 confirmed cases globally, including 80,174 confirmed cases in China and 8,774 


confirmed cases outside of China (15). To date, there have been 2,915 deaths in China and 128 


deaths outside of China. As of 03 March 2020, in the United States there are 60 confirmed cases (22 


travel-related, 11 person-to-person spread, 27 under investigation) and a total of 6 deaths (16). 


Individuals with COVID-19 can present with fever, and cough, ground-glass opacity on chest computed 


tomography (CT), and lymphocytopenia (17). The case-fatality rate (CFR) appears to be highly variable 


with early reports of 8-15% in older adults infected in Hubei Province (CFR is increased in adults with 


comorbid conditions who develop respiratory symptoms) but likely no higher than 1-2% outside of 


Hubei (though data is limited and this will depend on accurate detection of those with mild disease) 


(18). Several risk factors, including age, history of smoking, maximum body temperature on hospital 


admission, respiratory failure, albumin, and C-reactive protein, appear associated with increased risk 


for progression to pneumonia among COVID-19 hospitalized patients (19). Risk factors of disease 


progression and magnitude of clinical severity are incompletely understood and require further study. 


SARS-CoV-2 is believed to be transmitted primarily via person-to-person, such as through close 
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contact (within about 6 feet) and exposure to respiratory droplets from an infected individual who 


coughs or sneezes (20). Evidence exists for transmission of SARS-CoV-2 via the oral-fecal route, as 


viral nucleotide was detected in rectal swabs and blood later in the course of infection when virus was 


not detected in oral swabs (21). On the population level, there is a poorly-defined risk of transmission 


via asymptomatic infection (22). The occurrence of asymptomatic infections has raised concerns about 


the rapid spread of transmission to vulnerable populations (21).


 


9.4  
Objectives/Specific Aims/Research Questions:


Describe the purpose and objective(s) of the study, specific aims, and/or research questions/hypotheses


General Goals and Objectives:


To describe the natural history of clinical disease
To identify risk factors for infection and severe clinical course
To characterize the host immune response to infection
To evaluate the correlation between symptom severity, virologic/microbiologic characteristics, the 
host immune response and clinical course and outcome
To develop and/or operationally assess diagnostic and prognostic tools for the study of novel 
pathogens / emerging infectious diseases
To establish a clinical and laboratory database, and related specimen repository, for future studies 
of novel pathogens / emerging infectious diseases
To investigate efficacy of emergency Investigational New Drug (eIND) therapies that may be 
administered to enrolled study participants during the course of clinical care


For COVID-19 / SARS-CoV-2 infection, clinical and demographic data will be evaluated, along with 
laboratory findings as appropriate, to assess key endpoints of interest to include, but not limited to, the 
following:


Incubation period
Duration of illness / symptoms
Duration of functional disability
Duration of shedding from respiratory and gastrointestinal tract
Incidence and duration of viremia
Predictors of severe disease: clinical signs, symptoms, laboratory features; host factors, eg 
smoking, vaping, alcohol consumption, comorbid illness/conditions, occupational health factors 
influencing lung disease; host biomarkers; virologic (strain/virulence) attributes
Supportive management required: O , HFNC, NIPPV, ventilation; hemodynamics2


Complications: e.g., bacterial pneumonia; bacteremia; AKI; liver injury; CNS involvement, etc.
Outcomes: resolution of symptoms; return to pre-illness functional status; requirement for O ; 2


development / exacerbation of reactive airway disease; pulmonary function; resolution of medical 
complications; new Rx requirements, eg bronchodilators; other sequelae
Development of immunity (i.e., correlates), kinetics, duration of antibody detection
Relationship between acute illness (or pre-illness) HCoV titer and infection, outcome, virologic 
parameters
Costs of care, costs of duty days lost


9.5  Study Design:


Describe study design in one to two sentences (e.g., prospective, use of existing records/data
/specimens, observational, cross-sectional, interventional, randomized, placebo-controlled, cohort, etc.). 
Specify the phase – Phase I, II, III, or IV – for FDA-regulated investigational drug research


A prospective, longitudinal cohort study of novel pathogens / emerging infections with pandemic potential


9.6  Target Population:







Describe the population to whom the study findings will be generalized


Study findings will be generalized and applicable to all populations that travel to or reside in disease 
endemic areas or live within an area that has been exposed to infectious pathogens with pandemic 
potential; some of which include military personnel and the general public. 


9.7  Benefit to the DoD:


State how this study will impact or be of benefit to the Department of Defense


Infectious diseases are a significant source of morbidity among military forces. Infectious disease 
outbreaks compromise force readiness and interfere with training programs. Strategies to characterize 
and ultimately to treat and prevent the major infectious disease threats to military personnel are 
urgently needed.


10.0  


Study Procedures and Data management


10.1  Study Procedures:


Describe step-by-step how the study will be conducted from beginning to end


Recruitment and enrollment strategies will be dynamically responsive to the outbreak as the situation evolves. 


Study volunteers may be recruited from areas of the hospital where they present for care or in the inpatient 


and isolation settings. Informed consents and enrollments will be conducted by study staff included on the IRB 


approved protocol, including staff named on delegation log, and trained in study procedures. Clinical 


evaluations will be performed by the MTF healthcare team and may also be conducted by qualified study team 


members.


In addition to MTF enrollment, MHS beneficiaries who have been clinically tested for COVID-19 will be invited 


to participate in a limited schedule of assessments for EPICC, including completion of a series of online 


questionnaires and at-home capillary blood sample collection at three timepoints.  See Appendix A for further 


details.


At the time of a participant’s initial consultation at an MTF, study activities will consist of explanation of study 


goals and purpose, and obtaining informed consent (may include consultation with Legally Authorized 


Representative). The day of enrollment will be defined as Study Day 0. The team will subsequently conduct 


serial collection of data (demographics, vital signs, clinical findings, diagnostics and other laboratory results, 


etc.) through study participant interview and from medical record review from time of disease onset throughout 


study duration. Specific risk factors linked to pathogen exposure (eg., travel history to disease endemic 


regions, contact with sick individuals or known reservoirs of disease, etc.) will also be acquired from study 


volunteers, mainly through interview at Day 0. Medical records collected prior to day of enrollment will also be 


evaluated to ascertain medical history information pertinent to understanding baseline health and analysis of 


underlying risk factors associated with disease progression and other outcomes. Study team members will 


collect for research purposes biological specimens (e.g., nasopharyngeal and oropharyngeal swabs, rectal 


swabs, and blood) from enrolled participants who are laboratory-confirmed or suspected cases at time of 


enrollment, during the duration of hospitalization and/or isolation, with follow-up specimen collection up to 


approximately 1 year post-enrollment.
 


When possible, the study team will also obtain residual volumes of specimens collected for clinical care that 


would otherwise be discarded. Sample types include but are not limited to bronchoalveolar lavage, blood, 


urine, sputum, saliva, stool, cerebrospinal fluid, semen (adults only), or vomit.As available, these residual 


samples will be obtained from the time of onset of the disease under study.  For active duty servicemembers, 


the study team will also request a pre-illness (up to 2 years prior to enrollment) serum sample from the DoD 


Serum Repository (DoDSR).
 


Some subjects may undergo clinical imaging studies as part of regular patient care or as part of this protocol 


using clinical imaging devices. For example, point-of-care portable ultrasound may be used to image areas 


such as the lungs, heart, and lower extremity veins, to explore the prognostic use of ultrasound in early 


These imaging studies, detection of pneumonia and cardiovascular sequelae associated with severe disease. 


when available, will be part of the collected subject data.
 







Study participants recruited and enrolled at MTFs who are ambulatory may also be evaluated via serial self-


collection of samples such as nasopharyngeal swabs, oropharyngeal swabs, capillary blood samples, and/or 


other specimens appropriate for self-collection.
 


Recruitment of individuals who are asymptomatic at high/some risk of exposure may involve study team 


members approaching family or friends who escorted the sick individual to the hospital as well as healthcare 


providers who have potentially been exposed to known or suspected cases. Enrollees who are asymptomatic 


high/some risk will undergo serial collections of clinical and laboratory data as well as biological specimens (e.


g., nasopharyngeal, oropharyngeal, and rectal swabs and blood) at enrollment, with follow-up specimen 


collection up to approximately 12 months post-enrollment. The study team may consider implementing a plan 


for asymptomatic study volunteers to conduct self-collection of clinical specimens (e.g. nasopharyngeal swabs, 


oropharyngeal swabs, rectal swabs, capillary blood smaples) through the follow-up period. Demographic, 


clinical, and other data as described above for symptomatic volunteers may also be acquired for asymptomatic 


high/some risk participants.
 


The Flu- PRO questionnaire (24-27) may be used to record the patient-reported outcome (PRO) on severity of 


clinical symptoms and the impact of clinical interventions on infection. A web link to the Flu-PRO questionnaire 


may be provided to participants to record the severity of ILI symptoms daily for 14 days from either the day of 


enrollment, or the date of onset of symptoms (for subjects who were asymptomatic at enrollment). Paper 


versions of the Flu-PRO questionnaire may be administered as needed.  
 


In addition, an online questionnaire will be administered at enrollment and follow-up timepoints to collect data 


on medical history, comorbidities, behavioral risk factors, symptoms and recovery status.
 


If a participant is dually enrolled in a treatment protocol and scheduled to receive investigational products 


under an eIND, an additional sample may be collected in the first 48 hours after test article administration. If 


eligible, study participants may also be considered for enrollment  concurrently in an interventional clinical trial 


evaluating efficacy of treatment regimens. The priority of collection of clinical specimens will be as follows: 1. 


specimens collected for clinical care; 2. specimens collected in support of an interventional clinical trial; and 3. 


specimens collected for observational study (i.e., EPICC protocol).
 


The study team may consider discontinuation of study participants who have a negative test result for the 


pathogen of interest (based on current standard of care diagnostics) and/or are diagnosed with another 


respiratory pathogen other than the one of interest and/or the disease of interest is highly unlikely based on 


the primary clinical team assessment. This approach may need to be taken to conserve study staff time and 


resources depending upon local epidemiologic circumstances, e.g. very high incidence and subject accrual.
 


Results obtained from research analyses will not be entered into the participant’s medical record. However, 


the study team will communicate relevant findings to the participant’s primary care provider overseeing care of 


the indicated infection of study. The study volunteer’s primary healthcare provider is likely to be a member of 


the protocol study team, and as such will be directly aware of study findings. If the primary healthcare provider 


is not a part of the protocol team, relevant findings from the study will be communicated to the healthcare 


provider verbally in a private setting to protect patient confidentiality or via a secure encrypted electronic 


communication.
 


Pregnant participants will be followed monthly until delivery to collect information on pregnancy outcome and 


health of the child with regards to the disease under study, to the extent practicable. A cord blood sample may 


be collected for research purposes following childbirth.
 


Specimens collected through this observational study will be evaluated in various laboratory assays to 


characterize the epidemiology, immunology, clinical characteristics, and other important outcomes of interest. 


Associated clinical and demographic data will also be evaluated, along with laboratory findings as appropriate, 


to assess key endpoints of interest as described in Section 9.4.


Schedule of Patient Evaluation and Data Collection


The table below shows the schedule of assessments for study participants enrolled in EPICC. Given the 


possibility of critical illness of the patient and the potential increased risk of exposure to medical personnel, 


assessments that cannot be completed due to patient care considertaions, indection control measures, or 


other logistical challenges will not constitute protocol deviations. In addition, the frequency of specimen and 


data collection may be reduced to accommodate logistics of acquiring specimens and data among study 


volunteers who are outpatients.


Ambulatory subjects who do not have restrictions of movement for infection control purposes (i.e., not advised 


by their care provider/local health authority to remain home in isolation) will be invited to return to the hospital 


for follow-up assessment and collection of specimens.







Specimen/ Assessment Enrollment 


(Day 0)


Days 3, 7


(± 1 day)


Once Weekly 


until 


discharge


(± 2 days)


Day 14 if 


Discharged


(± 3 days)


Day 28


(± 7 days)


6 Months


(± 14 days)


12 Months


(± 28 days)


Virology Sample: Nasal, 


Throat, and/or Oral specimen*
√ √ √ √    


Virology Sample: Rectal Swab √ √ √  √   


Blood √ √ √ √¶ √¶ √¶ √¶


Residual Clinical Samples  # √ √ √ √ √ √ √


Radiologic images ** √ √      


Flu-PRO Symptom Diary *** √ √ √ √    


Online Questionnaire √    √ √ √


 


If an asymptomatic and/or COVID-19-negative subject develops symptoms or receives a positive test result for 


COVID-19, they will be asked to contact study staff to report their symptoms/test result and will restart the 


schedule of assessments from Day 0.


Inpatient MTF-Enrolled Subjects


*  To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed 


may change to  follow updated best practices as reported in the scientific literature. Example sample types are 


swabs (nasal, nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-


collected by subjects.


¶ Blood collection after discharge may be done using a commercial at-home microsampling blood collection kit.


#   Residual samples from clinically-indicated lab tests will be collected for research. Sample types may 


include sputum, saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from 


samples collected starting at the date of disease onset, which may be prior to Study Day 0.


** Lung, cardiac, and/or venous ultrasound may be conducted on hospitalized subjects on days 0, 1, and 3 as 


resources and local patient care policy allows. Findings from any additional radiologic images obtained during 


routine clinical care will be collected for research.


*** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 


14 days.


Outpatient MTF-Enrolled Subjects


Specimen/ Data Enrollment 


(Day 0)


Day 7


(± 1 day)


Day 14


(± 3 days)


Day 28


(± 7 days)


6 Months


(± 14 days)


12 Months


(± 28 days)


Virology Sample: Nasal, Throat, 


and/or Oral specimen*
√‡  √    


Blood¶ √‡ √ √ √ √ √


Flu-PRO Symptom Diary ** √ √ √    


Online Questionnaire √   √ √ √


Residual clinical samples # √ √ √ √ √ √


*  To detect and analyze virus in the nose, throat, and/or mouth, the specimen collection method employed 


may change to  follow updated best practices as reported in the scientific literature. Example sample types are 


swabs (nasal, nasopharyngeal, oropharyngeal) and/or saliva that may be collected by study staff or self-


collected by subjects.


¶ Blood collection may be done using a commercial at-home microsampling blood collection kit.


# Residual samples from clinically-indicated lab tests will be collected for research. Sample types may include 


sputum, saliva, urine, stool, blood, semen (adults only) or vomit. Residuals may be obtained from samples 


collected starting at the date of disease onset, which may be prior to Study Day 0.


** Subjects aged 7 and older who are experiencing symptoms will be asked to complete the Flu-PRO diary for 


14 days.


‡ There is a +3 day window for Day 0 research sample collection to allow for distribution of self-
collection kits to participants whose samples could not be collected at enrollment.
 


Online Cohort:  See Appendix A


Specimen/ Data Day 28







Enrollment 


(Day 0)


(± 7 days) 6 Months


(± 14 days)


12 Months


(± 28 days)


Online Questionnaire √ √ √ √


Self-collected blood¶  √ √ √


¶ All blood collection for this cohort will be done using a commercial at-home microsampling blood collection 


kit.


Considerations for Pediatric Participants


Flu-PRO symptom diary may be completed by subjects aged .7 and older


Pediatric subjects will not be asked to complete the online questionnaires.


Self-collection of specimens is an option for subjects aged .8 and older


Blood collection volume and frequency may be reduced to comply with safety limits. For these 


subjects, the amount drawn may not exceed the lesser of 50 ml or 3 ml per kg in an 8 week period and 


collection may not occur more frequently than 2 times per week.


Research Laboratory Methods


Clinical specimens collected through this observational study will be evaluated in a variety of laboratory assays 


developed by laboratory partners. Specific laboratory assays to study the virologic, immunologic, and other 


relevant aspects of infections are unlikely to be available at the time of specimen collection (i.e., during the 


outbreak) given the time required to establish assays specific for novel, emerging pathogens. Below is a 


general description of laboratory assay methods and endpoints that may be used; however, this does not 


represent an exhaustive list to include new methodologies that are later developed in response to assaying 


novel pathogens. 
 


To characterize virologic correlates (e.g., viremia) of clinical symptoms and disease severity, serum levels of 


viral genomes can be assessed by real time-PCR at various time points. Serum concentration of viral antigen 


can be evaluated by enzyme-linked immunosorbent assay (ELISA). These same assays may be utilized in the 


longitudinal detection of virus in body fluids (e.g., nasal mucosa, sputum, urine, stool, etc.) throughout the 


course of evaluation/illness.
 


In addition, serum may be assayed for concentrations of virus-specific IgM and IgG in the acute and 


convalescent stages of evaluation/illness. Cytokine profiles can be conducted via multiplex assay to describe 


the pro- versus anti-inflammatory cytokine responses of study volunteers throughout the course of illness. 


PBMCs may be collected to investigate cell-mediated immune responses in the acute and convalescent 


phases of illness.
 


Novel biomarkers, including transcriptomic and proteomic signatures, are promising for diagnosis and 


prognosis. Collection of appropriate specimens from individuals with well-characterized illnesses is required to 


inform assay development. Immune factors have been used as biomarkers for predicting clinical course and 


outcome, as well as the severity of clinical symptoms. For example, higher levels of cytokines IL2, IL7, IL10, 


GCSF, IP10, MCP1, MIP1A, and TNFα were observed in patients with SARS-CoV-2 infection requiring ICU-


level care compared to those receiving non-ICU care (21). Host specific responses may be evaluated using 


real-time PCR and other molecular methods to identify biomarkers, transcriptomic signatures, or other lab-


based endpoints indicative of severity of clinical course of disease progression and other risk factors 


associated with clinical outcomes, etc. In addition, evaluation of host transcriptomic responses among 


symptomatic versus asymptomatic, high risk exposure individuals may identify an early warning means for 


identifying asymptomatic people who eventually develop disease. RNA sequencing of blood specimens may 


also be conducted to assess viral transcription signatures as biomarkers for clinical outcomes. Blood 


specimens may also be used in phosphoproteomic assessments by measuring the proportion of host immune 


system proteins that are phosphorylated to evaluate novel biomarkers associated with activation of protein 


signaling pathways in response to infection.


10.2   Data Collection:


Describe all the data variables, information to be collected, the source of the data, how the data will be 
operationally measured, and approvals needed for use of information from DoD databases


Diagnostic Tests and Laboratory Analysis to be Obtained:


 
As available, laboratory data elements, such as but not limited to hematologic, biochemical, and other clinical 


parameters; clinical images and associated reports; and clinical diagnosis of the pathogen of interest (SARS-CoV-2) and







1.  
2.  
3.  
4.  
5.  


/or alternate or co-infective pathogens, will be abstracted from the medical record of study volunteers on the day of 


enrollment (Study Day 0), throughout the period of hospitalization (inpatients) and through duration of follow-up.  In 


addition, laboratory and diagnostic data available in medical records prior to Day 0 will be abstracted for study of 


baseline health, existing co-morbidities, etc.


Data Elements


Case report forms (CRFs) for this protocol have been adapted from those of the International Severe Acute Respiratory 


Infection Consortium (ISARIC).


 
There are five main components of the data collection forms, encompassing study participant information at:


The time of enrollment (at time of presentation at MTF, hospital admission, or being placed in isolation),


Period prior to Day 0, as appropriate, to assess recent medical history, 


Medical encounter data (inpatient or outpatient),


The time of discharge or death


Follow-up period (following hospital discharge or being released from isolation setting, or otherwise as an out-


patient)


Major data variable categories to be collected include, but are not limited to the following:


Day of enrollment


Demographics (Residence, Occupation, Military Status)


Signs and Symptoms at onset of illness and presentation for care


Epidemiological Risk Factors and Exposures


Pre-admission Medications


Review of recent medical history via medical record review


Flu-PRO symptom severity questionnaire


Hospitalization or Isolation Period


Daily Observations (i.e., vital signs) and Treatments (i.e., receipt of IV fluids)


Daily Laboratory Results


Medications and Blood Products


Microbiology Results


Critical Care


Severe Symptoms and Complications


Flu-PRO symptom severity questionnaire


Outcome


Final Diagnosis


Patient Status at Outcome


Follow-up period


Data Collection


Study data will be copied onto electronic CRFs at the study site. These transcriptions will occur on an ongoing basis 


during the study in accordance with Good Clinical Practice (GCP) guidelines. Data entered on CRFs, as well as 


corrections made, shall be performed by authorized individuals. This study will make use of electronic case report forms 


(eCRFs) using tablets with the Research Electronic Data Capture (REDCap). For cases where a tablet cannot be used 


because of infection control concerns or logistical issues, authorized personnel will capture CRF information using a 


paper based version and later electronically record results into REDCap. All data transmitted to and from the application 


is done using a secure, encrypted transmission (SSL/HTTPS). For increased security, the application additionally verifies 


the SSL certificate of the REDCap server that it is communicating with in order to validate the server’s identity. The 


REDCap mobile application employs encryption-at-rest on the mobile device’s hard drive, so all data and information 


stored on the device is protected from unauthorized users. REDCap has built-in safeguards such as username and PIN, 


and remote lockout. When resources are available, data from clinical devices including de-identified ultrasound or 


radiograph images, continuous vital signs, and/or cardiac telemetry will be locally stored on password-protected devices, 


and if possible, transmitted wirelessly to a secure Cloud backup. Henry Jackson Foundation (HJF) headquarters IT will 


host deidentified study data on HJF HQ secured servers. HJF is responsible for the purchase, setup, maintenance, and 


service of any its servers and technology.


 
The supervising principal investigator, or designated associate investigator, will be responsible for regular maintenance 


and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care providers and research team 


members given specific tasks to perform. The files are kept in a secured location in each study site. Some participant-


completed forms such as questionnaires may be completed through the web-based program. These will be transmitted 


directly into the study database. Research labs will transmit their testing data to the DCC using standard procedures for 


data handling and transmission.


Data Management/Quality Control


During the study, the investigator will review study data from their site, including medical records, records detailing the 


progress of the study for each volunteer, laboratory reports, CRFs, documentation of informed consent and authorization 


forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports and information regarding 







volunteer discontinuation of the study. All required study data will be clearly and accurately recorded on source 


documents or CRFs by either the participant themselves or authorized study personnel. Only designated study 


personnel shall record or change data on a CRF. During the study, the investigator will be responsible for the 


procurement of data and for quality of data recorded on the CRFs. Original observations entered directly onto the CRFs 


are defined as source data. PHI will be removed from clinical devices, such as those used for radiology, and associated 


data will be labeled with the study participant’s ID. For each pivotal analysis (e.g., for a sub-study, manuscript, or 


presentation), the ‘snapshot’ (or ‘data freeze’) database will be made and archived in the study data repository. After the 


study analysis ends, the database will be locked.


10.3  At any point in the study, will you request, use, or access PII from the Military Health System 
(MHS)?


 Yes    No


10.4  Have you consulted with an MHS data expert to determine the data elements to be extracted or the 
information system(s) to access? 


Consulting with a data expert often saves time later in the compliance process because the data expert 
can advise on the data available in the numerous MHS information systems, the quality of that data and 
the methods for encrypting and collapsing data.  To schedule a consult with an MHS data expert, send 
an email to: ( )dha.ncr.pcl.mbx.privacyboard@mail.mil


Yes, then complete the questions below according to the data consult 


No, then complete the questions below according to the best of your knowledge (NOTE: It is highly 
recommended that you work with an MHS data expert) 


10.5  Indicate whether you plan to receive a data extract from the MHS or plan to access an information 
system directly to create a data set:


A data extract is when the MHS or a contractor provides the data set directly to the researcher.  When 
receiving a data set through data extract, the researcher may indicate whether the data elements should 
be provided as is, encrypted or collapsed.  In contrast to a data extract, access to an information system 
means that the researcher may directly access an MHS information system and create a data set for the 
research study


Data Extract


Access


10.6  Do you intend to use only de-identified data from the MHS in your research study?


There are different two methods for de-identifying data pursuant to HIPAA:
1) Safe Harbor Method: Removing all of the identifiers listed in Table 1 below, provided that the 
researcher does not have actual knowledge that the remaining data can be used alone or in combination 
with other information to identify the individual who is the subject of the information
2) Statistical Method: An expert, with appropriate knowledge of and experience with generally accepted 
statistical and scientific principles and methods for rendering information not individually identifiable, 
determines that the data is not individually identifiable


  Yes     No


10.7  If your research study requires access to an MHS information system, please indicate the system to 
obtain data:


If you do not know which system(s) contain the data elements you need, refer to the Guide for DoD 
Researchers on Using MHS Data or seek guidance from an MHS data expert:
 
PHI Systems:


MHS Information System Requesting Data







: AHLTA : Yes


: CHCS : Yes


: ESSENTRIS : Yes


: MDR : Yes


PII-Only Systems:


MHS Information System Requesting Data


No records have been added


De-Identified Data & Other Systems:


Information System Requesting Data


Expense Assignment System


MHS Genesis; JLV (accessed via AHLTA or MHS 
Genesis)


: Yes


DMSS, DRSi : Yes


10.8  Do you intend to merge or otherwise associate the requested data with data from any sources 
outside of the MHS, including other DoD systems that are not part of the MHS?


Yes, will merge data  


No, will not merge data 


10.9  Indicate the categories of data that you will request from MHS systems or MHS health care 
providers about research participants or relatives, employers, or household members of the 
research participants.


Data Element(s) MHS Non-MHS Systems


1. Names


2. Postal address with only 
town, city, state and zip code


3. Postal address with all 
geographic subdivisions smaller 
than a state, including street 
address, city, county, precinct, 
zip code and their equivalent 
geocodes, except for the initial 
three digits of a zip code if, 
according to the current 
publicly available data from the 
Bureau of Census: 1) the 
geographic unit formed by 
combining all zip codes with the 
same three initial digits 
contains more than 20,000 
people; and 2) the initial three 
digits of a zip code for all such 
geographic units containing 







20,000 or fewer people is 
changed to 000


4. Dates including all elements 
(except year) directly related to 
an individual, including birth 
date, admission date, discharge 
date, and date of death


5. Ages over 89 and all 
elements of dates (including 
year) indicative of such age, 
unless you will only request a 
single category of “age 90 or 
older”


6. Telephone numbers


7. Fax numbers


8. Electronic mail addresses


9. Social Security numbers 
(SSNs)


10. Medical record numbers


11. Health plan beneficiary 
numbers


12. Account numbers


13. Certificate/license numbers


14. Vehicle identifiers and serial 
numbers, including license plate 
numbers


15. Device identifiers and serial 
numbers


16. Web Universal Resource 
Locators (URLs)


17. Internet Protocol (IP) 
address numbers


18. Biometric identifiers, 
including finger and voice prints


19. Full-face photographic 
images and any comparable 
images







20. Any other unique 
identifying number, 
characteristic, or code (DEERs 
ID, EDIPN, Rank)


If you are obtaining SSNs, provide a justification as to why and explain why a substitute cannot be used


We request to access potential subjects' medical records in order to evaluate them for recruitment for 
this protocol. PHI to be screened include (name, date of birth, social security number and health 
beneficiary numbers). These risks are no more than minimal because they are not greater than those 
ordinarily encountered by the patient during a medical visit.  
 
Study investigators and personnel will review potential subjects' medical history to assess protocol 
eligibility. If the person consents to participate in the research study, the PHI will be stored in accordance 
with the protocol.


10.10  Is it possible that the data will become identifiable because of triangulation, a small cell size, or 
any unique data element(s)?


Triangulation means using different data elements that are not themselves identifiable but that when 
combined can be used to identify an individual. For example, triangulation would be using rank and race 
together to determine the identity of an individual with a particular health condition
Small cell size means that there are only a small number of eligible individuals that satisfy the category 
description.  Guidance for acceptable cell size is available from the Centers for Medicare and Medicaid 
Services. For example, the rank category of four star generals with a particular diagnosis may be less 
than 30 so the rank category may need to be expanded to include lower ranks
A unique data element includes any unique features that are not explicitly enumerated in the categories 
of data in rows 1 – 19 of Table 1 above, but that could be used to identify an individual.  Examples of 
unique data elements include: 1) a unique number, such as a medical record number or EDIPN; 2) a 
unique code, such as a diagnosis code or a bar code on an electronic health record; and 3) any unique 
characteristic, such as the rank of general or admiral, or a race or gender combined with another unique 
characteristic


Yes, there is a reasonable possibility the data will become identifiable 


No, there is no reasonable possibility the data will become identifiable 


10.11  HIPAA Privacy Rule and Use of Protected Health Information in Research:


N/A – will not use or disclose protected health information (PHI) 


HIPAA Authorization will be obtained 


Use of a limited data set where a data use agreement will be obtained 


Waiver/alteration of HIPAA Authorization is being requested 


10.12  Managing Data (Data Management and/or Sharing Plan ) and/or Human Biological Specimens for 
this Study:


Include in this section the plan for acquiring data (both electronic and hard copy), access during the 
study, data/specimen storage and length of time stored, shipment/transmission, and the plan for 
storage and final disposition at the conclusion of the study. Describe any data agreements in place for 
accessing data within and/or outside of your institution (e.g., Data Sharing Agreement, Data Use 
Agreement, Business Agreements, etc.)


Human Biological Specimens


1. Intended Use of the Samples/Specimens/Data


Specimens will be processed and handled as appropriate following applicable MTF enhanced precaution 
and Infection Control SOPs. Methods for specimen collection, handling, and processing are described in 
their respective SOPs. Details of specimen storage, maintenance, and QA/QC are described in their 
respective SOPs.
 







Samples and data collected under this protocol will be analyzed to study the pathogenesis of disease and 
the host immune response to infection. Genetic testing on human specimens
will be conducted to evaluate the host (subject’s) immune response to SARS-CoV-2 infection and its 
association with clinical outcomes. Additional genetic testing will examine viral genetic markers and 
transcription signatures as predictors of infection severity, clinical course, and outcomes. Genetic testing 
results will not be provided to participants.


This is a purely observational study. Any experimental treatments will be done under other protocols for 
which separate IRB review and approval will be obtained.


2. How Samples/Specimens/Data Will Be Stored


Access to research samples will be limited using locked facilities and monitored freezers. Samples and 
data will be stored using codes assigned by the investigators or their designee(s). Data will be kept in 
password-protected computers. Only investigators or their designee(s) will have access to the samples 
and data.


3. How Samples/Specimens/Data Will Be Stored & Tracked


Samples from individuals found infected with a novel pathogen / emerging infectious disease of interest 
will be archived and stored at an appropriate biosafety level facility.
 
Samples acquired as part of the protocol will be tracked using appropriate software, such as Freezer 
Works, a sample tracking, biorepository management and freezer inventory program.


4. What Will Happen to the Samples/Specimens/Data at the Completion of the 
Protocol?


In the future, other investigators may wish to study these samples and/or data. IRB approval will be sought 


prior to any sharing of samples/data. Any clinical information associated with the sample, with or without 


patient identifiers, will be shared after IRB approval has been obtained.Upon study closure, all samples and 


data will be de-identified in accordance with the DHA-approved Data De-Identification Plan.


5. What Circumstances Would Prompt the PI to Report to the IRB Loss or 
Destruction of Samples/Specimens/Data


Any loss or unanticipated destruction of samples (for example, due to freezer malfunction) or data (for 
example, misplacing a printout of data with identifiers) that compromises the scientific integrity of the 
study will be reported to the IRB.


6. Storage and Tracking of Samples/Specimens/Data


Research use of data collected through this protocol will be coded and will not contain identifiers. These 
data will be coded with access maintained by a custodian not affiliated with the study team per IDCRP 
policy. Much of the subsequent research using the coded materials collected under the auspices of this 
study will be accomplishable through approved exempt or non-human use sub-studies. All research using 
the materials collected under this protocol will be conducted in accordance with an IRB-reviewed 
protocol. Data and specimens released for research use will be labeled by PIN only; data will be shared 
without any identifiers or links to individuals. The DCC custodian, the DCC Chief, will not share 
identifying information with investigators without explicit IRB approval.
 
A Defense Health Agency (DHA) Data Sharing Agreement will be implemented as needed to access MHS 
data. Appropriate data sharing agreements and other legal agreements will be implemented prior to 
sharing of data and specimens with collaborators.


10.13  Managing Data (Data Management and/or Sharing Plan) and/or Human Biological Specimens for 
Future Research:


If the study involves collecting, storing, or banking human specimens, data, or documents (either by the 
Investigator or through an established repository) for FUTURE research, address. How the specimens
/data will be used, where and how data/specimens will be stored (including shipping procedures, storage 
plan, etc.), whether and how consent will be obtained, procedures that will fulfill subjects’ request as 
stated in the consent, whether subjects may withdraw their data/specimens from storage, whether and 
how subjects may be recontacted for future research and given the option to decline, whether there will 
be genetic testing on the specimens, who will have access to the data/specimens, and the linkage, the 
length of time that data/specimens will be stored and conditions under which data/specimens will be 
destroyed







Establishment of a specimen repository for future clinical and laboratory investigation for future 
emerging infectious disease research:
 
The study aims to build a repository of biological specimens (e.g. whole blood, serum, and PBMCs, as 
well as nasopharyngeal fluid, sputum, bronchioalveolar lavage fluid, oropharyngeal fluid, saliva, urine, 
semen, and rectal swab specimens, etc.) from an observational, longitudinal study of emerging infectious 
diseases. Specimens may be stored in an appropriate biosafety level facility at a protocol-approved 
biorepository. These specimen repositories will be linked to an extensive de-identified clinical database.
 
In the future, this repository might be used in the identification and validation of biomarkers for severe 
infection, identification and molecular characterization of novel pathogens, development and evaluation 
of new diagnostic platforms, and/or evaluation of host factors that may be associated with susceptibility 
and outcome. Coupled with detailed clinical history and risk factor information gleaned through electronic 
medical record review, this repository will ultimately be an invaluable resource for future investigations 
of emerging infectious diseases in clinical as well as laboratory settings. Moreover, the infrastructure 
developed through these activities will serve as a broad-based platform for a diverse portfolio of relevant 
sub-studies into emerging infectious diseases and strategies for its control and prevention.
 
Study Time Line
 
This natural history core protocol will be open indefinitely, although sites may close once an epidemic has 
passed.


11.0  


Statistical/Data Analysis Plan


11.1  Statistical Considerations:


List the statistical methods to be used to address the primary and secondary objectives, specific aims, 
and/or research hypotheses.  Explain how missing data and outliers will be handled in the analysis.  The 
analysis plan should be consistent with the study objectives.  Include any sub-group analyses (e.g., 
gender or age group).  Specify statistical methods and variables for each analysis.  Describe how 
confounding variables will be controlled in the data analysis


Statistical Considerations
 
This is an enhanced surveillance protocol using clinical observations and laboratory testing, 
supplemented by additional lab testing for research purposes. The frequency and expansion of such 
outbreaks is unknown, and hence this protocol will be activated on contingencies in many cases. Data 
from a given outbreak will be compiled into a dataset for descriptive analyses. Risk factors will be 
identified retrospectively using odds ratios. Comparison between similar outbreaks may be performed if 
sufficient data allows. It is recognized that a proportion (i.e., not all) of eligible subjects will consent to 
participate in this study. As such, the limitations and generalizability of the study findings will be 
acknowledged in associated reports and manuscripts.
 
 


11.2  Sample Size Estimation:


As determined by exigencies of the outbreak, and resource availability. Please see Appendix A for sample 
size considerations for the online cohort.


11.3  Data Analysis Plan:


Data Analysis Plan
 
Student’s t test (or Wilcoxon rank-sum test if appropriate) on continuous variables and Pearson’s chi-
square tests (or Fisher’s exact test if appropriate) for categorical variable to summarize key outcomes of 
interest. Multivariate regression techniques will be used to assess relationships between key variables 
adjusted for potential confounders.
 
A data analysis plan will be created to meet the following reporting requirements:
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During an outbreak, descriptive clinical and laboratory data will be summarized per patient on a 
regular basis as appropriate for all investigators, involved hospitals, the respective service’s public 
health agencies, AFHSB, and DHA leadership as a part of the epidemiologic reporting 
requirements. It is recognized this data may not be fully cleaned. Aggregate data report will be 
prepared monthly.
At conclusion of an outbreak, a summary report per outbreak will be prepared once all data is 
cleaned. This will take an estimated 90 days.


With respect to the analysis of the study data, the following objectives will be addressed, and more fully 
articulated, in a statistical analysis plan:
 
1) Describe natural history of clinical disease.
 
Data items related to disease duration include duration of fever and other predominant symptoms, and 
days from onset of symptoms until hospital discharge/return to normal activity. Each variable will be 
summarized by mean, standard deviation, median, inter-quartile range, minimum and maximum overall 
and also for each group within several groupings: age categories, adult vs. minor, gender, different race 
groups, index cases vs. secondary cases, military rank and/or nature of duties for those with active duty 
military duty status. We will also use symptom severity data from the Flu-PRO questionnaire to explore 
the extent to which ARI symptom severity scores differs across the cohort.
 
Adverse binary outcomes where the time to event may also be of interest: These include requirement for 
ICU admission, development of any super infection, development of oxygen requirement, mortality, etc. 
For each of these, we will first give a simple summary of the number and percent experiencing each 
outcome. We will also summarize by different subgroups as above.
 
2) Identify risk factors for infection and severe clinical course.
 
One set of analyses will treat laboratory-confirmed diagnosis as the outcome in logistic regression 
models, with the following covariates: age, sex, race, military rank, service branch, type of exposure, 
use of personal protective equipment, etc. Similar logistic regression models will be developed to 
determine predictors of severe clinical course, such as mortality.  
 
Another set of analyses will treat illness duration as a quantitative endpoint to be used as the outcome 
variable in multiple linear regressions. The key endpoint will be the total symptom score considered at 
three different time points: at symptom onset, at 48 hours post symptom onset, and at its maximum 
value whenever that occurs. Other potential confounders to be included as covariates are: age, sex, 
race, and number of days since presumed exposure.
Complementary methods of subject recruitment and data collection within the study will address the 
following specific aims:


Among COVID-19 confirmed cases  compare  (comorbidities, lifestyle factors, ,  risk factors
medications, exposure opportunities, general symptoms)  for:


Those who get hospitalized vs. those who do not get hospitalized
Those who get hospitalized with a ventilator vs. those who do not get hospitalized and 
those hospitalized but not placed on a ventilator
Those who get hospitalized in the ICU vs. those who do not get hospitalized and those 
hospitalized but not in the ICU
Those who go on to die vs. those who do not die


Compare  (comorbidities, lifestyle factors, medications, exposure opportunities, risk factors
general symptoms) for infection among the total COVID-19 tested study population of COVID-19 
confirmed cases (test positive) vs. confirmed non-cases (test negative).
Compare   between various groups:symptoms


Among the total COVID_19 tested study population, COVID-19 confirmed cases vs. 
confirmed non-cases
Among COVID-19 confirmed cases for those:


who get hospitalized vs. those who do not get hospitalized
who get hospitalized in the ICU vs. those who are hospitalized, but not in the ICU
who go on to die vs. those who do not die


Among the COVID-19-confirmed cases and an appropriate and hypothesis-specific randomly 
selected comparison group, using medical record data, identify comorbidities and medications that 
are associated with reduced occurrence of COVID-19 symptoms as well as with becoming infected 
with COVID-19.


The proposed analytic strategy will be to report crude (non-adjusted), age and sex-adjusted, and 
multivariable adjusted probability of hospitalization in those with and without the exposures of interest.


Calculate crude (non-adjusted) likelihood of hospitalization in demographic sub-populations of 
interest (e.g. by age strata, sex, and race/ethnicity)
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Determine the age-specific prevalence of the major comorbidities (obesity, hypertension, asthma) 
separately by sex and race/ethnicity
The primary model will be logistic regression, calculating adjusted predicted prevalence of 
hospitalization for those with each comorbidity alone and comorbidity clusters (since comorbidities 
are correlated)


A priori, evaluate whether risk associated with each comorbidity is similar for men and 
women and for African Americans vs others (interaction by sex; interaction by race).


Conduct separate models for the active duty population and the beneficiary populations
 
3) Characterize host immune response.
 
We will examine the relationship between factors, such as the immune response (e.g., serum antibody 
concentration) and pathogen infection kinetics, and disease progression, symptom severity, and clinical 
outcomes of interest. We will look at both cross-sectional relationships (i.e., among people) and within 
person relationships. For cross-sectional relationships, we will start by plotting the total symptom 
severity score against the immune response, separately for each of the four blood samples. We 
anticipate a monotonic relationship, but it is possible for a U-shaped relationship in some cases, i.e., 
illness severity is greater if there is a too small immune response or a too large one. We will develop 
regression models with the outcome of the symptom severity or clinical course on the chosen function of 
immune response to see if there is a statistically significant relationship. We will add covariates to control 
for possible confounders, such as age, race, sex, military status, etc. and others mentioned above.
 
4) Evaluate correlations between symptom severity, virologic/microbiologic characteristics, 
host immune response and clinical course/outcome.
 
We will consider two groups: subjects with versus without a severe clinical course, such as mortality. We 
will compare the proportions with a significant serum antibody ‘response’ between the two groups by 
contingency table chi-square tests. We anticipate that the categorization of immune response will be 
binary (i.e., proportion of individuals exceeding a given concentration of serum antibody), in which case 
we will be comparing a binomial probability between the two groups. These analyses will form the 
backbone for more elaborate multivariate analyses.
 
5) Develop diagnostic and prognostic tools.
 
Data and specimens from this protocol may be used in the development of diagnostic and prognostic 
assays for novel pathogens. For example, the collection of blood and other body fluids from individuals 
with laboratory-confirmed infection may aid in the development of novel assays with higher sensitivity 
and specificity. Additionally, the collection of longitudinal clinical characteristics in addition to clinical 
laboratory data may aid in the development of prediction models to determine risk factors for severe 
clinical course, such as mortality.  


12.0  


Participant Information


12.1  Subject Population:


As this is an observational study, subjects of all ages will be enrolled. Military Treatment Facilities see a 
diverse population including all genders and races, and a wide range of ages. This study will examine the 
epidemiology of novel pathogens / emerging infectious diseases, seek to identify risk factors for severe 
disease and elucidate mechanisms of host immunity to these pathogens.
 
Given the possibility of MTFs being used as surge capacity to support the care of individuals affected by 
an infectious disease outbreak, this study also allows for enrollment of anyone meeting the inclusion 
criteria and obtaining care at a participating MTF. Males and females of all ages who are symptomatic or 
asymptomatic individuals (at high/some risk of exposure) meeting inclusion criteria are eligible for 
participation.
 
Participation in the online-only study group is limited to adults only.


12.2  Age Range:


0-17


18-24







1.  


2.  


25-34


35-44


45-54


55-64


65-74


75+


12.3  Gender:


Male


Female


12.4  Special categories:


Minors /Children - “You must also consider the requirements of 45 CFR 46 Subpart D and DoDI 
3216.02, Enclosure 3, paragraph 7.d.”


Students


Employees - Civilian - “You must also consider the requirements of DoDI 3216.02, paragraph 7.e.”


Employees - Contractor


Resident/trainee


Cadets /Midshipmen - “You must also consider the requirements of DoDI 3216.02, Enclosure 3, 
paragraphs 7.e. and 12.”


Active Duty Military Personnel - “You must also consider the requirements of DoDI 3216.02, Enclosure 
3, paragraph 7.e.”


Wounded Warriors - “Depending on your intended subjects’ status, you may also need to consider the 
requirements of DoDI 3216.02, Enclosure 3, paragraph 7.e.”


Economically Disadvantaged Persons - “You must also consider the requirements of 32 CFR 219.111
(b).”


Educationally Disadvantaged Persons - “You must also consider the requirements of 32 CFR 219.111
(b).”


Physically Challenged (Physical challenges include visual and/or auditory impairment)


Persons with Impaired Decisional Capacity - “You must also consider the requirements of 10 USC 
980.”


Prisoners - “You must also consider the requirements of 45 CFR 46 Subpart C and DoDI 3216.02, 
Enclosure 3, paragraphs 7.b. and 7.c.”


Pregnant Women, Fetuses, and Neonates


Non-English Speakers


International Research involving Foreign Nationals - Headquarters Review is necessary


12.5  Inclusion Criteria:


Order 
Number


Criteria


1 


Inclusion Criteria:


Individuals of any age who are eligible for care at an MTF and meet at least one of the 


following criteria:


 (e.g., SARS-CoV-2, Laboratory-confirmed presence of the pathogen of interest


influenza A /H7N9, etc.)


*OR*


Meet criteria for testing for the pathogen as identified per  of interest, 
current CDC guidelines at https://www.cdc.gov/coronavirus/2019-nCoV
/hcp/clinical-criteria.html


 


Additional Inclusion Criteria for Online Enrollment:



https://www.cdc.gov/coronavirus/2019-nCoV/hcp/clinical-criteria.html

https://www.cdc.gov/coronavirus/2019-nCoV/hcp/clinical-criteria.html





1.  


2.  


3.  


2 
An MHS Beneficiary who has been clinically tested for the pathogen of interest


Able to receive email communications and respond to web-based questionnaires


≥18 years of age


 


12.6  Exclusion Criteria:


Order 
Number


Criteria


1 
Individuals who decline participation in the study
 


2 
Individuals who the study investigators believe are unable to comply with the requirements of 


the study
 


13.0  


Recruitment and Consent


13.1  Identification and Selection of Subjects:


Given the dynamic nature of novel pathogens/emerging infectious diseases, there is no pre-defined 
target enrollment for the protocol. The main objective of this protocol is to recruit and enroll a 
representative proportion of cases of emerging infectious diseases to characterize the epidemiology and 
clinical characteristics of disease. Site study team members will engage with relevant clinical staff to 
identify eligible patients in inpatient wards, intensive care units, acute care clinics, and emergency 
departments. Participants will be identified through screening of medical records to identify individuals 
with the recent exposures and clinical manifestations of interest, and will be approached following the 
initial medical evaluation. The study will be described to patients, and their eligibility and willingness to 
participate will be assessed. For those with confirmed or suspected infection, room access may be limited 
and consent will be performed by study staff members with patient access.
 
Individuals presenting for care at MTFs, such as at clinics or in the inpatient and isolation setting, will be 
recruited and enrolled and will participate in serial  collection of biological specimens  over a 12-month 
period, with more intensive (i.e., daily, weekly) data collection occurring during the inpatient or isolation 
period. Information on current and prior medical conditions and hospitalizations will be collected via 
medical chart review and/or MDR data extractions. Information on specific epidemiologic risk factors 
during or related to deployment (e.g., travel history, zoonotic exposures, etc.) will be ascertained 
through participant interview or review of available medical records (e.g., AHLTA-T, ALTHA, CHCS, 
Essentris, MHS Genesis, JLV (accessed via AHLTA or MHS Genesis), MDR, DMSS, and/or DRSi). Study 
participants evaluated at MTFs and who are either 1. ambulatory cases advised to return home and 
remain home in isolation or 2. classified as asymptomatic individuals with high/some risk for exposure 
may also be evaluated for follow up through a study design including serial self-collection of nasal swabs, 
oropharyngeal swabs, rectal swabs, or other specimens appropriate for self-collection. A similar schedule 
of data collection and methods used for enrolled inpatients will be applied for ambulatory cases (non-
hospitalized) and asymptomatic individuals as feasible.
 
Details on the recruitment, consent, and enrollment of subjects participating through the MHS-wide 
online process are included in Appendix A.


13.2  Recruitment Process:


Recruitment of study volunteers at the MTFs will rely heavily on the direct interface of healthcare 
providers with potential eligible participants. The study team will develop an MTF communications plan, 
outlined in the protocol’s Manual of Procedures, that will be implemented by local site teams to facilitate 
identification of potential eligible participants.  Study volunteers may be recruited from clinics and 
inpatient or isolation settings. In addition, recruitment of individuals who are asymptomatic at high/some 
risk of exposure may involve study team members approaching family or friends who escorted the sick 
individual to the hospital. Another group of individuals who may be approached for recruitment as 







asymptomatic high/some risk participants, are healthcare providers who are in close contact with and 
potentially exposed to known cases. Adults and children are eligible for participation.
 
The study team will use multiple means of communicating study awareness to enhance recruitment 
efforts, including periodic briefings delivered by the site PI’s and their study teams to their critical care 


and infectious disease staff and inpatient nursing staff. Information notices with points of contacts will be 


posted in clinical sites such as inpatient units, acute care clinics, and several points in the emergency room. Re


search team members who are Active Duty military personnel will not wear visible signs of their rank during 


Site PI’s or their authorized designees will conduct daily queries of MTF electronic health heath recruitment. 


records (including infectious disease reportables list, DRSi, and searching in CHCS for patients with 


identify individuals who tested positive for disease of interest and will review coronavirus lab code) to 
daily admissions into the ICU, general pediatric and internal medicine wards with their study personnel to 
identify new inpatients. Information from infection control, preventive medicine and infectious disease 
departments may be obtained to find patients who may be managed / followed outside of the MTF.
 
J6 Data: Staff at the J6 CarePoint MHS Information Portal will provide subject identifiers (including 
names, Active Duty status, DoD Identifier, DOB, Email addresses, Date of Initial COVID-19 Respiratory 
Swab PCR Test, and all available COVID-19 Respiratory Swab PCR Test results ) of AD members and 
beneficiaries who have been tested for COVID-19 to the approved research team using DoD SAFE. These 
data will be used to contact subjects for potential enrollment in the study and to contact subjects while 
enrolled. The original data file is retained only until a QC check determines the data have been uploaded 
successfully to REDCap, after which the file is destroyed. At study end, all PHI and PII shall be de-
identified per the De-identification Plan.
 
Depending on age, severity of infection, and MTF requirements, study staff will determine if a potential 
subject is capable and/or allowed to provide a signed consent, verbal consent, or if an LAR is required 
according to IRB, HIPAA, and local MTF requirements.


13.3  Compensation for Participation:


In accordance with 24 USC 30:


MTF-enrolled subjects will be provided compensation in the form of a gift card. Subjects enrolled in the online-


only group will receive compensation in the form of an electronic gift code sent via email.


Subjects will receive:


$50 for each outpatient venipuncture


$10 for each self-collected sample completed at home


$10 for completion of each online questionnaire


$10 for completion of 14-day Flu-PRO symptom diary


13.4  Eligibility Assessment Process:


As part of medical record review, the team will assess the eligibility of potential subjects. Individuals 
identified as having known risk factors for an emerging infectious disease (e.g., recent travel to a 
disease-endemic region, or close contact with a known or suspected infected individual or a returning 
traveler) who present to a participating MTF for medical care (e.g., febrile illness) or are placed into 
isolation are eligible for study participation. Additionally, asymptomatic high/some risk for exposure 
individuals may be enrolled at MTFs. Given the possibility of MTFs being used as surge capacity to 
support the care of individuals affected by an infectious disease outbreak, this study allows for 
enrollment of anyone meeting the inclusion criteria and obtaining care at a participating MTF. Eligibility 
will be assessed and a final determination of subject eligibility will be made during the consent process. 
Please refer to section 12.5 for the inclusion criteria.


13.5  Consent Process:


Are you requesting a waiver or alteration of informed consent?







 Yes    No


What type?


Waiver of documentation of informed consent


Waiver or alteration of informed consent


Please explain why you qualify for a waiver or alteration of informed consent:


Due to the contagious nature of the emergent infectious diseases being studied under this protocol, 
study staff may not always be allowed work near the potential and/or active study subjects or handle any 
items that they may have come in contact with per local MTF infection control policies. Therefore, 
obtaining signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be 
feasible or safe for study staff. The study team is requesting a waiver of documentation of informed 
consent to allow for verbal subject/LAR informed consent, an Alteration of Authorization of HIPAA to 
allow for verbal subject/LAR HIPAA authorization, as well as a partial Waiver of HIPAA Authorization to 
identify eligible potential subjects and make initial contact with individuals to notify them regarding the 
study. These will be used as appropriate based on the circumstances of the disease being studied and 
MTF requirements. This study falls under the following criteria noted in 32 CFR 219.117: “That 
the research presents no more than minimal risk of harm to subjects and involves no procedures for 
which written consent is normally required outside of the research context."


Please explain the consent process:


ICD and Assent Regulatory Requirements


The Informed Consent Document (ICD) and Assent Form, including a HIPAA authorization, will be 
reviewed and approved by the IRB prior to initiation of the study. The ICD will contain a full explanation 
of the possible advantages and risks of study participation. The ICD will be compliant with applicable DoD 
regulations, 32 CFR 219, and the Belmont Principles, and the Health Insurance Portability and 
Accountability Act (HIPAA) Authorization. Informed consent includes the principle that it is critical the 
participant be informed about the principal potential risks and benefits. This information will allow the 
participant to make a personal risk versus benefit decision and understand the following general 
principles:


Participation is entirely voluntary,
Participants may withdraw from participation at any time,
Refusal to participate involves no penalty; and
The individual is free to ask any questions that will allow him/her to understand the nature of the 
protocol.


An ICD or Assent Form (with parental permission) will be signed by the participant before any study-
related procedures are initiated for each participant. The investigators or their designees will present the 
protocol in lay terms to the participants. If access is limited, an authorized member of the study team 
accompanied by a witness may conduct the informed consent process. Questions on the nature of the 
protocol, the means by which it is to be accomplished, and the risks to the participants will then be 
solicited. Any question that cannot be answered will be referred to the principal investigator (PI). All 
participants will be given the opportunity to ask questions. No participant should grant consent until 
questions have been answered to his/her satisfaction. Documented parental permission will be received 
prior to obtaining assent from a minor. If rules allow, a copy should be provided to the volunteer or their 
guardian.


Minors:


An assent form (with parental permission) will be used for children aged 7-17. The ICD and Assent Form 
(with parental permission) indicate that by signature, the participant permits access to relevant medical 
records by the study investigators and regulatory authorities. Documented parental permission is 
required prior to assent by a minor using the ICD. A Waiver of Documentation of Assent will be used for 
children 6 and under, documenting that the study was explained to the child in age-appropriate terms 
and that the child has either expressed verbal assent or does not have the capacity to do so.


For adults who are incapacitated by the illness:


Consent may be obtained by a Legally Authorized Representative (LAR). The patients should be 
consented themselves at such time that they are able to provide consent.


For Hospital Staff who are Active Duty Military:


Hospital staff who are active duty military, and therefore eligible for care at a military treatment facility, 
may be approached for consenting to the study due to their potential exposure to coronavirus. If hospital 







staff who are active duty military are approached for participation in the study, supervisors will not be 
present at any human subject recruitment sessions or during the consent process in which hospital staff 
who are active duty military under their supervision are afforded the opportunity to participate as human 
subjects. Supervisors (e.g., military and civilian supervisors or anyone in the supervisory structure) will 
not influence the decisions of their subordinates regarding their participation as subjects in this study.


Verbal Informed Consent:


Due to the contagious nature of the emergent infectious diseases being studied under this protocol, 
study staff may not always be allowed work near the potential and/or active study subjects or handle any 
items that they may have come in contact with per local MTF infection control policies. Therefore, 
obtaining signed ICDs and HIPAA Authorizations for subjects enrolled in this study may not always be 
feasible or safe for study staff.
 
The study team is requesting a waiver of documentation of informed consent, an Alteration of HIPAA 
Authorization, as well as a partial Waiver of HIPAA Authorization to use as appropriate based on the 
circumstances of the disease being studied and MTF requirements. When possible, the subject will 
provide signed ICD and HIPAA authorization. If the subject is unable to provide signed authorizations, 
the Alteration of HIPAA Authorization will be utilized, allowing the subject/LAR to provide verbal, rather 
than written, HIPAA Authorization. If study personnel are unable to work near the potential and/or active 
subject for safety reasons, the study personnel will contact the patient according to the requirements of 
the MTF. Options may include but are not limited to speaking with the patient from a safe distance in 
person, contacting the patient by phone in person with a barrier in between the potential and/or active 
subject and the study personnel, contacting the patient by phone from a separate location, or having a 
study physician trained in infectious disease safety procedures meet with the potential and/or active 
subject in close proximity (if allowed by the MTF).
 
Regardless of the method of delivery, the potential and/or active subject would be thoroughly briefed on 
the study’s Informed Consent and HIPAA information. They would also be provided with an opportunity 
to ask any questions and an unsigned copy of the informed consent if permissible by the MTF. In turn, 
study staff will thoroughly document the informed consent process and the subject’s verbal consent in 
the study chart. The study personnel will sign and file the ICD. The study personnel will also include a 
note in the study chart summarizing the informed consent process.


13.6  DoDI 3216.02 requires an ombudsman to be present during recruitment briefings when research 
involves greater than minimal risk and recruitment of Service members occurs in a group setting. If 
applicable, you may nominate an individual to serve as the ombudsman.


N/A 


Propose ombudsman 


13.7  Withdrawal from Study Participation:


Explain the process for withdrawal and specify whether or not the subjects will be given the opportunity 
to withdraw their data their data/specimens in the event they wish to withdraw from the study


A subject may voluntarily end participation in the study at any time. If a subject withdraws, the 
investigator will make a reasonable effort to determine the reason for the subject’s withdrawal from the 
study. Telephone calls, registered letters, and/or e-mail correspondence will be considered reasonable 
effort. Data and specimens collected up to the time of withdrawal will be retained and de-identified in 
accordance with IRB, HIPAA, and Safe Harbor requirements.
 
Subjects may be discontinued by the study team if there is a determination by the on-site physician that 
the volunteer may be unable to comply with the requirements of the study, or in the interest of the 
military mission.
 
The study team may consider discontinuation of study participants who have a negative test result for 
the pathogen of interest (based on current standard of care diagnostics)  are diagnosed with and/or
another respiratory pathogen other than the one of interest  the disease of interest is highly and/or
unlikely based on the primary clinical team assessment. This approach may need to be taken to conserve 
study staff time and resources depending upon local epidemiologic circumstances, e.g. very high 
incidence and subject accrual.


14.0  


Risks and Benefits







14.1  
Risks of Harm:


Identify all research-related risks of harm to which the subject will be exposed for each research 
procedure or intervention as a result of participation in this study.  Consider the risks of breach of 
confidentiality, psychological, legal, social, and economic risks as well as physical risks.  Do not describe 
risks from standard care procedures; only describe risks from procedures done for research purposes


Risks associated with obtaining specimens:


Obtaining specimens could be associated with discomfort from a needle stick, swab, or other 
procedure, and occasionally associated with bleeding, bruising, local or systemic infection.  


Genetic testing may reveal sensitive information that subjects may not want disclosed, and may 
cause some emotional distress for the participant.


Risks associated with privacy:


Despite meticulous precautions, breaches of confidential information (including genetic 
information) do occasionally occur, although the chances of such a breach are unlikely.


Expected Adverse Events from Research Risks and Reporting


a. Rare (Event Rate < 1%)
Secondary infection and syncope from vasovagal reactions occur from blood collection in rare cases. 
Risks of nasopharyngeal swab, rectal swab, cheek swab could include bleeding or mucous membrane 
irritation.


 
b. Less Likely (1% ≤ Event Rate < 5%)


No known risks
 
c. Likely (5% ≤ Event Rate < 10%)


Bruising and bleeding may occur as a result of blood collection procedures.
 
d. More likely (Event Rate ≥10%)


No known risks


14.2  
Measures to Minimize Risks of Harm (Precautions, safeguards):


For each research procedure or intervention, describe all measures to minimize and/or eliminate risk of 
harms to subjects and study personnel


Participation in this protocol will impose minimal risks to the participant. As feasible, the study team will 
coordinate the collection of research purpose blood draws during timing of blood collection for clinical 
care to minimize discomfort to the patient. Blood volume collection per visit will be approximately 25 mL 
total. Total blood volumes collected over the 12 month duration of study will not exceed limitations for 
adults and children outlined in the CFR §46.110: Expedited review procedures for certain kinds of 
research involving no more than minimal risk, and for minor changes in approved research. Blood draw 
volumes will be reduced for pediatric subjects, small adults, and pregnant women in accordance with 
minimal risk and safety guidelines, and as needed per guidance from the primary care provider 
overseeing care of enrolled patients.
 
Staff safety in sample collection and handling is a concern that will be closely monitored by the Infection 
Control staff at the facility. Risk to staff is mitigated by minimizing an additional phlebotomy beyond that 
being done for clinical care. Specimen collection should be harmonized with the clinician’s requirements, 
and missed samples will not be re-drawn.
 
Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not 
related to a described harm (adverse event) to study subject, rather a potential harm (such as loss of 
accountability of PII/PHI) or risks to others including medical staff. Specifically in this study is a concern 
that collection of infection fluids may cause harm to study personnel. Collection of samples for this study 







must only be conducted by individuals trained and authorized to collect and handle serious biohazardous 
specimens wearing proper personal protective equipment (PPE). PPE training will be conducted and 
documented for all personnel who may interact directly with patients and/or samples in order to mitigate 
any UPIRTSO related to accidental exposure of study staff and other individuals in the facility. 


14.3  
Confidentiality Protections (for research records, data and/or specimens):


Describe in detail the plan to maintain confidentiality of the research data, specimens, and records 
throughout the study and at its conclusion (e.g., destruction, long term storage, or banking). Explain the 
plan for securing the data (e.g., use of passwords, encryption, secure servers, firewalls, and other 
appropriate methods). If data will be shared electronically with other team members/collaborators 
outside the institution, describe the method of transmission and safeguards to maintain confidentiality. 
Explain whether this study may collect information that State or Federal law requires to be reported to 
other officials or ethically requires action, e.g., child or spouse abuse


A certificate of confidentiality will not be used in this protocol.
 
The only electronic links established between the participant name, SSN, and the Study ID number will 
be in the data management system managed by DCC and on a tracking spreadsheet used for scheduling 
purposes, which will both require a password to access and will only be accessed by authorized study 
personnel. During the study, source documents will be held in a secured cabinet with restricted access. 
Team members with access to the documents are counseled on the importance of confidentiality of 
participant medical records. All staff involved in this study have completed the required human subjects 
protection and ethics training. In all electronic records for data analysis, the participant is not referenced 
by name, but only Study ID number. This method is designed to protect the privacy of study participant 
medical information. All CRFs will be held at the individual study sites in the research spaces in secured 
cabinets with restricted access.
 
The only hard copy link between participant identifiers and Study ID will be on the Registry Form and 
Contact Information Form. This will be kept in a secure location separate from source document 
files.  Any copies faxed to DCC personnel acting as a backup Registrar will be shredded after registration 
is complete.
 
In order to determine whether an individual has been enrolled previously at another study site, study 
staff at all active sites will have the ability to query DCC’s data management system to locate an 
individual. The data management system is secure and can only be accessed via authorized individuals 
using a password.
 
What precautions will you take to protect the confidentiality of research source documents (Case Report 
Forms, questionnaires, etc.), the research data file, and the master code (if any)?
 
The only hard copy link established between the participant’s name, SSN, and the study code number 
will be held in a secured cabinet with access restricted to research team members with a need to use the 
Registry Form or Contact Information Form. Team members with access to CRFs are counseled on the 
importance of confidentiality of participant medical records. In all electronic records for data analysis, the 
participant is not referenced by name, but only study code number.
 
The only electronic link will be stored on a secure password protected server. The file is only accessible 
directly to the DCC data custodian. The designated CRC at each site and two backups at DCC will also 
have access via DCC’s data management system.
 
Will research data including Identifiable Protected Health Information be sent outside of Department of 
Defense facilities?
 
The study team may share coded data with collaborators at non-DoD facilities, and may work with 
participating MTFs to assist with appropriate public health data reporting requirements.


14.4  
Potential Benefits:







Describe any real and potential benefits of the research to the subject and any potential benefits to a 
specific community or society


If the individuals in the research are considered experimental subjects (per 10 USC 980), and they 
cannot provide their own consent, the protocol must describe the intent to directly benefit all subjects


This is an observational study that does not test interventions that would offer direct benefit to study 
volunteers.
 
Study volunteers may indirectly benefit from enhanced clinical testing, physical examination, 
radiographic studies, and longitudinal follow up, or improved access to related trials of therapeutics.
 


14.5  
Privacy for Subjects:


Describe the measures to protect subject’s privacy during recruitment, the consent process, and all 
research activities, etc.


When possible, all means necessary will be taken to ensure participant privacy. This may entail 
conducting study procedures in a private area and keeping study documents coded. Non-coded study 
documents will be kept in a locked drawer and/or locked file in a locked room. Subjects will disclose 
information at their consent, if subjects choose not to disclose information, the study team will respect 
subject privacy and not inquire further. 
 
 


14.6  
Incidental or Unexpected Findings:


Describe the plan to address incidental findings and unexpected findings about individuals from 
screening to the end of the subject’s participation in the research. In cases where the subject could 
possibly benefit medically or otherwise from the information, state whether or not the results of 
screening, research participation, research tests, etc., will be shared with subjects or their primary care 
provider. State whether the researcher is obligated or mandated to report results to appropriate military 
or civilian authorities and explain the potential impact on the subject


The study team will share relevant findings from research labs/imaging with the patient’s healthcare 
provider(s).
 
Aspects of this study may include epidemiologic reporting to AFHSB and public health authorities at the 
respective services, state and local health departments, and CDC. That data transfer is not subject to 
Data Use Agreement or HIPAA requirements.


15.0  


Study Monitoring


15.1  Data Monitoring Plan:


Describe the plan to monitor the data to verify that data are collected and analyzed as specified in the 
protocol. Include who will conduct the monitoring, what will be monitored and the frequency of 
monitoring


The supervising principal investigator, or designated associate investigator, will be responsible for regular 
maintenance and review of CRFs for accuracy. Access to study files (e.g., CRFs) is restricted to care 
providers and research team members given specific tasks to perform. The files are kept in a secured 
location in each study site. Some participant-completed forms such as questionnaires may be completed 







1.  
2.  
3.  
4.  
5.  
6.  
7.  


through the web-based program. These will be transmitted directly into the study database. Research 
labs will transmit their testing data to the DCC using standard procedures for data handling and 
transmission.
 
During the study, the investigator will review study data from their site, including medical records, 
records detailing the progress of the study for each volunteer, laboratory reports, CRFs, signed ICD and 
authorization forms for each study volunteer, correspondence with the IRB, adverse event (AE) reports 
and information regarding volunteer discontinuation of the study. All required study data will be clearly 
and accurately recorded on source documents or CRFs by either the participant themselves 
(questionnaires) or authorized study personnel. Only designated study personnel shall record or change 
data on a CRF. The data system includes password protection and internal quality checks, such as 
automatic range checks, to identify data that appear inconsistent, incomplete, or inaccurate. During the 
study, the investigator will be responsible for the procurement of data and for quality of data recorded on 
the CRFs. Original observations entered directly onto the CRFs are defined as source data. A Quality 
Management Plan (QMP) will be used for this study. The QMP will include a QC subject data review 
checklist, a QC Subject data review checklist, as well as automatic queries from the electronic database 
based on expected parameters for data entry, noting possible inconsistencies or omissions. The QC 
subject data review checklist will be completed at each site on 100% of subject’s study files. This will be 
completed by another member of the study team who did not complete the original source document or 
CRF. A QA subject data review checklist will also be used on a small subset of study records at each site 
to ensure that quality management processes are being conducted appropriately for the study. QA 
review will be conducted by an individual on the study who is not involved in the day-to-day activities of 
the study.
 
Responsibilities of the Data Coordination Center (DCC)


Provides review of protocol, CRFs, data security plan and data management SOPs
Complies with protocol, SOPs, and all federal and local regulations and policies
Develops clinical database
Entry and quality control of CRF based study data
Receipt and management of specimen tracking and laboratory data
Provides study database to IDCRP Program Coordination Center (PCC)
Locks final study database


15.2  Safety Monitoring Plan:


Describe the plan to monitor the data to ensure the safety of subjects


Participation in this protocol will impose minimal risks to the participant. Staff safety in sample collection 
and handling is a concern that will be closely monitored by the Infection Control staff at the facility. Risk 
to staff is mitigated by minimizing an additional phlebotomy beyond that being done for clinical care. 
Specimen collection must be harmonized with the clinician’s requirements, and missed samples will not 
be re-drawn. Proper safety training, following hospital Infection Control requirements, of study team 
members who come in contact with study participants will be implemented to mitigate disease 
transmission risk.
 
Termination of study participation will take place through 1) an expressed desire by the volunteer to 
terminate participation, 2) a determination by the on-site physician that the volunteer risks his/her 
health by further participation in the study, or 3) in the interest of the military mission.


15.3  Does your study require independent data and safety monitoring?


  Yes     No


16.0  


Reportable Events


16.1  Reportable Events:


Consult with the research office at your institution to ensure requirements are met







• Describe plans for reporting expected adverse events. Identify what the expected adverse events will 
be for this study, describe the likelihood (frequency, severity, reversibility, short term management and 
any long term implications of each expected event)
• Describe plans for reporting unexpected adverse events and unanticipated problems. Address how 
unexpected adverse events will be identified, who will report, how often adverse events and 
unanticipated problems will be reviewed to determine if any changes to the research protocol or consent 
form are needed and the scale that will be used to grade the severity of the adverse event


Reporting Protocol Deviations


The PI or designee will be responsible for identifying and reporting all deviations, which are defined as isolated 


occurrences involving a procedure that did not follow the study protocol or study-specific procedure. 


Investigators will report protocol deviations to the USU IRB within 2 business days that:


relate to participant safety


relate to the informed consent process


are any other protocol deviations which, in the opinion of the PI, should be promptly reported to the IRB.


A log of all deviations will be reported annually in the continuing review report to the IRB and in the Final Study 


Report.


Reportable events will also be submitted to reporting site's regulatory authorities as required.


Reporting Adverse Events and Serious Adverse Events


In this observational, no-greater-than-minimal risk study, the reporting of adverse events is limited to an 
analysis at the time of annual reporting. Prompt reporting is required for any related serious adverse 
event or unanticipated problems involving risk to subject or others (UPIRTSO).


An adverse event is defined as any untoward or unfavorable medical occurrence in a human subject, including 


any abnormal sign (e.g., abnormal physical exam or laboratory finding), symptom, or disease, temporally 


associated with the subject’s participation in the research, whether or not considered related to the research.


AEs that meet all of the following criteria will be recorded by the study team and reported to the IRB at the 


annual Continuing Review:


related to study proceduresAt least possibly 


Unexpected (i.e. not included in the list of known risks in section 14)


Moderate or greater severity


Additional AEs may be reported if the determined by the study site investigator to be of sufficient significance 


to require reporting to the IRB.


AEs are recorded and inspected by the supervising physician investigator to determine severity and 


relatedness to participation (definite, probable, possible, or unlikely). The physician investigator is responsible 


for directly managing or coordinating management of adverse events.


Reporting unanticipated problems involving risk to subjects or others


Unanticipated problems involving risk to subjects or others (UPIRTSO) may also occur that are not related to a 


described harm (adverse event) to study subject, rather a potential harm (such as loss of accountability of PII


/PHI) or risks to others including medical staff. Specifically in this study is a concern that collection of infection 


fluids may cause harm to study personnel. Collection of samples for this study must only be conducted by 


individuals trained and authorized to collect and handle serious biohazardous specimens wearing proper 


personal protective equipment. Any sample collection for research purposes (as compared to clinical care) that 


results in an exposure to clinical staff is considered a UPIRTSO.


All UPIRTSOs will be collected and reported to the IRB within 24 hours of the PI recognition of the problem.


17.0  


Equipment/non-FDA Regulated Devices







1.  


17.1  Does the study involve the use of any unique non-medical devices/equipment?


  Yes     No


18.0  


FDA-Regulated Products


18.1  Will any drugs , dietary supplements, biologics, or devices be utilized in this study?


Drugs


Dietary Supplements


Biologics


Devices


N/A


18.5  Sponsor (organization/institution/company):


N/A


If applicable, provide sponsor contact information:


Infectious Diseases Clinical Research Program
Department of Preventive Medicine and Biometrics
Uniformed Services University of the Health Sciences
11300 Rockville Pike, Suite 1211
Rockville, MD 20852


19.0  


Research Registration Requirements


19.1  ClinicalTrials.gov Registration:


Registration is not required 


Registration pending 


Registration complete 


19.2  Defense Technical Information Center Registration (Optional):


Registration is not required 


Registration pending 


Registration complete 
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3. Study synopsis – for the purposes of #2, we’d need a brief synopsis. Eric and Chris, this sounds
like wt VNT of n = ?25 SARS-CoV-2 positive sera with and without cross binding to MERS and
SARS-1 with an aim to examine how cross-binding correlates with wildtype cross-
neutralization?

 
Happy to assist on all the above as needed
 
Simon
 
Dr. Simon Pollett, MBBS
Associate Scientific Director, HJF
Infectious Disease Clinical Research Program
Department of Preventive Medicine and Biostatistics
Uniformed Services University of the Health Sciences
Phone: 310-895-8048
Email: spollett@idcrp.org
 
 
 

From: Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov> 
Sent: Tuesday, September 29, 2020 3:09 PM
To: Eric Laing <eric.laing@usuhs.edu>; Simon Pollett <spollett@idcrp.org>; Brian Agan
<bagan@idcrp.org>; Caroline English <CEnglish@idcrp.org>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; De wit, Emmie (NIH/NIAID) [E]
<emmie.dewit@nih.gov>
Subject: [EXTERNAL] RE: nhps and CoV-2 question
 

ATTENTION: This email originated from outside of the organization.
Do not open attachments or click on links unless you recognize the

sender and know the content is safe.
 

Thanks Eric,
 
Sounds good, would be easy to determine any neutralizing cross-reactivity with MERS, SARS-2/2
 
Cheers,
 
Vincent Munster, PhD
Chief Virus Ecology Section
Rocky Mountain Laboratories
NIAID/NIH
 
From: Laing, Eric <eric.laing@usuhs.edu> 
Sent: Tuesday, September 29, 2020 12:42 PM



To: Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>; Simon Pollett
<spollett@idcrp.org>; Agan, Brian (IDCRP) <bagan@idcrp.org>; Caroline English
<CEnglish@idcrp.org>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; De wit, Emmie (NIH/NIAID) [E]
<emmie.dewit@nih.gov>
Subject: Re: nhps and CoV-2 question
 
Hi Vincent,
 
Looping back to this topic regarding MERS/SARS-CoV VNs/PRNTs and bringing in the IDCRP
leadership that can begin an approval process for non-human research determination.
 
 
We have a handful of SARS-CoV-2 IgG positive serum samples (~15 - 20) with fairly high cross-
reactivity to SARS-CoV-1 and MERS-CoV. Some of these serum samples are longitudinal collections
from the same subject; over time, the cross-reactivity decreases as the IgG response matures and
becomes monotypic for SARS-CoV-2. It would be interesting to write a short letter about cross-
reactivity and cross-neutralization between SARS-CoV-2 IgG antibodies and high priority zoonotic
bCoVs.
 
- Eric 

Eric D. Laing, Ph.D.
Research Assistant Professor
Department of Microbiology and Immunology
Uniformed Services University
4301 Jones Bridge Road
Bethesda, MD 20814
cell: (301) 980-8192
office: (301) 295-9884
lab: (301) 295-9618
 
eric.laing@usuhs.edu
 
 
On Thu, Sep 10, 2020 at 9:47 AM Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>
wrote:

Hi Chris,
 
Would be easy to do some MERS and SARS-CoV-2 VNs or prnts.
 
Cheers,
 
Vincent Munster, PhD
Chief Virus Ecology Section



Rocky Mountain Laboratories
NIAID/NIH
 
From: Laing, Eric <eric.laing@usuhs.edu> 
Sent: Wednesday, September 9, 2020 8:34 PM
To: Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>
Cc: Broder, Chris (USU-DoD) <christopher.broder@usuhs.edu>; De wit, Emmie (NIH/NIAID) [E]
<emmie.dewit@nih.gov>
Subject: Re: nhps and CoV-2 question
 
Hi Vincent and Emmie, 
 
Any interest or bandwidth for testing SARS-CoV-2 patient serum samples that are highly cross-
reactive with MERS-CoV and SARS-CoV-1 spike proteins to assess cross-neutralization potential?
We have a handful of SARS-CoV-2 seroconverts that have a strong polyclonal response to SARS-
CoV-1 and MERS-CoV, could be an interesting short translational letter if the antisera retains
neutralizing antibodies. 
 
- Eric 

Eric D. Laing, Ph.D.
Research Assistant Professor
Department of Microbiology and Immunology
Uniformed Services University
4301 Jones Bridge Road
Bethesda, MD 20814
cell: (301) 980-8192
office: (301) 295-9884
lab: (301) 295-9618
 
eric.laing@usuhs.edu
 
 
On Fri, Sep 4, 2020 at 9:42 AM Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>
wrote:

Hi Chris no plans for that,
 
Housing the animals for 6 months after challenge into high containment would make it
unfeasible. There are reports of back challenge after a month or so, but I think we should start
getting data from humans soon,
 
Cheers,
 
 
Vincent Munster, PhD



Chief Virus Ecology Section
Rocky Mountain Laboratories
NIAID/NIH
 

From: "Broder, Christopher" <christopher.broder@usuhs.edu>
Date: Thursday, September 3, 2020 at 10:01 AM
To: "vincent.munster@nih.gov" <vincent.munster@nih.gov>, Emmie De wit
<emmie.dewit@nih.gov>
Cc: Eric Laing <eric.laing@usuhs.edu>
Subject: nhps and CoV-2 question
 
hi Vincent / Emmie.
 
hope all is continuing to go so great.
 
are you all going to try an NHP SARS-2 back challenge exp after 
waiting 6 or more months after primary infection and recovery?   so expensive i know,
might provide very informative data on the ab response / longevity / anamnestic response ect..
 
chris
 

This message contains information that may be confidential, privileged, proprietary, or
otherwise protected. If you are not the intended recipient, notify the sender immediately and
delete/destroy all copies of this message and any attachments. This message is not intended to
constitute or include either an electronic record or an electronic signature unless otherwise
specifically indicated.



















From: Raul Gomez Roman on behalf of Raul Gomez Roman <raul.gomezroman@cepi.net>
To: Wang Linfa; Lee, Benhur; Halpin, Kim (AAHL, Geelong AAHL); De wit, Emmie (NIH/NIAID) [E]; Broder,

Christopher; Mahmudur Rahman; Mahmudur Rahman; Paul Kristiansen; Melanie Saville; Jodie Rogers
Subject: proofs for mSphere paper
Date: Thursday, June 25, 2020 6:57:46 PM
Attachments: mSphere00602-20 (2)_proof_RG.pdf

image007.png
image008.png
image009.png

Dear All,
Please find the proof for our mSphere paper, which will be published in the July/August issue of the
journal.  Kindly have a quick look for any last minute editing changes.  The Editor is asking for a 48
hour turnaround; so I will send your compiled changes (if any) on Saturday 5pm, CET(Oslo).  In
addition:

1. @De wit, Emmie (NIH/NIAID) [E] & @Lee, Benhur, please see the question on funding sources
for cross-referencing and kindly advise.

2. @Jodie Rogers, please advise if anything else should be included in the Acknowledgements
section.

Also, please note that the Editor will include an accompanying editorial piece.  He is currently writing
this.
Many thanks to all for the final push in this.
Best wishes,
Raúl
 
RAUL GOMEZ ROMAN
Preclinical Vaccine Scientist

 

 
 
(+47) 477 90 733
raul.gomezroman@cepi.net
 
Visiting address: Marcus Thranes gate 2, 0473 Oslo, Norway
Postal address: P.O. BOX 123, Torshov, 0412 Oslo, Norway

 
 
www.cepi.net
 

 
This e-mail and any attachments may contain confidential and/or privileged information. 
If you are not the intended recipient or have received this e-mail in error, please notify the 
sender immediately and destroy this e-mail. Any unauthorized copying, disclosure or distribution 




Nipah@20: Lessons Learned from Another Virus with
Pandemic Potential
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ABSTRACT Nipah disease is listed as one of the WHO priority diseases that pose
the greatest public health risk due to their epidemic potential. More than 200 ex-
perts from around the world convened in Singapore last year to mark the 20th anni-
versary of the first Nipah virus outbreaks in Malaysia and Singapore. Most of these
experts are now involved in responding to the coronavirus disease 2019 (COVID-19)
pandemic. Here, members of the Organizing Committee of the 2019 Nipah Virus In-
ternational Conference review highlights from the Nipah@20 Conference and reflect
on key lessons learned from Nipah that could be applied to the understanding of
the COVID-19 pandemic and to preparedness against future emerging infectious dis-
eases (EIDs) of pandemic potential.


KEYWORDS CEPI, COVID-19, Hendra virus, Nipah virus, epidemic, henipavirus,
pandemic, paramyxovirus, public health, surveillance studies, vaccines, zoonotic
infections


In December 2019, the Nipah Virus International Conference (Nipah@20) was co-
hosted by the Coalition for Epidemic Preparedness and Innovations (CEPI), World


Health Organization (WHO), U.S. National Institute of Allergy and Infectious Disease
(NIAID) of the National Institutes of Health (NIH), and Duke-NUS Medical School
(Duke-NUS). The conference marked the 20th anniversary of the first outbreak of Nipah
virus infection, an emerging infectious disease (EID) that, together with coronavirus
disease 2019 (COVID-19), is currently listed as one of the WHO priority diseases (1) that
pose the greatest public health risk due to their epidemic potential and the insufficient
countermeasures to mitigate them.


Since its first identification in Malaysia (1998) and Singapore (1999), Nipah virus
infection has caused multiple outbreaks that have thus far been limited to the Asian
continent. Nipah@20 provided a forum to review the history and key scientific findings
over the last 20 years and to understand the current challenges in developing Nipah
diagnostics, therapeutics, and vaccines. To foster international collaboration in the
context of epidemic preparedness, the conference brought together 218 scientists and
public health professionals working in 21 different countries around the globe. Impor-
tantly, all henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the
Philippines, and Singapore) were represented at the conference, with their delegations
accounting for 46% of all attendees.
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In terms of outcomes, the 2-day conference created a scientific evidence-based
framework (i) to inform discussions between global health stakeholders participating in
CEPI’s Joint Coordination Group (JCG) on 11 December 2019 (2), (ii) to discuss the
creation of a Nipah-focused regulatory working group to facilitate data sharing and
joint review of Nipah vaccine candidates, and (iii) to identify further multidisciplinary
actions needed to respond to the pandemic threat posed by Nipah virus.


The proceedings from the conference are now publicly available and may be
consulted using the link in reference 3. Highlights and commentaries from members of
the International Organising Committee follow, with an emphasis on lessons learned
from Nipah that could be applied to our understanding of the current COVID-19
pandemic and to preparedness against future emerging infectious diseases (EIDs) of
pandemic potential.


Lesson 1. Make a sound investment case for preparedness. Nipah@20 brought
together a community of scientists who, over the past 20 years, have passionately
studied the epidemiology, virology, pathogenesis, and therapeutics of viruses that have
pandemic potential. Many of the invited speakers were involved in understanding and
responding to the 2002–2003 severe acute respiratory syndrome coronavirus 1 (SARS-
CoV-1) outbreak. It is no surprise that most of these scientists are currently involved in
responding to the COVID-19 pandemic. For the past 15 years, this scientific community
has been heavily involved in warning governments about the possible emergence of
pathogen X and about the need to invest in preparedness against such a pathogen.


In terms of policy and implementation, however, prior to the emergence of SARS-
CoV-2, this scientific community had struggled to convince policy makers about the
benefits to invest in research, development, and vaccine manufacturing preparedness
against pandemics. As an example, even though Nipah disease has been known for
more than 20 years, investment on Nipah vaccine development has been limited. The
development of a sound business/investment case remains a priority to conduct
advocacy and to move forward the development of effective Nipah countermeasures.
CEPI has estimated that, to bring four Nipah vaccine candidates through successful
phase 2a clinical trials, an investment of up to 200 million U.S. dollars (USD) would be
required, assuming no risk of failure (4). This figure may seem high, but it pales in
comparison to the economic and nonfinancial impact that a pandemic can create, as
currently being demonstrated by COVID-19. Studies estimating the economic impact of
past and present henipavirus outbreaks could provide valuable data to model a sound
investment case for medical countermeasures against Nipah virus, Hendra virus, and
other henipaviruses with pandemic potential. To maximize investments, the possibility
of a pan-henipavirus vaccine should also be considered, similar to programs consider-
ing the development of pan-sarbecovirus vaccines (5).


Lesson 2. Articulate how to transform surveillance in animals into impact for
humans. Regarding progress and challenges in surveillance, scientists from several
countries presented their research on Nipah and Henipavirus-like sequences found in
bat samples throughout Asia and Africa. In addition, the Indian Council for Medical
Research (ICMR) has found several new viruses among bats and is exploring their EID
potential. Opinions may vary on how to translate bat surveillance into policy and
prevention of disease. However, it is clear that international collaboration and further
investment on surveillance research are needed to propose policy and to prepare
against potential new pathogens that will continue to emerge from bats and other
animals in areas with high biodiversity (6).


Lesson 3. Articulate diagnostics use cases and target product profiles. In terms
of Nipah diagnostics, the need for international reference standards was highlighted.
Organizing and coordinating the collection of sera and virus isolates in the midst of an
epidemic are of great importance for the timely establishment of standard material.
International standards are needed for assay validation, calibration, comparison, and
quality controls, but cost-effective diagnostic kits and devices are also needed. For
example, a mobile, nucleic acid-based Nipah diagnostic system is being used and


Román et al.


July/August 2020 Volume 5 Issue 4 e00602-20 msphere.asm.org 2


sph-sph/sph00420/sph3327d20z xppws S�5 6/25/20 16:41 ArtID: DOI:10.1128/mSphere.00602-20 CE: CB



https://msphere.asm.org





validated in India and Bangladesh, with potential applications in clinical trials and
outbreak response against other EIDs. These and other methods for Nipah diagnostics
were presented at the conference, together with a draft Nipah diagnostics target
product profile (TPP) developed by the WHO R&D Blueprint team (7).


In the absence of an effective, Nipah-specific treatment, it could be argued that
there is no clinical justification or direct clinical benefit to an individual patient when
testing. However, what may not benefit the individual patient will undoubtedly benefit
public health at large, and thus, save lives. Two use cases for Nipah diagnostics include
rapid detection of Nipah virus infections at a peripheral health center or hospital and
confirmation of active Nipah virus infection at a centralized laboratory. For the former,
a TPP would envision a near-patient/point-of-care (NPT/POC) test for rapid screening;
for the latter, the TPP would envision a NPT/POC for rapid confirmation in settings with
higher infrastructures (8).


NPT/POC testing, contact tracing, and proactive quarantine of suspected cases are
indicated at the onset of an outbreak and can quickly halt further spread, as evidenced
by the Nipah outbreaks that were successfully contained by Indian authorities in Kerala
in 2018 and 2019 (9). In an outbreak situation involving a novel pathogen of pandemic
potential, referring to previously developed diagnostics use cases and TPPs can help to
quickly articulate diagnostics strategies. In the early stages of a pandemic, widespread
NPT/POC diagnostics may need to prioritize sensitivity at the expense of specificity, if
needed. Widespread sensitive diagnostic testing combined with appropriate preven-
tion and control measures has so far been the fastest way to bring the COVID-19
reproduction number (R0) to less than 1 in some countries.


Lesson 4. Diversify the preclinical testing portfolio and create direct dialogue
between lab scientists, pathologists, and health workers in the field. Two confer-
ence sessions were dedicated to Nipah pathogenesis in animal models and to trans-
mission and case management in humans. Data were presented on aerosol and
intranasal challenges in African green monkeys (AGM), intratracheal challenge in
cynomolgus macaques, and intranasal challenge in ferrets. Although models vary in
recapitulating specific aspects of Nipah disease observed in humans, there was no
specific mention of myocarditis observed in heart tissue. Myocarditis has been a
consistent observation among Nipah virus-infected patients in India and Bangladesh,
but this has not yet been reported in animal models. It is possible that this difference
may be due to early humane endpoints not allowing the heart tissue from infected
animals to reach the level of myocarditis deterioration observed in some Nipah
virus-infected humans. There was also mention of relapse and late onset of infection
observed in Malaysian patients several years after the acute infection. There is no
evidence of renewed viremia during relapsed encephalitis in humans, and there is
currently no animal model for relapsing Nipah disease, although many investigators
have proposed such research and its importance.


For Nipah and henipaviral diseases, it is conceivable that an animal rule or similar
regulatory pathway may be necessary to achieve licensure of vaccines and other
countermeasures. Direct dialogue between preclinical scientists, pathologists, and
health workers can better inform the design of animal models suitable for EID coun-
termeasure development. Importantly, henipavirus research has benefited from having
a diverse preclinical testing portfolio, as many different animal species are susceptible
to disease, which means that preclinical studies do not have to be limited to the use of
nonhuman primates (NHPs). This is also proving important for SARS-CoV-2, as research
with NHPs, hamsters, mice, and ferrets ensures that COVID-19 vaccines can be tested
simultaneously, according to each model, in a wider range of biosafety level 3 (BSL3)
laboratory facilities for large and small animals across the world (10). It is conceivable
that there will be different animal models for different endpoints such as infection,
disease, and transmission. In addition, the use of human organoids is also being
explored as a model to better understand SARS-CoV-2 biology in human tissue (11).


Lesson 5. Plan for clinical trials by bringing together local and regional regu-
lators. Three sessions were dedicated to epidemiological needs for clinical trials and to
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review progress in the development of Nipah medical countermeasures. There are
several therapeutics in development, including the following: lipid-anchored peptides
to prevent viral fusion, low-cost compounds such as heparin, and a nasal spray with
compounds for potential prophylactic use. There are also two monoclonal antibodies
that can neutralize the virus and protect against Henipavirus infection and disease in
vivo. One monoclonal antibody (m102.4) has completed a phase I trial in Australia and
has been approved for compassionate use in humans. Since antibodies do not cross the
blood-brain barrier, for monoclonal antibody-based therapeutics to be effective, virus
neutralization will likely have to occur in the respiratory tract, blood, and other tissues
before the virus disseminates into the brain. However, multiple Nipah challenge models
including NHPs indicate that passive immunization with Nipah neutralizing antibodies
can also prevent central nervous system (CNS) involvement if administered at the first
signs of Nipah disease.


There was discussion on what the optimal Nipah clinical trial design would be in the
context of an EID with very low incidence, i.e., in the absence of feasible randomized
controlled trials (RCTs), observational studies such as case-control studies could still
provide valuable evidence. Relevant clinical trials for Nipah countermeasures will
require engagement of local regulatory authorities in Bangladesh (Directorate General
of Drug Administration [DGDA]) and India (Drug Controller General of India [DCGI]).
Partnerships are being built locally, with a focus on equitable access and low-cost
interventions. Recognizing that pathways to Nipah vaccine licensure are likely to vary
across countries, early dialogue between regulators from Asia, Europe, and North
America was facilitated during the conference, and an international, Nipah-focused
regulatory group was created. Similarly, bringing regulators together early during
COVID-19 medical countermeasure development could result in the identification of
actions that can be harmonized or accelerated to meet common requirements or
convergences along the pathway to licensure across multiple national regulatory
agencies.


Lesson 6. Invest in diversified platform technologies that can be harnessed for
speed, scale, and access during a pandemic. One Nipah@20 session was devoted to
the Nipah vaccine pipeline. At least 13 vaccine candidates have been confirmed to be
under development in preclinical stages (4). Five of these active vaccine developers
presented their latest preclinical data, with two speakers presenting on platform
technologies that are being used for the development of COVID-19 vaccines.


Keith Chappell and Paul Young from the University of Queensland, in Brisbane,
Australia, presented their molecular clamp approach to produce a highly stable prefu-
sion form of the Nipah virus F glycoprotein, which is responsible for membrane fusion,
and could be an additional target for neutralizing antibodies. The molecular clamp is a
novel way of locking synthetic versions of viral surface proteins into the same shape
that appears on the virus surface. This technology has been designed as a platform
approach to generate vaccines against a range of human and animal viruses and has
shown promising results in the laboratory targeting viruses such as influenza virus,
Ebola virus, Nipah virus, and Middle East respiratory syndrome (MERS) coronavirus. This
same principle is also being supported by CEPI to develop a recombinant, spike
protein-based COVID-19 vaccine, with phase I trials expected to begin by July 2020.


Sarah Gilbert from the Jenner Institute, at Oxford University, United Kingdom,
presented the ChAdOx1 Nipah vaccine, a simian adenovirus-based vaccine encoding
Nipah virus (NiV) glycoprotein (G) Bangladesh. ChAdOx1 is a replication-deficient
simian adenoviral vector which has been used for the development of vaccines against
many pathogens in preclinical and clinical studies. It is safe for use in all ages and in
patients who are immunocompromised, inducing strong and well-maintained humoral
and T cell responses against the encoded antigen without the requirement for an
adjuvant. A single dose of a ChAdOx1-vectored Nipah vaccine protects against homol-
ogous (Bangladesh strain) and heterologous (Malaysia strain) change in the intraperi-
toneal Syrian golden hamster challenge model (12). Sarah Gilbert’s team is now using
the same chimpanzee adenoviral platform technology to develop a COVID-19 vaccine
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candidate, supported in part by CEPI. A single dose of the vaccine, which encodes the
spike protein of SARS-CoV-2, may confer protection against disease in a rhesus ma-
caque pneumonia model (13). This COVID-19 vaccine candidate has now entered phase
I/II trials in the United Kingdom (EU Clinical Trials Register [https://www.clinicaltrialsreg-
ister.eu/ctr-search/trial/2020-001072-15/GB]), thus becoming the first CEPI-supported
vaccine technology platform to move from pathogen sequence availability to phase I
trials in less than 18 weeks.


Investment in many other vaccine platform technologies has resulted in an unprec-
edented speed, moving quickly from pathogen sequence availability in early 2020 to a
diverse portfolio of more than 70 vaccine candidates in less than 4 months (14).
Although regulatory agencies are adapting to keep up with such a rapidly evolving
vaccine pipeline, preparedness for future pandemics may necessitate regulatory frame-
works to preapprove specific platforms with consistent safety data in order to save
precious time when plugging in a novel pathogen sequence into a vaccine platform
technology. For many COVID-19 platform technologies, dialogue is ongoing to articu-
late strategies for large-scale manufacturing (15) and access (16).


Lesson 7. Engage regionally and locally, not just globally. The final conference


session was dedicated to collaboration and synergy. Zhengli Shi, from the Wuhan
Institute of Virology/Chinese Academy of Sciences (CAS), described how a Sino-French
agreement to collaborate on EIDs was established in 2004, following the SARS-CoV
outbreak. BSL4 labs were established in the Wuhan Institute of Virology as a result of
the SARS-CoV outbreak. Prior to the COVID-19 pandemic, the institute had an annual
call launched around April each year for external organizations wanting access to the
facility to test their own samples or to have access to samples from the in-house
repositories. The many years of research experience and international collaborations
built by the CAS since 2004 have provided a preparedness framework through which
Chinese scientists have responded and continue to respond to the SARS-CoV-2 epi-
demic 16 years later.


Nivedita Gupta, from the Indian Council of Medical Research (ICMR), described the
Regional Enabler for the Southeast Asia Research Collaboration for Health (RESEARCH)
platform. The RESEARCH platform was established on 28 August 2019, with ICMR as the
secretariat. The goal of the platform is to facilitate clinical research across the region,
leveraging the unique capabilities of each country and sharing expertise. Of the 11
member states in the WHO Southeast Asia Region, 10 participated in the second
RESEARCH platform meeting. With the platform in place, it will be easier to mount rapid
responses to new outbreaks and to conduct clinical trials—not only on Nipah virus, but
also other EIDs.


Epilogue. Unbeknownst to the scientists attending the Nipah@20 conference in


Singapore in December 2019, the COVID-19 outbreak had already begun. We started
the year 2020 confronted with a new EID that required rapid mobilization for vaccine
development. Nipah@20 was a scientific drill, a timely dialogue about the need to
invest in the development of vaccines and medical countermeasures against EIDs with
pandemic potential. CEPI has since mobilized early investment for several COVID-19
vaccine candidates. As stated earlier, for two awardees, this builds on work already
undertaken with Nipah virus vaccine projects which were showcased at the Nipah@20
conference.


Transparency and a collaborative spirit underpinned the Nipah@20 conference.
Although Nipah virus may not seem like a priority in the current COVID-19 context, we
hope that the scientific momentum will continue, with high-value EID-related research
being undertaken and published. When will Henipavirus experts next meet? An unof-
ficial suggestion has been to commemorate the 30th anniversary of the discovery of
Hendra virus, which was the founding member of the Henipavirus genus, sometime in
2024.
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Nipah@20:  Lessons learned from another virus with pandemic potential 

In December 2019, the Nipah Virus International Conference (Nipah@20) was co-hosted by the 
Coalition for Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the 
U.S. National Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical 
School (Duke-NUS).  The Conference marked the 20th anniversary of the first outbreak of Nipah, an 
emerging infectious disease (EID) that, together with COVID-19, is currently listed as one of the WHO 
priority diseases that pose the greatest public health risk due to their epidemic potential and the 
insufficient countermeasures to mitigate them.   

Since its first identification in Malaysia (1998) and Singapore (1999), Nipah virus infection has caused 
multiple outbreaks that have thus far been limited to the Asian continent.  Nipah@20 provided a 
forum to review the history and key scientific findings over the last 20 years, and to understand the 
current challenges in developing Nipah diagnostics, therapeutics and vaccines.  To foster 
international collaboration in the context of epidemic preparedness, the conference brought 
together 218 scientists and public health professionals working in 21 different countries around the 
globe.  Importantly, all Henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the 
Philippines and Singapore) were represented in the Conference, with their delegations accounting for 
46% of all attendees.  

In terms of outcomes, the two-day conference created a scientific evidence-based framework to: (a) 
inform discussions between global health stakeholders participating in CEPI’s Joint Coordination 
Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working 
group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further 
multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.   

The Proceedings from the Conference are now publicly available and may be consulted using this 
link.  Highlights and commentaries from members of the International Organising Committee follow, 
with an emphasis on lessons learned from Nipah that could be applied to our understanding of the 
current COVID-19 pandemic and to preparedness against future emerging infectious diseases (EIDs) 
of pandemic potential. 

Lesson 1: Make a sound investment case for preparedness. 

Nipah@20 brought together a community of scientists who, over the past 20 years, have 
passionately studied the epidemiology, virology, pathogenesis and therapeutics of viruses that have 
pandemic potential. Many of the invited speakers were involved in understanding and responding to 
the 2002-2003 SARS-CoV-1 outbreak.  And it is no surprise that most of them are currently involved 
in responding to the COVID-19 pandemic.  For the past 15 years, this scientific community has been 
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heavily involved in warning governments about the possible emergence of Pathogen X, and about 
the need to invest in preparedness against such pathogen. 

In terms of policy and implementation, however, prior to the emergence of SARS-CoV-2, this 
scientific community had struggled to convince policy makers about the benefits to invest in 
research, development and vaccine manufacturing preparedness against pandemics.  As an example, 
even though Nipah has existed for over 20 years, investment on Nipah vaccine development has 
been limited.  The development of a sound business/investment case remains a priority to conduct 
advocacy and to move forward the development of effective Nipah countermeasures.  CEPI has 
estimated that, to bring four Nipah vaccine candidates through successful Phase 2a clinical trials, an 
investment of up to 200 million USD would be required, assuming no risk of failure (Gouglas et al. 
2018).  This figure may seem high, but it pales in comparison to the economic and non-financial 
impact that a pandemic can create, as currently being demonstrated by COVID-19. Studies estimating 
the economic impact of past and present henipavirus outbreaks could provide valuable data to 
model a sound investment case for medical countermeasures against Nipah, Hendra, and other 
henipaviruses with pandemic potential.  To maximise investments, the possibility of a pan-
henipavirus vaccine should also be considered, similar to programs considering the development of  
pan-sarbecovirus vaccines (Burton & Walker, 2020).  

 

Lesson 2:  Articulate how to transform surveillance in animals into impact for humans. 

Regarding progress and challenges in surveillance, scientists from several countries presented their 
research on Nipah and Henipavirus-like sequences found in bat samples throughout Asia and Africa.  
In addition, the Indian Council for Medical Research (ICMR) has found several new viruses among 
bats and is exploring their EID potential. Opinions may vary on how to translate bat surveillance into 
policy and prevention of disease.  However, it is clear that international collaboration and further 
investment on surveillance research is needed to propose policy and to prepare against potential 
new pathogens that will continue to emerge from bats and other animals in areas with high 
biodiversity (Daszak et al. 2020).  

 

Lesson 3:  Articulate Diagnostics Use Cases and Target Product Profiles. 

In terms of Nipah diagnostics, the need for international reference standards was highlighted.  
Organizing and coordinating the collection of sera and virus isolates in the midst of an epidemic is of 
great importance for the timely establishment of standard material. International standards are 
needed for assay validation, calibration, comparison and quality controls; but cost-effective 
diagnostic kits and devices are also needed.  For example, a mobile, nucleic acid based Nipah 
diagnostic system is being used and validated in India & Bangladesh, with potential applications in 
clinical trials and outbreak response against other EIDs.  These and other methods for Nipah 
diagnostics were presented in the Conference, together with a draft Nipah Diagnostics Target 
Product Profile (TPP) developed by the WHO R&D Blueprint team (see WHO Nipah Diagnostics 
webpage).  

In the absence of an effective, Nipah-specific treatment, it could be argued that there is no clinical 
justification or direct clinical benefit to an individual patient when testing.  However, what may not 
benefit the individual patient will undoubtedly benefit public health at large, and thus, save lives.  
Two Use Cases for Nipah diagnostics include: rapid detection of Nipah virus infections at a peripheral 
health center or hospital, and confirmation of active Nipah virus infection at a centralized laboratory.  
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For the former, a TPP would envision a near-patient/point-of-care (NPT/POC) test for rapid 
screening; for the latter, the TPP would envision a NPT/POC for rapid confirmation in settings with 
higher infrastructures (see WHO draft Nipah Diagnostics TPPs). 

NPT/POC testing, contact-tracing and proactive quarantine of suspected cases is indicated at the 
onset of an outbreak and can quickly halt further spread, as evidenced by the Nipah outbreaks that 
were successfully contained by Indian authoritities in Kerala in 2018 and 2019 (Arunkumar et al. 
2019). In an oubreak situation involving a novel pathogen of pandemic potential, referring to 
previously developed Diagnostics Use Cases and TPPs can help to quickly articulate diagnostics 
strategies. In the early stages of a pandemic, wide-spread NPT/POC diagnostics may need to 
prioritise sensitivity at the expense of specificity, if needed.  Wide-spread sensitive diagnostic testing 
combined with appropriate prevention and control measures has so far been the fastest way to bring 
the COVID-19 reproduction number (Ro) to less than 1 in some countries.   

 

Lesson 4:  Diversify the pre-clinical testing portfolio and create direct dialogue between lab 
scientists, pathologists and health workers in the field. 

Two Conference sessions were dedicated to Nipah pathogenesis in animal models and to 
Transmission & Case-management in humans.  Data were presented on aerosol and intranasal 
challenges in African green monkeys (AGM), intratracheal challenge in cynomolgus macaques, and 
intranasal challenge in ferrets.  Although models vary in recapitulating specific aspects of Nipah 
disease observed in humans, there was no specific mention of myocarditis observed in heart tissue.  
Myocarditis has been a consistent observation among Nipah-infected patients in India and 
Bangladesh, but this has not yet been reported in animal models.  It is possible that this difference 
may be due to early humane endpoints not allowing the heart tissue from infected-animals to reach 
the level of myocarditis deterioration observed in some Nipah-infected humans.  There was also 
mention of relapse and late-onset of infection observed in Malaysian patients several years after the 
acute infection.   There is no evidence of renewed viremia during relapsed encephalitis in humans, 
and there is currently no animal model for relapsing Nipah disease although many investigators have 
proposed such research and its importance.   

For Nipah and henipaviral diseases, it is conceivable that an Animal Rule or similar regulatory 
pathway may be necessary to achieve licensure of vaccines and other countermeasures.  Direct 
dialogue between preclinical scientists, pathologists and health workers can better inform the design 
of animal models suitable for EID countermeasure development.  Importantly, Henipavirus research 
has benefited from having a diverse pre-clinical testing portfolio, as many different animal species 
are susceptible to disease, which means that pre-clinical studies do not have to be limited to the use 
of non-human primates (NHPs).  This is also proving important for SARS-CoV-2, as research in NHPs, 
hamsters, mice and ferrets ensures that COVID-19 vaccines can be tested simultaneously, according 
to each model, in a wider range of BSL3 laboratory facilities for large and small animals across the 
world (Cohen, J. 2020).  It is conceivable that there will be different animal models for different 
endpoints such as infection, disease, and transmission. In addition, the use of human organoids is 
also being explored as a model to better understand SARS-CoV-2 biology in human tissue (Lamers et 
al., 2020). 

 

Lesson 5: Plan for clinical trials by bringing together local and regional regulators. 
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Three sessions were dedicated to epidemiological needs for clinical trials and to review progress in 
the development of Nipah medical countermeasures.  There are several therapeutics in 
development, including: lipid-anchored peptides to prevent viral fusion, low-cost compounds such as 
heparin, and a nasal spray with compounds for potential prophylactic use.  There are also two 
monoclonal antibodies that can neutralize the virus and protect against Henipavirus infection and 
disease in vivo.  One (m102.4) has completed a Phase I trial in Australia and has been approved for 
compassionate use in humans.  Since antibodies do not cross the blood-brain barrier, for monoclonal 
antibody-based therapeutics to be effective, virus neutralization will likely have to occur in the 
respiratory tract, blood, and other tissues before the virus disseminates into the brain. However, 
multiple Nipah challenge models including NHPs indicate that passive immunization with Nipah 
neutralizing antibodies can also prevent CNS involvement if administered at the first signs of Nipah 
disease. 

There was discussion on what the optimal Nipah clinical trial design would be in the context of an EID 
with very low incidence, i.e. in the absence of feasible randomised controlled trials (RCTs), 
observational studies such as case-control studies could still provide valuable evidence.  Relevant 
clinical trials for Nipah countermeasures will require engagement of local regulatory authorities in 
Bangladesh (Directorate General of Drug Administration, DGDA) and India (Drug Controller General 
of India, DCGI).  Partnerships are being built locally, with a focus on equitable access and low-cost 
interventions.  Recognising that pathways to Nipah vaccine licensure are likely to vary across 
countries, early dialogue between regulators from Asia, Europe and North America was facilitated 
during the Conference, and an international, Nipah-focused regulatory group was created.  Similarly, 
bringing regulators together early during COVID-19 medical countermeasure development could 
result in the identification of actions that can be harmonised or accelerated to meet common 
requirements or convergences along the pathway to licensure across multiple national regulatory 
agencies. 

 

Lesson 6:  Invest in diversified platform technologies that can be harnessed for speed, scale and 
access during a pandemic. 

One Nipah@20 session was devoted to the Nipah vaccine pipeline.  At least 13 vaccine candidates 
have been confirmed to be under development in pre-clinical stages (Gouglas et al. 2018).  Five of 
these active vaccine developers presented their latest pre-clinical data, with two speakers presenting 
on platform technologies that are being used for the development of COVID-19 vaccines. 

Dr. Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia 
presented their molecular clamp approach to produce a highly stable pre-fusion form of the Nipah 
virus F glycoprotein, which is responsible for membrane fusion, and could be an additional target for 
neutralising antibodies. The molecular clamp is a novel way of locking synthetic versions of viral 
surface proteins into the same shape that appears on the virus surface. This technology has been 
designed as a platform approach to generate vaccines against a range of human and animal viruses 
and has shown promising results in the laboratory targeting viruses such as influenza, Ebola, Nipah 
and MERS coronavirus. This same principle is also being supported by CEPI to develop a recombinant, 
spike protein-based COVID-19 vaccine, with Phase I trials expected to begin by July 2020. 

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, United Kingdom, presented 
the ChAdOx1 Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) 
Bangladesh. ChAdOx1 is a replication-deficient simian adenoviral vector which has been used for the 
development of vaccines against many pathogens in preclinical and clinical studies. It is safe for use 
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in all ages and in patients who are immunocompromised, inducing strong and well maintained 
humoral and T cell responses against the encoded antigen without the requirement for an adjuvant. 
A single dose of a ChAdOx1-vectored Nipah vaccine protects against homologous (Bangladesh strain) 
and heterologous (Malaysia strain) change in the intraperitoneal Syrian Golden Hamster challenge 
model (van Doremalen et al. 2019). Professor Gilbert’s team is now using the same chimpanzee 
adenoviral platoform technology to develop a COVID-19 vaccine candidate, supported in part by 
CEPI.  A single dose of the vaccine, which encodes the Spike protein of SARS-CoV-2, may confer 
protection against disease in a rhesus macaque pneumonia model (van Doremalen et al. 2020).  This 
COVID-19 vaccine candidate has now entered Phase I/II trials in the UK (EU Clinical Trials Register), 
thus becoming the first CEPI-supported vaccine technology platform to move from pathogen 
sequence availability to Phase I trials in less than 18 weeks. 

Investment in many other vaccine platform technologies has resulted in an unprecedented speed, 
moving quickly from pathogen sequence availability in early 2020 to a diverse portfolio of more than 
70 vaccine candidates in less than 4 months (Le et al. 2020).  Although regulatory agencies are 
adapting to keep up with such a rapidly evolving vaccine pipeline, preparedness for future pandemics 
may necessitate regulatory frameworks to pre-approve specific platforms with consistent safety data 
in order to save precious time when plugging in a novel pathogen sequence into a vaccine platform 
technology. For many COVID-19 platform technologies, dialogue is ongoing to articulate strategies 
for large-scale manufacturing (see WHO Manufacturers meeting) and access (Yamey et al. 2020).  

 

Lesson 7: Engage regionally and locally, not just globally. 

The final Conference session was dedicated to collaboration and synergy.  Professor Zhengli Shi, from 
the Wuhan Institute of Virology/Chinese Academy of Sciences (CAS), described how a Sino-French 
agreement to collaborate on EIDs was established in 2004, following the SARS-CoV outbreak.  BSL4 
labs were established in the Wuhan Institute of Virology as a result of the SARS-CoV outbreak.  Prior 
to the COVID-19 pandemic, the Institute had an annual call launched around April each year for 
external organisations wanting access to the facility to test their own samples or to have access to 
samples from the in-house repositories.  The many years of research experience and international 
collaborations built by the CAS since 2004 have provided a preparedness framework through which 
Chinese scientists have responded and continue to respond to the SARS-CoV-2 epidemic sixteen 
years later. 

Dr. Nivedita Gupta, from the Indian Council of Medical Research (ICMR), described the Regional 
Enabler for the Southeast Asia Research Collaboration for Health (RESEARCH) Platform.  The 
RESEARCH platform was established on August 28, 2019, with ICMR as secretariat. The goal of the 
platform is to facilitate clinical research across the region, leveraging the unique capabilities of each 
country and sharing expertise. Of the 11 member states in the WHO Southeast Asia Region, 10 
participated in the second RESEARCH platform meeting.  With the platform in place, it will be easier 
to mount rapid responses to new outbreaks, and to conduct clinical trials – not only on Nipah virus, 
but also other EIDs. 

 

Epilogue 

Unbeknownst to the scientists attending the Nipah@20 conference in Singapore in December 2019, 
the COVID-19 outbreak had already begun.  We started the year 2020 confronted with a new EID that 
required rapid mobilisation for vaccine development.  Nipah@20 was a scientific drill, a timely 
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dialogue about the need to invest in the development of vaccines and medical countermeasures 
against EIDs with pandemic potential. CEPI has since mobilised early investment for several COVID-19 
vaccine candidates. As stated earlier, for two awardees, this builds on work already undertaken with 
Nipah virus vaccine projects which were showcased at the Nipah@20 conference.  

Transparency and a collaborative spirit underpinned the Nipah@20 conference.  Although Nipah 
virus may not seem like a priority in the current COVID-19 context, we hope that the scientific 
momentum will continue, with high value EID-related research being undertaken and published. 
When will Henipavirus experts next meet? An unofficial suggestion has been to commemorate the 
30th anniversary of the discovery of Hendra virus, which was the founding member of the Henipavirus 
genus, sometime in 2024.    

 

Acknowledgments: The authors wish to thank Tung Thanh Le for his comments in the preparation of 
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Nipah@20:  Lessons learned from another virus with pandemic potential 

In December 2019, the Nipah Virus International Conference (Nipah@20) was co-hosted by the 
Coalition for Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the 
U.S. National Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical 
School (Duke-NUS).  The Conference marked the 20th anniversary of the first outbreak of Nipah, an 
emerging infectious disease (EID) that, together with COVID-19, is currently listed as one of the WHO 
priority diseases that pose the greatest public health risk due to their epidemic potential and the 
insufficient countermeasures to mitigate them.   

Since its first identification in Malaysia and Singapore in 1999, Nipah virus infection has caused 
multiple outbreaks that have thus far been limited to the Asian continent.  Nipah@20 provided a 
forum to review the history and key scientific findings over the last 20 years, and to understand the 
current challenges in developing Nipah diagnostics, therapeutics and vaccines.  To foster 
international collaboration in the context of epidemic preparedness, the conference brought 
together 218 scientists and public health professionals working in 21 different countries around the 
globe.  Importantly, all Henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the 
Philippines and Singapore) were represented in the Conference, with their delegations accounting for 
46% of all attendees.  

In terms of outcomes, the two-day conference created a scientific evidence-based framework to: (a) 
inform discussions between global health stakeholders participating in CEPI’s Joint Coordination 
Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working 
group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further 
multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.   

The Proceedings from the Conference are now publicly available and may be consulted in the 
following link: (in progress, under construction by CEPI Communications).  Highlights and 
commentaries from members of the International Organising Committee follow, with an emphasis 
on lessons learned from Nipah that could be applied to our understanding of the current COVID-19 
pandemic and to preparedness against future emerging infectious diseases (EIDs) of pandemic 
potential. 

Lesson 1: Make a sound investment case for preparedness. 

Nipah@20 brought together a community of scientists who, over the past 20 years, have 
passionately studied the epidemiology, virology, pathogenesis and therapeutics of viruses that have 
pandemic potential. Many of the invited speakers were involved in understanding and responding to 
the 2002-2003 SARS-CoV-1 outbreak.  And it is no surprise that most of them are currently involved 
in responding to the COVID-19 pandemic.  For the past 15 years, this scientific community has been 
heavily involved in warning governments about the possible emergence of Pathogen X, and about 
the need to invest in preparedness against such pathogen. 

In terms of policy and implementation, however, prior to the emergence of SARS-CoV-2, this 
scientific community had struggled to convince policy makers about the benefits to invest in 
research, development and vaccine manufacturing preparedness against pandemics.  As an example, 
even though Nipah has existed for over 20 years, investment on Nipah vaccine development has 
been limited.  The development of a sound business/investment case remains a priority to conduct 
advocacy and to move forward the development of effective Nipah countermeasures.  CEPI has 
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estimated that, to bring four Nipah vaccine candidates through successful Phase 2a clinical trials, an 
investment of up to 200 million USD would be required, assuming no risk of failure (Gouglas et al. 
2018).  This figure may seem high, but it pales in comparison to the economic and non-financial 
impact that a pandemic can create, as currently being demonstrated by COVID-19. Studies estimating 
the economic impact of past and present henipavirus outbreaks could provide valuable data to 
model a sound investment case for medical countermeasures against Nipah, Hendra, and other 
henipaviruses with pandemic potential.  To maximise investments, the possibility of a pan-
henipavirus vaccine should also be considered, similar to programs considering the development of  
pan-sarbecovirus vaccines (Burton & Walker, 2020).  

 

Lesson 2:  Articulate how to transform surveillance in animals into impact for humans. 

Regarding progress and challenges in surveillance, scientists from several countries presented their 
research on Nipah and Henipavirus-like sequences found in bat samples throughout Asia and Africa.  
In addition, the Indian Council for Medical Research (ICMR) has found several new viruses among 
bats and is exploring their EID potential. Opinions may vary on how to translate bat surveillance into 
policy and prevention of disease.  However, it is clear that international collaboration and further 
investment on surveillance research is needed to propose policy and to prepare against potential 
new pathogens that will continue to emerge from bats and other animals in areas with high 
biodiversity (Daszak et al. 2020).  

 

Lesson 3:  Articulate Diagnostics Use Cases and Target Product Profiles. 

In terms of Nipah diagnostics, the need for international reference standards was highlighted.  
Organizing and coordinating the collection of sera and virus isolates in the mist of an epidemic is of 
great importance for the timely establishment of standard material. International standards are 
needed for assay validation, calibration, comparison and quality controls; but cost-effective 
diagnostic kits and devices are also needed.  For example, a mobile, nucleic acid based Nipah 
diagnostic system is being used and validated in India & Bangladesh, with potential applications in 
clinical trials and outbreak response against other EIDs.  These and other methods for Nipah 
diagnostics were presented in the Conference, together with a draft Nipah Diagnostics Target 
Product Profile (TPP) developed by the WHO R&D Blueprint team (see WHO Nipah Diagnostics 
webpage).  

In the absence of an effective, Nipah-specific treatment, it could be argued that there is no clinical 
justification or direct clinical benefit to an individual patient when testing.  However, what may not 
benefit the individual patient will undoubtedly benefit public health at large, and thus, save lives.  
Two Use Cases for Nipah diagnostics include: rapid detection of Nipah virus infections at a peripheral 
health center or hospital, and confirmation of active Nipah virus infection at a centralized laboratory.  
For the former, a TPP would envision a near-patient/point-of-care (NPT/POC) test for rapid 
screening; for the latter, the TPP would envision a NPT/POC for rapid confirmation in settings with 
higher infrastructures (see WHO draft Nipah Diagnostics TPPs). 

NPT/POC testing, contact-tracing and proactive quarantine of suspected cases is indicated at the 
onset of an outbreak and can quickly halt further spread, as evidenced by the Nipah outbreaks that 
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were successfully contained by Indian authoritities in Kerala in 2018 and 2019 (Arunkumar et al. 
2019). In an oubreak situation involving a novel pathogen of pandemic potential, referring to 
previously developed Diagnostics Use Cases and TPPs can help to quickly articulate diagnostics 
strategies. In the early stages of a pandemic, wide-spread NPT/POC diagnostics may need to 
prioritise sensitivity at the expense of specificity, if needed.  Wide-spread sensitive diagnostic testing 
combined with appropriate prevention and control measures has so far been the fastest way to bring 
the COVID-19 reproduction number (Ro) to less than 1 in some countries.   

 

Lesson 4:  Diversify the pre-clinical testing portfolio and create direct dialogue between lab 
scientists, pathologists and health workers in the field. 

Two Conference sessions were dedicated to Nipah pathogenesis in animal models and to 
Transmission & Case-management in humans.  Data were presented on aerosol and intranasal 
challenges in African green monkeys (AGM), intratracheal challenge in cynomolgus macaques, and 
intranasal challenge in ferrets.  Although models vary in recapitulating specific aspects of Nipah 
disease observed in humans, there was no specific mention of myocarditis observed in heart tissue.  
Myocarditis has been a consistent observation among Nipah-infected patients in India and 
Bangladesh, but this has not yet been reported in animal models.  It is possible that this difference 
may be due to early humane endpoints not allowing the heart tissue from infected-animals to reach 
the level of myocarditis deterioration observed in some Nipah-infected humans.  There was also 
mention of relapse and late-onset of infection observed in Malaysian patients several years after the 
acute infection.   There is no evidence of renewed viremia during relapsed encephalitis in humans, 
and there is currently no animal model for relapsing Nipah disease although many investigators have 
proposed such research and its importance.   

For Nipah and henipaviral diseases, it is conceivable that an Animal Rule or similar regulatory 
pathway may be necessary to achieve licensure of vaccines and other countermeasures.  Direct 
dialogue between preclinical scientists, pathologists and health workers can better inform the design 
of animal models suitable for EID countermeasure development.  Importantly, Henipavirus research 
has benefited from having a diverse pre-clinical testing portfolio, as many different animal species 
are susceptible to disease, which means that pre-clinical studies do not have to be limited to the use 
of non-human primates (NHPs).  This is also proving important for SARS-CoV-2, as research in NHPs, 
hamsters, mice and ferrets ensures that COVID-19 vaccines can be tested simultaneously, according 
to each model, in a wider range of BSL3 laboratory facilities for large and small animals across the 
world (Cohen, J. 2020).  It is conceivable that there will be different animal models for different 
endpoints such as infection, disease, and transmission. In addition, the use of human organoids is 
also being explored as a model to better understand SARS-CoV-2 biology in human tissue (Lamers et 
al., 2020). 

 

Lesson 5: Plan for clinical trials by bringing together local and regional regulators. 

Three sessions were dedicated to epidemiological needs for clinical trials and to review progress in 
the development of Nipah medical countermeasures.  There are several therapeutics in 
development, including: lipid-anchored peptides to prevent viral fusion, low-cost compounds such as 
heparin, and a nasal spray with compounds for potential prophylactic use.  There are also two 
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monoclonal antibodies that can neutralize the virus and protect against Henipavirus infection and 
disease in vivo.  One (m102.4) has completed a Phase I trial in Australia and has been approved for 
compassionate use in humans.  Since antibodies do not cross the blood-brain barrier, for monoclonal 
antibody-based therapeutics to be effective, virus neutralization will likely have to occur in the 
respiratory tract, blood, and other tissues before the virus disseminates into the brain. However, 
multiple Nipah challenge models including NHPs indicate that passive immunization with Nipah 
neutralizing antibodies can also prevent CNS involvement if administered at the first signs of Nipah 
disease. 

There was discussion on what the optimal Nipah clinical trial design would be in the context of an EID 
with very low incidence, i.e. in the absence of feasible randomised controlled trials (RCTs), 
observational studies such as case-control studies could still provide valuable evidence.  Relevant 
clinical trials for Nipah countermeasures will require engagement of local regulatory authorities in 
Bangladesh (Directorate General of Drug Administration, DGDA) and India (Drug Controller General 
of India, DCGI).  Partnerships are being built locally, with a focus on equitable access and low-cost 
interventions.  Recognising that pathways to Nipah vaccine licensure are likely to vary across 
countries, early dialogue between regulators from Asia, Europe and North America was facilitated 
during the Conference, and an international, Nipah-focused regulatory group was created.  Similarly, 
bringing regulators together early during COVID-19 medical countermeasure development could 
result in the identification of actions that can be harmonised or accelerated to meet common 
requirements or convergences along the pathway to licensure across multiple national regulatory 
agencies. 

 

Lesson 6:  Invest in diversified platform technologies that can be harnessed for speed, scale and 
access during a pandemic. 

One Nipah@20 session was devoted to the Nipah vaccine pipeline.  At least 13 vaccine candidates 
have been confirmed to be under development in pre-clinical stages (Gouglas et al. 2018).  Five of 
these active vaccine developers presented their latest pre-clinical data, with two speakers presenting 
on platform technologies that are being used for the development of COVID-19 vaccines. 

Dr. Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia 
presented their molecular clamp approach to produce a highly stable pre-fusion form of the Nipah 
virus F glycoprotein, which is responsible for membrane fusion, and could be an additional target for 
neutralising antibodies. The molecular clamp is a novel way of locking synthetic versions of viral 
surface proteins into the same shape that appears on the virus surface. This technology has been 
designed as a platform approach to generate vaccines against a range of human and animal viruses 
and has shown promising results in the laboratory targeting viruses such as influenza, Ebola, Nipah 
and MERS coronavirus. This same principle is also being supported by CEPI to develop a recombinant, 
spike protein-based COVID-19 vaccine, with Phase I trials expected to begin by July 2020. 

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, United Kingdom, presented 
the ChAdOx1 Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) 
Bangladesh. ChAdOx1 is a replication-deficient simian adenoviral vector which has been used for the 
development of vaccines against many pathogens in preclinical and clinical studies. It is safe for use 
in all ages and in patients who are immunocompromised, inducing strong and well maintained 
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humoral and T cell responses against the encoded antigen without the requirement for an adjuvant. 
A single dose of a ChAdOx1-vectored Nipah vaccine protects against homologous (Bangladesh strain) 
and heterologous (Malaysia strain) change in the intraperitoneal Syrian Golden Hamster challenge 
model (van Doremalen et al. 2019). Professor Gilbert’s team is now using the same chimpanzee 
adenoviral platoform technology to develop a COVID-19 vaccine candidate, supported in part by 
CEPI.  A single dose of the vaccine, which encodes the Spike protein of SARS-CoV-2, may confer 
protection against disease in a rhesus macaque pneumonia model (van Doremalen et al. 2020).  This 
COVID-19 vaccine candidate has now entered Phase I/II trials in the UK (EU Clinical Trials Register), 
thus becoming the first CEPI-supported vaccine technology platform to move from pathogen 
sequence availability to Phase I trials in less than 18 weeks. 

Investment in many other vaccine platform technologies has resulted in an unprecedented speed, 
moving quickly from pathogen sequence availability in early 2020 to a diverse portfolio of more than 
70 vaccine candidates in less than 4 months (Tung Thanh Le et al. 2020).  Although regulatory 
agencies are adapting to keep up with such a rapidly evolving vaccine pipeline, preparedness for 
future pandemics may necessitate regulatory frameworks to pre-approve specific platforms with 
consistent safety data in order to save precious time when plugging in a novel pathogen sequence 
into a vaccine platform technology. For many COVID-19 platform technologies, dialogue is ongoing to 
articulate strategies for large-scale manufacturing (see WHO Manufacturers meeting) and access 
(Yamey et al. 2020).  

 

Lesson 7: Engage regionally and locally, not just globally. 

The final Conference session was dedicated to collaboration and synergy.  Professor Zhengli Shi, from 
the Wuhan Institute of Virology/Chinese Academy of Sciences (CAS), described how a Sino-French 
agreement to collaborate on EIDs was established in 2004, following the SARS-CoV outbreak.  BSL4 
labs were established in the Wuhan Institute of Virology as a result of the SARS-CoV outbreak.  Prior 
to the COVID-19 pandemic, the Institute had an annual call launched around April each year for 
external organisations wanting access to the facility to test their own samples or to have access to 
samples from the in-house repositories.  The many years of research experience and international 
collaborations built by the CAS since 2004 have provided a preparedness framework through which 
Chinese scientists have responded and continue to respond to the SARS-CoV-2 epidemic sixteen 
years later. 

Dr. Nivedita Gupta, from the Indian Council of Medical Research (ICMR), described the Regional 
Enabler for the Southeast Asia Research Collaboration for Health (RESEARCH) Platform.  The 
RESEARCH platform was established on August 28, 2019, with ICMR as secretariat. The goal of the 
platform is to facilitate clinical research across the region, leveraging the unique capabilities of each 
country and sharing expertise. Of the 11 member states in the WHO Southeast Asia Region, 10 
participated in the second RESEARCH platform meeting.  With the platform in place, it will be easier 
to mount rapid responses to new outbreaks, and to conduct clinical trials – not only on Nipah virus, 
but also other EIDs. 

 

Epilogue 
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Unbeknownst to the scientists attending the Nipah@20 conference in Singapore in December 2019, 
the COVID-19 outbreak had already begun.  We started the year 2020 confronted with a new EID that 
required rapid mobilisation for vaccine development.  Nipah@20 was a scientific drill, a timely 
dialogue about the need to invest in the development of vaccines and medical countermeasures 
against EIDs with pandemic potential. CEPI has since mobilised early investment for several COVID-19 
vaccine candidates. As stated earlier, for two awardees, this builds on work already undertaken with 
Nipah virus vaccine projects which were showcased at the Nipah@20 conference.  

Transparency and a collaborative spirit underpinned the Nipah@20 conference.  Although Nipah 
virus may not seem like a priority in the current COVID-19 context, we hope that the scientific 
momentum will continue, with high value EID-related research being undertaken and published. 
When will Henipavirus experts next meet? An unofficial suggestion has been to commemorate the 
30th anniversary of the discovery of Hendra virus, which was the founding member of the Henipavirus 
genus, sometime in 2024.    
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Nipah@20:  Lessons learned from another virus with pandemic potential

In December 2019, the Nipah Virus International Conference (Nipah@20) was co-hosted by the Coalition for Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the U.S. National Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical School (Duke-NUS).  The Conference marked the 20th anniversary of the first outbreak of Nipah, an emerging infectious disease (EID) that, together with COVID-19, is currently listed as one of the WHO priority diseases that pose the greatest public health risk due to their epidemic potential and the insufficient countermeasures to mitigate them.  

Since its first identification in Malaysia (1998) and Singapore (1999), Nipah virus infection has caused multiple outbreaks that have thus far been limited to the Asian continent.  Nipah@20 provided a forum to review the history and key scientific findings over the last 20 years, and to understand the current challenges in developing Nipah diagnostics, therapeutics and vaccines.  To foster international collaboration in the context of epidemic preparedness, the conference brought together 218 scientists and public health professionals working in 21 different countries around the globe.  Importantly, all Henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the Philippines and Singapore) were represented in the Conference, with their delegations accounting for 46% of all attendees. 

In terms of outcomes, the two-day conference created a scientific evidence-based framework to: (a) inform discussions between global health stakeholders participating in CEPI’s Joint Coordination Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.  

The Proceedings from the Conference are now publicly available and may be consulted using this link.  Highlights and commentaries from members of the International Organising Committee follow, with an emphasis on lessons learned from Nipah that could be applied to our understanding of the current COVID-19 pandemic and to preparedness against future emerging infectious diseases (EIDs) of pandemic potential.

Lesson 1: Make a sound investment case for preparedness.

Nipah@20 brought together a community of scientists who, over the past 20 years, have passionately studied the epidemiology, virology, pathogenesis and therapeutics of viruses that have pandemic potential. Many of the invited speakers were involved in understanding and responding to the 2002-2003 SARS-CoV-1 outbreak.  And it is no surprise that most of them are currently involved in responding to the COVID-19 pandemic.  For the past 15 years, this scientific community has been heavily involved in warning governments about the possible emergence of Pathogen X, and about the need to invest in preparedness against such pathogen.

In terms of policy and implementation, however, prior to the emergence of SARS-CoV-2, this scientific community had struggled to convince policy makers about the benefits to invest in research, development and vaccine manufacturing preparedness against pandemics.  As an example, even though Nipah has existed for over 20 years, investment on Nipah vaccine development has been limited.  The development of a sound business/investment case remains a priority to conduct advocacy and to move forward the development of effective Nipah countermeasures.  CEPI has estimated that, to bring four Nipah vaccine candidates through successful Phase 2a clinical trials, an investment of up to 200 million USD would be required, assuming no risk of failure (Gouglas et al. 2018).  This figure may seem high, but it pales in comparison to the economic and non-financial impact that a pandemic can create, as currently being demonstrated by COVID-19. Studies estimating the economic impact of past and present henipavirus outbreaks could provide valuable data to model a sound investment case for medical countermeasures against Nipah, Hendra, and other henipaviruses with pandemic potential.  To maximise investments, the possibility of a pan-henipavirus vaccine should also be considered, similar to programs considering the development of  pan-sarbecovirus vaccines (Burton & Walker, 2020). 



Lesson 2:  Articulate how to transform surveillance in animals into impact for humans.

Regarding progress and challenges in surveillance, scientists from several countries presented their research on Nipah and Henipavirus-like sequences found in bat samples throughout Asia and Africa.  In addition, the Indian Council for Medical Research (ICMR) has found several new viruses among bats and is exploring their EID potential. Opinions may vary on how to translate bat surveillance into policy and prevention of disease.  However, it is clear that international collaboration and further investment on surveillance research is needed to propose policy and to prepare against potential new pathogens that will continue to emerge from bats and other animals in areas with high biodiversity (Daszak et al. 2020). 



Lesson 3:  Articulate Diagnostics Use Cases and Target Product Profiles.

In terms of Nipah diagnostics, the need for international reference standards was highlighted.  Organizing and coordinating the collection of sera and virus isolates in the midst of an epidemic is of great importance for the timely establishment of standard material. International standards are needed for assay validation, calibration, comparison and quality controls; but cost-effective diagnostic kits and devices are also needed.  For example, a mobile, nucleic acid based Nipah diagnostic system is being used and validated in India & Bangladesh, with potential applications in clinical trials and outbreak response against other EIDs.  These and other methods for Nipah diagnostics were presented in the Conference, together with a draft Nipah Diagnostics Target Product Profile (TPP) developed by the WHO R&D Blueprint team (see WHO Nipah Diagnostics webpage). 

In the absence of an effective, Nipah-specific treatment, it could be argued that there is no clinical justification or direct clinical benefit to an individual patient when testing.  However, what may not benefit the individual patient will undoubtedly benefit public health at large, and thus, save lives.  Two Use Cases for Nipah diagnostics include: rapid detection of Nipah virus infections at a peripheral health center or hospital, and confirmation of active Nipah virus infection at a centralized laboratory.  For the former, a TPP would envision a near-patient/point-of-care (NPT/POC) test for rapid screening; for the latter, the TPP would envision a NPT/POC for rapid confirmation in settings with higher infrastructures (see WHO draft Nipah Diagnostics TPPs).

NPT/POC testing, contact-tracing and proactive quarantine of suspected cases is indicated at the onset of an outbreak and can quickly halt further spread, as evidenced by the Nipah outbreaks that were successfully contained by Indian authoritities in Kerala in 2018 and 2019 (Arunkumar et al. 2019). In an oubreak situation involving a novel pathogen of pandemic potential, referring to previously developed Diagnostics Use Cases and TPPs can help to quickly articulate diagnostics strategies. In the early stages of a pandemic, wide-spread NPT/POC diagnostics may need to prioritise sensitivity at the expense of specificity, if needed.  Wide-spread sensitive diagnostic testing combined with appropriate prevention and control measures has so far been the fastest way to bring the COVID-19 reproduction number (Ro) to less than 1 in some countries.  



Lesson 4:  Diversify the pre-clinical testing portfolio and create direct dialogue between lab scientists, pathologists and health workers in the field.

Two Conference sessions were dedicated to Nipah pathogenesis in animal models and to Transmission & Case-management in humans.  Data were presented on aerosol and intranasal challenges in African green monkeys (AGM), intratracheal challenge in cynomolgus macaques, and intranasal challenge in ferrets.  Although models vary in recapitulating specific aspects of Nipah disease observed in humans, there was no specific mention of myocarditis observed in heart tissue.  Myocarditis has been a consistent observation among Nipah-infected patients in India and Bangladesh, but this has not yet been reported in animal models.  It is possible that this difference may be due to early humane endpoints not allowing the heart tissue from infected-animals to reach the level of myocarditis deterioration observed in some Nipah-infected humans.  There was also mention of relapse and late-onset of infection observed in Malaysian patients several years after the acute infection.   There is no evidence of renewed viremia during relapsed encephalitis in humans, and there is currently no animal model for relapsing Nipah disease although many investigators have proposed such research and its importance.  

For Nipah and henipaviral diseases, it is conceivable that an Animal Rule or similar regulatory pathway may be necessary to achieve licensure of vaccines and other countermeasures.  Direct dialogue between preclinical scientists, pathologists and health workers can better inform the design of animal models suitable for EID countermeasure development.  Importantly, Henipavirus research has benefited from having a diverse pre-clinical testing portfolio, as many different animal species are susceptible to disease, which means that pre-clinical studies do not have to be limited to the use of non-human primates (NHPs).  This is also proving important for SARS-CoV-2, as research in NHPs, hamsters, mice and ferrets ensures that COVID-19 vaccines can be tested simultaneously, according to each model, in a wider range of BSL3 laboratory facilities for large and small animals across the world (Cohen, J. 2020).  It is conceivable that there will be different animal models for different endpoints such as infection, disease, and transmission. In addition, the use of human organoids is also being explored as a model to better understand SARS-CoV-2 biology in human tissue (Lamers et al., 2020).



Lesson 5: Plan for clinical trials by bringing together local and regional regulators.

Three sessions were dedicated to epidemiological needs for clinical trials and to review progress in the development of Nipah medical countermeasures.  There are several therapeutics in development, including: lipid-anchored peptides to prevent viral fusion, low-cost compounds such as heparin, and a nasal spray with compounds for potential prophylactic use.  There are also two monoclonal antibodies that can neutralize the virus and protect against Henipavirus infection and disease in vivo.  One (m102.4) has completed a Phase I trial in Australia and has been approved for compassionate use in humans.  Since antibodies do not cross the blood-brain barrier, for monoclonal antibody-based therapeutics to be effective, virus neutralization will likely have to occur in the respiratory tract, blood, and other tissues before the virus disseminates into the brain. However, multiple Nipah challenge models including NHPs indicate that passive immunization with Nipah neutralizing antibodies can also prevent CNS involvement if administered at the first signs of Nipah disease.

There was discussion on what the optimal Nipah clinical trial design would be in the context of an EID with very low incidence, i.e. in the absence of feasible randomised controlled trials (RCTs), observational studies such as case-control studies could still provide valuable evidence.  Relevant clinical trials for Nipah countermeasures will require engagement of local regulatory authorities in Bangladesh (Directorate General of Drug Administration, DGDA) and India (Drug Controller General of India, DCGI).  Partnerships are being built locally, with a focus on equitable access and low-cost interventions.  Recognising that pathways to Nipah vaccine licensure are likely to vary across countries, early dialogue between regulators from Asia, Europe and North America was facilitated during the Conference, and an international, Nipah-focused regulatory group was created.  Similarly, bringing regulators together early during COVID-19 medical countermeasure development could result in the identification of actions that can be harmonised or accelerated to meet common requirements or convergences along the pathway to licensure across multiple national regulatory agencies.



Lesson 6:  Invest in diversified platform technologies that can be harnessed for speed, scale and access during a pandemic.

One Nipah@20 session was devoted to the Nipah vaccine pipeline.  At least 13 vaccine candidates have been confirmed to be under development in pre-clinical stages (Gouglas et al. 2018).  Five of these active vaccine developers presented their latest pre-clinical data, with two speakers presenting on platform technologies that are being used for the development of COVID-19 vaccines.

Dr. Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia presented their molecular clamp approach to produce a highly stable pre-fusion form of the Nipah virus F glycoprotein, which is responsible for membrane fusion, and could be an additional target for neutralising antibodies. The molecular clamp is a novel way of locking synthetic versions of viral surface proteins into the same shape that appears on the virus surface. This technology has been designed as a platform approach to generate vaccines against a range of human and animal viruses and has shown promising results in the laboratory targeting viruses such as influenza, Ebola, Nipah and MERS coronavirus. This same principle is also being supported by CEPI to develop a recombinant, spike protein-based COVID-19 vaccine, with Phase I trials expected to begin by July 2020.

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, United Kingdom, presented the ChAdOx1 Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) Bangladesh. ChAdOx1 is a replication-deficient simian adenoviral vector which has been used for the development of vaccines against many pathogens in preclinical and clinical studies. It is safe for use in all ages and in patients who are immunocompromised, inducing strong and well maintained humoral and T cell responses against the encoded antigen without the requirement for an adjuvant. A single dose of a ChAdOx1-vectored Nipah vaccine protects against homologous (Bangladesh strain) and heterologous (Malaysia strain) change in the intraperitoneal Syrian Golden Hamster challenge model (van Doremalen et al. 2019). Professor Gilbert’s team is now using the same chimpanzee adenoviral platoform technology to develop a COVID-19 vaccine candidate, supported in part by CEPI.  A single dose of the vaccine, which encodes the Spike protein of SARS-CoV-2, may confer protection against disease in a rhesus macaque pneumonia model (van Doremalen et al. 2020).  This COVID-19 vaccine candidate has now entered Phase I/II trials in the UK (EU Clinical Trials Register), thus becoming the first CEPI-supported vaccine technology platform to move from pathogen sequence availability to Phase I trials in less than 18 weeks.

Investment in many other vaccine platform technologies has resulted in an unprecedented speed, moving quickly from pathogen sequence availability in early 2020 to a diverse portfolio of more than 70 vaccine candidates in less than 4 months (Le et al. 2020).  Although regulatory agencies are adapting to keep up with such a rapidly evolving vaccine pipeline, preparedness for future pandemics may necessitate regulatory frameworks to pre-approve specific platforms with consistent safety data in order to save precious time when plugging in a novel pathogen sequence into a vaccine platform technology. For many COVID-19 platform technologies, dialogue is ongoing to articulate strategies for large-scale manufacturing (see WHO Manufacturers meeting) and access (Yamey et al. 2020). 



Lesson 7: Engage regionally and locally, not just globally.

The final Conference session was dedicated to collaboration and synergy.  Professor Zhengli Shi, from the Wuhan Institute of Virology/Chinese Academy of Sciences (CAS), described how a Sino-French agreement to collaborate on EIDs was established in 2004, following the SARS-CoV outbreak.  BSL4 labs were established in the Wuhan Institute of Virology as a result of the SARS-CoV outbreak.  Prior to the COVID-19 pandemic, the Institute had an annual call launched around April each year for external organisations wanting access to the facility to test their own samples or to have access to samples from the in-house repositories.  The many years of research experience and international collaborations built by the CAS since 2004 have provided a preparedness framework through which Chinese scientists have responded and continue to respond to the SARS-CoV-2 epidemic sixteen years later.

Dr. Nivedita Gupta, from the Indian Council of Medical Research (ICMR), described the Regional Enabler for the Southeast Asia Research Collaboration for Health (RESEARCH) Platform.  The RESEARCH platform was established on August 28, 2019, with ICMR as secretariat. The goal of the platform is to facilitate clinical research across the region, leveraging the unique capabilities of each country and sharing expertise. Of the 11 member states in the WHO Southeast Asia Region, 10 participated in the second RESEARCH platform meeting.  With the platform in place, it will be easier to mount rapid responses to new outbreaks, and to conduct clinical trials – not only on Nipah virus, but also other EIDs.



Epilogue

Unbeknownst to the scientists attending the Nipah@20 conference in Singapore in December 2019, the COVID-19 outbreak had already begun.  We started the year 2020 confronted with a new EID that required rapid mobilisation for vaccine development.  Nipah@20 was a scientific drill, a timely dialogue about the need to invest in the development of vaccines and medical countermeasures against EIDs with pandemic potential. CEPI has since mobilised early investment for several COVID-19 vaccine candidates. As stated earlier, for two awardees, this builds on work already undertaken with Nipah virus vaccine projects which were showcased at the Nipah@20 conference. 

Transparency and a collaborative spirit underpinned the Nipah@20 conference.  Although Nipah virus may not seem like a priority in the current COVID-19 context, we hope that the scientific momentum will continue, with high value EID-related research being undertaken and published. When will Henipavirus experts next meet? An unofficial suggestion has been to commemorate the 30th anniversary of the discovery of Hendra virus, which was the founding member of the Henipavirus genus, sometime in 2024.   
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Nipah@20:  Lessons learned from another virus with pandemic potential 

In December 2019, the Nipah Virus International Conference (Nipah@20) was co-hosted by the 
Coalition for Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the 
U.S. National Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical 
School (Duke-NUS).  The Conference marked the 20th anniversary of the first outbreak of Nipah, an 
emerging infectious disease (EID) that, together with COVID-19, is currently listed as one of the WHO 
priority diseases that pose the greatest public health risk due to their epidemic potential and the 
insufficient countermeasures to mitigate them.   

Since its first identification in Malaysia and Singapore in 1999, Nipah virus infection has caused 
multiple outbreaks that have thus far been limited to the Asian continent.  Nipah@20 provided a 
forum to review the history and key scientific findings over the last 20 years, and to understand the 
current challenges in developing Nipah diagnostics, therapeutics and vaccines.  To foster 
international collaboration in the context of epidemic preparedness, the conference brought 
together 218 scientists and public health professionals working in 21 different countries around the 
globe.  Importantly, all Henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the 
Philippines and Singapore) were represented in the Conference, with their delegations accounting for 
46% of all attendees.  

In terms of outcomes, the two-day conference created a scientific evidence-based framework to: (a) 
inform discussions between global health stakeholders participating in CEPI’s Joint Coordination 
Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working 
group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further 
multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.   

The Proceedings from the Conference are now publicly available and may be consulted in the 
following link: (in progress, under construction by CEPI Communications).  Highlights and 
commentaries from members of the International Organising Committee follow, with an emphasis 
on lessons learned from Nipah that could be applied to our understanding of the current COVID-19 
pandemic and to preparedness against future emerging infectious diseases (EIDs) of pandemic 
potential. 

Lesson 1: Make a sound investment case for preparedness. 

Nipah@20 brought together a community of scientists who, over the past 20 years, have 
passionately studied the epidemiology, virology, pathogenesis and therapeutics of viruses that have 
pandemic potential. Many of the invited speakers were involved in understanding and responding to 
the 2002-2003 SARS-CoV-1 outbreak.  And it is no surprise that most of them are currently involved 
in responding to the COVID-19 pandemic.  For the past 15 years, this scientific community has been 
heavily involved in warning governments about the possible emergence of Pathogen X, and about 
the need to invest in preparedness against such pathogen. 

In terms of policy and implementation, however, prior to the emergence of SARS-CoV-2, this 
scientific community had struggled to convince policy makers about the benefits to invest in 
research, development and vaccine manufacturing preparedness against pandemics.  As an example, 
even though Nipah has existed for over 20 years, investment on Nipah vaccine development has 
been limited.  The development of a sound business/investment case remains a priority to conduct 
advocacy and to move forward the development of effective Nipah countermeasures.  CEPI has 
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estimated that, to bring four Nipah vaccine candidates through successful Phase 2a clinical trials, an 
investment of up to 200 million USD would be required, assuming no risk of failure (Gouglas et al. 
2018).  This figure may seem high, but it pales in comparison to the economic and non-financial 
impact that a pandemic can create, as currently being demonstrated by COVID-19. Studies estimating 
the economic impact of past and present henipavirus outbreaks could provide valuable data to 
model a sound investment case for medical countermeasures against Nipah, Hendra, and other 
henipaviruses with pandemic potential.  To maximise investments, the possibility of a pan-
henipavirus vaccine should also be considered, similar to programs considering the development of  
pan-sarbecovirus vaccines (Burton & Walker, 2020).  

 

Lesson 2:  Articulate how to transform surveillance in animals into impact for humans. 

Regarding progress and challenges in surveillance, scientists from several countries presented their 
research on Nipah and Henipavirus-like sequences found in bat samples throughout Asia and Africa.  
In addition, the Indian Council for Medical Research (ICMR) has found several new viruses among 
bats and is exploring their EID potential. Opinions may vary on how to translate bat surveillance into 
policy and prevention of disease.  However, it is clear that international collaboration and further 
investment on surveillance research is needed to propose policy and to prepare against potential 
new pathogens that will continue to emerge from bats and other animals in areas with high 
biodiversity (Daszak et al. 2020).  

 

Lesson 3:  Articulate Diagnostics Use Cases and Target Product Profiles. 

In terms of Nipah diagnostics, the need for international reference standards was highlighted.  
Organizing and coordinating the collection of sera and virus isolates in the mist of an epidemic is of 
great importance for the timely establishment of standard material. International standards are 
needed for assay validation, calibration, comparison and quality controls; but cost-effective 
diagnostic kits and devices are also needed.  For example, a mobile, nucleic acid based Nipah 
diagnostic system is being used and validated in India & Bangladesh, with potential applications in 
clinical trials and outbreak response against other EIDs.  These and other methods for Nipah 
diagnostics were presented in the Conference, together with a draft Nipah Diagnostics Target 
Product Profile (TPP) developed by the WHO R&D Blueprint team (see WHO Nipah Diagnostics 
webpage).  

In the absence of an effective, Nipah-specific treatment, it could be argued that there is no clinical 
justification or direct clinical benefit to an individual patient when testing.  However, what may not 
benefit the individual patient will undoubtedly benefit public health at large, and thus, save lives.  
Two Use Cases for Nipah diagnostics include: rapid detection of Nipah virus infections at a peripheral 
health center or hospital, and confirmation of active Nipah virus infection at a centralized laboratory.  
For the former, a TPP would envision a near-patient/point-of-care (NPT/POC) test for rapid 
screening; for the latter, the TPP would envision a NPT/POC for rapid confirmation in settings with 
higher infrastructures (see WHO draft Nipah Diagnostics TPPs). 

NPT/POC testing, contact-tracing and proactive quarantine of suspected cases is indicated at the 
onset of an outbreak and can quickly halt further spread, as evidenced by the Nipah outbreaks that 
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were successfully contained by Indian authoritities in Kerala in 2018 and 2019 (Arunkumar et al. 
2019). In an oubreak situation involving a novel pathogen of pandemic potential, referring to 
previously developed Diagnostics Use Cases and TPPs can help to quickly articulate diagnostics 
strategies. In the early stages of a pandemic, wide-spread NPT/POC diagnostics may need to 
prioritise sensitivity at the expense of specificity, if needed.  Wide-spread sensitive diagnostic testing 
combined with appropriate prevention and control measures has so far been the fastest way to bring 
the COVID-19 reproduction number (Ro) to less than 1 in some countries.   

 

Lesson 4:  Diversify the pre-clinical testing portfolio and create direct dialogue between lab 
scientists, pathologists and health workers in the field. 

Two Conference sessions were dedicated to Nipah pathogenesis in animal models and to 
Transmission & Case-management in humans.  Data were presented on aerosol and intranasal 
challenges in African green monkeys (AGM), intratracheal challenge in cynomolgus macaques, and 
intranasal challenge in ferrets.  Although models vary in recapitulating specific aspects of Nipah 
disease observed in humans, there was no specific mention of myocarditis observed in heart tissue.  
Myocarditis has been a consistent observation among Nipah-infected patients in India and 
Bangladesh, but this has not yet been reported in animal models.  It is possible that this difference 
may be due to early humane endpoints not allowing the heart tissue from infected-animals to reach 
the level of myocarditis deterioration observed in some Nipah-infected humans.  There was also 
mention of relapse and late-onset of infection observed in Malaysian patients several years after the 
acute infection.   There is no evidence of renewed viremia during relapsed encephalitis in humans, 
and there is currently no animal model for relapsing Nipah disease although many investigators have 
proposed such research and its importance.   

For Nipah and henipaviral diseases, it is conceivable that an Animal Rule or similar regulatory 
pathway may be necessary to achieve licensure of vaccines and other countermeasures.  Direct 
dialogue between preclinical scientists, pathologists and health workers can better inform the design 
of animal models suitable for EID countermeasure development.  Importantly, Henipavirus research 
has benefited from having a diverse pre-clinical testing portfolio, as many different animal species 
are susceptible to disease, which means that pre-clinical studies do not have to be limited to the use 
of non-human primates (NHPs).  This is also proving important for SARS-CoV-2, as research in NHPs, 
hamsters, mice and ferrets ensures that COVID-19 vaccines can be tested simultaneously, according 
to each model, in a wider range of BSL3 laboratory facilities for large and small animals across the 
world (Cohen, J. 2020).  It is conceivable that there will be different animal models for different 
endpoints such as infection, disease, and transmission. In addition, the use of human organoids is 
also being explored as a model to better understand SARS-CoV-2 biology in human tissue (Lamers et 
al., 2020). 

 

Lesson 5: Plan for clinical trials by bringing together local and regional regulators. 

Three sessions were dedicated to epidemiological needs for clinical trials and to review progress in 
the development of Nipah medical countermeasures.  There are several therapeutics in 
development, including: lipid-anchored peptides to prevent viral fusion, low-cost compounds such as 
heparin, and a nasal spray with compounds for potential prophylactic use.  There are also two 
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monoclonal antibodies that can neutralize the virus and protect against Henipavirus infection and 
disease in vivo.  One (m102.4) has completed a Phase I trial in Australia and has been approved for 
compassionate use in humans.  Since antibodies do not cross the blood-brain barrier, for monoclonal 
antibody-based therapeutics to be effective, virus neutralization will likely have to occur in the 
respiratory tract, blood, and other tissues before the virus disseminates into the brain. However, 
multiple Nipah challenge models including NHPs indicate that passive immunization with Nipah 
neutralizing antibodies can also prevent CNS involvement if administered at the first signs of Nipah 
disease. 

There was discussion on what the optimal Nipah clinical trial design would be in the context of an EID 
with very low incidence, i.e. in the absence of feasible randomised controlled trials (RCTs), 
observational studies such as case-control studies could still provide valuable evidence.  Relevant 
clinical trials for Nipah countermeasures will require engagement of local regulatory authorities in 
Bangladesh (Directorate General of Drug Administration, DGDA) and India (Drug Controller General 
of India, DCGI).  Partnerships are being built locally, with a focus on equitable access and low-cost 
interventions.  Recognising that pathways to Nipah vaccine licensure are likely to vary across 
countries, early dialogue between regulators from Asia, Europe and North America was facilitated 
during the Conference, and an international, Nipah-focused regulatory group was created.  Similarly, 
bringing regulators together early during COVID-19 medical countermeasure development could 
result in the identification of actions that can be harmonised or accelerated to meet common 
requirements or convergences along the pathway to licensure across multiple national regulatory 
agencies. 

 

Lesson 6:  Invest in diversified platform technologies that can be harnessed for speed, scale and 
access during a pandemic. 

One Nipah@20 session was devoted to the Nipah vaccine pipeline.  At least 13 vaccine candidates 
have been confirmed to be under development in pre-clinical stages (Gouglas et al. 2018).  Five of 
these active vaccine developers presented their latest pre-clinical data, with two speakers presenting 
on platform technologies that are being used for the development of COVID-19 vaccines. 

Dr. Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia 
presented their molecular clamp approach to produce a highly stable pre-fusion form of the Nipah 
virus F glycoprotein, which is responsible for membrane fusion, and could be an additional target for 
neutralising antibodies. The molecular clamp is a novel way of locking synthetic versions of viral 
surface proteins into the same shape that appears on the virus surface. This technology has been 
designed as a platform approach to generate vaccines against a range of human and animal viruses 
and has shown promising results in the laboratory targeting viruses such as influenza, Ebola, Nipah 
and MERS coronavirus. This same principle is also being supported by CEPI to develop a recombinant, 
spike protein-based COVID-19 vaccine, with Phase I trials expected to begin by July 2020. 

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, United Kingdom, presented 
the ChAdOx1 Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) 
Bangladesh. ChAdOx1 is a replication-deficient simian adenoviral vector which has been used for the 
development of vaccines against many pathogens in preclinical and clinical studies. It is safe for use 
in all ages and in patients who are immunocompromised, inducing strong and well maintained 
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humoral and T cell responses against the encoded antigen without the requirement for an adjuvant. 
A single dose of a ChAdOx1-vectored Nipah vaccine protects against homologous (Bangladesh strain) 
and heterologous (Malaysia strain) change in the intraperitoneal Syrian Golden Hamster challenge 
model (van Doremalen et al. 2019). Professor Gilbert’s team is now using the same chimpanzee 
adenoviral platoform technology to develop a COVID-19 vaccine candidate, supported in part by 
CEPI.  A single dose of the vaccine, which encodes the Spike protein of SARS-CoV-2, may confer 
protection against disease in a rhesus macaque pneumonia model (van Doremalen et al. 2020).  This 
COVID-19 vaccine candidate has now entered Phase I/II trials in the UK (EU Clinical Trials Register), 
thus becoming the first CEPI-supported vaccine technology platform to move from pathogen 
sequence availability to Phase I trials in less than 18 weeks. 

Investment in many other vaccine platform technologies has resulted in an unprecedented speed, 
moving quickly from pathogen sequence availability in early 2020 to a diverse portfolio of more than 
70 vaccine candidates in less than 4 months (Tung Thanh Le et al. 2020).  Although regulatory 
agencies are adapting to keep up with such a rapidly evolving vaccine pipeline, preparedness for 
future pandemics may necessitate regulatory frameworks to pre-approve specific platforms with 
consistent safety data in order to save precious time when plugging in a novel pathogen sequence 
into a vaccine platform technology. For many COVID-19 platform technologies, dialogue is ongoing to 
articulate strategies for large-scale manufacturing (see WHO Manufacturers meeting) and access 
(Yamey et al. 2020).  

 

Lesson 7: Engage regionally and locally, not just globally. 

The final Conference session was dedicated to collaboration and synergy.  Professor Zhengli Shi, from 
the Wuhan Institute of Virology/Chinese Academy of Sciences (CAS), described how a Sino-French 
agreement to collaborate on EIDs was established in 2004, following the SARS-CoV outbreak.  BSL4 
labs were established in the Wuhan Institute of Virology as a result of the SARS-CoV outbreak.  Prior 
to the COVID-19 pandemic, the Institute had an annual call launched around April each year for 
external organisations wanting access to the facility to test their own samples or to have access to 
samples from the in-house repositories.  The many years of research experience and international 
collaborations built by the CAS since 2004 have provided a preparedness framework through which 
Chinese scientists have responded and continue to respond to the SARS-CoV-2 epidemic sixteen 
years later. 

Dr. Nivedita Gupta, from the Indian Council of Medical Research (ICMR), described the Regional 
Enabler for the Southeast Asia Research Collaboration for Health (RESEARCH) Platform.  The 
RESEARCH platform was established on August 28, 2019, with ICMR as secretariat. The goal of the 
platform is to facilitate clinical research across the region, leveraging the unique capabilities of each 
country and sharing expertise. Of the 11 member states in the WHO Southeast Asia Region, 10 
participated in the second RESEARCH platform meeting.  With the platform in place, it will be easier 
to mount rapid responses to new outbreaks, and to conduct clinical trials – not only on Nipah virus, 
but also other EIDs. 

 

Epilogue 
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Unbeknownst to the scientists attending the Nipah@20 conference in Singapore in December 2019, 
the COVID-19 outbreak had already begun.  We started the year 2020 confronted with a new EID that 
required rapid mobilisation for vaccine development.  Nipah@20 was a scientific drill, a timely 
dialogue about the need to invest in the development of vaccines and medical countermeasures 
against EIDs with pandemic potential. CEPI has since mobilised early investment for several COVID-19 
vaccine candidates. As stated earlier, for two awardees, this builds on work already undertaken with 
Nipah virus vaccine projects which were showcased at the Nipah@20 conference.  

Transparency and a collaborative spirit underpinned the Nipah@20 conference.  Although Nipah 
virus may not seem like a priority in the current COVID-19 context, we hope that the scientific 
momentum will continue, with high value EID-related research being undertaken and published. 
When will Henipavirus experts next meet? An unofficial suggestion has been to commemorate the 
30th anniversary of the discovery of Hendra virus, which was the founding member of the Henipavirus 
genus, sometime in 2024.    

 

Acknowledgments: The authors wish to thank Tung Thanh Le for his comments in the preparation of 
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Dear Raul,

Greetings from Bangladesh !!!

Thanks for sharing the final version.  I have one issue to raise, please check the year of Nipah outbreak in Malaysia.
To my knowledge is was in 1998. 

I concur with the content and agree to be a co-author and is also in agreement with the authorship order.

Best regards,

Mahmud
 

Professor Dr. Mahmudur Rahman
MBBS(Bangladesh), MPHM (Thailand), PhD (Cambridge, UK)
Consultant
Programme for Emerging Infections, IDD, icddr,b
Former Director, Institute of Epidemiology, Disease Control and Research (IEDCR), Bangladesh
Tel:  +880 2 58956728 (Home)
       +880 1711 595139 (Mobile)
email: rahman.mahmudur@icddrb.org
          mahmudur57@gmail.com

On Tue, Jun 2, 2020 at 7:00 PM Raul Gomez Roman <raul.gomezroman@cepi.net> wrote:

Dear All,

I hope this email finds you well.  Here is the latest version of our summary to mSphere.  It has now incorporated
all your comments.  It has also undergone significant internal review at CEPI and should be considered the near
final version.  Could you please:

1. Review and indicate any major changes that absolutely need to be made prior to submission
2. Approve the authorship order and this near final version for submission

Benhur and I will follow up with mSphere.  Apologies this has taken so long (nearly 6 months after the Nipah
Conference!), but we have all been swamped with COVID-19 activities – and so have been most Nipah
researchers, I understand…Kindly send your reply by this Friday, June 5.

Best wishes,

Raúl
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Nipah@20:  Lessons learned from another virus with pandemic potential

In December 2019, the Nipah Virus International Conference (Nipah@20) was co-hosted by the Coalition for Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the U.S. National Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical School (Duke-NUS).  The Conference marked the 20th anniversary of the first outbreak of Nipah, an emerging infectious disease (EID) that, together with COVID-19, is currently listed as one of the WHO priority diseases that pose the greatest public health risk due to their epidemic potential and the insufficient countermeasures to mitigate them.  

Since its first identification in Malaysia and Singapore in 1999, Nipah virus infection has caused multiple outbreaks that have thus far been limited to the Asian continent.  Nipah@20 provided a forum to review the history and key scientific findings over the last 20 years, and to understand the current challenges in developing Nipah diagnostics, therapeutics and vaccines.  To foster international collaboration in the context of epidemic preparedness, the conference brought together 218 scientists and public health professionals working in 21 different countries around the globe.  Importantly, all Henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the Philippines and Singapore) were represented in the Conference, with their delegations accounting for 46% of all attendees. 	Comment by Mahmudur Rahman: Please check, Malaysia outbreak was in 1998

In terms of outcomes, the two-day conference created a scientific evidence-based framework to: (a) inform discussions between global health stakeholders participating in CEPI’s Joint Coordination Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.  

The Proceedings from the Conference are now publicly available and may be consulted in the following link: (in progress, under construction by CEPI Communications).  Highlights and commentaries from members of the International Organising Committee follow, with an emphasis on lessons learned from Nipah that could be applied to our understanding of the current COVID-19 pandemic and to preparedness against future emerging infectious diseases (EIDs) of pandemic potential.

Lesson 1: Make a sound investment case for preparedness.

Nipah@20 brought together a community of scientists who, over the past 20 years, have passionately studied the epidemiology, virology, pathogenesis and therapeutics of viruses that have pandemic potential. Many of the invited speakers were involved in understanding and responding to the 2002-2003 SARS-CoV-1 outbreak.  And it is no surprise that most of them are currently involved in responding to the COVID-19 pandemic.  For the past 15 years, this scientific community has been heavily involved in warning governments about the possible emergence of Pathogen X, and about the need to invest in preparedness against such pathogen.

In terms of policy and implementation, however, prior to the emergence of SARS-CoV-2, this scientific community had struggled to convince policy makers about the benefits to invest in research, development and vaccine manufacturing preparedness against pandemics.  As an example, even though Nipah has existed for over 20 years, investment on Nipah vaccine development has been limited.  The development of a sound business/investment case remains a priority to conduct advocacy and to move forward the development of effective Nipah countermeasures.  CEPI has estimated that, to bring four Nipah vaccine candidates through successful Phase 2a clinical trials, an investment of up to 200 million USD would be required, assuming no risk of failure (Gouglas et al. 2018).  This figure may seem high, but it pales in comparison to the economic and non-financial impact that a pandemic can create, as currently being demonstrated by COVID-19. Studies estimating the economic impact of past and present henipavirus outbreaks could provide valuable data to model a sound investment case for medical countermeasures against Nipah, Hendra, and other henipaviruses with pandemic potential.  To maximise investments, the possibility of a pan-henipavirus vaccine should also be considered, similar to programs considering the development of  pan-sarbecovirus vaccines (Burton & Walker, 2020). 



Lesson 2:  Articulate how to transform surveillance in animals into impact for humans.

Regarding progress and challenges in surveillance, scientists from several countries presented their research on Nipah and Henipavirus-like sequences found in bat samples throughout Asia and Africa.  In addition, the Indian Council for Medical Research (ICMR) has found several new viruses among bats and is exploring their EID potential. Opinions may vary on how to translate bat surveillance into policy and prevention of disease.  However, it is clear that international collaboration and further investment on surveillance research is needed to propose policy and to prepare against potential new pathogens that will continue to emerge from bats and other animals in areas with high biodiversity (Daszak et al. 2020). 



Lesson 3:  Articulate Diagnostics Use Cases and Target Product Profiles.

In terms of Nipah diagnostics, the need for international reference standards was highlighted.  Organizing and coordinating the collection of sera and virus isolates in the mist of an epidemic is of great importance for the timely establishment of standard material. International standards are needed for assay validation, calibration, comparison and quality controls; but cost-effective diagnostic kits and devices are also needed.  For example, a mobile, nucleic acid based Nipah diagnostic system is being used and validated in India & Bangladesh, with potential applications in clinical trials and outbreak response against other EIDs.  These and other methods for Nipah diagnostics were presented in the Conference, together with a draft Nipah Diagnostics Target Product Profile (TPP) developed by the WHO R&D Blueprint team (see WHO Nipah Diagnostics webpage). 

In the absence of an effective, Nipah-specific treatment, it could be argued that there is no clinical justification or direct clinical benefit to an individual patient when testing.  However, what may not benefit the individual patient will undoubtedly benefit public health at large, and thus, save lives.  Two Use Cases for Nipah diagnostics include: rapid detection of Nipah virus infections at a peripheral health center or hospital, and confirmation of active Nipah virus infection at a centralized laboratory.  For the former, a TPP would envision a near-patient/point-of-care (NPT/POC) test for rapid screening; for the latter, the TPP would envision a NPT/POC for rapid confirmation in settings with higher infrastructures (see WHO draft Nipah Diagnostics TPPs).

NPT/POC testing, contact-tracing and proactive quarantine of suspected cases is indicated at the onset of an outbreak and can quickly halt further spread, as evidenced by the Nipah outbreaks that were successfully contained by Indian authoritities in Kerala in 2018 and 2019 (Arunkumar et al. 2019). In an oubreak situation involving a novel pathogen of pandemic potential, referring to previously developed Diagnostics Use Cases and TPPs can help to quickly articulate diagnostics strategies. In the early stages of a pandemic, wide-spread NPT/POC diagnostics may need to prioritise sensitivity at the expense of specificity, if needed.  Wide-spread sensitive diagnostic testing combined with appropriate prevention and control measures has so far been the fastest way to bring the COVID-19 reproduction number (Ro) to less than 1 in some countries.  



Lesson 4:  Diversify the pre-clinical testing portfolio and create direct dialogue between lab scientists, pathologists and health workers in the field.

Two Conference sessions were dedicated to Nipah pathogenesis in animal models and to Transmission & Case-management in humans.  Data were presented on aerosol and intranasal challenges in African green monkeys (AGM), intratracheal challenge in cynomolgus macaques, and intranasal challenge in ferrets.  Although models vary in recapitulating specific aspects of Nipah disease observed in humans, there was no specific mention of myocarditis observed in heart tissue.  Myocarditis has been a consistent observation among Nipah-infected patients in India and Bangladesh, but this has not yet been reported in animal models.  It is possible that this difference may be due to early humane endpoints not allowing the heart tissue from infected-animals to reach the level of myocarditis deterioration observed in some Nipah-infected humans.  There was also mention of relapse and late-onset of infection observed in Malaysian patients several years after the acute infection.   There is no evidence of renewed viremia during relapsed encephalitis in humans, and there is currently no animal model for relapsing Nipah disease although many investigators have proposed such research and its importance.  

For Nipah and henipaviral diseases, it is conceivable that an Animal Rule or similar regulatory pathway may be necessary to achieve licensure of vaccines and other countermeasures.  Direct dialogue between preclinical scientists, pathologists and health workers can better inform the design of animal models suitable for EID countermeasure development.  Importantly, Henipavirus research has benefited from having a diverse pre-clinical testing portfolio, as many different animal species are susceptible to disease, which means that pre-clinical studies do not have to be limited to the use of non-human primates (NHPs).  This is also proving important for SARS-CoV-2, as research in NHPs, hamsters, mice and ferrets ensures that COVID-19 vaccines can be tested simultaneously, according to each model, in a wider range of BSL3 laboratory facilities for large and small animals across the world (Cohen, J. 2020).  It is conceivable that there will be different animal models for different endpoints such as infection, disease, and transmission. In addition, the use of human organoids is also being explored as a model to better understand SARS-CoV-2 biology in human tissue (Lamers et al., 2020).



Lesson 5: Plan for clinical trials by bringing together local and regional regulators.

Three sessions were dedicated to epidemiological needs for clinical trials and to review progress in the development of Nipah medical countermeasures.  There are several therapeutics in development, including: lipid-anchored peptides to prevent viral fusion, low-cost compounds such as heparin, and a nasal spray with compounds for potential prophylactic use.  There are also two monoclonal antibodies that can neutralize the virus and protect against Henipavirus infection and disease in vivo.  One (m102.4) has completed a Phase I trial in Australia and has been approved for compassionate use in humans.  Since antibodies do not cross the blood-brain barrier, for monoclonal antibody-based therapeutics to be effective, virus neutralization will likely have to occur in the respiratory tract, blood, and other tissues before the virus disseminates into the brain. However, multiple Nipah challenge models including NHPs indicate that passive immunization with Nipah neutralizing antibodies can also prevent CNS involvement if administered at the first signs of Nipah disease.

There was discussion on what the optimal Nipah clinical trial design would be in the context of an EID with very low incidence, i.e. in the absence of feasible randomised controlled trials (RCTs), observational studies such as case-control studies could still provide valuable evidence.  Relevant clinical trials for Nipah countermeasures will require engagement of local regulatory authorities in Bangladesh (Directorate General of Drug Administration, DGDA) and India (Drug Controller General of India, DCGI).  Partnerships are being built locally, with a focus on equitable access and low-cost interventions.  Recognising that pathways to Nipah vaccine licensure are likely to vary across countries, early dialogue between regulators from Asia, Europe and North America was facilitated during the Conference, and an international, Nipah-focused regulatory group was created.  Similarly, bringing regulators together early during COVID-19 medical countermeasure development could result in the identification of actions that can be harmonised or accelerated to meet common requirements or convergences along the pathway to licensure across multiple national regulatory agencies.



Lesson 6:  Invest in diversified platform technologies that can be harnessed for speed, scale and access during a pandemic.

One Nipah@20 session was devoted to the Nipah vaccine pipeline.  At least 13 vaccine candidates have been confirmed to be under development in pre-clinical stages (Gouglas et al. 2018).  Five of these active vaccine developers presented their latest pre-clinical data, with two speakers presenting on platform technologies that are being used for the development of COVID-19 vaccines.

Dr. Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia presented their molecular clamp approach to produce a highly stable pre-fusion form of the Nipah virus F glycoprotein, which is responsible for membrane fusion, and could be an additional target for neutralising antibodies. The molecular clamp is a novel way of locking synthetic versions of viral surface proteins into the same shape that appears on the virus surface. This technology has been designed as a platform approach to generate vaccines against a range of human and animal viruses and has shown promising results in the laboratory targeting viruses such as influenza, Ebola, Nipah and MERS coronavirus. This same principle is also being supported by CEPI to develop a recombinant, spike protein-based COVID-19 vaccine, with Phase I trials expected to begin by July 2020.

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, United Kingdom, presented the ChAdOx1 Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) Bangladesh. ChAdOx1 is a replication-deficient simian adenoviral vector which has been used for the development of vaccines against many pathogens in preclinical and clinical studies. It is safe for use in all ages and in patients who are immunocompromised, inducing strong and well maintained humoral and T cell responses against the encoded antigen without the requirement for an adjuvant. A single dose of a ChAdOx1-vectored Nipah vaccine protects against homologous (Bangladesh strain) and heterologous (Malaysia strain) change in the intraperitoneal Syrian Golden Hamster challenge model (van Doremalen et al. 2019). Professor Gilbert’s team is now using the same chimpanzee adenoviral platoform technology to develop a COVID-19 vaccine candidate, supported in part by CEPI.  A single dose of the vaccine, which encodes the Spike protein of SARS-CoV-2, may confer protection against disease in a rhesus macaque pneumonia model (van Doremalen et al. 2020).  This COVID-19 vaccine candidate has now entered Phase I/II trials in the UK (EU Clinical Trials Register), thus becoming the first CEPI-supported vaccine technology platform to move from pathogen sequence availability to Phase I trials in less than 18 weeks.

Investment in many other vaccine platform technologies has resulted in an unprecedented speed, moving quickly from pathogen sequence availability in early 2020 to a diverse portfolio of more than 70 vaccine candidates in less than 4 months (Tung Thanh Le et al. 2020).  Although regulatory agencies are adapting to keep up with such a rapidly evolving vaccine pipeline, preparedness for future pandemics may necessitate regulatory frameworks to pre-approve specific platforms with consistent safety data in order to save precious time when plugging in a novel pathogen sequence into a vaccine platform technology. For many COVID-19 platform technologies, dialogue is ongoing to articulate strategies for large-scale manufacturing (see WHO Manufacturers meeting) and access (Yamey et al. 2020). 



Lesson 7: Engage regionally and locally, not just globally.

The final Conference session was dedicated to collaboration and synergy.  Professor Zhengli Shi, from the Wuhan Institute of Virology/Chinese Academy of Sciences (CAS), described how a Sino-French agreement to collaborate on EIDs was established in 2004, following the SARS-CoV outbreak.  BSL4 labs were established in the Wuhan Institute of Virology as a result of the SARS-CoV outbreak.  Prior to the COVID-19 pandemic, the Institute had an annual call launched around April each year for external organisations wanting access to the facility to test their own samples or to have access to samples from the in-house repositories.  The many years of research experience and international collaborations built by the CAS since 2004 have provided a preparedness framework through which Chinese scientists have responded and continue to respond to the SARS-CoV-2 epidemic sixteen years later.

Dr. Nivedita Gupta, from the Indian Council of Medical Research (ICMR), described the Regional Enabler for the Southeast Asia Research Collaboration for Health (RESEARCH) Platform.  The RESEARCH platform was established on August 28, 2019, with ICMR as secretariat. The goal of the platform is to facilitate clinical research across the region, leveraging the unique capabilities of each country and sharing expertise. Of the 11 member states in the WHO Southeast Asia Region, 10 participated in the second RESEARCH platform meeting.  With the platform in place, it will be easier to mount rapid responses to new outbreaks, and to conduct clinical trials – not only on Nipah virus, but also other EIDs.



Epilogue

Unbeknownst to the scientists attending the Nipah@20 conference in Singapore in December 2019, the COVID-19 outbreak had already begun.  We started the year 2020 confronted with a new EID that required rapid mobilisation for vaccine development.  Nipah@20 was a scientific drill, a timely dialogue about the need to invest in the development of vaccines and medical countermeasures against EIDs with pandemic potential. CEPI has since mobilised early investment for several COVID-19 vaccine candidates. As stated earlier, for two awardees, this builds on work already undertaken with Nipah virus vaccine projects which were showcased at the Nipah@20 conference. 

Transparency and a collaborative spirit underpinned the Nipah@20 conference.  Although Nipah virus may not seem like a priority in the current COVID-19 context, we hope that the scientific momentum will continue, with high value EID-related research being undertaken and published. When will Henipavirus experts next meet? An unofficial suggestion has been to commemorate the 30th anniversary of the discovery of Hendra virus, which was the founding member of the Henipavirus genus, sometime in 2024.   
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Nipah@20:  Lessons learned from another virus with pandemic potential 

In December 2019, the Nipah Virus International Conference (Nipah@20) was co-hosted by the 
Coalition for Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the 
U.S. National Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical 
School (Duke-NUS).  The Conference marked the 20th anniversary of the first outbreak of Nipah, an 
emerging infectious disease (EID) that, together with COVID-19, is currently listed as one of the WHO 
priority diseases that pose the greatest public health risk due to their epidemic potential and the 
insufficient countermeasures to mitigate them.   

Since its first identification in Malaysia and Singapore in 1999, Nipah virus infection has caused 
multiple outbreaks that have thus far been limited to the Asian continent.  Nipah@20 provided a 
forum to review the history and key scientific findings over the last 20 years, and to understand the 
current challenges in developing Nipah diagnostics, therapeutics and vaccines.  To foster 
international collaboration in the context of epidemic preparedness, the conference brought 
together 218 scientists and public health professionals working in 21 different countries around the 
globe.  Importantly, all Henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the 
Philippines and Singapore) were represented in the Conference, with their delegations accounting for 
46% of all attendees.  

In terms of outcomes, the two-day conference created a scientific evidence-based framework to: (a) 
inform discussions between global health stakeholders participating in CEPI’s Joint Coordination 
Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working 
group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further 
multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.   

The Proceedings from the Conference are now publicly available and may be consulted in the 
following link: (in progress, under construction by CEPI Communications).  Highlights and 
commentaries from members of the International Organising Committee follow, with an emphasis 
on lessons learned from Nipah that could be applied to our understanding of the current COVID-19 
pandemic and to preparedness against future emerging infectious diseases (EIDs) of pandemic 
potential. 

Lesson 1: Make a sound investment case for preparedness. 

Nipah@20 brought together a community of scientists who, over the past 20 years, have 
passionately studied the epidemiology, virology, pathogenesis and therapeutics of viruses that have 
pandemic potential. Many of the invited speakers were involved in understanding and responding to 
the 2002-2003 SARS-CoV-1 outbreak.  And it is no surprise that most of them are currently involved 
in responding to the COVID-19 pandemic.  For the past 15 years, this scientific community has been 
heavily involved in warning governments about the possible emergence of Pathogen X, and about 
the need to invest in preparedness against such pathogen. 

In terms of policy and implementation, however, prior to the emergence of SARS-CoV-2, this 
scientific community had struggled to convince policy makers about the benefits to invest in 
research, development and vaccine manufacturing preparedness against pandemics.  As an example, 
even though Nipah has existed for over 20 years, investment on Nipah vaccine development has 
been limited.  The development of a sound business/investment case remains a priority to conduct 
advocacy and to move forward the development of effective Nipah countermeasures.  CEPI has 
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estimated that, to bring four Nipah vaccine candidates through successful Phase 2a clinical trials, an 
investment of up to 200 million USD would be required, assuming no risk of failure (Gouglas et al. 
2018).  This figure may seem high, but it pales in comparison to the economic and non-financial 
impact that a pandemic can create, as currently being demonstrated by COVID-19. Studies estimating 
the economic impact of past and present henipavirus outbreaks could provide valuable data to 
model a sound investment case for medical countermeasures against Nipah, Hendra, and other 
henipaviruses with pandemic potential.  To maximise investments, the possibility of a pan-
henipavirus vaccine should also be considered, similar to programs considering the development of  
pan-sarbecovirus vaccines (Burton & Walker, 2020).  

 

Lesson 2:  Articulate how to transform surveillance in animals into impact for humans. 

Regarding progress and challenges in surveillance, scientists from several countries presented their 
research on Nipah and Henipavirus-like sequences found in bat samples throughout Asia and Africa.  
In addition, the Indian Council for Medical Research (ICMR) has found several new viruses among 
bats and is exploring their EID potential. Opinions may vary on how to translate bat surveillance into 
policy and prevention of disease.  However, it is clear that international collaboration and further 
investment on surveillance research is needed to propose policy and to prepare against potential 
new pathogens that will continue to emerge from bats and other animals in areas with high 
biodiversity (Daszak et al. 2020).  

 

Lesson 3:  Articulate Diagnostics Use Cases and Target Product Profiles. 

In terms of Nipah diagnostics, the need for international reference standards was highlighted.  
Organizing and coordinating the collection of sera and virus isolates in the midst of an epidemic is of 
great importance for the timely establishment of standard material. International standards are 
needed for assay validation, calibration, comparison and quality controls; but cost-effective 
diagnostic kits and devices are also needed.  For example, a mobile, nucleic acid based Nipah 
diagnostic system is being used and validated in India & Bangladesh, with potential applications in 
clinical trials and outbreak response against other EIDs.  These and other methods for Nipah 
diagnostics were presented in the Conference, together with a draft Nipah Diagnostics Target 
Product Profile (TPP) developed by the WHO R&D Blueprint team (see WHO Nipah Diagnostics 
webpage).  

In the absence of an effective, Nipah-specific treatment, it could be argued that there is no clinical 
justification or direct clinical benefit to an individual patient when testing.  However, what may not 
benefit the individual patient will undoubtedly benefit public health at large, and thus, save lives.  
Two Use Cases for Nipah diagnostics include: rapid detection of Nipah virus infections at a peripheral 
health center or hospital, and confirmation of active Nipah virus infection at a centralized laboratory.  
For the former, a TPP would envision a near-patient/point-of-care (NPT/POC) test for rapid 
screening; for the latter, the TPP would envision a NPT/POC for rapid confirmation in settings with 
higher infrastructures (see WHO draft Nipah Diagnostics TPPs). 

NPT/POC testing, contact-tracing and proactive quarantine of suspected cases is indicated at the 
onset of an outbreak and can quickly halt further spread, as evidenced by the Nipah outbreaks that 
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were successfully contained by Indian authoritities in Kerala in 2018 and 2019 (Arunkumar et al. 
2019). In an oubreak situation involving a novel pathogen of pandemic potential, referring to 
previously developed Diagnostics Use Cases and TPPs can help to quickly articulate diagnostics 
strategies. In the early stages of a pandemic, wide-spread NPT/POC diagnostics may need to 
prioritise sensitivity at the expense of specificity, if needed.  Wide-spread sensitive diagnostic testing 
combined with appropriate prevention and control measures has so far been the fastest way to bring 
the COVID-19 reproduction number (Ro) to less than 1 in some countries.   

 

Lesson 4:  Diversify the pre-clinical testing portfolio and create direct dialogue between lab 
scientists, pathologists and health workers in the field. 

Two Conference sessions were dedicated to Nipah pathogenesis in animal models and to 
Transmission & Case-management in humans.  Data were presented on aerosol and intranasal 
challenges in African green monkeys (AGM), intratracheal challenge in cynomolgus macaques, and 
intranasal challenge in ferrets.  Although models vary in recapitulating specific aspects of Nipah 
disease observed in humans, there was no specific mention of myocarditis observed in heart tissue.  
Myocarditis has been a consistent observation among Nipah-infected patients in India and 
Bangladesh, but this has not yet been reported in animal models.  It is possible that this difference 
may be due to early humane endpoints not allowing the heart tissue from infected-animals to reach 
the level of myocarditis deterioration observed in some Nipah-infected humans.  There was also 
mention of relapse and late-onset of infection observed in Malaysian patients several years after the 
acute infection.   There is no evidence of renewed viremia during relapsed encephalitis in humans, 
and there is currently no animal model for relapsing Nipah disease although many investigators have 
proposed such research and its importance.   

For Nipah and henipaviral diseases, it is conceivable that an Animal Rule or similar regulatory 
pathway may be necessary to achieve licensure of vaccines and other countermeasures.  Direct 
dialogue between preclinical scientists, pathologists and health workers can better inform the design 
of animal models suitable for EID countermeasure development.  Importantly, Henipavirus research 
has benefited from having a diverse pre-clinical testing portfolio, as many different animal species 
are susceptible to disease, which means that pre-clinical studies do not have to be limited to the use 
of non-human primates (NHPs).  This is also proving important for SARS-CoV-2, as research in NHPs, 
hamsters, mice and ferrets ensures that COVID-19 vaccines can be tested simultaneously, according 
to each model, in a wider range of BSL3 laboratory facilities for large and small animals across the 
world (Cohen, J. 2020).  It is conceivable that there will be different animal models for different 
endpoints such as infection, disease, and transmission. In addition, the use of human organoids is 
also being explored as a model to better understand SARS-CoV-2 biology in human tissue (Lamers et 
al., 2020). 

 

Lesson 5: Plan for clinical trials by bringing together local and regional regulators. 

Three sessions were dedicated to epidemiological needs for clinical trials and to review progress in 
the development of Nipah medical countermeasures.  There are several therapeutics in 
development, including: lipid-anchored peptides to prevent viral fusion, low-cost compounds such as 
heparin, and a nasal spray with compounds for potential prophylactic use.  There are also two 
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monoclonal antibodies that can neutralize the virus and protect against Henipavirus infection and 
disease in vivo.  One (m102.4) has completed a Phase I trial in Australia and has been approved for 
compassionate use in humans.  Since antibodies do not cross the blood-brain barrier, for monoclonal 
antibody-based therapeutics to be effective, virus neutralization will likely have to occur in the 
respiratory tract, blood, and other tissues before the virus disseminates into the brain. However, 
multiple Nipah challenge models including NHPs indicate that passive immunization with Nipah 
neutralizing antibodies can also prevent CNS involvement if administered at the first signs of Nipah 
disease. 

There was discussion on what the optimal Nipah clinical trial design would be in the context of an EID 
with very low incidence, i.e. in the absence of feasible randomised controlled trials (RCTs), 
observational studies such as case-control studies could still provide valuable evidence.  Relevant 
clinical trials for Nipah countermeasures will require engagement of local regulatory authorities in 
Bangladesh (Directorate General of Drug Administration, DGDA) and India (Drug Controller General 
of India, DCGI).  Partnerships are being built locally, with a focus on equitable access and low-cost 
interventions.  Recognising that pathways to Nipah vaccine licensure are likely to vary across 
countries, early dialogue between regulators from Asia, Europe and North America was facilitated 
during the Conference, and an international, Nipah-focused regulatory group was created.  Similarly, 
bringing regulators together early during COVID-19 medical countermeasure development could 
result in the identification of actions that can be harmonised or accelerated to meet common 
requirements or convergences along the pathway to licensure across multiple national regulatory 
agencies. 

 

Lesson 6:  Invest in diversified platform technologies that can be harnessed for speed, scale and 
access during a pandemic. 

One Nipah@20 session was devoted to the Nipah vaccine pipeline.  At least 13 vaccine candidates 
have been confirmed to be under development in pre-clinical stages (Gouglas et al. 2018).  Five of 
these active vaccine developers presented their latest pre-clinical data, with two speakers presenting 
on platform technologies that are being used for the development of COVID-19 vaccines. 

Dr. Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia 
presented their molecular clamp approach to produce a highly stable pre-fusion form of the Nipah 
virus F glycoprotein, which is responsible for membrane fusion, and could be an additional target for 
neutralising antibodies. The molecular clamp is a novel way of locking synthetic versions of viral 
surface proteins into the same shape that appears on the virus surface. This technology has been 
designed as a platform approach to generate vaccines against a range of human and animal viruses 
and has shown promising results in the laboratory targeting viruses such as influenza, Ebola, Nipah 
and MERS coronavirus. This same principle is also being supported by CEPI to develop a recombinant, 
spike protein-based COVID-19 vaccine, with Phase I trials expected to begin by July 2020. 

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, United Kingdom, presented 
the ChAdOx1 Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) 
Bangladesh. ChAdOx1 is a replication-deficient simian adenoviral vector which has been used for the 
development of vaccines against many pathogens in preclinical and clinical studies. It is safe for use 
in all ages and in patients who are immunocompromised, inducing strong and well maintained 
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humoral and T cell responses against the encoded antigen without the requirement for an adjuvant. 
A single dose of a ChAdOx1-vectored Nipah vaccine protects against homologous (Bangladesh strain) 
and heterologous (Malaysia strain) change in the intraperitoneal Syrian Golden Hamster challenge 
model (van Doremalen et al. 2019). Professor Gilbert’s team is now using the same chimpanzee 
adenoviral platoform technology to develop a COVID-19 vaccine candidate, supported in part by 
CEPI.  A single dose of the vaccine, which encodes the Spike protein of SARS-CoV-2, may confer 
protection against disease in a rhesus macaque pneumonia model (van Doremalen et al. 2020).  This 
COVID-19 vaccine candidate has now entered Phase I/II trials in the UK (EU Clinical Trials Register), 
thus becoming the first CEPI-supported vaccine technology platform to move from pathogen 
sequence availability to Phase I trials in less than 18 weeks. 

Investment in many other vaccine platform technologies has resulted in an unprecedented speed, 
moving quickly from pathogen sequence availability in early 2020 to a diverse portfolio of more than 
70 vaccine candidates in less than 4 months (Tung Thanh Le et al. 2020).  Although regulatory 
agencies are adapting to keep up with such a rapidly evolving vaccine pipeline, preparedness for 
future pandemics may necessitate regulatory frameworks to pre-approve specific platforms with 
consistent safety data in order to save precious time when plugging in a novel pathogen sequence 
into a vaccine platform technology. For many COVID-19 platform technologies, dialogue is ongoing to 
articulate strategies for large-scale manufacturing (see WHO Manufacturers meeting) and access 
(Yamey et al. 2020).  

 

Lesson 7: Engage regionally and locally, not just globally. 

The final Conference session was dedicated to collaboration and synergy.  Professor Zhengli Shi, from 
the Wuhan Institute of Virology/Chinese Academy of Sciences (CAS), described how a Sino-French 
agreement to collaborate on EIDs was established in 2004, following the SARS-CoV outbreak.  BSL4 
labs were established in the Wuhan Institute of Virology as a result of the SARS-CoV outbreak.  Prior 
to the COVID-19 pandemic, the Institute had an annual call launched around April each year for 
external organisations wanting access to the facility to test their own samples or to have access to 
samples from the in-house repositories.  The many years of research experience and international 
collaborations built by the CAS since 2004 have provided a preparedness framework through which 
Chinese scientists have responded and continue to respond to the SARS-CoV-2 epidemic sixteen 
years later. 

Dr. Nivedita Gupta, from the Indian Council of Medical Research (ICMR), described the Regional 
Enabler for the Southeast Asia Research Collaboration for Health (RESEARCH) Platform.  The 
RESEARCH platform was established on August 28, 2019, with ICMR as secretariat. The goal of the 
platform is to facilitate clinical research across the region, leveraging the unique capabilities of each 
country and sharing expertise. Of the 11 member states in the WHO Southeast Asia Region, 10 
participated in the second RESEARCH platform meeting.  With the platform in place, it will be easier 
to mount rapid responses to new outbreaks, and to conduct clinical trials – not only on Nipah virus, 
but also other EIDs. 

 

Epilogue 
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Unbeknownst to the scientists attending the Nipah@20 conference in Singapore in December 2019, 
the COVID-19 outbreak had already begun.  We started the year 2020 confronted with a new EID that 
required rapid mobilisation for vaccine development.  Nipah@20 was a scientific drill, a timely 
dialogue about the need to invest in the development of vaccines and medical countermeasures 
against EIDs with pandemic potential. CEPI has since mobilised early investment for several COVID-19 
vaccine candidates. As stated earlier, for two awardees, this builds on work already undertaken with 
Nipah virus vaccine projects which were showcased at the Nipah@20 conference.  

Transparency and a collaborative spirit underpinned the Nipah@20 conference.  Although Nipah 
virus may not seem like a priority in the current COVID-19 context, we hope that the scientific 
momentum will continue, with high value EID-related research being undertaken and published. 
When will Henipavirus experts next meet? An unofficial suggestion has been to commemorate the 
30th anniversary of the discovery of Hendra virus, which was the founding member of the Henipavirus 
genus, sometime in 2024.    
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Nipah@20:  Lessons learned from another virus with pandemic potential

In December 2019, the Nipah Virus International Conference (Nipah@20) was co-hosted by the Coalition for Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the U.S. National Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical School (Duke-NUS).  The Conference marked the 20th anniversary of the first outbreak of Nipah, an emerging infectious disease (EID) that, together with COVID-19, is currently listed as one of the WHO priority diseases that pose the greatest public health risk due to their epidemic potential and the insufficient countermeasures to mitigate them.  

Since its first identification in Malaysia and Singapore in 1999, Nipah virus infection has caused multiple outbreaks that have thus far been limited to the Asian continent.  Nipah@20 provided a forum to review the history and key scientific findings over the last 20 years, and to understand the current challenges in developing Nipah diagnostics, therapeutics and vaccines.  To foster international collaboration in the context of epidemic preparedness, the conference brought together 218 scientists and public health professionals working in 21 different countries around the globe.  Importantly, all Henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the Philippines and Singapore) were represented in the Conference, with their delegations accounting for 46% of all attendees. 

In terms of outcomes, the two-day conference created a scientific evidence-based framework to: (a) inform discussions between global health stakeholders participating in CEPI’s Joint Coordination Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.  

The Proceedings from the Conference are now publicly available and may be consulted in the following link: (in progress, under construction by CEPI Communications).  Highlights and commentaries from members of the International Organising Committee follow, with an emphasis on lessons learned from Nipah that could be applied to our understanding of the current COVID-19 pandemic and to preparedness against future emerging infectious diseases (EIDs) of pandemic potential.

Lesson 1: Make a sound investment case for preparedness.

Nipah@20 brought together a community of scientists who, over the past 20 years, have passionately studied the epidemiology, virology, pathogenesis and therapeutics of viruses that have pandemic potential. Many of the invited speakers were involved in understanding and responding to the 2002-2003 SARS-CoV-1 outbreak.  And it is no surprise that most of them are currently involved in responding to the COVID-19 pandemic.  For the past 15 years, this scientific community has been heavily involved in warning governments about the possible emergence of Pathogen X, and about the need to invest in preparedness against such pathogen.

In terms of policy and implementation, however, prior to the emergence of SARS-CoV-2, this scientific community had struggled to convince policy makers about the benefits to invest in research, development and vaccine manufacturing preparedness against pandemics.  As an example, even though Nipah has existed for over 20 years, investment on Nipah vaccine development has been limited.  The development of a sound business/investment case remains a priority to conduct advocacy and to move forward the development of effective Nipah countermeasures.  CEPI has estimated that, to bring four Nipah vaccine candidates through successful Phase 2a clinical trials, an investment of up to 200 million USD would be required, assuming no risk of failure (Gouglas et al. 2018).  This figure may seem high, but it pales in comparison to the economic and non-financial impact that a pandemic can create, as currently being demonstrated by COVID-19. Studies estimating the economic impact of past and present henipavirus outbreaks could provide valuable data to model a sound investment case for medical countermeasures against Nipah, Hendra, and other henipaviruses with pandemic potential.  To maximise investments, the possibility of a pan-henipavirus vaccine should also be considered, similar to programs considering the development of  pan-sarbecovirus vaccines (Burton & Walker, 2020). 



Lesson 2:  Articulate how to transform surveillance in animals into impact for humans.

Regarding progress and challenges in surveillance, scientists from several countries presented their research on Nipah and Henipavirus-like sequences found in bat samples throughout Asia and Africa.  In addition, the Indian Council for Medical Research (ICMR) has found several new viruses among bats and is exploring their EID potential. Opinions may vary on how to translate bat surveillance into policy and prevention of disease.  However, it is clear that international collaboration and further investment on surveillance research is needed to propose policy and to prepare against potential new pathogens that will continue to emerge from bats and other animals in areas with high biodiversity (Daszak et al. 2020). 



Lesson 3:  Articulate Diagnostics Use Cases and Target Product Profiles.

[bookmark: _Hlk42066917][bookmark: _GoBack]In terms of Nipah diagnostics, the need for international reference standards was highlighted.  Organizing and coordinating the collection of sera and virus isolates in the midst of an epidemic is of great importance for the timely establishment of standard material. International standards are needed for assay validation, calibration, comparison and quality controls; but cost-effective diagnostic kits and devices are also needed.  For example, a mobile, nucleic acid based Nipah diagnostic system is being used and validated in India & Bangladesh, with potential applications in clinical trials and outbreak response against other EIDs.  These and other methods for Nipah diagnostics were presented in the Conference, together with a draft Nipah Diagnostics Target Product Profile (TPP) developed by the WHO R&D Blueprint team (see WHO Nipah Diagnostics webpage). 

In the absence of an effective, Nipah-specific treatment, it could be argued that there is no clinical justification or direct clinical benefit to an individual patient when testing.  However, what may not benefit the individual patient will undoubtedly benefit public health at large, and thus, save lives.  Two Use Cases for Nipah diagnostics include: rapid detection of Nipah virus infections at a peripheral health center or hospital, and confirmation of active Nipah virus infection at a centralized laboratory.  For the former, a TPP would envision a near-patient/point-of-care (NPT/POC) test for rapid screening; for the latter, the TPP would envision a NPT/POC for rapid confirmation in settings with higher infrastructures (see WHO draft Nipah Diagnostics TPPs).

NPT/POC testing, contact-tracing and proactive quarantine of suspected cases is indicated at the onset of an outbreak and can quickly halt further spread, as evidenced by the Nipah outbreaks that were successfully contained by Indian authoritities in Kerala in 2018 and 2019 (Arunkumar et al. 2019). In an oubreak situation involving a novel pathogen of pandemic potential, referring to previously developed Diagnostics Use Cases and TPPs can help to quickly articulate diagnostics strategies. In the early stages of a pandemic, wide-spread NPT/POC diagnostics may need to prioritise sensitivity at the expense of specificity, if needed.  Wide-spread sensitive diagnostic testing combined with appropriate prevention and control measures has so far been the fastest way to bring the COVID-19 reproduction number (Ro) to less than 1 in some countries.  



Lesson 4:  Diversify the pre-clinical testing portfolio and create direct dialogue between lab scientists, pathologists and health workers in the field.

Two Conference sessions were dedicated to Nipah pathogenesis in animal models and to Transmission & Case-management in humans.  Data were presented on aerosol and intranasal challenges in African green monkeys (AGM), intratracheal challenge in cynomolgus macaques, and intranasal challenge in ferrets.  Although models vary in recapitulating specific aspects of Nipah disease observed in humans, there was no specific mention of myocarditis observed in heart tissue.  Myocarditis has been a consistent observation among Nipah-infected patients in India and Bangladesh, but this has not yet been reported in animal models.  It is possible that this difference may be due to early humane endpoints not allowing the heart tissue from infected-animals to reach the level of myocarditis deterioration observed in some Nipah-infected humans.  There was also mention of relapse and late-onset of infection observed in Malaysian patients several years after the acute infection.   There is no evidence of renewed viremia during relapsed encephalitis in humans, and there is currently no animal model for relapsing Nipah disease although many investigators have proposed such research and its importance.  

For Nipah and henipaviral diseases, it is conceivable that an Animal Rule or similar regulatory pathway may be necessary to achieve licensure of vaccines and other countermeasures.  Direct dialogue between preclinical scientists, pathologists and health workers can better inform the design of animal models suitable for EID countermeasure development.  Importantly, Henipavirus research has benefited from having a diverse pre-clinical testing portfolio, as many different animal species are susceptible to disease, which means that pre-clinical studies do not have to be limited to the use of non-human primates (NHPs).  This is also proving important for SARS-CoV-2, as research in NHPs, hamsters, mice and ferrets ensures that COVID-19 vaccines can be tested simultaneously, according to each model, in a wider range of BSL3 laboratory facilities for large and small animals across the world (Cohen, J. 2020).  It is conceivable that there will be different animal models for different endpoints such as infection, disease, and transmission. In addition, the use of human organoids is also being explored as a model to better understand SARS-CoV-2 biology in human tissue (Lamers et al., 2020).



Lesson 5: Plan for clinical trials by bringing together local and regional regulators.

Three sessions were dedicated to epidemiological needs for clinical trials and to review progress in the development of Nipah medical countermeasures.  There are several therapeutics in development, including: lipid-anchored peptides to prevent viral fusion, low-cost compounds such as heparin, and a nasal spray with compounds for potential prophylactic use.  There are also two monoclonal antibodies that can neutralize the virus and protect against Henipavirus infection and disease in vivo.  One (m102.4) has completed a Phase I trial in Australia and has been approved for compassionate use in humans.  Since antibodies do not cross the blood-brain barrier, for monoclonal antibody-based therapeutics to be effective, virus neutralization will likely have to occur in the respiratory tract, blood, and other tissues before the virus disseminates into the brain. However, multiple Nipah challenge models including NHPs indicate that passive immunization with Nipah neutralizing antibodies can also prevent CNS involvement if administered at the first signs of Nipah disease.

There was discussion on what the optimal Nipah clinical trial design would be in the context of an EID with very low incidence, i.e. in the absence of feasible randomised controlled trials (RCTs), observational studies such as case-control studies could still provide valuable evidence.  Relevant clinical trials for Nipah countermeasures will require engagement of local regulatory authorities in Bangladesh (Directorate General of Drug Administration, DGDA) and India (Drug Controller General of India, DCGI).  Partnerships are being built locally, with a focus on equitable access and low-cost interventions.  Recognising that pathways to Nipah vaccine licensure are likely to vary across countries, early dialogue between regulators from Asia, Europe and North America was facilitated during the Conference, and an international, Nipah-focused regulatory group was created.  Similarly, bringing regulators together early during COVID-19 medical countermeasure development could result in the identification of actions that can be harmonised or accelerated to meet common requirements or convergences along the pathway to licensure across multiple national regulatory agencies.



Lesson 6:  Invest in diversified platform technologies that can be harnessed for speed, scale and access during a pandemic.

One Nipah@20 session was devoted to the Nipah vaccine pipeline.  At least 13 vaccine candidates have been confirmed to be under development in pre-clinical stages (Gouglas et al. 2018).  Five of these active vaccine developers presented their latest pre-clinical data, with two speakers presenting on platform technologies that are being used for the development of COVID-19 vaccines.

Dr. Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia presented their molecular clamp approach to produce a highly stable pre-fusion form of the Nipah virus F glycoprotein, which is responsible for membrane fusion, and could be an additional target for neutralising antibodies. The molecular clamp is a novel way of locking synthetic versions of viral surface proteins into the same shape that appears on the virus surface. This technology has been designed as a platform approach to generate vaccines against a range of human and animal viruses and has shown promising results in the laboratory targeting viruses such as influenza, Ebola, Nipah and MERS coronavirus. This same principle is also being supported by CEPI to develop a recombinant, spike protein-based COVID-19 vaccine, with Phase I trials expected to begin by July 2020.

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, United Kingdom, presented the ChAdOx1 Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) Bangladesh. ChAdOx1 is a replication-deficient simian adenoviral vector which has been used for the development of vaccines against many pathogens in preclinical and clinical studies. It is safe for use in all ages and in patients who are immunocompromised, inducing strong and well maintained humoral and T cell responses against the encoded antigen without the requirement for an adjuvant. A single dose of a ChAdOx1-vectored Nipah vaccine protects against homologous (Bangladesh strain) and heterologous (Malaysia strain) change in the intraperitoneal Syrian Golden Hamster challenge model (van Doremalen et al. 2019). Professor Gilbert’s team is now using the same chimpanzee adenoviral platoform technology to develop a COVID-19 vaccine candidate, supported in part by CEPI.  A single dose of the vaccine, which encodes the Spike protein of SARS-CoV-2, may confer protection against disease in a rhesus macaque pneumonia model (van Doremalen et al. 2020).  This COVID-19 vaccine candidate has now entered Phase I/II trials in the UK (EU Clinical Trials Register), thus becoming the first CEPI-supported vaccine technology platform to move from pathogen sequence availability to Phase I trials in less than 18 weeks.

Investment in many other vaccine platform technologies has resulted in an unprecedented speed, moving quickly from pathogen sequence availability in early 2020 to a diverse portfolio of more than 70 vaccine candidates in less than 4 months (Tung Thanh Le et al. 2020).  Although regulatory agencies are adapting to keep up with such a rapidly evolving vaccine pipeline, preparedness for future pandemics may necessitate regulatory frameworks to pre-approve specific platforms with consistent safety data in order to save precious time when plugging in a novel pathogen sequence into a vaccine platform technology. For many COVID-19 platform technologies, dialogue is ongoing to articulate strategies for large-scale manufacturing (see WHO Manufacturers meeting) and access (Yamey et al. 2020). 



Lesson 7: Engage regionally and locally, not just globally.

The final Conference session was dedicated to collaboration and synergy.  Professor Zhengli Shi, from the Wuhan Institute of Virology/Chinese Academy of Sciences (CAS), described how a Sino-French agreement to collaborate on EIDs was established in 2004, following the SARS-CoV outbreak.  BSL4 labs were established in the Wuhan Institute of Virology as a result of the SARS-CoV outbreak.  Prior to the COVID-19 pandemic, the Institute had an annual call launched around April each year for external organisations wanting access to the facility to test their own samples or to have access to samples from the in-house repositories.  The many years of research experience and international collaborations built by the CAS since 2004 have provided a preparedness framework through which Chinese scientists have responded and continue to respond to the SARS-CoV-2 epidemic sixteen years later.

Dr. Nivedita Gupta, from the Indian Council of Medical Research (ICMR), described the Regional Enabler for the Southeast Asia Research Collaboration for Health (RESEARCH) Platform.  The RESEARCH platform was established on August 28, 2019, with ICMR as secretariat. The goal of the platform is to facilitate clinical research across the region, leveraging the unique capabilities of each country and sharing expertise. Of the 11 member states in the WHO Southeast Asia Region, 10 participated in the second RESEARCH platform meeting.  With the platform in place, it will be easier to mount rapid responses to new outbreaks, and to conduct clinical trials – not only on Nipah virus, but also other EIDs.



Epilogue

Unbeknownst to the scientists attending the Nipah@20 conference in Singapore in December 2019, the COVID-19 outbreak had already begun.  We started the year 2020 confronted with a new EID that required rapid mobilisation for vaccine development.  Nipah@20 was a scientific drill, a timely dialogue about the need to invest in the development of vaccines and medical countermeasures against EIDs with pandemic potential. CEPI has since mobilised early investment for several COVID-19 vaccine candidates. As stated earlier, for two awardees, this builds on work already undertaken with Nipah virus vaccine projects which were showcased at the Nipah@20 conference. 

Transparency and a collaborative spirit underpinned the Nipah@20 conference.  Although Nipah virus may not seem like a priority in the current COVID-19 context, we hope that the scientific momentum will continue, with high value EID-related research being undertaken and published. When will Henipavirus experts next meet? An unofficial suggestion has been to commemorate the 30th anniversary of the discovery of Hendra virus, which was the founding member of the Henipavirus genus, sometime in 2024.   
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Nipah@20:  Lessons learned from another virus with pandemic potential 

In December 2019, a Nipah Virus International Conference (Nipah@20) was co-hosted by the 
Coalition for Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the 
U.S. National Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical 
School (Duke-NUS).   

The Conference marked the 20th anniversary of the discovery of Nipah virus.  Since its first 
identification in Malaysia and Singapore in 1999, the understanding of Nipah virus infection and its 
pandemic potential has advanced substantially.  The Conference provided a forum to review the 
history and key scientific findings over the last 20 years, and to understand the current challenges in 
developing Nipah diagnostics, therapeutics and vaccines. 

To foster international collaboration in the context of epidemic preparedness, Nipah@20 brought 
together 218 scientists and public health professionals working in 21 different countries around the 
globe.  Importantly, all Henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the 
Philippines and Singapore) were represented in the Conference, with their delegations accounting for 
46% of all attendees.  

In terms of outcomes, the two-day Conference created a scientific evidence-based framework to: (a) 
inform discussions between global health stakeholders participating in CEPI’s Joint Coordination 
Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working 
group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further 
multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.   

The Proceedings from the Conference are now publicly available and may consulted in the following 
link: (in progress, under construction by CEPI Communications).  Highlights and commentaries from 
members of the International Organising Committee follow, with an emphasis on lessons learned 
from Nipah that could be applied to our understanding of the current COVID-19 pandemic and to 
preparedness against future emerging infectious diseases (EIDs) of pandemic potential. 

Lesson 1: Make a sound investment case for preparedness. 

Nipah@20 brought together a community of scientists who, over the past 20 years, have 
passionately studied the epidemiology, virology, pathogenesis and therapeutics of viruses that have 
pandemic potential. Many of the invited speakers were involved in understanding and responding to 
the 2003 SARS-CoV-1 outbreak.  And it is no surprise that most of them are currently involved in 
responding to the COVID-19 pandemic.  For the past 15 years, this scientific community has been 
heavily involved in warning governments about the possible emergence of Pathogen X, and about 
the need to invest in preparedness against such pathogen. 

In terms of policy and implementation, however, prior to the emergence of SARS-CoV-2, this 
scientific community had struggled to convince policy makers about the benefits to invest in 
research, development and vaccine manufacturing preparedness against pandemics.  As an example, 
even though Nipah has existed for over 20 years, investment on Nipah vaccine development has 
been limited.  The development of a sound business/investment case remains a priority to conduct 
advocacy and to move forward the development of effective Nipah countermeasures.  CEPI has 
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estimated that, to bring four Nipah vaccine candidates through successful Phase 2a clinical trials, an 
investment of up to 1300 million USD would be required (Gouglas et al. 2018).  This figure may seem 
high, but it pales in comparison to the economic impact that a pandemic can create. Studies 
estimating the economic impact of past and present Nipah outbreaks could provide valuable data to 
model a sound investment case for medical countermeasures against Nipah and other henipaviruses 
with pandemic potential. 

 

Lesson 2:  Articulate how to transform surveillance in animals into impact for humans. 

With regard to progress and challenges in surveillance, scientists from several countries presented 
their research on Nipah and Henipavirus-like sequences found in bat samples throughout Asia and 
Africa.  In addition, the Indian Council for Medical Research (ICMR) has found several new viruses 
among bats and is exploring their EID potential. Opinions may vary on how to translate bat 
surveillance into policy and prevention of disease.  However, it is clear that international 
collaboration and further investment on surveillance research is needed to prepare against potential 
new pathogens that will continue to emerge from bats and other animals in areas with high 
biodiversity.  

 

Lesson 3:  Articulate a strategy for a potential diagnostics conundrum. 

In terms of diagnostics, the need for international reference standards was highlighted.  International 
standards are needed for assay validation, calibration, comparison and quality controls; but cost-
effective diagnostic kits and devices are also needed.  For example, a mobile, nucleic acid based 
Nipah diagnostic system is being used and validated in India & Bangladesh, with potential 
applications in clinical trials and outbreak response against other EIDs.  In the absence of an effective, 
Nipah-specific treatment, however, it could be argued that there is no clinical justification or clinical 
incentive for testing.  This is a dilemma that may also apply to other EIDs of pandemic potential: 
testing and surveillance are beneficial for containment, contact-tracing and rapid response; but in 
the absence of a specific treatment, what are the benefits to the patient, and how should health 
providers prioritise diagnostic allocation in resource-constrained settings?  Though all countries 
should, not all countries can provide diagnostics to test suspect cases of Nipah or other EIDs of 
pandemic potential.  Clear guidance must be developed on how to prioritise diagnostic resources 
when resources are limited in a pandemic situation in which resources are likely to be limited. 

 

Lesson 4:  Diversify the pre-clinical testing portfolio and create direct dialogue between lab 
scientists, pathologists and health workers in the field. 

Two Conference sessions were dedicated to Nipah pathogenesis in animal models and to 
Transmission & Case-management in humans.  Data were presented on aerosol and intranasal 
challenges in African green monkeys (AGM), intratracheal challenge in cynomolgus macaques, and 
intranasal challenge in ferrets.  Although models vary in recapitulating specific aspects of Nipah 
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disease observed in humans, there was no specific mention of myocarditis observed in heart tissue.  
Myocarditis has been a consistent observation among Nipah-infected patients in India and 
Bangladesh, but this has not yet been reported in animal models.  It is possible that this difference 
may be due to early humane endpoints not allowing the heart tissue from infected-animals to reach 
the level of myocarditis deterioration observed in some Nipah-infected humans.  There was also 
mention of relapse and late-onset of infection observed in Malaysian patients several years after the 
acute infection.   There is no evidence of renewed viremia during relapsed encephalitis in humans, 
and there is currently no animal model for relapsing Nipah disease although many investigators have 
proposed such research and its importance.  Direct dialogue between preclinical scientists, 
pathologists and health workers can better inform the design of animal models suitable for EID 
countermeasure development.  Importantly, Henipavirus research has benefited from having a 
diverse pre-clinical testing portfolio, as many different animal species are susceptible to disease, 
which means that pre-clinical studies do not have to be limited to the use of non-human primates 
(NHPs).  This is also proving important for SARS-CoV-2, as research in NHPs, hamsters, mice and 
ferrets ensures that COVID-19 vaccines can be tested simultaneously in a wider range of BSL3 
laboratory facilities for large and small animals across the world. 

 

Lesson 5: Plan for therapeutics and vaccine clinical trials by engaging locally. 

Three sessions were dedicated to epidemiological needs for clinical trials and to review progress in 
the development of Nipah vaccines and therapeutics.  There are several therapeutics in 
development, including: lipid-anchored peptides to prevent viral fusion, low-cost compounds such as 
heparin, and a nasal spray with compounds for potential prophylactic use.  There are also two 
monoclonal antibodies that can neutralize the virus and protect against Henipavirus infection and 
disease in vivo, and one (m102.4) has completed a Phase I trial in Australia and approved for 
compassionate use in humans.  Preclinical data from five Nipah vaccine candidates were also 
presented, along with one Nipah vaccine candidate, a recombinant subunit G glycoprotein, has 
already entered Phase I clinical trial in United States.  Since antibodies do not cross the blood-brain 
barrier, for monoclonal antibody-based therapeutics to be effective, virus neutralization will likely 
have to occur in the respiratory tract, blood, and other tissues before the virus disseminates into the 
brain. However, multiple Nipah challenge models including NHPs indicate that vaccine-induced 
antibodies prevent CNS invasion, and passive immunization with Nipah neutralizing antibodies can 
also prevent CNS involvement if administered at least at the first signs of Nipah disease. 

There was discussion on what the optimal Nipah clinical trial design would be in the context of an EID 
with very low incidence, i.e. in the absence of feasible randomised controlled trials (RCTs), 
observational studies such as case-control studies could still provide valuable evidence.  Relevant 
clinical trials for Nipah countermeasures will require engagement of local regulatory authorities in 
Bangladesh (Directorate General of Drug Administration, DGDA) and India (Drug Controller General 
of India, DCGI).  Partnerships are being built locally, with a focus on equitable access and low-cost 
interventions.   
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Lesson 6:  Invest in platform technologies that can be harnessed during a pandemic. 

Two Nipah@20 Conference speakers presented on Nipah vaccines using technology that has recently 
been used for the development of COVID-19 vaccines. 

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, UK presented the ChAdOx1 
Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) Bangladesh. The 
ChAdOx1 is a replication deficient simian adenoviral vector which has been used for the development 
of vaccines against many pathogens, in preclinical and clinical studies. It is safe for use in all ages and 
in patients who are immunocompromised, including strong and well maintained humoral and T cell 
responses against the encoded antigen without the requirement for an adjuvant. Professor Gilbert’s 
team is now using the same approach to develop a COVID-19 vaccine candidate, supported by CEPI.   

Dr. Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia 
presented their molecular clamp approach to produce a highly stable pre-fusion form of the F 
glycoprotein which is responsible for membrane fusion, and could be an additional target for 
neutralising antibodies. The molecular clamp is a novel way of locking synthetic versions of viral 
surface proteins into the same shape that appears on the virus surface. This technology has been 
designed as a platform approach to generate vaccines against a range of human and animal viruses 
and has shown promising results in the laboratory targeting viruses such as influenza, Ebola, Nipah 
and MERS coronavirus. This same principle is also being supported by CEPI to develop a recombinant 
spike protein which will be used as a COVID-19 vaccine candidate. 

 

Lesson 7: Engage regionally and locally, not just globally. 

The final Conference session was dedicated to collaboration and synergy.  Professor Zhengli Shi, from 
the Wuhan Institute of Virology/Chinese Academy of Sciences, described how a Sino-French 
agreement to collaborate on EIDs was established in 2004, following the SARS-CoV outbreak.  BSL4 
labs were established in the Wuhan Institute of Virology as a result of the SARS-CoV outbreak.  Prior 
to the COVID-19 pandemic, the Institute had an annual call launched around April each year for 
external organisations wanting access to the facility to test their own samples or to have access to 
samples from the in-house repositories.  The many years of research experience and international 
collaborations built by the CAS since 2004 have provided a preparedness framework through which 
Chinese scientists have responded and continue to respond to the SARS-CoV-2 epidemic sixteen 
years later. 

Dr. Nivedita Gupta, from the Indian Council of Medical Research, described the Regional Enabler for 
the Southeast Asia Research Collaboration for Health (RESEARCH) Platform.  The RESEARCH platform 
was established on August 28, 2019, with ICMR as secretariat. The goal of the platform is to facilitate 
clinical research across the region, leveraging the unique capabilities of each country and sharing 
expertise. Of the 11 member states in the WHO Southeast Asia Region (SEAR), 10 participated in the 
second RESEARCH platform meeting.  With the platform in place, it will be easier to mount rapid 
responses to new outbreaks, and to conduct clinical trials – not only on Nipah virus, but also other 
EIDs. 
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Epilogue 

Unbeknownst to the scientists attending the Nipah@20 conference in Singapore in December 2019, 
the COVID-19 outbreak had already begun in China.  We started the year 2020 confronted with a 
new EID that required rapid mobilisation for vaccine development.  Nipah@20 was a scientific drill, a 
timely dialogue about the need to invest in the development of vaccines and medical 
countermeasures against EIDs with pandemic potential. CEPI has since mobilised early investment for 
several COVID-19 vaccine candidates. As stated earlier, for two awardees, this builds on work already 
undertaken with Nipah virus vaccine projects which were showcased at the Nipah@20 conference.  

Transparency and a collaborative spirit underpinned the Nipah@20 conference.  Although Nipah 
virus may not seem like a priority in the current COVID-19 context, we hope that the scientific 
momentum will continue, with high value EID-related research being undertaken and published. 
When will Henipavirus experts next meet? An unofficial suggestion has been to commemorate the 
30th anniversary of the discovery of Hendra virus, which was the founding member of the Henipavirus 
genus, sometime in 2024.    

 

Acknowledgments: The authors wish to thank --- for their comments in preparation of this summary.  
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Dear All,
Thanks again to those of you who have sent contributions to earlier versions on the summary from
the Nipah Conference.
Please see the third version of the document here.  Co-authors are those who have provided specific
feedback, comments and content. 
This version will now go for internal review at CEPI prior to submission to mSphere.
I wish to acknowledge the remaining IOC members who are not able to contribute to authorship this
time.  I understand all of us are swamped with the current pandemic situation, and not all of you will
be available to comment or contribute this time.
Best wishes,
Raúl  
 
RAUL GOMEZ ROMAN
Preclinical Vaccine Scientist
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To: 'Halpin, Kim (AAHL, Geelong AAHL)' <Kim.Halpin@csiro.au>; Lee, Benhur
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<christopher.broder@usuhs.edu>; Cristina Cassetti <CCassetti@niaid.nih.gov>; De wit, Emmie
(NIH/NIAID) [E] <emmie.dewit@nih.gov>; rgangakhedkar.hq@icmr.gov.in; Dr. Nivedita Gupta
<guptanivedita.hq@icmr.gov.in>; Emily Gurley <egurley1@jhu.edu>; Higgs, Elizabeth (NIH/NIAID) [E]
<ehiggs@niaid.nih.gov>; PREZIOSI, Marie-pierre <preziosim@who.int>; Mahmudur Rahman
<rahman.mahmudur@icddrb.org>; Ravindran Thayan <rthayan@gmail.com>;
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Cc: LinFa Wang Linfa <linfa.wang@duke-nus.edu.sg>; Jodie Rogers <Jodie.rogers@cepi.net>; Ana
Paula De Almeida Aranha <AP.AlmeidaAranha@cepi.net>
Subject: RE: Proceedings from Nipah Virus International Conference
 
Dear All,
 
We would like to thank those of you who have sent your comments and suggestions.  Please find the
second draft of the Nipah@20 summary paper for mSphere.  This incorporates comments received
thus far into a more refined version in which the table has been removed.
 

Kindly send any comments/edits back to us before April 10th.  We will only include as authors those
of you who have expressed a wish to co-write this summary.  We will include the remaining IOC
members in the acknowledgements section.
 
Dear Benhur and All – please hang in there and receive our solidarity in these difficult times.
 
Best wishes,
Raúl
 
RAUL GOMEZ ROMAN
Preclinical Vaccine Scientist

 

 
 
(+47) 477 90 733
raul.gomezroman@cepi.net
 
Visiting address: Marcus Thranes gate 2, 0473 Oslo, Norway
Postal address: P.O. BOX 123, Torshov, 0412 Oslo, Norway
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From: Halpin, Kim (AAHL, Geelong AAHL) <Kim.Halpin@csiro.au> 
Sent: tirsdag 31. mars 2020 09:43
To: Lee, Benhur <benhur.lee@mssm.edu>
Cc: Raul Gomez Roman <raul.gomezroman@cepi.net>; benassiv <benassiv@who.int>; Broder,
Christopher <christopher.broder@usuhs.edu>; Cristina Cassetti <CCassetti@niaid.nih.gov>; De wit,
Emmie (NIH/NIAID) [E] <emmie.dewit@nih.gov>; rgangakhedkar.hq@icmr.gov.in; Dr. Nivedita Gupta
<guptanivedita.hq@icmr.gov.in>; Emily Gurley <egurley1@jhu.edu>; Higgs, Elizabeth (NIH/NIAID) [E]
<ehiggs@niaid.nih.gov>; PREZIOSI, Marie-pierre <preziosim@who.int>; Mahmudur Rahman
<rahman.mahmudur@icddrb.org>; Ravindran Thayan <rthayan@gmail.com>; LinFa Wang Linfa
<linfa.wang@duke-nus.edu.sg>; Jodie Rogers <Jodie.rogers@cepi.net>; Ana Paula De Almeida
Aranha <AP.AlmeidaAranha@cepi.net>
Subject: RE: Proceedings from Nipah Virus International Conference
 
Dear Benhur
 
Wow! How confronting. It is one thing to see a clip on the news, but another to hear it from
someone in the hot zone. I am so sorry that you, and the rest of your colleagues, are experiencing
this. Modern medicine wasn’t supposed to be like this. This really is a tsunami.
 
Please don’t hesitate to reach out if I can help you in anyway.
 
Thinking of you,
Kindest regards
Kim
 
 
 
Sent from Mail for Windows 10
 

From: Lee, Benhur
Sent: Tuesday, 31 March 2020 4:43 PM
To: Halpin, Kim (AAHL, Geelong AAHL)
Cc: Raul Gomez Roman; benassiv; Broder, Christopher; Cristina Cassetti; De wit, Emmie (NIH/NIAID)
[E]; rgangakhedkar.hq@icmr.gov.in; Dr. Nivedita Gupta; Emily Gurley; Higgs, Elizabeth (NIH/NIAID)



[E]; PREZIOSI, Marie-pierre; Mahmudur Rahman; Ravindran Thayan; LinFa Wang Linfa; Jodie Rogers;
Ana Paula De Almeida Aranha
Subject: Re: Proceedings from Nipah Virus International Conference
 
Benhur no longer remembers what day it is anymore. Raul, you’ll have to remind me. 
 
As of yesterday we have 1,249 COVID-19 positive patients in our hospitals. That includes 233
patients in our ICUs. We only had ~130 ICU beds . . now we walk by this in our lobby
(everything is public so no confidentiality breached here) as every square inch gets
gradually taken up by temp beds for COVID-19 patients. If New York was a country, we
would be No. 5 in the world in no. of COVID-19 cases. By the time I wake up tomorrow, NY
would have surpass the maximal number of cases in Hubei province.   
 
We are trying innovative ways of re-using N95s and/or impregnating them with virucides.
Innovative ways of trying to consent patients for longitudinal studies, developing serology
testing to identify sero-converters for both human plasma therapy and de-risk front-line
responders . . .our dept works as one now. On staggered shifts as we all work only on
COVID-19 related research while still maintaining social distancing   
 
I know this is not related to our Nipah conference but thought you all might like to know
what it is being in the middle of the world’s hottest zone. Being spat on by strangers while
taking the subway to work does not make it easier.  I no longer take public transport.      
 
#BeSafe  #FlattenTheCurve  #SocialDistancingWorks 
 
Benhur  
______________________________________________
Benhur Lee, M.D. 
Professor of Microbiology
Ward-Coleman Chair in Microbiology
Icahn School of Medicine at Mount Sinai
One Gustave L Levy Place #1124
New York, NY 10029
Office: (212) 241-2552  | Lab: (212) 241-9960 

Lab Webpage: LeeLabVirus.Host | Twitter @VirusWhisperer 
 
 

On Mar 30, 2020, at 12:28 AM, Halpin, Kim (AAHL, Geelong AAHL)
<Kim.Halpin@csiro.au> wrote:
 

USE CAUTION: External Message.
Hi there
 
I’m not sure if others have contributed to the mSphere  article as requested by Raul
(email below), but please find my contribution.
Others are welcome to build on this, if they have time. It would be great to see a few



more comments to round out the summary of this amazing (and somewhat prophetic!)
conference.

I think Benhur wanted this by 30th March – so I’m cutting this a bit fine – sorry.
 
Thanks everyone
Kind regards
Kim
 

From: Raul Gomez Roman <raul.gomezroman@cepi.net> 
Sent: Thursday, 19 March 2020 9:57 PM
To: benassiv <benassiv@who.int>; Broder, Christopher
<christopher.broder@usuhs.edu>; CCassetti@niaid.nih.gov; De wit, Emmie (NIH/NIAID)
[E] <emmie.dewit@nih.gov>; rgangakhedkar.hq@icmr.gov.in; Dr. Nivedita Gupta
<guptanivedita.hq@icmr.gov.in>; Emily Gurley <egurley1@jhu.edu>; Halpin, Kim
(AAHL, Geelong AAHL) <Kim.Halpin@csiro.au>; Higgs, Elizabeth (NIH/NIAID) [E]
<ehiggs@niaid.nih.gov>; Lee, Benhur <benhur.lee@mssm.edu>; PREZIOSI, Marie-pierre
<preziosim@who.int>; Mahmudur Rahman <rahman.mahmudur@icddrb.org>;
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<Jodie.rogers@cepi.net>; Ana Paula De Almeida Aranha
<AP.AlmeidaAranha@cepi.net>
Subject: [WARNING : MESSAGE ENCRYPTED]Proceedings from Nipah Virus
International Conference
 
Dear International Organizing Committee (IOC) members for the Nipah Virus
International Conference,
 
Please find a draft (pdf) with the Proceedings from the Nipah Virus International
Conference, which took place in Singapore last December.  The password for this
document is . Please consider this document under ‘embargo’ until cleared
by the the respective Communications departments from CEPI and its Conference
organizing partners (WHO, NIAID, Duke-NUS).  
 
We hope this email finds you well.  We apologise for not sharing the Proceedings with
you sooner, but we hope you will understand all of us have been swamped with the
present COVID-19 situation.  Although we do appreciate the Nipah Conference may be
perceived as less of a global priority now comparted to COVID-19, we believe the
Proceedings contain relevant insights that should be shared with the global community
in a pandemic situation.
 
Our plan is to upload a refined and cleared version of the Proceedings into a suitable
online platform for distribution with our partners, ideally within 4 months of the

Conference having taken place (i.e. before April 11th).
 
In addition, and thanks to Benhur Lee, the Editor-in-Chief for mSphere has also agreed
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to publish a summaryversion of this and we have started working on that.  Please also
find the word document with a draft summary of Conference.  We would like to invite
you to co-author this summary and edit/add comments to this by Monday, March 30. 
If you do not wish to co-author the summary, please let us know.
 
Again, we do recognise that this may be perceived as less of a priority now, but we
hope the insights from the Conference can shed light in some of the scientific issues
being discussed now.  We would like to thank you again for your valuable contributions
to this Conference, and we look forward to your participation in this process.
 
Best wishes,
Raúl 
 
 
RAUL GOMEZ ROMAN
Preclinical Vaccine Scientist
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Draft summary/outline for mSphere 

The Nipah Virus International Conference of 2019 (Nipah@20) was co-hosted by the Coalition for 
Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the U.S. National 
Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical School (Duke-
NUS).   

The Conference marked the 20th anniversary of the discovery of Nipah virus.  Since its first 
identification in Malaysia and Singapore in 1999, the understanding of Nipah disease virus infection 
and its pandemic potential has advanced substantially.  The Conference provided a forum to review 
the history and key scientific findings over the last 20 years, and to understand the current 
challenges in developing Nipah diagnostics, therapeutics and vaccines. 

To foster international collaboration in the context of epidemic preparedness, Nipah@20 brought 
together 218 scientists and public health professionals working in 21 different countries around the 
globe.  Importantly, all henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the 
Philippines and Singapore) were represented in the Conference, with their delegations accounting for 
46% of all attendees.  

In terms of outcomes, the two-day Conference created a scientific evidence-based framework to: (a) 
inform discussions between global health stakeholders participating in CEPI’s Joint Coordination 
Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working 
group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further 
multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.   

Highlights from the Conference are summarized in Table 1.  The page numbers refer to the 
Proceedings from the Conference, which are publicly available at (CEPI Communications working on 
the branded document and website for citation). 

Table 1. Highlights from Nipah Virus International Conference 

Session Highlighted Topics in Proceedings Page number in 
Proceedings 

1 Historic Review of 
Nipah Outbreaks 

2 WHO Nipah R&D 
Roadmap 

Policy and implementation issues: 
1) Without effective therapy available at a
medical facility, there is no clinical 
justification or /incentive for testing 
and/surveillance. 
2) Development of a sound business case
for product development is needed to 
move medical countermeasures forward. 

21-22

3 Progress and challenges 
in surveillance of Nipah 
virus 

1) ICMR has found several new viruses 
among bats and is exploring EID potential. 
Pathogen X implications and possible 
candidates for test runs of rapid 
response.

27, 29 
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 Session Highlighted Topics in Proceedings Page number in 
Proceedings 

2) A Ghanian henipavirus sequence has 
been isolated in S. Africa. 
3) A lot of work on bat surveillance, but 
unclear how to translate into impact. 

4 Progress and challenges 
in diagnostics 

1) International reference standards 
needed for validation, calibration, 
comparison, and quality controls. 
2) A mobile diagnostic system (MolBio) is 
being used in India & Bangladesh and 
could have applications in epi, clinical 
trials, and outbreak response.  ~11USD 
per test. 
3) FLI ELISAs use henipavirus sG proteins 
expressed in Leishmania tarentolae.  
Could be alternative for sourcing protein 
for assays. 

34, 35, 38 

5 Pathogenesis and 
animal models 

1) NIH working on aerosol challenge 
model in AGMs. Importantly, no apparent 
role for antibodies in protection against 
challenge! 500 pfu used. 
2) UTMB using an intranasal atomization 
device. 2,000 – 20,000 pfu uniformly 
lethal in AGMs. 500,000 intratracheal in 
cynos, not uniformly lethal. 
3) CSIRO working on intranasal challenge 
in ferrets. Shedding not sufficient to 
cause transmission, arguing against 
aerosol route. 
No animal model is yet exploring 
myocarditis – a key clinical attribute of 
the disease observed in India & 
Bangladesh. 

41-47 

6 Transmission/Case 
management 

1) Several key clinical observations that 
are currently not being contemplated in 
animal model development, for example, 
myocarditis and hypoxia in ABG analysis.  
Would be easy to implement in animal 
models. 
2) Relapse and late-onset henipavirus 
infections observed in Malaysian patients 
several years after the acute infection  – 
unclear if there is viremia during relapse.  
No animal model for relapsing disease. 

48-49, 51 

7 Epidemiological needs 
for clinical trials 

1) In the absence of randomised 
controlled trials (RCTs), observational 
studies such as case-control studies can 
provide valuable evidence, according to 
WHO. 

54-55, 56, 57 
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 Session Highlighted Topics in Proceedings Page number in 
Proceedings 

2) A case-control study with vaccination 
in Faridpur and Rajbari (Bangladesh) and 
recruitment of 
10 matched controls whenever a case is 
identified would require only 7 years to 
be completed 
(provided 70 % vaccine coverage), 
according to S. Luby. 
3) DGDA, the regulatory authority in 
Bangladesh, has several requirements 
outlined on top of pg. 56. 
4) 3 of 279 close contacts from the 2018 
Kerala 
outbreak had subclinical infection. 
Similarly, 8 % of Nipah-infected Malaysian 
patients had subclinical infection with 
positive serology.  Could be important to 
analyse immune responses in subclinical 
infections, to try to emulate this type of 
immunity with a vaccine. 

8 Progress and challenges 
in vaccine development 

Someone asked if the PHV/Crozet VSV-
based vaccine caused neurovirulence.  G. 
Hepner replied neurovirulence studies 
are planned and will be discussed with 
authorities. 

67-68 

9 Progress and challenges 
in therapeutics 
development 

1) Monoclonal antibody shipped from 
Australia to be tested therapeutically in 
the outbreak was left unused. 
2) To facilitate access of therapeutics to 
future outbreaks, ICMR has taken the 
lead in ensuring free production and 
supply, as well as putting in place 
shipping agreements with manufacturers.  
Interesting equitable access example. 
3) Other CMCs: antibodies to sG and F, 
though abs don’t cross the brain-blood 
barrier; heparin as low-cost method; 
lipid-anchored peptides to prevent viral 
fusion. Working on a nasal spray with 
these compounds to be used 
prophylactically vs NiV.  Keep an eye on 
non-vaccine MCM portfolio. 

69, 73 

10 Collaboration and 
Synergy 

1) A Sino-French agreement to 
collaborate on emerging infectious 
diseases was established in 2004, 
following the SARS outbreak.  BSL4 labs 
were established in Wuhan as a result of 
SARS. 

75-76 
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 Session Highlighted Topics in Proceedings Page number in 
Proceedings 

2) (Before the COVID-19 days), the 
Wuhan BSL-4 facility has an annual call 
around April for external organisations 
wanting access to the facility to test their 
own samples or use samples from the in-
house repositories. 
3) The Regional Enabler for the Southeast 
Asia Research Collaboration for Health 
(RESEARCH) Platform 
was established on August 28, 2019, with 
ICMR as secretariat. The goal of the 
platform is to facilitate 
clinical research across the region, 
leveraging the unique capabilities of each 
country and sharing 
expertise. With the platform in place, it 
will be easier to mount rapid responses to 
new outbreaks, 
and to conduct clinical trials – not only on 
NiV, but also other EIDs.  

 

 

Opinion/Commentary – (open for comments from IOC) 

The Nipah@20 conference brought together a community of scientists passionate about infectious 
diseases – focusing on the epidemiology, virology, pathogenesis and therapeutics of a virus that has 
pandemic potential. The WHO R&D Nipah Blueprint and Roadmap provides a solid framework from 
which to organise, collaborate and prioritise the different research areas. The global approach to 
developing a vaccine for Nipah has involved a multi-pronged approach for vaccine candidates, many 
of which were presented at the Nipah@20 conference.  

The Nipah@20 conference facilitated early mobilisation for vaccine development with COVID-19, 
with CEPI leading the way, investing in seven potential vaccine candidates. For two groups, this builds 
on work already undertaken with Nipah virus vaccine projects which were showcased at the 
Nipah@20 conference.  

Professor Sarah Gilbert from the Jenner Institute, at Oxford University, UK presented their ChAdOx1 
Nipah vaccine, a simian adenovirus-based vaccine encoding NiV glycoprotein (G) Bangladesh. The 
ChAdOx1 is a replication deficient simian adenoviral vector which has been used for the development 
of vaccines against many pathogens, in preclinical and clinical studies. It is safe for use in all ages and 
in patients who are immunocompromised, including strong and well maintained humoral and T cell 
responses against the encoded antigen without the requirement for an adjuvant. Professor Gilbert’s 
team are using the same approach with their COVID-19 vaccine candidate. 

Dr Keith Chappell and Professor Paul Young from the University of Queensland, in Brisbane, Australia 
presented their approach which uses a molecular clamp to produce a highly stable pre-fusion form of 
the F protein which is responsible for membrane fusion, and is one of the main targets for 
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neutralising antibodies (and therefore a major focus of vaccine research). The molecular clamp is a 
novel way of locking synthetic versions of viral surface proteins into the same shape that appears on 
the virus surface. The technology has been designed as a platform approach to generate vaccines 
against a range of human and animal viruses and has shown promising results in the laboratory 
targeting viruses such as influenza, Ebola, Nipah and MERS coronavirus. This same principle is being 
used to develop a recombinant spike protein which will be used in their COVID-19 vaccine candidate. 

Transparency, and a collaborative spirit underpinned the Nipah@20 conference, and it is hoped that 
the momentum will continue, and we will see high value Henipavirus research being undertaken and 
published. When will we next meet? An unofficial suggestion has been to commemorate the 30th 
anniversary of the discovery of Hendra virus which was the founding member of the Henipavirus 
genus, sometime in 2024.    
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Draft summary/outline for mSphere 

The Nipah Virus International Conference of 2019 (Nipah@20) was co-hosted by the Coalition for 
Epidemic Preparedness Innovations (CEPI), the World Health Organization (WHO), the U.S. National 
Institute of Allergy and Infectious Diseases (NIH/NIAID) and the Duke-NUS Medical School (Duke-
NUS).   

The Conference marked the 20th anniversary of the discovery of Nipah virus.  Since its first 
identification in Malaysia and Singapore in 1999, the understanding of Nipah disease and its 
pandemic potential has advanced substantially.  The Conference provided a forum to review the 
history and key scientific findings over the last 20 years, and to understand the current challenges in 
developing Nipah diagnostics, therapeutics and vaccines. 

To foster international collaboration in the context of epidemic preparedness, Nipah@20 brought 
together 218 scientists and public health professionals working in 21 different countries around the 
globe.  Importantly, all henipavirus-affected countries (Australia, Bangladesh, India, Malaysia, the 
Philippines and Singapore) were represented in the Conference, with their delegations accounting for 
46% of all attendees.  

In terms of outcomes, the two-day Conference created a scientific evidence-based framework to: (a) 
inform discussions between global health stakeholders participating in CEPI’s Joint Coordination 
Group (JCG) on December 11, 2019, (b) discuss the creation of a Nipah-focused regulatory working 
group to facilitate data sharing and joint review of Nipah vaccine candidates, and (c) identify further 
multidisciplinary actions needed to respond to the pandemic threat posed by Nipah virus.   

Highlights from the Conference are summarized in Table 1.  The page numbers refer to the 
Proceedings from the Conference, which are publicly available at (CEPI Communications working on 
the branded document and website for citation). 

Table 1. Highlights from Nipah Virus International Conference 

Session Highlighted Topics in Proceedings Page number in 
Proceedings 

1 Historic Review of 
Nipah Outbreaks 

2 WHO Nipah R&D 
Roadmap 

Policy and implementation issues: 
1) Without effective therapy available at a
medical facility, there is no clinical
justification/incentive for
testing/surveillance.
2) Development of a sound business case
for product development is needed to
move medical countermeasures forward.

21-22 

3 Progress and challenges 
in surveillance of Nipah 
virus 

1) ICMR has found several new viruses
among bats and is exploring EID potential.
Pathogen X implications and possible
candidates for test runs of rapid response.
2) A Ghanian henipavirus sequence has
been isolated in S. Africa.

27, 29 
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 Session Highlighted Topics in Proceedings Page number in 
Proceedings 

3) A lot of work on bat surveillance, but 
unclear how to translate into impact. 

4 Progress and challenges 
in diagnostics 

1) International reference standards 
needed for calibration, comparison, 
quality controls. 
2) A mobile diagnostic system (MolBio) is 
being used in India & Bangladesh and 
could have applications in epi, clinical 
trials, and outbreak response.  ~11USD per 
test. 
3) FLI ELISAs use sG expressed in 
Leishmania tarentolae.  Could be 
alternative for sourcing protein for assays. 

34, 35, 38 

5 Pathogenesis and 
animal models 

1) NIH working on aerosol challenge 
model in AGMs. Importantly, no apparent 
role for antibodies in protection against 
challenge! 500 pfu used. 
2) UTMB using an intranasal atomization 
device. 2,000 – 20,000 pfu uniformly lethal 
in AGMs. 500,000 intratracheal in cynos, 
not uniformly lethal. 
3) CSIRO working on intranasal challenge 
in ferrets. Shedding not sufficient to cause 
transmission, arguing against aerosol 
route. 
No animal model is yet exploring 
myocarditis – a key clinical attribute of the 
disease observed in India & Bangladesh. 

41-47 

6 Transmission/Case 
management 

1) Several key clinical observations that 
are currently not being contemplated in 
animal model development, for example, 
myocarditis and hypoxia in ABG analysis.  
Would be easy to implement in animal 
models. 
2) Relapse and late-onset henipavirus 
infections observed in Malaysian patients 
several years after the acute infection  – 
unclear if there is viremia during relapse.  
No animal model for relapsing disease. 

48-49, 51 

7 Epidemiological needs 
for clinical trials 

1) In the absence of randomised 
controlled trials (RCTs), observational 
studies such as case-control studies can 
provide valuable evidence, according to 
WHO. 
2) A case-control study with vaccination in 
Faridpur and Rajbari (Bangladesh) and 
recruitment of 

54-55, 56, 57 
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 Session Highlighted Topics in Proceedings Page number in 
Proceedings 

10 matched controls whenever a case is 
identified would require only 7 years to be 
completed 
(provided 70 % vaccine coverage), 
according to S. Luby. 
3) DGDA, the regulatory authority in 
Bangladesh, has several requirements 
outlined on top of pg. 56. 
4) 3 of 279 close contacts from the 2018 
Kerala 
outbreak had subclinical infection. 
Similarly, 8 % of Nipah-infected Malaysian 
patients had subclinical infection with 
positive serology.  Could be important to 
analyse immune responses in subclinical 
infections, to try to emulate this type of 
immunity with a vaccine. 

8 Progress and challenges 
in vaccine development 

Someone asked if the PHV/Crozet VSV-
based vaccine caused neurovirulence.  G. 
Hepner replied neurovirulence studies are 
planned and will be discussed with 
authorities. 

67-68 

9 Progress and challenges 
in therapeutics 
development 

1) Monoclonal antibody shipped from 
Australia to be tested therapeutically in 
the outbreak was left unused. 
2) To facilitate access of therapeutics to 
future outbreaks, ICMR has taken the lead 
in ensuring free production and supply, as 
well as putting in place shipping 
agreements with manufacturers.  
Interesting equitable access example. 
3) Other CMCs: antibodies to sG and F, 
though abs don’t cross the brain-blood 
barrier; heparin as low-cost method; lipid-
anchored peptides to prevent viral fusion. 
Working on a nasal spray with these 
compounds to be used prophylactically vs 
NiV.  Keep an eye on non-vaccine MCM 
portfolio. 

69, 73 

10 Collaboration and 
Synergy 

1) A Sino-French agreement to collaborate 
on emerging infectious diseases was 
established in 2004, 
following the SARS outbreak.  BSL4 labs 
were established in Wuhan as a result of 
SARS. 
2) (Before the COVID-19 days), the Wuhan 
BSL-4 facility has an annual call around 
April for external organisations wanting 

75-76 
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 Session Highlighted Topics in Proceedings Page number in 
Proceedings 

access to the facility to test their own 
samples or use samples from the in-house 
repositories. 
3) The Regional Enabler for the Southeast 
Asia Research Collaboration for Health 
(RESEARCH) Platform 
was established on August 28, 2019, with 
ICMR as secretariat. The goal of the 
platform is to facilitate 
clinical research across the region, 
leveraging the unique capabilities of each 
country and sharing 
expertise. With the platform in place, it 
will be easier to mount rapid responses to 
new outbreaks, 
and to conduct clinical trials – not only on 
NiV, but also other EIDs.  
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Hi there
 
I’m not sure if others have contributed to the mSphere  article as requested by Raul (email below),
but please find my contribution.
Others are welcome to build on this, if they have time. It would be great to see a few more
comments to round out the summary of this amazing (and somewhat prophetic!) conference.

I think Benhur wanted this by 30th March – so I’m cutting this a bit fine – sorry.
 
Thanks everyone
Kind regards
Kim
 

From: Raul Gomez Roman <raul.gomezroman@cepi.net> 
Sent: Thursday, 19 March 2020 9:57 PM
To: benassiv <benassiv@who.int>; Broder, Christopher <christopher.broder@usuhs.edu>;
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Paula De Almeida Aranha <AP.AlmeidaAranha@cepi.net>
Subject: [WARNING : MESSAGE ENCRYPTED]Proceedings from Nipah Virus International Conference
 
Dear International Organizing Committee (IOC) members for the Nipah Virus International
Conference,
 
Please find a draft (pdf) with the Proceedings from the Nipah Virus International Conference, which
took place in Singapore last December.  The password for this document is . Please
consider this document under ‘embargo’ until cleared by the the respective Communications
departments from CEPI and its Conference organizing partners (WHO, NIAID, Duke-NUS).  
 
We hope this email finds you well.  We apologise for not sharing the Proceedings with you sooner,
but we hope you will understand all of us have been swamped with the present COVID-19 situation. 
Although we do appreciate the Nipah Conference may be perceived as less of a global priority now



comparted to COVID-19, we believe the Proceedings contain relevant insights that should be shared
with the global community in a pandemic situation.
 
Our plan is to upload a refined and cleared version of the Proceedings into a suitable online platform
for distribution with our partners, ideally within 4 months of the Conference having taken place (i.e.

before April 11th).
 
In addition, and thanks to Benhur Lee, the Editor-in-Chief for mSphere has also agreed to publish a
summary version of this and we have started working on that.  Please also find the word document
with a draft summary of Conference.  We would like to invite you to co-author this summary and
edit/add comments to this by Monday, March 30.  If you do not wish to co-author the summary,
please let us know.
 
Again, we do recognise that this may be perceived as less of a priority now, but we hope the insights
from the Conference can shed light in some of the scientific issues being discussed now.  We would
like to thank you again for your valuable contributions to this Conference, and we look forward to
your participation in this process.
 
Best wishes,
Raúl
 
 
RAUL GOMEZ ROMAN
Preclinical Vaccine Scientist

 

 
 
(+47) 477 90 733
raul.gomezroman@cepi.net
 
Visiting address: Marcus Thranes gate 2, 0473 Oslo, Norway
Postal address: P.O. BOX 123, Torshov, 0412 Oslo, Norway

 
 
www.cepi.net
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Abstract: Background 

The monoclonal antibody (mAb) m102∙4 is a potent fully human antibody 

that neutralizes Hendra and Nipah viruses in vitro and in vivo. We 

investigated its safety, tolerability, pharmacokinetics, and 

immunogenicity in healthy adults. 

Methods 

In this double-blind, placebo-controlled, single-centre, dose escalation 

phase 1 trial of m102∙4, we randomised healthy adults aged 18-50 years 

with a body-mass index of 18∙0─35∙0 kg/m2 to one of five cohorts. A 

sentinel pair for each cohort was randomised to either m102∙4 or placebo. 

The remaining participants in each cohort were randomised 5:1 to receive 

m102∙4 or placebo. Cohorts 1 to 4 received a single intravenous infusion 

of m102∙4 at doses of 1, 3, 10, and 20 mg/kg respectively, and were 

monitored for 113 days. Cohort 5 received two infusions of 20 mg/kg, 72 

hours apart, with monitoring for 123 days. The primary objective was 

safety and tolerability; secondary objectives were pharmacokinetics and 

immunogenicity. Analyses were completed according to protocol. The study 

was registered on the Australian New Zealand Clinical Trials Registry, 

registration number ACTRN12615000395538. 

Findings 

Between March 27, 2015 and June 16, 2016, 40 of 77 healthy screened 

adults were enrolled in the study; eight were assigned to each cohort 

(six received m102∙4, and two received placebo). Eighty-six treatment-

emergent adverse events were reported, with similar rates between placebo 

and treatment groups. The most common treatment-related event was 

headache (12 of 30 [40%] in the combined m102∙4 group, and 3 of 10 [30%] 

in the pooled placebo group). There were no deaths or severe adverse 



events leading to study discontinuation. Pharmacokinetics based on those 

receiving m102∙4 (n=30) were linear, with a mean half-life of 16∙5─27∙6 

days across Cohorts 1-4. The elimination kinetics of those receiving 

repeated dosing (Cohort 5) were comparable to single-dose recipients. 

Anti-m102∙4 antibodies were not detected at any time-point during the 

study.  

Interpretation 

m102∙4 single and repeated dosing were well tolerated, displayed linear 

pharmacokinetics, and showed no evidence of an immunogenic response. This 

study will inform future dosing regimens for m102∙4 to achieve prolonged 

exposure for systemic efficacy to prevent and treat henipavirus 

infections.  

Funding 

Queensland Department of Health, the National Health and Medical Research 

Council and the National Hendra Virus Research Program. 
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October 16th 2019 

Manuscript reference number: THELANCETID-D-19-01274 

 

Dear Dr. De Ambrogi 

We are most grateful to the Reviewers for their positive and constructive comments of our 
manuscript.  We have addressed these comments and edited our manuscript accordingly. As 
requested we have submitted two versions of the manuscript, one that indicates the changes made 
in track changes, and the revised manuscript with all changes incorporated. 

Overall the conclusions of the paper remain unchanged and we hope we have now met all 
requirements.  

A separate document detailing our point-by-point response to each reviewer has been uploaded 
separately with the revised manuscript. 

Thank you for your further consideration of our manuscript, and we look forward to your response. 

Sincerely 

 

A/Prof. Elliott Geoffrey Playford MB,BS; MMed; PhD; FRACP; FRCPA 
Clinical Microbiologist, Pathology Queensland  
Director and Infectious Diseases Physician, 
Princess Alexandra Hospital, 
199 Ipswich Rd, 
Woolloongabba, QLD 4102 
Australia 
Email: Geoffrey.Playford@health.qld.gov.au  
Tel: +61731762329 
 
  

*Reply to Reviewers Comments
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Editor's comments 

1- Why three years have passed between the conclusion of the trial and the submission of the 
paper? I have sent you an email with this question but I did not receive any reply. It is very important 
for us to have an answer because this is something that can influence the final decision. 

 Author response: The trial reported in this paper was organised and funded under an 
atypical arrangement, i.e. this was not funded and sponsored under the auspices of a 
pharmaceutical company, rather by a state health department in Australia. This was the first 
clinical trial our Department had sponsored, and as such it meant we had to contract some 
of the expertise required, as well as develop clinical trials processes and approvals where 
none existed. Study reports and reporting had to pass through a more complex approval 
process than would normally be the case, and unfortunately were sometimes held up in this 
chain awaiting approval from busy people with competing priorities. Given the novelty of 
our findings, and their relevance to current henipavirus epidemiology, we believe the paper 
is still current and appropriate for publication in Lancet Infectious Diseases. 

2- Is there any plan to move forward with the development of m102•4 in other clinical studies? I 
realize the difficulty to test the antibody in clinical cases given the relative rarity of the infections but 
it would be useful to have at least a line in the paper mentioning what is planned next. 

 Author response: The primary objective of the reported clinical study of m102.4 was to 
assess its safety and, hence, to support its use as post-exposure prophylaxis in persons in 
Australia who have been exposed to Hendra virus (usually through contact with infected 
horses). Having achieved this objective, we will continue to undertake ongoing observational 
surveillance of the effectiveness of risk assessment (i.e. as to the decision to offer m102.4 
post-exposure prophylaxis) and of post-exposure prophylaxis in such contacts.  

Although we anticipate that clinical cases of human Hendra virus infection to be rare (given 

the rapid and extensive nature of public health contact tracing following any equine cases in 

Australia), we would plan to utilise m102.4 in a therapeutic context should a human clinical 

infection eventuate. Observational clinical and pharmacokinetic evaluation would then be 

undertaken. 

3- Even if the study is a dose escalating trial, I cannot find any mention of the dose that would be 
chosen for future studies/clinical practice. Could you clarify this point in the text, please? 

 Author response: All humans offered post-exposure m102.4 in Australia have been dosed at 
~20mg/kg as a single dose (as outlined in Supplementary Table 2). Given the safety data 
from the reported phase 1 trial, together with previously reported animal challenge studies, 
this dosing regimen remains that recommended in Australia for post-exposure prophylaxis. 
Regarding dose recommendations for established infection, we feel that, based upon the 
two African green monkey studies (refs 23 and 24), a regimen that involves two doses of 
20mg/kg separated by 48 hours would be appropriate. 

 Manuscript amendments:   
o We have therefore amended the final sentence in the third last paragraph in the 

Discussion to now read “The safety profile of both single and repeat dosing of 
m102∙4, and the standard elimination pharmacokinetic profile presented in this 
study, underpins the current standard of care to offer a single dose of 20mg/kg of 
m102∙4 to humans with high levels of exposure to HeV and NiV.   
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o Further, a new final sentence to this paragraph has been added that reads “It also 
supports its potential use for patients with established clinical manifestations of 
henipavirus infection; based upon African green monkey challenge studies (refs 23 
and 24), two doses separated by 48 hours would seem appropriate.”  

4- Two reviewers asked for more clarity about the use of the antibody and I tend to agree. Would it 
be used for post-exposure prophylaxis or also for therapy if the infection is confirmed? Please clarify 
this point in the text. 

 Author response: As outlined above (Editor’s comments point 2), the major anticipated need 
for m102.4 is for post-exposure prophylaxis, although clearly, should a human clinical 
infection eventuate, it would also be offered. 

 Manuscript amendments:  
o We have amended the final sentence in the Summary/Interpretation to read “This 

study will inform future dosing regimens for m102.4 to achieve prolonged exposure 
for systemic efficacy to prevent and treat henipavirus infections.”  

o We have also added the sentence described above (point #3) regarding its potential 
use in a therapeutic setting for established infections to the third last paragraph in 
the discussion.  

5- It is essential that you ensure that your paper (abstract and main text) conforms as much as 
possible to the necessary reporting guidelines (CONSORT for randomised trials); you can find a list of 
these guidelines with relevant flow-charts and checklists here: http://www.equator-network.org/ 

 Author response: We have conformed as much as possible to CONSORT reporting guidelines 
for randomised trials. 

6- Please use these formatting guidelines for RCTs as a reference when you revise the 
article: http://www.thelancet.com/laninf/information-for-authors/formatting-guidelines  Please be 
aware that the Methods should go after the Introduction. 

 Author response: We believe that we have conformed to the formatting guidelines for RCTs 
as outlined in the above link.  Currently as submitted, the Methods section follows the 
Introduction on page 8 

7- The word limit for the Summary is 350 words so please be aware of this limit when you revise the 
paper. 

 Author response and manuscript amendment: We have revised the Summary to 350 words. 

8- Please give absolute numbers (numerator and denominator) not just percentages for the main 
results in the abstract and in the main paper (in the text, tables, or figures). 

 Author response and manuscript amendment: We have made the requested adjustments 
providing both numerator and denominator with percentages in brackets in the Summary 
and main paper.  

9- Please indicate the date of start of the trial in the Summary. 

 Author response and manuscript amendment:  The first participant was screened on 27th 
March 2015. We have revised the statement in the Summary regarding enrolment to 
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“Between March 27, 2015 and June 16, 2016, 40 of 77 healthy screened adults were 
enrolled in the study.”  

10- Please be aware that the maximum number of references is 30 (please keep the most relevant 
and recent). 

 Author response: We have adhered to the maximum 30 cited references 

11- Please be aware that the word count for a trial should not be over 4500 words. 

 Author response: The revised manuscript is within the word count limit of 4500 words  

12- Please ensure that you provide your figures in an editable format and as separate files they 
should not be part of the text). For trial profiles a word file made of editable text boxes is the 
preferred format. For any statistical images (histograms, survival or time-to-even curves, line graphs, 
scatter graphs, forest plots, etc) you should provide editable vector files (ie, the original artwork 
generated by the statistical package used to make the image). Our preferred formats for these files 
are .ai, .eps, or .pdf. We cannot guarantee accurate reproduction of images without these files. 

 Author response: The figure(s) have been provided as requested.  

13- Be aware that the maximum number of non-text items (figures and tables) in the main article is 
six. You have five non-text items at the moment so if you add more than one table/figure, something 
will need to be moved to the Appendix (that should be a single PDF file with page numbers). The 
flow chart and the table with the baseline characteristics need to be in the main article. In the text, 
any reference to the Appendix (including tables and figures) must be something like "Appendix, page 
X". 

 Author response: We have not added any further non-text items. We have added the 
relevant page numbers where the Appendix has been referenced. 

14- Please check that all authors' names and affiliations are correct. 

 Author response: All authors’ names and affiliations are correct 

15- All authors should complete and sign the author statement form and upload the signed copy 
(just check if you have sent already all forms). The form can be downloaded from the page 
(http://www.thelancet.com/for-authors/forms#author-sigs) from the fourth line of "Authors and 
contributions". The corresponding author must countersign manually the forms at the bottom of the 
page and send us the scanned version. Electronic signatures are accepted. 

 Author response: Signed author contribution forms were uploaded with the original 
submission. 

16- All authors are required to provide a Conflict of Interest Statement and should complete a 
standard form, which is available at http://www.thelancet.com/for-authors/forms#icmje-coi. This 
form can be uploaded with the manuscript at submission. (Just check if you have already sent all 
forms) 

 Author response: Completed Conflict of Interest Statements from all authors were uploaded 
at submission. 
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17- Please also include written consent of any cited individual(s) noted in acknowledgments or cited 
as personal communications. 

 Author response: Individuals cited in Acknowledgments have provided written consent 
which have been uploaded with the resubmission. No personal communications were cited 
in the manuscript. 

Reviewers' comments: 

Reviewer #1: The present double-blind, placebo-controlled, single-centre, phase 1 RCT was 
performed to examine the safety and tolerability of single and double intravenous doses of the 
human monoclonal antibody m102.4. The trial participants were recruited at one centre, in 
Queensland, Australia, between April 2015 and June 2016. The authors concluded that the 
treatment and repeated dosing is safe and well tolerated by healthy adult volunteers. The 
manuscript is very clearly written including the study design and statistical analysis. There was no 
formal sample size calculation, which is not surprising considering this was a phase 1 trial. I only have 
a couple of minor comments that the authors may wish to consider: 

How were participants allocated to the cohorts and how were the sentinel pair selected? Were 
cohorts completed by after the other in that the first 8 volunteers allocated to cohort 1 and then 
cohort 2 and so on? Were the first two volunteers in each cohort allocated as the sentinel pair? 

 Author Response: The two sentinel individuals were randomized to m102.4 or placebo a 
minimum of 14 days before the remaining six participants for all cohorts.  This allowed 
review of safety and tolerability data by the Principal Investigator and Medical Monitor. The 
decision to progress to the next higher dose was made after safety and tolerability data was 
reviewed for each dose group. Repeat dosing (Cohort 5) did not commence until all 
pharmacokinetic data was reviewed for Cohorts 1-4 (see Appendix pgs 3 & 19).   

 Manuscript amendments:  We have added the following statement just before the last 
sentence of the second to last paragraph of Randomisation and Masking sub-section: “The 
decision to progress to the next higher dose was made after safety and tolerability data was 
reviewed for each dose group. Repeat dosing (Cohort 5) did not commence until all 
pharmacokinetic data was reviewed for Cohorts 1-4 (see Appendix pgs 3 & 19).”   

   

Reviewer #2: This study analyzes the use of a human monoclonal antibody in a rand. The antibody 
was overall well tolerated up to 20 mg per kg with one to two inoculation. The antibody showed a 
reasonable halflife time and preserved its neutralizing ability. There are no concerns with the 
presented data or the design of the study. 

However, this study is a toxicity study which does not provide a lot more info as previously was 
available. I feel this is a critical study but would be better suited for a more specialized journal 
because of the interest of a very restricted panel of readers. 

 Author response: We thank Reviewer #2 for these comments. We would, however, disagree 
that this manuscript is more suited to a more specialized journal. Henipaviruses are an 
important and serious emerging zoonotic infectious threat. The paradigm of using a human 
monoclonal antibody with demonstrated animal model efficacy for the post-challenge 
prevention or treatment of infection, together with human clinical safety data (as reported 
in this manuscript) is applicable to other serious emerging viral infections. This approach is 
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particularly justifiable for infections where there are no other efficacious treatments and 
where human efficacy data cannot be ethically obtained from later phase clinical trials. 

Reviewer #3: The present manuscript by Playford et al describes the results of a phase 1 clinical trial 
evaluating the safety, tolerability, pharmacokinetics, and immunogenicity of m102.4, a humanized 
monoclonal antibody targeting the henipavirus glycoprotein. The henipaviruses Nipah and Hendra 
are emerging human pathogenic paramyxoviruses that can cause severe and fatal disease in 
patients. Hendra and Nipah virus have the potential to cause larger outbreaks in Southeast Asia and 
Nipah virus is listed as a priority pathogen on the WHO blueprint list. Currently, no approved 
vaccines or therapeutics are available for human use. m102.4 has previously been shown to be 
effective in preventing henipavirus induced lethal disease in the ferret and non-human primate 
models. Furthermore, it has already been used on compassionate grounds following exposure to 
Hendra virus (13 cases) and Nipah virus (1 case). 

This manuscript describes results form a first in human clinical phase 1 dose-escalation study. The 
study outline is fairly standard for a phase 1 clinical trial. Four different doses were administered 
once via the intravenous route. A fifth group received the highest concentration of 20 mg/kg twice, 
three days apart. Overall, the administration was well received and only minor side effects, such as 
headache and slightly elevated ALT values were recorded. The mean half-life of m102.4 ranged from 
16 to 27 days. Importantly, serum samples were able to neutralize both, Hendra and Nipah viruses in 
a neutralization assay for at least 8 days after administration. These data indicate that repeated 
dosing of m102.4 three days apart was safe and well tolerated. 

Overall, the presented data are straight forward and of importance for the further development of 
this monoclonal antibody for future use in humans. There are few minor comments that should be 
addressed: 

Line 57: Therapeutic application could be mentioned in addition to prophylactic treatment. 

 Author response and manuscript amendment: see response to Editor’s comments (point #4) 

Lines 150 to 159: The two strains for NiV should already be mentioned in the Introduction. 

 Author response: We have updated the third paragraph of the Introduction which deals with 
NiV to include the two strains of NiV 

 Manuscript amendments: The following statements have been added just before the second 
last sentence of the third paragraph of the Introduction: “At least two strains of NiV have 
been identified in genetic analysis; NiVM associated with the 1998 Malaysian outbreak, and 
NiVB that has caused repeated outbreaks in Bangladesh and northeastern India.”  

Line 155: Should read "consumption of raw date palm sap". 

 Author response and manuscript amendment: We have added the word “raw” to this 
sentence 

Lines 299 to 300: Specify the HeV isolate and which NiV strain have been used for the neutralization 
assays. 

 Author response: The HeV isolate was Hendra virus/Australia/Horse/2008/Redlands, and the 
NiV strain was NiV/Bangladesh/human/2004/Rajbari, R1 
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 Manuscript Amendment: This sentence has now been amended to read “Samples of HeV 
(HeV/Australia/Horse/2008/Redlands) and NiV (NiV/Bangladesh/human/2004/Rajbari, R1) 
were diluted to contain 100 TCID50 of virus and added to the required wells.” 

Lines 415 to 417: Please list reference for this statement. 

 Author response: Broder et al (Ref # 4), listed at the end of the subsequent sentence, 
comprehensively reviews immunisation strategies and was intended to cover both 
statements. To avoid exceeding current limit of 30 references, we have not added any new 
references, but have now added Ref # 4 at the end of the statement at Lines 415 to 417.  

Line 427: Could specify the various time points for m102.4 administration. 

 Author response: We have added the time points to this statement. 

 Manuscript amendment: We have deleted “at various time points post-infection” and added 
“beginning at 1, 3, or 5 days post-infection, and again 2 days later.” 

Lines 432 to 436: It might be worth adding a brief statement regarding long-term neurological 
complications. These are typically not addressed in animal studies, because studies are terminated 
after 3 to 4 weeks. A recent study evaluating the efficacy of remdesivir in the non-human primate 
model for Nipah virus showed that one out of 4 surviving animals had viral RNA in brain tissue after 
termination of the study at day 92 post infection. 

 Author response: We thank the Reviewer for making this point. We have already briefly 
mentioned the occurrence of long-term and delayed neurological complications from both 
Hendra and Nipah viruses (see last sentence of first paragraph in Introduction). We would be 
willing to make this point again in the Discussion if strongly desired, although to adhere to 
the required word count, we have currently left the manuscript unamended. 

Line 439: Supplementary Table 2 does not contain information for the one case in the US that 
received m102.4. 

 Author response: We have added the US NiV case to Supplementary Table 2. In addition, in 
reviewing the data in Supplementary Table, we corrected the Exposure data for Patient # 2 
which should read “HeV infected horse”, NOT “HeV-infected needle-stick injury”. 

Page 15 of the clinical protocol indicates that the first patient who received m102.4 already 
displayed progressed clinical disease and did not survive. However, in the main text of the 
manuscript references to patients who received m102.4 were described to have all survived. This 
might require some clarification. 

 Author response: We apologise for the confusion. The patient (the first human to have ever 
received m102.4) was, as stated, in the terminal phase of established Hendra virus 
encephalitis. A small (100mg; ~1.5mg/kg) dose of the product was available and was 
administered on compassionate grounds. It was not expected that this would be efficacious, 
however, given the absence of other therapeutic options, it was given. Hence, we felt that 
including this patient’s details in the current manuscript together with those that received a 
more likely efficacious dose in a post-exposure setting (i.e. not in a setting with pre-terminal 
established infection) would introduce confusion. 



8 
 

 Table 2 lists that overall 45% of the participants had infections and infestations. This is not discussed 
in the Results. 

 Manuscript amendment: The following has been added to the 2nd paragraph of the Results: 
“The most frequently reported events were infections and infestations, classed as mild to 
moderate; 13 were reported in 11 of 24 single-dose participants (45.8%), two of six (33%) 
repeat dose participants, and five of 10 (50%) in the pooled placebo group.”  

Reviewer #4: This clinical trial is an important step towards control of a global pandemic potential of 
henipavirus infection. This monoclonal antibody should be available to the affected population soon. 

Minor comments are as follow: 

1.     NiV infected all age group people. Almost half of the cases identified in Bangladesh till date is 
beyond age group 18-50 years. Need discussion on this point. 

 Author response: We thank Reviewer #4 for this comment and note that age appears to be 
associated with prognosis of NiV (Goh et al NEJM 2000 & Banerjee et al 2019 review article). 
However, in the interest of adhering to CONSORT reporting requirement, we did not feel 
that discussion on this point was within the scope of this report, but we agree that this 
warrants further investigation in an appropriately designed study.  

2.     In the introduction section, Page 6, line 153, the way it is written seems like, India also 
experience NiV outbreak almost every year, which is not true. Only Bangladesh is experiencing Nipah 
outbreak almost yearly. Please rephrase. 

 Author response and manuscript amendment: We have removed the word “India” and 
restricted the statement to Bangladesh. 

3.     Page 6, line 156, "consumption of date palm sap that had been contaminated by fruit bats" is 
not correct. Because, though few infrared camera studies in Bangladesh have identified bat visits in 
shaved part of date palm tree, there is no direct evidence that the date palm sap that the cases 
drank was bat contaminated. Therefore, the authors might rephrase as "consumption of date palm 
sap that might had been contaminated by fruit bats". 

 Author response and manuscript amendment: We have rephrased the statement to 
“consumption of raw date palm sap that may have been contaminated by fruit bats” 

4.     Page 6, line 158, I strongly feel that, to describe the gravity of the problem, authors should state 
corpse of human transmission of NiV has been reported from Bangladesh in 2010 (Ref: Sazzad HM, 
Hossain MJ, Gurley ES, Ameen KM, Parveen S, Islam MS, et al. Nipah virus infection outbreak with 
nosocomial and corpse-to-human transmission, Bangladesh. Emerg Infect Dis. 2013;19(2):210-7). 
This phenomenon was evident in other highly fatal pathogens like Ebola. 

 Author response and manuscript amendment: We thank Reviewer #4 for the recommended 
reference and have included the following statement on page 6 with the recommended 
reference: “Corpse-to-human transmission of NiV has also been documented in a case series 
report of sporadic cases in Bangladesh in 2010.” 

5.     Though the use of monoclonal antibody is targeted as a postexposure prophylaxis, the NiV cases 
in the community will be both primary and secondary cases. Primary cases usually take around one 
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week following onset of illness to tertiary surveillance hospitals. Secondary cases might be a 
potential candidate for monoclonal antibody as a post exposure prophylaxis. The authors may 
discuss about the timeline/ natural history of henipaviurs infection and scope of administering the 
monoclonal antibody in the field.  

 Author response and manuscript amendment: We understand the point that Reviewer #4 is 
making. We believe that the amendments that we have made (see Editor’s comments points 
#3 and #4) addresses – in general – this point (i.e. that m102.4 may have a role in treating 
established henipavirus infections in addition to its role as post-exposure prophylaxis). In the 
interests of space, we did not feel that discussing this aspect in greater detail was justified.  
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Summary 51 

Background 52 

The monoclonal antibody (mAb) m102∙4 is a potent fully human antibody that neutralizes 53 

Hendra and Nipah viruses in vitro and in vivo. We investigated its safety, tolerability, 54 

pharmacokinetics, and immunogenicity in healthy adults. 55 

Methods 56 

In this double-blind, placebo-controlled, single-centre, dose escalation phase 1 trial of 57 

m102∙4, we randomised healthy adults aged 18–50 years with a body-mass index of 58 

18∙0─35∙0 kg/m2 to one of five cohorts. A sentinel pair for each cohort was randomised to 59 

either m102∙4 or placebo. The remaining participants in each cohort were randomised 5:1 60 

to receive m102∙4 or placebo. Cohorts 1 to 4 received a single intravenous infusion of 61 

m102∙4 at doses of 1, 3, 10, and 20 mg/kg respectively, and were monitored for 113 days. 62 

Cohort 5 received two infusions of 20 mg/kg, 72 hours apart, with monitoring for 123 days. 63 

The primary objective was safety and tolerability; secondary objectives were 64 

pharmacokinetics and immunogenicity. Analyses were completed according to protocol. The 65 

study was registered on the Australian New Zealand Clinical Trials Registry, registration 66 

number ACTRN12615000395538. 67 

Findings 68 

Between March 27, 2015 and June 16, 2016, 40 of 77 healthy screened adults were enrolled 69 

in the study; eight were assigned to each cohort (six received m102∙4, and two received 70 

placebo). Eighty-six treatment-emergent adverse events were reported, with similar rates 71 

between placebo and treatment groups. The most common treatment-related event was 72 

headache (12 of 30 [40%] in the combined m102∙4 group, and 3 of 10 [30%] in the pooled 73 

placebo group). There were no deaths or severe adverse events leading to study 74 

discontinuation. Pharmacokinetics based on those receiving m102∙4 (n=30) were linear, with 75 

a mean half-life of 16∙5─27∙6 days across Cohorts 1–4. The elimination kinetics of those 76 

receiving repeated dosing (Cohort 5) were comparable to single-dose recipients. Anti-77 

m102∙4 antibodies were not detected at any time-point during the study.  78 
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Interpretation 79 

m102∙4 single and repeated dosing were well tolerated, displayed linear pharmacokinetics, 80 

and showed no evidence of an immunogenic response. This study will inform future dosing 81 

regimens for m102∙4 to achieve prolonged exposure for systemic efficacy to prevent and 82 

treat henipavirus infections.  83 

Funding 84 

Queensland Department of Health, the National Health and Medical Research Council and 85 

the National Hendra Virus Research Program. 86 

87 
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Research in Context 88 

 89 

Evidence before this study 90 

We searched PubMed on May 31, 2019 for studies using the following terms: (“Hendra” OR 91 

“Nipah”) AND (“monoclonal antibody” OR “monoclonal antibodies”) without language 92 

restrictions. We restricted article type to clinical trials and species to human. There were no 93 

articles describing clinical trials of monoclonal antibodies designed for human prophylaxis. 94 

The human monoclonal antibody m102∙4 binds to the same/similar region of the G 95 

glycoprotein of Hendra and Nipah viruses as the ephrin receptors. The m102∙4 monoclonal 96 

antibody demonstrated protection from infection, and was effective when administered 97 

following experimental challenge with Hendra and/or Nipah viruses in ferret and non-98 

human primate models. 99 

The m102∙4 has been available since 2010 for compassionate therapy following high-risk 100 

Hendra virus exposures. It has been used on 14 occasions (13 in Queensland, Australia and 101 

one in the United States). The safety and tolerability of the m102∙4 has not been 102 

systematically assessed. 103 

Added value of this study 104 

This is the first study to assess the safety, tolerability, pharmacokinetics, and 105 

immunogenicity of the m102∙4 in healthy adults using a variety of single dosing regimens (1 106 

mg/kg, 3 mg/kg, 10 mg/kg, and 20 mg/kg) and a repeat dosing regimen of 20 mg/kg 107 

separated by 72 hours. The four single and one repeat dosing regimens of the m102∙4 were 108 

generally safe and well tolerated, and had a half-life of 16∙5–27∙6 days with no observed 109 

immunogenicity associated with the m102∙4.  110 

Implications of all the available evidence 111 

The findings of this study support the use of the m102∙4 in humans following high-risk 112 

henipavirus exposure. Two doses of 20 mg/kg separated by 72 hours were as well tolerated 113 

as a single dose of 20 mg/kg. 114 

  115 
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Introduction 116 

Nipah virus (NiV) and Hendra virus (HeV) are enveloped, single-stranded negative sense RNA 117 

viruses and the prototype members of the genus Henipavirus in the family 118 

Paramyxoviridae.1 Bats of the genus Pteropus appear to be the major natural reservoir hosts 119 

for henipaviruses, from which all bat isolates of HeV and NiV have been derived.2,3 HeV and 120 

NiV are two emerged zoonotic, transboundary agents with uniquely broad host tropism 121 

capable of infecting at least 18 animal species across six orders of mammals, including their 122 

natural bat hosts.4,5 HeV and NiV are highly pathogenic, and cause wide-spread infection 123 

with severe disease in multiple organ systems in at least 11 mammalian species. Fatality 124 

rates range from 40–100%.6 In humans, HeV and NiV infection results in a systemic and 125 

often fatal respiratory and/or neurological disease.7,8 Both HeV and NiV can also cause a 126 

relapsing of encephalitis following recovery from an acute infection; this appears to result 127 

from a recrudescence of virus replication in the central nervous system.9  128 

HeV was first recognized in 1994 during an outbreak of fatal cases of a severe respiratory 129 

disease in horses and humans which occurred in the Brisbane suburb of Hendra, Australia.10 130 

In all, 14 horses and their trainer succumbed to infection together with the non-fatal 131 

infection of seven additional horses and a stablehand. To date, HeV has appeared in eastern 132 

Australia on 61 occasions, causing fatalities in four of seven human cases, death or 133 

euthanasia of more than 100 horses, and euthanasia of two HeV antibody positive dogs.4,11  134 

A large outbreak of encephalitis in 1998 among pig farmers in Peninsular Malaysia led to the 135 

identification of NiV, a Hendra-like virus isolated from the cerebrospinal fluid of two 136 

patients.12 Outbreaks of human cases of NiV infection have been recorded almost annually 137 

since 2001 in Bangladesh. Between 1998 and 2018, a total of 637 cases of human NiV 138 

infection with 373 fatalities were reported in South and Southeast Asia. The mode of NiV 139 

transmission was direct human contact with infected pigs, consumption of raw date palm 140 

sap that may have been contaminated by fruit bats, or human-to-human transmission.13 141 

Corpse-to-human transmission of NiV has also been documented in a case series report of 142 

sporadic cases in Bangladesh in 2010. 14 At least two strains of NiV have been identified in 143 

genetic analysis; NiVM associated with the 1998 Malaysian outbreak, and NiVB that has 144 

caused repeated outbreaks in Bangladesh and northeastern India.15 There is considerable 145 

genetic heterogeneity in human isolates of NiV, particularly from the Bangladesh outbreaks. 146 
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This feature of NiV, in combination with transmission modes that include human-to-human, 147 

raises concerns of a pandemic potential.16  148 

There are no approved vaccines or therapeutics to prevent or treat disease in humans. NiV 149 

and HeV are currently listed among WHO priority diseases for which a research and 150 

development blueprint of action to prevent epidemics has been developed.17 Both are also 151 

emerging viruses selected for the human vaccine development initiative funded by the 152 

Coalition for Epidemic Preparedness Innovations.18 153 

HeV and NiV particles possess surface projections composed of the viral transmembrane 154 

anchored fusion (F) and attachment (G) glycoproteins, which are the mediators of virus 155 

attachment and host cell infection. They are also the major antigenic targets of virus-156 

neutralising antibodies. Both the HeV and NiV G glycoproteins bind to the host cell 157 

membrane proteins ephrin-B2 and ephrin-B3, which are highly conserved across known 158 

susceptible hosts, as reviewed by Broder and colleagues.4 HeV- and NiV-neutralising human 159 

antibody fragments reactive to the G glycoproteins of both HeV and NiV have previously 160 

been isolated using recombinant antibody technology.19 One monoclonal antibody (mAb), 161 

m102, possessed strong cross-reactive and neutralising activity against HeV and NiV, and 162 

was subsequently affinity matured to m102∙4 , formatted as an IgG1 mAb, and produced in 163 

a CHO-K1 cell line.20 The m102∙4 epitope localises to the ephrin receptor binding site on the 164 

G glycoprotein and binds in a similar fashion as the ephrin molecule.21 In a post-exposure 165 

NiV challenge experiment in the ferret model, a single dose of m102∙4 administered by 166 

intravenous (IV) infusion ten hours after a lethal virus challenge was shown to provide 167 

complete protection.22 The m102∙4 was also shown to be effective against both NiV and HeV 168 

infection in nonhuman primates in studies designed to reflect a potential real-world 169 

infection exposure scenario,15,23,24 highlighting clear potential for future approved human 170 

use.  171 

In 2010, the m102∙4 cell line was provided to the Queensland Government, (Queensland 172 

Health, Australia), to produce the m102∙4 for compassionate emergency use in the event of 173 

high-risk human HeV exposure. Following an unprecedented number of equine HeV 174 

notifications (22 horses on 18 properties) in Queensland and New South Wales in 2011,11 175 

planning commenced in 2012 for the first phase 1 clinical trial of the m102∙4 in human 176 

participants.25 This trial aimed to evaluate the safety, tolerability, immunogenicity, and 177 



8 
 

pharmacokinetics of single and multiple IV administrations of m102∙4 in healthy 178 

participants, and was completed in 2016. Here we report the results of this safety trial.  179 
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Methods 180 

Study design and Participants 181 

We performed a single-centre, randomised, double blind, placebo-controlled, dose 182 

escalation phase 1 study to assess the safety, tolerability, pharmacokinetics, and 183 

immunogenicity of m102∙4 in healthy adults at Q-Pharm Pty Ltd (Queensland, Australia). 184 

Ethics approval was obtained from the study site’s Human Research Ethics Committee at the 185 

QIMR Berghofer Medical Research Institute before participant enrolment commenced. The 186 

study was conducted under the Therapeutic Goods Administration (TGA) Clinical Trial 187 

Notification Scheme (CTN) and in accordance with the Declaration of Helsinki, Good Clinical 188 

Practice guidelines, and the National Health and Medical Research (NHMRC) statement on 189 

ethical conduct in human research.  190 

Healthy males and females between 18 and 50 years of age, with a body mass index of 18∙0 191 

to ≤35∙0 kg/m2 and weight ≥50 kg to ≤100 kg, normal values for blood haematology, 192 

coagulation profiles, clinical chemistry, and urinalysis results, were eligible for inclusion. 193 

Exclusion criteria included close, unprotected exposure to sick horses with an unexplained 194 

illness within 4 weeks; known exposure to potential HeV infected horses; positive tests for 195 

HIV or hepatitis B or C viruses; treatment with an investigational drug or biologic agent 196 

within 60 days; sexually active males with a partner capable of becoming pregnant; and 197 

females capable of becoming pregnant in the absence of an effective method of birth 198 

control. Use of prescription drugs within 14 days or five half-lives prior to mAb 199 

administration, and pregnancy or breastfeeding were also exclusion criteria. Additional 200 

details of inclusion and exclusion criteria are outlined in the trial protocol (appendix pg 42). 201 

All participants understood the study requirements and treatment procedures, and were 202 

willing to comply with all study restrictions. Participants provided written informed consent 203 

before any study-specific tests or procedures were performed. 204 

Randomisation and masking 205 

Participants were given a sequential screening number at their screening visit. Eligible 206 

participants were assigned to one of five cohorts, each with eight participants. In each 207 

cohort, six participants were randomised to receive m102∙4 , and two were randomised to 208 
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receive placebo in accordance with the randomisation plan prepared and maintained by 209 

Clinical Network Services, (Queensland, Australia), the contract research organisation.  210 

In each cohort, two individuals in a sentinel pair were randomised in a double blinded 211 

manner to receive active and placebo in a 1:1 ratio. Sentinel pairs were dosed seven days 212 

prior to the other participants in that cohort in order to detect any serious adverse advents 213 

(SAEs) in accordance with the European Medical Agency first-in-man guidelines.26 The 214 

remaining participants in each cohort received either m102∙4 or placebo (0∙9% saline) in a 215 

5:1 ratio following review of safety data by the Investigator and the Medical Monitor. The 216 

decision to progress to the next higher dose was made after safety and tolerability data was 217 

reviewed for each dose group. Repeat dosing (Cohort 5) did not commence until all 218 

pharmacokinetic data was reviewed for Cohorts 1-4 (see Appendix pg 3 & 19). As this was a 219 

single site trial with eight participants allocated to five cohorts, no block randomisation was 220 

performed.  221 

To maintain the blinding of the study, the randomisation plan was available only to the un-222 

blinded pharmacist. Treatment allocation was double blinded, and m102∙4 and placebo 223 

were identical in appearance and volume for each participant in each cohort. 224 

Procedures  225 

The m102∙4 drug substance for the phase 1 study was manufactured at the National 226 

Biologics Facility (NBF) located at the University of Queensland (Queensland, Australia) using 227 

a recombinant Chinese Hamster Ovary (CHO) cell line. A parent cell line was obtained from 228 

the National Institutes of Health, (Bethesda, MD, USA) and then subcloned and adapted to a 229 

serum- and protein-free commercially available medium. Cells were expanded from a 230 

qualified master cell bank using a conventional seed-train, followed by a fed-batch 231 

bioreactor process. The clarified harvest containing secreted m102∙4 was subjected to a 232 

two-step purification process including MabSelect SuReTM LX protein A and mixed mode 233 

CaptoTMadhere chromatography. The process included two viral inactivation/removal steps, 234 

a low pH hold, and nanofiltration (Viresolve® Pro Modus) respectively. The m102∙4 was 235 

formulated at a concentration of 10 mg/mL in phosphate buffered saline pH 7∙3 and 236 

aseptically dispensed into 10 mL vials at Sypharma Pty Ltd (Victoria, Australia). The final 237 

product complied with specifications commonly accepted by regulatory agencies for 238 

identity, purity, potency, and safety. 239 
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Prior to clinical studies, Good Laboratory Practice (GLP) compliant, repeat dose toxicology 240 

studies were conducted in the Sprague-Dawley rat at vivoPharm Pty Ltd (Victoria, Australia). 241 

The m102∙4 was administered once per week for four weeks at doses of 0, 10, 30, and 100 242 

mg/kg. The antibody was well tolerated and the no-observed-adverse-effect-level (NOAEL) 243 

was determined to be 100 mg/kg, the highest dose tested. 244 

An enzyme-linked immunosorbent assay (ELISA) was developed by the NBF, then validated 245 

and used to measure the concentration of m102∙4 in human serum samples at vivoPharm 246 

Pty Ltd. Briefly, serum m102∙4 bound to Hendra virus soluble G protein coated on a plate, 247 

was detected with a custom rabbit anti-m102∙4 horseradish peroxidase conjugate followed 248 

by the addition of 3,3',5,5'-Tetramethylbenzidine substrate. The validated assay met criteria 249 

in the relevant US guideline27, and had a working range of 1∙7–163∙2 ng/mL, which 250 

corresponded to the lower and upper limits of quantitation, respectively. All samples were 251 

diluted within this working range, quantitated via standard curve interpolation, and 252 

pharmacokinetic parameters were calculated using noncompartmental techniques. 253 

An anti-drug antibody ELISA was developed and validated to determine the presence of 254 

anti-m102∙4 antibodies in human serum samples. A bridging assay design was employed 255 

where m102∙4, previously coupled either with biotin or horseradish peroxidase, was mixed 256 

with serum or positive control (a custom anti-m102∙4 rabbit polyclonal antibody) to form a 257 

complex which was captured onto a streptavidin coated plate. The assay procedure included 258 

an acidification step to dissociate drug-antibody complexes. The validated assay met criteria 259 

consistent with the US guidelines,27 and had a sensitivity of 100 ng/mL. Human serum 260 

samples were considered positive if both the screening cut-point (determined statistically 261 

based on a 95% upper confidence limit from negative normal donor sera) and specificity 262 

confirmation cut-point (where excess m102∙4 was added) were exceeded. 263 

Based on animal models of Henipavirus challenge,1,22-24,28 a target dose of 20 mg/kg was 264 

selected as the maximum dose to be tested. Treatment recipients in the five cohorts were 265 

dosed with four concentrations of m102∙4. Cohorts 1 and 2 received single IV doses of 1 266 

mg/kg and 3 mg/kg, respectively, or placebo, infused in a total volume of 100 mL of 0∙9% 267 

saline. Cohorts 3 and 4 received single IV infusions of 10 mg/kg and 20 mg/kg, respectively, 268 

or placebo, in a total volume of 500 mL of 0∙9% saline, while Cohort 5 received two IV 269 

infusions of 20 mg/kg, or placebo, in 500 mL of 0∙9% saline 72 hours apart. All infusions 270 

were given over a 1-hour period using a peristaltic infusion pump. 271 
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Participants in Cohorts 1–4 were domiciled for a total period of 3∙5 days for initial safety and 272 

tolerability monitoring, and to facilitate blood sampling for pharmacokinetics, virus 273 

neutralisation, and immunogenicity analysis. Participants received the m102∙4 mAb or 274 

placebo on day 1, and follow-up assessments were scheduled on days 4, 6, 8, 15, 29, 43, 57, 275 

85, and 113. Participants in Cohort 5 were domiciled for a total period of 6∙5 days receiving 276 

a single dose of m102∙4 or placebo on days 1 and 4. Follow up visits to the clinical site were 277 

scheduled on days 7, 9, 11, 18, 25, 32, 39, 53, 67, 95, and 123. For all cohorts, the final 278 

safety assessment was scheduled to occur within a maximum period of 16 weeks after the 279 

last infusion. 280 

Dose escalation from one cohort to the next followed review and approval of safety data for 281 

at least six participants per group. In addition, blinded pharmacokinetic data for Cohort 1 282 

was reviewed to confirm estimation of m102∙4 elimination half-life. Initiation of dosing in 283 

Cohort 5 followed review of available unblinded pharmacokinetic data for Cohorts 1–4. 284 

A virus neutralisation assay was designed and performed by the Australian Animal Health 285 

Laboratory (AAHL) located at the Commonwealth Scientific and Industrial Research 286 

Organisation (CSIRO, Victoria, Australia). Briefly, sera from five Cohort 4 participants (20 287 

mg/kg, a clinically relevant dose) were tested against HeV and NiV to assess the ability of 288 

circulating m102∙4 to neutralise each virus in samples at four different time points post-289 

infusion (12hr, 24hr, Day 4, and Day 8). Samples were diluted to achieve an end-point for 290 

neutralisation. Control plates were set up using m102∙4-spiked media + 10% normal human 291 

serum to achieve final concentrations ranging from 50 to 0∙4 µg/mL. Samples of HeV 292 

(HeV/Australia/Horse/2008/Redlands) and NiV (NiV/Bangladesh/human/2004/Rajbari, R1) 293 

were diluted to contain 100 TCID50 of virus and added to the required wells. Serum, cell and 294 

virus controls were included. Vero cell suspension was added to every well at a 295 

concentration of 4x105 cells/mL. Plates were incubated at 37°C in a humid atmosphere 296 

containing 5% CO2 for 45–60 min. Cells were examined after 3 days under an inverted 297 

microscope for cytopathic effect. 298 

Outcomes 299 

The primary objective of the phase 1 trial was to assess the safety and tolerability of single 300 

and multiple IV doses of m102∙4 in healthy human participants; the second objective was to 301 
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determine the pharmacokinetic and immunogenicity of single and multiple doses; and the 302 

third objective was to explore the pharmacodynamics of m102∙4 against HeV and NiV. 303 

The safety and tolerability of m102∙4 across all cohorts was evaluated according to the 304 

following specific assessments: physical examination, clinical laboratory tests, vital signs, 305 

electrocardiogram, signs and symptoms of tolerability, infusion site reactions, and adverse 306 

events (AEs). All AEs and treatment-emergent AEs (TEAEs) were reported for participants 307 

from dosing until the end of the study. Definitions of AEs and TEAEs can be found in the trial 308 

protocol (appendix pg 50─52). 309 

Calculated pharmacokinetic values included maximum observed drug concentration (Cmax), 310 

time to maximum observed drug concentration (Tmax), area under the drug concentration-311 

time curve (AUC0-last and AUC0-inf), elimination half-life (t½), clearance (CL), and volume of 312 

distribution (Vz). We also took blood samples pre-dose and at nominal post-dose time-313 

points for measurement of m102∙4 HeV and NiV virus neutralisation, and for assessment of 314 

anti- m102∙4 antibodies. 315 

Statistical analysis 316 

Statistical analysis comprised summary descriptive statistics of the five dose groups and 317 

placebo group. Given the exploratory nature of the study, the sample size was not based on 318 

power calculations, but was consistent with the typical sample size used for similar studies. 319 

Descriptive statistics were performed with SAS version 9∙4. Pharmacokinetic data were 320 

analysed with Phoenix WinNonlinSoftware version 6∙3, with pharmacokinetic listings, tables, 321 

and figures generated using SAS Software version 9∙4. The study is registered on the 322 

Australian New Zealand Clinical Trials Registry, registration number 323 

ACTRN12615000395538. 324 

 325 

Role of the funding source 326 

The funders of the study had no role in data collection, data analysis, data interpretation, or 327 

writing of the report. The corresponding author had full access to all the data in the study 328 

and had final responsibility for the decision to submit for publication. 329 

330 
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Results 331 

Between 15 April 2015 and 18 February 2016, 40 participants were allocated into five 332 

cohorts as described (figure 1). All enrolled participants received their full assigned 333 

treatments and completed the study according to schedule apart from two participants in 334 

cohort 4 who failed to attend their day 43 and day 85 visits, respectively. Demographic 335 

characteristics did not vary between treatment groups (table 1). 336 

Overall the dosage of m102∙4 appeared safe and well tolerated. No deaths, life threatening 337 

events, serious adverse events, or adverse events leading to study discontinuation occurred. 338 

Across all cohorts, a total of 37 of 40 (93%) participants had at least one TEAE, with a total of 339 

86 TEAEs reported (table 2). The occurrence of TEAEs was similar across all active treatment 340 

and placebo groups. The most frequently reported events were infections and infestations, 341 

classed as mild to moderate; 13 were reported in 11 of 24 single-dose participants (45.8%), 342 

two of six (33%) repeat dose participants, and five of 10 (50%) in the pooled placebo group. 343 

A possible association between dose and headache was noted, occurring in eight of 12 344 

(67%) participants dosed in Cohorts 4 and 5 compared with four of 18 (22%) participants 345 

dosed in Cohorts 1–3, and three of 10 (30%) participants in the pooled placebo group. All 346 

TEAEs were resolved upon follow-up without specific intervention. 347 

Of all TEAEs, 31 in 20 participants were considered treatment-related, occurring in three of 348 

six (50%) participants dosed in Cohort 1, two of six (33%) participants dosed in Cohorts 2, 3, 349 

and 5, five of six (83%) participants dosed in Cohort 4, and five of 10 (50%) participants in 350 

the pooled placebo group. The most common treatment-related TEAEs were headaches (10 351 

participants: one each in Cohorts 1–3, four dosed in Cohort 4, two dosed in Cohort 5, and 352 

one in the pooled placebo group), intravenous catheter site bruising (three participants: two 353 

dosed in Cohort 3 and one in the pooled placebo group), and elevated alanine 354 

aminotransferase (ALT) levels (three participants: two in Cohort 5 and one in placebo). Of 355 

the 20 treatment-related TEAEs, 15 were rated as mild and five as moderate. Moderate 356 

TEAEs included two headaches; one each in Cohorts 4 and 5, one intravenous catheter site 357 

bruising in Cohort 3, lethargy in a placebo participant, and reduced appetite in Cohort 3. 358 

There were no severe TEAEs (Table 2). 359 

No clinically significant changes in haematological or coagulation parameters were observed 360 

in any participant. Three participants had elevated ALT levels, two dosed in Cohort 5 and 361 
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one in the pooled placebo group; Cohort 5 participants had elevated ALT levels at day 4 and 362 

11, respectively; both findings following m102∙4 administration were considered to be mild 363 

and treatment-related. ALT levels returned to normal after day 11 without intervention, and 364 

were not considered to be clinically significant (Supplementary Table 1). No other clinically 365 

significant abnormalities in biochemical parameters, urinalysis, vital signs, or ECG findings 366 

were observed. One clinically significant abnormal physical examination finding was 367 

reported in one participant dosed in Cohort 3; pityriasis rosea was noted on the arms, legs, 368 

and abdomen on day 113 but was not assessed as treatment-related. No pregnancies were 369 

reported during the study period. 370 

All participants had negative anti-drug antibody results at days 1, 29 (Cohorts 1–4) or day 39 371 

(Cohort 5) and day 113 (Cohorts 1–4) or day 123 (Cohort 5). Following a single dose of 372 

m102∙4, the median Tmax for Cohort 1, 2, 3 and 4 was 8, 4, 2∙5, and 4∙1 hours respectively. 373 

Cmax and AUC0-last increased linearly with dose, with mean Cmax and AUC0-last values for 374 

Cohort 4 being 692 µg/mL and 131,648 h·µg/mL, respectively (table 3 and figure 2). 375 

Concentration over time profiles demonstrated an initial rapid peak followed by a bi-376 

exponential decline consistent with multi-compartmental distribution kinetics. The median 377 

t1/2 was similar for Cohorts 2–4 (between 397 and 467 hours) but higher for Cohort 1 (663 378 

hours). Relatively low inter-individual variability of pharmacokinetic parameters was 379 

observed. Among the repeat dose cohort (Cohort 5), the Tmax and Cmax for the first and 380 

second dose were 6 hours and 2∙5 hours, respectively and 834 µg/mL and 1077 µg/mL, 381 

respectively. 382 

Virus-neutralisation activity for both HeV and NiV was exhibited for all samples and time 383 

points tested. The viral neutralising titres ranged from 1/8 to ≥ 1/64 across all samples, 384 

corresponding to m102∙4 concentrations of 2–10 µg/mL as measured by the 385 

pharmacokinetic ELISA. In 4 out of 5 participant samples, the Day 8 neutralising titre was 386 

within 1 or 2 doubling dilutions of the 12-hour sample from the same participant. For the 5th 387 

participant sample, the Day 8 neutralising titre was within 3 doubling dilutions of the 12-388 

hour sample for HeV, and 1 doubling dilution for NiV. These results were considered to be 389 

within experimental variation, and therefore it was concluded that the m102∙4 remained 390 

active for at least 8 days following mAb administration. 391 

392 
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Discussion 393 

In this phase 1 study we assessed the safety and tolerability of single and multiple IV doses 394 

of m102∙4 in healthy human adults. All 40 participants completed the trial, with safety data 395 

indicating that m102∙4 was safe and well tolerated. The maximum dose of 20 mg/kg was in-396 

line with the human equivalent dose conversion (based on body surface area) at the NOAEL 397 

of 100 mg/kg, assigned from the 4 x weekly dosing rat toxicology study. Therefore the 398 

maximum clinical dosing of 2 x 20 mg/kg m102∙4 was supported by the nonclinical data, and 399 

is a dose hypothesised to be pharmacologically relevant based on animal challenge data 400 

(see below).  401 

TEAE reports were similar between placebo and active treatment groups. There was an 402 

increase in treatment-related headaches recorded among participants receiving single dose 403 

m102∙4 compared to those administered placebo (66∙7% vs 10%); there was no increase in 404 

treatment-related headaches among those with repeat dosing. Dose-related changes in ALT 405 

of three participants were noted; however these were mild abnormalities and were not 406 

considered clinically significant. There were no deaths or severe adverse events leading to 407 

withdrawals or premature discontinuations during the study. Pharmacokinetics based on 408 

those receiving active treatment (n=30) were linear, with the mean half-life ranging from 409 

16∙5 to 27∙6 days across Cohorts 1–4. There was a small to moderate accumulation of mAb 410 

in those receiving repeat dose (Cohort 5), with elimination kinetics that were comparable to 411 

those receiving single dose regimens.  412 

A variety of active immunisation strategies have been previously explored for HeV and NiV 413 

infection involving various recombinant viral vector-based vaccines in animal challenge 414 

models.4 These studies demonstrated the possibility of inducing strong neutralising antibody 415 

response that could afford protection in livestock or an emergency-use scenario.4 Among 416 

the most notable studies was the identification of the m102∙4, the first fully-human 417 

monoclonal antibody that cross-neutralised in vivo all HeV and NiV isolates, including those 418 

from the Australian 1994 HeV outbreak and the Malaysian and Bangladesh NiV outbreaks. A 419 

single dose of m102∙4 administered to ferrets 10 hours after lethal virus challenge was 420 

shown to be fully protective with no evidence of toxicity.20,22 421 

 422 
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 In subsequent studies designed to closely reflect real-world human exposure, non-human 423 

primates were challenged with lethal doses of HeV and NiV by an intratracheal route, then 424 

infused twice with m102∙4 mAb (15 mg/kg), beginning at 1, 3, or 5 days post-infection, and 425 

again 2 days later. Untreated control animals succumbed to disease eight days post-426 

infection, while those in the treatment groups recovered by day 16.23,24 Also tissue samples 427 

collected from treated animals had no evidence of infectious HeV or NiV at the termination 428 

of the study, demonstrating the potential of m102∙4 to treat HeV and NiV infections in 429 

human and animal populations. A potential challenge to developing antiviral therapies for 430 

RNA viruses is their heterogeneity and mutational instability. However, the m102∙4 431 

recognises epitopes that are highly conserved among virus variants, making it unlikely that 432 

the virus will escape neutralisation due to mutation activity, and in the context of 433 

therapeutic dosing, in an immunocompetent individual. 434 

Prior to this trial, a total of 14 individuals received prophylactic high-dose m102∙4 on 435 

compassionate grounds following high level exposure to HeV (13 in Australia) or NiV (one in 436 

the United States; Supplementary Table 2). Individuals ranged from 8–59 years of age. No 437 

individual demonstrated clinical or laboratory evidence of infection prior to, or following 438 

m102∙4 administration. The m102∙4 administration was generally well tolerated; two 439 

individuals developed infusion-related febrile reactions to early production lots of antibody.  440 

Because of the available data and findings on m102∙4, including those presented here, the 441 

recent outbreak of NiV in Kerala, India, encouraged a number of organisations, including the 442 

Indian Council of Medical Research (ICMR), the Henry M. Jackson Foundation (HJF), the 443 

WHO, and the US National Institute of Allergy and Infectious Diseases (NIAID) and US 444 

National Institutes of Health (NIH) to work towards the development of an NiV therapeutics 445 

protocol for the use of m102∙4 in the event of another outbreak of NiV in India or 446 

Bangladesh. To date, treatment for NiV has been limited to supportive care and 447 

management of acute encephalitis syndrome, as well as standard infection control practices 448 

to limit person-to-person transmission.29 One pharmacologic option that was used for post-449 

exposure prophylaxis during the Malaysian NiV outbreak of 1999 was the anti-viral Ribavirin. 450 

While this was associated with a significant reduction in mortality due to acute encephalitis, 451 

treatment allocation was not randomised, and the lack of clinical trial safety data beyond 452 

short-term emergency administration limits its use in outbreak circumstances.30 The safety 453 

profile of both single and repeat dosing of m102∙4, and the standard elimination 454 
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pharmacokinetic profile presented in this study, underpins the current standard of care to 455 

offer a single dose of 20 mg/kg of m102∙4 to humans with high levels of exposure to HeV 456 

and NiV. It also supports its potential use for patients with established clinical 457 

manifestations of henipavirus infection; based upon African green monkey challenge 458 

studies,23,24 two doses separated by 48 hours would seem appropriate. 459 

The main limitation of our study is the small number of participants, which is not 460 

uncommon in phase 1 studies. Also pharmacokinetic parameters were based on active 461 

treatment cohorts only consisting of 30 individuals. Future studies will be needed to 462 

ascertain the efficacy of m102∙4 for treatment and prophylaxis against different viral strains 463 

of NiV and HeV virus, particularly among populations living in settings where there is the 464 

potential for an outbreak. Also, while there is no evidence of escape mutants to m102∙4, the 465 

potential for this cannot be ruled out with RNA viruses. It may be necessary to consider a 466 

cocktail of mAbs with additional targets to combat the likelihood of diminished efficacy of 467 

m102∙4. 468 

In summary, m102∙4 single and repeated dosing of up to two doses, three days apart 469 

appears to be safe and well tolerated when administered to healthy volunteers. Given that a 470 

57% mortality rate has been observed from the seven known cases of human infection with 471 

HeV, and that m102∙4 has demonstrated protective efficacy in non-human challenge 472 

studies, m102∙4 is the most promising therapeutic opportunity to date for addressing this 473 

unmet medical need. This study will inform future dosing regimens for m102∙4 to achieve 474 

systemic efficacy against HeV and NiV as post-exposure prophylaxis.   475 
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Tables 600 

Table 1: Participant baseline characteristics 601 

 

Cohort 1  
(1 mg/kg) (n=6) 

Cohort 2  
(3 mg/kg) (n=6) 

Cohort 3  
(10 mg/kg) (n=6) 

Cohort 4  
(20 mg/kg) (n=6) 

Cohort 5  
(2 x 20 mg/kg) 

(n=6) 
Pooled placebo 

(n=10) Overall (n=40) 

Sex 
       

Male 1 (17%) 4 (67%) 5 (83%) 3 (50%) 4 (70%) 7 (70%) 24 (60%) 

Female 5 (83%) 2 (33%) 1 (17%) 3 (50%) 2 (30%) 3 (30%) 16 (40%) 

Age, years         

Mean (SD) 29∙8 (9∙1) 30∙5 (5∙1) 24∙7 (3∙9) 29∙7 (10∙9) 27∙7 (5∙5) 26∙6 (5∙0) 28∙0 (6∙7) 

Range 18–42 23–36 21–32 20–44 21–35 20–37 18–44 

Weight, kg        

Mean (SD) 71∙5 (15∙2) 84∙9 (14∙1) 74∙7 (10∙8) 67∙7 (7∙3) 80∙5 (12∙1) 79∙3 (8∙0) 76∙7 (11∙9) 

Range 51∙3–95∙7 65∙2–98∙0 60∙4–86∙4 58∙2–77∙0 67∙1–98∙5 71∙8–95∙6 51∙3–98∙5 

BMI, kg/m
2
        

Mean (SD) 24∙6 (5∙3) 26∙6 (5∙3) 24∙0 (4∙0) 23∙1 (2∙5) 26∙0 (4∙4) 26∙3 (3∙4) 25∙2 (3∙9) 

Range 19∙5–33∙9 21∙8–31∙3 19∙9–29∙5 19∙7–26∙2 20∙3–32∙9 22∙6–32∙7 19∙5–33∙9 

Race, n (%)        

White 5 (83%) 5 (83%) 5 (83%) 6 (100%) 6 (100%) 9 (90∙0%) 36 (90∙0%) 

Other 1 (17%) 1 (17%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 3 (7∙5%) 

Pacific Islander 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (10%) 1 (2∙5%) 

Data are n (%), mean (SD), range (minimum – maximum); BMI=body-mass index; Race=‘Other’ were Eurasian, white/Asian/Aboriginal or South American 602 
Indigenous603 
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Table 2: Summary of adverse events 604 

 
Cohort 1  

(1 mg/kg) (n=6) 
Cohort 2  

(3 mg/kg) (n=6) 
Cohort 3  

(10 mg/kg) (n=6) 
Cohort 4  

(20 mg/kg) (n=6) 
Cohort 5  

(20 mg/kg) (n=6) 

Pooled placebo 

(n=10) 

Overall 

(n=40) 

Participants with ≥1 TEAEs 5 (83%) [12] 5 (83%) [10] 6 (100%) [14] 6 (100%) [13] 6 (100%) [11] 9 (90%) [26] 37 (93%) [86] 

Participants with serious TEAEs 0 0 0 0 0 0 0 

Participants with any TEAE leading 

to discontinuation of study drug 
0 0 0 0 0 0 0 

Gastrointestinal disorders 1 (17%) [1] 0 2 (3%) [3] 1 (17%) [3] 1 (17%) [1] 1 (10%) [1] 6 (15%) [9] 

General disorders and 

administration site conditions 
1 (17%) [1] 2 (3%) [3] 3 (50%) [3] 0 1 (17%) [1] 4 (40%) [7] 11 (28%) [15] 

Infections and infestations 4 (67%) [5] 2 (33%) [2] 2 (33%) [2] 3 (50%) [4] 2 (33%) [2] 5 (50%) [6] 18 (45%) [21] 

Investigations 0 0 0 0 2 (33%) [2] 1 (10%) [1] 3 (8%) [3] 

Metabolism and nutrition 

disorders 
0 0 1 (17%) [1] 0 0 0 1 (3%) [1] 

Musculoskeletal and connective 

tissue disorders 
0 0 0 0 0 2 (20%) [3] 2 (5%) [3] 

Nervous system disorders 

(headaches) 
1 (17%) [1] 1 (17%) [1] 2 (33%) [2] 4 (67%) [6] 4 (67%) [4] 3 (30%) [4] 15 (38%) [18] 

Psychiatric disorders 0 1 (17%) [1] 0 0 0 1 (10%) [1] 2 (5%) [2] 

Renal and urinary disorders 0 0 0 0 0 1 (10%) [1] 1 (3%) [1] 

Respiratory, thoracic and 

mediastinal disorders 
2 (33%) [2] 1 (17%) [1] 0 0 0 2 (20%) [2] 5 (13%) [5] 

Skin and subcutaneous tissue 

disorders 
2 (33%) [2] 1 (17%) [2] 2 (33%) [2] 0 1 (17%) [1] 0 6 (15%) [7] 

Surgical and medical procedures 0 0 1 (17%) [1] 0 0 0 1 (3%) [1] 

Data are displayed as number of participants (% of participants within cohort) [number of TEAEs] 605 
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Table 3: Pharmacokinetic parameters for each cohort (8 treated participants per cohort) of healthy adults treated with m102∙4 606 

 
Cmax (µg/mL) Tmax (h) AUC0-last (h·µg/mL) t1/2 (h) CL (mL/h/kg) Vz (mL/kg) 

 

Mean  
(SD) 

Coefficient 
of 

Variation 
Median 
(range) 

Mean 
(SD) 

Coefficient 
of 

Variation 
Median 
(range) 

Mean 
(SD) 

Coefficient 
of 

Variation 
Mean 
(SD) 

Coefficient 
of Variation 

Cohort 1 (1 mg/kg); 
n=6 

29∙9  
(5∙8) 19∙5% 

8  
(4∙0–12∙0) 

5,528∙7 
(953∙0) 17∙2% 

663∙3  
(474∙3–735∙1) 

0∙18 
(0∙03) 16∙4% 

167∙3 
(54∙1) 32∙3% 

Cohort 2 (3 mg/kg); 
n=6 

130∙4 
 (38∙9) 29∙8% 

4  
(4∙0–8∙0) 

21874∙2 
(4942∙0) 22∙6% 

466∙3  
(382∙8–522∙3) 

0∙14 
(0∙03) 21∙3% 

95∙2 
(29∙5) 31∙0% 

Cohort 3 (10 mg/kg); 
n=6 

357∙2 
 (72∙7) 20∙3% 

2∙5  
(1∙0–12∙1) 

79102∙2 
(15061∙2) 19∙0% 

397  
(333∙9–491∙8) 

0∙13 
(0∙03) 20∙6% 

75∙1 
(11∙6) 15∙4% 

Cohort 4 (20 mg/kg); 
n=6 

692  
(104∙7) 15∙1% 

4∙1  
(1∙0–8∙0) 

131648∙3 
(18344∙0) 13∙9% 

466∙7  
(351∙0–889∙6) 

0∙15 
(0∙02) 15∙5% 

112∙6 
(36∙8) 32∙7% 

Cohort 5 (20 mg/kg): 
first dose (day 1); n=6 

834∙3 
(150∙6) 18∙0% 

6∙0  
(1∙0–12∙1) 

33082∙4 
(6222∙7) 18∙8% 

     Cohort 5 (20 mg/kg): 
second dose (day 4); 
n=6 

1076∙7 
(187∙7) 17∙4% 

2∙5  
(1∙0–8∙0) 

337,574∙6 
(50058∙1) 14∙8% 

472  
(385∙6–592∙0) 

0∙06 
(0∙001) 14∙6% 

40∙5 
(6∙6) 16∙3% 

Pharmacokinetic data for mAb m102∙4 serum concentrations were calculated using all participants receiving m102∙4 (n=30). Cmax =maximum observed 607 
serum concentration (mean, SD and coefficients of variation). Tmax = time to Cmax (hours, median and range) AUC0-last =Area under the m102∙4 concentration 608 
curve from pre-dose to last measurable concentration (mean, SD and coefficients of variation), t1/2 =elimination half-life (hours, median and range), CL = 609 
clearance (mean, SD and coefficients of variation), Vz = volume of distribution (mean, SD and coefficients of variation). 610 
 611 
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Figure Legends 612 

Figure 1: Study Profile 613 

* Withdrawals were due to time constraints (n=10), personal or family illness (n=4), 614 
withdrew no reason given (n=9). 615 
 616 

 617 

Figure 2: Mean log-scaled concentrations of total m102∙4 concentrations (μg/mL) in serum 618 

from healthy adults (8 treated participants per cohort), by nominal time and treatment 619 

group, as determined by ELISA 620 

 621 
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Summary 51 

Background 52 

The henipaviruses, Hendra virus and Nipah virus, are emerging zoonotic pathogens of bat 53 

origins that have been associated with poor clinical outcomes in humans. The monoclonal 54 

antibody (mAb) m102∙4 is a potent fully human antibody that neutralizes Hendra and Nipah 55 

viruses in vitro and in vivo. Clinical trials in humans represent the next stage in the utilization 56 

of this antibody in the prophylactic treatment and prevention of deaths from henipavirus 57 

infectionsWe investigated its safety, tolerability, pharmacokinetics, and immunogenicity in 58 

healthy adults..  59 

Methods 60 

In this We performed a randomised, double-blind, placebo-controlled, single-centre, dose 61 

escalation phase 1 trial ofstudy using the human monoclonal antibody m102∙4, we 62 

randomised h. Healthy adults aged 18–50 years with a body-mass index of 18∙0─ to ≤35∙0 63 

kg/m2 were assigned to one of five cohorts. A sentinel pair for each cohort was randomised 64 

toin a 1:1 ratio to receive either m102∙4 active treatment or placebo. The remaining 65 

participants in each cohort were randomised 5:1 to receive m102∙4 or placebo. Cohorts 1 to 66 

4 received a single intravenous infusion of m102∙4 at doses of 1, 3, 10, and 20 mg/kg 67 

respectively, and were monitored for 113 days. Cohort 5 received two infusions of 20 68 

mg/kg, 72 hours apart, with monitoring for 123 days. The primary objective was to assess 69 

the safety and tolerability; secondary objectives were of single and multiple intravenous 70 

doses of m102∙4 mAb. We also assessed pharmacokinetics and, immunogenicity, and virus 71 

neutralisation. Analyses were completed according to protocol. The study was registered on 72 

the Australian New Zealand Clinical Trials Registry, registration number 73 

ACTRN12615000395538. 74 

Findings 75 

Between March 27April 15, 2015 and June 16, 2016, 40 of 77 healthy screened adults were 76 

enrolled in were screened and 40 participants were enrolled in the study; eight were 77 

assigned to each cohort (six randomised to receive d m102∙4, and two randomised to two 78 

received placebo per cohort). Eighty-sixA total of 86 treatment-emergent adverse events 79 
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were reported, by the 40 participants with similar rates between placebo and active 80 

treatment treatment groups. The most common treatment-related event was headache (12 81 

of 30 [40%] in the combined m102∙4 group, and 3 of 10 [30%] in the pooled placebo group). 82 

Thirty one events reported in 20 participants (50%) receiving m102∙4 were considered 83 

treatment related, and six events were reported in five participants (50%) receiving placebo. 84 

A possible trend of treatment related headaches with m102∙4 was noted; this was reported 85 

in 66.7% of participants administered single dose m102∙4 compared with 10% of those 86 

administered placebo. There was no increase in treatment related headaches among those 87 

with repeat dosing. There were no deaths or severe adverse events leading to 88 

studywithdrawals or premature discontinuations during the study. Pharmacokinetics based 89 

on those receiving m102∙4 active treatment (n=30) were linear, with athe mean half-life of 90 

ranging from 16∙5─ to 27∙6 days across Cohorts 1–4. There was small to moderate 91 

accumulation of monoclonal antibody in those receiving a repeat dose (Cohort 5), with The 92 

elimination kinetics of those receiving repeated dosing (Cohort 5) that were comparable to 93 

those receiving a single- dose recipients. Anti-m102∙4 antibodies were not detected at any 94 

time-point during the study. All serum samples at all time points exhibited virus-95 

neutralisation activity when tested in vitro for both HeV and NiV.  96 

Interpretation 97 

m102∙4 single and repeated dosing of up to two doses separated by 3 days were  safe and 98 

well tolerated, displayed  when administered to healthy adult volunteers. A linearstandard 99 

pharmacokinetics profile was observed with linear elimination kinetics, and showed . There 100 

was no evidence of an immunogenic response to m102∙4. Exploratory virus neutralisation 101 

studies confirmed that m102∙4 remained active for at least 8 days following administration 102 

of a clinically relevant dose. . This study will inform future dosing regimens for m102∙4 to 103 

achieve prolonged exposure for systemic efficacy to prevent and treat against henipavirus 104 

infectionses.  105 

Funding 106 

Queensland Department of Health, the National Health and Medical Research Council and 107 

the National Hendra Virus Research Program. 108 

109 
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Research in Context 110 

 111 

Evidence before this study 112 

We searched PubMed on May 31, 2019 for studies using the following terms: (“Hendra” OR 113 

“Nipah”) AND (“monoclonal antibody” OR “monoclonal antibodies”) without language 114 

restrictions. We restricted article type to clinical trials and species to human. There were no 115 

articles describing clinical trials of monoclonal antibodies designed for human prophylaxis. 116 

The human monoclonal antibody m102∙4 binds to the same/similar region of the G 117 

glycoprotein of Hendra and Nipah viruses as the ephrin receptors. The m102∙4 monoclonal 118 

antibody demonstrated protection from infection, and was effective when administered 119 

following experimental challenge with Hendra and/or Nipah viruses in ferret and non-120 

human primate models. 121 

The m102∙4 has been available since 2010 for compassionate therapy following high-risk 122 

Hendra virus exposures. It has been used on 14 occasions (13 in Queensland, Australia and 123 

one in the United States). The safety and tolerability of the m102∙4 has not been 124 

systematically assessed. 125 

Added value of this study 126 

This is the first study to assess the safety, tolerability, pharmacokinetics, and 127 

immunogenicity of the m102∙4 in healthy adults using a variety of single dosing regimens (1 128 

mg/kg, 3 mg/kg, 10 mg/kg, and 20 mg/kg) and a repeat dosing regimen of 20 mg/kg 129 

separated by 72 hours. The four single and one repeat dosing regimens of the m102∙4 were 130 

generally safe and well tolerated, and had a half-life of 16∙5–27∙6 days with no observed 131 

immunogenicity associated with the m102∙4.  132 

Implications of all the available evidence 133 

The findings of this study support the use of the m102∙4 in humans following high-risk 134 

henipavirus exposure. Two doses of 20 mg/kg separated by 72 hours were as well tolerated 135 

as a single dose of 20 mg/kg. 136 

  137 
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Introduction 138 

Nipah virus (NiV) and Hendra virus (HeV) are enveloped, single-stranded negative sense RNA 139 

viruses and the prototype members of the genus Henipavirus in the family 140 

Paramyxoviridae.1 Bats of the genus Pteropus appear to be the major natural reservoir hosts 141 

for henipaviruses, from which all bat isolates of HeV and NiV have been derived.2,3 HeV and 142 

NiV are two emerged zoonotic, transboundary agents with uniquely broad host tropism 143 

capable of infecting at least 18 animal species across six orders of mammals, including their 144 

natural bat hosts.4,5 HeV and NiV are highly pathogenic, and cause wide-spread infection 145 

with severe disease in multiple organ systems in at least 11 mammalian species. Fatality 146 

rates range from 40–100%.6 In humans, HeV and NiV infection results in a systemic and 147 

often fatal respiratory and/or neurological disease.7,8 Both HeV and NiV can also cause a 148 

relapsing of encephalitis following recovery from an acute infection; this appears to result 149 

from a recrudescence of virus replication in the central nervous system.9  150 

HeV was first recognized in 1994 during an outbreak of fatal cases of a severe respiratory 151 

disease in horses and humans which occurred in the Brisbane suburb of Hendra, Australia.10 152 

In all, 14 horses and their trainer succumbed to infection together with the non-fatal 153 

infection of seven additional horses and a stablehand. To date, HeV has appeared in eastern 154 

Australia on 61 occasions, causing fatalities in four of seven human cases, death or 155 

euthanasia of more than 100 horses, and euthanasia of two HeV antibody positive dogs.4,11  156 

A large outbreak of encephalitis in 1998 among pig farmers in Peninsular Malaysia led to the 157 

identification of NiV, a Hendra-like virus isolated from the cerebrospinal fluid of two 158 

patients.12 Outbreaks of human cases of NiV infection have been recorded almost annually 159 

since 2001 in Bangladesh and India. Between 1998 and 2018, a total of 637 cases of human 160 

NiV infection with 373 fatalities were reported in South and Southeast Asia. The mode of 161 

NiV transmission was direct human contact with infected pigs, consumption of raw date 162 

palm sap that may have had been contaminated by fruit bats, or human-to-human 163 

transmission.13 Corpse-to-human transmission of NiV has also been documented in a case 164 

series report of sporadic cases in Bangladesh in 2010. 14 At least two strains of NiV have 165 

been identified in genetic analysis; NiVM associated with the 1998 Malaysian outbreak, and 166 

NiVB that has caused repeated outbreaks in Bangladesh and northeastern India.15 There is 167 

considerable genetic heterogeneity in human isolates of NiV, particularly from the 168 
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Bangladesh outbreaks. This feature of NiV, in combination with transmission modes that 169 

include human-to-human, raises concerns of a pandemic potential.16  170 

There are no approved vaccines or therapeutics to prevent or treat disease in humans. NiV 171 

and HeV are currently listed among WHO priority diseases for which a research and 172 

development blueprint of action to prevent epidemics has been developed.17 Both are also 173 

emerging viruses selected for the human vaccine development initiative funded by the 174 

Coalition for Epidemic Preparedness Innovations (CEPI).1818,19  175 

HeV and NiV particles possess surface projections composed of the viral transmembrane 176 

anchored fusion (F) and attachment (G) glycoproteins, which are the mediators of virus 177 

attachment and host cell infection. They are also the major antigenic targets of virus-178 

neutralising antibodies. Both the HeV and NiV G glycoproteins bind to the host cell 179 

membrane proteins ephrin-B2 and ephrin-B3, which are highly conserved across known 180 

susceptible hosts, as reviewed by Broder and colleagues.4 HeV- and NiV-neutralising human 181 

antibody fragments reactive to the G glycoproteins of both HeV and NiV have previously 182 

been isolated using recombinant antibody technology.19 One monoclonal antibody (mAb), 183 

m102, possessed strong cross-reactive and neutralising activity against HeV and NiV, and 184 

was subsequently affinity matured to m102∙4 , formatted as an IgG1 mAb, and produced in 185 

a CHO-K1 cell line.20 The m102∙4 epitope localises to the ephrin receptor binding site on the 186 

G glycoprotein and binds in a similar fashion as the ephrin molecule.21 In a post-exposure 187 

NiV challenge experiment in the ferret model, a single dose of m102∙4 administered by 188 

intravenous (IV) infusion ten hours after a lethal virus challenge was shown to provide 189 

complete protection.22 The m102∙4 was also shown to be effective against both NiV and HeV 190 

infection in nonhuman primates in studies designed to reflect a potential real-world 191 

infection exposure scenario,15,23,24 highlighting clear potential for future approved human 192 

use.  193 

In 2010, the m102∙4 cell line was provided to the Queensland Government, (Queensland 194 

Health, Australia), to produce the m102∙4 for compassionate emergency use in the event of 195 

high-risk human HeV exposure. Following an unprecedented number of equine HeV 196 

notifications (22 horses on 18 properties) in Queensland and New South Wales in 2011,11 197 

planning commenced in 2012 for the first phase 1 clinical trial of the m102∙4 in human 198 

participants.25 This trial aimed to evaluate the safety, tolerability, immunogenicity, and 199 
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pharmacokinetics of single and multiple IV administrations of m102∙4 in healthy 200 

participants, and was completed in 2016. Here we report the results of this safety trial.  201 
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Methods 202 

Study design and Participants 203 

We performed a single-centre, randomised, double blind, placebo-controlled, dose 204 

escalation phase 1 study to assess the safety, tolerability, pharmacokinetics, and 205 

immunogenicity of m102∙4 in healthy adults at Q-Pharm Pty Ltd (Queensland, Australia). 206 

Ethics approval was obtained from the study site’s Human Research Ethics Committee at the 207 

QIMR Berghofer Medical Research Institute before participant enrolment commenced. The 208 

study was conducted under the Therapeutic Goods Administration (TGA) Clinical Trial 209 

Notification Scheme (CTN) and in accordance with the Declaration of Helsinki, Good Clinical 210 

Practice guidelines, and the National Health and Medical Research (NHMRC) statement on 211 

ethical conduct in human research.  212 

Healthy males and females between 18 and 50 years of age, with a body mass index of 18∙0 213 

to ≤35∙0 kg/m2 and weight ≥50 kg to ≤100 kg, normal values for blood haematology, 214 

coagulation profiles, clinical chemistry, and urinalysis results, were eligible for inclusion. 215 

Exclusion criteria included close, unprotected exposure to sick horses with an unexplained 216 

illness within 4 weeks; known exposure to potential HeV infected horses; positive tests for 217 

HIV or hepatitis B or C viruses; treatment with an investigational drug or biologic agent 218 

within 60 days; sexually active males with a partner capable of becoming pregnant; and 219 

females capable of becoming pregnant in the absence of an effective method of birth 220 

control. Use of prescription drugs within 14 days or five half-lives prior to mAb 221 

administration, and pregnancy or breastfeeding were also exclusion criteria. Additional 222 

details of inclusion and exclusion criteria are outlined in the trial protocol (appendix pg 42). 223 

All participants understood the study requirements and treatment procedures, and were 224 

willing to comply with all study restrictions. Participants provided written informed consent 225 

before any study-specific tests or procedures were performed. 226 

Randomisation and masking 227 

Participants were given a sequential screening number at their screening visit. Eligible 228 

participants were assigned to one of five cohorts, each with eight participants. In each 229 

cohort, six participants were randomised to receive m102∙4 , and two were randomised to 230 
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receive placebo in accordance with the randomisation plan prepared and maintained by 231 

Clinical Network Services, (Queensland, Australia), the contract research organisation.  232 

In each cohort, two individuals in a sentinel pair were randomised in a double blinded 233 

manner to receive active and placebo in a 1:1 ratio. Sentinel pairs were dosed seven days 234 

prior to the other participants in that cohort in order to detect any serious adverse advents 235 

(SAEs) in accordance with the European Medical Agency first-in-man guidelines.26 The 236 

remaining participants in each cohort received either m102∙4 or placebo (0∙9% saline) in a 237 

5:1 ratio following review of safety data by the Investigator and the Medical Monitor. The 238 

decision to progress to the next higher dose was made after safety and tolerability data was 239 

reviewed for each dose group. Repeat dosing (Cohort 5) did not commence until all 240 

pharmacokinetic data was reviewed for Cohorts 1-4 (see Appendix pg 3 & 19). As this was a 241 

single site trial with eight participants allocated to five cohorts, no block randomisation was 242 

performed.  243 

To maintain the blinding of the study, the randomisation plan was available only to the un-244 

blinded pharmacist. Treatment allocation was double blinded, and m102∙4 and placebo 245 

were identical in appearance and volume for each participant in each cohort. 246 

Procedures  247 

The m102∙4 drug substance for the phase 1 study was manufactured at the National 248 

Biologics Facility (NBF) located at the University of Queensland (Queensland, Australia) using 249 

a recombinant Chinese Hamster Ovary (CHO) cell line. A parent cell line was obtained from 250 

the National Institutes of Health, (Bethesda, MD, USA) and then subcloned and adapted to a 251 

serum- and protein-free commercially available medium. Cells were expanded from a 252 

qualified master cell bank using a conventional seed-train, followed by a fed-batch 253 

bioreactor process. The clarified harvest containing secreted m102∙4 was subjected to a 254 

two-step purification process including MabSelect SuReTM LX protein A and mixed mode 255 

CaptoTMadhere chromatography. The process included two viral inactivation/removal steps, 256 

a low pH hold, and nanofiltration (Viresolve® Pro Modus) respectively. The m102∙4 was 257 

formulated at a concentration of 10 mg/mL in phosphate buffered saline pH 7∙3 and 258 

aseptically dispensed into 10 mL vials at Sypharma Pty Ltd (Victoria, Australia). The final 259 

product complied with specifications commonly accepted by regulatory agencies for 260 

identity, purity, potency, and safety. 261 
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Prior to clinical studies, Good Laboratory Practice (GLP) compliant, repeat dose toxicology 262 

studies were conducted in the Sprague-Dawley rat at vivoPharm Pty Ltd (Victoria, Australia). 263 

The m102∙4 was administered once per week for four weeks at doses of 0, 10, 30, and 100 264 

mg/kg. The antibody was well tolerated and the no-observed-adverse-effect-level (NOAEL) 265 

was determined to be 100 mg/kg, the highest dose tested. 266 

An enzyme-linked immunosorbent assay (ELISA) was developed by the NBF, then validated 267 

and used to measure the concentration of m102∙4 in human serum samples at vivoPharm 268 

Pty Ltd. Briefly, serum m102∙4 bound to Hendra virus soluble G protein coated on a plate, 269 

was detected with a custom rabbit anti-m102∙4 horseradish peroxidase conjugate followed 270 

by the addition of 3,3',5,5'-Tetramethylbenzidine substrate. The validated assay met criteria 271 

in the relevant US guideline27, and had a working range of 1∙7–163∙2 ng/mL, which 272 

corresponded to the lower and upper limits of quantitation, respectively. All samples were 273 

diluted within this working range, quantitated via standard curve interpolation, and 274 

pharmacokinetic parameters were calculated using noncompartmental techniques. 275 

An anti-drug antibody ELISA was developed and validated to determine the presence of 276 

anti-m102∙4 antibodies in human serum samples. A bridging assay design was employed 277 

where m102∙4, previously coupled either with biotin or horseradish peroxidase, was mixed 278 

with serum or positive control (a custom anti-m102∙4 rabbit polyclonal antibody) to form a 279 

complex which was captured onto a streptavidin coated plate. The assay procedure included 280 

an acidification step to dissociate drug-antibody complexes. The validated assay met criteria 281 

consistent with the US guidelines,27 and had a sensitivity of 100 ng/mL. Human serum 282 

samples were considered positive if both the screening cut-point (determined statistically 283 

based on a 95% upper confidence limit from negative normal donor sera) and specificity 284 

confirmation cut-point (where excess m102∙4 was added) were exceeded. 285 

Based on animal models of Henipavirus challenge,1,22-24,28 a target dose of 20 mg/kg was 286 

selected as the maximum dose to be tested. Treatment recipients in the five cohorts were 287 

dosed with four concentrations of m102∙4. Cohorts 1 and 2 received single IV doses of 1 288 

mg/kg and 3 mg/kg, respectively, or placebo, infused in a total volume of 100 mL of 0∙9% 289 

saline. Cohorts 3 and 4 received single IV infusions of 10 mg/kg and 20 mg/kg, respectively, 290 

or placebo, in a total volume of 500 mL of 0∙9% saline, while Cohort 5 received two IV 291 

infusions of 20 mg/kg, or placebo, in 500 mL of 0∙9% saline 72 hours apart. All infusions 292 

were given over a 1-hour period using a peristaltic infusion pump. 293 
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Participants in Cohorts 1–4 were domiciled for a total period of 3∙5 days for initial safety and 294 

tolerability monitoring, and to facilitate blood sampling for pharmacokinetics, virus 295 

neutralisation, and immunogenicity analysis. Participants received the m102∙4 mAb or 296 

placebo on day 1, and follow-up assessments were scheduled on days 4, 6, 8, 15, 29, 43, 57, 297 

85, and 113. Participants in Cohort 5 were domiciled for a total period of 6∙5 days receiving 298 

a single dose of m102∙4 or placebo on days 1 and 4. Follow up visits to the clinical site were 299 

scheduled on days 7, 9, 11, 18, 25, 32, 39, 53, 67, 95, and 123. For all cohorts, the final 300 

safety assessment was scheduled to occur within a maximum period of 16 weeks after the 301 

last infusion. 302 

Dose escalation from one cohort to the next followed review and approval of safety data for 303 

at least six participants per group. In addition, blinded pharmacokinetic data for Cohort 1 304 

was reviewed to confirm estimation of m102∙4 elimination half-life. Initiation of dosing in 305 

Cohort 5 followed review of available unblinded pharmacokinetic data for Cohorts 1–4. 306 

A virus neutralisation assay was designed and performed by the Australian Animal Health 307 

Laboratory (AAHL) located at the Commonwealth Scientific and Industrial Research 308 

Organisation (CSIRO, Victoria, Australia). Briefly, sera from five Cohort 4 participants (20 309 

mg/kg, a clinically relevant dose) were tested against HeV and NiV to assess the ability of 310 

circulating m102∙4 to neutralise each virus in samples at four different time points post-311 

infusion (12hr, 24hr, Day 4, and Day 8). Samples were diluted to achieve an end-point for 312 

neutralisation. Control plates were set up using m102∙4-spiked media + 10% normal human 313 

serum to achieve final concentrations ranging from 50 to 0∙4 µg/mL. Samples of HeV 314 

(HeV/Australia/Horse/2008/Redlands) and NiV (NiV/Bangladesh/human/2004/Rajbari, R1) 315 

were diluted to contain 100 TCID50 of virus and added to the required wells. Serum, cell and 316 

virus controls were included. Vero cell suspension was added to every well at a 317 

concentration of 4x105 cells/mL. Plates were incubated at 37°C in a humid atmosphere 318 

containing 5% CO2 for 45–60 min. Cells were examined after 3 days under an inverted 319 

microscope for cytopathic effect. 320 

Outcomes 321 

The primary objective of the phase 1 trial was to assess the safety and tolerability of single 322 

and multiple IV doses of m102∙4 in healthy human participants; the second objective was to 323 
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determine the pharmacokinetic and immunogenicity of single and multiple doses; and the 324 

third objective was to explore the pharmacodynamics of m102∙4 against HeV and NiV. 325 

The safety and tolerability of m102∙4 across all cohorts was evaluated according to the 326 

following specific assessments: physical examination, clinical laboratory tests, vital signs, 327 

electrocardiogram, signs and symptoms of tolerability, infusion site reactions, and adverse 328 

events (AEs). All AEs and treatment-emergent AEs (TEAEs) were reported for participants 329 

from dosing until the end of the study. Definitions of AEs and TEAEs can be found in the trial 330 

protocol (appendix pg 50─52). 331 

Calculated pharmacokinetic values included maximum observed drug concentration (Cmax), 332 

time to maximum observed drug concentration (Tmax), area under the drug concentration-333 

time curve (AUC0-last and AUC0-inf), elimination half-life (t½), clearance (CL), and volume of 334 

distribution (Vz). We also took blood samples pre-dose and at nominal post-dose time-335 

points for measurement of m102∙4 HeV and NiV virus neutralisation, and for assessment of 336 

anti- m102∙4 antibodies. 337 

Statistical analysis 338 

Statistical analysis comprised summary descriptive statistics of the five dose groups and 339 

placebo group. Given the exploratory nature of the study, the sample size was not based on 340 

power calculations, but was consistent with the typical sample size used for similar studies. 341 

Descriptive statistics were performed with SAS version 9∙4. Pharmacokinetic data were 342 

analysed with Phoenix WinNonlinSoftware version 6∙3, with pharmacokinetic listings, tables, 343 

and figures generated using SAS Software version 9∙4. The study is registered on the 344 

Australian New Zealand Clinical Trials Registry, registration number 345 

ACTRN12615000395538. 346 

 347 

Role of the funding source 348 

The funders of the study had no role in data collection, data analysis, data interpretation, or 349 

writing of the report. The corresponding author had full access to all the data in the study 350 

and had final responsibility for the decision to submit for publication. 351 

352 
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Results 353 

Between 15 April 2015 and 18 February 2016, 40 participants were allocated into five 354 

cohorts as described (figure 1). All enrolled participants received their full assigned 355 

treatments and completed the study according to schedule apart from two participants in 356 

cohort 4 who failed to attend their day 43 and day 85 visits, respectively. Demographic 357 

characteristics did not vary between treatment groups (table 1). 358 

Overall the dosage of m102∙4 appeared safe and well tolerated. No deaths, life threatening 359 

events, serious adverse events, or adverse events leading to study discontinuation occurred. 360 

Across all cohorts, a total of 37 of 40 (93%) participants had at least one TEAE, with a total of 361 

86 TEAEs reported (table 2). The occurrence of TEAEs was similar across all active treatment 362 

and placebo groups.  The most frequently reported events were infections and infestations, 363 

classed as mild to moderate; 13 were reported in 11 of 24 single-dose participants (45.8%), 364 

two of six (33%) repeat dose participants, and five of 10 (50%) in the pooled placebo group. 365 

A possible association between dose and headache was noted, occurring in eight of 12  366 

(67%) of participants dosed in Cohorts 4 and 5 compared with four of 18 (225%) of 367 

participants dosed in Cohorts 1–3, and three of 10 (30%) participants in the and pooled 368 

placebo group. All TEAEs were resolved upon follow-up without specific intervention. 369 

Of all TEAEs, 31 in 20 participants were considered treatment-related, occurring in three of 370 

six (50%) of participants dosed in Cohort 1, two of six (33%) participants dosed in Cohorts 2, 371 

3, and 5, five of six (83%) participants dosed in Cohort 4, and five of 10 (50%) participants in 372 

of the pooled placebo group. The most common treatment-related TEAEs were headaches 373 

(10 participants: one each in Cohorts 1–3, four dosed in Cohort 4, two dosed in Cohort 5, 374 

and one in the pooled placebo group), intravenous catheter site bruising (three participants: 375 

two dosed in Cohort 3 and one in the pooled placebo group), and elevated alanine 376 

aminotransferase (ALT) levels (three participants: two in Cohort 5 and one in placebo). Of 377 

the 20 treatment-related TEAEs, 15 were rated as mild and five as moderate. Moderate 378 

TEAEs included two headaches; one each in Cohorts 4 and 5, one intravenous catheter site 379 

bruising in Cohort 3, lethargy in a placebo participant, and reduced appetite in Cohort 3. 380 

There were no severe TEAEs (Table 2). 381 

No clinically significant changes in haematological or coagulation parameters were observed 382 

in any participant. Three participants had elevated ALT levels, two dosed in Cohort 5 and 383 
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one in the pooled placebo group; Cohort 5 participants had elevated ALT levels at day 4 and 384 

11, respectively; both findings following m102∙4 administration were considered to be mild 385 

and treatment-related. ALT levels returned to normal after day 11 without intervention, and 386 

were not considered to be clinically significant (Supplementary Table 12). No other clinically 387 

significant abnormalities in biochemical parameters, urinalysis, vital signs, or ECG findings 388 

were observed. One clinically significant abnormal physical examination finding was 389 

reported in one participant dosed in Cohort 3; pityriasis rosea was noted on the arms, legs, 390 

and abdomen on day 113 but was not assessed as treatment-related. No pregnancies were 391 

reported during the study period. 392 

All participants had negative anti-drug antibody results at days 1, 29 (Cohorts 1–4) or day 39 393 

(Cohort 5) and day 113 (Cohorts 1–4) or day 123 (Cohort 5). Following a single dose of 394 

m102∙4, the median Tmax for Cohort 1, 2, 3 and 4 was 8, 4, 2∙5, and 4∙1 hours respectively. 395 

Cmax and AUC0-last increased linearly with dose, with mean Cmax and AUC0-last values for 396 

Cohort 4 being 692 µg/mL and 131,648 h·µg/mL, respectively (table 3 and figure 2). 397 

Concentration over time profiles demonstrated an initial rapid peak followed by a bi-398 

exponential decline consistent with multi-compartmental distribution kinetics. The median 399 

t1/2 was similar for Cohorts 2–4 (between 397 and 467 hours) but higher for Cohort 1 (663 400 

hours). Relatively low inter-individual variability of pharmacokinetic parameters was 401 

observed. Among the repeat dose cohort (Cohort 5), the Tmax and Cmax for the first and 402 

second dose were 6 hours and 2∙5 hours, respectively and 834 µg/mL and 1077 µg/mL, 403 

respectively. 404 

Virus-neutralisation activity for both HeV and NiV was exhibited for all samples and time 405 

points tested. The viral neutralising titres ranged from 1/8 to ≥ 1/64 across all samples, 406 

corresponding to m102∙4 concentrations of 2–10 µg/mL as measured by the 407 

pharmacokinetic ELISA. In 4 out of 5 participant samples, the Day 8 neutralising titre was 408 

within 1 or 2 doubling dilutions of the 12-hour sample from the same participant. For the 5th 409 

participant sample, the Day 8 neutralising titre was within 3 doubling dilutions of the 12-410 

hour sample for HeV, and 1 doubling dilution for NiV. These results were considered to be 411 

within experimental variation, and therefore it was concluded that the m102∙4 remained 412 

active for at least 8 days following mAb administration. 413 

414 
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Discussion 415 

In this phase 1 study we assessed the safety and tolerability of single and multiple IV doses 416 

of m102∙4 in healthy human adults. All 40 participants completed the trial, with safety data 417 

indicating that m102∙4 was safe and well tolerated. The maximum dose of 20 mg/kg was in-418 

line with the human equivalent dose conversion (based on body surface area) at the NOAEL 419 

of 100 mg/kg, assigned from the 4 x weekly dosing rat toxicology study. Therefore the 420 

maximum clinical dosing of 2 x 20 mg/kg m102∙4 was supported by the nonclinical data, and 421 

is a dose hypothesised to be pharmacologically relevant based on animal challenge data 422 

(see below).  423 

TEAE reports were similar between placebo and active treatment groups. There was an 424 

increase in treatment-related headaches recorded among participants receiving single dose 425 

m102∙4 compared to those administered placebo (66∙7% vs 10%); there was no increase in 426 

treatment-related headaches among those with repeat dosing. Dose-related changes in ALT 427 

of three participants were noted; however these were mild abnormalities and were not 428 

considered clinically significant. There were no deaths or severe adverse events leading to 429 

withdrawals or premature discontinuations during the study. Pharmacokinetics based on 430 

those receiving active treatment (n=30) were linear, with the mean half-life ranging from 431 

16∙5 to 27∙6 days across Cohorts 1–4. There was a small to moderate accumulation of mAb 432 

in those receiving repeat dose (Cohort 5), with elimination kinetics that were comparable to 433 

those receiving single dose regimens.  434 

A variety of active immunisation strategies have been previously explored for HeV and NiV 435 

infection involving various recombinant viral vector-based vaccines in animal challenge 436 

models.4 These studies demonstrated the possibility of inducing strong neutralising antibody 437 

response that could afford protection in livestock or an emergency-use scenario.4 Among 438 

the most notable studies was the identification of the m102∙4, the first fully-human 439 

monoclonal antibody that cross-neutralised in vivo all HeV and NiV isolates, including those 440 

from the Australian 1994 HeV outbreak and the Malaysian and Bangladesh NiV outbreaks. A 441 

single dose of m102∙4 administered to ferrets 10 hours after lethal virus challenge was 442 

shown to be fully protective with no evidence of toxicity.20,22 443 

 444 
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 In subsequent studies designed to closely reflect real-world human exposure, non-human 445 

primates were challenged with lethal doses of HeV and NiV by an intratracheal route, then 446 

infused twice with m102∙4 mAb (15 mg/kg), beginning at 1, 3, or 5 days at various time 447 

points post-infection, and again 2 days later. Untreated control animals succumbed to 448 

disease eight days post-infection, while those in the treatment groups recovered by day 449 

16.23,24 Also tissue samples collected from treated animals had no evidence of infectious 450 

HeV or NiV at the termination of the study, demonstrating the potential of m102∙4 to treat 451 

HeV and NiV infections in human and animal populations. A potential challenge to 452 

developing antiviral therapies for RNA viruses is their heterogeneity and mutational 453 

instability. However, the m102∙4 recognises epitopes that are highly conserved among virus 454 

variants, making it unlikely that the virus will escape neutralisation due to mutation activity, 455 

and in the context of therapeutic dosing, in an immunocompetent individual. 456 

Prior to this trial, a total of 14 individuals received prophylactic high-dose m102∙4 on 457 

compassionate grounds following high level exposure to HeV (13 in Australia) or NiV (one in 458 

the United States; Supplementary Table 2). Individuals ranged from 8–59 years of age. No 459 

individual demonstrated clinical or laboratory evidence of infection prior to, or following 460 

m102∙4 administration. The m102∙4 administration was generally well tolerated; two 461 

individuals developed infusion-related febrile reactions to early production lots of antibody.  462 

Because of the available data and findings on m102∙4, including those presented here, the 463 

recent outbreak of NiV in Kerala, India, encouraged a number of organisations, including the 464 

Indian Council of Medical Research (ICMR), the Henry M. Jackson Foundation (HJF), the 465 

WHO, and the US National Institute of Allergy and Infectious Diseases (NIAID) and US 466 

National Institutes of Health (NIH) to work towards the development of an NiV therapeutics 467 

protocol for the use of m102∙4 in the event of another outbreak of NiV in India or 468 

Bangladesh. To date, treatment for NiV has been limited to supportive care and 469 

management of acute encephalitis syndrome, as well as standard infection control practices 470 

to limit person-to-person transmission.29 One pharmacologic option that was used for post-471 

exposure prophylaxis during the Malaysian NiV outbreak of 1999 was the anti-viral Ribavirin. 472 

While this was associated with a significant reduction in mortality due to acute encephalitis, 473 

treatment allocation was not randomised, and the lack of clinical trial safety data beyond 474 

short-term emergency administration limits its use in outbreak circumstances.30 The safety 475 

profile of both single and repeat dosing of m102∙4, and the standard elimination 476 
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pharmacokinetic profile presented in this study, underpins the current standard of care to 477 

offer a single dose of 20 mg/kg of m102∙4 to humans with high levels of exposure to HeV 478 

and NiV. It also supports its potential use for patients with established clinical 479 

manifestations of henipavirus infection; based upon African green monkey challenge 480 

studies,23,24 two doses separated by 48 hours would seem appropriate. 481 

The main limitation of our study is the small number of participants, which is not 482 

uncommon in phase 1 studies. Also pharmacokinetic parameters were based on active 483 

treatment cohorts only consisting of 30 individuals. Future studies will be needed to 484 

ascertain the efficacy of m102∙4 for treatment and prophylaxis against different viral strains 485 

of NiV and HeV virus, particularly among populations living in settings where there is the 486 

potential for an outbreak. Also, while there is no evidence of escape mutants to m102∙4, the 487 

potential for this cannot be ruled out with RNA viruses. It may be necessary to consider a 488 

cocktail of mAbs with additional targets to combat the likelihood of diminished efficacy of 489 

m102∙4. 490 

In summary, m102∙4 single and repeated dosing of up to two doses, three days apart 491 

appears to be safe and well tolerated when administered to healthy volunteers. Given that a 492 

57% mortality rate has been observed from the seven known cases of human infection with 493 

HeV, and that m102∙4 has demonstrated protective efficacy in non-human challenge 494 

studies, m102∙4 is the most promising therapeutic opportunity to date for addressing this 495 

unmet medical need. This study will inform future dosing regimens for m102∙4 to achieve 496 

systemic efficacy against HeV and NiV as post-exposure prophylaxis.   497 
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Tables 622 

Table 1: Participant baseline characteristics 623 

 

Cohort 1  
(1 mg/kg) (n=6) 

Cohort 2  
(3 mg/kg) (n=6) 

Cohort 3  
(10 mg/kg) (n=6) 

Cohort 4  
(20 mg/kg) (n=6) 

Cohort 5  
(2 x 20 mg/kg) 

(n=6) 
Pooled placebo 

(n=10) Overall (n=40) 

Sex 
       

Male 1 (17%) 4 (67%) 5 (83%) 3 (50%) 4 (70%) 7 (70%) 24 (60%) 

Female 5 (83%) 2 (33%) 1 (17%) 3 (50%) 2 (30%) 3 (30%) 16 (40%) 

Age, years         

Mean (SD) 29∙8 (9∙1) 30∙5 (5∙1) 24∙7 (3∙9) 29∙7 (10∙9) 27∙7 (5∙5) 26∙6 (5∙0) 28∙0 (6∙7) 

Range 18–42 23–36 21–32 20–44 21–35 20–37 18–44 

Weight, kg        

Mean (SD) 71∙5 (15∙2) 84∙9 (14∙1) 74∙7 (10∙8) 67∙7 (7∙3) 80∙5 (12∙1) 79∙3 (8∙0) 76∙7 (11∙9) 

Range 51∙3–95∙7 65∙2–98∙0 60∙4–86∙4 58∙2–77∙0 67∙1–98∙5 71∙8–95∙6 51∙3–98∙5 

BMI, kg/m
2
        

Mean (SD) 24∙6 (5∙3) 26∙6 (5∙3) 24∙0 (4∙0) 23∙1 (2∙5) 26∙0 (4∙4) 26∙3 (3∙4) 25∙2 (3∙9) 

Range 19∙5–33∙9 21∙8–31∙3 19∙9–29∙5 19∙7–26∙2 20∙3–32∙9 22∙6–32∙7 19∙5–33∙9 

Race, n (%)        

White 5 (83%) 5 (83%) 5 (83%) 6 (100%) 6 (100%) 9 (90∙0%) 36 (90∙0%) 

Other 1 (17%) 1 (17%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 3 (7∙5%) 

Pacific Islander 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (10%) 1 (2∙5%) 

Data are n (%), mean (SD), range (minimum – maximum); BMI=body-mass index; Race=‘Other’ were Eurasian, white/Asian/Aboriginal or South American 624 
Indigenous625 
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Table 2: Summary of adverse events 626 

 
Cohort 1  

(1 mg/kg) (n=6) 
Cohort 2  

(3 mg/kg) (n=6) 
Cohort 3  

(10 mg/kg) (n=6) 
Cohort 4  

(20 mg/kg) (n=6) 
Cohort 5  

(20 mg/kg) (n=6) 

Pooled placebo 

(n=10) 

Overall 

(n=40) 

Participants with ≥1 TEAEs 5 (83%) [12] 5 (83%) [10] 6 (100%) [14] 6 (100%) [13] 6 (100%) [11] 9 (90%) [26] 37 (93%) [86] 

Participants with serious TEAEs 0 0 0 0 0 0 0 

Participants with any TEAE leading 

to discontinuation of study drug 
0 0 0 0 0 0 0 

Gastrointestinal disorders 1 (17%) [1] 0 2 (3%) [3] 1 (17%) [3] 1 (17%) [1] 1 (10%) [1] 6 (15%) [9] 

General disorders and 

administration site conditions 
1 (17%) [1] 2 (3%) [3] 3 (50%) [3] 0 1 (17%) [1] 4 (40%) [7] 11 (28%) [15] 

Infections and infestations 4 (67%) [5] 2 (33%) [2] 2 (33%) [2] 3 (50%) [4] 2 (33%) [2] 5 (50%) [6] 18 (45%) [21] 

Investigations 0 0 0 0 2 (33%) [2] 1 (10%) [1] 3 (8%) [3] 

Metabolism and nutrition 

disorders 
0 0 1 (17%) [1] 0 0 0 1 (3%) [1] 

Musculoskeletal and connective 

tissue disorders 
0 0 0 0 0 2 (20%) [3] 2 (5%) [3] 

Nervous system disorders 

(headaches) 
1 (17%) [1] 1 (17%) [1] 2 (33%) [2] 4 (67%) [6] 4 (67%) [4] 3 (30%) [4] 15 (38%) [18] 

Psychiatric disorders 0 1 (17%) [1] 0 0 0 1 (10%) [1] 2 (5%) [2] 

Renal and urinary disorders 0 0 0 0 0 1 (10%) [1] 1 (3%) [1] 

Respiratory, thoracic and 

mediastinal disorders 
2 (33%) [2] 1 (17%) [1] 0 0 0 2 (20%) [2] 5 (13%) [5] 

Skin and subcutaneous tissue 

disorders 
2 (33%) [2] 1 (17%) [2] 2 (33%) [2] 0 1 (17%) [1] 0 6 (15%) [7] 

Surgical and medical procedures 0 0 1 (17%) [1] 0 0 0 1 (3%) [1] 

Data are displayed as number of participants (% of participants within cohort) [number of TEAEs] 627 
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Table 3: Pharmacokinetic parameters for each cohort (8 treated participants per cohort) of healthy adults treated with m102∙4 628 

 
Cmax (µg/mL) Tmax (h) AUC0-last (h·µg/mL) t1/2 (h) CL (mL/h/kg) Vz (mL/kg) 

 

Mean  
(SD) 

Coefficient 
of 

Variation 
Median 
(range) 

Mean 
(SD) 

Coefficient 
of 

Variation 
Median 
(range) 

Mean 
(SD) 

Coefficient 
of 

Variation 
Mean 
(SD) 

Coefficient 
of Variation 

Cohort 1 (1 mg/kg); 
n=6 

29∙9  
(5∙8) 19∙5% 

8  
(4∙0–12∙0) 

5,528∙7 
(953∙0) 17∙2% 

663∙3  
(474∙3–735∙1) 

0∙18 
(0∙03) 16∙4% 

167∙3 
(54∙1) 32∙3% 

Cohort 2 (3 mg/kg); 
n=6 

130∙4 
 (38∙9) 29∙8% 

4  
(4∙0–8∙0) 

21874∙2 
(4942∙0) 22∙6% 

466∙3  
(382∙8–522∙3) 

0∙14 
(0∙03) 21∙3% 

95∙2 
(29∙5) 31∙0% 

Cohort 3 (10 mg/kg); 
n=6 

357∙2 
 (72∙7) 20∙3% 

2∙5  
(1∙0–12∙1) 

79102∙2 
(15061∙2) 19∙0% 

397  
(333∙9–491∙8) 

0∙13 
(0∙03) 20∙6% 

75∙1 
(11∙6) 15∙4% 

Cohort 4 (20 mg/kg); 
n=6 

692  
(104∙7) 15∙1% 

4∙1  
(1∙0–8∙0) 

131648∙3 
(18344∙0) 13∙9% 

466∙7  
(351∙0–889∙6) 

0∙15 
(0∙02) 15∙5% 

112∙6 
(36∙8) 32∙7% 

Cohort 5 (20 mg/kg): 
first dose (day 1); n=6 

834∙3 
(150∙6) 18∙0% 

6∙0  
(1∙0–12∙1) 

33082∙4 
(6222∙7) 18∙8% 

     Cohort 5 (20 mg/kg): 
second dose (day 4); 
n=6 

1076∙7 
(187∙7) 17∙4% 

2∙5  
(1∙0–8∙0) 

337,574∙6 
(50058∙1) 14∙8% 

472  
(385∙6–592∙0) 

0∙06 
(0∙001) 14∙6% 

40∙5 
(6∙6) 16∙3% 

Pharmacokinetic data for mAb m102∙4 serum concentrations were calculated using all participants receiving m102∙4 (n=30). Cmax =maximum observed 629 
serum concentration (mean, SD and coefficients of variation). Tmax = time to Cmax (hours, median and range) AUC0-last =Area under the m102∙4 concentration 630 
curve from pre-dose to last measurable concentration (mean, SD and coefficients of variation), t1/2 =elimination half-life (hours, median and range), CL = 631 
clearance (mean, SD and coefficients of variation), Vz = volume of distribution (mean, SD and coefficients of variation). 632 
 633 
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Figure Legends 634 

Figure 1: Study Profile 635 

* Withdrawals were due to time constraints (n=10), personal or family illness (n=4), 636 
withdrew no reason given (n=9). 637 
 638 

 639 

Figure 2: Mean log-scaled concentrations of total m102∙4 concentrations (μg/mL) in serum 640 

from healthy adults (8 treated participants per cohort), by nominal time and treatment 641 

group, as determined by ELISA 642 

 643 



 

Assigned to five study cohorts each 
with 8 subjects (n=40) 

Sentinel pairs in each cohort 
randomised to receive m102.4 or 
placebo in 1:1 ratio 

Remaining cohort members 
randomised to receive m102.4 or 
placebo in 5:1 ratio 

24 single dose and 6 multiple dose participants included 
in the safety and tolerability analysis 

Cohorts 1–4 were followed-up 
on Days 4, 6, 8, 15, 29, 43, 57, 
85, and 113 (n=24) 

24 assigned to single dose m102.4 (Day 1) 

♦ Cohort 1 (n=6): single dose of 1 mg/kg 

♦ Cohort 2 (n=6): single dose of 3 mg/kg  

♦ Cohort 3 (n=6): single dose of 10 mg/kg 

♦ Cohort 4 (n=6): single dose of 20 mg/kg 

 

      

 

Placebo participants 
were followed-up with 
their respective treatment 
cohorts (n=10) 

10 assigned to 
placebo (0.9% saline) 

♦ Cohorts 1–5: (n=2 
 

10 placebo participants 
included in the analysis 
 

6 assigned to two doses of 
m102.4 (Days 1 and 4) 

♦ Cohort 5: two doses of  

m102.4 at 20 mg/kg (n=6) 
 

Cohort 5 was followed-up on 
Days 7, 9, 11, 18, 25, 32, 39, 
53, 67, 95, and 123 (n=6) 

77 individuals were assessed 
for eligibility 

37 excluded 

♦ 9 did not meet eligibility criteria 
♦ 23 withdrew* 

♦ 5 were eligible but reserved (not dosed) 

 
 
 

      

 

Figure 1 Trial Profile





Supplementary Tables 

Supplementary Table 1: Reported changes in alanine aminotransferase levels of three participants. 

 
Placebo 

 

Cohort 5 

(2x20 mg/kg) 

Participant #1 

Cohort 5 

(2x20 mg/kg) 

Participant #2 

Screening 44 18   32 

Day -1 24 18 38 

Day 2 22 17 41 

Day 4 45 21 69 

Day 5 62 31 78 

Day 6   71 

Day 7 101   

Day 9   67 

Day 11 56 61 57 

Day 18 49 36 35 

Day 25 38 23 33 

Day 39 68 21 32 

Day 67 62 18 37 

Day 95 54 21 39 

Day 123 28 15 38 

Day number refers to the number of days relative to the day of dose administration of m102∙4 where Day 1 is the 

first dosing day. Participants in Cohort 5 received two doses of 20 mg/kg 72 hours apart. Alanine aminotransferase 

is reported as U/L; normal range is considered 5–40 U/L; blank cells indicate measurements not taken on those days. 

 

Supplementary Table 2:  Treatment data and outcomes for 13 compassionate use cases in Australia who 

received m102∙4 as post-exposure prophylaxis. 

Patient Year Exposure Dose (mg/kg) Adverse events Follow up 

1 2010 HeV-infected horse 17∙9 Infusion-related febrile reaction No seroconversion 

2 2010 HeV-infected horse 18∙3 Infusion-related febrile reaction 
Pseudomonas aeruginosa intravenous 

line-related bloodstream infection 

No seroconversion 

3 2012 HeV-infected horse 20∙0 Nil No seroconversion 

4 2012 HeV-infected horse 20∙0 Nil No seroconversion 

5 2013 NiV-Bangladesh 
infected NHP 

2 x 20∙0 at 0 and 

48 hours 

Nl No seroconversion 

6 2014 HeV-infected horse 19∙8 Nil No seroconversion 

7 2014 HeV-infected horse 20∙0 Nil No seroconversion 

8 2014 HeV-infected horse 20∙0 Nil No seroconversion 

9 2014 HeV-infected horse 20∙0 Nil No seroconversion 

10 2014 HeV-infected horse 20∙0 Nil No seroconversion 

11 2015 HeV-infected horse 20∙1 Nil No seroconversion 

12 2017 HeV-infected horse 20∙0 Nil No seroconversion 

13 2017 HeV-infected horse 20∙1 Nil No seroconversion 

14 2017 HeV-infected horse 20∙1 Nil No seroconversion 

NHP: nonhuman primate (African green monkey) 

Supplementary Tables
Click here to download Necessary additional data: Supplementary Tables_post-review_final.docx
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Abstract: Background 


The monoclonal antibody (mAb) m102∙4 is a potent fully human antibody 


that neutralizes Hendra and Nipah viruses in vitro and in vivo. We 


investigated its safety, tolerability, pharmacokinetics, and 


immunogenicity in healthy adults. 


Methods 


In this double-blind, placebo-controlled, single-centre, dose escalation 


phase 1 trial of m102∙4, we randomised healthy adults aged 18-50 years 


with a body-mass index of 18∙0─35∙0 kg/m2 to one of five cohorts. A 


sentinel pair for each cohort was randomised to either m102∙4 or placebo. 


The remaining participants in each cohort were randomised 5:1 to receive 


m102∙4 or placebo. Cohorts 1 to 4 received a single intravenous infusion 


of m102∙4 at doses of 1, 3, 10, and 20 mg/kg respectively, and were 


monitored for 113 days. Cohort 5 received two infusions of 20 mg/kg, 72 


hours apart, with monitoring for 123 days. The primary objective was 


safety and tolerability; secondary objectives were pharmacokinetics and 


immunogenicity. Analyses were completed according to protocol. The study 


was registered on the Australian New Zealand Clinical Trials Registry, 


registration number ACTRN12615000395538. 


Findings 


Between March 27, 2015 and June 16, 2016, 40 of 77 healthy screened 


adults were enrolled in the study; eight were assigned to each cohort 


(six received m102∙4, and two received placebo). Eighty-six treatment-


emergent adverse events were reported, with similar rates between placebo 


and treatment groups. The most common treatment-related event was 


headache (12 of 30 [40%] in the combined m102∙4 group, and 3 of 10 [30%] 


in the pooled placebo group). There were no deaths or severe adverse 







events leading to study discontinuation. Pharmacokinetics based on those 


receiving m102∙4 (n=30) were linear, with a mean half-life of 16∙5─27∙6 


days across Cohorts 1-4. The elimination kinetics of those receiving 


repeated dosing (Cohort 5) were comparable to single-dose recipients. 


Anti-m102∙4 antibodies were not detected at any time-point during the 


study.  


Interpretation 


m102∙4 single and repeated dosing were well tolerated, displayed linear 


pharmacokinetics, and showed no evidence of an immunogenic response. This 


study will inform future dosing regimens for m102∙4 to achieve prolonged 


exposure for systemic efficacy to prevent and treat henipavirus 


infections.  


Funding 


Queensland Department of Health, the National Health and Medical Research 


Council and the National Hendra Virus Research Program. 
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October 16th 2019 


Manuscript reference number: THELANCETID-D-19-01274 


 


Dear Dr. De Ambrogi 


We are most grateful to the Reviewers for their positive and constructive comments of our 
manuscript.  We have addressed these comments and edited our manuscript accordingly. As 
requested we have submitted two versions of the manuscript, one that indicates the changes made 
in track changes, and the revised manuscript with all changes incorporated. 


Overall the conclusions of the paper remain unchanged and we hope we have now met all 
requirements.  


A separate document detailing our point-by-point response to each reviewer has been uploaded 
separately with the revised manuscript. 


Thank you for your further consideration of our manuscript, and we look forward to your response. 


Sincerely 


 


A/Prof. Elliott Geoffrey Playford MB,BS; MMed; PhD; FRACP; FRCPA 
Clinical Microbiologist, Pathology Queensland  
Director and Infectious Diseases Physician, 
Princess Alexandra Hospital, 
199 Ipswich Rd, 
Woolloongabba, QLD 4102 
Australia 
Email: Geoffrey.Playford@health.qld.gov.au  
Tel: +61731762329 
 
  


*Reply to Reviewers Comments



mailto:Geoffrey.Playford@health.qld.gov.au
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Editor's comments 


1- Why three years have passed between the conclusion of the trial and the submission of the 
paper? I have sent you an email with this question but I did not receive any reply. It is very important 
for us to have an answer because this is something that can influence the final decision. 


 Author response: The trial reported in this paper was organised and funded under an 
atypical arrangement, i.e. this was not funded and sponsored under the auspices of a 
pharmaceutical company, rather by a state health department in Australia. This was the first 
clinical trial our Department had sponsored, and as such it meant we had to contract some 
of the expertise required, as well as develop clinical trials processes and approvals where 
none existed. Study reports and reporting had to pass through a more complex approval 
process than would normally be the case, and unfortunately were sometimes held up in this 
chain awaiting approval from busy people with competing priorities. Given the novelty of 
our findings, and their relevance to current henipavirus epidemiology, we believe the paper 
is still current and appropriate for publication in Lancet Infectious Diseases. 


2- Is there any plan to move forward with the development of m102•4 in other clinical studies? I 
realize the difficulty to test the antibody in clinical cases given the relative rarity of the infections but 
it would be useful to have at least a line in the paper mentioning what is planned next. 


 Author response: The primary objective of the reported clinical study of m102.4 was to 
assess its safety and, hence, to support its use as post-exposure prophylaxis in persons in 
Australia who have been exposed to Hendra virus (usually through contact with infected 
horses). Having achieved this objective, we will continue to undertake ongoing observational 
surveillance of the effectiveness of risk assessment (i.e. as to the decision to offer m102.4 
post-exposure prophylaxis) and of post-exposure prophylaxis in such contacts.  


Although we anticipate that clinical cases of human Hendra virus infection to be rare (given 


the rapid and extensive nature of public health contact tracing following any equine cases in 


Australia), we would plan to utilise m102.4 in a therapeutic context should a human clinical 


infection eventuate. Observational clinical and pharmacokinetic evaluation would then be 


undertaken. 


3- Even if the study is a dose escalating trial, I cannot find any mention of the dose that would be 
chosen for future studies/clinical practice. Could you clarify this point in the text, please? 


 Author response: All humans offered post-exposure m102.4 in Australia have been dosed at 
~20mg/kg as a single dose (as outlined in Supplementary Table 2). Given the safety data 
from the reported phase 1 trial, together with previously reported animal challenge studies, 
this dosing regimen remains that recommended in Australia for post-exposure prophylaxis. 
Regarding dose recommendations for established infection, we feel that, based upon the 
two African green monkey studies (refs 23 and 24), a regimen that involves two doses of 
20mg/kg separated by 48 hours would be appropriate. 


 Manuscript amendments:   
o We have therefore amended the final sentence in the third last paragraph in the 


Discussion to now read “The safety profile of both single and repeat dosing of 
m102∙4, and the standard elimination pharmacokinetic profile presented in this 
study, underpins the current standard of care to offer a single dose of 20mg/kg of 
m102∙4 to humans with high levels of exposure to HeV and NiV.   
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o Further, a new final sentence to this paragraph has been added that reads “It also 
supports its potential use for patients with established clinical manifestations of 
henipavirus infection; based upon African green monkey challenge studies (refs 23 
and 24), two doses separated by 48 hours would seem appropriate.”  


4- Two reviewers asked for more clarity about the use of the antibody and I tend to agree. Would it 
be used for post-exposure prophylaxis or also for therapy if the infection is confirmed? Please clarify 
this point in the text. 


 Author response: As outlined above (Editor’s comments point 2), the major anticipated need 
for m102.4 is for post-exposure prophylaxis, although clearly, should a human clinical 
infection eventuate, it would also be offered. 


 Manuscript amendments:  
o We have amended the final sentence in the Summary/Interpretation to read “This 


study will inform future dosing regimens for m102.4 to achieve prolonged exposure 
for systemic efficacy to prevent and treat henipavirus infections.”  


o We have also added the sentence described above (point #3) regarding its potential 
use in a therapeutic setting for established infections to the third last paragraph in 
the discussion.  


5- It is essential that you ensure that your paper (abstract and main text) conforms as much as 
possible to the necessary reporting guidelines (CONSORT for randomised trials); you can find a list of 
these guidelines with relevant flow-charts and checklists here: http://www.equator-network.org/ 


 Author response: We have conformed as much as possible to CONSORT reporting guidelines 
for randomised trials. 


6- Please use these formatting guidelines for RCTs as a reference when you revise the 
article: http://www.thelancet.com/laninf/information-for-authors/formatting-guidelines  Please be 
aware that the Methods should go after the Introduction. 


 Author response: We believe that we have conformed to the formatting guidelines for RCTs 
as outlined in the above link.  Currently as submitted, the Methods section follows the 
Introduction on page 8 


7- The word limit for the Summary is 350 words so please be aware of this limit when you revise the 
paper. 


 Author response and manuscript amendment: We have revised the Summary to 350 words. 


8- Please give absolute numbers (numerator and denominator) not just percentages for the main 
results in the abstract and in the main paper (in the text, tables, or figures). 


 Author response and manuscript amendment: We have made the requested adjustments 
providing both numerator and denominator with percentages in brackets in the Summary 
and main paper.  


9- Please indicate the date of start of the trial in the Summary. 


 Author response and manuscript amendment:  The first participant was screened on 27th 
March 2015. We have revised the statement in the Summary regarding enrolment to 



http://www.equator-network.org/

http://www.thelancet.com/laninf/information-for-authors/formatting-guidelines
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“Between March 27, 2015 and June 16, 2016, 40 of 77 healthy screened adults were 
enrolled in the study.”  


10- Please be aware that the maximum number of references is 30 (please keep the most relevant 
and recent). 


 Author response: We have adhered to the maximum 30 cited references 


11- Please be aware that the word count for a trial should not be over 4500 words. 


 Author response: The revised manuscript is within the word count limit of 4500 words  


12- Please ensure that you provide your figures in an editable format and as separate files they 
should not be part of the text). For trial profiles a word file made of editable text boxes is the 
preferred format. For any statistical images (histograms, survival or time-to-even curves, line graphs, 
scatter graphs, forest plots, etc) you should provide editable vector files (ie, the original artwork 
generated by the statistical package used to make the image). Our preferred formats for these files 
are .ai, .eps, or .pdf. We cannot guarantee accurate reproduction of images without these files. 


 Author response: The figure(s) have been provided as requested.  


13- Be aware that the maximum number of non-text items (figures and tables) in the main article is 
six. You have five non-text items at the moment so if you add more than one table/figure, something 
will need to be moved to the Appendix (that should be a single PDF file with page numbers). The 
flow chart and the table with the baseline characteristics need to be in the main article. In the text, 
any reference to the Appendix (including tables and figures) must be something like "Appendix, page 
X". 


 Author response: We have not added any further non-text items. We have added the 
relevant page numbers where the Appendix has been referenced. 


14- Please check that all authors' names and affiliations are correct. 


 Author response: All authors’ names and affiliations are correct 


15- All authors should complete and sign the author statement form and upload the signed copy 
(just check if you have sent already all forms). The form can be downloaded from the page 
(http://www.thelancet.com/for-authors/forms#author-sigs) from the fourth line of "Authors and 
contributions". The corresponding author must countersign manually the forms at the bottom of the 
page and send us the scanned version. Electronic signatures are accepted. 


 Author response: Signed author contribution forms were uploaded with the original 
submission. 


16- All authors are required to provide a Conflict of Interest Statement and should complete a 
standard form, which is available at http://www.thelancet.com/for-authors/forms#icmje-coi. This 
form can be uploaded with the manuscript at submission. (Just check if you have already sent all 
forms) 


 Author response: Completed Conflict of Interest Statements from all authors were uploaded 
at submission. 



http://www.thelancet.com/for-authors/forms#author-sigs

http://www.thelancet.com/for-authors/forms#icmje-coi
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17- Please also include written consent of any cited individual(s) noted in acknowledgments or cited 
as personal communications. 


 Author response: Individuals cited in Acknowledgments have provided written consent 
which have been uploaded with the resubmission. No personal communications were cited 
in the manuscript. 


Reviewers' comments: 


Reviewer #1: The present double-blind, placebo-controlled, single-centre, phase 1 RCT was 
performed to examine the safety and tolerability of single and double intravenous doses of the 
human monoclonal antibody m102.4. The trial participants were recruited at one centre, in 
Queensland, Australia, between April 2015 and June 2016. The authors concluded that the 
treatment and repeated dosing is safe and well tolerated by healthy adult volunteers. The 
manuscript is very clearly written including the study design and statistical analysis. There was no 
formal sample size calculation, which is not surprising considering this was a phase 1 trial. I only have 
a couple of minor comments that the authors may wish to consider: 


How were participants allocated to the cohorts and how were the sentinel pair selected? Were 
cohorts completed by after the other in that the first 8 volunteers allocated to cohort 1 and then 
cohort 2 and so on? Were the first two volunteers in each cohort allocated as the sentinel pair? 


 Author Response: The two sentinel individuals were randomized to m102.4 or placebo a 
minimum of 14 days before the remaining six participants for all cohorts.  This allowed 
review of safety and tolerability data by the Principal Investigator and Medical Monitor. The 
decision to progress to the next higher dose was made after safety and tolerability data was 
reviewed for each dose group. Repeat dosing (Cohort 5) did not commence until all 
pharmacokinetic data was reviewed for Cohorts 1-4 (see Appendix pgs 3 & 19).   


 Manuscript amendments:  We have added the following statement just before the last 
sentence of the second to last paragraph of Randomisation and Masking sub-section: “The 
decision to progress to the next higher dose was made after safety and tolerability data was 
reviewed for each dose group. Repeat dosing (Cohort 5) did not commence until all 
pharmacokinetic data was reviewed for Cohorts 1-4 (see Appendix pgs 3 & 19).”   


   


Reviewer #2: This study analyzes the use of a human monoclonal antibody in a rand. The antibody 
was overall well tolerated up to 20 mg per kg with one to two inoculation. The antibody showed a 
reasonable halflife time and preserved its neutralizing ability. There are no concerns with the 
presented data or the design of the study. 


However, this study is a toxicity study which does not provide a lot more info as previously was 
available. I feel this is a critical study but would be better suited for a more specialized journal 
because of the interest of a very restricted panel of readers. 


 Author response: We thank Reviewer #2 for these comments. We would, however, disagree 
that this manuscript is more suited to a more specialized journal. Henipaviruses are an 
important and serious emerging zoonotic infectious threat. The paradigm of using a human 
monoclonal antibody with demonstrated animal model efficacy for the post-challenge 
prevention or treatment of infection, together with human clinical safety data (as reported 
in this manuscript) is applicable to other serious emerging viral infections. This approach is 
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particularly justifiable for infections where there are no other efficacious treatments and 
where human efficacy data cannot be ethically obtained from later phase clinical trials. 


Reviewer #3: The present manuscript by Playford et al describes the results of a phase 1 clinical trial 
evaluating the safety, tolerability, pharmacokinetics, and immunogenicity of m102.4, a humanized 
monoclonal antibody targeting the henipavirus glycoprotein. The henipaviruses Nipah and Hendra 
are emerging human pathogenic paramyxoviruses that can cause severe and fatal disease in 
patients. Hendra and Nipah virus have the potential to cause larger outbreaks in Southeast Asia and 
Nipah virus is listed as a priority pathogen on the WHO blueprint list. Currently, no approved 
vaccines or therapeutics are available for human use. m102.4 has previously been shown to be 
effective in preventing henipavirus induced lethal disease in the ferret and non-human primate 
models. Furthermore, it has already been used on compassionate grounds following exposure to 
Hendra virus (13 cases) and Nipah virus (1 case). 


This manuscript describes results form a first in human clinical phase 1 dose-escalation study. The 
study outline is fairly standard for a phase 1 clinical trial. Four different doses were administered 
once via the intravenous route. A fifth group received the highest concentration of 20 mg/kg twice, 
three days apart. Overall, the administration was well received and only minor side effects, such as 
headache and slightly elevated ALT values were recorded. The mean half-life of m102.4 ranged from 
16 to 27 days. Importantly, serum samples were able to neutralize both, Hendra and Nipah viruses in 
a neutralization assay for at least 8 days after administration. These data indicate that repeated 
dosing of m102.4 three days apart was safe and well tolerated. 


Overall, the presented data are straight forward and of importance for the further development of 
this monoclonal antibody for future use in humans. There are few minor comments that should be 
addressed: 


Line 57: Therapeutic application could be mentioned in addition to prophylactic treatment. 


 Author response and manuscript amendment: see response to Editor’s comments (point #4) 


Lines 150 to 159: The two strains for NiV should already be mentioned in the Introduction. 


 Author response: We have updated the third paragraph of the Introduction which deals with 
NiV to include the two strains of NiV 


 Manuscript amendments: The following statements have been added just before the second 
last sentence of the third paragraph of the Introduction: “At least two strains of NiV have 
been identified in genetic analysis; NiVM associated with the 1998 Malaysian outbreak, and 
NiVB that has caused repeated outbreaks in Bangladesh and northeastern India.”  


Line 155: Should read "consumption of raw date palm sap". 


 Author response and manuscript amendment: We have added the word “raw” to this 
sentence 


Lines 299 to 300: Specify the HeV isolate and which NiV strain have been used for the neutralization 
assays. 


 Author response: The HeV isolate was Hendra virus/Australia/Horse/2008/Redlands, and the 
NiV strain was NiV/Bangladesh/human/2004/Rajbari, R1 
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 Manuscript Amendment: This sentence has now been amended to read “Samples of HeV 
(HeV/Australia/Horse/2008/Redlands) and NiV (NiV/Bangladesh/human/2004/Rajbari, R1) 
were diluted to contain 100 TCID50 of virus and added to the required wells.” 


Lines 415 to 417: Please list reference for this statement. 


 Author response: Broder et al (Ref # 4), listed at the end of the subsequent sentence, 
comprehensively reviews immunisation strategies and was intended to cover both 
statements. To avoid exceeding current limit of 30 references, we have not added any new 
references, but have now added Ref # 4 at the end of the statement at Lines 415 to 417.  


Line 427: Could specify the various time points for m102.4 administration. 


 Author response: We have added the time points to this statement. 


 Manuscript amendment: We have deleted “at various time points post-infection” and added 
“beginning at 1, 3, or 5 days post-infection, and again 2 days later.” 


Lines 432 to 436: It might be worth adding a brief statement regarding long-term neurological 
complications. These are typically not addressed in animal studies, because studies are terminated 
after 3 to 4 weeks. A recent study evaluating the efficacy of remdesivir in the non-human primate 
model for Nipah virus showed that one out of 4 surviving animals had viral RNA in brain tissue after 
termination of the study at day 92 post infection. 


 Author response: We thank the Reviewer for making this point. We have already briefly 
mentioned the occurrence of long-term and delayed neurological complications from both 
Hendra and Nipah viruses (see last sentence of first paragraph in Introduction). We would be 
willing to make this point again in the Discussion if strongly desired, although to adhere to 
the required word count, we have currently left the manuscript unamended. 


Line 439: Supplementary Table 2 does not contain information for the one case in the US that 
received m102.4. 


 Author response: We have added the US NiV case to Supplementary Table 2. In addition, in 
reviewing the data in Supplementary Table, we corrected the Exposure data for Patient # 2 
which should read “HeV infected horse”, NOT “HeV-infected needle-stick injury”. 


Page 15 of the clinical protocol indicates that the first patient who received m102.4 already 
displayed progressed clinical disease and did not survive. However, in the main text of the 
manuscript references to patients who received m102.4 were described to have all survived. This 
might require some clarification. 


 Author response: We apologise for the confusion. The patient (the first human to have ever 
received m102.4) was, as stated, in the terminal phase of established Hendra virus 
encephalitis. A small (100mg; ~1.5mg/kg) dose of the product was available and was 
administered on compassionate grounds. It was not expected that this would be efficacious, 
however, given the absence of other therapeutic options, it was given. Hence, we felt that 
including this patient’s details in the current manuscript together with those that received a 
more likely efficacious dose in a post-exposure setting (i.e. not in a setting with pre-terminal 
established infection) would introduce confusion. 
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 Table 2 lists that overall 45% of the participants had infections and infestations. This is not discussed 
in the Results. 


 Manuscript amendment: The following has been added to the 2nd paragraph of the Results: 
“The most frequently reported events were infections and infestations, classed as mild to 
moderate; 13 were reported in 11 of 24 single-dose participants (45.8%), two of six (33%) 
repeat dose participants, and five of 10 (50%) in the pooled placebo group.”  


Reviewer #4: This clinical trial is an important step towards control of a global pandemic potential of 
henipavirus infection. This monoclonal antibody should be available to the affected population soon. 


Minor comments are as follow: 


1.     NiV infected all age group people. Almost half of the cases identified in Bangladesh till date is 
beyond age group 18-50 years. Need discussion on this point. 


 Author response: We thank Reviewer #4 for this comment and note that age appears to be 
associated with prognosis of NiV (Goh et al NEJM 2000 & Banerjee et al 2019 review article). 
However, in the interest of adhering to CONSORT reporting requirement, we did not feel 
that discussion on this point was within the scope of this report, but we agree that this 
warrants further investigation in an appropriately designed study.  


2.     In the introduction section, Page 6, line 153, the way it is written seems like, India also 
experience NiV outbreak almost every year, which is not true. Only Bangladesh is experiencing Nipah 
outbreak almost yearly. Please rephrase. 


 Author response and manuscript amendment: We have removed the word “India” and 
restricted the statement to Bangladesh. 


3.     Page 6, line 156, "consumption of date palm sap that had been contaminated by fruit bats" is 
not correct. Because, though few infrared camera studies in Bangladesh have identified bat visits in 
shaved part of date palm tree, there is no direct evidence that the date palm sap that the cases 
drank was bat contaminated. Therefore, the authors might rephrase as "consumption of date palm 
sap that might had been contaminated by fruit bats". 


 Author response and manuscript amendment: We have rephrased the statement to 
“consumption of raw date palm sap that may have been contaminated by fruit bats” 


4.     Page 6, line 158, I strongly feel that, to describe the gravity of the problem, authors should state 
corpse of human transmission of NiV has been reported from Bangladesh in 2010 (Ref: Sazzad HM, 
Hossain MJ, Gurley ES, Ameen KM, Parveen S, Islam MS, et al. Nipah virus infection outbreak with 
nosocomial and corpse-to-human transmission, Bangladesh. Emerg Infect Dis. 2013;19(2):210-7). 
This phenomenon was evident in other highly fatal pathogens like Ebola. 


 Author response and manuscript amendment: We thank Reviewer #4 for the recommended 
reference and have included the following statement on page 6 with the recommended 
reference: “Corpse-to-human transmission of NiV has also been documented in a case series 
report of sporadic cases in Bangladesh in 2010.” 


5.     Though the use of monoclonal antibody is targeted as a postexposure prophylaxis, the NiV cases 
in the community will be both primary and secondary cases. Primary cases usually take around one 
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week following onset of illness to tertiary surveillance hospitals. Secondary cases might be a 
potential candidate for monoclonal antibody as a post exposure prophylaxis. The authors may 
discuss about the timeline/ natural history of henipaviurs infection and scope of administering the 
monoclonal antibody in the field.  


 Author response and manuscript amendment: We understand the point that Reviewer #4 is 
making. We believe that the amendments that we have made (see Editor’s comments points 
#3 and #4) addresses – in general – this point (i.e. that m102.4 may have a role in treating 
established henipavirus infections in addition to its role as post-exposure prophylaxis). In the 
interests of space, we did not feel that discussing this aspect in greater detail was justified.  
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Summary 51 


Background 52 


The monoclonal antibody (mAb) m102∙4 is a potent fully human antibody that neutralizes 53 


Hendra and Nipah viruses in vitro and in vivo. We investigated its safety, tolerability, 54 


pharmacokinetics, and immunogenicity in healthy adults. 55 


Methods 56 


In this double-blind, placebo-controlled, single-centre, dose escalation phase 1 trial of 57 


m102∙4, we randomised healthy adults aged 18–50 years with a body-mass index of 58 


18∙0─35∙0 kg/m2 to one of five cohorts. A sentinel pair for each cohort was randomised to 59 


either m102∙4 or placebo. The remaining participants in each cohort were randomised 5:1 60 


to receive m102∙4 or placebo. Cohorts 1 to 4 received a single intravenous infusion of 61 


m102∙4 at doses of 1, 3, 10, and 20 mg/kg respectively, and were monitored for 113 days. 62 


Cohort 5 received two infusions of 20 mg/kg, 72 hours apart, with monitoring for 123 days. 63 


The primary objective was safety and tolerability; secondary objectives were 64 


pharmacokinetics and immunogenicity. Analyses were completed according to protocol. The 65 


study was registered on the Australian New Zealand Clinical Trials Registry, registration 66 


number ACTRN12615000395538. 67 


Findings 68 


Between March 27, 2015 and June 16, 2016, 40 of 77 healthy screened adults were enrolled 69 


in the study; eight were assigned to each cohort (six received m102∙4, and two received 70 


placebo). Eighty-six treatment-emergent adverse events were reported, with similar rates 71 


between placebo and treatment groups. The most common treatment-related event was 72 


headache (12 of 30 [40%] in the combined m102∙4 group, and 3 of 10 [30%] in the pooled 73 


placebo group). There were no deaths or severe adverse events leading to study 74 


discontinuation. Pharmacokinetics based on those receiving m102∙4 (n=30) were linear, with 75 


a mean half-life of 16∙5─27∙6 days across Cohorts 1–4. The elimination kinetics of those 76 


receiving repeated dosing (Cohort 5) were comparable to single-dose recipients. Anti-77 


m102∙4 antibodies were not detected at any time-point during the study.  78 
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Interpretation 79 


m102∙4 single and repeated dosing were well tolerated, displayed linear pharmacokinetics, 80 


and showed no evidence of an immunogenic response. This study will inform future dosing 81 


regimens for m102∙4 to achieve prolonged exposure for systemic efficacy to prevent and 82 


treat henipavirus infections.  83 


Funding 84 


Queensland Department of Health, the National Health and Medical Research Council and 85 


the National Hendra Virus Research Program. 86 


87 







5 
 


Research in Context 88 


 89 


Evidence before this study 90 


We searched PubMed on May 31, 2019 for studies using the following terms: (“Hendra” OR 91 


“Nipah”) AND (“monoclonal antibody” OR “monoclonal antibodies”) without language 92 


restrictions. We restricted article type to clinical trials and species to human. There were no 93 


articles describing clinical trials of monoclonal antibodies designed for human prophylaxis. 94 


The human monoclonal antibody m102∙4 binds to the same/similar region of the G 95 


glycoprotein of Hendra and Nipah viruses as the ephrin receptors. The m102∙4 monoclonal 96 


antibody demonstrated protection from infection, and was effective when administered 97 


following experimental challenge with Hendra and/or Nipah viruses in ferret and non-98 


human primate models. 99 


The m102∙4 has been available since 2010 for compassionate therapy following high-risk 100 


Hendra virus exposures. It has been used on 14 occasions (13 in Queensland, Australia and 101 


one in the United States). The safety and tolerability of the m102∙4 has not been 102 


systematically assessed. 103 


Added value of this study 104 


This is the first study to assess the safety, tolerability, pharmacokinetics, and 105 


immunogenicity of the m102∙4 in healthy adults using a variety of single dosing regimens (1 106 


mg/kg, 3 mg/kg, 10 mg/kg, and 20 mg/kg) and a repeat dosing regimen of 20 mg/kg 107 


separated by 72 hours. The four single and one repeat dosing regimens of the m102∙4 were 108 


generally safe and well tolerated, and had a half-life of 16∙5–27∙6 days with no observed 109 


immunogenicity associated with the m102∙4.  110 


Implications of all the available evidence 111 


The findings of this study support the use of the m102∙4 in humans following high-risk 112 


henipavirus exposure. Two doses of 20 mg/kg separated by 72 hours were as well tolerated 113 


as a single dose of 20 mg/kg. 114 


  115 
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Introduction 116 


Nipah virus (NiV) and Hendra virus (HeV) are enveloped, single-stranded negative sense RNA 117 


viruses and the prototype members of the genus Henipavirus in the family 118 


Paramyxoviridae.1 Bats of the genus Pteropus appear to be the major natural reservoir hosts 119 


for henipaviruses, from which all bat isolates of HeV and NiV have been derived.2,3 HeV and 120 


NiV are two emerged zoonotic, transboundary agents with uniquely broad host tropism 121 


capable of infecting at least 18 animal species across six orders of mammals, including their 122 


natural bat hosts.4,5 HeV and NiV are highly pathogenic, and cause wide-spread infection 123 


with severe disease in multiple organ systems in at least 11 mammalian species. Fatality 124 


rates range from 40–100%.6 In humans, HeV and NiV infection results in a systemic and 125 


often fatal respiratory and/or neurological disease.7,8 Both HeV and NiV can also cause a 126 


relapsing of encephalitis following recovery from an acute infection; this appears to result 127 


from a recrudescence of virus replication in the central nervous system.9  128 


HeV was first recognized in 1994 during an outbreak of fatal cases of a severe respiratory 129 


disease in horses and humans which occurred in the Brisbane suburb of Hendra, Australia.10 130 


In all, 14 horses and their trainer succumbed to infection together with the non-fatal 131 


infection of seven additional horses and a stablehand. To date, HeV has appeared in eastern 132 


Australia on 61 occasions, causing fatalities in four of seven human cases, death or 133 


euthanasia of more than 100 horses, and euthanasia of two HeV antibody positive dogs.4,11  134 


A large outbreak of encephalitis in 1998 among pig farmers in Peninsular Malaysia led to the 135 


identification of NiV, a Hendra-like virus isolated from the cerebrospinal fluid of two 136 


patients.12 Outbreaks of human cases of NiV infection have been recorded almost annually 137 


since 2001 in Bangladesh. Between 1998 and 2018, a total of 637 cases of human NiV 138 


infection with 373 fatalities were reported in South and Southeast Asia. The mode of NiV 139 


transmission was direct human contact with infected pigs, consumption of raw date palm 140 


sap that may have been contaminated by fruit bats, or human-to-human transmission.13 141 


Corpse-to-human transmission of NiV has also been documented in a case series report of 142 


sporadic cases in Bangladesh in 2010. 14 At least two strains of NiV have been identified in 143 


genetic analysis; NiVM associated with the 1998 Malaysian outbreak, and NiVB that has 144 


caused repeated outbreaks in Bangladesh and northeastern India.15 There is considerable 145 


genetic heterogeneity in human isolates of NiV, particularly from the Bangladesh outbreaks. 146 
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This feature of NiV, in combination with transmission modes that include human-to-human, 147 


raises concerns of a pandemic potential.16  148 


There are no approved vaccines or therapeutics to prevent or treat disease in humans. NiV 149 


and HeV are currently listed among WHO priority diseases for which a research and 150 


development blueprint of action to prevent epidemics has been developed.17 Both are also 151 


emerging viruses selected for the human vaccine development initiative funded by the 152 


Coalition for Epidemic Preparedness Innovations.18 153 


HeV and NiV particles possess surface projections composed of the viral transmembrane 154 


anchored fusion (F) and attachment (G) glycoproteins, which are the mediators of virus 155 


attachment and host cell infection. They are also the major antigenic targets of virus-156 


neutralising antibodies. Both the HeV and NiV G glycoproteins bind to the host cell 157 


membrane proteins ephrin-B2 and ephrin-B3, which are highly conserved across known 158 


susceptible hosts, as reviewed by Broder and colleagues.4 HeV- and NiV-neutralising human 159 


antibody fragments reactive to the G glycoproteins of both HeV and NiV have previously 160 


been isolated using recombinant antibody technology.19 One monoclonal antibody (mAb), 161 


m102, possessed strong cross-reactive and neutralising activity against HeV and NiV, and 162 


was subsequently affinity matured to m102∙4 , formatted as an IgG1 mAb, and produced in 163 


a CHO-K1 cell line.20 The m102∙4 epitope localises to the ephrin receptor binding site on the 164 


G glycoprotein and binds in a similar fashion as the ephrin molecule.21 In a post-exposure 165 


NiV challenge experiment in the ferret model, a single dose of m102∙4 administered by 166 


intravenous (IV) infusion ten hours after a lethal virus challenge was shown to provide 167 


complete protection.22 The m102∙4 was also shown to be effective against both NiV and HeV 168 


infection in nonhuman primates in studies designed to reflect a potential real-world 169 


infection exposure scenario,15,23,24 highlighting clear potential for future approved human 170 


use.  171 


In 2010, the m102∙4 cell line was provided to the Queensland Government, (Queensland 172 


Health, Australia), to produce the m102∙4 for compassionate emergency use in the event of 173 


high-risk human HeV exposure. Following an unprecedented number of equine HeV 174 


notifications (22 horses on 18 properties) in Queensland and New South Wales in 2011,11 175 


planning commenced in 2012 for the first phase 1 clinical trial of the m102∙4 in human 176 


participants.25 This trial aimed to evaluate the safety, tolerability, immunogenicity, and 177 
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pharmacokinetics of single and multiple IV administrations of m102∙4 in healthy 178 


participants, and was completed in 2016. Here we report the results of this safety trial.  179 
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Methods 180 


Study design and Participants 181 


We performed a single-centre, randomised, double blind, placebo-controlled, dose 182 


escalation phase 1 study to assess the safety, tolerability, pharmacokinetics, and 183 


immunogenicity of m102∙4 in healthy adults at Q-Pharm Pty Ltd (Queensland, Australia). 184 


Ethics approval was obtained from the study site’s Human Research Ethics Committee at the 185 


QIMR Berghofer Medical Research Institute before participant enrolment commenced. The 186 


study was conducted under the Therapeutic Goods Administration (TGA) Clinical Trial 187 


Notification Scheme (CTN) and in accordance with the Declaration of Helsinki, Good Clinical 188 


Practice guidelines, and the National Health and Medical Research (NHMRC) statement on 189 


ethical conduct in human research.  190 


Healthy males and females between 18 and 50 years of age, with a body mass index of 18∙0 191 


to ≤35∙0 kg/m2 and weight ≥50 kg to ≤100 kg, normal values for blood haematology, 192 


coagulation profiles, clinical chemistry, and urinalysis results, were eligible for inclusion. 193 


Exclusion criteria included close, unprotected exposure to sick horses with an unexplained 194 


illness within 4 weeks; known exposure to potential HeV infected horses; positive tests for 195 


HIV or hepatitis B or C viruses; treatment with an investigational drug or biologic agent 196 


within 60 days; sexually active males with a partner capable of becoming pregnant; and 197 


females capable of becoming pregnant in the absence of an effective method of birth 198 


control. Use of prescription drugs within 14 days or five half-lives prior to mAb 199 


administration, and pregnancy or breastfeeding were also exclusion criteria. Additional 200 


details of inclusion and exclusion criteria are outlined in the trial protocol (appendix pg 42). 201 


All participants understood the study requirements and treatment procedures, and were 202 


willing to comply with all study restrictions. Participants provided written informed consent 203 


before any study-specific tests or procedures were performed. 204 


Randomisation and masking 205 


Participants were given a sequential screening number at their screening visit. Eligible 206 


participants were assigned to one of five cohorts, each with eight participants. In each 207 


cohort, six participants were randomised to receive m102∙4 , and two were randomised to 208 
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receive placebo in accordance with the randomisation plan prepared and maintained by 209 


Clinical Network Services, (Queensland, Australia), the contract research organisation.  210 


In each cohort, two individuals in a sentinel pair were randomised in a double blinded 211 


manner to receive active and placebo in a 1:1 ratio. Sentinel pairs were dosed seven days 212 


prior to the other participants in that cohort in order to detect any serious adverse advents 213 


(SAEs) in accordance with the European Medical Agency first-in-man guidelines.26 The 214 


remaining participants in each cohort received either m102∙4 or placebo (0∙9% saline) in a 215 


5:1 ratio following review of safety data by the Investigator and the Medical Monitor. The 216 


decision to progress to the next higher dose was made after safety and tolerability data was 217 


reviewed for each dose group. Repeat dosing (Cohort 5) did not commence until all 218 


pharmacokinetic data was reviewed for Cohorts 1-4 (see Appendix pg 3 & 19). As this was a 219 


single site trial with eight participants allocated to five cohorts, no block randomisation was 220 


performed.  221 


To maintain the blinding of the study, the randomisation plan was available only to the un-222 


blinded pharmacist. Treatment allocation was double blinded, and m102∙4 and placebo 223 


were identical in appearance and volume for each participant in each cohort. 224 


Procedures  225 


The m102∙4 drug substance for the phase 1 study was manufactured at the National 226 


Biologics Facility (NBF) located at the University of Queensland (Queensland, Australia) using 227 


a recombinant Chinese Hamster Ovary (CHO) cell line. A parent cell line was obtained from 228 


the National Institutes of Health, (Bethesda, MD, USA) and then subcloned and adapted to a 229 


serum- and protein-free commercially available medium. Cells were expanded from a 230 


qualified master cell bank using a conventional seed-train, followed by a fed-batch 231 


bioreactor process. The clarified harvest containing secreted m102∙4 was subjected to a 232 


two-step purification process including MabSelect SuReTM LX protein A and mixed mode 233 


CaptoTMadhere chromatography. The process included two viral inactivation/removal steps, 234 


a low pH hold, and nanofiltration (Viresolve® Pro Modus) respectively. The m102∙4 was 235 


formulated at a concentration of 10 mg/mL in phosphate buffered saline pH 7∙3 and 236 


aseptically dispensed into 10 mL vials at Sypharma Pty Ltd (Victoria, Australia). The final 237 


product complied with specifications commonly accepted by regulatory agencies for 238 


identity, purity, potency, and safety. 239 
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Prior to clinical studies, Good Laboratory Practice (GLP) compliant, repeat dose toxicology 240 


studies were conducted in the Sprague-Dawley rat at vivoPharm Pty Ltd (Victoria, Australia). 241 


The m102∙4 was administered once per week for four weeks at doses of 0, 10, 30, and 100 242 


mg/kg. The antibody was well tolerated and the no-observed-adverse-effect-level (NOAEL) 243 


was determined to be 100 mg/kg, the highest dose tested. 244 


An enzyme-linked immunosorbent assay (ELISA) was developed by the NBF, then validated 245 


and used to measure the concentration of m102∙4 in human serum samples at vivoPharm 246 


Pty Ltd. Briefly, serum m102∙4 bound to Hendra virus soluble G protein coated on a plate, 247 


was detected with a custom rabbit anti-m102∙4 horseradish peroxidase conjugate followed 248 


by the addition of 3,3',5,5'-Tetramethylbenzidine substrate. The validated assay met criteria 249 


in the relevant US guideline27, and had a working range of 1∙7–163∙2 ng/mL, which 250 


corresponded to the lower and upper limits of quantitation, respectively. All samples were 251 


diluted within this working range, quantitated via standard curve interpolation, and 252 


pharmacokinetic parameters were calculated using noncompartmental techniques. 253 


An anti-drug antibody ELISA was developed and validated to determine the presence of 254 


anti-m102∙4 antibodies in human serum samples. A bridging assay design was employed 255 


where m102∙4, previously coupled either with biotin or horseradish peroxidase, was mixed 256 


with serum or positive control (a custom anti-m102∙4 rabbit polyclonal antibody) to form a 257 


complex which was captured onto a streptavidin coated plate. The assay procedure included 258 


an acidification step to dissociate drug-antibody complexes. The validated assay met criteria 259 


consistent with the US guidelines,27 and had a sensitivity of 100 ng/mL. Human serum 260 


samples were considered positive if both the screening cut-point (determined statistically 261 


based on a 95% upper confidence limit from negative normal donor sera) and specificity 262 


confirmation cut-point (where excess m102∙4 was added) were exceeded. 263 


Based on animal models of Henipavirus challenge,1,22-24,28 a target dose of 20 mg/kg was 264 


selected as the maximum dose to be tested. Treatment recipients in the five cohorts were 265 


dosed with four concentrations of m102∙4. Cohorts 1 and 2 received single IV doses of 1 266 


mg/kg and 3 mg/kg, respectively, or placebo, infused in a total volume of 100 mL of 0∙9% 267 


saline. Cohorts 3 and 4 received single IV infusions of 10 mg/kg and 20 mg/kg, respectively, 268 


or placebo, in a total volume of 500 mL of 0∙9% saline, while Cohort 5 received two IV 269 


infusions of 20 mg/kg, or placebo, in 500 mL of 0∙9% saline 72 hours apart. All infusions 270 


were given over a 1-hour period using a peristaltic infusion pump. 271 
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Participants in Cohorts 1–4 were domiciled for a total period of 3∙5 days for initial safety and 272 


tolerability monitoring, and to facilitate blood sampling for pharmacokinetics, virus 273 


neutralisation, and immunogenicity analysis. Participants received the m102∙4 mAb or 274 


placebo on day 1, and follow-up assessments were scheduled on days 4, 6, 8, 15, 29, 43, 57, 275 


85, and 113. Participants in Cohort 5 were domiciled for a total period of 6∙5 days receiving 276 


a single dose of m102∙4 or placebo on days 1 and 4. Follow up visits to the clinical site were 277 


scheduled on days 7, 9, 11, 18, 25, 32, 39, 53, 67, 95, and 123. For all cohorts, the final 278 


safety assessment was scheduled to occur within a maximum period of 16 weeks after the 279 


last infusion. 280 


Dose escalation from one cohort to the next followed review and approval of safety data for 281 


at least six participants per group. In addition, blinded pharmacokinetic data for Cohort 1 282 


was reviewed to confirm estimation of m102∙4 elimination half-life. Initiation of dosing in 283 


Cohort 5 followed review of available unblinded pharmacokinetic data for Cohorts 1–4. 284 


A virus neutralisation assay was designed and performed by the Australian Animal Health 285 


Laboratory (AAHL) located at the Commonwealth Scientific and Industrial Research 286 


Organisation (CSIRO, Victoria, Australia). Briefly, sera from five Cohort 4 participants (20 287 


mg/kg, a clinically relevant dose) were tested against HeV and NiV to assess the ability of 288 


circulating m102∙4 to neutralise each virus in samples at four different time points post-289 


infusion (12hr, 24hr, Day 4, and Day 8). Samples were diluted to achieve an end-point for 290 


neutralisation. Control plates were set up using m102∙4-spiked media + 10% normal human 291 


serum to achieve final concentrations ranging from 50 to 0∙4 µg/mL. Samples of HeV 292 


(HeV/Australia/Horse/2008/Redlands) and NiV (NiV/Bangladesh/human/2004/Rajbari, R1) 293 


were diluted to contain 100 TCID50 of virus and added to the required wells. Serum, cell and 294 


virus controls were included. Vero cell suspension was added to every well at a 295 


concentration of 4x105 cells/mL. Plates were incubated at 37°C in a humid atmosphere 296 


containing 5% CO2 for 45–60 min. Cells were examined after 3 days under an inverted 297 


microscope for cytopathic effect. 298 


Outcomes 299 


The primary objective of the phase 1 trial was to assess the safety and tolerability of single 300 


and multiple IV doses of m102∙4 in healthy human participants; the second objective was to 301 
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determine the pharmacokinetic and immunogenicity of single and multiple doses; and the 302 


third objective was to explore the pharmacodynamics of m102∙4 against HeV and NiV. 303 


The safety and tolerability of m102∙4 across all cohorts was evaluated according to the 304 


following specific assessments: physical examination, clinical laboratory tests, vital signs, 305 


electrocardiogram, signs and symptoms of tolerability, infusion site reactions, and adverse 306 


events (AEs). All AEs and treatment-emergent AEs (TEAEs) were reported for participants 307 


from dosing until the end of the study. Definitions of AEs and TEAEs can be found in the trial 308 


protocol (appendix pg 50─52). 309 


Calculated pharmacokinetic values included maximum observed drug concentration (Cmax), 310 


time to maximum observed drug concentration (Tmax), area under the drug concentration-311 


time curve (AUC0-last and AUC0-inf), elimination half-life (t½), clearance (CL), and volume of 312 


distribution (Vz). We also took blood samples pre-dose and at nominal post-dose time-313 


points for measurement of m102∙4 HeV and NiV virus neutralisation, and for assessment of 314 


anti- m102∙4 antibodies. 315 


Statistical analysis 316 


Statistical analysis comprised summary descriptive statistics of the five dose groups and 317 


placebo group. Given the exploratory nature of the study, the sample size was not based on 318 


power calculations, but was consistent with the typical sample size used for similar studies. 319 


Descriptive statistics were performed with SAS version 9∙4. Pharmacokinetic data were 320 


analysed with Phoenix WinNonlinSoftware version 6∙3, with pharmacokinetic listings, tables, 321 


and figures generated using SAS Software version 9∙4. The study is registered on the 322 


Australian New Zealand Clinical Trials Registry, registration number 323 


ACTRN12615000395538. 324 


 325 


Role of the funding source 326 


The funders of the study had no role in data collection, data analysis, data interpretation, or 327 


writing of the report. The corresponding author had full access to all the data in the study 328 


and had final responsibility for the decision to submit for publication. 329 


330 
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Results 331 


Between 15 April 2015 and 18 February 2016, 40 participants were allocated into five 332 


cohorts as described (figure 1). All enrolled participants received their full assigned 333 


treatments and completed the study according to schedule apart from two participants in 334 


cohort 4 who failed to attend their day 43 and day 85 visits, respectively. Demographic 335 


characteristics did not vary between treatment groups (table 1). 336 


Overall the dosage of m102∙4 appeared safe and well tolerated. No deaths, life threatening 337 


events, serious adverse events, or adverse events leading to study discontinuation occurred. 338 


Across all cohorts, a total of 37 of 40 (93%) participants had at least one TEAE, with a total of 339 


86 TEAEs reported (table 2). The occurrence of TEAEs was similar across all active treatment 340 


and placebo groups. The most frequently reported events were infections and infestations, 341 


classed as mild to moderate; 13 were reported in 11 of 24 single-dose participants (45.8%), 342 


two of six (33%) repeat dose participants, and five of 10 (50%) in the pooled placebo group. 343 


A possible association between dose and headache was noted, occurring in eight of 12 344 


(67%) participants dosed in Cohorts 4 and 5 compared with four of 18 (22%) participants 345 


dosed in Cohorts 1–3, and three of 10 (30%) participants in the pooled placebo group. All 346 


TEAEs were resolved upon follow-up without specific intervention. 347 


Of all TEAEs, 31 in 20 participants were considered treatment-related, occurring in three of 348 


six (50%) participants dosed in Cohort 1, two of six (33%) participants dosed in Cohorts 2, 3, 349 


and 5, five of six (83%) participants dosed in Cohort 4, and five of 10 (50%) participants in 350 


the pooled placebo group. The most common treatment-related TEAEs were headaches (10 351 


participants: one each in Cohorts 1–3, four dosed in Cohort 4, two dosed in Cohort 5, and 352 


one in the pooled placebo group), intravenous catheter site bruising (three participants: two 353 


dosed in Cohort 3 and one in the pooled placebo group), and elevated alanine 354 


aminotransferase (ALT) levels (three participants: two in Cohort 5 and one in placebo). Of 355 


the 20 treatment-related TEAEs, 15 were rated as mild and five as moderate. Moderate 356 


TEAEs included two headaches; one each in Cohorts 4 and 5, one intravenous catheter site 357 


bruising in Cohort 3, lethargy in a placebo participant, and reduced appetite in Cohort 3. 358 


There were no severe TEAEs (Table 2). 359 


No clinically significant changes in haematological or coagulation parameters were observed 360 


in any participant. Three participants had elevated ALT levels, two dosed in Cohort 5 and 361 
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one in the pooled placebo group; Cohort 5 participants had elevated ALT levels at day 4 and 362 


11, respectively; both findings following m102∙4 administration were considered to be mild 363 


and treatment-related. ALT levels returned to normal after day 11 without intervention, and 364 


were not considered to be clinically significant (Supplementary Table 1). No other clinically 365 


significant abnormalities in biochemical parameters, urinalysis, vital signs, or ECG findings 366 


were observed. One clinically significant abnormal physical examination finding was 367 


reported in one participant dosed in Cohort 3; pityriasis rosea was noted on the arms, legs, 368 


and abdomen on day 113 but was not assessed as treatment-related. No pregnancies were 369 


reported during the study period. 370 


All participants had negative anti-drug antibody results at days 1, 29 (Cohorts 1–4) or day 39 371 


(Cohort 5) and day 113 (Cohorts 1–4) or day 123 (Cohort 5). Following a single dose of 372 


m102∙4, the median Tmax for Cohort 1, 2, 3 and 4 was 8, 4, 2∙5, and 4∙1 hours respectively. 373 


Cmax and AUC0-last increased linearly with dose, with mean Cmax and AUC0-last values for 374 


Cohort 4 being 692 µg/mL and 131,648 h·µg/mL, respectively (table 3 and figure 2). 375 


Concentration over time profiles demonstrated an initial rapid peak followed by a bi-376 


exponential decline consistent with multi-compartmental distribution kinetics. The median 377 


t1/2 was similar for Cohorts 2–4 (between 397 and 467 hours) but higher for Cohort 1 (663 378 


hours). Relatively low inter-individual variability of pharmacokinetic parameters was 379 


observed. Among the repeat dose cohort (Cohort 5), the Tmax and Cmax for the first and 380 


second dose were 6 hours and 2∙5 hours, respectively and 834 µg/mL and 1077 µg/mL, 381 


respectively. 382 


Virus-neutralisation activity for both HeV and NiV was exhibited for all samples and time 383 


points tested. The viral neutralising titres ranged from 1/8 to ≥ 1/64 across all samples, 384 


corresponding to m102∙4 concentrations of 2–10 µg/mL as measured by the 385 


pharmacokinetic ELISA. In 4 out of 5 participant samples, the Day 8 neutralising titre was 386 


within 1 or 2 doubling dilutions of the 12-hour sample from the same participant. For the 5th 387 


participant sample, the Day 8 neutralising titre was within 3 doubling dilutions of the 12-388 


hour sample for HeV, and 1 doubling dilution for NiV. These results were considered to be 389 


within experimental variation, and therefore it was concluded that the m102∙4 remained 390 


active for at least 8 days following mAb administration. 391 


392 
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Discussion 393 


In this phase 1 study we assessed the safety and tolerability of single and multiple IV doses 394 


of m102∙4 in healthy human adults. All 40 participants completed the trial, with safety data 395 


indicating that m102∙4 was safe and well tolerated. The maximum dose of 20 mg/kg was in-396 


line with the human equivalent dose conversion (based on body surface area) at the NOAEL 397 


of 100 mg/kg, assigned from the 4 x weekly dosing rat toxicology study. Therefore the 398 


maximum clinical dosing of 2 x 20 mg/kg m102∙4 was supported by the nonclinical data, and 399 


is a dose hypothesised to be pharmacologically relevant based on animal challenge data 400 


(see below).  401 


TEAE reports were similar between placebo and active treatment groups. There was an 402 


increase in treatment-related headaches recorded among participants receiving single dose 403 


m102∙4 compared to those administered placebo (66∙7% vs 10%); there was no increase in 404 


treatment-related headaches among those with repeat dosing. Dose-related changes in ALT 405 


of three participants were noted; however these were mild abnormalities and were not 406 


considered clinically significant. There were no deaths or severe adverse events leading to 407 


withdrawals or premature discontinuations during the study. Pharmacokinetics based on 408 


those receiving active treatment (n=30) were linear, with the mean half-life ranging from 409 


16∙5 to 27∙6 days across Cohorts 1–4. There was a small to moderate accumulation of mAb 410 


in those receiving repeat dose (Cohort 5), with elimination kinetics that were comparable to 411 


those receiving single dose regimens.  412 


A variety of active immunisation strategies have been previously explored for HeV and NiV 413 


infection involving various recombinant viral vector-based vaccines in animal challenge 414 


models.4 These studies demonstrated the possibility of inducing strong neutralising antibody 415 


response that could afford protection in livestock or an emergency-use scenario.4 Among 416 


the most notable studies was the identification of the m102∙4, the first fully-human 417 


monoclonal antibody that cross-neutralised in vivo all HeV and NiV isolates, including those 418 


from the Australian 1994 HeV outbreak and the Malaysian and Bangladesh NiV outbreaks. A 419 


single dose of m102∙4 administered to ferrets 10 hours after lethal virus challenge was 420 


shown to be fully protective with no evidence of toxicity.20,22 421 


 422 
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 In subsequent studies designed to closely reflect real-world human exposure, non-human 423 


primates were challenged with lethal doses of HeV and NiV by an intratracheal route, then 424 


infused twice with m102∙4 mAb (15 mg/kg), beginning at 1, 3, or 5 days post-infection, and 425 


again 2 days later. Untreated control animals succumbed to disease eight days post-426 


infection, while those in the treatment groups recovered by day 16.23,24 Also tissue samples 427 


collected from treated animals had no evidence of infectious HeV or NiV at the termination 428 


of the study, demonstrating the potential of m102∙4 to treat HeV and NiV infections in 429 


human and animal populations. A potential challenge to developing antiviral therapies for 430 


RNA viruses is their heterogeneity and mutational instability. However, the m102∙4 431 


recognises epitopes that are highly conserved among virus variants, making it unlikely that 432 


the virus will escape neutralisation due to mutation activity, and in the context of 433 


therapeutic dosing, in an immunocompetent individual. 434 


Prior to this trial, a total of 14 individuals received prophylactic high-dose m102∙4 on 435 


compassionate grounds following high level exposure to HeV (13 in Australia) or NiV (one in 436 


the United States; Supplementary Table 2). Individuals ranged from 8–59 years of age. No 437 


individual demonstrated clinical or laboratory evidence of infection prior to, or following 438 


m102∙4 administration. The m102∙4 administration was generally well tolerated; two 439 


individuals developed infusion-related febrile reactions to early production lots of antibody.  440 


Because of the available data and findings on m102∙4, including those presented here, the 441 


recent outbreak of NiV in Kerala, India, encouraged a number of organisations, including the 442 


Indian Council of Medical Research (ICMR), the Henry M. Jackson Foundation (HJF), the 443 


WHO, and the US National Institute of Allergy and Infectious Diseases (NIAID) and US 444 


National Institutes of Health (NIH) to work towards the development of an NiV therapeutics 445 


protocol for the use of m102∙4 in the event of another outbreak of NiV in India or 446 


Bangladesh. To date, treatment for NiV has been limited to supportive care and 447 


management of acute encephalitis syndrome, as well as standard infection control practices 448 


to limit person-to-person transmission.29 One pharmacologic option that was used for post-449 


exposure prophylaxis during the Malaysian NiV outbreak of 1999 was the anti-viral Ribavirin. 450 


While this was associated with a significant reduction in mortality due to acute encephalitis, 451 


treatment allocation was not randomised, and the lack of clinical trial safety data beyond 452 


short-term emergency administration limits its use in outbreak circumstances.30 The safety 453 


profile of both single and repeat dosing of m102∙4, and the standard elimination 454 
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pharmacokinetic profile presented in this study, underpins the current standard of care to 455 


offer a single dose of 20 mg/kg of m102∙4 to humans with high levels of exposure to HeV 456 


and NiV. It also supports its potential use for patients with established clinical 457 


manifestations of henipavirus infection; based upon African green monkey challenge 458 


studies,23,24 two doses separated by 48 hours would seem appropriate. 459 


The main limitation of our study is the small number of participants, which is not 460 


uncommon in phase 1 studies. Also pharmacokinetic parameters were based on active 461 


treatment cohorts only consisting of 30 individuals. Future studies will be needed to 462 


ascertain the efficacy of m102∙4 for treatment and prophylaxis against different viral strains 463 


of NiV and HeV virus, particularly among populations living in settings where there is the 464 


potential for an outbreak. Also, while there is no evidence of escape mutants to m102∙4, the 465 


potential for this cannot be ruled out with RNA viruses. It may be necessary to consider a 466 


cocktail of mAbs with additional targets to combat the likelihood of diminished efficacy of 467 


m102∙4. 468 


In summary, m102∙4 single and repeated dosing of up to two doses, three days apart 469 


appears to be safe and well tolerated when administered to healthy volunteers. Given that a 470 


57% mortality rate has been observed from the seven known cases of human infection with 471 


HeV, and that m102∙4 has demonstrated protective efficacy in non-human challenge 472 


studies, m102∙4 is the most promising therapeutic opportunity to date for addressing this 473 


unmet medical need. This study will inform future dosing regimens for m102∙4 to achieve 474 


systemic efficacy against HeV and NiV as post-exposure prophylaxis.   475 
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Tables 600 


Table 1: Participant baseline characteristics 601 


 


Cohort 1  
(1 mg/kg) (n=6) 


Cohort 2  
(3 mg/kg) (n=6) 


Cohort 3  
(10 mg/kg) (n=6) 


Cohort 4  
(20 mg/kg) (n=6) 


Cohort 5  
(2 x 20 mg/kg) 


(n=6) 
Pooled placebo 


(n=10) Overall (n=40) 


Sex 
       


Male 1 (17%) 4 (67%) 5 (83%) 3 (50%) 4 (70%) 7 (70%) 24 (60%) 


Female 5 (83%) 2 (33%) 1 (17%) 3 (50%) 2 (30%) 3 (30%) 16 (40%) 


Age, years         


Mean (SD) 29∙8 (9∙1) 30∙5 (5∙1) 24∙7 (3∙9) 29∙7 (10∙9) 27∙7 (5∙5) 26∙6 (5∙0) 28∙0 (6∙7) 


Range 18–42 23–36 21–32 20–44 21–35 20–37 18–44 


Weight, kg        


Mean (SD) 71∙5 (15∙2) 84∙9 (14∙1) 74∙7 (10∙8) 67∙7 (7∙3) 80∙5 (12∙1) 79∙3 (8∙0) 76∙7 (11∙9) 


Range 51∙3–95∙7 65∙2–98∙0 60∙4–86∙4 58∙2–77∙0 67∙1–98∙5 71∙8–95∙6 51∙3–98∙5 


BMI, kg/m
2
        


Mean (SD) 24∙6 (5∙3) 26∙6 (5∙3) 24∙0 (4∙0) 23∙1 (2∙5) 26∙0 (4∙4) 26∙3 (3∙4) 25∙2 (3∙9) 


Range 19∙5–33∙9 21∙8–31∙3 19∙9–29∙5 19∙7–26∙2 20∙3–32∙9 22∙6–32∙7 19∙5–33∙9 


Race, n (%)        


White 5 (83%) 5 (83%) 5 (83%) 6 (100%) 6 (100%) 9 (90∙0%) 36 (90∙0%) 


Other 1 (17%) 1 (17%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 3 (7∙5%) 


Pacific Islander 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (10%) 1 (2∙5%) 


Data are n (%), mean (SD), range (minimum – maximum); BMI=body-mass index; Race=‘Other’ were Eurasian, white/Asian/Aboriginal or South American 602 
Indigenous603 
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Table 2: Summary of adverse events 604 


 
Cohort 1  


(1 mg/kg) (n=6) 
Cohort 2  


(3 mg/kg) (n=6) 
Cohort 3  


(10 mg/kg) (n=6) 
Cohort 4  


(20 mg/kg) (n=6) 
Cohort 5  


(20 mg/kg) (n=6) 


Pooled placebo 


(n=10) 


Overall 


(n=40) 


Participants with ≥1 TEAEs 5 (83%) [12] 5 (83%) [10] 6 (100%) [14] 6 (100%) [13] 6 (100%) [11] 9 (90%) [26] 37 (93%) [86] 


Participants with serious TEAEs 0 0 0 0 0 0 0 


Participants with any TEAE leading 


to discontinuation of study drug 
0 0 0 0 0 0 0 


Gastrointestinal disorders 1 (17%) [1] 0 2 (3%) [3] 1 (17%) [3] 1 (17%) [1] 1 (10%) [1] 6 (15%) [9] 


General disorders and 


administration site conditions 
1 (17%) [1] 2 (3%) [3] 3 (50%) [3] 0 1 (17%) [1] 4 (40%) [7] 11 (28%) [15] 


Infections and infestations 4 (67%) [5] 2 (33%) [2] 2 (33%) [2] 3 (50%) [4] 2 (33%) [2] 5 (50%) [6] 18 (45%) [21] 


Investigations 0 0 0 0 2 (33%) [2] 1 (10%) [1] 3 (8%) [3] 


Metabolism and nutrition 


disorders 
0 0 1 (17%) [1] 0 0 0 1 (3%) [1] 


Musculoskeletal and connective 


tissue disorders 
0 0 0 0 0 2 (20%) [3] 2 (5%) [3] 


Nervous system disorders 


(headaches) 
1 (17%) [1] 1 (17%) [1] 2 (33%) [2] 4 (67%) [6] 4 (67%) [4] 3 (30%) [4] 15 (38%) [18] 


Psychiatric disorders 0 1 (17%) [1] 0 0 0 1 (10%) [1] 2 (5%) [2] 


Renal and urinary disorders 0 0 0 0 0 1 (10%) [1] 1 (3%) [1] 


Respiratory, thoracic and 


mediastinal disorders 
2 (33%) [2] 1 (17%) [1] 0 0 0 2 (20%) [2] 5 (13%) [5] 


Skin and subcutaneous tissue 


disorders 
2 (33%) [2] 1 (17%) [2] 2 (33%) [2] 0 1 (17%) [1] 0 6 (15%) [7] 


Surgical and medical procedures 0 0 1 (17%) [1] 0 0 0 1 (3%) [1] 


Data are displayed as number of participants (% of participants within cohort) [number of TEAEs] 605 
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Table 3: Pharmacokinetic parameters for each cohort (8 treated participants per cohort) of healthy adults treated with m102∙4 606 


 
Cmax (µg/mL) Tmax (h) AUC0-last (h·µg/mL) t1/2 (h) CL (mL/h/kg) Vz (mL/kg) 


 


Mean  
(SD) 


Coefficient 
of 


Variation 
Median 
(range) 


Mean 
(SD) 


Coefficient 
of 


Variation 
Median 
(range) 


Mean 
(SD) 


Coefficient 
of 


Variation 
Mean 
(SD) 


Coefficient 
of Variation 


Cohort 1 (1 mg/kg); 
n=6 


29∙9  
(5∙8) 19∙5% 


8  
(4∙0–12∙0) 


5,528∙7 
(953∙0) 17∙2% 


663∙3  
(474∙3–735∙1) 


0∙18 
(0∙03) 16∙4% 


167∙3 
(54∙1) 32∙3% 


Cohort 2 (3 mg/kg); 
n=6 


130∙4 
 (38∙9) 29∙8% 


4  
(4∙0–8∙0) 


21874∙2 
(4942∙0) 22∙6% 


466∙3  
(382∙8–522∙3) 


0∙14 
(0∙03) 21∙3% 


95∙2 
(29∙5) 31∙0% 


Cohort 3 (10 mg/kg); 
n=6 


357∙2 
 (72∙7) 20∙3% 


2∙5  
(1∙0–12∙1) 


79102∙2 
(15061∙2) 19∙0% 


397  
(333∙9–491∙8) 


0∙13 
(0∙03) 20∙6% 


75∙1 
(11∙6) 15∙4% 


Cohort 4 (20 mg/kg); 
n=6 


692  
(104∙7) 15∙1% 


4∙1  
(1∙0–8∙0) 


131648∙3 
(18344∙0) 13∙9% 


466∙7  
(351∙0–889∙6) 


0∙15 
(0∙02) 15∙5% 


112∙6 
(36∙8) 32∙7% 


Cohort 5 (20 mg/kg): 
first dose (day 1); n=6 


834∙3 
(150∙6) 18∙0% 


6∙0  
(1∙0–12∙1) 


33082∙4 
(6222∙7) 18∙8% 


     Cohort 5 (20 mg/kg): 
second dose (day 4); 
n=6 


1076∙7 
(187∙7) 17∙4% 


2∙5  
(1∙0–8∙0) 


337,574∙6 
(50058∙1) 14∙8% 


472  
(385∙6–592∙0) 


0∙06 
(0∙001) 14∙6% 


40∙5 
(6∙6) 16∙3% 


Pharmacokinetic data for mAb m102∙4 serum concentrations were calculated using all participants receiving m102∙4 (n=30). Cmax =maximum observed 607 
serum concentration (mean, SD and coefficients of variation). Tmax = time to Cmax (hours, median and range) AUC0-last =Area under the m102∙4 concentration 608 
curve from pre-dose to last measurable concentration (mean, SD and coefficients of variation), t1/2 =elimination half-life (hours, median and range), CL = 609 
clearance (mean, SD and coefficients of variation), Vz = volume of distribution (mean, SD and coefficients of variation). 610 
 611 
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Figure Legends 612 


Figure 1: Study Profile 613 


* Withdrawals were due to time constraints (n=10), personal or family illness (n=4), 614 
withdrew no reason given (n=9). 615 
 616 


 617 


Figure 2: Mean log-scaled concentrations of total m102∙4 concentrations (μg/mL) in serum 618 


from healthy adults (8 treated participants per cohort), by nominal time and treatment 619 


group, as determined by ELISA 620 


 621 
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Summary 51 


Background 52 


The henipaviruses, Hendra virus and Nipah virus, are emerging zoonotic pathogens of bat 53 


origins that have been associated with poor clinical outcomes in humans. The monoclonal 54 


antibody (mAb) m102∙4 is a potent fully human antibody that neutralizes Hendra and Nipah 55 


viruses in vitro and in vivo. Clinical trials in humans represent the next stage in the utilization 56 


of this antibody in the prophylactic treatment and prevention of deaths from henipavirus 57 


infectionsWe investigated its safety, tolerability, pharmacokinetics, and immunogenicity in 58 


healthy adults..  59 


Methods 60 


In this We performed a randomised, double-blind, placebo-controlled, single-centre, dose 61 


escalation phase 1 trial ofstudy using the human monoclonal antibody m102∙4, we 62 


randomised h. Healthy adults aged 18–50 years with a body-mass index of 18∙0─ to ≤35∙0 63 


kg/m2 were assigned to one of five cohorts. A sentinel pair for each cohort was randomised 64 


toin a 1:1 ratio to receive either m102∙4 active treatment or placebo. The remaining 65 


participants in each cohort were randomised 5:1 to receive m102∙4 or placebo. Cohorts 1 to 66 


4 received a single intravenous infusion of m102∙4 at doses of 1, 3, 10, and 20 mg/kg 67 


respectively, and were monitored for 113 days. Cohort 5 received two infusions of 20 68 


mg/kg, 72 hours apart, with monitoring for 123 days. The primary objective was to assess 69 


the safety and tolerability; secondary objectives were of single and multiple intravenous 70 


doses of m102∙4 mAb. We also assessed pharmacokinetics and, immunogenicity, and virus 71 


neutralisation. Analyses were completed according to protocol. The study was registered on 72 


the Australian New Zealand Clinical Trials Registry, registration number 73 


ACTRN12615000395538. 74 


Findings 75 


Between March 27April 15, 2015 and June 16, 2016, 40 of 77 healthy screened adults were 76 


enrolled in were screened and 40 participants were enrolled in the study; eight were 77 


assigned to each cohort (six randomised to receive d m102∙4, and two randomised to two 78 


received placebo per cohort). Eighty-sixA total of 86 treatment-emergent adverse events 79 
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were reported, by the 40 participants with similar rates between placebo and active 80 


treatment treatment groups. The most common treatment-related event was headache (12 81 


of 30 [40%] in the combined m102∙4 group, and 3 of 10 [30%] in the pooled placebo group). 82 


Thirty-one events reported in 20 participants (50%) receiving m102∙4 were considered 83 


treatment-related, and six events were reported in five participants (50%) receiving placebo. 84 


A possible trend of treatment-related headaches with m102∙4 was noted; this was reported 85 


in 66.7% of participants administered single-dose m102∙4 compared with 10% of those 86 


administered placebo. There was no increase in treatment-related headaches among those 87 


with repeat dosing. There were no deaths or severe adverse events leading to 88 


studywithdrawals or premature discontinuations during the study. Pharmacokinetics based 89 


on those receiving m102∙4 active treatment (n=30) were linear, with athe mean half-life of 90 


ranging from 16∙5─ to 27∙6 days across Cohorts 1–4. There was small to moderate 91 


accumulation of monoclonal antibody in those receiving a repeat dose (Cohort 5), with The 92 


elimination kinetics of those receiving repeated dosing (Cohort 5) that were comparable to 93 


those receiving a single- dose recipients. Anti-m102∙4 antibodies were not detected at any 94 


time-point during the study. All serum samples at all time points exhibited virus-95 


neutralisation activity when tested in vitro for both HeV and NiV.  96 


Interpretation 97 


m102∙4 single and repeated dosing of up to two doses separated by 3 days were  safe and 98 


well tolerated, displayed  when administered to healthy adult volunteers. A linearstandard 99 


pharmacokinetics profile was observed with linear elimination kinetics, and showed . There 100 


was no evidence of an immunogenic response to m102∙4. Exploratory virus neutralisation 101 


studies confirmed that m102∙4 remained active for at least 8 days following administration 102 


of a clinically relevant dose. . This study will inform future dosing regimens for m102∙4 to 103 


achieve prolonged exposure for systemic efficacy to prevent and treat against henipavirus 104 


infectionses.  105 


Funding 106 


Queensland Department of Health, the National Health and Medical Research Council and 107 


the National Hendra Virus Research Program. 108 
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Research in Context 110 


 111 


Evidence before this study 112 


We searched PubMed on May 31, 2019 for studies using the following terms: (“Hendra” OR 113 


“Nipah”) AND (“monoclonal antibody” OR “monoclonal antibodies”) without language 114 


restrictions. We restricted article type to clinical trials and species to human. There were no 115 


articles describing clinical trials of monoclonal antibodies designed for human prophylaxis. 116 


The human monoclonal antibody m102∙4 binds to the same/similar region of the G 117 


glycoprotein of Hendra and Nipah viruses as the ephrin receptors. The m102∙4 monoclonal 118 


antibody demonstrated protection from infection, and was effective when administered 119 


following experimental challenge with Hendra and/or Nipah viruses in ferret and non-120 


human primate models. 121 


The m102∙4 has been available since 2010 for compassionate therapy following high-risk 122 


Hendra virus exposures. It has been used on 14 occasions (13 in Queensland, Australia and 123 


one in the United States). The safety and tolerability of the m102∙4 has not been 124 


systematically assessed. 125 


Added value of this study 126 


This is the first study to assess the safety, tolerability, pharmacokinetics, and 127 


immunogenicity of the m102∙4 in healthy adults using a variety of single dosing regimens (1 128 


mg/kg, 3 mg/kg, 10 mg/kg, and 20 mg/kg) and a repeat dosing regimen of 20 mg/kg 129 


separated by 72 hours. The four single and one repeat dosing regimens of the m102∙4 were 130 


generally safe and well tolerated, and had a half-life of 16∙5–27∙6 days with no observed 131 


immunogenicity associated with the m102∙4.  132 


Implications of all the available evidence 133 


The findings of this study support the use of the m102∙4 in humans following high-risk 134 


henipavirus exposure. Two doses of 20 mg/kg separated by 72 hours were as well tolerated 135 


as a single dose of 20 mg/kg. 136 


  137 
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Introduction 138 


Nipah virus (NiV) and Hendra virus (HeV) are enveloped, single-stranded negative sense RNA 139 


viruses and the prototype members of the genus Henipavirus in the family 140 


Paramyxoviridae.1 Bats of the genus Pteropus appear to be the major natural reservoir hosts 141 


for henipaviruses, from which all bat isolates of HeV and NiV have been derived.2,3 HeV and 142 


NiV are two emerged zoonotic, transboundary agents with uniquely broad host tropism 143 


capable of infecting at least 18 animal species across six orders of mammals, including their 144 


natural bat hosts.4,5 HeV and NiV are highly pathogenic, and cause wide-spread infection 145 


with severe disease in multiple organ systems in at least 11 mammalian species. Fatality 146 


rates range from 40–100%.6 In humans, HeV and NiV infection results in a systemic and 147 


often fatal respiratory and/or neurological disease.7,8 Both HeV and NiV can also cause a 148 


relapsing of encephalitis following recovery from an acute infection; this appears to result 149 


from a recrudescence of virus replication in the central nervous system.9  150 


HeV was first recognized in 1994 during an outbreak of fatal cases of a severe respiratory 151 


disease in horses and humans which occurred in the Brisbane suburb of Hendra, Australia.10 152 


In all, 14 horses and their trainer succumbed to infection together with the non-fatal 153 


infection of seven additional horses and a stablehand. To date, HeV has appeared in eastern 154 


Australia on 61 occasions, causing fatalities in four of seven human cases, death or 155 


euthanasia of more than 100 horses, and euthanasia of two HeV antibody positive dogs.4,11  156 


A large outbreak of encephalitis in 1998 among pig farmers in Peninsular Malaysia led to the 157 


identification of NiV, a Hendra-like virus isolated from the cerebrospinal fluid of two 158 


patients.12 Outbreaks of human cases of NiV infection have been recorded almost annually 159 


since 2001 in Bangladesh and India. Between 1998 and 2018, a total of 637 cases of human 160 


NiV infection with 373 fatalities were reported in South and Southeast Asia. The mode of 161 


NiV transmission was direct human contact with infected pigs, consumption of raw date 162 


palm sap that may have had been contaminated by fruit bats, or human-to-human 163 


transmission.13 Corpse-to-human transmission of NiV has also been documented in a case 164 


series report of sporadic cases in Bangladesh in 2010. 14 At least two strains of NiV have 165 


been identified in genetic analysis; NiVM associated with the 1998 Malaysian outbreak, and 166 


NiVB that has caused repeated outbreaks in Bangladesh and northeastern India.15 There is 167 


considerable genetic heterogeneity in human isolates of NiV, particularly from the 168 
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Bangladesh outbreaks. This feature of NiV, in combination with transmission modes that 169 


include human-to-human, raises concerns of a pandemic potential.16  170 


There are no approved vaccines or therapeutics to prevent or treat disease in humans. NiV 171 


and HeV are currently listed among WHO priority diseases for which a research and 172 


development blueprint of action to prevent epidemics has been developed.17 Both are also 173 


emerging viruses selected for the human vaccine development initiative funded by the 174 


Coalition for Epidemic Preparedness Innovations (CEPI).1818,19  175 


HeV and NiV particles possess surface projections composed of the viral transmembrane 176 


anchored fusion (F) and attachment (G) glycoproteins, which are the mediators of virus 177 


attachment and host cell infection. They are also the major antigenic targets of virus-178 


neutralising antibodies. Both the HeV and NiV G glycoproteins bind to the host cell 179 


membrane proteins ephrin-B2 and ephrin-B3, which are highly conserved across known 180 


susceptible hosts, as reviewed by Broder and colleagues.4 HeV- and NiV-neutralising human 181 


antibody fragments reactive to the G glycoproteins of both HeV and NiV have previously 182 


been isolated using recombinant antibody technology.19 One monoclonal antibody (mAb), 183 


m102, possessed strong cross-reactive and neutralising activity against HeV and NiV, and 184 


was subsequently affinity matured to m102∙4 , formatted as an IgG1 mAb, and produced in 185 


a CHO-K1 cell line.20 The m102∙4 epitope localises to the ephrin receptor binding site on the 186 


G glycoprotein and binds in a similar fashion as the ephrin molecule.21 In a post-exposure 187 


NiV challenge experiment in the ferret model, a single dose of m102∙4 administered by 188 


intravenous (IV) infusion ten hours after a lethal virus challenge was shown to provide 189 


complete protection.22 The m102∙4 was also shown to be effective against both NiV and HeV 190 


infection in nonhuman primates in studies designed to reflect a potential real-world 191 


infection exposure scenario,15,23,24 highlighting clear potential for future approved human 192 


use.  193 


In 2010, the m102∙4 cell line was provided to the Queensland Government, (Queensland 194 


Health, Australia), to produce the m102∙4 for compassionate emergency use in the event of 195 


high-risk human HeV exposure. Following an unprecedented number of equine HeV 196 


notifications (22 horses on 18 properties) in Queensland and New South Wales in 2011,11 197 


planning commenced in 2012 for the first phase 1 clinical trial of the m102∙4 in human 198 


participants.25 This trial aimed to evaluate the safety, tolerability, immunogenicity, and 199 
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pharmacokinetics of single and multiple IV administrations of m102∙4 in healthy 200 


participants, and was completed in 2016. Here we report the results of this safety trial.  201 
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Methods 202 


Study design and Participants 203 


We performed a single-centre, randomised, double blind, placebo-controlled, dose 204 


escalation phase 1 study to assess the safety, tolerability, pharmacokinetics, and 205 


immunogenicity of m102∙4 in healthy adults at Q-Pharm Pty Ltd (Queensland, Australia). 206 


Ethics approval was obtained from the study site’s Human Research Ethics Committee at the 207 


QIMR Berghofer Medical Research Institute before participant enrolment commenced. The 208 


study was conducted under the Therapeutic Goods Administration (TGA) Clinical Trial 209 


Notification Scheme (CTN) and in accordance with the Declaration of Helsinki, Good Clinical 210 


Practice guidelines, and the National Health and Medical Research (NHMRC) statement on 211 


ethical conduct in human research.  212 


Healthy males and females between 18 and 50 years of age, with a body mass index of 18∙0 213 


to ≤35∙0 kg/m2 and weight ≥50 kg to ≤100 kg, normal values for blood haematology, 214 


coagulation profiles, clinical chemistry, and urinalysis results, were eligible for inclusion. 215 


Exclusion criteria included close, unprotected exposure to sick horses with an unexplained 216 


illness within 4 weeks; known exposure to potential HeV infected horses; positive tests for 217 


HIV or hepatitis B or C viruses; treatment with an investigational drug or biologic agent 218 


within 60 days; sexually active males with a partner capable of becoming pregnant; and 219 


females capable of becoming pregnant in the absence of an effective method of birth 220 


control. Use of prescription drugs within 14 days or five half-lives prior to mAb 221 


administration, and pregnancy or breastfeeding were also exclusion criteria. Additional 222 


details of inclusion and exclusion criteria are outlined in the trial protocol (appendix pg 42). 223 


All participants understood the study requirements and treatment procedures, and were 224 


willing to comply with all study restrictions. Participants provided written informed consent 225 


before any study-specific tests or procedures were performed. 226 


Randomisation and masking 227 


Participants were given a sequential screening number at their screening visit. Eligible 228 


participants were assigned to one of five cohorts, each with eight participants. In each 229 


cohort, six participants were randomised to receive m102∙4 , and two were randomised to 230 
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receive placebo in accordance with the randomisation plan prepared and maintained by 231 


Clinical Network Services, (Queensland, Australia), the contract research organisation.  232 


In each cohort, two individuals in a sentinel pair were randomised in a double blinded 233 


manner to receive active and placebo in a 1:1 ratio. Sentinel pairs were dosed seven days 234 


prior to the other participants in that cohort in order to detect any serious adverse advents 235 


(SAEs) in accordance with the European Medical Agency first-in-man guidelines.26 The 236 


remaining participants in each cohort received either m102∙4 or placebo (0∙9% saline) in a 237 


5:1 ratio following review of safety data by the Investigator and the Medical Monitor. The 238 


decision to progress to the next higher dose was made after safety and tolerability data was 239 


reviewed for each dose group. Repeat dosing (Cohort 5) did not commence until all 240 


pharmacokinetic data was reviewed for Cohorts 1-4 (see Appendix pg 3 & 19). As this was a 241 


single site trial with eight participants allocated to five cohorts, no block randomisation was 242 


performed.  243 


To maintain the blinding of the study, the randomisation plan was available only to the un-244 


blinded pharmacist. Treatment allocation was double blinded, and m102∙4 and placebo 245 


were identical in appearance and volume for each participant in each cohort. 246 


Procedures  247 


The m102∙4 drug substance for the phase 1 study was manufactured at the National 248 


Biologics Facility (NBF) located at the University of Queensland (Queensland, Australia) using 249 


a recombinant Chinese Hamster Ovary (CHO) cell line. A parent cell line was obtained from 250 


the National Institutes of Health, (Bethesda, MD, USA) and then subcloned and adapted to a 251 


serum- and protein-free commercially available medium. Cells were expanded from a 252 


qualified master cell bank using a conventional seed-train, followed by a fed-batch 253 


bioreactor process. The clarified harvest containing secreted m102∙4 was subjected to a 254 


two-step purification process including MabSelect SuReTM LX protein A and mixed mode 255 


CaptoTMadhere chromatography. The process included two viral inactivation/removal steps, 256 


a low pH hold, and nanofiltration (Viresolve® Pro Modus) respectively. The m102∙4 was 257 


formulated at a concentration of 10 mg/mL in phosphate buffered saline pH 7∙3 and 258 


aseptically dispensed into 10 mL vials at Sypharma Pty Ltd (Victoria, Australia). The final 259 


product complied with specifications commonly accepted by regulatory agencies for 260 


identity, purity, potency, and safety. 261 
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Prior to clinical studies, Good Laboratory Practice (GLP) compliant, repeat dose toxicology 262 


studies were conducted in the Sprague-Dawley rat at vivoPharm Pty Ltd (Victoria, Australia). 263 


The m102∙4 was administered once per week for four weeks at doses of 0, 10, 30, and 100 264 


mg/kg. The antibody was well tolerated and the no-observed-adverse-effect-level (NOAEL) 265 


was determined to be 100 mg/kg, the highest dose tested. 266 


An enzyme-linked immunosorbent assay (ELISA) was developed by the NBF, then validated 267 


and used to measure the concentration of m102∙4 in human serum samples at vivoPharm 268 


Pty Ltd. Briefly, serum m102∙4 bound to Hendra virus soluble G protein coated on a plate, 269 


was detected with a custom rabbit anti-m102∙4 horseradish peroxidase conjugate followed 270 


by the addition of 3,3',5,5'-Tetramethylbenzidine substrate. The validated assay met criteria 271 


in the relevant US guideline27, and had a working range of 1∙7–163∙2 ng/mL, which 272 


corresponded to the lower and upper limits of quantitation, respectively. All samples were 273 


diluted within this working range, quantitated via standard curve interpolation, and 274 


pharmacokinetic parameters were calculated using noncompartmental techniques. 275 


An anti-drug antibody ELISA was developed and validated to determine the presence of 276 


anti-m102∙4 antibodies in human serum samples. A bridging assay design was employed 277 


where m102∙4, previously coupled either with biotin or horseradish peroxidase, was mixed 278 


with serum or positive control (a custom anti-m102∙4 rabbit polyclonal antibody) to form a 279 


complex which was captured onto a streptavidin coated plate. The assay procedure included 280 


an acidification step to dissociate drug-antibody complexes. The validated assay met criteria 281 


consistent with the US guidelines,27 and had a sensitivity of 100 ng/mL. Human serum 282 


samples were considered positive if both the screening cut-point (determined statistically 283 


based on a 95% upper confidence limit from negative normal donor sera) and specificity 284 


confirmation cut-point (where excess m102∙4 was added) were exceeded. 285 


Based on animal models of Henipavirus challenge,1,22-24,28 a target dose of 20 mg/kg was 286 


selected as the maximum dose to be tested. Treatment recipients in the five cohorts were 287 


dosed with four concentrations of m102∙4. Cohorts 1 and 2 received single IV doses of 1 288 


mg/kg and 3 mg/kg, respectively, or placebo, infused in a total volume of 100 mL of 0∙9% 289 


saline. Cohorts 3 and 4 received single IV infusions of 10 mg/kg and 20 mg/kg, respectively, 290 


or placebo, in a total volume of 500 mL of 0∙9% saline, while Cohort 5 received two IV 291 


infusions of 20 mg/kg, or placebo, in 500 mL of 0∙9% saline 72 hours apart. All infusions 292 


were given over a 1-hour period using a peristaltic infusion pump. 293 
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Participants in Cohorts 1–4 were domiciled for a total period of 3∙5 days for initial safety and 294 


tolerability monitoring, and to facilitate blood sampling for pharmacokinetics, virus 295 


neutralisation, and immunogenicity analysis. Participants received the m102∙4 mAb or 296 


placebo on day 1, and follow-up assessments were scheduled on days 4, 6, 8, 15, 29, 43, 57, 297 


85, and 113. Participants in Cohort 5 were domiciled for a total period of 6∙5 days receiving 298 


a single dose of m102∙4 or placebo on days 1 and 4. Follow up visits to the clinical site were 299 


scheduled on days 7, 9, 11, 18, 25, 32, 39, 53, 67, 95, and 123. For all cohorts, the final 300 


safety assessment was scheduled to occur within a maximum period of 16 weeks after the 301 


last infusion. 302 


Dose escalation from one cohort to the next followed review and approval of safety data for 303 


at least six participants per group. In addition, blinded pharmacokinetic data for Cohort 1 304 


was reviewed to confirm estimation of m102∙4 elimination half-life. Initiation of dosing in 305 


Cohort 5 followed review of available unblinded pharmacokinetic data for Cohorts 1–4. 306 


A virus neutralisation assay was designed and performed by the Australian Animal Health 307 


Laboratory (AAHL) located at the Commonwealth Scientific and Industrial Research 308 


Organisation (CSIRO, Victoria, Australia). Briefly, sera from five Cohort 4 participants (20 309 


mg/kg, a clinically relevant dose) were tested against HeV and NiV to assess the ability of 310 


circulating m102∙4 to neutralise each virus in samples at four different time points post-311 


infusion (12hr, 24hr, Day 4, and Day 8). Samples were diluted to achieve an end-point for 312 


neutralisation. Control plates were set up using m102∙4-spiked media + 10% normal human 313 


serum to achieve final concentrations ranging from 50 to 0∙4 µg/mL. Samples of HeV 314 


(HeV/Australia/Horse/2008/Redlands) and NiV (NiV/Bangladesh/human/2004/Rajbari, R1) 315 


were diluted to contain 100 TCID50 of virus and added to the required wells. Serum, cell and 316 


virus controls were included. Vero cell suspension was added to every well at a 317 


concentration of 4x105 cells/mL. Plates were incubated at 37°C in a humid atmosphere 318 


containing 5% CO2 for 45–60 min. Cells were examined after 3 days under an inverted 319 


microscope for cytopathic effect. 320 


Outcomes 321 


The primary objective of the phase 1 trial was to assess the safety and tolerability of single 322 


and multiple IV doses of m102∙4 in healthy human participants; the second objective was to 323 
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determine the pharmacokinetic and immunogenicity of single and multiple doses; and the 324 


third objective was to explore the pharmacodynamics of m102∙4 against HeV and NiV. 325 


The safety and tolerability of m102∙4 across all cohorts was evaluated according to the 326 


following specific assessments: physical examination, clinical laboratory tests, vital signs, 327 


electrocardiogram, signs and symptoms of tolerability, infusion site reactions, and adverse 328 


events (AEs). All AEs and treatment-emergent AEs (TEAEs) were reported for participants 329 


from dosing until the end of the study. Definitions of AEs and TEAEs can be found in the trial 330 


protocol (appendix pg 50─52). 331 


Calculated pharmacokinetic values included maximum observed drug concentration (Cmax), 332 


time to maximum observed drug concentration (Tmax), area under the drug concentration-333 


time curve (AUC0-last and AUC0-inf), elimination half-life (t½), clearance (CL), and volume of 334 


distribution (Vz). We also took blood samples pre-dose and at nominal post-dose time-335 


points for measurement of m102∙4 HeV and NiV virus neutralisation, and for assessment of 336 


anti- m102∙4 antibodies. 337 


Statistical analysis 338 


Statistical analysis comprised summary descriptive statistics of the five dose groups and 339 


placebo group. Given the exploratory nature of the study, the sample size was not based on 340 


power calculations, but was consistent with the typical sample size used for similar studies. 341 


Descriptive statistics were performed with SAS version 9∙4. Pharmacokinetic data were 342 


analysed with Phoenix WinNonlinSoftware version 6∙3, with pharmacokinetic listings, tables, 343 


and figures generated using SAS Software version 9∙4. The study is registered on the 344 


Australian New Zealand Clinical Trials Registry, registration number 345 


ACTRN12615000395538. 346 


 347 


Role of the funding source 348 


The funders of the study had no role in data collection, data analysis, data interpretation, or 349 


writing of the report. The corresponding author had full access to all the data in the study 350 


and had final responsibility for the decision to submit for publication. 351 


352 
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Results 353 


Between 15 April 2015 and 18 February 2016, 40 participants were allocated into five 354 


cohorts as described (figure 1). All enrolled participants received their full assigned 355 


treatments and completed the study according to schedule apart from two participants in 356 


cohort 4 who failed to attend their day 43 and day 85 visits, respectively. Demographic 357 


characteristics did not vary between treatment groups (table 1). 358 


Overall the dosage of m102∙4 appeared safe and well tolerated. No deaths, life threatening 359 


events, serious adverse events, or adverse events leading to study discontinuation occurred. 360 


Across all cohorts, a total of 37 of 40 (93%) participants had at least one TEAE, with a total of 361 


86 TEAEs reported (table 2). The occurrence of TEAEs was similar across all active treatment 362 


and placebo groups.  The most frequently reported events were infections and infestations, 363 


classed as mild to moderate; 13 were reported in 11 of 24 single-dose participants (45.8%), 364 


two of six (33%) repeat dose participants, and five of 10 (50%) in the pooled placebo group. 365 


A possible association between dose and headache was noted, occurring in eight of 12  366 


(67%) of participants dosed in Cohorts 4 and 5 compared with four of 18 (225%) of 367 


participants dosed in Cohorts 1–3, and three of 10 (30%) participants in the and pooled 368 


placebo group. All TEAEs were resolved upon follow-up without specific intervention. 369 


Of all TEAEs, 31 in 20 participants were considered treatment-related, occurring in three of 370 


six (50%) of participants dosed in Cohort 1, two of six (33%) participants dosed in Cohorts 2, 371 


3, and 5, five of six (83%) participants dosed in Cohort 4, and five of 10 (50%) participants in 372 


of the pooled placebo group. The most common treatment-related TEAEs were headaches 373 


(10 participants: one each in Cohorts 1–3, four dosed in Cohort 4, two dosed in Cohort 5, 374 


and one in the pooled placebo group), intravenous catheter site bruising (three participants: 375 


two dosed in Cohort 3 and one in the pooled placebo group), and elevated alanine 376 


aminotransferase (ALT) levels (three participants: two in Cohort 5 and one in placebo). Of 377 


the 20 treatment-related TEAEs, 15 were rated as mild and five as moderate. Moderate 378 


TEAEs included two headaches; one each in Cohorts 4 and 5, one intravenous catheter site 379 


bruising in Cohort 3, lethargy in a placebo participant, and reduced appetite in Cohort 3. 380 


There were no severe TEAEs (Table 2). 381 


No clinically significant changes in haematological or coagulation parameters were observed 382 


in any participant. Three participants had elevated ALT levels, two dosed in Cohort 5 and 383 
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one in the pooled placebo group; Cohort 5 participants had elevated ALT levels at day 4 and 384 


11, respectively; both findings following m102∙4 administration were considered to be mild 385 


and treatment-related. ALT levels returned to normal after day 11 without intervention, and 386 


were not considered to be clinically significant (Supplementary Table 12). No other clinically 387 


significant abnormalities in biochemical parameters, urinalysis, vital signs, or ECG findings 388 


were observed. One clinically significant abnormal physical examination finding was 389 


reported in one participant dosed in Cohort 3; pityriasis rosea was noted on the arms, legs, 390 


and abdomen on day 113 but was not assessed as treatment-related. No pregnancies were 391 


reported during the study period. 392 


All participants had negative anti-drug antibody results at days 1, 29 (Cohorts 1–4) or day 39 393 


(Cohort 5) and day 113 (Cohorts 1–4) or day 123 (Cohort 5). Following a single dose of 394 


m102∙4, the median Tmax for Cohort 1, 2, 3 and 4 was 8, 4, 2∙5, and 4∙1 hours respectively. 395 


Cmax and AUC0-last increased linearly with dose, with mean Cmax and AUC0-last values for 396 


Cohort 4 being 692 µg/mL and 131,648 h·µg/mL, respectively (table 3 and figure 2). 397 


Concentration over time profiles demonstrated an initial rapid peak followed by a bi-398 


exponential decline consistent with multi-compartmental distribution kinetics. The median 399 


t1/2 was similar for Cohorts 2–4 (between 397 and 467 hours) but higher for Cohort 1 (663 400 


hours). Relatively low inter-individual variability of pharmacokinetic parameters was 401 


observed. Among the repeat dose cohort (Cohort 5), the Tmax and Cmax for the first and 402 


second dose were 6 hours and 2∙5 hours, respectively and 834 µg/mL and 1077 µg/mL, 403 


respectively. 404 


Virus-neutralisation activity for both HeV and NiV was exhibited for all samples and time 405 


points tested. The viral neutralising titres ranged from 1/8 to ≥ 1/64 across all samples, 406 


corresponding to m102∙4 concentrations of 2–10 µg/mL as measured by the 407 


pharmacokinetic ELISA. In 4 out of 5 participant samples, the Day 8 neutralising titre was 408 


within 1 or 2 doubling dilutions of the 12-hour sample from the same participant. For the 5th 409 


participant sample, the Day 8 neutralising titre was within 3 doubling dilutions of the 12-410 


hour sample for HeV, and 1 doubling dilution for NiV. These results were considered to be 411 


within experimental variation, and therefore it was concluded that the m102∙4 remained 412 


active for at least 8 days following mAb administration. 413 


414 
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Discussion 415 


In this phase 1 study we assessed the safety and tolerability of single and multiple IV doses 416 


of m102∙4 in healthy human adults. All 40 participants completed the trial, with safety data 417 


indicating that m102∙4 was safe and well tolerated. The maximum dose of 20 mg/kg was in-418 


line with the human equivalent dose conversion (based on body surface area) at the NOAEL 419 


of 100 mg/kg, assigned from the 4 x weekly dosing rat toxicology study. Therefore the 420 


maximum clinical dosing of 2 x 20 mg/kg m102∙4 was supported by the nonclinical data, and 421 


is a dose hypothesised to be pharmacologically relevant based on animal challenge data 422 


(see below).  423 


TEAE reports were similar between placebo and active treatment groups. There was an 424 


increase in treatment-related headaches recorded among participants receiving single dose 425 


m102∙4 compared to those administered placebo (66∙7% vs 10%); there was no increase in 426 


treatment-related headaches among those with repeat dosing. Dose-related changes in ALT 427 


of three participants were noted; however these were mild abnormalities and were not 428 


considered clinically significant. There were no deaths or severe adverse events leading to 429 


withdrawals or premature discontinuations during the study. Pharmacokinetics based on 430 


those receiving active treatment (n=30) were linear, with the mean half-life ranging from 431 


16∙5 to 27∙6 days across Cohorts 1–4. There was a small to moderate accumulation of mAb 432 


in those receiving repeat dose (Cohort 5), with elimination kinetics that were comparable to 433 


those receiving single dose regimens.  434 


A variety of active immunisation strategies have been previously explored for HeV and NiV 435 


infection involving various recombinant viral vector-based vaccines in animal challenge 436 


models.4 These studies demonstrated the possibility of inducing strong neutralising antibody 437 


response that could afford protection in livestock or an emergency-use scenario.4 Among 438 


the most notable studies was the identification of the m102∙4, the first fully-human 439 


monoclonal antibody that cross-neutralised in vivo all HeV and NiV isolates, including those 440 


from the Australian 1994 HeV outbreak and the Malaysian and Bangladesh NiV outbreaks. A 441 


single dose of m102∙4 administered to ferrets 10 hours after lethal virus challenge was 442 


shown to be fully protective with no evidence of toxicity.20,22 443 


 444 
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 In subsequent studies designed to closely reflect real-world human exposure, non-human 445 


primates were challenged with lethal doses of HeV and NiV by an intratracheal route, then 446 


infused twice with m102∙4 mAb (15 mg/kg), beginning at 1, 3, or 5 days at various time 447 


points post-infection, and again 2 days later. Untreated control animals succumbed to 448 


disease eight days post-infection, while those in the treatment groups recovered by day 449 


16.23,24 Also tissue samples collected from treated animals had no evidence of infectious 450 


HeV or NiV at the termination of the study, demonstrating the potential of m102∙4 to treat 451 


HeV and NiV infections in human and animal populations. A potential challenge to 452 


developing antiviral therapies for RNA viruses is their heterogeneity and mutational 453 


instability. However, the m102∙4 recognises epitopes that are highly conserved among virus 454 


variants, making it unlikely that the virus will escape neutralisation due to mutation activity, 455 


and in the context of therapeutic dosing, in an immunocompetent individual. 456 


Prior to this trial, a total of 14 individuals received prophylactic high-dose m102∙4 on 457 


compassionate grounds following high level exposure to HeV (13 in Australia) or NiV (one in 458 


the United States; Supplementary Table 2). Individuals ranged from 8–59 years of age. No 459 


individual demonstrated clinical or laboratory evidence of infection prior to, or following 460 


m102∙4 administration. The m102∙4 administration was generally well tolerated; two 461 


individuals developed infusion-related febrile reactions to early production lots of antibody.  462 


Because of the available data and findings on m102∙4, including those presented here, the 463 


recent outbreak of NiV in Kerala, India, encouraged a number of organisations, including the 464 


Indian Council of Medical Research (ICMR), the Henry M. Jackson Foundation (HJF), the 465 


WHO, and the US National Institute of Allergy and Infectious Diseases (NIAID) and US 466 


National Institutes of Health (NIH) to work towards the development of an NiV therapeutics 467 


protocol for the use of m102∙4 in the event of another outbreak of NiV in India or 468 


Bangladesh. To date, treatment for NiV has been limited to supportive care and 469 


management of acute encephalitis syndrome, as well as standard infection control practices 470 


to limit person-to-person transmission.29 One pharmacologic option that was used for post-471 


exposure prophylaxis during the Malaysian NiV outbreak of 1999 was the anti-viral Ribavirin. 472 


While this was associated with a significant reduction in mortality due to acute encephalitis, 473 


treatment allocation was not randomised, and the lack of clinical trial safety data beyond 474 


short-term emergency administration limits its use in outbreak circumstances.30 The safety 475 


profile of both single and repeat dosing of m102∙4, and the standard elimination 476 
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pharmacokinetic profile presented in this study, underpins the current standard of care to 477 


offer a single dose of 20 mg/kg of m102∙4 to humans with high levels of exposure to HeV 478 


and NiV. It also supports its potential use for patients with established clinical 479 


manifestations of henipavirus infection; based upon African green monkey challenge 480 


studies,23,24 two doses separated by 48 hours would seem appropriate. 481 


The main limitation of our study is the small number of participants, which is not 482 


uncommon in phase 1 studies. Also pharmacokinetic parameters were based on active 483 


treatment cohorts only consisting of 30 individuals. Future studies will be needed to 484 


ascertain the efficacy of m102∙4 for treatment and prophylaxis against different viral strains 485 


of NiV and HeV virus, particularly among populations living in settings where there is the 486 


potential for an outbreak. Also, while there is no evidence of escape mutants to m102∙4, the 487 


potential for this cannot be ruled out with RNA viruses. It may be necessary to consider a 488 


cocktail of mAbs with additional targets to combat the likelihood of diminished efficacy of 489 


m102∙4. 490 


In summary, m102∙4 single and repeated dosing of up to two doses, three days apart 491 


appears to be safe and well tolerated when administered to healthy volunteers. Given that a 492 


57% mortality rate has been observed from the seven known cases of human infection with 493 


HeV, and that m102∙4 has demonstrated protective efficacy in non-human challenge 494 


studies, m102∙4 is the most promising therapeutic opportunity to date for addressing this 495 


unmet medical need. This study will inform future dosing regimens for m102∙4 to achieve 496 


systemic efficacy against HeV and NiV as post-exposure prophylaxis.   497 
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Tables 622 


Table 1: Participant baseline characteristics 623 


 


Cohort 1  
(1 mg/kg) (n=6) 


Cohort 2  
(3 mg/kg) (n=6) 


Cohort 3  
(10 mg/kg) (n=6) 


Cohort 4  
(20 mg/kg) (n=6) 


Cohort 5  
(2 x 20 mg/kg) 


(n=6) 
Pooled placebo 


(n=10) Overall (n=40) 


Sex 
       


Male 1 (17%) 4 (67%) 5 (83%) 3 (50%) 4 (70%) 7 (70%) 24 (60%) 


Female 5 (83%) 2 (33%) 1 (17%) 3 (50%) 2 (30%) 3 (30%) 16 (40%) 


Age, years         


Mean (SD) 29∙8 (9∙1) 30∙5 (5∙1) 24∙7 (3∙9) 29∙7 (10∙9) 27∙7 (5∙5) 26∙6 (5∙0) 28∙0 (6∙7) 


Range 18–42 23–36 21–32 20–44 21–35 20–37 18–44 


Weight, kg        


Mean (SD) 71∙5 (15∙2) 84∙9 (14∙1) 74∙7 (10∙8) 67∙7 (7∙3) 80∙5 (12∙1) 79∙3 (8∙0) 76∙7 (11∙9) 


Range 51∙3–95∙7 65∙2–98∙0 60∙4–86∙4 58∙2–77∙0 67∙1–98∙5 71∙8–95∙6 51∙3–98∙5 


BMI, kg/m
2
        


Mean (SD) 24∙6 (5∙3) 26∙6 (5∙3) 24∙0 (4∙0) 23∙1 (2∙5) 26∙0 (4∙4) 26∙3 (3∙4) 25∙2 (3∙9) 


Range 19∙5–33∙9 21∙8–31∙3 19∙9–29∙5 19∙7–26∙2 20∙3–32∙9 22∙6–32∙7 19∙5–33∙9 


Race, n (%)        


White 5 (83%) 5 (83%) 5 (83%) 6 (100%) 6 (100%) 9 (90∙0%) 36 (90∙0%) 


Other 1 (17%) 1 (17%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 3 (7∙5%) 


Pacific Islander 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (10%) 1 (2∙5%) 


Data are n (%), mean (SD), range (minimum – maximum); BMI=body-mass index; Race=‘Other’ were Eurasian, white/Asian/Aboriginal or South American 624 
Indigenous625 
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Table 2: Summary of adverse events 626 


 
Cohort 1  


(1 mg/kg) (n=6) 
Cohort 2  


(3 mg/kg) (n=6) 
Cohort 3  


(10 mg/kg) (n=6) 
Cohort 4  


(20 mg/kg) (n=6) 
Cohort 5  


(20 mg/kg) (n=6) 


Pooled placebo 


(n=10) 


Overall 


(n=40) 


Participants with ≥1 TEAEs 5 (83%) [12] 5 (83%) [10] 6 (100%) [14] 6 (100%) [13] 6 (100%) [11] 9 (90%) [26] 37 (93%) [86] 


Participants with serious TEAEs 0 0 0 0 0 0 0 


Participants with any TEAE leading 


to discontinuation of study drug 
0 0 0 0 0 0 0 


Gastrointestinal disorders 1 (17%) [1] 0 2 (3%) [3] 1 (17%) [3] 1 (17%) [1] 1 (10%) [1] 6 (15%) [9] 


General disorders and 


administration site conditions 
1 (17%) [1] 2 (3%) [3] 3 (50%) [3] 0 1 (17%) [1] 4 (40%) [7] 11 (28%) [15] 


Infections and infestations 4 (67%) [5] 2 (33%) [2] 2 (33%) [2] 3 (50%) [4] 2 (33%) [2] 5 (50%) [6] 18 (45%) [21] 


Investigations 0 0 0 0 2 (33%) [2] 1 (10%) [1] 3 (8%) [3] 


Metabolism and nutrition 


disorders 
0 0 1 (17%) [1] 0 0 0 1 (3%) [1] 


Musculoskeletal and connective 


tissue disorders 
0 0 0 0 0 2 (20%) [3] 2 (5%) [3] 


Nervous system disorders 


(headaches) 
1 (17%) [1] 1 (17%) [1] 2 (33%) [2] 4 (67%) [6] 4 (67%) [4] 3 (30%) [4] 15 (38%) [18] 


Psychiatric disorders 0 1 (17%) [1] 0 0 0 1 (10%) [1] 2 (5%) [2] 


Renal and urinary disorders 0 0 0 0 0 1 (10%) [1] 1 (3%) [1] 


Respiratory, thoracic and 


mediastinal disorders 
2 (33%) [2] 1 (17%) [1] 0 0 0 2 (20%) [2] 5 (13%) [5] 


Skin and subcutaneous tissue 


disorders 
2 (33%) [2] 1 (17%) [2] 2 (33%) [2] 0 1 (17%) [1] 0 6 (15%) [7] 


Surgical and medical procedures 0 0 1 (17%) [1] 0 0 0 1 (3%) [1] 


Data are displayed as number of participants (% of participants within cohort) [number of TEAEs] 627 
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Table 3: Pharmacokinetic parameters for each cohort (8 treated participants per cohort) of healthy adults treated with m102∙4 628 


 
Cmax (µg/mL) Tmax (h) AUC0-last (h·µg/mL) t1/2 (h) CL (mL/h/kg) Vz (mL/kg) 


 


Mean  
(SD) 


Coefficient 
of 


Variation 
Median 
(range) 


Mean 
(SD) 


Coefficient 
of 


Variation 
Median 
(range) 


Mean 
(SD) 


Coefficient 
of 


Variation 
Mean 
(SD) 


Coefficient 
of Variation 


Cohort 1 (1 mg/kg); 
n=6 


29∙9  
(5∙8) 19∙5% 


8  
(4∙0–12∙0) 


5,528∙7 
(953∙0) 17∙2% 


663∙3  
(474∙3–735∙1) 


0∙18 
(0∙03) 16∙4% 


167∙3 
(54∙1) 32∙3% 


Cohort 2 (3 mg/kg); 
n=6 


130∙4 
 (38∙9) 29∙8% 


4  
(4∙0–8∙0) 


21874∙2 
(4942∙0) 22∙6% 


466∙3  
(382∙8–522∙3) 


0∙14 
(0∙03) 21∙3% 


95∙2 
(29∙5) 31∙0% 


Cohort 3 (10 mg/kg); 
n=6 


357∙2 
 (72∙7) 20∙3% 


2∙5  
(1∙0–12∙1) 


79102∙2 
(15061∙2) 19∙0% 


397  
(333∙9–491∙8) 


0∙13 
(0∙03) 20∙6% 


75∙1 
(11∙6) 15∙4% 


Cohort 4 (20 mg/kg); 
n=6 


692  
(104∙7) 15∙1% 


4∙1  
(1∙0–8∙0) 


131648∙3 
(18344∙0) 13∙9% 


466∙7  
(351∙0–889∙6) 


0∙15 
(0∙02) 15∙5% 


112∙6 
(36∙8) 32∙7% 


Cohort 5 (20 mg/kg): 
first dose (day 1); n=6 


834∙3 
(150∙6) 18∙0% 


6∙0  
(1∙0–12∙1) 


33082∙4 
(6222∙7) 18∙8% 


     Cohort 5 (20 mg/kg): 
second dose (day 4); 
n=6 


1076∙7 
(187∙7) 17∙4% 


2∙5  
(1∙0–8∙0) 


337,574∙6 
(50058∙1) 14∙8% 


472  
(385∙6–592∙0) 


0∙06 
(0∙001) 14∙6% 


40∙5 
(6∙6) 16∙3% 


Pharmacokinetic data for mAb m102∙4 serum concentrations were calculated using all participants receiving m102∙4 (n=30). Cmax =maximum observed 629 
serum concentration (mean, SD and coefficients of variation). Tmax = time to Cmax (hours, median and range) AUC0-last =Area under the m102∙4 concentration 630 
curve from pre-dose to last measurable concentration (mean, SD and coefficients of variation), t1/2 =elimination half-life (hours, median and range), CL = 631 
clearance (mean, SD and coefficients of variation), Vz = volume of distribution (mean, SD and coefficients of variation). 632 
 633 
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Figure Legends 634 


Figure 1: Study Profile 635 


* Withdrawals were due to time constraints (n=10), personal or family illness (n=4), 636 
withdrew no reason given (n=9). 637 
 638 


 639 


Figure 2: Mean log-scaled concentrations of total m102∙4 concentrations (μg/mL) in serum 640 


from healthy adults (8 treated participants per cohort), by nominal time and treatment 641 


group, as determined by ELISA 642 


 643 







 


Assigned to five study cohorts each 
with 8 subjects (n=40) 


Sentinel pairs in each cohort 
randomised to receive m102.4 or 
placebo in 1:1 ratio 


Remaining cohort members 
randomised to receive m102.4 or 
placebo in 5:1 ratio 


24 single dose and 6 multiple dose participants included 
in the safety and tolerability analysis 


Cohorts 1–4 were followed-up 
on Days 4, 6, 8, 15, 29, 43, 57, 
85, and 113 (n=24) 


24 assigned to single dose m102.4 (Day 1) 
♦ Cohort 1 (n=6): single dose of 1 mg/kg 
♦ Cohort 2 (n=6): single dose of 3 mg/kg  
♦ Cohort 3 (n=6): single dose of 10 mg/kg 
♦ Cohort 4 (n=6): single dose of 20 mg/kg 
 


      
 


Placebo participants 
were followed-up with 
their respective treatment 
cohorts (n=10) 


10 assigned to 
placebo (0.9% saline) 
♦ Cohorts 1–5: (n=2 
 


10 placebo participants 
included in the analysis 
 


6 assigned to two doses of 
m102.4 (Days 1 and 4) 
♦ Cohort 5: two doses of  
m102.4 at 20 mg/kg (n=6) 
 


Cohort 5 was followed-up on 
Days 7, 9, 11, 18, 25, 32, 39, 
53, 67, 95, and 123 (n=6) 


77 individuals were assessed 
for eligibility 


37 excluded 
♦ 9 did not meet eligibility criteria 
♦ 23 withdrew* 
♦ 5 were eligible but reserved (not dosed) 
 
 
 


      
 


Figure 1 Trial Profile
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Supplementary Tables 


Supplementary Table 1: Reported changes in alanine aminotransferase levels of three participants. 


 
Placebo 


 


Cohort 5 


(2x20 mg/kg) 


Participant #1 


Cohort 5 


(2x20 mg/kg) 


Participant #2 


Screening 44 18   32 


Day -1 24 18 38 


Day 2 22 17 41 


Day 4 45 21 69 


Day 5 62 31 78 


Day 6   71 


Day 7 101   


Day 9   67 


Day 11 56 61 57 


Day 18 49 36 35 


Day 25 38 23 33 


Day 39 68 21 32 


Day 67 62 18 37 


Day 95 54 21 39 


Day 123 28 15 38 


Day number refers to the number of days relative to the day of dose administration of m102∙4 where Day 1 is the 


first dosing day. Participants in Cohort 5 received two doses of 20 mg/kg 72 hours apart. Alanine aminotransferase 


is reported as U/L; normal range is considered 5–40 U/L; blank cells indicate measurements not taken on those days. 


 


Supplementary Table 2:  Treatment data and outcomes for 13 compassionate use cases in Australia who 


received m102∙4 as post-exposure prophylaxis. 


Patient Year Exposure Dose (mg/kg) Adverse events Follow up 


1 2010 HeV-infected horse 17∙9 Infusion-related febrile reaction No seroconversion 


2 2010 HeV-infected horse 18∙3 Infusion-related febrile reaction 
Pseudomonas aeruginosa intravenous 


line-related bloodstream infection 


No seroconversion 


3 2012 HeV-infected horse 20∙0 Nil No seroconversion 


4 2012 HeV-infected horse 20∙0 Nil No seroconversion 


5 2013 NiV-Bangladesh 
infected NHP 


2 x 20∙0 at 0 and 


48 hours 


Nl No seroconversion 


6 2014 HeV-infected horse 19∙8 Nil No seroconversion 


7 2014 HeV-infected horse 20∙0 Nil No seroconversion 


8 2014 HeV-infected horse 20∙0 Nil No seroconversion 


9 2014 HeV-infected horse 20∙0 Nil No seroconversion 


10 2014 HeV-infected horse 20∙0 Nil No seroconversion 


11 2015 HeV-infected horse 20∙1 Nil No seroconversion 


12 2017 HeV-infected horse 20∙0 Nil No seroconversion 


13 2017 HeV-infected horse 20∙1 Nil No seroconversion 


14 2017 HeV-infected horse 20∙1 Nil No seroconversion 


NHP: nonhuman primate (African green monkey) 


Supplementary Tables
Click here to download Necessary additional data: Supplementary Tables_post-review_final.docx
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PROTOCOL SYNOPSIS 


Protocol Title: A Phase I, Randomized, Double-blind, Placebo-controlled Study 
ofthe Safety, Tolerability, Pharmacokinetics and Immunogenicity 
of Various Dosing Regimens of Intravenous anti-Hendra Virus 
Antibody (mAb m102.4) in Healthy Subjects 


Protocol Number: QH-M102.4-001 


Sponsor: Queensland Department ofHealth, QLD, Australia 


Compound no: Human monoclonal antibody (mAb m102.4) 


Phase of Development: Phase I 


Methodology: A Phase I, randomized, double-blind, placebo-controlled, dose 
escalation study. 


Study Duration: Study duration is approximately 5 months per subject (including 
screening). 


For subjects in Cohorts 1-4, study duration will include a 
Screening period of up to 28 days prior to first dose of 
investigational product (IP), one dose of IP and a maximum 
16-week follow-up period. For subjects in Cohort 5, there will be 
two dosing days, 3 days (72 hours) apart, in addition to the 
Screening period and maximum 16-week post second dose 
follow-up period. 


Study Center: Q-Pharm Pty Ltd, Herston, QLD, Australia 


Objectives: 1. To determine the safety and tolerability of single and 
multiple intravenous (IV) administration of mAb m 102.4 
in healthy subjects 


2. To determine the pharmacokinetics (PK), and 
immunogenicity of single and multiple IV administration 


_of mAb m 102.4 in healthy subjects 
3. To explore the pharmacodynamics (PD) of single and 


multiple IV administration of mAb m102.4 in healthy 
subjects against Hendra (and possibly Nipah) virus. 


Sample Size: 40 healthy subjects in 5 cohorts with 8 subjects in each cohort 
(6 randomized to receive mAb m102.4 and 2 randomized to 
receive placebo) 


Investigational Medicinal mAb m1 02.4 at doses of 1 mg/kg and 3 mg/kg in a 100 mL bag of 
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Product (IMP): 


Reference Therapy: 


Study Design: 
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normal saline and 10 mg/kg and 20 mg/kg in a 500 mL bag 
notmal saline administered IV for approximately 1 hour. In 
Cohort 5, 20 mg/kg will be administered twice, with 3 days 
(72 hours) between dosing. Doses may be adjusted following 
cohort reviews by the Safety Review Committee (SRC). 


Placebo (normal saline, prepared to maintain the blind) 


All subjects will undergo Screening procedures within 28 days of 
the first dose of IP. Subjects in Cohorts 1-4 will be admitted to 
the clinical research unit (CRU) on the afternoon of Day -1 and 
receive a single dose of IP on Day 1 following overnight fast. 
Cohort 1-4 subjects will be allowed to leave the CRU on the 
morning of Day 3. The subjects for Cohort 5 will be admitted to 
the CRU on the afternoon of Day -1 to be dosed with IP on the 
mornings of Day 1 and Day 4 following overnight fast in each 
case. Cohort 5 subjects will be allowed to leave the CRU on the 
morning of Day 6. 


Safety assessments for Cohort 1-4 will be conducted upon 
admission to the CRU, at baseline (Day 1) and during the clinical 
stay. Subjects will return to the CRU on Days 4, 6, 8, 15, 22, 29, 
43, 57, 85 and 113 for PK and immunogenicity sampling and/or 
safety assessments. 


Safety assessments for Cohort 5 will be conducted upon 
admission to the CRU, at baseline (Day 1) and during the clinical 
stay. Subjects will return to the CRU on Days 7, 9, 11, 18, 25, 32, 
39, 53, 67, 95 and 123 for PK and immunogenicity sampling 
and/or safety assessments. 


The final safety assessment is scheduled for a maximum of 
16 weeks after the last dose of IP. This is based on a mAb m 102.4 
tYz of21-23 days. 


Where applicable, serious adverse events (SAEs) will be followed 
for a further 30 days after the final safety assessment, or until 
resolved, whichever is the earlier. 


For all cohotis two sentinel subjects will be randomized in a 
blinded fashion in which one subject receives mAb ml02.4 and 
one subject receives placebo. The remaining six subjects in each 
cohort will receive IP (5 x mAb m102.4: 1 x placebo) a minimum 
of 14 days after the sentinel pair, following review of safety and 
tolerability data by the Principal Investigator (PI) and Medical 
Monitor. 


The decision to progress to the next higher dose will be made after 
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Safety: 
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data are reviewed for each dose group for at least six subjects per 
group through to a minimum of Day 29, and after the SRC 
determines that it is safe to proceed to the next dose level. 


PK data for Cohort 1 through to Day 43 will be analyzed and data 
reviewed by the SRC whilst Cohort 2 is ongoing. Subsequent 
cohort assessments, sampling times and the overall period of 
monitoring may be adjusted depending on the outcome of the data 
review. 


All PK data for Cohorts 1-4 will be reviewed prior to the 
commencement of Cohort 5 to confirm that dose and planned 
dosing interval for Cohort 5 is optimal. 


The following assessments will be performed during the study: 
physical examination, clinical laboratory tests (haematology 
[including coagulation], clinical chemistry, urinalysis, virus 
neutralization and anti-m104.2 antibodies), vital signs (blood 
pressure, pulse rate, temperature and respiratory rate), 
electrocardiogram (ECG), signs and symptoms of tolerability, 
infusion site reactions and adverse events (AEs). 


Assessments according to the schedule of events will be 
conducted at the following time points (vital signs will be 
performed at all time points): 


Cohorts 1-4: Screening, on admission (Day -1), pre-dose, 
Days I, 2, 3, 4, 6, 8, 15, 22, 29, 43, 57, 85 and 113 post-dose 
(after the start of the infusion) 


Cohort 5: Screening, on admission (Day -1), pre-dose, Days 1, 2, 
3, 4, 5, 6, 7, 9, 11, 18, 25, 32, 39, 53, 67, 95 and 123 post-dose 
(after the start of the first infusion). 


AEs will be collected from the commencement of the first dose of 
IP until the end of the study, and in the case of SAEs until 
resolution or up to 30 days after study completion whichever is 
the earlier. A full physical examination will be performed at 
Screening and at the final visit (Day 113 for Cohorts 1-4 and 
Day 123 for Cohort 5). A brief physical examination will be 
performed pre-dose on Days 1, 3, 29 and 57 for Cohorts 1-4 and 
pre-dose, Days 4, 6, 39 and 67 for Cohort 5. 


ECGs will be performed at Screening, pre-dose on Day 1, Days 2, 
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Pharmacokinetics (PK): 


Immunogenicity and 
Virus Neutralization: 
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8, 29, 57, 85 and 113 post-dose for Cohorts 1-4. For Cohort 5 
ECGs will be performed at Screening, pre first dose on Day 1, 
Days 2, 4, 5, 6, 11, 39, 67, 95 and 123 post-dose. 


PK samples will be taken at the following time points for 
Cohorts 1-4: pre-dose on Day 1 and at 1, 4, 8, 12, and 24, hours 
post commencement of infusion and at the following visit to the 
CRU on Days 4, 6, 8, 15, 29, 43, 85 and 113 post dose. 


PK samples will be taken at the following time points for 
Cohort 5: pre first dose on Day 1 and at 1, 4, 8, 12, 24 and 
48 hours post commencement of the first infusion; pre second 
dose on Day 4 and at 1, 4, 8, 12, and 24 hours post 
commencement of the second infusion and at the following visits 
to the CRU on Days 7, 11, 18, 32, 53, 95 and 123 post first dose. 


The PK sampling for Cohort 5 may be adjusted depending on the 
PK data obtained from Cohorts 1-4. 


The presence of anti mAb m102.4 antibodies will be assessed 
pre-dose and on Days 29 and 113 for Cohmis 1-4 and pre-dose 
and on Days 39 and 123 for Cohort 5. 


Blood samples for mAb m102.4 Hendra (and possibly Nipah) 
virus neutralization studies will be taken and potentially assessed 
at pre-dose, 12 hours, Days 2 (24 hours), 4, 8, 29, and 113 for 
Cohmis 1-4 and pre-dose, 12 hours, Days 2 (24 hours), 4, 6, 9, 39, 
and 123 for Cohort 5. 
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Inclusion Criteria: 


Exclusion Criteria: 
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Subjects who meet all of the following criteria are eligible for the 
study: 


1. Written informed consent from the subject; 
2. Healthy males and females as determined by medical 


history and physical examination between 18 and 50 years 
of age (inclusive); 


3. Body mass index (BMI) of 18.0 to 35.0 kg/m2 (inclusive) 
at screening (Weight 2:50 kg or :S100 Kg); 


4. Haematology, coagulation, clinical chemistry, and 
urinalysis test results not deviating from the normal range 
to a clinically relevant extent at screening; 


5. Able to comply with requirements for concomitant 
medications and consumption of caffeine, alcohol, tobacco 
and nicotine; 


6. Willing to attend all the study visits. 


Subjects are not eligible for this study if they meet any of the 
following criteria: 


1. Close, unprotected exposure to sick horses with an 
unexplained illness within 4 weeks of Day 1; or known 
exposure to potential Hendra infected horses; 


2. Clinically significant abnormalities m laboratory test 
results at Screening or Baseline (Day-1) (biochemistry, 
haematology and urinalysis parameters) (Liver function 
tests> 1.5 x upper limit ofnormal [ULN]); 


3. Immunoglobulin G (IgG) and complement level outside 
normal limits (at Screening); 


4. Positive urine screen for potential drugs of abuse at 
Screening and prior to randomization; 


5. Presence or history (in last 2 years) of alcohol abuse 
confirmed by medical history, or daily alcohol intake of 
more than 2 standard drinks (16 g) for females or more 
than 3 standard drinks for males, or a positive breath 
alcohol test at screening or prior to randomization, and the 
inability to stop alcohol intake for 2 weeks post-infusion; 
One standard drink is (8 g) is equivalent to 280 mL of 
beer, one measure (25 mL) of spirits or 1 small glass 
(125 mL) ofwine; 


6. Excessive use of caffeine-containing beverages including 
coffee, tea, cola, energy drinks or chocolates, exceeding 
500 mg caffeine/day (approximately 5 cups of coffee or 
10 cups of tea) and the inability to refrain from the use of 
caffeine-containing beverages during confinement in the 
CRU; 


Page 6 of62 







Queensland Department of Health 


Protocol No.: QH-M102.4-002 


CONFIDENTIAL 


7. Smoke >5 cigarettes per day; 
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8. Positive tests for human immunodeficiency virus (HIV) or 
viral hepatitis (hepatitis B surface antigen [HepBsAg], or 
anti-hepatitis C [HCV]); 


9. Treatment with an investigational drug or biologic within 
60 days preceding treatment or plans to take another 
investigational drug or biologic in the 3 months following 
IP administration; 


10. Blood donation or significant blood loss 60 days prior to 
Day 1; 


11. Plasma donation within 60 days prior to Day 1 or planned 
donation in the 6 months following IP administration; 


12. Males who are sexually active and have a partner who is 
capable of becoming pregnant, neither of which have had 
surgery to become sterilized, who are not using an 
effective method of birth control (e.g., surgically 
implanted hormonal therapy, intrauterine devices, or oral 
birth control with barrier method). In addition, male 
subjects must agree not to donate sperm during the study 
and in the 6 months following IP administration; 


13. Females who are capable of becoming pregnant and who 
have not had surgery to become sterilized and who are not 
using an effective method of birth control (e.g., surgically 
implanted hormonal therapy, intrauterine devices, or oral 
birth control with barrier method [female condom or male 
partners to use condom]). For exclusively homosexually 
active females, not planning a pregnancy during or in the 6 
month period following completion of the study, the 
restrictions for adequate contraception will not apply (if 
lifestyle choices change, contraceptive requirements will 
be applicable); 


14. Poor peripheral venous access; 
15. Subjects with clinically significant findings from medical 


history that, in the opinion of the investigator, could 
interfere with the objectives of the study or put the subject 
at risk; 


16. Subject is unwilling or unable to abide by the requirements 
of the protocol or inability to be available for follow-up 
assessments or protocol related procedures; 


17. Subject is on staff at the investigator site; or a relative of 
personnel of the investigator site or of the Sponsor (or 
Sponsor's affiliates); 


18. Use of prescription or non-prescription drugs within 
14 days or 5 half-lives (whichever is longer) prior to IP 
administration and for the duration of the study. 
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Statistical Methods: 
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Contraceptives for females are allowed - must have been 
using the same contraceptive for a minimum period of 
3 months and must not change the contraceptive during the 
study; 


19. Presence or history of drug hypersensitivity, or allergic 
disease diagnosed and treated by a physician or history of 
a severe allergic reaction, anaphylaxis or convulsions 
following any vaccination or infusion; 


20. BP systolic > 160 mmHg or diastolic >90 mmHg. Allow 
one repeat measure; 


21. Personal or family history of congenital QT syndrome or 
sudden unexplained death; 


22. ECG clinically significant abnormalities including 
(QTc>450 msec for males and >460 msec for females), AF 
or atrial flutter, notably bradycardia (<40 bpm) or 
tachycardia (> 100 bpm), complete left or right bundle 
branch block, Wolf-Parkinson White Syndrome or 
presence of cardiac pacemaker; 


23. Any vaccination in the last month. 
24. Pregnant or breastfeeding females. 


The sample size for this study was not based on statistical power 
calculation, but is consistent with the typical sample size used for 
similar studies to assess preliminary safety, PK and 
immunogenicity data. 
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Hendra virus (He V) infection in humans is a rare serious zoonotic disease with a high mortality 
rate. In Australia the natural hosts ofHeV are bats (flying foxes), which can then pass the virus 
onto horses. There are seven known cases of human He V infection where humans have become 
unwell with an influenza-like illness or encephalitis following close contact with an infected 
horse. One case had an initial mild clinical illness, which re-emerged 13 months later and 
resulted in encephalitis and death. Human He V infection has resulted in fatal severe encephalitis 
and multi-system involvement in 4 of the 7 (57%) infected individuals. The sole survivor of 
acute encephalitis has residual high-level cognitive impairment. 


There is no known effective treatment for He V infection and clinical management is based on 
treating symptoms as they arise. 


A neutralizing human monoclonal antibody (mAb), m102.4, was developed by researchers in the 
United States. These antibodies have been successful in protecting ferrets and African green 
monkeys challenged with HeV. The mAb m102.4 are currently the only pharmaceutical agent 
available to prevent infection in people exposed to the HeV. 


In 201 0, the Queensland Department of Health, Chief Health Officer obtained a license from the 
US Department of Defence, Uniformed Services University of the Health Sciences to produce 
the experimental mAb m102.4 for the purpose of compassionate use in human cases of HeV 
exposure. 


The mAb m102.4 has not been assessed in any safety or efficacy trials in humans. A predecessor 
of the product has previously been administered to eleven humans. The first person was late in 
disease progression with encephalitis in the Intensive Care Unit (ICU) and subsequently died. 
The second and third had moderately high-risk exposures, but no evidence of infection and did 
not develop illness or seroconversion. They experienced transfusion-like reactions to 
administration of mAb m102.4 which was attributed to endotoxins in the predecessor product. 
The fourth person received mAb ml02.4 in 2012 after high-level exposure to HeV and did not 
experience any adverse reactions to the antibodies. The mAb ml 02.4 were given to a male (the 
51


h person) in the United States who was accidently bitten by a Nipah virus infected monkey. 
The male was administered treatment in 2013 under the same regime used by Dr Geoffrey 
Playford (the Principal Investigator [PI] for this trial) for the Queensland patients. This included 
a test dose and two IV administrations of m 102.4 three days apart. No untoward affects 
associated with the administration of the antibodies were noted. The sixth and seventh 
individuals received the mAb on 20 March 2014 and remained well. Four more people received 
mAb 102.4 in June 2014, including one from Queensland and three from New South Wales. 
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These four people were assessed as having had high exposure to Hendra virus infected horses. 
With the exception of the male in the United States who received two doses, all other individuals 
received a single dose ofmAb ml02.4. 


Currently mAb ml02.4 are offered to people with high exposure to infected horse 
blood/secretions following ethics approval for each individual and appropriate consenting. 
Monoclonal antibodies are not offered to people with lower exposures because of the potential 
for unknown adverse effects of mAb m 102.4 administration and a low risk of infection. 


The mAbs prepared for use in this study were refined and purified at the Brisbane Based 
Australian Institute for Bioengineering and Nanotechnology (AIBN), which is part of the 
University of Queensland. 


Phase 1 trials are normally conducted in healthy subjects. These trials are designed to test an 
experimental drug or treatment in a small group of people (20-80) for the first time to evaluate its 
safety, determine a safe dosage range, and identify side effects. 


All medicines in use today must be proven safe and effective in clinical trials before they can be 
made available for use within the community. Early phase clinical trials are a vital step in this 
development process. 


He V is not used at any stage for the production of the mAbs and this safety trial is the final stage 
before the experimental drug is considered to be safe for use in humans. 


Monoclonal antibodies have shown great promise in treating human diseases including arthritis 
and tumors associated with breast and colon cancer. They are also being trialed as treatments for 
viral infections such as human immunodeficiency virus (HIV) and hepatitis. 


It is important to understand that mAb therapy is not a vaccine for the general population, but a 
treatment, which maximizes a person's chance of survival once they have been exposed to the 
disease. 


This trial is necessary in humans to ensure there are no significant adverse side effects. Success 
of this safety trial will provide clinicians with the confidence to offer treatment to patients who 
have been exposed to medium to high levels of He V without the fears of potentially serious side 
effects. 


1.1 Justification for Dose Chosen 


The maximum therapeutic human dose given for compassionate reasons was based on doses 
administered in animal studies, and was around 15-20 mg/kg. It is know from the animal studies 
that they were challenged with lethal doses of Hendra and Nipah virus and mAb m102.4 doses 
were effective. Typically humans are not exposed to such high levels of the virus through natural 
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infection. Animals are challenged via the intra-tracheal route, whereas humans are exposed via 
the mucosal route and with much lower levels of virus. A dose that is effective in ferrets and 
monkeys for such large challenge doses of virus should be more than adequate to cope with 
much lower levels of the He V that humans are experiencing. 


Fourteen monkeys were challenged intra-tracheally with HeV and 12 animals were infused twice 
with a 100 mg dose (20 mg/kg) of m102.4 beginning at either 10, 24 or 72 hours after 
introduction to the virus and received a second infusion ofm102.4 48 hours later. All12 animals 
that received m102.4 survived the infection; whereas the untreated control monkeys succumbed 
to severe systemic disease by Day 81


• There was no evidence ofHeV mediated pathology in any 
of the m102.4-treated animals and no infectious HeV could be recovered from any tissues from 
any m1 02.4-treated animals. 


The statting dose for this study has been set at 1 mg/kg. This is based on a repeat dose 
toxicology study where four groups of male and female rats, 30 per group, were administered a 
once weekly dose of m1 02.4 or vehicle control via IV injection for four weeks. Necropsies were 
performed at the end of the dosing period (20 rats per group) and after a 2-week recovery (10 rats 
per group). The m102.4 treatment was well tolerated and there were no unscheduled deaths prior 
to completion of the main study or recovery period. Test mticle treatment was not associated 
with morbidity or clinical signs of toxicity. There was no adverse treatment related effect on 
body weight, or food and water consumption. There was a trend towards elevated WBC count in 
male and female rats at the end of the main study (significant in male rats treated with high-dose 
m102.4, and in female rats treated with mid- and high-dose m102.4). There were significant 
findings in differential white cell counts mostly in the high-dose group. While the trend in 
elevated total WBC count persisted at all doses at the end of the recovery phase, the findings 
were not significant. Significant findings in differential white cell count at the end of the 
recovery phase were observed at all doses in male rats, and at the low and high dose groups in 
female rats. There were no adverse treatment dependent differences in serum biochemical 
profile or urinalysis findings. A treatment-related increase in incidence of lung granuloma was 
seen at the end of the treatment phase, particularly in female rats all receiving doses of m 1 02.4. 
Both male and female animals treated with m 102.4 showed evidence of decreased incidence of 
lung granuloma following the recovery phase. There was no treatment-related induction of 
anti-drug antibodies following once weekly dosing with m102.4, for 28 days at all doses 
administered. 


The no observed adverse effect level (NOAEL) for m102.4 was 100 mg/kg. This amount is well 
in excess of the dose range (1 mg/kg- 20 mg/kg) planned for this trial. 
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2 STUDY OBJECTIVES AND PURPOSE 


2.1 Purpose of the Study 


Final 


Date: 25 August 2014 


The purpose of the study is to assess the safety, tolerability, Pharmacokinetics (PK), 
immunogenicity and exploratory Pharmacodynamics (PD) of mAb m102.4 administered via 
Intravenous (IV) infusion to healthy subjects in four single escalating doses and one multiple 
dose at the highest concentration. 


2.2 Objectives 


The objectives ofthis study are: 


1 To determine the safety and tolerability of single and multiple IV administration of 
mAb ml02.4 in healthy subjects 


2 To determine the PK and immunogenicity of single and multiple IV administration of 
mAb m102.4 in healthy subjects 


3 To explore the PD of single and multiple IV administration of mAb ml02.4 in healthy 
subjects against Hendra (and possibly Nipah) virus 
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3 STUDY DESIGN 


3.1 Overall Study Design 


Final 


Date: 25 August2014 


This is a Phase I, randomized, double-blind, placebo-controlled, dose escalation study. Subjects 
will be dosed with four concentrations ofmAb m102.4 across five cohorts. The first four cohorts 
(Cohorts 1 to 4) will receive a single, IV infusion of mAb m 102.4 at a concentration of 1 mg/kg, 
3 mg/kg, 10 mg/kg or 20 mg/kg over a period of 1 hour. The fifth cohort (Cohort 5) will receive 
two IV infusions ofmAb m102.4 at a concentration of20 mg/kg given over the period of 1 hour, 
with 72 hours between each infusion. 


All subjects will undergo Screening procedures within 28 days of the first dose of investigational 
product (IP). Subjects in cohorts 1-4 will be admitted to the clinical research unit (CRU) on the 
afternoon of Day -1 and receive a single dose of IP on Day 1 following overnight fast. Each 
subject dosed will be confined for a total period of 3 days (Day -1 to Day 3) and allowed to leave 
the CRU on the morning ofDay 3. The subjects in Cohort 5 will be admitted to the CRU on the 
afternoon ofDay -1 to be dosed with IP on the mornings ofDay 1 and Day 4 following overnight 
fast in each case. Each Cohort 5 subject dosed will be confined for a total period of 6 days 
(Day -1 to Day 6) and allowed to leave the CRU on the morning ofDay 6. 


Safety assessments for Cohort 1-4 will be conducted upon admission to the CRU, at baseline 
(Day 1) and during the clinical stay. Subjects will return to the CRU on Days 4, 6, 8, 15, 22, 29, 
43, 57, 85 and 113 for PK and immunogenicity sampling and safety assessments. 


Safety assessments for Cohort 5 will be conducted upon admission to the CRU, at baseline 
(Day 1) and during the clinical stay. Subjects will return to the CRU on Days 7, 9, 11, 18, 25, 
32, 39, 53, 67, 95 and 123 for PK and immunogenicity sampling and safety assessments. 


The final safety assessment is scheduled for a maximum of 16 weeks after the last dose of IP. 
This is based on a mAb m102.4 tY2 of21-23 days. 


Where applicable, Serious Adverse Events (SAEs) will be followed for a further 30 days after 
the final safety assessment, or until resolved, whichever is the earlier. 


For all cohorts, two sentinel subjects will be randomized in a blinded fashion in which 1 subject 
receives mAb m1 02.4 and 1 subject receives placebo. The remaining 6 subjects in each cohort 
will receive IP (5 x mAb m102.4: 1 x placebo) a minimum of 14 days after the sentinel pair, 
following review of by the PI and the Medical Monitor. 


The decision to progress to each successive higher dose will be made after completion of safety 
data review through Day 29 for at least six subjects per group, and after the Safety Review 
Committee (SRC) determines that it is safe to proceed to the next dose level. 
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Final 


Date: 25 August 2014 


The assessments, sampling times and follow-up period for subsequent cohorts may be adjusted 
following SRC review of PK data through to Day 43 for Cohort 1. PK analysis and review will 
occur whilst Cohort 2 is ongoing. 


All PK data for Cohorts 1-4 will be reviewed by the SRC prior to the commencement of 
Cohort 5 to ensure that the dose and planned dosing interval are optimal. Adjustments to the 
dose and dosing interval for Cohort 5 may be made depending on the outcome of the review. 


3.1.1 Study Centre 


This study will be conducted at QPharm Pty Ltd, who have extensive experience in phase I 
studies involving mAbs and vaccines as well as an excellent record of recruitment for studies of 
this nature and compliance with study protocols and regulations. 


3.1.2 Study Duration 


The duration of this study will be approximately 5 months per subject, based on a Screening 
period of up to 28 days prior to dosing, one (Cohmis 1-4) or two doses (72 hours apart, Cohort 5) 
of IP and a maximum 16-week follow-up period. 


The schedules of assessment for Cohorts 1-4 and Cohort 5 are presented in Table 1 to Table 5. 
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Table 1 Schedule of Events (Cohorts 1-4) 


Screening Dose 


Procedures Day-28 Day-1 Dayl Day2 
to -2 


Informed Consent X 


Inclusion/Exclusion X X X 
Criteria 


Demographic Data X 


Weight and Height X XI 


Medical History X 


Prior and X X X X 
Concomitant 
Medications 


Physical X xz 
Examination 


Vital Signs3 X X X X 


Blood Tests4 xs.6 xs xs 


Serology7 X 


Urinalysis X X 


Pregnancy Test X X 
(females only)8 


Alcohol Breath Test X X 


Urine Drug Screen X X 


Randomization X 


CONFIDENTIAL 


Day3 Day4 Day6 DayS Day15 Day22 


X X X X X X 


xz 


X X X X X X 


xs X 


·- -- ·-


Day29 


X 


x2 


X 


X 
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Day43 Day 57 Day85 


X X X 


x2 


X X X 


X X 
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Screening 


Procedures Day-28 Day-1 
to -2 


Investigational 
Product; one hour 
IV 


Adverse Events9 


12-lead ECG X 


rnAb m102.4 
Antibodies 


Virus 
Neutralization10 


PK Sampling X 


SRCReview 


I Weight only 
2 Brief physical examination 


Dose 


Day1 


X 


X 


X 


X 


X 


X 


3 Blood pressure, pulse rate, respiratory rate, temperature 


Day2 Day3 


X X 


X 


X 


X 
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Day4 Day6 DayS Day 15 Day22 Day29 Day43 Day 57 Day85 


X X X X X X X X X 


X X X X 


X 


X X X 


X X X X X X X 


DE 


4 Haematology (Red blood count, haemoglobin, haematocrit, mean cell volume, platelets, white blood cell count with differential including neutrophils, lymphocytes, eosinophils, 
basophils) and biochemistry (albumin, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, bicarbonate, total and direct bilirubin, blood urea nitrogen, 
calcium, chloride, creatinine, glucose, potassium, uric acid, total protein) 


5 Coagulation (PT, INR, aPTT) only at Screening, Day -I, Days 2, 8 and Il3 (EOS) 
6 IgG and complement at Screening only 
7 Test for Hepatitis Band C, HIV, Retain sample for Hendra and Nipah virus 
8 Pregnancy test: Serum pregnancy test at Screening and urine pregnancy test at other time points. Positive or equivocal urine pregnancy results will be confirmed by serum test. 


IP should be held during the interval between positive urine test and receipt of serum test results. 
9 AEs will be collected from commencement of the infusion 
I 0 Samples to be stored 
DE: Minimum data required per Cohort for dose escalation review 
EOS: End of Study 
SRC: Safety Review Committee 
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Table 2 Schedule of Events (Cohort 5) 


Screening Dose 1 


Days since 1st dose Day-28 to-2 Day-1 Dayl Day2 Day3 


Days since 2"d dose 


Informed Consent X 


Inclusion/Exclusion X X X 
Criteria 


Demographic Data X 


Weight and Height X XI XI 


Medical History X 


Prior and Concomitant X X X X X 
Medications 


Physical Examination X xz 
Vital Signs3 X X X X X 


Blood Tests4 xs.6 xs xs 
Serology7 X 


Urinalysis X X 


Pregnancy Test 
(females only)8 


X X 


Alcohol Breath Test X X 


Urine Drug Screen X X 


Randomization X 


Investigational Product: X 
one hour IV 


Adverse Events9 X X X 
- -- -- - _L_ -- ---
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Dose2 


Day4 


Dayl 


X 


X 


xz 
X 


X 


X 


X 


X 


DayS Day6 Day7 Day9 Dayll Day18 Day25 


Day2 Day3 Day4 Day6 DayS DaylS Day22 


X X X X X X X 


xz 
X X X X X X X 


xs xs X X 


X X X X X X 


Day32 


Day29 


X 


X 


X 
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Day39 Day 53 Day67 Day95 


Day36 Day SO Day64 Day92 


X X X X 


xz xz 
X X X X 


X X X 


X X X X 
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Screening Dose 1 Dose2 


Final 


Date: 25 August 2014 


Days since 1st dose Day-28 to -2 Day-1 Day1 Day2 Day3 Day4 DayS Day6 Day7 Day9 Dayll Day18 Day25 Day32 Day39 Day 53 Day67 Day95 Day 123 
(EOS) 


Days since znd dose Day1 Day2 Day3 Day4 Day6 DayS Day15 Day22 Day29 Day36 Day SO Day64 Day92 Day 120 


12-leadECG X X X X X X X X X X 


mAb m 1 02.4 Antibodies X X 


Virus Neutralization10 X X X X X X 


PKSampling X X X X X X X X X X X X 


1 Weight only 
2 Brief physical examination 
3 Blood pressure, pulse rate, respiratory rate, temperature 
4 Haematology (Red blood count, haemoglobin, haematocrit, mean cell volume, platelets, white blood cell with differential including neutrophils, lymphocytes, eosinophils, basophils) 


and biochemistry (albumin, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, bicarbonate, total and direct bilirubin, blood urea nitrogen, calcium, chloride, 
creatinine, glucose, potassium, uric acid, total protein, 


5 Coagulation (PT, 1NR, aPTT) only at Screening, Day -1, Days 2, 5, 11 and 123 (EOS) 
6 IgG and complement at Screening only. 
7 Test for Hepatitis B and C, HIV Retain sample for Hendra and Nipah virus. 
8 Pregnancy test: Serum pregnancy test at Screening and urine pregnancy test at other time points. Positive or equivocal urine pregnancy results will be confirmed by serum test. IP 


should be held during the interval between positive urine test and receipt of serum test results. 
9 AEs will be collected from commencement of the infusion 
10 Samples to be stored 
EOS: End of Study 
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Table 3 Detailed Schedule of Events for Days -1, 1, 2 and 3 (Cohorts 1-4) 


Day-1 Dayl 


Procedures Admission Pre-dose Ohour 1 hour 2 hours 4 hours 6 hours 


Inclusion/Exclusion X X 
Criteria 


Demographic Data X 


Weight X 


Prior and X X X X X X 
Concomitant 
Medications 


Brief Physical X 
Examination 


Vital Signs1 X X X X X 


Blood Tests2 x3 


Urinalysis X 


Pregnancy Test X 


Alcohol Breath Test X 


Urine Drug Screen X 


Randomization X 


Investigational X 
Product: one hour 
IV 


Adverse Events4 X X X X X 


12-leadECG X X X X 


mAb m102.4 X 
. - --


CONFIDENTIAL 


8 hours 12 hours 


X X 


X X 


X X 


X 


-- --
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Day2 Day3 I 


24 hours 36 hours 48 hours 


' 


X X X 


X 


X X 


x3 


X X X 


X 
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Day-1 


Procedures Admission Pre-dose 


Antibodies 


Virus X 
Neutralization5 


PKSampling X 


CRU IN 


0 hour 


1 Blood pressure, pulse rate, respiratory rate, temperature 


Dayl 


1 hour 2 hours 4 hours 


X X 


6 hours 8 hours 12 hours 


X 


X X 


Final 
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Day2 Day3 


24 hours 36 hours 48 hours 


X 


X 


OUT 


2 Haematology (Red blood count, haemoglobin, haematocrit, mean cell volume, platelets, white blood cell with differential including neutrophils, lymphocytes eosinophils, 
basophils) and biochemistry (albumin, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, bicarbonate, total and direct bilirubin, blood urea nitrogen, 
calcium, chloride, creatinine, glucose, potassium, uric acid, total protein). 


3 Coagulation (PT, INR, aPTT) only at Day -1 and 24 hours. 
4 AEs will be collected from commencement of the infusion 
5 Samples to be stored 
CRU: Clinical Research Unit 


CONFIDENTIAL Page 26 of62 







Queensland Department of Health 


Protocol No.: QH-M102.4-002 


Table 4 Detailed Schedule of Events for Days -1, 1, 2 and 3 (First Dose) (Cohort 5) 


Day-1 Dayl 


Procedures Admission Pre-dose Ohour 1 hour 2 hours 4 hours 6 hours 8 hours 


Inclusion/Exclusion X X 
Criteria 


Demographic Data X 


Weight X 


Prior and X X X X X X X 
Concomitant 
Medications 


Brief Physical X 
Examination 


Vital Signs2 X X X X X X 


Blood Sample3 x4 
Urinalysis X 


Pregnancy Test X 


Alcohol Breath Test X 


Urine Drug Screen X 


Randomization X 


Investigational X 
Product: one hour 
IV 


Adverse Events5 X X X X X X 


12-leadECG X X X X X 
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12 hours 


X 


X 


X 
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Day2 Day3 


24 hours 36 hours 48 hours 


XI 


X X X 


X X 


x4 


X X X 


X 
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Day-1 


Procedures Admission Pre-dose 0 hour 


mAb m102.4 X 
Antibodies 


Virus X 
Neutralization6 


PK Sampling X 


CRU IN 


I For confirmation of weight for dosing next day (Day 4) 
2 Blood pressure, pulse rate, respiratory rate, temperature 


-


1 hour 


X 


---


Dayl 


2 hours 4 hours 6 hours 8 hours 12 hours 


X 


X X X 


--·- ----
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Day2 Day3 


24 hours 36 hours 48 hours 


X 


X X 


3 Haematology (Red blood count, haemoglobin, haematocrit, mean cell volume, platelets, white blood cell count with differential including neutrophils, lymphocytes, eosinophils, 
basophils) and biochemistry (albumin, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, bicarbonate, total and direct bilirubin, blood urea nitrogen, 
calcium, chloride, creatinine, glucose, potassium, uric acid, total protein) 


4 Coagulation (PT, INR, aPTT) only at Day -1 and 24 hours. 
5 AEs will be collected from commencement of the infusion 
6 Samples to be stored 
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Table 5 Detailed Schedule of Events for Days 3, 4, 5 and 6 (Second Dose) (Cohort 5) 


Day4 


Hours since Pre-2"d 0 hours 1 hour 2 hours 4 hours 6 hours 8 hours 12 hours 
znd dose dose post-dose post-dose post-dose post-dose post-dose post-dose 


Hours since 72 hours 73 hours 74 hours 76 hours 78 hours 80 hours 84 hours 
1st dose 


Inclusion/Exclusion Criteria X 


Prior and Concomitant X X X X X X X 
Medications 


Brief Physical Examination X 


Vital Signs1 X X X X X X 


Blood Tests2 X 


Urinalysis X 


Investigational Product: one X 
hour IV 


Adverse Events X X X X X X X X 


12-lead ECG X X X X 


Virus Neutralization4 X 


PK Sampling X X X X X 


CRU 
- - - - ·····------


1 Blood pressure, pulse rate, respiratory rate, temperature 


24 hours 
post-dose 


96 hours 


X 


X 


x3 


X 


X 


X 


Final 
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DayS Day6 


36 hours 48 hours 
post-dose post-dose 


108 hours 120 hours 
I 


X X 


X 


X 


X X 


X 


X 


OUT 


2 Haematology (Red blood count, haemoglobin, haematocrit, mean cell volume, platelets, white blood cell with differential including neutrophils, lymphocytes, eosinophils, 
basophils) leukocytes, and biochemistry (albumin, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, bicarbonate, total and direct bilirubin, blood urea 
nitrogen, calcium, chloride, creatinine, glucose, potassium, uric acid, total protein) 


3 Coagulation (PT, lNR, aPTT) at Day 5; 
4 Samples to be stored 
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3.2 Summary of Study Procedures 


Final 


Date: 25-August-2014 


All subjects must give their informed consent before any study-specific procedures are 
performed. 


The following deviations of the timing of assessments will be allowed: 


All Cohorts during confinement period: 


Pre-dose samples up to 45 minutes prior to dosing 
Samples between 0-4 hours inclusive post infusion +2 minutes 
Samples between 4-14 hours inclusive post infusion +5 minutes 
Sampling between 14-16 hours inclusive post infusion + 15 minutes 
Sampling at more than 16 hours post infusion± 30 minutes 


Cohorts 1-4: 


± 4 hours for Day 5-11, ±1 day for Days 12-15, ±2 days for Days 16-22, ±3 days for Day 23-32, 
±4 days for Day 33-43, ±5 days for Day 44-57, ±6 days for Day 58-85 and ± 7 days for 
Day 86-113. 


Cohort 5: 


± 4 hours for Day 8-11, ±1 day for Days 12-15, ±2 days for Days 16-22, ±3 days for Day 23-32, 
±4 days for Day 33-43, ±5 days for Day 44-57, ±6 days for Day 58-85 and ± 7 days for 
Day 86-123. 


The following procedures will be performed at each study visit. 


3.2.1 Screening Visit 


• Demographic data (Date ofbirth, gender, race, ethnicity) 


• Obtain medical history 


• Collect prior and concomitant medication (for the last 90 days for contraception and last 
60 days for other medications) 


• Inclusion and exclusion criteria check 


• Physical examination 


• Weight and height (with calculation ofBMI) 


• Perform alcohol breathalyzer 


• Collect urine for urinalysis and urine drug screen 


• Obtain vital signs (systolic and diastolic blood pressure, pulse rate, respiration rate and 
body temperature) 
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• Perform 12-lead ECG 
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• Collect blood for pregnancy test (females of child-bearing potential only) 


• Blood samples for haematology, biochemistry, coagulation, serology (test for HIV, 
HepBsAg and anti-HCV, retain samples for Hendra and Nipah virus), IgG and 
complement 


3.2.2 Day -1 


Subjects will be admitted to the CRU in the late aftemoon for dosing the next moming. The 
following procedures will be performed following admission to the CRU: 


• Update prior and concomitant medication 


• Weight 


• Perform alcohol breathalyzer 


• Collect urine for urinalysis, urine drug screen and urine pregnancy test 


• Vital signs 


• Inclusion and exclusion criteria check 


• Blood samples for haematology, biochemistry and coagulation 


3.2.3 Day 1 (pre-dose) 


• Update prior and concomitant medications 


• Brief physical examination 


• Vital signs 


• Perform 12-lead ECG 


• Inclusion and exclusion criteria check 


• Randomization 


• Baseline blood samples for mAb m102.4 antibodies 


• Baseline blood samples for virus neutralization 


• PK sampling 


3.2.4 Day 1/Dosing 


All of the time points provided for Day 1 to End of Study are provided relative to the 
commencement of the first infusion ofiP for all subjects. 


• Time 0: commencement ofiV IP administration for 1 hour 


• Blood samples for virus neutralization (12 hours) 
• PK sampling (1, 4, 8 and 12 hours) 


• Vital signs (1, 2, 4, 8 and 12 hours) 


CONFIDENTIAL Page 31 of62 







Queensland Department of Health 


Protocol No.: QH-M102.4-002 


• Perform 12-lead ECG (2, 4 and 8 hours) 
• Record all concomitant medication use 
• Record all AEs 


3.2.5 Day 2/24 hours 


• Blood samples for haematology, biochemistry and coagulation 


• Vital signs 


• Perform 12-lead ECG 


• Blood samples for virus neutralization 
• PK sampling 
• Record all concomitant medication use 
• Record all AEs 


3.2.6 Day 3/48 hours 


Cohorts 1-4 


• Brief physical examination, vital signs 
• Record all concomitant medication use 
• Record all AEs 
• Leave the CRU 


Cohort 5 


• Record all concomitant medication use 
• Weight 


• Vital signs 
• PK sampling 
• Record all AEs 


3.2.7 Day 4 


Cohorts 1-4 


• Vital signs 
• Blood samples for virus neutralization 
• PK sampling 
• Record all concomitant medication use 
• Record all AEs 
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Cohort 5 


Pre-second dose: 


• Record all AEs 
• Record all concomitant medication use 
• Brief physical examination 


• Urine sample for urinalysis 


• Vital signs 


• Perform 12-lead ECG 
• Blood samples for haematology and biochemistry 


• Blood samples for virus neutralization 
• PK sampling 


• Inclusion and exclusion criteria check 


• Time 0: commencement ofiV IP administration for 1 hour (2nd dose) 


Final 
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Post-dose: (Dosing is at 72 hours post first dose; Time = 0 h post second dose) 


• Vital signs (73, 74, 76, 80 and 84 hours post 1st dose) 
(1, 2, 4, 8 and 12 hours post 2nd dose) 


• PK sampling (73, 76, 80 and 84 hours post 1st dose) 
(1, 4, 8 and 12 hours post 2nd dose) 


• 12-lead ECG (74, 76 and 80 hours post 1st dose) 
(2, 4 and 8 hours post 211


d dose) 
• Record all concomitant medication use 
• Record all AEs 


3.2.8 Day 5 (96 hours, Cohort 5 only) 


(24 hours post 2nd dose) 


• Vital signs 


• Blood samples for haematology, biochemistry and coagulation 


• PK sampling 


• 12-lead ECG 
• Record all concomitant medication use 
• Record all AEs 
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3.2.9 Day 6 


Cohorts 1-4 


• Vital signs 
• PK sampling 


• Record all concomitant medication use 


• Record all AEs 


Cohort 5 (120 hours) 


(48 hours post 211
d dose; before leaving the CRU) 


• Brief physical examination 


• Vital signs 


• 12-lead ECG 
• Blood samples for virus neutralization 
• Record all concomitant medication use 
• Record all AEs 


3.2.10 Day 7 (Cohort 5 only) 


• Vital signs 


• PK sampling 
• Record all concomitant medication use 
• Record all AEs 


3.2.11 Day 8 (Cohorts 1-4 only) 


• Vital signs 


• Blood samples for virus neutralization 
• PK sampling 


• Blood samples for haematology, biochemistry and coagulation 


• 12-lead ECG 
• Record all concomitant medication use 
• Record all AEs 


3.2.12 Day 9 (Cohort 5 only) 


• Vital signs 
• Blood samples for virus neutralization 
• Record all concomitant medication use 
• Record all AEs 
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3.2.13 Day 11 (Cohort 5 only) 


• Vital signs 


• PK sampling 


• Blood samples for haematology, biochemistry and coagulation 


• 12-lead ECG 
• Record all concomitant medication use 
• Record all AEs 


3.2.14 Day 15 (Cohorts 1-4 only) 


• Vital signs 


• PK sampling 


• Blood samples for haematology and biochemistry 
• Record all concomitant medication use 
• Record all AEs 


3.2.15 Day 18 (Cohort 5 only) 


• Vital signs 


• PK sampling 


• Blood samples for haematology and biochemistry 
• Record all concomitant medication use 
• Record all AEs 


3.2.16 Day 22 (Cohorts 1-4 only) 


• Vital signs 
• Record all concomitant medication use 
• Record all AEs 


3.2.17 Day 25 (Cohort 5 only) 


• Vital signs 


• Blood samples for haematology and biochemistry 
• Record all concomitant medication use 
• Record all AEs 


3.2.18 Day 29 (Cohorts 1-4 only) 


• Brief physical examination 


• Vital signs 


• PK sampling 
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• 12-lead ECG 


• Blood samples for haematology and biochemistry 


• Blood samples for mAb ml 02.4 antibodies 


• Blood samples for virus neutralization 
• Record all concomitant medication use 
• Record all AEs 


3.2.19 Day 32 (Cohort 5 only) 


• Vital signs 


• PK sampling 
• Record all concomitant medication use 
• Record all AEs 


3.2.20 Day 39 (Cohort 5 only) 


• Brief physical examination 


• Vital signs 


• 12-lead ECG 


• Blood samples for haematology and biochemistry 


• Blood samples for mAb ml02.4 antibodies 


• Blood samples for virus neutralization 
• Record all concomitant medication use 
• Record all AEs 


3.2.21 Day 43 (Cohorts 1-4 only) 


• Vital signs 


• PK sampling 
• Record all concomitant medication use 
• Record all AEs 


3.2.22 Day 53 (Cohort 5 only) 


• Vital signs 


• PK sampling 
• Record all concomitant medication use 
• Record all AEs 


3.2.23 Day 57 (Cohorts 1-4 only) 


• Brief physical examination 


• Vital signs 
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• 12-lead ECG 


• Blood samples for haematology and biochemistry 


• Blood samples for virus neutralization 
• Record all concomitant medication use 
• Record all AEs 


3.2.24 Day 67 (Cohort 5 only) 


• Brief physical examination 


• Vital signs 


• 12-lead ECG 


• Blood samples for haematology and biochemistry 
• Record all concomitant medication use 
• Record all AEs 


3.2.25 Day 85 (Cohorts 1-4 only) 


• Vital signs 


• 12-lead ECG 


• PK sampling 


• Blood samples for haematology and biochemistry 
• Record all concomitant medication use 
• Record all AEs 


3.2.26 Day 95 (Cohort 5 only) 


• Vital signs 


• 12-lead ECG 


• PK sampling 


• Blood samples for haematology and biochemistry 


• Record all concomitant medication use 


• Record all AEs 


3.2.27 Days 113 (Cohorts 1-4) and Day 123 (Cohort 5) 


End of study visit for all subjects. 


• Physical examination 


• Vital signs 
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• Urine sample for urinalysis and pregnancy test (females of child-bearing potential only) 


• PK sampling 


• 12-lead ECG 
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• Blood samples for haematology, biochemistry and coagulation 


• Blood samples for mAb m102.4 antibodies 


• Blood samples for virus neutralization 
• Record all concomitant medication use 
• Record all AEs 


3.2.28 Early Termination/Discontinuation Visit 
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Subjects that withdraw from the study, or who are discontinued by the Investigator will be asked 
to attend an early termination visit at the CRU. Assessments to be conducted at the early 
termination visit are as described for the end of study visit above. 


3.2.29 Unscheduled Visits 


Subjects will be asked to attend the CRU for unscheduled visits as the need arises. Instances 
where this may be required are for follow-up on any AEs/SAEs or for repeat blood tests or safety 
assessments. 


3.3 Allocation to Treatment/Blinding 


Subjects will be assigned a sequential screening number at their Screening visit. Eligible 
subjects be randomized on the morning of Day 1 and will be allocated a randomization number. 
Each subject will have a corresponding IP or placebo allocated on the randomization list. The 
two sentinel subjects in each cohort will be dosed first. In accordance with the randomization 
list one subject from the sentinel pair will receive IP and the other will receive placebo. The 
remaining six subjects per cohort will be randomized to receive either IP or placebo in a 5:1 
ratio. In order to maintain the study blind the randomization list will only be available to the un­
blinded pharmacist and will be held in a secure location with restricted access. 


3.4 Breaking the Blind 


Only in the case of an emergency, when knowledge of the IP is essential for the welfare of the 
subject, the Investigator may un-blind a subject's treatment assignment. If the blind is broken 
for any reason, the Investigator must notify the Medical Monitor immediately of the un-blinding 
incident. Emergency un-blinding may be performed using the code-break envelopes supplied to 
the PI at the site. The code-break envelope must be signed and dated when the code is broken 
and the reason for un-blinding provided on the envelope and documented in the source notes. 
All code-break envelopes, whether sealed or opened, must be returned to the Sponsor at the end 
ofthe study. 


If an unexpected and related SAE is reported, the treatment assignment for that individual 
subject may be un-blinded for regulatory reporting. 
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If a severe AE or SAE in a patient leads to a pause or discontinuation of enrolment per protocol, 
treatment assignment for that individual subject may be un-blinded. During subsequent 
investigation, ifthe Medical Monitor and Safety Committee discover other subjects with relevant 
AEs, they may additionally request un-blinding of these subjects, if necessary for their 
determination of whether or not to resume enrollment. 


3.5 Dose Escalation and Stopping rules 


Based on emerging safety and PK data, the SRC may recommend repeating a dose cohort at a 
dose shown to be well-tolerated, or initiating an intermediate or lower dose cohort. Initiation of 
an intermediate dose cohort will only proceed when the previous lower dose(s) have been found 
to be well tolerated following a blinded review of available safety data through study Day 29 of 
the current cohort and all available safety data of the previous cohort(s), a positive 
recommendation by the SRC. The SRC will consist of the PI, medical monitor and Sponsor 
representative. 


There will be a pause in dose escalation to the next planned dose and dose adjustments may be 
made if any of the following "pausing criteria" are met: 


• An SAE reported in more than ~ 1 subject. 


• ~ 2 subjects experience a common terminology criteria for adverse events (CTCAE) 
Grade 3 (or higher) event in the same organ or body system. 


• ~ 50% of the subjects in one dose cohort show clinically relevant AEs of moderate to 
severe intensity 


Termination of the study may be considered if these events are considered related to IP to the 
agreement of the SRC. 


3.5.1 Dose Escalation Review 


The will review the blinded safety (abnormal pathology, vital signs, ECG) and tolerability (AEs 
and concomitant medications) of the subjects at various time points. The data for the sentinel 
subjects from each cohort will be reviewed by the PI and the Medical Monitor only, after a 
minimum of 14 days to determine whether additional dosing of the remaining six subjects in the 
cohort can proceed. 


Data for at least six of the eight subjects in each cohort will be reviewed through to Day 29 to 
determine whether dose escalation to the next cohort (i.e., subsequent, higher dose) can proceed. 
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For both additional dosing and dose escalation the SRC members will formally document their 
decision to proceed or otherwise. 


The SRC members will also review PK data generated for Cohort 1 through to Day 43. Review 
of the data will be to confirm the mAb m102.4 half-life. Assessment and sampling times and the 
overall monitoring period for subsequent cohorts may be adjusted depending on the outcome of 
the review. 


In addition, PK data for Cohorts 1-4 will be reviewed prior to the commencement of Cohort 5. 
Cohort 5 timelines for planned dose and dosing intervals may be adjusted depending on the 
outcome of the review. 


3.6 Concomitant Treatment(s) 


3.6.1 Permitted Treatment(s) 


Paracetamol is a permitted concomitant medication where clinically indicated. In addition, oral 
contraceptives will be allowed for females, provided that the subject has been using the oral 
contraceptive for at least 3 months prior to the Screening visit and no change to this 
contraception is planned or anticipated for the duration of the study. 


The use of non-prescription medications will be discouraged during the course of the study. 
Prescription medications should be limited and avoided if possible, but will be allowed where 
clinically indicated. The use of all concomitant medication (including non-prescription 
medications) will be recorded for each subject for the duration of the study. 


3.6.2 Lifestyle Restrictions 


Subjects in Cohorts 1-4 will be admitted to the CRU on Day -1 and will be allowed to leave the 
unit on the morning of Day 3. Subjects in Cohort 5 will be admitted on Day -1 and will be 
allowed to leave the unit on the morning of Day 6. 


Water is permitted without restriction during the conduct of the study, but subjects must fast 
:from at least 8 hours prior to study dosing through 2 hours post-dosing. Meals will be provided 
following the restriction period and during confinement. 


Alcohol will be restricted from 24 hours prior to Day -1 check-in and will not be allowed for 
2 weeks following the last infusion ofiP. Thereafter, no more than 2 standard drinks per female 
and 3 standard drinks per male per day will be allowed. One standard drink is (8 g) is equivalent 
to 280 mL of beer, one measure (25 mL) of spirits or 1 small glass (125 mL) of wine. Alcohol 
Breath test must be negative for eligibility. 
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No caffeine-containing beverages will be allowed during confinement in the unit. Caffeine-free 
beverages will be provided after 4 hours post-dose. Post confinement, no excessive use of 
caffeine-containing beverages including coffee, tea, cola, energy drinks or chocolates, exceeding 
500 mg caffeine/day (approximately 5 cups of coffee or 10 cups of tea) will be allowed. 


Subjects are not allowed to smoke> 5 cigarettes per day with only occasional/non-habitual use 
of nicotine considered acceptable. Subjects should refrain from smoking 48 hours prior to 
Day -1 check-in. Subjects will not be permitted to smoke whilst inside the study site. Cotinine 
test must be negative for eligibility at screening and Day -1. 


Subjects should refrain from any strenuous physical activity 24 hours prior to Day-1 check-in or 
follow up blood tests. 


3. 7 Treatment Compliance 


The IP will be given per IV infusion over an hour in the CRU by trained personnel and will be 
documented in the case report form (CRF). Any deviations will be noted. 


3.8 Measures to Minimize Bias 


Subjects will be allocated their treatment according to a computer generated randomization 
schedule. 


All site personnel will be blinded, with the exception for the un-blinded pharmacist who prepares 
the IP for dispensing to clinical staff. The randomization list will be kept in a secure locked 
facility. The blind will be maintained for the subjects, Investigators and clinic staff, Sponsor 
personnel, the Project manager and main monitor for the study. An un-blinded pharmacy 
monitor will be employed to monitor pharmacy compliance and drug accountability. 


IP and placebo will be identical in appearance and volume for each subject in each cohort. 
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4 SELECTION AND WITHDRAWAL OF SUBJECTS 


4.1 Number of Subjects 
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A total of up to 40 subjects will be enrolled to dose in this study (eight subjects in five cohorts). 


4.2 Inclusion Criteria 


A subject must meet the following inclusion criteria to participate in this study: 


1. Written informed consent from the subject; 
2. Healthy males and females as determined by medical history and physical 


examination between 18 and 50 years of age (inclusive); 
3. Body mass index (BMI) of 18.0 to 35.0 kg/m2 (inclusive) at screening (Weight 


2::50 kg or :Sl 00 kg); 
4. Haematology, coagulation, clinical chemistry, and urinalysis test results not deviating 


from the normal range to a clinically relevant extent at screening 
5. Able to comply with requirements for concomitant medications and consumption of 


caffeine, alcohol, tobacco and nicotine; 
6. Willing to attend all the study visits. 


4.3 Exclusion Criteria 


A subject will be excluded from participating in this study if any of they meet any of the 
following criteria: 


1. Close, unprotected exposure to sick horses with an unexplained illness within 
4 weeks of Day 1; or known exposure to potential Hendra infected horses; 


2. Clinically significant abnormalities in laboratory test results at Screening or Baseline 
(Day -1) (biochemistry, haematology and urinalysis parameters) (Liver function tests 
> 1.5 x upper limit of normal [ULN]); 


3. Immunoglobulin G (IgG) and complement level outside normal limits (at Screening); 
4. Positive urine screen for potential drugs of abuse at Screening and prior to 


randomization; 
5. Presence or history (in last 2 years) of alcohol abuse confirmed by medical history, 


or daily alcohol intake of more than 2 standard drinks (16 g) for females or more than 
3 standard drinks for males, or a positive breath alcohol test at screening or prior to 
randomization, and the inability to stop alcohol intake for 2 weeks post-infusion 
One standard drink is (8 g) is equivalent to 280 mL of bee1~ one measure (25 mL) of spirits or 1 small 
glass (125 mL) ofwine; 


6. Excessive use of caffeine-containing beverages including coffee, tea, cola, energy 
drinks or chocolates, exceeding 500 mg caffeine/day (approximately 5 cups of coffee 
or 10 cups of tea) and the inability to refrain from the use of caffeine-containing 
beverages during confinement in the CRU; 


7. Smoke >5 cigarettes per day; 
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8. Positive tests for HIV or viral hepatitis (hepatitis B surface antigen [HepBsAg], or 
anti-hepatitis C [HCV]); 


9. Treatment with an investigational drug or biologic within 60 days preceding 
treatment or plans to take another investigational drug or biologic in the 3 months 
following IP administration; 


10. Blood donation or significant blood loss 60 days prior to Day 1; 
11. Plasma donation within 60 days prior to Day 1 or planned donation in the 6 months 


following IP administration; 
12. Males who are sexually active and have a partner who is capable of becoming 


pregnant, neither of which have had surgery to become sterilized, who are not using 
an effective method of birth control (e.g., surgically implanted hormonal therapy, 
intrauterine devices, or oral birth control with barrier method). In addition, male 
subjects must agree not to donate sperm during the study and in the 6 months 
following IP administration; 


13. Females who are capable of becoming pregnant and who have not had surgery to 
become sterilized and who are not using an effective method of birth control (e.g., 
surgically implanted hormonal therapy, intrauterine devices, or oral birth control with 
barrier method [female condom or male partners to use condom]). For exclusively 
homosexually active females the restrictions for adequate contraception does not 
apply (if lifestyle choice change, contraceptive requirements will be applicable); 


14. Poor peripheral venous access; 
15. Subjects with clinically significant findings from medical history that, in the opinion 


of the investigator, could interfere with the objectives of the study or put the subject 
at risk; 


16. Subject is unwilling or unable to abide by the requirements of the protocol or 
inability to be available for follow-up assessments or protocol related procedures; 


17. Subject is on staff at the investigator site; or a relative of personnel of the 
investigator site or of the Sponsor (or Sponsor's affiliates); 


18. Use of prescription or non-prescription drugs within 14 days or 5 half-lives 
(whichever is longer) prior to IP administration and for the duration of the study. 
Contraceptives for females are allowed - must have been using the same 
contraceptive for a minimum period of 3 months and must not change the 
contraceptive during the study; 


19. History of allergies, allergic reactions or hypersensitivity to medications; 
20. BP systolic> 160 mmHg or diastolic >90 mmHg. Allow one repeat measure; 
21. Personal or family history of congenital QT syndrome or sudden unexplained death; 
22. ECG clinically significant abnormalities including (QTc>450 msec for males and 


>460 msec for females), AF or atrial flutter, notably bradycardia (<40 bpm) or 
tachycardia(> 100 bpm), complete left or right bundle branch block, Wolf-Parkinson 
White Syndrome or presence of cardiac pacemaker; 


23. Any vaccination in the last month; 
24. Pregnant or breastfeeding females. 
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Subjects should be encouraged to complete all study assessments. However, subjects may 
withdraw consent to participate in this study at any time and for any reason without penalty or 
loss of benefits to which they were otherwise entitled. The Sponsor or the Investigator may 
withdraw subjects at any time for safety or administrative reasons. 


A subject may be withdrawn, if any of the following occur during the study: 


1. Subject requests withdrawal from the study; 
2. Subject withdraws consent; 
3. AE makes the continuation of the subject impossible or inadvisable; 
4. Pregnancy; 
5. Subject is lost to follow-up; 
6. Subject discovered after enrollment not to have met the protocol inclusion criteria; 
7. Subject refuses to comply with required study procedures; 
8. Use of any additional experimental drug or device or participation in another clinical 


study; 
9. The study sponsor terminates the Investigator Site or the study. 


If a subject withdraws, the Investigator is to make a reasonable effort to determine the reason for 
the subject's withdrawal from the study. The reason(s) for subject withdrawal will be recorded 
on the CRF for all subjects. 


Subjects who withdraw from the study will not be replaced. All subjects that withdraw or are 
discontinued from the study by the Investigator will be asked to complete and early termination 
visit at the CRU. 
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5 INVESTIGATIONAL PRODUCT (IP) 


5.1 Treatment Groups 
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There will be five cohorts dosed with mAb m102.4 in this study. The first four cohorts will 
receive a single dose of 1 mg/kg, 3 mg/kg, 10 mg/kg or 20 mg/kg. Cohort 5 will receive 
20 mg/kg in two separate doses, 72 hours apart. There will be eight subjects in each cohort with 
six randomized to receive mAb m102.4 and two randomized to receive placebo. 


5.2 Description of Investigational Product 


The IP in this study is the human mAb m1 02.4, and placebo (normal saline control). The 
mAb m102.4 is a fully human, IgG1 K directed against the HeV G protein. 


5.3 Investigational Product Packaging and Labeling 


Active mAb m102.4 IP will be packaged with an open-label in single use, 10 mL glass vials 
containing 10 mL of 10 mg/mL mAb m102.4 formulated with 1x DPBS pH 7.4. Vials are closed 
with a rubber stopper and flip-off aluminum seal. 


5.4 Investigational Product Storage and Disposal 


All active IP will be shipped to the CRU frozen and should be stored at -15°C or lower until 
ready to use. The IP must be thawed before compounding, see the Pharmacy manual for 
instructions. 


IP will be stored in a secure location with limited access under appropriate environmental 
conditions. Only appropriate personnel will have access to the IP. 


Any unused IP will be returned to AIBNIUQ for storage or to organize storage at an appropriate 
facility. 


5.5 Administration of Investigational Product 


The IP will be delivered intravenously in normal saline in a volume of 100 mL (Cohorts 1 and 2) 
and 500 mL (Cohotis 3-5) over a 1-hour period using a peristaltic infusion pump. An 
experienced and qualified staff member will perform placement of the IV access. Before and 
after each IV infusion, the IV access will be flushed with normal saline. 


The preparation of the IP is described in detail in the Pharmacy manual. 


Administration of each individual subject will not occur until 30 minutes from the previous 
subject infusion. Medical therapy and supportive care should be deployed as necessary for any 
symptoms of drug hypersensitivity. Physicians and nurses involved with the administration of IP 
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are trained in intermediate life support techniques and appropriate medical therapies will be 
immediately available. 


5.6 Investigational Product Accountability 


The Investigator and study pharmacist are responsible for maintaining a current record of the IP. 
IP received from the Sponsor, dispensed to the subjects and returned to the Sponsor will be 


recorded with corresponding dates. 


For more information regarding IP handling and preparation please see the Pharmacy manual, 


provided as a separate document. 


An un-blinded pharmacy monitor will be employed to review product accountability and verify 


appropriate pharmacy procedures for the study are adhered to. 
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6 ASSESMENT OF PHARMACODYNAMICS (PD) AND 
PHARMACOKINETICS (PK) 


6.1 Immunogenicity and Virus Neutralization 
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Immunogenicity and Hendra (possibly also Nipah) virus neutralization will be collected per the 
study schedule and potentially assessed at the end of the study. 


6.2 Pharmacokinetics 


Blood samples for the measurement ofmAb m102.4 levels will be collected by a qualified staff 
member during the visits as indicated in the schedule of assessments. Blood samples will be 
collected via direct venipuncture or cannula. 


Detailed instructions for the collection, labeling, handling, processing, storage, and shipment of 
the PK samples will be documented in the site laboratory manual. All study personnel will be 
trained in the appropriate study procedures prior to the initiation of subject enrollment. 


PK samples for Cohort 1 will have an interim analysis after collection of the Day 43 sample. 
Data will be reviewed by the SRC and adjustments to assessments, sample timings and follow-up 
period for subsequent cohorts may be implemented. Analysis and review of the Cohort 1 PK 
samples and data will be conducted whilst Cohort 2 is ongoing. 


PK samples for the remainder of Cohort 1 and Cohorts 2-4 will be analyzed after completion of 
Cohort 4. All PK samples for Cohorts 1-4 will be reviewed by the SRC prior to the 
commencement of Cohort 5 to ensure that the dose and planned dosing interval is optimal. 
Adjustments may be made to the dose and dosing interval for Cohort 5 as deemed appropriate 
following review. 
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7 ASESSMENT OF SAFETY 


7.1 Safety Endpoint(s) 


Final 


Date: 25-August-2014 


Safety will be assessed during the study through physical examination, urinalysis, vital signs, 
ECG and laboratory tests as outlined in the Schedules of assessment (Table 1 to Table 5). 


7.2 Physical Examination 


A complete physical examination will include assessments of general appearance; skin and 
lymphatics; eyes; ears; nose; throat; cardiovascular system; respiratory system; 
abdomen/gastrointestinal system; musculoskeletal and neurological systems. Other body 
systems may also be examined. 


A brief physical examination will include assessments of general appearance; cardiovascular 
system; respiratory system and abdomen/gastrointestinal system. Other body systems may also 
be examined if indicated through subject complaints. 


Clinically significant changes from baseline (Day 1) will be recorded as AEs. 


7.3 Height, Weight and BMI 


Height will be recorded in centimeters (em) and only at Screening. Weight will be recorded in 
kilograms (kg) and will be taken at Screening, Day -1 (all subjects) and Day 3 (Cohort 5 only). 
Weight is measured with subjects wearing light clothing without shoes. BMI will be calculated 
using the formula kg/m2


. 


7.4 Vital signs 


Vital signs include systolic and diastolic blood pressure, pulse rate, respiration rate and body 
temperature. Blood pressure and heart rate will be measured in a sitting position after resting for 
5 minutes. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) should be 
measured in millimeters of mercury (mmHg), heart rate in beats per minute, respiration rate in 
breaths per minute and temperature (oral) in degrees Celsius (0 C). Vital signs will be measured 
at every visit. 


7.5 12-lead ECGs 


ECGs will be taken as indicated in the schedules of assessments. 


The subject must be resting in a semi-supine or supine position for at least 5 minutes prior to 
performing the ECG. The same ECG machine should be used for all recordings from an 
individual subject, when possible. ECGs will be read by the Investigator or designated physician 
at the unit. Machine-read automated ECG intervals (PR, QRS, QT and HR), and calculated RR 
CONFIDENTIAL Page 48 of 62 







Queensland Department of Health 


Protocol No.: QH-M102.4-002 


Final 


Date: 25-August-2014 


intervals will be captured on the CRF and if applicable any other abnormalities noted. QTcF 
values will be derived from the data available. 


Single ECG recordings will be taken at each time point. One repeat is allowed for screening 
purposes if abnormal findings are observed. 


For safety monitoring purposes, the investigator or designee must review, sign and date all ECG 
tracings. Paper copies will be kept at the study center with the subject's clinical file as part of the 
permanent record. The ECG intervals and interpretation will be recorded on the CRF. Paper 
ECG recordings should be photocopied and maintained as a permanent source document. The 
Sponsor reserves the right to request copies of paper ECG recordings for independent cardiology 
review. 


7.6 Clinical Laboratory Tests 


Laboratory data obtained on Day -1 (pre-dose) will be used as baseline in the safety analyses. 
Safety Laboratory Data include: 


• Complete blood count (CBC): haemoglobin, haematocrit, RBC count, MCV, WBC with 
differential (neutrophils, bands, lymphocytes, monocytes, eosinophils, basophils), and 
platelets. 


• Coagulation: Prothrombin time (PT), international normalized ration (INR), activated 
partial PT (aPTT). 


• Chemistry panel: Albumin, alkaline phosphatase (ALP), alanine aminotransferase (ALT, 
SGPT), aspartate aminotransferase (AST, SGOT), bicarbonate, total and direct bilirubin, 
blood urea nitrogen (BUN), calcium, chloride, creatinine, glucose, potassium, uric acid 
and total protein). Estimated glomerular filtration rate (eGFR) will be calculated with 
each serum creatinine measurement using the Cockroft Gault equation. 


• Urinalysis: specific gravity, pH, protein, glucose, ketones, bilirubin, blood, nitrite, and 
leukocyte esterase. 


• Specimens with abnormal Protein, WBC or RBC will be submitted for microscopy 
testing and reporting on WBCs, RBCs, epithelial cells, casts, crystals, yeast, and 
bacteria. Specimens with elevated WBC may be submitted for microbiological 
testing for infection. 


Screening blood tests include: 


• Serology: hepatitis (HepB surface antigen, anti-HCV), HIV 


• Immunology: IgG and complement (Screening only) 
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Drug Screening includes: 


• Urine Drug Screen: 
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• Cocaine, narcotics, cannabis, barbiturates, benzodiazepines, amphetamines 


• Cotinine 


• Breath Alcohol test 


Immunogenicity and Virus Neutralization 


• Formation of anti-mAb m102.4 antibodies will be tested. These samples will be stored as 
frozen samples for future testing upon completion of the study. 


• mAb m102.4 virus neutralization for Hendra (and possibly Nipah) will possibly be 
assessed (samples to be stored) 


7.7 Pregnancy Tests 


All females of child-bearing potential will have pregnancy tests performed at the designated time 
points. A serum pregnancy test will be performed at Screening and urine pregnancy tests at the 
other time points. In the event of a positive or equivocal urine pregnancy test, a confirmatory 
serum pregnancy test will be performed. 


7.8 Adverse Events (AEs) 


7.8.1 Definitions 


AEs are any untoward medical occurrence in a patient or clinical investigational subject 
administered a pharmaceutical product and which does not necessarily have to have a causal 
relationship with this treatment. 


Treatment-emergent AEs (TEAEs) are events that are not present at baseline, or if present at 
baseline, have worsened in severity. 


A pre-existing condition is one that is present at the start of the study and is reported as part of 
the subject's medical history. A pre-existing condition should be reported as an AE only if its 
frequency, intensity or character worsens during study treatment. 


Study subjects should be instructed to report all AEs to the Investigator and all AEs that occur 
from the time of commencement ofiP through the follow-Up Visit or premature termination visit 
will be recorded. All AEs must be appropriately documented in the subject's original source 
documents and on the CRFs. Investigators should report syndromes rather than list symptoms. 
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7.8.2 Grading of Adverse Events 


The severity of each AE will be categorized using the following criteria: 


Final 


Date: 25-August-2014 


Grade 1 (Mild): usually transient; requires no special treatment and does not interfere with the 
subject's daily activities. No limitation in daily activity. 


Grade 2 (Moderate): produces a low level of inconvenience to the subject and may interfere with 
daily activities. These events are usually ameliorated by simple therapeutic measures. Some 
limitation in daily activity. 


Grade 3 (Severe): interrupts daily activity and requires systemic drug therapy or other medical 
treatment. Unable to perform daily activity. 


7.8.3 Relationship to Investigational Product 


The Investigator must make an assessment of the relationship of the event to the IP using the 
following scale: 


Unrelated: The event is definitely not or unlikely to be associated with IP administration and is 
judged due to causes other than the IP (alternative cause to be specified on the CRF). 


Related: The event is possibly or probably related with IP administration. If related, the event 
should be further classified as possibly or probably related: 


• Events considered to be possibly related are those that follow a reasonable temporal 
sequence from administration of the IP, but that may be due to another cause and could 
also be reasonably explained by the subject's clinical state or other modes of therapy 
administered to the subject. 


• Events considered to be probably related are those that follow a reasonable temporal 
sequence from administration ofthe IP, that is not easily explained by another cause such 
as known characteristics of the subject's clinical state or other treatment, and is 
confirmed by improvement on stopping or slowing administration of the study agent 
(de-challenge), if applicable. 


7.8.4 Laboratory Test and other Test Abnormalities as Adverse Events 


Only laboratory abnormalities or other tests (ECG, vital sign) that have been judged by the 
Investigator as clinically significant, have clinical manifestations, or requires therapeutic 
intervention should be reported by the Investigator as AEs. When possible, 
syndromes/diagnosis, not laboratory values, should be reported as AEs. For example, decreased 
haemoglobin and haematocrit requiring iron supplementation should be recorded as "anaemia." 
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7.9 Serious Adverse Events 
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The Investigator is required to determine if each AE is an SAE. According to the ICH guidelines 
for Good clinical practice (GCP) (E6), an SAE is any untoward medical occurrence during the 
course of the clinical investigation that is characterized by one or more of the following: 


• Results in death, or 


• Is life-threatening, or 


• Requires inpatient hospitalization or prolongation of existing hospitalization, or 


• Results in persistent or significant disability/incapacity, or 


• Is a congenital anomaly/birth defect. 


Impmiant medical events that may not result in death, be life-threatening, or require 
hospitalization may be considered SAEs when, based upon appropriate medical judgment, they 
may jeopardize the subject and may require medical or surgical intervention to prevent one of the 
outcomes listed in this definition. 


In the event of death, the cause of death should be recorded as the SAE (death is an outcome, not 
the AE itself). 


Any planned procedures that require admission to hospital for compliance with this protocol as 
well as any planned elective procedures are not considered SAEs (unless the underlying 
condition has worsened or the procedure results in a worsening of the subject's condition). In 
addition pregnancy that occurs during the course of the study or absence of a treatment effect 
will also not be considered to be an SAE. 


7.9.1 Reporting for Serious Adverse Events (24 Hours) 


An SAE must be followed clinically until resolution or stabilization. 


All SAEs after the time of consent must be reported to the Sponsor or the Sponsor's 
representative within 24 hours of the CRU's knowledge of the occurrence. The CRU will either 
telephone the repmi to the Sponsor's Medical Monitor or transmit by email or facsimile a SAE 
Repmi to the Sponsor's Medical Monitor of the Sponsor's representative. If the initial report is 
made via telephone, a completed SAE report (SAER) must be emailed or faxed within 24 hours 
of the CRU' s knowledge of the event. Investigational sites will be provided with the necessary 
forms. 


The SAE information phoned/emailed/faxed to the Sponsor or the Sponsor's representative will 
include the following (as available): 


• Subject identification, Investigator name 
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• SAE information: event term, onset date, severity, and casual relationship 


• Basic demographic information (e.g., age, gender, weight) 


• The outcomes attributable to the event (death, a life-threatening adverse drug experience, 
inpatient hospitalization or prolongation of existing hospitalization, a persistent or 
significant disability/incapacity, other important medical event[ s]) 


• The first and last dates ofiP administration, if applicable 


• A statement whether IP was discontinued or IP administration schedule modified 


• A statement whether event recurred after reintroduction of IP if administration had been 
discontinued or withheld 


• Supplemental information may include the following hospital records: laboratory results, 
progress notes, admission and emergency room notes, observation notes, discharge 
summaries, autopsy reports, and death certificates, etc. 


The SAER should be emailed/faxed within 24 hours with as much of the above information as 
available at the time. Supplemental information may be transmitted using a follow-up report and 
should not delay the initial report. 


For regulatory purposes, initial reports of SAEs should be transmitted within the prescribed time 
frame as long as the following minimum information is available: subject identification, suspect 
IP, reporting source, and an event or outcome that can be identified as being both serious and 
unexpected for which the Investigator can make a relationship assessment. 


The SAE report will be sent Dr Stephen Lambert, Medical Epidemiologist, Queensland 
Department of Health. 
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This is a randomized, parallel arm, double-blind, placebo-controlled study designed to determine 
the safety, tolerability, and PK of mAb m 102.4 in healthy subjects. No formal hypothesis tests 
will be conducted in this study. The statistical analysis will comprise summary descriptive 
statistics of the 5 dose groups and placebo group over the time points of observation. For 
continuous variables, the summary statistics will include: the number of observations, number of 
missing observations, mean, median, standard deviation, interquartile range, minimum and 
maximum. The interquartile range, minimum and maximum values will be presented to the 
same number of decimal places as recorded in the CRF. Mean, median and standard deviation 
will be presented to 1 more decimal place than the raw data. For binary or categorical variables 
the summary statistics will include frequency counts and percentages. Percentages will be 
rounded to 1 decimal place, with the denominator being the number of subjects in the relevant 
population, unless otherwise stated. All confidence intervals reported will be two-sided 95% 
confidence levels. 


Subjects who withdraw from the study, for any reason, prior to study completion will have all 
data applied to planned analyses, regardless of treatment duration, up to the point of 
discontinuation. 


Planned change from baseline analyses will utilize the last available assessment prior to drug 
administration as the baseline value. If the subject has a missing baseline assessment then that 
subject will be excluded from any change from baseline analysis. 


All planned analyses will be completed using SAS Software® (version 9.1 or greater), unless 
otherwise specified. 


A comprehensive statistical analysis plan will be completed that will describe the full details of 
prospective analyses for the study. 


8.2 Sample Size 


The sample size for this study was not based on statistical power calculation, but is consistent 
with the typical sample size used for similar studies to assess preliminary safety, PK and 
immunogenicity data. If a safety signal occurred in 25% of randomly selected subjects, then 
with 6 subjects in each dose cohort, the probability of observing the safety signal in at least one 
patient equals 0.82, which is judged to be adequate power. 
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Safety Population: The Safety population shall consist of all randomized subjects who receive 
at least one dose of IP whether a complete dose or not. The Safety Population will be analyzed 
as treated regardless of the randomized treatment. 


Pharmacokinetic Population: The PK population will comprise all randomized and dosed 
subjects who have sufficient observed plasma concentrations to allow calculation of the PK 
parameters. PK parameters will be calculated for mAb ml 02.4 based on the actual treatment 
received. A review of the plasma samples obtained will be completed by a pharmacokineticist to 
determine if sufficient samples exist for each subject to allow for computation ofPK parameters. 
A listing will be provided of excluded subjects, with the reason for exclusion for the PK 
population. 


8.4 Safety Analyses 


Safety analyses will be conducted on the safety population and summarized by the 5 dose 
cohorts and placebo cohort. 


AEs will be grouped by the Medical Dictionary for Regulatory Activities (MedDRA) system 
organ class and preferred term. The summary tables will present the number and percentage of 
subjects and number of events, by system organ class and preferred term. AE summaries will be 
by 5 dose cohorts and placebo cohort. For each subject, the maximum severity of each AE that 
is mapped to the same preferred term will be considered in the summaries. In addition, separate 
summaries will be provided for AEs by severity and relationship to IP. SAEs and AEs that lead 
to premature discontinuation or death will be listed separately. 


Safety laboratory data (hematology, biochemistry, coagulation and urinalysis), vital signs, weight 
and ECG data will be summarized by time points and the 5 dose cohorts and placebo cohort. 
Shifts from normal to abnormal will be summarized for ECG, hematology, biochemistry, 
coagulation, selected urinalysis parameters and selected vital signs parameters. 


Physical examination, and pregnancy test data may be listed only. All safety parameters will be 
presented for individual subjects in data listings. 


8.5 PK Analyses 


PK parameters will be calculated for each subject using actual sampling times and standard 
non-compartmental methods. In all calculations, concentrations below the quantification limit 
will be set to zero. 


Individual and mean plasma mAb m102.4 concentrations at each sampling time point will be 
summarized in a graphical and tabular manner by dose cohort, and time. Individual and mean 
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concentrations versus time plots will be depicted on linear and semi-logarithmic scales. 
Summary statistics (including means, geometric mean, ranges, standard deviation, and 
coefficients of variation) ofmAb m102.4 plasma concentration by time point and PK parameters 
will be presented. 


8.6 Missing Data 


There will be no imputation for missing data. 


8.7 Interim Analyses 


PK data through Day 43 for Cohort 1 will be analyzed in at least 6 of the 8 subjects. 
Additionally, PK data for Cohorts 1-4 will be analyzed at the end of Cohort 4, before Cohort 5 
will be dosed. 
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This study will be conducted under a protocol reviewed by an Human Research Ethics 
Committee (HREC), the study is to be conducted by scientifically and medically qualified 
persons, the benefits of the study are in proportion to the risks, the rights and welfare of the 
subjects will be respected, the physicians conducting the study will ensure that the hazards do not 
outweigh the potential benefits and the results to be reported will be accurate. The study will 
conform to ICH GCP guidelines, the ethical principles that have their origin in the Declaration of 
Helsinki, and all applicable regulatory requirements. 


9.1.2 Informed Consent 


All subjects for this study will be provided a consent form describing this study and providing 
sufficient information for subjects to make an informed decision about their participation in this 
study. The Investigator or his/her designee will fully explain in layman's terms the nature of the 
study, along with the aims, methods, anticipated benefits, potential risks, and any discomfort 
participation may entail. 


This consent form will be submitted with the protocol for review and approval by the HREC. 
The Investigator is responsible for obtaining the formal consent of a subject (competent to do so 
and not under duress), using the approved Informed Consent Form (ICF). Consent will be 
obtained before the subject undergoes any study procedure(s). This ICF must be signed by the 
subject or legally acceptable representative, and the Investigator-designated study personnel 
obtaining the consent. A copy of the signed ICF will be given to the subject and the original 
retained by the Investigator with the site's copy of the CRFs. 


9.1.3 Human Research Ethics Committee Approval 


The PI at the site is responsible for obtaining written HREC approval for the final protocol, 
Sponsor-approved ICF, subject information sheet and any advertisements to recruit subjects or 
tools used by subjects during the study. Written approval for these documents must be obtained 
from the committee before any subject is enrolled. The PI is also responsible for: 


• Obtaining HREC approval for any protocol amendments and ICF revisions before 
implementing the changes. 


• Providing the HREC with any required information before or during the study. 
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• Submitting progress reports to the HREC, as required, during the duration of the study. 


• Notifying the HREC of all serious and unexpected AEs reported by the Sponsor. 


9.2 Data Handling and Record Keeping 


9.2.1 Data Collection and Reporting 


The Investigator must maintain required documents for all study subjects. Data for this study 
will be recorded in the subject's source documents and on the CRFs. The source documents are 
to be separate and distinct from the CRFs, except for cases in which the Sponsor has 
predetermined that direct data entry into specified pages of the subject's CRF is appropriate. 


All data on these CRFs should be recorded completely and promptly. A copy of the completed 
CRFs for each subject will be retained by the CRU. 


9.2.2 Monitoring 


All aspects of the study will be monitored carefully by the Sponsor's designees with respect to 
current GCP and standard operating procedures (SOPs) for compliance with applicable 
government regulations, the study protocol and Investigator's obligations. It is the responsibility 
of the Investigator to provide all study records, including CRFs, source documents, among other 
records, for review and inspection by the monitor. 


All CRFs will be 100% source verified against corresponding source documentation for each 
subject. Monitors will periodically evaluate the progress of the study, including the verification 
of the accuracy and completeness of the CRFs. The completed CRFs must be promptly 
reviewed, signed and dated by a qualified physician who is an investigator on the study. 


9.2.3 Study Records Retention 


A file for each subject is maintained, and it includes the signed ICF and the copies of all source 
documents for that subject. Investigators are required to maintain all documentation, including 
documents in electronic format, for a minimum of 15 years following the end of the study. The 
Investigator must inform the Sponsor immediately if any documents are to be destroyed, 
transferred to a different facility or transferred to a different owner. The Sponsor will notify the 
site if the trial records are no longer needed. 


The study may be selected for an audit to inspect the facilities and review the study-related 
records in order to evaluate the trial conduct and compliance with the protocol, ICH, GCP and 
applicable regulatory requirements. 
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The Sponsor has provided a Medicines Australia Form of Indemnity for Clinical Trials in the 
standard form. The Sponsor has agreed to indemnify and hold harmless Q-Pharm Pty Ltd and its 
employees, agents in respect of and against all claims and proceedings made or brought by or on 
behalf of Participants for personal injury to Participants arising out of or relating to the 
administration and/or use of the products under investigation or any clinical intervention or 
procedure provided for or required by the Protocol to which the Participants would not have been 
exposed but for the participation of the Participants in the Study. The indemnity provided by the 
Sponsor does not extend to any claim or proceeding to the extent that: 


a) such personal injury is caused by the negligent or wrongful acts or omissions or breach of 
statutory duty by those indemnified; and 


b) such personal injury is caused by the failure of Q-Pharm Pty Ltd, its employees or agents 
to conduct the Study in accordance with the Protocol. 


If injury is suffered by a Participant while participating in the Study, the Sponsor agrees to 
adhere to the 'Guidelines for Compensation for Injury Resulting From Participation m a 
Company-sponsored Clinical Trial' published by Medicines Australia ('Guidelines'). 


The Sponsor will ensure that it maintains sufficient insurance to enable it to provide the 
indemnity referred to above and comply with the Guidelines. 


9.4 Use of Information 


All information not previously published concerning the test product and Queensland 
Department of Health is considered confidential and is the sole property of Queensland 
Department of Health. Site personnel agree to use this information only in connection with this 
study and will not use it for other purposes without written permission from Queensland 
Department of Health. 


9.5 Data Disclosure and Subject Confidentiality 


In order to maintain subject confidentiality, all CRFs, study reports and communications that 
relate to the study, will identify subjects by their initials and assigned subject numbers. Subjects 
will not be identified by name. The laboratory samples, forms, report or any other records that 
leave the site will only be identified by a code in order to maintain subject confidentiality. 
Records are to be kept in a locked facility. 


The Investigator will allow the Sponsor or their designee's access to all pertinent records in order 
to verify the data gather on the CRFs. This access is in accordance to local, national and federal 
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regulations. Regulatory authorities might also request access to the study records, including the 
source documents. Clinical information will not be released without the written permission of 


the subject as outlined in the subject consent form. 


9.6 Publication Policy 


It is agreed that before publication of any study-related data, Queensland Depmtment of Health 


will be given the opportunity to review and comment upon any manuscript that contains data 
derived from this study. 
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I have read and understand the attached Final protocol entitled A Phase I, Randomized, 
Double-blind, Placebo-controlled Study of the Safety, Tolerability, Pharmacokinetics and 
Immunogenicity of Various Dosing Regimens of Intravenous anti-Hendra Virus Antibody 
(mAb ml02.4) in Healthy Subjects dated, 25 August 2014 and agree to abide by all described 
protocol procedures. I agree to comply with: 


• The World Medical Association Declaration ofHelsinki: Ethical Principles for Medical 
Research Involving Human Subjects, 


• The ICH Tripartite Guidelines on GCP, 


• NHMRC National Statement on Ethical Conduct in Human Research (2007) - Updated 
December 2013, 


• Local Institutional Review Board (IRB) guidelines and policies. 


Principal Investigator Signature: 


Principal Investigator Name: Dr. Geoffrey Playford 


Date: _,_/ 1_;20 14 
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Introduction 

As part of implementing the World Health Organization’s (WHO’s)R&D Blueprint for 

Action to Prevent Epidemics(WHO 2016), in 2017 WHO embarked on a process to generate a 

research and development (R&D) roadmap for medical countermeasures (diagnostics, 

therapeutics, and vaccines) aimed at human infections caused by Nipah virus (NiV). WHO 

considers NiV a priority pathogen because of its disease severity, the potential for broad global 

spread of the virus, and the lack of available medical countermeasures. The entire roadmap can 

be found in the Supplemental Appendix and this report provides a summary of key highlights. 

NiV, a paramyxovirus of the Henipavirus genus,was first identified after an outbreak of 

respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 

Singapore in 1998-1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000). No additional 

outbreaks have been reported in these countries; however, since 2001 outbreaks of NiV infection 

have occurred nearly annually in Bangladesh (Hsu 2004, WHO 2018). Outbreaks also have 

recently been recognized in India (Arunkumar 2019, Sharma 2018, Chattu 2018) and a possible 

NiV outbreak occurred in the Philippines in 2014 (Ching 2015).NiV infection is most commonly 

associated with severe, rapidly progressive encephalitis,which may be of late onset or relapsing 

(Goh 2000, Hossain 2008, Tan 2002). Some patients also have respiratory involvement or 

respiratory illness only, which can progress to acute respiratory distress syndrome (Hossain 

2008, Paton 1999). The case-fatality rate is estimated at 40% to 75% (Hossain 2008, WHO 

2019). 

Fruit bats of the Pteropus genus, which have a wide geographic range, are considered the 

primary natural reservoir for NiV. Evidence of NiV infection has been found in Pteropus bat 
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species and other bat species in South Asia, Southeast Asia, the Western Pacific region, and 

Africa(Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 

2010,Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2019, Yob 2001). 

The wide potential range of the NiV natural reservoir raises concerns about the eventual 

occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may 

make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to 

lack of clinical experience with the condition and lack of available laboratory testing. Person-to-

person transmission is well-documented (Arunkumar 2019, Chadha 2006,Gurley 2007, Luby 

2009, Nikolay 2019) and respiratorytransmission via droplet spread may play an important role 

in propagating outbreaks (Nikolay 2019; Spiropoulou 2019). Concern has been raised about the 

pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013). 

Cross-Cutting Issues  

A major challenge for development of NiV medical countermeasures is accessing 

adequate funding to support research. Economic incentives to invest in such research are not 

readily apparent because the disease primarily occurs in under-resourced areas of South Asia and 

reported disease incidence has, so far, been low with only small, sporadic outbreaks. Further 

efforts are needed to ensure that policy makers in affected countries and global stakeholders 

understand the potential health, societal, and economic benefits of devoting limited resources to 

improving NiV surveillance, detection, prevention, and control. To accomplish this, the risk 

profile for NiV and related henipaviruses needs to be further defined through improving disease 

surveillance in areas of known risk and obtaining prospective serosurveillance data on 

henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate 
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human populations in areas of predicted risk using a One Health approach (Chattu 2018, 

Kulkarni 2013). 

Optimization of relevant animal modelsis needed, particularly if investigators are 

required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] 

Animal Rule) to obtain regulatory approval of therapeutics or vaccines(Rockx 2014). Issues 

include: (1) determining the most appropriate animal model(s) for screening assay development; 

(2) standardizing the challenge strain and dosing parameters (including identifying the most 

appropriate lethal challenge dose); (3) determining when after challenge medical 

countermeasures should be administered to best mimic realistic timing of use in humans; (4) 

bridging data from animal models to humans;and (5) identifying the best models for studying 

chronic (relapsing) infection(Dhondt 2013, Johnston 2015, Mathieu 2015, Mire 2019). Currently, 

the African green monkey is considered the most relevant animal model for evaluating candidate 

therapeutics and vaccines intended for human use (Bossart 2012, Geisbert 2010, Johnston 2015); 

however, costs, space requirements, and ethical concernsconstrain its use.  

To inform NiV medical countermeasure development, additional researchalso is needed 

on the virology, immunology, and pathogenesis of NiV in humans and animals. Important topics 

include evaluating pathophysiologic differences between different NiV strains, determining 

mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 

recurrent encephalitis, identifying factors influencing development of permanent neurological 

sequelae, and further characterizing cell-mediated and humoral immune responses to 

infection.Standardized and well-characterized assays, reagents, antibodies, nucleic acids, and 

NiV challenge strains are also needed to advance research for medical 

countermeasures(Satterfield 2016). 
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Diagnostics 

The most commonly used methods for diagnosing NiV infection includeenzyme-linked 

immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies and real time-

polymerase chain reaction (RT-PCR) nucleic acid testing (Chadha 2006, Guillaume 2004,Gurley 

2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009, Mazzola 2019). Most laboratories use in-

house NiV assays; also only a few commercial PCR kits are available and there is only one 

commercial source for reagents for ELISA testing (Mazzola 2019). More recently,neutralization 

assays using non-infectious pseudotyped virus particleshave been developed, which can be used 

under biosafety level 2 (BSL-2) conditions in laboratories with limited diagnostic 

capabilities(Bae 2019,Kaku 2009, Kaku 2012, Tamin 2009). Newer technologies are under 

investigation, such as antigen-capture ELISAs using monoclonal antibodies (Chiang 2010) and 

reverse transcription-loop-mediated isothermal amplification(RT-LAMP) (Ma 2019); however, 

more information is needed regarding their performance characteristics, particularly under field 

conditions.  

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation. Furthermore, laboratory 

infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 

2013, Wang 2012);thus, etiologic diagnosis is not always pursued. Rapid point-of-care or near-

patient diagnostic tests that involve minimal requirements for laboratory infrastructure and are 

affordable are needed to identify cases quickly, promote outbreak detection, ensure timely 

implementation of infection control measures, and ultimately improve patient outcomes once 

therapeutic options become available.   
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Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samplesis needed to move NiV diagnostic 

testing forward. Development of a repository requires addressing complex issues such as 

determining the governance structure, establishing protocols for sample collection and 

maintenance, and prioritizing use and access to samples. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays. 

Therapeutics 

Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients. Comparison of outcomes using 54 historical controls found a lower 

mortality rate among treated patients (Chong 2001); however, findings may have been biased by 

use of historical controls.No additional clinical studies using ribavirin have been conducted and 

limited studies in animal models have not demonstrated efficacy following NiV or Hendra virus 

challenge(Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may have utility for post-

exposure prophylaxis (PEP) (Banerjee 2019). 

A promising therapeutic option is monoclonal antibodies (mAbs) against viral envelope 

proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004).The 

human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 

2014, Bossart 2009) and has been provided under compassionate use for a small number of 

individuals exposed to henipaviruses (Broder 2013). Other potential options for NiV treatment 

include favipiravir, fusion inhibitory peptides, and remdesivir (GS-5734). Initial animal model 
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studies involving these agents have reported favorable results (Dawes 2018, Mathieu 2018, Lo 

2019); however, additional preclinical data are needed to further assess their utility. 

Additional considerations for NiV therapeutics include: (1) expanding the therapeutic drug 

pipeline for treatment of NiV by supporting basic science research toward discovery of 

additional novel agents; (2) obtaining additional preclinical and clinical data on the safety, 

tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most 

promisingtreatments;(3) ensuring that vetted and approved protocols for conducting clinical 

efficacy trials of promising therapeutics are in place in at-risk countries to be implemented 

during future NiV outbreaks; and (4) determining which agents may be appropriate for PEP, 

what types of exposures warrant PEP, and the feasibility of PEP distribution in endemic areas. 

A limiting constraint to assessing the effectiveness of promising therapies is the number 

of patients with NiV infection who can be enrolled in clinical trials, given the small number of 

cases that occur each year. To address this concern, a transparent and collaborative process is 

needed to determine which agents are most appropriate for study in future clinical trials and how 

to best allocate scarce resources. 

Vaccines 

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 

development include creating a subunit vaccine against one or both of the outer-membrane 
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proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles 

virus,Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus 

(Broder 2013, Keshwara 2019, Satterfield 2016).  

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 

sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 

conducting ethical and scientifically valid clinical trials whenever possible, alternative regulatory 

pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial 

designs (e.g., randomized controlled trials) are not feasible. 

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be 

standardized.Second, additional research is needed regarding the innate, cell-mediated, and 

humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, 

Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of 

protection against NiV infection (Satterfield 2016), research should focus primarily on the 

Commented [Shahana3]: Also rapid diagnosis of the 
suspected cases 
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humoral immune response for driving vaccine development. Third, further work in animal 

models is needed to determine if vaccine candidates are cross-protective between different NiV 

strains, including recently identified strains; only a few studies demonstrating cross-protection 

have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting 

may be useful increating a current estimate of the reproductive number for NiV, gauging the 

potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

Conclusion 

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures. NiV infection is 

likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or 

near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or 

suspected NiV spillover will improve understanding of the true burden of NiV disease. These 

efforts, in turn, may provide information to further support the public health value proposition 

for NiV medical countermeasure development and, by increasing case detection, may enhance 

feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.   
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Introduction

As part of implementing the World Health Organization’s (WHO’s)R&D Blueprint for Action to Prevent Epidemics(WHO 2016), in 2017 WHO embarked on a process to generate a research and development (R&D) roadmap for medical countermeasures (diagnostics, therapeutics, and vaccines) aimed at human infections caused by Nipah virus (NiV). WHO considers NiV a priority pathogen because of its disease severity, the potential for broad global spread of the virus, and the lack of available medical countermeasures. The entire roadmap can be found in the Supplemental Appendix and this report provides a summary of key highlights.	Comment by Shahana: To give more specific feature, may phrase ‘rate of high case fatality’ 

NiV, a paramyxovirus of the Henipavirus genus,was first identified after an outbreak of respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998-1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000). No additional outbreaks have been reported in these countries; however, since 2001 outbreaks of NiV infection have occurred nearly annually in Bangladesh (Hsu 2004, WHO 2018). Outbreaks also have recently been recognized in India (Arunkumar 2019, Sharma 2018, Chattu 2018) and a possible NiV outbreak occurred in the Philippines in 2014 (Ching 2015).NiV infection is most commonly associated with severe, rapidly progressive encephalitis,which may be of late onset or relapsing (Goh 2000, Hossain 2008, Tan 2002). Some patients also have respiratory involvement or respiratory illness only, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 1999). The case-fatality rate is estimated at 40% to 75% (Hossain 2008, WHO 2019).

Fruit bats of the Pteropus genus, which have a wide geographic range, are considered the primary natural reservoir for NiV. Evidence of NiV infection has been found in Pteropus bat species and other bat species in South Asia, Southeast Asia, the Western Pacific region, and Africa(Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010,Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2019, Yob 2001). The wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. Person-to-person transmission is well-documented (Arunkumar 2019, Chadha 2006,Gurley 2007, Luby 2009, Nikolay 2019) and respiratorytransmission via droplet spread may play an important role in propagating outbreaks (Nikolay 2019; Spiropoulou 2019). Concern has been raised about the pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013).

Cross-Cutting Issues 

A major challenge for development of NiV medical countermeasures is accessing adequate funding to support research. Economic incentives to invest in such research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. Further efforts are needed to ensure that policy makers in affected countries and global stakeholders understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control. To accomplish this, the risk profile for NiV and related henipaviruses needs to be further defined through improving disease surveillance in areas of known risk and obtaining prospective serosurveillance data on henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate human populations in areas of predicted risk using a One Health approach (Chattu 2018, Kulkarni 2013).	Comment by Shahana: May include early/rapid detection

Optimization of relevant animal modelsis needed, particularly if investigators are required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval of therapeutics or vaccines(Rockx 2014). Issues include: (1) determining the most appropriate animal model(s) for screening assay development; (2) standardizing the challenge strain and dosing parameters (including identifying the most appropriate lethal challenge dose); (3) determining when after challenge medical countermeasures should be administered to best mimic realistic timing of use in humans; (4) bridging data from animal models to humans;and (5) identifying the best models for studying chronic (relapsing) infection(Dhondt 2013, Johnston 2015, Mathieu 2015, Mire 2019). Currently, the African green monkey is considered the most relevant animal model for evaluating candidate therapeutics and vaccines intended for human use (Bossart 2012, Geisbert 2010, Johnston 2015); however, costs, space requirements, and ethical concernsconstrain its use. 

To inform NiV medical countermeasure development, additional researchalso is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. Important topics include evaluating pathophysiologic differences between different NiV strains, determining mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to infection.Standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains are also needed to advance research for medical countermeasures(Satterfield 2016).

Diagnostics

The most commonly used methods for diagnosing NiV infection includeenzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies and real time-polymerase chain reaction (RT-PCR) nucleic acid testing (Chadha 2006, Guillaume 2004,Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009, Mazzola 2019). Most laboratories use in-house NiV assays; also only a few commercial PCR kits are available and there is only one commercial source for reagents for ELISA testing (Mazzola 2019). More recently,neutralization assays using non-infectious pseudotyped virus particleshave been developed, which can be used under biosafety level 2 (BSL-2) conditions in laboratories with limited diagnostic capabilities(Bae 2019,Kaku 2009, Kaku 2012, Tamin 2009). Newer technologies are under investigation, such as antigen-capture ELISAs using monoclonal antibodies (Chiang 2010) and reverse transcription-loop-mediated isothermal amplification(RT-LAMP) (Ma 2019); however, more information is needed regarding their performance characteristics, particularly under field conditions. 

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the diagnosis often is not considered at the time of presentation. Furthermore, laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012);thus, etiologic diagnosis is not always pursued. Rapid point-of-care or near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure and are affordable are needed to identify cases quickly, promote outbreak detection, ensure timely implementation of infection control measures, and ultimately improve patient outcomes once therapeutic options become available.  

Development of new diagnostics is impeded by lack of clinical samples for assay assessment and validation; therefore, a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samplesis needed to move NiV diagnostic testing forward. Development of a repository requires addressing complex issues such as determining the governance structure, establishing protocols for sample collection and maintenance, and prioritizing use and access to samples. A target product profile (TPP) for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics also is needed to guide the development of promising new diagnostic assays.

Therapeutics

Safe, well-tolerated, and effective therapeutic agents are not readily available for treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used to treat 140 patients. Comparison of outcomes using 54 historical controls found a lower mortality rate among treated patients (Chong 2001); however, findings may have been biased by use of historical controls.No additional clinical studies using ribavirin have been conducted and limited studies in animal models have not demonstrated efficacy following NiV or Hendra virus challenge(Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may have utility for post-exposure prophylaxis (PEP) (Banerjee 2019).

[bookmark: _GoBack]A promising therapeutic option is monoclonal antibodies (mAbs) against viral envelope proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004).The human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 2014, Bossart 2009) and has been provided under compassionate use for a small number of individuals exposed to henipaviruses (Broder 2013). Other potential options for NiV treatment include favipiravir, fusion inhibitory peptides, and remdesivir (GS-5734). Initial animal model studies involving these agents have reported favorable results (Dawes 2018, Mathieu 2018, Lo 2019); however, additional preclinical data are needed to further assess their utility.

Additional considerations for NiV therapeutics include: (1) expanding the therapeutic drug pipeline for treatment of NiV by supporting basic science research toward discovery of additional novel agents; (2) obtaining additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promisingtreatments;(3) ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and (4) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, and the feasibility of PEP distribution in endemic areas.

A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that occur each year. To address this concern, a transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials and how to best allocate scarce resources.

Vaccines

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generating new NiV vaccines, which creates an important barrier to ensuring that safe and effective NiV vaccines are made available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines are still in preclinical stages of research. The two primary approaches for NiV vaccine development include creating a subunit vaccine against one or both of the outer-membrane proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus,Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 2013, Keshwara 2019, Satterfield 2016). 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on conducting ethical and scientifically valid clinical trials whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial designs (e.g., randomized controlled trials) are not feasible.	Comment by Shahana: Also rapid diagnosis of the suspected cases

Additional research is needed in several areas to support development of NiV vaccines. First, identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed, particularly to expedite possible licensing through nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized.Second, additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection against NiV infection (Satterfield 2016), research should focus primarily on the humoral immune response for driving vaccine development. Third, further work in animal models is needed to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be useful increating a current estimate of the reproductive number for NiV, gauging the potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017).

Conclusion

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the next 5 years to accelerate the development of NiV medical countermeasures. NiV infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or suspected NiV spillover will improve understanding of the true burden of NiV disease. These efforts, in turn, may provide information to further support the public health value proposition for NiV medical countermeasure development and, by increasing case detection, may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas. 
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Introduction  

As part of implementing the World Health Organization’s (WHO’s) R&D Blueprint for 

Action to Prevent Epidemics (WHO 2016), in 2017 WHO embarked on a process to generate a 

research and development (R&D) roadmap for medical countermeasures (diagnostics, 

therapeutics, and vaccines) aimed at human infections caused by Nipah virus (NiV). WHO 

considers NiV a priority pathogen because of its disease severity, the potential for broad global 

spread of the virus, and the lack of available medical countermeasures. The entire roadmap can 

be found in the Supplemental Appendix and this report provides a summary of key highlights. 

NiV, a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of 

respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 

Singapore in 1998-1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000). No additional 

outbreaks have been reported in these countries; however, since 2001 outbreaks of NiV infection 

have occurred nearly annually in Bangladesh (Hsu 2004, WHO 2018). Outbreaks also have 

recently been recognized in India (Arunkumar 2019, Sharma 2018, Chattu 2018) and a possible 

NiV outbreak occurred in the Philippines in 2014 (Ching 2015). NiV infection is most 

commonly associated with severe, rapidly progressive encephalitis, which may be of late onset 

or relapsing (Goh 2000, Hossain 2008, Tan 2002). Some patients also have respiratory 

involvement or respiratory illness only, which can progress to acute respiratory distress 

syndrome (Hossain 2008, Paton 1999). The case-fatality rate is estimated at 40% to 75% 

(Hossain 2008, WHO 2019). 

Fruit bats of the Pteropus genus, which have a wide geographic range, are considered the 

primary natural reservoir for NiV. Evidence of NiV infection has been found in Pteropus bat 

Commented [MR1]: Disease severity can be measured by 
hospitalization rate, ICU care rate and CFR. In my opinion WHO 
considered it due to high CFR therefore, I would propose to use 
high CRF instead of Disease severity to be more specific. 

Commented [MR2]: Currently, it is average 72% and may give 
rise to 100%. 



June 2019 
 

4 
 

species and other bat species in South Asia, Southeast Asia, the Western Pacific region, and 

Africa (Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, 

Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2019, Yob 2001). The 

wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence 

of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate 

and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 

experience with the condition and lack of available laboratory testing. Person-to-person 

transmission is well-documented (Arunkumar 2019, Chadha 2006, Gurley 2007, Luby 2009, 

Nikolay 2019) and respiratory transmission via droplet spread may play an important role in 

propagating outbreaks (Nikolay 2019; Spiropoulou 2019). Concern has been raised about the 

pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013). 

Cross-Cutting Issues  

A major challenge for development of NiV medical countermeasures is accessing 

adequate funding to support research. Economic incentives to invest in such research are not 

readily apparent because the disease primarily occurs in under-resourced areas of South Asia and 

reported disease incidence has, so far, been low with only small, sporadic outbreaks. Further 

efforts are needed to ensure that policy makers in affected countries and global stakeholders 

understand the potential health, societal, and economic benefits of devoting limited resources to 

improving NiV surveillance, detection, prevention, and control. To accomplish this, the risk 

profile for NiV and related henipaviruses needs to be further defined through improving disease 

surveillance in areas of known risk and obtaining prospective serosurveillance data on 

henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate 
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human populations in areas of predicted risk using a One Health approach (Chattu 2018, 

Kulkarni 2013). 

Optimization of relevant animal models is needed, particularly if investigators are 

required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] 

Animal Rule) to obtain regulatory approval of therapeutics or vaccines (Rockx 2014). Issues 

include: (1) determining the most appropriate animal model(s) for screening assay development; 

(2) standardizing the challenge strain and dosing parameters (including identifying the most 

appropriate lethal challenge dose); (3) determining when after challenge medical 

countermeasures should be administered to best mimic realistic timing of use in humans; (4) 

bridging data from animal models to humans; and (5) identifying the best models for studying 

chronic (relapsing) infection (Dhondt 2013, Johnston 2015, Mathieu 2015, Mire 2019). 

Currently, the African green monkey is considered the most relevant animal model for evaluating 

candidate therapeutics and vaccines intended for human use (Bossart 2012, Geisbert 2010, 

Johnston 2015); however, costs, space requirements, and ethical concerns constrain its use.   

To inform NiV medical countermeasure development, additional research also is needed 

on the virology, immunology, and pathogenesis of NiV in humans and animals. Important topics 

include evaluating pathophysiologic differences between different NiV strains, determining 

mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 

recurrent encephalitis, identifying factors influencing development of permanent neurological 

sequelae, and further characterizing cell-mediated and humoral immune responses to infection. 

Standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV 

challenge strains are also needed to advance research for medical countermeasures (Satterfield 

2016). 
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Diagnostics 

The most commonly used methods for diagnosing NiV infection include enzyme-linked 

immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies and real time-

polymerase chain reaction (RT-PCR) nucleic acid testing (Chadha 2006, Guillaume 2004, 

Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009, Mazzola 2019). Most laboratories 

use in-house NiV assays; also only a few commercial PCR kits are available and there is only 

one commercial source for reagents for ELISA testing (Mazzola 2019). More recently, 

neutralization assays using non-infectious pseudotyped virus particles have been developed, 

which can be used under biosafety level 2 (BSL-2) conditions in laboratories with limited 

diagnostic capabilities (Bae 2019, Kaku 2009, Kaku 2012, Tamin 2009). Newer technologies are 

under investigation, such as antigen-capture ELISAs using monoclonal antibodies (Chiang 2010) 

and reverse transcription-loop-mediated isothermal amplification (RT-LAMP) (Ma 2019); 

however, more information is needed regarding their performance characteristics, particularly 

under field conditions.  

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation. Furthermore, laboratory 

infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 

2013, Wang 2012); thus, etiologic diagnosis is not always pursued. Rapid point-of-care or near-

patient diagnostic tests that involve minimal requirements for laboratory infrastructure and are 

affordable are needed to identify cases quickly, promote outbreak detection, ensure timely 

implementation of infection control measures, and ultimately improve patient outcomes once 

therapeutic options become available.   
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Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic 

testing forward. Development of a repository requires addressing complex issues such as 

determining the governance structure, establishing protocols for sample collection and 

maintenance, and prioritizing use and access to samples. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays.  

Therapeutics 

Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients. Comparison of outcomes using 54 historical controls found a lower 

mortality rate among treated patients (Chong 2001); however, findings may have been biased by 

use of historical controls. No additional clinical studies using ribavirin have been conducted and 

limited studies in animal models have not demonstrated efficacy following NiV or Hendra virus 

challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may have utility for post-

exposure prophylaxis (PEP) (Banerjee 2019). 

A promising therapeutic option is monoclonal antibodies (mAbs) against viral envelope 

proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). The 

human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 

2014, Bossart 2009) and has been provided under compassionate use for a small number of 

individuals exposed to henipaviruses (Broder 2013). Other potential options for NiV treatment 

include favipiravir, fusion inhibitory peptides, and remdesivir (GS-5734). Initial animal model 
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studies involving these agents have reported favorable results (Dawes 2018, Mathieu 2018, Lo 

2019); however, additional preclinical data are needed to further assess their utility.  

Additional considerations for NiV therapeutics include: (1) expanding the therapeutic drug 

pipeline for treatment of NiV by supporting basic science research toward discovery of 

additional novel agents; (2) obtaining additional preclinical and clinical data on the safety, 

tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising 

treatments; (3) ensuring that vetted and approved protocols for conducting clinical efficacy trials 

of promising therapeutics are in place in at-risk countries to be implemented during future NiV 

outbreaks; and (4) determining which agents may be appropriate for PEP, what types of 

exposures warrant PEP, and the feasibility of PEP distribution in endemic areas. 

A limiting constraint to assessing the effectiveness of promising therapies is the number 

of patients with NiV infection who can be enrolled in clinical trials, given the small number of 

cases that occur each year. To address this concern, a transparent and collaborative process is 

needed to determine which agents are most appropriate for study in future clinical trials and how 

to best allocate scarce resources.  

Vaccines  

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 

development include creating a subunit vaccine against one or both of the outer-membrane 
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proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, 

Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 

2013, Keshwara 2019, Satterfield 2016).  

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 

sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 

conducting ethical and scientifically valid clinical trials whenever possible, alternative regulatory 

pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial 

designs (e.g., randomized controlled trials) are not feasible.  

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be standardized. 

Second, additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, 

Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection 

against NiV infection (Satterfield 2016), research should focus primarily on the humoral immune 
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response for driving vaccine development. Third, further work in animal models is needed to 

determine if vaccine candidates are cross-protective between different NiV strains, including 

recently identified strains; only a few studies demonstrating cross-protection have been 

performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be 

useful in creating a current estimate of the reproductive number for NiV, gauging the potential 

impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

Conclusion 

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures. NiV infection is 

likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or 

near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or 

suspected NiV spillover will improve understanding of the true burden of NiV disease. These 

efforts, in turn, may provide information to further support the public health value proposition 

for NiV medical countermeasure development and, by increasing case detection, may enhance 

feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.    
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Introduction 

As part of implementing the World Health Organization’s (WHO’s) R&D Blueprint for Action to Prevent Epidemics (WHO 2016), in 2017 WHO embarked on a process to generate a research and development (R&D) roadmap for medical countermeasures (diagnostics, therapeutics, and vaccines) aimed at human infections caused by Nipah virus (NiV). WHO considers NiV a priority pathogen because of its disease severity, the potential for broad global spread of the virus, and the lack of available medical countermeasures. The entire roadmap can be found in the Supplemental Appendix and this report provides a summary of key highlights.	Comment by Mahmudur Rahman: Disease severity can be measured by hospitalization rate, ICU care rate and CFR. In my opinion WHO considered it due to high CFR therefore, I would propose to use high CRF instead of Disease severity to be more specific.

NiV, a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998-1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000). No additional outbreaks have been reported in these countries; however, since 2001 outbreaks of NiV infection have occurred nearly annually in Bangladesh (Hsu 2004, WHO 2018). Outbreaks also have recently been recognized in India (Arunkumar 2019, Sharma 2018, Chattu 2018) and a possible NiV outbreak occurred in the Philippines in 2014 (Ching 2015). NiV infection is most commonly associated with severe, rapidly progressive encephalitis, which may be of late onset or relapsing (Goh 2000, Hossain 2008, Tan 2002). Some patients also have respiratory involvement or respiratory illness only, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 1999). The case-fatality rate is estimated at 40% to 75% (Hossain 2008, WHO 2019).	Comment by Mahmudur Rahman: Currently, it is average 72% and may give rise to 100%.

Fruit bats of the Pteropus genus, which have a wide geographic range, are considered the primary natural reservoir for NiV. Evidence of NiV infection has been found in Pteropus bat species and other bat species in South Asia, Southeast Asia, the Western Pacific region, and Africa (Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2019, Yob 2001). The wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. Person-to-person transmission is well-documented (Arunkumar 2019, Chadha 2006, Gurley 2007, Luby 2009, Nikolay 2019) and respiratory transmission via droplet spread may play an important role in propagating outbreaks (Nikolay 2019; Spiropoulou 2019). Concern has been raised about the pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013).

Cross-Cutting Issues 

A major challenge for development of NiV medical countermeasures is accessing adequate funding to support research. Economic incentives to invest in such research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. Further efforts are needed to ensure that policy makers in affected countries and global stakeholders understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control. To accomplish this, the risk profile for NiV and related henipaviruses needs to be further defined through improving disease surveillance in areas of known risk and obtaining prospective serosurveillance data on henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate human populations in areas of predicted risk using a One Health approach (Chattu 2018, Kulkarni 2013).

Optimization of relevant animal models is needed, particularly if investigators are required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval of therapeutics or vaccines (Rockx 2014). Issues include: (1) determining the most appropriate animal model(s) for screening assay development; (2) standardizing the challenge strain and dosing parameters (including identifying the most appropriate lethal challenge dose); (3) determining when after challenge medical countermeasures should be administered to best mimic realistic timing of use in humans; (4) bridging data from animal models to humans; and (5) identifying the best models for studying chronic (relapsing) infection (Dhondt 2013, Johnston 2015, Mathieu 2015, Mire 2019). Currently, the African green monkey is considered the most relevant animal model for evaluating candidate therapeutics and vaccines intended for human use (Bossart 2012, Geisbert 2010, Johnston 2015); however, costs, space requirements, and ethical concerns constrain its use.  

To inform NiV medical countermeasure development, additional research also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. Important topics include evaluating pathophysiologic differences between different NiV strains, determining mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to infection. Standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains are also needed to advance research for medical countermeasures (Satterfield 2016).

Diagnostics

The most commonly used methods for diagnosing NiV infection include enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies and real time-polymerase chain reaction (RT-PCR) nucleic acid testing (Chadha 2006, Guillaume 2004, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009, Mazzola 2019). Most laboratories use in-house NiV assays; also only a few commercial PCR kits are available and there is only one commercial source for reagents for ELISA testing (Mazzola 2019). More recently, neutralization assays using non-infectious pseudotyped virus particles have been developed, which can be used under biosafety level 2 (BSL-2) conditions in laboratories with limited diagnostic capabilities (Bae 2019, Kaku 2009, Kaku 2012, Tamin 2009). Newer technologies are under investigation, such as antigen-capture ELISAs using monoclonal antibodies (Chiang 2010) and reverse transcription-loop-mediated isothermal amplification (RT-LAMP) (Ma 2019); however, more information is needed regarding their performance characteristics, particularly under field conditions. 

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the diagnosis often is not considered at the time of presentation. Furthermore, laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); thus, etiologic diagnosis is not always pursued. Rapid point-of-care or near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure and are affordable are needed to identify cases quickly, promote outbreak detection, ensure timely implementation of infection control measures, and ultimately improve patient outcomes once therapeutic options become available.  

Development of new diagnostics is impeded by lack of clinical samples for assay assessment and validation; therefore, a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic testing forward. Development of a repository requires addressing complex issues such as determining the governance structure, establishing protocols for sample collection and maintenance, and prioritizing use and access to samples. A target product profile (TPP) for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics also is needed to guide the development of promising new diagnostic assays. 

Therapeutics

Safe, well-tolerated, and effective therapeutic agents are not readily available for treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used to treat 140 patients. Comparison of outcomes using 54 historical controls found a lower mortality rate among treated patients (Chong 2001); however, findings may have been biased by use of historical controls. No additional clinical studies using ribavirin have been conducted and limited studies in animal models have not demonstrated efficacy following NiV or Hendra virus challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may have utility for post-exposure prophylaxis (PEP) (Banerjee 2019).

A promising therapeutic option is monoclonal antibodies (mAbs) against viral envelope proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). The human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 2014, Bossart 2009) and has been provided under compassionate use for a small number of individuals exposed to henipaviruses (Broder 2013). Other potential options for NiV treatment include favipiravir, fusion inhibitory peptides, and remdesivir (GS-5734). Initial animal model studies involving these agents have reported favorable results (Dawes 2018, Mathieu 2018, Lo 2019); however, additional preclinical data are needed to further assess their utility. 

Additional considerations for NiV therapeutics include: (1) expanding the therapeutic drug pipeline for treatment of NiV by supporting basic science research toward discovery of additional novel agents; (2) obtaining additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising treatments; (3) ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and (4) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, and the feasibility of PEP distribution in endemic areas.

A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that occur each year. To address this concern, a transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials and how to best allocate scarce resources. 

Vaccines 

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generating new NiV vaccines, which creates an important barrier to ensuring that safe and effective NiV vaccines are made available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines are still in preclinical stages of research. The two primary approaches for NiV vaccine development include creating a subunit vaccine against one or both of the outer-membrane proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 2013, Keshwara 2019, Satterfield 2016). 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on conducting ethical and scientifically valid clinical trials whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial designs (e.g., randomized controlled trials) are not feasible. 

Additional research is needed in several areas to support development of NiV vaccines. First, identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed, particularly to expedite possible licensing through nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized. Second, additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection against NiV infection (Satterfield 2016), research should focus primarily on the humoral immune response for driving vaccine development. Third, further work in animal models is needed to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be useful in creating a current estimate of the reproductive number for NiV, gauging the potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017).

Conclusion

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the next 5 years to accelerate the development of NiV medical countermeasures. NiV infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or suspected NiV spillover will improve understanding of the true burden of NiV disease. These efforts, in turn, may provide information to further support the public health value proposition for NiV medical countermeasure development and, by increasing case detection, may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.  


References

Anderson DE, Islam A, Crameri G, et al. Isolation and full-genome characterization of Nipah viruses from bats, Bangladesh. Emerg Infect Dis 2019 Jan;25(1):166-70 [Full text]

Arunkumar G, Chandni R, Mourya DT, et al. Outbreak investigation of Nipah virus disease in Kerala, India, 2018. J Infect Dis June 2019;219(12): 1867–1878 [Full text]

Bae SE, Kim SS, Moon ST, et al. Construction of the safe neutralizing assay system using pseudotyped Nipah virus and G protein-specific monoclonal antibody. Biochem Biophys Res Commun 2019 Jun 11;513(4):781-786; Epub 2019 Apr 15 [Abstract]

Banerjee S, Niyas VKM, Soneja M, et al. First experience of ribavirin postexposure prophylaxis for Nipah virus, tried during the 2018 outbreak in Kerala, India. J Infect. J Infect 2019 Jun;78(6):491-503. Epub 2019 Mar 6 [PubMed]

Bossart KN, Rockx B, Feldmann F, et al. A Hendra virus G glycoprotein subunit vaccine protects African green monkeys from Nipah virus challenge. Sci Transl Med 2012 Aug 8;4(146):146ra107 [Full text]

Bossart KN, Zhu Z, Middleton D, et al. A neutralizing human monoclonal antibody protects against lethal disease in a new ferret model of acute Nipah virus infection. PLoS Path. 2009 Oct 30; 5(10):e1000642 [Full text]

Breed AC, Meng Yu, Barr, et al. Prevalence of Henipavirus and Rubulavirus antibodies in Pteropid bats, Papua New Guinea. Emerg Infect Dis 2010 Dec;16(12):1997-9 [Full text]

Broder CC. Henipavirus outbreaks to antivirals: the current status of potential therapeutics. Curr Opin Virol 2012 Apr 2(2):176-87 [Full text] 

Broder CC. Passive immunization and active vaccination against Hendra and Nipah viruses. Dev Biol (Basel) 2013 May 14;135:125-38 [Abstract]

Broder CC, Xu K, Nikolov DB, et al. A treatment for and vaccine against the deadly Hendra and Nipah viruses. Antivir Res 2013 Oct;100(1):8-13 [Full text]

CDC (Centers for Disease Control and Prevention). Nipah virus (NiV) signs and symptoms. Last updated 2014 Mar 20 [Web page]

Chadha MS, Comer JA, Lowe L, et al. Nipah virus-associated encephalitis outbreak, Siliguri, India. Emerg Infect Dis 2006 Feb;12(2): 235-40 [Full text]

Chattu VK, Kumar R, Kumary S, et al. Nipah virus epidemic in southern India and emphasizing "One Health" approach to ensure global health security. J Family Med Prim Care 2018 Mar-Apr;7(2):275-83 [Full text]

Chew MH, Arguin PM, Shay DK, et al. Risk factors for Nipah virus infection among abattoir workers in Singapore. J Infect Dis 2000 May;181(5):1760-3 [Abstract]



Chiang CF, Lo MK, Rota PA, et al. Use of monoclonal antibodies against Hendra and Nipah viruses in an antigen capture ELISA. Virol J 2010 Jun 3;7:115 [Full text]



Ching PG, de los Reyes V, Sucaldito M, et al. Outbreak of Henipavirus infection, Philippines, 2014. Emerg Infect Dis 2015;21(2):328-331 [Full text]

Chong HT, Kmarulzaman A, Tan CT. Treatment of acute Nipah encephalitis with ribavirin. Ann Neurol 2001 Jun;49(6):810-3 [Abstract]



Chua KB, Goh KJ, Wong KT, et al. Fatal encephalitis due to Nipah virus among pig-farmers in Malaysia. Lancet 1999 Oct 9;354(9186):1257-9 [Abstract]



Chua KB. Epidemiology, surveillance and control of Nipah virus infections in Malaysia Malaysian J Pathol 2010;32(2):69-73 [Full text]



Chua KB, Gubler DJ. Perspectives of public health laboratories in emerging infectious diseases. Emerg Microbes Infect 2013 Jun;2(6):e37 [Full text]

Dawes BE, Kalveram B, Ikegami T, et al. Favipiravir (T-705) protects against Nipah virus infection in the hamster model. Sci Rep 2018 May 15;8(1):7604 [Full text]

Deka MA, Morshed N. Mapping diseaset risk of Nipah virus in South and Southeast Asia. Trop Med Infect Dis 2018 May 30;3(2):pii:E57 [Full text] 

Dhondt KP, Horvat B. Henipavirus infections: lessons from animal models. Pathogens 2013 Apr 9;2(2):264-87 [Full text] 

Donaldson H, Lucey D. Enhancing preparation for large Nipah outbreaks beyond Bangladesh: Preventing a tragedy like Ebola in West Africa. Int J Infect Dis 2018 Jul;72:69-72 [Full text]

Epstein JH, Prakash V, Smith CS, et al. Henipavirus infection in fruit bats (Pteropus giganteus), India. Emerg Infect Dis 2008 Aug; 14(8):1309–1311 [Full text]

Geisbert TW, Daddario-DiCaprio KM, Hickey AC, et al. Development of an acute and highly pathogenic nonhuman primate model of Nipah virus infection. PLoS ONE 2010 May 18;5(5):e0010690 [Full text]

Geisbert TW, Mire CE, Geisbert JB, et al. Therapeutic treatment of Nipah virus infection in nonhuman primates with a neutralizing human monoclonal antibody. Sci Transl Med 2014 June 25;6(242):242ra82 [Full text]

Georges-Courbot MC, Contamin H, Faure C, et al. Poly(I)-Poly(C12U) but not ribavirin prevents death in a hamster model of Nipah virus infection. Antimicrob Agents Chemother 2006 May; 50(5):1768–1772 [Full text]  



Goh KJ, Tan CT, Chew NK, et al. Clinical features of Nipah virus encephalitis among pig farmers in Malaysia. N Engl J Med. 2000 Apr 27;342(17):1229-35 [Full text]

Guillaume V, Contamin H, Loth P, et al. Nipah virus: vaccination and passive protection studies in a hamster model. J Virol 2004 Jan;78(2):834-40 [Full text]

Guillaume V, Lefeuvre A, Faure C, et al. Specific detection of Nipah virus using real-time RT-PCR (TaqMan). J Virol Methods 2004 Sep 15;120(2):229-37 [Abstract] 



Gurley ES, Montgomery JM, Hossain MJ, et al. Person-to-person transmission of Nipah virus in a Bangladeshi community. Emerg Infec Dis 2007 Jul;13(7):1031-7 [Full text]

Hasebe F, Thuy NT, Inoue S, et al. Serologic evidence of Nipah virus infection in bats, Vietnam. Emerg Infect Dis 2012:18:536–7 [Full text]  



Hayman DT, Suu-Ire R, Breed AC, et al. Evidence of henipavirus infection in West African fruit bats. PloS One 2008 Jul 23;3(7):e2739 Full text]



Hossain MJ, Gurley ES, Montgomery JM, et al. Clinical presentation of Nipah virus infection in Bangladesh. Clin Infect Dis 2008 Apr 1;46(7):977-84 [Full text]

Homaira N, Rahman M, Hossain MJ, et al. Nipah virus outbreak with person-to-person transmission in a district of Bangladesh, 2007. Epidemiol Infect 2010 Nov;138(11):1630-6 [Abstract] 

Hsu VP, Hossain MJ, Parshar UD, et al. Nipah virus encephalitis reemergence, Bangladesh. Emerge Infect Dis 2004 Dec;10(12):2082-7 [Full text]

Iehlé C, Razafitrimo G, Razainirina, et al. Henipavirus and Tioman virus antibodies in pteropodid bats, Madagascar. Emerg Infect Dis 2007 Jan;13(1):159-61 [Full text]

Islam MS, Sazzad HM, Satter SM, et al. Nipah virus transmission from bats to humans associated with drinking traditional liquor made from date palm sap, Bangladesh, 2011-2014. Emerg Infect Dis 2016 Apr;22(4):664-70 [Full text]

Johnston SC, Briese T, Bell TM, et al. Detailed analysis of the African green monkey model of Nipah virus disease. PLoS One 2015 Feb 23;10(2)e0117817 [Full text]

Kaku Y, Noguchi A, Marsh GA, et al. Second generation of pseudotype-based serum neutralization assay for Nipah virus antibodies: sensitive and high-throughput analysis utilizing secreted alkaline phosphatase. J Virol Methods 2012 Jan;179(1):226-32 [Abstract]



Kaku Y, Noguchi A, Marsh GA, et al. A neutralization test for specific detection of Nipah virus antibodies using pseudotyped vesicular stomatitis virus expressing green fluorescent protein. J Virol Methods 2009 Sep;160(1-2):7-13 [Abstract]



Keshwara R, Shiels T, Postnikova E, et al. Rabies-based vaccine induces potent immune responses against Nipah virus. NPJ Vaccines. 2019;4:15. Published online 2019 Apr 15 [Full text]

Kulkarni DD, Tosh C, Venkatesh G, et al. Nipah virus infection: current scenario. Indian J Virol 2013 Dec;24(3):398-408 [Full text] 

Lo MK, Feldmann F, Gary JM, et al. Remdesivir (GS-5734) protects African green monkeys from Nipah virus challenge. Sci Transl Med 2019 May 29;11(494):eaau9242 [Full text]

Lo MK, Lowe L, Hummel KB, et al. Characterization of Nipah virus from outbreaks in Bangladesh, 2008–2010. Emerg Infect Dis 2012;18(2):248–55 [Full text]  



Luby SP. The pandemic potential of Nipah virus. Antiviral Res 2013;100(1):38-43 [Abstract] 

Luby SP, Hossain MJ, Gurley ES, et al. Recurrent zoonotic transmission of Nipah virus into humans, Bangladesh, 2001–2007. Emerg Infect Dis 2009 Aug;15(8):1229-35 [Full text]



Luby SP, Rahman M, Hossain MJ, et al. Foodborne transmission of Nipah virus, Bangladesh. Emerg Infect Dis 2006 Dec;12(12):1888-94 [Full text]



Ma L, Chen Z, Guan W, et  al. Rapid and specific detection of all known Nipah virus strains' sequences with reverse transcription-loop-mediated isothermal amplification. Front Microbiol. 2019;10:418 [Full text]



Mathieu C, Horvat B. Henipavirus pathogenesis and antiviral approaches. Expert Rev Anti Infect Ther 2015;13(3):343-54 [Abstract]



Mathieu C, Porotto M Fogueira TN, et al. Fusion inhibitory lipopeptides engineered for prophylaxis of Nipah virus in primates. J Infect Dis 2018 Jun 20;218(2):218-27 [Abstract] 



Mazzola LT, Kelly-Cirino C. Diagnostics for Nipah virus: a zoonotic pathogen endemic to Southeast Asia. BMJ Global Health 2019;4:e001118 [Full text]

Mire CE, Geisbert JB, Agans KN, et al. Use of single-injection recombinant Vesicular Stomatitis virus vaccine to protect nonhuman primates against lethal Nipah virus disease. Emerg Infect Dis 2019 Jun;25(6):1144-52 [Full text]

Nikolay B, Salje H, Hossain MJ, et al. Transmission of Nipah virus – 14 years of investigations in Bangladesh. N Engl J Med 2019 May 9;380(19):1804-14 [Full text]



Parashar UD, Sunn LM, Ong F, et al. Case-control study of risk factors for human infection with a new zoonotic paramyxovirus, Nipah virus, during a 1998-1999 outbreak of severe encephalitis in Malaysia. J Infect Dis 2000 May;181(5):1755-9 [Abstract]



Paton NI, Leo YS, Zaki SR, et al. Outbreak of Nipah-virus infection among abattoir workers in Singapore. Lancet 1999 Oct 9;354(9186):1253-6 [Abstract]

Prescott J, de Wit E, Feldmann H, et al. The immune response to Nipah infection. Arch Virol 2012 Sept;157(9):1635–41 [Full text]

Reynes JM, Counor D, Ong S, et al. Nipah virus in Lyle's flying foxes, Cambodia. Emerg Infect Dis 2005 Jul;11(7):1042-7 [Full text]



Rockx B. Recent developments in experimental animal models of Henipavirus infection. Pathog Dis 2014 Jul;71(2):199-206 [Abstract]



Rockx B, Bossart KN, Feldmann F, et al. A novel model of lethal Hendra virus infection in African green monkeys and the effectiveness of ribavirin treatment. J Virol 2010 Oct;84(19):9831-9 [Full text]



Satterfield BA, Dawes BE, Milligan GN. Status of vaccine research and development of vaccines for Nipah virus. Vaccine 2016 Jun 3;34(26):2971-5 [Full text]

Sendow I, Ratnawati A, Taylor T, et al. Nipah Virus in the Fruit Bat Pteropus vampyrus in Sumatera, Indonesia PLoS One 2013;8(7):e69544 [Full text]

Spiropoulou CF. Nipah virus outbreaks: still small but extremely lethal. J Infect Dis Jun 2019;219(12):1855-57 [Full text]

Sharma V, Kaushik S, Kumar R, et al. Emerging trends of Nipah virus: a review. Rev Med Virol 2018 Sep 24:e2010 [Abstract]

Tamin A, Harcourt BH, Lo MK, et al. Development of a neutralization assay for Nipah virus using pseudotype particles. J Virol Methods 2009 Sep;160(1-2):1-6 [Full text]



Tan CT, Goh KJ, Wong KT, et al. Relapsed and late-onset Nipah encephalitis. Ann Neurol 2002 Jun;51(6):703-8 [Abstract]

Wacharapluesadee S, Lumlertdacha B, Boongird K, et al. Bat Nipah virus, Thailand. Emerg Infect Dis 2005 Dec;11(12):1949-51 [Full text]



Wang LF, Daniels P. Diagnosis of henipavirus infection: current capabilities and future directions. Curr Top Microbiol Immunol 2012;359:179-96 [Abstract]

WHO. An R&D Blueprint for Action to Prevent Epidemics. Plan of Action, May 2016 [Full text] 

WHO. Target product profile for Nipah virus vaccine. June 2017 [Full text]

WHO. Nipah virus; accessed June 10, 2019 [Webpage]

WHO. Morbidity and mortality due to Nipah or Nipah-like virus encephalitis in WHO South-East Asia region, 2001-2018. May 2018 [Full text]

Yob JM, Field H, Rashdi AM, et al. Nipah virus infection in bats (order Chiroptera) in peninsular Malaysia. Emerg Infect Dis 2001;7:439–41 [Full text]



7





June 2019



 



 



1



 



 



Development of Medical Countermeasures for 



Human 



Nipah Virus



 



Infection



: 



A Research 



and Development (R&D) Roadmap 



 



 



Kristine



 



A.



 



Moore, MD, MPH



1,2



 



Angela J. 



Mehr, MPH



1



 



Julia T.



 



Ostrowsky, MSc



1



 



Rebecca 



A. 



Johnson, PhD, MPH



1



 



Michael 



T. 



Osterholm, PhD, MPH



1



 



Virginia Benassi, LLM



, MA



3



 



Josephine P.



 



Golding, PhD



4



 



Kori Cook, MPH



4 



 



Marie



-



Pierre Preziosi, MD, PhD



3



 



The Nipah Virus R&D Roadmap Taskforce



5



 



 



1



Center for Infectious Disease Research and Policy, University of Minnesota; 



Minneapolis, 



Minnesota, USA



 



 



2



Contact information for Dr. Moore: Center for Infectious Disease Research and Policy, C315 



Mayo Memorial Building, MMC 263; 420 Delaware Street, SE, Minneapolis, MN 55455. 612



-



626



-



6770; 



kamoore@umn.edu



 



 



 



3



World Health Organization; Geneva, Switzerland



 



 



4



Wellcome Trust; London, United Kingdom



 



 



5



Nipah Virus WHO R&D Taskforce members:



 



Christopher C. Broder, PhD; Uniformed Services University; Bethesda, Ma



ryland, USA



 



Kaw Bing Chua, MD PhD MMed; Temasek Lifesciences Laboratory; Singapore



 



Emmie de Wit, PhD; Laboratory of Virology, National Institute of Allergy and Infectious 



Diseases, National Institutes of Health; Hamilton, Montana, USA



 



Emily Gurley, PhD; Jo



hns Hopkins Bloomberg School of Public Health; Baltimore, 



Maryland, USA



 



Kim Halpin, PhD MVSc; Commonwealth Scientific and Industrial Research 



Organisation; Melbourne, Australia



 



Stephen P. Luby, MD; Stanford University; Stanford, California, USA



 






June 2019     1     Development of Medical Countermeasures for  Human  Nipah Virus   Infection :  A Research  and Development (R&D) Roadmap      Kristine   A.   Moore, MD, MPH 1,2   Angela J.  Mehr, MPH 1   Julia T.   Ostrowsky, MSc 1   Rebecca  A.  Johnson, PhD, MPH 1   Michael  T.  Osterholm, PhD, MPH 1   Virginia Benassi, LLM , MA 3   Josephine P.   Golding, PhD 4   Kori Cook, MPH 4    Marie - Pierre Preziosi, MD, PhD 3   The Nipah Virus R&D Roadmap Taskforce 5     1 Center for Infectious Disease Research and Policy, University of Minnesota;  Minneapolis,  Minnesota, USA     2 Contact information for Dr. Moore: Center for Infectious Disease Research and Policy, C315  Mayo Memorial Building, MMC 263; 420 Delaware Street, SE, Minneapolis, MN 55455. 612 - 626 - 6770;  kamoore@umn.edu       3 World Health Organization; Geneva, Switzerland     4 Wellcome Trust; London, United Kingdom     5 Nipah Virus WHO R&D Taskforce members:   Christopher C. Broder, PhD; Uniformed Services University; Bethesda, Ma ryland, USA   Kaw Bing Chua, MD PhD MMed; Temasek Lifesciences Laboratory; Singapore   Emmie de Wit, PhD; Laboratory of Virology, National Institute of Allergy and Infectious  Diseases, National Institutes of Health; Hamilton, Montana, USA   Emily Gurley, PhD; Jo hns Hopkins Bloomberg School of Public Health; Baltimore,  Maryland, USA   Kim Halpin, PhD MVSc; Commonwealth Scientific and Industrial Research  Organisation; Melbourne, Australia   Stephen P. Luby, MD; Stanford University; Stanford, California, USA  




June 25 (through replying to this email). Please send a response even if you have no
comments.

2.      In your email response, also please state that you are willing to be a co-author on the
manuscript and that you agree you fulfill the criteria for authorship, which for NEJM are:

·       Substantial contributions to conception and design; or acquisition,
analysis, or interpretation of data AND

·       Drafting of the article or critical revision for important intellectual content
AND

·       Final approval of the version to be published AND

·       Agreement to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the article are
appropriately investigated and resolved

3.      If NEJM decides to request a revised version and move to the next step of accepting the
manuscript, there will be three forms each co-author will need to complete—one on conflict
of interest, one on copyright transfer, and one stating that you fulfill the authorship
requirements. Those will be sent to you at a later time.

4.      You will also need to sign off on the final version of the manuscript.

 

Again, thank you for your time in this important process.

 

Warm regards,

 

Kris

--------------------------

Kristine Moore, MD, MPH

Medical Director

Center for Infectious Disease Research and Policy (CIDRAP)

University of Minnesota

420 Delaware Street, SE

C315 Mayo Memorial Building, MMC 263

Minneapolis, MN  55455



612-626-6770 (office)

303-998-1697 (direct line)

303-818-2594 (cell)

612-626-6783 (fax)

kamoore@umn.edu

http://www.cidrap.umn.edu

 

 

Confidentiality Notice: This email communication and any attachments may contain
confidential and privileged information for the use of the designated recipients named
above.  If you are not the intended recipient, you are hereby notified that you have received
this communication in error and that any review, disclosure, dissemination, distribution or
copying of it or its contents is prohibited.  If you have received this communication in error,
please notify me immediately by replying to this message and deleting it from your
computer.  Thank You.

 



April 13, 2018—DRAFT FOR WHO, WELLCOME TRUST, AND TASKFORCE COMMENT ONLY 
 

1 
 

NipahResearch and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and 
prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, 
and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) 
against Nipah virus infection. 
 
(Note:This draft roadmap is organized into the three main categories of MCMs—diagnostics, 
therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the 
roadmap components for each countermeasure. Some of the topics and issues apply to more than one 
MCM; these are highlighted as cross-cutting.This document is relatively detailed to ensure that it 
includes the most important topics and issues. As this draft is refined, the content may be reorganized 
and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, 
and priority areas and activities.) 
 

INTRODUCTION 

Nipah virus (NiV)is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported inthese countries since May 1999.NiV 
infection was subsequently recognized, however,in Bangladeshin 2001 and nearly annual outbreaks 
have occurred in that country since, with disease also occurring  being recognized periodically in eastern 
India; associated case fatality rates in these countries have ranged from 75% to 100%. Other regions 
may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural 
reservoir (Pteropusbatspecies)and several other bat species in a number of other countries, including 
Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia 
outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected 
human-to-human NiV transmission. Additionally, several other animal species were found to be infected 
with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In theoutbreaks in 
Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary 
NiV sources being human consumption of bat-contaminated raw date palm sap and subsequent person-
to-person transmission.  
 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
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related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat and in healthcare workers who cared for cases. Detailed genomic information 
for this virus is limited.  
 

In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, 
dizziness,cough, and vomiting as the primary presenting clinical features. NiV infection may result in 
late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 
sequelae. Genomic sequencing has demonstrated that two distinctmultiple strains of NiV. The strain 
responsible for the outbreak in Malaysia is different from the strains seen in were responsible for the 
outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). 
 

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 
“priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future 
and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 
priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the 
roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 
prevent and control NiV outbreaks and endemic disease.  
 

Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment 
(PPE), effective community engagement, adequate infection prevention and control practices, and 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 
strategy.  
 

VISION 
Robust MCMs to detect, respond, prevent, and control outbreaks of NiV infection(and other closely 
related henipaviruses) that are readily available and accessible for use in areas of known or potential 
NiV spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective 
treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent 
disease, disability, and death.  
 

CROSS-CUTTING TOPICS AND ISSUES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, 
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securing funding for Nipah research represents a substantial challenge. The development of a 
sustainable value propositionfor industry and international philanthropic public-private 
partnershipsare needed to secure funding to complete development, licensure, manufacture, 
and deployment of NiV MCMs. 

• Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. 
For example, obtaining regulatory approval for diagnostic tests through the premarket approval 
(PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), 
which is associated with lower approval costs, is not applicable. Furthermore, licensure of 
vaccines and therapeutics using alternative regulatory pathways also can be very costly, given 
the regulatory requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (BSL-4) conditions.  

• To date, NiV spillovers to human communities have occurred almost exclusively in rural 
communities in Bangladesh and East India; the healthcare facilities that serve these 
communities have very rudimentary are primary in nature in terms of laboratory and clinical 
infrastructure for diagnosis and treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 
experience with the condition and lack of available laboratory testing.  

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 
pigs), infection in animal herds may not be recognized until after human cases are identified. 
This delay in diagnosis may lead to an entire herd being infected before livestock are tested for 
NiV, which could cause large financial losses forlivestock owners and increases the likelihood of 
NiV infection in exposed animal husbandry workers.  

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure of MCMs via alternative 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 
and ethical concerns constrain the use of AGMs.  

• Conducting phase 1 clinical trials, and possibly phase 2 clinical trials,is likely feasible in endemic 
regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low 
disease incidence poses a major challenge for conducting phase 3 clinical trials for 
demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study 
designs (e.g., including combining clinical trial data across outbreaks over time) may need to be 
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considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 
randomized controlled trials [RCTs]) are not applicable.  

Key needs 
• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 

promote early diagnosis, treatment, and implementation of vaccination programs for NiV 
prevention and control.  

• Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV 
challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety 
levels are an important priority.) 

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research.  

• A determination regardingthe feasibility of conducting clinical trials of therapeutics and vaccines 
for NiV infection, which is needed before considering alternative regulatory pathways for 
licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule).  

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, 
regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-
licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary 
between countries; therefore, early engagement is essential to identify country-specific 
considerations.    

• Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and 
training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV 
infection.  

• Enhanced capabilities for data reporting in resource-limited settings to promote collaborative 
sharing of NiV sequence and strain data, which can be used to support MCM development.  

• Collaboration with local government authorities in endemic and at-risk areascountries to 
support NiV surveillance and facilitate effective communication with communities regarding 
disease prevention activities. Human health, animal health, and wildlife officials should be 
engaged as part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturingto endemic and at-risk areas. 

Knowledge gaps 
• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 

preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new geographic areas. Additionally, 
continued research is needed to better define and assess the occurrence of NiV and other 
henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats.  

• Additional research is needed torefine, standardize, and validate relevant animal challenge 
models(e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in 
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supporting basic research on the pathogenesis and immunology of NiV infection, which is 
essential for development and evaluation of MCMs. For example, efforts are needed to: (1) 
determine the appropriate animal model(s) for screening assay development; (2) determine the 
most appropriate lethal NiV dose for MCM development; (3)determine when MCMs should be 
administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge 
NiV MCM data between animal models and humans, such as identifying thresholds of vaccine 
protection; and (5) identify the best models for studying chronic (relapsing) infection, 
particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval. 

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between NiVB and NiVM infectiondifferent NiV strains, determining 
the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 
recurrent encephalitis, identifying factors influencing the development of permanent 
neurological sequelae, and further characterizing cell-mediated and humoral immune responses 
to NiV infection. In addition, identifying aspects of the immune response that are absent or 
counter-effective during human NiV infection may lead to the development of novel targeted 
intervention strategies. 

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 
features of disease, and thereby influence MCM development.  

• Some evidence suggests that there are differences in NiVB and NiVM pathogenesis  among 
different strains of NiV that may have implications for the development of safe and effective NiV 
vaccines or therapies.More information on this issue is needed. 

• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hostsand pathogenicity.  

• Additional research is needed to develop and assess next generation sequencing (NGS) for 
whole gene analysis, which can be used to enhance understanding of the global distribution of 
henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage at-risk 
populations (including vulnerable populations such as pregnant women, children, and 
immunocompromised persons) for participation in clinical trials and to ensure acceptance of 
new NiVMCMs, especially if therapeutics and vaccines do not consistently prevent disease. 
Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM 
acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance 
MCM acceptance; and (4) identify public health strategies to promote vaccine use.  

 
Strategic Goals 

1. Identify sources of funding and develop appropriate private-sector incentives and competitions 
to promote R&D of NiV MCMs.   

2. Stimulate and support basic science research for better understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animals.  
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3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the 
local and national levels in areas of known or potential NiV spillover.  

4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for 
clinical trials, regulatory pathways, and other considerations that will impact MCM 
development, acceptance, and post-licensure surveillance.  

4.5.  
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to performphylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections 
to inform development of MCMs. 

• Determine the key differences between NiVB and NiVM pathogenesisthat may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine, validate, and standardize relevant animal models to support the development and 
evaluation of NiV MCMs.   

• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research on the uses of NGS for understanding henipavirus distribution.  
• Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches 

for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate 
NRAs. 

• Establish a plan for conducting clinical trials in endemic regions in coordination with local 
government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 

forward. 
• Promoteearly communication between developers and appropriate NRAs forclarity and 

guidance on the regulatory aspects ofMCM development for NiV infection. 
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Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve surveillance capacityto: (1) better define the incidence of disease in NiV-endemic and 
at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of 
spillover of NiV or other related henipaviruses from the natural reservoir to human or animal 
populations. 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data. 
• Collaborate with local government authorities (including human health, animal health, and 

wildlife representatives) to support NiVsurveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorizationfrom appropriate 

NRAs for NiVMCMs.This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Clarifythe potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 
DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection arenonspecific and the diagnosis often is not 
suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
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in instituting effective and timely infection control measures. Additionally, latent disease can 
occur long after initial infection. 

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 
areas with regard to collection, handling, transport, and laboratory analysis. 

• The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, 
given the rapid disease progression of NiV infection.  

• Pteropus bat species (and perhaps other bat species)appear to carry other henipaviruses (in 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 
Capacity to identify additional pathogenic henipaviruses is an important challenge forensuring 
diagnostic preparednessto respond tofuture outbreaks.  

Key needs 
• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 

characteristics to guide the development of promising diagnostic assays. 
• A biobankof human and animal clinical samples to assess and validate diagnostic tests and a 

process for how best to judiciously use the samples. A clear approach is needed to: (1) 
determine what clinical samples should be collected, based on what would be most useful (e.g., 
plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample 
collection; (3) identify who would have access to the samples; and (4) prioritize use of samples 
and sample distribution. 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 
validation, and regulatory approval requirements may differ depending on how and in which 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 
considered in tandem with the use of therapeutics and other interventions.  

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course,are robust for use under a variety of 
conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal 
populations, and have a high degree of sensitivity and specificity for different NiV strains.  

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection. 

• International reference standards to calibrate diagnostic assays.  
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• Validation of promising diagnostics in endemic and at-risk geographic regions.  
• Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and 

animals as they arise. 
• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 

performance of NiV diagnostic assays in the field.  
• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 

support the business case for Nipah diagnostics, given the costs of regulatory approval.  
• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 

detect NiV infection while simultaneously screening for the presence of other henipaviruses or 
other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk 
areas. Since validation and regulatory approval of multiplex assays can prove challenging, an 
alternate approach would be the development of multiple single assays that can be run in 
parallel.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the Differentiating Infected from 
Vaccinated Animals (DIVA) test. 

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease. Additionally, further research on the 
kinetics of NiV in the animal reservoirs is needed.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 
populations to allow accurate interpretation of test results, since substantive economic 
consequences (such as trade restriction for livestock) could be triggered by positive results.  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detectionat various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiVdiagnostic tests for 
use in humans and animalsthat are sufficiently robust for the conditions in which they will be 
used and that have minimal requirements for biosafety precautions and staff training. 
Consideration also should be given to development of multiplex assays that can detect related 
henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and 
at-risk areas. 

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in 
areas of known or potential henipavirus spillover risk. 
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4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 
promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiVinfectionat different stages of 
disease. 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Create a biobank of clinical human and animal samples for use in researching new diagnostic 

agents.  
• Continue to research cross-reactivity of diagnostic tests in animal populations.  

Product development 
• Generate a TPP for NiV diagnostics. 
• Define use cases for diagnostic assays. 
• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 

affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus and be performed accurately and safely in 
remote areas under a variety of circumstances.  

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 
in the geographic region that cause similar clinical syndromes. 

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 
reduce the likelihood of transmission of NiV from livestock to humans.  

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 
if NiV or HeV vaccines become widely used (long-term consideration). 

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals. 

Policy and commercialization 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available. 
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Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in providing early treatment and PEP to exposed persons.  
• In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals 

annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 
confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 
diagnosis is critical.  

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well an agent will work in the 
field. 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control systems 
in place to prevent person-to-person transmission. They also lack the ability to rapidly identify 
contacts most likely to benefit from PEP therapy.  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities. 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 
infection to improve survival and decrease associated morbidity and long-term disability. 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 
(relapsing) NiV infection to decrease associated long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  
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• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

Knowledge gaps 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protectionagainst lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 
human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials using both NiVM and NiVBare needed to assess the safety, 
tolerability, and efficacyof m102.4 (and possibly other mAbs) for PEPand potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the 
mostpromising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and 
GS-4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone 
or in combination with other therapies. Additionally, the therapeutic windows of each therapy 
should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that 
showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 
relationship of promising therapeutic candidates.  

• Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials 
for safety, feasibility, and efficacy.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer.This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons 
annually that could be candidates for PEP.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies,diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials, to inform best-practice guidelines. 
 

Strategic Goals 

Commented [SPL8]: I suspect there is differences of opinion 
on this. On the one hand there is observational data from the 
Malaysian outbreak that NiV patients who received ribavirin had 
lower case fatality than NIV patients who did not. The unanswered 
question is whether this improved survival was a result of the 
ribavirin or whether it was primarily a result of ribavirin being used 
later in the outbreak once clinicians recognized the disease and 
possibly implemented better supportive care. The absence of 
impact on animal models suggests (but does not prove) that the 
improvement in human survival was due to confounding rather 
than biological effect. Given a fixed amount of resources and the 
opportunity cost of identifying patients who might benefit, I 
personally would not be particularly enthusiastic to conduct a 
phase III trial of ribavirin in Nipah patients in Bangladesh.  
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1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible 
in areas of known or potential NiV spillover.  

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies 
become available. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of investigational therapies (such as 

ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal 
studies andclinical trialsas appropriate and feasible. 

• Continue to identify new therapeutic options for treating and preventing NiV infection that 
should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infectionthat are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVMand 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for outbreak control.  

Policy and commercialization 
• Identify a company to advance therapeutic use of m102.4 and secure financing for its 

manufacture and distribution.   
• Developguidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  
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[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Sociocultural issues may hinder trust in the formal human, veterinary, and public health 

systems, which could impact acceptance of NiV vaccinesfor use in humans or animals.  
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs 
• Nipah vaccines that can protect against both NiVM and NiVBin humans and animals, and that 

provide rapid onset of an immune response to adequately prevent and control outbreaks. 
• Guidance on use of NiVvaccines (or broader henipavirus vaccines)to include vaccination 

strategies, potentially in both humans and animals, for different epidemiologic scenarios and 
different vaccine attributes.  

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategiesover time.  

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and 
recombinant vesicular stomatitis (rVSV) vaccine. 

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoetis).  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have 
been performed to date.  

• The identification of specific correlates of protection in humans and animals and standardized 
mechanisms for measuring immune correlates are needed to facilitate research on promising 
NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory 
pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

• Evaluation of vaccine safety in target populations is needed to better understand the risk of 
adverse incidents associated with vaccine use.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
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one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 
for use in NiV endemic areas. 

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, 
estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios 
and possiblestrategies for vaccine use. 

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. While one HeV vaccine is available for horses, antibodies 
against HeV have not been found to be cross-reactive with NiV. Ongoing research into 
developing NiV/HeV vaccines for livestock(or other animals) and the potential for their use in 
endemic regions is needed to further assess the merit of this potential control strategy.  

• Additional research is needed to determine if development of multivalent vaccines for 
animals(that protect against more than one disease) would increase the likelihood of vaccine 
uptake by food animal producers and the broader veterinary community.  

 

Strategic Goals 

1. Develop, evaluate, license, and deployNiV vaccines for use in humans and potentially animals 
(e.g., livestock, companion animals).  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV 
epidemiology and takes into consideration attributes of new vaccines as they become available.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection for use in developing and evaluatingNiV vaccines. 
• Further study cross protection of various vaccine candidates against NiVB and NiVM strains,and 

between NiV strains and HeV strains. 
• Identify and standardize correlates of protection, which are necessary for ongoing research into 

candidate vaccines and also may be important for vaccine licensure through non-traditional 
regulatory pathways. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 
efficacy in animal models, correlates of protection, and durability. 

• Determine whether multivalent vaccines for animal populations would increase vaccine 
acceptability and uptake by food-animal producers and the broader veterinary community.   

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  



April 13, 2018—DRAFT FOR WHO, WELLCOME TRUST, AND TASKFORCE COMMENT ONLY 
 

16 
 

Product development 
• Develop, clinically evaluate, and license safe and effectivemonovalent NiV vaccines for humans 

and animals.  
• Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in 

humans that protect against more than one disease (e.g., vaccines that protect against both NiV 
and MV or HeV), if broader population-based vaccination is warranted at some point in the 
future.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease for use in animal populations, if this is deemed to be a 
worthwhile approach.  

Key capacities 
• Improvesurveillance capabilities,particularly in rural areas of resource-limited settings, to assess 

the impact of vaccination strategies, once vaccines become available. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 

Policy and commercialization 
• Provideguidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 

supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity 
for person-to-person transmission, and thus more rapid spread.  

 
Schedule of Resources, Coordination, and Implementation  

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 
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NipahResearch and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus infection.



(Note:This draft roadmap is organized into the three main categories of MCMs—diagnostics, therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the roadmap components for each countermeasure. Some of the topics and issues apply to more than one MCM; these are highlighted as cross-cutting.This document is relatively detailed to ensure that it includes the most important topics and issues. As this draft is refined, the content may be reorganized and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, and priority areas and activities.)



INTRODUCTION

Nipah virus (NiV)is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported inthese countries since May 1999.NiV infection was subsequently recognized, however,in Bangladeshin 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring  being recognized periodically in eastern India; associated case fatality rates in these countries have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropusbatspecies)and several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected human-to-human NiV transmission. Additionally, several other animal species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In theoutbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary NiV sources being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat and in healthcare workers who cared for cases. Detailed genomic information for this virus is limited. 



In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, dizziness,cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that two distinctmultiple strains of NiV. The strain responsible for the outbreak in Malaysia is different from the strains seen in were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB).



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to prevent and control NiV outbreaks and endemic disease. 	Comment by Luby, Stephen P: I recommend spelling out this acronym, so that readers don't need to learn a new acronym to understand the article.



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment (PPE), effective community engagement, adequate infection prevention and control practices, and workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 



VISION

Robust MCMs to detect, respond, prevent, and control outbreaks of NiV infection(and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING TOPICS AND ISSUES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value propositionfor industry and international philanthropic public-private partnershipsare needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs.

· Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. For example, obtaining regulatory approval for diagnostic tests through the premarket approval (PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), which is associated with lower approval costs, is not applicable. Furthermore, licensure of vaccines and therapeutics using alternative regulatory pathways also can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. 

· To date, NiV spillovers to human communities have occurred almost exclusively in rural communities in Bangladesh and East India; the healthcare facilities that serve these communities have very rudimentary are primary in nature in terms of laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in pigs), infection in animal herds may not be recognized until after human cases are identified. This delay in diagnosis may lead to an entire herd being infected before livestock are tested for NiV, which could cause large financial losses forlivestock owners and increases the likelihood of NiV infection in exposed animal husbandry workers. 

· While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

· Conducting phase 1 clinical trials, and possibly phase 2 clinical trials,is likely feasible in endemic regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting phase 3 clinical trials for demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study designs (e.g., including combining clinical trial data across outbreaks over time) may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not applicable. 

Key needs

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control. 

· Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety levels are an important priority.)

· Clear criteria for down-selection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. 

· A determination regardingthe feasibility of conducting clinical trials of therapeutics and vaccines for NiV infection, which is needed before considering alternative regulatory pathways for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule). 

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary between countries; therefore, early engagement is essential to identify country-specific considerations.   

· Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capabilities for data reporting in resource-limited settings to promote collaborative sharing of NiV sequence and strain data, which can be used to support MCM development. 

· Collaboration with local government authorities in endemic and at-risk areascountries to support NiV surveillance and facilitate effective communication with communities regarding disease prevention activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 	Comment by Mahmudur Rahman: It will be necessary to involve the development partners who support the countries

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturingto endemic and at-risk areas.

Knowledge gaps

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. 

· Additional research is needed torefine, standardize, and validate relevant animal challenge models(e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in supporting basic research on the pathogenesis and immunology of NiV infection, which is essential for development and evaluation of MCMs. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) determine the most appropriate lethal NiV dose for MCM development; (3)determine when MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between animal models and humans, such as identifying thresholds of vaccine protection; and (5) identify the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval.

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between NiVB and NiVM infectiondifferent NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies.

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical features of disease, and thereby influence MCM development. 

· Some evidence suggests that there are differences in NiVB and NiVM pathogenesis  among different strains of NiV that may have implications for the development of safe and effective NiV vaccines or therapies.More information on this issue is needed.

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hostsand pathogenicity. 

· Additional research is needed to develop and assess next generation sequencing (NGS) for whole gene analysis, which can be used to enhance understanding of the global distribution of henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage at-risk populations (including vulnerable populations such as pregnant women, children, and immunocompromised persons) for participation in clinical trials and to ensure acceptance of new NiVMCMs, especially if therapeutics and vaccines do not consistently prevent disease. Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance MCM acceptance; and (4) identify public health strategies to promote vaccine use. 



Strategic Goals

1. Identify sources of funding and develop appropriate private-sector incentives and competitions to promote R&D of NiV MCMs.  

2. Stimulate and support basic science research for better understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animals. 

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the local and national levels in areas of known or potential NiV spillover. 

4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact MCM development, acceptance, and post-licensure surveillance. 	Comment by Mahmudur Rahman: Consider adding “Enhance disease detection capabilities through active and passive surveillance”

5. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to performphylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine the key differences between NiVB and NiVM pathogenesisthat may have implications for the development of safe and effective NiV vaccines or therapies.	Comment by Luby, Stephen P: As noted above, I do not consider this dichotomous framing appropriate. It has been used in the literature, but I see this as erroneous. There is not a  single strain of NiVB, but rather multiple.

· Refine, validate, and standardize relevant animal models to support the development and evaluation of NiV MCMs.  

· Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research on the uses of NGS for understanding henipavirus distribution. 

· Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for down-selection and prioritization of candidate MCMs that should be moved forward.

· Promoteearly communication between developers and appropriate NRAs forclarity and guidance on the regulatory aspects ofMCM development for NiV infection.

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve surveillance capacityto: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations.

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiVsurveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorizationfrom appropriate NRAs for NiVMCMs.This should be done when clinical trials and approaches for regulatory approval are being determined.

· Clarifythe potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



Schedule of Resources, Coordination, and Implementation	Comment by Luby, Stephen P: This is a key component. The general description of research needs and capacity development, seem to me to be fairly complete, but a thoughtful consideration of priority in sequence could help direct development.

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection arenonspecific and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in instituting effective and timely infection control measures. Additionally, latent disease can occur long after initial infection.

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 	Comment by Luby, Stephen P: A related problem is that in many of the contexts where these patients present, etiologic diagnosis is often not pursued. We need more than an inexpensive sensitive and specific Nipah diagnostic. For this to be used clinicians need to see value in conducting the tests. Having a specific therapeutic treatment could help motivate this. A multiplex diagnostic tool that provided insight on other pathogens (especially if they were treatable) would also encourage more frequent testing.

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis.

· The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, given the rapid disease progression of NiV infection. 

· Pteropus bat species (and perhaps other bat species)appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge forensuring diagnostic preparednessto respond tofuture outbreaks. 

Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A biobankof human and animal clinical samples to assess and validate diagnostic tests and a process for how best to judiciously use the samples. A clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample collection; (3) identify who would have access to the samples; and (4) prioritize use of samples and sample distribution.

· Clarification regarding the use cases for different diagnostic assays and what viruses are targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, validation, and regulatory approval requirements may differ depending on how and in which population (i.e., human or animal) the test will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be considered in tandem with the use of therapeutics and other interventions. 

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course,are robust for use under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains. 

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection.

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and animals as they arise.

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, given the costs of regulatory approval. 

· If feasible, multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk areas. Since validation and regulatory approval of multiplex assays can prove challenging, an alternate approach would be the development of multiple single assays that can be run in parallel. 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the Differentiating Infected from Vaccinated Animals (DIVA) test.

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. Additionally, further research on the kinetics of NiV in the animal reservoirs is needed. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal populations to allow accurate interpretation of test results, since substantive economic consequences (such as trade restriction for livestock) could be triggered by positive results. 



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detectionat various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiVdiagnostic tests for use in humans and animalsthat are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. Consideration also should be given to development of multiplex assays that can detect related henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and at-risk areas.

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in areas of known or potential henipavirus spillover risk.

4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Explore new diagnostic approaches that may allow for earlier detection of infection. 

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiVinfectionat different stages of disease.

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Create a biobank of clinical human and animal samples for use in researching new diagnostic agents. 

· Continue to research cross-reactivity of diagnostic tests in animal populations. 

Product development

· Generate a TPP for NiV diagnostics.

· Define use cases for diagnostic assays.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus and be performed accurately and safely in remote areas under a variety of circumstances. 

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern in the geographic region that cause similar clinical syndromes.

· Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to reduce the likelihood of transmission of NiV from livestock to humans. 

· Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), if NiV or HeV vaccines become widely used (long-term consideration).

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.

Policy and commercialization

· Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. 

· In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well an agent will work in the field.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control systems in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic (relapsing) NiV infection to decrease associated long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

[bookmark: _GoBack]Knowledge gaps

· Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 	Comment by Luby, Stephen P: I suspect there is differences of opinion on this. On the one hand there is observational data from the Malaysian outbreak that NiV patients who received ribavirin had lower case fatality than NIV patients who did not. The unanswered question is whether this improved survival was a result of the ribavirin or whether it was primarily a result of ribavirin being used later in the outbreak once clinicians recognized the disease and possibly implemented better supportive care. The absence of impact on animal models suggests (but does not prove) that the improvement in human survival was due to confounding rather than biological effect. Given a fixed amount of resources and the opportunity cost of identifying patients who might benefit, I personally would not be particularly enthusiastic to conduct a phase III trial of ribavirin in Nipah patients in Bangladesh. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protectionagainst lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials using both NiVM and NiVBare needed to assess the safety, tolerability, and efficacyof m102.4 (and possibly other mAbs) for PEPand potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the mostpromising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM.

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) relationship of promising therapeutic candidates. 

· Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials for safety, feasibility, and efficacy. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer.This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons annually that could be candidates for PEP. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies,diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform best-practice guidelines.



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible in areas of known or potential NiV spillover. 

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies become available.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of investigational therapies (such as ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal studies andclinical trialsas appropriate and feasible.

· Continue to identify new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infectionthat are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVMand other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for outbreak control. 

Policy and commercialization

· Identify a company to advance therapeutic use of m102.4 and secure financing for its manufacture and distribution.  

· Developguidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Sociocultural issues may hinder trust in the formal human, veterinary, and public health systems, which could impact acceptance of NiV vaccinesfor use in humans or animals. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.

Key needs

· Nipah vaccines that can protect against both NiVM and NiVBin humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks.

· Guidance on use of NiVvaccines (or broader henipavirus vaccines)to include vaccination strategies, potentially in both humans and animals, for different epidemiologic scenarios and different vaccine attributes. 

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategiesover time. 

Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and recombinant vesicular stomatitis (rVSV) vaccine.

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoetis). 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates of protection in humans and animals and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms.

· Evaluation of vaccine safety in target populations is needed to better understand the risk of adverse incidents associated with vaccine use. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) for use in NiV endemic areas.

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios and possiblestrategies for vaccine use.

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. While one HeV vaccine is available for horses, antibodies against HeV have not been found to be cross-reactive with NiV. Ongoing research into developing NiV/HeV vaccines for livestock(or other animals) and the potential for their use in endemic regions is needed to further assess the merit of this potential control strategy. 

· Additional research is needed to determine if development of multivalent vaccines for animals(that protect against more than one disease) would increase the likelihood of vaccine uptake by food animal producers and the broader veterinary community. 



Strategic Goals

1. Develop, evaluate, license, and deployNiV vaccines for use in humans and potentially animals (e.g., livestock, companion animals). 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV epidemiology and takes into consideration attributes of new vaccines as they become available. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection for use in developing and evaluatingNiV vaccines.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains,and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models, correlates of protection, and durability.

· Determine whether multivalent vaccines for animal populations would increase vaccine acceptability and uptake by food-animal producers and the broader veterinary community.  

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effectivemonovalent NiV vaccines for humans and animals. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in humans that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease for use in animal populations, if this is deemed to be a worthwhile approach. 

Key capacities

· Improvesurveillance capabilities,particularly in rural areas of resource-limited settings, to assess the impact of vaccination strategies, once vaccines become available.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur.

Policy and commercialization

· Provideguidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity for person-to-person transmission, and thus more rapid spread. 



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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Introduction  

As part of implementing the World Health Organization’s (WHO’s) R&D Blueprint for 

Action to Prevent Epidemics (WHO 2016), in 2017 WHO embarked on a process to generate a 

research and development (R&D) roadmap for medical countermeasures (diagnostics, 

therapeutics, and vaccines) aimed at human infections caused by Nipah virus (NiV). WHO 

considers NiV a priority pathogen because of its disease severity, the potential for broad global 

spread of the virus, and the lack of available medical countermeasures. The entire roadmap can 

be found in the Supplemental Appendix and this report provides a summary of key highlights. 

NiV, a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of 

respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 

Singapore in 1998-1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000). No additional 

outbreaks have been reported in these countries; however, since 2001 outbreaks of NiV infection 

have occurred nearly annually in Bangladesh (Hsu 2004, WHO 2018). Outbreaks also have 

recently been recognized in India (Arunkumar 2019, Sharma 2018, Chattu 2018) and a possible 

NiV outbreak occurred in the Philippines in 2014 (Ching 2015). NiV infection is most 

commonly associated with severe, rapidly progressive encephalitis, which may be of late onset 

or relapsing (Goh 2000, Hossain 2008, Tan 2002). Some patients also have respiratory 

involvement or respiratory illness only, which can progress to acute respiratory distress 

syndrome (Hossain 2008, Paton 1999). The case-fatality rate is estimated at 40% to 75% 

(Hossain 2008, WHO 2019). 

Fruit bats of the Pteropus genus, which have a wide geographic range, are considered the 

primary natural reservoir for NiV. Evidence of NiV infection has been found in Pteropus bat 
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species and other bat species in South Asia, Southeast Asia, the Western Pacific region, and 

Africa (Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, 

Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2019, Yob 2001). The 

wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence 

of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate 

and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 

experience with the condition and lack of available laboratory testing. Person-to-person 

transmission is well-documented (Arunkumar 2019, Chadha 2006, Gurley 2007, Luby 2009, 

Nikolay 2019) and respiratory transmission via droplet spread may play an important role in 

propagating outbreaks (Nikolay 2019; Spiropoulou 2019). Concern has been raised about the 

pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013). 

Cross-Cutting Issues  

A major challenge for development of NiV medical countermeasures is accessing 

adequate funding to support research. Economic incentives to invest in such research are not 

readily apparent because the disease primarily occurs in under-resourced areas of South Asia and 

reported disease incidence has, so far, been low with only small, sporadic outbreaks. Further 

efforts are needed to ensure that policy makers in affected countries and global stakeholders 

understand the potential health, societal, and economic benefits of devoting limited resources to 

improving NiV surveillance, detection, prevention, and control. To accomplish this, the risk 

profile for NiV and related henipaviruses needs to be further defined through improving disease 

surveillance in areas of known risk and obtaining prospective serosurveillance data on 

henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate 
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human populations in areas of predicted risk using a One Health approach (Chattu 2018, 

Kulkarni 2013). 

Optimization of relevant animal models is needed, particularly if investigators are 

required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] 

Animal Rule) to obtain regulatory approval of therapeutics or vaccines (Rockx 2014). Issues 

include: (1) determining the most appropriate animal model(s) for screening assay development; 

(2) standardizing the challenge strain and dosing parameters (including identifying the most 

appropriate lethal challenge dose); (3) determining when after challenge medical 

countermeasures should be administered to best mimic realistic timing of use in humans; (4) 

bridging data from animal models to humans; and (5) identifying the best models for studying 

chronic (relapsing) infection (Dhondt 2013, Johnston 2015, Mathieu 2015, Mire 2019). 

Currently, the African green monkey is considered the most relevant animal model for evaluating 

candidate therapeutics and vaccines intended for human use (Bossart 2012, Geisbert 2010, 

Johnston 2015); however, costs, space requirements, and ethical concerns constrain its use.   

To inform NiV medical countermeasure development, additional research also is needed 

on the virology, immunology, and pathogenesis of NiV in humans and animals. Important topics 

include evaluating pathophysiologic differences between different NiV strains, determining 

mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 

recurrent encephalitis, identifying factors influencing development of permanent neurological 

sequelae, and further characterizing cell-mediated and humoral immune responses to infection. 

Standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV 

challenge strains are also needed to advance research for medical countermeasures (Satterfield 

2016). 
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Diagnostics 

The most commonly used methods for diagnosing NiV infection include enzyme-linked 

immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies and real time-

polymerase chain reaction (RT-PCR) nucleic acid testing (Chadha 2006, Guillaume 2004, 

Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009, Mazzola 2019). Most laboratories 

use in-house NiV assays; also only a few commercial PCR kits are available and there is only 

one commercial source for reagents for ELISA testing (Mazzola 2019). More recently, 

neutralization assays using non-infectious pseudotyped virus particles have been developed, 

which can be used under biosafety level 2 (BSL-2) conditions in laboratories with limited 

diagnostic capabilities (Bae 2019, Kaku 2009, Kaku 2012, Tamin 2009). Newer technologies are 

under investigation, such as antigen-capture ELISAs using monoclonal antibodies (Chiang 2010) 

and reverse transcription-loop-mediated isothermal amplification (RT-LAMP) (Ma 2019); 

however, more information is needed regarding their performance characteristics, particularly 

under field conditions.  

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation. Furthermore, laboratory 

infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 

2013, Wang 2012); thus, etiologic diagnosis is not always pursued. Rapid point-of-care or near-

patient diagnostic tests that involve minimal requirements for laboratory infrastructure and are 

affordable are needed to identify cases quickly, promote outbreak detection, ensure timely 

implementation of infection control measures, and ultimately improve patient outcomes once 

therapeutic options become available.   
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Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic 

testing forward. Development of a repository requires addressing complex issues such as 

determining the governance structure, establishing protocols for sample collection and 

maintenance, and prioritizing use and access to samples. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays.  

Therapeutics 

Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients. Comparison of outcomes using 54 historical controls found a lower 

mortality rate among treated patients (Chong 2001); however, findings may have been biased by 

use of historical controls. No additional clinical studies using ribavirin have been conducted and 

limited studies in animal models have not demonstrated efficacy following NiV or Hendra virus 

challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may have utility for post-

exposure prophylaxis (PEP) (Banerjee 2019). 

A promising therapeutic option is monoclonal antibodies (mAbs) against viral envelope 

proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). The 

human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 

2014, Bossart 2009) and has been provided under compassionate use for a small number of 

individuals exposed to henipaviruses (Broder 2013). Other potential options for NiV treatment 

include favipiravir, fusion inhibitory peptides, and remdesivir (GS-5734). Initial animal model 
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studies involving these agents have reported favorable results (Dawes 2018, Mathieu 2018, Lo 

2019); however, additional preclinical data are needed to further assess their utility.  

Additional considerations for NiV therapeutics include: (1) expanding the therapeutic drug 

pipeline for treatment of NiV by supporting basic science research toward discovery of 

additional novel agents; (2) obtaining additional preclinical and clinical data on the safety, 

tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising 

treatments; (3) ensuring that vetted and approved protocols for conducting clinical efficacy trials 

of promising therapeutics are in place in at-risk countries to be implemented during future NiV 

outbreaks; and (4) determining which agents may be appropriate for PEP, what types of 

exposures warrant PEP, and the feasibility of PEP distribution in endemic areas. 

A limiting constraint to assessing the effectiveness of promising therapies is the number 

of patients with NiV infection who can be enrolled in clinical trials, given the small number of 

cases that occur each year. To address this concern, a transparent and collaborative process is 

needed to determine which agents are most appropriate for study in future clinical trials and how 

to best allocate scarce resources.  

Vaccines  

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 

development include creating a subunit vaccine against one or both of the outer-membrane 
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proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, 

Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 

2013, Keshwara 2019, Satterfield 2016).  

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 

sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 

conducting ethical and scientifically valid clinical trials whenever possible, alternative regulatory 

pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial 

designs (e.g., randomized controlled trials) are not feasible.  

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be standardized. 

Second, additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, 

Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection 

against NiV infection (Satterfield 2016), research should focus primarily on the humoral immune 
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response for driving vaccine development. Third, further work in animal models is needed to 

determine if vaccine candidates are cross-protective between different NiV strains, including 

recently identified strains; only a few studies demonstrating cross-protection have been 

performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be 

useful in creating a current estimate of the reproductive number for NiV, gauging the potential 

impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

Conclusion 

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures. NiV infection is 

likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or 

near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or 

suspected NiV spillover will improve understanding of the true burden of NiV disease. These 

efforts, in turn, may provide information to further support the public health value proposition 

for NiV medical countermeasure development and, by increasing case detection, may enhance 

feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.    
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Introduction 

As part of implementing the World Health Organization’s (WHO’s) R&D Blueprint for Action to Prevent Epidemics (WHO 2016), in 2017 WHO embarked on a process to generate a research and development (R&D) roadmap for medical countermeasures (diagnostics, therapeutics, and vaccines) aimed at human infections caused by Nipah virus (NiV). WHO considers NiV a priority pathogen because of its disease severity, the potential for broad global spread of the virus, and the lack of available medical countermeasures. The entire roadmap can be found in the Supplemental Appendix and this report provides a summary of key highlights.

NiV, a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998-1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000). No additional outbreaks have been reported in these countries; however, since 2001 outbreaks of NiV infection have occurred nearly annually in Bangladesh (Hsu 2004, WHO 2018). Outbreaks also have recently been recognized in India (Arunkumar 2019, Sharma 2018, Chattu 2018) and a possible NiV outbreak occurred in the Philippines in 2014 (Ching 2015). NiV infection is most commonly associated with severe, rapidly progressive encephalitis, which may be of late onset or relapsing (Goh 2000, Hossain 2008, Tan 2002). Some patients also have respiratory involvement or respiratory illness only, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 1999). The case-fatality rate is estimated at 40% to 75% (Hossain 2008, WHO 2019).

Fruit bats of the Pteropus genus, which have a wide geographic range, are considered the primary natural reservoir for NiV. Evidence of NiV infection has been found in Pteropus bat species and other bat species in South Asia, Southeast Asia, the Western Pacific region, and Africa (Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2019, Yob 2001). The wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. Person-to-person transmission is well-documented (Arunkumar 2019, Chadha 2006, Gurley 2007, Luby 2009, Nikolay 2019) and respiratory transmission via droplet spread may play an important role in propagating outbreaks (Nikolay 2019; Spiropoulou 2019). Concern has been raised about the pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013).

Cross-Cutting Issues 

A major challenge for development of NiV medical countermeasures is accessing adequate funding to support research. Economic incentives to invest in such research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. Further efforts are needed to ensure that policy makers in affected countries and global stakeholders understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control. To accomplish this, the risk profile for NiV and related henipaviruses needs to be further defined through improving disease surveillance in areas of known risk and obtaining prospective serosurveillance data on henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate human populations in areas of predicted risk using a One Health approach (Chattu 2018, Kulkarni 2013).	Comment by Gurley, Emily S.: The opening sentence of this section is about funding for research, which could be a component of each of these, but not these things themselves. Perhaps one way to square this is to make the opening sentence broader, and refer to research as well as public health programs.

Optimization of relevant animal models is needed, particularly if investigators are required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval of therapeutics or vaccines (Rockx 2014). Issues include: (1) determining the most appropriate animal model(s) for screening assay development; (2) standardizing the challenge strain and dosing parameters (including identifying the most appropriate lethal challenge dose); (3) determining when after challenge medical countermeasures should be administered to best mimic realistic timing of use in humans; (4) bridging data from animal models to humans; and (5) identifying the best models for studying chronic (relapsing) infection (Dhondt 2013, Johnston 2015, Mathieu 2015, Mire 2019). Currently, the African green monkey is considered the most relevant animal model for evaluating candidate therapeutics and vaccines intended for human use (Bossart 2012, Geisbert 2010, Johnston 2015); however, costs, space requirements, and ethical concerns constrain its use.  

To inform NiV medical countermeasure development, additional research also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. Important topics include evaluating pathophysiologic differences between different NiV strains, determining mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to infection. Standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains are also needed to advance research for medical countermeasures (Satterfield 2016).

Diagnostics

The most commonly used methods for diagnosing NiV infection include enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies and real time-polymerase chain reaction (RT-PCR) nucleic acid testing (Chadha 2006, Guillaume 2004, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009, Mazzola 2019). Most laboratories use in-house NiV assays; also only a few commercial PCR kits are available and there is only one commercial source for reagents for ELISA testing (Mazzola 2019). More recently, neutralization assays using non-infectious pseudotyped virus particles have been developed, which can be used under biosafety level 2 (BSL-2) conditions in laboratories with limited diagnostic capabilities (Bae 2019, Kaku 2009, Kaku 2012, Tamin 2009). Newer technologies are under investigation, such as antigen-capture ELISAs using monoclonal antibodies (Chiang 2010) and reverse transcription-loop-mediated isothermal amplification (RT-LAMP) (Ma 2019); however, more information is needed regarding their performance characteristics, particularly under field conditions. 	Comment by Gurley, Emily S.: I think this is true for almost all of the diagnostics used above. There is no accepted ‘gold standard’ by which to compare. Further development and validation of new diagnostics will require the establishment of a known confirmed positive/negative patient specimen set. I’m not sure that any of the available diagnostics have been validating using this kind of approach.

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the diagnosis often is not considered at the time of presentation. Furthermore, laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); thus, etiologic diagnosis is not always pursued. Rapid point-of-care or near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure and are affordable are needed to identify cases quickly, promote outbreak detection, ensure timely implementation of infection control measures, and ultimately improve patient outcomes once therapeutic options become available.  

Development of new diagnostics is impeded by lack of clinical samples for assay assessment and validation; therefore, a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic testing forward. Development of a repository requires addressing complex issues such as determining the governance structure, establishing protocols for sample collection and maintenance, and prioritizing use and access to samples. A target product profile (TPP) for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics also is needed to guide the development of promising new diagnostic assays. 	Comment by Gurley, Emily S.: And perhaps validation of existing…

Therapeutics

Safe, well-tolerated, and effective therapeutic agents are not readily available for treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used to treat 140 patients. Comparison of outcomes using 54 historical controls found a lower mortality rate among treated patients (Chong 2001); however, findings may have been biased by use of historical controls. No additional clinical studies using ribavirin have been conducted and limited studies in animal models have not demonstrated efficacy following NiV or Hendra virus challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may have utility for post-exposure prophylaxis (PEP) (Banerjee 2019).

[bookmark: _GoBack]A promising therapeutic option is monoclonal antibodies (mAbs) against viral envelope proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). The human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 2014, Bossart 2009) and has been provided under compassionate use for a small number of individuals exposed to henipaviruses (Broder 2013). Other potential options for NiV treatment include favipiravir, fusion inhibitory peptides, and remdesivir (GS-5734). Initial animal model studies involving these agents have reported favorable results (Dawes 2018, Mathieu 2018, Lo 2019); however, additional preclinical data are needed to further assess their utility. 	Comment by Gurley, Emily S.: The previous para rightly distinguishes between therapeutic and PEP effects. The same should be done here. It’s really two separate uses and delivery strategies.

Additional considerations for NiV therapeutics include: (1) expanding the therapeutic drug pipeline for treatment of NiV by supporting basic science research toward discovery of additional novel agents; (2) obtaining additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising treatments; (3) ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and (4) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, and the feasibility of PEP distribution in endemic areas.

A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that occur each year. To address this concern, a transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials and how to best allocate scarce resources. 

Vaccines 

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generating new NiV vaccines, which creates an important barrier to ensuring that safe and effective NiV vaccines are made available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines are still in preclinical stages of research. The two primary approaches for NiV vaccine development include creating a subunit vaccine against one or both of the outer-membrane proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 2013, Keshwara 2019, Satterfield 2016). 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on conducting ethical and scientifically valid clinical trials whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial designs (e.g., randomized controlled trials) are not feasible. 

Additional research is needed in several areas to support development of NiV vaccines. First, identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed, particularly to expedite possible licensing through nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized. Second, additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection against NiV infection (Satterfield 2016), research should focus primarily on the humoral immune response for driving vaccine development. Third, further work in animal models is needed to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be useful in creating a current estimate of the reproductive number for NiV, gauging the potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017).

Conclusion

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the next 5 years to accelerate the development of NiV medical countermeasures. NiV infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or suspected NiV spillover will improve understanding of the true burden of NiV disease. These efforts, in turn, may provide information to further support the public health value proposition for NiV medical countermeasure development and, by increasing case detection, may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.  
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Introduction  

As part of implementing the World Health Organization’s (WHO’s) R&D Blueprint for 

Action to Prevent Epidemics (WHO 2016), in 2017 WHO embarked on a process to generate a 

research and development (R&D) roadmap for medical countermeasures (diagnostics, 

therapeutics, and vaccines) aimed at human infections caused by Nipah virus (NiV). WHO 

considers NiV a priority pathogen because of its disease severity, the potential for broad global 

spread of the virus, and the lack of available medical countermeasures. The entire roadmap can 

be found in the Supplemental Appendix and this report provides a summary of key highlights. 

NiV, a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of 

respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 

Singapore in 1998-1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000). No additional 

outbreaks have been reported in these countries; however, since 2001 outbreaks of NiV infection 

have occurred nearly annually in Bangladesh (Hsu 2004, WHO 2018). Outbreaks also have 

recently been recognized in India (Arunkumar 2019, Sharma 2018, Chattu 2018) and a possible 

NiV outbreak occurred in the Philippines in 2014 (Ching 2015). NiV infection is most 

commonly associated with severe, rapidly progressive encephalitis, which may be of late onset 

or relapsing (Goh 2000, Hossain 2008, Tan 2002). Some patients also have respiratory 

involvement or respiratory illness only, which can progress to acute respiratory distress 

syndrome (Hossain 2008, Paton 1999). The case-fatality rate is estimated at 40% to 75% 

(Hossain 2008, WHO 2019). 

Fruit bats of the Pteropus genus, which have a wide geographic range, are considered the 

primary natural reservoir for NiV. Evidence of NiV infection has been found in Pteropus bat 
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species and other bat species in South Asia, Southeast Asia, the Western Pacific region, and 

Africa (Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, 

Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2019, Yob 2001). The 

wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence 

of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate 

and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 

experience with the condition and lack of available laboratory testing. Person-to-person 

transmission is well-documented (Arunkumar 2019, Chadha 2006, Gurley 2007, Luby 2009, 

Nikolay 2019) and respiratory transmission via droplet spread may play an important role in 

propagating outbreaks (Nikolay 2019; Spiropoulou 2019). Concern has been raised about the 

pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013). 

Cross-Cutting Issues  

A major challenge for development of NiV medical countermeasures is accessing 

adequate funding to support research. Economic incentives to invest in such research are not 

readily apparent because the disease primarily occurs in under-resourced areas of South Asia and 

reported disease incidence has, so far, been low with only small, sporadic outbreaks. Further 

efforts are needed to ensure that policy makers in affected countries and global stakeholders 

understand the potential health, societal, and economic benefits of devoting limited resources to 

improving NiV surveillance, detection, prevention, and control. To accomplish this, the risk 

profile for NiV and related henipaviruses needs to be further defined through improving disease 

surveillance in areas of known risk and obtaining prospective serosurveillance data on 

henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate 
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human populations in areas of predicted risk using a One Health approach (Chattu 2018, 

Kulkarni 2013). 

Optimization of relevant animal models is needed, particularly if investigators are 

required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] 

Animal Rule) to obtain regulatory approval of therapeutics or vaccines (Rockx 2014). Issues 

include: (1) determining the most appropriate animal model(s) for screening assay development; 

(2) standardizing the challenge strain and dosing parameters (including identifying the most 

appropriate lethal challenge dose); (3) determining when after challenge medical 

countermeasures should be administered to best mimic realistic timing of use in humans; (4) 

bridging data from animal models to humans; and (5) identifying the best models for studying 

chronic (relapsing) infection (Dhondt 2013, Johnston 2015, Mathieu 2015, Mire 2019). 

Currently, the African green monkey is considered the most relevant animal model for evaluating 

candidate therapeutics and vaccines intended for human use (Bossart 2012, Geisbert 2010, 

Johnston 2015); however, costs, space requirements, and ethical concerns constrain its use.   

To inform NiV medical countermeasure development, additional research also is needed 

on the virology, immunology, and pathogenesis of NiV in humans and animals. Important topics 

include evaluating pathophysiologic differences between different NiV strains, determining 

mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 

recurrent encephalitis, identifying factors influencing development of permanent neurological 

sequelae, and further characterizing cell-mediated and humoral immune responses to infection. 

Standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV 

challenge strains are also needed to advance research for medical countermeasures (Satterfield 

2016). 
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Diagnostics 

The most commonly used methods for diagnosing NiV infection include enzyme-linked 

immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies and real time-

polymerase chain reaction (RT-PCR) nucleic acid testing (Chadha 2006, Guillaume 2004, 

Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009, Mazzola 2019). Most laboratories 

use in-house NiV assays; also only a few commercial PCR kits are available and there is only 

one commercial source for reagents for ELISA testing (Mazzola 2019). More recently, 

neutralization assays using non-infectious pseudotyped virus particles have been developed, 

which can be used under biosafety level 2 (BSL-2) conditions in laboratories with limited 

diagnostic capabilities (Bae 2019, Kaku 2009, Kaku 2012, Tamin 2009). Newer technologies are 

under investigation, such as antigen-capture ELISAs using monoclonal antibodies (Chiang 2010) 

and reverse transcription-loop-mediated isothermal amplification (RT-LAMP) (Ma 2019); 

however, more information is needed regarding their performance characteristics, particularly 

under field conditions.  

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation. Furthermore, laboratory 

infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 

2013, Wang 2012); thus, etiologic diagnosis is not always pursued. Rapid point-of-care or near-

patient diagnostic tests that involve minimal requirements for laboratory infrastructure and are 

affordable are needed to identify cases quickly, promote outbreak detection, ensure timely 

implementation of infection control measures, and ultimately improve patient outcomes once 

therapeutic options become available.   
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Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic 

testing forward. Development of a repository requires addressing complex issues such as 

determining the governance structure, establishing protocols for sample collection and 

maintenance, and prioritizing use and access to samples. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays.  

Therapeutics 

Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients. Comparison of outcomes using 54 historical controls found a lower 

mortality rate among treated patients (Chong 2001); however, findings may have been biased by 

use of historical controls. No additional clinical studies using ribavirin have been conducted and 

limited studies in animal models have not demonstrated efficacy following NiV or Hendra virus 

challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may have utility for post-

exposure prophylaxis (PEP) (Banerjee 2019). 

A promising therapeutic option is monoclonal antibodies (mAbs) against viral envelope 

proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). The 

human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 

2014, Bossart 2009) and has been provided under compassionate use for a small number of 

individuals exposed to henipaviruses (Broder 2013). Other potential options for NiV treatment 

include favipiravir, fusion inhibitory peptides, and remdesivir (GS-5734). Initial animal model 
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studies involving these agents have reported favorable results (Dawes 2018, Mathieu 2018, Lo 

2019); however, additional preclinical data are needed to further assess their utility.  

Additional considerations for NiV therapeutics include: (1) expanding the therapeutic drug 

pipeline for treatment of NiV by supporting basic science research toward discovery of 

additional novel agents; (2) obtaining additional preclinical and clinical data on the safety, 

tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising 

treatments; (3) ensuring that vetted and approved protocols for conducting clinical efficacy trials 

of promising therapeutics are in place in at-risk countries to be implemented during future NiV 

outbreaks; and (4) determining which agents may be appropriate for PEP, what types of 

exposures warrant PEP, and the feasibility of PEP distribution in endemic areas. 

A limiting constraint to assessing the effectiveness of promising therapies is the number 

of patients with NiV infection who can be enrolled in clinical trials, given the small number of 

cases that occur each year. To address this concern, a transparent and collaborative process is 

needed to determine which agents are most appropriate for study in future clinical trials and how 

to best allocate scarce resources.  

Vaccines  

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 

development include creating a subunit vaccine against one or both of the outer-membrane 
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proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, 

Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 

2013, Keshwara 2019, Satterfield 2016).  

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 

sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 

conducting ethical and scientifically valid clinical trials whenever possible, alternative regulatory 

pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial 

designs (e.g., randomized controlled trials) are not feasible.  

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be standardized. 

Second, additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, 

Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection 

against NiV infection (Satterfield 2016), research should focus primarily on the humoral immune 
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response for driving vaccine development. Third, further work in animal models is needed to 

determine if vaccine candidates are cross-protective between different NiV strains, including 

recently identified strains; only a few studies demonstrating cross-protection have been 

performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be 

useful in creating a current estimate of the reproductive number for NiV, gauging the potential 

impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

Conclusion 

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures. NiV infection is 

likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or 

near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or 

suspected NiV spillover will improve understanding of the true burden of NiV disease. These 

efforts, in turn, may provide information to further support the public health value proposition 

for NiV medical countermeasure development and, by increasing case detection, may enhance 

feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.   
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Nipah Research and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic 
goals, and prioritizing areas and activities (from basic research toward advanced development, 
licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative 
development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against 
Nipah virus infection.  
 

INTRODUCTION   

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 
infection was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks 
have occurred in that country since. NiV infection has also been identified periodically in eastern India 
and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in 
Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as 
serologic evidence for NiV has been found in the known natural reservoir (Pteropus species and several 
other bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, 
Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV 
transmission. Additionally, several other domestic animal species (including horses, cats, and dogs) were 
found to be infected with NiV on the farms involved in the outbreak. In the outbreaks in Bangladesh, 
intermediary hosts between bat and human have not played a major role, with the primary modes of 
NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent 
person-to-person transmission.  
 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat; disease also occurred in healthcare workers who cared for NiV-infected 
patients. Detailed genomic information for this virus is limited.   
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NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered 
mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 
those identified in Bangladesh and India. Some differences have been noted in the clinical features of 
infection, with different strains in humans and experimentally infected non-human primates.  
 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of MCMs to enable effective and timely emergency 
response to infectious disease epidemics. NiV infection is identified in the Blueprint’s list of “priority 
diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which 
few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority 
diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic 
assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges 
from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and 
endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for 
areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These 
topics are not presented in order of public health priority.) The strategic goals and milestones identified 
in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be 
tracked over time, with periodic assessment of progress and updating as needed. 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 
include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), 
ensuring adequate hand hygiene and environmental hygiene, promoting effective community 
engagement, implementing adequate infection prevention and control practices, developing adequate 
infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce 
development and training in endemic and at-risk regions. Many of these issues are beyond the scope of 
the R&D roadmap but need to be addressed as part of a broader public health control strategy. Further 
research of NiV in animal species, including development of appropriate MCMs targeted to animal 
populations, also is needed, since disease in animals may amplify occurrence of NiV (or related 
henipavirus species) in humans and virus transmission can occur at the human-animal interface. 
 

VISION 
Ready availability and accessibility of rRobust MCMs to detect, prevent, and control human outbreaks 
of NiV infection (and other closely related henipaviruses) that are readily available and accessible for 
use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-
care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe 
and effective vaccines to prevent disease, disability, and death.  
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CROSS-CUTTING ISSUES 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Securing funding for Nipah research represents a substantial challenge, since economic 

incentives to invest in Nipah research are not readily apparent because the disease primarily 
occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been 
low with small and sporadic outbreaks. The development of a sustainable value proposition for 
industry and international philanthropic public-private partnerships is needed to secure funding 
to complete development, licensure, manufacture, and deployment of NiV MCMs. The value 
proposition should be informed by a robust assessment of the risk of future outbreaks and the 
economic, societal, and health impacts that such outbreaks could generate.  

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 
developers in the absence of a predictable demand. In addition, licensure of vaccines and 
therapeutics using alternative regulatory pathways can be very costly, given the regulatory 
requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (biosafety level 4 [BSL-4]) conditions, which can increase the cost of MCM 
development. 

• To date, NiV spillovers to human communities have been identified most commonly in rural 
communities in Bangladesh and India; the healthcare facilities that serve these communities 
have limited laboratory and clinical infrastructure for diagnosis and treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of 
clinical experience with the condition, lack of available laboratory testing, and the occurrence of 
other diseases that have similar clinical presentations.  

• While ferrets, Syrian hamsters, and interferon-alpha/beta receptor knockout (IFNAR-KO) mice 
are well-established animal models for NiV research, the African green monkey (AGM) is 
regarded as the most relevant animal model for evaluation of candidate therapeutics and 
vaccines intended for use in humans. Additionally, studies involving the AGM model may be 
required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements 
(particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV 
infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major 
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challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate 
MCM efficacy with adequate statistical power. It may be possible to address this issue by 
enhancing case detection through improved surveillance and by combining clinical trial data 
over time, including across outbreaks. While it is critical to focus on approaches that make 
ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory 
pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic 
clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

Key needs 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 
innovation and secure private-sector commitments to develop and manufacture NiV MCMs. 

• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 
for NiV prevention and control.  

• Advocacy to policy makers in affected countries and to global stakeholders to ensure they 
understand the potential health, societal, and economic benefits of devoting resources to 
improving NiV surveillance, detection, prevention, and control measures.   

• Obtaining additional prospective serosurveillance data of henipavirus exposure from susceptible 
animal species and proximate human populations in areas of predicted risk should be explored 
as a strategy to assess the potential of human spillover and to build preparedness for detection 
of human cases and for limiting exposure.  

• Standardized and well-characterized assays (to be further defined based on end use), reagents, 
antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. 
Assays that can be used at lower biosafety levels are an important priority. WHO international 
standards should be used (when available) as calibrators and reported in units/ml to harmonize 
assay results.  

• Clear criteria for downselection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research. Such criteria should align 
with desired characteristics outlined in the target product profiles (TPPs) and should address 
aspects of sustainable MCM production, stockpiling, and access. 

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) or other regulatory agencies to obtain clarity and guidance on 
clinical trial requirements, regulatory pathways and requirements, and other considerations for 
NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 
capabilities will vary between countries; therefore, early engagement, potentially with support 
from WHO, is essential to identify country-specific considerations.    

• Outreach and education to clinicians and community health workers to improve NiV awareness, 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 
prevention and control) and to ensure availability of diagnostic tools in endemic areas to 
increase the likelihood of accurate and timely diagnosis and treatment of NiV infection.  
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• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 
collaborative clinical research, including methods for collecting, standardizing, and sharing 
clinical data.   

• Collaboration between public health authorities in endemic and at-risk areas and international 
development partners to support NiV surveillance and strengthen disease prevention and 
preparedness activities. Human health, animal health, and wildlife officials should be engaged as 
part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturing to endemic and at-risk areas.  

Knowledge gaps 
• Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as 

well as other preventive measures, depend on accurate and current information on the ecology 
and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or 
dedicated prospective research with a surveillance focus) is needed to determine the true 
incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 
bats to humans or livestock in new geographic areas. Additionally, continued research is needed 
to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 
infection, in the natural reservoir of Pteropus bats and potentially other bat species.  

• Additional research is needed to optimize relevant animal challenge models (e.g., ferret, Syrian 
hamster, IFNAR-KO mouse, and AGM models) for promoting development and evaluation of 
MCMs, particularly if investigators are required to use an alternative pathway (such as the 
United States Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory 
approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for 
screening assay development; (2) standardize the challenge strain and dose, and determine the 
most appropriate lethal NiV dose for MCM development; (3) determine when after-challenge 
MCMs should be administered in animal models to best mimic realistic timing of MCM use in 
humans; (4) bridge NiV MCM data from animal models to humans, such as identifying 
thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify 
the best models for studying chronic (relapsing) infection.  

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between different NiV strains, determining the mechanisms that 
allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, 
identifying factors influencing the development of permanent neurologic sequelae, and further 
characterizing cell-mediated and humoral immune responses to NiV infection. In addition, 
identifying aspects of the immune response that are absent or counter-effective during human 
NiV infection may lead to the development of novel targeted intervention strategies.  

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of 
disease over time and thereby influence MCM development.   
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• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hosts and pathogenicity.  

• Additional studies applying whole-genome sequencing of NiV are needed to generate a 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage 
populations at high risk of exposure (such as persons who consume date palm sap, healthcare 
workers, and workers at the human-animal interface) and vulnerable populations (such as 
children, immunocompromised individuals, and pregnant women) for participation in clinical 
trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not 
consistently prevent disease.  

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Identify sources of private- and public-sector funding and develop appropriate 
incentives and competitions to promote R&D of NiV MCMs.  

Milestones: 
1. By 2019, develop a public value proposition to effectively advocate for the development and 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 
outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 
and (3) details the positive impact on the health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward 
clinical evaluation, licensure/approval, acceptance, and sustainable access. 
 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk 
and potential for global spread of NiV outbreaks.  

Milestones: 
1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying 

surveillance catchment areas, engaging key partners in those areas, generating a standardized 
protocol, and conducting training for implementation.   

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including 
the potential for spillover events), enhance case detection, and better define the disease burden 
in different geographic areas.  

 
Strategic Goal 3: Support basic science research to improve understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animal models.  

Milestones: 
1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 
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2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical 
studies of NiV MCMs and that may be necessary for licensure of MCM products (particularly 
vaccines) via non-traditional regulatory pathways. 

 
Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 
NiV infections to inform development of MCMs. 

• Determine key differences in pathogenesis for different NiV strains that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine and optimize relevant animal models to support the development and evaluation of NiV 
MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.   

• Generate research tools to promote R&D of MCMs for NiV infection (e.g., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research studies to enable a more comprehensive mapping of genetic variability of 
henipaviruses to improve understanding of their global distribution. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for downselection and prioritization of candidate MCMs that should be moved 

forward. 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection.   

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 
human or animal populations.  

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    
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• Collaborate with local government authorities (including human health, animal health, and 
wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 

NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 
and fair” price is one that can reasonably be paid by patients and health budgets and 
simultaneously sustains research and development, production, and distribution within a 
country.) 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
DIAGNOSTICS 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Initial signs and symptoms of NiV infection are nonspecific, and the diagnosis often is not 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
in outbreak detection and implementation of effective and timely infection control measures 
and outbreak response activities. Additionally, latent disease can occur months to years after 
initial infection, which can complicate epidemiologic investigation.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
limited, and investigation into the cause of infection is not always pursued; these issues can lead 
to delays in diagnosis and outbreak investigation and response.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  
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• Owing to the biosafety precautions necessary when working with NiV, diagnostic testing of 
clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with 
regard to collection, handling, transport, and laboratory analysis.  

• The time required to perform diagnostic testing using conventional laboratory methods is 
problematic, given the rapid disease progression of NiV infection.  

• Currently, no approved tests for diagnosis of NiV infection are commercially available. 
• Pteropus species (and perhaps other bat species) appear to carry other henipaviruses in addition 

to NiV and HeV, some of which may prove to be pathogenic in humans and livestock. Antibodies 
to different henipaviruses are highly cross-reactive, making it difficult to discriminate using 
serologic assays which henipaviruses are in circulation. Capacity to identify additional 
pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 
respond to future outbreaks.  

Key needs 
• Clarification regarding the use cases for different diagnostic assays, since the corresponding 

performance, validation, and regulatory approval requirements may differ depending on how 
the tests will be used. For example, it may be desirable to have a point-of-care screening test 
that is highly sensitive and a confirmatory test that is highly specific. 

• A TPP for NiV diagnostics that identifies the key use cases and optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• A virtual repository (with specimens being held and maintained in the countries of origin) of 
clinical samples to assess and validate diagnostic tests. As part of this process, a clear approach 
is needed to: (1) determine what clinical samples should be collected, based on what would be 
most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of 
sample collection; (3) determine what organizations will be responsible for the activities related 
to creating and maintaining the repositories; (4) establish standardized protocols for sample 
collection and maintenance; (5) establish an appropriate governance structure; (6) identify who 
would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) 
ensure that material transfer agreements (MTAs) are in place. (Samples obtained from 
laboratory animals also can be used to assess diagnostic assays during the timeframe when the 
virtual repository is being created.) 

• Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements 
for laboratory infrastructure, can detect disease early in the clinical course, are robust for use 
under a variety of conditions (e.g., varying humidity, temperature), and have a high sensitivity 
and specificity for different NiV strains, as needed, depending on the use cases for each test. 
Rapid diagnostic capability is needed for early case detection to promote outbreak detection, 
ensure early implementation of infection control measures, and ultimately to improve patient 
outcomes, once therapeutic options are available.  

• International reference standards to calibrate diagnostic assays.  
• Validation of promising diagnostics in endemic and at-risk geographic regions.  
• Diagnostic criteria and standardized testing for including patients in clinical trials of 

therapeutics. 
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• Improved diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent 
henipaviruses as they arise.  

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection.  

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 
performance of NiV diagnostic assays in the field.  

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 
support the business case for Nipah diagnostics, particularly given the costs of regulatory 
approval.  

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotype neutralization assays and antigen-
capture enzyme-linked immunosorbent assays [ELISAs]) and tests that are designed to detect 
more than one henipavirus. Further testing of diagnostics should be conducted in animal models 
before field trials in humans are pursued.  

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 
repository of clinical samples from NiV-infected patients. 
 

Milestones:  
1. By 2019, develop and standardize plans and protocols (including the governance structure) for 

creating a virtual reference repository of well-characterized clinical samples to be maintained in 
the two primary NiV-affected countries: Bangladesh and India.  
 

2. By 2021, identify funding and initiate creation of the virtual reference repository in Bangladesh 
and India, with samples to be collected during future outbreaks and possibly as part of future 
clinical trials.    

 
Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on 
intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the 
conditions in which they will be used and that have minimal requirements for biosafety precautions and 
staff training.  
 

Milestones:  
1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal 

and desirable characteristics to guide the development of promising NiV diagnostic assays.  
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2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization 
pathways for NiV diagnostic assays.  

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care 
or near-patient diagnostic assays that align with the TPP. 
 

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-
patient diagnostic assays that align with the TPP. 
 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover 
risk to promote early detection of NiV.  
 

Milestones:  
1. By 2021, develop national laboratory strategies for NiV detection in the primary affected 

countries that include plans for enhancing laboratory preparedness to diagnose NiV infection 
during future outbreaks.  

 
Priority Areas/Activities 

Research 
• Create a virtual repository of clinical reference samples for use in researching new diagnostic 

agents.  
• Explore new diagnostic approaches that may allow earlier detection of infection.   
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  

 Product development 
• Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and 

preferred performance characteristics for different use cases. 
• Develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV infection that 

are affordable, highly sensitive and specific (as needed, depending on their intended use), can 
capture antigenically diverse strains of the virus, and can be performed accurately and safely in 
remote areas under a variety of circumstances.   

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-

affected countries. 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  
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Policy and commercialization 
• Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available.   
 

THERAPEUTICS 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 

could reduce acceptance of NiV therapeutics.  
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 

creates an important challenge in providing early treatment of patients and PEP for exposed 
persons.  

• In NiV-endemic areas, hundreds of patients are admitted to hospitals annually with a diagnosis 
of encephalitis but do not have NiV infection. Treating all patients with encephalitis and their 
contacts for NiV infection would be costly and labor intensive, with relatively little benefit; 
therefore, accurate and rapid diagnosis is critical.  

• Studies in animals often evaluate the usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well a therapeutic agent will 
work in the field. 

• NiV can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control–
programs in place to prevent person-to-person transmission. They also lack the ability to rapidly 
identify contacts most likely to benefit from PEP therapy. 

• A limiting constraint to assessing the effectiveness of promising therapies is the number of 
patients with NiV infection who can be enrolled in clinical trials, given the small number of cases 
that are detected annually.  

Key needs 
• Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to 

be implemented in NiV-affected areas, particularly during future outbreaks. 
• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 

infection to improve survival and decrease associated morbidity and long-term disability.  
• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 

PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  
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• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

• A transparent and collaborative process is needed to determine which agents are most 
appropriate for study in future clinical trials, given the limited number of cases that could 
potentially be enrolled in trials each year. 

Knowledge gaps 
• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 

challenge in animal models and has been provided under compassionate use programs for a 
small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for 
m102.4 with 40 human participants was completed in Australia. Additional animal studies using 
different NiV strains and clinical trials in endemic areas are needed to further assess the safety, 
tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir 
[an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being 
used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. 
Additionally, the therapeutic windows of each therapy should be determined for different NiV 
strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for 
m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia.  

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection and strengthen the therapeutic pipeline.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamic (PK/PD) 
relationship of promising therapeutic candidates. 

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer. This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons 
annually that could be candidates for PEP.  

• Additional information is needed regarding whether or not strain differences will affect the 
response to therapeutic candidates and results from clinical trials. 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions.  
 

Strategic Goals and Aligned Milestones 
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Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 
outbreaks.  
 

Milestones:  
1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising 

therapeutic candidates to be implemented in NiV-affected areas and develop plans for 
operationalizing the protocol.  

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to 
be implemented in NiV-affected areas and develop plans for operationalizing the protocol.  

3. By 2019, identify an approach for downselecting promising therapeutic candidates for further 
study in clinical trials, given limited annual case numbers for enrollment.   

4. By 2020, complete a broader, regional protocol for conducting clinical trials of promising 

therapeutic candidates to be implemented in NiV-affected areas and develop plans for 
operationalizing the protocol.  

5. By 2020, generate a reliable source of m102.4 (or other promising agent[s] or agent 
combinations) to be used assessed in clinical trials. 
 

Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for 
PEP to prevent NiV infection.  
 

Milestones:  
1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic 

candidates.  

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or combination therapies for the treatment of NiV 
infection.  

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) 
efficacy of at least two promising therapeutic candidates or combination therapies for the 
treatment of NiV infection.  

 
Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 

(such as m102.4 and favipiravir) for treating and preventing NiV infection, including conducting 
studies in animal models and clinical trials as appropriate and feasible. 

• Continue to expand the pipeline of new therapeutic options for treating and preventing NiV 
infection that should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
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• Develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV 
infection that are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains  and 
other pathogenic henipaviruses that may emerge. 

Key capacities 
• Ensure that clinical trial protocols are in place and are ready to be operationalized, including 

obtaining appropriate approvals and conducting necessary training. 
• Promote enhancements to the healthcare delivery systems in affected areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for further clinical testing and outbreak control.  

Policy and commercialization 
• Generate a reliable source of m102.4 to be used in clinical trials. 
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

VACCINES 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges  
• Currently, there is no candidate vaccine that is in late-stage development, and few companies 

are willing to invest in the generation of new NiV vaccines.  
• Sociocultural issues may hinder trust in the formal human and veterinary clinical and public 

health systems, which could diminish the acceptance of NiV vaccine use.  
• The absence of improved diagnostic assays for the timely diagnosis of infection creates an 

important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak 
control.  

Key needs 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 

against different NiV strains, and (3) provide rapid onset of an immune response to adequately 
prevent and control outbreaks.  

• Guidance on the use of NiV vaccines to include vaccination strategies for special populations 
(such as children, immunocompromised individuals, and pregnant women); different 
epidemiologic scenarios; and different vaccine attributes.  

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 
target populations and guidance for community sensitization to vaccine acceptation and 
promotion within the community. 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategies over time.  
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Knowledge gaps 
• Additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV. Since neutralizing antibodies are 
likely the primary mediator of protection against NiV infection, research in this area should 
focus primarily on the humoral immune response for driving vaccine development.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines.  

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac HeV from Zoetis).  

• Additional research is needed in animal models to determine if vaccine candidates are cross-
protective between different NiV strains, including recently identified strains; only a few studies 
demonstrating cross-protection have been performed to date.  

• The identification of specific correlates or surrogates of protection and standardized assays for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may 
vary by vaccine platform and antigen, and therefore multiple assays may need to be 
standardized. 

• Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse 
incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in 
non-affected countries, safety trials will also be needed involving target populations in endemic 
regions.  

• Further epidemiologic research is needed to better define at-risk populations and identify 
additional areas of potential NiV spillover.  

• Additional sociological research is needed to explore perceptions and concerns of at-risk 
populations regarding NiV vaccine implementation. 

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use 
in NiV endemic areas.  

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 
estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating 
disease risk based on risk behaviors and practices in communities or specific population groups, 
and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  

 

Strategic Goals and Aligned Milestones 
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Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 
requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure 
of a vaccine against NiV. 

Milestones:  
1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy 

trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical 
trials (if deemed feasible) and the need for licensure and future use of NiV vaccines. This 
consultation should include representatives from in-country regulators, other regulatory 
agencies (such as the FDA or the European Medicines Agency), national and international public 
health agencies and organizations, and local and international researchers. 

 
Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans.  
 

Milestones:  
1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 

least two promising NiV vaccine candidates. 
 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV 
candidate vaccines.  
 

3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a 
framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional 
protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create 
a collaborative and transparent strategy for determining which candidate vaccines will go 
forward into phase 3 trials.  

 
Priority Areas/Activities 

Research 
• Improve understanding of the humoral immune response to infection to inform development 

and evaluation of NiV vaccines. 
• Identify and standardize correlates and/or surrogates of protection, which are necessary for 

ongoing research into candidate vaccines and also may be important for vaccine licensure.  
• Generate international reference standards to calibrate serologic assays for vaccine potency 

analyses. 
• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 

efficacy in animal models (such as through serum transfer studies), correlates of protection, and 
durability. 

• Further study cross protection of various vaccine candidates against different NiV strains, and 
between NiV strains and HeV strains.  

• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 
animal studies for immune bridging to facilitate regulatory licensing. 
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• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Evaluate the feasibility of generating multivalent vaccines (i.e., that protect against more than 
one disease) and determine whether or not such vaccines would be useful in future NiV control 
efforts.    

Product development 
• Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  

Key capacities 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 

(once vaccines become available). 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 

vaccines, if clinical trials are considered feasible. 
• Identify and address issues with licensure and use of NiV vaccines in affected areas through a 

coordinated process involving key stakeholders, including in-country NRAs and public health 
authorities. 

• Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical 
evaluation and use when outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Develop guidance for community sensitization to vaccine acceptance and promotion within the 

community. 
• Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, 

if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for 
person-to-person transmission and potential for faster spread.  
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Introduction 

As part of implementing the World Health Organization’s (WHO’s) R&D Blueprint for Action to Prevent Epidemics (WHO 2016), in 2017 WHO embarked on a process to generate a research and development (R&D) roadmap for medical countermeasures (diagnostics, therapeutics, and vaccines) aimed at human infections caused by Nipah virus (NiV). WHO considers NiV a priority pathogen because of its disease severity, the potential for broad global spread of the virus, and the lack of available medical countermeasures. The entire roadmap can be found in the Supplemental Appendix and this report provides a summary of key highlights.

NiV, a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998-1999 (Chew 2000, Chua 1999, Chua 2010, Parashar 2000). No additional outbreaks have been reported in these countries; however, since 2001 outbreaks of NiV infection have occurred nearly annually in Bangladesh (Hsu 2004, WHO 2018). Outbreaks also have recently been recognized in India (Arunkumar 2019, Sharma 2018, Chattu 2018) and a possible NiV outbreak occurred in the Philippines in 2014 (Ching 2015). NiV infection is most commonly associated with severe, rapidly progressive encephalitis, which may be of late onset or relapsing (Goh 2000, Hossain 2008, Tan 2002). Some patients also have respiratory involvement or respiratory illness only, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 1999). The case-fatality rate is estimated at 40% to 75% (Hossain 2008, WHO 2019).

Fruit bats of the Pteropus genus, which have a wide geographic range, are considered the primary natural reservoir for NiV. Evidence of NiV infection has been found in Pteropus bat species and other bat species in South Asia, Southeast Asia, the Western Pacific region, and Africa (Anderson 2019, Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2019, Yob 2001). The wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. Person-to-person transmission is well-documented (Arunkumar 2019, Chadha 2006, Gurley 2007, Luby 2009, Nikolay 2019) and respiratory transmission via droplet spread may play an important role in propagating outbreaks (Nikolay 2019; Spiropoulou 2019). Concern has been raised about the pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013).

Cross-Cutting Issues 

A major challenge for development of NiV medical countermeasures is accessing adequate funding to support research. Economic incentives to invest in such research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. Further efforts are needed to ensure that policy makers in affected countries and global stakeholders understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control. To accomplish this, the risk profile for NiV and related henipaviruses needs to be further defined through improving disease surveillance in areas of known risk and obtaining prospective serosurveillance data on henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate human populations in areas of predicted risk using a One Health approach (Chattu 2018, Kulkarni 2013).

Optimization of relevant animal models is needed, particularly if investigators are required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval of therapeutics or vaccines (Rockx 2014). Issues include: (1) determining the most appropriate animal model(s) for screening assay development; (2) standardizing the challenge strain and dosing parameters (including identifying the most appropriate lethal challenge dose); (3) determining when after challenge medical countermeasures should be administered to best mimic realistic timing of use in humans; (4) bridging data from animal models to humans; and (5) identifying the best models for studying chronic (relapsing) infection (Dhondt 2013, Johnston 2015, Mathieu 2015, Mire 2019). Currently, the African green monkey is considered the most relevant animal model for evaluating candidate therapeutics and vaccines intended for human use (Bossart 2012, Geisbert 2010, Johnston 2015); however, costs, space requirements, and ethical concerns constrain its use.  

To inform NiV medical countermeasure development, additional research also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. Important topics include evaluating pathophysiologic differences between different NiV strains, determining mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to infection. Standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains are also needed to advance research for medical countermeasures (Satterfield 2016).

Diagnostics

The most commonly used methods for diagnosing NiV infection include enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies and real time-polymerase chain reaction (RT-PCR) nucleic acid testing (Chadha 2006, Guillaume 2004, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009, Mazzola 2019). Most laboratories use in-house NiV assays; also only a few commercial PCR kits are available and there is only one commercial source for reagents for ELISA testing (Mazzola 2019). More recently, neutralization assays using non-infectious pseudotyped virus particles have been developed, which can be used under biosafety level 2 (BSL-2) conditions in laboratories with limited diagnostic capabilities (Bae 2019, Kaku 2009, Kaku 2012, Tamin 2009). Newer technologies are under investigation, such as antigen-capture ELISAs using monoclonal antibodies (Chiang 2010) and reverse transcription-loop-mediated isothermal amplification (RT-LAMP) (Ma 2019); however, more information is needed regarding their performance characteristics, particularly under field conditions. 

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the diagnosis often is not considered at the time of presentation. Furthermore, laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); thus, etiologic diagnosis is not always pursued. Rapid point-of-care or near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure and are affordable are needed to identify cases quickly, promote outbreak detection, ensure timely implementation of infection control measures, and ultimately improve patient outcomes once therapeutic options become available.  

Development of new diagnostics is impeded by lack of clinical samples for assay assessment and validation; therefore, a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic testing forward. Development of a repository requires addressing complex issues such as determining the governance structure, establishing protocols for sample collection and maintenance, and prioritizing use and access to samples. A target product profile (TPP) for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics also is needed to guide the development of promising new diagnostic assays. 

Therapeutics

Safe, well-tolerated, and effective therapeutic agents are not readily available for treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used to treat 140 patients. Comparison of outcomes using 54 historical controls found a lower mortality rate among treated patients (Chong 2001); however, findings may have been biased by use of historical controls. No additional clinical studies using ribavirin have been conducted and limited studies in animal models have not demonstrated efficacy following NiV or Hendra virus challenge (Georges-Courbot 2006, Rockx 2010). Ribavirin, however, may have utility for post-exposure prophylaxis (PEP) (Banerjee 2019).

A promising therapeutic option is monoclonal antibodies (mAbs) against viral envelope proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). The human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 2014, Bossart 2009) and has been provided under compassionate use for a small number of individuals exposed to henipaviruses (Broder 2013). Other potential options for NiV treatment include favipiravir, fusion inhibitory peptides, and remdesivir (GS-5734). Initial animal model studies involving these agents have reported favorable results (Dawes 2018, Mathieu 2018, Lo 2019); however, additional preclinical data are needed to further assess their utility. 

Additional considerations for NiV therapeutics include: (1) expanding the therapeutic drug pipeline for treatment of NiV by supporting basic science research toward discovery of additional novel agents; (2) obtaining additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising treatments; (3) ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and (4) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, and the feasibility of PEP distribution in endemic areas.

A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that occur each year. To address this concern, a transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials and how to best allocate scarce resources. 

Vaccines 

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generating new NiV vaccines, which creates an important barrier to ensuring that safe and effective NiV vaccines are made available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines are still in preclinical stages of research. The two primary approaches for NiV vaccine development include creating a subunit vaccine against one or both of the outer-membrane proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 2013, Keshwara 2019, Satterfield 2016). 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on conducting ethical and scientifically valid clinical trials whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial designs (e.g., randomized controlled trials) are not feasible. 

Additional research is needed in several areas to support development of NiV vaccines. First, identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed, particularly to expedite possible licensing through nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized. Second, additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection against NiV infection (Satterfield 2016), research should focus primarily on the humoral immune response for driving vaccine development. Third, further work in animal models is needed to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be useful in creating a current estimate of the reproductive number for NiV, gauging the potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017).

Conclusion

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the next 5 years to accelerate the development of NiV medical countermeasures. NiV infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or suspected NiV spillover will improve understanding of the true burden of NiV disease. These efforts, in turn, may provide information to further support the public health value proposition for NiV medical countermeasure development and, by increasing case detection, may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.  


References

Anderson DE, Islam A, Crameri G, et al. Isolation and full-genome characterization of Nipah viruses from bats, Bangladesh. Emerg Infect Dis 2019 Jan;25(1):166-70 [Full text]

Arunkumar G, Chandni R, Mourya DT, et al. Outbreak investigation of Nipah virus disease in Kerala, India, 2018. J Infect Dis June 2019;219(12): 1867–1878 [Full text]

Bae SE, Kim SS, Moon ST, et al. Construction of the safe neutralizing assay system using pseudotyped Nipah virus and G protein-specific monoclonal antibody. Biochem Biophys Res Commun 2019 Jun 11;513(4):781-786; Epub 2019 Apr 15 [Abstract]

Banerjee S, Niyas VKM, Soneja M, et al. First experience of ribavirin postexposure prophylaxis for Nipah virus, tried during the 2018 outbreak in Kerala, India. J Infect. J Infect 2019 Jun;78(6):491-503. Epub 2019 Mar 6 [PubMed]

Bossart KN, Rockx B, Feldmann F, et al. A Hendra virus G glycoprotein subunit vaccine protects African green monkeys from Nipah virus challenge. Sci Transl Med 2012 Aug 8;4(146):146ra107 [Full text]

Bossart KN, Zhu Z, Middleton D, et al. A neutralizing human monoclonal antibody protects against lethal disease in a new ferret model of acute Nipah virus infection. PLoS Path. 2009 Oct 30; 5(10):e1000642 [Full text]

Breed AC, Meng Yu, Barr, et al. Prevalence of Henipavirus and Rubulavirus antibodies in Pteropid bats, Papua New Guinea. Emerg Infect Dis 2010 Dec;16(12):1997-9 [Full text]

Broder CC. Henipavirus outbreaks to antivirals: the current status of potential therapeutics. Curr Opin Virol 2012 Apr 2(2):176-87 [Full text] 

Broder CC. Passive immunization and active vaccination against Hendra and Nipah viruses. Dev Biol (Basel) 2013 May 14;135:125-38 [Abstract]

Broder CC, Xu K, Nikolov DB, et al. A treatment for and vaccine against the deadly Hendra and Nipah viruses. Antivir Res 2013 Oct;100(1):8-13 [Full text]

CDC (Centers for Disease Control and Prevention). Nipah virus (NiV) signs and symptoms. Last updated 2014 Mar 20 [Web page]

Chadha MS, Comer JA, Lowe L, et al. Nipah virus-associated encephalitis outbreak, Siliguri, India. Emerg Infect Dis 2006 Feb;12(2): 235-40 [Full text]

Chattu VK, Kumar R, Kumary S, et al. Nipah virus epidemic in southern India and emphasizing "One Health" approach to ensure global health security. J Family Med Prim Care 2018 Mar-Apr;7(2):275-83 [Full text]

Chew MH, Arguin PM, Shay DK, et al. Risk factors for Nipah virus infection among abattoir workers in Singapore. J Infect Dis 2000 May;181(5):1760-3 [Abstract]



Chiang CF, Lo MK, Rota PA, et al. Use of monoclonal antibodies against Hendra and Nipah viruses in an antigen capture ELISA. Virol J 2010 Jun 3;7:115 [Full text]



Ching PG, de los Reyes V, Sucaldito M, et al. Outbreak of Henipavirus infection, Philippines, 2014. Emerg Infect Dis 2015;21(2):328-331 [Full text]

Chong HT, Kmarulzaman A, Tan CT. Treatment of acute Nipah encephalitis with ribavirin. Ann Neurol 2001 Jun;49(6):810-3 [Abstract]



Chua KB, Goh KJ, Wong KT, et al. Fatal encephalitis due to Nipah virus among pig-farmers in Malaysia. Lancet 1999 Oct 9;354(9186):1257-9 [Abstract]



Chua KB. Epidemiology, surveillance and control of Nipah virus infections in Malaysia Malaysian J Pathol 2010;32(2):69-73 [Full text]



Chua KB, Gubler DJ. Perspectives of public health laboratories in emerging infectious diseases. Emerg Microbes Infect 2013 Jun;2(6):e37 [Full text]

Dawes BE, Kalveram B, Ikegami T, et al. Favipiravir (T-705) protects against Nipah virus infection in the hamster model. Sci Rep 2018 May 15;8(1):7604 [Full text]

Deka MA, Morshed N. Mapping diseaset risk of Nipah virus in South and Southeast Asia. Trop Med Infect Dis 2018 May 30;3(2):pii:E57 [Full text] 

Dhondt KP, Horvat B. Henipavirus infections: lessons from animal models. Pathogens 2013 Apr 9;2(2):264-87 [Full text] 

Donaldson H, Lucey D. Enhancing preparation for large Nipah outbreaks beyond Bangladesh: Preventing a tragedy like Ebola in West Africa. Int J Infect Dis 2018 Jul;72:69-72 [Full text]

Epstein JH, Prakash V, Smith CS, et al. Henipavirus infection in fruit bats (Pteropus giganteus), India. Emerg Infect Dis 2008 Aug; 14(8):1309–1311 [Full text]

Geisbert TW, Daddario-DiCaprio KM, Hickey AC, et al. Development of an acute and highly pathogenic nonhuman primate model of Nipah virus infection. PLoS ONE 2010 May 18;5(5):e0010690 [Full text]

Geisbert TW, Mire CE, Geisbert JB, et al. Therapeutic treatment of Nipah virus infection in nonhuman primates with a neutralizing human monoclonal antibody. Sci Transl Med 2014 June 25;6(242):242ra82 [Full text]

Georges-Courbot MC, Contamin H, Faure C, et al. Poly(I)-Poly(C12U) but not ribavirin prevents death in a hamster model of Nipah virus infection. Antimicrob Agents Chemother 2006 May; 50(5):1768–1772 [Full text]  



Goh KJ, Tan CT, Chew NK, et al. Clinical features of Nipah virus encephalitis among pig farmers in Malaysia. N Engl J Med. 2000 Apr 27;342(17):1229-35 [Full text]

Guillaume V, Contamin H, Loth P, et al. Nipah virus: vaccination and passive protection studies in a hamster model. J Virol 2004 Jan;78(2):834-40 [Full text]

Guillaume V, Lefeuvre A, Faure C, et al. Specific detection of Nipah virus using real-time RT-PCR (TaqMan). J Virol Methods 2004 Sep 15;120(2):229-37 [Abstract] 



Gurley ES, Montgomery JM, Hossain MJ, et al. Person-to-person transmission of Nipah virus in a Bangladeshi community. Emerg Infec Dis 2007 Jul;13(7):1031-7 [Full text]

Hasebe F, Thuy NT, Inoue S, et al. Serologic evidence of Nipah virus infection in bats, Vietnam. Emerg Infect Dis 2012:18:536–7 [Full text]  



Hayman DT, Suu-Ire R, Breed AC, et al. Evidence of henipavirus infection in West African fruit bats. PloS One 2008 Jul 23;3(7):e2739 Full text]



Hossain MJ, Gurley ES, Montgomery JM, et al. Clinical presentation of Nipah virus infection in Bangladesh. Clin Infect Dis 2008 Apr 1;46(7):977-84 [Full text]

Homaira N, Rahman M, Hossain MJ, et al. Nipah virus outbreak with person-to-person transmission in a district of Bangladesh, 2007. Epidemiol Infect 2010 Nov;138(11):1630-6 [Abstract] 

Hsu VP, Hossain MJ, Parshar UD, et al. Nipah virus encephalitis reemergence, Bangladesh. Emerge Infect Dis 2004 Dec;10(12):2082-7 [Full text]

Iehlé C, Razafitrimo G, Razainirina, et al. Henipavirus and Tioman virus antibodies in pteropodid bats, Madagascar. Emerg Infect Dis 2007 Jan;13(1):159-61 [Full text]

Islam MS, Sazzad HM, Satter SM, et al. Nipah virus transmission from bats to humans associated with drinking traditional liquor made from date palm sap, Bangladesh, 2011-2014. Emerg Infect Dis 2016 Apr;22(4):664-70 [Full text]

Johnston SC, Briese T, Bell TM, et al. Detailed analysis of the African green monkey model of Nipah virus disease. PLoS One 2015 Feb 23;10(2)e0117817 [Full text]

Kaku Y, Noguchi A, Marsh GA, et al. Second generation of pseudotype-based serum neutralization assay for Nipah virus antibodies: sensitive and high-throughput analysis utilizing secreted alkaline phosphatase. J Virol Methods 2012 Jan;179(1):226-32 [Abstract]



Kaku Y, Noguchi A, Marsh GA, et al. A neutralization test for specific detection of Nipah virus antibodies using pseudotyped vesicular stomatitis virus expressing green fluorescent protein. J Virol Methods 2009 Sep;160(1-2):7-13 [Abstract]



Keshwara R, Shiels T, Postnikova E, et al. Rabies-based vaccine induces potent immune responses against Nipah virus. NPJ Vaccines. 2019;4:15. Published online 2019 Apr 15 [Full text]

Kulkarni DD, Tosh C, Venkatesh G, et al. Nipah virus infection: current scenario. Indian J Virol 2013 Dec;24(3):398-408 [Full text] 

Lo MK, Feldmann F, Gary JM, et al. Remdesivir (GS-5734) protects African green monkeys from Nipah virus challenge. Sci Transl Med 2019 May 29;11(494):eaau9242 [Full text]

Lo MK, Lowe L, Hummel KB, et al. Characterization of Nipah virus from outbreaks in Bangladesh, 2008–2010. Emerg Infect Dis 2012;18(2):248–55 [Full text]  



Luby SP. The pandemic potential of Nipah virus. Antiviral Res 2013;100(1):38-43 [Abstract] 

Luby SP, Hossain MJ, Gurley ES, et al. Recurrent zoonotic transmission of Nipah virus into humans, Bangladesh, 2001–2007. Emerg Infect Dis 2009 Aug;15(8):1229-35 [Full text]



Luby SP, Rahman M, Hossain MJ, et al. Foodborne transmission of Nipah virus, Bangladesh. Emerg Infect Dis 2006 Dec;12(12):1888-94 [Full text]



Ma L, Chen Z, Guan W, et  al. Rapid and specific detection of all known Nipah virus strains' sequences with reverse transcription-loop-mediated isothermal amplification. Front Microbiol. 2019;10:418 [Full text]



Mathieu C, Horvat B. Henipavirus pathogenesis and antiviral approaches. Expert Rev Anti Infect Ther 2015;13(3):343-54 [Abstract]



Mathieu C, Porotto M Fogueira TN, et al. Fusion inhibitory lipopeptides engineered for prophylaxis of Nipah virus in primates. J Infect Dis 2018 Jun 20;218(2):218-27 [Abstract] 



Mazzola LT, Kelly-Cirino C. Diagnostics for Nipah virus: a zoonotic pathogen endemic to Southeast Asia. BMJ Global Health 2019;4:e001118 [Full text]

Mire CE, Geisbert JB, Agans KN, et al. Use of single-injection recombinant Vesicular Stomatitis virus vaccine to protect nonhuman primates against lethal Nipah virus disease. Emerg Infect Dis 2019 Jun;25(6):1144-52 [Full text]

Nikolay B, Salje H, Hossain MJ, et al. Transmission of Nipah virus – 14 years of investigations in Bangladesh. N Engl J Med 2019 May 9;380(19):1804-14 [Full text]



Parashar UD, Sunn LM, Ong F, et al. Case-control study of risk factors for human infection with a new zoonotic paramyxovirus, Nipah virus, during a 1998-1999 outbreak of severe encephalitis in Malaysia. J Infect Dis 2000 May;181(5):1755-9 [Abstract]



Paton NI, Leo YS, Zaki SR, et al. Outbreak of Nipah-virus infection among abattoir workers in Singapore. Lancet 1999 Oct 9;354(9186):1253-6 [Abstract]

Prescott J, de Wit E, Feldmann H, et al. The immune response to Nipah infection. Arch Virol 2012 Sept;157(9):1635–41 [Full text]

Reynes JM, Counor D, Ong S, et al. Nipah virus in Lyle's flying foxes, Cambodia. Emerg Infect Dis 2005 Jul;11(7):1042-7 [Full text]



Rockx B. Recent developments in experimental animal models of Henipavirus infection. Pathog Dis 2014 Jul;71(2):199-206 [Abstract]



Rockx B, Bossart KN, Feldmann F, et al. A novel model of lethal Hendra virus infection in African green monkeys and the effectiveness of ribavirin treatment. J Virol 2010 Oct;84(19):9831-9 [Full text]



Satterfield BA, Dawes BE, Milligan GN. Status of vaccine research and development of vaccines for Nipah virus. Vaccine 2016 Jun 3;34(26):2971-5 [Full text]

[bookmark: _GoBack]Sendow I, Ratnawati A, Taylor T, et al. Nipah Virus in the Fruit Bat Pteropus vampyrus in Sumatera, Indonesia PLoS One 2013;8(7):e69544 [Full text]

Spiropoulou CF. Nipah virus outbreaks: still small but extremely lethal. J Infect Dis Jun 2019;219(12):1855-57 [Full text]

Sharma V, Kaushik S, Kumar R, et al. Emerging trends of Nipah virus: a review. Rev Med Virol 2018 Sep 24:e2010 [Abstract]

Tamin A, Harcourt BH, Lo MK, et al. Development of a neutralization assay for Nipah virus using pseudotype particles. J Virol Methods 2009 Sep;160(1-2):1-6 [Full text]



Tan CT, Goh KJ, Wong KT, et al. Relapsed and late-onset Nipah encephalitis. Ann Neurol 2002 Jun;51(6):703-8 [Abstract]

Wacharapluesadee S, Lumlertdacha B, Boongird K, et al. Bat Nipah virus, Thailand. Emerg Infect Dis 2005 Dec;11(12):1949-51 [Full text]



Wang LF, Daniels P. Diagnosis of henipavirus infection: current capabilities and future directions. Curr Top Microbiol Immunol 2012;359:179-96 [Abstract]

WHO. An R&D Blueprint for Action to Prevent Epidemics. Plan of Action, May 2016 [Full text] 

WHO. Target product profile for Nipah virus vaccine. June 2017 [Full text]

WHO. Nipah virus; accessed June 10, 2019 [Webpage]

WHO. Morbidity and mortality due to Nipah or Nipah-like virus encephalitis in WHO South-East Asia region, 2001-2018. May 2018 [Full text]

Yob JM, Field H, Rashdi AM, et al. Nipah virus infection in bats (order Chiroptera) in peninsular Malaysia. Emerg Infect Dis 2001;7:439–41 [Full text]



7




January 2019



Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against Nipah virus infection. 



INTRODUCTION  

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks have occurred in that country since. NiV infection has also been identified periodically in eastern India and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus species and several other bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, several other domestic animal species (including horses, cats, and dogs) were found to be infected with NiV on the farms involved in the outbreak. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat; disease also occurred in healthcare workers who cared for NiV-infected patients. Detailed genomic information for this virus is limited.  



NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from those identified in Bangladesh and India. Some differences have been noted in the clinical features of infection, with different strains in humans and experimentally infected non-human primates. 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of MCMs to enable effective and timely emergency response to infectious disease epidemics. NiV infection is identified in the Blueprint’s list of “priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, with periodic assessment of progress and updating as needed.

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), ensuring adequate hand hygiene and environmental hygiene, promoting effective community engagement, implementing adequate infection prevention and control practices, developing adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap but need to be addressed as part of a broader public health control strategy. Further research of NiV in animal species, including development of appropriate MCMs targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV (or related henipavirus species) in humans and virus transmission can occur at the human-animal interface.



VISION

Ready availability and accessibility of rRobust MCMs to detect, prevent, and control human outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING ISSUES

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Securing funding for Nipah research represents a substantial challenge, since economic incentives to invest in Nipah research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with small and sporadic outbreaks. The development of a sustainable value proposition for industry and international philanthropic public-private partnerships is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The value proposition should be informed by a robust assessment of the risk of future outbreaks and the economic, societal, and health impacts that such outbreaks could generate. 

· Demonstrating whether or not a product provides meaningful benefit without undue risk, which is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product developers in the absence of a predictable demand. In addition, licensure of vaccines and therapeutics using alternative regulatory pathways can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (biosafety level 4 [BSL-4]) conditions, which can increase the cost of MCM development.

· To date, NiV spillovers to human communities have been identified most commonly in rural communities in Bangladesh and India; the healthcare facilities that serve these communities have limited laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations. 

· While ferrets, Syrian hamsters, and interferon-alpha/beta receptor knockout (IFNAR-KO) mice are well-established animal models for NiV research, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs.

· Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on approaches that make ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.

Key needs

· Funding sources (such as public-private partnerships, government agencies, and philanthropic organizations) and industry incentives and competitions for non-dilutive funding to encourage innovation and secure private-sector commitments to develop and manufacture NiV MCMs.

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, surveillance, and implementation of vaccination programs for NiV prevention and control. 

· Advocacy to policy makers in affected countries and to global stakeholders to ensure they understand the potential health, societal, and economic benefits of devoting resources to improving NiV surveillance, detection, prevention, and control measures.  

· Obtaining additional prospective serosurveillance data of henipavirus exposure from susceptible animal species and proximate human populations in areas of predicted risk should be explored as a strategy to assess the potential of human spillover and to build preparedness for detection of human cases and for limiting exposure. 

· Standardized and well-characterized assays (to be further defined based on end use), reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. Assays that can be used at lower biosafety levels are an important priority. WHO international standards should be used (when available) as calibrators and reported in units/ml to harmonize assay results. 

· Clear criteria for downselection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. Such criteria should align with desired characteristics outlined in the target product profiles (TPPs) and should address aspects of sustainable MCM production, stockpiling, and access.

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) or other regulatory agencies to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities will vary between countries; therefore, early engagement, potentially with support from WHO, is essential to identify country-specific considerations.   

· Outreach and education to clinicians and community health workers to improve NiV awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection prevention and control) and to ensure availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support collaborative clinical research, including methods for collecting, standardizing, and sharing clinical data.  

· Collaboration between public health authorities in endemic and at-risk areas and international development partners to support NiV surveillance and strengthen disease prevention and preparedness activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

Knowledge gaps

· Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as well as other preventive measures, depend on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and potentially other bat species. 

· Additional research is needed to optimize relevant animal challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) for promoting development and evaluation of MCMs, particularly if investigators are required to use an alternative pathway (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development; (3) determine when after-challenge MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data from animal models to humans, such as identifying thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify the best models for studying chronic (relapsing) infection. 

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurologic sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of disease over time and thereby influence MCM development.  

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hosts and pathogenicity. 

· Additional studies applying whole-genome sequencing of NiV are needed to generate a comprehensive phylogenetic mapping of the global genetic variability among henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage populations at high risk of exposure (such as persons who consume date palm sap, healthcare workers, and workers at the human-animal interface) and vulnerable populations (such as children, immunocompromised individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Identify sources of private- and public-sector funding and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 

Milestones:

1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.



Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks. 

Milestones:

1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying surveillance catchment areas, engaging key partners in those areas, generating a standardized protocol, and conducting training for implementation.  

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), enhance case detection, and better define the disease burden in different geographic areas. 



Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

Milestones:

1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.



2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and that may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Continue to conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine key differences in pathogenesis for different NiV strains that may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine and optimize relevant animal models to support the development and evaluation of NiV MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.  

· Generate research tools to promote R&D of MCMs for NiV infection (e.g., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research studies to enable a more comprehensive mapping of genetic variability of henipaviruses to improve understanding of their global distribution.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for downselection and prioritization of candidate MCMs that should be moved forward.

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection.  

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve active and passive surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations. 

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.   

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorization from appropriate NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory approval are being determined.

· Support the development of affordable pricing mechanisms to promote accessibility of NiV MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable and fair” price is one that can reasonably be paid by patients and health budgets and simultaneously sustains research and development, production, and distribution within a country.)

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



DIAGNOSTICS

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific, and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in outbreak detection and implementation of effective and timely infection control measures and outbreak response activities. Additionally, latent disease can occur months to years after initial infection, which can complicate epidemiologic investigation. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited, and investigation into the cause of infection is not always pursued; these issues can lead to delays in diagnosis and outbreak investigation and response. 

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with NiV, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· The time required to perform diagnostic testing using conventional laboratory methods is problematic, given the rapid disease progression of NiV infection. 

· Currently, no approved tests for diagnosis of NiV infection are commercially available.

· Pteropus species (and perhaps other bat species) appear to carry other henipaviruses in addition to NiV and HeV, some of which may prove to be pathogenic in humans and livestock. Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate using serologic assays which henipaviruses are in circulation. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

Key needs

· Clarification regarding the use cases for different diagnostic assays, since the corresponding performance, validation, and regulatory approval requirements may differ depending on how the tests will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific.

· A TPP for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples to assess and validate diagnostic tests. As part of this process, a clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of sample collection; (3) determine what organizations will be responsible for the activities related to creating and maintaining the repositories; (4) establish standardized protocols for sample collection and maintenance; (5) establish an appropriate governance structure; (6) identify who would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples obtained from laboratory animals also can be used to assess diagnostic assays during the timeframe when the virtual repository is being created.)

· Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, are robust for use under a variety of conditions (e.g., varying humidity, temperature), and have a high sensitivity and specificity for different NiV strains, as needed, depending on the use cases for each test. Rapid diagnostic capability is needed for early case detection to promote outbreak detection, ensure early implementation of infection control measures, and ultimately to improve patient outcomes, once therapeutic options are available. 

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic criteria and standardized testing for including patients in clinical trials of therapeutics.

· Improved diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent henipaviruses as they arise. 

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection. 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, particularly given the costs of regulatory approval. 

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotype neutralization assays and antigen-capture enzyme-linked immunosorbent assays [ELISAs]) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients.



Milestones: 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries: Bangladesh and India. 



2. By 2021, identify funding and initiate creation of the virtual reference repository in Bangladesh and India, with samples to be collected during future outbreaks and possibly as part of future clinical trials.   



Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 



Milestones: 

1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays. 



2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays. 

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV. 



Milestones: 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnose NiV infection during future outbreaks. 



Priority Areas/Activities

Research

· Create a virtual repository of clinical reference samples for use in researching new diagnostic agents. 

· Explore new diagnostic approaches that may allow earlier detection of infection.  

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

 Product development

· Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and preferred performance characteristics for different use cases.

· Develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific (as needed, depending on their intended use), can capture antigenically diverse strains of the virus, and can be performed accurately and safely in remote areas under a variety of circumstances.  

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-affected countries.

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses as needed. 

Policy and commercialization

· Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.  



THERAPEUTICS

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· Sociocultural issues may hinder trust in the formal healthcare and public health systems, which could reduce acceptance of NiV therapeutics. 

· The absence of improved diagnostic assays for timely diagnosis and surveillance of infection creates an important challenge in providing early treatment of patients and PEP for exposed persons. 

· In NiV-endemic areas, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis but do not have NiV infection. Treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore, accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate the usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well a therapeutic agent will work in the field.

· NiV can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control–programs in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy.

· A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that are detected annually. 

Key needs

· Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas, particularly during future outbreaks.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

· A transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials, given the limited number of cases that could potentially be enrolled in trials each year.

Knowledge gaps

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided under compassionate use programs for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia. Additional animal studies using different NiV strains and clinical trials in endemic areas are needed to further assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir [an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for different NiV strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia. 

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection and strengthen the therapeutic pipeline. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamic (PK/PD) relationship of promising therapeutic candidates.

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons annually that could be candidates for PEP. 

· Additional information is needed regarding whether or not strain differences will affect the response to therapeutic candidates and results from clinical trials.

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks. 



Milestones: 

1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

3. [bookmark: _GoBack]By 2019, identify an approach for downselecting promising therapeutic candidates for further study in clinical trials, given limited annual case numbers for enrollment.  

4. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

5. By 2020, generate a reliable source of m102.4 (or other promising agent[s] or agent combinations) to be used assessed in clinical trials.



Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for PEP to prevent NiV infection. 



Milestones: 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for the treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising therapeutic candidates or combination therapies for the treatment of NiV infection. 



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of available investigational therapies (such as m102.4 and favipiravir) for treating and preventing NiV infection, including conducting studies in animal models and clinical trials as appropriate and feasible.

· Continue to expand the pipeline of new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against different NiV strains and other pathogenic henipaviruses that may emerge.

Key capacities

· Ensure that clinical trial protocols are in place and are ready to be operationalized, including obtaining appropriate approvals and conducting necessary training.

· Promote enhancements to the healthcare delivery systems in affected areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for further clinical testing and outbreak control. 

Policy and commercialization

· Generate a reliable source of m102.4 to be used in clinical trials.

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



VACCINES

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges	

· Currently, there is no candidate vaccine that is in late-stage development, and few companies are willing to invest in the generation of new NiV vaccines. 

· Sociocultural issues may hinder trust in the formal human and veterinary clinical and public health systems, which could diminish the acceptance of NiV vaccine use. 

· The absence of improved diagnostic assays for the timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs

· Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect against different NiV strains, and (3) provide rapid onset of an immune response to adequately prevent and control outbreaks. 

· Guidance on the use of NiV vaccines to include vaccination strategies for special populations (such as children, immunocompromised individuals, and pregnant women); different epidemiologic scenarios; and different vaccine attributes. 

· Public communication outreach strategies that address possible vaccine uptake hesitancy in target populations and guidance for community sensitization to vaccine acceptation and promotion within the community.

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time. 

Knowledge gaps

· Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. Since neutralizing antibodies are likely the primary mediator of protection against NiV infection, research in this area should focus primarily on the humoral immune response for driving vaccine development. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines. 

· Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG subunit vaccine (i.e., the recombinant subunit vaccine Equivac HeV from Zoetis). 

· Additional research is needed in animal models to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may vary by vaccine platform and antigen, and therefore multiple assays may need to be standardized.

· Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in non-affected countries, safety trials will also be needed involving target populations in endemic regions. 

· Further epidemiologic research is needed to better define at-risk populations and identify additional areas of potential NiV spillover. 

· Additional sociological research is needed to explore perceptions and concerns of at-risk populations regarding NiV vaccine implementation.

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use in NiV endemic areas. 

· Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating disease risk based on risk behaviors and practices in communities or specific population groups, and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure of a vaccine against NiV.

Milestones: 

1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the need for licensure and future use of NiV vaccines. This consultation should include representatives from in-country regulators, other regulatory agencies (such as the FDA or the European Medicines Agency), national and international public health agencies and organizations, and local and international researchers.



Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans. 



Milestones: 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.



2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines. 



3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a collaborative and transparent strategy for determining which candidate vaccines will go forward into phase 3 trials. 



Priority Areas/Activities

Research

· Improve understanding of the humoral immune response to infection to inform development and evaluation of NiV vaccines.

· Identify and standardize correlates and/or surrogates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure. 

· Generate international reference standards to calibrate serologic assays for vaccine potency analyses.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models (such as through serum transfer studies), correlates of protection, and durability.

· Further study cross protection of various vaccine candidates against different NiV strains, and between NiV strains and HeV strains. 

· Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake animal studies for immune bridging to facilitate regulatory licensing.

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

· Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Evaluate the feasibility of generating multivalent vaccines (i.e., that protect against more than one disease) and determine whether or not such vaccines would be useful in future NiV control efforts.   

Product development

· Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans. 

Key capacities

· Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies (once vaccines become available).

· Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV vaccines, if clinical trials are considered feasible.

· Identify and address issues with licensure and use of NiV vaccines in affected areas through a coordinated process involving key stakeholders, including in-country NRAs and public health authorities.

· Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical evaluation and use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Develop guidance for community sensitization to vaccine acceptance and promotion within the community.

· Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for person-to-person transmission and potential for faster spread. 
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<H1>History 

Hendra virus (HeV), the first known member of the genus Henipavirus in the family 

Paramyxoviridae, came to light in September 1994 as the causative agent of a sudden 

outbreak of acute respiratory disease in thoroughbred horses at a stable in Brisbane, Australia. 

A total of 21 horses and 2 humans (a horse trainer and a stable hand) became infected. The 

horse trainer and 14 horses died.(1,2) A virus was isolated, initially called Equine Morbillivirus 

but later re-named Hendra virus after the Brisbane suburb where the outbreak occurred. A 

second person died from HeV infection 13 months after the Brisbane outbreak, a farmer from 

Mackay, nearly 1000 km north of Brisbane. Unlike the first case, however, the man 

succumbed to encephalitis caused by HeV infection14 months after his initial mild meningitic 

illness.(3) (4). After initial serologic evidence suggested that fruit bats (flying foxes) of the 

genus Pteropus in the suborder Yinpterochiroptera  were the reservoir hosts,(5) HeV was 

isolated from two species of flying fox.(6) In total, there have been 60 recognized occurrences 

of HeV in Australia between 1994–2018, with at least one occurrence per year since 2006 

(Table 14.1A-online).(7)  Every occurrence of HeV has involved horses as the initial infected 

host, causing lethal respiratory disease and/or encephalitis, along with a total of seven human 

cases arising from exposure to infected horses, among which four have been fatal and the 

most recent in 2009 (Table 14.1B-online).(8) 

Nipah virus (NiV), the second known member of the genus Henipavirus, emerged as 

the cause of an outbreak of disease in pigs and humans in Peninsular Malaysia in 1998 

through 1999. The epidemic started in Perak State as clusters of cases of encephalitis among 

pig farmers. It was initially believed to be caused by Japanese encephalitis virus; however, 

various features of the outbreak, including a high proportion of cases in direct contact with 

pigs and illness and deaths in pigs, differed from those expected with Japanese encephalitis.(9) 

Indeed, respiratory illness and encephalitis in pigs preceded human cases in the same 
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district.(10) The epidemic spread south to the intensive pig-farming areas of Negeri Sembilan 

in December 1998 and subsequently peaked between February and April 1999. More than 1 

million pigs were destroyed to halt the spread of the epidemic, and by late May, 265 human 

cases of acute encephalitis with 105 deaths were recorded.(9,11) A cluster of 11 cases with 1 

death occurred among abattoir workers in Singapore.(12) In early March 1999, a virus was 

isolated from the cerebrospinal fluid (CSF) of a patient with encephalitis and identified as the 

etiologic agent.(9,11)  Named Nipah virus after the village from which the patient had come, it 

was shown to be closely related to HeV. NiV was subsequently isolated from the urine of 

Malaysian flying foxes.(13) A highly related NiV emerged in Bangladesh in 2001,(14) and 

outbreaks of NiV-related encephalitis have occurred in people from that country almost every 

year since, along with three reports of NiV encephalitis in India(15,16), albeit in Bangladesh 

adjacent regions. However, the most recent outbreak of NiV occurred in 2018 in Kerala 

(India), more than 2,500 km south-west of NiV-endemic Bangladesh counties. This outbreak 

claimed 21 lives out of 23 infected human cases.(17)  In 2014, a NiV outbreak occurred in the 

Province of Sultan Kudarat, the Phillipines, which resulted in the death of 9 humans from 11 

which showed an acute encephalitis syndrome.(18) The human case fatality rate of these NiV 

outbreaks averages around 60% (Table 14.1C). So far human NiV oubreaks have been 

documented in a total of five countries: Malaysia, Singapore, Bangladesh, India and the 

Philippines. Sero-epidemiological evidence for henipavirus spillover events from bats into 

high-risk human populations have also been reported in Cameroon.(19)  

<TAB14.1C> 

<H1>Infectious Agent 

<H2>Classification  

When HeV was first isolated in 1994, partial sequencing of the matrix gene (M) 

revealed that it most closely resembled members of the genus Morbillivirus in the subfamily 
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Paramyxovirinae.(2) Subsequent characterization of the full-length genome, however, 

revealed that many of the genetic features of HeV were unique among paramyxoviruses and 

that the virus did not fit within any of the existing genera at that time.(20,21) After the isolation 

of NiV in 1999,  it was shown that sera raised against HeV were able to neutralize NiV and 

vice versa, and that both viruses shared a high degree of similarity in genome organization 

and protein size and sequence.(11,22-24) In 2002, the genus Henipavirus was created to 

accommodate these novel paramyxoviruses, and HeV was designated the type species.(25) 

Since 1994, there have been 38 isolations of HeV or NiV from humans, bats, horses, and pigs 

over a wide geographic area and spanning a period of approximately 20 years (Table 14.2-

online). The susceptibility of humans, the virulence of the viruses, and absence of 

therapeutics and vaccines led to classification of HeV and NiV as biosafety level 4 (BSL4) 

pathogens. In the latest report from the paramyxovirus study group under the order 

Mononegavirales, the genus Henipavirus has been expanded to include three new 

species,(26,27)  they are Cedar henipavirus (Cedar virus, CedV) isolated from bats in Australia, 

(28)  Ghanaian bat henipavirus (Ghana virus, GhV) detected in bats from Ghana, (29) and 

Mojiang henipavirus (Mòjiāng, MojV) detected in rats in China.(30)  These three new species 

are highly divergent from NiV and HeV, and only CedV has been isolated.  GhV and MojV 

are only known from sequence information. Henipavirus is now classified as one of the seven 

ICTV-approved genera in the family Paramyxoviridae.  

<H2>Propagation in Cell Culture and Cytopathic Effect 

The ultrastructural characteristics of henipavirus-infected cells resemble those found 

in cells infected by other members of the Paramyxoviridae. Shared features include 

generation of large syncytia and the presence of viral nucleocapsids in cytoplasmic inclusion 

bodies and underlying electron-dense areas of the plasma membrane.(31,32) In Vero cells, NiV-

induced syncytia are significantly larger than those generated by HeV and nuclei and 



 6 
 

nucleocapsids are frequently located at the cell periphery, compared with HeV-induced 

syncytia, where they tend to be more centrally located or distributed randomly throughout the 

cytoplasm (Fig. 14.1). Henipavirus-infected cells also contain structures that are not seen 

with other paramyxoviruses—specifically a network of membrane-like reticular structures in 

the cytoplasm and long tubules that appear to be continuous with the plasma membrane in 

NiV-infected cells. Tubules can also be observed in NiV virions (Fig. 14.2A). In situ 

hybridization suggests that these reticular structures contain viral RNA and may play a role in 

viral transcription.(31) 

<FIG14.1><FIG14.2> 

<H2>Virus Morphology 

Henipavirus particles are pleomorphic, varying from spherical to filamentous and 

ranging in size from 40 to 1,900 nm. (2,31,32) Nucleocapsids have a diameter of 18 to 19 nm 

with an average pitch of 5 nm. When examined by electron microscopy (EM), HeV has a 

unique double-fringed appearance, caused by the presence of surface projections 15 ± 1 nm 

and 8 ± 1 nm in length (see Fig. 14.2B). Approximately 95% of virions contain the double 

fringe, and the remaining 5% display a uniform fringe length of 15 ± 1 nm. Unlike HeV, NiV 

possesses a single layer of surface projections with an average length of 17 ± 1 nm, and NiV 

particles released into the culture medium are difficult to image because they are routinely 

penetrated by negative stains. This suggests that the viruses may differ in the physical nature 

of their envelope.(32) 

<H2>Genome Length and Organization 

In the family Paramyxoviridae, the genome length of all characterized viruses is 

divisible by six, an observation caused by the requirement of each N protein in the viral 

ribonucleoprotein to bind 6 nucleotide (nt) residues (see Chapter 13). This is also true for 

HeV and NiV despite their much larger genome sizes.(24) The genomes of the Malaysian (MY) 
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and Bangladesh (BD) strains of NiV differ by 6 nt because of a 6-nt increase in the 3′ 

untranslated region of the F gene in NiV-BD.(33) A minigenome replicon study confirms that 

NiV complies with the rule of six.(34) When the complete genome sequence of HeV was 

determined, its length (18,234 nt) was more than 2,700 nt, or 15% longer than the genomes of 

all other paramyxoviruses known at that time.(21) The size of NiV genomes at 18,246 nt to 

18,252 nt are slightly larger than that of HeV.(22,23,33) These large genome sizes of >18 kb is a 

conserved feature of henipaviruses as even the recently discovered and more divergent CedV, 

GhV, and MojV all have genomes between 18,162 nt (CedV) to ~18,430 nt (GhV). Given the 

caveat that there is wide variation amongst individual species of the other paramyxovirus 

genera, the extra length of the henipavirus genome is primarily due to the longer 3’ 

untranslated regions (3’UTRs) at the end of several of its six genes, and a larger P gene 

relative to the other paramyxovirus genera. A comparison of genome length and gene 

organisation of representative members of the Paramyxoviridae is shown in Fig. 14.3A. The 

nomenclature of each of the six major genes common to all paramyxoviruses have been 

updated to reflect the latest ICTV convention.(35) An analysis of the 3’ UTR lengths between 

extant henipaviruses and representative species from each paramyxovirus genera that infects 

mammals is presented in Fig. 14.3B. The most significant differences are in the 3’UTRs of N, 

P, and RBP genes even given the wide variance seen within each genus. The significance of 

long 3’ UTRs, especially in HeV and NiV, is generally unknown. However, the N gene 

3’UTR of NiV appears to play a role in the downregulation of N mRNAs via specific 

interactions with hnRNP D.(36)      

<FIG14.3A><FIG14.3B> 

The genome organization of henipaviruses resembles that in the genera Respirovirus 

and Morbillivirus. The first 12 nt of the 3′ and 5′ genomic terminal sequences of 

paramyxoviruses are highly conserved and complementary, containing promoter elements for 
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replication and transcription (see Chapter 13). The first 3 nt of the henipavirus genome 

termini are 5′-ACC-3′—a sequence that is absolutely conserved in members of the family 

Paramyxoviridae and different from that found in the family Pneumoviridae. 

<H2>Virus Proteins and Their Properties 

Analysis of purified viruses by polyacrylamide gel electrophoresis reveals RdRP (L), 

P, RBP (G), F0, N, F1, M, and F2 proteins(20,24) where F0 is the uncleaved and F1 and F2 the 

cleaved products of the F gene (Fig. 14.4A). Interestingly, F0 is more readily detected in HeV 

compared with other paramyxoviruses, including NiV,(24,37) which may suggest that HeV-F is 

less efficiently cleaved.  Overall, the proteins of henipaviruses are typical of those of 

Paramyxoviridae, with the exception of the P protein, which is significantly larger than 

cognate proteins in this virus family.(26) The P protein is translated from messenger RNA 

(mRNA) that is co-linear with genomic RNA. For most henipaviruses, the P gene also 

encodes V and W proteins, produced from mRNA in which one and two nontemplated G 

residues, respectively, are inserted at the RNA editing site during transcription.  The P, V, 

and W proteins, therefore, are identical for the first 405 amino acid residues. A C protein is 

encoded by the 5′ end of the gene in an overlapping reading frame and is produced by an 

internal translational initiation mechanism, which is common to other members of 

Paramyxoviridae, except for rubulaviruses (see Chapter 13).  The P-derived V, W, and C 

proteins are present in HeV-infected and/or NiV-infected cells.(24,38) It is worth noting that 

Cedar virus lacks both the RNA editing and expression of the V protein.(28) Similar to other 

paramyxoviruses, P itself and its derived proteins (V, W and C in the case of most 

henipaviruses), all antagonize innate immune responses via a diverse set of mechanisms.(39,40) 

The C protein also interacts with the host cell ESCRT machinery and the virus matrix (M) 

protein itself to facilitate virus budding (see Pathogenesis section for details on the function 

of these P-derived proteins).(41)   
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<FIG14.4A><FIG14.4B>   

Paramyxovirus N, P, and RdRP proteins are necessary and sufficient for replication of 

viral RNA both in vitro and in vivo as discussed in chapter 13. This has been confirmed for 

henipaviruses by reverse genetics using a minigenome replicon containing leader and trailer 

sequences of the NiV genome with its entire coding region replaced with a reporter 

gene.(34),(42) NiV N, P, and RdRP proteins were also able to rescue a HeV minigenome, 

demonstrating the close genetic relationship between the viruses. Full-length recombinant 

NiV bearing the matrix (M), fusion (F) and receptor binding protein (RBP) genes from HeV, 

singly or in combination, can also be functionally rescued.  These chimeric but isogenic 

rNiVs replicate well in primary human endothelial and neuronal cells, further underscoring 

the genetic relatedness of NiV and HeV that allows for heterotypic complementation between 

their major structural proteins.(43)  These henipavirus structural proteins contribute to unique 

aspects of the henipavirus life cycle (Fig. 14.4B), and play different roles in the spread and 

virulence of henipaviruses. Indeed, multiple groups have developed recombinant virus 

systems for NiV, HeV and CedV bearing various reporters and/or relevant mutations.(43-53) 

These additional tools have facilitated work towards understanding the virological and 

pathogenic similarities and differences amongst the henipaviruses. (see Pathogenesis section 

for details).   

The RdRP protein of nonsegmented, negative-stranded RNA (NNR) viruses in the 

order Mononegavirales contains a highly conserved GDNQ motif, believed to be important 

for polymerase activity.(54) Henipaviruses were the first NNR viruses in which GDNQ was 

replaced by GDNE. It was speculated that this motif might be unique to paramyxoviruses 

with relatively large genomes(21,24); however, the GDNE motif has since been found in the 

RdRP protein of Mossman virus that has a genome length of 16,650 nt.(55) Conversely, other 

henipaviruses of both Asiatic (CedV) and African lineages (GhV) also have the GDNQ motif 
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that is common to most other NNR viruses. High-resolution cryo-EM structures of VSV-

RdRP (another NNR virus, family Rhabdoviridae) suggest that GDN is the truly conserved 

catalytic motif essential for the polymerase function of RdRP.(56)          

The receptor binding proteins (RBPs) of the Paramyxoviridae display 

hemagglutination (H) and neuraminidase (N) activities in a predominantly genus-specific 

manner. Viruses in the genera Respirovirus, Avulavirus, and Rubulavirus possess both 

activities, hence their RBPs were formerly termed HN proteins(57) whereas viruses in the 

genus Morbillivirus do not behave uniformly and only some possess hemagglutination 

activity, but nonetheless their RBPs were formerly termed H.(58) This is an unfortunate 

misnomer. Paramyxoviruses with RBPs bearing HN activity genuinely use sialic acid based 

receptors for entry whereas “H” activity of some morbilliviruses arise from the ability of their 

RBPs to bind CD46 expressed on some non-human primate (NHP) red blood cells.(59) In 

contrast, henipavirus RBPs have neither of these activities(24,60); rather, they utilize at least 

ephrin-B2, and in many cases, also ephrin-B3 expressed on host cell surfaces as attachment 

and entry receptors (61-64),(28,65). The exception is MojV, which does not appear to use any 

known paramyxovirus receptors.(66) Recent solution structures of various henipavirus RBPs 

alone and in complex with the ephrin-B2 and/or ephrin-B3 receptors have revealed the details 

of the virus–host cell binding process, distinguishing it from other paramyxoviruses’s 

receptor binding strategies.(67-69), (59,65,66) (Fig. 14.5) 

<FIG14.5> 

Proteolytic processing of paramyxovirus F proteins is essential for the generation of a 

fusogenic form of the protein. For most paramyxoviruses that generate systemic infections, 

furin-like proteases in the secretory pathway cleave their F proteins at a multibasic cleavage 

site.(70) Surprisingly, henipavirus F proteins are cleaved without the involvement of furin and, 

although cleavage occurs at a single basic residue—lysine for HeV and arginine for NiV.(37) 
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—activation of the NiV F protein does not require a basic amino acid at the cleavage site.(71) 

Instead, endosomal/lysosomal cysteine proteases such as cathepsins L and B are responsible 

for the cleavage of henipavirus F proteins.(72-75) To access cathepsins L/B, henipavirus F 

proteins are endocytosed upon initially reaching the cell surface in an uncleaved form, and 

subsequently have to traffic back to the cell surface once they are cleaved into a fusion-

competent form (Fig. 14.4B). 55,57 Classical endocytic YXXØ motifs(76,77) in the cytoplasmic 

tails of henipavirus F proteins and specific residues in the transmembrane domain of at least 

HeV-F regulate this trafficking behaviour through the early/sorting (S490) and recycling 

endosomal (Y498) compartments.(78)  Henipavirus F proteins also have the ability to bud by 

themselves forming F-only particles in the absence of M.(79,80)     

The matrix protein (M) plays a major role in the efficient assembly and budding of 

infectious paramyxoviruses.(81,82) M interacts specifically with N, the cytoplasmic tail of F, as 

well as cognate lipid ligands along the vesicular trafficking pathway. These orchestrated 

interactions help to co-ordinate the envelopment of encapsidated viral genomes (RNPs) and 

the budding of infectious virions bearing a relatively high density of viral envelope 

glycoprotein spikes. General details on the role that matrix plays in paramyxovirus assembly 

and budding are given in the previous chapter 13.     

Henipavirus M exhibits some relatively unique behaviours and functions. For 

example, NiV and HeV M have classical nuclear localization and export sequences (NLS, 

NES) that when mutated give the relevant nuclear exclusion and nuclear retention phenotypes, 

respectively.(83) Time-course monitoring of M trafficking during live NiV and HeV infection 

indicates that M first appears in the nucleus, localizes to subnuclear compartments, including 

the nucleolus, before exiting into the cytoplasm and trafficking to the plasma membrane to 

coordinate virus assembly and budding (Fig. 14.4B).(83,84) This nuclear transit is regulated by 

ubiquitination and is critical for M to acquire its budding functionality.(83,85) Henipavirus M is 
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multi-mono and poly-ubiquitinated; a lysine to arginine mutation of a key residue in its 

bipartite NLS is sufficient to dysregulate ubiquitination of M and abrogate its budding 

function.(83,85)  The latter is true not only in HeV and NiV, but also in divergent henipaviruses 

(GhV, CedV, MojV), albeit to varying degrees.(86) Matrix interactome studies have identified 

many nuclear interacting factors, including importins and exportins, consistent with the 

nuclear-cytoplasmic trafficking phenotype of M.(85,87) 

<H2>Host Range 

For most paramyxoviruses, host range is limited and interspecies transmission is rare. 

In contrast, henipaviruses display a broad species tropism. In addition to a large number of 

bat hosts at various geographic locations (see more detail in Epidemiology section), NiV has 

naturally infected pigs, humans, dogs, horses, and cats,(10,11,88-90) whereas HeV infects all four 

Australian flying fox species and has naturally infected humans, horses and dogs.(2,91-93)  

Confirmation of the wide host range of these henipaviruses and the identical cell tropism of 

HeV and NiV were obtained early using an in vitro cell fusion system that relies on vaccinia 

virus–mediated cell surface expression of G and F glycoproteins.(94-96) Bats, guinea pigs, 

hamsters, ferrets, squirrel monkeys, and African green monkeys are also susceptible to 

experimental NiV infection.(97-101) Laboratory studies have added cats, guinea pigs, hamsters, 

ferrets, dogs and African green monkeys to the list of HeV-susceptible species.(93,102-106) 

CedV, isolated from flying foxes (Pteropus sp.) in Cedar Grove, Australia, can establish 

transient but non-pathogenic infections in laboratory challenged guinea pigs and ferrets. GhV 

and MojV, known only from sequence information, were identified from bats(29) and rats,(30) 

respectively.  

<H1>Pathogenesis and Pathology  

<H2>Entry into the host   
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Epidemiological and experimental studies generally support an oronasal (8,107,108) or 

oropharygeal(109-111) route of entry. This occurs directly or indirectly via saliva, urine, or 

oronasal sceretions that are contaminated with relatively high levels of HeV or 

NiV.(93,105,107,112-123) Fig. 14.6 summarizes what is known about how NiV is transmitted to 

humans either directly from their pteropid reservoir hosts—fruit bats or flying foxes—or 

indirectly via a secondary amplifying host such as pigs, horses and humans. Direct bat-to-

human transmission has been associated with consuming contaminated fruit or liquid (e.g. 

date palm sap)(109-111). Human-to-human transmission of NiV has been well-documented, 

especially in Bangladesh(117,124-126) and the most recent outbreak in Kerala (India).(17)  

However, all 7 known cases of HeV infections in humans have resulted from contact with 

sick horses already exhibiting symptoms of respiratory distress,(127) likely after being exposed 

to food or water contaminated with saliva and urine/droppings from HeV-infected flying 

foxes.(128)  While patients that succumb to henipavirus infections eventually die from 

encephalitic complications that often involve brainstem neuronal dysfunction,(108,129) there is 

diversity of clinical presentations.(130) For example, NiV-MY infected patients in Malaysia 

present less often with respiratory involvement (~40%) than the vast majority of NiV-BD 

infected patients in Bangladesh and India. The handful of HeV infected humans have also 

presented with encephalitic illness with or without a respiratory component (see Clinical 

Features section). To better understand the pathogenesis and pathology associated with 

henipavirus disease in humans, many relevant animal models have been developed that either 

represent natural amplifying hosts (pigs and horses) or that reproduce well the respiratory and 

encephalitic disease seen in humans (hamsters, ferrets and African green monkeys (AGMs)). 

(131,132) Despite the broad host range mentioned in the prior section, other animal challenge 

models (guinea pigs, cats, dogs) either do not represent the full spectrum of disease seen in 

humans, or are relatively asymptomatic when challenged with NiV and/or HeV.(93,131)  
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<FIG14.6> 

<H2>Site of primary replication, virus spread, and cell and tissue tropism  

The clinical and pathological data from humans (see Clinical Features section), 

relevant animal models, and cell tropism studies (Table 14.3) indicate that the initial site of 

replication is within the respiratory system, likely involving cells lining the oro-/naso-

pharyngeal epithelium as well as bronchiolar epithelial cells, type I pneumocytes, alveolar 

macrophages or pulmonary airway dendritic cells (DCs).(40,132-135)  The distribution and time 

of appearance of lesions throughout the vasculature and in the brain and lung in NiV 

encephalitis suggest that secondary infection probably arises via hematogenous spread of the 

virus, with secondary replication occurring in vascular endothelium.(136)  Inflammation of 

blood vessels (vasculitis) occurs in most organs but is particularly prominent in the brain, 

lung, heart, kidney and spleen.(9,136,137) Vasculitis is limited to small arteries, arterioles, and 

capillaries where NiV antigen is found in both endothelial cells and the smooth muscle of the 

tunica media. The pattern and time of appearance of vasculitis and viral antigen distribution 

are consistent with endothelial cell infection occurring before infection of the smooth muscle. 

The 5-day interval between maximal vasculitis in the brain and parenchymal infection in 

acute NiV encephalitis suggests that virus replication occurs first in endothelial cells, with 

infection of neurons occurring as a result of vascular damage and breakdown of the blood-

brain barrier (BBB).  In humans as well as in pigs and hamsters, viral antigen positive brain 

microvascular endothelial cells can be observed in areas of compromised BBB 

integrity.(136,138,139)  The presence of inclusion bodies and viral antigen in neurons, along with 

widespread histologic and radiologic lesions, suggests that neurologic impairment in NiV 

(and HeV) encephalitis may be caused by both the effects of ischemia and infarction and viral 

infection of neurons.(12,107,136)   

<TAB14.3> 
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In addition to the systemic vasculitis, NiV antigen is clearly present in the 

parenchyma of multiple organs mentioned above.  The same pathology has been reported for 

a fatal case of acute HeV encephalitis.(140)  Similar widespread infection and multiorgan 

vasculopathy has been demonstrated in relevant animal models with the highest viral antigen 

load consistently seen in the lung and brain (Fig. 14.7). (131,132) Interestingly, intranasal 

inoculation in pigs, hamsters, and ferrets suggests that NiV can also directly invade the 

central nervous system (CNS) through the olfactory epithelium (OE). NiV antigen positive 

neurons or olfactory nerves can be found extending through the cribiform plate or in the nasal 

turbinate into the olfactory bulb.(133,139,141) While primary human OE cells are susceptible to 

henipavirus infection(142), the olfactory route is unlikely to be the major mode of CNS 

invasion in humans (and the AGM model). Primates have a relatively smaller area of OE 

compared to hamsters, pigs, or ferrets where the majority of evidence regarding the olfactory 

route of entry has been gathered.(97,139,141) In addition, NiV antigen was not detected in the 

olfactory bulbs of at least nine infected patients from the autopsy series reported from the  

Malaysian outbreak.(136)    

<FIG14.7> 

The widespread cell and tissue tropism of NiV and HeV seen in humans and the 

various animal models is determined by the expression pattern of the henipavirus receptors, 

ephrin-B2 and ephrin-B3.(61-64)  The ephrinB ligands and their cognate EphB receptors are 

both receptor tyrosine kinases that mediate bidirectional cell–cell signaling events upon 

engaging each other. They are critical modulators of cell remodeling events, especially within 

the nervous and vascular systems.(143,144) They are also highly conserved among vertebrates, 

which explains, at least in part, the unusually broad species tropism of henipaviruses. Ephrin-

B2 is found in arteries, arterioles, and capillaries in multiple organs, and is more broadly 

distributed across multiple tissues and cell types (Fig. 14.8), including neurons, arterial 
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smooth muscle and human bronchiolar epithelial cells,(143,145-147) but is absent from venous 

components of the vasculature.(148,149) In contrast, ephrin-B3 is essentially restricted to the 

brain(144) where it is expressed higher than ephrin-B2 (Fig. 14.8).  Its relative absence from 

organs such as lung, kidney, and spleen, as well as from arterial endothelium suggest that the 

systemic vasculitis, respiratory distress, and other end-organ pathologies seen in henipavirus 

infections is largely a consequence of ephrin-B2-mediated entry. Conversely, ephrin-B3 

mediated entry may play a larger role in the spread of HeV and NiV within the CNS.     

<FIG14.8> 

Human lymphocytes (mainly T- and B- cells), and monocytes, despite being non-

permissive for NiV infection(150) or HeV-F/RBP induced fusion(94), can bind and transfer NiV 

to permissive microvascular endothelial cells in vitro.(150) This trans-infection phenotype, 

thought to be mediated by heparan sulfates,(151) may be an efficient form of hematogenous 

spread in addition to the free form viruses that make up the plasma viremia seen in acute NiV 

and HeV infections in humans. This acute but transient viremia appears about 4-7 days post-

onset of illness (POI) and in survivors, is usually undetectable within 2-4 weeks POI 

depending on severity of the disease course.(17,152-154) A similar course of plasma viremia can 

also be detected in AGMs challenged intratracheally and orally with NiV.(98) The next section 

on the Immune Response will discuss possible mechanisms by which viremia is cleared in 

survivors.  

<H2>Immune Response 

Viral antagonism of innate immune responses  

HeV and NiV have a broad host range that is uncommon in paramyxoviruses. This 

ability to replicate, spread, and cause acutely lethal disease amongst multiple species suggest 

that these viruses have evolved effective means to antagonize or evade innate antiviral 

responses that might otherwise keep them in check until adaptive immune responses develop.  
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In henipaviruses, as in other paramyxoviruses, (40) the major anti-interferon (IFN) activities 

are encoded by the P gene and in vitro studies indicate that P gene products inhibit both IFN 

induction and signalling (Fig. 14.9). (39) In IFN induction, various forms of viral double-

stranded RNA (dsRNA) are detected by cytoplasmic RNA helicases(155-157) such as RIG-I and 

MDA-5, and by toll-like receptor-3 (TLR-3). (157,158) Both of these dsRNA signaling 

pathways, via a cascade of signaling events depicted in Fig. 14.9 (left) lead to activation and 

nuclear translocation of interferon regulatory factor (IRF)-3, or if present, IRF-7, and nuclear 

factor kappa B (NF-kB); transcription factors that induce the expression of IFN-α/β proteins.  

HeV and NiV inhibit dsRNA signaling via its V protein, which binds to MDA-5 and prevents 

downstream signaling(155,159,160) but does not abrogate dsRNA signaling through TLR-3.(161) 

Recent evidence suggest that NiV-V also binds RIG-I and its regulator (TRIM25), disrupting 

downstream signalling. (162)   In an additional strategy unique to henipaviruses, the W protein, 

by virtue of a NLS located in the unique carboxy terminal, inhibits induction of IFN-α/β 

expression in the nucleus by targeting a process that is part of both helicase-dependent and 

TLR-3–dependent signaling pathways.(163) Unexpectedly, the NiV M protein, can also inhibit 

IFN- induction by indirectly antagonizing the activity of IKK, the kinase responsible for 

IRF-3 activation.(51)        

<FIG14.9>    

In the IFN signaling pathway (Fig. 14.9, right), IFN binds to the IFN- receptor 

(IFNAR) on cells and initiates a signaling sequence that leads to activation of members of a 

family of proteins called signal transducers and activators of transcription (STAT).(164,165) 

Henipaviruses inhibit IFN signaling by sequestering STAT proteins in high molecular weight 

complexes and preventing their phospho-activation .(166,167) The anti-IFN signaling activity is 

a property of the V protein, as has been observed for other paramyxoviruses, but also of the 

W and P proteins.(161,166,167) (45)The P, V, and W proteins of henipaviruses have an N-terminal 
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extension of 100 to 200 amino acids compared with cognate proteins in the subfamily,(20,23) 

and the STAT binding domain of NiV V maps to this region.(161,168,169) The V and P proteins 

bind STAT in the cytoplasm, whereas the W protein, which is imported into the nucleus via 

specific interactions of its NLS with importin -3, (170) likely sequesters unactivated STAT1 

in the nucleus.(161,163) Recently, NiV and HeV N proteins were also found to antagonize IFN-

signaling by interfering with formation of activated phospho-(p)STAT1 complexes. This 

NiV-N mediated antagonism of pSTAT1 nuclear accumulation does not rely on direct binding to or 

inhibiting phosphorylation of STAT1 itself. (171)  NiV C has also been demonstrated to interfere 

with IFN-signaling.(47,172) However, its mechanism and true function remains unclear. 

Antagonizing IFN-signaling is unlikely to be the main function of the C protein since 

recombinant C-deficient NiVs have an attenuated replication phenotype even in Vero cells, 

(41,45,46) which are genetically deficient in IFN production.  

There is little doubt that inhibition of IFN- production is one major contributor to 

the acute virulence of HeV and NiV in vivo. Daily administration of poly(I)-poly(C(12)U), a 

potent IFN-inducer, results in >80% survival in a lethal challenge hamster model for NiV 

infections.(173) Most of the studies described previously were carried out in vitro using single-

gene transfection expression systems. Understanding the true function(s) of these proteins 

requires assessing their impact in the context of a live virus infection or the phenotype of 

viruses deficient in the cognate protein(s).  For example, IFN signaling apparently remains 

functional during live HeV and NiV infection of human cell lines, whereas IFN production 

was inhibited.(174)  However, henipaviruses also clearly antagonize both IFN production and 

signaling in bat cells derived from Pteropus sp. that serve as their natural hosts.(175)    

The diverse phenotypes observed in the various animal models when challenged with 

recombinant viruses deficient in the various P-derived accessory proteins makes 

interpretation difficult.  The clearest phenotype comes from rNiVs engineered to be V-
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deficient. rNiV-V are extremely attenuated in both hamster and ferret challenge models.(46,50) 

Each model re-capitulates the respiratory and neurological disease seen in human infections 

when infected with wt NiV, albeit in different ways and in a dose-dependent fashion.(103,131,176) 

However, challenge with V-deficientrNiV under conditions where their wt counterparts 

effectuate 100% mortality always results in 100% survival, and almost never results in any 

overt respiratory or neurological signs.(46,50) On the other hand, C-deficient rNiVs give a 

variety of phenotypes  that range from strong attenuation in the hamster model,(177)  to 100% 

mortality in the ferret model, albeit with less severe histological lesions in the lung.(52) 

Similarly, W-deficient rNiVs did not show significant attenuation compared to their wild-

type counterparts in both the hamster(46) and ferret models, although the disease 

symptomology appeared to be more neurologic in the latter.(50,52) Interestingly, a rNiV 

lacking both C and W still resulted in 60% mortality with reduced respiratory disease but 

markedly increased neurological disease.(52)    

Adaptive immune responses. 

In patients with encephalitis, anti-NiV antibodies were observed more frequently in 

the serum than the CSF. Immunoglobulin M (IgM) antibodies occurred more frequently than 

immunoglobulin G (IgG) antibodies in both locations.(9,12,136) The appearance of specific IgM 

antibodies in serum preceded their appearance in the CSF, a sequence consistent with viremia 

preceding central nervous system (CNS) infection. Anti-NiV antibodies were present in most 

patients with clinical NiV encephalitis; however, no difference was observed in clinical 

features, laboratory results, or mortality between seropositive and seronegative patients.(108,178) 

Seroconversion of IgG against HeV was seen in two human cases of HeV infection in 2008, 

with one progressing to fatal encephalitis.(8)  From these cases, seroconversion in acute 

henipavirus disease may have diagnostic but no apparent prognostic value.  Conversely, in 

the most recent NiV outbreak in Kerala involving 23 cases, careful monitoring of humoral 
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and cellular immune responses in the 2 survivors revealed that there was a dramatic increase 

in activated (Ki67+) CD8+ T-cells with an acute effector phenotype (CD38+/HLA-

DR+/Granzyme B+ /PD1+), suggesting that virus-specific naïve T-cells were actively 

proliferating in response to the virus. Interestingly, clearance of viremia coincided with the 

peak of proliferating Ki67+ CD8+ T-cells, and occurred before peak IgG titers. (152)  

Increases in activated CD8+ T-cells in lethal (NHP)(179) and non-lethal (Swine) animal 

models of NiV infection have also been observed; (180) in the latter, prevention of virus 

shedding appears correlated with such T-cell responses. However, most animal studies do not 

monitor adaptive immune responses with the requisite precision and sophistication in order to 

make definitive statements regarding the relative importance of T- or B- cell responses in 

protective immunity against acute henipavirus infections.(181)  

The high CFR associated with the acute nature of henipavirus infections already 

suggests that the virus interferes with the timely generation of effective T- or B- cell 

responses during the natural history of the disease in the majority of infected individuals. 

Indeed, although NiV replicates poorly in DCs (Table 14.3),(150,182) in vitro NiV-infected DCs 

induces an inflammatory pro-apoptotic milieu (TNF-a, IL-1, IL-8) that leads not only to 

defective T-cell priming, but apoptosis of cognate T-cells and DCs.(182)  This in vitro 

phenomenon, if recapitulated in vivo by NiV-infected DCs that traffic to lymph nodes, may 

account for the lymphoid depletion and lymphoid necrotic lesions seen in humans(136) and 

various relevant animal models.(50,183,184) 

<H2>Release from host and transmission    

Transmission is generally accepted to occur via the oronasal route(8,107,108) or 

liquid/food (palm sap/fruit),(109-111) with transmissibility of HeV (horse-human or human-to-

human)(185,186) being much less efficient than that of NiV transmission (pig-to-human or 

human-to-human).(9,15,17,108,115,117,126,187,188) Infectious NiV can be recovered from urine and 
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the tracheal and nasopharyngeal secretions of infected patients in the early phase of their 

illness in the original Malaysian outbreak.(3,107,108) Nonetheless, human-to-human 

transmission in the Malaysian outbreak was extremely rare(189), although it has been reported 

in the more recent outbreak in the Philippines.  In contrast, person-to-person transmission in 

Bangladesh has been well documented and typically occurs during the final stages of disease 

in the index patient when not only symptoms of respiratory involvement are most prominent, 

but also more frequent and closer contact with familial caretakers occurs. (125,187,188)  

Replication in the respiratory epithelium and shedding in oronasal secretions is most 

likely responsible for virus release and transmission. Ferrets have been used to model the 

respiratory transmission of henipaviruses(112,184) as their respiratory symptoms (cough, serous 

nasal discharge, dyspnea) mimic the human disease.(97)  Despite shedding relatively large 

amounts of virus in their oronasal secretions (4-5 log10 TCID50 equivalents/ml at peak titers), 

passively cohoused naïve ferrets never got infected, regardless of whether the index ferrets 

were infected with HeV, NiV-MY, or NiV-BD.(112,184) However, following assisted or direct 

exposure to infectious oronasal fluids from the index ferrets, all the naïve ferrets developed 

acute infections, regardless of virus strain used.(112) Thus, the efficiency of NiV transmission 

appears low, and likely requires direct and repeated oro- or naso-mucosal exposure to 

infectious oronasal secretions.  This is consistent with epidemiological investigations into the 

many recurrent outbreaks in Bangladesh where despite chains of person-to-person 

transmission, the estimated basic reproductive number R0 of NiV-BD strains that have spilled 

over in Bangladesh have averaged 0.48.(187)  

<H2>Virulence    

Infection with HeV appears more severe than infection with NiV-MY and NiV-BD in 

the hamster(138,190) and AGM model.(191) The dose-dependent disease symptomology in the 

hamster model(138,192) makes it difficult to make generalize statements about any intrinsic 
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pathogenic difference between these three genetically distinct henipaviruses. However, the 

intratracheal and intranasal AGM challenge model appears to recapitulate the clinical 

pathologies seen in human patients more robustly.(98,103) Interestingly, it is also in this model 

that NiV-BD is shown to be more pathogenic than NiV-MY,(191) which reflects the observed 

differences in pathogenicity between NiV-MY and NiV-BD.   Previous studies comparing 

NiV-MY and NiV-BD in hamsters(190) and in ferrets(112) gave conflicting and confusing 

results. But more careful comparisons of fully-sequenced NiV-MY and NiV-BD strains in the 

AGM model provides support that NiV-BD is more pathogenic than NiV-MY,(191) consistent 

with the higher mortality rates associated with NiV-BD (see Table 14.1C). Under identical 

experimental conditions, NiV-BD is not only shown to be more pathogenic in terms of viral 

load in lungs, spleen, and blood, but also that the therapeutic window for post-exposure 

prophylaxis using human monoclonal antibody (m102.4) is significantly shorter in NiV-BD 

infected AGMs.(191)  m102.4 is a potent neutralizing mAb previously shown to rescue NiV-

MY and HeV infected AGMs even when administered up to 7 days post-infection.(193,194)  

CedV lacks the editing site in the P gene and does not make the V protein,(28) a potent 

type I IFN antagonist required for henipavirus virulence in vivo.(39) Not surprisingly, CedV, 

which is naturally V-deficient, also does not induce any overt disease in ferrets and guinea 

pigs.(28) Reactive hyperplasia of oropharyngeal lymphoid tissues and detection of viral RNA 

in select bronchial associated lymphoid tissue (BALT) accompanied by increasing 

neutralizing Ab titers suggests that CedV likely replicates transiently in the upper and lower 

respiratory tracts of the challenged animals.(28) While recent evidence suggests that the CedV 

P protein itself is also a less efficient antagonizer of IFN- signaling compared to HeV-P,(195) 

whether CedV is truly non-pathogenic in humans or horses remains to be seen.  Given the 

fact that CedV does not appear to use ephrin-B3 as receptor, one might also predict CedV to 

be less encephalopathic even in more susceptible animals.   
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<H2>Persistence   

A small percentage of NiV-infected patients (3-7%) experience late-onset or relapse 

encephalitis months to years after the initial NiV infection; the former describes patients with 

initially mild or asymptomatic NiV infections while the latter are survivors of acute NiV 

encephalitis.(108,129,196,197) One case of fatal late-onset HeV encephalitis has also been reported. 

(3,140)  These cases suggest that NiV and HeV can persist in sanctuary sites like the brain 

especially since virus has never been isolated from oronasal secretions of relapsed 

encephalitis cases.(9,107,136,196-198) (see Clinical Features section for details). There is one report 

of NiV RNA being detected in the semen of a NiV survivor 4 weeks post-onset of illness, but 

this was gone 2 weeks later.  Longitudinal studies on 2 HeV survivors shows no evidence of 

viral shedding by RT-qPCR, up to 6 years post-symptom onset.(154) It is unlikely that NiV and 

HeV in humans can persist in infectious forms. Thus, relapse henipavirus encephalitis might 

resemble measles virus associated subacute sclerosing panencephalitis, which can occur years 

after recovery from measles virus infection.(199,200)          

<H1>Epidemiology 

<H2>Age 

The age of patients with encephalitis in the Malaysian outbreak ranged from 9 to 76 

years, with almost 50% of cases occurring in those 40 to 44 years.(108,136,153,178,201) The male-

to-female ratio was approximately 3:1, and more than 80% of the patients were Chinese, with 

statistics reflecting the increased risk to those working with infected pigs.(108,201) In 

Bangladesh, the age of patients ranged from 4 to 60 years, and males constituted 47% and 67% 

of the cases in the 2001 and 2003 outbreaks, respectively.(14,202) The outbreak in early 2011 in 

Bangladesh claimed at least 35 lives, including many children and infants, with ages ranging 

from 2 to 56 years.(127,203) Among the 18 suspected patients in the 2014 oubreak in the 

Phillipines, the age distribution is between 21-60 years old.(18)  In the most recent NiV 
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outbreak in Kerala, India, the age distribution ranged from a 17 year old male to a 75 year old 

female among a total of 23 human cases.(17) 

<H2>Morbidity and Mortality 

In Malaysia, between September 1998 and June 1999, 256 patients who developed 

acute NiV encephalitis were admitted to Malaysian hospitals and 105 died, a mortality rate of 

approximately 40%.(9,201) The rate of subclinical infection in households and farms where 

cases of NiV encephalitis occurred was calculated to be 8% and 11%, respectively.(196,201) In 

Singapore, where 11 patients were confirmed to have acute NiV encephalitis, a further 2 

asymptomatic abattoir workers were serologically positive, representing a rate of subclinical 

infection of 15%.(204) Subsequently, 89 individuals were identified on the basis of positive 

serology as having experienced either an asymptomatic or mildly symptomatic NiV 

infection.(129) This increases the number of people infected with NiV to 345 and decreases the 

mortality rate to approximately 30%.(137) In Bangladesh, 98 of 135 patients died in eight 

outbreaks from 2001 to 2008, giving a combined case fatality rate of 73%.(117,188,202) In the 

Philippines outbreak, the case mortality is 53% out of all the suspected cases or 81% for 

those with encephalitic clinical signs.(18) The case mortality is 94% for the 2018 Kerala 

outbreak in India.(17) There have only been seven known human cases of HeV infection in 

Australia in the past 16 years, four of which have been fatal (three acute and one case of 

relapsed encephalitis).(2,3,8) 

<H2>Origin and Spread of Epidemics 

Fruit bats (flying foxes) in the genus Pteropus, family Pteropodidae, suborder 

Megachiroptera are main reservoir hosts of HeV and NiV.(5,6,13,89,205) In Australia, HeV has 

been shown to occur in all four flying fox species, with the crude seroprevalence of 47%, 

indicating an endemic pattern of infection throughout Australia.(91) Serologic tests show that 

NiV or NiV-related virus is widely dispersed in bats from Indonesia to the west border of 
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Africa (Fig. 14.10). NiV was first isolated from the urine of Island flying foxes and from the 

saliva on partially eaten fruit(13) and has since been isolated from Lyle's flying foxes 

(Pteropus lylei) in Cambodia(89) and Pteropus medius in Bangladesh.(206) The Indian flying 

fox (Pteropus giganteus) is the main pteropid species throughout Bangladesh and the Indian 

subcontinent with a high seroprevalence of henipavirus-specific antibody.(14,110,187,207) 

Additional serologic and limited nucleic acid evidence has suggested that related 

henipaviruses are circulating in other regions, including Thailand, Indonesia, Vietnam, China, 

Madagascar, and several countries and regions in  Africa (Fig. 14.10 and Table 14.4-online). 

<FIG14.10> 

Neither HeV nor NiV appear to cause clinical disease in naturally infected 

bats.(91,202,205,208) Experimental infection with doses of HeV that are lethal in horses generates 

sporadic vasculitis in the lung, spleen, meninges, kidney, and gastrointestinal tract, and even 

then, only in a proportion of infected bats.(105) Viral antigen is detected in the tunica media 

rather than endothelial cells, a fact that may spare these bats from the clinical effects 

associated with vasculitis.(209) In infected pregnant fruit bats, antigen was observed in similar 

locations and in the placenta.(210) The mode of transmission between fruit bats is unknown. 

Transplacental transmission has also been observed experimentally without apparent harm to 

the fetus.(210) Experimental infection of fruit bats with NiV produced a subclinical infection 

with a transient presence of virus within selected viscera along with periodic viral excretion 

in bat urine and seroconversion with neutralizing antibody present.(100) 

The spillover and epidemic hosts of HeV and NiV were horses in Australia and 

Philippines, and pigs in Malaysia. All human infections with HeV in Australia and NiV in 

Malaysia have only occurred through transmission from these domestic animal hosts.(9,201) No 

evidence exists of direct transmission from pteropid bats to humans in Australia or Malaysia, 

despite many opportunities in Australia for transmission to bat carers.(196,211) In contrast, fruit 
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bats apparently play a direct role in the transmission of NiV to humans in the many recent 

outbreaks of disease in Bangladesh, where epidemiologic evidence in support of a role for an 

intermediate host was lacking.(14,202) Three pathways of NiV transmission from bats to people 

have been identified based on epidemiologic investigations in Bangladesh.(117) Consumption 

of fresh date palm sap appears to be the predominant risk factor, and infrared camera studies 

have confirmed that P. giganteus bats frequently visit date palm sap trees and consume sap 

during collection.(212) In the 2005 NiV outbreak in Tangail District, Bangladesh, drinking raw 

date palm sap was the only activity significantly associated with illness (64% among cases vs. 

18% among controls).(110) Another route of transmission for NiV from bats to people in 

Bangladesh could be via domestic animals. Contact with a sick cow in Meherpur, Bangladesh, 

in 2001 was strongly associated with NiV infection,(14) and contact with pigs and diseased 

goats have also been implicated in other occurrences of NiV in Bangladesh.(117) Although 

NiV has never been isolated in domestic livestock animals, serological evidence was reported 

for antibodies to NiV or NiV-related viruses in cattle, goats and pigs in Bangladesh.(213) 

Transmission via direct contact with NiV-infected bat secretions also appears possible from 

evidence in the Goalando outbreak in 2004, where individuals who climbed trees were more 

likely to develop NiV infection than controls.(214) 

The mode of transmission from bats to spillover hosts in Australia and Malaysia 

remains to be determined. Three principal hypotheses exist. One is that masticated pellets of 

virus-contaminated, residual fruit pulp spat out by flying foxes are ingested by horses or 

pigs.(205) The second is that urine from infected animals contaminates pastures or pigsties. 

The third is that infected fetal tissues or fluids contaminate pastures or sties and are ingested. 

The latter is based largely on the fact that the HeV outbreaks have occurred during the 

birthing period of some species of flying fox and is supported by the isolation of virus from a 

pregnant flying fox and its fetus.(6) 
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HeV has been transmitted from horse to man on seven occasions from 1994 to 2009, 

twice during the initial outbreak in Brisbane,(1,2) twice during necropsy of horses that died in 

the field,(1,4) twice during either daily nasal cavity lavage and participating in a necropsy,(8) 

and once from performing an endoscopy on an infected horse.(8,215) HeV is rarely found in the 

bronchi or bronchioles of infected horses, which suggests that aerosol transmission to either 

man or horses is less likely(216) and horse-to-horse transmission of HeV has not been 

demonstrated.(105) The presence of HeV in equine saliva, however, suggests that close contact 

with infected horses, such as might occur during manual feeding of the animals, may 

facilitate horse-to-human transmission.(1) The presence of virus in a wide range of tissues and 

in the nasal discharge commonly found at the terminal stage of infection offers a range of 

sources for virus transmission during necropsy.(2,217) As shown in Fig. 14.7, high level of viral 

antigen can be detected in the nasal cavity of HeV-infected horses. 

In the Malaysian NiV outbreak, contact with pigs or fresh pig products was required 

for transmission of the virus to humans, with greater likelihood of transfer to those in direct 

contact with sick or dying pigs on farms or in abattoirs.(9,201) The presence of NiV in the 

respiratory epithelium of naturally and experimentally infected pigs (Fig. 14.7) indicated that 

virus probably spread to humans and within the pig population by aerosol or by direct contact 

with oropharyngeal or nasal secretions.(10,121,139) The presence of the virus in a wide range of 

organs indicates that humans may also have been infected during processes such as 

slaughtering or farrowing. In Bangladesh, pigs were excluded as potential sources of NiV on 

epidemiological grounds, and human-to-human transmission was observed.(126,188) The virus 

may have been transmitted to human index cases directly through contact with fruit bat 

secretions in contaminated fruit or date palm sap before circulation in the human population 

(Fig. 14.6).(13,14,117,202) Nosocomial transmission has been detected in some of the Bangladesh 

and India outbreaks.(15,117,218) In the Philippines NiV outbreak, of the 17 case-patients, a total 
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of 7 (41%) had participated in horse slaughtering and horse meat consumption; 3 (18%) had 

only consumed horse meat and but had no history of slaughtering or meat preparation; 5 

(29%) case-patients had been exposed to other human casepatients but not to any horses. So it 

is possible that both horse-to-human and human-to-human transmission might have occurred 

(Fig. 14.6).(18) For the Kerala NiV outbreak, while it remains undefined how the index case 

was exposed to NiV, it was evident that human-to-human transmission was the main driver 

for the spread of the virus in both family/community and hospital settings (Fig. 14.6).(17)  

<H2>Genetic Diversity 

Genome sequencing revealed that HeV isolated from equine and human sources 

during the outbreak in Brisbane appears identical and differs little from HeV isolated from 

flying foxes 2 years later.(2,6) Sequencing of five additional horse isolates from five different 

locations from the 2006 to 2008 HeV occurrences has also demonstrated a very high genetic 

similarity.(219) Similar observations were made in Malaysia, where it was demonstrated that 

NiV isolated from pigs at the height of the outbreak and at its geographic focus were 

essentially identical to human isolates made at that time and isolates obtained from flying 

foxes several years later.(13,22,23,220) 

In Bangladesh, four human isolates obtained in 2004 demonstrate significant genetic 

heterogeneity, which might suggest multiple spillovers of NiV from flying foxes into the 

human population.(33) The NiV sequences detected from human patients in India from 2001 to 

2018 were  more related to NiV from Bangladesh than NiV from Malaysia.(15,17,218) A 

recently whole genome sequencing study of ten NiV isolates obtained from bats in 2013 in 

Bangladesh at two different geographic locations revealed that the isolated viruses were very 

similar in sequences. This suggests that multiple strains were not co-circulating in the bat 

population at the time.(206)  Furthermore, none of the bat NiV isolate sequences was identical 

with any previously detected human NiV isolate sequences, suggesting that NiV spillover 
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into humans is a rare event and more intensive surveillance is required to appreciate the full 

genetic diversity of NiV in bats in an area with frequent spillover events into human 

populations.(206)  NiV isolated from the flying fox Pteropus lylei in Cambodia(89) represents 

an evolutionary lineage that is separated from the Malaysia or Bangladesh/India cluster . 

Partial N gene sequences detected in Pteropus lylei in Thailand indicate the circulation of at 

least two lineages of NiV—one related to the Bangladesh NiV and the other more related to 

the Malaysian NiV.(119) On the other hand, NiV sequences detected in Pteropus hypomelanus 

in southern Thailand are clearly more related to the Malaysian NiV.(221)  As the RNA-

dependent RNA polymerase (RdRP), formerly known as the L protein, is the most highly 

conserved protein for paramyxoviruses, it has been used as a more reliable indicator of 

evolutionary relationship among different paramyxoviruses. Fig. 14.11 shows a RdRP-based 

phylogenetic tree of henipavirus species and strains, selected to represent major species 

origin, geographic location and time of isolation. Prototype species from other genera in the 

family Paramyxoviridae are also shown for context and comparison.  

<FIG14.11> 

The presence of henipavirus-reactive (but not neutralizing) antibodies and viral RNA 

in bats from other regions of the world (Fig. 14.10 and Table 14.4-online) indicate that a 

much greater genetic diversity of henipaviruses exists in different bat populations.(29,222,223) 

These divergent but yet to be characterized henipaviruses likely have different 

transmissibility, pathogenicity, and receptor usage patterns, as has already been shown for 

CedV,(28,53,195) GhV,(65,224,225) and MojV.(66) The latter is an outlier in many ways,(41,66,86) and 

is currently the only henipavirus identified in rodents rather than bats.(30)      

<H1>Clinical Features 

<H2>Incubation Period 
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Based on the time interval between the last exposure to pigs and onset of disease, the 

incubation period for NiV ranged from 2 to 45 days; however, for 90% of patients, it was 2 

weeks or less.(108,153,178) An estimate of 2 to 3 weeks was made based on the time interval 

between importation of pigs from NiV-affected areas of Malaysia and development of human 

disease at a Singaporean abattoir.(204) A mean incubation period of 9.4 days was calculated 

for four patients who had a fixed period of exposure.(178) The NiV outbreak in Kerala, India, 

2018, revealed a median incubation period was 9.5 days among 23 cases, 22 of which were 

nosocomial.(17) In the occurrence of HeV in Australia in 2008, a detailed examination of 

exposure histories from two infected patients (one fatal) suggested a likely incubation period 

of 9 to 16 days, with exposure occurring some 3 days before the onset of symptoms of HeV 

infection in the horse.(8) 

<H2>Acute Clinical Features 

The first two patients infected with HeV presented with fever, myalgia, headaches, 

lethargy, and vertigo. One patient recovered; however, the other developed pneumonitis, 

respiratory failure, renal failure, and arterial thrombosis, and died of cardiac arrest 7 days 

after admission to the hospital. Findings at autopsy were consistent with a viral infection; 

both lungs were congested, hemorrhagic, and filled with serous fluid, and the histology 

revealed focal necrotizing alveolitis with many giant cells, some syncytial formation, and 

viral inclusions.(1) Although the predominant clinical features of NiV encephalitis derived 

from CNS involvement in the initial Malaysia outbreak, a proportion (40%) of patients 

displayed pulmonary involvement, which presented as an atypical pneumonia with fever, 

cough, and headache.(12,108,136,178) In the Kerala, India NiV outbreak, 19 cases (83%) presented 

with acute respiratory distress syndrome (ARDS) and shortness of breath, and 20 cases (87%) 

had respiratory symptoms.(17) The clinical presentation of NiV infections in Bangladesh also 

shows severe respiratory disease involvement.(226) A chest X-ray of an acute NiV-infected 
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human case showing diffuse bilateral opacities of the lung fields consistent with ARDS (Fig. 

14.12A) and a similar presentation was reported in the first fatal human HeV case.(1) Chest X-

ray images of NiV and HeV-infected AGMs have also demonstrated severe respiratory 

disease (Fig. 14.12B). Case definitions for suspected NiV infection in Bangladesh(226) and 

India(15,17) generally included individuals residing in an outbreak area who presented with 

fever, headache, vomiting or altered mental status or with history of cough or shortness of 

breath and fever.  

<FIG14.12> 

With NiV in Malaysia, most patients presented with acute encephalitis characterized 

by fever, headache, drowsiness, dizziness, myalgia, and vomiting, and more than 50% had a 

reduced level of consciousness.(9,12,108,178) The major clinical signs included drowsiness, 

areflexia, segmental myoclonus, tachycardia, hypertension, pinpoint pupils, and an abnormal 

doll's eye reflex. Such clinical features as these suggested involvement of the brain stem and 

upper cervical spinal cord, and were observed more frequently in patients with a reduced 

level of consciousness.(108,227) In Kerala, India, 2018, NiV-infected patients presented with 

altered sensorium (74%), along with myalgia, headache, vomiting, and seizures.(17) Patients in 

the NiV-Malaysia outbreak who retained normal levels of consciousness throughout their 

illness recovered fully; however, only 15% with reduced levels of consciousness survived. 

Fig.14.13 shows magnetic resonance imaging (MRI) images of human cases of acute NiV 

encephalitis. Such neurologic manifestations are consistent with vasculitis-induced 

thrombosis in the brain and the direct infection of neurons.(9,11,12,136) The multiple discrete 

lesions 1 to 5 mm in diameter in the cerebral white matter detected by MRI may be the site of 

such microinfarctions and are distinct from lesions caused by other viruses.(9,12,140,196,228) A 

third case of HeV infection presented first with meningitis and a 12-day history of sore throat, 

headache, drowsiness, vomiting, and neck stiffness. After an apparent full recovery, this 
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patient developed fatal encephalitis 13 months later and was admitted to the hospital with a 

generalized tonic-clonic seizure after 2 weeks of irritable mood and low back pain. Recurrent 

focal motor seizures occurred over the next 7 days, as did secondarily generalized seizures 

and low-grade fever, followed by dense right hemiplegia, signs of brain stem involvement, 

and depressed consciousness requiring intubation. The patient remained comatose and died 

25 days after admission.(3) Two patients in 2008(8) presented with initial influenza-like illness, 

although soon after apparent clinical improvement and an absence of fever, encephalitis 

developed in both. MRI revealed widespread cortical, subcortical, and deep white matter 

involvement, similar to the previous late-onset case of HeV encephalitis(3) and to NiV 

encephalitis cases (Fig. 14.13B).(108,196,229)  

<FIG14.13> 

<H2>Outcome of Infection 

Most patients who survived acute NiV encephalitis in Malaysia made a full recovery; 

however, approximately 20% had residual neurologic deficits.(108,178,230) Neurologic sequelae 

included cognitive difficulties, tetraparesis, cerebellar signs, nerve palsies, and clinical 

depression. A few patients remained in a vegetative state. In patients with encephalitis who 

recovered, most brain lesions revealed by MRI disappeared or became smaller over a period 

of 12 to 18 months, although some remained unchanged.(230) Approximately 7.5% of patients 

who recovered from acute encephalitis and 3.4% of those who experienced nonencephalitic 

or asymptomatic infection developed late neurologic disease (Fig. 14.13).(108,129,196,197) 

Relapse encephalitis and late-onset encephalitis presented several months to 4 years after the 

initial infection, with the longest reported case 11 years after an initial acute infection.(231)   

Relapsed cases had elevated IgG, but not IgM, and no vasculitis, and unlike the situation in 

acute encephalitis, virus was not isolated from throat and nasal secretions.(9,107,136,196-198) 
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The clinical features associated with relapse and late-onset encephalitis resembled 

those found with acute NiV encephalitis, although decreased incidence was seen of fever, 

coma, segmental myoclonus, and meningism and an increased occurrence of seizures and 

focal cortical signs compared with the acute manifestation of the disease.(129) The clinical, 

radiologic, and pathologic features of relapse NiV encephalitis resembled those of the patient 

who became infected with HeV, suffered mild, transient aseptic meningitis, and recovered 

but died of a fatal meningoencephalitis 13 months later.(3,140) Most patients with relapse and 

late-onset encephalitis had only one neurologic episode, although some patients experienced 

two episodes separated by a mean of 7.6 months (6 weeks to 1 year).(129) The mortality rate 

associated with relapse and late-onset encephalitis at 18% was lower than that associated with 

acute encephalitis, at 30% to 40%. However, 61% of patients with relapse and late onset had 

further neurologic sequelae compared with 22% after acute encephalitis. Among NiV 

survivors in Bangladesh, some 30% have moderate to severe persistent neurologic 

dysfunction for years following acute infection.(196) 

The demographics, clinical features, serology, and MRI of patients with relapsed and 

late-onset encephalitis were similar, suggesting that the two diseases have identical 

pathogenesis(129) and that the initial infection in late-onset encephalitis patients may not have 

been sufficiently severe to cause neurologic symptoms. MRI abnormalities similar to those 

observed in patients with acute encephalitis were also seen in 16% of asymptomatic patients, 

although the lesions were fewer in number. (227) The involvement of the cortex in relapse and 

late-onset encephalitis suggests a different pathologic mechanism compared with acute 

encephalitis. Relapse and late-onset encephalitis are considered to be caused by the 

recrudescence and rapid replication of virus that had persisted following acute or 

asymptomatic NiV infection.(129) NiV, however, was not isolated from CSF and brain tissue 

of patients with relapse and late-onset encephalitis.(129)  
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<FIG14.14> 

The generalized understanding of the infection process along with the clinical features 

of human NiV and HeV infection is diagrammed in Fig. 14.14. Transmission is likely via the 

oronasal route as described above (Pathogenesis section).  The initial site of replication in 

humans is likely within the respiratory system and disease onset is characterized by fever, 

myalgia, shortness of breath, cough, which may progress to ARDS. Possible invasion into the 

CNS via the olfactory bulb has been demonstrated in non-primate animal models. 133,139,141 

Virus replication and hematogenous systemic spread occurs (cell-free or cell-associated 

viremia) and established infection is characterized by a widespread vasculitis with endothelial 

and smooth muscle cell tropism resulting in multinucleated syncytial cells.(136) CNS infection 

and encephalitis results in altered sensorium, headache, vomiting, and seizures along with 

fever and other systemic symptoms. Infection of other organs in addition to lung and brain in 

human cases occurs and has been reported in kidney, heart, spleen and lymphoid tissues,(136) 

and similar widespread infection has been demonstrated in multiple animal models.(131) 

<H1>Diagnosis 

Virus isolation, EM, immuno-EM, immunohistochemistry (IHC), serology, and 

polymerase chain reaction (PCR) played key roles in the initial discovery of HeV(2) and 

NiV.(11) They remain essential elements in the repertoire of procedures for the rapid and 

specific diagnosis of henipavirus infections in humans and animals. 

During investigation of a suspected disease outbreak, attempts to grow henipaviruses 

may be initiated in a BSL3 laboratory. However, if a cytopathic effect (CPE) is observed and 

the growth of henipavirus is confirmed by PCR or immune staining, infected cultures needs 

to be handled under BSL4 conditions and subsequent work with live virus restricted to BSL4. 

Both HeV and NiV replicate in various cell lines—a feature that contributed to the efficiency 

with which they were isolated during the initial disease outbreak investigations.(2,11) Vero 
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cells are commonly used, generating titers of virus as high as 108 infectious virions per 

milliliter.(153,232) In fatal cases, attempts should be made to isolate virus from brain, lung, 

kidney, and spleen.(232) For tissue specimens containing a high virus load, direct examination 

by immuno-EM and IHC can be very useful in providing early diagnosis. Various antibody 

reagents have been developed for this purpose, including polyclonal antisera, monospecific 

antibodies raised against recombinant antigens,(20) and monoclonal antibodies (mAb) raised 

against whole virions or vaccinia virus–expressed viral proteins.(233-236) Using HeV- or NiV-

specific mAb, it is possible to differentiate between the two viruses.(235,236) Quantitative real-

time PCR (TaqMan assay) has been the method of choice to detect viral materials in infected 

tissues because of its speed, specificity, and sensitivity. The first-generation henipavirus 

TaqMan assays are either HeV specific(237) or NiV specific.(238) Since then, several consensus 

henipavirus real-time PCR assays have been developed that target different conserved regions 

of the viral genome.(239) It should be cautioned that the current PCR tests may not work with 

new henipaviruses yet to be discovered, especially those from African bats, owing to 

expected greater genetic divergence than those detected in Australia and Asia. 

For henipaviruses, serologic tests are important both during outbreak investigation and for 

disease surveillance. The virus neutralization test (VNT) is accepted as the reference 

standard.(232) Few laboratories, however, can conduct neutralization tests because of the 

requirement to handle live virus at BSL4. For surveillance and diagnostic purposes, three 

types of tests that do not require BSL4 containment have been developed: 

1. Enzyme-linked immunosorbent assay (ELISA): Several ELISA-based tests have been 

reported for the detection of henipavirus antibodies.(232,240,241) For diagnosis of human 

infections, two different ELISA tests have been applied: an IgM capture ELISA for early 

diagnosis of infection and an indirect ELISA for detection of IgG antibodies.(232) 
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2. Liquid protein array multiplex test: A Luminex-based test based on recombinant soluble 

G proteins of HeV and NiV was developed that is capable of mimicking VNT with great 

sensitivity and differentiating between antibody responses of HeV versus NiV 

infection.(242) 

3. Pseudotype virus: Different pseudotype systems carrying the henipavirus F and G 

proteins have been developed as a surrogate VNT for detecting henipavirus-specific 

antibodies.(18,243-245) Incorporation of reporter genes in these systems resulted in greater 

sensitivity and reproducibility. 

<H1>Prevention, and Control 

<H2>Drugs and Small molecules 

Ribavirin, which inhibits replication of HeV in vitro,(246) was used during the NiV 

outbreak in Malaysia in an open-label study in which 140 patients with encephalitis were 

given the drug, and 54 patients who presented before ribavirin became available or who 

refused treatment acted as controls.(247) Mortality in the treated group was 32% compared 

with 54% in the control group, representing a 35% reduction (P = 0.011). Duration of 

ventilation and total hospital stay were both significantly shorter in the ribavirin group (P = 

0.0002 and <0.0001, respectively). In the absence of other therapies, ribavirin may be an 

option for treatment of henipavirus infections. However, two HeV-infected patients in 2008(8) 

were given a high-dose intravenous regimen of ribavirin, although basal concentrations 

appeared inadequate given the results of in vitro susceptibility testing of HeV, and the 

efficacy of ribavirin as therapy or prophylaxis in people remains at best uncertain. 

Chloroquine, an antimalarial drug, was first demonstrated to block the critical proteolytic 

processing needed for HeV F maturation and function.(248) Not surprisingly, the drug was 

later shown to inhibit NiV and HeV infection in cell culture experiments.(249) Chloroquine 

was administered along with ribavirin to one HeV-infected individual in 2009(250)  with no 
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apparent clinical benefit. Remdesivir (GS-5734) is a nucleotide analog prodrug that showed 

therapeutic efficacy in a nonhuman primate model of Ebola virus infection.(251) GS-5734 has 

been administered under compassionate use to Ebola virus infected patients and is currently 

in Phase 2 clinical development for treatment of Ebola virus disease. The antiviral activities 

of GS-5734 has been demonstrated to be broad showing in vitro activity against viruses in the 

Coronaviridae, Filoviridae and the Paramyxoviridae including NiV and HeV.(252) 

In vivo, ribavirin only delayed but did not prevent deaths caused by NiV and had no 

effect on HeV infection in a hamster model.(173,253) Ribavirin treatment also only delayed 

disease onset by 1 to 2 days in African green monkeys challenged with HeV with no 

significant benefit for disease progression or outcome.(103) Chloroquine administration, either 

alone or in combination with ribavirin, had no therapeutic benefit in ferrets challenged with 

NiV or hamsters challenged with either NiV or HeV.(253,254) Poly(I)-poly(C12U), which 

induces IFN-α and -β production and can completely block NiV replication in vitro, 

displayed ~80% protective efficacy in the hamster model of lethal NiV infection.(173) 

<H2>Peptide Fusion Inhibitors 

The first potential henipavirus-specific therapeutic was shown to be a heptad peptide-

based fusion inhibitor,(95) analogous to HIV-1-specific peptide, enfuvirtide (Fuzeon) 

approved by the Food and Drug Administration (FDA) in March 2003. The henipavirus F1 

glycoprotein resembles other fusion glycoproteins in having α-helical heptad repeat (HR) 

domains proximal to both the fusion peptide at the amino (N) terminus and the 

transmembrane domain near the carboxy (C) terminus of the protein. The HR domains are 

involved in the formation of a trimer-of-hairpins structure during the membrane fusion and 

virus infection process. Addition of exogenous peptide from either HR domain blocks 

formation of the trimer-of-hairpins and abrogates membrane fusion and virus 

infection.(94,95,255) These observations were followed up with testing cholesterol tagged HR-
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derived peptides in the hamster model of NiV infection providing the first evidence of in vivo 

effectiveness of a fusion inhibiting peptide against NiV.(256) 

<H2>Vaccines 

A wide variety of immunization strategies have been developed for NiV and HeV 

prevention and include live-recombinant virus platforms, protein subunit, virus-like particles 

and DNA vaccines, however many of these approaches have only been examined for HeV- or 

NiV-specific neutralizing antibody induction.(257) A more limited number of vaccine 

candidates have been examined for both immune response and efficacy using a variety of 

animal challenge models (Table 14.5). Attenuated vaccinia virus strain NYVAC 

recombinants encoding either the NiV F or G glycoproteins used to immunize hamsters 

provided complete protection from NiV-mediated disease following challenge and 

demonstrated that an immune response to the viral envelope glycoproteins were an important 

immunogen in protection.(258) A second poxvirus-based approach was developed as a 

potential livestock vaccine using recombinant canarypox virus with the NiV F and G genes 

inserted into ALVAC vectors (Table 14.5). ALVAC vectors expressing either NiV F or NiV 

G were tested individually and in combination by vaccination of piglets, and animals were 

challenged intranasally with NiV. Piglets were protected from NiV-mediated illness by either 

ALVAC vector alone or in combination and immunized animals shed only low levels of 

nucleic acid detectable virus and no recoverable virus was evident.(259) Three other viral 

vector-based NiV vaccines have been examined in animal challenge studies (Table 14.5). An 

adeno-associated virus (AAV) platform using the NiV G glycoprotein was tested in the 

hamster model using NiV challenge, showing complete protection against NiV, but only low 

level cross-protection (3 of 6 animals) against a HeV challenge.(260) A recombinant measles 

virus vector encoding the NiV G glycoprotein was examined using two different vectors; the 

HL (rMV-HL-G) and Edmonston (rMV-Ed-G) measles virus strains(261) (Table 14.5). Here, 
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complete protection from NiV disease was achievable in the hamster challenge model 

following vaccination with either rMV-HL-G or rMV-Ed-G, and the rMV-Ed-G was tested in 

the nonhuman primate model demonstrating 2 of 2 AGMs were protected against NiV 

challenge. Several groups have tested the vesicular stomatitis virus (VSV) based platform 

using the NiV F or G glycoproteins (Table 14.5). In the ferret model, a single immunization 

with VSV encoding either NiV F or NiV G could afford complete protection from NiV 

challenge.(262) Similarly, NiV G or F glycoproteins in VSV vectors were successful in 

protection from NiV challenge in the hamster model,(263,264) and a single immunization of 

NiV G encoding VSV was protective in the AGM model.(265,266)  

<TAB14.5> 

The most extensively tested vaccine against NiV and HeV has been a recombinant 

protein subunit strategy because of the inherent safety of such an approach. Soluble, secreted, 

oligomeric forms of the G glycoprotein (sG) from both NiV and HeV were developed and 

tested as possible vaccine candidates and the HeV-sG was show capable of eliciting a more 

potent cross-reactive polyclonal antibody response and also a better cross-protective 

response(267,268) (Table 14.5). HeV-sG is a soluble and secreted version of the molecule with a 

genetically deleted transmembrane and cytoplasmic tail that is produced in mammalian cell 

culture systems and is properly N-linked glycosylated(269) (Fig. 14.15). HeV-sG has been 

shown to retain many native characteristics including oligomerization and ability to bind 

ephrin receptors,(62,267) and is capable of eliciting potent cross-reactive (HeV and NiV) 

neutralizing antibody responses in a variety of animals including mice, rabbits, cats, ferrets, 

monkeys and horses.(257) The HeV-sG vaccine in the cat model provided complete protection 

against a lethal NiV challenge(268) and suggested a single subunit vaccine (HeV-sG) could be 

effective against both HeV and NiV. Further studies in the cat model revealed that antibody 

titers as low as 1:32 could protect against NiV-Malaysia challenge(270) (Table 14.5). Studies 
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in the ferret model with low vaccine doses of HeV-sG formulated in CpG and AllhydrogelTM 

could completely protect against high dose HeV challenge.(106) Immunization and challenge 

studies in ferrets with the NiV-Bangladesh strain also demonstrated complete protection.(271) 

In addition, good durable immunity was shown in other ferrets challenged 434 days post-

vaccination.(271) However, preliminary studies with HeV-sG as a vaccine in the pig model 

was less effective against HeV and un-protective against NiV, and both humoral and cellular 

immune responses were required for protection of swine against henipaviruses in that 

challenge model.(180) 

<FIG14.15> 

The HeV-sG vaccine has also been extensively evaluated in nonhuman primates 

(AGMs). Monkeys immunized with HeV-sG formulated in AllhydrogelTM and CpG were 

completely protected against intratracheal challenge with NiV-Malaysia, some with pre-

challenge neutralizing titers as low as 1:28, and no evidence of clinical disease, virus 

replication, or pathology was observed in any vaccinated monkeys.(272) Similarly, HeV-sG 

vaccination and protection from a HeV challenge in AGMs has also been shown, including 

HeV-sG formulated in AllhydrogelTM alone.(273) The inherent safety and effectiveness of the 

HeV-sG vaccine led to its development as an equine vaccine to prevent not only HeV 

infection of horses but also as the means to reduce the risk of HeV transmission to people 

(Figure 14.16A). HeV-sG was licensed by Zoetis™ Inc., (formerly Pfizer Animal Health) and 

developed as an equine vaccine for use in Australia. Horse HeV-sG vaccination and HeV 

challenge studies were conducted at the BSL-4 facilities of the Animal Health Laboratories 

(AAHL) in Geelong(274) (Table 14.5). HeV-sG was formulated in an approved equine 

adjuvant (Zoetis, Inc.) and two initial efficacy studies in horses tested 50 μg and 100 μg doses 

of the same HeV-sG used in published animal studies was used to immunize horses. 

Additional studies used a 100 μg dose of HeV-sG produced in CHO cells (Zoetis, Inc.). 
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Immunizations were two doses given intramuscularly 3-weeks apart. All horses in these 

efficacy studies were challenged oronasally with 2×106 TCID50 of HeV. Seven horses were 

challenged at 28 days, and 3 horses were challenged 194 days, after the second immunization. 

All vaccinated horses remained clinically healthy following challenge, demonstrating 

protection with pre-challenge HeV neutralizing titers as low as 1:16.(274) There was no gross 

or histologic evidence of HeV infection in any of the vaccinated horses at study completion, 

and all tissues examined were negative for HeV antigen by immunohistochemistry, with no 

viral genome detected in any tissue. In 9 of 10 vaccinated horses, HeV nucleic acid was not 

detected in daily nasal, oral, or rectal swab specimens or from blood, urine, or feces samples 

collected before euthanasia, and no recoverable virus was present.(274) 

<FIG14.16> 

Equivac® HeV was launched in November 2012 on a Minor Use Permit by the 

regulatory authority, the Australian Pesticides and Veterinary Medicines Authority 

(APVMA), and is the first commercially developed and deployed vaccine against a BSL-4 

agent and is currently the only licensed antiviral approach for henipavirus infection. All 

vaccinated horses receive a microchip and database is maintained, and in August, 2015 

Equivac® HeV received full registration by the APVMA. To date, >640,000 doses of 

Equivac® HeV vaccine has been administered to >153,000 unique horses (Fig. 14.16B). 

Since vaccine release, laboratory confirmed HeV infections in horses (n=21) have only 

occurred in unvaccinated horses. The HeV-sG recombinant subunit vaccine for NiV and HeV 

is now in clinical development with support from the Coalition for Epidemic Preparedness 

Innovations (CEPI)(275) and Phase I clinical trials set to commence in 2019. Recent 

vaccination and challenge studies in nonhuman primates have shown that a single 

immunizing dose of HeV-sG in AllhydrogelTM can protect against HeV and NiV-Bangladesh 

challenge (Geisbert and Broder, unpublished) and together with the results of recombinant 
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VSV-based NiV vaccines, these findings highlight their potential usefulness in an 

emergency-use or outbreak scenario.   

<H2>Passive immunization 

Initial passive immunization studies using either NiV G and F-specific polyclonal 

antiserums, or mouse monoclonal antibodies (mAbs) specific for the NiV or HeV G or F 

glycoproteins were shown to be protective in the hamster model.(102,258,276) HeV- and NiV-

neutralizing human mAbs reactive to the G glycoproteins of both HeV and NiV have been 

developed using recombinant antibody technology.(277) One mAb, m102.4, possessed strong 

cross-reactive neutralizing activity against HeV and NiV and was later produced in an IgG1 

format in a CHO-K1 cell line.(278) The m102.4 mAb epitope maps to the receptor binding site 

of G and engages G in a similar fashion as the ephrin receptors(279) (Figure 14.5). The m102.4 

mAb can neutralize all HeV and NiV isolates tested, including HeV-1994, HeV-Redlands, 

NiV-Malaysia and NiV-Bangladesh.(97,280) NiV challenge experiments in the ferret 

demonstrated complete protection was possible by a single dose of m102.4 mAb 

administered by intravenous infusion 10 hrs following a lethal virus challenge.(97) The 

therapeutic efficacy of mAb m102.4 has also been examined in nonhuman primates against 

both NiV and HeV challenge as a post-exposure therapeutic reflective of a potential real life 

virus exposure scenario(193,194) (Table 14.5). In one study, AGMs were challenged 

intratracheally with HeV and following virus administration they were infused twice with 

m102.4 (~15 mg/kg) beginning at 10 hrs, 24 hrs or 72 hrs post-infection followed by a the 

second infusion ~48 hrs after the first. In this study, all subjects became infected following 

challenge, and all animals that received m102.4 survived whereas all controls succumbed to 

severe systemic disease 8 days following virus challenge. Animals in a 72 hrs treatment 

group did exhibit neurological signs but all recovered by day 16, but there was no evidence of 

HeV-specific pathology in any of the m102.4-treated animals, and no infectious HeV could 
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be recovered from any tissues from any m102.4-treated subjects. A later study evaluated the 

efficacy of m102.4 against NiV-Malaysia challenge in AGMs, at several time points after 

virus exposure by intratracheal challenge including as late as the onset of clinical illness.(194) 

Here, animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days 

following NiV-Malaysia challenge and again 48 hrs after the first dose. All animals became 

infected following virus exposure, and again all subjects that received m102.4 therapy 

survived the infection, whereas the untreated control subjects succumbed to disease between 

days 8 and 10 following virus challenge. The m102.4 mAb was also shown to be effective the 

nonhuman primate model against NiV-Bangladesh infection, although its therapeutic window 

was much shorter as compared to NiV-Malaysia infected subjects.(191) Taken together, these 

studies have shown that m102.4 mAb therapy can prevent HeV or NiV lethal disease in 

exposed subjects is the only effective post-exposure therapeutic tested in vivo in nonhuman 

primates. The mAb m102.4 has since been used by emergency protocol in 13 people in 

Australia and one in the U.S. because of significant risk of HeV or NiV infection.(257) The 

m102.4 antibody has completed a Phase I clinical trial in Australia, and has recently been 

supplied to Government of India and included in an international Nipah treatment protocol 

sponsored by the Indian Council of Medical Research (ICMR) with support from the NIAID, 

NIH, USA.   

<H1>Perspective  

Nipah and henipaviral diseases remain on the latest WHO list of Blueprint priority 

diseases (Feb 2018).(281) This acknowledges that NiV (or related virulent henipaviruses) is a 

major threat to global public health, and calls for increased research and development into 

henipaviruses and their countermeasures, including surveillance and diagnostics. In addition, 

both NiV and HeV emergence and reemergence remain continuous infectious disease 

transboundary threats to economically important livestock throughout South Asia and 
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Australia.(282) NiV is also one of the top three viral agents prioritized for vaccine development 

by the Coalition of Epidemic Preparedness Innovations (CEPI). (275,283) The high virulence of 

the henipaviruses and the requirement for BSL-4 facilities have hampered investigations into 

the biology and pathogenesis of these novel paramyxoviruses. Nonetheless, the advent of 

reverse genetics for henipaviruses, coupled with the development of animal models that 

recapitulate the clinical features and pathology seen in virus-infected humans, have provided 

insights into the functions of many henipavirus proteins and the role they play in the 

pathogenesis of henipavirus disease. While the virulence of henipaviruses necessitates the 

initial functional characterization of henipavirus proteins from cloned genes, it is imperative 

that these functional characteristics be examined in the context of a live virus infection. Even 

then, it appears increasingly important to investigate why henipaviruses appear so much more 

virulent in many of their terrestrial hosts versus their chiropteran counterparts.(284) 

Despite our expanded understanding of the henipaviruses, many questions relating to the 

ecology and biology of henipaviruses remain unanswered. Pteropus species of fruit bats are 

clearly the major reservoir host of these viruses,(202,207,208) but new studies have suggested that 

an even wider group of chiropteran species host not only the known henipaviruses but also 

multiple divergent clades of new henipavirus species.(29,222,285) Molecular or serological 

evidence of henipaviruses can now be found in frugivorous and insectivorous bats that range 

from Australia and Austronesia, to China, South-East Asia, countries of the Indian 

subcontinent, through to Madagascar, sub-Saharan Africa and even into the New World 

(Costa Rica and Brazil).(19,29,207,286-297) The emergence of these and related viruses is probably 

associated with the destruction of the flying fox native habitats, driving the animals to seek 

food from orchards and ornamental trees in urban and periurban areas. Continued 

deforestation and amplification of factors that drive zoonotic spillover from reservoir hosts, 

will undoubtedly lead to further outbreaks of HeV, NiV, and novel related members of the 
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genus.(298-301) Continued surveillance coupled with identification and characterization of these 

putative new species of henipavirus is required provide a proper assessment as to the 

countermeasures, such as the CEPI initiatives, that would be necessary to control or prevent 

future outbreaks and spillovers.      
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<Figure legends>  

Figure 14.1. Syncytia induced in vero cells 24 hours after infection by Hendra virus 

(HeV) (A) and Nipah virus (NiV) (B). Methanol-fixed infected cells were labeled with 

rabbit monospecific antiserum to the HeV P protein and fluorescein-conjugated goat 

antirabbit immunoglobulin G. P protein is detected in extensive perinuclear ribonucleoprotein 

complexes (small arrow) and in discrete regularly shaped arrays (large arrow) distributed 

throughout the cytoplasm and believed to be sites of virus egress from the cell. Nuclei are 

indicated by chevrons. 

Figure 14.2. A:  Electron micrograph of Nipah virus (NiV)-infected Vero cells showing 

tubule-like structures, both in the cytoplasm and in a maturing virus particle (arrows).  B:  

Electron micrograph of negatively stained Hendra virus (HeV) displaying the double fringe at 

the virus envelope (small arrow) and the herringbone nucleocapsids (large arrow). (Courtesy 

of Dr. Alex Hyatt, CSIRO Australian Animal Health Laboratory.) 

Figure 14.3. Genome size and organization of Hendra virus in comparison with the type 

species in each of the other six genera in the family Paramyxoviridae. A: Genome length 

(in nucleotides) are given in brackets after each virus. Color coding: blue, proteins for the 

inner most nucleocapsid responsible for replication and transcription; green, envelope 

proteins. B: 3’UTR of certain genes in henipaviruses (N, P and G) are longer than their 
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counterparts from representative members of paramyxovirus genera that infect mammals. 

The 3’UTR length (number of nucleotides) of each gene from representative members of the 

indicated genera is compared separately in box-and-whisker plots (N, P, M, F, RBP, and 

RdRP). P values are calculated based on one-tailed t-test (Henipavirus vs all other genera); 

five virus species from Henipavirus (HeV, NC_001906; NiV, NC_002728; CedV, 

NC_025351.1; GhV, NC_025256.1; MojV, NC_025352.1), and three each from 

Morbillivirus, (MeV, NC_001498.1; CDV, NC_001921.1; FeMV, NC_039196.1), 

Rubulavirus (MuV, NC_002200.1; HPIV-2, NC_003443.1; PIV-5, NC_006430.1) and 

Respirovirus (SeV, NC_001552; HPIV-1, NC_003461; HPIV-3, NC_001796.2). Courtesy of 

Satoshi Ikegame and Christian Stevens, Icahn School of Medicine at Mount Sinai, New York.     

Figure 14.4. The major proteins of Hendra virus and Nipah virus and their roles in the 

henipavirus life cycle. A: Viruses were purified and analyzed as described in Wang LF et 

al.(20)  Major virus proteins and the molecular weights of standard marker proteins are shown 

on the right and left, respectively.  Reproduced with permission from Wang LF et al, 

Molecular biology of Hendra and Nipah viruses. Microbes Infect 2001; 3:279-87. B: 

Henipavirus replication cycle is depicted.  The virus receptor binding protein (RBP, deep 

blue lollipops) attaches the virus to the cell via its cognate receptor, typically ephrinB2/B3 (1), 

and triggers virus-cell membrane fusion mediated by the viral fusion protein (F, filled orange 

trapezoids) (2). Fusion delivers the nucleoprotein (N) encapsidated negative-sense virus RNA 

genome [vRNA(−), cyan] to the cytosol (3).  The vRNA(-) serves as template for viral 

transcripts made by the transcriptase complex comprised of the phosphoprotein (P) and the 

large RNA-dependent RNA-polymerase (RdRP) (P-RdRP, transparent hexagons) (4). Viral 

transcripts are made following a 3′ to 5′ attenuation gradient. The vRNA(-) is also the 

template for making full-length antigenomic cRNA(+) (5), which in turn is a template for 

vRNA(−) synthesis during virus genome replication (6). Henipavirus genome replication 
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mediated by the N-P-RdRP replicase complex is similar to the details described for the 

Paramyxoviridae in chapter 13. However, some aspects of henipavirus assembly are 

relatively unique. The matrix protein (M, green octagons) needs to transit through the nucleus 

(7) in a ubiquitin-regulated manner (8), in order to traffic properly to the plasma membrane. 

This nuclear sojourn involves shuttling through subnuclear compartments such as nucleoli (9).  

Proper trafficking is required for M to orchestrate the assembly of the viral RNPs with the 

viral envelope glycoproteins into budding infectious virions bearing the vRNA(-) (10). 

Matrix also has non-structural functions such as antagonizing type-I IFN responses (11); see 

Fig. 14.8 and text for details. Additionally, in order for the henipavirus F protein to be 

cleaved and become fusion-competent, it needs to access cathepsins L/B in the endosomal 

compartment. To do this, F first reaches the plasma membrane via the secreory pathway in an 

uncleaved form (open orange trapezoids) (12). Subsequent endocytosis and recycling back to 

the plasma membrane (12a) is required to form infectious virions where cleaved fusion-

competent F (filled orange trapezoids) (12b) is complexed with the RBP in its proper 

oligomeric state. Where this occurs along the vesicular trafficking pathway and/or the plasma 

membrane is unresolved (13). F protein cleavage is seldom complete and uncleaved F can be 

detected in budded virions (14) (Adapted from Aguilar HC and Lee B. Emerging 

paramyxoviruses: molecular mechanisms and antiviral strategies. Expert Rev Mol Med 

2011;13:e6)  

Figure 14.5. A structure-based phylogeny of paramyxoviral receptor binding proteins. 

Structure-based phylogenetic analysis on extant structures of all henipavirus RBPs and 

representative RBPs from at least one virus in other paramyxovirus genera for which 

structural data is available. RBPs are shown besides the tree and are rendered as surface 

representation (grey). All receptor-binding proteins, with the exception of the MojV-G, are 

shown in complex with their respective receptor molecules (yellow), with the receptor-
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binding interface colored red. Analysis was performed and produced as described in Rissanen 

et al.(66)  Paramyxoviral RBPs generally cluster according to their respective genera and 

cellular receptor usage with the exception MojV-RBP, which is almost equidistant to all 

structurally studied genera.  Courtesy of Dr. Thomas Bowden, University of Oxford, U.K.     

Figure 14.6. Nipah virus transmission. Major pathways of human Nipah virus infection are 

summarized for Malaysia (blue arrows), Bangladesh (red arrows), the Philippines (green 

arrows), and the latest outbreak in Kerala, India (orange arrows). (Adapted from Clayton BA. 

Nipah virus: transmission of a zoonotic paramyxovirus. Curr Opin Virol 2017; 22:97-104) 

Figure 14.7. Immunohistochemistry detection of Nipah virus (NiV) and Hendra virus 

(HeV) antigen in henipavirus-infected tissues. A-D: Hendra virus infected tissues. A: 

Staining of HeV antigen (N protein-specific rabbit antibody) within the wall of superficial 

arteriole in the sub-mucosa of the nasal cavity in a HeV-infected horse. B: Immmunolabeling 

(N protein-specific rabbit antibody) of the endothelium of medium caliber vessels and 

alveolar septae in lung of a HeV-infected African green monkey (AGM) (10x). C: 

Immunolabeling of HeV antigen (N protein-specific rabbit antibody) within neurons in the 

brainstem of a HeV-infected AGM (40x). D: Immunolabeling of HeV antigens (mouse anti-

HeV polyclonal antibody) in neurons of acute HeV-infected human case (40x). E: Positive 

immunolabelling (using anti-Nipah virus rabbit serum) within the lung of a NiV-infected pig. 

Involvement of bronchial epithelium and airway debris is noted. F: Immunolabeling (N 

protein-specific antibody) of the endothelium of medium caliber vessels and alveolar septae 

in lung of a NiV-infected AGM (20x). G: Immunolabeling of NiV antigen (N protein-

specific antibody) within neurons in the brainstem of a NiV-infected AGM (40x). H: 

Immunolabeling of NiV antigens (hyperimmune anti-NiV mouse ascitic fluid) in the 

cytoplasm and nuclei of neurons, and neuronal processes in the brain of acute NiV-infected 

human case (158x).  A and E, courtesy of Dr. Deborah Middleton, CSIRO Australian Animal 
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Health Laboratory. B, C, F and G, courtesy of Dr. Karla Fenton, University of Texas Medical 

Branch at Galveston, Texas. D, courtesy of Dr. Kum Thong Wong, University of Malaya; H, 

from Wong et al.(136) 

Figure 14.8. Ephrin-B2 and ephrin-B3 RNA-seq expression data across representative 

human non-disease tissues. Shown here are ephrin-B2 (upper) and ephrin-B3 (lower) 

expression data obtained from the Genotype-Tissue Expression (GTEx) Portal. The GTEx 

project is a public resource where up to 53 non-disease tissue sites obtained from nearly 

1,000 individuals are subjected to RNA-seq by next-generation sequencing amongst other 

assays. Details on datasets can be found on https://gtexportal.org. Data from all available 

brain regions are shown. The non-brain tissues are chosen for illustrative purposes based on 

their relevance to henipavirus pathogenesis.  Expression data in transcripts per million are 

plotted as box plots with the medians and 25th and 27th percentiles shown;  points are 

displayed as outliers if they are above or below 1.5 times the interquartile range. 1a Artery – 

Aorta; 1b Artery – Coronary; 2a Brain – Amygdala; 2b Brain - Anterior cingulate cortex 

(BA24); 2c Brain - Caudate (basal ganglia); 2d Brain - Cerebellar Hemisphere; 2e Brain – 

Cerebellum; 2f Brain – Cortex; 2g Brain - Frontal Cortex (BA9); 2h Brain – Hippocampus; 2i 

Brain – Hypothalamus; 2j Brain - Nucleus accumbens (basal ganglia); 2k Brain - Putamen 

(basal ganglia); 2l Brain - Spinal cord (cervical c-1); 2m Brain - Substantia nigra; 3 Breast - 

Mammary Tissue; 4 Colon – Transverse; 5 Esophagus - Gastroesophageal Junction; 

Esophagus – Mucosa; 6 Heart - Left Ventricle; 7 Kidney – Cortex; 8 Liver; 9 Lung; 10 Minor 

Salivary Gland; 11 Spleen; 12 Whole Blood.  

Figure 14.9.  Innate immune evasion mechanisms of the Nipah virus N, P, V, W and M 

proteins.  Left: The V and W proteins (green diamonds) block IFN- expression by 

different mechanisms. Depicted are simplified versions of the RIG-I-like receptor (RLR) 

signaling (blue arrows) and TLR3 signaling (black arrows) pathways. Both lead to activation 
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of interferon regulatory factors 3 and 7 (IRF-3 and IRF-7) (dashed arrow).  RIG-I, MDA5 

and TLR3 can sense RNAs produced during viral infection.  Activation of RIG-I or MDA5 

leads to their interaction with the mitochondria-associated adapter protein MAVS (1).  This 

leads to activation of the kinases IKK and/or TBK-1 (2), which phosphorylate and activate 

IRF-3 and, when present, IRF-7 (3).  For clarity, MAVS activation of NF-B is not shown. 

Activated IRF-3 and IRF-7 translocate into and accumulate in the nucleus; both contribute to 

IFN- gene transcription (4).    TLR3 signals through adaptor protein TRIF to activate 

IKK/TBK-1 (5). The cytoplasmic NiV and HeV V proteins interact with and inhibit MDA5, 

thereby inhibiting the induction of IFN- expression early on in the pathway (a); however 

NiV V does not appear to inhibit TLR3 signaling.  The nucleo-cytoplasmic shuttling NiV M 

protein (green hexagon), while it is in the cytoplasm, antagonizes induction of type-I IFNs by 

blocking IKK activation (b). This prevents downstream phosphorylation and nuclear 

translocation of IRF3, which also leads to a failure of IFN- induction. The nuclear W 

protein (green trapezoid) effectively blocks RLR and TLR3 activation of the IFN- promoter 

by preventing the accumulation of phosphorylated IRF-3 (c).  This function requires the 

nuclear localization of W. Right: The Nipah virus N, P, V and W proteins each block IFN 

signaling pathways at distinct steps (red arrows), ultimately leading to reduced expression of 

interferon- stimulated (antiviral) genes (ISGs).  The P, V and W proteins can each inhibit the 

phosphorylation and activation of STAT1 and STAT2 in response to IFN- (6) and block 

the phosphorylation and activation of STAT1 in response to IFN-.  The inhibition of the 

IFN- signaling pathway is depicted.  The cytoplasmic P and V proteins interact with and 

inhibit STAT1 (d).  The V protein also interacts with STAT2, in a STAT1-dependent manner.  

P and V prevent nuclear accumulation of pSTAT1 /pSTAT2 following IFN- addition to 

cells and cause the STAT proteins to accumulate in a high molecular weight complex.  The 

NiV and HeV N proteins (green oval) were recently reported to disrupt phospho-STAT1 
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complex formation (7), though not phosphorylation of STAT1 itself (e). Nonetheless, this N-

mediated disruption of STAT complexes reduces nuclear accumulation of the activated 

STAT complexes required to stimulate ISG expression (8). The nuclear W protein relocalizes 

non-phosphorylated STAT1 from its typically cytoplasmic localization to the nucleus (f).  

STAT1 relocalized to the nucleus by W remains unphosphorylated and does not activate 

transcription of ISGs in response to IFN- addition. (Adapted from Basler CF. Nipah and 

Hendra virus interactions with the innnate immune system. Curr Top Microbiol Immunol 

2012; 359: 123-52)    

Figure 14.10. Distribution of frugivorous bats belonging to various genera in the 

Pteropodidae family where evidence of henipavirus presence have been detected.  The 

presence of henipavirus is graded into four levels with known outbreak (red), virus isolation 

(pink), molecular detection (blue), and antibody detection (green).  

Figure 14.11: Phylogenetic tree based on RdRP proteins of selected henipaviruses and 

prototype species of the other genera in the family Paramyxoviridae. Tree was 

constructed by using Neighbor-Joining approach with 1,000 bootstrap replicates. Numbers at 

the nodes represent bootstrap values. Scale bar indicates amino acid substitutions per site.  

Sequences are labelled with the following ordination when all relative information is 

available for any given genome sequence: Virus/Country/Host/Year/Strain (GenBank 

accession number). For example, NiV/BD/Human/2010/Faridpur(JN808864) represents a 

Nipah virus isolated in Bangladesh from humans in 2010 with Faridpur as its isolate name 

and JN808864 as its Genbank accession number.  

Figure 14.12. Chest radiographs of a Nipah virus (NiV) infected patient and Nipah virus 

(NiV) and Hendra virus (HeV) infected African green monkeys. A: Chest X-ray of patient 

infected with Nipah virus (Nipah-Bangladesh clade) from Kerala, India, 2018, at 6 days 

following onset of symptoms showing diffuse bilateral opacities covering the majority of the 
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lung fields, consistent with acute respiratory distress syndrome (ARDS). B: Top, comparison 

of pre-challenge to Nipah virus (Nipah-Malaysia clade) infected African green monkey at 11 

days post-challenge showing congestion and pneumonia with infiltrates on the lung fields. 

Bottom, comparison of pre-challenge to Hendra virus infected African green monkey at 8 

days post-challenge showing diffuse interstitial infiltrates and pulmonary consolidation and 

severe respiratory distress. Panel A, courtesy of Prof. Govindakarnavar Arunkumar, Manipal 

Centre for Virus Research, Manipal Academy of Higher Education (deemed to be University), 

Karnataka State, India and Dr. Suresh Kumar. E.K, Malabar Institute of Medical Sciences, 

Kerala State, India. Panel B, top, from Geisbert et al.(98), bottom, from Rockx et al.(103) 

(reproduced with permission). 

Figure 14.13. Magnetic resonance imaging scans of patients with Nipah virus (NiV) or 

Hendra virus (HeV) encephalitis. A: Left, patient with NiV encephalitis (Nipah-Bangladesh 

clade) from Kerala, India, 2018, at 6 days following onset of symptoms showing cortical and 

subcortical hyperintense foci (arrow heads). Middle, patient with acute NiV encephalitis 

(Nipah-Malaysia clade) from Malaysia, 1999, showing multiple discrete hyperintense lesions 

in the grey and white matter. Right, patient with relapsed NiV encephalitis from Malaysia, 

1999, showing confluent lesions involving primarily the cortical grey matter. B: Left, acute 

HeV encephalitis in a patient on day 18 of illness, showing cortical and subcortical 

hyperintense foci. Right, relapsed HeV encephalitis in a patient on day 14 following 

symptoms onset showing widespread multifocal neocortical involvement. Panel A, left 

(India), courtesy of Prof. Govindakarnavar Arunkumar, Manipal Centre for Virus Research, 

Manipal Academy of Higher Education (deemed to be University), Karnataka State, India 

and Dr. Suresh Kumar. E.K, Malabar Institute of Medical Sciences, Kerala State, India. A, 

middle and right (Malaysia) from Goh, et al.(108) B, left, from Playford et al.(8); right, from 

O’Sullivan et al.(3) (reproduced with permission) 
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Figure 14.14. Generalized understanding of infection and clinical features of human 

Nipah virus (NiV) and Hendra virus (HeV) infection.  A: Transmission is generally 

accepted to occur via the oronasal route presumably by virus contaminated respiratory 

secretions or droplets from infected animals or people, or liquid/food (palm sap/fruit); B: The 

initial site of replication in humans is ill-defined but is thought to occur within the respiratory 

system and disease onset is characterized by fever, myalgia, shortness of breath, cough, 

which may progress to an acute respiratory distress syndrome (ARDS); C: Possible invasion 

into the central nervous system (CNS) via the olfactory bulb has also been suggested and has 

been demonstrated in animal models; D: Virus replication and hematogenous systemic spread 

occurs (cell-free or cell-associated viremia) and established infection is characterized by a 

widespread vasculitis with endothelial and smooth muscle cell tropism resulting in 

multinucleated syncytial cells; E: CNS infection and encephalitis results in altered sensorium, 

headache, vomiting, and seizures along with fever and other systemic symptoms; F: Infection 

of other organs in addition to lung and brain in human cases occurs and has been reported in 

kidney, heart, spleen and lymphoid tissues, and similar widespread infection has been 

demonstrated in multiple animal models. 

Figure 14.15.  Model of the Hendra virus soluble G glycoprotein subunit vaccine (HeV-

sG) and its complex with the Hendra and Nipah virus neutralizing human monoclonal 

antibody m102.4.  A: The HeV-sG glycoprotein subunit vaccine is composed of the entire 

ectodomain (amino acids 76-604) of the HeV G glycoprotein.  HeV-sG is shown as dimer 

with one monomer colored green and the other cyan.  The secondary structure elements of the 

two globular head domains are derived from the crystal structure of the HeV G head domain, 

the stalk regions of each G monomer (residues 77-136) are modeled, and N-linked 

glycosylation sites shown as gray spheres.  The ephrin-binding face of the cyan globular head 

is facing forward with an overlay of the interacting ephrin-B2 G-H loop residues in yellow.  
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B: The HeV-sG dimer is modeled in complex with two m102.4 Fab antibody fragments.  The 

two HeV-sG monomers are colored green and cyan as in panel A and rotated slightly to the 

right, and the two Fab molecules are shown with their heavy chains colored in magenta and 

light chain – in yellow, each binding one globular head domains of G. Modified from Broder 

et al.(302) 

Figure 14.16.  One Health Vaccine strategy.  A: The known modes of henipavirus transmission in 

different countries.  In Australia, all seven human cases were infected via contacting infected horses. 

A One Health vaccine strategy was developed for immunization of horses with the dual purposes of 

saving horses from lethal Hendra virus infection and prevention of transmission from bats to humans 

via horses. B: Location densities of Equivac® HeV vaccine administered to horses around Australia. 

As of 2018, more than 640,000 doses of Equivac® HeV have been administered to horses around 

Australia, equating to more than 153,000 unique horses vaccinated.  Courtesy of Dr. Richard 

L’Estrange, Zoetis Inc. 

<TABLES> 

TABLE 14.1A. Summary of Hendra Virus Outbreaks in Horses in Australia 

Year Month State1 Location Total Cases2 

1994 Aug QLD Mackay 2 

1994 Sep QLD Hendra 20 

1999 Jan QLD Cairns 1 

2004 Oct QLD Cairns 1 

Dec QLD Townsville 1 

2006 Jun QLD Peachester 1 

Oct NSW Murwillumbah 1 

2007 Jun QLD Peachester 1 

Jul QLD Cairns 1 

2008 Jun QLD Redlands 8 

Jul QLD Propserpine 4 

2009 Jul QLD Cawarral 4 

Sep QLD Bowen 2 

2010 May QLD Tewantin 1 

 
 
 
 

 
Jun 

QLD Beaudesert 1 

QLD Boonah 3 

QLD Logan 1 

NSW Wollongbar 2 
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1QLD = Queensland; NSW = New South Wales 
2All cases were deceased 
 

 
 
 
 
 
2011 

 
 
 
Jul 

QLD Park Ridge 1 

NSW Macksville 1 

QLD Kuranda 1 

NSW Lismore 1 

QLD Hervey Bay 1  

QLD Boondall 1 

QLD Chinchilla 1 

NSW Mulumbimby 1 

 
 
Aug 

NSW South Ballina 1 

NSW South Balinna 2 

NSW Mullumbinby 1 

QLD Gold Coast Hinterland 1 

NSW North Ballina 1 

Oct QLD Beachmere 3 

 
 
 
2012 

Jan QLD Townsville 1 

May QLD Rockhampton 1 

QLD Ingham 1 

Jun QLD Mackay 1 

Jul QLD Rockhampton 3 

QLD Cairns 1 

Sep QLD Port Douglas 1 

Oct QLD Ingham 1 

 
 
 
2013 

Jan QLD Mackay 1 

Feb QLD Atherton Tabelands 1 

Jun NSW Macksville 1 

QLD Brisbane Valley 1 

 
Jul 

QLD Gold Coast Hinterland 1 

NSW Macksville 1 

NSW Kempsey 2 

 
2014 

Mar QLD Bundaberg 1 

Jun QLD Beenleigh 1 

NSW Murvillumbah 1 

Jul QLD Gladstone 1 

 
2015 

Jun NSW Murwillumbah 1 

Jul QLD Atherton Tableland 1 

Spt NSW Lismore 1 

2016 Dec NSW Casino 1 

 
2017 

May QLD Gold Cost Hinterland 1 

Jun NSW Lismore 1 

Aug NSW Murwillumbah 1 

NSW Lismore 1 

2018 Sep NSW Tween Heads 1 

Total 103 
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TABLE 14.1B.  Summary of Hendra Virus Outbreaks in Humans 

Year Month Country Location 
No. 
cases 

No. 
deaths 

Case 
Fatality 
Rate 

1994 Aug  
 
Australia 

Mackay 1 1 100% 

1994 Sep Hendra 2 1 50% 

2004 Oct Cairns 1 1 100% 

2008 Jul Redlands 2 1 60% 

2009 Aug Cararral 1 0 0% 

Total 7 4 57% 
 

Table 14.1C.  Summary of Nipah Virus Outbreaks in Humans 

Year Month Country Location No. 
cases 

No. 
deaths 

NiV Clade 
(M/B) 

Case 
Fatality 
Rate 

1998 Spt-Apr 
1999 

Malaysia Started from 
Nipah near Ipoh 

265 105 M  40% 

1999 Mar Singapore Singapore 11 1 M  9% 

2001 Feb India Siliguri 66 45  B 68% 

2001 Apr-May  
 
 
Bangladesh 

Meherpur 13 9  B 69% 

2003 Jan Naogaon 12 8  B 67% 

2004 Jan Raibari 31 23  B 74% 

Apr Faridpur 36 27  B 75% 

2005 Jan-Mar Tangail 12 11  B 92% 

 
 
2007 

Jan-Feb  Thakurgaon 7 3  B 43% 

Mar Kushtia 8 5  B 63% 

Apr Pabna, Natore, 
Naogaon 

3 1  B 33% 

Apr India Nadia 5 5  B 100% 

2008 Feb  
 
 
 
 
 
Bangladesh 

Manikgonj 4 4  B 100% 

Apr Rajbari 7 5  B 71% 

2009 Jan Gaibandha, 
Rangpur, 
Nilphamari 

3 0  B 0% 

Rajbari 1 1  B 100% 

2010 Feb-Mar Faridpur, 
Rajbari, 
Gopalgonj, 
Kurigram 

17 15  B 88% 

2011 Jan-Feb Lalmohirhat, 
Dinajpur, 
Comilla, 
Nilphamari, 
Faridpur, 

44 40  B 91% 
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Rajbari 

2012 Jan Joypurhat 12 10  B 83% 

2013 Jan-Apr Pabna, Natore, 
Naogaon, 
Gaibandha, 
Manikganj 

24 21   88% 

2014 Jan-Feb 13 Districts 18 9  B 50% 

2014 Mar-May The 
Philippines 

Senator Ninoy 
Aquino 

17 9 M  53% 

2015 Jan-Feb Bangladesh Nilphamari, 
Ponchoghor, 
Faridpur, 
Magura, 
Naugaon, 
Rajbari 

9 6  B 67% 

2018 May India Kerala 23 21  B 94% 
 293 115 M  39% 

355 269  B 76% 

Total 648 384 M B 59% 
 

TABLE 14.2.  Summary of Henipaviruses Isolated from Different Species and Geographic Locations 

    Isolation details   

Virus Isolate name 
and number 

Year Country Host species/tissue Reference 

Hendra 

  

  

  

  

Horse-1 

VR-1 

1994 

 

Australia Horse/spleen, lung 

Human/lung, liver, kidney, 
spleen 

(2) 

Bat-1-1 

 

Bat-1-2 

Bat-2 

1996 

 

 

Australia 

 

 

Grey-headed flying fox 
(Pteropus 
poliocephalus)/uterine fluid 

Grey-headed flying fox (P. 
poliocephalus)/fetus Black 
flying fox (Pteropus 
alecto)/fetal lung 

(6) 

Murwillumbah 
Clifton Beach 
Peachester 
Redlands 
Proserpine 

2006 
2007 
2008 
 

Australia 
 

Horse/lung 
Horse/lung 
Horse/blood 
Horse/lung 
Horse/lung 

(219) 

Nipah 

  

PKL 

EKK 

1999 

 

Malaysia 

 

Human/cerebral spinal fluid 

Human/cerebral spinal fluid 

(11,303) 
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WWS Human/cerebral spinal fluid 

UMMC1 

UMMC2 

1999 

 

Malaysia 

 

Human/cerebral spinal fluid 

Human/throat secretion 

(220) 

UM-0128 

VRI-0626 

VRI-1413 

VRI-2794 

1999 

 

Malaysia 

 

Human 

Pig/lung 

Pig/lung 

Pig/lung 

(304) 

 

B13/6-18 

B13/6-43 

JA13/6-4 

2000 

 

Malaysia 

 

Bat/pooled urine 

Bat/pooled urine 

Bat/partially eaten jambu air 
fruit 

(305) 

 

Rajbari-1 

Rajbari-2 

Faridpur 

Rajshahi 

2004 

 

Bangladesh 

 

Human/oropharyngeal 

Human/cerebral spinal fluid 

Human/urine 

Human/urine 

(33) 

 

CSUR381 

CSUR382 

2004 

 

Cambodia 

 

Flying fox (Pteropus lylei)/urine 

Flying fox (Pteropus lylei)/urine 

(89) 

Raypur-31 

Raypur-36 

Raypur-38 

Raypur-40 

Raypur-41 

Raypur-42 

Raypur-43 

Raypur-46 

Raypur-47 

Sylhet-47 

2013 

 

Bangladesh 

 

Flying fox (Pteropus 
medius)/urine 

Flying fox (Pteropus 
medius)/urine 

Flying fox (Pteropus 
medius)/urine 

Flying fox (Pteropus 
medius)/urine 

Flying fox (Pteropus 
medius)/urine 

Flying fox (Pteropus 
medius)/urine 

Flying fox (Pteropus 
medius)/urine 

Flying fox (Pteropus 
medius)/urine 

(306) 



 74 
 

 

Table 14.3. Henipavirus Cell Tropism and Receptor Expression  

Cell line/ 

Primary 

cells  

Species/Cell 

Type 
Virus EFNB2a EFNB3a 

Infection 

Permissiveb 
Referencec 

HUMAN 

HeLa-

CCL2 

Human Cervical 

Cancer 

NiV 

HeV 
+ - + 

(62) 
(44) 

HeLa-

USU 

Human Cervical 

Cancer 

NiV 

HeV 
- - - 

(62) 

HeLa-

USU-

EFNB2 

HeLa-USU 

stably 

expressing 

EFNB2 

HeV 

CedV 

+ 

+ 

- 

- 

+ 

+ 

(28) 
(53)  

 

HeLa-

USU-

EFNB3 

HeLa-USU 

stably 

expressing 

EFNB3 

HeV 

CedV 

- 

- 

+ 

+ 

+ 

- 

(28) 
(53) 

Vero 

(various 

subclones) 

African green 

monke kidney 

epithelial 

NiV 

HeV 

CedV 

GhV 

++ + + 

(2) 
(11) 
(62)  
(307) 
(28) 
(308) 

293T 

Human 

embryonic 

kidney 

fibroblast 

 + + + 

(309) 
(310) 
(311) 
(312) 

A549 
Human lung 

adenocarcinoma 

NiV 

HeV 
+ + + 

(313) 
(87) 
(49) 

PCI 13 
Human head and 

neck carcinoma 

NiV 

HeV 
+ + + 

(62) 
(267) 

U373-MG 
Human 

astroglioma 

NiV 

 
+ ++ 

+ 

 

(62)  
(267) 
(150) 

U87-MG 
Human 

glioblastoma 

NiV 

GhV 
+ + + 

(314) 
(65) 

Flying fox (Pteropus 
medius)/urine 

Flying fox (Pteropus 
medius)/urine 
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(308) 
(315) 

HBMEC 

(Primary) 

Human brain 

microvascular 

endothelial  

NiV + - + 
(136) 
(307) 

HUVEC 

(Primary) 

Human 

umbilical cord 

endothelial  

NiV 

HeV 
+ + + 

(316) 
(43) 

HuNSC 

Neurons/ 

Astrocytes 

(Primary) 

Human neural 

stem cells 

derived neurons 

and astrovytes  

NiV,  

HeV 
+ + + 

(317) 
(43) 

NHBE 

(Primary) 

(Normal) 

Human 

bronchial 

epithelial   

NiV, 

HeV 

 

+ + + 

(318) 
(319) 

 

SAEC 

(Primary) 

Human small 

airway 

epithleilial  

NiV 

HeV 
+ + + 

(318) 
(319) 

 

Hu PBL 

(Primary)  

Human 

peripheral blood 

lymphocytes 

NiV (+/-)d (+/-)d - (150) 

HuMono/

Mac/DCs 

(Primary) 

Human 

monocytes, 

macrophages, 

dendritic cells 

NiV  

Mono/ 

Mac (+/-)d 

DC (+/-)d 

Mono/ 

Mac (+/-)d 

DC (-) 

Mono (-) 

Mac (-) 

DC (+/-) 

(150,182) 

HuOE 

(Primary) 

Human olfactory 

epithelial 

NiV 

HeV 
(?) + + 

(142) 
(320) 

Cell line/ 

Primary 

cells 

Species/Cell 

Type 
Virus EFNB2a EFNB3a 

Infection 

Permissiveb 
Referencesc 

NON-HUMAN 

BHK-21 

Baby hamster 

kidney 

fibroblast 

NiV 

 
+ (?) + 

(44) 
(313) 

 

CHO 
Chinese 

Hamster Ovary 

NiV  

HeV - - - 

(63) 
(64) 
(44) 

CHO-B2 

CHO stably 

expressing 

ephrin-B2 

NiV  

HeV + - + 

(63) 
(64) 

CHO-B3 

CHO stably 

expressing 

ephrin-B3 

NiV  

HeV - + + 

(63) 
(64) 
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CRFK 
Cat (Feline) 

kidney epithelial   

NiV 

HeV 
+ + + (311) 

PBMEC 

(Primary) 

Porcine brain 

microvascular 

endothelial  

NiV + + + 
(307) 
(321) 

PAEC 

(Primary) 

Pig Aorta 

Endothelial 

NiV - - - (307) 

 

PK13 Pig kidney 

fibroblast 

NiV - - - (63) 
(322) 

Rat 

cortical 

neurons 

Rat cortical 

neurons 

(Primary) 

NiV + + + (63) 
(310) 

4/4RM4 
Rat pleural 

mesothelial 
NiV + ND + 

(44) 
(323) 

L2 
Rat lung 

epithelial 
NiV + ND + 

(44) 
(324) 

208f Rat embryonic 

fibroblast 

NiV + ND - (44) 
(324) 

P815 Mouse mast cell NiV + ND - (44) 
(324) 

MyEnd 

Mouse 

myocardial 

endothelial 

NiV (?) (?) - 
(307) 

 

PaLuT02 

Immortalized P. 

alecto (fruit bat) 

lung cells 

NiV 

HeV 
+ + + 

(175) 
(325) 

PaKi 

Primary P. 

alecto (fruit bat) 

kidney cells 

HeV + + + 
(175) 
(325) 

PaBrH04 

Immortalized P. 

alecto (fruit bat) 

brain cells 

NiV 

HeV 
+ + + 

(326) 
(325) 

MMEC Mouse 

microvascular 

endothelium  

NiV 

HeV 

 

(?) (?) (+/-)d (313) 

 

a Expression inferred from (1) transcriptional data (microarray, next-generation sequencing, RT-PCR, 

etc.) provided in the cited references, or (2) indepedently verified through the Gene Expression 
Omnibus (GEO) Database (https://www.ncbi.nlm.nih.gov/geo/), or (3) competition with soluble 

ephrinB ligands or interference with cognate henipavirus receptor binding proteins. b For clarity and 

uniformity, only infection-permissive (not fusion-permissive) data are indicated; infection includes 

use of live virus and/or pseudotyped virus. c References cited support expression, infection data, or 

cell-type origin where relevant, and are representative, not comprehensive.   d Indicates >10-100-
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fold below positive control when quantitative data is avialable. ND, not determined; (?), not 
specifically mentioned. 

 

TABLE 14.4. Detection of Nipah or Nipah-related Virus Infection in Bats (Geographic surveillance 
studies) 

Bat Species Method and country of detection Reference 

Serology PCR Isolation 

Suborder: Yinpterochiroptera 

Cynopterus 
brachyotis 

Malaysia   (205) 

Cynopterus 
sphinx 

Vietnam   (292) 

Eidolon 
dupreanum  

Madgascar   (327) 

Eidolon helvum Ghana, Zambia, 
Malawi, 
Tanzania, 
Uganda, Rio 
Muni, Bioko, 
Príncipe, Saõ 
Tomé, Annobón, 
Cameroon 

Ghana, 
Gabon,   
Democratic 
Republic of 
Congo, 
Central African 
Republic, 

 (296); (328); (329); 
(222); 
(19) 

Eonycteris 
spelaea 

Malaysia   (205) 

Epomophorus 
gambianus 

Ghana Democratic 
Republic of 
Congo,  
Gabon, Republic 
of Congo 

 (296), (329) 

Hipposideros 
armiger 

China   (287) 

Hipposideros 
larvatus 

Thailand Thailand  (286) 

Hipposideros 
pomona 

China   (287) 

Hypsignathus 
monstrosus 

Ghana Republic of 
Congo, Central 
African Republic,  

 (296), (329) 

Myonycteris 
torquata 

 Democratic 
Republic of 
Congo, Gabon, 
Republic of Congo 

 (329) 

Rhinolophus 
affinis 

China   (287) 

Rhinolophus China   (287) 
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sinicus 

Rousettus 
leschenaulti 

China, Vietnam   (287); (292) 

Rousettus 
aegyptiacus 

 Gabon  (329) 

Pteropus 
giganteus 

Bangladesh, 
India 

  (207) 

Pteropus 
hypomelanus 

Malaysia, 
Thailand 

Thailand Malaysia (205);   (221); (330) 

Pteropus lylei Cambodia, 
Thailand 

Thailand Cambodia (89,290,331) 

Pteropus medius  Bangladesh, India Bangladesh (332); (306); (333) 

Pteropus rufus  Madgascar   (327) 

Pteropus 
vampyrus 

Malaysia, 
Thailand  

  (205); (286) 

Suborder: Yangochiroptera 

Carolia 
perspicillta 

 Costa Rica  (329) 

Miniopterus spp. China   (287) 

Myotis 
daubentoni 

China   (287) 

Myotis ricketti China   (287) 

Pteronotus 
parnellii 

 Costa Rica  (329) 

Scotophilus kuhlii Malaysia   (205) 

 

 

TABLE 14.5.  Summary of Advanced Henipavirus Vaccination Development Initiatives Evaluated in 
Animal Challenge Models  

Platform Viral antigen target or 
immunogen  

Animal challenge model  

Active vaccination 

Recombinant vaccinia 
virus 

Recombinant canarypox 
virus 

Recombinant VSV 

 

Recombinant AAV 

Recombinant measles 

 

Nipah F and/or G glycoprotein 

Nipah F and/or G glycoprotein 

Nipah F and/or G glycoprotein 

 

Nipah G glycoprotein 

Nipah G glycoprotein 

Hendra soluble G glycoprotein 

 

Hamstera (NiV) 

Pigb (NiV) 

Ferretc (NiV), Hamsterd (NiV), 
nonhuman primatee (NiV) 

Hamsterf (NiV, HeV) 

Hamsterg, Nonhuman primate (NiV, 
HeV) 

Cath (NiV), Ferreti (HeV, NiV), 
nonhuman primatej (HeV, NiV) Horsek 
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virus 

Recombinant subunit 

(HeV) 

Passive immunization 

Human monoclonal 
antibody m102.4 

 

Hendra / Nipah G glycoprotein 

 

Ferretl (NiV)  

Nonhuman primatem (HeV, NiV) 

aHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vaccinia viruses were 
protected against disease following intraperitoneal challenge with 103 PFU of NiV.(258) 
bPigs immunized with NiV F and/or G glycoprotein encoding recombinant canarypox viruses were 
protected against intranasal challenge with 2.5x105 PFU of NiV.(259). 
cFerrets immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis 
virus (VSV) vectors were protected against lethal intranasal challenge with 5x103 PFU of NiV.(262) 
dHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis 
virus (VSV) vectors were protected against lethal intraperitoneal challenge with 105 TCID50 of NiV;(264) 
or 6.8x104 TCID50 of NiV.(263) 
eAfrican green monkeys immunized with a NiV G encoding recombinant VSV vector were protected 
against lethal intratracheal challenge with 105 TCID50 of NiV.(265,266) 
fHamsters immunized with a NiV G encoding recombinant adeno-associated virus (AAV) vector were 
protected against lethal intraperitoneal with 104 PFU of NiV.(260) 
gHamsters and African green monkeys immunized with a NiV G encoding recombinant measles virus 
vector were protected against lethal intraperitoneal challenge with 103 TCID50 of NiV (hamsters) or 
105 TCID50 of NiV (AGMs).(261) 
hHendra virus soluble G glycoprotein (HeV-sG) used to immunize cats protects against lethal 
subcutaneous (500 TCID50)(268) or oronasal (5x104 TCID50) NiV challenge.(270) 
iHeV-sG used to immunize ferrets protects against lethal oronasal challenge with 5x103 TCID50 of 
HeV(106) or 5x103 TCID50 of NiV challenge.(271) 
jHeV-sG used to immunize African green monkeys protects against lethal intratracheal challenge 
with 105 TCID50 of NiV(272) or 5x105 PFU of HeV.(273) 
kHeV-sG used to immunize horses protects against lethal oronasal challenge with 2x106 TCID50 of 
HeV(274). 
lA NiV and HeV cross-reactive G glycoprotein specific neutralizing human mAb (m102.4) protects 
ferrets against lethal oronasal challenge with 5x103 TCID50 of NiV(97) or 5x103 TCID50 of HeV (J. 
Pallister and C. Broder, unpublished) by post-exposure infusion. 
mHuman mAb m102.4 protects African green monkeys by post-exposure infusion following lethal 
intratracheal challenge with 4x105 TCID50 of HeV(193) or lethal intratracheal challenge with 5x105 PFU 
of NiV.(191,194) 
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purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions.  These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction.  In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.
14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you.  Notice of such denial will be made using the contact information provided by you. 
Failure to receive such notice will not alter or invalidate the denial.  In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:
15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.
16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.
Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.



2/20/2019 RightsLink Printable License

https://s100.copyright.com/AppDispatchServlet 4/6

 
Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.
17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:
A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).
Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).
If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.
Authors can share their accepted author manuscript:

immediately
via their non-commercial person homepage or blog
by updating a preprint in arXiv or RePEc with the accepted manuscript
via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
directly by providing copies to their students or to research collaborators for
their personal use
for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement

After the embargo period
via non-commercial hosting platforms such as their institutional repository
via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

link to the formal publication via its DOI
bear a CC-BY-NC-ND license - this is easy to do
if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.
Policies for sharing publishing journal articles differ for subscription and gold open access
articles:
Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,



2/20/2019 RightsLink Printable License

https://s100.copyright.com/AppDispatchServlet 5/6

and so links will help your users to find, access, cite, and use the best available version.
Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.
If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.
Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.
Please refer to Elsevier's posting policy for further information.
18. For book authors the following clauses are applicable in addition to the above:  
Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.
19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.
 
Elsevier Open Access Terms and Conditions
You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.
Terms & Conditions applicable to all Open Access articles published with Elsevier:
Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.
The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.
If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.
Additional Terms & Conditions applicable to each Creative Commons user license:
CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.
CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the



2/20/2019 RightsLink Printable License

https://s100.copyright.com/AppDispatchServlet 6/6

work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.
CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI), provides a link to the
license, and that the licensor is not represented as endorsing the use made of the work. The
full details of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0.
Any commercial reuse of Open Access articles published with a CC BY NC SA or CC BY
NC ND license requires permission from Elsevier and will be subject to a fee.
Commercial reuse includes:

Associating advertising with the full text of the Article
Charging fees for document delivery or access
Article aggregation
Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those companies.
 
20. Other Conditions:
 
v1.9
Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.



2/14/19, 3:43 AMRightsLink Printable License

Page 1 of 4https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID=184…f=e0bb370d-d6b8-42e0-aee2-21aa47be7277%20%20&targetPage=printablelicense

SPRINGER NATURE LICENSE
TERMS AND CONDITIONS

Feb 14, 2019

This Agreement between Icahn School of Medicine at Mount Sinai -- Benhur Lee ("You")
and Springer Nature ("Springer Nature") consists of your license details and the terms and
conditions provided by Springer Nature and Copyright Clearance Center.

License Number 4527511026858

License date Feb 14, 2019

Licensed Content Publisher Springer Nature

Licensed Content Publication Springer eBook

Licensed Content Title Nipah and Hendra Virus Interactions with the Innate Immune
System

Licensed Content Author Christopher F. Basler

Licensed Content Date Jan 1, 2012

Type of Use Book/Textbook

Requestor type academic/university or research institute

Format print and electronic

Portion figures/tables/illustrations

Number of
figures/tables/illustrations

1

Will you be translating? no

Circulation/distribution 2,001 to 5,000

Author of this Springer
Nature content

no

Title of new book Fields Virology

Lead author Multiple authors; Edited by Sean Whelan, Peter Howley, David Knipe

Publisher Wolters Kluwer

Expected publication date Dec 2019

Expected number of pages 2500

Portions figure 2

Requestor Location Icahn School of Medicine at Mount Sinai
One Gustave L Levy Place
Department of Microbiology

NEW YORK, NY 10029
United States
Attn: Icahn School of Medicine at Mount Sinai

Permissions for Fig. 14.8 Click here to
access/download;Permissions;Fig.14.8_SpringerNature.CTMI.C



2/14/19, 3:43 AMRightsLink Printable License

Page 2 of 4https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID=184…f=e0bb370d-d6b8-42e0-aee2-21aa47be7277%20%20&targetPage=printablelicense

Billing Type Invoice

Billing Address Icahn School of Medicine at Mount Sinai
One Gustave L Levy Place
Department of Microbiology

NEW YORK, NY 10029
United States
Attn: Icahn School of Medicine at Mount Sinai

Total 0.00 USD

Terms and Conditions

Springer Nature Terms and Conditions for RightsLink Permissions
Springer Nature Customer Service Centre GmbH (the Licensor) hereby grants you a
non-exclusive, world-wide licence to reproduce the material and for the purpose and
requirements specified in the attached copy of your order form, and for no other use, subject
to the conditions below:

1. The Licensor warrants that it has, to the best of its knowledge, the rights to license reuse
of this material. However, you should ensure that the material you are requesting is
original to the Licensor and does not carry the copyright of another entity (as credited in
the published version).

If the credit line on any part of the material you have requested indicates that it was
reprinted or adapted with permission from another source, then you should also seek
permission from that source to reuse the material.

2. Where print only permission has been granted for a fee, separate permission must be
obtained for any additional electronic re-use. 

3. Permission granted free of charge for material in print is also usually granted for any
electronic version of that work, provided that the material is incidental to your work as a
whole and that the electronic version is essentially equivalent to, or substitutes for, the
print version.

4. A licence for 'post on a website' is valid for 12 months from the licence date. This licence
does not cover use of full text articles on websites.

5. Where 'reuse in a dissertation/thesis' has been selected the following terms apply:
Print rights of the final author's accepted manuscript (for clarity, NOT the published
version) for up to 100 copies, electronic rights for use only on a personal website or
institutional repository as defined by the Sherpa guideline (www.sherpa.ac.uk/romeo/).

6. Permission granted for books and journals is granted for the lifetime of the first edition and
does not apply to second and subsequent editions (except where the first edition
permission was granted free of charge or for signatories to the STM Permissions Guidelines
http://www.stm-assoc.org/copyright-legal-affairs/permissions/permissions-guidelines/),
and does not apply for editions in other languages unless additional translation rights have
been granted separately in the licence.

7. Rights for additional components such as custom editions and derivatives require additional
permission and may be subject to an additional fee. Please apply to
Journalpermissions@springernature.com/bookpermissions@springernature.com for these
rights.



2/14/19, 3:43 AMRightsLink Printable License

Page 3 of 4https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID=184…f=e0bb370d-d6b8-42e0-aee2-21aa47be7277%20%20&targetPage=printablelicense

8. The Licensor's permission must be acknowledged next to the licensed material in print. In
electronic form, this acknowledgement must be visible at the same time as the
figures/tables/illustrations or abstract, and must be hyperlinked to the journal/book's
homepage. Our required acknowledgement format is in the Appendix below.

9. Use of the material for incidental promotional use, minor editing privileges (this does not
include cropping, adapting, omitting material or any other changes that affect the meaning,
intention or moral rights of the author) and copies for the disabled are permitted under this
licence.

10. Minor adaptations of single figures (changes of format, colour and style) do not require the
Licensor's approval. However, the adaptation should be credited as shown in Appendix
below.

Appendix — Acknowledgements:

For Journal Content:
Reprinted by permission from [the Licensor]: [Journal Publisher (e.g.
Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE CITATION
(Article name, Author(s) Name), [COPYRIGHT] (year of publication)

For Advance Online Publication papers:
Reprinted by permission from [the Licensor]: [Journal Publisher (e.g.
Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE CITATION
(Article name, Author(s) Name), [COPYRIGHT] (year of publication), advance
online publication, day month year (doi: 10.1038/sj.[JOURNAL ACRONYM].)

For Adaptations/Translations:
Adapted/Translated by permission from [the Licensor]: [Journal Publisher (e.g.
Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE CITATION
(Article name, Author(s) Name), [COPYRIGHT] (year of publication)

Note: For any republication from the British Journal of Cancer, the following
credit line style applies:

Reprinted/adapted/translated by permission from [the Licensor]: on behalf of Cancer
Research UK: : [Journal Publisher (e.g. Nature/Springer/Palgrave)] [JOURNAL
NAME] [REFERENCE CITATION (Article name, Author(s) Name),
[COPYRIGHT] (year of publication)

For Advance Online Publication papers:
Reprinted by permission from The [the Licensor]: on behalf of Cancer Research UK:
[Journal Publisher (e.g. Nature/Springer/Palgrave)] [JOURNAL NAME]
[REFERENCE CITATION (Article name, Author(s) Name), [COPYRIGHT] (year
of publication), advance online publication, day month year (doi: 10.1038/sj.
[JOURNAL ACRONYM])

For Book content:
Reprinted/adapted by permission from [the Licensor]: [Book Publisher (e.g.



2/14/19, 3:43 AMRightsLink Printable License

Page 4 of 4https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID=184…f=e0bb370d-d6b8-42e0-aee2-21aa47be7277%20%20&targetPage=printablelicense

Palgrave Macmillan, Springer etc) [Book Title] by [Book author(s)]
[COPYRIGHT] (year of publication)

Other Conditions:

Version  1.1
Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.



2/14/19, 3:59 AMRightsLink Printable License

Page 1 of 4https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID=184…f=6a35f4c2-21e9-48ad-b4e8-5d3a1dd8de34%20%20&targetPage=printablelicense

SPRINGER NATURE LICENSE
TERMS AND CONDITIONS

Feb 14, 2019

This Agreement between Icahn School of Medicine at Mount Sinai -- Benhur Lee ("You")
and Springer Nature ("Springer Nature") consists of your license details and the terms and
conditions provided by Springer Nature and Copyright Clearance Center.

License Number 4527520462280

License date Feb 14, 2019

Licensed Content Publisher Springer Nature

Licensed Content Publication Springer eBook

Licensed Content Title Clinical and Pathological Manifestations of Human Henipavirus
Infection

Licensed Content Author K. T. Wong, C. T. Tan

Licensed Content Date Jan 1, 2012

Type of Use Book/Textbook

Requestor type academic/university or research institute

Format print and electronic

Portion figures/tables/illustrations

Number of
figures/tables/illustrations

1

Will you be translating? no

Circulation/distribution 2,001 to 5,000

Author of this Springer
Nature content

no

Title of new book Fields Virology

Lead author Multiple authors; Edited by Sean Whelan, Peter Howley, David Knipe

Publisher Wolters Kluwer

Expected publication date Dec 2019

Expected number of pages 2500

Portions figure 3

Requestor Location Icahn School of Medicine at Mount Sinai
One Gustave L Levy Place
Department of Microbiology

NEW YORK, NY 10029
United States
Attn: Icahn School of Medicine at Mount Sinai

Permissions for Fig. 14.9 Click here to
access/download;Permissions;Fig.14.9_SpringerNature.CTMI.C



2/14/19, 3:59 AMRightsLink Printable License

Page 2 of 4https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID=184…f=6a35f4c2-21e9-48ad-b4e8-5d3a1dd8de34%20%20&targetPage=printablelicense

Billing Type Invoice

Billing Address Icahn School of Medicine at Mount Sinai
One Gustave L Levy Place
Department of Microbiology

NEW YORK, NY 10029
United States
Attn: Icahn School of Medicine at Mount Sinai

Total 0.00 USD

Terms and Conditions

Springer Nature Terms and Conditions for RightsLink Permissions
Springer Nature Customer Service Centre GmbH (the Licensor) hereby grants you a
non-exclusive, world-wide licence to reproduce the material and for the purpose and
requirements specified in the attached copy of your order form, and for no other use, subject
to the conditions below:

1. The Licensor warrants that it has, to the best of its knowledge, the rights to license reuse
of this material. However, you should ensure that the material you are requesting is
original to the Licensor and does not carry the copyright of another entity (as credited in
the published version).

If the credit line on any part of the material you have requested indicates that it was
reprinted or adapted with permission from another source, then you should also seek
permission from that source to reuse the material.

2. Where print only permission has been granted for a fee, separate permission must be
obtained for any additional electronic re-use. 

3. Permission granted free of charge for material in print is also usually granted for any
electronic version of that work, provided that the material is incidental to your work as a
whole and that the electronic version is essentially equivalent to, or substitutes for, the
print version.

4. A licence for 'post on a website' is valid for 12 months from the licence date. This licence
does not cover use of full text articles on websites.

5. Where 'reuse in a dissertation/thesis' has been selected the following terms apply:
Print rights of the final author's accepted manuscript (for clarity, NOT the published
version) for up to 100 copies, electronic rights for use only on a personal website or
institutional repository as defined by the Sherpa guideline (www.sherpa.ac.uk/romeo/).

6. Permission granted for books and journals is granted for the lifetime of the first edition and
does not apply to second and subsequent editions (except where the first edition
permission was granted free of charge or for signatories to the STM Permissions Guidelines
http://www.stm-assoc.org/copyright-legal-affairs/permissions/permissions-guidelines/),
and does not apply for editions in other languages unless additional translation rights have
been granted separately in the licence.

7. Rights for additional components such as custom editions and derivatives require additional
permission and may be subject to an additional fee. Please apply to
Journalpermissions@springernature.com/bookpermissions@springernature.com for these
rights.



2/14/19, 3:59 AMRightsLink Printable License

Page 3 of 4https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID=184…f=6a35f4c2-21e9-48ad-b4e8-5d3a1dd8de34%20%20&targetPage=printablelicense

8. The Licensor's permission must be acknowledged next to the licensed material in print. In
electronic form, this acknowledgement must be visible at the same time as the
figures/tables/illustrations or abstract, and must be hyperlinked to the journal/book's
homepage. Our required acknowledgement format is in the Appendix below.

9. Use of the material for incidental promotional use, minor editing privileges (this does not
include cropping, adapting, omitting material or any other changes that affect the meaning,
intention or moral rights of the author) and copies for the disabled are permitted under this
licence.

10. Minor adaptations of single figures (changes of format, colour and style) do not require the
Licensor's approval. However, the adaptation should be credited as shown in Appendix
below.

Appendix — Acknowledgements:

For Journal Content:
Reprinted by permission from [the Licensor]: [Journal Publisher (e.g.
Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE CITATION
(Article name, Author(s) Name), [COPYRIGHT] (year of publication)

For Advance Online Publication papers:
Reprinted by permission from [the Licensor]: [Journal Publisher (e.g.
Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE CITATION
(Article name, Author(s) Name), [COPYRIGHT] (year of publication), advance
online publication, day month year (doi: 10.1038/sj.[JOURNAL ACRONYM].)

For Adaptations/Translations:
Adapted/Translated by permission from [the Licensor]: [Journal Publisher (e.g.
Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE CITATION
(Article name, Author(s) Name), [COPYRIGHT] (year of publication)

Note: For any republication from the British Journal of Cancer, the following
credit line style applies:

Reprinted/adapted/translated by permission from [the Licensor]: on behalf of Cancer
Research UK: : [Journal Publisher (e.g. Nature/Springer/Palgrave)] [JOURNAL
NAME] [REFERENCE CITATION (Article name, Author(s) Name),
[COPYRIGHT] (year of publication)

For Advance Online Publication papers:
Reprinted by permission from The [the Licensor]: on behalf of Cancer Research UK:
[Journal Publisher (e.g. Nature/Springer/Palgrave)] [JOURNAL NAME]
[REFERENCE CITATION (Article name, Author(s) Name), [COPYRIGHT] (year
of publication), advance online publication, day month year (doi: 10.1038/sj.
[JOURNAL ACRONYM])

For Book content:
Reprinted/adapted by permission from [the Licensor]: [Book Publisher (e.g.



2/14/19, 3:59 AMRightsLink Printable License

Page 4 of 4https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID=184…f=6a35f4c2-21e9-48ad-b4e8-5d3a1dd8de34%20%20&targetPage=printablelicense

Palgrave Macmillan, Springer etc) [Book Title] by [Book author(s)]
[COPYRIGHT] (year of publication)

Other Conditions:

Version  1.1
Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.



Development of an Acute and Highly Pathogenic
Nonhuman Primate Model of Nipah Virus Infection
Thomas W. Geisbert1,2,3, Kathleen M. Daddario-DiCaprio1, Andrew C. Hickey4, Mark A. Smith4,5, Yee-

Peng Chan4, Lin-Fa Wang6, Joseph J. Mattapallil4, Joan B. Geisbert1, Katharine N. Bossart1,2,

Christopher C. Broder4*

1 National Emerging Infectious Diseases Laboratories Institute, Boston University School of Medicine, Boston, Massachusetts, United States of America, 2 Department of

Microbiology, Boston University School of Medicine, Boston, Massachusetts, United States of America, 3 Department of Medicine, Boston University School of Medicine,

Boston, Massachusetts, United States of America, 4 Department of Microbiology and Immunology, Uniformed Services University, Bethesda, Maryland, United States of

America, 5 Pathology Division, United States Army Medical Research Institute of Infectious Diseases, Fort Detrick, Frederick, Maryland, United States of America,

6 Australian Animal Health Laboratory, Livestock Industries, Australian Commonwealth Scientific and Research Organization, Geelong, Victoria, Australia

Abstract

Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory
disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no
vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel
monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of
the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman
primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to
NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA
was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21,
providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a
progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat,
hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized
vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans.
Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and
critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for
human use.
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Introduction

Nipah virus (NiV) is a recently recognized viral zoonotic

pathogen of the family Paramyxoviridae that is distinguished by its

ability to cause fatal disease in both animal and human hosts. NiV

along with Hendra virus (HeV) comprise the new genus Henipavirus

(reviewed [1,2]). NiV was first identified during an outbreak of

severe encephalitis in Malaysia and Singapore in 1998–99 that

involved hundreds of people and more than 100 deaths, with pigs

serving as the intermediate amplifying host [3,4]. Since 1998 there

have been more than a dozen recognized occurrences of human

NiV infection, primarily in Bangladesh and India (reviewed [5])

with the two most recent outbreaks in March 2008 [6] and January

2010 [7]. In the majority of subsequent spillover events, the

mortality rate among humans has been higher (,75%) along with

evidence of multiple rounds of person-to-person transmission [8].

Several species of fruit bats of the Pteropus genus (flying foxes)

appear to be the principle natural reservoirs of both NiV and HeV

(reviewed [5]) but serological evidence of NiV or Nipah-like virus

infection has recently been reported in several additional

frugivorous and insectivorous bats [9,10]. NiV has been isolated

from bat urine and partially eaten fruit [11,12] and direct

transmission of NiV from flying foxes to humans from contam-

inated food sources has been suggested [13,14]. The Centers for

Disease Control and Prevention (CDC) and the National Institute

of Allergy and Infectious Diseases (NIAID) have classified NiV as a

select agent with the potential for causing significant morbidity

and mortality in humans and major economic and public health

impacts. Consequently, work with live virus requires Biosafety

Level 4 (BSL-4) containment.

Host cell infection by NiV requires two membrane-anchored

envelope glycoproteins; the attachment glycoprotein (G) which

binds receptor and the fusion (F) glycoprotein which facilitates

virus-host cell membrane fusion [2]. NiV G lacks hemagglutinin

and neuraminidase activities and F is a typical class I fusion

glycoprotein [15]. Recently, ephrin-B2 and ephrin-B3 ligands
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m102.4 has been used in people on a compassionate use basis in Australia and is
presently in pre-clinical development.

A structural model of the Hendra-sG vaccine and its complex with the
neutralizing human monoclonal antibody is shown.

Abstract
Hendra virus and Nipah virus are bat-borne paramyxoviruses that are the prototypic members
of the genus Henipavirus. The henipaviruses emerged in the 1990s, spilling over from their
natural bat hosts and causing serious disease outbreaks in humans and livestock. Hendra virus
emerged in Australia and since 1994 there have been 7 human infections with 4 case fatalities.
Nipah virus first appeared in Malaysia and subsequent outbreaks have occurred in Bangladesh
and India. In total, there have been an estimated 582 human cases of Nipah virus and of these,
54% were fatal. Their broad species tropism and ability to cause fatal respiratory and/or
neurologic disease in humans and animals make them important transboundary biological
threats. Recent experimental findings in animals have demonstrated that a human
monoclonal antibody targeting the viral G glycoprotein is an effective post-exposure treatment
against Hendra and Nipah virus infection. In addition, a subunit vaccine based on the G
glycoprotein of Hendra virus affords protection against Hendra and Nipah virus challenge.
The vaccine has been developed for use in horses in Australia and is the first vaccine against a
Biosafety Level-4 (BSL-4) agent to be licensed and commercially deployed. Together, these
advances offer viable approaches to address Hendra and Nipah virus infection of livestock and
people.
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1. Introduction
Hendra virus and Nipah virus are recently recognized bat-borne paramyxoviruses, each of
which have repeatedly emerged causing significant morbidity and mortality in both animal
and human populations since the mid to late 1990’s. Hendra virus was isolated in Australia
from fatal cases of severe respiratory disease in horses and one person in the Brisbane suburb
of Hendra in September, 1994, and was shown to be distantly related to measles virus and
other morbilliviruses (Murray et al., 1995). The same virus had also caused fatal infections in
horses a month prior in Mackay, Australia, but this emergence was only recognized when one
individual who was unknowingly exposed to the infected horses at that time developed a
recrudescence of fatal meningoencephalitis 13 months later (O’Sullivan et al., 1997, Wong et
al., 2009). Hendra virus’ close relative, Nipah virus, emerged in peninsular Malaysia in 1998–99,
in a large outbreak of respiratory disease in pigs along with numerous cases of encephalitis
among pig farmers, eventually resulting in more than 100 human fatalities. Genetic and
serological studies revealed the relatedness of this new virus to Hendra virus (Chua et al.,
2000). Hendra virus and Nipah virus now represent the prototype species of the new genus
Henipavirus within the paramyxovirus family (Wang et al., 2013).

Since their discovery, both Hendra virus and Nipah virus have continued to repeatedly cause
spillover events into animals and/or people. Hendra virus infection among horses in Australia
has occurred annually since 2006 and in total there have now been 7 human cases of which 4
have been fatal (Anonymous, 2009b, Playford et al., 2010). In all 7 human cases, Hendra virus
was transmitted from infected horses to humans. Of note, in 2011 from the months of June to
October, a significant increase in the number of Hendra virus spillovers occurred with 18
separate episodes of infection in horses in Australia, including the first recognized case of
infection in a dog (reviewed in (Broder, 2012)). There were 8 cases of Hendra virus spillovers
into horses in 2012 (Anonymous, 2012b) and a further two cases of Hendra virus infection in
horses in early 2013 (Anonymous, 2013b). In all, a total of 42 Hendra virus spillover events have
occurred since 1994 and 28 of these have occurred in just the past 2 years. Likewise, following
the Malaysian outbreak in 1998, nearly annual outbreaks of Nipah virus infection, occurring
primarily in Bangladesh but also India have occurred since 2001. The most recent outbreak
occurred in early 2013, with apparently 10 fatalities of 12 cases (Anonymous, 2013c). Compared
to the original Malaysian outbreak, these Nipah virus spillovers have been smaller in case
number, however the fatality rates in people overall have been notably higher, ranging from
75–100%. Importantly, direct transmission of Nipah virus from bats to humans and significant
human-to-human transmission have also been documented during outbreaks in India and
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Bangladesh. The epidemiological details of the spillovers of both Hendra virus and Nipah
virus into people since their emergence and recognition have recently been reviewed and
summarized in detail (Luby and Gurley, 2012). There have been an estimated 582 cases of
Nipah virus infection with 315 human fatalities (Anonymous, 2013c, Luby and Gurley, 2012,
Luby et al., 2009, Pallister et al., 2011a).

2. The henipavirus transboundary threat
The natural reservoir hosts of Hendra virus and Nipah virus are several species of pteropid
fruit bats among which they are not known to cause disease (Halpin et al., 2011). However,
Hendra and Nipah viruses possess an exceptionally broad species tropism and both natural
and experimental infections have demonstrated their capacity to cause disease which can often
be fatal in horses, pigs, cats, dogs, ferrets, hamsters, guinea pigs, monkeys, and humans,
spanning 6 mammalian Orders (reviewed in (Geisbert et al., 2012)). In disease susceptible
animal hosts and people, Nipah virus and Hendra virus cause a systemic infection that is
characterized as a wide-spread vasculitis and endothelial cell tropism. Though this pathology
is not unique to these henipaviruses, an understanding of Hendra and Nipah virus cellular
tropism on the molecular level has provided an explanation to this disease feature which
includes the appearance of syncytia, thrombosis, ischemia and necrosis, with parenchymal cell
infection and associated pathology in many major organ systems, and prominently in the
brain and lung (reviewed in (Weingartl et al., 2009, Wong and Ong, 2011)). The major
involvement of the lung and brain in Hendra and Nipah virus infection often manifests as an
acute severe respiratory syndrome, encephalitis or a combination of both. Disturbingly
however, infection in people can also have longer term consequences, and in addition to an
acute symptomatic infection, Hendra and Nipah virus infection can also take a protracted
course following recovery from an initial infection. Individuals in these cases can later
undergo a recrudescence of virus replication in the central nervous system (CNS) causing a
relapse of encephalitis, a process that was first noted in the second fatal case of Hendra virus
human infection (O’Sullivan et al., 1997, Wong et al., 2009). Quite remarkably, relapsed-
encephalitis caused by Nipah virus has been reported in people from several months to as long
as 11 years following infection (Abdullah et al., 2012) (reviewed in (Wong, 2010)). How the
henipaviruses survive immune-mediated clearance and can later cause a recrudescence of
replication in the CNS is unknown, but this virological feature clearly has important
implications for anti-henipavirus therapeutics development.

Given the virulence of Hendra and Nipah virus and the increase in their spillover occurrences
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over the past decade, strategies to mitigate the risk of Hendra and Nipah virus exposure have
become paramount. Both Hendra virus and Nipah virus reside in large wild bat populations,
which make controlling virus in the reservoir host or influencing the reservoir host
population dynamics difficult to impossible. In extreme instances, bat culling has been
proposed to minimize exposure; however, the ecological importance of bats as a whole makes
this an unrealistic option. In Malaysia and Australia efforts have been made to reduce livestock
interactions with bats; for example, restricting livestock access to areas under fruit trees,
covering water and feed containers to prevent contamination and not placing water and feed
under fruit trees (Anonymous, 2013a). However, the significant numbers of fruit trees and
roosting flying foxes on or near properties containing livestock makes complete separation of
the wildlife and livestock populations near impossible. In Bangladesh, measures have been
employed to prevent flying foxes access to date palm sap collectors in hopes of preventing
contamination with Nipah virus (Luby and Gurley, 2012). Unfortunately, Nipah outbreaks
continue to occur every year reflecting the difficulty of implementing a new practice culturally
to prevent such a disease that is still considered to be rare. Developing vaccines and antiviral
therapies for Hendra and Nipah virus are also viable alternatives for mitigating disease risk. As
livestock have been identified as intermediate hosts for both Hendra and Nipah virus, antiviral
therapies seem less attractive given the size of horses and pigs and the significant costs
associated with producing large quantities of any possible drug. Conversely, vaccination of
livestock populations is a highly attractive mitigation strategy since both disease in the target
species as well as secondary transmission of virus to humans would be prevented. In areas
such as Bangladesh, where no intermediate host has been definitively identified, there is a real
need for the development of effective therapies and vaccine strategies to prevent infection.
Similarly, for individuals who have potential occupational exposure to Hendra and Nipah virus
infection, such as pig farmers and equine veterinarians, therapeutic agents and/or a vaccine to
prevent infection would significantly reduce morbidity and mortality associated with Hendra
and Nipah viruses.

Hendra and Nipah virus attach to host cell-surface displayed ephrin-B2 or -B3 proteins and
infect host cells by the coordinated activity of their attachment (G) and fusion (F) glycoproteins
(reviewed in (Aguilar and Iorio, 2012, Lee and Ataman, 2011)). The G glycoprotein monomer
consists of a stalk and globular head (Fig. 1) and the atomic structures of both the Nipah and
Hendra virus G glycoprotein’s globular head domain have been determined alone and in
complex with ephrin proteins (reviewed in (Xu et al., 2012a)). The F glycoprotein mediates the
membrane fusion process between the viral and host cell membranes by a Class I fusion
mechanism that is initiated following the G glycoprotein engagement of ephrin receptor (Lee
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and Ataman, 2011). The susceptible host species and associated cellular tropism and pathology
of Hendra and Nipah virus has in large part been explained by their use of the highly
conserved ephrin-B2 and -B3 proteins as entry receptors (reviewed in (Pernet et al., 2012, Wong
and Ong, 2011)). In addition and of importance to countermeasure development, the
henipavirus G and F envelope glycoprotein spikes are major targets of virus-neutralizing
antibodies and as discussed below, the development of potential vaccines have largely focused
on these important structural components of the virion (reviewed in (Broder, 2010)).

Download full-size image

Fig. 1. Model of the Hendra virus soluble G glycoprotein subunit vaccine (HeV-sG) and
its complex with the henipavirus-neutralizing human monoclonal antibody m1024. (A)
The HeV-sG glycoprotein subunit vaccine is composed of the entire ectodomain
(amino acids 76–604) of the HeV G glycoprotein. Here, HeV-sG is shown as dimer with
one monomer colored green and the other cyan. The secondary structure elements of
the two globular head domains are derived from the crystal structure of the HeV G
head domain (Colgrave et al., 2011, Xu et al., 2012b), and the stalk regions of each G
monomer (residues 77–136) are modeled (Kelley and Sternberg, 2009). N-linked
glycosylation sites shown as gray spheres. The ephrin-binding face of the cyan globular
head is facing forward with an overlay of the interacting ephrin-B2 G-H loop residues
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in yellow. (B) The HeV-sG dimer shown in complex with two m102.4 Fab antibody
fragments. The two HeV-sG monomers are colored green and cyan as in panel A and
rotated slightly to the right. The two Fab m102.4 molecules are shown with their heavy
chains colored in magenta and light chain – in yellow, each binding one globular head
domains of G. (Xu, K. et al., submitted). (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.).

The development of medical countermeasures for use in humans is a time-consuming
process, especially for highly pathogenic BSL-4 agents like Hendra and Nipah virus where
human efficacy trials are not feasible. Demonstrated efficacy in two animal models of disease
is required to support possible licensure. In recent years monoclonal antibodies (mAbs) have
attracted considerable attention as viable antiviral and antibacterial therapies, and the Food
and Drug Administration (FDA) has approved both humanized and fully human monoclonal
antibody (mAb) for use in preventing or treating infectious diseases in humans (Dolgin, 2013,
Zhu et al., 2013). The development of human monoclonal antibodies (humAbs) against Hendra
and Nipah virus infection has been highly successful and as discussed below, a viable post-
exposure mAb therapy is currently in development. In addition, a recombinant subunit
vaccine candidate has been successfully trialed in several animal challenge models of Hendra
and Nipah virus infection, and has recently been deployed as an effective equine vaccine in
Australia; potentially breaking the chain of Hendra virus transmission and a practical cost
effective way to mitigate human Hendra virus infection.

3. Antiviral treatment
There are no approved or licensed therapeutics for treating henipavirus infection or disease in
people, and antiviral approaches against the henipaviruses that have been tested in animal
models are few (reviewed in (Broder, 2012)). Ribavirin is a well-known first line treatment
strategy for suspected viral infections of unknown etiology. Ribavirin exhibits antiviral activity
against a wide variety of both RNA and some DNA viruses (Sidwell et al., 1972) and is an
accepted or approved treatment for several viral infections including respiratory syncytial
virus and arenaviral hemorrhagic-fevers (reviewed in (Snell, 2001)). In vitro studies have shown
that ribavirin is effective against both Hendra and Nipah virus replication (Aljofan et al., 2009,
Wright et al., 2005). Also, the anti-malarial drug chloroquine was shown earlier to block the
critical proteolytic processing needed for the maturation and function of the Hendra virus F
glycoprotein (Pager et al., 2004), and not surprisingly cholorquine was later shown to inhibit
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Nipah and Hendra virus infection in cell culture (Porotto et al., 2009).

An open label ribavirin treatment trial was carried out during the outbreak of Nipah virus in
Malaysia in 1998 and was reported to reduce mortality by 36% in treated patients when
compared to those patients who presented before ribavirin availability or who refused
treatment (Chong et al., 2001). Of the recorded human Hendra virus cases, three individuals
were treated with ribavirin, and of these, two succumbed to disease and one survived (Playford
et al., 2010). Chloroquine was administered along with ribavirin to one HeV-infected
individual in 2009 (Anonymous, 2009c) with no apparent clinical benefit. Three additional
people received ribavirin treatment in combination with chloroquine after suspected exposure
to Hendra virus contaminated secretions from infected horses. While all three individuals
survived, infection was not confirmed and therefore it remains unknown whether the
treatment had any effect (Anonymous, 2009a). In the absence of other therapies, ribavirin may
be an option for treatment of henipavirus infections. However, more recent animal studies
have revealed no therapeutic benefit of either drug. Two studies in hamsters and one study in
nonhuman primates (African green monkey (AGM)) showed that ribavirin treatment only
delayed but did not prevent death after Nipah or Hendra virus infection (Freiberg et al., 2010,
Georges-Courbot et al., 2006, Rockx et al., 2010) and AGMs treated with ribavirin following
Hendra virus infection had marked increases of neurological symptoms. Similarly,
chloroquine was unable to prevent Nipah infection or disease in ferrets (Pallister et al., 2009).

4. A passive immunotherapy for people
In contrast, passive immunotherapy with polyclonal or monoclonal antibody specific for the
viral envelope glycoproteins has proved successful from initial proof-of-concept findings from
several studies carried out in hamsters (Guillaume et al., 2004, Guillaume et al., 2006).
Presently, the only reported and effective post-exposure therapy against Hendra or Nipah virus
infection and one that could likely be approved in the near future for use in people has been a
human monoclonal antibody (mAb) known as m102.4 which was isolated from a recombinant
naïve human phage-displayed Fab library (Zhu et al., 2008).

The m102.4 mAb has exceptionally potent neutralizing activity against both Nipah and Hendra
viruses and its epitope maps to the ephrin receptor binding site (Fig. 1). Testing of m102.4 has
confirmed its neutralization activity against several isolates; NiV-Malaysia, HeV-1994, HeV-
Redlands, NiV-Bangladesh (Bossart et al., 2009). Effective post-exposure efficacy with m102.4
has now been demonstrated in both ferrets and nonhuman primates (African green monkey
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(AGM)) infected with either Hendra virus or Nipah virus (Table 1). The successful m102.4
passive immunotherapy in the AGM was recently reported in a study designed to reflect a
possible real life scenario requiring mAb as a post-exposure treatment, and was a follow-up
from the initial successful m102.4 post-exposure therapy carried out in ferrets (Bossart et al.,
2009). Fourteen monkeys were challenged intratracheally with Hendra virus and 12 animals
were infused twice with a 100 mg dose (∼20 mg/kg) of m102.4 beginning at 10 h, 24 h or
72 h p.i. with the second infusion ∼48 h later. All 12 animals that received m102.4 survived
infection; whereas the untreated control subjects succumbed to severe systemic disease by day
8 (Bossart et al., 2011). There was no evidence of Hendra virus mediated pathology in any of
the m102.4-treated animals and no infectious Hendra virus could be recovered from any
tissues from any m102.4-treated subjects.

Table 1. Evaluation of post-exposure therapy with the henipavirus G glycoprotein-
specific human monoclonal antibody m102.4 against lethal henipavirus challenge in
laboratory animals.

Hendra AGM A 10, 24, or 72 h post-exposure use of m102.4 could protect against a

10-fold lethal intratracheal virus challenge

(Bossart et al.,

2011)

Ferret A 10 or 24 h post-exposure dose of m102.4 could protect against a 10-

fold lethal oronasal virus challenge

(Pallister J.,

unpublished)

Nipah Ferret A 10 h post-exposure dose of m102.4 could protect against a 10-fold

lethal oronasal virus challenge

(Bossart et al.,

2009)

AGM A 24, 72, or 120 h post-exposure use of m102.4 could protect against a

10-fold lethal intratracheal virus challenge

(Geisbert T.,

unpublished)

a

The administration of m102.4 mAb was performed by infusion in all studies with the exception of

one ferret in one study were it had to be administered by intraperitoneal injection (Bossart et al.,

2009). All studies to date have reported that all animals receiving m102.4 post-exposure therapy have

survived virus challenge, some with varying levels of mild to moderate illness.

Virus Animal

model

Experimental design and resultsa Reference
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In May of 2010, an instance of possible Hendra virus infection in two individuals was reported
on the Sunshine Coast, north of Brisbane, Australia. Both individuals had extensive close
contact with a horse just prior to and during the development of clinical illness in the animal.
Following a diagnosis of Hendra virus infection in the horse, both individuals were considered
to have had high-risk exposure to Hendra virus (Anonymous, 2010). A request was made by
Australian health authorities to obtain m102.4 as a possible compassionate use therapeutic
option even though clinical trials in human had not been undertaken and safety data of the
mAb in humans was lacking. These two individuals were administered the m102.4 mAb (Miles,
2010). Both individuals ultimately did not develop detectable Hendra virus infection but
whether this was due to the mAb therapy could not be determined. In 2010, the cell line
expressing the human m102.4 mAb was provided to the Queensland Government, Queensland
Health, to allow health authorities to manufacture m102.4 for its potential use on a
compassionate basis in future cases of high-risk human exposure. In 2012, a third
asymptomatic individual who experienced high-risk Hendra virus exposure was also given
m102.4 mAb therapy (Anonymous, 2012a, Guest, 2012). There have been no adverse effects
observed or reported in these cases.

5. A one-health solution – vaccination
Initial immunization strategies using the henipavirus G or F viral glycoproteins were first
evaluated using recombinant vaccinia viruses providing evidence that complete protection
from disease was achievable by eliciting an immune response to the Nipah virus envelope
glycoproteins (Guillaume et al., 2004). Other studies using recombinant canarypox-based
vaccine candidates for potential use in pigs have also been carried out (Weingartl et al., 2006).
To date, the most widely evaluated henipavirus vaccine antigen has been a subunit, consisting
of a recombinant soluble and oligomeric form of the G glycoprotein (sG) of Hendra virus
(HeV-sG) (Bossart et al., 2005). The HeV-sG subunit vaccine (Fig. 1) is a secreted version of the
molecule in which the transmembrane and cytoplasmic tail domains have been deleted from
the coding sequence. HeV-sG is produced in mammalian cell culture expression systems and
is properly N-linked glycosylated and retains many native characteristics including its
oligomerization into dimers and tetramers, ability to bind ephrin receptors and elicit potent
cross-reactive (Hendra and Nipah virus) neutralizing antibody responses (reviewed in (Broder
et al., 2012)) Table 2.
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Table 2. Evaluation of the protective efficacy of henipavirus sG vaccines against lethal
henipavirus challenge in laboratory animals.

Hendra Ferret Hendra-sG used to immunize followed by 10-fold lethal oronasal

virus challenge

(Pallister et al.,

2011b)

AGM Hendra-sG used to immunize followed by 10-fold lethal intratracheal

virus challenge

(Bossart et al.,

2012)

Horse Hendra-sG is used to immunize horses followed by lethal oronasal

virus challenge

(Balzer, 2011)

(Middleton D.,

et al., submitted)

Nipah Cat Hendra-sG or Nipah-sG used to immunize followed by 10-fold lethal

subcutaneous virus challenge; Hendra-sG used to immunize followed

by 100-fold lethal oronasal virus challenge

(McEachern et

al., 2008,

Mungall et al.,

2006)

Ferret Hendra-sG used to immunize followed by 10-fold lethal oronasal

virus challenge

(Pallister J.,

unpublished)

AGM Hendra-sG used to immunize followed by 10-fold lethal intratracheal

virus challenge

(Geisbert T.,

unpublished)

a

All studies to date have reported that all Hendra-sG immunized animals can be completely protected

from infection and disease following either a Hendra or Nipah virus challenge. No evidence of virus

replication or shedding has been reported in the majority of challenged subjects.

Studies showing the HeV-sG subunit immunogen as a successful vaccine against lethal
Hendra virus or Nipah virus challenge have been carried out in the cat (McEachern et al., 2008,
Mungall et al., 2006), ferret (Pallister et al., 2011b) and nonhuman primates (Bossart et al., 2012)
(Table 2), and details of the results from these studies have been reviewed elsewhere (Broder et

Virus Animal

model

Experimental design and resultsa Reference
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al., 2012). The success of the HeV-sG vaccine-mediated protection observed in multiple animal
challenge models led to the consideration of the HeV-sG as a safe and effective vaccine for
horses against Hendra virus infection in Australia following a human fatality in 2009 and the
human exposure cases in 2010 discussed above. The adopted equine vaccination strategy was
to both prevent infection in horses and thus ameliorate the risk of Hendra virus transmission
to people. A series of horse HeV-sG vaccination and Hendra virus challenge studies have been
carried out in Australia; at the high containment biological safety level 4 (BSL-4) facilities of
the Animal Health Laboratories (AAHL), Commonwealth Scientific and Industrial Research
Organisation (CSIRO), in Geelong. The development of HeV-sG as an equine vaccine against
Hendra virus was a collaborative research program between the Uniformed Services University
of the Health Sciences, the Henry M. Jackson Foundation, the AAHL and Pfizer Animal Health
(now Zoetis, Inc.). Findings from these initial studies were reported at Australian Veterinary
Association, Annual Conference in Adelaide, in May 2011 (Balzer, 2011). The HeV-sG subunit
glycoprotein was used to vaccinate horses (a 2 dose regime with a 3 week interval) and both a
high and a low dose of HeV-sG antigen was examined. Following a high dose oronasal
challenge with Hendra virus, all vaccinated horses remained clinically disease-free, and there
was no evidence of virus replication or virus shedding in any of the immunized horses. On
November 1, 2012, the vaccine called Equivac HeV® was released for use in Australia, and it is
the first vaccine licensed and commercially deployed against a BSL-4 agent and currently is
the only licensed prophylactic treatment for henipaviruses.

6. Concluding remarks
The Nipah virus and Hendra virus are zoonotic paramyxoviruses that can infect and cause
lethal disease across a broad range of vertebrate species including humans. They are present in
a variety of bat reservoirs, can be isolated and propagated and because of their associated high
morbidity and mortality they pose a risk from natural outbreaks, laboratory accidents or
deliberate misuse. For all of these reasons, the development of effective prevention and
treatment strategies has been pursued. Over the past decade a considerable amount of
research has focused on the henipavirus envelope glycoproteins and their roles in the virus
attachment and infection process. These efforts have now led to the development and testing
of both passive and active immunization strategies applicable to both human and animal use.
Presently, a cross-reactive human mAb (m102.4) has been demonstrated as an exceptionally
efficacious post-exposure therapy in protecting both ferrets and nonhuman primates from
lethal henipavirus disease, and its effectiveness led to its application in people as a
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compassionate use post-exposure prophylaxis in Australia. Also, as an active vaccination
strategy for preventing Hendra virus infection and disease in horses in Australia and thus
blocking potential transmission to people, a recombinant subunit vaccine, HeV-sG, which has
been shown to provide protection against henipavirus challenge in cats, ferrets, monkeys and
now horses, has been licensed and deployed for use in Australia.

To date, henipavirus antivirals have only been deployed in Australia in the fight against
Hendra virus. As Nipah virus causes significantly more instances of human disease, increased
efforts are needed to advance Nipah-targeted countermeasures in endemic regions. Animal
models have demonstrated that both the HeV-sG vaccine and the m102.4 human antibody can
prevent both Nipah virus infection and/or disease. Efforts are currently under way to develop
HeV-sG for human use as well as for use in pigs. However, the cost of the vaccine per animal
and uptake of the vaccine in the absence of repeated outbreaks or disease will be critical
factors influencing the feasibility of its application in Southeast Asia. The pre-clinical
development of recombinant HeV-sG for use in people is only a first step and the acquisition
of further support for manufacture and clinical trials will certainly be challenging. Clinical
trials will also be needed for the m102.4 human antibody therapy, and both the United States
and Australia are developing the m102.4 antibody for human use as a Nipah and Hendra virus
countermeasure. Nipah virus has not occurred in Malaysia since 1998 and requests for
compassionate use of the m102.4 antibody in India or Bangladesh following high-risk Nipah
virus exposure or cases of infection have not occurred and may be difficult to orchestrate.
Whether the antibody could be pre-positioned in Nipah virus endemic areas will largely
depend on international cooperation and financial support.
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<H1>History 1 

Hendra virus (HeV), the first known member of the genus Henipavirus in the family 2 

Paramyxoviridae, came to light in September 1994 as the causative agent of a sudden 3 

outbreak of acute respiratory disease in thoroughbred horses at a stable in Brisbane, Australia. 4 

A total of 21 horses and 2 humans (a horse trainer and a stable hand) became infected. The 5 

horse trainer and 14 horses died, and 7 horses with mild or subclinical infection were 6 

euthanized.1,2 A virus was isolated, initially called Equine Morbillivirus but later re-named 7 

Hendra virus after the Brisbane suburb where the outbreak occurred. A second person died 8 

from HeV infection 13 months after the Brisbane outbreak, a farmer from Mackay, nearly 9 

1000 km north of Brisbane. Unlike the first case, however, the man succumbed to 10 

encephalitis caused by HeV infection.3  A forensic retrospective investigation found that the 11 

farmer had suffered a mild meningitic illness 14 months earlier after assisting at the necropsy 12 

of two horses that had died of severe respiratory distress—later found to have been caused by 13 

HeV4—and that he became infected at that time. After initial serologic evidence suggested 14 

that fruit bats (flying foxes) of the genus Pteropus in the suborder Yinpterochiroptera  were 15 

the reservoir hosts.5 HeV was isolated from two species of flying fox.6 In total, there have 16 

been 60 recognized occurrences of HeV in Australia between 1994–2018, with at least one 17 

occurrence per year since 2006 (Table 14.1A-online).7  Every occurrence of HeV has 18 

involved horses as the initial infected host, causing lethal respiratory disease and encephalitis, 19 

along with a total of seven human cases arising from exposure to infected horses, among 20 

which four have been fatal and the most recent in 2009 (Table 14.1B-online).8 21 

Nipah virus (NiV), the second known member of the genus Henipavirus, emerged as the 22 

cause of an outbreak of disease in pigs and humans in Peninsular Malaysia in 1998 through 23 

1999. The epidemic started in Perak State as clusters of cases of encephalitis among pig 24 

farmers. It was initially believed to be caused by Japanese encephalitis virus; however, 25 
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various features of the outbreak, including a high proportion of cases in direct contact with 1 

pigs and illness and deaths in pigs, differed from those expected with Japanese encephalitis.9 2 

Indeed, respiratory illness and encephalitis in pigs preceded human cases in the same 3 

district.10 The epidemic spread south to the intensive pig-farming areas of Negeri Sembilan in 4 

December 1998 and subsequently peaked between February and April 1999. More than 1 5 

million pigs were destroyed to halt the spread of the epidemic, and by late May, 265 human 6 

cases of acute encephalitis with 105 deaths were recorded.9,11 A cluster of 11 cases with 1 7 

death occurred among abattoir workers in Singapore.12 In early March 1999, a virus was 8 

isolated from the cerebrospinal fluid (CSF) of a patient with encephalitis and identified as the 9 

etiologic agent.9,11  Named Nipah virus after the village from which the patient had come, it 10 

was shown to be closely related to HeV. NiV was subsequently isolated from the urine of 11 

Malaysian flying foxes.13 A highly related NiV emerged in Bangladesh in 2001,14 and 12 

outbreaks of NiV-related encephalitis have occurred in people from that country almost every 13 

year since, along with three reports of NiV encephalitis in India15,16, albeit in Bangladesh 14 

adjacent regions. However, the most recent outbreak of NiV occurred in 2018 in Kerala 15 

(India), more than 2,500 km south-west of NiV-endemic Bangladesh counties. This outbreak 16 

claimed 21 lives out of 23 infected human cases.17  In 2014, a NiV outbreak occurred in the 17 

Province of Sultan Kudarat, the Phillipines, which resulted in the death of 9 humans from 11 18 

which showed an acute encephalitis syndrome.18 The human case fatality rate of these NiV 19 

outbreaks averages around 60% (Table 14.1C). So far human NiV oubreaks have been 20 

documented in a total of five countries: Malaysia, Singapore, Bangladesh, India and the 21 

Philippines. Sero-epidemiological evidence for henipavirus spillover events from bats into 22 

high-risk human populations have also been reported in Cameroon.19  23 

<TAB14.1C> 24 

<H1>Infectious Agent 25 
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<H2>Classification  1 

When HeV was first isolated in 1994, partial sequencing of the matrix gene (M) revealed that 2 

it most closely resembled members of the genus Morbillivirus in the subfamily 3 

Paramyxovirinae.2 Subsequent characterization of the full-length genome, however, revealed 4 

that many of the genetic features of HeV were unique among paramyxoviruses and that the 5 

virus did not fit within any of the three genera existing at that time, Morbillivirus, 6 

Respirovirus, and Rubulavirus.20,21 When NiV was isolated in 1999, it was initially described 7 

as Hendra-like on the basis of its strong reactivity with anti-HeV antibodies. Later it was 8 

shown that sera raised against HeV were able to neutralize NiV and vice versa, and that both 9 

viruses shared a high degree of similarity in genome organization and protein size and 10 

sequence.11,22-24 In 2002, the genus Henipavirus was created to accommodate these novel 11 

paramyxoviruses, and HeV was designated the type species.25 Since 1994, there have been 38 12 

isolations of HeV or NiV from humans, bats, horses, and pigs over a wide geographic area 13 

and spanning a period of approximately 20 years (Table 14.2-online). The susceptibility of 14 

humans, the virulence of the viruses, and absence of therapeutics and vaccines led to 15 

classification of HeV and NiV as biosafety level 4 (BSL4) pathogens. In the latest report 16 

from the paramyxovirus study group under the order Mononegavirales, the genus 17 

Henipavirus has been expanded to include three new species,26,27  they are Cedar henipavirus 18 

(Cedar virus, CedV) isolated from bats in Australia, 28  Ghanaian bat henipavirus (Ghana 19 

virus, GhV) detected in bats from Ghana, 29 and Mojiang henipavirus (Mòjiāng, MojV) 20 

detected in rats in China.30  These three new species are highly divergent from NiV and HeV, 21 

and only CedV has been isolated.  GhV and MojV are only known from sequence 22 

information. Henipavirus is now classified as one of the seven ICTV-approved genera in the 23 

family Paramyxoviridae.  24 

<H2>Propagation in Cell Culture and Cytopathic Effect 25 

Commented [BHL1]: Nomenclature will change pending 
official ICTV ratification in March 2019 
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The ultrastructural characteristics of henipavirus-infected cells resemble those found in cells 1 

infected by other members of the Paramyxoviridae. Shared features include generation of 2 

large syncytia and the presence of viral nucleocapsids in cytoplasmic inclusion bodies and 3 

underlying electron-dense areas of the plasma membrane.31,32 In Vero cells, NiV-induced 4 

syncytia are significantly larger than those generated by HeV and nuclei and nucleocapsids 5 

are frequently located at the cell periphery, compared with HeV-induced syncytia, where they 6 

tend to be more centrally located or distributed randomly throughout the cytoplasm (Fig. 7 

14.1). Henipavirus-infected cells also contain structures that are not seen with other 8 

paramyxoviruses—specifically a network of membrane-like reticular structures in the 9 

cytoplasm and long tubules that appear to be continuous with the plasma membrane in NiV-10 

infected cells. Tubules can also be observed in NiV virions (Fig. 14.2A). In situ hybridization 11 

suggests that these reticular structures contain viral RNA and may play a role in viral 12 

transcription.31 13 

<FIG14.1><FIG14.2> 14 

<H2>Virus Morphology 15 

Henipavirus particles are pleomorphic, varying from spherical to filamentous and ranging in 16 

size from 40 to 1,900 nm. 2,31,32 Nucleocapsids have a diameter of 18 to 19 nm with an 17 

average pitch of 5 nm. When examined by electron microscopy (EM), HeV has a unique 18 

double-fringed appearance, caused by the presence of surface projections 15 ± 1 nm and 8 ± 19 

1 nm in length (see Fig. 14.2B). Approximately 95% of virions contain the double fringe, and 20 

the remaining 5% display a uniform fringe length of 15 ± 1 nm. Unlike HeV, NiV possesses a 21 

single layer of surface projections with an average length of 17 ± 1 nm, and NiV particles 22 

released into the culture medium are difficult to image because they are routinely penetrated 23 

by negative stains. This suggests that the viruses may differ in the physical nature of their 24 

envelope.32 25 
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<H2>Genome Length and Organization 1 

In the family Paramyxoviridae, the genome length of all characterized viruses is divisible by 2 

six, an observation caused by the requirement of each N protein in the viral ribonucleoprotein 3 

to bind 6 nucleotide (nt) residues (see Chapter 13). This is also true for HeV and NiV despite 4 

their much larger genome sizes.24 The genomes of the Malaysian (MY) and Bangladesh (BD) 5 

strains of NiV differ by 6 nt because of a 6-nt increase in the 3′ untranslated region of the F 6 

gene in NiV-BD.33 A minigenome replicon study confirms that NiV complies with the rule of 7 

six.34 When the complete genome sequence of HeV was determined, its length (18,234 nt) 8 

was more than 2,700 nt, or 15% longer than the genomes of all other paramyxoviruses known 9 

at that time.21 The size of NiV genomes at 18,246 nt to 18,252 nt are slightly larger than that 10 

of HeV.22,23,33 These large genome sizes of >18 kb is a conserved feature of henipaviruses as 11 

even the recently discovered and more divergent CedV, GhV, and MojV all have genomes 12 

between 18,162 nt (CedV) to ~18,430 nt (GhV). Given the caveat that there is wide variation 13 

amongst individual species of the other paramyxovirus genera, the extra length of the 14 

henipavirus genome is primarily due to the longer 3’ untranslated regions (3’UTRs) at the 15 

end of several of its six genes, and a larger P gene relative to the other paramyxovirus genera. 16 

A comparison of genome length and gene organisation of representative members of the 17 

Paramyxoviridae is shown in Fig. 14.3A. The nomenclature of each of the six major genes 18 

common to all paramyxoviruses have been updated to reflect the latest ICTV convention.35 19 

An analysis of the 3’ UTR lengths between extant henipaviruses and representative species 20 

from each paramyxovirus genera that infects mammals is presented in Fig. 14.3B. The most 21 

significant differences are in the 3’UTRs of N, P, and RBP genes even given the wide 22 

variance seen within each genus. The significance of long 3’ UTRs, especially in HeV and 23 

NiV, is generally unknown. However, the N gene 3’UTR of NiV appears to play a role in the 24 

downregulation of N mRNAs via specific interactions with hnRNP D.36      25 
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<FIG14.3A><FIG14.3B> 1 

The genome organization of henipaviruses resembles that in the genera Respirovirus and 2 

Morbillivirus. The first 12 nt of the 3′ and 5′ genomic terminal sequences of paramyxoviruses 3 

are highly conserved and complementary, containing promoter elements for replication and 4 

transcription (see Chapter 13). The first 3 nt of the henipavirus genome termini are 5′-ACC-5 

3′—a sequence that is absolutely conserved in members of the family Paramyxoviridae and 6 

different from that found in the family Pneumoviridae. 7 

<H2>Virus Proteins and Their Properties 8 

Analysis of purified viruses by polyacrylamide gel electrophoresis reveals RdRP (L), P, RBP 9 

(G), F0, N, F1, M, and F2 proteins20,24 where F0 is the uncleaved and F1 and F2 the cleaved 10 

products of the F gene (Fig. 14.4A). Interestingly, F0 is more readily detected in HeV 11 

compared with other paramyxoviruses, including NiV,24,37 which may suggest that HeV-F is 12 

less efficiently cleaved.  Overall, the proteins of henipaviruses are typical of those of 13 

Paramyxoviridae, with the exception of the P protein, which is significantly larger than 14 

cognate proteins in this virus family.26 The P protein is translated from messenger RNA 15 

(mRNA) that is co-linear with genomic RNA. For most henipaviruses, the P gene also 16 

encodes V and W proteins, produced from mRNA in which one and two nontemplated G 17 

residues, respectively, are inserted at the RNA editing site during transcription.  The P, V, 18 

and W proteins, therefore, are identical for the first 405 amino acid residues. A C protein is 19 

encoded by the 5′ end of the gene in an overlapping reading frame and is produced by an 20 

internal translational initiation mechanism, which is common to other members of 21 

Paramyxoviridae, except for rubulaviruses (see Chapter 13).  The P-derived V, W, and C 22 

proteins are present in HeV-infected and/or NiV-infected cells.24,38 It is worth noting that 23 

Cedar virus lacks both the RNA editing and expression of the V protein.28 Similar to other 24 

paramyxoviruses, P itself and its derived proteins (V, W and C in the case of most 25 

Commented [BHL2]: LFW: I obtained (free) 
permission/license to use this figure from your review in 
Microbes & Infection, 2001. It shows all the NiV and HeV 
proteins on the same PAGE gel in the order listed. Fig.14.4A 
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referred to Fig. 14.4B quite a bit at the end of this section 
because F cleavage and matrix is relatively unique.  



 8 
 

henipaviruses), all antagonize innate immune responses via a diverse set of mechanisms.39,40  1 

The C protein also interacts with the host cell ESCRT machinery and the virus matrix (M) 2 

protein itself to facilitate virus budding (see Pathogenesis section for more details on function 3 

of these P-derived proteins).41   4 

<FIG14.4A><FIG14.4B>   5 

Paramyxovirus N, P, and RdRP proteins are necessary and sufficient for replication of viral 6 

RNA both in vitro and in vivo as discussed in chapter 13. This has been confirmed for 7 

henipaviruses by reverse genetics. Using a minigenome replicon containing leader and trailer 8 

sequences of the NiV genome with its entire coding region replaced with a reporter gene, it 9 

was shown that efficient genome replication was achieved only when all three proteins were 10 

expressed in the same cell.34,42 NiV N, P, and RdRP proteins were also able to rescue a 11 

minigenome constructed from the leader and trailer sequences of the HeV genome, 12 

demonstrating the close genetic relationship between the viruses. Full-length recombinant 13 

NiV bearing the matrix (M), fusion (F) and receptor binding protein (RBP) genes from HeV, 14 

singly or in combination, can also be functionally rescued.  These chimeric but isogenic 15 

rNiVs replicate well in primary human endothelial and neuronal cells, further underscoring 16 

the genetic relatedness of NiV and HeV that allows for heterotypic complementation between 17 

their major structural proteins.43  These henipavirus structural proteins contribute to unique 18 

aspects of the henipavirus life cycle (Fig. 14.4B), and play different roles in the spread and 19 

virulence of henipaviruses (as discussed in the Pathogenesis section).   20 

The RdRP protein of nonsegmented, negative-stranded RNA (NNR) viruses in the order 21 

Mononegavirales contains a highly conserved GDNQ motif, believed to be important for 22 

polymerase activity.44 Henipaviruses were the first NNR viruses in which GDNQ was 23 

replaced by GDNE. It was speculated that this motif might be unique to paramyxoviruses 24 

with relatively large genomes21,24; however, the GDNE motif has since been found in the 25 
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RdRP protein of Mossman virus that has a genome length of 16,650 nt.45 Conversely, other 1 

henipaviruses of both Asiatic (CedV) and African lineages (GhV) also have the GDNQ motif 2 

that is common to most other NNR viruses. High-resolution cryo-EM structures of VSV-3 

RdRP (another NNR virus, family Rhabdoviridae) suggest that GDN is the truly conserved 4 

catalytic motif essential for the polymerase function of RdRP.46          5 

The receptor binding proteins (RBPs) of the Paramyxoviridae display hemagglutination (H) 6 

and neuraminidase (N) activities in a predominantly genus-specific manner. Viruses in 7 

Respirovirus, Avulavirus, and Rubulavirus genera possess both activities, hence their RBPs 8 

were formerly termed HN proteins47 whereas viruses in the genus Morbillivirus do not 9 

behave uniformly and only some possess hemagglutination activity, but nonetheless their 10 

RBPs were formerly termed H.48 This is an unfortunate misnomer. Paramyxoviruses with 11 

RBPs bearing HN activity genuinely use sialic acid based receptors for entry whereas “H” 12 

activity of some morbilliviruses arise from the ability of their RBPs to bind CD46 expressed 13 

on some non-human primate (NHP) red blood cells.49 In contrast, henipavirus RBPs have 14 

neither of these activities24,50; rather, they utilize at least ephrin-B2, and in many cases, also 15 

ephrin-B3 expressed on host cell surfaces as attachment and entry receptors 51-54,28,55. The 16 

exception is MojV, which does not appear to use any known paramyxovirus receptors.56 17 

Recent solution structures of various henipavirus RBPs alone and in complex with the ephrin-18 

B2 and/or ephrin-B3 receptors have revealed the details of the virus–host cell binding process, 19 

distinguishing it from other paramyxoviruses’s receptor binding strategies.57-59, 49,55,56 (Fig. 20 

14.5) 21 

<FIG14.5> 22 

Proteolytic processing of paramyxovirus F proteins is essential for the generation of a 23 

fusogenic form of the protein. For most paramyxoviruses that generate systemic infections, 24 

furin-like proteases in the secretory pathway cleave their F proteins at a multibasic cleavage 25 
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structural phylogeny figure which shows all published HNV-
RBPs in relation to RBPs from each of the other PMV genera. 
It highlights that MojV is an outlier. 



 10 
 

site.60 Surprisingly, henipavirus F proteins are cleaved without the involvement of furin and, 1 

although cleavage occurs at a single basic residue—lysine for HeV and arginine for NiV.37 —2 

activation of the NiV F protein does not require a basic amino acid at the cleavage site.61 3 

Instead, endosomal/lysosomal cysteine proteases such as cathepsins L and B are responsible 4 

for the cleavage of henipavirus F proteins.62-65 To access cathepsins L/B, henipavirus F 5 

proteins are endocytosed upon initially reaching the cell surface in an uncleaved form, and 6 

subsequently have to traffic back to the cell surface once they are cleaved into a fusion-7 

competent form (Fig. 14.4B). 55,57  Classical endocytic YXXØ motifs 66,67 in the cytoplasmic 8 

tails of henipavirus F proteins and specific residues in the transmembrane domain of at least 9 

HeV-F regulate this trafficking behaviour through the early/sorting (S490) and recycling 10 

endosomal (Y498) compartments.68  Henipavirus F proteins also have the ability to bud by 11 

themselves forming F-only particles in the absence of M.69,70     12 

The matrix protein (M) plays a major role in the efficient assembly and budding of infectious 13 

paramyxoviruses.71,72 M interacts specifically with N, the cytoplasmic tail of F, as well as 14 

cognate lipid ligands along the vesicular trafficking pathway. These orchestrated interactions 15 

help to co-ordinate the envelopment of encapsidated viral genomes (RNPs) and the budding 16 

of infectious virions bearing a relatively high density of viral envelope glycoprotein spikes. 17 

General details on the role that matrix plays in paramyxovirus assembly and budding are 18 

given in the previous chapter 13.     19 

Henipavirus M exhibits some relatively unique behaviours and functions. For example, NiV 20 

and HeV M have classical nuclear localization and export sequences (NLS, NES) that when 21 

mutated give the relevant nuclear exclusion and nuclear retention phenotypes, respectively.73 22 

Time-course monitoring of M trafficking during live NiV and HeV infection indicates that M 23 

first appears in the nucleus, localizes to subnuclear compartments, including the nucleolus, 24 

before exiting into the cytoplasm and trafficking to the plasma membrane to coordinate virus 25 
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assembly and budding (Fig. 14.4B).73,74  This nuclear transit is regulated by ubiquitination 1 

and is critical for M to acquire its budding functionality.73,75 Henipavirus M is multi-mono 2 

and poly-ubiquitinated; a lysine to arginine mutation of a key residue in its bipartite NLS is 3 

sufficient to dysregulate ubiquitination of M and abrogate its budding function.73,75  The latter 4 

is true not only in HeV and NiV, but also in divergent henipaviruses (GhV, CedV, MojV), 5 

albeit to varying degrees.76 Matrix interactome studies have identified many nuclear 6 

interacting factors, including importins and exportins, consistent with the nuclear-7 

cytoplasmic trafficking phenotype of M.75,77. 8 

<H2>Host Range 9 

For most paramyxoviruses, host range is limited and interspecies transmission is rare. In 10 

contrast, henipaviruses display a broad species tropism. In addition to a large number of bat 11 

hosts at various geographic locations (see more detail in Epidemiology section), NiV has 12 

naturally infected pigs, humans, dogs, horses, and cats,10,11,78-80 whereas HeV infects all four 13 

Australian flying fox species and has naturally infected humans, horses and dogs.2,81-83  14 

Confirmation of the wide host range of these henipaviruses and the identical cell tropism of 15 

HeV and NiV were obtained early using an in vitro cell fusion system that relies on vaccinia 16 

virus–mediated cell surface expression of G and F glycoproteins.84-86 Bats, guinea pigs, 17 

hamsters, ferrets, squirrel monkeys, and African green monkeys are also susceptible to 18 

experimental NiV infection.87-91 Laboratory studies have added cats, guinea pigs, hamsters, 19 

ferrets, dogs and African green monkeys to the list of HeV-susceptible species.83,92-96 CedV, 20 

isolated from flying foxes (Pteropus sp.) in Cedar Grove, Australia, can establish transient 21 

but non-pathogenic infections in laboratory challenged guinea pigs and ferrets. GhV and 22 

MojV, known only from sequence information, were identified from bats29 and rats,30 23 

respectively.  24 

 25 



 12 
 

<H1>Pathogenesis and Pathology  1 

<H2>Entry into the host   2 

Epidemiological and experimental studies generally support an oronasal 8,97,98 or 3 

oropharygeal99-101 route of entry. This occurs directly or indirectly via saliva, urine, or 4 

oronasal sceretions that are contaminated with relatively high levels of HeV or NiV.83,95,97,102-5 

113 Fig. 14.6 summarizes what is known about how NiV is transmitted to humans either 6 

directly from their pteropid reservoir hosts—fruit bats or flying foxes—or indirectly via a 7 

secondary amplifying host such as pigs, horses and humans. Direct bat-to-human 8 

transmission has been associated with consuming contaminated fruit or liquid (e.g. date palm 9 

sap) 99-101. Human-to-human transmission of NiV has been well-documented, especially in 10 

Bangladesh107,114-116 and the most recent outbreak in Kerala (India).17  However, all 7 known 11 

cases of HeV infections in humans have resulted from contact with sick horses already 12 

exhibiting symptoms of respiratory distress,117 likely after being exposed to food or water 13 

contaminated with saliva and urine/droppings from HeV-infected flying foxes.118  While 14 

patients that succumb to henipavirus infections eventually die from encephalitic 15 

complications that often involve brainstem neuronal dysfunction,98,119 there is diversity of 16 

clinical presentations.120 For example, NiV-MY infected patients in Malaysia present less 17 

often with respiratory involvement (~40%) than the vast majority of NiV-BD infected 18 

patients in Bangladesh and India, including the latest outbreak in Kerala (India). The handful 19 

of HeV infected humans have also presented with encephalitic illness with or without a 20 

respiratory component (see Clinical Features section). To better understand the pathogenesis 21 

and pathology associated with henipavirus disease in humans, many relevant animal models 22 

have been developed that either represent natural amplifying hosts (pigs and horses) or that 23 

reproduce well the respiratory and encephalitic disease seen in humans (hamsters, ferrets and 24 

African green monkeys (AGMs)). 121,122 Despite the broad host range mentioned in the prior 25 
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section, other animal challenge models (guinea pigs, cats, dogs) either do not represent the 1 

full spectrum of disease seen in humans, or are relatively asymptomatic when challenged 2 

with NiV and/or HeV.83,121  3 

<FIG14.6> 4 

<H2>Site of primary replication, virus spread, and cell and tissue tropism  5 

The clinical and pathological data from humans (see Clinical Features section), relevant 6 

animal models, and cell tropism studies (Table 14.3) indicate that the initial site of replication 7 

is within the respiratory system, likely involving cells lining the oro-/naso-pharyngeal 8 

epithelium as well as bronchiolar epithelial cells, type I pneumocytes, alveolar macrophages 9 

or pulmonary airway dendritic cells (DCs).40,122-125  The distribution and time of appearance 10 

of lesions throughout the vasculature and in the brain and lung in NiV encephalitis suggest 11 

that secondary infection probably arises via hematogenous spread of the virus, with 12 

secondary replication occurring in vascular endothelium.126  Inflammation of blood vessels 13 

(vasculitis) occurs in most organs but is particularly prominent in the brain, lung, heart, 14 

kidney and spleen.9,126,127 Vasculitis is limited to small arteries, arterioles, and capillaries 15 

where NiV antigen is found in both endothelial cells and the smooth muscle of the tunica 16 

media. The pattern and time of appearance of vasculitis and viral antigen distribution are 17 

consistent with endothelial cell infection occurring before infection of the smooth muscle. 18 

The 5-day interval between maximal vasculitis in the brain and parenchymal infection in 19 

acute NiV encephalitis suggests that virus replication occurs first in endothelial cells, with 20 

infection of neurons occurring as a result of vascular damage and breakdown of the blood-21 

brain barrier (BBB).  In humans as well as in pigs and hamsters, viral antigen positive brain 22 

microvascular endothelial cells can be observed in areas of compromised BBB 23 

integrity.126,128,129  The presence of inclusion bodies and viral antigen in neurons, along with 24 

widespread histologic and radiologic lesions, suggests that neurologic impairment in NiV 25 



 14 
 

(and HeV) encephalitis may be caused by both the effects of ischemia and infarction and viral 1 

infection of neurons.12,97,126   2 

<TAB14.3> 3 

In addition to the systemic vasculitis, NiV antigen is clearly present in the parenchyma of 4 

multiple organs mentioned above.  The same pathology has been reported for a fatal case of 5 

acute HeV encephalitis.130  Similar widespread infection and multiorgan vasculopathy has 6 

been demonstrated in relevant animal models  with the highest viral antigen load consistently 7 

seen in the lung and brain (Fig. 14.7). 121,122 Interestingly, intranasal inoculation in pigs, 8 

hamsters, and ferrets suggests that NiV can also directly invade the central nervous system 9 

(CNS) through the olfactory epithelium (OE). NiV antigen positive neurons or olfactory 10 

nerves can be found extending through the cribiform plate or in the nasal turbinate into the 11 

olfactory bulb.123,129,131 While primary human OE cells are susceptible to henipavirus 12 

infection132, the olfactory route is unlikely to be the major mode of CNS invasion in humans 13 

(and the AGM model). Primates have a relatively smaller area of OE compared to hamsters, 14 

pigs, or ferrets where the majority of evidence regarding the olfactory route of entry has been 15 

gathered.87,129,131 In addition, NiV antigen was not detected in the olfactory bulbs of at least 16 

nine infected patients from the autopsy series reported from the  Malaysian outbreak.126    17 

<FIG14.7> 18 

The widespread cell and tissue tropism of NiV and HeV seen in humans and the various 19 

animal models is determined by the expression pattern of the henipavirus receptors, ephrin-20 

B2 and ephrin-B3. 51-54  The ephrinB ligands and their cognate EphB receptors are both 21 

receptor tyrosine kinases that mediate bidirectional cell–cell signaling events upon engaging 22 

each other. They are critical modulators of cell remodeling events, especially within the 23 

nervous and vascular systems.133,134 They are also highly conserved among vertebrates, which 24 

explains, at least in part, the unusually broad species tropism of henipaviruses. Ephrin-B2 is 25 
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found in arteries, arterioles, and capillaries in multiple organs, and is more broadly distributed 1 

across multiple tissues and cell types (Fig. 14.8), including neurons, arterial smooth muscle 2 

and human bronchiolar epithelial cells 133,135-137  but is absent from venous components of the 3 

vasculature.138,139 In contrast, ephrin-B3 is essentially restricted to the brain134 where it is 4 

expressed higher than ephrin-B2 (Fig. 14.8).  Its relative absence from organs such as lung, 5 

kidney, and spleen, as well as from arterial endothelium suggest that the systemic vasculitis, 6 

respiratory distress, and other end-organ pathologies seen in henipavirus infections is largely 7 

a consequence of ephrin-B2-mediated entry. Conversely, ephrin-B3 mediated entry may play 8 

a larger role in the spread of HeV and NiV within the CNS.     9 

<FIG14.8> 10 

Human lymphocytes (mainly T- and B- cells), and monocytes, despite being non-permissive 11 

for NiV infection140 or HeV-F/RBP induced fusion84, can bind and transfer NiV to permissive 12 

microvascular endothelial cells in vitro. 140 This trans-infection phenotype, thought to be 13 

mediated by heparan sulfates,141 may be an efficient form of hematogenous spread in addition 14 

to the free form viruses that make up the plasma viremia seen in acute NiV and HeV 15 

infections in humans. This acute but transient viremia appears about 4-7 days post-onset of 16 

illness (POI) and in survivors, is usually undetectable within 2-4 weeks POI depending on 17 

severity of the disease course.17,142-144 A similar course of plasma viremia can also be 18 

detected in AGMs challenged intratracheally and orally with NiV.88 The next section on the 19 

Immune Response will discuss possible mechanisms by which viremia is cleared in survivors.  20 

<H2>Immune Response 21 

Viral antagonism of innate immune responses  22 

HeV and NiV have a broad host range that is uncommon in paramyxoviruses. This ability to 23 

replicate, spread, and cause acutely lethal disease amongst multiple species suggest that these 24 

viruses have evolved effective means to antagonize or evade innate antiviral responses that 25 
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might otherwise keep them in check until adaptive immune responses develop.  In 1 

henipaviruses, as in other paramyxoviruses, 40 the major anti-interferon (IFN) activities are 2 

encoded by the P gene and in vitro studies indicate that P gene products inhibit both IFN 3 

induction and signalling (Fig. 14.9). 39 In IFN induction, various forms of viral double-4 

stranded RNA (dsRNA) are detected by cytoplasmic RNA helicases145-147 such as RIG-I and 5 

MDA-5, and by toll-like receptor-3 (TLR-3). 147,148 Both of these dsRNA signaling pathways, 6 

via a cascade of signaling events depicted in Fig. 14.9 (left)  lead to activation and nuclear 7 

translocation of interferon regulatory factor (IRF)-3, or if present, IRF-7, and nuclear factor 8 

kappa B (NF-kB); transcription factors that induce the expression of IFN-α/β proteins.  HeV 9 

and NiV inhibit dsRNA signaling via its V protein, which binds to MDA-5 and prevents 10 

downstream signaling145,149,150 but does not abrogate dsRNA signaling through TLR-3.151 11 

Recent evidence suggest that NiV-V also binds RIG-I and its regulator (TRIM25), disrupting 12 

downstream signalling. 152   In an additional strategy unique to henipaviruses, the W protein, 13 

by virtue of a NLS located in the unique carboxy terminal, inhibits induction of IFN-α/β 14 

expression in the nucleus by targeting a process that is part of both helicase-dependent and 15 

TLR-3–dependent signaling pathways.153 Unexpectedly, the NiV M protein, can also inhibit 16 

IFN- induction by indirectly antagonizing the activity of IKK, the kinase responsible for 17 

IRF-3 activation.154        18 

<FIG14.9>    19 

In the IFN signaling pathway (Fig. 14.9, right), IFN binds to the IFN- receptor (IFNAR) 20 

on cells and initiates a signaling sequence that leads to activation of members of a family of 21 

proteins called signal transducers and activators of transcription (STAT).155,156 22 

Henipaviruses inhibit IFN signaling by sequestering STAT proteins in high molecular weight 23 

complexes and preventing their phospho-activation .157,158 The anti-IFN signaling activity is a 24 

property of the V protein, as has been observed for other paramyxoviruses, but also of the W 25 
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and P proteins.151,157,158 159The P, V, and W proteins of henipaviruses have an N-terminal 1 

extension of 100 to 200 amino acids compared with cognate proteins in the subfamily,20,23 2 

and the STAT binding domain of NiV V maps to this region.151,160,161 The V and P proteins 3 

bind STAT in the cytoplasm, whereas the W protein, which is imported into the nucleus via 4 

specific interactions of its NLS with importin -3, 162 likely sequesters unactivated STAT1 in 5 

the nucleus.151,153 Recently, NiV and HeV N proteins were also found to antagonize IFN-6 

signaling by interfering with formation of activated phospho-(p)STAT1 complexes. This 7 

NiV-N mediated antagonism of pSTAT1 nuclear accumulation does not rely on direct binding to or 8 

inhibiting phosphorylation of STAT1 itself. 163  NiV C has also been demonstrated to interfere 9 

with IFN-signaling.164,165 However, its mechanism and true function remains unclear. 10 

Antagonizing IFN-signaling is unlikely to be the main function of the C protein since 11 

recombinant C-deficient NiVs have an attenuated replication phenotype even in Vero cells, 12 

41,159,166which are genetically deficient in IFN production.  13 

There is little doubt that inhibition of IFN- production is one major contributor to the 14 

acute virulence of HeV and NiV in vivo. Daily administration of poly(I)-poly(C(12)U), a 15 

potent IFN-inducer, results in >80% survival in a lethal challenge hamster model for NiV 16 

infections. 167 Most of the studies described previously were carried out in vitro using single-17 

gene transfection expression systems. Understanding the true function(s) of these proteins 18 

requires assessing their impact in the context of a live virus infection or the phenotype of 19 

viruses deficient in the cognate protein(s).  For example, IFN signaling apparently remains 20 

functional during live HeV and NiV infection of human cell lines, whereas IFN production 21 

was inhibited.168  However, henipaviruses also clearly antagonize both IFN production and 22 

signaling in bat cells derived from Pteropus sp. that serve as their natural hosts. 169    23 
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The diverse phenotypes observed in the various animal models when challenged with 1 

recombinant viruses deficient in the various P-derived accessory proteins makes 2 

interpretation difficult.  The clearest phenotype comes from rNiVs engineered to be V-3 

deficient. rNiV-V are extremely attenuated in both hamster and ferret challenge 4 

models.166,170 Each model re-capitulates the respiratory and neurological disease seen in 5 

human infections when infected with wt NiV, albeit in different ways and in a dose-6 

dependent fashion.93,121,171 However, challenge with V-deficientrNiV under conditions where 7 

their wt counterparts effectuate 100% mortality always results in 100% survival, and almost 8 

never results in any overt respiratory or neurological signs. 166,170 On the other hand, C-9 

deficient rNiVs give a variety of phenotypes  that range from strong attenuation in the 10 

hamster model, 172  to 100% mortality in the ferret model, albeit with less severe histological 11 

lesions in the lung. 173 Similarly, W-deficient rNiVs did not show significant attenuation 12 

compared to their wild-type counterparts in both the hamster166 and ferret models, although 13 

the disease symptomology appeared to be more neurologic in the latter. 170,173 Interestingly, a 14 

rNiV lacking both C and W still resulted in 60% mortality with reduced respiratory disease 15 

but markedly increased neurological disease. 173    16 

Adaptive immune responses. 17 

In patients with encephalitis, anti-NiV antibodies were observed more frequently in the serum 18 

than the CSF. Immunoglobulin M (IgM) antibodies occurred more frequently than 19 

immunoglobulin G (IgG) antibodies in both locations. 9,12,126 The appearance of specific IgM 20 

antibodies in serum preceded their appearance in the CSF, a sequence consistent with viremia 21 

preceding central nervous system (CNS) infection. Anti-NiV antibodies were present in most 22 

patients with clinical NiV encephalitis; however, no difference was observed in clinical 23 

features, laboratory results, or mortality between seropositive and seronegative patients. 98,174 24 

Seroconversion of IgG against HeV was seen in two human cases of HeV infection in 2008, 25 



 19 
 

with one progressing to fatal encephalitis. 8  From these cases, seroconversion in acute 1 

henipavirus disease may have diagnostic but no apparent prognostic value.  Conversely, in 2 

the most recent NiV outbreak in Kerala involving 23 cases, careful monitoring of humoral 3 

and cellular immune responses in the 2 survivors revealed that there was a dramatic increase 4 

in activated (Ki67+) CD8+ T-cells with an acute effector phenotype (CD38+/HLA-5 

DR+/Granzyme B+ /PD1+), suggesting that virus-specific naïve T-cells were actively 6 

proliferating in response to the virus. Interestingly, clearance of viremia coincided with the 7 

peak of proliferating Ki67+ CD8+ T-cells, and occurred before peak IgG titers. 142  Increases 8 

in activated CD8+ T-cells in lethal (NHP)175 and non-lethal (Swine) animal models of NiV 9 

infection have also been observed; 176 in the latter, prevention of virus shedding appears 10 

correlated with such T-cell responses. However, most animal studies do not monitor adaptive 11 

immune responses with the requisite precision and sophistication in order to make definitive 12 

statements regarding the relative importance of T- or B- cell responses in protective 13 

immunity against acute henipavirus infections.177  14 

The high CFR associated with the acute nature of henipavirus infections already suggests that 15 

the virus interferes with the timely generation of effective T- or B- cell responses during the 16 

natural history of the disease in the majority of infected individuals. Indeed, although NiV 17 

replicates poorly in DCs (Table 14.3), 140,178 in vitro NiV-infected DCs induces an 18 

inflammatory pro-apoptotic milieu (TNF-a, IL-1, IL-8) that leads not only to defective T-19 

cell priming, but apoptosis of cognate T-cells and DCs. 178  This in vitro phenomenon, if 20 

recapitulated in vivo by NiV-infected DCs that traffic to lymph nodes, may account for the 21 

lymphoid depletion and lymphoid necrotic lesions seen in humans126 , and various relevant 22 

animal models. 179,180 170        23 

 24 

<H2>Release from host and transmission    25 
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Transmission is generally accepted to occur via the oronasal route8,97,98or liquid/food (palm 1 

sap/fruit),99-101 with transmissibility of HeV (horse-human or human-to-human) 181,182 being 2 

much less efficient than that of NiV transmission (pig-to-human or human-to-3 

human).9,15,17,98,105,107,116,183,184 Infectious NiV can be recovered from urine and the tracheal 4 

and nasopharyngeal secretions of infected patients in the early phase of their illness in the 5 

original Malaysian outbreak. 3,97,98 Nonetheless, human-to-human transmission in the 6 

Malaysian outbreak was extremely rare185, although it has been reported in the more recent 7 

outbreak in the Philippines.  In contrast, person-to-person transmission in Bangladesh has 8 

been well-documented and typically occurs during the final stages of disease in the index 9 

patient when not only symptoms of respiratory involvement are most prominent, but also 10 

more frequent and closer contact with familial caretakers occurs. 115,183,184  11 

Replication in the respiratory epithelium and shedding in oronasal secretions is most likely 12 

responsible for virus release and transmission. Ferrets have been used to model the 13 

respiratory transmission of henipaviruses102,180 as their respiratory symptoms (cough, serous 14 

nasal discharge, dyspnea) mimic the human disease.87  Despite shedding relatively large 15 

amounts of virus in their oronasal secretions (4-5 log10 TCID50 equivalents/ml at peak titers), 16 

passively cohoused naïve ferrets never got infected, regardless of whether the index ferrets 17 

were infected with HeV, NiV-MY, or NiV-BD.102,180 However, following assisted or direct 18 

exposure to infectious oronasal fluids from the index ferrets, all the naïve ferrets developed 19 

acute infections, regardless of virus strain used. 102 Thus, the efficiency of NiV transmission 20 

appears low, and likely requires direct and repeated oro- or naso-mucosal exposure to 21 

infectious oronasal secretions.  This is consistent with epidemiological investigations into the 22 

many recurrent outbreaks in Bangladesh where despite chains of person-to-person 23 

transmission, the estimated basic reproductive number R0 of NiV-BD strains that have spilled 24 

over in Bangladesh have averaged 0.48.183  25 
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<H2>Virulence    1 

Infection with HeV appears more severe than infection with NiV-MY and NiV-BD in the 2 

hamster128,186 and AGM model.187 The dose-dependent disease symptomology in the hamster 3 

model128,188 makes it difficult to make generalize statements about any intrinsic pathogenic 4 

difference between these three genetically distinct henipaviruses. However, the intratracheal 5 

and intranasal AGM challenge model appears to recapitulate the clinical pathologies seen in 6 

human patients more robustly.88,93 Interestingly, it is also in this model that NiV-BD is shown 7 

to be more pathogenic than NiV-MY,187 which reflects the observed differences in 8 

pathogenicity between NiV-MY and NiV-BD.   Previous studies comparing NiV-MY and 9 

NiV-BD in hamsters186 and in ferrets102 gave conflicting and confusing results. But more 10 

careful comparisons of fully-sequenced NiV-MY and NiV-BD strains in the AGM model 11 

provides support that NiV-BD is more pathogenic than NiV-MY,187 which is consistent with 12 

the higher mortality rates associated with NiV-Bang (see Table 14.1C). Under identical 13 

experimental conditions, NiV-BD is not only shown to be more pathogenic in terms of viral 14 

load in lungs, spleen, and blood, but also that the therapeutic window for post-exposure 15 

prophylaxis using human monoclonal antibody (m102.4) is significantly shorter in NiV-BD 16 

infected AGMs.187  m102.4 is a potent neutralizing mAb previously shown to rescue NiV-17 

MY and HeV infected AGMs even when administered up to 7 days post-infection.189,190  18 

 19 

CedV lacks the editing site in the P gene and does not make the V protein,28 a potent type I 20 

IFN antagonist required for henipavirus virulence in vivo.39 Not surprisingly, CedV, which is 21 

naturally V-deficient, also does not induce any overt disease in ferrets and guinea pigs.28 22 

Reactive hyperplasia of oropharyngeal lymphoid tissues and detection of viral RNA in select 23 

bronchial associated lymphoid tissue (BALT) accompanied by increasing neutralizing Ab 24 

titers suggests that CedV likely replicates transiently in the upper and lower respiratory tracts 25 
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of the challenged animals.28 While recent evidence suggests that the CedV P protein itself is 1 

also a less efficient antagonizer of IFN- signaling compared to HeV-P,191 whether CedV is 2 

truly non-pathogenic in humans or horses remains to be seen.  Given the fact that CedV does 3 

not appear to use ephrin-B3 as receptor, one might also predict CedV to be less 4 

encephalopathic even in more susceptible animals.   5 

 6 

<H2>Persistence   7 

A small percentage of NiV-infected patients (3-7%) experience late-onset or relapse 8 

encephalitis months to years after the initial NiV infection; the former describes patients with 9 

initially mild or asymptomatic NiV infections while the latter are survivors of acute NiV 10 

encephalitis.98,119,192,193 One case of fatal late-onset HeV encephalitis has also been reported. 11 

3,130  These cases suggest that NiV and HeV can persist in sanctuary sites like the brain 12 

especially since virus has never been isolated from oronasal secretions of relapsed 13 

encephalitis cases.9,97,126,192-194 (see Clinical Features section for details). There is one report 14 

of NiV RNA being detected in the semen of a NiV survivor 4 weeks post-onset of illness, but 15 

this was gone 2 weeks later.  Longitudinal studies on 2 HeV survivors shows no evidence of 16 

viral shedding by RT-qPCR, up to 6 years post-symptom onset.144 It is unlikely that NiV and 17 

HeV in humans can persist in infectious forms. Thus, relapse henipavirus encephalitis might 18 

resemble measles virus associated subacute sclerosing panencephalitis, which can occur years 19 

after recovery from measles virus infection.195,196          20 

<H1>Epidemiology 21 

<H2>Age 22 

The age of patients with encephalitis in the Malaysian outbreak ranged from 9 to 76 years, 23 

with almost 50% of cases occurring in those 40 to 44 years.98,126,143,174,197 The male-to-female 24 
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ratio was approximately 3:1, and more than 80% of the patients were Chinese, with statistics 1 

reflecting the increased risk to those working with infected pigs.98,197 In Bangladesh, the age 2 

of patients ranged from 4 to 60 years, and males constituted 47% and 67% of the cases in the 3 

2001 and 2003 outbreaks, respectively.14,198 The outbreak in early 2011 in Bangladesh 4 

claimed at least 35 lives, including many children and infants, with ages ranging from 2 to 56 5 

years.117,199 Among the 18 suspected patients in the 2014 oubreak in the Phillipines, the age 6 

distribution is between 21-60 years old.18  In the most recent NiV outbreak in Kerala, India, 7 

the age distribution ranged from a 17 year old male to a 75 year old female among a total of 8 

23 human cases.17 9 

<H2>Morbidity and Mortality 10 

In Malaysia, between September 1998 and June 1999, 256 patients who developed acute NiV 11 

encephalitis were admitted to Malaysian hospitals and 105 died, a mortality rate of 12 

approximately 40%.9,197 The rate of subclinical infection in households and farms where 13 

cases of NiV encephalitis occurred was calculated to be 8% and 11%, respectively.192,197 In 14 

Singapore, where 11 patients were confirmed to have acute NiV encephalitis, a further 2 15 

asymptomatic abattoir workers were serologically positive, representing a rate of subclinical 16 

infection of 15%.200 Subsequently, 89 individuals were identified on the basis of positive 17 

serology as having experienced either an asymptomatic or mildly symptomatic NiV 18 

infection.119 This increases the number of people infected with NiV to 345 and decreases the 19 

mortality rate to approximately 30%.127 In Bangladesh, 98 of 135 patients died in eight 20 

outbreaks from 2001 to 2008, giving a combined case fatality rate of 73%.107,184,198 In the 21 

Philippines outbreak, the case mortality is 53% out of all the suspected cases or 81% for 22 

those with encephalitic clinical signs.18 The case mortality is 94% for the 2018 Kerala 23 

outbreak in India.17 There have only been seven known human cases of HeV infection in 24 
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Australia in the past 16 years, four of which have been fatal (three acute and one case of 1 

relapsed encephalitis).2,3,8 2 

<H2>Origin and Spread of Epidemics 3 

Fruit bats (flying foxes) in the genus Pteropus, family Pteropodidae, suborder 4 

Megachiroptera are main reservoir hosts of HeV and NiV.5,6,13,79,201 In Australia, HeV has 5 

been shown to occur in all four flying fox species, with the crude seroprevalence of 47%, 6 

indicating an endemic pattern of infection throughout Australia.81 Serologic tests show that 7 

NiV or NiV-related virus is widely dispersed in bats from Malaysia to the west border of 8 

Africa (Fig. 14.10). NiV was first isolated from the urine of Island flying foxes and from the 9 

saliva on partially eaten fruit13 and has since been isolated from Lyle's flying foxes (Pteropus 10 

lylei) in Cambodia79 and Pteropus medius in Bangladesh.202 The Indian flying fox (Pteropus 11 

giganteus) is the main pteropid species throughout Bangladesh and the Indian subcontinent 12 

with a high seroprevelence of henipavirus-specific antibody.14,100,183,203 Additional serologic 13 

and limited nucleic acid evidence has suggested that related henipaviruses are circulating in 14 

other regions, including Thailand, Indonesia, Vietnam, China, Madigascar, and several 15 

countries and regions in  Africa (Fig. 14.10 and Table 14.4-online). 16 

<FIG14.10> 17 

Neither HeV nor NiV appear to cause clinical disease in flying foxes infected 18 

naturally,81,198,201,204 and experimental infection with doses of HeV, consistently shown to be 19 

lethal in horses, generates only sporadic vasculitis in the lung, spleen, meninges, kidney, and 20 

gastrointestinal tract and only in a proportion of infected bats.95 Viral antigen is detected in 21 

the tunica media rather than endothelial cells, a fact that may spare the flying fox from the 22 

clinical effects associated with vasculitis.205 In infected pregnant flying foxes, antigen was 23 

observed in similar locations and in the placenta.206 The mode of transmission between flying 24 
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foxes is unknown. Transplacental transmission has also been observed experimentally 1 

without apparent harm to the fetus.206 Experimental infection of flying foxes with NiV 2 

produced a subclinical infection with a transient presence of virus within selected viscera 3 

along with periodic viral excretion in bat urine and seroconversion with neutralizing antibody 4 

present.90 5 

The spillover and epidemic hosts of HeV and NiV were horses in Australia and pigs in 6 

Malaysia. All human infections with HeV in Australia and NiV in Malaysia have only 7 

occurred through transmission from these domestic animal hosts.9,197 No evidence exists of 8 

direct transmission from pteropid bats to humans in Australia or Malaysia, despite many 9 

opportunities in Australia for transmission to bat carers.192,207 In contrast, flying foxes 10 

apparently play a direct role in the transmission of NiV to humans in the many recent 11 

outbreaks of disease in Bangladesh, where epidemiologic evidence in support of a role for an 12 

intermediate host was lacking.14,198 Three pathways of NiV transmission from bats to people 13 

have been identified based on epidemiologic investigations in Bangladesh.107 Consumption of 14 

fresh date palm sap appears to be the predominant risk factor, and infrared camera studies 15 

have confirmed that P. giganteus bats frequently visit date palm sap trees and consume sap 16 

during collection.208 In the 2005 NiV outbreak in Tangail District, Bangladesh, drinking raw 17 

date palm sap was the only activity significantly associated with illness (64% among cases vs. 18 

18% among controls).100 Another route of transmission for NiV from bats to people in 19 

Bangladesh could be via domestic animals. Contact with a sick cow in Meherpur, Bangladesh, 20 

in 2001 was strongly associated with NiV infection,14 and contact with pigs and diseased 21 

goats have also been implicated in other occurrences of NiV in Bangladesh.107 Although NiV 22 

has never been isolated in domestic livestock animals, serological evidence was reported for 23 

antibodies to NiV or NiV-related viruses in cattle, goats and pigs in Bangladesh.209 24 

Transmission via direct contact with NiV-infected bat secretions also appears possible from 25 
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evidence in the Goalando outbreak in 2004, where individuals who climbed trees were more 1 

likely to develop NiV infection than controls.210 2 

The mode of transmission from bats to spillover hosts in Australia and Malaysia remains to 3 

be determined. Three principal hypotheses exist. One is that masticated pellets of virus-4 

contaminated, residual fruit pulp spat out by flying foxes are ingested by horses or pigs.201 5 

The second is that urine from infected animals contaminates pastures or pigsties. The third is 6 

that infected fetal tissues or fluids contaminate pastures or sties and are ingested. The latter is 7 

based largely on the fact that the HeV outbreaks have occurred during the birthing period of 8 

some species of flying fox and is supported by the isolation of virus from a pregnant flying 9 

fox and its fetus.6 10 

HeV has been transmitted from horse to man on seven occasions from 1994 to 2009, twice 11 

during the initial outbreak in Brisbane,1,2 twice during necropsy of horses that died in the 12 

field,1,4 twice during either daily nasal cavity lavage and participating in a necropsy,8 and 13 

once from performing an endoscopy on an infected horse.8,211 HeV is rarely found in the 14 

bronchi or bronchioles of infected horses, which suggests that aerosol transmission to either 15 

man or horses is less likely212 and horse-to-horse transmission of HeV has not been 16 

demonstrated.95 The presence of HeV in equine saliva, however, suggests that close contact 17 

with infected horses, such as might occur during manual feeding of the animals, may 18 

facilitate horse-to-human transmission.1 The presence of virus in a wide range of tissues and 19 

in the nasal discharge commonly found at the terminal stage of infection offers a range of 20 

sources for virus transmission during necropsy.2,213 As shown in Fig. 14.6A, high level of 21 

viral antigen can be detected in the nasal cavity of HeV-infected horses. 22 

In the Malaysian NiV outbreak, contact with pigs or fresh pig products was required for 23 

transmission of the virus to humans, with greater likelihood of transfer to those in direct 24 
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contact with sick or dying pigs on farms or in abattoirs.9,197 The presence of NiV in the 1 

respiratory epithelium of naturally and experimentally infected pigs (Fig. 14.6B) indicated 2 

that virus probably spread to humans and within the pig population by aerosol or by direct 3 

contact with oropharyngeal or nasal secretions.10,111,129 The presence of the virus in a wide 4 

range of organs indicates that humans may also have been infected during processes such as 5 

slaughtering or farrowing. In Bangladesh, pigs were excluded as potential sources of NiV on 6 

epidemiolog grounds, and human-to-human transmission was observed.116,184 The virus may 7 

have been transmitted to human index cases directly through contact with fruit bat secretions 8 

in contaminated fruit or date palm sap before circulation in the human population.13,14,107,198 9 

Nosocomial transmission has been detected in some of the Bangladesh and India 10 

outbreaks.15,107,214 In the Philippines NiV outbreak, Of the 17 case-patients, a total of 7 (41%) 11 

had participated in horse slaughtering and horse meat consumption; 3 (18%) had only 12 

consumed horse meat and but had no history of slaughtering or meat preparation; 5 (29%) 13 

case-patients had been exposed to other human casepatients but not to any horses. So it is 14 

possible that both horse-to-human and human-to-human transmission might have occurred.18 15 

For the Kerala NiV outbreak, while it remains undefined how the index case was exposed to 16 

NiV, it was evident that human-to-human transmission was the main driver for the spread of 17 

the virus in both family/community and hospital settings.17  18 

<H2>Genetic Diversity 19 

Genome sequencing revealed that HeV isolated from equine and human sources during the 20 

outbreak in Brisbane appears identical and differs little from HeV isolated from flying foxes 21 

2 years later.2,6 Sequencing of five additional horse isolates from five different locations from 22 

the 2006 to 2008 HeV occurrences has also demonstrated a very high genetic similarity.215 23 

Similar observations were made in Malaysia, where it was demonstrated that NiV isolated 24 

from pigs at the height of the outbreak and at its geographic focus were essentially identical 25 
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to human isolates made at that time and isolates obtained from flying foxes several years 1 

later.13,22,23,216 2 

In Bangladesh, four human isolates obtained in 2004 demonstrate significant genetic 3 

heterogeneity, which might suggest multiple spillovers of NiV from flying foxes into the 4 

human population.33 The NiV sequences detected from human patients in India from 2001 to 5 

2018 were  more related to NiV from Bangladesh than NiV from Malaysia.15,17,214 A recently 6 

whole genome sequencing study of ten NiV isolates obtained from bats in 2013 in 7 

Bangladesh at two different geographic locations revealed that the isolated viruses were very 8 

similar in sequences. This suggests that multiple strains were not co-circulating in the bat 9 

population at the time.202  Furthermore, none of the bat NiV isolate sequences was identical 10 

with any previously detected human NiV isolate sequences, suggesting that NiV spillover 11 

into humans is a rare event and more intensive surveillance is required to appreciate the full 12 

genetic diversity of NiV in bats in an area with frequent spillover events into human 13 

populations.202  NiV isolated from the flying fox Pteropus lylei in Cambodia79 represents an 14 

evolutionary lineage that is separated from the Malaysia or Bangladesh/India cluster . Partial 15 

N gene sequences detected in Pteropus lylei in Thailand indicate the circulation of at least 16 

two lineages of NiV—one related to the Bangladesh NiV and the other more related to the 17 

Malaysian NiV.109 On the other hand, NiV sequences detected in Pteropus hypomelanus in 18 

southern Thailand are clearly more related to the Malaysian NiV.217  As the RNA-dependent 19 

RNA polymerase (RdRP), also known as the L protein, is the most highly conserved protein 20 

for paramyxoviruses, it has been used as a more reliable indicator of evolutionary relationship 21 

among different paramyxoviruses. Shown in Fig. 14.11 is phylogenetic tree based on RdRP 22 

proteins of prototype species of each genera in the family Paramyxoviridae with major 23 

members of the genus Henipavirus, selected to represent major species origin, geographic 24 

location and time of isolation. 25 



 29 
 

<FIG14.11> 1 

The presence of henipavirus-reactive (but not neutralizing) antibodies and viral RNA in bats 2 

from other regions of the world (Fig. 14.10 and Table 14.4-online) predicts that a much 3 

greater genetic diversity of henipaviruses exists in different bat populations. This also 4 

suggests the existence of henipaviruses with different transmissibility and pathogenicity in 5 

non-bat hosts. 6 

<H1>Clinical Features 7 

<H2>Incubation Period 8 

Based on the time interval between the last exposure to pigs and onset of disease, the 9 

incubation period for NiV ranged from 2 to 45 days; however, for 90% of patients, it was 2 10 

weeks or less.98,143,174 An estimate of 2 to 3 weeks was made based on the time interval 11 

between importation of pigs from NiV-affected areas of Malaysia and development of human 12 

disease at a Singaporean abattoir.200 A mean incubation period of 9.4 days was calculated for 13 

four patients who had a fixed period of exposure.174 The NiV outbreak in Kerala, India, 2018, 14 

revealed a median incubation period was 9.5 days among 23 cases, 22 of which were 15 

nosocomial.17 In the occurrence of HeV in Australia in 2008, a detailed examination of 16 

exposure histories from two infected patients (one fatal) suggested a likely incubation period 17 

of 9 to 16 days, with exposure occurring some 3 days before the onset of symptoms of HeV 18 

infection in the horse.8 19 

<H2>Acute Clinical Features 20 

The first two patients infected with HeV presented with fever, myalgia, headaches, lethargy, 21 

and vertigo. One patient recovered; however, the other developed pneumonitis, respiratory 22 

failure, renal failure, and arterial thrombosis, and died of cardiac arrest 7 days after admission 23 
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to the hospital. Findings at autopsy were consistent with a viral infection; both lungs were 1 

congested, hemorrhagic, and filled with serous fluid, and the histology revealed focal 2 

necrotizing alveolitis with many giant cells, some syncytial formation, and viral inclusions.1 3 

Although the predominant clinical features of NiV encephalitis derived from CNS 4 

involvement in the initial Malaysia outbreak, a proportion (40%) of patients displayed 5 

pulmonary involvement, which presented as an atypical pneumonia with fever, cough, and 6 

headache.12,98,126,174 In the Kerala, India NiV outbreak, 19 cases (83%) presented with acute 7 

respiratory distress syndrome (ARDS) and shortness of breath, and 20 cases (87%) had 8 

respiratory symptoms.17 The clinical presentation of NiV infections in Bangladesh also shows 9 

severe respiratory disease involvement.218 A chest X-ray of an acute NiV-infected human 10 

case showing diffuse bilateral opacities of the lung fields consistent with ARDS (Fig. 14.12A) 11 

and a similar presentation was reported in the first fatal human HeV case.1 Chest X-ray 12 

images of NiV and HeV-infected AGMs have also demonstrated severe respiratory disease 13 

(Fig. 14.12B). Case definitions for suspected NiV infection in Bangladesh218 and India15,17 14 

generally included individuals residing in an outbreak area who presented with fever, 15 

headache, vomiting or altered mental status or with history of cough or shortness of breath 16 

and fever.  17 

<FIG14.12> 18 

With NiV in Malaysia, most patients presented with acute encephalitis characterized by fever, 19 

headache, drowsiness, dizziness, myalgia, and vomiting, and more than 50% had a reduced 20 

level of consciousness.9,12,98,174 The major clinical signs included drowsiness, areflexia, 21 

segmental myoclonus, tachycardia, hypertension, pinpoint pupils, and an abnormal doll's eye 22 

reflex. Such clinical features as these suggested involvement of the brain stem and upper 23 

cervical spinal cord, and were observed more frequently in patients with a reduced level of 24 

consciousness.98,219In Kerala, India, 2018, NiV-infected patients presented with altered 25 
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sensorium (74%), along with myalgia, headache, vomiting, and seizures.17 Patients in the 1 

NiV-Malaysia outbreak who retained normal levels of consciousness throughout their illness 2 

recovered fully; however, only 15% with reduced levels of consciousness survived. Figure 3 

14.13 shows magnetic resonance imaging (MRI) images of human cases of acute NiV 4 

encephalitis (India, 2018 and Malaysia, 1999). Such neurologic manifestations are consistent 5 

with vasculitis-induced thrombosis in the brain and the direct infection of neurons.9,11,12,126 6 

The multiple discrete lesions 1 to 5 mm in diameter in the cerebral white matter detected by 7 

MRI may be the site of such microinfarctions and are distinct from lesions caused by other 8 

viruses.9,12,130,192,220 A third case of HeV infection presented first with meningitis and a 12-9 

day history of sore throat, headache, drowsiness, vomiting, and neck stiffness. After an 10 

apparent full recovery, this patient developed fatal encephalitis 13 months later and was 11 

admitted to the hospital with a generalized tonic-clonic seizure after 2 weeks of irritable 12 

mood and low back pain. Recurrent focal motor seizures occurred over the next 7 days, as did 13 

secondarily generalized seizures and low-grade fever, followed by dense right hemiplegia, 14 

signs of brain stem involvement, and depressed consciousness requiring intubation. The 15 

patient remained comatose and died 25 days after admission.3 Two patients in 20088 16 

presented with initial influenza-like illness, although soon after apparent clinical 17 

improvement and an absence of fever, encephalitis developed in both. MRI revealed 18 

widespread cortical, subcortical, and deep white matter involvement, similar to the previous 19 

late-onset case of HeV encephalitis3 and to NiV encephalitis cases (Fig. 14.13B).98,192,221  20 

<FIG14.13> 21 

<H2>Outcome of Infection 22 

Most patients who survived acute NiV encephalitis in Malaysia made a full recovery; 23 

however, approximately 20% had residual neurologic deficits.98,174,222 Neurologic sequelae 24 
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included cognitive difficulties, tetraparesis, cerebellar signs, nerve palsies, and clinical 1 

depression. A few patients remained in a vegetative state. In patients with encephalitis who 2 

recovered, most brain lesions revealed by MRI disappeared or became smaller over a period 3 

of 12 to 18 months, although some remained unchanged during this period.222 Approximately 4 

7.5% of patients who recovered from acute encephalitis and 3.4% of those who experienced 5 

nonencephalitic or asymptomatic infection developed late neurologic disease (Fig. 6 

14.13).98,119,192,193 Relapse encephalitis and late-onset encephalitis presented several months 7 

to 4 years after the initial infection, with the longest reported case 11 years after an initial 8 

acute infection.223   Relapsed cases had elevated IgG, but not IgM, and no vasculitis, and 9 

unlike the situation in acute encephalitis, virus was not isolated from throat and nasal 10 

secretions.9,97,126,192-194 11 

The clinical features associated with relapse and late-onset encephalitis resembled those 12 

found with acute NiV encephalitis, although decreased incidence was seen of fever, coma, 13 

segmental myoclonus, and meningism and an increased occurrence of seizures and focal 14 

cortical signs compared with the acute manifestation of the disease.119 The clinical, radiologic, 15 

and pathologic features of relapse NiV encephalitis resembled those of the patient who 16 

became infected with HeV, suffered mild, transient aseptic meningitis, and recovered but 17 

died of a fatal meningoencephalitis 13 months later.3,130 Most patients with relapse and late-18 

onset encephalitis had only one neurologic episode, although some patients experienced two 19 

episodes separated by a mean of 7.6 months (6 weeks to 1 year).119 The mortality rate 20 

associated with relapse and late-onset encephalitis at 18% was lower than that associated with 21 

acute encephalitis, at 30% to 40%. However, 61% of patients with relapse and late onset had 22 

further neurologic sequelae compared with 22% after acute encephalitis. Among NiV 23 

survivors in Bangladesh, some 30% have moderate to severe persistent neurologic 24 

dysfunction for years following acute infection.192 25 
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The demographics, clinical features, serology, and MRI of patients with relapsed and late-1 

onset encephalitis were similar, suggesting that the two diseases have identical 2 

pathogenesis119 and that the initial infection in late-onset encephalitis patients may not have 3 

been sufficiently severe to cause neurologic symptoms. MRI abnormalities similar to those 4 

observed in patients with acute encephalitis were also seen in 16% of asymptomatic patients, 5 

although the lesions were fewer in number. 219 The involvement of the cortex in relapse and 6 

late-onset encephalitis suggests a different pathologic mechanism compared with acute 7 

encephalitis. Relapse and late-onset encephalitis are considered to be caused by the 8 

recrudescence and rapid replication of virus that had persisted following acute or 9 

asymptomatic NiV infection.119 NiV, however, was not isolated from CSF and brain tissue of 10 

patients with relapse and late-onset encephalitis.119  11 

<FIG14.14> 12 

The generalized understanding of the infection process along with the clinical features of 13 

human NiV and HeV infection is diagrammed in Fig. 14.14. Transmission is likely via the 14 

oronasal route as described the above section on Pathogenesis.  The initial site of replication 15 

in humans is likely within the respiratory system and disease onset is characterized by fever, 16 

myalgia, shortness of breath, cough, which may progress to ARDS. Possible invasion into the 17 

CNS via the olfactory bulb has also been suggested and has been demonstrated in animal 18 

models. 224Virus replication and hematogenous systemic spread occurs (cell-free or cell-19 

associated viremia) and established infection is characterized by a widespread vasculitis with 20 

endothelial and smooth muscle cell tropism resulting in multinucleated syncytial cells.126 21 

CNS infection and encephalitis results in altered sensorium, headache, vomiting, and seizures 22 

along with fever and other systemic symptoms. Infection of other organs in addition to lung 23 

and brain in human cases occurs and has been reported in kidney, heart, spleen and lymphoid 24 

Commented [BHL4]: Chris: I took 2-3 sentences out from here 
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tissues,126 and similar widespread infection has been demonstrated in multiple animal 1 

models.121 2 

<H1>Diagnosis 3 

Virus isolation, EM, immuno-EM, immunohistochemistry (IHC), serology, and polymerase 4 

chain reaction (PCR) played key roles in the initial discovery of HeV2 and NiV,11 and they 5 

remain essential elements in a repertoire of procedures for the rapid and specific diagnosis of 6 

henipavirus infections in humans and animals. 7 

During investigation of a suspected disease outbreak, attempts to grow henipaviruses may be 8 

initiated in a BSL3 laboratory. However, if a cytopathic effect (CPE) is observed and the 9 

growth of henipavirus is confirmed by PCR or immune staining, infected cultures should be 10 

handled under BSL4 conditions and subsequent work with live virus restricted to BSL4. Both 11 

HeV and NiV replicate in various cell lines—a feature that contributed to the efficiency with 12 

which they were isolated during the initial disease outbreak investigations.2,11 Vero cells are 13 

commonly used, generating titers of virus as high as 108 infectious virions per milliliter.143,225 14 

In fatal cases, attempts should be made to isolate virus from brain, lung, kidney, and 15 

spleen.225 For tissue specimens containing a high virus load, direct examination by immuno-16 

EM and IHC can be very useful in providing early diagnosis. Various antibody reagents have 17 

been developed for this purpose, including polyclonal antisera, monospecific antibodies 18 

raised against recombinant antigens,20 and monoclonal antibodies (mAb) raised against whole 19 

virions or vaccinia virus–expressed viral proteins.226-229 Using HeV- or NiV-specific mAb, it 20 

is possible to differentiate between the two viruses.228,229 Quantitative real-time PCR 21 

(TaqMan assay) has been the method of choice to detect viral materials in infected tissues 22 

because of its speed, specificity, and sensitivity. The first-generation henipavirus TaqMan 23 

assays are either HeV specific230 or NiV specific.231 Since then, several consensus 24 
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henipavirus real-time PCR assays have been developed that target different conserved regions 1 

of the viral genome.232 It should be cautioned that the current PCR tests may not work with 2 

new henipaviruses yet to be discovered, especially those from African bats, owing to 3 

expected greater genetic divergence than those detected in Australia and Asia. 4 

For henipaviruses, serologic tests are important both during outbreak investigation and for 5 

disease surveillance. The virus neutralization test (VNT) is accepted as the reference 6 

standard.225 Few laboratories, however, can conduct neutralization tests because of the 7 

requirement to handle live virus at BSL4. For surveillance and diagnostic purposes, three 8 

types of tests that do not require BSL4 containment have been developed: 9 

1. Enzyme-linked immunosorbent assay (ELISA): Several ELISA-based tests have been 10 

reported for the detection of henipavirus antibodies.225,233,234 For diagnosis of human 11 

infections, two different ELISA tests have been applied: an IgM capture ELISA for early 12 

diagnosis of infection and an indirect ELISA for detection of IgG antibodies.225 13 

2. Liquid protein array multiplex test: A Luminex-based test based on recombinant soluble 14 

G proteins of HeV and NiV was developed that is capable of mimicking VNT with great 15 

sensitivity and differentiating between antibody responses of HeV versus NiV 16 

infection.235 17 

3. Pseudotype virus: Different pseudotype systems carrying the henipavirus F and G 18 

proteins have been developed as a surrogate VNT for detecting henipavirus-specific 19 

antibodies.18,236-238 Incorporation of reporter genes in these systems resulted in greater 20 

sensitivity and reproducibility. 21 

<H1>Prevention, and Control 22 

<H2>Drugs and Small molecules 23 
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Ribavirin, which inhibits replication of HeV in vitro,239 was used during the NiV outbreak in 1 

Malaysia in an open-label study in which 140 patients with encephalitis were given the drug, 2 

and 54 patients who presented before ribavirin became available or who refused treatment 3 

acted as controls.240 Mortality in the treated group was 32% compared with 54% in the 4 

control group, representing a 35% reduction (P = 0.011). Duration of ventilation and total 5 

hospital stay were both significantly shorter in the ribavirin group (P = 0.0002 and <0.0001, 6 

respectively). In the absence of other therapies, ribavirin may be an option for treatment of 7 

henipavirus infections. However, two HeV-infected patients in 20088 were given a high-dose 8 

intravenous regimen of ribavirin, although basal concentrations appeared inadequate given 9 

the results of in vitro susceptibility testing of HeV, and the efficacy of ribavirin as therapy or 10 

prophylaxis in people remains at best uncertain. Chloroquine, an antimalarial drug, was first 11 

demonstrated to block the critical proteolytic processing needed for HeV F maturation and 12 

function.241 Not surprisingly, the drug was later shown to inhibit NiV and HeV infection in 13 

cell culture experiments.242 Chloroquine was administered along with ribavirin to one HeV-14 

infected individual in 2009243  with no apparent clinical benefit. Remdesivir (GS-5734) is a 15 

nucleotide analog prodrug that showed therapeutic efficacy in a nonhuman primate model of 16 

Ebola virus infection.244 GS-5734 has been administered under compassionate use to Ebola 17 

virus infected patients and is currently in Phase 2 clinical development for treatment of Ebola 18 

virus disease. The antiviral activities of GS-5734 has been demonstrated to be broad showing 19 

in vitro activity against viruses in the Coronaviridae, Filoviridae and the Paramyxoviridae 20 

including NiV and HeV.245 21 

 22 

In vivo, ribavirin only delayed but did not prevent deaths caused by NiV and had no effect on 23 

HeV infection in a hamster model.167,246 Ribavirin treatment also only delayed disease onset 24 

by 1 to 2 days in African green monkeys challenged with HeV with no significant benefit for 25 
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disease progression or outcome.93 Chloroquine administration, either alone or in combination 1 

with ribavirin, had no therapeutic benefit in ferrets challenged with NiV or hamsters 2 

challenged with either NiV or HeV.246,247 Poly(I)-poly(C12U), which induces IFN-α and -β 3 

production and can completely block NiV replication in vitro, displayed some protective 4 

activity in the hamster model of lethal NiV infection.167 5 

<H2>Peptide Fusion Inhibitors 6 

The first potential henipavirus-specific therapeutic was shown to be a heptad peptide-based 7 

fusion inhibitor,85 analogous to HIV-1-specific peptide, enfuvirtide (Fuzeon) approved by the 8 

Food and Drug Administration (FDA) in March 2003. The henipavirus F1 glycoprotein 9 

resembles other fusion glycoproteins in having α-helical heptad repeat (HR) domains 10 

proximal to both the fusion peptide at the amino (N) terminus and the transmembrane domain 11 

near the carboxy (C) terminus of the protein. The HR domains are involved in the formation 12 

of a trimer-of-hairpins structure during the membrane fusion and virus infection process. 13 

Addition of exogenous peptide from either HR domain blocks formation of the trimer-of-14 

hairpins and abrogates membrane fusion and virus infection.84,85,248 These observations were 15 

followed up with testing cholesterol tagged HR-derived peptides in the hamster model of NiV 16 

infection providing the first evidence of in vivo effectiveness of a fusion inhibiting peptide 17 

against NiV.249 18 

<H2>Vaccines 19 

A wide variety of immunization strategies have been developed for NiV and HeV prevention 20 

and include live-recombinant virus platforms, protein subunit, virus-like particles and DNA 21 

vaccines, however many of these approaches have only been examined for HeV- or NiV-22 

specific neutralizing antibody induction.250 A more limited number of vaccine candidates 23 

have been examined for both immune response and efficacy using a variety of animal 24 

challenge models (Table 14.5). Attenuated vaccinia virus strain NYVAC recombinants 25 
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encoding either the NiV F or G glycoproteins used to immunize hamsters provided complete 1 

protection from NiV-mediated disease following challenge and demonstrated that an immune 2 

response to the viral envelope glycoproteins were an important immunogen in protection.251 3 

A second poxvirus-based approach was developed as a potential livestock vaccine using 4 

recombinant canarypox virus with the NiV F and G genes inserted into ALVAC vectors 5 

(Table 14.5). ALVAC vectors expressing either NiV F or NiV G were tested individually and 6 

in combination by vaccination of piglets, and animals were challenged intranasally with NiV. 7 

Piglets were protected from NiV-mediated illness by either ALVAC vector alone or in 8 

combination and immunized animals shed only low levels of nucleic acid detectable virus 9 

and no recoverable virus was evident.252 Three other viral vector-based NiV vaccines have 10 

been examined in animal challenge studies (Table 14.5). An adeno-associated virus (AAV) 11 

platform using the NiV G glycoprotein was tested in the hamster model using NiV challenge, 12 

showing complete protection against NiV, but only low level cross-protection (3 of 6 animals) 13 

against a HeV challenge.253 A recombinant measles virus vector encoding the NiV G 14 

glycoprotein was examined using two different vectors; the HL (rMV-HL-G) and Edmonston 15 

(rMV-Ed-G) measles virus strains254 (Table 14.5). Here, complete protection from NiV 16 

disease was achievable in the hamster challenge model following vaccination with either 17 

rMV-HL-G or rMV-Ed-G, and the rMV-Ed-G was tested in the nonhuman primate model 18 

demonstrating 2 of 2 AGMs were protected against NiV challenge. Several groups have 19 

tested the vesicular stomatitis virus (VSV) based platform using the NiV F or G glycoproteins 20 

(Table 14.5). In the ferret model, a single immunization with VSV encoding either NiV F or 21 

NiV G could afford complete protection from NiV challenge.255 Similarly, NiV G or F 22 

glycoproteins in VSV vectors were successful in protection from NiV challenge in the 23 

hamster model,256,257 and a single immunization of NiV G encoding VSV was protective in 24 

the AGM model.258,259  25 
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<TAB14.5> 1 

The most extensively tested vaccine against NiV and HeV has been a recombinant 2 

protein subunit strategy because of the inherent safety of such an approach. Soluble, secreted, 3 

oligomeric forms of the G glycoprotein (sG) from both NiV and HeV were developed and 4 

tested as possible vaccine candidates and the HeV-sG was show capable of eliciting a more 5 

potent cross-reactive polyclonal antibody response and also a better cross-protective 6 

response260,261 (Table 14.5). HeV-sG is a soluble and secreted version of the molecule with a 7 

genetically deleted transmembrane and cytoplasmic tail that is produced in mammalian cell 8 

culture systems and is properly N-linked glycosylated262 (Fig. 14.15). HeV-sG has been 9 

shown to retain many native characteristics including oligomerization and ability to bind 10 

ephrin receptors,52,260 and is capable of eliciting potent cross-reactive (HeV and NiV) 11 

neutralizing antibody responses in a variety of animals including mice, rabbits, cats, ferrets, 12 

monkeys and horses.250 The HeV-sG vaccine in the cat model provided complete protection 13 

against a lethal NiV challenge261 and suggested a single subunit vaccine (HeV-sG) could be 14 

effective against both HeV and NiV. Further studies in the cat model revealed that antibody 15 

titers as low as 1:32 could protect against NiV-Malaysia challenge263 (Table 14.5). Studies in 16 

the ferret model with low vaccine doses of HeV-sG formulated in CpG and AllhydrogelTM 17 

could completely protect against high dose HeV challenge.96 Immunization and challenge 18 

studies in ferrets with the NiV-Bangladesh strain also demonstrated complete protection.264 In 19 

addition, good durable immunity was shown in other ferrets challenged 434 days post-20 

vaccination.264 However, preliminary studies with HeV-sG as a vaccine in the pig model was 21 

less effective against HeV and un-protective against NiV, and both humoral and cellular 22 

immune responses were required for protection of swine against henipaviruses in that 23 

challenge model.176 24 

<FIG14.15> 25 
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The HeV-sG vaccine has also been extensively evaluated in nonhuman primates 1 

(AGMs). Monkeys immunized with HeV-sG formulated in AllhydrogelTM and CpG were 2 

completely protected against intratracheal challenge with NiV-Malaysia, some with pre-3 

challenge neutralizing titers as low as 1:28, and no evidence of clinical disease, virus 4 

replication, or pathology was observed in any vaccinated monkeys.265 Similarly, HeV-sG 5 

vaccination and protection from a HeV challenge in AGMs has also been shown, including 6 

HeV-sG formulated in AllhydrogelTM alone.266 The inherent safety and effectiveness of the 7 

HeV-sG vaccine led to its development as an equine vaccine to prevent not only HeV 8 

infection of horses but also as the means to reduce the risk of HeV transmission to people 9 

(Figure 14.16A). HeV-sG was licensed by Zoetis™ Inc., (formerly Pfizer Animal Health) and 10 

developed as an equine vaccine for use in Australia. Horse HeV-sG vaccination and HeV 11 

challenge studies were conducted at the BSL-4 facilities of the Animal Health Laboratories 12 

(AAHL) in Geelong267 (Table 14.5). HeV-sG was formulated in an approved equine adjuvant 13 

(Zoetis, Inc.) and two initial efficacy studies in horses tested 50 μg and 100 μg doses of the 14 

same HeV-sG used in published animal studies was used to immunize horses. Additional 15 

studies used a 100 μg dose of HeV-sG produced in CHO cells (Zoetis, Inc.). Immunizations 16 

were two doses given intramuscularly 3-weeks apart. All horses in these efficacy studies were 17 

challenged oronasally with 2×106 TCID50 of HeV. Seven horses were challenged at 28 days, 18 

and 3 horses were challenged 194 days, after the second immunization. All vaccinated horses 19 

remained clinically healthy following challenge, demonstrating protection with pre-challenge 20 

HeV neutralizing titers as low as 1:16.267 There was no gross or histologic evidence of HeV 21 

infection in any of the vaccinated horses at study completion, and all tissues examined were 22 

negative for HeV antigen by immunohistochemistry, with no viral genome detected in any 23 

tissue. In 9 of 10 vaccinated horses, HeV nucleic acid was not detected in daily nasal, oral, or 24 
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rectal swab specimens or from blood, urine, or feces samples collected before euthanasia, and 1 

no recoverable virus was present.267 2 

<FIG14.16> 3 

Equivac® HeV was launched in November 2012 on a Minor Use Permit by the 4 

regulatory authority, the Australian Pesticides and Veterinary Medicines Authority 5 

(APVMA), and is the first commercially developed and deployed vaccine against a BSL-4 6 

agent and is currently the only licensed antiviral approach for henipavirus infection. All 7 

vaccinated horses receive a microchip and database is maintained, and in August, 2015 8 

Equivac® HeV received full registration by the APVMA. To date, >640,000 doses of 9 

Equivac® HeV vaccine has been administered to >153,000 unique horses (Fig. 14.16B). 10 

Since vaccine release, laboratory confirmed HeV infections in horses (n=21) have only 11 

occurred in unvaccinated horses. The HeV-sG recombinant subunit vaccine for NiV and HeV 12 

is now in clinical development with support from the Coalition for Epidemic Preparedness 13 

Innovations (CEPI)268 and Phase I clinical trials set to commence in 2019. Recent vaccination 14 

and challenge studies in nonhuman primates have shown that a single immunizing dose of 15 

HeV-sG in AllhydrogelTM can protect against HeV and NiV-Bangladesh challenge (Geisbert 16 

and Broder, unpublished) and together with the results of recombinant VSV-based NiV 17 

vaccines, these findings highlight their potential usefulness in an emergency-use or outbreak 18 

scenario.   19 

<H2>Passive immunization 20 

Initial passive immunization studies using either NiV G and F-specific polyclonal antiserums, 21 

or mouse monoclonal antibodies (mAbs) specific for the NiV or HeV G or F glycoproteins 22 

were shown to be protective in the hamster model.92,251,269 HeV- and NiV-neutralizing human 23 

mAbs reactive to the G glycoproteins of both HeV and NiV have been developed using 24 

recombinant antibody technology.270 One mAb, m102.4, possessed strong cross-reactive 25 
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neutralizing activity against HeV and NiV and was later produced in an IgG1 format in a 1 

CHO-K1 cell line.271 The m102.4 mAb epitope maps to the receptor binding site of G and 2 

engages G in a similar fashion as the ephrin receptors272 (Figure 14.5). The m102.4 mAb can 3 

neutralize all HeV and NiV isolates tested, including HeV-1994, HeV-Redlands, NiV-4 

Malaysia and NiV-Bangladesh.87,273 NiV challenge experiments in the ferret demonstrated 5 

complete protection was possible by a single dose of m102.4 mAb administered by 6 

intravenous infusion 10 hrs following a lethal virus challenge.87 The therapeutic efficacy of 7 

mAb m102.4 has also been examined in nonhuman primates against both NiV and HeV 8 

challenge as a post-exposure therapeutic reflective of a potential real life virus exposure 9 

scenario189,190 (Table 14.5). In one study, AGMs were challenged intratracheally with HeV 10 

and following virus administration they were infused twice with m102.4 (~15 mg/kg) 11 

beginning at 10 hrs, 24 hrs or 72 hrs post-infection followed by a the second infusion ~48 hrs 12 

after the first. In this study, all subjects became infected following challenge, and all animals 13 

that received m102.4 survived whereas all controls succumbed to severe systemic disease 8 14 

days following virus challenge. Animals in a 72 hrs treatment group did exhibit neurological 15 

signs but all recovered by day 16, but there was no evidence of HeV-specific pathology in 16 

any of the m102.4-treated animals, and no infectious HeV could be recovered from any 17 

tissues from any m102.4-treated subjects. A later study evaluated the efficacy of m102.4 18 

against NiV-Malaysia challenge in AGMs, at several time points after virus exposure by 19 

intratracheal challenge including as late as the onset of clinical illness.190 Here, animals were 20 

infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days following NiV-21 

Malaysia challenge and again 48 hrs after the first dose. All animals became infected 22 

following virus exposure, and again all subjects that received m102.4 therapy survived the 23 

infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 24 

following virus challenge. The m102.4 mAb was also shown to be effective the nonhuman 25 
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primate model against NiV-Bangladesh infection, although its therapeutic window was much 1 

shorter as compared to NiV-Malaysia infected subjects.187 Taken together, these studies have 2 

shown that m102.4 mAb therapy can prevent HeV or NiV lethal disease in exposed subjects 3 

is the only effective post-exposure therapeutic tested in vivo in nonhuman primates. The mAb 4 

m102.4 has since been used by emergency protocol in 13 people in Australia and one in the 5 

U.S. because of significant risk of HeV or NiV infection.250 The m102.4 antibody has 6 

completed a Phase I clinical trial in Australia, and has recently been supplied to Government 7 

of India and included in an international Nipah treatment protocol sponsored by the Indian 8 

Council of Medical Research (ICMR) with support from the NIAID, NIH, USA.   9 

 10 

<H1>Perspective and Geographic Considerations 11 

The high virulence of the henipaviruses and the requirement for BSL-4 facilities have 12 

hampered investigations into the biology and pathogenesis of these novel paramyxoviruses. 13 

Recent investigations into the structure and function of henipavirus proteins expressed from 14 

cloned genes have provided insight into the functions of many henipavirus proteins in 15 

infected cells. It remains to be determined if all of the functional characteristics of the 16 

henipavirus proteins determined in vitro accurately reflect the role that they play in the cells 17 

of both terrestrial and chiropteran hosts. 18 

Although significant strides and an expanded understanding of the henipaviruses have 19 

been made during the past two decades, many questions relating to the ecology and biology 20 

of henipaviruses remain unanswered. It is clear that Pteropus species of fruit bats are the 21 

major reservoir host of these viruses, but new studies have suggested that an even wider 22 

group of chiropteran species may host the known henipaviruses and certainly yet to be 23 

identified new henipavirus species. With the wide geographic range of Pteropus species as 24 

overlapping populations, extending from islands in the South Pacific through Australia, and 25 
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southern Asia to Pakistan, and with additional species on islands off the eastern coast of 1 

Africa, together with the cross-reactive serologic evidence of henipavirus presence,(61),(81) 2 

it would seem that many other related viruses remain to be identified.(43),(56) The 3 

emergence of these and related viruses is probably associated with the destruction of the 4 

flying fox native habitats, driving the animals to seek food from orchards and ornamental 5 

trees in urban and periurban areas. Thus, with continued deforestation, undoubtedly further 6 

outbreaks of HeV, NiV, and novel related members of the genus will occur. The mechanisms 7 

by which henipaviruses are transmitted between fruit bats and maintained within their 8 

colonies, as well as the pathways leading to the infection of spillover hosts, remain to be 9 

elucidated. 10 
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Figure legends 1 

Figure 14.1. Syncytia induced in vero cells 24 hours after infection by Hendra virus (HeV) 2 

(A) and Nipah virus (NiV) (B). Methanol-fixed infected cells were labeled with rabbit3 

monospecific antiserum to the HeV P protein and fluorescein-conjugated goat antirabbit 4 

immunoglobulin G. P protein is detected in extensive perinuclear ribonucleoprotein complexes 5 

(small arrow) and in discrete regularly shaped arrays (large arrow) distributed throughout the 6 

cytoplasm and believed to be sites of virus egress from the cell. Nuclei are indicated by 7 

chevrons. 8 

Figure 14.2. A:  Electron micrograph of Nipah virus (NiV)-infected Vero cells showing tubule-9 

like structures, both in the cytoplasm and in a maturing virus particle (arrows).  B:  Electron 10 

micrograph of negatively stained Hendra virus (HeV) displaying the double fringe at the virus 11 

envelope (small arrow) and the herringbone nucleocapsids (large arrow). (Courtesy of Dr. Alex 12 

Hyatt, CSIRO Australian Animal Health Laboratory.) 13 

Figure 14.3. Genome size and organization of Hendra virus in comparison with the type 14 

species in each of the other six genera in the family Paramyxoviridae. A: Genome length (in 15 

nucleotides) are given in brackets after each virus. Color coding: blue, proteins for the inner most 16 

nucleocapsid responsible for replication and transcription; green, envelope proteins. B: 3’UTR of 17 

certain genes in henipaviruses (N, P and G) are longer than their counterparts from representative 18 

members of paramyxovirus genera that infect mammals. The 3’UTR length (number of 19 

nucleotides) of each gene from representative members of the indicated genera is compared 20 

separately in box-and-whisker plots (N, P, M, F, RBP, and RdRP). P values are calculated based 21 

on one-tailed t-test (Henipavirus vs all other genera); five virus species from Henipavirus (HeV, 22 

NC_001906; NiV, NC_002728; CedV, NC_025351.1; GhV, NC_025256.1; MojV, 23 



NC_025352.1), and three each from Morbillivirus, (MeV, NC_001498.1; CDV, NC_001921.1; 1 

FeMV, NC_039196.1), Rubulavirus (MuV, NC_002200.1; HPIV-2, NC_003443.1; PIV-5, 2 

NC_006430.1) and Respirovirus (SeV, NC_001552; HPIV-1, NC_003461; HPIV-3, 3 

NC_001796.2). Courtesy of Satoshi Ikegame and Christian Stevens, Icahn School of Medicine at 4 

Mount Sinai, New York.     5 

Figure 14.4. The major proteins of Hendra virus and Nipah virus and their roles in the 6 

henipavirus life cycle. A: Viruses were purified and analyzed as described in Wang LF et al.1  7 

Major virus proteins and the molecular weights of standard marker proteins are shown on the 8 

right and left, respectively.  Reproduced with permission from Wang LF et al, Molecular biology 9 

of Hendra and Nipah viruses. Microbes Infect 2001; 3:279-87. B: Henipavirus replication cycle 10 

is depicted.  The virus receptor binding protein (RBP, deep blue lollipops) attaches the virus to 11 

the cell via its cognate receptor, typically ephrinB2/B3 (1), and triggers virus-cell membrane 12 

fusion mediated by the viral fusion protein (F, filled orange trapezoids) (2). Fusion delivers the 13 

nucleoprotein (N) encapsidated negative-sense virus RNA genome [vRNA(−), cyan] to the 14 

cytosol (3).  The vRNA(-) serves as template for viral transcripts made by the transcriptase 15 

complex comprised of the phosphoprotein (P) and the large RNA-dependent RNA-polymerase 16 

(RdRP) (P-RdRP, transparent hexagons) (4). Viral transcripts are made following a 3′ to 5′ 17 

attenuation gradient. The vRNA(-) is also the template for making full-length antigenomic 18 

cRNA(+) (5), which in turn is a template for vRNA(−) synthesis during virus genome replication 19 

(6). Henipavirus genome replication mediated by the N-P-RdRP replicase complex is similar to 20 

the details described for the Paramyxoviridae in chapter 13. However, some aspects of 21 

henipavirus assembly are relatively unique. The matrix protein (M, green octagons) needs to 22 

transit through the nucleus (7) in a ubiquitin-regulated manner (8), in order to traffic properly to 23 



the plasma membrane. This nuclear sojourn involves shuttling through subnuclear compartments 1 

such as nucleoli (9).  Proper trafficking is required for M to orchestrate the assembly of the viral 2 

RNPs with the viral envelope glycoproteins into budding infectious virions bearing the vRNA(-) 3 

(10). Matrix also has non-structural functions such as antagonizing type-I IFN responses (11); 4 

see Fig. 14.8 and text for details. Additionally, in order for the henipavirus F protein to be 5 

cleaved and become fusion-competent, it needs to access cathepsins L/B in the endosomal 6 

compartment. To do this, F first reaches the plasma membrane via the secreory pathway in an 7 

uncleaved form (open orange trapezoids) (12). Subsequent endocytosis and recycling back to the 8 

plasma membrane (12a) is required to form infectious virions where cleaved fusion-competent F 9 

(filled orange trapezoids) (12b) is complexed with the RBP in its proper oligomeric state. Where 10 

this occurs along the vesicular trafficking pathway and/or the plasma membrane is unresolved 11 

(13). F protein cleavage is seldom complete and uncleaved F can be detected in budded virions 12 

(14) (Adapted from Aguilar HC and Lee B. Emerging paramyxoviruses: molecular mechanisms 13 

and antiviral strategies. Expert Rev Mol Med 2011;13:e6)  14 

Figure 14.5. A structure-based phylogeny of paramyxoviral receptor binding proteins. 15 

Structure-based phylogenetic analysis on extant structures of all henipavirus RBPs and 16 

representative RBPs from at least one virus in other paramyxovirus genera for which structural 17 

data is available. RBPs are shown besides the tree and are rendered as surface representation 18 

(grey). All receptor-binding proteins, with the exception of the MojV-G, are shown in complex 19 

with their respective receptor molecules (yellow), with the receptor-binding interface colored 20 

red. Analysis was performed and produced as described in Rissanen et al.2  Paramyxoviral RBPs 21 

generally cluster according to their respective genera and cellular receptor usage with the 22 



exception MojV-RBP, which is almost equidistant to all structurally studied genera.  Courtesy of 1 

Dr. Thomas Bowden, University of Oxford, U.K.     2 

Figure 14.6. Nipah virus transmission. Major pathways of human Nipah virus infection are 3 

summarized for Malaysia (blue arrows), Bangladesh (red arrows), the Philippines (green arrows), 4 

and the latest outbreak in Kerala, India (orange arrows). (Adapted from Clayton BA. Nipah 5 

virus: transmission of a zoonotic paramyxovirus. Curr Opin Virol 2017; 22:97-104) 6 

Figure 14.7. Immunohistochemistry detection of Nipah virus (NiV) and Hendra virus 7 

(HeV) antigen in henipavirus-infected tissues. A-D: Hendra virus infected tissues. A: Staining 8 

of HeV antigen (N protein-specific rabbit antibody) within the wall of superficial arteriole in the 9 

sub-mucosa of the nasal cavity in a HeV-infected horse. B: Immmunolabeling (N protein-10 

specific rabbit antibody) of the endothelium of medium caliber vessels and alveolar septae in 11 

lung of a HeV-infected African green monkey (AGM) (10x). C: Immunolabeling of HeV antigen 12 

(N protein-specific rabbit antibody) within neurons in the brainstem of a HeV-infected AGM 13 

(40x). D: Immunolabeling of HeV antigens (mouse anti-HeV polyclonal antibody) in neurons of 14 

acute HeV-infected human case (40x). E: Positive immunolabelling (using anti-Nipah virus 15 

rabbit serum) within the lung of a NiV-infected pig. Involvement of bronchial epithelium and 16 

airway debris is noted. F: Immunolabeling (N protein-specific antibody) of the endothelium of 17 

medium caliber vessels and alveolar septae in lung of a NiV-infected AGM (20x). G: 18 

Immunolabeling of NiV antigen (N protein-specific antibody) within neurons in the brainstem of 19 

a NiV-infected AGM (40x). H: Immunolabeling of NiV antigens (hyperimmune anti-NiV mouse 20 

ascitic fluid) in the cytoplasm and nuclei of neurons, and neuronal processes in the brain of acute 21 

NiV-infected human case (158x).  A and E, courtesy of Dr. Deborah Middleton, CSIRO 22 

Australian Animal Health Laboratory. B, C, F and G, courtesy of Dr. Karla Fenton, University of 23 
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Texas Medical Branch at Galveston, Texas. D, courtesy of Dr. Kum Thong Wong, University of 1 

Malaya; H, from Wong et al.3 2 

Figure 14.8. Ephrin-B2 and ephrin-B3 RNA-seq expression data across representative 3 

human non-disease tissues. Shown here are ephrin-B2 (upper) and ephrin-B3 (lower) 4 

expression data obtained from the Genotype-Tissue Expression (GTEx) Portal. The GTEx 5 

project is a public resource where up to 53 non-disease tissue sites obtained from nearly 1,000 6 

individuals are subjected to RNA-seq by next-generation sequencing amongst other assays. 7 

Details on datasets can be found on https://gtexportal.org. Data from all available brain regions 8 

are shown. The non-brain tissues are chosen for illustrative purposes based on their relevance to 9 

henipavirus pathogenesis.  Expression data in transcripts per million are plotted as box plots with 10 

the medians and 25th and 27th percentiles shown;  points are displayed as outliers if they are 11 

above or below 1.5 times the interquartile range. 1a Artery – Aorta; 1b Artery – Coronary; 2a 12 

Brain – Amygdala; 2b Brain - Anterior cingulate cortex (BA24); 2c Brain - Caudate (basal 13 

ganglia); 2d Brain - Cerebellar Hemisphere; 2e Brain – Cerebellum; 2f Brain – Cortex; 2g Brain 14 

- Frontal Cortex (BA9); 2h Brain – Hippocampus; 2i Brain – Hypothalamus; 2j Brain - Nucleus 15 

accumbens (basal ganglia); 2k Brain - Putamen (basal ganglia); 2l Brain - Spinal cord (cervical 16 

c-1); 2m Brain - Substantia nigra; 3 Breast - Mammary Tissue; 4 Colon – Transverse; 5 17 

Esophagus - Gastroesophageal Junction; Esophagus – Mucosa; 6 Heart - Left Ventricle; 7 18 

Kidney – Cortex; 8 Liver; 9 Lung; 10 Minor Salivary Gland; 11 Spleen; 12 Whole Blood.  19 

 20 

Figure 14.9.  Innate immune evasion mechanisms of the Nipah virus N, P, V, W and M 21 

proteins.  Left: The V and W proteins (green diamonds) block IFN- expression by different 22 

mechanisms. Depicted are simplified versions of the RIG-I-like receptor (RLR) signaling (blue 23 



arrows) and TLR3 signaling (black arrows) pathways. Both lead to activation of interferon 1 

regulatory factors 3 and 7 (IRF-3 and IRF-7) (dashed arrow).  RIG-I, MDA5 and TLR3 can 2 

sense RNAs produced during viral infection.  Activation of RIG-I or MDA5 leads to their 3 

interaction with the mitochondria-associated adapter protein MAVS (1).  This leads to activation 4 

of the kinases IKK and/or TBK-1 (2), which phosphorylate and activate IRF-3 and, when 5 

present, IRF-7 (3).  For clarity, MAVS activation of NF-B is not shown. Activated IRF-3 and 6 

IRF-7 translocate into and accumulate in the nucleus; both contribute to IFN- gene 7 

transcription (4).    TLR3 signals through adaptor protein TRIF to activate IKK/TBK-1 (5). The 8 

cytoplasmic NiV and HeV V proteins interact with and inhibit MDA5, thereby inhibiting the 9 

induction of IFN- expression early on in the pathway (a); however NiV V does not appear to 10 

inhibit TLR3 signaling.  The nucleo-cytoplasmic shuttling NiV M protein (green hexagon), while 11 

it is in the cytoplasm, antagonizes induction of type-I IFNs by blocking IKK activation (b). This 12 

prevents downstream phosphorylation and nuclear translocation of IRF3, which also leads to a 13 

failure of IFN- induction. The nuclear W protein (green trapezoid) effectively blocks RLR 14 

and TLR3 activation of the IFN- promoter by preventing the accumulation of phosphorylated 15 

IRF-3 (c).  This function requires the nuclear localization of W. Right: The Nipah virus N, P, V 16 

and W proteins each block IFN signaling pathways at distinct steps (red arrows), ultimately 17 

leading to reduced expression of interferon- stimulated (antiviral) genes (ISGs).  The P, V and W 18 

proteins can each inhibit the phosphorylation and activation of STAT1 and STAT2 in response to 19 

IFN- (6) and block the phosphorylation and activation of STAT1 in response to IFN-.  The 20 

inhibition of the IFN- signaling pathway is depicted.  The cytoplasmic P and V proteins 21 

interact with and inhibit STAT1 (d).  The V protein also interacts with STAT2, in a STAT1-22 

dependent manner.  P and V prevent nuclear accumulation of pSTAT1 /pSTAT2 following IFN-23 



 addition to cells and cause the STAT proteins to accumulate in a high molecular weight 1 

complex.  The NiV and HeV N proteins (green oval) were recently reported to disrupt phospho-2 

STAT1 complex formation (7), though not phosphorylation of STAT1 itself (e). Nonetheless, 3 

this N-mediated disruption of STAT complexes reduces nuclear accumulation of the activated 4 

STAT complexes required to stimulate ISG expression (8). The nuclear W protein relocalizes 5 

non-phosphorylated STAT1 from its typically cytoplasmic localization to the nucleus (f).  6 

STAT1 relocalized to the nucleus by W remains unphosphorylated and does not activate 7 

transcription of ISGs in response to IFN- addition. (Adapted from Basler CF. Nipah and 8 

Hendra virus interactions with the innnate immune system. Curr Top Microbiol Immunol 2012; 9 

359: 123-52)    10 

Figure 14.10. Brain MR scans of acute Nipah (A) and relapsing Nipah encephalitis (B) 11 

showing hyperintense discrete and more confluent lesions, respectively, corresponding to 12 

discrete pathological lesions (C) and confluent lesions (D). H&E stains (C, D). Magnification, 13 

objective x4 (Reproduced  with permission from Wong KT and Tan CT. Clnical and 14 

Pathological manifestations of human henipavirus infection. Curr Top Microbiol Immunol 2012; 15 

359: 95-104). 16 

Figure 14.11. Distribution of frugivorous bats belonging to various genera in the 17 

Pteropodidae family where evidence of henipavirus presence have been detected.  The 18 

presence of henipavirus is graded into four levels with known outbreak (red), virus isolation 19 

(pink), molecular detection (blue), and antibody detection (green).  20 

Figure 14.12: Phylogenetic tree based on L-proteins of selected henipaviruses and type 21 

species of the other six genera in the family Paramyxoviridae. Tree was constructed by using 22 

Neighbor-Joining approach with 1,000 bootstrap replicates. Numbers at the nodes represent 23 
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bootstrap values. Scale bar indicates amino acid substitutions per site.  Sequences are labelled 1 

with the following ordination when all relative information is available for any given genome 2 

sequence: Virus/Country/Host/Year/Strain (GenBank accession number). For example, 3 

NiV/BD/Human/2010/Faridpur(JN808864) represents a Nipah virus isolated in Bangladesh from 4 

humans in 2010 with Faridpur as its isolate name and JN808864 as its Genbank accession 5 

number. (Two accession numbers still missing from figure, pending Genbank release) 6 

Figure 14.13. Chest radiographs of a Nipah virus (NiV) infected patient and Nipah virus 7 

(NiV) and Hendra virus (HeV) infected African green monkeys. A: Chest X-ray of patient 8 

infected with Nipah virus (Nipah-Bangladesh clade) from Kerala, India, 2018, at 6 days 9 

following onset of symptoms showing diffuse bilateral opacities covering the majority of the 10 

lung fields, consistent with acute respiratory distress syndrome (ARDS). B: Top, comparison of 11 

pre-challenge to Nipah virus (Nipah-Malaysia clade) infected African green monkey at 11 days 12 

post-challenge showing congestion and pneumonia with infiltrates on the lung fields. Bottom, 13 

comparison of pre-challenge to Hendra virus infected African green monkey at 8 days post-14 

challenge showing diffuse interstitial infiltrates and pulmonary consolidation and severe 15 

respiratory distress. Panel A, courtesy of Prof. Govindakarnavar Arunkumar, Manipal Centre for 16 

Virus Research, Manipal Academy of Higher Education (deemed to be University), Karnataka 17 

State, India and Dr. Suresh Kumar. E.K, Malabar Institute of Medical Sciences, Kerala State, 18 

India. Panel B, top, from Geisbert et al.4, bottom, from Rockx et al.5 (reproduced with 19 

permission) 20 

Figure 14.14. Magnetic resonance imaging scans of patients with Nipah virus (NiV) or 21 

Hendra virus (HeV) encephalitis. A: Left, patient with NiV encephalitis (Nipah-Bangladesh 22 

clade) from Kerala, India, 2018, at 6 days following onset of symptoms showing cortical and 23 



subcortical hyperintense foci (arrow heads). Middle, patient with acute NiV encephalitis (Nipah-1 

Malaysia clade) from Malaysia, 1999, showing multiple discrete hyperintense lesions in the grey 2 

and white matter. Right, patient with relapsed NiV encephalitis from Malaysia, 1999, showing 3 

confluent lesions involving primarily the cortical grey matter. B: Left, acute HeV encephalitis in 4 

a patient on day 18 of illness, showing cortical and subcortical hyperintense foci. Right, relapsed 5 

HeV encephalitis in a patient on day 14 following symptoms onset showing widespread 6 

multifocal neocortical involvement. Panel A, left (India), courtesy of Prof. Govindakarnavar 7 

Arunkumar, Manipal Centre for Virus Research, Manipal Academy of Higher Education 8 

(deemed to be University), Karnataka State, India and Dr. Suresh Kumar. E.K, Malabar Institute 9 

of Medical Sciences, Kerala State, India. A, middle and right (Malaysia) from Goh, et al.6 B, left, 10 

from Playford et al.7; right, from O’Sullivan et al.8 (reproduced with permission) 11 

Figure 14.15. Generalized understanding of infection and clinical features of human Nipah 12 

virus (NiV) and Hendra virus (HeV) infection.  A: Transmission is generally accepted to 13 

occur via the oronasal route presumably by virus contaminated respiratory secretions or droplets 14 

from infected animals or people, or liquid/food (palm sap/fruit); B: The initial site of replication 15 

in humans is ill-defined but is thought to occur within the respiratory system and disease onset is 16 

characterized by fever, myalgia, shortness of breath, cough, which may progress to an acute 17 

respiratory distress syndrome (ARDS); C: Possible invasion into the central nervous system 18 

(CNS) via the olfactory bulb has also been suggested and has been demonstrated in animal 19 

models; D: Virus replication and hematogenous systemic spread occurs (cell-free or cell-20 

associated viremia) and established infection is characterized by a widespread vasculitis with 21 

endothelial and smooth muscle cell tropism resulting in multinucleated syncytial cells; E: CNS 22 

infection and encephalitis results in altered sensorium, headache, vomiting, and seizures along 23 

Commented [BHL3]: Needs professional rendering. 
Submitted to Dave Murphy via email on Feb 18 at 1:58 AM 
EST.  



with fever and other systemic symptoms; F: Infection of other organs in addition to lung and 1 

brain in human cases occurs and has been reported in kidney, heart, spleen and lymphoid tissues, 2 

and similar widespread infection has been demonstrated in multiple animal models. 3 

Figure 14.16.  Model of the Hendra virus soluble G glycoprotein subunit vaccine (HeV-sG) 4 

and its complex with the Hendra and Nipah virus neutralizing human monoclonal antibody 5 

m102.4.  A: The HeV-sG glycoprotein subunit vaccine is composed of the entire ectodomain 6 

(amino acids 76-604) of the HeV G glycoprotein.  HeV-sG is shown as dimer with one monomer 7 

colored green and the other cyan.  The secondary structure elements of the two globular head 8 

domains are derived from the crystal structure of the HeV G head domain, the stalk regions of 9 

each G monomer (residues 77-136) are modeled, and N-linked glycosylation sites shown as gray 10 

spheres.  The ephrin-binding face of the cyan globular head is facing forward with an overlay of 11 

the interacting ephrin-B2 G-H loop residues in yellow.  B: The HeV-sG dimer is modeled in 12 

complex with two m102.4 Fab antibody fragments.  The two HeV-sG monomers are colored 13 

green and cyan as in panel A and rotated slightly to the right, and the two Fab molecules are 14 

shown with their heavy chains colored in magenta and light chain – in yellow, each binding one 15 

globular head domains of G. Modified from Broder et al.9 16 

Figure 14.17.  One Health Vaccine strategy.  A: The known modes of henipavirus transmission in 17 

different countries.  In Australia, all seven human cases were infected via contacting infected horses. A 18 

One Health vaccine strategy was developed for immunization of horses with the dual purposes of saving 19 

horses from lethal Hendra virus infection and prevention of transmission from bats to humans via horses. 20 

B: Location densities of Equivac® HeV vaccine administered to horses around Australia, courtesy of Dr. 21 

Richard L’Estrange, Zoetis Inc. 22 

 23 
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TABLE 14.1A. Summary of Hendra Virus Outbreaks in Horses in Australia 
Year Month State1 Location Total Cases2 
1994 Aug QLD Mackay 2 
1994 Sep QLD Hendra 20 
1999 Jan QLD Cairns 1 
2004 Oct QLD Cairns 1 

Dec QLD Townsville 1 
2006 Jun QLD Peachester 1 

Oct NSW Murwillumbah 1 
2007 Jun QLD Peachester 1 

Jul QLD Cairns 1 
2008 Jun QLD Redlands 8 

Jul QLD Propserpine 4 
2009 Jul QLD Cawarral 4 

Sep QLD Bowen 2 
2010 May QLD Tewantin 1 

2011 

Jun 
QLD Beaudesert 1 
QLD Boonah 3 
QLD Logan 1 
NSW Wollongbar 2 

Jul 

QLD Park Ridge 1 
NSW Macksville 1 
QLD Kuranda 1 
NSW Lismore 1 
QLD Hervey Bay 1 
QLD Boondall 1 
QLD Chinchilla 1 
NSW Mulumbimby 1 

Aug 

NSW South Ballina 1 
NSW South Balinna 2 
NSW Mullumbinby 1 
QLD Gold Coast Hinterland 1 
NSW North Ballina 1 

Oct QLD Beachmere 3 

2012 

Jan QLD Townsville 1 
May QLD Rockhampton 1 

QLD Ingham 1 
Jun QLD Mackay 1 
Jul QLD Rockhampton 3 

QLD Cairns 1 
Sep QLD Port Douglas 1 
Oct QLD Ingham 1 
Jan QLD Mackay 1 
Feb QLD Atherton Tabelands 1 
Jun NSW Macksville 1 
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1QLD = Queensland; NSW = New South Wales 
2All cases were deceased 
 
TABLE 14.1B.  Summary of Hendra Virus Outbreaks in Humans 

Year Month Country Location 
No. 
cases 

No. 
deaths 

Case 
Fatality 
Rate 

1994 Aug  
 
Australia 

Mackay 1 1 100% 
1994 Sep Hendra 2 1 50% 
2004 Oct Cairns 1 1 100% 
2008 Jul Redlands 2 1 60% 
2009 Aug Cararral 1 0 0% 

Total 7 4 57% 
 
Table 14.1C.  Summary of Nipah Virus Outbreaks in Humans 

Year Month Country Location No. 
cases 

No. 
deaths 

NiV 
Clade 
(M/B) 

Case 
Fatality 
Rate 

1998 Spt-Apr 
1999 

Malaysia Started from 
Nipah near Ipoh 

265 105 M  40% 

1999 Mar Singapore Singapore 11 1 M  9% 
2001 Feb India Siliguri 66 45  B 68% 
2001 Apr-May  

 
 
Bangladesh 

Meherpur 13 9  B 69% 
2003 Jan Naogaon 12 8  B 67% 
2004 Jan Raibari 31 23  B 74% 

Apr Faridpur 36 27  B 75% 
2005 Jan-Mar Tangail 12 11  B 92% 

2013 QLD Brisbane Valley 1 
 
Jul 

QLD Gold Coast Hinterland 1 
NSW Macksville 1 
NSW Kempsey 2 

 
2014 

Mar QLD Bundaberg 1 
Jun QLD Beenleigh 1 

NSW Murvillumbah 1 
Jul QLD Gladstone 1 

 
2015 

Jun NSW Murwillumbah 1 
Jul QLD Atherton Tableland 1 
Spt NSW Lismore 1 

2016 Dec NSW Casino 1 
 
2017 

May QLD Gold Cost Hinterland 1 
Jun NSW Lismore 1 
Aug NSW Murwillumbah 1 

NSW Lismore 1 
2018 Sep NSW Tween Heads 1 

Total 103 
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2007 

Jan-Feb  Thakurgaon 7 3  B 43% 
Mar Kushtia 8 5  B 63% 
Apr Pabna, Natore, 

Naogaon 
3 1  B 33% 

Apr India Nadia 5 5  B 100% 
2008 Feb  

 
 
 
 
 
Bangladesh 

Manikgonj 4 4  B 100% 
Apr Rajbari 7 5  B 71% 

2009 Jan Gaibandha, 
Rangpur, 
Nilphamari 

3 0  B 0% 

Rajbari 1 1  B 100% 
2010 Feb-Mar Faridpur, 

Rajbari, 
Gopalgonj, 
Kurigram 

17 15  B 88% 

2011 Jan-Feb Lalmohirhat, 
Dinajpur, 
Comilla, 
Nilphamari, 
Faridpur, 
Rajbari 

44 40  B 91% 

2012 Jan Joypurhat 12 10  B 83% 
2013 Jan-Apr Pabna, Natore, 

Naogaon, 
Gaibandha, 
Manikganj 

24 21   88% 

2014 Jan-Feb 13 Districts 18 9  B 50% 
2014 Mar-May The 

Philippines 
Senator Ninoy 
Aquino 

17 9 M  53% 

2015 Jan-Feb Bangladesh Nilphamari, 
Ponchoghor, 
Faridpur, 
Magura, 
Naugaon, 
Rajbari 

9 6  B 67% 

2018 May India Kerala 23 21  B 94% 
 293 115 M  39% 

355 269  B 76% 
Total 648 384 M B 59% 

 
 
 
TABLE 14.2.  Summary of Henipaviruses Isolated from Different Species and Geographic 
Locations 

    Isolation details   
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Virus Isolate name 
and number 

Year Country Host species/tissue Reference 

Hendra 
  
  
  
  

Horse-1 
VR-1 

1994 
 

Australia Horse/spleen, lung 
Human/lung, liver, kidney, 
spleen 

1 

Bat-1-1 
 
Bat-1-2 
Bat-2 

1996 
 
 

Australia 
 
 

Grey-headed flying fox 
(Pteropus 
poliocephalus)/uterine fluid 
Grey-headed flying fox (P. 
poliocephalus)/fetus Black 
flying fox (Pteropus 
alecto)/fetal lung 

2 

Murwillumbah 
Clifton Beach 
Peachester 
Redlands 
Proserpine 

2006 
2007 
2008 
 

Australia 
 

Horse/lung 
Horse/lung 
Horse/blood 
Horse/lung 
Horse/lung 

3 

Nipah 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

PKL 
EKK 
WWS 

1999 
 

Malaysia 
 

Human/cerebral spinal fluid 
Human/cerebral spinal fluid 
Human/cerebral spinal fluid 

4,5 

UMMC1 
UMMC2 

1999 
 

Malaysia 
 

Human/cerebral spinal fluid 
Human/throat secretion 

6 

UM-0128 
VRI-0626 
VRI-1413 
VRI-2794 

1999 
 

Malaysia 
 

Human 
Pig/lung 
Pig/lung 
Pig/lung 

7 
 

B13/6-18 
B13/6-43 
JA13/6-4 

2000 
 

Malaysia 
 

Bat/pooled urine 
Bat/pooled urine 
Bat/partially eaten jambu air 
fruit 

8 
 

Rajbari-1 
Rajbari-2 
Faridpur 
Rajshahi 

2004 
 

Bangladesh 
 

Human/oropharyngeal 
Human/cerebral spinal fluid 
Human/urine 
Human/urine 

9 
 

CSUR381 
CSUR382 

2004 
 

Cambodia 
 

Flying fox (Pteropus 
lylei)/urine 
Flying fox (Pteropus 
lylei)/urine 

10 

Raypur-31 
Raypur-36 
Raypur-38 
Raypur-40 
Raypur-41 
Raypur-42 
Raypur-43 
Raypur-46 

2013 
 

Bangladesh 
 

Flying fox (Pteropus 
medius)/urine 
Flying fox (Pteropus 
medius)/urine 
Flying fox (Pteropus 
medius)/urine 
Flying fox (Pteropus 
medius)/urine 

11 
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Table 14.3. Henipavirus Cell Tropism and Receptor Expression  

Cell line/ 
Primary 

cells  

Species/Cell 
Type 

Virus EFNB2a EFNB3a 
Infection 

Permissiveb 
Referencec 

HUMAN 

HeLa-
CCL2 

Human Cervical 
Cancer 

NiV 
HeV 

+ - + 
12 
13 

HeLa-
USU 

Human Cervical 
Cancer 

NiV 
HeV 

- - - 
12 

HeLa-
USU-

EFNB2 

HeLa-USU 
stably 

expressing 
EFNB2 

HeV 
CedV 

+ 
+ 

- 
- 

+ 
+ 

14 
15  
 

HeLa-
USU-

EFNB3 

HeLa-USU 
stably 

expressing 
EFNB3 

HeV 
CedV 

- 
- 

+ 
+ 

+ 
- 

14 
15 

Vero 
(various 

subclones) 

African green 
monke kidney 

epithelial 

NiV 
HeV 
CedV 
GhV 

++ + + 

1 
4 
12  
16 
14 
17 

293T 

Human 
embryonic 

kidney 
fibroblast 

 + + + 

18 
19 
20 
21 

A549 
Human lung 

adenocarcinoma 
NiV 
HeV 

+ + + 

22 
23 
24 

Raypur-47 
Sylhet-47 

Flying fox (Pteropus 
medius)/urine 
Flying fox (Pteropus 
medius)/urine 
Flying fox (Pteropus 
medius)/urine 
Flying fox (Pteropus 
medius)/urine 
Flying fox (Pteropus 
medius)/urine 
Flying fox (Pteropus 
medius)/urine 



 6

PCI 13 
Human head and 
neck carcinoma 

NiV 
HeV 

+ + + 
12 
25 

U373-MG 
Human 

astroglioma 
NiV 

 
+ ++ 

+ 
 

12  
25 
26 

U87-MG 
Human 

glioblastoma 
NiV 
GhV 

+ + + 

27 
28 
17 
29 

HBMEC 
(Primary) 

Human brain 
microvascular 

endothelial  
NiV + - + 

30 
16 

HUVEC 
(Primary) 

Human 
umbilical cord 

endothelial  

NiV 
HeV 

+ + + 
31 
32 

HuNSC 
Neurons/ 

Astrocytes 
(Primary) 

Human neural 
stem cells 

derived neurons 
and astrovytes  

NiV,  
HeV 

+ + + 
33 
32 

NHBE 
(Primary) 

(Normal) 
Human 

bronchial 
epithelial   

NiV, 
HeV 

 
+ + + 

34 
35 
 

SAEC 
(Primary) 

Human small 
airway 

epithleilial  

NiV 
HeV 

+ + + 

34 
35 
 

Hu PBL 
(Primary)  

Human 
peripheral blood 

lymphocytes 
NiV (+/-)d (+/-)d - 26 

HuMono/
Mac/DCs 
(Primary) 

Human 
monocytes, 

macrophages, 
dendritic cells 

NiV  
Mono/ 

Mac (+/-)d 
DC (+/-)d 

Mono/ 
Mac (+/-)d 

DC (-) 

Mono (-) 
Mac (-) 
DC (+/-) 

26,36 

HuOE 
(Primary) 

Human olfactory 
epithelial 

NiV 
HeV 

(?) + + 
37 
38 

Cell line/ 
Primary 

cells 

Species/Cell 
Type 

Virus EFNB2a EFNB3a 
Infection 

Permissiveb 
Referencesc 

NON-HUMAN 

BHK-21 
Baby hamster 

kidney 
NiV 

 
+ (?) + 

13 
22 
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fibroblast  

CHO 
Chinese 

Hamster Ovary 

NiV  
HeV - - - 

39 
40 
13 

CHO-B2 
CHO stably 
expressing 
ephrin-B2 

NiV  
HeV + - + 

39 
40 

CHO-B3 
CHO stably 
expressing 
ephrin-B3 

NiV  
HeV - + + 

39 
40 

CRFK 
Cat (Feline) 

kidney epithelial  
NiV 
HeV 

+ + + 20 

PBMEC 
(Primary) 

Porcine brain 
microvascular 

endothelial  
NiV + + + 

16 
41 

PAEC 
(Primary) 

Pig Aorta 
Endothelial 

NiV - - - 16 
 

PK13 Pig kidney 
fibroblast 

NiV - - - 39 
42 

Rat 
cortical 
neurons 

Rat cortical 
neurons 

(Primary) 

NiV + + + 39 
19 

4/4RM4 
Rat pleural 
mesothelial 

NiV + ND + 
13 
43 

L2 
Rat lung 
epithelial 

NiV + ND + 
13 
44 

208f Rat embryonic 
fibroblast 

NiV + ND - 13 
44 

P815 Mouse mast cell NiV + ND - 13 
44 

MyEnd 
Mouse 

myocardial 
endothelial 

NiV (?) (?) - 
16 
 

PaLuT02 
Immortalized P. 
alecto (fruit bat) 

lung cells 

NiV 
HeV 

+ + + 
45 
46 

PaKi 
Primary P. 

alecto (fruit bat) 
kidney cells 

HeV + + + 
45 
46 
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PaBrH04 
Immortalized P. 
alecto (fruit bat) 

brain cells 

NiV 
HeV 

+ + + 
47 
46 

MMEC Mouse 
microvascular 
endothelium  

NiV 
HeV 

 

(?) (?) (+/-)d 22 
 

a Expression inferred from (1) transcriptional data (microarray, next-generation sequencing, RT-
PCR, etc.) provided in the cited references, or (2) indepedently verified through the Gene 
Expression Omnibus (GEO) Database (https://www.ncbi.nlm.nih.gov/geo/), or (3) competition 
with soluble ephrinB ligands or interference with cognate henipavirus receptor binding proteins. 
b For clarity and uniformity, only infection-permissive (not fusion-permissive) data are indicated; 
infection includes use of live virus and/or pseudotyped virus. c References cited support 
expression, infection data, or cell-type origin where relevant, and are representative, not 
comprehensive.   d Indicates >10-100-fold below positive control when quantitative data is 
avialable. ND, not determined; (?), not specifically mentioned. 
 
TABLE 14.4 Detection of Nipah or Nipah-related Virus Infection in Bats (Geographic 
surveillance studies) 

Bat Species Method and country of detection Reference 
Serology PCR Isolation 

Suborder: Yinpterochiroptera 
Cynopterus 
brachyotis 

Malaysia   48 

Cynopterus 
sphinx 

Vietnam   49 

Eidolon 
dupreanum  

Madgascar   50 

Eidolon helvum Ghana, Zambia, 
Malawi, 
Tanzania, 
Uganda, Rio 
Muni, Bioko, 
Príncipe, Saõ 
Tomé, Annobón, 
Cameroon 

Ghana, 
Gabon,   
Democratic 
Republic of 
Congo, 
Central African 
Republic, 

 51; 52; 53; 54; 
55 

Eonycteris 
spelaea 

Malaysia   48 

Epomophorus 
gambianus 

Ghana Democratic 
Republic of 
Congo,  
Gabon, Republic 
of Congo 

 51, 53 

Hipposideros 
armiger 

China   56 

Hipposideros Thailand Thailand  57 
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larvatus 
Hipposideros 
pomona 

China   56 

Hypsignathus 
monstrosus 

Ghana Republic of 
Congo, Central 
African Republic,  

 51, 53 

Myonycteris 
torquata 

 Democratic 
Republic of 
Congo, Gabon, 
Republic of 
Congo 

 53 

Rhinolophus 
affinis 

China   56 

Rhinolophus 
sinicus 

China   56 

Rousettus 
leschenaulti 

China, Vietnam   56; 49 

Rousettus 
aegyptiacus 

 Gabon  53 

Pteropus 
giganteus 

Bangladesh, 
India 

  58 

Pteropus 
hypomelanus 

Malaysia, 
Thailand 

Thailand Malaysia 48;   59; 60 

Pteropus lylei Cambodia, 
Thailand 

Thailand Cambodia 10,61,62 

Pteropus medius  Bangladesh, India Bangladesh 63; 11; 64 
Pteropus rufus  Madgascar   50 
Pteropus 
vampyrus 

Malaysia, 
Thailand  

  48; 57 

Suborder: Yangochiroptera 
Carolia 
perspicillta 

 Costa Rica  53 

Miniopterus spp. China   56 
Myotis 
daubentoni 

China   56 

Myotis ricketti China   56 
Pteronotus 
parnellii 

 Costa Rica  53 

Scotophilus kuhlii Malaysia   48 
 

TABLE 14.5 | Summary of Advanced Henipavirus Vaccination Development Initiatives 
Evaluated in Animal Challenge Models  

Platform Viral antigen target or 
immunogen  

Animal challenge model  
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Active vaccination 

Recombinant vaccinia 

virus 

Recombinant canarypox 

virus 

Recombinant VSV 

 

Recombinant AAV 

Recombinant measles 

virus 

Recombinant subunit 

 

Nipah F and/or G 

glycoprotein 

Nipah F and/or G 

glycoprotein 

Nipah F and/or G 

glycoprotein 

 

Nipah G glycoprotein 

Nipah G glycoprotein 

Hendra soluble G 

glycoprotein 

 

Hamstera (NiV) 

Pigb (NiV) 

Ferretc (NiV), Hamsterd (NiV), 

nonhuman primatee (NiV) 

Hamsterf (NiV, HeV) 

Hamsterg, Nonhuman primate (NiV, 

HeV) 

Cath (NiV), Ferreti (HeV, NiV), 

nonhuman primatej (HeV, NiV) 

Horsek (HeV) 

Passive immunization 

Human monoclonal 

antibody m102.4 

 

Hendra / Nipah G 

glycoprotein 

 

Ferretl (NiV)  

Nonhuman primatem (HeV, NiV) 

aHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vaccinia viruses 
were protected against disease following intraperitoneal challenge with 103 PFU of NiV.65 
bPigs immunized with NiV F and/or G glycoprotein encoding recombinant canarypox viruses 
were protected against intranasal challenge with 2.5x105 PFU of NiV.66. 
cFerrets immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis 
virus (VSV) vectors were protected against lethal intranasal challenge with 5x103 PFU of NiV.67 
dHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vesicular 
stomatitis virus (VSV) vectors were protected against lethal intraperitoneal challenge with 105 
TCID50 of NiV;68 or 6.8x104 TCID50 of NiV.69 
eAfrican green monkeys immunized with a NiV G encoding recombinant VSV vector were 
protected against lethal intratracheal challenge with 105 TCID50 of NiV.70,71 
fHamsters immunized with a NiV G encoding recombinant adeno-associated virus (AAV) vector 
were protected against lethal intraperitoneal with 104 PFU of NiV.72 
gHamsters and African green monkeys immunized with a NiV G encoding recombinant measles 
virus vector were protected against lethal intraperitoneal challenge with 103 TCID50 of NiV 
(hamsters) or 105 TCID50 of NiV (AGMs).73 
hHendra virus soluble G glycoprotein (HeV-sG) used to immunize cats protects against lethal 
subcutaneous (500 TCID50)74 or oronasal (5x104 TCID50) NiV challenge.75 
iHeV-sG used to immunize ferrets protects against lethal oronasal challenge with 5x103 TCID50 
of HeV76 or 5x103 TCID50 of NiV challenge.77 
jHeV-sG used to immunize African green monkeys protects against lethal intratracheal challenge 
with 105 TCID50 of NiV78 or 5x105 PFU of HeV.79 
kHeV-sG used to immunize horses protects against lethal oronasal challenge with 2x106 TCID50 

of HeV80. 
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lA NiV and HeV cross-reactive G glycoprotein specific neutralizing human mAb (m102.4) 
protects ferrets against lethal oronasal challenge with 5x103 TCID50 of NiV81 or 5x103 TCID50 of 
HeV (J. Pallister and C. Broder, unpublished) by post-exposure infusion. 
mHuman mAb m102.4 protects African green monkeys by post-exposure infusion following 
lethal intratracheal challenge with 4x105 TCID50 of HeV82 or lethal intratracheal challenge with 
5x105 PFU of NiV.83,84 
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<H1>History

Hendra virus (HeV), the first known member of the genus Henipavirus in the family Paramyxoviridae, came to light in September 1994 as the causative agent of a sudden outbreak of acute respiratory disease in thoroughbred horses at a stable in Brisbane, Australia. A total of 21 horses and 2 humans (a horse trainer and a stable hand) became infected. The horse trainer and 14 horses died, and 7 horses with mild or subclinical infection were euthanized.1,2 A virus was isolated, initially called Equine Morbillivirus but later re-named Hendra virus after the Brisbane suburb where the outbreak occurred. A second person died from HeV infection 13 months after the Brisbane outbreak, a farmer from Mackay, nearly 1000 km north of Brisbane. Unlike the first case, however, the man succumbed to encephalitis caused by HeV infection.3  A forensic retrospective investigation found that the farmer had suffered a mild meningitic illness 14 months earlier after assisting at the necropsy of two horses that had died of severe respiratory distress—later found to have been caused by HeV4—and that he became infected at that time. After initial serologic evidence suggested that fruit bats (flying foxes) of the genus Pteropus in the suborder Yinpterochiroptera  were the reservoir hosts.5 HeV was isolated from two species of flying fox.6 In total, there have been 60 recognized occurrences of HeV in Australia between 1994–2018, with at least one occurrence per year since 2006 (Table 14.1A-online).7  Every occurrence of HeV has involved horses as the initial infected host, causing lethal respiratory disease and encephalitis, along with a total of seven human cases arising from exposure to infected horses, among which four have been fatal and the most recent in 2009 (Table 14.1B-online).8

Nipah virus (NiV), the second known member of the genus Henipavirus, emerged as the cause of an outbreak of disease in pigs and humans in Peninsular Malaysia in 1998 through 1999. The epidemic started in Perak State as clusters of cases of encephalitis among pig farmers. It was initially believed to be caused by Japanese encephalitis virus; however, various features of the outbreak, including a high proportion of cases in direct contact with pigs and illness and deaths in pigs, differed from those expected with Japanese encephalitis.9 Indeed, respiratory illness and encephalitis in pigs preceded human cases in the same district.10 The epidemic spread south to the intensive pig-farming areas of Negeri Sembilan in December 1998 and subsequently peaked between February and April 1999. More than 1 million pigs were destroyed to halt the spread of the epidemic, and by late May, 265 human cases of acute encephalitis with 105 deaths were recorded.9,11 A cluster of 11 cases with 1 death occurred among abattoir workers in Singapore.12 In early March 1999, a virus was isolated from the cerebrospinal fluid (CSF) of a patient with encephalitis and identified as the etiologic agent.9,11  Named Nipah virus after the village from which the patient had come, it was shown to be closely related to HeV. NiV was subsequently isolated from the urine of Malaysian flying foxes.13 A highly related NiV emerged in Bangladesh in 2001,14 and outbreaks of NiV-related encephalitis have occurred in people from that country almost every year since, along with three reports of NiV encephalitis in India15,16, albeit in Bangladesh adjacent regions. However, the most recent outbreak of NiV occurred in 2018 in Kerala (India), more than 2,500 km south-west of NiV-endemic Bangladesh counties. This outbreak claimed 21 lives out of 23 infected human cases.17  In 2014, a NiV outbreak occurred in the Province of Sultan Kudarat, the Phillipines, which resulted in the death of 9 humans from 11 which showed an acute encephalitis syndrome.18 The human case fatality rate of these NiV outbreaks averages around 60% (Table 14.1C). So far human NiV oubreaks have been documented in a total of five countries: Malaysia, Singapore, Bangladesh, India and the Philippines. Sero-epidemiological evidence for henipavirus spillover events from bats into high-risk human populations have also been reported in Cameroon.19 

<TAB14.1C>

<H1>Infectious Agent

<H2>Classification 

When HeV was first isolated in 1994, partial sequencing of the matrix gene (M) revealed that it most closely resembled members of the genus Morbillivirus in the subfamily Paramyxovirinae.2 Subsequent characterization of the full-length genome, however, revealed that many of the genetic features of HeV were unique among paramyxoviruses and that the virus did not fit within any of the three genera existing at that time, Morbillivirus, Respirovirus, and Rubulavirus.20,21 When NiV was isolated in 1999, it was initially described as Hendra-like on the basis of its strong reactivity with anti-HeV antibodies. Later it was shown that sera raised against HeV were able to neutralize NiV and vice versa, and that both viruses shared a high degree of similarity in genome organization and protein size and sequence.11,22-24 In 2002, the genus Henipavirus was created to accommodate these novel paramyxoviruses, and HeV was designated the type species.25 Since 1994, there have been 38 isolations of HeV or NiV from humans, bats, horses, and pigs over a wide geographic area and spanning a period of approximately 20 years (Table 14.2-online). The susceptibility of humans, the virulence of the viruses, and absence of therapeutics and vaccines led to classification of HeV and NiV as biosafety level 4 (BSL4) pathogens. In the latest report from the paramyxovirus study group under the order Mononegavirales, the genus Henipavirus has been expanded to include three new species,26,27  they are Cedar henipavirus (Cedar virus, CedV) isolated from bats in Australia, 28  Ghanaian bat henipavirus (Ghana virus, GhV) detected in bats from Ghana, 29 and Mojiang henipavirus (Mòjiāng, MojV) detected in rats in China.30  These three new species are highly divergent from NiV and HeV, and only CedV has been isolated.  GhV and MojV are only known from sequence information. Henipavirus is now classified as one of the seven ICTV-approved genera in the family Paramyxoviridae. 	Comment by Benhur Lee: Nomenclature will change pending official ICTV ratification in March 2019

<H2>Propagation in Cell Culture and Cytopathic Effect

The ultrastructural characteristics of henipavirus-infected cells resemble those found in cells infected by other members of the Paramyxoviridae. Shared features include generation of large syncytia and the presence of viral nucleocapsids in cytoplasmic inclusion bodies and underlying electron-dense areas of the plasma membrane.31,32 In Vero cells, NiV-induced syncytia are significantly larger than those generated by HeV and nuclei and nucleocapsids are frequently located at the cell periphery, compared with HeV-induced syncytia, where they tend to be more centrally located or distributed randomly throughout the cytoplasm (Fig. 14.1). Henipavirus-infected cells also contain structures that are not seen with other paramyxoviruses—specifically a network of membrane-like reticular structures in the cytoplasm and long tubules that appear to be continuous with the plasma membrane in NiV-infected cells. Tubules can also be observed in NiV virions (Fig. 14.2A). In situ hybridization suggests that these reticular structures contain viral RNA and may play a role in viral transcription.31

<FIG14.1><FIG14.2>

<H2>Virus Morphology

Henipavirus particles are pleomorphic, varying from spherical to filamentous and ranging in size from 40 to 1,900 nm. 2,31,32 Nucleocapsids have a diameter of 18 to 19 nm with an average pitch of 5 nm. When examined by electron microscopy (EM), HeV has a unique double-fringed appearance, caused by the presence of surface projections 15 ± 1 nm and 8 ± 1 nm in length (see Fig. 14.2B). Approximately 95% of virions contain the double fringe, and the remaining 5% display a uniform fringe length of 15 ± 1 nm. Unlike HeV, NiV possesses a single layer of surface projections with an average length of 17 ± 1 nm, and NiV particles released into the culture medium are difficult to image because they are routinely penetrated by negative stains. This suggests that the viruses may differ in the physical nature of their envelope.32

<H2>Genome Length and Organization

In the family Paramyxoviridae, the genome length of all characterized viruses is divisible by six, an observation caused by the requirement of each N protein in the viral ribonucleoprotein to bind 6 nucleotide (nt) residues (see Chapter 13). This is also true for HeV and NiV despite their much larger genome sizes.24 The genomes of the Malaysian (MY) and Bangladesh (BD) strains of NiV differ by 6 nt because of a 6-nt increase in the 3′ untranslated region of the F gene in NiV-BD.33 A minigenome replicon study confirms that NiV complies with the rule of six.34 When the complete genome sequence of HeV was determined, its length (18,234 nt) was more than 2,700 nt, or 15% longer than the genomes of all other paramyxoviruses known at that time.21 The size of NiV genomes at 18,246 nt to 18,252 nt are slightly larger than that of HeV.22,23,33 These large genome sizes of >18 kb is a conserved feature of henipaviruses as even the recently discovered and more divergent CedV, GhV, and MojV all have genomes between 18,162 nt (CedV) to ~18,430 nt (GhV). Given the caveat that there is wide variation amongst individual species of the other paramyxovirus genera, the extra length of the henipavirus genome is primarily due to the longer 3’ untranslated regions (3’UTRs) at the end of several of its six genes, and a larger P gene relative to the other paramyxovirus genera. A comparison of genome length and gene organisation of representative members of the Paramyxoviridae is shown in Fig. 14.3A. The nomenclature of each of the six major genes common to all paramyxoviruses have been updated to reflect the latest ICTV convention.35 An analysis of the 3’ UTR lengths between extant henipaviruses and representative species from each paramyxovirus genera that infects mammals is presented in Fig. 14.3B. The most significant differences are in the 3’UTRs of N, P, and RBP genes even given the wide variance seen within each genus. The significance of long 3’ UTRs, especially in HeV and NiV, is generally unknown. However, the N gene 3’UTR of NiV appears to play a role in the downregulation of N mRNAs via specific interactions with hnRNP D.36     

<FIG14.3A><FIG14.3B>

The genome organization of henipaviruses resembles that in the genera Respirovirus and Morbillivirus. The first 12 nt of the 3′ and 5′ genomic terminal sequences of paramyxoviruses are highly conserved and complementary, containing promoter elements for replication and transcription (see Chapter 13). The first 3 nt of the henipavirus genome termini are 5′-ACC-3′—a sequence that is absolutely conserved in members of the family Paramyxoviridae and different from that found in the family Pneumoviridae.

<H2>Virus Proteins and Their Properties

Analysis of purified viruses by polyacrylamide gel electrophoresis reveals RdRP (L), P, RBP (G), F0, N, F1, M, and F2 proteins20,24 where F0 is the uncleaved and F1 and F2 the cleaved products of the F gene (Fig. 14.4A). Interestingly, F0 is more readily detected in HeV compared with other paramyxoviruses, including NiV,24,37 which may suggest that HeV-F is less efficiently cleaved.  Overall, the proteins of henipaviruses are typical of those of Paramyxoviridae, with the exception of the P protein, which is significantly larger than cognate proteins in this virus family.26 The P protein is translated from messenger RNA (mRNA) that is co-linear with genomic RNA. For most henipaviruses, the P gene also encodes V and W proteins, produced from mRNA in which one and two nontemplated G residues, respectively, are inserted at the RNA editing site during transcription.  The P, V, and W proteins, therefore, are identical for the first 405 amino acid residues. A C protein is encoded by the 5′ end of the gene in an overlapping reading frame and is produced by an internal translational initiation mechanism, which is common to other members of Paramyxoviridae, except for rubulaviruses (see Chapter 13).  The P-derived V, W, and C proteins are present in HeV-infected and/or NiV-infected cells.24,38 It is worth noting that Cedar virus lacks both the RNA editing and expression of the V protein.28 Similar to other paramyxoviruses, P itself and its derived proteins (V, W and C in the case of most henipaviruses), all antagonize innate immune responses via a diverse set of mechanisms.39,40  The C protein also interacts with the host cell ESCRT machinery and the virus matrix (M) protein itself to facilitate virus budding (see Pathogenesis section for more details on function of these P-derived proteins).41  

<FIG14.4A><FIG14.4B>  

Paramyxovirus N, P, and RdRP proteins are necessary and sufficient for replication of viral RNA both in vitro and in vivo as discussed in chapter 13. This has been confirmed for henipaviruses by reverse genetics. Using a minigenome replicon containing leader and trailer sequences of the NiV genome with its entire coding region replaced with a reporter gene, it was shown that efficient genome replication was achieved only when all three proteins were expressed in the same cell.34,42 NiV N, P, and RdRP proteins were also able to rescue a minigenome constructed from the leader and trailer sequences of the HeV genome, demonstrating the close genetic relationship between the viruses. Full-length recombinant NiV bearing the matrix (M), fusion (F) and receptor binding protein (RBP) genes from HeV, singly or in combination, can also be functionally rescued.  These chimeric but isogenic rNiVs replicate well in primary human endothelial and neuronal cells, further underscoring the genetic relatedness of NiV and HeV that allows for heterotypic complementation between their major structural proteins.43  These henipavirus structural proteins contribute to unique aspects of the henipavirus life cycle (Fig. 14.4B), and play different roles in the spread and virulence of henipaviruses (as discussed in the Pathogenesis section).  

The RdRP protein of nonsegmented, negative-stranded RNA (NNR) viruses in the order Mononegavirales contains a highly conserved GDNQ motif, believed to be important for polymerase activity.44 Henipaviruses were the first NNR viruses in which GDNQ was replaced by GDNE. It was speculated that this motif might be unique to paramyxoviruses with relatively large genomes21,24; however, the GDNE motif has since been found in the RdRP protein of Mossman virus that has a genome length of 16,650 nt.45 Conversely, other henipaviruses of both Asiatic (CedV) and African lineages (GhV) also have the GDNQ motif that is common to most other NNR viruses. High-resolution cryo-EM structures of VSV-RdRP (another NNR virus, family Rhabdoviridae) suggest that GDN is the truly conserved catalytic motif essential for the polymerase function of RdRP.46         

The receptor binding proteins (RBPs) of the Paramyxoviridae display hemagglutination (H) and neuraminidase (N) activities in a predominantly genus-specific manner. Viruses in Respirovirus, Avulavirus, and Rubulavirus genera possess both activities, hence their RBPs were formerly termed HN proteins47 whereas viruses in the genus Morbillivirus do not behave uniformly and only some possess hemagglutination activity, but nonetheless their RBPs were formerly termed H.48 This is an unfortunate misnomer. Paramyxoviruses with RBPs bearing HN activity genuinely use sialic acid based receptors for entry whereas “H” activity of some morbilliviruses arise from the ability of their RBPs to bind CD46 expressed on some non-human primate (NHP) red blood cells.49 In contrast, henipavirus RBPs have neither of these activities24,50; rather, they utilize at least ephrin-B2, and in many cases, also ephrin-B3 expressed on host cell surfaces as attachment and entry receptors 51-54,28,55. The exception is MojV, which does not appear to use any known paramyxovirus receptors.56 Recent solution structures of various henipavirus RBPs alone and in complex with the ephrin-B2 and/or ephrin-B3 receptors have revealed the details of the virus–host cell binding process, distinguishing it from other paramyxoviruses’s receptor binding strategies.57-59, 49,55,56 (Fig. 14.5)

<FIG14.5>

Proteolytic processing of paramyxovirus F proteins is essential for the generation of a fusogenic form of the protein. For most paramyxoviruses that generate systemic infections, furin-like proteases in the secretory pathway cleave their F proteins at a multibasic cleavage site.60 Surprisingly, henipavirus F proteins are cleaved without the involvement of furin and, although cleavage occurs at a single basic residue—lysine for HeV and arginine for NiV.37 —activation of the NiV F protein does not require a basic amino acid at the cleavage site.61 Instead, endosomal/lysosomal cysteine proteases such as cathepsins L and B are responsible for the cleavage of henipavirus F proteins.62-65 To access cathepsins L/B, henipavirus F proteins are endocytosed upon initially reaching the cell surface in an uncleaved form, and subsequently have to traffic back to the cell surface once they are cleaved into a fusion-competent form (Fig. 14.4B). 55,57  Classical endocytic YXXØ motifs 66,67 in the cytoplasmic tails of henipavirus F proteins and specific residues in the transmembrane domain of at least HeV-F regulate this trafficking behaviour through the early/sorting (S490) and recycling endosomal (Y498) compartments.68  Henipavirus F proteins also have the ability to bud by themselves forming F-only particles in the absence of M.69,70    

The matrix protein (M) plays a major role in the efficient assembly and budding of infectious paramyxoviruses.71,72 M interacts specifically with N, the cytoplasmic tail of F, as well as cognate lipid ligands along the vesicular trafficking pathway. These orchestrated interactions help to co-ordinate the envelopment of encapsidated viral genomes (RNPs) and the budding of infectious virions bearing a relatively high density of viral envelope glycoprotein spikes. General details on the role that matrix plays in paramyxovirus assembly and budding are given in the previous chapter 13.    

Henipavirus M exhibits some relatively unique behaviours and functions. For example, NiV and HeV M have classical nuclear localization and export sequences (NLS, NES) that when mutated give the relevant nuclear exclusion and nuclear retention phenotypes, respectively.73 Time-course monitoring of M trafficking during live NiV and HeV infection indicates that M first appears in the nucleus, localizes to subnuclear compartments, including the nucleolus, before exiting into the cytoplasm and trafficking to the plasma membrane to coordinate virus assembly and budding (Fig. 14.4B).73,74  This nuclear transit is regulated by ubiquitination and is critical for M to acquire its budding functionality.73,75 Henipavirus M is multi-mono and poly-ubiquitinated; a lysine to arginine mutation of a key residue in its bipartite NLS is sufficient to dysregulate ubiquitination of M and abrogate its budding function.73,75  The latter is true not only in HeV and NiV, but also in divergent henipaviruses (GhV, CedV, MojV), albeit to varying degrees.76 Matrix interactome studies have identified many nuclear interacting factors, including importins and exportins, consistent with the nuclear-cytoplasmic trafficking phenotype of M.75,77.

<H2>Host Range

For most paramyxoviruses, host range is limited and interspecies transmission is rare. In contrast, henipaviruses display a broad species tropism. In addition to a large number of bat hosts at various geographic locations (see more detail in Epidemiology section), NiV has naturally infected pigs, humans, dogs, horses, and cats,10,11,78-80 whereas HeV infects all four Australian flying fox species and has naturally infected humans, horses and dogs.2,81-83  Confirmation of the wide host range of these henipaviruses and the identical cell tropism of HeV and NiV were obtained early using an in vitro cell fusion system that relies on vaccinia virus–mediated cell surface expression of G and F glycoproteins.84-86 Bats, guinea pigs, hamsters, ferrets, squirrel monkeys, and African green monkeys are also susceptible to experimental NiV infection.87-91 Laboratory studies have added cats, guinea pigs, hamsters, ferrets, dogs and African green monkeys to the list of HeV-susceptible species.83,92-96 CedV, isolated from flying foxes (Pteropus sp.) in Cedar Grove, Australia, can establish transient but non-pathogenic infections in laboratory challenged guinea pigs and ferrets. GhV and MojV, known only from sequence information, were identified from bats29 and rats,30 respectively. 



<H1>Pathogenesis and Pathology 

<H2>Entry into the host  

Epidemiological and experimental studies generally support an oronasal 8,97,98 or oropharygeal99-101 route of entry. This occurs directly or indirectly via saliva, urine, or oronasal sceretions that are contaminated with relatively high levels of HeV or NiV.83,95,97,102-113 Fig. 14.6 summarizes what is known about how NiV is transmitted to humans either directly from their pteropid reservoir hosts—fruit bats or flying foxes—or indirectly via a secondary amplifying host such as pigs, horses and humans. Direct bat-to-human transmission has been associated with consuming contaminated fruit or liquid (e.g. date palm sap) 99-101. Human-to-human transmission of NiV has been well-documented, especially in Bangladesh107,114-116 and the most recent outbreak in Kerala (India).17  However, all 7 known cases of HeV infections in humans have resulted from contact with sick horses already exhibiting symptoms of respiratory distress,117 likely after being exposed to food or water contaminated with saliva and urine/droppings from HeV-infected flying foxes.118  While patients that succumb to henipavirus infections eventually die from encephalitic complications that often involve brainstem neuronal dysfunction,98,119 there is diversity of clinical presentations.120 For example, NiV-MY infected patients in Malaysia present less often with respiratory involvement (~40%) than the vast majority of NiV-BD infected patients in Bangladesh and India, including the latest outbreak in Kerala (India). The handful of HeV infected humans have also presented with encephalitic illness with or without a respiratory component (see Clinical Features section). To better understand the pathogenesis and pathology associated with henipavirus disease in humans, many relevant animal models have been developed that either represent natural amplifying hosts (pigs and horses) or that reproduce well the respiratory and encephalitic disease seen in humans (hamsters, ferrets and African green monkeys (AGMs)). 121,122 Despite the broad host range mentioned in the prior section, other animal challenge models (guinea pigs, cats, dogs) either do not represent the full spectrum of disease seen in humans, or are relatively asymptomatic when challenged with NiV and/or HeV.83,121 

<FIG14.6>

<H2>Site of primary replication, virus spread, and cell and tissue tropism 

The clinical and pathological data from humans (see Clinical Features section), relevant animal models, and cell tropism studies (Table 14.3) indicate that the initial site of replication is within the respiratory system, likely involving cells lining the oro-/naso-pharyngeal epithelium as well as bronchiolar epithelial cells, type I pneumocytes, alveolar macrophages or pulmonary airway dendritic cells (DCs).40,122-125  The distribution and time of appearance of lesions throughout the vasculature and in the brain and lung in NiV encephalitis suggest that secondary infection probably arises via hematogenous spread of the virus, with secondary replication occurring in vascular endothelium.126  Inflammation of blood vessels (vasculitis) occurs in most organs but is particularly prominent in the brain, lung, heart, kidney and spleen.9,126,127 Vasculitis is limited to small arteries, arterioles, and capillaries where NiV antigen is found in both endothelial cells and the smooth muscle of the tunica media. The pattern and time of appearance of vasculitis and viral antigen distribution are consistent with endothelial cell infection occurring before infection of the smooth muscle. The 5-day interval between maximal vasculitis in the brain and parenchymal infection in acute NiV encephalitis suggests that virus replication occurs first in endothelial cells, with infection of neurons occurring as a result of vascular damage and breakdown of the blood-brain barrier (BBB).  In humans as well as in pigs and hamsters, viral antigen positive brain microvascular endothelial cells can be observed in areas of compromised BBB integrity.126,128,129  The presence of inclusion bodies and viral antigen in neurons, along with widespread histologic and radiologic lesions, suggests that neurologic impairment in NiV (and HeV) encephalitis may be caused by both the effects of ischemia and infarction and viral infection of neurons.12,97,126  

<TAB14.3>

In addition to the systemic vasculitis, NiV antigen is clearly present in the parenchyma of multiple organs mentioned above.  The same pathology has been reported for a fatal case of acute HeV encephalitis.130  Similar widespread infection and multiorgan vasculopathy has been demonstrated in relevant animal models  with the highest viral antigen load consistently seen in the lung and brain (Fig. 14.7). 121,122 Interestingly, intranasal inoculation in pigs, hamsters, and ferrets suggests that NiV can also directly invade the central nervous system (CNS) through the olfactory epithelium (OE). NiV antigen positive neurons or olfactory nerves can be found extending through the cribiform plate or in the nasal turbinate into the olfactory bulb.123,129,131 While primary human OE cells are susceptible to henipavirus infection132, the olfactory route is unlikely to be the major mode of CNS invasion in humans (and the AGM model). Primates have a relatively smaller area of OE compared to hamsters, pigs, or ferrets where the majority of evidence regarding the olfactory route of entry has been gathered.87,129,131 In addition, NiV antigen was not detected in the olfactory bulbs of at least nine infected patients from the autopsy series reported from the  Malaysian outbreak.126   

<FIG14.7>

The widespread cell and tissue tropism of NiV and HeV seen in humans and the various animal models is determined by the expression pattern of the henipavirus receptors, ephrin-B2 and ephrin-B3. 51-54  The ephrinB ligands and their cognate EphB receptors are both receptor tyrosine kinases that mediate bidirectional cell–cell signaling events upon engaging each other. They are critical modulators of cell remodeling events, especially within the nervous and vascular systems.133,134 They are also highly conserved among vertebrates, which explains, at least in part, the unusually broad species tropism of henipaviruses. Ephrin-B2 is found in arteries, arterioles, and capillaries in multiple organs, and is more broadly distributed across multiple tissues and cell types (Fig. 14.8), including neurons, arterial smooth muscle and human bronchiolar epithelial cells 133,135-137  but is absent from venous components of the vasculature.138,139 In contrast, ephrin-B3 is essentially restricted to the brain134 where it is expressed higher than ephrin-B2 (Fig. 14.8).  Its relative absence from organs such as lung, kidney, and spleen, as well as from arterial endothelium suggest that the systemic vasculitis, respiratory distress, and other end-organ pathologies seen in henipavirus infections is largely a consequence of ephrin-B2-mediated entry. Conversely, ephrin-B3 mediated entry may play a larger role in the spread of HeV and NiV within the CNS.    

<FIG14.8>

Human lymphocytes (mainly T- and B- cells), and monocytes, despite being non-permissive for NiV infection140 or HeV-F/RBP induced fusion84, can bind and transfer NiV to permissive microvascular endothelial cells in vitro. 140 This trans-infection phenotype, thought to be mediated by heparan sulfates,141 may be an efficient form of hematogenous spread in addition to the free form viruses that make up the plasma viremia seen in acute NiV and HeV infections in humans. This acute but transient viremia appears about 4-7 days post-onset of illness (POI) and in survivors, is usually undetectable within 2-4 weeks POI depending on severity of the disease course.17,142-144 A similar course of plasma viremia can also be detected in AGMs challenged intratracheally and orally with NiV.88 The next section on the Immune Response will discuss possible mechanisms by which viremia is cleared in survivors. 

<H2>Immune Response

Viral antagonism of innate immune responses 

HeV and NiV have a broad host range that is uncommon in paramyxoviruses. This ability to replicate, spread, and cause acutely lethal disease amongst multiple species suggest that these viruses have evolved effective means to antagonize or evade innate antiviral responses that might otherwise keep them in check until adaptive immune responses develop.  In henipaviruses, as in other paramyxoviruses, 40 the major anti-interferon (IFN) activities are encoded by the P gene and in vitro studies indicate that P gene products inhibit both IFN induction and signalling (Fig. 14.9). 39 In IFN induction, various forms of viral double-stranded RNA (dsRNA) are detected by cytoplasmic RNA helicases145-147 such as RIG-I and MDA-5, and by toll-like receptor-3 (TLR-3). 147,148 Both of these dsRNA signaling pathways, via a cascade of signaling events depicted in Fig. 14.9 (left)  lead to activation and nuclear translocation of interferon regulatory factor (IRF)-3, or if present, IRF-7, and nuclear factor kappa B (NF-kB); transcription factors that induce the expression of IFN-α/β proteins.  HeV and NiV inhibit dsRNA signaling via its V protein, which binds to MDA-5 and prevents downstream signaling145,149,150 but does not abrogate dsRNA signaling through TLR-3.151 Recent evidence suggest that NiV-V also binds RIG-I and its regulator (TRIM25), disrupting downstream signalling. 152   In an additional strategy unique to henipaviruses, the W protein, by virtue of a NLS located in the unique carboxy terminal, inhibits induction of IFN-α/β expression in the nucleus by targeting a process that is part of both helicase-dependent and TLR-3–dependent signaling pathways.153 Unexpectedly, the NiV M protein, can also inhibit IFN- induction by indirectly antagonizing the activity of IKK, the kinase responsible for IRF-3 activation.154       

<FIG14.9>   

In the IFN signaling pathway (Fig. 14.9, right), IFN binds to the IFN- receptor (IFNAR) on cells and initiates a signaling sequence that leads to activation of members of a family of proteins called signal transducers and activators of transcription (STAT).155,156 Henipaviruses inhibit IFN signaling by sequestering STAT proteins in high molecular weight complexes and preventing their phospho-activation .157,158 The anti-IFN signaling activity is a property of the V protein, as has been observed for other paramyxoviruses, but also of the W and P proteins.151,157,158 159The P, V, and W proteins of henipaviruses have an N-terminal extension of 100 to 200 amino acids compared with cognate proteins in the subfamily,20,23 and the STAT binding domain of NiV V maps to this region.151,160,161 The V and P proteins bind STAT in the cytoplasm, whereas the W protein, which is imported into the nucleus via specific interactions of its NLS with importin -3, 162 likely sequesters unactivated STAT1 in the nucleus.151,153 Recently, NiV and HeV N proteins were also found to antagonize IFN-signaling by interfering with formation of activated phospho-(p)STAT1 complexes. This NiV-N mediated antagonism of pSTAT1 nuclear accumulation does not rely on direct binding to or inhibiting phosphorylation of STAT1 itself. 163  NiV C has also been demonstrated to interfere with IFN-signaling.164,165 However, its mechanism and true function remains unclear. Antagonizing IFN-signaling is unlikely to be the main function of the C protein since recombinant C-deficient NiVs have an attenuated replication phenotype even in Vero cells, 41,159,166which are genetically deficient in IFN production. 

There is little doubt that inhibition of IFN- production is one major contributor to the acute virulence of HeV and NiV in vivo. Daily administration of poly(I)-poly(C(12)U), a potent IFN-inducer, results in >80% survival in a lethal challenge hamster model for NiV infections. 167 Most of the studies described previously were carried out in vitro using single-gene transfection expression systems. Understanding the true function(s) of these proteins requires assessing their impact in the context of a live virus infection or the phenotype of viruses deficient in the cognate protein(s).  For example, IFN signaling apparently remains functional during live HeV and NiV infection of human cell lines, whereas IFN production was inhibited.168  However, henipaviruses also clearly antagonize both IFN production and signaling in bat cells derived from Pteropus sp. that serve as their natural hosts. 169   



The diverse phenotypes observed in the various animal models when challenged with recombinant viruses deficient in the various P-derived accessory proteins makes interpretation difficult.  The clearest phenotype comes from rNiVs engineered to be V-deficient. rNiV-V are extremely attenuated in both hamster and ferret challenge models.166,170 Each model re-capitulates the respiratory and neurological disease seen in human infections when infected with wt NiV, albeit in different ways and in a dose-dependent fashion.93,121,171 However, challenge with V-deficientrNiV under conditions where their wt counterparts effectuate 100% mortality always results in 100% survival, and almost never results in any overt respiratory or neurological signs. 166,170 On the other hand, C-deficient rNiVs give a variety of phenotypes  that range from strong attenuation in the hamster model, 172  to 100% mortality in the ferret model, albeit with less severe histological lesions in the lung. 173 Similarly, W-deficient rNiVs did not show significant attenuation compared to their wild-type counterparts in both the hamster166 and ferret models, although the disease symptomology appeared to be more neurologic in the latter. 170,173 Interestingly, a rNiV lacking both C and W still resulted in 60% mortality with reduced respiratory disease but markedly increased neurological disease. 173   

Adaptive immune responses.

In patients with encephalitis, anti-NiV antibodies were observed more frequently in the serum than the CSF. Immunoglobulin M (IgM) antibodies occurred more frequently than immunoglobulin G (IgG) antibodies in both locations. 9,12,126 The appearance of specific IgM antibodies in serum preceded their appearance in the CSF, a sequence consistent with viremia preceding central nervous system (CNS) infection. Anti-NiV antibodies were present in most patients with clinical NiV encephalitis; however, no difference was observed in clinical features, laboratory results, or mortality between seropositive and seronegative patients. 98,174 Seroconversion of IgG against HeV was seen in two human cases of HeV infection in 2008, with one progressing to fatal encephalitis. 8  From these cases, seroconversion in acute henipavirus disease may have diagnostic but no apparent prognostic value.  Conversely, in the most recent NiV outbreak in Kerala involving 23 cases, careful monitoring of humoral and cellular immune responses in the 2 survivors revealed that there was a dramatic increase in activated (Ki67+) CD8+ T-cells with an acute effector phenotype (CD38+/HLA-DR+/Granzyme B+ /PD1+), suggesting that virus-specific naïve T-cells were actively proliferating in response to the virus. Interestingly, clearance of viremia coincided with the peak of proliferating Ki67+ CD8+ T-cells, and occurred before peak IgG titers. 142  Increases in activated CD8+ T-cells in lethal (NHP)175 and non-lethal (Swine) animal models of NiV infection have also been observed; 176 in the latter, prevention of virus shedding appears correlated with such T-cell responses. However, most animal studies do not monitor adaptive immune responses with the requisite precision and sophistication in order to make definitive statements regarding the relative importance of T- or B- cell responses in protective immunity against acute henipavirus infections.177 

The high CFR associated with the acute nature of henipavirus infections already suggests that the virus interferes with the timely generation of effective T- or B- cell responses during the natural history of the disease in the majority of infected individuals. Indeed, although NiV replicates poorly in DCs (Table 14.3), 140,178 in vitro NiV-infected DCs induces an inflammatory pro-apoptotic milieu (TNF-a, IL-1, IL-8) that leads not only to defective T-cell priming, but apoptosis of cognate T-cells and DCs. 178  This in vitro phenomenon, if recapitulated in vivo by NiV-infected DCs that traffic to lymph nodes, may account for the lymphoid depletion and lymphoid necrotic lesions seen in humans126 , and various relevant animal models. 179,180 170       



<H2>Release from host and transmission   

Transmission is generally accepted to occur via the oronasal route8,97,98or liquid/food (palm sap/fruit),99-101 with transmissibility of HeV (horse-human or human-to-human) 181,182 being much less efficient than that of NiV transmission (pig-to-human or human-to-human).9,15,17,98,105,107,116,183,184 Infectious NiV can be recovered from urine and the tracheal and nasopharyngeal secretions of infected patients in the early phase of their illness in the original Malaysian outbreak. 3,97,98 Nonetheless, human-to-human transmission in the Malaysian outbreak was extremely rare185, although it has been reported in the more recent outbreak in the Philippines.  In contrast, person-to-person transmission in Bangladesh has been well-documented and typically occurs during the final stages of disease in the index patient when not only symptoms of respiratory involvement are most prominent, but also more frequent and closer contact with familial caretakers occurs. 115,183,184 

Replication in the respiratory epithelium and shedding in oronasal secretions is most likely responsible for virus release and transmission. Ferrets have been used to model the respiratory transmission of henipaviruses102,180 as their respiratory symptoms (cough, serous nasal discharge, dyspnea) mimic the human disease.87  Despite shedding relatively large amounts of virus in their oronasal secretions (4-5 log10 TCID50 equivalents/ml at peak titers), passively cohoused naïve ferrets never got infected, regardless of whether the index ferrets were infected with HeV, NiV-MY, or NiV-BD.102,180 However, following assisted or direct exposure to infectious oronasal fluids from the index ferrets, all the naïve ferrets developed acute infections, regardless of virus strain used. 102 Thus, the efficiency of NiV transmission appears low, and likely requires direct and repeated oro- or naso-mucosal exposure to infectious oronasal secretions.  This is consistent with epidemiological investigations into the many recurrent outbreaks in Bangladesh where despite chains of person-to-person transmission, the estimated basic reproductive number R0 of NiV-BD strains that have spilled over in Bangladesh have averaged 0.48.183 

<H2>Virulence   

Infection with HeV appears more severe than infection with NiV-MY and NiV-BD in the hamster128,186 and AGM model.187 The dose-dependent disease symptomology in the hamster model128,188 makes it difficult to make generalize statements about any intrinsic pathogenic difference between these three genetically distinct henipaviruses. However, the intratracheal and intranasal AGM challenge model appears to recapitulate the clinical pathologies seen in human patients more robustly.88,93 Interestingly, it is also in this model that NiV-BD is shown to be more pathogenic than NiV-MY,187 which reflects the observed differences in pathogenicity between NiV-MY and NiV-BD.   Previous studies comparing NiV-MY and NiV-BD in hamsters186 and in ferrets102 gave conflicting and confusing results. But more careful comparisons of fully-sequenced NiV-MY and NiV-BD strains in the AGM model provides support that NiV-BD is more pathogenic than NiV-MY,187 which is consistent with the higher mortality rates associated with NiV-Bang (see Table 14.1C). Under identical experimental conditions, NiV-BD is not only shown to be more pathogenic in terms of viral load in lungs, spleen, and blood, but also that the therapeutic window for post-exposure prophylaxis using human monoclonal antibody (m102.4) is significantly shorter in NiV-BD infected AGMs.187  m102.4 is a potent neutralizing mAb previously shown to rescue NiV-MY and HeV infected AGMs even when administered up to 7 days post-infection.189,190 



CedV lacks the editing site in the P gene and does not make the V protein,28 a potent type I IFN antagonist required for henipavirus virulence in vivo.39 Not surprisingly, CedV, which is naturally V-deficient, also does not induce any overt disease in ferrets and guinea pigs.28 Reactive hyperplasia of oropharyngeal lymphoid tissues and detection of viral RNA in select bronchial associated lymphoid tissue (BALT) accompanied by increasing neutralizing Ab titers suggests that CedV likely replicates transiently in the upper and lower respiratory tracts of the challenged animals.28 While recent evidence suggests that the CedV P protein itself is also a less efficient antagonizer of IFN- signaling compared to HeV-P,191 whether CedV is truly non-pathogenic in humans or horses remains to be seen.  Given the fact that CedV does not appear to use ephrin-B3 as receptor, one might also predict CedV to be less encephalopathic even in more susceptible animals.  



<H2>Persistence  

A small percentage of NiV-infected patients (3-7%) experience late-onset or relapse encephalitis months to years after the initial NiV infection; the former describes patients with initially mild or asymptomatic NiV infections while the latter are survivors of acute NiV encephalitis.98,119,192,193 One case of fatal late-onset HeV encephalitis has also been reported. 3,130  These cases suggest that NiV and HeV can persist in sanctuary sites like the brain especially since virus has never been isolated from oronasal secretions of relapsed encephalitis cases.9,97,126,192-194 (see Clinical Features section for details). There is one report of NiV RNA being detected in the semen of a NiV survivor 4 weeks post-onset of illness, but this was gone 2 weeks later.  Longitudinal studies on 2 HeV survivors shows no evidence of viral shedding by RT-qPCR, up to 6 years post-symptom onset.144 It is unlikely that NiV and HeV in humans can persist in infectious forms. Thus, relapse henipavirus encephalitis might resemble measles virus associated subacute sclerosing panencephalitis, which can occur years after recovery from measles virus infection.195,196         

[bookmark: _GoBack]<H1>Epidemiology

<H2>Age

The age of patients with encephalitis in the Malaysian outbreak ranged from 9 to 76 years, with almost 50% of cases occurring in those 40 to 44 years.98,126,143,174,197 The male-to-female ratio was approximately 3:1, and more than 80% of the patients were Chinese, with statistics reflecting the increased risk to those working with infected pigs.98,197 In Bangladesh, the age of patients ranged from 4 to 60 years, and males constituted 47% and 67% of the cases in the 2001 and 2003 outbreaks, respectively.14,198 The outbreak in early 2011 in Bangladesh claimed at least 35 lives, including many children and infants, with ages ranging from 2 to 56 years.117,199 Among the 18 suspected patients in the 2014 oubreak in the Phillipines, the age distribution is between 21-60 years old.18  In the most recent NiV outbreak in Kerala, India, the age distribution ranged from a 17 year old male to a 75 year old female among a total of 23 human cases.17

<H2>Morbidity and Mortality

In Malaysia, between September 1998 and June 1999, 256 patients who developed acute NiV encephalitis were admitted to Malaysian hospitals and 105 died, a mortality rate of approximately 40%.9,197 The rate of subclinical infection in households and farms where cases of NiV encephalitis occurred was calculated to be 8% and 11%, respectively.192,197 In Singapore, where 11 patients were confirmed to have acute NiV encephalitis, a further 2 asymptomatic abattoir workers were serologically positive, representing a rate of subclinical infection of 15%.200 Subsequently, 89 individuals were identified on the basis of positive serology as having experienced either an asymptomatic or mildly symptomatic NiV infection.119 This increases the number of people infected with NiV to 345 and decreases the mortality rate to approximately 30%.127 In Bangladesh, 98 of 135 patients died in eight outbreaks from 2001 to 2008, giving a combined case fatality rate of 73%.107,184,198 In the Philippines outbreak, the case mortality is 53% out of all the suspected cases or 81% for those with encephalitic clinical signs.18 The case mortality is 94% for the 2018 Kerala outbreak in India.17 There have only been seven known human cases of HeV infection in Australia in the past 16 years, four of which have been fatal (three acute and one case of relapsed encephalitis).2,3,8

<H2>Origin and Spread of Epidemics

Fruit bats (flying foxes) in the genus Pteropus, family Pteropodidae, suborder Megachiroptera are main reservoir hosts of HeV and NiV.5,6,13,79,201 In Australia, HeV has been shown to occur in all four flying fox species, with the crude seroprevalence of 47%, indicating an endemic pattern of infection throughout Australia.81 Serologic tests show that NiV or NiV-related virus is widely dispersed in bats from Malaysia to the west border of Africa (Fig. 14.10). NiV was first isolated from the urine of Island flying foxes and from the saliva on partially eaten fruit13 and has since been isolated from Lyle's flying foxes (Pteropus lylei) in Cambodia79 and Pteropus medius in Bangladesh.202 The Indian flying fox (Pteropus giganteus) is the main pteropid species throughout Bangladesh and the Indian subcontinent with a high seroprevelence of henipavirus-specific antibody.14,100,183,203 Additional serologic and limited nucleic acid evidence has suggested that related henipaviruses are circulating in other regions, including Thailand, Indonesia, Vietnam, China, Madigascar, and several countries and regions in  Africa (Fig. 14.10 and Table 14.4-online).

<FIG14.10>

Neither HeV nor NiV appear to cause clinical disease in flying foxes infected naturally,81,198,201,204 and experimental infection with doses of HeV, consistently shown to be lethal in horses, generates only sporadic vasculitis in the lung, spleen, meninges, kidney, and gastrointestinal tract and only in a proportion of infected bats.95 Viral antigen is detected in the tunica media rather than endothelial cells, a fact that may spare the flying fox from the clinical effects associated with vasculitis.205 In infected pregnant flying foxes, antigen was observed in similar locations and in the placenta.206 The mode of transmission between flying foxes is unknown. Transplacental transmission has also been observed experimentally without apparent harm to the fetus.206 Experimental infection of flying foxes with NiV produced a subclinical infection with a transient presence of virus within selected viscera along with periodic viral excretion in bat urine and seroconversion with neutralizing antibody present.90

The spillover and epidemic hosts of HeV and NiV were horses in Australia and pigs in Malaysia. All human infections with HeV in Australia and NiV in Malaysia have only occurred through transmission from these domestic animal hosts.9,197 No evidence exists of direct transmission from pteropid bats to humans in Australia or Malaysia, despite many opportunities in Australia for transmission to bat carers.192,207 In contrast, flying foxes apparently play a direct role in the transmission of NiV to humans in the many recent outbreaks of disease in Bangladesh, where epidemiologic evidence in support of a role for an intermediate host was lacking.14,198 Three pathways of NiV transmission from bats to people have been identified based on epidemiologic investigations in Bangladesh.107 Consumption of fresh date palm sap appears to be the predominant risk factor, and infrared camera studies have confirmed that P. giganteus bats frequently visit date palm sap trees and consume sap during collection.208 In the 2005 NiV outbreak in Tangail District, Bangladesh, drinking raw date palm sap was the only activity significantly associated with illness (64% among cases vs. 18% among controls).100 Another route of transmission for NiV from bats to people in Bangladesh could be via domestic animals. Contact with a sick cow in Meherpur, Bangladesh, in 2001 was strongly associated with NiV infection,14 and contact with pigs and diseased goats have also been implicated in other occurrences of NiV in Bangladesh.107 Although NiV has never been isolated in domestic livestock animals, serological evidence was reported for antibodies to NiV or NiV-related viruses in cattle, goats and pigs in Bangladesh.209 Transmission via direct contact with NiV-infected bat secretions also appears possible from evidence in the Goalando outbreak in 2004, where individuals who climbed trees were more likely to develop NiV infection than controls.210

The mode of transmission from bats to spillover hosts in Australia and Malaysia remains to be determined. Three principal hypotheses exist. One is that masticated pellets of virus-contaminated, residual fruit pulp spat out by flying foxes are ingested by horses or pigs.201 The second is that urine from infected animals contaminates pastures or pigsties. The third is that infected fetal tissues or fluids contaminate pastures or sties and are ingested. The latter is based largely on the fact that the HeV outbreaks have occurred during the birthing period of some species of flying fox and is supported by the isolation of virus from a pregnant flying fox and its fetus.6

HeV has been transmitted from horse to man on seven occasions from 1994 to 2009, twice during the initial outbreak in Brisbane,1,2 twice during necropsy of horses that died in the field,1,4 twice during either daily nasal cavity lavage and participating in a necropsy,8 and once from performing an endoscopy on an infected horse.8,211 HeV is rarely found in the bronchi or bronchioles of infected horses, which suggests that aerosol transmission to either man or horses is less likely212 and horse-to-horse transmission of HeV has not been demonstrated.95 The presence of HeV in equine saliva, however, suggests that close contact with infected horses, such as might occur during manual feeding of the animals, may facilitate horse-to-human transmission.1 The presence of virus in a wide range of tissues and in the nasal discharge commonly found at the terminal stage of infection offers a range of sources for virus transmission during necropsy.2,213 As shown in Fig. 14.6A, high level of viral antigen can be detected in the nasal cavity of HeV-infected horses.

In the Malaysian NiV outbreak, contact with pigs or fresh pig products was required for transmission of the virus to humans, with greater likelihood of transfer to those in direct contact with sick or dying pigs on farms or in abattoirs.9,197 The presence of NiV in the respiratory epithelium of naturally and experimentally infected pigs (Fig. 14.6B) indicated that virus probably spread to humans and within the pig population by aerosol or by direct contact with oropharyngeal or nasal secretions.10,111,129 The presence of the virus in a wide range of organs indicates that humans may also have been infected during processes such as slaughtering or farrowing. In Bangladesh, pigs were excluded as potential sources of NiV on epidemiolog grounds, and human-to-human transmission was observed.116,184 The virus may have been transmitted to human index cases directly through contact with fruit bat secretions in contaminated fruit or date palm sap before circulation in the human population.13,14,107,198 Nosocomial transmission has been detected in some of the Bangladesh and India outbreaks.15,107,214 In the Philippines NiV outbreak, Of the 17 case-patients, a total of 7 (41%) had participated in horse slaughtering and horse meat consumption; 3 (18%) had only consumed horse meat and but had no history of slaughtering or meat preparation; 5 (29%) case-patients had been exposed to other human casepatients but not to any horses. So it is possible that both horse-to-human and human-to-human transmission might have occurred.18 For the Kerala NiV outbreak, while it remains undefined how the index case was exposed to NiV, it was evident that human-to-human transmission was the main driver for the spread of the virus in both family/community and hospital settings.17 

<H2>Genetic Diversity

Genome sequencing revealed that HeV isolated from equine and human sources during the outbreak in Brisbane appears identical and differs little from HeV isolated from flying foxes 2 years later.2,6 Sequencing of five additional horse isolates from five different locations from the 2006 to 2008 HeV occurrences has also demonstrated a very high genetic similarity.215 Similar observations were made in Malaysia, where it was demonstrated that NiV isolated from pigs at the height of the outbreak and at its geographic focus were essentially identical to human isolates made at that time and isolates obtained from flying foxes several years later.13,22,23,216

In Bangladesh, four human isolates obtained in 2004 demonstrate significant genetic heterogeneity, which might suggest multiple spillovers of NiV from flying foxes into the human population.33 The NiV sequences detected from human patients in India from 2001 to 2018 were  more related to NiV from Bangladesh than NiV from Malaysia.15,17,214 A recently whole genome sequencing study of ten NiV isolates obtained from bats in 2013 in Bangladesh at two different geographic locations revealed that the isolated viruses were very similar in sequences. This suggests that multiple strains were not co-circulating in the bat population at the time.202  Furthermore, none of the bat NiV isolate sequences was identical with any previously detected human NiV isolate sequences, suggesting that NiV spillover into humans is a rare event and more intensive surveillance is required to appreciate the full genetic diversity of NiV in bats in an area with frequent spillover events into human populations.202  NiV isolated from the flying fox Pteropus lylei in Cambodia79 represents an evolutionary lineage that is separated from the Malaysia or Bangladesh/India cluster . Partial N gene sequences detected in Pteropus lylei in Thailand indicate the circulation of at least two lineages of NiV—one related to the Bangladesh NiV and the other more related to the Malaysian NiV.109 On the other hand, NiV sequences detected in Pteropus hypomelanus in southern Thailand are clearly more related to the Malaysian NiV.217  As the RNA-dependent RNA polymerase (RdRP), also known as the L protein, is the most highly conserved protein for paramyxoviruses, it has been used as a more reliable indicator of evolutionary relationship among different paramyxoviruses. Shown in Fig. 14.11 is phylogenetic tree based on RdRP proteins of prototype species of each genera in the family Paramyxoviridae with major members of the genus Henipavirus, selected to represent major species origin, geographic location and time of isolation.

<FIG14.11>

The presence of henipavirus-reactive (but not neutralizing) antibodies and viral RNA in bats from other regions of the world (Fig. 14.10 and Table 14.4-online) predicts that a much greater genetic diversity of henipaviruses exists in different bat populations. This also suggests the existence of henipaviruses with different transmissibility and pathogenicity in non-bat hosts.

<H1>Clinical Features

<H2>Incubation Period

Based on the time interval between the last exposure to pigs and onset of disease, the incubation period for NiV ranged from 2 to 45 days; however, for 90% of patients, it was 2 weeks or less.98,143,174 An estimate of 2 to 3 weeks was made based on the time interval between importation of pigs from NiV-affected areas of Malaysia and development of human disease at a Singaporean abattoir.200 A mean incubation period of 9.4 days was calculated for four patients who had a fixed period of exposure.174 The NiV outbreak in Kerala, India, 2018, revealed a median incubation period was 9.5 days among 23 cases, 22 of which were nosocomial.17 In the occurrence of HeV in Australia in 2008, a detailed examination of exposure histories from two infected patients (one fatal) suggested a likely incubation period of 9 to 16 days, with exposure occurring some 3 days before the onset of symptoms of HeV infection in the horse.8

<H2>Acute Clinical Features

The first two patients infected with HeV presented with fever, myalgia, headaches, lethargy, and vertigo. One patient recovered; however, the other developed pneumonitis, respiratory failure, renal failure, and arterial thrombosis, and died of cardiac arrest 7 days after admission to the hospital. Findings at autopsy were consistent with a viral infection; both lungs were congested, hemorrhagic, and filled with serous fluid, and the histology revealed focal necrotizing alveolitis with many giant cells, some syncytial formation, and viral inclusions.1 Although the predominant clinical features of NiV encephalitis derived from CNS involvement in the initial Malaysia outbreak, a proportion (40%) of patients displayed pulmonary involvement, which presented as an atypical pneumonia with fever, cough, and headache.12,98,126,174 In the Kerala, India NiV outbreak, 19 cases (83%) presented with acute respiratory distress syndrome (ARDS) and shortness of breath, and 20 cases (87%) had respiratory symptoms.17 The clinical presentation of NiV infections in Bangladesh also shows severe respiratory disease involvement.218 A chest X-ray of an acute NiV-infected human case showing diffuse bilateral opacities of the lung fields consistent with ARDS (Fig. 14.12A) and a similar presentation was reported in the first fatal human HeV case.1 Chest X-ray images of NiV and HeV-infected AGMs have also demonstrated severe respiratory disease (Fig. 14.12B). Case definitions for suspected NiV infection in Bangladesh218 and India15,17 generally included individuals residing in an outbreak area who presented with fever, headache, vomiting or altered mental status or with history of cough or shortness of breath and fever. 

<FIG14.12>

With NiV in Malaysia, most patients presented with acute encephalitis characterized by fever, headache, drowsiness, dizziness, myalgia, and vomiting, and more than 50% had a reduced level of consciousness.9,12,98,174 The major clinical signs included drowsiness, areflexia, segmental myoclonus, tachycardia, hypertension, pinpoint pupils, and an abnormal doll's eye reflex. Such clinical features as these suggested involvement of the brain stem and upper cervical spinal cord, and were observed more frequently in patients with a reduced level of consciousness.98,219In Kerala, India, 2018, NiV-infected patients presented with altered sensorium (74%), along with myalgia, headache, vomiting, and seizures.17 Patients in the NiV-Malaysia outbreak who retained normal levels of consciousness throughout their illness recovered fully; however, only 15% with reduced levels of consciousness survived. Figure 14.13 shows magnetic resonance imaging (MRI) images of human cases of acute NiV encephalitis (India, 2018 and Malaysia, 1999). Such neurologic manifestations are consistent with vasculitis-induced thrombosis in the brain and the direct infection of neurons.9,11,12,126 The multiple discrete lesions 1 to 5 mm in diameter in the cerebral white matter detected by MRI may be the site of such microinfarctions and are distinct from lesions caused by other viruses.9,12,130,192,220 A third case of HeV infection presented first with meningitis and a 12-day history of sore throat, headache, drowsiness, vomiting, and neck stiffness. After an apparent full recovery, this patient developed fatal encephalitis 13 months later and was admitted to the hospital with a generalized tonic-clonic seizure after 2 weeks of irritable mood and low back pain. Recurrent focal motor seizures occurred over the next 7 days, as did secondarily generalized seizures and low-grade fever, followed by dense right hemiplegia, signs of brain stem involvement, and depressed consciousness requiring intubation. The patient remained comatose and died 25 days after admission.3 Two patients in 20088 presented with initial influenza-like illness, although soon after apparent clinical improvement and an absence of fever, encephalitis developed in both. MRI revealed widespread cortical, subcortical, and deep white matter involvement, similar to the previous late-onset case of HeV encephalitis3 and to NiV encephalitis cases (Fig. 14.13B).98,192,221 

<FIG14.13>

<H2>Outcome of Infection

Most patients who survived acute NiV encephalitis in Malaysia made a full recovery; however, approximately 20% had residual neurologic deficits.98,174,222 Neurologic sequelae included cognitive difficulties, tetraparesis, cerebellar signs, nerve palsies, and clinical depression. A few patients remained in a vegetative state. In patients with encephalitis who recovered, most brain lesions revealed by MRI disappeared or became smaller over a period of 12 to 18 months, although some remained unchanged during this period.222 Approximately 7.5% of patients who recovered from acute encephalitis and 3.4% of those who experienced nonencephalitic or asymptomatic infection developed late neurologic disease (Fig. 14.13).98,119,192,193 Relapse encephalitis and late-onset encephalitis presented several months to 4 years after the initial infection, with the longest reported case 11 years after an initial acute infection.223   Relapsed cases had elevated IgG, but not IgM, and no vasculitis, and unlike the situation in acute encephalitis, virus was not isolated from throat and nasal secretions.9,97,126,192-194

The clinical features associated with relapse and late-onset encephalitis resembled those found with acute NiV encephalitis, although decreased incidence was seen of fever, coma, segmental myoclonus, and meningism and an increased occurrence of seizures and focal cortical signs compared with the acute manifestation of the disease.119 The clinical, radiologic, and pathologic features of relapse NiV encephalitis resembled those of the patient who became infected with HeV, suffered mild, transient aseptic meningitis, and recovered but died of a fatal meningoencephalitis 13 months later.3,130 Most patients with relapse and late-onset encephalitis had only one neurologic episode, although some patients experienced two episodes separated by a mean of 7.6 months (6 weeks to 1 year).119 The mortality rate associated with relapse and late-onset encephalitis at 18% was lower than that associated with acute encephalitis, at 30% to 40%. However, 61% of patients with relapse and late onset had further neurologic sequelae compared with 22% after acute encephalitis. Among NiV survivors in Bangladesh, some 30% have moderate to severe persistent neurologic dysfunction for years following acute infection.192

The demographics, clinical features, serology, and MRI of patients with relapsed and late-onset encephalitis were similar, suggesting that the two diseases have identical pathogenesis119 and that the initial infection in late-onset encephalitis patients may not have been sufficiently severe to cause neurologic symptoms. MRI abnormalities similar to those observed in patients with acute encephalitis were also seen in 16% of asymptomatic patients, although the lesions were fewer in number. 219 The involvement of the cortex in relapse and late-onset encephalitis suggests a different pathologic mechanism compared with acute encephalitis. Relapse and late-onset encephalitis are considered to be caused by the recrudescence and rapid replication of virus that had persisted following acute or asymptomatic NiV infection.119 NiV, however, was not isolated from CSF and brain tissue of patients with relapse and late-onset encephalitis.119 

<FIG14.14>

The generalized understanding of the infection process along with the clinical features of human NiV and HeV infection is diagrammed in Fig. 14.14. Transmission is likely via the oronasal route as described the above section on Pathogenesis.  The initial site of replication in humans is likely within the respiratory system and disease onset is characterized by fever, myalgia, shortness of breath, cough, which may progress to ARDS. Possible invasion into the CNS via the olfactory bulb has also been suggested and has been demonstrated in animal models. 224Virus replication and hematogenous systemic spread occurs (cell-free or cell-associated viremia) and established infection is characterized by a widespread vasculitis with endothelial and smooth muscle cell tropism resulting in multinucleated syncytial cells.126 CNS infection and encephalitis results in altered sensorium, headache, vomiting, and seizures along with fever and other systemic symptoms. Infection of other organs in addition to lung and brain in human cases occurs and has been reported in kidney, heart, spleen and lymphoid tissues,126 and similar widespread infection has been demonstrated in multiple animal models.121	Comment by Benhur Lee: Chris: I took 2-3 sentences out from here and put it into my pathogenesis section on “transmission”. Hope you don’t mind. 

<H1>Diagnosis

Virus isolation, EM, immuno-EM, immunohistochemistry (IHC), serology, and polymerase chain reaction (PCR) played key roles in the initial discovery of HeV2 and NiV,11 and they remain essential elements in a repertoire of procedures for the rapid and specific diagnosis of henipavirus infections in humans and animals.

During investigation of a suspected disease outbreak, attempts to grow henipaviruses may be initiated in a BSL3 laboratory. However, if a cytopathic effect (CPE) is observed and the growth of henipavirus is confirmed by PCR or immune staining, infected cultures should be handled under BSL4 conditions and subsequent work with live virus restricted to BSL4. Both HeV and NiV replicate in various cell lines—a feature that contributed to the efficiency with which they were isolated during the initial disease outbreak investigations.2,11 Vero cells are commonly used, generating titers of virus as high as 108 infectious virions per milliliter.143,225 In fatal cases, attempts should be made to isolate virus from brain, lung, kidney, and spleen.225 For tissue specimens containing a high virus load, direct examination by immuno-EM and IHC can be very useful in providing early diagnosis. Various antibody reagents have been developed for this purpose, including polyclonal antisera, monospecific antibodies raised against recombinant antigens,20 and monoclonal antibodies (mAb) raised against whole virions or vaccinia virus–expressed viral proteins.226-229 Using HeV- or NiV-specific mAb, it is possible to differentiate between the two viruses.228,229 Quantitative real-time PCR (TaqMan assay) has been the method of choice to detect viral materials in infected tissues because of its speed, specificity, and sensitivity. The first-generation henipavirus TaqMan assays are either HeV specific230 or NiV specific.231 Since then, several consensus henipavirus real-time PCR assays have been developed that target different conserved regions of the viral genome.232 It should be cautioned that the current PCR tests may not work with new henipaviruses yet to be discovered, especially those from African bats, owing to expected greater genetic divergence than those detected in Australia and Asia.

For henipaviruses, serologic tests are important both during outbreak investigation and for disease surveillance. The virus neutralization test (VNT) is accepted as the reference standard.225 Few laboratories, however, can conduct neutralization tests because of the requirement to handle live virus at BSL4. For surveillance and diagnostic purposes, three types of tests that do not require BSL4 containment have been developed:

1. Enzyme-linked immunosorbent assay (ELISA): Several ELISA-based tests have been reported for the detection of henipavirus antibodies.225,233,234 For diagnosis of human infections, two different ELISA tests have been applied: an IgM capture ELISA for early diagnosis of infection and an indirect ELISA for detection of IgG antibodies.225

1. Liquid protein array multiplex test: A Luminex-based test based on recombinant soluble G proteins of HeV and NiV was developed that is capable of mimicking VNT with great sensitivity and differentiating between antibody responses of HeV versus NiV infection.235

1. Pseudotype virus: Different pseudotype systems carrying the henipavirus F and G proteins have been developed as a surrogate VNT for detecting henipavirus-specific antibodies.18,236-238 Incorporation of reporter genes in these systems resulted in greater sensitivity and reproducibility.

<H1>Prevention, and Control

<H2>Drugs and Small molecules

Ribavirin, which inhibits replication of HeV in vitro,239 was used during the NiV outbreak in Malaysia in an open-label study in which 140 patients with encephalitis were given the drug, and 54 patients who presented before ribavirin became available or who refused treatment acted as controls.240 Mortality in the treated group was 32% compared with 54% in the control group, representing a 35% reduction (P = 0.011). Duration of ventilation and total hospital stay were both significantly shorter in the ribavirin group (P = 0.0002 and <0.0001, respectively). In the absence of other therapies, ribavirin may be an option for treatment of henipavirus infections. However, two HeV-infected patients in 20088 were given a high-dose intravenous regimen of ribavirin, although basal concentrations appeared inadequate given the results of in vitro susceptibility testing of HeV, and the efficacy of ribavirin as therapy or prophylaxis in people remains at best uncertain. Chloroquine, an antimalarial drug, was first demonstrated to block the critical proteolytic processing needed for HeV F maturation and function.241 Not surprisingly, the drug was later shown to inhibit NiV and HeV infection in cell culture experiments.242 Chloroquine was administered along with ribavirin to one HeV-infected individual in 2009243  with no apparent clinical benefit. Remdesivir (GS-5734) is a nucleotide analog prodrug that showed therapeutic efficacy in a nonhuman primate model of Ebola virus infection.244 GS-5734 has been administered under compassionate use to Ebola virus infected patients and is currently in Phase 2 clinical development for treatment of Ebola virus disease. The antiviral activities of GS-5734 has been demonstrated to be broad showing in vitro activity against viruses in the Coronaviridae, Filoviridae and the Paramyxoviridae including NiV and HeV.245



In vivo, ribavirin only delayed but did not prevent deaths caused by NiV and had no effect on HeV infection in a hamster model.167,246 Ribavirin treatment also only delayed disease onset by 1 to 2 days in African green monkeys challenged with HeV with no significant benefit for disease progression or outcome.93 Chloroquine administration, either alone or in combination with ribavirin, had no therapeutic benefit in ferrets challenged with NiV or hamsters challenged with either NiV or HeV.246,247 Poly(I)-poly(C12U), which induces IFN-α and -β production and can completely block NiV replication in vitro, displayed some protective activity in the hamster model of lethal NiV infection.167

<H2>Peptide Fusion Inhibitors

The first potential henipavirus-specific therapeutic was shown to be a heptad peptide-based fusion inhibitor,85 analogous to HIV-1-specific peptide, enfuvirtide (Fuzeon) approved by the Food and Drug Administration (FDA) in March 2003. The henipavirus F1 glycoprotein resembles other fusion glycoproteins in having α-helical heptad repeat (HR) domains proximal to both the fusion peptide at the amino (N) terminus and the transmembrane domain near the carboxy (C) terminus of the protein. The HR domains are involved in the formation of a trimer-of-hairpins structure during the membrane fusion and virus infection process. Addition of exogenous peptide from either HR domain blocks formation of the trimer-of-hairpins and abrogates membrane fusion and virus infection.84,85,248 These observations were followed up with testing cholesterol tagged HR-derived peptides in the hamster model of NiV infection providing the first evidence of in vivo effectiveness of a fusion inhibiting peptide against NiV.249

<H2>Vaccines

A wide variety of immunization strategies have been developed for NiV and HeV prevention and include live-recombinant virus platforms, protein subunit, virus-like particles and DNA vaccines, however many of these approaches have only been examined for HeV- or NiV-specific neutralizing antibody induction.250 A more limited number of vaccine candidates have been examined for both immune response and efficacy using a variety of animal challenge models (Table 14.5). Attenuated vaccinia virus strain NYVAC recombinants encoding either the NiV F or G glycoproteins used to immunize hamsters provided complete protection from NiV-mediated disease following challenge and demonstrated that an immune response to the viral envelope glycoproteins were an important immunogen in protection.251 A second poxvirus-based approach was developed as a potential livestock vaccine using recombinant canarypox virus with the NiV F and G genes inserted into ALVAC vectors (Table 14.5). ALVAC vectors expressing either NiV F or NiV G were tested individually and in combination by vaccination of piglets, and animals were challenged intranasally with NiV. Piglets were protected from NiV-mediated illness by either ALVAC vector alone or in combination and immunized animals shed only low levels of nucleic acid detectable virus and no recoverable virus was evident.252 Three other viral vector-based NiV vaccines have been examined in animal challenge studies (Table 14.5). An adeno-associated virus (AAV) platform using the NiV G glycoprotein was tested in the hamster model using NiV challenge, showing complete protection against NiV, but only low level cross-protection (3 of 6 animals) against a HeV challenge.253 A recombinant measles virus vector encoding the NiV G glycoprotein was examined using two different vectors; the HL (rMV-HL-G) and Edmonston (rMV-Ed-G) measles virus strains254 (Table 14.5). Here, complete protection from NiV disease was achievable in the hamster challenge model following vaccination with either rMV-HL-G or rMV-Ed-G, and the rMV-Ed-G was tested in the nonhuman primate model demonstrating 2 of 2 AGMs were protected against NiV challenge. Several groups have tested the vesicular stomatitis virus (VSV) based platform using the NiV F or G glycoproteins (Table 14.5). In the ferret model, a single immunization with VSV encoding either NiV F or NiV G could afford complete protection from NiV challenge.255 Similarly, NiV G or F glycoproteins in VSV vectors were successful in protection from NiV challenge in the hamster model,256,257 and a single immunization of NiV G encoding VSV was protective in the AGM model.258,259 

<TAB14.5>

The most extensively tested vaccine against NiV and HeV has been a recombinant protein subunit strategy because of the inherent safety of such an approach. Soluble, secreted, oligomeric forms of the G glycoprotein (sG) from both NiV and HeV were developed and tested as possible vaccine candidates and the HeV-sG was show capable of eliciting a more potent cross-reactive polyclonal antibody response and also a better cross-protective response260,261 (Table 14.5). HeV-sG is a soluble and secreted version of the molecule with a genetically deleted transmembrane and cytoplasmic tail that is produced in mammalian cell culture systems and is properly N-linked glycosylated262 (Fig. 14.15). HeV-sG has been shown to retain many native characteristics including oligomerization and ability to bind ephrin receptors,52,260 and is capable of eliciting potent cross-reactive (HeV and NiV) neutralizing antibody responses in a variety of animals including mice, rabbits, cats, ferrets, monkeys and horses.250 The HeV-sG vaccine in the cat model provided complete protection against a lethal NiV challenge261 and suggested a single subunit vaccine (HeV-sG) could be effective against both HeV and NiV. Further studies in the cat model revealed that antibody titers as low as 1:32 could protect against NiV-Malaysia challenge263 (Table 14.5). Studies in the ferret model with low vaccine doses of HeV-sG formulated in CpG and AllhydrogelTM could completely protect against high dose HeV challenge.96 Immunization and challenge studies in ferrets with the NiV-Bangladesh strain also demonstrated complete protection.264 In addition, good durable immunity was shown in other ferrets challenged 434 days post-vaccination.264 However, preliminary studies with HeV-sG as a vaccine in the pig model was less effective against HeV and un-protective against NiV, and both humoral and cellular immune responses were required for protection of swine against henipaviruses in that challenge model.176

<FIG14.15>

The HeV-sG vaccine has also been extensively evaluated in nonhuman primates (AGMs). Monkeys immunized with HeV-sG formulated in AllhydrogelTM and CpG were completely protected against intratracheal challenge with NiV-Malaysia, some with pre-challenge neutralizing titers as low as 1:28, and no evidence of clinical disease, virus replication, or pathology was observed in any vaccinated monkeys.265 Similarly, HeV-sG vaccination and protection from a HeV challenge in AGMs has also been shown, including HeV-sG formulated in AllhydrogelTM alone.266 The inherent safety and effectiveness of the HeV-sG vaccine led to its development as an equine vaccine to prevent not only HeV infection of horses but also as the means to reduce the risk of HeV transmission to people (Figure 14.16A). HeV-sG was licensed by Zoetis™ Inc., (formerly Pfizer Animal Health) and developed as an equine vaccine for use in Australia. Horse HeV-sG vaccination and HeV challenge studies were conducted at the BSL-4 facilities of the Animal Health Laboratories (AAHL) in Geelong267 (Table 14.5). HeV-sG was formulated in an approved equine adjuvant (Zoetis, Inc.) and two initial efficacy studies in horses tested 50 μg and 100 μg doses of the same HeV-sG used in published animal studies was used to immunize horses. Additional studies used a 100 μg dose of HeV-sG produced in CHO cells (Zoetis, Inc.). Immunizations were two doses given intramuscularly 3-weeks apart. All horses in these efficacy studies were challenged oronasally with 2×106 TCID50 of HeV. Seven horses were challenged at 28 days, and 3 horses were challenged 194 days, after the second immunization. All vaccinated horses remained clinically healthy following challenge, demonstrating protection with pre-challenge HeV neutralizing titers as low as 1:16.267 There was no gross or histologic evidence of HeV infection in any of the vaccinated horses at study completion, and all tissues examined were negative for HeV antigen by immunohistochemistry, with no viral genome detected in any tissue. In 9 of 10 vaccinated horses, HeV nucleic acid was not detected in daily nasal, oral, or rectal swab specimens or from blood, urine, or feces samples collected before euthanasia, and no recoverable virus was present.267

<FIG14.16>

Equivac® HeV was launched in November 2012 on a Minor Use Permit by the regulatory authority, the Australian Pesticides and Veterinary Medicines Authority (APVMA), and is the first commercially developed and deployed vaccine against a BSL-4 agent and is currently the only licensed antiviral approach for henipavirus infection. All vaccinated horses receive a microchip and database is maintained, and in August, 2015 Equivac® HeV received full registration by the APVMA. To date, >640,000 doses of Equivac® HeV vaccine has been administered to >153,000 unique horses (Fig. 14.16B). Since vaccine release, laboratory confirmed HeV infections in horses (n=21) have only occurred in unvaccinated horses. The HeV-sG recombinant subunit vaccine for NiV and HeV is now in clinical development with support from the Coalition for Epidemic Preparedness Innovations (CEPI)268 and Phase I clinical trials set to commence in 2019. Recent vaccination and challenge studies in nonhuman primates have shown that a single immunizing dose of HeV-sG in AllhydrogelTM can protect against HeV and NiV-Bangladesh challenge (Geisbert and Broder, unpublished) and together with the results of recombinant VSV-based NiV vaccines, these findings highlight their potential usefulness in an emergency-use or outbreak scenario.  

<H2>Passive immunization

Initial passive immunization studies using either NiV G and F-specific polyclonal antiserums, or mouse monoclonal antibodies (mAbs) specific for the NiV or HeV G or F glycoproteins were shown to be protective in the hamster model.92,251,269 HeV- and NiV-neutralizing human mAbs reactive to the G glycoproteins of both HeV and NiV have been developed using recombinant antibody technology.270 One mAb, m102.4, possessed strong cross-reactive neutralizing activity against HeV and NiV and was later produced in an IgG1 format in a CHO-K1 cell line.271 The m102.4 mAb epitope maps to the receptor binding site of G and engages G in a similar fashion as the ephrin receptors272 (Figure 14.5). The m102.4 mAb can neutralize all HeV and NiV isolates tested, including HeV-1994, HeV-Redlands, NiV-Malaysia and NiV-Bangladesh.87,273 NiV challenge experiments in the ferret demonstrated complete protection was possible by a single dose of m102.4 mAb administered by intravenous infusion 10 hrs following a lethal virus challenge.87 The therapeutic efficacy of mAb m102.4 has also been examined in nonhuman primates against both NiV and HeV challenge as a post-exposure therapeutic reflective of a potential real life virus exposure scenario189,190 (Table 14.5). In one study, AGMs were challenged intratracheally with HeV and following virus administration they were infused twice with m102.4 (~15 mg/kg) beginning at 10 hrs, 24 hrs or 72 hrs post-infection followed by a the second infusion ~48 hrs after the first. In this study, all subjects became infected following challenge, and all animals that received m102.4 survived whereas all controls succumbed to severe systemic disease 8 days following virus challenge. Animals in a 72 hrs treatment group did exhibit neurological signs but all recovered by day 16, but there was no evidence of HeV-specific pathology in any of the m102.4-treated animals, and no infectious HeV could be recovered from any tissues from any m102.4-treated subjects. A later study evaluated the efficacy of m102.4 against NiV-Malaysia challenge in AGMs, at several time points after virus exposure by intratracheal challenge including as late as the onset of clinical illness.190 Here, animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days following NiV-Malaysia challenge and again 48 hrs after the first dose. All animals became infected following virus exposure, and again all subjects that received m102.4 therapy survived the infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 following virus challenge. The m102.4 mAb was also shown to be effective the nonhuman primate model against NiV-Bangladesh infection, although its therapeutic window was much shorter as compared to NiV-Malaysia infected subjects.187 Taken together, these studies have shown that m102.4 mAb therapy can prevent HeV or NiV lethal disease in exposed subjects is the only effective post-exposure therapeutic tested in vivo in nonhuman primates. The mAb m102.4 has since been used by emergency protocol in 13 people in Australia and one in the U.S. because of significant risk of HeV or NiV infection.250 The m102.4 antibody has completed a Phase I clinical trial in Australia, and has recently been supplied to Government of India and included in an international Nipah treatment protocol sponsored by the Indian Council of Medical Research (ICMR) with support from the NIAID, NIH, USA.  



<H1>Perspective and Geographic Considerations	Comment by Benhur Lee: Have to write this together. Haven’t updated this at all. 

The high virulence of the henipaviruses and the requirement for BSL-4 facilities have hampered investigations into the biology and pathogenesis of these novel paramyxoviruses. Recent investigations into the structure and function of henipavirus proteins expressed from cloned genes have provided insight into the functions of many henipavirus proteins in infected cells. It remains to be determined if all of the functional characteristics of the henipavirus proteins determined in vitro accurately reflect the role that they play in the cells of both terrestrial and chiropteran hosts.

Although significant strides and an expanded understanding of the henipaviruses have been made during the past two decades, many questions relating to the ecology and biology of henipaviruses remain unanswered. It is clear that Pteropus species of fruit bats are the major reservoir host of these viruses, but new studies have suggested that an even wider group of chiropteran species may host the known henipaviruses and certainly yet to be identified new henipavirus species. With the wide geographic range of Pteropus species as overlapping populations, extending from islands in the South Pacific through Australia, and southern Asia to Pakistan, and with additional species on islands off the eastern coast of Africa, together with the cross-reactive serologic evidence of henipavirus presence,(61),(81) it would seem that many other related viruses remain to be identified.(43),(56) The emergence of these and related viruses is probably associated with the destruction of the flying fox native habitats, driving the animals to seek food from orchards and ornamental trees in urban and periurban areas. Thus, with continued deforestation, undoubtedly further outbreaks of HeV, NiV, and novel related members of the genus will occur. The mechanisms by which henipaviruses are transmitted between fruit bats and maintained within their colonies, as well as the pathways leading to the infection of spillover hosts, remain to be elucidated.
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Figure legends 

Figure 14.1. Syncytia induced in vero cells 24 hours after infection by Hendra virus (HeV) (A) and Nipah virus (NiV) (B). Methanol-fixed infected cells were labeled with rabbit monospecific antiserum to the HeV P protein and fluorescein-conjugated goat antirabbit immunoglobulin G. P protein is detected in extensive perinuclear ribonucleoprotein complexes (small arrow) and in discrete regularly shaped arrays (large arrow) distributed throughout the cytoplasm and believed to be sites of virus egress from the cell. Nuclei are indicated by chevrons.

Figure 14.2. A:  Electron micrograph of Nipah virus (NiV)-infected Vero cells showing tubule-like structures, both in the cytoplasm and in a maturing virus particle (arrows).  B:  Electron micrograph of negatively stained Hendra virus (HeV) displaying the double fringe at the virus envelope (small arrow) and the herringbone nucleocapsids (large arrow). (Courtesy of Dr. Alex Hyatt, CSIRO Australian Animal Health Laboratory.)

Figure 14.3. Genome size and organization of Hendra virus in comparison with the type species in each of the other six genera in the family Paramyxoviridae. A: Genome length (in nucleotides) are given in brackets after each virus. Color coding: blue, proteins for the inner most nucleocapsid responsible for replication and transcription; green, envelope proteins. B: 3’UTR of certain genes in henipaviruses (N, P and G) are longer than their counterparts from representative members of paramyxovirus genera that infect mammals. The 3’UTR length (number of nucleotides) of each gene from representative members of the indicated genera is compared separately in box-and-whisker plots (N, P, M, F, RBP, and RdRP). P values are calculated based on one-tailed t-test (Henipavirus vs all other genera); five virus species from Henipavirus (HeV, NC_001906; NiV, NC_002728; CedV, NC_025351.1; GhV, NC_025256.1; MojV, NC_025352.1), and three each from Morbillivirus, (MeV, NC_001498.1; CDV, NC_001921.1; FeMV, NC_039196.1), Rubulavirus (MuV, NC_002200.1; HPIV-2, NC_003443.1; PIV-5, NC_006430.1) and Respirovirus (SeV, NC_001552; HPIV-1, NC_003461; HPIV-3, NC_001796.2). Courtesy of Satoshi Ikegame and Christian Stevens, Icahn School of Medicine at Mount Sinai, New York.    

Figure 14.4. The major proteins of Hendra virus and Nipah virus and their roles in the henipavirus life cycle. A: Viruses were purified and analyzed as described in Wang LF et al.1  Major virus proteins and the molecular weights of standard marker proteins are shown on the right and left, respectively.  Reproduced with permission from Wang LF et al, Molecular biology of Hendra and Nipah viruses. Microbes Infect 2001; 3:279-87. B: Henipavirus replication cycle is depicted.  The virus receptor binding protein (RBP, deep blue lollipops) attaches the virus to the cell via its cognate receptor, typically ephrinB2/B3 (1), and triggers virus-cell membrane fusion mediated by the viral fusion protein (F, filled orange trapezoids) (2). Fusion delivers the nucleoprotein (N) encapsidated negative-sense virus RNA genome [vRNA(−), cyan] to the cytosol (3).  The vRNA(-) serves as template for viral transcripts made by the transcriptase complex comprised of the phosphoprotein (P) and the large RNA-dependent RNA-polymerase (RdRP) (P-RdRP, transparent hexagons) (4). Viral transcripts are made following a 3′ to 5′ attenuation gradient. The vRNA(-) is also the template for making full-length antigenomic cRNA(+) (5), which in turn is a template for vRNA(−) synthesis during virus genome replication (6). Henipavirus genome replication mediated by the N-P-RdRP replicase complex is similar to the details described for the Paramyxoviridae in chapter 13. However, some aspects of henipavirus assembly are relatively unique. The matrix protein (M, green octagons) needs to transit through the nucleus (7) in a ubiquitin-regulated manner (8), in order to traffic properly to the plasma membrane. This nuclear sojourn involves shuttling through subnuclear compartments such as nucleoli (9).  Proper trafficking is required for M to orchestrate the assembly of the viral RNPs with the viral envelope glycoproteins into budding infectious virions bearing the vRNA(-) (10). Matrix also has non-structural functions such as antagonizing type-I IFN responses (11); see Fig. 14.8 and text for details. Additionally, in order for the henipavirus F protein to be cleaved and become fusion-competent, it needs to access cathepsins L/B in the endosomal compartment. To do this, F first reaches the plasma membrane via the secreory pathway in an uncleaved form (open orange trapezoids) (12). Subsequent endocytosis and recycling back to the plasma membrane (12a) is required to form infectious virions where cleaved fusion-competent F (filled orange trapezoids) (12b) is complexed with the RBP in its proper oligomeric state. Where this occurs along the vesicular trafficking pathway and/or the plasma membrane is unresolved (13). F protein cleavage is seldom complete and uncleaved F can be detected in budded virions (14) (Adapted from Aguilar HC and Lee B. Emerging paramyxoviruses: molecular mechanisms and antiviral strategies. Expert Rev Mol Med 2011;13:e6) 

Figure 14.5. A structure-based phylogeny of paramyxoviral receptor binding proteins. Structure-based phylogenetic analysis on extant structures of all henipavirus RBPs and representative RBPs from at least one virus in other paramyxovirus genera for which structural data is available. RBPs are shown besides the tree and are rendered as surface representation (grey). All receptor-binding proteins, with the exception of the MojV-G, are shown in complex with their respective receptor molecules (yellow), with the receptor-binding interface colored red. Analysis was performed and produced as described in Rissanen et al.2  Paramyxoviral RBPs generally cluster according to their respective genera and cellular receptor usage with the exception MojV-RBP, which is almost equidistant to all structurally studied genera.  Courtesy of Dr. Thomas Bowden, University of Oxford, U.K.    

Figure 14.6. Nipah virus transmission. Major pathways of human Nipah virus infection are summarized for Malaysia (blue arrows), Bangladesh (red arrows), the Philippines (green arrows), and the latest outbreak in Kerala, India (orange arrows). (Adapted from Clayton BA. Nipah virus: transmission of a zoonotic paramyxovirus. Curr Opin Virol 2017; 22:97-104)	Comment by Benhur Lee: May need professional rendering, but also O.K. as is depending on Editor’s opinion. 

Figure 14.7. Immunohistochemistry detection of Nipah virus (NiV) and Hendra virus (HeV) antigen in henipavirus-infected tissues. A-D: Hendra virus infected tissues. A: Staining of HeV antigen (N protein-specific rabbit antibody) within the wall of superficial arteriole in the sub-mucosa of the nasal cavity in a HeV-infected horse. B: Immmunolabeling (N protein-specific rabbit antibody) of the endothelium of medium caliber vessels and alveolar septae in lung of a HeV-infected African green monkey (AGM) (10x). C: Immunolabeling of HeV antigen (N protein-specific rabbit antibody) within neurons in the brainstem of a HeV-infected AGM (40x). D: Immunolabeling of HeV antigens (mouse anti-HeV polyclonal antibody) in neurons of acute HeV-infected human case (40x). E: Positive immunolabelling (using anti-Nipah virus rabbit serum) within the lung of a NiV-infected pig. Involvement of bronchial epithelium and airway debris is noted. F: Immunolabeling (N protein-specific antibody) of the endothelium of medium caliber vessels and alveolar septae in lung of a NiV-infected AGM (20x). G: Immunolabeling of NiV antigen (N protein-specific antibody) within neurons in the brainstem of a NiV-infected AGM (40x). H: Immunolabeling of NiV antigens (hyperimmune anti-NiV mouse ascitic fluid) in the cytoplasm and nuclei of neurons, and neuronal processes in the brain of acute NiV-infected human case (158x).  A and E, courtesy of Dr. Deborah Middleton, CSIRO Australian Animal Health Laboratory. B, C, F and G, courtesy of Dr. Karla Fenton, University of Texas Medical Branch at Galveston, Texas. D, courtesy of Dr. Kum Thong Wong, University of Malaya; H, from Wong et al.3

Figure 14.8. Ephrin-B2 and ephrin-B3 RNA-seq expression data across representative human non-disease tissues. Shown here are ephrin-B2 (upper) and ephrin-B3 (lower) expression data obtained from the Genotype-Tissue Expression (GTEx) Portal. The GTEx project is a public resource where up to 53 non-disease tissue sites obtained from nearly 1,000 individuals are subjected to RNA-seq by next-generation sequencing amongst other assays. Details on datasets can be found on https://gtexportal.org. Data from all available brain regions are shown. The non-brain tissues are chosen for illustrative purposes based on their relevance to henipavirus pathogenesis.  Expression data in transcripts per million are plotted as box plots with the medians and 25th and 27th percentiles shown;  points are displayed as outliers if they are above or below 1.5 times the interquartile range. 1a Artery – Aorta; 1b Artery – Coronary; 2a Brain – Amygdala; 2b Brain - Anterior cingulate cortex (BA24); 2c Brain - Caudate (basal ganglia); 2d Brain - Cerebellar Hemisphere; 2e Brain – Cerebellum; 2f Brain – Cortex; 2g Brain - Frontal Cortex (BA9); 2h Brain – Hippocampus; 2i Brain – Hypothalamus; 2j Brain - Nucleus accumbens (basal ganglia); 2k Brain - Putamen (basal ganglia); 2l Brain - Spinal cord (cervical c-1); 2m Brain - Substantia nigra; 3 Breast - Mammary Tissue; 4 Colon – Transverse; 5 Esophagus - Gastroesophageal Junction; Esophagus – Mucosa; 6 Heart - Left Ventricle; 7 Kidney – Cortex; 8 Liver; 9 Lung; 10 Minor Salivary Gland; 11 Spleen; 12 Whole Blood. 
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Figure 14.9.  Innate immune evasion mechanisms of the Nipah virus N, P, V, W and M proteins.  Left: The V and W proteins (green diamonds) block IFN- expression by different mechanisms. Depicted are simplified versions of the RIG-I-like receptor (RLR) signaling (blue arrows) and TLR3 signaling (black arrows) pathways. Both lead to activation of interferon regulatory factors 3 and 7 (IRF-3 and IRF-7) (dashed arrow).  RIG-I, MDA5 and TLR3 can sense RNAs produced during viral infection.  Activation of RIG-I or MDA5 leads to their interaction with the mitochondria-associated adapter protein MAVS (1).  This leads to activation of the kinases IKK and/or TBK-1 (2), which phosphorylate and activate IRF-3 and, when present, IRF-7 (3).  For clarity, MAVS activation of NF-B is not shown. Activated IRF-3 and IRF-7 translocate into and accumulate in the nucleus; both contribute to IFN- gene transcription (4).    TLR3 signals through adaptor protein TRIF to activate IKK/TBK-1 (5). The cytoplasmic NiV and HeV V proteins interact with and inhibit MDA5, thereby inhibiting the induction of IFN- expression early on in the pathway (a); however NiV V does not appear to inhibit TLR3 signaling.  The nucleo-cytoplasmic shuttling NiV M protein (green hexagon), while it is in the cytoplasm, antagonizes induction of type-I IFNs by blocking IKK activation (b). This prevents downstream phosphorylation and nuclear translocation of IRF3, which also leads to a failure of IFN- induction. The nuclear W protein (green trapezoid) effectively blocks RLR and TLR3 activation of the IFN- promoter by preventing the accumulation of phosphorylated IRF-3 (c).  This function requires the nuclear localization of W. Right: The Nipah virus N, P, V and W proteins each block IFN signaling pathways at distinct steps (red arrows), ultimately leading to reduced expression of interferon- stimulated (antiviral) genes (ISGs).  The P, V and W proteins can each inhibit the phosphorylation and activation of STAT1 and STAT2 in response to IFN- (6) and block the phosphorylation and activation of STAT1 in response to IFN-.  The inhibition of the IFN- signaling pathway is depicted.  The cytoplasmic P and V proteins interact with and inhibit STAT1 (d).  The V protein also interacts with STAT2, in a STAT1-dependent manner.  P and V prevent nuclear accumulation of pSTAT1 /pSTAT2 following IFN- addition to cells and cause the STAT proteins to accumulate in a high molecular weight complex.  The NiV and HeV N proteins (green oval) were recently reported to disrupt phospho-STAT1 complex formation (7), though not phosphorylation of STAT1 itself (e). Nonetheless, this N-mediated disruption of STAT complexes reduces nuclear accumulation of the activated STAT complexes required to stimulate ISG expression (8). The nuclear W protein relocalizes non-phosphorylated STAT1 from its typically cytoplasmic localization to the nucleus (f).  STAT1 relocalized to the nucleus by W remains unphosphorylated and does not activate transcription of ISGs in response to IFN- addition. (Adapted from Basler CF. Nipah and Hendra virus interactions with the innnate immune system. Curr Top Microbiol Immunol 2012; 359: 123-52)   

Figure 14.10. Brain MR scans of acute Nipah (A) and relapsing Nipah encephalitis (B) showing hyperintense discrete and more confluent lesions, respectively, corresponding to discrete pathological lesions (C) and confluent lesions (D). H&E stains (C, D). Magnification, objective x4 (Reproduced  with permission from Wong KT and Tan CT. Clnical and Pathological manifestations of human henipavirus infection. Curr Top Microbiol Immunol 2012; 359: 95-104).

Figure 14.11. Distribution of frugivorous bats belonging to various genera in the Pteropodidae family where evidence of henipavirus presence have been detected.  The presence of henipavirus is graded into four levels with known outbreak (red), virus isolation (pink), molecular detection (blue), and antibody detection (green). 	Comment by Benhur Lee: Needs professional rendering. Submitted to Dave Murphy via email on Feb 18 at 1:58 AM EST   

Figure 14.12: Phylogenetic tree based on L-proteins of selected henipaviruses and type species of the other six genera in the family Paramyxoviridae. Tree was constructed by using Neighbor-Joining approach with 1,000 bootstrap replicates. Numbers at the nodes represent bootstrap values. Scale bar indicates amino acid substitutions per site.  Sequences are labelled with the following ordination when all relative information is available for any given genome sequence: Virus/Country/Host/Year/Strain (GenBank accession number). For example, NiV/BD/Human/2010/Faridpur(JN808864) represents a Nipah virus isolated in Bangladesh from humans in 2010 with Faridpur as its isolate name and JN808864 as its Genbank accession number. (Two accession numbers still missing from figure, pending Genbank release)

Figure 14.13. Chest radiographs of a Nipah virus (NiV) infected patient and Nipah virus (NiV) and Hendra virus (HeV) infected African green monkeys. A: Chest X-ray of patient infected with Nipah virus (Nipah-Bangladesh clade) from Kerala, India, 2018, at 6 days following onset of symptoms showing diffuse bilateral opacities covering the majority of the lung fields, consistent with acute respiratory distress syndrome (ARDS). B: Top, comparison of pre-challenge to Nipah virus (Nipah-Malaysia clade) infected African green monkey at 11 days post-challenge showing congestion and pneumonia with infiltrates on the lung fields. Bottom, comparison of pre-challenge to Hendra virus infected African green monkey at 8 days post-challenge showing diffuse interstitial infiltrates and pulmonary consolidation and severe respiratory distress. Panel A, courtesy of Prof. Govindakarnavar Arunkumar, Manipal Centre for Virus Research, Manipal Academy of Higher Education (deemed to be University), Karnataka State, India and Dr. Suresh Kumar. E.K, Malabar Institute of Medical Sciences, Kerala State, India. Panel B, top, from Geisbert et al.4, bottom, from Rockx et al.5 (reproduced with permission)

Figure 14.14. Magnetic resonance imaging scans of patients with Nipah virus (NiV) or Hendra virus (HeV) encephalitis. A: Left, patient with NiV encephalitis (Nipah-Bangladesh clade) from Kerala, India, 2018, at 6 days following onset of symptoms showing cortical and subcortical hyperintense foci (arrow heads). Middle, patient with acute NiV encephalitis (Nipah-Malaysia clade) from Malaysia, 1999, showing multiple discrete hyperintense lesions in the grey and white matter. Right, patient with relapsed NiV encephalitis from Malaysia, 1999, showing confluent lesions involving primarily the cortical grey matter. B: Left, acute HeV encephalitis in a patient on day 18 of illness, showing cortical and subcortical hyperintense foci. Right, relapsed HeV encephalitis in a patient on day 14 following symptoms onset showing widespread multifocal neocortical involvement. Panel A, left (India), courtesy of Prof. Govindakarnavar Arunkumar, Manipal Centre for Virus Research, Manipal Academy of Higher Education (deemed to be University), Karnataka State, India and Dr. Suresh Kumar. E.K, Malabar Institute of Medical Sciences, Kerala State, India. A, middle and right (Malaysia) from Goh, et al.6 B, left, from Playford et al.7; right, from O’Sullivan et al.8 (reproduced with permission)

Figure 14.15. Generalized understanding of infection and clinical features of human Nipah virus (NiV) and Hendra virus (HeV) infection.  A: Transmission is generally accepted to occur via the oronasal route presumably by virus contaminated respiratory secretions or droplets from infected animals or people, or liquid/food (palm sap/fruit); B: The initial site of replication in humans is ill-defined but is thought to occur within the respiratory system and disease onset is characterized by fever, myalgia, shortness of breath, cough, which may progress to an acute respiratory distress syndrome (ARDS); C: Possible invasion into the central nervous system (CNS) via the olfactory bulb has also been suggested and has been demonstrated in animal models; D: Virus replication and hematogenous systemic spread occurs (cell-free or cell-associated viremia) and established infection is characterized by a widespread vasculitis with endothelial and smooth muscle cell tropism resulting in multinucleated syncytial cells; E: CNS infection and encephalitis results in altered sensorium, headache, vomiting, and seizures along with fever and other systemic symptoms; F: Infection of other organs in addition to lung and brain in human cases occurs and has been reported in kidney, heart, spleen and lymphoid tissues, and similar widespread infection has been demonstrated in multiple animal models.	Comment by Benhur Lee: Needs professional rendering. Submitted to Dave Murphy via email on Feb 18 at 1:58 AM EST. 

Figure 14.16.  Model of the Hendra virus soluble G glycoprotein subunit vaccine (HeV-sG) and its complex with the Hendra and Nipah virus neutralizing human monoclonal antibody m102.4.  A: The HeV-sG glycoprotein subunit vaccine is composed of the entire ectodomain (amino acids 76-604) of the HeV G glycoprotein.  HeV-sG is shown as dimer with one monomer colored green and the other cyan.  The secondary structure elements of the two globular head domains are derived from the crystal structure of the HeV G head domain, the stalk regions of each G monomer (residues 77-136) are modeled, and N-linked glycosylation sites shown as gray spheres.  The ephrin-binding face of the cyan globular head is facing forward with an overlay of the interacting ephrin-B2 G-H loop residues in yellow.  B: The HeV-sG dimer is modeled in complex with two m102.4 Fab antibody fragments.  The two HeV-sG monomers are colored green and cyan as in panel A and rotated slightly to the right, and the two Fab molecules are shown with their heavy chains colored in magenta and light chain – in yellow, each binding one globular head domains of G. Modified from Broder et al.9

Figure 14.17.  One Health Vaccine strategy.  A: The known modes of henipavirus transmission in different countries.  In Australia, all seven human cases were infected via contacting infected horses. A One Health vaccine strategy was developed for immunization of horses with the dual purposes of saving horses from lethal Hendra virus infection and prevention of transmission from bats to humans via horses. B: Location densities of Equivac® HeV vaccine administered to horses around Australia, courtesy of Dr. Richard L’Estrange, Zoetis Inc.	Comment by Microsoft Office User: Part A may need professional artistic rendering. Submitted to Dave Murphy via email on Feb 18 at 1:58 AM EST   
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Viral transmission���Oct\��Nipah virus (NiV), a zoonotic paramyxovirus belonging to the genus Henipavirus, is classified as a Biosafety Level-4 pathogen based on its high pathogenicity in humans and the lack of available vaccines or therapeutics. Since its initial emergence in 1998 in Malaysia, this virus has become a great threat to domestic animals and humans. Sporadic outbreaks and person-to-person transmission over the past two decades have resulted in hundreds of human fatalities. Epidemiological surveys have shown that NiV is distributed in Asia, Africa, and the South Pacific Ocean, and is transmitted by its natural reservoir, Pteropid bats. Numerous efforts have been made to analyze viral protein function and structure to develop feasible strategies for drug design. Increasing surveillance and preventative measures for the viral infectious disease are urgently needed.,��https://www.ncbi.nlm.nih.gov/pubmed/30311101²��Sun, Bangyao
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viral immunology���A majority of viruses that have caused recent epidemics with high lethality rates in people, are zoonoses originating from wildlife. Among them are filoviruses (e.g., Marburg, Ebola), coronaviruses (e.g., SARS, MERS), henipaviruses (e.g., Hendra, Nipah) which share the common features that they are all RNA viruses, and that a dysregulated immune response is an important contributor to the tissue damage and hence pathogenicity that results from infection in humans. Intriguingly, these viruses also all originate from bat reservoirs. Bats have been shown to have a greater mean viral richness than predicted by their phylogenetic distance from humans, their geographic range, or their presence in urban areas, suggesting other traits must explain why bats harbor a greater number of zoonotic viruses than other mammals. Bats are highly unusual among mammals in other ways as well. Not only are they the only mammals capable of powered flight, they have extraordinarily long life spans, with little detectable increases in mortality or senescence until high ages. Their physiology likely impacted their history of pathogen exposure and necessitated adaptations that may have also affected immune signaling pathways. Do our life history traits make us susceptible to generating damaging immune responses to RNA viruses or does the physiology of bats make them particularly tolerant or resistant? Understanding what immune mechanisms enable bats to coexist with RNA viruses may provide critical fundamental insights into how to achieve greater resilience in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30294323Ã��Mandl, Judith N
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�Introduction: Zoonotic diseases are the infectious diseases that can be transmitted to human beings and vice versa from animals either directly or indirectly. These diseases can be caused by a range of organisms including bacteria, parasites, viruses and fungi. Viral diseases are highly infectious and capable of causing pandemics as evidenced by outbreaks of diseases like Ebola, Middle East Respiratory Syndrome, West Nile, SARS-Corona, Nipah, Hendra, Avian influenza and Swine influenza. Expalantion: Many viruses affecting equines are also important human pathogens. Diseases like Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and Venezuelan-equine encephalitis (VEE) are highly infectious and can be disseminated as aerosols. A large number of horses and human cases of VEE with fatal encephalitis have continuously occurred in Venezuela and Colombia. Vesicular stomatitis (VS) is prevalent in horses in North America and has zoonotic potential causing encephalitis in children. Hendra virus (HeV) causes respiratory and neurological disease and death in man and horses. Since its first outbreak in 1994, 53 disease incidents have been reported in Australia. West Nile fever has spread to many newer territories across continents during recent years.It has been described in Africa, Europe, South Asia, Oceania and North America. Japanese encephalitis has expanded horizons from Asia to western Pacific region including the eastern Indonesian archipelago, Papua New Guinea and Australia. Rabies is rare in horses but still a public health concern being a fatal disease. Equine influenza is historically not known to affect humans but many scientists have mixed opinions. Equine viral diseases of zoonotic importance and their impact on animal and human health have been elaborated in this article. Conclusion: Equine viral diseases though restricted to certain geographical areas have huge impact on equine and human health. Diseases like West Nile fever, Hendra, VS, VEE, EEE, JE, Rabies have the potential for spread and ability to cause disease in human. Equine influenza is historically not known to affect humans but some experimental and observational evidence show that H3N8 influenza virus has infected man. Despite our pursuit of understanding the complexity of the vector-host-pathogen mediating disease transmission, it is not possible to make generalized predictions concerning the degree of impact of disease emergence. A targeted, multidisciplinary effort is required to understand the risk factors for zoonosis and apply the interventions necessary to control it.,��https://www.ncbi.nlm.nih.gov/pubmed/30288197Ï��Kumar, Balvinder
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risk mapping���May 30���Since 1998, Nipah virus (NiV) (genus: Henipavirus; family: Paramyxoviridae), an often-fatal and highly virulent zoonotic pathogen, has caused sporadic outbreak events. Fruit bats from the genus Pteropus are the wildlife reservoirs and have a broad distribution throughout South and Southeast Asia, and East Africa. Understanding the disease biogeography of NiV is critical to comprehending the potential geographic distribution of this dangerous zoonosis. This study implemented the R packages ENMeval and BIOMOD2 as a means of modeling regional disease transmission risk and additionally measured niche similarity between the reservoir Pteropus and the ecological characteristics of outbreak localities with the Schoener's D index and I statistic. Results indicate a relatively high degree of niche overlap between models in geographic and environmental space (D statistic, 0.64; and I statistic, 0.89), and a potential geographic distribution encompassing 19% (2,963,178 km(2)) of South and Southeast Asia. This study should contribute to current and future efforts to understand the critical ecological contributors and geography of NiV. Furthermore, this study can be used as a geospatial guide to identify areas of high disease transmission risk and to inform national public health surveillance programs.,��https://www.ncbi.nlm.nih.gov/pubmed/30274453���Deka, Mark A
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Severe emerging infectious diseases���Nov���The Research and Development (R&D) Blueprint is a World Health Organization initiative to reduce the time between the declaration of a public health emergency and the availability of effective diagnostic tests, vaccines, and treatments that can save lives and avert a public health crisis. The scope of the Blueprint extends to severe emerging diseases for which there are insufficient or no presently existing medical countermeasures or pipelines to produce them. In February 2018, WHO held an informal expert consultation to review and update the list of priority diseases, employing a prioritization methodology which uses the Delphi technique, questionnaires, multi-criteria decision analysis, and expert review to identify relevant diseases. The committee determined that, given their potential to cause a public health emergency and the absence of efficacious drugs and/or vaccines, there is an urgent need for accelerated R&D for (in no order of priority) Crimean-Congo haemorrhagic fever, Ebola virus and Marburg virus disease, Lassa fever, Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), Nipah and henipaviral diseases, Rift Valley fever and Zika virus disease. The experts also included "Disease X," representing the awareness that a previously unknown pathogen could cause a major public health emergency. This report describes the methods and results of the 2018 prioritization review.,��https://www.ncbi.nlm.nih.gov/pubmed/30261226Í��Mehand, Massinissa Si
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surgery���Oct���BACKGROUND: Cancellation of planned surgery impacts substantially on patients and health systems. This study describes the incidence and reasons for cancellation of inpatient surgery in the UK NHS. METHODS: We conducted a prospective observational cohort study over 7 consecutive days in March 2017 in 245 NHS hospitals. Occurrences and reasons for previous surgical cancellations were recorded. Using multilevel logistic regression, we identified patient- and hospital-level factors associated with cancellation due to inadequate bed capacity. RESULTS: We analysed data from 14 936 patients undergoing planned surgery. A total of 1499 patients (10.0%) reported previous cancellation for the same procedure; contemporaneous hospital census data indicated that 13.9% patients attending inpatient operations were cancelled on the day of surgery. Non-clinical reasons, predominantly inadequate bed capacity, accounted for a large proportion of previous cancellations. Independent risk factors for cancellation due to inadequate bed capacity included requirement for postoperative critical care [odds ratio (OR)=2.92; 95% confidence interval (CI), 2.12-4.02; P<0.001] and the presence of an emergency department in the treating hospital (OR=4.18; 95% CI, 2.22-7.89; P<0.001). Patients undergoing cancer surgery (OR=0.32; 95% CI, 0.22-0.46; P<0.001), obstetric procedures (OR=0.17; 95% CI, 0.08-0.32; P<0.001), and expedited surgery (OR=0.39; 95% CI, 0.27-0.56; P<0.001) were less likely to be cancelled. CONCLUSIONS: A significant proportion of patients presenting for surgery have experienced a previous cancellation for the same procedure. Cancer surgery is relatively protected, but bed capacity, including postoperative critical care requirements, are significant risk factors for previous cancellations.,��https://www.ncbi.nlm.nih.gov/pubmed/30236235±��Wong, D J N
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Zoonoses���Dec���While general medical practitioners (GPs) and veterinarians are often the first line responders in the face of a disease outbreak, pathways to improving the One Health efficacy of these clinicians remain unclear. A two-phase modified Delphi survey of professionals with known expertise in One Health ('expert panel') was used to 1) identify key knowledge, attitudes and practices (KAPs) of GPs and veterinarians that would be consistent with a One Health approach to zoonoses; and 2) determine priorities for future surveys with Australian GPs and veterinarians to identify important gaps that impede effective diagnosis and management of zoonoses. A list of 13 topics/sub-topics, as well as a list of 25 specific zoonotic diseases/agents emerged from the first phase of the survey. In the second phase the expert panel identified general knowledge of the clinical aspects and epidemiological aspects of zoonoses, as well as risk management practices, as the most important KAPs and research priorities for both GPs and veterinarians. In terms of diseases, the expert panel regarded knowledge of Hendra virus, Q fever, Australian bat lyssavirus (ABLV), anthrax and Brucella suis most important for veterinarians, whilst for GPs, Q fever, gastrointestinal/foodborne diseases, influenza, ABLV and local vector-borne diseases were found to be most important by the expert panel. Some differences were noted in terms of prioritization of topics/sub-topics and diseases/agents according to expert background (veterinary and non-veterinary). The Delphi survey technique enabled efficient collection of data from a diverse range of One Health 'experts'/specialists and provided clear priorities for proposed future research, and potentially for educational interventions to improve One Health efficacy of clinicians.,��https://www.ncbi.nlm.nih.gov/pubmed/30197925¦��Steele, Sandra G
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Virus ebola���Aug,
�The global community continues to incur the high costs of crisis mitigation and emergency response to outbreaks of emerging infectious diseases, such as those caused by the H5N1 highly pathogenic avian influenza virus, Ebola virus, Nipah virus, Zika virus or the Middle East respiratory syndrome coronavirus. These viruses are particularly dangerous in regions associated with poor development indicators and high vulnerability. The drivers of these disease crises include failures in the way that animal diseases are detected and reported and failures in the way in which disease response is implemented by animal health and public health systems. In addition, the lack of a coordinated response hampers disease control efforts. A comprehensive approach for disease prevention, detection and response, however, requires a coordinated and joint effort among governments, communities, donors and international networks to invest effectively in prevention systems that can identify early signals of the emergence, spillover and spread of animal pathogens at the local level. These signals include trade bans, market closures, civil unrest, heavy rains and droughts associated with climate change, and livestock intensification or changes in consumer behaviour. The global community needs to increase its investment in early warning and detection systems that can provide information that enables action to be taken at the national, regional and global levels in the event of an outbreak of a transboundary animal disease (TAD). Like any preventive measure, an early warning system requires financial resources, but these are insignificant when compared to the losses that are avoided. Building a global early warning and effective response system for outbreaks is value for money, as the benefits far outweigh the costs. The goal of the Food and Agriculture Organization of the United Nations (FAO) is to end hunger and poverty, which is a challenging and complex task. Building global capacity to prepare for and respond to TADs is an important element of the FAO's strategic objective to increase the resilience of livelihoods to threats and crises. Each year, livestock, and the people who rely upon them for their livelihoods, are confronted with animal disease and crises. They can strike suddenly, causing obvious illness and death, or emerge insidiously and become well established before becoming apparent. Animal disease emergencies threaten the production of, and access to, food; consequently, one of the FAO's missions is to help countries to prepare for and respond to animal health disasters.,��https://www.ncbi.nlm.nih.gov/pubmed/30152454���Tekola, B
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Surete biologique���AugÖ��With recent outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV), anthrax, Nipah and the highly pathogenic avian influenza virus, much emphasis has been placed on the rapid identification of infectious agents globally. As a result, laboratories are building capacity, conducting more advanced and sophisticated research, increasing their staff, and establishing reference collections of dangerous pathogens in an attempt to reduce the impact of infectious disease outbreaks and to characterise disease-causing agents. With this expansion, the global laboratory community has started to focus on laboratory biosafety and biosecurity in order to prevent the accidental and/or intentional release of these agents. Laboratory biosafety and biosecurity systems are used around the world to help to mitigate the risks posed by dangerous pathogens in the laboratory. Veterinary laboratories carry unique responsibilities with regard to workers and communities to handle disease-causing microorganisms safely and securely. Many microorganisms studied in veterinary laboratories not only infect animals, but also have the potential to infect humans. This paper will discuss the fundamentals of laboratory biosafety and biosecurity.,��https://www.ncbi.nlm.nih.gov/pubmed/30152450���Brass, V H
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spillover���Octj��Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, Asia, and Australia. In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses. The genus Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and Asia, and a suite of largely uncharacterized African henipaviruses. Rapid change in fruit bat habitat and associated shifts in their ecology and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing spillover risk of bat-borne viruses. We review the ways that changing resource landscapes affect the processes that culminate in cross-species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure. We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus spillover. When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and composition.,��https://www.ncbi.nlm.nih.gov/pubmed/30138535£��Kessler, Maureen K
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vaccinesV��The Indian subcontinent with its population density, climatic conditions, means of subsistence, socioeconomic factors as well as travel and tourism presents a fertile ground for thriving of RNA viruses. Despite being pathogens of huge significance, there is very little focus on research into the biology and pathogenesis of RNA viruses in India. Studies on epidemiology and disease burden, risk factors, the immune response to RNA viruses, circulating virus strains and virus evolution, animal models of disease, antivirals and vaccines are strikingly absent. Emerging RNA viruses such as Zika virus, Nipah virus and Crimean-Congo haemorrhagic fever virus are a matter of grave concern to India. Here we summarize the outcome of the India|EMBO symposium on "RNA viruses: immunology, pathogenesis and translational opportunities" organized at Faridabad, National Capital Region, India, on March 28-30, 2018. The meeting focused on RNA viruses (non-HIV), and both national and international experts on RNA viruses covered topics ranging from epidemiology, immune response, virus evolution and vaccine trials concerning RNA viruses. The aim of the symposium was to create a road map for RNA virus research in India. Both concrete and tentative ideas pointing towards short-term and long-term goals were presented with recommendations for follow-up at government level.,��https://www.ncbi.nlm.nih.gov/pubmed/30131779���Medigeshi, Guruprasad R
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*viruses���SepA��The World Health Organization R&D Blueprint aims to accelerate the availability of medical technologies during epidemics by focusing on a list of prioritized emerging diseases for which medical countermeasures are insufficient or nonexistent. The prioritization process has 3 components: a Delphi process to narrow down a list of potential priority diseases, a multicriteria decision analysis to rank the short list of diseases, and a final Delphi round to arrive at a final list of 10 diseases. A group of international experts applied this process in January 2017, resulting in a list of 10 priority diseases. The robustness of the list was tested by performing a sensitivity analysis. The new process corrected major shortcomings in the pre-R&D Blueprint approach to disease prioritization and increased confidence in the results.,��https://www.ncbi.nlm.nih.gov/pubmed/30124424Þ��Mehand, Massinissa Si
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*paramyxovirus���Oct 1+	�Inflammasomes play a key role in host innate immune responses to viral infection by caspase-1 (Casp-1) activation to facilitate interleukin-1beta (IL-1beta) secretion, which contributes to the host antiviral defense. The NLRP3 inflammasome consists of the cytoplasmic sensor molecule NLRP3, adaptor protein ASC, and effector protein pro-caspase-1 (pro-Casp-1). NLRP3 and ASC promote pro-Casp-1 cleavage, leading to IL-1beta maturation and secretion. However, as a countermeasure, viral pathogens have evolved virulence factors to antagonize inflammasome pathways. Here we report that V gene knockout Sendai virus [SeV V(-)] induced markedly greater amounts of IL-1beta than wild-type SeV in infected THP1 macrophages. Deficiency of NLRP3 in cells inhibited SeV V(-)-induced IL-1beta secretion, indicating an essential role for NLRP3 in SeV V(-)-induced IL-1beta activation. Moreover, SeV V protein inhibited the assembly of NLRP3 inflammasomes, including NLRP3-dependent ASC oligomerization, NLRP3-ASC association, NLRP3 self-oligomerization, and intermolecular interactions between NLRP3 molecules. Furthermore, a high correlation between the NLRP3-binding capacity of V protein and the ability to block inflammasome complex assembly was observed. Therefore, SeV V protein likely inhibits NLRP3 self-oligomerization by interacting with NLRP3 and inhibiting subsequent recruitment of ASC to block NLRP3-dependent ASC oligomerization, in turn blocking full activation of the NLRP3 inflammasome and thus blocking IL-1beta secretion. Notably, the inhibitory action of SeV V protein on NLRP3 inflammasome activation is shared by other paramyxovirus V proteins, such as Nipah virus and human parainfluenza virus type 2. We thus reveal a mechanism by which paramyxovirus inhibits inflammatory responses by inhibiting NLRP3 inflammasome complex assembly and IL-1beta activation.IMPORTANCE The present study demonstrates that the V protein of SeV, Nipah virus, and human parainfluenza virus type 2 interacts with NLRP3 to inhibit NLRP3 inflammasome activation, potentially suggesting a novel strategy by which viruses evade the host innate immune response. As all members of the Paramyxovirinae subfamily carry similar V genes, this new finding may also lead to identification of novel therapeutic targets for paramyxovirus infection and related diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/30021903���Komatsu, Takayuki
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Transmission���Aug 1r��Highly pathogenic avian influenza virus (HPAIV) H5N1 has been reported in Asia, including Indonesia since 2003. Although several risk factors related to the HPAIV outbreaks in poultry in Indonesia have been identified, little is known of the contact structure of farms of different poultry production types (backyard chickens, broilers, layers, and ducks). This study aims to quantify the contact rates associated with the movement of people, and movements of live birds and products and equipment that affect the risk of HPAIV H5N1 transmission between poultry farms in Indonesia. On 124 poultry farms in 6 districts in West Java, logbooks were distributed to record the movements of farmers/staff and visitors and their poultry contacts. Most movements in backyard chicken, commercial native chicken, broiler and duck farms were visits to and from other poultry farms, whilst in layer farms visits to and from poultry companies, visits to egg collection houses and visit from other poultry farms were most frequent. Over 75% of persons visiting backyard chicken and duck farms had previously visited other poultry farms on the same day. Visitors of backyard chicken farms had the highest average contact rate, either direct contact with poultry on other farms before the visits (1.35 contact/day) or contact during their visits in the farms (10.03 contact/day). These results suggest that backyard chicken farms are most at risk for transmission of HPAIV compared to farms of the other poultry production types. Since visits of farm-to-farm were high, backyard farms could also a potential source for HPAIV transmission to commercial poultry farms.,��https://www.ncbi.nlm.nih.gov/pubmed/29891149B��Wibawa, Hendra
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One Health���Jul{��The Nipah virus has been transmitted from person-to-person via close contact in non-urban parts of India (including Kerala May 2018), Bangladesh, and the Philippines. It can cause encephalitis and pneumonia, and has a high case fatality rate. Nipah is a One Health zoonotic infectious disease linked to fruit bats, and sometimes pigs or horses. We advocate anticipating and preparing for urban and larger rural outbreaks of Nipah. Immediate enhanced preparations would include standardized guidance on infection prevention and control, and personal protective equipment, from the World Health Organization (WHO) on their OpenWHO website and 2018 "Managing Epidemics" handbook, along with adding best clinical practices by experts in countries with multiple outbreaks such as Bangladesh and India. Longer-term enhanced preparations include accelerating development of field diagnostics, antiviral drugs, immune-based therapies, and vaccines. WHO-coordinated multi-partner protocols to test investigational treatments, diagnostics, and vaccines are needed, by analogy to such protocols for Ebola during the unanticipated pan-epidemic in Guinea, Liberia, and Sierra Leone. Anticipating and preparing now for urban and rural Nipah outbreaks in nations with no experience with Nipah will help avoid the potential for what the United Nations 2016 report on Ebola in West Africa called a "preventable tragedy".,��https://www.ncbi.nlm.nih.gov/pubmed/29879523���Donaldson, Halsie
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Zinc���Junå��Absorbable metals, metals that corrode in physiological environment, constitute a new class of biomaterials intended for temporary medical implant applications. The introduction of these metals has shifted the established paradigm of metal implants from preventing corrosion to its direct application. Interest toward absorbable metals has been growing in the past decade. This is proved by the rapid increase in scientific publication, progressive development of standards, and launching the first commercial products. Iron, magnesium, zinc, and their alloys are the current three absorbable metals families. Magnesium-based metals are the most progressing family with a large data set obtained from both basic and translational research. Iron-based metals are still facing a major challenge of low in vivo corrosion rate despite the significant efforts that have been put to overcome its weakness. Zinc-based metals are the new alternative absorbable metals with moderate corrosion rates that fall between those of iron and magnesium. This manuscript provides a brief review on the latest progress in the research and development of absorbable metals, the most important findings, the remaining challenges, and the perspective on the future direction.,��https://www.ncbi.nlm.nih.gov/pubmed/29790132���Hermawan, Hendra
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Viral Proteins/genetics/*immunology/metabolism���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus in the family Paramyxoviridae. Henipavirus infections were first reported in the 1990's causing severe and often fatal outbreaks in domestic animals and humans in Southeast Asia and Australia. NiV infections were observed in humans in Bangladesh, India and in the first outbreak in Malaysia, where pigs were also infected. HeV infections occurred in horses in the North-Eastern regions of Australia, with singular transmission events to humans. Bats of the genus Pteropus have been identified as the reservoir hosts for henipaviruses. Molecular and serological indications for the presence of henipa-like viruses in African fruit bats, pigs and humans have been published recently. In our study, truncated forms of HeV and NiV attachment (G) proteins as well as the full-length NiV nucleocapsid (N) protein were expressed using different expression systems. Based on these recombinant proteins, Enzyme-linked Immunosorbent Assays (ELISA) were developed for the detection of HeV or NiV specific antibodies in porcine serum samples. We used the NiV N ELISA for initial serum screening considering the general reactivity against henipaviruses. The G protein based ELISAs enabled the differentiation between HeV and NiV infections, since as expected, the sera displayed higher reactivity with the respective homologous antigens. In the future, these assays will present valuable tools for serosurveillance of swine and possibly other livestock or wildlife species in affected areas. Such studies will help assessing the potential risk for human and animal health worldwide by elucidating the distribution of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29708971���Fischer, Kerstin
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*viral assembly���Jul 1Ý	�Hendra virus (HeV) is a zoonotic paramyxovirus belonging to the genus Henipavirus HeV is highly pathogenic, and it can cause severe neurological and respiratory illnesses in both humans and animals, with an extremely high mortality rate of up to 70%. Among the genes that HeV encodes, the matrix (M) protein forms an integral part of the virion structure and plays critical roles in coordinating viral assembly and budding. Nevertheless, the molecular mechanism of this process is not fully elucidated. Here, we determined the crystal structure of HeV M to 2.5-A resolution. The dimeric structural configuration of HeV M is similar to that of Newcastle disease virus (NDV) M and is fundamental to protein stability and effective virus-like-particle (VLP) formation. Analysis of the crystal packing revealed a notable interface between the alpha1 and alpha2 helices of neighboring HeV M dimers, with key residues sharing degrees of sequence conservation among henipavirus M proteins. Structurally, a network of electrostatic interactions dominates the alpha1-alpha2 interactions, involving residues Arg57 from the alpha1 helix and Asp105 and Glu108 from the alpha2 helix. The disruption of the alpha1-alpha2 interactions using engineered charge reversal substitutions (R57E, R57D, and E108R) resulted in significant reduction or abrogation of VLP production. This phenotype was reversible with an R57E E108R mutant that was designed to partly restore salt bridge contacts. Collectively, our results define and validate previously underappreciated regions of henipavirus M proteins that are crucial for productive VLP assembly.IMPORTANCE Hendra virus is a henipavirus associated with lethal infections in humans. It is classified as a biosafety level 4 (BSL4) agent, and there are currently no preventive or therapeutic treatments available against HeV. Vital to henipavirus pathogenesis, the structural protein M has been implicated in viral assembly and budding, as well as host-virus interactions. However, there is no structural information available for henipavirus M, and the basis of M-driven viral assembly is not fully elucidated. We demonstrate the first three-dimensional structure of a henipavirus M protein. We show the dimeric organization of HeV M as a basic unit for higher-order oligomerization. Additionally, we define key regions/residues of HeV M that are required for productive virus-like-particle formation. These findings provide the first insight into the mechanism of M-driven assembly in henipavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/29695428Á��Liu, Yu Chih
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virus-neutralising antibody titres���May���OBJECTIVE: To determine the antibody responses to a commercial Hendra virus vaccine (Equivac(R) HeV) in a field environment. METHODS: A group of 61 horses received a primary vaccination course comprising two doses administered 3-6 weeks apart (V1, V2) and a 3rd dose (V3) given 6 months after the second. This was followed by booster vaccinations at 12 monthly intervals (V4, V5). Antibody titres were assessed using a virus-neutralisation test. RESULTS: Neutralising antibodies against HeV were not detected prior to vaccination. Antibodies were detected in 54/57 horses at 3 weeks after V1 and 51/51 had titres >/= 32 at 8 weeks after V2. At 6 months after V2, antibody titres decreased in most (31/34) horses and were not detected in three horses. A rapid increase in antibody titres was recorded in 35/36 horses at 1 week following V3. By the first annual booster vaccination (V4), antibodies were still detectable in 29/29 horses, although titres had decreased; in 26/29 horses, titres remained >/= 32. All horses showed an increase in antibody titres after V4. There was no statistically significant increase in mean antibody titre after V5, compared with after V4. CONCLUSION: Horses administered Equivac(R) HeV, using a primary vaccination course followed by annual booster vaccinations, mounted an effective secondary immune response and acquired antibody responses that were consistent with protective immunity against HeV in the form of virus-neutralising antibodies. No adverse events were observed after vaccine administration.,��https://www.ncbi.nlm.nih.gov/pubmed/29691855¡��Tan, Rhh
Hodge, A
Klein, R
Edwards, N
Huang, J A
Middleton, D
Watts, S P
eng
England
2018/04/25 06:00
Aust Vet J. 2018 May;96(5):161-166. doi: 10.1111/avj.12694.*��1751-0813 (Electronic)
0005-0423 (Linking)���29691855Y��College of Public Health, Medicine and Veterinary Sciences, James Cook University, Townsville, Queensland, Australia.
Zoetis, Veterinary Medicine Research and Development, Parkville, Victoria, Australia.
CSIRO Australian Animal Health Laboratory, Geelong, Victoria, Australia.
Wellington Village Veterinary Clinic, Rowville, Victoria, Australia.���10.1111/avj.12694�
3��üÒ|ÿî?M���4��Shang, X.
Chu, W.
Chu, X.
Xu, L.
Longhi, S.
Wang, J.���2018W��Exploration of nucleoprotein alpha-MoRE and XD interactions of Nipah and Hendra viruses���113���J Mol Model���24���56��Hendra Virus/*chemistry/metabolism
*Molecular Dynamics Simulation
Nipah Virus/*chemistry/metabolism
Nucleoproteins/*chemistry/metabolism
Protein Domains
Protein Structure, Secondary
Viral Proteins/*chemistry/metabolism
Coupled binding-folding
Free energy landscapes
Hybrid structure-based model
Idp
alpha-MoREs���Apr 24���Henipavirus, including Hendra virus (HeV) and Nipah virus (NiV), is a newly discovered human pathogen genus. The nucleoprotein of Henipavirus contains an alpha-helical molecular recognition element (alpha-MoRE) that folds upon binding to the X domain (XD) of the phosphoprotein (P). In order to explore the conformational dynamics of free alpha-MoREs and the underlying binding-folding mechanism with XD, atomic force field-based and hybrid structure-based MD simulations were carried out. In our empirical force field-based simulations, characteristic structures and helicities of alpha-MoREs reveal the co-existence of partially structured and disordered conformations, as in the case of the well characterized cognate measles virus (MeV) alpha-MoRE. In spite of their overall similarity, the two alpha-MoREs display subtle helicity differences in their C-terminal region, but much different from that of MeV. For the alpha-MoRE/XD complexes, the results of our hybrid structure-based simulations provide the coupled binding-folding landscapes, and unveil a wide conformational selection mechanism at early binding stages, followed by a final induce-fit mechanism selection process. However, the HeV and NiV complexes have a lower binding barrier compared to that of MeV. Moreover, the HeV alpha-MoRE/XD complex shows much less coupling effects between binding and folding compared to that from both NiV and MeV. Our analysis revealed that contrary to NiV and MeV, the N- and C-terminal regions of the HeV alpha-MoRE maintains a low helicity also in the bound form.,��https://www.ncbi.nlm.nih.gov/pubmed/29691656­��Shang, Xu
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Surface expression���May}��Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can cause severe infections in livestock and humans. In recent years, also African bat henipaviruses were identified at the nucleic acid level. To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins required for virus entry and spread by cell-cell fusion. It has been shown that surface expression and fusion-helper function of the receptor-binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G proteins. Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER. As defects in oligomerization of viral glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern of KV G. In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively formed stable tetramers or higher oligomers. KV G also showed less stringent requirements for defined stalk cysteines to form dimers and tetramers. Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression and receptor binding was unchanged. This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/29685227Ã��Behner, Laura
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*outbreaks���Jun¹��Nipah virus, a paramyxovirus related to Hendra virus, first emerged in Malaysia in 1998. Clinical presentation ranges from asymptomatic infection to fatal encephalitis. Malaysia has had no more cases since 1999, but outbreaks continue to occur in Bangladesh and India. In the Malaysia-Singapore outbreak, transmission occurred primarily through contact with pigs, whereas in Bangladesh and India, it is associated with ingestion of contaminated date palm sap and human-to-human transmission. Bats are the main reservoir for this virus, which can cause disease in humans and animals. There are currently no effective therapeutics, and supportive care and prevention are the mainstays of management.,��https://www.ncbi.nlm.nih.gov/pubmed/29643201­��Ang, Brenda S P
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R1479���May���Ebolaviruses, marburgviruses, and henipaviruses are zoonotic pathogens belonging to the Filoviridae and Paramyxoviridae families. They exemplify viruses that continue to spill over into the human population, causing outbreaks characterized by high mortality and significant clinical sequelae in survivors of infection. There are currently no approved small molecule therapeutics for use in humans against these viruses. In this study, we evaluated the antiviral activity of the nucleoside analog 4'-azidocytidine (4'N3-C, R1479) and its 2'-monofluoro- and 2'-difluoro-modified analogs (2'F-4'N3-C and 2'diF-4'N3-C) against representative paramyxoviruses (Nipah virus, Hendra virus, measles virus, and human parainfluenza virus 3) and filoviruses (Ebola virus, Sudan virus, and Ravn virus). We observed enhanced antiviral activity against paramyxoviruses with both 2'diF-4'N3-C and 2'F-4'N3-C compared to R1479. On the other hand, while R1479 and 2'diF-4'N3-C inhibited filoviruses similarly to paramyxoviruses, we observed 10-fold lower filovirus inhibition by 2'F-4'N3-C. To our knowledge, this is the first study to compare the susceptibility of paramyxoviruses and filoviruses to R1479 and its 2'-fluoro-modified analogs. The activity of these compounds against negative-strand RNA viruses endorses the development of 4'-modified nucleoside analogs as broad-spectrum therapeutics against zoonotic viruses of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/29601894���Lo, Michael K
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789;��Laing, Eric D
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Moscona, A.���2018T��Fusion Inhibitory Lipopeptides Engineered for Prophylaxis of Nipah Virus in Primates���218-227���J Infect Dis���218���2���Jun 20K��Background: The emerging zoonotic paramyxovirus Nipah virus (NiV) causes severe respiratory and neurological disease in humans, with high fatality rates. Nipah virus can be transmitted via person-to-person contact, posing a high risk for epidemic outbreaks. However, a broadly applicable approach for human NiV outbreaks in field settings is lacking. Methods: We engineered new antiviral lipopeptides and analyzed in vitro fusion inhibition to identify an optimal candidate for prophylaxis of NiV infection in the lower respiratory tract, and we assessed antiviral efficiency in 2 different animal models. Results: We show that lethal NiV infection can be prevented with lipopeptides delivered via the respiratory route in both hamsters and nonhuman primates. By targeting retention of peptides for NiV prophylaxis in the respiratory tract, we avoid its systemic delivery in individuals who need only prevention, and thus we increase the safety of treatment and enhance utility of the intervention. Conclusions: The experiments provide a proof of concept for the use of antifusion lipopeptides for prophylaxis of lethal NiV. These results advance the goal of rational development of potent lipopeptide inhibitors with desirable pharmacokinetic and biodistribution properties and a safe effective delivery method to target NiV and other pathogenic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29566184&��Mathieu, Cyrille
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neurons���May 15 ��Horses are susceptible to a number of neurotropic viruses, including West Nile virus (WNV), which is a pathogen of global significance in both horses and humans. However, there are no in vitro models with which to study infectious neuropathic diseases in the horse. In an effort to redress this, we have generated neurons from equine induced pluripotent stem cells (equiPSCs) that express a range of cortical neuron-specific markers, in addition to the membrane-bound ligand ephrin B3, which plays an important role in axon guidance as well as functioning as the receptor through which henipaviruses, such as Hendra virus, enter mammalian neurons. EquiPSC-derived neurons spontaneously depolarize with waves of depolarization conducted unidirectionally to adjacent neurons. We sought to confirm that equiPSC-derived neurons are a possible in vitro model for viral neuropathic diseases in the horse by examining their susceptibility to infection with flaviviruses that are known to be neurotropic in horses, including WNV and Murray Valley encephalitis virus (MVEV), and to compare these to nonpathogenic flaviviruses such as Fitzroy River virus (FRV) and Bamaga virus (BgV). All three strains of WNV tested in this study grew to high titres in the equiPSC-derived neurons, inducing a strong cytopathic effect (cpe), as did MVEV. In contrast, FRV showed restricted replication, and no cpe, which is consistent with the observation that FRV infects, but does not cause disease, in horses. BgV, which is thought to infect only marsupials, did not replicate in the equiPSC-derived neurons. Hence, our equiPSC-derived neurons display virus-specific differences in terms of viral titre and cpe that are similar to observations made in vivo, thus supporting their use as an in vitro model for neurotropic viral infection in horses.,��https://www.ncbi.nlm.nih.gov/pubmed/29562867Ù��Fortuna, Patrick R J
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Viruses/classification/*growth & developmentb��The goal of this study was to evaluate survival of important viral pathogens of livestock in animal feed ingredients imported daily into the United States under simulated transboundary conditions. Eleven viruses were selected based on global significance and impact to the livestock industry, including Foot and Mouth Disease Virus (FMDV), Classical Swine Fever Virus (CSFV), African Swine Fever Virus (ASFV), Influenza A Virus of Swine (IAV-S), Pseudorabies virus (PRV), Nipah Virus (NiV), Porcine Reproductive and Respiratory Syndrome Virus (PRRSV), Swine Vesicular Disease Virus (SVDV), Vesicular Stomatitis Virus (VSV), Porcine Circovirus Type 2 (PCV2) and Vesicular Exanthema of Swine Virus (VESV). Surrogate viruses with similar genetic and physical properties were used for 6 viruses. Surrogates belonged to the same virus families as target pathogens, and included Senecavirus A (SVA) for FMDV, Bovine Viral Diarrhea Virus (BVDV) for CSFV, Bovine Herpesvirus Type 1 (BHV-1) for PRV, Canine Distemper Virus (CDV) for NiV, Porcine Sapelovirus (PSV) for SVDV and Feline Calicivirus (FCV) for VESV. For the remaining target viruses, actual pathogens were used. Virus survival was evaluated using Trans-Pacific or Trans-Atlantic transboundary models involving representative feed ingredients, transport times and environmental conditions, with samples tested by PCR, VI and/or swine bioassay. SVA (representing FMDV), FCV (representing VESV), BHV-1 (representing PRV), PRRSV, PSV (representing SVDV), ASFV and PCV2 maintained infectivity during transport, while BVDV (representing CSFV), VSV, CDV (representing NiV) and IAV-S did not. Notably, more viruses survived in conventional soybean meal, lysine hydrochloride, choline chloride, vitamin D and pork sausage casings. These results support published data on transboundary risk of PEDV in feed, demonstrate survival of certain viruses in specific feed ingredients ("high-risk combinations") under conditions simulating transport between continents and provide further evidence that contaminated feed ingredients may represent a risk for transport of pathogens at domestic and global levels.,��https://www.ncbi.nlm.nih.gov/pubmed/29558524û��Dee, Scott A
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Virus Replication���Feb���Paramyxoviruses represent a family of RNA viruses causing significant human diseases. These include measles virus, the most infectious virus ever reported, in addition to parainfluenza virus, and other emerging viruses. Paramyxoviruses likely share common replication machinery but their mechanisms of RNA biosynthesis activities and details of their complex polymerase structures are unknown. Mechanistic and functional details of a paramyxovirus polymerase would have sweeping implications for understanding RNA virus replication and for the development of new antiviral medicines. To study paramyxovirus polymerase structure and function, we expressed an active recombinant Nipah virus (NiV) polymerase complex assembled from the multifunctional NiV L protein bound to its phosphoprotein cofactor. NiV is an emerging highly pathogenic virus that causes severe encephalitis and has been declared a global public health concern due to its high mortality rate. Using negative-stain electron microscopy, we demonstrated NiV polymerase forms ring-like particles resembling related RNA polymerases. We identified conserved sequence elements driving recognition of the 3'-terminal genomic promoter by NiV polymerase, and leading to initiation of RNA synthesis, primer extension, and transition to elongation mode. Polyadenylation resulting from NiV polymerase stuttering provides a mechanistic basis for transcription termination. It also suggests a divergent adaptation in promoter recognition between pneumo- and paramyxoviruses. The lack of available antiviral therapy for NiV prompted us to identify the triphosphate forms of R1479 and GS-5734, two clinically relevant nucleotide analogs, as substrates and inhibitors of NiV polymerase activity by delayed chain termination. Overall, these findings provide low-resolution structural details and the mechanism of an RNA polymerase from a previously uncharacterized virus family. This work illustrates important functional differences yet remarkable similarities between the polymerases of nonsegmented negative-strand RNA viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29425244���Jordan, Paul C
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vaccination���AprO��OBJECTIVE: To evaluate the effect of Equivac(R) HeV Hendra virus vaccine on Thoroughbred racing performance. DESIGN: Retrospective pre-post intervention study. METHODS: Thoroughbreds with at least one start at one of six major south-eastern Queensland race tracks between 1 July 2012 and 31 December 2016 and with starts in the 3-month periods before and after Hendra virus vaccinations were identified. Piecewise linear mixed models compared the trends in 'Timeform rating' and 'margin to winner' before and after initial Hendra virus vaccination. Generalised linear mixed models similarly compared the odds of 'winning', 'placing' (1st-3rd) and 'winning any prize money'. Timeform rating trends were also compared before and after the second and subsequent vaccinations. RESULTS: Analysis of data from 4208 race starts by 755 horses revealed no significant difference in performance in the 3 months before versus 3 months after initial Hendra vaccination for Timeform rating (P = 0.32), 'Margin to winner' (P = 0.45), prize money won (P = 0.25), wins (P = 0.64) or placings (P = 0.77). Further analysis for Timeform rating for 7844 race starts by 928 horses failed to identify any significant change in Timeform rating trends before versus after the second and subsequent vaccinations (P = 0.16) or any evidence of a cumulative effect for the number of vaccines received (P = 0.22). CONCLUSION: No evidence of an effect of Hendra virus vaccination on racing performance was found. The findings allow owners, trainers, industry regulators and animal health authorities to make informed decisions about vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/29399777­��Schemann, K
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Zoonotic diseases���Novò��Aim: Farms that are neighboring wildlife sanctuaries are at risk of spillover infection from wildlife, and the objective of this research is to examine the species diversity of Malaysian fruit bats in livestock farm in determining the possible risk of spill over infection to livestock. Materials and Methods: Fifty individual fruit bats were captured using six mists net, from May to July 2017. The nets were set at dusk (1830 h) as bats emerge for foraging and monitored at every 30-min intervals throughout the night until dawn when they returned to the roost. The nets were closed for the day until next night, and captured bats were identified to species levels. Results: All the captured bats were mega chiropterans, and Cynopterus brachyotis was the highest captured species, representing 40% of the total capture. Shannon-Weiner index is 2.80, and Simpson index is 0.2. Our result suggests that there is a degree of species dominance with low diversity in Lenggong Livestock Breeding Center. Conclusion: We concluded that fruit bats are indeed, encroaching livestock areas and the species identified could be a potential source of infection to susceptible livestock. Hence, an active surveillance should be embarked on farms that border wildlife sanctuaries.,��https://www.ncbi.nlm.nih.gov/pubmed/29263588Ø��Mikail, Muhammed
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Water/chemistry���Dec 19ÿ��Intrinsically disordered proteins (IDPs) lack stable secondary and tertiary structure under physiological conditions in the absence of their biological partners and thus exist as dynamic ensembles of interconverting conformers, often highly soluble in water. However, in some cases, IDPs such as the ones involved in neurodegenerative diseases can form protein aggregates and their aggregation process may be triggered by the interaction with membranes. Although the interfacial behavior of globular proteins has been extensively studied, experimental data on IDPs at the air/water (A/W) and water/lipid interfaces are scarce. We studied here the intrinsically disordered C-terminal domain of the Hendra virus nucleoprotein (NTAIL) and compared its interfacial properties to those of lysozyme that is taken as a model globular protein of similar molecular mass. Adsorption of NTAIL at the A/W interface was studied in the absence and presence of phospholipids using Langmuir films, polarization modulated-infrared reflection-absorption spectroscopy, and an automated drop tensiometer for interfacial tension and elastic modulus determination with oscillating bubbles. NTAIL showed a significant surface activity, with a higher adsorption capacity at the A/W interface and penetration into egg phosphatidylcholine monolayer compared to lysozyme. Whereas lysozyme remains folded upon compression of the protein layer at the A/W interface and shows a quasi-pure elastic behavior, NTAIL shows a much higher molecular area and forms a highly viscoelastic film with a high dilational modulus. To our knowledge, a new disorder-to-order transition is thus observed for the NTAIL protein that folds into an antiparallel beta-sheet at the A/W interface and presents strong intermolecular interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/29262365è��Benarouche, Anais
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*viruses���Jan®��Nipah virus (NiV) has been transmitted from patient to caregivers in Bangladesh presumably through oral secretions. We aimed to detect whether NiV-infected patients contaminate hospital surfaces with the virus. During December 2013-April 2014, we collected 1 swab sample from 5 surfaces near NiV-infected patients and tested surface and oral swab samples by real-time reverse transcription PCR for NiV RNA. We identified 16 Nipah patients; 12 cases were laboratory-confirmed and 4 probable. Of the 12 laboratory-confirmed cases, 10 showed NiV RNA in oral swab specimens. We obtained surface swab samples for 6 Nipah patients; 5 had evidence of NiV RNA on >1 surface: 4 patients contaminated towels, 3 bed sheets, and 1 the bed rail. Patients with NiV RNA in oral swab samples were significantly more likely than other Nipah patients to die. To reduce the risk for fomite transmission of NiV, infection control should target hospital surfaces.,��https://www.ncbi.nlm.nih.gov/pubmed/29260663%��Hassan, Md Zakiul
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Sick day rules���AugÀ��Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, pp 1-22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortality and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reactive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/29188454ª��Sykes, Lynne
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Questionnaire���Dec 1°��In recent years, outbreaks of exotic as well as newly emerging infectious diseases have highlighted the importance of biosecurity for the Australian horse industry. As the first potentially fatal zoonosis transmissible from horses to humans in Australia, Hendra virus has emphasised the need to incorporate sound hygiene and general biosecurity practices into day-to-day horse management. Recommended measures are widely publicised, but implementation is at the discretion of the individual owner. This cross-sectional study aimed to determine current levels of biosecurity of horse owners and to identify factors influencing the uptake of practices utilising data from an online survey. Level of biosecurity (low, medium, high), as determined by horse owners' responses to a set of questions on the frequency of various biosecurity practices performed around healthy (9 items) and sick horses (10 items), was used as a composite outcome variable in ordinal logistic regression analyses. The majority of horse owners surveyed were female (90%), from the states of Queensland (45%) or New South Wales (37%), and were involved in either mainly competitive/equestrian sports (37%) or recreational horse activities (35%). Seventy-five percent of owners indicated that they follow at least one-third of the recommended practices regularly when handling their horses, resulting in medium to high levels of biosecurity. Main factors associated with a higher level of biosecurity were high self-rated standard of biosecurity, access to personal protective equipment, absence of flying foxes in the local area, a good sense of control over Hendra virus risk, likelihood of discussing a sick horse with a veterinarian and likelihood of suspecting Hendra virus in a sick horse. Comparison of the outcome variable with the self-rated standard of biosecurity showed that over- as well as underestimation occurred. This highlights the need for continuous communication and education to enhance awareness and understanding of what biosecurity is and how it aligns with good horsemanship. Overall, strengthened biosecurity practices will help to improve animal as well as human health and increase preparedness for future disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/29157371%��Wiethoelter, Anke K
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tricarboxylic acid cycle���Nov���We present a case of a woman in her 70 s, on cyclophosphamide for multiple myeloma, who was admitted to critical care with grade III acute kidney injury. Renal replacement therapy with regional citrate anticoagulation was commenced. Shortly thereafter her systemic-ionised calcium levels fell and remained stubbornly low until post-filter calcium return was doubled. Her total-to-ionised calcium ratio gradually increased and so, to avoid further accumulation of citrate, anticoagulation was changed to heparin. Cyclophosphamide, which accumulates in renal failure, is known to interfere with key enzymes involved in the tricarboxylic acid cycle. We postulate that cyclophosphamide interfered with her citrate metabolism, resulting in persistent systemic chelation of calcium.,��https://www.ncbi.nlm.nih.gov/pubmed/29123570¦��Hendra, Tim
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*Virus-like particles���Feb 10´��Virions are often described as virus-only entities with no cellular components with the exception of the lipids in their membranes. However, advances in proteomics are revealing substantial amounts of host proteins in the viral particles. In the case of Nipah virus (NiV), the viral components in the virion have been known for some time. Nonetheless, no information has been obtained regarding the cellular proteins in the viral particles. To address this question, we produced Virus-Like Particles (VLPs) for NiV by expressing the F, G and M proteins in human-derived cells. Next, the proteomic content in these VLPs was analyzed by LC-MS/MS. We identified 67 human proteins including soluble and membrane-bound proteins involved in vesicle sorting and transport. Interestingly, many of them have been reported to interact with other viruses. Finally, thanks to the semi-quantitative nature of our data we were able to estimate the ratio among F, G and M proteins and also the ratio between cellular and viral proteins in the VLPs. We believe our data contribute to the better understanding of NiV life cycle and might facilitate future attempts for developing antiviral agents and the design of further experimental studies for this deadly infection. BIOLOGICAL SIGNIFICANCE: Traditionally viral particles have been described as pure entities carrying only viral-derived proteins. Advances in proteomics are changing this simplified view. Host proteins have been identified in many viruses (especially in enveloped viruses). These cell-derived proteins participate in multiple steps in the viral life cycle and might be as important for the survival of the virus as any other viral-encoded protein. In this work, we analyze utilizing LC-MS/MS the cellular proteins incorporated or bound to the virions of Nipah virus (NiV), an emerging, highly pathogenic, zoonotic virus from the Paramyxoviridiae family. Furthermore, we analyzed the ratio between cellular and viral proteins and among the viral F, G and M proteins in the viral particles. The characterization of the Nipah virus-human interactions occurring in the virion might facilitate the development of new therapeutic and prophylactic therapies for this viral illness.,��https://www.ncbi.nlm.nih.gov/pubmed/29092793���Vera-Velasco, Natalia Mara
Garcia-Murria, Maria Jesus
Sanchez Del Pino, Manuel M
Mingarro, Ismael
Martinez-Gil, Luis
eng
Research Support, Non-U.S. Gov't
Netherlands
2017/11/03 06:00
J Proteomics. 2018 Feb 10;172:190-200. doi: 10.1016/j.jprot.2017.10.012. Epub 2017 Oct 29.*��1876-7737 (Electronic)
1874-3919 (Linking)���29092793.��Department of Biochemistry and Molecular Biology, ERI BioTecMed, University of Valencia, Dr. Moliner 50, 46100 Burjassot, Spain.
Department of Biochemistry and Molecular Biology, ERI BioTecMed, University of Valencia, Dr. Moliner 50, 46100 Burjassot, Spain. Electronic address: luis.martinez-gil@uv.es.���10.1016/j.jprot.2017.10.012����¼��üÒtÿî?p���J��Ewer, K.
Sebastian, S.
Spencer, A. J.
Gilbert, S.
Hill, A. V. S.
Lambe, T.���2017@��Chimpanzee adenoviral vectors as vaccines for outbreak pathogens	��3020-3032���Hum Vaccin Immunother���13���12÷��Adenoviridae/*genetics/*isolation & purification
Animals
Betacoronavirus
*Drug Carriers
Drug Discovery/*methods
*Genetic Vectors
Humans
Pan troglodytes/*virology
Vaccines/genetics/*immunology
*Lassa fever
*MERS Co-V
*Nipah
*Vaccines
*viral vectors���Dec 2ý��The 2014-15 Ebola outbreak in West Africa highlighted the potential for large disease outbreaks caused by emerging pathogens and has generated considerable focus on preparedness for future epidemics. Here we discuss drivers, strategies and practical considerations for developing vaccines against outbreak pathogens. Chimpanzee adenoviral (ChAd) vectors have been developed as vaccine candidates for multiple infectious diseases and prostate cancer. ChAd vectors are safe and induce antigen-specific cellular and humoral immunity in all age groups, as well as circumventing the problem of pre-existing immunity encountered with human Ad vectors. For these reasons, such viral vectors provide an attractive platform for stockpiling vaccines for emergency deployment in response to a threatened outbreak of an emerging pathogen. Work is already underway to develop vaccines against a number of other outbreak pathogens and we will also review progress on these approaches here, particularly for Lassa fever, Nipah and MERS.,��https://www.ncbi.nlm.nih.gov/pubmed/29083948å��Ewer, Katie
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de Wit, E.���2018���Transmission of henipaviruses���7-11���Curr Opin Virol���28���FebÞ��The genus Henipavirus has expanded rapidly in geographic range, number of species, and host range. Hendra and Nipah virus are two henipaviruses known to cause severe disease in humans with a high case-fatality rate. Pteropid spp. bats are the natural reservoir of Hendra and Nipah virus. From these bats, virus can be transmitted to an amplifying host, horses and pigs, and from these hosts to humans, or the virus can be transmitted directly to humans. Although the main route of shedding varies between host species, close contact is required for transmission in all hosts. Understanding the transmission routes of Hendra and Nipah virus in their respective hosts is essential for devising strategies to block zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/29035743ô��Weatherman, Sarah
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interferon lambda���Octj��Highly pathogenic Nipah virus (NiV) generally causes severe encephalitis in humans. Respiratory symptoms are infrequently observed, likely reflecting variations in infection kinetics in human airways. Supporting this idea, we recently identified individual differences in NiV replication kinetics in cultured airway epithelia from different human donors. As type III interferons (IFN-lambda) represent major players in the defence mechanism against viral infection of the respiratory mucosa, we studied IFN-lambda induction and antiviral activity in NiV-infected primary differentiated human bronchial epithelial cells (HBEpCs) cultured under air-liquid interface conditions. Our studies revealed that IFN-lambda was upregulated in airway epithelia upon NiV infection. We also show that IFN-lambda pretreatment efficiently inhibited NiV replication. Interestingly, the antiviral activity of IFN-lambda varied in HBEpCs from two different donors. Increased sensitivity to IFN-lambda was associated with higher expression levels of IFN-lambda receptors, enhanced phosphorylation of STAT1, as well as enhanced induction of interferon-stimulated gene expression. These findings suggest that individual variations in IFN-lambda receptor expression affecting IFN responsiveness can play a functional role for NiV replication kinetics in human respiratory epithelial cells of different donors.,��https://www.ncbi.nlm.nih.gov/pubmed/28984239ê��Sauerhering, Lucie
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Viral Envelope Proteins/*metabolism���Oct 3E��Nipah virus is an emergent paramyxovirus that causes deadly encephalitis and respiratory infections in humans. Two glycoproteins coordinate the infection of host cells, an attachment protein (G), which binds to cell surface receptors, and a fusion (F) protein, which carries out the process of virus-cell membrane fusion. The G protein binds to ephrin B2/3 receptors, inducing G conformational changes that trigger F protein refolding. Using an optical approach based on second harmonic generation, we show that monomeric and dimeric receptors activate distinct conformational changes in G. The monomeric receptor-induced changes are not detected by conformation-sensitive monoclonal antibodies or through electron microscopy analysis of G:ephrinB2 complexes. However, hydrogen/deuterium exchange experiments confirm the second harmonic generation observations and reveal allosteric changes in the G receptor binding and F-activating stalk domains, providing insights into the pathway of receptor-activated virus entry.Nipah virus causes encephalitis in humans. Here the authors use a multidisciplinary approach to study the binding of the viral attachment protein G to its host receptor ephrinB2 and show that monomeric and dimeric receptors activate distinct conformational changes in G and discuss implications for receptor-activated virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/28974687«��Wong, Joyce J W
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*Zinc Fingers���Oct 24���Henipaviruses are severe human pathogens within the Paramyxoviridae family. Beyond the P protein, the Henipavirus P gene also encodes the V protein which shares with P its N-terminal, intrinsically disordered region (PNT) and possesses a unique C-terminal domain predicted to be folded and to bind zinc (ZnFD). Henipavirus V proteins antagonize IFN signaling through PNT-mediated binding to STAT1, and several paramyxoviral V proteins promote STAT1 degradation through binding to DDB1. Structural and molecular information on Henipavirus V proteins is lacking, and their ability to interact with DDB1 has not been documented yet. We cloned the V genes from Nipah and Hendra viruses and purified the V proteins from E. coli and DDB1 from insect cells. Using analytical size-exclusion chromatography, CD and SAXS we characterized the V proteins and their domains. Using pull-down and MST we assessed their binding abilities towards DDB1. We show that PNT remains disordered also in the context of the V protein, while the ZnFD adopts a predominant beta conformation. We also show that the V proteins interact with DDB1 predominantly via their ZnFD. This is the first experimental characterization of the Henipavirus V proteins and the first experimental evidence of their interaction with DDB1. The DDB1-ZnFD interaction constitutes a promising target for antiviral strategies. These studies provide a conceptual asset to design new antiviral strategies expected to reduce or abrogate the ability of these viruses to escape the innate immune response. They also contribute to illuminating the conformational behaviour of proteins encompassing large intrinsically disordered domains.,��https://www.ncbi.nlm.nih.gov/pubmed/28972216���Salladini, Edoardo
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*infectious disease epidemiology���NovL��Understanding infection dynamics in animal hosts is fundamental to managing spillover and emergence of zoonotic infections. Hendra virus is endemic in Australian pteropodid bat populations and can be lethal to horses and humans. However, we know little about the factors driving Hendra virus prevalence in resevoir bat populations, making spillover difficult to predict. We use Hendra virus prevalence data collected from 13 000 pooled bat urine samples across space and time to determine if pulses of prevalence are periodic and synchronized across sites. We also test whether site-specific precipitation and temperature affect the amplitude of the largest annual prevalence pulses. We found little evidence for a periodic signal in Hendra virus prevalence. Although the largest amplitude pulses tended to occur over winter, pulses could also occur in other seasons. We found that Hendra virus prevalence was weakly synchronized across sites over short distances, suggesting that prevalence is driven by local-scale effects. Finally, we found that drier conditions in previous seasons and the abundance of Pteropus alecto were positively correlated with the peak annual values of Hendra virus prevalence. Our results suggest that in addition to seasonal effects, bat density and local climatic conditions interact to drive Hendra virus infection dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/28942750t��Paez, D J
Giles, J
McCallum, H
Field, H
Jordan, D
Peel, A J
Plowright, R K
eng
P20 GM103474/GM/NIGMS NIH HHS/
P30 GM110732/GM/NIGMS NIH HHS/
Research Support, Non-U.S. Gov't
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
England
2017/09/26 06:00
Epidemiol Infect. 2017 Nov;145(15):3143-3153. doi: 10.1017/S0950268817002138. Epub 2017 Sep 25.*��1469-4409 (Electronic)
0950-2688 (Linking)
��PMC5783192���289427500��Department of Microbiology and Immunology,Montana State University,Bozeman,USA.
Griffith School of Environment,Griffith University,Queensland,Australia.
EcoHealth Alliance,460 West 34th Street - 17th Floor,New York,NY 10001,USA.
New South Wales Department of Primary Industries,New South Wales,Australia.���10.1017/S0950268817002138��H��üÒ|ÿî?w������Nahar, N.
Paul, R. C.
Sultana, R.
Sumon, S. A.
Banik, K. C.
Abedin, J.
Asaduzzaman, M.
Garcia, F.
Zimicki, S.
Rahman, M.
Gurley, E. S.
Luby, S. P.���2017Q��A Controlled Trial to Reduce the Risk of Human Nipah Virus Exposure in Bangladesh���501-517	��Ecohealth���14���3á��Adult
Aged
Aged, 80 and over
Animals
Arecaceae/*virology
Bangladesh
Behavior Therapy/*education
Chiroptera/*virology
Disease Outbreaks/*prevention & control
Female
Fruit and Vegetable Juices/*virology
Health Knowledge, Attitudes, Practice
Henipavirus Infections/epidemiology/*prevention & control/*transmission
Humans
Male
Middle Aged
Nipah Virus/isolation & purification
Safety Management/methods
*Bangladesh
*Behavior change communication intervention
*Date palm sap
*Nipah virus���Sep5��Human Nipah virus (NiV) infection, often fatal in Bangladesh, is primarily transmitted by drinking raw date palm sap contaminated by Pteropus bats. We assessed the impact of a behavior change communication intervention on reducing consumption of potentially NiV-contaminated raw sap. During the 2012-2014 sap harvesting seasons, we implemented interventions in two areas and compared results with a control area. In one area, we disseminated a "do not drink raw sap" message and, in the other area, encouraged only drinking sap if it had been protected from bat contamination by a barrier ("only safe sap"). Post-intervention, 40% more respondents in both intervention areas reported knowing about a disease contracted through raw sap consumption compared with control. Reported raw sap consumption decreased in all areas. The reductions in the intervention areas were not significantly greater compared to the control. Respondents directly exposed to the "only safe sap" message were more likely to report consuming raw sap from a protected source than those with no exposure (25 vs. 15%, OR 2.0, 95% CI 1.5-2.6, P < 0.001). While the intervention increased knowledge in both intervention areas, the "only safe sap" intervention reduced exposure to potentially NiV-contaminated sap and should be considered for future dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/28905152G��Nahar, Nazmun
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*virus-host interactions���Dec 1P��Nipah virus is an emerging, highly pathogenic, zoonotic virus of the Paramyxoviridae family. Human transmission occurs by close contact with infected animals, the consumption of contaminated food, or, occasionally, via other infected individuals. Currently, we lack therapeutic or prophylactic treatments for Nipah virus. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. This aim led us to perform the present work, in which we identified 101 human-Nipah virus protein-protein interactions (PPIs), most of which (88) are novel. This data set provides a comprehensive view of the host complexes that are manipulated by viral proteins. Host targets include the PRP19 complex and the microRNA (miRNA) processing machinery. Furthermore, we explored the biologic consequences of the interaction with the PRP19 complex and found that the Nipah virus W protein is capable of altering p53 control and gene expression. We anticipate that these data will help in guiding the development of novel interventional strategies to counter this emerging viral threat.IMPORTANCE Nipah virus is a recently discovered virus that infects a wide range of mammals, including humans. Since its discovery there have been yearly outbreaks, and in some of them the mortality rate has reached 100% of the confirmed cases. However, the study of Nipah virus has been largely neglected, and currently we lack treatments for this infection. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. In the present work, we identified 101 human-Nipah virus protein-protein interactions using an affinity purification approach coupled with mass spectrometry. Additionally, we explored the cellular consequences of some of these interactions. Globally, this data set offers a comprehensive and detailed view of the host machinery's contribution to the Nipah virus's life cycle. Furthermore, our data present a large number of putative drug targets that could be exploited for the treatment of this infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28904190Î��Martinez-Gil, Luis
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*nucleoprotein���Nov 1õ	�Henipaviruses, such as Nipah (NiV) and Hendra (HeV) viruses, are highly pathogenic zoonotic agents within the Paramyxoviridae family. The phosphoprotein (P) gene products of the paramyxoviruses have been well characterized for their interferon (IFN) antagonist activity and their contribution to viral pathogenicity. In this study, we demonstrated that the nucleoprotein (N) of henipaviruses also prevents the host IFN signaling response. Reporter assays demonstrated that the NiV and HeV N proteins (NiV-N and HeV-N, respectively) dose-dependently suppressed both type I and type II IFN responses and that the inhibitory effect was mediated by their core domains. Additionally, NiV-N prevented the nuclear transport of signal transducer and activator of transcription 1 (STAT1) and STAT2. However, NiV-N did not associate with Impalpha5, Impbeta1, or Ran, which are members of the nuclear transport system for STATs. Although P protein is known as a binding partner of N protein and actively retains N protein in the cytoplasm, the IFN antagonist activity of N protein was not abolished by the coexpression of P protein. This suggests that the IFN inhibition by N protein occurs in the cytoplasm. Furthermore, we demonstrated that the complex formation of STATs was hampered in the N protein-expressing cells. As a result, STAT nuclear accumulation was reduced, causing a subsequent downregulation of interferon-stimulated genes (ISGs) due to low promoter occupancy by STAT complexes. This novel route for preventing host IFN responses by henipavirus N proteins provides new insight into the pathogenesis of these viruses.IMPORTANCE Paramyxoviruses are well known for suppressing interferon (IFN)-mediated innate immunity with their phosphoprotein (P) gene products, and the henipaviruses also possess P, V, W, and C proteins for evading host antiviral responses. There are numerous studies providing evidence for the relationship between viral pathogenicity and antagonistic activities against IFN responses by P gene products. Meanwhile, little attention has been paid to the influence of nucleoprotein (N) on host innate immune responses. In this study, we demonstrated that both the NiV and HeV N proteins have antagonistic activity against the JAK/STAT signaling pathway by preventing the nucleocytoplasmic trafficking of STAT1 and STAT2. This inhibitory effect is due to an impairment of the ability of STATs to form complexes. These results provide new insight into the involvement of N protein in viral pathogenicity via its IFN antagonism.,��https://www.ncbi.nlm.nih.gov/pubmed/28835499Ù��Sugai, Akihiro
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*zoonoses���Sepé��Preventing emergence of new zoonotic viruses depends on understanding determinants for human risk. Nipah virus (NiV) is a lethal zoonotic pathogen that has spilled over from bats into human populations, with limited person-to-person transmission. We examined ecologic and human behavioral drivers of geographic variation for risk of NiV infection in Bangladesh. We visited 60 villages during 2011-2013 where cases of infection with NiV were identified and 147 control villages. We compared case villages with control villages for most likely drivers for risk of infection, including number of bats, persons, and date palm sap trees, and human date palm sap consumption behavior. Case villages were similar to control villages in many ways, including number of bats, persons, and date palm sap trees, but had a higher proportion of households in which someone drank sap. Reducing human consumption of sap could reduce virus transmission and risk for emergence of a more highly transmissible NiV strain.,��https://www.ncbi.nlm.nih.gov/pubmed/28820130f��Gurley, Emily S
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Haseeb, M. A.���2017v��The impact of human population pressure on flying fox niches and the potential consequences for Hendra virus spillover���8226���Sci Rep���7���1���Aug 15���Hendra virus (HeV) is an emerging pathogen of concern in Australia given its ability to spillover from its reservoir host, pteropid bats, to horses and further on to humans, and the severe clinical presentation typical in these latter incidental hosts. Specific human pressures over recent decades, such as expanding human populations, urbanization, and forest fragmentation, may have altered the ecological niche of Pteropus species acting as natural HeV reservoirs and may modulate spillover risk. This study explored the influence of inter-decadal net human local migration between 1970 and 2000 on changes in the habitat suitability to P. alecto and P. conspicillatus from 1980 to 2015 in eastern Australia. These ecological niches were modeled using boosted regression trees and subsequently fitted, along with additional landscape factors, to HeV spillovers to explore the spatial dependency of this zoonosis. The spatial model showed that the ecological niche of these two flying fox species, the human footprint, and proximity to woody savanna were each strongly associated with HeV spillover and together explained most of the spatial dependency exhibited by this zoonosis. These findings reinforce the potential for anthropogenic pressures to shape the landscape epidemiology of HeV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28811483���Walsh, Michael G
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Stewart, C. R.���2017A��Circulating microRNA profiles of Hendra virus infection in horses���7431���Sci Rep���7���1���Aug 7I��Hendra virus (HeV) is an emerging zoonotic pathogen harbored by Australian mainland flying foxes. HeV infection can cause lethal disease in humans and horses, and to date all cases of human HeV disease have resulted from contact with infected horses. Currently, diagnosis of acute HeV infections in horses relies on the productive phase of infection when virus shedding may occur. An assay that identifies infected horses during the preclinical phase of infection would reduce the risk of zoonotic viral transmission during management of HeV outbreaks. Having previously shown that the host microRNA (miR)-146a is upregulated in the blood of HeV-infected horses days prior to the detection of viremia, we have profiled miRNAs at the transcriptome-wide level to comprehensively assess differences between infected and uninfected horses. Next-generation sequencing and the miRDeep2 algorithm identified 742 mature miRNA transcripts corresponding to 593 miRNAs in whole blood of six horses (three HeV-infected, three uninfected). Thirty seven miRNAs were differentially expressed in infected horses, two of which were validated by qRT-PCR. This study describes a methodology for the transcriptome-wide profiling of miRNAs in whole blood and supports the notion that measuring host miRNA expression levels may aid infectious disease diagnosis in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/28785041���Cowled, Christopher
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Ultraviolet Rays���Aug 25=��Ceratodon purpureus is a cosmopolitan moss that survives some of the harshest places on Earth: from frozen Antarctica to hot South Australian deserts. In a study on the survival mechanisms of the species, nine compounds were isolated from Australian and Antarctic C. purpureus. This included five biflavonoids, with complete structural elucidation of 1 and 2 reported here for the first time, as well as an additional four known phenolic compounds. Dispersion-corrected DFT calculations suggested a rotational barrier, leading to atropisomerism, resulting in the presence of diastereomers for compound 2. All isolates absorbed strongly in the ultraviolet (UV) spectrum, e.g., biflavone 1 (UV-A, 315-400 nm), which displayed the strongest radical-scavenging activity, 13% more efficient than the standard rutin; p-coumaric acid and trans-ferulic acid showed the highest UV-B (280-315 nm) absorption. The more complex and abundant 1 and 2 presumably have dual roles as both UV-screening and antioxidant compounds. They are strongly bound to Antarctic moss cell walls as well as located inside the cells of moss from both locations. The combined high stability and photoprotective abilities of these isolates may account for the known resilience of this species to UV-B radiation and its survival in some of the toughest locations in the world.,��https://www.ncbi.nlm.nih.gov/pubmed/28783339ó��Waterman, Melinda J
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Urine/virologyÿ��Pteropid bats (flying-foxes) are the natural reservoir of Hendra virus, an emergent paramyxovirus responsible for fatal infection in horses and humans in Australia. Pteropus alecto (the Black flying-fox) and the paraphyletic P. conspicillatus (the Spectacled flying-fox) appear to be the primary reservoir hosts. Previous studies have suggested that physiological and ecological factors may underpin infection dynamics in flying-foxes, and subsequent spillover to horses and in turn humans. We sought to examine temporal trends in urinary cortisol concentration in wild Australian flying-fox populations, to elucidate the putative relationship between Hendra virus infection and physiological stress. Pooled and individual urine samples were non-invasively collected from under roosting flying-foxes at two latitudinally disparate regions in the eastern Australian state of Queensland. Hendra virus detection, and (in individual urine samples) sex and species determination were PCR-based. Urinary cortisol measurement used a validated enzyme immunoassay. We found no direct correlation between increased urinary cortisol and Hendra virus excretion, but our findings do suggest a biologically plausible association between low winter temperatures and elevated cortisol levels in P. alecto in the lower latitude Southeast Queensland roosts. We hypothesize an indirect association between low winter temperatures and increased Hendra virus infection and excretion, mediated by the physiological cost of thermoregulation. Our findings and our approach are directly relevant to elaboration of the disease ecology of Nipah virus and other emerging henipaviruses in bats. More broadly, they inform investigation of emerging disease infection dynamics across the wildlife/livestock/human interface.,��https://www.ncbi.nlm.nih.gov/pubmed/28767708×��McMichael, Lee
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Hendra virus
Nipah virus���JunA��OBJECTIVE: To explore a common B- and T-cell epitope-based vaccine that can elicit an immune response against encephalitis causing genus Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV). METHODS: Membrane proteins F, G and M of HeV and NiV were retrieved from the protein database and subjected to different bioinformatics tools to predict antigenic B-cell epitopes. Best B-cell epitopes were then analyzed to predict their T-cell antigenic potentiality. Antigenic B- and T-cell epitopes that shared maximum identity with HeV and NiV were selected. Stability of the selected epitopes was predicted. Finally, the selected epitopes were subjected to molecular docking simulation with HLA-DR to confirm their antigenic potentiality in silico. RESULTS: One epitope from G proteins, one from M proteins and none from F proteins were selected based on their antigenic potentiality. The epitope from the G proteins was stable whereas that from M was unstable. The M-epitope was made stable by adding flanking dipeptides. The 15-mer G-epitope (VDPLRVQWRNNSVIS) showed at least 66% identity with all NiV and HeV G protein sequences, while the 15-mer M-epitope (GKLEFRRNNAIAFKG) with the dipeptide flanking residues showed 73% identity with all NiV and HeV M protein sequences available in the database. Molecular docking simulation with most frequent MHC class-II (MHC II) and class-I (MHC I) molecules showed that these epitopes could bind within HLA binding grooves to elicit an immune response. CONCLUSIONS: Data in our present study revealed the notion that the epitopes from G and M proteins might be the target for peptide-based subunit vaccine design against HeV and NiV. However, the biochemical analysis is necessary to experimentally validate the interaction of epitopes individually with the MHC molecules through elucidation of immunity induction.,��https://www.ncbi.nlm.nih.gov/pubmed/28756915Õ��Saha, Chayan Kumar
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peptides���Jul 15¸��A set of lipopeptides was recently reported for their broad-spectrum antiviral activity against viruses belonging to the Paramyxoviridae family, including human parainfluenza virus type 3 and Nipah virus. Among them, the peptide with a 24-unit PEG linker connecting it to a cholesterol moiety (VG-PEG24-Chol) was found to be the best membrane fusion inhibitory peptide. Here, we evaluated the interaction of the same set of peptides with biomembrane model systems and isolated human peripheral blood mononuclear cells (PBMC). VG-PEG24-Chol showed the highest insertion rate and it was among the peptides that induced a larger change on the surface pressure of cholesterol rich membranes. This peptide also displayed a high affinity towards PBMC membranes. These data provide new information about the dynamics of peptide-membrane interactions of a specific group of antiviral peptides, known for their potential as multipotent paramyxovirus antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/28714870"��Augusto, Marcelo T
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*zoonotic infections���Sep 15é
�Several infectious disease outbreaks with high mortality in humans have been attributed to viruses that are thought to have evolved from bat viruses. In this study from Luxembourg, the genetic diversity and epidemiology of paramyxoviruses and coronaviruses shed by the bat species Rhinolophus ferrumequinum and Myotis emarginatus were evaluated. Feces collection (n = 624) was performed longitudinally in a mixed-species colony in 2015 and 2016. In addition, feces (n = 254) were collected cross-sectionally from six Myotis emarginatus colonies in 2016. By use of degenerate primers in a nested format, overall prevalences of 1.1% (10/878) and 4.9% (43/878) were determined for paramyxoviruses and coronaviruses. Sequences of the partial RNA-dependent RNA polymerase and spike glycoprotein genes of coronaviruses, as well as sequences of the partial L gene of paramyxoviruses, were obtained. Novel paramyxovirus and Alphacoronavirus strains were identified in different Myotis emarginatus colonies, and severe acute respiratory syndrome (SARS)-related Betacoronavirus strains were shed by Rhinolophus ferrumequinum Logistic regression revealed that the level of Alphacoronavirus shedding was highest in July (odds ratio, 2.8; P < 0.01), probably due to periparturient stress. Phylogenetic analyses point to close virus-host coevolution, and the high genetic similarity of the study strains suggests that the Myotis emarginatus colonies in Luxembourg are socially connected. Most interestingly, we show that bats also host Betacoronavirus1 strains. The high similarity of the spike gene sequences of these viruses with mammalian Betacoronavirus 1 strains may be of concern. Both the SARS-related and Betacoronavirus 1 strains detected in bats in Luxembourg may cross the species barrier after a host adaptation process.IMPORTANCE Bats are a natural reservoir of a number of zoonotic pathogens. Several severe outbreaks in humans (e.g., a Nipah virus outbreak in Malaysia in 1998, and the almost global spread of severe acute respiratory syndrome in 2003) have been caused by bat-borne viruses that were transmitted to humans mostly after virus adaptation (e.g., in intermediate animal hosts). Despite the indigenousness of bat species that host viruses with suspected zoonotic potential and despite the zoonotic transmission of European bat 1 lyssavirus in Luxembourg, knowledge about the diversity and epidemiology of bat viruses remains limited in this country. Moreover, in contrast to other European countries, bat viruses are currently not included in the national surveillance activities of this land-locked country. We suggest that this gap in disease surveillance should be addressed, since we show here that synanthropic bats host viruses that may be able to cross the species barrier.,��https://www.ncbi.nlm.nih.gov/pubmed/28710271���Pauly, Maude
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Rhabdoviridae Infections/*epidemiology/transmission/virology���Jul 13x��Bats are natural reservoir hosts of highly virulent pathogens such as Marburg virus, Nipah virus, and SARS coronavirus. However, little is known about the role of bat ectoparasites in transmitting and maintaining such viruses. The intricate relationship between bats and their ectoparasites suggests that ectoparasites might serve as viral vectors, but evidence to date is scant. Bat flies, in particular, are highly specialized obligate hematophagous ectoparasites that incidentally bite humans. Using next-generation sequencing, we discovered a novel ledantevirus (mononegaviral family Rhabdoviridae, genus Ledantevirus) in nycteribiid bat flies infesting pteropodid bats in western Uganda. Mitochondrial DNA analyses revealed that both the bat flies and their bat hosts belong to putative new species. The coding-complete genome of the new virus, named Kanyawara virus (KYAV), is only distantly related to that of its closest known relative, Mount Elgon bat virus, and was found at high titers in bat flies but not in blood or on mucosal surfaces of host bats. Viral genome analysis indicates unusually low CpG dinucleotide depletion in KYAV compared to other ledanteviruses and rhabdovirus groups, with KYAV displaying values similar to rhabdoviruses of arthropods. Our findings highlight the possibility of a yet-to-be-discovered diversity of potentially pathogenic viruses in bat ectoparasites.,��https://www.ncbi.nlm.nih.gov/pubmed/28706276{��Goldberg, Tony L
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Phytochemicals/chemistry/isolation & purification���Jul 28 ��Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5'-O-(4-O-p-coumaryl)-O-beta-d-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5-11, 13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 muM, respectively.,��https://www.ncbi.nlm.nih.gov/pubmed/28682615Ì��Hendra, Rudi
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neuroinvasion
olfactory epithelium���May-Jun���Henipaviruses are emerging zoonotic viruses and causative agents of encephalitis in humans. However, the mechanisms of entry into the central nervous system (CNS) in humans are not known. Here, we evaluated the possible role of olfactory epithelium in virus entry into the CNS. We characterized Hendra virus (HeV) and Nipah virus (NiV) infection of primary human olfactory epithelial cultures. We show that henipaviruses can infect mature olfactory sensory neurons. Henipaviruses replicated efficiently, resulting in cytopathic effect and limited induction of host responses. These results show that human olfactory epithelium is susceptible to infection with henipaviruses, suggesting that this could be a pathway for neuroinvasion in humans. IMPORTANCE Henipaviruses are emerging zoonotic pathogens that can cause acute and severe respiratory and neurological disease in humans. The pathways by which henipaviruses enter the central nervous system (CNS) in humans are still unknown. The observation that human olfactory neurons are highly susceptible to infection with henipaviruses demonstrates that the olfactory epithelium can serve as a site of Henipavirus entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/28680971Ä��Borisevich, Viktoriya
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Wang, L. F.���2018���A Functional Genomics Approach to Henipavirus Research: The Role of Nuclear Proteins, MicroRNAs and Immune Regulators in Infection and Disease���191-213���Curr Top Microbiol Immunol���419º��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are zoonotic RNA viruses that cause lethal disease in humans and are designated as Biosafety Level 4 (BSL4) agents. Moreover, henipaviruses belong to the same group of viruses that cause disease more commonly in humans such as measles, mumps and respiratory syncytial virus. Due to the relatively recent emergence of the henipaviruses and the practical constraints of performing functional genomics studies at high levels of containment, our understanding of the henipavirus infection cycle is incomplete. In this chapter we describe recent loss-of-function (i.e. RNAi) functional genomics screens that shed light on the henipavirus-host interface at a genome-wide level. Further to this, we cross-reference RNAi results with studies probing host proteins targeted by henipavirus proteins, such as nuclear proteins and immune modulators. These functional genomics studies join a growing body of evidence demonstrating that nuclear and nucleolar host proteins play a crucial role in henipavirus infection. Furthermore these studies will underpin future efforts to define the role of nucleolar host-virus interactions in infection and disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28674944·��Stewart, Cameron R
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Prevention���Jun 26"��BACKGROUND: Nipah virus infection (NiV) is a bat-borne zoonosis transmitted to humans through consumption of NiV-contaminated raw date palm sap in Bangladesh. The objective of this analysis was to measure the cost of an NiV prevention intervention and estimate the cost of scaling it up to districts where spillover had been identified. METHODS: We implemented a behavior change communication intervention in two districts, testing different approaches to reduce the risk of NiV transmission using community mobilization, interpersonal communication, posters and TV public service announcements on local television during the 2012-2014 sap harvesting seasons. In one district, we implemented a "no raw sap" approach recommending to stop drinking raw date palm sap. In another district, we implemented an "only safe sap" approach, recommending to stop drinking raw date palm sap but offering the option of drinking safe sap. This is sap covered with a barrier, locally called bana, to interrupt bats' access during collection. We conducted surveys among randomly selected respondents two months after the intervention to measure the proportion of people reached. We used an activity-based costing method to calculate the cost of the intervention. RESULTS: The implementation cost of the "no raw sap" intervention was $30,000 and the "only safe sap" intervention was $55,000. The highest cost was conducting meetings and interpersonal communication efforts. The lowest cost was broadcasting the public service announcements on local TV channels. To scale up a similar intervention in 30 districts where NiV spillover has occurred, would cost between $2.6 and $3.5 million for one season. Placing the posters would cost $96,000 and only broadcasting the public service announcement through local channels in 30 districts would cost $26,000. CONCLUSIONS: Broadcasting a TV public service announcement is a potential low cost option to advance NiV prevention. It could be supplemented with posters and targeted interpersonal communication, in districts with a high risk of NiV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28651646	��Nahar, Nazmun
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Veterinarians/economics/psychology���Hendra virus is a zoonotic paramyxovirus, which causes severe respiratory and neurological disease in horses and humans. Since 2012, the Hendra virus sub-unit G vaccine has been available for horse vaccination in Australia. Uptake of the vaccine has been limited and spill-over events of Hendra virus infection in horses continue to occur. We conducted an online, questionnaire-based cross-sectional study of 376 horse owners belonging to a variety of different equestrian clubs in Queensland, Australia, to identify risk factors for non-vaccination against Hendra virus. A total of 43.1% (N = 162) of horse owners indicated that they currently did not vaccinate against Hendra virus infection, while 56.9% (N = 214) currently vaccinated against Hendra virus infection. A total of 52 risk factors were evaluated relating to equestrian activities, horse management, perceived risk and severity of horse and human infection with Hendra virus, side effects of Hendra vaccination, other vaccinations conducted by horse owners and horse owners' attitudes towards veterinarians. The final multivariable logistics regression model identified the following risk factors associated with increased odds of non-vaccination against Hendra virus: 1) perceived low risk (compared to high) of Hendra virus infection to horses (considering the horse owners' location and management practices) or horse owners were unsure about the risk of infection, 2) perceived moderate severity (compared to very severe or severe) of Hendra virus infection in humans, 3) horse owners non-vaccination of their pets, 4) horse owners non-vaccination against strangles disease in horses, 5) handling of more than three horses per week (compared to one horse only) and 6) perceived attitude that veterinarians had a high motivation of making money from Hendra virus vaccination (compared to veterinarians having a low motivation of making money from Hendra virus vaccination). Horse owners were more likely to vaccinate against Hendra virus if horses were used for dressage, show jumping or eventing. The study also identified horse owners' concerns about side-effects and about the lack of evidence on vaccine efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/28636633»��Goyen, Kailiea Arianna
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vinegar���Janá��BACKGROUND: Vinegar is widely used as a food additive, in food preparation and as a food supplement. This study compared the phenolic acid profiles and in vivo toxicities, and antioxidant and immunomodulatory effects of coconut, nipah and pineapple juice vinegars, which were respectively prepared via a two-step fermentation using Saccharomyces cerevisiae 7013 INRA and Acetobacter aceti vat Europeans. RESULTS: Pineapple juice vinegar, which had the highest total phenolic acid content, also exhibited the greatest in vitro antioxidant capacity compared to coconut juice and nipah juice vinegars. Following acute and sub-chronic in vivo toxicity evaluation, no toxicity and mortality were evident and there were no significant differences in the serum biochemical profiles between mice administered the vinegars versus the control group. In the sub-chronic toxicity evaluation, the highest liver antioxidant levels were found in mice fed with pineapple juice vinegar, followed by coconut juice and nipah juice vinegars. However, compared to the pineapple juice and nipah juice vinegars, the mice fed with coconut juice vinegar, exhibited a higher population of CD4(+) and CD8(+) T-lymphocytes in the spleen, which was associated with greater levels of serum interleukin-2 and interferon-gamma cytokines. CONCLUSIONS: Overall, the data suggested that not all vinegar samples cause acute and sub-chronic toxicity in vivo. Moreover, the in vivo immunity and organ antioxidant levels were enhanced, to varying extents, by the phenolic acids present in the vinegars. The results obtained in this study provide appropriate guidelines for further in vivo bioactivity studies and pre-clinical assessments of vinegar consumption. (c) 2017 Society of Chemical Industry.,��https://www.ncbi.nlm.nih.gov/pubmed/28631270<��Mohamad, Nurul Elyani
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*Antiviral
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*Nucleoside analog���Augi��The henipaviruses Nipah virus and Hendra virus are highly pathogenic zoonotic paramyxoviruses which have caused fatal outbreaks of encephalitis and respiratory disease in humans. Despite the availability of a licensed equine Hendra virus vaccine and a neutralizing monoclonal antibody shown to be efficacious against henipavirus infections in non-human primates, there remains no approved therapeutics or vaccines for human use. To explore the possibility of developing small-molecule nucleoside inhibitors against henipaviruses, we evaluated the antiviral activity of 4'-azidocytidine (R1479), a drug previously identified to inhibit flaviviruses, against henipaviruses along with other representative members of the family Paramyxoviridae. We observed similar levels of R1479 antiviral activity across the family, regardless of virus genus. Our brief study expands the documented range of viruses susceptible to R1479, and provides the basis for future investigation and development of 4'-modified nucleoside analogs as potential broad-spectrum antiviral therapeutics across both positive and negative-sense RNA virus families.,��https://www.ncbi.nlm.nih.gov/pubmed/28629988ð��Hotard, Anne L
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Spillover���Dec|��Hendra virus is a paramyxovirus of Australian flying fox bats. It was first detected in August 1994, after the death of 20 horses and one human. Since then it has occurred regularly within a portion of the geographical distribution of all Australian flying fox (fruit bat) species. There is, however, little understanding about which species are most likely responsible for spillover, or why spillover does not occur in other areas occupied by reservoir and spillover hosts. Using ecological niche models of the four flying fox species we were able to identify which species are most likely linked to spillover events using the concept of distance to the niche centroid of each species. With this novel approach we found that 20 out of 27 events occur disproportionately closer to the niche centroid of two species (P. alecto and P. conspicillatus). With linear regressions we found a negative relationship between distance to the niche centroid and abundance of these two species. Thus, we suggest that the bioclimatic niche of these two species is likely driving the spatial pattern of spillover of Hendra virus into horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28616484ô��Martin, Gerardo A
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Virus Release���Jun¢��The paramyxovirus family comprises major human and animal pathogens such as measles virus (MeV), mumps virus (MuV), the parainfluenzaviruses, Newcastle disease virus (NDV), and the highly pathogenic zoonotic hendra (HeV) and nipah (NiV) viruses. Paramyxovirus particles are pleomorphic, with a lipid envelope, nonsegmented RNA genomes of negative polarity, and densely packed glycoproteins on the virion surface. A number of crystal structures of different paramyxovirus proteins and protein fragments were solved, but the available information concerning overall virion organization remains limited. However, recent studies have reported cryo-electron tomography-based reconstructions of Sendai virus (SeV), MeV, NDV, and human parainfluenza virus type 3 (HPIV3) particles and a surface assessment of NiV-derived virus-like particles (VLPs), which have yielded innovative hypotheses concerning paramyxovirus particle assembly, budding, and organization. Following a summary of the current insight into paramyxovirus virion morphology, this review will focus on discussing the implications of these particle reconstructions on the present models of paramyxovirus assembly and infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28601688ÿ��Cox, Robert M
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*Protein-protein interactions���SepË��In this review, we summarize computational and experimental data gathered so far showing that structural disorder is abundant within paramyxoviral nucleoproteins (N) and phosphoproteins (P). In particular, we focus on measles, Nipah, and Hendra viruses and highlight both commonalities and differences with respect to the closely related Sendai virus. The molecular mechanisms that control the disorder-to-order transition undergone by the intrinsically disordered C-terminal domain (NTAIL) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins are described in detail. By having a significant residual disorder, NTAIL-XD complexes are illustrative examples of "fuzziness", whose possible functional significance is discussed. Finally, the relevance of N-P interactions as promising targets for innovative antiviral approaches is underscored, and the functional advantages of structural disorder for paramyxoviruses are pinpointed.,��https://www.ncbi.nlm.nih.gov/pubmed/28600653è��Longhi, Sonia
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*Oxidative Stress
*antioxidant therapies
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*virus replication���Aug 1!
�Nipah virus (NiV) is a zoonotic emerging paramyxovirus that can cause fatal respiratory illness or encephalitis in humans. Despite many efforts, the molecular mechanisms of NiV-induced acute lung injury (ALI) remain unclear. We previously showed that NiV replicates to high titers in human lung grafts in NOD-SCID/gamma mice, resulting in a robust inflammatory response. Interestingly, these mice can undergo human immune system reconstitution by the bone marrow, liver, and thymus (BLT) reconstitution method, in addition to lung tissue engraftment, giving altogether a realistic model to study human respiratory viral infections. Here, we characterized NiV Bangladesh strain (NiV-B) infection of human lung grafts from human immune system-reconstituted mice in order to identify the overall effect of immune cells on NiV pathogenesis of the lung. We show that NiV-B replicated to high titers in human lung grafts and caused similar cytopathic effects irrespective of the presence of human leukocytes in mice. However, the human immune system interfered with virus spread across lung grafts, responded to infection by leukocyte migration to small airways and alveoli of the lung grafts, and accelerated oxidative stress in lung grafts. In addition, the presence of human leukocytes increased the expression of cytokines and chemokines that regulate inflammatory influx to sites of infection and tissue damage. These results advance our understanding of how the immune system limits NiV dissemination and contributes to ALI and inform efforts to identify therapeutic targets.IMPORTANCE Nipah virus (NiV) is an emerging paramyxovirus that can cause a lethal respiratory and neurological disease in humans. Only limited data are available on NiV pathogenesis in the human lung, and the relative contribution of the innate immune response and NiV to acute lung injury (ALI) is still unknown. Using human lung grafts in a human immune system-reconstituted mouse model, we showed that the NiV Bangladesh strain induced cytopathic lesions in lung grafts similar to those described in patients irrespective of the donor origin or the presence of leukocytes. However, the human immune system interfered with virus spread, responded to infection by leukocyte infiltration in the small airways and alveolar area, induced oxidative stress, and triggered the production of cytokines and chemokines that regulate inflammatory influx by leukocytes in response to infection. Understanding how leukocytes interact with NiV and cause ALI in human lung xenografts is crucial for identifying therapeutic targets.,��https://www.ncbi.nlm.nih.gov/pubmed/28539439°��Escaffre, Olivier
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*Transcriptional gradient���Aug���The regulation of transcription during Nipah virus (NiV) replication is poorly understood. Using a bicistronic minigenome system, we investigated the involvement of non-coding regions (NCRs) in the transcriptional re-initiation efficiency of NiV RNA polymerase. Reporter assays revealed that attenuation of NiV gene expression was not constant at each gene junction, and that the attenuating property was controlled by the 3' NCR. However, this regulation was independent of the gene-end, gene-start and intergenic regions. Northern blot analysis indicated that regulation of viral gene expression by the phosphoprotein (P) and large protein (L) 3' NCRs occurred at the transcription level. We identified uridine-rich tracts within the L 3' NCR that are similar to gene-end signals. These gene-end-like sequences were recognized as weak transcription termination signals by the viral RNA polymerase, thereby reducing downstream gene transcription. Thus, we suggest that NiV has a unique mechanism of transcriptional regulation.,��https://www.ncbi.nlm.nih.gov/pubmed/28494343½��Sugai, Akihiro
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viral infectionË��The erythropoietin-producing hepatocellular carcinoma (Eph) receptor tyrosine kinase family plays important roles in developmental processes, adult tissue homeostasis, and various diseases. Interaction with Eph receptor-interacting protein (ephrin) ligands on the surface of neighboring cells triggers Eph receptor kinase-dependent signaling. The ephrins can also transmit signals, leading to bidirectional cell contact-dependent communication. Moreover, Eph receptors and ephrins can function independently of each other through interplay with other signaling systems. Given their involvement in many pathological conditions ranging from neurological disorders to cancer and viral infections, Eph receptors and ephrins are increasingly recognized as attractive therapeutic targets, and various strategies are being explored to modulate their expression and function. Eph receptor/ephrin upregulation in cancer cells, the angiogenic vasculature, and injured or diseased tissues also offer opportunities for Eph/ephrin-based targeted drug delivery and imaging. Thus, despite the challenges presented by the complex biology of the Eph receptor/ephrin system, exciting possibilities exist for therapies exploiting these molecules.,��https://www.ncbi.nlm.nih.gov/pubmed/25292427r��Barquilla, Antonio
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zoonosis���Apr 133��BACKGROUND: Hendra virus is a paramyxovirus that causes periodic serious disease and fatalities in horses and humans in Australia first identified in 1994. Pteropid bats (commonly known as flying-foxes) are the natural host of the virus, and the putative route of infection in horses is by ingestion or inhalation of material contaminated by flying-fox urine or other bodily fluids. Humans become infected after close contact with infected horses. Horse owners in Australia are encouraged to vaccinate their horses against Hendra virus to reduce the risk of Hendra virus infection, and to prevent potential transmission to humans. After the vaccine was released in 2012, uptake by horse owners was slow, with some estimated 11-17% of horses in Australia vaccinated. This study was commissioned to examine barriers to vaccine uptake and potential drivers to future adoption of vaccination by horse owners. METHODS: This study examined qualitative comments from respondents to an on-line survey, reporting reasons for not vaccinating their horses. The study also investigated scenarios in which respondents felt they might consider vaccinating their horses. RESULTS: Self-reported barriers to uptake of the Hendra virus vaccine by horse owners (N = 150) included concerns about vaccine safety, cost, and effectiveness. Reduction in vaccination costs and perception of immediacy of Hendra virus risk were reported as being likely to change future behaviour. However, the data also indicated that horse owners generally would not reconsider vaccinating their horses if advised by their veterinarian. CONCLUSION: While changes to vaccine costs and the availability data supporting vaccine safety and efficacy may encourage more horse owners to vaccinate, this study highlights the importance of protecting the relationship between veterinarians and horse owners within the risk management strategies around Hendra virus. Interactions and trust between veterinarians and animal owners has important implications for management of and communication around Hendra virus and other zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/28407738¢��Manyweathers, J
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*viral assembly���May 15�	�Nipah virus (NiV), a paramyxovirus in the genus Henipavirus, has a mortality rate in humans of approximately 75%. While several studies have begun our understanding of NiV particle formation, the mechanism of this process remains to be fully elucidated. For many paramyxoviruses, M proteins drive viral assembly and egress; however, some paramyxoviral glycoproteins have been reported as important or essential in budding. For NiV the matrix protein (M), the fusion glycoprotein (F) and, to a much lesser extent, the attachment glycoprotein (G) autonomously induce the formation of virus-like particles (VLPs). However, functional interactions between these proteins during assembly and egress remain to be fully understood. Moreover, if the F-driven formation of VLPs occurs through interactions with host cell machinery, the cytoplasmic tail (CT) of F is a likely interactive domain. Therefore, we analyzed NiV F CT deletion and alanine mutants and report that several but not all regions of the F CT are necessary for efficient VLP formation. Two of these regions contain YXXO or dityrosine motifs previously shown to interact with cellular machinery involved in F endocytosis and transport. Importantly, our results showed that F-driven, M-driven, and M/F-driven viral particle formation enhanced the recruitment of G into VLPs. By identifying key motifs, specific residues, and functional viral protein interactions important for VLP formation, we improve our understanding of the viral assembly/egress process and point to potential interactions with host cell machinery.IMPORTANCE Henipaviruses can cause deadly infections of medical, veterinary, and agricultural importance. With recent discoveries of new henipa-like viruses, understanding the mechanisms by which these viruses reproduce is paramount. We have focused this study on identifying the functional interactions of three Nipah virus proteins during viral assembly and particularly on the role of one of these proteins, the fusion glycoprotein, in the incorporation of other viral proteins into viral particles. By identifying several regions in the fusion glycoprotein that drive viral assembly, we further our understanding of how these viruses assemble and egress from infected cells. The results presented will likely be useful toward designing treatments targeting this aspect of the viral life cycle and for the production of new viral particle-based vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/28250132n��Johnston, Gunner P
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Veterinarians���Feb 18R
�BACKGROUND: Communication skills are essential for veterinarians who need to discuss animal health related matters with their clients. When dealing with an emerging zoonosis, such as Hendra virus (HeV), veterinarians also have a legal responsibility to inform their clients about the associated risks to human health. Here we report on part of a mixed methods study that examined the preparedness of, and difficulties experienced by, veterinarians communicating about HeV-related risks with their clients. METHODS: Phase 1 was an exploratory, qualitative study that consisted of a series of face-to-face, semi-structured interviews with veterinary personnel from Queensland, Australia (2009-10) to identify the barriers to HeV management in equine practices. Phase 2a was a quantitative study that surveyed veterinarians from the same region (2011) and explored the veterinarians' preparedness and willingness to communicate about HeV-related risks, and the reactions of their clients that they experienced. The second study included both multiple choice and open-ended questions. RESULTS: The majority of the participants from Phase 2a (83.1%) declared they had access to a HeV management plan and over half (58.6%) had ready-to-use HeV information available for clients within their practice. Most (87%) reported "always or sometimes" informing clients about HeV-related risks when a horse appeared sick. When HeV was suspected, 58.1% of participants reported their clients were receptive to their safety directives and 24.9% of clients were either initially unreceptive, overwhelmed by fear, or in denial of the associated risks. The thematic analysis of the qualitative data from Phases 1 and 2a uncovered similar themes in relation to HeV-related communication issues experienced by veterinarians: "clients' intent to adhere"; "adherence deemed redundant"; "misunderstanding or denial of risk"; "cost"; "rural culture"; "fear for reputation". The theme of "emotional state of clients" was only identified during Phase 1. CONCLUSION: Warning horse owners about health and safety issues that may affect them when present in a veterinary work environment is a legal requirement for veterinarians. However, emerging zoonoses are unpredictable events that may require a different communication approach. Future training programs addressing veterinary communication skills should take into account the particular issues inherent to managing an emerging zoonosis and emphasise the importance of maintaining human safety. Veterinary communication skills and approaches required when dealing with emerging zoonoses should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/28214468¶��Mendez, Diana H
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*virus���Apr 7ü��Enveloped viruses utilize fusion (F) proteins studding the surface of the virus to facilitate membrane fusion with a target cell membrane. Fusion of the viral envelope with a cellular membrane is required for release of viral genomic material, so the virus can ultimately reproduce and spread. To drive fusion, the F protein undergoes an irreversible conformational change, transitioning from a metastable pre-fusion conformation to a more thermodynamically stable post-fusion structure. Understanding the elements that control stability of the pre-fusion state and triggering to the post-fusion conformation is important for understanding F protein function. Mutations in F protein transmembrane (TM) domains implicated the TM domain in the fusion process, but the structural and molecular details in fusion remain unclear. Previously, analytical ultracentrifugation was utilized to demonstrate that isolated TM domains of Hendra virus F protein associate in a monomer-trimer equilibrium (Smith, E. C., Smith, S. E., Carter, J. R., Webb, S. R., Gibson, K. M., Hellman, L. M., Fried, M. G., and Dutch, R. E. (2013) J. Biol. Chem. 288, 35726-35735). To determine factors driving this association, 140 paramyxovirus F protein TM domain sequences were analyzed. A heptad repeat of beta-branched residues was found, and analysis of the Hendra virus F TM domain revealed a heptad repeat leucine-isoleucine zipper motif (LIZ). Replacement of the LIZ with alanine resulted in dramatically reduced TM-TM association. Mutation of the LIZ in the whole protein resulted in decreased protein stability, including pre-fusion conformation stability. Together, our data suggest that the heptad repeat LIZ contributed to TM-TM association and is important for F protein function and pre-fusion stability.,��https://www.ncbi.nlm.nih.gov/pubmed/282135157��Webb, Stacy
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*Who���Feb 8ò��BACKGROUND: On December 8(th), 2015, World Health Organization published a priority list of eight pathogens expected to cause severe outbreaks in the near future. To better understand global research trends and characteristics of publications on these emerging pathogens, we carried out this bibliometric study hoping to contribute to global awareness and preparedness toward this topic. METHOD: Scopus database was searched for the following pathogens/infectious diseases: Ebola, Marburg, Lassa, Rift valley, Crimean-Congo, Nipah, Middle Eastern Respiratory Syndrome (MERS), and Severe Respiratory Acute Syndrome (SARS). Retrieved articles were analyzed to obtain standard bibliometric indicators. RESULTS: A total of 8619 journal articles were retrieved. Authors from 154 different countries contributed to publishing these articles. Two peaks of publications, an early one for SARS and a late one for Ebola, were observed. Retrieved articles received a total of 221,606 citations with a mean +/- standard deviation of 25.7 +/- 65.4 citations per article and an h-index of 173. International collaboration was as high as 86.9%. The Centers for Disease Control and Prevention had the highest share (344; 5.0%) followed by the University of Hong Kong with 305 (4.5%). The top leading journal was Journal of Virology with 572 (6.6%) articles while Feldmann, Heinz R. was the most productive researcher with 197 (2.3%) articles. China ranked first on SARS, Turkey ranked first on Crimean-Congo fever, while the United States of America ranked first on the remaining six diseases. Of retrieved articles, 472 (5.5%) were on vaccine - related research with Ebola vaccine being most studied. CONCLUSION: Number of publications on studied pathogens showed sudden dramatic rise in the past two decades representing severe global outbreaks. Contribution of a large number of different countries and the relatively high h-index are indicative of how international collaboration can create common health agenda among distant different countries.,��https://www.ncbi.nlm.nih.gov/pubmed/28179007���Sweileh, Waleed M
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Bryce Henderson, Juana Zamora declare no conflicts of interest���Sep���The family Paramyxoviridae includes many viruses that significantly affect human and animal health. An essential step in the paramyxovirus life cycle is viral entry into host cells, mediated by virus-cell membrane fusion. Upon viral entry, infection results in expression of the paramyxoviral glycoproteins on the infected cell surface. This can lead to cell-cell fusion (syncytia formation), often linked to pathogenesis. Thus membrane fusion is essential for both viral entry and cell-cell fusion and an attractive target for therapeutic development. While there are important differences between viral-cell and cell-cell membrane fusion, many aspects are conserved. The paramyxoviruses generally utilize two envelope glycoproteins to orchestrate membrane fusion. Here, we discuss the roles of these glycoproteins in distinct steps of the membrane fusion process. These findings can offer insights into evolutionary relationships among Paramyxoviridae genera and offer future targets for prophylactic and therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/28138419ê��Aguilar, Hector C
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infections���Jan«��OBJECTIVE: Characterisation of experimental Hendra virus (HeV) infection in dogs and assessment of associated transmission risk. METHODS: Beagle dogs were exposed oronasally to Hendra virus/Australia/Horse/2008/Redlands or to blood collected from HeV-infected ferrets. Ferrets were exposed to oral fluids collected from dogs after canine exposure to HeV. Observations made and samples tested post-exposure were used to assess the clinical course and replication sites of HeV in dogs, the infectivity for ferrets of canine oral fluids and features of HeV infection in dogs following contact with infective blood. RESULTS: Dogs were reliably infected with HeV and were generally asymptomatic. HeV was re-isolated from the oral cavity and virus clearance was associated with development of virus neutralising antibody. Major sites of HeV replication in dogs were the tonsils, lower respiratory tract and associated lymph nodes. Virus replication was documented in canine kidney and spleen, confirming a viraemic phase for canine HeV infection and suggesting that urine may be a source of infectious virus. Infection was transmitted to ferrets via canine oral secretions, with copy numbers for the HeV N gene in canine oral swabs comparable to those reported for nasal swabs of experimentally infected horses. CONCLUSION: HeV is not highly pathogenic for dogs, but their oral secretions pose a potential transmission risk to people. The time-window for transmission risk is circumscribed and corresponds to the period of acute infection before establishment of an adaptive immune response. The likelihood of central nervous system involvement in canine HeV infection is unclear, as is any long-term consequence.,��https://www.ncbi.nlm.nih.gov/pubmed/28124415Ê��Middleton, D J
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*paramyxoviruses���Apr���Bats are reservoir hosts for many paramyxoviruses, some of which cause human and zoonotic diseases of public health importance. We developed a Nipah virus nucleoprotein enzyme-linked immunosorbent assay to detect cross-reactive antibodies in serum samples from several bat species in Brazil. Our results warrant further investigation of henipa-like virus reservoirs in the Western hemisphere.,��https://www.ncbi.nlm.nih.gov/pubmed/28103156~��de Araujo, Jansen
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*Survival���Jul¼��Infectious diseases are transmitted when susceptible hosts are exposed to pathogen particles that can replicate within them. Among factors that limit transmission, the environment is particularly important for indirectly transmitted parasites. To try and assess a pathogens' ability to be transmitted through the environment and mitigate risk, we need to quantify its decay where transmission occurs in space such as the microclimate harbouring the pathogen. Hendra virus, a Henipavirus from Australian Pteropid bats, spills-over to horses and humans, causing high mortality. While a vaccine is available, its limited uptake has reduced opportunities for adequate risk management to humans, hence the need to develop synergistic preventive measures, like disrupting its transmission pathways. Transmission likely occurs shortly after virus excretion in paddocks; however, no survival estimates to date have used real environmental conditions. Here, we recorded microclimate conditions and fitted models that predict temperatures and potential evaporation, which we used to simulate virus survival with a temperature-survival model and modification based on evaporation. Predicted survival was lower than previously estimated and likely to be even lower according to potential evaporation. Our results indicate that transmission should occur shortly after the virus is excreted, in a relatively direct way. When potential evaporation is low, and survival is more similar to temperature dependent estimates, transmission might be indirect because the virus can wait several hours until contact is made. We recommend restricting horses' access to trees during night time and reducing grass under trees to reduce virus survival.,��https://www.ncbi.nlm.nih.gov/pubmed/28091706Ù��Martin, Gerardo
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Zoonoses/epidemiology/*transmission���Feb­��Nipah virus is a recently-recognised, zoonotic paramyxovirus that causes severe disease and high fatality rates in people. Outbreaks have occurred in Malaysia, Singapore, India and Bangladesh, and a putative Nipah virus was also recently associated with human disease in the Philippines. Worryingly, human-to-human transmission is common in Bangladesh, where outbreaks occur with near-annual frequency. Onward human transmission of Nipah virus in Bangladesh is associated with close contact with clinically-unwell patients or their infectious secretions. While Nipah virus isolates associated with outbreaks of human infection have not resulted in sustained transmission to date, specific exposures carry a high risk of person-to-person transmission, an observation which is supported by recent findings in animal models. Novel paramyxoviruses continue to emerge from wildlife hosts, and represent an ongoing threat to human health globally.,��https://www.ncbi.nlm.nih.gov/pubmed/28088124¸��Clayton, Bronwyn Anne
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*Phage display���MayÔ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with unusual broad host tropism and is designated as a Category C pathogen by the U.S. National Institute of Allergy and Infectious Diseases. NiV infection is initiated after binding of the viral G glycoprotein to the host cell receptor. The aim of this study was to map the NiV G glycoprotein cell binding domain using a phage display system. The NiV G extracellular domain was truncated and displayed as attachment proteins on M13 phage g3p minor coat protein. The binding efficiency of recombinant phages displaying different regions of NiV G to mammalian cells was evaluated. Results showed that regions of NiV G consisting of amino acids 396-602 (recombinant phage G4) and 498-602 (recombinant phage G5) demonstrated the highest binding to both Vero (5.5x10(3) cfu/ml and 5.6x10(3) cfu/ml) and THP-1 cells (3.5x10(3) cfu/ml and 2.9x10(3) cfu/ml). However, the binding of both of these recombinant phages to THP-1 cells was significantly lower than to Vero cells, and this could be due to the lack of primary host cell receptor expression on THP-1 cells. Furthermore, the binding between these two recombinant phages was competitive suggesting that there was a common host cell attachment site. This study employed an approach that is suitable for use in a biosafety level 2 containment laboratory without the need to use live virus to show that NiV G amino acids 498-602 play an important role for attachment to host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/28082163Ç��Lam, Chui-Wan
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�Recombinant vesicular stomatitis virus (VSV)-based chimeric viruses that include genes from other viruses show promise as vaccines and oncolytic viruses. However, the critical safety concern is the neurotropic nature conveyed by the VSV glycoprotein. VSVs that include the VSV glycoprotein (G) gene, even in most recombinant attenuated strains, can still show substantial adverse or lethal actions in the brain. Here, we test 4 chimeric viruses in the brain, including those in which glycoprotein genes from Nipah, chikungunya (CHIKV), and influenza H5N1 viruses were substituted for the VSV glycoprotein gene. We also test a virus-like vesicle (VLV) in which the VSV glycoprotein gene is expressed from a replicon encoding the nonstructural proteins of Semliki Forest virus. VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV were all safe in the adult mouse brain, as were VSVDeltaG viruses expressing either the Nipah F or G glycoprotein. In contrast, a complementing pair of VSVDeltaG viruses expressing Nipah G and F glycoproteins were lethal within the brain within a surprisingly short time frame of 2 days. Intranasal inoculation in postnatal day 14 mice with VSVDeltaG-CHIKV or VLV evoked no adverse response, whereas VSVDeltaG-H5N1 by this route was lethal in most mice. A key immune mechanism underlying the safety of VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV in the adult brain was the type I interferon response; all three viruses were lethal in the brains of adult mice lacking the interferon receptor, suggesting that the viruses can infect and replicate and spread in brain cells if not blocked by interferon-stimulated genes within the brain.IMPORTANCE Vesicular stomatitis virus (VSV) shows considerable promise both as a vaccine vector and as an oncolytic virus. The greatest limitation of VSV is that it is highly neurotropic and can be lethal within the brain. The neurotropism can be mostly attributed to the VSV G glycoprotein. Here, we test 4 chimeric viruses of VSV with glycoprotein genes from Nipah, chikungunya, and influenza viruses and nonstructural genes from Semliki Forest virus. Two of the four, VSVDeltaG-CHIKV and VLV, show substantially attenuated neurotropism and were safe in the healthy adult mouse brain. VSVDeltaG-H5N1 was safe in the adult brain but lethal in the younger brain. VSVDeltaG Nipah F+G was even more neurotropic than wild-type VSV, evoking a rapid lethal response in the adult brain. These results suggest that while chimeric VSVs show promise, each must be tested with both intranasal and intracranial administration to ensure the absence of lethal neurotropism.,��https://www.ncbi.nlm.nih.gov/pubmed/28077641b��van den Pol, Anthony N
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*innate immunity���Mar 4÷��Hendra virus and Nipah virus (NiV) are highly pathogenic zoonotic paramyxoviruses, from henipavirus genus, that have emerged in late 1990s in Australia and South-East Asia, respectively. Since their initial identification, numerous outbreaks have been reported, affecting both domestic animals and humans, and multiple rounds of person-to-person NiV transmission were observed. Widely distributed fruit bats from Pteropodidae family were found to be henipavirus natural reservoir. Numerous studies have reported henipavirus seropositivity in pteropid bats, including bats in Africa, thus expanding notably the geographic distribution of these viruses. Interestingly, henipavirus infection in bats seems to be asymptomatic, in contrast to severe disease induced in numerous other mammals. Unique among the mammals by their ability to fly, these intriguing animals are natural reservoir for many other emerging and remerging viruses highly pathogenic for humans. This feature, combined with absence of clinical symptoms, has attracted the interest of scientific community to virus-bat interactions. Therefore, several bat genomes were sequenced and particularities of the bat immune system have been intensively analyzed during the last decade to understand their coexistence with viruses in the absence of disease. The peculiarities in inflammasome activation, a constitutive expression of interferon alpha, and some differences in adaptive immunity have been recently reported in fruit bats. Studies on virus-bat interactions have thus emerged as an exciting novel area of research that should shed new light on the mechanisms that regulate viral infection and may allow development of novel therapeutic approaches to control this highly lethal emerging infectious disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28060559¾��Enchery, Francois
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Virosomes/genetics/metabolism���Aprw��Viruses of the genus Henipavirus of the family Paramyxoviridae are zoonotic pathogens, which have emerged in Southeast Asia, Australia and Africa. Nipah virus (NiV) and Hendra virus are highly virulent pathogens transmitted from bats to animals and humans, while the henipavirus Cedar virus seems to be non-pathogenic in infection studies. The full replication cycle of the Paramyxoviridae occurs in the host cell's cytoplasm, where viral assembly is orchestrated by the matrix (M) protein. Unexpectedly, the NiV-M protein traffics through the nucleus as an essential step to engage the plasma membrane in preparation for viral budding/release. Comparative studies were performed to assess whether M protein nuclear localization is a common feature of the henipaviruses, including the recently sequenced (although not yet isolated) Ghanaian bat henipavirus (Kumasi virus, GH-M74a virus) and Mojiang virus. Live-cell confocal microscopy revealed that nuclear translocation of GFP-fused M protein is conserved between henipaviruses in both human- and bat-derived cell lines. However, the efficiency of M protein nuclear localization and virus-like particle budding competency varied. Additionally, Cedar virus-, Kumasi virus- and Mojiang virus-M proteins were mutated in a bipartite nuclear localization signal, indicating that a key lysine residue is essential for nuclear import, export and induction of budding events, as previously reported for NiV-M. The results of this study suggest that the M proteins of henipaviruses may utilize a similar nucleocytoplasmic trafficking pathway as an essential step during viral replication in both humans and bats.,��https://www.ncbi.nlm.nih.gov/pubmed/28056216ý��McLinton, Elisabeth C
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vaccination���Dec	��Hendra virus was identified in horses and humans in 1994, in Queensland, Australia. Flying foxes are the natural host. Horses are thought to acquire infection by direct or indirect contact with infected flying fox urine. Humans are infected from close contact with infected horses. To reduce risk of infection in horses and humans, Australian horse owners are encouraged to vaccinate horses against the virus and adopt property risk mitigation practices that focus on reducing flying fox horse contact and contamination of horses' environment with flying fox bodily fluids. This study investigates uptake of four Hendra virus risk mitigation practices in a sample of non- and partially vaccinating horse owners living close to previous Hendra virus cases. Protection motivation theory was used to develop a conceptual model to investigate risk perception and coping factors associated with uptake of risk mitigation practices. An online survey was administered via Facebook pages of veterinary clinics close to previous Hendra virus cases. Factors associated with uptake of risk mitigation practices were investigated using univariate and multivariate binary logistic regression. Belief that a risk mitigation practice would be effective in reducing Hendra virus risk was significantly associated with the uptake of that practice. Issues around the practicality of implementing risk mitigation practices were found to be the greatest barrier to uptake. Factors that relate to risk immediacy, such as nearby infection, were identified as more likely to trigger uptake of risk mitigation practices. The role of veterinarians in supporting Hendra risk mitigation was identified as more influential than that of respected others or friends. Findings from this study are being used to assist stakeholders in Australia responsible for promotion of risk mitigation practice in identifying additional pathways and reliable influencing factors that could be utilized for engaging and communicating with horse owners to promote Hendra virus risk mitigation behaviour.,��https://www.ncbi.nlm.nih.gov/pubmed/28054443Â��Manyweathers, J
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genetic diversity.#��Astroviruses are emerging RNA viruses that cause enteropathogenic infections in humans and in other mammals. The identification of astroviruses in a wide range of animals highlights the zoonotic importance of these viruses. Bats can harbor many different viruses, among which some are highly pathogenic for humans (for instance, Nipah, Ebola and SARS coronavirus), and also several astroviruses. As some RNA viruses can be directly transmitted from bats to humans, it is crucial to collect data about their frequency, genetic diversity and phylogenetic characterization. In this study, we report the molecular identification of 44 new astroviruses (with a detection rate of 4.5%) in 962 apparently healthy bats that belong to five different species and that were captured in different caves in North-East Gabon, Central Africa. Our results show that bat astroviruses form a group that is genetically distinct from astroviruses infecting other mammals. Moreover, these astroviruses showed an important genetic diversity and low host restriction in bat species.,��https://www.ncbi.nlm.nih.gov/pubmed/27928918Ú��Rougeron, V
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Lab-On-A-Chip Devices
Magnetite Nanoparticles/*chemistry���Dec 20°��Current diagnosis of infectious diseases such as Hendra virus (HeV) relies mostly on laboratory-based tests. There is an urgent demand for rapid diagnosis technology to detect and identify these diseases in humans and animals so that disease spread can be controlled. In this study, an integrated lab-on-a-chip device using a magnetic nanoparticle immunoassay is developed. The key features of the device are the chaotic fluid mixing, achieved by magnetically driven motion of nanoparticles with the optimal mixing protocol developed using chaotic transport theory, and the automatic liquid handling system for loading reagents and samples. The device has been demonstrated to detect Hendra virus antibodies in dilute horse serum samples within a short time of 15 minutes and the limit of detection is about 0.48 ng ml(-1). The device platform can potentially be used for field detection of viruses and other biological and chemical substances.,��https://www.ncbi.nlm.nih.gov/pubmed/27921111���Petkovic, K
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��Yoneda, M.���2016*��Nipah and Hendra virus infectious diseases	��1973-1978���Nihon Rinsho���74���12���Decý��Nipah and Hendra virus were first identified in mid 1990s in Australia and Malaysia, caus- ing epidemics with high mortality rate in affected animals and humans. Since their first emer- gence, they continued to re-emerge in Australia and South East Asia almost every year. Nipah and Hendra virus were classified in the new genus Henipavirus because of their un- common features amongst Paramyxoviridae. Henipaviruses are zoonotic paramyxoviruses with a broad tropism, and cause severe acute respiratory disease and encephalitis. Their high virulence and wide host range make them to be given Biosecurity Level 4 status. This review summarizes details of Henipavirus emergence, reservoir hosts and pathology, and introduce recent progress in vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/30550652R��Yoneda, Misako
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viral prevalence���Octb��Fruit bats (Pteropodidae) have received increased attention after the recent emergence of notable viral pathogens of bat origin. Their vagility hinders data collection on abundance and distribution, which constrains modeling efforts and our understanding of bat ecology, viral dynamics, and spillover. We addressed this knowledge gap with models and data on the occurrence and abundance of nectarivorous fruit bat populations at 3 day roosts in southeast Queensland. We used environmental drivers of nectar production as predictors and explored relationships between bat abundance and virus spillover. Specifically, we developed several novel modeling tools motivated by complexities of fruit bat foraging ecology, including: (1) a dataset of spatial variables comprising Eucalypt-focused vegetation indices, cumulative precipitation, and temperature anomaly; (2) an algorithm that associated bat population response with spatial covariates in a spatially and temporally relevant way given our current understanding of bat foraging behavior; and (3) a thorough statistical learning approach to finding optimal covariate combinations. We identified covariates that classify fruit bat occupancy at each of our three study roosts with 86-93% accuracy. Negative binomial models explained 43-53% of the variation in observed abundance across roosts. Our models suggest that spatiotemporal heterogeneity in Eucalypt-based food resources could drive at least 50% of bat population behavior at the landscape scale. We found that 13 spillover events were observed within the foraging range of our study roosts, and they occurred during times when models predicted low population abundance. Our results suggest that, in southeast Queensland, spillover may not be driven by large aggregations of fruit bats attracted by nectar-based resources, but rather by behavior of smaller resident subpopulations. Our models and data integrated remote sensing and statistical learning to make inferences on bat ecology and disease dynamics. This work provides a foundation for further studies on landscape-scale population movement and spatiotemporal disease dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/27891217ü��Giles, John R
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*phosphoprotein���Jan 15d��Marburg virus (MARV) is a highly pathogenic filovirus that is classified in a genus distinct from that of Ebola virus (EBOV) (genera Marburgvirus and Ebolavirus, respectively). Both viruses produce a multifunctional protein termed VP35, which acts as a polymerase cofactor, a viral protein chaperone, and an antagonist of the innate immune response. VP35 contains a central oligomerization domain with a predicted coiled-coil motif. This domain has been shown to be essential for RNA polymerase function. Here we present crystal structures of the MARV VP35 oligomerization domain. These structures and accompanying biophysical characterization suggest that MARV VP35 is a trimer. In contrast, EBOV VP35 is likely a tetramer in solution. Differences in the oligomeric state of this protein may explain mechanistic differences in replication and immune evasion observed for MARV and EBOV. IMPORTANCE: Marburg virus can cause severe disease, with up to 90% human lethality. Its genome is concise, only producing seven proteins. One of the proteins, VP35, is essential for replication of the viral genome and for evasion of host immune responses. VP35 oligomerizes (self-assembles) in order to function, yet the structure by which it assembles has not been visualized. Here we present two crystal structures of this oligomerization domain. In both structures, three copies of VP35 twist about each other to form a coiled coil. This trimeric assembly is in contrast to tetrameric predictions for VP35 of Ebola virus and to known structures of homologous proteins in the measles, mumps, and Nipah viruses. Distinct oligomeric states of the Marburg and Ebola virus VP35 proteins may explain differences between them in polymerase function and immune evasion. These findings may provide a more accurate understanding of the mechanisms governing VP35's functions and inform the design of therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/27847355¡��Bruhn, Jessica F
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Virus Replication���Novì��BACKGROUND: Nipah virus causes respiratory and neurologic disease with case fatality rates up to 100% in individual outbreaks. End stage lesions have been described in the respiratory and nervous systems, vasculature and often lymphoid organs in fatal human cases; however, the initial target organs of Nipah virus infection have not been identified. Here, we detected the initial target tissues and cells of Nipah virus and tracked virus dissemination during the early phase of infection in Syrian hamsters inoculated with a Nipah virus isolate from Malaysia (NiV-M) or Bangladesh (NiV-B). METHODOLOGY/PRINCIPAL FINDINGS: Syrian hamsters were euthanized between 4 and 48 hours post intranasal inoculation and tissues were collected and analyzed for the presence of viral RNA, viral antigen and infectious virus. Virus replication was first detected at 8 hours post inoculation (hpi). Nipah virus initially targeted type I pneumocytes, bronchiolar respiratory epithelium and alveolar macrophages in the lung and respiratory and olfactory epithelium lining the nasal turbinates. By 16 hpi, virus disseminated to epithelial cells lining the larynx and trachea. Although the pattern of viral dissemination was similar for both virus isolates, the rate of spread was slower for NiV-B. Infectious virus was not detected in the nervous system or blood and widespread vascular infection and lesions within lymphoid organs were not observed, even at 48 hpi. CONCLUSIONS/SIGNIFICANCE: Nipah virus initially targets the respiratory system. Virus replication in the brain and infection of blood vessels in non-respiratory tissues does not occur during the early phase of infection. However, virus replicates early in olfactory epithelium and may serve as the first step towards nervous system dissemination, suggesting that development of vaccines that block virus dissemination or treatments that can access the brain and spinal cord and directly inhibit virus replication may be necessary for preventing central nervous system pathology.,��https://www.ncbi.nlm.nih.gov/pubmed/27812087���Baseler, Laura
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*Stent���Dec 30°��Active ingredients of ginsenoside, Rg1 and Re, are able to inhibit the proliferation of vascular smooth muscle cells and promote the growth of vascular endothelial cells. These capabilities are of interest for developing a novel drug-eluting stent to potentially solve the current problem of late-stent thrombosis and poor endotheliazation. Therefore, this study was aimed to incorporate ginsenoside into degradable coating of poly(lactic-co-glycolic acid) (PLGA). Drug mixture composed of ginseng extract and 10% to 50% of PLGA (xPLGA/g) was coated on electropolished stainless steel 316L substrate by using a dip coating technique. The coating was characterized principally by using attenuated total reflectance-Fourier transform infrared spectroscopy, scanning electron microscopy and contact angle analysis, while the drug release profile of ginsenosides Rg1 and Re was determined by using mass spectrometry at a one month immersion period. Full and homogenous coating coverage with acceptable wettability was found on the 30PLGA/g specimen. All specimens underwent initial burst release dependent on their composition. The 30PLGA/g and 50PLGA/g specimens demonstrated a controlled drug release profile having a combination of diffusion- and swelling-controlled mechanisms of PLGA. The study suggests that the 30PLGA/g coated specimen expresses an optimum composition which is seen as practicable for developing a controlled release drug-eluting stent.,��https://www.ncbi.nlm.nih.gov/pubmed/27793709ò��Miswan, Zulaika
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subtypesÞ��The olfactory epithelium (OE) is the only body site where neurons contact directly the environment and are therefore exposed to a broad variation of substances and insults. It can serve as portal of entry for neurotropic viruses which spread via the olfactory pathway to the central nervous system. For horses, it has been proposed and concluded mainly from rodent studies that different viruses, e.g., Borna disease virus, equine herpesvirus 1 (EHV-1), hendra virus, influenza virus, rabies virus, vesicular stomatitis virus can use this route. However, little is yet known about cytoarchitecture, protein expression and the intranasal location of the equine OE. Revealing differences in cytoarchitecture or protein expression pattern in comparison to rodents, canines, or humans might help to explain varying susceptibility to certain intranasal virus infections. On the other hand, disclosing similarities especially between rodents and other species, e.g., horses would help to underscore transferability of rodent models. Analysis of the complete noses of five adult horses revealed that in the equine OE two epithelial subtypes with distinct marker expression exist, designated as types a and b which resemble those previously described in dogs. Detailed statistical analysis was carried out to confirm the results obtained on the descriptive level. The equine OE was predominantly located in caudodorsal areas of the nasal turbinates with a significant decline in rostroventral direction, especially for type a. Immunohistochemically, olfactory marker protein and doublecortin (DCX) expression was found in more cells of OE type a, whereas expression of proliferating cell nuclear antigen and tropomyosin receptor kinase A was present in more cells of type b. Accordingly, type a resembles the mature epithelium, in contrast to the more juvenile type b. Protein expression profile was comparable to canine and rodent OE but equine types a and b were located differently within the nose and revealed differences in its cytoarchitecture when compared to canine OE. Equine OE type a closely resembles rat OE. Whether the observed differences contribute to species-specific susceptibility to intranasal insults such as virus infections has to be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/27790096¸��Kupke, Alexandra
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Uncertainty���Bat-borne viruses have been linked to a number of zoonotic diseases; in 2014 there have been human cases of Nipah virus (NiV) in Bangladesh and Ebola virus in West and Central Africa. Here we describe a model designed to provide initial quantitative predictions of the risk of entry of such viruses to European Union (EU) Member States (MSs) through four routes: human travel, legal trade (e.g. fruit and animal products), live animal movements and illegal importation of bushmeat. The model utilises available datasets to assess the movement via these routes between individual countries of the world and EU MSs. These data are combined with virus specific data to assess the relative risk of entry between EU MSs. As a case study, the model was parameterised for NiV. Scenario analyses showed that the selection of exporting countries with NiV and potentially contaminated trade products were essential to the accuracy of all model outputs. Uncertainty analyses of other model parameters identified that the model expected number of years to an introduction event within the EU was highly susceptible to the prevalence of NiV in bats. The relative rankings of the MSs and routes, however, were more robust. The UK, the Netherlands and Germany were consistently the most likely points of entry and the ranking of most MSs varied by no more than three places (maximum variation five places). Legal trade was consistently the most likely route of entry, only falling below human travel when the estimate of the prevalence of NiV in bats was particularly low. Any model-based calculation is dependent on the data available to feed into the model and there are distinct gaps in our knowledge, particularly in regard to various pathogen/virus as well as host/bat characteristics. However, the strengths of this model lie in the provision of relative comparisons of risk among routes and MSs. The potential for expansion of the model to include other routes and viruses and the possibility of rapid parameterisation demonstrates its potential for use in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/27788234Î��Simons, Robin R L
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*Virus Internalization���Oct|��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are bat-borne viruses that cause fatal disease in humans and a range of other mammalian species. Gaining a deeper understanding of host pathways exploited by henipaviruses for infection may identify targets for new anti-viral therapies. Here we have performed genome-wide high-throughput agonist and antagonist screens at biosafety level 4 to identify host-encoded microRNAs (miRNAs) impacting henipavirus infection in human cells. Members of the miR-181 and miR-17~93 families strongly promoted Hendra virus infection. miR-181 also promoted Nipah virus infection, but did not affect infection by paramyxoviruses from other genera, indicating specificity in the virus-host interaction. Infection promotion was primarily mediated via the ability of miR-181 to significantly enhance henipavirus-induced membrane fusion. Cell signalling receptors of ephrins, namely EphA5 and EphA7, were identified as novel negative regulators of henipavirus fusion. The expression of these receptors, as well as EphB4, were suppressed by miR-181 overexpression, suggesting that simultaneous inhibition of several Ephs by the miRNA contributes to enhanced infection and fusion. Immune-responsive miR-181 levels was also up-regulated in the biofluids of ferrets and horses infected with Hendra virus, suggesting that the host innate immune response may promote henipavirus spread and exacerbate disease severity. This study is the first genome-wide screen of miRNAs influencing infection by a clinically significant mononegavirus and nominates select miRNAs as targets for future anti-viral therapy development.,��https://www.ncbi.nlm.nih.gov/pubmed/27783670h��Foo, Chwan Hong
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*nonresponse���Oct-Dec���BACKGROUND: Even a well-designed randomized control trial (RCT) study can produce ambiguous results. This article highlights a case in which full sample results from a large-scale RCT in the United Kingdom differ from results for a subsample of survey respondents. OBJECTIVES: Our objective is to ascertain the source of the discrepancy in inferences across data sources and, in doing so, to highlight important threats to the reliability of the causal conclusions derived from even the strongest research designs. RESEARCH DESIGN: The study analyzes administrative data to shed light on the source of the differences between the estimates. We explore the extent to which heterogeneous treatment impacts and survey nonresponse might explain these differences. We suggest checks which assess the external validity of survey measured impacts, which in turn provides an opportunity to test the effectiveness of different weighting schemes to remove bias. The subjects included 6,787 individuals who participated in a large-scale social policy experiment. RESULTS: Our results were not definitive but suggest nonresponse bias is the main source of the inconsistent findings. CONCLUSIONS: The results caution against overconfidence in drawing conclusions from RCTs and highlight the need for great care to be taken in data collection and analysis. Particularly, given the modest size of impacts expected in most RCTs, small discrepancies in data sources can alter the results. Survey data remain important as a source of information on outcomes not recorded in administrative data. However, linking survey and administrative data is strongly recommended whenever possible.,��https://www.ncbi.nlm.nih.gov/pubmed/27780905À��Dorsett, Richard
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*flying-foxes���May¸��Hendra virus (HeV) causes potentially fatal respiratory and/or neurological disease in both horses and humans. Although Australian flying-foxes of the genus Pteropus have been identified as reservoir hosts, the precise mechanism of HeV transmission has yet to be elucidated. To date, there has been limited investigation into the role of haematophagous insects as vectors of HeV. This mode of transmission is particularly relevant because Australian flying-foxes host the bat-specific blood-feeding ectoparasites of the genus Cyclopodia (Diptera: Nycteribiidae), also known as bat flies. Using molecular detection methods, we screened for HeV RNA in 183 bat flies collected from flying-foxes inhabiting a roost in Boonah, Queensland, Australia. It was subsequently demonstrated that during the study period, Pteropus alecto in this roost had a HeV RNA prevalence between 2 and 15% (95% CI [1, 6] to [8, 26], respectively). We found no evidence of HeV in any bat flies tested, including 10 bat flies collected from P. alecto in which we detected HeV RNA. Our negative findings are consistent with previous findings and provide additional evidence that bat flies do not play a primary role in HeV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/27770493Ö��Vidgen, M E
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*Tioman virus���Nov)��Bat-borne viral diseases are a major public health concern among newly emerging infectious diseases which includes severe acute respiratory syndrome, Nipah, Marburg and Ebola virus disease. During the survey for Nipah virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and confirmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be susceptible to Tioman virus. Negative electron microscopy study revealed the "herringbone" morphology of the nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.,��https://www.ncbi.nlm.nih.gov/pubmed/27619056o��Yadav, Pragya
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Queensland���Oct 20È��Australian dinosaurs have played a rare but controversial role in the debate surrounding the effect of Gondwanan break-up on Cretaceous dinosaur distribution. Major spatiotemporal gaps in the Gondwanan Cretaceous fossil record, coupled with taxon incompleteness, have hindered research on this effect, especially in Australia. Here we report on two new sauropod specimens from the early Late Cretaceous of Queensland, Australia, that have important implications for Cretaceous dinosaur palaeobiogeography. Savannasaurus elliottorum gen. et sp. nov. comprises one of the most complete Cretaceous sauropod skeletons ever found in Australia, whereas a new specimen of Diamantinasaurus matildae includes the first ever cranial remains of an Australian sauropod. The results of a new phylogenetic analysis, in which both Savannasaurus and Diamantinasaurus are recovered within Titanosauria, were used as the basis for a quantitative palaeobiogeographical analysis of macronarian sauropods. Titanosaurs achieved a worldwide distribution by at least 125 million years ago, suggesting that mid-Cretaceous Australian sauropods represent remnants of clades which were widespread during the Early Cretaceous. These lineages would have entered Australasia via dispersal from South America, presumably across Antarctica. High latitude sauropod dispersal might have been facilitated by Albian-Turonian warming that lifted a palaeoclimatic dispersal barrier between Antarctica and South America.,��https://www.ncbi.nlm.nih.gov/pubmed/277635980��Poropat, Stephen F
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*Virus Internalization���Oct 18v��Nipah is an emerging paramyxovirus that is of serious concern to human health. It invades host cells using two of its membrane proteins-G and F. G binds to host ephrins and this stimulates G to activate F. Upon activation, F mediates virus-host membrane fusion. Here we focus on mechanisms that underlie the stimulation of G by ephrins. Experiments show that G interacts with ephrin and F through separate sites located on two different domains, the receptor binding domain (RBD) and the F activation domain (FAD). No models explain this allosteric coupling. In fact, the analogous mechanisms in other paramyxoviruses also remain undetermined. The structural organization of G is such that allosteric coupling must involve at least one of the two interfaces-the RBD-FAD interface and/or the RBD-RBD interface. Here we examine using molecular dynamics the effect of ephrin binding on the RBD-RBD interface. We find that despite inducing small changes in individual RBDs, ephrin reorients the RBD-RBD interface extensively, and in a manner that will enhance solvent exposure of the FAD. While this finding supports a proposed model of G stimulation, we also find from additional simulations that ephrin induces a similar RBD-RBD reorientation in a stimulation-deficient G mutant, V209 VG --> AAA. Together, our simulations suggest that while inter-RBD reorientation may be important, it is not, by itself, a sufficient condition for G stimulation. Additionally, we find that the mutation affects the conformational ensemble of RBD globally, including the RBD-FAD interface, suggesting the latter's role in G stimulation. Because ephrin induces small changes in individual RBDs, a proper analysis of conformational ensembles required that they are compared directly-we employ a method we developed recently, which we now release at SimTK, and show that it also performs excellently for non-Gaussian distributions.,��https://www.ncbi.nlm.nih.gov/pubmed/27760350���Dutta, Priyanka
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*zoonoses���DecF��Human Nipah encephalitis outbreaks have been identified almost yearly in Bangladesh since 2001. Though raw date palm sap consumption and person-to-person contact are recognized as major transmission pathways, alternative pathways of transmission are plausible and may not have been identified due to limited statistical power in each outbreak. We conducted a risk factor analysis using all 157 cases and 632 controls surveyed in previous investigations during 2004-2012 to identify exposures independently associated with Nipah, since date palm sap was first asked about as an exposure in 2004. To further explore possible rare exposures, we also conducted in-depth interviews with all cases, or proxies, since 2001 that reported no exposure to date palm sap or contact with another case. Cases were 4.9 (95% 3.2-7.7) times more likely to consume raw date palm sap and 7.3 (95% 4.0-13.4) times more likely to have contact with a Nipah case than controls. In-depth interviews revealed that 39/182 (21%) of Nipah cases reporting neither date palm sap consumption nor contact with another case were misclassified. Prevention efforts should be focused on interventions to interrupt transmission through date palm sap consumption and person-to-person contact. Furthermore, pooling outbreak investigation data is a good method for assessing rare exposures.,��https://www.ncbi.nlm.nih.gov/pubmed/27738775H��Hegde, Sonia T
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Zoonoses/*virology���Aug���Viruses rapidly evolve and can emerge in unpredictable ways. Transmission pathways by which foodborne viruses may enter human populations and evolutionary mechanisms by which viruses can become virulent are discussed in this chapter. A majority of viruses emerge from zoonotic animal reservoirs, often by adapting and infecting intermediate hosts, such as domestic animals and livestock. Viruses that are known foodborne threats include hepatitis E virus, tick-borne encephalitis virus, enteroviruses, adenovirus, and astroviruses, among others. Viruses may potentially evolve and emerge as a result of modern agricultural practices which can concentrate livestock and bring them into contact with wild animals. Examples of viruses that have emerged in this manner are influenza, coronaviruses such as severe acute respiratory syndrome and Middle East respiratory syndrome, and the Nipah virus. The role of bats, bush meat, rodents, pigs, cattle, and poultry as reservoirs from which infectious pathogenic viruses emerge are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/27726774x��Kingsley, David H
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*risk factor���Janï��Bats of the genus Pteropus (Pteropodidae), colloquially known as flying foxes, are recognized as the natural reservoir of Hendra virus, a zoonotic paramyxovirus responsible for mortality in horses and humans. Some previous studies have suggested that physiologic and ecologic factors promote Hendra virus infection in flying foxes, and by extension, spillover to horses and humans. However, the impact of Hendra virus infection on relevant physiologic biomarkers in flying foxes has not been measured. Over 12 mo in eastern Australia, we captured and sampled 446 individual black flying foxes ( Pteropus alecto ), a putative primary reservoir host species, and measured a suite of hematologic, plasma biochemistry, and urinary biomarkers. All mean hematologic and biochemical values in both Hendra virus-positive and virus-negative cohorts were within the published reference ranges for black flying foxes. We found no association between Hendra virus infection (as indicated by PCR detection of Hendra virus RNA) and biomarkers for nutritional stress, reproductive stress, or extreme metabolic demand. However, we identified associations between several other biomarkers and Hendra virus infection, which may partly elucidate the physiologic effects of Hendra virus infection in flying foxes. Our findings highlight the need for critical evaluation of putative risk factors for infection in flying foxes and provide insights for future epidemiologic studies of Hendra virus and related viruses in the Pteropus species.,��https://www.ncbi.nlm.nih.gov/pubmed/27723384Ã��McMichael, Lee
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Pneumonia/drug therapy/virologyú��Host-derived proteases can augment or help to clear infections. This dichotomy is exemplified by cathepsin L (CTSL), which helps Hendra virus and SARS coronavirus to invade cells, but is essential for survival in mice with mycoplasma pneumonia. The present study tested the hypothesis that CTSL protects mice from serious consequences of infection by the orthomyxovirus influenza A, which is thought to be activated by host-supplied proteases other than CTSL. Ctsl-/- mice infected with influenza A/Puerto Rico/8/34(H1N1) had larger lung viral loads and higher mortality than infected Ctsl+/+ mice. Lung inflammation in surviving infected mice peaked 14 days after initial infection, accompanied marked focal distal airway bronchiolization and epithelial metaplasia followed by desquamation and fibrotic interstitial remodeling, and persisted for at least 6 weeks. Most deaths occurred during the second week of infection in both groups of mice. In contrast to mycoplasma pneumonia, infiltrating cells were predominantly mononuclear rather than polymorphonuclear. The histopathology of lung inflammation and remodeling in survivors was similar in Ctsl-/- and Ctsl+/+ mice, although Ctsl+/+ mice cleared immunoreactive virus sooner. Furthermore, Ctsl-/- mice had profound deficits in CD4+ lymphocytes before and after infection and weaker production of pathogen-specific IgG. Thus, CTSL appears to support innate as well as adaptive responses, which confer a survival advantage on mice infected with the orthomyxovirus influenza A.,��https://www.ncbi.nlm.nih.gov/pubmed/27716790ù��Xu, Xiang
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Virus Attachment
Virus Internalization���Dec 1�
�The paramyxoviral family contains many medically important viruses, including measles virus, mumps virus, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the deadly zoonotic henipaviruses Hendra and Nipah virus (NiV). To both enter host cells and spread from cell to cell within infected hosts, the vast majority of paramyxoviruses utilize two viral envelope glycoproteins: the attachment glycoprotein (G, H, or hemagglutinin-neuraminidase [HN]) and the fusion glycoprotein (F). Binding of G/H/HN to a host cell receptor triggers structural changes in G/H/HN that in turn trigger F to undergo a series of conformational changes that result in virus-cell (viral entry) or cell-cell (syncytium formation) membrane fusion. The actual regions of G/H/HN and F that interact during the membrane fusion process remain relatively unknown though it is generally thought that the paramyxoviral G/H/HN stalk region interacts with the F head region. Studies to determine such interactive regions have relied heavily on coimmunoprecipitation approaches, whose limitations include the use of detergents and the micelle-mediated association of proteins. Here, we developed a flow-cytometric strategy capable of detecting membrane protein-protein interactions by interchangeably using the full-length form of G and a soluble form of F, or vice versa. Using both coimmunoprecipitation and flow-cytometric strategies, we found a bidentate interaction between NiV G and F, where both the stalk and head regions of NiV G interact with F. This is a new structural-biological finding for the paramyxoviruses. Additionally, our studies disclosed regions of the NiV G and F glycoproteins dispensable for the G and F interactions. IMPORTANCE: Nipah virus (NiV) is a zoonotic paramyxovirus that causes high mortality rates in humans, with no approved treatment or vaccine available for human use. Viral entry into host cells relies on two viral envelope glycoproteins: the attachment (G) and fusion (F) glycoproteins. Binding of G to the ephrinB2 or ephrinB3 cell receptors triggers conformational changes in G that in turn cause F to undergo conformational changes that result in virus-host cell membrane fusion and viral entry. It is currently unknown, however, which specific regions of G and F interact during membrane fusion. Past efforts to determine the interacting regions have relied mainly on coimmunoprecipitation, a technique with some pitfalls. We developed a flow-cytometric assay to study membrane protein-protein interactions, and using this assay we report a bidentate interaction whereby both the head and stalk regions of NiV G interact with NiV F, a new finding for the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/27654290û��Stone, Jacquelyn A
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Viral Proteins/genetics/*immunology���Sep2��For efficient replication, viruses have developed mechanisms to evade innate immune responses, including the antiviral type-I interferon (IFN-I) system. Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae family (genus Henipavirus), is known to encode for four P gene-derived viral proteins (P/C/W/V) with IFN-I antagonist functions. Here we report that NiV matrix protein (NiV-M), which is important for virus assembly and budding, can also inhibit IFN-I responses. IFN-I production requires activation of multiple signaling components including the IkappaB kinase epsilon (IKKepsilon). We previously showed that the E3-ubiquitin ligase TRIM6 catalyzes the synthesis of unanchored K48-linked polyubiquitin chains, which are not covalently attached to any protein, and activate IKKepsilon for induction of IFN-I mediated antiviral responses. Using co-immunoprecipitation assays and confocal microscopy we show here that the NiV-M protein interacts with TRIM6 and promotes TRIM6 degradation. Consequently, NiV-M expression results in reduced levels of unanchored K48-linked polyubiquitin chains associated with IKKepsilon leading to impaired IKKepsilon oligomerization, IKKepsilon autophosphorylation and reduced IFN-mediated responses. This IFN antagonist function of NiV-M requires a conserved lysine residue (K258) in the bipartite nuclear localization signal that is found in divergent henipaviruses. Consistent with this, the matrix proteins of Ghana, Hendra and Cedar viruses were also able to inhibit IFNbeta induction. Live NiV infection, but not a recombinant NiV lacking the M protein, reduced the levels of endogenous TRIM6 protein expression. To our knowledge, matrix proteins of paramyxoviruses have never been reported to be involved in innate immune antagonism. We report here a novel mechanism of viral innate immune evasion by targeting TRIM6, IKKepsilon and unanchored polyubiquitin chains. These findings expand the universe of viral IFN antagonism strategies and provide a new potential target for development of therapeutic interventions against NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27622505���Bharaj, Preeti
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*W protein���Oct 21b��Paramyxoviruses replicate in the cytoplasm with no obvious requirement to interact with the nucleus. Nevertheless, the W protein of the highly lethal bat-borne paramyxovirus Nipah virus (NiV) is known to undergo specific targeting to the nucleus, mediated by a single nuclear localisation signal (NLS) within the C-terminal domain. Here, we report for the first time that additional sites modulate nucleocytoplasmic localisation of W. We show that the N-terminal domain interacts with importin alpha1 and contributes to nuclear accumulation of W, indicative of a novel N-terminal NLS. We also find that W undergoes exportin-1 mediated nuclear export, dependent on a leucine at position 174. Together, these data enable significant revision of the generally accepted model of W trafficking, with implications for understanding of the mechanisms of NiV immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/27622322´��Audsley, Michelle D
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*Swine���Sep 14s��Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus, within the family Paramyxoviridae. Nipah virus has caused outbreaks of human disease in Bangladesh, Malaysia, Singapore, India and Philippines, in addition to a large outbreak in swine in Malaysia in 1998/1999. Recently, NiV was suspected to be a causative agent of an outbreak in horses in 2014 in the Philippines, while HeV has caused multiple human and equine outbreaks in Australia since 1994. A swine vaccine able to prevent shedding of infectious virus is of veterinary and human health importance, and correlates of protection against henipavirus infection in swine need to be better understood. In the present study, three groups of animals were employed. Pigs vaccinated with adjuvanted recombinant soluble HeV G protein (sGHEV) and challenged with HeV, developed antibody levels considered to be protective prior to the challenge (titers of 320). However, activation of the cell-mediated immune response was not detected, and the animals were only partially protected against challenge with 5x10(5) PFU of HeV per animal. In the second group, cross-neutralizing antibody levels against NiV in the sGHEV vaccinated animals did not reach protective levels, and with no activation of cellular immune memory, these animals were not protected against NiV. Only pigs orally infected with 5x10(4) PFU of NiV per animal were protected against nasal challenge with 5x10(5) PFU of NiV per animal. This group of pigs developed protective antibody levels, as well as cell-mediated immune memory. Peripheral blood mononuclear cells restimulated with UV-inactivated NiV upregulated IFN-gamma, IL-10 and the CD25 activation marker on CD4(+)CD8(+) T memory helper cells and to lesser extent on CD4(-)CD8(+) T cells. In conclusion, both humoral and cellular immune responses were required for protection of swine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27544586¯��Pickering, Brad S
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*Subcellular localization���Oct ��Nipah virus (NiV) causes severe encephalitis in humans, with high mortality. NiV nonstructural C protein (NiV-C) is essential for its pathogenicity, but its functions are unclear. In this study, we focused on NiV-C trafficking in cells and found that it localizes predominantly in the cytoplasm but partly in the nucleus. An analysis of NiV-C mutants showed that amino acids 2, 21-24 and 110-139 of NiV-C are important for its localization in the cytoplasm. Inhibitor treatment indicates that the nuclear export determinant is not a classical CRM1-dependent nuclear export signal. We also determined that amino acids 60-75 and 72-75 were important for nuclear localization of NiV-C. Furthermore, NiV-C mutants that had lost their capacity for nuclear localization inhibited the interferon (IFN) response more strongly than complete NiV-C. These results indicate that the IFN-antagonist activity of NiV-C occurs in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/27501340Ë��Horie, Ryo
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Virus Assembly���Oct���Genome replication and virion production by most negative-sense RNA viruses (NSVs) occurs exclusively in the cytoplasm, but many NSV-expressed proteins undergo active nucleocytoplasmic trafficking via signals that exploit cellular nuclear transport pathways. Nuclear trafficking has been reported both for NSV accessory proteins (including isoforms of the rabies virus phosphoprotein, and V, W and C proteins of paramyxoviruses) and for structural proteins. Trafficking of the former is thought to enable accessory functions in viral modulation of antiviral responses including the type I IFN system, but the intranuclear roles of structural proteins such as nucleocapsid and matrix proteins, which have critical roles in extranuclear replication and viral assembly, are less clear. Nevertheless, nuclear trafficking of matrix protein has been reported to be critical for efficient production of Nipah virus and Respiratory syncytial virus, and nuclear localization of nucleocapsid protein of several morbilliviruses has been linked to mechanisms of immune evasion. Together, these data point to the nucleus as a significant host interface for viral proteins during infection by NSVs with otherwise cytoplasmic life cycles. Importantly, several lines of evidence now suggest that nuclear trafficking of these proteins may be critical to pathogenesis and thus could provide new targets for vaccine development and antiviral therapies.,��https://www.ncbi.nlm.nih.gov/pubmed/27498841Í��Audsley, Michelle D
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*Prevention messages���Aug 51��BACKGROUND: During a fatal Nipah virus (NiV) outbreak in Bangladesh, residents rejected biomedical explanations of NiV transmission and treatment and lost trust in the public healthcare system. Field anthropologists developed and communicated a prevention strategy to bridge the gap between the biomedical and local explanation of the outbreak. METHODS: We explored residents' beliefs and perceptions about the illness and care-seeking practices and explained prevention messages following an interactive strategy with the aid of photos showed the types of contact that can lead to NiV transmission from bats to humans by drinking raw date palm sap and from person-to-person. RESULTS: The residents initially believed that the outbreak was caused by supernatural forces and continued drinking raw date palm sap despite messages from local health authorities to stop. Participants in community meetings stated that the initial messages did not explain that bats were the source of this virus. After our intervention, participants responded that they now understood how NiV could be transmitted and would abstain from raw sap consumption and maintain safer behaviours while caring for patients. CONCLUSIONS: During outbreaks, one-way behaviour change communication without meaningful causal explanations is unlikely to be effective. Based on the cultural context, interactive communication strategies in lay language with supporting evidence can make biomedical prevention messages credible in affected communities, even among those who initially invoke supernatural causal explanations.,��https://www.ncbi.nlm.nih.gov/pubmed/27495927+��Parveen, Shahana
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Restif, O.���2016e��Transmission or Within-Host Dynamics Driving Pulses of Zoonotic Viruses in Reservoir-Host Populations���e0004796���PLoS Negl Trop Dis���10���8���Aug¤��Progress in combatting zoonoses that emerge from wildlife is often constrained by limited knowledge of the biology of pathogens within reservoir hosts. We focus on the host-pathogen dynamics of four emerging viruses associated with bats: Hendra, Nipah, Ebola, and Marburg viruses. Spillover of bat infections to humans and domestic animals often coincides with pulses of viral excretion within bat populations, but the mechanisms driving such pulses are unclear. Three hypotheses dominate current research on these emerging bat infections. First, pulses of viral excretion could reflect seasonal epidemic cycles driven by natural variations in population densities and contact rates among hosts. If lifelong immunity follows recovery, viruses may disappear locally but persist globally through migration; in either case, new outbreaks occur once births replenish the susceptible pool. Second, epidemic cycles could be the result of waning immunity within bats, allowing local circulation of viruses through oscillating herd immunity. Third, pulses could be generated by episodic shedding from persistently infected bats through a combination of physiological and ecological factors. The three scenarios can yield similar patterns in epidemiological surveys, but strategies to predict or manage spillover risk resulting from each scenario will be different. We outline an agenda for research on viruses emerging from bats that would allow for differentiation among the scenarios and inform development of evidence-based interventions to limit threats to human and animal health. These concepts and methods are applicable to a wide range of pathogens that affect humans, domestic animals, and wildlife.,��https://www.ncbi.nlm.nih.gov/pubmed/27489944,��Plowright, Raina K
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Nipah Virus/*classification/*pathogenicity���Aug 3���Nipah virus (NiV) is a paramyxovirus that causes severe disease in humans and animals. There are two distinct strains of NiV, Malaysia (NiVM) and Bangladesh (NiVB). Differences in transmission patterns and mortality rates suggest that NiVB may be more pathogenic than NiVM. To investigate pathogenic differences between strains, 4 African green monkeys (AGM) were exposed to NiVM and 4 AGMs were exposed to NiVB. While NiVB was uniformly lethal, only 50% of NiVM-infected animals succumbed to infection. Histopathology of lungs and spleens from NiVB-infected AGMs was significantly more severe than NiVM-infected animals. Importantly, a second study utilizing 11 AGMs showed that the therapeutic window for human monoclonal antibody m102.4, previously shown to rescue AGMs from NiVM infection, was much shorter in NiVB-infected AGMs. Together, these data show that NiVB is more pathogenic in AGMs under identical experimental conditions and suggests that postexposure treatments may need to be NiV strain specific for optimal efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/27484128»��Mire, Chad E
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Horvat, B.���2016I��Protection from Hendra virus infection with Canarypox recombinant vaccine���16003���NPJ Vaccines���1â��Hendra virus (HeV) is an emerging zoonotic pathogen, which causes severe respiratory illness and encephalitis in humans and horses. Since its first appearance in 1994, spillovers of HeV from its natural reservoir fruit bats occur on almost an annual basis. The high mortality rate in both humans and horses and the wide-ranging reservoir distribution are making HeV a serious public health problem, especially for people exposed to sick horses. This study has aimed to develop an efficient low-cost HeV vaccine for horses based on Canarypox recombinant vector expressing HeV glycoproteins, attachment glycoprotein (G) and fusion protein (F). This vaccine was used to immunise hamsters and then challenged intraperitoneally with HeV 3 weeks later. The higher tested dose of the vaccine efficiently prevented oropharyngeal virus shedding and protected animals from clinical disease and virus-induced mortality. Vaccine induced generation of seroneutralising antibodies and prevented virus-induced histopathological changes and a production of viral RNA and antigens in animal tissues. Interestingly, some vaccinated animals, including those immunised at a lower dose, were protected in the absence of detectable specific antibodies, suggesting the induction of an efficient virus-specific cellular immunity. Finally, ponies immunised using the same vaccination protocol as hamsters developed strong seroneutralising titres against both HeV and closely related Nipah virus, indicating that this vaccine may have the ability to induce cross-protection against Henipavirus infection. These data suggest that Canarypox-based vectors encoding for HeV glycoproteins present very promising new vaccine candidate to prevent infection and shedding of the highly lethal HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/29263849÷��Guillaume-Vasselin, Vanessa
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Phylogenetic analysis���JulÉ��Nipah virus (NiV) is a member of the genus Henipavirus of the family Paramyxoviridae, characterized by high pathogenicity and endemic in South Asia. It is classified as a Biosafety Level-4 (BSL-4) agent. The case-fatality varies from 40% to 70% depending on the severity of the disease and on the availability of adequate healthcare facilities. At present no antiviral drugs are available for NiV disease and the treatment is just supportive. Phylogenetic and evolutionary analyses can be used to help in understanding the epidemiology and the temporal origin of this virus. This review provides an overview of evolutionary studies performed on Nipah viruses circulating in different countries. Thirty phylogenetic studies have been published from 2000 to 2015 years, searching on pub-med using the key words 'Nipah virus AND phylogeny' and twenty-eight molecular epidemiological studies from 2006 to 2015 have been performed, typing the key words 'Nipah virus AND molecular epidemiology'. Overall data from the published study demonstrated as phylogenetic and evolutionary analysis represent promising tools to evidence NiV epidemics, to study their origin and evolution and finally to act with effective preventive measure.,��https://www.ncbi.nlm.nih.gov/pubmed/27393089Ê��Angeletti, Silvia
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*zoonosis���NovO��Hendra virus (HeV) was first described in 1994 in an outbreak of acute and highly lethal disease in horses and humans in Australia. Equine cases continue to be diagnosed periodically, yet the predisposing factors for infection remain unclear. We undertook an analysis of equine submissions tested for HeV by the Queensland government veterinary reference laboratory over a 20-year period to identify and investigate any patterns. We found a marked increase in testing from July 2008, primarily reflecting a broadening of the HeV clinical case definition. Peaks in submissions for testing, and visitations to the Government HeV website, were associated with reported equine incidents. Significantly differing between-year HeV detection rates in north and south Queensland suggest a fundamental difference in risk exposure between the two regions. The statistical association between HeV detection and stockhorse type may suggest that husbandry is a more important risk determinant than breed per se. The detection of HeV in horses with neither neurological nor respiratory signs poses a risk management challenge for attending veterinarians and laboratory staff, reinforcing animal health authority recommendations that appropriate risk management strategies be employed for all sick horses, and by anyone handling sick horses or associated biological samples.,��https://www.ncbi.nlm.nih.gov/pubmed/27357144ú��Smith, C S
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*paramyxovirus���Augt��Nipah virus (NiV, Henipavirus) is a highly lethal emergent zoonotic paramyxovirus responsible for repeated human outbreaks of encephalitis in South East Asia. There are no approved vaccines or treatments, thus improved understanding of NiV biology is imperative. NiV matrix protein recruits a plethora of cellular machinery to scaffold and coordinate virion budding. Intriguingly, matrix also hijacks cellular trafficking and ubiquitination pathways to facilitate transient nuclear localization. While the biological significance of matrix nuclear localization for an otherwise cytoplasmic virus remains enigmatic, the molecular details have begun to be characterized, and are conserved among matrix proteins from divergent paramyxoviruses. Matrix protein appropriation of cellular machinery will be discussed in terms of its early nuclear targeting and later role in virion assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/27350027¶��Watkinson, Ruth E
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Virus Shedding���Jun¨��Person-to-person transmission is a key feature of human Nipah virus outbreaks in Bangladesh. In contrast, in an outbreak of Nipah virus in Malaysia, people acquired infections from pigs. It is not known whether this important epidemiological difference is driven primarily by differences between NiV Bangladesh (NiV-BD) and Malaysia (NiV-MY) at a virus level, or by environmental or host factors. In a time course study, ferrets were oronasally exposed to equivalent doses of NiV-BD or NiV-MY. More rapid onset of productive infection and higher levels of virus replication in respiratory tract tissues were seen for NiV-BD compared to NiV-MY, corroborating our previous report of increased oral shedding of NiV-BD in ferrets and suggesting a contributory mechanism for increased NiV-BD transmission between people compared to NiV-MY. However, we recognize that transmission occurs within a social and environmental framework that may have an important and differentiating role in NiV transmission rates. With this in mind, ferret-to-ferret transmission of NiV-BD and NiV-MY was assessed under differing viral exposure conditions. Transmission was not identified for either virus when naive ferrets were cohoused with experimentally-infected animals. In contrast, all naive ferrets developed acute infection following assisted and direct exposure to oronasal fluid from animals that were shedding either NiV-BD or NiV-MY. Our findings for ferrets indicate that, although NiV-BD may be shed at higher levels than NiV-MY, transmission risk may be equivalently low under exposure conditions provided by cohabitation alone. In contrast, active transfer of infected bodily fluids consistently results in transmission, regardless of the virus strain. These observations suggest that the risk of NiV transmission is underpinned by social and environmental factors, and will have practical implications for managing transmission risk during outbreaks of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27341030���Clayton, Bronwyn A
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*respiratory failure���Jan 2°��INTRODUCTION: Status asthmaticus can develop into a life-threatening disorder that requires mechanical ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes. Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-pregnant patients with status asthmaticus. CASE STUDY: A 25-year-old woman, who was 5 weeks pregnant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the patient's clinical condition as well as the gas exchange improved within the next few days. ECMO was removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial hematoma; the patient was diagnosed with abortus imminens and successfully treated with magnesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation. CONCLUSIONS: This is the first case report on the successful use of ECMO in a pregnant woman with severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechanical ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby, who was born without any complications.,��https://www.ncbi.nlm.nih.gov/pubmed/27340744Á��Steinack, Carolin
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One Health
Zoonoses���Junc��The appearance of novel pathogens of humans with epidemic potential and high mortality rates have threatened global health security for centuries. Over the past few decades new zoonotic infectious diseases of humans caused by pathogens arising from animal reservoirs have included West Nile virus, Yellow fever virus, Ebola virus, Nipah virus, Lassa Fever virus, Hanta virus, Dengue fever virus, Rift Valley fever virus, Crimean-Congo haemorrhagic fever virus, severe acute respiratory syndrome coronavirus, highly pathogenic avian influenza viruses, Middle East Respiratory Syndrome Coronavirus, and Zika virus. The recent Ebola Virus Disease epidemic in West Africa and the ongoing Zika Virus outbreak in South America highlight the urgent need for local, regional and international public health systems to be be more coordinated and better prepared. The One Health concept focuses on the relationship and interconnectedness between Humans, Animals and the Environment, and recognizes that the health and wellbeing of humans is intimately connected to the health of animals and their environment (and vice versa). Critical to the establishment of a One Health platform is the creation of a multidisciplinary team with a range of expertise including public health officers, physicians, veterinarians, animal husbandry specialists, agriculturalists, ecologists, vector biologists, viral phylogeneticists, and researchers to co-operate, collaborate to learn more about zoonotic spread between animals, humans and the environment and to monitor, respond to and prevent major outbreaks. We discuss the unique opportunities for Middle Eastern and African stakeholders to take leadership in building equitable and effective partnerships with all stakeholders involved in human and health systems to take forward a 'One Health' approach to control such zoonotic pathogens with epidemic potential.,��https://www.ncbi.nlm.nih.gov/pubmed/27321961���Zumla, Alimuddin
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Zoonoses/virologyÀ��Hendra virus (HeV) is an important emergent virus in Australia known to infect horses and humans in certain regions of the east coast. Whilst pteropid bats ("flying foxes") are considered the natural reservoir of HeV, which of the four mainland species is the principal reservoir has been a source of ongoing debate, particularly as shared roosting is common. To help resolve this, we sampled a colony consisting of just one of these species, the grey-headed flying fox, (Pteropus poliocephalus), at the southernmost extent of its range. Using the pooled urine sampling technique at approximately weekly intervals over a two year period, we determined the prevalence of HeV and related paramyxoviruses using a novel multiplex (Luminex) platform. Whilst all the pooled urine samples were negative for HeV nucleic acid, we successfully identified four other paramyxoviruses, including Cedar virus; a henipavirus closely related to HeV. Collection of serum from individually caught bats from the colony showed that antibodies to HeV, as estimated by a serological Luminex assay, were present in between 14.6% and 44.5% of animals. The wide range of the estimate reflects uncertainties in interpreting intermediate results. Interpreting the study in the context of HeV studies from states to the north, we add support for an arising consensus that it is the black flying fox and not the grey-headed flying fox that is the principal source of HeV in spillover events to horses.,��https://www.ncbi.nlm.nih.gov/pubmed/27304985ê��Burroughs, A L
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*Virus Internalization���Jun���Receptor-targeted lentiviral vectors (LVs) can be an effective tool for selective transfer of genes into distinct cell types of choice. Moreover, they can be used to determine the molecular properties that cell surface proteins must fulfill to act as receptors for viral glycoproteins. Here we show that LVs pseudotyped with receptor-targeted Nipah virus (NiV) glycoproteins effectively enter into cells when they use cell surface proteins as receptors that bring them closely enough to the cell membrane (less than 100 A distance). Then, they were flexible in receptor usage as demonstrated by successful targeting of EpCAM, CD20, and CD8, and as selective as LVs pseudotyped with receptor-targeted measles virus (MV) glycoproteins, the current standard for cell-type specific gene delivery. Remarkably, NiV-LVs could be produced at up to two orders of magnitude higher titers compared to their MV-based counterparts and were at least 10,000-fold less effectively neutralized than MV glycoprotein pseudotyped LVs by pooled human intravenous immunoglobulin. An important finding for NiV-LVs targeted to Her2/neu was an about 100-fold higher gene transfer activity when particles were targeted to membrane-proximal regions as compared to particles binding to a more membrane-distal epitope. Likewise, the low gene transfer activity mediated by NiV-LV particles bound to the membrane distal domains of CD117 or the glutamate receptor subunit 4 (GluA4) was substantially enhanced by reducing receptor size to below 100 A. Overall, the data suggest that the NiV glycoproteins are optimally suited for cell-type specific gene delivery with LVs and, in addition, for the first time define which parts of a cell surface protein should be targeted to achieve optimal gene transfer rates with receptor-targeted LVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27281338!��Bender, Ruben R
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Viral Proteins/genetics/*metabolism���SepÒ��Nipah virus belongs to the genus Henipavirus in the family Paramyxoviridae, and its RNA genome is larger than those of other paramyxoviruses because it has long untranslated regions (UTRs) in each gene. However, the functions of these UTRs are not fully understood. In this study, we investigated the functions of the 5' UTRs and found that the 5' UTR of the M gene upregulated the translation of a reporter gene. Using an RNA pull-down assay, we showed that eukaryotic elongation factor 1-beta (EEF1B2) interacts with nucleotides 81-100 of the M 5' UTR and specifically enhances its translation efficiency. Our results suggest that the M 5' UTR promotes the production of M protein and viral budding by recruiting EEF1B2.,��https://www.ncbi.nlm.nih.gov/pubmed/27236461ª��Uchida, Shotaro
Sato, Hiroki
Yoneda, Misako
Kai, Chieko
eng
Austria
2016/05/30 06:00
Arch Virol. 2016 Sep;161(9):2361-8. doi: 10.1007/s00705-016-2903-y. Epub 2016 May 28.*��1432-8798 (Electronic)
0304-8608 (Linking)���272364619��Laboratory Animal Research Center, Institute of Medical Science, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo, 108-8639, Japan.
Laboratory Animal Research Center, Institute of Medical Science, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo, 108-8639, Japan. ckai@ims.u-tokyo.ac.jp.���10.1007/s00705-016-2903-y��	T��üÒ|ÿî?Ò���x��Kim, H. K.
Yoon, S. W.
Kim, D. J.
Koo, B. S.
Noh, J. Y.
Kim, J. H.
Choi, Y. G.
Na, W.
Chang, K. T.
Song, D.
Jeong, D. G.���2016���Detection of Severe Acute Respiratory Syndrome-Like, Middle East Respiratory Syndrome-Like Bat Coronaviruses and Group H Rotavirus in Faeces of Korean Bats���365-72���Transbound Emerg Dis���63���4���Animals
Chiroptera/*virology
Coronavirus/*isolation & purification
Feces/*virology
Republic of Korea
Rotavirus/*isolation & purification
SARS Virus/*isolation & purification
Korea
Middle East respiratory syndrome
bat
coronavirus
group H rotavirus
severe acute respiratory syndrome���Aug£��Bat species around the world have recently been recognized as major reservoirs of several zoonotic viruses, such as severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), Nipah virus and Hendra virus. In this study, consensus primer-based reverse transcriptase polymerase chain reactions (RT-PCRs) and high-throughput sequencing were performed to investigate viruses in bat faecal samples collected at 11 natural bat habitat sites from July to December 2015 in Korea. Diverse coronaviruses were first detected in Korean bat faeces, including alphacoronaviruses, SARS-CoV-like and MERS-CoV-like betacoronaviruses. In addition, we identified a novel bat rotavirus belonging to group H rotavirus which has only been described in human and pigs until now. Therefore, our results suggest the need for continuing surveillance and additional virological studies in domestic bat.,��https://www.ncbi.nlm.nih.gov/pubmed/27213718Ù��Kim, H K
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Virus Release/*physiology���May���The budding of Nipah virus, a deadly member of the Henipavirus genus within the Paramyxoviridae, has been thought to be independent of the host ESCRT pathway, which is critical for the budding of many enveloped viruses. This conclusion was based on the budding properties of the virus matrix protein in the absence of other virus components. Here, we find that the virus C protein, which was previously investigated for its role in antagonism of innate immunity, recruits the ESCRT pathway to promote efficient virus release. Inhibition of ESCRT or depletion of the ESCRT factor Tsg101 abrogates the C enhancement of matrix budding and impairs live Nipah virus release. Further, despite the low sequence homology of the C proteins of known henipaviruses, they all enhance the budding of their cognate matrix proteins, suggesting a conserved and previously unknown function for the henipavirus C proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/27203423Æ��Park, Arnold
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Peptides/*immunology���Jun 1���Bats are a major reservoir of emerging and re-emerging infectious diseases, including severe acute respiratory syndrome-like coronaviruses, henipaviruses, and Ebola virus. Although highly pathogenic to their spillover hosts, bats harbor these viruses, and a large number of other viruses, with little or no clinical signs of disease. How bats asymptomatically coexist with these viruses is unknown. In particular, little is known about bat adaptive immunity, and the presence of functional MHC molecules is mostly inferred from recently described genomes. In this study, we used an affinity purification/mass spectrometry approach to demonstrate that a bat MHC class I molecule, Ptal-N*01:01, binds antigenic peptides and associates with peptide-loading complex components. We identified several bat MHC class I-binding partners, including calnexin, calreticulin, protein disulfide isomerase A3, tapasin, TAP1, and TAP2. Additionally, endogenous peptide ligands isolated from Ptal-N*01:01 displayed a relatively broad length distribution and an unusual preference for a C-terminal proline residue. Finally, we demonstrate that this preference for C-terminal proline residues was observed in Hendra virus-derived peptides presented by Ptal-N*01:01 on the surface of infected cells. To our knowledge, this is the first study to identify endogenous and viral MHC class I ligands for any bat species and, as such, provides an important avenue for monitoring and development of vaccines against major bat-borne viruses both in the reservoir and spillover hosts. Additionally, it will provide a foundation to understand the role of adaptive immunity in bat antiviral responses.,��https://www.ncbi.nlm.nih.gov/pubmed/27183594���Wynne, James W
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Virus Replication���Aug 1®	�UNLABELLED: Nonsegmented negative-stranded RNA viruses, or members of the order Mononegavirales, share a conserved gene order and the use of elaborate transcription and replication machinery made up of at least four molecular partners. These partners have coevolved with the acquisition of the permanent encapsidation of the entire genome by the nucleoprotein (N) and the use of this N-RNA complex as a template for the viral polymerase composed of the phosphoprotein (P) and the large enzymatic protein (L). Not only is P required for polymerase function, but it also stabilizes the L protein through an unknown underlying molecular mechanism. By using NVP-AUY922 and/or 17-dimethylaminoethylamino-17-demethoxygeldanamycin as specific inhibitors of cellular heat shock protein 90 (HSP90), we found that efficient chaperoning of L by HSP90 requires P in the measles, Nipah, and vesicular stomatitis viruses. While the production of P remains unchanged in the presence of HSP90 inhibitors, the production of soluble and functional L requires both P and HSP90 activity. Measles virus P can bind the N terminus of L in the absence of HSP90 activity. Both HSP90 and P are required for the folding of L, as evidenced by a luciferase reporter insert fused within measles virus L. HSP90 acts as a true chaperon; its activity is transient and dispensable for the activity of measles and Nipah virus polymerases of virion origin. That the cellular chaperoning of a viral polymerase into a soluble functional enzyme requires the assistance of another viral protein constitutes a new paradigm that seems to be conserved within the Mononegavirales order. IMPORTANCE: Viruses are obligate intracellular parasites that require a cellular environment for their replication. Some viruses particularly depend on the cellular chaperoning apparatus. We report here that for measles virus, successful chaperoning of the viral L polymerase mediated by heat shock protein 90 (HSP90) requires the presence of the viral phosphoprotein (P). Indeed, while P protein binds to the N terminus of L independently of HSP90 activity, both HSP90 and P are required to produce stable, soluble, folded, and functional L proteins. Once formed, the mature P+L complex no longer requires HSP90 to exert its polymerase functions. Such a new paradigm for the maturation of a viral polymerase appears to be conserved in several members of the Mononegavirales order, including the Nipah and vesicular stomatitis viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27170753"��Bloyet, Louis-Marie
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Viral Structural Proteins/genetics/*immunology/isolation & purification���Jan 24���The genes for Nipah virus (NiV) proteins were amplified from viral RNA, cloned into the plasmid pTriEx-3 Hygro, expressed, and purified using immobilized metal affinity chromatography. The recombinant N, F, and G NiV proteins (rNiV-N, rNiV-F, and rNiV-G), were successfully expressed in Escherichia coli and purified with a yield of 4, 16, and 4 mg/L, respectively. All 3 recombinant viral proteins reacted with all 19 samples of NiV-positive human sera. The rNiV-N and rNiV-G proteins were the most immunogenic. The recombinant viral proteins did not react with any of the 12 NiV-negative sera. However, serum from a patient with a late-onset relapsing NiV infection complication was found to be primarily reactive to rNiV-G only. Additionally, there is a distinctive variation in the profile of antigen-reactive bands between the sample from a case of relapsing NiV encephalitis and that of acute NiV infection. The overall findings of this study suggest that the recombinant viral proteins have the potential to be developed further for use in the detection of NiV infection, and continuous biosurveillance of NiV infection in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/27169942Ã��Tiong, Vunjia
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*Vaccine���Jun 246��Hendra virus (HeV) and Nipah virus (NiV) are zoonotic viruses that emerged in the mid to late 1990s causing disease outbreaks in livestock and people. HeV appeared in Queensland, Australia in 1994 causing a severe respiratory disease in horses along with a human case fatality. NiV emerged a few years later in Malaysia and Singapore in 1998-1999 causing a large outbreak of encephalitis with high mortality in people and also respiratory disease in pigs which served as amplifying hosts. The key pathological elements of HeV and NiV infection in several species of mammals, and also in people, are a severe systemic and often fatal neurologic and/or respiratory disease. In people, both HeV and NiV are also capable of causing relapsed encephalitis following recovery from an acute infection. The known reservoir hosts of HeV and NiV are several species of pteropid fruit bats. Spillovers of HeV into horses continue to occur in Australia and NiV has caused outbreaks in people in Bangladesh and India nearly annually since 2001, making HeV and NiV important transboundary biological threats. NiV in particular possesses several features that underscore its potential as a pandemic threat, including its ability to infect humans directly from natural reservoirs or indirectly from other susceptible animals, along with a capacity of limited human-to-human transmission. Several HeV and NiV animal challenge models have been developed which have facilitated an understanding of pathogenesis and allowed for the successful development of both active and passive immunization countermeasures.,��https://www.ncbi.nlm.nih.gov/pubmed/27154393-��Broder, Christopher C
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Viral Proteins/*immunology���Jul 15à��UNLABELLED: Nipah virus (NiV) is a highly lethal paramyxovirus that recently emerged as a causative agent of febrile encephalitis and severe respiratory disease in humans. The ferret model has emerged as the preferred small-animal model with which to study NiV disease, but much is still unknown about the viral determinants of NiV pathogenesis, including the contribution of the C protein in ferrets. Additionally, studies have yet to examine the synergistic effects of the various P gene products on pathogenesis in animal models. Using recombinant NiVs (rNiVs), we examine the sole contribution of the NiV C protein and the combined contributions of the C and W proteins in the ferret model of NiV pathogenesis. We show that an rNiV void of C expression resulted in 100% mortality, though with limited respiratory disease, like our previously reported rNiV void of W expression; this finding is in stark contrast to the attenuated phenotype observed in previous hamster studies utilizing rNiVs void of C expression. We also observed that an rNiV void of both C and W expression resulted in limited respiratory disease; however, there was severe neurological disease leading to 60% mortality, and the surviving ferrets demonstrated sequelae similar to those for human survivors of NiV encephalitis. IMPORTANCE: Nipah virus (NiV) is a human pathogen capable of causing lethal respiratory and neurological disease. Many human survivors have long-lasting neurological impairment. Using a ferret model, this study demonstrated the roles of the NiV C and W proteins in pathogenesis, where lack of either the C or the W protein independently decreased the severity of clinical respiratory disease but did not decrease lethality. Abolishing both C and W expression, however, dramatically decreased the severity of respiratory disease and the level of destruction of splenic germinal centers. These ferrets still suffered severe neurological disease: 60% succumbed to disease, and the survivors experienced long-term neurological impairment, such as that seen in human survivors. This new ferret NiV C and W knockout model may allow, for the first time, the examination of interventions to prevent or mitigate the neurological damage and sequelae experienced by human survivors.,��https://www.ncbi.nlm.nih.gov/pubmed/27147733���Satterfield, Benjamin A
Cross, Robert W
Fenton, Karla A
Borisevich, Viktoriya
Agans, Krystle N
Deer, Daniel J
Graber, Jessica
Basler, Christopher F
Geisbert, Thomas W
Mire, Chad E
eng
U01 AI082121/AI/NIAID NIH HHS/
U19 AI109945/AI/NIAID NIH HHS/
UC7 AI094660/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2016/05/06 06:00
J Virol. 2016 Jun 24;90(14):6326-6343. doi: 10.1128/JVI.00215-16. Print 2016 Jul 15.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4936148���27147733���Galveston National Laboratory, University of Texas Medical Branch, Galveston, Texas, USA.
Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, Texas, USA.
Department of Microbiology, Mount Sinai School of Medicine, New York, New York, USA.
Galveston National Laboratory, University of Texas Medical Branch, Galveston, Texas, USA twgeisbe@utmb.edu.���10.1128/JVI.00215-16����b��üÒ|ÿÿ?Ü������Yan, D.
Wang, Z.���2016_��[Research Progress in Enveloped Glycoproteins and the Membrane-fusion Mechanism of Nipah Virus]���361-8���Bing Du Xue Bao���32���3½��Animals
Henipavirus Infections/metabolism/*virology
Humans
Membrane Fusion
Nipah Virus/genetics/*metabolism
Receptors, Virus/genetics/metabolism
Viral Envelope Proteins/genetics/*metabolism���May,��Nipah virus (NiV) is the pathogen of an emerging zoonotic disease that is highly lethal and infectious. NiV seriously impacts human lives and the property in the epidemic areas and poses a great threat to the global public health security. This paper provides a brief introduction to the morphological structure, and physiological function of the attachment protein G and the fusion protein F, which are both crucial glycoproteins located on the surface of the virus envelope. Moreover, recent advances in domestic and international research are reviewed. We will consider tissue tropism to elaborate the interactive mechanism between the attachment protein and its protein receptors ephrin-B2/B3,as well as the interactions between the two glycoproteins in detail. Avenues of future research are also discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/29963835^��Yan, Dong
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viral replication���Jul 3���Nucleocapsid assembly is an essential process in the replication of the non-segmented, negative-sense RNA viruses (NNVs). Unassembled nucleoprotein (N(0)) is maintained in an RNA-free and monomeric form by its viral chaperone, the phosphoprotein (P), forming the N(0)-P complex. Our earlier work solved the structure of vesicular stomatitis virus complex formed between an N-terminally truncated N (NDelta21) and a peptide of P (P60) encompassing the N(0)-binding site, but how the full-length P interacts with N(0) remained unknown. Here, we combine several experimental biophysical methods including size exclusion chromatography with detection by light scattering and refractometry, small-angle X-ray and neutron scattering and nuclear magnetic resonance spectroscopy with molecular dynamics simulation and computational modeling to characterize the NDelta21(0)-PFL complex formed with dimeric full-length P. We show that for multi-molecular complexes, simultaneous multiple-curve fitting using small-angle neutron scattering data collected at varying contrast levels provides additional information and can help refine structural ensembles. We demonstrate that (a) vesicular stomatitis virus PFL conserves its high flexibility within the NDelta21(0)-PFL complex and interacts with NDelta21(0) only through its N-terminal extremity; (b) each protomer of P can chaperone one N(0) client protein, leading to the formation of complexes with stoichiometries 1N:P2 and 2N:P2; and (c) phosphorylation of residues Ser60, Thr62 and Ser64 provides no additional interactions with N(0) but creates a metal binding site in PNTR. A comparison with the structures of Nipah virus and Ebola virus N(0)-P core complex suggests a mechanism for the control of nucleocapsid assembly that is common to all NNVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27107640a��Yabukarski, Filip
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*virus-like particles���Jul 8¼��The matrix (M) protein of Nipah virus (NiV) is a peripheral protein that plays a vital role in the envelopment of nucleocapsid protein and acts as a bridge between the viral surface and the nucleocapsid proteins. The M protein is also proven to play an important role in production of virus-like particles (VLPs) and is essential for assembly and budding of NiV particles. The recombinant M protein produced in Escherichia coli assembled into VLPs in the absence of the viral surface proteins. However, the E. coli produced VLPs are smaller than the native virus particles. Therefore, the aims of this study were to produce NiV M protein in Pichia pastoris, to examine the structure of the VLPs formed, and to assess the potential of the VLPs as a diagnostic reagent. The M protein was successfully expressed in P. pastoris and was detected with anti-myc antibody using Western blotting. The VLPs formed by the recombinant M protein were purified with sucrose density gradient ultracentrifugation, high-performance liquid chromatography (HPLC), and Immobilized Metal Affinity Chromatography (IMAC). Immunogold staining and transmission electron microscopy confirmed that the M protein assembled into VLPs as large as 200 nm. ELISA revealed that the NiV M protein produced in P. pastoris reacted strongly with positive NiV sera demonstrating its potential as a diagnostic reagent. (c) 2016 American Institute of Chemical Engineers Biotechnol. Prog., 32:1038-1045, 2016.,��https://www.ncbi.nlm.nih.gov/pubmed/27088434ç��Joseph, Narcisse Ms
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Vaccine���Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. aMPV belongs to the family Paramyxoviridae which includes many important human pathogens such as human respiratory syncytial virus (RSV), human metapneumovirus (hMPV), and human parainfluenza virus type 3 (PIV3). The family also includes highly lethal emerging pathogens such as Nipah virus and Hendra virus, as well as agriculturally important viruses such as Newcastle disease virus (NDV). For many of these viruses, there is no effective vaccine. Here, we describe a reverse genetics approach to develop live attenuated aMPV vaccines by inhibiting the viral mRNA cap methyltransferase. The viral mRNA cap methyltransferase is an excellent target for the attenuation of paramyxoviruses because it plays essential roles in mRNA stability, efficient viral protein translation and innate immunity. We have described in detail the materials and methods used to generate recombinant aMPVs that lack viral mRNA cap methyltransferase activity. We have also provided methods to evaluate the genetic stability, pathogenesis, and immunogenicity of live aMPV vaccine candidates in turkeys.,��https://www.ncbi.nlm.nih.gov/pubmed/270762932��Zhang, Yu
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Vesicular stomatitis virusß��There are many avenues for making an effective vaccine against viruses. Depending on the virus these can include one of the following: inactivation of whole virions; attenuation of viruses; recombinant viral proteins; non-replication-competent virus particles; or surrogate virus vector systems such as vesicular stomatitis virus (VSV). VSV is a prototypic enveloped animal virus that has been used for over four decades to study virus replication, entry, and assembly due to its ability to replicate to high titers in a wide variety of mammalian and insect cells. The use of reverse genetics to recover infectious and single-cycle replicating VSV from plasmid DNA transfected in cell culture began a revolution in the study of recombinant VSV (rVSV). This platform can be manipulated to study the viral genetic sequences and proteins important in the virus life cycle. Additionally, foreign genes can be inserted between naturally occurring or generated start/stop signals and polyadenylation sites within the VSV genome. VSV has a tolerance for foreign gene expression which has led to numerous rVSVs reported in the literature. Of particular interest are the very effective single-dose rVSV vaccine vectors against high-containment viruses such as filoviruses, henipaviruses, and arenaviruses. Herein we describe the methods for selecting foreign antigenic genes, selecting the location within the VSV genome for insertion, generation of rVSV using reverse genetics, and proper vaccine study designs.,��https://www.ncbi.nlm.nih.gov/pubmed/270761380��Whitt, Michael A
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Virus Replication/*physiology���JulX��Highly pathogenic Nipah virus (NiV) causes symptomatic infections in pigs and humans. The severity of respiratory symptoms is much more pronounced in pigs than in humans, suggesting species-specific differences of NiV replication in porcine and human airways. Here, we present a comparative study on productive NiV replication in primary airway epithelial cell cultures of the two species. We reveal that NiV growth substantially differs in primary cells between pigs and humans, with a more rapid spread of infection in human airway epithelia. Increased replication, correlated with higher endogenous expression levels of the main NiV entry receptor ephrin-B2, not only significantly differed between airway cells of the two species but also varied between cells from different human donors. To our knowledge, our study provides the first experimental evidence of species-specific and individual differences in NiV receptor expression and replication kinetics in primary airway epithelial cells. It remains to be determined whether and how these differences contribute to the viral host range and pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/27075405���Sauerhering, Lucie
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urinalysis���MarÕ��Bats of the genus Pteropus (Pteropodidae) are recognised as the natural host of multiple emerging pathogenic viruses of animal and human health significance, including henipaviruses, lyssaviruses and ebolaviruses. Some studies have suggested that physiological and ecological factors may be associated with Hendra virus infection in flying-foxes in Australia; however, it is essential to understand the normal range and seasonal variability of physiological biomarkers before seeking physiological associations with infection status. We aimed to measure a suite of physiological biomarkers in P. alecto over time to identify any seasonal fluctuations and to examine possible associations with life-cycle and environmental stressors. We sampled 839 adult P. alecto in the Australian state of Queensland over a 12-month period. The adjusted population means of every assessed hematologic and biochemical parameter were within the reported reference range on every sampling occasion. However, within this range, we identified significant temporal variation in these parameters, in urinary parameters and body condition, which primarily reflected the normal annual life cycle. We found no evident effect of remarkable physiological demands or nutritional stress, and no indication of clinical disease driving any parameter values outside the normal species reference range. Our findings identify underlying temporal physiological changes at the population level that inform epidemiological studies and assessment of putative physiological risk factors driving Hendra virus infection in P. alecto. More broadly, the findings add to the knowledge of Pteropus populations in terms of their relative resistance and resilience to emerging infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27026357���McMichael, Lee
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Transmission���Mar 25m��BACKGROUND: Nipah virus (NiV) first emerged in Malaysia in 1998, with two bat species (Pteropus hypomelanus and P. vampyrus) as the putative natural reservoirs. In 2002, NiV IgG antibodies were detected in these species from Thailand, but viral RNA could not be detected for strain characterization. Two strains of NiV (Malaysia and Bangladesh) have been found in P. lylei in central Thailand, although Bangladesh strain, the causative strain for the outbreak in Bangladesh since 2001, was dominant. To understand the diversity of NiV in Thailand, this study identified NiV strain, using molecular characterizations, from P. hypomelanus in southern Thailand. FINDINGS: Pooled bat urine specimens were collected from plastic sheet underneath bat roosts in April 2010, and then monthly from December 2010 to May 2011 at an island in southern Thailand. Five in 184 specimens were positive for NiV, using duplex nested RT-PCR assay on partial nucleocapsid fragment (357 bp). Whole sequences of nucleocapsid gene from four bats were characterized. All 5 partial fragments and 4 whole nucleocapsid genes formed a monophyletic with NiV-MY. CONCLUSIONS: Our study showed that P. hypomelanus in southern Thailand and from Malaysia, a bordering country, harbored similar NiV. This finding indicates that NiV is not limited to central Thailand or P. lylei species, and it may be a source of inter-species transmission. This indicates a higher potential for a widespread NiV outbreak in Thailand. NiV surveillance in Pteropus bats, the major natural reservoirs, should be conducted continuously in countries or regions with high susceptibility to outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/270162376��Wacharapluesadee, Supaporn
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Viral Matrix Proteins/metabolism���Mar³��Hendra and Nipah viruses (genus Henipavirus, family Paramyxoviridae) are highly pathogenic bat-borne viruses. The need for high biocontainment when studying henipaviruses has hindered the development of therapeutics and knowledge of the viral infection cycle. We have performed a genome-wide siRNA screen at biosafety level 4 that identified 585 human proteins required for henipavirus infection. The host protein with the largest impact was fibrillarin, a nucleolar methyltransferase that was also required by measles, mumps and respiratory syncytial viruses for infection. While not required for cell entry, henipavirus RNA and protein syntheses were greatly impaired in cells lacking fibrillarin, indicating a crucial role in the RNA replication phase of infection. During infection, the Hendra virus matrix protein co-localized with fibrillarin in cell nucleoli, and co-associated as a complex in pulldown studies, while its nuclear import was unaffected in fibrillarin-depleted cells. Mutagenesis studies showed that the methyltransferase activity of fibrillarin was required for henipavirus infection, suggesting that this enzyme could be targeted therapeutically to combat henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27010548���Deffrasnes, Celine
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viruses���AprÆ��Nipah virus (NiV) is a paramyxovirus, and Pteropus spp. bats are the natural reservoir. From December 2010 through March 2014, hospital-based encephalitis surveillance in Bangladesh identified 18 clusters of NiV infection. The source of infection for case-patients in 3 clusters in 2 districts was unknown. A team of epidemiologists and anthropologists investigated these 3 clusters comprising 14 case-patients, 8 of whom died. Among the 14 case-patients, 8 drank fermented date palm sap (tari) regularly before their illness, and 6 provided care to a person infected with NiV. The process of preparing date palm trees for tari production was similar to the process of collecting date palm sap for fresh consumption. Bat excreta was reportedly found inside pots used to make tari. These findings suggest that drinking tari is a potential pathway of NiV transmission. Interventions that prevent bat access to date palm sap might prevent tari-associated NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26981928J��Islam, M Saiful
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Rig-i���MarS��The recognition of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRR) during viral infection initiates the induction of antiviral signaling pathways, including activation of the Interferon Regulator Factor 3 (IRF3). We identified small molecule compounds that activate IRF3 through MAVS, thereby inhibiting infection by viruses of the families Flaviviridae (West Nile virus, dengue virus and hepatitis C virus), Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus) and Paramyxoviridae (respiratory syncytial virus, Nipah virus) (1). In this study, we tested a lead compound along with medicinal chemistry-derived analogs to compare the gene transcriptional profiles induced by these molecules to that of other known MAVS-dependent IRF3 agonists. Transcriptional analysis of these small molecules revealed the induction of specific antiviral genes and identified a novel module of host driven immune regulated genes that suppress infection of a range of RNA viruses. Microarray data can be found in Gene Expression Omnibus (GSE74047).,��https://www.ncbi.nlm.nih.gov/pubmed/26981429æ��Green, R R
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Zoonoses/epidemiology/transmission/virology���FebO��Hendra virus causes acute and highly fatal infection in horses and humans. Pteropid bats (flying-foxes) are the natural host of the virus, with age and species being risk factors for infection. Urine is the primary route of excretion in flying-foxes, with viral RNA more frequently detected in Pteropus alecto and P. conspicillatus than other species. Infection prevalence in flying-foxes can vary between and within years, with a winter peak of excretion occurring in some regions. Vertical transmission and recrudescing infection has been reported in flying-foxes, but horizontal transmission is evidently the primary mode of transmission. The most parsimonious mode of flying-fox to horse transmission is equine contact (oro-nasal, conjunctival) with infected flying-fox urine, either directly, or via urine-contaminated pasture or surfaces. Horse to horse transmission is inefficient, requiring direct contact with infected body fluids. Flying-fox to human transmission has not been recorded; all human cases have been associated with close and direct contact with infected horses. Canine cases (subclinical) have also been limited to equine case properties. Notwithstanding the recent availability of an effective vaccine for horses, a comprehensive understanding of Hendra virus ecology and transmission is essential to limit inter-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26978066¹��Field, Hume E
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*Subunit vaccine���Jun 3·��Nipah virus (NiV) is a highly pathogenic, recently emerged paramyxovirus that has been responsible for sporadic outbreaks of respiratory and encephalitic disease in Southeast Asia. High case fatality rates have also been associated with recent outbreaks in Malaysia and Bangladesh. Although over two billion people currently live in regions in which NiV is endemic or in which the Pteropus fruit bat reservoir is commonly found, there is no approved vaccine to protect against NiV disease. This report examines the feasibility and current efforts to develop a NiV vaccine including potential hurdles for technical and regulatory assessment of candidate vaccines and the likelihood for financing.,��https://www.ncbi.nlm.nih.gov/pubmed/26973068µ��Satterfield, Benjamin A
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Universal vaccine���AprÚ��Nipah virus and Hendra virus, two members of the genus Henipavirus, are newly emerging zoonotic pathogens which cause acute respiratory illness and severe encephalitis in human. Lack of the effective antiviral therapy endorses the urgency for the development of vaccine against these deadly viruses. In this study, we employed various computational approaches to identify epitopes which has the potential for vaccine development. By analyzing the immune parameters of the conserved sequences of G glycoprotein using various databases and bioinformatics tools, we identified two potential epitopes which may be used as peptide vaccines. Using different B cell epitope prediction servers, four highly similar B cell epitopes were identified. Immunoinformatics analyses revealed that LAEDDTNAQKT is a highly flexible and accessible B-cell epitope to antibody. Highly similar putative CTL epitopes were analyzed for their binding with the HLA-C 12*03 molecule. Docking simulation assay revealed that LTDKIGTEI has significantly lower binding energy, which bolstered its potential as epitope-based vaccine design. Finally, cytotoxicity analysis has also justified their potential as promising epitope-based vaccine candidate. In sum, our computational analysis indicates that either LAEDDTNAQKT or LTDKIGTEI epitope holds a promise for the development of universal vaccine against all kinds of pathogenic Henipavirus. Further in vivo and in vitro studies are necessary to validate the obtained findings.,��https://www.ncbi.nlm.nih.gov/pubmed/26970211ï��Parvege, Md Masud
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��Nipah virus (NiV) is an emerging paramyxovirus that can cause lethal respiratory illness in humans. No vaccine/therapeutic is currently licensed for humans. Human-to-human transmission was previously reported during outbreaks and NiV could be isolated from respiratory secretions, but the proportion of cases in Malaysia exhibiting respiratory symptoms was significantly lower than that in Bangladesh. Previously, we showed that primary human basal respiratory epithelial cells are susceptible to both NiV-Malaysia (M) and -Bangladesh (B) strains causing robust pro-inflammatory responses. However, the cells of the human respiratory epithelium that NiV targets are unknown and their role in NiV transmission and NiV-related lung pathogenesis is still poorly understood. Here, we characterized NiV infection of the human respiratory epithelium using a model of the human tracheal/bronchial (B-ALI) and small airway (S-ALI) epithelium cultured at an air-liquid interface. We show that NiV-M and NiV-B infect ciliated and secretory cells in B/S-ALI, and that infection of S-ALI, but not B-ALI, results in disruption of the epithelium integrity and host responses recruiting human immune cells. Interestingly, NiV-B replicated more efficiently in B-ALI than did NiV-M. These results suggest that the human tracheal/bronchial epithelium is favourable to NiV replication and shedding, while inducing a limited host response. Our data suggest that the small airways epithelium is prone to inflammation and lesions as well as constituting a point of virus entry into the pulmonary vasculature. The use of relevant models of the human respiratory tract, such as B/S-ALI, is critical for understanding NiV-related lung pathogenesis and identifying the underlying mechanisms allowing human-to-human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/269325151��Escaffre, Olivier
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Virulenceæ��Although a globe box-type highly contained laboratory with the internationally-recognized biosafety level-4 standards has been constructed in the Murayama Annex, the National Institute of Infectious Diseases, Tokyo, Japan (NIID) in 1981, the laboratory has never been operated as BSL-4 laboratory since its construction. Furthermore, there are no other BSL-4 laboratories in operation in Japan. The evidence indicates that infectious BSL-4 pathogens such as Ebola and Marburg viruses cannot be manipulated in Japan, making it impossible to study the BSL-4 pathogens using the infectious viruses. A large-scale outbreak of ebolavirus disease (EVD) has occurred in the western Africa such as Guinea, Sierra Leone, and Liberia. Furthermore, the highly pathogenic pathogens' infectious diseases outbreaks such as SARS, Nipah encephalitis, Middle East respiratory syndrome (MERS) have emerged in the world. However, BSL-4 laboratories are not present in Japan, making it difficult to study these pathogens and infectious diseases. Because these emerging virus infections are caused by the zoonotic pathogens, the eradiation and the elimination of these infectious diseases are impossible. We need to develop the diagnostics, therapeutics, and preventive measures based on the studies of the highly pathogenic pathogens more in detail using the infectious microbes. Therefore, BSL-4 in operation in Japan is required to minimize the risk of and combat these emerging highly pathogenic pathogens' infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/26923962s��Saijo, Masayuki
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interferon���Mar 8Ú��Bats harbor many emerging and reemerging viruses, several of which are highly pathogenic in other mammals but cause no clinical signs of disease in bats. To determine the role of interferons (IFNs) in the ability of bats to coexist with viruses, we sequenced the type I IFN locus of the Australian black flying fox, Pteropus alecto, providing what is, to our knowledge, the first gene map of the IFN region of any bat species. Our results reveal a highly contracted type I IFN family consisting of only 10 IFNs, including three functional IFN-alpha loci. Furthermore, the three IFN-alpha genes are constitutively expressed in unstimulated bat tissues and cells and their expression is unaffected by viral infection. Constitutively expressed IFN-alpha results in the induction of a subset of IFN-stimulated genes associated with antiviral activity and resistance to DNA damage, providing evidence for a unique IFN system that may be linked to the ability of bats to coexist with viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26903655Ò��Zhou, Peng
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*Virus Internalization���FebÁ��O-linked glycosylation is a ubiquitous protein modification in organisms belonging to several kingdoms. Both microbial and host protein glycans are used by many pathogens for host invasion and immune evasion, yet little is known about the roles of O-glycans in viral pathogenesis. Reportedly, there is no single function attributed to O-glycans for the significant paramyxovirus family. The paramyxovirus family includes many important pathogens, such as measles, mumps, parainfluenza, metapneumo- and the deadly Henipaviruses Nipah (NiV) and Hendra (HeV) viruses. Paramyxoviral cell entry requires the coordinated actions of two viral membrane glycoproteins: the attachment (HN/H/G) and fusion (F) glycoproteins. O-glycan sites in HeV G were recently identified, facilitating use of the attachment protein of this deadly paramyxovirus as a model to study O-glycan functions. We mutated the identified HeV G O-glycosylation sites and found mutants with altered cell-cell fusion, G conformation, G/F association, viral entry in a pseudotyped viral system, and, quite unexpectedly, pseudotyped viral F protein incorporation and processing phenotypes. These are all important functions of viral glycoproteins. These phenotypes were broadly conserved for equivalent NiV mutants. Thus our results identify multiple novel and pathologically important functions of paramyxoviral O-glycans, paving the way to study O-glycan functions in other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26867212���Stone, Jacquelyn A
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*Virus Internalization���May���The amino-terminal cytoplasmic domains of paramyxovirus attachment glycoproteins include trafficking signals that influence protein processing and cell surface expression. To characterize the role of the cytoplasmic domain in protein expression, fusion support and particle assembly in more detail, we constructed chimeric Nipah virus (NiV) glycoprotein (G) and canine distemper virus (CDV) haemagglutinin (H) proteins carrying the respective heterologous cytoplasmic domain, as well as a series of mutants with progressive deletions in this domain. CDV H retained fusion function and was normally expressed on the cell surface with a heterologous cytoplasmic domain, while the expression and fusion support of NiV G was dramatically decreased when its cytoplasmic domain was replaced with that of CDV H. The cell surface expression and fusion support functions of CDV H were relatively insensitive to cytoplasmic domain deletions, while short deletions in the corresponding region of NiV G dramatically decreased both. In addition, the first 10 residues of the CDV H cytoplasmic domain strongly influence its incorporation into virus-like particles formed by the CDV matrix (M) protein, while the co-expression of NiV M with NiV G had no significant effect on incorporation of G into particles. The cytoplasmic domains of both the CDV H and NiV G proteins thus contribute differently to the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/26813519å��Sawatsky, Bevan
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Influenza���Feb 24ß��BACKGROUND: Passive immunotherapy using polyclonal antibodies (immunoglobulins) has been used for over a century in the treatment and post-exposure prophylaxis of various infections and toxins. Heterologous polyclonal antibodies are obtained from animals hyperimmunised with a pathogen or toxin. AIMS: The aims of this review are to examine the history of animal polyclonal antibody therapy use, their development into safe and effective products and the potential application to humans for emerging and neglected infectious diseases. METHODS: A literature search of OVID Medline and OVID Embase databases was undertaken to identify articles on the safety, efficacy and ongoing development of polyclonal antibodies. The search contained database-specific MeSH and EMTREE terms in combination with pertinent text-words: polyclonal antibodies and rare/neglected diseases, antivenins, immunoglobulins, serum sickness, anaphylaxis, drug safety, post marketing surveillance, rabies, human influenza, Dengue, West Nile, Nipah, Hendra, Marburg, MERS, Hemorrhagic Fever Virus, and Crimean-Congo. No language limits were applied. The final search was completed on 20.06.2015. Of 1960 articles, title searches excluded many irrelevant articles, yielding 303 articles read in full. Of these, 179 are referenced in this study. RESULTS: Serum therapy was first used in the 1890s against diphtheria. Early preparation techniques yielded products contaminated with reactogenic animal proteins. The introduction of enzymatic digestion, and purification techniques substantially improved their safety profile. The removal of the Fc fragment of antibodies further reduces hypersensitivity reactions. Clinical studies have demonstrated the efficacy of polyclonal antibodies against various infections, toxins and venoms. Products are being developed against infections for which prophylactic and therapeutic options are currently limited, such as avian influenza, Ebola and other zoonotic viruses. CONCLUSIONS: Polyclonal antibodies have been successfully applied to rabies, envenomation and intoxication. Polyclonal production provides an exciting opportunity to revolutionise the prognosis of both longstanding neglected tropical diseases as well as emerging infectious threats to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26802604Ë��Dixit, Rashmi
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Review���Apr 4Ö��Receptor tyrosine kinases of the Eph family bind to cell surface-associated ephrin ligands on neighboring cells. The ensuing bidirectional signals have emerged as a major form of contact-dependent communication between cells. New findings reveal that Eph receptors and ephrins coordinate not only developmental processes but also the normal physiology and homeostasis of many adult organs. Imbalance of Eph/ephrin function may therefore contribute to a variety of diseases. The challenge now is to better understand the complex and seemingly paradoxical signaling mechanisms of Eph receptors and ephrins, which will enable effective strategies to target these proteins in the treatment of diseases such as diabetes and cancer.+��http://www.ncbi.nlm.nih.gov/pubmed/183949880��Pasquale, Elena B
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Signal Transduction���Apr���Eph receptors and ephrin ligands are widely expressed during embryonic development with well-defined functions in directing neuronal and vascular network formation. Over the last decade, evidence has mounted that Ephs and ephrins are also actively involved in prenatal and postnatal development of epithelial tissues. Their functions beyond developmental settings are starting to be recognized as well. The diverse functions of Eph/ephrin are largely related to the complementary expression pattern of the Eph receptors and corresponding ephrin ligands that are expressed in adjacent compartments, although overlapping expression pattern also exists in epithelial tissue. The interconnection between Ephs or ephrins and classical cell junctional molecules suggests they may function coordinately in maintaining epithelial structural integrity and homeostasis. This review will highlight cellular and molecular evidence in current literature that support a role of Eph/ephrin systems in regulating epithelial cell development and physiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18761422à��Miao, Hui
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Viral Vaccines©��Previously unidentified viruses, such as Middle East respiratory syndrome coronavirus, continue to emerge and threaten populations, while powerful new techniques have identified many new human and animal viruses. Similarly, existing viruses, from Ebola virus to chikungunya virus, are reemerging and spreading to new geographical regions. These viruses often pose a challenge for researchers to study due to their highly pathogenic nature. Lentiviral and rhabdoviral pseudotypes are excellent tools for studying enveloped viruses and have contributed to many recent advances in areas such as receptor usage, viral entry and serology. In particular, pseudotypes allow the safe study of unknown or highly pathogenic viruses. They also allow the initial characterization of aspects of infection such as cellular tropism for difficult to culture viruses. In this review we will introduce various pseudotyping systems for emerging viruses, including chikungunya virus, Ebola virus, SARS and MERS coronaviruses and Nipah virus, as well as their use in diverse studies including drug screening and antibody neutralization. We will also discuss the limitations and potential caveats using pseudotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/26785737p��Steffen, Imke
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Virus Replication/genetics���AprË��Incorporation of reporter genes within virus genomes is an indispensable tool for interrogation of virus biology and pathogenesis. In previous work, we incorporated a fluorophore into a viral ORF by attaching it to the viral gene via a P2A ribosomal skipping sequence. This recombinant Nipah virus, however, was attenuated in vitro relative to WT virus. In this work, we determined that inefficient ribosomal skipping was a major contributing factor to this attenuation. Inserting a GSG linker before the P2A sequence resulted in essentially complete skipping, significantly improved growth in vitro, and WT lethality in vivo. To the best of our knowledge, this represents the first time a recombinant virus of Mononegavirales with integration of a reporter into a viral ORF has been compared with the WT virus in vivo. Incorporating the GSG linker for improved skipping efficiency whenever functionally important is a critical consideration for recombinant virus design.,��https://www.ncbi.nlm.nih.gov/pubmed/26781134¹��Park, Arnold
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Prescott, J.���2016}��Peri-exposure protection against Nipah virus disease using a single-dose recombinant vesicular stomatitis virus-based vaccine���NPJ Vaccines���1���Nipah virus is a zoonotic paramyxovirus that causes severe disease in humans and animals. Due to almost yearly outbreaks in Bangladesh, and a large outbreak in Malaysia that lead to the shutdown of swine export, Nipah virus is both a threat to public health and the economy. Infection is associated with respiratory distress, encephalitis and human-to-human transmission, resulting in high case fatality rates during outbreaks. This study aims to address the amount of time needed until protection from a recombinant vesicular stomatitis virus-based vaccine candidate expressing the Nipah virus glycoprotein (G), which we have previously shown to protect hamsters and non-human primates when administered 28 days before challenge. We found that a single-dose vaccination, when administered 1 day before challenge, reduced viral load, limited pathology and fully protected hamsters from Nipah virus infection. The vaccine was even partially protective when administered at early time points following challenge with Nipah virus. These data indicate that a single administration of this vaccine to high-risk individuals, such as family members and health-care workers of infected patients, could be protective and useful for reducing human-to-human transmission and curbing an outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/28706736Ú��DeBuysscher, Blair L
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paramyxovirus F protein���Jan 26®��Hendra virus (HeV) is one of the two prototypical members of the Henipavirus genus of paramyxoviruses, which are designated biosafety level 4 (BSL-4) organisms due to the high mortality rate of Nipah virus (NiV) and HeV in humans. Paramyxovirus cell entry is mediated by the fusion protein, F, in response to binding of a host receptor by the attachment protein. During posttranslational processing, the fusion peptide of F is released and, upon receptor-induced triggering, inserts into the host cell membrane. As F undergoes a dramatic refolding from its prefusion to postfusion conformation, the fusion peptide brings the host and viral membranes together, allowing entry of the viral RNA. Here, we present the crystal structure of the prefusion form of the HeV F ectodomain. The structure shows very high similarity to the structure of prefusion parainfluenza virus 5 (PIV5) F, with the main structural differences in the membrane distal apical loops and the fusion peptide cleavage loop. Functional assays of mutants show that the apical loop can tolerate perturbation in length and surface residues without loss of function, except for residues involved in the stability and conservation of the F protein fold. Structure-based disulfide mutants were designed to anchor the fusion peptide to conformationally invariant residues of the F head. Two mutants were identified that inhibit F-mediated fusion by stabilizing F in its prefusion conformation.,��https://www.ncbi.nlm.nih.gov/pubmed/26712026¸��Wong, Joyce J W
Paterson, Reay G
Lamb, Robert A
Jardetzky, Theodore S
eng
AI-23173/AI/NIAID NIH HHS/
R01 GM061050/GM/NIGMS NIH HHS/
P30 CA060553/CA/NCI NIH HHS/
R01 AI023173/AI/NIAID NIH HHS/
GM-61050/GM/NIGMS NIH HHS/
Howard Hughes Medical Institute/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2015/12/30 06:00
Proc Natl Acad Sci U S A. 2016 Jan 26;113(4):1056-61. doi: 10.1073/pnas.1523303113. Epub 2015 Dec 28.*��1091-6490 (Electronic)
0027-8424 (Linking)
��PMC4743799���26712026���Department of Structural Biology, Stanford University School of Medicine, Stanford, CA 94305;
Department of Molecular Biosciences, Northwestern University, Evanston, IL 60208-3500;
Department of Molecular Biosciences, Northwestern University, Evanston, IL 60208-3500; Howard Hughes Medical Institute, Northwestern University, Evanston, IL 60208-3500 ralamb@northwestern.edu tjardetz@stanford.edu.
Department of Structural Biology, Stanford University School of Medicine, Stanford, CA 94305; ralamb@northwestern.edu tjardetz@stanford.edu.���10.1073/pnas.1523303113��
n��üÒ|ÿî?õ���l��Audsley, M. D.
Marsh, G. A.
Lieu, K. G.
Tachedjian, M.
Joubert, D. A.
Wang, L. F.
Jans, D. A.
Moseley, G. W.���2016°��The immune evasion function of J and Beilong virus V proteins is distinct from that of other paramyxoviruses, consistent with their inclusion in the proposed genus Jeilongvirus���581-92���J Gen Virol���97���3¡��Animals
DEAD-box RNA Helicases/genetics/immunology
HEK293 Cells
Humans
*Immune Evasion
Interferon-Induced Helicase, IFIH1
Interferon-alpha/genetics/immunology
Paramyxoviridae Infections/genetics/*immunology/virology
Paramyxovirinae/classification/genetics/*immunology
STAT1 Transcription Factor/genetics/immunology
STAT2 Transcription Factor/genetics/immunology
Signal Transduction
Viral Proteins/genetics/*immunology���Mar���IFN-antagonist function is a major determinant of pathogenicity and cross-species infection by viruses, but remains poorly defined for many potentially zoonotic viruses resident in animal species. The paramyxovirus family contains several zoonotic viruses, including highly pathogenic viruses such as Nipah virus and Hendra virus, and an increasing number of largely uncharacterized animal viruses. Here, we report the characterization of IFN antagonism by the rodent viruses J virus (JPV) and Beilong virus (BeiPV) of the proposed genus Jeilongvirus of the paramyxoviruses. Infection of cells by JPV and BeiPV was found to inhibit IFN-activated nuclear translocation of signal transducer and activator of transcription 1 (STAT1). However, in contrast to most other paramyxoviruses, the JPV and BeiPV V proteins did not interact with or inhibit signalling by STAT1 or STAT2, suggesting that JPV/BeiPV use an atypical V protein-independent strategy to target STATs, consistent with their inclusion in a separate genus. Nevertheless, the V proteins of both viruses interacted with melanoma differentiation-associated protein 5 (MDA5) and robustly inhibited MDA5-dependent activation of the IFN-beta promoter. This supports a growing body of evidence that MDA5 is a universal target of paramyxovirus V proteins, such that the V-MDA5 interaction represents a potential target for broad-spectrum antiviral approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/26703878 ��Audsley, Michelle D
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split-GFP���Feby��Despite the partial disorder-to-order transition that intrinsically disordered proteins often undergo upon binding to their partners, a considerable amount of residual disorder may be retained in the bound form, resulting in a fuzzy complex. Fuzzy regions flanking molecular recognition elements may enable partner fishing through non-specific, transient contacts, thereby facilitating binding, but may also disfavor binding through various mechanisms. So far, few computational or experimental studies have addressed the effect of fuzzy appendages on partner recognition by intrinsically disordered proteins. In order to shed light onto this issue, we used the interaction between the intrinsically disordered C-terminal domain of the measles virus (MeV) nucleoprotein (NTAIL ) and the X domain (XD) of the viral phosphoprotein as model system. After binding to XD, the N-terminal region of NTAIL remains conspicuously disordered, with alpha-helical folding taking place only within a short molecular recognition element. To study the effect of the N-terminal fuzzy region on NTAIL /XD binding, we generated N-terminal truncation variants of NTAIL , and assessed their binding abilities towards XD. The results revealed that binding increases with shortening of the N-terminal fuzzy region, with this also being observed with hsp70 (another MeV NTAIL binding partner), and for the homologous NTAIL /XD pairs from the Nipah and Hendra viruses. Finally, similar results were obtained when the MeV NTAIL fuzzy region was replaced with a highly dissimilar artificial disordered sequence, supporting a sequence-independent inhibitory effect of the fuzzy region.,��https://www.ncbi.nlm.nih.gov/pubmed/26684000h��Gruet, Antoine
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Virus Replication���Dec 16p��UNLABELLED: Nipah virus (NiV) causes fatal encephalitic infections in humans. To characterize the role of the matrix (M) protein in the viral life cycle, we generated a reverse genetics system based on NiV strain Malaysia. Using an enhanced green fluorescent protein (eGFP)-expressing M protein-deleted NiV, we observed a slightly increased cell-cell fusion, slow replication kinetics, and significantly reduced peak titers compared to the parental virus. While increased amounts of viral proteins were found in the supernatant of cells infected with M-deleted NiV, the infectivity-to-particle ratio was more than 100-fold reduced, and the particles were less thermostable and of more irregular morphology. Taken together, our data demonstrate that the M protein is not absolutely required for the production of cell-free NiV but is necessary for proper assembly and release of stable infectious NiV particles. IMPORTANCE: Henipaviruses cause a severe disease with high mortality in human patients. Therefore, these viruses can be studied only in biosafety level 4 (BSL-4) laboratories, making it more challenging to characterize their life cycle. Here we investigated the role of the Nipah virus matrix protein in virus-mediated cell-cell fusion and in the formation and release of newly produced particles. We found that even though low levels of infectious viruses are produced in the absence of the matrix protein, it is required for the release of highly infectious and stable particles. Fusogenicity of matrixless viruses was slightly enhanced, further demonstrating the critical role of this protein in different steps of Nipah virus spread.,��https://www.ncbi.nlm.nih.gov/pubmed/26676785A��Dietzel, Erik
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Virus Replication/*drug effects���Dec 16���UNLABELLED: The cellular response to virus infection is initiated when pathogen recognition receptors (PRR) engage viral pathogen-associated molecular patterns (PAMPs). This process results in induction of downstream signaling pathways that activate the transcription factor interferon regulatory factor 3 (IRF3). IRF3 plays a critical role in antiviral immunity to drive the expression of innate immune response genes, including those encoding antiviral factors, type 1 interferon, and immune modulatory cytokines, that act in concert to restrict virus replication. Thus, small molecule agonists that can promote IRF3 activation and induce innate immune gene expression could serve as antivirals to induce tissue-wide innate immunity for effective control of virus infection. We identified small molecule compounds that activate IRF3 to differentially induce discrete subsets of antiviral genes. We tested a lead compound and derivatives for the ability to suppress infections caused by a broad range of RNA viruses. Compound administration significantly decreased the viral RNA load in cultured cells that were infected with viruses of the family Flaviviridae, including West Nile virus, dengue virus, and hepatitis C virus, as well as viruses of the families Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus), and Paramyxoviridae (respiratory syncytial virus, Nipah virus) to suppress infectious virus production. Knockdown studies mapped this response to the RIG-I-like receptor pathway. This work identifies a novel class of host-directed immune modulatory molecules that activate IRF3 to promote host antiviral responses to broadly suppress infections caused by RNA viruses of distinct genera. IMPORTANCE: Incidences of emerging and reemerging RNA viruses highlight a desperate need for broad-spectrum antiviral agents that can effectively control infections caused by viruses of distinct genera. We identified small molecule compounds that can selectively activate IRF3 for the purpose of identifying drug-like molecules that can be developed for the treatment of viral infections. Here, we report the discovery of a hydroxyquinoline family of small molecules that can activate IRF3 to promote cellular antiviral responses. These molecules can prophylactically or therapeutically control infection in cell culture by pathogenic RNA viruses, including West Nile virus, dengue virus, hepatitis C virus, influenza A virus, respiratory syncytial virus, Nipah virus, Lassa virus, and Ebola virus. Our study thus identifies a class of small molecules with a novel mechanism to enhance host immune responses for antiviral activity against a variety of RNA viruses that pose a significant health care burden and/or that are known to cause infections with high case fatality rates.,��https://www.ncbi.nlm.nih.gov/pubmed/26676770>��Pattabhi, Sowmya
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slips���AugÁ��Slip-induced falls are among the most common cause of major occupational injuries in the UK as well as being a major public health concern in the elderly population. This study aimed to determine the optimal fall indicators for fall detection models which could be used to reduce the detrimental consequences of falls. A total of 264 kinematic variables covering three-dimensional full body model translation and rotational measures were analysed during normal walking, successful recovery from slips and falls on a cross-slope. Large effect sizes were found for three kinematic variables which were able to distinguish falls from normal walking and successful recovery. Further work should consider other types of daily living activities as results show that the optimal kinematic fall indicators can vary considerably between movement types. Practitioner Summary: Fall detection models are used to minimise the adverse consequences of slip-induced falls, a major public health concern. Optimal fall indicators were derived from a comprehensive set of kinematic variables for slips on a cross-slope. Results suggest robust detection of falls is possible on a cross-slope but may be more difficult than level walking.,��https://www.ncbi.nlm.nih.gov/pubmed/26666625É��Domone, Sarah
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856���Xu, Kai
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SeasonsÌ��Hendra virus (HeV) causes highly lethal disease in horses and humans in the eastern Australian states of Queensland (QLD) and New South Wales (NSW), with multiple equine cases now reported on an annual basis. Infection and excretion dynamics in pteropid bats (flying-foxes), the recognised natural reservoir, are incompletely understood. We sought to identify key spatial and temporal factors associated with excretion in flying-foxes over a 2300 km latitudinal gradient from northern QLD to southern NSW which encompassed all known equine case locations. The aim was to strengthen knowledge of Hendra virus ecology in flying-foxes to improve spillover risk prediction and exposure risk mitigation strategies, and thus better protect horses and humans. Monthly pooled urine samples were collected from under roosting flying-foxes over a three-year period and screened for HeV RNA by quantitative RT-PCR. A generalised linear model was employed to investigate spatiotemporal associations with HeV detection in 13,968 samples from 27 roosts. There was a non-linear relationship between mean HeV excretion prevalence and five latitudinal regions, with excretion moderate in northern and central QLD, highest in southern QLD/northern NSW, moderate in central NSW, and negligible in southern NSW. Highest HeV positivity occurred where black or spectacled flying-foxes were present; nil or very low positivity rates occurred in exclusive grey-headed flying-fox roosts. Similarly, little red flying-foxes are evidently not a significant source of virus, as their periodic extreme increase in numbers at some roosts was not associated with any concurrent increase in HeV detection. There was a consistent, strong winter seasonality to excretion in the southern QLD/northern NSW and central NSW regions. This new information allows risk management strategies to be refined and targeted, mindful of the potential for spatial risk profiles to shift over time with changes in flying-fox species distribution.,��https://www.ncbi.nlm.nih.gov/pubmed/26625128L��Field, Hume
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Protein expression���Feb���Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus that has caused severe morbidity and mortality in humans and horses in Australia since 1994. HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) glycoproteins, that are essential for receptor binding and fusion of viral and cellular membranes. The eukaryotic unicellular parasite Leishmania tarentolae has recently been established as a powerful tool to express recombinant proteins with mammalian-like glycosylation patterns, but only few viral proteins have been expressed in this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting the preserved antigenicity of the purified protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26585033P��Fischer, Kerstin
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viruses���Dec>��Hendra virus occasionally causes severe disease in horses and humans. In Australia in 2013, infection was detected in a dog that had been in contact with an infected horse. Abnormalities and viral RNA were found in the dog's kidney, brain, lymph nodes, spleen, and liver. Dogs should be kept away from infected horses.,��https://www.ncbi.nlm.nih.gov/pubmed/26583697���Kirkland, Peter D
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*equine���Aug¾��Hendra virus (HeV), a potentially fatal zoonotic disease spread by flying foxes, to date has always infected humans via a spillover event from equine HeV infection. In a theoretical case study, we compared the impacts of two different HeV prevention strategies - vaccination and flying fox roost removal - using a recently developed framework that considers different stakeholder group perspectives. The perspectives of the four selected stakeholder groups regarding intangibles were inferred from public discussions and coverage in the media. For all stakeholder groups, the option to vaccinate horses was found to add value to the economic results when the intangible impacts were included in the analysis, while the option for roost removal unanimously detracted from economic analysis value when the intangible impacts were included. Both the mean and median stakeholder-adjusted value ratios (2.25 and 2.12, respectively) for vaccination were inflated when intangible impacts were included, by value-adding to the results of a traditional economic analysis. In the roost removal strategy, these ratios (1.19 and 1.16, respectively) were deflated when intangible impacts were included. Results of this theoretical study suggest that the inclusion of intangible impacts promotes the value of a two-dose initial vaccination protocol using a subunit vaccination considered to offer complete protection for horses, as a strategy to control HeV, whereas roost removal becomes an even more costly strategy. Outcome of the analysis is particularly sensitive to the intangible value placed on human health. Further evaluation - via sociological methods - of values placed on intangibles by various stakeholder groups is warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/26558882¬��Wilson, S-J
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202]��Nahar, Nazmun
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*Zoonoses/prevention & control/transmission���Sep 30ô��Hendra virus (HeV) infection is a zoonosis of importance in Australia. An outbreak of HeV occurred on the mid-north coast region of New South Wales (NSW) in June and July 2013. Four unvaccinated horses on four separate properties were confirmed to have HeV infection. A pet dog that had close contact with one of the horses was also confirmed to be infected with HeV. This paper documents the response to the canine infection and the resulting change to the public health management of HeV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26536509Ë��Halim, Sherly
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Signal transducers and activators of transcription���Decï��Immune evasion by the lethal henipaviruses, Hendra (HeV) and Nipah virus, is mediated by its interferon (IFN) antagonist P gene products, phosphoprotein (P), and the related V and W proteins, which can target the signal transducer and activator of transcription 1 (STAT1) and STAT2 proteins to inhibit IFN/STAT signaling. However, it is not clear if the recently identified non-pathogenic Henipavirus, Cedar paramyxovirus (CedPV), is also able to antagonize the STAT proteins. We performed comparative studies between the HeV P gene products (P/V/W) and CedPV-P (CedPV does not encode V or W) and demonstrate that differences exist in their ability to engage the STAT proteins using immunoprecipitation and quantitative confocal microscopic analysis. In contrast to HeV-P gene encoded proteins, the ability of CedPV-P to interact with and relocalize STAT1 or STAT2 is compromised, correlating with a reduced capacity to inhibit the mRNA synthesis of IFN-inducible gene MxA. Furthermore, infection studies with HeV and CedPV demonstrate that HeV is more potent than CedPV in inhibiting the IFN-alpha-mediated nuclear accumulation of STAT1. These results strongly suggest that the ability of CedPV to counteract the IFN/STAT response is compromised compared to HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/26526590Ó��Lieu, Kim G
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zoonotic Infections¤��The Hendra virus (HeV) poses a significant challenge to public health in Australia. Expanding migratory patterns observed among bats and the mutation of the virus to seek and successfully infect new hosts is a significant departure from the generalized epidemiological trend. The recent discovery of equine-related infections and deaths in addition to a canine infection demonstrates the inadequacy of the current equine vaccine developed in 2012. Traditional models for controlling the spread of the vector are futile given the rapid pace at which bats' habitats are eroded. Recent ongoing zoonotic epidemics, for example, Ebola and Middle East respiratory syndrome coronavirus, demonstrate that human-to-human transmission is a distinct reality rather than an obscure possibility. The development of a human HeV vaccine is essential for the biosecurity of Australia, as part of a multipronged strategy to control HeV in Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/26519254���Zahoor, Bilal A
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022è��Masoomi Dezfooli, Seyedehsara
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Sensitivity and Specificity
Time Factors���JanÍ��Acute febrile illness (AFI) is associated with substantial morbidity and mortality worldwide, yet an etiologic agent is often not identified. Convalescent-phase serology is impractical, blood culture is slow, and many pathogens are fastidious or impossible to cultivate. We developed a real-time PCR-based TaqMan array card (TAC) that can test six to eight samples within 2.5 h from sample to results and can simultaneously detect 26 AFI-associated organisms, including 15 viruses (chikungunya, Crimean-Congo hemorrhagic fever [CCHF] virus, dengue, Ebola virus, Bundibugyo virus, Sudan virus, hantaviruses [Hantaan and Seoul], hepatitis E, Marburg, Nipah virus, o'nyong-nyong virus, Rift Valley fever virus, West Nile virus, and yellow fever virus), 8 bacteria (Bartonella spp., Brucella spp., Coxiella burnetii, Leptospira spp., Rickettsia spp., Salmonella enterica and Salmonella enterica serovar Typhi, and Yersinia pestis), and 3 protozoa (Leishmania spp., Plasmodium spp., and Trypanosoma brucei). Two extrinsic controls (phocine herpesvirus 1 and bacteriophage MS2) were included to ensure extraction and amplification efficiency. Analytical validation was performed on spiked specimens for linearity, intra-assay precision, interassay precision, limit of detection, and specificity. The performance of the card on clinical specimens was evaluated with 1,050 blood samples by comparison to the individual real-time PCR assays, and the TAC exhibited an overall 88% (278/315; 95% confidence interval [CI], 84% to 92%) sensitivity and a 99% (5,261/5,326, 98% to 99%) specificity. This TaqMan array card can be used in field settings as a rapid screen for outbreak investigation or for the surveillance of pathogens, including Ebola virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26491176Ò��Liu, Jie
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mRNA induction���Febe��While the ferret is a valuable animal model for a number of human viral infections, such as influenza, Hendra and Nipah, evaluating the cellular immune response following infection has been hampered by the lack of a number of species-specific immunological reagents. Interleukin 2 (IL-2) is one such key cytokine. Ferret recombinant IL-2 incorporating a C-terminal histidine tag was expressed and purified and the three-dimensional structure solved and refined at 1.89 A by X-ray crystallography, which represents the highest resolution and first non-human IL-2 structure. While ferret IL-2 displays the classic cytokine fold of the four-helix bundle structure, conformational flexibility was observed at the second helix and its neighbouring region in the bundle, which may result in the disruption of the spatial arrangement of residues involved in receptor binding interactions, implicating subtle differences between ferret and human IL-2 when initiating biological functions. Ferret recombinant IL-2 stimulated the proliferation of ferret lymph node cells and induced the expression of mRNA for IFN-gamma and Granzyme A.,��https://www.ncbi.nlm.nih.gov/pubmed/26472619*��Ren, Bin
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�Pteropid bats or flying-foxes (Chiroptera: Pteropodidae) are the natural host of Hendra virus (HeV) which sporadically causes fatal disease in horses and humans in eastern Australia. While there is strong evidence that urine is an important infectious medium that likely drives bat to bat transmission and bat to horse transmission, there is uncertainty about the relative importance of alternative routes of excretion such as nasal and oral secretions, and faeces. Identifying the potential routes of HeV excretion in flying-foxes is important to effectively mitigate equine exposure risk at the bat-horse interface, and in determining transmission rates in host-pathogen models. The aim of this study was to identify the major routes of HeV excretion in naturally infected flying-foxes, and secondarily, to identify between-species variation in excretion prevalence. A total of 2840 flying-foxes from three of the four Australian mainland species (Pteropus alecto, P. poliocephalus and P. scapulatus) were captured and sampled at multiple roost locations in the eastern states of Queensland and New South Wales between 2012 and 2014. A range of biological samples (urine and serum, and urogenital, nasal, oral and rectal swabs) were collected from anaesthetized bats, and tested for HeV RNA using a qRT-PCR assay targeting the M gene. Forty-two P. alecto (n = 1410) had HeV RNA detected in at least one sample, and yielded a total of 78 positive samples, at an overall detection rate of 1.76% across all samples tested in this species (78/4436). The rate of detection, and the amount of viral RNA, was highest in urine samples (>serum, packed haemocytes >faecal >nasal >oral), identifying urine as the most plausible source of infection for flying-foxes and for horses. Detection in a urine sample was more efficient than detection in urogenital swabs, identifying the former as the preferred diagnostic sample. The detection of HeV RNA in serum is consistent with haematogenous spread, and with hypothesised latency and recrudesence in flying-foxes. There were no detections in P. poliocephalus (n = 1168 animals; n = 2958 samples) or P. scapulatus (n = 262 animals; n = 985 samples), suggesting (consistent with other recent studies) that these species are epidemiologically less important than P. alecto in HeV infection dynamics. The study is unprecedented in terms of the individual animal approach, the large sample size, and the use of a molecular assay to directly determine infection status. These features provide a high level of confidence in the veracity of our findings, and a sound basis from which to more precisely target equine risk mitigation strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/26469523s��Edson, Daniel
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therapeutics���The lack of vaccines against several important viral diseases necessitates the development of therapeutics to save lives and control epidemics. In recent years, therapeutic antibodies have received considerable attention due to their good safety profiles and clinical success when used against viruses such as respiratory syncytial virus, Ebola virus and Hendra virus. The binding affinity of these antibodies can directly impact their therapeutic efficacy. However, we and others have also demonstrated that the subtype of Fc-gamma receptors (FcgammaRs) engaged influences the stoichiometric requirement for virus neutralization. Hence, the development of therapeutic antibodies against infectious diseases should consider the FcgammaRs engaged and Fc-effector functions involved. This review highlights the current state of knowledge about FcgammaRs and FcgammaR effector functions involved in virus neutralization, with emphasis on factors that can affect FcgammaR engagement. A better understanding of Fc-FcgammaR interactions during virus neutralization will allow development of therapeutic antibodies that are efficacious and can be administered with minimal side effects.,��https://www.ncbi.nlm.nih.gov/pubmed/26466016È��Chan, Kuan Rong
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Venous Thrombosis/etiology/mortality/*prevention & control���Sep/��BACKGROUND: Venous thromboembolism (VTE) is a common cause of death and morbidity in stroke patients. There are few data concerning the effectiveness of intermittent pneumatic compression (IPC) in treating patients with stroke. OBJECTIVES: To establish whether or not the application of IPC to the legs of immobile stroke patients reduced their risk of deep vein thrombosis (DVT). DESIGN: Clots in Legs Or sTockings after Stroke (CLOTS) 3 was a multicentre, parallel-group, randomised controlled trial which allocated patients via a central randomisation system to IPC or no IPC. A technician blinded to treatment allocation performed compression duplex ultrasound (CDU) of both legs at 7-10 days and 25-30 days after enrolment. We followed up patients for 6 months to determine survival and later symptomatic VTE. Patients were analysed according to their treatment allocation. SETTING: We enrolled 2876 patients in 94 UK hospitals between 8 December 2008 and 6 September 2012. PARTICIPANTS: INCLUSION CRITERIA: patients admitted to hospital within 3 days of acute stroke and who were immobile on the day of admission (day 0) to day 3. EXCLUSION CRITERIA: age < 16 years; subarachnoid haemorrhage; and contra-indications to IPC including dermatitis, leg ulcers, severe oedema, severe peripheral vascular disease and congestive cardiac failure. INTERVENTIONS: Participants were allocated to routine care or routine care plus IPC for 30 days, or until earlier discharge or walking independently. MAIN OUTCOME MEASURES: The primary outcome was DVT in popliteal or femoral veins, detected on a screening CDU, or any symptomatic DVT in the proximal veins, confirmed by imaging, within 30 days of randomisation. The secondary outcomes included death, any DVTs, symptomatic DVTs, pulmonary emboli, skin breaks on the legs, falls with injury or fractures and duration of IPC use occurring within 30 days of randomisation and survival, symptomatic VTE, disability (as measured by the Oxford Handicap Scale), quality of life (as measured by the European Quality of Life-5 Dimensions 3 Level questionnaire) and length of initial hospital stay measured 6 months after randomisation. RESULTS: We allocated 1438 patients to IPC and 1438 to no IPC. The primary outcome occurred in 122 (8.5%) of 1438 patients allocated to IPC and 174 (12.1%) of 1438 patients allocated to no IPC, giving an absolute reduction in risk of 3.6% [95% confidence interval (CI) 1.4% to 5.8%] and a relative risk reduction of 0.69 (95% CI 0.55 to 0.86). After excluding 323 patients who died prior to any primary outcome and 41 who had no screening CDU, the primary outcome occurred in 122 of 1267 IPC participants compared with 174 of 1245 no-IPC participants, giving an adjusted odds ratio of 0.65 (95% CI 0.51 to 0.84; p = 0.001). Secondary outcomes in IPC compared with no-IPC participants were death in the treatment period in 156 (10.8%) versus 189 (13.1%) (p = 0.058); skin breaks in 44 (3.1%) versus 20 (1.4%) (p = 0.002); and falls with injury in 33 (2.3%) versus 24 (1.7%) (p = 0.221). Among patients treated with IPC, there was a statistically significant improvement in survival to 6 months (hazard ratio 0.86, 95% CI 0.73 to 0.99; p = 0.042), but no improvement in disability. The direct cost of preventing a DVT was pound1282 per event (95% CI pound785 to pound3077). CONCLUSIONS: IPC is an effective and inexpensive method of reducing the risk of DVT and improving survival in immobile stroke patients. FUTURE RESEARCH: Further research should test whether or not IPC improves survival in other groups of high-risk hospitalised medical patients. In addition, research into methods to improve adherence to IPC might increase the benefits of IPC in stroke patients. TRIAL REGISTRATION: Current Controlled Trials ISRCTN93529999. FUNDING: The start-up phase of the trial (December 2008-March 2010) was funded by the Chief Scientist Office of the Scottish Government (reference number CZH/4/417). The main phase of the trial was funded by the National Institute for Health Research Health Technology Assessment programme (reference number 08/14/03). Covidien Ltd (Mansfield, MA, USA) lent its Kendall SCD Express sequential compression system controllers to the 105 centres involved in the trial and donated supplies of its sleeves. It also provided logistical help in keeping our centres supplied with sleeves and training materials relevant to the use of their devices. Recruitment and follow-up were supported by the National Institute for Health Research-funded UK Stroke Research Network and by the Scottish Stroke Research Network, which was supported by NHS Research Scotland.,��https://www.ncbi.nlm.nih.gov/pubmed/26418530Q��Dennis, Martin
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Slips���Octc��Falls that occur as a result of a slip are one of the leading causes of injuries, particularly in the elderly population. Previous studies have focused on slips that occur on a flat surface. Slips on a laterally sloping surface are important and may be related to different mechanisms of balance recovery. This type of slip might result in different gait adaptations to those previously described on a flat surface, but these adaptations have not been investigated. The aim of this study was to assess whether, when walking on a cross-slope, young adults adapted their gait when made aware of a potential slip, and having experienced a slip. Gait parameters were compared for three conditions--(1) Normal walking; (2) Walking after being made aware of a potential slip (participants were told that a slip may occur); (3) Walking after experiencing a slip (Participants had already experienced at least one slip induced using a soapy contaminant). Gait parameters were only analysed for trials in which there was no slippery contaminant present on the walkway. Stride length and walking velocity were significantly reduced, and stance duration was significantly greater in the awareness and experience conditions compared to normal walking, with no significant differences in any gait parameters between the awareness and experience conditions. In addition, 46.7% of the slip trials resulted in a fall. This is higher than reported for slips induced on a flat surface, suggesting slips on a cross-slope are more hazardous. This would help explain the more cautious gait patterns observed in both the awareness and experience conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/26404081ì��Lawrence, Daniel
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Risk���MarÀ��Hendra virus causes sporadic fatal disease in horses and humans in eastern Australia. Pteropid bats (flying-foxes) are the natural host of the virus. The mode of flying-fox to horse transmission remains unclear, but oro-nasal contact with flying-fox urine, faeces or saliva is the most plausible. We used GPS data logger technology to explore the landscape utilisation of black flying-foxes and horses to gain new insight into equine exposure risk. Flying-fox foraging was repetitious, with individuals returning night after night to the same location. There was a preference for fragmented arboreal landscape and non-native plant species, resulting in increased flying-fox activity around rural infrastructure. Our preliminary equine data logger study identified significant variation between diurnal and nocturnal grazing behaviour that, combined with the observed flying-fox foraging behaviour, could contribute to Hendra virus exposure risk. While we found no significant risk-exposing difference in individual horse movement behaviour in this study, the prospect warrants further investigation, as does the broader role of animal behaviour and landscape utilisation on the transmission dynamics of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26403793ä��Field, H E
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Viral proteins���In this review we summarize available data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within NTAIL-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder for viral transcription and replication are discussed in light of the ability of disordered regions to establish a complex molecular partnership and to confer a considerable reach to the elements of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26387109���Erales, Jenny
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Viral Proteins/*metabolism���Dec���UNLABELLED: Paramyxoviruses include many important animal and human pathogens. The genome of parainfluenza virus 5 (PIV5), a prototypical paramyxovirus, encodes a V protein that inhibits viral RNA synthesis. In this work, the mechanism of inhibition was investigated. Using mutational analysis and a minigenome system, we identified regions in the N and C termini of the V protein that inhibit viral RNA synthesis: one at the very N terminus of V and the second at the C terminus of V. Furthermore, we determined that residues L16 and I17 are critical for the inhibitory function of the N-terminal region of the V protein. Both regions interact with the nucleocapsid protein (NP), an essential component of the viral RNA genome complex (RNP). Mutations at L16 and I17 abolished the interaction between NP and the N-terminal domain of V. This suggests that the interaction between NP and the N-terminal domain plays a critical role in V inhibition of viral RNA synthesis by the N-terminal domain. Both the N- and C-terminal regions inhibited viral RNA replication. The C terminus inhibited viral RNA transcription, while the N-terminal domain enhanced viral RNA transcription, suggesting that the two domains affect viral RNA through different mechanisms. Interestingly, V also inhibited the synthesis of the RNA of other paramyxoviruses, such as Nipah virus (NiV), human parainfluenza virus 3 (HPIV3), measles virus (MeV), mumps virus (MuV), and respiratory syncytial virus (RSV). This suggests that a common host factor may be involved in the replication of these paramyxoviruses. IMPORTANCE: We identified two regions of the V protein that interact with NP and determined that one of these regions enhances viral RNA transcription via its interaction with NP. Our data suggest that a common host factor may be involved in the regulation of paramyxovirus replication and could be a target for broad antiviral drug development. Understanding the regulation of paramyxovirus replication will enable the rational design of vaccines and potential antiviral drugs.,��https://www.ncbi.nlm.nih.gov/pubmed/26378167=��Yang, Yang
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Virus���Oct���With more than 1 200 species, bats and flying foxes (Order Chiroptera) constitute the most important and diverse order of Mammals after Rodents. Many species of bats are insectivorous while others are frugivorous and few of them are hematophagous. Some of these animals fly during the night, others are crepuscular or diurnal. Some fly long distances during seasonal migrations. Many species are colonial cave-dwelling, living in a rather small home range while others are relatively solitary. However, in spite of the importance of bats for terrestrial biotic communities and ecosystem ecology, the diversity in their biology and lifestyles remain poorly known and underappreciated. More than sixty viruses have been detected or isolated in bats; these animals are therefore involved in the natural cycles of many of them. This is the case, for instance, of rabies virus and other Lyssavirus (Family Rhabdoviridae), Nipah and Hendra viruses (Paramyxoviridae), Ebola and Marburg viruses (Filoviridae), SARS-CoV and MERS-CoV (Coronaviridae). For these zoonotic viruses, a number of bat species are considered as important reservoir hosts, efficient disseminators or even directly responsible of the transmission. Some of these bat-borne viruses cause highly pathogenic diseases while others are of potential significance for humans and domestic or wild animals; so, bats are an important risk in human and animal public health. Moreover, some groups of viruses developed through different phylogenetic mechanisms of coevolution between viruses and bats. The fact that most of these viral infections are asymptomatic in bats has been observed since a long time but the mechanisms of the viral persistence are not clearly understood. The various bioecology of the different bat populations allows exchange of virus between migrating and non-migrating conspecific species. For a better understanding of the role of bats in the circulation of these viral zoonoses, epidemiologists must pay attention to some of their biologic properties which are not fully documented, like their extreme longevity, their diet, the population size and the particular densities observed in species with crowded roosting behavior, the population structure and migrations, the hibernation permitting overwintering of viruses, their particular innate and acquired immune response, probably related at least partially to their ability to fly, allowing persistent virus infections and preventing immunopathological consequences, etc. It is also necessary to get a better knowledge of the interactions between bats and ecologic changes induced by man and to attentively follow bat populations and their viruses through surveillance networks involving human and veterinary physicians, specialists of wild fauna, ecologists, etc. in order to understand the mechanisms of disease emergence, to try to foresee and, perhaps, to prevent viral emergences beforehand. Finally, a more fundamental research about immune mechanisms developed in viral infections is essential to reveal the reasons why Chiroptera are so efficient reservoir hosts. Clearly, a great deal of additional work is needed to document the roles of bats in the natural history of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26330152���Rodhain, F
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recombinant nucleocapsid¼��The recombinant viral protein-based indirect enzyme-linked immunosorbent assay (ELISA) is a cost-effective, safe, specific, and rapid tool to diagnose the viral infection. Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. The N protein was selected based on its immuno dominance and conservation among different NiV strains. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for swine sera was optimized using the recombinant NiV-N protein as an antigen along with negative and positive controls. The background reading was blocked using skim milk powder and chicken serum. A total number of 1709 swine serum samples from various states of India were tested with indirect ELISA and Western blot. The test was considered positive only when its total reactivity reading was higher than 0.2 cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Since specificity is high for Western blotting it was used as standard test for comparison of results of indirect ELISA. Sensitivity and specificity of indirect ELISA was 100% and 98.7%, respectively, in comparison with Western blotting. Recombinant N protein-based ELISA can be used in screening large number of serum samples for epidemiological investigations in developing countries where high containment laboratories are not available to handle this zoonotic virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26327601���Kulkarni, Diwakar D
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489n��Escaffre, Olivier
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encephalitis
pathological���Sep���The genus Henipavirus within the family Paramyxoviridae includes the Hendra virus (HeV) and Nipah virus (NiV) which were discovered in the 1990s in Australia and Malaysia, respectively, after emerging to cause severe and often fatal outbreaks in humans and animals. While HeV is confined to Australia, more recent NiV outbreaks have been reported in Bangladesh, India and the Philippines. The clinical manifestations of both henipaviruses in humans appear similar, with a predominance of an acute encephalitic syndrome. Likewise, the pathological features are similar and characterized by disseminated, multi-organ vasculopathy comprising endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, kidney and other major organs. This unique dual pathogenetic mechanism of vasculitis-induced microinfarction and neuronal infection causes severe tissue damage in the CNS. Both viruses can also cause relapsing encephalitis months and years after the acute infection. Many animal models studied to date have largely confirmed the pathology of henipavirus infection, and provided the means to test new therapeutic agents and vaccines. As the bat is the natural host of henipaviruses and has worldwide distribution, spillover events into human populations are expected to occur in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/26276024¤��Ong, Kien Chai
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Nipah virus
evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523â��Lo Presti, Alessandra
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Wildlife���DecZ��The urban presence of flying-foxes (pteropid bats) in eastern Australia has increased in the last 20 years, putatively reflecting broader landscape change. The influx of large numbers often precipitates community angst, typically stemming from concerns about loss of social amenity, economic loss or negative health impacts from recently emerged bat-mediated zoonotic diseases such as Hendra virus and Australian bat lyssavirus. Local authorities and state wildlife authorities are increasingly asked to approve the dispersal or modification of flying-fox roosts to address expressed concerns, yet the scale of this concern within the community, and the veracity of the basis for concern are often unclear. We conducted an on-line survey to capture community attitudes and opinions on flying-foxes in the urban environment to inform management policy and decision-making. Analysis focused on awareness, concerns, and management options, and primarily compared responses from communities where flying-fox management was and was not topical at the time of the survey. While a majority of respondents indicated a moderate to high level of knowledge of both flying-foxes and Hendra virus, a substantial minority mistakenly believed that flying-foxes pose a direct infection risk to humans, suggesting miscommunication or misinformation, and the need for additional risk communication strategies. Secondly, a minority of community members indicated they were directly impacted by urban roosts, most plausibly those living in close proximity to the roost, suggesting that targeted management options are warranted. Thirdly, neither dispersal nor culling was seen as an appropriate management strategy by the majority of respondents, including those from postcodes where flying-fox management was topical. These findings usefully inform community debate and policy development and demonstrate the value of social analysis in defining the issues and options in this complex human-wildlife interaction. The mobile nature of flying-foxes underlines the need for a management strategy at a regional or larger scale, and independent of state borders.,��https://www.ncbi.nlm.nih.gov/pubmed/28616461Å��Kung, Nina Y
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Reservoir���Dec½��Hendra virus was first described in 1994 in Australia, causally associated with a cluster of fatal equine and human cases at a thoroughbred racing stable in the Brisbane suburb of Hendra. This year marks the twentieth anniversary of the identification of pteropid bats (flying-foxes) as the natural host of the virus, and it is timely to reflect on a pivotal meeting of an eclectic group of scientists in that process. They included animal and public health experts, environmental scientists, veterinary and horse industry representatives, and wildlife experts. The task was to review and prioritise wildlife surveillance seeking the origin of the previously unknown virus. The group determined that the likely reservoir must occur in disparate locations, and be capable of moving between locations, or exist in continuous, overlapping populations spanning multiple locations. Flying-foxes were considered to be a more probable source of the novel virus than birds. Within weeks, antibodies were detected in several species of flying-fox, and the virus was subsequently isolated. While the identification of the natural host of Hendra virus within 18 months of its description was remarkable in itself, a broader legacy followed. In the subsequent years, a suite of zoonotic viruses including Australian bat lyssavirus, Nipah virus, SARS coronavirus, and Ebola and Marburg viruses have been detected in bats. Bats are now the "go to" taxa for novel viruses. History has repeatedly demonstrated that knowledge begets knowledge. This simple notion of bringing a diverse group of people together in an environment of mutual respect reinforced this principle and proves that the sum is often so much more powerful than the parts.,��https://www.ncbi.nlm.nih.gov/pubmed/28616459���Black, Peter
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zoonoses¤	�Introduction: Zoonotic disease outbreaks have surged in the last two decades. These include severe acute respiratory syndrome (SARS), Hendra virus, Nipah virus, influenza viruses, Middle East Respiratory Syndrome (MERS) coronavirus, and ebola. One Health is the initiative of an inclusive collaboration linking human, animal, and environmental health. One Health is advocated through an intersectoral coordination to combat zoonoses, and the term has evolved over centuries. The primary aim of this literature review was to examine the change in the definition of the term One Health over time, particuarly following the the introduction of the latest definition in 2007 by the American Medical Association and the American Veterinary Medical Association. Methods: This review was conducted in four phases. The first phase consisted of a general PubMed search for the phrase "One Health" for every literature published up to December 2014. Then an advanced search was carried out using "One Health" in conjunction with the terms "zoonosis" and "zoonoses" in PubMed for the time period between January 2007 and December 2014. The articles found were then categorized based on the type of journals in which the articles were published. For the second phase, "One Health" was searched as a Medical subject heading (MeSH) term, which is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles. In the third phase, One Health advocate organizations were found using Google search engine. During the final phase, One Health was searched in Google scholar, examined by Google trends, and analyzed by Google ngram. Results: Before 2007, One Health had many connotations to health in the medical literature with an incomplete adherence to the usage of One Health linking zoonoses. The Google trends analysis shows an overal steady increase of the search of One Health from 2007 to 2014, which is consistent with the findings of articles from Pubmed. Discussion: Our results indicate that the linkage between the terms One Health and zoonoses started in 2007, which correlates with the joint declaration made by the American Medical Association and the American Veterinary Medical Association in 2007. We suggest creating a MeSH term for One Health in the PubMed database to support more specific research on zoonoses, and exploring the possibility of a patent of the term One Health to support global health and evidence based public health.,��https://www.ncbi.nlm.nih.gov/pubmed/29138713���Asokan, Govindaraj V
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Purification
Recombinant protein expression���DecE��Hendra virus (family Paramyxoviridae) is a negative sense single-stranded RNA virus (NSRV) which has been found to cause disease in humans, horses, and experimentally in other animals, e.g. pigs and cats. Pteropid bats commonly known as flying foxes have been identified as the natural host reservoir. The Hendra virus nucleocapsid protein (HeV N) represents the most abundant viral protein produced by the host cell, and is highly immunogenic with naturally infected humans and horses producing specific antibodies towards this protein. The purpose of this study was to express and purify soluble, functionally active recombinant HeV N, suitable for use as an immunodiagnostic reagent to detect antibodies against HeV. We expressed both full-length HeV N, (HeV NFL), and a C-terminal truncated form, (HeV NCORE), using a bacterial heterologous expression system. Both HeV N constructs were engineered with an N-terminal Hisx6 tag, and purified using a combination of immobilized metal affinity chromatography (IMAC) and size exclusion chromatography (SEC). Purified recombinant HeV N proteins self-assembled into soluble higher order oligomers as determined by SEC and negative-stain transmission electron microscopy. Both HeV N proteins were highly immuno-reactive with sera from animals and humans infected with either HeV or the closely related Nipah virus (NiV), but displayed no immuno-reactivity towards sera from animals infected with a non-pathogenic paramyxovirus (CedPV), or animals receiving Equivac(R) (HeV G glycoprotein subunit vaccine), using a Luminex-based multiplexed microsphere assay.,��https://www.ncbi.nlm.nih.gov/pubmed/26196500���Pearce, Lesley A
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protein-protein interactions���Jul 10¢��We herein review available computational and experimental data pointing to the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed molecular description of the mechanisms governing the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (PXD) of the homologous P proteins. We also show that NTAIL-PXD complexes are "fuzzy", i.e., they possess a significant residual disorder, and discuss the possible functional significance of this fuzziness. Finally, we emphasize the relevance of N-P interactions involving intrinsically disordered proteins as promising targets for new antiviral approaches, and end up summarizing the general functional advantages of disorder for viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26184170¦��Habchi, Johnny
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654���Walsh, Michael G
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zoonoses���AugR��Because some bats host viruses with zoonotic potential, we investigated human-bat interactions in rural Ghana during 2011-2012. Nearly half (46.6%) of respondents regularly visited bat caves; 37.4% had been bitten, scratched, or exposed to bat urine; and 45.6% ate bat meat. Human-bat interactions in rural Ghana are frequent and diverse.,��https://www.ncbi.nlm.nih.gov/pubmed/26177344+��Anti, Priscilla
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Hassan, F.���2015d��A Computational Approach for Designing a Universal Epitope-Based Peptide Vaccine Against Nipah Virus���177-85���Interdiscip Sci���7���2���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209±��Ali, Mohammad Tuhin
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Phycoerythrin���Sep 15ó��Detection of Hendra viral IgG antibody in animal sera is useful for surveillance following a virus outbreak. The commonly used enzyme-linked immunosorbent assay and fluorescence-based Luminex assay typically consist of three steps and take at least several hours to complete. We have simplified the procedure to two steps in an effort to develop a rapid procedure for IgG antibody, but not IgM antibody, detection. This is achieved by conjugating the fluorescence label R-phycoerythrin directly onto the IgG binding protein Protein G. The use of magnetic nanoparticles, due to their large specific surface area, has helped reduce each of the binding steps to 20 min. As a result, the whole assay can be completed in 60 min. We also demonstrate a method to quickly estimate IgG antibody titres by assaying the sera at only two dilutions (i.e. 1:20 and 1:1000) and using the fluorescence ratio at these dilutions as an indicator of antibody titre. The results of this approach correlated well with the well-regarded serum neutralization test in virus antibody assays. This protocol reported here can be adopted in Luminex assays, fluorescence-linked immunosorbent assays and assays on microfluidics platforms for rapid antibody surveillance of Hendra and other viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26141730	��Gao, Yuan
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519���Satterfield, Benjamin A
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Protein-protein interaction���Sep 14g��In this review I summarize available data pointing to the abundance of structural disorder within the nucleoprotein (N) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. I provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous phosphoproteins. I also show that a significant flexibility persists within NTAIL-XD complexes, which makes them illustrative examples of "fuzziness". Finally, I discuss the functional implications of structural disorder for viral transcription and replication in light of the promiscuity of disordered regions and of the considerable reach they confer to the components of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26071376µ��Longhi, Sonia
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Zoonoses/*virology6��Hendra virus (HeV) is a lethal zoonotic agent that emerged in 1994 in Australia. Pteropid bats (flying-foxes) are the natural reservoir. To date, HeV has spilled over from flying-foxes to horses on 51 known occasions, and from infected horses to close-contact humans on seven occasions. We undertook screening of archived bat tissues for HeV by reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues were tested from 310 bats including 295 Pteropodiformes and 15 Vespertilioniformes. HeV was detected in 20 individual flying-foxes (6.4%) from various tissues including spleen, kidney, liver, lung, placenta and blood components. Detection was significantly higher in Pteropus Alecto and P. conspicillatus, identifying species as a risk factor for infection. Further, our findings indicate that HeV has a predilection for the spleen, suggesting this organ plays an important role in HeV infection. The lack of detections in the foetal tissues of HeV-positive females suggests that vertical transmission is not a regular mode of transmission in naturally infected flying-foxes, and that placental and foetal tissues are not a major source of infection for horses. A better understanding of HeV tissue tropism will strengthen management of the risk of spillover from flying-foxes to horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26060997ñ��Goldspink, Lauren K
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400¼��Weis, Michael
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RNA-dependent RNA polymerase
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nucleoside analogsÈ��The paramyxovirus family includes major human and animal pathogens, including measles virus, mumps virus, and human respiratory syncytial virus (RSV), as well as the emerging zoonotic Hendra and Nipah viruses. In the U.S., RSV is the leading cause of infant hospitalizations due to viral infectious disease. Despite their clinical significance, effective drugs for the improved management of paramyxovirus disease are lacking. The development of novel anti-paramyxovirus therapeutics is therefore urgently needed. Paramyxoviruses contain RNA genomes of negative polarity, necessitating a virus-encoded RNA-dependent RNA polymerase (RdRp) complex for replication and transcription. Since an equivalent enzymatic activity is absent in host cells, the RdRp complex represents an attractive druggable target, although structure-guided drug development campaigns are hampered by the lack of high-resolution RdRp crystal structures. Here, we review the current structural and functional insight into the paramyxovirus polymerase complex in conjunction with an evaluation of the mechanism of activity and developmental status of available experimental RdRp inhibitors. Our assessment spotlights the importance of the RdRp complex as a premier target for therapeutic intervention and examines how high-resolution insight into the organization of the complex will pave the path toward the structure-guided design and optimization of much-needed next-generation paramyxovirus RdRp blockers.,��https://www.ncbi.nlm.nih.gov/pubmed/26029193Ù��Cox, Robert
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Tooth/anatomy & histology«��BACKGROUND: Living gnathostomes (jawed vertebrates) comprise two divisions, Chondrichthyes (cartilaginous fishes, including euchondrichthyans with prismatic calcified cartilage, and extinct stem chondrichthyans) and Osteichthyes (bony fishes including tetrapods). Most of the early chondrichthyan ('shark') record is based upon isolated teeth, spines, and scales, with the oldest articulated sharks that exhibit major diagnostic characters of the group--prismatic calcified cartilage and pelvic claspers in males--being from the latest Devonian, c. 360 Mya. This paucity of information about early chondrichthyan anatomy is mainly due to their lack of endoskeletal bone and consequent low preservation potential. METHODOLOGY/PRINCIPAL FINDINGS: Here we present new data from the first well-preserved chondrichthyan fossil from the early Late Devonian (ca. 380-384 Mya) Gogo Formation Lagerstatte of Western Australia. The specimen is the first Devonian shark body fossil to be acid-prepared, revealing the endoskeletal elements as three-dimensional undistorted units: Meckel's cartilages, nasal, ceratohyal, basibranchial and possible epibranchial cartilages, plus left and right scapulocoracoids, as well as teeth and scales. This unique specimen is assigned to Gogoselachus lynnbeazleyae n. gen. n. sp. CONCLUSIONS/SIGNIFICANCE: The Meckel's cartilages show a jaw articulation surface dominated by an expansive cotylus, and a small mandibular knob, an unusual condition for chondrichthyans. The scapulocoracoid of the new specimen shows evidence of two pectoral fin basal articulation facets, differing from the standard condition for early gnathostomes which have either one or three articulations. The tooth structure is intermediate between the 'primitive' ctenacanthiform and symmoriiform condition, and more derived forms with a euselachian-type base. Of special interest is the highly distinctive type of calcified cartilage forming the endoskeleton, comprising multiple layers of nonprismatic subpolygonal tesserae separated by a cellular matrix, interpreted as a transitional step toward the tessellated prismatic calcified cartilage that is recognized as the main diagnostic character of the chondrichthyans.,��https://www.ncbi.nlm.nih.gov/pubmed/26020788���Long, John A
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SeasonsC��Bats of the genus Pteropus (flying-foxes) are the natural host of Hendra virus (HeV) which periodically causes fatal disease in horses and humans in Australia. The increased urban presence of flying-foxes often provokes negative community sentiments because of reduced social amenity and concerns of HeV exposure risk, and has resulted in calls for the dispersal of urban flying-fox roosts. However, it has been hypothesised that disturbance of urban roosts may result in a stress-mediated increase in HeV infection in flying-foxes, and an increased spillover risk. We sought to examine the impact of roost modification and dispersal on HeV infection dynamics and cortisol concentration dynamics in flying-foxes. The data were analysed in generalised linear mixed models using restricted maximum likelihood (REML). The difference in mean HeV prevalence in samples collected before (4.9%), during (4.7%) and after (3.4%) roost disturbance was small and non-significant (P = 0.440). Similarly, the difference in mean urine specific gravity-corrected urinary cortisol concentrations was small and non-significant (before = 22.71 ng/mL, during = 27.17, after = 18.39) (P= 0.550). We did find an underlying association between cortisol concentration and season, and cortisol concentration and region, suggesting that other (plausibly biological or environmental) variables play a role in cortisol concentration dynamics. The effect of roost disturbance on cortisol concentration approached statistical significance for region, suggesting that the relationship is not fixed, and plausibly reflecting the nature and timing of disturbance. We also found a small positive statistical association between HeV excretion status and urinary cortisol concentration. Finally, we found that the level of flying-fox distress associated with roost disturbance reflected the nature and timing of the activity, highlighting the need for a 'best practice' approach to dispersal or roost modification activities. The findings usefully inform public discussion and policy development in relation to Hendra virus and flying-fox management.,��https://www.ncbi.nlm.nih.gov/pubmed/26016629ì��Edson, Daniel
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Viruses���Jul 2Q��In recent years severe infectious diseases have been constantly emerging, causing panic in the world. Now we know that many of these terrible diseases are caused by viruses originated from bats (Table 1), such as Ebola virus, Marburg, SARS coronavirus (SARS-CoV), MERS coronavirus (MERS-CoV), Nipah virus (NiV) and Hendra virus (HeV). These viruses have co-evolved with bats due to bats' special social, biological and immunological features. Although bats are not in close contact with humans, spillover of viruses from bats to intermediate animal hosts, such as horses, pigs, civets, or non-human primates, is thought to be the most likely mode to cause human infection. Humans may also become infected with viruses through aerosol by intruding into bat roosting caves or via direct contact with bats, such as catching bats or been bitten by bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25997928ÿ��Han, Hui-Ju
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Lassa���Aug{��Host cell kinases are important for the replication of a number of hemorrhagic fever viruses. We tested a panel of kinase inhibitors for their ability to block the replication of multiple hemorrhagic fever viruses. OSU-03012 inhibited the replication of Lassa, Ebola, Marburg and Nipah viruses, whereas BIBX 1382 dihydrochloride inhibited Lassa, Ebola and Marburg viruses. BIBX 1382 blocked both Lassa and Ebola virus glycoprotein-dependent cell entry. These compounds may be used as tools to understand conserved virus-host interactions, and implicate host cell kinases that may be targets for broad spectrum therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/25986249?��Mohr, Emma L
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Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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Small angle X-ray scattering���Augz��The Hendra virus is a member of the Henipavirus genus within the Paramyxoviridae family. The nucleoprotein, which consists of a structured core and of a C-terminal intrinsically disordered domain (N(TAIL)), encapsidates the viral genome within a helical nucleocapsid. N(TAIL) partly protrudes from the surface of the nucleocapsid being thus capable of interacting with the C-terminal X domain (XD) of the viral phosphoprotein. Interaction with XD implies a molecular recognition element (MoRE) that is located within N(TAIL) residues 470-490, and that undergoes alpha-helical folding. The MoRE has been proposed to be embedded in the hydrophobic groove delimited by helices alpha2 and alpha3 of XD, although experimental data could not discriminate between a parallel and an antiparallel orientation of the MoRE. Previous studies also showed that if the binding interface is enriched in hydrophobic residues, charged residues located close to the interface might play a role in complex formation. Here, we targeted for site directed mutagenesis two acidic and two basic residues within XD and N(TAIL). ITC studies showed that electrostatics plays a crucial role in complex formation and pointed a parallel orientation of the MoRE as more likely. Further support for a parallel orientation was afforded by SAXS studies that made use of two chimeric constructs in which XD and the MoRE were covalently linked to each other. Altogether, these studies unveiled the multiparametric nature of the interactions established within this complex and contribute to shed light onto the molecular features of protein interfaces involving intrinsically disordered regions.,��https://www.ncbi.nlm.nih.gov/pubmed/25960280ð��Erales, Jenny
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sponge���Jul 3¥��All vertebrate inwardly rectifying potassium (Kir) channels are activated by phosphatidylinositol 4,5-bisphosphate (PIP2) (Logothetis, D. E., Petrou, V. I., Zhang, M., Mahajan, R., Meng, X. Y., Adney, S. K., Cui, M., and Baki, L. (2015) Annu. Rev. Physiol. 77, 81-104; Furst, O., Mondou, B., and D'Avanzo, N. (2014) Front. Physiol. 4, 404-404). Structural components of a PIP2-binding site are conserved in vertebrate Kir channels but not in distantly related animals such as sponges and sea anemones. To expand our understanding of the structure-function relationships of PIP2 regulation of Kir channels, we studied AqKir, which was cloned from the marine sponge Amphimedon queenslandica, an animal that represents the phylogenetically oldest metazoans. A requirement for PIP2 in the maintenance of AqKir activity was examined in intact oocytes by activation of a co-expressed voltage-sensing phosphatase, application of wortmannin (at micromolar concentrations), and activation of a co-expressed muscarinic acetylcholine receptor. All three mechanisms to reduce the availability of PIP2 resulted in inhibition of AqKir current. However, time-dependent rundown of AqKir currents in inside-out patches could not be re-activated by direct application to the inside membrane surface of water-soluble dioctanoyl PIP2, and the current was incompletely re-activated by the more hydrophobic arachidonyl stearyl PIP2. When we introduced mutations to AqKir to restore two positive charges within the vertebrate PIP2-binding site, both forms of PIP2 strongly re-activated the mutant sponge channels in inside-out patches. Molecular dynamics simulations validate the additional hydrogen bonding potential of the sponge channel mutants. Thus, nature's mutations conferred a high affinity activation of vertebrate Kir channels by PIP2, and this is a more recent evolutionary development than the structures that explain ion channel selectivity and inward rectification.,��https://www.ncbi.nlm.nih.gov/pubmed/25957411���Tang, Qiong-Yao
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zoonosis���Feb���Many wild swine populations in different parts of the World have experienced an unprecedented demographic explosion that may result in increased exposure of humans to wild swine zoonotic pathogens. Interactions between humans and wild swine leading to pathogen transmission could come from different ways, being hunters and game professionals the most exposed to acquiring infections from wild swine. However, increasing human settlements in semi-natural areas, outdoor activities, socio-economic changes and food habits may increase the rate of exposure to wild swine zoonotic pathogens and to potentially emerging pathogens from wild swine. Frequent and increasing contact rate between humans and wild swine points to an increasing chance of zoonotic pathogens arising from wild swine to be transmitted to humans. Whether this frequent contact could lead to new zoonotic pathogens emerging from wild swine to cause human epidemics or emerging disease outbreaks is difficult to predict, and assessment should be based on thorough epidemiologic surveillance. Additionally, several gaps in knowledge on wild swine global population dynamics trends and wild swine-zoonotic pathogen interactions should be addressed to correctly assess the potential role of wild swine in the emergence of diseases in humans. In this work, viruses such as hepatitis E virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. have been identified as the most prone to be transmitted from wild swine to humans on the basis of geographic spread in wild swine populations worldwide, pathogen circulation rates in wild swine populations, wild swine population trends in endemic areas, susceptibility of humans to infection, transmissibility from wild swine to humans and existing evidence of wild swine-human transmission events.,��https://www.ncbi.nlm.nih.gov/pubmed/25953392���Ruiz-Fons, F
eng
Review
Germany
2015/05/09 06:00
Transbound Emerg Dis. 2017 Feb;64(1):68-88. doi: 10.1111/tbed.12369. Epub 2015 May 8.*��1865-1682 (Electronic)
1865-1674 (Linking)���25953392v��Health & Biotechnology (SaBio) Group, Spanish Wildlife Research Institute (IREC; CSIC-UCLM-JCCCM), Ciudad Real, Spain.���10.1111/tbed.12369��Ò��üÒtÿî?-���H��Bradel-Tretheway, B. G.
Liu, Q.
Stone, J. A.
McInally, S.
Aguilar, H. C.���2015J��Novel Functions of Hendra Virus G N-Glycans and Comparisons to Nipah Virus���7235-47���J Virol���89���14%��Animals
Cell Line
Hendra Virus/genetics/immunology/*physiology
Humans
Mutagenesis, Site-Directed
Mutant Proteins/chemistry/genetics/metabolism
Nipah Virus/genetics/immunology/*physiology
Polysaccharides/*metabolism
Viral Envelope Proteins/*chemistry/genetics/*metabolism
*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743=��Bradel-Tretheway, Birgit G
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Vertebrates/*anatomy & histologyÉ��The origin of terrestrial tetrapods was a key event in vertebrate evolution, yet how and when it occurred remains obscure, due to scarce fossil evidence. Here, we show that the study of palaeopathologies, such as broken and healed bones, can help elucidate poorly understood behavioural transitions such as this. Using high-resolution finite element analysis, we demonstrate that the oldest known broken tetrapod bone, a radius of the primitive stem tetrapod Ossinodus pueri from the mid-Visean (333 million years ago) of Australia, fractured under a high-force, impact-type loading scenario. The nature of the fracture suggests that it most plausibly occurred during a fall on land. Augmenting this are new osteological observations, including a preferred directionality to the trabecular architecture of cancellous bone. Together, these results suggest that Ossinodus, one of the first large (>2m length) tetrapods, spent a significant proportion of its life on land. Our findings have important implications for understanding the temporal, biogeographical and physiological contexts under which terrestriality in vertebrates evolved. They push the date for the origin of terrestrial tetrapods further back into the Carboniferous by at least two million years. Moreover, they raise the possibility that terrestriality in vertebrates first evolved in large tetrapods in Gondwana rather than in small European forms, warranting a re-evaluation of this important evolutionary event.,��https://www.ncbi.nlm.nih.gov/pubmed/25938463���Bishop, Peter J
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*Nipah Virus���Augà��Nipah virus (NiV) encephalitis is endemic in Bangladesh, with yearly seasonal outbreaks occurring since 2003. NiV has a notable case fatality rate, 75-100 per cent depending on the strain. In Bangladesh, primary transmission to humans is believed to be because of consumption of bat-contaminated date palm sap (DPS). Both the disease and the virus have been investigated extensively, however efforts to implement preventive strategies have met social and cultural challenges. Here we present a variety of community approaches to control the spread of Nipah encephalitis, along with advantages and disadvantages of each. This information may be useful to health workers and policymakers in potential NiV outbreak areas in Southeast Asia.,��https://www.ncbi.nlm.nih.gov/pubmed/25925087¼��Dhillon, Jasmine
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*Tropical Medicine���Apr)	�The ten member states of the Association of Southeast Asian Nations (ASEAN) constitute an economic powerhouse, yet these countries also harbor a mostly hidden burden of poverty and neglected tropical diseases (NTDs). Almost 200 million people live in extreme poverty in ASEAN countries, mostly in the low or lower middle-income countries of Indonesia, the Philippines, Myanmar, Viet Nam, and Cambodia, and many of them are affected by at least one NTD. However, NTDs are prevalent even among upper middle-income ASEAN countries such as Malaysia and Thailand, especially among the indigenous populations. The three major intestinal helminth infections are the most common NTDs; each helminthiasis is associated with approximately 100 million infections in the region. In addition, more than 10 million people suffer from either liver or intestinal fluke infections, as well as schistosomiasis and lymphatic filariasis (LF). Intestinal protozoan infections are widespread, while leishmaniasis has emerged in Thailand, and zoonotic malaria (Plasmodium knowlesi infection) causes severe morbidity in Malaysia. Melioidosis has emerged as an important bacterial NTD, as have selected rickettsial infections, and leptospirosis. Leprosy, yaws, and trachoma are still endemic in focal areas. Almost 70 million cases of dengue fever occur annually in ASEAN countries, such that this arboviral infection is now one of the most common and economically important NTDs in the region. A number of other arboviral and zoonotic viral infections have also emerged, including Japanese encephalitis; tick-borne viral infections; Nipah virus, a zoonosis present in fruit bats; and enterovirus 71 infection. There are urgent needs to expand surveillance activities in ASEAN countries, as well as to ensure mass drug administration is provided to populations at risk for intestinal helminth and fluke infections, LF, trachoma, and yaws. An ASEAN Network for Drugs, Diagnostics, Vaccines, and Traditional Medicines Innovation provides a policy framework for the development of new control and elimination tools. Together with prominent research institutions and universities, the World Health Organization (WHO), and its regional offices, these organizations could implement important public health improvements through NTD control and elimination in the coming decade.,��https://www.ncbi.nlm.nih.gov/pubmed/25880767ú��Hotez, Peter J
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385|��Thanapongtharm, Weerapong
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472T��Prescott, Joseph
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ribonucleoprotein���Apr 7½��Parainfluenza virus 5 (PIV5) is a member of the Paramyxoviridae family of membrane-enveloped viruses with a negative-sense RNA genome that is packaged and protected by long filamentous nucleocapsid-helix structures (RNPs). These RNPs, consisting of approximately 2,600 protomers of nucleocapsid (N) protein, form the template for viral transcription and replication. We have determined the 3D X-ray crystal structure of the nucleoprotein (N)-RNA complex from PIV5 to 3.11-A resolution. The structure reveals a 13-mer nucleocapsid ring whose diameter, cavity, and pitch/height dimensions agree with EM data from early studies on the Paramyxovirinae subfamily of native RNPs, indicating that it closely represents one-turn in the building block of the RNP helices. The PIV5-N nucleocapsid ring encapsidates a nuclease resistant 78-nt RNA strand in its positively charged groove formed between the N-terminal (NTD) and C-terminal (CTD) domains of its successive N protomers. Six nucleotides precisely are associated with each N protomer, with alternating three-base-in three-base-out conformation. The binding of six nucleotides per protomer is consistent with the "rule of six" that governs the genome packaging of the Paramyxovirinae subfamily of viruses. PIV5-N protomer subdomains are very similar in structure to the previously solved Nipah-N structure, but with a difference in the angle between NTD/CTD at the RNA hinge region. Based on the Nipah-N structure we modeled a PIV5-N open conformation in which the CTD rotates away from the RNA strand into the inner spacious nucleocapsid-ring cavity. This rotation would expose the RNA for the viral polymerase activity without major disruption of the nucleocapsid structure.,��https://www.ncbi.nlm.nih.gov/pubmed/25831513F��Alayyoubi, Maher
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viral attachment���Apr 28���The discovery of African henipaviruses (HNVs) related to pathogenic Hendra virus (HeV) and Nipah virus (NiV) from Southeast Asia and Australia presents an open-ended health risk. Cell receptor use by emerging African HNVs at the stage of host-cell entry is a key parameter when considering the potential for spillover and infection of human populations. The attachment glycoprotein from a Ghanaian bat isolate (GhV-G) exhibits <30% sequence identity with Asiatic NiV-G/HeV-G. Here, through functional and structural analysis of GhV-G, we show how this African HNV targets the same human cell-surface receptor (ephrinB2) as the Asiatic HNVs. We first characterized this virus-receptor interaction crystallographically. Compared with extant HNV-G-ephrinB2 structures, there was significant structural variation in the six-bladed beta-propeller scaffold of the GhV-G receptor-binding domain, but not the Greek key fold of the bound ephrinB2. Analysis revealed a surprisingly conserved mode of ephrinB2 interaction that reflects an ongoing evolutionary constraint among geographically distal and phylogenetically divergent HNVs to maintain the functionality of ephrinB2 recognition during virus-host entry. Interestingly, unlike NiV-G/HeV-G, we could not detect binding of GhV-G to ephrinB3. Comparative structure-function analysis further revealed several distinguishing features of HNV-G function: a secondary ephrinB2 interaction site that contributes to more efficient ephrinB2-mediated entry in NiV-G relative to GhV-G and cognate residues at the very C terminus of GhV-G (absent in Asiatic HNV-Gs) that are vital for efficient receptor-induced fusion, but not receptor binding per se. These data provide molecular-level details for evaluating the likelihood of African HNVs to spill over into human populations.,��https://www.ncbi.nlm.nih.gov/pubmed/25825759\��Lee, Benhur
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RNA Viruses/*physiology���Marë��Viral hemorrhagic fevers (VHFs) are major public health problems in the South-East Asia Regional (SEAR) countries. VHFs are a group of illnesses; that are caused by four families of viruses, viz. Arenaviridae, Bunyaviridae, Filoviridae and Flaviviridae. All VHFs have common features: they affect several organs and damage the blood vessels. These symptoms are often accompanied by hemorrhage. To understand pathogenesis, genetic and environmental influence that increase the risk of VHFs, efficacy and safety studies on candidate vaccines and testing of various therapeutic agents, appropriate animal models are essential tools in public and animals health. In the current review, the suitable animal models for Flavivirus [Dengue hemorhagic fever (DHF), Kyasanur forest disease (KFD)]; Bunyavirus [Crimean-Congo hemorrhagic fever (CCHF), Hantavirus fever (HF)]; and Paramyxovirus [Nipah virus fever (NiV)] have been reviewed with specific emphasis on emerging and reemerging viruses in SEAR countries.,��https://www.ncbi.nlm.nih.gov/pubmed/25815861���Badole, Sachin L
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Viral Matrix Proteins/*metabolism���Mar=��The paramyxovirus matrix (M) protein is a molecular scaffold required for viral morphogenesis and budding at the plasma membrane. Transient nuclear residence of some M proteins hints at non-structural roles. However, little is known regarding the mechanisms that regulate the nuclear sojourn. Previously, we found that the nuclear-cytoplasmic trafficking of Nipah virus M (NiV-M) is a prerequisite for budding, and is regulated by a bipartite nuclear localization signal (NLSbp), a leucine-rich nuclear export signal (NES), and monoubiquitination of the K258 residue within the NLSbp itself (NLSbp-lysine). To define whether the sequence determinants of nuclear trafficking identified in NiV-M are common among other Paramyxovirinae M proteins, we generated the homologous NES and NLSbp-lysine mutations in M proteins from the five major Paramyxovirinae genera. Using quantitative 3D confocal microscopy, we determined that the NES and NLSbp-lysine are required for the efficient nuclear export of the M proteins of Nipah virus, Hendra virus, Sendai virus, and Mumps virus. Pharmacological depletion of free ubiquitin or mutation of the conserved NLSbp-lysine to an arginine, which inhibits M ubiquitination, also results in nuclear and nucleolar retention of these M proteins. Recombinant Sendai virus (rSeV-eGFP) bearing the NES or NLSbp-lysine M mutants rescued at similar efficiencies to wild type. However, foci of cells expressing the M mutants displayed marked fusogenicity in contrast to wild type, and infection did not spread. Recombinant Mumps virus (rMuV-eGFP) bearing the homologous mutations showed similar defects in viral morphogenesis. Finally, shotgun proteomics experiments indicated that the interactomes of Paramyxovirinae M proteins are significantly enriched for components of the nuclear pore complex, nuclear transport receptors, and nucleolar proteins. We then synthesize our functional and proteomics data to propose a working model for the ubiquitin-regulated nuclear-cytoplasmic trafficking of cognate paramyxovirus M proteins that show a consistent nuclear trafficking phenotype.,��https://www.ncbi.nlm.nih.gov/pubmed/25782006{��Pentecost, Mickey
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"gateway theory"�
�UNLABELLED: Viral cellular immune surveillance is a dynamic and fluid system that is driven by finely regulated cellular processes including cytokines and other factors locally in the microenvironment and systemically throughout the body. It is questionable as to what extent the central nervous system (CNS) is an immune-privileged organ protected by the blood-brain barrier (BBB). Recent evidence suggests converging pathways through which viral infection, and its associated immune surveillance processes, may alter the integrity of the blood-brain barrier, and lead to inflammation, swelling of the brain parenchyma and associated neurological syndromes. Here, we expand upon the recent "gateway theory", by which viral infection and other immune activation states may disrupt the specialized tight junctions of the BBB endothelium making it permeable to immune cells and factors. The model we outline here builds upon the proposition that this process may actually be initiated by cytokines of the IL-17 family, and recognizing the intimate balance between TH17 and TH9 cytokine profiles systemically. We argue that immune surveillance events, in response to viruses such as the Human Immunodeficiency Virus (HIV), cause a TH17/TH9 induced gateway through blood brain barrier, and thus lead to characteristic neuroimmune pathology. It is possible and even probable that the novel TH17/TH9 induced gateway, which we describe here, opens as a consequence of any state of immune activation and sustained chronic inflammation, whether associated with viral infection or any other cause of peripheral or central neuroinflammation. This view could lead to new, timely and critical patient-centered therapies for patients with neuroimmune pathologies across a variety of etiologies. ABBREVIATIONS: BBB - blood brain barrier, BDV - Borna disease virus, CARD - caspase activation and recruitment domains, CD - clusters of differentiation, CNS - central nervous system, DAMP - damage-associated molecular patterns, DENV - Dengue virus, EBOV - Ebola virus, ESCRT - endosomal sorting complex required for transport-I, HepC - Hepatitis C virus, HIV - human immunodeficiency virus, IFN - interferon, ILn - interleukin-n, IRF-n - interferon regulatory factor-n, MAVS - mitochondrial antiviral-signaling, MBGV - Marburg virus, M-CSF - macrophage colony-stimulating factor, MCP-1 - monocyte chemotactic protein 1 (aka CCL2), MHC - major histocompatibility complex, MIP-alpha beta - macrophage inflammatory protein-1 alpha beta (aka CCL3 & CCL4), MIF - macrophage migration inhibitory factor, NVE - Nipah virus encephalitis, NK - natural killer cell, NLR - NLR, NOD - like receptor, NOD - nucleotide oligomerization domain, PAMP - pathogen-associated molecular patterns, PtdIns - phosphoinositides, PV - Poliovirus, RIG-I - retinoic acid-inducible gene I, RIP - Receptor-interacting protein (RIP) kinase, RLR - RIG-I-like receptor, sICAM1 - soluble intracellular adhesion molecule 1, STAT-3 - signal tranducer and activator of transcription-3, sVCAM1 - soluble vascular cell adhesion molecule 1, TANK - TRAF family member-associated NF- . B activator, TBK1 - TANK-binding kinase 1, TLR - Toll-like receptor, TNF - tumor necrosis factor, TNFR - TNF receptor, TNFRSF21 - tumor necrosis factor receptor superfamily member 21, TRADD TNFR-SF1A - associated via death domain, TRAF TNFR - associated factor, Tregs - regulatory T cellsubpopulation (CD4/8+CD25+FoxP3+), VHF - viral hemorrhagic fever.,��https://www.ncbi.nlm.nih.gov/pubmed/257802816��Barkhordarian, Andre
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Surface Plasmon Resonance
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*Virus Attachment���Mar 10�
�UNLABELLED: Nipah virus and Hendra virus are emerging, highly pathogenic, zoonotic paramyxoviruses that belong to the genus Henipavirus. They infect humans as well as numerous mammalian species. Both viruses use ephrin-B2 and -B3 as cell entry receptors, and following initial entry into an organism, they are capable of rapid spread throughout the host. We have previously reported that Nipah virus can use another attachment receptor, different from its entry receptors, to bind to nonpermissive circulating leukocytes, thereby promoting viral dissemination within the host. Here, this attachment molecule was identified as heparan sulfate for both Nipah virus and Hendra virus. Cells devoid of heparan sulfate were not able to mediate henipavirus trans-infection and showed reduced permissivity to infection. Virus pseudotyped with Nipah virus glycoproteins bound heparan sulfate and heparin but no other glycosaminoglycans in a surface plasmon resonance assay. Furthermore, heparin was able to inhibit the interaction of the viruses with the heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin was shown to bind to ephrin-B3 and to restrain infection of permissive cells in vitro. Consequently, treatment with heparin devoid of anticoagulant activity improved the survival of Nipah virus-infected hamsters. Altogether, these results reveal heparan sulfate as a new attachment receptor for henipaviruses and as a potential therapeutic target for the development of novel approaches against these highly lethal infections. IMPORTANCE: The Henipavirus genus includes two closely related, highly pathogenic paramyxoviruses, Nipah virus and Hendra virus, which cause elevated morbidity and mortality in animals and humans. Pathogenesis of both Nipah virus and Hendra virus infection is poorly understood, and efficient antiviral treatment is still missing. Here, we identified heparan sulfate as a novel attachment receptor used by both viruses to bind host cells. We demonstrate that heparin was able to inhibit the interaction of the viruses with heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin also bound to the viral entry receptor and thereby restricted infection of permissive cells in vitro. Consequently, heparin treatment improved survival of Nipah virus-infected hamsters. These results uncover an important role of heparan sulfate in henipavirus infection and open novel perspectives for the development of heparan sulfate-targeting therapeutic approaches for these emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25759505���Mathieu, Cyrille
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Virus Replication/drug effects���Mayµ	�UNLABELLED: Hydrogen sulfide (H2S) is an endogenous gaseous mediator that has gained increasing recognition as an important player in modulating acute and chronic inflammatory diseases. However, its role in virus-induced lung inflammation is currently unknown. Respiratory syncytial virus (RSV) is a major cause of upper and lower respiratory tract infections in children for which no vaccine or effective treatment is available. Using the slow-releasing H2S donor GYY4137 and propargylglycin (PAG), an inhibitor of cystathionine-gamma-lyase (CSE), a key enzyme that produces intracellular H2S, we found that RSV infection led to a reduced ability to generate and maintain intracellular H2S levels in airway epithelial cells (AECs). Inhibition of CSE with PAG resulted in increased viral replication and chemokine secretion. On the other hand, treatment of AECs with the H2S donor GYY4137 reduced proinflammatory mediator production and significantly reduced viral replication, even when administered several hours after viral absorption. GYY4137 also significantly reduced replication and inflammatory chemokine production induced by human metapneumovirus (hMPV) and Nipah virus (NiV), suggesting a broad inhibitory effect of H2S on paramyxovirus infections. GYY4137 treatment had no effect on RSV genome replication or viral mRNA and protein synthesis, but it inhibited syncytium formation and virus assembly/release. GYY4137 inhibition of proinflammatory gene expression occurred by modulation of the activation of the key transcription factors nuclear factor kappaB (NF-kappaB) and interferon regulatory factor 3 (IRF-3) at a step subsequent to their nuclear translocation. H2S antiviral and immunoregulatory properties could represent a novel treatment strategy for paramyxovirus infections. IMPORTANCE: RSV is a global health concern, causing significant morbidity and economic losses as well as mortality in developing countries. After decades of intensive research, no vaccine or effective treatment, with the exception of immunoprophylaxis, is available for this infection as well as for other important respiratory mucosal viruses. This study identifies hydrogen sulfide as a novel cellular mediator that can modulate viral replication and proinflammatory gene expression, both important determinants of lung injury in respiratory viral infections, with potential for rapid translation of such findings into novel therapeutic approaches for viral bronchiolitis and pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/25740991r��Li, Hui
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Technology, Pharmaceutical/*instrumentation���Jan-Feb´��High-throughput screening (HTS) has been integrated into the drug discovery process, and multiple assay formats have been widely used in many different disease areas but with limited focus on infectious agents. In recent years, there has been an increase in the number of HTS campaigns using infectious wild-type pathogens rather than surrogates or biochemical pathogen-derived targets. Concurrently, enhanced emerging pathogen surveillance and increased human mobility have resulted in an increase in the emergence and dissemination of infectious human pathogens with serious public health, economic, and social implications at global levels. Adapting the HTS drug discovery process to biocontainment laboratories to develop new drugs for these previously uncharacterized and highly pathogenic agents is now feasible, but HTS at higher biosafety levels (BSL) presents a number of unique challenges. HTS has been conducted with multiple bacterial and viral pathogens at both BSL-2 and BSL-3, and pilot screens have recently been extended to BSL-4 environments for both Nipah and Ebola viruses. These recent successful efforts demonstrate that HTS can be safely conducted at the highest levels of biological containment. This review outlines the specific issues that must be considered in the execution of an HTS drug discovery program for high-containment pathogens. We present an overview of the requirements for HTS in high-level biocontainment laboratories.,��https://www.ncbi.nlm.nih.gov/pubmed/25710545ë��Rasmussen, Lynn
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meningoencephalitis���Mar°��CASE REPORT: This report summarises the findings from a case of naturally-occurring Murray Valley encephalitis in a 2-year-old filly presenting with acute onset of depression and weakness. Serum samples tested at the onset of clinical signs were negative for Hendra and Kunjin virus antibodies, but positive for Murray Valley encephalitis virus (MVEV) using IgM-capture ELISA (1 : 300 dilution). A virus neutralisation assay performed 4 weeks later confirmed a titre of 1 : 160. Sera collected in the weeks preceding neurological signs returned a negative titre for MVEV 2 weeks prior followed by a titre of 1:80 in the week prior to illness. Serological surveillance conducted on 67 co-located horses returned a positive titre of 1 : 20 in one in-contact horse. There was no history of clinical disease in that horse. At 3 months after the onset of clinical signs in the index case, the filly continued to show mild facial paresis and hypermetria; the owners elected euthanasia and gave permission for necropsy. Histopathological analysis of the brain showed a mild meningoencephalitis. CONCLUSION: The progression of a naturally-occurring MVEV infection in a horse has been documented in this case.,��https://www.ncbi.nlm.nih.gov/pubmed/25708787���Barton, A J
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Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25706617C��Johnston, Sara C
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Viral Proteins/*metabolism ��Bats of different species play a major role in the emergence and transmission of highly pathogenic viruses including Ebola virus, SARS-like coronavirus and the henipaviruses. These viruses require proteolytic activation of surface envelope glycoproteins needed for entry, and cellular cathepsins have been shown to be involved in proteolysis of glycoproteins from these distinct virus families. Very little is currently known about the available proteases in bats. To determine whether the utilization of cathepsins by bat-borne viruses is related to the nature of proteases in their natural hosts, we examined proteolytic processing of several viral fusion proteins in cells derived from two fruit bat species, Pteropus alecto and Rousettus aegyptiacus. Our work shows that fruit bat cells have homologs of cathepsin and furin proteases capable of cleaving and activating both the cathepsin-dependent Hendra virus F and the furin-dependent parainfluenza virus 5 F proteins. Sequence analysis comparing Pteropus alecto furin and cathepsin L to proteases from other mammalian species showed a high degree of conservation; however significant amino acid variation occurs at the C-terminus of Pteropus alecto furin. Further analysis of furin-like proteases from fruit bats revealed that these proteases are catalytically active and resemble other mammalian furins in their response to a potent furin inhibitor. However, kinetic analysis suggests that differences may exist in the cellular localization of furin between different species. Collectively, these results indicate that the unusual role of cathepsin proteases in the life cycle of bat-borne viruses is not due to the lack of active furin-like proteases in these natural reservoir species; however, differences may exist between furin proteases present in fruit bats compared to furins in other mammalian species, and these differences may impact protease usage for viral glycoprotein processing.,��https://www.ncbi.nlm.nih.gov/pubmed/25706132���El Najjar, Farah
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Zinc���Aprr��The recent proposal of using Zn-based alloys for biodegradable implants was not supported with sufficient toxicity data. This work, for the first time, presents a thorough cytotoxicity evaluation of Zn-3Mg alloy for biodegradable bone implants. Normal human osteoblast cells were exposed to the alloy's extract and three main cell-material interaction parameters: cell health, functionality and inflammatory response, were evaluated. Results showed that at the concentration of 0.75mg/ml alloy extract, cell viability was reduced by ~50% through an induction of apoptosis at day 1; however, cells were able to recover at days 3 and 7. Cytoskeletal changes were observed but without any significant DNA damage. The downregulation of alkaline phosphatase protein levels did not significantly affect the mineralization process of the cells. Significant differences of cyclooxygenase-2 and prostaglandin E2 inflammatory biomarkers were noticed, but not interleukin 1-beta, indicating that the cells underwent a healing process after exposure to the alloy. Detailed analysis on the cell-material interaction is further discussed in this paper.,��https://www.ncbi.nlm.nih.gov/pubmed/25686984ê��Murni, N S
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Seasons���Jun§��Hendra virus (HeV) is lethal to humans and horses, and little is known about its epidemiology. Biosecurity restrictions impede advances, particularly on understanding pathways of transmission. Quantifying the environmental survival of HeV can be used for making decisions and to infer transmission pathways. We estimated HeV survival with a Weibull distribution and calculated parameters from data generated in laboratory experiments. HeV survival rates based on air temperatures 24 h after excretion ranged from 2 to 10 % in summer and from 12 to 33 % in winter. Simulated survival across the distribution of the black flying fox (Pteropus alecto), a key reservoir host, did not predict spillover events. Based on our analyses we concluded that the most likely pathways of transmission did not require long periods of virus survival and were likely to involve relatively direct contact with flying fox excreta shortly after excretion.,��https://www.ncbi.nlm.nih.gov/pubmed/25667321���Martin, Gerardo
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Rhinitis virus���Apr§��Many viral agents have been associated with respiratory disease of the horse. The most important viral causes of respiratory disease in horses are equine influenza and the equine alphaherpesviruses. Agents such as equine viral arteritis virus, African horse sickness virus, and Hendra virus establish systemic infections. Clinical signs of disease resulting from infection with these agents can manifest as respiratory disease, but the respiratory tract is not the major body system affected by these viruses. Treatment of viral respiratory disease is generally limited to supportive therapies, whereas targeted antimicrobial therapy is effective in cases of bacterial infection.,��https://www.ncbi.nlm.nih.gov/pubmed/25648568Ï��Gilkerson, James R
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Small-angle X-ray scattering���Mar���Nipah and Hendra viruses are recently emerged paramyxoviruses belonging to the Henipavirus genus. The Henipavirus phosphoprotein (P) consists of a large intrinsically disordered domain and a C-terminal domain (PCT) containing alternating disordered and ordered regions. Among these latter is the P multimerization domain (PMD). Using biochemical, analytical ultracentrifugation and small-angle X-ray scattering (SAXS) studies, we show that Hendra virus (HeV) PMD forms an elongated coiled-coil homotrimer in solution, in agreement with our previous findings on Nipah virus (NiV) PMD. However, the orientation of the N-terminal region differs from that observed in solution for NiV PMD, consistent with the ability of this region to adopt different conformations. SAXS studies provided evidence for a trimeric organization also in the case of PCT, thus extending and strengthening our findings on PMD. The present results are discussed in light of conflicting reports in the literature pointing to a tetrameric organization of paramyxoviral P proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/25637789Æ��Beltrandi, Matilde
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encephalitis���Mar���Hendra virus and Nipah virus are closely related, recently emerged zoonotic paramyxoviruses, belonging to the Henipavirus genus. Both viruses induce generalized vasculitis affecting particularly the respiratory tract and CNS. The exceptionally broad species tropism of Henipavirus, the high case fatality rate and person-to-person transmission associated with Nipah virus outbreaks emphasize the necessity of effective antiviral strategies for these intriguing threatening pathogens. Current therapeutic approaches, validated in animal models, target early steps in viral infection; they include the use of neutralizing virus-specific antibodies and blocking membrane fusion with peptides that bind the viral fusion protein. A better understanding of Henipavirus pathogenesis is critical for the further advancement of antiviral treatment, and we summarize here the recent progress in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/25634624Î��Mathieu, Cyrille
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Multi-epitope peptide vaccination���Mar 3���BACKGROUND: Peptide vaccination based on multiple T-cell epitopes can be used to target well-defined ethnic populations. Because the response to T-cell epitopes is restricted by HLA proteins, the HLA specificity of T-cell epitopes becomes a major consideration for epitope-based vaccine design. We have previously shown that CD4+ T-cell epitopes restricted by 95% of human MHC class II proteins can be predicted with high-specificity. METHODS: We describe here the integration of epitope prediction with population coverage and epitope selection algorithms. The population coverage assessment makes use of the Allele Frequency Net Database. We present the computational platform Predivac-2.0 for HLA class II-restricted epitope-based vaccine design, which accounts comprehensively for human genetic diversity. RESULTS: We validated the performance of the tool on the identification of promiscuous and immunodominant CD4+ T-cell epitopes from the human immunodeficiency virus (HIV) protein Gag. We further describe an application for epitope-based vaccine design in the context of emerging infectious diseases associated with Lassa, Nipah and Hendra viruses. Putative CD4+ T-cell epitopes were mapped on the surface glycoproteins of these pathogens and are good candidates to be experimentally tested, as they hold potential to provide cognate help in vaccination settings in their respective target populations. CONCLUSION: Predivac-2.0 is a novel approach in epitope-based vaccine design, particularly suited to be applied to virus-related emerging infectious diseases, because the geographic distributions of the viruses are well defined and ethnic populations in need of vaccination can be determined ("ethnicity-oriented approach"). Predivac-2.0 is accessible through the website http://predivac.biosci.uq.edu.au/.,��https://www.ncbi.nlm.nih.gov/pubmed/25629524ö��Oyarzun, Patricio
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Young Adult���Feb)��Acute encephalitis is a severe neurologic syndrome. Determining etiology from among approximately 100 possible agents is difficult. To identify infectious etiologies of encephalitis in Thailand, we conducted surveillance in 7 hospitals during July 2003-August 2005 and selected patients with acute onset of brain dysfunction with fever or hypothermia and with abnormalities seen on neuroimages or electroencephalograms or with cerebrospinal fluid pleocytosis. Blood and cerebrospinal fluid were tested for >30 pathogens. Among 149 case-patients, median age was 12 (range 0-83) years, 84 (56%) were male, and 15 (10%) died. Etiology was confirmed or probable for 54 (36%) and possible or unknown for 95 (64%). Among confirmed or probable etiologies, the leading pathogens were Japanese encephalitis virus, enteroviruses, and Orientia tsutsugamushi. No samples were positive for chikungunya, Nipah, or West Nile viruses; Bartonella henselae; or malaria parasites. Although a broad range of infectious agents was identified, the etiology of most cases remains unknown.,��https://www.ncbi.nlm.nih.gov/pubmed/25627940"��Olsen, Sonja J
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Serotyping���Feb���We measured the performance of exposure screening questions to identify Nipah virus encephalitis in hospitalized encephalitis patients during the 2012-13 Nipah virus season in Bangladesh. The sensitivity (93%), specificity (82%), positive predictive value (37%), and negative predictive value (99%) results suggested that screening questions could more quickly identify persons with Nipah virus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/25625615S��Sazzad, Hossain M S
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Vaccine designing���Decø��Identification of Nipah virus (NiV) T-cell-specific antigen is urgently needed for appropriate diagnostic and vaccination. In the present study, prediction and modeling of T-cell epitopes of Nipah virus antigenic proteins nucleocapsid, phosphoprotein, matrix, fusion, glycoprotein, L protein, W protein, V protein and C protein followed by the binding simulation studies of predicted highest binding scorers with their corresponding MHC class I alleles were done. Immunoinformatic tool ProPred1 was used to predict the promiscuous MHC class I epitopes of viral antigenic proteins. The molecular modelings of the epitopes were done by PEPstr server. And alleles structure were predicted by MODELLER 9.10. Molecular dynamics (MD) simulation studies were performed through the NAMD graphical user interface embedded in visual molecular dynamics. Epitopes VPATNSPEL, NPTAVPFTL and LLFVFGPNL of Nucleocapsid, V protein and Fusion protein have considerable binding energy and score with HLA-B7, HLA-B*2705 and HLA-A2MHC class I allele, respectively. These three predicted peptides are highly potential to induce T-cell-mediated immune response and are expected to be useful in designing epitope-based vaccines against Nipah virus after further testing by wet laboratory studies.,��https://www.ncbi.nlm.nih.gov/pubmed/28324411���Kamthania, Mohit
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064���Garner, Omai B
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Viruses/genetics/*isolation & purification���DecM��Bats are reservoir hosts of several high-impact viruses that cause significant human diseases, including Nipah virus, Marburg virus and rabies virus. They also harbor many other viruses that are thought to have caused disease in humans after spillover into intermediate hosts, including SARS and MERS coronaviruses. As is usual with reservoir hosts, these viruses apparently cause little or no pathology in bats. Despite the importance of bats as reservoir hosts of zoonotic and potentially zoonotic agents, virtually nothing is known about the host/virus relationships; principally because few colonies of bats are available for experimental infections, a lack of reagents, methods and expertise for studying bat antiviral responses and immunology, and the difficulty of conducting meaningful field work. These challenges can be addressed, in part, with new technologies that are species-independent that can provide insight into the interactions of bats and viruses, which should clarify how the viruses persist in nature, and what risk factors might facilitate transmission to humans and livestock.,��https://www.ncbi.nlm.nih.gov/pubmed/25494448o��Schountz, Tony
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viral proteins���Jan 19÷��We provide an atomic-resolution description based on NMR spectroscopy, of the intrinsically disordered C-terminal domain of the Nipah virus nucleoprotein (NTAIL ), both in its isolated state and within the nucleocapsid (NC). Within the NC the second half of NTAIL retains conformational behavior similar to that of isolated NTAIL , whereas the first half of NTAIL becomes much more rigid. In spite of the mostly disordered nature of NTAIL , chemical shifts and relaxation measurements show a significant degree of alpha-helical sampling in the molecular recognition element (MoRE) involved in binding to the X domain (XD) of the phosphoprotein, with this preconfiguration being more pronounced than in the NTAIL domain from the cognate Hendra virus. Outside the MoRE, an additional region exhibiting reduced flexibility was identified within NTAIL and found to be involved in binding to the XD. (1) H- and (13) C-detected titration NMR experiments support a highly dynamic binding of NTAIL at the surface of the XD.,��https://www.ncbi.nlm.nih.gov/pubmed/25492314õ��Baronti, Lorenzo
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Venous Thrombosis/economics/*prevention & control/psychology���Decº��BACKGROUND: The results of the CLOTS 3 trial showed that intermittent pneumatic compression (IPC) reduced the risk of deep vein thrombosis and improved survival in immobile patients with stroke. IPC is now being widely used in stroke units. Here we describe the disability, living circumstances, quality of life, and hospital costs of patients in CLOTS 3. METHODS: In CLOTS 3, a parallel group trial in 94 UK hospitals, immobile patients with stroke from days 0 to 3 of admission were assigned with a computer-generated allocation sequence in a 1:1 ratio to IPC or no IPC through a central randomisation system. We followed up patients at about 6 months with postal or telephone questionnaire to assess the secondary endpoints: disability (Oxford Handicap Scale [OHS]), living circumstances, health-related quality of life (EQ5D-3L), and hospital costs (based on use of IPC and length of hospital stay). Patients and carers who completed the postal questionnaires were not masked to treatment allocation, but telephone follow-up in non-responders was masked. All analyses were by intention to treat. This trial is registered, number ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, we enrolled 2876 patients, with 1438 in each group. Despite the previously reported reduction in the risk of proximal deep vein thrombosis at 30 days (primary endpoint), there were no significant differences in disability (OHS 0-2 vs 3-6, adjusted odds ratio [OR] 0.98, 95% CI 0.80 to 1.19, p=0.83; adjusted ordinal analysis common OR 0.97, 95% CI 0.86 to 1.11), living circumstances (institutional care vs not; adjusted OR 1.11, 95% CI 0.89 to 1.37; p=0.358), or health-related quality of life (median utility value 0.26, IQR -0.07 to 0.66 with IPC, and 0.27, -0.06 to 0.64, with no IPC; p=0.952). The estimated cost of IPC was pound64.10 per patient (SD 28.3). The direct costs of preventing a deep vein thrombosis and death were pound1282 (95% CI 785 to 3077) and pound2756 (1346 to not estimable), respectively, with IPC. Hospital costs increased by pound451 with IPC compared with no IPC because of a longer stay in hospital (mean 44.5 days [SD 37.6] vs 42.8 days [37.2]; mean difference 1.8 days, 95% CI -1.0 to 4.5). By 6 months, despite an increase in survival (IPC 152.5 days [SD 60.6] vs no IPC 148.1 days [64.3]; mean difference 4.5 days, 95% CI -0.2 to 9.1), there was a non-significant increase in quality-adjusted survival associated with IPC (IPC 27.6 days [SD 40.6] vs no IPC 26.7 days [39.6]; mean difference 0.9 days, 95% CI -2.1 to 3.9). INTERPRETATION: IPC is inexpensive, prevents deep vein thrombosis, improves survival but not functional outcomes, and does not lead to a significant gain in quality-adjusted survival. When deciding whether to treat patients with IPC, clinicians need to take into account all these potential effects. FUNDING: National Institute of Health Research Health Technology Assessment Programme, Chief Scientist Office of Scottish Government, and Covidien.,��https://www.ncbi.nlm.nih.gov/pubmed/25453458S��(Clots in Legs Or sTockings after Stroke)
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*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
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*Virus Assembly���Nov 27u��BACKGROUND: Hendra virus (HeV) is a pleomorphic virus belonging to the Paramyxovirus family. Our long-term aim is to understand the process of assembly of HeV virions. As a first step, we sought to determine the most appropriate cell culture system with which to study this process, and then to use this model to define the morphology of the virus and identify the site of assembly by imaging key virus encoded proteins in infected cells. METHODS: A range of primary cells and immortalised cell lines were infected with HeV, fixed at various time points post-infection, labelled for HeV proteins and imaged by confocal, super-resolution and transmission electron microscopy. RESULTS: Significant differences were noted in viral protein distribution depending on the infected cell type. At 8 hpi HeV G protein was detected in the endoplasmic reticulum and M protein was seen predominantly in the nucleus in all cells tested. At 18 hpi, HeV-infected Vero cells showed M and G proteins throughout the cell and in transmission electron microscope (TEM) sections, in pleomorphic virus-like structures. In HeV infected MDBK, A549 and HeLa cells, HeV M protein was seen predominantly in the nucleus with G protein at the membrane. In HeV-infected primary bovine and porcine aortic endothelial cells and two bat-derived cell lines, HeV M protein was not seen at such high levels in the nucleus at any time point tested (8,12, 18, 24, 48 hpi) but was observed predominantly at the cell surface in a punctate pattern co-localised with G protein. These HeV M and G positive structures were confirmed as round HeV virions by TEM and super-resolution (SR) microscopy. SR imaging demonstrated for the first time sub-virion imaging of paramyxovirus proteins and the respective localisation of HeV G, M and N proteins within virions. CONCLUSION: These findings provide novel insights into the structure of HeV and show that for HeV imaging studies the choice of tissue culture cells may affect the experimental results. The results also indicate that HeV should be considered a predominantly round virus with a mean diameter of approximately 280 nm by TEM and 310 nm by SR imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/25428656ù��Monaghan, Paul
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hantavirus pulmonary syndromer��Emerging infectious diseases of zoonotic origin are shaping today's infectious disease field more than ever. In this article, we introduce and review three emerging zoonotic viruses. Novel hantaviruses emerged in the Americas in the mid-1990s as the cause of severe respiratory infections, designated hantavirus pulmonary syndrome, with case fatality rates of around 40%. Nipah virus emerged a few years later, causing respiratory infections and encephalitis in Southeast Asia, with case fatality rates ranging from 40% to more than 90%. A new coronavirus emerged in 2012 on the Arabian Peninsula with a clinical syndrome of acute respiratory infections, later designated as Middle East respiratory syndrome (MERS), and an initial case fatality rate of more than 40%. Our current state of knowledge on the pathogenicity of these three severe, emerging viral infections is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25423349á��Safronetz, David
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Water/*chemistry���Dec 26ë��The dynamical properties of water at protein-water interfaces are unlike those in the bulk. Here we utilize molecular dynamics simulations to study water dynamics in interstitial regions between two proteins. We consider two natural protein-protein complexes, one in which the Nipah virus G protein binds to cellular ephrin B2 and the other in which the same G protein binds to ephrin B3. While the two complexes are structurally similar, the two ephrins share only a modest sequence identity of approximately 50%. X-ray crystallography also suggests that these interfaces are fairly extensive and contain exceptionally large amounts of waters. We find that while the interstitial waters tend to occupy crystallographic sites, almost all waters exhibit residence times of less than hundred picoseconds in the interstitial region. We also find that while the differences in the sequence of the two ephrins result in quantitative differences in the dynamics of interstitial waters, the trends in the shifts with respect to bulk values are similar. Despite the high wetness of the protein-protein interfaces, the dynamics of interstitial waters are considerably slower compared to the bulk-the interstitial waters diffuse an order of magnitude slower and have 2-3 fold longer hydrogen bond lifetimes and 2-1000 fold slower dipole relaxation rates. To understand the role of interstitial waters, we examine how implicit solvent models compare against explicit solvent models in producing ephrin-induced shifts in the G conformational density. Ephrin-induced shifts in the G conformational density are critical to the allosteric activation of another viral protein that mediates fusion. We find that in comparison with the explicit solvent model, the implicit solvent model predicts a more compact G-B2 interface, presumably because of the absence of discrete waters at the G-B2 interface. Simultaneously, we find that the two models yield strikingly different induced changes in the G conformational density, even for those residues whose conformational densities in the apo state are unaffected by the treatment of the bulk solvent. Together, these results show that the explicit treatment of interstitial water molecules is necessary for a proper description of allosteric transitions.,��https://www.ncbi.nlm.nih.gov/pubmed/25420132»��Dutta, Priyanka
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��69 Suppl A���Augq��Between September 1998 to May 1999, Malaysia and Singapore were hit by an outbreak of fatal encephalitis caused by a novel virus from the paramyxovirus family. This virus was subsequently named as Nipah virus, after the Sungei Nipah village in Negeri Sembilan, where the virus was first isolated. The means of transmission was thought to be from bats-topigs and subsequently pigs-to-human. Since 2001, almost yearly outbreak of Nipah encephalitis has been reported from Bangladesh and West Bengal, India. These outbreaks were characterized by direct bats-to-human, and human-to-human spread of infection. Nipah virus shares many similar characteristics to Hendra virus, first isolated in an outbreak of respiratory illness involving horses in Australia in 1994. Because of their homology, a new genus called Henipavirus (Hendra + Nipah) was introduced. Henipavirus infection is a human disease manifesting most often as acute encephalitis (which may be relapsing or late-onset) or pneumonia, with a high mortality rate. Pteropus bats act as reservoir for the virus, which subsequently lead to human spread. Transmission may be from consumption of food contaminated by bats secretion, contact with infected animals, or human-to-human spread. With wide geographical distribution of Pteropus bats, Henipavirus infection has become an important emerging human infection with worldwide implication.,��https://www.ncbi.nlm.nih.gov/pubmed/25417957b��Sherrini, B A
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��69 Suppl A���AugO��This article describes the methodology of this bibliography. A search was conducted on the following: (1) bibliographic databases (PubMed, Scopus, and other databases) using search terms that maximize the retrieval of Malaysian publications; (2) Individual journal search of Malaysian healthrelated journals; (3) A targeted search of Google and Google Scholar; (4) Searching of Malaysian institutional repositories; (5) Searching of Ministry of Health and Clinical Research Centre website. The publication years were limited to 2000- 2013. The citations were imported or manually entered into bibliographic software Refworks. After removing duplicates, and correcting data entry errors, PubMed's Medical Subject Headings (MeSH terms) were added. Clinical research is coded using the definition "patient-oriented-research or research conducted with human subjects (or on material of human origin) for which the investigator directly interacts with the human subjects at some point during the study." A bibliography of citations [n=2056] that fit the criteria of clinical research in Malaysia in selected topics within five domains was generated: Cancers [589], Cardiovascular diseases [432], Infections [795], Injuries [142], and Mental Health [582]. This is done by retrieving citations with the appropriate MESH terms, as follow: For cancers (Breast Neoplasms; Colorectal Neoplasms; Uterine Cervical Neoplasms), for cardiovascular diseases (Coronary Disease; Hypertension; Stroke), for infections (Dengue; Enterovirus Infections, HIV Infections; Malaria; Nipah Virus; Tuberculosis), for injuries (Accidents, Occupational; Accidents, Traffic; Child Abuse; Occupational Injuries), for mental health (Depression; Depressive Disorder; Depressive Disorder, Major; Drug Users; Psychotic Disorders; Suicide; Suicide, Attempted; Suicidal Ideation; Substance- Related Disorders).,��https://www.ncbi.nlm.nih.gov/pubmed/25417946q��Teng, C L
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Swine Diseases/blood/*epidemiology/virology���Novî��BACKGROUND: Nipah virus (NiV) is an emerging disease that causes severe encephalitis and respiratory illness in humans. Pigs were identified as an intermediate host for NiV transmission in Malaysia. In Bangladesh, NiV has caused recognized human outbreaks since 2001 and three outbreak investigations identified an epidemiological association between close contact with sick or dead animals and human illness. METHODOLOGY: We examined cattle and goats reared around Pteropus bat roosts in human NiV outbreak areas. We also tested pig sera collected under another study focused on Japanese encephalitis. PRINCIPAL FINDINGS: We detected antibodies against NiV glycoprotein in 26 (6.5%) cattle, 17 (4.3%) goats and 138 (44.2%) pigs by a Luminex-based multiplexed microsphere assay; however, these antibodies did not neutralize NiV. Cattle and goats with NiVsG antibodies were more likely to have a history of feeding on fruits partially eaten by bats or birds (PR=3.1, 95% CI 1.6-5.7) and drinking palmyra palm juice (PR=3.9, 95% CI 1.5-10.2). CONCLUSIONS: This difference in test results may be due to the exposure of animals to one or more novel viruses with antigenic similarity to NiV. Further research may identify a novel organism of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/25412358r��Chowdhury, Sukanta
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Zoonoses/blood/immunology���Nov 18X��Zoonotic transmission of lethal henipaviruses (HNVs) from their natural fruit bat reservoirs to humans has only been reported in Australia and South/Southeast Asia. However, a recent study discovered numerous HNV clades in African bat samples. To determine the potential for HNV spillover events among humans in Africa, here we examine well-curated sets of bat (Eidolon helvum, n = 44) and human (n = 497) serum samples from Cameroon for Nipah virus (NiV) cross-neutralizing antibodies (NiV-X-Nabs). Using a vesicular stomatitis virus (VSV)-based pseudoparticle seroneutralization assay, we detect NiV-X-Nabs in 48% and 3-4% of the bat and human samples, respectively. Seropositive human samples are found almost exclusively in individuals who reported butchering bats for bushmeat. Seropositive human sera also neutralize Hendra virus and Gh-M74a (an African HNV) pseudoparticles, as well as live NiV. Butchering bat meat and living in areas undergoing deforestation are the most significant risk factors associated with seropositivity. Evidence for HNV spillover events warrants increased surveillance efforts.,��https://www.ncbi.nlm.nih.gov/pubmed/25405640í��Pernet, Olivier
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Virus Replication/genetics®��BACKGROUND: Bats are a major reservoir of emerging infectious viruses. Many of these viruses are highly pathogenic to humans however bats remain asymptomatic. The mechanism by which bats control viral replication is unknown. Here we utilize an integrated approach of proteomics informed by transcriptomics to compare the response of immortalized bat and human cells following infection with the highly pathogenic bat-borne Hendra virus (HeV). RESULTS: The host response between the cell lines was significantly different at both the mRNA and protein levels. Human cells demonstrated minimal response eight hours post infection, followed by a global suppression of mRNA and protein abundance. Bat cells demonstrated a robust immune response eight hours post infection, which led to the up-regulation of apoptosis pathways, mediated through the tumor necrosis factor-related apoptosis inducing ligand (TRAIL). HeV sensitized bat cells to TRAIL-mediated apoptosis, by up-regulating death receptor transcripts. At 48 and 72 hours post infection, bat cells demonstrated a significant increase in apoptotic cell death. CONCLUSIONS: This is the first study to comprehensively compare the response of bat and human cells to a highly pathogenic zoonotic virus. An early induction of innate immune processes followed by apoptosis of virally infected bat cells highlights the possible involvement of programmed cell death in the host response. Our study shows for the first time a side-by-side high-throughput analysis of a dangerous zoonotic virus in cell lines derived from humans and the natural bat host. This enables a way to search for divergent mechanisms at a molecular level that may influence host pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/25398248���Wynne, James W
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emerging infectious diseases of bat origin
severe acute respiratory syndrome coronavirus���Jan 7ß��Viruses that originate in bats may be the most notorious emerging zoonoses that spill over from wildlife into domestic animals and humans. Understanding how these infections filter through ecological systems to cause disease in humans is of profound importance to public health. Transmission of viruses from bats to humans requires a hierarchy of enabling conditions that connect the distribution of reservoir hosts, viral infection within these hosts, and exposure and susceptibility of recipient hosts. For many emerging bat viruses, spillover also requires viral shedding from bats, and survival of the virus in the environment. Focusing on Hendra virus, but also addressing Nipah virus, Ebola virus, Marburg virus and coronaviruses, we delineate this cross-species spillover dynamic from the within-host processes that drive virus excretion to land-use changes that increase interaction among species. We describe how land-use changes may affect co-occurrence and contact between bats and recipient hosts. Two hypotheses may explain temporal and spatial pulses of virus shedding in bat populations: episodic shedding from persistently infected bats or transient epidemics that occur as virus is transmitted among bat populations. Management of livestock also may affect the probability of exposure and disease. Interventions to decrease the probability of virus spillover can be implemented at multiple levels from targeting the reservoir host to managing recipient host exposure and susceptibility.,��https://www.ncbi.nlm.nih.gov/pubmed/25392474���Plowright, Raina K
Eby, Peggy
Hudson, Peter J
Smith, Ina L
Westcott, David
Bryden, Wayne L
Middleton, Deborah
Reid, Peter A
McFarlane, Rosemary A
Martin, Gerardo
Tabor, Gary M
Skerratt, Lee F
Anderson, Dale L
Crameri, Gary
Quammen, David
Jordan, David
Freeman, Paul
Wang, Lin-Fa
Epstein, Jonathan H
Marsh, Glenn A
Kung, Nina Y
McCallum, Hamish
eng
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Review
England
2014/11/14 06:00
Proc Biol Sci. 2015 Jan 7;282(1798):20142124. doi: 10.1098/rspb.2014.2124.*��1471-2954 (Electronic)
0962-8452 (Linking)
��PMC4262174���25392474?��Department of Microbiology and Immunology, Montana State University, Bozeman, MT 59717, USA Center for Infectious Disease Dynamics, Pennsylvania State University, State College, PA, USA raina.plowright@montana.edu.
School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, New South Wales 2052, Australia.
Center for Infectious Disease Dynamics, Pennsylvania State University, State College, PA, USA.
New and Emerging Zoonotic Diseases, CSIRO, Australian Animal Health Laboratory, East Geelong, Victoria 3220, Australia.
CSIRO Ecosystem Sciences and Tropical Environment and Sustainability Sciences, James Cook University, Atherton, Queensland 4883, Australia.
Equine Research Unit, School of Agriculture and Food Sciences, University of Queensland, Gatton, Queensland 4343, Australia.
Equine Veterinary Surgeon, Brisbane, Queensland 4034, Australia.
National Centre for Epidemiology and Population Health, Australian National University, Canberra 0200, Australia.
School of Public Health, Tropical Medicine and Rehabilitation Sciences, James Cook University, Townsville, Queensland 4811, Australia.
Center for Large Landscape Conservation, Bozeman, MT 59771, USA.
414 South Third Avenue, Bozeman, MT 59715, USA.
New South Wales Department of Primary Industries, 1423 Bruxner Highway, Wollongbar, New South Wales 2477, Australia.
New and Emerging Zoonotic Diseases, CSIRO, Australian Animal Health Laboratory, East Geelong, Victoria 3220, Australia Program in Emerging Infectious Diseases, Duke-NUS Graduate Medical School, Singapore 169857.
EcoHealth Alliance, New York, NY 10001, USA.
Animal Biosecurity and Welfare Program, Biosecurity Queensland, Department of Agriculture, Fisheries and Forestry, Brisbane, Queensland 4001, Australia.
Griffith School of Environment, Griffith University, Brisbane 4111, Australia.���10.1098/rspb.2014.2124����¸��üÒtÿî?Z������Yun, T.
Park, A.
Hill, T. E.
Pernet, O.
Beaty, S. M.
Juelich, T. L.
Smith, J. K.
Zhang, L.
Wang, Y. E.
Vigant, F.
Gao, J.
Wu, P.
Lee, B.
Freiberg, A. N.���2015Þ��Efficient reverse genetics reveals genetic determinants of budding and fusogenic differences between Nipah and Hendra viruses and enables real-time monitoring of viral spread in small animal models of henipavirus infection���1242-53���J Virol���89���2���Animals
*Disease Models, Animal
Genetic Complementation Test
Hendra Virus/*physiology
Henipavirus Infections/*virology
Humans
Mice, Knockout
Nipah Virus/*physiology
Recombination, Genetic
Reverse Genetics
Viral Tropism
*Virus Internalization
*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218ì��Yun, Tatyana
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pathology
virology���Jan¶��Viruses cause a wide range of human diseases, ranging from acute self-resolving conditions to acute fatal diseases. Effects that arise long after the primary infection can also increase the propensity for chronic conditions or lead to the development of cancer. Recent advances in the fields of virology and pathology have been fundamental in improving our understanding of viral pathogenesis, in providing improved vaccination strategies and in developing newer, more effective treatments for patients worldwide. The reviews assembled here focus on the interface between virology and pathology and encompass aspects of both the clinical pathology of viral disease and the underlying disease mechanisms. Articles on emerging diseases caused by Ebola virus, Marburg virus, coronaviruses such as SARS and MERS, Nipah virus and noroviruses are followed by reviews of enteroviruses, HIV infection, measles, mumps, human respiratory syncytial virus (RSV), influenza, cytomegalovirus (CMV) and varicella zoster virus (VZV). The issue concludes with a series of articles reviewing the relationship between viruses and cancer, including the role played by Epstein-Barr virus (EBV) in the pathogenesis of lymphoma and carcinoma; how human papillomaviruses (HPVs) are involved in the development of skin cancer; the involvement of hepatitis B virus infection in hepatocellular carcinoma; and the mechanisms by which Kaposi's sarcoma-associated herpesvirus (KSHV) leads to Kaposi's sarcoma. We hope that this collection of articles will be of interest to a wide range of scientists and clinicians at a time when there is a renaissance in the appreciation of the power of pathology as virologists dissect the processes of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/25366544���Herrington, C S
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897{��Johnson, John B
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204~��Zumbrun, E E
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tropism���Jant��Nipah virus is a paramyxovirus in the genus Henipavirus, which has caused outbreaks in humans in Malaysia, India, Singapore, and Bangladesh. Whereas the human cases in Malaysia were characterized mainly by neurological symptoms and a case fatality rate of approximately 40%, cases in Bangladesh also exhibited respiratory disease and had a case fatality rate of approximately 70%. Here, we compared the histopathologic changes in the respiratory tract of Syrian hamsters, a well-established small animal disease model for Nipah virus, inoculated oronasally with Nipah virus isolates from human cases in Malaysia and Bangladesh. The Nipah virus isolate from Bangladesh caused slightly more severe rhinitis and bronchointerstitial pneumonia 2 days after inoculation in Syrian hamsters. By day 4, differences in lesion severity could no longer be detected. Immunohistochemistry demonstrated Nipah virus antigen in the nasal cavity and pulmonary lesions; the amount of Nipah virus antigen present correlated with lesion severity. Immunohistochemistry indicated that both Nipah virus isolates exhibited endotheliotropism in small- and medium-caliber arteries and arterioles, but not in veins, in the lung. This correlated with the location of ephrin B2, the main receptor for Nipah virus, in the vasculature. In conclusion, Nipah virus isolates from outbreaks in Malaysia and Bangladesh caused a similar type and severity of respiratory tract lesions in Syrian hamsters, suggesting that the differences in human disease reported in the outbreaks in Malaysia and Bangladesh are unlikely to have been caused by intrinsic differences in these 2 virus isolates.,��https://www.ncbi.nlm.nih.gov/pubmed/25352203$��Baseler, L
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Pediatrics���Encephalitis is caused by inflammation and/or infection of the brain. It is a important condition in Asian children in whom it is most frequently caused by Japanese encephalitis virus, associated with a considerable burden of disease. Other common causes in Asia include: enteroviruses (especially enterovirus 71), dengue, influenza, the herpesviruses, measles, mumps and rubella viruses. Rabies continues to result in high mortality mostly in Asian children, which represents missed opportunities for prevention. Asia has also seen a number of emerging viral encephalitides including: Nipah, chikungunya, Chandipura and Me Tri viruses. We review the aetiology, epidemiology and outcome of encephalitis in Asian children and identify priorities for public health practice and research.,��https://www.ncbi.nlm.nih.gov/pubmed/25336078���Britton, Philip N
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�UNLABELLED: The emerging zoonotic pathogens Hendra virus (HeV) and Nipah virus (NiV) are in the genus Henipavirus in the family Paramyxoviridae. HeV and NiV infections can be highly fatal to humans and livestock. The goal of this study was to develop candidate vaccines against henipaviruses utilizing two well-established rhabdoviral vaccine vector platforms, recombinant rabies virus (RABV) and recombinant vesicular stomatitis virus (VSV), expressing either the codon-optimized or the wild-type (wt) HeV glycoprotein (G) gene. The RABV vector expressing the codon-optimized HeV G showed a 2- to 3-fold increase in incorporation compared to the RABV vector expressing wt HeV G. There was no significant difference in HeV G incorporation in the VSV vectors expressing either wt or codon-optimized HeV G. Mice inoculated intranasally with any of these live recombinant viruses showed no signs of disease, including weight loss, indicating that HeV G expression and incorporation did not increase the neurotropism of the vaccine vectors. To test the immunogenicity of the vaccine candidates, we immunized mice intramuscularly with either one dose of the live vaccines or 3 doses of 10 mug chemically inactivated viral particles. Increased codon-optimized HeV G incorporation into RABV virions resulted in higher antibody titers against HeV G compared to inactivated RABV virions expressing wt HeV G. The live VSV vectors induced more HeV G-specific antibodies as well as higher levels of HeV neutralizing antibodies than the RABV vectors. In the case of killed particles, HeV neutralizing serum titers were very similar between the two platforms. These results indicated that killed RABV with codon-optimized HeV G should be the vector of choice as a dual vaccine in areas where rabies is endemic. IMPORTANCE: Scientists have been tracking two new viruses carried by the Pteropid fruit bats: Hendra virus (HeV) and Nipah virus (NiV). Both viruses can be fatal to humans and also pose a serious risk to domestic animals. A recent escalation in the frequency of outbreaks has increased the need for a vaccine that prevents HeV and NiV infections. In this study, we performed an extensive comparison of live and killed particles of two recombinant rhabdoviral vectors, rabies virus and vesicular stomatitis virus (VSV), expressing wild-type or codon-optimized HeV glycoprotein, with the goal of developing a candidate vaccine against HeV. Based on our data from the presented mouse immunogenicity studies, we conclude that a killed RABV vaccine would be highly effective against HeV infections and would make an excellent vaccine candidate in areas where both RABV and henipaviruses pose a threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/25320306^��Kurup, Drishya
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*Virus Replication���DecÂ
�UNLABELLED: The multidomain polymerase protein (L) of nonsegmented negative-strand (NNS) RNA viruses catalyzes transcription and replication of the virus genome. The N-terminal half of the protein forms a ring-like polymerase structure, while the C-terminal half encoding viral mRNA transcript modifications consists of a flexible appendage with three distinct globular domains. To gain insight into putative transient interactions between L domains during viral RNA synthesis, we exchanged each of the four distinct regions encompassing the appendage region of vesicular stomatitis virus (VSV) Indiana serotype L protein with their counterparts from VSV New Jersey and analyzed effects on virus polymerase activity in a minigenome system. The methyltransferase domain exchange yielded a fully active polymerase protein, which functioned as well as wild-type L in the context of a recombinant virus. Exchange of the downstream C-terminal nonconserved region abolished activity, but coexchanging it with the methyltransferase domain generated a polymerase favoring replicase over transcriptase activity, providing strong evidence of interaction between these two regions. Exchange of the capping enzyme domain or the adjacent nonconserved region thought to function as an "unstructured" linker also abrogated polymerase activity even when either domain was coexchanged with other appendage domains. Further probing of the putative linker segment using in-frame enhanced green fluorescent protein (EGFP) insertions similarly abrogated activity. We discuss the implications of these findings with regard to L protein appendage domain structure and putative domain-domain interactions required for polymerase function. IMPORTANCE: NNS viruses include many well-known human pathogens (e.g., rabies, measles, and Ebola viruses), as well as emerging viral threats (e.g., Nipah and Hendra viruses). These viruses all encode a large L polymerase protein similarly organized into multiple domains that work in concert to enable virus genome transcription and replication. But how the unique L protein carries out the multiplicity of individual steps in these two distinct processes is poorly understood. Using two different approaches, i.e., exchanging individual domains in the C-terminal appendage region of the protein between two closely related VSV serotypes and inserting unrelated protein domains, we shed light on requirements for domain-domain interactions and domain contiguity in polymerase function. These findings further our understanding of the conformational dynamics of NNS L polymerase proteins, which play an essential role in the pathogenic properties of these viruses and represent attractive targets for the development of antiviral measures.,��https://www.ncbi.nlm.nih.gov/pubmed/25297996¥��Ruedas, John B
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Pathogenesis
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Zoonotic���DecÑ��Hendra virus infection of horses occurred sporadically between 1994 and 2010 as a result of spill-over from the viral reservoir in Australian mainland flying-foxes, and occasional onward transmission to people also followed from exposure to affected horses. An unprecedented number of outbreaks were recorded in 2011 leading to heightened community concern. Release of an inactivated subunit vaccine for horses against Hendra virus represents the first commercially available product that is focused on mitigating the impact of a Biosafety Level 4 pathogen. Through preventing the development of acute Hendra virus disease in horses, vaccine use is also expected to reduce the risk of transmission of infection to people.,��https://www.ncbi.nlm.nih.gov/pubmed/25281398���Middleton, Deborah
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*Virus Internalization���DecÊ��UNLABELLED: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. Drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are notably cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. NiV's attachment (G) and fusion (F) envelope glycoproteins mediate viral binding to the ephrinB2/ephrinB3 cell receptors and virus-cell membrane fusion, respectively. The NiV matrix protein (M) can autonomously induce NiV assembly and budding. Using a beta-lactamase (betaLa) reporter/NiV-M chimeric protein, we produced NiVLPs expressing NiV-G and wild-type or mutant NiV-F on their surfaces. By preloading target cells with the betaLa fluorescent substrate CCF2-AM, we obtained viral entry kinetic curves that correlated with the NiV-F fusogenic phenotypes, validating NiVLPs as suitable viral entry kinetic tools and suggesting overall relatively slower viral entry than cell-cell fusion kinetics. Additionally, the proportions of F and G on individual NiVLPs and the extent of receptor-induced conformational changes in NiV-G were measured via flow virometry, allowing the proper interpretation of the viral entry kinetic phenotypes. The significance of these findings in the viral entry field extends beyond NiV to other paramyxoviruses and enveloped viruses. IMPORTANCE: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. For example, drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are especially cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. Our new tools allowed us the high-throughput measurement of viral entry kinetics, glycoprotein proportions on individual viral particles, and receptor-induced conformational changes in viral glycoproteins on viral surfaces. The significance of these findings extends beyond NiV to other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25275126O��Landowski, Matthew
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Health Policy
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Risk Assessment
*Risk Management
Socioeconomic Factors���Jul-Sepö��Risk analysis is now widely accepted amongst veterinary authorities and other stakeholders around the world as a conceptual framework for integrating scientific evidence into animal health decision making. The resulting risk management for most diseases primarily involves linking epidemiological understanding with diagnostics and/or vaccines. Recent disease outbreaks such as Nipah virus, SARS, avian influenza H5N1, bluetongue serotype 8 and Schmallenberg virus have led to realising that we need to explicitly take into account the underlying complex interactions between environmental, epidemiological and social factors which are often also spatially and temporally heterogeneous as well as interconnected across affected regions and beyond. A particular challenge is to obtain adequate understanding of the influence of human behaviour and to translate this into effective mechanisms leading to appropriate behaviour change where necessary. Both, the One Health and the ecohealth approaches reflect the need for such a holistic systems perspective, however the current implementation of risk analysis frameworks for animal health and food safety is still dominated by a natural or biomedical perspective of science as is the implementation of control and prevention policies. This article proposes to integrate the risk analysis approach with a risk governance framework which explicitly adds the socio-economic context to policy development and emphasizes the need for organisational change and stakeholder engagement.,��https://www.ncbi.nlm.nih.gov/pubmed/25273958p��Pfeiffer, Dirk U
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Zoonoses/epidemiology/*virology���Oct���More than 1 240 species of bats are known; many of them are insectivorous, others are frugivorous and some american species are haematophagous. More than 100 diferent viruses are associated with these mammals, particularly Rhabdoviridae (Lyssavirus like rabies virus), Paramyxoviridae (like Nipah and Hendra viruses), Filoviridae (Ebola and Marburg viruses) and Coronavirida (viruses causing SARS and MERS). These infections are usually asymptomatic in bats but the mechanism of this tolerance is not yet understood. For those viruses, bats are efficient reservoirs and disseminators. So, they represent a significative risk for human and animal public health, that justifies to set up surveillance of bat-associated viruses and research programs about the particular immunity mechanisms of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/27120912w��Rodhain, Francois
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West Nile Fever/mortality/veterinary
West Nile virus/pathogenicity
Zoonoses/*epidemiology/etiology���Oct¶��Important preventive measures carried out in the herds of domestic animals have found improving the health status of farms, particularly for contagious diseases subject to mandatory declaration and accompanying drastic but necessary eradication measures in infected flocks. However it is more difficult to apply these same biosecurity measures on wildlife that may have been contaminated or not by domestic animals. The growing number of emerging infectious diseases of wildlife may reflect increased vigilance, but most often the result of a change in the ecology of the host, the causative agent or both. So, wildlife may be reservoirs of pathogens that can infect domestic herds again but mostly for the majority of them contaminating humans. This is the case, for example, of West Nile virus (WNV), avian influenza virus, rabies virus, Nipah virus, diseases transmitted by ticks, tuberculosis, brucellosis, hepatitis E or some parasitic zoonoses.,��https://www.ncbi.nlm.nih.gov/pubmed/27120911���Brugere-Picoux, Jeanne
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Virus Attachmentå��Recent reports suggest that some galectins bind to enveloped viruses. They include influenza virus, human immunodeficiency virus-1 (HIV-1), human T-cell leukemia virus-1 (HTLV-1), and Nipah virus. It is also suggested that the interaction between viruses and galectins influences viral attachment to their susceptible cells, affecting the viral infectivity. Our work suggests that galectin-1 increases the infectivity of HIV-1 and HTVL-1. Indeed, galectin-1 promotes the initial adsorption of HIV-1 to CD4(+) cells through its binding to viral envelope gp120 and facilitates HIV-1 infection in a manner that is dependent on its recognition of beta-galactoside residues. Thus, as galectin-1 can be considered as a pattern recognition receptor, HIV-1 exploits this host factor to promote its transmission or replication. In this chapter, we describe methods used to investigate this potential role of galectins in HIV-1 infection as a case in point for future studies on galectin-virus interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/25253155¢��Ouellet, Michel
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zoonotic transmission���JanV��Nipah virus is an emerging virus infection that causes yearly disease outbreaks with high case fatality rates in Bangladesh. Nipah virus causes encephalitis and systemic vasculitis, sometimes in combination with respiratory disease. Pteropus species fruit bats are the natural reservoir of Nipah virus and zoonotic transmission can occur directly or via an intermediate host; human-to-human transmission occurs regularly. In this review we discuss the current state of knowledge on the pathogenesis and transmission of Nipah virus, focusing on dissemination of the virus through its host, known determinants of pathogenicity and routes of zoonotic and human-to-human transmission. Since data from human cases are sparse, this knowledge is largely based on the results of studies performed in animal models that recapitulate Nipah virus disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25229234Ê��de Wit, Emmie
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Zoonoses/virology���Janc��Bats have been found to harbour a number of new emerging viruses with zoonotic potential, and there has been a great deal of interest in identifying novel bat pathogens to determine the risk to human and animal health. Many groups have identified novel viruses in bats by detection of viral nucleic acid; however, virus isolation is still a challenge, and there are few reports of viral isolates from bats. In recent years, our group has developed optimized procedures for virus isolation from bat urine, including the use of primary bat cells. In previous reports, we have described the isolation of Hendra virus, Menangle virus and Cedar virus in Queensland, Australia. Here, we report the isolation of four additional novel bat paramyxoviruses from urine collected from beneath pteropid bat (flying fox) colonies in Queensland and New South Wales during 2009-2011.,��https://www.ncbi.nlm.nih.gov/pubmed/25228492E��Barr, Jennifer
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Zoonoses���Sep 17.��BACKGROUND: Veterinary infection control for the management of Hendra virus (HeV), an emerging zoonosis in Australia, remained suboptimal until 2010 despite 71.4% (5/7) of humans infected with HeV being veterinary personnel or assisting a veterinarian, three of whom died before 2009. The aim of this study was to identify the perceived barriers to veterinary infection control and HeV management in private veterinary practice in Queensland, where the majority of HeV outbreaks have occurred in Australia. RESULTS: Most participants agreed that a number of key factors had contributed to the slow uptake of adequate infection control measures for the management of HeV amongst private veterinarians: a work culture characterised by suboptimal infection control standards and misconceptions about zoonotic risks; a lack of leadership and support from government authorities; the difficulties of managing biosecurity and public health issues from a private workforce perspective; and the slow pattern of emergence of HeV. By 2010, some infection control and HeV management changes had been implemented. Participants interviewed agreed that further improvements remained necessary; but also cautioned that this was a complex process which would require time. CONCLUSION: Private veterinarians and government authorities prior to 2009 were unprepared to handle new slowly emerging zoonoses, which may explain their mismanagement of HeV. Slowly emerging zoonoses may be of low public health significance but of high significance for specialised groups such as veterinarians. Private veterinarians, who are expected to fulfil an active biosecurity and public health role in the frontline management of such emerging zoonoses, need government agencies to better recognise their contribution, to consult with the veterinary profession when devising guidelines for the management of zoonoses and to provide them with greater leadership and support. We propose that specific infection control guidelines for the management of slowly emerging zoonoses in private veterinary settings need to be developed.,��https://www.ncbi.nlm.nih.gov/pubmed/25224910È��Mendez, Diana H
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Venules/metabolism/*pathology���Feb 15���The transmembrane ligand ephrinB2 and its receptor tyrosine kinase EphB4 are molecular markers of embryonic arterial and venous endothelial cells, respectively, and are essential for angiogenesis. Here we show that expression of ephrinB2 persists in adult arteries where it extends into some of the smallest diameter microvessels, challenging the classical view that capillaries have neither arterial nor venous identity. EphrinB2 also identifies arterial microvessels in several settings of adult neovascularization, including tumor angiogenesis, contravening the dogma that tumor vessels arise exclusively from postcapillary venules. Unexpectedly, expression of ephrinB2 also defines a stable genetic difference between arterial and venous vascular smooth muscle cells. These observations argue for revisions of classical concepts of capillary identity and the topography of neovascularization. They also imply that ephrinB2 may be functionally important in neovascularization and in arterial smooth muscle, as well as in embryonic angiogenesis.e��http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11161568���0012-1606
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Personal protective equipment���Nov 1¸��Following the emergence of Hendra virus (HeV), private veterinarians have had to adopt additional infection control strategies to manage this zoonosis. Between 1994 and 2010, seven people became infected with HeV, four fatally. All infected people were at a higher risk of exposure from contact with horses as they were either veterinary personnel, assisting veterinarians, or working in the horse industry. The management of emerging zoonoses is best approached from a One Health perspective as it benefits biosecurity as well as a public health, including the health of those most at risk, in this case private veterinarians. In 2011 we conducted a cross-sectional study of private veterinarians registered in Queensland and providing veterinary services to horses. The aim of this study was to gauge if participants had adopted recommendations for improved infection control, including the use of personal protective equipment (PPE), and the development of HeV specific management strategies during the winter of 2011. A majority of participants worked in practices that had a formal HeV management plan, mostly based on the perusal of official guidelines and an HeV field kit. The use of PPE increased as the health status of an equine patient decreased, demonstrating that many participants evaluated the risk of exposure to HeV appropriately; while others remained at risk of HeV infection by not using the appropriate PPE even when attending a sick horse. This study took place after Biosecurity Queensland had sent a comprehensive package about HeV management to all private veterinarians working in Queensland. However, those who had previous HeV experience through the management of suspected cases or had attended a HeV specific professional education programme in the previous 12 months were more likely to use PPE than those who had not. This may indicate that for private veterinarians in Queensland personal experience and face-to-face professional education sessions may be more effective in the improvement of HeV management than passive education via information packages. The role of different education pathways in the sustainable adoption of veterinary infection control measures should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/25175674Ê��Mendez, Diana
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Thermally induced phase separation���OctU��This paper discusses the successful fabrication of a novel triple-layered poly(lactic-co-glycolic acid) (PLGA)-based composite membrane using only a single step that combines the techniques of solvent casting and thermally induced phase separation/solvent leaching. The resulting graded membrane consists of a small pore size layer-1 containing 10 wt% non-stoichiometric nanoapatite (NAp)+1-3 wt% lauric acid (LA) for fibroblastic cell and bacterial inhibition, an intermediate layer-2 with 20-50 wt% NAp+1 wt% LA, and a large pore size layer-3 containing 30-100 wt% NAp without LA to allow bone cell growth. The synergic effects of 10-30 wt% NAp and 1 wt% LA in the membrane demonstrated higher tensile strength (0.61 MPa) and a more elastic behavior (16.1% elongation at break) in 3 wt% LA added membrane compared with the pure PLGA (0.49 MPa, 9.1%). The addition of LA resulted in a remarkable plasticizing effect on PLGA at 3 wt% due to weak intermolecular interactions in PLGA. The pure and composite PLGA membranes had good cell viability toward human skin fibroblast, regardless of LA and NAp contents.,��https://www.ncbi.nlm.nih.gov/pubmed/25175212���Jamuna-Thevi, Kalitheertha
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Nabi, A. H.���2014���Prediction of epitope-based peptides for the utility of vaccine development from fusion and glycoprotein of nipah virus using in silico approach���402492���Adv Bioinformatics���2014H��This study aims to design epitope-based peptides for the utility of vaccine development by targeting glycoprotein G and envelope protein F of Nipah virus (NiV) that, respectively, facilitate attachment and fusion of NiV with host cells. Using various databases and tools, immune parameters of conserved sequence(s) from G and F proteins of different isolates of NiV were tested to predict probable epitope(s). Binding analyses of the peptides with MHC class-I and class-II molecules, epitope conservancy, population coverage, and linear B cell epitope prediction were analyzed. Predicted peptides interacted with seven or more MHC alleles and illustrated population coverage of more than 99% and 95%, for G and F proteins, respectively. The predicted class-I nonamers, SLIDTSSTI and EWISIVPNF, superimposed on the putative decameric B cell epitopes, were also identified as core sequences of the most probable class-II 15-mer peptides GPKVSLIDTSSTITI and EWISIVPNFILVRNT. These peptides were further validated for their binding to specific HLA alleles using in silico docking technique. Our in silico analysis suggested that the predicted epitopes, either GPKVSLIDTSSTITI or EWISIVPNFILVRNT, could be a better choice as universal vaccine component against NiV irrespective of different isolates which may elicit both humoral and cell-mediated immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/25147564³��Sakib, M Sadman
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Sequence Homology, Nucleic Acid���Aug 15t��BACKGROUND: Bats are a major source of new and emerging viral diseases. Despite the fact that bats carry and shed highly pathogenic viruses including Ebola, Nipah and SARS, they rarely display clinical symptoms of infection. Host factors influencing viral replication are poorly understood in bats and are likely to include both pre- and post-transcriptional regulatory mechanisms. MicroRNAs are a major mechanism of post-transcriptional gene regulation, however very little is known about them in bats. RESULTS: This study describes 399 microRNAs identified by deep sequencing of small RNA isolated from tissues of the Black flying fox, Pteropus alecto, a confirmed natural reservoir of the human pathogens Hendra virus and Australian bat lyssavirus. Of the microRNAs identified, more than 100 are unique amongst vertebrates, including a subset containing mutations in critical seed regions. Clusters of rapidly-evolving microRNAs were identified, as well as microRNAs predicted to target genes involved in antiviral immunity, the DNA damage response, apoptosis and autophagy. Closer inspection of the predicted targets for several highly supported novel miRNA candidates suggests putative roles in host-virus interaction. CONCLUSIONS: MicroRNAs are likely to play major roles in regulating virus-host interaction in bats, via dampening of inflammatory responses (limiting the effects of immunopathology), and directly limiting the extent of viral replication, either through restricting the availability of essential factors or by controlling apoptosis. Characterisation of the bat microRNA repertoire is an essential step towards understanding transcriptional regulation during viral infection, and will assist in the identification of mechanisms that enable bats to act as natural virus reservoirs. This in turn will facilitate the development of antiviral strategies for use in humans and other species.,��https://www.ncbi.nlm.nih.gov/pubmed/25128405V��Cowled, Christopher
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Zoonoses/transmission/*virology���Aug 132��Bats are being increasingly recognized as reservoir hosts of highly pathogenic and zoonotic emerging viruses (Marburg virus, Nipah virus, Hendra virus, Rabies virus, and coronaviruses). While numerous studies have focused on the mentioned highly human-pathogenic bat viruses in tropical regions, little is known on similar human-pathogenic viruses that may be present in European bats. Although novel viruses are being detected, their zoonotic potential remains unclear unless further studies are conducted. At present, it is assumed that the risk posed by bats to the general public is rather low. In this review, selected viruses detected and isolated in Europe are discussed from our point of view in regard to their human-pathogenic potential. All European bat species and their roosts are legally protected and some European species are even endangered. Nevertheless, the increasing public fear of bats and their viruses is an obstacle to their protection. Educating the public regarding bat lyssaviruses might result in reduced threats to both the public and the bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25123684~��Kohl, Claudia
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�UNLABELLED: Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. Since its discovery in the 1970s, aMPV has been recognized as an economically important pathogen in the poultry industry worldwide. The conserved region VI (CR VI) of the large (L) polymerase proteins of paramyxoviruses catalyzes methyltransferase (MTase) activities that typically methylate viral mRNAs at guanine N-7 (G-N-7) and ribose 2'-O positions. In this study, we generated a panel of recombinant aMPV (raMPV) Colorado strains carrying mutations in the S-adenosyl methionine (SAM) binding site in the CR VI of L protein. These recombinant viruses were specifically defective in ribose 2'-O, but not G-N-7 methylation and were genetically stable and highly attenuated in cell culture and viral replication in the upper and lower respiratory tracts of specific-pathogen-free (SPF) young turkeys. Importantly, turkeys vaccinated with these MTase-defective raMPVs triggered a high level of neutralizing antibody and were completely protected from challenge with homologous aMPV Colorado strain and heterologous aMPV Minnesota strain. Collectively, our results indicate (i) that aMPV lacking 2'-O methylation is highly attenuated in vitro and in vivo and (ii) that inhibition of mRNA cap MTase can serve as a novel target to rationally design live attenuated vaccines for aMPV and perhaps other paramyxoviruses. IMPORTANCE: Paramyxoviruses include many economically and agriculturally important viruses such as avian metapneumovirus (aMPV), and Newcastle disease virus (NDV), human pathogens such as human respiratory syncytial virus, human metapneumovirus, human parainfluenza virus type 3, and measles virus, and highly lethal emerging pathogens such as Nipah virus and Hendra virus. For many of them, there is no effective vaccine or antiviral drug. These viruses share common strategies for viral gene expression and replication. During transcription, paramyxoviruses produce capped, methylated, and polyadenylated mRNAs. Using aMPV as a model, we found that viral ribose 2'-O methyltransferase (MTase) is a novel approach to rationally attenuate the virus for vaccine purpose. Recombinant aMPV (raMPV) lacking 2'-O MTase were not only highly attenuated in turkeys but also provided complete protection against the challenge of homologous and heterologous aMPV strains. This novel approach can be applicable to other animal and human paramyxoviruses for rationally designing live attenuated vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/25122790¤��Sun, Jing
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*Virus Replication���Sep���Nipah virus (NiV) is a highly pathogenic emergent paramyxovirus causing deadly encephalitis in humans. Its replication requires a constant supply of unassembled nucleoprotein (N(0)) in complex with its viral chaperone, the phosphoprotein (P). To elucidate the chaperone function of P, we reconstituted NiV the N(0)-P core complex and determined its crystal structure. The binding of the N-terminal region of P blocks the polymerization of N by interfering with subdomain exchange between N protomers and keeps N(0) in an open conformation, ready to grasp an RNA molecule. We found that a peptide derived from the N-binding region of P protects cells against viral infection and demonstrated by structure-based mutagenesis that this peptide acts by inhibiting N(0)-P formation. These results provide new insights about the assembly of N along genomic RNA and validate the N(0)-P complex as a target for drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/25108352C��Yabukarski, Filip
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Viral Envelope Proteins/*metabolism���Oct/	�Henipaviruses are associated with pteropodid reservoir hosts. The glycoproteins G and F of an African henipavirus (strain M74) have been reported to induce syncytium formation in kidney cells derived from a Hypsignathus monstrosus bat (HypNi/1.1) but not in nonchiropteran BHK-21 and Vero76 cells. Here, we show that syncytia are also induced in two other pteropodid cell lines from Hypsignathus monstrosus and Eidolon helvum bats upon coexpression of the M74 glycoproteins. The G protein was transported to the surface of transfected chiropteran cells, whereas surface expression in the nonchiropteran cells was detectable only in a fraction of cells. In contrast, the G protein of Nipah virus is transported efficiently to the surface of both chiropteran and nonchiropteran cells. Even in chiropteran cells, M74-G was predominantly expressed in the endoplasmic reticulum (ER), as indicated by colocalization with marker proteins. This result is consistent with the finding that all N-glycans of the M74-G proteins are of the mannose-rich type, as indicated by sensitivity to endo H treatment. These data indicate that the surface transport of M74-G is impaired in available cell culture systems, with larger amounts of viral glycoprotein present on chiropteran cells than on nonchiropteran cells. The restricted surface expression of M74-G explains the reduced fusion activity of the glycoproteins of the African henipavirus. Our results suggest strategies for the isolation of infectious viruses, which is necessary to assess the risk of zoonotic virus transmission. Importance: Henipaviruses are highly pathogenic zoonotic viruses associated with pteropodid bat hosts. Whether the recently described African bat henipaviruses have a zoonotic potential as high as that of their Asian and Australian relatives is unknown. We show that surface expression of the attachment protein G of an African henipavirus, M74, is restricted in comparison to the G protein expression of the highly pathogenic Nipah virus. Transport to the cell surface is more restricted in nonchiropteran cells than it is in chiropteran cells, explaining the differential fusion activity of the M74 surface proteins in these cells. Our results imply that surface expression of viral glycoproteins may serve as a major marker to assess the zoonotic risk of emerging henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25100832���Kruger, Nadine
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Tropical medicine���Aug 7°��The recent onset of epidemics caused by viruses such as Ebola, Marburg, Nipah, Lassa, coronavirus, West-Nile encephalitis, Saint Louis encephalitis, human immunodeficiency virus, dengue, yellow fever and Venezuelan hemorrhagic fever alerts about the risk these agents represent for the global health. Chikungunya virus represents a new threat. Surged from remote African regions, this virus has become endemic in the Indic ocean basin, the Indian subcontinent and the southeast of Asia, causing serious epidemics in Africa, Indic Ocean Islands, Asia and Europe. Due to their epidemiological and biological features and the global presence of their vectors, chikungunya represents a serious menace and could become endemic in the Americas. Although chikungunya infection has a low mortality rate, its high attack ratio may collapse the health system during epidemics affecting a sensitive population. In this paper, we review the clinical and epidemiological features of chikungunya fever as well as the risk of its introduction into the Americas. We remark the importance of the epidemiological control and mosquitoes fighting in order to prevent this disease from being introduced into the Americas.,��https://www.ncbi.nlm.nih.gov/pubmed/25087211£��Montero, Antonio
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Virus Replication���Jul 25���Containment level 4 (CL4) laboratories studying biosafety level 4 viruses are under strict regulations to conduct nonhuman primate (NHP) studies in compliance of both animal welfare and biosafety requirements. NHPs housed in open-barred cages raise concerns about cross-contamination between animals, and accidental exposure of personnel to infectious materials. To address these concerns, two NHP experiments were performed. One examined the simultaneous infection of 6 groups of NHPs with 6 different viruses (Machupo, Junin, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, Nipah and Hendra viruses). Washing personnel between handling each NHP group, floor to ceiling biobubble with HEPA filter, and plexiglass between cages were employed for partial primary containment. The second experiment employed no primary containment around open barred cages with Ebola virus infected NHPs 0.3 meters from naive NHPs. Viral antigen-specific ELISAs, qRT-PCR and TCID50 infectious assays were utilized to determine antibody levels and viral loads. No transmission of virus to neighbouring NHPs was observed suggesting limited containment protocols are sufficient for multi-viral CL4 experiments within one room. The results support the concept that Ebola virus infection is self-contained in NHPs infected intramuscularly, at least in the present experimental conditions, and is not transmitted to naive NHPs via an airborne route.,��https://www.ncbi.nlm.nih.gov/pubmed/250594780��Alimonti, Judie
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Viral Load���Jun 25ù��Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes severe and often fatal disease in pigs and humans. There are currently no vaccines or treatments approved for human use. Studies in small-animal models of NiV infection suggest that antibody therapy may be a promising treatment. However, most studies have assessed treatment at times shortly after virus exposure before animals show signs of disease. We assessed the efficacy of a fully human monoclonal antibody, m102.4, at several time points after virus exposure including at the onset of clinical illness in a uniformly lethal nonhuman primate model of NiV disease. Sixteen African green monkeys (AGMs) were challenged intratracheally with a lethal dose of NiV, and 12 animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days after virus challenge and again about 2 days later. The presence of viral RNA, infectious virus, and/or NiV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 after infection. AGMs in the day 5 treatment group exhibited clinical signs of disease, but all animals recovered by day 16. These results represent the successful therapeutic in vivo efficacy by an investigational drug against NiV in a nonhuman primate and highlight the potential impact that a monoclonal antibody can have on a highly pathogenic zoonotic human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24964990n��Geisbert, Thomas W
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Risk Factors���Hendra virus causes sporadic but typically fatal infection in horses and humans in eastern Australia. Fruit-bats of the genus Pteropus (commonly known as flying-foxes) are the natural host of the virus, and the putative source of infection in horses; infected horses are the source of human infection. Effective treatment is lacking in both horses and humans, and notwithstanding the recent availability of a vaccine for horses, exposure risk mitigation remains an important infection control strategy. This study sought to inform risk mitigation by identifying spatial and environmental risk factors for equine infection using multiple analytical approaches to investigate the relationship between plausible variables and reported Hendra virus infection in horses. Spatial autocorrelation (Global Moran's I) showed significant clustering of equine cases at a distance of 40 km, a distance consistent with the foraging 'footprint' of a flying-fox roost, suggesting the latter as a biologically plausible basis for the clustering. Getis-Ord Gi* analysis identified multiple equine infection hot spots along the eastern Australia coast from far north Queensland to central New South Wales, with the largest extending for nearly 300 km from southern Queensland to northern New South Wales. Geographically weighted regression (GWR) showed the density of P. alecto and P. conspicillatus to have the strongest positive correlation with equine case locations, suggesting these species are more likely a source of infection of Hendra virus for horses than P. poliocephalus or P. scapulatus. The density of horses, climate variables and vegetation variables were not found to be a significant risk factors, but the residuals from the GWR suggest that additional unidentified risk factors exist at the property level. Further investigations and comparisons between case and control properties are needed to identify these local risk factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24936789Ï��Smith, Craig
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Social sciences���Marg��This article contributes to the literature on One Health and public health ethics by expanding the principle of solidarity. We conceptualise solidarity to encompass not only practices intended to assist other people, but also practices intended to assist non-human others, including animals, plants, or places. To illustrate how manifestations of humanist and more-than-human solidarity may selectively complement one another, or collide, recent responses to Hendra virus in Australia and Rabies virus in Canada serve as case examples. Given that caring relationships are foundational to health promotion, people's efforts to care for non-human others are highly relevant to public health, even when these efforts conflict with edicts issued in the name of public health. In its most optimistic explication, One Health aims to attain optimal health for humans, non-human animals and their shared environments. As a field, public health ethics needs to move beyond an exclusive preoccupation with humans, so as to account for moral complexity arising from people's diverse connections with places, plants, and non-human animals.,��https://www.ncbi.nlm.nih.gov/pubmed/24919648´��Rock, Melanie J
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Nipah Virus/*isolation & purification���Jun 2���BACKGROUND: Nipah virus and Hendra virus are closely related and following natural or experimental exposure induce similar clinical disease. In humans, encephalitis is the most serious outcome of infection and, hitherto, research into the pathogenesis of henipavirus encephalitis has been limited by the lack of a suitable model. Recently we reported a wild-type mouse model of Hendra virus (HeV) encephalitis that should facilitate detailed investigations of its neuropathogenesis, including mechanisms of disease recrudescence. In this study we investigated the possibility of developing a similar model of Nipah virus encephalitis. FINDINGS: Aged and young adult wild type mice did not develop clinical disease including encephalitis following intranasal exposure to either the Malaysia (NiV-MY) or Bangladesh (NiV-BD) strains of Nipah virus. However viral RNA was detected in lung tissue of mice at euthanasia (21 days following exposure) accompanied by a non-neutralizing antibody response. In a subsequent time course trial this viral RNA was shown to be reflective of an earlier self-limiting and subclinical lower respiratory tract infection through successful virus re-isolation and antigen detection in lung. There was no evidence for viremia or infection of other organs, including brain. CONCLUSIONS: Mice develop a subclinical self-limiting lower respiratory tract infection but not encephalitis following intranasal exposure to NiV-BD or NiV-MY. These results contrast with those reported for HeV under similar exposure conditions in mice, demonstrating a significant biological difference in host clinical response to exposure with these viruses. This finding provides a new platform from which to explore the viral and/or host factors that determine the neuroinvasive ability of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24890603Ö��Dups, Johanna
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Zoonoses/epidemiology/*transmission/*virology���May 16Û��Bat-borne viruses can pose a serious threat to human health, with examples including Nipah virus (NiV) in Bangladesh and Malaysia, and Marburg virus (MARV) in Africa. To date, significant human outbreaks of such viruses have not been reported in the European Union (EU). However, EU countries have strong historical links with many of the countries where NiV and MARV are present and a corresponding high volume of commercial trade and human travel, which poses a potential risk of introduction of these viruses into the EU. In assessing the risks of introduction of these bat-borne zoonotic viruses to the EU, it is important to consider the location and range of bat species known to be susceptible to infection, together with the virus prevalence, seasonality of viral pulses, duration of infection and titre of virus in different bat tissues. In this paper, we review the current scientific knowledge of all these factors, in relation to the introduction of NiV and MARV into the EU.,��https://www.ncbi.nlm.nih.gov/pubmed/24841385Î��Simons, Robin R L
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Virus Assembly���May���Newly synthesized envelope glycoproteins of neuroinvasive viruses can be sorted in a polarized manner to the somatodendritic and/or axonal domains of neurons. Although critical for transneuronal spread of viruses, the molecular determinants and interregulation of this process are largely unknown. We studied the polarized sorting of the attachment (NiV-G) and fusion (NiV-F) glycoproteins of Nipah virus (NiV), a paramyxovirus that causes fatal human encephalitis, in rat hippocampal neurons. When expressed individually, NiV-G exhibited a non-polarized distribution, whereas NiV-F was specifically sorted to the somatodendritic domain. Polarized sorting of NiV-F was dependent on interaction of tyrosine-based signals in its cytosolic tail with the clathrin adaptor complex AP-1. Co-expression of NiV-G with NiV-F abolished somatodendritic sorting of NiV-F due to incorporation of NiV-G*NiV-F complexes into axonal transport carriers. We propose that faster biosynthetic transport of unassembled NiV-F allows for its proteolytic activation in the somatodendritic domain prior to association with NiV-G and axonal delivery of NiV-G*NiV-F complexes. Our study reveals how interactions of viral glycoproteins with the host's transport machinery and between themselves regulate their polarized sorting in neurons.,��https://www.ncbi.nlm.nih.gov/pubmed/24831812ö��Mattera, Rafael
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Viral Matrix Proteins/*metabolism���Membrane envelopment and budding of negative strand RNA viruses (NSVs) is mainly driven by viral matrix proteins (M). In addition, several M proteins are also known to be involved in host cell manipulation. Knowledge about the cellular targets and detailed molecular mechanisms, however, is poor for many M proteins. For instance, Nipah Virus (NiV) M protein trafficking through the nucleus is essential for virus release, but nuclear targets of NiV M remain unknown. To identify cellular interactors of henipavirus M proteins, tagged Hendra Virus (HeV) M proteins were expressed and M-containing protein complexes were isolated and analysed. Presence of acidic leucine-rich nuclear phosphoprotein 32 family member B (ANP32B) in the complex suggested that this protein represents a direct or indirect interactor of the viral matrix protein. Over-expression of ANP32B led to specific nuclear accumulation of HeV M, providing a functional link between ANP32B and M protein. ANP32B-dependent nuclear accumulation was observed after plasmid-driven expression of HeV and NiV matrix proteins and also in NiV infected cells. The latter indicated that an interaction of henipavirus M protein with ANP32B also occurs in the context of virus replication. From these data we conclude that ANP32B is a nuclear target of henipavirus M that may contribute to virus replication. Potential effects of ANP32B on HeV nuclear shuttling and host cell manipulation by HeV M affecting ANP32B functions in host cell survival and gene expression regulation are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/24823948B��Bauer, Anja
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zoonotic disease���Apr 1æ��1. Flying foxes Pteropus spp. play a key role in forest regeneration as seed dispersers and are also the reservoir of many viruses, including Nipah virus in Bangladesh. Little is known about their habitat requirements, particularly in South Asia. Identifying Pteropus habitat preferences could assist in understanding the risk of zoonotic disease transmission broadly, and in Bangladesh, could help explain the spatial distribution of human Nipah virus cases. 2. We analysed characteristics of Pteropus giganteus roosts and constructed an ecological niche model to identify suitable habitat in Bangladesh. We also assessed the distribution of suitable habitat in relation to the location of human Nipah virus cases. 3. Compared to non-roost trees, P. giganteus roost trees are taller with larger diameters, and are more frequently canopy trees. Colony size was larger in densely forested regions and smaller in flood-affected areas. Roosts were located in areas with lower annual precipitation and higher human population density than non-roost sites. 4. We predicted that 2-17% of Bangladesh's land area is suitable roosting habitat. Nipah virus outbreak villages were 2.6 times more likely to be located in areas predicted as highly suitable habitat for P. giganteus compared to non-outbreak villages. 5. Synthesis and applications. Habitat suitability modelling may help identify previously undocumented Nipah outbreak locations and improve our understanding of Nipah virus ecology by highlighting regions where there is suitable bat habitat but no reported human Nipah virus. Conservation and public health education is a key component of P. giganteus management in Bangladesh due to the general misunderstanding and fear of bats that are a reservoir of Nipah virus. Affiliation between Old World fruit bats (Pteropodidae) and people is common throughout their range, and in order to conserve these keystone bat species and prevent emergence of zoonotic viruses, it is imperative that we continue to improve our understanding of Pteropus resource requirements and routes of virus transmission from bats to people. Results presented here can be utilized to develop land management strategies and conservation policies that simultaneously protect fruit bats and public health.,��https://www.ncbi.nlm.nih.gov/pubmed/24778457ñ��Hahn, Micah B
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health behaviour���Decü��Drinking raw date palm sap contaminated with infected fruit bat saliva or urine is an important mode of Nipah virus transmission to humans in Bangladesh. Bamboo skirts are an effective way to interrupt bat access to the sap. We conducted a study from November 2008 to March 2009 to explore the effectiveness of higher- and lower-intensity interventions by promoting bamboo skirt preparation and use among sap harvesters (gachhis). We spent 280 person-hours in two villages for the higher-intensity intervention and half that amount of time in two other villages for the lower-intensity intervention. To evaluate the interventions we followed up all gachhis once a month for three months. A high percentage of gachhis (83% in higher-, 65% in lower-intensity interventions) prepared and used a skirt of bamboo or other materials - jute stalk, dhoincha (Sesbania aculeata), or polythene - at least once after intervention. In general, 15% of gachhis consistently used skirts throughout the sap collection season. The intensive nature of this intervention is very expensive for a large-scale programme. Future efforts should focus on developing a low-cost behaviour change intervention and evaluate if it reduces the human exposure to potentially contaminated fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/24755262y��Nahar, Nazmun
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West Nile Fever/*epidemiology���JunJ��PURPOSE OF REVIEW: This review aims to describe new features on the epidemiology of encephalitis world-wide. As this neurological presentation is most frequently related to transmitted viruses, surveillance of encephalitis is of major importance to detect their emergence or re-emergence. RECENT FINDINGS: Rabies causes one of the most severe types of encephalitis as it is lethal in all cases, and it is endemic in some countries. It was thought that the virus had been eradicated in Western Europe, but it re-emerged in Greece and Italy. Physicians should be aware of this diagnosis in the case of severe encephalitis. Some viruses (Powassan, Nipah, and Hendra) are becoming endemic in some new parts of the world (USA and Australia). Because of their severity, they are healthcare concerns in those countries and for travelers (e.g. in Asia). Finally, a concept is emerging: herpes simplex virus is suspected to be a trigger for autoimmune encephalitis. This is of major importance for the future management of patients (corticosteroids early in the course of the disease?), and the epidemiology of sequelae. SUMMARY: Encephalitis is a good marker for the detection of emerging infections. New findings about the relationship between herpes simplex virus encephalitis and autoimmune encephalitis open a new concept for a better management of patients.,��https://www.ncbi.nlm.nih.gov/pubmed/24751960���Stahl, Jean-Paul
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metabolic rate���May±��Bats are sources of high viral diversity and high-profile zoonotic viruses worldwide. Although apparently not pathogenic in their reservoir hosts, some viruses from bats severely affect other mammals, including humans. Examples include severe acute respiratory syndrome coronaviruses, Ebola and Marburg viruses, and Nipah and Hendra viruses. Factors underlying high viral diversity in bats are the subject of speculation. We hypothesize that flight, a factor common to all bats but to no other mammals, provides an intensive selective force for coexistence with viral parasites through a daily cycle that elevates metabolism and body temperature analogous to the febrile response in other mammals. On an evolutionary scale, this host-virus interaction might have resulted in the large diversity of zoonotic viruses in bats, possibly through bat viruses adapting to be more tolerant of the fever response and less virulent to their natural hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24750692���O'Shea, Thomas J
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Virus Replication/*drug effects/physiology���Apr´��Nipah virus is a biosafety level 4 (BSL-4) pathogen that causes severe respiratory illness and encephalitis in humans. To identify novel small molecules that target Nipah virus replication as potential therapeutics, Southern Research Institute and Galveston National Laboratory jointly developed an automated high-throughput screening platform that is capable of testing 10,000 compounds per day within BSL-4 biocontainment. Using this platform, we screened a 10,080-compound library using a cell-based, high-throughput screen for compounds that inhibited the virus-induced cytopathic effect. From this pilot effort, 23 compounds were identified with EC50 values ranging from 3.9 to 20.0 muM and selectivities >10. Three sulfonamide compounds with EC50 values <12 muM were further characterized for their point of intervention in the viral replication cycle and for broad antiviral efficacy. Development of HTS capability under BSL-4 containment changes the paradigm for drug discovery for highly pathogenic agents because this platform can be readily modified to identify prophylactic and postexposure therapeutic candidates against other BSL-4 pathogens, particularly Ebola, Marburg, and Lassa viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24735442,��Tigabu, Bersabeh
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flying foxes���Jun,��CASE SERIES: Between 2006 and 2012, there were 11 horses diagnosed with Hendra virus (HeV) on 9 independent premises in New South Wales (NSW). We defined a case of HeV as premises where one or more horses were confirmed to be infected with HeV by PCR. All the cases occurred in the north-eastern region of NSW. In 8 of the 9 cases, infection occurred within 2 months over the winter of 2011. With no exception, the affected horses were kept at pasture on properties visited by flying foxes. Of the 11 horses testing positive for HeV, 5 had an association with a fence, with the horses dead or dying on a fence line. In the majority of cases, disease was an acute illness leading to death within 48 h. When signs of disease were observed, neurological signs predominated. There was limited spread to in-contact horses, with only two properties having more than one horse affected. There was significant variation in the sampling strategies undertaken by veterinarians. CONCLUSION: Caution is needed to interpret a negative diagnosis when only swabs have been collected.,��https://www.ncbi.nlm.nih.gov/pubmed/24730376®��Ball, M C
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Zoonoses/virology���Apr 3���Poxviruses are important pathogens of man and numerous domestic and wild animal species. Cross species (including zoonotic) poxvirus infections can have drastic consequences for the recipient host. Bats are a diverse order of mammals known to carry lethal viral zoonoses such as Rabies, Hendra, Nipah, and SARS. Consequent targeted research is revealing bats to be infected with a rich diversity of novel viruses. Poxviruses were recently identified in bats and the settings in which they were found were dramatically different. Here, we review the natural history of poxviruses in bats and highlight the relationship of the viruses to each other and their context in the Poxviridae family. In addition to considering the zoonotic potential of these viruses, we reflect on the broader implications of these findings. Specifically, the potential to explore and exploit this newfound relationship to study coevolution and cross species transmission together with fundamental aspects of poxvirus host tropism as well as bat virology and immunology.,��https://www.ncbi.nlm.nih.gov/pubmed/24704730~��Baker, Kate S
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*Respiratory Mucosa/metabolism/pathology/virology���Apr ��Nipah virus (NiV) is a member of the genus Henipavirus (family Paramyxoviridae) that causes severe and often lethal respiratory illness and encephalitis in humans with high mortality rates (up to 92%). NiV can cause Acute Lung Injury (ALI) in humans, and human-to-human transmission has been observed in recent outbreaks of NiV. While the exact route of transmission to humans is not known, we have previously shown that NiV can efficiently infect human respiratory epithelial cells. The molecular mechanisms of NiV-associated ALI in the human respiratory tract are unknown. Thus, there is an urgent need for models of henipavirus infection of the human respiratory tract to study the pathogenesis and understand the host responses. Here, we describe a novel human lung xenograft model in mice to study the pathogenesis of NiV. Following transplantation, human fetal lung xenografts rapidly graft and develop mature structures of adult lungs including cartilage, vascular vessels, ciliated pseudostratified columnar epithelium, and primitive "air" spaces filled with mucus and lined by cuboidal to flat epithelium. Following infection, NiV grows to high titers (10(7) TCID50/gram lung tissue) as early as 3 days post infection (pi). NiV targets both the endothelium as well as respiratory epithelium in the human lung tissues, and results in syncytia formation. NiV infection in the human lung results in the production of several cytokines and chemokines including IL-6, IP-10, eotaxin, G-CSF and GM-CSF on days 5 and 7 pi. In conclusion, this study demonstrates that NiV can replicate to high titers in a novel in vivo model of the human respiratory tract, resulting in a robust inflammatory response, which is known to be associated with ALI. This model will facilitate progress in the fundamental understanding of henipavirus pathogenesis and virus-host interactions; it will also provide biologically relevant models for other respiratory viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24699832,��Valbuena, Gustavo
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Nipah virus���Jun���Nipah virus (NiV) outbreaks have occurred in Malaysia, India, and Bangladesh, and the virus continues to cause annual outbreaks of fatal human encephalitis in Bangladesh due to spillover from its bat host reservoir. Due to its high pathogenicity, its potential use for bio/agro-terrorism, and to the current lack of approved therapeutics, NiV is designated as an overlap select agent requiring biosafety level-4 containment. Although the development of therapeutic monoclonal antibodies and soluble protein subunit vaccines have shown great promise, the paucity of effective antiviral drugs against NiV merits further exploration of compound libraries using rapid quantitative antiviral assays. As a proof-of-concept study, we evaluated the use of fluorescent and luminescent reporter NiVs for antiviral screening. We constructed and rescued NiVs expressing either Renilla luciferase or green fluorescent protein, and characterized their reporter signal kinetics in different cell types as well as in the presence of several inhibitors. The 50% effective concentrations (EC50s) derived for inhibitors against both reporter viruses are within range of EC50s derived from virus yield-based dose-response assays against wild-type NiV (within 1Log10), thus demonstrating that both reporter NiVs can serve as robust antiviral screening tools. Utilizing these live NiV-based reporter assays requires modest instrumentation, and circumvents the time and labor-intensive steps associated with cytopathic effect or viral antigen-based assays. These reporter NiVs will not only facilitate antiviral screening, but also the study of host cell components that influence the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24680955Ð��Lo, Michael K
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Vero Cells/virology���Mar���Hendra virus (HeV), a highly pathogenic zoonotic paramyxovirus recently emerged from bats, is a major concern to the horse industry in Australia. Previous research has shown that higher temperatures led to lower virus survival rates in the laboratory. We develop a model of survival of HeV in the environment as influenced by temperature. We used 20 years of daily temperature at six locations spanning the geographic range of reported HeV incidents to simulate the temporal and spatial impacts of temperature on HeV survival. At any location, simulated virus survival was greater in winter than in summer, and in any month of the year, survival was higher in higher latitudes. At any location, year-to-year variation in virus survival 24 h post-excretion was substantial and was as large as the difference between locations. Survival was higher in microhabitats with lower than ambient temperature, and when environmental exposure was shorter. The within-year pattern of virus survival mirrored the cumulative within-year occurrence of reported HeV cases, although there were no overall differences in survival in HeV case years and non-case years. The model examines the effect of temperature in isolation; actual virus survivability will reflect the effect of additional environmental factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24643861¸��Scanlan, J C
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Vaccines���May 7���BACKGROUND: Nipah virus (NiV), a zoonotic pathogen causing severe respiratory illness and encephalitis in humans, emerged in Malaysia in 1998 with subsequent outbreaks on an almost annual basis since 2001 in parts of the Indian subcontinent. The high case fatality rate, human-to-human transmission, wide-ranging reservoir distribution and lack of licensed intervention options are making NiV a serious regional and potential global public health problem. The objective of this study was to develop a fast-acting, single-dose NiV vaccine that could be implemented in a ring vaccination approach during outbreaks. METHODS: In this study we have designed new live-attenuated vaccine vectors based on recombinant vesicular stomatitis viruses (rVSV) expressing NiV glycoproteins (G or F) or nucleoprotein (N) and evaluated their protective efficacy in Syrian hamsters, an established NiV animal disease model. We further characterized the humoral immune response to vaccination in hamsters using ELISA and neutralization assays and performed serum transfer studies. RESULTS: Vaccination of Syrian hamsters with a single dose of the rVSV vaccine vectors resulted in strong humoral immune responses with neutralizing activities found only in those animals vaccinated with rVSV expressing NiV G or F proteins. Vaccinated animals with neutralizing antibody responses were completely protected from lethal NiV disease, whereas animals vaccinated with rVSV expressing NiV N showed only partial protection. Protection of NiV G or F vaccinated animals was conferred by antibodies, most likely the neutralizing fraction, as demonstrated by serum transfer studies. Protection of N-vaccinated hamsters was not antibody-dependent indicating a role of adaptive cellular responses for protection. CONCLUSIONS: The rVSV vectors expressing Nipah virus G or F are prime candidates for new 'emergency vaccines' to be utilized for NiV outbreak management.,��https://www.ncbi.nlm.nih.gov/pubmed/24631094���DeBuysscher, Blair L
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Nipah Virus���Marô��Since 2001, outbreaks of Nipah virus have occurred almost every year in Bangladesh with high case-fatality rates. Epidemiological data suggest that in Bangladesh, Nipah virus is transmitted from the natural reservoir, fruit bats, to humans via consumption of date palm sap contaminated by bats, with subsequent human-to-human transmission. To experimentally investigate this epidemiological association between drinking of date palm sap and human cases of Nipah virus infection, we determined the viability of Nipah virus (strain Bangladesh/200401066) in artificial palm sap. At 22 degrees C virus titers remained stable for at least 7 days, thus potentially allowing food-borne transmission. Next, we modeled food-borne Nipah virus infection by supplying Syrian hamsters with artificial palm sap containing Nipah virus. Drinking of 5x10(8) TCID(5)(0) of Nipah virus resulted in neurological disease in 5 out of 8 hamsters, indicating that food-borne transmission of Nipah virus can indeed occur. In comparison, intranasal (i.n.) inoculation with the same dose of Nipah virus resulted in lethal respiratory disease in all animals. In animals infected with Nipah virus via drinking, virus was detected in respiratory tissues rather than in the intestinal tract. Using fluorescently labeled Nipah virus particles, we showed that during drinking, a substantial amount of virus is deposited in the lungs, explaining the replication of Nipah virus in the respiratory tract of these hamsters. Besides the ability of Nipah virus to infect hamsters via the drinking route, Syrian hamsters infected via that route transmitted the virus through direct contact with naive hamsters in 2 out of 24 transmission pairs. Although these findings do not directly prove that date palm sap contaminated with Nipah virus by bats is the origin of Nipah virus outbreaks in Bangladesh, they provide the first experimental support for this hypothesis. Understanding the Nipah virus transmission cycle is essential for preventing and mitigating future outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/24626480"��de Wit, Emmie
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viral fusion���DecÓ��The fusion of Nipah with host cells is facilitated by two of their glycoproteins, the G and the F proteins. The binding of cellular ephrins to the G head domain causes the G stalk domain to interact differently with F, which activates F to mediate virus-host fusion. To gain insight into how the ephrin-binding signal transduces from the head to the stalk domain of G, we examine quantitatively the differences between the conformational ensembles of the G head domain in its ephrin-bound and unbound states. We consider the human ephrins B2 and B3, and a double mutant of B2, all of which trigger fusion. The ensembles are generated using molecular dynamics, and the differences between them are quantified using a new machine learning method. We find that the portion of the G head domain whose conformational density is altered equivalently by the three ephrins is large, and comprises approximately 25% of the residues in the G head domain. This subspace also includes the residues that are known to be important to F activation, which suggests that it contains at least one common signaling pathway. The spatial distribution of the residues constituting this subspace supports the model of signal transduction in which the signal transduces via the G head dimer interface. This study also adds to the growing list of examples where signaling does not depend solely on backbone deviations. In general, this study provides an approach to filter out conserved patterns in protein dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/24615845Ä��Varma, Sameer
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Viral Proteins/*chemistry/genetics/*metabolism���The phosphoprotein (P) gene of most Paramyxovirinae encodes several proteins in overlapping frames: P and V, which share a common N-terminus (PNT), and C, which overlaps PNT. Overlapping genes are of particular interest because they encode proteins originated de novo, some of which have unknown structural folds, challenging the notion that nature utilizes only a limited, well-mapped area of fold space. The C proteins cluster in three groups, comprising measles, Nipah, and Sendai virus. We predicted that all C proteins have a similar organization: a variable, disordered N-terminus and a conserved, alpha-helical C-terminus. We confirmed this predicted organization by biophysically characterizing recombinant C proteins from Tupaia paramyxovirus (measles group) and human parainfluenza virus 1 (Sendai group). We also found that the C of the measles and Nipah groups have statistically significant sequence similarity, indicating a common origin. Although the C of the Sendai group lack sequence similarity with them, we speculate that they also have a common origin, given their similar genomic location and structural organization. Since C is dispensable for viral replication, unlike PNT, we hypothesize that C may have originated de novo by overprinting PNT in the ancestor of Paramyxovirinae. Intriguingly, in measles virus and Nipah virus, PNT encodes STAT1-binding sites that overlap different regions of the C-terminus of C, indicating they have probably originated independently. This arrangement, in which the same genetic region encodes simultaneously a crucial functional motif (a STAT1-binding site) and a highly constrained region (the C-terminus of C), seems paradoxical, since it should severely reduce the ability of the virus to adapt. The fact that it originated twice suggests that it must be balanced by an evolutionary advantage, perhaps from reducing the size of the genetic region vulnerable to mutations.,��https://www.ncbi.nlm.nih.gov/pubmed/24587180���Lo, Michael K
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962Ï��Roche, S E
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Staphylococcus kloosii���Augþ��Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with lambdamax at 426, 447 and 475 nm and lambdamax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.,��https://www.ncbi.nlm.nih.gov/pubmed/24575244¢��Kamarudin, Kamarul Rahim
Ngah, Nurziana
Hamid, Tengku Haziyamin Tengku Abdul
Susanti, Deny
eng
Malaysia
2014/02/28 06:00
Trop Life Sci Res. 2013 Aug;24(1):85-100.%��1985-3718 (Print)
1985-3718 (Linking)
��PMC3799409���24575244���Kulliyyah of Science, International Islamic University Malaysia, Jalan Istana, Bandar Indera Mahkota, 25200 Kuantan, Pahang, Malaysia.��
'��üÒtÿï?����ü��Middleton, D.
Pallister, J.
Klein, R.
Feng, Y. R.
Haining, J.
Arkinstall, R.
Frazer, L.
Huang, J. A.
Edwards, N.
Wareing, M.
Elhay, M.
Hashmi, Z.
Bingham, J.
Yamada, M.
Johnson, D.
White, J.
Foord, A.
Heine, H. G.
Marsh, G. A.
Broder, C. C.
Wang, L. F.���2014`��Hendra virus vaccine, a one health approach to protecting horse, human, and environmental health���372-9���Emerg Infect Dis���20���3���Animals
Antibodies, Viral/blood/immunology
*Environmental Health
Female
Ferrets
Guinea Pigs
Hendra Virus/genetics/*immunology
Henipavirus Infections/*prevention & control
Horse Diseases/pathology/*prevention & control/virology
Horses
Humans
Immunization
Neutralization Tests
Viral Vaccines/*immunology
Zoonoses/pathology/*prevention & control/virology
Australia
G glycoprotein
HeV
HeV vaccine
Hendra virus
One Health
Pteropus bats
environment
flying foxes
vaccination
vaccine
viruses
zoonoses
zoonotic paramyxovirus���Mar£��In recent years, the emergence of several highly pathogenic zoonotic diseases in humans has led to a renewed emphasis on the interconnectedness of human, animal, and environmental health, otherwise known as One Health. For example, Hendra virus (HeV), a zoonotic paramyxovirus, was discovered in 1994, and since then, infections have occurred in 7 humans, each of whom had a strong epidemiologic link to similarly affected horses. As a consequence of these outbreaks, eradication of bat populations was discussed, despite their crucial environmental roles in pollination and reduction of the insect population. We describe the development and evaluation of a vaccine for horses with the potential for breaking the chain of HeV transmission from bats to horses to humans, thereby protecting horse, human, and environmental health. The HeV vaccine for horses is a key example of a One Health approach to the control of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24572697M��Middleton, Deborah
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*Zoonoses/prevention & control/transmission���Feb 20®��BACKGROUND: After the 2011 cluster of Hendra virus cases in horses in Australia, public health targeted education initiatives at people in the equine industry to reduce human exposure to potentially infected horses. 'Horse owners and Hendra Virus: A Longitudinal cohort study To Evaluate Risk' aims to enhance public health measures through improved understanding of Hendra virus risk perception and risk mitigation strategies among horse owners and horse care providers. This paper describes the stakeholder consultation that was undertaken to ensure the cohort study outcomes were relevant to diverse groups who play a role in Hendra virus policy development and implementation. METHODS: A two-round modified Delphi study with online questionnaires was conducted. In round one, stakeholders identified priority research areas. In round two, stakeholders rated and ranked topics that emerged from thematic analysis of the round one responses. Round two data were analysed using logistic regression. RESULTS: Of the 255 stakeholders contacted, 101 responded to round one. Over 450 topics were proposed. These were organized into 18 themes. Approximately two thirds of the round one respondents participated in round two. 'Hendra virus-related risk awareness and perception', 'personal health and safety', 'emergency preparedness', 'risk prevention, mitigation, and biosecurity', and 'Hendra virus vaccination in horses--attitudes/uptake' were the top five areas identified according to probability of being ranked extremely important. CONCLUSIONS: In this study, a modified Delphi approach was effective in guiding research into Hendra virus, a zoonotic disease of animal and human health significance. The findings support the notion that stakeholders should be engaged in zoonotic disease research priority setting. Such consultation will help to ensure that research initiatives are relevant and useful to stakeholders in the position to make use of new findings.,��https://www.ncbi.nlm.nih.gov/pubmed/24552445Í��Sawford, Kate
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*Virus Internalization���Apr·��The paramyxoviruses represent a diverse virus family responsible for a wide range of human and animal diseases. In contrast to other viruses, such as HIV and influenza virus, which use a single glycoprotein to mediate host receptor binding and virus entry, the paramyxoviruses require two distinct proteins. One of these is an attachment glycoprotein that binds receptor, while the second is a fusion glycoprotein, which undergoes conformational changes that drive virus-cell membrane fusion and virus entry. The details of how receptor binding by one protein activates the second to undergo conformational changes have been poorly understood until recently. Over the past couple of years, structural and functional data have accumulated on representative members of this family, including parainfluenza virus 5, Newcastle disease virus, measles virus, Nipah virus and others, which suggest a mechanistic convergence of activation models. Here we review the data indicating that paramyxovirus attachment glycoproteins shield activating residues within their N-terminal stalk domains, which are then exposed upon receptor binding, leading to the activation of the fusion protein by a 'provocateur' mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/24530984���Jardetzky, Theodore S
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Viral Vaccines/administration & dosage/genetics/*immunology���Mayì��UNLABELLED: Hendra virus (HeV) is a zoonotic emerging virus belonging to the family Paramyxoviridae. HeV causes severe and often fatal respiratory and/or neurologic disease in both animals and humans. Currently, there are no licensed vaccines or antiviral drugs approved for human use. A number of animal models have been developed for studying HeV infection, with the African green monkey (AGM) appearing to most faithfully reproduce the human disease. Here, we assessed the utility of a newly developed recombinant subunit vaccine based on the HeV attachment (G) glycoprotein in the AGM model. Four AGMs were vaccinated with two doses of the HeV vaccine (sGHeV) containing Alhydrogel, four AGMs received the sGHeV with Alhydrogel and CpG, and four control animals did not receive the sGHeV vaccine. Animals were challenged with a high dose of infectious HeV 21 days after the boost vaccination. None of the eight specifically vaccinated animals showed any evidence of clinical illness and survived the challenge. All four controls became severely ill with symptoms consistent with HeV infection, and three of the four animals succumbed 8 days after exposure. Success of the recombinant subunit vaccine in AGMs provides pivotal data in supporting its further preclinical development for potential human use. IMPORTANCE: A Hendra virus attachment (G) glycoprotein subunit vaccine was tested in nonhuman primates to assess its ability to protect them from a lethal infection with Hendra virus. It was found that all vaccinated African green monkeys were completely protected against subsequent Hendra virus infection and disease. The success of this new subunit vaccine in nonhuman primates provides critical data in support of its further development for future human use.,��https://www.ncbi.nlm.nih.gov/pubmed/24522928S��Mire, Chad E
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Serology���May$��Hendra and Nipah viruses (HeV and NiV) are closely related zoonotic pathogens of the Paramyxoviridae family. Both viruses belong to the Henipavirus genus and cause fatal disease in animals and humans, though only HeV is endemic in Australia. In general and due to the acute nature of the disease, agent detection by PCR and virus isolation are the primary tools for diagnostic investigations. Assays for the detection of antibodies against HeV are fit more readily for the purpose of surveillance testing in disease epidemiology and to meet certification requirements in the international movement of horses. The first generation indirect ELISA has been affected by non-specific reactions which must be resolved using virus neutralisation serology conducted at laboratory bio-safety level 4 containment (PC4). Recent developments have enabled improvements in the available serology assays. The production of an expressed recombinant truncated HeV G protein has been utilised in ELISA and in Luminex-based multiplexed microsphere assays. In the latter format, two Luminex assays have been developed for use in henipavirus serology: a binding assay (designed for antibody detection and differentiation) and a blocking assay (designed as a surrogate for virus neutralisation). Equine and canine field sera were used to evaluate the two Luminex assays relative to ELISA and virus neutralisation serology. Results showed that Luminex assays can be effective as rapid, sensitive and specific tests for the detection of HeV antibody in horse and dog sera. The tests do not require PC4 containment and are appropriate for high throughput applications as might be required for disease investigations and other epidemiological surveillance. Also, the results show that the Luminex assays detect effectively HeV vaccine-induced antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/24508193ò��McNabb, Leanne
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Virus Diseases/enzymology/virology���AprÖ��UNLABELLED: Severe acute respiratory syndrome coronavirus (SARS-CoV) and Ebola, Hendra, and Nipah viruses are members of different viral families and are known causative agents of fatal viral diseases. These viruses depend on cathepsin L for entry into their target cells. The viral glycoproteins need to be primed by protease cleavage, rendering them active for fusion with the host cell membrane. In this study, we developed a novel high-throughput screening assay based on peptides, derived from the glycoproteins of the aforementioned viruses, which contain the cathepsin L cleavage site. We screened a library of 5,000 small molecules and discovered a small molecule that can inhibit the cathepsin L cleavage of all viral peptides with minimal inhibition of cleavage of a host protein-derived peptide (pro-neuropeptide Y). The small molecule inhibited the entry of all pseudotyped viruses in vitro and the cleavage of SARS-CoV spike glycoprotein in an in vitro cleavage assay. In addition, the Hendra and Nipah virus fusion glycoproteins were not cleaved in the presence of the small molecule in a cell-based cleavage assay. Furthermore, we demonstrate that the small molecule is a mixed inhibitor of cathepsin L. Our broad-spectrum antiviral small molecule appears to be an ideal candidate for future optimization and development into a potent antiviral against SARS-CoV and Ebola, Hendra, and Nipah viruses. IMPORTANCE: We developed a novel high-throughput screening assay to identify small molecules that can prevent cathepsin L cleavage of viral glycoproteins derived from SARS-CoV and Ebola, Hendra, and Nipah viruses that are required for their entry into the host cell. We identified a novel broad-spectrum small molecule that could block cathepsin L-mediated cleavage and thus inhibit the entry of pseudotypes bearing the glycoprotein derived from SARS-CoV or Ebola, Hendra, or Nipah virus. The small molecule can be further optimized and developed into a potent broad-spectrum antiviral drug.,��https://www.ncbi.nlm.nih.gov/pubmed/245013993��Elshabrawy, Hatem A
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pathogenesis���Jul²��Hendra (HeV) and Nipah (NiV) viruses (genus Henipavirus (HNV; family Paramyxoviridae) are emerging zoonotic agents that can cause severe respiratory distress and acute encephalitis in humans. Given the lack of effective therapeutics and vaccines for human use, these viruses are considered as public health concerns. Several experimental animal models of HNV infection have been developed in recent years. Here, we review the current status of four of the most promising experimental animal models (mice, hamsters, ferrets, and African green monkeys) and their suitability for modeling the clinical disease, transmission, pathogenesis, prevention, and treatment for HNV infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24488776���Rockx, Barry
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Zoonoses/*epidemiology/transmission���FebÑ��Zoonotic infections are important sources of human disease; most known emerging infections are zoonotic (e.g., HIV, Ebola virus, severe acute respiratory syndrome, Nipah virus, and enteropathogenic Escherichia coli) and originated as natural infections of other species that acquired opportunities to come in contact with humans. There are also serious infectious diseases classically considered zoonotic, such as influenza, rabies, bubonic plague, brucellosis, and leptospirosis. More recently, it has been recognized that wildlife constitutes a particularly important source of novel zoonoses. With all this microbial movement, surveillance is considered the first line of public health defense. The zoonotic origin of many human and livestock infections argues strongly for the synergistic value of a One Health approach, which provides the capability to identify pathogens crossing into new species and could provide earlier warning of potential epidemics. This article discusses public health surveillance and major recent surveillance initiatives and reviews progress toward implementing a One Health surveillance framework. Networks discussed include global intergovernmental organizations and recent combined efforts of these organizations; Web-based nongovernmental systems (e.g., ProMED, the Program for Monitoring Emerging Diseases); and networks of bilateral or multilateral government programs (e.g., the CDC's Global Disease Detection [GDD] platform; the U.S. Department of Defense's Global Emerging Infections Surveillance and Response System [GEIS]; regional and subregional networks; and the U.S. Agency for International Development's Emerging Pandemic Threats [EPT] program and its surveillance component, PREDICT). Syndromic surveillance also has potential to complement existing systems. New technologies are enabling revolutionary capabilities for global surveillance, but in addition to serious technical needs, both sustainability and data-sharing mechanisms remain challenges.,��https://www.ncbi.nlm.nih.gov/pubmed/26082122Æ��Morse, Stephen S
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Zoonoses���Mar 6È��The recent discovery of a wide range of henipavirus-like viruses circulating in Megabats in Africa raises the question as to the zoonotic potential of these pathogens given the high human mortality rates seen with their pathogenic relatives Nipah virus and Hendra virus. In the absence of cultured infectious African Henipavirus we have performed experiments with recombinant F and G glycoproteins from the representative African Henipavirus strain M74a aimed at estimating its cellular tropism and capacity to use similar receptors to its highly pathogenic counterparts. The ability of the M74a virus G surface protein to use the ubiquitous Ephrin B2 host cell receptor and its heterologous cross-compatibility with Nipah virus could be expected to impart upon this virus a reasonable potential for species spillover, although differences in fusion efficiency seen with the M74a virus F protein in certain cell lines could present a barrier for zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/24452140���Lawrence, Philip
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Iron���Mar 1���Biodegradable metals such as magnesium, iron and their alloys have been known as potential materials for temporary medical implants. However, most of the studies on biodegradable metals have been focusing on optimizing their mechanical properties and degradation behavior with no emphasis on improving their bioactivity behavior. We therefore investigated the possibility of improving iron biodegradation rate and bioactivity by incorporating various bioactive bioceramics. The iron-based bioceramic (hydroxyapatite, tricalcium phosphate and biphasic calcium phosphate) composites were prepared by mechanical mixing and sintering process. Degradation studies indicated that the addition of bioceramics lowered the corrosion potential of the composites and slightly increased their corrosion rate compared to that of pure iron. In vitro cytotoxicity results showed an increase of cellular activity when rat smooth muscle cells interacted with the degrading composites compared to pure iron. X-ray radiogram analysis showed a consistent degradation progress with that found in vivo and positive tissue response up to 70 days implantation in sheep animal model. Therefore, the iron-based bioceramic composites have the potential to be used for biodegradable bone implant applications.,��https://www.ncbi.nlm.nih.gov/pubmed/24433920���Ulum, M F
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Pigs���Decë��The emergence of Nipah virus (NiV) infection into the pig population and subsequently into the human population is believed to be due to changes in ecological conditions. In Malaysia, A major NiV outbreak occurred in pigs and humans from September 1998 to April 1999 that resulted in infection of 265 and death of 105 persons. About 1.1 million pigs had to be destroyed to control the outbreak. The disease was recorded in the form of a major outbreak in India in 2001 and then a small incidence in 2007, both the outbreaks in West Bengal only in humans without any involvement of pigs. There were series of human Nipah incidences in Bangladesh from 2001 till 2013 almost every year with mortality exceeding 70 %. The disease transmission from pigs acting as an intermediate host during Malaysian and Singapore outbreaks has changed in NIV outbreaks in India and Bangladesh, transmitting the disease directly from bats to human followed by human to human. The drinking of raw date palm sap contaminated with fruit bat urine or saliva containing NiV is the only known cause of outbreak of the disease in Bangladesh outbreaks. The virus is now known to exist in various fruit bats of Pteropus as well as bats of other genera in a wider belt from Asia to Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/24426305§��Kulkarni, D D
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Virus���Dec+��Emerging and reemerging viral diseases of livestock and human beings are in sharp rise in recent years. Importantly, many of these viruses, including influenza, Hendra, Nipah and corona are of zoonotic importance. Several viral diseases of livestock such as bluetongue, peste des petits ruminants, camel pox, equine infectious anaemia, chicken anaemia and sheep-associated malignant catarrhal fever are crossing their traditional boundaries. Emergence of new serotypes and variant forms of viruses as in the case of blue tongue virus, avian infectious bronchitis virus, Newcastle disease virus adds additional level of complexity. The increased incidence of emerging and reemerging viral diseases could be attributed to several factors including deforestation and surge in direct contact of livestock and humans with wild animals and birds. This special issue of "Indian Journal of Virology" is focused on diverse aspects of above diseases: isolation and characterization of viruses, epidemiology, pathogenesis, diagnosis, prevention measures and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/24426290���Bayry, Jagadeesh
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Virus Replication?��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans, and incurred a high fatality rate in humans. We established a system that enabled the rescue of replicating NiVs from a cloned DNA. Using the system, we analyzed the functions of accessory proteins in infected cells and the implications in in vivo pathogenicity. Further, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins, which appeared to be an appropriate to NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25765986u��Yoneda, Misako
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Viral Vaccines/administration & dosage/genetics/*immunology���Dec 13q��BACKGROUND: Nipah virus (NiV) is a highly pathogenic zoonotic agent in the family Paramyxoviridae that is maintained in nature by bats. Outbreaks have occurred in Malaysia, Singapore, India, and Bangladesh and have been associated with 40 to 75% case fatality rates. There are currently no vaccines or postexposure treatments licensed for combating human NiV infection. METHODS AND RESULTS: Four groups of ferrets received a single vaccination with different recombinant vesicular stomatitis virus vectors expressing: Group 1, control with no glycoprotein; Group 2, the NiV fusion protein (F); Group 3, the NiV attachment protein (G); and Group 4, a combination of the NiV F and G proteins. Animals were challenged intranasally with NiV 28 days after vaccination. Control ferrets in Group 1 showed characteristic clinical signs of NiV disease including respiratory distress, neurological disorders, viral load in blood and tissues, and gross lesions and antigen in target tissues; all animals in this group succumbed to infection by day 8. Importantly, all specifically vaccinated ferrets in Groups 2-4 showed no evidence of clinical illness and survived challenged. All animals in these groups developed anti-NiV F and/or G IgG and neutralizing antibody titers. While NiV RNA was detected in blood at day 6 post challenge in animals from Groups 2-4, the levels were orders of magnitude lower than animals from control Group 1. CONCLUSIONS: These data show protective efficacy against NiV in a relevant model of human infection. Further development of this technology has the potential to yield effective single injection vaccines for NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/24330654ì��Mire, Chad E
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Trees���FebN��Nipah virus has caused recurring outbreaks in central and northwest Bangladesh (the "Nipah Belt"). Little is known about roosting behavior of the fruit bat reservoir, Pteropus giganteus, or factors driving spillover. We compared human population density and ecological characteristics of case villages and control villages (no reported outbreaks) to understand their role in P. giganteus roosting ecology and Nipah virus spillover risk. Nipah Belt villages have a higher human population density (P < 0.0001), and forests that are more fragmented than elsewhere in Bangladesh (0.50 versus 0.32 patches/km(2), P < 0.0001). The number of roosts in a village correlates with forest fragmentation (r = 0.22, P = 0.03). Villages with a roost containing Polyalthia longifolia or Bombax ceiba trees were more likely case villages (odds ratio [OR] = 10.8, 95% confidence interval [CI] = 1.3-90.6). This study suggests that, in addition to human population density, composition and structure of the landscape shared by P. giganteus and humans may influence the geographic distribution of Nipah virus spillovers.,��https://www.ncbi.nlm.nih.gov/pubmed/24323516���Hahn, Micah B
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Zoonoses/*epidemiology/virology­��Zoonoses from wildlife threaten global public health. Hendra virus is one of several zoonotic viral diseases that have recently emerged from Pteropus species fruit-bats (flying-foxes). Most hypotheses regarding persistence of Hendra virus within flying-fox populations emphasize horizontal transmission within local populations (colonies) via urine and other secretions, and transmission among colonies via migration. As an alternative hypothesis, we explore the role of recrudescence in persistence of Hendra virus in flying-fox populations via computer simulation using a model that integrates published information on the ecology of flying-foxes, and the ecology and epidemiology of Hendra virus. Simulated infection patterns agree with infection patterns observed in the field and suggest that Hendra virus could be maintained in an isolated flying-fox population indefinitely via periodic recrudescence in a manner indistinguishable from maintenance via periodic immigration of infected individuals. Further, post-recrudescence pulses of infectious flying-foxes provide a plausible basis for the observed seasonal clustering of equine cases. Correct understanding of the infection dynamics of Hendra virus in flying-foxes is fundamental to effectively managing risk of infection in horses and humans. Given the lack of clear empirical evidence on how the virus is maintained within populations, the role of recrudescence merits increased attention.,��https://www.ncbi.nlm.nih.gov/pubmed/24312221Û��Wang, Hsiao-Hsuan
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Viral Proteins/genetics/*metabolism���Mar¨��In recent years, novel henipavirus-related sequences have been identified in bats in Africa. To evaluate the potential of African bat henipaviruses to spread in non-bat mammalian cells, we compared the biological functions of the surface glycoproteins G and F of the prototype African henipavirus GH-M74a with those of the glycoproteins of Nipah virus (NiV), a well-characterized pathogenic member of the henipavirus genus. Glycoproteins are central determinants for virus tropism, as efficient binding of henipavirus G proteins to cellular ephrin receptors and functional expression of fusion-competent F proteins are indispensable prerequisites for virus entry and cell-to-cell spread. In this study, we analysed the ability of the GH-M74a G and F proteins to cause cell-to-cell fusion in mammalian cell types readily permissive to NiV or Hendra virus infections. Except for limited syncytium formation in a bat cell line derived from Hypsignathus monstrosus, HypNi/1.1 cells, we did not observe any fusion. The highly restricted fusion activity was predominantly due to the F protein. Whilst GH-M74a G protein was found to interact with the main henipavirus receptor ephrin-B2 and induced syncytia upon co-expression with heterotypic NiV F protein, GH-M74a F protein did not cause evident fusion in the presence of heterotypic NiV G protein. Pulse-chase and surface biotinylation analyses revealed delayed F cleavage kinetics with a reduced expression of cleaved and fusion-active GH-M74a F protein on the cell surface. Thus, the F protein of GH-M74a showed a functional defect that is most likely caused by impaired trafficking leading to less efficient proteolytic activation and surface expression.,��https://www.ncbi.nlm.nih.gov/pubmed/24296468!��Weis, Michael
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Zoonoses/epidemiology/*transmission/virology���Dec���A large proportion of viral pathogens that have emerged during the last decades in humans are considered to have originated from various animal species. This is well exemplified by several recent epidemics such as those of Nipah, Severe Acute Respiratory Syndrome, Avian flu, Ebola, Monkeypox, and Hantaviruses. After the initial interspecies transmission per se, the viruses can disseminate into the human population through various and distinct mechanisms. Some of them are well characterized and understood, thus allowing a certain level of risk control and prevention. Surprisingly and in contrast, the initial steps that lead to the emergence of several viruses, and of their associated diseases, remain still poorly understood. Epidemiological field studies conducted in certain specific high-risk populations are thus necessary to obtain new insights into the early events of this emergence process. Human infections by simian viruses represent increasing public health concerns. Indeed, by virtue of their genetic andphysiological similarities, non-human primates (NHPs) are considered to be likely the sources of viruses that can infect humans and thus may pose a significant threat to human population. This is well illustrated by retroviruses, which have the ability to cross species, adapt to a new host and sometimes spread within these new species. Sequence comparison and phylogenetic studies have thus clearly showed that the emergence of human immunodeficiency virus type 1 (HIV-1) and HIV-2 in humans have resulted from several independent interspecies transmissions of different SIV types from Chimpanzees and African monkeys (including sooty mangabeys), respectively, probably during the first part of the last century. The situation for Human T cell Lymphotropic virus type 1 (HTLV-1) is, for certain aspects, quite comparable. Indeed, the origin of most HTLV-1 subtypes appears to be linked to interspecies transmission between STLV-1-infected monkeys and humans, followed by variable periods of evolution in the human host. In this review, after an introduction on emerging viruses, we will briefly present the results of a large epidemiological study performed in groups of Bantus and Pygmies living in villages and settlements located in the rain forest of the South region of Cameroon. These populations are living nearby the habitats of several monkeys and apes, often naturally infected by different retroviruses including SIV, STLV and simianfoamy virus. Most of the persons included in this study were hunters of such NHPs, thus at high risk of contact with infected body fluids (blood, saliva,...) during hunting activities. After reviewing the current available data on the discovery, cross-species transmission from monkeys and apes to humans of the simian foamy retroviruses, we will report the results of our study. Such infection is a unique natural model to study the different mechanisms of restriction of retroviral emergence in Humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26137812���Gessain, Antoine
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*Virus Internalization¥��Membrane fusion is essential for entry of the biomedically-important paramyxoviruses into their host cells (viral-cell fusion), and for syncytia formation (cell-cell fusion), often induced by paramyxoviral infections [e.g. those of the deadly Nipah virus (NiV)]. For most paramyxoviruses, membrane fusion requires two viral glycoproteins. Upon receptor binding, the attachment glycoprotein (HN/H/G) triggers the fusion glycoprotein (F) to undergo conformational changes that merge viral and/or cell membranes. However, a significant knowledge gap remains on how HN/H/G couples cell receptor binding to F-triggering. Via interdisciplinary approaches we report the first comprehensive mechanism of NiV membrane fusion triggering, involving three spatiotemporally sequential cell receptor-induced conformational steps in NiV-G: two in the head and one in the stalk. Interestingly, a headless NiV-G mutant was able to trigger NiV-F, and the two head conformational steps were required for the exposure of the stalk domain. Moreover, the headless NiV-G prematurely triggered NiV-F on virions, indicating that the NiV-G head prevents premature triggering of NiV-F on virions by concealing a F-triggering stalk domain until the correct time and place: receptor-binding. Based on these and recent paramyxovirus findings, we present a comprehensive and fundamentally conserved mechanistic model of paramyxovirus membrane fusion triggering and cell entry.,��https://www.ncbi.nlm.nih.gov/pubmed/24278018¾��Liu, Qian
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Pneumonia/immunology/pathology¯��Lung dendritic cells (DCs) bridge innate and adaptive immunity, and depending on context, they also induce a Th1, Th2, or Th17 response to optimally clear infectious threats. Conversely, lung DCs can also mount maladaptive Th2 immune responses to harmless allergens and, in this way, contribute to immunopathology. It is now clear that the various aspects of DC biology can be understood only if we take into account the functional specializations of different DC subsets that are present in the lung in homeostasis or are attracted to the lung as part of the inflammatory response to inhaled noxious stimuli. Lung DCs are heavily influenced by the nearby epithelial cells, and a model is emerging whereby direct communication between DCs and epithelial cells determines the outcome of the pulmonary immune response. Here, we have approached DC biology from the perspective of viral infection and allergy to illustrate these emerging concepts.,��https://www.ncbi.nlm.nih.gov/pubmed/22224777«��Lambrecht, Bart N
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Surveys and QuestionnairesÈ��Hendra virus is a highly pathogenic novel paramyxovirus causing sporadic fatal infection in horses and humans in Australia. Species of fruit-bats (genus Pteropus), commonly known as flying-foxes, are the natural host of the virus. We undertook a survey of horse owners in the states of Queensland and New South Wales, Australia to assess the level of adoption of recommended risk management strategies and to identify impediments to adoption. Survey questionnaires were completed by 1431 respondents from the target states, and from a spectrum of industry sectors. Hendra virus knowledge varied with sector, but was generally limited, with only 13% of respondents rating their level of knowledge as high or very high. The majority of respondents (63%) had seen their state's Hendra virus information for horse owners, and a similar proportion found the information useful. Fifty-six percent of respondents thought it moderately, very or extremely likely that a Hendra virus case could occur in their area, yet only 37% said they would consider Hendra virus if their horse was sick. Only 13% of respondents stabled their horses overnight, although another 24% said it would be easy or very easy to do so, but hadn't done so. Only 13% and 15% of respondents respectively had horse feed bins and water points under solid cover. Responses varied significantly with state, likely reflecting different Hendra virus history. The survey identified inconsistent awareness and/or adoption of available knowledge, confusion in relation to Hendra virus risk perception, with both over-and under-estimation of true risk, and lag in the uptake of recommended risk minimisation strategies, even when these were readily implementable. However, we also identified frustration and potential alienation by horse owners who found the recommended strategies impractical, onerous and prohibitively expensive. The insights gained from this survey have broader application to other complex risk-management scenarios.,��https://www.ncbi.nlm.nih.gov/pubmed/24260503é��Kung, Nina
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Pigs���Jan 1þ��Diseases that are exotic to the pig industry in Australia were prioritised using a multi-criteria decision analysis framework that incorporated weights of importance for a range of criteria important to industry stakeholders. Measurements were collected for each disease for nine criteria that described potential disease impacts. A total score was calculated for each disease using a weighted sum value function that aggregated the nine disease criterion measurements and weights of importance for the criteria that were previously elicited from two groups of industry stakeholders. One stakeholder group placed most value on the impacts of disease on livestock, and one group placed more value on the zoonotic impacts of diseases. Prioritisation lists ordered by disease score were produced for both of these groups. Vesicular diseases were found to have the highest priority for the group valuing disease impacts on livestock, followed by acute forms of African and classical swine fever, then highly pathogenic porcine reproductive and respiratory syndrome. The group who valued zoonotic disease impacts prioritised rabies, followed by Japanese encephalitis, Eastern equine encephalitis and Nipah virus, interspersed with vesicular diseases. The multi-criteria framework used in this study systematically prioritised diseases using a multi-attribute theory based technique that provided transparency and repeatability in the process. Flexibility of the framework was demonstrated by aggregating the criterion weights from more than one stakeholder group with the disease measurements for the criteria. This technique allowed industry stakeholders to be active in resource allocation for their industry without the need to be disease experts. We believe it is the first prioritisation of livestock diseases using values provided by industry stakeholders. The prioritisation lists will be used by industry stakeholders to identify diseases for further risk analysis and disease spread modelling to understand biosecurity risks to this industry.,��https://www.ncbi.nlm.nih.gov/pubmed/24211032ã��Brookes, V J
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Vaccine���Jan���Nipah virus (NiV) continues to cause outbreaks of fatal human encephalitis due to spillover from its bat reservoir. We determined that a single dose of replication-defective vesicular stomatitis virus (VSV)-based vaccine vectors expressing either the NiV fusion (F) or attachment (G) glycoproteins protected hamsters from over 1000 times LD50 NiV challenge. This highly effective single-dose protection coupled with an enhanced safety profile makes these candidates ideal for potential use in livestock and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24184127´��Lo, Michael K
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Virus Entry���Dec 13¤��Paramyxovirus fusion (F) proteins promote membrane fusion between the viral envelope and host cell membranes, a critical early step in viral infection. Although mutational analyses have indicated that transmembrane (TM) domain residues can affect folding or function of viral fusion proteins, direct analysis of TM-TM interactions has proved challenging. To directly assess TM interactions, the oligomeric state of purified chimeric proteins containing the Staphylococcal nuclease (SN) protein linked to the TM segments from three paramyxovirus F proteins was analyzed by sedimentation equilibrium analysis in detergent and buffer conditions that allowed density matching. A monomer-trimer equilibrium best fit was found for all three SN-TM constructs tested, and similar fits were obtained with peptides corresponding to just the TM region of two different paramyxovirus F proteins. These findings demonstrate for the first time that class I viral fusion protein TM domains can self-associate as trimeric complexes in the absence of the rest of the protein. Glycine residues have been implicated in TM helix interactions, so the effect of mutations at Hendra F Gly-508 was assessed in the context of the whole F protein. Mutations G508I or G508L resulted in decreased cell surface expression of the fusogenic form, consistent with decreased stability of the prefusion form of the protein. Sedimentation equilibrium analysis of TM domains containing these mutations gave higher relative association constants, suggesting altered TM-TM interactions. Overall, these results suggest that trimeric TM interactions are important driving forces for protein folding, stability and membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/24178297ø��Smith, Everett Clinton
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Signal transducers and activators of transcription 2���May 12Ñ��The paramyxoviruses are a family of > 30 viruses that variously infect humans, other mammals and fish to cause diverse outcomes, ranging from asymptomatic to lethal disease, with the zoonotic paramyxoviruses Nipah and Hendra showing up to 70% case-fatality rate in humans. The capacity to evade host immunity is central to viral infection, and paramyxoviruses have evolved multiple strategies to overcome the host interferon (IFN)-mediated innate immune response through the activity of their IFN-antagonist proteins. Although paramyxovirus IFN antagonists generally target common factors of the IFN system, including melanoma differentiation associated factor 5, retinoic acid-inducible gene-I, signal transducers and activators of transcription (STAT)1 and STAT2, and IFN regulatory factor 3, the mechanisms of antagonism show remarkable diversity between different genera and even individual members of the same genus; the reasons for this diversity, however, are not currently understood. Here, we review the IFN antagonism strategies of paramyxoviruses, highlighting mechanistic differences observed between individual species and genera. We also discuss potential sources of this diversity, including biological differences in the host and/or tissue specificity of different paramyxoviruses, and potential effects of experimental approaches that have largely relied on in vitro systems. Importantly, recent studies using recombinant virus systems and animal infection models are beginning to clarify the importance of certain mechanisms of IFN antagonism to in vivo infections, providing important indications not only of their critical importance to virulence, but also of their potential targeting for new therapeutic/vaccine approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/24175230���Audsley, Michelle D
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Viral Fusion Proteins/*chemistry/genetics/immunologyJ��The henipaviruses, represented by Hendra (HeV) and Nipah (NiV) viruses are highly pathogenic zoonotic paramyxoviruses with uniquely broad host tropisms responsible for repeated outbreaks in Australia, Southeast Asia, India and Bangladesh. The high morbidity and mortality rates associated with infection and lack of licensed antiviral therapies make the henipaviruses a potential biological threat to humans and livestock. Henipavirus entry is initiated by the attachment of the G envelope glycoprotein to host cell membrane receptors. Previously, henipavirus-neutralizing human monoclonal antibodies (hmAb) have been isolated using the HeV-G glycoprotein and a human naive antibody library. One cross-reactive and receptor-blocking hmAb (m102.4) was recently demonstrated to be an effective post-exposure therapy in two animal models of NiV and HeV infection, has been used in several people on a compassionate use basis, and is currently in development for use in humans. Here, we report the crystal structure of the complex of HeV-G with m102.3, an m102.4 derivative, and describe NiV and HeV escape mutants. This structure provides detailed insight into the mechanism of HeV and NiV neutralization by m102.4, and serves as a blueprint for further optimization of m102.4 as a therapeutic agent and for the development of entry inhibitors and vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/241304863��Xu, Kai
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Viral dsRNA detection���Dec2��Double-stranded RNA (dsRNA) is synthesized during the course of infection by RNA viruses as a byproduct of replication and transcription and acts as a potent trigger of the host innate antiviral response. In the cytoplasm of the infected cell, recognition of the presence of viral dsRNA as a signature of "non-self" nucleic acid is carried out by RIG-I-like receptors (RLRs), a set of dedicated helicases whose activation leads to the production of type I interferon alpha/beta (IFN-alpha/beta). To overcome the innate antiviral response, RNA viruses encode suppressors of IFN-alpha/beta induction, which block RLRs recognition of dsRNA by means of different mechanisms that can be categorized into: (i) dsRNA binding and/or shielding ("hide"), (ii) dsRNA termini processing ("mask") and (iii) direct interaction with components of the RLRs pathway ("hit"). In light of recent functional, biochemical and structural findings, we review the inhibition mechanisms of RLRs recognition of dsRNA displayed by a number of highly pathogenic RNA viruses with different disease phenotypes such as haemorrhagic fever (Ebola, Marburg, Lassa fever, Lujo, Machupo, Junin, Guanarito, Crimean-Congo, Rift Valley fever, dengue), severe respiratory disease (influenza, SARS, Hendra, Hantaan, Sin Nombre, Andes) and encephalitis (Nipah, West Nile).,��https://www.ncbi.nlm.nih.gov/pubmed/24129118¥��Zinzula, Luca
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zoonosis���Marà��Bats host many viruses that are significant for human and domestic animal health, but the dynamics of these infections in their natural reservoir hosts remain poorly elucidated. In these, and other, systems, there is evidence that seasonal life-cycle events drive infection dynamics, directly impacting the risk of exposure to spillover hosts. Understanding these dynamics improves our ability to predict zoonotic spillover from the reservoir hosts. To this end, we followed henipavirus antibody levels of >100 individual E. helvum in a closed, captive, breeding population over a 30-month period, using a powerful novel antibody quantitation method. We demonstrate the presence of maternal antibodies in this system and accurately determine their longevity. We also present evidence of population-level persistence of viral infection and demonstrate periods of increased horizontal virus transmission associated with the pregnancy/lactation period. The novel findings of infection persistence and the effect of pregnancy on viral transmission, as well as an accurate quantitation of chiropteran maternal antiviral antibody half-life, provide fundamental baseline data for the continued study of viral infections in these important reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24111634¿��Baker, Kate S
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RNA Replicase/*drug effects/metabolism���Jan\��Australia is facing a major national medical challenge with the emergence of the Hendra virus (HeV) as a medically and economically important pathogen of humans and animals. Clinical symptoms of human HeV infection can include fever, hypotension, dizziness, encephalitis, respiratory haemorrhage and edema. The window of opportunity for successful patient treatment remains unknown, but is likely to be very narrow. Currently, very few effective therapeutic options are available for the case management of severe HeV infections or the rapid silencing of local outbreaks. This underscores the need for more activity in the drug discovery arena to develop much needed therapeutics that specifically targets this deadly disease. The structural analysis of HeV is very much in its infancy, which leaves many gaps in our understanding of the biology of HeV and makes structure-guided drug design difficult. Structural studies of the viral RNAdependent- RNA polymerase (RdRp), which is the heart of the viral replication machinery, will set the stage for rational drug design and fill a major gap in our understanding of the HeV replication machinery. This review examines the current knowledge based on the multi-domain architecture of the Hendra RdRp and highlights which essential domain functions represent tangible targets for drug development against this deadly disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24102407è��Velkov, Tony
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Protein Structure, Tertiary���Hendra virus (HeV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The HeV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid. Recruitment of the viral polymerase onto the nucleocapsid template relies on the interaction between the C-terminal domain, N(TAIL), of N and the C-terminal X domain, XD, of the polymerase co-factor phosphoprotein (P). Here, we provide an atomic resolution description of the intrinsically disordered N(TAIL) domain in its isolated state and in intact nucleocapsids using nuclear magnetic resonance (NMR) spectroscopy. Using electron microscopy, we show that HeV nucleocapsids form herringbone-like structures typical of paramyxoviruses. We also report the crystal structure of XD of P that consists of a three-helix bundle. We study the interaction between N(TAIL) and XD using NMR titration experiments and provide a detailed mapping of the reciprocal binding sites. We show that the interaction is accompanied by alpha-helical folding of the molecular recognition element of N(TAIL) upon binding to a hydrophobic patch on the surface of XD. Finally, using solution NMR, we investigate the interaction between intact nucleocapsids and XD. Our results indicate that monomeric XD binds to N(TAIL) without triggering an additional unwinding of the nucleocapsid template. The present results provide a structural description at the atomic level of the protein-protein interactions required for transcription and replication of HeV, and the first direct observation of the interaction between the X domain of P and intact nucleocapsids in Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/24086133f��Communie, Guillaume
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Zoonoses/epidemiology/transmission/virology���Oct 2æ	�BACKGROUND: On 31 March 2013, the first human infections with the novel influenza A/H7N9 virus were reported in Eastern China. The outbreak expanded rapidly in geographic scope and size, with a total of 132 laboratory-confirmed cases reported by 3 June 2013, in 10 Chinese provinces and Taiwan. The incidence of A/H7N9 cases has stalled in recent weeks, presumably as a consequence of live bird market closures in the most heavily affected areas. Here we compare the transmission potential of influenza A/H7N9 with that of other emerging pathogens and evaluate the impact of intervention measures in an effort to guide pandemic preparedness. METHODS: We used a Bayesian approach combined with a SEIR (Susceptible-Exposed-Infectious-Removed) transmission model fitted to daily case data to assess the reproduction number (R) of A/H7N9 by province and to evaluate the impact of live bird market closures in April and May 2013. Simulation studies helped quantify the performance of our approach in the context of an emerging pathogen, where human-to-human transmission is limited and most cases arise from spillover events. We also used alternative approaches to estimate R based on individual-level information on prior exposure and compared the transmission potential of influenza A/H7N9 with that of other recent zoonoses. RESULTS: Estimates of R for the A/H7N9 outbreak were below the epidemic threshold required for sustained human-to-human transmission and remained near 0.1 throughout the study period, with broad 95% credible intervals by the Bayesian method (0.01 to 0.49). The Bayesian estimation approach was dominated by the prior distribution, however, due to relatively little information contained in the case data. We observe a statistically significant deceleration in growth rate after 6 April 2013, which is consistent with a reduction in A/H7N9 transmission associated with the preemptive closure of live bird markets. Although confidence intervals are broad, the estimated transmission potential of A/H7N9 appears lower than that of recent zoonotic threats, including avian influenza A/H5N1, swine influenza H3N2sw and Nipah virus. CONCLUSION: Although uncertainty remains high in R estimates for H7N9 due to limited epidemiological information, all available evidence points to a low transmission potential. Continued monitoring of the transmission potential of A/H7N9 is critical in the coming months as intervention measures may be relaxed and seasonal factors could promote disease transmission in colder months.,��https://www.ncbi.nlm.nih.gov/pubmed/24083506ò��Chowell, Gerardo
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vesicular stomatitis virus���NovË��Nipah virus (NiV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The NiV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid that is the substrate used by the polymerase for transcription and replication. The polymerase is recruited onto the nucleocapsid via its cofactor, the phosphoprotein (P). The NiV P protein has a modular organization, with alternating disordered and ordered domains. Among these latter, is the P multimerization domain (PMD) that was predicted to adopt a coiled-coil conformation. Using both biochemical and biophysical approaches, we show that NiV PMD forms a highly stable and elongated coiled-coil trimer, a finding in striking contrast with respect to the PMDs of Paramyxoviridae members investigated so far that were all found to tetramerize. The present results therefore represent the first report of a paramyxoviral P protein forming trimers.,��https://www.ncbi.nlm.nih.gov/pubmed/24074578¼��Blocquel, David
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Viral Envelope Proteins/genetics/*metabolism���Decã��Serological screening and detection of genomic RNA indicates that members of the genus Henipavirus are present not only in Southeast Asia but also in African fruit bats. We demonstrate that the surface glycoproteins F and G of an African henipavirus (M74) induce syncytium formation in a kidney cell line derived from an African fruit bat, Hypsignathus monstrosus. Despite a less broad cell tropism, the M74 glycoproteins show functional similarities to glycoproteins of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/24067951C��Kruger, Nadine
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One Health
Vaccines
Zoonotic diseases���Nov 4���This review focuses on the immunization of animals as a means of preventing human diseases (zoonoses). Three frameworks for the use of vaccines in this context are described, and examples are provided of successes and failures. Framework I vaccines are used for protection of humans and economically valuable animals, where neither plays a role in the transmission cycle. The benefit of collaborations between animal health and human health industries and regulators in developing such products is discussed, and one example (West Nile vaccine) of a single product developed for use in animals and humans is described. Framework II vaccines are indicated for domesticated animals as a means of preventing disease in both animals and humans. The agents of concern are transmitted directly or indirectly (e.g. via arthropod vectors) from animals to humans. A number of examples of the use of Framework II vaccines are provided, e.g. against brucellosis, Escherichia coli O157, rabies, Rift Valley fever, Venezuelan equine encephalitis, and Hendra virus. Framework III vaccines are used to immunize wild animals as a means of preventing transmission of disease agents to humans and domesticated animals. Examples are reservoir-targeted, oral bait rabies, Mycobacterium bovis and Lyme disease vaccines. Given the speed and lost cost of veterinary vaccine development, some interventions based on the immunization of animals could lead to rapid and relatively inexpensive advances in public health. Opportunities for vaccine-based approaches to preventing zoonotic and emerging diseases that integrate veterinary and human medicine (the One Health paradigm) are emphasized.,��https://www.ncbi.nlm.nih.gov/pubmed/24060567���Monath, Thomas P
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Veterinary Medicine/*trends���Aug 31¿��Josh Slater looks back at the past 125 years of developments in equine infectious disease, including landmark discoveries in microbiology and genomics, and considers what the future may hold.,��https://www.ncbi.nlm.nih.gov/pubmed/23997164j��Slater, Josh
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Zoonosis���Nov 29é��The Henipavirus genus represents a group of paramyxoviruses that are some of the deadliest of known human and veterinary pathogens. Hendra and Nipah viruses are zoonotic pathogens that can cause respiratory and encephalitic illness in humans with mortality rates that exceed 70%. Over the past several years, we have seen an increase in the number of cases and an altered clinical presentation of Hendra virus in naturally infected horses. Recent increase in the number of cases has also been reported with human Nipah virus infections in Bangladesh. These factors, along with the recent discovery of henipa and henipa-like viruses in Africa, Asia and South and Central America adds, a truly global perspective to this group of emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/23993256¥��Croser, Emma L
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interferon���Nov 6ì��Since their first emergence in mid 1990s henipaviruses continued to re emerge in Australia and South East Asia almost every year. In total there has been more than 12 Nipah and 48 Hendra virus outbreaks reported in South East Asia and Australia, respectively. These outbreaks are associated with significant economic and health damages that most high risks countries (particularly in South East Asia) cannot bear the burden of such economical threats. Up until recently, there were no actual therapeutics available to treat or prevent these lethal infections. However, an international collaborative research has resulted in the identification of a potential equine Hendra vaccine capable of providing antibody protection against Hendra virus infections. Consequently, with the current findings and after nearly 2 decades since their first detection, are we there yet? This review recaps the chronicle of the henipavirus emergence and briefly evaluates potential anti-henipavirus vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/23954578®��Aljofan, Mohamad
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Zoonosis���OctÝ��Nipah virus, a paramyxovirus whose wildlife reservoir is Pteropus bats, was first discovered in a large outbreak of acute encephalitis in Malaysia in 1998 among persons who had contact with sick pigs. Apparently, one or more pigs was infected from bats, and the virus then spread efficiently from pig to pig, then from pigs to people. Nipah virus outbreaks have been recognized nearly every year in Bangladesh since 2001 and occasionally in neighboring India. Outbreaks in Bangladesh and India have been characterized by frequent person-to-person transmission and the death of over 70% of infected people. Characteristics of Nipah virus that increase its risk of becoming a global pandemic include: humans are already susceptible; many strains are capable of limited person-to-person transmission; as an RNA virus, it has an exceptionally high rate of mutation: and that if a human-adapted strain were to infect communities in South Asia, high population densities and global interconnectedness would rapidly spread the infection. Appropriate steps to estimate and manage this risk include studies to explore the molecular and genetic basis of respiratory transmission of henipaviruses, improved surveillance for human infections, support from high-income countries to reduce the risk of person-to-person transmission of infectious agents in low-income health care settings, and consideration of vaccination in communities at ongoing risk of exposure to the secretions and excretions of Pteropus bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23911335���Luby, Stephen P
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*Virus Internalization���Oct;��Paramyxoviruses, including the emerging lethal human Nipah virus (NiV) and the avian Newcastle disease virus (NDV), enter host cells through fusion of the viral and target cell membranes. For paramyxoviruses, membrane fusion is the result of the concerted action of two viral envelope glycoproteins: a receptor binding protein and a fusion protein (F). The NiV receptor binding protein (G) attaches to ephrin B2 or B3 on host cells, whereas the corresponding hemagglutinin-neuraminidase (HN) attachment protein of NDV interacts with sialic acid moieties on target cells through two regions of its globular domain. Receptor-bound G or HN via its stalk domain triggers F to undergo the conformational changes that render it competent to mediate fusion of the viral and cellular membranes. We show that chimeric proteins containing the NDV HN receptor binding regions and the NiV G stalk domain require a specific sequence at the connection between the head and the stalk to activate NiV F for fusion. Our findings are consistent with a general mechanism of paramyxovirus fusion activation in which the stalk domain of the receptor binding protein is responsible for F activation and a specific connecting region between the receptor binding globular head and the fusion-activating stalk domain is required for transmitting the fusion signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23903846N��Talekar, Aparna
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vaccines���AugÍ��DESIGN: A cross-sectional study of private veterinarians providing equine services in Queensland. RESULTS: The study revealed that a majority of veterinarians would support the introduction of a Hendra virus (HeV) vaccine. Moreover, almost half of the respondents intended to make vaccination a prerequisite to horse patient presentation. However, participants also responded that a vaccine would not reduce the risk sufficiently to cease or downgrade their HeV management plan and infection control measures. CONCLUSION: When devising promoting and marketing campaigns, government agencies and manufacturers should consider private veterinarians' intentions as a significant driver for the uptake of the HeV vaccine.,��https://www.ncbi.nlm.nih.gov/pubmed/23889099���Mendez, D
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qualitative research���Augæ��OBJECTIVE: To identify the perceived barriers to Hendra virus (HeV) management by private equine veterinarians in Queensland. DESIGN: An exploratory qualitative study of private equine veterinarians registered and working in coastal Queensland. METHODS: A questionnaire that included eight open-ended questions about the management of HeV was used in face-to-face in-depth interviews with 21 veterinary personnel working in equine or mixed private practice between Far North and South-East Queensland in 2009-10. The qualitative data was entered and analysed thematically using QSR's International's Nvivo 9 qualitative data analysis software. RESULTS: This study revealed key issues associated with HeV testing: (1) inadequate knowledge of testing procedures and laboratory diagnostic pathways; (2) difficulty in accessing laboratory services; (3) responsibility for cost of collection and transport of specimen; and (4) the role of government. Participants perceived these issues as reducing potential HeV case management efficiency. CONCLUSION: Although HeV management plans have been modified in part since 2009-10, this study highlights the importance of considering the perspectives of private veterinary practitioners in any biosecurity protocols.,��https://www.ncbi.nlm.nih.gov/pubmed/23889098���Mendez, D
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Viral Vaccines/administration & dosage/genetics/*immunology���Jul 16���BACKGROUND: Nipah virus (NiV) is a zoonotic virus belonging to the henipavirus genus in the family Paramyxoviridae. Since NiV was first identified in 1999, outbreaks have continued to occur in humans in Bangladesh and India on an almost annual basis with case fatality rates reported between 40% and 100%. METHODS: Ferrets were vaccinated with 4, 20 or 100 mug HeVsG formulated with the human use approved adjuvant, CpG, in a prime-boost regime. One half of the ferrets were exposed to NiV at 20 days post boost vaccination and the other at 434 days post vaccination. The presence of virus or viral genome was assessed in ferret fluids and tissues using real-time PCR, virus isolation, histopathology, and immunohistochemistry; serology was also carried out. Non-immunised ferrets were also exposed to virus to confirm the pathogenicity of the inoculum. RESULTS: Ferrets exposed to Nipah virus 20 days post vaccination remained clinically healthy. Virus or viral genome was not detected in any tissues or fluids of the vaccinated ferrets; lesions and antigen were not identified on immunohistological examination of tissues; and there was no increase in antibody titre during the observation period, consistent with failure of virus replication. Of the ferrets challenged 434 days post vaccination, all five remained well throughout the study period; viral genome - but not virus - was recovered from nasal secretions of one ferret given 20 mug HeVsG and bronchial lymph nodes of the other. There was no increase in antibody titre during the observation period, consistent with lack of stimulation of a humoral memory response. CONCLUSIONS: We have previously shown that ferrets vaccinated with 4, 20 or 100 mug HeVsG formulated with CpG adjuvant, which is currently in several human clinical trials, were protected from HeV disease. Here we show, under similar conditions of use, that the vaccine also provides protection against NiV-induced disease. Such protection persists for at least 12 months post-vaccination, with data supporting only localised and self-limiting virus replication in 2 of 5 animals. These results augur well for acceptability of the vaccine to industry.,��https://www.ncbi.nlm.nih.gov/pubmed/23867060r��Pallister, Jackie A
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Vaccine���Oct_��Hendra virus and Nipah virus are bat-borne paramyxoviruses that are the prototypic members of the genus Henipavirus. The henipaviruses emerged in the 1990s, spilling over from their natural bat hosts and causing serious disease outbreaks in humans and livestock. Hendra virus emerged in Australia and since 1994 there have been 7 human infections with 4 case fatalities. Nipah virus first appeared in Malaysia and subsequent outbreaks have occurred in Bangladesh and India. In total, there have been an estimated 582 human cases of Nipah virus and of these, 54% were fatal. Their broad species tropism and ability to cause fatal respiratory and/or neurologic disease in humans and animals make them important transboundary biological threats. Recent experimental findings in animals have demonstrated that a human monoclonal antibody targeting the viral G glycoprotein is an effective post-exposure treatment against Hendra and Nipah virus infection. In addition, a subunit vaccine based on the G glycoprotein of Hendra virus affords protection against Hendra and Nipah virus challenge. The vaccine has been developed for use in horses in Australia and is the first vaccine against a Biosafety Level-4 (BSL-4) agent to be licensed and commercially deployed. Together, these advances offer viable approaches to address Hendra and Nipah virus infection of livestock and people.,��https://www.ncbi.nlm.nih.gov/pubmed/23838047¦��Broder, Christopher C
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receiver operating characteristic���Nov°��Reservoir hosts of novel pathogens are often identified or suspected as such on the basis of serological assay results, prior to the isolation of the pathogen itself. Serological assays might therefore be used outside of their original, validated scope in order to infer seroprevalences in reservoir host populations, until such time that specific diagnostic assays can be developed. This is particularly the case in wildlife disease research. The absence of positive and negative control samples and gold standard diagnostic assays presents challenges in determining an appropriate threshold, or 'cutoff', for the assay that enables differentiation between seronegative and seropositive individuals. Here, multiple methods were explored to determine an appropriate cutoff for a multiplexed microsphere assay that is used to detect henipavirus antibody binding in fruit bat plasma. These methods included calculating multiples of 'negative' control assay values, receiver operating characteristic curve analyses, and Bayesian mixture models to assess the distribution of assay outputs for classifying seropositive and seronegative individuals within different age classes. As for any diagnostic assay, the most appropriate cutoff determination method and value selected must be made according to the aims of the study. This study is presented as an example for others where reference samples, and assays that have been characterised previously, are absent.,��https://www.ncbi.nlm.nih.gov/pubmed/23835034���Peel, Alison J
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Male���Old World frugivorous bats have been identified as natural hosts for emerging zoonotic viruses of significant public health concern, including henipaviruses (Nipah and Hendra virus), Ebola virus, and Marburg virus. Epidemiological studies of these viruses in bats often utilize serology to describe viral dynamics, with particular attention paid to juveniles, whose birth increases the overall susceptibility of the population to a viral outbreak once maternal immunity wanes. However, little is understood about bat immunology, including the duration of maternal antibodies in neonates. Understanding duration of maternally derived immunity is critical for characterizing viral dynamics in bat populations, which may help assess the risk of spillover to humans. We conducted two separate studies of pregnant Pteropus bat species and their offspring to measure the half-life and duration of antibodies to 1) canine distemper virus antigen in vaccinated captive Pteropus hypomelanus; and 2) Hendra virus in wild-caught, naturally infected Pteropus alecto. Both of these pteropid bat species are known reservoirs for henipaviruses. We found that in both species, antibodies were transferred from dam to pup. In P. hypomelanus pups, titers against CDV waned over a mean period of 228.6 days (95% CI: 185.4-271.8) and had a mean terminal phase half-life of 96.0 days (CI 95%: 30.7-299.7). In P. alecto pups, antibodies waned over 255.13 days (95% CI: 221.0-289.3) and had a mean terminal phase half-life of 52.24 days (CI 95%: 33.76-80.83). Each species showed a duration of transferred maternal immunity of between 7.5 and 8.5 months, which was longer than has been previously estimated. These data will allow for more accurate interpretation of age-related Henipavirus serological data collected from wild pteropid bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23826322ê��Epstein, Jonathan H
Baker, Michelle L
Zambrana-Torrelio, Carlos
Middleton, Deborah
Barr, Jennifer A
Dubovi, Edward
Boyd, Victoria
Pope, Brian
Todd, Shawn
Crameri, Gary
Walsh, Allyson
Pelican, Katey
Fielder, Mark D
Davies, Angela J
Wang, Lin-Fa
Daszak, Peter
eng
K08 AI067549/AI/NIAID NIH HHS/
R01 TW005869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2013/07/05 06:00
PLoS One. 2013 Jun 27;8(6):e67584. doi: 10.1371/journal.pone.0067584. Print 2013.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3695084���23826322¬��EcoHealth Alliance, New York, New York, United States of America ; Faculty of Science, Engineering and Computing, Kingston University, Kingston-Upon-Thames, United Kingdom.���10.1371/journal.pone.0067584���9�üÒ|ßî?Ä���I��Peton, M.
Vilain, P.
Reilhes, O.
Cardinale, E.
Gauzere, B. A.
Filleul, L.���2013G��[The concept of emerging viral diseases: what risk for Reunion Island?]���170-5���Bull Soc Pathol Exot���106���3Ã��Animals
Communicable Diseases, Emerging/*epidemiology/etiology
Disease Outbreaks/prevention & control
Humans
Reunion/epidemiology
Risk
Virus Diseases/*epidemiology
Zoonoses/*epidemiology/etiology���Augd��In Reunion Island, the risk of emerging infectious diseases lies mainly in several viral zoonoses: West Nile fever, Sindbis virus, Nipah virus, Wesselsbron virus, Rift Valley fever and Japanese encephalitis. There morbidity and consequences are more or less important but they all have a non-negligible epidemic potential, so they have to be monitored. Indeed, the struggle against these emerging infectious diseases requires an early detection of the cases, thus a surveillance system capable of detecting them as early as possible, thanks to a real international network of information, warning and prevention.,��https://www.ncbi.nlm.nih.gov/pubmed/23765703Õ��Peton, M
Vilain, P
Reilhes, O
Cardinale, E
Gauzere, B A
Filleul, L
fre
English Abstract
Review
France
2013/06/15 06:00
Bull Soc Pathol Exot. 2013 Aug;106(3):170-5. doi: 10.1007/s13149-013-0294-9. Epub 2013 Jun 14.*��1961-9049 (Electronic)
0037-9085 (Linking)���23765703T��Le concept de maladies virales emergentes : quel risque de zoonose pour La Reunion ?���Cellule de l'Institut de veille sanitaire en region ocean Indien, Institut de veille sanitaire, Saint-Denis, La Reunion, France.���10.1007/s13149-013-0294-9��S��üÚtÿï?Å���0��Field, H.
de Jong, C. E.
Halpin, K.
Smith, C. S.���2013.��Henipaviruses and fruit bats, Papua New Guinea���670-1���Emerg Infect Dis���19���4g��Animals
Antibodies, Viral/*blood
Chiroptera/immunology/*virology
Henipavirus/classification/isolation & purification
Henipavirus Infections/epidemiology/immunology/transmission/*veterinary
Papua New Guinea/epidemiology
Phylogeography
Population Dynamics
Australia
Hendra
Nipah
Papua New Guinea
bat
emerging disease
fruit bats
henipavirus
pteropid bats
viruses���Apr,��https://www.ncbi.nlm.nih.gov/pubmed/23750833¹��Field, Hume
de Jong, Carol E
Halpin, Kim
Smith, Craig S
eng
Letter
Research Support, Non-U.S. Gov't
2013/06/12 06:00
Emerg Infect Dis. 2013 Apr;19(4):670-1. doi: 10.3201/eid1904.111912.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3647403���23750833���10.3201/eid1904.111912���á�üÒ|ÿî?Æ���
��Pappas, G.���2013J��Socio-economic, industrial and cultural parameters of pig-borne infections���605-10���Clin Microbiol Infect���19���7S��Animals
Bacterial Infections/epidemiology/transmission/veterinary
Culture
Foodborne Diseases/*epidemiology
Global Health
Humans
Parasitic Diseases, Animal/epidemiology/transmission
Risk Factors
Socioeconomic Factors
Swine
Swine Diseases/*transmission
Virus Diseases/epidemiology/transmission/veterinary
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lymphocytic choriomeningitis virus���Jun¥��During outbreaks of infectious diseases or in cases of severely ill patients, it is imperative to identify the causative agent. This report describes several events in which virus isolation and identification by electron microscopy were critical to initial recognition of the etiologic agent, which was further analyzed by additional laboratory diagnostic assays. Examples include severe acute respiratory syndrome coronavirus, and Nipah, lymphocytic choriomeningitis, West Nile, Cache Valley, and Heartland viruses. These cases illustrate the importance of the techniques of cell culture and electron microscopy in pathogen identification and recognition of emerging diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/23731788���Goldsmith, Cynthia S
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Venous Thrombosis/etiology/*prevention & control���Aug 10���BACKGROUND: Venous thromboembolism is a common, potentially avoidable cause of death and morbidity in patients in hospital, including those with stroke. In surgical patients, intermittent pneumatic compression (IPC) reduces the risk of deep vein thrombosis (DVT), but no reliable evidence exists about its effectiveness in patients who have had a stroke. We assessed the effectiveness of IPC to reduce the risk of DVT in patients who have had a stroke. METHODS: The CLOTS 3 trial is a multicentre parallel group randomised trial assessing IPC in immobile patients (ie, who cannot walk to the toilet without the help of another person) with acute stroke. We enrolled patients from day 0 to day 3 of admission and allocated them via a central randomisation system (ratio 1:1) to receive either IPC or no IPC. A technician who was masked to treatment allocation did a compression duplex ultrasound (CDU) of both legs at 7-10 days and, wherever practical, at 25-30 days after enrolment. Caregivers and patients were not masked to treatment assignment. Patients were followed up for 6 months to determine survival and later symptomatic venous thromboembolism. The primary outcome was a DVT in the proximal veins detected on a screening CDU or any symptomatic DVT in the proximal veins, confirmed on imaging, within 30 days of randomisation. Patients were analysed according to their treatment allocation. TRIAL REGISTRATION: ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, 2876 patients were enrolled in 94 centres in the UK. The included patients were broadly representative of immobile stroke patients admitted to hospital and had a median age of 76 years (IQR 67-84). The primary outcome occurred in 122 (8.5%) of 1438 patients allocated IPC and 174 (12.1%) of 1438 patients allocated no IPC; an absolute reduction in risk of 3.6% (95% CI 1.4-5.8). Excluding the 323 patients who died before any primary outcome and 41 without any screening CDU, the adjusted OR for the comparison of 122 of 1267 patients vs 174 of 1245 patients was 0.65 (95% CI 0.51-0.84; p=0.001). Deaths in the treatment period occurred in 156 (11%) patients allocated IPC and 189 (13%) patients allocated no IPC died within the 30 days of treatment period (p=0.057); skin breaks on the legs were reported in 44 (3%) patients allocated IPC and in 20 (1%) patients allocated no IPC (p=0.002); falls with injury were reported in 33 (2%) patients in the IPC group and in 24 (2%) patients in the no-IPC group (p=0.221). INTERPRETATION: IPC is an effective method of reducing the risk of DVT and possibly improving survival in a wide variety of patients who are immobile after stroke. FUNDING: National Institute of Health Research (NIHR) Health Technology Assessment (HTA) programme, UK; Chief Scientist Office of Scottish Government; Covidien (MA, USA).,��https://www.ncbi.nlm.nih.gov/pubmed/23727163Ò��(Clots in Legs Or sTockings after Stroke)
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Viral Envelope Proteins/*genetics/metabolism���OctÌ��Lentiviruses are becoming progressively more popular as gene therapy vectors due to their ability to integrate into quiescent cells and recent clinical trial successes. Directing these vectors to specific cell types and limiting off-target transduction in vivo remains a challenge. Replacing the viral envelope proteins responsible for cellular binding, or pseudotyping, remains a common method to improve lentiviral targeting. Here, we describe the development of a high titer, third generation lentiviral vector pseudotyped with Nipah virus fusion protein (NiV-F) and attachment protein (NiV-G). Critical to high titers was truncation of the cytoplasmic domains of both NiV-F and NiV-G. As known targets of wild-type Nipah virus, primary endothelial cells are shown to be effectively transduced by the Nipah pseudotype. In contrast, human CD34+ hematopoietic progenitors were not significantly transduced. Additionally, the Nipah pseudotype has increased stability in human serum compared with vesicular stomatitis virus pseudotyped lentivirus. These findings suggest that the use of Nipah virus envelope proteins in third generation lentiviral vectors would be a valuable tool for gene delivery targeted to endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/23698741ö��Witting, S R
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Viral Load/genetics/immunology`��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus that causes fatal disease in a wide range of species, including humans. HeV was first described in Australia in 1994, and has continued to re-emerge with increasing frequency. HeV is of significant concern to human health due to its high mortality rate, increasing emergence, absence of vaccines and limited post exposure therapies. Here we investigate the use of RNA interference (RNAi) based therapeutics targeting HeV in conjunction with the TLR3 agonist Poly I:C and show that they are potent inhibitors of HeV infection in vitro. We found that short interfering RNAs (siRNAs) targeting the abundantly expressed N, P and M genes of HeV caused over 95% reduction of HeV virus titre, protein and mRNA. Furthermore, we found that the combination of HeV targeting siRNA and Poly I:C had an additive effect in suppressing HeV infection. Our results demonstrate for the first time that RNAi and type I interferon stimulation are effective inhibitors of HeV replication in vitro and may provide an effective therapy for this highly lethal, zoonotic pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/23691205ç��McCaskill, Jana L
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Swine Diseases/diagnosis/virology���Hendra virus (HeV) and Nipah virus (NiV) are the causative agents of emerging transboundary animal disease in pigs and horses. They also cause fatal disease in humans. NiV has a case fatality rate of 40 - 100%. In the initial NiV outbreak in Malaysia in 1999, about 1.1 million pigs had to be culled. The economic impact was estimated to be approximately US$450 million. Worldwide, HeV has caused more than 60 deaths in horses with 7 human cases and 4 deaths. Since the initial outbreak, HeV spillovers from Pteropus bats to horses and humans continue. This article presents a brief review on the currently available diagnostic methods for henipavirus infections, including advances achieved since the initial outbreak, and a gap analysis of areas needing improvement.,��https://www.ncbi.nlm.nih.gov/pubmed/23689891���Tamin, A
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ZoonosesÌ��Hendra virus and Nipah virus are viral zoonoses first recognized in the mid and late 1990's and are now categorized as the type species of the genus Henipavirus within the family Paramyxoviridae. Their broad species tropism together with their capacity to cause severe and often fatal disease in both humans and animals make Hendra and Nipah "overlap agents" and significant biosecurity threats. The development of effective vaccination strategies to prevent or treat henipavirus infection and disease has been an important area of research. Here, henipavirus active and passive vaccination strategies that have been examined in animal challenge models of Hendra and Nipah virus disease are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/23689890Ô��Broder, C C
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Sensitivity and Specificity
*Spectrometry, Mass, Electrospray Ionization���Junì��Molecular bioforensic research is dependent on rapid and sensitive methods such as real-time PCR (qPCR) for the identification of microorganisms. The use of synthetic positive control templates containing small modifications outside the primer and probe regions is essential to ensure all aspects of the assay are functioning properly, including the primers and probes. However, a typical qPCR or reverse transcriptase qPCR (qRT-PCR) assay is limited in differentiating products generated from positive controls and biological samples because the fluorescent probe signals generated from each type of amplicon are indistinguishable. Additional methods used to differentiate amplicons, including melt curves, secondary probes, and amplicon sequencing, require significant time to implement and validate and present technical challenges that limit their use for microbial forensic applications. To solve this problem, we have developed a novel application of electrospray ionization mass spectrometry (ESI-MS) to rapidly differentiate qPCR amplicons generated with positive biological samples from those generated with synthetic positive controls. The method has sensitivity equivalent to qPCR and supports the confident and timely determination of the presence of a biothreat agent that is crucial for policymakers and law enforcement. Additionally, it eliminates the need for time-consuming methods to confirm qPCR results, including development and validation of secondary probes or sequencing of small amplicons. In this study, we demonstrate the effectiveness of this approach with microbial forensic qPCR assays targeting multiple biodefense agents (bacterial, viral, and toxin) for the ability to rapidly discriminate between a positive control and a positive sample.,��https://www.ncbi.nlm.nih.gov/pubmed/23675878&��Motley, S Timothy
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Sensitivity and Specificity���OctÞ��A specific and sensitive two-step TaqMan real-time PCR has been developed for rapid diagnosis of caprine arthritis-encephalitis virus (CAEV) infection by using a set of specific primers and a TaqMan probe targeting a highly conserved region within the gene encoding the viral capsid protein (CA). The assay successfully detected CAEV proviral DNA in total DNA extracts originating from cell culture, whole blood samples and isolated PBMCs, with a lower detection limit of 10(2) copies and a linear dynamic range of 10(5) to 10(10) copies/ml. There was no cross-reaction with other animal viruses (e.g., goat pox virus, bovine leukemia virus, bovine mucosal disease virus, swine influenza virus and Nipah virus). When applied in parallel with serological AGID and conventional PCR for detection of CAEV in field samples, this assay exhibited a higher sensitivity than these traditional methods, and 7.8 % of the 308 specimens collected in the Shanxi and Tianjin regions of China from 1993 to 2011 were found to be positive. Thus, the TaqMan qPCR assay provides a fast, specific and sensitive means for detecting CAEV proviral DNA in goat specimens and should be useful for large-scale detection in eradication programs and epidemiological studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23670072ß��Li, Yi
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*Nipah Virus/genetics/immunologyE��Nipah virus (NiV) (Genus Henipavirus) is a recently emerged zoonotic virus that causes severe disease in humans and has been found in bats of the genus Pteropus. Whilst NiV has not been detected in Australia, evidence for NiV-infection has been found in pteropid bats in some of Australia's closest neighbours. The aim of this study was to determine the occurrence of henipaviruses in fruit bat (Family Pteropodidae) populations to the north of Australia. In particular we tested the hypothesis that Nipah virus is restricted to west of Wallace's Line. Fruit bats from Australia, Papua New Guinea, East Timor and Indonesia were tested for the presence of antibodies to Hendra virus (HeV) and Nipah virus, and tested for the presence of HeV, NiV or henipavirus RNA by PCR. Evidence was found for the presence of Nipah virus in both Pteropus vampyrus and Rousettus amplexicaudatus populations from East Timor. Serology and PCR also suggested the presence of a henipavirus that was neither HeV nor NiV in Pteropus alecto and Acerodon celebensis. The results demonstrate the presence of NiV in the fruit bat populations on the eastern side of Wallace's Line and within 500 km of Australia. They indicate the presence of non-NiV, non-HeV henipaviruses in fruit bat populations of Sulawesi and Sumba and possibly in Papua New Guinea. It appears that NiV is present where P. vampyrus occurs, such as in the fruit bat populations of Timor, but where this bat species is absent other henipaviruses may be present, as on Sulawesi and Sumba. Evidence was obtained for the presence henipaviruses in the non-Pteropid species R. amplexicaudatus and in A. celebensis. The findings of this work fill some gaps in knowledge in geographical and species distribution of henipaviruses in Australasia which will contribute to planning of risk management and surveillance activities.,��https://www.ncbi.nlm.nih.gov/pubmed/23637812=��Breed, Andrew C
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Virus Internalization���Apr 17w��Hendra virus (HeV) and Nipah virus (NiV) are emerging zoonotic viruses that cause severe and often lethal respiratory illness and encephalitis in humans. Henipaviruses can infect a wide range of species and human-to-human transmission has been observed for NiV. While the exact route of transmission in humans is not known, experimental infection in different animal species suggests that infection can be efficiently initiated after respiratory challenge. The limited data on histopathological changes in fatal human cases of HeV and NiV suggest that endothelial cells are an important target during the terminal stage of infection; however, it is unknown where these viruses initially establish infection and how the virus disseminates from the respiratory tract to the central nervous system and other organs. Here we review the current concepts in henipavirus pathogenesis in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23592639���Escaffre, Olivier
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West Nile virus/immunology/isolation & purification���Jun;��PURPOSE OF REVIEW: This review highlights research and development in the field of emerging viral causes of encephalitis over the past year. RECENT FINDINGS: There is new evidence for the presence of henipaviruses in African bats. There have also been promising advances in vaccine and neutralizing antibody research against Hendra and Nipah viruses. West Nile virus continues to cause large outbreaks in the United States, and long-term sequelae of the virus are increasingly appreciated. There is exciting new research regarding the variable susceptibility of different brain regions to neurotropic virus infection. Another cluster of solid organ transplant recipients developed encephalitis from organ donor-acquired lymphocytic choriomeningitis virus. The global epidemiology of Japanese encephalitis virus has been further clarified. Evidence continues to accumulate for the central nervous system involvement of dengue virus, and the recent deadly outbreak of enterovirus 71 in Cambodian children is discussed. SUMMARY: In response to complex ecological and societal dynamics, the worldwide epidemiology of viral encephalitis continues to evolve in surprising ways. The articles highlighted here include new research on virus epidemiology and spread, new outbreaks as well as progress in the development of vaccines and therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23591683���Wilson, Michael R
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Socioeconomic Factors���Nov-DecÝ��Malnutrition in elderly people is one of the major syndromes associated to greater prevalence of chronic diseases and increased morbidity, hospital staying, and mortality. On the other hand, malnutrition in the fourth world is associated to another important risk factor, which is the poor economic status. The aim of this study was to elaborate a balanced menu for the elderly adjusting its price to the mean expense that this population dedicates to its feeding needs. Taking into account the Household expense for 2010 of the National Institute of Statistics, we established that the average price for each menu ought to be less than 5.57 euro per day. Two type menus were elaborated, both adapted to this population and to the Mediterranean diet. The economic assessment was 5.02 euro and 5.06 euro, respectively. Given the prevalence of malnutrition in this population, it is essential being able to appropriately plan their feeding needs, at both the nutritional and economic levels.,��https://www.ncbi.nlm.nih.gov/pubmed/23588465 ��San Mauro, I
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Viruses/*immunology���Mar;��Antiviral responses are successively induced in virus-infected animals, and include primary innate immune responses such as type I interferon (IFN) and cytokine production, secondary natural killer (NK) cell responses, and final cytotoxic T lymphocyte (CTL) responses and antibody production. The endosomal Toll-like receptors (TLRs) and cytoplasmic RIG-I-like receptors (RLRs), which recognize viral nucleic acids, are responsible for virus-induced type I IFN production. RLRs are expressed in most tissues and cells and are primarily implicated in innate immune responses against various viruses through type I IFN production, whereas nucleic acid-sensing TLRs, TLRs 3, 7, 8 and 9, are expressed on the endosomal membrane of dendritic cells (DCs) and play distinct roles in antiviral i��E�üÒ|ÿî?Ô���F��Zhu, Z.
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Virus Diseases/*drug therapy/immunology/*prevention & control���Apr���More than 40 monoclonal antibodies (mAbs) have been approved for a number of disease indications with only one of these (Synagis) - for a viral disease, and not for therapy but for prevention. However, in the last decade novel potent mAbs have been discovered and characterized with potential as therapeutics against viruses of major importance for public health and biosecurity including Hendra virus (HeV), Nipah virus (NiV), severe acute respiratory syndrome coronavirus (SARS-CoV), Ebola virus (EBOV), West Nile virus (WNV), influenza virus (IFV) and human immunodeficiency virus type 1 (HIV-1). Here, we review such mAbs with an emphasis on antibodies of human origin, and highlight recent results as well as technologies and mechanisms related to their potential as therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23575729P��Zhu, Zhongyu
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*Virus Internalizationq��Mannose-binding lectin (MBL) is a key soluble effector of the innate immune system that recognizes pathogen-specific surface glycans. Surprisingly, low-producing MBL genetic variants that may predispose children and immunocompromised individuals to infectious diseases are more common than would be expected in human populations. Since certain immune defense molecules, such as immunoglobulins, can be exploited by invasive pathogens, we hypothesized that MBL might also enhance infections in some circumstances. Consequently, the low and intermediate MBL levels commonly found in human populations might be the result of balancing selection. Using model infection systems with pseudotyped and authentic glycosylated viruses, we demonstrated that MBL indeed enhances infection of Ebola, Hendra, Nipah and West Nile viruses in low complement conditions. Mechanistic studies with Ebola virus (EBOV) glycoprotein pseudotyped lentiviruses confirmed that MBL binds to N-linked glycan epitopes on viral surfaces in a specific manner via the MBL carbohydrate recognition domain, which is necessary for enhanced infection. MBL mediates lipid-raft-dependent macropinocytosis of EBOV via a pathway that appears to require less actin or early endosomal processing compared with the filovirus canonical endocytic pathway. Using a validated RNA interference screen, we identified C1QBP (gC1qR) as a candidate surface receptor that mediates MBL-dependent enhancement of EBOV infection. We also identified dectin-2 (CLEC6A) as a potentially novel candidate attachment factor for EBOV. Our findings support the concept of an innate immune haplotype that represents critical interactions between MBL and complement component C4 genes and that may modify susceptibility or resistance to certain glycosylated pathogens. Therefore, higher levels of native or exogenous MBL could be deleterious in the setting of relative hypocomplementemia which can occur genetically or because of immunodepletion during active infections. Our findings confirm our hypothesis that the pressure of infectious diseases may have contributed in part to evolutionary selection of MBL mutant haplotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/23573288���Brudner, Matthew
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Zoonoses/transmission/virology���Aprõ��Hendra virus, a member of the family Paramyxoviridae, was first recognized following a devastating outbreak in Queensland, Australia, in 1994. The naturally acquired symptomatic infection, characterized by a rapidly progressive illness involving the respiratory system and/or CNS, has so far only been recognized in horses and humans. However, there is potential for other species to be infected, with significant consequences for animal and human health. Prevention of infection involves efforts to interrupt the bat-to-horse and horse-to-human transmission interfaces. Education and infection-control efforts remain the key to reducing risk of transmission, particularly as no effective antiviral treatment is currently available. The recent release of an equine Hendra G glycoprotein subunit vaccine is an exciting advance that offers the opportunity to curb the recent increase in equine transmission events occurring in endemic coastal regions of Australia and thereby reduce the risk of infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23534359���Hazelton, Briony
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Virulence���Mar 25¾��BACKGROUND: Hendra virus (HeV) is an Australian bat-borne zoonotic paramyxovirus that repeatedly spills-over to horses causing fatal disease. Human cases have all been associated with close contact with infected horses. METHODS: A full-length antigenome clone of HeV was assembled, a reporter gene (GFP or luciferase) inserted between the P and M genes and transfected to 293T cells to generate infectious reporter gene-encoding recombinant viruses. These viruses were then assessed in vitro for expression of the reporter genes. The GFP expressing recombinant HeV was used to challenge ferrets to assess the virulence and tissue distribution by monitoring GFP expression in infected cells. RESULTS: Three recombinant HeV constructs were successfully cloned and rescued; a wild-type virus, a GFP-expressing virus and a firefly luciferase-expressing virus. In vitro characterisation demonstrated expression of the reporter genes, with levels proportional to the initial inoculum levels. Challenge of ferrets with the GFP virus demonstrated maintenance of the fatal phenotype with disease progressing to death consistent with that observed previously with the parental wild-type isolate of HeV. GFP expression could be observed in infected tissues collected from animals at euthanasia. CONCLUSIONS: Here, we report on the first successful rescue of recombinant HeV, including wild-type virus and viruses expressing two different reporter genes encoded as an additional gene cassette inserted between the P and M genes. We further demonstrate that the GFP virus retained the ability to cause fatal disease in a well-characterized ferret model of henipavirus infection despite the genome being an extra 1290 nucleotides in length.,��https://www.ncbi.nlm.nih.gov/pubmed/23521919���Marsh, Glenn A
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Virus Replication%��Nipah virus (NiV) is a member of the genus Henipavirus, which emerged in Malaysia in 1998. In pigs, infection resulted in a predominantly non-lethal respiratory disease; however, infection in humans resulted in over 100 deaths. Nipah virus has continued to re-emerge in Bangladesh and India, and person-to-person transmission appeared in the outbreak. Although a number of NiV vaccine studies have been reported, there are currently no vaccines or treatments licensed for human use. In this study, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins (rMV-HL-G and rMV-Ed-G). Vaccinated hamsters were completely protected against NiV challenge, while the mortality of unvaccinated control hamsters was 90%. We trialed our vaccine in a non-human primate model, African green monkeys. Upon intraperitoneal infection with NiV, monkeys showed several clinical signs of disease including severe depression, reduced ability to move and decreased food ingestion and died at 7 days post infection (dpi). Intranasal and oral inoculation induced similar clinical illness in monkeys, evident around 9 dpi, and resulted in a moribund stage around 14 dpi. Two monkeys immunized subcutaneously with rMV-Ed-G showed no clinical illness prior to euthanasia after challenge with NiV. Viral RNA was not detected in any organ samples collected from vaccinated monkeys, and no pathological changes were found upon histopathological examination. From our findings, we propose that rMV-NiV-G is an appropriate NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23516477���Yoneda, Misako
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RNA, Messenger/genetics/metabolism���Junå��Nipah virus (NiV) is a nonsegmented, single-stranded, negative-sense RNA virus belonging to the genus Henipavirus, family Paramyxoviridae. NiV causes acute encephalitis and respiratory disease in humans, is associated with high mortality, and poses a threat in southern Asia. The genomes of henipaviruses are about 18,246 nucleotides (nt) long, which is longer than those of other paramyxoviruses (around 15,384 nt). This difference is caused by the noncoding RNA region, particularly the 3' untranslated region (UTR), which occupies more than half of the noncoding RNA region. To determine the function(s) of the NiV noncoding RNA region, we investigated the effects of NiV 3' UTRs on reporter gene expression. The NiV N 3' UTR (nt 1 to 100) demonstrated strong repressor activity associated with hnRNP D protein binding to that region. Mutation of the hnRNP D binding site or knockdown of hnRNP D resulted in increased expression of the NiV N 3' UTR reporter. Our findings suggest that NiV N expression is repressed by hnRNP D through the NiV N 3' UTR and demonstrate the involvement of posttranscriptional regulation in the NiV life cycle. To the best of our knowledge, this provides the first report of the functions of the NiV noncoding RNA region.,��https://www.ncbi.nlm.nih.gov/pubmed/23514888·��Hino, Kimihiro
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Viral Envelope Proteins/analysis?��Microsphere suspension array systems enable the simultaneous fluorescent identification of multiple separate nucleotide targets in a single reaction. We have utilized commercially available oligo-tagged microspheres (Luminex MagPlex-TAG) to construct and evaluate multiplexed assays for the detection and differentiation of Hendra virus (HeV) and Nipah virus (NiV). Both these agents are bat-borne zoonotic paramyxoviruses of increasing concern for veterinary and human health. Assays were developed targeting multiple sites within the nucleoprotein (N) and phosphoprotein (P) encoding genes. The relative specificities and sensitivities of the assays were determined using reference isolates of each virus type, samples from experimentally infected horses, and archival veterinary diagnostic submissions. Results were assessed in direct comparison with an established qPCR. The microsphere array assays achieved unequivocal differentiation of HeV and NiV and the sensitivity of HeV detection was comparable to qPCR, indicating high analytical and diagnostic specificity and sensitivity.,��https://www.ncbi.nlm.nih.gov/pubmed/23509705���Foord, Adam J
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Zoonoses/*epidemiology/transmission`��BACKGROUND: Prior to emergence in human populations, zoonoses such as SARS cause occasional infections in human populations exposed to reservoir species. The risk of widespread epidemics in humans can be assessed by monitoring the reproduction number R (average number of persons infected by a human case). However, until now, estimating R required detailed outbreak investigations of human clusters, for which resources and expertise are not always available. Additionally, existing methods do not correct for important selection and under-ascertainment biases. Here, we present simple estimation methods that overcome many of these limitations. METHODS AND FINDINGS: Our approach is based on a parsimonious mathematical model of disease transmission and only requires data collected through routine surveillance and standard case investigations. We apply it to assess the transmissibility of swine-origin influenza A H3N2v-M virus in the US, Nipah virus in Malaysia and Bangladesh, and also present a non-zoonotic example (cholera in the Dominican Republic). Estimation is based on two simple summary statistics, the proportion infected by the natural reservoir among detected cases (G) and among the subset of the first detected cases in each cluster (F). If detection of a case does not affect detection of other cases from the same cluster, we find that R can be estimated by 1-G; otherwise R can be estimated by 1-F when the case detection rate is low. In more general cases, bounds on R can still be derived. CONCLUSIONS: We have developed a simple approach with limited data requirements that enables robust assessment of the risks posed by emerging zoonoses. We illustrate this by deriving transmissibility estimates for the H3N2v-M virus, an important step in evaluating the possible pandemic threat posed by this virus. Please see later in the article for the Editors' Summary.,��https://www.ncbi.nlm.nih.gov/pubmed/23472057n��Cauchemez, Simon
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Plant Extracts/chemistry���Jan 30^��Citrus plants are known to possess beneficial biological activities for human health. In addition, ethnopharmacological application of plants is a good tool to explore their bioactivities and active compounds. This research was carried out to evaluate the phenolic and flavonoid analysis, antioxidant properties, anti inflammatory and anti cancer activity of Citrus aurantium bloom. The total phenolics and flavonoids results revealed that methanolic extract contained high total phenolics and flavonoids compared to ethanolic and boiling water extracts. The obtained total phenolics value for methanolic Citrus aurantium bloom extract was 4.55 +/- 0.05 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids it was 3.83 +/- 0.05 mg rutin equivalent/g DW. In addition, the RP-HPLC analyses of phenolics and flavonoids indicated the presence of gallic acid, pyrogallol, syringic acid, caffeic acid, rutin, quercetin and naringin as bioactive compounds. The antioxidant activity of Citrus aurantium bloom were examined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the ferric reducing/antioxidant potential (FRAP). The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of Citrus aurantium bloom at a concentration of 300 mug/mL, with values of 55.3% and 51.7%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. Furthermore, the anti-inflammatory result of methanolic extract showed appreciable reduction in nitric oxide production of stimulated RAW 264.7 cells at the presence of plant extract. Apart from that, the anticancer activity of the methanolic extract was investigated in vitro against human cancer cell lines (MCF-7; MDA-MB-231), human colon adenocarcinoma (HT-29) and Chang cell as a normal human hepatocyte. The obtained result demonstrated the moderate to appreciable activities against all cell line tested and the compounds present in the extracts are non-toxic which make them suitable as potential therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23442980Õ��Karimi, Ehsan
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Zoonoses/epidemiology/*prevention & control/transmission���Aug¦��The authors discuss 'One Health' approaches for controlling newly recognised and re-emerging diseases of animal origin and contributions towards pandemic preparedness based on enhanced collaboration between Veterinary Services, Human Health Services and Environmental Services. Improved veterinary governance and cooperation with public health managers, social scientists, ecologists and many other stakeholders are important for reducing the risks of potential zoonoses--including foodborne diseases--at their source. Two case studies are presented to illustrate how One Health approaches can make a difference--Hendra disease incidents in Australia and rabies management on the African continent. This article also includes an overview of collaboration at the international level between the Food and Agriculture Organization of the United Natiorfs, the World Organisation for Animal Health, and the World Health Organization. Environmental determinants for disease emergence, anthropogenic climate change and human encroachment on shrinking wildlife habitats are considered, using highly pathogenic avian influenza A (H5N1) and Nipah virus as examples. Finally, the authors discuss the effects of livestock production on environmental change--in the light of global population growth and increasing demand for livestock and aquaculture products--with the need for future policy decisions to be based on a multidisciplinary One Health approach.,��https://www.ncbi.nlm.nih.gov/pubmed/23413734T��Landford, J
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*Models, Theoretical���Apr 6���The identification of undiagnosed disease outbreaks is critical for mobilizing efforts to prevent widespread transmission of novel virulent pathogens. Recent developments in online surveillance systems allow for the rapid communication of the earliest reports of emerging infectious diseases and tracking of their spread. The efficacy of these programs, however, is inhibited by the anecdotal nature of informal reporting and uncertainty of pathogen identity in the early stages of emergence. We developed theory to connect disease outbreaks of known aetiology in a network using an array of properties including symptoms, seasonality and case-fatality ratio. We tested the method with 125 reports of outbreaks of 10 known infectious diseases causing encephalitis in South Asia, and showed that different diseases frequently form distinct clusters within the networks. The approach correctly identified unknown disease outbreaks with an average sensitivity of 76 per cent and specificity of 88 per cent. Outbreaks of some diseases, such as Nipah virus encephalitis, were well identified (sensitivity = 100%, positive predictive values = 80%), whereas others (e.g. Chandipura encephalitis) were more difficult to distinguish. These results suggest that unknown outbreaks in resource-poor settings could be evaluated in real time, potentially leading to more rapid responses and reducing the risk of an outbreak becoming a pandemic.,��https://www.ncbi.nlm.nih.gov/pubmed/23389893���Bogich, Tiffany L
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Zoonoses���MayÄ��Bats are reservoirs for a wide range of human pathogens including Nipah, Hendra, rabies, Ebola, Marburg and severe acute respiratory syndrome coronavirus (CoV). The recent implication of a novel beta (beta)-CoV as the cause of fatal respiratory disease in the Middle East emphasizes the importance of surveillance for CoVs that have potential to move from bats into the human population. In a screen of 606 bats from 42 different species in Campeche, Chiapas and Mexico City we identified 13 distinct CoVs. Nine were alpha (alpha)-CoVs; four were beta-CoVs. Twelve were novel. Analyses of these viruses in the context of their hosts and ecological habitat indicated that host species is a strong selective driver in CoV evolution, even in allopatric populations separated by significant geographical distance; and that a single species/genus of bat can contain multiple CoVs. A beta-CoV with 96.5 % amino acid identity to the beta-CoV associated with human disease in the Middle East was found in a Nyctinomops laticaudatus bat, suggesting that efforts to identify the viral reservoir should include surveillance of the bat families Molossidae/Vespertilionidae, or the closely related Nycteridae/Emballonuridae. While it is important to investigate unknown viral diversity in bats, it is also important to remember that the majority of viruses they carry will not pose any clinical risk, and bats should not be stigmatized ubiquitously as significant threats to public health.,��https://www.ncbi.nlm.nih.gov/pubmed/23364191/��Anthony, S J
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Young Adult���Febå��Active Nipah virus encephalitis surveillance identified an encephalitis cluster and sporadic cases in Faridpur, Bangladesh, in January 2010. We identified 16 case-patients; 14 of these patients died. For 1 case-patient, the only known exposure was hugging a deceased patient with a probable case, while another case-patient's exposure involved preparing the same corpse for burial by removing oral secretions and anogenital excreta with a cloth and bare hands. Among 7 persons with confirmed sporadic cases, 6 died, including a physician who had physically examined encephalitis patients without gloves or a mask. Nipah virus-infected patients were more likely than community-based controls to report drinking raw date palm sap and to have had physical contact with an encephalitis patient (29% vs. 4%, matched odds ratio undefined). Efforts to prevent transmission should focus on reducing caregivers' exposure to infected patients' bodily secretions during care and traditional burial practices.,��https://www.ncbi.nlm.nih.gov/pubmed/23347678_��Sazzad, Hossain M S
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Virus Replication/*physiology���Apr¦��Hendra virus is a highly pathogenic zoonotic paramyxovirus in the genus Henipavirus. Thirty-nine outbreaks of Hendra virus have been reported since its initial identification in Queensland, Australia, resulting in seven human infections and four fatalities. Little is known about cellular host factors impacting Hendra virus replication. In this work, we demonstrate that Hendra virus makes use of a microRNA (miRNA) designated miR-146a, an NF-kappaB-responsive miRNA upregulated by several innate immune ligands, to favor its replication. miR-146a is elevated in the blood of ferrets and horses infected with Hendra virus and is upregulated by Hendra virus in human cells in vitro. Blocking miR-146a reduces Hendra virus replication in vitro, suggesting a role for this miRNA in Hendra virus replication. In silico analysis of miR-146a targets identified ring finger protein (RNF)11, a member of the A20 ubiquitin editing complex that negatively regulates NF-kappaB activity, as a novel component of Hendra virus replication. RNA interference-mediated silencing of RNF11 promotes Hendra virus replication in vitro, suggesting that increased NF-kappaB activity aids Hendra virus replication. Furthermore, overexpression of the IkappaB superrepressor inhibits Hendra virus replication. These studies are the first to demonstrate a host miRNA response to Hendra virus infection and suggest an important role for host miRNAs in Hendra virus disease.,��https://www.ncbi.nlm.nih.gov/pubmed/23345523®��Stewart, Cameron R
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population health���MarÑ��Nipah virus is a highly pathogenic but poorly known paramyxovirus from South and Southeast Asia. In spite of the risks that it poses to human health, the geography and ecology of its occurrence remain little understood-the virus is basically known from Bangladesh and peninsular Malaysia, and little in between. In this contribution, I use documented occurrences of the virus to develop ecological niche-based maps summarizing its likely broader occurrence-although rangewide maps could not be developed that had significant predictive abilities, reflecting minimal sample sizes available, maps within Bangladesh were quite successful in identifying areas in which the virus is predictably present and likely transmitted.,��https://www.ncbi.nlm.nih.gov/pubmed/23343646���Peterson, A Townsend
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Virus CultivationÇ��Nipah virus is a zoonotic pathogen that causes severe disease in humans. The mechanisms of pathogenesis are not well described. The first Nipah virus outbreak occurred in Malaysia, where human disease had a strong neurological component. Subsequent outbreaks have occurred in Bangladesh and India and transmission and disease processes in these outbreaks appear to be different from those of the Malaysian outbreak. Until this point, virtually all Nipah virus studies in vitro and in vivo, including vaccine and pathogenesis studies, have utilized a virus isolate from the original Malaysian outbreak (NiV-M). To investigate potential differences between NiV-M and a Nipah virus isolate from Bangladesh (NiV-B), we compared NiV-M and NiV-B infection in vitro and in vivo. In hamster kidney cells, NiV-M-infection resulted in extensive syncytia formation and cytopathic effects, whereas NiV-B-infection resulted in little to no morphological changes. In vivo, NiV-M-infected Syrian hamsters had accelerated virus replication, pathology and death when compared to NiV-B-infected animals. NiV-M infection also resulted in the activation of host immune response genes at an earlier time point. Pathogenicity was not only a result of direct effects of virus replication, but likely also had an immunopathogenic component. The differences observed between NiV-M and NiV-B pathogeneis in hamsters may relate to differences observed in human cases. Characterization of the hamster model for NiV-B infection allows for further research of the strain of Nipah virus responsible for the more recent outbreaks in humans. This model can be used to study NiV-B pathogenesis, transmission, and countermeasures that could be used to control outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/23342177���DeBuysscher, Blair L
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Viral Proteins/*metabolism���The capacity of a virus to cross species barriers is determined by the development of bona fide interactions with cellular components of new hosts, and in particular its ability to block IFN-alpha/beta antiviral signaling. Tioman virus (TioV), a close relative of mumps virus (MuV), has been isolated in giant fruit bats in Southeast Asia. Nipah and Hendra viruses, which are present in the same bat colonies, are highly pathogenic in human. Despite serological evidences of close contacts between TioV and human populations, whether TioV is associated to some human pathology remains undetermined. Here we show that in contrast to the V protein of MuV, the V protein of TioV (TioV-V) hardly interacts with human STAT2, does not degrade STAT1, and cannot block IFN-alpha/beta signaling in human cells. In contrast, TioV-V properly binds to human STAT3 and MDA5, and thus interferes with IL-6 signaling and IFN-beta promoter induction in human cells. Because STAT2 binding was previously identified as a host restriction factor for some Paramyxoviridae, we established STAT2 sequence from giant fruit bats, and binding to TioV-V was tested. Surprisingly, TioV-V interaction with STAT2 from giant fruit bats is also extremely weak and barely detectable. Altogether, our observations question the capacity of TioV to appropriately control IFN-alpha/beta signaling in both human and giant fruit bats that are considered as its natural host.,��https://www.ncbi.nlm.nih.gov/pubmed/23342031-��Caignard, Gregory
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Vaccination/methods���Jul�
�INTRODUCTION: Bioterrorism is a terrorist action involving the intentional release or dissemination of a biological warfare agent (BWA), which includes some bacteria, viruses, rickettsiae, fungi or biological toxins. BWA is a naturally occurring or human-modified form that may kill or incapacitate humans, animals or plants as an act of war or terrorism. BWA is a weapon of choice for mass destruction and terrorism, because of the incubation period, less effective amount than chemical warfare agents, easily distribution, odorless, colorless, difficult to detect, no need of specialized equipment for production and naturally distribution which can easily be obtained. BWA may be disseminating as an aerosol, spray, explosive device, and by food or water. CLASSIFICATION: Based on the risk for human health, BWAs have been prioritized into three categories of A, B and C. Category A includes microorganisms or toxins that easily spread, leading to intoxication with high death rates such as Anthrax, Botulism, Plague, Smallpox, Tularemia and Viral hemorrhagic fevers. Category B has lower toxicity with wider range, including Staphylococcal Entrotoxin type B (SEB), Epsilon toxin of Clostridium perfringens, Ricin, Saxotoxins, Abrin and Trichothecene mycotoxins. The C category includes emerging pathogens that could also be engineered for mass spread such as Hanta viruses, multidrug-resistant tuberculosis, Nipah virus, the tick-borne encephalitis viruses, hemorrhagic fever viruses and yellow fever. CLINICAL MANIFESTATIONS OF BIOTOXINS IN HUMAN: Clinical features and severity of intoxication depend on the agent and exposed dose, route of entry, individual variation and environmental factors. Onset of symptoms varies from 2-24 h in Ricin to 24-96 h in Botulism. Clinical manifestations also vary from irritation of the eyes, skin and mucus membranes in T2 toxin to an acute flaccid paralysis of bilateral cranial nerve impairment of descending manner in botulism. Most of the pyrogenic toxins such as SEB produce the same signs and symptoms as toxic shock syndrome including a rapid drop in blood pressure, elevated temperature, and multiple organ failure. MANAGEMENT: There is no specific antidote or effective treatment for most of the biotoxins. The clinical management is thus more supportive and symptomatic. Fortunately vaccines are now available for most of BWA. Therefore, immunization of personnel at risk of exposure is recommended. CONCLUSION: Biotoxins are very wide and bioterrorism is a heath and security threat that may induce national and international problems. Therefore, the security authorities, health professional and even public should be aware of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23339855¢��Balali-Mood, Mahdi
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Respiratory Mucosa/cytology/virology���Mar.��Hendra virus (HeV) and Nipah virus (NiV) are deadly zoonotic viruses for which no vaccines or therapeutics are licensed for human use. Henipavirus infection causes severe respiratory illness and encephalitis. Although the exact route of transmission in human is unknown, epidemiological studies and in vivo studies suggest that the respiratory tract is important for virus replication. However, the target cells in the respiratory tract are unknown, as are the mechanisms by which henipaviruses can cause disease. In this study, we characterized henipavirus pathogenesis using primary cells derived from the human respiratory tract. The growth kinetics of NiV-Malaysia, NiV-Bangladesh, and HeV were determined in bronchial/tracheal epithelial cells (NHBE) and small airway epithelial cells (SAEC). In addition, host responses to infection were assessed by gene expression analysis and immunoassays. Viruses replicated efficiently in both cell types and induced large syncytia. The host response to henipavirus infection in NHBE and SAEC highlighted a difference in the inflammatory response between HeV and NiV strains as well as intrinsic differences in the ability to mount an inflammatory response between NHBE and SAEC. These responses were highest during HeV infection in SAEC, as characterized by the levels of key cytokines (interleukin 6 [IL-6], IL-8, IL-1alpha, monocyte chemoattractant protein 1 [MCP-1], and colony-stimulating factors) responsible for immune cell recruitment. Finally, we identified virus strain-dependent variability in type I interferon antagonism in NHBE and SAEC: NiV-Malaysia counteracted this pathway more efficiently than NiV-Bangladesh and HeV. These results provide crucial new information in the understanding of henipavirus pathogenesis in the human respiratory tract at an early stage of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23302882ù��Escaffre, Olivier
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Zoonoses/*virology���Apr���Public discourses have influence on policymaking for emerging health issues. Media representations of unfolding events, scientific uncertainty, and real and perceived risks shape public acceptance of health policy and therefore policy outcomes. To characterize and track views in popular circulation on the causes, consequences and appropriate policy responses to the emergence of Hendra virus as a zoonotic risk, this study examines coverage of this issue in Australian mass media for the period 2007-2011. Results demonstrate the predominant explanation for the emergence of Hendra became the encroachment of flying fox populations on human settlement. Depictions of scientific uncertainty as to whom and what was at risk from Hendra virus promoted the view that flying foxes were a direct risk to human health. Descriptions of the best strategy to address Hendra have become polarized between recognized health authorities advocating individualized behaviour changes to limit risk exposure; versus populist calls for flying fox control and eradication. Less than a quarter of news reports describe the ecological determinants of emerging infectious disease or upstream policy solutions. Because flying foxes rather than horses were increasingly represented as the proximal source of human infection, existing policies of flying fox protection became equated with government inaction; the plight of those affected by flying foxes representative of a moral failure. These findings illustrate the potential for health communications for emerging infectious disease risks to become entangled in other political agendas, with implications for the public's likelihood of supporting public policy and risk management strategies that require behavioural change or seek to address the ecological drivers of incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/23294874´��Degeling, Chris
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*Virus Internalization���Mary��The promotion of membrane fusion by most paramyxoviruses requires an interaction between the viral attachment and fusion (F) proteins to enable receptor binding by the former to trigger the activation of the latter for fusion. Numerous studies demonstrate that the F-interactive sites on the Newcastle disease virus (NDV) hemagglutinin-neuraminidase (HN) and measles virus (MV) hemagglutinin (H) proteins reside entirely within the stalk regions of those proteins. Indeed, stalk residues of NDV HN and MV H that likely mediate the F interaction have been identified. However, despite extensive efforts, the F-interactive site(s) on the Nipah virus (NiV) G attachment glycoprotein has not been identified. In this study, we have introduced individual N-linked glycosylation sites at several positions spaced at intervals along the stalk of the NiV G protein. Five of the seven introduced sites are utilized as established by a retardation of electrophoretic mobility. Despite surface expression, ephrinB2 binding, and oligomerization comparable to those of the wild-type protein, four of the five added N-glycans completely eliminate the ability of the G protein to complement the homologous F protein in the promotion of fusion. The most membrane-proximal added N-glycan reduces fusion by 80%. However, unlike similar NDV HN and MV H mutants, the NiV G glycosylation stalk mutants retain the ability to bind F, indicating that the fusion deficiency of these mutants is not due to prevention of the G-F interaction. These findings suggest that the G-F interaction is not mediated entirely by the stalk domain of G and may be more complex than that of HN/H-F.,��https://www.ncbi.nlm.nih.gov/pubmed/23283956¸��Zhu, Qiyun
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*Virus Attachment���Mar���Conformational changes in the glycoproteins of enveloped viruses are critical for membrane fusion, which enables viral entry into cells and the pathological cell-cell fusion (syncytia) associated with some viral infections. However, technological capabilities for identifying viral glycoproteins and their conformational changes on actual enveloped virus surfaces are generally scarce, challenging, and time-consuming. Our model, Nipah virus (NiV), is a syncytium-forming biosafety level 4 pathogen with a high mortality rate (40 to 75%) in humans. Once the NiV attachment glycoprotein (G) (NiV-G) binds the cell receptor ephrinB2 or -B3, G triggers conformational changes in the fusion glycoprotein (F) that result in membrane fusion and viral entry. We demonstrate that confocal micro-Raman spectroscopy can, within minutes, simultaneously identify specific G and F glycoprotein signals and receptor-induced conformational changes in NiV-F on NiV virus-like particles (VLPs). First, we identified reproducible G- and F-specific Raman spectral features on NiV VLPs containing M (assembly matrix protein), G, and/or F or on NiV/vesicular stomatitis virus (VSV) pseudotyped virions via second-derivative transformations and principal component analysis (PCA). Statistical analyses validated our PCA models. Dynamic temperature-induced conformational changes in F and G or receptor-induced target membrane-dependent conformational changes in F were monitored in NiV pseudovirions in situ in real time by confocal micro-Raman spectroscopy. Advantageously, Raman spectroscopy can identify specific protein signals in relatively impure samples. Thus, this proof-of-principle technological development has implications for the rapid identification and biostability characterization of viruses in medical, veterinary, and food samples and for the analysis of virion glycoprotein conformational changes in situ during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/23283947���Lu, Xiaonan
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*Virus Release���Mar���Highly pathogenic Nipah virus (NiV) infections are transmitted via airway secretions and urine, commonly via the respiratory route. Epithelial surfaces represent important replication sites in both primary and systemic infection phases. NiV entry and spread from polarized epithelial cells therefore determine virus entry and dissemination within a new host and influence virus shedding via mucosal surfaces in the respiratory and urinary tract. To date, there is no knowledge regarding the entry and exit sites of NiV in polarized epithelial cells. In this report, we show for the first time that NiV can infect polarized kidney epithelial cells (MDCK) from both cell surfaces, while virus release is primarily restricted to the apical plasma membrane. Substantial amounts of basolateral infectivity were detected only after infection with high virus doses, at time points when the integrity of the cell monolayer was largely disrupted as a result of cell-to-cell fusion. Confocal immunofluorescence analyses of envelope protein distribution at early and late infection stages suggested that apical virus budding is determined by the polarized sorting of the NiV matrix protein, M. Studies with stably M-expressing and with monensin-treated cells furthermore demonstrated that M protein transport is independent from the glycoproteins, implying that the M protein possesses an intrinsic apical targeting signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23283941õ��Lamp, Boris
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Virus Internalization/*drug effects���Jan 24R��Interferons (IFN) are essential antiviral cytokines that establish the cellular antiviral state through upregulation of hundreds of interferon-stimulated genes (ISGs), most of which have uncharacterized functions and mechanisms. We identified cholesterol-25-hydroxylase (CH25H) as a broadly antiviral ISG. CH25H converts cholesterol to a soluble antiviral factor, 25-hydroxycholesterol (25HC). 25HC treatment in cultured cells broadly inhibited growth of enveloped viruses including VSV, HSV, HIV, and MHV68 and acutely pathogenic EBOV, RVFV, RSSEV, and Nipah viruses under BSL4 conditions. It suppressed viral growth by blocking membrane fusion between virus and cell. In animal models, Ch25h-deficient mice were more susceptible to MHV68 lytic infection. Moreover, administration of 25HC in humanized mice suppressed HIV replication and reversed T cell depletion. Thus, our studies demonstrate a unique mechanism by which IFN achieves its antiviral state through the production of a natural oxysterol to inhibit viral entry and implicate membrane-modifying oxysterols as potential antiviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23273844���Liu, Su-Yang
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Horvat, B.���20132��Henipavirus infections: lessons from animal models���264-87	��Pathogens���2���2���Apr 9ê��The Henipavirus genus contains two highly lethal viruses, the Hendra and Nipah viruses and one, recently discovered, apparently nonpathogenic member; Cedar virus. These three, negative-sense single-stranded RNA viruses, are hosted by fruit bats and use EphrinB2 receptors for entry into cells. The Hendra and Nipah viruses are zoonotic pathogens that emerged in the middle of 90s and have caused severe, and often fatal, neurologic and/or respiratory diseases in both humans and different animals; including spillover into equine and porcine species. Development of relevant models is critical for a better understanding of viral pathogenesis, generating new diagnostic tools, and assessing anti-viral therapeutics and vaccines. This review summarizes available data on several animal models where natural and/or experimental infection has been demonstrated; including pteroid bats, horses, pigs, cats, hamsters, guinea pigs, ferrets, and nonhuman primates. It recapitulates the principal features of viral pathogenesis in these animals and current knowledge on anti-viral immune responses. Lastly it describes the recently characterized murine animal model, which provides the possibility to use numerous and powerful tools available for mice to further decipher henipaviruses immunopathogenesis, prophylaxis, and treatment. The utility of different models to analyze important aspects of henipaviruses-induced disease in humans, potential routes of transmission, and therapeutic approaches are equally discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25437037���Dhondt, Kevin P
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public protection¨��Infectious diseases-including emerging and re-emerging diseases such as Ebola and tuberculosis-continue to be important causes of morbidity and mortality in the globalizing, contemporary world. This article discusses the ethical issues associated with protecting the rights of individuals versus the protection of the health of populations in the case of infectious diseases. The discussion uses the traditional medical ethics approach together with the public health approach presented by Faden and Shebaya.3 Infectious diseases such as Ebola hemorrhagic fever, Nipah virus and HIV/AIDS (together with tuberculosis) will be used to illustrate particular points in the discussion.,��https://www.ncbi.nlm.nih.gov/pubmed/24847171|��Phua, Kai-Lit
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*Virus Diseases/epidemiology/virologyÿ��Institute of Tropical Medicine, Nagasaki University (NEKKEN) and National Institute of Hygiene and Epidemiology, Vietnam (NIHE) jointly conducted a project from 2006 on Emerging and Re-emerging Infectious Diseases (ERID) granted by the Ministry of Education, Science, Culture and Technology (MEXT) of Japan. Fifteen independent researches have been carried out by 7 scientists who stationed in the Vietnam Research Station (VRS), and by approximately 60 visiting scientists. A wide variety of viruses have been studied in the research activities in the VRS, of those, topics of'' Nipah virus infection in bats in Vietnam'', ''Nam Dinh virus, a newly discovered insect nidovirus'', and'' Risk factors of dengue fever in southern Vietnam'' were summarized. It is important to develop a mechanism to facilitate young scientists to use the VRS in their research works, and then a scope to establish the VRS as a gateway to a successful career path for young scientists in the field of the infectious diseases would be realized.,��https://www.ncbi.nlm.nih.gov/pubmed/24769580V��Yamashiro, Tetsu
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Zoonoses/*virology���Feb���Bats are being increasingly recognized as an important reservoir of zoonotic viruses of different families, including SARS coronavirus, Nipah virus, Hendra virus and Ebola virus. Several recent studies hypothesized that bats, an ancient group of flying mammals, are the major reservoir of several important RNA virus families from which other mammalian viruses of livestock and humans were derived. Although this hypothesis needs further investigation, the premise that bats carry a large number of viruses is commonly accepted. The question of whether bats have unique biological features making them ideal reservoir hosts has been the subject of several recent reviews. In this review, we will focus on the public health implications of bat derived zoonotic viral disease outbreaks, examine the drivers and risk factors of past disease outbreaks and outline research directions for better control of future disease events.,��https://www.ncbi.nlm.nih.gov/pubmed/23265969���Smith, Ina
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Seroepidemiologic Studies���JanÜ��We conducted cross-sectional and longitudinal studies to determine the distribution of and risk factors for seropositivity to Nipah virus (NiV) among Pteropus vampyrus and P. hypomelanus bats in Peninsular Malaysia. Neutralizing antibodies against NiV were detected at most locations surveyed. We observed a consistently higher NiV risk (odds ratio 3.9) and seroprevalence (32.8%) for P. vampyrus than P. hypomelanus (11.1%) bats. A 3-year longitudinal study of P. hypomelanus bats indicated nonseasonal temporal variation in seroprevalence, evidence for viral circulation within the study period, and an overall NiV seroprevalence of 9.8%. The seroprevalence fluctuated over the study duration between 1% and 20% and generally decreased during 2004-2006. Adult bats, particularly pregnant, with dependent pup and lactating bats, had a higher prevalence of NiV antibodies than juveniles. Antibodies in juveniles 6 months-2 years of age suggested viral circulation within the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/23261015Í��Rahman, Sohayati A
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Virus Replication���Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that causes fatal encephalitis in up to 75% of infected humans. Like other paramyxoviruses, NiV employs co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternative reading frame. There is evidence from both in vitro and in vivo studies to show that the P gene products play a role in NiV pathogenesis. We have developed a reverse genetic system to dissect the individual roles of the NiV P gene products in limiting the antiviral response in primary human microvascular lung endothelial cells, which represent important targets in human NiV infection. By characterizing growth curves and early antiviral responses against a number of recombinant NiVs with genetic modifications altering expression of the proteins encoded by the P gene, we observed that multiple elements encoded by the P gene have both distinct and overlapping roles in modulating virus replication as well as in limiting expression of antiviral mediators such as IFN-beta, CXCL10, and CCL5. Our findings corroborate observations from in vivo hamster infection studies, and provide molecular insights into the attenuation and the histopathology observed in hamsters infected with C, V, and W-deficient NiVs. The results of this study also provide an opportunity to verify the results of earlier artificial plasmid expression studies in the context of authentic viral infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23094089s��Lo, Michael K
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Virus Replication���Jan 1���Hendra virus (HeV) and Nipah virus (NiV) are closely related, recently emerged paramyxoviruses that form Henipavirus genus and are capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. However, in contrast to many other species and despite expression of functional virus entry receptors, mice are resistant to henipavirus infection. We report here the susceptibility of mice deleted for the type I interferon receptor (IFNAR-KO) to both HeV and NiV. Intraperitoneally infected mice developed fatal encephalitis, with pathology and immunohistochemical features similar to what was found in humans. Viral RNA was found in the majority of analyzed organs, and sublethally infected animals developed virus-specific neutralizing antibodies. Altogether, these results reveal IFNAR-KO mice as a new small animal model to study HeV and NiV pathogenesis, prophylaxis, and treatment and suggest the critical role of type I interferon signaling in the control of henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23089589û��Dhondt, Kevin P
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Zoonoses/*transmission���Oct 19]��Many serious emerging zoonotic infections have recently arisen from bats, including Ebola, Marburg, SARS-coronavirus, Hendra, Nipah, and a number of rabies and rabies-related viruses, consistent with the overall observation that wildlife are an important source of emerging zoonoses for the human population. Mechanisms underlying the recognized association between ecosystem health and human health remain poorly understood and responding appropriately to the ecological, social and economic conditions that facilitate disease emergence and transmission represents a substantial societal challenge. In the context of disease emergence from wildlife, wildlife and habitat should be conserved, which in turn will preserve vital ecosystem structure and function, which has broader implications for human wellbeing and environmental sustainability, while simultaneously minimizing the spillover of pathogens from wild animals into human beings. In this review, we propose a novel framework for the holistic and interdisciplinary investigation of zoonotic disease emergence and its drivers, using the spillover of bat pathogens as a case study. This study has been developed to gain a detailed interdisciplinary understanding, and it combines cutting-edge perspectives from both natural and social sciences, linked to policy impacts on public health, land use and conservation.,��https://www.ncbi.nlm.nih.gov/pubmed/22966143®��Wood, James L N
Leach, Melissa
Waldman, Linda
Macgregor, Hayley
Fooks, Anthony R
Jones, Kate E
Restif, Olivier
Dechmann, Dina
Hayman, David T S
Baker, Kate S
Peel, Alison J
Kamins, Alexandra O
Fahr, Jakob
Ntiamoa-Baidu, Yaa
Suu-Ire, Richard
Breiman, Robert F
Epstein, Jonathan H
Field, Hume E
Cunningham, Andrew A
eng
Wellcome Trust/United Kingdom
G0902430/Medical Research Council/United Kingdom
R01 TW005869/TW/FIC NIH HHS/
2R01TW005869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2012/09/12 06:00
Philos Trans R Soc Lond B Biol Sci. 2012 Oct 19;367(1604):2881-92. doi: 10.1098/rstb.2012.0228.*��1471-2970 (Electronic)
0962-8436 (Linking)
��PMC3427567���22966143f��Disease Dynamics Unit, University of Cambridge, Madingley Road, Cambridge CB3 OES, UK. jlnw2@cam.ac.uk���10.1098/rstb.2012.0228������þÒtÿî?����f��Daszak, P.
Zambrana-Torrelio, C.
Bogich, T. L.
Fernandez, M.
Epstein, J. H.
Murray, K. A.
Hamilton, H.���2013���Interdisciplinary approaches to understanding disease emergence: the past, present, and future drivers of Nipah virus emergence���3681-8���Proc Natl Acad Sci U S A���110 Suppl 1���Animals
Chiroptera/virology
Climate Change
*Communicable Diseases, Emerging/virology
Disease Reservoirs
Ecology
Henipavirus/pathogenicity
Henipavirus Infections/*transmission/virology
Humans
Malaysia
Models, Biological
Nipah Virus/*pathogenicity
Public Health���Feb 26ñ��Emerging infectious diseases (EIDs) pose a significant threat to human health, economic stability, and biodiversity. Despite this, the mechanisms underlying disease emergence are still not fully understood, and control measures rely heavily on mitigating the impact of EIDs after they have emerged. Here, we highlight the emergence of a zoonotic Henipavirus, Nipah virus, to demonstrate the interdisciplinary and macroecological approaches necessary to understand EID emergence. Previous work suggests that Nipah virus emerged due to the interaction of the wildlife reservoir (Pteropus spp. fruit bats) with intensively managed livestock. The emergence of this and other henipaviruses involves interactions among a suite of anthropogenic environmental changes, socioeconomic factors, and changes in demography that overlay and interact with the distribution of these pathogens in their wildlife reservoirs. Here, we demonstrate how ecological niche modeling may be used to investigate the potential role of a changing climate on the future risk for Henipavirus emergence. We show that the distribution of Henipavirus reservoirs, and therefore henipaviruses, will likely change under climate change scenarios, a fundamental precondition for disease emergence in humans. We assess the variation among climate models to estimate where Henipavirus host distribution is most likely to expand, contract, or remain stable, presenting new risks for human health. We conclude that there is substantial potential to use this modeling framework to explore the distribution of wildlife hosts under a changing climate. These approaches may directly inform current and future management and surveillance strategies aiming to improve pathogen detection and, ultimately, reduce emergence risk.,��https://www.ncbi.nlm.nih.gov/pubmed/22936052���Daszak, Peter
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*Virus Attachment���NovH��Nipah virus (NiV) is the deadliest known paramyxovirus. Membrane fusion is essential for NiV entry into host cells and for the virus' pathological induction of cell-cell fusion (syncytia). The mechanism by which the attachment glycoprotein (G), upon binding to the cell receptors ephrinB2 or ephrinB3, triggers the fusion glycoprotein (F) to execute membrane fusion is largely unknown. N-glycans on paramyxovirus glycoproteins are generally required for proper protein conformational integrity, transport, and sometimes biological functions. We made conservative mutations (Asn to Gln) at the seven potential N-glycosylation sites in the NiV G ectodomain (G1 to G7) individually or in combination. Six of the seven N-glycosylation sites were found to be glycosylated. Moreover, pseudotyped virions carrying these N-glycan mutants had increased antibody neutralization sensitivities. Interestingly, our results revealed hyperfusogenic and hypofusogenic phenotypes for mutants that bound ephrinB2 at wild-type levels, and the mutant's cell-cell fusion phenotypes generally correlated to viral entry levels. In addition, when removing multiple N-glycans simultaneously, we observed synergistic or dominant-negative membrane fusion phenotypes. Interestingly, our data indicated that 4- to 6-fold increases in fusogenicity resulted from multiple mechanisms, including but not restricted to the increase of F triggering. Altogether, our results suggest that NiV-G N-glycans play a role in shielding virions against antibody neutralization, while modulating cell-cell fusion and viral entry via multiple mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/22915812���Biering, Scott B
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Viral Fusion Proteins/genetics/*immunology/metabolism/*ultrastructure���Noví��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are paramyxoviruses discovered in the mid- to late 1990s that possess a broad host tropism and are known to cause severe and often fatal disease in both humans and animals. HeV and NiV infect cells by a pH-independent membrane fusion mechanism facilitated by their attachment (G) and fusion (F) glycoproteins. Here, several soluble forms of henipavirus F (sF) were engineered and characterized. Recombinant sF was produced by deleting the transmembrane (TM) and cytoplasmic tail (CT) domains and appending a glycosylphosphatidylinositol (GPI) anchor signal sequence followed by GPI-phospholipase D digestion, appending a trimeric coiled-coil (GCNt) domain (sF(GCNt)), or deleting the TM, CT, and fusion peptide domain. These sF glycoproteins were produced as F(0) precursors, and all were apparent stable trimers recognized by NiV-specific antisera. Surprisingly, however, only the GCNt-appended constructs (sF(GCNt)) could elicit cross-reactive henipavirus-neutralizing antibody in mice. In addition, sF(GCNt) constructs could be triggered in vitro by protease cleavage and heat to transition from an apparent prefusion to postfusion conformation, transitioning through an intermediate that could be captured by a peptide corresponding to the C-terminal heptad repeat domain of F. The pre- and postfusion structures of sF(GCNt) and non-GCNt-appended sF could be revealed by electron microscopy and were distinguishable by F-specific monoclonal antibodies. These data suggest that only certain sF constructs could serve as potential subunit vaccine immunogens against henipaviruses and also establish important tools for further structural, functional, and diagnostic studies on these important emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22915804®��Chan, Yee-Peng
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TreesD��BACKGROUND: Drinking raw date palm sap is a risk factor for human Nipah virus (NiV) infection. Fruit bats, the natural reservoir of NiV, commonly contaminate raw sap with saliva by licking date palm's sap producing surface. We evaluated four types of physical barriers that may prevent bats from contacting sap. METHODS: During 2009, we used a crossover design and randomly selected 20 date palm sap producing trees and observed each tree for 2 nights: one night with a bamboo skirt intervention applied and one night without the intervention. During 2010, we selected 120 trees and randomly assigned four types of interventions to 15 trees each: bamboo, dhoincha (local plant), jute stick and polythene skirts covering the shaved part, sap stream, tap and collection pot. We enrolled the remaining 60 trees as controls. We used motion sensor activated infrared cameras to examine bat contact with sap. RESULTS: During 2009 bats contacted date palm sap in 85% of observation nights when no intervention was used compared with 35% of nights when the intervention was used [p<0.001]. Bats were able to contact the sap when the skirt did not entirely cover the sap producing surface. Therefore, in 2010 we requested the sap harvesters to use larger skirts. During 2010 bats contacted date palm sap [2% vs. 83%, p<0.001] less frequently in trees protected with skirts compared to control trees. No bats contacted sap in trees with bamboo (p<0.001 compared to control), dhoincha skirt (p<0.001) or polythene covering (p<0.001), but bats did contact sap during one night (7%) with the jute stick skirt (p<0.001). CONCLUSION: Bamboo, dhoincha, jute stick and polythene skirts covering the sap producing areas of a tree effectively prevented bat-sap contact. Community interventions should promote applying these skirts to prevent occasional Nipah spillovers to human.,��https://www.ncbi.nlm.nih.gov/pubmed/22905160S��Khan, Salah Uddin
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Viral Proteins/*chemistry/genetics���This work aims at characterizing structural transitions within the intrinsically disordered C-terminal domain of the nucleoprotein (NTAIL) from the Nipah and Hendra viruses, two recently emerged pathogens gathered within the Henipavirus genus. To this end, we used site-directed spin labeling combined with electron paramagnetic resonance spectroscopy to investigate the alpha-helical-induced folding that Henipavirus NTAIL domains undergo in the presence of the C-terminal X domain of the phosphoprotein (PXD). For each NTAIL protein, six positions located within four previously proposed molecular recognition elements (MoREs) were targeted for spin labeling, with three of these positions (475, 481, and 487) falling within the MoRE responsible for binding to PXD (Box3). A detailed analysis of the impact of the partner protein on the labeled NTAIL variants revealed a dramatic modification in the environment of the spin labels grafted within Box3, with the observed modifications supporting the formation of an induced alpha-helix within this region. In the free state, the slightly lower mobility of the spin labels grafted within Box3 as compared to the other positions suggests the existence of a transiently populated alpha-helix, as already reported for measles virus (MeV) NTAIL. Comparison with the well-characterized MeV NTAIL-PXD system, allowed us to validate the structural models of Henipavirus NTAIL-PXD complexes that we previously proposed. In addition, this study highlighted a few notable differences between the Nipah and Hendra viruses. In particular, the observation of composite spectra for the free form of the Nipah virus NTAIL variants spin labeled in Box3 supports conformational heterogeneity of this partly pre-configured alpha-helix, with the pre-existence of stable alpha-helical segments. Altogether these results provide insights into the molecular mechanisms of the Henipavirus NTAIL-PXD binding reaction.,��https://www.ncbi.nlm.nih.gov/pubmed/22881220���Martinho, Marlene
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*Immune Evasion
*Immunity, Innate���The genus Henipavirus in the family Paramyxoviridae contains two viruses, Hendra virus (HeV) and Nipah virus (NiV) for which pteropid bats act as the main natural reservoir. Each virus also causes serious and commonly lethal infection of people as well as various species of domestic animals, however little is known about the associated mechanisms of pathogenesis. Here, we report the isolation and characterization of a new paramyxovirus from pteropid bats, Cedar virus (CedPV), which shares significant features with the known henipaviruses. The genome size (18,162 nt) and organization of CedPV is very similar to that of HeV and NiV; its nucleocapsid protein displays antigenic cross-reactivity with henipaviruses; and it uses the same receptor molecule (ephrin-B2) for entry during infection. Preliminary challenge studies with CedPV in ferrets and guinea pigs, both susceptible to infection and disease with known henipaviruses, confirmed virus replication and production of neutralizing antibodies although clinical disease was not observed. In this context, it is interesting to note that the major genetic difference between CedPV and HeV or NiV lies within the coding strategy of the P gene, which is known to play an important role in evading the host innate immune system. Unlike HeV, NiV, and almost all known paramyxoviruses, the CedPV P gene lacks both RNA editing and also the coding capacity for the highly conserved V protein. Preliminary study indicated that CedPV infection of human cells induces a more robust IFN-beta response than HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/22879820n��Marsh, Glenn A
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vaccine¤��Our understanding of how antibodies are generated and function could help develop effective vaccines and antibody-based therapeutics against viruses such as HIV-1, SARS coronavirus (SARS CoV), and Hendra and Nipah viruses (henipaviruses). Although broadly neutralizing antibodies (bnAbs) against the HIV-1 were observed in patients, elicitation of such bnAbs remains a major challenge when compared to other viral targets. We previously hypothesized that HIV-1 could have evolved a strategy to evade the immune system due to absent or very weak binding of germline antibodies to the conserved epitopes that may not be sufficient to initiate and/or maintain an effective immune response. To further explore our hypothesis, we used the 454 sequence analysis of a large naive library of human IgM antibodies which had been used for selecting antibodies against SARS CoV receptor-binding domain (RBD), and soluble G proteins (sG) of henipaviruses. We found that the human IgM repertoires from the 454 sequencing have diverse germline usages, recombination patterns, junction diversity, and a lower extent of somatic mutation. In this study, we identified antibody maturation intermediates that are related to bnAbs against the HIV-1 and other viruses as observed in normal individuals, and compared their genetic diversity and somatic mutation level along with available structural and functional data. Further computational analysis will provide framework for understanding the underlying genetic and molecular determinants related to maturation pathways of antiviral bnAbs that could be useful for applying novel approaches to the design of effective vaccine immunogens and antibody-based therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/22876240õ��Prabakaran, Ponraj
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Nipah Virus/*immunology/pathogenicity���Aug 8'��In the 1990s, Hendra virus and Nipah virus (NiV), two closely related and previously unrecognized paramyxoviruses that cause severe disease and death in humans and a variety of animals, were discovered in Australia and Malaysia, respectively. Outbreaks of disease have occurred nearly every year since NiV was first discovered, with case fatality ranging from 10 to 100%. In the African green monkey (AGM), NiV causes a severe lethal respiratory and/or neurological disease that essentially mirrors fatal human disease. Thus, the AGM represents a reliable disease model for vaccine and therapeutic efficacy testing. We show that vaccination of AGMs with a recombinant subunit vaccine based on the henipavirus attachment G glycoprotein affords complete protection against subsequent NiV infection with no evidence of clinical disease, virus replication, or pathology observed in any challenged subjects. Success of the recombinant subunit vaccine in nonhuman primates provides crucial data in supporting its further preclinical development for potential human use.,��https://www.ncbi.nlm.nih.gov/pubmed/22875827���Bossart, Katharine N
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virus���Augÿ��A number of emerging and re-emerging viruses have caused epidemics or pandemics of infectious diseases leading to major devastations throughout human history. Therefore, developing effective and safe vaccines against these viruses is clearly important for the protection of at-risk populations. Our previous studies have shown that the receptor-binding domain (RBD) in the spike protein of severe acute respiratory syndrome (SARS)-associated coronavirus (SARS-CoV) is a key target for the development of SARS vaccines. In this review, we highlight some key advances in the development of antiviral vaccines targeting the RBDs of spike proteins of emerging and re-emerging viruses, using SARS-CoV, influenza virus, Hendra virus (HeV) and Nipah virus (NiV) as examples.,��https://www.ncbi.nlm.nih.gov/pubmed/26038424Ý��Jiang, Shibo
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Virulence���Oct­��Nipah virus (NiV) is a highly pathogenic, negative-strand RNA paramyxovirus that has recently emerged from flying foxes to cause serious human disease. We have analyzed the role of the nonstructural NiV C protein in viral immunopathogenesis using recombinant virus lacking the expression of NiV C (NiVDeltaC). While wild-type NiV was highly pathogenic in the hamster animal model, NiVDeltaC was strongly attenuated. Replication of NiVDeltaC was followed by the production of NiV-specific antibodies and associated with higher recruitment of inflammatory cells and less intensive histopathological lesions in different organs than in wild-type-NiV-infected animals. To analyze the molecular basis of NiVDeltaC attenuation, we studied early changes in gene expression in infected primary human endothelial cells, a major cellular target of NiV infection. The transcriptomic approach revealed the striking difference between wild-type and mutant NiV in the expression of genes involved in immunity, with the particularly interesting differential patterns of proinflammatory cytokines. Compared to wild-type virus, NiVDeltaC induced increased expression of interleukin 1 beta (IL-1beta), IL-8, CXCL2, CXCL3, CXCL6, CCL20, and beta interferon. Furthermore, the expression of NiV C in stably transfected cells decreased the production of the same panel of cytokines, revealing a role of the C protein in the regulation of cytokine balance. Together, these results suggest that NiV C regulates expression of proinflammatory cytokines, therefore providing a signal responsible for the coordination of leukocyte recruitment and the chemokine-induced immune response and controlling the lethal outcome of the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/22837207L��Mathieu, Cyrille
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Security Measures���Nov 1d��Australia is free of many diseases, pests and weeds found elsewhere in the world due to its geographical isolation and relatively good health security practices. However, its health security is under increasing pressure due to a number of ecological, climatic, demographic and behavioural changes occurring globally. North Queensland is a high risk area (a health security hot spot) for Australia, due in part to its connection to neighbouring countries via the Torres Strait and the Indo-Papuan conduit, its high diversity of wildlife reservoirs and its environmental characteristics. Major outbreaks of exotic diseases, pests and weeds in Australia can cost in excess of $1 billion; however, most expenditure on health security is reactive apart from preventive measures undertaken for a few high profile diseases, pests and weeds. Large gains in health security could therefore be made by spending more on pre-emptive approaches to reduce the risk of outbreaks, invasion/spread and establishment, despite these gains being difficult to quantify. Although biosecurity threats may initially have regional impacts (e.g. Hendra virus), a break down in security in health security hot spots can have national and international consequences, as has been seen recently in other regions with the emergence of SARS and pandemic avian influenza. Novel approaches should be driven by building research and management capacity, particularly in the regions where threats arise, a model that is applicable both in Australia and in other regions of the world that value and therefore aim to improve their strategies for maintaining health security.,��https://www.ncbi.nlm.nih.gov/pubmed/22836170ç��Murray, Kris A
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Humans"��The outbreaks of SARS, avian influenza, and Nipah virus in Asian countries clearly demonstrated that new highly infectious agents periodically emerge at the human-animal interface. The experiences of regional countries with prevention and control of avian influenza, SARS have reinforced the need for sustained, well-coordinated, multi-sector, multi-disciplinary, community-based actions to address emerging disease threats. 'One Health' is a cost-effective, sustainable, and practical approach to find solutions for problems which need holistic, multidisciplinary approaches, particularly in resource-constrained countries. While there is a growing recognition of One Health, it has to be translated from concept into actions through country level activities that are relevant for specific situations.,��https://www.ncbi.nlm.nih.gov/pubmed/22820705|��Gongal, Gyanendra
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Viral Proteins/genetics/*metabolism/pharmacology���Dec 7���Most paramyxoviruses circumvent the IFN response by blocking IFN signaling and limiting the production of IFN by virus-infected cells. Here we report that the highly conserved cysteine-rich C-terminal domain of the V proteins of a wide variety of paramyxoviruses binds melanoma differentiation-associated gene 5 (mda-5) product. mda-5 is an IFN-inducible host cell DExD/H box helicase that contains a caspase recruitment domain at its N terminus. Overexpression of mda-5 stimulated the basal activity of the IFN-beta promoter in reporter gene assays and significantly enhanced the activation of the IFN-beta promoter by intracellular dsRNA. Both these activities were repressed by coexpression of the V proteins of simian virus 5, human parainfluenza virus 2, mumps virus, Sendai virus, and Hendra virus. Similar results to the reporter assays were obtained by measuring IFN production. Inhibition of mda-5 by RNA interference or by dominant interfering forms of mda-5 significantly inhibited the activation of the IFN-beta promoter by dsRNA. It thus appears that mda-5 plays a central role in an intracellular signal transduction pathway that can lead to the activation of the IFN-beta promoter, and that the V proteins of paramyxoviruses interact with mda-5 to block its activity.,��https://www.ncbi.nlm.nih.gov/pubmed/15563593Ý��Andrejeva, J
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Sequence Analysis, RNA���Sep|��The study deals with the survey of different bat populations (Pteropus giganteus, Cynopterus sphinx, and Megaderma lyra) in India for highly pathogenic Nipah virus (NiV), Reston Ebola virus, and Marburg virus. Bats (n = 140) from two states in India (Maharashtra and West Bengal) were tested for IgG (serum samples) against these viruses and for virus RNAs. Only NiV RNA was detected in a liver homogenate of P. giganteus captured in Myanaguri, West Bengal. Partial sequence analysis of nucleocapsid, glycoprotein, fusion, and phosphoprotein genes showed similarity with the NiV sequences from earlier outbreaks in India. A serum sample of this bat was also positive by enzyme-linked immunosorbent assay for NiV-specific IgG. This is the first report on confirmation of Nipah viral RNA in Pteropus bat from India and suggests the possible role of this species in transmission of NiV in India.,��https://www.ncbi.nlm.nih.gov/pubmed/22802440ð��Yadav, Pragya D
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Vero Cells¿��Until the Nipah outbreak in Malaysia in 1999, knowledge of human infections with the henipaviruses was limited to the small number of cases associated with the emergence of Hendra virus in Australia in 1994. The Nipah outbreak in Malaysia alerted the global public health community to the severe pathogenic potential and widespread distribution of these unique paramyxoviruses. This chapter briefly describes the initial discovery of Nipah virus and the challenges encountered during the initial identification and characterisation of the aetiological agent responsible for the outbreak of febrile encephalitis. The initial attempts to isolate Nipah virus from the bat reservoir host are also described.,��https://www.ncbi.nlm.nih.gov/pubmed/22782307o��Chua, Kaw Bing
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*Viral Fusion Proteins/chemistry/genetics/metabolism���Aug 242��Viral fusion proteins are intriguing molecular machines that undergo drastic conformational changes to facilitate virus-cell membrane fusion. During fusion a hydrophobic region of the protein, termed the fusion peptide (FP), is inserted into the target host cell membrane, with subsequent conformational changes culminating in membrane merger. Class I fusion proteins contain FPs between 20 and 30 amino acids in length that are highly conserved within viral families but not between. To examine the sequence dependence of the Hendra virus (HeV) fusion (F) protein FP, the first eight amino acids were mutated first as double, then single, alanine mutants. Mutation of highly conserved glycine residues resulted in inefficient F protein expression and processing, whereas substitution of valine residues resulted in hypofusogenic F proteins despite wild-type surface expression levels. Synthetic peptides corresponding to a portion of the HeV F FP were shown to adopt an alpha-helical secondary structure in dodecylphosphocholine micelles and small unilamellar vesicles using circular dichroism spectroscopy. Interestingly, peptides containing point mutations that promote lower levels of cell-cell fusion within the context of the whole F protein were less alpha-helical and induced less membrane disorder in model membranes. These data represent the first extensive structure-function relationship of any paramyxovirus FP and demonstrate that the HeV F FP and potentially other paramyxovirus FPs likely require an alpha-helical structure for efficient membrane disordering and fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22761418ä��Smith, Everett Clinton
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PhylogeographyO��All seven recognized human cases of Hendra virus (HeV) infection have occurred in Queensland, Australia. Recognized human infections have all resulted from a HeV infected horse that was unusually efficient in transmitting the virus and a person with a high exposure to infectious secretions. In the large outbreak in Malaysia where Nipah virus (NiV) was first identified, most human infections resulted from close contact with NiV infected pigs. Outbreak investigations in Bangladesh have identified drinking raw date palm sap as the most common pathway of NiV transmission from Pteropus bats to people, but person-to-person transmission of NiV has been repeatedly identified in Bangladesh and India. Although henipaviruses are not easily transmitted to people, these newly recognized, high mortality agents warrant continued scientific attention.,��https://www.ncbi.nlm.nih.gov/pubmed/22752412���Luby, Stephen P
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Species Specificityï��The zoonotic potential of paramyxoviruses is particularly demonstrated by their broad host range like the highly pathogenic Hendra and Nipah viruses originating from bats. But while so far all bat-borne paramyxoviruses have been identified in fruit bats across Africa, Australia, South America, and Asia, we describe the detection and characterization of the first paramyxoviruses in free-ranging European bats. Moreover, we examined the possible impact of paramyxovirus infection on individual animals by comparing histo-pathological findings and virological results. Organs from deceased insectivorous bats of various species were sampled in Germany and tested for paramyxovirus RNA in parallel to a histo-pathological examination. Nucleic acids of three novel paramyxoviruses were detected, two viruses in phylogenetic relationship to the recently proposed genus Jeilongvirus and one closely related to the genus Rubulavirus. Two infected animals revealed subclinical pathological changes within their kidneys, suggestive of a similar pathogenesis as the one described in fruit bats experimentally infected with Hendra virus.Our findings indicate the presence of bat-born paramyxoviruses in geographic areas free of fruit bat species and therefore emphasize a possible virus-host co-evolution in European bats. Since these novel viruses are related to the very distinct genera Rubulavirus and Jeilongvirus, a similarly broad genetic diversity among paramyxoviruses in other Microchiroptera compared to Megachiroptera can be assumed. Given that the infected bats were either found in close proximity to heavily populated human habitation or areas of intensive agricultural use, a potential risk of the emergence of zoonotic paramyxoviruses in Europe needs to be considered.,��https://www.ncbi.nlm.nih.gov/pubmed/22737217���Kurth, Andreas
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Viral Vaccines/genetics/*immunology���Oct 255��Nipah virus (NiV), a member of the Paramyxoviridae family, causes deadly encephalitis in humans and huge economic losses to the pig industry. Here, we generated recombinant avirulent Newcastle disease virus (NDV) LaSota strains expressing the NiV G and F proteins respectively (designated as rLa-NiVG and rLa-NiVF), and evaluated their immunogenicity in mice and pigs. Both rLa-NiVG and rLa-NiVF displayed growth properties similar to those of LaSota virus in chicken eggs. Co-infection of rLa-NiVG and rLa-NiVF caused marked syncytia formation, while intracerebral co-inoculation of these viruses in mice showed they were safe in at least one mammalian species. Animal immunization studies showed rLa-NiVG and rLa-NiVF induced NiV neutralizing antibody responses in mice and pigs, and F protein-specific CD8+ T cell responses in mice. Most importantly, rLa-NiVG and rLa-NiVF administered alone or together, induced a long-lasting neutralizing antibody response in pigs. Recombinant rLa-NiVG/F thus appear to be promising NiV vaccine candidates for pigs and potentially humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22726244���Kong, Dongni
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Zoonoses���FebÄ��The henipaviruses, Hendra virus and Nipah virus, are pathogens that have emerged from flying foxes in Australia and South-east Asia to infect both livestock and humans, often fatally. Since the emergence of Hendra virus in Australia in 1994 and the identification of Australian flying foxes as hosts to this virus, our appreciation of bats as reservoir hosts of henipaviruses has expanded globally to include much of Asia and areas of Africa. Despite this, little is currently known of the mechanisms by which bats harbour viruses capable of causing such severe disease in other terrestrial mammals. Pteropid bat ecology, henipavirus virology, therapeutic developments and features of henipavirus infection, pathology and disease in humans and other mammals are reviewed elsewhere in detail. This review focuses on bats as reservoir hosts to henipaviruses and features of transmission of Hendra virus and Nipah virus following spillover from these reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/22709528¬��Clayton, B A
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Virus Internalization2��Nipah (NiV) and Hendra (HeV) viruses are the deadliest human pathogens within the Paramyxoviridae family, which include human and animal pathogens of global biomedical importance. NiV and HeV infections cause respiratory and encephalitic illness with high mortality rates in humans. Henipaviruses (HNV) are the only Paramyxoviruses classified as biosafety level 4 (BSL4) pathogens due to their extreme pathogenicity, potential for bioterrorism, and lack of licensed vaccines and therapeutics. HNV use ephrin-B2 and ephrin-B3, highly conserved proteins, as viral entry receptors. This likely accounts for their unusually broad species tropism, and also provides opportunities to study how receptor usage, cellular tropism, and end-organ pathology relates to the pathobiology of HNV infections. The clinical and pathologic manifestations of NiV and HeV virus infections are reviewed in the chapters by Wong et al. and Geisbert et al. in this issue. Here, we will review the biology of the HNV receptors, and how receptor usage relates to HNV cell tropism in vitro and in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/22695915
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Bangladesh
community-based intervention
public health intervention development���Sepá��People in Bangladesh frequently drink fresh date palm sap. Fruit bats (Pteropus giganteus) also drink raw sap and may contaminate the sap by shedding Nipah virus through saliva and urine. In a previous study we identified two indigenous methods to prevent bats accessing the sap, bamboo skirts and lime (calcium carbonate). We conducted a pilot study to assess the acceptability of these two methods among sap harvesters. We used interactive community meetings and group discussions to encourage all the sap harvesters (n = 12) from a village to use either bamboo skirts or lime smear that some of them (n = 4) prepared and applied. We measured the preparation and application time and calculated the cost of bamboo skirts. We conducted interviews after the use of each method. The sap harvesters found skirts effective in preventing bats from accessing sap. They were sceptical that lime would be effective as the lime was washed away by the sap flow. Preparation of the skirt took approximately 105 min. The application of each method took approximately 1 min. The cost of the bamboo skirt is minimal because bamboo is widely available and they made the skirts with pieces of used bamboo. The bamboo skirt method appeared practical and affordable to the sap harvesters. Further studies should explore its ability to prevent bats from accessing date palm sap and assess if its use produces more or better quality sap, which would provide further incentives to make it more acceptable for its regular use.,��https://www.ncbi.nlm.nih.gov/pubmed/22669914L��Nahar, Nazmun
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Zoonoses/*virology���SepÜ��Nipah virus has recently emerged as a zoonotic agent that is highly pathogenic in humans. Outbreaks have occurred regularly over the last two decades in South and Southeast Asia, where mortality rates reach as high as 100 %. The natural reservoir of Nipah virus has been identified as bats from the Pteropus family, where infection is largely asymptomatic. Human disease is characterized by both respiratory and encephalitic components, and thus far, no effective vaccine or intervention strategies are available. Little is know about how the immune response of either the reservoir host or incidental hosts responds to infection, and how this immune response is either inadequate or might contribute to disease in the dead-end host. Experimental vaccines strategies have given us some insight into the immunological requirements for protection. This review summarizes our current understanding of the immune response to Nipah virus infection and emphasizes the need for further research.,��https://www.ncbi.nlm.nih.gov/pubmed/22669317���Prescott, Joseph
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Virus Replication/drug effects���Fusion between the viral and target cell membranes is an obligatory step for the infectivity of all enveloped virus, and blocking this process is a clinically validated therapeutic strategy.Viral fusion is driven by specialized proteins which, although specific to each virus, act through a common mechanism, the formation of a complex between two heptad repeat (HR) regions. The HR regions are initially separated in an intermediate termed "prehairpin", which bridges the viral and cell membranes, and then fold onto each other to form a 6-helical bundle (6HB), driving the two membranes to fuse. HR-derived peptides can inhibit viral infectivity by binding to the prehairpin intermediate and preventing its transition to the 6HB.The antiviral activity of HR-derived peptides differs considerably among enveloped viruses. For weak inhibitors, potency can be increased by peptide engineering strategies, but sequence-specific optimization is time-consuming. In seeking ways to increase potency without changing the native sequence, we previously reported that attachment to the HR peptide of a cholesterol group ("cholesterol-tagging") dramatically increases its antiviral potency, and simultaneously increases its half-life in vivo. We show here that antiviral potency may be increased by combining cholesterol-tagging with dimerization of the HR-derived sequence, using as examples human parainfluenza virus, Nipah virus, and HIV-1. Together, cholesterol-tagging and dimerization may represent strategies to boost HR peptide potency to levels that in some cases may be compatible with in vivo use, possibly contributing to emergency responses to outbreaks of existing or novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22666328¸��Pessi, Antonello
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Zoonoses/*virology���Junì��We conducted a serologic survey of four high-priority pig-associated viral zoonoses, Japanese encephalitis virus (JEV), hepatitis E virus (HEV), Nipah virus (NiV), and swine influenza virus (SIV), in Laos. We collected blood from pigs at slaughter during May 2008-January 2009 in four northern provinces. Japanese encephalitis virus hemagglutination inhibition seroprevalence was 74.7% (95% confidence interval [CI] = 71.5-77.9%), JEV IgM seroprevalence was 2.3% (95% CI = 1.2-3.2%), and HEV seroprevalence was 21.1% (95% CI = 18.1-24.0%). Antibodies to SIV were detected in 1.8% (95% CI = 0.8-2.8%) of pigs by screening enzyme-linked immunosorbent assay, and only subtype H3N2 was detected by hemagglutination inhibition in two animals with an inconclusive enzyme-linked immunosorbent assay result. No NiV antibody-positive pigs were detected. Our evidence indicates that peak JEV and HEV transmission coincides with the start of the monsoonal wet season and poses the greatest risk for human infection.,��https://www.ncbi.nlm.nih.gov/pubmed/226656229��Conlan, James V
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Zoonoses/epidemiology/virology���Aug���Nipah and Hendra virus are members of a newly identified genus of emerging paramyxoviruses, the henipaviruses. Both viruses have the ability to cause severe pulmonary infection and severe acute encephalitis. Following their discovery in the 1990s, outbreaks caused by these zoonotic paramyxoviruses have been associated with high public health and especially economic threat potential. Currently, only geographic groupings in Asia and Australia have been described for the henipaviruses. However, while few viral isolates are available and more detailed characterization is necessary, there has been recent evidence that divergent henipaviruses might be present on the African continent. This review endeavours to capture recent advances in the field of henipavirus research, with a focus on genome structure and replication mechanisms, reservoir hosts, genetic diversity, pathogenesis and animal models.,��https://www.ncbi.nlm.nih.gov/pubmed/22643730â��Rockx, Barry
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Zoonoses/*epidemiology/virology���Hendra virus, a novel and fatally zoonotic member of the family Paramyxoviridae, was first described in Australia in 1994. Periodic spillover from its natural host (fruit bats) results in catastrophic disease in horses and occasionally the subsequent infection of humans. Prior to 2011, 14 equine incidents involving seven human cases (four fatal) were recorded. The year 2011 saw a dramatic departure from the sporadic incidents of the previous 16 years, with a cluster of 18 incidents in a single 3-month period. The fundamental difference in 2011 was the total number of incidents, the geographic clustering, and the expanded geographic range. The 2011 cluster more than doubled the total number of incidents previously reported, and poses the possibility of a new HeV infection paradigm. Epidemiologic evidence suggests that compelling additional host and/or environmental factors were at play.,��https://www.ncbi.nlm.nih.gov/pubmed/22476530£��Field, Hume
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Swine Diseases/*pathology/virology¡��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level 4 pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the twentieth century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarizes our up to date understanding of pathology and pathogenesis in the natural reservoir species, the Pteropus bat, and in the equine and porcine spill over species.,��https://www.ncbi.nlm.nih.gov/pubmed/22476529���Middleton, D J
Weingartl, H M
eng
Review
Germany
2012/04/06 06:00
Curr Top Microbiol Immunol. 2012;359:105-21. doi: 10.1007/82_2012_210.%��0070-217X (Print)
0070-217X (Linking)���22476529?��Australian Animal Health Laboratory, CSIRO, Geelong, Australia.���10.1007/82_2012_210��
���üÒtÿî?1���2��Steffen, D. L.
Xu, K.
Nikolov, D. B.
Broder, C. C.���2012K��Henipavirus mediated membrane fusion, virus entry and targeted therapeutics���280-308���Viruses���4���2,��Antiviral Agents/*pharmacology
Drug Therapy/methods
Henipavirus/*drug effects/*pathogenicity
Henipavirus Infections/therapy/virology
Host-Pathogen Interactions
Humans
Immunotherapy/methods
Models, Molecular
Protein Conformation
Viral Envelope Proteins/antagonists & inhibitors/chemistry/*metabolism
Viral Fusion Proteins/antagonists & inhibitors/chemistry/*metabolism
Virus Internalization/*drug effects
*antibody
*attachment glycoprotein
*entry
*ephrin-B2
*ephrin-B3
*fusion glycoprotein
*immunotherapy
*inhibitor
*membrane fusion
*paramyxovirus
*receptor���FebÁ��The Paramyxoviridae genus Henipavirus is presently represented by the type species Hendra and Nipah viruses which are both recently emerged zoonotic viral pathogens responsible for repeated outbreaks associated with high morbidity and mortality in Australia, Southeast Asia, India and Bangladesh. These enveloped viruses bind and enter host target cells through the coordinated activities of their attachment (G) and class I fusion (F) envelope glycoproteins. The henipavirus G glycoprotein interacts with host cellular B class ephrins, triggering conformational alterations in G that lead to the activation of the F glycoprotein, which facilitates the membrane fusion process. Using the recently published structures of HeV-G and NiV-G and other paramyxovirus glycoproteins, we review the features of the henipavirus envelope glycoproteins that appear essential for mediating the viral fusion process, including receptor binding, G-F interaction, F activation, with an emphasis on G and the mutations that disrupt viral infectivity. Finally, recent candidate therapeutics for henipavirus-mediated disease are summarized in light of their ability to inhibit HeV and NiV entry by targeting their G and F glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22470837M��Steffen, Deborah L
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Chakraborty, A.���2012@��Nipah virus outbreaks in Bangladesh: a deadly infectious disease���208-212#��WHO South East Asia J Public Health���1���2���Apr-Jun´��During 2001-2011, multidisciplinary teams from the Institute of Epidemiology, Disease Control and Research (IEDCR) and International Centre for Diarrhoeal Disease Research, Bangladesh(icddr,b) identified sporadic cases and 11 outbreaks of Nipah encephalitis. Three outbreaks were detected through sentinel surveillance; others were identified through event-based surveillance. A total of 196 cases of Nipah encephalitis, in outbreaks, clusters and as isolated cases were detected from 20 districts of Bangladesh; out of them 150 (77%) cases died. Drinking raw date palm sap and contact with a case were identified as the major risk factors for acquiring the disease. Combination of surveillance systems and multidisciplinary outbreak investigations can be an effective strategy not only for detection of emerging infectious diseases but also for identification of novel characteristics and risk factors for these diseases in resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/28612796¥��Rahman, Mahmudur
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Zoonoses/epidemiology/transmission/*virology���Dec¸��The highly lethal Hendra and Nipah viruses have been described for little more than a decade, yet within that time have been aetiologically associated with major livestock and human health impacts, albeit on a limited scale. Do these emerging pathogens pose a broader threat, or are they inconsequential 'viral chatter'. Given their lethality, and the evident multi-generational human-to-human transmission associated with Nipah virus in Bangladesh, it seems prudent to apply the precautionary principle. While much is known of their clinical, pathogenic and epidemiologic features in livestock species and humans, a number of fundamental questions regarding the relationship between the viruses, their natural fruit-bat host and the environment remain unanswered. In this paper, we pose and probe these questions in context, and offer perspectives based primarily on our experience with Hendra virus in Australia, augmented with Nipah virus parallels.,��https://www.ncbi.nlm.nih.gov/pubmed/22440924���Field, Hume
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Zoonoses/transmission/*virology���DecÍ��For the past 10-15 years, bats have attracted growing attention as reservoirs of emerging zoonotic viruses. This has been due to a combination of factors including the emergence of highly virulent zoonotic pathogens, such as Hendra, Nipah, SARS and Ebola viruses, and the high rate of detection of a large number of previously unknown viral sequences in bat specimens. As bats have ancient evolutionary origins and are the only flying mammals, it has been hypothesized that some of their unique biological features may have made them especially suitable hosts for different viruses. So the question 'Are bats different, special or exceptional?' has become a focal point in the field of virology, bat biology and virus-host co-evolution. In this brief review, we examine the topic in a relatively unconventional way, that is, our discussion will be based on both scientific discoveries and theoretical predictions. This approach was chosen partially because the data in this field are so limited that it is impossible to conduct a useful review based on published results only and also because we believe it is important to provoke original, speculative or even controversial ideas or theories in this important field of research.,��https://www.ncbi.nlm.nih.gov/pubmed/22440923­��Wang, Lin-Fa
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*Virus Internalization���Mayá��The hemagglutinin-neuraminidase (HN) protein of paramyxoviruses carries out three distinct activities contributing to the ability of HN to promote viral fusion and entry: receptor binding, receptor cleavage (neuraminidase), and activation of the fusion protein. The relationship between receptor binding and fusion triggering functions of HN are not fully understood. For Newcastle disease virus (NDV), one bifunctional site (site I) on HN's globular head can mediate both receptor binding and neuraminidase activities, and a second site (site II) in the globular head is also capable of mediating receptor binding. The receptor analog, zanamivir, blocks receptor binding and cleavage activities of NDV HN's site I while activating receptor binding by site II. Comparison of chimeric proteins in which the globular head of NDV HN is connected to the stalk region of either human parainfluenza virus type 3 (HPIV3) or Nipah virus receptor binding proteins indicates that receptor binding to NDV HN site II not only can activate its own fusion (F) protein but can also activate the heterotypic fusion proteins. We suggest a general model for paramyxovirus fusion activation in which receptor engagement at site II plays an active role in F activation.,��https://www.ncbi.nlm.nih.gov/pubmed/22438532É��Porotto, Matteo
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Survival Rate���The clinicopathological features of human Nipah virus and Hendra virus infections appear to be similar. The clinical manifestations may be mild, but if severe, includes acute encephalitic and pulmonary syndromes with a high mortality. The pathological features in human acute henipavirus infections comprise vasculopathy (vasculitis, endothelial multinucleated syncytia, thrombosis), microinfarcts and parenchymal cell infection in the central nervous system, lung, kidney and other major organs. Viral inclusions, antigens, nucleocapsids and RNA are readily demonstrated in blood vessel wall and numerous types of parenchymal cells. Relapsing henipavirus encephalitis is a rare complication reported in less than 10% of survivors of the acute infection and appears to be distinct from the acute encephalitic syndrome. Pathological evidence suggests viral recrudescence confined to the central nervous system as the cause.,��https://www.ncbi.nlm.nih.gov/pubmed/22427144���Wong, K T
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Virus Internalizationº��Nipah (NiV) and Hendra (HeV) viruses cause cell-cell fusion (syncytia) in brain, lung, heart, and kidney tissues, leading to encephalitis, pneumonia, and often death. Membrane fusion is essential to both viral entry and virus-induced cell-cell fusion, a hallmark of henipavirus infections. Elucidiation of the mechanism(s) of membrane fusion is critical to understanding henipavirus pathobiology and has the potential to identify novel strategies for the development of antiviral therapeutic agents. Henipavirus membrane fusion requires the coordinated actions of the viral attachment (G) and fusion (F) glycoproteins. Current henipavirus fusion models posit that attachment of NiV or HeV G to its cell surface receptors releases F from its metastable pre-fusion conformation to mediate membrane fusion. The identification of ephrinB2 and ephrinB3 as henipavirus receptors has paved the way for recent advances in our understanding of henipavirus membrane fusion. These advances highlight mechanistic similarities and differences between membrane fusion for the henipavirus and other genera within the Paramyxoviridae family. Here, we review these mechanisms and the current gaps in our knowledge in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/22427111ª��Aguilar, Hector C
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Virus Replicationµ��Emerging viruses including Nipah, Hendra, Lujo, and Junin viruses have enormous potential to spread rapidly. Nipah virus, after emerging as a zoonosis, has also evolved the capacity for human-to-human transmission. Most of the diseases caused by these pathogens are untreatable and require high biocontainment conditions. Universal methods for rapidly identifying and screening candidate antivirals are urgently needed. We have developed a modular antiviral platform strategy that relies on simple bioinformatic and genetic information about each pathogen. Central to this platform is the use of envelope glycoprotein cDNAs to establish multi-cycle replication systems under BSL2 conditions for viral pathogens that normally require BSL3 and BSL4 facilities. We generated monoclonal antibodies against Nipah G by cDNA immunization in rats, and we showed that these antibodies neutralize both Nipah and Hendra live viruses. We then used these effective Henipavirus inhibitors to validate our screening strategy. Our proposed strategy should contribute to the response capability for emerging infectious diseases, providing a way to initiate antiviral development immediately upon identifying novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22396728á��Talekar, Aparna
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Time Factors£��Nipah virus (NiV) is a recently emerged zoonotic Paramyxovirus that causes regular outbreaks in East Asia with mortality rate exceeding 75%. Major cellular targets of NiV infection are endothelial cells and neurons. To better understand virus-host interaction, we analyzed the transcriptome profile of NiV infection in primary human umbilical vein endothelial cells. We further assessed some of the obtained results by in vitro and in vivo methods in a hamster model and in brain samples from NiV-infected patients. We found that NiV infection strongly induces genes involved in interferon response in endothelial cells. Among the top ten upregulated genes, we identified the chemokine CXCL10 (interferon-induced protein 10, IP-10), an important chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. In NiV-infected hamsters, which develop pathology similar to what is seen in humans, expression of CXCL10 mRNA was induced in different organs with kinetics that followed NiV replication. Finally, we showed intense staining for CXCL10 in the brain of patients who succumbed to lethal NiV infection during the outbreak in Malaysia, confirming induction of this chemokine in fatal human infections. This study sheds new light on NiV pathogenesis, indicating the role of CXCL10 during the course of infection and suggests that this chemokine may serve as a potential new marker for lethal NiV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/22393386���Mathieu, Cyrille
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United KingdomW��The genus Henipavirus includes Hendra virus (HeV) and Nipah virus (NiV), for which fruit bats (particularly those of the genus Pteropus) are considered to be the wildlife reservoir. The recognition of henipaviruses occurring across a wider geographic and host range suggests the possibility of the virus entering the United Kingdom (UK). To estimate the likelihood of henipaviruses entering the UK, a qualitative release assessment was undertaken. To facilitate the release assessment, the world was divided into four zones according to location of outbreaks of henipaviruses, isolation of henipaviruses, proximity to other countries where incidents of henipaviruses have occurred and the distribution of Pteropus spp. fruit bats. From this release assessment, the key findings are that the importation of fruit from Zone 1 and 2 and bat bushmeat from Zone 1 each have a Low annual probability of release of henipaviruses into the UK. Similarly, the importation of bat meat from Zone 2, horses and companion animals from Zone 1 and people travelling from Zone 1 and entering the UK was estimated to pose a Very Low probability of release. The annual probability of release for all other release routes was assessed to be Negligible. It is recommended that the release assessment be periodically re-assessed to reflect changes in knowledge and circumstances over time.,��https://www.ncbi.nlm.nih.gov/pubmed/22328916.��Snary, Emma L
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Virology/*methods���AprF��Hendra virus (HeV) is a zoonotic paramyxovirus endemic in Australian Pteropus bats (fruit bats or flying foxes). Although bats appear to be unaffected by the virus, HeV can spread from fruit bats to horses, causing severe disease. Human infection results from close contact with the blood, body fluids and tissues of infected horses. HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. Current assays for HeV detection require complex instrumentation and are generally time consuming. The aim of this study was to develop a Loop-Mediated Isothermal Amplification (LAMP) assay to detect nucleic acid from all known HeV strains in horses without the requirement for complex laboratory equipment. A LAMP assay targeting a conserved region of the HeV P-gene was combined with a Lateral Flow Device (LFD) for detection of amplified product. All HeV isolates, the original HeV isolated in 1994 as well as the most recent isolates from 2011 were detected. Analytical sensitivity and specificity of the HeV-LAMP assay was equal to a TaqMan assay developed previously. Significantly, these assays detected HeV in horses before clinical signs were observed. The combined LAMP-LFD procedure is a sensitive method suitable for HeV diagnosis in a resource-limited situation or where rapid test results are critical.,��https://www.ncbi.nlm.nih.gov/pubmed/22327143¿��Foord, Adam J
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Polysaccharides/*chemistry/pharmacology/toxicity���Junå��Self-assembly of amphiphilic polysaccharides provides a positive outlook for drug delivery systems without the need for solvents or surfactants. Various polymeric amphiphilic polysaccharides undergo intramolecular or intermolecular associations in water. This type of association, promoted by hydrophobic segments, led to the formation of various drug delivery systems such as micelles, nanoparticles, liposomes and hydrogels. Here, we review a selection of the most important amphiphilic polysaccharides used as drug delivery systems and their pharmaceutical applications. Attention focuses on amphiphilic chitosan owing to its unique properties such as excellent biocompatibility, non-toxicity and antimicrobial and bioadhesive properties.,��https://www.ncbi.nlm.nih.gov/pubmed/22305936»��Hassani, Leila N
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Viral Proteins/chemistry/genetics���Febí��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes fatal encephalitis in humans. The initial outbreak of NiV infection occurred in Malaysia and Singapore in 1998-1999; relatively small, sporadic outbreaks among humans have occurred in Bangladesh since 2001. We characterized the complete genomic sequences of identical NiV isolates from 2 patients in 2008 and partial genomic sequences of throat swab samples from 3 patients in 2010, all from Bangladesh. All sequences from patients in Bangladesh comprised a distinct genetic group. However, the detection of 3 genetically distinct sequences from patients in the districts of Faridpur and Gopalganj indicated multiple co-circulating lineages in a localized region over a short time (January-March 2010). Sequence comparisons between the open reading frames of all available NiV genes led us to propose a standardized protocol for genotyping NiV; this protcol provides a simple and accurate way to classify current and future NiV sequences.,��https://www.ncbi.nlm.nih.gov/pubmed/22304936¤��Lo, Michael K
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Virus Replication/drug effects/physiology���Nipah virus (NiV), a zoonotic paramyxovirus, is highly contagious in swine, and can cause fatal infections in humans following transmission from the swine host. The main viral targets in both species are the respiratory and central nervous systems, with viremia implicated as a mode of dissemination of NiV throughout the host. The presented work focused on the role of peripheral blood mononuclear cells (PBMC) in the viremic spread of the virus in the swine host. B lymphocytes, CD4-CD8-, as well as CD4+CD8- T lymphocytes were not permissive to NiV, and expansion of the CD4+CD8- cells early post infection was consistent with functional humoral response to NiV infection observed in swine. In contrast, significant drop in the CD4+CD8- T cell frequency was observed in piglets which succumbed to the experimental infection, supporting the hypothesis that antibody development is the critical component of the protective immune response. Productive viral replication was detected in monocytes, CD6+CD8+ T lymphocytes and NK cells by recovery of infectious virus in the cell supernatants. Virus replication was supported by detection of the structural N and the non-structural C proteins or by detection of genomic RNA increase in the infected cells. Infection of T cells carrying CD6 marker, a strong ligand for the activated leukocyte cell adhesion molecule ALCAM (CD166) highly expressed on the microvascular endothelial cell of the blood-air and the blood-brain barrier may explain NiV preferential tropism for small blood vessels of the lung and brain.,��https://www.ncbi.nlm.nih.gov/pubmed/22303463ª��Stachowiak, Beata
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Viral Fusion Proteins/genetics/*metabolism���AprÝ��Proteolytic activation of the fusion protein of the highly pathogenic Nipah virus (NiV F) is a prerequisite for the production of infectious particles and for virus spread via cell-to-cell fusion. Unlike other paramyxoviral fusion proteins, functional NiV F activation requires endocytosis and pH-dependent cleavage at a monobasic cleavage site by endosomal proteases. Using prototype Vero cells, cathepsin L was previously identified to be a cleavage enzyme. Compared to Vero cells, MDCK cells showed substantially higher F cleavage rates in both NiV-infected and NiV F-transfected cells. Surprisingly, this could not be explained either by an increased F endocytosis rate or by elevated cathepsin L activities. On the contrary, MDCK cells did not display any detectable cathepsin L activity. Though we could confirm cathepsin L to be responsible for F activation in Vero cells, inhibitor studies revealed that in MDCK cells, cathepsin B was required for F-protein cleavage and productive replication of pathogenic NiV. Supporting the idea of an efficient F cleavage in early and recycling endosomes of MDCK cells, endocytosed F proteins and cathepsin B colocalized markedly with the endosomal marker proteins early endosomal antigen 1 (EEA-1), Rab4, and Rab11, while NiV F trafficking through late endosomal compartments was not needed for F activation. In summary, this study shows for the first time that endosomal cathepsin B can play a functional role in the activation of highly pathogenic NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/22278224���Diederich, Sandra
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xanthine oxidase inhibitionÛ��Evaluation of abundantly available agro-industrial by-products for their bioactive compounds and biological activities is beneficial in particular for the food and pharmaceutical industries. In this study, rapeseed meal, cottonseed meal and soybean meal were investigated for the presence of bioactive compounds and antioxidant, anti-inflammatory, xanthine oxidase and tyrosinase inhibitory activities. Methanolic extracts of rapeseed meal showed significantly (P < 0.01) higher phenolics and flavonoids contents; and significantly (P < 0.01) higher DPPH and nitric oxide free radical scavenging activities when compared to that of cottonseed meal and soybean meal extracts. Ferric thiocyanate and thiobarbituric acid tests results showed rapeseed meal with the highest antioxidant activity (P < 0.01) followed by BHT, cotton seed meal and soybean meal. Rapeseed meal extract in xanthine oxidase and tyrosinase inhibitory assays showed the lowest IC(50) values followed by cottonseed and soybean meals. Anti-inflammatory assay using IFN-gamma/LPS stimulated RAW 264.7 cells indicated rapeseed meal is a potent source of anti-inflammatory agent. Correlation analysis showed that phenolics and flavonoids were highly correlated to both antioxidant and anti-inflammatory activities. Rapeseed meal was found to be promising as a natural source of bioactive compounds with high antioxidant, anti-inflammatory, xanthine oxidase and tyrosinase inhibitory activities in contrast to cotton and soybean meals.,��https://www.ncbi.nlm.nih.gov/pubmed/22272095Ð��Oskoueian, Ehsan
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Mar©��While work with viral fusion proteins has demonstrated that the transmembrane domain (TMD) can affect protein folding, stability, and membrane fusion promotion, the mechanism(s) remains poorly understood. TMDs could play a role in fusion promotion through direct TMD-TMD interactions, and we have recently shown that isolated TMDs from three paramyxovirus fusion (F) proteins interact as trimers using sedimentation equilibrium (SE) analysis (E. C. Smith, et al., submitted for publication). Immediately N-terminal to the TMD is heptad repeat B (HRB), which plays critical roles in fusion. Interestingly, addition of HRB decreased the stability of the trimeric TMD-TMD interactions. This result, combined with previous findings that HRB forms a trimeric coiled coil in the prefusion form of the whole protein though HRB peptides fail to stably associate in isolation, suggests that the trimeric TMD-TMD interactions work in concert with elements in the F ectodomain head to stabilize a weak HRB interaction. Thus, changes in TMD-TMD interactions could be important in regulating F triggering and refolding. Alanine insertions between the TMD and HRB demonstrated that spacing between these two regions is important for protein stability while not affecting TMD-TMD interactions. Additional mutagenesis of the C-terminal end of the TMD suggests that beta-branched residues within the TMD play a role in membrane fusion, potentially through modulation of TMD-TMD interactions. Our results support a model whereby the C-terminal end of the Hendra virus F TMD is an important regulator of TMD-TMD interactions and show that these interactions help hold HRB in place prior to the triggering of membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22238302Ì��Smith, Everett Clinton
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Marf��Hendra virus is a highly pathogenic paramyxovirus classified as a biosafety level four agent. The fusion (F) protein of Hendra virus is critical for promoting viral entry and cell-to-cell fusion. To be fusogenically active, Hendra virus F must undergo endocytic recycling and cleavage by the endosomal/lysosomal protease cathepsin L, but the route of Hendra virus F following internalization and the recycling signals involved are poorly understood. We examined the intracellular distribution of Hendra virus F following endocytosis and showed that it is primarily present in Rab5- and Rab4-positive endosomal compartments, suggesting that cathepsin L cleavage occurs in early endosomes. Hendra virus F transmembrane domain (TMD) residues S490 and Y498 were found to be important for correct Hendra virus F recycling, with the hydroxyl group of S490 and the aromatic ring of Y498 important for this process. In addition, changes in association of isolated Hendra virus F TMDs correlated with alterations to Hendra virus F recycling, suggesting that appropriate TMD interactions play an important role in endocytic trafficking.,��https://www.ncbi.nlm.nih.gov/pubmed/22238299Ý��Popa, Andreea
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*Virus Attachment���FebÅ��Members of the ephrin cell-surface protein family interact with the Eph receptors, the largest family of receptor tyrosine kinases, mediating bi-directional signaling during tumorogenesis and various developmental events. Surprisingly, ephrin-B2 and -B3 were recently identified as entry receptors for henipaviruses, emerging zoonotic paramyxoviruses responsible for repeated outbreaks in humans and animals in Australia, Southeast Asia, India and Bangladesh. Nipah virus (NiV) and Hendra virus (HeV) are the only two identified members in the henipavirus genus. While the initial human infection cases came from contact with infected pigs (NiV) or horses (HeV), in the more recent outbreaks of NiV both food-borne and human-to-human transmission were reported. These characteristics, together with high mortality and morbidity rates and lack of effective anti-viral therapies, make the henipaviruses a potential biological-agent threat. Viral entry is an important target for the development of anti-viral drugs. The entry of henipavirus is initiated by the attachment of the viral G envelope glycoprotein to the host cell receptors ephrin-B2 and/or -B3, followed by activation of the F fusion protein, which triggers fusion between the viral envelop and the host membrane. We review recent progress in the study of henipavirus entry, particularly the identification of ephrins as their entry receptors, and the structural characterization of the ephrin/Henipa-G interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/22227101r��Xu, Kai
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Viral Envelope Proteins/*immunology���Jan 27i��We have previously observed that all known HIV-1 broadly neutralizing antibodies (bnAbs) are highly divergent from germline antibodies in contrast to bnAbs against Hendra virus, Nipah virus and SARS coronavirus (SARS CoV). We have hypothesized that because the germline antibodies are so different from the mature HIV-1-specific bnAbs they may not bind the epitopes of the mature antibodies and provided the first evidence to support this hypothesis by using individual putative germline-like predecessor antibodies. To further validate the hypothesis and understand initial immune responses to different viruses, two phage-displayed human cord blood-derived IgM libraries were constructed which contained mostly germline antibodies or antibodies with very low level of somatic hypermutations. They were panned against different HIV-1 envelope glycoproteins (Envs), SARS CoV protein receptor-binding domain (RBD), and soluble Hendra virus G protein (sG). Despite a high sequence and combinatorial diversity observed in the cord blood-derived IgM antibody repertoire, no enrichment for binders of Envs was observed in contrast to considerable specific enrichments produced with panning against RBD and sG; one of the selected monoclonal antibodies (against the RBD) was of high (nM) affinity with only few somatic mutations. These results further support and expand our initial hypothesis for fundamental differences in immune responses leading to elicitation of bnAbs against HIV-1 compared to SARS CoV and Hendra virus. HIV-1 uses a strategy to minimize or eliminate strong binding of germline antibodies to its Env; in contrast, SARS CoV and Hendra virus, and perhaps other viruses causing acute infections, can bind germline antibody or minimally somatically mutated antibodies with relatively high affinity which could be one of the reasons for the success of sG and RBD as vaccine immunogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22226962ª��Chen, Weizao
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swine hepatitis E virus���Mar­��In the past two decades or so, a number of viruses have emerged in the global swine population. Some, such as porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2), cause economically important diseases in pigs, whereas others such as porcine torque teno virus (TTV), now known as Torque teno sus virus (TTSuV), porcine bocavirus (PBoV) and related novel parvoviruses, porcine kobuvirus, porcine toroviruses (PToV) and porcine lymphotropic herpesviruses (PLHV), are mostly subclinical in swine herds. Although some emerging swine viruses such as swine hepatitis E virus (swine HEV), porcine endogenous retrovirus (PERV) and porcine sapovirus (porcine SaV) may have a limited clinical implication in swine health, they do pose a potential public health concern in humans due to zoonotic (swine HEV) or potential zoonotic (porcine SaV) and xenozoonotic (PERV, PLHV) risks. Other emerging viruses such as Nipah virus, Bungowannah virus and Menangle virus not only cause diseases in pigs but some also pose important zoonotic threat to humans. This article focuses on emerging and re-emerging swine viruses that have a limited or uncertain clinical and economic impact on pig health. The transmission, epidemiology and pathogenic potential of these viruses are discussed. In addition, the two economically important emerging viruses, PRRSV and PCV2, are also briefly discussed to identify important knowledge gaps.,��https://www.ncbi.nlm.nih.gov/pubmed/22225855@��Meng, X J
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Viral Proteins/*chemistry/genetics���Feb 24z��All enzymatic activities required for genomic replication and transcription of nonsegmented negative strand RNA viruses (or Mononegavirales) are believed to be concentrated in the viral polymerase (L) protein. However, our insight into the organization of these different enzymatic activities into a bioactive tertiary structure remains rudimentary. Fragments of Mononegavirales polymerases analyzed to date cannot restore bioactivity through trans-complementation, unlike the related L proteins of segmented NSVs. We investigated the domain organization of phylogenetically diverse Paramyxovirus L proteins derived from measles virus (MeV), Nipah virus (NiV), and respiratory syncytial virus (RSV). Through a comprehensive in silico and experimental analysis of domain intersections, we defined MeV L position 615 as an interdomain candidate in addition to the previously reported residue 1708. Only position 1708 of MeV and the homologous positions in NiV and RSV L also tolerated the insertion of epitope tags. Splitting of MeV L at residue 1708 created fragments that were unable to physically interact and trans-complement, but strikingly, these activities were reconstituted by the addition of dimerization tags to the fragments. Equivalently split fragments of NiV, RSV, and MeV L oligomerized with comparable efficiency in all homo- and heterotypic combinations, but only the homotypic pairs were able to trans-complement. These results demonstrate that synthesis as a single polypeptide is not required for the Mononegavirales polymerases to adopt a proper tertiary conformation. Paramyxovirus polymerases are composed of at least two truly independent folding domains that lack a traditional interface but require molecular compatibility for bioactivity. The functional probing of the L domain architecture through trans-complementation is anticipated to be applicable to all Mononegavirales polymerases.,��https://www.ncbi.nlm.nih.gov/pubmed/22215662���Dochow, Melanie
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Time Factors���This study investigated the seroepidemiology of Hendra virus in a spectacled flying-fox (Pteropus conspicillatus) population in northern Australia, near the location of an equine and associated human Hendra virus infection in late 2004. The pattern of infection in the population was investigated using a serial cross-sectional serological study over a 25-month period, with blood sampled from 521 individuals over six sampling sessions. Antibody titres to the virus were determined by virus neutralisation test. In contrast to the expected episodic infection pattern, we observed that seroprevalence gradually increased over the two years suggesting infection was endemic in the population over the study period. Our results suggested age, pregnancy and lactation were significant risk factors for a detectable neutralizing antibody response. Antibody titres were significantly higher in females than males, with the highest titres occurring in pregnant animals. Temporal variation in antibody titres suggests that herd immunity to the virus may wax and wane on a seasonal basis. These findings support an endemic infection pattern of henipaviruses in bat populations suggesting their infection dynamics may differ significantly from the acute, self limiting episodic pattern observed with related viruses (e.g. measles virus, phocine distemper virus, rinderpest virus) hence requiring a much smaller critical host population size to sustain the virus. These findings help inform predictive modelling of henipavirus infection in bat populations, and indicate that the life cycle of the reservoir species should be taken into account when developing risk management strategies for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22194920!��Breed, Andrew C
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Virus Shedding���Dec'��Based on epidemiological data, it is believed that human-to-human transmission plays an important role in Nipah virus outbreaks. No experimental data are currently available on the potential routes of human-to-human transmission of Nipah virus. In a first dose-finding experiment in Syrian hamsters, it was shown that Nipah virus was predominantly shed via the respiratory tract within nasal and oropharyngeal secretions. Although Nipah viral RNA was detected in urogenital and rectal swabs, no infectious virus was recovered from these samples, suggesting no viable virus was shed via these routes. In addition, hamsters inoculated with high doses shed significantly higher amounts of viable Nipah virus particles in comparison with hamsters infected with lower inoculum doses. Using the highest inoculum dose, three potential routes of Nipah virus transmission were investigated in the hamster model: transmission via fomites, transmission via direct contact and transmission via aerosols. It was demonstrated that Nipah virus is transmitted efficiently via direct contact and inefficiently via fomites, but not via aerosols. These findings are in line with epidemiological data which suggest that direct contact with nasal and oropharyngeal secretions of Nipah virus infected individuals resulted in greater risk of Nipah virus infection. The data provide new and much-needed insights into the modes and efficiency of Nipah virus transmission and have important public health implications with regards to the risk assessment and management of future Nipah virus outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/22180802ü��de Wit, Emmie
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Virus Diseases/urine/*virologyY��Hendra virus is a recently emerged zoonotic agent in Australia. Since first described in 1994, the virus has spilled from its wildlife reservoir (pteropid fruit bats, or 'flying foxes') on multiple occasions causing equine and human fatalities. We undertook a three-year longitudinal study to detect virus in the urine of free-living flying foxes (a putative route of excretion) to investigate Hendra virus infection dynamics. Pooled urine samples collected off plastic sheets placed beneath roosting flying foxes were screened for Hendra virus genome by quantitative RT-PCR, using a set of primers and probe derived from the matrix protein gene. A total of 1672 pooled urine samples from 67 sampling events was collected and tested between 1 July 2008 and 30 June 2011, with 25% of sampling events and 2.5% of urine samples yielding detections. The proportion of positive samples was statistically associated with year and location. The findings indicate that Hendra virus excretion occurs periodically rather than continuously, and in geographically disparate flying fox populations in the state of Queensland. The lack of any detection in the Northern Territory suggests prevalence may vary across the range of flying foxes in Australia. Finally, our findings suggest that flying foxes can excrete virus at any time of year, and that the apparent seasonal clustering of Hendra virus incidents in horses and associated humans (70% have occurred June to October) reflects factors other than the presence of virus. Identification of these factors will strengthen risk minimization strategies for horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22174865	��Field, Hume
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Zoonoses/transmission/virology���Dec¿��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus harbored by Australian flying foxes with sporadic spillovers directly to horses. Although the mode and critical control points of HeV spillover to horses from flying foxes, and the risk for transmission from infected horses to other horses and humans, are poorly understood, we successfully established systemic HeV disease in 3 horses exposed to Hendra virus/Australia/Horse/2008/Redlands by the oronasal route, a plausible route for natural infection. In 2 of the 3 animals, HeV RNA was detected continually in nasal swabs from as early as 2 days postexposure, indicating that systemic spread of the virus may be preceded by local viral replication in the nasal cavity or nasopharynx. Our data suggest that a critical factor for reducing HeV exposure risk to humans includes early consideration of HeV in the differential diagnosis and institution of appropriate infection control procedures.,��https://www.ncbi.nlm.nih.gov/pubmed/22172152F��Marsh, Glenn A
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Viral Fusion Proteins/*chemistry/*genetics/metabolism/physiology���MarV��Paramyxoviruses enter host cells by fusing the viral envelope with a host cell membrane. Fusion is mediated by the viral fusion (F) protein, and it undergoes large irreversible conformational changes to cause membrane merger. The C terminus of PIV5 F contains a membrane-proximal 7-residue external region (MPER), followed by the transmembrane (TM) domain and a 20-residue cytoplasmic tail. To study the sequence requirements of the F protein C terminus for fusion, we constructed chimeras containing the ectodomain of parainfluenza virus 5 F (PIV5 F) and either the MPER, the TM domain, or the cytoplasmic tail of the F proteins of the paramyxoviruses measles virus, mumps virus, Newcastle disease virus, human parainfluenza virus 3, and Nipah virus. The chimeras were expressed, and their ability to cause cell fusion was analyzed. The chimeric proteins were variably expressed at the cell surface. We found that chimeras containing the ectodomain of PIV5 F with the C terminus of other paramyxoviruses were unable to cause cell fusion. Fusion could be restored by decreasing the activation energy of refolding through introduction of a destabilizing mutation (S443P). Replacing individual regions, singly or doubly, in the chimeras with native PIV5 F sequences restored fusion to various degrees, but it did not have an additive effect in restoring activity. Thus, the F protein C terminus may be a specific structure that only functions with its cognate ectodomain. Alanine scanning mutagenesis of MPER indicates that it has a regulatory role in fusion since both hyperfusogenic and hypofusogenic mutations were found.,��https://www.ncbi.nlm.nih.gov/pubmed/22171273&��Zokarkar, Aarohi
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Viral Envelope Proteins/*chemistry���Apr*��Hendra virus (HeV) continues to cause morbidity and mortality in both humans and horses with a number of sporadic outbreaks. HeV has two structural membrane glycoproteins that mediate the infection of host cells: the attachment (G) and the fusion (F) glycoproteins that are essential for receptor binding and virion-host cell membrane fusion, respectively. N-linked glycosylation of viral envelope proteins are critical post-translation modifications that have been implicated in roles of structural integrity, virus replication and evasion of the host immune response. Deciphering the glycan composition and structure on these glycoproteins may assist in the development of glycan-targeted therapeutic intervention strategies. We examined the site occupancy and glycan composition of recombinant soluble G (sG) glycoproteins expressed in two different mammalian cell systems, transient human embryonic kidney 293 (HEK293) cells and vaccinia virus (VV)-HeLa cells, using a suite of biochemical and biophysical tools: electrophoresis, lectin binding and tandem mass spectrometry. The N-linked glycans of both VV and HEK293-derived sG glycoproteins carried predominantly mono- and disialylated complex-type N-glycans and a smaller population of high mannose-type glycans. All seven consensus sequences for N-linked glycosylation were definitively found to be occupied in the VV-derived protein, whereas only four sites were found and characterized in the HEK293-derived protein. We also report, for the first time, the existence of O-linked glycosylation sites in both proteins. The striking characteristic of both proteins was glycan heterogeneity in both N- and O-linked sites. The structural features of G protein glycosylation were also determined by X-ray crystallography and interactions with the ephrin-B2 receptor are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22171062���Colgrave, Michelle L
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Time Factors���Hendra virus is a recently emerged bat-borne zoonotic agent with high lethality in horses and humans in Australia. This is a rare disease and the determinants of bat to horse transmission, including the factors that bring these hosts together at critical times, are poorly understood. In this cross-disciplinary study climatic and vegetation primary productivity variables are compared for the dispersed and heterogenic 1994-2010 outbreak sites. The significant occurrence of spillover events within the dry season (p = 0.013, 95% CI (0.57-0.98)) suggests seasonal forcing of transmission across species, or seasonal forcing of virus excretion by the reservoir host. We explore the evidence for both. Preliminary investigations of the spatial determinants of Hendra disease locations are also presented. We find that postal areas in the Australian state of Queensland in which pteropid fruit bat (flying fox) roosts occur are approximately forty times more likely (OR = 40.5, (95% CI (5.16, 317.52)) to be the location of Hendra spillover events. This appears to be independent of density of horses at these locations. We consider issues of scale of host resource use, land use change and limitations of existing data that challenge analysis and limit further conclusive outcomes. This investigation of a broad range of potential climatic and environmental influences provides a good base for future investigations. Further understanding of cross-species Hendra virus transmission requires better understanding of flying fox resource use in the urban-rural landscape.,��https://www.ncbi.nlm.nih.gov/pubmed/22145039´��McFarlane, Rosemary
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Young Adult���MayÌ��AIM: To describe serial changes in brain magnetic resonance imaging (MRI) in acute human infection from two outbreaks of Hendra virus (HeV), relate these changes to disease prognosis, and compare HeV encephalitis to reported cases of Nipah virus encephalitis. MATERIALS AND METHODS: The MRI images of three human cases (two of which were fatal) of acute HeV meningoencephalitis were reviewed. RESULTS: Cortical selectivity early in the disease is evident in all three patients, while deep white matter involvement appears to be a late and possibly premorbid finding. This apparent early grey matter selectivity may be related to viral biology or ribavirin pharmacokinetics. Neuronal loss is evident at MRI, and the rate of progression of MRI abnormalities can predict the outcome of the infection. In both fatal cases, the serial changes in the MRI picture mirrored the clinical course. CONCLUSION: This is the first comprehensive report of serial MRI findings in acute human cerebral HeV infection from two outbreaks. The cortical selectivity appears to be an early finding while deep white matter involvement a late, and possibly premorbid, finding. In both fatal cases, the serial changes in MRI mirrored the clinical course.,��https://www.ncbi.nlm.nih.gov/pubmed/22133593¥��Nakka, P
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Virology/*methods���Jan���Nipah virus (NiV), Paramyxoviridae, Henipavirus, is classified as a biosafety level (BSL) 4 pathogen, along with the closely related Hendra virus (HeV). A novel serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing secreted alkaline phosphatase (SEAP) and pseudotyped with NiV F/G proteins (VSV-NiV-SEAP). A unique characteristic of this novel assay is the ability to obtain neutralization titers by measuring SEAP activity in supernatant using a common ELISA plate reader. This confers a remarkable advantage over the first generation of NiV-pseudotypes expressing green fluorescent protein or luciferase, which require expensive and specific measuring equipment. Using panels of NiV- and HeV-specific sera from various species, the VSV-NiV-SEAP assay demonstrated neutralizing antibody status (positive/negative) consistent with that obtained by conventional live NiV test, and gave higher antibody titers than the latter. Additionally, when screening sixty-six fruit bat sera at one dilution, the VSV-NiV-SEAP assay produced identical results to the live NiV test and only required a very small amount (2mul) of sera. The results suggest that this novel VSV-NiV-SEAP assay is safe, useful for high-throughput screening of sera using an ELISA plate reader, and has high sensitivity and specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/22115786V��Kaku, Yoshihiro
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T-Lymphocytes/immunology���MarÕ��Bats are natural reservoir hosts to a variety of viruses, many of which cause morbidity and mortality in other mammals. Currently there is a paucity of information regarding the nature of the immune response to viral infections in bats, partly due to a lack of appropriate bat specific reagents. IFNgamma plays a key role in controlling viral replication and coordinating a response for long term control of viral infection. Here we describe the cloning and expression of IFNgamma from the Australian flying fox, Pteropus alecto and the generation of mouse monoclonal and chicken egg yolk antibodies specific to bat IFNgamma. Our results demonstrate that P. alecto IFNgamma is conserved with IFNgamma from other species and is induced in bat splenocytes following stimulation with T cell mitogens. P. alecto IFNgamma has antiviral activity on Semliki forest virus in cell lines from P. alecto and the microbat, Tadarida brasiliensis. Additionally recombinant bat IFNgamma was able to mitigate Hendra virus infection in P. alecto cells. These results provide the first evidence for an antiviral role for bat IFNgammain vitro in addition to the application of important immunological reagents for further studies of bat antiviral immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/22093696í��Janardhana, Vijaya
Tachedjian, Mary
Crameri, Gary
Cowled, Chris
Wang, Lin-Fa
Baker, Michelle L
eng
Research Support, Non-U.S. Gov't
2011/11/19 06:00
Dev Comp Immunol. 2012 Mar;36(3):610-8. doi: 10.1016/j.dci.2011.11.001. Epub 2011 Nov 7.*��1879-0089 (Electronic)
0145-305X (Linking)���22093696k��CSIRO Livestock Industries, Australian Animal Health Laboratory, P.O. Bag 24, Geelong, VIC 3220, Australia.���10.1016/j.dci.2011.11.001��­�þÒtÿî?T���;��Hendra, R.
Ahmad, S.
Oskoueian, E.
Sukari, A.
Shukor, M. Y.���2011\��Antioxidant, anti-inflammatory and cytotoxicity of Phaleria macrocarpa (Boerl.) Scheff Fruit���110���BMC Complement Altern Med���11Q��Animals
Anti-Inflammatory Agents/analysis/*pharmacology
Antioxidants/analysis/*pharmacology
Cell Line, Tumor
Cell Proliferation/drug effects
Cytostatic Agents/analysis/*pharmacology
Fruit/*chemistry
Humans
Interferon-gamma/immunology
Macrophages/drug effects/immunology
Mice
Plant Extracts/analysis/*pharmacology
Thymelaeaceae/*chemistry���Nov 9Ù��BACKGROUND: Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) originates from Papua Island, Indonesia and grows in tropical areas. The different parts of the fruit of P. macrocarpa were evaluated for antioxidant, anti-inflammatory, and cytotoxic activities. METHODS: Phaleria macrocarpa fruit were divided into pericarp, mesocarp and seed. All parts of the fruit were reflux extracted with methanol. The antioxidant activity of the extracts were characterized in various in vitro model systems such as FTC, TBA, DPPH radical, reducing power and NO radical. Anti-inflammatory assays were done by using NO production by macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma and cytotoxic activities were determined by using several cancer cell lines and one normal cell line RESULTS: The results showed that different parts (pericarp, mesocarp, and seed) of Phaleria macrocarpa fruit contain various amount of total phenolic (59.2 +/- 0.04, 60.5 +/- 0.17, 47.7 +/- 1.04 mg gallic acid equivalent/g DW) and flavonoid compounds (161.3 +/- 1.58, 131.7 +/- 1.66, 35.9 +/- 2.47 mg rutin equivalent/g DW). Pericarp and mesocarp showed high antioxidant activities by using DPPH (71.97%, 62.41%), ferric reducing antioxidant power (92.35%, 78.78%) and NO scavenging activity (65.68%, 53.45%). Ferric thiocyanate and thiobarbituric acid tests showed appreciable antioxidant activity in the percentage hydroperoxides inhibitory activity from pericarp and mesocarp in the last day of the assay. Similarly, the pericarp and mesocarp inhibited inducible nitric oxide synthesis with values of 63.4 +/- 1.4% and 69.5 +/- 1.4% in macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma indicating their notable anti-inflammatory potential. Cytotoxic activities against HT-29, MCF-7, HeLa and Chang cell lines were observed in all parts. CONCLUSIONS: These results indicated the possible application of P. macrocarpa fruit as a source of bioactive compounds, potent as an antioxidant, anti inflammatory and cytotoxic agents.,��https://www.ncbi.nlm.nih.gov/pubmed/22070850·��Hendra, Rudi
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Pregnancy���Nov¶��Bats of the genus Pteropus have been identified as the reservoir hosts for the henipaviruses Hendra virus (HeV) and Nipah virus (NiV). The aim of these studies was to assess likely mechanisms for henipaviruses transmission from bats. In a series of experiments, Pteropus bats from Malaysia and Australia were inoculated with NiV and HeV, respectively, by natural routes of infection. Despite an intensive sampling strategy, no NiV was recovered from the Malaysian bats and HeV was reisolated from only one Australian bat; no disease was seen. These experiments suggest that opportunities for henipavirus transmission may be limited; therefore, the probability of a spillover event is low. For spillover to occur, a range of conditions and events must coincide. An alternate assessment framework is required if we are to fully understand how this reservoir host maintains and transmits not only these but all viruses with which it has been associated.,��https://www.ncbi.nlm.nih.gov/pubmed/22049055f��Halpin, Kim
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Vancomycin/*analysis/blood/*therapeutic use���May-JunÙ��BACKGROUND: For the treatment of peritoneal dialysis-associated peritonitis (PDP), it has been suggested that serum concentrations of vancomycin be kept above 12 mg/L-15 mg/L. However, studies correlating vancomycin concentrations in serum and peritoneal dialysate effluent (PDE) during active infection are sparse. We undertook the present study to investigate this issue and to determine whether achieving the recommended serum level of vancomycin results in therapeutic levels intraperitoneally. METHODS: We studied patients treated with intraperitoneal (i.p.) vancomycin for non-gram-negative PDP. We gave a single dose (approximately 30 mg/kg) at presentation, and we subsequently measured vancomycin levels in PDE on day 5; we wanted to determine if efflux of vancomycin from serum to PDE during a 4-hour dwell was consistent and resulted in therapeutic levels. RESULTS: Of the 48 episodes of PDP studied, serum vancomycin concentrations exceeding 12 mg/L were achieved in 98% of patients, but in 11 patients (23%), a PDE vancomycin level below 4 mg/L--the minimal inhibitory concentration (MIC) of many gram-positive organisms--was observed at the end of a 4-hour dwell on day 5. The correlation between the concentrations of vancomycin in serum and PDE (from efflux of antibiotic over 4 hours) was statistically significant, but poor (R(2) = 0.18). CONCLUSIONS: Our data support the International Society for Peritoneal Dialysis statement that adequate serum vancomycin concentrations can be achieved with intermittent dosing (single dose every 5 days), but cannot guarantee therapeutic PDE levels in the treatment of PDP. Intermittent dosing of vancomycin may not consistently result in PDE concentrations markedly greater than MIC of many important pathogens. Although the clinical significance of this finding remains to be determined, it may be preferable to give smaller but more frequent doses of PDE vancomycin (continuous dosing) for adults with PDP (as is currently recommended for children).,��https://www.ncbi.nlm.nih.gov/pubmed/22045102»��Fish, Richard
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West Nile Fever/diagnosis���Nov~��Viral infections of the central nervous system in the tropical countries of Asia and the Indian subcontinent are different from those of the Western and developed world. Many of the endemic and epidemic encephalitides that are prevalent in these regions, such as Japanese encephalitis, have characteristic findings on imaging, especially on magnetic resonance imaging, allowing a rapid diagnosis and differentiation from clinically similar syndromes. Other emerging viral infections in the region in recent years have posed new challenges. The contribution of neuroimaging to the management of these emerging infections is also discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22032499���Handique, Sanjeev Kumar
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Swine���Janz��The C-terminal domain of Nipah virus (NiV) nucleocapsid protein (NP(4)(0)(1)(-)(5)(3)(2)) was inserted at the N-terminus and the immunodominant loop of hepatitis B core antigen (HBc). The stability of NP(4)(0)(1)(-)(5)(3)(2) increased tremendously when displayed on the HBc particles. These particles reacted specifically with the swine anti-NiV and the human anti-HBc antisera.,��https://www.ncbi.nlm.nih.gov/pubmed/22024533â��Yap, Wei Boon
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Humans���Oct 19���Hendra virus (HeV) is a recently emerged zoonotic paramyxovirus that can cause a severe and often fatal disease in horses and humans. HeV is categorized as a biosafety level 4 agent, which has made the development of animal models and testing of potential therapeutics and vaccines challenging. Infection of African green monkeys (AGMs) with HeV was recently demonstrated, and disease mirrored fatal HeV infection in humans, manifesting as a multisystemic vasculitis with widespread virus replication in vascular tissues and severe pathologic manifestations in the lung, spleen, and brain. Here, we demonstrate that m102.4, a potent HeV-neutralizing human monoclonal antibody (hmAb), can protect AGMs from disease after infection with HeV. Fourteen AGMs were challenged intratracheally with a lethal dose of HeV, and 12 subjects were infused twice with a 100-mg dose of m102.4 beginning at either 10, 24, or 72 hours after infection and again about 48 hours later. The presence of viral RNA, infectious virus, and HeV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease on day 8 after infection. Animals in the 72-hour treatment group exhibited neurological signs of disease, but all animals started to recover by day 16 after infection. These results represent successful post-exposure in vivo efficacy by an investigational drug against HeV and highlight the potential impact a hmAb can have on human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/22013123z��Bossart, Katharine N
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Retrospective Studies���The unplanned transfer of patients from long-term acute care hospitals (LTACHs) back to acute facilities disrupts the continuity of care, delays recovery and increases the cost of care. This study was performed to better understand the unplanned transfer of patients with pulmonary disease. A retrospective analysis of data obtained for quality management in a cohort of patients admitted to an LTACH system over a 3-year period. Of the 3506 patients admitted with a pulmonary diagnosis studied, 414 (12%) underwent 526 unplanned transfers back to an acute facility after a median LTACH length of stay (LOS) of 45 days. Mechanical ventilation via tracheostomy was used in 259 (63%) patients admitted to the LTACH with a pulmonary diagnosis. The commonest reasons for unplanned transfers included acute respiratory failure, cardiac decompensation, gastrointestinal bleed and possible sepsis. Over 50% of patients had LOS at the LTACH between 4 and 30 days prior to the unplanned transfer. Patients with an LOS <3 days prior to transfer were more likely to be transferred around the weekend. In all, 32% of patients died within a median of 7 days of transfer back to the acute facility. Thirty-day mortality following unplanned transfer appeared independent of organ system involved, attending physician specialty/coverage status, nursing shift or transferring LTACH unit. Unplanned transfers disrupting continuity of care remain a significant problem in patients admitted to an LTACH with a pulmonary diagnosis and are associated with significant mortality. Strategies designed to reduce cardiopulmonary decompensation, gastrointestinal bleeding and possible sepsis in the LTACH along with additional strategies implemented throughout the health care continuum will be needed to reduce this problem.,��https://www.ncbi.nlm.nih.gov/pubmed/21990569���White, Alexander C
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Hendra Virus/classification/*genetics,��Hendra virus (HeV) causes a zoonotic disease with high mortality that is transmitted to humans from bats of the genus Pteropus (flying foxes) via an intermediary equine host. Factors promoting spillover from bats to horses are uncertain at this time, but plausibly encompass host and/or agent and/or environmental factors. There is a lack of HeV sequence information derived from the natural bat host, as previously sequences have only been obtained from horses or humans following spillover events. In order to obtain an insight into possible variants of HeV circulating in flying foxes, collection of urine was undertaken in multiple flying fox roosts in Queensland, Australia. HeV was found to be geographically widespread in flying foxes with a number of HeV variants circulating at the one time at multiple locations, while at times the same variant was found circulating at disparate locations. Sequence diversity within variants allowed differentiation on the basis of nucleotide changes, and hypervariable regions in the genome were identified that could be used to differentiate circulating variants. Further, during the study, HeV was isolated from the urine of flying foxes on four occasions from three different locations. The data indicates that spillover events do not correlate with particular HeV isolates, suggesting that host and/or environmental factors are the primary determinants of bat-horse spillover. Thus future spillover events are likely to occur, and there is an on-going need for effective risk management strategies for both human and animal health.,��https://www.ncbi.nlm.nih.gov/pubmed/21980413L��Smith, Ina
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*Virus Internalization���Dec§��During paramyxovirus entry into a host cell, receptor engagement by a specialized binding protein triggers conformational changes in the adjacent fusion protein (F), leading to fusion between the viral and cell membranes. According to the existing paradigm of paramyxovirus membrane fusion, the initial activation of F by the receptor binding protein sets off a spring-loaded mechanism whereby the F protein progresses independently through the subsequent steps in the fusion process, ending in membrane merger. For human parainfluenza virus type 3 (HPIV3), the receptor binding protein (hemagglutinin-neuraminidase [HN]) has three functions: receptor binding, receptor cleaving, and activating F. We report that continuous receptor engagement by HN activates F to advance through the series of structural rearrangements required for fusion. In contrast to the prevailing model, the role of HN-receptor engagement in the fusion process is required beyond an initiating step, i.e., it is still required even after the insertion of the fusion peptide into the target cell membrane, enabling F to mediate membrane merger. We also report that for Nipah virus, whose receptor binding protein has no receptor-cleaving activity, the continuous stimulation of the F protein by a receptor-engaged binding protein is key for fusion. We suggest a general model for paramyxovirus fusion activation in which receptor engagement plays an active role in F activation, and the continued engagement of the receptor binding protein is essential to F protein function until the onset of membrane merger. This model has broad implications for the mechanism of paramyxovirus fusion and for strategies to prevent viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/21976650P��Porotto, Matteo
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Sus scrofa{��Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), have Pteropid bats as their known natural reservoirs. Antibodies against henipaviruses have been found in Eidolon helvum, an old world fruit bat species, and henipavirus-like nucleic acid has been detected in faecal samples from E. helvum in Ghana. The initial outbreak of NiV in Malaysia led to over 265 human encephalitis cases, including 105 deaths, with infected pigs acting as amplifier hosts for NiV during the outbreak. We detected non-neutralizing antibodies against viruses of the genus Henipavirus in approximately 5% of pig sera (N = 97) tested in Ghana, but not in a small sample of other domestic species sampled under a E. helvum roost. Although we did not detect neutralizing antibody, our results suggest prior exposure of the Ghana pig population to henipavirus(es). Because a wide diversity of henipavirus-like nucleic acid sequences have been found in Ghanaian E. helvum, we hypothesise that these pigs might have been infected by henipavirus(es) sufficiently divergent enough from HeVor NiV to produce cross-reactive, but not cross-neutralizing antibodies to HeV or NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/21966471å��Hayman, David T S
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History, 21st Century���Octó��At Federation in 1901, Australia retained separate State veterinary services responsible for the control of endemic animal diseases. By 2010 the Commonwealth, State and Territory Governments and the livestock industries had coordinated a structure with supporting activities and shared finances that provides Australia's veterinary services and its livestock industries with preparedness and control programs for nominated exotic and endemic animal diseases. Animal Health Australia operates as the coordinating body for these programs. Since 1901, contagious bovine pleuropneumonia, bovine brucellosis and bovine tuberculosis have been eradicated, providing considerable industry benefits. While the entry of exotic diseases has been restricted, tick fevers, tick infestation, bluetongue infection, avirulent and velogenic Newcastle disease, Hendra virus, lyssavirus infection and Menagle virus infection have arisen from either hosts within Australia or from insect incursion from neighbouring countries. The control of endemic livestock diseases has been accompanied by the development of veterinary laboratory services by the Commonwealth, State and Territory Governments. The Australian Animal Health Laboratory operating since 1985 in Geelong has ensured Australia remains at the forefront of technological advances in veterinary diagnostic techniques. From the 1970s animal welfare has become an important component of national initiatives that remain focussed on satisfying community and international expectations.,��https://www.ncbi.nlm.nih.gov/pubmed/21933170���Turner, Aj
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Young Adult���Jan���INTRODUCTION: We investigated a cluster of patients with encephalitis in the Manikgonj and Rajbari Districts of Bangladesh in February 2008 to determine the etiology and risk factors for disease. METHODS: We classified persons as confirmed Nipah cases by the presence of immunoglobulin M antibodies against Nipah virus (NiV), or by the presence of NiV RNA or by isolation of NiV from cerebrospinal fluid or throat swabs who had onset of symptoms between February 6 and March 10, 2008. We classified persons as probable cases if they reported fever with convulsions or altered mental status, who resided in the outbreak areas during that period, and who died before serum samples were collected. For the case-control study, we compared both confirmed and probable Nipah case-patients to controls, who were free from illness during the reference period. We used motion-sensor-infrared cameras to observe bat's contact of date palm sap. RESULTS: We identified four confirmed and six probable case-patients, nine (90%) of whom died. The median age of the cases was 10 years; eight were males. The outbreak occurred simultaneously in two communities that were 44 km apart and separated by a river. Drinking raw date palm sap 2-12 days before illness onset was the only risk factor most strongly associated with the illness (adjusted odds ratio 25, 95% confidence intervals 3.3-infinity, p<0.001). Case-patients reported no history of physical contact with bats, though community members often reported seeing bats. Infrared camera photographs showed that Pteropus bats frequently visited date palm trees in those communities where sap was collected for human consumption. CONCLUSION: This is the second Nipah outbreak in Bangladesh where date palm sap has been implicated as the vehicle of transmission. Fresh date palm sap should not be drunk, unless effective steps have been taken to prevent bat access to the sap during collection.,��https://www.ncbi.nlm.nih.gov/pubmed/21923274|��Rahman, Muhammad Aziz
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Poultry/immunology/*virology���Sep 7è��BACKGROUND: Indonesia is one of the countries most severely affected by H5N1 highly pathogenic avian influenza (HPAI) virus in terms of poultry and human health. However, there is little information on the diversity of H5N1 viruses circulating in backyard farms, where chickens and ducks often intermingle. In this study, H5N1 virus infection occurring in 96 smallholder duck farms in central Java, Indonesia from 2007-2008 was investigated and the molecular and antigenic characteristics of H5N1 viruses isolated from these farms were analysed. RESULTS: All 84 characterised viruses belonged to H5N1 clade 2.1 with three virus sublineages being identified: clade 2.1.1 (1), clade 2.1.3 (80), and IDN/6/05-like viruses (3) that did not belong to any of the present clades. All three clades were found in ducks, while only clade 2.1.3 was isolated from chickens. There were no significant amino acid mutations of the hemagglutinin (HA) and neuraminidase (NA) sites of the viruses, including the receptor binding, glycosylation, antigenic and catalytic sites and NA inhibitor targets. All the viruses had polybasic amino acids at the HA cleavage site. No evidence of major antigenic variants was detected. Based on the HA gene, identical virus variants could be found on different farms across the study sites and multiple genetic variants could be isolated from HPAI outbreaks simultaneously or at different time points from single farms. HPAI virus was isolated from both ducks and chickens; however, the proportion of surviving duck cases was considerably higher than in chickens. CONCLUSIONS: The 2.1.3 clade was the most common lineage found in this study. All the viruses had sequence characteristic of HPAI, but negligible variations in other recognized amino acids at the HA and NA proteins which determine virus phenotypes. Multiple genetic variants appeared to be circulating simultaneously within poultry communities. The high proportion of live duck cases compared to chickens over the study period suggests that ducks are more likely to survive infection and they may better suit the role of long-term maintenance host for H5N1. As some viruses were isolated from dead birds, there was no clear correlation between genetic variations and pathogenicity of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21896207é��Wibawa, Hendra
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Viral Proteins/metabolismñ��Bats are natural reservoirs for a spectrum of infectious zoonotic diseases including the recently emerged henipaviruses (Hendra and Nipah viruses). Henipaviruses have been observed both naturally and experimentally to cause serious and often fatal disease in many different mammal species, including humans. Interestingly, infection of the flying fox with henipaviruses occurs in the absence of clinical disease. The extreme variation in the disease pattern between humans and bats has led to an investigation into the effects of henipavirus infection on the innate immune response in bat cell lines. We report that henipavirus infection does not result in the induction of interferon expression, and the viruses also inhibit interferon signaling. We also confirm that the interferon production and signaling block in bat cells is not due to differing viral protein expression levels between human and bat hosts. This information, in addition to the known lack of clinical signs in bats following henipavirus infection, suggests that bats control henipavirus infection by an as yet unidentified mechanism, not via the interferon response. This is the first report of henipavirus infection in bat cells specifically investigating aspects of the innate immune system.,��https://www.ncbi.nlm.nih.gov/pubmed/21811620Ä��Virtue, Elena R
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Viral Proteins/*chemistry/metabolism���Janå��This review focuses on the experimental data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely Nipah (NiV), Hendra (HeV) and measles (MeV) viruses. We provide a detailed description of the molecular mechanisms governing the disorder-to-order transition of the intrinsically disordered C-terminal domains (N(TAIL)) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within N(TAIL)-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder are discussed in light of the ability of disordered regions to establish a complex molecular partnership, thereby leading to a variety of biological effects. Taking into account the promiscuity that typifies disordered regions, we propose that the main functional advantage of the abundance of disorder within viruses would reside in pleiotropy and genetic compaction, where a single gene would encode a single (regulatory) protein product able to establish multiple interactions via its disordered regions, and hence to exert multiple concomitant biological effects.,��https://www.ncbi.nlm.nih.gov/pubmed/21805002ö��Habchi, Johnny
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Zoonoses/transmission���Jul¢��Hendra virus infection is an emerging infectious disease that is not well understood. Most cases of Hendra virus infection have occurred in Queensland, with one case in a horse in NSW. Hendra virus infection has a high mortality rate in horses and humans and as cases could occur anywhere in Australia it is important to be ready for prompt action should an outbreak occur in NSW. This paper: reviews the current knowledge on Hendra virus infection including methods for preventing the disease; explains the animal health and human health response for an outbreak within NSW; and discusses possible future avenues for post-exposure prophylaxis and prevention by vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/21781619Æ��Hess, Isabel M R
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Zoonoses/epidemiology/transmission/*virology���Julª��From the emergence of Hendra virus and Menangle virus in Australia to the global pandemics of severe acute respiratory syndrome and influenza viruses (both H5N1 and H1N1), there has been a surge of zoonotic virus outbreaks in the last two decades. Although the drivers for virus emergence remain poorly understood, the rate of discovery of new viruses is accelerating. This is due to a combination of true emergence of new pathogens and the advance of new technologies making rapid detection and characterisation possible. While molecular approaches will continue to lead the way in virus discovery, other technological platforms are required to increase the chance of success. The lessons learnt in the last 20 years confirm that the One Health approach, involving inclusive collaborations between physicians, veterinarians and other health and environmental professionals, will be the key to combating future zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21781618���Wang, Lin-Fa
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Zoonoses/*epidemiology/virology���Jul���Human encephalitis in Australia causes substantial mortality and morbidity, with frequent severe neurological sequelae and long-term cognitive impairment. This review discusses a number of highly pathogenic zoonotic viruses which have recently emerged in Australia, including Hendra virus and Australian bat lyssavirus which present with an encephalitic syndrome in humans. Encephalitis surveillance currently focuses on animals at sentinel sites and animal disease or definitive diagnosis of notifiable conditions that may present with encephalitis. This is inadequate for detecting newly emerged viral encephalatides. Hospital-based sentinel surveillance may aid in identifying increases in known pathogens or emergence of new pathogens that require a prompt public health response.,��https://www.ncbi.nlm.nih.gov/pubmed/21781616´��Paterson, Beverley J
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antimicrobial activity
flavonoidÿ��Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) is commonly known as 'Crown of God', 'Mahkota Dewa', and 'Pau'. It originates from Papua Island, Indonesia and it grows in tropical areas. Empirically, it is potent in treating the hypertensive, diabetic, cancer and diuretic patients. It has a long history of ethnopharmacological usage, and the lack of information about its biological activities led us to investigate the possible biological activities by characterisation of flavonoids and antimicrobial activity of various part of P. macrocarpa against pathogenic bacteria and fungi. The results showed that kaempferol, myricetin, naringin, and rutin were the major flavonoids present in the pericarp while naringin and quercetin were found in the mesocarp and seed. Furthermore, the antibacterial activity of different parts of P. macrocarpa fruit showed a weak ability to moderate antibacterial activity against pathogenic tested bacteria (inhibition range: 0.93-2.17 cm) at concentration of 0.3 mg/disc. The anti fungi activity was only found in seed extract against Aspergillus niger (1.87 cm) at concentration of 0.3 mg/well. From the results obtained, P. macrocarpa fruit could be considered as a natural antimicrobial source due to the presence of flavonoid compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/21747685¾��Hendra, Rudi
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Socioeconomic Factors���SepC��OBJECTIVES: Cytochrome P450 2B6 (CYP2B6) is responsible for the metabolic clearance of efavirenz and single nucleotide polymorphisms (SNPs) in the CYP2B6 gene are associated with efavirenz pharmacokinetics. Since the constitutive androstane receptor (CAR) and the pregnane X receptor (PXR) correlate with CYP2B6 in liver, and a CAR polymorphism (rs2307424) and smoking correlate with efavirenz plasma concentrations, we investigated their association with early (<3 months) discontinuation of efavirenz therapy. METHODS: Three hundred and seventy-three patients initiating therapy with an efavirenz-based regimen were included (278 white patients and 95 black patients; 293 male). DNA was extracted from whole blood and genotyping for CYP2B6 (516G --> T, rs3745274), CAR (540C --> T, rs2307424) and PXR (44477T --> C, rs1523130; 63396C --> T, rs2472677; and 69789A --> G, rs763645) was conducted. Binary logistic regression using the backwards method was employed to assess the influence of SNPs and demographics on early discontinuation. RESULTS: Of the 373 patients, 131 withdrew from therapy within the first 3 months. Black ethnicity [odds ratio (OR) = 0.27; P = 0.0001], CYP2B6 516TT (OR = 2.81; P = 0.006), CAR rs2307424 CC (OR = 1.92; P = 0.007) and smoking status (OR = 0.45; P = 0.002) were associated with discontinuation within 3 months. CONCLUSIONS: These data indicate that genetic variability in CYP2B6 and CAR contributes to early treatment discontinuation for efavirenz-based antiretroviral regimens. Further studies are now required to define the clinical utility of these associations.,��https://www.ncbi.nlm.nih.gov/pubmed/21715435a��Wyen, Christoph
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Virus Shedding/immunology���Aug 5h��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are two deadly zoonotic viruses for which no vaccines or therapeutics have yet been approved for human or livestock use. In 14 outbreaks since 1994 HeV has been responsible for multiple fatalities in horses and humans, with all known human infections resulting from close contact with infected horses. A vaccine that prevents virus shedding in infected horses could interrupt the chain of transmission to humans and therefore prevent HeV disease in both. Here we characterise HeV infection in a ferret model and show that it closely mirrors the disease seen in humans and horses with induction of systemic vasculitis, including involvement of the pulmonary and central nervous systems. This model of HeV infection in the ferret was used to assess the immunogenicity and protective efficacy of a subunit vaccine based on a recombinant soluble version of the HeV attachment glycoprotein G (HeVsG), adjuvanted with CpG. We report that ferrets vaccinated with a 100 mug, 20 mug or 4 mug dose of HeVsG remained free of clinical signs of HeV infection following a challenge with 5000 TCID(5)(0) of HeV. In addition, and of considerable importance, no evidence of virus or viral genome was detected in any tissues or body fluids in any ferret in the 100 and 20 mug groups, while genome was detected in the nasal washes only of one animal in the 4 mug group. Together, our findings indicate that 100 mug or 20 mug doses of HeVsG vaccine can completely prevent a productive HeV infection in the ferret, suggesting that vaccination to prevent the infection and shedding of HeV is possible.,��https://www.ncbi.nlm.nih.gov/pubmed/21689706ï��Pallister, Jackie
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Virus Diseases/*epidemiology/*virology���MayA��Australia is a climatically diverse country varying from a tropical climate in the north to arid central desert and grassland regions, and to temperate climates in the south. There are many viral infections found in Australia that are common to developed countries worldwide, but this article will focus on those that pose a special risk for travellers to Australia, especially the mosquito-borne viruses. The commonest are the members of the alphavirus genus, particularly Ross River virus and Barmah Forest virus, which cause predominantly arthralgia with or without fever or rash. Less frequent but more serious illness is seen with the encephalitic flaviviruses, Murray Valley encephalitis virus, and the Kunjin strain of West Nile virus. In addition dengue occurs intermittently on the northern part of Queensland, and in recent years Japanese encephalitis virus has been found in the Torres Strait Islands and the tip of far north Queensland. Also of interest, but with a much lower risk, are the bat-borne viruses, Hendra virus and Australian bat lyssavirus, that have caused a small number of human infections. However, it is important to remember that most tourists pass through other countries in the Asia/Pacific region on their way to and from Australia and may therefore have acquired infections prior to or after leaving Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/21679887²��Smith, David W
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Trust���Jun 13�	�BACKGROUND: Post-mortem needle biopsies have been used in resource-poor settings to determine cause of death and there is interest in using them in Bangladesh. However, we did not know how families and communities would perceive this procedure or how they would decide whether or not to consent to a post-mortem needle biopsy. The goal of this study was to better understand family and community concerns and decision-making about post-mortem needle biopsies in this low-income, predominantly Muslim country in order to design an informed consent process. METHODS: We conducted 16 group discussions with family members of persons who died during an outbreak of Nipah virus illness during 2004-2008 and 11 key informant interviews with their community and religious leaders. Qualitative researchers first described the post-mortem needle biopsy procedure and asked participants whether they would have agreed to this procedure during the outbreak. Researchers probed participants about the circumstances under which the procedure would be acceptable, if any, their concerns about the procedure, and how they would decide whether or not to consent to the procedure. RESULTS: Overall, most participants agreed that post-mortem needle biopsies would be acceptable in some situations, particularly if they benefitted society. This procedure was deemed more acceptable than full autopsy because it would not require major delays in burial or remove organs, and did not require cutting or stitching of the body. It could be performed before the ritual bathing of the body in either the community or hospital setting. However, before consent would be granted for such a procedure, the research team must gain the trust of the family and community which could be difficult. Although consent may only be provided by the guardians of the body, decisions about consent for the procedure would involve extended family and community and religious leaders. CONCLUSIONS: The possible acceptability of this procedure during outbreaks represents an important opportunity to better characterize cause of death in Bangladesh which could lead to improved public health interventions to prevent these deaths. Obstacles for research teams will include engaging all major stakeholders in decision-making and quickly building a trusting relationship with the family and community, which will be difficult given the short window of time prior to the ritual bathing of the body.,��https://www.ncbi.nlm.nih.gov/pubmed/21668979J��Gurley, Emily S
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Viral Envelope Proteins/*metabolism���Aug���We have previously described heterotypic peptides from parainfluenza virus that potently inhibit Nipah virus in vitro but are not efficacious in vivo. In contrast, our second-generation inhibitors, featuring a cholesterol moiety, are also efficacious in vivo. The difference between in vitro and in vivo results led us to investigate the basis for this discrepancy. Here, we compare the activities of the compounds in standard laboratory cells and in cells relevant to the natural tropism of Nipah virus, i.e., primary neurons, and show that while our first-generation inhibitors are poorly active in primary neurons, the cholesterol-conjugated compounds are highly potent. These results highlight the advantage of evaluating antiviral potency in cells relevant to natural host target tissue.,��https://www.ncbi.nlm.nih.gov/pubmed/21653662¯��Talekar, Aparna
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Zoonoses/*epidemiology/transmission/virology���Jan 7£��Emerging zoonoses threaten global health, yet the processes by which they emerge are complex and poorly understood. Nipah virus (NiV) is an important threat owing to its broad host and geographical range, high case fatality, potential for human-to-human transmission and lack of effective prevention or therapies. Here, we investigate the origin of the first identified outbreak of NiV encephalitis in Malaysia and Singapore. We analyse data on livestock production from the index site (a commercial pig farm in Malaysia) prior to and during the outbreak, on Malaysian agricultural production, and from surveys of NiV's wildlife reservoir (flying foxes). Our analyses suggest that repeated introduction of NiV from wildlife changed infection dynamics in pigs. Initial viral introduction produced an explosive epizootic that drove itself to extinction but primed the population for enzootic persistence upon reintroduction of the virus. The resultant within-farm persistence permitted regional spread and increased the number of human infections. This study refutes an earlier hypothesis that anomalous El Nino Southern Oscillation-related climatic conditions drove emergence and suggests that priming for persistence drove the emergence of a novel zoonotic pathogen. Thus, we provide empirical evidence for a causative mechanism previously proposed as a precursor to widespread infection with H5N1 avian influenza and other emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/21632614Ð��Pulliam, Juliet R C
Epstein, Jonathan H
Dushoff, Jonathan
Rahman, Sohayati A
Bunning, Michel
Jamaluddin, Aziz A
Hyatt, Alex D
Field, Hume E
Dobson, Andrew P
Daszak, Peter
(HERG)
eng
R01 TW005869/TW/FIC NIH HHS/
R01-TW05869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2011/06/03 06:00
J R Soc Interface. 2012 Jan 7;9(66):89-101. doi: 10.1098/rsif.2011.0223. Epub 2011 Jun 1.*��1742-5662 (Electronic)
1742-5662 (Linking)
��PMC3223631���21632614_��Department of Ecology and Evolutionary Biology, Princeton University, Princeton, NJ 08544, USA.���10.1098/rsif.2011.0223�
Ò��üÒ|ÿî?s���A��Yuan, J.
Marsh, G.
Khetawat, D.
Broder, C. C.
Wang, L. F.
Shi, Z.���2011[��Mutations in the G-H loop region of ephrin-B2 can enhance Nipah virus binding and infection���2142-52���J Gen Virol���92���Pt 92��Amino Acid Substitution/genetics
Animals
Cell Line
Ephrin-B2/*genetics/*metabolism
Humans
Mutagenesis, Site-Directed
Mutant Proteins/genetics/metabolism
Nipah Virus/*pathogenicity
Protein Binding
Receptors, Virus/*genetics/*metabolism
Spodoptera
Viral Structural Proteins/*metabolism
*Virus Internalization���Sepí��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses classified in the genus Henipavirus of the family Paramyxoviridae. The entry of henipaviruses occurs through a pH-independent membrane-fusion mechanism mediated by the cooperation of the viral attachment (G) and fusion (F) envelope glycoproteins following virion binding to susceptible host cells. Virus attachment is mediated by the interaction of the G glycoprotein with ephrin-B2 or ephrin-B3, which were identified as the functional receptors of henipavirus. Several residues of the G glycoprotein that are important for receptor binding have been determined through mutagenesis and structural analyses; however, similar approaches have not been carried out for the viral receptor ephrin-B2. Here, an alanine-scanning mutagenesis analysis was performed to identify residues of ephrin-B2 which are critical for NiV binding and entry by using an NiV-F- and -G-glycoprotein pseudotyped lentivirus assay. Results indicated that the G-H loop of ephrin-B2 was indeed critical for the interaction between ephrin-B2 and NiV-G. Unexpectedly, however, some alanine-substitution mutants located in the G-H loop enhanced the infectivity of the NiV pseudotypes, in particular an L124A mutation enhanced entry >30-fold. Further analysis of the L124A ephrin-B2 mutant demonstrated that an increased binding affinity of the mutant receptor with NiV-G was responsible for the enhanced infectivity of both pseudovirus and infectious virus. In addition, cell lines that were stably expressing the L124A mutant receptor were able to support NiV infection more efficiently than the wild-type molecule, potentially providing a new target-cell platform for viral isolation or virus-entry inhibitor screening and discovery.,��https://www.ncbi.nlm.nih.gov/pubmed/21632558í��Yuan, Junfa
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*Virus Replication���Sep���Many viruses use their host's cellular machinery to regulate the functions of viral proteins. The phosphorylation of viral proteins is known to play a role in genome transcription and replication in paramyxoviruses. The paramyxovirus nucleoprotein (N), the most abundant protein in infected cells, is a component of the N-RNA complex and supports the transcription and replication of virus mRNA and genomic RNA. Recently, we reported that the phosphorylation of measles virus N is involved in the regulation of viral RNA synthesis. In this study, we report a rapid turnover of phosphorylation in the Nipah virus N (NiV-N). The phosphorylated NiV-N was hardly detectable in steady-state cells, but was detected after inhibition of cellular protein phosphatases. We identified a phosphorylated serine residue at Ser451 of NiV-N by peptide mass fingerprinting by electrospray ionization-quadrupole time-of-flight mass spectrometry. In the NiV minigenome assay, using luciferase as a reporter gene, the substitution of Ser451 for alanine in NiV-N resulted in a reduction in luciferase activity of approximately 45 % compared with the wild-type protein. Furthermore, the substitution of Ser451 for glutamic acid, which mimics a phosphoserine, led to a more significant decrease in luciferase activity - approximately 81 %. Northern blot analysis showed that both virus transcription and replication were reduced by these mutations. These results suggest that a rapid turnover of the phosphorylation of NiV-N plays an important role in virus transcription and replication.,��https://www.ncbi.nlm.nih.gov/pubmed/21613447+��Huang, Mingshu
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Virus Replication���AugÀ��Nipah virus (NiV) and Hendra virus (HeV) are emerging zoonotic viruses and the causative agents of severe respiratory disease and encephalitis in humans. Little is known about the mechanisms that govern the development of respiratory and neurological disease. Using a hamster model of lethal NiV and HeV infection, we describe the role of the route and dose of infection on the clinical outcome and determine virus tropism and host responses following infection. Infection of hamster with a high dose of NiV or HeV resulted in acute respiratory distress. NiV initially replicated in the upper respiratory tract epithelium, whereas HeV initiated infection primarily in the interstitium. In contrast, infection with a low dose of NiV or HeV resulted in the development of neurological signs and more systemic spread of the virus through involvement of the endothelium. The development of neurological signs coincided with disruption of the blood-brain barrier (BBB) and expression of tumor necrosis alpha (TNF-alpha) and interleukin 1 beta (IL-1beta). In addition, interferon-inducible protein 10 (IP-10) was identified as playing an important role in NiV and HeV pathogenesis. These studies reveal novel information on the development and progression of NiV and HeV clinical disease, provide a mechanism for the differences in transmission observed between NiV and HeV outbreaks, and identify specific cytokines and chemokines that serve as important targets for treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/21593160
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tor kappa B and the inflammasome. With eventual development of the adaptive response, the rash appears with immune cell infiltration into sites of virus replication to initiate the clearance of infectious virus. However, MeV RNA is cleared much more slowly than recoverable infectious virus and remains present in lymphoid tissue for at least 6 months after infection. Persistence of viral RNA and protein suggests persistent low-level replication in lymphoid tissue that may facilitate maturation of the immune response, resulting in lifelong protection from reinfection, while persistence in other tissues (for example, the nervous system) may predispose to development of late disease such as subacute sclerosing panencephalitis. Further studies are needed to identify mechanisms of viral clearance and to understand the relationship between persistence and development of lifelong immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/29560260���Griffin, Diane E
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Viral Vaccines/*administration & dosage/blood/*genetics/immunology���May 2Æ��Based on their safety profile and ability to induce potent immune responses against infections, subunit vaccines have been used as candidates for a wide variety of pathogens. Since the mammalian cell system is capable of post-translational modification, thus forming properly folded and glycosylated proteins, recombinant proteins expressed in mammalian cells have shown the greatest potential to maintain high antigenicity and immunogenicity. Although no new cases of SARS have been reported since 2004, future outbreaks are a constant threat; therefore, the development of vaccines against SARS-CoV is a prudent preventive step and should be carried out. The RBD of SARS-CoV S protein plays important roles in receptor binding and induction of specific neutralizing antibodies against virus infection. Therefore, in this protocol, we describe novel methods for developing a RBD-based subunit vaccine against SARS. Briefly, the recombinant RBD protein (rRBD) was expressed in culture supernatant of mammalian 293T cells to obtain a correctly folded protein with proper conformation and high immunogenicity. The transfection of the recombinant plasmid encoding RBD to the cells was then performed using a calcium phosphate transfection method with some modifications. Compared with the lipid transfection method, this modified calcium phosphate transfection method is cheaper, easier to handle, and has the potential to reach high efficacy once a transfection complex with suitable size and shape is formed. Finally, a SARS pseudovirus neutralization assay was introduced in the protocol and used to detect the neutralizing activity of sera of mice vaccinated with rRBD protein. This assay is relatively safe, does not involve an infectious SARS-CoV, and can be performed without the requirement of a biosafety-3 laboratory. The protocol described here can also be used to design and study recombinant subunit vaccines against other viruses with class I fusion proteins, for example, HIV, respiratory syncytial virus (RSV), Ebola virus, influenza virus, as well as Nipah and Handra viruses. In addition, the methods for generating a pseudovirus and subsequently establishing a pseudovirus neutralization assay can be applied to all these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21587153÷��Du, Lanying
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Zoonoses/epidemiology/virology���Dec 22P��Anthropogenic environmental change is often implicated in the emergence of new zoonoses from wildlife; however, there is little mechanistic understanding of these causal links. Here, we examine the transmission dynamics of an emerging zoonotic paramyxovirus, Hendra virus (HeV), in its endemic host, Australian Pteropus bats (fruit bats or flying foxes). HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. With models parametrized from field and laboratory data, we explore a set of probable contributory mechanisms that explain the spatial and temporal pattern of HeV emergence; including urban habituation and decreased migration-two widely observed changes in flying fox ecology that result from anthropogenic transformation of bat habitat in Australia. Urban habituation increases the number of flying foxes in contact with human and domestic animal populations, and our models suggest that, in addition, decreased bat migratory behaviour could lead to a decline in population immunity, giving rise to more intense outbreaks after local viral reintroduction. Ten of the 14 known HeV outbreaks occurred near urbanized or sedentary flying fox populations, supporting these predictions. We also demonstrate that by incorporating waning maternal immunity into our models, the peak modelled prevalence coincides with the peak annual spill-over hazard for HeV. These results provide the first detailed mechanistic framework for understanding the sporadic temporal pattern of HeV emergence, and of the urban/peri-urban distribution of HeV outbreaks in horses and people.,��https://www.ncbi.nlm.nih.gov/pubmed/21561971���Plowright, Raina K
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Recurrence���Octø��This study aimed to describe the transmission dynamics, the serological and virus excretion patterns of Nipah virus (NiV) in Pteropus vampyrus bats. Bats in captivity were sampled every 7-21 days over a 1-year period. The data revealed five NiV serological patterns categorized as high and low positives, waning, decreasing and increasing, and negative in these individuals. The findings strongly suggest that NiV circulates in wild bat populations and that antibody could be maintained for long periods. The study also found that pup and juvenile bats from seropositive dams tested seropositive, indicating that maternal antibodies against NiV are transmitted passively, and in this study population may last up to 14 months. NiV was isolated from the urine of one bat, and within a few weeks, two other seronegative bats seroconverted. Based on the temporal cluster of seroconversion, we strongly believe that the NiV isolated was recrudesced and then transmitted horizontally between bats during the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/21524339���Sohayati, A R
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Virus Internalization���Augë��Henipavirus is a new genus of Paramyxoviridae that uses protein-based receptors (ephrinB2 and ephrinB3) for virus entry. Paramyxovirus entry requires the coordinated action of the fusion (F) and attachment viral envelope glycoproteins. Receptor binding to the attachment protein triggers F to undergo a conformational cascade that results in membrane fusion. The accumulation of structural and functional studies on many paramyxoviral fusion and attachment proteins, including the recent elucidation of structures of Nipah virus (NiV) and Hendra virus (HeV) G glycoproteins bound and unbound to cognate ephrinB receptors, indicate that henipavirus entry and fusion could differ mechanistically from paramyxoviruses that use glycan-based receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/21511478j��Lee, Benhur
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Virion/*immunology/ultrastructure���Apr 6x��Nipah virus (NiV) was first recognized in 1998 in a zoonotic disease outbreak associated with highly lethal febrile encephalitis in humans and a predominantly respiratory disease in pigs. Periodic deadly outbreaks, documentation of person-to-person transmission, and the potential of this virus as an agent of agroterror reinforce the need for effective means of therapy and prevention. In this report, we describe the vaccine potential of NiV virus-like particles (NiV VLPs) composed of three NiV proteins G, F and M. Co-expression of these proteins under optimized conditions resulted in quantifiable amounts of VLPs with many virus-like/vaccine desirable properties including some not previously described for VLPs of any paramyxovirus: The particles were fusogenic, inducing syncytia formation; PCR array analysis showed NiV VLP-induced activation of innate immune defense pathways; the surface structure of NiV VLPs imaged by cryoelectron microscopy was dense, ordered, and repetitive, and consistent with similarly derived structure of paramyxovirus measles virus. The VLPs were composed of all the three viral proteins as designed, and their intracellular processing also appeared similar to NiV virions. The size, morphology and surface composition of the VLPs were consistent with the parental virus, and importantly, they retained their antigenic potential. Finally, these particles, formulated without adjuvant, were able to induce neutralizing antibody response in Balb/c mice. These findings indicate vaccine potential of these particles and will be the basis for undertaking future protective efficacy studies in animal models of NiV disease.,��https://www.ncbi.nlm.nih.gov/pubmed/21494680���Walpita, Pramila
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*Nipah Virus���Jun³��The Paramyxoviridae family comprises of several genera that contain emerging or re-emerging threats for human and animal health with no real specific effective treatment available. Hendra and Nipah virus are members of a newly identified genus of emerging paramyxoviruses, Henipavirus. Since their discovery in the 1990s, henipaviruses outbreaks have been associated with high economic and public health threat potential. When compared to other paramyxoviruses, henipaviruses appear to have unique characteristics. Henipaviruses are zoonotic paramyxoviruses with a broader tropism than most other paramyxoviruses, and can cause severe acute encephalitis with unique features among viral encephalitides. There are currently no approved effective prophylactic or therapeutic treatments for henipavirus infections. Although ribavirin was empirically used and seemed beneficial during the biggest outbreak caused by one of these viruses, the Nipah virus, its efficacy is disputed in light of its lack of efficacy in several animal models of henipavirus infection. Nevertheless, because of its highly pathogenic nature, much effort has been spent in developing anti-henipavirus therapeutics. In this review we describe the unique features of henipavirus infections and the different strategies and animal models that have been developed so far in order to identify and test potential drugs to prevent or treat henipavirus infections. Some of these components have the potential to be broad-spectrum antivirals as they target effectors of viral pathogenecity common to other viruses. We will focus on small molecules or biologics, rather than vaccine strategies, that have been developed as anti-henipaviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/21488828Ç��Vigant, Frederic
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Viral Envelope Proteins/genetics/*metabolism���May 20K��The fusion (F) proteins of Newcastle disease virus (NDV) and Nipah virus (NiV) are both triggered by binding to receptors, mediated in both viruses by a second protein, the attachment protein. However, the hemagglutinin-neuraminidase (HN) attachment protein of NDV recognizes sialic acid receptors, whereas the NiV G attachment protein recognizes ephrinB2/B3 as receptors. Chimeric proteins composed of domains from the two attachment proteins have been evaluated for fusion-promoting activity with each F protein. Chimeras having NiV G-derived globular domains and NDV HN-derived stalks, transmembranes, and cytoplasmic tails are efficiently expressed, bind ephrinB2, and trigger NDV F to promote fusion in Vero cells. Thus, the NDV F protein can be triggered by binding to the NiV receptor, indicating that an aspect of the triggering cascade induced by the binding of HN to sialic acid is conserved in the binding of NiV G to ephrinB2. However, the fusion cascade for triggering NiV F by the G protein and that of triggering NDV F by the chimeras can be distinguished by differential exposure of a receptor-induced conformational epitope. The enhanced exposure of this epitope marks the triggering of NiV F by NiV G but not the triggering of NDV F by the chimeras. Thus, the triggering cascade for NiV G-F fusion may be more complex than that of NDV HN and F. This is consistent with the finding that reciprocal chimeras having NDV HN-derived heads and NiV G-derived stalks, transmembranes, and tails do not trigger either F protein for fusion, despite efficient cell surface expression and receptor binding.,��https://www.ncbi.nlm.nih.gov/pubmed/21460213���Mirza, Anne M
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Virion/immunology/*metabolism���Jun���Complement is an innate immune response system that most animal viruses encounter during natural infections. We have tested the role of human complement in the neutralization of virus particles harboring the Nipah virus (NiV) glycoproteins. A luciferase-expressing vesicular stomatitis virus (VSV) pseudotype that contained the NiV fusion (F) and attachment (G) glycoproteins (NiVpp) showed dose- and time-dependent activation of human complement through the alternative pathway. In contrast to our findings with other paramyxoviruses, normal human serum (NHS) alone did not neutralize NiVpp infectivity in vitro, and electron microscopy demonstrated no significant deposition of complement component C3 on particles. This lack of NiVpp neutralization by NHS was not due to a global inhibition of complement pathways, since complement was found to significantly enhance neutralization by antibodies specific for the NiV F and G glycoproteins. Complement components C4 and C1q were necessary but not sufficient by themselves for the enhancement of antibody neutralization. Human complement also enhanced NiVpp neutralization by a soluble version of the NiV receptor EphrinB2, and this depended on components in the classical pathway. The ability of complement to enhance neutralization fell into one of two profiles: (i) anti-F monoclonal antibodies showed enhancement only at high and not low antibody concentrations, and (ii) anti-G monoclonal antibodies and EphrinB2 showed enhancement at both high and very low levels of antibody (e.g., 3.1 ng) or EphrinB2 (e.g., 2.5 ng). Together, these data establish the importance of human complement in the neutralization of particles containing the NiV glycoproteins and will help guide the design of more effective therapeutics that harness the potency of complement pathways.,��https://www.ncbi.nlm.nih.gov/pubmed/21450814?��Johnson, John B
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Young Adult���Jun���BACKGROUND: Nevirapine is metabolized by CYP2B6 and polymorphisms within the CYP2B6 gene partly explain inter-patient variability in pharmacokinetics. The aim of this study was to model the complex relationship between nevirapine exposure, weight and genetics (based on combined analysis of CYP2B6 516G > T and 983T > C single nucleotide polymorphisms). METHODS: Non-linear mixed-effects modelling was used to estimate pharmacokinetic parameters from 275 patients. Simulations of the nevirapine concentration profile were performed with dosing regimens of 200 mg twice daily and 400 mg once daily for individuals with body weights of 50, 70 and 90 kg in combination with CYP2B6 genetic variation. RESULTS: A one-compartment model with first-order absorption best described the data. Population clearance was 3.5 L/h with inter-patient variability of 24.6%. 516T homozygosity and 983C heterozygosity were associated with 37% and 40% lower clearance, respectively. Body weight was the only significant demographic factor influencing clearance, which increased by 5% for every 10 kg increase. For individuals with higher body weight, once-daily nevirapine was associated with a greater risk of sub-therapeutic drug exposure than a twice-daily regimen. This risk was offset in individuals who were 516T homozygous or 983C heterozygous in which drug exposure was optimal for > 95% of patients with body weight of </= 70 kg. CONCLUSIONS: The data suggest that a 400 mg once-daily dose could be implemented in accordance with CYP2B6 polymorphism and body weight. However, the use of nevirapine once daily (immediate release; off-label) in the absence of therapeutic drug monitoring is not recommended due to the risk of inadequate exposure to nevirapine in a high proportion of patients. There are different considerations for the extended-release formulation (nevirapine XR) that demonstrate minimal peak-to-trough fluctuations in plasma nevirapine levels.,��https://www.ncbi.nlm.nih.gov/pubmed/21441248���Schipani, Alessandro
Wyen, Christoph
Mahungu, Tabitha
Hendra, Heidy
Egan, Deirdre
Siccardi, Marco
Davies, Gerry
Khoo, Saye
Fatkenheuer, Gerd
Youle, Michael
Rockstroh, Jurgen
Brockmeyer, Norbert H
Johnson, Margaret A
Owen, Andrew
Back, David J
eng
G0800247/Medical Research Council/United Kingdom
G0901364/Medical Research Council/United Kingdom
083851/Z/07/Z/Wellcome Trust/United Kingdom
Research Support, Non-U.S. Gov't
England
2011/03/29 06:00
J Antimicrob Chemother. 2011 Jun;66(6):1332-9. doi: 10.1093/jac/dkr087. Epub 2011 Mar 25.*��1460-2091 (Electronic)
0305-7453 (Linking)
��PMC3092713���21441248s��Department of Pharmacology and Therapeutics, School of Biomedical Sciences, University of Liverpool, Liverpool, UK.���10.1093/jac/dkr087��C��üÒtÿî?����+��Porotto, M.
Yi, F.
Moscona, A.
LaVan, D. A.���2011\��Synthetic protocells interact with viral nanomachinery and inactivate pathogenic human virus���e16874���PLoS One���6���3���Artificial Cells/*virology
Cell Membrane
Hendra Virus/*metabolism
Humans
Membrane Proteins/metabolism
Nanoparticles/*chemistry
Nipah Virus/*metabolism
Protein Binding
Receptors, Virus/metabolism
Solubility
Temperature
Viral Proteins/metabolism
*Virus Inactivation���Mar 1A��We present a new antiviral strategy and research tool that could be applied to a wide range of enveloped viruses that infect human beings via membrane fusion. We test this strategy on two emerging zoonotic henipaviruses that cause fatal encephalitis in humans, Nipah (NiV) and Hendra (HeV) viruses. In the new approach, artificial cell-like particles (protocells) presenting membrane receptors in a biomimetic manner were developed and found to attract and inactivate henipavirus envelope glycoprotein pseudovirus particles, preventing infection. The protocells do not accumulate virus during the inactivation process. The use of protocells that interact with, but do not accumulate, viruses may provide significant advantages over current antiviral drugs, and this general approach may have wide potential for antiviral development.,��https://www.ncbi.nlm.nih.gov/pubmed/21390296%��Porotto, Matteo
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Zoonoses/*epidemiology���Nov-Dec���Zoonoses are at the present time more important than ever due to their magnitude and impact. The international trade in animals, products and sub products, as well as the intense travel of people around the world, represent risks of dissemination of infectious diseases, and are the reason for a new age of emerging and reemerging zoonotic diseases. Under these conditions, public health and animal health authorities are obliged to work together in order to get more efficient control programs. In this paper the actual situation of some important emerging and reemerging zoonoses is analyzed, including: anthrax, rabies, tuberculosis, brucellosis, cysticercosis, echinococcosis, hanta virus, Hendra and Nipah virus. Particular attention is given to leptospirosis, due to the fact that it is considered by WHO and OIE as the widest spread zoonotic disease in the world. Zoonoses caused by ingestion of animal food products are discussed. They are responsible for the death of almost 2.2 million people. Bacteria of genus salmonella and campylobacter are considered. Some recommendations are given for the control and prevention of zoonoses, emphasizing the "One Health" concept.,��https://www.ncbi.nlm.nih.gov/pubmed/21384639k��Flores Castro, Ricardo
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Virus Attachment���Feb 24È��In recent years, several paramyxoviruses have emerged to infect humans, including previously unidentified zoonoses. Hendra and Nipah viruses (henipaviruses within this family) were first identified in the 1990s in Australia, Malaysia and Singapore, causing epidemics with high mortality and morbidity rates in affected animals and humans. Other paramyxoviruses, such as Menangle virus, Tioman virus, human metapneumovirus and avian paramyxovirus 1, which cause less morbidity in humans, have also been recently identified. Although the Paramyxoviridae family of viruses has been previously recognised as biomedically and veterinarily important, the recent emergence of these paramyxoviruses has focused our attention on this family. Antiviral drugs can be designed to target specific important determinants of the viral life cycle. Therefore, identifying and understanding the mechanistic underpinnings of viral entry, replication, assembly and budding will be critical in the development of antiviral therapeutic agents. This review focuses on the molecular mechanisms discovered and the antiviral strategies pursued in recent years for emerging paramyxoviruses, with particular emphasis on viral entry and exit mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/21345285S��Aguilar, Hector C
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Swine Diseases/epidemiology/*prevention & control/virology���DecÕ��An outbreak of acute febrile encephalitis affecting pig-farm workers and owners was recognized in peninsular Malaysia as early as September 1998. The outbreak was initially thought to be due to Japanese encephalitis (JE) virus and thus very intensive prevention, control and communication strategies directed at JE virus were undertaken by the Ministry of Health and Ministry of Agriculture of Malaysia. There was an immediate change in the prevention, control and communication strategies with focus and strategies on infected pigs as the source of infections for humans and other animals following the discovery of Nipah virus. Information and understanding the risks of Nipah virus infections and modes of transmission strengthened the directions of prevention, control and communication strategies. A number of epidemiological surveillances and field investigations which were broadly divided into 3 groups covering human health sector, animal health sector and reservoir hosts were carried out as forms of risk assessment to determine and assess the factors and degree of risk of infections by the virus. Data showed that there was significant association between Nipah virus infection and performing activities involving close contact with pigs, such as processing of piglets, administering injection or medication to pigs, assisting in the birth of piglets, assisting in pig breeding, and handling of dead pigs in the affected farms. A complex process of anthropogenic driven deforestation, climatic changes brought on by El Nino-related drought, forest fire and severe haze, and ecological factors of mixed agro-pig farming practices and design of pig-sties led to the spillovers of the virus from its wildlife reservoir into pig population.,��https://www.ncbi.nlm.nih.gov/pubmed/21329177U��Chua, K B
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Swine Diseases/*epidemiology/transmission/virology���DecÈ��The outbreak of Nipah virus, affecting pigs and pig-farm workers, was first noted in September 1998 in the north-western part of peninsular Malaysia. By March 1999, the outbreak had spread to other pig-farming areas of the country, inclusive of the neighbouring country, Singapore. A total of 283 human cases of viral encephalitis with 109 deaths were recorded in Malaysia from 29 September 1998 to December 1999. During the outbreak period, a number of surveillances under three broad groups; Surveillance in Human Health Sector, Surveillance in Animal Health Sector, and Surveillance for the Reservoir Hosts, were carried out to determine the prevalence, risk of virus infections and transmission in human and swine populations as well as the source and reservoir hosts of Nipah virus. Surveillance data showed that the virus spread rapidly among pigs within infected farms and transmission was attributed to direct contact with infective excretions and secretions. The spread of the virus among pig farms within and between states of peninsular Malaysia was due to movement of pigs. The transmission of the virus to humans was through close contact with infected pigs. Human to human transmission was considered a rare event though the Nipah virus could be isolated from saliva, urine, nasal and pharyngeal secretions of patients. Field investigations identified fruitbats of the Pteropid species as the natural reservoir hosts of the viruses. The outbreak was effectively brought under control following the discovery of the virus and institution of correct control measures through a combined effort of multi-ministerial and multidisciplinary teams working in close co-operation and collaboration with other international agencies.,��https://www.ncbi.nlm.nih.gov/pubmed/21329176U��Chua, K B
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Zoonoses/epidemiology/virology���Jana��Hendra virus (HeV) was first isolated in 1994, from a disease outbreak involving at least 21 horses and two humans in the Brisbane suburb of Hendra, Australia. The affected horses and humans all developed a severe but unidentified respiratory disease that resulted in the deaths of one of the human cases and the deaths or putting down of 14 of the horses. The virus, isolated by culture from a horse and the kidney of the fatal human case, was initially characterised as a new member of the genus Morbillivirus in the family Paramyxoviridae. Comparative sequence analysis of part of the matrix protein gene of the virus and the discovery that the virus had an exceptionally large genome subsequently led to HeV being assigned to a new genus, Henipavirus, along with Nipah virus (a newly emergent virus in pigs). The regular outbreaks of HeV-related disease that have occurred in Australia since 1994 have all been characterised by acute respiratory and neurological manifestations, with high levels of morbidity and mortality in the affected horses and humans. The modes of transmission of HeV remain largely unknown. Although fruit bats have been identified as natural hosts of the virus, direct bat-horse, bat-human or human-human transmission has not been reported. Human infection can occur via exposure to infectious urine, saliva or nasopharyngeal fluid from horses. The treatment options and efficacy are very limited and no vaccine exists. Reports on the outbreaks of HeV in Australia are collated in this review and the available data on the biology, transmission and detection of the pathogen are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/21294944à��Tulsiani, S M
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Public Health Practice
Seasons
Time Factors���Dec·��Pteropus bats are commonly infected with Nipah virus, but show no signs of illness. Human Nipah outbreaks in Bangladesh coincide with the date palm sap harvesting season. In epidemiologic studies, drinking raw date palm sap is a risk factor for human Nipah infection. We conducted a study to evaluate bats' access to date palm sap. We mounted infrared cameras that silently captured images upon detection of motion on date palm trees from 5:00 pm to 6:00 am. Additionally, we placed two locally used preventative techniques, bamboo skirts and lime (CaCO(3)) smeared on date palm trees to assess their effectiveness in preventing bats access to sap. Out of 20 camera-nights of observations, 14 identified 132 visits of bats around the tree, 91 to the shaved surface of the tree where the sap flow originates, 4 at the stream of sap moving toward the collection pot, and no bats at the tap or on the collection pots; the remaining 6 camera-nights recorded no visits. Of the preventative techniques, the bamboo skirt placed for four camera-nights prevented bats access to sap. This study confirmed that bats commonly visited date palm trees and physically contacted the sap collected for human consumption. This is further evidence that date palm sap is an important link between Nipah virus in bats and Nipah virus in humans. Efforts that prevent bat access to the shaved surface and the sap stream of the tree could reduce Nipah spillovers to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/212071053��Khan, M Salah Uddin
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Swine Diseases/*epidemiology/virology���Apr���The purpose of this study was to investigate the prevalence of hepatitis E virus (HEV) infection in swine and humans in different environments in Java and Bali, Indonesia. The prevalence of anti-HEV antibodies in people over 20 years old living in communities in Bali was significantly higher than that in Java. While 68.8% and 90.0% of swine in Bali were anti-HEV positive at 1 and 2 months of age, respectively, swine in Java were at significantly lower risk of HEV infection by the age of 2 months. Our present data suggest that substantial differences in swine-breeding conditions and human living environments affect the rate of HEV infection in humans and swine.,��https://www.ncbi.nlm.nih.gov/pubmed/21191625���Utsumi, Takako
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Virus Replication���MarÉ��Replication-defective vaccine vectors based on vesicular stomatitis virus (VSV) lacking its envelope glycoprotein gene (G) are highly effective in animal models. However, such DeltaG vectors are difficult to grow because they require complementation with the VSV G protein. In addition, the complementing G protein induces neutralizing antibodies in animals and thus limits multiple vector applications. In the process of generating an experimental Nipah virus (a paramyxovirus) vaccine, we generated two defective VSVDeltaG vectors, each expressing one of the two Nipah virus (NiV) glycoproteins (G and F) that are both required for virus entry to host cells. These replication-defective VSV vectors were effective at generating NiV neutralizing antibody in mice. Most interestingly, we found that these two defective viruses could be grown together and passaged in tissue culture cells in the absence of VSV G complementation. This mixture of complementing defective viruses was also highly effective at generating NiV neutralizing antibody in animals. This novel approach to growing and producing a vaccine from two defective viruses could be generally applicable to vaccine production for other paramyxoviruses or for other viruses where the expression of at least two different proteins is required for viral entry. Such an approach minimizes biosafety concerns that could apply to single, replication-competent VSV recombinants expressing all proteins required for infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21177820å��Chattopadhyay, Anasuya
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Virus Internalization���Feb 15L��The paramyxovirus family includes important human pathogens such as measles, mumps, respiratory syncytial virus, and the recently emerged, highly pathogenic Hendra and Nipah viruses. The viral fusion (F) protein plays critical roles in infection, promoting both the virus-cell membrane fusion events needed for viral entry as well as cell-cell fusion events leading to syncytia formation. We describe the surprising finding that addition of the short epitope HA tag to the cytoplasmic tail (CT) of the Hendra virus F protein leads to a significant increase in the extent of cell-cell membrane fusion. This increase was not due to alterations in surface expression, cleavage state, or association with lipid microdomains. Addition of a Myc tag of similar length did not alter Hendra F protein fusion activity, indicating that the observed stimulation was not solely a result of lengthening the CT. Three tyrosine residues within the HA tag were critical for the increase in the extent of fusion, suggesting C-terminal tyrosines may modulate Hendra fusion activity. The effects of addition of the HA tag varied with other fusion proteins, as parainfluenza virus 5 F-HA showed a decreased level of surface expression and no stimulation of fusion. These results indicate that additions to the C-terminal end of the F protein CT can modulate protein function in a sequence specific manner, reinforcing the need for careful analysis of epitope-tagged glycoproteins. In addition, our results implicate C-terminal tyrosine residues in the modulation of the membrane fusion reaction promoted by these viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/21175223_��Popa, Andreea
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Virus Diseases/*history���Dec 6-20J��Names are more than just labels used to identify diseases. They can be windows into the discovery, characteristics and attributes of the disease. Toponymous diseases are diseases that are named after places. Hendra, Ross River, Bairnsdale, Murray Valley and Barmah Forest are all examples of Australian places that have had diseases named after them. They all have unique and interesting stories that provide a glimpse into their discovery, history and culture. Because of perceived negative connotations, the association of diseases with placenames has sometimes generated controversy.,��https://www.ncbi.nlm.nih.gov/pubmed/21143049���Appuhamy, Ranil D
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Seroepidemiologic Studies���Dec`��To determine seroprevalence of viruses in bats in Papua New Guinea, we sampled 66 bats at 3 locations. We found a seroprevalence of 55% for henipavirus (Hendra or Nipah virus) and 56% for rubulavirus (Tioman or Menangle virus). Notably, 36% of bats surveyed contained antibodies to both types of viruses, indicating concurrent or consecutive infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21122242Õ��Breed, Andrew C
Yu, Meng
Barr, Jennifer A
Crameri, Gary
Thalmann, Claudia M
Wang, Lin Fa
eng
Research Support, Non-U.S. Gov't
2010/12/03 06:00
Emerg Infect Dis. 2010 Dec;16(12):1997-9. doi: 10.3201/eid1612.100879.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3294587���21122242/��Veterinary Laboratories Agency, Addlestone, UK.���10.3201/eid1612.100879��� ��üÒtÿî?����Ù��Rahman, S. A.
Hassan, S. S.
Olival, K. J.
Mohamed, M.
Chang, L. Y.
Hassan, L.
Saad, N. M.
Shohaimi, S. A.
Mamat, Z. C.
Naim, M. S.
Epstein, J. H.
Suri, A. S.
Field, H. E.
Daszak, P.
Henipavirus Ecology Research, Group���2010X��Characterization of Nipah virus from naturally infected Pteropus vampyrus bats, Malaysia���1990-3���Emerg Infect Dis���16���12´��Amino Acid Substitution
Animals
Chiroptera/*virology
Communicable Diseases, Emerging/*epidemiology/virology
Disease Outbreaks
Disease Reservoirs/*virology
Henipavirus Infections/*epidemiology/virology
Humans
Malaysia/epidemiology
Molecular Epidemiology
Molecular Sequence Data
Nipah Virus/*classification/genetics/isolation & purification
Phylogeny
Prospective Studies
Sequence Analysis, Protein
Seroepidemiologic Studies
Swine/virology���Dec&��We isolated and characterized Nipah virus (NiV) from Pteropus vampyrus bats, the putative reservoir for the 1998 outbreak in Malaysia, and provide evidence of viral recrudescence. This isolate is monophyletic with previous NiVs in combined analysis, and the nucleocapsid gene phylogeny species.,��https://www.ncbi.nlm.nih.gov/pubmed/21122240ê��Rahman, Sohayati A
Hassan, Sharifah S
Olival, Kevin J
Mohamed, Maizan
Chang, Li-Yen
Hassan, Latiffah
Saad, Norsharina M
Shohaimi, Syamsiah A
Mamat, Zaini C
Naim, M S
Epstein, Jonathan H
Suri, Arshad S
Field, Hume E
Daszak, Peter
eng
R01 TW005869/TW/FIC NIH HHS/
2R01-TW005869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
2010/12/03 06:00
Emerg Infect Dis. 2010 Dec;16(12):1990-3. doi: 10.3201/eid1612.091790.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3294568���21122240N��Veterinary Research Institute, Ipoh, Malaysia. sohayati_abdrahman@yahoo.com.my���10.3201/eid1612.091790��~��üÒtÿî?����u��Wang, Y. E.
Park, A.
Lake, M.
Pentecost, M.
Torres, B.
Yun, T. E.
Wolf, M. C.
Holbrook, M. R.
Freiberg, A. N.
Lee, B.���2010t��Ubiquitin-regulated nuclear-cytoplasmic trafficking of the Nipah virus matrix protein is important for viral budding���e1001186���PLoS Pathog���6���11*��Amino Acid Sequence
Animals
Blotting, Western
Boronic Acids/pharmacology
Bortezomib
Cell Nucleus/drug effects/*metabolism
Cercopithecus aethiops
Cytoplasm/drug effects/*metabolism
Fluorescent Antibody Technique
HeLa Cells
Henipavirus Infections/genetics/metabolism/*virology
Humans
Immunoprecipitation
Kidney/cytology/drug effects/metabolism
Molecular Sequence Data
Mutation/genetics
Nipah Virus/*pathogenicity
Nuclear Localization Signals
Protease Inhibitors/pharmacology
Protein Processing, Post-Translational
Protein Transport
Pyrazines/pharmacology
RNA, Messenger/genetics
Reverse Transcriptase Polymerase Chain Reaction
Sequence Homology, Amino Acid
Ubiquitin/*metabolism
Vero Cells
Viral Matrix Proteins/antagonists & inhibitors/genetics/*metabolism
Virus Assembly/drug effects/*physiology
Virus Shedding���Nov 11���Paramyxoviruses are known to replicate in the cytoplasm and bud from the plasma membrane. Matrix is the major structural protein in paramyxoviruses that mediates viral assembly and budding. Curiously, the matrix proteins of a few paramyxoviruses have been found in the nucleus, although the biological function associated with this nuclear localization remains obscure. We report here that the nuclear-cytoplasmic trafficking of the Nipah virus matrix (NiV-M) protein and associated post-translational modification play a critical role in matrix-mediated virus budding. Nipah virus (NiV) is a highly pathogenic emerging paramyxovirus that causes fatal encephalitis in humans, and is classified as a Biosafety Level 4 (BSL4) pathogen. During live NiV infection, NiV-M was first detected in the nucleus at early stages of infection before subsequent localization to the cytoplasm and the plasma membrane. Mutations in the putative bipartite nuclear localization signal (NLS) and the leucine-rich nuclear export signal (NES) found in NiV-M impaired its nuclear-cytoplasmic trafficking and also abolished NiV-M budding. A highly conserved lysine residue in the NLS served dual functions: its positive charge was important for mediating nuclear import, and it was also a potential site for monoubiquitination which regulates nuclear export of the protein. Concordantly, overexpression of ubiquitin enhanced NiV-M budding whereas depletion of free ubiquitin in the cell (via proteasome inhibitors) resulted in nuclear retention of NiV-M and blocked viral budding. Live Nipah virus budding was exquisitely sensitive to proteasome inhibitors: bortezomib, an FDA-approved proteasome inhibitor for treating multiple myeloma, reduced viral titers with an IC(50) of 2.7 nM, which is 100-fold less than the peak plasma concentration that can be achieved in humans. This opens up the possibility of using an "off-the-shelf" therapeutic against acute NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21085610���Wang, Yao E
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Virology/*methods���Nov 12�	�BACKGROUND: Hendra virus (HeV) and Nipah virus (NiV) are newly emerged zoonotic paramyxoviruses discovered during outbreaks in Queensland, Australia in 1994 and peninsular Malaysia in 1998/9 respectively and classified within the new Henipavirus genus. Both viruses can infect a broad range of mammalian species causing severe and often-lethal disease in humans and animals, and repeated outbreaks continue to occur. Extensive laboratory studies on the host cell infection stage of HeV and NiV and the roles of their envelope glycoproteins have been hampered by their highly pathogenic nature and restriction to biosafety level-4 (BSL-4) containment. To circumvent this problem, we have developed a henipavirus envelope glycoprotein pseudotyped lentivirus assay system using either a luciferase gene or green fluorescent protein (GFP) gene encoding human immunodeficiency virus type-1 (HIV-1) genome in conjunction with the HeV and NiV fusion (F) and attachment (G) glycoproteins. RESULTS: Functional retrovirus particles pseudotyped with henipavirus F and G glycoproteins displayed proper target cell tropism and entry and infection was dependent on the presence of the HeV and NiV receptors ephrinB2 or B3 on target cells. The functional specificity of the assay was confirmed by the lack of reporter-gene signals when particles bearing either only the F or only G glycoprotein were prepared and assayed. Virus entry could be specifically blocked when infection was carried out in the presence of a fusion inhibiting C-terminal heptad (HR-2) peptide, a well-characterized, cross-reactive, neutralizing human mAb specific for the henipavirus G glycoprotein, and soluble ephrinB2 and B3 receptors. In addition, the utility of the assay was also demonstrated by an examination of the influence of the cytoplasmic tail of F in its fusion activity and incorporation into pseudotyped virus particles by generating and testing a panel of truncation mutants of NiV and HeV F. CONCLUSIONS: Together, these results demonstrate that a specific henipavirus entry assay has been developed using NiV or HeV F and G glycoprotein pseudotyped reporter-gene encoding retrovirus particles. This assay can be conducted safely under BSL-2 conditions and will be a useful tool for measuring henipavirus entry and studying F and G glycoprotein function in the context of virus entry, as well as in assaying and characterizing neutralizing antibodies and virus entry inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/21073718½��Khetawat, Dimple
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Milk/*chemistry/*microbiology���Feb`��OBJECTIVES: To investigate the microbiological quality and the presence of antibiotic residues in raw cow milk and in some indigenous milk products produced and marketed by the informal sector in the coastal savannah zone of Ghana. METHODS: Milk samples were aseptically collected from 224 kraals and samples of 26 indigenous milk products were purchased from processors and retailers. Total plate counts, total coliform counts and the presence of Escherichia coli and E. coli O157:H7 were determined in all 250 samples. Milk samples were also tested for antibiotic residues. RESULTS: Total plate counts exceeded 10(5) CFU/ml in 45.2% of the samples while coliforms exceeded 10(3) CFU/ml in 66.0% and E. coli was detected in 11.2%. E. coli was present in raw cow milk but not in the indigenous products and all E. coli isolates were negative for E. coli O157:H7. Antibiotic residues were detected in 3.1% of the raw cow milk samples. CONCLUSION: Bulk milk contains unacceptable levels of hygiene indicators and antibiotic residues and is a potential source of milk-borne infections. The detection of E. coli and antibiotic residues raises public health concerns about the safety of fresh unpasteurized cow milk in the coastal savannah zone of Ghana and calls for improved farm hygiene, the need for milk pasteurization and the sensible use of antibiotics in the milk industry.,��https://www.ncbi.nlm.nih.gov/pubmed/21070512÷��Addo, K K
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*Virus Internalization���Oct 28g��In the paramyxovirus cell entry process, receptor binding triggers conformational changes in the fusion protein (F) leading to viral and cellular membrane fusion. Peptides derived from C-terminal heptad repeat (HRC) regions in F have been shown to inhibit fusion by preventing formation of the fusogenic six-helix bundle. We recently showed that the addition of a cholesterol group to HRC peptides active against Nipah virus targets these peptides to the membrane where fusion occurs, dramatically increasing their antiviral effect. In this work, we report that unlike the untagged HRC peptides, which bind to the postulated extended intermediate state bridging the viral and cell membranes, the cholesterol tagged HRC-derived peptides interact with F before the fusion peptide inserts into the target cell membrane, thus capturing an earlier stage in the F-activation process. Furthermore, we show that cholesterol tagging renders these peptides active in vivo: the cholesterol-tagged peptides cross the blood brain barrier, and effectively prevent and treat in an established animal model what would otherwise be fatal Nipah virus encephalitis. The in vivo efficacy of cholesterol-tagged peptides, and in particular their ability to penetrate the CNS, suggests that they are promising candidates for the prevention or therapy of infection by Nipah and other lethal paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21060819���Porotto, Matteo
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Swine
Viral Envelope Proteins/*metabolism���Nov 8k��BACKGROUND: The highly pathogenic Nipah virus (NiV) causes fatal respiratory and brain infections in animals and humans. The major hallmark of the infection is a systemic endothelial infection, predominantly in the CNS. Infection of brain endothelial cells allows the virus to overcome the blood-brain-barrier (BBB) and to subsequently infect the brain parenchyma. However, the mechanisms of NiV replication in endothelial cells are poorly elucidated. We have shown recently that the bipolar or basolateral expression of the NiV surface glycoproteins F and G in polarized epithelial cell layers is involved in lateral virus spread via cell-to-cell fusion and that correct sorting depends on tyrosine-dependent targeting signals in the cytoplasmic tails of the glycoproteins. Since endothelial cells share many characteristics with epithelial cells in terms of polarization and protein sorting, we wanted to elucidate the role of the NiV glycoprotein targeting signals in endothelial cells. RESULTS: As observed in vivo, NiV infection of endothelial cells induced syncytia formation. The further finding that infection increased the transendothelial permeability supports the idea of spread of infection via cell-to-cell fusion and endothelial cell damage as a mechanism to overcome the BBB. We then revealed that both glycoproteins are expressed at lateral cell junctions (bipolar), not only in NiV-infected primary endothelial cells but also upon stable expression in immortalized endothelial cells. Interestingly, mutation of tyrosines 525 and 542/543 in the cytoplasmic tail of the F protein led to an apical redistribution of the protein in endothelial cells whereas tyrosine mutations in the G protein had no effect at all. This fully contrasts the previous results in epithelial cells where tyrosine 525 in the F, and tyrosines 28/29 in the G protein were required for correct targeting. CONCLUSION: We conclude that the NiV glycoprotein distribution is responsible for lateral virus spread in both, epithelial and endothelial cell monolayers. However, the prerequisites for correct protein targeting differ markedly in the two polarized cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/21054904���Erbar, Stephanie
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Viral Proteins/genetics/immunology���Dec 16���The emergence of Hendra Virus (HeV) and Nipah Virus (NiV) which can cause fatal infections in both animals and humans has triggered a search for an effective vaccine. Here, we have explored the potential for generating an effective humoral immune response to these zoonotic pathogens using an alphavirus-based vaccine platform. Groups of mice were immunized with Venezuelan equine encephalitis virus replicon particles (VRPs) encoding the attachment or fusion glycoproteins of either HeV or NiV. We demonstrate the induction of highly potent cross-reactive neutralizing antibodies to both viruses using this approach. Preliminary study suggested early enhancement in the antibody response with use of a modified version of VRP. Overall, these data suggest that the use of an alphavirus-derived vaccine platform might serve as a viable approach for the development of an effective vaccine against the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21050901"��Defang, Gabriel N
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Nipah Virus/*isolation & purification���Oct 21���OBJECTIVE: In March 2007, we investigated a cluster of Nipah encephalitis to identify risk factors for Nipah infection in Bangladesh. METHODS: We defined confirmed Nipah cases by the presence of IgM and IgG antibodies against Nipah virus in serum. Case-patients, who resided in the same village during the outbreak period but died before serum could be collected, were classified as probable cases. RESULTS: We identified three confirmed and five probable Nipah cases. There was a single index case. Five of the secondary cases came in close physical contact to the index case when she was ill. Case-patients were more likely to have physical contact with the index case (71% cases versus 0% controls, p = <0.001). The index case, on her third day of illness, and all the subsequent cases attended the same religious gathering. For three probable cases including the index case, we could not identify any known risk factors for Nipah infection such as physical contact with Nipah case-patients, consumption of raw date palm juice, or contact with sick animals or fruit bats. CONCLUSION: Though person-to-person transmission remains an important mode of transmission for Nipah infection, we could not confirm the source of infection for three of the probable Nipah case-patients. Continued surveillance and outbreak investigations will help better understand the transmission of Nipah virus and develop preventive strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/21042407¦��Homaira, Nusrat
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Sequence Analysis, DNA���Dec¾��Effective prediction of future viral zoonoses requires an in-depth understanding of the heterologous viral population in key animal species that will likely serve as reservoir hosts or intermediates during the next viral epidemic. The importance of bats as natural hosts for several important viral zoonoses, including Ebola, Marburg, Nipah, Hendra, and rabies viruses and severe acute respiratory syndrome-coronavirus (SARS-CoV), has been established; however, the large viral population diversity (virome) of bats has been partially determined for only a few of the approximately 1,200 bat species. To assess the virome of North American bats, we collected fecal, oral, urine, and tissue samples from individual bats captured at an abandoned railroad tunnel in Maryland that is cohabitated by 7 to 10 different bat species. Here, we present preliminary characterization of the virome of three common North American bat species, including big brown bats (Eptesicus fuscus), tricolored bats (Perimyotis subflavus), and little brown myotis (Myotis lucifugus). In samples derived from these bats, we identified viral sequences that were similar to at least three novel group 1 CoVs, large numbers of insect and plant virus sequences, and nearly full-length genomic sequences of two novel bacteriophages. These observations suggest that bats encounter and disseminate a large assortment of viruses capable of infecting many different animals, insects, and plants in nature.,��https://www.ncbi.nlm.nih.gov/pubmed/20926577���Donaldson, Eric F
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*Zoonoses/epidemiology/transmission/virology���OctÍ��The World Congress of Virus and Infections, held in Busan, South Korea, included topics reviewing the field of zoonoses. This conference report highlights selected presentations on surveillance, epidemiology and measures for the control and prevention of zoonotic diseases. Topics discussed include human factors influencing zoonoses, the molecular epidemiology of Crimean-Congo hemorrhagic fever, the emerging Nipah virus, and the re-emergence of cowpox virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20878585U��Garkavenko, Olga
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Plant Extracts
Solvents���Sep 6ß��Saffron (Crocus sativus L.) belongs to the Iridaceae family. The stigma of saffron has been widely used as spice, medicinal plant, and food additive in the Mediterranean and Subtropical countries. Recently, attention has been paid to the identification of new sources of safe natural antioxidants for the food industry. The antioxidant activities of spices are mainly attributed to their phenolic and flavonoid compounds. Saffron is one of the spices believed to possess antioxidant properties, but information on its antioxidant activity and phenolic, flavonoids compound are rather limited, therefore this research was carried out to evaluate the antioxidant activity of saffron stigmas extracted with different solvents. The phenolic and flavonoid compounds of saffron were also examined using reversed phase (RP)-HPLC. Results showed that saffron stigma possess antioxidant activity. The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of saffron stigma at a concentration of 300 mug/mL, with values of 68.2% and 78.9%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. The obtained total phenolics value for methanolic saffron extract was 6.54 +/- 0.02 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids, 5.88 +/- 0.12 mg rutin equivalent/g DW, which were also higher than values obtained from the ethanolic and boiling water extracts. In addition, the RP-HPLC analyses indicated the presence of gallic acid and pyrogallol as two bioactive compounds. In summary, saffron stigmas showed antioxidant activity and methanol appeared to be the best solvent to extract the active components, among which the presence of gallic acid and pyrogallol might contribute towards the stigma's antioxidant properties. Hence, saffron stigma could be applied as a natural antioxidant source for industrial purposes.,��https://www.ncbi.nlm.nih.gov/pubmed/20877220Ã��Karimi, Ehsan
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Viral Proteins/*chemistry/genetics/*metabolism���Octs��Members within the paramyxovirus subfamily Paramyxovirinae constitute a large number of highly virulent human and animal pathogens. The glycoproteins present on these viruses are responsible for mediating host cell attachment and fusion and are key targets for the design of antiviral entry inhibitors. In the present review, we discuss recent structural studies which have led to a better understanding of the various mechanisms by which different paramyxoviruses use their attachment glycoproteins to hijack specific protein and glycan cell-surface receptors to facilitate viral entry. It is observed that the paramyxovirus attachment glycoprotein consists of a conserved overall structure which includes an N-terminal six-bladed beta-propeller domain which is responsible for cell receptor binding. Crystal structures of this domain from different biomedically important paramyxoviruses, including measles, Nipah, Hendra, Newcastle disease and parainfluenza viruses, alone and in complex with their functional cell-surface receptors, demonstrate three contrasting mechanisms of receptor engagement that paramyxoviruses have evolved to confer discreet protein- and glycan-receptor specificity. This structural information highlights the adaptability of the paramyxovirus attachment glycoprotein surface and the potential for the emergence of new and potentially harmful viruses in human hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/20863312û��Bowden, Thomas A
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Viral Nonstructural Proteins/genetics/*metabolism���Sep 15ü��Nipah virus (NiV) P gene encodes P protein and three accessory proteins (V, C and W). It has been reported that all four P gene products have IFN antagonist activity when the proteins were transiently expressed. However, the role of those accessory proteins in natural infection with NiV remains unknown. We generated recombinant NiVs lacking V, C or W protein, rNiV(V-), rNiV(C-), and rNiV(W-), respectively, to analyze the functions of these proteins in infected cells and the implications in in vivo pathogenicity. All the recombinants grew well in cell culture, although the maximum titers of rNiV(V-) and rNiV(C-) were lower than the other recombinants. The rNiV(V-), rNiV(C-) and rNiV(W-) suppressed the IFN response as well as the parental rNiV, thereby indicating that the lack of each accessory protein does not significantly affect the inhibition of IFN signaling in infected cells. In experimentally infected golden hamsters, rNiV(V-) and rNiV(C-) but not the rNiV(W-) virus showed a significant reduction in virulence. These results suggest that V and C proteins play key roles in NiV pathogenicity, and the roles are independent of their IFN-antagonist activity. This is the first report that identifies the molecular determinants of NiV in pathogenicity in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/20856799���Yoneda, Misako
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Sex Offenses/prevention & control/*statistics & numerical data±��This paper discusses an innovative 3-step eHealth approach to translate research for target audiences' knowledge uptake in developing countries. The first step uses a knowledge transfer model for the identification and packaging of health content as well as the selection of appropriate Information and Communication Technologies (ICT) platforms; followed by consumer health informatics studies to evaluate the efficacy of addressing health consumers' information needs; and the final step recommends forming of strategic partnerships to strengthen and support knowledge transfer and sharing. The 3-step eHealth approach is based on a convergence of ICTs, and application of the practices and principles of informatics and knowledge management. It was refined during the development of AfroAIDSinfo, an AIDS information portal of the SA Medical Research Council (MRC). The approach was evaluated during the forming of a strategic partnership between the AfroAIDSinfo project of the MRC's Web and Media Technologies Platform and the Sexual Violence Research Initiative. The successful outcome of the eHealth approach served to collect evidence for good practice in informatics and knowledge management.,��https://www.ncbi.nlm.nih.gov/pubmed/20841731���van Zyl, Hendra
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culty of achieving complete knock-in in all alleles. The recent advent of CRISPR/Cas9 homing endonuclease-mediated targeted genome cleavage has been shown to allow highly efficient homologous recombination at the targeted locus. We therefore assessed the feasibility of using CRISPR/Cas9 to achieve complete knock-in to DD-tag the essential gene Treacher Collins-Franceschetti syndrome 1 (TCOF1) in human 293T cells. Using a double antibiotic selection strategy to select clones with at least two knock-in alleles, we obtained numerous complete knock-in clones within three weeks of initial transfection. DD-TCOF1 expression in the knock-in cells was Shield-1 concentration-dependent, and removal of Shield-1 resulted in destabilization of DD-TCOF1 over the course of hours. We further confirmed that the tagged TCOF1 retained the nucleolar localization of the wild-type untagged protein, and that destabilization of DD-TCOF1 resulted in impaired cell growth, as expected for a gene implicated in ribosome biogenesis. CRISPR/Cas9-mediated homologous recombination to completely knock-in a DD tag likely represents a generalizable and efficient strategy to achieve rapid modulation of protein levels in mammalian cells.,��https://www.ncbi.nlm.nih.gov/pubmed/24743236K��Park, Arnold
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competing interests were disclosed.R��Measles is an acute systemic viral disease with initial amplification of infection in lymphoid tissue and subsequent spread over 10-14 days to multiple organs. Failure of the innate response to control initial measles virus (MeV) replication is associated with the ability of MeV to inhibit the induction of type I interferon and interferon-stimulated antiviral genes. Rather, the innate response is characterized by the expression of proteins regulated by nuclear fac�	&��üÒtÿî? ������Ramachandran, A.
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Paramyxovirinae/immunology/*pathogenicity
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Viral Proteins/*genetics���Novì��The V protein of the paramyxovirus subfamily Paramyxovirinae is an important virulence factor that can interfere with host innate immunity by inactivating the cytosolic pathogen recognition receptor MDA5. This interference is a result of a protein-protein interaction between the highly conserved carboxyl-terminal domain of the V protein and the helicase domain of MDA5. The V protein C-terminal domain (CTD) is an evolutionarily conserved 49- to 68-amino-acid region that coordinates two zinc atoms per protein chain. Site-directed mutagenesis of conserved residues in the V protein CTD has revealed both universal and virus-specific requirements for zinc coordination in MDA5 engagement and has also identified other conserved residues as critical for MDA5 interaction and interference. Mutation of these residues produces V proteins that are specifically defective for MDA5 interference and not impaired in targeting STAT1 for proteasomal degradation via the VDC ubiquitin ligase complex. Results demonstrate that mutation of conserved charged residues in the V proteins of Nipah virus, measles virus, and mumps virus also abolishes MDA5 interaction. These findings clearly define molecular determinants for MDA5 inhibition by the paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/20719949!��Ramachandran, Aparna
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Virus Internalization���Octº��Triggering of the Hendra virus fusion (F) protein is required to initiate the conformational changes which drive membrane fusion, but the factors which control triggering remain poorly understood. Mutation of a histidine predicted to lie near the fusion peptide to alanine greatly reduced fusion despite wild-type cell surface expression levels, while asparagine substitution resulted in a moderate restoration in fusion levels. Slowed kinetics of six-helix bundle formation, as judged by sensitivity to heptad repeat B-derived peptides, was observed for all H372 mutants. These data suggest that side chain packing beneath the fusion peptide is an important regulator of Hendra virus F triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/20702638���Smith, Everett Clinton
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Virus Release/physiology���Oct���Bone marrow stromal antigen 2 (BST-2/tetherin) is a cellular membrane protein that inhibits the release of HIV-1. We show for the first time, using infectious viruses, that BST-2 also inhibits egress of arenaviruses but has no effect on filovirus replication and spread. Specifically, infectious Lassa virus (LASV) release significantly decreased or increased in human cells in which BST-2 was either stably expressed or knocked down, respectively. In contrast, replication and spread of infectious Zaire ebolavirus (ZEBOV) and Lake Victoria marburgvirus (MARV) were not affected by these conditions. Replication of infectious Rift Valley fever virus (RVFV) and cowpox virus (CPXV) was also not affected by BST-2 expression. Elevated cellular levels of human or murine BST-2 inhibited the release of virus-like particles (VLPs) consisting of the matrix proteins of multiple highly virulent NIAID Priority Pathogens, including arenaviruses (LASV and Machupo virus [MACV]), filoviruses (ZEBOV and MARV), and paramyxoviruses (Nipah virus). Although the glycoproteins of filoviruses counteracted the antiviral activity of BST-2 in the context of VLPs, they could not rescue arenaviral (LASV and MACV) VLP release upon BST-2 overexpression. Furthermore, we did not observe colocalization of filoviral glycoproteins with BST-2 during infection with authentic viruses. None of the arenavirus-encoded proteins rescued budding of VLPs in the presence of BST-2. Our results demonstrate that BST-2 might be a broad antiviral factor with the ability to restrict release of a wide variety of human pathogens. However, at least filoviruses, RVFV, and CPXV are immune to its inhibitory effect.,��https://www.ncbi.nlm.nih.gov/pubmed/20686043s��Radoshitzky, Sheli R
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Virus Internalization/*drug effects���NovZ��Based on the structural similarity of viral fusion proteins within the family Paramyxoviridae, we tested recently described and newly synthesized acetanilide derivatives for their capacity to inhibit measles virus (MV)-, canine distemper virus (CDV)- and Nipah virus (NiV)-induced membrane fusion. We found that N-(3-cyanophenyl)-2-phenylacetamide (compound 1) has a high capacity to inhibit MV- and CDV-induced (IC(50) muM), but not NiV-induced, membrane fusion. This compound is of outstanding interest because it can be easily synthesized and its cytotoxicity is low [50 % cytotoxic concentration (CC(50)) >/= 300 muM], leading to a CC(50)/IC(50) ratio of approximately 100. In addition, primary human peripheral blood lymphocytes and primary dog brain cell cultures (DBC) also tolerate high concentrations of compound 1. Infection of human PBMC with recombinant wild-type MV is inhibited by an IC(50) of approximately 20 muM. The cell-to-cell spread of recombinant wild-type CDV in persistently infected DBC can be nearly completely inhibited by compound 1 at 50 muM, indicating that the virus spread between brain cells is dependent on the activity of the viral fusion protein. Our findings demonstrate that this compound is a most applicable inhibitor of morbillivirus-induced membrane fusion in tissue culture experiments including highly sensitive primary cells.,��https://www.ncbi.nlm.nih.gov/pubmed/20685931÷��Singethan, K
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Zoonoses/transmission/*virology���SepÁ��The genus Henipavirus contains two members-Hendra virus (HeV) and Nipah virus (NiV)-and each can cause fatal disease in humans and animals. HeV and Niv are currently classified as biosafety level 4, and NiV is classified as a category C priority pathogen. The aim of this article is to discuss the pathology of laboratory animal models of henipavirus infection and to assess their suitability as animal models for the development and testing of human therapeutics and vaccines. There has been considerable progress in the development of animal models for henipavirus disease. Suitable animal models include the golden hamster, ferrets, cats, and pigs, which develop disease resembling that observed in humans. Guinea pigs are a less reliable model for henipavirus disease, but they do develop henipavirus-induced encephalitis. Because human efficacy studies with henipaviruses are not permitted, animal studies are critical for the development of antiviral therapeutics and vaccines. Current research indicates that passive immunotherapy using monoclonal antibodies is protective of ferrets against NiV infection and that passive immunotherapy using NiV antibodies protects hamsters from HeV. Recombinant vaccines have been used to protect cats and pigs against NiV infection. Ribavirin and 6-aza-uridine were able to delay but not prevent NiV-induced mortality in hamsters. Further research is needed to develop a model and therapy for late-onset henipavirus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/20682803���Williamson, M M
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Virus Replication/physiology���Oct���The interaction of Nipah virus (NiV) nucleocapsid (N) protein with phosphoprotein (P) during nucleocapsid assembly is the essential process in the viral life cycle, since only the encapsidated RNA genome can be used for replication. To identify the region responsible for N-P interaction, we utilized fluorescent protein tags to visualize NiV N and P proteins in live cells and analyzed their cellular localization. N protein fused to monomeric enhanced cyan fluorescence protein (N-ECFP) exhibited a dotted pattern in transfected cells, while P protein fused to monomeric red fluorescent protein (P-mRFP) showed diffuse distribution. When the two proteins were coexpressed, P-mRFP colocalized with N-ECFP dots. N-ECFP mutants with serial amino acid deletions were generated to search for the region(s) responsible for this N-P colocalization. We found that, in addition to the 467- to 496-amino-acid (aa) region reported previously, aa 135 to 146 were responsible for the N-P colocalization. The residues crucial for N-P interaction were further investigated by introducing alanine substitutions into the untagged N protein. Alanine scanning in the region of aa 135 to 146 has revealed that there are distinct regions essential for the interaction of N-P and the function of N. This is the first study to visualize Nipah viral proteins in live cells and to assess the essential domain of N protein for the interaction with P protein.,��https://www.ncbi.nlm.nih.gov/pubmed/20668089Î��Omi-Furutani, Mio
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*Yersinia pestis���Aug 10���Highly lethal pathogens (e.g., hantaviruses, hendra virus, anthrax, or plague) pose unique public-health problems, because they seem to periodically flare into outbreaks before disappearing into long quiescent phases. A key element to their possible control and eradication is being able to understand where they persist in the latent phase and how to identify the conditions that result in sporadic epidemics or epizootics. In American grasslands, plague, caused by Yersinia pestis, exemplifies this quiescent-outbreak pattern, because it sporadically erupts in epizootics that decimate prairie dog (Cynomys ludovicianus) colonies, yet the causes of outbreaks and mechanisms for interepizootic persistence of this disease are poorly understood. Using field data on prairie community ecology, flea behavior, and plague-transmission biology, we find that plague can persist in prairie-dog colonies for prolonged periods, because host movement is highly spatially constrained. The abundance of an alternate host for disease vectors, the grasshopper mouse (Onychomys leucogaster), drives plague outbreaks by increasing the connectivity of the prairie dog hosts and therefore, permitting percolation of the disease throughout the primary host population. These results offer an alternative perspective on plague's ecology (i.e., disease transmission exacerbated by alternative hosts) and may have ramifications for plague dynamics in Asia and Africa, where a single main host has traditionally been considered to drive Yersinia ecology. Furthermore, abundance thresholds of alternate hosts may be a key phenomenon determining outbreaks of disease in many multihost-disease systems.,��https://www.ncbi.nlm.nih.gov/pubmed/20660742k��Salkeld, Daniel J
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Virus Replication���Oct2��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are emerging zoonotic paramyxoviruses that can cause severe and often lethal neurologic and/or respiratory disease in a wide variety of mammalian hosts, including humans. There are presently no licensed vaccines or treatment options approved for human or veterinarian use. Guinea pigs, hamsters, cats, and ferrets, have been evaluated as animal models of human HeV infection, but studies in nonhuman primates (NHP) have not been reported, and the development and approval of any vaccine or antiviral for human use will likely require efficacy studies in an NHP model. Here, we examined the pathogenesis of HeV in the African green monkey (AGM) following intratracheal inoculation. Exposure of AGMs to HeV produced a uniformly lethal infection, and the observed clinical signs and pathology were highly consistent with HeV-mediated disease seen in humans. Ribavirin has been used to treat patients infected with either HeV or NiV; however, its utility in improving outcome remains, at best, uncertain. We examined the antiviral effect of ribavirin in a cohort of nine AGMs before or after exposure to HeV. Ribavirin treatment delayed disease onset by 1 to 2 days, with no significant benefit for disease progression and outcome. Together our findings introduce a new disease model of acute HeV infection suitable for testing antiviral strategies and also demonstrate that, while ribavirin may have some antiviral activity against the henipaviruses, its use as an effective standalone therapy for HeV infection is questionable.,��https://www.ncbi.nlm.nih.gov/pubmed/20660198���Rockx, Barry
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Virus Physiological Phenomena/*drug effects���Jul 15@��Nipah virus targets human endothelial cells via NiV-F and NiV-G envelope glycoproteins, resulting in endothelial syncytia formation and vascular compromise. Endothelial cells respond to viral infection by releasing innate immune effectors, including galectins, which are secreted proteins that bind to specific glycan ligands on cell surface glycoproteins. We demonstrate that galectin-1 reduces NiV-F mediated fusion of endothelial cells, and that endogenous galectin-1 in endothelial cells is sufficient to inhibit syncytia formation. Galectin-1 regulates NiV-F mediated cell fusion at three distinct points, including retarding maturation of nascent NiV-F, reducing NiV-F lateral mobility on the plasma membrane, and directly inhibiting the conformational change in NiV-F required for triggering fusion. Characterization of the NiV-F N-glycome showed that the critical site for galectin-1 inhibition is rich in glycan structures known to bind galectin-1. These studies identify a unique set of mechanisms for regulating pathophysiology of NiV infection at the level of the target cell.,��https://www.ncbi.nlm.nih.gov/pubmed/20657665¤��Garner, Omai B
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Humans���Sep���In the last few decades, there is an increasing emergence and re-emergence of viruses, such as West Nile virus, Enterovirus 71 and henipaviruses that cause epidemic viral encephalitis and other central nervous system (CNS) manifestations. The mortality and morbidity associated with these outbreaks are significant and frequently severe. While aspects of epidemiology, basic virology, etc., may be known, the pathology and pathogenesis are often less so, partly due to a lack of interest among pathologists or because many of these infections are considered "third world" diseases. In the study of epidemic viral encephalitis, the pathologist's role in unravelling the pathology and pathogenesis is critical. The novel henipavirus infection is a good example. The newly created genus Henipavirus within the family Paramyxoviridae consists of two viruses, viz., Hendra virus and Nipah virus. These two viruses emerged in Australia and Asia, respectively, to cause severe encephalitides in humans and animals. Studies show that the pathological features of the acute encephalitis caused by henipaviruses are similar and a unique dual pathogenetic mechanism of vasculitis-induced microinfarction and parenchymal cell infection in the CNS (mainly neurons) and other organs causes severe tissue damage. Both viruses can cause relapsing encephalitis months and years after the acute infection due to a true recurrent infection as evidenced by the presence of virus in infected cells. Future emerging viral encephalitides will no doubt continue to pose considerable challenges to the neuropathologist, and as the West Nile virus outbreak demonstrates, even economically advanced nations are not spared.,��https://www.ncbi.nlm.nih.gov/pubmed/20652579���Wong, Kum Thong
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Telemetry���Jun¯��Fruit bats of the genus Pteropus (commonly known as flying-foxes) are the natural hosts of several recently emerged zoonotic viruses of animal and human health significance in Australia and Asia, including Hendra and Nipah viruses. Satellite telemetry was used on nine flying-foxes of three species (Pteropus alecto n=5, P. vampyrus n=2, and P. neohibernicus n=2) to determine the scale and pattern of their long-distance movements and their potential to transfer these viruses between countries in the region. The animals were captured and released from six different locations in Australia, Papua New Guinea, Indonesia, and Timor-Leste. Their movements were recorded for a median of 120 (range, 47-342) days with a median total distance travelled of 393 (range, 76-3011) km per individual. Pteropus alecto individuals were observed to move between Australia and Papua New Guinea (Western Province) on four occasions, between Papua New Guinea (Western Province) and Indonesia (Papua) on ten occasions, and to traverse Torres Strait on two occasions. Pteropus vampyrus was observed to move between Timor-Leste and Indonesia (West Timor) on one occasion. These findings expand upon the current literature on the potential for transfer of zoonotic viruses by flying-foxes between countries and have implications for disease risk management and for the conservation management of flying-fox populations in Australia, New Guinea, and the Lesser Sunda Islands.,��https://www.ncbi.nlm.nih.gov/pubmed/20645122\��Breed, Andrew C
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Zoonoses/transmission���Junø��Nipah virus (NiV) infection is a seasonal disease in Bangladesh that coincides with the date palm sap collection season. Raw date palm sap is a delicacy to drink in Bengali culture. If fruit bats that are infected with NiV gain access to the sap for drinking, they might occasionally contaminate the sap through saliva and urine. In February 2007, we conducted a qualitative study in six villages, interviewing 27 date palm sap collectors (gachhis) within the geographical area where NiV outbreaks have occurred since 2001. Gachhis reported that bats pose a challenge to successful collection of quality sap, because bats drink and defecate into the sap which markedly reduces its value. They know some methods to prevent access by bats and other pests but do not use them consistently, because of lack of time and resources. Further studies to explore the effectiveness of these methods and to motivate gachhis to invest their time and money to use them could reduce the risk of human Nipah infection in Bangladesh.,��https://www.ncbi.nlm.nih.gov/pubmed/20617362���Nahar, Nazmun
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*Virus Replication���Aug 15,��Nipah virus (NiV) is a highly pathogenic paramyxovirus which causes fatal encephalitis in up to 75% of infected humans. Endothelial cells and neurons are important cellular targets in the pathogenesis of this disease. In this study, viral replication and the innate immune responses to NiV in these cell types were measured. NiV infected endothelial cells generated a functionally robust IFN-beta response, which correlated with localization of the NiV W protein to the cytoplasm. There was no antiviral response detected in infected neuronal cells. NiV infection of endothelial cells induced a significant increase in secreted inflammatory chemokines, which corresponded with the increased ability of infected cell supernatants to induce monocyte and T-lymphocyte chemotaxis. These results suggest that pro-inflammatory chemokines produced by NiV infected primary endothelial cells in vitro is consistent with the prominent vasculitis observed in infections, and provide initial molecular insights into the pathogenesis of NiV in physiologically relevant cells types.,��https://www.ncbi.nlm.nih.gov/pubmed/20552729���Lo, Michael K
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Swine Diseases/immunology/*virology���Jun 3ï��BACKGROUND: Outbreaks of Hendra (HeV) and Nipah (NiV) viruses have been reported starting in 1994 and 1998, respectively. Both viruses are capable of causing fatal disease in humans and effecting great economical loss in the livestock industry. RESULTS: Through screening of hybridomas derived from mice immunized with gamma-irradiated Nipah virus, we identified two secreted antibodies; one reactive with the nucleocapsid (N) protein and the other, the phosphoprotein (P) of henipaviruses. Epitope mapping and protein sequence alignments between NiV and HeV suggest the last 14 amino acids of the carboxyl terminus of the N protein is the target of the anti-N antibody. The anti-P antibody recognizes an epitope in the amino-terminal half of P protein. These monoclonal antibodies were used to develop two antigen capture ELISAs, one for virus detection and the other for differentiation between NiV and HeV. The lower limit of detection of the capture assay with both monoclonal antibodies was 400 pfu. The anti-N antibody was used to successfully detect NiV in a lung tissue suspension from an infected pig. CONCLUSION: The antigen capture ELISA developed is potentially affordable tool to provide rapid detection and differentiation between the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20525276á��Chiang, Cheng-Feng
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*Virus Internalization���AugT��The deadly paramyxovirus Nipah virus (NiV) contains a fusion glycoprotein (F) with canonical structural and functional features common to its class. Receptor binding to the NiV attachment glycoprotein (G) triggers F to undergo a two-phase conformational cascade: the first phase progresses from a metastable prefusion state to a prehairpin intermediate (PHI), while the second phase is marked by transition from the PHI to the six-helix-bundle hairpin. The PHI can be captured with peptides that mimic F's heptad repeat regions, and here we utilized a NiV heptad repeat peptide to quantify PHI formation and the half-lives (t(1/2)) of the first and second fusion cascade phases. We found that ephrinB2 receptor binding to G triggered approximately 2-fold more F than that triggered by ephrinB3, consistent with the increased rate and extent of fusion observed with ephrinB2- versus ephrinB3-expressing cells. In addition, for a series of hyper- and hypofusogenic F mutants, we quantified F-triggering capacities and measured the kinetics of their fusion cascade phases. Hyper- and hypofusogenicity can each be manifested through distinct stages of the fusion cascade, giving rise to vastly different half-lives for the first (t(1/2), 1.9 to 7.5 min) or second (t(1/2), 1.5 to 15.6 min) phase. While three mutants had a shorter first phase and a longer second phase than the wild-type protein, one mutant had the opposite phenotype. Thus, our results reveal multiple critical parameters that govern the paramyxovirus fusion cascade, and our assays should help efforts to elucidate other class I membrane fusion processes.,��https://www.ncbi.nlm.nih.gov/pubmed/205193837��Aguilar, Hector C
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Viral Tropism/immunology���May 18���Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21, providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat, hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans. Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for human use.,��https://www.ncbi.nlm.nih.gov/pubmed/20502528ç��Geisbert, Thomas W
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*Virus Replication���Aug^��The highly pathogenic Nipah virus (NiV) is aerially transmitted and causes a systemic infection after entering the respiratory tract. Airway epithelia are thus important targets in primary infection. Furthermore, virus replication in the mucosal surfaces of the respiratory or urinary tract in later phases of infection is essential for virus shedding and transmission. So far, the mechanisms of NiV replication in epithelial cells are poorly elucidated. In the present study, we provide evidence that bipolar targeting of the two NiV surface glycoproteins G and F is of biological importance for fusion in polarized epithelia. We demonstrate that infection of polarized cells induces focus formation, with both glycoproteins located at lateral membranes of infected cells adjacent to uninfected cells. Supporting the idea of a direct spread of infection via lateral cell-to-cell fusion, we could identify basolateral targeting signals in the cytoplasmic domains of both NiV glycoproteins. Tyrosine 525 in the F protein is part of an endocytosis signal and is also responsible for basolateral sorting. Surprisingly, we identified a dityrosine motif at position 28/29 in the G protein, which mediates polarized targeting. A dileucine motif predicted to function as sorting signal is not involved. Mutation of the targeting signal in one of the NiV glycoproteins prevented the fusion of polarized cells, suggesting that basolateral or bipolar F and G expression facilitates the spread of NiV within epithelial cell monolayers, thereby contributing to efficient virus spread in mucosal surfaces in early and late phases of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/20484517ß��Weise, Carolin
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*Zoonoses���Oct���Diseases transmitted from animals have assumed substantial public health importance. Avian influenza, severe acute respiratory syndrome, and Nipah virus infection are a few examples of growing number of diseases that humans can contract from animals. These diseases can cause huge economic losses in addition to mortality and morbidity. In developing countries of Asia, there is a continuous and close contact between animals and humans, especially in rural settings. The prevailing sociocultural practices and weak public health infrastructure further enhances the vulnerability of Asia as the epicenter of outbreaks due to zoonotic infections. There is a clear need of greater awareness and application of a multisectoral and multidisciplinary approach to prevent and control zoonotic infections.,��https://www.ncbi.nlm.nih.gov/pubmed/20462853 ��Bhatia, Rajesh
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beta-Galactosidase/genetics���Feb 15���The Eph receptor tyrosine kinases and their membrane-tethered ephrin ligands provide critical guidance cues at points of cell-to-cell contact. It has recently been reported that the ephrin-B2 ligand is a molecular marker for the arterial endothelium at the earliest stages of embryonic angiogenesis, while its receptor EphB4 reciprocally marks the venous endothelium. These findings suggested that ephrin-B2 and EphB4 are involved in establishing arterial versus venous identity and perhaps in anastamosing arterial and venous vessels at their junctions. By using a genetically engineered mouse in which the lacZ coding region substitutes and reports for the ephrin-B2 coding region, we demonstrate that ephrin-B2 expression continues to selectively mark arteries during later embryonic development as well as in the adult. However, as development proceeds, we find that ephrin-B2 expression progressively extends from the arterial endothelium to surrounding smooth muscle cells and to pericytes, suggesting that ephrin-B2 may play an important role during formation of the arterial muscle wall. Furthermore, although ephrin-B2 expression patterns vary in different vascul�	H��üÒ|ÿî?µ���È��Homaira, N.
Rahman, M.
Hossain, M. J.
Epstein, J. H.
Sultana, R.
Khan, M. S.
Podder, G.
Nahar, K.
Ahmed, B.
Gurley, E. S.
Daszak, P.
Lipkin, W. I.
Rollin, P. E.
Comer, J. A.
Ksiazek, T. G.
Luby, S. P.���2010Y��Nipah virus outbreak with person-to-person transmission in a district of Bangladesh, 2007���1630-6���Epidemiol Infect���138���11Ú��Adult
Animals
Bangladesh/epidemiology
Case-Control Studies
Chiroptera/virology
*Disease Outbreaks
Fatal Outcome
Female
Henipavirus Infections/*epidemiology/transmission
Humans
Male
*Nipah Virus
Risk Factors
Young Adult���Novq��In February 2007 an outbreak of Nipah virus (NiV) encephalitis in Thakurgaon District of northwest Bangladesh affected seven people, three of whom died. All subsequent cases developed illness 7-14 days after close physical contact with the index case while he was ill. Cases were more likely than controls to have been in the same room (100% vs. 9.5%, OR undefined, P<0.001) and to have touched him (83% vs. 0%, OR undefined, P<0.001). Although the source of infection for the index case was not identified, 50% of Pteropus bats sampled from near the outbreak area 1 month after the outbreak had antibodies to NiV confirming the presence of the virus in the area. The outbreak was spread by person-to-person transmission. Risk of NiV infection in family caregivers highlights the need for infection control practices to limit transmission of potentially infectious body secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/203807692��Homaira, N
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*Turkeys
Virginia���An avian influenza outbreak in 2002 affected 197 poultry farms in Virginia and cost an estimated $130 million in losses and cleanup. In 2004-2005, researchers initiated a project to investigate the feasibility and practicality of in-house composting of turkey mortalities (heavy hens and toms) as a method of disposal and disease containment. Occurrences of low pathogenic avian influenza (LPAI) in West Virginia and Virginia in 2007 provided an opportunity for first responders to verify composting as an effective carcass disposal method. Many lessons learned from these experiences have led to improvements in the application of this technology. Market-weight turkeys, once thought too large for effective composting, were composted sufficiently for land application within 4 to 6 weeks. Additionally, fire-fighting foam, a new method of mass depopulation, proved to be compatible with composting. Knowledge gained from these incidents will be valuable not only for future responses to LPAI but also for outbreaks of highly pathogenic avian influenza such as the H5N1 virus, which currently causes disease in both animals and humans in many parts of the world. Since three-quarters of all recent emerging infectious diseases (EIDs) have arisen from animals, control of disease in animals is the principal way to reduce human exposure and prevent EIDs. Many of the general approaches and specific techniques used to eradicate the avian influenza virus can also be used to control other EIDs such as H1N1, Nipah virus, Rift Valley Fever, and plague.,��https://www.ncbi.nlm.nih.gov/pubmed/20375437T��Flory, Gary A
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*Virus Assembly���Jun<��Hendra virus is a negative-sense single-stranded RNA virus within the Paramyxoviridae family which, together with Nipah virus, forms the Henipavirus genus. Infection with bat-borne Hendra virus leads to a disease with high mortality rates in humans. We determined the crystal structure of the unliganded six-bladed beta-propeller domain and compared it to the previously reported structure of Hendra virus attachment glycoprotein (HeV-G) in complex with its cellular receptor, ephrin-B2. As observed for the related unliganded Nipah virus structure, there is plasticity in the Glu579-Pro590 and Lys236-Ala245 ephrin-binding loops prior to receptor engagement. These data reveal that henipaviral attachment glycoproteins undergo common structural transitions upon receptor binding and further define the structural template for antihenipaviral drug design. Our analysis also provides experimental evidence for a dimeric arrangement of HeV-G that exhibits striking similarity to those observed in crystal structures of related paramyxovirus receptor-binding glycoproteins. The biological relevance of this dimer is further supported by the positional analysis of glycosylation sites from across the paramyxoviruses. In HeV-G, the sites lie away from the putative dimer interface and remain accessible to alpha-mannosidase processing on oligomerization. We therefore propose that the overall mode of dimer assembly is conserved for all paramyxoviruses; however, while the geometry of dimerization is rather closely similar for those viruses that bind flexible glycan receptors, significant (up to 60 degrees ) and different reconfigurations of the subunit packing (associated with a significant decrease in the size of the dimer interface) have accompanied the independent switching to high-affinity protein receptor binding in Hendra and measles viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20375167���Bowden, Thomas A
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Virus Internalization/*drug effects���JulÅ��The fusion of enveloped viruses with the host cell is driven by specialized fusion proteins to initiate infection. The "class I" fusion proteins harbor two regions, typically two heptad repeat (HR) domains, which are central to the complex conformational changes leading to fusion: the first heptad repeat (HRN) is adjacent to the fusion peptide, while the second (HRC) immediately precedes the transmembrane domain. Peptides derived from the HR regions can inhibit fusion, and one HR peptide, T20 (enfuvirtide), is in clinical use for HIV-1. For paramyxoviruses, the activities of two membrane proteins, the receptor-binding protein (hemagglutinin-neuraminidase [HN] or G) and the fusion protein (F), initiate viral entry. The binding of HN or G to its receptor on a target cell triggers the activation of F, which then inserts into the target cell and mediates the membrane fusion that initiates infection. We have shown that for paramyxoviruses, the inhibitory efficacy of HR peptides is inversely proportional to the rate of F activation. For HIV-1, the antiviral potency of an HRC-derived peptide can be dramatically increased by targeting it to the membrane microdomains where fusion occurs, via the addition of a cholesterol group. We report here that for three paramyxoviruses-human parainfluenza virus type 3 (HPIV3), a major cause of lower respiratory tract diseases in infants, and the emerging zoonotic viruses Hendra virus (HeV) and Nipah virus (NiV), which cause lethal central nervous system diseases-the addition of cholesterol to a paramyxovirus HRC-derived peptide increased antiviral potency by 2 log units. Our data suggest that this enhanced activity is indeed the result of the targeting of the peptide to the plasma membrane, where fusion occurs. The cholesterol-tagged peptides on the cell surface create a protective antiviral shield, target the F protein directly at its site of action, and expand the potential utility of inhibitory peptides for paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20357085���Porotto, Matteo
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Swine���Sepz��BACKGROUND: The severity of an outbreak is a priority in decision-making for human infection control. However, there have been no reports on how to quantify the severity of an outbreak. METHODS: We propose a simple method to measure the severity of an infectious disease outbreak. It involves scoring the severity of clinical signs, the transmission of the infection, the number of cases, and the infection source. RESULTS: The method was evaluated using the data available at the early stage of some recent outbreaks of infectious diseases, including the influenza A (H1N1) pandemic in 2009, and the evaluation supports the design idea. CONCLUSION: The method is practical for rating the severity of an infectious disease outbreak, though it should be optimized. It could also be used to judge whether an event constitutes a public health emergency of international concern (PHEIC) or not.,��https://www.ncbi.nlm.nih.gov/pubmed/20227902ç��Chen, Yue-Ying
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Slovenia/epidemiology���Apr���Bats have been identified as a natural reservoir for an increasing number of emerging zoonotic viruses, such as Hendra virus, Nipah virus, Ebola virus, Marburg virus, rabies and other lyssaviruses. Recently, a large number of viruses closely related to members of the genus Coronavirus have been associated with severe acute respiratory syndrome (SARS) and detected in bat species. In this study, samples were collected from 106 live bats of seven different bat species from 27 different locations in Slovenia. Coronaviruses were detected by RT-PCR in 14 out of 36 horseshoe bat (Rhinolophus hipposideros) fecal samples, with 38.8% virus prevalence. Sequence analysis of a 405-nucleotide region of the highly conserved RNA polymerase gene (pol) showed that all coronaviruses detected in this study are genetically closely related, with 99.5-100% nucleotide identity, and belong to group 2 of the coronaviruses. The most closely related virus sequence in GenBank was SARS bat isolate Rp3/2004 (DQ071615) within the SARS-like CoV cluster, sharing 85% nucleotide identity and 95.6% amino acid identity. The potential risk of a new group of bat coronaviruses as a reservoir for human infections is highly suspected, and further molecular epidemiologic studies of these bat coronaviruses are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/20217155»��Rihtaric, Danijela
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Saimiri/*virology���Mar}��We infected squirrel monkeys (Saimiri sciureus) with Nipah virus to determine the monkeys' suitability for use as primate models in preclinical testing of preventive and therapeutic treatments. Infection of squirrel monkeys through intravenous injection was followed by high death rates associated with acute neurologic and respiratory illness and viral RNA and antigen production.,��https://www.ncbi.nlm.nih.gov/pubmed/20202432>��Marianneau, Philippe
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Virus Internalization���MayÍ��Virus-like particles (VLPs) released from avian cells expressing the Newcastle disease virus (NDV) strain AV proteins NP, M, HN (hemagglutinin-neuraminidase), and F were characterized. The VLP-associated HN and F glycoproteins directed the attachment of VLPs to cell surfaces and fusion of VLP membranes with red blood cell membranes, indicating that they were assembled into VLPs in an authentic conformation. These particles were quantitatively prepared and used as an immunogen, without adjuvant, in BALB/c mice. The resulting immune responses, detected by enzyme-linked immunosorbent assay (ELISA), virus neutralization, and intracellular cytokine staining, were comparable to the responses to equivalent amounts of inactivated NDV vaccine virus. HN and F proteins from another strain of NDV, strain B1, could be incorporated into these VLPs. Foreign peptides were incorporated into these VLPs when fused to the NP or HN protein. The ectodomain of a foreign glycoprotein, the Nipah virus G protein, fused to the NDV HN protein cytoplasmic and transmembrane domains was incorporated into ND VLPs. Thus, ND VLPs are a potential NDV vaccine candidate. They may also serve as a platform to construct vaccines for other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/20181713 ��McGinnes, Lori W
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Virus Shedding���May-JunÃ��Hendra virus (HeV) is a zoonotic virus from the family Paramyxoviridae causing fatal disease in humans and horses. Five-week-old Landrace pigs and 5-month-old Gottingen minipigs were inoculated with approximately 10(7) plaque forming units per animal. In addition to fever and depression exhibited in all infected pigs, one of the two Landrace pigs developed respiratory signs at 5 days post-inoculation (dpi) and one of the Gottingen minipigs developed respiratory signs at 5 dpi and mild neurological signs at 7 dpi. Virus was detected in all infected pigs at 2-5 dpi from oral, nasal, and rectal swabs and at 3-5 dpi from ocular swabs by real-time RT-PCR targeting the HeV M gene. Virus titers in nasal swab samples were as high as 10(4.6) TCID(50)/mL. The viral RNA was mainly distributed in tissues from respiratory and lymphoid systems at an early stage of infection and the presence of virus was confirmed by virus isolation. Pathological changes and immunohistochemical staining for viral antigen were consistent with the tissue distribution of the virus. This new finding indicates that pigs are susceptible to HeV infections and could potentially play a role as an intermediate host in transmission to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/20167195���Li, Mingyi
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Mortality���Feb\��To determine the epidemiologic and clinical features of a 2008 outbreak of Hendra virus infection in a veterinary clinic in Australia, we investigated the equine case-series. Four of 5 infected horses died, as did 1 of 2 infected staff members. Clinical manifestation in horses was predominantly neurologic. Preclinical transmission appears likely.,��https://www.ncbi.nlm.nih.gov/pubmed/20113576&��Field, Hume
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Young Adult���Febù��A recent Hendra virus outbreak at a veterinary clinic in Brisbane, Queensland, Australia, involved 5 equine and 2 human infections. In contrast to previous outbreaks, infected horses had predominantly encephalitic, rather than respiratory, signs. After an incubation period of 9-16 days, influenza-like illnesses developed in the 2 persons before progressing to encephalitis; 1 died. Both patients were given ribavirin. Basal serum and cerebrospinal fluid levels were 10-13 mg/L after intravenous administration and 6 mg/L after oral administration (isolate 90% inhibitory concentration 64 mg/L). Both patients were exposed to infected horses, 1 during the late incubation period in a horse. The attack rate for veterinary clinic staff exposed to infected horses was 10%. An isolate from this outbreak showed genetic heterogeneity with isolates from a concurrent, but geographically remote, outbreak and from previous outbreaks. Emergence of Hendra virus is a serious medical, veterinary, and public health challenge.,��https://www.ncbi.nlm.nih.gov/pubmed/20113550õ��Playford, Elliott G
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Recombinant Proteins/*isolation & purification���Feb 19-��A direct recovery of recombinant nucleocapsid protein of Nipah virus (NCp-NiV) from crude Escherichia coli (E. coli) homogenate was developed successfully using a hydrophobic interaction expanded bed adsorption chromatography (HI-EBAC). The nucleic acids co-released with the recombinant protein have increased the viscosity of the E. coli homogenate, thus affected the axial mixing in the EBAC column. Hence, DNase was added to reduce the viscosity of feedstock prior to its loading into the EBAC column packed with the hydrophobic interaction chromatography (HIC) adsorbent. The addition of glycerol to the washing buffer has reduced the volume of washing buffer applied, and thus reduced the loss of the NCp-NiV during the washing stage. The influences of flow velocity, degree of bed expansion and viscosity of mobile phase on the adsorption efficiency of HI-EBAC were studied. The dynamic binding capacity at 10% breakthrough of 3.2mg/g adsorbent was achieved at a linear flow velocity of 178 cm/h, bed expansion of two and feedstock viscosity of 3.4 mPas. The adsorbed NCp-NiV was eluted with the buffer containing a step gradient of salt concentration. The purification of hydrophobic NCp-NiV using the HI-EBAC column has recovered 80% of NCp-NiV from unclarified E. coli homogenate with a purification factor of 12.5.,��https://www.ncbi.nlm.nih.gov/pubmed/20044094ø��Chong, Fui Chin
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Virus Replication���Jan@��Paramyxoviruses include many important human and animal pathogens such as measles virus, mumps virus, human parainfluenza viruses, and respiratory syncytial virus, as well as emerging viruses such as Nipah virus and Hendra virus. The paramyxovirus RNA-dependent RNA polymerase consists of the phosphoprotein (P) and the large protein. Both of these proteins are essential for viral RNA synthesis. The P protein is phosphorylated at multiple sites, probably by more than one host kinase. While it is thought that the phosphorylation of P is important for its role in viral RNA synthesis, the precise role of P protein phosphorylation remains an enigma. For instance, it was demonstrated that the putative CKII phosphorylation sites of the P protein of respiratory syncytial virus play a role in viral RNA synthesis using a minigenome replicon system; however, mutating these putative CKII phosphorylation sites within a viral genome had no effect on viral RNA synthesis, leading to the hypothesis that P protein phosphorylation, at least by CKII, does not play a role in viral RNA synthesis. Recently, it has been reported that the phosphorylation state of the P protein of parainfluenza virus 5, a prototypical paramyxovirus, correlates with the ability of P protein to synthesize viral RNA, indicating that P protein phosphorylation does in fact play a role in viral RNA synthesis. Furthermore, host kinases PLK1, as well as AKT1 have been found to play critical roles in paramyxovirus RNA synthesis through regulation of P protein phosphorylation status. Beyond furthering our understanding of paramyxovirus RNA replication, these recent discoveries may also result in a new paradigm in treating infections caused by these viruses, as host kinases that regulate paramyxovirus replication are investigated as potential targets of therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/20020826¼��Fuentes, Sandra M
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Simian virus 40/genetics���Dec 11l��BACKGROUND: Bats are the suspected natural reservoir hosts for a number of new and emerging zoonotic viruses including Nipah virus, Hendra virus, severe acute respiratory syndrome coronavirus and Ebola virus. Since the discovery of SARS-like coronaviruses in Chinese horseshoe bats, attempts to isolate a SL-CoV from bats have failed and attempts to isolate other bat-borne viruses in various mammalian cell lines have been similarly unsuccessful. New stable bat cell lines are needed to help with these investigations and as tools to assist in the study of bat immunology and virus-host interactions. METHODOLOGY/FINDINGS: Black flying foxes (Pteropus alecto) were captured from the wild and transported live to the laboratory for primary cell culture preparation using a variety of different methods and culture media. Primary cells were successfully cultured from 20 different organs. Cell immortalisation can occur spontaneously, however we used a retroviral system to immortalise cells via the transfer and stable production of the Simian virus 40 Large T antigen and the human telomerase reverse transcriptase protein. Initial infection experiments with both cloned and uncloned cell lines using Hendra and Nipah viruses demonstrated varying degrees of infection efficiency between the different cell lines, although it was possible to infect cells in all tissue types. CONCLUSIONS/SIGNIFICANCE: The approaches developed and optimised in this study should be applicable to bats of other species. We are in the process of generating further cell lines from a number of different bat species using the methodology established in this study.,��https://www.ncbi.nlm.nih.gov/pubmed/20011515q��Crameri, Gary
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Zoonoses���Jun´��Neurologic disease is a major cause of disability in resource-poor countries and a substantial portion of this disease is due to infections of the CNS. A wide variety of emerging and re-emerging viruses contribute to this disease burden. New emerging infections are commonly due to RNA viruses that have expanded their geographic range, spread from animal reservoirs or acquired new neurovirulence properties. Mosquito-borne viruses with expanding ranges include West Nile virus, Japanese encephalitis virus and Chikungunya virus. Zoonotic viruses that have recently crossed into humans to cause neurologic disease include the bat henipaviruses Nipah and Hendra, as well as the primate-derived human immunodeficiency virus. Viruses adapt to new hosts, or to cause more severe disease, by changing their genomes through reassortment (e.g. influenza virus), mutation (essentially all RNA viruses) and recombination (e.g. vaccine strains of poliovirus). Viruses that appear to have recently become more neurovirulent include West Nile virus, enterovirus 71 and possibly Chikungunya virus. In addition to these newer challenges, rabies, polio and measles all remain important causes of neurologic disease despite good vaccines and global efforts toward control. Control of human rabies depends on elimination of rabies in domestic dogs through regular vaccination. Poliovirus eradication is challenged by the ability of the live attenuated vaccine strains to revert to virulence during the prolonged period of gastrointestinal replication. Measles elimination depends on delivery of two doses of live virus vaccine to a high enough proportion of the population to maintain herd immunity for this highly infectious virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20004230Ã��Griffin, Diane E
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Virus Replication���DecÙ��Nipah virus (NiV) is a highly pathogenic paramyxovirus that was first isolated in 1999 during an outbreak in Malaysia. In contrast to other paramyxoviruses NiV infects many mammalian species. Because of its zoonotic potential, the high pathogenicity and the lack of therapeutic treatment, NiV was classified as a biosafety level 4 pathogen. In humans NiV causes a severe acute encephalitis whereas in some animal hosts respiratory symptoms are predominantly observed. Despite the differences in the clinical outcome, microvascular endothelial cell damage predominantly underlies the pathological changes in NiV infections in all susceptible host species. NiV generally induces a pronounced vasculitis which is primarily characterised by endothelial cell necrosis and inflammatory cell infiltration. For future developments of specific antiviral therapies or vaccines, a detailed understanding of the molecular basis of NiV pathogenesis is required. This article reviews the current knowledge about natural and experimental infections in different mammals, focusing on the main organ and cell tropism in vivo, and summarises some recent studies in cell culture on the role of ephrin-B2 and -B3 receptors in NiV infection of endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19967130���Maisner, Andrea
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*zoonotic virus���Dec{��Hendra and Nipah virus, which constitute the genus Henipavirus, are zoonotic paramyxoviruses that have been associated with sporadic outbreaks of severe disease and mortality in humans since their emergence in the late 1990s. Similar to other paramyxoviruses, their ability to evade the host interferon (IFN) response is conferred by the P gene. The henipavirus P gene encodes four proteins; the P, V, W and C proteins, which have all been described to inhibit the antiviral response. Further studies have revealed that these proteins have overlapping but unique properties which enable the virus to block multiple signaling pathways in the IFN response. The best characterized of these is the JAK-STAT signaling pathway which is targeted by the P, V and W proteins via an interaction with the transcription factor STAT1. In addition the V and W proteins can both limit virus-induced induction of IFN but they appear to do this via distinct mechanisms that rely on unique sequences in their C-terminal domains. The ability to generate recombinant Nipah viruses now gives us the opportunity to determine the precise role for each of these proteins and address their contribution to pathogenicity. Additionally, the question of whether these multiple anti-IFN strategies are all active in the different mammalian hosts for henipaviruses, particularly the fruit bat reservoir, warrants further exploration.,��https://www.ncbi.nlm.nih.gov/pubmed/21994589º��Shaw, Megan L
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and infor�	»��üÒtÿî?È���5��Freiberg, A. N.
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Virulence Factors/*metabolism���Sep���A number of paramyxoviruses are responsible for acute respiratory infections in children, elderly and immuno-compromised individuals, resulting in airway inflammation and exacerbation of chronic diseases like asthma. To understand the molecular pathogenesis of these infections, we searched for cellular targets of the virulence protein C of human parainfluenza virus type 3 (hPIV3-C). We found that hPIV3-C interacts directly through its C-terminal domain with STAT1 and GRB2, whereas C proteins from measles or Nipah viruses failed to do so. Binding to STAT1 explains the previously reported capacity of hPIV3-C to block type I interferon signaling, but the interaction with GRB2 was unexpected. This adaptor protein bridges Epidermal Growth Factor (EGF) receptor to MAPK/ERK pathway, a signaling cascade recently found to be involved in airway inflammatory response. We report that either hPIV3 infection or transient expression of hPIV3-C both increase cellular response to EGF, as assessed by Elk1 transactivation and phosphorylation levels of ERK1/2, 40S ribosomal subunit protein S6 and translation initiation factor 4E (eIF4E). Furthermore, inhibition of MAPK/ERK pathway with U0126 prevented viral protein expression in infected cells. Altogether, our data provide molecular basis to explain the role of hPIV3-C as a virulence factor and determinant of pathogenesis and demonstrate that Paramyxoviridae have evolved a single virulence factor to block type I interferon signaling and to boost simultaneous cellular response to growth factors.,��https://www.ncbi.nlm.nih.gov/pubmed/19806178L��Caignard, Gregory
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Zoonoses/*epidemiology/*transmission���Aug8��Human Nipah outbreaks recur in a specific region and time of year in Bangladesh. Fruit bats are the reservoir host for Nipah virus. We identified 23 introductions of Nipah virus into human populations in central and northwestern Bangladesh from 2001 through 2007. Ten introductions affected multiple persons (median 10). Illness onset occurred from December through May but not every year. We identified 122 cases of human Nipah infection. The mean age of case-patients was 27 years; 87 (71%) died. In 62 (51%) Nipah virus-infected patients, illness developed 5-15 days after close contact with another Nipah case-patient. Nine (7%) Nipah case-patients transmitted virus to others. Nipah case-patients who had difficulty breathing were more likely than those without respiratory difficulty to transmit Nipah (12% vs. 0%, p = 0.03). Although a small minority of infected patients transmit Nipah virus, more than half of identified cases result from person-to-person transmission. Interventions to prevent virus transmission from bats to humans and from person to person are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/19751584Ó��Luby, Stephen P
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Zoonoses/transmissionS��Recent emerging zoonoses (hemorrhagic fevers due to Ebola or Marburg virus, encephalitis due to Nipah virus, severe acute respiratory syndrome due to SRAS virus...) outline the potential of bats as vectors for transmission of infectious disease to humans. Such a potential is already known for rabies encephalitis since seven out of the eight genotypes of Lyssavirus are transmitted by bats. In addition, phylogenetic reconstructions indicate that Lyssavirus have evolved in chiropters before their emergence in carnivores. Nevertheless, carnivores remain the most critical vectors for public health, in particular dogs that are originating 55.000 rabies deaths per year, essentially in developing countries. Rabies control in carnivores by parenteral (dog) or oral (wild carnivores) vaccination is efficacious and campaigns start to be more widely applied. On the other hand, rabies control in bat still remains non realistic, particularly as the pathogenicity of bat Lyssavirus for bats is still under debate, suggesting that a "diplomatic relationship" between partners would have arisen from a long term cohabitation. While comparing the interactions that humans and bats establish with Lyssavirus, scientists try to understand the molecular basis ofpathogenicity in man, a indispensable prerequisite to identify antiviral targets in a perspective of therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/19718950���Tordo, N
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Zoonoses/epidemiology/*transmission/virology���AugË��In this 2-part review, I will focus on emerging virus infections of the central nervous system (CNS). Part 1 will introduce the basic features of emerging infections, including their definition, epidemiology, and the frequency of CNS involvement. Important mechanisms of emergence will be reviewed, including viruses spreading into new host ranges as exemplified by West Nile virus (WNV), Japanese encephalitis (JE) virus, Toscana virus, and enterovirus 71 (EV71). Emerging infections also result from opportunistic spread of viruses into known niches, often resulting from attenuated host resistance to infection. This process is exemplified by transplant-associated cases of viral CNS infection caused by WNV, rabies virus, lymphocytic choriomeningitis, and lymphocytic choriomeningitis-like viruses and by the syndrome of human herpesvirus 6 (HHV6)-associated posttransplantation acute limbic encephalitis. The second part of this review begins with a discussion of JC virus and the occurrence of progressive multifocal leukoencephalopathy in association with novel immunomodulatory therapies and then continues with an overview of the risk of infection introduced by imported animals (eg, monkeypox virus) and examples of emerging diseases caused by enhanced competence of viruses for vectors and the spread of vectors (eg, chikungunya virus) and then concludes with examples of novel viruses causing CNS infection as exemplified by Nipah and Hendra viruses and bat lyssaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19667214f��Tyler, Kenneth L
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Virion/*metabolism/ultrastructure���Decm��The broad species tropism of Nipah virus (NiV) coupled with its high pathogenicity demand a rapid search for a new biomarker candidate for diagnosis. The matrix (M) protein was expressed in Escherichia coli and purified using a Ni-NTA affinity column chromatography and sucrose density gradient centrifugation. The recombinant M protein with the molecular mass (Mr) of about 43 kDa was detected by anti-NiV serum and anti-myc antibody. About 50% of the M protein was found to be soluble and localized in cytoplasm when the cells were grown at 30 degrees C. Electron microscopic analysis showed that the purified M protein assembled into spherical particles of different sizes with diameters ranging from 20 to 50 nm. The purified M protein showed significant reactivity with the swine sera collected during the NiV outbreak, demonstrating its potential as a diagnostic reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/19666056û��Subramanian, Senthil Kumar
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Viral Envelope Proteins/*genetics/*metabolism���Nov���Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae which originated from bats, encodes for a fusion (F) protein which is proteolytically processed within endosomes by cathepsin L. We show here that sequence requirements for NiV F activation differ markedly from other para- or orthomyxoviral fusion proteins. In contrast to other viral fusion proteins with monobasic cleavage sites, processing of NiV F proteins with one single basic amino acid in the cleavage peptide by exogenous trypsin is very inefficient, and introduction of a consensus sequence for furin does not result in cleavage by this ubiquitous protease. In contrast, a multibasic cleavage peptide in the NiV F protein completely impairs proteolytic processing and the generation of biological activity.,��https://www.ncbi.nlm.nih.gov/pubmed/19665506É��Diederich, Sandra
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beta-Lactamases/genetics/*metabolism���Jul 31M��Nipah virus (NiV) and Hendra virus (HeV) are the only paramyxoviruses requiring Biosafety Level 4 (BSL-4) containment. Thus, study of henipavirus entry at less than BSL-4 conditions necessitates the use of cell-cell fusion or pseudotyped reporter virus assays. Yet, these surrogate assays may not fully emulate the biological properties unique to the virus being studied. Thus, we developed a henipaviral entry assay based on a beta-lactamase-Nipah Matrix (betala-M) fusion protein. We first codon-optimized the bacterial betala and the NiV-M genes to ensure efficient expression in mammalian cells. The betala-M construct was able to bud and form virus-like particles (VLPs) that morphologically resembled paramyxoviruses. betala-M efficiently incorporated both NiV and HeV fusion and attachment glycoproteins. Entry of these VLPs was detected by cytosolic delivery of betala-M, resulting in enzymatic and fluorescent conversion of the pre-loaded CCF2-AM substrate. Soluble henipavirus receptors (ephrinB2) or antibodies against the F and/or G proteins blocked VLP entry. Additionally, a Y105W mutation engineered into the catalytic site of betala increased the sensitivity of our betala-M based infection assays by 2-fold. In toto, these methods will provide a more biologically relevant assay for studying henipavirus entry at less than BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/19646266©��Wolf, Mike C
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Virus Diseases/*diagnosis/epidemiology/transmission/veterinary/virology���Dec¨��Compared to other viruses, research on Nipah virus has been limited in Indonesia because attributable disease outbreaks have not been reported. However, Nipah virus is a zoonotic Biosafety Level 4 (BSL4) agent, so strategic monitoring is prudent. Farmer interviews and a serologic survey of 610 pig sera and 99 bat sera from West Kalimantan province were conducted. Farmers reported no recent or historic encephalitic or respiratory disease in themselves, their families, workers or pigs. The survey found no evidence of exposure to Nipah virus in pigs. In contrast, 19% of the 84 Pteropus vampyrus bat sera reacted in the ELISA, but none of 15 Cynopterus brachyotis bats reacted.,��https://www.ncbi.nlm.nih.gov/pubmed/19638160Ë��Sendow, I
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RNA, Viral/*genetics���Jul 28���BACKGROUND: Henipaviruses (Hendra and Nipah virus) are highly pathogenic members of the family Paramyxoviridae. Fruit-eating bats of the Pteropus genus have been suggested as their natural reservoir. Human Henipavirus infections have been reported in a region extending from Australia via Malaysia into Bangladesh, compatible with the geographic range of Pteropus. These bats do not occur in continental Africa, but a whole range of other fruit bats is encountered. One of the most abundant is Eidolon helvum, the African Straw-coloured fruit bat. METHODOLOGY/PRINCIPAL FINDINGS: Feces from E. helvum roosting in an urban setting in Kumasi/Ghana were tested for Henipavirus RNA. Sequences of three novel viruses in phylogenetic relationship to known Henipaviruses were detected. Virus RNA concentrations in feces were low. CONCLUSIONS/SIGNIFICANCE: The finding of novel putative Henipaviruses outside Australia and Asia contributes a significant extension of the region of potential endemicity of one of the most pathogenic virus genera known in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19636378K��Drexler, Jan Felix
Corman, Victor Max
Gloza-Rausch, Florian
Seebens, Antje
Annan, Augustina
Ipsen, Anne
Kruppa, Thomas
Muller, Marcel A
Kalko, Elisabeth K V
Adu-Sarkodie, Yaw
Oppong, Samuel
Drosten, Christian
eng
Research Support, Non-U.S. Gov't
2009/07/29 09:00
PLoS One. 2009 Jul 28;4(7):e6367. doi: 10.1371/journal.pone.0006367.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC2712088���19636378A��Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany.���10.1371/journal.pone.0006367��Ë��üÒtÿî?Ü���`��Hocknull, S. A.
White, M. A.
Tischler, T. R.
Cook, A. G.
Calleja, N. D.
Sloan, T.
Elliott, D. A.���2009N��New Mid-Cretaceous (latest Albian) dinosaurs fromWinton, Queensland, Australia���e6190���PLoS One���4���70��Animals
*Dinosaurs
*Fossils
Phylogeny
Queensland���Jul 3Ð��BACKGROUND: Australia's dinosaurian fossil record is exceptionally poor compared to that of other similar-sized continents. Most taxa are known from fragmentary isolated remains with uncertain taxonomic and phylogenetic placement. A better understanding of the Australian dinosaurian record is crucial to understanding the global palaeobiogeography of dinosaurian groups, including groups previously considered to have had Gondwanan origins, such as the titanosaurs and carcharodontosaurids. METHODOLOGY/PRINCIPAL FINDINGS: We describe three new dinosaurs from the late Early Cretaceous (latest Albian) Winton Formation of eastern Australia, including; Wintonotitan wattsi gen. et sp. nov., a basal titanosauriform; Diamantinasaurus matildae gen. et sp. nov., a derived lithostrotian titanosaur; and Australovenator wintonensis gen. et sp. nov., an allosauroid. We compare an isolated astragalus from the Early Cretaceous of southern Australia; formerly identified as Allosaurus sp., and conclude that it most-likely represents Australovenator sp. CONCLUSION/SIGNIFICANCE: The occurrence of Australovenator from the Aptian to latest Albian confirms the presence in Australia of allosauroids basal to the Carcharodontosauridae. These new taxa, along with the fragmentary remains of other taxa, indicate a diverse Early Cretaceous sauropod and theropod fauna in Australia, including plesiomorphic forms (e.g. Wintonotitan and Australovenator) and more derived forms (e.g. Diamantinasaurus).,��https://www.ncbi.nlm.nih.gov/pubmed/19584929è��Hocknull, Scott A
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Virology/economics/*methods���SepÝ��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses capable of causing severe disease in humans and animals. These viruses require biosafety level 4 (BSL-4) containment. Like other paramyxoviruses, the plaque reduction neutralization test (PRNT) can be used to detect antibodies to the surface glycoproteins, fusion (F) and attachment (G), and PRNT titers give an indication of protective immunity. Unfortunately, for NiV and HeV, the PRNT must be performed in BSL-4 containment and takes several days to complete. Thus, we have developed a neutralization assay using VSV pseudotype particles expressing the F and G proteins of NiV (pVSV-NiV-F/G) as target antigens. This rapid assay, which can be performed at BSL-2, was evaluated using serum samples from outbreak investigations and more than 300 serum samples from an experimental NiV vaccination study in swine. The results of the neutralization assays with pVSV-NiV-F/G as antigen showed a good correlation with those of standard PRNT. Therefore, this new method has the potential to be a rapid and cost-effective diagnostic method, especially in locations that lack high containment facilities, and will provide a valuable tool for basic research and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/19559943Ï��Tamin, Azaibi
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Swine���Oct¤��Tioman virus (TioV) was isolated from a number of pooled urine samples of Tioman Island flying foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. Studies have established TioV as a new virus in the family Paramyxoviridae. This novel paramyxovirus is antigenically related to Menangle virus that was isolated in Australia in 1997 during disease outbreak in pigs. TioV causes mild disease in pigs and has a predilection for lymphoid tissues. Recent serosurvey showed that 1.8% of Tioman Islanders had neutralizing antibodies against TioV, indicating probable past infection. For the development of convenient serological tests for this virus, recombinant TioV nucleocapsid (N) protein was expressed in the yeast Saccharomyces cerevisiae. High yields of recombinant TioV N protein were obtained. Electron microscopy demonstrated that purified recombinant N protein self-assembled into nucleocapsid-like particles which were identical in density and morphology to authentic nucleocapsids from paramyxovirus-infected cells. Different size nucleocapsid-like particles were stable and readily purified by CsCl gradient ultracentrifugation. Polyclonal sera raised in rabbits after immunization with recombinant TioV N protein reacted reliably with TioV infected tissues in immunohistochemistry tests. It confirmed that the antigenic properties of yeast derived TioV N protein are identical to authentic viral protein.,��https://www.ncbi.nlm.nih.gov/pubmed/19559738?��Petraityte, Rasa
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Viral Fusion Proteins/*metabolism���SepÙ��Hendra virus F protein-promoted membrane fusion requires the presence of the viral attachment protein, G. However, events leading to the association of these glycoproteins remain unclear. Results presented here demonstrate that Hendra virus G undergoes slower secretory pathway trafficking than is observed for Hendra virus F. This slowed trafficking is not dependent on the G protein cytoplasmic tail, the presence of the G receptor ephrin B2, or interaction with other viral proteins. Instead, Hendra virus G was found to undergo intrinsically slow oligomerization within the endoplasmic reticulum. These results suggest that the critical F-G interactions occur only after the initial steps of synthesis and cellular transport.,��https://www.ncbi.nlm.nih.gov/pubmed/19553334ù��Whitman, Shannon D
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*Virus Replication���OctÙ��Bats are reservoir hosts for a spectrum of infectious diseases. Some pathogens (such as Hendra, Nipah and Marburg viruses) appear to use mainly fruit bats as reservoir. We describe designed immortalization of primary fetal cells from the Egyptian fruit bat (Rousettus aegyptiacus) to facilitate isolation and characterization of pathogens associated with these mammals. Three cell lines with different properties were recovered and successful immortalization was confirmed by continuous cultivation for over 18 months. Surprisingly, the cell lines are fully permissive for a highly attenuated poxvirus, modified vaccinia Ankara (MVA). MVA is a safe and well characterized vaccine vector that cannot replicate in most mammalian cells. High permissivity of Rousettus cell lines could justify testing bats for susceptibility to MVA as a replication competent vector with low zoonotic potential to induce herd immunity in bat colonies against viruses causing rabies or haemorrhagic fevers.,��https://www.ncbi.nlm.nih.gov/pubmed/19540275é��Jordan, Ingo
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Swine Diseases/epidemiology/virology���Jun���The 1999 outbreak of Nipah virus encephalitis in humans and pigs in Peninsular Malaysia ended with the evacuation of humans and culling of pigs in the epidemic area. Serologic screening showed that, in the absence of infected pigs, dogs were not a secondary reservoir for Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/19523300Ü��Mills, James N
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Viral Structural Proteins/genetics/*metabolism���AugÖ��The Nipah virus (NiV) phosphoprotein (P) gene encodes the C, P, V, and W proteins. P, V, and W, have in common an amino-terminal domain sufficient to bind STAT1, inhibiting its interferon (IFN)-induced tyrosine phosphorylation. P is also essential for RNA-dependent RNA polymerase function. C is encoded by an alternate open reading frame (ORF) within the common amino-terminal domain. Mutations within residues 81 to 113 of P impaired its polymerase cofactor function, as assessed by a minireplicon assay, but these mutants retained STAT1 inhibitory function. Mutations within the residue 114 to 140 region were identified that abrogated interaction with and inhibition of STAT1 by P, V, and W without disrupting P polymerase cofactor function. Recombinant NiVs were then generated. A G121E mutation, which abrogated inhibition of STAT1, was introduced into a C protein knockout background (C(ko)) because the mutation would otherwise also alter the overlapping C ORF. In cell culture, relative to the wild-type virus, the C(ko) mutation proved attenuating but the G121E mutant virus replicated identically to the C(ko) virus. In cells infected with the wild-type and C(ko) viruses, STAT1 was nuclear despite the absence of tyrosine phosphorylation. This latter observation mirrors what has been seen in cells expressing NiV W. In the G121E mutant virus-infected cells, STAT1 was not phosphorylated and was cytoplasmic in the absence of IFN stimulation but became tyrosine phosphorylated and nuclear following IFN addition. These data demonstrate that the gene for NiV P encodes functions that sequester inactive STAT1 in the nucleus, preventing its activation and suggest that the W protein is the dominant inhibitor of STAT1 in NiV-infected cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19515782F��Ciancanelli, Michael J
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Virus Internalization/*drug effects���Jul 23m��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes respiratory disease in pigs and severe febrile encephalitis in humans with high mortality rates. On the basis of the structural similarity of viral fusion (F) proteins within the family Paramyxoviridae, we designed and tested 18 quinolone derivatives in a NiV and measles virus (MV) envelope protein-based fusion assay beside evaluation of cytotoxicity. We found five compounds successfully inhibiting NiV envelope protein-induced cell fusion. The most active molecules (19 and 20), which also inhibit the syncytium formation induced by infectious NiV and show a low cytotoxicity in Vero cells, represent a promising lead quinolone-type compound structure. Molecular modeling indicated that compound 19 fits well into a particular protein cavity present on the NiV F protein that is important for the fusion process.,��https://www.ncbi.nlm.nih.gov/pubmed/19499921M��Niedermeier, Sabine
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*Zoonoses���Aug'��Nearly 75% of all emerging infectious diseases (EIDs) that impact or threaten human health are zoonotic. The majority have spilled from wildlife reservoirs, either directly to humans or via domestic animals. The emergence of many can be attributed to predisposing factors such as global travel, trade, agricultural expansion, deforestation/habitat fragmentation, and urbanization; such factors increase the interface and/or the rate of contact between human, domestic animal, and wildlife populations, thereby creating increased opportunities for spillover events to occur. Infectious disease emergence can be regarded as primarily an ecological process. The epidemiological investigation of EIDs associated with wildlife requires a trans-disciplinary approach that includes an understanding of the ecology of the wildlife species, and an understanding of human behaviours that increase risk of exposure. Investigations of the emergence of Nipah virus in Malaysia in 1999 and severe acute respiratory syndrome (SARS) in China in 2003 provide useful case studies. The emergence of Nipah virus was associated with the increased size and density of commercial pig farms and their encroachment into forested areas. The movement of pigs for sale and slaughter in turn led to the rapid spread of infection to southern peninsular Malaysia, where the high-density, largely urban pig populations facilitated transmission to humans. Identifying the factors associated with the emergence of SARS in southern China requires an understanding of the ecology of infection both in the natural reservoir and in secondary market reservoir species. A necessary extension of understanding the ecology of the reservoir is an understanding of the trade, and of the social and cultural context of wildlife consumption. Emerging infectious diseases originating from wildlife populations will continue to threaten public health. Mitigating and managing the risk requires an appreciation of the connectedness between human, livestock and wildlife health, and of the factors and processes that disrupt the balance.,��https://www.ncbi.nlm.nih.gov/pubmed/19497090���Field, H E
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Zoonoses/*epidemiology/*virology���Jun`��Prior to the emergence of Hendra virus in Australia in 1994, paramyxoviruses were considered to be a taxonomic group of ubiquitous pathogens, consisting primarily of Biosafety Level 2 agents, which possessed narrow host ranges and often caused only mild or preventable diseases in humans and animals. In recent years, a number of Paramyxoviridae members have emerged, including previously unrecognized human pathogens and highly pathogenic zoonoses. The recent emergence of paramyxoviruses in humans suggests that there is an increased incidence of zoonotic transmission between wildlife, livestock and human hosts. This article explores the current body of scientific knowledge, disease burden and knowledge of reservoirs of these emerging paramyxoviruses and provides a comparative review of both older and emerging viruses that have been shown to infect humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19492965���Virtue, Elena R
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Vasculitis/immunology/pathology/virology���Jun���AIM: To study the pathology of two cases of human Hendra virus infection, one with no clinical encephalitis and one with relapsing encephalitis. METHODS: Autopsy tissues were investigated by light microscopy, immunohistochemistry and in situ hybridization. RESULTS: In the patient with acute pulmonary syndrome but not clinical acute encephalitis, vasculitis was found in the brain, lung, heart and kidney. Occasionally, viral antigens were demonstrated in vascular walls but multinucleated endothelial syncytia were absent. In the lung, there was severe inflammation, necrosis and viral antigens in type II pneumocytes and macrophages. The rare kidney glomerulus showed inflammation and viral antigens in capillary walls and podocytes. Discrete necrotic/vacuolar plaques in the brain parenchyma were associated with antigens and viral RNA. Brain inflammation was mild although CD68(+) microglia/macrophages were significantly increased. Cytoplasmic viral inclusions and antigens and viral RNA in neurones and ependyma suggested viral replication. In the case of relapsing encephalitis, there was severe widespread meningoencephalitis characterized by neuronal loss, macrophages and other inflammatory cells, reactive blood vessels and perivascular cuffing. Antigens and viral RNA were mainly found in neurones. Vasculitis was absent in all the tissues examined. CONCLUSIONS: The case of acute Hendra virus infection demonstrated evidence of systemic infection and acute encephalitis. The case of relapsing Hendra virus encephalitis showed no signs of extraneural infection but in the brain, extensive inflammation and infected neurones were observed. Hendra virus can cause acute and relapsing encephalitis and the findings suggest that the pathology and pathogenesis are similar to Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19473296���Wong, K T
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��Neuroradiol J���22���2���May 15è��Systemic lupus erythematosus (SLE) has diverse imaging features. However, focal lesions in the corpus callosum are extremely rare in SLE with only few cases mentioned in the literature, with no mention of callosal holes in SLE. Callosal holes have been described as a characteristic finding in Susac syndrome and have been mentioned in Nipah virus encephalitis, Marchiafava Bignami disease and periventricular leukomalacia. We describe a case of SLE with callosal holes. The demonstration of callosal holes in this case brings the imaging appearance of SLE a step closer to that of Susac syndrome which is considered a clinically and radiologically close condition. It also adds to the list of imaging appearances of central nervous system SLE.,��https://www.ncbi.nlm.nih.gov/pubmed/24207034���Shaikh, R
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Viral Proteins/genetics���SepW��Nipah virus (NiV) is a new zoonotic paramyxovirus that emerged in 1998 and is now classified in the genus Henipavirus along with the closely related Hendra virus (HeV). NiV is highly pathogenic in several vertebrate species including humans, and the lack of available vaccines or specific treatment restricts it to biosafety level 4 (BSL4) containment. A serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing green fluorescent protein (GFP) and bearing the F and G proteins of NiV (VSV-NiV-GFP). The neutralization titers were obtained by counting GFP-expressing cells or by measuring fluorescence. The performance of this new assay was compared against the conventional test using live NiV with panels of sera from several mammalian species, including sera from NiV outbreaks, experimental infections, as well as HeV-specific sera. The results obtained with the VSV-NiV-GFP based test correlated with those obtained using live NiV. Using a 50% reduction in VSV-NiV-GFP infected cells as the cut-off for neutralization, this new assay demonstrated its potential as an effective tool for detecting NiV neutralizing antibodies under BSL2 containment with greater speed, sensitivity and safety as compared to the conventional NiV serum neutralization test.,��https://www.ncbi.nlm.nih.gov/pubmed/19433112���Kaku, Yoshihiro
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Virus Replication/*drug effects���Jun²��We have recently described the development and validation of a high throughput screening assay suitable for henipavirus antiviral identification. While we are confident this assay is robust and effective, we wished to investigate assay performance in a range of alternative cell lines to determine if assay sensitivity and specificity could be improved. We evaluated ten different cell lines for their susceptibility to Hendra and Nipah virus infection and their sensitivity of detection of the effects of the broad spectrum antiviral, ribavirin and nine novel antivirals identified using our initial screening approach. Cell lines were grouped into three categories with respect to viral replication. Virus replicated best in Vero and BSR cells, followed by Hep-2, HeLa, BHK-21 and M17 cells. The lowest levels of RNA replication and viral protein expression were observed in BAEC, MMEC, A549 and ECV304 cells. Eight cell lines appeared to be similarly effective at discriminating the antiviral effects of ribavirin (<2.7-fold difference). The two cells lines most sensitive to the effect of ribavirin (ECV304 and BAEC) also displayed the lowest levels of viral replication while Vero cells were the least sensitive suggesting excess viral replication may limit drug efficacy and cell lines which limit viral replication may result in enhanced antiviral efficacy. However, there was no consistent trend observed with the other nine antivirals tested. While improvements in antiviral sensitivity in other cell lines may indicate an important role in future HTS assays, the slightly lower sensitivity to antiviral detection in Vero cells has inherent advantages in reducing the number of partially effective lead molecules identified during initial screens. Comparison of a panel of 54 novel antiviral compounds identified during routine screening of an in-house compound library in Vero, BHK-21 and BSR cells suggests no clear advantage of screening in either cell type.,��https://www.ncbi.nlm.nih.gov/pubmed/19428741���Aljofan, Mohamad
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*Viral Interference
Viral Proteins/genetics/metabolism���Jul���Diverse members of the Paramyxovirus family of negative-strand RNA viruses effectively suppress host innate immune responses through the actions of their V proteins. The V protein mediates interference with the interferon regulatory RNA helicase MDA5 to avoid cellular antiviral responses. Analysis of the interaction interface revealed the MDA5 helicase C domain as necessary and sufficient for association with V proteins from human parainfluenza virus type 2, parainfluenza virus type 5, measles virus, mumps virus, Hendra virus, and Nipah virus. The identified approximately 130-residue region is highly homologous between MDA5 and the related antiviral helicase LGP2, but not RIG-I. Results indicate that the paramyxovirus V proteins can also associate with LGP2. The V protein interaction was found to disrupt ATP hydrolysis mediated by both MDA5 and LGP2. These findings provide a potential mechanistic basis for V protein-mediated helicase interference and identify LGP2 as a second cellular RNA helicase targeted by paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/19403670���Parisien, Jean-Patrick
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Time Factors���Mar���After 12 serial Nipah virus outbreaks in humans since 1998, it has been noted that all except the initial event in Malaysia occurred during the first 5 months of the year. Increasingly higher morbidity and mortality have been observed in subsequent outbreaks in India and Bangladesh. This may have been related to different virus strains and transmission capability from bat to human without the need for an amplifying host and direct human-to-human transmission. A survey of virus strains in Pteropus lylei and seasonal preference for spillover of these viruses was completed in seven provinces of Central Thailand between May 2005 and June 2007. Nipah virus RNA sequences, which belonged to those of the Malaysian and Bangladesh strains, were detected in the urine of these bats, with the Bangladesh strain being dominant. Highest recovery of Nipah virus RNA was observed in May. Of two provincial sites where monthly surveys were done, the Bangladesh strain was almost exclusively detected during April to June. The Malaysian strain was found dispersed during December to June. Although direct contact during breeding (in December to April) was believed to be an important transmission factor, our results may not entirely support the role of breeding activities in spillage of virus. Greater virus shedding over extended periods in the case of the Malaysian strain and the highest peak of virus detection in May in the case of the Bangladesh strain when offspring started to separate may suggest that there may be responsible mechanisms other than direct contact during breeding in the same roost. Knowledge of seasonal preferences of Nipah virus shedding in P. lylei will help us to better understand the dynamics of Nipah virus transmission and have implications for disease management.,��https://www.ncbi.nlm.nih.gov/pubmed/19402762"��Wacharapluesadee, Supaporn
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Recombinant Fusion Proteins/genetics/isolation & purification/metabolism���May 152��Nucleocapsid (N) protein of Nipah virus (NiV) is a potential serological marker used in the diagnosis of NiV infections. In this study, a rapid and efficient purification system, HisTrap 6 Fast Flow packed bed column was applied to purify recombinant histidine-tagged N protein of NiV from clarified feedstock. The optimizations of binding and elution conditions of N protein of NiV onto and from Nickel Sepharose 6 Fast Flow were investigated. The optimal binding was achieved at pH 7.5, superficial velocity of 1.25 cm/min. The bound N protein was successfully recovered by a stepwise elution with different concentration of imidazole (50, 150, 300 and 500 mM). The N protein of NiV was captured and eluted from an inlet N protein concentration of 0.4 mg/ml in a scale-up immobilized metal affinity chromatography (IMAC) packed bed column of Nickel Sepharose 6 Fast Flow with the optimized condition obtained from the method scouting. The purification of histidine-tagged N protein using IMAC packed bed column has resulted a 68.3% yield and a purification factor of 7.94.,��https://www.ncbi.nlm.nih.gov/pubmed/19395325-��Chong, Fui Chin
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Viscera/blood supply/virology���May 10B��Hendra virus (HeV) and Nipah virus (NiV) are recently-emerged, closely related and highly pathogenic paramyxoviruses. We have analysed here the pathogenesis of the acute HeV infection using the new animal model, golden hamster (Mesocricetus auratus), which is highly susceptible to HeV infection. HeV-specific RNA and viral antigens were found in multiple organs and virus was isolated from different tissues. Dual pathogenic mechanism was observed: parenchymal infection in various organs, including the brain, with vasculitis and multinucleated syncytia in many blood vessels. Furthermore, monoclonal antibodies specific for the NiV fusion protein neutralized HeV in vitro and efficiently protected hamsters from HeV if given before infection. These results reveal the similarities between HeV and NiV pathogenesis, particularly in affecting both respiratory and neuronal system. They demonstrate that hamster presents a convenient novel animal model to study HeV infection, opening new perspectives to evaluate vaccine and therapeutic approaches against this emergent infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/19328514���Guillaume, Vanessa
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Taiwan/epidemiologyx��Human metapneumovirus (hMPV) is a paramyxovirus that is associated with respiratory tract infection (RTI) mostly in children, but these outbreaks have rarely been reported in adults. We encountered an outbreak of this disease involving 10 adults in a psychiatric ward in eastern Taiwan. The nasopharyngeal swab specimens from 13 patients with symptoms of RTI were obtained and analyzed. The RT-PCR tests were negative to influenza virus A/B, adenovirus, RSV, parainfluenza virus, coronavirus, Nipah virus and Legionella. The antigen tests were negative to Legionella, Chlamydia, and Mycoplasma. Blood culture was negative in all except patient no. 1, who was found positive for coagulase-negative staphylococci. The hMPV was identified in 10 of 13 adults (77%), but negative for the other virus. Cough was present in all (100%), fever in 90%, and X-ray evidence of pneumonia in 7 patients. One patient died of respiratory failure. We report this outbreak in a mental hospital to alert the medical profession that this unusual infection of hMPV can occur as an outbreak in an adult setting and is an occupational hazard for healthcare personnel.,��https://www.ncbi.nlm.nih.gov/pubmed/19308801ê��Tu, Chuan-Chou
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Time Factors
Unemployment���Mar���The authors examined the effects of Florida's Family Transition Program (FTP), one of the first welfare reform initiatives to include a time limit on the receipt of federal cash assistance with other welfare requirements, on single-mother welfare-receiving families. Using a regression-based subgroup approach, they identified a group of families who were at risk of reaching the welfare time limit and subsequently assessed the experimental effects of the time-limited welfare policy on this group as compared to an otherwise comparable group of single-mother welfare-recipient families. For the families who were at risk of reaching the welfare time limit, FTP had few effects. FTP decreased mothers' depressive symptoms, and mothers in the FTP group reported higher levels of children's school achievement. There were no effects on parenting behavior or mothers' reports of children's social-emotional outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/19271826"��Morris, Pamela A
Hendra, Richard
eng
R01 HD045691/HD/NICHD NIH HHS/
R01HD045691/HD/NICHD NIH HHS/
Multicenter Study
Randomized Controlled Trial
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2009/03/11 09:00
Dev Psychol. 2009 Mar;45(2):383-400. doi: 10.1037/a0014960.%��0012-1649 (Print)
0012-1649 (Linking)
��PMC3208319���192718265��MDRC, New York, NY 10016, USA. Pamela.Morris@mdrc.org���10.1037/a0014960��	�üÒtÿî?ñ������Porotto, M.
Orefice, G.
Yokoyama, C. C.
Mungall, B. A.
Realubit, R.
Sganga, M. L.
Aljofan, M.
Whitt, M.
Glickman, F.
Moscona, A.���2009���Simulating henipavirus multicycle replication in a screening assay leads to identification of a promising candidate for therapy���5148-55���J Virol���83���10%��Animals
Antiviral Agents/*pharmacology
Cercopithecus aethiops
Chloroquine/*pharmacology
Drug Discovery/*methods
Hendra Virus/*drug effects/physiology
Henipavirus Infections/drug therapy
Humans
Nipah Virus/*drug effects/physiology
Vero Cells
Viral Envelope Proteins/metabolism
Virus Replication���Mayà��Nipah (NiV) and Hendra (HeV) viruses are emerging zoonotic paramyxoviruses that cause encephalitis in humans, with fatality rates of up to 75%. We designed a new high-throughput screening (HTS) assay for inhibitors of infection based on envelope glycoprotein pseudotypes. The assay simulates multicycle replication and thus identifies inhibitors that target several stages of the viral life cycle, but it still can be carried out under biosafety level 2 (BSL-2) conditions. These features permit a screen for antivirals for emerging viruses and select agents that otherwise would require BSL-4 HTS facilities. The screening of a small compound library identified several effective molecules, including the well-known compound chloroquine, as highly active inhibitors of pseudotyped virus infection. Chloroquine inhibited infection with live HeV and NiV at a concentration of 1 microM in vitro (50% inhibitory concentration, 2 microM), which is less than the plasma concentrations present in humans receiving chloroquine treatment for malaria. The mechanism for chloroquine's antiviral action likely is the inhibition of cathepsin L, a cellular enzyme that is essential for the processing of the viral fusion glycoprotein and the maturation of newly budding virions. Without this processing step, virions are not infectious. The identification of a compound that inhibits a known cellular target that is important for viral maturation but that had not previously been shown to have antiviral activity for henipaviruses highlights the validity of this new screening assay. Given the established safety profile and broad experience with chloroquine in humans, the results described here provide an option for treating individuals infected by these deadly viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19264786À��Porotto, Matteo
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Molecular Biology/*methodsV��Interest in the potential of monoclonal antibodies (mAbs) to serve as therapeutic agents has surged in the past decade with a major emphasis on human viral diseases. There has been much attention in this area directed towards the human immunodeficiency virus type-1 (HIV-1) and promising research developments have emerged on the inhibition of HIV-1 infection by mAbs and the identification of several highly conserved neutralizing epitopes. More recently, potent fully-human neutralizing mAbs have been developed against a variety of important human viral disease agents including the paramyxoviruses Hendra virus and Nipah virus, and human or humanized mAbs have been developed against severe acute respiratory syndrome coronavirus (SARS CoV), and West Nile virus, among others. Most of these more recently developed antiviral mAbs have come from the use of antibody phage-display technologies and the implementation of simplified, inexpensive yet efficient methods, for expressing and purifying the initially selected fragment antibodies is of prime importance in further facilitating this area of research.,��https://www.ncbi.nlm.nih.gov/pubmed/19252844å��Dimitrova, Dimana
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SARS Virus/*immunology���MarÁ��BACKGROUND: Recently, several potently neutralizing fully human monoclonal antibodies (hmAbs) targeting the severe acute respiratory syndrome-associated coronavirus (SARS CoV) S glycoprotein, and the G glycoprotein of the paramyxoviruses Hendra virus (HeV) and Nipah virus (NiV) have been discovered [corrected]. OBJECTIVE: To examine, compare and contrast the functional characteristics of hmAbs with the potential for prophylaxis and treatment of diseases caused by SARS CoV, HeV and NiV. METHODS: A review of relevant literature. RESULTS/CONCLUSIONS: Structural, functional and biochemical analyses [corrected] have provided insights into the molecular mechanisms of receptor recognition and antibody neutralization, and suggested that these antibodies alone or in combination could fight the viruses' heterogeneity and mutability, which is a major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/192166242��Prabakaran, Ponraj
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Viral Structural Proteins/*biosynthesis���Apri��Nipah virus (NiV) is predicted to encode four proteins from its P gene (P, V, W, and C) via mRNA editing and an alternate open reading frame. By use of specific antibodies, the expression of the V, W, and C proteins in NiV-infected cells has now been confirmed. Analysis of the P-gene transcripts shows a ratio of P:V:W mRNA of 1:1:1, but this differs over time, with greater proportions of V and W transcripts observed as the infection progresses. Eighty-two percent of transcripts are edited, with up to 11 G insertions observed. This exceptionally high editing frequency ensures expression of the V and W proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/192117542��Kulkarni, Sachin
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization���Aug 20V��Human defensins, which are small cationic peptides produced by neutrophils and epithelial cells, form two genetically distinct alpha and beta subfamilies. They are involved in innate immunity through killing microbial pathogens or neutralizing bacterial toxins and in adaptive immunity by serving as chemoattractants and activators of immune cells. alpha-defensins are mainly packaged in neutrophil granules (HNP1, HNP2, HNP3) or secreted by intestinal Paneth cells (HD5, HD6), while beta-defensins are expressed in mucosa and epithelial cells. Using surface enhanced laser desorption/ionisation time-of-flight (SELDI-TOF) mass spectrometry (MS), alpha-defensins were found to be expressed in a variety of human tumours, either in tumour cells or at their surface. HNP1-3 peptides are also secreted and their accumulation in biological fluids was proposed as a tumour biomarker. Conversely, beta-defensin-1 (HBD-1) is down-regulated in some tumour types in which it could behave as a tumour suppressor protein. Alpha-defensins promote tumour cell growth or, at higher concentration, provoke cell death. These peptides also inhibit angiogenesis, which, in addition to immunomodulation, indicates a complex role in tumour development. This review summarizes current knowledge of defensins to discuss their role in tumour growth, tumour monitoring and cancer treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/19186224è��Droin, Nathalie
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Rural Population���Jan���Continued Nipah encephalitis outbreaks in Bangladesh highlight the need for preventative and control measures to reduce transmission from bats to humans and human-to-human spread. Qualitative research was conducted at the end of an encephalitis outbreak in Faridpur, Bangladesh in May 2004 and continued through December 2004. Methods included in-depth interviews with caretakers of cases, case survivors, neighbors of cases, and health providers. Results show contrasts between local and biomedical views on causal explanations and appropriate care. Social norms demanded that family members maintain physical contact with sick patients, potentially increasing the risk of human-to-human transmission. Initial treatment strategies by community members involved home remedies, and public health officials encouraged patient hospitalization. Over time, communities linked the outbreak to supernatural powers and sought care with spiritual healers. Differing popular and medical views of illness caused conflict and rejection of biomedical recommendations. Future investigators should consider local perceptions of disease and treatment when developing outbreak strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/19141846���Blum, Lauren S
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Viral Proteins/analysis/*genetics���Febw��The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are highly pathogenic zoonotic paramyxoviruses. Like many other paramyxoviruses, henipaviruses employ a process of co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternate reading frame. Sequence analysis of multiple, cloned mRNAs showed that the mRNA editing frequencies of the P genes of the henipaviruses are higher than those reported for other paramyxoviruses. Antisera to synthetic peptides from the P, V, W and C proteins of NiV were generated to study their expression in infected cells. All proteins were detected in both infected cells and purified virions. In infected cells, the W protein was detected in the nucleus while P, V and C were found in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/19141449���Lo, Michael K
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Sequence Deletion���Feb���The nucleocapsid protein of Nipah virus produced in Escherichia coli assembled into herringbone-like particles. The amino- and carboxy-termini of the N protein were shortened progressively to define the minimum contiguous sequence involved in capsid assembly. The first 29 aa residues of the N protein are dispensable for capsid formation. The 128 carboxy-terminal residues do not play a role in the assembly of the herringbone-like particles. A region with amino acid residues 30-32 plays a crucial role in the formation of the capsid particle. Deletion of any of the four conserved hydrophobic regions in the N protein impaired capsid formation. Replacement of the central conserved regions with the respective sequences from the Newcastle disease virus restored capsid formation.,��https://www.ncbi.nlm.nih.gov/pubmed/19141448Ò��Ong, Swee Tin
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*Virus Internalization���Dec 24%��BACKGROUND: Cell entry and cell-to-cell spread of the highly pathogenic Nipah virus (NiV) requires binding of the NiV G protein to cellular ephrin receptors and subsequent NiV F-mediated fusion. Since expression levels of the main NiV entry receptor ephrin-B2 (EB2) are highly regulated in vivo to fulfill the physiological functions in axon guidance and angiogenesis, the goal of this study was to determine if changes in the EB2 expression influence NiV infection. RESULTS: Surprisingly, transfection of increasing EB2 plasmid concentrations reduced cell-to-cell fusion both in cells expressing the NiV glycoproteins and in cells infected with NiV. This effect was attributed to the downregulation of the NiV glycoproteins from the cell surface. In addition to the influence on cell-to-cell fusion, increased EB2 expression significantly reduced the total amount of NiV-infected cells, thus interfered with virus entry. To determine if the negative effect of elevated EB2 expression on virus entry is a result of an increased EB2 signaling, receptor function of a tail-truncated and therefore signaling-defective DeltacEB2 was tested. Interestingly, DeltacEB2 fully functioned as NiV entry and fusion receptor, and overexpression also interfered with virus replication. CONCLUSION: Our findings clearly show that EB2 signaling does not account for the striking negative impact of elevated receptor expression on NiV infection, but rather that the ratio between the NiV envelope glycoproteins and surface receptors critically influence cell-to-cell fusion and virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19108727Ø��Thiel, Lena
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Swine/virology���Decü��The Nipah virus outbreak in Malaysia (September 1998 to May 1999) resulted in 265 cases of acute encephalitis with 105 deaths, and near collapse of the billion-dollar pig-farming industry. Because it was initially attributed to Japanese encephalitis, early control measures were ineffective, and the outbreak spread to other parts of Malaysia and nearby Singapore. The isolation of the novel aetiological agent, the Nipah virus (NiV), from the cerebrospinal fluid of an outbreak victim was the turning point which led to outbreak control 2 months later. Together with the Hendra virus, NiV is now recognised as a new genus, Henipavirus (Hendra + Nipah), in the Paramyxoviridae family. Efforts of the local and international scientific community have since elucidated the epidemiology, clinico-pathophysiology and pathogenesis of this new disease. Humans contracted the infection from close contact with infected pigs, and formed the basis for pig-culling that eventually stopped the outbreak. NiV targeted medium-sized and small blood vessels resulting in endothelial multinucleated syncytia and fibrinoid necrosis. Autopsies revealed disseminated cerebral microinfarctions resulting from vasculitis-induced thrombosis and direct neuronal involvement. The discovery of NiV in the urine and saliva of Malaysian Island flying foxes (Pteropus hypomelanus and Petropus vampyrus) implicated these as natural reservoir hosts of NiV. It is probable that initial transmission of NiV from bats to pigs occurred in late 1997/early 1998 through contamination of pig swill by bat excretions, as a result of migration of these forest fruitbats to cultivated orchards and pig-farms, driven by fruiting failure of forest trees during the El Nino-related drought and anthropogenic fires in Indonesia in 1997-1998. This outbreak emphasizes the need for sharing information of any unusual illnesses in animals and humans, an open-minded approach and close collaboration and co-ordination between the medical profession, veterinarians and wildlife specialists in the investigation of such illnesses. Environmental mismanagement (such as deforestation and haze) has far-reaching effects, including encroachment of wildlife into human habitats and the introduction of zoonotic infections into domestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19108397h��Looi, Lai-Meng
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*Nipah Virus���SepT��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level four pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the 20th century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarises current published data relating to experimental infection of small and large animals, including the natural reservoir species, the Pteropus bat, with HeV or NiV. Susceptibility to infection and virus distribution in the individual species is discussed, along with the pathogenesis, pathological changes, and potential routes of transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/19084436¦��Weingartl, Hana M
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*Virus Internalization���Nov 26²��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes severe diseases in animals and humans. Endothelial cell (EC) infection is an established hallmark of NiV infection in vivo. Despite systemic virus spread via the vascular system, EC in brain and lung are preferentially infected whereas EC in other organs are less affected. As in vivo, we found differences in the infection of EC in cell culture. Only brain-derived primary or immortalized EC were found to be permissive to NiV infection. Using a replication-independent fusion assay, we could show that the lack of infection in non-brain EC was due to a lack of receptor expression. The NiV entry receptors ephrinB2 (EB2) or ephrinB3 were only expressed in brain endothelia. The finding that EB2 expression in previously non-permissive aortic EC rendered the cells permissive to infection then demonstrated that EB2 is not only necessary but also sufficient to allow the establishment of a productive NiV infection. This strongly suggests that limitations in receptor expression restrict virus entry in certain EC subsets in vivo, and are thus responsible for the differences in EC tropism observed in human and animal NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/19036148ª��Erbar, Stephanie
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*Virus Internalization/drug effects���Jan 16­��Cellular entry of paramyxoviruses requires the coordinated action of both the attachment (G/H/HN) and fusion (F) glycoproteins, but how receptor binding activates G to trigger F-mediated fusion during viral entry is not known. Here, we identify a receptor (ephrinB2)-induced allosteric activation site in Nipah virus (NiV) G involved in triggering F-mediated fusion. We first generated a conformational monoclonal antibody (monoclonal antibody 45 (Mab45)) whose binding to NiV-G was enhanced upon NiV-G-ephrinB2 binding. However, Mab45 also inhibited viral entry, and its receptor binding-enhanced (RBE) epitope was temperature-dependent, suggesting that the Mab45 RBE epitope on G may be involved in triggering F. The Mab45 RBE epitope was mapped to the base of the globular domain (beta6S4/beta1H1). Alanine scan mutants within this region that did not exhibit this RBE epitope were also non-fusogenic despite their ability to bind ephrinB2, oligomerize, and associate with F at wild-type (WT) levels. Although circular dichroism revealed conformational changes in the soluble ectodomain of WT NiV-G upon ephrinB2 addition, no such changes were detected with soluble RBE epitope mutants or short-stalk G mutants. Additionally, WT G, but not a RBE epitope mutant, could dissociate from F upon ephrinB2 engagement. Finally, using a biotinylated HR2 peptide to detect pre-hairpin intermediate formation, a cardinal feature of F-triggering, we showed that ephrinB2 binding to WT G, but not the RBE-epitope mutants, could trigger F. In sum, we implicate the coordinated interaction between the base of NiV-G globular head domain and the stalk domain in mediating receptor-induced F triggering during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19019819è��Aguilar, Hector C
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Zoonoses/epidemiology/transmission/*virology���May.��Over the past decade, a number of unique zoonotic and non-zoonotic viruses have emerged in Malaysia. Several of these viruses have resulted in significant morbidity and mortality to those affected and they have imposed a tremendous public health and economic burden on the state. Amongst the most devastating was the outbreak of Nipah virus encephalitis in 1998, which resulted in 109 deaths. The culling of more than a million pigs, identified as the amplifying host, ultimately brought the outbreak under control. A year prior to this, and subsequently again in 2000 and 2003, large outbreaks of hand-foot-and-mouth disease due to enterovirus 71, with rare cases of fatal neurological complications, were reported in young children. Three other new viruses - Tioman virus (1999), Pulau virus (1999), and Melaka virus (2006) - whose origins have all been linked to bats, have been added to the growing list of novel viruses being discovered in Malaysia. The highly pathogenic H5N1 avian influenza has also been detected in Malaysia with outbreaks in poultry in 2004, 2006, and 2007. Fortunately, no human infections were reported. Finally, the HIV/AIDS epidemic has seen the emergence of an HIV-1 recombinant form (CRF33_01B) in HIV-infected individuals from various risk groups, with evidence of ongoing and rapid expansion.,��https://www.ncbi.nlm.nih.gov/pubmed/19010076Ñ��Tee, Kok Keng
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*Virus Shedding���Nov 10�	�BACKGROUND: Nipah virus (NiV) is a recently emerged paramyxovirus capable of causing fatal disease in a broad range of mammalian hosts, including humans. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the family Paramyxoviridae. Recombinant expression systems have played a crucial role in studying the cell biology of these Biosafety Level-4 restricted viruses. Henipavirus assembly and budding occurs at the plasma membrane, although the details of this process remain poorly understood. Multivesicular body (MVB) proteins have been found to play a role in the budding of several enveloped viruses, including some paramyxoviruses, and the recruitment of MVB proteins by viral proteins possessing late budding domains (L-domains) has become an important concept in the viral budding process. Previously we developed a system for producing NiV virus-like particles (VLPs) and demonstrated that the matrix (M) protein possessed an intrinsic budding ability and played a major role in assembly. Here, we have used this system to further explore the budding process by analyzing elements within the M protein that are critical for particle release. RESULTS: Using rationally targeted site-directed mutagenesis we show that a NiV M sequence YPLGVG is required for M budding and that mutation or deletion of the sequence abrogates budding ability. Replacement of the native and overlapping Ebola VP40 L-domains with the NiV sequence failed to rescue VP40 budding; however, it did induce the cellular morphology of extensive filamentous projection consistent with wild-type VP40-expressing cells. Cells expressing wild-type NiV M also displayed this morphology, which was dependent on the YPLGVG sequence, and deletion of the sequence also resulted in nuclear localization of M. Dominant-negative VPS4 proteins had no effect on NiV M budding, suggesting that unlike other viruses such as Ebola, NiV M accomplishes budding independent of MVB cellular proteins. CONCLUSION: These data indicate that the YPLGVG motif within the NiV M protein plays an important role in M budding; however, involvement of any specific components of the cellular MVB sorting pathway in henipavirus budding remains to be demonstrated. Further investigation of henipavirus assembly and budding may yet reveal a novel mechanism(s) of viral assembly and release that could be applicable to other enveloped viruses or have therapeutic implications.,��https://www.ncbi.nlm.nih.gov/pubmed/19000317#��Patch, Jared R
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SARS Virus���Oct@��Acute respiratory viruses are a major cause of morbidity and mortality in humans worldwide and most acute respiratory infections are caused by viruses. Many of these viruses cause the highest burden of disease in specific risk groups such as young infants, the elderly, and immune-compromised individuals. Although the most important respiratory viruses of humans have been identified in the last century, in the past decade about a dozen "new" viruses have been discovered that may cause a high burden of acute respiratory disease in humans. Not only viruses were discovered that must have been with humans for many decades or centuries, such as human metapneumovirus and 2 different human coronaviruses, but also viruses that are truly new for humans and have emerged as a result of recent interspecies transmissions from other mammalian or avian reservoirs. The latter include highly pathogenic avian influenza viruses, severe acute respiratory syndrome (SARS) coronavirus, and Nipah virus. The discovery, etiologic role, and burden of disease caused by these infections are described.,��https://www.ncbi.nlm.nih.gov/pubmed/18820582£��Osterhaus, Albert D M E
eng
Research Support, Non-U.S. Gov't
2008/10/23 09:00
Pediatr Infect Dis J. 2008 Oct;27(10 Suppl):S71-4. doi: 10.1097/INF.0b013e3181684d7c.%��0891-3668 (Print)
0891-3668 (Linking)���18820582X��Department of Virology, Erasmus MC, Rotterdam, The Netherlands. a.osterhaus@erasmusmc.nl���10.1097/INF.0b013e3181684d7c����"��üÒ|ÿî?�������Lo, M. K.
Rota, P. A.���2008?��The emergence of Nipah virus, a highly pathogenic paramyxovirus���396-400���J Clin Virol���43���4���Bangladesh/epidemiology
*Disease Outbreaks
Encephalitis, Viral/*epidemiology/mortality/virology
Henipavirus Infections/*epidemiology/mortality/virology
Humans
India/epidemiology
Malaysia/epidemiology
Nipah Virus/*isolation & purification
Singapore/epidemiology���Dec$��Nipah virus first emerged in Malaysia and Singapore between 1998 and 1999, causing severe febrile encephalitis in humans with a mortality rate of close to 40%. In addition, a significant portion of those recovering from acute infection had relapse encephalitis and long-term neurological defects. Since its initial outbreak, there have been numerous outbreaks in Bangladesh and India, in which the mortality rate rose to approximately 70%. These subsequent outbreaks were distinct from the initial outbreak, both in their epidemiology and in their clinical presentations. Recent developments in diagnostics may expedite disease diagnosis and outbreak containment, while progress in understanding the molecular biology of Nipah virus could lead to novel therapeutics and vaccines for this deadly pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/18835214���Lo, Michael K
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*Nipah Virus
Odds Ratio
Risk Factors���Oct¨��Nipah virus (NiV) is a paramyxovirus that causes severe encephalitis in humans. During January 2004, twelve patients with NiV encephalitis (NiVE) were identified in west-central Bangladesh. A case-control study was conducted to identify factors associated with NiV infection. NiVE patients from the outbreak were enrolled in a matched case-control study. Exact odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using a matched analysis. Climbing trees (83% of cases vs. 51% of controls, OR 8.2, 95% CI 1.25-infinity) and contact with another NiVE patient (67% of cases vs. 9% of controls, OR 21.4, 95% CI 2.78-966.1) were associated with infection. We did not identify an increased risk for NiV infection among persons who had contact with a potential intermediate host. Although we cannot rule out person-to-person transmission, case-patients were likely infected from contact with fruit bats or their secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/18826814{��Montgomery, Joel M
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Viral Vaccines/*immunology���Dec[��Two members of the paramyxovirus family, Nipah virus (NiV) and Hendra virus (HeV), are recent additions to a growing number of agents of emergent diseases which use bats as a natural host. Identification of ephrin-B2 and ephrin-B3 as cellular receptors for these viruses has enabled the development of immunotherapeutic reagents which prevent virus attachment and subsequent fusion. Here we present the structural analysis of the protein and carbohydrate components of the unbound viral attachment glycoprotein of NiV glycoprotein (NiV-G) at a 2.2-A resolution. Comparison with its ephrin-B2-bound form reveals that conformational changes within the envelope glycoprotein are required to achieve viral attachment. Structural differences are particularly pronounced in the 579-590 loop, a major component of the ephrin binding surface. In addition, the 236-245 loop is rather disordered in the unbound structure. We extend our structural characterization of NiV-G with mass spectrometric analysis of the carbohydrate moieties. We demonstrate that NiV-G is largely devoid of the oligomannose-type glycans that in viruses such as human immunodeficiency virus type 1 and Ebola virus influence viral tropism and the host immune response. Nevertheless, we find putative ligands for the endothelial cell lectin, LSECtin. Finally, by mapping structural conservation and glycosylation site positions from other members of the paramyxovirus family, we suggest the molecular surface involved in oligomerization. These results suggest possible pathways of virus-host interaction and strategies for the optimization of recombinant vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/18815311Á��Bowden, Thomas A
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Viral Envelope Proteins/*chemistry/genetics/*metabolism���Novk��Hendra virus (HeV) is a member of the broadly tropic and highly pathogenic paramyxovirus genus Henipavirus. HeV is enveloped and infects cells by using membrane-anchored attachment (G) and fusion (F) glycoproteins. G possesses an N-terminal cytoplasmic tail, an external membrane-proximal stalk domain, and a C-terminal globular head that binds the recently identified receptors ephrinB2 and ephrinB3. Receptor binding is presumed to induce conformational changes in G that subsequently trigger F-mediated fusion. The stalk domains of other attachment glycoproteins appear important for oligomerization and F interaction and specificity. However, this region of G has not been functionally characterized. Here we performed a mutagenesis analysis of the HeV G stalk, targeting a series of isoleucine residues within a hydrophobic alpha-helical domain that is well conserved across several attachment glycoproteins. Nine of 12 individual HeV G alanine substitution mutants possessed a complete defect in fusion-promotion activity yet were cell surface expressed and recognized by a panel of conformation-dependent monoclonal antibodies (MAbs) and maintained their oligomeric structure. Interestingly, these G mutations also resulted in the appearance of an additional electrophoretic species corresponding to a slightly altered glycosylated form. Analysis revealed that these G mutants appeared to adopt a receptor-bound conformation in the absence of receptor, as measured with a panel of MAbs that preferentially recognize G in a receptor-bound state. Further, this phenotype also correlated with an inability to associate with F and in triggering fusion even after receptor engagement. Together, these data suggest the stalk domain of G plays an important role in the conformational stability and receptor binding-triggered changes leading to productive fusion, such as the dissociation of G and F.,��https://www.ncbi.nlm.nih.gov/pubmed/18799571<��Bishop, Kimberly A
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Recurrence���Augí��Viral encephalitis presents with seizures not only in the acute stage but also increases the risk of late unprovoked seizures and epilepsy. Acute symptomatic and late unprovoked seizures in different viral encephalitides are reviewed here. Among the sporadic viral encephalitides, Herpes simplex encephalitis (HSE) is perhaps most frequently associated with epilepsy, which may often be severe. Seizures may be the presenting feature in 50% patients with HSE because of involvement of the highly epileptogenic frontotemporal cortex. The occurrence of seizures in HSE is associated with poor prognosis. In addition, chronic and relapsing forms of HSE have been described and these may be associated with antiepileptic drug-resistant seizures. Among the epidemic (usually due to flaviviruses) viral encephalitides, Japanese encephalitis (JE) is most common and is associated with acute symptomatic seizures, especially in children. The reported frequency of acute symptomatic seizures in JE is 7-46%. Encephalitis due to other flaviviruses such as equine, St. Louis, and West Nile viruses may also manifest with acute symptomatic seizures. In Nipah virus encephalitis, seizures are more common in relapsed and late-onset encephalitis in comparison to acute encephalitis (4% vs. 1.8%). Other viruses like measles, varicella, mumps, influenza, and entero-viruses may cause seizures depending on the area of brain involved. There is no comprehensive data regarding late unprovoked seizures in different viral encephalitides. Prospective studies are required to document the risk of late unprovoked seizures and epilepsy following viral encephalitis due to different viruses as well as to determine the clinical characteristics, course, and outcome of post-encephalitic epilepsy.,��https://www.ncbi.nlm.nih.gov/pubmed/18754956���Misra, Usha Kant
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Virus Diseases/*epidemiology���Oct°��The epidemiology of several viral diseases underwent profound changes in South-East Asia and Oceania over the past decades. This was due to several factors, including the geographical distribution of vectors and the viruses they transmit; increasing traveling and trade; increasing ecological and demographic pressure. We reviewed the current state of knowledge based on published sources and available epidemiological data. The review was limited to potentially emerging viruses in Southeast Asia and the Pacific reported in human cases. Dengue, Chikungunya, and Japanese Encephalitis viruses have recurred on a yearly basis with a steady increase in these regions. Ross River and Barmah viruses now appear regularly in Australia, in an increasing number of cases. Nipah virus strikes regularly with limited but deadly epidemics in Southeast Asia. Finally, infections by lyssaviruses, Kunjin, Murray Valley, or Zika viruses were also reviewed.,��https://www.ncbi.nlm.nih.gov/pubmed/18771865Â��Barboza, P
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Chua, K. B.���2008���Nipah virus encephalitis���315-20���Curr Infect Dis Rep���10���4���Jul���Nipah virus was first discovered in 1999, after a severe outbreak of viral encephalitis among pig farm workers in Malaysia. The disease is thought to spread from Pteropus bats to pigs and then to humans following close contact. The reported mortality rate in this outbreak was 40%. The main necropsy finding in patients with Nipah virus encephalitis was disseminated microinfarction associated with vasculitis and direct neuronal involvement. Relapse of encephalitis was seen in 10% of those who survived the initial illness. Since that initial report, recurrent outbreaks of Nipah virus encephalitis have been seen in Bangladesh and West Bengal, India. These outbreaks occurred between January and May, with Pteropus giganteus as a reservoir of the virus. In Bangladesh, the virus probably spread directly from bats to humans-with human to human spread as another important mode of infection-and the mortality rate was 70%.,��https://www.ncbi.nlm.nih.gov/pubmed/18765105^��Tan, Chong-Tin
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Ticlopidine/analogs & derivatives/therapeutic use���OctÙ	�BACKGROUND: The treatment of ischaemic stroke with neuroprotective drugs has been unsuccessful, and whether these compounds can be used to reduce disability after recurrent stroke is unknown. The putative neuroprotective effects of antiplatelet compounds and the angiotensin II receptor antagonist telmisartan were investigated in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial. METHODS: Patients who had had an ischaemic stroke were randomly assigned in a two by two factorial design to receive either 25 mg aspirin (ASA) and 200 mg extended-release dipyridamole (ER-DP) twice a day or 75 mg clopidogrel once a day, and either 80 mg telmisartan or placebo once per day. The predefined endpoints for this substudy were disability after a recurrent stroke, assessed with the modified Rankin scale (mRS) and Barthel index at 3 months, and cognitive function, assessed with the mini-mental state examination (MMSE) score at 4 weeks after randomisation and at the penultimate visit. Analysis was by intention to treat. The study was registered with ClinicalTrials.gov, number NCT00153062. FINDINGS: 20,332 patients (mean age 66 years) were randomised and followed-up for a median of 2.4 years. Recurrent strokes occurred in 916 (9%) patients randomly assigned to ASA with ER-DP and 898 (9%) patients randomly assigned to clopidogrel; 880 (9%) patients randomly assigned to telmisartan and 934 (9%) patients given placebo had recurrent strokes. mRS scores were not statistically different in patients with recurrent stroke who were treated with ASA and ER-DP versus clopidogrel (p=0.38), or with telmisartan versus placebo (p=0.61). There was no significant difference in the proportion of patients with recurrent stroke with a good outcome, as measured with the Barthel index, across all treatment groups. Additionally, there was no significant difference in the median MMSE scores, the percentage of patients with an MMSE score of 24 points or less, the percentage of patients with a drop in MMSE score of 3 points or more between 1 month and the penultimate visit, and the number of patients with dementia among the treatment groups. There were no significant differences in the proportion of patients with cognitive impairment or dementia among the treatment groups. INTERPRETATION: Disability due to recurrent stroke and cognitive decline in patients with ischaemic stroke were not different between the two antiplatelet regimens and were not affected by the preventive use of telmisartan.,��https://www.ncbi.nlm.nih.gov/pubmed/18757238H��Diener, Hans-Christoph
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Treatment Failure���Sep 18���BACKGROUND: Prolonged lowering of blood pressure after a stroke reduces the risk of recurrent stroke. In addition, inhibition of the renin-angiotensin system in high-risk patients reduces the rate of subsequent cardiovascular events, including stroke. However, the effect of lowering of blood pressure with a renin-angiotensin system inhibitor soon after a stroke has not been clearly established. We evaluated the effects of therapy with an angiotensin-receptor blocker, telmisartan, initiated early after a stroke. METHODS: In a multicenter trial involving 20,332 patients who recently had an ischemic stroke, we randomly assigned 10,146 to receive telmisartan (80 mg daily) and 10,186 to receive placebo. The primary outcome was recurrent stroke. Secondary outcomes were major cardiovascular events (death from cardiovascular causes, recurrent stroke, myocardial infarction, or new or worsening heart failure) and new-onset diabetes. RESULTS: The median interval from stroke to randomization was 15 days. During a mean follow-up of 2.5 years, the mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group than in the placebo group. A total of 880 patients (8.7%) in the telmisartan group and 934 patients (9.2%) in the placebo group had a subsequent stroke (hazard ratio in the telmisartan group, 0.95; 95% confidence interval [CI], 0.86 to 1.04; P=0.23). Major cardiovascular events occurred in 1367 patients (13.5%) in the telmisartan group and 1463 patients (14.4%) in the placebo group (hazard ratio, 0.94; 95% CI, 0.87 to 1.01; P=0.11). New-onset diabetes occurred in 1.7% of the telmisartan group and 2.1% of the placebo group (hazard ratio, 0.82; 95% CI, 0.65 to 1.04; P=0.10). CONCLUSIONS: Therapy with telmisartan initiated soon after an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753639$��Yusuf, Salim
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Vascular Diseases/mortality���Sep 18T��BACKGROUND: Recurrent stroke is a frequent, disabling event after ischemic stroke. This study compared the efficacy and safety of two antiplatelet regimens--aspirin plus extended-release dipyridamole (ASA-ERDP) versus clopidogrel. METHODS: In this double-blind, 2-by-2 factorial trial, we randomly assigned patients to receive 25 mg of aspirin plus 200 mg of extended-release dipyridamole twice daily or to receive 75 mg of clopidogrel daily. The primary outcome was first recurrence of stroke. The secondary outcome was a composite of stroke, myocardial infarction, or death from vascular causes. Sequential statistical testing of noninferiority (margin of 1.075), followed by superiority testing, was planned. RESULTS: A total of 20,332 patients were followed for a mean of 2.5 years. Recurrent stroke occurred in 916 patients (9.0%) receiving ASA-ERDP and in 898 patients (8.8%) receiving clopidogrel (hazard ratio, 1.01; 95% confidence interval [CI], 0.92 to 1.11). The secondary outcome occurred in 1333 patients (13.1%) in each group (hazard ratio for ASA-ERDP, 0.99; 95% CI, 0.92 to 1.07). There were more major hemorrhagic events among ASA-ERDP recipients (419 [4.1%]) than among clopidogrel recipients (365 [3.6%]) (hazard ratio, 1.15; 95% CI, 1.00 to 1.32), including intracranial hemorrhage (hazard ratio, 1.42; 95% CI, 1.11 to 1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups (1194 ASA-ERDP recipients [11.7%], vs. 1156 clopidogrel recipients [11.4%]; hazard ratio, 1.03; 95% CI, 0.95 to 1.11). CONCLUSIONS: The trial did not meet the predefined criteria for noninferiority but showed similar rates of recurrent stroke with ASA-ERDP and with clopidogrel. There is no evidence that either of the two treatments was superior to the other in the prevention of recurrent stroke. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753638���Sacco, Ralph L
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Vero Cells���Jun¯��In 1998, a novel paramyxovirus (order Mononegavirales, family Paramyxoviridae, subfamily Paramyxovirinae, genus Henipavirus) emerged in peninsular Malaysia causing fatal encephalitis in humans and severe respiratory illness with encephalitis in pigs. The virus was successfully isolated in cultured mammalian cells. Transmission electron microscopy of infected tissue culture cells played a crucial role in the early preliminary identification of the causative agent of the outbreak. This in turn was pivotal to determine the correct direction of control measures that subsequently brought the epidemic under control. In light of this investigation, and indeed identification of infectious agents associated with other disease episodes, electron microscopy will remain an important frontline method for rapid diagnostic virology and investigation of any future outbreak of new and unusual cases of illness suspected of an infectious aetiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18705447{��Chua, K B
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Virus Replication���Decw��Nipah virus (NiV) and Hendra virus (HeV) are recently emerged zoonotic paramyxoviruses exclusively grouped within a new genus, Henipavirus. These viruses cause fatal disease in a wide range of species, including humans. Both NiV and HeV have continued to re-emerge sporadically in Bangladesh and Australia, respectively. There are currently no therapeutics or vaccines available to treat Henipavirus infection and both are classified as BSL4 pathogens. RNA interference (RNAi) is a process by which double-stranded RNA directs sequence-specific degradation of messenger RNA in animal and plant cells. Small interfering RNAs (siRNAs) mediate RNAi by inhibiting gene expression of homologous mRNA and our preliminary studies suggest RNAi may be a useful approach to developing novel therapies for these highly lethal pathogens. Eight NiV siRNA molecules (four L and four N gene specific), two HeV N gene specific, and two non-specific control siRNA molecules were designed and tested for their ability to inhibit a henipavirus minigenome replication system (which does not require the use of live virus) in addition to live virus infections in vitro. In the minigenome assay three out of the four siRNAs that targeted the L gene of NiV effectively inhibited replication. In contrast, only NiV N gene siRNAs were effective in reducing live NiV replication, suggesting inhibition of early, abundantly expressed gene transcripts may be more effective than later, less abundant transcripts. Additionally, some of the siRNAs effective against NiV infection were only partially effective inhibitors of HeV infection. An inverse correlation between the number of nucleotide mismatches and the efficacy of siRNA inhibition was observed. The demonstration that RNAi effectively inhibits henipavirus replication in vitro, is a novel approach and may provide an effective therapy for these highly lethal, zoonotic pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/18687361ß��Mungall, Bruce A
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Male���Auga��We tested 41 bats for antibodies against Nipah and Hendra viruses to determine whether henipaviruses circulate in pteropid fruit bats (Pteropus giganteus) in northern India. Twenty bats were seropositive for Nipah virus, which suggests circulation in this species, thereby extending the known distribution of henipaviruses in Asia westward by >1,000 km.,��https://www.ncbi.nlm.nih.gov/pubmed/18680665Ì��Epstein, Jonathan H
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Virus Diseases/*epidemiology���Nov´��Emerging viral diseases are nothing new. Smallpox probably reached Europe from Asia in the 5th century, and yellow fever emerged in the Americas during the 16th century as a consequence of the African slave trade. Dengue fever arose simultaneously in South-East Asia, Africa, and North America during the 18th century. In 1918-1919 the so-called Spanish flu spread like wildfire through all five continents, killing between 25 and 40 million people. The second half of the 20th century saw the emergence of HIV/AIDS (1981), among other viral diseases. Even more worrying is the fact that emerging and re-emerging viral diseases have had a tendency to spread more quickly and more widely during the last decade, invading whole countries and continents; witness the recent outbreaks of Nipah virus, West Nile, Rift Valley fever, SARS, monkeypox, avian flu (H5N1) and Chikungunya. The complex factors underlying these new trends are briefly discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/18666456���Chastel, Claude
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Species Specificity���Jul 23*��Henipaviruses are emerging RNA viruses of fruit bat origin that can cause fatal encephalitis in man. Ghanaian fruit bats (megachiroptera) were tested for antibodies to henipaviruses. Using a Luminex multiplexed microsphere assay, antibodies were detected in sera of Eidolon helvum to both Nipah (39%, 95% confidence interval: 27-51%) and Hendra (22%, 95% CI: 11-33%) viruses. Virus neutralization tests further confirmed seropositivity for 30% (7/23) of Luminex positive serum samples. Our results indicate that henipavirus is present within West Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/18648649ô��Hayman, David T S
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Virulence/physiology���Jul 22I��Nipah virus (NiV) and Hendra virus are the type species of the highly pathogenic paramyxovirus genus Henipavirus, which can cause severe respiratory disease and fatal encephalitis infections in humans, with case fatality rates approaching 75%. NiV contains two envelope glycoproteins, the receptor-binding G glycoprotein (NiV-G) that facilitates attachment to host cells and the fusion (F) glycoprotein that mediates membrane merger. The henipavirus G glycoproteins lack both hemagglutinating and neuraminidase activities and, instead, engage the highly conserved ephrin-B2 and ephrin-B3 cell surface proteins as their entry receptors. Here, we report the crystal structures of the NiV-G both in its receptor-unbound state and in complex with ephrin-B3, providing, to our knowledge, the first view of a paramyxovirus attachment complex in which a cellular protein is used as the virus receptor. Complex formation generates an extensive protein-protein interface around a protruding ephrin loop, which is inserted in the central cavity of the NiV-G beta-propeller. Analysis of the structural data reveals the molecular basis for the highly specific interactions of the henipavirus G glycoproteins with only two members (ephrin-B2 and ephrin-B3) of the very large ephrin family and suggests how they mediate in a unique fashion both cell attachment and the initiation of membrane fusion during the virus infection processes. The structures further suggest that the NiV-G/ephrin interactions can be effectively targeted to disrupt viral entry and provide the foundation for structure-based antiviral drug design.,��https://www.ncbi.nlm.nih.gov/pubmed/18632560:��Xu, Kai
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Vasculitis/metabolism/pathology/*virology���Jul���Mortality rate in humans infected with Nipah virus (NiV) has been reported as high as 92%. Humans infected with NiV show a widespread multisystemic vasculitis with most severe clinical and pathologic manifestations in the brain, lungs, and spleen. The purpose of this study was to study pathologic and immunohistochemical findings in guinea pigs infected with NiV. Of 28 animals inoculated intraperitoneally, only 2 survived the infection, and most died between 4 and 8 days postinoculation (dpi). Viral antigen with minimal pathologic changes was first detected 2 dpi in lymph nodes and spleen. More severe changes were noted in these organs 4-8 dpi, where pathologic damage had a vasocentric distribution and viral antigen was abundant in vascular endothelium, tunica media, adventitia, as well as in macrophages lining sinuses. The urinary bladder, uterus, and ovaries were also affected with necrosis and acute inflammation. In these organs, immunohistochemical positive staining was intense in blood vessels, epithelial cells, and ovarian follicles. Approximately 50% of the animals that died or were euthanized in extremis had evidence of viral antigen and histopathologic changes in brain, especially involving meninges and ependymal cells, with lesser changes in the neural parenchyma. A unifying feature of the damage for all affected tissues was necrosis and inflammation of the vasculature, chiefly in arterioles, capillaries, and venules. Inoculation of guinea pigs intraperitoneally with NiV produces a disease with considerable resemblance to the disease in humans, but with reduced pulmonary involvement and marked infection of urinary bladder and the female reproductive tract.,��https://www.ncbi.nlm.nih.gov/pubmed/18587107ë��Torres-Velez, F J
Shieh, W-J
Rollin, P E
Morken, T
Brown, C
Ksiazek, T G
Zaki, S R
eng
K08 AI060629-02/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2008/07/01 09:00
Vet Pathol. 2008 Jul;45(4):576-85. doi: 10.1354/vp.45-4-576.%��0300-9858 (Print)
0300-9858 (Linking)���18587107���College of Veterinary Medicine, Department of Veterinary Pathology, 501 DW Brooks Drive, Athens, GA 30602-7388 (USA). ftorres@vet.uga.edufat5@cdc.gov.���10.1354/vp.45-4-576�	$��üÒ|ßî?�������Tattevin, P.���2009Q��[Infectious meningoencephalitis in non-immunocompromised adult: state of the art]���125-34���Rev Med Interne���30���2���Anti-Bacterial Agents/therapeutic use
Antiviral Agents/therapeutic use
Communicable Diseases, Emerging
DNA, Viral/analysis
Diagnosis, Differential
Humans
*Immunocompetence
Meningoencephalitis/*diagnosis/drug therapy/epidemiology/*etiology
Polymerase Chain Reaction���Feb���Meningoencephalitis is a disease with many drawbacks: it is usually severe and its etiology will frequently remain unsolved even with thorough investigations. Pathogen diversities and the wide range of differential diagnosis are further limitations, while there are neither guidelines nor conferences consensus available, in France and elsewhere. However, there are many valuable data in the literature and major advances have already been obtained, the most striking being advances in imaging techniques and molecular biology, as illustrated by the significant impact of HSV PCR advent in patient management. On emergency settings, physicians have to recognize and initiate appropriate treatment for patients who may have herpes simplex meningoencephalitis, and to consider bacteria for which prompt treatment has a positive prognostic impact. At this stage, intravenous acyclovir and amoxicillin should be widely prescribed, even with limited suspicion. Then, physicians will have to collect pertinent information and diagnostic tests results, and may seek expertise from other specialties when needed. Continuous improvements in diagnostic tests should allow significant progress in pathogen identification in meningoencephalitis, thus leading to better patients management. We also have to be prepared for changes, as the recent emergence of four agents of encephalitis reminded us (West Nile, Nipah, Hendra and Japanese encephalitis).,��https://www.ncbi.nlm.nih.gov/pubmed/18585826���Tattevin, P
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Viral Envelope Proteins/genetics/*immunology���Jul 23¶��Nipah virus (NiV) and Hendra virus (HeV) are closely related deadly zoonotic paramyxoviruses that have emerged and re-emerged over the last 10 years. In this study, a subunit vaccine formulation containing only recombinant, soluble, attachment glycoprotein from HeV (sG(HeV)) and CpG adjuvant was evaluated as a potential NiV vaccine in the cat model. Different amounts of sG(HeV) were employed and sG-induced immunity was examined. Vaccinated animals demonstrated varying levels of NiV-specific Ig systemically and importantly, all vaccinated cats possessed antigen-specific IgA on the mucosa. Upon oronasal challenge with NiV (50,000TCID50), all vaccinated animals were protected from disease although virus was detected on day 21 post-challenge in one animal. The ability to elicit protective systemic and mucosal immunity in this animal model provides significant progress towards the development of a human subunit vaccine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18556094Á��McEachern, Jennifer A
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Zoonoses/transmission/virology���Sepi��Bats are increasingly recognized to harbor a wide range of viruses, and in most instances these viruses appear to establish long-term persistence in these animals. They are the reservoir of a number of human zoonotic diseases including Nipah, Ebola, and severe acute respiratory syndrome. We report the identification of novel groups of astroviruses in apparently healthy insectivorous bats found in Hong Kong, in particular, bats belonging to the genera Miniopterus and Myotis. Astroviruses are important causes of diarrhea in many animal species, including humans. Many of the bat astroviruses form distinct phylogenetic clusters in the genus Mamastrovirus within the family Astroviridae. Virus detection rates of 36% to 100% and 50% to 70% were found in Miniopterus magnater and Miniopterus pusillus bats, respectively, captured within a single bat habitat during four consecutive visits spanning 1 year. There was high genetic diversity of viruses in bats found within this single habitat. Some bat astroviruses may be phylogenetically related to human astroviruses, and further studies with a wider range of bat species in different geographic locations are warranted. These findings are likely to provide new insights into the ecology and evolution of astroviruses and reinforce the role of bats as a reservoir of viruses with potential to pose a zoonotic threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/18550669���Chu, D K W
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X-Ray Microtomography���Junt��BACKGROUND: Spark discharge anodic oxidation forms a porous TiO2 film on the surface of titanium oral implants, increasing surface roughness and concentrations of calcium and phosphate ions. In this study, anodic-treated oral implants were placed in an animal model and analysed using clinical, micro-computerized tomographic (micro-CT) and histometric techniques. METHODS: Pairs of 3.5 mm x 8.5 mm long titanium implants (Osstem Implant Co., Ltd. Seoul, Korea), with blasted (control) or blasted and oxidized surfaces (test), were placed into the right femoral condyles of 10 sheep. Animals were sacrificed after 1 month unloaded healing. Resonant frequency analysis (RFA) was measured in implant stability quotient (ISQ) using the Mentor II device. Specimens were scanned using medium resolution micro-CT (Skyscan 1172). Mean percent bone-to-implant contact (%BIC) was calculated from two images per implant by three different operators, using Image J software. Inter- and intra-examiner differences were calculated. Specimens were then embedded in methacrylate and undemineralized ground sections were digitized. Mean %BIC was measured using Image J at x 20 magnification for the best-three consecutive threads from the most central section. RESULTS: Mean micro-CT %BIC was similar for control and test (57.2 +/- 0.05% versus 56.4 +/- 0.03%, p = 0.5). There was considerable inter-examiner variability (interclass correlation coefficient = 0.44). RFA showed no clinically-detectable difference between the two groups (control ISQ: 75.2 +/- 4.2; test ISQ: 76.3 +/- 1.7; p = 0.48). However, histometric analysis found a marked and highly statistically-significant difference (%BIC Test 72.5 +/- 8.6%, Control 46.2 +/- 12.1%, p = 0.01). CONCLUSIONS: The novel anodic oxidation technique increased early ossointegration of rough-surfaced implants by 157%. Neither clinical testing with resonant frequency analysis nor radiographic analysis using micro-CT had sufficient resolution to detect this improvement. Whether this gain in early bone-implant contact is clinically significant in the context of early occlusal loading is the subject of subsequent experiments.,��https://www.ncbi.nlm.nih.gov/pubmed/22073469Î��Duncan, Warwick J
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Malaysia/epidemiology���Mar»��Paramyxoviruses have been implicated in both animal and human infections. Some viruses, such as Morbilliviruses are responsible for large-scale epidemics. However, there are limited observations of these viruses crossing the host species barrier in nature. In 1994, in Australia a fatal infection in horses and humans was identified to be caused by a new Paramyxovirus, Hendra virus (HeV), and in 1998 in Malaysia, a closely related virus, Nipah virus (NiV) was responsible for fatal infections in pigs and humans. These two viruses were sufficiently different from previously described Paramyxoviruses to create a new genus, Henipaviruses. The natural reservoir of these viruses was the fruit bat (Pteropus), which is found in regions extending from the western Pacific to the eastern coast of Africa. Serological studies have established that as many as half the fruit bats in colonies throughout these regions may have antibodies against this family of viruses. The availability of diagnostic reagents for Nipah virus in humans have identified infections in several countries including, Bangladesh, India and Indonesia. In some of these epidemics, mortality in humans exceeds 75%. Deforestation is probably responsible for fruit bats leaving their ecological niches and approaching farms and villages. The infection of humans and animals may occur via contaminated foods or in certain cases by animals to man. At present, only within close families has human-to-human transmission been proposed. Henipavirus infections are probably more widespread than it is at presently known and so it is important to have an intense monitoring for these diseases, especially in countries where large-scale deforestation is happening.,��https://www.ncbi.nlm.nih.gov/pubmed/18511217���Wild, T F
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*Swine Diseases/diagnosis/epidemiology/virology���Mar-Apr���Nipah encephalitis is a particular dangerous disease that affects animals and man. Fatal cases of the disease have been identified in the persons looking after pigs in the villages of Malaysia. The causative agent is presumably referred to as morbilliviruses of the Paramixoviridae family. Two hundred persons died among the ill patients with the signs of encephalitis. The principal hosts of the virus were fox-bats (Megaschiroptera) inhabiting in the surrounding forests. The present paper descries the epidemiological features of the disease, its clinical manifestations, abnormal anatomic changes, diagnosis, and implemented controlling measures.,��https://www.ncbi.nlm.nih.gov/pubmed/18450103¥��Kolomytsev, A A
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Virulence���Apr 306��Innate immunity is critically dependent on the rapid production of interferon in response to intruding viruses. The intracellular pathogen recognition receptors RIG-I and MDA5 are essential for interferon induction by viral RNAs containing 5' triphosphates or double-stranded structures, respectively. Viruses with a negative-stranded RNA genome are an important group of pathogens causing emerging and re-emerging diseases. We investigated the ability of genomic RNAs from substantial representatives of this virus group to induce interferon via RIG-I or MDA5. RNAs isolated from particles of Ebola virus, Nipah virus, Lassa virus, and Rift Valley fever virus strongly activated the interferon-beta promoter. Knockdown experiments demonstrated that interferon induction depended on RIG-I, but not MDA5, and phosphatase treatment revealed a requirement for the RNA 5' triphosphate group. In contrast, genomic RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus did not trigger interferon induction. Sensitivity of these RNAs to a 5' monophosphate-specific exonuclease indicates that the RIG-I-activating 5' triphosphate group was removed post-transcriptionally by a viral function. Consequently, RIG-I is unable to bind the RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus. These results establish RIG-I as a major intracellular recognition receptor for the genome of most negative-strand RNA viruses and define the cleavage of triphosphates at the RNA 5' end as a strategy of viruses to evade the innate immune response.,��https://www.ncbi.nlm.nih.gov/pubmed/18446221D��Habjan, Matthias
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Time Factors���Apr 1E��BACKGROUND: In Bangladesh, 4 outbreaks of Nipah virus infection were identified during the period 2001-2004. METHODS: We characterized the clinical features of Nipah virus-infected individuals affected by these outbreaks. We classified patients as having confirmed cases of Nipah virus infection if they had antibodies reactive with Nipah virus antigen. Patients were considered to have probable cases of Nipah virus infection if they had symptoms consistent with Nipah virus infection during the same time and in the same community as patients with confirmed cases. RESULTS: We identified 92 patients with Nipah virus infection, 67 (73%) of whom died. Although all age groups were affected, 2 outbreaks principally affected young persons (median age, 12 years); 62% of the affected persons were male. Fever, altered mental status, headache, cough, respiratory difficulty, vomiting, and convulsions were the most common signs and symptoms; clinical and radiographic features of acute respiratory distress syndrome of Nipah illness were identified during the fourth outbreak. Among those who died, death occurred a median of 6 days (range, 2-36 days) after the onset of illness. Patients who died were more likely than survivors to have a temperature >37.8 degrees C, altered mental status, difficulty breathing, and abnormal plantar reflexes. Among patients with Nipah virus infection who had well-defined exposure to another patient infected with Nipah virus, the median incubation period was 9 days (range, 6-11 days). CONCLUSIONS: Nipah virus infection produced rapidly progressive severe illness affecting the central nervous and respiratory systems. Clinical characteristics of Nipah virus infection in Bangladesh, including a severe respiratory component, appear distinct from clinical characteristics reported during earlier outbreaks in other countries.,��https://www.ncbi.nlm.nih.gov/pubmed/18444812Ã��Hossain, M Jahangir
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Polymerase Chain Reaction/veterinary���Jul 15Á��Bats are considered to be natural reservoirs for several viruses of clinical importance, including rabies virus, Nipah virus, and Hendra virus. Type I interferons (IFNs) is an important part of the immune system in the defense against viral infection. To investigate the function of type I IFNs upon viral infection in bats, the nucleic acid, and amino acid sequences of Egyptian Rousette (Rousettus aegyptiacus) IFN-alpha and -beta were characterized. Sequence data indicated that bat IFN-alpha consists of 562-bp encoded 187-aa, and IFN-beta consisted of 558-bp encoded 186-aa. Phylogenetic analysis of the overall identity of IFN-beta shared the highest sequence homology with pig IFN-beta in both nucleotide and amino acid level. Stimulation of bat primary kidney cells (BPKCs) and bat lung cell lines, Tb-1 Lu, with polyinosinic-polycytidylic acid (poly(I:C)) or exogenous bat type I IFNs resulted in increased type I IFNs mRNA expression in BPKCs, but not in Tb-1 Lu. Characterization of the bat IFN-alpha and -beta genes allows understanding of the immune responses upon stimulation in different tissues, thus providing practical strategies for control and treatment of clinically important diseases. These results are important especially for the virus infection, and suggest that future molecular studies on virus infection experiment of bats in vitro will require careful consideration of the differences of type I IFN expression patterns in different cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/18436311���Omatsu, Tsutomu
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Treatment Outcome���AprP��BACKGROUND: Telmisartan is an orally active angiotensin II receptor antagonist prescribed once daily. OBJECTIVE: To evaluate the efficacy of telmisartan on blood pressure control, and on other end points, when given as monotherapy or in combination. METHODS: Review of published literature. RESULTS: Telmisartan produces more effective control of blood pressure over 24 h, especially in the last 6 h of the dosing interval, compared with other antihypertensive agents. It also possesses pleiotrophic effects on lipid and glucose metabolism, but lacks evidence of efficacy in reducing vascular events. CONCLUSIONS: Clinical outcome trials expected to report in 2008 will provide hard end points that may demonstrate advantages of telmisartan as monotherapy, or in combination with angiotensin-converting enzyme inhibitors, for managing hypertension.,��https://www.ncbi.nlm.nih.gov/pubmed/18433350¢��Rosario, Barbara H
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Virus Replication/genetics/*physiology���MayÃ��Nipah virus (NiV) is a recently emergent, highly pathogenic, zoonotic paramyxovirus of the genus Henipavirus. Like the phosphoprotein (P) gene of other paramyxoviruses, the P gene of NiV is predicted to encode three additional proteins, C, V and W. When the C, V and W proteins of NiV were tested for their ability to inhibit expression of the chloramphenicol acetyltransferase (CAT) reporter gene in plasmid-based, minigenome replication assays, each protein inhibited CAT expression in a dose-dependent manner. The C, V and W proteins of NiV also inhibited expression of CAT from a measles virus (MV) minigenome, but not from a human parainfluenzavirus 3 (hPIV3) minigenome. Interestingly, the C and V proteins of MV, which have previously been shown to inhibit MV minigenome replication, also inhibited NiV minigenome replication; however, they were not able to inhibit hPIV3 minigenome replication. In contrast, the C protein of hPIV3 inhibited minigenome replication of hPIV3, NiV and MV. Although there is very limited amino acid sequence similarity between the C, V and W proteins within the paramyxoviruses, the heterotypic inhibition of replication suggests that these proteins may share functional properties.,��https://www.ncbi.nlm.nih.gov/pubmed/18420809ã��Sleeman, Katrina
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Viral Structural Proteins/genetics/*metabolism���Jul���Emerging viruses in the paramyxovirus genus Henipavirus evade host antiviral responses via protein interactions between the viral V and W proteins and cellular STAT1 and STAT2 and the cytosolic RNA sensor MDA5. Polo-like kinase (PLK1) is identified as being an additional cellular partner that can bind to Nipah virus P, V, and W proteins. For both Nipah virus and Hendra virus, contact between the V protein and the PLK1 polo box domain is required for V protein phosphorylation. Results indicate that PLK1 is engaged by Nipah virus V protein amino acids 100 to 160, previously identified as being the STAT1 binding domain responsible for host interferon (IFN) signaling evasion, via a Thr-Ser-Ser-Pro motif surrounding residue 130. A distinct Ser-Thr-Pro motif surrounding residue 199 mediates the PLK1 interaction with Hendra virus V protein. Select mutations in the motif surrounding residue 130 also influenced STAT1 binding and innate immune interference, and data indicate that the V:PLK1 and V:STAT complexes are V mediated yet independent of one another. The effects of STAT1/PLK1 binding motif mutations on the function the Nipah virus P protein in directing RNA synthesis were tested. Remarkably, mutations that selectively disrupt the STAT or PLK1 interaction site have no effects on Nipah virus P protein-mediated viral RNA synthesis. Therefore, mutations targeting V protein-mediated IFN evasion will not alter the RNA synthetic capacity of the virus, supporting an attenuation strategy based on disrupting host protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18417573���Ludlow, Louise E
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Virus Shedding���Mayä��Nipah virus (NiV; Paramyxoviridae) caused fatal encephalitis in humans during an outbreak in Malaysia in 1998/1999 after transmission from infected pigs. Our previous study demonstrated that the respiratory, lymphatic and central nervous systems are targets for virus replication in experimentally infected pigs. To continue the studies on pathogenesis of NiV in swine, six piglets were inoculated oronasally with 2.5 x 10(5) PFU per animal. Four pigs developed mild clinical signs, one exudative epidermitis, and one neurologic signs due to suppurative meningoencephalitis, and was euthanized at 11 days post-inoculation (dpi). Neutralizing antibodies reached in surviving animals titers around 1280 at 16 dpi. Nasal and oro-pharyngeal shedding of the NiV was detected between 2 and 17 dpi. Virus appeared to be cleared from the tissues of the infected animals by 23 dpi, with low amount of RNA detected in submandibular and bronchial lymph nodes of three pigs, and olfactory bulb of one animal. Despite the presence of neutralizing antibodies, virus was isolated from serum at 24 dpi, and the viral RNA was still detected in serum at 29 dpi. Our results indicate slower clearance of NiV from some of the infected pigs. Bacteria were detected in the cerebrospinal fluid of five NiV inoculated animals, with isolation of Streptococcus suis and Enterococcus faecalis. Staphylococcus hyicus was isolated from the skin lesions of the animal with exudative epidermitis. Along with the observed lymphoid depletion in the lymph nodes of all NiV-infected animals, and the demonstrated ability of NiV to infect porcine peripheral blood mononuclear cells in vitro, this finding warrants further investigation into a possible NiV-induced immunosuppression of the swine host.,��https://www.ncbi.nlm.nih.gov/pubmed/18405339ô��Berhane, Y
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Sequence Homology���May���The emergence of viruses such as severe acute respiratory syndrome coronavirus and Nipah virus has underscored the role of animal reservoirs in human disease and the need for reservoir surveillance. Here, we used a panviral DNA microarray to investigate the death of a captive beluga whale in an aquatic park. A highly divergent coronavirus, tentatively named coronavirus SW1, was identified in liver tissue from the deceased whale. Subsequently, the entire genome of SW1 was sequenced, yielding a genome of 31,686 nucleotides. Phylogenetic analysis revealed SW1 to be a novel virus distantly related to but most similar to group III coronaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18353961¸��Mihindukulasuriya, Kathie A
Wu, Guang
St Leger, Judy
Nordhausen, Robert W
Wang, David
eng
2008/03/21 09:00
J Virol. 2008 May;82(10):5084-8. doi: 10.1128/JVI.02722-07. Epub 2008 Mar 19.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2346750���18353961}��Department of Molecular Microbiology, Washington University School of Medicine, 660 S. Euclid Ave., St. Louis, MO 63110, USA.���10.1128/JVI.02722-07����üÒ|ÿî?%���#��Diederich, S.
Thiel, L.
Maisner, A.���2008J��Role of endocytosis and cathepsin-mediated activation in Nipah virus entry���391-400���Virology���375���2
��Animals
Cathepsin B/*metabolism
Cell Line
Cell Membrane/metabolism/virology
Endocytosis/physiology
Ephrin-B2/*metabolism
Henipavirus Infections/*virology
Humans
Nipah Virus/*physiology
Receptors, Virus/physiology
Viral Envelope Proteins/metabolism
Virus Internalization���Jun 5]��The recent discovery that the Nipah virus (NiV) fusion protein (F) is activated by endosomal cathepsin L raised the question if NiV utilize pH- and protease-dependent mechanisms of entry. We show here that the NiV receptor ephrin B2, virus-like particles and infectious NiV are internalized from the cell surface. However, endocytosis, acidic pH and cathepsin-mediated cleavage are not necessary for the initiation of infection of new host cells. Our data clearly demonstrate that proteolytic activation of the NiV F protein is required before incorporation into budding virions but not after virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/18342904¼��Diederich, Sandra
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Viral Vaccines/*immunology���JanF��The two mammalian codon optimized genes, F and G genes of Nipah virus, were generated by assembly PCR, and inserted into mammalian expression vector pCAGGS under chicken beta-actin promoter to construct pCAGG-NiV-F and pCAGG-NiV-G. Syncytium formation was induced in BHK cells by plasmid pCAGG-NiV-F and pCAGG-NiV-G transfection, which indicate recombination proteins F and G were expressed in BHK cell and possessed good biologic activity. Six-week-old female BALB/c mice were intramuscularly primed with 100 microg pCAGG-NiV-F, pCAGG-NiV-G or pCAGG-NiV-F+ pCAGG-NiV-G respectively, and boosted with same dose after 4 weeks. The sera were collected at 3 weeks post second boost. The serum IgG against Nipah virus F and G proteins was detected by indirect ELISA using recombinant Baculovirus expressed Nipah F and G glycoproteins. The results showed that specific antibodies possessed good sensitivity and specificity. Furthermore, the G and F proteins' specific antibodies could neutralize the infectivity of VSVdeltaG* F/G (the NiV F and G envelope glycoproteins psudotyped recombinant vesicular stomatitis virus expressing green fluorescence protein). And, pCAGG-NiV-G also induced higher titer of neutralizing antibody response than pCAGG-NiV-F did. The result indicates that DAN immunization is an efficient vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/18320822¿��Wang, Xi-Jun
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Tomography, X-Ray Computed���Feb���Infections caused by enteroviruses, rabies, adenoviruses, and Nipah and Hanta viruses are discussed. Several studies defined the pattern of MR imaging findings in these disease processes that reflect parenchymal infiltration with inflammatory cells, typically visualized as areas of low attenuation on CT, as well as of low T1 and high T2 signal intensity on MR imaging. Diffusion-weighted MR imaging has been shown to be superior to conventional magnetic resonance imaging for the detection of early signal abnormalities in encephalitis. Focal unilateral hyperperfusion as visualized by SPECT appears to be an indicator of severe inflammation of the brain tissue and was found to be an independent predictor of poor prognosis, whereas clinical outcome variables, CSF, or EEG findings are not.,��https://www.ncbi.nlm.nih.gov/pubmed/18319156���Rumboldt, Zoran
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Vero Cells���AprÇ��There are currently no antiviral drugs approved for the highly lethal Biosafety Level 4 pathogens Nipah and Hendra virus. A number of researchers are developing surrogate assays amenable to Biosafety Level 2 biocontainment but ultimately, the development of a high throughput screening method for directly quantifying these viruses in a Biosafety Level 4 environment will be critical for final evaluation of antiviral drugs identified in surrogate assays, in addition to reducing the time required for effective antiviral drug development. By adapting an existing immunoplaque assay and using enzyme linked immunodetection in a microtitre plate format, the current experiments describe a simple two step assay protocol involving an overnight virus inoculation of Vero cell monolayers (with or without antiviral drug treatment) at Biosafety Level 4, followed by cell fixation and virus inactivation enabling removal of plates from the Biosafety Level 4 laboratory and a subsequent immunodetection assay using a chemiluminescent horse radish peroxidase substrate to be performed at Biosafety Level 2. The analytical sensitivity (limit of detection) of this assay is 100 tissue culture infectious dose50/ml of either Nipah or Hendra virus. In addition this assay enables linear quantitation of virus over three orders of magnitude and is unaffected by dimethyl sulfoxide concentrations of 1% or less. Intra-assay coefficients of variation are acceptable (less than 20%) when detecting a minimum of 1000 tissue culture infectious dose50/ml of either virus although inter-assay variation is considerably greater. By an assessment of efficacies of the broad spectrum antiviral Ribavirin and an experimental fusion inhibitory peptide, this assay reveals a good correlation with previously published fluorescent immunodetection assays. The current experiments describe for the first time, a high throughput screening method amenable for direct assessment of live henipavirus antiviral drug activity.,��https://www.ncbi.nlm.nih.gov/pubmed/18313148���Aljofan, Mohamad
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Reverse Transcriptase Inhibitors/*blood/pharmacokinetics/therapeutic use���Apr���OBJECTIVES: The aim of this study was to investigate the frequency of CYP2B6 polymorphisms (according to ethnicity) and the influence of heterozygosity and homozygosity on plasma concentrations of efavirenz and nevirapine. METHODS: Following written informed consent, 225 Caucasians and 146 Blacks were recruited from the German Competence Network for HIV/AIDS. Plasma concentrations of efavirenz and nevirapine were assessed by HPLC, and genotyping for 516G>T, 983T>C and 1459T>C polymorphisms in CYP2B6 was conducted by real-time PCR-based allelic discrimination. RESULTS: The minor allele frequency for 516G>T, 983T>C and 1459T>C was 0.29, 0 and 0.08 in Caucasians and 0.34, 0.07 and 0.02 in Blacks, respectively. Two Black patients with the 983C allele receiving efavirenz were identified and both were withdrawn from therapy within 1 week of sampling due to toxicity. In multivariate analyses, efavirenz and nevirapine plasma concentrations were significantly associated with 983T>C (P < 0.0001 and P = 0.02, respectively), 516G>T (P < 0.0001 and P = 0.002, respectively) and time of drug analysis post-dose (P < 0.0001 for both). Body mass index was independently related to efavirenz (P = 0.04) but not nevirapine concentrations, and age was related to nevirapine (P = 0.05) but not efavirenz concentrations. Consistent with other studies, 1459C>T was not associated with plasma concentrations of either drug (P > 0.05 for both drugs). CONCLUSIONS: This is the first report that the 983T>C genotype (part of the CYP2B6*18 haplotype) impacts on nevirapine plasma concentrations and the first study to assess the impact of 983C homozygosity on efavirenz concentrations. These data have implications for administration of non-nucleoside reverse transcriptase inhibitors to Black patients.,��https://www.ncbi.nlm.nih.gov/pubmed/182813053��Wyen, Christoph
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Viral Envelope Proteins/immunology���Mar 15A��We have previously identified neutralizing human monoclonal antibodies against Nipah virus (NiV) and Hendra virus (HeV) by panning a large nonimmune antibody library against a soluble form of the HeV attachment-envelope glycoprotein G (sG HeV). One of these antibodies, m102, which exhibited the highest level of cross-reactive neutralization of both NiV and HeV G, was affinity maturated by light-chain shuffling combined with random mutagenesis of its heavy-chain variable domain and panning against sGHeV. One of the selected antibody Fab clones, m102.4, had affinity of binding to sGHeV that was equal to or higher than that of the other Fabs; it was converted to IgG1 and tested against infectious NiV and HeV. It exhibited exceptionally potent and cross-reactive inhibitory activity with 50% inhibitory concentrations below 0.04 and 0.6 microg/mL, respectively. The virus-neutralizing activity correlated with the binding affinity of the antibody to sG HeV and sG NiV. m102.4 bound a soluble form of NiV G (sG NiV) better than it bound sG HeV, and it neutralized NiV better than HeV, despite being originally selected against sG HeV. These results suggest that m102.4 has potential as a therapeutic agent for the treatment of diseases caused by henipaviruses. It could be also used for prophylaxis and diagnosis, and as a research reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/18271743å��Zhu, Zhongyu
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Risk Factors���Jul7��An encephalitis outbreak was investigated in Faridpur District, Bangladesh, in April-May 2004 to determine the cause of the outbreak and risk factors for disease. Biologic specimens were tested for Nipah virus. Surfaces were evaluated for Nipah virus contamination by using reverse transcription-PCR (RT-PCR). Thirty-six cases of Nipah virus illness were identified; 75% of case-patients died. Multiple peaks of illness occurred, and 33 case-patients had close contact with another Nipah virus patient before their illness. Results from a case-control study showed that contact with 1 patient carried the highest risk for infection (odds ratio 6.7, 95% confidence interval 2.9-16.8, p < 0.001). RT-PCR testing of environmental samples confirmed Nipah virus contamination of hospital surfaces. This investigation provides evidence for person-to-person transmission of Nipah virus. Capacity for person-to-person transmission increases the potential for wider spread of this highly lethal pathogen and highlights the need for infection control strategies for resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/18214175å��Gurley, Emily S
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Zoonoses/epidemiology/virology���Apr 7���Hendra virus (HeV) is a lethal paramyxovirus which emerged in humans in 1994. Poor understanding of HeV dynamics in Pteropus spp. (flying fox or fruit bat) reservoir hosts has limited our ability to determine factors driving its emergence. We initiated a longitudinal field study of HeV in little red flying foxes (LRFF; Pteropus scapulatus) and examined individual and population risk factors for infection, to determine probable modes of intraspecific transmission. We also investigated whether seasonal changes in host behaviour, physiology and demography affect host-pathogen dynamics. Data showed that pregnant and lactating females had significantly higher risk of infection, which may explain previously observed temporal associations between HeV outbreaks and flying fox birthing periods. Age-specific seroprevalence curves generated from field data imply that HeV is transmitted horizontally via faeces, urine or saliva. Rapidly declining seroprevalence between two field seasons suggests that immunity wanes faster in LRFF than in other flying fox species, and highlights the potentially critical role of this species in interspecific viral persistence. The highest seroprevalence was observed when animals showed evidence of nutritional stress, suggesting that environmental processes that alter flying fox food sources, such as habitat loss and climate change, may increase HeV infection and transmission. These insights into the ecology of HeV in flying fox populations suggest causal links between anthropogenic environmental change and HeV emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/18198149���Plowright, Raina K
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Zoonoses���MarY��The routes of henipavirus transmission between hosts are poorly understood. The purpose of this study was to measure the persistence of henipaviruses under various environmental conditions and thereby gain an insight into likely mechanisms of transmission. Henipaviruses survived for more than 4 days at 22 degrees C in pH-neutral fruit bat urine but were sensitive to higher temperatures and pH changes. On mango flesh, survival time varied depending on temperature and fruit pH, ranging from 2h to more than 2 days. Desiccation of viruses substantially reduced survival time to less than 2h. The sensitivity of henipaviruses to pH, temperature and desiccation indicates a need for close contact between hosts for transmission to occur, although under ideal conditions henipaviruses can persist for extended periods facilitating vehicle-borne transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/18166242a��Fogarty, Rhys
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Species Specificity���Mar 15ø��Hendra virus (HeV) and Nipah virus (NiV) are closely related paramyxoviruses that infect and cause disease in a wide range of mammalian hosts. To determine whether host receptor molecules play a role in species-specific and/or virus-specific infection we have cloned and characterized ephrin-B2 and ephrin-B3 ligands from a range of species, including human, horse, pig, cat, dog, bats (Pteropus alecto and Pteropus vampyrus) and mouse. HeV and NiV were both able to infect cells expressing any of the ephrin-B2 and ephrin-B3 molecules. There did not appear to be significant differences in receptor function from different species or receptor usage by HeV and NiV. Soluble ephrin ligands, their receptors and G-specific human monoclonal antibodies differentially blocked henipavirus infections suggesting different receptor affinities, overlapping receptor binding domains of the henipavirus attachment glycoprotein (G) and that the functional domains of the ephrin ligands may be important for henipavirus binding.,��https://www.ncbi.nlm.nih.gov/pubmed/18054977±��Bossart, Katharine N
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Humans���Oct 10���For many centuries, man is fascinated by bats, the only flying mammals. Probably because of their particular immune system, bats can be considered an important reservoir for new emerging viral diseases like SARS-Coronavirus, Marburg fever, Ebola fever and Nipah virus encephalitis. During closer contact, they can transmit rabies and probably other nonviral infectious diseases. Bats get closer to man due to ecological modifications like deforestation, so that transmission of new infectious agents might provoke dramatic epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/17985603y��Genne, Daniel
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Recombinant Proteins/immunology#��Four monoclonal antibodies (mAbs) were generated by immunizing BALB/C mice with recombinant nucleocapsid protein (N) of Nipah virus (NiV) and Hendra virus (HeV) expressed in E. coli. Two mAbs each were obtained for the HeV N and NiV N, respectively. All four mAbs displayed specific reactivity with the recombinant N proteins of both viruses by western blot, which was further confirmed by immunofluorescent antibody assay using fixed insect cells infected with recombinant baculoviruses expressing either the HeV or NiV N protein. Epitope mapping using a 12-mer random peptide phage display library revealed two linear antigenic sites of the henipavirus N proteins, KLxR (aa 17-20) and FKREM (aa 446-450), which have not been reported previously. Two of the mAbs were able to specifically recognize HeV antigens by immunohistochemical staining of lung tissue sections of a horse experimentally infected with HeV. These reagents will be a useful addition to the collection of tools essential for further research and improvement in diagnosis of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17978885Û��Xiao, C
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Virus Replication/drug effects���Jan 5���In this study we report the development and optimization of two minigenome rescue systems for Nipah virus, a member of the Paramyxoviridae family. One is mediated by the T7 RNA polymerase supplied either by a constitutively expressing cell line or by transfection of expression plasmids and is thus independent from infection with a helper virus. The other approach is based on RNA polymerase I-driven transcription, a unique approach for paramyxovirus reverse genetics technology. Minigenome rescue was evaluated by reporter gene activities of (i) the two different minigenome transcription systems, (ii) genomic versus antigenomic-oriented minigenomes, (iii) different ratios of the viral protein expression plasmids, and (iv) time course experiments. The high efficiency and reliability of the established systems allowed for downscaling to 96-well plates. This served as a basis for the development of a high-throughput screening system for potential antivirals that target replication and transcription of Nipah virus without the need of high bio-containment. Using this system we were able to identify two compounds that reduced minigenome activity.,��https://www.ncbi.nlm.nih.gov/pubmed/17904180.��Freiberg, Alexander
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Zoonoses]��Two related, novel, zoonotic paramyxoviruses have been described recently. Hendra virus was first reported in horses and thence humans in Australia in 1994; Nipah virus was first reported in pigs and thence humans in Malaysia in 1998. Human cases of Nipah virus infection, apparently unassociated with infection in livestock, have been reported in Bangladesh since 2001. Species of fruit bats (genus Pteropus) have been identified as natural hosts of both agents. Anthropogenic changes (habitat loss, hunting) that have impacted the population dynamics of Pteropus species across much of their range are hypothesised to have facilitated emergence. Current strategies for the management of henipaviruses are directed at minimising contact with the natural hosts, monitoring identified intermediate hosts, improving biosecurity on farms, and better disease recognition and diagnosis. Investigation of the emergence and ecology of henipaviruses warrants a broad, cross-disciplinary ecosystem health approach that recognises the critical linkages between human activity, ecological change, and livestock and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/17848064ÿ��Field, H E
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Virus Shedding���Sep 15î��A female adult cat developed clinical disease 13 days after subcutaneous inoculation with Nipah virus (NiV) and was discovered to be pregnant at necropsy. Viral genome was detected in a variety of specimens, including blood, serum, tonsil swabs, and urine, up to 3 days before the onset of disease. Samples collected postmortem, including placenta, uterine fluid, and fetal tissues, were also positive for NiV genome, and the placenta and uterine fluid contained high levels of recoverable virus. The high levels of viral shedding in the adult combined with fetal viral replication suggests that both vertical and horizontal transmission of NiV could play a role in spillover events, an essential element in the epidemiology of Henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17703410/��Mungall, Bruce A
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Virus Replication���Sep(��Genome synthesis in paramyxoviruses, including Nipah virus (NiV), is controlled by sequence elements that reside in the non-coding nucleotides at the 5'-trailer (3'-antigenomic) end that make up the antigenomic promoter (AGP). Using a chloramphenicol acetyl transferase-based plasmid-driven minigenome system, the terminal 96 nt of NiV AGP were first mutagenized in blocks of three hexamers to enable broad mapping of the minigenome functional regions. This was followed by further dissection of these functional regions to define the cis-acting elements contained therein. Results based on RNA analysis and reporter gene activity identified a bipartite promoter structure similar to that seen in related viruses, but with some distinct differences: in NiV, each of the two discrete replication control elements was bimodal, characterized by a critical conserved region (nt 1-12 and 79-91) and a contiguous non-conserved region (nt 13-36 and 73-78), which appeared less important. The regulatory role of these less critical regions was underscored by the use of a two-step mutation strategy, which revealed the additive detrimental effect of substitutions in this part of the terminal element. The structure and sequence characteristics of the internal control element was also different: it involved four contiguous hexamers, and the region encompassing three of these (nt 79-96, corresponding to hexamers 14, 15 and 16), although analogous in position to the equivalent element in the Sendai virus AGP, was characterized by the distinct 5'-(GNNNUG)(14-15)(GNNNNN)(16) motif.,��https://www.ncbi.nlm.nih.gov/pubmed/17698665È��Walpita, Pramila
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Survivors���Sep6��OBJECTIVE: Nipah virus (NiV) is an emerging zoonosis. Central nervous system disease frequently results in high case-fatality. Long-term neurological assessments of survivors are limited. We assessed long-term neurologic and functional outcomes of 22 patients surviving NiV illness in Bangladesh. METHODS: During August 2005 and May 2006, we administered a questionnaire on persistent symptoms and functional difficulties to 22 previously identified NiV infection survivors. We performed neurologic evaluations and brain magnetic resonance imaging (MRI). RESULTS: Twelve (55%) subjects were male; median age was 14.5 years (range 6-50). Seventeen (77%) survived encephalitis, and 5 survived febrile illness. All but 1 subject had disabling fatigue, with a median duration of 5 months (range, 8 days-8 months). Seven encephalitis patients (32% overall), but none with febrile illness had persistent neurologic dysfunction, including static encephalopathy (n = 4), ocular motor palsies (2), cervical dystonia (2), focal weakness (2), and facial paralysis (1). Four cases had delayed-onset neurologic abnormalities months after acute illness. Behavioral abnormalities were reported by caregivers of over 50% of subjects under age 16. MRI abnormalities were present in 15, and included multifocal hyperintensities, cerebral atrophy, and confluent cortical and subcortical signal changes. INTERPRETATION: Although delayed progression to neurologic illness following Nipah fever was not observed, persistent fatigue and functional impairment was frequent. Neurologic sequelae were frequent following Nipah encephalitis. Neurologic dysfunction may persist for years after acute infection, and new neurologic dysfunction may develop after acute illness. Survivors of NiV infection may experience substantial long-term neurologic and functional morbidity.,��https://www.ncbi.nlm.nih.gov/pubmed/17696217z��Sejvar, James J
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization/instrumentation���Mar7��Proteins identified in biological fluids of cancer patients could be helpful for both diagnosis and prognosis. However, clinical proteomics based on analysis of protein profiles in biological fluids has demonstrated various flaws, most of them related to the difficulties met in reproducibility. These difficulties could be partly overcome by accurate standardisation of pre-analytical and analytical steps of these studies. The size of the patient cohort is one of the parameters that determine the powerfulness of the study. Recruitment of a cohort with a sufficient size often implies multicentric studies in which analysis of the reproducibility between centres and standardisation of pre-analytical and analytical steps are essential. Such a standardisation requires the use of calibrated samples as common references.,��https://www.ncbi.nlm.nih.gov/pubmed/17669348Í��Lucchi, Geraldine
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Viral Envelope Proteins/genetics/*immunology���Jun©��The fusion protein (F) and attachment glycoprotein (G) of Nipah virus (NiV) are important for the virus to infect cells and induce protective immunity. In this study, the NiV F1 and G gene fragments without the sequences of signal peptide and transmembrane domain were amplified by PCR, then cloned into E. coli expression vector pGEX-6P-1 and modified baculovirus vector, respectively. After induction by IPTG, NiV F1 and G proteins were efficiently expressed in E. coli when analyzed by SDS-PAGE, both showing good reactivity with the rabbit antiserum anti-NiV serum in Western blot. The expression of NiV F1 and G in baculovirus system were also detected by indirect immunofluorescent assay (IFA) of fixed Sf9 cells monolayer infected with the recombinant baculoviruses expressing F1 and G. Furthermore the anti-F1 and anti-G hyperimmune sera were prepared by immunization of rabbits respectively with purified E. coli-expressed F1 and G proteins. Western blot and IFA as well as ELISA showed that antisera against both protein had high titers with good reactivity and specificity. The present study has provided a base for development of diagnostic reagents for detection of NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17672307»��Liu, Yong-jun
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*Virus Internalization���Oct���The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are lethal emerging paramyxoviruses. EphrinB2 and ephrinB3 have been identified as receptors for henipavirus entry. NiV and HeV share similar cellular tropisms and likely use an identical receptor set, although a quantitative comparison of receptor usage by NiV and HeV has not been reported. Here we show that (i) soluble NiV attachment protein G (sNiV-G) bound to cell surface-expressed ephrinB3 with a 30-fold higher affinity than that of sHeV-G, (ii) NiV envelope pseudotyped reporter virus (NiVpp) entered ephrinB3-expressing cells much more efficiently than did HeV pseudotyped particles (HeVpp), and (iii) NiVpp but not HeVpp entry was inhibited efficiently by soluble ephrinB3. These data underscore the finding that NiV uses ephrinB3 more efficiently than does HeV. Henipavirus G chimeric protein analysis implicated residue 507 in the G ectodomain in efficient ephrinB3 usage. Curiously, alternative versions of published HeV-G sequences show variations at residue 507 that can clearly affect ephrinB3 but not ephrinB2 usage. We further defined surrounding mutations (W504A and E505A) that diminished ephrinB3-dependent binding and viral entry without compromising ephrinB2 receptor usage and another mutation (E533Q) that abrogated both ephrinB2 and -B3 usage. Our results suggest that ephrinB2 and -B3 binding determinants on henipavirus G are distinct and dissociable. Global expression analysis showed that ephrinB3, but not ephrinB2, is expressed in the brain stem. Thus, ephrinB3-mediated viral entry and pathology may underlie the severe brain stem neuronal dysfunction seen in fatal Nipah viral encephalitis. Characterizing the determinants of ephrinB2 versus -B3 usage will further our understanding of henipavirus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/17652392t��Negrete, Oscar A
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Virus Internalization/*drug effects���Oct���Hendra virus (HeV) and Nipah virus (NiV) constitute the Henipavirus genus of paramyxoviruses, both fatal in humans and with the potential for subversion as agents of bioterrorism. Binding of the HeV/NiV attachment protein (G) to its receptor triggers a series of conformational changes in the fusion protein (F), ultimately leading to formation of a postfusion six-helix bundle (6HB) structure and fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions, the first (the N-terminal heptad repeat [HRN]) adjacent to the fusion peptide and the second (the C-terminal heptad repeat [HRC]) immediately preceding the transmembrane domain. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing activated F molecules from forming the 6HB structure that is required for fusion. We previously reported that a human parainfluenza virus 3 (HPIV3) F peptide effectively inhibits infection mediated by the HeV glycoproteins in pseudotyped-HeV entry assays more effectively than the comparable HeV-derived peptide, and we now show that this peptide inhibits live-HeV and -NiV infection. HPIV3 F peptides were also effective in inhibiting HeV pseudotype virus entry in a new assay that mimics multicycle replication. This anti-HeV/NiV efficacy can be correlated with the greater potential of the HPIV3 C peptide to interact with the HeV F N peptide coiled-coil trimer, as evaluated by thermal unfolding experiments. Furthermore, replacement of a buried glutamic acid (glutamic acid 459) in the C peptide with valine enhances antiviral potency and stabilizes the 6HB conformation. Our results strongly suggest that conserved interhelical packing interactions in the F protein fusion core are important determinants of C peptide inhibitory activity and offer a strategy for the development of more-potent analogs of F peptide inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/17652384É��Porotto, M
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Virology/*trends���Sepù��Following the discovery of two new paramyxoviruses in the 1990s, much effort has been placed on rapidly finding the reservoir hosts, characterising the genomes, identifying the viral receptors and formulating potential vaccines and therapeutic options for these viruses, Hendra and Nipah viruses caused zoonotic disease on a scale not seen before with other paramyxoviruses. Nipah virus particularly caused high morbidity and mortality in humans and high morbidity in pig populations in the first outbreak in Malaysia. Both viruses continue to pose a threat with sporadic outbreaks continuing into the 21st century. Experimental and surveillance studies identified that pteropus bats are the reservoir hosts. Research continues in an attempt to understand events that precipitated spillover of these viruses. Discovered on the cusp of the molecular technology revolution, much progress has been made in understanding these new viruses. This review endeavours to capture the depth and breadth of these recent advances.,��https://www.ncbi.nlm.nih.gov/pubmed/17629946���Halpin, Kim
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Nipah Virus/immunology/*isolation & purification���DecÅ��We investigated an outbreak of encephalitis in Tangail District, Bangladesh. We defined case-patients as persons from the outbreak area in whom fever developed with new onset of seizures or altered mental status from December 15, 2004, through January 31, 2005. Twelve persons met the definition; 11 (92%) died. Serum specimens were available from 3; 2 had immunoglobulin M antibodies against Nipah virus by capture enzyme immunoassay. We enrolled 11 case-patients and 33 neighborhood controls in a case-control study. The only exposure significantly associated with illness was drinking raw date palm sap (64% among case-patients vs. 18% among controls, odds ratio [OR] 7.9, p = 0.01). Fruit bats (Pteropus giganteus) are a nuisance to date palm sap collectors because the bats drink from the clay pots used to collect the sap at night. This investigation suggests that Nipah virus was transmitted from P. giganteus to persons through drinking fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/17326940¿��Luby, Stephen P
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Viral Proteins/genetics/immunology/*metabolism���Jun$��The genus Henipavirus in the family Paramyxoviridae compromises two newly identified dangerous pathogens, Nipah virus and Hendra virus. Phosphoprotein of the two viruses is one of the major immunodominant antigens and the most divergent protein in the viral genomes. We have now expressed two pairs of truncated phosphoproteins of the two viruses in Escherichia coli in a soluble form using a vector tailored from pET32a. The truncated recombinant phosphoproteins were purified with His-Tag affinity chromatography and their antigenicity was determined by western blotting and ELISA. The longer pair of truncated recombinant phosphoproteins, covering amino acid residues 4-550, was more antigenic than the shorter one and of potential utility in the serological differentiation of henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/17322967ú��Chen, Ji-Ming
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Viral Fusion Proteins/*genetics���May®��The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms. Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where approximately 20% of wild-type F and the other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P = 0.007, r(2) = 0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can modulate its fusogenicity by multiple distinct mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/17301148?��Aguilar, Hector C
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Viral Envelope Proteins/genetics/immunology/metabolism���Juny��Hendra virus (HeV) and Nipah virus (NiV) are related emerging paramyxoviruses classified in the genus Henipavirus. Both cause fatal disease in animals and humans and are classified as biosafety level 4 pathogens. Here we detail two new multiplexed microsphere assays, one for antibody detection and differentiation and another designed as a surrogate for virus neutralization. Both assays utilize recombinant soluble attachment glycoproteins (sG) whereas the latter incorporates the cellular receptor, recombinant ephrin-B2. Spectrally distinct sG(HeV)- and sG(NiV)-coupled microspheres preferentially bound antibodies from HeV- and NiV-seropositive animals, demonstrating a simple procedure to differentiate antibodies to these closely related viruses. Soluble ephrin-B2 bound sG-coupled microspheres in a dose-dependent fashion. Specificity of binding was further evaluated with henipavirus G-specific sera and MAbs. Sera from henipavirus-seropositive animals differentially blocked ephrin-B2 binding, suggesting that detection and differentiation of HeV and NiV neutralizing antibodies can be done simultaneously in the absence of live virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17292974j��Bossart, Katharine N
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Viruses/*classification/genetics���Mar 1¸��The role that bats have played in the emergence of several new infectious diseases has been under review. Bats have been identified as the reservoir hosts of newly emergent viruses such as Nipah virus, Hendra virus, and severe acute respiratory syndrome-like coronaviruses. This article expands on recent findings about bats and viruses and their relevance to human infections. It briefly reviews the history of chiropteran viruses and discusses their emergence in the context of geography, phylogeny, and ecology. The public health and trade impacts of several outbreaks are also discussed. Finally, we attempt to predict where, when, and why we may see the emergence of new chiropteran viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17278066L��Halpin, Kim
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*Viral Interference���Feb<��Nipah virus (NiV) and Hendra virus (HeV) are newly identified members of the family Paramyxoviridae and have been classified in the new genus Henipavirus based on unique genetic characteristics distinct from other paramyxoviruses. Transgenic cell lines were generated that expressed either the attachment protein (G) or the fusion protein (F) of NiV. Functional expression of NiV F and G was verified by complementation with the corresponding glycoprotein, which resulted in the development of syncytia. When exposed to NiV and HeV, expression of NiV G in Crandall feline kidney cells resulted in a qualitative inhibition of both cytopathic effect (CPE) and cell death by both viruses. RT-PCR analysis of surviving exposed cells showed a complete absence of viral positive-sense mRNA and genomic negative-sense viral RNA. Cells expressing NiV G were also unable to fuse with cells co-expressing NiV F and G in a fluorescent fusion inhibition assay. Cell-surface staining for the cellular receptors for NiV and HeV (ephrin-B2 and ephrin-B3) indicated that they were located on the surface of cells, regardless of NiV G expression or infection by NiV. These results indicated that viral interference can be established for henipaviruses and requires only the expression of the attachment protein, G. Furthermore, it was found that this interference probably occurs at the level of virus entry, as fusion was not observed in cells expressing NiV G. Finally, expression of NiV G by either transient transfection or NiV infection did not alter the cell-surface levels of the two known viral receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/17251577É��Sawatsky, Bevan
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Virus Assembly���Jan 4×��BACKGROUND: Nipah virus (NiV) is an emerging paramyxovirus distinguished by its ability to cause fatal disease in both animal and human hosts. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the Paramyxoviridae family. NiV and HeV are also restricted to Biosafety Level-4 containment and this has hampered progress towards examining details of their replication and morphogenesis. Here, we have established recombinant expression systems to study NiV particle assembly and budding through the formation of virus-like particles (VLPs). RESULTS: When expressed by recombinant Modified Vaccinia virus Ankara (rMVA) or plasmid transfection, individual NiV matrix (M), fusion (F) and attachment (G) proteins were all released into culture supernatants in a membrane-associated state as determined by sucrose density gradient flotation and immunoprecipitation. However, co-expression of F and G along with M revealed a shift in their distribution across the gradient, indicating association with M in VLPs. Protein release was also altered depending on the context of viral proteins being expressed, with F, G and nucleocapsid (N) protein reducing M release, and N release dependent on the co-expression of M. Immunoelectron microscopy and density analysis revealed VLPs that were similar to authentic virus. Differences in the budding dynamics of NiV proteins were also noted between rMVA and plasmid based strategies, suggesting that over-expression by poxvirus may not be appropriate for studying the details of recombinant virus particle assembly and release. CONCLUSION: Taken together, the results indicate that NiV M, F, and G each possess some ability to bud from expressing cells, and that co-expression of these viral proteins results in a more organized budding process with M playing a central role. These findings will aid our understanding of paramyxovirus particle assembly in general and could help facilitate the development of a novel vaccine approach for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17204159b��Patch, Jared R
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Middleton, D.���20070��Targeted strategies for henipavirus therapeutics���14-25���Open Virol J���1"��Hendra and Nipah viruses are related emergent paramyxoviruses that infect and cause disease in animals and humans. Disease manifests as a generalized vasculitis affecting multiple organs, but is the most severe in the respiratory and central nervous systems. The high case fatality and person-to-person transmission associated with the most recent NiV outbreaks, and the recent re-emergence of HeV, emphasize the importance and necessity of effective therapeutics for these novel agents. In recent years henipavirus research has revealed a more complete understanding of pathogenesis and, as a consequence, viable approaches towards vaccines and therapeutics have emerged. All strategies target early steps in viral replication including receptor binding and membrane fusion. Animal models have been developed, some of which may prove more valuable than others for evaluating the efficacy of therapeutic agents and regimes. Assessments of protective host immunity and drug pharmacokinetics will be crucial to the further advancement of therapeutic compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/19440455¯��Bossart, Katharine N
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*Zoonoses���Wintery��Bats classified in the order Chiroptera are the most abundant and widely distributed non-human mammalian species in the world. Several bat species are reservoir hosts of zoonotic viruses and therefore can be a public health hazard. Lyssaviruses of different genotypes have emerged from bats in America (Genotype 1 rabies virus; RABV), Europe (European bat lyssavirus; EBLV), and Australia (Australian bat lyssavirus; ABLV), whereas Nipah virus is the most important recent zoonosis of bat origin in Asia. Furthermore, some insectivorous bat species may be important reservoirs of SARS coronavirus, whereas Ebola virus has been detected in some megachiropteran fruit bats. Thus far, European bat lyssavirus (EBLV) is the only zoonotic virus that has been detected in bats in Europe. New zoonotic viruses may emerge from bat reservoirs and known ones may spread to a wider geographical range. To assess future threats posed by zoonotic viruses of bats, there is a need for accurate knowledge of the factors underlying disease emergence, for an effective surveillance programme, and for a rapid response system. In Europe, primary efforts should be focussed on the implementation of effective passive and active surveillance systems for EBLVs in the Serotine bat, Eptesicus serotinus, and Myotis species (i.e., M. daubentonii and M. dasycneme). Apart from that, detection methods for zoonotic viruses that may emerge from bats should be implemented. Analyses of data from surveillance studies can shed more light on the dynamics of bat viruses, (i.e., population persistence of viruses in bats). Subsequently, studies will have to be performed to assess the public health hazards of such viruses (i.e., infectivity and risk of infection to people). With the knowledge generated from this kind of research, a rapid response system can be set up to enhance public health awareness of emerging zoonotic viruses of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/17187565¥��van der Poel, Wim H M
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Reverse Transcriptase Polymerase Chain Reaction/*methods���Apr���A method for duplex nested RT-PCR (nRT-PCR) with internal control (IC) for the detection of Nipah virus RNA is described. Incorporation of IC RNA distinguished false and true negative results. The extrinsic RNA was added directly to the PCR master mix and co-amplified with virus specific RNA in a duplex reaction to determine the presence of PCR inhibitor. Limit of detection was affected minimally when IC was added. Of 53 pooled urine samples collected from fruit bats (Pteropus lylei), 16 were validated by the presence of IC band on gel electrophoresis. Seven of these were also Nipah virus RNA positive. The remaining 37 samples were considered invalid. Twenty-two urine samples became valid after dilution of 1:5 and re-examined; two were Nipah virus RNA positive. These nine positive results were confirmed by sequencing of heminested PCR products. The result indicated that at least two different Nipah strains circulated in this bat species from Thailand. This method should be useful for surveillance for Nipah virus infection in animals in a country where a biosecurity level (BSL) 4 laboratory is not available. PCR inhibitors were present in a significant number of bat urine samples. The technique described in this study should improve reliability of surveillance statistics.,��https://www.ncbi.nlm.nih.gov/pubmed/17184850Ñ��Wacharapluesadee, Supaporn
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Virus Replicationh��Nipah virus (NiV) is an emergent zoonotic paramyxovirus. The L proteins of most paramyxoviruses contain a GDNQ motif, thought to be part of the catalytic site for polymerase activity. Conversely, NiV L has GDNE in this position. We substituted the E residue with eight different amino acid residues and examined the effect on L function in an in vitro replication assay. Our results demonstrated that NiV L functioned with similar efficiency with either GDNE or GDNQ, but polymerase activity was severely reduced or abolished when a structurally destabilising residue (such as K, P or G) was introduced at this site.,��https://www.ncbi.nlm.nih.gov/pubmed/17143779º��Magoffin, D E
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Viral Vaccines/*immunology���Oct���We investigated the antibody response of DNA immunization with two mammalian codon optimized envelope glycoprotein genes, F and G, of Nipah virus in a mouse model. The results indicated that G gene immunization elicited more significant specific serum IgG response and neutralization antibody response than F gene did, suggesting that the G gene DNA immunization is a potential vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17135518Ì��Wang, Xijun
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Virosomes/ultrastructure���MarO��Hendra and Nipah viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the family Paramyxoviridae. Currently these viruses are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genes encoding HeV and NiV nucleocapsid proteins were cloned into the yeast Saccharomyces cerevisiae expression vector pFGG3 under control of GAL7 promoter. A high level of expression of these proteins (18-20 mg l(-1) of yeast culture) was obtained. Mass spectrometric analysis confirmed the primary structure of both proteins with 92% sequence coverage obtained using MS/MS analysis. Electron microscopy demonstrated the assembly of typical herring-bone structures of purified recombinant nucleocapsid proteins, characteristic for other paramyxoviruses. The nucleocapsid proteins revealed stability in yeast and can be easily purified by cesium chloride gradient ultracentrifugation. HeV nucleocapsid protein was detected by sera derived from fruit bats, humans, horses infected with HeV, and NiV nucleocapsid protein was immunodetected with sera from, fruit bats, humans and pigs. The development of an efficient and cost-effective system for generation of henipavirus nucleocapsid proteins might help to improve reagents for diagnosis of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17123657E��Juozapaitis, Mindaugas
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Zoonoses/transmission/virology���Nov 20Ï��A veterinarian became infected with Hendra virus (HeV) after managing a terminally ill horse and performing a limited autopsy with inadequate precautions. Although she was initially only mildly ill, serological tests suggested latent HeV infection. Nevertheless, she remains well 2 years after her initial illness. Recently emerged zoonotic viruses, such as HeV, necessitate appropriate working procedures and personal protective equipment in veterinary practice.,��https://www.ncbi.nlm.nih.gov/pubmed/17115969Ð��Hanna, Jeffrey N
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Viral Proteins/*genetics/metabolism/*physiology���Decï��The V protein of the paramyxovirus Nipah virus (NiV) has been shown to antagonize the interferon (IFN) response in human cells via sequestration of STAT1 and STAT2. This study describes a mutant of the NiV V protein, referred to as V(AAHL), that is unable to antagonize IFN signalling and demonstrates that a single amino acid substitution is responsible for its inactivity. The molecular basis for this was identified as a failure to interact with STAT1 and STAT2. It was also shown that NiV V, but not V(AAHL), was functional as an IFN antagonist in human, monkey, rabbit, dog, horse, pig and bat cells, which suggests that the ability of NiV to block IFN signalling is not a major constraint that prevents this virus from crossing species barriers.,��https://www.ncbi.nlm.nih.gov/pubmed/17098981Ñ��Hagmaier, Kathrin
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Virus Replication���Oct 31O��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans and incurred a high fatality rate in humans. Fruit bats, living in vast areas extending from India to the western Pacific, were identified as the natural reservoir of the virus. However, the mechanisms that resulted in severe pathogenicity in humans (up to 70% mortality) and that enabled crossing the species barrier were not known. In this study, we established a system that enabled the rescue of replicating NiVs from a cloned DNA by cotransfection of a constructed full-length cDNA clone and supporting plasmids coding virus nucleoprotein, phosphoprotein, and polymerase with the infection of the recombinant vaccinia virus, MVAGKT7, expressing T7 RNA polymerase. The rescued NiV (rNiV), by using the newly developed reverse genetics system, showed properties in vitro that were similar to the parent virus and retained the severe pathogenicity in a previously established animal model by experimental infection. A recombinant NiV was also developed, expressing enhanced green fluorescent protein (rNiV-EGFP). Using the virus, permissibility of NiV was compared with the presence of a known cellular receptor, ephrin B2, in a number of cell lines of different origins. Interestingly, two cell lines expressing ephrin B2 were not susceptible for rNiV-EGFP, indicating that additional factors are clearly required for full NiV replication. The reverse genetics for NiV will provide a powerful tool for the analysis of the molecular mechanisms of pathogenicity and cross-species infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17053073���Yoneda, Misako
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Zoonoses/epidemiology/transmission/*virology���Mar-Apr(��Amongst the 60 viral species reported to be associated with bats, 59 are RNA viruses, which are potentially important in the generation of emerging and re-emerging infections in humans. The prime examples of these are the lyssaviruses and Henipavirus. The transmission of Nipah, Hendra and perhaps SARS coronavirus and Ebola virus to humans may involve intermediate amplification hosts such as pigs, horses, civets and primates, respectively. Understanding of the natural reservoir or introductory host, the amplifying host, the epidemic centre and at-risk human populations are crucial in the control of emerging zoonosis. The association between the bat coronaviruses and certain lyssaviruses with particular bat species implies co-evolution between specific viruses and bat hosts. Cross-infection between the huge number of bat species may generate new viruses which are able to jump the trans-mammalian species barrier more efficiently. The currently known viruses that have been found in bats are reviewed and the risks of transmission to humans are highlighted. Certain families of bats including the Pteropodidae, Molossidae, Phyllostomidae, and Vespertilionidae are most frequently associated with known human pathogens. A systematic survey of bats is warranted to better understand the ecology of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17042030º��Wong, Samson
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Viral Envelope Proteins/*genetics/immunology/metabolism���Aug���The mammalian condon optimized G gene was synthesized by over-lapping PCR and used to generate recombinant vaccinia virus, rWR-NiV-G. The expression of Nipah virus G protein in rWR-NiV-G infected HeLa cells was confirmed by western-blot with NiV G protein specific mouse antiserum generated by DNA immunization.The recombinant G protein showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect florescence. Syncytium formation was induced in BHK cells by rWR-NiV-G infection following NiV F protein expressing plasmid pCAGG-NiV-F transfection. Immunization with rWR-NiV-G elicited G protein specific antibody responses in mice. The prokaryotic expressing G protein fragment showed sensitive and specific antigenic reaction to NiV G protein specific antibody from rWR-NiV-G immunized mice serum in indirect ELISA. Furthermore, the G protein specific antibodies could neutralize the infectivity of the recombinant Vesicular Stomatitis Virus pseudotype VSVAG * F/G, in which the VSV envelope protein G gene was replaced with the green fluorescent protein gene (VSVAG * G, Whitt MA) and complemented with Nipah virus F and G glycoprotein expressed in transient (VSVAG * F/G).The results here demonstrated the G protein expressed by rWR-NiV-G keeps native immunogenicity and biological activity. The recombinant virus could be promising vaccine strategy for the prevention of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17037071���Wang, Xi-jun
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Viral Vaccines/*immunology���Dece��Nipah virus (NiV) and Hendra virus (HeV) are paramyxoviruses capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. Case reports from outbreaks and previous challenge experiments have suggested that cats were highly susceptible to NiV infection, responding with a severe respiratory disease and systemic infection. Here we have assessed the cat as a model of experimental NiV infection and use it in the evaluation of a subunit vaccine comprised of soluble G glycoprotein (sG). Two groups of two adult cats each were inoculated subcutaneously with either 500 or 5,000 50% tissue culture infective dose(s) (TCID(50)) of NiV. Animals were monitored closely for disease onset, and extensive analysis was conducted on samples and tissues taken during infection and at necropsy to determine viral load and tissue tropism. All animals developed clinical disease 6 to 9 days postinfection, a finding consistent with previous observations. In a subsequent experiment, two cats were immunized with HeV sG and two were immunized with NiV sG. Homologous serum neutralizing titers were greater than 1:20,000, and heterologous titers were greater than 1:20,000 to 16-fold lower. Immunized animals and two additional naive controls were then challenged subcutaneously with 500 TCID(50) of NiV. Naive animals developed clinical disease 6 to 13 days postinfection, whereas none of the immunized animals showed any sign of disease. TaqMan PCR analysis of samples from naive animals revealed considerable levels of NiV genome in a wide range of tissues, whereas the genome was evident in only two immunized cats in only four samples and well below the limit of accurate detection. These results indicate that the cat provides a consistent model for acute NiV infection and associated pathogenesis and an effective subunit vaccine strategy appears achievable.,��https://www.ncbi.nlm.nih.gov/pubmed/17005664ã��Mungall, Bruce A
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Virion/genetics/*physiology���Decª��Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.,��https://www.ncbi.nlm.nih.gov/pubmed/17005661Å��Ciancanelli, Michael J
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Optics and Photonics/instrumentation���Oct���Global biosecurity threats such as the spread of emerging infectious diseases (i.e., avian influenza, SARS, Hendra, Nipah, etc.) and bioterrorism have generated significant interest in recent years. There is considerable effort directed towards understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool which have the potential to detect the outbreak of a virus and/or disease. Although there is a host of technologies available, either commercially or in the scientific literature, the development of biosensors for the detection of emerging infectious diseases (EIDs) is still in its infancy. There is no doubt that the glucose biosensor, the gene chip, the protein chip, etc. have all played and are still playing a significant role in monitoring various biomolecules. Can biosensors play an important role for the detection of emerging infectious diseases? What does the future hold and which biosensor technology platform is suitable for the real-time detection of infectious diseases? These and many other questions will be addressed in this review. The purpose of this review is to present an overview of biosensors particularly in relation to EIDs. It provides a synopsis of the various types of biosensor technologies that have been used to detect EIDs, and describes some of the technologies behind them in terms of transduction and bioreceptor principles.,��https://www.ncbi.nlm.nih.gov/pubmed/17003853Á��Pejcic, Bobby
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cdc42 GTP-Binding Protein/chemistry���Dec 1Â��Many proteins expressed in Escherichia coli cells form inclusion bodies that are neither refoldable nor soluble in buffers. Very surprisingly, we recently discovered that all 11 buffer-insoluble protein fragments/domains we have, with a great diversity of cellular function, location, and molecular size, could be easily solubilized in salt-free water. The circular dichroism (CD) and NMR characterization led to classification of these proteins into three groups: group 1, with no secondary structure by CD and with narrowly-dispersed but sharp (1)H-(15)N heteronuclear single quantum correlation (HSQC) peaks; group 2, with secondary structure by CD but with HSQC peaks broadened and, consequently, only a small set of peaks detectable; and group 3, with secondary structure by CD and also well-separated HSQC peaks. Intriguingly, we failed to find any protein with a tight tertiary packing. Therefore, we propose that buffer-insoluble proteins may lack intrinsic ability to reach or/and to maintain a well-packed conformation, and thus are trapped in partially-folded states with many hydrophobic side chains exposed to the bulk solvent. As such, a very low ionic strength is sufficient to screen out intrinsic repulsive interactions and, consequently, allow the hydrophobic clustering/aggregation to occur. Marvelously enough, it appears that in pure water, proteins have the potential to manifest their full spectrum of structural states by utilizing intrinsic repulsive interactions to suppress the attractive hydrophobic clustering. Our discovery not only gives a novel insight into the properties of insoluble proteins, but also sheds the first light that we know of on previously unknown regimes associated with proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16980357ø��Li, Minfen
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Virion/metabolism���Octµ��Hendra virus (HeV) is a recently identified paramyxovirus that is fatal in humans and could be used as an agent of bioterrorism. The HeV receptor-binding protein (G) is required in order for the fusion protein (F) to mediate fusion, and analysis of the triggering/activation of HeV F by G should lead to strategies for interfering with this key step in viral entry. HeV F, once triggered by the receptor-bound G, by analogy with other paramyxovirus F proteins, undergoes multistep conformational changes leading to a six-helix bundle (6HB) structure that accomplishes fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions (HRN and HRC) near the fusion peptide and the transmembrane domains, respectively. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing F, after the initial triggering step, from forming the 6HB structure that is required for fusion. HeV peptides have previously been found to be effective at inhibiting HeV fusion. However, we found that a human parainfluenza virus 3 F-peptide is more effective at inhibiting HeV fusion than the comparable HeV-derived peptide.,��https://www.ncbi.nlm.nih.gov/pubmed/16973588v��Porotto, M
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Virulence���Oct´��Canine distemper virus (CDV), a member of the Morbillivirus genus that also includes measles virus, frequently causes neurologic complications, but the routes and timing of CDV invasion of the central nervous system (CNS) are poorly understood. To characterize these events, we cloned and sequenced the genome of a neurovirulent CDV (strain A75/17) and produced an infectious cDNA that expresses the green fluorescent protein. This virus fully retained its virulence in ferrets: the course and signs of disease were equivalent to those of the parental isolate. We observed CNS invasion through two distinct pathways: anterogradely via the olfactory nerve and hematogenously through the choroid plexus and cerebral blood vessels. CNS invasion only occurred after massive infection of the lymphatic system and spread to the epithelial cells throughout the body. While at early time points, mostly immune and endothelial cells were infected, the virus later spread to glial cells and neurons. Together, the results suggest similarities in the timing, target cells, and CNS invasion routes of CDV, members of the Morbillivirus genus, and even other neurovirulent paramyxoviruses like Nipah and mumps viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16973542©��Rudd, Penny A
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Viral Fusion Proteins/*chemistry���Oct`��The Nipah and Hendra viruses are highly pathogenic paramyxoviruses that recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These characteristics have led to their classification into the new genus Henpavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. The fusion protein, an enveloped glycoprotein essential for viral entry, belongs to the family of class I fusion proteins and is characterized by the presence of two heptad repeat (HR) regions, HR1 and HR2. These two regions associate to form a fusion-active hairpin conformation that juxtaposes the viral and cellular membranes to facilitate membrane fusion and enable subsequent viral entry. The Hendra and Nipah virus fusion core proteins were crystallized and their structures determined to 2.2 A resolution. The Nipah and Hendra fusion core structures are six-helix bundles with three HR2 helices packed against the hydrophobic grooves on the surface of a central coiled coil formed by three parallel HR1 helices in an oblique antiparallel manner. Because of the high level of conservation in core regions, it is proposed that the Nipah and Hendra virus fusion cores can provide a model for membrane fusion in all paramyxoviruses. The relatively deep grooves on the surface of the central coiled coil represent a good target site for drug discovery strategies aimed at inhibiting viral entry by blocking hairpin formation.,��https://www.ncbi.nlm.nih.gov/pubmed/16972940é��Lou, Zhiyong
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Yolk Sac/virology���Aug-Oct���An isolate of Nipah virus was injected into fertile eggs via the allantoic cavity or yolk sac. Allantoic inoculation resulted in considerable pathological variation and only partial mortality. Dead embryos showed severe necrosis in the brain and congestion in the kidney and the subcutis of limbs. In contrast, yolk sac inoculation led to uniform infection and mortality, the dead embryos exhibiting the same lesions as those described above but without the subcutaneous congestion. Histological lesions in dead embryos inoculated by either route were similar and particularly severe in the central nervous system. Viral antigens were detected mainly in the vasculature and neurons. The results indicated that Nipah virus is highly pathogenic to chicken embryos, and that the route of inoculation is an important determinant of the course of disease. The findings also suggested that yolk sac inoculation can be used for viral titration, and that the chicken embryo represents a useful model for studying the vascular and neuronal tropisms of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16956618Í��Tanimura, N
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Swine Diseases/diagnosis/immunology/virology���Sepx��Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for human and swine sera and an IgM capture ELISA for human sera were established using the recombinant NiV-N protein as an antigen. One hundred thirty-three suspected patient sera and 16 swine sera were used to evaluate the newly established ELISA systems in comparison with the CDC inactivated-virus-based ELISA systems. For the human sera, the NiV-N protein-based indirect IgG ELISA had a sensitivity of 98.6% and a specificity of 98.4%, and the NiV-N protein-based IgM capture ELISA had a sensitivity of 91.7% and a specificity of 91.8%, with reference to the CDC ELISA systems. The NiV-N-based IgM ELISA was found to be more sensitive than the inactivated-virus-based ELISA in that it captured eight additional cases. For the swine sera, the two test systems were in 100% concordance. Our data indicate that the Nipah virus nucleocapsid protein is a highly immunogenic protein in human and swine infections and a good target for serodiagnosis. Our NiV-N protein-based ELISA systems are useful, safe, and affordable tools for diagnosis of Nipah virus infection and are especially fit to be used in large-scale epidemiological investigations and to be applied in developing countries.,��https://www.ncbi.nlm.nih.gov/pubmed/16954238w��Yu, Fuxun
Khairullah, Nor Shahidah
Inoue, Shingo
Balasubramaniam, Vijayamalar
Berendam, Stella Joan
Teh, Leok Kin
Ibrahim, Nik Shamsiah Wan
Abdul Rahman, Sohayati
Hassan, Sharifah Syed
Hasebe, Futoshi
Sinniah, Mangalam
Morita, Kouichi
eng
Evaluation Studies
Research Support, Non-U.S. Gov't
2006/09/07 09:00
J Clin Microbiol. 2006 Sep;44(9):3134-8. doi: 10.1128/JCM.00693-06.%��0095-1137 (Print)
0095-1137 (Linking)
��PMC1594737���16954238w��Department of Virology, Institute of Tropical Medicine, Nagasaki University, 1-12-4 Sakamoto, Nagasaki 852-8523, Japan.���10.1128/JCM.00693-06��	g��üÒ|ÿî?j���K��Chen, J. M.
Guo, L. X.
Sun, C. Y.
Sun, Y. X.
Chen, J. W.
Li, L.
Wang, Z. L.���2006d��A stable and differentiable RNA positive control for reverse transcription-polymerase chain reaction���1787-92���Biotechnol Lett���28���220��Biotechnology/*methods
Genetic Techniques
Models, Genetic
Nipah Virus/*genetics
Plasmids/metabolism
RNA/*chemistry
RNA, Double-Stranded/chemistry
RNA, Viral/analysis/*genetics
Reproducibility of Results
Reverse Transcriptase Polymerase Chain Reaction/*instrumentation/*methods
Sensitivity and Specificity���Nov���Most RNA positive controls currently used for monitoring the quality of RT-PCR assays have some disadvantages, such as instability, inability to monitor the quality of the relevant primers and/or causing indifferentiable false positives. To avoid these disadvantages, a simple method to prepare stable and differentiable RNA positive controls is now demonstrated with a real-time RT-PCR assay for the detection of Nipah virus (NiV). A DNA sequence which was shorter than its counterpart in the NiV genome and contained the binding sites of the primers of the RT-PCR assay was designed, synthesized and inserted into a vector, and then amplified by PCR with two vector-specific primers both of which contained a T7 promoter at the 5' terminal. The RNA positive control was the dsRNA in vitro transcribed from the PCR amplicons flanked by two T7 promoters. The RNA positive control was stable and able to monitor the quality of the whole concerned RT-PCR assay. False positives caused by contaminations of the RNA positive control or its amplicons could be easily identified because the amplicons of the RNA positive control were obviously shorter than those of real positive samples. Thus, the RNA positive control reported in this study avoided some common disadvantages of current RNA positive controls.,��https://www.ncbi.nlm.nih.gov/pubmed/16912918?��Chen, Ji-Ming
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Ventilator Weaning/*methods���Oct£��OBJECTIVE: Weaning predictors are often incorporated in protocols to predict weaning outcome for patients on mechanical ventilation. The predictors are used as a decision point in protocols to determine whether a patient may advance to a spontaneous breathing trial. The impact of including predictors in a weaning protocol has not been previously studied. We designed a study to determine the effect of including a weaning predictor (frequency-tidal volume ratio, or f/Vt) in a weaning protocol. DESIGN: Randomized, blinded controlled trial. SETTING: Academic teaching hospitals. PATIENTS: Three hundred and four patients admitted to intensive care units at three academic teaching hospitals. INTERVENTIONS: Patients were screened daily for measures of oxygenation, cough and secretions, adequate mental status, and hemodynamic stability. Patients were randomized to two groups; in one group the f/Vt was measured but not used in the decision to wean (n = 151), but in the other group, f/Vt was measured and used, using a threshold of 105 breaths/min/L (n = 153). Patients passing the screen received a 2-hr spontaneous breathing trial. Patients passing the spontaneous breathing trial were eligible for an extubation attempt. MEASUREMENTS AND MAIN RESULTS: Groups were similar with regard to gender, age, and Acute Physiology and Chronic Health Evaluation II score. The median duration for weaning time was significantly shorter in the group where the weaning predictor was not used (2.0 vs. 3.0 days, p = .04). There was no difference with regard to the extubation failure, in-hospital mortality rate, tracheostomy, or unplanned extubation. CONCLUSIONS: Including a weaning predictor (f/Vt) in a protocol prolonged weaning time. In addition, the predictor did not confer survival benefit or reduce the incidence of extubation failure or tracheostomy. The results of this study indicate that f/Vt should not be used routinely in weaning decision making.,��https://www.ncbi.nlm.nih.gov/pubmed/16878032���Tanios, Maged A
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Virus Shedding���Aug���Nipah virus (NiV), of the family Paramyxoviridae, was isolated in 1999 in Malaysia from a human fatality in an outbreak of severe human encephalitis, when human infections were linked to transmission of the virus from pigs. Consequently, a swine vaccine able to abolish virus shedding is of veterinary and human health interest. Canarypox virus-based vaccine vectors carrying the gene for NiV glycoprotein (ALVAC-G) or the fusion protein (ALVAC-F) were used to intramuscularly immunize four pigs per group, either with 10(8) PFU each or in combination. Pigs were boosted 14 days postvaccination and challenged with 2.5 x 10(5) PFU of NiV two weeks later. The combined ALVAC-F/G vaccine induced the highest levels of neutralization antibodies (2,560); despite the low neutralizing antibody levels in the F vaccinees (160), all vaccinated animals appeared to be protected against challenge. Virus was not isolated from the tissues of any of the vaccinated pigs postchallenge, and a real-time reverse transcription (RT)-PCR assay detected only small amounts of viral RNA in several samples. In challenge control pigs, virus was isolated from a number of tissues (10(4.4) PFU/g) or detected by real-time RT-PCR. Vaccination of the ALVAC-F/G vaccinees appeared to stimulate both type 1 and type 2 cytokine responses. Histopathological findings indicated that there was no enhancement of lesions in the vaccinees. No virus shedding was detected in vaccinated animals, in contrast to challenge control pigs, from which virus was isolated from the throat and nose (10(2.9) PFU/ml). Based on the data presented, the combined ALVAC-F/G vaccine appears to be a very promising vaccine candidate for swine.,��https://www.ncbi.nlm.nih.gov/pubmed/16873250}��Weingartl, Hana M
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Aug§��As a preliminary to the localization of the receptor-binding site(s) on the Nipah virus (NiV) glycoprotein (NiV-G), we have undertaken the identification of NiV-G residues that play a role in fusion promotion. To achieve this, we have used two strategies. First, as NiV and Hendra virus (HeV) share a common receptor and their cellular tropism is similar, we hypothesized that residues functioning in receptor attachment could be conserved between their respective G proteins. Our initial strategy was to target charged residues (which can be expected to be at the surface of the protein) conserved between the NiV-G and HeV-G globular heads. Second, we generated NiV variants that escaped neutralization by anti-NiV-G monoclonal antibodies (MAbs) that neutralize NiV both in vitro and in vivo, likely by blocking receptor attachment. The sequencing of such "escape mutants" identified NiV-G residues present in the epitopes to which the neutralizing MAbs are directed. Residues identified via these two strategies whose mutation had an effect on fusion promotion were localized on a new structural model for the NiV-G protein. Our results suggest that seven NiV-G residues, including one (E533) that was identified using both strategies, form a contiguous site on the top of the globular head that is implicated in ephrinB2 binding. This site commences near the shallow depression in the center of the top surface of the globular head and extends to the rim of the barrel-like structure on the top loops of beta-sheet 5. The topology of this site is strikingly similar to that proposed to form the SLAM receptor site on another paramyxovirus attachment protein, that of the measles virus hemagglutinin.,��https://www.ncbi.nlm.nih.gov/pubmed/16840334ï��Guillaume, Vanessa
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Virus Replication/physiology���Augì��Nipah virus infection of porcine stable kidney cells (PS), human neuronal cells (SK-N-MC), human lung fibroblasts cells (MRC-5), and human monocytes (THP-1) were examined. Rapid progression of cytopathic effects (CPE) and cell death were noted in PS cell cultures treated with Nipah virus, followed by MRC-5, SK-N-MC, and THP-1 cell cultures, in descending order of rapidity. Significant increase in the intracellular Nipah virus RNA occurred beginning at 24 hr PI in all the infected cells. Whereas, the extracellular release of Nipah virus RNA increased significantly beginning at 48 and 72 hr PI for the infected MRC-5 cells and PS cells, respectively. No significant release of extracellular Nipah virus RNA was detected from the Nipah virus-infected SK-N-MC and THP-1 cells. At its peak, approximately 6.6 log PFU/microl of extracellular Nipah virus RNA was released from the Nipah virus-infected PS cells, with at least a 100-fold less virus RNA was recorded in the Nipah virus-infected SK-N-MC and THP-1. Approximately 15.2% (+/-0.1%) of the released virus from the infected PS cell cultures was infectious in contrast to approximately 5.5% (+/-0.7%) from the infected SK-N-MC cells. The findings suggest that there are no differences in the capacity to support Nipah virus replication between pigs and humans in fully susceptible PS and MRC-5 cells. However, there are differences between these cells and human neuronal cells and monocytes in the ability to support Nipah virus replication and virus release.,��https://www.ncbi.nlm.nih.gov/pubmed/16789019µ��Chang, Li-Yen
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*Nipah Virus���Apr_��BACKGROUND & OBJECTIVE: The viral encephalitides caused by animal or human viruses are characterized by sudden outbreaks of neurological disease in both tropical and temperate regions. An outbreak of acute encephalitis occurred in Siliguri (West Bengal) town of India between January 31 and February 23, 2001. This outbreak was investigated by a team of scientists from four major institutions, and the findings are presented here. METHODS: Detailed information about the outbreak was collected with the help of local health authorities. Limited entomological investigations were also done. Samples collected from cases and contacts were sent for analysis. RESULTS: A total of 66 probable cases and 45 deaths were reported. Epidemiological linkages between cases point towards person-to-person transmission and incubation period of around 10 days. There was neither any concurrent illness in animals nor was there any exposure of cases to animals. Centres for Disease Control and Prevention, Atlanta, USA concluded on the basis of tests carried out on serum specimen from four cases and two contacts that the causative pathogen appears to be Nipah/ Hendra or closely related virus. INTERPRETATION & CONCLUSION: This outbreak highlights the importance and urgency of establishing a strong surveillance system supported by a network of state-of-the-art laboratories equipped to handle and diagnose new pathogens and including patient isolation techniques, use of personal protective equipment, barrier nursing and safe disposal of potentially infected material in the prevention and control measures for Nipah/Hendra virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16783047���Harit, A K
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Sensitivity and Specificity���Sepü��The indirect ELISA is a simple and useful method for detection of pathogen-specific antibodies in animal sera. However, non-specific or background binding is often a problem, especially when recombinant proteins from Escherichia coli are used. In this study, a comparative indirect ELISA in which the total reactivity and the background binding were determined simultaneously on the same ELISA plate was reported. The background was determined by incubation of the test sera with excess free antigen to block specific binding. The sample was considered positive only when its total reactivity reading was higher than a pre-determined cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Using this approach, an antibody assay for henipaviruses using a recombinant Nipah virus nucleocapsid protein expressed in E. coli was developed. A total of 919 negative serum samples were tested in this assay and the specificity was 95.8%. In addition, eight positive experimental serum samples all tested positive. The use of recombinant protein as the ELISA antigen, instead of inactivated virus antigens, will be of significant advantage for countries where there is no facility of Biosafety level 4 to handle this group of zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16769130,��Chen, Ji-Ming
Yu, Meng
Morrissy, Chris
Zhao, Yong-Gang
Meehan, Greer
Sun, Ying-Xue
Wang, Qing-Hua
Zhang, Wei
Wang, Lin-Fa
Wang, Zhi-Liang
eng
Comparative Study
Research Support, Non-U.S. Gov't
Netherlands
2006/06/14 09:00
J Virol Methods. 2006 Sep;136(1-2):273-6. doi: 10.1016/j.jviromet.2006.05.003.%��0166-0934 (Print)
0166-0934 (Linking)���16769130���Chinese National Diagnostic Center for Exotic Animal Diseases, Chinese National Animal Quarantine Institute, Qingdao 266032, China. chenjiming2004@yahoo.com.cn���10.1016/j.jviromet.2006.05.003����»��üÒ|ÿþ?u���=��Wang, X. J.
Hu, S.
Ge, J. Y.
Wang, Q. H.
Qin, L. T.
Bu, Z. G.���2006i��[Study of fusion protein and attachment glycoprotein of Nipah virus expressed in recombinant baculovirus]���418-24���Sheng Wu Gong Cheng Xue Bao���22���3���Animals
Antigens, Viral/immunology
Baculoviridae/genetics/*metabolism
Mice
Mice, Inbred BALB C
Nipah Virus/chemistry/*genetics
Rabbits
Recombinant Fusion Proteins/biosynthesis/genetics/immunology
Recombination, Genetic
Viral Envelope Proteins/*biosynthesis/genetics/immunology���Mayá��In this study, Recombinant baculoviruses rBac-NF and rBac-NG were generated for expressing F and G proteins Nipah virus (NiV) . The expression of recommbinant G (rNG) and F (rNF) protein in rBac-NF and rBac-NG infected cells were confirmed by western-blot. Both rNG and rNF showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect immunofluorescence detection and indirect ELISA. Immunization with rBac-NF and rBac-NG infected insect cells elicited G ad F protein specific antibody responses in mice. Furthermore, the G ad F specific antibodies could neutralize the infectivity of the VSVdeltaG* F/G, the NiV F and G envelope glycoproteins psudotyped recombinant Vesicular Stomatitis Virus expressing green fluorescence protein. The results demonstrated F and G protein expressed by the recombinant baculoviruses could be safe economic diagnostic antigens for the surveillance and monitoring of NiV and promising subunit vaccines for the prevention of NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16755921Ê��Wang, Xi-Jun
Hu, Sen
Ge, Jin-Ying
Wang, Qing-Hua
Qin, Li-Ting
Bu, Zhi-Gao
chi
English Abstract
Research Support, Non-U.S. Gov't
China
2006/06/08 09:00
Sheng Wu Gong Cheng Xue Bao. 2006 May;22(3):418-24.%��1000-3061 (Print)
1000-3061 (Linking)���16755921���National Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Harbin 150001, China.���Z��üÒtÿî?v���a��Georges-Courbot, M. C.
Contamin, H.
Faure, C.
Loth, P.
Baize, S.
Leyssen, P.
Neyts, J.
Deubel, V.���2006_��Poly(I)-poly(C12U) but not ribavirin prevents death in a hamster model of Nipah virus infection���1768-72���Antimicrob Agents Chemother���50���5©��Animals
Cell Survival/drug effects
Cercopithecus aethiops
Cricetinae
*Disease Models, Animal
Enzyme-Linked Immunosorbent Assay
HeLa Cells
Humans
Immunoglobulin G/blood
Injections, Intraperitoneal
Lethal Dose 50
Male
Mesocricetus
Nipah Virus/*drug effects
Poly I-C/administration & dosage/*therapeutic use
Reverse Transcriptase Polymerase Chain Reaction
Ribavirin/administration & dosage/*therapeutic use
Vero Cells
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Zoonoses/epidemiology/transmission���AprÑ��As international travel and human encroachment into previously isolated areas have increased, so too has the potential for the emergence of new infectious diseases. Populations likely to be susceptible to new infectious diseases have also increased in size. The past three decades have seen outbreaks of diseases caused by parvoviruses, Nipah virus, circoviruses, and prions. Infectious pathogens such as these are formidable opponents; they can adapt to new hosts or cause variant diseases within new hosts. Many are also resistant to current inactivation techniques. In order to prevent or contain outbreaks, pathogens that emerge must be identified quickly and efficiently; research and ongoing global surveillance are therefore of primary importance. To effectively protect the blood supply and blood-based therapies, this research should include investigations into improved techniques for detection, screening, and viral inactivation, as well as into ways to reduce patient exposure to infectious pathogens via therapeutic agents. The proactive devotion of appropriate resources to infectious disease containment and prevention prior to an epidemic should be perceived as both essential public health policy and cost effective.,��https://www.ncbi.nlm.nih.gov/pubmed/16631823���Stanley, Samuel L Jr
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Surface Properties���Feb 1ô��Direct analysis of tissue by MALDI-MS allows the acquisition of its biomolecular profile while maintaining the integrity of the tissue, giving cellular localization, and avoiding tedious extraction and purification steps. However, direct tissue analysis generally leads to some extent to a lowered spectral quality due to variation in thickness, freezing tissue date, and nature of the tissue. We present here new technical developments for the direct tissue analysis of peptides with ionic liquid made of matrix mixtures (alpha-cyano-4-hydroxycinnamic acid (CHCA)/2-amino-4-methyl-5-nitropyridine and alpha-cyano-4-hydroxycinnamic acid/N,N-dimethylaniline (CHCA/DANI)). The properties of these direct tissue analysis matrixes, especially CHCA/aniline when compared to CHCA, 2,5-dihydroxybenzoic acid, and sinapinic acid, are as follows: (1) better spectral quality in terms of resolution, sensitivity, intensity, noise, number of compounds detected, and contaminant tolerance, (2) better crystallization on tissues, i.e., coverage capacity, homogeneity of crystallization, homogeneity of crystal sizes, and time of crystallization, (3) better analysis duration in term of vacuum stability, (4) better resistance to laser irradiation especially for high-frequency lasers, (5) better ionic yield in negative mode, and (6) enough fragmentation yield to use the PSD mode on sections to get structural information. Applied to MALDI imaging on a MALDI LIFT-TOF with a 50-Hz laser frequency, these ionic matrixes have allowed the realization of a new type of image in both polarities and reflector mode using the same tissue section. These results give a new outlook on peptide tissue profiling by MS, characterization of compounds from tissue slices, and MALDI-MS high-quality imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/16448055´��Lemaire, R
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Viruses/genetics/*immunology���Febâ��Polyclonal antibodies have a century-old history of being effective against some viruses; recently, monoclonal antibodies (mAbs) have also shown success. The humanized mAb Synagis (palivizumab), which is still the only mAb against a viral disease approved by the US FDA, has been widely used as a prophylactic measure against respiratory syncytial virus infections in neonates and immunocompromised individuals. The first fully human mAbs against two other paramyxoviruses, Hendra and Nipah virus, which can cause high (up to 75%) mortality, were recently developed; one of them, m101, showed exceptional potency against infectious virus. In an amazing pace of research, several potent human mAbs targeting the severe acute respiratory syndrome coronavirus S glycoprotein that can affect infections in animal models have been developed months after the virus was identified in 2003. A potent humanized mAb with therapeutic potential was recently developed against the West Nile virus. The progress in developing neutralizing human mAbs against Ebola, Crimean-Congo hemorrhagic fever, vaccinia and other emerging and biodefense-related viruses is slow. A major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies, is the viruses' heterogeneity and mutability. A related problem is the low binding affinity of crossreactive antibodies able to neutralize a variety of primary isolates. Combinations of mAbs or mAbs with other drugs, and/or the identification of potent new mAbs and their derivatives that target highly conserved viral structures, which are critical for virus entry into cells, are some of the possible solutions to these problems, and will continue to be a major focus of antiviral research.,��https://www.ncbi.nlm.nih.gov/pubmed/16441209³��Zhu, Zhongyu
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Viral Envelope Proteins/immunology���Jan�	�Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae. Each has a broad species tropism and can cause disease with high mortality in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) envelope glycoproteins (Envs). Seven Fabs, m101 to -7, were selected for their significant binding to a soluble form of Hendra G (sG) which was used as the antigen for panning of a large naive human antibody library. The selected Fabs inhibited, to various degrees, cell fusion mediated by the HeV or NiV Envs and virus infection. The conversion of the most potent neutralizer of infectious HeV, Fab m101, to immunoglobulin G1 (IgG1) significantly increased its cell fusion inhibitory activity: the 50% inhibitory concentration was decreased more than 10-fold to approximately 1 microg/ml. The IgG1 m101 was also exceptionally potent in neutralizing infectious HeV; complete (100%) neutralization was achieved with 12.5 microg/ml, and 98% neutralization required only 1.6 microg/ml. The inhibition of fusion and infection correlated with binding of the Fabs to full-length G as measured by immunoprecipitation and less with binding to sG as measured by enzyme-linked immunosorbent assay and Biacore. m101 and m102 competed with the ephrin-B2, which we recently identified as a functional receptor for both HeV and NiV, indicating a possible mechanism of neutralization by these antibodies. The m101, m102, and m103 antibodies competed with each other, suggesting that they bind to overlapping epitopes which are distinct from the epitopes of m106 and m107. In an initial attempt to localize the epitopes of m101 and m102, we measured their binding to a panel of 11 G alanine-scanning mutants and identified two mutants, P185A and Q191 K192A, which significantly decreased binding to m101 and one, G183, which decreased binding of m102 to G. These results suggest that m101 to -7 are specific for HeV or NiV or both and exhibit various neutralizing activities; they are the first human monoclonal antibodies identified against these viruses and could be used for treatment, prophylaxis, and diagnosis and as research reagents and could aid in the development of vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/16378991T��Zhu, Zhongyu
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Zoonoses���Decí��Nipah virus (NiV) is a zoonotic paramyxovirus that was first recognized in 1999 as the causative agent of outbreaks of human encephalitis in Malaysia and Singapore, in association with severe respiratory and neurological disease in pigs. Since then, outbreaks of NiV encephalitis have also occurred in Bangladesh during 2001-2004, but without an association to infected swine or other animals. Although NiV infections typically result in acute encephalitis with high mortality, other clinical manifestations, including asymptomatic infection, relapsed encephalitis, and pulmonary disease, have been observed. The article will summarize the virology, epidemiology, clinical features, treatment, and control and prevention of NiV infections in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/16363687v��Kitsutani, Paul
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Virulence���Jan���Hendra virus and Nipah virus are highly pathogenic paramyxoviruses that have recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These features led to their classification into the new genus Henipavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. This review provides an overview of henipaviruses and the types of infection they cause, and describes how studies on the structure and function of henipavirus proteins expressed from cloned genes have provided insights into the unique biological properties of these emerging human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16357858���Eaton, Bryan T
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Zoonoses/epidemiology/etiology���JunÄ��In late 1998, a novel paramyxovirus named Nipah virus, emerged in Malaysia, causing fatal disease in domestic pigs and humans with substantial economic loss to the local pig industry. Pteropid fruitbats have since been identified as a natural reservoir host. Over the last two decades, the forest habitat of these bats in Southeast Asia has been substantially reduced by deforestation for pulpwood and industrial plantation. In 1997/1998, slash-and-burn deforestation resulted in the formation of a severe haze that blanketed much of Southeast Asia in the months directly preceding the Nipah virus disease outbreak. This was exacerbated by a drought driven by the severe 1997-1998 El Nino Southern Oscillation (ENSO) event. We present data suggesting that this series of events led to a reduction in the availability of flowering and fruiting forest trees for foraging by fruitbats and culminated in unprecedented encroachment of fruitbats into cultivated fruit orchards in 1997/1998. These anthropogenic events, coupled with the location of piggeries in orchards and the design of pigsties allowed transmission of a novel paramyxovirus from its reservoir host to the domestic pig and ultimately to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/16329551q��Chua, Kaw Bing
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Swine���OctC��Nipah virus is a recently emergent paramyxovirus that is capable of causing severe disease in both humans and animals. The first outbreak of Nipah virus occurred in Malaysia and Singapore in 1999 and, more recently, outbreaks were detected in Bangladesh. In humans, Nipah virus causes febrile encephalitis with respiratory syndrome that has a high mortality rate. The reservoir for Nipah virus is believed to be fruit bats, and humans are infected by contact with infected bats or by contact with an intermediate animal host such as pigs. Person to person spread of the virus has also been described. Nipah virus retains many of the genetic and biologic properties found in other paramyxoviruses, though it also has several unique characteristics. However, the virologic characteristics that allow the virus to cause severe disease over a broad host range, and the epidemiologic, environmental and virologic features that favor transmission to humans are unknown. This review summarizes what is known about the virology, epidemiology, pathology, diagnosis and control of this novel pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/16287690 ��Bellini, William J
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Zoonoses/virology���Oct_��The authors review common themes in the ecology of emerging viruses that cause neurological disease. Three issues emerge. First, 49% of emerging viruses are characterized by encephalitis or serious neurological clinical symptoms. Second, all of these viruses are driven to emerge by ecological, environmental, or human demographic changes, some of which are poorly understood. Finally, the control of these viruses would be enhanced by collaborative multidisciplinary research into these drivers of emergence. The authors highlight this review with a case study of Nipah virus, which emerged in Malaysia due largely to shifts in livestock production and alterations to reservoir host habitat. Collaboration between virologists, ecologists, disease modelers and wildlife biologists has been instrumental in retracing the factors involved in this virus's emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/16287685}��Olival, Kevin J
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Zoonoses/*epidemiology/virology���Oct\��The last decade of the 20th Century saw the introduction of an unprecedented number of encephalitic viruses emerge or spread in the Southeast Asian and Western Pacific regions (Mackenzie et al, 2001; Solomon, 2003a). Most of these viruses are zoonotic, either being arthropod-borne viruses or bat-borne viruses. Thus Japanese encephalitis virus (JEV), a mosquito-borne flavivirus, has spread through the Indonesian archipelago to Papua New Guinea (PNG) and to the islands of the Torres Strait of northern Australia, to Pakistan, and to new areas in the Indian subcontinent; a strain of tick-borne encephalitis virus (TBEV) was described for the first time in Hokkaido, Japan; and a novel mosquito-borne alphavirus, Me Tri virus, was described from Vietnam. Three novel bat-borne viruses emerged in Australia and Malaysia; two, Hendra and Nipah viruses, represent the first examples of a new genus in the family Paramyxoviridae, the genus Henipaviruses, and the third, Australian bat lyssavirus (ABLV) is new lyssavirus closely related to classical rabies virus. These viruses will form the body of this brief review.,��https://www.ncbi.nlm.nih.gov/pubmed/16287684r��Mackenzie, John S
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*Virus Inactivation���Marò��Nipah virus, a zoonotic paramyxovirus which emerged recently was chemically inactivated using binary ethylenimine (BEI). The inactivated virus was concentrated and purified by sucrose gradient centrifugation. The gradient fractions were examined by electron microscopy and Western immunoblot, and gradient fraction containing mainly Nipah matrix (M) and nucleocapsid (N) proteins was used for immunizing BALB/c mice to generate hybridomas. Screening of the resultant hybridoma clones identified five strongly positive clones producing IgG monoclonal antibodies (mAbs) reactive to the Nipah virus antigen. The protein specificity of these mAbs was determined by Western immunoblot using Nipah virus and recombinant Nipah virus proteins expressed in mammalian cells. Four mAbs reacted with Nipah N protein and one reacted with Nipah M protein. None of the mAbs neutralized Nipah virus infectivity in vitro. However, all mAbs recognized Nipah virus in ELISA and immunofluorescence assay. F45G2 mAb was most suitable for immunohistochemistry on long term formalin-fixed Nipah virus infected swine tissues. Three of the anti-nucleocapsid mAbs (F45G2, F45G3 and F45G6) showed cross-reactivity with closely related Hendra virus N protein in both immunofluorescence and Western Immunoblot assays. Two of the mAbs were specific for the Nipah virus only, F45G4 (anti-N) and F45G5 (anti-M), and could be used in the primary identification of Nipah virus. The use of these immunoreagents to develop new diagnostic assays is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/16226320���Berhane, Yohannes
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RNA, Viral/genetics���Feb¤��After the outbreak of Nipah virus (NiV) in 1998-99, which resulted in 105 human deaths and the culling of more than one million pigs, a search was initiated for the natural host reservoir of NiV on Tioman Island off the east coast of Malaysia. Three different syncytia-forming viruses were isolated from fruit bats on the island. They were Nipah virus, Tioman virus (a novel paramyxovirus related to Menangle virus), and a reovirus, named Pulau virus (PuV), which is the subject of this study. PuV displayed the typical ultra structural morphology of a reovirus and was neutralised by serum against Nelson Bay reovirus (NBV), a reovirus isolated from a fruit bat (Pteropus poliocephalus) in Australia over 30 years ago. PuV was fusogenic and formed large syncytia in Vero cells. Comparison of dsRNA segments between PuV and NBV showed distinct mobility differences for the S1 and S2 segments. Complete sequence analysis of all four S segments revealed a close relationship between PuV and NBV, with nucleotide sequence identity varying from 88% for S3 segment to 56% for the S1 segment. Similarly phylogenetic analysis of deduced protein sequences confirmed that PuV is closely related to NBV. In this paper we discuss the similarities and differences between PuV and NBV which support the classification of PuV as a novel mammalian, fusogenic reovirus within the Nelson Bay orthoreovirus species, in the genus Orthoreovirus, family Reoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/16205863¾��Pritchard, L I
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Virus Replication���OctÜ��Proteolytic processing of paramyxovirus fusion (F) proteins is essential for the generation of a mature and fusogenic form of the F protein. Although many paramyxovirus F proteins are proteolytically processed by the cellular protease furin at a multibasic cleavage motif, cleavage of the newly emerged Hendra virus F protein occurs by a previously unidentified cellular protease following a single lysine at residue 109. We demonstrate here that the cellular protease cathepsin L is involved in converting the Hendra virus precursor F protein (F(0)) to the active F(1) + F(2) disulfide-linked heterodimer. To initially identify the class of protease involved in Hendra virus F protein cleavage, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F (known to be proteolytically processed by furin) were metabolically labeled and chased in the absence or presence of serine, cysteine, aspartyl, and metalloprotease inhibitors. Nonspecific and specific protease inhibitors known to decrease cathepsin activity inhibited proteolytic processing of Hendra virus F but had no effect on simian virus 5 F processing. We next designed shRNA oligonucleotides to cathepsin L which dramatically reduced cathepsin L protein expression and enzyme activity. Cathepsin L shRNA-expressing Vero cells transfected with pCAGGS-Hendra F demonstrated a nondetectable amount of cleavage of the Hendra virus F protein and significantly decreased membrane fusion activity. Additionally, we found that purified human cathepsin L processed immunopurified Hendra virus F(0) into F(1) and F(2) fragments. These studies introduce a novel mechanism for primary proteolytic processing of viral glycoproteins and also suggest a previously unreported biological role for cathepsin L.,��https://www.ncbi.nlm.nih.gov/pubmed/16188974 ��Pager, Cara Theresia
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Virus Replication���Octu��The Hendra virus fusion (F) protein is synthesized as a precursor protein, F(0), which is proteolytically processed to the mature form, F(1) + F(2). Unlike the case for the majority of paramyxovirus F proteins, the processing event is furin independent, does not require the addition of exogenous proteases, is not affected by reductions in intracellular Ca(2+), and is strongly affected by conditions that raise the intracellular pH (C. T. Pager, M. A. Wurth, and R. E. Dutch, J. Virol. 78:9154-9163, 2004). The Hendra virus F protein cytoplasmic tail contains a consensus motif for endocytosis, YXXPhi. To analyze the potential role of endocytosis in the processing and membrane fusion promotion of the Hendra virus F protein, mutation of tyrosine 525 to alanine (Hendra virus F Y525A) or phenylalanine (Hendra virus F Y525F) was performed. The rate of endocytosis of Hendra virus F Y525A was significantly reduced compared to that of the wild-type (wt) F protein, confirming the functional importance of the endocytosis motif. An intermediate level of endocytosis was observed for Hendra virus F Y525F. Surprisingly, dramatic reductions in the rate of proteolytic processing were observed for Hendra virus F Y525A, although initial transport to the cell surface was not affected. The levels of surface expression for both Hendra virus F Y525A and Hendra virus F Y525F were higher than that of the wt protein, and these mutants displayed enhanced syncytium formation. These results suggest that endocytosis is critically important for Hendra virus F protein cleavage, representing a new paradigm for proteolytic processing of paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16188966c��Meulendyke, Kelly Ann
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Viral Envelope Proteins/chemistry/*immunology���Octé��Epitopes involved in a protective immune response to Hendra virus (HeV) (Henipavirus, Paramxyoviridae) were investigated by generating five neutralizing monoclonal antibodies (mAbs) to the virus attachment protein (G) of HeV (HeV G) and sequencing of the G gene of groups of neutralization-escape variants selected with each mAb. Amino acid substitutions occurred at eight distinct sites on HeV G. Relationships between these sites were investigated in binding and neutralization assays using heterologous combinations of variants and mAbs. The sites were also mapped to a proposed structural model for the attachment proteins of Paramyxoviridae. Their specific locations and the nature of their interactions with the mAb panel provided the first functional evidence that HeV G in fact resembled the proposed structure. Four sites (aa 183-185, 417, 447 and 570) contributed to a major discontinuous epitope, on the base of the globular head, that was similar to immunodominant virus neutralization sites found in other paramyxoviruses. Amino acid similarity between HeV and Nipah virus was relatively highly conserved at these sites but decreased significantly at the other sites identified in this study. These included another discontinuous epitope on the base of the head region defined by sites aa 289 and 324 and well separated epitopes on the top of the head at sites aa 191-195 and 385-356. The latter epitope corresponded to immunodominant neutralization sites found in Rinderpest virus and Measles virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16186240Í��White, John R
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Viral Fusion Proteins/chemistry/genetics/metabolism���Jul 215��Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70 percent of infected patients, and there is evidence of human-to-human transmission. Endothelial syncytia, comprised of multinucleated giant-endothelial cells, are frequently found in NiV infections, and are mediated by the fusion (F) and attachment (G) envelope glycoproteins. Identification of the receptor for this virus will shed light on the pathobiology of NiV infection, and spur the rational development of effective therapeutics. Here we report that ephrinB2, the membrane-bound ligand for the EphB class of receptor tyrosine kinases (RTKs), specifically binds to the attachment (G) glycoprotein of NiV. Soluble Fc-fusion proteins of ephrinB2, but not ephrinB1, effectively block NiV fusion and entry into permissive cell types. Moreover, transfection of ephrinB2 into non-permissive cells renders them permissive for NiV fusion and entry. EphrinB2 is expressed on endothelial cells and neurons, which is consistent with the known cellular tropism for NiV. Significantly, we find that NiV-envelope-mediated infection of microvascular endothelial cells and primary cortical rat neurons is inhibited by soluble ephrinB2, but not by the related ephrinB1 protein. Cumulatively, our data show that ephrinB2 is a functional receptor for NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16007075���Negrete, Oscar A
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Protein Structure, Tertiary	��Although modulation of protein levels is an important tool for study of protein function, it is difficult or impossible to knockdown or knockout genes that are critical for cell growth or viability. For such genes, a conditional knockdown approach would be valuable. The FKBP protein-based destabilization domain (DD)-tagging approach, which confers instability to the tagged protein in the absence of the compound Shield-1, has been shown to provide rapid control of protein levels determined by Shield-1 concentration. Although a strategy to knock-in DD-tagged protein at the endogenous loci has been employed in certain parasite studies, partly due to the relative ease of knock-in as a result of their mostly haploid lifecycles, this strategy has not been demonstrated in diploid or hyperploid mammalian cells due to the relative diffi��F��üÚ|ÿÿ?£������Thornley, M.���2005!��Hendra virus under the microscope���2
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Viral Fusion Proteins/metabolism���Aug 19���Nipah virus (NiV) is a recently emerged and highly pathogenic paramyxovirus that causes a systemic infection in animals and humans and can infect a wide range of cultured cells. Interestingly, the NiV fusion (F) protein has a single arginine at the cleavage site similar to paramyxoviruses that are activated by exogenous trypsin-like enzymes only present in specific cells and tissues and therefore only cause localized infections. We show here that NiV F activation is not mediated by an exogenous serum protease but by an endogenous ubiquitous cellular protease after endocytosis of the protein. In addition to endocytosis, acidification of the endosome is a prerequisite for F cleavage. These results show that activation of the NiV F protein depends on a type of proteolytic cleavage that is clearly different from what is known for other paramyxoviral and orthomyxoviral fusion proteins. To our knowledge, this is the first example of a viral class I fusion protein whose activation depends on clathrin-mediated constitutive endocytosis.,��https://www.ncbi.nlm.nih.gov/pubmed/15961384Ò��Diederich, Sandra
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Junl��The Hendra virus fusion (F) protein contains five potential sites for N-linked glycosylation in the ectodomain. Examination of F protein mutants with single asparagine-to-alanine mutations indicated that two sites in the F(2) subunit (N67 and N99) and two sites in the F(1) subunit (N414 and N464) normally undergo N-linked glycosylation. While N-linked modification at N414 is critical for protein folding and transport, F proteins lacking carbohydrates at N67, N99, or N464 remained fusogenically active. As N464 lies within heptad repeat B, these results contrast with those seen for several paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15919949.��Carter, James Richard
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Trigeminal Ganglion/virology���Junÿ��Nipah virus, a newly emerged zoonotic paramyxovirus, infects a number of species. Human infections were linked to direct contact with pigs, specifically with their body fluids. Clinical signs in human cases indicated primarily involvement of the central nervous system, while in pigs the respiratory system was considered the primary virus target, with only rare involvement of the central nervous system. Eleven 5-week-old piglets were infected intranasally, orally, and ocularly with 2.5 x 10(5) PFU of Nipah virus per animal and euthanized between 3 and 8 days postinoculation. Nipah virus caused neurological signs in two out of eleven inoculated pigs. The rest of the pigs remained clinically healthy. Virus was detected in the respiratory system (turbinates, nasopharynx, trachea, bronchus, and lung in titers up to 10(5.3) PFU/g) and in the lymphoreticular system (endothelial cells of blood and lymphatic vessels, submandibular and bronchiolar lymph nodes, tonsil, and spleen with titers up to 10(6) PFU/g). Virus presence was confirmed in the nervous system of both sick and apparently healthy animals (cranial nerves, trigeminal ganglion, brain, and cerebrospinal fluid, with titers up to 10(7.7) PFU/g of tissue). Nipah virus distribution was confirmed by immunohistochemistry. The study presents novel findings indicating that Nipah virus invaded the central nervous system of the porcine host via cranial nerves as well as by crossing the blood-brain barrier after initial virus replication in the upper respiratory tract.,��https://www.ncbi.nlm.nih.gov/pubmed/15919907 ��Weingartl, Hana
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Zoonoses/epidemiology���Apr���The microbes that cause infectious diseases are complex, dynamic, and constantly evolving. They reproduce rapidly, mutate frequently, breach species barriers, adapt with relative ease to new hosts and new environments, and develop resistance to the drugs used to treat them. In their article "Meeting the challenge of epidemic infectious diseases outbreaks: an agenda for research", Kai-Lit Phua and Lai Kah Lee clearly demonstrate how social, behavioural and environmental factors, linked to a host of human activities, have accelerated and amplified these natural phenomena. By reviewing published and non-published information about outbreaks of Nipah virus in Malaysia, severe acute respiratory syndrome (SARS) and avian influenza in Asia, and the HIV pandemic, they provide a series of examples that demonstrate the various social, behavioural and environmental factors of these recent infectious disease outbreaks. They then analyse some of these same determinants in important historical epidemics and pandemics such as plague in medieval Europe, and conclude that it is important to better understand the social conditions that facilitate the appearance of diseases outbreaks in order to determine why and how societies react to outbreaks and their impact on different population groups.,��https://www.ncbi.nlm.nih.gov/pubmed/15906882���Heymann, David L
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Survivors/psychology���Apr»��Challenges arising from epidemic infectious disease outbreaks can be more effectively met if traditional public health is enhanced by sociology. The focus is normally on biomedical aspects, the surveillance and sentinel systems for infectious diseases, and what needs to be done to bring outbreaks under control quickly. Social factors associated with infectious disease outbreaks are often neglected and the aftermath is ignored. These factors can affect outbreak severity, its rate and extent of spread, influencing the welfare of victims, their families, and their communities. We propose an agenda for research to meet the challenges of infectious disease outbreaks. What social factors led to the outbreak? What social factors affected its severity and rate and extent of spread? How did individuals, social groups, and the state react to it? What are the short- and long-term effects on individuals, social groups, and the larger society? What programs can be put in place to help victims, their families, and affected communities to cope with the consequences--impaired mental and physical health, economic losses, and disrupted communities? Although current research on infectious disease outbreaks pays attention to social factors related to causation, severity, rate and extent of spread, those dealing with the "social chaos" arising from outbreaks are usually neglected. Inclusion, by combining traditional public health with sociological analysis, will enrich public health theory and understanding of infectious disease outbreaks. Our approach will help develop better programs to combat outbreaks and equally important, to help survivors, their families, and their communities cope better with the aftermath.,��https://www.ncbi.nlm.nih.gov/pubmed/15906881���Phua, Kai-Lit
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Viral Proteins/genetics���Oct���Menangle virus (MenV), isolated in 1997 from stillborn piglets during an outbreak of reproductive disease at a large commercial piggery, is the only new paramyxovirus to be identified in Australia since Hendra virus in 1994. Following partial characterisation of the MenV genome, we previously showed that MenV is a novel member of the genus Rubulavirus. Here we report the characterisation of the large (L) polymerase gene and the adjacent 5' trailer region of MenV, which completes the full-length genome sequence of this novel paramyxovirus (15,516 nucleotides), and thereby confirm its taxonomic position within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/15906105���Bowden, T R
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Viral Envelope Proteins/chemistry/genetics/*immunology/*physiology���Jun���Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae, which are distinguished by their ability to cause fatal disease in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) glycoproteins. Previously, we reported on HeV- and NiV-mediated fusion activities and detailed their host-cell tropism characteristics. These studies also suggested that a common cell surface receptor, which could be destroyed by protease, was utilized by both viruses. To further characterize the G glycoprotein and its unknown receptor, soluble forms of HeV G (sG) were constructed by replacing its cytoplasmic tail and transmembrane domains with an immunoglobulin kappa leader sequence coupled to either an S-peptide tag (sG(S-tag)) or myc-epitope tag (sG(myc-tag)) to facilitate purification and detection. Expression of sG was verified in cell lysates and culture supernatants by specific affinity precipitation. Analysis of sG by size exclusion chromatography and sucrose gradient centrifugation demonstrated tetrameric, dimeric, and monomeric species, with the majority of the sG released as a disulfide-linked dimer. Immunofluorescence staining revealed that sG specifically bound to HeV and NiV infection-permissive cells but not to a nonpermissive HeLa cell line clone, suggesting that it binds to virus receptor on host cells. Preincubation of host cells with sG resulted in dose-dependent inhibition of both HeV and NiV cell fusion as well as infection by live virus. Taken together, these data indicate that sG retains important native structural features, and we further demonstrate that administration of sG to rabbits can elicit a potent cross-reactive neutralizing antibody response against infectious HeV and NiV. This HeV sG glycoprotein will be exceedingly useful for structural studies, receptor identification strategies, and vaccine development goals for these important emerging viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/15890907°��Bossart, Katharine N
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alpha Karyopherins/metabolism���May���The Nipah virus V and W proteins, which are encoded by the P gene via RNA editing, have a common N-terminal domain but unique C-terminal domains. They localize to the cytoplasm and nucleus, respectively, and have both been shown to function as inhibitors of JAK/STAT signaling. Here we report that V and W proteins also block virus activation of the beta interferon (IFN-beta) promoter and the IFN regulatory factor 3 (IRF3)-responsive IFN-stimulated gene 54 promoter. Surprisingly, only W protein shows strong inhibition of promoter activation in response to stimulation of Toll-like receptor 3 (TLR3) by extracellular double-stranded RNA. This activity is dependent on the nuclear localization of W protein. Within the unique C-terminal domain of W protein, we have identified a nuclear localization signal (NLS) that requires basic residues at positions 439, 440, and 442. This NLS is responsible for mediating the preferential interaction of W protein with karyopherin-alpha 3 and karyopherin-alpha 4. Nuclear localization of W protein therefore enables it to target both virus and TLR3 pathways, whereas the cytoplasmic V protein is restricted to inhibiting the virus pathway. We propose that this discrepancy is in part due to the V protein being less able to block signaling in response to the kinase, TBK-1, whereas both V and W can prevent promoter activation in response to IKKepsilon. We demonstrate that, when the TLR3 pathway is stimulated, the levels of phosphorylated IRF3 are reduced in the presence of W protein but not V protein, confirming the differential effects of these proteins and illustrating that W protein-mediated inhibition is due to a loss of active IRF3.,��https://www.ncbi.nlm.nih.gov/pubmed/15857993ê��Shaw, Megan L
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Zoonoses/transmission���Mar*��Some of the key features of Hendra and Nipah viruses are summarized in Table 1. The appearance of these new viruses over the last 10 years emphasizes a number of issues. (1) Epidemics of human infectious diseases can occur unexpectedly and with high impact in terms of morbidity and mortality. (2) We do not know what epidemiologic factors conspire to allow these viruses to stray out of their bat reservoirs into the two different intermediate hosts (horses and pigs) and then into humans. (3) We do not know how long these viruses have been present in the bat population, where they originated from, or if they are present in other parts of the world. (4)There may be other viruses waiting for similar opportunities to cross species.(5) It is unlikely that we have seen the last of these and related viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15763222���McCormack, Joseph G
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Zoonoses/*epidemiology/*transmission/virology���Dec¢��Nipah virus (NiV), emerged in Peninsular Malaysia, caused an outbreak of severe febrile encephalitis in humans and respiratory diseases in pigs between 1998 and 1999. By May of 1999, the death of 105 humans and the culling of about 1.1 million pigs were reported. Fruitbats of Pteropid species were identified as the natural reservoir hosts. The epidemiological studies suggested that NiV was introduced into pig farms by fruitbats, and was than transmitted to humans (mainly pig farmers) and other animals such as dogs, cats and horses. In 2004, NiV reappeared in Bangladesh with greater lethality. In contrast to the Malaysia case, epidemiologic characteristics of this outbreak suggested the possibility of fruitbats-to-person, or person-to-person transmission. In this article, the epidemiological comparison between two outbreaks in Malaysia and Bangladesh, and the new-trends of virological studies of NiV will be discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/15745162a��Kaku, Yoshihiro
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Mar���Nipah virus (NiV), a highly pathogenic member of the family Paramyxoviridae, encodes the surface glycoproteins F and G. Since internalization of the NiV envelope proteins from the cell surface might be of functional importance for viral pathogenesis either by regulating cytopathogenicity or by modulating recognition of infected cells by the immune system, we analyzed the endocytosis of the NiV F and G proteins. Interestingly, we found both glycoproteins to be internalized in infected and transfected cells. As endocytosis is normally mediated by tyrosine- or dileucine-dependent signals in the cytoplasmic tails of transmembrane proteins, all potential internalization signals in the NiV glycoproteins were mutated. Whereas the G protein appeared to be constitutively internalized with the bulk flow during membrane turnover, uptake of the F protein was found to be signal mediated. F endocytosis clearly depended on a membrane-proximal YXXPhi motif and was found to be of functional importance for the biological activity of the protein.,��https://www.ncbi.nlm.nih.gov/pubmed/15731282É��Vogt, Carola
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Viral Fusion Proteins/chemistry/genetics/*immunology/isolation & purification���Mar 30x��The glycoprotein (G) of Nipah virus (NiV) is important for virus infectivity and induction of the protective immunity. In this study, the extra-cellular domain of NiV G protein was fused with hexahistidine residues at its N-terminal end and expressed in Escherichia coli. The expression under transcriptional regulation of T7 promoter yielded insoluble protein aggregates in the form of inclusion bodies. The inclusion bodies were solubilized with 8 M urea and the protein was purified to homogeneity under denaturing conditions using nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatography. The denatured protein was renatured by gradual removal of the urea. Light scattering analysis of the purified protein showed primarily monodispersity. The purified protein showed significant reactivity with the antibodies present in the sera of NiV-infected swine, as demonstrated in Western blot analysis and enzyme-linked immunosorbent assay (ELISA). Taken together, the data indicate the potential usefulness of the purified G protein for structural or functional studies and the development of immunoassay for detection of the NiV antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/15707682Û��Eshaghi, Majid
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*Zoonoses���AugW
�There are huge numbers of wild animals distributed throughout the world and the diversity of wildlife species is immense. Each landscape and habitat has a kaleidoscope of niches supporting an enormous variety of vertebrate and invertebrate species, and each species or taxon supports an even more impressive array of macro- and micro-parasites. Infectious pathogens that originate in wild animals have become increasingly important throughout the world in recent decades, as they have had substantial impacts on human health, agricultural production, wildlife-based economies and wildlife conservation. The emergence of these pathogens as significant health issues is associated with a range of causal factors, most of them linked to the sharp and exponential rise of global human activity. Among these causal factors are the burgeoning human population, the increased frequency and speed of local and international travel, the increase in human-assisted movement of animals and animal products, changing agricultural practices that favour the transfer of pathogens between wild and domestic animals, and a range of environmental changes that alter the distribution of wild hosts and vectors and thus facilitate the transmission of infectious agents. Two different patterns of transmission of pathogens from wild animals to humans are evident among these emerging zoonotic diseases. In one pattern, actual transmission of the pathogen to humans is a rare event but, once it has occurred, human-to-human transmission maintains the infection for some period of time or permanently. Some examples of pathogens with this pattern of transmission are human immunodeficiency virus/acquired immune deficiency syndrome, influenza A, Ebola virus and severe acute respiratory syndrome. In the second pattern, direct or vector-mediated animal-to-human transmission is the usual source of human infection. Wild animal populations are the principal reservoirs of the pathogen and human-to-human disease transmission is rare. Examples of pathogens with this pattern of transmission include rabies and other lyssaviruses, Nipah virus, West Nile virus, Hantavirus, and the agents of Lyme borreliosis, plague, tularemia, leptospirosis and ehrlichiosis. These zoonotic diseases from wild animal sources all have trends that are rising sharply upwards. In this paper, the authors discuss the causal factors associated with the emergence or re-emergence of these zoonoses, and highlight a selection to provide a composite view of their range, variety and origins. However, most of these diseases are covered in more detail in dedicated papers elsewhere in this Review.,��https://www.ncbi.nlm.nih.gov/pubmed/15702716���Bengis, R G
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Swine Diseases/virology���Dec(��Nipah viruses from pigs from a Malaysian 1998 outbreak were isolated and sequenced. At least two different Nipah virus strains, including a previously unreported strain, were identified. The findings highlight the possibility that the Malaysia outbreaks had two origins of Nipah virus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/15663869Û��AbuBakar, Sazaly
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Retrospective Studies
Risk Factors
Seasons���Dec���We retrospectively investigated two outbreaks of encephalitis in Meherpur and Naogaon, Bangladesh, which occurred in 2001 and 2003. We collected serum samples from persons who were ill, their household contacts, randomly selected residents, hospital workers, and various animals. Cases were classified as laboratory confirmed or probable. We identified 13 cases (4 confirmed, 9 probable) in Meherpur; 7 were in persons in two households. Patients were more likely than nonpatients to have close contact with other patients or have contact with a sick cow. In Naogaon, we identified 12 cases (4 confirmed, 8 probable); 7 were in persons clustered in 2 households. Two Pteropus bats had antibodies for Nipah virus. Samples from hospital workers were negative for Nipah virus antibodies. These outbreaks, the first since 1999, suggest that transmission may occur through close contact with other patients or from exposure to a common source. Surveillance and enhancement of diagnostic capacity to detect Nipah virus infection are recommended.,��https://www.ncbi.nlm.nih.gov/pubmed/15663842���Hsu, Vincent P
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*Zoonoses6��The last major human epidemics of infectious diseases have arisen from animals. Some of them are especially threatening. The authors call attention to the danger of spread of avian influenza, either directly or indirectly through genetic rearrangements. They underline the role of animals in the epidemiology of SARS, West Nile virus, hepatitis E, NIPA and Hendra virus, ehrlichiosis and Lyme disease. The authors recommend health surveillance not only in humans but also in animals; the teaching of zoonoses, and research on animal diseases transmissible to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/15656242���Pilet, Charles
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Viruses/classification/*isolation & purification���Nov���Tropical Africa is not the only area where deadly viruses have recently emerged. In South-East Asia severe epidemics of dengue hemorrhagic fever started in 1954 and flu pandemics have originated from China such as the Asian flu (H2N2) in 1957, the Hong-Kong flu (H3N2) in 1968, and the Russian flu (H1N1) in 1977. However, it is especially during the last ten years that very dangerous viruses for mankind have repeatedly developed in Asia, with the occurrence of Alkhurma hemorrhagic fever in Saudi Arabia (1995), avian flu (H5N1) in Hong-Kong (1997), Nipah virus encephalitis in Malaysia (1998,) and, above all, the SARS pandemic fever from Southern China (2002). The evolution of these viral diseases was probably not directly affected by climate change. In fact, their emergential success may be better explained by the development of large industry poultry flocks increasing the risks of epizootics, dietary habits, economic and demographic constraints, and negligence in the surveillance and reporting of the first cases.,��https://www.ncbi.nlm.nih.gov/pubmed/15620053g��Chastel, C
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Zoonoses���Fall&��The authors followed nine patients with Nipah virus encephalitis over the course of 24 months. Eight of the nine developed psychiatric features assigned to the encephalitis. Three patients developed major depressive disorder immediately after recovering from the encephalitis, and two developed depression approximately 1 year after the outbreak. Two patients developed personality changes, and two suffered chronic fatigue syndrome. Neuropsychological testing was accomplished in eight of the nine patients. Deficits in attention, verbal, and/or visual memory were substantial in seven of the eight patients tested. Verbal memory was more impaired than visual memory in these patients. Comparison between psychiatric and cognitive impairment and total number of brain lesions showed no discernible trends.,��https://www.ncbi.nlm.nih.gov/pubmed/15616178­��Ng, Beng-Yeong
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*Zoonoses���Oct1��The last three decades have seen an alarming number of high-profile outbreaks of new viruses and other pathogens, many of them emerging from wildlife. Recent outbreaks of SARS, avian influenza, and others highlight emerging zoonotic diseases as one of the key threats to global health. Similar emerging diseases have been reported in wildlife populations, resulting in mass mortalities, population declines, and even extinctions. In this paper, we highlight three examples of emerging pathogens: Nipah and Hendra virus, which emerged in Malaysia and Australia in the 1990s respectively, with recent outbreaks caused by similar viruses in India in 2000 and Bangladesh in 2004; West Nile virus, which emerged in the New World in 1999; and amphibian chytridiomycosis, which has emerged globally as a threat to amphibian populations and a major cause of amphibian population declines. We discuss a new, conservation medicine approach to emerging diseases that integrates veterinary, medical, ecologic, and other sciences in interdisciplinary teams. These teams investigate the causes of emergence, analyze the underlying drivers, and attempt to define common rules governing emergence for human, wildlife, and plant EIDs. The ultimate goal is a risk analysis that allows us to predict future emergence of known and unknown pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/15604464¬��Daszak, Peter
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Time Factors���Decí��Fifty years ago, the age-old scourge of infectious disease was receding in the developed world in response to improved public health measures, while the advent of antibiotics, better vaccines, insecticides and improved surveillance held the promise of eradicating residual problems. By the late twentieth century, however, an increase in the emergence and re-emergence of infectious diseases was evident in many parts of the world. This upturn looms as the fourth major transition in human-microbe relationships since the advent of agriculture around 10,000 years ago. About 30 new diseases have been identified, including Legionnaires' disease, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), hepatitis C, bovine spongiform encephalopathy (BSE)/variant Creutzfeldt-Jakob disease (vCJD), Nipah virus, several viral hemorrhagic fevers and, most recently, severe acute respiratory syndrome (SARS) and avian influenza. The emergence of these diseases, and resurgence of old ones like tuberculosis and cholera, reflects various changes in human ecology: rural-to-urban migration resulting in high-density peri-urban slums; increasing long-distance mobility and trade; the social disruption of war and conflict; changes in personal behavior; and, increasingly, human-induced global changes, including widespread forest clearance and climate change. Political ignorance, denial and obduracy (as with HIV/AIDS) further compound the risks. The use and misuse of medical technology also pose risks, such as drug-resistant microbes and contaminated equipment or biological medicines. A better understanding of the evolving social dynamics of emerging infectious diseases ought to help us to anticipate and hopefully ameliorate current and future risks.,��https://www.ncbi.nlm.nih.gov/pubmed/15577934s��Weiss, Robin A
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Viral Proteins/genetics/*metabolism/pharmacology���Dec 7���Most paramyxoviruses circumvent the IFN response by blocking IFN signaling and limiting the production of IFN by virus-infected cells. Here we report that the highly conserved cysteine-rich C-terminal domain of the V proteins of a wide variety of paramyxoviruses binds melanoma differentiation-associated gene 5 (mda-5) product. mda-5 is an IFN-inducible host cell DExD/H box helicase that contains a caspase recruitment domain at its N terminus. Overexpression of mda-5 stimulated the basal activity of the IFN-beta promoter in reporter gene assays and significantly enhanced the activation of the IFN-beta promoter by intracellular dsRNA. Both these activities were repressed by coexpression of the V proteins of simian virus 5, human parainfluenza virus 2, mumps virus, Sendai virus, and Hendra virus. Similar results to the reporter assays were obtained by measuring IFN production. Inhibition of mda-5 by RNA interference or by dominant interfering forms of mda-5 significantly inhibited the activation of the IFN-beta promoter by dsRNA. It thus appears that mda-5 plays a central role in an intracellular signal transduction pathway that can lead to the activation of the IFN-beta promoter, and that the V proteins of paramyxoviruses interact with mda-5 to block its activity.,��https://www.ncbi.nlm.nih.gov/pubmed/15563593î��Andrejeva, J
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Swine���Janÿ��A random peptide library of heptamers displayed on the surface of M13 bacteriophage was used to identify specific epitopes of antibodies in pooled sera of swine naturally infected by Nipah virus. The selected heptapeptides were aligned with protein sequences of Nipah virus and several putative epitopes were identified within the nucleocapsid protein. A total of 41 of 60 (68%) selected phage clones had inserts resembling a region with the sequence SNRTQGE, located at the C-terminal end (amino acids 503-509) of the nucleocapsid protein. The binding of antibodies in the swine and human antisera to the phage clone was inhibited by a synthetic peptide corresponding to this region. Epitopes identified by phage display are consistent with the predicted antigenic sites for the Nipah virus nucleocapsid protein. The selected phage clone used as a coating antigen discriminated swine and human Nipah virus sera-positive from sera-negative samples exhibiting characteristics, which might be attractive for diagnostic tests.,��https://www.ncbi.nlm.nih.gov/pubmed/15543570 ��Eshaghi, Majid
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Swine���Octd��The immunohistochemical reactivity of seven clones of mouse monoclonal antibodies raised to Nipah virus antigens were investigated using formalin-fixed, paraffin embedded porcine and equine lung tissues from experimental Nipah and Hendra virus infection, respectively. Either microwave irradiation or enzymatic digestion effectively unmasked the viral antigens in formalin-fixed, paraffin-embedded tissue sections. Four clones showed positive reaction to both Nipah virus-infected porcine lung tissue and Hendra virus-infected equine lung tissue. Two clones (11F6 and 13A5) reacted with Nipah virus-infected porcine lung tissue, but not with Hendra virus-infected equine lung tissue. These Nipah virus-specific monoclonal antibodies may therefore be useful for immunohistological diagnosis of Nipah virus infection and for further research on Nipah virus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/15528861���Tanimura, Nobuhiko
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Sequence Homology, Amino Acid���Dec 5é��A database search for genes encoding paramyxoviral proteins revealed sequences that were designated as human but presented strong evidence of being of viral origin. The two cDNA-derived sequences designated AngRem104 and AngRem52 were originally described as human gene products that were upregulated by angiotensin II in primary mesangial kidney cells. However, their high degree of sequence relatedness to known viral proteins suggests that they represent the P/C/V, M, and F genes of a putative new member of family Paramyxoviridae. Comparison of deduced amino acid sequences and nucleotide motifs suggests that this putative virus is a divergent relative of the Hendra and Nipah viruses; hence, we suggest henipa-like virus or HNLV as a provisional name. Compared to Nipah virus, the percentage of identical (similar) amino acids varied from 19% (42%) for the C protein to 51% (75%) for the M protein. The presence and conservation of presumptive viral transcription start and stop signals and an apparent P editing motif also indicate a relationship of this putative virus to the henipaviruses. Given the highly pathogenic nature of the henipaviruses, the origin of these sequences is enigmatic, and attempts to identify and isolate HNLV are warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/15527844µ��Schomacker, Henrick
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Virus Replication���Mar[��Hendra virus is one of two virus species within the newly-formed genus Henipavirus, subfamily Paramxyovirinae. It is a designated select agent with potential biosecurity threat to both human and animal health. Quantitative real-time PCR was used to measure viral RNA synthesis in Vero cells infected by Hendra virus, and to examine the inhibitory effect of ribavirin. It was also used to determine the points of attenuation during transcription of the six viral genes N, P, M, F, G and L by targeting amplicons located towards the 3' end of each gene. Major increases in viral RNA and virus yield occurred between 4 to 8 h and 8 to 10 h post infection, respectively. The effect of ribavirin was examined at a range of concentrations up to 400 microm. At 50 microm, RNA synthesis was reduced 9 fold, and virus yield 58 fold. As expected for a member of the order Mononegavirales, a gradient of transcription was observed in Hendra virus-infected cells. There was significant attenuation at the M-F and G-L junctions, more closely resembling Sendai virus (genus Respirovirus) than measles virus (genus Morbillivirus).,��https://www.ncbi.nlm.nih.gov/pubmed/15526144���Wright, P J
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Recombinant Proteins/biosynthesis���NovÆ��A method for serological diagnosis of Nipah virus (NiV) is described. DNA encoding truncated G protein of NiV was cloned into the pFastBac HT vector, and the fusion protein to His-tag was expressed in insect cells by recombinant baculovirus. The resulting His-G recombinant fusion protein was purified by affinity chromatography and used as the coating antigen for serological testing by indirect enzyme-linked immunosorbant assay (ELISA). When tested against a panel of swine serum samples, the recombinant G protein-based ELISA successfully discriminated all 40 samples previously determined to be serum neutralizing test (SNT) positive from 11 SNT negatives samples. The data show that the recombinant G protein exhibits the antigenic epitopes and conformation necessary for specific antigen-antibody recognition. The main advantage of the recombinant G protein-based NiV ELISA compared to an ELISA using whole virus antigen is the use of a single antigenic protein instead of inactivated whole virus which is required to be prepared under high risk and cost. This test is suitable for routine diagnosis of NiV and also for epidemiological surveys as it allows highly reliable testing of a large number of sera rapidly.,��https://www.ncbi.nlm.nih.gov/pubmed/15522449´��Eshaghi, M
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Severe Acute Respiratory Syndrome���Jun���Over the last decade a number of novel viral respiratory pathogens have appeared or been recognized. Most of these are zoonoses, which have the capacity to infect humans directly or via an intermediate host. All but metapneumovirus are known to have caused epidemics of severe disease and at least two (the severe acute respiratory syndrome-coronavirus and influenza H5N1) have the potential to cause global pandemics. Possible preventive measures and treatment options against these new diseases are discussed in this review.,��https://www.ncbi.nlm.nih.gov/pubmed/15482205e��Snell, Noel Jc
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Swine/*blood���Nov8��A monoclonal antibody (MAb) based solid-phase blocking ELISA was developed for detection of antibodies to Nipah virus. The ELISA was designed to detect remaining antigens on the plate with anti-Nipah MAb conjugate after the reaction with sample serum, and enabled simple procedure, detection of neutralizing antibody to Nipah virus, and application of samples from different animal species. Forty of 200 swine reference sera examined were positive by the ELISA, of which thirty seven were found positive by serum neutralization test. Sera from a total of 131 fruit bats captured in Malaysia were also tested and all found negative by the both tests. It is considered that the solid-phase blocking ELISA can be used as a screening test for Nipah virus infection followed by the serum neutralization test as confirmatory test.,��https://www.ncbi.nlm.nih.gov/pubmed/15381364ä��Kashiwazaki, Yoshihito
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Viral Fusion Proteins/chemistry/genetics/*physiology���Sepï��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes a systemic infection in vivo and is able to replicate in cultured cells of many species and organs. Such pantropic paramyxoviruses generally encode fusion (F) proteins with multibasic cleavage sites activated by furin or other ubiquitous intracellular host cell proteases. In contrast, NiV has an F protein with a single arginine (R109) at the cleavage site, as is the case with paramyxoviruses that are activated by trypsin-like proteases only present in specific cells or tissues and therefore only cause localized infections. Unlike these viruses, cleavage of the NiV F protein is ubiquitous and does not require the addition of exogenous proteases in cell culture. To determine the importance of the amino acid sequence at the NiV F protein cleavage site for ubiquitous activation, we generated NiV F proteins with mutations around R109. Surprisingly, neither the exchange of amino acids upstream of R109 nor replacement of the basic residue itself interfered with F cleavage. Thus, R109 is not essential for F cleavage and activation. Our data demonstrate that NiV F-protein activation depends on a novel type of proteolytic cleavage that has not yet been described for any other paramyxovirus F protein. NiV F activation is mediated by a ubiquitous protease that requires neither a monobasic nor a multibasic cleavage site and therefore differs from the furin- or trypsin-like proteases known to activate other ortho- and paramyxovirus fusion proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15331703ß��Moll, Markus
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Zoonoses/*epidemiology/transmission���Sep|��It is well recognized that most emerging diseases of humans are zoonotic, and that the forces working to create emerging diseases in humans are also operating in animal populations. However, what is often overlooked is that emerging human diseases are usually preceded by the emergence of the same pathogen in an animal population. In fact, the developing disease in animals acts as a link allowing the disease to take hold and wreck havoc in public health. Numerous examples--Rift Valley fever, monkeypox, Nipah, and Ebola--serve to underscore this linkage and to highlight the increasing interconnectedness of animal and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/15325066���Torres-Velez, Fernando
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Viral Fusion Proteins/*metabolism���Sep ��Proteolytic cleavage of the Hendra virus fusion (F) protein results in the formation of disulfide-linked F1 and F2 subunits, with cleavage occurring after residue K109 in the sequence GDVK/L. This unusual cleavage site and efficient propagation of Hendra virus in a furin-deficient cell line indicate that the Hendra F protein is not cleaved by furin, the protease responsible for proteolytic activation of many viral fusion proteins. To identify the subcellular site of Hendra F processing, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F were metabolically labeled and chased in the absence and presence of inhibitors of exocytosis. The addition of carbonyl-cyanide-3-chlorophenylhydrazone, monensin, brefeldin A, or NaF-AlCl3 or incubation of cells at 20 degrees C all inhibited processing of the Hendra F protein, suggesting that cleavage of Hendra F occurs either in secretory vesicles budding from the trans-Golgi network or at the cell surface. In contrast to proteolytic cleavage of the simian virus 5 (SV5) F protein by the Ca(2+)-dependent protease furin, proteolytic cleavage of the Hendra F protein was not significantly inhibited by decreases in Ca2+ levels following incubation with EGTA or A23187. However, in the presence of weak amines and H+ V-ATPase inhibitors, known to raise intracellular pH, cleavage of Hendra F protein was inhibited while processing of the SV5 F protein was not significantly affected. The subcellular location, sensitivity to pH changes, and decreased Ca2+ requirement suggest that the protease responsible for cleavage of Hendra F protein differs from proteases previously shown to be involved in the processing of other viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15308711ð��Pager, Cara Theresia
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Taq Polymerase���Sep 15���Nipah and Hendra viruses belong to the novel Henipavirus genus of the Paramyxoviridae family. Its zoonotic circulation in bats and recent emergence in Malaysia with fatal consequences for humans that were in close contact with infected pigs, has made the reinforcement of epidemiological and clinical surveillance systems a priority. In this study, TaqMan RT-PCR of the Nipah nucleoprotein has been developed so that Nipah virus RNA in field specimens or laboratory material can be characterized rapidly and specifically and quantitated. The linearity of the standard curve allowed quantification of 10(3) to 10(9) RNA transcripts. The sensitivity of the test was close to 1 pfu. The kinetics of Nipah virus production in Vero cells was monitored by the determination of infectious virus particles in the supernatant fluid and by quantitation of the viral RNA. Approximately, 1000 RNA molecules were detected per virion, suggesting the presence of many non-infectious particles, similar to other RNA viruses. TaqMan real-time RT-PCR failed to detect Hendra virus DNA. Importantly, the method was able to detect virus despite a similar ratio in viremic sera from hamsters infected with Nipah virus. This standardized technique is sensitive and reliable and allows rapid detection and quantitation of Nipah RNA in both field and experimental materials used for the surveillance and specific diagnosis of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/15288966-��Guillaume, Vanessa
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Signal Transduction/*drug effects/physiology,��Interferon (IFN) can activate Signal Transducer and Activator of Transcription (STAT) proteins to establish a cellular antiviral response and inhibit virus replication. Many viruses have evolved strategies to inhibit this antiviral mechanism, but paramyxoviruses are unique in their abilities to directly target the IFN-responsive STAT proteins. Hendra virus and Nipah virus (Henipaviruses) are recently emerged paramyxoviruses that are the causative agents of fatal disease outbreaks in Australia and peninsular Malaysia. Similar to other paramyxoviruses, Henipaviruses inhibit IFN signal transduction through a virus-encoded protein called V. Recent studies have shown that Henipavirus V proteins target STAT proteins by inducing the formation of cytoplasmically localized high molecular weight STAT-containing complexes. This sequestration of STAT1 and STAT2 prevents STAT activation and blocks antiviral IFN signaling. As the V proteins are important factors for host evasion, they represent logical targets for therapeutics directed against Henipavirus epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/15279700/��Rodriguez, Jason J
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Tissue Fixation���Aug-OctY��Formalin-fixed, paraffin wax-embedded tissues of three Malaysian farm pigs naturally infected with Nipah virus were used to investigate the value of anti-Nipah virus mouse monoclonal antibodies (Mabs) and rabbit polyclonal antibody for immunohistochemical diagnosis. Mabs 11F6 and 12A5 gave intense immunolabelling in lung tissue that had been fixed in 10% neutral buffered formalin for about 4 years, whereas the reactivity of Mabs 13A5 and 18C4 and polyclonal antibody was reduced significantly by long-term formalin fixation. Immunohistochemical examination of Malaysian farm pig samples with Mab 11F6 confirmed the affinity of Nipah virus for respiratory epithelium, renal glomerular and tubular epithelium, meningeal arachnoidal cells, and systemic vascular endothelium and smooth muscle. In addition, Nipah virus antigens were identified in laryngeal epithelial cells, Schwann cells of peripheral nerve fascicles in the spleen, and endothelial cells in the atrioventricular valve. The study demonstrated the value of Mabs 11F6 and 12A5 for the immunohistochemical diagnosis of Nipah virus infection in pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/15276859Ö��Tanimura, N
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Viral Fusion Proteins/chemistry/genetics/metabolism/*physiology���JulÏ��Nipah virus (NiV), a new member of the Paramyxoviridae, codes for a fusion (F) protein with five potential N-glycosylation sites. Because glycans are known to be important structural components affecting the conformation and function of viral glycoproteins, we analyzed the effect of the deletion of N-linked oligosaccharides on cell surface transport, proteolytic cleavage, and the biological activity of the NiV F protein. Each of the five potential glycosylation sites was removed either individually or in combination, revealing that four sites are actually utilized (g2 and g3 in the F(2) subunit and g4 and g5 in the F(1) subunit). While the removal of g2 and/or g3 had no or little effect on cleavage, surface transport, and fusion activity, the elimination of g4 or g5 reduced the surface expression by more than 80%. Similar to a mutant lacking all N-glycans, g4 deletion mutants in which the potential glycosylation site was destroyed by introducing a glycine residue were neither cleaved nor transported to the cell surface and consequently were not able to mediate cell-to-cell fusion. This finding indicates that in the absence of g4, the amino acid sequence around position 414 is important for folding and transport.,��https://www.ncbi.nlm.nih.gov/pubmed/15194804¬��Moll, Markus
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Viral Proteins/*chemistry���Jun#��Hendra virus (HeV) and Nipah virus (NiV) are members of a new genus, Henipavirus, in the family paramyxoviridae. Each virus encodes a phosphoprotein (P) that is significantly larger than its counterparts in other known paramyxoviruses. The interaction of this unusually large P with its nucleocapsid protein (N) was investigated in this study by using recombinant full-length and truncated proteins expressed in bacteria and a modified protein-blotting protein-overlay assay. Results from our group demonstrated that the N and P of both viruses were able to form not only homologous, but also heterologous, N-P complexes, i.e. HeV N was able to interact with NiV P and vice versa. Deletion analysis of the N and P revealed that there were at least two independent N-binding sites on P and they resided at the N and C termini, respectively. Similarly, more than one P-binding site was present on N and one of these was mapped to a 29 amino acid (aa) C-terminal region, which on its own was sufficient to interact with the extreme C-terminal 165 aa region of P.,��https://www.ncbi.nlm.nih.gov/pubmed/15166452§��Chan, Y P
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X-Ray Diffraction���Jun&��Highly conserved heptad-repeat (HR1 and HR2) regions in class I viral fusion (F) proteins, including the F protein from paramyxovirus, interact with each other post-fusion to form a six-helix bundle called a fusion core. Crystals of the fusion core of Nipah virus have been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.1 angstroms resolution at 100 K in-house. The crystals have unit-cell parameters a = 31.664, b = 31.725, c = 51.256 angstroms, alpha = 80.706, beta = 86.343, gamma = 65.812 degrees and belong to space group P1. Crystals of the fusion core of Hendra virus have also been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.0 angstroms resolution at 100 K in-house. A selenomethionine (SeMet) derivative of the HeV fusion core was overexpressed using the same Escherichia coli expression system and purified. The derivative crystals were obtained under similar conditions and three different wavelength data sets were collected to 2.0 angstroms resolution from the derivative crystal at BSRF (Beijing Synchrotron Radiation Facility). The crystals have unit-cell parameters a = 31.997, b = 31.970, c = 53.865 angstroms, alpha = 85.990, beta = 85.842, gamma = 68.245 degrees and belong to space group P1.,��https://www.ncbi.nlm.nih.gov/pubmed/15159588���Xu, Yanhui
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�Over the last decade, there was noted a large advancement of knowledge on living organisms and their products posing a potential occupational risk. Novel risk factors, often new to science, were identified, the role and significance of already known factors better comprehended, and occupational groups endangered by biological hazards more thoroughly recognized. Novel viruses and prions, emerging in different parts of the world, may pose a particular threat to health and life of health care workers, agriculture workers and veterinarians. A new coronavirus (SCoV) that evoked a rapid outbreak of disease described as severe acute respiratory syndrome (SARS) in the first half of 2003 may serve as an example. The disease was particularly common among health care workers. Previously discovered zoonotic viruses, Nipah virus in pigs and Hendra virus in horses, may be a cause of fatal encephalitis in animal farmers. Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and laboratory workers. Prions responsible for inducing a zoonotic variant of Creutzfeldt-Jakob disease (vCJD) are considered to be a potential cause of work-related infections in agricultural and health care workers, however, this assumption has not as yet been supported by any conclusive evidence. In many countries, blood-borne occupational infections with hepatitis C virus (HCV) is the major epidemiological problem among health care workers, mostly because no vaccine against this virus has been produced to date. Vaccinations effectively restricted the number of occupational infections with hepatitis B virus (HBV), and work-related infections with human immunodeficiency virus (HIV) causing acquired immunodeficiency syndrome (AIDS) are very rare. Hazardous bioserosols, occurring in many work environments, pose an occupational health hazard of particular importance. Many new biological factors present in organic dusts that may induce work-related allergic and immunotoxic diseases among farmers and workers of the agricultural and wood industries have been identified. Droplet aerosols, which are generated from water, oils, oil-water emulsions and other liquids in various work environments, may contain infectious agents (Legionella spp.) as well as allergic and/or toxic agents. It has been shown that allergens and endotoxins produced by Gram-negative bacteria occurring in oil mist from metalworking fluids may cause occupational respiratory diseases in workers of the metallurgic industry.,��https://www.ncbi.nlm.nih.gov/pubmed/15156765_��Dutkiewicz, Jacek
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United Kingdom���May-JunÐ��INTRODUCTION: Selected tablet-treated elderly type 2 subjects with very poor glycaemic control may experience improvements in well-being after starting twice-daily insulin. In this study, the health status, mood, and treatment satisfaction of diabetic subjects with poor control on oral medication were assessed before and after being randomised to one of two insulin regimens. METHODOLOGY: Fifty-seven type 2 subjects with poor glycaemic control (HBA(1c) 9.7%) were randomised to continue tablets (Group l), twice-daily isophane insulin (Group 2), or basal/bolus isophane/lispro insulin (Group 3). Health status, treatment satisfaction, and mood were measured at baseline, 1, 3, and 6 months. RESULTS: Mean HBA(1c) levels were lower in Groups 1 and 3 at 6 months (P<.02 and.03, respectively) but not Group 2 (P=.2). Mean health status scores did not differ between the groups at any time point. In Group 3, significant within-subject improvements occurred in six domains of the SF-36 at 1 month, four domains at 3 months, and six domains at 6 months. There were no significant within-subject changes in health status scores in the other groups. Mean anxiety scores improved in both Groups 1 and 3 over 6 months, and mean depression scores also improved in Group 3 during the study. CONCLUSIONS: Small improvements in health status and mood may be associated with basal/bolus, but not twice-daily, insulin in elderly type 2 subjects. These effects may be independent of glycaemic control.,��https://www.ncbi.nlm.nih.gov/pubmed/15145325ð��Hendra, Timothy J
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Viral Proteins/*physiology���Junc��In previous reports it was demonstrated that the Nipah virus V and W proteins have interferon (IFN) antagonist activity due to their ability to block signaling from the IFN-alpha/beta receptor (J. J. Rodriguez, J. P. Parisien, and C. M. Horvath, J. Virol. 76:11476-11483, 2002; M. S. Park et al., J. Virol. 77:1501-1511, 2003). The V, W, and P proteins are all encoded by the same viral gene and share an identical 407-amino-acid N-terminal region but have distinct C-terminal sequences. We now show that the P protein also has anti-IFN function, confirming that the common N-terminal domain is responsible for the antagonist activity. Truncation of this N-terminal domain revealed that amino acids 50 to 150 retain the ability to block IFN and to bind STAT1, a key component of the IFN signaling pathway. Subcellular localization studies demonstrate that the V and P proteins are predominantly cytoplasmic whereas the W protein is localized to the nucleus. In all cases, STAT1 colocalizes with the corresponding Nipah virus protein. These interactions are sufficient to inhibit STAT1 activation, as demonstrated by the lack of STAT1 phosphorylation on tyrosine 701 in IFN-stimulated cells expressing P, V, or W. Therefore, despite their common STAT1-binding domain, the Nipah virus V and P proteins act by retaining STAT1 in the cytoplasm while the W protein sequesters STAT1 in the nucleus, creating both a cytoplasmic and a nuclear block for STAT1. We also show that the IFN antagonist activity of the P protein is not as strong as that of V or W, perhaps explaining why Nipah virus has evolved to express these two edited products.,��https://www.ncbi.nlm.nih.gov/pubmed/15140960ë��Shaw, Megan L
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Transcription, Genetic+��Hendra virus (HENV) and Nipah virus (NIPV) are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genetic and biological characteristics that differentiate henipaviruses from other members of the subfamily are summarized. Although they do not display neuraminidase and hemagglutination activities and in that regard resemble viruses in the genus Morbillivirus, several recent observations highlight similarities between henipaviruses and respiroviruses (genus Respirovirus) in structure and replication strategy. First, three-dimensional modeling studies suggest that the external globular head domain of the HENV G protein resembles that of respiroviruses rather than morbilliviruses. Second, the pattern of transcriptional attenuation in HENV-infected cells resembles that observed with Sendai virus, a respirovirus, and differs from that found in cells infected with measles virus, a morbillivirus. Henipaviruses have a broad host range in vitro and in vivo, indicating wide distribution of cellular receptor molecules. The extensive host range has been confirmed in a quantitative in vitro cell-fusion assay using recombinant vaccinia viruses expressing the attachment and fusion proteins of HENV and NIPV. Cell lines of diverse origin and which are permissive in the in vitro cell fusion assay have been identified and the pattern of relative susceptibilities is the same for both HENV and NIPV, implying that both viruses use the same cell receptor. Protease treatment of permissive cells destroys their ability to fuse with cells expressing viral envelope glycoproteins. Virus overlay protein binding assay (VOPBA) and radio-immune precipitation assays confirm that both HENV and NIPV bind to membrane proteins in the 35-50 kD range. Treatment of cell membrane proteins with N-glycosidase eliminates HeV binding activity in VOPBA whereas treatment with neuraminidase has no effect on binding. Thus preliminary evidence suggests that NIPV and HENV bind to the same glycoprotein receptor via a non-sialic acid-dependant mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/15119767���Eaton, B T
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Paramyxoviridae/*isolation & purification/pathogenicityq��Several novel viruses recently described in bats of the genus Pteropus (sub-order Megachiroptera) in Australia and southeast Asia cause encephalitic disease in animals and humans. These viruses include Hendra virus and Nipah virus (genus Henipavirus, family Paramyxoviridae) and Australian bat lyssavirus (ABLV; genus Lyssavirus, family Rhabdoviridae). Broadly, strategies for disease prevention and control in the spillover host are directed at minimising direct or indirect contact with the natural host, improving farm-gate and on-farm biosecurity, and better disease recognition and diagnosis. Additional strategies for ABLV include the use of rabies vaccine for effective pre- and post-exposure prophylaxis in humans. Effective management strategies in the natural host are predicated on an understanding of the ecology of the disease in the natural host, and the identification and avoidance of factors putatively associated with emergence, such as habitat loss, land use change and demographic shifts. A possible future management strategy for ABLV in reservoir populations is immunisation using bait or plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/15119766g��Field, H
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Zoonoses±��Three newly recognized encephalitogenic zoonotic viruses spread from fruit bats of the genus Pteropus (order Chiroptera, suborder Megachiroptera) have been recognised over the past decade. These are: Hendra virus, formerly named equine morbillivirus, which was responsible for an outbreak of disease in horses and humans in Brisbane, Australia, in 1994; Australian bat lyssavirus, the cause of a severe acute encephalitis, in 1996; and Nipah virus, the cause of a major outbreak of encephalitis and pulmonary disease in domestic pigs and people in peninsula Malaysia in 1999. Hendra and Nipah viruses have been shown to be the first two members of a new genus, Henipavirus, in the family Paramyxoviridae, subfamily Paramyxovirinae, whereas Australian bat lyssavirus is closely related antigenically to classical rabies virus in the genus Lyssavirus, family Rhabdoviridae, although it can be distinguished on genetic grounds. Hendra and Nipah viruses have neurological and pneumonic tropisms. The first humans and equids with Hendra virus infections died from acute respiratory disease, whereas the second human patient died from an encephalitis. With Nipah virus, the predominant clinical syndrome in humans was encephalitic rather than respiratory, whereas in pigs, the infection was characterised by acute fever with respiratory involvement with or without neurological signs. Two human infections with Australian bat lyssavirus have been reported, the clinical signs of which were consistent with classical rabies infection and included a diffuse, non-suppurative encephalitis. Many important questions remain to be answered regarding modes of transmission, pathogenesis, and geographic range of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15119765���Mackenzie, J S
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*Zoonoses7��The emergence of zoonotic viruses maintained by wildlife reservoir hosts is poorly understood. Recent discoveries of Hendra (HENV) and Nipah (NIPV) viruses in Australasia and the emergence of epidemic West Nile virus (WNV) in the United States have added urgency to the study of cross-species transmission. The processes by which zoonotic viruses are transmitted and infect other species are examined as four transitions. Two of these, inter-species contact and cross-species virus transmission (spillover), are essential and sufficient to cause epidemic emergence. Sustained transmission and virus adaptation within the spillover host are transitions not required for virus emergence, but determine the magnitude and scope of subsequent disease outbreaks. Ecologic, anthropogenic, and evolutionary factors modify the probability that viruses complete or move through transitions. As surveillance for wildlife diseases is rare and often outbreak-driven, targeted studies are required to elucidate the means by which important zoonotic viruses are maintained and spillover occurs.,��https://www.ncbi.nlm.nih.gov/pubmed/15119758Q��Childs, J E
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Viral Fusion Proteins/*physiology%��The vaccinia virus-based expression of viral envelope glycoprotein genes-derived from enveloped viruses that infect their respective host cells through a pH-independent mechanism of membrane fusion-has been a powerful tool in helping to characterize these important attachment and fusion proteins. The cellular expression of these viral envelope glycoproteins has allowed for the measurement of membrane fusion events using cell-cell fusion or syncytia formation. This method has been enhanced by the addition of a reporter-gene system to the vaccinia virus-based cell-cell fusion assay. This improvement has provided a high-throughput and quantitative aspect to this assay, which can serve as a surrogate for virus entry and is therefore ideally suited in the characterization of numerous enveloped viruses, including biological safety level-4 (BSL-4) agents. This chapter will detail the methods of the vaccinia virus-based reporter-gene fusion assay and how it may be used to characterize the fusion mediated by the BSL-4-classified Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15114023®��Bossart, Katharine N
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Viral Proteins/*chemistry���Mayd��The V proteins of Nipah virus and Hendra virus have been demonstrated to bind to cellular STAT1 and STAT2 proteins to form high-molecular-weight complexes that inhibit interferon (IFN)-induced antiviral transcription by preventing STAT nuclear accumulation. Analysis of the Nipah virus V protein has revealed a region between amino acids 174 and 192 that functions as a CRM1-dependent nuclear export signal (NES). This peptide is sufficient to complement an export-defective human immunodeficiency virus Rev protein, and deletion and substitution mutagenesis revealed that this peptide is necessary for both V protein shuttling and cytoplasmic retention of STAT1 and STAT2 proteins. However, the NES is not required for V-dependent IFN signaling inhibition. IFN signaling is blocked primarily by interaction between Nipah virus V residues 100 to 160 and STAT1 residues 509 to 712. Interaction with STAT2 requires a larger Nipah virus V segment between amino acids 100 and 300, but deletion of residues 230 to 237 greatly reduced STAT2 coprecipitation. Further, V protein interactions with cellular STAT1 is a prerequisite for STAT2 binding, and sequential immunoprecipitations demonstrate that V, STAT1, and STAT2 can form a tripartite complex. These findings characterize essential regions for Henipavirus V proteins that represent potential targets for therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/15113915·��Rodriguez, Jason J
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Viral Structural Proteins/*chemistry/physiology���MayÅ��The paramyxovirus family includes many well-known human and animal pathogens as well as emerging viruses such as Hendra virus and Nipah virus. The V protein of simian virus 5 (SV5), a prototype of the paramyxoviruses, contains a cysteine-rich C-terminal domain which is conserved among all paramyxovirus V proteins. The V protein can block both interferon (IFN) signaling by causing degradation of STAT1 and IFN production by blocking IRF-3 nuclear import. Previously, it was reported that recombinant SV5 lacking the C terminus of the V protein (rSV5VDeltaC) induces a severe cytopathic effect (CPE) in tissue culture whereas wild-type (wt) SV5 infection does not induce CPE. In this study, the nature of the CPE and the mechanism of the induction of CPE were investigated. Through the use of DNA fragmentation, terminal deoxynucleotidyltransferase-mediated dUTP-biotin nick end labeling, and propidium iodide staining assays, it was shown that rSV5VDeltaC induced apoptosis. Expression of wt V protein prevented apoptosis induced by rSV5VDeltaC, suggesting that the V protein has an antiapoptotic function. Interestingly, rSV5VDeltaC induced apoptosis in U3A cells (a STAT1-deficient cell line) and in the presence of neutralizing antibody against IFN, suggesting that the induction of apoptosis by rSV5VDeltaC was independent of IFN and IFN-signaling pathways. Apoptosis induced by rSV5VDeltaC was blocked by a general caspase inhibitor, Z-VAD-FMK, but not by specific inhibitors against caspases 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 13, suggesting that rSV5VDeltaC-induced apoptosis can occur in a caspase 12-dependent manner. Endoplasmic reticulum stress can lead to activation of caspase 12; compared to the results seen with mock and wt SV5 infection, rSV5VDeltaC infection induced ER stress, as demonstrated by increased expression levels of known ER stress indicators GRP 78, GRP 94, and GADD153. These data suggest that rSV5VDeltaC can trigger cell death by inducing ER stress.,��https://www.ncbi.nlm.nih.gov/pubmed/15113888���Sun, Minghao
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Zoonoses/virology���Nov@��A predominantly pig-to-human zoonotic infection caused by the novel Nipah virus emerged recently to cause severe morbidity and mortality in both animals and man. Human autopsy studies showed the pathogenesis to be related to systemic vasculitis that led to widespread thrombotic occlusion and microinfarction in most major organs especially in the central nervous system. There was also evidence of extravascular parenchymal infection, particularly near damaged vessels (Wong KT, Shieh WJ, Kumar S, Norain K, Abdullah W, Guarner J, Goldsmith CS, Chua KB, Lam SK, Tan CT, Goh KJ, Chong HT, Jusoh R, Rollin PE, Ksiazek TG, Zaki SR, Nipah Virus Pathology Working Group: Nipah virus infection: Pathology and pathogenesis of an emerging paramyxoviral zoonosis. Am J Pathol 2002, 161:2153-2167). We describe here a golden hamster (Mesocricetus auratus) model that appears to reproduce the pathology and pathogenesis of acute human Nipah infection. Hamsters infected by intranasal or intraperitoneal routes died within 9 to 29 days or 5 to 9 days, respectively. Pathological lesions were most severe and extensive in the hamster brain. Vasculitis, thrombosis, and more rarely, multinucleated endothelial syncytia, were found in blood vessels of multiple organs. Viral antigen and RNA were localized in both vascular and extravascular tissues including neurons, lung, kidney, and spleen, as demonstrated by immunohistochemistry and in situ hybridization, respectively. Paramyxoviral-type nucleocapsids were identified in neurons and in vessel walls. At the terminal stage of infection, virus and/or viral RNA could be recovered from most solid organs and urine, but not from serum. The golden hamster is proposed as a suitable model for further studies including pathogenesis studies, anti-viral drug testing, and vaccine development against acute Nipah infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14578210���Wong, K Thong
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Viral Proteins/*chemistry/genetics���Nov 7s��Measles virus is a negative-sense, single-stranded RNA virus belonging to the Mononegavirales order which comprises several human pathogens such as Ebola, Nipah, and Hendra viruses. The phosphoprotein of measles virus is a modular protein consisting of an intrinsically disordered N-terminal domain (Karlin, D., Longhi, S., Receveur, V., and Canard, B. (2002) Virology 296, 251-262) and of a C-terminal moiety (PCT) composed of alternating disordered and globular regions. We report the crystal structure of the extreme C-terminal domain (XD) of measles virus phosphoprotein (aa 459-507) at 1.8 A resolution. We have previously reported that the C-terminal domain of measles virus nucleoprotein, NTAIL, is intrinsically unstructured and undergoes induced folding in the presence of PCT (Longhi, S., Receveur-Brechot, V., Karlin, D., Johansson, K., Darbon, H., Bhella, D., Yeo, R., Finet, S., and Canard, B. (2003) J. Biol. Chem. 278, 18638-18648). Using far-UV circular dichroism, we show that within PCT, XD is the region responsible for the induced folding of NTAIL. The crystal structure of XD consists of three helices, arranged in an anti-parallel triple-helix bundle. The surface of XD formed between helices alpha2 and alpha3 displays a long hydrophobic cleft that might provide a complementary hydrophobic surface to embed and promote folding of the predicted alpha-helix of NTAIL. We present a tentative model of the interaction between XD and NTAIL. These results, beyond presenting the first measles virus protein structure, shed light both on the function of the phosphoprotein at the molecular level and on the process of induced folding.,��https://www.ncbi.nlm.nih.gov/pubmed/12944395ø��Johansson, Kenth
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Zoonoses/*transmissioné��Porcine organs, cells and tissues provide a viable source of transplants in humans, though there is some concern of public health risk from adaptation of swine infectious agents in humans. Limited information is available on the public health risk of many exogenous swine viruses, and reliable and rapid diagnostic tests are available for only a few of these. The ability of several porcine viruses to cause transplacental fetal infection (parvoviruses, circoviruses, and arteriviruses), emergence or recognition of several new porcine viruses during the last two decades (porcine circovirus, arterivirus, paramyxoviruses, herpesviruses, and porcine respiratory coronavirus) and the immunosuppressed state of the transplant recipients increases the xenozoonoses risk of humans to porcine viruses through transplantation. Much of this risk can be eliminated with vigilance and sustained monitoring along with a better understanding of pathogenesis and development of better diagnostic tests. In this review we present information on selected exogenous viruses, highlighting their characteristics, pathogenesis of viral infections in swine, methods for their detection, and the potential xenozoonoses risk they present. Emphasis has been given in this review to swine influenza virus, paramyxovirus (Nipah virus, Menagle virus, LaPiedad paramyxovirus, porcine paramyxovirus), arterivirus (porcine reproductive and respiratory syndrome virus) and circovirus as either they represent new swine viruses or present the greatest risk. We have also presented information on porcine parvovirus, Japanese encephalitis virus, encephalomyocarditis virus, herpesviruses (pseudorabies virus, porcine lymphotropic herpesvirus, porcine cytomegalovirus), coronaviruses (TGEV, PRCV, HEV, PEDV) and adenovirus. The potential of swine viruses to infect humans needs to be assessed in vitro and in vivo and rapid and more reliable diagnostic methods need to be developed to assure safe supply of porcine tissues and cells for xenotransplantation.,��https://www.ncbi.nlm.nih.gov/pubmed/12934944���Paul, P S
Halbur, P
Janke, B
Joo, H
Nawagitgul, P
Singh, J
Sorden, S
eng
Review
Germany
2003/08/26 05:00
Curr Top Microbiol Immunol. 2003;278:125-83.%��0070-217X (Print)
0070-217X (Linking)���12934944x��Department of Veterinary and Biomedical Sciences, University of Nebraska-Lincoln, Lincoln, NE 68588, USA. ppaul2@unl.edu���p��üÒ|ÿþ?é���9��Griot, C.
Vandevelde, M.
Schobesberger, M.
Zurbriggen, A.���2003U��Canine distemper, a re-emerging morbillivirus with complex neuropathogenic mechanisms���1-10���Anim Health Res Rev���4���1���Animals
Cerebellum/pathology/virology
Communicable Diseases, Emerging/pathology/*veterinary/virology
Demyelinating Diseases/pathology/veterinary/virology
Distemper/pathology/virology
Distemper Virus, Canine/pathogenicity
Dog Diseases/pathology/*virology
Dogs
Myelin Sheath/pathology/virology
Paramyxoviridae Infections/pathology/*veterinary/virology
Paramyxovirinae/*pathogenicity
Zoonoses���Jung��Paramyxoviruses are responsible for a wide variety of diseases both in humans and in animals. Common to many paramyxoviruses is the fact that they can cause neurological symptoms in their final host. Newly discovered paramyxoviruses, such as the Hendra and Nipah viruses, show the same pattern of pathogenesis as that of the paramyxoviruses already known. Canine distemper virus (CDV) is a well-studied member of the genus Morbillivirus. Study of the neuropathogenesis of CDV might give insight into disease mechanisms and suggest approaches for the prevention of other recently discovered paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/12885204º��Griot, Christian
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Zoonoses���JulÞ��BACKGROUND: Viral encephalitis occurs in epidemic settings or is sporadic. New encephalitis patterns reflect the roles that biologic reservoirs and vectors play in determining virus-human interactions. "New" viral encephalitis can also result from human host modifications that increase susceptibility to neuroinvasive viral infection. REVIEW SUMMARY: Three human viruses, Nipah virus, Human Herpesvirus-6, and West Nile virus, present examples of how "new" viral encephalitides emerge in a specific geographic region or clinical setting. Nipah virus encephalitis emerged after the molecular evolution of a new zoonotic viral genus within the Paramyxovirinae family. Human herpesvirus-6 encephalitis has emerged in the immune suppressed human host harboring this ubiquitous but typically benign herpesvirus. West Nile virus encephalitis has emerged in the Western hemisphere after apparent abrupt translocation of this mosquito-borne virus to a distant geographic region with immunologically naive avian and human hosts. CONCLUSION: While the clinical features of these viral encephalitides are somewhat distinct, they each emerged as the result of human-derived factors that altered the biologic dynamic between humans and their viral pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12864929{��McCarthy, Micheline
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West Nile virus/pathogenicity���Jun?��PURPOSE OF REVIEW: The exotic and emerging viral encephalitides are caused by animal or human viruses and characterised by sudden unexpected outbreaks of neurological disease, usually in tropical and sub-tropical regions, but sometimes spreading to temperate areas. Although a wide range of viruses come within this label, as this review highlights, there are common research questions as to the origin and spread of the viruses, the contribution of viral and host factors to the clinical presentations and outcome, and the possibilities for treatment and vaccination. RECENT FINDINGS: During 2002, North America experienced the largest ever outbreak of West Nile encephalitis; a poliomyelitis-like flaccid paralysis due to West Nile virus was recognised, and transfusion-related infections were documented. Globally, Japanese encephalitis virus is the most important emerging viral encephalitis; interferon alpha was not effective against Japanese encephalitis in a double-blind placebo-controlled trial, but new chimeric vaccines are in development. Recent work suggests Japanese encephalitis virus originated in the Indonesia-Malaysia region, and spread from there. The origin of Nipah virus, which caused an encephalitis outbreak in Malaysia in 1998, is not known, but flying foxes have been identified as a natural host. Enterovirus 71 continues to cause large outbreaks of hand foot and mouth disease across Asia, associated with neurological and systemic complications; recent work has focused on the pathogenesis of these complications. SUMMARY: Disease surveillance remains important for the early recognition and containment of encephalitis outbreaks. Detailed clinical and laboratory studies will help answer the key questions, but there is a need to ensure the results translate to real benefits for the communities affected by these diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/12858080���Solomon, Tom
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Time Factors���May-Juný��This study examined the effect of a time-limited welfare program on school-age children using data on almost 3,000 children (ages 5-17 at the four year follow up-point) from the random assignment evaluation of Florida's Family Transition Program (FTP). FTP was one of the first welfare reform initiatives to impose a time limit on the receipt of cash assistance, and it combined the time limit with a rich array of mandatory services. The effects of FTP on children were moderated by families' risk of long-term welfare dependency. Contrary to predictions laid out at the outset, there were few effects of FTP on middle childhood and adolescent children for children of parents most likely to be long-term welfare dependent (those most likely to hit the time limit). However, consistent negative effects on this same age group of children were found for children of parents least likely to be long-term welfare dependent--parents who had the largest employment gains--and effects of FTP were most strongly negative for the oldest adolescent children. The findings suggest a different theoretical model for movements into employment than the one suggested in the previous literature for job loss. The findings are discussed in terms of their contribution to research and policy.,��https://www.ncbi.nlm.nih.gov/pubmed/12795394r��Morris, Pamela
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Workforce���May���The Epidemic Intelligence Service (EIS) was created in 1951 to provide epidemiologists to investigate natural and intentional disease epidemics. From an initial class of 23 U.S. citizens, the program has evolved into a globally recognized, hands-on learning experience, accepting approximately 65 to 75 new officers each year. The first U.S. military epidemic intelligence service officer (EISO) was accepted into the program in 1994. Since that time, 12 such officers have completed, or have begun, EIS training. They have comprised 2.1% of all EISOs from 1994 to 2001 and 0.47% of all EISOs. This total has included nine Air Force veterinarians, one Army veterinarian, one Army physician, and one Navy physician. Each military EISO had the opportunity to lead investigations of significant public health events (e.g., Ebola, monkeypox, malaria, Nipah virus, West Nile fever, and anthrax outbreaks). All graduates from the military returned to active duty assignments in operational medical units, research institutes, or the intelligence community.,��https://www.ncbi.nlm.nih.gov/pubmed/12775171���Noah, Donald L
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Specimen Handling/*methods���May9��During the outbreak of Nipah virus encephalitis involving pigs and humans in peninsular Malaysia in 1998/1999, a conventional approach was initially undertaken to collect specimens from fruit bats by mist-netting and shooting, as an integral part of wildlife surveillance of the natural reservoir host of Nipah virus. This study describes a novel method of collecting fruit bats' urine samples using plastic sheets for isolation of Nipah virus. This novel approach resulted in the isolation of several other known and unidentified infectious agents besides Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12758277Q��Chua, Kaw Bing
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Zoonoses/virology���Apr^��New viral infections of the nervous system have been appearing with great regularity. Some result from the evolution of new agents and others from the entry of viruses into new hosts or environments. The emergence of neurovirulent enteroviruses causing a paralytic poliomyelitis syndrome and rhomboencephalitis represent the evolution of new human viruses. Most emerging viral infections represent movement of an agent into new geographic areas or across species barriers. The transport of neurovirulent strains of West Nile virus into the Western Hemisphere and the penetration of Nipah virus, a newly recognized paramyxovirus, across species barriers from bat to pig to man are examples that are highlighted in this review. The burgeoning human population and the speed and frequency of travel favor the evolution, preservation, and spread of new viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/12707845q��Johnson, Richard T
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*Respirovirus Infections/diagnosis/epidemiology/physiopathology���Apr6��Human parainfluenza viruses (HPIV) were first discovered in the late 1950s. Over the last decade, considerable knowledge about their molecular structure and function has been accumulated. This has led to significant changes in both the nomenclature and taxonomic relationships of these viruses. HPIV is genetically and antigenically divided into types 1 to 4. Further major subtypes of HPIV-4 (A and B) and subgroups/genotypes of HPIV-1 and HPIV-3 have been described. HPIV-1 to HPIV-3 are major causes of lower respiratory infections in infants, young children, the immunocompromised, the chronically ill, and the elderly. Each subtype can cause somewhat unique clinical diseases in different hosts. HPIV are enveloped and of medium size (150 to 250 nm), and their RNA genome is in the negative sense. These viruses belong to the Paramyxoviridae family, one of the largest and most rapidly growing groups of viruses causing significant human and veterinary disease. HPIV are closely related to recently discovered megamyxoviruses (Hendra and Nipah viruses) and metapneumovirus.,��https://www.ncbi.nlm.nih.gov/pubmed/12692097Z��Henrickson, Kelly J
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*Zoonoses���Since 1994, a number of novel viruses have been described from bats in Australia and Malaysia, particularly from fruit bats belonging to the genus Pteropus (flying foxes), and it is probable that related viruses will be found in other countries across the geographical range of other members of the genus. These viruses include Hendra and Nipah viruses, members of a new genus, Henipaviruses, within the family Paramyxoviridae; Menangle and Tioman viruses, new members of the Rubulavirus genus within the Paramyxoviridae; and Australian bat lyssavirus (ABLV), a member of the Lyssavirus genus in the family Rhabdoviridae. All but Tioman virus are known to be associated with human and/or livestock diseases. The isolation, disease associations and biological properties of the viruses are described, and are used as the basis for developing management strategies for disease prevention or control. These strategies are directed largely at disease minimization through good farm management practices, reducing the potential for exposure to flying foxes, and better disease recognition and diagnosis, and for ABLV specifically, the use of rabies vaccine for pre- and post-exposure prophylaxis. Finally, an intriguing and long-term strategy is that of wildlife immunization through plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/12675937r��Mackenzie, J S
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Swine Diseases/*epidemiology/transmission/virology���AprÔ��Nipah virus, a novel paramyxovirus, closely related to Hendra virus emerged in northern part of Peninsular Malaysia in 1998. The virus caused an outbreak of severe febrile encephalitis in humans with a high mortality rate, whereas, in pigs, encephalitis and respiratory diseases but with a relatively low mortality rate. The outbreak subsequently spread to various regions of the country and Singapore in the south due to the movement of infected pigs. Nipah virus caused systemic infections in humans, pigs and other mammals. Histopathological and radiological findings were characteristic of the disease. Fruitbats of Pteropid species were identified as the natural reservoir hosts. Evidence suggested that climatic and anthropogenic driven ecological changes coupled with the location of piggeries in orchard and the design of pigsties allowed the spill-over of this novel paramyxovirus from its reservoir host into the domestic pigs and ultimately to humans and other animals.,��https://www.ncbi.nlm.nih.gov/pubmed/12637075[��Chua, Kaw Bing
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Retrospective Studies
Swine���Jan=��INTRODUCTION: Between September 1998 and June 1999, there was a severe outbreak of viral encephalitis among the pig farm workers in Malaysia. METHODS: This is a review of the published literature related to the outbreak with the focus on human diseases. RESULTS: The encephalitis was caused by a newly discovered paramyxovirus related to Hendra virus, later named Nipah virus. There were 265 patients with acute encephalitis. The disease is thought to spread from pig to man through close contact. The risk of human-to-human spread is thought to below. The disease affected mainly adult Chinese males, half of whom had affected family members. The disease presented mainly as acute encephalitis with a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia. Initial cerebrospinal fluid was abnormal in 75% of patients. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging showed distinctive changes of multiple, discrete, and small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was high at 40% and death was probably due to severe brainstem involvement. The main necropsy finding in acute encephalitis was that of disseminated microinfarction associated with vasculitis and direct neuronal involvement. Ribavirin was able to reduce the mortality by 36%. Relapse encephalitis was seen in 7.5% of those who recovered from acute encephalitis, and late-onset encephalitis in 3.4% of those with initial non-encephalitic or asymptomatic diseases. The mean interval between initial illness and the onset of the complication was 8.4 months. The relapse and late-onset encephalitis which manifested as focal encephalitis arose from recurrent infection. CONCLUSION: Nipah virus, a recently discovered paramyxovirus, causes a unique encephalitis with high mortality as well as relapse and late-onset encephalitis. The infection is mainly spread from pigs to man.,��https://www.ncbi.nlm.nih.gov/pubmed/12625108_��Tan, C T
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Ticks/*virology���Apr¥��Hendra virus is a new virus of the family Paramyxoviridae. This virus was first detected in Queensland, Australia, in 1994; although, it seems that the virus has infected fruit-eating bats (flying-foxes) for a very long time. At least 2 humans and 15 horses have been killed by this virus since it first emerged as a virus that may infect mammals other than flying-foxes. Hendra virus is thought to have moved from flying-foxes to horses, and then from horses to people. There is a reasonably strong hypothesis for horse-to-human transmission: transmission of virus via nasal discharge, saliva and/or urine. In contrast, there is no strong hypothesis for flying-fox-to-human transmission. I present evidence that the Australian paralysis tick, Ixodes holocyclus, which has apparently only recently become a parasite of flying-foxes, may transmit Hendra virus and perhaps related viruses from flying-foxes to horses and other mammals.,��https://www.ncbi.nlm.nih.gov/pubmed/12615503F��Barker, S C
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Zoonoses/epidemiology/virology���Jan���Nipah virus, a newly emerging deadly paramyxovirus isolated during a large outbreak of viral encephalitis in Malaysia, has many of the physical attributes to serve as a potential agent of bioterrorism. The outbreak caused widespread panic and fear because of its high mortality and the inability to control the disease initially. There were considerable social disruptions and tremendous economic loss to an important pig-rearing industry. This highly virulent virus, believed to be introduced into pig farms by fruit bats, spread easily among pigs and was transmitted to humans who came into close contact with infected animals. From pigs, the virus was also transmitted to other animals such as dogs, cats, and horses. The Nipah virus has the potential to be considered an agent of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/12615307|��Lam, Sai-Kit
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Viral Proteins/genetics/*physiology���Janí��We have generated a recombinant Newcastle disease virus (NDV) that expresses the green fluorescence protein (GFP) in infected chicken embryo fibroblasts (CEFs). This virus is interferon (IFN) sensitive, and pretreatment of cells with chicken alpha/beta IFN (IFN-alpha/beta) completely blocks viral GFP expression. Prior transfection of plasmid DNA induces an IFN response in CEFs and blocks NDV-GFP replication. However, transfection of known inhibitors of the IFN-alpha/beta system, including the influenza A virus NS1 protein and the Ebola virus VP35 protein, restores NDV-GFP replication. We therefore conclude that the NDV-GFP virus could be used to screen proteins expressed from plasmids for the ability to counteract the host cell IFN response. Using this system, we show that expression of the NDV V protein or the Nipah virus V, W, or C proteins rescues NDV-GFP replication in the face of the transfection-induced IFN response. The V and W proteins of Nipah virus, a highly lethal pathogen in humans, also block activation of an IFN-inducible promoter in primate cells. Interestingly, the amino-terminal region of the Nipah virus V protein, which is identical to the amino terminus of Nipah virus W, is sufficient to exert the IFN-antagonist activity. In contrast, the anti-IFN activity of the NDV V protein appears to be located in the carboxy-terminal region of the protein, a region implicated in the IFN-antagonist activity exhibited by the V proteins of mumps virus and human parainfluenza virus type 2.,��https://www.ncbi.nlm.nih.gov/pubmed/12502864õ��Park, Man-Seong
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Time���Jan���The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12486285Ý��Lim, C C T
Lee, W L
Leo, Y S
Lee, K E
Chan, K P
Ling, A E
Oh, H
Auchus, A P
Paton, N I
Hui, F
Tambyah, P A
eng
Research Support, Non-U.S. Gov't
England
2002/12/18 04:00
J Neurol Neurosurg Psychiatry. 2003 Jan;74(1):131-3.%��0022-3050 (Print)
0022-3050 (Linking)
��PMC1738187���12486285���Department of Neuroradiology, National Neuroscience Institute, 11 Jalan Tan Tock Seng, Singapore 308433, Republic of Singapore. tchoyoson_lim@ttsh.com.sg����üÒ|ÿþ?�������Hendra, K.
Celli, B.���2002.��Physiologic responses to long-term ventilation���447-62���Respir Care Clin N Am���8���3Í��Chronic Disease
Humans
Long-Term Care
Pulmonary Ventilation/*physiology
Respiration, Artificial/*methods
Respiratory Insufficiency/*physiopathology
Respiratory Mechanics/*physiology
Ventilators, Mechanical���SepÃ��Long-term MV, delivered by way of a tracheostomy or noninvasive mask, often is indicated in patients with restrictive or neuromuscular pulmonary diseases and occasionally in patients with severe obstructive hypercapnic respiratory failure. Regardless of the mode of ventilation, respiratory physiology seems to be significantly impacted in these patients. Although the effects of ventilation can be unpredictable, they often seem to be favorable. Selected patients can develop increased sensitivity to hypercapnia, with subsequent improvements in blood gas tensions and decreased pulmonary artery pressures, which result in augmented cardiac function and greater tolerance to exercise. The patient-ventilator interaction, mode of ventilation, and degree of support should be considered when managing these patients. For some patients, particularly patients with fibrotic lung disease or COPD, chronic MV likely does not alter pathophysiology or improve prognosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12481966k��Hendra, Katherine
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*Zoonoses���Dec8��In 1998, an outbreak of acute encephalitis with high mortality rates among pig handlers in Malaysia led to the discovery of a novel paramyxovirus named Nipah virus. A multidisciplinary investigation that included epidemiology, microbiology, molecular biology, and pathology was pivotal in the discovery of this new human infection. Clinical and autopsy findings were derived from a series of 32 fatal human cases of Nipah virus infection. Diagnosis was established in all cases by a combination of immunohistochemistry (IHC) and serology. Routine histological stains, IHC, and electron microscopy were used to examine autopsy tissues. The main histopathological findings included a systemic vasculitis with extensive thrombosis and parenchymal necrosis, particularly in the central nervous system. Endothelial cell damage, necrosis, and syncytial giant cell formation were seen in affected vessels. Characteristic viral inclusions were seen by light and electron microscopy. IHC analysis showed widespread presence of Nipah virus antigens in endothelial and smooth muscle cells of blood vessels. Abundant viral antigens were also seen in various parenchymal cells, particularly in neurons. Infection of endothelial cells and neurons as well as vasculitis and thrombosis seem to be critical to the pathogenesis of this new human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/12466131\��Wong, Kum Thong
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Tomography, Emission-Computed, Single-Photon���Jun£��An outbreak of infection with the Nipah virus, a novel paramyxovirus, occurred among pig farmers between September 1998 and June 1999 in Malaysia, involving 265 patients with 105 fatalities. This is a follow-up study 24 months after the outbreak. Twelve survivors (7.5%) of acute encephalitis had recurrent neurological disease (relapsed encephalitis). Of those who initially had acute nonencephalitic or asymptomatic infection, 10 patients (3.4%) had late-onset encephalitis. The mean interval between the first neurological episode and the time of initial infection was 8.4 months. Three patients had a second neurological episode. The onset of the relapsed or late-onset encephalitis was usually acute. Common clinical features were fever, headache, seizures, and focal neurological signs. Four of the 22 relapsed and late-onset encephalitis patients (18%) died. Magnetic resonance imaging typically showed patchy areas of confluent cortical lesions. Serial single-photon emission computed tomography showed the evolution of focal hyperperfusion to hypoperfusion in the corresponding areas. Necropsy of 2 patients showed changes of focal encephalitis with positive immunolocalization for Nipah virus antigens but no evidence of perivenous demyelination. We concluded that a unique relapsing and remitting encephalitis or late-onset encephalitis may result as a complication of persistent Nipah virus infection in the central nervous system.,��https://www.ncbi.nlm.nih.gov/pubmed/12112075D��Tan, Chong Tin
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Transcription Initiation Site���Jul*��A novel paramyxovirus in the genus Rubulavirus, named Tioman virus (TiV), was isolated in 1999 from a number of pooled urine samples of Island Flying Foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. TiV is antigenically related to Menangle virus (MenV) that was isolated in Australia in 1997 during disease outbreak in pigs. Sequence analysis of the full length genome indicated that TiV is a novel member of the genus Rubulavirus within the subfamily Paramyxovirinae, family Paramyxoviridae. However, there are several features of TiV which make it unique among known paramyxoviruses and rubulaviruses in particular: (1) TiV, like MenV, uses the nucleotide G as a transcriptional initiation site, rather than the A residue used by all other known paramyxoviruses; (2) TiV uses C as the +1 residue for all intergenic regions, a feature not seen for rubulaviruses but common for all other members within the subfamily Paramyxovirinae; (3) Although the attachment protein of TiV has structural features that are conserved in other rubulaviruses, it manifests no overall sequence homology with members of the genus, lacks the sialic acid-binding motif N-R-K-S-C-S and has only two out of the six highly conserved residues known to be important for the catalytic activity of neuraminidase.,��https://www.ncbi.nlm.nih.gov/pubmed/12111411ª��Chua, K B
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Swine Diseases/epidemiology/virology���Apr-Jun¾��In the interval 1994-1999, in Australia, Malaysia and Singapore, epizootic and epidemiological episodes of meningoencephalitis and severe acute respiratory syndromes were reported. Highly lethal in horses, swine and humans, the episodes were proved to be caused by the "new" viruses Hendra (HeV) and Nipah (NiV). At the same time three "new" viral agents have been isolated: Lyssavirus, Menanglevirus and Tupaia paramyxovirus. The intense contemporary circulation of people, animals and food products together with changes in human ecosystem favor new relations between humans and the "natural reservoirs" of biologic agents with a pathogenic potential for domestic and peridomestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/12089991z��Ivan, A
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Zoonoses���Jul 1s��Hendra virus infection should be suspected in someone with close association with horses or bats who presents acutely with pneumonia or encephalitis (potentially after a prolonged incubation period). Australian bat lyssavirus infection should be suspected in a patient with a progressive neurological illness and a history of exposure to a bat. Rabies vaccine and immunoglobulin should be strongly considered after a bite, scratch or mucous membrane exposure to a bat. Japanese encephalitis vaccine should be considered for people intending to reside in or visit endemic areas of southern or eastern Asia for more than 30 days.,��https://www.ncbi.nlm.nih.gov/pubmed/12088481~��McCormack, Joseph G
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Renal Dialysis/*adverse effects/instrumentation���Jun­��Patients on maintenance hemodialysis are vulnerable to chloramine toxicity if chloramines are inadequately removed. We report two critically ill patients with acute renal failure who developed methemoglobinemia during hemodialysis in the intensive care unit. During the same period, methemoglobin levels measured from 30 patients in the outpatient dialysis facility were undetectable. Methemoglobin levels normalized when the carbon filtration system of the portable dialysis machine was replaced with a larger unit to remove chloramines more effectively. Causes, treatment, and prevention of chloramine toxicity in patients receiving dialysis in the intensive care unit are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/12046046���de Torres, Juan P
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Viral Vaccines/administration & dosage���Apr 25×��Nipah virus (NV) and Hendra virus (HV) are recently emergent, related viruses that can cause severe disease in humans and animals. The goal of this study was to investigate the immunogenic and functional properties of the fusion (F) and attachment (G) glycoproteins of NV. Vaccination of mice with recombinant vaccinia viruses (rVVs) expressing either the F (rVV/NV-F) or G (rVV/NV-G) proteins of NV induced neutralizing antibody responses to NV, with higher titers produced after vaccination with rVV/NV-G. When the homologous pairs of F and G proteins from either HV or NV were coexpressed in a transient expression system, fusion was detected in less than 12 h. An equivalent amount of fusion was observed when the heterologous pairs of F and G proteins from HV and NV were coexpressed. Membrane fusion was inhibited by antiserum from mice vaccinated with rVV/NV-G and rVV/NV-F. Therefore, as with other paramyxoviruses, the membrane glycoproteins of NV are the targets of neutralizing antibodies and membrane fusion mediated by NV requires the presence of both the F and the G proteins. Data from these biological assays support the taxonomic grouping of both HV and NV in the new genus, Henipavirus, within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/12036330º��Tamin, Azaibi
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Trachea/pathology/virology���Feb-Apr°��A human isolate of Nipah virus from an outbreak of febrile encephalitis in Malaysia that coincided with a field outbreak of disease in pigs was used to infect eight 6-week-old pigs orally or subcutaneously and two cats oronasally. In pigs, the virus induced a respiratory and neurological syndrome consistent with that observed in the Malaysian pigs. Not all the pigs showed clinical signs, but Nipah virus was recovered from the nose and oropharynx of both clinically and sub-clinically infected animals. Natural infection of in-contact pigs, which was readily demonstrated, appeared to be acute and self-limiting. Subclinical infections occurred in both inoculated and in-contact pigs. Respiratory and neurological disease was also produced in the cats, with recovery of virus from urine as well as from the oropharynx. The clinical and pathological syndrome induced by Nipah virus in cats was comparable with that associated with Hendra virus infection in this species, except that in fatal infection with Nipah virus there was extensive inflammation of the respiratory epithelium, associated with the presence of viral antigen. Viral shedding via the nasopharynx, as observed in pigs and cats in the present study, was not a regular feature of earlier reports of experimental Hendra virus infection in cats and horses. The findings indicate the possibility of field transmission of Nipah virus between pigs via respiratory and oropharyngeal secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/11945001Ç��Middleton, D J
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Swine���Oct���BACKGROUND: An outbreak of encephalitis primarily affecting pig farmers occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah virus, which infected pigs, humans, dogs, and cats. Because five abattoir workers were also affected, a survey was conducted to assess the risk of Nipah infection among abattoir workers. METHODS: Workers from all 143 registered abattoirs in 11 of 13 states in Malaysia were invited to participate in this cross-sectional study. Participants were interviewed to ascertain information on illness and activities performed at the abattoir. A serum sample was obtained to test for Nipah virus antibody. RESULTS: Seven (1.6 %) of 435 abattoir workers who slaughtered pigs versus zero (0%) of 233 workers who slaughtered ruminants showed antibody to Nipah virus (P = 0.05). All antibody-positive workers were from abattoirs in the three states that reported outbreak cases among pig farmers. Workers in these three states were more likely than those in other states to have Nipah antibody (7/144 [4.86%] versus 0/291 [0%], P < 0.001) and report symptoms suggestive of Nipah disease in pigs admitted to the abattoirs (P = 0.001). CONCLUSIONS: Nipah infection was not widespread among abattoir workers in Malaysia and was linked to exposure to pigs. Since it may be difficult to identify Nipah-infected pigs capable of transmitting virus by clinical symptoms, using personal protective equipment, conducting surveillance for Nipah infection on pig farms which supply abattoirs, and avoiding handling and processing of potentially infected pigs are presently the best strategies to prevent transmission of Nipah virus in abattoirs.,��https://www.ncbi.nlm.nih.gov/pubmed/11689513£��Sahani, M
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*Viral Plaque Assay���Jan°��Rapid immune plaque assays have been developed to quantify biohazard level 4 agents Hendra and Nipah viruses and detect neutralising antibodies to both viruses. The methods rely on the fact that both viruses rapidly generate large syncytia in monolayers of Vero cells within 24 h and that monospecific antiserum to the Hendra virus phosphoprotein (P) detects that protein in both Hendra and Nipah virus-induced syncytia after methanol fixation of virus-infected cells. The P protein is a constituent of the ribonucleoprotein core of the viruses and a component of the viral RNA-dependent RNA polymerase and is made in significant amounts in infected cells. In the immune plaque assay, anti-P antibody is localised by an alkaline phosphatase-linked second antibody and the Western blot substrates 5-bromo-4-chloro-3-indolyl phosphate and p-nitro blue tetrazolium. A modification of the rapid immune plaque assay was also used to detect antibodies to Nipah virus in a panel of porcine field sera from Malaysia and the results showed good agreement between the immune plaque assay and a traditional serum neutralisation test. After methanol fixation, plates can be stored for up to 7 months and may be used in the immune plaque assay to complement the enzyme-linked immunosorbent assay screening of sera for antibodies to Nipah virus. At present, all enzyme-linked immunosorbent assay positive sera are subject to confirmatory serum neutralisation tests. Use of the immune plaque assay may reduce the number of sera requiring confirmatory neutralisation testing for Nipah virus antibodies under biohazard level 4 conditions by identifying those that generate false positive in the enzyme-linked immunosorbent assay.,��https://www.ncbi.nlm.nih.gov/pubmed/11684302¨��Crameri, Gary
Wang, Lin-Fa
Morrissy, Christopher
White, John
Eaton, Bryan T
eng
Evaluation Studies
Netherlands
2001/10/31 10:00
J Virol Methods. 2002 Jan;99(1-2):41-51.%��0166-0934 (Print)
0166-0934 (Linking)���11684302Z��CSIRO, Australian Animal Health Laboratory, Private Bag 24, Vic. 3220, Geelong, Australia.����@��üÚ|ÿï?"������Tan, C. T.
Tan, K. S.���2001*��Nosocomial transmissibility of Nipah virus���1367���J Infect Dis���184���10Ï��Adult
Cross Infection/*transmission
Encephalitis, Viral/transmission
Female
Humans
*Infectious Disease Transmission, Patient-to-Professional
Paramyxoviridae Infections/*transmission/virology
*Paramyxovirinae���Nov 15,��https://www.ncbi.nlm.nih.gov/pubmed/11679933w��Tan, C T
Tan, K S
eng
Case Reports
Letter
2001/10/27 10:00
J Infect Dis. 2001 Nov 15;184(10):1367. doi: 10.1086/323996.%��0022-1899 (Print)
0022-1899 (Linking)���11679933���10.1086/323996�	f��üÒ|ÿî?#������Westover, K. M.
Hughes, A. L.���2001u��Molecular evolution of viral fusion and matrix protein genes and phylogenetic relationships among the Paramyxoviridae���128-34���Mol Phylogenet Evol���21���1´��Databases, Nucleic Acid
*Evolution, Molecular
Paramyxoviridae/classification/*genetics
*Phylogeny
Sequence Alignment
Viral Fusion Proteins/*genetics
Viral Matrix Proteins/*genetics���Oct���Phylogenetic relationships among the Paramyxoviridae, a broad family of viruses whose members cause devastating diseases of wildlife, livestock, and humans, were examined with both fusion (F) and matrix (M) protein-coding sequences. Neighbor-joining trees of F and M protein sequences showed that the Paramyxoviridae was divided into the two traditionally recognized subfamilies, the Paramyxovirinae and the Pneumovirinae. Within the Paramyxovirinae, the results also showed groups corresponding to three currently recognized genera: Respirovirus, Morbillivirus, and Rubulavirus. The relationships among the three genera of the Paramyxovirinae were resolved with M protein sequences and there was significant bootstrap support (100%) showing that members of the genus Respirovirus and the genus Morbillivirus were more closely related to each other than to members of the genus Rubulavirus. Both F and M phylogenies showed that Newcastle disease virus (NDV) was more closely related to the genus Rubulavirus than to the other two genera but were consistent with the proposal (B. S. Seal et al., 2000, Virus Res. 66, 1-11) that NDV be classified as a separate genus within the Paramyxovirinae. Both F and M phylogenies were also consistent with the proposal (L. Wang et al., 2000, J. Virol 74, 9972-9979) that Hendra virus be classified as a new genus closely related and basal to the genus Morbillivirus. Rinderpest was most closely related to measles and a more derived virus than to canine distemper virus, phocine distemper virus, or dolphin morbillivirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11603943×��Westover, K M
Hughes, A L
eng
GM00614/GM/NIGMS NIH HHS/
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2001/10/18 10:00
Mol Phylogenet Evol. 2001 Oct;21(1):128-34. doi: 10.1006/mpev.2001.0999.%��1055-7903 (Print)
1055-7903 (Linking)���11603943e��Department of Biological Sciences, University of South Carolina, Columbia, South Carolina 29208, USA.���10.1006/mpev.2001.0999����¤��üÒ|ÿþ?$���+��Franke, J.
Essbauer, S.
Ahne, W.
Blahak, S.���2001X��Identification and molecular characterization of 18 paramyxoviruses isolated from snakes���67-74	��Virus Res���80���1-24��Amino Acid Sequence
Animals
Cloning, Molecular
*Genes, Viral
Molecular Sequence Data
Paramyxovirinae/classification/*genetics
Phylogeny
Sequence Alignment
Sequence Homology, Amino Acid
Sequence Homology, Nucleic Acid
Snakes/*virology
Species Specificity
Viral Fusion Proteins/genetics
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Zoonoses���Octf��Nipah virus is a newly discovered paramyxovirus transmitted directly from pigs to humans. During a large encephalitis outbreak in Malaysia and Singapore in 1998-9, most patients presented acutely. A 12 year old child is described who developed encephalitis 4 months after exposure to the virus. She was diagnosed by a new indirect IgG enzyme linked immunosorbent assay (ELISA), which is also described. The late presentation and IgG subclass responses had similarities to subacute sclerosing panencephalitis. Nipah virus should be considered in patients with encephalitis even months after their possible exposure.,��https://www.ncbi.nlm.nih.gov/pubmed/11561048½��Wong, S C
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Zoonoses/*virology���May-JunH��Based on the literature data, the outbreaks of new zoonoses caused by new members of the family Paramyxoviridae are briefly presented. Some characteristics of Hendra and Nipah virus, epidemiological aspects, clinical picture and pathology are described. Fruit bats are mentioned as the key to the epidemiology of Hendra virus. The virus was isolated from affected humans, horses, and from the uterine fluids of a grey-headed fruit bat (pteropus poliocephalus). New morbillivirus designated Nipah virus was isolated from pigs and humans. It caused encephalitis and pneumonia in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/11554115`��Madic, J
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Swine Diseases/*epidemiology/transmission���Aug���Traceback systems in most countries of Asia are not well developed, as indicated by responses to a questionnaire by veterinary officials in thirteen countries. Marking of animals for traceback is practised only in a limited number of countries in specific areas or zones and for specific purposes only. In Malaysia, traceback has been undertaken by marking farm code tattoos on pigs. This enables the identification of the farm of origin of pigs found to be infected by Nipah virus in sero-surveillance programmes. The origin of the foot and mouth disease (FMD) virus that surfaced in the Republic of Korea in March 2000 was investigated through several epidemiological studies of suspected sources of contamination such as imported hay, yellow sand, milk collection trucks and feed delivery trucks. None of these studies gave results that indicated the origin of the FMD virus. The origin of the FMD virus that was recorded in Japan in March 2000 was also investigated in epidemiological studies; in this case, imported wheat straw was incriminated as the most likely source of infection. Comparative studies of the pathogenicities of FMD (type O) viruses isolated in Taipei China, the Republic of Korea and Japan, suggest that these viruses might have originated as vaccine strains used in a third country.,��https://www.ncbi.nlm.nih.gov/pubmed/11548530a��Ozawa, Y
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Taq Polymerase���OctÙ��A rapid and sensitive one-tube RT-PCR assay using a fluorogenic (TaqMan) probe was developed to improve the diagnosis of Hendra virus (HeV) infection. The TaqMan assay was developed to rapidly and specifically identify Hendra virus. The sensitivity of the new TaqMan-based PCR assay compared favourably with conventional RT-PCR. The major advantage of the TaqMan-based assay was the speed of diagnosis with results available within minutes of completing the PCR, and within 4 h of receiving the specimen. This test greatly reduces the chance of false positives through the elimination of second-round PCR and the requirement for agarose gel. Recombinant primer controls consisting of the Hendra virus primer sequence flanking a rodent GADPH probe sequence and recombinant probe controls consisting of the rodent GADPH primer sequence flanking the Hendra virus probe sequence were designed, cloned and transcribed in vitro to generate RNA. This has alleviated the requirement for viral RNA to be used as positive controls, thus reducing the chance of producing a false positive, at the same time eliminating the biosafety risk associated with handling live virus. This assay will provide a rapid diagnosis of future outbreaks of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11543882s��Smith, I L
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Phylogeny���Sep���We have completely sequenced the genomes of two Nipah virus (NiV) isolates, one from the throat secretion and the other from the cerebrospinal fluid (CSF) of the sole surviving encephalitic patient with positive CSF virus isolation in Malaysia. The two genomes have 18246 nucleotides each and differ by only 4 nucleotides. The NiV genome is 12 nucleotides longer than the Hendra virus (HeV) genome and both genomes have identical leader and trailer sequence lengths and hexamer-phasing positions for all their genes. Both NiV and HeV are also very closely related with respect to their genomic end sequences, gene start and stop signals, P gene-editing signals and deduced amino acid sequences of nucleocapsid protein, phosphoprotein, matrix protein, fusion protein, glycoprotein and RNA polymerase. The existing evidence demonstrates a clear need for the creation of a new genus within the subfamily Paramyxovirinae to accommodate the close similarities between NiV and HeV and their significant differences from other members of the subfamily.,��https://www.ncbi.nlm.nih.gov/pubmed/11514724µ��Chan, Y P
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Viral Proteins/chemistry/*genetics���Aug 158��In 1998, Nipah virus (NV) emerged in peninsular Malaysia, causing fatal encephalitis in humans and a respiratory disease in swine. NV is most closely related to Hendra virus (HV), a paramyxovirus that was identified in Australia in 1994, and it has been proposed that HV and NV represent a new genus within the family Paramyxoviridae. This report describes the analysis of the sequences of the polymerase gene (L) and genomic termini of NV as well as a comparison of the full-length, genomic sequences of HV and NV. The L gene of NV is predicted to be 2244 amino acids in size and contains the six domains found within the L proteins of all nonsegmented, negative-stranded (NNS) RNA viruses. However, the GDNQ motif found in most NNS RNA viruses was replaced by GDNE in both NV and HV. The 3' and 5' termini of the NV genome are nearly identical to the genomic termini of HV and share sequence homology with the genomic termini of other members of the subfamily Paramyxovirinae. At 18,246 nucleotides, the genome of NV is 12 nucleotides longer than the genome of HV and they have the largest genomes within the family Paramyxoviridae. The comparison of the structures of the genomes of HV and NV is now complete and this information will help to establish the taxonomic position of these novel viruses within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11504554¨��Harcourt, B H
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Swine Diseases/blood/*epidemiology/*prevention & control/virology���JunJ��OBJECTIVE: To examine piggeries in Queensland for evidence of infection with Hendra virus and Nipah virus. DESIGN: A serological survey was designed to provide 99% confidence of detecting at least one infected pig herd in Queensland, assuming that for each virus, at least 5% of herds would have been exposed to virus and that at least 40% of the finisher pigs in these herds would have detectable antibodies to virus. PROCEDURE: A two stage sampling regimen was used. All samples were tested with serum neutralisation tests developed and performed at the Australian Animal Health Laboratory. RESULTS: There was no evidence of antibody to either virus in the 500 samples collected from 100 herds. CONCLUSION: The results of the survey support a case that commercial pigs in Queensland are free of both Hendra virus and Nipah virus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/11491222���Black, P F
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Urinary Bladder/pathology/virology���May���Subcutaneous inoculation, but not intradermal (footpad) or intranasal inoculation, with high doses of Hendra virus (HeV) consistently produced disease in guinea-pigs. Of 15 subcutaneously inoculated animals, 14 developed vascular disease with positive HeV immunohistochemical labelling in a range of tissues. A new observation was the presence of lesions, including syncytial cells, with immunolabelling in the transitional epithelium of the bladder. Virus isolation from the urine rather than from nasal, oral, rectal or conjunctival swabs, the other external sites, was consistent with previous epidemiological work in horses, indicating a limited possibility of transmission. The dose used (30 000 to 50 000 TCID(50)), which was higher than in previous studies, produced microscopical lesions of encephalitis in eight of the 15 subcutaneously inoculated guinea-pigs, with positive immunolabelling in blood vessels and neurons, especially in the medulla, cerebellum and thalamus. The virus was recovered from six of the encephalitic brains. Severe vascular degeneration in the centres of encephalitic lesions in six of the eight encephalitic guinea-pigs and positive immunolabelling in the choroid plexus of a further animal indicated that the virus entered the brain following virus-induced vascular injury and choroid plexus invasion. Guinea-pigs would appear to be suitable for the study of HeV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/11437503¶��Williamson, M M
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Viral Proteins/chemistry/genetics���May 10P��Menangle virus (MenV), isolated in August 1997 following an outbreak of reproductive disease in a piggery in New South Wales, is the second previously unclassified member of the family Paramyxoviridae to be identified in Australia since 1994. Similar to Hendra virus (HeV), MenV appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. No serological cross-reactivity was detected between MenV and other known paramyxoviruses and to facilitate virus classification a cDNA subtraction method was used to obtain viral-specific cDNA from MenV-infected cells. Cloning and sequencing of the products enabled the entire sequences of the NP, P/V, M, F, and HN genes to be determined. Comparison of the nucleotide and deduced amino acid sequences for each gene with members of the family Paramyxoviridae, determination of the P gene mRNA editing strategy, and phylogenetic analyses confirmed that MenV is a new member of the genus Rubulavirus. However the deduced protein sequence of MenV HN exhibited only limited sequence homology when compared with attachment proteins of other paramyxoviruses. Key differences within the amino acid residues considered important determinants of neuraminidase activity suggest MenV HN is unlikely to possess the same degree of neuraminidase activity characteristic of other rubulavirus and respirovirus HN proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/11336561���Bowden, T R
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Virus Shedding���Janµ��OBJECTIVES: To study the excretion of Nipah virus in the upper respiratory secretions and urine of infected patients in relation to other clinical features. METHODS: Isolation of Nipah virus from the respiratory secretions and urine was made in Vero cells and identified by indirect immunofluorescence assay using anti-Hendra specific hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG. RESULTS: During the peak outbreak of Nipah virus encephalitis in Malaysia, Nipah virus was isolated from the upper respiratory secretions and urine in eight of 20 patients who were virologically and/or serologically confirmed to be infected with the virus. From these eight patients, Nipah virus was isolated from six throat swab specimens, three urine specimens and only one nasal swab specimen. The positive virus isolation rate was related to the collection of these specimens during the early phase of the illness (P = 0.068). The presence of serum anti-Nipah specific IgM appeared to reduce the chance of isolating the virus (P = 0.049). There was no significant difference in the isolation rate with respect to the age, gender, ethnic group and clinical features associated with grave prognosis and mortality outcome of the patients. CONCLUSION: This study shows that it is possible to be infected from secretions of infected patients, but epidemiological survey on close contacts so far did not suggest that human-to-human transmission is common.,��https://www.ncbi.nlm.nih.gov/pubmed/11243752Î��Chua, K B
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Zoonoses/epidemiology/etiology/microbiology���Feb 23���By using the criteria that define emerging infectious diseases (EIDs) of humans, we can identify a similar group of EIDs in wildlife. In the current review we highlight an important series of wildlife EIDs: amphibian chytridiomycosis; diseases of marine invertebrates and vertebrates and two recently-emerged viral zoonoses, Nipah virus disease and West Nile virus disease. These exemplify the varied etiology, pathogenesis, zoonotic potential and ecological impact of wildlife EIDs. Strikingly similar underlying factors drive disease emergence in both human and wildlife populations. These are predominantly ecological and almost entirely the product of human environmental change. The implications of wildlife EIDs are twofold: emerging wildlife diseases cause direct and indirect loss of biodiversity and add to the threat of zoonotic disease emergence. Since human environmental changes are largely responsible for their emergence, the threats wildlife EIDs pose to biodiversity and human health represent yet another consequence of anthropogenic influence on ecosystems. We identify key areas where existing expertise in ecology, conservation biology, wildlife biology, veterinary medicine and the impact of environmental change would augment programs to investigate emerging diseases of humans, and we comment on the need for greater medical and microbiological input into the study of wildlife diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11230820»��Daszak, P
Cunningham, A A
Hyatt, A D
eng
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
Review
Netherlands
2001/03/07 10:00
Acta Trop. 2001 Feb 23;78(2):103-16.%��0001-706X (Print)
0001-706X (Linking)���11230820Q��Institute of Ecology, University of Georgia, Athens GA 30602, USA. daszak@aol.com������üÒ|ÿþ?B������Hooper, P. T.
Williamson, M. M.���2000!��Hendra and Nipah virus infections���597-603, xi���Vet Clin North Am Equine Pract���16���3ò��Animals
Diagnosis, Differential
Disease Outbreaks/prevention & control/*veterinary
Horse Diseases/*epidemiology/virology
Horses
Paramyxoviridae Infections/diagnosis/epidemiology/*veterinary
*Paramyxovirinae/pathogenicity
Zoonoses/transmission���Dec9��The most important clinical and pathological manifestation of Hendra virus infection in horses and humans is that of severe interstitial pneumonia caused by viral infection of small blood vessels. The virus is also capable of causing nervous disease. Hendra virus is not contagious in horses and is spread by close contact with body fluids, such as froth from infected lungs. Diagnosis should be based on the laboratory examination of blood, lung, kidney, spleen, and, if nervous signs are present, also of the brain. Evidence of infection with the more recently identified and related Nipah virus was found in the brain of one horse in which there was inflammation of the meningeal blood vessels. Fruit bats, especially Pteropus s., have been incriminated as the natural and reservoir hosts of both Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/11219352s��Hooper, P T
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Zoonoses/transmission/virology&��A pig-borne virus causing viral encephalitis amongst human beings in Malaysia was detected in 1997 by the Ministry of Health. Initially, the disease was considered to be Japanese encephalitis. Subsequently, it was thought to be a Hendra-like viral encephalitis, but on 10th April, 1999 the Minister of Health announced this mysterious and deadly virus to be a new virus named Nipah virus. The virus was characterized at CDC, Atlanta, Georgia. The gene sequencing of the enveloped virus revealed that one of the genes had 21% difference in the nucleotide sequence with about 8% difference in the amino acid sequence from Hendra virus isolated from horses in Australia in 1994. The virus was named after the village Nipah. In all, the Ministry of Health declared 101 human casualties, and 900,000 pigs were culled by April, 1999. The worst affected area in Malaysia was Negri Sembilan. The symptoms, incubation period in human being and pigs, animal to human transmission, threat of disease to other livestock, and control program adopted in Malaysia is described.,��https://www.ncbi.nlm.nih.gov/pubmed/11193645A��Uppal, P K
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Zoonoses/*transmission���Dec���The risk of zoonotic disease transmission when handling livestock or animal products is substantial. In industrialized countries, the classical zoonotic diseases such as tuberculosis or brucellosis are no longer in the foreground. Latent zoonoses such as salmonellosis and campylobacteriosis can cause serious disease in humans and have become a major public health problem during the past years. Since animals infected with these pathogens show only mild transient disease or no clinical signs at all, new concepts in the entire production line ("stable to table") are necessary in order to avoid human infection. Two emerging viruses with zoonotic potential--avian influenza virus and Nipah virus--have been found in Asia in 1997 and 1999. Both diseases had a major impact on disease control and public health in the countries of origin. In order to cope threats from infectious diseases, in particular those of public health relevance, a combined effort among all institutions involved will be necessary. The proposed "European Center for Infectious Diseases" and the "Swiss center for zoonotic diseases" could be a potential approach in order to achieve this goal.,��https://www.ncbi.nlm.nih.gov/pubmed/11189834���Jemmi, T
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Zoonoses/*transmission���Apr¯��The ability of infectious disease agents to cross the species barrier has long been recognised for many zoonotic diseases. New viral zoonotic diseases, such as acquired immune deficiency syndrome (AIDS), caused by human immunodeficiency viruses 1 or 2, emerged in the 1980s and 1990s, and have become established in the human population. Influenza virus continues to find new ways to move from avian species into humans. The filoviruses and the newer paramyxoviruses, Hendra and Nipah, highlight the increasing proclivity of some animal viral agents to infect human populations with devastating results. A previously unknown transmissible spongiform encephalopathy, bovine spongiform encephalopathy, has emerged in cattle in Europe and spread to humans as well as other animal species. A novel toxicosis, caused by Pfiesteria spp. dinoflagellates, has become a secondary problem in some areas where large fish kills have occurred. The increasing proximity of human and animal populations has led to the emergence of, or increase in, bacterial zoonoses such as plague, leptospirosis and ehrlichiosis. The factors which influence the ability of each infectious agent to effectively across the species barrier and infect new cells and populations are poorly understood. However, for all of these diseases, the underlying theme is the growth of the human population, the mobility of that population, and the efforts expended to keep that population nourished.,��https://www.ncbi.nlm.nih.gov/pubmed/11189724[��Mahy, B W
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*Zoonoses/epidemiology/virology���Apre��Between late 1998 and 1999, the spread of a new disease of pigs, characterized by a pronounced respiratory and neurological syndrome, sometimes accompanied by the sudden death of sows and boars, was recorded in pig farms in peninsular Malaysia. The disease appeared to have a close association with an epidemic of viral encephalitis among workers on pig farms. A previously unrecognised paramyxovirus was later identified from this outbreak; this virus was related to, but distinct from, the Hendra virus discovered in Australia in 1994. The new virus was named 'Nipah' and was confirmed by molecular characterization to be the agent responsible for the disease in both humans and pigs. The name proposed for the new pig disease was 'porcine respiratory and neurological syndrome' (also known as 'porcine respiratory and encephalitis syndrome'), or, in peninsular Malaysia, 'barking pig syndrome'. The authors describe the new disease and provide the epidemiological findings recorded among infected pigs. In addition, the control programmes which were instituted to contain the virus in the national swine herd are outlined.,��https://www.ncbi.nlm.nih.gov/pubmed/11189713f��Mohd Nor, M N
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Zoonoses/epidemiology/transmission/*virology���Apr®��The author provides an account of the discovery of a previously undescribed disease of horses and a description of the studies involved in determining the aetiology of the disease. The causative virus, now named Hendra virus (HeV), is the reference virus for a proposed new genus within the virus family Paramyxoviridae. The virus is a lethal zoonotic agent able to cause natural disease in humans and horses and experimentally induced disease in cats, guinea-pigs and mice. The virus also naturally infects species of the family Megachiroptera, mainly subclinically, and such animals are the natural host of HeV. The virus appears to transmit readily between species of Megachiroptera, but not readily between horses under natural and experimental conditions, or from horses to humans. The method of transmission from bats to horses is not known. Three incidents of HeV disease in horses have been recorded in Australia--two in 1994 which caused the death of two humans and fifteen horses and one in 1999 which involved the death of a single horse. Hendra virus is related to Nipah virus, the virus that caused disease and mortality in humans, pigs, dogs and cats in Malaysia during 1998 and 1999.,��https://www.ncbi.nlm.nih.gov/pubmed/11189712T��Westbury, H A
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Surveys and Questionnaires���Mar 1ú��During 1998-1999, an outbreak of Nipah virus encephalitis occurred in Malaysia. To assess the possibility of nosocomial transmission, 338 health care workers (HCWs) exposed and 288 HCWs unexposed to outbreak-related patients were surveyed, and their serum samples were tested for anti-Nipah virus antibody. Needlestick injuries were reported by 12 (3%) HCWs, mucosal surface exposure to body fluids by 39 (11%), and skin exposure to body fluids by 89 (25%). No encephalitis occurred in either group. Three exposed and no unexposed HCWs tested positive by EIA for IgG antibodies. It is likely that these 3 were false positives; no IgM response occurred, and the serum samples were negative for anti-Nipah virus neutralizing antibodies. The risk of nosocomial transmission of Nipah virus appears to be low; however, given the high case-fatality rate and the presence of virus in respiratory secretions and urine of some patients, standard and droplet infection-control practices should be maintained with these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11181159Â��Mounts, A W
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*Swine���Jun���Between September 1998 and May 1999, 265 cases of encephalitis were reported from among those involved in pig rearing. A few cases were also reported among abattoir workers. This raised questions of the risk of transmission among those who handled raw pork. A serosurvey was conducted among pork sellers in Seremban town, which is about 20 km from one of the pig rearing areas which had reported cases of encephalitis. It was found that out of the 28 pork sellers tested, only one tested positive for Nipah virus antibodies and that this pork seller also worked in an abattoir in the same district, removing the urinary bladders from slaughtered pigs. Based on these findings, it was concluded that the risk of transmission of the virus from handling raw pork appeared to be low.,��https://www.ncbi.nlm.nih.gov/pubmed/11127331²��Premalatha, G D
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*Swine���Jun&��A hospital-based case-control study of viral encephalitis was carried out at Port Dickson Hospital, in the state of Negeri Sembilan, Malaysia. Between March and May 1999, 69 clinically diagnosed viral encephalitis cases and 31 controls were interviewed. Job histories on pig farming activities were assessed by a group of epidemiologists and veterinary surgeons. Results show that among clinical cases of viral encephalitis, 52 (75.4%) cases were diagnosed to have Nipah virus infection based on positive serology for antibodies to the cross-reacting Hendra virus antigen. The Nipah virus encephalitis was significantly associated with a history of working in pig farms (p < 0.001, OR = 196.0, 95% CI = 20.4-4741.6), history of contact with animals (p < 0.001, OR = 38.3, 95% CI = 8.2-209.0) and with history of direct contact with pigs (p = 0.002, OR = 34.4, 95% CI = 2.6-1,024.4). The Nipah virus infection was also significantly associated with history of feeding/cleaning pigs (p < 0.001, OR = 102, 95% CI = 11.9-2,271.5). These results provide evidence that involvement in pig farming activities is significantly associated with the risk of getting Nipah virus infection. They are potential risk factors for Nipah virus transmission in the major pig-producing area of Bukit Pelandok, Port Dickson Negeri Sembilan.,��https://www.ncbi.nlm.nih.gov/pubmed/11127330å��Amal, N M
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*Skin Diseases���Nov 30è��Infectious diseases remain a major cause of morbidity and mortality in the year 2000. 17 million deaths per year or roughly a third of all deaths are caused by infections. Infectious diseases also pose a serious economic threat. While many well-established pathogens have not been contained several new infectious agents have been discovered within the past 27 years which include rotavirus, legionella, HIV, ebola, campylobacter, helicobacter, nipah, HHV8, hepatitis C, and many others. Additionally many new pathogens have emerged as serious threats to the ever-growing number of immuno-compromised patients. Infectious etiologies have been found for many common diseases (certain leukemias, duodenal ulcers, etcetera). It is likely that infections are at least co-factors for many other diseases (transplant-associated atherosclerosis). Only specialized care and multi-disciplinary collaboration will enable us to cope with current problems and the inevitable emergence of new infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11121370W��eng
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Surveys and Questionnaires���SepR��OBJECTIVE: to investigate the prevalence of known diabetes mellitus in care homes and the patterns of diabetes care in these institutions. DESIGN: a postal questionnaire sent to all 98 care homes in Sheffield. RESULTS: 70 care homes (71%) returned the questionnaire, indicating that 233 (8.8%) of 2648 residents were known to have diabetes. Of these, 76 (33%) were treated with diet alone, 105 (45%) with diet plus oral medication and 52 (22%) with insulin. Only seven registered nurses (2%) in the homes had certified diabetes training. Forty-two homes (60%) did not carry out a structured, diabetes-related assessment of residents on entry and only 29 (42%) had regular review of diabetic residents by a general practitioner or practice nurse. Most homes (89%) were visited by an optician, 56 (80%) also had a regular chiropody service, although 32 (46%) of these charged their residents for this service. CONCLUSIONS: the known prevalence of diabetes is similar to that reported previously. This study highlights the need for structured care with defined standards for care-home residents with diabetes.,��https://www.ncbi.nlm.nih.gov/pubmed/11108418W��Taylor, C D
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Paramyxovirinae/immunology/*isolation & purification/ultrastructure���DecG��BACKGROUND: between 1998 and 1999, an outbreak of potentially fatal viral encephalitis erupted among pig farm workers in West Malaysia, and later spread to Singapore where abattoir workers were afflicted. Although Japanese encephalitis virus was initially suspected, the predominant aetiologic agent was subsequently confirmed to be Nipah virus, a novel paramyxovirus related to but distinct from Hendra virus. OBJECTIVE: to describe a case of Nipah virus encephalitis in a pig farm worker from Malaysia. STUDY DESIGN: the clinical, laboratory and radiological findings of this patient were scrutinized. Special emphasis was placed on the electron microscopic analysis of the cerebrospinal fluid (CSF) specimen from this patient. RESULTS: the neurological deficits indicative of cerebellar involvement were supported by the magnetic resonance imaging that showed prominent cerebellar and brainstem lesions. CSF examination provided further evidence of viral encephalitis. Complement fixation and/or RT-PCR assays were negative for Japanese encephalitis, herpes simplex, measles and mumps viruses. ELISA for detecting IgM and IgG antibodies against Hendra viral antigens were equivocal for the CSF specimen, and tested initially negative for the first serum sample but subsequently positive for the repeat serum sample. Transmission electron microscopy of negatively-stained preparations of CSF revealed enveloped virus-like structures fringed with surface projections as well as nucleocapsids with distinctive helical and herringbone patterns, features consistent with those of other paramyxoviruses, including Hendra virus. CONCLUSION: this case report reiterates the relevant and feasible role of diagnostic electron microscopy for identifying and/or classifying novel or emerging viral pathogens for which sufficiently specific and sensitive tests are lacking.,��https://www.ncbi.nlm.nih.gov/pubmed/11090749���Chow, V T
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Paramyxovirinae/*chemistry���NovA��During the outbreak of Nipah virus encephalitis in Malaysia, stored cerebrospinal fluid (CSF) samples from 84 patients (27 fatal and 57 nonfatal cases) were cultured for the virus. The virus was isolated from 17 fatal cases and 1 nonfatal case. There were significant associations between CSF virus isolation and mortality as well as clinical features associated with poor prognosis. In addition, there was a positive linear correlation of CSF virus isolation with age. There was no significant association between CSF virus isolation and the character of the CSF, presence of Nipah-specific antibody in the serum or CSF, duration of illness before collection of samples, or sex or ethnicity of the patients. This study suggests that high viral replication in the central nervous system may be an important factor for high mortality.,��https://www.ncbi.nlm.nih.gov/pubmed/11079547���Chua, K B
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Zoonoses/epidemiology/transmission���Nov?��Hendra has been recognized in Australia as a new zoonotic disease of horses since 1994/5 and subsequent work has shown that the viral agent is endemic in certain species of fruit bat. The Hendra virus is the type species of a new genus within the sub-family Paramyxovirinae, which also contains another newly identified zoonotic bat virus, namely Nipah. It is assumed that contact with bats has led to the Hendra virus being transferred to horses on each of the three separate incidents that have been reported in the last five years. No evidence has been found for widespread subclinical infection of horses. Infected horses can develop a severe and often fatal respiratory disease characterized by dyspnoea, vascular endothelial damage and pulmonary oedema. Nervous signs may also occur. Fatal respiratory disease has been seen in cats and guinea pigs following experimentally induced infections. Transmission of the virus from horses to other horses or man seems to have taken place, but very close contact was required. Three human cases have been recognized, all in association with equine cases. There have been two human fatalities, one due to respiratory failure and the other from a delayed-onset encephalitis. A number of diagnostic methods have been developed, but great care must be taken in obtaining samples from suspected cases.,��https://www.ncbi.nlm.nih.gov/pubmed/11061954w��Barclay, A J
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Viral Proteins/chemistry/*genetics���Nov#��An outbreak of acute respiratory disease in Hendra, a suburb of Brisbane, Australia, in September 1994 resulted in the deaths of 14 racing horses and a horse trainer. The causative agent was a new member of the family Paramyxoviridae. The virus was originally called Equine morbillivirus but was renamed Hendra virus (HeV) when molecular characterization highlighted differences between it and members of the genus Morbillivirus. Less than 5 years later, the closely related Nipah virus (NiV) emerged in Malaysia, spread rapidly through the pig population, and caused the deaths of over 100 people. We report the characterization of the HeV L gene and protein, the genome termini, and gene boundary sequences, thus completing the HeV genome sequence. In the highly conserved region of the L protein, the HeV sequence GDNE differs from the GDNQ found in almost all other nonsegmented negative-strand (NNS) RNA viruses. HeV has an absolutely conserved intergenic trinucleotide sequence, 3'-GAA-5', and highly conserved transcription initiation and termination sequences similar to those of respiroviruses and morbilliviruses. The large genome size (18,234 nucleotides), the unique complementary genome terminal sequences of HeV, and the limited homology with other members of the Paramyxoviridae suggest that HeV, together with NiV, should be classified in a new genus in this family. The large genome of HeV also fills a gap in the spectrum of genome sizes observed with NNS RNA virus genomes. As such, it provides a further piece in the puzzle of NNS RNA virus evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/11024125¤��Wang, L F
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Viral Fusion Proteins/*chemistry/genetics/isolation & purification���Sep 25Ã��Hendra virus (HeV) is an unclassified member of the Paramyxoviridae family that causes systemic infections in humans, horses, cats, guinea pigs and flying foxes. The fusion protein (F(0)) of members of the Paramyxoviridae family that cause systemic infections in vivo contains a basic amino acid-rich region at which the protein is activated by cleavage into two subunits (F(1) and F(2)). HeV F(0) lacks such a domain. We have determined the cleavage site in HeV F(0) by sequencing the amino terminus of the F(1) subunit and in view of the potential effect of glycosylation on the cleavage process have ascertained the sites at which F(0) is glycosylated. The results indicate that unlike other members of the family that replicate in cultured cells and cause systemic infections in vivo, cleavage of HeV F(0) occurs at a single lysine (reside 109) in the sequence Asp-Val-Lys- downward arrow-Leu. Although HeV genotypically resembles members of the Respirovirus and Rubulavirus genera in having potential N-linked glycosylation sites in both the F(1) and F(2) subunits, we show that phenotypically HeV may more closely resemble members of the Morbillivirus genus that contain N-linked glycans only in the F(2) subunit.,��https://www.ncbi.nlm.nih.gov/pubmed/11018278���Michalski, W P
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*Stroke Rehabilitation���Jul 20���PURPOSE: Patient mood and carer stress were assessed for stroke patients in the community following early hospital discharge. METHOD: Patients had low Barthel Indices (13.0 (mean) +/- 4.9 (SD)) with high anxiety and depression scores, and carers had high stress scores, on starting rehabilitation. On starting rehabilitation, patient Barthel Indices correlated inversely with patient depression (r = -0.33, p < 0.02) and carer stress scores (r = -0.48, p < 0.001). RESULTS: During rehabilitation improvements occurred in patient Barthel Indices, patient anxiety scores and carer stress scores, but not in patient depression scores. Incremental increases in patient Barthel Indices during rehabilitation correlated with reductions in carer stress scores (r = -0.55, R2 = 29.4%, p < 0.001). Following early hospital discharge stroke patients display mood abnormalities which do not resolve during rehabilitation. CONCLUSION: Carer stress and patients depression scores are related to the severity of stroke-related disability. Strategies to address patient mood and carer stress should be present in community services providing early stroke rehabilitation.,��https://www.ncbi.nlm.nih.gov/pubmed/10972352p��Jones, A L
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Zoonoses���Jul 28���Scientists are a step closer to unraveling a medical mystery that killed 105 people in Malaysia last year and destroyed the country's pig industry. The Nipah virus, which caused the disease, most likely originated in a native fruit bat species, Malaysian researchers reported here at a meeting last week. They say the findings will help Malaysian health authorities prevent future outbreaks of the Nipah virus. Others see the case as an argument for expanding research into infections that can leap the boundary between animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10939954K��Enserink, M
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Virus Diseases/*epidemiology/*virology���Jun 15²��A number of infectious agents has been newly detected in the last 10 years. Climatic changes and migration have been the most important factors in the emergence of new and old infections. Additionally, new methods for the detection of DNA and RNA have played an important role in the detection of agents difficult to culture. Relevant new bacterial pathogens are Bartonella henselae (cat scratch disease, bacillary angiomatosis), Tropheryma whippeli (Whipple's disease) and new Rickettsiae. Newly detected viral pathogens include Sin-nombre virus (pulmonary Hanta virus syndrome), Nipah- and Hendra virus and avian influenza. Bovine spongiform encephalopathy has been transmitted to humans causing the newly described syndrome of variant Creuzfeldt-Jakob disease. The extent of this new epidemic is not yet clear. These trends from the last years clearly indicate, that further new infections and infectious agents will be detected in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/10935415���Salzberger, B
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Virulence���Augõ��Two major epidemics of viral encephalitis occurred in Asia in 1997 and 1998. The first was a re-emergence of neurovirulent strains of enterovirus 71, which caused severe encephalomyelitis in children in Malaysia, Taiwan and Japan, on a background of hand, foot and mouth disease. Necropsy studies of patients who died of enterovirus 71 infection showed severe perivascular cuffing, parenchymal inflammation and neuronophagia in the spinal cord, brainstem and diencephalon, and in focal areas in the cerebellum and cerebrum. Although no viral inclusions were detected, immunohistochemistry showed viral antigen in the neuronal cytoplasm. Inflammation was often more extensive than neuronal infection, suggesting that other factors, in addition to direct viral cytolysis, may be involved in tissue damage. The second epidemic of viral encephalitis was the result of a novel paramyxovirus called Nipah, which mainly involved pig handlers in Malaysia and Singapore. Pathological evidence suggested that the endothelium of small blood vessels in the central nervous system was particularly susceptible to infection. This led to disseminated endothelial damage and syncytium formation, vasculitis, thrombosis, ischaemia and microinfarction. However, there was also evidence of neuronal infection by the virus and this may also have contributed to the neurological dysfunction in Nipah encephalitis. Some patients who seemed to recover from the acute symptoms have been re-admitted with clinical findings suggestive of relapsing encephalitis. As these two epidemics indicate, the emergence and re-emergence of viral encephalitides continue to pose considerable challenges to the neuropathologist, in establishing the diagnosis and unravelling the pathogenesis of the neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10931364X��Wong, K T
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*Paramyxovirinae���Augx��OBJECTIVE: The newly discovered Nipah virus causes an acute febrile encephalitic illness in humans that is associated with a high mortality. The purpose of this study is to describe the MR imaging findings of Nipah encephalitis. MATERIALS AND METHODS: MR imaging of the brain was performed in 31 patients with Nipah encephalitis divided into three groups. The first group (14 patients) underwent MR imaging during the acute phase of the illness and the second group (10 patients) during the later phase of the acute illness. The third group consisted of six patients who underwent MR imaging because they experienced neurologic relapse and one patient who had late-onset encephalitis. Spin-echo T1- and T2-weighted sequences and T2-weighted fluid attenuated inversion recovery (FLAIR) sequences were performed. Contrast-enhanced MR imaging was performed in four patients. RESULTS: The FLAIR sequences revealed abnormalities in all patients studied. MR imaging findings in both the acute and later phases of encephalitis were similar; the main feature of both phases was the presence of discrete high-signal-intensity lesions, measuring 2-7 mm, disseminated throughout the brain, mainly in the subcortical and deep white matter of the cerebral hemispheres. Neither mass effect nor cerebral edema was seen. There was no correlation with the focal neurologic signs, depth of coma, and outcome of the patients. The lesions were attributed to widespread microinfarctions from underlying vasculitis of cerebral small vessels. Features found on MR imaging in relapsed and late-onset encephalitis differed from the features in acute encephalitis in that confluent cortical involvement was the prominent finding in the former, as opposed to discrete focal lesions in the subcortical and deep white matter in the latter. CONCLUSION: MR imaging is a sensitive and specific diagnostic tool for evaluating Nipah encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/10915690���Sarji, S A
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RNA, Viral/analysis���Aug���Since it was first described in Australia in 1994, Hendra virus (HeV) has caused two outbreaks of fatal disease in horses and humans, and an isolated fatal horse case. Our preliminary studies revealed a high prevalence of neutralizing antibodies to HeV in bats of the genus PTEROPUS:, but it was unclear whether this was due to infection with HeV or a related virus. We developed the hypothesis that HeV excretion from bats might be related to the birthing process and we targeted the reproductive tract for virus isolation. Three virus isolates were obtained from the uterine fluid and a pool of foetal lung and liver from one grey-headed flying-fox (Pteropus poliocephalus), and from the foetal lung of one black flying-fox (P. alecto). Antigenically, these isolates appeared to be closely related to HeV, returning positive results on immunofluorescent antibody staining and constant-serum varying-virus neutralization tests. Using an HeV-specific oligonucleotide primer pair, genomic sequences of the isolates were amplified. Sequencing of 200 nucleotides in the matrix gene identified that these three isolates were identical to HeV. Isolations were confirmed after RNA extracted from original material was positive for HeV RNA when screened on an HeV Taqman assay. The isolation of HeV from pteropid bats corroborates our earlier serological and epidemiological evidence that they are a natural reservoir host of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/10900029���Halpin, K
Young, P L
Field, H E
Mackenzie, J S
eng
England
2000/07/19 11:00
J Gen Virol. 2000 Aug;81(Pt 8):1927-32. doi: 10.1099/0022-1317-81-8-1927.%��0022-1317 (Print)
0022-1317 (Linking)���10900029p��Department of Microbiology and Parasitology, The University of Queensland, St Lucia, Queensland 4072, Australia.���10.1099/0022-1317-81-8-1927��	������&Ð������*8Ärcourt, B. H.
Tamin, A.
Ksiazek, T. G.
Rollin, P. E.
Anderson, L. J.
Bellini, W. J.
Rota, P. A.���2000I��Molecular characterization of Nipah virus, a newly emergent paramyxovirus���334-49���Virology���271���2���Amino Acid Sequence
Animals
Cercopithecus aethiops
Cloning, Molecular
Glycoproteins/genetics
Mice
Molecular Sequence Data
Nucleoproteins/genetics
Paramyxovirinae/classification/*genetics
Phosphoproteins/genetics
Phylogeny
Sequence Analysis, DNA
Sequence Homology, Amino Acid
Transcription, Genetic
Vero Cells
Viral Fusion Proteins/genetics
Viral Matrix Proteins/genetics
Viral Proteins/genetics���Jun 5���Recently, a new paramyxovirus, now known as Nipah virus (NV), emerged in Malaysia and Singapore, causing fatal encephalitis in humans and a respiratory syndrome in pigs. Initial studies had indicated that NV is antigenically and genetically related to Hendra virus (HV). We generated the sequences of the N, P/C/V, M, F, and G genes of NV and compared these sequences with those of HV and other members of the family Paramyxoviridae. The intergenic regions of NV were identical to those of HV, and the gene start and stop sequences of NV were nearly identical to those of HV. The open reading frames (ORFs) for the V and C proteins within the P gene were found in NV, but the ORF encoding a potential short basic protein found in the P gene of HV was not conserved in NV. The N, P, C, V, M, F, and G ORFs in NV have nucleotide homologies ranging from 88% to 70% and predicted amino acid homologies ranging from 92% to 67% in comparison with HV. The predicted fusion cleavage sequence of the F protein of NV had a single amino acid substitution (K to R) in comparison with HV. Phylogenetic analysis demonstrated that although HV and NV are closely related, they are clearly distinct from any of the established genera within the Paramyxoviridae and should be considered a new genus.,��https://www.ncbi.nlm.nih.gov/pubmed/10860887ª��Harcourt, B H
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Viral Proteins/genetics���May 26���A paramyxovirus virus termed Nipah virus has been identified as the etiologic agent of an outbreak of severe encephalitis in people with close contact exposure to pigs in Malaysia and Singapore. The outbreak was first noted in late September 1998 and by mid-June 1999, more than 265 encephalitis cases, including 105 deaths, had been reported in Malaysia, and 11 cases of encephalitis or respiratory illness with one death had been reported in Singapore. Electron microscopic, serologic, and genetic studies indicate that this virus belongs to the family Paramyxoviridae and is most closely related to the recently discovered Hendra virus. We suggest that these two viruses are representative of a new genus within the family Paramyxoviridae. Like Hendra virus, Nipah virus is unusual among the paramyxoviruses in its ability to infect and cause potentially fatal disease in a number of host species, including humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10827955/��Chua, K B
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Zoonoses/*epidemiology���May���An outbreak of encephalitis affecting 265 patients (105 fatally) occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah, that infected pigs, humans, dogs, and cats. Most patients were pig farmers. Clinically undetected Nipah infection was noted in 10 (6%) of 166 community-farm controls (persons from farms without reported encephalitis patients) and 20 (11%) of 178 case-farm controls (persons from farms with encephalitis patients). Case patients (persons with Nipah infection) were more likely than community-farm controls to report increased numbers of sick/dying pigs on the farm (59% vs. 24%, P=.001) and were more likely than case-farm controls to perform activities requiring direct contact with pigs (86% vs. 50%, P=.005). Only 8% of case patients reported no contact with pigs. The outbreak stopped after pigs in the affected areas were slaughtered and buried. Direct, close contact with pigs was the primary source of human Nipah infection, but other sources, such as infected dogs and cats, cannot be excluded.,��https://www.ncbi.nlm.nih.gov/pubmed/10823779?��Parashar, U D
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Sequence Alignment���May 10R��A virus that could not be identified as a previously known equine virus was isolated from the mononuclear cells of a horse. Electron microscopy revealed enveloped virions with nucleocapsid structures characteristic of viruses in the Paramyxoviridae family. The virus failed to hemabsorb chicken or guinea pig red blood cells and lacked neuraminidase activity. Two viral genes were isolated from a cDNA expression library. Multiple sequence alignments of one gene indicated an average identity of 45% as compared to Morbillivirus N protein sequences. A weaker relationship was found with Tupaia paramyxovirus (TPMV) and Hendra virus (HeV) N proteins. In the second gene, multiple open reading frames (ORFs) were identified, corresponding to the arrangement of the P, V, and C ORFs in the Morbillivirus and Respirovirus viruses. Short stretches in the C-terminal regions of the P and C proteins showed limited homologies to viruses in the Morbillivirus genus but no obvious relationship to viruses in other genera. The V ORF translation product contained a highly conserved, cysteine-rich domain that is common to most viruses in the Paramyxovirinae subfamily. Sequencing of P gene cDNA clones confirmed the use of a cotranscriptional editing mechanism for the regulation of P/V expression. Based on the location of its origin it has been named Salem virus (SalV).,��https://www.ncbi.nlm.nih.gov/pubmed/10793001¦��Renshaw, R W
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Swine���Apr 27Ñ��BACKGROUND: Between September 1998 and June 1999, there was an outbreak of severe viral encephalitis due to Nipah virus, a newly discovered paramyxovirus, in Malaysia. METHODS: We studied the clinical features of the patients with Nipah virus encephalitis who were admitted to a medical center in Kuala Lumpur. The case definition was based on epidemiologic, clinical, cerebrospinal fluid, and neuroimaging findings. RESULTS: Ninety-four patients with Nipah virus infection were seen from February to June 1999 (mean age, 37 years; ratio of male patients to female patients, 4.5 to 1). Ninety-three percent had had direct contact with pigs, usually in the two weeks before the onset of illness, suggesting that there was direct viral transmission from pigs to humans and a short incubation period. The main presenting features were fever, headache, dizziness, and vomiting. Fifty-two patients (55 percent) had a reduced level of consciousness and prominent brain-stem dysfunction. Distinctive clinical signs included segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia and thus suggest the involvement of the brain stem and the upper cervical spinal cord. The initial cerebrospinal fluid findings were abnormal in 75 percent of patients. Antibodies against Hendra virus were detected in serum or cerebrospinal fluid in 76 percent of 83 patients tested. Thirty patients (32 percent) died after rapid deterioration in their condition. An abnormal doll's-eye reflex and tachycardia were factors associated with a poor prognosis. Death was probably due to severe brain-stem involvement. Neurologic relapse occurred after initially mild disease in three patients. Fifty patients (53 percent) recovered fully, and 14 (15 percent) had persistent neurologic deficits. CONCLUSIONS: Nipah virus causes a severe, rapidly progressive encephalitis with a high mortality rate and features that suggest involvement of the brain stem. The infection is associated with recent contact with pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/10781618Ì��Goh, K J
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*Zoonoses���Mar3��BACKGROUND AND PURPOSE: An epidemic of suspected Japanese encephalitis occurred in Malaysia in 1998-1999 among pig farmers. In neighboring Singapore, an outbreak occurred among pig slaughterhouse workers. It was subsequently established that the causative agent in the outbreak was not the Japanese encephalitis virus but a previously unknown Hendra-like paramyxovirus named Nipah virus. METHODS: The brain MR images of eight patients with Nipah virus infection were reviewed. All patients tested negative for acute Japanese encephalitis virus. Seven patients had contrast-enhanced studies and six had diffusion-weighted examinations. RESULTS: All patients had multiple small bilateral foci of T2 prolongation within the subcortical and deep white matter. The periventricular region and corpus callosum were also involved. In addition to white matter disease, five patients had cortical lesions, three had brain stem involvement, and a single thalamic lesion was detected in one patient. All lesions were less than 1 cm in maximum diameter. In five patients, diffusion-weighted images showed increased signal. Four patients had leptomeningeal enhancement and four had enhancement of parenchymal lesions. CONCLUSION: The brain MR findings in patients infected with the newly discovered Nipah paramyxovirus are different from those of patients with Japanese encephalitis. In a zoonotic epidemic, this striking difference in the appearance and distribution of lesions is useful in differentiating these diseases. Diffusion-weighted imaging was advantageous in increasing lesion conspicuity.,��https://www.ncbi.nlm.nih.gov/pubmed/10730635±��Lim, C C
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Warfarin/*administration & dosage/adverse effects���Jan¿��OBJECTIVES: To compare a new low-dose warfarin induction regimen with the Fennerty regimen in elderly inpatients. DESIGN: Age-stratified, randomized prospective study. SUBJECTS: 120 age-stratified elderly inpatients. INTERVENTIONS: Each patient was randomized to either the new induction regimen or to a modified Fennerty regimen. MAIN OUTCOMES MEASURES: Days to therapeutic International Normalized Ratio (INR >2); days in the therapeutic range (INR 2-3) during induction; number of patients with INR >4.5; ability of day 4 INR to predict day 8 warfarin dose. RESULTS: The mean time to therapeutic INR was longer for the new induction regimen than modified Fennerty regimen in patients aged 65-75 years [4.6 (mean) +/- 1.6 (SD) days vs 3.8 +/- 0.8 days; P = 0.03] and in patients aged >75 years (4.5 +/- 1.4 days vs 3.5 +/- 0.7 days; P = 0.003). Patients spent more time in the therapeutic INR range with the new induction regimen [3.0 +/- 1.3 days vs 2.7 +/- 1.3 days (P = 0.03) for those aged 65-75 years and 2.9 +/- 1.1 days vs 2.4 +/- 1.3 days (P = 0.04 for those aged >75 years]. Fewer patients using the new regimen had INRs >4.5 in the first 8 days [1 (3%) vs 6 (20%) for 65-75 years (P < 0.05) and 1 (3%) vs 11 (37%) for >75 years (P < 0.01)]. The ability to predict the maintenance dose to within 1 mg was 55% for both regimens. CONCLUSION: The low-dose regimen has important clinical advantages over the Fennerty regimen for anticoagulating elderly inpatients.,��https://www.ncbi.nlm.nih.gov/pubmed/10690692±��Gedge, J
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Vero Cells���Feb-Apry��Antibodies to Hendra virus (HeV) have been found in a high percentage of fruit bats (Pteropus spp.) in Australia, indicating a possible reservoir for the virus. The aim of the experiments reported here was to investigate transplacental infection as a possible mode of transmission of the virus in fruit bats and other animals. In a first experiment, 18 pregnant guinea-pigs in the mid-stage of gestation were inoculated with HeV, as an experimental model in a conventional laboratory animal. Nine developed HeV disease as confirmed by viral isolation, histopathology and immunohistochemistry. In five of the nine clinically affected guinea-pigs there was necrosis and strong positive immunostaining in the placentas in an indirect immunoperoxidase (IPX) test for HeV antigen. One of these five guinea-pigs aborted and HeV was isolated from its three fetuses, one of which was also positive to the IPX test. In three other sick guinea-pig dams, virus was isolated from fetuses, and there was positive immunostaining in two of the latter. In a second experiment, four fruit bats were inoculated with a similar dose of HeV. (A further four guinea-pigs inoculated at the same time developed severe disease, indicating adequate virulence.) Two bats were killed at 10 days post-inoculation and two were killed at 21 days. In these bats, no overt clinical disease was observed, but subclinical disease occurred, as indicated by viral isolation, seroconversion, vascular lesions and positive immunostaining. Transplacental transmission was indicated by positive immunostaining in two placentas and confirmed by isolation of virus from one of the associated fetuses.,��https://www.ncbi.nlm.nih.gov/pubmed/10684689Ë��Williamson, M M
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635Ù��Chua, K B
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Singapore/epidemiology���Oct 9«��BACKGROUND: In March 1999, an outbreak of encephalitis and pneumonia occurred in workers at an abattoir in Singapore. We describe the clinical presentation and the results of investigations in these patients. METHODS: Clinical and laboratory data were collected by systemic review of the case records. Serum and cerebrospinal fluid (CSF) samples were tested for IgM antibodies to Nipah virus with an IgM capture ELISA. Reverse-transcriptase PCR was done on the CSF and tissue samples from one patient who died. FINDINGS: Eleven patients were confirmed to have acute Nipah-virus infection based on raised IgM in serum. Nipah virus was identified by reverse transcriptase PCR in the CSF and tissue of the patient who died. The patients were all men, with a median age of 44 years. The commonest presenting symptoms were fever, headache, and drowsiness. Eight patients presented with signs of encephalitis (decreased level of consciousness or focal neurological signs). Three patients presented with atypical pneumonia, but one later developed hallucinations and had evidence of encephalitis on CSF examination. Abnormal laboratory findings included a low lymphocyte count (nine patients), low platelet count, low serum sodium, and high aspartate aminostransferase concentration (each observed in five patients). The CSF protein was high in eight patients and white-blood-cell count was high in seven. Chest radiography showed mild interstitial shadowing in eight patients. Magnetic resonance imaging (MRI) showed focal areas of increased signal intensity in the cortical white marker in all eight patients who were scanned. The nine patients with encephalitis received empirical treatment with intravenous aciclovir and eight survived. INTERPRETATION: Infection with Nipah virus caused an encephalitis illness with characteristic focal areas of increased intensity seen on MRI. Lung involvement was also common, and the disease may present as an atypical pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520634ü��Paton, N I
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Tyrosine/analogs & derivatives/metabolism���Oct1��Acute chest syndrome (ACS) is the most common form of acute pulmonary disease associated with sickle cell disease. To investigate the possibility that alterations in endothelial cell (EC) production and metabolism of nitric oxide (NO) products might be contributory, we measured NO products from cultured pulmonary EC exposed to red blood cells and/or plasma from sickle cell patients during crisis. Exposure to plasma from patients with ACS caused a 5- to 10-fold increase in S-nitrosothiol (RSNO) and a 7- to 14-fold increase in total nitrogen oxide (NO(x)) production by both pulmonary arterial and microvascular EC. Increases occurred within 2 h of exposure to plasma in a concentration-dependent manner and were associated with increases in endothelial nitric oxide synthase (eNOS) protein and eNOS enzymatic activity, but not with changes in nitric oxide synthase (NOS) III or NOS II transcripts, inducible NOS (iNOS) protein nor iNOS enzymatic activity. RSNO and NO(x) increased whether plasma was obtained from patients with ACS or other forms of vasoocclusive crisis. Furthermore, an oxidative state occurred and oxidative metabolites of NO, particularly peroxynitrite, were produced. These findings suggest that altered NO production and metabolism to damaging oxidative molecules contribute to the pathogenesis of ACS.,��https://www.ncbi.nlm.nih.gov/pubmed/10516198Â��Hammerman, S I
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Virus Diseases/diagnosis/*veterinary���Aug 16Ì��Immunohistochemistry plays an important part in the diagnosis of some viral diseases. Demonstration of viral antigen in a lesion is an important contribution to diagnosis, either at the time of investigation or retrospectively. At the CSIRO Australian Animal Health Laboratory, the most frequent use of immunohistochemistry has been in the diagnosis of the important avian diseases, highly pathogenic avian influenza and Newcastle disease. The technology took key roles in the diagnoses of Hendra virus infections, and, later, an immunoperoxidase test gave the first indication of the existence of Australian bat lyssavirus. The test can often confirm that a virus isolated in an animal is the actual virus causing disease and not a coincidental isolation. Good examples of that in some more new diseases were the association of Wallal virus with blindness in kangaroos, and of the new porcine Menangle virus in natural and experimental cerebral disease in foetal piglets.,��https://www.ncbi.nlm.nih.gov/pubmed/10501165ª��Hooper, P T
Russell, G M
Selleck, P W
Lunt, R A
Morrissy, C J
Braun, M A
Williamson, M M
eng
Review
Netherlands
1999/09/29 00:00
Vet Microbiol. 1999 Aug 16;68(1-2):89-93.%��0378-1135 (Print)
0378-1135 (Linking)���10501165M��CSIRO Australian Animal Health Laboratory, Geelong. peter.hooper@dah.csiro.au�	Ù�üÒ|ÿþ?m���2��Halpin, K.
Young, P. L.
Field, H.
Mackenzie, J. S.���1999(��Newly discovered viruses of flying foxes���83-7
��Vet Microbiol���68���1-2H��Animals
Antibodies, Viral/analysis
Australia/epidemiology
Chiroptera/*virology
Disease Reservoirs/veterinary
Female
Horse Diseases/virology
Horses
Humans
Mononegavirales/classification/*pathogenicity
Mononegavirales Infections/*epidemiology/virology
Papua New Guinea/epidemiology
Swine
Swine Diseases/virology
Zoonoses/*virology���Aug 16���Flying foxes have been the focus of research into three newly described viruses from the order Mononegavirales, namely Hendra virus (HeV), Menangle virus and Australian Bat Lyssavirus (ABL). Early investigations indicate that flying foxes are the reservoir host for these viruses. In 1994, two outbreaks of a new zoonotic disease affecting horses and humans occurred in Queensland. The virus which was found to be responsible was called equine morbillivirus (EMV) and has since been renamed HeV. Investigation into the reservoir of HeV has produced evidence that antibodies capable of neutralising HeV have only been detected in flying foxes. Over 20% of flying foxes in eastern Australia have been identified as being seropositive. Additionally six species of flying foxes in Papua New Guinea have tested positive for antibodies to HeV. In 1996 a virus from the family Paramyxoviridae was isolated from the uterine fluid of a female flying fox. Sequencing of 10000 of the 18000 base pairs (bp) has shown that the sequence is identical to the HeV sequence. As part of investigations into HeV, a virus was isolated from a juvenile flying fox which presented with neurological signs in 1996. This virus was characterised as belonging to the family Rhabdoviridae, and was named ABL. Since then four flying fox species and one insectivorous species have tested positive for ABL. The third virus to be detected in flying foxes is Menangle virus, belonging to the family Paramyxoviridae. This virus was responsible for a zoonotic disease affecting pigs and humans in New South Wales in 1997. Antibodies capable of neutralising Menangle virus, were detected in flying foxes.,��https://www.ncbi.nlm.nih.gov/pubmed/10501164}��Halpin, K
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Zoonoses���MayV��Eleven abattoir workers in Singapore were infected in March 1999 by an outbreak caused by the Nipah virus. This newly discovered, Hendra-like paramyxovirus causes acute infection of the CNS. We present the magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (MRS) findings in a patient suffering from acute meningoencephalitis. Multiple small white matter lesions were detected on diffusion-weighted imaging (DWI) and T2-weighted images. There were no abnormalities detected on MRS. We believe this to be the first reported MRI findings in this novel zoonotic viral disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10489496���Lim, C C
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Respirovirus Infections/*pathology���Sep¥��A novel Hendra-like paramyxovirus named Nipah virus (NiV) was the cause of an outbreak among workers from one abattoir who had contact with pigs. Two patients had only respiratory symptoms, while 9 patients had encephalitis, 7 of whom are described in this report. Neurological involvement was diverse and multifocal, including aseptic meningitis, diffuse encephalitis, and focal brainstem involvement. Cerebellar signs were relatively common. Magnetic resonance imaging scans of the brain showed scattered lesions. IgM antibodies against Hendra virus (HeV) were present in the serum of all patients. Two patients recovered completely. Five had residual deficits 8 weeks later.,��https://www.ncbi.nlm.nih.gov/pubmed/10482278���Lee, K E
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*Ventilator Weaning/methods���Summerw��In this review, traditional weaning parameters, integrative indexes, and experimental methods of predicting weaning outcomes have been reviewed. All have limitations; however, judicious application of these parameters may guide clinical decisions regarding timing of weaning trials. Of the parameters reviewed, the RSBI has several advantages and may identify patients who are candidates for weaning. Likewise, application of tools such as the daily screen or implementation of multidisciplinary weaning teams may assist clinicians in weaning patients earlier in their ICU course. Most patients will be successfully extubated after a single SBT, and weaning methods that focus on sequential decrements in ventilator support appear to needlessly prolong ventilation. However, for patients who fail, identification of potential causes of continued ventilator dependence should focus on the various pathophysiological causes outlined. Although a number of patients will require prolonged ventilator support beyond the critical care setting, the growing experience with this population demonstrates that a large percentage have favorable outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/10445177b��Hendra, K P
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Viral Proteins/genetics���Jun 5»��A cytopathic infectious agent was isolated from the kidneys of an apparently healthy tree shrew (Tupaia belangeri) that had been captured in the area around Bangkok. The infectivity was propagated in Tupaia fibroblast and kidney cell cultures. Paramyxovirus-like pleomorphic enveloped particles and helical nucleocapsids were observed by electron microscopy and accordingly the infectious agent was termed Tupaia paramyxovirus (TPMV). However, no serological cross-reactions were detected between TPMV and known paramyxoviruses. For the molecular characterization of TPMV an experimental strategy that allows the random-primed synthesis of relatively large cDNA molecules from viral genomic RNA was applied. Nucleotide sequence analysis of a TPMV-specific cDNA fragment (1544 bp) revealed two nonoverlapping partial open reading frames corresponding to paramyxoviral N and P transcription units. Using modified rapid amplification of cDNA ends techniques, a substantial contiguous portion of the viral genome (4065 nt) was elucidated including the complete N and P/V/C genes. The coding strategy of TPMV as well as significant amino acid sequence homologies clearly indicates an evolutionary relationship between TPMV and members of the genus Morbillivirus. Highest homologies were detected between TPMV and Hendra virus (equine morbillivirus), which recently emerged in Australia, causing outbreaks of fatal respiratory and neurological disease in horses and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10366580¥��Tidona, C A
Kurz, H W
Gelderblom, H R
Darai, G
eng
Research Support, Non-U.S. Gov't
1999/06/15 00:00
Virology. 1999 Jun 5;258(2):425-34. doi: 10.1006/viro.1999.9693.%��0042-6822 (Print)
0042-6822 (Linking)���10366580���Institut fur Medizinische Virologie, Universitat Heidelberg, Im Neuenheimer Feld 324, Heidelberg, D-69120, Federal Republic of Germany.���10.1006/viro.1999.9693��Ï��üÒ|ÿÿ?v���(��Centers for Disease, Control
Prevention,���1999=��Update: outbreak of Nipah virus--Malaysia and Singapore, 1999���335-7���MMWR Morb Mortal Wkly Rep���48���16@��Abattoirs
Animal Husbandry
Animals
*Disease Outbreaks
Encephalitis, Viral/*epidemiology/etiology
Fever
Humans
Malaysia/epidemiology
Occupational Exposure
Respirovirus/*isolation & purification
Respirovirus Infections/*epidemiology/transmission/veterinary
Singapore/epidemiology
Swine
Swine Diseases/transmission/virology���Apr 30!��During March 1999, health officials in Malaysia and Singapore, in collaboration with Australian researchers and CDC, investigated reports of febrile encephalitic and respiratory illnesses among workers who had exposure to pigs. A previously unrecognized paramyxovirus (formerly known as Hendra-like virus), now called Nipah virus, was implicated by laboratory testing in many of these cases. Febrile encephalitis continues to be reported in Malaysia but has decreased coincident with mass culling of pigs in outbreak areas. No new cases of febrile illness associated with Nipah virus infection have been identified in Singapore since March 19, 1999, when abattoirs were closed. This report summarizes interim findings from ongoing epidemiologic and laboratory investigations in Malaysia and Singapore.,��https://www.ncbi.nlm.nih.gov/pubmed/10366143O��(CDC)
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Swine Diseases/transmission���Apr 9���During September 29, 1998-April 4, 1999, 229 cases of febrile encephalitis (111 [48%] fatal) were reported to the Malaysian Ministry of Health (MOH). During March 13-19, 1999, nine cases of similar encephalitic illnesses (one fatal) and two cases of respiratory illness occurred among abattoir workers in Singapore. Tissue culture isolation identified a previously unknown infectious agent from ill patients. This report summarizes the preliminary epidemiologic and laboratory investigations of these cases, which indicate that a previously unrecognized paramyxovirus related to, but distinct from, the Australian Hendra virus is associated with this outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/10227800[��(CDC)
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Vero Cells���Dec1��OBJECTIVE: To determine the infectivity and transmissibility of Hendra virus (HeV). DESIGN: A disease transmission study using fruit bats, horses and cats. PROCEDURE: Eight grey-headed fruit bats (Pteropus poliocephalus) were inoculated and housed in contact with three uninfected bats and two uninfected horses. In a second experiment, four horses were inoculated by subcutaneous injection and intranasal inoculation and housed in contact with three uninfected horses and six uninfected cats. In a third experiment, 12 cats were inoculated and housed in contact with three uninfected horses. Two surviving horses were inoculated at the conclusion of the third experiment: the first orally and the second by nasal swabbing. All animals were necropsied and examined by gross and microscopic pathological methods, immunoperoxidase to detect viral antigen in formalin-fixed tissues, virus isolation was attempted on tissues and SNT and ELISA methods were used to detect HeV-specific antibody. RESULTS: Clinical disease was not observed in the fruit bats, although six of eight inoculated bats developed antibody against HeV, and two of six developed vascular lesions which contained viral antigen. The in-contact bats and horses did not seroconvert. Three of four horses that were inoculated developed acute disease, but in-contact horses and cats were not infected. In the third experiment, one of three in-contact horses contracted disease. At the time of necropsy, high titres of HeV were detected in the kidneys of six acutely infected horses, in the urine of four horses and the mouth of two, but not in the nasal cavities or tracheas. CONCLUSIONS: Grey-headed fruit bats seroconvert and develop subclinical disease when inoculated with HeV. Horses can be infected by oronasal routes and can excrete HeV in urine and saliva. It is possible to transmit HeV from cats to horses. Transmission from P poliocephalus to horses could not be proven and neither could transmission from horses to horses or horses to cats. Under the experimental conditions of the study the virus is not highly contagious.+��https://www.ncbi.nlm.nih.gov/pubmed/9972433½��Williamson, M M
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Viral Envelope Proteins���Nov 25���The complete nucleotide sequence of the attachment protein gene of Hendra virus, a new member of the subfamily Paramyxovirinae, has been determined from cDNA clones derived from viral genomic RNA. The deduced mRNA is 2565 nucleotides long with one open reading frame encoding a protein of 604 amino acids, which is similar in size to the attachment protein of the members of the subfamily. However, the mRNA transcript is >600 nucleotides longer than others in the subfamily due to the presence of long untranslated regions at both the 5' and 3' ends. The protein is designated G because it lacks both hemagglutination and neuraminidase activities. It contains a hydrophobic transmembrane domain close to the N terminus, eight potential N-linked glycosylation sites, and 18 cysteine residues. Although the HeV G protein had low sequence homology with Paramyxovirinae members, the predicted folding pattern of its extracellular globular head was very similar to that of members of the genus Paramyxovirus, with the location of seven potential pairs of sulfide bonds absolutely conserved. On the other hand, among the seven residues known to be critical for neuraminidase activity, only one was conserved in the Hendra virus G protein compared with at least six in HN proteins of paramyxoviruses and rubulaviruses and four in H proteins of morbilliviruses. The biological significance of this finding is discussed.+��https://www.ncbi.nlm.nih.gov/pubmed/9837786¾��Yu, M
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*Viral Proteins���Jul���The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3' untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58.5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.+��https://www.ncbi.nlm.nih.gov/pubmed/9680142Ø��Yu, M
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Sensitivity and Specificity
Spectrum Analysis, Raman/*standards���Nov���The reliability with which an external reference sample can be used to standardise the intensities of Raman scattering spectra is assessed. By comparing the ratios of single band intensities of Raman scatter in a two component liquid mixture with those between the mixture and an external standard it is shown that the latter is more than adequate for most quantitative Raman analysis. Coefficients of variance in repeated experiments on the same sample are approximately 1%, when comparing single band heights on spectra recorded with modest laser powers over 2 min. When using the whole spectrum, these coefficients are significantly lower.+��https://www.ncbi.nlm.nih.gov/pubmed/9477577���Paepe, A T
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Tablets���Nov]��It is customary to rotate samples in Raman spectroscopy to avoid absorption or sample heating. In FT-Raman experiments the rotation is always shown (typically 30-60 rpm) because higher speeds are thought to generate noise in the spectra. In this article we show that more rapid rotation is possible. A tablet containing maleic acid and one made up of sub-millimetre silica particles with metoprolol succinate as active ingredient were rotated at different speeds, up to 6760 rpm. The FT-Raman spectra were recorded and studied. We conclude that it is perfectly acceptable to rotate samples up to 1500 rpm.+��https://www.ncbi.nlm.nih.gov/pubmed/9477576²��De Paepe, A T
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The study described here does not address whether the olfactory route is the ONLY entry route used by Nipah virus in the hamster model. In contrast, the olfactory bulbs of nine deceased patients did not show histopathology9 implying that the olfactory route might not have been the route of Nipah virus entry into the brain in these cases. 

This is partly supported by the recently established African green monkey model of Nipah virus infection using intratracheal inoculation21. Consistent detection of viral RNA in the plasma of the animals suggested the potential for the hematogenous route for CNS entry21.����������������l�����)=¬ÿÿÿÿÿÿÿÿlarger and smaller, respectively, than are cognate proteins in members of the subfamily, and the V protein is made as a result of a single G insertion during transcription. The P/V/C gene has two unique features. (i) A fourth open reading frame is located between those of the C and V proteins and potentially encodes a small basic protein similar to those found in some members of the Rhabdoviridae and Filoviridae families. (ii) There is also a long untranslated 3' sequence, a feature common in Filoviridae members. Sequence comparisons confirm that although the virus is a member of the Paramyxovirinae subfamily, it displays only low levels of homology with paramyxoviruses and morbilliviruses and negligible homologies with rubulaviruses.+��https://www.ncbi.nlm.nih.gov/pubmed/9445051¤��Wang, L F
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Stents/*adverse effects���SepÁ��Self-expanding metallic stents (SEMSs) are used to palliate malignant esophageal strictures. We describe a patient who had an extensive mediastinal tumor for which he was receiving irradiation therapy; chest pain, hemoptysis, and recurrent Gram-negative pneumonia developed in this patient after stent placement. Fiberoptic bronchoscopy revealed protrusion of the SEMS into the tracheobronchial tree, a novel complication for this new type of stent.+��https://www.ncbi.nlm.nih.gov/pubmed/8797444Z��Hendra, K P
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Rosman, A.���1995ª��Rural communities in nutritional transition: emergence of obesity, hypertension and hypercholesterolemia as public health problems in three kampungs in Bagan Datoh, Perak���129-39
��Malays J Nutr���1���2���Sepý��This paper highlights the marked presence of nutritional disorders in a sample (190 males, 237 females, aged 18-80 years) obtained from the adult population in three kampungs i.e. Pasang Api, Sungai Nipah Baroh and Sungai Balai Darat, in the Mukim of Bagan Datoh, Perak in 1992. All subjects (except pregnant females) were measured for blood pressure, weight, height, waist circumference, and hip circumference from which the body mass index (BMI) and waist-hip ratios (WHR) were calculated. A random blood sample was obtained by finger-prick from each subject and analysed for total cholesterol (TC) and glucose, using the Reflotron compact analyser. Elevated means for BMI and WHR indicated that obesity (BMI >/=30.0) was a serious public health problem in these three kampungs, affecting about 5% of males and 14% of females. Another 24% of males and 46% of females had an overweight problem (BMI 25.0-29.9), indicating that on the average, about half the adult population in these kampungs were either overweight or obese. This contrasted with the situation a decade ago in similar-type kampungs in the Peninsula where underweight was the major nutritional disorder in adults, especially males. Overall, there was a shift of an underweight problem to one of overweight, as exemplified by increments of 2.0 to 3.0 BMI units in the adult population, with the phenomenon being more marked in the females. Hypertension (21%) and hyperglycaemia (6.5%) affected the males and females approximately equally. Female adults had higher mean plasma TC compared to males (204 versus 199 mg/dl); these means were some 20 mg/dl (0.52 mmol/L) higher than the corresponding means for adults in similar rural communitites in the early eighties, and approximate the corresponding means for present-day urban adults. The above findings serve to emphasise the nutritional transition undergoing in the rural communities in the Peninsula, viz, the marked emergence in these rural communities of nutritional disorders normally associated with affluent populations.,��https://www.ncbi.nlm.nih.gov/pubmed/22692058`��Ng, T K Jr
Tee, E S
Rosman, A
eng
Malaysia
1995/09/01 00:00
Malays J Nutr. 1995 Sep;1(2):129-39.%��1394-035X (Print)
1394-035X (Linking)���22692058P��Division of Human Nutrition, Institute for Medical Research, 50588 Kuala Lumpur.�
n��üÒ|ÿþ?�������Selvey, L. A.
Wells, R. M.
McCormack, J. G.
Ansford, A. J.
Murray, K.
Rogers, R. J.
Lavercombe, P. S.
Selleck, P.
Sheridan, J. W.���1995A��Infection of humans and horses by a newly described morbillivirus���642-5
��Med J Aust���162���12{��Adult
Animals
Disease Outbreaks/*veterinary
Fatal Outcome
Horse Diseases/epidemiology/*virology
Horses
Humans
Lung/pathology/virology
Male
Middle Aged
Morbillivirus/classification/*isolation & purification
Morbillivirus Infections/epidemiology/veterinary/*virology
Queensland/epidemiology
Respiratory Tract Infections/veterinary/virology
Seroepidemiologic Studies
Serologic Tests���Jun 19���OBJECTIVE: To describe the clinical and epidemiological features of an outbreak of a viral infection affecting humans and horses. SETTING: Stables in Hendra, a suburb of Brisbane. SUBJECTS: Affected horses and humans, and at-risk human contacts. RESULTS: A pregnant mare died two days after arrival from a paddock elsewhere in Brisbane. Eight to 11 days later, illness (depression, anorexia, fever, dyspnoea, ataxia, tachycardia, tachypnoea and nasal discharge) was reported among 17 other horses from the same or an adjoining stable. Fourteen horses died or were put down. Five and six days after the index mare's death, a stable-hand and then a horse-trainer, both of whom had had close contact with the sick mare's mucous secretions, developed influenza-like illnesses. The stable-hand recovered but the trainer developed pneumonitis, respiratory failure, renal failure and arterial thrombosis, and died from a cardiac arrest seven days after admission to hospital. A morbillivirus cultured from his kidney was identical to one isolated from the lungs of five affected horses. The two affected humans and eight other horses were seropositive for the infection, which was reproduced in healthy horses following challenge by spleen/lung homogenates from infected horses. There was no serological evidence of infection in 157 humans who had had contact with the stables or the sick horses or humans. CONCLUSIONS: A previously undescribed morbillivirus infected a probable 21 horses and two humans; one human and 14 horses died. That no further cases were detected among humans suggests that the virus was of low infectivity. The source of infection remains undetermined.+��https://www.ncbi.nlm.nih.gov/pubmed/7603375Ä��Selvey, L A
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Survivors���Dec 20
��There is increasing evidence that platelet thrombi play an important role in the pathogenesis of acute myocardial infarction (AMI). We compared "spontaneous" platelet aggregation in whole blood in 17 non-diabetic and 12 diabetic subjects on admission with AMI. There was no significant difference in the fall in platelet count between the two groups, expressed as platelets remaining (75.2 +/- 7.9% vs 77.3 +/- 6.9% at 10 min, 66.6 +/- 8.9% vs 68.5 +/- 6.3% at 20 min, 63.5 +/- 8.2% vs 64.9 +/- 6.7% at 30 min and 59.4 +/- 10.3% vs 61.3 +/- 7.6% at 60 min). The rate of "spontaneous" aggregation was increased in subjects with evidence of heart failure on admission compared to those without (59.9 +/- 7.9% vs 66.2 +/- 6.6% at 30 min [p = 0.05] and 55.4 +/- 9.6% vs 63.1 +/- 7.7% at 60 min [p = 0.04]). There was no correlation between the fall in platelet count and admission plasma glucose, glycated haemoglobin or peak aspartate amino-transferase. The subjects studied on admission with AMI had greater rates of "spontaneous" aggregation than 8 subjects studied between 6 and 12 months after acute myocardial infarction (75.9 +/- 7.4% vs 85.8 +/- 5.4% at 10 min; p = 0.001 and 64.3 +/- 7.5% vs 75.0 +/- 7.8% at 30 min; p = 0.006) and compared to normal controls (90.7 +/- 4.4% at 10 min; p < 0.001 and 83.4 +/- 6.5 at 30 min; p < 0.001). This study provides evidence of increased "spontaneous" platelet aggregation in subjects admitted with acute myocardial infarction but no difference between diabetic and non-diabetic subjects was observed.+��https://www.ncbi.nlm.nih.gov/pubmed/8165614���Gray, R P
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Spectrum Analysis, Raman���Dec���We analyzed binary mixtures of polymorphs A and B of chlorpropamide ((1-[4-chlorobenzenesulphonyl]-3-propyl urea)) by near-infrared Fourier transform Raman spectroscopy (FTRS). The individual polymorphs were prepared and characterized by differential scanning calorimetry (DSC), Fourier transform infrared (FT-IR) microscopy, and physical appearance. The FTR spectra of the two polymorphs showed distinct differences which result from "crystal splitting" effects. A series of 13 different mixtures of polymorph A and B was prepared by geometric mixing and their FTR spectra statistically analysed by factor analysis programming. Predictions of the A/B polymorphic composition of mixtures were made and compared with the theoretical values. The results demonstrate that FTRS combined with factor analysis programming may be successfully applied to the in situ monitoring of the A/B polymorphic nature of a chlorpropamide sample.+��https://www.ncbi.nlm.nih.gov/pubmed/8302765���Tudor, A M
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Obesity���June��An algorithm has been developed to provide predictable control of blood glucose for 48 h following acute myocardial infarction. In 29 diabetic patients intravenous infusion of soluble insulin was started upon admission to hospital and the rate adjusted hourly on the basis of bedside capillary glucose estimations. Insulin infusion rates related to glycaemia were higher in obese patients and those with severe cardiac failure. For all patients mean admission glucose levels were reduced from 18.3 +/- 5.9 mmol l-1 to 9.1 +/- 3.3 mmol l-1 at 4 h and to 8.8 +/- 2.5 mmol l-1 at 6 h. Mean glucose concentrations for 48 h after admission were 8.2 +/- 1.3 mmol l-1 for all patients. Admission glucose levels were slightly higher in patients with severe, compared to those without or mild, cardiac failure (P less than 0.1), but levels over the following 48 h were similar. Doubling insulin infusion rates before meals did not achieve tighter glycaemic control. Hypoglycaemia (glucose less than 3 mmol l-1) occurred on 11 occasions in six patients; only two episodes were symptomatic and only two episodes occurred when the insulin rates were doubled before meals. This algorithm produced tighter glycaemic control than previously published protocols, particularly in patients with severe cardiac failure. Hypoglycaemia is uncommon and the algorithm easy to administer by nursing staff.+��https://www.ncbi.nlm.nih.gov/pubmed/1425142���Hendra, T J
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Reference Values���Apr¿��Consistent abnormalities of agonist-induced platelet aggregation, in either whole blood or platelet rich plasma, have not been demonstrated in diabetic patients without microvascular disease. In the present study platelet aggregation in the absence of exogenous agonists ('spontaneous' aggregation) was compared between 22 non-diabetic subjects and 23 Type 1 diabetic patients with (n = 12) and without (n = 11) microvascular disease. 'Spontaneous' aggregation was determined by measuring the percentage fall in single platelet number in aliquots of whole blood shaken for 60 min. Diabetic patients without microvascular disease had fewer single platelets remaining (greater aggregation) than non-diabetic subjects at all time-points (69.7 +/- 6.6 vs 82.3 +/- 7.3% at 60 min p less than 0.001), but more platelets remaining than in diabetic patients with microvascular disease at all time-points (69.7 +/- 6.6 vs 61.0 +/- 7.8% at 60 min p less than 0.02). No significant correlations were observed between platelet aggregation and plasma glucose, blood cell counts, or glycated haemoglobin levels. The study suggests that platelet abnormalities antedate the appearance of microvascular disease in diabetic patients.+��https://www.ncbi.nlm.nih.gov/pubmed/1576806���Hendra, T J
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Tissue Plasminogen Activator/adverse effects/therapeutic use���Feb 15»��OBJECTIVES: To assess prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction and the incidence of side effects. DESIGN: Retrospective analysis of prescriptions during five months (first audit) followed by prospective analysis of uptake of treatment during five months after interventions in clinical management; prospective assessment of adverse events during thrombolytic treatment. SETTING: Coronary care unit of large district general hospital. PATIENTS: 110 patients aged greater than or equal to 65 with subsequently proved acute myocardial infarction admitted in first audit and 119 admitted in the second. MAIN OUTCOME MEASURES: Site of infarct, prescription of thrombolysis treatment, reasons for nonprescription, complications. RESULTS: Before intervention thrombolytic treatment was prescribed to 13/110 (12%) patients with subsequently confirmed myocardial infarction and after intervention to 55/119 (46%) patients (p less than 0.01). In the first audit no patients with angina received thrombolytic treatment whereas 13/79 (16%) were treated in the second audit. Increased prescription of thrombolytic treatment in the second audit was associated with significantly fewer exclusions owing to dyspepsia (p less than 0.05) and unstated or unsatisfactory reasons (p less than 0.01) Streptokinase infusions were completed uneventfully in 75% (48/64) and 77% (10/13) of patients with infarction and angina respectively. Side effects of treatment were more common in patients with inferior than with anterior infarcts (16/42 (30%) v 3/24 (13%), p less than 0.05). CONCLUSIONS: Low rates of prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction were identified and corrected. Streptokinase treatment was associated with transient arrhythmias or hypotension in about a third of these patients with infarcts, particularly those with electrocardiographic changes in inferior leads.+��https://www.ncbi.nlm.nih.gov/pubmed/1547391X��Hendra, T J
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Sulfasalazine/administration & dosage/analysis/*chemistry���Octµ��FT-Raman spectroscopy (FTRS) has been used to characterize microspheres produced from the pharmaceutical polymer Eudragit RS containing a range of concentrations of the drug sulfasalazine. While pure sulfasalazine produced an intense and complex Raman spectrum, the spectrum of drug-free Eudragit RS microspheres was considerably weaker in intensity and contained only a few prominent Raman scattering peaks. In spectra of the drug-polymer microspheres, peaks arising from the individual components could be identified. This enabled a quantitative analysis to be undertaken by calculating the ratio between the area of a sulfasalazine peak and the area of a Eudragit RS peak for each microsphere spectrum. A correlation was shown between the peak area ratio and the microsphere sulfasalazine content. FTRS was then applied to a series of microsphere samples which had been dissoluted into pH 7 buffer for 1, 3, 6, 9, 12, or 24 hr. For each spectrum, the drug-polymer peak area ratio was determined and this in turn enabled calculation of the residual drug content of the microsphere sample. FTRS-calculated data showed good agreement with microsphere drug content values determined spectrophotometrically.+��https://www.ncbi.nlm.nih.gov/pubmed/1686649¤��Watts, P J
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Prognosis
beta-Thromboglobulin/analysis���Aug½��STUDY OBJECTIVE: The aim was to compare platelet function in diabetic and non-diabetic survivors of acute myocardial infarction and to relate it to an index of free radical activity in these patients. DESIGN: In vivo and in vitro indices of platelet function and diene conjugate molar ratios were measured in diabetic and non-diabetic infarct survivors on admission to hospital and sequentially for 72 h. PATIENTS: The patients were 17 diabetics (age 61.9 years, range 32-74) and 12 non-diabetics (60.8 years, range 39-75) admitted to hospital with acute myocardial infarction confirmed according to WHO criteria. MEASUREMENTS AND MAIN RESULTS: Agonist induced platelet aggregation, beta thromboglobulin levels, and linoleic acid 18:2(9,11)/18:2(9,12) molar ratios did not differ between diabetic and non-diabetic patients on admission. Concentrations of adrenaline producing 50% maximum platelet aggregation (EC50) in whole blood on admission were lower than non-infarct controls in both patient groups. The EC50 values in platelet rich plasma in both groups fell during the 72 h following admission (increases in platelet sensitivity). beta Thromboglobulin concentrations fell following admission in the diabetic group. Diene conjugate molar ratios were higher at 12 h and 24 h compared to admission in diabetic patients. Increases in diene conjugate ratios between admission and 24 h correlated with peak aspartate transaminase levels in both patient groups. No correlations were observed between platelet aggregation, beta thromboglobulin levels, or diene conjugate molar ratios. CONCLUSIONS: During 72 h following myocardial infarction there is a reduction in platelet activation in vivo and an increase in platelet sensitivity to exogenous agonists in vitro. Free radical generated isomers of linoleic acid increase in relation to infarct size, but are unrelated to platelet function. There were no differences in platelet function between diabetic and non-diabetic subjects.+��https://www.ncbi.nlm.nih.gov/pubmed/1833060©��Hendra, T J
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Triglycerides/blood���Sepj��Standard radioimmunoassay for insulin may substantially overestimate levels of insulin because of cross-reaction with other insulin-like molecules. We have measured concentrations of insulin, intact proinsulin and 32-33 split proinsulin using two-site monoclonal antibody based immunoradiometric assays, and of insulin by a standard radioimmunoassay ("immunoreactive insulin") in 51 Type 2 (non-insulin-dependent) diabetic subjects in the fasting state. The relationships of these concentrations were sought with those of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride, plasminogen activator inhibitor, blood pressure, and indices of body fat distribution. Significant relationships were apparent between concentrations of "immunoreactive insulin" as measured by standard radioimmunoassay and triglyceride (rs = 0.42, p less than 0.001), total cholesterol (rs = 0.25, p = 0.038), high density lipoprotein cholesterol (rs = -0.30, p = 0.018) and body mass index (rs = 0.30, p = 0.017), but only the relationships with triglyceride (rs = 0.36, p = 0.006) and body mass index (rs = 0.26, p = 0.34) remained significant when concentrations of immunoradiometrically measured insulin were employed. Concentrations of 32-33 split proinsulin, which comprises the major insulin-like molecule in these subjects, correlated positively with triglyceride (rs = 0.33, p = 0.009), total cholesterol (rs = 0.23, p = 0.050), and plasminogen activator inhibitor (rs = 0.26, p = 0.049), and negatively with high density lipoprotein cholesterol (rs = -0.29, p = 0.021).(ABSTRACT TRUNCATED AT 250 WORDS)+��https://www.ncbi.nlm.nih.gov/pubmed/2253829Ü��Nagi, D K
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Triglycerides/blood���Aug§��The aim of this study was to evaluate the effects of a fish oil preparation (MaxEPA) on hemostatic function and fasting lipid and glucose levels in non-insulin-dependent diabetic (NIDDM) subjects. Eighty NIDDM outpatients aged 55.9 yr (mean SD 11.5 yr) participated in a prospective double-blind placebo-controlled study of MaxEPA capsules (10 g/day) or olive oil (control) treatment over 6 wk. Patients received either MaxEPA or olive oil in addition to preexisting therapy. Metabolic and hemostatic variables were measured before treatment and after 3 and 6 wk. Platelet membrane eicosapentaenoic acid (EPA) content increased in the treatment group (P less than 0.001). MaxEPA supplementation was associated with a significant fall in total triglycerides (P less than 0.001) but did not affect total cholesterol (P = 0.7) compared with control treatment. Fasting plasma glucose increased after 3 wk (P = 0.01) but not after 6 wk (P = 0.17) treatment with MaxEPA. Spontaneous platelet aggregation in whole blood fell in the MaxEPA group (P less than 0.02) after 6 wk, but there were no changes in agonist-induced platelet aggregation, thromboxane generation in platelet-rich plasma, or plasma beta-thromboglobulin and platelet factor IV levels. An increase in clotting factor VII (P = 0.02), without changes in fibrinogen or factor X levels, occurred in the MaxEPA group. Similar reductions in blood pressure were observed in both groups. Dietary supplementation with MaxEPA capsules (10 g/day) in NIDDM subjects is associated with improvement in hypertriglyceridemia but with deleterious effects in factor VII and blood glucose levels. Most indices of platelet function are unaffected by this therapy.+��https://www.ncbi.nlm.nih.gov/pubmed/2209315ê��Hendra, T J
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Vasodilator Agents/*pharmacology���Jul#��1. Dopexamine is a novel analogue of dopamine which is free of alpha-adrenoceptor activity and is of therapeutic value in chronic heart failure. The effects of dopexamine on the in vitro function of platelets from 10 healthy subjects at rest, after exercise and after in vitro addition of adrenaline and noradrenaline were investigated. 2. Dopexamine in a wide range of concentrations (10(-9)M-10(-3)M) did not appear to function as an agonist on platelets either in whole blood or in PRP preparations. 3. Dopexamine caused a dose-dependent inhibition of agonist-induced platelet aggregation in both whole blood and PRP. The inhibitory effect of dopexamine was significantly greater in PRP than in whole blood, and significantly greater to adrenaline than to collagen or ADP as agonists in whole blood. 4. After exercise or after in vitro addition of adrenaline and noradrenaline at concentrations commonly seen in myocardial infarction, dopexamine produced similar levels of inhibition seen with platelets from resting subjects. 5. Dopexamine did not affect plasma catecholamine levels but caused an increase in intraplatelet noradrenaline levels. 6. This study suggests that dopexamine is unlikely adversely to affect the hyperaggregable state found in patients with cardiogenic shock after myocardial infarction.+��https://www.ncbi.nlm.nih.gov/pubmed/2390435���Wagaine-Twabwe, D
Hendra, T J
Smith, C C
Yudkin, J S
eng
Research Support, Non-U.S. Gov't
England
1990/07/01 00:00
Br J Clin Pharmacol. 1990 Jul;30(1):87-95.%��0306-5251 (Print)
0306-5251 (Linking)
��PMC1368279���2390435���Academic Unit of Diabetes and Endocrinology, University College and Middlesex School of Medicine, Whittington Hospital, London.����î��üß|ÿî?�������Hendra, T. J.
Yudkin, J. S.���1990B��Whole blood platelet aggregation based on cell counting procedures���57-66	��Platelets���1���2,��https://www.ncbi.nlm.nih.gov/pubmed/21043934p��Hendra, T J
Yudkin, J S
eng
England
1990/01/01 00:00
Platelets. 1990;1(2):57-66. doi: 10.3109/09537109009005464.%��0953-7104 (Print)
0953-7104 (Linking)���21043934i��Research Fellow, Senior Registrar in Medicine, Derriford Hospital, Derriford Road, Plymouth, PL6 8HD, UK.���10.3109/09537109009005464����X��üÖ|ÿþ?����M��Tudor, A. M.
Melia, C. D.
Binns, J. S.
Hendra, P. J.
Church, S.
Davies, M. C.���1990k��The application of Fourier-transform Raman spectroscopy to the analysis of pharmaceuticals and biomaterials���717-20���J Pharm Biomed Anal���8���8-12õ��Anhydrides/analysis
Biocompatible Materials/*analysis
Ephedrine/analysis
Excipients
Fourier Analysis
Norepinephrine/analysis
Pharmaceutical Preparations/*analysis
Phenylephrine/analysis
Polymers
Spectrum Analysis, Raman
Sympathomimetics/analysis���Near infrared Fourier-transform (FT) Raman spectroscopy is shown to be a useful spectroscopic tool for the molecular structural analysis of drugs and biomedical polymers. The technique has been applied to the non-invasive investigation of the hydrolytic degradation of a biodegradable polymer in water over a period of 15 days and to the analysis of a drug within a polymer vehicle over a wide drug concentration range. This work demonstrates the potential value of FT Raman spectroscopy in the field of pharmaceutical science.+��https://www.ncbi.nlm.nih.gov/pubmed/2100613ª��Tudor, A M
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Risk Factors���Mar¢��Moderate (greater than 20 units) and high (greater than 80 units) IgG anticardiolipin antibody (aCL) titres are strongly predictive for recurrent thrombosis and early myocardial infarction in non-diabetic subjects. We have tested the hypothesis that the excess risk of myocardial infarction in diabetic subjects relates to the presence of aCL by measuring the frequency and titre of aCL in two groups of diabetic subjects and in 2500 healthy controls. One non-diabetic subject (0.04%) had low (5-20 units) IgG aCL titres. Seven out of 126 diabetics without cardiovascular disease (5.6%) and 9 out of 79 diabetics who were either myocardial infarction survivors or who had angiographically-proven coronary artery disease (11.4%) had low aCL titres (P less than 0.01 for comparison of either diabetic group with controls, and P less than 0.1 for comparison between diabetic groups). One subject in each diabetic group, but no non-diabetics, had moderate IgM aCL titres. No subjects had high aCL titres. Diabetics have an increased frequency of low aCL titres which may relate to macrovascular disease. Macrovascular disease in diabetics is not associated with moderate or high aCL titres.+��https://www.ncbi.nlm.nih.gov/pubmed/2813232���Hendra, T J
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Stress, Physiological/blood���Dec 1R��Studies have been performed to assess the effect of exercise on spontaneous platelet aggregation in shaken whole blood, and on agonist-induced platelet aggregation in whole blood and platelet rich plasma (PRP). Spontaneous platelet aggregation in shaken whole blood was increased following exercise compared to pre-exercise values. The increase in spontaneous aggregation after exercise correlated inversely with the increase in white cell count in whole blood. Platelet sensitivity in whole blood to adrenaline, collagen and adenosine diphosphate (ADP) was increased following exercise. Changes in platelet sensitivity to adrenaline following exercise correlated with increases in plasma noradrenaline levels but not with changes in blood cell counts. In PRP, platelet sensitivity to ADP and to collagen was increased following exercise when the pre and post-exercise PRP platelet counts were not corrected to allow for the increase in platelet count which occurred with exercise. When the PRP platelet counts were corrected, no changes in platelet sensitivity to any agonist after exercise were observed.+��https://www.ncbi.nlm.nih.gov/pubmed/3222784���Hendra, T J
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beta-Thromboglobulin/analysis���Jul(��The effect of 24 hours and 7 days treatment with nisoldipine (10 mg, twice daily) on platelet function was studied in 12 normotensive volunteers of whom six were insulin-dependent diabetics without clinical evidence of vascular complications. Platelet aggregation was assessed by platelet rich plasma (PRP) and whole blood (WB) techniques. In addition, the effect of nisoldipine on platelet hyperaggregability following exercise was assessed. After taking nisoldipine for 24 hours, in vitro platelet hypersensitivity to adenosine diphosphate was observed in PRP (p less than 0.01) and WB (p less than 0.01), to adrenaline in WB (p less than 0.03), and to collagen in PRP (p less than 0.02). After seven days treatment, platelet sensitivities to all agonists at rest in both PRP and WB showed no differences from pre-treatment values. Exercise-induced platelet hypersensitivity in WB to all three agonists was unchanged after nisoldipine treatment. Plasma noradrenaline and adrenaline concentrations increased after 24 hours treatment, although changes in agonist EC50s at 24 hours were not related to changes in plasma catecholamine levels. No effects of nisoldipine were observed on platelet thromboxane B2 release in PRP, or on plasma beta-thromboglobulin levels. No differences in the effects of nisoldipine were observed between diabetic and non-diabetic subjects. Nisoldipine treatment for seven days is not associated with altered platelet function, but platelet hypersensitivity is observed after treatment for 24 hours in both insulin-dependent diabetics and controls.+��https://www.ncbi.nlm.nih.gov/pubmed/2976336É��Hendra, T J
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beta-Thromboglobulin/analysis���Jul-Augk��There are conflicting reports of platelet function abnormalities in diabetic patients without vascular complications. We have studied in vitro platelet aggregation, using platelet rich plasma and whole blood techniques, in 18 patients with uncomplicated insulin-dependent diabetes and a matched group of 24 non-diabetic subjects. In addition we measured plasma beta-thromboglobulin levels in these groups, as an index of in vivo platelet activation, and compared the indices of in vitro and in vivo platelet function before and after maximal bicycle exercise. Before exercise plasma beta-thromboglobulin levels and platelet sensitivities to ADP, collagen or adrenaline, as assessed by both methods of platelet aggregation, were the same in diabetic and control subjects. Both groups showed similar increases in beta-thromboglobulin levels and in platelet sensitivity to all agonists in whole blood following exercise. Using platelet rich plasma there were no changes in platelet sensitivity in either group after exercise. In non-diabetic subjects, increases in noradrenaline levels after exercise correlated with increases in platelet sensitivity to adrenaline in whole blood. This was not observed in the diabetic group. Abnormalities of platelet function, using the techniques described here, are not present in diabetic patients who do not have clinical evidence of vascular disease.+��https://www.ncbi.nlm.nih.gov/pubmed/2970923¡��Hendra, T J
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Reference Values���May 19Ü��Mean platelet volume, platelet count and an estimate of platelet volume distribution were studied following acute myocardial infarction in 59 diabetics and 88 non-diabetics and were compared with values in 100 non-diabetic and 50 diabetic non-infarct subjects. In the non-diabetics mean platelet volume and platelet distribution width were similar in the non-infarcted patients and in the infarcted patients without severe cardiac failure. All diabetics with myocardial infarction had larger mean platelet volumes and platelet distribution width than the diabetic non-infarct controls. All myocardial infarction patients with severe cardiac failure had larger platelet volumes than patients with mild or no failure. Increased mean platelet volume may reflect either increased platelet activation or increased numbers of large, hyperaggregable platelets. Abnormalities of platelet function may contribute to the relatively poor prognosis of myocardial infarction in patients with diabetes.+��https://www.ncbi.nlm.nih.gov/pubmed/3402334£��Hendra, T J
Oswald, G A
Yudkin, J S
eng
Comparative Study
Research Support, Non-U.S. Gov't
Ireland
1988/05/19 00:00
Diabetes Res Clin Pract. 1988 May 19;5(1):63-9.%��0168-8227 (Print)
0168-8227 (Linking)���34023348��Department of Medicine, University College, London, U.K.��q�üÒtÿÿ?����G��Trembath, R. C.
Thomas, D. J.
Hendra, T. J.
Yudkin, J. S.
Galton, D. J.���1987���Deoxyribonucleic acid polymorphism of the apoprotein AI-CIII-AIV gene cluster and coronary heart disease in non-insulin-dependent diabetes���1577-8���Br Med J (Clin Res Ed)���294���6587Ù��Alleles
Apolipoproteins C/*genetics
Autoradiography
Coronary Disease/*genetics
DNA/*genetics
Diabetes Mellitus, Type 2/*genetics
Female
Gene Frequency
Genetic Markers
Humans
Male
Multigene Family
Polymorphism, Genetic���Jun 20P��The prevalence of an uncommon allelic variant (S2) of the apoprotein AI-CIII-AIV gene cluster was determined in non-insulin-dependent diabetics with or without evidence of coronary heart disease and in controls. Frequencies of the S2 allele were 14% for diabetics with coronary heart disease compared with 2% for non-diabetics with no clinical evidence of occlusive vascular disease. No subject with the S2 allele was detected among a further group of matched diabetics without clinical features of macrovascular disease. The results suggest that a genetic component contributes to the susceptibility to coronary heart disease in non-insulin-dependent diabetics. Whether the observed deoxyribonucleic acid variant is aetiological for atherosclerosis or in linkage disequilibrium with other atherogenic loci on chromosome 11 remains to be clarified.+��https://www.ncbi.nlm.nih.gov/pubmed/3113537±��Trembath, R C
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Terminology as Topic���Mar-AprH��Mobile X-ray generators vary widely in design, cost and radiographic performance and the new designs of recent years have led to the introduction of jargon. Such terms as 'capacitator discharge' and 'modicum frequency' can give rise to confusion regarding operating technique. This review classifies the mobiles into three distinct categories. Simple rules are presented to enable an operator to transfer exposure factors from one category to another, and an analysis of the relative merits of each category is provided. Part 1 provides a description of the categories available, a broad explanation of the principles involved and discusses the radiographic use. Throughout the text certain terms are given in italics when first used in that particular description and Part 2 gives full explanations of these terms in the context of Part 1.+��https://www.ncbi.nlm.nih.gov/pubmed/3991888u��Evans, S A
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Virus Release���Jan 20Ô	�UNLABELLED: Paramyxovirus particles are formed by a budding process coordinated by viral matrix (M) proteins. M proteins coalesce at sites underlying infected cell membranes and induce other viral components, including viral glycoproteins and viral ribonucleoprotein complexes (vRNPs), to assemble at these locations from which particles bud. M proteins interact with the nucleocapsid (NP or N) components of vRNPs, and these interactions enable production of infectious, genome-containing virions. For the paramyxoviruses parainfluenza virus 5 (PIV5) and mumps virus, M-NP interaction also contributes to efficient production of virus-like particles (VLPs) in transfected cells. A DLD sequence near the C-terminal end of PIV5 NP protein was previously found to be necessary for M-NP interaction and efficient VLP production. Here, we demonstrate that 15-residue-long, DLD-containing sequences derived from either the PIV5 or Nipah virus nucleocapsid protein C-terminal ends are sufficient to direct packaging of a foreign protein, Renilla luciferase, into budding VLPs. Mumps virus NP protein harbors DWD in place of the DLD sequence found in PIV5 NP protein, and consequently, PIV5 NP protein is incompatible with mumps virus M protein. A single amino acid change converting DLD to DWD within PIV5 NP protein induced compatibility between these proteins and allowed efficient production of mumps VLPs. Our data suggest a model in which paramyxoviruses share an overall common strategy for directing M-NP interactions but with important variations contained within DLD-like sequences that play key roles in defining M/NP protein compatibilities. IMPORTANCE: Paramyxoviruses are responsible for a wide range of diseases that affect both humans and animals. Paramyxovirus pathogens include measles virus, mumps virus, human respiratory syncytial virus, and the zoonotic paramyxoviruses Nipah virus and Hendra virus. Infectivity of paramyxovirus particles depends on matrix-nucleocapsid protein interactions which enable efficient packaging of encapsidated viral RNA genomes into budding virions. In this study, we have defined regions near the C-terminal ends of paramyxovirus nucleocapsid proteins that are important for matrix protein interaction and that are sufficient to direct a foreign protein into budding particles. These results advance our basic understanding of paramyxovirus genome packaging interactions and also have implications for the potential use of virus-like particles as protein delivery tools.,��https://www.ncbi.nlm.nih.gov/pubmed/26792745Ó��Ray, Greeshma
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*Virus Release���NovZ	�UNLABELLED: Paramyxoviruses and other negative-strand RNA viruses encode matrix proteins that coordinate the virus assembly process. The matrix proteins link the viral glycoproteins and the viral ribonucleoproteins at virus assembly sites and often recruit host machinery that facilitates the budding process. Using a co-affinity purification strategy, we have identified the beta subunit of the AP-3 adapter protein complex, AP3B1, as a binding partner for the M proteins of the zoonotic paramyxoviruses Nipah virus and Hendra virus. Binding function was localized to the serine-rich and acidic Hinge domain of AP3B1, and a 29-amino-acid Hinge-derived polypeptide was sufficient for M protein binding in coimmunoprecipitation assays. Virus-like particle (VLP) production assays were used to assess the relationship between AP3B1 binding and M protein function. We found that for both Nipah virus and Hendra virus, M protein expression in the absence of any other viral proteins led to the efficient production of VLPs in transfected cells, and this VLP production was potently inhibited upon overexpression of short M-binding polypeptides derived from the Hinge region of AP3B1. Both human and bat (Pteropus alecto) AP3B1-derived polypeptides were highly effective at inhibiting the production of VLPs. VLP production was also impaired through small interfering RNA (siRNA)-mediated depletion of AP3B1 from cells. These findings suggest that AP-3-directed trafficking processes are important for henipavirus particle production and identify a new host protein-virus protein binding interface that could become a useful target in future efforts to develop small molecule inhibitors to combat paramyxoviral infections. IMPORTANCE: Henipaviruses cause deadly infections in humans, with a mortality rate of about 40%. Hendra virus outbreaks in Australia, all involving horses and some involving transmission to humans, have been a continuing problem. Nipah virus caused a large outbreak in Malaysia in 1998, killing 109 people, and smaller outbreaks have since occurred in Bangladesh and India. In this study, we have defined, for the first time, host factors that interact with henipavirus M proteins and contribute to viral particle assembly. We have also defined a new host protein-viral protein binding interface that can potentially be targeted for the inhibition of paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25210190���Sun, Weina
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wild type���Dec 13���Paramyxoviruses represent a remarkably diverse family of enveloped nonsegmented negative-strand RNA viruses, some of which are the most ubiquitous disease-causing viruses of humans and animals. This review focuses on paramyxovirus activation of innate immune pathways, the mechanisms by which these RNA viruses counteract these pathways, and the innate response to paramyxovirus infection of dendritic cells (DC). Paramyxoviruses are potent activators of extracellular complement pathways, a first line of defense that viruses must face during natural infections. We discuss mechanisms by which these viruses activate and combat complement to delay neutralization. Once cells are infected, virus replication drives type I interferon (IFN) synthesis that has the potential to induce a large number of antiviral genes. Here we describe four approaches by which paramyxoviruses limit IFN induction: by limiting synthesis of IFN-inducing aberrant viral RNAs, through targeted inhibition of RNA sensors, by providing viral decoy substrates for cellular kinase complexes, and through direct blocking of the IFN promoter. In addition, paramyxoviruses have evolved diverse mechanisms to disrupt IFN signaling pathways. We describe three general mechanisms, including targeted proteolysis of signaling factors, sequestering cellular factors, and upregulation of cellular inhibitors. DC are exceptional cells with the capacity to generate adaptive immunity through the coupling of innate immune signals and T cell activation. We discuss the importance of innate responses in DC following paramyxovirus infection and their consequences for the ability to mount and maintain antiviral T cells.,��https://www.ncbi.nlm.nih.gov/pubmed/24056173m��Parks, Griffith D
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paramyxovirus���Jan 31â��To define the links between paramyxovirus budding and cellular ESCRT machinery, we previously identified angiomotin-like 1 (AMOTL1) in a screen for host factors that bind to the matrix (M) protein of parainfluenza virus 5 (PIV5). This protein harbors three L/PPXY sequences, allowing it to interact with WW domain containing proteins including NEDD4 family members. We hypothesize that paramyxoviruses use AMOTL1 as a linker to indirectly recruit the same NEDD4 ubiquitin ligases for budding that other enveloped viruses recruit directly through their PPXY late domains. In support of this hypothesis, we found that AMOTL1 could link together M proteins and NEDD4 family proteins in three-way co-IP experiments. Both PIV5 and mumps virus M proteins could be linked to the NEDD4 family proteins NEDD4-1, NEDD4L, and NEDL1, provided that AMOTL1 was co-expressed as a bridging protein. AMOT and AMOTL2 could not substitute for AMOTL1, as they lacked the ability to bind with paramyxovirus M proteins. Attachment of a PPXY late domain sequence to PIV5 M protein obviated the need for AMOTL1 as a linker between M and NEDD4 proteins. Together, these results suggest a novel host factor recruitment strategy for paramyxoviruses to achieve particle release.,��https://www.ncbi.nlm.nih.gov/pubmed/30708959ð��Ray, Greeshma
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*virus assembly���Jul 15���Hendra virus (HeV) is a zoonotic paramyxovirus that causes deadly illness in horses and humans. An intriguing feature of HeV is the utilization of endosomal protease for activation of the viral fusion protein (F). Here we investigated how endosomal F trafficking affects HeV assembly. We found that the HeV matrix (M) and F proteins each induced particle release when they were expressed alone but that their coexpression led to coordinated assembly of virus-like particles (VLPs) that were morphologically and physically distinct from M-only or F-only VLPs. Mutations to the F protein transmembrane domain or cytoplasmic tail that disrupted endocytic trafficking led to failure of F to function with M for VLP assembly. Wild-type F functioned normally for VLP assembly even when its cleavage was prevented with a cathepsin inhibitor, indicating that it is endocytic F trafficking t��9�LÍÝÿÿÿ?á��������2018+��Summary of Hendra virus incidents in horses���Business Queensland���20 Sep 2018���Queensland, Australia���Queensland Government���Web Page���https://www.business.qld.gov.au/industries/service-industries-professionals/service-industries/veterinary-surgeons/guidelines-hendra/incident-summary���������ü�F�Ó|ÿî?â������Arunkumar, G.
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��2018/10/27���Oct 26���Background: Nipah Virus (NiV) is a highly fatal emerging zoonotic virus with potential threat to global health security. Here we describe the characteristics of the NiV outbreak occurred in Kerala, India during May -June 2018. Methods: We used real-time RT PCR in throat swabs, blood, urine and CSF to detect NiV. Further, the viral genome was sequenced and subjected to phylogenetic analysis. We conducted an epidemiological investigation to describe the outbreak and to elucidate transmission dynamics. Results: During May 2 - 29, 2018, 23 cases were identified including the index case; 18 were lab-confirmed. This NiV was closer to the Bangladesh lineage. Median age of cases was 45; 15 (65%) were male. The median incubation period was 9.5 days (6 - 14 days). Of the 23 cases, 20 (87%) had respiratory symptoms. The case fatality rate (CFR) was 91%; two cases survived.. Risk factors for infection included close proximity (touching, feeding or nursing an NiV infected person) enabling exposure to droplet infection. The public health response included isolation of cases, contact tracing, and enforcing hospital infection control practices. Conclusion: This is the first recorded NiV outbreak in South India. Early laboratory confirmation and immediate public health response contained the outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/30364984·��Arunkumar, Govindakarnavar
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Zoonoses���Jan 11æ��BACKGROUND: In September, 1994, an outbreak of severe respiratory disease affected 18 horses, their trainer, and a stablehand in Queensland, Australia. Fourteen horses and one human being died. A novel virus was isolated from those affected and named equine morbillivirus (EMV). We report a case of encephalitis caused by this virus. FINDINGS: A 35-year-old man from Queensland had a brief aseptic meningitic illness in August, 1994, shortly after caring for two horses that died from EMV infection and then assisting at their necropsies. He then suffered severe encephalitis 13 months later, characterised by uncontrolled focal and generalised epileptic activity. Rising titres of neutralising antibodies to EMV in the patient's serum at the time of the second illness suggested an anamnestic response. Distinctive cortical changes were shown on magnetic resonance neuroimaging and histopathological examination of the brain at necropsy. Immunohistochemistry and electronmicroscopy of brain tissue revealed pathology characteristic of the earlier cases of EMV infection. PCR on cerebrospinal fluid tak��ð�������+ý@ÄýÛÿÿÿ?Ø�����@��Australian Pesticides and Veterinary Medicines Authority (APVMA)���2015R��Summary of adverse experience reports made to the APVMA about Hen�����|Òtÿî?Ö���&��Virtue, E. R.
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Vero Cells���Mar 1»��Bats are known to harbor a number of emerging and re-emerging zoonotic viruses, many of which are highly pathogenic in other mammals but result in no clinical symptoms in bats. The ability of bats to coexist with viruses may be the result of rapid control of viral replication early in the immune response. IFNs provide the first line of defense against viral infection in vertebrates. Type III IFNs (IFN-lambdas) are a recently identified IFN family that share similar antiviral activities with type I IFNs. To our knowledge, we demonstrate the first functional analysis of type III IFNs from any species of bat, with the investigation of two IFN-lambda genes from the pteropid bat, Pteropus alecto. Our results demonstrate that bat type III IFN has similar antiviral activity to type I and III IFNs from other mammals. In addition, the two bat type III IFNs are differentially induced relative to each other and to type I IFNs after treatment or transfection with synthetic dsRNA. Infection with the bat paramyxovirus, Tioman virus, resulted in no upregulation of type I IFN production in bat splenocytes but was capable of inducing a type III IFN response in three of the four bats tested. To our knowledge, this is the first report to describe the simultaneous suppression of type I IFN and induction of type III IFN after virus infection. These results ��ý�����+¯Ô. M.
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 subsequent viral budding. Two major glycoproteins expressed on the viral envelope, the attachment protein and the fusion protein, promote attachment of the virus to host cells and subsequent virus-cell membrane fusion. Incorporation of the surface glycoproteins into infectious progeny particles requires coordinated interplay between the three viral structural components, driven primarily by the matrix protein. In this review, we discuss recent progress in understanding the contributions of the matrix protein and glycoproteins in driving paramyxovirus assembly and budding while focusing on the viral protein interactions underlying this process and the intracellular trafficking pathways for targeting viral components to assembly sites. Differences in the mechanisms of particle production among the different family members will be highlighted throughout.,��https://www.ncbi.nlm.nih.gov/pubmed/25105277G��El Najjar, Farah
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Virus Release���Apr>��Ubiquitin is important for the budding of many retroviruses and other enveloped viruses, but the precise role of ubiquitin in virus budding remains unclear. Here, we characterized the ubiquitination of the matrix (M) protein of a paramyxovirus, parainfluenza virus 5 (PIV5). The PIV5 M protein (but not the PIV5 nucleocapsid protein) was found to be targeted for monoubiquitination in transfected mammalian cells. Major sites of ubiquitin attachment identified by mass spectrometry analysis were lysine residues at amino acid positions 79/80, 130, and 247. The cumulative mutation of lysine residues 79, 80, and 130 to arginines led to an altered pattern of M protein ubiquitination and impaired viruslike particle (VLP) production. However, the cumulative mutation of lysine residues 79, 80, 130, and 247 to arginines restored M protein ubiquitination and VLP production, suggesting that ubiquitin is attached to alternative sites on the M protein when the primary ones have been removed. Additional lysine residues were targeted for mutagenesis based on the UbiPred algorithm. An M protein with seven lysine residues changed to arginines exhibited altered ubiquitination and poor VLP production. A recombinant virus encoding an M protein with seven lysines mutated was generated, and this virus exhibited a 6-fold-reduced maximum titer, with the defect being attributed mainly to the budding of noninfectious particles. The recombinant virus was assembly deficient, as judged by the redistribution of viral M and hemagglutinin-neuraminidase proteins in infected cells. Similar assembly defects were observed for the wild-type (wt) virus after treatment with a proteasome inhibitor. Collectively, these findings suggest that the monoubiquitination of the PIV5 M protein is important for proper virus assembly and for the budding of infectious particles.,��https://www.ncbi.nlm.nih.gov/pubmed/222582498��Harrison, Megan S
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*Virus Assembly���Mar²��Paramyxovirus matrix (M) proteins organize virus assembly, linking viral glycoproteins and viral ribonucleoproteins together at virus assembly sites on cellular membranes. Using a yeast two-hybrid screening approach, we identified 14-3-3 as a binding partner for the M protein of parainfluenza virus 5 (PIV5). Binding in both transfected and PIV5-infected cells was confirmed by coimmunoprecipitation and was mapped to a C-terminal region within the M protein, namely, 366-KTKSLP-371. This sequence resembles known 14-3-3 binding sites, in which the key residue for binding is a phosphorylated serine residue. Mutation of S369 within the PIV5 M protein disrupted 14-3-3 binding and improved the budding of both virus-like particles (VLPs) and recombinant viruses, suggesting that 14-3-3 binding impairs virus budding. 14-3-3 protein overexpression reduced the budding of VLPs. Using (33)P l	�p�
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transendothelial migration���Nipah virus (NiV) can infect multiple organs in humans with the central nervous system (CNS) being the most severely affected. Currently, it is not fully understood how NiV spreads throughout the body. NiV has been shown to infect certain leukocyte populations and we hypothesized that these infected cells could cross the blood-brain barrier (BBB), facilitating NiV entry into the CNS. Here, three leukocyte types, primary immature dendritic cells (iDC), primary monocytes (pMO), and monocytic cell line (THP-1), were evaluated for permissiveness to NiV. We found only iDC and THP-1 were permissive to NiV. Transendothelial migration of mock-infected and NiV-infected leukocytes was then evaluated using an in vitro BBB model established with human brain microvascular endothelial cells (HBMEC). There was approximately a threefold increase in migration of NiV-infected iDC across endothelial monolayer when compared to mock-infected iDC. In contrast, migration rates for pMO and THP-1 did not change upon NiV infection. Across TNF-alpha-treated endothelial monolayer, there was significant increase of almost twofold in migration of NiV-infected iDC and THP-1 over mock-infected cells. Immunofluorescence analysis showed the migrated NiV-infected leukocytes retained their ability to infect other cells. This study demonstrates for the first time that active NiV infection of iDC and THP-1 increased their transendothelial migration activity across HBMEC and activation of HBMEC by TNF-alpha further promoted migration. The findings suggest that NiV infection of leukocytes to disseminate the virus via the "Trojan horse" mechanism is a viable route of entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/30483242À��Tiong, Vunjia
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Respiratory Tract Infections/etiology/genetics/immunology/virology���Nov9��Nipah virus (NiV) infection can lead to severe respiratory or neurological disease in humans. Transmission of NiV has been shown to occur through contact with virus contaminated fomites or consumption of contaminated food. Previous results using the African green monkey (AGM) model of NiV infection identified aspects of infection that, while similar to humans, don't fully recapitulate disease. Previous studies also demonstrate near uniform lethality that is not consistent with human NiV infection. In these studies, aerosol exposure using an intermediate particle size (7mum) was used to mimic potential human exposure by facilitating virus deposition in the upper respiratory tract. Computed tomography evaluation found some animals developed pulmonary parenchymal disease including consolidations, ground-glass opacities, and reactive adenopathy. Despite the lack of neurological signs, magnetic resonance imaging identified distinct brain lesions in three animals, similar to those previously reported in NiV-infected patients. Immunological characterization of tissues collected at necropsy suggested a local pulmonary inflammatory response with increased levels of macrophages in the lung, but a limited neurologic response. These data provide the first clear evidence of neurological involvement in the AGM that recapitulates human disease. With the development of a disease model that is more representative of human disease, these data suggest that NiV infection in the AGM may be appropriate for evaluating therapeutic countermeasures directed at virus-induced neuropathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/30462637Ú��Hammoud, Dima A
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Parker, S. J.���2019F��Decision-Making in the Emergency Laparotomy: A Mixed Methodology Study���798-805���World J Surg���43���3���Marþ��INTRODUCTION: More than 30,000 emergency laparotomies take place annually in England and Wales (Symons et al. in Br J Surg 100(10):1318-1325, 2013; Shapter et al. in Anaesthesia 67(5):474-478, 2012). They are associated with high morbidity and an average inpatient 30-day mortality rate of 11%. Inextricably linked to outcomes is the decision-making process of whether or not to operate (NELA Project Team First patient report of the National Emergency Laparotomy Audit. RCoA, London, 2015; Crebbin et al. in Aust N Z J Surg 83(6):422-428, 2013). A mixed-methods study was undertaken to investigate decision-making in the emergency laparotomy and influencing factors. METHODS: Semi-structured interviews were undertaken amongst general surgeons, exploring the decision-making process. Results helped guide design of an online survey, consisting of vignettes and subsequent questions. Respondents were asked to decide whether or not they would perform a laparotomy for each vignette and the results compared to grade, risk attitudes and reflective practice. Responses were analysed for effect of previous positive and negative experiences and for consistency. RESULTS: Interviews revealed multiple important factors when considering whether or not to perform an emergency laparotomy, broadly categorised into patient-related, surgeon-related and external factors. A total of 116 general surgeons completed the survey: 12 SHOs, 79 registrars and 25 consultants. Non-consultants were 10.4% (95% CI +/-9.7%) more likely to perform an emergency laparotomy than consultants (p = 0.036) on multivariate analysis. No association was observed between operative practices and risk attitudes (p = 0.22), reflective practice (p = 0.7) or previous positive or negative experiences in univariate (p = 0.67) or multivariate analysis. Surgeons were not proven to be either consistent nor inconsistent in their decision-making. CONCLUSION: The decision to operate or not in an emergency laparotomy directly effects patient outcome. This study demonstrates a difference in decision-making and risk attitudes between consultants and their juniors. To address this, formal teaching of models of decision-making, influencing factors and vignette-based consultant-led discussions should be introduced into surgical training.,��https://www.ncbi.nlm.nih.gov/pubmed/30456483���Hendra, Louise
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�Ebola virus (EBOV) and Nipah virus (NiV) infection of humans can cause fatal disease and constitutes a public health threat. In contrast, EBOV and NiV infection of fruit bats, the putative (EBOV) or proven (NiV) natural reservoir, is not associated with disease, and it is currently unknown how these animals control the virus. The human interferon (IFN)-stimulated antiviral effector protein tetherin (CD317, BST-2) blocks release of EBOV- and NiV-like particles from cells and is counteracted by the EBOV glycoprotein (GP). In contrast, it is unknown whether fruit bat tetherin restricts virus infection and is susceptible to GP-driven antagonism. Here, we report the sequence of fruit bat tetherin and show that its expression is IFN stimulated and associated with strong antiviral activity. Moreover, we demonstrate that EBOV-GP antagonizes tetherin orthologues of diverse species but fails to efficiently counteract fruit bat tetherin in virus-like particle (VLP) release assays. However, unexpectedly, tetherin was dispensable for robust IFN-mediated inhibition of EBOV spread in fruit bat cells. Thus, the VLP-based model systems mimicking tetherin-mediated inhibition of EBOV release and its counteraction by GP seem not to adequately reflect all aspects of EBOV release from IFN-stimulated fruit bat cells, potentially due to differences in tetherin expression levels that could not be resolved by the present study. In contrast, tetherin expression was essential for IFN-dependent inhibition of NiV infection, demonstrating that IFN-induced fruit bat tetherin exerts antiviral activity and may critically contribute to control of NiV and potentially other highly virulent viruses in infected animals.IMPORTANCE Ebola virus and Nipah virus (EBOV and NiV) can cause fatal disease in humans. In contrast, infected fruit bats do not develop symptoms but can transmit the virus to humans. Why fruit bats but not humans control infection is largely unknown. Tetherin is an antiviral host cell protein and is counteracted by the EBOV glycoprotein in human cells. Here, employing model systems, we show that tetherin of fruit bats displays higher antiviral activity than human tetherin and is largely resistant against counteraction by the Ebola virus glycoprotein. Moreover, we demonstrate that induction of tetherin expression is critical for interferon-mediated inhibition of NiV but, for at present unknown reasons, not EBOV spread in fruit bat cells. Collectively, our findings identify tetherin as an antiviral effector of innate immune responses in fruit bats, which might allow these animals to control infection with NiV and potentially other viruses that cause severe disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30429347N��Hoffmann, Markus
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miRNA���Sep2��Current re-emergence of Nipah virus (NiV) in India caused 11 deaths so far and many patients were kept in quarantine. A thorough study of previous outbreaks occurred in Malaysia, Bangladesh and India represents cases with high rate of fatality due to acute encephalitis. Our work involves genome analysis of NiV for prediction of miRNAs and their targeted genes in human in order to understand encephalitis origin. Ab-intio program-VMir was used for initial screening of genome, obtained nine pre-miRNAs was analyzed by ViralMir to check for any pseudo pre-miRNAs. Eighteen functional mature miRNAs were extracted from pre-miRNAs by using Mature-Bayes tool, which targets 669 genes in human genome as retrieved by miRDB. Gene ontology terms by PANTHER provide important pathways in which target genes were involved like Axon guidance, T cell activation, and nicotinic acetylcholine receptor signaling. Significant outcome was obtained after NCBI Gene and OMIM database mining and literature search for predicted target genes. TLR3, TJP1, NOTCH2, FHL1, and GRIA3 target genes obtained showed their involvement in host defense, blood brain barrier, neurogenesis, mental retardation and encephalitis. To conclude, we predicted significant genes in human that can be inhibited by miRNAs of NiV and results in etiology of encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/30426028í��Saini, Sandeep
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Surface exposed conserved segments.Å��We briefly review the situations arising out of epidemics that erupt rather suddenly, threatening life and livelihoods of humans. Ebola, Zika and the Nipah virus outbreaks are recent examples where the viral epidemics have led to considerably high degree of fatalities or debilitating consequences. The problems are accentuated by a lack of drugs or vaccines effective against the new and emergent viruses, and the inordinate amount of temporal and financial resources that are required to combat the novel pathogens. Progress in computational, biological and informational sciences have made it possible to consider design of synthetic vaccines that can be rapidly developed and deployed to help stem the damages. In this review, we consider the pros and cons of this new paradigm and suggest a new system where the manufacturing process can be decentralized to provide more targeted vaccines to meet the urgent needs of protection in case of a rampaging epidemic.,��https://www.ncbi.nlm.nih.gov/pubmed/30417788µ��Nandy, Ashesh
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phosphoprotein and polymerase���Nov 11���Persistent outbreaks of Nipah virus (NiV) with severe case fatality throw a major challenge on researchers to develop a drug or vaccine to combat the disease. With little knowledge of its molecular mechanisms, we utilized the proteome data of NiV to evaluate the potency of three major proteins (phosphoprotein, polymerase, and nucleocapsid protein) in the RNA-dependent RNA polymerase complex to count as a possible candidate for epitope-based vaccine design. Profound computational analysis was used on the above proteins individually to explore the T-cell immune properties like antigenicity, immunogenicity, binding to major histocompatibility complex class I and class II alleles, conservancy, toxicity, and population coverage. Based on these predictions the peptide 'ELRSELIGY' of phosphoprotein and 'YPLLWSFAM' of nulceocapsid protein were identified as the best-predicted T-cell epitopes and molecular docking with human leukocyte antigen-C (HLA-C*12:03) molecule was effectuated followed by validation with molecular dynamics simulation. The B-cell epitope predictions suggest that the sequence positions 421 to 471 in phosphoprotein, 606 to 640 in polymerase and 496 to 517 in nucleocapsid protein are the best-predicted regions for B-cell immune response. However, the further experimental circumstance is required to test and validate the efficacy of the subunit peptide for potential candidacy against NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/30417438���Ravichandran, Lavanya
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Lohana, P.���2018'��The Killer Virus Called Nipah: A Review���e3168���Cureus���10���8���nipah virus���Aug 21���Nipah virus (NiV) is a deadly virus with a high mortality rate that has affected many developing countries in the past. According to the Centers for Disease Control and Prevention (CDC), many economically deprived countries such as Madagascar, Cambodia, and Thailand are also at high risk for future outbreaks. The first case of NiV was reported in 1998 and almost two decades later, little scientific progress has been made in finding a proper treatment and prevention vaccine. As many developing countries are not properly equipped to fight the infection, it is vital to properly educate the health systems. The aim of this review is to provide an epidemiological background as well as to understand the transmission routes, presentation, and the diagnosis and prevention of this deadly virus.,��https://www.ncbi.nlm.nih.gov/pubmed/30416895¼��Ramphul, Kamleshun
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*natural selection���Nov 1¬��Hendra virus (HeV) and Nipah virus (NiV) are among a group of emerging bat-borne paramyxoviruses that have crossed their species-barrier several times by infecting several hosts with a high fatality rate in human beings. Despite the fatal nature of their infection, a comprehensive study to explore their evolution and adaptation in different hosts is lacking. A study of codon usage patterns in henipaviruses may provide some fruitful insight into their evolutionary processes of synonymous codon usage and host-adapted evolution. Here, we performed a systematic evolutionary and codon usage bias analysis of henipaviruses. We found a low codon usage bias in the coding sequences of henipaviruses and that natural selection, mutation pressure, and nucleotide compositions shapes the codon usage patterns of henipaviruses, with natural selection being more important than the others. Also, henipaviruses showed the highest level of adaptation to bats of the genus Pteropus in the codon adaptation index (CAI), relative to the codon de-optimization index (RCDI), and similarity index (SiD) analyses. Furthermore, a comparison to recently identified henipa-like viruses indicated a high tRNA adaptation index of henipaviruses for human beings, mainly due to F, G and L proteins. Consequently, the study concedes the substantial emergence of henipaviruses in human beings, particularly when paired with frequent exposure to direct/indirect bat excretions.,��https://www.ncbi.nlm.nih.gov/pubmed/30388838���Kumar, Naveen
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Czub, M.���2018k��The interaction between the Nipah virus nucleocapsid protein and phosphoprotein regulates virus replication���15994���Sci Rep���8���1���Oct 30���Continued outbreaks of Henipaviruses in South Asia and Australia cause severe and lethal disease in both humans and animals. Together, with evidence of human to human transmission for Nipah virus and the lack of preventative or therapeutic measures, its threat to cause a widespread outbreak and its potential for weaponization has increased. In this study we demonstrate how overexpression of the Nipah virus nucleocapsid protein regulates viral polymerase activity and viral RNA production. By overexpressing the Nipah virus nucleocapsid protein in trans viral transcription was inhibited; however, an increase in viral genome synthesis was observed. Together, the bias of polymerase activity towards genome production led to the severe inhibition of viral progeny. We identified two domains within the nucleocapsid protein, which were each independently capable of binding the viral phosphoprotein. Evident by our data, we propose that the nucleocapsid protein's ability to interact with the phosphoprotein of the polymerase complex causes a change in polymerase activity and subsequent deficiency in viral replication. This study not only provides insights into the dynamics of Henipavirus RNA synthesis and replication, but also provides insight into potential targets for antiviral drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/30375468ü��Ranadheera, Charlene
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Viral transmission���Oct\��Nipah virus (NiV), a zoonotic paramyxovirus belonging to the genus Henipavirus, is classified as a Biosafety Level-4 pathogen based on its high pathogenicity in humans and the lack of available vaccines or therapeutics. Since its initial emergence in 1998 in Malaysia, this virus has become a great threat to domestic animals and humans. Sporadic outbreaks and person-to-person transmission over the past two decades have resulted in hundreds of human fatalities. Epidemiological surveys have shown that NiV is distributed in Asia, Africa, and the South Pacific Ocean, and is transmitted by its natural reservoir, Pteropid bats. Numerous efforts have been made to analyze viral protein function and structure to develop feasible strategies for drug design. Increasing surveillance and preventative measures for the viral infectious disease are urgently needed.,��https://www.ncbi.nlm.nih.gov/pubmed/30311101²��Sun, Bangyao
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viral immunology���A majority of viruses that have caused recent epidemics with high lethality rates in people, are zoonoses originating from wildlife. Among them are filoviruses (e.g., Marburg, Ebola), coronaviruses (e.g., SARS, MERS), henipaviruses (e.g., Hendra, Nipah) which share the common features that they are all RNA viruses, and that a dysregulated immune response is an important contributor to the tissue damage and hence pathogenicity that results from infection in humans. Intriguingly, these viruses also all originate from bat reservoirs. Bats have been shown to have a greater mean viral richness than predicted by their phylogenetic distance from humans, their geographic range, or their presence in urban areas, suggesting other traits must explain why bats harbor a greater number of zoonotic viruses than other mammals. Bats are highly unusual among mammals in other ways as well. Not only are they the only mammals capable of powered flight, they have extraordinarily long life spans, with little detectable increases in mortality or senescence until high ages. Their physiology likely impacted their history of pathogen exposure and necessitated adaptations that may have also affected immune signaling pathways. Do our life history traits make us susceptible to generating damaging immune responses to RNA viruses or does the physiology of bats make them particularly tolerant or resistant? Understanding what immune mechanisms enable bats to coexist with RNA viruses may provide critical fundamental insights into how to achieve greater resilience in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30294323Ã��Mandl, Judith N
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Zoonotic diseases0
�Introduction: Zoonotic diseases are the infectious diseases that can be transmitted to human beings and vice versa from animals either directly or indirectly. These diseases can be caused by a range of organisms including bacteria, parasites, viruses and fungi. Viral diseases are highly infectious and capable of causing pandemics as evidenced by outbreaks of diseases like Ebola, Middle East Respiratory Syndrome, West Nile, SARS-Corona, Nipah, Hendra, Avian influenza and Swine influenza. Expalantion: Many viruses affecting equines are also important human pathogens. Diseases like Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and Venezuelan-equine encephalitis (VEE) are highly infectious and can be disseminated as aerosols. A large number of horses and human cases of VEE with fatal encephalitis have continuously occurred in Venezuela and Colombia. Vesicular stomatitis (VS) is prevalent in horses in North America and has zoonotic potential causing encephalitis in children. Hendra virus (HeV) causes respiratory and neurological disease and death in man and horses. Since its first outbreak in 1994, 53 disease incidents have been reported in Australia. West Nile fever has spread to many newer territories across continents during recent years.It has been described in Africa, Europe, South Asia, Oceania and North America. Japanese encephalitis has expanded horizons from Asia to western Pacific region including the eastern Indonesian archipelago, Papua New Guinea and Australia. Rabies is rare in horses but still a public health concern being a fatal disease. Equine influenza is historically not known to affect humans but many scientists have mixed opinions. Equine viral diseases of zoonotic importance and their impact on animal and human health have been elaborated in this article. Conclusion: Equine viral diseases though restricted to certain geographical areas have huge impact on equine and human health. Diseases like West Nile fever, Hendra, VS, VEE, EEE, JE, Rabies have the potential for spread and ability to cause disease in human. Equine influenza is historically not known to affect humans but some experimental and observational evidence show that H3N8 influenza virus has infected man. Despite our pursuit of understanding the complexity of the vector-host-pathogen mediating disease transmission, it is not possible to make generalized predictions concerning the degree of impact of disease emergence. A targeted, multidisciplinary effort is required to understand the risk factors for zoonosis and apply the interventions necessary to control it.,��https://www.ncbi.nlm.nih.gov/pubmed/30288197Ï��Kumar, Balvinder
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risk mapping���May 30���Since 1998, Nipah virus (NiV) (genus: Henipavirus; family: Paramyxoviridae), an often-fatal and highly virulent zoonotic pathogen, has caused sporadic outbreak events. Fruit bats from the genus Pteropus are the wildlife reservoirs and have a broad distribution throughout South and Southeast Asia, and East Africa. Understanding the disease biogeography of NiV is critical to comprehending the potential geographic distribution of this dangerous zoonosis. This study implemented the R packages ENMeval and BIOMOD2 as a means of modeling regional disease transmission risk and additionally measured niche similarity between the reservoir Pteropus and the ecological characteristics of outbreak localities with the Schoener's D index and I statistic. Results indicate a relatively high degree of niche overlap between models in geographic and environmental space (D statistic, 0.64; and I statistic, 0.89), and a potential geographic distribution encompassing 19% (2,963,178 km(2)) of South and Southeast Asia. This study should contribute to current and future efforts to understand the critical ecological contributors and geography of NiV. Furthermore, this study can be used as a geospatial guide to identify areas of high disease transmission risk and to inform national public health surveillance programs.,��https://www.ncbi.nlm.nih.gov/pubmed/30274453���Deka, Mark A
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Severe emerging infectious diseases���Nov���The Research and Development (R&D) Blueprint is a World Health Organization initiative to reduce the time between the declaration of a public health emergency and the availability of effective diagnostic tests, vaccines, and treatments that can save lives and avert a public health crisis. The scope of the Blueprint extends to severe emerging diseases for which there are insufficient or no presently existing medical countermeasures or pipelines to produce them. In February 2018, WHO held an informal expert consultation to review and update the list of priority diseases, employing a prioritization methodology which uses the Delphi technique, questionnaires, multi-criteria decision analysis, and expert review to identify relevant diseases. The committee determined that, given their potential to cause a public health emergency and the absence of efficacious drugs and/or vaccines, there is an urgent need for accelerated R&D for (in no order of priority) Crimean-Congo haemorrhagic fever, Ebola virus and Marburg virus disease, Lassa fever, Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), Nipah and henipaviral diseases, Rift Valley fever and Zika virus disease. The experts also included "Disease X," representing the awareness that a previously unknown pathogen could cause a major public health emergency. This report describes the methods and results of the 2018 prioritization review.,��https://www.ncbi.nlm.nih.gov/pubmed/30261226Í��Mehand, Massinissa Si
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surgery���Oct���BACKGROUND: Cancellation of planned surgery impacts substantially on patients and health systems. This study describes the incidence and reasons for cancellation of inpatient surgery in the UK NHS. METHODS: We conducted a prospective observational cohort study over 7 consecutive days in March 2017 in 245 NHS hospitals. Occurrences and reasons for previous surgical cancellations were recorded. Using multilevel logistic regression, we identified patient- and hospital-level factors associated with cancellation due to inadequate bed capacity. RESULTS: We analysed data from 14 936 patients undergoing planned surgery. A total of 1499 patients (10.0%) reported previous cancellation for the same procedure; contemporaneous hospital census data indicated that 13.9% patients attending inpatient operations were cancelled on the day of surgery. Non-clinical reasons, predominantly inadequate bed capacity, accounted for a large proportion of previous cancellations. Independent risk factors for cancellation due to inadequate bed capacity included requirement for postoperative critical care [odds ratio (OR)=2.92; 95% confidence interval (CI), 2.12-4.02; P<0.001] and the presence of an emergency department in the treating hospital (OR=4.18; 95% CI, 2.22-7.89; P<0.001). Patients undergoing cancer surgery (OR=0.32; 95% CI, 0.22-0.46; P<0.001), obstetric procedures (OR=0.17; 95% CI, 0.08-0.32; P<0.001), and expedited surgery (OR=0.39; 95% CI, 0.27-0.56; P<0.001) were less likely to be cancelled. CONCLUSIONS: A significant proportion of patients presenting for surgery have experienced a previous cancellation for the same procedure. Cancer surgery is relatively protected, but bed capacity, including postoperative critical care requirements, are significant risk factors for previous cancellations.,��https://www.ncbi.nlm.nih.gov/pubmed/30236235±��Wong, D J N
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Zoonoses���Dec���While general medical practitioners (GPs) and veterinarians are often the first line responders in the face of a disease outbreak, pathways to improving the One Health efficacy of these clinicians remain unclear. A two-phase modified Delphi survey of professionals with known expertise in One Health ('expert panel') was used to 1) identify key knowledge, attitudes and practices (KAPs) of GPs and veterinarians that would be consistent with a One Health approach to zoonoses; and 2) determine priorities for future surveys with Australian GPs and veterinarians to identify important gaps that impede effective diagnosis and management of zoonoses. A list of 13 topics/sub-topics, as well as a list of 25 specific zoonotic diseases/agents emerged from the first phase of the survey. In the second phase the expert panel identified general knowledge of the clinical aspects and epidemiological aspects of zoonoses, as well as risk management practices, as the most important KAPs and research priorities for both GPs and veterinarians. In terms of diseases, the expert panel regarded knowledge of Hendra virus, Q fever, Australian bat lyssavirus (ABLV), anthrax and Brucella suis most important for veterinarians, whilst for GPs, Q fever, gastrointestinal/foodborne diseases, influenza, ABLV and local vector-borne diseases were found to be most important by the expert panel. Some differences were noted in terms of prioritization of topics/sub-topics and diseases/agents according to expert background (veterinary and non-veterinary). The Delphi survey technique enabled efficient collection of data from a diverse range of One Health 'experts'/specialists and provided clear priorities for proposed future research, and potentially for educational interventions to improve One Health efficacy of clinicians.,��https://www.ncbi.nlm.nih.gov/pubmed/30197925¦��Steele, Sandra G
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Virus ebola���Aug,
�The global community continues to incur the high costs of crisis mitigation and emergency response to outbreaks of emerging infectious diseases, such as those caused by the H5N1 highly pathogenic avian influenza virus, Ebola virus, Nipah virus, Zika virus or the Middle East respiratory syndrome coronavirus. These viruses are particularly dangerous in regions associated with poor development indicators and high vulnerability. The drivers of these disease crises include failures in the way that animal diseases are detected and reported and failures in the way in which disease response is implemented by animal health and public health systems. In addition, the lack of a coordinated response hampers disease control efforts. A comprehensive approach for disease prevention, detection and response, however, requires a coordinated and joint effort among governments, communities, donors and international networks to invest effectively in prevention systems that can identify early signals of the emergence, spillover and spread of animal pathogens at the local level. These signals include trade bans, market closures, civil unrest, heavy rains and droughts associated with climate change, and livestock intensification or changes in consumer behaviour. The global community needs to increase its investment in early warning and detection systems that can provide information that enables action to be taken at the national, regional and global levels in the event of an outbreak of a transboundary animal disease (TAD). Like any preventive measure, an early warning system requires financial resources, but these are insignificant when compared to the losses that are avoided. Building a global early warning and effective response system for outbreaks is value for money, as the benefits far outweigh the costs. The goal of the Food and Agriculture Organization of the United Nations (FAO) is to end hunger and poverty, which is a challenging and complex task. Building global capacity to prepare for and respond to TADs is an important element of the FAO's strategic objective to increase the resilience of livelihoods to threats and crises. Each year, livestock, and the people who rely upon them for their livelihoods, are confronted with animal disease and crises. They can strike suddenly, causing obvious illness and death, or emerge insidiously and become well established before becoming apparent. Animal disease emergencies threaten the production of, and access to, food; consequently, one of the FAO's missions is to help countries to prepare for and respond to animal health disasters.,��https://www.ncbi.nlm.nih.gov/pubmed/30152454���Tekola, B
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Risque biologique
Surete biologique���AugÖ��With recent outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV), anthrax, Nipah and the highly pathogenic avian influenza virus, much emphasis has been placed on the rapid identification of infectious agents globally. As a result, laboratories are building capacity, conducting more advanced and sophisticated research, increasing their staff, and establishing reference collections of dangerous pathogens in an attempt to reduce the impact of infectious disease outbreaks and to characterise disease-causing agents. With this expansion, the global laboratory community has started to focus on laboratory biosafety and biosecurity in order to prevent the accidental and/or intentional release of these agents. Laboratory biosafety and biosecurity systems are used around the world to help to mitigate the risks posed by dangerous pathogens in the laboratory. Veterinary laboratories carry unique responsibilities with regard to workers and communities to handle disease-causing microorganisms safely and securely. Many microorganisms studied in veterinary laboratories not only infect animals, but also have the potential to infect humans. This paper will discuss the fundamentals of laboratory biosafety and biosecurity.,��https://www.ncbi.nlm.nih.gov/pubmed/30152450���Brass, V H
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spillover���Octj��Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, Asia, and Australia. In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses. The genus Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and Asia, and a suite of largely uncharacterized African henipaviruses. Rapid change in fruit bat habitat and associated shifts in their ecology and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing spillover risk of bat-borne viruses. We review the ways that changing resource landscapes affect the processes that culminate in cross-species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure. We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus spillover. When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and composition.,��https://www.ncbi.nlm.nih.gov/pubmed/30138535£��Kessler, Maureen K
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*paramyxovirus���Oct 1+	�Inflammasomes play a key role in host innate immune responses to viral infection by caspase-1 (Casp-1) activation to facilitate interleukin-1beta (IL-1beta) secretion, which contributes to the host antiviral defense. The NLRP3 inflammasome consists of the cytoplasmic sensor molecule NLRP3, adaptor protein ASC, and effector protein pro-caspase-1 (pro-Casp-1). NLRP3 and ASC promote pro-Casp-1 cleavage, leading to IL-1beta maturation and secretion. However, as a countermeasure, viral pathogens have evolved virulence factors to antagonize inflammasome pathways. Here we report that V gene knockout Sendai virus [SeV V(-)] induced markedly greater amounts of IL-1beta than wild-type SeV in infected THP1 macrophages. Deficiency of NLRP3 in cells inhibited SeV V(-)-induced IL-1beta secretion, indicating an essential role for NLRP3 in SeV V(-)-induced IL-1beta activation. Moreover, SeV V protein inhibited the assembly of NLRP3 inflammasomes, including NLRP3-dependent ASC oligomerization, NLRP3-ASC association, NLRP3 self-oligomerization, and intermolecular interactions between NLRP3 molecules. Furthermore, a high correlation between the NLRP3-binding capacity of V protein and the ability to block inflammasome complex assembly was observed. Therefore, SeV V protein likely inhibits NLRP3 self-oligomerization by interacting with NLRP3 and inhibiting subsequent recruitment of ASC to block NLRP3-dependent ASC oligomerization, in turn blocking full activation of the NLRP3 inflammasome and thus blocking IL-1beta secretion. Notably, the inhibitory action of SeV V protein on NLRP3 inflammasome activation is shared by other paramyxovirus V proteins, such as Nipah virus and human parainfluenza virus type 2. We thus reveal a mechanism by which paramyxovirus inhibits inflammatory responses by inhibiting NLRP3 inflammasome complex assembly and IL-1beta activation.IMPORTANCE The present study demonstrates that the V protein of SeV, Nipah virus, and human parainfluenza virus type 2 interacts with NLRP3 to inhibit NLRP3 inflammasome activation, potentially suggesting a novel strategy by which viruses evade the host innate immune response. As all members of the Paramyxovirinae subfamily carry similar V genes, this new finding may also lead to identification of novel therapeutic targets for paramyxovirus infection and related diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/30021903���Komatsu, Takayuki
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Viral Proteins/geneticsâ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that can result in severe pulmonary disease and fatal encephalitis in humans and is responsible for outbreaks in Bangladesh, Malaysia, Singapore, India and possibly the Philippines. NiV has a negative-sense RNA genome that contains six genes and serves as a template for production of viral mRNA transcripts. NiV mRNA transcripts are subsequently translated into viral proteins. Traditionally, NiV quantitative real-time reverse transcriptase polymerase chain reaction (qRT-PCR) assays have relied on using primer sets that amplify a target (N that encodes the nucleocapsid) within the coding region of the viral gene that also amplifies viral mRNA. Here we describe a novel one-step qRT-PCR assay targeting the intergenic region separating the viral F and G proteins, thereby eliminating amplification of the viral mRNA. This assay is more accurate than the traditional qRT-PCR in quantifying concentrations of viral genomic RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/29920552���Jensen, Kenneth S
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Freiberg, A. N.���2018F��Experimental Infection of Syrian Hamsters With Aerosolized Nipah Virus	��1602-1610���J Infect Dis���218���10���Oct 5Ñ��Background: Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that can cause severe respiratory illness and encephalitis in humans. Transmission occurs through consumption of NiV-contaminated foods, and contact with NiV-infected animals or human body fluids. However, it is unclear whether aerosols derived from aforesaid sources or others also contribute to transmission, and current knowledge on NiV-induced pathogenicity after small-particle aerosol exposure is still limited. Methods: Infectivity, pathogenicity, and real-time dissemination of aerosolized NiV in Syrian hamsters was evaluated using NiV-Malaysia (NiV-M) and/or its recombinant expressing firefly luciferase (rNiV-FlucNP). Results: Both viruses had an equivalent pathogenicity in hamsters, which developed respiratory and neurological symptoms of disease, similar to using intranasal route, with no direct correlations to the dose. We showed that virus replication was predominantly initiated in the lower respiratory tract and, although delayed, also intensely in the oronasal cavity and possibly the brain, with gradual increase of signal in these regions until at least day 5-6 postinfection. Conclusion: Hamsters infected with small-particle aerosolized NiV undergo similar clinical manifestations of the disease as previously described using liquid inoculum, and exhibit histopathological lesions consistent with NiV patient reports. NiV droplets could therefore play a role in transmission by close contact.,��https://www.ncbi.nlm.nih.gov/pubmed/29912426z��Escaffre, Olivier
Hill, Terence
Ikegami, Tetsuro
Juelich, Terry L
Smith, Jennifer K
Zhang, Lihong
Perez, David E
Atkins, Colm
Park, Arnold
Lawrence, William S
Sivasubramani, Satheesh K
Peel, Jennifer E
Peterson, Johnny W
Lee, Benhur
Freiberg, Alexander N
eng
R01 AI123449/AI/NIAID NIH HHS/
2018/06/19 06:00
J Infect Dis. 2018 Oct 5;218(10):1602-1610. doi: 10.1093/infdis/jiy357.*��1537-6613 (Electronic)
0022-1899 (Linking)
��PMC6173575���29912426#��Department of Pathology, University of Texas Medical Branch, Galveston.
Center for Biodefense and Emerging Infectious Diseases, University of Texas Medical Branch, Galveston.
Institute for Human Infections and Immunity, University of Texas Medical Branch, Galveston.
Department of Pathology and Immunology, Washington University School of Medicine, St Louis, Missouri.
Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston.
Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York.���10.1093/infdis/jiy357�����üÚ|ÿï?A������The, Lancet���2018'��Nipah virus control needs more than R&D���2295���Lancet���391���10137©��Communicable Disease Control/*organization & administration
Henipavirus Infections/epidemiology/*prevention & control
Humans
*Nipah Virus
Pandemics/*prevention & control���Jun 9,��https://www.ncbi.nlm.nih.gov/pubmed/29900857y��The Lancet
eng
Editorial
England
2018/06/15 06:00
Lancet. 2018 Jun 9;391(10137):2295. doi: 10.1016/S0140-6736(18)31264-9.*��1474-547X (Electronic)
0140-6736 (Linking)���29900857���10.1016/S0140-6736(18)31264-9���k��þÒ|ÿî?B������Wibawa, H.
Karo-Karo, D.
Pribadi, E. S.
Bouma, A.
Bodewes, R.
Vernooij, H.
Diyantoro,
Sugama, A.
Muljono, D. H.
Koch, G.
Tjatur Rasa, F. S.
Stegeman, A.���2018���Exploring contacts facilitating transmission of influenza A(H5N1) virus between poultry farms in West Java, Indonesia: A major role for backyard farms?���8-15���Prev Vet Med���156"��Animals
Chickens
Disease Outbreaks
*Farms
Humans
Indonesia
*Influenza A Virus, H5N1 Subtype
Influenza in Birds/epidemiology/*transmission
Influenza, Human/*epidemiology
Poultry/*virology
Poultry Diseases/epidemiology/*transmission
Avian influenza
Contact structure
H5n1
Poultry
Transmission���Aug 1r��Highly pathogenic avian influenza virus (HPAIV) H5N1 has been reported in Asia, including Indonesia since 2003. Although several risk factors related to the HPAIV outbreaks in poultry in Indonesia have been identified, little is known of the contact structure of farms of different poultry production types (backyard chickens, broilers, layers, and ducks). This study aims to quantify the contact rates associated with the movement of people, and movements of live birds and products and equipment that affect the risk of HPAIV H5N1 transmission between poultry farms in Indonesia. On 124 poultry farms in 6 districts in West Java, logbooks were distributed to record the movements of farmers/staff and visitors and their poultry contacts. Most movements in backyard chicken, commercial native chicken, broiler and duck farms were visits to and from other poultry farms, whilst in layer farms visits to and from poultry companies, visits to egg collection houses and visit from other poultry farms were most frequent. Over 75% of persons visiting backyard chicken and duck farms had previously visited other poultry farms on the same day. Visitors of backyard chicken farms had the highest average contact rate, either direct contact with poultry on other farms before the visits (1.35 contact/day) or contact during their visits in the farms (10.03 contact/day). These results suggest that backyard chicken farms are most at risk for transmission of HPAIV compared to farms of the other poultry production types. Since visits of farm-to-farm were high, backyard farms could also a potential source for HPAIV transmission to commercial poultry farms.,��https://www.ncbi.nlm.nih.gov/pubmed/29891149B��Wibawa, Hendra
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One Health���Jul{��The Nipah virus has been transmitted from person-to-person via close contact in non-urban parts of India (including Kerala May 2018), Bangladesh, and the Philippines. It can cause encephalitis and pneumonia, and has a high case fatality rate. Nipah is a One Health zoonotic infectious disease linked to fruit bats, and sometimes pigs or horses. We advocate anticipating and preparing for urban and larger rural outbreaks of Nipah. Immediate enhanced preparations would include standardized guidance on infection prevention and control, and personal protective equipment, from the World Health Organization (WHO) on their OpenWHO website and 2018 "Managing Epidemics" handbook, along with adding best clinical practices by experts in countries with multiple outbreaks such as Bangladesh and India. Longer-term enhanced preparations include accelerating development of field diagnostics, antiviral drugs, immune-based therapies, and vaccines. WHO-coordinated multi-partner protocols to test investigational treatments, diagnostics, and vaccines are needed, by analogy to such protocols for Ebola during the unanticipated pan-epidemic in Guinea, Liberia, and Sierra Leone. Anticipating and preparing now for urban and rural Nipah outbreaks in nations with no experience with Nipah will help avoid the potential for what the United Nations 2016 report on Ebola in West Africa called a "preventable tragedy".,��https://www.ncbi.nlm.nih.gov/pubmed/29879523���Donaldson, Halsie
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Aguilar, H. C.���2019@��Addicted to sugar: roles of glycans in the order Mononegavirales���2-21���Glycobiology���29���1���Jan 1���Glycosylation is a biologically important protein modification process by which a carbohydrate chain is enzymatically added to a protein at a specific amino acid residue. This process plays roles in many cellular functions, including intracellular trafficking, cell-cell signaling, protein folding and receptor binding. While glycosylation is a common host cell process, it is utilized by many pathogens as well. Protein glycosylation is widely employed by viruses for both host invasion and evasion of host immune responses. Thus better understanding of viral glycosylation functions has potential applications for improved antiviral therapeutic and vaccine development. Here, we summarize our current knowledge on the broad biological functions of glycans for the Mononegavirales, an order of enveloped negative-sense single-stranded RNA viruses of high medical importance that includes Ebola, rabies, measles and Nipah viruses. We discuss glycobiological findings by genera in alphabetical order within each of eight Mononegavirales families, namely, the bornaviruses, filoviruses, mymonaviruses, nyamiviruses, paramyxoviruses, pneumoviruses, rhabdoviruses and sunviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29878112ù��Ortega, Victoria
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Zinc���Junå��Absorbable metals, metals that corrode in physiological environment, constitute a new class of biomaterials intended for temporary medical implant applications. The introduction of these metals has shifted the established paradigm of metal implants from preventing corrosion to its direct application. Interest toward absorbable metals has been growing in the past decade. This is proved by the rapid increase in scientific publication, progressive development of standards, and launching the first commercial products. Iron, magnesium, zinc, and their alloys are the current three absorbable metals families. Magnesium-based metals are the most progressing family with a large data set obtained from both basic and translational research. Iron-based metals are still facing a major challenge of low in vivo corrosion rate despite the significant efforts that have been put to overcome its weakness. Zinc-based metals are the new alternative absorbable metals with moderate corrosion rates that fall between those of iron and magnesium. This manuscript provides a brief review on the latest progress in the research and development of absorbable metals, the most important findings, the remaining challenges, and the perspective on the future direction.,��https://www.ncbi.nlm.nih.gov/pubmed/29790132���Hermawan, Hendra
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Freiberg, A. N.���2018O��Favipiravir (T-705) protects against Nipah virus infection in the hamster model���7604���Sci Rep���8���1���May 154��Nipah and Hendra viruses are recently emerged bat-borne paramyxoviruses (genus Henipavirus) causing severe encephalitis and respiratory disease in humans with fatality rates ranging from 40-75%. Despite the severe pathogenicity of these viruses and their pandemic potential, no therapeutics or vaccines are currently approved for use in humans. Favipiravir (T-705) is a purine analogue antiviral approved for use in Japan against emerging influenza strains; and several phase 2 and 3 clinical trials are ongoing in the United States and Europe. Favipiravir has demonstrated efficacy against a broad spectrum of RNA viruses, including members of the Paramyxoviridae, Filoviridae, Arenaviridae families, and the Bunyavirales order. We now demonstrate that favipiravir has potent antiviral activity against henipaviruses. In vitro, favipiravir inhibited Nipah and Hendra virus replication and transcription at micromolar concentrations. In the Syrian hamster model, either twice daily oral or once daily subcutaneous administration of favipiravir for 14 days fully protected animals challenged with a lethal dose of Nipah virus. This first successful treatment of henipavirus infection in vivo with a small molecule drug suggests that favipiravir should be further evaluated as an antiviral treatment option for henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/29765101h��Dawes, Brian E
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Viral Proteins/genetics/*immunology/metabolism���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus in the family Paramyxoviridae. Henipavirus infections were first reported in the 1990's causing severe and often fatal outbreaks in domestic animals and humans in Southeast Asia and Australia. NiV infections were observed in humans in Bangladesh, India and in the first outbreak in Malaysia, where pigs were also infected. HeV infections occurred in horses in the North-Eastern regions of Australia, with singular transmission events to humans. Bats of the genus Pteropus have been identified as the reservoir hosts for henipaviruses. Molecular and serological indications for the presence of henipa-like viruses in African fruit bats, pigs and humans have been published recently. In our study, truncated forms of HeV and NiV attachment (G) proteins as well as the full-length NiV nucleocapsid (N) protein were expressed using different expression systems. Based on these recombinant proteins, Enzyme-linked Immunosorbent Assays (ELISA) were developed for the detection of HeV or NiV specific antibodies in porcine serum samples. We used the NiV N ELISA for initial serum screening considering the general reactivity against henipaviruses. The G protein based ELISAs enabled the differentiation between HeV and NiV infections, since as expected, the sera displayed higher reactivity with the respective homologous antigens. In the future, these assays will present valuable tools for serosurveillance of swine and possibly other livestock or wildlife species in affected areas. Such studies will help assessing the potential risk for human and animal health worldwide by elucidating the distribution of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29708971���Fischer, Kerstin
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*viral assembly���Jul 1Ý	�Hendra virus (HeV) is a zoonotic paramyxovirus belonging to the genus Henipavirus HeV is highly pathogenic, and it can cause severe neurological and respiratory illnesses in both humans and animals, with an extremely high mortality rate of up to 70%. Among the genes that HeV encodes, the matrix (M) protein forms an integral part of the virion structure and plays critical roles in coordinating viral assembly and budding. Nevertheless, the molecular mechanism of this process is not fully elucidated. Here, we determined the crystal structure of HeV M to 2.5-A resolution. The dimeric structural configuration of HeV M is similar to that of Newcastle disease virus (NDV) M and is fundamental to protein stability and effective virus-like-particle (VLP) formation. Analysis of the crystal packing revealed a notable interface between the alpha1 and alpha2 helices of neighboring HeV M dimers, with key residues sharing degrees of sequence conservation among henipavirus M proteins. Structurally, a network of electrostatic interactions dominates the alpha1-alpha2 interactions, involving residues Arg57 from the alpha1 helix and Asp105 and Glu108 from the alpha2 helix. The disruption of the alpha1-alpha2 interactions using engineered charge reversal substitutions (R57E, R57D, and E108R) resulted in significant reduction or abrogation of VLP production. This phenotype was reversible with an R57E E108R mutant that was designed to partly restore salt bridge contacts. Collectively, our results define and validate previously underappreciated regions of henipavirus M proteins that are crucial for productive VLP assembly.IMPORTANCE Hendra virus is a henipavirus associated with lethal infections in humans. It is classified as a biosafety level 4 (BSL4) agent, and there are currently no preventive or therapeutic treatments available against HeV. Vital to henipavirus pathogenesis, the structural protein M has been implicated in viral assembly and budding, as well as host-virus interactions. However, there is no structural information available for henipavirus M, and the basis of M-driven viral assembly is not fully elucidated. We demonstrate the first three-dimensional structure of a henipavirus M protein. We show the dimeric organization of HeV M as a basic unit for higher-order oligomerization. Additionally, we define key regions/residues of HeV M that are required for productive virus-like-particle formation. These findings provide the first insight into the mechanism of M-driven assembly in henipavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/29695428Á��Liu, Yu Chih
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virus-neutralising antibody titres���May���OBJECTIVE: To determine the antibody responses to a commercial Hendra virus vaccine (Equivac(R) HeV) in a field environment. METHODS: A group of 61 horses received a primary vaccination course comprising two doses administered 3-6 weeks apart (V1, V2) and a 3rd dose (V3) given 6 months after the second. This was followed by booster vaccinations at 12 monthly intervals (V4, V5). Antibody titres were assessed using a virus-neutralisation test. RESULTS: Neutralising antibodies against HeV were not detected prior to vaccination. Antibodies were detected in 54/57 horses at 3 weeks after V1 and 51/51 had titres >/= 32 at 8 weeks after V2. At 6 months after V2, antibody titres decreased in most (31/34) horses and were not detected in three horses. A rapid increase in antibody titres was recorded in 35/36 horses at 1 week following V3. By the first annual booster vaccination (V4), antibodies were still detectable in 29/29 horses, although titres had decreased; in 26/29 horses, titres remained >/= 32. All horses showed an increase in antibody titres after V4. There was no statistically significant increase in mean antibody titre after V5, compared with after V4. CONCLUSION: Horses administered Equivac(R) HeV, using a primary vaccination course followed by annual booster vaccinations, mounted an effective secondary immune response and acquired antibody responses that were consistent with protective immunity against HeV in the form of virus-neutralising antibodies. No adverse events were observed after vaccine administration.,��https://www.ncbi.nlm.nih.gov/pubmed/29691855¡��Tan, Rhh
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alpha-MoREs���Apr 24���Henipavirus, including Hendra virus (HeV) and Nipah virus (NiV), is a newly discovered human pathogen genus. The nucleoprotein of Henipavirus contains an alpha-helical molecular recognition element (alpha-MoRE) that folds upon binding to the X domain (XD) of the phosphoprotein (P). In order to explore the conformational dynamics of free alpha-MoREs and the underlying binding-folding mechanism with XD, atomic force field-based and hybrid structure-based MD simulations were carried out. In our empirical force field-based simulations, characteristic structures and helicities of alpha-MoREs reveal the co-existence of partially structured and disordered conformations, as in the case of the well characterized cognate measles virus (MeV) alpha-MoRE. In spite of their overall similarity, the two alpha-MoREs display subtle helicity differences in their C-terminal region, but much different from that of MeV. For the alpha-MoRE/XD complexes, the results of our hybrid structure-based simulations provide the coupled binding-folding landscapes, and unveil a wide conformational selection mechanism at early binding stages, followed by a final induce-fit mechanism selection process. However, the HeV and NiV complexes have a lower binding barrier compared to that of MeV. Moreover, the HeV alpha-MoRE/XD complex shows much less coupling effects between binding and folding compared to that from both NiV and MeV. Our analysis revealed that contrary to NiV and MeV, the N- and C-terminal regions of the HeV alpha-MoRE maintains a low helicity also in the bound form.,��https://www.ncbi.nlm.nih.gov/pubmed/29691656­��Shang, Xu
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Surface expression���May}��Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can cause severe infections in livestock and humans. In recent years, also African bat henipaviruses were identified at the nucleic acid level. To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins required for virus entry and spread by cell-cell fusion. It has been shown that surface expression and fusion-helper function of the receptor-binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G proteins. Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER. As defects in oligomerization of viral glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern of KV G. In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively formed stable tetramers or higher oligomers. KV G also showed less stringent requirements for defined stalk cysteines to form dimers and tetramers. Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression and receptor binding was unchanged. This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/29685227Ã��Behner, Laura
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*outbreaks���Jun¹��Nipah virus, a paramyxovirus related to Hendra virus, first emerged in Malaysia in 1998. Clinical presentation ranges from asymptomatic infection to fatal encephalitis. Malaysia has had no more cases since 1999, but outbreaks continue to occur in Bangladesh and India. In the Malaysia-Singapore outbreak, transmission occurred primarily through contact with pigs, whereas in Bangladesh and India, it is associated with ingestion of contaminated date palm sap and human-to-human transmission. Bats are the main reservoir for this virus, which can cause disease in humans and animals. There are currently no effective therapeutics, and supportive care and prevention are the mainstays of management.,��https://www.ncbi.nlm.nih.gov/pubmed/29643201­��Ang, Brenda S P
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R1479���May���Ebolaviruses, marburgviruses, and henipaviruses are zoonotic pathogens belonging to the Filoviridae and Paramyxoviridae families. They exemplify viruses that continue to spill over into the human population, causing outbreaks characterized by high mortality and significant clinical sequelae in survivors of infection. There are currently no approved small molecule therapeutics for use in humans against these viruses. In this study, we evaluated the antiviral activity of the nucleoside analog 4'-azidocytidine (4'N3-C, R1479) and its 2'-monofluoro- and 2'-difluoro-modified analogs (2'F-4'N3-C and 2'diF-4'N3-C) against representative paramyxoviruses (Nipah virus, Hendra virus, measles virus, and human parainfluenza virus 3) and filoviruses (Ebola virus, Sudan virus, and Ravn virus). We observed enhanced antiviral activity against paramyxoviruses with both 2'diF-4'N3-C and 2'F-4'N3-C compared to R1479. On the other hand, while R1479 and 2'diF-4'N3-C inhibited filoviruses similarly to paramyxoviruses, we observed 10-fold lower filovirus inhibition by 2'F-4'N3-C. To our knowledge, this is the first study to compare the susceptibility of paramyxoviruses and filoviruses to R1479 and its 2'-fluoro-modified analogs. The activity of these compounds against negative-strand RNA viruses endorses the development of 4'-modified nucleoside analogs as broad-spectrum therapeutics against zoonotic viruses of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/29601894���Lo, Michael K
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789;��Laing, Eric D
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Moscona, A.���2018T��Fusion Inhibitory Lipopeptides Engineered for Prophylaxis of Nipah Virus in Primates���218-227���J Infect Dis���218���2���Jun 20K��Background: The emerging zoonotic paramyxovirus Nipah virus (NiV) causes severe respiratory and neurological disease in humans, with high fatality rates. Nipah virus can be transmitted via person-to-person contact, posing a high risk for epidemic outbreaks. However, a broadly applicable approach for human NiV outbreaks in field settings is lacking. Methods: We engineered new antiviral lipopeptides and analyzed in vitro fusion inhibition to identify an optimal candidate for prophylaxis of NiV infection in the lower respiratory tract, and we assessed antiviral efficiency in 2 different animal models. Results: We show that lethal NiV infection can be prevented with lipopeptides delivered via the respiratory route in both hamsters and nonhuman primates. By targeting retention of peptides for NiV prophylaxis in the respiratory tract, we avoid its systemic delivery in individuals who need only prevention, and thus we increase the safety of treatment and enhance utility of the intervention. Conclusions: The experiments provide a proof of concept for the use of antifusion lipopeptides for prophylaxis of lethal NiV. These results advance the goal of rational development of potent lipopeptide inhibitors with desirable pharmacokinetic and biodistribution properties and a safe effective delivery method to target NiV and other pathogenic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29566184&��Mathieu, Cyrille
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tight junction.}��The blood brain barrier consisting of astrocytes, pericytes and brain microvascular endothelial cells plays a vital role in the pathogenesis of neurotropic viruses by controlling the access of circulating molecules, immune cells or viruses into the central nervous system (CNS). However, this barrier is not impenetrable and neuroviruses have evolved to disrupt and evade it. This review aims to describe the underlying entry mechanisms of several neuroviruses such as (Japanese encephalitis virus (JEV), West Nile virus (WNV), Zika virus (ZIKV), Nipah virus (NiV), Rabies virus (RABV), Herpes simplex virus (HSV) and Human immunodeficiency virus (HIV)) into the CNS through BBB disruption. The mechanisms, through which neurotropic viruses enter the BBB, are being studied and are becoming clearer, however, some aspects still remain unknown. Some of these viruses are able to invade the brain parenchyma by a 'Trojan horse' mechanism, through diapedesis of infected immune cells that either cross the BBB paracellularly or transcellularly. Important mechanisms of BBB disruption associated with paracellular entry of viruses include alterations in expression or phosphorylation of tight junction proteins, disruption of the basal lamina and disruption of the actin cytoskeleton. In the absence of such mechanisms, indirect effects of viruses on the immune system are likely causes of barrier disruption.,��https://www.ncbi.nlm.nih.gov/pubmed/29521099«��Al-Obaidi, M M Jamil
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*Henipaviruses���Mar6��Bat-borne viruses carry undeniable risks to the health of human beings and animals, and there is growing recognition of the need for a 'One Health' approach to understand their frequently complex spill-over routes. While domesticated animals can play central roles in major spill-over events of zoonotic bat-borne viruses, for example during the pig-amplified Malaysian Nipah virus outbreak of 1998-1999, the extent of their potential to act as bridging or amplifying species for these viruses has not been characterised systematically. This review aims to compile current knowledge on the role of domesticated animals as hosts of two types of bat-borne viruses, henipaviruses and filoviruses. A systematic literature search of these virus-host interactions in domesticated animals identified 72 relevant studies, which were categorised by year, location, design and type of evidence generated. The review then focusses on Africa as a case study, comparing research efforts in domesticated animals and bats with the distributions of documented human cases. Major gaps remain in our knowledge of the potential ability of domesticated animals to contract or spread these zoonoses. Closing these gaps will be necessary to fully evaluate and mitigate spill-over risks of these viruses, especially with global agricultural intensification.,��https://www.ncbi.nlm.nih.gov/pubmed/29486875(��Glennon, Emma E
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validation���May���Obtaining statistically sound numbers of sera from Hendra virus (HeV)-infected horses is problematic because affected individuals usually die or are euthanized before developing a serum antibody response. As a consequence, test validation becomes a challenge. Our approach is an extension of OIE principles for provisional recognition and included 7 validation panels tested across multiple laboratories that provided estimates for test performance characteristics. At a 0.4 S/P cutoff, 16 of 19 sera from HeV-infected horses gave positive results in the HeV soluble G, indirect ELISA (HeVsG iELISA; DSe 84.2% [95% CI: 60.4-96.6%]); 463 of 477 non-infected horse sera tested negative (DSp 97.1% [95% CI: 95.1-98.4%]). The HeVsG iELISA eliminated almost all false-positive results from the previously used HeV iELISA, with marginally decreased relative sensitivity. Assay robustness was evaluated in inter-laboratory and proficiency testing panels. The HeVsG iELISA is considered to be fit for purpose for serosurveillance and international movement of horses when virus neutralization is used for follow-up testing of positive or inconclusive serum samples.,��https://www.ncbi.nlm.nih.gov/pubmed/29463198Þ��Colling, Axel
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�The paramyxovirus replication machinery comprises the viral large (L) protein and phosphoprotein (P-protein) in addition to the nucleocapsid (N) protein, which encapsidates the single-stranded RNA genome. Common to paramyxovirus N proteins is a C-terminal tail (Ntail). The mechanistic role and relevance for virus replication of the structurally disordered central Ntail section are unknown. Focusing initially on members of the Morbillivirus genus, a series of measles virus (MeV) and canine distemper virus (CDV) N proteins were generated with internal deletions in the unstructured tail section. N proteins with large tail truncations remained bioactive in mono- and polycistronic minireplicon assays and supported efficient replication of recombinant viruses. Bioactivity of Ntail mutants extended to N proteins derived from highly pathogenic Nipah virus. To probe an effect of Ntail truncations on viral pathogenesis, recombinant CDVs were analyzed in a lethal CDV/ferret model of morbillivirus disease. The recombinant viruses displayed different stages of attenuation ranging from ameliorated clinical symptoms to complete survival of infected animals, depending on the molecular nature of the Ntail truncation. Reinfection of surviving animals with pathogenic CDV revealed robust protection against a lethal challenge. The highly attenuated virus was genetically stable after ex vivo passaging and recovery from infected animals. Mechanistically, gradual viral attenuation coincided with stepwise altered viral transcriptase activity in infected cells. These results identify the central Ntail section as a determinant for viral pathogenesis and establish a novel platform to engineer gradual virus attenuation for next-generation paramyxovirus vaccine design.IMPORTANCE Investigating the role of the paramyxovirus N protein tail domain (Ntail) in virus replication, we demonstrated in this study that the structurally disordered central Ntail region is a determinant for viral pathogenesis. We show that internal deletions in this Ntail region of up to 55 amino acids in length are compatible with efficient replication of recombinant viruses in cell culture but result in gradual viral attenuation in a lethal canine distemper virus (CDV)/ferret model. Mechanistically, we demonstrate a role of the intact Ntail region in the regulation of viral transcriptase activity. Recombinant viruses with Ntail truncations induce protective immunity against lethal challenge of ferrets with pathogenic CDV. This identification of the unstructured central Ntail domain as a nonessential paramyxovirus pathogenesis factor establishes a foundation for harnessing Ntail truncations for vaccine engineering against emerging and reemerging members of the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/29437959���Thakkar, Vidhi D
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Virus Replication���Feb���Paramyxoviruses represent a family of RNA viruses causing significant human diseases. These include measles virus, the most infectious virus ever reported, in addition to parainfluenza virus, and other emerging viruses. Paramyxoviruses likely share common replication machinery but their mechanisms of RNA biosynthesis activities and details of their complex polymerase structures are unknown. Mechanistic and functional details of a paramyxovirus polymerase would have sweeping implications for understanding RNA virus replication and for the development of new antiviral medicines. To study paramyxovirus polymerase structure and function, we expressed an active recombinant Nipah virus (NiV) polymerase complex assembled from the multifunctional NiV L protein bound to its phosphoprotein cofactor. NiV is an emerging highly pathogenic virus that causes severe encephalitis and has been declared a global public health concern due to its high mortality rate. Using negative-stain electron microscopy, we demonstrated NiV polymerase forms ring-like particles resembling related RNA polymerases. We identified conserved sequence elements driving recognition of the 3'-terminal genomic promoter by NiV polymerase, and leading to initiation of RNA synthesis, primer extension, and transition to elongation mode. Polyadenylation resulting from NiV polymerase stuttering provides a mechanistic basis for transcription termination. It also suggests a divergent adaptation in promoter recognition between pneumo- and paramyxoviruses. The lack of available antiviral therapy for NiV prompted us to identify the triphosphate forms of R1479 and GS-5734, two clinically relevant nucleotide analogs, as substrates and inhibitors of NiV polymerase activity by delayed chain termination. Overall, these findings provide low-resolution structural details and the mechanism of an RNA polymerase from a previously uncharacterized virus family. This work illustrates important functional differences yet remarkable similarities between the polymerases of nonsegmented negative-strand RNA viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29425244���Jordan, Paul C
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*viruses���Jan®��Nipah virus (NiV) has been transmitted from patient to caregivers in Bangladesh presumably through oral secretions. We aimed to detect whether NiV-infected patients contaminate hospital surfaces with the virus. During December 2013-April 2014, we collected 1 swab sample from 5 surfaces near NiV-infected patients and tested surface and oral swab samples by real-time reverse transcription PCR for NiV RNA. We identified 16 Nipah patients; 12 cases were laboratory-confirmed and 4 probable. Of the 12 laboratory-confirmed cases, 10 showed NiV RNA in oral swab specimens. We obtained surface swab samples for 6 Nipah patients; 5 had evidence of NiV RNA on >1 surface: 4 patients contaminated towels, 3 bed sheets, and 1 the bed rail. Patients with NiV RNA in oral swab samples were significantly more likely than other Nipah patients to die. To reduce the risk for fomite transmission of NiV, infection control should target hospital surfaces.,��https://www.ncbi.nlm.nih.gov/pubmed/29260663%��Hassan, Md Zakiul
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Sick day rules���AugÀ��Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, pp 1-22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortality and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reactive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/29188454ª��Sykes, Lynne
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Questionnaire���Dec 1°��In recent years, outbreaks of exotic as well as newly emerging infectious diseases have highlighted the importance of biosecurity for the Australian horse industry. As the first potentially fatal zoonosis transmissible from horses to humans in Australia, Hendra virus has emphasised the need to incorporate sound hygiene and general biosecurity practices into day-to-day horse management. Recommended measures are widely publicised, but implementation is at the discretion of the individual owner. This cross-sectional study aimed to determine current levels of biosecurity of horse owners and to identify factors influencing the uptake of practices utilising data from an online survey. Level of biosecurity (low, medium, high), as determined by horse owners' responses to a set of questions on the frequency of various biosecurity practices performed around healthy (9 items) and sick horses (10 items), was used as a composite outcome variable in ordinal logistic regression analyses. The majority of horse owners surveyed were female (90%), from the states of Queensland (45%) or New South Wales (37%), and were involved in either mainly competitive/equestrian sports (37%) or recreational horse activities (35%). Seventy-five percent of owners indicated that they follow at least one-third of the recommended practices regularly when handling their horses, resulting in medium to high levels of biosecurity. Main factors associated with a higher level of biosecurity were high self-rated standard of biosecurity, access to personal protective equipment, absence of flying foxes in the local area, a good sense of control over Hendra virus risk, likelihood of discussing a sick horse with a veterinarian and likelihood of suspecting Hendra virus in a sick horse. Comparison of the outcome variable with the self-rated standard of biosecurity showed that over- as well as underestimation occurred. This highlights the need for continuous communication and education to enhance awareness and understanding of what biosecurity is and how it aligns with good horsemanship. Overall, strengthened biosecurity practices will help to improve animal as well as human health and increase preparedness for future disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/29157371%��Wiethoelter, Anke K
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tricarboxylic acid cycle���Nov���We present a case of a woman in her 70 s, on cyclophosphamide for multiple myeloma, who was admitted to critical care with grade III acute kidney injury. Renal replacement therapy with regional citrate anticoagulation was commenced. Shortly thereafter her systemic-ionised calcium levels fell and remained stubbornly low until post-filter calcium return was doubled. Her total-to-ionised calcium ratio gradually increased and so, to avoid further accumulation of citrate, anticoagulation was changed to heparin. Cyclophosphamide, which accumulates in renal failure, is known to interfere with key enzymes involved in the tricarboxylic acid cycle. We postulate that cyclophosphamide interfered with her citrate metabolism, resulting in persistent systemic chelation of calcium.,��https://www.ncbi.nlm.nih.gov/pubmed/29123570¦��Hendra, Tim
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*Virus-like particles���Feb 10´��Virions are often described as virus-only entities with no cellular components with the exception of the lipids in their membranes. However, advances in proteomics are revealing substantial amounts of host proteins in the viral particles. In the case of Nipah virus (NiV), the viral components in the virion have been known for some time. Nonetheless, no information has been obtained regarding the cellular proteins in the viral particles. To address this question, we produced Virus-Like Particles (VLPs) for NiV by expressing the F, G and M proteins in human-derived cells. Next, the proteomic content in these VLPs was analyzed by LC-MS/MS. We identified 67 human proteins including soluble and membrane-bound proteins involved in vesicle sorting and transport. Interestingly, many of them have been reported to interact with other viruses. Finally, thanks to the semi-quantitative nature of our data we were able to estimate the ratio among F, G and M proteins and also the ratio between cellular and viral proteins in the VLPs. We believe our data contribute to the better understanding of NiV life cycle and might facilitate future attempts for developing antiviral agents and the design of further experimental studies for this deadly infection. BIOLOGICAL SIGNIFICANCE: Traditionally viral particles have been described as pure entities carrying only viral-derived proteins. Advances in proteomics are changing this simplified view. Host proteins have been identified in many viruses (especially in enveloped viruses). These cell-derived proteins participate in multiple steps in the viral life cycle and might be as important for the survival of the virus as any other viral-encoded protein. In this work, we analyze utilizing LC-MS/MS the cellular proteins incorporated or bound to the virions of Nipah virus (NiV), an emerging, highly pathogenic, zoonotic virus from the Paramyxoviridiae family. Furthermore, we analyzed the ratio between cellular and viral proteins and among the viral F, G and M proteins in the viral particles. The characterization of the Nipah virus-human interactions occurring in the virion might facilitate the development of new therapeutic and prophylactic therapies for this viral illness.,��https://www.ncbi.nlm.nih.gov/pubmed/29092793���Vera-Velasco, Natalia Mara
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*viral vectors���Dec 2ý��The 2014-15 Ebola outbreak in West Africa highlighted the potential for large disease outbreaks caused by emerging pathogens and has generated considerable focus on preparedness for future epidemics. Here we discuss drivers, strategies and practical considerations for developing vaccines against outbreak pathogens. Chimpanzee adenoviral (ChAd) vectors have been developed as vaccine candidates for multiple infectious diseases and prostate cancer. ChAd vectors are safe and induce antigen-specific cellular and humoral immunity in all age groups, as well as circumventing the problem of pre-existing immunity encountered with human Ad vectors. For these reasons, such viral vectors provide an attractive platform for stockpiling vaccines for emergency deployment in response to a threatened outbreak of an emerging pathogen. Work is already underway to develop vaccines against a number of other outbreak pathogens and we will also review progress on these approaches here, particularly for Lassa fever, Nipah and MERS.,��https://www.ncbi.nlm.nih.gov/pubmed/29083948å��Ewer, Katie
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interferon lambda���Octj��Highly pathogenic Nipah virus (NiV) generally causes severe encephalitis in humans. Respiratory symptoms are infrequently observed, likely reflecting variations in infection kinetics in human airways. Supporting this idea, we recently identified individual differences in NiV replication kinetics in cultured airway epithelia from different human donors. As type III interferons (IFN-lambda) represent major players in the defence mechanism against viral infection of the respiratory mucosa, we studied IFN-lambda induction and antiviral activity in NiV-infected primary differentiated human bronchial epithelial cells (HBEpCs) cultured under air-liquid interface conditions. Our studies revealed that IFN-lambda was upregulated in airway epithelia upon NiV infection. We also show that IFN-lambda pretreatment efficiently inhibited NiV replication. Interestingly, the antiviral activity of IFN-lambda varied in HBEpCs from two different donors. Increased sensitivity to IFN-lambda was associated with higher expression levels of IFN-lambda receptors, enhanced phosphorylation of STAT1, as well as enhanced induction of interferon-stimulated gene expression. These findings suggest that individual variations in IFN-lambda receptor expression affecting IFN responsiveness can play a functional role for NiV replication kinetics in human respiratory epithelial cells of different donors.,��https://www.ncbi.nlm.nih.gov/pubmed/28984239ê��Sauerhering, Lucie
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superstructure���Oct 1,��A new superstructure of the mineral camerolaite, Cu6Al3(OH)18(H2O)2[Sb(OH)6](SO4), has been refined in space group P\bar 1 with unit-cell parameters aP = 7.7660 (16), bP = 8.759 (4), cP = 11.306 (2) A, alphaP = 108.67 (4), betaP = 83.41 (3), gammaP = 126.64 (2) degrees , V = 581.6 (3) A(3) and Z = 1, with R1 = 0.0951 (all data). This is the first refined example of a cyanotrichite-group mineral in which long-range order of interlayer anions produces a superstructure along b, although diffuse scattering has previously been reported that corresponds to short-range order. Though the structure shares with other members of the cyanotrichite group a structural unit in which ribbons of edge-sharing Cu and Al octahedra form layers || (001), the superstructure arises from regular alternation of [SO4] and [Sb(OH)6] polyhedra along rods that lie between the layers, and phase coupling between rods that maximizes the distance between [SO4] groups of adjacent rods along a and c directions. This arrangement suggests an alternative nearly orthogonal choice of unit cell in F\bar 1 with parameters aF = 12.473 (26), bF = 8.759 (4), cF = 21.476 (7) A, alphaF = 85.94 (4), betaF = 95.91 (5), gammaF = 92.34 (9) degrees , which is recommended for comparing this structural variety of camerolaite with other members of the group.,��https://www.ncbi.nlm.nih.gov/pubmed/28981001ã��Mills, Stuart J
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Viral Envelope Proteins/*metabolism���Oct 3E��Nipah virus is an emergent paramyxovirus that causes deadly encephalitis and respiratory infections in humans. Two glycoproteins coordinate the infection of host cells, an attachment protein (G), which binds to cell surface receptors, and a fusion (F) protein, which carries out the process of virus-cell membrane fusion. The G protein binds to ephrin B2/3 receptors, inducing G conformational changes that trigger F protein refolding. Using an optical approach based on second harmonic generation, we show that monomeric and dimeric receptors activate distinct conformational changes in G. The monomeric receptor-induced changes are not detected by conformation-sensitive monoclonal antibodies or through electron microscopy analysis of G:ephrinB2 complexes. However, hydrogen/deuterium exchange experiments confirm the second harmonic generation observations and reveal allosteric changes in the G receptor binding and F-activating stalk domains, providing insights into the pathway of receptor-activated virus entry.Nipah virus causes encephalitis in humans. Here the authors use a multidisciplinary approach to study the binding of the viral attachment protein G to its host receptor ephrinB2 and show that monomeric and dimeric receptors activate distinct conformational changes in G and discuss implications for receptor-activated virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/28974687«��Wong, Joyce J W
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*Zinc Fingers���Oct 24���Henipaviruses are severe human pathogens within the Paramyxoviridae family. Beyond the P protein, the Henipavirus P gene also encodes the V protein which shares with P its N-terminal, intrinsically disordered region (PNT) and possesses a unique C-terminal domain predicted to be folded and to bind zinc (ZnFD). Henipavirus V proteins antagonize IFN signaling through PNT-mediated binding to STAT1, and several paramyxoviral V proteins promote STAT1 degradation through binding to DDB1. Structural and molecular information on Henipavirus V proteins is lacking, and their ability to interact with DDB1 has not been documented yet. We cloned the V genes from Nipah and Hendra viruses and purified the V proteins from E. coli and DDB1 from insect cells. Using analytical size-exclusion chromatography, CD and SAXS we characterized the V proteins and their domains. Using pull-down and MST we assessed their binding abilities towards DDB1. We show that PNT remains disordered also in the context of the V protein, while the ZnFD adopts a predominant beta conformation. We also show that the V proteins interact with DDB1 predominantly via their ZnFD. This is the first experimental characterization of the Henipavirus V proteins and the first experimental evidence of their interaction with DDB1. The DDB1-ZnFD interaction constitutes a promising target for antiviral strategies. These studies provide a conceptual asset to design new antiviral strategies expected to reduce or abrogate the ability of these viruses to escape the innate immune response. They also contribute to illuminating the conformational behaviour of proteins encompassing large intrinsically disordered domains.,��https://www.ncbi.nlm.nih.gov/pubmed/28972216���Salladini, Edoardo
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*infectious disease epidemiology���NovL��Understanding infection dynamics in animal hosts is fundamental to managing spillover and emergence of zoonotic infections. Hendra virus is endemic in Australian pteropodid bat populations and can be lethal to horses and humans. However, we know little about the factors driving Hendra virus prevalence in resevoir bat populations, making spillover difficult to predict. We use Hendra virus prevalence data collected from 13 000 pooled bat urine samples across space and time to determine if pulses of prevalence are periodic and synchronized across sites. We also test whether site-specific precipitation and temperature affect the amplitude of the largest annual prevalence pulses. We found little evidence for a periodic signal in Hendra virus prevalence. Although the largest amplitude pulses tended to occur over winter, pulses could also occur in other seasons. We found that Hendra virus prevalence was weakly synchronized across sites over short distances, suggesting that prevalence is driven by local-scale effects. Finally, we found that drier conditions in previous seasons and the abundance of Pteropus alecto were positively correlated with the peak annual values of Hendra virus prevalence. Our results suggest that in addition to seasonal effects, bat density and local climatic conditions interact to drive Hendra virus infection dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/28942750t��Paez, D J
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*Nipah virus���Sep5��Human Nipah virus (NiV) infection, often fatal in Bangladesh, is primarily transmitted by drinking raw date palm sap contaminated by Pteropus bats. We assessed the impact of a behavior change communication intervention on reducing consumption of potentially NiV-contaminated raw sap. During the 2012-2014 sap harvesting seasons, we implemented interventions in two areas and compared results with a control area. In one area, we disseminated a "do not drink raw sap" message and, in the other area, encouraged only drinking sap if it had been protected from bat contamination by a barrier ("only safe sap"). Post-intervention, 40% more respondents in both intervention areas reported knowing about a disease contracted through raw sap consumption compared with control. Reported raw sap consumption decreased in all areas. The reductions in the intervention areas were not significantly greater compared to the control. Respondents directly exposed to the "only safe sap" message were more likely to report consuming raw sap from a protected source than those with no exposure (25 vs. 15%, OR 2.0, 95% CI 1.5-2.6, P < 0.001). While the intervention increased knowledge in both intervention areas, the "only safe sap" intervention reduced exposure to potentially NiV-contaminated sap and should be considered for future dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/28905152G��Nahar, Nazmun
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*virus-host interactions���Dec 1P��Nipah virus is an emerging, highly pathogenic, zoonotic virus of the Paramyxoviridae family. Human transmission occurs by close contact with infected animals, the consumption of contaminated food, or, occasionally, via other infected individuals. Currently, we lack therapeutic or prophylactic treatments for Nipah virus. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. This aim led us to perform the present work, in which we identified 101 human-Nipah virus protein-protein interactions (PPIs), most of which (88) are novel. This data set provides a comprehensive view of the host complexes that are manipulated by viral proteins. Host targets include the PRP19 complex and the microRNA (miRNA) processing machinery. Furthermore, we explored the biologic consequences of the interaction with the PRP19 complex and found that the Nipah virus W protein is capable of altering p53 control and gene expression. We anticipate that these data will help in guiding the development of novel interventional strategies to counter this emerging viral threat.IMPORTANCE Nipah virus is a recently discovered virus that infects a wide range of mammals, including humans. Since its discovery there have been yearly outbreaks, and in some of them the mortality rate has reached 100% of the confirmed cases. However, the study of Nipah virus has been largely neglected, and currently we lack treatments for this infection. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. In the present work, we identified 101 human-Nipah virus protein-protein interactions using an affinity purification approach coupled with mass spectrometry. Additionally, we explored the cellular consequences of some of these interactions. Globally, this data set offers a comprehensive and detailed view of the host machinery's contribution to the Nipah virus's life cycle. Furthermore, our data present a large number of putative drug targets that could be exploited for the treatment of this infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28904190Î��Martinez-Gil, Luis
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*nucleoprotein���Nov 1õ	�Henipaviruses, such as Nipah (NiV) and Hendra (HeV) viruses, are highly pathogenic zoonotic agents within the Paramyxoviridae family. The phosphoprotein (P) gene products of the paramyxoviruses have been well characterized for their interferon (IFN) antagonist activity and their contribution to viral pathogenicity. In this study, we demonstrated that the nucleoprotein (N) of henipaviruses also prevents the host IFN signaling response. Reporter assays demonstrated that the NiV and HeV N proteins (NiV-N and HeV-N, respectively) dose-dependently suppressed both type I and type II IFN responses and that the inhibitory effect was mediated by their core domains. Additionally, NiV-N prevented the nuclear transport of signal transducer and activator of transcription 1 (STAT1) and STAT2. However, NiV-N did not associate with Impalpha5, Impbeta1, or Ran, which are members of the nuclear transport system for STATs. Although P protein is known as a binding partner of N protein and actively retains N protein in the cytoplasm, the IFN antagonist activity of N protein was not abolished by the coexpression of P protein. This suggests that the IFN inhibition by N protein occurs in the cytoplasm. Furthermore, we demonstrated that the complex formation of STATs was hampered in the N protein-expressing cells. As a result, STAT nuclear accumulation was reduced, causing a subsequent downregulation of interferon-stimulated genes (ISGs) due to low promoter occupancy by STAT complexes. This novel route for preventing host IFN responses by henipavirus N proteins provides new insight into the pathogenesis of these viruses.IMPORTANCE Paramyxoviruses are well known for suppressing interferon (IFN)-mediated innate immunity with their phosphoprotein (P) gene products, and the henipaviruses also possess P, V, W, and C proteins for evading host antiviral responses. There are numerous studies providing evidence for the relationship between viral pathogenicity and antagonistic activities against IFN responses by P gene products. Meanwhile, little attention has been paid to the influence of nucleoprotein (N) on host innate immune responses. In this study, we demonstrated that both the NiV and HeV N proteins have antagonistic activity against the JAK/STAT signaling pathway by preventing the nucleocytoplasmic trafficking of STAT1 and STAT2. This inhibitory effect is due to an impairment of the ability of STATs to form complexes. These results provide new insight into the involvement of N protein in viral pathogenicity via its IFN antagonism.,��https://www.ncbi.nlm.nih.gov/pubmed/28835499Ù��Sugai, Akihiro
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*zoonoses���Sepé��Preventing emergence of new zoonotic viruses depends on understanding determinants for human risk. Nipah virus (NiV) is a lethal zoonotic pathogen that has spilled over from bats into human populations, with limited person-to-person transmission. We examined ecologic and human behavioral drivers of geographic variation for risk of NiV infection in Bangladesh. We visited 60 villages during 2011-2013 where cases of infection with NiV were identified and 147 control villages. We compared case villages with control villages for most likely drivers for risk of infection, including number of bats, persons, and date palm sap trees, and human date palm sap consumption behavior. Case villages were similar to control villages in many ways, including number of bats, persons, and date palm sap trees, but had a higher proportion of households in which someone drank sap. Reducing human consumption of sap could reduce virus transmission and risk for emergence of a more highly transmissible NiV strain.,��https://www.ncbi.nlm.nih.gov/pubmed/28820130f��Gurley, Emily S
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Haseeb, M. A.���2017v��The impact of human population pressure on flying fox niches and the potential consequences for Hendra virus spillover���8226���Sci Rep���7���1���Aug 15���Hendra virus (HeV) is an emerging pathogen of concern in Australia given its ability to spillover from its reservoir host, pteropid bats, to horses and further on to humans, and the severe clinical presentation typical in these latter incidental hosts. Specific human pressures over recent decades, such as expanding human populations, urbanization, and forest fragmentation, may have altered the ecological niche of Pteropus species acting as natural HeV reservoirs and may modulate spillover risk. This study explored the influence of inter-decadal net human local migration between 1970 and 2000 on changes in the habitat suitability to P. alecto and P. conspicillatus from 1980 to 2015 in eastern Australia. These ecological niches were modeled using boosted regression trees and subsequently fitted, along with additional landscape factors, to HeV spillovers to explore the spatial dependency of this zoonosis. The spatial model showed that the ecological niche of these two flying fox species, the human footprint, and proximity to woody savanna were each strongly associated with HeV spillover and together explained most of the spatial dependency exhibited by this zoonosis. These findings reinforce the potential for anthropogenic pressures to shape the landscape epidemiology of HeV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28811483���Walsh, Michael G
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Stewart, C. R.���2017A��Circulating microRNA profiles of Hendra virus infection in horses���7431���Sci Rep���7���1���Aug 7I��Hendra virus (HeV) is an emerging zoonotic pathogen harbored by Australian mainland flying foxes. HeV infection can cause lethal disease in humans and horses, and to date all cases of human HeV disease have resulted from contact with infected horses. Currently, diagnosis of acute HeV infections in horses relies on the productive phase of infection when virus shedding may occur. An assay that identifies infected horses during the preclinical phase of infection would reduce the risk of zoonotic viral transmission during management of HeV outbreaks. Having previously shown that the host microRNA (miR)-146a is upregulated in the blood of HeV-infected horses days prior to the detection of viremia, we have profiled miRNAs at the transcriptome-wide level to comprehensively assess differences between infected and uninfected horses. Next-generation sequencing and the miRDeep2 algorithm identified 742 mature miRNA transcripts corresponding to 593 miRNAs in whole blood of six horses (three HeV-infected, three uninfected). Thirty seven miRNAs were differentially expressed in infected horses, two of which were validated by qRT-PCR. This study describes a methodology for the transcriptome-wide profiling of miRNAs in whole blood and supports the notion that measuring host miRNA expression levels may aid infectious disease diagnosis in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/28785041���Cowled, Christopher
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Ultraviolet Rays���Aug 25=��Ceratodon purpureus is a cosmopolitan moss that survives some of the harshest places on Earth: from frozen Antarctica to hot South Australian deserts. In a study on the survival mechanisms of the species, nine compounds were isolated from Australian and Antarctic C. purpureus. This included five biflavonoids, with complete structural elucidation of 1 and 2 reported here for the first time, as well as an additional four known phenolic compounds. Dispersion-corrected DFT calculations suggested a rotational barrier, leading to atropisomerism, resulting in the presence of diastereomers for compound 2. All isolates absorbed strongly in the ultraviolet (UV) spectrum, e.g., biflavone 1 (UV-A, 315-400 nm), which displayed the strongest radical-scavenging activity, 13% more efficient than the standard rutin; p-coumaric acid and trans-ferulic acid showed the highest UV-B (280-315 nm) absorption. The more complex and abundant 1 and 2 presumably have dual roles as both UV-screening and antioxidant compounds. They are strongly bound to Antarctic moss cell walls as well as located inside the cells of moss from both locations. The combined high stability and photoprotective abilities of these isolates may account for the known resilience of this species to UV-B radiation and its survival in some of the toughest locations in the world.,��https://www.ncbi.nlm.nih.gov/pubmed/28783339ó��Waterman, Melinda J
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Urine/virologyÿ��Pteropid bats (flying-foxes) are the natural reservoir of Hendra virus, an emergent paramyxovirus responsible for fatal infection in horses and humans in Australia. Pteropus alecto (the Black flying-fox) and the paraphyletic P. conspicillatus (the Spectacled flying-fox) appear to be the primary reservoir hosts. Previous studies have suggested that physiological and ecological factors may underpin infection dynamics in flying-foxes, and subsequent spillover to horses and in turn humans. We sought to examine temporal trends in urinary cortisol concentration in wild Australian flying-fox populations, to elucidate the putative relationship between Hendra virus infection and physiological stress. Pooled and individual urine samples were non-invasively collected from under roosting flying-foxes at two latitudinally disparate regions in the eastern Australian state of Queensland. Hendra virus detection, and (in individual urine samples) sex and species determination were PCR-based. Urinary cortisol measurement used a validated enzyme immunoassay. We found no direct correlation between increased urinary cortisol and Hendra virus excretion, but our findings do suggest a biologically plausible association between low winter temperatures and elevated cortisol levels in P. alecto in the lower latitude Southeast Queensland roosts. We hypothesize an indirect association between low winter temperatures and increased Hendra virus infection and excretion, mediated by the physiological cost of thermoregulation. Our findings and our approach are directly relevant to elaboration of the disease ecology of Nipah virus and other emerging henipaviruses in bats. More broadly, they inform investigation of emerging disease infection dynamics across the wildlife/livestock/human interface.,��https://www.ncbi.nlm.nih.gov/pubmed/28767708×��McMichael, Lee
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Nipah virus���JunA��OBJECTIVE: To explore a common B- and T-cell epitope-based vaccine that can elicit an immune response against encephalitis causing genus Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV). METHODS: Membrane proteins F, G and M of HeV and NiV were retrieved from the protein database and subjected to different bioinformatics tools to predict antigenic B-cell epitopes. Best B-cell epitopes were then analyzed to predict their T-cell antigenic potentiality. Antigenic B- and T-cell epitopes that shared maximum identity with HeV and NiV were selected. Stability of the selected epitopes was predicted. Finally, the selected epitopes were subjected to molecular docking simulation with HLA-DR to confirm their antigenic potentiality in silico. RESULTS: One epitope from G proteins, one from M proteins and none from F proteins were selected based on their antigenic potentiality. The epitope from the G proteins was stable whereas that from M was unstable. The M-epitope was made stable by adding flanking dipeptides. The 15-mer G-epitope (VDPLRVQWRNNSVIS) showed at least 66% identity with all NiV and HeV G protein sequences, while the 15-mer M-epitope (GKLEFRRNNAIAFKG) with the dipeptide flanking residues showed 73% identity with all NiV and HeV M protein sequences available in the database. Molecular docking simulation with most frequent MHC class-II (MHC II) and class-I (MHC I) molecules showed that these epitopes could bind within HLA binding grooves to elicit an immune response. CONCLUSIONS: Data in our present study revealed the notion that the epitopes from G and M proteins might be the target for peptide-based subunit vaccine design against HeV and NiV. However, the biochemical analysis is necessary to experimentally validate the interaction of epitopes individually with the MHC molecules through elucidation of immunity induction.,��https://www.ncbi.nlm.nih.gov/pubmed/28756915Õ��Saha, Chayan Kumar
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peptides���Jul 15¸��A set of lipopeptides was recently reported for their broad-spectrum antiviral activity against viruses belonging to the Paramyxoviridae family, including human parainfluenza virus type 3 and Nipah virus. Among them, the peptide with a 24-unit PEG linker connecting it to a cholesterol moiety (VG-PEG24-Chol) was found to be the best membrane fusion inhibitory peptide. Here, we evaluated the interaction of the same set of peptides with biomembrane model systems and isolated human peripheral blood mononuclear cells (PBMC). VG-PEG24-Chol showed the highest insertion rate and it was among the peptides that induced a larger change on the surface pressure of cholesterol rich membranes. This peptide also displayed a high affinity towards PBMC membranes. These data provide new information about the dynamics of peptide-membrane interactions of a specific group of antiviral peptides, known for their potential as multipotent paramyxovirus antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/28714870"��Augusto, Marcelo T
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*zoonotic infections���Sep 15é
�Several infectious disease outbreaks with high mortality in humans have been attributed to viruses that are thought to have evolved from bat viruses. In this study from Luxembourg, the genetic diversity and epidemiology of paramyxoviruses and coronaviruses shed by the bat species Rhinolophus ferrumequinum and Myotis emarginatus were evaluated. Feces collection (n = 624) was performed longitudinally in a mixed-species colony in 2015 and 2016. In addition, feces (n = 254) were collected cross-sectionally from six Myotis emarginatus colonies in 2016. By use of degenerate primers in a nested format, overall prevalences of 1.1% (10/878) and 4.9% (43/878) were determined for paramyxoviruses and coronaviruses. Sequences of the partial RNA-dependent RNA polymerase and spike glycoprotein genes of coronaviruses, as well as sequences of the partial L gene of paramyxoviruses, were obtained. Novel paramyxovirus and Alphacoronavirus strains were identified in different Myotis emarginatus colonies, and severe acute respiratory syndrome (SARS)-related Betacoronavirus strains were shed by Rhinolophus ferrumequinum Logistic regression revealed that the level of Alphacoronavirus shedding was highest in July (odds ratio, 2.8; P < 0.01), probably due to periparturient stress. Phylogenetic analyses point to close virus-host coevolution, and the high genetic similarity of the study strains suggests that the Myotis emarginatus colonies in Luxembourg are socially connected. Most interestingly, we show that bats also host Betacoronavirus1 strains. The high similarity of the spike gene sequences of these viruses with mammalian Betacoronavirus 1 strains may be of concern. Both the SARS-related and Betacoronavirus 1 strains detected in bats in Luxembourg may cross the species barrier after a host adaptation process.IMPORTANCE Bats are a natural reservoir of a number of zoonotic pathogens. Several severe outbreaks in humans (e.g., a Nipah virus outbreak in Malaysia in 1998, and the almost global spread of severe acute respiratory syndrome in 2003) have been caused by bat-borne viruses that were transmitted to humans mostly after virus adaptation (e.g., in intermediate animal hosts). Despite the indigenousness of bat species that host viruses with suspected zoonotic potential and despite the zoonotic transmission of European bat 1 lyssavirus in Luxembourg, knowledge about the diversity and epidemiology of bat viruses remains limited in this country. Moreover, in contrast to other European countries, bat viruses are currently not included in the national surveillance activities of this land-locked country. We suggest that this gap in disease surveillance should be addressed, since we show here that synanthropic bats host viruses that may be able to cross the species barrier.,��https://www.ncbi.nlm.nih.gov/pubmed/28710271���Pauly, Maude
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Rhabdoviridae Infections/*epidemiology/transmission/virology���Jul 13x��Bats are natural reservoir hosts of highly virulent pathogens such as Marburg virus, Nipah virus, and SARS coronavirus. However, little is known about the role of bat ectoparasites in transmitting and maintaining such viruses. The intricate relationship between bats and their ectoparasites suggests that ectoparasites might serve as viral vectors, but evidence to date is scant. Bat flies, in particular, are highly specialized obligate hematophagous ectoparasites that incidentally bite humans. Using next-generation sequencing, we discovered a novel ledantevirus (mononegaviral family Rhabdoviridae, genus Ledantevirus) in nycteribiid bat flies infesting pteropodid bats in western Uganda. Mitochondrial DNA analyses revealed that both the bat flies and their bat hosts belong to putative new species. The coding-complete genome of the new virus, named Kanyawara virus (KYAV), is only distantly related to that of its closest known relative, Mount Elgon bat virus, and was found at high titers in bat flies but not in blood or on mucosal surfaces of host bats. Viral genome analysis indicates unusually low CpG dinucleotide depletion in KYAV compared to other ledanteviruses and rhabdovirus groups, with KYAV displaying values similar to rhabdoviruses of arthropods. Our findings highlight the possibility of a yet-to-be-discovered diversity of potentially pathogenic viruses in bat ectoparasites.,��https://www.ncbi.nlm.nih.gov/pubmed/28706276{��Goldberg, Tony L
Bennett, Andrew J
Kityo, Robert
Kuhn, Jens H
Chapman, Colin A
eng
HHSN272200700016I/AO/NIAID NIH HHS/
R01 TW009237/TW/FIC NIH HHS/
T32 AI078985/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2017/07/15 06:00
Sci Rep. 2017 Jul 13;7(1):5287. doi: 10.1038/s41598-017-05236-w.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC5509700���28706276þ��Department of Pathobiological Sciences, University of Wisconsin-Madison, Madison, Wisconsin, 53706, USA. tony.goldberg@wisc.edu.
Global Health Institute, University of Wisconsin-Madison, Madison, Wisconsin, 53706, USA. tony.goldberg@wisc.edu.
Department of Zoology, Makerere University, Kampala, Uganda. tony.goldberg@wisc.edu.
Department of Pathobiological Sciences, University of Wisconsin-Madison, Madison, Wisconsin, 53706, USA.
Department of Zoology, Makerere University, Kampala, Uganda.
Integrated Research Facility at Fort Detrick, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Frederick, Maryland, 21702, USA.
Department of Anthropology and School of Environment, McGill University, Montreal, Quebec, H3A 2T7, Canada.���10.1038/s41598-017-05236-w��÷��üÒ|ÿî?�������Hendra, R.
Keller, P. A.���2017B��Phytochemical Studies on Two Australian Anigozanthos Plant Species	��2141-2145
��J Nat Prod���80���7���Acinetobacter baumannii/drug effects
Anthocyanins/chemistry/pharmacology
Anti-Bacterial Agents/chemistry/*isolation & purification/pharmacology
Australia
Chromatography, High Pressure Liquid
Dose-Response Relationship, Drug
Flavonoids/chemistry/*isolation & purification/pharmacology
Flowers/chemistry
Glycosides/chemistry/isolation & purification/pharmacology
Magnoliopsida/*chemistry
Microbial Sensitivity Tests
Molecular Structure
Nuclear Magnetic Resonance, Biomolecular
Phytochemicals/chemistry/isolation & purification���Jul 28 ��Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5'-O-(4-O-p-coumaryl)-O-beta-d-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5-11, 13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 muM, respectively.,��https://www.ncbi.nlm.nih.gov/pubmed/28682615Ì��Hendra, Rudi
Keller, Paul A
eng
Wellcome Trust/United Kingdom
Research Support, Non-U.S. Gov't
2017/07/07 06:00
J Nat Prod. 2017 Jul 28;80(7):2141-2145. doi: 10.1021/acs.jnatprod.7b00063. Epub 2017 Jul 6.*��1520-6025 (Electronic)
0163-3864 (Linking)���28682615P��School of Chemistry, University of Wollongong , Wollongong, NSW 2522, Australia.���10.1021/acs.jnatprod.7b00063���+�FüÒtÿî?����1��Borisevich, V.
Ozdener, M. H.
Malik, B.
Rockx, B.���2017M��Hendra and Nipah Virus Infection in Cultured Human Olfactory Epithelial Cells���mSphere���2���3.��Henipavirus
neuroinvasion
olfactory epithelium���May-Jun���Henipaviruses are emerging zoonotic viruses and causative agents of encephalitis in humans. However, the mechanisms of entry into the central nervous system (CNS) in humans are not known. Here, we evaluated the possible role of olfactory epithelium in virus entry into the CNS. We characterized Hendra virus (HeV) and Nipah virus (NiV) infection of primary human olfactory epithelial cultures. We show that henipaviruses can infect mature olfactory sensory neurons. Henipaviruses replicated efficiently, resulting in cytopathic effect and limited induction of host responses. These results show that human olfactory epithelium is susceptible to infection with henipaviruses, suggesting that this could be a pathway for neuroinvasion in humans. IMPORTANCE Henipaviruses are emerging zoonotic pathogens that can cause acute and severe respiratory and neurological disease in humans. The pathways by which henipaviruses enter the central nervous system (CNS) in humans are still unknown. The observation that human olfactory neurons are highly susceptible to infection with henipaviruses demonstrates that the olfactory epithelium can serve as a site of Henipavirus entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/28680971Ä��Borisevich, Viktoriya
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Prevention���Jun 26"��BACKGROUND: Nipah virus infection (NiV) is a bat-borne zoonosis transmitted to humans through consumption of NiV-contaminated raw date palm sap in Bangladesh. The objective of this analysis was to measure the cost of an NiV prevention intervention and estimate the cost of scaling it up to districts where spillover had been identified. METHODS: We implemented a behavior change communication intervention in two districts, testing different approaches to reduce the risk of NiV transmission using community mobilization, interpersonal communication, posters and TV public service announcements on local television during the 2012-2014 sap harvesting seasons. In one district, we implemented a "no raw sap" approach recommending to stop drinking raw date palm sap. In another district, we implemented an "only safe sap" approach, recommending to stop drinking raw date palm sap but offering the option of drinking safe sap. This is sap covered with a barrier, locally called bana, to interrupt bats' access during collection. We conducted surveys among randomly selected respondents two months after the intervention to measure the proportion of people reached. We used an activity-based costing method to calculate the cost of the intervention. RESULTS: The implementation cost of the "no raw sap" intervention was $30,000 and the "only safe sap" intervention was $55,000. The highest cost was conducting meetings and interpersonal communication efforts. The lowest cost was broadcasting the public service announcements on local TV channels. To scale up a similar intervention in 30 districts where NiV spillover has occurred, would cost between $2.6 and $3.5 million for one season. Placing the posters would cost $96,000 and only broadcasting the public service announcement through local channels in 30 districts would cost $26,000. CONCLUSIONS: Broadcasting a TV public service announcement is a potential low cost option to advance NiV prevention. It could be supplemented with posters and targeted interpersonal communication, in districts with a high risk of NiV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28651646	��Nahar, Nazmun
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Veterinarians/economics/psychology���Hendra virus is a zoonotic paramyxovirus, which causes severe respiratory and neurological disease in horses and humans. Since 2012, the Hendra virus sub-unit G vaccine has been available for horse vaccination in Australia. Uptake of the vaccine has been limited and spill-over events of Hendra virus infection in horses continue to occur. We conducted an online, questionnaire-based cross-sectional study of 376 horse owners belonging to a variety of different equestrian clubs in Queensland, Australia, to identify risk factors for non-vaccination against Hendra virus. A total of 43.1% (N = 162) of horse owners indicated that they currently did not vaccinate against Hendra virus infection, while 56.9% (N = 214) currently vaccinated against Hendra virus infection. A total of 52 risk factors were evaluated relating to equestrian activities, horse management, perceived risk and severity of horse and human infection with Hendra virus, side effects of Hendra vaccination, other vaccinations conducted by horse owners and horse owners' attitudes towards veterinarians. The final multivariable logistics regression model identified the following risk factors associated with increased odds of non-vaccination against Hendra virus: 1) perceived low risk (compared to high) of Hendra virus infection to horses (considering the horse owners' location and management practices) or horse owners were unsure about the risk of infection, 2) perceived moderate severity (compared to very severe or severe) of Hendra virus infection in humans, 3) horse owners non-vaccination of their pets, 4) horse owners non-vaccination against strangles disease in horses, 5) handling of more than three horses per week (compared to one horse only) and 6) perceived attitude that veterinarians had a high motivation of making money from Hendra virus vaccination (compared to veterinarians having a low motivation of making money from Hendra virus vaccination). Horse owners were more likely to vaccinate against Hendra virus if horses were used for dressage, show jumping or eventing. The study also identified horse owners' concerns about side-effects and about the lack of evidence on vaccine efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/28636633»��Goyen, Kailiea Arianna
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vinegar���Janá��BACKGROUND: Vinegar is widely used as a food additive, in food preparation and as a food supplement. This study compared the phenolic acid profiles and in vivo toxicities, and antioxidant and immunomodulatory effects of coconut, nipah and pineapple juice vinegars, which were respectively prepared via a two-step fermentation using Saccharomyces cerevisiae 7013 INRA and Acetobacter aceti vat Europeans. RESULTS: Pineapple juice vinegar, which had the highest total phenolic acid content, also exhibited the greatest in vitro antioxidant capacity compared to coconut juice and nipah juice vinegars. Following acute and sub-chronic in vivo toxicity evaluation, no toxicity and mortality were evident and there were no significant differences in the serum biochemical profiles between mice administered the vinegars versus the control group. In the sub-chronic toxicity evaluation, the highest liver antioxidant levels were found in mice fed with pineapple juice vinegar, followed by coconut juice and nipah juice vinegars. However, compared to the pineapple juice and nipah juice vinegars, the mice fed with coconut juice vinegar, exhibited a higher population of CD4(+) and CD8(+) T-lymphocytes in the spleen, which was associated with greater levels of serum interleukin-2 and interferon-gamma cytokines. CONCLUSIONS: Overall, the data suggested that not all vinegar samples cause acute and sub-chronic toxicity in vivo. Moreover, the in vivo immunity and organ antioxidant levels were enhanced, to varying extents, by the phenolic acids present in the vinegars. The results obtained in this study provide appropriate guidelines for further in vivo bioactivity studies and pre-clinical assessments of vinegar consumption. (c) 2017 Society of Chemical Industry.,��https://www.ncbi.nlm.nih.gov/pubmed/28631270<��Mohamad, Nurul Elyani
Keong Yeap, Swee
Beh, Boon Keen
Romli, Muhammad Firdaus
Yusof, Hamidah Mohd
Kristeen-Teo, Ye Wen
Sharifuddin, Shaiful Adzni
Long, Kamariah
Alitheen, Noorjahan Banu
eng
Comparative Study
England
2017/06/21 06:00
J Sci Food Agric. 2018 Jan;98(2):534-540. doi: 10.1002/jsfa.8491. Epub 2017 Jul 27.*��1097-0010 (Electronic)
0022-5142 (Linking)���28631270k��Department of Cell and Molecular Biology, Faculty of Biotechnology and Biomolecular Science, Universiti Putra Malaysia, Serdang, Selangor, Malaysia.
China-ASEAN College of Marine Sciences, Xiamen University Malaysia, Selangor, Malaysia.
Biotechnology Research Centre, Malaysian Agricultural Research and Development Institute (MARDI), Serdang, Selangor, Malaysia.���10.1002/jsfa.8491���	{��þÒtÿî?����?��Hotard, A. L.
He, B.
Nichol, S. T.
Spiropoulou, C. F.
Lo, M. K.���2017[��4'-Azidocytidine (R1479) inhibits henipaviruses and other paramyxoviruses with high potency���147-152
��Antiviral Res���144à��Antiviral Agents/*pharmacology
Cell Line
Cytidine/*analogs & derivatives/pharmacology
Humans
Microbial Sensitivity Tests
Paramyxoviridae/*drug effects
*4'-Azidocytidine
*Antiviral
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*Nucleoside analog���Augi��The henipaviruses Nipah virus and Hendra virus are highly pathogenic zoonotic paramyxoviruses which have caused fatal outbreaks of encephalitis and respiratory disease in humans. Despite the availability of a licensed equine Hendra virus vaccine and a neutralizing monoclonal antibody shown to be efficacious against henipavirus infections in non-human primates, there remains no approved therapeutics or vaccines for human use. To explore the possibility of developing small-molecule nucleoside inhibitors against henipaviruses, we evaluated the antiviral activity of 4'-azidocytidine (R1479), a drug previously identified to inhibit flaviviruses, against henipaviruses along with other representative members of the family Paramyxoviridae. We observed similar levels of R1479 antiviral activity across the family, regardless of virus genus. Our brief study expands the documented range of viruses susceptible to R1479, and provides the basis for future investigation and development of 4'-modified nucleoside analogs as potential broad-spectrum antiviral therapeutics across both positive and negative-sense RNA virus families.,��https://www.ncbi.nlm.nih.gov/pubmed/28629988ð��Hotard, Anne L
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Spillover���Dec|��Hendra virus is a paramyxovirus of Australian flying fox bats. It was first detected in August 1994, after the death of 20 horses and one human. Since then it has occurred regularly within a portion of the geographical distribution of all Australian flying fox (fruit bat) species. There is, however, little understanding about which species are most likely responsible for spillover, or why spillover does not occur in other areas occupied by reservoir and spillover hosts. Using ecological niche models of the four flying fox species we were able to identify which species are most likely linked to spillover events using the concept of distance to the niche centroid of each species. With this novel approach we found that 20 out of 27 events occur disproportionately closer to the niche centroid of two species (P. alecto and P. conspicillatus). With linear regressions we found a negative relationship between distance to the niche centroid and abundance of these two species. Thus, we suggest that the bioclimatic niche of these two species is likely driving the spatial pattern of spillover of Hendra virus into horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28616484ô��Martin, Gerardo A
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Virus Release���Jun¢��The paramyxovirus family comprises major human and animal pathogens such as measles virus (MeV), mumps virus (MuV), the parainfluenzaviruses, Newcastle disease virus (NDV), and the highly pathogenic zoonotic hendra (HeV) and nipah (NiV) viruses. Paramyxovirus particles are pleomorphic, with a lipid envelope, nonsegmented RNA genomes of negative polarity, and densely packed glycoproteins on the virion surface. A number of crystal structures of different paramyxovirus proteins and protein fragments were solved, but the available information concerning overall virion organization remains limited. However, recent studies have reported cryo-electron tomography-based reconstructions of Sendai virus (SeV), MeV, NDV, and human parainfluenza virus type 3 (HPIV3) particles and a surface assessment of NiV-derived virus-like particles (VLPs), which have yielded innovative hypotheses concerning paramyxovirus particle assembly, budding, and organization. Following a summary of the current insight into paramyxovirus virion morphology, this review will focus on discussing the implications of these particle reconstructions on the present models of paramyxovirus assembly and infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28601688ÿ��Cox, Robert M
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*Protein-protein interactions���SepË��In this review, we summarize computational and experimental data gathered so far showing that structural disorder is abundant within paramyxoviral nucleoproteins (N) and phosphoproteins (P). In particular, we focus on measles, Nipah, and Hendra viruses and highlight both commonalities and differences with respect to the closely related Sendai virus. The molecular mechanisms that control the disorder-to-order transition undergone by the intrinsically disordered C-terminal domain (NTAIL) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins are described in detail. By having a significant residual disorder, NTAIL-XD complexes are illustrative examples of "fuzziness", whose possible functional significance is discussed. Finally, the relevance of N-P interactions as promising targets for innovative antiviral approaches is underscored, and the functional advantages of structural disorder for paramyxoviruses are pinpointed.,��https://www.ncbi.nlm.nih.gov/pubmed/28600653è��Longhi, Sonia
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�Nipah virus (NiV) is a zoonotic emerging paramyxovirus that can cause fatal respiratory illness or encephalitis in humans. Despite many efforts, the molecular mechanisms of NiV-induced acute lung injury (ALI) remain unclear. We previously showed that NiV replicates to high titers in human lung grafts in NOD-SCID/gamma mice, resulting in a robust inflammatory response. Interestingly, these mice can undergo human immune system reconstitution by the bone marrow, liver, and thymus (BLT) reconstitution method, in addition to lung tissue engraftment, giving altogether a realistic model to study human respiratory viral infections. Here, we characterized NiV Bangladesh strain (NiV-B) infection of human lung grafts from human immune system-reconstituted mice in order to identify the overall effect of immune cells on NiV pathogenesis of the lung. We show that NiV-B replicated to high titers in human lung grafts and caused similar cytopathic effects irrespective of the presence of human leukocytes in mice. However, the human immune system interfered with virus spread across lung grafts, responded to infection by leukocyte migration to small airways and alveoli of the lung grafts, and accelerated oxidative stress in lung grafts. In addition, the presence of human leukocytes increased the expression of cytokines and chemokines that regulate inflammatory influx to sites of infection and tissue damage. These results advance our understanding of how the immune system limits NiV dissemination and contributes to ALI and inform efforts to identify therapeutic targets.IMPORTANCE Nipah virus (NiV) is an emerging paramyxovirus that can cause a lethal respiratory and neurological disease in humans. Only limited data are available on NiV pathogenesis in the human lung, and the relative contribution of the innate immune response and NiV to acute lung injury (ALI) is still unknown. Using human lung grafts in a human immune system-reconstituted mouse model, we showed that the NiV Bangladesh strain induced cytopathic lesions in lung grafts similar to those described in patients irrespective of the donor origin or the presence of leukocytes. However, the human immune system interfered with virus spread, responded to infection by leukocyte infiltration in the small airways and alveolar area, induced oxidative stress, and triggered the production of cytokines and chemokines that regulate inflammatory influx by leukocytes in response to infection. Understanding how leukocytes interact with NiV and cause ALI in human lung xenografts is crucial for identifying therapeutic targets.,��https://www.ncbi.nlm.nih.gov/pubmed/28539439°��Escaffre, Olivier
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viral infectionË��The erythropoietin-producing hepatocellular carcinoma (Eph) receptor tyrosine kinase family plays important roles in developmental processes, adult tissue homeostasis, and various diseases. Interaction with Eph receptor-interacting protein (ephrin) ligands on the surface of neighboring cells triggers Eph receptor kinase-dependent signaling. The ephrins can also transmit signals, leading to bidirectional cell contact-dependent communication. Moreover, Eph receptors and ephrins can function independently of each other through interplay with other signaling systems. Given their involvement in many pathological conditions ranging from neurological disorders to cancer and viral infections, Eph receptors and ephrins are increasingly recognized as attractive therapeutic targets, and various strategies are being explored to modulate their expression and function. Eph receptor/ephrin upregulation in cancer cells, the angiogenic vasculature, and injured or diseased tissues also offer opportunities for Eph/ephrin-based targeted drug delivery and imaging. Thus, despite the challenges presented by the complex biology of the Eph receptor/ephrin system, exciting possibilities exist for therapies exploiting these molecules.,��https://www.ncbi.nlm.nih.gov/pubmed/25292427r��Barquilla, Antonio
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Qualitative study���May 1ø
�Hendra virus causes sporadic zoonotic disease in Australia following spill over from flying foxes to horses and from horses to people. Prevention and risk mitigation strategies such as vaccination of horses or biosecurity and property management measures are widely publicised, but hinge on initiative and action taken by horse owners as they mediate management, care and treatment of their animals. Hence, underlying beliefs, values and attitudes of horse owners influence their uptake of recommended risk mitigation measures. We used a qualitative approach to investigate attitudes, perceptions and self-reported practices of horse owners in response to Hendra virus to gain a deeper understanding of their decision-making around prevention measures. Data presented here derive from a series of in-depth interviews with 27 horse owners from Hendra virus 'hot spot' areas in New South Wales and Queensland. Interviews explored previous experience, perceptions and resulting behaviour as well as communication around Hendra virus. All interviews were recorded, transcribed verbatim and analysed in NVivo using thematic analysis. Analysis revealed four major themes: perception of Hendra virus as a risk and factors influencing this perception, Hendra virus risk mitigation strategies implemented by horse owners, perceived motivators and barriers of these strategies, and interaction of perceived risk, motivators and barriers in the decision-making process. Although Hendra virus disease was perceived as a serious threat to the health of horses and humans, individual risk perception diverged among horse owners. Perceived severity, likelihood and unpredictability as well as awareness and knowledge of Hendra virus, trust in information obtained and information pathways, demographic characteristics and personal experience were the main factors influencing Hendra virus risk perceptions. Other key determinants of horse owners' decision-making process were attitudes towards Hendra virus risk mitigation measures as well as perceived motivators and barriers thereof. Horse owners' awareness of the necessity to consider individual Hendra virus risk and adequate risk management strategies was described as a learning process, which changed over time. However, different perceptions of risk, barriers and motivators in combination with a weighing up of advantages and disadvantages resulted in different behaviours. These findings demonstrate the multifactorial determinants of cognitive mediating processes and facilitate a better understanding of horse owners' perspectives on preventive horse health measures. Furthermore, they provide valuable feedback to industry and government stakeholders on how to improve effective risk communication and encourage uptake of recommended risk mitigation measures.,��https://www.ncbi.nlm.nih.gov/pubmed/28460752%��Wiethoelter, Anke K
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ZoonoticÐ��The risk of spillover of enzootic paramyxoviruses and the susceptibility of recipient human and domestic animal populations are defined by a broad collection of ecological and molecular factors that interact in ways that are not yet fully understood. Nipah and Hendra viruses were the first highly lethal zoonotic paramyxoviruses discovered in modern times, but other paramyxoviruses from multiple genera are present in bats and other reservoirs that have unknown potential to spillover into humans. We outline our current understanding of paramyxovirus reservoir hosts and the ecological factors that may drive spillover, and we explore the molecular barriers to spillover that emergent paramyxoviruses may encounter. By outlining what is known about enzootic paramyxovirus receptor usage, mechanisms of innate immune evasion, and other host-specific interactions, we highlight the breadth of unexplored avenues that may be important in understanding paramyxovirus emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/28433050â��Thibault, Patricia A
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zoonosis���Apr 133��BACKGROUND: Hendra virus is a paramyxovirus that causes periodic serious disease and fatalities in horses and humans in Australia first identified in 1994. Pteropid bats (commonly known as flying-foxes) are the natural host of the virus, and the putative route of infection in horses is by ingestion or inhalation of material contaminated by flying-fox urine or other bodily fluids. Humans become infected after close contact with infected horses. Horse owners in Australia are encouraged to vaccinate their horses against Hendra virus to reduce the risk of Hendra virus infection, and to prevent potential transmission to humans. After the vaccine was released in 2012, uptake by horse owners was slow, with some estimated 11-17% of horses in Australia vaccinated. This study was commissioned to examine barriers to vaccine uptake and potential drivers to future adoption of vaccination by horse owners. METHODS: This study examined qualitative comments from respondents to an on-line survey, reporting reasons for not vaccinating their horses. The study also investigated scenarios in which respondents felt they might consider vaccinating their horses. RESULTS: Self-reported barriers to uptake of the Hendra virus vaccine by horse owners (N = 150) included concerns about vaccine safety, cost, and effectiveness. Reduction in vaccination costs and perception of immediacy of Hendra virus risk were reported as being likely to change future behaviour. However, the data also indicated that horse owners generally would not reconsider vaccinating their horses if advised by their veterinarian. CONCLUSION: While changes to vaccine costs and the availability data supporting vaccine safety and efficacy may encourage more horse owners to vaccinate, this study highlights the importance of protecting the relationship between veterinarians and horse owners within the risk management strategies around Hendra virus. Interactions and trust between veterinarians and animal owners has important implications for management of and communication around Hendra virus and other zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/28407738¢��Manyweathers, J
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*meningitis���Jul���Infections of the central nervous system (CNS) are often acute, with significant morbidity and mortality. Routine diagnosis of such infections is limited in developing countries and requires modern equipment in advanced laboratories that may be unavailable to a number of patients in sub-Saharan Africa. We developed a TaqMan array card (TAC) that detects multiple pathogens simultaneously from cerebrospinal fluid. The 21-pathogen CNS multiple-pathogen TAC (CNS-TAC) assay includes two parasites (Balamuthia mandrillaris and Acanthamoeba), six bacterial pathogens (Streptococcus pneumoniae, Haemophilus influenzae, Neisseria meningitidis, Mycoplasma pneumoniae, Mycobacterium tuberculosis, and Bartonella), and 13 viruses (parechovirus, dengue virus, Nipah virus, varicella-zoster virus, mumps virus, measles virus, lyssavirus, herpes simplex viruses 1 and 2, Epstein-Barr virus, enterovirus, cytomegalovirus, and chikungunya virus). The card also includes human RNase P as a nucleic acid extraction control and an internal manufacturer control, GAPDH (glyceraldehyde-3-phosphate dehydrogenase). This CNS-TAC assay can test up to eight samples for all 21 agents within 2.5 h following nucleic acid extraction. The assay was validated for linearity, limit of detection, sensitivity, and specificity by using either live viruses (dengue, mumps, and measles viruses) or nucleic acid material (Nipah and chikungunya viruses). Of 120 samples tested by individual real-time PCR, 35 were positive for eight different targets, whereas the CNS-TAC assay detected 37 positive samples across nine different targets. The CNS-TAC assays showed 85.6% sensitivity and 96.7% specificity. Therefore, the CNS-TAC assay may be useful for outbreak investigation and surveillance of suspected neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28404679Å��Onyango, Clayton O
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Tomography, X-Ray Computed���AprÈ��Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that emerged in the late 1990s in Malaysia and has since been identified as the cause of sporadic outbreaks of severe febrile disease in Bangladesh and India. NiV infection is frequently associated with severe respiratory or neurological disease in infected humans with transmission to humans through inhalation, contact or consumption of NiV contaminated foods. In the work presented here, the development of disease was investigated in the African Green Monkey (AGM) model following intratracheal (IT) and, for the first time, small-particle aerosol administration of NiV. This study utilized computed tomography (CT) and magnetic resonance imaging (MRI) to temporally assess disease progression. The host immune response and changes in immune cell populations over the course of disease were also evaluated. This study found that IT and small-particle administration of NiV caused similar disease progression, but that IT inoculation induced significant congestion in the lungs while disease following small-particle aerosol inoculation was largely confined to the lower respiratory tract. Quantitative assessment of changes in lung volume found up to a 45% loss in IT inoculated animals. None of the subjects in this study developed overt neurological disease, a finding that was supported by MRI analysis. The development of neutralizing antibodies was not apparent over the 8-10 day course of disease, but changes in cytokine response in all animals and activated CD8+ T cell numbers suggest the onset of cell-mediated immunity. These studies demonstrate that IT and small-particle aerosol infection with NiV in the AGM model leads to a severe respiratory disease devoid of neurological indications. This work also suggests that extending the disease course or minimizing the impact of the respiratory component is critical to developing a model that has a neurological component and more accurately reflects the human condition.,��https://www.ncbi.nlm.nih.gov/pubmed/28388650#��Cong, Yu
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*reassortment���Jun 15W	�Bats are natural reservoirs for many pathogenic viruses, and increasing evidence supports the notion that bats can also harbor group A rotaviruses (RVAs), important causative agents of diarrhea in children and young animals. Currently, 8 RVA strains possessing completely novel genotype constellations or genotypes possibly originating from other mammals have been identified from African and Chinese bats. However, all the data were mainly based on detection of RVA RNA, present only during acute infections, which does not permit assessment of the true exposure of a bat population to RVA. To systematically investigate the genetic diversity of RVAs, 547 bat anal swabs or gut samples along with 448 bat sera were collected from five South Chinese provinces. Specific reverse transcription-PCR (RT-PCR) screening found four RVA strains. Strain GLRL1 possessed a completely novel genotype constellation, whereas the other three possessed a constellation consistent with the MSLH14-like genotype, a newly characterized group of viruses widely prevalent in Chinese insectivorous bats. Among the latter, strain LZHP2 provided strong evidence of cross-species transmission of RVAs from bats to humans, whereas strains YSSK5 and BSTM70 were likely reassortants between typical MSLH14-like RVAs and human RVAs. RVA-specific antibodies were detected in 10.7% (48/448) of bat sera by an indirect immunofluorescence assay (IIFA). Bats in Guangxi and Yunnan had a higher RVA-specific antibody prevalence than those from Fujian and Zhejiang provinces. These observations provide evidence for cross-species transmission of MSLH14-like bat RVAs to humans, highlighting the impact of bats as reservoirs of RVAs on public health.IMPORTANCE Bat viruses, such as severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), Ebola, Hendra, and Nipah viruses, are important pathogens causing outbreaks of severe emerging infectious diseases. However, little is known about bat viruses capable of causing gastroenteritis in humans, even though 8 group A viruses (RVAs) have been identified from bats so far. In this study, another 4 RVA strains were identified, with one providing strong evidence for zoonotic transmission from bats to humans. Serological investigation has also indicated that RVA infection in bats is far more prevalent than expected based on the detection of viral RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/28381569M��He, Biao
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Viral Plaque Assay���Mar 8���Human paramyxoviruses include global causes of lower respiratory disease like the parainfluenza viruses, as well as agents of lethal encephalitis like Nipah virus. Infection is initiated by viral glycoprotein-mediated fusion between viral and host cell membranes. Paramyxovirus viral fusion proteins (F) insert into the target cell membrane, and form a transient intermediate that pulls the viral and cell membranes together as two heptad-repeat regions refold to form a six-helix bundle structure that can be specifically targeted by fusion-inhibitory peptides. Antiviral potency can be improved by sequence modification and lipid conjugation, and by adding linkers between the protein and lipid components. We exploit the uniquely broad spectrum antiviral activity of a parainfluenza F-derived peptide sequence that inhibits both parainfluenza and Nipah viruses, to investigate the influence of peptide orientation and intervening linker length on the peptides' interaction with transitional states of F, solubility, membrane insertion kinetics, and protease sensitivity. We assessed the impact of these features on biodistribution and antiviral efficacy in vitro and in vivo. The engineering approach based on biophysical parameters resulted in a peptide that is a highly effective inhibitor of both paramyxoviruses and a set of criteria to be used for engineering broad spectrum antivirals for emerging paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/28344321»��Mathieu, Cyrille
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*viral assembly���May 15�	�Nipah virus (NiV), a paramyxovirus in the genus Henipavirus, has a mortality rate in humans of approximately 75%. While several studies have begun our understanding of NiV particle formation, the mechanism of this process remains to be fully elucidated. For many paramyxoviruses, M proteins drive viral assembly and egress; however, some paramyxoviral glycoproteins have been reported as important or essential in budding. For NiV the matrix protein (M), the fusion glycoprotein (F) and, to a much lesser extent, the attachment glycoprotein (G) autonomously induce the formation of virus-like particles (VLPs). However, functional interactions between these proteins during assembly and egress remain to be fully understood. Moreover, if the F-driven formation of VLPs occurs through interactions with host cell machinery, the cytoplasmic tail (CT) of F is a likely interactive domain. Therefore, we analyzed NiV F CT deletion and alanine mutants and report that several but not all regions of the F CT are necessary for efficient VLP formation. Two of these regions contain YXXO or dityrosine motifs previously shown to interact with cellular machinery involved in F endocytosis and transport. Importantly, our results showed that F-driven, M-driven, and M/F-driven viral particle formation enhanced the recruitment of G into VLPs. By identifying key motifs, specific residues, and functional viral protein interactions important for VLP formation, we improve our understanding of the viral assembly/egress process and point to potential interactions with host cell machinery.IMPORTANCE Henipaviruses can cause deadly infections of medical, veterinary, and agricultural importance. With recent discoveries of new henipa-like viruses, understanding the mechanisms by which these viruses reproduce is paramount. We have focused this study on identifying the functional interactions of three Nipah virus proteins during viral assembly and particularly on the role of one of these proteins, the fusion glycoprotein, in the incorporation of other viral proteins into viral particles. By identifying several regions in the fusion glycoprotein that drive viral assembly, we further our understanding of how these viruses assemble and egress from infected cells. The results presented will likely be useful toward designing treatments targeting this aspect of the viral life cycle and for the production of new viral particle-based vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/28250132n��Johnston, Gunner P
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Veterinarians���Feb 18R
�BACKGROUND: Communication skills are essential for veterinarians who need to discuss animal health related matters with their clients. When dealing with an emerging zoonosis, such as Hendra virus (HeV), veterinarians also have a legal responsibility to inform their clients about the associated risks to human health. Here we report on part of a mixed methods study that examined the preparedness of, and difficulties experienced by, veterinarians communicating about HeV-related risks with their clients. METHODS: Phase 1 was an exploratory, qualitative study that consisted of a series of face-to-face, semi-structured interviews with veterinary personnel from Queensland, Australia (2009-10) to identify the barriers to HeV management in equine practices. Phase 2a was a quantitative study that surveyed veterinarians from the same region (2011) and explored the veterinarians' preparedness and willingness to communicate about HeV-related risks, and the reactions of their clients that they experienced. The second study included both multiple choice and open-ended questions. RESULTS: The majority of the participants from Phase 2a (83.1%) declared they had access to a HeV management plan and over half (58.6%) had ready-to-use HeV information available for clients within their practice. Most (87%) reported "always or sometimes" informing clients about HeV-related risks when a horse appeared sick. When HeV was suspected, 58.1% of participants reported their clients were receptive to their safety directives and 24.9% of clients were either initially unreceptive, overwhelmed by fear, or in denial of the associated risks. The thematic analysis of the qualitative data from Phases 1 and 2a uncovered similar themes in relation to HeV-related communication issues experienced by veterinarians: "clients' intent to adhere"; "adherence deemed redundant"; "misunderstanding or denial of risk"; "cost"; "rural culture"; "fear for reputation". The theme of "emotional state of clients" was only identified during Phase 1. CONCLUSION: Warning horse owners about health and safety issues that may affect them when present in a veterinary work environment is a legal requirement for veterinarians. However, emerging zoonoses are unpredictable events that may require a different communication approach. Future training programs addressing veterinary communication skills should take into account the particular issues inherent to managing an emerging zoonosis and emphasise the importance of maintaining human safety. Veterinary communication skills and approaches required when dealing with emerging zoonoses should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/28214468¶��Mendez, Diana H
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*virus���Apr 7ü��Enveloped viruses utilize fusion (F) proteins studding the surface of the virus to facilitate membrane fusion with a target cell membrane. Fusion of the viral envelope with a cellular membrane is required for release of viral genomic material, so the virus can ultimately reproduce and spread. To drive fusion, the F protein undergoes an irreversible conformational change, transitioning from a metastable pre-fusion conformation to a more thermodynamically stable post-fusion structure. Understanding the elements that control stability of the pre-fusion state and triggering to the post-fusion conformation is important for understanding F protein function. Mutations in F protein transmembrane (TM) domains implicated the TM domain in the fusion process, but the structural and molecular details in fusion remain unclear. Previously, analytical ultracentrifugation was utilized to demonstrate that isolated TM domains of Hendra virus F protein associate in a monomer-trimer equilibrium (Smith, E. C., Smith, S. E., Carter, J. R., Webb, S. R., Gibson, K. M., Hellman, L. M., Fried, M. G., and Dutch, R. E. (2013) J. Biol. Chem. 288, 35726-35735). To determine factors driving this association, 140 paramyxovirus F protein TM domain sequences were analyzed. A heptad repeat of beta-branched residues was found, and analysis of the Hendra virus F TM domain revealed a heptad repeat leucine-isoleucine zipper motif (LIZ). Replacement of the LIZ with alanine resulted in dramatically reduced TM-TM association. Mutation of the LIZ in the whole protein resulted in decreased protein stability, including pre-fusion conformation stability. Together, our data suggest that the heptad repeat LIZ contributed to TM-TM association and is important for F protein function and pre-fusion stability.,��https://www.ncbi.nlm.nih.gov/pubmed/282135157��Webb, Stacy
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*Who���Feb 8ò��BACKGROUND: On December 8(th), 2015, World Health Organization published a priority list of eight pathogens expected to cause severe outbreaks in the near future. To better understand global research trends and characteristics of publications on these emerging pathogens, we carried out this bibliometric study hoping to contribute to global awareness and preparedness toward this topic. METHOD: Scopus database was searched for the following pathogens/infectious diseases: Ebola, Marburg, Lassa, Rift valley, Crimean-Congo, Nipah, Middle Eastern Respiratory Syndrome (MERS), and Severe Respiratory Acute Syndrome (SARS). Retrieved articles were analyzed to obtain standard bibliometric indicators. RESULTS: A total of 8619 journal articles were retrieved. Authors from 154 different countries contributed to publishing these articles. Two peaks of publications, an early one for SARS and a late one for Ebola, were observed. Retrieved articles received a total of 221,606 citations with a mean +/- standard deviation of 25.7 +/- 65.4 citations per article and an h-index of 173. International collaboration was as high as 86.9%. The Centers for Disease Control and Prevention had the highest share (344; 5.0%) followed by the University of Hong Kong with 305 (4.5%). The top leading journal was Journal of Virology with 572 (6.6%) articles while Feldmann, Heinz R. was the most productive researcher with 197 (2.3%) articles. China ranked first on SARS, Turkey ranked first on Crimean-Congo fever, while the United States of America ranked first on the remaining six diseases. Of retrieved articles, 472 (5.5%) were on vaccine - related research with Ebola vaccine being most studied. CONCLUSION: Number of publications on studied pathogens showed sudden dramatic rise in the past two decades representing severe global outbreaks. Contribution of a large number of different countries and the relatively high h-index are indicative of how international collaboration can create common health agenda among distant different countries.,��https://www.ncbi.nlm.nih.gov/pubmed/28179007���Sweileh, Waleed M
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Bryce Henderson, Juana Zamora declare no conflicts of interest���Sep���The family Paramyxoviridae includes many viruses that significantly affect human and animal health. An essential step in the paramyxovirus life cycle is viral entry into host cells, mediated by virus-cell membrane fusion. Upon viral entry, infection results in expression of the paramyxoviral glycoproteins on the infected cell surface. This can lead to cell-cell fusion (syncytia formation), often linked to pathogenesis. Thus membrane fusion is essential for both viral entry and cell-cell fusion and an attractive target for therapeutic development. While there are important differences between viral-cell and cell-cell membrane fusion, many aspects are conserved. The paramyxoviruses generally utilize two envelope glycoproteins to orchestrate membrane fusion. Here, we discuss the roles of these glycoproteins in distinct steps of the membrane fusion process. These findings can offer insights into evolutionary relationships among Paramyxoviridae genera and offer future targets for prophylactic and therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/28138419ê��Aguilar, Hector C
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infections���Jan«��OBJECTIVE: Characterisation of experimental Hendra virus (HeV) infection in dogs and assessment of associated transmission risk. METHODS: Beagle dogs were exposed oronasally to Hendra virus/Australia/Horse/2008/Redlands or to blood collected from HeV-infected ferrets. Ferrets were exposed to oral fluids collected from dogs after canine exposure to HeV. Observations made and samples tested post-exposure were used to assess the clinical course and replication sites of HeV in dogs, the infectivity for ferrets of canine oral fluids and features of HeV infection in dogs following contact with infective blood. RESULTS: Dogs were reliably infected with HeV and were generally asymptomatic. HeV was re-isolated from the oral cavity and virus clearance was associated with development of virus neutralising antibody. Major sites of HeV replication in dogs were the tonsils, lower respiratory tract and associated lymph nodes. Virus replication was documented in canine kidney and spleen, confirming a viraemic phase for canine HeV infection and suggesting that urine may be a source of infectious virus. Infection was transmitted to ferrets via canine oral secretions, with copy numbers for the HeV N gene in canine oral swabs comparable to those reported for nasal swabs of experimentally infected horses. CONCLUSION: HeV is not highly pathogenic for dogs, but their oral secretions pose a potential transmission risk to people. The time-window for transmission risk is circumscribed and corresponds to the period of acute infection before establishment of an adaptive immune response. The likelihood of central nervous system involvement in canine HeV infection is unclear, as is any long-term consequence.,��https://www.ncbi.nlm.nih.gov/pubmed/28124415Ê��Middleton, D J
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*paramyxoviruses���Apr���Bats are reservoir hosts for many paramyxoviruses, some of which cause human and zoonotic diseases of public health importance. We developed a Nipah virus nucleoprotein enzyme-linked immunosorbent assay to detect cross-reactive antibodies in serum samples from several bat species in Brazil. Our results warrant further investigation of henipa-like virus reservoirs in the Western hemisphere.,��https://www.ncbi.nlm.nih.gov/pubmed/28103156~��de Araujo, Jansen
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*Survival���Jul¼��Infectious diseases are transmitted when susceptible hosts are exposed to pathogen particles that can replicate within them. Among factors that limit transmission, the environment is particularly important for indirectly transmitted parasites. To try and assess a pathogens' ability to be transmitted through the environment and mitigate risk, we need to quantify its decay where transmission occurs in space such as the microclimate harbouring the pathogen. Hendra virus, a Henipavirus from Australian Pteropid bats, spills-over to horses and humans, causing high mortality. While a vaccine is available, its limited uptake has reduced opportunities for adequate risk management to humans, hence the need to develop synergistic preventive measures, like disrupting its transmission pathways. Transmission likely occurs shortly after virus excretion in paddocks; however, no survival estimates to date have used real environmental conditions. Here, we recorded microclimate conditions and fitted models that predict temperatures and potential evaporation, which we used to simulate virus survival with a temperature-survival model and modification based on evaporation. Predicted survival was lower than previously estimated and likely to be even lower according to potential evaporation. Our results indicate that transmission should occur shortly after the virus is excreted, in a relatively direct way. When potential evaporation is low, and survival is more similar to temperature dependent estimates, transmission might be indirect because the virus can wait several hours until contact is made. We recommend restricting horses' access to trees during night time and reducing grass under trees to reduce virus survival.,��https://www.ncbi.nlm.nih.gov/pubmed/28091706Ù��Martin, Gerardo
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Zoonoses/epidemiology/*transmission���Feb­��Nipah virus is a recently-recognised, zoonotic paramyxovirus that causes severe disease and high fatality rates in people. Outbreaks have occurred in Malaysia, Singapore, India and Bangladesh, and a putative Nipah virus was also recently associated with human disease in the Philippines. Worryingly, human-to-human transmission is common in Bangladesh, where outbreaks occur with near-annual frequency. Onward human transmission of Nipah virus in Bangladesh is associated with close contact with clinically-unwell patients or their infectious secretions. While Nipah virus isolates associated with outbreaks of human infection have not resulted in sustained transmission to date, specific exposures carry a high risk of person-to-person transmission, an observation which is supported by recent findings in animal models. Novel paramyxoviruses continue to emerge from wildlife hosts, and represent an ongoing threat to human health globally.,��https://www.ncbi.nlm.nih.gov/pubmed/28088124¸��Clayton, Bronwyn Anne
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*Phage display���MayÔ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with unusual broad host tropism and is designated as a Category C pathogen by the U.S. National Institute of Allergy and Infectious Diseases. NiV infection is initiated after binding of the viral G glycoprotein to the host cell receptor. The aim of this study was to map the NiV G glycoprotein cell binding domain using a phage display system. The NiV G extracellular domain was truncated and displayed as attachment proteins on M13 phage g3p minor coat protein. The binding efficiency of recombinant phages displaying different regions of NiV G to mammalian cells was evaluated. Results showed that regions of NiV G consisting of amino acids 396-602 (recombinant phage G4) and 498-602 (recombinant phage G5) demonstrated the highest binding to both Vero (5.5x10(3) cfu/ml and 5.6x10(3) cfu/ml) and THP-1 cells (3.5x10(3) cfu/ml and 2.9x10(3) cfu/ml). However, the binding of both of these recombinant phages to THP-1 cells was significantly lower than to Vero cells, and this could be due to the lack of primary host cell receptor expression on THP-1 cells. Furthermore, the binding between these two recombinant phages was competitive suggesting that there was a common host cell attachment site. This study employed an approach that is suitable for use in a biosafety level 2 containment laboratory without the need to use live virus to show that NiV G amino acids 498-602 play an important role for attachment to host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/28082163Ç��Lam, Chui-Wan
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*Nipah virus
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*viral vaccine���Mar 150
�Recombinant vesicular stomatitis virus (VSV)-based chimeric viruses that include genes from other viruses show promise as vaccines and oncolytic viruses. However, the critical safety concern is the neurotropic nature conveyed by the VSV glycoprotein. VSVs that include the VSV glycoprotein (G) gene, even in most recombinant attenuated strains, can still show substantial adverse or lethal actions in the brain. Here, we test 4 chimeric viruses in the brain, including those in which glycoprotein genes from Nipah, chikungunya (CHIKV), and influenza H5N1 viruses were substituted for the VSV glycoprotein gene. We also test a virus-like vesicle (VLV) in which the VSV glycoprotein gene is expressed from a replicon encoding the nonstructural proteins of Semliki Forest virus. VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV were all safe in the adult mouse brain, as were VSVDeltaG viruses expressing either the Nipah F or G glycoprotein. In contrast, a complementing pair of VSVDeltaG viruses expressing Nipah G and F glycoproteins were lethal within the brain within a surprisingly short time frame of 2 days. Intranasal inoculation in postnatal day 14 mice with VSVDeltaG-CHIKV or VLV evoked no adverse response, whereas VSVDeltaG-H5N1 by this route was lethal in most mice. A key immune mechanism underlying the safety of VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV in the adult brain was the type I interferon response; all three viruses were lethal in the brains of adult mice lacking the interferon receptor, suggesting that the viruses can infect and replicate and spread in brain cells if not blocked by interferon-stimulated genes within the brain.IMPORTANCE Vesicular stomatitis virus (VSV) shows considerable promise both as a vaccine vector and as an oncolytic virus. The greatest limitation of VSV is that it is highly neurotropic and can be lethal within the brain. The neurotropism can be mostly attributed to the VSV G glycoprotein. Here, we test 4 chimeric viruses of VSV with glycoprotein genes from Nipah, chikungunya, and influenza viruses and nonstructural genes from Semliki Forest virus. Two of the four, VSVDeltaG-CHIKV and VLV, show substantially attenuated neurotropism and were safe in the healthy adult mouse brain. VSVDeltaG-H5N1 was safe in the adult brain but lethal in the younger brain. VSVDeltaG Nipah F+G was even more neurotropic than wild-type VSV, evoking a rapid lethal response in the adult brain. These results suggest that while chimeric VSVs show promise, each must be tested with both intranasal and intracranial administration to ensure the absence of lethal neurotropism.,��https://www.ncbi.nlm.nih.gov/pubmed/28077641b��van den Pol, Anthony N
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Immunity
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*Fruit bats
*adaptive immunity
*emerging infections
*henipavirus
*innate immunity���Mar 4÷��Hendra virus and Nipah virus (NiV) are highly pathogenic zoonotic paramyxoviruses, from henipavirus genus, that have emerged in late 1990s in Australia and South-East Asia, respectively. Since their initial identification, numerous outbreaks have been reported, affecting both domestic animals and humans, and multiple rounds of person-to-person NiV transmission were observed. Widely distributed fruit bats from Pteropodidae family were found to be henipavirus natural reservoir. Numerous studies have reported henipavirus seropositivity in pteropid bats, including bats in Africa, thus expanding notably the geographic distribution of these viruses. Interestingly, henipavirus infection in bats seems to be asymptomatic, in contrast to severe disease induced in numerous other mammals. Unique among the mammals by their ability to fly, these intriguing animals are natural reservoir for many other emerging and remerging viruses highly pathogenic for humans. This feature, combined with absence of clinical symptoms, has attracted the interest of scientific community to virus-bat interactions. Therefore, several bat genomes were sequenced and particularities of the bat immune system have been intensively analyzed during the last decade to understand their coexistence with viruses in the absence of disease. The peculiarities in inflammasome activation, a constitutive expression of interferon alpha, and some differences in adaptive immunity have been recently reported in fruit bats. Studies on virus-bat interactions have thus emerged as an exciting novel area of research that should shed new light on the mechanisms that regulate viral infection and may allow development of novel therapeutic approaches to control this highly lethal emerging infectious disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28060559¾��Enchery, Francois
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Virosomes/genetics/metabolism���Aprw��Viruses of the genus Henipavirus of the family Paramyxoviridae are zoonotic pathogens, which have emerged in Southeast Asia, Australia and Africa. Nipah virus (NiV) and Hendra virus are highly virulent pathogens transmitted from bats to animals and humans, while the henipavirus Cedar virus seems to be non-pathogenic in infection studies. The full replication cycle of the Paramyxoviridae occurs in the host cell's cytoplasm, where viral assembly is orchestrated by the matrix (M) protein. Unexpectedly, the NiV-M protein traffics through the nucleus as an essential step to engage the plasma membrane in preparation for viral budding/release. Comparative studies were performed to assess whether M protein nuclear localization is a common feature of the henipaviruses, including the recently sequenced (although not yet isolated) Ghanaian bat henipavirus (Kumasi virus, GH-M74a virus) and Mojiang virus. Live-cell confocal microscopy revealed that nuclear translocation of GFP-fused M protein is conserved between henipaviruses in both human- and bat-derived cell lines. However, the efficiency of M protein nuclear localization and virus-like particle budding competency varied. Additionally, Cedar virus-, Kumasi virus- and Mojiang virus-M proteins were mutated in a bipartite nuclear localization signal, indicating that a key lysine residue is essential for nuclear import, export and induction of budding events, as previously reported for NiV-M. The results of this study suggest that the M proteins of henipaviruses may utilize a similar nucleocytoplasmic trafficking pathway as an essential step during viral replication in both humans and bats.,��https://www.ncbi.nlm.nih.gov/pubmed/28056216ý��McLinton, Elisabeth C
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biosecurity
protection motivation theory
risk mitigation
vaccination���Dec	��Hendra virus was identified in horses and humans in 1994, in Queensland, Australia. Flying foxes are the natural host. Horses are thought to acquire infection by direct or indirect contact with infected flying fox urine. Humans are infected from close contact with infected horses. To reduce risk of infection in horses and humans, Australian horse owners are encouraged to vaccinate horses against the virus and adopt property risk mitigation practices that focus on reducing flying fox horse contact and contamination of horses' environment with flying fox bodily fluids. This study investigates uptake of four Hendra virus risk mitigation practices in a sample of non- and partially vaccinating horse owners living close to previous Hendra virus cases. Protection motivation theory was used to develop a conceptual model to investigate risk perception and coping factors associated with uptake of risk mitigation practices. An online survey was administered via Facebook pages of veterinary clinics close to previous Hendra virus cases. Factors associated with uptake of risk mitigation practices were investigated using univariate and multivariate binary logistic regression. Belief that a risk mitigation practice would be effective in reducing Hendra virus risk was significantly associated with the uptake of that practice. Issues around the practicality of implementing risk mitigation practices were found to be the greatest barrier to uptake. Factors that relate to risk immediacy, such as nearby infection, were identified as more likely to trigger uptake of risk mitigation practices. The role of veterinarians in supporting Hendra risk mitigation was identified as more influential than that of respected others or friends. Findings from this study are being used to assist stakeholders in Australia responsible for promotion of risk mitigation practice in identifying additional pathways and reliable influencing factors that could be utilized for engaging and communicating with horse owners to promote Hendra virus risk mitigation behaviour.,��https://www.ncbi.nlm.nih.gov/pubmed/28054443Â��Manyweathers, J
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genetic diversity.#��Astroviruses are emerging RNA viruses that cause enteropathogenic infections in humans and in other mammals. The identification of astroviruses in a wide range of animals highlights the zoonotic importance of these viruses. Bats can harbor many different viruses, among which some are highly pathogenic for humans (for instance, Nipah, Ebola and SARS coronavirus), and also several astroviruses. As some RNA viruses can be directly transmitted from bats to humans, it is crucial to collect data about their frequency, genetic diversity and phylogenetic characterization. In this study, we report the molecular identification of 44 new astroviruses (with a detection rate of 4.5%) in 962 apparently healthy bats that belong to five different species and that were captured in different caves in North-East Gabon, Central Africa. Our results show that bat astroviruses form a group that is genetically distinct from astroviruses infecting other mammals. Moreover, these astroviruses showed an important genetic diversity and low host restriction in bat species.,��https://www.ncbi.nlm.nih.gov/pubmed/27928918Ú��Rougeron, V
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Lab-On-A-Chip Devices
Magnetite Nanoparticles/*chemistry���Dec 20°��Current diagnosis of infectious diseases such as Hendra virus (HeV) relies mostly on laboratory-based tests. There is an urgent demand for rapid diagnosis technology to detect and identify these diseases in humans and animals so that disease spread can be controlled. In this study, an integrated lab-on-a-chip device using a magnetic nanoparticle immunoassay is developed. The key features of the device are the chaotic fluid mixing, achieved by magnetically driven motion of nanoparticles with the optimal mixing protocol developed using chaotic transport theory, and the automatic liquid handling system for loading reagents and samples. The device has been demonstrated to detect Hendra virus antibodies in dilute horse serum samples within a short time of 15 minutes and the limit of detection is about 0.48 ng ml(-1). The device platform can potentially be used for field detection of viruses and other biological and chemical substances.,��https://www.ncbi.nlm.nih.gov/pubmed/27921111���Petkovic, K
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��Yoneda, M.���2016*��Nipah and Hendra virus infectious diseases	��1973-1978���Nihon Rinsho���74���12���Decý��Nipah and Hendra virus were first identified in mid 1990s in Australia and Malaysia, caus- ing epidemics with high mortality rate in affected animals and humans. Since their first emer- gence, they continued to re-emerge in Australia and South East Asia almost every year. Nipah and Hendra virus were classified in the new genus Henipavirus because of their un- common features amongst Paramyxoviridae. Henipaviruses are zoonotic paramyxoviruses with a broad tropism, and cause severe acute respiratory disease and encephalitis. Their high virulence and wide host range make them to be given Biosecurity Level 4 status. This review summarizes details of Henipavirus emergence, reservoir hosts and pathology, and introduce recent progress in vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/30550652R��Yoneda, Misako
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machine learning
population dynamics
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viral prevalence���Octb��Fruit bats (Pteropodidae) have received increased attention after the recent emergence of notable viral pathogens of bat origin. Their vagility hinders data collection on abundance and distribution, which constrains modeling efforts and our understanding of bat ecology, viral dynamics, and spillover. We addressed this knowledge gap with models and data on the occurrence and abundance of nectarivorous fruit bat populations at 3 day roosts in southeast Queensland. We used environmental drivers of nectar production as predictors and explored relationships between bat abundance and virus spillover. Specifically, we developed several novel modeling tools motivated by complexities of fruit bat foraging ecology, including: (1) a dataset of spatial variables comprising Eucalypt-focused vegetation indices, cumulative precipitation, and temperature anomaly; (2) an algorithm that associated bat population response with spatial covariates in a spatially and temporally relevant way given our current understanding of bat foraging behavior; and (3) a thorough statistical learning approach to finding optimal covariate combinations. We identified covariates that classify fruit bat occupancy at each of our three study roosts with 86-93% accuracy. Negative binomial models explained 43-53% of the variation in observed abundance across roosts. Our models suggest that spatiotemporal heterogeneity in Eucalypt-based food resources could drive at least 50% of bat population behavior at the landscape scale. We found that 13 spillover events were observed within the foraging range of our study roosts, and they occurred during times when models predicted low population abundance. Our results suggest that, in southeast Queensland, spillover may not be driven by large aggregations of fruit bats attracted by nectar-based resources, but rather by behavior of smaller resident subpopulations. Our models and data integrated remote sensing and statistical learning to make inferences on bat ecology and disease dynamics. This work provides a foundation for further studies on landscape-scale population movement and spatiotemporal disease dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/27891217ü��Giles, John R
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*phosphoprotein���Jan 15d��Marburg virus (MARV) is a highly pathogenic filovirus that is classified in a genus distinct from that of Ebola virus (EBOV) (genera Marburgvirus and Ebolavirus, respectively). Both viruses produce a multifunctional protein termed VP35, which acts as a polymerase cofactor, a viral protein chaperone, and an antagonist of the innate immune response. VP35 contains a central oligomerization domain with a predicted coiled-coil motif. This domain has been shown to be essential for RNA polymerase function. Here we present crystal structures of the MARV VP35 oligomerization domain. These structures and accompanying biophysical characterization suggest that MARV VP35 is a trimer. In contrast, EBOV VP35 is likely a tetramer in solution. Differences in the oligomeric state of this protein may explain mechanistic differences in replication and immune evasion observed for MARV and EBOV. IMPORTANCE: Marburg virus can cause severe disease, with up to 90% human lethality. Its genome is concise, only producing seven proteins. One of the proteins, VP35, is essential for replication of the viral genome and for evasion of host immune responses. VP35 oligomerizes (self-assembles) in order to function, yet the structure by which it assembles has not been visualized. Here we present two crystal structures of this oligomerization domain. In both structures, three copies of VP35 twist about each other to form a coiled coil. This trimeric assembly is in contrast to tetrameric predictions for VP35 of Ebola virus and to known structures of homologous proteins in the measles, mumps, and Nipah viruses. Distinct oligomeric states of the Marburg and Ebola virus VP35 proteins may explain differences between them in polymerase function and immune evasion. These findings may provide a more accurate understanding of the mechanisms governing VP35's functions and inform the design of therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/27847355¡��Bruhn, Jessica F
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Virus Replication���Novì��BACKGROUND: Nipah virus causes respiratory and neurologic disease with case fatality rates up to 100% in individual outbreaks. End stage lesions have been described in the respiratory and nervous systems, vasculature and often lymphoid organs in fatal human cases; however, the initial target organs of Nipah virus infection have not been identified. Here, we detected the initial target tissues and cells of Nipah virus and tracked virus dissemination during the early phase of infection in Syrian hamsters inoculated with a Nipah virus isolate from Malaysia (NiV-M) or Bangladesh (NiV-B). METHODOLOGY/PRINCIPAL FINDINGS: Syrian hamsters were euthanized between 4 and 48 hours post intranasal inoculation and tissues were collected and analyzed for the presence of viral RNA, viral antigen and infectious virus. Virus replication was first detected at 8 hours post inoculation (hpi). Nipah virus initially targeted type I pneumocytes, bronchiolar respiratory epithelium and alveolar macrophages in the lung and respiratory and olfactory epithelium lining the nasal turbinates. By 16 hpi, virus disseminated to epithelial cells lining the larynx and trachea. Although the pattern of viral dissemination was similar for both virus isolates, the rate of spread was slower for NiV-B. Infectious virus was not detected in the nervous system or blood and widespread vascular infection and lesions within lymphoid organs were not observed, even at 48 hpi. CONCLUSIONS/SIGNIFICANCE: Nipah virus initially targets the respiratory system. Virus replication in the brain and infection of blood vessels in non-respiratory tissues does not occur during the early phase of infection. However, virus replicates early in olfactory epithelium and may serve as the first step towards nervous system dissemination, suggesting that development of vaccines that block virus dissemination or treatments that can access the brain and spinal cord and directly inhibit virus replication may be necessary for preventing central nervous system pathology.,��https://www.ncbi.nlm.nih.gov/pubmed/27812087���Baseler, Laura
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*Stent���Dec 30°��Active ingredients of ginsenoside, Rg1 and Re, are able to inhibit the proliferation of vascular smooth muscle cells and promote the growth of vascular endothelial cells. These capabilities are of interest for developing a novel drug-eluting stent to potentially solve the current problem of late-stent thrombosis and poor endotheliazation. Therefore, this study was aimed to incorporate ginsenoside into degradable coating of poly(lactic-co-glycolic acid) (PLGA). Drug mixture composed of ginseng extract and 10% to 50% of PLGA (xPLGA/g) was coated on electropolished stainless steel 316L substrate by using a dip coating technique. The coating was characterized principally by using attenuated total reflectance-Fourier transform infrared spectroscopy, scanning electron microscopy and contact angle analysis, while the drug release profile of ginsenosides Rg1 and Re was determined by using mass spectrometry at a one month immersion period. Full and homogenous coating coverage with acceptable wettability was found on the 30PLGA/g specimen. All specimens underwent initial burst release dependent on their composition. The 30PLGA/g and 50PLGA/g specimens demonstrated a controlled drug release profile having a combination of diffusion- and swelling-controlled mechanisms of PLGA. The study suggests that the 30PLGA/g coated specimen expresses an optimum composition which is seen as practicable for developing a controlled release drug-eluting stent.,��https://www.ncbi.nlm.nih.gov/pubmed/27793709ò��Miswan, Zulaika
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subtypesÞ��The olfactory epithelium (OE) is the only body site where neurons contact directly the environment and are therefore exposed to a broad variation of substances and insults. It can serve as portal of entry for neurotropic viruses which spread via the olfactory pathway to the central nervous system. For horses, it has been proposed and concluded mainly from rodent studies that different viruses, e.g., Borna disease virus, equine herpesvirus 1 (EHV-1), hendra virus, influenza virus, rabies virus, vesicular stomatitis virus can use this route. However, little is yet known about cytoarchitecture, protein expression and the intranasal location of the equine OE. Revealing differences in cytoarchitecture or protein expression pattern in comparison to rodents, canines, or humans might help to explain varying susceptibility to certain intranasal virus infections. On the other hand, disclosing similarities especially between rodents and other species, e.g., horses would help to underscore transferability of rodent models. Analysis of the complete noses of five adult horses revealed that in the equine OE two epithelial subtypes with distinct marker expression exist, designated as types a and b which resemble those previously described in dogs. Detailed statistical analysis was carried out to confirm the results obtained on the descriptive level. The equine OE was predominantly located in caudodorsal areas of the nasal turbinates with a significant decline in rostroventral direction, especially for type a. Immunohistochemically, olfactory marker protein and doublecortin (DCX) expression was found in more cells of OE type a, whereas expression of proliferating cell nuclear antigen and tropomyosin receptor kinase A was present in more cells of type b. Accordingly, type a resembles the mature epithelium, in contrast to the more juvenile type b. Protein expression profile was comparable to canine and rodent OE but equine types a and b were located differently within the nose and revealed differences in its cytoarchitecture when compared to canine OE. Equine OE type a closely resembles rat OE. Whether the observed differences contribute to species-specific susceptibility to intranasal insults such as virus infections has to be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/27790096¸��Kupke, Alexandra
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Uncertainty���Bat-borne viruses have been linked to a number of zoonotic diseases; in 2014 there have been human cases of Nipah virus (NiV) in Bangladesh and Ebola virus in West and Central Africa. Here we describe a model designed to provide initial quantitative predictions of the risk of entry of such viruses to European Union (EU) Member States (MSs) through four routes: human travel, legal trade (e.g. fruit and animal products), live animal movements and illegal importation of bushmeat. The model utilises available datasets to assess the movement via these routes between individual countries of the world and EU MSs. These data are combined with virus specific data to assess the relative risk of entry between EU MSs. As a case study, the model was parameterised for NiV. Scenario analyses showed that the selection of exporting countries with NiV and potentially contaminated trade products were essential to the accuracy of all model outputs. Uncertainty analyses of other model parameters identified that the model expected number of years to an introduction event within the EU was highly susceptible to the prevalence of NiV in bats. The relative rankings of the MSs and routes, however, were more robust. The UK, the Netherlands and Germany were consistently the most likely points of entry and the ranking of most MSs varied by no more than three places (maximum variation five places). Legal trade was consistently the most likely route of entry, only falling below human travel when the estimate of the prevalence of NiV in bats was particularly low. Any model-based calculation is dependent on the data available to feed into the model and there are distinct gaps in our knowledge, particularly in regard to various pathogen/virus as well as host/bat characteristics. However, the strengths of this model lie in the provision of relative comparisons of risk among routes and MSs. The potential for expansion of the model to include other routes and viruses and the possibility of rapid parameterisation demonstrates its potential for use in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/27788234Î��Simons, Robin R L
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*Virus Internalization���Oct|��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are bat-borne viruses that cause fatal disease in humans and a range of other mammalian species. Gaining a deeper understanding of host pathways exploited by henipaviruses for infection may identify targets for new anti-viral therapies. Here we have performed genome-wide high-throughput agonist and antagonist screens at biosafety level 4 to identify host-encoded microRNAs (miRNAs) impacting henipavirus infection in human cells. Members of the miR-181 and miR-17~93 families strongly promoted Hendra virus infection. miR-181 also promoted Nipah virus infection, but did not affect infection by paramyxoviruses from other genera, indicating specificity in the virus-host interaction. Infection promotion was primarily mediated via the ability of miR-181 to significantly enhance henipavirus-induced membrane fusion. Cell signalling receptors of ephrins, namely EphA5 and EphA7, were identified as novel negative regulators of henipavirus fusion. The expression of these receptors, as well as EphB4, were suppressed by miR-181 overexpression, suggesting that simultaneous inhibition of several Ephs by the miRNA contributes to enhanced infection and fusion. Immune-responsive miR-181 levels was also up-regulated in the biofluids of ferrets and horses infected with Hendra virus, suggesting that the host innate immune response may promote henipavirus spread and exacerbate disease severity. This study is the first genome-wide screen of miRNAs influencing infection by a clinically significant mononegavirus and nominates select miRNAs as targets for future anti-viral therapy development.,��https://www.ncbi.nlm.nih.gov/pubmed/27783670h��Foo, Chwan Hong
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*nonresponse���Oct-Dec���BACKGROUND: Even a well-designed randomized control trial (RCT) study can produce ambiguous results. This article highlights a case in which full sample results from a large-scale RCT in the United Kingdom differ from results for a subsample of survey respondents. OBJECTIVES: Our objective is to ascertain the source of the discrepancy in inferences across data sources and, in doing so, to highlight important threats to the reliability of the causal conclusions derived from even the strongest research designs. RESEARCH DESIGN: The study analyzes administrative data to shed light on the source of the differences between the estimates. We explore the extent to which heterogeneous treatment impacts and survey nonresponse might explain these differences. We suggest checks which assess the external validity of survey measured impacts, which in turn provides an opportunity to test the effectiveness of different weighting schemes to remove bias. The subjects included 6,787 individuals who participated in a large-scale social policy experiment. RESULTS: Our results were not definitive but suggest nonresponse bias is the main source of the inconsistent findings. CONCLUSIONS: The results caution against overconfidence in drawing conclusions from RCTs and highlight the need for great care to be taken in data collection and analysis. Particularly, given the modest size of impacts expected in most RCTs, small discrepancies in data sources can alter the results. Survey data remain important as a source of information on outcomes not recorded in administrative data. However, linking survey and administrative data is strongly recommended whenever possible.,��https://www.ncbi.nlm.nih.gov/pubmed/27780905À��Dorsett, Richard
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*flying-foxes���May¸��Hendra virus (HeV) causes potentially fatal respiratory and/or neurological disease in both horses and humans. Although Australian flying-foxes of the genus Pteropus have been identified as reservoir hosts, the precise mechanism of HeV transmission has yet to be elucidated. To date, there has been limited investigation into the role of haematophagous insects as vectors of HeV. This mode of transmission is particularly relevant because Australian flying-foxes host the bat-specific blood-feeding ectoparasites of the genus Cyclopodia (Diptera: Nycteribiidae), also known as bat flies. Using molecular detection methods, we screened for HeV RNA in 183 bat flies collected from flying-foxes inhabiting a roost in Boonah, Queensland, Australia. It was subsequently demonstrated that during the study period, Pteropus alecto in this roost had a HeV RNA prevalence between 2 and 15% (95% CI [1, 6] to [8, 26], respectively). We found no evidence of HeV in any bat flies tested, including 10 bat flies collected from P. alecto in which we detected HeV RNA. Our negative findings are consistent with previous findings and provide additional evidence that bat flies do not play a primary role in HeV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/27770493Ö��Vidgen, M E
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*Tioman virus���Nov)��Bat-borne viral diseases are a major public health concern among newly emerging infectious diseases which includes severe acute respiratory syndrome, Nipah, Marburg and Ebola virus disease. During the survey for Nipah virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and confirmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be susceptible to Tioman virus. Negative electron microscopy study revealed the "herringbone" morphology of the nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.,��https://www.ncbi.nlm.nih.gov/pubmed/27619056o��Yadav, Pragya
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Queensland���Oct 20È��Australian dinosaurs have played a rare but controversial role in the debate surrounding the effect of Gondwanan break-up on Cretaceous dinosaur distribution. Major spatiotemporal gaps in the Gondwanan Cretaceous fossil record, coupled with taxon incompleteness, have hindered research on this effect, especially in Australia. Here we report on two new sauropod specimens from the early Late Cretaceous of Queensland, Australia, that have important implications for Cretaceous dinosaur palaeobiogeography. Savannasaurus elliottorum gen. et sp. nov. comprises one of the most complete Cretaceous sauropod skeletons ever found in Australia, whereas a new specimen of Diamantinasaurus matildae includes the first ever cranial remains of an Australian sauropod. The results of a new phylogenetic analysis, in which both Savannasaurus and Diamantinasaurus are recovered within Titanosauria, were used as the basis for a quantitative palaeobiogeographical analysis of macronarian sauropods. Titanosaurs achieved a worldwide distribution by at least 125 million years ago, suggesting that mid-Cretaceous Australian sauropods represent remnants of clades which were widespread during the Early Cretaceous. These lineages would have entered Australasia via dispersal from South America, presumably across Antarctica. High latitude sauropod dispersal might have been facilitated by Albian-Turonian warming that lifted a palaeoclimatic dispersal barrier between Antarctica and South America.,��https://www.ncbi.nlm.nih.gov/pubmed/277635980��Poropat, Stephen F
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*Virus Internalization���Oct 18v��Nipah is an emerging paramyxovirus that is of serious concern to human health. It invades host cells using two of its membrane proteins-G and F. G binds to host ephrins and this stimulates G to activate F. Upon activation, F mediates virus-host membrane fusion. Here we focus on mechanisms that underlie the stimulation of G by ephrins. Experiments show that G interacts with ephrin and F through separate sites located on two different domains, the receptor binding domain (RBD) and the F activation domain (FAD). No models explain this allosteric coupling. In fact, the analogous mechanisms in other paramyxoviruses also remain undetermined. The structural organization of G is such that allosteric coupling must involve at least one of the two interfaces-the RBD-FAD interface and/or the RBD-RBD interface. Here we examine using molecular dynamics the effect of ephrin binding on the RBD-RBD interface. We find that despite inducing small changes in individual RBDs, ephrin reorients the RBD-RBD interface extensively, and in a manner that will enhance solvent exposure of the FAD. While this finding supports a proposed model of G stimulation, we also find from additional simulations that ephrin induces a similar RBD-RBD reorientation in a stimulation-deficient G mutant, V209 VG --> AAA. Together, our simulations suggest that while inter-RBD reorientation may be important, it is not, by itself, a sufficient condition for G stimulation. Additionally, we find that the mutation affects the conformational ensemble of RBD globally, including the RBD-FAD interface, suggesting the latter's role in G stimulation. Because ephrin induces small changes in individual RBDs, a proper analysis of conformational ensembles required that they are compared directly-we employ a method we developed recently, which we now release at SimTK, and show that it also performs excellently for non-Gaussian distributions.,��https://www.ncbi.nlm.nih.gov/pubmed/27760350���Dutta, Priyanka
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*zoonoses���DecF��Human Nipah encephalitis outbreaks have been identified almost yearly in Bangladesh since 2001. Though raw date palm sap consumption and person-to-person contact are recognized as major transmission pathways, alternative pathways of transmission are plausible and may not have been identified due to limited statistical power in each outbreak. We conducted a risk factor analysis using all 157 cases and 632 controls surveyed in previous investigations during 2004-2012 to identify exposures independently associated with Nipah, since date palm sap was first asked about as an exposure in 2004. To further explore possible rare exposures, we also conducted in-depth interviews with all cases, or proxies, since 2001 that reported no exposure to date palm sap or contact with another case. Cases were 4.9 (95% 3.2-7.7) times more likely to consume raw date palm sap and 7.3 (95% 4.0-13.4) times more likely to have contact with a Nipah case than controls. In-depth interviews revealed that 39/182 (21%) of Nipah cases reporting neither date palm sap consumption nor contact with another case were misclassified. Prevention efforts should be focused on interventions to interrupt transmission through date palm sap consumption and person-to-person contact. Furthermore, pooling outbreak investigation data is a good method for assessing rare exposures.,��https://www.ncbi.nlm.nih.gov/pubmed/27738775H��Hegde, Sonia T
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Zoonoses/*virology���Aug���Viruses rapidly evolve and can emerge in unpredictable ways. Transmission pathways by which foodborne viruses may enter human populations and evolutionary mechanisms by which viruses can become virulent are discussed in this chapter. A majority of viruses emerge from zoonotic animal reservoirs, often by adapting and infecting intermediate hosts, such as domestic animals and livestock. Viruses that are known foodborne threats include hepatitis E virus, tick-borne encephalitis virus, enteroviruses, adenovirus, and astroviruses, among others. Viruses may potentially evolve and emerge as a result of modern agricultural practices which can concentrate livestock and bring them into contact with wild animals. Examples of viruses that have emerged in this manner are influenza, coronaviruses such as severe acute respiratory syndrome and Middle East respiratory syndrome, and the Nipah virus. The role of bats, bush meat, rodents, pigs, cattle, and poultry as reservoirs from which infectious pathogenic viruses emerge are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/27726774x��Kingsley, David H
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*risk factor���Janï��Bats of the genus Pteropus (Pteropodidae), colloquially known as flying foxes, are recognized as the natural reservoir of Hendra virus, a zoonotic paramyxovirus responsible for mortality in horses and humans. Some previous studies have suggested that physiologic and ecologic factors promote Hendra virus infection in flying foxes, and by extension, spillover to horses and humans. However, the impact of Hendra virus infection on relevant physiologic biomarkers in flying foxes has not been measured. Over 12 mo in eastern Australia, we captured and sampled 446 individual black flying foxes ( Pteropus alecto ), a putative primary reservoir host species, and measured a suite of hematologic, plasma biochemistry, and urinary biomarkers. All mean hematologic and biochemical values in both Hendra virus-positive and virus-negative cohorts were within the published reference ranges for black flying foxes. We found no association between Hendra virus infection (as indicated by PCR detection of Hendra virus RNA) and biomarkers for nutritional stress, reproductive stress, or extreme metabolic demand. However, we identified associations between several other biomarkers and Hendra virus infection, which may partly elucidate the physiologic effects of Hendra virus infection in flying foxes. Our findings highlight the need for critical evaluation of putative risk factors for infection in flying foxes and provide insights for future epidemiologic studies of Hendra virus and related viruses in the Pteropus species.,��https://www.ncbi.nlm.nih.gov/pubmed/27723384Ã��McMichael, Lee
Edson, Daniel
Mayer, David
Broos, Alice
Kopp, Steven
Meers, Joanne
Field, Hume
eng
2016/10/11 06:00
J Wildl Dis. 2017 Jan;53(1):111-120. doi: 10.7589/2016-05-100. Epub 2016 Oct 10.*��1943-3700 (Electronic)
0090-3558 (Linking)���27723384E��1 University of Queensland, Gatton Campus, School of Veterinary Science, Gatton, Queensland 4343, Australia.
2 Biosecurity Queensland, Department of Agriculture and Fisheries, Health and Food Science Precinct, 39 Kessels Road, Coopers Plains, Queensland 4108, Australia.
3 Department of Agriculture and Water Resources, GPO Box 858, Canberra, Australian Capital Territory 2601, Australia.
4 Department of Agriculture and Fisheries, Ecosciences Precinct, 41 Boggo Road, Dutton Park, Queensland 4102, Australia.
5 EcoHealth Alliance, 460 W 34th Street, New York, New York 10001, USA.���10.7589/2016-05-100���
���üÖtÿî?¼���B��Xu, X.
Greenland, J. R.
Gotts, J. E.
Matthay, M. A.
Caughey, G. H.���2016@��Cathepsin L Helps to Defend Mice from Infection with Influenza A���e0164501���PLoS One���11���10ó��Animals
CD4-Positive T-Lymphocytes/drug effects
Cathepsin L/*pharmacology
Female
Influenza A Virus, H1N1 Subtype/*drug effects
Lung/virology
Male
Mice
Mice, Inbred C57BL
Orthomyxoviridae Infections/*drug therapy
Pneumonia/drug therapy/virologyú��Host-derived proteases can augment or help to clear infections. This dichotomy is exemplified by cathepsin L (CTSL), which helps Hendra virus and SARS coronavirus to invade cells, but is essential for survival in mice with mycoplasma pneumonia. The present study tested the hypothesis that CTSL protects mice from serious consequences of infection by the orthomyxovirus influenza A, which is thought to be activated by host-supplied proteases other than CTSL. Ctsl-/- mice infected with influenza A/Puerto Rico/8/34(H1N1) had larger lung viral loads and higher mortality than infected Ctsl+/+ mice. Lung inflammation in surviving infected mice peaked 14 days after initial infection, accompanied marked focal distal airway bronchiolization and epithelial metaplasia followed by desquamation and fibrotic interstitial remodeling, and persisted for at least 6 weeks. Most deaths occurred during the second week of infection in both groups of mice. In contrast to mycoplasma pneumonia, infiltrating cells were predominantly mononuclear rather than polymorphonuclear. The histopathology of lung inflammation and remodeling in survivors was similar in Ctsl-/- and Ctsl+/+ mice, although Ctsl+/+ mice cleared immunoreactive virus sooner. Furthermore, Ctsl-/- mice had profound deficits in CD4+ lymphocytes before and after infection and weaker production of pathogen-specific IgG. Thus, CTSL appears to support innate as well as adaptive responses, which confer a survival advantage on mice infected with the orthomyxovirus influenza A.,��https://www.ncbi.nlm.nih.gov/pubmed/27716790ù��Xu, Xiang
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Virus Attachment
Virus Internalization���Dec 1�
�The paramyxoviral family contains many medically important viruses, including measles virus, mumps virus, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the deadly zoonotic henipaviruses Hendra and Nipah virus (NiV). To both enter host cells and spread from cell to cell within infected hosts, the vast majority of paramyxoviruses utilize two viral envelope glycoproteins: the attachment glycoprotein (G, H, or hemagglutinin-neuraminidase [HN]) and the fusion glycoprotein (F). Binding of G/H/HN to a host cell receptor triggers structural changes in G/H/HN that in turn trigger F to undergo a series of conformational changes that result in virus-cell (viral entry) or cell-cell (syncytium formation) membrane fusion. The actual regions of G/H/HN and F that interact during the membrane fusion process remain relatively unknown though it is generally thought that the paramyxoviral G/H/HN stalk region interacts with the F head region. Studies to determine such interactive regions have relied heavily on coimmunoprecipitation approaches, whose limitations include the use of detergents and the micelle-mediated association of proteins. Here, we developed a flow-cytometric strategy capable of detecting membrane protein-protein interactions by interchangeably using the full-length form of G and a soluble form of F, or vice versa. Using both coimmunoprecipitation and flow-cytometric strategies, we found a bidentate interaction between NiV G and F, where both the stalk and head regions of NiV G interact with F. This is a new structural-biological finding for the paramyxoviruses. Additionally, our studies disclosed regions of the NiV G and F glycoproteins dispensable for the G and F interactions. IMPORTANCE: Nipah virus (NiV) is a zoonotic paramyxovirus that causes high mortality rates in humans, with no approved treatment or vaccine available for human use. Viral entry into host cells relies on two viral envelope glycoproteins: the attachment (G) and fusion (F) glycoproteins. Binding of G to the ephrinB2 or ephrinB3 cell receptors triggers conformational changes in G that in turn cause F to undergo conformational changes that result in virus-host cell membrane fusion and viral entry. It is currently unknown, however, which specific regions of G and F interact during membrane fusion. Past efforts to determine the interacting regions have relied mainly on coimmunoprecipitation, a technique with some pitfalls. We developed a flow-cytometric assay to study membrane protein-protein interactions, and using this assay we report a bidentate interaction whereby both the head and stalk regions of NiV G interact with NiV F, a new finding for the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/27654290û��Stone, Jacquelyn A
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Viral Proteins/genetics/*immunology���Sep2��For efficient replication, viruses have developed mechanisms to evade innate immune responses, including the antiviral type-I interferon (IFN-I) system. Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae family (genus Henipavirus), is known to encode for four P gene-derived viral proteins (P/C/W/V) with IFN-I antagonist functions. Here we report that NiV matrix protein (NiV-M), which is important for virus assembly and budding, can also inhibit IFN-I responses. IFN-I production requires activation of multiple signaling components including the IkappaB kinase epsilon (IKKepsilon). We previously showed that the E3-ubiquitin ligase TRIM6 catalyzes the synthesis of unanchored K48-linked polyubiquitin chains, which are not covalently attached to any protein, and activate IKKepsilon for induction of IFN-I mediated antiviral responses. Using co-immunoprecipitation assays and confocal microscopy we show here that the NiV-M protein interacts with TRIM6 and promotes TRIM6 degradation. Consequently, NiV-M expression results in reduced levels of unanchored K48-linked polyubiquitin chains associated with IKKepsilon leading to impaired IKKepsilon oligomerization, IKKepsilon autophosphorylation and reduced IFN-mediated responses. This IFN antagonist function of NiV-M requires a conserved lysine residue (K258) in the bipartite nuclear localization signal that is found in divergent henipaviruses. Consistent with this, the matrix proteins of Ghana, Hendra and Cedar viruses were also able to inhibit IFNbeta induction. Live NiV infection, but not a recombinant NiV lacking the M protein, reduced the levels of endogenous TRIM6 protein expression. To our knowledge, matrix proteins of paramyxoviruses have never been reported to be involved in innate immune antagonism. We report here a novel mechanism of viral innate immune evasion by targeting TRIM6, IKKepsilon and unanchored polyubiquitin chains. These findings expand the universe of viral IFN antagonism strategies and provide a new potential target for development of therapeutic interventions against NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27622505���Bharaj, Preeti
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*W protein���Oct 21b��Paramyxoviruses replicate in the cytoplasm with no obvious requirement to interact with the nucleus. Nevertheless, the W protein of the highly lethal bat-borne paramyxovirus Nipah virus (NiV) is known to undergo specific targeting to the nucleus, mediated by a single nuclear localisation signal (NLS) within the C-terminal domain. Here, we report for the first time that additional sites modulate nucleocytoplasmic localisation of W. We show that the N-terminal domain interacts with importin alpha1 and contributes to nuclear accumulation of W, indicative of a novel N-terminal NLS. We also find that W undergoes exportin-1 mediated nuclear export, dependent on a leucine at position 174. Together, these data enable significant revision of the generally accepted model of W trafficking, with implications for understanding of the mechanisms of NiV immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/27622322´��Audsley, Michelle D
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*Swine���Sep 14s��Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus, within the family Paramyxoviridae. Nipah virus has caused outbreaks of human disease in Bangladesh, Malaysia, Singapore, India and Philippines, in addition to a large outbreak in swine in Malaysia in 1998/1999. Recently, NiV was suspected to be a causative agent of an outbreak in horses in 2014 in the Philippines, while HeV has caused multiple human and equine outbreaks in Australia since 1994. A swine vaccine able to prevent shedding of infectious virus is of veterinary and human health importance, and correlates of protection against henipavirus infection in swine need to be better understood. In the present study, three groups of animals were employed. Pigs vaccinated with adjuvanted recombinant soluble HeV G protein (sGHEV) and challenged with HeV, developed antibody levels considered to be protective prior to the challenge (titers of 320). However, activation of the cell-mediated immune response was not detected, and the animals were only partially protected against challenge with 5x10(5) PFU of HeV per animal. In the second group, cross-neutralizing antibody levels against NiV in the sGHEV vaccinated animals did not reach protective levels, and with no activation of cellular immune memory, these animals were not protected against NiV. Only pigs orally infected with 5x10(4) PFU of NiV per animal were protected against nasal challenge with 5x10(5) PFU of NiV per animal. This group of pigs developed protective antibody levels, as well as cell-mediated immune memory. Peripheral blood mononuclear cells restimulated with UV-inactivated NiV upregulated IFN-gamma, IL-10 and the CD25 activation marker on CD4(+)CD8(+) T memory helper cells and to lesser extent on CD4(-)CD8(+) T cells. In conclusion, both humoral and cellular immune responses were required for protection of swine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27544586¯��Pickering, Brad S
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*Subcellular localization���Oct ��Nipah virus (NiV) causes severe encephalitis in humans, with high mortality. NiV nonstructural C protein (NiV-C) is essential for its pathogenicity, but its functions are unclear. In this study, we focused on NiV-C trafficking in cells and found that it localizes predominantly in the cytoplasm but partly in the nucleus. An analysis of NiV-C mutants showed that amino acids 2, 21-24 and 110-139 of NiV-C are important for its localization in the cytoplasm. Inhibitor treatment indicates that the nuclear export determinant is not a classical CRM1-dependent nuclear export signal. We also determined that amino acids 60-75 and 72-75 were important for nuclear localization of NiV-C. Furthermore, NiV-C mutants that had lost their capacity for nuclear localization inhibited the interferon (IFN) response more strongly than complete NiV-C. These results indicate that the IFN-antagonist activity of NiV-C occurs in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/27501340Ë��Horie, Ryo
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Virus Assembly���Oct���Genome replication and virion production by most negative-sense RNA viruses (NSVs) occurs exclusively in the cytoplasm, but many NSV-expressed proteins undergo active nucleocytoplasmic trafficking via signals that exploit cellular nuclear transport pathways. Nuclear trafficking has been reported both for NSV accessory proteins (including isoforms of the rabies virus phosphoprotein, and V, W and C proteins of paramyxoviruses) and for structural proteins. Trafficking of the former is thought to enable accessory functions in viral modulation of antiviral responses including the type I IFN system, but the intranuclear roles of structural proteins such as nucleocapsid and matrix proteins, which have critical roles in extranuclear replication and viral assembly, are less clear. Nevertheless, nuclear trafficking of matrix protein has been reported to be critical for efficient production of Nipah virus and Respiratory syncytial virus, and nuclear localization of nucleocapsid protein of several morbilliviruses has been linked to mechanisms of immune evasion. Together, these data point to the nucleus as a significant host interface for viral proteins during infection by NSVs with otherwise cytoplasmic life cycles. Importantly, several lines of evidence now suggest that nuclear trafficking of these proteins may be critical to pathogenesis and thus could provide new targets for vaccine development and antiviral therapies.,��https://www.ncbi.nlm.nih.gov/pubmed/27498841Í��Audsley, Michelle D
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*Prevention messages���Aug 51��BACKGROUND: During a fatal Nipah virus (NiV) outbreak in Bangladesh, residents rejected biomedical explanations of NiV transmission and treatment and lost trust in the public healthcare system. Field anthropologists developed and communicated a prevention strategy to bridge the gap between the biomedical and local explanation of the outbreak. METHODS: We explored residents' beliefs and perceptions about the illness and care-seeking practices and explained prevention messages following an interactive strategy with the aid of photos showed the types of contact that can lead to NiV transmission from bats to humans by drinking raw date palm sap and from person-to-person. RESULTS: The residents initially believed that the outbreak was caused by supernatural forces and continued drinking raw date palm sap despite messages from local health authorities to stop. Participants in community meetings stated that the initial messages did not explain that bats were the source of this virus. After our intervention, participants responded that they now understood how NiV could be transmitted and would abstain from raw sap consumption and maintain safer behaviours while caring for patients. CONCLUSIONS: During outbreaks, one-way behaviour change communication without meaningful causal explanations is unlikely to be effective. Based on the cultural context, interactive communication strategies in lay language with supporting evidence can make biomedical prevention messages credible in affected communities, even among those who initially invoke supernatural causal explanations.,��https://www.ncbi.nlm.nih.gov/pubmed/27495927+��Parveen, Shahana
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Restif, O.���2016e��Transmission or Within-Host Dynamics Driving Pulses of Zoonotic Viruses in Reservoir-Host Populations���e0004796���PLoS Negl Trop Dis���10���8���Aug¤��Progress in combatting zoonoses that emerge from wildlife is often constrained by limited knowledge of the biology of pathogens within reservoir hosts. We focus on the host-pathogen dynamics of four emerging viruses associated with bats: Hendra, Nipah, Ebola, and Marburg viruses. Spillover of bat infections to humans and domestic animals often coincides with pulses of viral excretion within bat populations, but the mechanisms driving such pulses are unclear. Three hypotheses dominate current research on these emerging bat infections. First, pulses of viral excretion could reflect seasonal epidemic cycles driven by natural variations in population densities and contact rates among hosts. If lifelong immunity follows recovery, viruses may disappear locally but persist globally through migration; in either case, new outbreaks occur once births replenish the susceptible pool. Second, epidemic cycles could be the result of waning immunity within bats, allowing local circulation of viruses through oscillating herd immunity. Third, pulses could be generated by episodic shedding from persistently infected bats through a combination of physiological and ecological factors. The three scenarios can yield similar patterns in epidemiological surveys, but strategies to predict or manage spillover risk resulting from each scenario will be different. We outline an agenda for research on viruses emerging from bats that would allow for differentiation among the scenarios and inform development of evidence-based interventions to limit threats to human and animal health. These concepts and methods are applicable to a wide range of pathogens that affect humans, domestic animals, and wildlife.,��https://www.ncbi.nlm.nih.gov/pubmed/27489944,��Plowright, Raina K
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Nipah Virus/*classification/*pathogenicity���Aug 3���Nipah virus (NiV) is a paramyxovirus that causes severe disease in humans and animals. There are two distinct strains of NiV, Malaysia (NiVM) and Bangladesh (NiVB). Differences in transmission patterns and mortality rates suggest that NiVB may be more pathogenic than NiVM. To investigate pathogenic differences between strains, 4 African green monkeys (AGM) were exposed to NiVM and 4 AGMs were exposed to NiVB. While NiVB was uniformly lethal, only 50% of NiVM-infected animals succumbed to infection. Histopathology of lungs and spleens from NiVB-infected AGMs was significantly more severe than NiVM-infected animals. Importantly, a second study utilizing 11 AGMs showed that the therapeutic window for human monoclonal antibody m102.4, previously shown to rescue AGMs from NiVM infection, was much shorter in NiVB-infected AGMs. Together, these data show that NiVB is more pathogenic in AGMs under identical experimental conditions and suggests that postexposure treatments may need to be NiV strain specific for optimal efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/27484128»��Mire, Chad E
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Phylogenetic analysis���JulÉ��Nipah virus (NiV) is a member of the genus Henipavirus of the family Paramyxoviridae, characterized by high pathogenicity and endemic in South Asia. It is classified as a Biosafety Level-4 (BSL-4) agent. The case-fatality varies from 40% to 70% depending on the severity of the disease and on the availability of adequate healthcare facilities. At present no antiviral drugs are available for NiV disease and the treatment is just supportive. Phylogenetic and evolutionary analyses can be used to help in understanding the epidemiology and the temporal origin of this virus. This review provides an overview of evolutionary studies performed on Nipah viruses circulating in different countries. Thirty phylogenetic studies have been published from 2000 to 2015 years, searching on pub-med using the key words 'Nipah virus AND phylogeny' and twenty-eight molecular epidemiological studies from 2006 to 2015 have been performed, typing the key words 'Nipah virus AND molecular epidemiology'. Overall data from the published study demonstrated as phylogenetic and evolutionary analysis represent promising tools to evidence NiV epidemics, to study their origin and evolution and finally to act with effective preventive measure.,��https://www.ncbi.nlm.nih.gov/pubmed/27393089Ê��Angeletti, Silvia
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*zoonosis���NovO��Hendra virus (HeV) was first described in 1994 in an outbreak of acute and highly lethal disease in horses and humans in Australia. Equine cases continue to be diagnosed periodically, yet the predisposing factors for infection remain unclear. We undertook an analysis of equine submissions tested for HeV by the Queensland government veterinary reference laboratory over a 20-year period to identify and investigate any patterns. We found a marked increase in testing from July 2008, primarily reflecting a broadening of the HeV clinical case definition. Peaks in submissions for testing, and visitations to the Government HeV website, were associated with reported equine incidents. Significantly differing between-year HeV detection rates in north and south Queensland suggest a fundamental difference in risk exposure between the two regions. The statistical association between HeV detection and stockhorse type may suggest that husbandry is a more important risk determinant than breed per se. The detection of HeV in horses with neither neurological nor respiratory signs poses a risk management challenge for attending veterinarians and laboratory staff, reinforcing animal health authority recommendations that appropriate risk management strategies be employed for all sick horses, and by anyone handling sick horses or associated biological samples.,��https://www.ncbi.nlm.nih.gov/pubmed/27357144ú��Smith, C S
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*paramyxovirus���Augt��Nipah virus (NiV, Henipavirus) is a highly lethal emergent zoonotic paramyxovirus responsible for repeated human outbreaks of encephalitis in South East Asia. There are no approved vaccines or treatments, thus improved understanding of NiV biology is imperative. NiV matrix protein recruits a plethora of cellular machinery to scaffold and coordinate virion budding. Intriguingly, matrix also hijacks cellular trafficking and ubiquitination pathways to facilitate transient nuclear localization. While the biological significance of matrix nuclear localization for an otherwise cytoplasmic virus remains enigmatic, the molecular details have begun to be characterized, and are conserved among matrix proteins from divergent paramyxoviruses. Matrix protein appropriation of cellular machinery will be discussed in terms of its early nuclear targeting and later role in virion assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/27350027¶��Watkinson, Ruth E
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Virus Shedding���Jun¨��Person-to-person transmission is a key feature of human Nipah virus outbreaks in Bangladesh. In contrast, in an outbreak of Nipah virus in Malaysia, people acquired infections from pigs. It is not known whether this important epidemiological difference is driven primarily by differences between NiV Bangladesh (NiV-BD) and Malaysia (NiV-MY) at a virus level, or by environmental or host factors. In a time course study, ferrets were oronasally exposed to equivalent doses of NiV-BD or NiV-MY. More rapid onset of productive infection and higher levels of virus replication in respiratory tract tissues were seen for NiV-BD compared to NiV-MY, corroborating our previous report of increased oral shedding of NiV-BD in ferrets and suggesting a contributory mechanism for increased NiV-BD transmission between people compared to NiV-MY. However, we recognize that transmission occurs within a social and environmental framework that may have an important and differentiating role in NiV transmission rates. With this in mind, ferret-to-ferret transmission of NiV-BD and NiV-MY was assessed under differing viral exposure conditions. Transmission was not identified for either virus when naive ferrets were cohoused with experimentally-infected animals. In contrast, all naive ferrets developed acute infection following assisted and direct exposure to oronasal fluid from animals that were shedding either NiV-BD or NiV-MY. Our findings for ferrets indicate that, although NiV-BD may be shed at higher levels than NiV-MY, transmission risk may be equivalently low under exposure conditions provided by cohabitation alone. In contrast, active transfer of infected bodily fluids consistently results in transmission, regardless of the virus strain. These observations suggest that the risk of NiV transmission is underpinned by social and environmental factors, and will have practical implications for managing transmission risk during outbreaks of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27341030���Clayton, Bronwyn A
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*Status asthmaticus
*extracorporeal membrane oxygenation (ECMO)
*mechanical ventilation
*pregnancy
*respiratory failure���Jan 2°��INTRODUCTION: Status asthmaticus can develop into a life-threatening disorder that requires mechanical ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes. Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-pregnant patients with status asthmaticus. CASE STUDY: A 25-year-old woman, who was 5 weeks pregnant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the patient's clinical condition as well as the gas exchange improved within the next few days. ECMO was removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial hematoma; the patient was diagnosed with abortus imminens and successfully treated with magnesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation. CONCLUSIONS: This is the first case report on the successful use of ECMO in a pregnant woman with severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechanical ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby, who was born without any complications.,��https://www.ncbi.nlm.nih.gov/pubmed/27340744Á��Steinack, Carolin
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One Health
Zoonoses���Junc��The appearance of novel pathogens of humans with epidemic potential and high mortality rates have threatened global health security for centuries. Over the past few decades new zoonotic infectious diseases of humans caused by pathogens arising from animal reservoirs have included West Nile virus, Yellow fever virus, Ebola virus, Nipah virus, Lassa Fever virus, Hanta virus, Dengue fever virus, Rift Valley fever virus, Crimean-Congo haemorrhagic fever virus, severe acute respiratory syndrome coronavirus, highly pathogenic avian influenza viruses, Middle East Respiratory Syndrome Coronavirus, and Zika virus. The recent Ebola Virus Disease epidemic in West Africa and the ongoing Zika Virus outbreak in South America highlight the urgent need for local, regional and international public health systems to be be more coordinated and better prepared. The One Health concept focuses on the relationship and interconnectedness between Humans, Animals and the Environment, and recognizes that the health and wellbeing of humans is intimately connected to the health of animals and their environment (and vice versa). Critical to the establishment of a One Health platform is the creation of a multidisciplinary team with a range of expertise including public health officers, physicians, veterinarians, animal husbandry specialists, agriculturalists, ecologists, vector biologists, viral phylogeneticists, and researchers to co-operate, collaborate to learn more about zoonotic spread between animals, humans and the environment and to monitor, respond to and prevent major outbreaks. We discuss the unique opportunities for Middle Eastern and African stakeholders to take leadership in building equitable and effective partnerships with all stakeholders involved in human and health systems to take forward a 'One Health' approach to control such zoonotic pathogens with epidemic potential.,��https://www.ncbi.nlm.nih.gov/pubmed/27321961���Zumla, Alimuddin
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Zoonoses/virologyÀ��Hendra virus (HeV) is an important emergent virus in Australia known to infect horses and humans in certain regions of the east coast. Whilst pteropid bats ("flying foxes") are considered the natural reservoir of HeV, which of the four mainland species is the principal reservoir has been a source of ongoing debate, particularly as shared roosting is common. To help resolve this, we sampled a colony consisting of just one of these species, the grey-headed flying fox, (Pteropus poliocephalus), at the southernmost extent of its range. Using the pooled urine sampling technique at approximately weekly intervals over a two year period, we determined the prevalence of HeV and related paramyxoviruses using a novel multiplex (Luminex) platform. Whilst all the pooled urine samples were negative for HeV nucleic acid, we successfully identified four other paramyxoviruses, including Cedar virus; a henipavirus closely related to HeV. Collection of serum from individually caught bats from the colony showed that antibodies to HeV, as estimated by a serological Luminex assay, were present in between 14.6% and 44.5% of animals. The wide range of the estimate reflects uncertainties in interpreting intermediate results. Interpreting the study in the context of HeV studies from states to the north, we add support for an arising consensus that it is the black flying fox and not the grey-headed flying fox that is the principal source of HeV in spillover events to horses.,��https://www.ncbi.nlm.nih.gov/pubmed/27304985ê��Burroughs, A L
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*Virus Internalization���Jun���Receptor-targeted lentiviral vectors (LVs) can be an effective tool for selective transfer of genes into distinct cell types of choice. Moreover, they can be used to determine the molecular properties that cell surface proteins must fulfill to act as receptors for viral glycoproteins. Here we show that LVs pseudotyped with receptor-targeted Nipah virus (NiV) glycoproteins effectively enter into cells when they use cell surface proteins as receptors that bring them closely enough to the cell membrane (less than 100 A distance). Then, they were flexible in receptor usage as demonstrated by successful targeting of EpCAM, CD20, and CD8, and as selective as LVs pseudotyped with receptor-targeted measles virus (MV) glycoproteins, the current standard for cell-type specific gene delivery. Remarkably, NiV-LVs could be produced at up to two orders of magnitude higher titers compared to their MV-based counterparts and were at least 10,000-fold less effectively neutralized than MV glycoprotein pseudotyped LVs by pooled human intravenous immunoglobulin. An important finding for NiV-LVs targeted to Her2/neu was an about 100-fold higher gene transfer activity when particles were targeted to membrane-proximal regions as compared to particles binding to a more membrane-distal epitope. Likewise, the low gene transfer activity mediated by NiV-LV particles bound to the membrane distal domains of CD117 or the glutamate receptor subunit 4 (GluA4) was substantially enhanced by reducing receptor size to below 100 A. Overall, the data suggest that the NiV glycoproteins are optimally suited for cell-type specific gene delivery with LVs and, in addition, for the first time define which parts of a cell surface protein should be targeted to achieve optimal gene transfer rates with receptor-targeted LVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27281338!��Bender, Ruben R
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Viral Proteins/genetics/*metabolism���SepÒ��Nipah virus belongs to the genus Henipavirus in the family Paramyxoviridae, and its RNA genome is larger than those of other paramyxoviruses because it has long untranslated regions (UTRs) in each gene. However, the functions of these UTRs are not fully understood. In this study, we investigated the functions of the 5' UTRs and found that the 5' UTR of the M gene upregulated the translation of a reporter gene. Using an RNA pull-down assay, we showed that eukaryotic elongation factor 1-beta (EEF1B2) interacts with nucleotides 81-100 of the M 5' UTR and specifically enhances its translation efficiency. Our results suggest that the M 5' UTR promotes the production of M protein and viral budding by recruiting EEF1B2.,��https://www.ncbi.nlm.nih.gov/pubmed/27236461ª��Uchida, Shotaro
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severe acute respiratory syndrome���Aug£��Bat species around the world have recently been recognized as major reservoirs of several zoonotic viruses, such as severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), Nipah virus and Hendra virus. In this study, consensus primer-based reverse transcriptase polymerase chain reactions (RT-PCRs) and high-throughput sequencing were performed to investigate viruses in bat faecal samples collected at 11 natural bat habitat sites from July to December 2015 in Korea. Diverse coronaviruses were first detected in Korean bat faeces, including alphacoronaviruses, SARS-CoV-like and MERS-CoV-like betacoronaviruses. In addition, we identified a novel bat rotavirus belonging to group H rotavirus which has only been described in human and pigs until now. Therefore, our results suggest the need for continuing surveillance and additional virological studies in domestic bat.,��https://www.ncbi.nlm.nih.gov/pubmed/27213718Ù��Kim, H K
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Virus Release/*physiology���May���The budding of Nipah virus, a deadly member of the Henipavirus genus within the Paramyxoviridae, has been thought to be independent of the host ESCRT pathway, which is critical for the budding of many enveloped viruses. This conclusion was based on the budding properties of the virus matrix protein in the absence of other virus components. Here, we find that the virus C protein, which was previously investigated for its role in antagonism of innate immunity, recruits the ESCRT pathway to promote efficient virus release. Inhibition of ESCRT or depletion of the ESCRT factor Tsg101 abrogates the C enhancement of matrix budding and impairs live Nipah virus release. Further, despite the low sequence homology of the C proteins of known henipaviruses, they all enhance the budding of their cognate matrix proteins, suggesting a conserved and previously unknown function for the henipavirus C proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/27203423Æ��Park, Arnold
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Peptides/*immunology���Jun 1���Bats are a major reservoir of emerging and re-emerging infectious diseases, including severe acute respiratory syndrome-like coronaviruses, henipaviruses, and Ebola virus. Although highly pathogenic to their spillover hosts, bats harbor these viruses, and a large number of other viruses, with little or no clinical signs of disease. How bats asymptomatically coexist with these viruses is unknown. In particular, little is known about bat adaptive immunity, and the presence of functional MHC molecules is mostly inferred from recently described genomes. In this study, we used an affinity purification/mass spectrometry approach to demonstrate that a bat MHC class I molecule, Ptal-N*01:01, binds antigenic peptides and associates with peptide-loading complex components. We identified several bat MHC class I-binding partners, including calnexin, calreticulin, protein disulfide isomerase A3, tapasin, TAP1, and TAP2. Additionally, endogenous peptide ligands isolated from Ptal-N*01:01 displayed a relatively broad length distribution and an unusual preference for a C-terminal proline residue. Finally, we demonstrate that this preference for C-terminal proline residues was observed in Hendra virus-derived peptides presented by Ptal-N*01:01 on the surface of infected cells. To our knowledge, this is the first study to identify endogenous and viral MHC class I ligands for any bat species and, as such, provides an important avenue for monitoring and development of vaccines against major bat-borne viruses both in the reservoir and spillover hosts. Additionally, it will provide a foundation to understand the role of adaptive immunity in bat antiviral responses.,��https://www.ncbi.nlm.nih.gov/pubmed/27183594���Wynne, James W
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Virus Replication���Aug 1®	�UNLABELLED: Nonsegmented negative-stranded RNA viruses, or members of the order Mononegavirales, share a conserved gene order and the use of elaborate transcription and replication machinery made up of at least four molecular partners. These partners have coevolved with the acquisition of the permanent encapsidation of the entire genome by the nucleoprotein (N) and the use of this N-RNA complex as a template for the viral polymerase composed of the phosphoprotein (P) and the large enzymatic protein (L). Not only is P required for polymerase function, but it also stabilizes the L protein through an unknown underlying molecular mechanism. By using NVP-AUY922 and/or 17-dimethylaminoethylamino-17-demethoxygeldanamycin as specific inhibitors of cellular heat shock protein 90 (HSP90), we found that efficient chaperoning of L by HSP90 requires P in the measles, Nipah, and vesicular stomatitis viruses. While the production of P remains unchanged in the presence of HSP90 inhibitors, the production of soluble and functional L requires both P and HSP90 activity. Measles virus P can bind the N terminus of L in the absence of HSP90 activity. Both HSP90 and P are required for the folding of L, as evidenced by a luciferase reporter insert fused within measles virus L. HSP90 acts as a true chaperon; its activity is transient and dispensable for the activity of measles and Nipah virus polymerases of virion origin. That the cellular chaperoning of a viral polymerase into a soluble functional enzyme requires the assistance of another viral protein constitutes a new paradigm that seems to be conserved within the Mononegavirales order. IMPORTANCE: Viruses are obligate intracellular parasites that require a cellular environment for their replication. Some viruses particularly depend on the cellular chaperoning apparatus. We report here that for measles virus, successful chaperoning of the viral L polymerase mediated by heat shock protein 90 (HSP90) requires the presence of the viral phosphoprotein (P). Indeed, while P protein binds to the N terminus of L independently of HSP90 activity, both HSP90 and P are required to produce stable, soluble, folded, and functional L proteins. Once formed, the mature P+L complex no longer requires HSP90 to exert its polymerase functions. Such a new paradigm for the maturation of a viral polymerase appears to be conserved in several members of the Mononegavirales order, including the Nipah and vesicular stomatitis viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27170753"��Bloyet, Louis-Marie
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Viral Proteins/*immunology���Jul 15à��UNLABELLED: Nipah virus (NiV) is a highly lethal paramyxovirus that recently emerged as a causative agent of febrile encephalitis and severe respiratory disease in humans. The ferret model has emerged as the preferred small-animal model with which to study NiV disease, but much is still unknown about the viral determinants of NiV pathogenesis, including the contribution of the C protein in ferrets. Additionally, studies have yet to examine the synergistic effects of the various P gene products on pathogenesis in animal models. Using recombinant NiVs (rNiVs), we examine the sole contribution of the NiV C protein and the combined contributions of the C and W proteins in the ferret model of NiV pathogenesis. We show that an rNiV void of C expression resulted in 100% mortality, though with limited respiratory disease, like our previously reported rNiV void of W expression; this finding is in stark contrast to the attenuated phenotype observed in previous hamster studies utilizing rNiVs void of C expression. We also observed that an rNiV void of both C and W expression resulted in limited respiratory disease; however, there was severe neurological disease leading to 60% mortality, and the surviving ferrets demonstrated sequelae similar to those for human survivors of NiV encephalitis. IMPORTANCE: Nipah virus (NiV) is a human pathogen capable of causing lethal respiratory and neurological disease. Many human survivors have long-lasting neurological impairment. Using a ferret model, this study demonstrated the roles of the NiV C and W proteins in pathogenesis, where lack of either the C or the W protein independently decreased the severity of clinical respiratory disease but did not decrease lethality. Abolishing both C and W expression, however, dramatically decreased the severity of respiratory disease and the level of destruction of splenic germinal centers. These ferrets still suffered severe neurological disease: 60% succumbed to disease, and the survivors experienced long-term neurological impairment, such as that seen in human survivors. This new ferret NiV C and W knockout model may allow, for the first time, the examination of interventions to prevent or mitigate the neurological damage and sequelae experienced by human survivors.,��https://www.ncbi.nlm.nih.gov/pubmed/27147733���Satterfield, Benjamin A
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viral replication���Jul 3���Nucleocapsid assembly is an essential process in the replication of the non-segmented, negative-sense RNA viruses (NNVs). Unassembled nucleoprotein (N(0)) is maintained in an RNA-free and monomeric form by its viral chaperone, the phosphoprotein (P), forming the N(0)-P complex. Our earlier work solved the structure of vesicular stomatitis virus complex formed between an N-terminally truncated N (NDelta21) and a peptide of P (P60) encompassing the N(0)-binding site, but how the full-length P interacts with N(0) remained unknown. Here, we combine several experimental biophysical methods including size exclusion chromatography with detection by light scattering and refractometry, small-angle X-ray and neutron scattering and nuclear magnetic resonance spectroscopy with molecular dynamics simulation and computational modeling to characterize the NDelta21(0)-PFL complex formed with dimeric full-length P. We show that for multi-molecular complexes, simultaneous multiple-curve fitting using small-angle neutron scattering data collected at varying contrast levels provides additional information and can help refine structural ensembles. We demonstrate that (a) vesicular stomatitis virus PFL conserves its high flexibility within the NDelta21(0)-PFL complex and interacts with NDelta21(0) only through its N-terminal extremity; (b) each protomer of P can chaperone one N(0) client protein, leading to the formation of complexes with stoichiometries 1N:P2 and 2N:P2; and (c) phosphorylation of residues Ser60, Thr62 and Ser64 provides no additional interactions with N(0) but creates a metal binding site in PNTR. A comparison with the structures of Nipah virus and Ebola virus N(0)-P core complex suggests a mechanism for the control of nucleocapsid assembly that is common to all NNVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27107640a��Yabukarski, Filip
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*virus-like particles���Jul 8¼��The matrix (M) protein of Nipah virus (NiV) is a peripheral protein that plays a vital role in the envelopment of nucleocapsid protein and acts as a bridge between the viral surface and the nucleocapsid proteins. The M protein is also proven to play an important role in production of virus-like particles (VLPs) and is essential for assembly and budding of NiV particles. The recombinant M protein produced in Escherichia coli assembled into VLPs in the absence of the viral surface proteins. However, the E. coli produced VLPs are smaller than the native virus particles. Therefore, the aims of this study were to produce NiV M protein in Pichia pastoris, to examine the structure of the VLPs formed, and to assess the potential of the VLPs as a diagnostic reagent. The M protein was successfully expressed in P. pastoris and was detected with anti-myc antibody using Western blotting. The VLPs formed by the recombinant M protein were purified with sucrose density gradient ultracentrifugation, high-performance liquid chromatography (HPLC), and Immobilized Metal Affinity Chromatography (IMAC). Immunogold staining and transmission electron microscopy confirmed that the M protein assembled into VLPs as large as 200 nm. ELISA revealed that the NiV M protein produced in P. pastoris reacted strongly with positive NiV sera demonstrating its potential as a diagnostic reagent. (c) 2016 American Institute of Chemical Engineers Biotechnol. Prog., 32:1038-1045, 2016.,��https://www.ncbi.nlm.nih.gov/pubmed/27088434ç��Joseph, Narcisse Ms
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Vaccine���Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. aMPV belongs to the family Paramyxoviridae which includes many important human pathogens such as human respiratory syncytial virus (RSV), human metapneumovirus (hMPV), and human parainfluenza virus type 3 (PIV3). The family also includes highly lethal emerging pathogens such as Nipah virus and Hendra virus, as well as agriculturally important viruses such as Newcastle disease virus (NDV). For many of these viruses, there is no effective vaccine. Here, we describe a reverse genetics approach to develop live attenuated aMPV vaccines by inhibiting the viral mRNA cap methyltransferase. The viral mRNA cap methyltransferase is an excellent target for the attenuation of paramyxoviruses because it plays essential roles in mRNA stability, efficient viral protein translation and innate immunity. We have described in detail the materials and methods used to generate recombinant aMPVs that lack viral mRNA cap methyltransferase activity. We have also provided methods to evaluate the genetic stability, pathogenesis, and immunogenicity of live aMPV vaccine candidates in turkeys.,��https://www.ncbi.nlm.nih.gov/pubmed/270762932��Zhang, Yu
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Vesicular stomatitis virusß��There are many avenues for making an effective vaccine against viruses. Depending on the virus these can include one of the following: inactivation of whole virions; attenuation of viruses; recombinant viral proteins; non-replication-competent virus particles; or surrogate virus vector systems such as vesicular stomatitis virus (VSV). VSV is a prototypic enveloped animal virus that has been used for over four decades to study virus replication, entry, and assembly due to its ability to replicate to high titers in a wide variety of mammalian and insect cells. The use of reverse genetics to recover infectious and single-cycle replicating VSV from plasmid DNA transfected in cell culture began a revolution in the study of recombinant VSV (rVSV). This platform can be manipulated to study the viral genetic sequences and proteins important in the virus life cycle. Additionally, foreign genes can be inserted between naturally occurring or generated start/stop signals and polyadenylation sites within the VSV genome. VSV has a tolerance for foreign gene expression which has led to numerous rVSVs reported in the literature. Of particular interest are the very effective single-dose rVSV vaccine vectors against high-containment viruses such as filoviruses, henipaviruses, and arenaviruses. Herein we describe the methods for selecting foreign antigenic genes, selecting the location within the VSV genome for insertion, generation of rVSV using reverse genetics, and proper vaccine study designs.,��https://www.ncbi.nlm.nih.gov/pubmed/270761380��Whitt, Michael A
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Virus Replication/*physiology���JulX��Highly pathogenic Nipah virus (NiV) causes symptomatic infections in pigs and humans. The severity of respiratory symptoms is much more pronounced in pigs than in humans, suggesting species-specific differences of NiV replication in porcine and human airways. Here, we present a comparative study on productive NiV replication in primary airway epithelial cell cultures of the two species. We reveal that NiV growth substantially differs in primary cells between pigs and humans, with a more rapid spread of infection in human airway epithelia. Increased replication, correlated with higher endogenous expression levels of the main NiV entry receptor ephrin-B2, not only significantly differed between airway cells of the two species but also varied between cells from different human donors. To our knowledge, our study provides the first experimental evidence of species-specific and individual differences in NiV receptor expression and replication kinetics in primary airway epithelial cells. It remains to be determined whether and how these differences contribute to the viral host range and pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/27075405���Sauerhering, Lucie
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biochemistry
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haematology
urinalysis���MarÕ��Bats of the genus Pteropus (Pteropodidae) are recognised as the natural host of multiple emerging pathogenic viruses of animal and human health significance, including henipaviruses, lyssaviruses and ebolaviruses. Some studies have suggested that physiological and ecological factors may be associated with Hendra virus infection in flying-foxes in Australia; however, it is essential to understand the normal range and seasonal variability of physiological biomarkers before seeking physiological associations with infection status. We aimed to measure a suite of physiological biomarkers in P. alecto over time to identify any seasonal fluctuations and to examine possible associations with life-cycle and environmental stressors. We sampled 839 adult P. alecto in the Australian state of Queensland over a 12-month period. The adjusted population means of every assessed hematologic and biochemical parameter were within the reported reference range on every sampling occasion. However, within this range, we identified significant temporal variation in these parameters, in urinary parameters and body condition, which primarily reflected the normal annual life cycle. We found no evident effect of remarkable physiological demands or nutritional stress, and no indication of clinical disease driving any parameter values outside the normal species reference range. Our findings identify underlying temporal physiological changes at the population level that inform epidemiological studies and assessment of putative physiological risk factors driving Hendra virus infection in P. alecto. More broadly, the findings add to the knowledge of Pteropus populations in terms of their relative resistance and resilience to emerging infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27026357���McMichael, Lee
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Transmission���Mar 25m��BACKGROUND: Nipah virus (NiV) first emerged in Malaysia in 1998, with two bat species (Pteropus hypomelanus and P. vampyrus) as the putative natural reservoirs. In 2002, NiV IgG antibodies were detected in these species from Thailand, but viral RNA could not be detected for strain characterization. Two strains of NiV (Malaysia and Bangladesh) have been found in P. lylei in central Thailand, although Bangladesh strain, the causative strain for the outbreak in Bangladesh since 2001, was dominant. To understand the diversity of NiV in Thailand, this study identified NiV strain, using molecular characterizations, from P. hypomelanus in southern Thailand. FINDINGS: Pooled bat urine specimens were collected from plastic sheet underneath bat roosts in April 2010, and then monthly from December 2010 to May 2011 at an island in southern Thailand. Five in 184 specimens were positive for NiV, using duplex nested RT-PCR assay on partial nucleocapsid fragment (357 bp). Whole sequences of nucleocapsid gene from four bats were characterized. All 5 partial fragments and 4 whole nucleocapsid genes formed a monophyletic with NiV-MY. CONCLUSIONS: Our study showed that P. hypomelanus in southern Thailand and from Malaysia, a bordering country, harbored similar NiV. This finding indicates that NiV is not limited to central Thailand or P. lylei species, and it may be a source of inter-species transmission. This indicates a higher potential for a widespread NiV outbreak in Thailand. NiV surveillance in Pteropus bats, the major natural reservoirs, should be conducted continuously in countries or regions with high susceptibility to outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/270162376��Wacharapluesadee, Supaporn
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Viral Matrix Proteins/metabolism���Mar³��Hendra and Nipah viruses (genus Henipavirus, family Paramyxoviridae) are highly pathogenic bat-borne viruses. The need for high biocontainment when studying henipaviruses has hindered the development of therapeutics and knowledge of the viral infection cycle. We have performed a genome-wide siRNA screen at biosafety level 4 that identified 585 human proteins required for henipavirus infection. The host protein with the largest impact was fibrillarin, a nucleolar methyltransferase that was also required by measles, mumps and respiratory syncytial viruses for infection. While not required for cell entry, henipavirus RNA and protein syntheses were greatly impaired in cells lacking fibrillarin, indicating a crucial role in the RNA replication phase of infection. During infection, the Hendra virus matrix protein co-localized with fibrillarin in cell nucleoli, and co-associated as a complex in pulldown studies, while its nuclear import was unaffected in fibrillarin-depleted cells. Mutagenesis studies showed that the methyltransferase activity of fibrillarin was required for henipavirus infection, suggesting that this enzyme could be targeted therapeutically to combat henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27010548���Deffrasnes, Celine
Marsh, Glenn A
Foo, Chwan Hong
Rootes, Christina L
Gould, Cathryn M
Grusovin, Julian
Monaghan, Paul
Lo, Michael K
Tompkins, S Mark
Adams, Timothy E
Lowenthal, John W
Simpson, Kaylene J
Stewart, Cameron R
Bean, Andrew G D
Wang, Lin-Fa
eng
Research Support, Non-U.S. Gov't
2016/03/25 06:00
PLoS Pathog. 2016 Mar 24;12(3):e1005478. doi: 10.1371/journal.ppat.1005478. eCollection 2016 Mar.*��1553-7374 (Electronic)
1553-7366 (Linking)
��PMC4806981���27010548ä��CSIRO Health and Biosecurity, Australian Animal Health Laboratory, Geelong, Victoria, Australia.
Victorian Centre for Functional Genomics, Peter MacCallum Cancer Centre, East Melbourne, Victoria, Australia.
CSIRO Manufacturing, Parkville, Victoria, Australia.
Centers for Disease Control & Prevention, Viral Special Pathogens Branch, Atlanta, Georgia, United States of America.
Department of Infectious Diseases, University of Georgia, Athens, Georgia, United States of America, and School of Medicine, Deakin University, Waurn Ponds, Victoria, Australia.
The Sir Peter MacCallum Department of Oncology, The University of Melbourne, Melbourne, Australia.
Program in Emerging Infectious Diseases, Duke-NUS Graduate Medical School, Singapore.���10.1371/journal.ppat.1005478���
¨��üÒtÿï?å���¤��Islam, M. S.
Sazzad, H. M.
Satter, S. M.
Sultana, S.
Hossain, M. J.
Hasan, M.
Rahman, M.
Campbell, S.
Cannon, D. L.
Stroher, U.
Daszak, P.
Luby, S. P.
Gurley, E. S.���2016���Nipah Virus Transmission from Bats to Humans Associated with Drinking Traditional Liquor Made from Date Palm Sap, Bangladesh, 2011-2014���664-70���Emerg Infect Dis���22���4���Adolescent
Adult
Aged
Alcohol Drinking/adverse effects
Alcoholic Beverages/adverse effects/*virology
Animals
Antibodies, Viral/blood
Bangladesh/epidemiology
Child
Child, Preschool
Chiroptera/*virology
*Disease Outbreaks
Disease Reservoirs/*virology
Encephalitis, Viral/etiology/mortality/*transmission/virology
Epidemiological Monitoring
Feces/virology
Henipavirus Infections/etiology/mortality/*transmission/virology
Humans
Immunoglobulin G/blood
Immunoglobulin M/blood
Infant
Middle Aged
Nipah Virus/genetics/isolation & purification/*pathogenicity
Survival Analysis
Bangladesh
NiV
Nipah virus
Pteropus
bats
fermented date palm sap
paramyxovirus
tari
viruses���AprÆ��Nipah virus (NiV) is a paramyxovirus, and Pteropus spp. bats are the natural reservoir. From December 2010 through March 2014, hospital-based encephalitis surveillance in Bangladesh identified 18 clusters of NiV infection. The source of infection for case-patients in 3 clusters in 2 districts was unknown. A team of epidemiologists and anthropologists investigated these 3 clusters comprising 14 case-patients, 8 of whom died. Among the 14 case-patients, 8 drank fermented date palm sap (tari) regularly before their illness, and 6 provided care to a person infected with NiV. The process of preparing date palm trees for tari production was similar to the process of collecting date palm sap for fresh consumption. Bat excreta was reportedly found inside pots used to make tari. These findings suggest that drinking tari is a potential pathway of NiV transmission. Interventions that prevent bat access to date palm sap might prevent tari-associated NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26981928J��Islam, M Saiful
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Irf-3
Immunity
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Rig-i���MarS��The recognition of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRR) during viral infection initiates the induction of antiviral signaling pathways, including activation of the Interferon Regulator Factor 3 (IRF3). We identified small molecule compounds that activate IRF3 through MAVS, thereby inhibiting infection by viruses of the families Flaviviridae (West Nile virus, dengue virus and hepatitis C virus), Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus) and Paramyxoviridae (respiratory syncytial virus, Nipah virus) (1). In this study, we tested a lead compound along with medicinal chemistry-derived analogs to compare the gene transcriptional profiles induced by these molecules to that of other known MAVS-dependent IRF3 agonists. Transcriptional analysis of these small molecules revealed the induction of specific antiviral genes and identified a novel module of host driven immune regulated genes that suppress infection of a range of RNA viruses. Microarray data can be found in Gene Expression Omnibus (GSE74047).,��https://www.ncbi.nlm.nih.gov/pubmed/26981429æ��Green, R R
Wilkins, C
Pattabhi, S
Dong, R
Loo, Y
Gale, M Jr
eng
R01 AI104002/AI/NIAID NIH HHS/
U19 AI083019/AI/NIAID NIH HHS/
2016/03/17 06:00
Genom Data. 2016 Feb 1;7:290-2. doi: 10.1016/j.gdata.2016.01.020. eCollection 2016 Mar.%��2213-5960 (Print)
2213-5960 (Linking)
��PMC4778670���26981429Í��Department of Immunology, and the Center for Innate Immunity and Immune Disease (CIIID), University of Washington, Seattle, WA, USA.
Department of Global Health, University of Washington, Seattle, WA, USA.���10.1016/j.gdata.2016.01.020�����þÒ|ÿî?ç������Field, H. E.���2016%��Hendra virus ecology and transmission���120-125���Curr Opin Virol���16¡��Animals
Chiroptera
Hendra Virus/*physiology
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Zoonoses/epidemiology/transmission/virology���FebO��Hendra virus causes acute and highly fatal infection in horses and humans. Pteropid bats (flying-foxes) are the natural host of the virus, with age and species being risk factors for infection. Urine is the primary route of excretion in flying-foxes, with viral RNA more frequently detected in Pteropus alecto and P. conspicillatus than other species. Infection prevalence in flying-foxes can vary between and within years, with a winter peak of excretion occurring in some regions. Vertical transmission and recrudescing infection has been reported in flying-foxes, but horizontal transmission is evidently the primary mode of transmission. The most parsimonious mode of flying-fox to horse transmission is equine contact (oro-nasal, conjunctival) with infected flying-fox urine, either directly, or via urine-contaminated pasture or surfaces. Horse to horse transmission is inefficient, requiring direct contact with infected body fluids. Flying-fox to human transmission has not been recorded; all human cases have been associated with close and direct contact with infected horses. Canine cases (subclinical) have also been limited to equine case properties. Notwithstanding the recent availability of an effective vaccine for horses, a comprehensive understanding of Hendra virus ecology and transmission is essential to limit inter-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26978066¹��Field, Hume E
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*Subunit vaccine���Jun 3·��Nipah virus (NiV) is a highly pathogenic, recently emerged paramyxovirus that has been responsible for sporadic outbreaks of respiratory and encephalitic disease in Southeast Asia. High case fatality rates have also been associated with recent outbreaks in Malaysia and Bangladesh. Although over two billion people currently live in regions in which NiV is endemic or in which the Pteropus fruit bat reservoir is commonly found, there is no approved vaccine to protect against NiV disease. This report examines the feasibility and current efforts to develop a NiV vaccine including potential hurdles for technical and regulatory assessment of candidate vaccines and the likelihood for financing.,��https://www.ncbi.nlm.nih.gov/pubmed/26973068µ��Satterfield, Benjamin A
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Universal vaccine���AprÚ��Nipah virus and Hendra virus, two members of the genus Henipavirus, are newly emerging zoonotic pathogens which cause acute respiratory illness and severe encephalitis in human. Lack of the effective antiviral therapy endorses the urgency for the development of vaccine against these deadly viruses. In this study, we employed various computational approaches to identify epitopes which has the potential for vaccine development. By analyzing the immune parameters of the conserved sequences of G glycoprotein using various databases and bioinformatics tools, we identified two potential epitopes which may be used as peptide vaccines. Using different B cell epitope prediction servers, four highly similar B cell epitopes were identified. Immunoinformatics analyses revealed that LAEDDTNAQKT is a highly flexible and accessible B-cell epitope to antibody. Highly similar putative CTL epitopes were analyzed for their binding with the HLA-C 12*03 molecule. Docking simulation assay revealed that LTDKIGTEI has significantly lower binding energy, which bolstered its potential as epitope-based vaccine design. Finally, cytotoxicity analysis has also justified their potential as promising epitope-based vaccine candidate. In sum, our computational analysis indicates that either LAEDDTNAQKT or LTDKIGTEI epitope holds a promise for the development of universal vaccine against all kinds of pathogenic Henipavirus. Further in vivo and in vitro studies are necessary to validate the obtained findings.,��https://www.ncbi.nlm.nih.gov/pubmed/26970211ï��Parvege, Md Masud
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Epithelial Cells/*virology
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Nipah Virus/classification/*physiology
Respiratory Mucosa/*cytology
Virus Replication/physiology���May
��Nipah virus (NiV) is an emerging paramyxovirus that can cause lethal respiratory illness in humans. No vaccine/therapeutic is currently licensed for humans. Human-to-human transmission was previously reported during outbreaks and NiV could be isolated from respiratory secretions, but the proportion of cases in Malaysia exhibiting respiratory symptoms was significantly lower than that in Bangladesh. Previously, we showed that primary human basal respiratory epithelial cells are susceptible to both NiV-Malaysia (M) and -Bangladesh (B) strains causing robust pro-inflammatory responses. However, the cells of the human respiratory epithelium that NiV targets are unknown and their role in NiV transmission and NiV-related lung pathogenesis is still poorly understood. Here, we characterized NiV infection of the human respiratory epithelium using a model of the human tracheal/bronchial (B-ALI) and small airway (S-ALI) epithelium cultured at an air-liquid interface. We show that NiV-M and NiV-B infect ciliated and secretory cells in B/S-ALI, and that infection of S-ALI, but not B-ALI, results in disruption of the epithelium integrity and host responses recruiting human immune cells. Interestingly, NiV-B replicated more efficiently in B-ALI than did NiV-M. These results suggest that the human tracheal/bronchial epithelium is favourable to NiV replication and shedding, while inducing a limited host response. Our data suggest that the small airways epithelium is prone to inflammation and lesions as well as constituting a point of virus entry into the pulmonary vasculature. The use of relevant models of the human respiratory tract, such as B/S-ALI, is critical for understanding NiV-related lung pathogenesis and identifying the underlying mechanisms allowing human-to-human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/269325151��Escaffre, Olivier
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*Safety
Virulenceæ��Although a globe box-type highly contained laboratory with the internationally-recognized biosafety level-4 standards has been constructed in the Murayama Annex, the National Institute of Infectious Diseases, Tokyo, Japan (NIID) in 1981, the laboratory has never been operated as BSL-4 laboratory since its construction. Furthermore, there are no other BSL-4 laboratories in operation in Japan. The evidence indicates that infectious BSL-4 pathogens such as Ebola and Marburg viruses cannot be manipulated in Japan, making it impossible to study the BSL-4 pathogens using the infectious viruses. A large-scale outbreak of ebolavirus disease (EVD) has occurred in the western Africa such as Guinea, Sierra Leone, and Liberia. Furthermore, the highly pathogenic pathogens' infectious diseases outbreaks such as SARS, Nipah encephalitis, Middle East respiratory syndrome (MERS) have emerged in the world. However, BSL-4 laboratories are not present in Japan, making it difficult to study these pathogens and infectious diseases. Because these emerging virus infections are caused by the zoonotic pathogens, the eradiation and the elimination of these infectious diseases are impossible. We need to develop the diagnostics, therapeutics, and preventive measures based on the studies of the highly pathogenic pathogens more in detail using the infectious microbes. Therefore, BSL-4 in operation in Japan is required to minimize the risk of and combat these emerging highly pathogenic pathogens' infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/26923962s��Saijo, Masayuki
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bat immunology
innate immunity
interferon���Mar 8Ú��Bats harbor many emerging and reemerging viruses, several of which are highly pathogenic in other mammals but cause no clinical signs of disease in bats. To determine the role of interferons (IFNs) in the ability of bats to coexist with viruses, we sequenced the type I IFN locus of the Australian black flying fox, Pteropus alecto, providing what is, to our knowledge, the first gene map of the IFN region of any bat species. Our results reveal a highly contracted type I IFN family consisting of only 10 IFNs, including three functional IFN-alpha loci. Furthermore, the three IFN-alpha genes are constitutively expressed in unstimulated bat tissues and cells and their expression is unaffected by viral infection. Constitutively expressed IFN-alpha results in the induction of a subset of IFN-stimulated genes associated with antiviral activity and resistance to DNA damage, providing evidence for a unique IFN system that may be linked to the ability of bats to coexist with viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26903655Ò��Zhou, Peng
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*Virus Internalization���FebÁ��O-linked glycosylation is a ubiquitous protein modification in organisms belonging to several kingdoms. Both microbial and host protein glycans are used by many pathogens for host invasion and immune evasion, yet little is known about the roles of O-glycans in viral pathogenesis. Reportedly, there is no single function attributed to O-glycans for the significant paramyxovirus family. The paramyxovirus family includes many important pathogens, such as measles, mumps, parainfluenza, metapneumo- and the deadly Henipaviruses Nipah (NiV) and Hendra (HeV) viruses. Paramyxoviral cell entry requires the coordinated actions of two viral membrane glycoproteins: the attachment (HN/H/G) and fusion (F) glycoproteins. O-glycan sites in HeV G were recently identified, facilitating use of the attachment protein of this deadly paramyxovirus as a model to study O-glycan functions. We mutated the identified HeV G O-glycosylation sites and found mutants with altered cell-cell fusion, G conformation, G/F association, viral entry in a pseudotyped viral system, and, quite unexpectedly, pseudotyped viral F protein incorporation and processing phenotypes. These are all important functions of viral glycoproteins. These phenotypes were broadly conserved for equivalent NiV mutants. Thus our results identify multiple novel and pathologically important functions of paramyxoviral O-glycans, paving the way to study O-glycan functions in other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26867212���Stone, Jacquelyn A
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*Virus Internalization���May���The amino-terminal cytoplasmic domains of paramyxovirus attachment glycoproteins include trafficking signals that influence protein processing and cell surface expression. To characterize the role of the cytoplasmic domain in protein expression, fusion support and particle assembly in more detail, we constructed chimeric Nipah virus (NiV) glycoprotein (G) and canine distemper virus (CDV) haemagglutinin (H) proteins carrying the respective heterologous cytoplasmic domain, as well as a series of mutants with progressive deletions in this domain. CDV H retained fusion function and was normally expressed on the cell surface with a heterologous cytoplasmic domain, while the expression and fusion support of NiV G was dramatically decreased when its cytoplasmic domain was replaced with that of CDV H. The cell surface expression and fusion support functions of CDV H were relatively insensitive to cytoplasmic domain deletions, while short deletions in the corresponding region of NiV G dramatically decreased both. In addition, the first 10 residues of the CDV H cytoplasmic domain strongly influence its incorporation into virus-like particles formed by the CDV matrix (M) protein, while the co-expression of NiV M with NiV G had no significant effect on incorporation of G into particles. The cytoplasmic domains of both the CDV H and NiV G proteins thus contribute differently to the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/26813519å��Sawatsky, Bevan
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Immunotherapy
Influenza���Feb 24ß��BACKGROUND: Passive immunotherapy using polyclonal antibodies (immunoglobulins) has been used for over a century in the treatment and post-exposure prophylaxis of various infections and toxins. Heterologous polyclonal antibodies are obtained from animals hyperimmunised with a pathogen or toxin. AIMS: The aims of this review are to examine the history of animal polyclonal antibody therapy use, their development into safe and effective products and the potential application to humans for emerging and neglected infectious diseases. METHODS: A literature search of OVID Medline and OVID Embase databases was undertaken to identify articles on the safety, efficacy and ongoing development of polyclonal antibodies. The search contained database-specific MeSH and EMTREE terms in combination with pertinent text-words: polyclonal antibodies and rare/neglected diseases, antivenins, immunoglobulins, serum sickness, anaphylaxis, drug safety, post marketing surveillance, rabies, human influenza, Dengue, West Nile, Nipah, Hendra, Marburg, MERS, Hemorrhagic Fever Virus, and Crimean-Congo. No language limits were applied. The final search was completed on 20.06.2015. Of 1960 articles, title searches excluded many irrelevant articles, yielding 303 articles read in full. Of these, 179 are referenced in this study. RESULTS: Serum therapy was first used in the 1890s against diphtheria. Early preparation techniques yielded products contaminated with reactogenic animal proteins. The introduction of enzymatic digestion, and purification techniques substantially improved their safety profile. The removal of the Fc fragment of antibodies further reduces hypersensitivity reactions. Clinical studies have demonstrated the efficacy of polyclonal antibodies against various infections, toxins and venoms. Products are being developed against infections for which prophylactic and therapeutic options are currently limited, such as avian influenza, Ebola and other zoonotic viruses. CONCLUSIONS: Polyclonal antibodies have been successfully applied to rabies, envenomation and intoxication. Polyclonal production provides an exciting opportunity to revolutionise the prognosis of both longstanding neglected tropical diseases as well as emerging infectious threats to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26802604Ë��Dixit, Rashmi
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Review���Apr 4Ö��Receptor tyrosine kinases of the Eph family bind to cell surface-associated ephrin ligands on neighboring cells. The ensuing bidirectional signals have emerged as a major form of contact-dependent communication between cells. New findings reveal that Eph receptors and ephrins coordinate not only developmental processes but also the normal physiology and homeostasis of many adult organs. Imbalance of Eph/ephrin function may therefore contribute to a variety of diseases. The challenge now is to better understand the complex and seemingly paradoxical signaling mechanisms of Eph receptors and ephrins, which will enable effective strategies to target these proteins in the treatment of diseases such as diabetes and cancer.+��http://www.ncbi.nlm.nih.gov/pubmed/183949880��Pasquale, Elena B
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Signal Transduction���Apr���Eph receptors and ephrin ligands are widely expressed during embryonic development with well-defined functions in directing neuronal and vascular network formation. Over the last decade, evidence has mounted that Ephs and ephrins are also actively involved in prenatal and postnatal development of epithelial tissues. Their functions beyond developmental settings are starting to be recognized as well. The diverse functions of Eph/ephrin are largely related to the complementary expression pattern of the Eph receptors and corresponding ephrin ligands that are expressed in adjacent compartments, although overlapping expression pattern also exists in epithelial tissue. The interconnection between Ephs or ephrins and classical cell junctional molecules suggests they may function coordinately in maintaining epithelial structural integrity and homeostasis. This review will highlight cellular and molecular evidence in current literature that support a role of Eph/ephrin systems in regulating epithelial cell development and physiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18761422à��Miao, Hui
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Viral Vaccines©��Previously unidentified viruses, such as Middle East respiratory syndrome coronavirus, continue to emerge and threaten populations, while powerful new techniques have identified many new human and animal viruses. Similarly, existing viruses, from Ebola virus to chikungunya virus, are reemerging and spreading to new geographical regions. These viruses often pose a challenge for researchers to study due to their highly pathogenic nature. Lentiviral and rhabdoviral pseudotypes are excellent tools for studying enveloped viruses and have contributed to many recent advances in areas such as receptor usage, viral entry and serology. In particular, pseudotypes allow the safe study of unknown or highly pathogenic viruses. They also allow the initial characterization of aspects of infection such as cellular tropism for difficult to culture viruses. In this review we will introduce various pseudotyping systems for emerging viruses, including chikungunya virus, Ebola virus, SARS and MERS coronaviruses and Nipah virus, as well as their use in diverse studies including drug screening and antibody neutralization. We will also discuss the limitations and potential caveats using pseudotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/26785737p��Steffen, Imke
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Virus Replication/genetics���AprË��Incorporation of reporter genes within virus genomes is an indispensable tool for interrogation of virus biology and pathogenesis. In previous work, we incorporated a fluorophore into a viral ORF by attaching it to the viral gene via a P2A ribosomal skipping sequence. This recombinant Nipah virus, however, was attenuated in vitro relative to WT virus. In this work, we determined that inefficient ribosomal skipping was a major contributing factor to this attenuation. Inserting a GSG linker before the P2A sequence resulted in essentially complete skipping, significantly improved growth in vitro, and WT lethality in vivo. To the best of our knowledge, this represents the first time a recombinant virus of Mononegavirales with integration of a reporter into a viral ORF has been compared with the WT virus in vivo. Incorporating the GSG linker for improved skipping efficiency whenever functionally important is a critical consideration for recombinant virus design.,��https://www.ncbi.nlm.nih.gov/pubmed/26781134¹��Park, Arnold
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Prescott, J.���2016}��Peri-exposure protection against Nipah virus disease using a single-dose recombinant vesicular stomatitis virus-based vaccine���NPJ Vaccines���1���Nipah virus is a zoonotic paramyxovirus that causes severe disease in humans and animals. Due to almost yearly outbreaks in Bangladesh, and a large outbreak in Malaysia that lead to the shutdown of swine export, Nipah virus is both a threat to public health and the economy. Infection is associated with respiratory distress, encephalitis and human-to-human transmission, resulting in high case fatality rates during outbreaks. This study aims to address the amount of time needed until protection from a recombinant vesicular stomatitis virus-based vaccine candidate expressing the Nipah virus glycoprotein (G), which we have previously shown to protect hamsters and non-human primates when administered 28 days before challenge. We found that a single-dose vaccination, when administered 1 day before challenge, reduced viral load, limited pathology and fully protected hamsters from Nipah virus infection. The vaccine was even partially protective when administered at early time points following challenge with Nipah virus. These data indicate that a single administration of this vaccine to high-risk individuals, such as family members and health-care workers of infected patients, could be protective and useful for reducing human-to-human transmission and curbing an outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/28706736Ú��DeBuysscher, Blair L
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paramyxovirus F protein���Jan 26®��Hendra virus (HeV) is one of the two prototypical members of the Henipavirus genus of paramyxoviruses, which are designated biosafety level 4 (BSL-4) organisms due to the high mortality rate of Nipah virus (NiV) and HeV in humans. Paramyxovirus cell entry is mediated by the fusion protein, F, in response to binding of a host receptor by the attachment protein. During posttranslational processing, the fusion peptide of F is released and, upon receptor-induced triggering, inserts into the host cell membrane. As F undergoes a dramatic refolding from its prefusion to postfusion conformation, the fusion peptide brings the host and viral membranes together, allowing entry of the viral RNA. Here, we present the crystal structure of the prefusion form of the HeV F ectodomain. The structure shows very high similarity to the structure of prefusion parainfluenza virus 5 (PIV5) F, with the main structural differences in the membrane distal apical loops and the fusion peptide cleavage loop. Functional assays of mutants show that the apical loop can tolerate perturbation in length and surface residues without loss of function, except for residues involved in the stability and conservation of the F protein fold. Structure-based disulfide mutants were designed to anchor the fusion peptide to conformationally invariant residues of the F head. Two mutants were identified that inhibit F-mediated fusion by stabilizing F in its prefusion conformation.,��https://www.ncbi.nlm.nih.gov/pubmed/26712026¸��Wong, Joyce J W
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Viral Proteins/genetics/*immunology���Mar���IFN-antagonist function is a major determinant of pathogenicity and cross-species infection by viruses, but remains poorly defined for many potentially zoonotic viruses resident in animal species. The paramyxovirus family contains several zoonotic viruses, including highly pathogenic viruses such as Nipah virus and Hendra virus, and an increasing number of largely uncharacterized animal viruses. Here, we report the characterization of IFN antagonism by the rodent viruses J virus (JPV) and Beilong virus (BeiPV) of the proposed genus Jeilongvirus of the paramyxoviruses. Infection of cells by JPV and BeiPV was found to inhibit IFN-activated nuclear translocation of signal transducer and activator of transcription 1 (STAT1). However, in contrast to most other paramyxoviruses, the JPV and BeiPV V proteins did not interact with or inhibit signalling by STAT1 or STAT2, suggesting that JPV/BeiPV use an atypical V protein-independent strategy to target STATs, consistent with their inclusion in a separate genus. Nevertheless, the V proteins of both viruses interacted with melanoma differentiation-associated protein 5 (MDA5) and robustly inhibited MDA5-dependent activation of the IFN-beta promoter. This supports a growing body of evidence that MDA5 is a universal target of paramyxovirus V proteins, such that the V-MDA5 interaction represents a potential target for broad-spectrum antiviral approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/26703878 ��Audsley, Michelle D
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split-GFP���Feby��Despite the partial disorder-to-order transition that intrinsically disordered proteins often undergo upon binding to their partners, a considerable amount of residual disorder may be retained in the bound form, resulting in a fuzzy complex. Fuzzy regions flanking molecular recognition elements may enable partner fishing through non-specific, transient contacts, thereby facilitating binding, but may also disfavor binding through various mechanisms. So far, few computational or experimental studies have addressed the effect of fuzzy appendages on partner recognition by intrinsically disordered proteins. In order to shed light onto this issue, we used the interaction between the intrinsically disordered C-terminal domain of the measles virus (MeV) nucleoprotein (NTAIL ) and the X domain (XD) of the viral phosphoprotein as model system. After binding to XD, the N-terminal region of NTAIL remains conspicuously disordered, with alpha-helical folding taking place only within a short molecular recognition element. To study the effect of the N-terminal fuzzy region on NTAIL /XD binding, we generated N-terminal truncation variants of NTAIL , and assessed their binding abilities towards XD. The results revealed that binding increases with shortening of the N-terminal fuzzy region, with this also being observed with hsp70 (another MeV NTAIL binding partner), and for the homologous NTAIL /XD pairs from the Nipah and Hendra viruses. Finally, similar results were obtained when the MeV NTAIL fuzzy region was replaced with a highly dissimilar artificial disordered sequence, supporting a sequence-independent inhibitory effect of the fuzzy region.,��https://www.ncbi.nlm.nih.gov/pubmed/26684000h��Gruet, Antoine
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Virosomes/*immunology���Dec 16'��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pronounced infection of brain endothelia and central nervous system (CNS) inflammation. Using primary porcine brain microvascular endothelial cells, we showed that upregulation of E-selectin precedes cytokine induction and is induced not only by infectious NiV but also by NiV-glycoprotein-containing virus-like particles. This demonstrates that very early events in NiV brain endothelial infection do not depend on NiV replication but can be triggered by the NiV glycoproteins alone.,��https://www.ncbi.nlm.nih.gov/pubmed/26676791���Freitag, Tanja C
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Virus Replication���Dec 16p��UNLABELLED: Nipah virus (NiV) causes fatal encephalitic infections in humans. To characterize the role of the matrix (M) protein in the viral life cycle, we generated a reverse genetics system based on NiV strain Malaysia. Using an enhanced green fluorescent protein (eGFP)-expressing M protein-deleted NiV, we observed a slightly increased cell-cell fusion, slow replication kinetics, and significantly reduced peak titers compared to the parental virus. While increased amounts of viral proteins were found in the supernatant of cells infected with M-deleted NiV, the infectivity-to-particle ratio was more than 100-fold reduced, and the particles were less thermostable and of more irregular morphology. Taken together, our data demonstrate that the M protein is not absolutely required for the production of cell-free NiV but is necessary for proper assembly and release of stable infectious NiV particles. IMPORTANCE: Henipaviruses cause a severe disease with high mortality in human patients. Therefore, these viruses can be studied only in biosafety level 4 (BSL-4) laboratories, making it more challenging to characterize their life cycle. Here we investigated the role of the Nipah virus matrix protein in virus-mediated cell-cell fusion and in the formation and release of newly produced particles. We found that even though low levels of infectious viruses are produced in the absence of the matrix protein, it is required for the release of highly infectious and stable particles. Fusogenicity of matrixless viruses was slightly enhanced, further demonstrating the critical role of this protein in different steps of Nipah virus spread.,��https://www.ncbi.nlm.nih.gov/pubmed/26676785A��Dietzel, Erik
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Virus Replication/*drug effects���Dec 16���UNLABELLED: The cellular response to virus infection is initiated when pathogen recognition receptors (PRR) engage viral pathogen-associated molecular patterns (PAMPs). This process results in induction of downstream signaling pathways that activate the transcription factor interferon regulatory factor 3 (IRF3). IRF3 plays a critical role in antiviral immunity to drive the expression of innate immune response genes, including those encoding antiviral factors, type 1 interferon, and immune modulatory cytokines, that act in concert to restrict virus replication. Thus, small molecule agonists that can promote IRF3 activation and induce innate immune gene expression could serve as antivirals to induce tissue-wide innate immunity for effective control of virus infection. We identified small molecule compounds that activate IRF3 to differentially induce discrete subsets of antiviral genes. We tested a lead compound and derivatives for the ability to suppress infections caused by a broad range of RNA viruses. Compound administration significantly decreased the viral RNA load in cultured cells that were infected with viruses of the family Flaviviridae, including West Nile virus, dengue virus, and hepatitis C virus, as well as viruses of the families Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus), and Paramyxoviridae (respiratory syncytial virus, Nipah virus) to suppress infectious virus production. Knockdown studies mapped this response to the RIG-I-like receptor pathway. This work identifies a novel class of host-directed immune modulatory molecules that activate IRF3 to promote host antiviral responses to broadly suppress infections caused by RNA viruses of distinct genera. IMPORTANCE: Incidences of emerging and reemerging RNA viruses highlight a desperate need for broad-spectrum antiviral agents that can effectively control infections caused by viruses of distinct genera. We identified small molecule compounds that can selectively activate IRF3 for the purpose of identifying drug-like molecules that can be developed for the treatment of viral infections. Here, we report the discovery of a hydroxyquinoline family of small molecules that can activate IRF3 to promote cellular antiviral responses. These molecules can prophylactically or therapeutically control infection in cell culture by pathogenic RNA viruses, including West Nile virus, dengue virus, hepatitis C virus, influenza A virus, respiratory syncytial virus, Nipah virus, Lassa virus, and Ebola virus. Our study thus identifies a class of small molecules with a novel mechanism to enhance host immune responses for antiviral activity against a variety of RNA viruses that pose a significant health care burden and/or that are known to cause infections with high case fatality rates.,��https://www.ncbi.nlm.nih.gov/pubmed/26676770>��Pattabhi, Sowmya
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slips���AugÁ��Slip-induced falls are among the most common cause of major occupational injuries in the UK as well as being a major public health concern in the elderly population. This study aimed to determine the optimal fall indicators for fall detection models which could be used to reduce the detrimental consequences of falls. A total of 264 kinematic variables covering three-dimensional full body model translation and rotational measures were analysed during normal walking, successful recovery from slips and falls on a cross-slope. Large effect sizes were found for three kinematic variables which were able to distinguish falls from normal walking and successful recovery. Further work should consider other types of daily living activities as results show that the optimal kinematic fall indicators can vary considerably between movement types. Practitioner Summary: Fall detection models are used to minimise the adverse consequences of slip-induced falls, a major public health concern. Optimal fall indicators were derived from a comprehensive set of kinematic variables for slips on a cross-slope. Results suggest robust detection of falls is possible on a cross-slope but may be more difficult than level walking.,��https://www.ncbi.nlm.nih.gov/pubmed/26666625É��Domone, Sarah
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856���Xu, Kai
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SeasonsÌ��Hendra virus (HeV) causes highly lethal disease in horses and humans in the eastern Australian states of Queensland (QLD) and New South Wales (NSW), with multiple equine cases now reported on an annual basis. Infection and excretion dynamics in pteropid bats (flying-foxes), the recognised natural reservoir, are incompletely understood. We sought to identify key spatial and temporal factors associated with excretion in flying-foxes over a 2300 km latitudinal gradient from northern QLD to southern NSW which encompassed all known equine case locations. The aim was to strengthen knowledge of Hendra virus ecology in flying-foxes to improve spillover risk prediction and exposure risk mitigation strategies, and thus better protect horses and humans. Monthly pooled urine samples were collected from under roosting flying-foxes over a three-year period and screened for HeV RNA by quantitative RT-PCR. A generalised linear model was employed to investigate spatiotemporal associations with HeV detection in 13,968 samples from 27 roosts. There was a non-linear relationship between mean HeV excretion prevalence and five latitudinal regions, with excretion moderate in northern and central QLD, highest in southern QLD/northern NSW, moderate in central NSW, and negligible in southern NSW. Highest HeV positivity occurred where black or spectacled flying-foxes were present; nil or very low positivity rates occurred in exclusive grey-headed flying-fox roosts. Similarly, little red flying-foxes are evidently not a significant source of virus, as their periodic extreme increase in numbers at some roosts was not associated with any concurrent increase in HeV detection. There was a consistent, strong winter seasonality to excretion in the southern QLD/northern NSW and central NSW regions. This new information allows risk management strategies to be refined and targeted, mindful of the potential for spatial risk profiles to shift over time with changes in flying-fox species distribution.,��https://www.ncbi.nlm.nih.gov/pubmed/26625128L��Field, Hume
Jordan, David
Edson, Daniel
Morris, Stephen
Melville, Debra
Parry-Jones, Kerryn
Broos, Alice
Divljan, Anja
McMichael, Lee
Davis, Rodney
Kung, Nina
Kirkland, Peter
Smith, Craig
eng
Research Support, Non-U.S. Gov't
2015/12/02 06:00
PLoS One. 2015 Dec 1;10(12):e0144055. doi: 10.1371/journal.pone.0144055. eCollection 2015.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC4666458���26625128u��Queensland Centre for Emerging Infectious Diseases, Biosecurity Queensland, Department of Agriculture and Fisheries, Brisbane, Queensland, Australia.
EcoHealth Alliance, New York, New York, United States of America.
Wollongbar Primary Industries Institute, Department of Primary Industries, Wollongbar, New South Wales, Australia.
Department of Agriculture, Canberra, Australian Capital Territory, Australia.
Institute of Wildlife Research, School of Biological Sciences, University of Sydney, Sydney, New South Wales, Australia.
Australian Museum, Sydney, New South Wales, Australia.
School of Veterinary Science, University of Queensland, Gatton, Queensland, Australia.
Elizabeth Macarthur Agricultural Institute, Department of Primary Industries, Menangle, New South Wales, Australia.
Biosecurity Queensland, Department of Agriculture and Fisheries, Brisbane, Queensland, Australia.���10.1371/journal.pone.0144055�����þÒ|ÿî?ý������Fischer, K.
dos Reis, V. P.
Finke, S.
Sauerhering, L.
Stroh, E.
Karger, A.
Maisner, A.
Groschup, M. H.
Diederich, S.
Balkema-Buschmann, A.���2016���Expression, characterisation and antigenicity of a truncated Hendra virus attachment protein expressed in the protozoan host Leishmania tarentolae���48-54���J Virol Methods���228ð��Animals
Australia
Ephrin-B2/metabolism
Hendra Virus/*chemistry/genetics/immunology/physiology
Horses
Humans
Leishmania/*genetics/metabolism
Oligopeptides/metabolism
Protein Engineering
Rabbits
Receptors, Virus/metabolism
Recombinant Proteins/immunology/isolation & purification/metabolism
Viral Envelope Proteins/*genetics/immunology/isolation & purification/*metabolism
Virus Attachment
Virus Internalization
Attachment protein
Binding assay
Hendra virus
Leishmania tarentolae
Protein expression���Feb���Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus that has caused severe morbidity and mortality in humans and horses in Australia since 1994. HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) glycoproteins, that are essential for receptor binding and fusion of viral and cellular membranes. The eukaryotic unicellular parasite Leishmania tarentolae has recently been established as a powerful tool to express recombinant proteins with mammalian-like glycosylation patterns, but only few viral proteins have been expressed in this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting the preserved antigenicity of the purified protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26585033P��Fischer, Kerstin
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viruses���Dec>��Hendra virus occasionally causes severe disease in horses and humans. In Australia in 2013, infection was detected in a dog that had been in contact with an infected horse. Abnormalities and viral RNA were found in the dog's kidney, brain, lymph nodes, spleen, and liver. Dogs should be kept away from infected horses.,��https://www.ncbi.nlm.nih.gov/pubmed/26583697���Kirkland, Peter D
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*equine���Aug¾��Hendra virus (HeV), a potentially fatal zoonotic disease spread by flying foxes, to date has always infected humans via a spillover event from equine HeV infection. In a theoretical case study, we compared the impacts of two different HeV prevention strategies - vaccination and flying fox roost removal - using a recently developed framework that considers different stakeholder group perspectives. The perspectives of the four selected stakeholder groups regarding intangibles were inferred from public discussions and coverage in the media. For all stakeholder groups, the option to vaccinate horses was found to add value to the economic results when the intangible impacts were included in the analysis, while the option for roost removal unanimously detracted from economic analysis value when the intangible impacts were included. Both the mean and median stakeholder-adjusted value ratios (2.25 and 2.12, respectively) for vaccination were inflated when intangible impacts were included, by value-adding to the results of a traditional economic analysis. In the roost removal strategy, these ratios (1.19 and 1.16, respectively) were deflated when intangible impacts were included. Results of this theoretical study suggest that the inclusion of intangible impacts promotes the value of a two-dose initial vaccination protocol using a subunit vaccination considered to offer complete protection for horses, as a strategy to control HeV, whereas roost removal becomes an even more costly strategy. Outcome of the analysis is particularly sensitive to the intangible value placed on human health. Further evaluation - via sociological methods - of values placed on intangibles by various stakeholder groups is warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/26558882¬��Wilson, S-J
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202]��Nahar, Nazmun
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*Zoonoses/prevention & control/transmission���Sep 30ô��Hendra virus (HeV) infection is a zoonosis of importance in Australia. An outbreak of HeV occurred on the mid-north coast region of New South Wales (NSW) in June and July 2013. Four unvaccinated horses on four separate properties were confirmed to have HeV infection. A pet dog that had close contact with one of the horses was also confirmed to be infected with HeV. This paper documents the response to the canine infection and the resulting change to the public health management of HeV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26536509Ë��Halim, Sherly
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Signal transducers and activators of transcription���Decï��Immune evasion by the lethal henipaviruses, Hendra (HeV) and Nipah virus, is mediated by its interferon (IFN) antagonist P gene products, phosphoprotein (P), and the related V and W proteins, which can target the signal transducer and activator of transcription 1 (STAT1) and STAT2 proteins to inhibit IFN/STAT signaling. However, it is not clear if the recently identified non-pathogenic Henipavirus, Cedar paramyxovirus (CedPV), is also able to antagonize the STAT proteins. We performed comparative studies between the HeV P gene products (P/V/W) and CedPV-P (CedPV does not encode V or W) and demonstrate that differences exist in their ability to engage the STAT proteins using immunoprecipitation and quantitative confocal microscopic analysis. In contrast to HeV-P gene encoded proteins, the ability of CedPV-P to interact with and relocalize STAT1 or STAT2 is compromised, correlating with a reduced capacity to inhibit the mRNA synthesis of IFN-inducible gene MxA. Furthermore, infection studies with HeV and CedPV demonstrate that HeV is more potent than CedPV in inhibiting the IFN-alpha-mediated nuclear accumulation of STAT1. These results strongly suggest that the ability of CedPV to counteract the IFN/STAT response is compromised compared to HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/26526590Ó��Lieu, Kim G
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zoonotic Infections¤��The Hendra virus (HeV) poses a significant challenge to public health in Australia. Expanding migratory patterns observed among bats and the mutation of the virus to seek and successfully infect new hosts is a significant departure from the generalized epidemiological trend. The recent discovery of equine-related infections and deaths in addition to a canine infection demonstrates the inadequacy of the current equine vaccine developed in 2012. Traditional models for controlling the spread of the vector are futile given the rapid pace at which bats' habitats are eroded. Recent ongoing zoonotic epidemics, for example, Ebola and Middle East respiratory syndrome coronavirus, demonstrate that human-to-human transmission is a distinct reality rather than an obscure possibility. The development of a human HeV vaccine is essential for the biosecurity of Australia, as part of a multipronged strategy to control HeV in Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/26519254���Zahoor, Bilal A
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022è��Masoomi Dezfooli, Seyedehsara
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Reference Standards
Sensitivity and Specificity
Time Factors���JanÍ��Acute febrile illness (AFI) is associated with substantial morbidity and mortality worldwide, yet an etiologic agent is often not identified. Convalescent-phase serology is impractical, blood culture is slow, and many pathogens are fastidious or impossible to cultivate. We developed a real-time PCR-based TaqMan array card (TAC) that can test six to eight samples within 2.5 h from sample to results and can simultaneously detect 26 AFI-associated organisms, including 15 viruses (chikungunya, Crimean-Congo hemorrhagic fever [CCHF] virus, dengue, Ebola virus, Bundibugyo virus, Sudan virus, hantaviruses [Hantaan and Seoul], hepatitis E, Marburg, Nipah virus, o'nyong-nyong virus, Rift Valley fever virus, West Nile virus, and yellow fever virus), 8 bacteria (Bartonella spp., Brucella spp., Coxiella burnetii, Leptospira spp., Rickettsia spp., Salmonella enterica and Salmonella enterica serovar Typhi, and Yersinia pestis), and 3 protozoa (Leishmania spp., Plasmodium spp., and Trypanosoma brucei). Two extrinsic controls (phocine herpesvirus 1 and bacteriophage MS2) were included to ensure extraction and amplification efficiency. Analytical validation was performed on spiked specimens for linearity, intra-assay precision, interassay precision, limit of detection, and specificity. The performance of the card on clinical specimens was evaluated with 1,050 blood samples by comparison to the individual real-time PCR assays, and the TAC exhibited an overall 88% (278/315; 95% confidence interval [CI], 84% to 92%) sensitivity and a 99% (5,261/5,326, 98% to 99%) specificity. This TaqMan array card can be used in field settings as a rapid screen for outbreak investigation or for the surveillance of pathogens, including Ebola virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26491176Ò��Liu, Jie
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mRNA induction���Febe��While the ferret is a valuable animal model for a number of human viral infections, such as influenza, Hendra and Nipah, evaluating the cellular immune response following infection has been hampered by the lack of a number of species-specific immunological reagents. Interleukin 2 (IL-2) is one such key cytokine. Ferret recombinant IL-2 incorporating a C-terminal histidine tag was expressed and purified and the three-dimensional structure solved and refined at 1.89 A by X-ray crystallography, which represents the highest resolution and first non-human IL-2 structure. While ferret IL-2 displays the classic cytokine fold of the four-helix bundle structure, conformational flexibility was observed at the second helix and its neighbouring region in the bundle, which may result in the disruption of the spatial arrangement of residues involved in receptor binding interactions, implicating subtle differences between ferret and human IL-2 when initiating biological functions. Ferret recombinant IL-2 stimulated the proliferation of ferret lymph node cells and induced the expression of mRNA for IFN-gamma and Granzyme A.,��https://www.ncbi.nlm.nih.gov/pubmed/26472619*��Ren, Bin
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�Pteropid bats or flying-foxes (Chiroptera: Pteropodidae) are the natural host of Hendra virus (HeV) which sporadically causes fatal disease in horses and humans in eastern Australia. While there is strong evidence that urine is an important infectious medium that likely drives bat to bat transmission and bat to horse transmission, there is uncertainty about the relative importance of alternative routes of excretion such as nasal and oral secretions, and faeces. Identifying the potential routes of HeV excretion in flying-foxes is important to effectively mitigate equine exposure risk at the bat-horse interface, and in determining transmission rates in host-pathogen models. The aim of this study was to identify the major routes of HeV excretion in naturally infected flying-foxes, and secondarily, to identify between-species variation in excretion prevalence. A total of 2840 flying-foxes from three of the four Australian mainland species (Pteropus alecto, P. poliocephalus and P. scapulatus) were captured and sampled at multiple roost locations in the eastern states of Queensland and New South Wales between 2012 and 2014. A range of biological samples (urine and serum, and urogenital, nasal, oral and rectal swabs) were collected from anaesthetized bats, and tested for HeV RNA using a qRT-PCR assay targeting the M gene. Forty-two P. alecto (n = 1410) had HeV RNA detected in at least one sample, and yielded a total of 78 positive samples, at an overall detection rate of 1.76% across all samples tested in this species (78/4436). The rate of detection, and the amount of viral RNA, was highest in urine samples (>serum, packed haemocytes >faecal >nasal >oral), identifying urine as the most plausible source of infection for flying-foxes and for horses. Detection in a urine sample was more efficient than detection in urogenital swabs, identifying the former as the preferred diagnostic sample. The detection of HeV RNA in serum is consistent with haematogenous spread, and with hypothesised latency and recrudesence in flying-foxes. There were no detections in P. poliocephalus (n = 1168 animals; n = 2958 samples) or P. scapulatus (n = 262 animals; n = 985 samples), suggesting (consistent with other recent studies) that these species are epidemiologically less important than P. alecto in HeV infection dynamics. The study is unprecedented in terms of the individual animal approach, the large sample size, and the use of a molecular assay to directly determine infection status. These features provide a high level of confidence in the veracity of our findings, and a sound basis from which to more precisely target equine risk mitigation strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/26469523s��Edson, Daniel
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therapeutics���The lack of vaccines against several important viral diseases necessitates the development of therapeutics to save lives and control epidemics. In recent years, therapeutic antibodies have received considerable attention due to their good safety profiles and clinical success when used against viruses such as respiratory syncytial virus, Ebola virus and Hendra virus. The binding affinity of these antibodies can directly impact their therapeutic efficacy. However, we and others have also demonstrated that the subtype of Fc-gamma receptors (FcgammaRs) engaged influences the stoichiometric requirement for virus neutralization. Hence, the development of therapeutic antibodies against infectious diseases should consider the FcgammaRs engaged and Fc-effector functions involved. This review highlights the current state of knowledge about FcgammaRs and FcgammaR effector functions involved in virus neutralization, with emphasis on factors that can affect FcgammaR engagement. A better understanding of Fc-FcgammaR interactions during virus neutralization will allow development of therapeutic antibodies that are efficacious and can be administered with minimal side effects.,��https://www.ncbi.nlm.nih.gov/pubmed/26466016È��Chan, Kuan Rong
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Venous Thrombosis/etiology/mortality/*prevention & control���Sep/��BACKGROUND: Venous thromboembolism (VTE) is a common cause of death and morbidity in stroke patients. There are few data concerning the effectiveness of intermittent pneumatic compression (IPC) in treating patients with stroke. OBJECTIVES: To establish whether or not the application of IPC to the legs of immobile stroke patients reduced their risk of deep vein thrombosis (DVT). DESIGN: Clots in Legs Or sTockings after Stroke (CLOTS) 3 was a multicentre, parallel-group, randomised controlled trial which allocated patients via a central randomisation system to IPC or no IPC. A technician blinded to treatment allocation performed compression duplex ultrasound (CDU) of both legs at 7-10 days and 25-30 days after enrolment. We followed up patients for 6 months to determine survival and later symptomatic VTE. Patients were analysed according to their treatment allocation. SETTING: We enrolled 2876 patients in 94 UK hospitals between 8 December 2008 and 6 September 2012. PARTICIPANTS: INCLUSION CRITERIA: patients admitted to hospital within 3 days of acute stroke and who were immobile on the day of admission (day 0) to day 3. EXCLUSION CRITERIA: age < 16 years; subarachnoid haemorrhage; and contra-indications to IPC including dermatitis, leg ulcers, severe oedema, severe peripheral vascular disease and congestive cardiac failure. INTERVENTIONS: Participants were allocated to routine care or routine care plus IPC for 30 days, or until earlier discharge or walking independently. MAIN OUTCOME MEASURES: The primary outcome was DVT in popliteal or femoral veins, detected on a screening CDU, or any symptomatic DVT in the proximal veins, confirmed by imaging, within 30 days of randomisation. The secondary outcomes included death, any DVTs, symptomatic DVTs, pulmonary emboli, skin breaks on the legs, falls with injury or fractures and duration of IPC use occurring within 30 days of randomisation and survival, symptomatic VTE, disability (as measured by the Oxford Handicap Scale), quality of life (as measured by the European Quality of Life-5 Dimensions 3 Level questionnaire) and length of initial hospital stay measured 6 months after randomisation. RESULTS: We allocated 1438 patients to IPC and 1438 to no IPC. The primary outcome occurred in 122 (8.5%) of 1438 patients allocated to IPC and 174 (12.1%) of 1438 patients allocated to no IPC, giving an absolute reduction in risk of 3.6% [95% confidence interval (CI) 1.4% to 5.8%] and a relative risk reduction of 0.69 (95% CI 0.55 to 0.86). After excluding 323 patients who died prior to any primary outcome and 41 who had no screening CDU, the primary outcome occurred in 122 of 1267 IPC participants compared with 174 of 1245 no-IPC participants, giving an adjusted odds ratio of 0.65 (95% CI 0.51 to 0.84; p = 0.001). Secondary outcomes in IPC compared with no-IPC participants were death in the treatment period in 156 (10.8%) versus 189 (13.1%) (p = 0.058); skin breaks in 44 (3.1%) versus 20 (1.4%) (p = 0.002); and falls with injury in 33 (2.3%) versus 24 (1.7%) (p = 0.221). Among patients treated with IPC, there was a statistically significant improvement in survival to 6 months (hazard ratio 0.86, 95% CI 0.73 to 0.99; p = 0.042), but no improvement in disability. The direct cost of preventing a DVT was pound1282 per event (95% CI pound785 to pound3077). CONCLUSIONS: IPC is an effective and inexpensive method of reducing the risk of DVT and improving survival in immobile stroke patients. FUTURE RESEARCH: Further research should test whether or not IPC improves survival in other groups of high-risk hospitalised medical patients. In addition, research into methods to improve adherence to IPC might increase the benefits of IPC in stroke patients. TRIAL REGISTRATION: Current Controlled Trials ISRCTN93529999. FUNDING: The start-up phase of the trial (December 2008-March 2010) was funded by the Chief Scientist Office of the Scottish Government (reference number CZH/4/417). The main phase of the trial was funded by the National Institute for Health Research Health Technology Assessment programme (reference number 08/14/03). Covidien Ltd (Mansfield, MA, USA) lent its Kendall SCD Express sequential compression system controllers to the 105 centres involved in the trial and donated supplies of its sleeves. It also provided logistical help in keeping our centres supplied with sleeves and training materials relevant to the use of their devices. Recruitment and follow-up were supported by the National Institute for Health Research-funded UK Stroke Research Network and by the Scottish Stroke Research Network, which was supported by NHS Research Scotland.,��https://www.ncbi.nlm.nih.gov/pubmed/26418530Q��Dennis, Martin
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Slips���Octc��Falls that occur as a result of a slip are one of the leading causes of injuries, particularly in the elderly population. Previous studies have focused on slips that occur on a flat surface. Slips on a laterally sloping surface are important and may be related to different mechanisms of balance recovery. This type of slip might result in different gait adaptations to those previously described on a flat surface, but these adaptations have not been investigated. The aim of this study was to assess whether, when walking on a cross-slope, young adults adapted their gait when made aware of a potential slip, and having experienced a slip. Gait parameters were compared for three conditions--(1) Normal walking; (2) Walking after being made aware of a potential slip (participants were told that a slip may occur); (3) Walking after experiencing a slip (Participants had already experienced at least one slip induced using a soapy contaminant). Gait parameters were only analysed for trials in which there was no slippery contaminant present on the walkway. Stride length and walking velocity were significantly reduced, and stance duration was significantly greater in the awareness and experience conditions compared to normal walking, with no significant differences in any gait parameters between the awareness and experience conditions. In addition, 46.7% of the slip trials resulted in a fall. This is higher than reported for slips induced on a flat surface, suggesting slips on a cross-slope are more hazardous. This would help explain the more cautious gait patterns observed in both the awareness and experience conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/26404081ì��Lawrence, Daniel
Domone, Sarah
Heller, Ben
Hendra, Timothy
Mawson, Susan
Wheat, Jon
eng
Research Support, Non-U.S. Gov't
England
2015/09/26 06:00
Gait Posture. 2015 Oct;42(4):575-9. doi: 10.1016/j.gaitpost.2015.09.006. Epub 2015 Sep 16.*��1879-2219 (Electronic)
0966-6362 (Linking)���26404081D��Sheffield Hallam University, Faculty of Health and Wellbeing, Centre for Sports Engineering Research, Collegiate Hall, Collegiate Campus, Sheffield S10 2BP, UK. Electronic address: Daniel.lawrence2@sth.nhs.uk.
Sheffield Hallam University, Faculty of Health and Wellbeing, Centre for Sports Engineering Research, Collegiate Hall, Collegiate Campus, Sheffield S10 2BP, UK.
Sheffield Hallam University, Faculty of Health and Wellbeing, Centre for Sports Engineering Research, Collegiate Hall, Collegiate Campus, Sheffield S10 2BP, UK; Royal Chesterfield Hospital NHS Foundation Trust, Chesterfield, UK.
Sheffield Hallam University, Faculty of Health and Wellbeing, Centre for Sports Engineering Research, Collegiate Hall, Collegiate Campus, Sheffield S10 2BP, UK; Sheffield University, School of Health and Related Research, Sheffield, UK.���10.1016/j.gaitpost.2015.09.006���
Ü��üÒ|ÿî?����e��Field, H. E.
Smith, C. S.
de Jong, C. E.
Melville, D.
Broos, A.
Kung, N.
Thompson, J.
Dechmann, D. K.���2016=��Landscape Utilisation, Animal Behaviour and Hendra Virus Risk���26-38	��Ecohealth���13���1���Animals
Australia/epidemiology
*Behavior, Animal
Chiroptera/*virology
Feces/virology
Geography
Hendra Virus/*isolation & purification
Henipavirus Infections/epidemiology/*transmission/*veterinary/*virology
Horse Diseases/*virology
Horses
Humans
Saliva/virology
Urine/virology
Zoonoses/epidemiology/*transmission/*virology
Bat
Behaviour
Emerging disease
Flying-fox
Hendra virus
Horse
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Risk���MarÀ��Hendra virus causes sporadic fatal disease in horses and humans in eastern Australia. Pteropid bats (flying-foxes) are the natural host of the virus. The mode of flying-fox to horse transmission remains unclear, but oro-nasal contact with flying-fox urine, faeces or saliva is the most plausible. We used GPS data logger technology to explore the landscape utilisation of black flying-foxes and horses to gain new insight into equine exposure risk. Flying-fox foraging was repetitious, with individuals returning night after night to the same location. There was a preference for fragmented arboreal landscape and non-native plant species, resulting in increased flying-fox activity around rural infrastructure. Our preliminary equine data logger study identified significant variation between diurnal and nocturnal grazing behaviour that, combined with the observed flying-fox foraging behaviour, could contribute to Hendra virus exposure risk. While we found no significant risk-exposing difference in individual horse movement behaviour in this study, the prospect warrants further investigation, as does the broader role of animal behaviour and landscape utilisation on the transmission dynamics of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26403793ä��Field, H E
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Viral proteins���In this review we summarize available data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within NTAIL-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder for viral transcription and replication are discussed in light of the ability of disordered regions to establish a complex molecular partnership and to confer a considerable reach to the elements of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26387109���Erales, Jenny
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Viral Proteins/*metabolism���Dec���UNLABELLED: Paramyxoviruses include many important animal and human pathogens. The genome of parainfluenza virus 5 (PIV5), a prototypical paramyxovirus, encodes a V protein that inhibits viral RNA synthesis. In this work, the mechanism of inhibition was investigated. Using mutational analysis and a minigenome system, we identified regions in the N and C termini of the V protein that inhibit viral RNA synthesis: one at the very N terminus of V and the second at the C terminus of V. Furthermore, we determined that residues L16 and I17 are critical for the inhibitory function of the N-terminal region of the V protein. Both regions interact with the nucleocapsid protein (NP), an essential component of the viral RNA genome complex (RNP). Mutations at L16 and I17 abolished the interaction between NP and the N-terminal domain of V. This suggests that the interaction between NP and the N-terminal domain plays a critical role in V inhibition of viral RNA synthesis by the N-terminal domain. Both the N- and C-terminal regions inhibited viral RNA replication. The C terminus inhibited viral RNA transcription, while the N-terminal domain enhanced viral RNA transcription, suggesting that the two domains affect viral RNA through different mechanisms. Interestingly, V also inhibited the synthesis of the RNA of other paramyxoviruses, such as Nipah virus (NiV), human parainfluenza virus 3 (HPIV3), measles virus (MeV), mumps virus (MuV), and respiratory syncytial virus (RSV). This suggests that a common host factor may be involved in the replication of these paramyxoviruses. IMPORTANCE: We identified two regions of the V protein that interact with NP and determined that one of these regions enhances viral RNA transcription via its interaction with NP. Our data suggest that a common host factor may be involved in the regulation of paramyxovirus replication and could be a target for broad antiviral drug development. Understanding the regulation of paramyxovirus replication will enable the rational design of vaccines and potential antiviral drugs.,��https://www.ncbi.nlm.nih.gov/pubmed/26378167=��Yang, Yang
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Virus���Oct���With more than 1 200 species, bats and flying foxes (Order Chiroptera) constitute the most important and diverse order of Mammals after Rodents. Many species of bats are insectivorous while others are frugivorous and few of them are hematophagous. Some of these animals fly during the night, others are crepuscular or diurnal. Some fly long distances during seasonal migrations. Many species are colonial cave-dwelling, living in a rather small home range while others are relatively solitary. However, in spite of the importance of bats for terrestrial biotic communities and ecosystem ecology, the diversity in their biology and lifestyles remain poorly known and underappreciated. More than sixty viruses have been detected or isolated in bats; these animals are therefore involved in the natural cycles of many of them. This is the case, for instance, of rabies virus and other Lyssavirus (Family Rhabdoviridae), Nipah and Hendra viruses (Paramyxoviridae), Ebola and Marburg viruses (Filoviridae), SARS-CoV and MERS-CoV (Coronaviridae). For these zoonotic viruses, a number of bat species are considered as important reservoir hosts, efficient disseminators or even directly responsible of the transmission. Some of these bat-borne viruses cause highly pathogenic diseases while others are of potential significance for humans and domestic or wild animals; so, bats are an important risk in human and animal public health. Moreover, some groups of viruses developed through different phylogenetic mechanisms of coevolution between viruses and bats. The fact that most of these viral infections are asymptomatic in bats has been observed since a long time but the mechanisms of the viral persistence are not clearly understood. The various bioecology of the different bat populations allows exchange of virus between migrating and non-migrating conspecific species. For a better understanding of the role of bats in the circulation of these viral zoonoses, epidemiologists must pay attention to some of their biologic properties which are not fully documented, like their extreme longevity, their diet, the population size and the particular densities observed in species with crowded roosting behavior, the population structure and migrations, the hibernation permitting overwintering of viruses, their particular innate and acquired immune response, probably related at least partially to their ability to fly, allowing persistent virus infections and preventing immunopathological consequences, etc. It is also necessary to get a better knowledge of the interactions between bats and ecologic changes induced by man and to attentively follow bat populations and their viruses through surveillance networks involving human and veterinary physicians, specialists of wild fauna, ecologists, etc. in order to understand the mechanisms of disease emergence, to try to foresee and, perhaps, to prevent viral emergences beforehand. Finally, a more fundamental research about immune mechanisms developed in viral infections is essential to reveal the reasons why Chiroptera are so efficient reservoir hosts. Clearly, a great deal of additional work is needed to document the roles of bats in the natural history of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26330152���Rodhain, F
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recombinant nucleocapsid¼��The recombinant viral protein-based indirect enzyme-linked immunosorbent assay (ELISA) is a cost-effective, safe, specific, and rapid tool to diagnose the viral infection. Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. The N protein was selected based on its immuno dominance and conservation among different NiV strains. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for swine sera was optimized using the recombinant NiV-N protein as an antigen along with negative and positive controls. The background reading was blocked using skim milk powder and chicken serum. A total number of 1709 swine serum samples from various states of India were tested with indirect ELISA and Western blot. The test was considered positive only when its total reactivity reading was higher than 0.2 cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Since specificity is high for Western blotting it was used as standard test for comparison of results of indirect ELISA. Sensitivity and specificity of indirect ELISA was 100% and 98.7%, respectively, in comparison with Western blotting. Recombinant N protein-based ELISA can be used in screening large number of serum samples for epidemiological investigations in developing countries where high containment laboratories are not available to handle this zoonotic virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26327601���Kulkarni, Diwakar D
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489n��Escaffre, Olivier
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pathological���Sep���The genus Henipavirus within the family Paramyxoviridae includes the Hendra virus (HeV) and Nipah virus (NiV) which were discovered in the 1990s in Australia and Malaysia, respectively, after emerging to cause severe and often fatal outbreaks in humans and animals. While HeV is confined to Australia, more recent NiV outbreaks have been reported in Bangladesh, India and the Philippines. The clinical manifestations of both henipaviruses in humans appear similar, with a predominance of an acute encephalitic syndrome. Likewise, the pathological features are similar and characterized by disseminated, multi-organ vasculopathy comprising endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, kidney and other major organs. This unique dual pathogenetic mechanism of vasculitis-induced microinfarction and neuronal infection causes severe tissue damage in the CNS. Both viruses can also cause relapsing encephalitis months and years after the acute infection. Many animal models studied to date have largely confirmed the pathology of henipavirus infection, and provided the means to test new therapeutic agents and vaccines. As the bat is the natural host of henipaviruses and has worldwide distribution, spillover events into human populations are expected to occur in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/26276024¤��Ong, Kien Chai
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Asia/epidemiology
Bayes Theorem
Biological Evolution
Chiroptera/virology
Disease Outbreaks
Disease Reservoirs
Evolution, Molecular
*Genetic Variation
Henipavirus Infections/epidemiology/*transmission/*virology
Humans
India/epidemiology
Malaysia/epidemiology
Nipah Virus/*genetics
Nucleocapsid Proteins/*genetics
Phylogeny
Phylogeography
Singapore/epidemiology
Swine
Nipah virus
evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523â��Lo Presti, Alessandra
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��One Health���15��Bat
Flying-fox
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Management
Urban
Wildlife���DecZ��The urban presence of flying-foxes (pteropid bats) in eastern Australia has increased in the last 20 years, putatively reflecting broader landscape change. The influx of large numbers often precipitates community angst, typically stemming from concerns about loss of social amenity, economic loss or negative health impacts from recently emerged bat-mediated zoonotic diseases such as Hendra virus and Australian bat lyssavirus. Local authorities and state wildlife authorities are increasingly asked to approve the dispersal or modification of flying-fox roosts to address expressed concerns, yet the scale of this concern within the community, and the veracity of the basis for concern are often unclear. We conducted an on-line survey to capture community attitudes and opinions on flying-foxes in the urban environment to inform management policy and decision-making. Analysis focused on awareness, concerns, and management options, and primarily compared responses from communities where flying-fox management was and was not topical at the time of the survey. While a majority of respondents indicated a moderate to high level of knowledge of both flying-foxes and Hendra virus, a substantial minority mistakenly believed that flying-foxes pose a direct infection risk to humans, suggesting miscommunication or misinformation, and the need for additional risk communication strategies. Secondly, a minority of community members indicated they were directly impacted by urban roosts, most plausibly those living in close proximity to the roost, suggesting that targeted management options are warranted. Thirdly, neither dispersal nor culling was seen as an appropriate management strategy by the majority of respondents, including those from postcodes where flying-fox management was topical. These findings usefully inform community debate and policy development and demonstrate the value of social analysis in defining the issues and options in this complex human-wildlife interaction. The mobile nature of flying-foxes underlines the need for a management strategy at a regional or larger scale, and independent of state borders.,��https://www.ncbi.nlm.nih.gov/pubmed/28616461Å��Kung, Nina Y
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Reservoir���Dec½��Hendra virus was first described in 1994 in Australia, causally associated with a cluster of fatal equine and human cases at a thoroughbred racing stable in the Brisbane suburb of Hendra. This year marks the twentieth anniversary of the identification of pteropid bats (flying-foxes) as the natural host of the virus, and it is timely to reflect on a pivotal meeting of an eclectic group of scientists in that process. They included animal and public health experts, environmental scientists, veterinary and horse industry representatives, and wildlife experts. The task was to review and prioritise wildlife surveillance seeking the origin of the previously unknown virus. The group determined that the likely reservoir must occur in disparate locations, and be capable of moving between locations, or exist in continuous, overlapping populations spanning multiple locations. Flying-foxes were considered to be a more probable source of the novel virus than birds. Within weeks, antibodies were detected in several species of flying-fox, and the virus was subsequently isolated. While the identification of the natural host of Hendra virus within 18 months of its description was remarkable in itself, a broader legacy followed. In the subsequent years, a suite of zoonotic viruses including Australian bat lyssavirus, Nipah virus, SARS coronavirus, and Ebola and Marburg viruses have been detected in bats. Bats are now the "go to" taxa for novel viruses. History has repeatedly demonstrated that knowledge begets knowledge. This simple notion of bringing a diverse group of people together in an environment of mutual respect reinforced this principle and proves that the sum is often so much more powerful than the parts.,��https://www.ncbi.nlm.nih.gov/pubmed/28616459���Black, Peter
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One Health
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zoonoses¤	�Introduction: Zoonotic disease outbreaks have surged in the last two decades. These include severe acute respiratory syndrome (SARS), Hendra virus, Nipah virus, influenza viruses, Middle East Respiratory Syndrome (MERS) coronavirus, and ebola. One Health is the initiative of an inclusive collaboration linking human, animal, and environmental health. One Health is advocated through an intersectoral coordination to combat zoonoses, and the term has evolved over centuries. The primary aim of this literature review was to examine the change in the definition of the term One Health over time, particuarly following the the introduction of the latest definition in 2007 by the American Medical Association and the American Veterinary Medical Association. Methods: This review was conducted in four phases. The first phase consisted of a general PubMed search for the phrase "One Health" for every literature published up to December 2014. Then an advanced search was carried out using "One Health" in conjunction with the terms "zoonosis" and "zoonoses" in PubMed for the time period between January 2007 and December 2014. The articles found were then categorized based on the type of journals in which the articles were published. For the second phase, "One Health" was searched as a Medical subject heading (MeSH) term, which is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles. In the third phase, One Health advocate organizations were found using Google search engine. During the final phase, One Health was searched in Google scholar, examined by Google trends, and analyzed by Google ngram. Results: Before 2007, One Health had many connotations to health in the medical literature with an incomplete adherence to the usage of One Health linking zoonoses. The Google trends analysis shows an overal steady increase of the search of One Health from 2007 to 2014, which is consistent with the findings of articles from Pubmed. Discussion: Our results indicate that the linkage between the terms One Health and zoonoses started in 2007, which correlates with the joint declaration made by the American Medical Association and the American Veterinary Medical Association in 2007. We suggest creating a MeSH term for One Health in the PubMed database to support more specific research on zoonoses, and exploring the possibility of a patent of the term One Health to support global health and evidence based public health.,��https://www.ncbi.nlm.nih.gov/pubmed/29138713���Asokan, Govindaraj V
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Purification
Recombinant protein expression���DecE��Hendra virus (family Paramyxoviridae) is a negative sense single-stranded RNA virus (NSRV) which has been found to cause disease in humans, horses, and experimentally in other animals, e.g. pigs and cats. Pteropid bats commonly known as flying foxes have been identified as the natural host reservoir. The Hendra virus nucleocapsid protein (HeV N) represents the most abundant viral protein produced by the host cell, and is highly immunogenic with naturally infected humans and horses producing specific antibodies towards this protein. The purpose of this study was to express and purify soluble, functionally active recombinant HeV N, suitable for use as an immunodiagnostic reagent to detect antibodies against HeV. We expressed both full-length HeV N, (HeV NFL), and a C-terminal truncated form, (HeV NCORE), using a bacterial heterologous expression system. Both HeV N constructs were engineered with an N-terminal Hisx6 tag, and purified using a combination of immobilized metal affinity chromatography (IMAC) and size exclusion chromatography (SEC). Purified recombinant HeV N proteins self-assembled into soluble higher order oligomers as determined by SEC and negative-stain transmission electron microscopy. Both HeV N proteins were highly immuno-reactive with sera from animals and humans infected with either HeV or the closely related Nipah virus (NiV), but displayed no immuno-reactivity towards sera from animals infected with a non-pathogenic paramyxovirus (CedPV), or animals receiving Equivac(R) (HeV G glycoprotein subunit vaccine), using a Luminex-based multiplexed microsphere assay.,��https://www.ncbi.nlm.nih.gov/pubmed/26196500���Pearce, Lesley A
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protein-protein interactions���Jul 10¢��We herein review available computational and experimental data pointing to the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed molecular description of the mechanisms governing the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (PXD) of the homologous P proteins. We also show that NTAIL-PXD complexes are "fuzzy", i.e., they possess a significant residual disorder, and discuss the possible functional significance of this fuzziness. Finally, we emphasize the relevance of N-P interactions involving intrinsically disordered proteins as promising targets for new antiviral approaches, and end up summarizing the general functional advantages of disorder for viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26184170¦��Habchi, Johnny
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654���Walsh, Michael G
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zoonoses���AugR��Because some bats host viruses with zoonotic potential, we investigated human-bat interactions in rural Ghana during 2011-2012. Nearly half (46.6%) of respondents regularly visited bat caves; 37.4% had been bitten, scratched, or exposed to bat urine; and 45.6% ate bat meat. Human-bat interactions in rural Ghana are frequent and diverse.,��https://www.ncbi.nlm.nih.gov/pubmed/26177344+��Anti, Priscilla
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Hassan, F.���2015d��A Computational Approach for Designing a Universal Epitope-Based Peptide Vaccine Against Nipah Virus���177-85���Interdiscip Sci���7���2���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209±��Ali, Mohammad Tuhin
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Phycoerythrin���Sep 15ó��Detection of Hendra viral IgG antibody in animal sera is useful for surveillance following a virus outbreak. The commonly used enzyme-linked immunosorbent assay and fluorescence-based Luminex assay typically consist of three steps and take at least several hours to complete. We have simplified the procedure to two steps in an effort to develop a rapid procedure for IgG antibody, but not IgM antibody, detection. This is achieved by conjugating the fluorescence label R-phycoerythrin directly onto the IgG binding protein Protein G. The use of magnetic nanoparticles, due to their large specific surface area, has helped reduce each of the binding steps to 20 min. As a result, the whole assay can be completed in 60 min. We also demonstrate a method to quickly estimate IgG antibody titres by assaying the sera at only two dilutions (i.e. 1:20 and 1:1000) and using the fluorescence ratio at these dilutions as an indicator of antibody titre. The results of this approach correlated well with the well-regarded serum neutralization test in virus antibody assays. This protocol reported here can be adopted in Luminex assays, fluorescence-linked immunosorbent assays and assays on microfluidics platforms for rapid antibody surveillance of Hendra and other viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26141730	��Gao, Yuan
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519���Satterfield, Benjamin A
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Protein-protein interaction���Sep 14g��In this review I summarize available data pointing to the abundance of structural disorder within the nucleoprotein (N) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. I provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous phosphoproteins. I also show that a significant flexibility persists within NTAIL-XD complexes, which makes them illustrative examples of "fuzziness". Finally, I discuss the functional implications of structural disorder for viral transcription and replication in light of the promiscuity of disordered regions and of the considerable reach they confer to the components of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26071376µ��Longhi, Sonia
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Zoonoses/*virology6��Hendra virus (HeV) is a lethal zoonotic agent that emerged in 1994 in Australia. Pteropid bats (flying-foxes) are the natural reservoir. To date, HeV has spilled over from flying-foxes to horses on 51 known occasions, and from infected horses to close-contact humans on seven occasions. We undertook screening of archived bat tissues for HeV by reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues were tested from 310 bats including 295 Pteropodiformes and 15 Vespertilioniformes. HeV was detected in 20 individual flying-foxes (6.4%) from various tissues including spleen, kidney, liver, lung, placenta and blood components. Detection was significantly higher in Pteropus Alecto and P. conspicillatus, identifying species as a risk factor for infection. Further, our findings indicate that HeV has a predilection for the spleen, suggesting this organ plays an important role in HeV infection. The lack of detections in the foetal tissues of HeV-positive females suggests that vertical transmission is not a regular mode of transmission in naturally infected flying-foxes, and that placental and foetal tissues are not a major source of infection for horses. A better understanding of HeV tissue tropism will strengthen management of the risk of spillover from flying-foxes to horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26060997ñ��Goldspink, Lauren K
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400¼��Weis, Michael
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nucleoside analogsÈ��The paramyxovirus family includes major human and animal pathogens, including measles virus, mumps virus, and human respiratory syncytial virus (RSV), as well as the emerging zoonotic Hendra and Nipah viruses. In the U.S., RSV is the leading cause of infant hospitalizations due to viral infectious disease. Despite their clinical significance, effective drugs for the improved management of paramyxovirus disease are lacking. The development of novel anti-paramyxovirus therapeutics is therefore urgently needed. Paramyxoviruses contain RNA genomes of negative polarity, necessitating a virus-encoded RNA-dependent RNA polymerase (RdRp) complex for replication and transcription. Since an equivalent enzymatic activity is absent in host cells, the RdRp complex represents an attractive druggable target, although structure-guided drug development campaigns are hampered by the lack of high-resolution RdRp crystal structures. Here, we review the current structural and functional insight into the paramyxovirus polymerase complex in conjunction with an evaluation of the mechanism of activity and developmental status of available experimental RdRp inhibitors. Our assessment spotlights the importance of the RdRp complex as a premier target for therapeutic intervention and examines how high-resolution insight into the organization of the complex will pave the path toward the structure-guided design and optimization of much-needed next-generation paramyxovirus RdRp blockers.,��https://www.ncbi.nlm.nih.gov/pubmed/26029193Ù��Cox, Robert
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Tooth/anatomy & histology«��BACKGROUND: Living gnathostomes (jawed vertebrates) comprise two divisions, Chondrichthyes (cartilaginous fishes, including euchondrichthyans with prismatic calcified cartilage, and extinct stem chondrichthyans) and Osteichthyes (bony fishes including tetrapods). Most of the early chondrichthyan ('shark') record is based upon isolated teeth, spines, and scales, with the oldest articulated sharks that exhibit major diagnostic characters of the group--prismatic calcified cartilage and pelvic claspers in males--being from the latest Devonian, c. 360 Mya. This paucity of information about early chondrichthyan anatomy is mainly due to their lack of endoskeletal bone and consequent low preservation potential. METHODOLOGY/PRINCIPAL FINDINGS: Here we present new data from the first well-preserved chondrichthyan fossil from the early Late Devonian (ca. 380-384 Mya) Gogo Formation Lagerstatte of Western Australia. The specimen is the first Devonian shark body fossil to be acid-prepared, revealing the endoskeletal elements as three-dimensional undistorted units: Meckel's cartilages, nasal, ceratohyal, basibranchial and possible epibranchial cartilages, plus left and right scapulocoracoids, as well as teeth and scales. This unique specimen is assigned to Gogoselachus lynnbeazleyae n. gen. n. sp. CONCLUSIONS/SIGNIFICANCE: The Meckel's cartilages show a jaw articulation surface dominated by an expansive cotylus, and a small mandibular knob, an unusual condition for chondrichthyans. The scapulocoracoid of the new specimen shows evidence of two pectoral fin basal articulation facets, differing from the standard condition for early gnathostomes which have either one or three articulations. The tooth structure is intermediate between the 'primitive' ctenacanthiform and symmoriiform condition, and more derived forms with a euselachian-type base. Of special interest is the highly distinctive type of calcified cartilage forming the endoskeleton, comprising multiple layers of nonprismatic subpolygonal tesserae separated by a cellular matrix, interpreted as a transitional step toward the tessellated prismatic calcified cartilage that is recognized as the main diagnostic character of the chondrichthyans.,��https://www.ncbi.nlm.nih.gov/pubmed/26020788���Long, John A
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SeasonsC��Bats of the genus Pteropus (flying-foxes) are the natural host of Hendra virus (HeV) which periodically causes fatal disease in horses and humans in Australia. The increased urban presence of flying-foxes often provokes negative community sentiments because of reduced social amenity and concerns of HeV exposure risk, and has resulted in calls for the dispersal of urban flying-fox roosts. However, it has been hypothesised that disturbance of urban roosts may result in a stress-mediated increase in HeV infection in flying-foxes, and an increased spillover risk. We sought to examine the impact of roost modification and dispersal on HeV infection dynamics and cortisol concentration dynamics in flying-foxes. The data were analysed in generalised linear mixed models using restricted maximum likelihood (REML). The difference in mean HeV prevalence in samples collected before (4.9%), during (4.7%) and after (3.4%) roost disturbance was small and non-significant (P = 0.440). Similarly, the difference in mean urine specific gravity-corrected urinary cortisol concentrations was small and non-significant (before = 22.71 ng/mL, during = 27.17, after = 18.39) (P= 0.550). We did find an underlying association between cortisol concentration and season, and cortisol concentration and region, suggesting that other (plausibly biological or environmental) variables play a role in cortisol concentration dynamics. The effect of roost disturbance on cortisol concentration approached statistical significance for region, suggesting that the relationship is not fixed, and plausibly reflecting the nature and timing of disturbance. We also found a small positive statistical association between HeV excretion status and urinary cortisol concentration. Finally, we found that the level of flying-fox distress associated with roost disturbance reflected the nature and timing of the activity, highlighting the need for a 'best practice' approach to dispersal or roost modification activities. The findings usefully inform public discussion and policy development in relation to Hendra virus and flying-fox management.,��https://www.ncbi.nlm.nih.gov/pubmed/26016629ì��Edson, Daniel
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Viruses���Jul 2Q��In recent years severe infectious diseases have been constantly emerging, causing panic in the world. Now we know that many of these terrible diseases are caused by viruses originated from bats (Table 1), such as Ebola virus, Marburg, SARS coronavirus (SARS-CoV), MERS coronavirus (MERS-CoV), Nipah virus (NiV) and Hendra virus (HeV). These viruses have co-evolved with bats due to bats' special social, biological and immunological features. Although bats are not in close contact with humans, spillover of viruses from bats to intermediate animal hosts, such as horses, pigs, civets, or non-human primates, is thought to be the most likely mode to cause human infection. Humans may also become infected with viruses through aerosol by intruding into bat roosting caves or via direct contact with bats, such as catching bats or been bitten by bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25997928ÿ��Han, Hui-Ju
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Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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Small angle X-ray scattering���Augz��The Hendra virus is a member of the Henipavirus genus within the Paramyxoviridae family. The nucleoprotein, which consists of a structured core and of a C-terminal intrinsically disordered domain (N(TAIL)), encapsidates the viral genome within a helical nucleocapsid. N(TAIL) partly protrudes from the surface of the nucleocapsid being thus capable of interacting with the C-terminal X domain (XD) of the viral phosphoprotein. Interaction with XD implies a molecular recognition element (MoRE) that is located within N(TAIL) residues 470-490, and that undergoes alpha-helical folding. The MoRE has been proposed to be embedded in the hydrophobic groove delimited by helices alpha2 and alpha3 of XD, although experimental data could not discriminate between a parallel and an antiparallel orientation of the MoRE. Previous studies also showed that if the binding interface is enriched in hydrophobic residues, charged residues located close to the interface might play a role in complex formation. Here, we targeted for site directed mutagenesis two acidic and two basic residues within XD and N(TAIL). ITC studies showed that electrostatics plays a crucial role in complex formation and pointed a parallel orientation of the MoRE as more likely. Further support for a parallel orientation was afforded by SAXS studies that made use of two chimeric constructs in which XD and the MoRE were covalently linked to each other. Altogether, these studies unveiled the multiparametric nature of the interactions established within this complex and contribute to shed light onto the molecular features of protein interfaces involving intrinsically disordered regions.,��https://www.ncbi.nlm.nih.gov/pubmed/25960280ð��Erales, Jenny
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sponge���Jul 3¥��All vertebrate inwardly rectifying potassium (Kir) channels are activated by phosphatidylinositol 4,5-bisphosphate (PIP2) (Logothetis, D. E., Petrou, V. I., Zhang, M., Mahajan, R., Meng, X. Y., Adney, S. K., Cui, M., and Baki, L. (2015) Annu. Rev. Physiol. 77, 81-104; Furst, O., Mondou, B., and D'Avanzo, N. (2014) Front. Physiol. 4, 404-404). Structural components of a PIP2-binding site are conserved in vertebrate Kir channels but not in distantly related animals such as sponges and sea anemones. To expand our understanding of the structure-function relationships of PIP2 regulation of Kir channels, we studied AqKir, which was cloned from the marine sponge Amphimedon queenslandica, an animal that represents the phylogenetically oldest metazoans. A requirement for PIP2 in the maintenance of AqKir activity was examined in intact oocytes by activation of a co-expressed voltage-sensing phosphatase, application of wortmannin (at micromolar concentrations), and activation of a co-expressed muscarinic acetylcholine receptor. All three mechanisms to reduce the availability of PIP2 resulted in inhibition of AqKir current. However, time-dependent rundown of AqKir currents in inside-out patches could not be re-activated by direct application to the inside membrane surface of water-soluble dioctanoyl PIP2, and the current was incompletely re-activated by the more hydrophobic arachidonyl stearyl PIP2. When we introduced mutations to AqKir to restore two positive charges within the vertebrate PIP2-binding site, both forms of PIP2 strongly re-activated the mutant sponge channels in inside-out patches. Molecular dynamics simulations validate the additional hydrogen bonding potential of the sponge channel mutants. Thus, nature's mutations conferred a high affinity activation of vertebrate Kir channels by PIP2, and this is a more recent evolutionary development than the structures that explain ion channel selectivity and inward rectification.,��https://www.ncbi.nlm.nih.gov/pubmed/25957411���Tang, Qiong-Yao
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zoonosis���Feb���Many wild swine populations in different parts of the World have experienced an unprecedented demographic explosion that may result in increased exposure of humans to wild swine zoonotic pathogens. Interactions between humans and wild swine leading to pathogen transmission could come from different ways, being hunters and game professionals the most exposed to acquiring infections from wild swine. However, increasing human settlements in semi-natural areas, outdoor activities, socio-economic changes and food habits may increase the rate of exposure to wild swine zoonotic pathogens and to potentially emerging pathogens from wild swine. Frequent and increasing contact rate between humans and wild swine points to an increasing chance of zoonotic pathogens arising from wild swine to be transmitted to humans. Whether this frequent contact could lead to new zoonotic pathogens emerging from wild swine to cause human epidemics or emerging disease outbreaks is difficult to predict, and assessment should be based on thorough epidemiologic surveillance. Additionally, several gaps in knowledge on wild swine global population dynamics trends and wild swine-zoonotic pathogen interactions should be addressed to correctly assess the potential role of wild swine in the emergence of diseases in humans. In this work, viruses such as hepatitis E virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. have been identified as the most prone to be transmitted from wild swine to humans on the basis of geographic spread in wild swine populations worldwide, pathogen circulation rates in wild swine populations, wild swine population trends in endemic areas, susceptibility of humans to infection, transmissibility from wild swine to humans and existing evidence of wild swine-human transmission events.,��https://www.ncbi.nlm.nih.gov/pubmed/25953392���Ruiz-Fons, F
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*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743=��Bradel-Tretheway, Birgit G
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Vertebrates/*anatomy & histologyÉ��The origin of terrestrial tetrapods was a key event in vertebrate evolution, yet how and when it occurred remains obscure, due to scarce fossil evidence. Here, we show that the study of palaeopathologies, such as broken and healed bones, can help elucidate poorly understood behavioural transitions such as this. Using high-resolution finite element analysis, we demonstrate that the oldest known broken tetrapod bone, a radius of the primitive stem tetrapod Ossinodus pueri from the mid-Visean (333 million years ago) of Australia, fractured under a high-force, impact-type loading scenario. The nature of the fracture suggests that it most plausibly occurred during a fall on land. Augmenting this are new osteological observations, including a preferred directionality to the trabecular architecture of cancellous bone. Together, these results suggest that Ossinodus, one of the first large (>2m length) tetrapods, spent a significant proportion of its life on land. Our findings have important implications for understanding the temporal, biogeographical and physiological contexts under which terrestriality in vertebrates evolved. They push the date for the origin of terrestrial tetrapods further back into the Carboniferous by at least two million years. Moreover, they raise the possibility that terrestriality in vertebrates first evolved in large tetrapods in Gondwana rather than in small European forms, warranting a re-evaluation of this important evolutionary event.,��https://www.ncbi.nlm.nih.gov/pubmed/25938463���Bishop, Peter J
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*Nipah Virus���Augà��Nipah virus (NiV) encephalitis is endemic in Bangladesh, with yearly seasonal outbreaks occurring since 2003. NiV has a notable case fatality rate, 75-100 per cent depending on the strain. In Bangladesh, primary transmission to humans is believed to be because of consumption of bat-contaminated date palm sap (DPS). Both the disease and the virus have been investigated extensively, however efforts to implement preventive strategies have met social and cultural challenges. Here we present a variety of community approaches to control the spread of Nipah encephalitis, along with advantages and disadvantages of each. This information may be useful to health workers and policymakers in potential NiV outbreak areas in Southeast Asia.,��https://www.ncbi.nlm.nih.gov/pubmed/25925087¼��Dhillon, Jasmine
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Socioeconomic Factors
*Tropical Medicine���Apr)	�The ten member states of the Association of Southeast Asian Nations (ASEAN) constitute an economic powerhouse, yet these countries also harbor a mostly hidden burden of poverty and neglected tropical diseases (NTDs). Almost 200 million people live in extreme poverty in ASEAN countries, mostly in the low or lower middle-income countries of Indonesia, the Philippines, Myanmar, Viet Nam, and Cambodia, and many of them are affected by at least one NTD. However, NTDs are prevalent even among upper middle-income ASEAN countries such as Malaysia and Thailand, especially among the indigenous populations. The three major intestinal helminth infections are the most common NTDs; each helminthiasis is associated with approximately 100 million infections in the region. In addition, more than 10 million people suffer from either liver or intestinal fluke infections, as well as schistosomiasis and lymphatic filariasis (LF). Intestinal protozoan infections are widespread, while leishmaniasis has emerged in Thailand, and zoonotic malaria (Plasmodium knowlesi infection) causes severe morbidity in Malaysia. Melioidosis has emerged as an important bacterial NTD, as have selected rickettsial infections, and leptospirosis. Leprosy, yaws, and trachoma are still endemic in focal areas. Almost 70 million cases of dengue fever occur annually in ASEAN countries, such that this arboviral infection is now one of the most common and economically important NTDs in the region. A number of other arboviral and zoonotic viral infections have also emerged, including Japanese encephalitis; tick-borne viral infections; Nipah virus, a zoonosis present in fruit bats; and enterovirus 71 infection. There are urgent needs to expand surveillance activities in ASEAN countries, as well as to ensure mass drug administration is provided to populations at risk for intestinal helminth and fluke infections, LF, trachoma, and yaws. An ASEAN Network for Drugs, Diagnostics, Vaccines, and Traditional Medicines Innovation provides a policy framework for the development of new control and elimination tools. Together with prominent research institutions and universities, the World Health Organization (WHO), and its regional offices, these organizations could implement important public health improvements through NTD control and elimination in the coming decade.,��https://www.ncbi.nlm.nih.gov/pubmed/25880767ú��Hotez, Peter J
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385|��Thanapongtharm, Weerapong
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472T��Prescott, Joseph
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National Institutes of Health, Hamilton, MT, USA. Electronic address: feldmannh@niaid.nih.gov.���10.1016/j.vaccine.2015.03.089����lï�|ÿï73��������2015D��Emerging Viral Diseases: The One Health Connection: Workshop Summary���Washington (DC)õ��In the past half century, deadly disease outbreaks caused by novel viruses of animal origin - Nipah virus in Malaysia, Hendra virus in Australia, Hantavirus in the United States, Ebola virus in Africa, along with HIV (human immunodeficiency virus), several influenza subtypes, and the SARS (sudden acute respiratory syndrome) and MERS (Middle East respiratory syndrome) coronaviruses - have underscored the urgency of understanding factors influencing viral disease emergence and spread. Emerging Viral Diseases is the summary of a public workshop hosted in March 2014 to examine factors driving the appearance, establishment, and spread of emerging, re-emerging and novel viral diseases; the global health and economic impacts of recently emerging and novel viral diseases in humans; and the scientific and policy approaches to improving domestic and international capacity to detect and respond to global outbreaks of infectious disease. This report is a record of the presentations and discussion of the event.,��https://www.ncbi.nlm.nih.gov/pubmed/25834866R��The National Academies Collection: Reports funded by National Institutes of Healthn��Forum on Microbial Threats
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ribonucleoprotein���Apr 7½��Parainfluenza virus 5 (PIV5) is a member of the Paramyxoviridae family of membrane-enveloped viruses with a negative-sense RNA genome that is packaged and protected by long filamentous nucleocapsid-helix structures (RNPs). These RNPs, consisting of approximately 2,600 protomers of nucleocapsid (N) protein, form the template for viral transcription and replication. We have determined the 3D X-ray crystal structure of the nucleoprotein (N)-RNA complex from PIV5 to 3.11-A resolution. The structure reveals a 13-mer nucleocapsid ring whose diameter, cavity, and pitch/height dimensions agree with EM data from early studies on the Paramyxovirinae subfamily of native RNPs, indicating that it closely represents one-turn in the building block of the RNP helices. The PIV5-N nucleocapsid ring encapsidates a nuclease resistant 78-nt RNA strand in its positively charged groove formed between the N-terminal (NTD) and C-terminal (CTD) domains of its successive N protomers. Six nucleotides precisely are associated with each N protomer, with alternating three-base-in three-base-out conformation. The binding of six nucleotides per protomer is consistent with the "rule of six" that governs the genome packaging of the Paramyxovirinae subfamily of viruses. PIV5-N protomer subdomains are very similar in structure to the previously solved Nipah-N structure, but with a difference in the angle between NTD/CTD at the RNA hinge region. Based on the Nipah-N structure we modeled a PIV5-N open conformation in which the CTD rotates away from the RNA strand into the inner spacious nucleocapsid-ring cavity. This rotation would expose the RNA for the viral polymerase activity without major disruption of the nucleocapsid structure.,��https://www.ncbi.nlm.nih.gov/pubmed/25831513F��Alayyoubi, Maher
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viral attachment���Apr 28���The discovery of African henipaviruses (HNVs) related to pathogenic Hendra virus (HeV) and Nipah virus (NiV) from Southeast Asia and Australia presents an open-ended health risk. Cell receptor use by emerging African HNVs at the stage of host-cell entry is a key parameter when considering the potential for spillover and infection of human populations. The attachment glycoprotein from a Ghanaian bat isolate (GhV-G) exhibits <30% sequence identity with Asiatic NiV-G/HeV-G. Here, through functional and structural analysis of GhV-G, we show how this African HNV targets the same human cell-surface receptor (ephrinB2) as the Asiatic HNVs. We first characterized this virus-receptor interaction crystallographically. Compared with extant HNV-G-ephrinB2 structures, there was significant structural variation in the six-bladed beta-propeller scaffold of the GhV-G receptor-binding domain, but not the Greek key fold of the bound ephrinB2. Analysis revealed a surprisingly conserved mode of ephrinB2 interaction that reflects an ongoing evolutionary constraint among geographically distal and phylogenetically divergent HNVs to maintain the functionality of ephrinB2 recognition during virus-host entry. Interestingly, unlike NiV-G/HeV-G, we could not detect binding of GhV-G to ephrinB3. Comparative structure-function analysis further revealed several distinguishing features of HNV-G function: a secondary ephrinB2 interaction site that contributes to more efficient ephrinB2-mediated entry in NiV-G relative to GhV-G and cognate residues at the very C terminus of GhV-G (absent in Asiatic HNV-Gs) that are vital for efficient receptor-induced fusion, but not receptor binding per se. These data provide molecular-level details for evaluating the likelihood of African HNVs to spill over into human populations.,��https://www.ncbi.nlm.nih.gov/pubmed/25825759\��Lee, Benhur
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RNA Viruses/*physiology���Marë��Viral hemorrhagic fevers (VHFs) are major public health problems in the South-East Asia Regional (SEAR) countries. VHFs are a group of illnesses; that are caused by four families of viruses, viz. Arenaviridae, Bunyaviridae, Filoviridae and Flaviviridae. All VHFs have common features: they affect several organs and damage the blood vessels. These symptoms are often accompanied by hemorrhage. To understand pathogenesis, genetic and environmental influence that increase the risk of VHFs, efficacy and safety studies on candidate vaccines and testing of various therapeutic agents, appropriate animal models are essential tools in public and animals health. In the current review, the suitable animal models for Flavivirus [Dengue hemorhagic fever (DHF), Kyasanur forest disease (KFD)]; Bunyavirus [Crimean-Congo hemorrhagic fever (CCHF), Hantavirus fever (HF)]; and Paramyxovirus [Nipah virus fever (NiV)] have been reviewed with specific emphasis on emerging and reemerging viruses in SEAR countries.,��https://www.ncbi.nlm.nih.gov/pubmed/25815861���Badole, Sachin L
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Viral Matrix Proteins/*metabolism���Mar=��The paramyxovirus matrix (M) protein is a molecular scaffold required for viral morphogenesis and budding at the plasma membrane. Transient nuclear residence of some M proteins hints at non-structural roles. However, little is known regarding the mechanisms that regulate the nuclear sojourn. Previously, we found that the nuclear-cytoplasmic trafficking of Nipah virus M (NiV-M) is a prerequisite for budding, and is regulated by a bipartite nuclear localization signal (NLSbp), a leucine-rich nuclear export signal (NES), and monoubiquitination of the K258 residue within the NLSbp itself (NLSbp-lysine). To define whether the sequence determinants of nuclear trafficking identified in NiV-M are common among other Paramyxovirinae M proteins, we generated the homologous NES and NLSbp-lysine mutations in M proteins from the five major Paramyxovirinae genera. Using quantitative 3D confocal microscopy, we determined that the NES and NLSbp-lysine are required for the efficient nuclear export of the M proteins of Nipah virus, Hendra virus, Sendai virus, and Mumps virus. Pharmacological depletion of free ubiquitin or mutation of the conserved NLSbp-lysine to an arginine, which inhibits M ubiquitination, also results in nuclear and nucleolar retention of these M proteins. Recombinant Sendai virus (rSeV-eGFP) bearing the NES or NLSbp-lysine M mutants rescued at similar efficiencies to wild type. However, foci of cells expressing the M mutants displayed marked fusogenicity in contrast to wild type, and infection did not spread. Recombinant Mumps virus (rMuV-eGFP) bearing the homologous mutations showed similar defects in viral morphogenesis. Finally, shotgun proteomics experiments indicated that the interactomes of Paramyxovirinae M proteins are significantly enriched for components of the nuclear pore complex, nuclear transport receptors, and nucleolar proteins. We then synthesize our functional and proteomics data to propose a working model for the ubiquitin-regulated nuclear-cytoplasmic trafficking of cognate paramyxovirus M proteins that show a consistent nuclear trafficking phenotype.,��https://www.ncbi.nlm.nih.gov/pubmed/25782006{��Pentecost, Mickey
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"gateway theory"�
�UNLABELLED: Viral cellular immune surveillance is a dynamic and fluid system that is driven by finely regulated cellular processes including cytokines and other factors locally in the microenvironment and systemically throughout the body. It is questionable as to what extent the central nervous system (CNS) is an immune-privileged organ protected by the blood-brain barrier (BBB). Recent evidence suggests converging pathways through which viral infection, and its associated immune surveillance processes, may alter the integrity of the blood-brain barrier, and lead to inflammation, swelling of the brain parenchyma and associated neurological syndromes. Here, we expand upon the recent "gateway theory", by which viral infection and other immune activation states may disrupt the specialized tight junctions of the BBB endothelium making it permeable to immune cells and factors. The model we outline here builds upon the proposition that this process may actually be initiated by cytokines of the IL-17 family, and recognizing the intimate balance between TH17 and TH9 cytokine profiles systemically. We argue that immune surveillance events, in response to viruses such as the Human Immunodeficiency Virus (HIV), cause a TH17/TH9 induced gateway through blood brain barrier, and thus lead to characteristic neuroimmune pathology. It is possible and even probable that the novel TH17/TH9 induced gateway, which we describe here, opens as a consequence of any state of immune activation and sustained chronic inflammation, whether associated with viral infection or any other cause of peripheral or central neuroinflammation. This view could lead to new, timely and critical patient-centered therapies for patients with neuroimmune pathologies across a variety of etiologies. ABBREVIATIONS: BBB - blood brain barrier, BDV - Borna disease virus, CARD - caspase activation and recruitment domains, CD - clusters of differentiation, CNS - central nervous system, DAMP - damage-associated molecular patterns, DENV - Dengue virus, EBOV - Ebola virus, ESCRT - endosomal sorting complex required for transport-I, HepC - Hepatitis C virus, HIV - human immunodeficiency virus, IFN - interferon, ILn - interleukin-n, IRF-n - interferon regulatory factor-n, MAVS - mitochondrial antiviral-signaling, MBGV - Marburg virus, M-CSF - macrophage colony-stimulating factor, MCP-1 - monocyte chemotactic protein 1 (aka CCL2), MHC - major histocompatibility complex, MIP-alpha beta - macrophage inflammatory protein-1 alpha beta (aka CCL3 & CCL4), MIF - macrophage migration inhibitory factor, NVE - Nipah virus encephalitis, NK - natural killer cell, NLR - NLR, NOD - like receptor, NOD - nucleotide oligomerization domain, PAMP - pathogen-associated molecular patterns, PtdIns - phosphoinositides, PV - Poliovirus, RIG-I - retinoic acid-inducible gene I, RIP - Receptor-interacting protein (RIP) kinase, RLR - RIG-I-like receptor, sICAM1 - soluble intracellular adhesion molecule 1, STAT-3 - signal tranducer and activator of transcription-3, sVCAM1 - soluble vascular cell adhesion molecule 1, TANK - TRAF family member-associated NF- . B activator, TBK1 - TANK-binding kinase 1, TLR - Toll-like receptor, TNF - tumor necrosis factor, TNFR - TNF receptor, TNFRSF21 - tumor necrosis factor receptor superfamily member 21, TRADD TNFR-SF1A - associated via death domain, TRAF TNFR - associated factor, Tregs - regulatory T cellsubpopulation (CD4/8+CD25+FoxP3+), VHF - viral hemorrhagic fever.,��https://www.ncbi.nlm.nih.gov/pubmed/257802816��Barkhordarian, Andre
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*Virus Attachment���Mar 10�
�UNLABELLED: Nipah virus and Hendra virus are emerging, highly pathogenic, zoonotic paramyxoviruses that belong to the genus Henipavirus. They infect humans as well as numerous mammalian species. Both viruses use ephrin-B2 and -B3 as cell entry receptors, and following initial entry into an organism, they are capable of rapid spread throughout the host. We have previously reported that Nipah virus can use another attachment receptor, different from its entry receptors, to bind to nonpermissive circulating leukocytes, thereby promoting viral dissemination within the host. Here, this attachment molecule was identified as heparan sulfate for both Nipah virus and Hendra virus. Cells devoid of heparan sulfate were not able to mediate henipavirus trans-infection and showed reduced permissivity to infection. Virus pseudotyped with Nipah virus glycoproteins bound heparan sulfate and heparin but no other glycosaminoglycans in a surface plasmon resonance assay. Furthermore, heparin was able to inhibit the interaction of the viruses with the heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin was shown to bind to ephrin-B3 and to restrain infection of permissive cells in vitro. Consequently, treatment with heparin devoid of anticoagulant activity improved the survival of Nipah virus-infected hamsters. Altogether, these results reveal heparan sulfate as a new attachment receptor for henipaviruses and as a potential therapeutic target for the development of novel approaches against these highly lethal infections. IMPORTANCE: The Henipavirus genus includes two closely related, highly pathogenic paramyxoviruses, Nipah virus and Hendra virus, which cause elevated morbidity and mortality in animals and humans. Pathogenesis of both Nipah virus and Hendra virus infection is poorly understood, and efficient antiviral treatment is still missing. Here, we identified heparan sulfate as a novel attachment receptor used by both viruses to bind host cells. We demonstrate that heparin was able to inhibit the interaction of the viruses with heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin also bound to the viral entry receptor and thereby restricted infection of permissive cells in vitro. Consequently, heparin treatment improved survival of Nipah virus-infected hamsters. These results uncover an important role of heparan sulfate in henipavirus infection and open novel perspectives for the development of heparan sulfate-targeting therapeutic approaches for these emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25759505���Mathieu, Cyrille
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Virus Replication/drug effects���Mayµ	�UNLABELLED: Hydrogen sulfide (H2S) is an endogenous gaseous mediator that has gained increasing recognition as an important player in modulating acute and chronic inflammatory diseases. However, its role in virus-induced lung inflammation is currently unknown. Respiratory syncytial virus (RSV) is a major cause of upper and lower respiratory tract infections in children for which no vaccine or effective treatment is available. Using the slow-releasing H2S donor GYY4137 and propargylglycin (PAG), an inhibitor of cystathionine-gamma-lyase (CSE), a key enzyme that produces intracellular H2S, we found that RSV infection led to a reduced ability to generate and maintain intracellular H2S levels in airway epithelial cells (AECs). Inhibition of CSE with PAG resulted in increased viral replication and chemokine secretion. On the other hand, treatment of AECs with the H2S donor GYY4137 reduced proinflammatory mediator production and significantly reduced viral replication, even when administered several hours after viral absorption. GYY4137 also significantly reduced replication and inflammatory chemokine production induced by human metapneumovirus (hMPV) and Nipah virus (NiV), suggesting a broad inhibitory effect of H2S on paramyxovirus infections. GYY4137 treatment had no effect on RSV genome replication or viral mRNA and protein synthesis, but it inhibited syncytium formation and virus assembly/release. GYY4137 inhibition of proinflammatory gene expression occurred by modulation of the activation of the key transcription factors nuclear factor kappaB (NF-kappaB) and interferon regulatory factor 3 (IRF-3) at a step subsequent to their nuclear translocation. H2S antiviral and immunoregulatory properties could represent a novel treatment strategy for paramyxovirus infections. IMPORTANCE: RSV is a global health concern, causing significant morbidity and economic losses as well as mortality in developing countries. After decades of intensive research, no vaccine or effective treatment, with the exception of immunoprophylaxis, is available for this infection as well as for other important respiratory mucosal viruses. This study identifies hydrogen sulfide as a novel cellular mediator that can modulate viral replication and proinflammatory gene expression, both important determinants of lung injury in respiratory viral infections, with potential for rapid translation of such findings into novel therapeutic approaches for viral bronchiolitis and pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/25740991r��Li, Hui
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Surface expression���Apr 2���Compared to the fusion proteins of pathogenic Nipah and Hendra viruses, the F protein of prototype African henipavirus GH-M74a displays a drastically reduced surface expression and fusion activity. A probable reason for limited F expression is the unusually long sequence located between the gene start and the signal peptide (SP) not present in other henipaviruses. Such a long pre-SP extension can prevent efficient ER translocation or protein maturation and processing. As its truncation can therefore enhance surface expression, the recent identification of a second in-frame start codon directly upstream of the SP in another African henipavirus F gene (GH-UP28) raised the question if such a naturally occurring minor sequence variation can lead to the synthesis of a pre-SP truncated translation product, thereby increasing the production of mature F proteins. To test this, we analyzed surface expression and biological activity of F genes carrying the second SP-proximal start codon of GH-UP28. Though we observed minor differences in the expression levels, introduction of the additional start codon did not result in an increased fusion activity, even if combined with further mutations in the pre-SP region. Thus, limited bioactivity of African henipavirus F protein is maintained even after sequence changes that alter the gene start allowing the production of F proteins without an unusually long pre-SP.,��https://www.ncbi.nlm.nih.gov/pubmed/25725148ù��Weis, Michael
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Technology, Pharmaceutical/*instrumentation���Jan-Feb´��High-throughput screening (HTS) has been integrated into the drug discovery process, and multiple assay formats have been widely used in many different disease areas but with limited focus on infectious agents. In recent years, there has been an increase in the number of HTS campaigns using infectious wild-type pathogens rather than surrogates or biochemical pathogen-derived targets. Concurrently, enhanced emerging pathogen surveillance and increased human mobility have resulted in an increase in the emergence and dissemination of infectious human pathogens with serious public health, economic, and social implications at global levels. Adapting the HTS drug discovery process to biocontainment laboratories to develop new drugs for these previously uncharacterized and highly pathogenic agents is now feasible, but HTS at higher biosafety levels (BSL) presents a number of unique challenges. HTS has been conducted with multiple bacterial and viral pathogens at both BSL-2 and BSL-3, and pilot screens have recently been extended to BSL-4 environments for both Nipah and Ebola viruses. These recent successful efforts demonstrate that HTS can be safely conducted at the highest levels of biological containment. This review outlines the specific issues that must be considered in the execution of an HTS drug discovery program for high-containment pathogens. We present an overview of the requirements for HTS in high-level biocontainment laboratories.,��https://www.ncbi.nlm.nih.gov/pubmed/25710545ë��Rasmussen, Lynn
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meningoencephalitis���Mar°��CASE REPORT: This report summarises the findings from a case of naturally-occurring Murray Valley encephalitis in a 2-year-old filly presenting with acute onset of depression and weakness. Serum samples tested at the onset of clinical signs were negative for Hendra and Kunjin virus antibodies, but positive for Murray Valley encephalitis virus (MVEV) using IgM-capture ELISA (1 : 300 dilution). A virus neutralisation assay performed 4 weeks later confirmed a titre of 1 : 160. Sera collected in the weeks preceding neurological signs returned a negative titre for MVEV 2 weeks prior followed by a titre of 1:80 in the week prior to illness. Serological surveillance conducted on 67 co-located horses returned a positive titre of 1 : 20 in one in-contact horse. There was no history of clinical disease in that horse. At 3 months after the onset of clinical signs in the index case, the filly continued to show mild facial paresis and hypermetria; the owners elected euthanasia and gave permission for necropsy. Histopathological analysis of the brain showed a mild meningoencephalitis. CONCLUSION: The progression of a naturally-occurring MVEV infection in a horse has been documented in this case.,��https://www.ncbi.nlm.nih.gov/pubmed/25708787���Barton, A J
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Malaysia
Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25706617C��Johnston, Sara C
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Viral Proteins/*metabolism ��Bats of different species play a major role in the emergence and transmission of highly pathogenic viruses including Ebola virus, SARS-like coronavirus and the henipaviruses. These viruses require proteolytic activation of surface envelope glycoproteins needed for entry, and cellular cathepsins have been shown to be involved in proteolysis of glycoproteins from these distinct virus families. Very little is currently known about the available proteases in bats. To determine whether the utilization of cathepsins by bat-borne viruses is related to the nature of proteases in their natural hosts, we examined proteolytic processing of several viral fusion proteins in cells derived from two fruit bat species, Pteropus alecto and Rousettus aegyptiacus. Our work shows that fruit bat cells have homologs of cathepsin and furin proteases capable of cleaving and activating both the cathepsin-dependent Hendra virus F and the furin-dependent parainfluenza virus 5 F proteins. Sequence analysis comparing Pteropus alecto furin and cathepsin L to proteases from other mammalian species showed a high degree of conservation; however significant amino acid variation occurs at the C-terminus of Pteropus alecto furin. Further analysis of furin-like proteases from fruit bats revealed that these proteases are catalytically active and resemble other mammalian furins in their response to a potent furin inhibitor. However, kinetic analysis suggests that differences may exist in the cellular localization of furin between different species. Collectively, these results indicate that the unusual role of cathepsin proteases in the life cycle of bat-borne viruses is not due to the lack of active furin-like proteases in these natural reservoir species; however, differences may exist between furin proteases present in fruit bats compared to furins in other mammalian species, and these differences may impact protease usage for viral glycoprotein processing.,��https://www.ncbi.nlm.nih.gov/pubmed/25706132���El Najjar, Farah
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Zinc���Aprr��The recent proposal of using Zn-based alloys for biodegradable implants was not supported with sufficient toxicity data. This work, for the first time, presents a thorough cytotoxicity evaluation of Zn-3Mg alloy for biodegradable bone implants. Normal human osteoblast cells were exposed to the alloy's extract and three main cell-material interaction parameters: cell health, functionality and inflammatory response, were evaluated. Results showed that at the concentration of 0.75mg/ml alloy extract, cell viability was reduced by ~50% through an induction of apoptosis at day 1; however, cells were able to recover at days 3 and 7. Cytoskeletal changes were observed but without any significant DNA damage. The downregulation of alkaline phosphatase protein levels did not significantly affect the mineralization process of the cells. Significant differences of cyclooxygenase-2 and prostaglandin E2 inflammatory biomarkers were noticed, but not interleukin 1-beta, indicating that the cells underwent a healing process after exposure to the alloy. Detailed analysis on the cell-material interaction is further discussed in this paper.,��https://www.ncbi.nlm.nih.gov/pubmed/25686984ê��Murni, N S
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Seasons���Jun§��Hendra virus (HeV) is lethal to humans and horses, and little is known about its epidemiology. Biosecurity restrictions impede advances, particularly on understanding pathways of transmission. Quantifying the environmental survival of HeV can be used for making decisions and to infer transmission pathways. We estimated HeV survival with a Weibull distribution and calculated parameters from data generated in laboratory experiments. HeV survival rates based on air temperatures 24 h after excretion ranged from 2 to 10 % in summer and from 12 to 33 % in winter. Simulated survival across the distribution of the black flying fox (Pteropus alecto), a key reservoir host, did not predict spillover events. Based on our analyses we concluded that the most likely pathways of transmission did not require long periods of virus survival and were likely to involve relatively direct contact with flying fox excreta shortly after excretion.,��https://www.ncbi.nlm.nih.gov/pubmed/25667321���Martin, Gerardo
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Rhinitis virus���Apr§��Many viral agents have been associated with respiratory disease of the horse. The most important viral causes of respiratory disease in horses are equine influenza and the equine alphaherpesviruses. Agents such as equine viral arteritis virus, African horse sickness virus, and Hendra virus establish systemic infections. Clinical signs of disease resulting from infection with these agents can manifest as respiratory disease, but the respiratory tract is not the major body system affected by these viruses. Treatment of viral respiratory disease is generally limited to supportive therapies, whereas targeted antimicrobial therapy is effective in cases of bacterial infection.,��https://www.ncbi.nlm.nih.gov/pubmed/25648568Ï��Gilkerson, James R
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Small-angle X-ray scattering���Mar���Nipah and Hendra viruses are recently emerged paramyxoviruses belonging to the Henipavirus genus. The Henipavirus phosphoprotein (P) consists of a large intrinsically disordered domain and a C-terminal domain (PCT) containing alternating disordered and ordered regions. Among these latter is the P multimerization domain (PMD). Using biochemical, analytical ultracentrifugation and small-angle X-ray scattering (SAXS) studies, we show that Hendra virus (HeV) PMD forms an elongated coiled-coil homotrimer in solution, in agreement with our previous findings on Nipah virus (NiV) PMD. However, the orientation of the N-terminal region differs from that observed in solution for NiV PMD, consistent with the ability of this region to adopt different conformations. SAXS studies provided evidence for a trimeric organization also in the case of PCT, thus extending and strengthening our findings on PMD. The present results are discussed in light of conflicting reports in the literature pointing to a tetrameric organization of paramyxoviral P proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/25637789Æ��Beltrandi, Matilde
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encephalitis���Mar���Hendra virus and Nipah virus are closely related, recently emerged zoonotic paramyxoviruses, belonging to the Henipavirus genus. Both viruses induce generalized vasculitis affecting particularly the respiratory tract and CNS. The exceptionally broad species tropism of Henipavirus, the high case fatality rate and person-to-person transmission associated with Nipah virus outbreaks emphasize the necessity of effective antiviral strategies for these intriguing threatening pathogens. Current therapeutic approaches, validated in animal models, target early steps in viral infection; they include the use of neutralizing virus-specific antibodies and blocking membrane fusion with peptides that bind the viral fusion protein. A better understanding of Henipavirus pathogenesis is critical for the further advancement of antiviral treatment, and we summarize here the recent progress in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/25634624Î��Mathieu, Cyrille
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Multi-epitope peptide vaccination���Mar 3���BACKGROUND: Peptide vaccination based on multiple T-cell epitopes can be used to target well-defined ethnic populations. Because the response to T-cell epitopes is restricted by HLA proteins, the HLA specificity of T-cell epitopes becomes a major consideration for epitope-based vaccine design. We have previously shown that CD4+ T-cell epitopes restricted by 95% of human MHC class II proteins can be predicted with high-specificity. METHODS: We describe here the integration of epitope prediction with population coverage and epitope selection algorithms. The population coverage assessment makes use of the Allele Frequency Net Database. We present the computational platform Predivac-2.0 for HLA class II-restricted epitope-based vaccine design, which accounts comprehensively for human genetic diversity. RESULTS: We validated the performance of the tool on the identification of promiscuous and immunodominant CD4+ T-cell epitopes from the human immunodeficiency virus (HIV) protein Gag. We further describe an application for epitope-based vaccine design in the context of emerging infectious diseases associated with Lassa, Nipah and Hendra viruses. Putative CD4+ T-cell epitopes were mapped on the surface glycoproteins of these pathogens and are good candidates to be experimentally tested, as they hold potential to provide cognate help in vaccination settings in their respective target populations. CONCLUSION: Predivac-2.0 is a novel approach in epitope-based vaccine design, particularly suited to be applied to virus-related emerging infectious diseases, because the geographic distributions of the viruses are well defined and ethnic populations in need of vaccination can be determined ("ethnicity-oriented approach"). Predivac-2.0 is accessible through the website http://predivac.biosci.uq.edu.au/.,��https://www.ncbi.nlm.nih.gov/pubmed/25629524ö��Oyarzun, Patricio
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Young Adult���Feb)��Acute encephalitis is a severe neurologic syndrome. Determining etiology from among approximately 100 possible agents is difficult. To identify infectious etiologies of encephalitis in Thailand, we conducted surveillance in 7 hospitals during July 2003-August 2005 and selected patients with acute onset of brain dysfunction with fever or hypothermia and with abnormalities seen on neuroimages or electroencephalograms or with cerebrospinal fluid pleocytosis. Blood and cerebrospinal fluid were tested for >30 pathogens. Among 149 case-patients, median age was 12 (range 0-83) years, 84 (56%) were male, and 15 (10%) died. Etiology was confirmed or probable for 54 (36%) and possible or unknown for 95 (64%). Among confirmed or probable etiologies, the leading pathogens were Japanese encephalitis virus, enteroviruses, and Orientia tsutsugamushi. No samples were positive for chikungunya, Nipah, or West Nile viruses; Bartonella henselae; or malaria parasites. Although a broad range of infectious agents was identified, the etiology of most cases remains unknown.,��https://www.ncbi.nlm.nih.gov/pubmed/25627940"��Olsen, Sonja J
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Serotyping���Feb���We measured the performance of exposure screening questions to identify Nipah virus encephalitis in hospitalized encephalitis patients during the 2012-13 Nipah virus season in Bangladesh. The sensitivity (93%), specificity (82%), positive predictive value (37%), and negative predictive value (99%) results suggested that screening questions could more quickly identify persons with Nipah virus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/25625615S��Sazzad, Hossain M S
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Vaccine designing���Decø��Identification of Nipah virus (NiV) T-cell-specific antigen is urgently needed for appropriate diagnostic and vaccination. In the present study, prediction and modeling of T-cell epitopes of Nipah virus antigenic proteins nucleocapsid, phosphoprotein, matrix, fusion, glycoprotein, L protein, W protein, V protein and C protein followed by the binding simulation studies of predicted highest binding scorers with their corresponding MHC class I alleles were done. Immunoinformatic tool ProPred1 was used to predict the promiscuous MHC class I epitopes of viral antigenic proteins. The molecular modelings of the epitopes were done by PEPstr server. And alleles structure were predicted by MODELLER 9.10. Molecular dynamics (MD) simulation studies were performed through the NAMD graphical user interface embedded in visual molecular dynamics. Epitopes VPATNSPEL, NPTAVPFTL and LLFVFGPNL of Nucleocapsid, V protein and Fusion protein have considerable binding energy and score with HLA-B7, HLA-B*2705 and HLA-A2MHC class I allele, respectively. These three predicted peptides are highly potential to induce T-cell-mediated immune response and are expected to be useful in designing epitope-based vaccines against Nipah virus after further testing by wet laboratory studies.,��https://www.ncbi.nlm.nih.gov/pubmed/28324411���Kamthania, Mohit
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064���Garner, Omai B
Yun, Tatyana
Pernet, Olivier
Aguilar, Hector C
Park, Arnold
Bowden, Thomas A
Freiberg, Alexander N
Lee, Benhur
Baum, Linda G
eng
R01 AI060694/AI/NIAID NIH HHS/
U54 AI057156/AI/NIAID NIH HHS/
R01AI060694/AI/NIAID NIH HHS/
UC7 AI094660/AI/NIAID NIH HHS/
MR/L009528/1/Medical Research Council/United Kingdom
T32HL69766/HL/NHLBI NIH HHS/
090532/Wellcome Trust/United Kingdom
R01 AI109022/AI/NIAID NIH HHS/
T32 HL069766/HL/NHLBI NIH HHS/
R01AI109022/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2014/12/17 06:00
J Virol. 2015 Mar;89(5):2520-9. doi: 10.1128/JVI.02435-14. Epub 2014 Dec 10.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4325760���25505064þ��Department of Pathology and Laboratory Medicine, David Geffen School of Medicine at UCLA, Los Angeles, California, USA.
Department of Pathology, University of Texas Medical Branch, Galveston, Texas, USA.
Department of Microbiology, Immunology, and Molecular Genetics, David Geffen School of Medicine at UCLA, Los Angeles, California, USA.
Paul G. Allen School for Global Animal Health, College of Veterinary Medicine, Washington State University, Pullman, Washington, USA.
Division of Structural Biology, Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford, United Kingdom.
Department of Microbiology, Immunology, and Molecular Genetics, David Geffen School of Medicine at UCLA, Los Angeles, California, USA Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, USA benhur.lee@mssm.ed lbaum@mednet.ucla.edu.
Department of Pathology and Laboratory Medicine, David Geffen School of Medicine at UCLA, Los Angeles, California, USA benhur.lee@mssm.ed lbaum@mednet.ucla.edu.���10.1128/JVI.02435-14���z��üÒtÿî?K������Schountz, T.���2014B��Immunology of bats and their viruses: challenges and opportunities���4880-901���Viruses���6���12Ä��Animals
Chiroptera/*immunology/*virology
Disease Reservoirs/*virology
Humans
Virus Diseases/immunology/*veterinary/virology
Virus Physiological Phenomena
Viruses/genetics/*isolation & purification���DecM��Bats are reservoir hosts of several high-impact viruses that cause significant human diseases, including Nipah virus, Marburg virus and rabies virus. They also harbor many other viruses that are thought to have caused disease in humans after spillover into intermediate hosts, including SARS and MERS coronaviruses. As is usual with reservoir hosts, these viruses apparently cause little or no pathology in bats. Despite the importance of bats as reservoir hosts of zoonotic and potentially zoonotic agents, virtually nothing is known about the host/virus relationships; principally because few colonies of bats are available for experimental infections, a lack of reagents, methods and expertise for studying bat antiviral responses and immunology, and the difficulty of conducting meaningful field work. These challenges can be addressed, in part, with new technologies that are species-independent that can provide insight into the interactions of bats and viruses, which should clarify how the viruses persist in nature, and what risk factors might facilitate transmission to humans and livestock.,��https://www.ncbi.nlm.nih.gov/pubmed/25494448o��Schountz, Tony
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viral proteins���Jan 19÷��We provide an atomic-resolution description based on NMR spectroscopy, of the intrinsically disordered C-terminal domain of the Nipah virus nucleoprotein (NTAIL ), both in its isolated state and within the nucleocapsid (NC). Within the NC the second half of NTAIL retains conformational behavior similar to that of isolated NTAIL , whereas the first half of NTAIL becomes much more rigid. In spite of the mostly disordered nature of NTAIL , chemical shifts and relaxation measurements show a significant degree of alpha-helical sampling in the molecular recognition element (MoRE) involved in binding to the X domain (XD) of the phosphoprotein, with this preconfiguration being more pronounced than in the NTAIL domain from the cognate Hendra virus. Outside the MoRE, an additional region exhibiting reduced flexibility was identified within NTAIL and found to be involved in binding to the XD. (1) H- and (13) C-detected titration NMR experiments support a highly dynamic binding of NTAIL at the surface of the XD.,��https://www.ncbi.nlm.nih.gov/pubmed/25492314õ��Baronti, Lorenzo
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Venous Thrombosis/economics/*prevention & control/psychology���Decº��BACKGROUND: The results of the CLOTS 3 trial showed that intermittent pneumatic compression (IPC) reduced the risk of deep vein thrombosis and improved survival in immobile patients with stroke. IPC is now being widely used in stroke units. Here we describe the disability, living circumstances, quality of life, and hospital costs of patients in CLOTS 3. METHODS: In CLOTS 3, a parallel group trial in 94 UK hospitals, immobile patients with stroke from days 0 to 3 of admission were assigned with a computer-generated allocation sequence in a 1:1 ratio to IPC or no IPC through a central randomisation system. We followed up patients at about 6 months with postal or telephone questionnaire to assess the secondary endpoints: disability (Oxford Handicap Scale [OHS]), living circumstances, health-related quality of life (EQ5D-3L), and hospital costs (based on use of IPC and length of hospital stay). Patients and carers who completed the postal questionnaires were not masked to treatment allocation, but telephone follow-up in non-responders was masked. All analyses were by intention to treat. This trial is registered, number ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, we enrolled 2876 patients, with 1438 in each group. Despite the previously reported reduction in the risk of proximal deep vein thrombosis at 30 days (primary endpoint), there were no significant differences in disability (OHS 0-2 vs 3-6, adjusted odds ratio [OR] 0.98, 95% CI 0.80 to 1.19, p=0.83; adjusted ordinal analysis common OR 0.97, 95% CI 0.86 to 1.11), living circumstances (institutional care vs not; adjusted OR 1.11, 95% CI 0.89 to 1.37; p=0.358), or health-related quality of life (median utility value 0.26, IQR -0.07 to 0.66 with IPC, and 0.27, -0.06 to 0.64, with no IPC; p=0.952). The estimated cost of IPC was pound64.10 per patient (SD 28.3). The direct costs of preventing a deep vein thrombosis and death were pound1282 (95% CI 785 to 3077) and pound2756 (1346 to not estimable), respectively, with IPC. Hospital costs increased by pound451 with IPC compared with no IPC because of a longer stay in hospital (mean 44.5 days [SD 37.6] vs 42.8 days [37.2]; mean difference 1.8 days, 95% CI -1.0 to 4.5). By 6 months, despite an increase in survival (IPC 152.5 days [SD 60.6] vs no IPC 148.1 days [64.3]; mean difference 4.5 days, 95% CI -0.2 to 9.1), there was a non-significant increase in quality-adjusted survival associated with IPC (IPC 27.6 days [SD 40.6] vs no IPC 26.7 days [39.6]; mean difference 0.9 days, 95% CI -2.1 to 3.9). INTERPRETATION: IPC is inexpensive, prevents deep vein thrombosis, improves survival but not functional outcomes, and does not lead to a significant gain in quality-adjusted survival. When deciding whether to treat patients with IPC, clinicians need to take into account all these potential effects. FUNDING: National Institute of Health Research Health Technology Assessment Programme, Chief Scientist Office of Scottish Government, and Covidien.,��https://www.ncbi.nlm.nih.gov/pubmed/25453458S��(Clots in Legs Or sTockings after Stroke)
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Sentinel Surveillance/*veterinary���Nov 293��Cases of Hendra virus infection in horses in Australia have been seen regularly since the virus was first isolated in 1994. Kristopher Hughes, associate professor of equine medicine at Charles Sturt University in Australia, gives an overview of how knowledge of the virus has developed in the past 20 years.,��https://www.ncbi.nlm.nih.gov/pubmed/25431383j��Hughes, Kristopher
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*Virus Attachment
*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
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Microscopy
Optical Imaging
*Virus Assembly���Nov 27u��BACKGROUND: Hendra virus (HeV) is a pleomorphic virus belonging to the Paramyxovirus family. Our long-term aim is to understand the process of assembly of HeV virions. As a first step, we sought to determine the most appropriate cell culture system with which to study this process, and then to use this model to define the morphology of the virus and identify the site of assembly by imaging key virus encoded proteins in infected cells. METHODS: A range of primary cells and immortalised cell lines were infected with HeV, fixed at various time points post-infection, labelled for HeV proteins and imaged by confocal, super-resolution and transmission electron microscopy. RESULTS: Significant differences were noted in viral protein distribution depending on the infected cell type. At 8 hpi HeV G protein was detected in the endoplasmic reticulum and M protein was seen predominantly in the nucleus in all cells tested. At 18 hpi, HeV-infected Vero cells showed M and G proteins throughout the cell and in transmission electron microscope (TEM) sections, in pleomorphic virus-like structures. In HeV infected MDBK, A549 and HeLa cells, HeV M protein was seen predominantly in the nucleus with G protein at the membrane. In HeV-infected primary bovine and porcine aortic endothelial cells and two bat-derived cell lines, HeV M protein was not seen at such high levels in the nucleus at any time point tested (8,12, 18, 24, 48 hpi) but was observed predominantly at the cell surface in a punctate pattern co-localised with G protein. These HeV M and G positive structures were confirmed as round HeV virions by TEM and super-resolution (SR) microscopy. SR imaging demonstrated for the first time sub-virion imaging of paramyxovirus proteins and the respective localisation of HeV G, M and N proteins within virions. CONCLUSION: These findings provide novel insights into the structure of HeV and show that for HeV imaging studies the choice of tissue culture cells may affect the experimental results. The results also indicate that HeV should be considered a predominantly round virus with a mean diameter of approximately 280 nm by TEM and 310 nm by SR imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/25428656ù��Monaghan, Paul
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emerging viruses
hantavirus pulmonary syndromer��Emerging infectious diseases of zoonotic origin are shaping today's infectious disease field more than ever. In this article, we introduce and review three emerging zoonotic viruses. Novel hantaviruses emerged in the Americas in the mid-1990s as the cause of severe respiratory infections, designated hantavirus pulmonary syndrome, with case fatality rates of around 40%. Nipah virus emerged a few years later, causing respiratory infections and encephalitis in Southeast Asia, with case fatality rates ranging from 40% to more than 90%. A new coronavirus emerged in 2012 on the Arabian Peninsula with a clinical syndrome of acute respiratory infections, later designated as Middle East respiratory syndrome (MERS), and an initial case fatality rate of more than 40%. Our current state of knowledge on the pathogenicity of these three severe, emerging viral infections is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25423349á��Safronetz, David
Feldmann, Heinz
de Wit, Emmie
eng
Intramural NIH HHS/
Research Support, N.I.H., Intramural
Review
2014/11/26 06:00
Annu Rev Pathol. 2015;10:449-71. doi: 10.1146/annurev-pathol-012414-040501. Epub 2014 Nov 24.*��1553-4014 (Electronic)
1553-4006 (Linking)���25423349���Laboratory of Virology, Division of Intramural Research, Rocky Mountain Laboratories, National Institute for Allergy and Infectious Diseases, National Institutes of Health, Hamilton, Montana; email: safronetzd@niaid.nih.gov , feldmannh@niaid.nih.gov , emmie.deWit@nih.gov.$��10.1146/annurev-pathol-012414-040501���7��üÒ|ÿî?S������Dutta, P.
Botlani, M.
Varma, S.���2014g��Water Dynamics at Protein-Protein Interfaces: Molecular Dynamics Study of Virus-Host Receptor Complexes	��14795-807
��J Phys Chem B���118���51º��Allosteric Regulation
Crystallography, X-Ray
*Host-Pathogen Interactions
Molecular Dynamics Simulation
Protein Binding
Proteins/*chemistry
*Virus Physiological Phenomena
Water/*chemistry���Dec 26ë��The dynamical properties of water at protein-water interfaces are unlike those in the bulk. Here we utilize molecular dynamics simulations to study water dynamics in interstitial regions between two proteins. We consider two natural protein-protein complexes, one in which the Nipah virus G protein binds to cellular ephrin B2 and the other in which the same G protein binds to ephrin B3. While the two complexes are structurally similar, the two ephrins share only a modest sequence identity of approximately 50%. X-ray crystallography also suggests that these interfaces are fairly extensive and contain exceptionally large amounts of waters. We find that while the interstitial waters tend to occupy crystallographic sites, almost all waters exhibit residence times of less than hundred picoseconds in the interstitial region. We also find that while the differences in the sequence of the two ephrins result in quantitative differences in the dynamics of interstitial waters, the trends in the shifts with respect to bulk values are similar. Despite the high wetness of the protein-protein interfaces, the dynamics of interstitial waters are considerably slower compared to the bulk-the interstitial waters diffuse an order of magnitude slower and have 2-3 fold longer hydrogen bond lifetimes and 2-1000 fold slower dipole relaxation rates. To understand the role of interstitial waters, we examine how implicit solvent models compare against explicit solvent models in producing ephrin-induced shifts in the G conformational density. Ephrin-induced shifts in the G conformational density are critical to the allosteric activation of another viral protein that mediates fusion. We find that in comparison with the explicit solvent model, the implicit solvent model predicts a more compact G-B2 interface, presumably because of the absence of discrete waters at the G-B2 interface. Simultaneously, we find that the two models yield strikingly different induced changes in the G conformational density, even for those residues whose conformational densities in the apo state are unaffected by the treatment of the bulk solvent. Together, these results show that the explicit treatment of interstitial water molecules is necessary for a proper description of allosteric transitions.,��https://www.ncbi.nlm.nih.gov/pubmed/25420132»��Dutta, Priyanka
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Chong, T. T.���2014���Nipah encephalitis - an update���103-11���Med J Malaysia
��69 Suppl A���Augq��Between September 1998 to May 1999, Malaysia and Singapore were hit by an outbreak of fatal encephalitis caused by a novel virus from the paramyxovirus family. This virus was subsequently named as Nipah virus, after the Sungei Nipah village in Negeri Sembilan, where the virus was first isolated. The means of transmission was thought to be from bats-topigs and subsequently pigs-to-human. Since 2001, almost yearly outbreak of Nipah encephalitis has been reported from Bangladesh and West Bengal, India. These outbreaks were characterized by direct bats-to-human, and human-to-human spread of infection. Nipah virus shares many similar characteristics to Hendra virus, first isolated in an outbreak of respiratory illness involving horses in Australia in 1994. Because of their homology, a new genus called Henipavirus (Hendra + Nipah) was introduced. Henipavirus infection is a human disease manifesting most often as acute encephalitis (which may be relapsing or late-onset) or pneumonia, with a high mortality rate. Pteropus bats act as reservoir for the virus, which subsequently lead to human spread. Transmission may be from consumption of food contaminated by bats secretion, contact with infected animals, or human-to-human spread. With wide geographical distribution of Pteropus bats, Henipavirus infection has become an important emerging human infection with worldwide implication.,��https://www.ncbi.nlm.nih.gov/pubmed/25417957b��Sherrini, B A
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Goh, C. C.���2014H��Bibliography of clinical research in malaysia: methods and brief results���4-7���Med J Malaysia
��69 Suppl A���AugO��This article describes the methodology of this bibliography. A search was conducted on the following: (1) bibliographic databases (PubMed, Scopus, and other databases) using search terms that maximize the retrieval of Malaysian publications; (2) Individual journal search of Malaysian healthrelated journals; (3) A targeted search of Google and Google Scholar; (4) Searching of Malaysian institutional repositories; (5) Searching of Ministry of Health and Clinical Research Centre website. The publication years were limited to 2000- 2013. The citations were imported or manually entered into bibliographic software Refworks. After removing duplicates, and correcting data entry errors, PubMed's Medical Subject Headings (MeSH terms) were added. Clinical research is coded using the definition "patient-oriented-research or research conducted with human subjects (or on material of human origin) for which the investigator directly interacts with the human subjects at some point during the study." A bibliography of citations [n=2056] that fit the criteria of clinical research in Malaysia in selected topics within five domains was generated: Cancers [589], Cardiovascular diseases [432], Infections [795], Injuries [142], and Mental Health [582]. This is done by retrieving citations with the appropriate MESH terms, as follow: For cancers (Breast Neoplasms; Colorectal Neoplasms; Uterine Cervical Neoplasms), for cardiovascular diseases (Coronary Disease; Hypertension; Stroke), for infections (Dengue; Enterovirus Infections, HIV Infections; Malaria; Nipah Virus; Tuberculosis), for injuries (Accidents, Occupational; Accidents, Traffic; Child Abuse; Occupational Injuries), for mental health (Depression; Depressive Disorder; Depressive Disorder, Major; Drug Users; Psychotic Disorders; Suicide; Suicide, Attempted; Suicidal Ideation; Substance- Related Disorders).,��https://www.ncbi.nlm.nih.gov/pubmed/25417946q��Teng, C L
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Swine Diseases/blood/*epidemiology/virology���Novî��BACKGROUND: Nipah virus (NiV) is an emerging disease that causes severe encephalitis and respiratory illness in humans. Pigs were identified as an intermediate host for NiV transmission in Malaysia. In Bangladesh, NiV has caused recognized human outbreaks since 2001 and three outbreak investigations identified an epidemiological association between close contact with sick or dead animals and human illness. METHODOLOGY: We examined cattle and goats reared around Pteropus bat roosts in human NiV outbreak areas. We also tested pig sera collected under another study focused on Japanese encephalitis. PRINCIPAL FINDINGS: We detected antibodies against NiV glycoprotein in 26 (6.5%) cattle, 17 (4.3%) goats and 138 (44.2%) pigs by a Luminex-based multiplexed microsphere assay; however, these antibodies did not neutralize NiV. Cattle and goats with NiVsG antibodies were more likely to have a history of feeding on fruits partially eaten by bats or birds (PR=3.1, 95% CI 1.6-5.7) and drinking palmyra palm juice (PR=3.9, 95% CI 1.5-10.2). CONCLUSIONS: This difference in test results may be due to the exposure of animals to one or more novel viruses with antigenic similarity to NiV. Further research may identify a novel organism of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/25412358r��Chowdhury, Sukanta
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Zoonoses/blood/immunology���Nov 18X��Zoonotic transmission of lethal henipaviruses (HNVs) from their natural fruit bat reservoirs to humans has only been reported in Australia and South/Southeast Asia. However, a recent study discovered numerous HNV clades in African bat samples. To determine the potential for HNV spillover events among humans in Africa, here we examine well-curated sets of bat (Eidolon helvum, n = 44) and human (n = 497) serum samples from Cameroon for Nipah virus (NiV) cross-neutralizing antibodies (NiV-X-Nabs). Using a vesicular stomatitis virus (VSV)-based pseudoparticle seroneutralization assay, we detect NiV-X-Nabs in 48% and 3-4% of the bat and human samples, respectively. Seropositive human samples are found almost exclusively in individuals who reported butchering bats for bushmeat. Seropositive human sera also neutralize Hendra virus and Gh-M74a (an African HNV) pseudoparticles, as well as live NiV. Butchering bat meat and living in areas undergoing deforestation are the most significant risk factors associated with seropositivity. Evidence for HNV spillover events warrants increased surveillance efforts.,��https://www.ncbi.nlm.nih.gov/pubmed/25405640í��Pernet, Olivier
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Virus Replication/genetics®��BACKGROUND: Bats are a major reservoir of emerging infectious viruses. Many of these viruses are highly pathogenic to humans however bats remain asymptomatic. The mechanism by which bats control viral replication is unknown. Here we utilize an integrated approach of proteomics informed by transcriptomics to compare the response of immortalized bat and human cells following infection with the highly pathogenic bat-borne Hendra virus (HeV). RESULTS: The host response between the cell lines was significantly different at both the mRNA and protein levels. Human cells demonstrated minimal response eight hours post infection, followed by a global suppression of mRNA and protein abundance. Bat cells demonstrated a robust immune response eight hours post infection, which led to the up-regulation of apoptosis pathways, mediated through the tumor necrosis factor-related apoptosis inducing ligand (TRAIL). HeV sensitized bat cells to TRAIL-mediated apoptosis, by up-regulating death receptor transcripts. At 48 and 72 hours post infection, bat cells demonstrated a significant increase in apoptotic cell death. CONCLUSIONS: This is the first study to comprehensively compare the response of bat and human cells to a highly pathogenic zoonotic virus. An early induction of innate immune processes followed by apoptosis of virally infected bat cells highlights the possible involvement of programmed cell death in the host response. Our study shows for the first time a side-by-side high-throughput analysis of a dangerous zoonotic virus in cell lines derived from humans and the natural bat host. This enables a way to search for divergent mechanisms at a molecular level that may influence host pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/25398248���Wynne, James W
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severe acute respiratory syndrome coronavirus���Jan 7ß��Viruses that originate in bats may be the most notorious emerging zoonoses that spill over from wildlife into domestic animals and humans. Understanding how these infections filter through ecological systems to cause disease in humans is of profound importance to public health. Transmission of viruses from bats to humans requires a hierarchy of enabling conditions that connect the distribution of reservoir hosts, viral infection within these hosts, and exposure and susceptibility of recipient hosts. For many emerging bat viruses, spillover also requires viral shedding from bats, and survival of the virus in the environment. Focusing on Hendra virus, but also addressing Nipah virus, Ebola virus, Marburg virus and coronaviruses, we delineate this cross-species spillover dynamic from the within-host processes that drive virus excretion to land-use changes that increase interaction among species. We describe how land-use changes may affect co-occurrence and contact between bats and recipient hosts. Two hypotheses may explain temporal and spatial pulses of virus shedding in bat populations: episodic shedding from persistently infected bats or transient epidemics that occur as virus is transmitted among bat populations. Management of livestock also may affect the probability of exposure and disease. Interventions to decrease the probability of virus spillover can be implemented at multiple levels from targeting the reservoir host to managing recipient host exposure and susceptibility.,��https://www.ncbi.nlm.nih.gov/pubmed/25392474���Plowright, Raina K
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*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218ì��Yun, Tatyana
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pathology
virology���Jan¶��Viruses cause a wide range of human diseases, ranging from acute self-resolving conditions to acute fatal diseases. Effects that arise long after the primary infection can also increase the propensity for chronic conditions or lead to the development of cancer. Recent advances in the fields of virology and pathology have been fundamental in improving our understanding of viral pathogenesis, in providing improved vaccination strategies and in developing newer, more effective treatments for patients worldwide. The reviews assembled here focus on the interface between virology and pathology and encompass aspects of both the clinical pathology of viral disease and the underlying disease mechanisms. Articles on emerging diseases caused by Ebola virus, Marburg virus, coronaviruses such as SARS and MERS, Nipah virus and noroviruses are followed by reviews of enteroviruses, HIV infection, measles, mumps, human respiratory syncytial virus (RSV), influenza, cytomegalovirus (CMV) and varicella zoster virus (VZV). The issue concludes with a series of articles reviewing the relationship between viruses and cancer, including the role played by Epstein-Barr virus (EBV) in the pathogenesis of lymphoma and carcinoma; how human papillomaviruses (HPVs) are involved in the development of skin cancer; the involvement of hepatitis B virus infection in hepatocellular carcinoma; and the mechanisms by which Kaposi's sarcoma-associated herpesvirus (KSHV) leads to Kaposi's sarcoma. We hope that this collection of articles will be of interest to a wide range of scientists and clinicians at a time when there is a renaissance in the appreciation of the power of pathology as virologists dissect the processes of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/25366544���Herrington, C S
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897{��Johnson, John B
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204~��Zumbrun, E E
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tropism���Jant��Nipah virus is a paramyxovirus in the genus Henipavirus, which has caused outbreaks in humans in Malaysia, India, Singapore, and Bangladesh. Whereas the human cases in Malaysia were characterized mainly by neurological symptoms and a case fatality rate of approximately 40%, cases in Bangladesh also exhibited respiratory disease and had a case fatality rate of approximately 70%. Here, we compared the histopathologic changes in the respiratory tract of Syrian hamsters, a well-established small animal disease model for Nipah virus, inoculated oronasally with Nipah virus isolates from human cases in Malaysia and Bangladesh. The Nipah virus isolate from Bangladesh caused slightly more severe rhinitis and bronchointerstitial pneumonia 2 days after inoculation in Syrian hamsters. By day 4, differences in lesion severity could no longer be detected. Immunohistochemistry demonstrated Nipah virus antigen in the nasal cavity and pulmonary lesions; the amount of Nipah virus antigen present correlated with lesion severity. Immunohistochemistry indicated that both Nipah virus isolates exhibited endotheliotropism in small- and medium-caliber arteries and arterioles, but not in veins, in the lung. This correlated with the location of ephrin B2, the main receptor for Nipah virus, in the vasculature. In conclusion, Nipah virus isolates from outbreaks in Malaysia and Bangladesh caused a similar type and severity of respiratory tract lesions in Syrian hamsters, suggesting that the differences in human disease reported in the outbreaks in Malaysia and Bangladesh are unlikely to have been caused by intrinsic differences in these 2 virus isolates.,��https://www.ncbi.nlm.nih.gov/pubmed/25352203$��Baseler, L
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Pediatrics���Encephalitis is caused by inflammation and/or infection of the brain. It is a important condition in Asian children in whom it is most frequently caused by Japanese encephalitis virus, associated with a considerable burden of disease. Other common causes in Asia include: enteroviruses (especially enterovirus 71), dengue, influenza, the herpesviruses, measles, mumps and rubella viruses. Rabies continues to result in high mortality mostly in Asian children, which represents missed opportunities for prevention. Asia has also seen a number of emerging viral encephalitides including: Nipah, chikungunya, Chandipura and Me Tri viruses. We review the aetiology, epidemiology and outcome of encephalitis in Asian children and identify priorities for public health practice and research.,��https://www.ncbi.nlm.nih.gov/pubmed/25336078���Britton, Philip N
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Hendra Virus/genetics/*immunology
Henipavirus Infections/immunology/*prevention & control
Injections, Intramuscular
Mice
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Rabies virus/*genetics
Vaccination/methods
Vaccines, Attenuated/administration & dosage/genetics/immunology
Vaccines, Inactivated/administration & dosage/genetics/immunology
Vaccines, Synthetic/administration & dosage/genetics/immunology
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Viral Vaccines/administration & dosage/genetics/*immunology���Jan�
�UNLABELLED: The emerging zoonotic pathogens Hendra virus (HeV) and Nipah virus (NiV) are in the genus Henipavirus in the family Paramyxoviridae. HeV and NiV infections can be highly fatal to humans and livestock. The goal of this study was to develop candidate vaccines against henipaviruses utilizing two well-established rhabdoviral vaccine vector platforms, recombinant rabies virus (RABV) and recombinant vesicular stomatitis virus (VSV), expressing either the codon-optimized or the wild-type (wt) HeV glycoprotein (G) gene. The RABV vector expressing the codon-optimized HeV G showed a 2- to 3-fold increase in incorporation compared to the RABV vector expressing wt HeV G. There was no significant difference in HeV G incorporation in the VSV vectors expressing either wt or codon-optimized HeV G. Mice inoculated intranasally with any of these live recombinant viruses showed no signs of disease, including weight loss, indicating that HeV G expression and incorporation did not increase the neurotropism of the vaccine vectors. To test the immunogenicity of the vaccine candidates, we immunized mice intramuscularly with either one dose of the live vaccines or 3 doses of 10 mug chemically inactivated viral particles. Increased codon-optimized HeV G incorporation into RABV virions resulted in higher antibody titers against HeV G compared to inactivated RABV virions expressing wt HeV G. The live VSV vectors induced more HeV G-specific antibodies as well as higher levels of HeV neutralizing antibodies than the RABV vectors. In the case of killed particles, HeV neutralizing serum titers were very similar between the two platforms. These results indicated that killed RABV with codon-optimized HeV G should be the vector of choice as a dual vaccine in areas where rabies is endemic. IMPORTANCE: Scientists have been tracking two new viruses carried by the Pteropid fruit bats: Hendra virus (HeV) and Nipah virus (NiV). Both viruses can be fatal to humans and also pose a serious risk to domestic animals. A recent escalation in the frequency of outbreaks has increased the need for a vaccine that prevents HeV and NiV infections. In this study, we performed an extensive comparison of live and killed particles of two recombinant rhabdoviral vectors, rabies virus and vesicular stomatitis virus (VSV), expressing wild-type or codon-optimized HeV glycoprotein, with the goal of developing a candidate vaccine against HeV. Based on our data from the presented mouse immunogenicity studies, we conclude that a killed RABV vaccine would be highly effective against HeV infections and would make an excellent vaccine candidate in areas where both RABV and henipaviruses pose a threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/25320306^��Kurup, Drishya
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Perrault, J.���2014k��Putative domain-domain interactions in the vesicular stomatitis virus L polymerase protein appendage region���14458-66���J Virol���88���24���Animals
Cell Line
DNA-Directed RNA Polymerases/genetics/*metabolism
Humans
*Protein Interaction Domains and Motifs
Protein Interaction Mapping
*Transcription, Genetic
Vesiculovirus/*enzymology/genetics/*physiology
Viral Proteins/genetics/*metabolism
*Virus Replication���DecÂ
�UNLABELLED: The multidomain polymerase protein (L) of nonsegmented negative-strand (NNS) RNA viruses catalyzes transcription and replication of the virus genome. The N-terminal half of the protein forms a ring-like polymerase structure, while the C-terminal half encoding viral mRNA transcript modifications consists of a flexible appendage with three distinct globular domains. To gain insight into putative transient interactions between L domains during viral RNA synthesis, we exchanged each of the four distinct regions encompassing the appendage region of vesicular stomatitis virus (VSV) Indiana serotype L protein with their counterparts from VSV New Jersey and analyzed effects on virus polymerase activity in a minigenome system. The methyltransferase domain exchange yielded a fully active polymerase protein, which functioned as well as wild-type L in the context of a recombinant virus. Exchange of the downstream C-terminal nonconserved region abolished activity, but coexchanging it with the methyltransferase domain generated a polymerase favoring replicase over transcriptase activity, providing strong evidence of interaction between these two regions. Exchange of the capping enzyme domain or the adjacent nonconserved region thought to function as an "unstructured" linker also abrogated polymerase activity even when either domain was coexchanged with other appendage domains. Further probing of the putative linker segment using in-frame enhanced green fluorescent protein (EGFP) insertions similarly abrogated activity. We discuss the implications of these findings with regard to L protein appendage domain structure and putative domain-domain interactions required for polymerase function. IMPORTANCE: NNS viruses include many well-known human pathogens (e.g., rabies, measles, and Ebola viruses), as well as emerging viral threats (e.g., Nipah and Hendra viruses). These viruses all encode a large L polymerase protein similarly organized into multiple domains that work in concert to enable virus genome transcription and replication. But how the unique L protein carries out the multiplicity of individual steps in these two distinct processes is poorly understood. Using two different approaches, i.e., exchanging individual domains in the C-terminal appendage region of the protein between two closely related VSV serotypes and inserting unrelated protein domains, we shed light on requirements for domain-domain interactions and domain contiguity in polymerase function. These findings further our understanding of the conformational dynamics of NNS L polymerase proteins, which play an essential role in the pathogenic properties of these viruses and represent attractive targets for the development of antiviral measures.,��https://www.ncbi.nlm.nih.gov/pubmed/25297996¥��Ruedas, John B
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Disease
Emerging
Hendra
Horse
Infectious
Pathogenesis
Vaccine
Zoonotic���DecÑ��Hendra virus infection of horses occurred sporadically between 1994 and 2010 as a result of spill-over from the viral reservoir in Australian mainland flying-foxes, and occasional onward transmission to people also followed from exposure to affected horses. An unprecedented number of outbreaks were recorded in 2011 leading to heightened community concern. Release of an inactivated subunit vaccine for horses against Hendra virus represents the first commercially available product that is focused on mitigating the impact of a Biosafety Level 4 pathogen. Through preventing the development of acute Hendra virus disease in horses, vaccine use is also expected to reduce the risk of transmission of infection to people.,��https://www.ncbi.nlm.nih.gov/pubmed/25281398���Middleton, Deborah
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*Virus Internalization���DecÊ��UNLABELLED: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. Drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are notably cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. NiV's attachment (G) and fusion (F) envelope glycoproteins mediate viral binding to the ephrinB2/ephrinB3 cell receptors and virus-cell membrane fusion, respectively. The NiV matrix protein (M) can autonomously induce NiV assembly and budding. Using a beta-lactamase (betaLa) reporter/NiV-M chimeric protein, we produced NiVLPs expressing NiV-G and wild-type or mutant NiV-F on their surfaces. By preloading target cells with the betaLa fluorescent substrate CCF2-AM, we obtained viral entry kinetic curves that correlated with the NiV-F fusogenic phenotypes, validating NiVLPs as suitable viral entry kinetic tools and suggesting overall relatively slower viral entry than cell-cell fusion kinetics. Additionally, the proportions of F and G on individual NiVLPs and the extent of receptor-induced conformational changes in NiV-G were measured via flow virometry, allowing the proper interpretation of the viral entry kinetic phenotypes. The significance of these findings in the viral entry field extends beyond NiV to other paramyxoviruses and enveloped viruses. IMPORTANCE: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. For example, drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are especially cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. Our new tools allowed us the high-throughput measurement of viral entry kinetics, glycoprotein proportions on individual viral particles, and receptor-induced conformational changes in viral glycoproteins on viral surfaces. The significance of these findings extends beyond NiV to other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25275126O��Landowski, Matthew
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Animals
Health Policy
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Risk Assessment
*Risk Management
Socioeconomic Factors���Jul-Sepö��Risk analysis is now widely accepted amongst veterinary authorities and other stakeholders around the world as a conceptual framework for integrating scientific evidence into animal health decision making. The resulting risk management for most diseases primarily involves linking epidemiological understanding with diagnostics and/or vaccines. Recent disease outbreaks such as Nipah virus, SARS, avian influenza H5N1, bluetongue serotype 8 and Schmallenberg virus have led to realising that we need to explicitly take into account the underlying complex interactions between environmental, epidemiological and social factors which are often also spatially and temporally heterogeneous as well as interconnected across affected regions and beyond. A particular challenge is to obtain adequate understanding of the influence of human behaviour and to translate this into effective mechanisms leading to appropriate behaviour change where necessary. Both, the One Health and the ecohealth approaches reflect the need for such a holistic systems perspective, however the current implementation of risk analysis frameworks for animal health and food safety is still dominated by a natural or biomedical perspective of science as is the implementation of control and prevention policies. This article proposes to integrate the risk analysis approach with a risk governance framework which explicitly adds the socio-economic context to policy development and emphasizes the need for organisational change and stakeholder engagement.,��https://www.ncbi.nlm.nih.gov/pubmed/25273958p��Pfeiffer, Dirk U
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Zoonoses/epidemiology/*virology���Oct���More than 1 240 species of bats are known; many of them are insectivorous, others are frugivorous and some american species are haematophagous. More than 100 diferent viruses are associated with these mammals, particularly Rhabdoviridae (Lyssavirus like rabies virus), Paramyxoviridae (like Nipah and Hendra viruses), Filoviridae (Ebola and Marburg viruses) and Coronavirida (viruses causing SARS and MERS). These infections are usually asymptomatic in bats but the mechanism of this tolerance is not yet understood. For those viruses, bats are efficient reservoirs and disseminators. So, they represent a significative risk for human and animal public health, that justifies to set up surveillance of bat-associated viruses and research programs about the particular immunity mechanisms of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/27120912w��Rodhain, Francois
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West Nile Fever/mortality/veterinary
West Nile virus/pathogenicity
Zoonoses/*epidemiology/etiology���Oct¶��Important preventive measures carried out in the herds of domestic animals have found improving the health status of farms, particularly for contagious diseases subject to mandatory declaration and accompanying drastic but necessary eradication measures in infected flocks. However it is more difficult to apply these same biosecurity measures on wildlife that may have been contaminated or not by domestic animals. The growing number of emerging infectious diseases of wildlife may reflect increased vigilance, but most often the result of a change in the ecology of the host, the causative agent or both. So, wildlife may be reservoirs of pathogens that can infect domestic herds again but mostly for the majority of them contaminating humans. This is the case, for example, of West Nile virus (WNV), avian influenza virus, rabies virus, Nipah virus, diseases transmitted by ticks, tuberculosis, brucellosis, hepatitis E or some parasitic zoonoses.,��https://www.ncbi.nlm.nih.gov/pubmed/27120911���Brugere-Picoux, Jeanne
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Virus Attachmentå��Recent reports suggest that some galectins bind to enveloped viruses. They include influenza virus, human immunodeficiency virus-1 (HIV-1), human T-cell leukemia virus-1 (HTLV-1), and Nipah virus. It is also suggested that the interaction between viruses and galectins influences viral attachment to their susceptible cells, affecting the viral infectivity. Our work suggests that galectin-1 increases the infectivity of HIV-1 and HTVL-1. Indeed, galectin-1 promotes the initial adsorption of HIV-1 to CD4(+) cells through its binding to viral envelope gp120 and facilitates HIV-1 infection in a manner that is dependent on its recognition of beta-galactoside residues. Thus, as galectin-1 can be considered as a pattern recognition receptor, HIV-1 exploits this host factor to promote its transmission or replication. In this chapter, we describe methods used to investigate this potential role of galectins in HIV-1 infection as a case in point for future studies on galectin-virus interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/25253155¢��Ouellet, Michel
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zoonotic transmission���JanV��Nipah virus is an emerging virus infection that causes yearly disease outbreaks with high case fatality rates in Bangladesh. Nipah virus causes encephalitis and systemic vasculitis, sometimes in combination with respiratory disease. Pteropus species fruit bats are the natural reservoir of Nipah virus and zoonotic transmission can occur directly or via an intermediate host; human-to-human transmission occurs regularly. In this review we discuss the current state of knowledge on the pathogenesis and transmission of Nipah virus, focusing on dissemination of the virus through its host, known determinants of pathogenicity and routes of zoonotic and human-to-human transmission. Since data from human cases are sparse, this knowledge is largely based on the results of studies performed in animal models that recapitulate Nipah virus disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25229234Ê��de Wit, Emmie
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Zoonoses/virology���Janc��Bats have been found to harbour a number of new emerging viruses with zoonotic potential, and there has been a great deal of interest in identifying novel bat pathogens to determine the risk to human and animal health. Many groups have identified novel viruses in bats by detection of viral nucleic acid; however, virus isolation is still a challenge, and there are few reports of viral isolates from bats. In recent years, our group has developed optimized procedures for virus isolation from bat urine, including the use of primary bat cells. In previous reports, we have described the isolation of Hendra virus, Menangle virus and Cedar virus in Queensland, Australia. Here, we report the isolation of four additional novel bat paramyxoviruses from urine collected from beneath pteropid bat (flying fox) colonies in Queensland and New South Wales during 2009-2011.,��https://www.ncbi.nlm.nih.gov/pubmed/25228492E��Barr, Jennifer
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Zoonoses���Sep 17.��BACKGROUND: Veterinary infection control for the management of Hendra virus (HeV), an emerging zoonosis in Australia, remained suboptimal until 2010 despite 71.4% (5/7) of humans infected with HeV being veterinary personnel or assisting a veterinarian, three of whom died before 2009. The aim of this study was to identify the perceived barriers to veterinary infection control and HeV management in private veterinary practice in Queensland, where the majority of HeV outbreaks have occurred in Australia. RESULTS: Most participants agreed that a number of key factors had contributed to the slow uptake of adequate infection control measures for the management of HeV amongst private veterinarians: a work culture characterised by suboptimal infection control standards and misconceptions about zoonotic risks; a lack of leadership and support from government authorities; the difficulties of managing biosecurity and public health issues from a private workforce perspective; and the slow pattern of emergence of HeV. By 2010, some infection control and HeV management changes had been implemented. Participants interviewed agreed that further improvements remained necessary; but also cautioned that this was a complex process which would require time. CONCLUSION: Private veterinarians and government authorities prior to 2009 were unprepared to handle new slowly emerging zoonoses, which may explain their mismanagement of HeV. Slowly emerging zoonoses may be of low public health significance but of high significance for specialised groups such as veterinarians. Private veterinarians, who are expected to fulfil an active biosecurity and public health role in the frontline management of such emerging zoonoses, need government agencies to better recognise their contribution, to consult with the veterinary profession when devising guidelines for the management of zoonoses and to provide them with greater leadership and support. We propose that specific infection control guidelines for the management of slowly emerging zoonoses in private veterinary settings need to be developed.,��https://www.ncbi.nlm.nih.gov/pubmed/25224910È��Mendez, Diana H
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Personal protective equipment���Nov 1¸��Following the emergence of Hendra virus (HeV), private veterinarians have had to adopt additional infection control strategies to manage this zoonosis. Between 1994 and 2010, seven people became infected with HeV, four fatally. All infected people were at a higher risk of exposure from contact with horses as they were either veterinary personnel, assisting veterinarians, or working in the horse industry. The management of emerging zoonoses is best approached from a One Health perspective as it benefits biosecurity as well as a public health, including the health of those most at risk, in this case private veterinarians. In 2011 we conducted a cross-sectional study of private veterinarians registered in Queensland and providing veterinary services to horses. The aim of this study was to gauge if participants had adopted recommendations for improved infection control, including the use of personal protective equipment (PPE), and the development of HeV specific management strategies during the winter of 2011. A majority of participants worked in practices that had a formal HeV management plan, mostly based on the perusal of official guidelines and an HeV field kit. The use of PPE increased as the health status of an equine patient decreased, demonstrating that many participants evaluated the risk of exposure to HeV appropriately; while others remained at risk of HeV infection by not using the appropriate PPE even when attending a sick horse. This study took place after Biosecurity Queensland had sent a comprehensive package about HeV management to all private veterinarians working in Queensland. However, those who had previous HeV experience through the management of suspected cases or had attended a HeV specific professional education programme in the previous 12 months were more likely to use PPE than those who had not. This may indicate that for private veterinarians in Queensland personal experience and face-to-face professional education sessions may be more effective in the improvement of HeV management than passive education via information packages. The role of different education pathways in the sustainable adoption of veterinary infection control measures should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/25175674Ê��Mendez, Diana
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Viral Envelope Proteins/*metabolism���Oct/	�Henipaviruses are associated with pteropodid reservoir hosts. The glycoproteins G and F of an African henipavirus (strain M74) have been reported to induce syncytium formation in kidney cells derived from a Hypsignathus monstrosus bat (HypNi/1.1) but not in nonchiropteran BHK-21 and Vero76 cells. Here, we show that syncytia are also induced in two other pteropodid cell lines from Hypsignathus monstrosus and Eidolon helvum bats upon coexpression of the M74 glycoproteins. The G protein was transported to the surface of transfected chiropteran cells, whereas surface expression in the nonchiropteran cells was detectable only in a fraction of cells. In contrast, the G protein of Nipah virus is transported efficiently to the surface of both chiropteran and nonchiropteran cells. Even in chiropteran cells, M74-G was predominantly expressed in the endoplasmic reticulum (ER), as indicated by colocalization with marker proteins. This result is consistent with the finding that all N-glycans of the M74-G proteins are of the mannose-rich type, as indicated by sensitivity to endo H treatment. These data indicate that the surface transport of M74-G is impaired in available cell culture systems, with larger amounts of viral glycoprotein present on chiropteran cells than on nonchiropteran cells. The restricted surface expression of M74-G explains the reduced fusion activity of the glycoproteins of the African henipavirus. Our results suggest strategies for the isolation of infectious viruses, which is necessary to assess the risk of zoonotic virus transmission. Importance: Henipaviruses are highly pathogenic zoonotic viruses associated with pteropodid bat hosts. Whether the recently described African bat henipaviruses have a zoonotic potential as high as that of their Asian and Australian relatives is unknown. We show that surface expression of the attachment protein G of an African henipavirus, M74, is restricted in comparison to the G protein expression of the highly pathogenic Nipah virus. Transport to the cell surface is more restricted in nonchiropteran cells than it is in chiropteran cells, explaining the differential fusion activity of the M74 surface proteins in these cells. Our results imply that surface expression of viral glycoproteins may serve as a major marker to assess the zoonotic risk of emerging henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25100832���Kruger, Nadine
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Tropical medicine���Aug 7°��The recent onset of epidemics caused by viruses such as Ebola, Marburg, Nipah, Lassa, coronavirus, West-Nile encephalitis, Saint Louis encephalitis, human immunodeficiency virus, dengue, yellow fever and Venezuelan hemorrhagic fever alerts about the risk these agents represent for the global health. Chikungunya virus represents a new threat. Surged from remote African regions, this virus has become endemic in the Indic ocean basin, the Indian subcontinent and the southeast of Asia, causing serious epidemics in Africa, Indic Ocean Islands, Asia and Europe. Due to their epidemiological and biological features and the global presence of their vectors, chikungunya represents a serious menace and could become endemic in the Americas. Although chikungunya infection has a low mortality rate, its high attack ratio may collapse the health system during epidemics affecting a sensitive population. In this paper, we review the clinical and epidemiological features of chikungunya fever as well as the risk of its introduction into the Americas. We remark the importance of the epidemiological control and mosquitoes fighting in order to prevent this disease from being introduced into the Americas.,��https://www.ncbi.nlm.nih.gov/pubmed/25087211£��Montero, Antonio
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Virus Replication���Jul 25���Containment level 4 (CL4) laboratories studying biosafety level 4 viruses are under strict regulations to conduct nonhuman primate (NHP) studies in compliance of both animal welfare and biosafety requirements. NHPs housed in open-barred cages raise concerns about cross-contamination between animals, and accidental exposure of personnel to infectious materials. To address these concerns, two NHP experiments were performed. One examined the simultaneous infection of 6 groups of NHPs with 6 different viruses (Machupo, Junin, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, Nipah and Hendra viruses). Washing personnel between handling each NHP group, floor to ceiling biobubble with HEPA filter, and plexiglass between cages were employed for partial primary containment. The second experiment employed no primary containment around open barred cages with Ebola virus infected NHPs 0.3 meters from naive NHPs. Viral antigen-specific ELISAs, qRT-PCR and TCID50 infectious assays were utilized to determine antibody levels and viral loads. No transmission of virus to neighbouring NHPs was observed suggesting limited containment protocols are sufficient for multi-viral CL4 experiments within one room. The results support the concept that Ebola virus infection is self-contained in NHPs infected intramuscularly, at least in the present experimental conditions, and is not transmitted to naive NHPs via an airborne route.,��https://www.ncbi.nlm.nih.gov/pubmed/250594780��Alimonti, Judie
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Viral Structural Proteins/metabolism���Jul 9ÿ��The cytosolic sensor MDA5 is crucial for antiviral innate immune defense against various RNA viruses including measles virus; as such, many viruses have evolved strategies to antagonize the antiviral activity of MDA5. Here, we show that measles virus escapes MDA5 detection by targeting the phosphatases PP1alpha and PP1gamma, which regulate MDA5 activity by removing an inhibitory phosphorylation mark. The V proteins of measles virus and the related paramyxovirus Nipah virus interact with PP1alpha/gamma, preventing PP1-mediated dephosphorylation of MDA5 and thereby its activation. The PP1 interaction with the measles V protein is mediated by a conserved PP1-binding motif in the C-terminal region of the V protein. A recombinant measles virus expressing a mutant V protein deficient in PP1 binding is unable to antagonize MDA5 and is growth impaired due to its inability to suppress interferon induction. This identifies PP1 antagonism as a mechanism employed by paramyxoviruses for evading innate immune recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/25011105'��Davis, Meredith E
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Urine Specimen Collection���Sep���Flying-foxes (pteropid bats) are the natural host of Hendra virus, a recently emerged zoonotic virus responsible for mortality or morbidity in horses and humans in Australia since 1994. Previous studies have suggested physiological and ecological risk factors for infection in flying-foxes, including physiological stress. However, little work has been done measuring and interpreting stress hormones in flying-foxes. Over a 12-month period, we collected pooled urine samples from underneath roosting flying-foxes, and urine and blood samples from captured individuals. Urine and plasma samples were assayed for cortisol using a commercially available enzyme immunoassay. We demonstrated a typical post-capture stress response in flying-foxes, established urine specific gravity as an attractive alternative to creatinine to correct urine concentration, and established population-level urinary cortisol ranges (and geometric means) for the four Australian species: Pteropus alecto 0.5-305.1 ng/mL (20.1 ng/mL); Pteropus conspicillatus 0.3-370.9 ng/mL (18.9 ng/mL); Pteropus poliocephalus 0.3-311.3 ng/mL (10.1 ng/mL); Pteropus scapulatus 5.2-205.4 ng/mL (40.7 ng/mL). Geometric means differed significantly except for P. alecto and P. conspicillatus. Our approach is methodologically robust, and has application both as a research or clinical tool for flying-foxes, and for other free-living colonial wildlife species.,��https://www.ncbi.nlm.nih.gov/pubmed/24990534²��McMichael, Lee A
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Zoonoses���Oct«��Evolving land use practices have led to an increase in interactions at the human/wildlife interface. The presence and poor knowledge of zoonotic pathogens in India's wildlife and the occurrence of enormous human populations interfacing with, and critically linked to, forest ecosystems warrant attention. Factors such as diverse migratory bird populations, climate change, expanding human population and shrinking wildlife habitats play a significant role in the emergence and re-emergence of zoonotic pathogens from India's wildlife. The introduction of a novel Kyasanur forest disease virus (family flaviviridae) into human populations in 1957 and subsequent occurrence of seasonal outbreaks illustrate the key role that India's wild animals play in the emergence and reemergence of zoonotic pathogens. Other high priority zoonotic diseases of wildlife origin which could affect both livestock and humans include influenza, Nipah, Japanese encephalitis, rabies, plague, leptospirosis, anthrax and leishmaniasis. Continuous monitoring of India's extensively diverse and dispersed wildlife is challenging, but their use as indicators should facilitate efficient and rapid disease-outbreak response across the region and occasionally the globe. Defining and prioritizing research on zoonotic pathogens in wildlife are essential, particularly in a multidisciplinary one-world one-health approach which includes human and veterinary medical studies at the wildlife-livestock-human interfaces. This review indicates that wild animals play an important role in the emergence and re-emergence of zoonotic pathogens and provides brief summaries of the zoonotic diseases that have occurred in wild animals in India.,��https://www.ncbi.nlm.nih.gov/pubmed/24983511���Singh, B B
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Viral Load���Jun 25ù��Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes severe and often fatal disease in pigs and humans. There are currently no vaccines or treatments approved for human use. Studies in small-animal models of NiV infection suggest that antibody therapy may be a promising treatment. However, most studies have assessed treatment at times shortly after virus exposure before animals show signs of disease. We assessed the efficacy of a fully human monoclonal antibody, m102.4, at several time points after virus exposure including at the onset of clinical illness in a uniformly lethal nonhuman primate model of NiV disease. Sixteen African green monkeys (AGMs) were challenged intratracheally with a lethal dose of NiV, and 12 animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days after virus challenge and again about 2 days later. The presence of viral RNA, infectious virus, and/or NiV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 after infection. AGMs in the day 5 treatment group exhibited clinical signs of disease, but all animals recovered by day 16. These results represent the successful therapeutic in vivo efficacy by an investigational drug against NiV in a nonhuman primate and highlight the potential impact that a monoclonal antibody can have on a highly pathogenic zoonotic human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24964990n��Geisbert, Thomas W
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Risk Factors���Hendra virus causes sporadic but typically fatal infection in horses and humans in eastern Australia. Fruit-bats of the genus Pteropus (commonly known as flying-foxes) are the natural host of the virus, and the putative source of infection in horses; infected horses are the source of human infection. Effective treatment is lacking in both horses and humans, and notwithstanding the recent availability of a vaccine for horses, exposure risk mitigation remains an important infection control strategy. This study sought to inform risk mitigation by identifying spatial and environmental risk factors for equine infection using multiple analytical approaches to investigate the relationship between plausible variables and reported Hendra virus infection in horses. Spatial autocorrelation (Global Moran's I) showed significant clustering of equine cases at a distance of 40 km, a distance consistent with the foraging 'footprint' of a flying-fox roost, suggesting the latter as a biologically plausible basis for the clustering. Getis-Ord Gi* analysis identified multiple equine infection hot spots along the eastern Australia coast from far north Queensland to central New South Wales, with the largest extending for nearly 300 km from southern Queensland to northern New South Wales. Geographically weighted regression (GWR) showed the density of P. alecto and P. conspicillatus to have the strongest positive correlation with equine case locations, suggesting these species are more likely a source of infection of Hendra virus for horses than P. poliocephalus or P. scapulatus. The density of horses, climate variables and vegetation variables were not found to be a significant risk factors, but the residuals from the GWR suggest that additional unidentified risk factors exist at the property level. Further investigations and comparisons between case and control properties are needed to identify these local risk factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24936789Ï��Smith, Craig
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Social sciences���Marg��This article contributes to the literature on One Health and public health ethics by expanding the principle of solidarity. We conceptualise solidarity to encompass not only practices intended to assist other people, but also practices intended to assist non-human others, including animals, plants, or places. To illustrate how manifestations of humanist and more-than-human solidarity may selectively complement one another, or collide, recent responses to Hendra virus in Australia and Rabies virus in Canada serve as case examples. Given that caring relationships are foundational to health promotion, people's efforts to care for non-human others are highly relevant to public health, even when these efforts conflict with edicts issued in the name of public health. In its most optimistic explication, One Health aims to attain optimal health for humans, non-human animals and their shared environments. As a field, public health ethics needs to move beyond an exclusive preoccupation with humans, so as to account for moral complexity arising from people's diverse connections with places, plants, and non-human animals.,��https://www.ncbi.nlm.nih.gov/pubmed/24919648´��Rock, Melanie J
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Nipah Virus/*isolation & purification���Jun 2���BACKGROUND: Nipah virus and Hendra virus are closely related and following natural or experimental exposure induce similar clinical disease. In humans, encephalitis is the most serious outcome of infection and, hitherto, research into the pathogenesis of henipavirus encephalitis has been limited by the lack of a suitable model. Recently we reported a wild-type mouse model of Hendra virus (HeV) encephalitis that should facilitate detailed investigations of its neuropathogenesis, including mechanisms of disease recrudescence. In this study we investigated the possibility of developing a similar model of Nipah virus encephalitis. FINDINGS: Aged and young adult wild type mice did not develop clinical disease including encephalitis following intranasal exposure to either the Malaysia (NiV-MY) or Bangladesh (NiV-BD) strains of Nipah virus. However viral RNA was detected in lung tissue of mice at euthanasia (21 days following exposure) accompanied by a non-neutralizing antibody response. In a subsequent time course trial this viral RNA was shown to be reflective of an earlier self-limiting and subclinical lower respiratory tract infection through successful virus re-isolation and antigen detection in lung. There was no evidence for viremia or infection of other organs, including brain. CONCLUSIONS: Mice develop a subclinical self-limiting lower respiratory tract infection but not encephalitis following intranasal exposure to NiV-BD or NiV-MY. These results contrast with those reported for HeV under similar exposure conditions in mice, demonstrating a significant biological difference in host clinical response to exposure with these viruses. This finding provides a new platform from which to explore the viral and/or host factors that determine the neuroinvasive ability of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24890603Ö��Dups, Johanna
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gag Gene Products, Human Immunodeficiency Virus/immunology���Aug���UNLABELLED: Human immunodeficiency virus type 1 (HIV-1) exploits dendritic cells (DCs) to promote its transmission to T cells. We recently reported that the capture of HIV-1 by mature dendritic cells (MDCs) is mediated by an interaction between the glycosphingolipid (GSL) GM3 on virus particles and CD169/Siglec-1 on MDCs. Since HIV-1 preferentially buds from GSL-enriched lipid microdomains on the plasma membrane, we hypothesized that the virus assembly and budding site determines the ability of HIV-1 to interact with MDCs. In support of this hypothesis, mutations in the N-terminal basic domain (29/31KE) or deletion of the membrane-targeting domain of the HIV-1 matrix (MA) protein that altered the virus assembly and budding site to CD63(+)/Lamp-1-positive intracellular compartments resulted in lower levels of virion incorporation of GM3 and attenuation of virus capture by MDCs. Furthermore, MDC-mediated capture and transmission of MA mutant viruses to T cells were decreased, suggesting that HIV-1 acquires GSLs via budding from the plasma membrane to access the MDC-dependent trans infection pathway. Interestingly, MDC-mediated capture of Nipah and Hendra virus (recently emerged zoonotic paramyxoviruses) M (matrix) protein-derived virus-like particles that bud from GSL-enriched plasma membrane microdomains was also dependent on interactions between virion-incorporated GSLs and CD169. Moreover, capture and transfer of Nipah virus envelope glycoprotein-pseudotyped lentivirus particles by MDCs were severely attenuated upon depletion of GSLs from virus particles. These results suggest that GSL incorporation into virions is critical for the interaction of diverse enveloped RNA viruses with DCs and that the GSL-CD169 recognition nexus might be a conserved viral mechanism of parasitization of DC functions for systemic virus dissemination. IMPORTANCE: Dendritic cells (DCs) can capture HIV-1 particles and transfer captured virus particles to T cells without establishing productive infection in DCs, a mechanism of HIV-1 trans infection. We have recently identified CD169-mediated recognition of GM3, a host-derived glycosphingolipid (GSL) incorporated into the virus particle membrane, as the receptor and ligand for the DC-HIV trans infection pathway. In this study, we have identified the matrix (MA) domain of Gag to be the viral determinant that governs incorporation of GM3 into HIV-1 particles, a previously unappreciated function of the HIV-1 MA. In addition, we demonstrate that the GSL-CD169-dependent trans infection pathway is also utilized as a dissemination mechanism by henipaviruses. GSL incorporation in henipaviruses was also dependent on the viral capsid (M) protein-directed assembly and budding from GSL-enriched lipid microdomains. These findings provide evidence of a conserved mechanism of retrovirus and henipavirus parasitization of cell-to-cell recognition pathways for systemic virus dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/24872578¿��Akiyama, Hisashi
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Zoonoses/epidemiology/*transmission/*virology���May 16Û��Bat-borne viruses can pose a serious threat to human health, with examples including Nipah virus (NiV) in Bangladesh and Malaysia, and Marburg virus (MARV) in Africa. To date, significant human outbreaks of such viruses have not been reported in the European Union (EU). However, EU countries have strong historical links with many of the countries where NiV and MARV are present and a corresponding high volume of commercial trade and human travel, which poses a potential risk of introduction of these viruses into the EU. In assessing the risks of introduction of these bat-borne zoonotic viruses to the EU, it is important to consider the location and range of bat species known to be susceptible to infection, together with the virus prevalence, seasonality of viral pulses, duration of infection and titre of virus in different bat tissues. In this paper, we review the current scientific knowledge of all these factors, in relation to the introduction of NiV and MARV into the EU.,��https://www.ncbi.nlm.nih.gov/pubmed/24841385Î��Simons, Robin R L
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Virus Assembly���May���Newly synthesized envelope glycoproteins of neuroinvasive viruses can be sorted in a polarized manner to the somatodendritic and/or axonal domains of neurons. Although critical for transneuronal spread of viruses, the molecular determinants and interregulation of this process are largely unknown. We studied the polarized sorting of the attachment (NiV-G) and fusion (NiV-F) glycoproteins of Nipah virus (NiV), a paramyxovirus that causes fatal human encephalitis, in rat hippocampal neurons. When expressed individually, NiV-G exhibited a non-polarized distribution, whereas NiV-F was specifically sorted to the somatodendritic domain. Polarized sorting of NiV-F was dependent on interaction of tyrosine-based signals in its cytosolic tail with the clathrin adaptor complex AP-1. Co-expression of NiV-G with NiV-F abolished somatodendritic sorting of NiV-F due to incorporation of NiV-G*NiV-F complexes into axonal transport carriers. We propose that faster biosynthetic transport of unassembled NiV-F allows for its proteolytic activation in the somatodendritic domain prior to association with NiV-G and axonal delivery of NiV-G*NiV-F complexes. Our study reveals how interactions of viral glycoproteins with the host's transport machinery and between themselves regulate their polarized sorting in neurons.,��https://www.ncbi.nlm.nih.gov/pubmed/24831812ö��Mattera, Rafael
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Viral Matrix Proteins/*metabolism���Membrane envelopment and budding of negative strand RNA viruses (NSVs) is mainly driven by viral matrix proteins (M). In addition, several M proteins are also known to be involved in host cell manipulation. Knowledge about the cellular targets and detailed molecular mechanisms, however, is poor for many M proteins. For instance, Nipah Virus (NiV) M protein trafficking through the nucleus is essential for virus release, but nuclear targets of NiV M remain unknown. To identify cellular interactors of henipavirus M proteins, tagged Hendra Virus (HeV) M proteins were expressed and M-containing protein complexes were isolated and analysed. Presence of acidic leucine-rich nuclear phosphoprotein 32 family member B (ANP32B) in the complex suggested that this protein represents a direct or indirect interactor of the viral matrix protein. Over-expression of ANP32B led to specific nuclear accumulation of HeV M, providing a functional link between ANP32B and M protein. ANP32B-dependent nuclear accumulation was observed after plasmid-driven expression of HeV and NiV matrix proteins and also in NiV infected cells. The latter indicated that an interaction of henipavirus M protein with ANP32B also occurs in the context of virus replication. From these data we conclude that ANP32B is a nuclear target of henipavirus M that may contribute to virus replication. Potential effects of ANP32B on HeV nuclear shuttling and host cell manipulation by HeV M affecting ANP32B functions in host cell survival and gene expression regulation are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/24823948B��Bauer, Anja
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zoonotic disease���Apr 1æ��1. Flying foxes Pteropus spp. play a key role in forest regeneration as seed dispersers and are also the reservoir of many viruses, including Nipah virus in Bangladesh. Little is known about their habitat requirements, particularly in South Asia. Identifying Pteropus habitat preferences could assist in understanding the risk of zoonotic disease transmission broadly, and in Bangladesh, could help explain the spatial distribution of human Nipah virus cases. 2. We analysed characteristics of Pteropus giganteus roosts and constructed an ecological niche model to identify suitable habitat in Bangladesh. We also assessed the distribution of suitable habitat in relation to the location of human Nipah virus cases. 3. Compared to non-roost trees, P. giganteus roost trees are taller with larger diameters, and are more frequently canopy trees. Colony size was larger in densely forested regions and smaller in flood-affected areas. Roosts were located in areas with lower annual precipitation and higher human population density than non-roost sites. 4. We predicted that 2-17% of Bangladesh's land area is suitable roosting habitat. Nipah virus outbreak villages were 2.6 times more likely to be located in areas predicted as highly suitable habitat for P. giganteus compared to non-outbreak villages. 5. Synthesis and applications. Habitat suitability modelling may help identify previously undocumented Nipah outbreak locations and improve our understanding of Nipah virus ecology by highlighting regions where there is suitable bat habitat but no reported human Nipah virus. Conservation and public health education is a key component of P. giganteus management in Bangladesh due to the general misunderstanding and fear of bats that are a reservoir of Nipah virus. Affiliation between Old World fruit bats (Pteropodidae) and people is common throughout their range, and in order to conserve these keystone bat species and prevent emergence of zoonotic viruses, it is imperative that we continue to improve our understanding of Pteropus resource requirements and routes of virus transmission from bats to people. Results presented here can be utilized to develop land management strategies and conservation policies that simultaneously protect fruit bats and public health.,��https://www.ncbi.nlm.nih.gov/pubmed/24778457ñ��Hahn, Micah B
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health behaviour���Decü��Drinking raw date palm sap contaminated with infected fruit bat saliva or urine is an important mode of Nipah virus transmission to humans in Bangladesh. Bamboo skirts are an effective way to interrupt bat access to the sap. We conducted a study from November 2008 to March 2009 to explore the effectiveness of higher- and lower-intensity interventions by promoting bamboo skirt preparation and use among sap harvesters (gachhis). We spent 280 person-hours in two villages for the higher-intensity intervention and half that amount of time in two other villages for the lower-intensity intervention. To evaluate the interventions we followed up all gachhis once a month for three months. A high percentage of gachhis (83% in higher-, 65% in lower-intensity interventions) prepared and used a skirt of bamboo or other materials - jute stalk, dhoincha (Sesbania aculeata), or polythene - at least once after intervention. In general, 15% of gachhis consistently used skirts throughout the sap collection season. The intensive nature of this intervention is very expensive for a large-scale programme. Future efforts should focus on developing a low-cost behaviour change intervention and evaluate if it reduces the human exposure to potentially contaminated fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/24755262y��Nahar, Nazmun
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West Nile Fever/*epidemiology���JunJ��PURPOSE OF REVIEW: This review aims to describe new features on the epidemiology of encephalitis world-wide. As this neurological presentation is most frequently related to transmitted viruses, surveillance of encephalitis is of major importance to detect their emergence or re-emergence. RECENT FINDINGS: Rabies causes one of the most severe types of encephalitis as it is lethal in all cases, and it is endemic in some countries. It was thought that the virus had been eradicated in Western Europe, but it re-emerged in Greece and Italy. Physicians should be aware of this diagnosis in the case of severe encephalitis. Some viruses (Powassan, Nipah, and Hendra) are becoming endemic in some new parts of the world (USA and Australia). Because of their severity, they are healthcare concerns in those countries and for travelers (e.g. in Asia). Finally, a concept is emerging: herpes simplex virus is suspected to be a trigger for autoimmune encephalitis. This is of major importance for the future management of patients (corticosteroids early in the course of the disease?), and the epidemiology of sequelae. SUMMARY: Encephalitis is a good marker for the detection of emerging infections. New findings about the relationship between herpes simplex virus encephalitis and autoimmune encephalitis open a new concept for a better management of patients.,��https://www.ncbi.nlm.nih.gov/pubmed/24751960���Stahl, Jean-Paul
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metabolic rate���May±��Bats are sources of high viral diversity and high-profile zoonotic viruses worldwide. Although apparently not pathogenic in their reservoir hosts, some viruses from bats severely affect other mammals, including humans. Examples include severe acute respiratory syndrome coronaviruses, Ebola and Marburg viruses, and Nipah and Hendra viruses. Factors underlying high viral diversity in bats are the subject of speculation. We hypothesize that flight, a factor common to all bats but to no other mammals, provides an intensive selective force for coexistence with viral parasites through a daily cycle that elevates metabolism and body temperature analogous to the febrile response in other mammals. On an evolutionary scale, this host-virus interaction might have resulted in the large diversity of zoonotic viruses in bats, possibly through bat viruses adapting to be more tolerant of the fever response and less virulent to their natural hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24750692���O'Shea, Thomas J
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Virus Replication/*drug effects/physiology���Apr´��Nipah virus is a biosafety level 4 (BSL-4) pathogen that causes severe respiratory illness and encephalitis in humans. To identify novel small molecules that target Nipah virus replication as potential therapeutics, Southern Research Institute and Galveston National Laboratory jointly developed an automated high-throughput screening platform that is capable of testing 10,000 compounds per day within BSL-4 biocontainment. Using this platform, we screened a 10,080-compound library using a cell-based, high-throughput screen for compounds that inhibited the virus-induced cytopathic effect. From this pilot effort, 23 compounds were identified with EC50 values ranging from 3.9 to 20.0 muM and selectivities >10. Three sulfonamide compounds with EC50 values <12 muM were further characterized for their point of intervention in the viral replication cycle and for broad antiviral efficacy. Development of HTS capability under BSL-4 containment changes the paradigm for drug discovery for highly pathogenic agents because this platform can be readily modified to identify prophylactic and postexposure therapeutic candidates against other BSL-4 pathogens, particularly Ebola, Marburg, and Lassa viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24735442,��Tigabu, Bersabeh
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flying foxes���Jun,��CASE SERIES: Between 2006 and 2012, there were 11 horses diagnosed with Hendra virus (HeV) on 9 independent premises in New South Wales (NSW). We defined a case of HeV as premises where one or more horses were confirmed to be infected with HeV by PCR. All the cases occurred in the north-eastern region of NSW. In 8 of the 9 cases, infection occurred within 2 months over the winter of 2011. With no exception, the affected horses were kept at pasture on properties visited by flying foxes. Of the 11 horses testing positive for HeV, 5 had an association with a fence, with the horses dead or dying on a fence line. In the majority of cases, disease was an acute illness leading to death within 48 h. When signs of disease were observed, neurological signs predominated. There was limited spread to in-contact horses, with only two properties having more than one horse affected. There was significant variation in the sampling strategies undertaken by veterinarians. CONCLUSION: Caution is needed to interpret a negative diagnosis when only swabs have been collected.,��https://www.ncbi.nlm.nih.gov/pubmed/24730376®��Ball, M C
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Zoonoses/virology���Apr 3���Poxviruses are important pathogens of man and numerous domestic and wild animal species. Cross species (including zoonotic) poxvirus infections can have drastic consequences for the recipient host. Bats are a diverse order of mammals known to carry lethal viral zoonoses such as Rabies, Hendra, Nipah, and SARS. Consequent targeted research is revealing bats to be infected with a rich diversity of novel viruses. Poxviruses were recently identified in bats and the settings in which they were found were dramatically different. Here, we review the natural history of poxviruses in bats and highlight the relationship of the viruses to each other and their context in the Poxviridae family. In addition to considering the zoonotic potential of these viruses, we reflect on the broader implications of these findings. Specifically, the potential to explore and exploit this newfound relationship to study coevolution and cross species transmission together with fundamental aspects of poxvirus host tropism as well as bat virology and immunology.,��https://www.ncbi.nlm.nih.gov/pubmed/24704730~��Baker, Kate S
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*Respiratory Mucosa/metabolism/pathology/virology���Apr ��Nipah virus (NiV) is a member of the genus Henipavirus (family Paramyxoviridae) that causes severe and often lethal respiratory illness and encephalitis in humans with high mortality rates (up to 92%). NiV can cause Acute Lung Injury (ALI) in humans, and human-to-human transmission has been observed in recent outbreaks of NiV. While the exact route of transmission to humans is not known, we have previously shown that NiV can efficiently infect human respiratory epithelial cells. The molecular mechanisms of NiV-associated ALI in the human respiratory tract are unknown. Thus, there is an urgent need for models of henipavirus infection of the human respiratory tract to study the pathogenesis and understand the host responses. Here, we describe a novel human lung xenograft model in mice to study the pathogenesis of NiV. Following transplantation, human fetal lung xenografts rapidly graft and develop mature structures of adult lungs including cartilage, vascular vessels, ciliated pseudostratified columnar epithelium, and primitive "air" spaces filled with mucus and lined by cuboidal to flat epithelium. Following infection, NiV grows to high titers (10(7) TCID50/gram lung tissue) as early as 3 days post infection (pi). NiV targets both the endothelium as well as respiratory epithelium in the human lung tissues, and results in syncytia formation. NiV infection in the human lung results in the production of several cytokines and chemokines including IL-6, IP-10, eotaxin, G-CSF and GM-CSF on days 5 and 7 pi. In conclusion, this study demonstrates that NiV can replicate to high titers in a novel in vivo model of the human respiratory tract, resulting in a robust inflammatory response, which is known to be associated with ALI. This model will facilitate progress in the fundamental understanding of henipavirus pathogenesis and virus-host interactions; it will also provide biologically relevant models for other respiratory viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24699832,��Valbuena, Gustavo
Halliday, Hailey
Borisevich, Viktoriya
Goez, Yenny
Rockx, Barry
eng
U54 AI057156/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2014/04/05 06:00
PLoS Pathog. 2014 Apr 3;10(4):e1004063. doi: 10.1371/journal.ppat.1004063. eCollection 2014 Apr.*��1553-7374 (Electronic)
1553-7366 (Linking)
��PMC3974875���24699832¨��Department of Pathology, University of Texas Medical Branch, Galveston, Texas, United States of America; Institute of Human Infections and Immunity, University of Texas Medical Branch, Galveston, Texas, United States of America.
Department of Pathology, University of Texas Medical Branch, Galveston, Texas, United States of America.
Department of Pathology, University of Texas Medical Branch, Galveston, Texas, United States of America; Institute of Human Infections and Immunity, University of Texas Medical Branch, Galveston, Texas, United States of America; Department Microbiology & Immunology, University of Texas Medical Branch, Galveston, Texas, United States of America.���10.1371/journal.ppat.1004063������þÒtÿî?����*��Lo, M. K.
Nichol, S. T.
Spiropoulou, C. F.���2014d��Evaluation of luciferase and GFP-expressing Nipah viruses for rapid quantitative antiviral screening���53-60
��Antiviral Res���106@��Animals
Antiviral Agents/*isolation & purification/pharmacology
Cell Line
Drug Evaluation, Preclinical/*methods
*Genes, Reporter
Humans
Luciferases, Renilla/*analysis/genetics
Luminescent Measurements
Nipah Virus/*drug effects/genetics
Antiviral screening
Gfp
Henipavirus
High-throughput screening
Luciferase
Nipah virus���Jun���Nipah virus (NiV) outbreaks have occurred in Malaysia, India, and Bangladesh, and the virus continues to cause annual outbreaks of fatal human encephalitis in Bangladesh due to spillover from its bat host reservoir. Due to its high pathogenicity, its potential use for bio/agro-terrorism, and to the current lack of approved therapeutics, NiV is designated as an overlap select agent requiring biosafety level-4 containment. Although the development of therapeutic monoclonal antibodies and soluble protein subunit vaccines have shown great promise, the paucity of effective antiviral drugs against NiV merits further exploration of compound libraries using rapid quantitative antiviral assays. As a proof-of-concept study, we evaluated the use of fluorescent and luminescent reporter NiVs for antiviral screening. We constructed and rescued NiVs expressing either Renilla luciferase or green fluorescent protein, and characterized their reporter signal kinetics in different cell types as well as in the presence of several inhibitors. The 50% effective concentrations (EC50s) derived for inhibitors against both reporter viruses are within range of EC50s derived from virus yield-based dose-response assays against wild-type NiV (within 1Log10), thus demonstrating that both reporter NiVs can serve as robust antiviral screening tools. Utilizing these live NiV-based reporter assays requires modest instrumentation, and circumvents the time and labor-intensive steps associated with cytopathic effect or viral antigen-based assays. These reporter NiVs will not only facilitate antiviral screening, but also the study of host cell components that influence the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24680955Ð��Lo, Michael K
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Vero Cells/virology���Mar���Hendra virus (HeV), a highly pathogenic zoonotic paramyxovirus recently emerged from bats, is a major concern to the horse industry in Australia. Previous research has shown that higher temperatures led to lower virus survival rates in the laboratory. We develop a model of survival of HeV in the environment as influenced by temperature. We used 20 years of daily temperature at six locations spanning the geographic range of reported HeV incidents to simulate the temporal and spatial impacts of temperature on HeV survival. At any location, simulated virus survival was greater in winter than in summer, and in any month of the year, survival was higher in higher latitudes. At any location, year-to-year variation in virus survival 24 h post-excretion was substantial and was as large as the difference between locations. Survival was higher in microhabitats with lower than ambient temperature, and when environmental exposure was shorter. The within-year pattern of virus survival mirrored the cumulative within-year occurrence of reported HeV cases, although there were no overall differences in survival in HeV case years and non-case years. The model examines the effect of temperature in isolation; actual virus survivability will reflect the effect of additional environmental factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24643861¸��Scanlan, J C
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Vaccines���May 7���BACKGROUND: Nipah virus (NiV), a zoonotic pathogen causing severe respiratory illness and encephalitis in humans, emerged in Malaysia in 1998 with subsequent outbreaks on an almost annual basis since 2001 in parts of the Indian subcontinent. The high case fatality rate, human-to-human transmission, wide-ranging reservoir distribution and lack of licensed intervention options are making NiV a serious regional and potential global public health problem. The objective of this study was to develop a fast-acting, single-dose NiV vaccine that could be implemented in a ring vaccination approach during outbreaks. METHODS: In this study we have designed new live-attenuated vaccine vectors based on recombinant vesicular stomatitis viruses (rVSV) expressing NiV glycoproteins (G or F) or nucleoprotein (N) and evaluated their protective efficacy in Syrian hamsters, an established NiV animal disease model. We further characterized the humoral immune response to vaccination in hamsters using ELISA and neutralization assays and performed serum transfer studies. RESULTS: Vaccination of Syrian hamsters with a single dose of the rVSV vaccine vectors resulted in strong humoral immune responses with neutralizing activities found only in those animals vaccinated with rVSV expressing NiV G or F proteins. Vaccinated animals with neutralizing antibody responses were completely protected from lethal NiV disease, whereas animals vaccinated with rVSV expressing NiV N showed only partial protection. Protection of NiV G or F vaccinated animals was conferred by antibodies, most likely the neutralizing fraction, as demonstrated by serum transfer studies. Protection of N-vaccinated hamsters was not antibody-dependent indicating a role of adaptive cellular responses for protection. CONCLUSIONS: The rVSV vectors expressing Nipah virus G or F are prime candidates for new 'emergency vaccines' to be utilized for NiV outbreak management.,��https://www.ncbi.nlm.nih.gov/pubmed/24631094���DeBuysscher, Blair L
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Nipah Virus���Marô��Since 2001, outbreaks of Nipah virus have occurred almost every year in Bangladesh with high case-fatality rates. Epidemiological data suggest that in Bangladesh, Nipah virus is transmitted from the natural reservoir, fruit bats, to humans via consumption of date palm sap contaminated by bats, with subsequent human-to-human transmission. To experimentally investigate this epidemiological association between drinking of date palm sap and human cases of Nipah virus infection, we determined the viability of Nipah virus (strain Bangladesh/200401066) in artificial palm sap. At 22 degrees C virus titers remained stable for at least 7 days, thus potentially allowing food-borne transmission. Next, we modeled food-borne Nipah virus infection by supplying Syrian hamsters with artificial palm sap containing Nipah virus. Drinking of 5x10(8) TCID(5)(0) of Nipah virus resulted in neurological disease in 5 out of 8 hamsters, indicating that food-borne transmission of Nipah virus can indeed occur. In comparison, intranasal (i.n.) inoculation with the same dose of Nipah virus resulted in lethal respiratory disease in all animals. In animals infected with Nipah virus via drinking, virus was detected in respiratory tissues rather than in the intestinal tract. Using fluorescently labeled Nipah virus particles, we showed that during drinking, a substantial amount of virus is deposited in the lungs, explaining the replication of Nipah virus in the respiratory tract of these hamsters. Besides the ability of Nipah virus to infect hamsters via the drinking route, Syrian hamsters infected via that route transmitted the virus through direct contact with naive hamsters in 2 out of 24 transmission pairs. Although these findings do not directly prove that date palm sap contaminated with Nipah virus by bats is the origin of Nipah virus outbreaks in Bangladesh, they provide the first experimental support for this hypothesis. Understanding the Nipah virus transmission cycle is essential for preventing and mitigating future outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/24626480"��de Wit, Emmie
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viral fusion���DecÓ��The fusion of Nipah with host cells is facilitated by two of their glycoproteins, the G and the F proteins. The binding of cellular ephrins to the G head domain causes the G stalk domain to interact differently with F, which activates F to mediate virus-host fusion. To gain insight into how the ephrin-binding signal transduces from the head to the stalk domain of G, we examine quantitatively the differences between the conformational ensembles of the G head domain in its ephrin-bound and unbound states. We consider the human ephrins B2 and B3, and a double mutant of B2, all of which trigger fusion. The ensembles are generated using molecular dynamics, and the differences between them are quantified using a new machine learning method. We find that the portion of the G head domain whose conformational density is altered equivalently by the three ephrins is large, and comprises approximately 25% of the residues in the G head domain. This subspace also includes the residues that are known to be important to F activation, which suggests that it contains at least one common signaling pathway. The spatial distribution of the residues constituting this subspace supports the model of signal transduction in which the signal transduces via the G head dimer interface. This study also adds to the growing list of examples where signaling does not depend solely on backbone deviations. In general, this study provides an approach to filter out conserved patterns in protein dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/24615845Ä��Varma, Sameer
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Viral Proteins/*chemistry/genetics/*metabolism���The phosphoprotein (P) gene of most Paramyxovirinae encodes several proteins in overlapping frames: P and V, which share a common N-terminus (PNT), and C, which overlaps PNT. Overlapping genes are of particular interest because they encode proteins originated de novo, some of which have unknown structural folds, challenging the notion that nature utilizes only a limited, well-mapped area of fold space. The C proteins cluster in three groups, comprising measles, Nipah, and Sendai virus. We predicted that all C proteins have a similar organization: a variable, disordered N-terminus and a conserved, alpha-helical C-terminus. We confirmed this predicted organization by biophysically characterizing recombinant C proteins from Tupaia paramyxovirus (measles group) and human parainfluenza virus 1 (Sendai group). We also found that the C of the measles and Nipah groups have statistically significant sequence similarity, indicating a common origin. Although the C of the Sendai group lack sequence similarity with them, we speculate that they also have a common origin, given their similar genomic location and structural organization. Since C is dispensable for viral replication, unlike PNT, we hypothesize that C may have originated de novo by overprinting PNT in the ancestor of Paramyxovirinae. Intriguingly, in measles virus and Nipah virus, PNT encodes STAT1-binding sites that overlap different regions of the C-terminus of C, indicating they have probably originated independently. This arrangement, in which the same genetic region encodes simultaneously a crucial functional motif (a STAT1-binding site) and a highly constrained region (the C-terminus of C), seems paradoxical, since it should severely reduce the ability of the virus to adapt. The fact that it originated twice suggests that it must be balanced by an evolutionary advantage, perhaps from reducing the size of the genetic region vulnerable to mutations.,��https://www.ncbi.nlm.nih.gov/pubmed/24587180���Lo, Michael K
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962Ï��Roche, S E
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Staphylococcus kloosii���Augþ��Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with lambdamax at 426, 447 and 475 nm and lambdamax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.,��https://www.ncbi.nlm.nih.gov/pubmed/24575244¢��Kamarudin, Kamarul Rahim
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zoonotic paramyxovirus���Mar£��In recent years, the emergence of several highly pathogenic zoonotic diseases in humans has led to a renewed emphasis on the interconnectedness of human, animal, and environmental health, otherwise known as One Health. For example, Hendra virus (HeV), a zoonotic paramyxovirus, was discovered in 1994, and since then, infections have occurred in 7 humans, each of whom had a strong epidemiologic link to similarly affected horses. As a consequence of these outbreaks, eradication of bat populations was discussed, despite their crucial environmental roles in pollination and reduction of the insect population. We describe the development and evaluation of a vaccine for horses with the potential for breaking the chain of HeV transmission from bats to horses to humans, thereby protecting horse, human, and environmental health. The HeV vaccine for horses is a key example of a One Health approach to the control of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24572697M��Middleton, Deborah
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*Zoonoses/prevention & control/transmission���Feb 20®��BACKGROUND: After the 2011 cluster of Hendra virus cases in horses in Australia, public health targeted education initiatives at people in the equine industry to reduce human exposure to potentially infected horses. 'Horse owners and Hendra Virus: A Longitudinal cohort study To Evaluate Risk' aims to enhance public health measures through improved understanding of Hendra virus risk perception and risk mitigation strategies among horse owners and horse care providers. This paper describes the stakeholder consultation that was undertaken to ensure the cohort study outcomes were relevant to diverse groups who play a role in Hendra virus policy development and implementation. METHODS: A two-round modified Delphi study with online questionnaires was conducted. In round one, stakeholders identified priority research areas. In round two, stakeholders rated and ranked topics that emerged from thematic analysis of the round one responses. Round two data were analysed using logistic regression. RESULTS: Of the 255 stakeholders contacted, 101 responded to round one. Over 450 topics were proposed. These were organized into 18 themes. Approximately two thirds of the round one respondents participated in round two. 'Hendra virus-related risk awareness and perception', 'personal health and safety', 'emergency preparedness', 'risk prevention, mitigation, and biosecurity', and 'Hendra virus vaccination in horses--attitudes/uptake' were the top five areas identified according to probability of being ranked extremely important. CONCLUSIONS: In this study, a modified Delphi approach was effective in guiding research into Hendra virus, a zoonotic disease of animal and human health significance. The findings support the notion that stakeholders should be engaged in zoonotic disease research priority setting. Such consultation will help to ensure that research initiatives are relevant and useful to stakeholders in the position to make use of new findings.,��https://www.ncbi.nlm.nih.gov/pubmed/24552445Í��Sawford, Kate
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*Virus Internalization���Apr·��The paramyxoviruses represent a diverse virus family responsible for a wide range of human and animal diseases. In contrast to other viruses, such as HIV and influenza virus, which use a single glycoprotein to mediate host receptor binding and virus entry, the paramyxoviruses require two distinct proteins. One of these is an attachment glycoprotein that binds receptor, while the second is a fusion glycoprotein, which undergoes conformational changes that drive virus-cell membrane fusion and virus entry. The details of how receptor binding by one protein activates the second to undergo conformational changes have been poorly understood until recently. Over the past couple of years, structural and functional data have accumulated on representative members of this family, including parainfluenza virus 5, Newcastle disease virus, measles virus, Nipah virus and others, which suggest a mechanistic convergence of activation models. Here we review the data indicating that paramyxovirus attachment glycoproteins shield activating residues within their N-terminal stalk domains, which are then exposed upon receptor binding, leading to the activation of the fusion protein by a 'provocateur' mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/24530984���Jardetzky, Theodore S
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Viral Vaccines/administration & dosage/genetics/*immunology���Mayì��UNLABELLED: Hendra virus (HeV) is a zoonotic emerging virus belonging to the family Paramyxoviridae. HeV causes severe and often fatal respiratory and/or neurologic disease in both animals and humans. Currently, there are no licensed vaccines or antiviral drugs approved for human use. A number of animal models have been developed for studying HeV infection, with the African green monkey (AGM) appearing to most faithfully reproduce the human disease. Here, we assessed the utility of a newly developed recombinant subunit vaccine based on the HeV attachment (G) glycoprotein in the AGM model. Four AGMs were vaccinated with two doses of the HeV vaccine (sGHeV) containing Alhydrogel, four AGMs received the sGHeV with Alhydrogel and CpG, and four control animals did not receive the sGHeV vaccine. Animals were challenged with a high dose of infectious HeV 21 days after the boost vaccination. None of the eight specifically vaccinated animals showed any evidence of clinical illness and survived the challenge. All four controls became severely ill with symptoms consistent with HeV infection, and three of the four animals succumbed 8 days after exposure. Success of the recombinant subunit vaccine in AGMs provides pivotal data in supporting its further preclinical development for potential human use. IMPORTANCE: A Hendra virus attachment (G) glycoprotein subunit vaccine was tested in nonhuman primates to assess its ability to protect them from a lethal infection with Hendra virus. It was found that all vaccinated African green monkeys were completely protected against subsequent Hendra virus infection and disease. The success of this new subunit vaccine in nonhuman primates provides critical data in support of its further development for future human use.,��https://www.ncbi.nlm.nih.gov/pubmed/24522928S��Mire, Chad E
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Serology���May$��Hendra and Nipah viruses (HeV and NiV) are closely related zoonotic pathogens of the Paramyxoviridae family. Both viruses belong to the Henipavirus genus and cause fatal disease in animals and humans, though only HeV is endemic in Australia. In general and due to the acute nature of the disease, agent detection by PCR and virus isolation are the primary tools for diagnostic investigations. Assays for the detection of antibodies against HeV are fit more readily for the purpose of surveillance testing in disease epidemiology and to meet certification requirements in the international movement of horses. The first generation indirect ELISA has been affected by non-specific reactions which must be resolved using virus neutralisation serology conducted at laboratory bio-safety level 4 containment (PC4). Recent developments have enabled improvements in the available serology assays. The production of an expressed recombinant truncated HeV G protein has been utilised in ELISA and in Luminex-based multiplexed microsphere assays. In the latter format, two Luminex assays have been developed for use in henipavirus serology: a binding assay (designed for antibody detection and differentiation) and a blocking assay (designed as a surrogate for virus neutralisation). Equine and canine field sera were used to evaluate the two Luminex assays relative to ELISA and virus neutralisation serology. Results showed that Luminex assays can be effective as rapid, sensitive and specific tests for the detection of HeV antibody in horse and dog sera. The tests do not require PC4 containment and are appropriate for high throughput applications as might be required for disease investigations and other epidemiological surveillance. Also, the results show that the Luminex assays detect effectively HeV vaccine-induced antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/24508193ò��McNabb, Leanne
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Virus Diseases/enzymology/virology���AprÖ��UNLABELLED: Severe acute respiratory syndrome coronavirus (SARS-CoV) and Ebola, Hendra, and Nipah viruses are members of different viral families and are known causative agents of fatal viral diseases. These viruses depend on cathepsin L for entry into their target cells. The viral glycoproteins need to be primed by protease cleavage, rendering them active for fusion with the host cell membrane. In this study, we developed a novel high-throughput screening assay based on peptides, derived from the glycoproteins of the aforementioned viruses, which contain the cathepsin L cleavage site. We screened a library of 5,000 small molecules and discovered a small molecule that can inhibit the cathepsin L cleavage of all viral peptides with minimal inhibition of cleavage of a host protein-derived peptide (pro-neuropeptide Y). The small molecule inhibited the entry of all pseudotyped viruses in vitro and the cleavage of SARS-CoV spike glycoprotein in an in vitro cleavage assay. In addition, the Hendra and Nipah virus fusion glycoproteins were not cleaved in the presence of the small molecule in a cell-based cleavage assay. Furthermore, we demonstrate that the small molecule is a mixed inhibitor of cathepsin L. Our broad-spectrum antiviral small molecule appears to be an ideal candidate for future optimization and development into a potent antiviral against SARS-CoV and Ebola, Hendra, and Nipah viruses. IMPORTANCE: We developed a novel high-throughput screening assay to identify small molecules that can prevent cathepsin L cleavage of viral glycoproteins derived from SARS-CoV and Ebola, Hendra, and Nipah viruses that are required for their entry into the host cell. We identified a novel broad-spectrum small molecule that could block cathepsin L-mediated cleavage and thus inhibit the entry of pseudotypes bearing the glycoprotein derived from SARS-CoV or Ebola, Hendra, or Nipah virus. The small molecule can be further optimized and developed into a potent broad-spectrum antiviral drug.,��https://www.ncbi.nlm.nih.gov/pubmed/245013993��Elshabrawy, Hatem A
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pathogenesis���Jul²��Hendra (HeV) and Nipah (NiV) viruses (genus Henipavirus (HNV; family Paramyxoviridae) are emerging zoonotic agents that can cause severe respiratory distress and acute encephalitis in humans. Given the lack of effective therapeutics and vaccines for human use, these viruses are considered as public health concerns. Several experimental animal models of HNV infection have been developed in recent years. Here, we review the current status of four of the most promising experimental animal models (mice, hamsters, ferrets, and African green monkeys) and their suitability for modeling the clinical disease, transmission, pathogenesis, prevention, and treatment for HNV infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24488776���Rockx, Barry
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Zoonoses/*epidemiology/transmission���FebÑ��Zoonotic infections are important sources of human disease; most known emerging infections are zoonotic (e.g., HIV, Ebola virus, severe acute respiratory syndrome, Nipah virus, and enteropathogenic Escherichia coli) and originated as natural infections of other species that acquired opportunities to come in contact with humans. There are also serious infectious diseases classically considered zoonotic, such as influenza, rabies, bubonic plague, brucellosis, and leptospirosis. More recently, it has been recognized that wildlife constitutes a particularly important source of novel zoonoses. With all this microbial movement, surveillance is considered the first line of public health defense. The zoonotic origin of many human and livestock infections argues strongly for the synergistic value of a One Health approach, which provides the capability to identify pathogens crossing into new species and could provide earlier warning of potential epidemics. This article discusses public health surveillance and major recent surveillance initiatives and reviews progress toward implementing a One Health surveillance framework. Networks discussed include global intergovernmental organizations and recent combined efforts of these organizations; Web-based nongovernmental systems (e.g., ProMED, the Program for Monitoring Emerging Diseases); and networks of bilateral or multilateral government programs (e.g., the CDC's Global Disease Detection [GDD] platform; the U.S. Department of Defense's Global Emerging Infections Surveillance and Response System [GEIS]; regional and subregional networks; and the U.S. Agency for International Development's Emerging Pandemic Threats [EPT] program and its surveillance component, PREDICT). Syndromic surveillance also has potential to complement existing systems. New technologies are enabling revolutionary capabilities for global surveillance, but in addition to serious technical needs, both sustainability and data-sharing mechanisms remain challenges.,��https://www.ncbi.nlm.nih.gov/pubmed/26082122Æ��Morse, Stephen S
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Zoonoses���Mar 6È��The recent discovery of a wide range of henipavirus-like viruses circulating in Megabats in Africa raises the question as to the zoonotic potential of these pathogens given the high human mortality rates seen with their pathogenic relatives Nipah virus and Hendra virus. In the absence of cultured infectious African Henipavirus we have performed experiments with recombinant F and G glycoproteins from the representative African Henipavirus strain M74a aimed at estimating its cellular tropism and capacity to use similar receptors to its highly pathogenic counterparts. The ability of the M74a virus G surface protein to use the ubiquitous Ephrin B2 host cell receptor and its heterologous cross-compatibility with Nipah virus could be expected to impart upon this virus a reasonable potential for species spillover, although differences in fusion efficiency seen with the M74a virus F protein in certain cell lines could present a barrier for zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/24452140���Lawrence, Philip
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Iron���Mar 1���Biodegradable metals such as magnesium, iron and their alloys have been known as potential materials for temporary medical implants. However, most of the studies on biodegradable metals have been focusing on optimizing their mechanical properties and degradation behavior with no emphasis on improving their bioactivity behavior. We therefore investigated the possibility of improving iron biodegradation rate and bioactivity by incorporating various bioactive bioceramics. The iron-based bioceramic (hydroxyapatite, tricalcium phosphate and biphasic calcium phosphate) composites were prepared by mechanical mixing and sintering process. Degradation studies indicated that the addition of bioceramics lowered the corrosion potential of the composites and slightly increased their corrosion rate compared to that of pure iron. In vitro cytotoxicity results showed an increase of cellular activity when rat smooth muscle cells interacted with the degrading composites compared to pure iron. X-ray radiogram analysis showed a consistent degradation progress with that found in vivo and positive tissue response up to 70 days implantation in sheep animal model. Therefore, the iron-based bioceramic composites have the potential to be used for biodegradable bone implant applications.,��https://www.ncbi.nlm.nih.gov/pubmed/24433920���Ulum, M F
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Pigs���Decë��The emergence of Nipah virus (NiV) infection into the pig population and subsequently into the human population is believed to be due to changes in ecological conditions. In Malaysia, A major NiV outbreak occurred in pigs and humans from September 1998 to April 1999 that resulted in infection of 265 and death of 105 persons. About 1.1 million pigs had to be destroyed to control the outbreak. The disease was recorded in the form of a major outbreak in India in 2001 and then a small incidence in 2007, both the outbreaks in West Bengal only in humans without any involvement of pigs. There were series of human Nipah incidences in Bangladesh from 2001 till 2013 almost every year with mortality exceeding 70 %. The disease transmission from pigs acting as an intermediate host during Malaysian and Singapore outbreaks has changed in NIV outbreaks in India and Bangladesh, transmitting the disease directly from bats to human followed by human to human. The drinking of raw date palm sap contaminated with fruit bat urine or saliva containing NiV is the only known cause of outbreak of the disease in Bangladesh outbreaks. The virus is now known to exist in various fruit bats of Pteropus as well as bats of other genera in a wider belt from Asia to Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/24426305§��Kulkarni, D D
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Virus���Dec+��Emerging and reemerging viral diseases of livestock and human beings are in sharp rise in recent years. Importantly, many of these viruses, including influenza, Hendra, Nipah and corona are of zoonotic importance. Several viral diseases of livestock such as bluetongue, peste des petits ruminants, camel pox, equine infectious anaemia, chicken anaemia and sheep-associated malignant catarrhal fever are crossing their traditional boundaries. Emergence of new serotypes and variant forms of viruses as in the case of blue tongue virus, avian infectious bronchitis virus, Newcastle disease virus adds additional level of complexity. The increased incidence of emerging and reemerging viral diseases could be attributed to several factors including deforestation and surge in direct contact of livestock and humans with wild animals and birds. This special issue of "Indian Journal of Virology" is focused on diverse aspects of above diseases: isolation and characterization of viruses, epidemiology, pathogenesis, diagnosis, prevention measures and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/24426290���Bayry, Jagadeesh
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Virus Replication?��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans, and incurred a high fatality rate in humans. We established a system that enabled the rescue of replicating NiVs from a cloned DNA. Using the system, we analyzed the functions of accessory proteins in infected cells and the implications in in vivo pathogenicity. Further, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins, which appeared to be an appropriate to NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25765986u��Yoneda, Misako
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Viral Vaccines/administration & dosage/genetics/*immunology���Dec 13q��BACKGROUND: Nipah virus (NiV) is a highly pathogenic zoonotic agent in the family Paramyxoviridae that is maintained in nature by bats. Outbreaks have occurred in Malaysia, Singapore, India, and Bangladesh and have been associated with 40 to 75% case fatality rates. There are currently no vaccines or postexposure treatments licensed for combating human NiV infection. METHODS AND RESULTS: Four groups of ferrets received a single vaccination with different recombinant vesicular stomatitis virus vectors expressing: Group 1, control with no glycoprotein; Group 2, the NiV fusion protein (F); Group 3, the NiV attachment protein (G); and Group 4, a combination of the NiV F and G proteins. Animals were challenged intranasally with NiV 28 days after vaccination. Control ferrets in Group 1 showed characteristic clinical signs of NiV disease including respiratory distress, neurological disorders, viral load in blood and tissues, and gross lesions and antigen in target tissues; all animals in this group succumbed to infection by day 8. Importantly, all specifically vaccinated ferrets in Groups 2-4 showed no evidence of clinical illness and survived challenged. All animals in these groups developed anti-NiV F and/or G IgG and neutralizing antibody titers. While NiV RNA was detected in blood at day 6 post challenge in animals from Groups 2-4, the levels were orders of magnitude lower than animals from control Group 1. CONCLUSIONS: These data show protective efficacy against NiV in a relevant model of human infection. Further development of this technology has the potential to yield effective single injection vaccines for NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/24330654ì��Mire, Chad E
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Trees���FebN��Nipah virus has caused recurring outbreaks in central and northwest Bangladesh (the "Nipah Belt"). Little is known about roosting behavior of the fruit bat reservoir, Pteropus giganteus, or factors driving spillover. We compared human population density and ecological characteristics of case villages and control villages (no reported outbreaks) to understand their role in P. giganteus roosting ecology and Nipah virus spillover risk. Nipah Belt villages have a higher human population density (P < 0.0001), and forests that are more fragmented than elsewhere in Bangladesh (0.50 versus 0.32 patches/km(2), P < 0.0001). The number of roosts in a village correlates with forest fragmentation (r = 0.22, P = 0.03). Villages with a roost containing Polyalthia longifolia or Bombax ceiba trees were more likely case villages (odds ratio [OR] = 10.8, 95% confidence interval [CI] = 1.3-90.6). This study suggests that, in addition to human population density, composition and structure of the landscape shared by P. giganteus and humans may influence the geographic distribution of Nipah virus spillovers.,��https://www.ncbi.nlm.nih.gov/pubmed/24323516���Hahn, Micah B
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Zoonoses/*epidemiology/virology­��Zoonoses from wildlife threaten global public health. Hendra virus is one of several zoonotic viral diseases that have recently emerged from Pteropus species fruit-bats (flying-foxes). Most hypotheses regarding persistence of Hendra virus within flying-fox populations emphasize horizontal transmission within local populations (colonies) via urine and other secretions, and transmission among colonies via migration. As an alternative hypothesis, we explore the role of recrudescence in persistence of Hendra virus in flying-fox populations via computer simulation using a model that integrates published information on the ecology of flying-foxes, and the ecology and epidemiology of Hendra virus. Simulated infection patterns agree with infection patterns observed in the field and suggest that Hendra virus could be maintained in an isolated flying-fox population indefinitely via periodic recrudescence in a manner indistinguishable from maintenance via periodic immigration of infected individuals. Further, post-recrudescence pulses of infectious flying-foxes provide a plausible basis for the observed seasonal clustering of equine cases. Correct understanding of the infection dynamics of Hendra virus in flying-foxes is fundamental to effectively managing risk of infection in horses and humans. Given the lack of clear empirical evidence on how the virus is maintained within populations, the role of recrudescence merits increased attention.,��https://www.ncbi.nlm.nih.gov/pubmed/24312221Û��Wang, Hsiao-Hsuan
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Viral Proteins/genetics/*metabolism���Mar¨��In recent years, novel henipavirus-related sequences have been identified in bats in Africa. To evaluate the potential of African bat henipaviruses to spread in non-bat mammalian cells, we compared the biological functions of the surface glycoproteins G and F of the prototype African henipavirus GH-M74a with those of the glycoproteins of Nipah virus (NiV), a well-characterized pathogenic member of the henipavirus genus. Glycoproteins are central determinants for virus tropism, as efficient binding of henipavirus G proteins to cellular ephrin receptors and functional expression of fusion-competent F proteins are indispensable prerequisites for virus entry and cell-to-cell spread. In this study, we analysed the ability of the GH-M74a G and F proteins to cause cell-to-cell fusion in mammalian cell types readily permissive to NiV or Hendra virus infections. Except for limited syncytium formation in a bat cell line derived from Hypsignathus monstrosus, HypNi/1.1 cells, we did not observe any fusion. The highly restricted fusion activity was predominantly due to the F protein. Whilst GH-M74a G protein was found to interact with the main henipavirus receptor ephrin-B2 and induced syncytia upon co-expression with heterotypic NiV F protein, GH-M74a F protein did not cause evident fusion in the presence of heterotypic NiV G protein. Pulse-chase and surface biotinylation analyses revealed delayed F cleavage kinetics with a reduced expression of cleaved and fusion-active GH-M74a F protein on the cell surface. Thus, the F protein of GH-M74a showed a functional defect that is most likely caused by impaired trafficking leading to less efficient proteolytic activation and surface expression.,��https://www.ncbi.nlm.nih.gov/pubmed/24296468!��Weis, Michael
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Zoonoses/epidemiology/*transmission/virology���Dec���A large proportion of viral pathogens that have emerged during the last decades in humans are considered to have originated from various animal species. This is well exemplified by several recent epidemics such as those of Nipah, Severe Acute Respiratory Syndrome, Avian flu, Ebola, Monkeypox, and Hantaviruses. After the initial interspecies transmission per se, the viruses can disseminate into the human population through various and distinct mechanisms. Some of them are well characterized and understood, thus allowing a certain level of risk control and prevention. Surprisingly and in contrast, the initial steps that lead to the emergence of several viruses, and of their associated diseases, remain still poorly understood. Epidemiological field studies conducted in certain specific high-risk populations are thus necessary to obtain new insights into the early events of this emergence process. Human infections by simian viruses represent increasing public health concerns. Indeed, by virtue of their genetic andphysiological similarities, non-human primates (NHPs) are considered to be likely the sources of viruses that can infect humans and thus may pose a significant threat to human population. This is well illustrated by retroviruses, which have the ability to cross species, adapt to a new host and sometimes spread within these new species. Sequence comparison and phylogenetic studies have thus clearly showed that the emergence of human immunodeficiency virus type 1 (HIV-1) and HIV-2 in humans have resulted from several independent interspecies transmissions of different SIV types from Chimpanzees and African monkeys (including sooty mangabeys), respectively, probably during the first part of the last century. The situation for Human T cell Lymphotropic virus type 1 (HTLV-1) is, for certain aspects, quite comparable. Indeed, the origin of most HTLV-1 subtypes appears to be linked to interspecies transmission between STLV-1-infected monkeys and humans, followed by variable periods of evolution in the human host. In this review, after an introduction on emerging viruses, we will briefly present the results of a large epidemiological study performed in groups of Bantus and Pygmies living in villages and settlements located in the rain forest of the South region of Cameroon. These populations are living nearby the habitats of several monkeys and apes, often naturally infected by different retroviruses including SIV, STLV and simianfoamy virus. Most of the persons included in this study were hunters of such NHPs, thus at high risk of contact with infected body fluids (blood, saliva,...) during hunting activities. After reviewing the current available data on the discovery, cross-species transmission from monkeys and apes to humans of the simian foamy retroviruses, we will report the results of our study. Such infection is a unique natural model to study the different mechanisms of restriction of retroviral emergence in Humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26137812���Gessain, Antoine
fre
English Abstract
Review
Netherlands
2013/12/01 00:00
Bull Acad Natl Med. 2013 Dec;197(9):1655-67; discussion 1667-8.%��0001-4079 (Print)
0001-4079 (Linking)���26137812���Mecanismes d'emergence virale et transmission interespeces: l'exemple des retrovirus Foamy simiens chez l'Homme en Afrique Centrale.���Institut Pasteur, Unite d'Epidemiologie et Physiopathologie des Virus Oncogenes, Departement de Virologie - F-75015 Paris, France. agessain@pasteur.fr���
è��üÖtÿî?¦���¢��Liu, Q.
Stone, J. A.
Bradel-Tretheway, B.
Dabundo, J.
Benavides Montano, J. A.
Santos-Montanez, J.
Biering, S. B.
Nicola, A. V.
Iorio, R. M.
Lu, X.
Aguilar, H. C.���2013t��Unraveling a three-step spatiotemporal mechanism of triggering of receptor-induced Nipah virus fusion and cell entry���e1003770���PLoS Pathog���9���11���Animals
CHO Cells
Cricetinae
Cricetulus
Glycoproteins/genetics/*metabolism
Henipavirus Infections/genetics/metabolism
Membrane Fusion Proteins/genetics/*metabolism
Nipah Virus/*physiology
Receptors, Virus/genetics/*metabolism
Viral Proteins/genetics/*metabolism
*Virus Internalization¥��Membrane fusion is essential for entry of the biomedically-important paramyxoviruses into their host cells (viral-cell fusion), and for syncytia formation (cell-cell fusion), often induced by paramyxoviral infections [e.g. those of the deadly Nipah virus (NiV)]. For most paramyxoviruses, membrane fusion requires two viral glycoproteins. Upon receptor binding, the attachment glycoprotein (HN/H/G) triggers the fusion glycoprotein (F) to undergo conformational changes that merge viral and/or cell membranes. However, a significant knowledge gap remains on how HN/H/G couples cell receptor binding to F-triggering. Via interdisciplinary approaches we report the first comprehensive mechanism of NiV membrane fusion triggering, involving three spatiotemporally sequential cell receptor-induced conformational steps in NiV-G: two in the head and one in the stalk. Interestingly, a headless NiV-G mutant was able to trigger NiV-F, and the two head conformational steps were required for the exposure of the stalk domain. Moreover, the headless NiV-G prematurely triggered NiV-F on virions, indicating that the NiV-G head prevents premature triggering of NiV-F on virions by concealing a F-triggering stalk domain until the correct time and place: receptor-binding. Based on these and recent paramyxovirus findings, we present a comprehensive and fundamentally conserved mechanistic model of paramyxovirus membrane fusion triggering and cell entry.,��https://www.ncbi.nlm.nih.gov/pubmed/24278018¾��Liu, Qian
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tumor necrosis factor receptor-associated 6���Jan 3±��Paramyxovirus C protein targets the host interferon (IFN) system for virus immune evasion. To identify its unknown anti-IFN activity, we examined the effect of Sendai virus C protein on activation of the IFN-alpha promoter via various signaling pathways. This study uncovers a novel ability of C protein to block Toll-like receptor (TLR) 7- and TLR9-dependent IFN-alpha induction, which is specific to plasmacytoid dendritic cells. C protein interacts with a serine/threonine kinase IKKalpha and inhibits phosphorylation of IRF7. This anti-IFN activity of C protein is shared across genera of the Paramyxovirinae, and thus appears to play an important role in paramyxovirus immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/24269682Ü��Yamaguchi, Mayu
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Surveys and QuestionnairesÈ��Hendra virus is a highly pathogenic novel paramyxovirus causing sporadic fatal infection in horses and humans in Australia. Species of fruit-bats (genus Pteropus), commonly known as flying-foxes, are the natural host of the virus. We undertook a survey of horse owners in the states of Queensland and New South Wales, Australia to assess the level of adoption of recommended risk management strategies and to identify impediments to adoption. Survey questionnaires were completed by 1431 respondents from the target states, and from a spectrum of industry sectors. Hendra virus knowledge varied with sector, but was generally limited, with only 13% of respondents rating their level of knowledge as high or very high. The majority of respondents (63%) had seen their state's Hendra virus information for horse owners, and a similar proportion found the information useful. Fifty-six percent of respondents thought it moderately, very or extremely likely that a Hendra virus case could occur in their area, yet only 37% said they would consider Hendra virus if their horse was sick. Only 13% of respondents stabled their horses overnight, although another 24% said it would be easy or very easy to do so, but hadn't done so. Only 13% and 15% of respondents respectively had horse feed bins and water points under solid cover. Responses varied significantly with state, likely reflecting different Hendra virus history. The survey identified inconsistent awareness and/or adoption of available knowledge, confusion in relation to Hendra virus risk perception, with both over-and under-estimation of true risk, and lag in the uptake of recommended risk minimisation strategies, even when these were readily implementable. However, we also identified frustration and potential alienation by horse owners who found the recommended strategies impractical, onerous and prohibitively expensive. The insights gained from this survey have broader application to other complex risk-management scenarios.,��https://www.ncbi.nlm.nih.gov/pubmed/24260503é��Kung, Nina
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Pigs���Jan 1þ��Diseases that are exotic to the pig industry in Australia were prioritised using a multi-criteria decision analysis framework that incorporated weights of importance for a range of criteria important to industry stakeholders. Measurements were collected for each disease for nine criteria that described potential disease impacts. A total score was calculated for each disease using a weighted sum value function that aggregated the nine disease criterion measurements and weights of importance for the criteria that were previously elicited from two groups of industry stakeholders. One stakeholder group placed most value on the impacts of disease on livestock, and one group placed more value on the zoonotic impacts of diseases. Prioritisation lists ordered by disease score were produced for both of these groups. Vesicular diseases were found to have the highest priority for the group valuing disease impacts on livestock, followed by acute forms of African and classical swine fever, then highly pathogenic porcine reproductive and respiratory syndrome. The group who valued zoonotic disease impacts prioritised rabies, followed by Japanese encephalitis, Eastern equine encephalitis and Nipah virus, interspersed with vesicular diseases. The multi-criteria framework used in this study systematically prioritised diseases using a multi-attribute theory based technique that provided transparency and repeatability in the process. Flexibility of the framework was demonstrated by aggregating the criterion weights from more than one stakeholder group with the disease measurements for the criteria. This technique allowed industry stakeholders to be active in resource allocation for their industry without the need to be disease experts. We believe it is the first prioritisation of livestock diseases using values provided by industry stakeholders. The prioritisation lists will be used by industry stakeholders to identify diseases for further risk analysis and disease spread modelling to understand biosecurity risks to this industry.,��https://www.ncbi.nlm.nih.gov/pubmed/24211032ã��Brookes, V J
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Vaccine���Jan���Nipah virus (NiV) continues to cause outbreaks of fatal human encephalitis due to spillover from its bat reservoir. We determined that a single dose of replication-defective vesicular stomatitis virus (VSV)-based vaccine vectors expressing either the NiV fusion (F) or attachment (G) glycoproteins protected hamsters from over 1000 times LD50 NiV challenge. This highly effective single-dose protection coupled with an enhanced safety profile makes these candidates ideal for potential use in livestock and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24184127´��Lo, Michael K
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Virus Entry���Dec 13¤��Paramyxovirus fusion (F) proteins promote membrane fusion between the viral envelope and host cell membranes, a critical early step in viral infection. Although mutational analyses have indicated that transmembrane (TM) domain residues can affect folding or function of viral fusion proteins, direct analysis of TM-TM interactions has proved challenging. To directly assess TM interactions, the oligomeric state of purified chimeric proteins containing the Staphylococcal nuclease (SN) protein linked to the TM segments from three paramyxovirus F proteins was analyzed by sedimentation equilibrium analysis in detergent and buffer conditions that allowed density matching. A monomer-trimer equilibrium best fit was found for all three SN-TM constructs tested, and similar fits were obtained with peptides corresponding to just the TM region of two different paramyxovirus F proteins. These findings demonstrate for the first time that class I viral fusion protein TM domains can self-associate as trimeric complexes in the absence of the rest of the protein. Glycine residues have been implicated in TM helix interactions, so the effect of mutations at Hendra F Gly-508 was assessed in the context of the whole F protein. Mutations G508I or G508L resulted in decreased cell surface expression of the fusogenic form, consistent with decreased stability of the prefusion form of the protein. Sedimentation equilibrium analysis of TM domains containing these mutations gave higher relative association constants, suggesting altered TM-TM interactions. Overall, these results suggest that trimeric TM interactions are important driving forces for protein folding, stability and membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/24178297ø��Smith, Everett Clinton
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Signal transducers and activators of transcription 2���May 12Ñ��The paramyxoviruses are a family of > 30 viruses that variously infect humans, other mammals and fish to cause diverse outcomes, ranging from asymptomatic to lethal disease, with the zoonotic paramyxoviruses Nipah and Hendra showing up to 70% case-fatality rate in humans. The capacity to evade host immunity is central to viral infection, and paramyxoviruses have evolved multiple strategies to overcome the host interferon (IFN)-mediated innate immune response through the activity of their IFN-antagonist proteins. Although paramyxovirus IFN antagonists generally target common factors of the IFN system, including melanoma differentiation associated factor 5, retinoic acid-inducible gene-I, signal transducers and activators of transcription (STAT)1 and STAT2, and IFN regulatory factor 3, the mechanisms of antagonism show remarkable diversity between different genera and even individual members of the same genus; the reasons for this diversity, however, are not currently understood. Here, we review the IFN antagonism strategies of paramyxoviruses, highlighting mechanistic differences observed between individual species and genera. We also discuss potential sources of this diversity, including biological differences in the host and/or tissue specificity of different paramyxoviruses, and potential effects of experimental approaches that have largely relied on in vitro systems. Importantly, recent studies using recombinant virus systems and animal infection models are beginning to clarify the importance of certain mechanisms of IFN antagonism to in vivo infections, providing important indications not only of their critical importance to virulence, but also of their potential targeting for new therapeutic/vaccine approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/24175230���Audsley, Michelle D
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Protein Conformation���Jan���The Nipah virus phosphoprotein (P) is multimeric and tethers the viral polymerase to the nucleocapsid. We present the crystal structure of the multimerization domain of Nipah virus P: a long, parallel, tetrameric, coiled coil with a small, alpha-helical cap structure. Across the paramyxoviruses, these domains share little sequence identity yet are similar in length and structural organization, suggesting a common requirement for scaffolding or spatial organization of the functions of P in the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24155387;��Bruhn, Jessica F
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Viral Fusion Proteins/*chemistry/genetics/immunologyJ��The henipaviruses, represented by Hendra (HeV) and Nipah (NiV) viruses are highly pathogenic zoonotic paramyxoviruses with uniquely broad host tropisms responsible for repeated outbreaks in Australia, Southeast Asia, India and Bangladesh. The high morbidity and mortality rates associated with infection and lack of licensed antiviral therapies make the henipaviruses a potential biological threat to humans and livestock. Henipavirus entry is initiated by the attachment of the G envelope glycoprotein to host cell membrane receptors. Previously, henipavirus-neutralizing human monoclonal antibodies (hmAb) have been isolated using the HeV-G glycoprotein and a human naive antibody library. One cross-reactive and receptor-blocking hmAb (m102.4) was recently demonstrated to be an effective post-exposure therapy in two animal models of NiV and HeV infection, has been used in several people on a compassionate use basis, and is currently in development for use in humans. Here, we report the crystal structure of the complex of HeV-G with m102.3, an m102.4 derivative, and describe NiV and HeV escape mutants. This structure provides detailed insight into the mechanism of HeV and NiV neutralization by m102.4, and serves as a blueprint for further optimization of m102.4 as a therapeutic agent and for the development of entry inhibitors and vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/241304863��Xu, Kai
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Viral dsRNA detection���Dec2��Double-stranded RNA (dsRNA) is synthesized during the course of infection by RNA viruses as a byproduct of replication and transcription and acts as a potent trigger of the host innate antiviral response. In the cytoplasm of the infected cell, recognition of the presence of viral dsRNA as a signature of "non-self" nucleic acid is carried out by RIG-I-like receptors (RLRs), a set of dedicated helicases whose activation leads to the production of type I interferon alpha/beta (IFN-alpha/beta). To overcome the innate antiviral response, RNA viruses encode suppressors of IFN-alpha/beta induction, which block RLRs recognition of dsRNA by means of different mechanisms that can be categorized into: (i) dsRNA binding and/or shielding ("hide"), (ii) dsRNA termini processing ("mask") and (iii) direct interaction with components of the RLRs pathway ("hit"). In light of recent functional, biochemical and structural findings, we review the inhibition mechanisms of RLRs recognition of dsRNA displayed by a number of highly pathogenic RNA viruses with different disease phenotypes such as haemorrhagic fever (Ebola, Marburg, Lassa fever, Lujo, Machupo, Junin, Guanarito, Crimean-Congo, Rift Valley fever, dengue), severe respiratory disease (influenza, SARS, Hendra, Hantaan, Sin Nombre, Andes) and encephalitis (Nipah, West Nile).,��https://www.ncbi.nlm.nih.gov/pubmed/24129118¥��Zinzula, Luca
Tramontano, Enzo
eng
Review
Netherlands
2013/10/17 06:00
Antiviral Res. 2013 Dec;100(3):615-35. doi: 10.1016/j.antiviral.2013.10.002. Epub 2013 Oct 12.*��1872-9096 (Electronic)
0166-3542 (Linking)���24129118µ��Department of Life and Environmental Sciences, University of Cagliari, Cittadella di Monserrato, SS554, 09042 Monserrato (Cagliari), Italy. Electronic address: lucazinzula@unica.it.���10.1016/j.antiviral.2013.10.002��k��üÒtÿî?°������Baker, K. S.
Suu-Ire, R.
Barr, J.
Hayman, D. T.
Broder, C. C.
Horton, D. L.
Durrant, C.
Murcia, P. R.
Cunningham, A. A.
Wood, J. L.���2014-��Viral antibody dynamics in a chiropteran host���415-28���J Anim Ecol���83���29��Animals
Antibodies, Viral/*blood
*Chiroptera
Female
Ghana
Henipavirus/*immunology
Henipavirus Infections/immunology/*veterinary/virology
Lactation
Longitudinal Studies
Male
Pregnancy
Seasons
Hendra virus
Luminex
Nipah virus
immune response
infection persistence
maternal immunity
paramyxoviruses
serology
zoonosis���Marà��Bats host many viruses that are significant for human and domestic animal health, but the dynamics of these infections in their natural reservoir hosts remain poorly elucidated. In these, and other, systems, there is evidence that seasonal life-cycle events drive infection dynamics, directly impacting the risk of exposure to spillover hosts. Understanding these dynamics improves our ability to predict zoonotic spillover from the reservoir hosts. To this end, we followed henipavirus antibody levels of >100 individual E. helvum in a closed, captive, breeding population over a 30-month period, using a powerful novel antibody quantitation method. We demonstrate the presence of maternal antibodies in this system and accurately determine their longevity. We also present evidence of population-level persistence of viral infection and demonstrate periods of increased horizontal virus transmission associated with the pregnancy/lactation period. The novel findings of infection persistence and the effect of pregnancy on viral transmission, as well as an accurate quantitation of chiropteran maternal antiviral antibody half-life, provide fundamental baseline data for the continued study of viral infections in these important reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24111634¿��Baker, Kate S
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RNA Replicase/*drug effects/metabolism���Jan\��Australia is facing a major national medical challenge with the emergence of the Hendra virus (HeV) as a medically and economically important pathogen of humans and animals. Clinical symptoms of human HeV infection can include fever, hypotension, dizziness, encephalitis, respiratory haemorrhage and edema. The window of opportunity for successful patient treatment remains unknown, but is likely to be very narrow. Currently, very few effective therapeutic options are available for the case management of severe HeV infections or the rapid silencing of local outbreaks. This underscores the need for more activity in the drug discovery arena to develop much needed therapeutics that specifically targets this deadly disease. The structural analysis of HeV is very much in its infancy, which leaves many gaps in our understanding of the biology of HeV and makes structure-guided drug design difficult. Structural studies of the viral RNAdependent- RNA polymerase (RdRp), which is the heart of the viral replication machinery, will set the stage for rational drug design and fill a major gap in our understanding of the HeV replication machinery. This review examines the current knowledge based on the multi-domain architecture of the Hendra RdRp and highlights which essential domain functions represent tangible targets for drug development against this deadly disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24102407è��Velkov, Tony
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Protein Structure, Tertiary���Hendra virus (HeV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The HeV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid. Recruitment of the viral polymerase onto the nucleocapsid template relies on the interaction between the C-terminal domain, N(TAIL), of N and the C-terminal X domain, XD, of the polymerase co-factor phosphoprotein (P). Here, we provide an atomic resolution description of the intrinsically disordered N(TAIL) domain in its isolated state and in intact nucleocapsids using nuclear magnetic resonance (NMR) spectroscopy. Using electron microscopy, we show that HeV nucleocapsids form herringbone-like structures typical of paramyxoviruses. We also report the crystal structure of XD of P that consists of a three-helix bundle. We study the interaction between N(TAIL) and XD using NMR titration experiments and provide a detailed mapping of the reciprocal binding sites. We show that the interaction is accompanied by alpha-helical folding of the molecular recognition element of N(TAIL) upon binding to a hydrophobic patch on the surface of XD. Finally, using solution NMR, we investigate the interaction between intact nucleocapsids and XD. Our results indicate that monomeric XD binds to N(TAIL) without triggering an additional unwinding of the nucleocapsid template. The present results provide a structural description at the atomic level of the protein-protein interactions required for transcription and replication of HeV, and the first direct observation of the interaction between the X domain of P and intact nucleocapsids in Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/24086133f��Communie, Guillaume
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Zoonoses/epidemiology/transmission/virology���Oct 2æ	�BACKGROUND: On 31 March 2013, the first human infections with the novel influenza A/H7N9 virus were reported in Eastern China. The outbreak expanded rapidly in geographic scope and size, with a total of 132 laboratory-confirmed cases reported by 3 June 2013, in 10 Chinese provinces and Taiwan. The incidence of A/H7N9 cases has stalled in recent weeks, presumably as a consequence of live bird market closures in the most heavily affected areas. Here we compare the transmission potential of influenza A/H7N9 with that of other emerging pathogens and evaluate the impact of intervention measures in an effort to guide pandemic preparedness. METHODS: We used a Bayesian approach combined with a SEIR (Susceptible-Exposed-Infectious-Removed) transmission model fitted to daily case data to assess the reproduction number (R) of A/H7N9 by province and to evaluate the impact of live bird market closures in April and May 2013. Simulation studies helped quantify the performance of our approach in the context of an emerging pathogen, where human-to-human transmission is limited and most cases arise from spillover events. We also used alternative approaches to estimate R based on individual-level information on prior exposure and compared the transmission potential of influenza A/H7N9 with that of other recent zoonoses. RESULTS: Estimates of R for the A/H7N9 outbreak were below the epidemic threshold required for sustained human-to-human transmission and remained near 0.1 throughout the study period, with broad 95% credible intervals by the Bayesian method (0.01 to 0.49). The Bayesian estimation approach was dominated by the prior distribution, however, due to relatively little information contained in the case data. We observe a statistically significant deceleration in growth rate after 6 April 2013, which is consistent with a reduction in A/H7N9 transmission associated with the preemptive closure of live bird markets. Although confidence intervals are broad, the estimated transmission potential of A/H7N9 appears lower than that of recent zoonotic threats, including avian influenza A/H5N1, swine influenza H3N2sw and Nipah virus. CONCLUSION: Although uncertainty remains high in R estimates for H7N9 due to limited epidemiological information, all available evidence points to a low transmission potential. Continued monitoring of the transmission potential of A/H7N9 is critical in the coming months as intervention measures may be relaxed and seasonal factors could promote disease transmission in colder months.,��https://www.ncbi.nlm.nih.gov/pubmed/24083506ò��Chowell, Gerardo
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vesicular stomatitis virus���NovË��Nipah virus (NiV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The NiV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid that is the substrate used by the polymerase for transcription and replication. The polymerase is recruited onto the nucleocapsid via its cofactor, the phosphoprotein (P). The NiV P protein has a modular organization, with alternating disordered and ordered domains. Among these latter, is the P multimerization domain (PMD) that was predicted to adopt a coiled-coil conformation. Using both biochemical and biophysical approaches, we show that NiV PMD forms a highly stable and elongated coiled-coil trimer, a finding in striking contrast with respect to the PMDs of Paramyxoviridae members investigated so far that were all found to tetramerize. The present results therefore represent the first report of a paramyxoviral P protein forming trimers.,��https://www.ncbi.nlm.nih.gov/pubmed/24074578¼��Blocquel, David
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Zoonotic diseases���Nov 4���This review focuses on the immunization of animals as a means of preventing human diseases (zoonoses). Three frameworks for the use of vaccines in this context are described, and examples are provided of successes and failures. Framework I vaccines are used for protection of humans and economically valuable animals, where neither plays a role in the transmission cycle. The benefit of collaborations between animal health and human health industries and regulators in developing such products is discussed, and one example (West Nile vaccine) of a single product developed for use in animals and humans is described. Framework II vaccines are indicated for domesticated animals as a means of preventing disease in both animals and humans. The agents of concern are transmitted directly or indirectly (e.g. via arthropod vectors) from animals to humans. A number of examples of the use of Framework II vaccines are provided, e.g. against brucellosis, Escherichia coli O157, rabies, Rift Valley fever, Venezuelan equine encephalitis, and Hendra virus. Framework III vaccines are used to immunize wild animals as a means of preventing transmission of disease agents to humans and domesticated animals. Examples are reservoir-targeted, oral bait rabies, Mycobacterium bovis and Lyme disease vaccines. Given the speed and lost cost of veterinary vaccine development, some interventions based on the immunization of animals could lead to rapid and relatively inexpensive advances in public health. Opportunities for vaccine-based approaches to preventing zoonotic and emerging diseases that integrate veterinary and human medicine (the One Health paradigm) are emphasized.,��https://www.ncbi.nlm.nih.gov/pubmed/24060567���Monath, Thomas P
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Zoonosis���Nov 29é��The Henipavirus genus represents a group of paramyxoviruses that are some of the deadliest of known human and veterinary pathogens. Hendra and Nipah viruses are zoonotic pathogens that can cause respiratory and encephalitic illness in humans with mortality rates that exceed 70%. Over the past several years, we have seen an increase in the number of cases and an altered clinical presentation of Hendra virus in naturally infected horses. Recent increase in the number of cases has also been reported with human Nipah virus infections in Bangladesh. These factors, along with the recent discovery of henipa and henipa-like viruses in Africa, Asia and South and Central America adds, a truly global perspective to this group of emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/23993256¥��Croser, Emma L
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interferon���Nov 6ì��Since their first emergence in mid 1990s henipaviruses continued to re emerge in Australia and South East Asia almost every year. In total there has been more than 12 Nipah and 48 Hendra virus outbreaks reported in South East Asia and Australia, respectively. These outbreaks are associated with significant economic and health damages that most high risks countries (particularly in South East Asia) cannot bear the burden of such economical threats. Up until recently, there were no actual therapeutics available to treat or prevent these lethal infections. However, an international collaborative research has resulted in the identification of a potential equine Hendra vaccine capable of providing antibody protection against Hendra virus infections. Consequently, with the current findings and after nearly 2 decades since their first detection, are we there yet? This review recaps the chronicle of the henipavirus emergence and briefly evaluates potential anti-henipavirus vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/23954578®��Aljofan, Mohamad
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Zoonosis���OctÝ��Nipah virus, a paramyxovirus whose wildlife reservoir is Pteropus bats, was first discovered in a large outbreak of acute encephalitis in Malaysia in 1998 among persons who had contact with sick pigs. Apparently, one or more pigs was infected from bats, and the virus then spread efficiently from pig to pig, then from pigs to people. Nipah virus outbreaks have been recognized nearly every year in Bangladesh since 2001 and occasionally in neighboring India. Outbreaks in Bangladesh and India have been characterized by frequent person-to-person transmission and the death of over 70% of infected people. Characteristics of Nipah virus that increase its risk of becoming a global pandemic include: humans are already susceptible; many strains are capable of limited person-to-person transmission; as an RNA virus, it has an exceptionally high rate of mutation: and that if a human-adapted strain were to infect communities in South Asia, high population densities and global interconnectedness would rapidly spread the infection. Appropriate steps to estimate and manage this risk include studies to explore the molecular and genetic basis of respiratory transmission of henipaviruses, improved surveillance for human infections, support from high-income countries to reduce the risk of person-to-person transmission of infectious agents in low-income health care settings, and consideration of vaccination in communities at ongoing risk of exposure to the secretions and excretions of Pteropus bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23911335���Luby, Stephen P
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*Virus Internalization���Oct;��Paramyxoviruses, including the emerging lethal human Nipah virus (NiV) and the avian Newcastle disease virus (NDV), enter host cells through fusion of the viral and target cell membranes. For paramyxoviruses, membrane fusion is the result of the concerted action of two viral envelope glycoproteins: a receptor binding protein and a fusion protein (F). The NiV receptor binding protein (G) attaches to ephrin B2 or B3 on host cells, whereas the corresponding hemagglutinin-neuraminidase (HN) attachment protein of NDV interacts with sialic acid moieties on target cells through two regions of its globular domain. Receptor-bound G or HN via its stalk domain triggers F to undergo the conformational changes that render it competent to mediate fusion of the viral and cellular membranes. We show that chimeric proteins containing the NDV HN receptor binding regions and the NiV G stalk domain require a specific sequence at the connection between the head and the stalk to activate NiV F for fusion. Our findings are consistent with a general mechanism of paramyxovirus fusion activation in which the stalk domain of the receptor binding protein is responsible for F activation and a specific connecting region between the receptor binding globular head and the fusion-activating stalk domain is required for transmitting the fusion signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23903846N��Talekar, Aparna
DeVito, Ilaria
Salah, Zuhair
Palmer, Samantha G
Chattopadhyay, Anasuya
Rose, John K
Xu, Rui
Wilson, Ian A
Moscona, Anne
Porotto, Matteo
eng
R01AI31971/AI/NIAID NIH HHS/
U54AI057158/AI/NIAID NIH HHS/
R21 EB011707/EB/NIBIB NIH HHS/
R21 AI100292/AI/NIAID NIH HHS/
R56 AI099275/AI/NIAID NIH HHS/
R21EBO11707/PHS HHS/
R21AI100292-01/AI/NIAID NIH HHS/
U54 AI057158/AI/NIAID NIH HHS/
R01 AI031971/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2013/08/02 06:00
J Virol. 2013 Oct;87(20):10980-96. doi: 10.1128/JVI.01646-13. Epub 2013 Jul 31.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3807285���23903846���Departments of Pediatrics.���10.1128/JVI.01646-13��Ë��üÖtÿî?¼���f��Sendow, I.
Ratnawati, A.
Taylor, T.
Adjid, R. M.
Saepulloh, M.
Barr, J.
Wong, F.
Daniels, P.
Field, H.���2013E��Nipah virus in the fruit bat Pteropus vampyrus in Sumatera, Indonesia���e69544���PLoS One���8���7Õ��Animals
Base Sequence
Chiroptera/blood/*virology
Genome, Viral/genetics
Humans
Indonesia
Molecular Sequence Data
Nipah Virus/genetics/*isolation & purification
Real-Time Polymerase Chain Reaction
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vaccines���AugÍ��DESIGN: A cross-sectional study of private veterinarians providing equine services in Queensland. RESULTS: The study revealed that a majority of veterinarians would support the introduction of a Hendra virus (HeV) vaccine. Moreover, almost half of the respondents intended to make vaccination a prerequisite to horse patient presentation. However, participants also responded that a vaccine would not reduce the risk sufficiently to cease or downgrade their HeV management plan and infection control measures. CONCLUSION: When devising promoting and marketing campaigns, government agencies and manufacturers should consider private veterinarians' intentions as a significant driver for the uptake of the HeV vaccine.,��https://www.ncbi.nlm.nih.gov/pubmed/23889099���Mendez, D
Buttner, P
Speare, R
eng
Research Support, Non-U.S. Gov't
England
2013/07/31 06:00
Aust Vet J. 2013 Aug;91(8):328-31. doi: 10.1111/avj.12092.*��1751-0813 (Electronic)
0005-0423 (Linking)���23889099���Anton Breinl Centre for Public Health and Tropical Medicine, James Cook University, Townsville, 4810, Queensland, Australia. Diana.Mendez@jcu.edu.au���10.1111/avj.12092���ã��üÒ|ÿî?¿������Mendez, D.
Judd, J.
Speare, R.���2013_��Testing for Hendra virus: difficulties experienced by veterinarians in Queensland prior to 2011���323-7
��Aust Vet J���91���8X��Animals
Diagnostic Tests, Routine/economics/*veterinary
Hendra Virus/*isolation & purification
Henipavirus Infections/blood/*veterinary/virology
Horse Diseases/blood/*virology
Horses
Queensland
Surveys and Questionnaires
Veterinarians
Zoonoses/blood/*virology
Hendra virus
biosecurity
infection control
laboratory diagnosis
qualitative research���Augæ��OBJECTIVE: To identify the perceived barriers to Hendra virus (HeV) management by private equine veterinarians in Queensland. DESIGN: An exploratory qualitative study of private equine veterinarians registered and working in coastal Queensland. METHODS: A questionnaire that included eight open-ended questions about the management of HeV was used in face-to-face in-depth interviews with 21 veterinary personnel working in equine or mixed private practice between Far North and South-East Queensland in 2009-10. The qualitative data was entered and analysed thematically using QSR's International's Nvivo 9 qualitative data analysis software. RESULTS: This study revealed key issues associated with HeV testing: (1) inadequate knowledge of testing procedures and laboratory diagnostic pathways; (2) difficulty in accessing laboratory services; (3) responsibility for cost of collection and transport of specimen; and (4) the role of government. Participants perceived these issues as reducing potential HeV case management efficiency. CONCLUSION: Although HeV management plans have been modified in part since 2009-10, this study highlights the importance of considering the perspectives of private veterinary practitioners in any biosecurity protocols.,��https://www.ncbi.nlm.nih.gov/pubmed/23889098���Mendez, D
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Viral Vaccines/administration & dosage/genetics/*immunology���Jul 16���BACKGROUND: Nipah virus (NiV) is a zoonotic virus belonging to the henipavirus genus in the family Paramyxoviridae. Since NiV was first identified in 1999, outbreaks have continued to occur in humans in Bangladesh and India on an almost annual basis with case fatality rates reported between 40% and 100%. METHODS: Ferrets were vaccinated with 4, 20 or 100 mug HeVsG formulated with the human use approved adjuvant, CpG, in a prime-boost regime. One half of the ferrets were exposed to NiV at 20 days post boost vaccination and the other at 434 days post vaccination. The presence of virus or viral genome was assessed in ferret fluids and tissues using real-time PCR, virus isolation, histopathology, and immunohistochemistry; serology was also carried out. Non-immunised ferrets were also exposed to virus to confirm the pathogenicity of the inoculum. RESULTS: Ferrets exposed to Nipah virus 20 days post vaccination remained clinically healthy. Virus or viral genome was not detected in any tissues or fluids of the vaccinated ferrets; lesions and antigen were not identified on immunohistological examination of tissues; and there was no increase in antibody titre during the observation period, consistent with failure of virus replication. Of the ferrets challenged 434 days post vaccination, all five remained well throughout the study period; viral genome - but not virus - was recovered from nasal secretions of one ferret given 20 mug HeVsG and bronchial lymph nodes of the other. There was no increase in antibody titre during the observation period, consistent with lack of stimulation of a humoral memory response. CONCLUSIONS: We have previously shown that ferrets vaccinated with 4, 20 or 100 mug HeVsG formulated with CpG adjuvant, which is currently in several human clinical trials, were protected from HeV disease. Here we show, under similar conditions of use, that the vaccine also provides protection against NiV-induced disease. Such protection persists for at least 12 months post-vaccination, with data supporting only localised and self-limiting virus replication in 2 of 5 animals. These results augur well for acceptability of the vaccine to industry.,��https://www.ncbi.nlm.nih.gov/pubmed/23867060r��Pallister, Jackie A
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Vaccine���Oct_��Hendra virus and Nipah virus are bat-borne paramyxoviruses that are the prototypic members of the genus Henipavirus. The henipaviruses emerged in the 1990s, spilling over from their natural bat hosts and causing serious disease outbreaks in humans and livestock. Hendra virus emerged in Australia and since 1994 there have been 7 human infections with 4 case fatalities. Nipah virus first appeared in Malaysia and subsequent outbreaks have occurred in Bangladesh and India. In total, there have been an estimated 582 human cases of Nipah virus and of these, 54% were fatal. Their broad species tropism and ability to cause fatal respiratory and/or neurologic disease in humans and animals make them important transboundary biological threats. Recent experimental findings in animals have demonstrated that a human monoclonal antibody targeting the viral G glycoprotein is an effective post-exposure treatment against Hendra and Nipah virus infection. In addition, a subunit vaccine based on the G glycoprotein of Hendra virus affords protection against Hendra and Nipah virus challenge. The vaccine has been developed for use in horses in Australia and is the first vaccine against a Biosafety Level-4 (BSL-4) agent to be licensed and commercially deployed. Together, these advances offer viable approaches to address Hendra and Nipah virus infection of livestock and people.,��https://www.ncbi.nlm.nih.gov/pubmed/23838047¦��Broder, Christopher C
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receiver operating characteristic���Nov°��Reservoir hosts of novel pathogens are often identified or suspected as such on the basis of serological assay results, prior to the isolation of the pathogen itself. Serological assays might therefore be used outside of their original, validated scope in order to infer seroprevalences in reservoir host populations, until such time that specific diagnostic assays can be developed. This is particularly the case in wildlife disease research. The absence of positive and negative control samples and gold standard diagnostic assays presents challenges in determining an appropriate threshold, or 'cutoff', for the assay that enables differentiation between seronegative and seropositive individuals. Here, multiple methods were explored to determine an appropriate cutoff for a multiplexed microsphere assay that is used to detect henipavirus antibody binding in fruit bat plasma. These methods included calculating multiples of 'negative' control assay values, receiver operating characteristic curve analyses, and Bayesian mixture models to assess the distribution of assay outputs for classifying seropositive and seronegative individuals within different age classes. As for any diagnostic assay, the most appropriate cutoff determination method and value selected must be made according to the aims of the study. This study is presented as an example for others where reference samples, and assays that have been characterised previously, are absent.,��https://www.ncbi.nlm.nih.gov/pubmed/23835034���Peel, Alison J
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Male���Old World frugivorous bats have been identified as natural hosts for emerging zoonotic viruses of significant public health concern, including henipaviruses (Nipah and Hendra virus), Ebola virus, and Marburg virus. Epidemiological studies of these viruses in bats often utilize serology to describe viral dynamics, with particular attention paid to juveniles, whose birth increases the overall susceptibility of the population to a viral outbreak once maternal immunity wanes. However, little is understood about bat immunology, including the duration of maternal antibodies in neonates. Understanding duration of maternally derived immunity is critical for characterizing viral dynamics in bat populations, which may help assess the risk of spillover to humans. We conducted two separate studies of pregnant Pteropus bat species and their offspring to measure the half-life and duration of antibodies to 1) canine distemper virus antigen in vaccinated captive Pteropus hypomelanus; and 2) Hendra virus in wild-caught, naturally infected Pteropus alecto. Both of these pteropid bat species are known reservoirs for henipaviruses. We found that in both species, antibodies were transferred from dam to pup. In P. hypomelanus pups, titers against CDV waned over a mean period of 228.6 days (95% CI: 185.4-271.8) and had a mean terminal phase half-life of 96.0 days (CI 95%: 30.7-299.7). In P. alecto pups, antibodies waned over 255.13 days (95% CI: 221.0-289.3) and had a mean terminal phase half-life of 52.24 days (CI 95%: 33.76-80.83). Each species showed a duration of transferred maternal immunity of between 7.5 and 8.5 months, which was longer than has been previously estimated. These data will allow for more accurate interpretation of age-related Henipavirus serological data collected from wild pteropid bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23826322ê��Epstein, Jonathan H
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Zoonoses/*epidemiology/*transmission���Jul���The pork-processing industry has been possibly the fastest growing sector of the food industry in recent years. Specialization, genetic homogenization of the pig population, high density of the breeding population, reduced human-animal interactions, slaughter at a lower age and increased international trade of live animals and pork are parameters that affect, positively or negatively, the emergence of novel pig-borne pathogens, many of which are pig-specific, and many of which have significant zoonotic potential, as observed in recent outbreaks of Nipah virus and Streptococcus suis in Southeast Asia and China, respectively. Numerous other pathogens are transmitted to humans through direct contact with or consumption of pig products, and globalization trends in trade and human population movements have resulted in outbreaks of pig-borne diseases even in Muslim countries and in Israel, where pork consumption is religiously prohibited. The role of pigs as potential reservoirs of antibiotic-resistant pathogens or genes encoding resistance, and the role of feral pigs as a reservoir of zoonotic disease, are scientific fields in direct need of further research.,��https://www.ncbi.nlm.nih.gov/pubmed/23738656y��Pappas, G
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lymphocytic choriomeningitis virus���Jun¥��During outbreaks of infectious diseases or in cases of severely ill patients, it is imperative to identify the causative agent. This report describes several events in which virus isolation and identification by electron microscopy were critical to initial recognition of the etiologic agent, which was further analyzed by additional laboratory diagnostic assays. Examples include severe acute respiratory syndrome coronavirus, and Nipah, lymphocytic choriomeningitis, West Nile, Cache Valley, and Heartland viruses. These cases illustrate the importance of the techniques of cell culture and electron microscopy in pathogen identification and recognition of emerging diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/23731788���Goldsmith, Cynthia S
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Venous Thrombosis/etiology/*prevention & control���Aug 10���BACKGROUND: Venous thromboembolism is a common, potentially avoidable cause of death and morbidity in patients in hospital, including those with stroke. In surgical patients, intermittent pneumatic compression (IPC) reduces the risk of deep vein thrombosis (DVT), but no reliable evidence exists about its effectiveness in patients who have had a stroke. We assessed the effectiveness of IPC to reduce the risk of DVT in patients who have had a stroke. METHODS: The CLOTS 3 trial is a multicentre parallel group randomised trial assessing IPC in immobile patients (ie, who cannot walk to the toilet without the help of another person) with acute stroke. We enrolled patients from day 0 to day 3 of admission and allocated them via a central randomisation system (ratio 1:1) to receive either IPC or no IPC. A technician who was masked to treatment allocation did a compression duplex ultrasound (CDU) of both legs at 7-10 days and, wherever practical, at 25-30 days after enrolment. Caregivers and patients were not masked to treatment assignment. Patients were followed up for 6 months to determine survival and later symptomatic venous thromboembolism. The primary outcome was a DVT in the proximal veins detected on a screening CDU or any symptomatic DVT in the proximal veins, confirmed on imaging, within 30 days of randomisation. Patients were analysed according to their treatment allocation. TRIAL REGISTRATION: ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, 2876 patients were enrolled in 94 centres in the UK. The included patients were broadly representative of immobile stroke patients admitted to hospital and had a median age of 76 years (IQR 67-84). The primary outcome occurred in 122 (8.5%) of 1438 patients allocated IPC and 174 (12.1%) of 1438 patients allocated no IPC; an absolute reduction in risk of 3.6% (95% CI 1.4-5.8). Excluding the 323 patients who died before any primary outcome and 41 without any screening CDU, the adjusted OR for the comparison of 122 of 1267 patients vs 174 of 1245 patients was 0.65 (95% CI 0.51-0.84; p=0.001). Deaths in the treatment period occurred in 156 (11%) patients allocated IPC and 189 (13%) patients allocated no IPC died within the 30 days of treatment period (p=0.057); skin breaks on the legs were reported in 44 (3%) patients allocated IPC and in 20 (1%) patients allocated no IPC (p=0.002); falls with injury were reported in 33 (2%) patients in the IPC group and in 24 (2%) patients in the no-IPC group (p=0.221). INTERPRETATION: IPC is an effective method of reducing the risk of DVT and possibly improving survival in a wide variety of patients who are immobile after stroke. FUNDING: National Institute of Health Research (NIHR) Health Technology Assessment (HTA) programme, UK; Chief Scientist Office of Scottish Government; Covidien (MA, USA).,��https://www.ncbi.nlm.nih.gov/pubmed/23727163Ò��(Clots in Legs Or sTockings after Stroke)
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Viral Envelope Proteins/*genetics/metabolism���OctÌ��Lentiviruses are becoming progressively more popular as gene therapy vectors due to their ability to integrate into quiescent cells and recent clinical trial successes. Directing these vectors to specific cell types and limiting off-target transduction in vivo remains a challenge. Replacing the viral envelope proteins responsible for cellular binding, or pseudotyping, remains a common method to improve lentiviral targeting. Here, we describe the development of a high titer, third generation lentiviral vector pseudotyped with Nipah virus fusion protein (NiV-F) and attachment protein (NiV-G). Critical to high titers was truncation of the cytoplasmic domains of both NiV-F and NiV-G. As known targets of wild-type Nipah virus, primary endothelial cells are shown to be effectively transduced by the Nipah pseudotype. In contrast, human CD34+ hematopoietic progenitors were not significantly transduced. Additionally, the Nipah pseudotype has increased stability in human serum compared with vesicular stomatitis virus pseudotyped lentivirus. These findings suggest that the use of Nipah virus envelope proteins in third generation lentiviral vectors would be a valuable tool for gene delivery targeted to endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/23698741ö��Witting, S R
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Viral Load/genetics/immunology`��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus that causes fatal disease in a wide range of species, including humans. HeV was first described in Australia in 1994, and has continued to re-emerge with increasing frequency. HeV is of significant concern to human health due to its high mortality rate, increasing emergence, absence of vaccines and limited post exposure therapies. Here we investigate the use of RNA interference (RNAi) based therapeutics targeting HeV in conjunction with the TLR3 agonist Poly I:C and show that they are potent inhibitors of HeV infection in vitro. We found that short interfering RNAs (siRNAs) targeting the abundantly expressed N, P and M genes of HeV caused over 95% reduction of HeV virus titre, protein and mRNA. Furthermore, we found that the combination of HeV targeting siRNA and Poly I:C had an additive effect in suppressing HeV infection. Our results demonstrate for the first time that RNAi and type I interferon stimulation are effective inhibitors of HeV replication in vitro and may provide an effective therapy for this highly lethal, zoonotic pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/23691205ç��McCaskill, Jana L
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Swine Diseases/diagnosis/virology���Hendra virus (HeV) and Nipah virus (NiV) are the causative agents of emerging transboundary animal disease in pigs and horses. They also cause fatal disease in humans. NiV has a case fatality rate of 40 - 100%. In the initial NiV outbreak in Malaysia in 1999, about 1.1 million pigs had to be culled. The economic impact was estimated to be approximately US$450 million. Worldwide, HeV has caused more than 60 deaths in horses with 7 human cases and 4 deaths. Since the initial outbreak, HeV spillovers from Pteropus bats to horses and humans continue. This article presents a brief review on the currently available diagnostic methods for henipavirus infections, including advances achieved since the initial outbreak, and a gap analysis of areas needing improvement.,��https://www.ncbi.nlm.nih.gov/pubmed/23689891���Tamin, A
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ZoonosesÌ��Hendra virus and Nipah virus are viral zoonoses first recognized in the mid and late 1990's and are now categorized as the type species of the genus Henipavirus within the family Paramyxoviridae. Their broad species tropism together with their capacity to cause severe and often fatal disease in both humans and animals make Hendra and Nipah "overlap agents" and significant biosecurity threats. The development of effective vaccination strategies to prevent or treat henipavirus infection and disease has been an important area of research. Here, henipavirus active and passive vaccination strategies that have been examined in animal challenge models of Hendra and Nipah virus disease are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/23689890Ô��Broder, C C
eng
AI054715/AI/NIAID NIH HHS/
AI077995/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Switzerland
2013/05/22 06:00
Dev Biol (Basel). 2013;135:125-38. doi: 10.1159/000171017. Epub 2013 May 14.%��1424-6074 (Print)
1424-6074 (Linking)���23689890\��Department of Microbiology and Immunology, Uniformed Services University, Bethesda, MD, USA.���10.1159/000171017��Ø��üÒtÿî?Í���m��Motley, S. T.
Redden, C. L.
Sannes-Lowery, K. A.
Eshoo, M. W.
Hofstadler, S. A.
Burans, J. P.
Rosovitz, M. J.���2013p��Differentiating microbial forensic qPCR target and control products by electrospray ionization mass spectrometry���107-17���Biosecur Bioterror���11���2«��Bioterrorism/*prevention & control
Clostridium botulinum type F/genetics
DNA, Bacterial/*analysis
Forensic Sciences/*methods
Gram-Negative Bacteria/genetics
Hendra Virus/genetics
Nipah Virus/genetics
Polymorphism, Single Nucleotide
RNA, Viral/*analysis
Real-Time Polymerase Chain Reaction/*methods
Reverse Transcriptase Polymerase Chain Reaction/*methods
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*Spectrometry, Mass, Electrospray Ionization���Junì��Molecular bioforensic research is dependent on rapid and sensitive methods such as real-time PCR (qPCR) for the identification of microorganisms. The use of synthetic positive control templates containing small modifications outside the primer and probe regions is essential to ensure all aspects of the assay are functioning properly, including the primers and probes. However, a typical qPCR or reverse transcriptase qPCR (qRT-PCR) assay is limited in differentiating products generated from positive controls and biological samples because the fluorescent probe signals generated from each type of amplicon are indistinguishable. Additional methods used to differentiate amplicons, including melt curves, secondary probes, and amplicon sequencing, require significant time to implement and validate and present technical challenges that limit their use for microbial forensic applications. To solve this problem, we have developed a novel application of electrospray ionization mass spectrometry (ESI-MS) to rapidly differentiate qPCR amplicons generated with positive biological samples from those generated with synthetic positive controls. The method has sensitivity equivalent to qPCR and supports the confident and timely determination of the presence of a biothreat agent that is crucial for policymakers and law enforcement. Additionally, it eliminates the need for time-consuming methods to confirm qPCR results, including development and validation of secondary probes or sequencing of small amplicons. In this study, we demonstrate the effectiveness of this approach with microbial forensic qPCR assays targeting multiple biodefense agents (bacterial, viral, and toxin) for the ability to rapidly discriminate between a positive control and a positive sample.,��https://www.ncbi.nlm.nih.gov/pubmed/23675878&��Motley, S Timothy
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Sensitivity and Specificity���OctÞ��A specific and sensitive two-step TaqMan real-time PCR has been developed for rapid diagnosis of caprine arthritis-encephalitis virus (CAEV) infection by using a set of specific primers and a TaqMan probe targeting a highly conserved region within the gene encoding the viral capsid protein (CA). The assay successfully detected CAEV proviral DNA in total DNA extracts originating from cell culture, whole blood samples and isolated PBMCs, with a lower detection limit of 10(2) copies and a linear dynamic range of 10(5) to 10(10) copies/ml. There was no cross-reaction with other animal viruses (e.g., goat pox virus, bovine leukemia virus, bovine mucosal disease virus, swine influenza virus and Nipah virus). When applied in parallel with serological AGID and conventional PCR for detection of CAEV in field samples, this assay exhibited a higher sensitivity than these traditional methods, and 7.8 % of the 308 specimens collected in the Shanxi and Tianjin regions of China from 1993 to 2011 were found to be positive. Thus, the TaqMan qPCR assay provides a fast, specific and sensitive means for detecting CAEV proviral DNA in goat specimens and should be useful for large-scale detection in eradication programs and epidemiological studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23670072ß��Li, Yi
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*Nipah Virus/genetics/immunologyE��Nipah virus (NiV) (Genus Henipavirus) is a recently emerged zoonotic virus that causes severe disease in humans and has been found in bats of the genus Pteropus. Whilst NiV has not been detected in Australia, evidence for NiV-infection has been found in pteropid bats in some of Australia's closest neighbours. The aim of this study was to determine the occurrence of henipaviruses in fruit bat (Family Pteropodidae) populations to the north of Australia. In particular we tested the hypothesis that Nipah virus is restricted to west of Wallace's Line. Fruit bats from Australia, Papua New Guinea, East Timor and Indonesia were tested for the presence of antibodies to Hendra virus (HeV) and Nipah virus, and tested for the presence of HeV, NiV or henipavirus RNA by PCR. Evidence was found for the presence of Nipah virus in both Pteropus vampyrus and Rousettus amplexicaudatus populations from East Timor. Serology and PCR also suggested the presence of a henipavirus that was neither HeV nor NiV in Pteropus alecto and Acerodon celebensis. The results demonstrate the presence of NiV in the fruit bat populations on the eastern side of Wallace's Line and within 500 km of Australia. They indicate the presence of non-NiV, non-HeV henipaviruses in fruit bat populations of Sulawesi and Sumba and possibly in Papua New Guinea. It appears that NiV is present where P. vampyrus occurs, such as in the fruit bat populations of Timor, but where this bat species is absent other henipaviruses may be present, as on Sulawesi and Sumba. Evidence was obtained for the presence henipaviruses in the non-Pteropid species R. amplexicaudatus and in A. celebensis. The findings of this work fill some gaps in knowledge in geographical and species distribution of henipaviruses in Australasia which will contribute to planning of risk management and surveillance activities.,��https://www.ncbi.nlm.nih.gov/pubmed/23637812=��Breed, Andrew C
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Virus Internalization���Apr 17w��Hendra virus (HeV) and Nipah virus (NiV) are emerging zoonotic viruses that cause severe and often lethal respiratory illness and encephalitis in humans. Henipaviruses can infect a wide range of species and human-to-human transmission has been observed for NiV. While the exact route of transmission in humans is not known, experimental infection in different animal species suggests that infection can be efficiently initiated after respiratory challenge. The limited data on histopathological changes in fatal human cases of HeV and NiV suggest that endothelial cells are an important target during the terminal stage of infection; however, it is unknown where these viruses initially establish infection and how the virus disseminates from the respiratory tract to the central nervous system and other organs. Here we review the current concepts in henipavirus pathogenesis in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23592639���Escaffre, Olivier
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West Nile virus/immunology/isolation & purification���Jun;��PURPOSE OF REVIEW: This review highlights research and development in the field of emerging viral causes of encephalitis over the past year. RECENT FINDINGS: There is new evidence for the presence of henipaviruses in African bats. There have also been promising advances in vaccine and neutralizing antibody research against Hendra and Nipah viruses. West Nile virus continues to cause large outbreaks in the United States, and long-term sequelae of the virus are increasingly appreciated. There is exciting new research regarding the variable susceptibility of different brain regions to neurotropic virus infection. Another cluster of solid organ transplant recipients developed encephalitis from organ donor-acquired lymphocytic choriomeningitis virus. The global epidemiology of Japanese encephalitis virus has been further clarified. Evidence continues to accumulate for the central nervous system involvement of dengue virus, and the recent deadly outbreak of enterovirus 71 in Cambodian children is discussed. SUMMARY: In response to complex ecological and societal dynamics, the worldwide epidemiology of viral encephalitis continues to evolve in surprising ways. The articles highlighted here include new research on virus epidemiology and spread, new outbreaks as well as progress in the development of vaccines and therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23591683���Wilson, Michael R
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*Nutritional Status
Prevalence
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Socioeconomic Factors���Nov-DecÝ��Malnutrition in elderly people is one of the major syndromes associated to greater prevalence of chronic diseases and increased morbidity, hospital staying, and mortality. On the other hand, malnutrition in the fourth world is associated to another important risk factor, which is the poor economic status. The aim of this study was to elaborate a balanced menu for the elderly adjusting its price to the mean expense that this population dedicates to its feeding needs. Taking into account the Household expense for 2010 of the National Institute of Statistics, we established that the average price for each menu ought to be less than 5.57 euro per day. Two type menus were elaborated, both adapted to this population and to the Mediterranean diet. The economic assessment was 5.02 euro and 5.06 euro, respectively. Given the prevalence of malnutrition in this population, it is essential being able to appropriately plan their feeding needs, at both the nutritional and economic levels.,��https://www.ncbi.nlm.nih.gov/pubmed/23588465 ��San Mauro, I
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Virus Replication���Jun 20ª��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pulmonary disease and encephalitis in humans with 40-70% fatality. Interactions between NiV and the human immune system remain poorly understood. Here, we demonstrate the effects of NiV infection on DC and T cell function. Using an in vitro system, we found that NiV infects and replicates at low levels in DCs and induces the expression of TNF-alpha, IL-1alpha, IL-1beta, IL-8, and IP-10. NiV infection activates DCs, and upregulates the expression of CD40, CD80, and CD86. Also have reduced levels of bcl2 and high levels of active caspase 3, suggesting the induction of apoptosis. DCs infected by NiV are unable to efficiently prime CD4 and CD8 T cells, but instead induce apoptosis in T cells. Interestingly, DCs treated with inactivated NiV also show signs of apoptosis. These findings indicate that NiV infected DCs could play an important role in NiV pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/23587249¢��Gupta, Manisha
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Virus Diseases/*drug therapy/immunology/*prevention & control���Apr���More than 40 monoclonal antibodies (mAbs) have been approved for a number of disease indications with only one of these (Synagis) - for a viral disease, and not for therapy but for prevention. However, in the last decade novel potent mAbs have been discovered and characterized with potential as therapeutics against viruses of major importance for public health and biosecurity including Hendra virus (HeV), Nipah virus (NiV), severe acute respiratory syndrome coronavirus (SARS-CoV), Ebola virus (EBOV), West Nile virus (WNV), influenza virus (IFV) and human immunodeficiency virus type 1 (HIV-1). Here, we review such mAbs with an emphasis on antibodies of human origin, and highlight recent results as well as technologies and mechanisms related to their potential as therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23575729P��Zhu, Zhongyu
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*Virus Internalizationq��Mannose-binding lectin (MBL) is a key soluble effector of the innate immune system that recognizes pathogen-specific surface glycans. Surprisingly, low-producing MBL genetic variants that may predispose children and immunocompromised individuals to infectious diseases are more common than would be expected in human populations. Since certain immune defense molecules, such as immunoglobulins, can be exploited by invasive pathogens, we hypothesized that MBL might also enhance infections in some circumstances. Consequently, the low and intermediate MBL levels commonly found in human populations might be the result of balancing selection. Using model infection systems with pseudotyped and authentic glycosylated viruses, we demonstrated that MBL indeed enhances infection of Ebola, Hendra, Nipah and West Nile viruses in low complement conditions. Mechanistic studies with Ebola virus (EBOV) glycoprotein pseudotyped lentiviruses confirmed that MBL binds to N-linked glycan epitopes on viral surfaces in a specific manner via the MBL carbohydrate recognition domain, which is necessary for enhanced infection. MBL mediates lipid-raft-dependent macropinocytosis of EBOV via a pathway that appears to require less actin or early endosomal processing compared with the filovirus canonical endocytic pathway. Using a validated RNA interference screen, we identified C1QBP (gC1qR) as a candidate surface receptor that mediates MBL-dependent enhancement of EBOV infection. We also identified dectin-2 (CLEC6A) as a potentially novel candidate attachment factor for EBOV. Our findings support the concept of an innate immune haplotype that represents critical interactions between MBL and complement component C4 genes and that may modify susceptibility or resistance to certain glycosylated pathogens. Therefore, higher levels of native or exogenous MBL could be deleterious in the setting of relative hypocomplementemia which can occur genetically or because of immunodepletion during active infections. Our findings confirm our hypothesis that the pressure of infectious diseases may have contributed in part to evolutionary selection of MBL mutant haplotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/23573288���Brudner, Matthew
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Zoonoses/transmission/virology���Aprõ��Hendra virus, a member of the family Paramyxoviridae, was first recognized following a devastating outbreak in Queensland, Australia, in 1994. The naturally acquired symptomatic infection, characterized by a rapidly progressive illness involving the respiratory system and/or CNS, has so far only been recognized in horses and humans. However, there is potential for other species to be infected, with significant consequences for animal and human health. Prevention of infection involves efforts to interrupt the bat-to-horse and horse-to-human transmission interfaces. Education and infection-control efforts remain the key to reducing risk of transmission, particularly as no effective antiviral treatment is currently available. The recent release of an equine Hendra G glycoprotein subunit vaccine is an exciting advance that offers the opportunity to curb the recent increase in equine transmission events occurring in endemic coastal regions of Australia and thereby reduce the risk of infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23534359���Hazelton, Briony
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Virulence���Mar 25¾��BACKGROUND: Hendra virus (HeV) is an Australian bat-borne zoonotic paramyxovirus that repeatedly spills-over to horses causing fatal disease. Human cases have all been associated with close contact with infected horses. METHODS: A full-length antigenome clone of HeV was assembled, a reporter gene (GFP or luciferase) inserted between the P and M genes and transfected to 293T cells to generate infectious reporter gene-encoding recombinant viruses. These viruses were then assessed in vitro for expression of the reporter genes. The GFP expressing recombinant HeV was used to challenge ferrets to assess the virulence and tissue distribution by monitoring GFP expression in infected cells. RESULTS: Three recombinant HeV constructs were successfully cloned and rescued; a wild-type virus, a GFP-expressing virus and a firefly luciferase-expressing virus. In vitro characterisation demonstrated expression of the reporter genes, with levels proportional to the initial inoculum levels. Challenge of ferrets with the GFP virus demonstrated maintenance of the fatal phenotype with disease progressing to death consistent with that observed previously with the parental wild-type isolate of HeV. GFP expression could be observed in infected tissues collected from animals at euthanasia. CONCLUSIONS: Here, we report on the first successful rescue of recombinant HeV, including wild-type virus and viruses expressing two different reporter genes encoded as an additional gene cassette inserted between the P and M genes. We further demonstrate that the GFP virus retained the ability to cause fatal disease in a well-characterized ferret model of henipavirus infection despite the genome being an extra 1290 nucleotides in length.,��https://www.ncbi.nlm.nih.gov/pubmed/23521919���Marsh, Glenn A
Virtue, Elena R
Smith, Ina
Todd, Shawn
Arkinstall, Rachel
Frazer, Leah
Monaghan, Paul
Smith, Greg A
Broder, Christopher C
Middleton, Deborah
Wang, Lin-Fa
eng
R01 AI054715/AI/NIAID NIH HHS/
AI054715/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2013/03/26 06:00
Virol J. 2013 Mar 25;10:95. doi: 10.1186/1743-422X-10-95.*��1743-422X (Electronic)
1743-422X (Linking)
��PMC3724489���23521919���CSIRO Animal, Food and Health Sciences, Australian Animal Health Laboratory, Geelong, VIC 3220, Australia. glenn.marsh@csiro.au���10.1186/1743-422X-10-95����üÖtÿî?Ø���g��Yoneda, M.
Georges-Courbot, M. C.
Ikeda, F.
Ishii, M.
Nagata, N.
Jacquot, F.
Raoul, H.
Sato, H.
Kai, C.���2013w��Recombinant measles virus vaccine expressing the Nipah virus glycoprotein protects against lethal Nipah virus challenge���e58414���PLoS One���8���3���Animals
Antibodies, Viral/blood/immunology
Body Temperature
Body Weight
Brain/immunology/pathology/virology
Cercopithecus aethiops
Cricetinae
Gene Expression
Genetic Vectors/genetics
Henipavirus Infections/mortality/*prevention & control
Immunization
Lung/immunology/pathology/virology
Measles virus/*genetics
Nipah Virus/*immunology
Viral Envelope Proteins/*immunology
Viral Vaccines/*immunology
Virus Replication%��Nipah virus (NiV) is a member of the genus Henipavirus, which emerged in Malaysia in 1998. In pigs, infection resulted in a predominantly non-lethal respiratory disease; however, infection in humans resulted in over 100 deaths. Nipah virus has continued to re-emerge in Bangladesh and India, and person-to-person transmission appeared in the outbreak. Although a number of NiV vaccine studies have been reported, there are currently no vaccines or treatments licensed for human use. In this study, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins (rMV-HL-G and rMV-Ed-G). Vaccinated hamsters were completely protected against NiV challenge, while the mortality of unvaccinated control hamsters was 90%. We trialed our vaccine in a non-human primate model, African green monkeys. Upon intraperitoneal infection with NiV, monkeys showed several clinical signs of disease including severe depression, reduced ability to move and decreased food ingestion and died at 7 days post infection (dpi). Intranasal and oral inoculation induced similar clinical illness in monkeys, evident around 9 dpi, and resulted in a moribund stage around 14 dpi. Two monkeys immunized subcutaneously with rMV-Ed-G showed no clinical illness prior to euthanasia after challenge with NiV. Viral RNA was not detected in any organ samples collected from vaccinated monkeys, and no pathological changes were found upon histopathological examination. From our findings, we propose that rMV-NiV-G is an appropriate NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23516477���Yoneda, Misako
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RNA, Messenger/genetics/metabolism���Junå��Nipah virus (NiV) is a nonsegmented, single-stranded, negative-sense RNA virus belonging to the genus Henipavirus, family Paramyxoviridae. NiV causes acute encephalitis and respiratory disease in humans, is associated with high mortality, and poses a threat in southern Asia. The genomes of henipaviruses are about 18,246 nucleotides (nt) long, which is longer than those of other paramyxoviruses (around 15,384 nt). This difference is caused by the noncoding RNA region, particularly the 3' untranslated region (UTR), which occupies more than half of the noncoding RNA region. To determine the function(s) of the NiV noncoding RNA region, we investigated the effects of NiV 3' UTRs on reporter gene expression. The NiV N 3' UTR (nt 1 to 100) demonstrated strong repressor activity associated with hnRNP D protein binding to that region. Mutation of the hnRNP D binding site or knockdown of hnRNP D resulted in increased expression of the NiV N 3' UTR reporter. Our findings suggest that NiV N expression is repressed by hnRNP D through the NiV N 3' UTR and demonstrate the involvement of posttranscriptional regulation in the NiV life cycle. To the best of our knowledge, this provides the first report of the functions of the NiV noncoding RNA region.,��https://www.ncbi.nlm.nih.gov/pubmed/23514888·��Hino, Kimihiro
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Viral Envelope Proteins/analysis?��Microsphere suspension array systems enable the simultaneous fluorescent identification of multiple separate nucleotide targets in a single reaction. We have utilized commercially available oligo-tagged microspheres (Luminex MagPlex-TAG) to construct and evaluate multiplexed assays for the detection and differentiation of Hendra virus (HeV) and Nipah virus (NiV). Both these agents are bat-borne zoonotic paramyxoviruses of increasing concern for veterinary and human health. Assays were developed targeting multiple sites within the nucleoprotein (N) and phosphoprotein (P) encoding genes. The relative specificities and sensitivities of the assays were determined using reference isolates of each virus type, samples from experimentally infected horses, and archival veterinary diagnostic submissions. Results were assessed in direct comparison with an established qPCR. The microsphere array assays achieved unequivocal differentiation of HeV and NiV and the sensitivity of HeV detection was comparable to qPCR, indicating high analytical and diagnostic specificity and sensitivity.,��https://www.ncbi.nlm.nih.gov/pubmed/23509705���Foord, Adam J
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Zoonoses/*epidemiology/transmission`��BACKGROUND: Prior to emergence in human populations, zoonoses such as SARS cause occasional infections in human populations exposed to reservoir species. The risk of widespread epidemics in humans can be assessed by monitoring the reproduction number R (average number of persons infected by a human case). However, until now, estimating R required detailed outbreak investigations of human clusters, for which resources and expertise are not always available. Additionally, existing methods do not correct for important selection and under-ascertainment biases. Here, we present simple estimation methods that overcome many of these limitations. METHODS AND FINDINGS: Our approach is based on a parsimonious mathematical model of disease transmission and only requires data collected through routine surveillance and standard case investigations. We apply it to assess the transmissibility of swine-origin influenza A H3N2v-M virus in the US, Nipah virus in Malaysia and Bangladesh, and also present a non-zoonotic example (cholera in the Dominican Republic). Estimation is based on two simple summary statistics, the proportion infected by the natural reservoir among detected cases (G) and among the subset of the first detected cases in each cluster (F). If detection of a case does not affect detection of other cases from the same cluster, we find that R can be estimated by 1-G; otherwise R can be estimated by 1-F when the case detection rate is low. In more general cases, bounds on R can still be derived. CONCLUSIONS: We have developed a simple approach with limited data requirements that enables robust assessment of the risks posed by emerging zoonoses. We illustrate this by deriving transmissibility estimates for the H3N2v-M virus, an important step in evaluating the possible pandemic threat posed by this virus. Please see later in the article for the Editors' Summary.,��https://www.ncbi.nlm.nih.gov/pubmed/23472057n��Cauchemez, Simon
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Plant Extracts/chemistry���Jan 30^��Citrus plants are known to possess beneficial biological activities for human health. In addition, ethnopharmacological application of plants is a good tool to explore their bioactivities and active compounds. This research was carried out to evaluate the phenolic and flavonoid analysis, antioxidant properties, anti inflammatory and anti cancer activity of Citrus aurantium bloom. The total phenolics and flavonoids results revealed that methanolic extract contained high total phenolics and flavonoids compared to ethanolic and boiling water extracts. The obtained total phenolics value for methanolic Citrus aurantium bloom extract was 4.55 +/- 0.05 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids it was 3.83 +/- 0.05 mg rutin equivalent/g DW. In addition, the RP-HPLC analyses of phenolics and flavonoids indicated the presence of gallic acid, pyrogallol, syringic acid, caffeic acid, rutin, quercetin and naringin as bioactive compounds. The antioxidant activity of Citrus aurantium bloom were examined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the ferric reducing/antioxidant potential (FRAP). The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of Citrus aurantium bloom at a concentration of 300 mug/mL, with values of 55.3% and 51.7%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. Furthermore, the anti-inflammatory result of methanolic extract showed appreciable reduction in nitric oxide production of stimulated RAW 264.7 cells at the presence of plant extract. Apart from that, the anticancer activity of the methanolic extract was investigated in vitro against human cancer cell lines (MCF-7; MDA-MB-231), human colon adenocarcinoma (HT-29) and Chang cell as a normal human hepatocyte. The obtained result demonstrated the moderate to appreciable activities against all cell line tested and the compounds present in the extracts are non-toxic which make them suitable as potential therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23442980Õ��Karimi, Ehsan
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Zoonoses/epidemiology/*prevention & control/transmission���Aug¦��The authors discuss 'One Health' approaches for controlling newly recognised and re-emerging diseases of animal origin and contributions towards pandemic preparedness based on enhanced collaboration between Veterinary Services, Human Health Services and Environmental Services. Improved veterinary governance and cooperation with public health managers, social scientists, ecologists and many other stakeholders are important for reducing the risks of potential zoonoses--including foodborne diseases--at their source. Two case studies are presented to illustrate how One Health approaches can make a difference--Hendra disease incidents in Australia and rabies management on the African continent. This article also includes an overview of collaboration at the international level between the Food and Agriculture Organization of the United Natiorfs, the World Organisation for Animal Health, and the World Health Organization. Environmental determinants for disease emergence, anthropogenic climate change and human encroachment on shrinking wildlife habitats are considered, using highly pathogenic avian influenza A (H5N1) and Nipah virus as examples. Finally, the authors discuss the effects of livestock production on environmental change--in the light of global population growth and increasing demand for livestock and aquaculture products--with the need for future policy decisions to be based on a multidisciplinary One Health approach.,��https://www.ncbi.nlm.nih.gov/pubmed/23413734T��Landford, J
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*Models, Theoretical���Apr 6���The identification of undiagnosed disease outbreaks is critical for mobilizing efforts to prevent widespread transmission of novel virulent pathogens. Recent developments in online surveillance systems allow for the rapid communication of the earliest reports of emerging infectious diseases and tracking of their spread. The efficacy of these programs, however, is inhibited by the anecdotal nature of informal reporting and uncertainty of pathogen identity in the early stages of emergence. We developed theory to connect disease outbreaks of known aetiology in a network using an array of properties including symptoms, seasonality and case-fatality ratio. We tested the method with 125 reports of outbreaks of 10 known infectious diseases causing encephalitis in South Asia, and showed that different diseases frequently form distinct clusters within the networks. The approach correctly identified unknown disease outbreaks with an average sensitivity of 76 per cent and specificity of 88 per cent. Outbreaks of some diseases, such as Nipah virus encephalitis, were well identified (sensitivity = 100%, positive predictive values = 80%), whereas others (e.g. Chandipura encephalitis) were more difficult to distinguish. These results suggest that unknown outbreaks in resource-poor settings could be evaluated in real time, potentially leading to more rapid responses and reducing the risk of an outbreak becoming a pandemic.,��https://www.ncbi.nlm.nih.gov/pubmed/23389893���Bogich, Tiffany L
Funk, Sebastian
Malcolm, Trent R
Chhun, Nok
Epstein, Jonathan H
Chmura, Aleksei A
Kilpatrick, A Marm
Brownstein, John S
Hutchison, O Clyde
Doyle-Capitman, Catherine
Deaville, Robert
Morse, Stephen S
Cunningham, Andrew A
Daszak, Peter
eng
R01 GM100471/GM/NIGMS NIH HHS/
1R01AI090159-01/AI/NIAID NIH HHS/
2R01-TW005869/TW/FIC NIH HHS/
R01 TW005869/TW/FIC NIH HHS/
R01 AI090159/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2013/02/08 06:00
J R Soc Interface. 2013 Feb 6;10(81):20120904. doi: 10.1098/rsif.2012.0904. Print 2013 Apr 6.*��1742-5662 (Electronic)
1742-5662 (Linking)
��PMC3627096���23389893k��EcoHealth Alliance, 460 West 34th Street, 17th Floor, New York, NY 10001, USA. daszak@ecohealthalliance.org���10.1098/rsif.2012.0904�����üÒtÿî?ß������Anthony, S. J.
Ojeda-Flores, R.
Rico-Chavez, O.
Navarrete-Macias, I.
Zambrana-Torrelio, C. M.
Rostal, M. K.
Epstein, J. H.
Tipps, T.
Liang, E.
Sanchez-Leon, M.
Sotomayor-Bonilla, J.
Aguirre, A. A.
Avila-Flores, R.
Medellin, R. A.
Goldstein, T.
Suzan, G.
Daszak, P.
Lipkin, W. I.���2013!��Coronaviruses in bats from Mexico���1028-38���J Gen Virol���94���Pt 5���Animals
Base Sequence
Chiroptera/*virology
Coronavirus/classification/genetics/*isolation & purification
Coronavirus Infections/epidemiology/transmission/*veterinary/virology
DNA, Complementary/chemistry/genetics
Disease Reservoirs
Ecosystem
*Genetic Variation
Humans
Mexico/epidemiology
Molecular Sequence Data
Phylogeny
Public Health
RNA, Viral/genetics
Sequence Analysis, DNA
Zoonoses���MayÄ��Bats are reservoirs for a wide range of human pathogens including Nipah, Hendra, rabies, Ebola, Marburg and severe acute respiratory syndrome coronavirus (CoV). The recent implication of a novel beta (beta)-CoV as the cause of fatal respiratory disease in the Middle East emphasizes the importance of surveillance for CoVs that have potential to move from bats into the human population. In a screen of 606 bats from 42 different species in Campeche, Chiapas and Mexico City we identified 13 distinct CoVs. Nine were alpha (alpha)-CoVs; four were beta-CoVs. Twelve were novel. Analyses of these viruses in the context of their hosts and ecological habitat indicated that host species is a strong selective driver in CoV evolution, even in allopatric populations separated by significant geographical distance; and that a single species/genus of bat can contain multiple CoVs. A beta-CoV with 96.5 % amino acid identity to the beta-CoV associated with human disease in the Middle East was found in a Nyctinomops laticaudatus bat, suggesting that efforts to identify the viral reservoir should include surveillance of the bat families Molossidae/Vespertilionidae, or the closely related Nycteridae/Emballonuridae. While it is important to investigate unknown viral diversity in bats, it is also important to remember that the majority of viruses they carry will not pose any clinical risk, and bats should not be stigmatized ubiquitously as significant threats to public health.,��https://www.ncbi.nlm.nih.gov/pubmed/23364191/��Anthony, S J
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Young Adult���Febå��Active Nipah virus encephalitis surveillance identified an encephalitis cluster and sporadic cases in Faridpur, Bangladesh, in January 2010. We identified 16 case-patients; 14 of these patients died. For 1 case-patient, the only known exposure was hugging a deceased patient with a probable case, while another case-patient's exposure involved preparing the same corpse for burial by removing oral secretions and anogenital excreta with a cloth and bare hands. Among 7 persons with confirmed sporadic cases, 6 died, including a physician who had physically examined encephalitis patients without gloves or a mask. Nipah virus-infected patients were more likely than community-based controls to report drinking raw date palm sap and to have had physical contact with an encephalitis patient (29% vs. 4%, matched odds ratio undefined). Efforts to prevent transmission should focus on reducing caregivers' exposure to infected patients' bodily secretions during care and traditional burial practices.,��https://www.ncbi.nlm.nih.gov/pubmed/23347678_��Sazzad, Hossain M S
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Virus Replication/*physiology���Apr¦��Hendra virus is a highly pathogenic zoonotic paramyxovirus in the genus Henipavirus. Thirty-nine outbreaks of Hendra virus have been reported since its initial identification in Queensland, Australia, resulting in seven human infections and four fatalities. Little is known about cellular host factors impacting Hendra virus replication. In this work, we demonstrate that Hendra virus makes use of a microRNA (miRNA) designated miR-146a, an NF-kappaB-responsive miRNA upregulated by several innate immune ligands, to favor its replication. miR-146a is elevated in the blood of ferrets and horses infected with Hendra virus and is upregulated by Hendra virus in human cells in vitro. Blocking miR-146a reduces Hendra virus replication in vitro, suggesting a role for this miRNA in Hendra virus replication. In silico analysis of miR-146a targets identified ring finger protein (RNF)11, a member of the A20 ubiquitin editing complex that negatively regulates NF-kappaB activity, as a novel component of Hendra virus replication. RNA interference-mediated silencing of RNF11 promotes Hendra virus replication in vitro, suggesting that increased NF-kappaB activity aids Hendra virus replication. Furthermore, overexpression of the IkappaB superrepressor inhibits Hendra virus replication. These studies are the first to demonstrate a host miRNA response to Hendra virus infection and suggest an important role for host miRNAs in Hendra virus disease.,��https://www.ncbi.nlm.nih.gov/pubmed/23345523®��Stewart, Cameron R
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population health���MarÑ��Nipah virus is a highly pathogenic but poorly known paramyxovirus from South and Southeast Asia. In spite of the risks that it poses to human health, the geography and ecology of its occurrence remain little understood-the virus is basically known from Bangladesh and peninsular Malaysia, and little in between. In this contribution, I use documented occurrences of the virus to develop ecological niche-based maps summarizing its likely broader occurrence-although rangewide maps could not be developed that had significant predictive abilities, reflecting minimal sample sizes available, maps within Bangladesh were quite successful in identifying areas in which the virus is predictably present and likely transmitted.,��https://www.ncbi.nlm.nih.gov/pubmed/23343646���Peterson, A Townsend
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Virus CultivationÇ��Nipah virus is a zoonotic pathogen that causes severe disease in humans. The mechanisms of pathogenesis are not well described. The first Nipah virus outbreak occurred in Malaysia, where human disease had a strong neurological component. Subsequent outbreaks have occurred in Bangladesh and India and transmission and disease processes in these outbreaks appear to be different from those of the Malaysian outbreak. Until this point, virtually all Nipah virus studies in vitro and in vivo, including vaccine and pathogenesis studies, have utilized a virus isolate from the original Malaysian outbreak (NiV-M). To investigate potential differences between NiV-M and a Nipah virus isolate from Bangladesh (NiV-B), we compared NiV-M and NiV-B infection in vitro and in vivo. In hamster kidney cells, NiV-M-infection resulted in extensive syncytia formation and cytopathic effects, whereas NiV-B-infection resulted in little to no morphological changes. In vivo, NiV-M-infected Syrian hamsters had accelerated virus replication, pathology and death when compared to NiV-B-infected animals. NiV-M infection also resulted in the activation of host immune response genes at an earlier time point. Pathogenicity was not only a result of direct effects of virus replication, but likely also had an immunopathogenic component. The differences observed between NiV-M and NiV-B pathogeneis in hamsters may relate to differences observed in human cases. Characterization of the hamster model for NiV-B infection allows for further research of the strain of Nipah virus responsible for the more recent outbreaks in humans. This model can be used to study NiV-B pathogenesis, transmission, and countermeasures that could be used to control outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/23342177���DeBuysscher, Blair L
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Viral Proteins/*metabolism���The capacity of a virus to cross species barriers is determined by the development of bona fide interactions with cellular components of new hosts, and in particular its ability to block IFN-alpha/beta antiviral signaling. Tioman virus (TioV), a close relative of mumps virus (MuV), has been isolated in giant fruit bats in Southeast Asia. Nipah and Hendra viruses, which are present in the same bat colonies, are highly pathogenic in human. Despite serological evidences of close contacts between TioV and human populations, whether TioV is associated to some human pathology remains undetermined. Here we show that in contrast to the V protein of MuV, the V protein of TioV (TioV-V) hardly interacts with human STAT2, does not degrade STAT1, and cannot block IFN-alpha/beta signaling in human cells. In contrast, TioV-V properly binds to human STAT3 and MDA5, and thus interferes with IL-6 signaling and IFN-beta promoter induction in human cells. Because STAT2 binding was previously identified as a host restriction factor for some Paramyxoviridae, we established STAT2 sequence from giant fruit bats, and binding to TioV-V was tested. Surprisingly, TioV-V interaction with STAT2 from giant fruit bats is also extremely weak and barely detectable. Altogether, our observations question the capacity of TioV to appropriately control IFN-alpha/beta signaling in both human and giant fruit bats that are considered as its natural host.,��https://www.ncbi.nlm.nih.gov/pubmed/23342031-��Caignard, Gregory
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�INTRODUCTION: Bioterrorism is a terrorist action involving the intentional release or dissemination of a biological warfare agent (BWA), which includes some bacteria, viruses, rickettsiae, fungi or biological toxins. BWA is a naturally occurring or human-modified form that may kill or incapacitate humans, animals or plants as an act of war or terrorism. BWA is a weapon of choice for mass destruction and terrorism, because of the incubation period, less effective amount than chemical warfare agents, easily distribution, odorless, colorless, difficult to detect, no need of specialized equipment for production and naturally distribution which can easily be obtained. BWA may be disseminating as an aerosol, spray, explosive device, and by food or water. CLASSIFICATION: Based on the risk for human health, BWAs have been prioritized into three categories of A, B and C. Category A includes microorganisms or toxins that easily spread, leading to intoxication with high death rates such as Anthrax, Botulism, Plague, Smallpox, Tularemia and Viral hemorrhagic fevers. Category B has lower toxicity with wider range, including Staphylococcal Entrotoxin type B (SEB), Epsilon toxin of Clostridium perfringens, Ricin, Saxotoxins, Abrin and Trichothecene mycotoxins. The C category includes emerging pathogens that could also be engineered for mass spread such as Hanta viruses, multidrug-resistant tuberculosis, Nipah virus, the tick-borne encephalitis viruses, hemorrhagic fever viruses and yellow fever. CLINICAL MANIFESTATIONS OF BIOTOXINS IN HUMAN: Clinical features and severity of intoxication depend on the agent and exposed dose, route of entry, individual variation and environmental factors. Onset of symptoms varies from 2-24 h in Ricin to 24-96 h in Botulism. Clinical manifestations also vary from irritation of the eyes, skin and mucus membranes in T2 toxin to an acute flaccid paralysis of bilateral cranial nerve impairment of descending manner in botulism. Most of the pyrogenic toxins such as SEB produce the same signs and symptoms as toxic shock syndrome including a rapid drop in blood pressure, elevated temperature, and multiple organ failure. MANAGEMENT: There is no specific antidote or effective treatment for most of the biotoxins. The clinical management is thus more supportive and symptomatic. Fortunately vaccines are now available for most of BWA. Therefore, immunization of personnel at risk of exposure is recommended. CONCLUSION: Biotoxins are very wide and bioterrorism is a heath and security threat that may induce national and international problems. Therefore, the security authorities, health professional and even public should be aware of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23339855¢��Balali-Mood, Mahdi
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Respiratory Mucosa/cytology/virology���Mar.��Hendra virus (HeV) and Nipah virus (NiV) are deadly zoonotic viruses for which no vaccines or therapeutics are licensed for human use. Henipavirus infection causes severe respiratory illness and encephalitis. Although the exact route of transmission in human is unknown, epidemiological studies and in vivo studies suggest that the respiratory tract is important for virus replication. However, the target cells in the respiratory tract are unknown, as are the mechanisms by which henipaviruses can cause disease. In this study, we characterized henipavirus pathogenesis using primary cells derived from the human respiratory tract. The growth kinetics of NiV-Malaysia, NiV-Bangladesh, and HeV were determined in bronchial/tracheal epithelial cells (NHBE) and small airway epithelial cells (SAEC). In addition, host responses to infection were assessed by gene expression analysis and immunoassays. Viruses replicated efficiently in both cell types and induced large syncytia. The host response to henipavirus infection in NHBE and SAEC highlighted a difference in the inflammatory response between HeV and NiV strains as well as intrinsic differences in the ability to mount an inflammatory response between NHBE and SAEC. These responses were highest during HeV infection in SAEC, as characterized by the levels of key cytokines (interleukin 6 [IL-6], IL-8, IL-1alpha, monocyte chemoattractant protein 1 [MCP-1], and colony-stimulating factors) responsible for immune cell recruitment. Finally, we identified virus strain-dependent variability in type I interferon antagonism in NHBE and SAEC: NiV-Malaysia counteracted this pathway more efficiently than NiV-Bangladesh and HeV. These results provide crucial new information in the understanding of henipavirus pathogenesis in the human respiratory tract at an early stage of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23302882ù��Escaffre, Olivier
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Zoonoses/*virology���Apr���Public discourses have influence on policymaking for emerging health issues. Media representations of unfolding events, scientific uncertainty, and real and perceived risks shape public acceptance of health policy and therefore policy outcomes. To characterize and track views in popular circulation on the causes, consequences and appropriate policy responses to the emergence of Hendra virus as a zoonotic risk, this study examines coverage of this issue in Australian mass media for the period 2007-2011. Results demonstrate the predominant explanation for the emergence of Hendra became the encroachment of flying fox populations on human settlement. Depictions of scientific uncertainty as to whom and what was at risk from Hendra virus promoted the view that flying foxes were a direct risk to human health. Descriptions of the best strategy to address Hendra have become polarized between recognized health authorities advocating individualized behaviour changes to limit risk exposure; versus populist calls for flying fox control and eradication. Less than a quarter of news reports describe the ecological determinants of emerging infectious disease or upstream policy solutions. Because flying foxes rather than horses were increasingly represented as the proximal source of human infection, existing policies of flying fox protection became equated with government inaction; the plight of those affected by flying foxes representative of a moral failure. These findings illustrate the potential for health communications for emerging infectious disease risks to become entangled in other political agendas, with implications for the public's likelihood of supporting public policy and risk management strategies that require behavioural change or seek to address the ecological drivers of incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/23294874´��Degeling, Chris
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*Virus Internalization���Mary��The promotion of membrane fusion by most paramyxoviruses requires an interaction between the viral attachment and fusion (F) proteins to enable receptor binding by the former to trigger the activation of the latter for fusion. Numerous studies demonstrate that the F-interactive sites on the Newcastle disease virus (NDV) hemagglutinin-neuraminidase (HN) and measles virus (MV) hemagglutinin (H) proteins reside entirely within the stalk regions of those proteins. Indeed, stalk residues of NDV HN and MV H that likely mediate the F interaction have been identified. However, despite extensive efforts, the F-interactive site(s) on the Nipah virus (NiV) G attachment glycoprotein has not been identified. In this study, we have introduced individual N-linked glycosylation sites at several positions spaced at intervals along the stalk of the NiV G protein. Five of the seven introduced sites are utilized as established by a retardation of electrophoretic mobility. Despite surface expression, ephrinB2 binding, and oligomerization comparable to those of the wild-type protein, four of the five added N-glycans completely eliminate the ability of the G protein to complement the homologous F protein in the promotion of fusion. The most membrane-proximal added N-glycan reduces fusion by 80%. However, unlike similar NDV HN and MV H mutants, the NiV G glycosylation stalk mutants retain the ability to bind F, indicating that the fusion deficiency of these mutants is not due to prevention of the G-F interaction. These findings suggest that the G-F interaction is not mediated entirely by the stalk domain of G and may be more complex than that of HN/H-F.,��https://www.ncbi.nlm.nih.gov/pubmed/23283956¸��Zhu, Qiyun
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*Virus Attachment���Mar���Conformational changes in the glycoproteins of enveloped viruses are critical for membrane fusion, which enables viral entry into cells and the pathological cell-cell fusion (syncytia) associated with some viral infections. However, technological capabilities for identifying viral glycoproteins and their conformational changes on actual enveloped virus surfaces are generally scarce, challenging, and time-consuming. Our model, Nipah virus (NiV), is a syncytium-forming biosafety level 4 pathogen with a high mortality rate (40 to 75%) in humans. Once the NiV attachment glycoprotein (G) (NiV-G) binds the cell receptor ephrinB2 or -B3, G triggers conformational changes in the fusion glycoprotein (F) that result in membrane fusion and viral entry. We demonstrate that confocal micro-Raman spectroscopy can, within minutes, simultaneously identify specific G and F glycoprotein signals and receptor-induced conformational changes in NiV-F on NiV virus-like particles (VLPs). First, we identified reproducible G- and F-specific Raman spectral features on NiV VLPs containing M (assembly matrix protein), G, and/or F or on NiV/vesicular stomatitis virus (VSV) pseudotyped virions via second-derivative transformations and principal component analysis (PCA). Statistical analyses validated our PCA models. Dynamic temperature-induced conformational changes in F and G or receptor-induced target membrane-dependent conformational changes in F were monitored in NiV pseudovirions in situ in real time by confocal micro-Raman spectroscopy. Advantageously, Raman spectroscopy can identify specific protein signals in relatively impure samples. Thus, this proof-of-principle technological development has implications for the rapid identification and biostability characterization of viruses in medical, veterinary, and food samples and for the analysis of virion glycoprotein conformational changes in situ during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/23283947���Lu, Xiaonan
Liu, Qian
Benavides-Montano, Javier A
Nicola, Anthony V
Aston, D Eric
Rasco, Barbara A
Aguilar, Hector C
eng
R21 AI094329/AI/NIAID NIH HHS/
R21 AI096103/AI/NIAID NIH HHS/
AI094329/AI/NIAID NIH HHS/
AI096103/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2013/01/04 06:00
J Virol. 2013 Mar;87(6):3130-42. doi: 10.1128/JVI.03220-12. Epub 2013 Jan 2.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3592171���23283947=��Tianjin University of Science and Technology, Tianjin, China.���10.1128/JVI.03220-12����ñ�üÒtÿî?ë���X��Lamp, B.
Dietzel, E.
Kolesnikova, L.
Sauerhering, L.
Erbar, S.
Weingartl, H.
Maisner, A.���2013<��Nipah virus entry and egress from polarized epithelial cells���3143-54���J Virol���87���6Ê��Cell Line
Epithelial Cells/*virology
Humans
Microscopy, Confocal
Microscopy, Fluorescence
Nipah Virus/*physiology
Protein Transport
Viral Matrix Proteins/metabolism
*Virus Internalization
*Virus Release���Mar���Highly pathogenic Nipah virus (NiV) infections are transmitted via airway secretions and urine, commonly via the respiratory route. Epithelial surfaces represent important replication sites in both primary and systemic infection phases. NiV entry and spread from polarized epithelial cells therefore determine virus entry and dissemination within a new host and influence virus shedding via mucosal surfaces in the respiratory and urinary tract. To date, there is no knowledge regarding the entry and exit sites of NiV in polarized epithelial cells. In this report, we show for the first time that NiV can infect polarized kidney epithelial cells (MDCK) from both cell surfaces, while virus release is primarily restricted to the apical plasma membrane. Substantial amounts of basolateral infectivity were detected only after infection with high virus doses, at time points when the integrity of the cell monolayer was largely disrupted as a result of cell-to-cell fusion. Confocal immunofluorescence analyses of envelope protein distribution at early and late infection stages suggested that apical virus budding is determined by the polarized sorting of the NiV matrix protein, M. Studies with stably M-expressing and with monensin-treated cells furthermore demonstrated that M protein transport is independent from the glycoproteins, implying that the M protein possesses an intrinsic apical targeting signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23283941õ��Lamp, Boris
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Virus Internalization/*drug effects���Jan 24R��Interferons (IFN) are essential antiviral cytokines that establish the cellular antiviral state through upregulation of hundreds of interferon-stimulated genes (ISGs), most of which have uncharacterized functions and mechanisms. We identified cholesterol-25-hydroxylase (CH25H) as a broadly antiviral ISG. CH25H converts cholesterol to a soluble antiviral factor, 25-hydroxycholesterol (25HC). 25HC treatment in cultured cells broadly inhibited growth of enveloped viruses including VSV, HSV, HIV, and MHV68 and acutely pathogenic EBOV, RVFV, RSSEV, and Nipah viruses under BSL4 conditions. It suppressed viral growth by blocking membrane fusion between virus and cell. In animal models, Ch25h-deficient mice were more susceptible to MHV68 lytic infection. Moreover, administration of 25HC in humanized mice suppressed HIV replication and reversed T cell depletion. Thus, our studies demonstrate a unique mechanism by which IFN achieves its antiviral state through the production of a natural oxysterol to inhibit viral entry and implicate membrane-modifying oxysterols as potential antiviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23273844���Liu, Su-Yang
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*Nipah Virus���Oct���There was an outbreak of new emergence viral encephalitis caused by Nipah virus among humans in some areas of Bangladesh during 2001 - till to date. The disease affected mainly the young, had increased suspicion to spread from bat to man through eating of the same fruits. The risk of human-to-human transmission is thought to be low though many of the affected individuals belonged to the same family. The disease presented mainly as acute encephalitis with usually a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include areflexia, hypotonia, hypertension, tachycardia and segmental myoclonus. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging (MRI) showed distinctive changes of multiple, discrete or confluent small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was as high as 32-92% and death was probably due to severe brainstem involvement. Relapse encephalitis was seen in those who recovered from acute encephalitis, and late-onset encephalitis was seen in those with initial non-encephalitic or asymptomatic diseases. Both these manifested as focal encephalitis arising from recurrent infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23134935x��Arif, S M
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Virus Replication���Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that causes fatal encephalitis in up to 75% of infected humans. Like other paramyxoviruses, NiV employs co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternative reading frame. There is evidence from both in vitro and in vivo studies to show that the P gene products play a role in NiV pathogenesis. We have developed a reverse genetic system to dissect the individual roles of the NiV P gene products in limiting the antiviral response in primary human microvascular lung endothelial cells, which represent important targets in human NiV infection. By characterizing growth curves and early antiviral responses against a number of recombinant NiVs with genetic modifications altering expression of the proteins encoded by the P gene, we observed that multiple elements encoded by the P gene have both distinct and overlapping roles in modulating virus replication as well as in limiting expression of antiviral mediators such as IFN-beta, CXCL10, and CCL5. Our findings corroborate observations from in vivo hamster infection studies, and provide molecular insights into the attenuation and the histopathology observed in hamsters infected with C, V, and W-deficient NiVs. The results of this study also provide an opportunity to verify the results of earlier artificial plasmid expression studies in the context of authentic viral infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23094089s��Lo, Michael K
Peeples, Mark E
Bellini, William J
Nichol, Stuart T
Rota, Paul A
Spiropoulou, Christina F
eng
R01 AI093848/AI/NIAID NIH HHS/
AI069014/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2012/10/25 06:00
PLoS One. 2012;7(10):e47790. doi: 10.1371/journal.pone.0047790. Epub 2012 Oct 19.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3477106���23094089���Centers for Disease Control & Prevention, Viral Special Pathogens Branch, Atlanta, Georgia, United States of America. mko2@cdc.gov���10.1371/journal.pone.0047790��	���üÒ|ÿî?þ���T��Dhondt, K. P.
Mathieu, C.
Chalons, M.
Reynaud, J. M.
Vallve, A.
Raoul, H.
Horvat, B.���2013K��Type I interferon signaling protects mice from lethal henipavirus infection���142-51���J Infect Dis���207���1i��Animals
Antibodies, Neutralizing
Antibodies, Viral/*immunology
Antibody Specificity
Brain/virology
Cells, Cultured
Disease Models, Animal
Encephalitis, Viral/immunology/mortality/*prevention & control/virology
Hendra Virus/genetics/immunology/pathogenicity
Henipavirus/genetics/*immunology/pathogenicity
Henipavirus Infections/immunology/mortality/*prevention & control/virology
Humans
Interferon Type I/*genetics/immunology
Mice
Mice, Knockout
Neuroglia/virology
Nipah Virus/genetics/immunology/pathogenicity
RNA, Viral/analysis
Signal Transduction
Survival Analysis
Virulence
Virus Internalization
Virus Replication���Jan 1���Hendra virus (HeV) and Nipah virus (NiV) are closely related, recently emerged paramyxoviruses that form Henipavirus genus and are capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. However, in contrast to many other species and despite expression of functional virus entry receptors, mice are resistant to henipavirus infection. We report here the susceptibility of mice deleted for the type I interferon receptor (IFNAR-KO) to both HeV and NiV. Intraperitoneally infected mice developed fatal encephalitis, with pathology and immunohistochemical features similar to what was found in humans. Viral RNA was found in the majority of analyzed organs, and sublethally infected animals developed virus-specific neutralizing antibodies. Altogether, these results reveal IFNAR-KO mice as a new small animal model to study HeV and NiV pathogenesis, prophylaxis, and treatment and suggest the critical role of type I interferon signaling in the control of henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23089589û��Dhondt, Kevin P
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Zoonoses���Oct 19���BACKGROUND: Fruit bats are known to harbor zoonotic paramyxoviruses including Nipah, Hendra, and Menangle viruses. The aim of this study was to detect the presence of paramyxovirus RNA in fruit bats from Indonesia. METHODS: RNA samples were obtained from the spleens of 110 fruit bats collected from four locations in Indonesia. All samples were screened by semi-nested broad spectrum reverse transcription PCR targeting the paramyxovirus polymerase (L) genes. RESULTS: Semi-nested reverse transcription PCR detected five previously unidentified paramyxoviruses from six fruit bats. Phylogenetic analysis showed that these virus sequences were related to henipavirus or rubulavirus. CONCLUSIONS: This study indicates the presence of novel paramyxoviruses among fruit bat populations in Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23082748���Sasaki, Michihito
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Viral Regulatory and Accessory Proteins/metabolism���Sep���Tetherin (also known as BST-2 or CD317) has recently been identified as a potent IFN-induced anti-viral protein that inhibits the release of diverse enveloped virus particles from infected cells. The anti-viral activity of tetherin on a number of enveloped viruses, including retroviruses, filoviruses and arenaviruses, has been examined. Here, we show that tetherin is also capable of blocking the release of virus-like particles (VLPs) driven by the matrix protein of Sendai virus. Together with inhibition of Nipah virus VLP release by tetherin, these results indicate that paramyxoviruses are to be added to the list of viruses that are susceptible to tetherin inhibition. Tetherin co-localized with Nipah virus matrix proteins and accumulated in cells, indicating that it is present at, or recruited to, sites of particle assembly. It should be noted, however, that tetherin was not effective against the release of paramyxovirus mumps VLPs, indicating that certain enveloped viruses may not be sensitive to tetherin activity.,��https://www.ncbi.nlm.nih.gov/pubmed/23077864È��Kong, Weng-Sheng
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Virus Internalizationð��Encephalitis is a hallmark of Nipah virus (NiV) infection in humans. The exact route of entry of NiV into the central nervous system (CNS) is unknown. Here, we performed a spatio-temporal analysis of NiV entry into the CNS of hamsters. NiV initially predominantly targeted the olfactory epithelium in the nasal turbinates. From there, NiV infected neurons were visible extending through the cribriform plate into the olfactory bulb, providing direct evidence of rapid CNS entry. Subsequently, NiV disseminated to the olfactory tubercle and throughout the ventral cortex. Transmission electron microscopy on brain tissue showed extravasation of plasma cells, neuronal degeneration and nucleocapsid inclusions in affected tissue and axons, providing further evidence for axonal transport of NiV. NiV entry into the CNS coincided with the occurrence of respiratory disease, suggesting that the initial entry of NiV into the CNS occurs simultaneously with, rather than as a result of, systemic virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/230719004��Munster, Vincent J
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Zoonoses/*transmission���Oct 19]��Many serious emerging zoonotic infections have recently arisen from bats, including Ebola, Marburg, SARS-coronavirus, Hendra, Nipah, and a number of rabies and rabies-related viruses, consistent with the overall observation that wildlife are an important source of emerging zoonoses for the human population. Mechanisms underlying the recognized association between ecosystem health and human health remain poorly understood and responding appropriately to the ecological, social and economic conditions that facilitate disease emergence and transmission represents a substantial societal challenge. In the context of disease emergence from wildlife, wildlife and habitat should be conserved, which in turn will preserve vital ecosystem structure and function, which has broader implications for human wellbeing and environmental sustainability, while simultaneously minimizing the spillover of pathogens from wild animals into human beings. In this review, we propose a novel framework for the holistic and interdisciplinary investigation of zoonotic disease emergence and its drivers, using the spillover of bat pathogens as a case study. This study has been developed to gain a detailed interdisciplinary understanding, and it combines cutting-edge perspectives from both natural and social sciences, linked to policy impacts on public health, land use and conservation.,��https://www.ncbi.nlm.nih.gov/pubmed/22966143®��Wood, James L N
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Public Health���Feb 26ñ��Emerging infectious diseases (EIDs) pose a significant threat to human health, economic stability, and biodiversity. Despite this, the mechanisms underlying disease emergence are still not fully understood, and control measures rely heavily on mitigating the impact of EIDs after they have emerged. Here, we highlight the emergence of a zoonotic Henipavirus, Nipah virus, to demonstrate the interdisciplinary and macroecological approaches necessary to understand EID emergence. Previous work suggests that Nipah virus emerged due to the interaction of the wildlife reservoir (Pteropus spp. fruit bats) with intensively managed livestock. The emergence of this and other henipaviruses involves interactions among a suite of anthropogenic environmental changes, socioeconomic factors, and changes in demography that overlay and interact with the distribution of these pathogens in their wildlife reservoirs. Here, we demonstrate how ecological niche modeling may be used to investigate the potential role of a changing climate on the future risk for Henipavirus emergence. We show that the distribution of Henipavirus reservoirs, and therefore henipaviruses, will likely change under climate change scenarios, a fundamental precondition for disease emergence in humans. We assess the variation among climate models to estimate where Henipavirus host distribution is most likely to expand, contract, or remain stable, presenting new risks for human health. We conclude that there is substantial potential to use this modeling framework to explore the distribution of wildlife hosts under a changing climate. These approaches may directly inform current and future management and surveillance strategies aiming to improve pathogen detection and, ultimately, reduce emergence risk.,��https://www.ncbi.nlm.nih.gov/pubmed/22936052���Daszak, Peter
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Horses
Humans���OctK��Hendra virus, first identified in 1994 in Queensland, is an emerging zoonotic pathogen gaining importance in Australia because a growing number of infections are reported in horses and people. The virus, a member of the family Paramyxoviridae (genus Henipavirus), is transmitted to horses by pteropid bats (fruit bats or flying foxes), with human infection a result of direct contact with infected horses. Case-fatality rate is high in both horses and people, and so far, more than 60 horses and four people have died from Hendra virus infection in Australia. Human infection is characterised by an acute encephalitic syndrome or relapsing encephalitis, for which no effective treatment is currently available. Recent identification of Hendra virus infection in a domestic animal outside the laboratory setting, and the large range of pteropid bats in Australia, underpins the potential of this virus to cause greater morbidity and mortality in both rural and urban populations and its importance to both veterinary and human health. Attempts at treatment with ribavirin and chloroquine have been unsuccessful. Education, hygiene, and infection control measures have hitherto been the mainstay of prevention, while access to monoclonal antibody treatment and development of an animal vaccine offer further opportunities for disease prevention and control.,��https://www.ncbi.nlm.nih.gov/pubmed/22921953"��Mahalingam, Suresh
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*Virus Attachment���NovH��Nipah virus (NiV) is the deadliest known paramyxovirus. Membrane fusion is essential for NiV entry into host cells and for the virus' pathological induction of cell-cell fusion (syncytia). The mechanism by which the attachment glycoprotein (G), upon binding to the cell receptors ephrinB2 or ephrinB3, triggers the fusion glycoprotein (F) to execute membrane fusion is largely unknown. N-glycans on paramyxovirus glycoproteins are generally required for proper protein conformational integrity, transport, and sometimes biological functions. We made conservative mutations (Asn to Gln) at the seven potential N-glycosylation sites in the NiV G ectodomain (G1 to G7) individually or in combination. Six of the seven N-glycosylation sites were found to be glycosylated. Moreover, pseudotyped virions carrying these N-glycan mutants had increased antibody neutralization sensitivities. Interestingly, our results revealed hyperfusogenic and hypofusogenic phenotypes for mutants that bound ephrinB2 at wild-type levels, and the mutant's cell-cell fusion phenotypes generally correlated to viral entry levels. In addition, when removing multiple N-glycans simultaneously, we observed synergistic or dominant-negative membrane fusion phenotypes. Interestingly, our data indicated that 4- to 6-fold increases in fusogenicity resulted from multiple mechanisms, including but not restricted to the increase of F triggering. Altogether, our results suggest that NiV-G N-glycans play a role in shielding virions against antibody neutralization, while modulating cell-cell fusion and viral entry via multiple mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/22915812���Biering, Scott B
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Viral Fusion Proteins/genetics/*immunology/metabolism/*ultrastructure���Noví��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are paramyxoviruses discovered in the mid- to late 1990s that possess a broad host tropism and are known to cause severe and often fatal disease in both humans and animals. HeV and NiV infect cells by a pH-independent membrane fusion mechanism facilitated by their attachment (G) and fusion (F) glycoproteins. Here, several soluble forms of henipavirus F (sF) were engineered and characterized. Recombinant sF was produced by deleting the transmembrane (TM) and cytoplasmic tail (CT) domains and appending a glycosylphosphatidylinositol (GPI) anchor signal sequence followed by GPI-phospholipase D digestion, appending a trimeric coiled-coil (GCNt) domain (sF(GCNt)), or deleting the TM, CT, and fusion peptide domain. These sF glycoproteins were produced as F(0) precursors, and all were apparent stable trimers recognized by NiV-specific antisera. Surprisingly, however, only the GCNt-appended constructs (sF(GCNt)) could elicit cross-reactive henipavirus-neutralizing antibody in mice. In addition, sF(GCNt) constructs could be triggered in vitro by protease cleavage and heat to transition from an apparent prefusion to postfusion conformation, transitioning through an intermediate that could be captured by a peptide corresponding to the C-terminal heptad repeat domain of F. The pre- and postfusion structures of sF(GCNt) and non-GCNt-appended sF could be revealed by electron microscopy and were distinguishable by F-specific monoclonal antibodies. These data suggest that only certain sF constructs could serve as potential subunit vaccine immunogens against henipaviruses and also establish important tools for further structural, functional, and diagnostic studies on these important emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22915804®��Chan, Yee-Peng
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TreesD��BACKGROUND: Drinking raw date palm sap is a risk factor for human Nipah virus (NiV) infection. Fruit bats, the natural reservoir of NiV, commonly contaminate raw sap with saliva by licking date palm's sap producing surface. We evaluated four types of physical barriers that may prevent bats from contacting sap. METHODS: During 2009, we used a crossover design and randomly selected 20 date palm sap producing trees and observed each tree for 2 nights: one night with a bamboo skirt intervention applied and one night without the intervention. During 2010, we selected 120 trees and randomly assigned four types of interventions to 15 trees each: bamboo, dhoincha (local plant), jute stick and polythene skirts covering the shaved part, sap stream, tap and collection pot. We enrolled the remaining 60 trees as controls. We used motion sensor activated infrared cameras to examine bat contact with sap. RESULTS: During 2009 bats contacted date palm sap in 85% of observation nights when no intervention was used compared with 35% of nights when the intervention was used [p<0.001]. Bats were able to contact the sap when the skirt did not entirely cover the sap producing surface. Therefore, in 2010 we requested the sap harvesters to use larger skirts. During 2010 bats contacted date palm sap [2% vs. 83%, p<0.001] less frequently in trees protected with skirts compared to control trees. No bats contacted sap in trees with bamboo (p<0.001 compared to control), dhoincha skirt (p<0.001) or polythene covering (p<0.001), but bats did contact sap during one night (7%) with the jute stick skirt (p<0.001). CONCLUSION: Bamboo, dhoincha, jute stick and polythene skirts covering the sap producing areas of a tree effectively prevented bat-sap contact. Community interventions should promote applying these skirts to prevent occasional Nipah spillovers to human.,��https://www.ncbi.nlm.nih.gov/pubmed/22905160S��Khan, Salah Uddin
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Viral Proteins/*chemistry/genetics���This work aims at characterizing structural transitions within the intrinsically disordered C-terminal domain of the nucleoprotein (NTAIL) from the Nipah and Hendra viruses, two recently emerged pathogens gathered within the Henipavirus genus. To this end, we used site-directed spin labeling combined with electron paramagnetic resonance spectroscopy to investigate the alpha-helical-induced folding that Henipavirus NTAIL domains undergo in the presence of the C-terminal X domain of the phosphoprotein (PXD). For each NTAIL protein, six positions located within four previously proposed molecular recognition elements (MoREs) were targeted for spin labeling, with three of these positions (475, 481, and 487) falling within the MoRE responsible for binding to PXD (Box3). A detailed analysis of the impact of the partner protein on the labeled NTAIL variants revealed a dramatic modification in the environment of the spin labels grafted within Box3, with the observed modifications supporting the formation of an induced alpha-helix within this region. In the free state, the slightly lower mobility of the spin labels grafted within Box3 as compared to the other positions suggests the existence of a transiently populated alpha-helix, as already reported for measles virus (MeV) NTAIL. Comparison with the well-characterized MeV NTAIL-PXD system, allowed us to validate the structural models of Henipavirus NTAIL-PXD complexes that we previously proposed. In addition, this study highlighted a few notable differences between the Nipah and Hendra viruses. In particular, the observation of composite spectra for the free form of the Nipah virus NTAIL variants spin labeled in Box3 supports conformational heterogeneity of this partly pre-configured alpha-helix, with the pre-existence of stable alpha-helical segments. Altogether these results provide insights into the molecular mechanisms of the Henipavirus NTAIL-PXD binding reaction.,��https://www.ncbi.nlm.nih.gov/pubmed/22881220���Martinho, Marlene
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*Immunity, Innate���The genus Henipavirus in the family Paramyxoviridae contains two viruses, Hendra virus (HeV) and Nipah virus (NiV) for which pteropid bats act as the main natural reservoir. Each virus also causes serious and commonly lethal infection of people as well as various species of domestic animals, however little is known about the associated mechanisms of pathogenesis. Here, we report the isolation and characterization of a new paramyxovirus from pteropid bats, Cedar virus (CedPV), which shares significant features with the known henipaviruses. The genome size (18,162 nt) and organization of CedPV is very similar to that of HeV and NiV; its nucleocapsid protein displays antigenic cross-reactivity with henipaviruses; and it uses the same receptor molecule (ephrin-B2) for entry during infection. Preliminary challenge studies with CedPV in ferrets and guinea pigs, both susceptible to infection and disease with known henipaviruses, confirmed virus replication and production of neutralizing antibodies although clinical disease was not observed. In this context, it is interesting to note that the major genetic difference between CedPV and HeV or NiV lies within the coding strategy of the P gene, which is known to play an important role in evading the host innate immune system. Unlike HeV, NiV, and almost all known paramyxoviruses, the CedPV P gene lacks both RNA editing and also the coding capacity for the highly conserved V protein. Preliminary study indicated that CedPV infection of human cells induces a more robust IFN-beta response than HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/22879820n��Marsh, Glenn A
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Virulence���Oct­��Nipah virus (NiV) is a highly pathogenic, negative-strand RNA paramyxovirus that has recently emerged from flying foxes to cause serious human disease. We have analyzed the role of the nonstructural NiV C protein in viral immunopathogenesis using recombinant virus lacking the expression of NiV C (NiVDeltaC). While wild-type NiV was highly pathogenic in the hamster animal model, NiVDeltaC was strongly attenuated. Replication of NiVDeltaC was followed by the production of NiV-specific antibodies and associated with higher recruitment of inflammatory cells and less intensive histopathological lesions in different organs than in wild-type-NiV-infected animals. To analyze the molecular basis of NiVDeltaC attenuation, we studied early changes in gene expression in infected primary human endothelial cells, a major cellular target of NiV infection. The transcriptomic approach revealed the striking difference between wild-type and mutant NiV in the expression of genes involved in immunity, with the particularly interesting differential patterns of proinflammatory cytokines. Compared to wild-type virus, NiVDeltaC induced increased expression of interleukin 1 beta (IL-1beta), IL-8, CXCL2, CXCL3, CXCL6, CCL20, and beta interferon. Furthermore, the expression of NiV C in stably transfected cells decreased the production of the same panel of cytokines, revealing a role of the C protein in the regulation of cytokine balance. Together, these results suggest that NiV C regulates expression of proinflammatory cytokines, therefore providing a signal responsible for the coordination of leukocyte recruitment and the chemokine-induced immune response and controlling the lethal outcome of the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/22837207L��Mathieu, Cyrille
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Security Measures���Nov 1d��Australia is free of many diseases, pests and weeds found elsewhere in the world due to its geographical isolation and relatively good health security practices. However, its health security is under increasing pressure due to a number of ecological, climatic, demographic and behavioural changes occurring globally. North Queensland is a high risk area (a health security hot spot) for Australia, due in part to its connection to neighbouring countries via the Torres Strait and the Indo-Papuan conduit, its high diversity of wildlife reservoirs and its environmental characteristics. Major outbreaks of exotic diseases, pests and weeds in Australia can cost in excess of $1 billion; however, most expenditure on health security is reactive apart from preventive measures undertaken for a few high profile diseases, pests and weeds. Large gains in health security could therefore be made by spending more on pre-emptive approaches to reduce the risk of outbreaks, invasion/spread and establishment, despite these gains being difficult to quantify. Although biosecurity threats may initially have regional impacts (e.g. Hendra virus), a break down in security in health security hot spots can have national and international consequences, as has been seen recently in other regions with the emergence of SARS and pandemic avian influenza. Novel approaches should be driven by building research and management capacity, particularly in the regions where threats arise, a model that is applicable both in Australia and in other regions of the world that value and therefore aim to improve their strategies for maintaining health security.,��https://www.ncbi.nlm.nih.gov/pubmed/22836170ç��Murray, Kris A
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Humans"��The outbreaks of SARS, avian influenza, and Nipah virus in Asian countries clearly demonstrated that new highly infectious agents periodically emerge at the human-animal interface. The experiences of regional countries with prevention and control of avian influenza, SARS have reinforced the need for sustained, well-coordinated, multi-sector, multi-disciplinary, community-based actions to address emerging disease threats. 'One Health' is a cost-effective, sustainable, and practical approach to find solutions for problems which need holistic, multidisciplinary approaches, particularly in resource-constrained countries. While there is a growing recognition of One Health, it has to be translated from concept into actions through country level activities that are relevant for specific situations.,��https://www.ncbi.nlm.nih.gov/pubmed/22820705|��Gongal, Gyanendra
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and inform the development of improved treatment options for human patients.,��https://www.ncbi.nlm.nih.gov/pubmed/22808132���Dups, Johanna
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*Viral Fusion Proteins/chemistry/genetics/metabolism���Aug 242��Viral fusion proteins are intriguing molecular machines that undergo drastic conformational changes to facilitate virus-cell membrane fusion. During fusion a hydrophobic region of the protein, termed the fusion peptide (FP), is inserted into the target host cell membrane, with subsequent conformational changes culminating in membrane merger. Class I fusion proteins contain FPs between 20 and 30 amino acids in length that are highly conserved within viral families but not between. To examine the sequence dependence of the Hendra virus (HeV) fusion (F) protein FP, the first eight amino acids were mutated first as double, then single, alanine mutants. Mutation of highly conserved glycine residues resulted in inefficient F protein expression and processing, whereas substitution of valine residues resulted in hypofusogenic F proteins despite wild-type surface expression levels. Synthetic peptides corresponding to a portion of the HeV F FP were shown to adopt an alpha-helical secondary structure in dodecylphosphocholine micelles and small unilamellar vesicles using circular dichroism spectroscopy. Interestingly, peptides containing point mutations that promote lower levels of cell-cell fusion within the context of the whole F protein were less alpha-helical and induced less membrane disorder in model membranes. These data represent the first extensive structure-function relationship of any paramyxovirus FP and demonstrate that the HeV F FP and potentially other paramyxovirus FPs likely require an alpha-helical structure for efficient membrane disordering and fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22761418ä��Smith, Everett Clinton
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PhylogeographyO��All seven recognized human cases of Hendra virus (HeV) infection have occurred in Queensland, Australia. Recognized human infections have all resulted from a HeV infected horse that was unusually efficient in transmitting the virus and a person with a high exposure to infectious secretions. In the large outbreak in Malaysia where Nipah virus (NiV) was first identified, most human infections resulted from close contact with NiV infected pigs. Outbreak investigations in Bangladesh have identified drinking raw date palm sap as the most common pathway of NiV transmission from Pteropus bats to people, but person-to-person transmission of NiV has been repeatedly identified in Bangladesh and India. Although henipaviruses are not easily transmitted to people, these newly recognized, high mortality agents warrant continued scientific attention.,��https://www.ncbi.nlm.nih.gov/pubmed/22752412���Luby, Stephen P
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Species Specificityï��The zoonotic potential of paramyxoviruses is particularly demonstrated by their broad host range like the highly pathogenic Hendra and Nipah viruses originating from bats. But while so far all bat-borne paramyxoviruses have been identified in fruit bats across Africa, Australia, South America, and Asia, we describe the detection and characterization of the first paramyxoviruses in free-ranging European bats. Moreover, we examined the possible impact of paramyxovirus infection on individual animals by comparing histo-pathological findings and virological results. Organs from deceased insectivorous bats of various species were sampled in Germany and tested for paramyxovirus RNA in parallel to a histo-pathological examination. Nucleic acids of three novel paramyxoviruses were detected, two viruses in phylogenetic relationship to the recently proposed genus Jeilongvirus and one closely related to the genus Rubulavirus. Two infected animals revealed subclinical pathological changes within their kidneys, suggestive of a similar pathogenesis as the one described in fruit bats experimentally infected with Hendra virus.Our findings indicate the presence of bat-born paramyxoviruses in geographic areas free of fruit bat species and therefore emphasize a possible virus-host co-evolution in European bats. Since these novel viruses are related to the very distinct genera Rubulavirus and Jeilongvirus, a similarly broad genetic diversity among paramyxoviruses in other Microchiroptera compared to Megachiroptera can be assumed. Given that the infected bats were either found in close proximity to heavily populated human habitation or areas of intensive agricultural use, a potential risk of the emergence of zoonotic paramyxoviruses in Europe needs to be considered.,��https://www.ncbi.nlm.nih.gov/pubmed/22737217���Kurth, Andreas
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Viral Vaccines/genetics/*immunology���Oct 255��Nipah virus (NiV), a member of the Paramyxoviridae family, causes deadly encephalitis in humans and huge economic losses to the pig industry. Here, we generated recombinant avirulent Newcastle disease virus (NDV) LaSota strains expressing the NiV G and F proteins respectively (designated as rLa-NiVG and rLa-NiVF), and evaluated their immunogenicity in mice and pigs. Both rLa-NiVG and rLa-NiVF displayed growth properties similar to those of LaSota virus in chicken eggs. Co-infection of rLa-NiVG and rLa-NiVF caused marked syncytia formation, while intracerebral co-inoculation of these viruses in mice showed they were safe in at least one mammalian species. Animal immunization studies showed rLa-NiVG and rLa-NiVF induced NiV neutralizing antibody responses in mice and pigs, and F protein-specific CD8+ T cell responses in mice. Most importantly, rLa-NiVG and rLa-NiVF administered alone or together, induced a long-lasting neutralizing antibody response in pigs. Recombinant rLa-NiVG/F thus appear to be promising NiV vaccine candidates for pigs and potentially humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22726244���Kong, Dongni
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Zoonoses���FebÄ��The henipaviruses, Hendra virus and Nipah virus, are pathogens that have emerged from flying foxes in Australia and South-east Asia to infect both livestock and humans, often fatally. Since the emergence of Hendra virus in Australia in 1994 and the identification of Australian flying foxes as hosts to this virus, our appreciation of bats as reservoir hosts of henipaviruses has expanded globally to include much of Asia and areas of Africa. Despite this, little is currently known of the mechanisms by which bats harbour viruses capable of causing such severe disease in other terrestrial mammals. Pteropid bat ecology, henipavirus virology, therapeutic developments and features of henipavirus infection, pathology and disease in humans and other mammals are reviewed elsewhere in detail. This review focuses on bats as reservoir hosts to henipaviruses and features of transmission of Hendra virus and Nipah virus following spillover from these reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/22709528¬��Clayton, B A
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Virus Internalization2��Nipah (NiV) and Hendra (HeV) viruses are the deadliest human pathogens within the Paramyxoviridae family, which include human and animal pathogens of global biomedical importance. NiV and HeV infections cause respiratory and encephalitic illness with high mortality rates in humans. Henipaviruses (HNV) are the only Paramyxoviruses classified as biosafety level 4 (BSL4) pathogens due to their extreme pathogenicity, potential for bioterrorism, and lack of licensed vaccines and therapeutics. HNV use ephrin-B2 and ephrin-B3, highly conserved proteins, as viral entry receptors. This likely accounts for their unusually broad species tropism, and also provides opportunities to study how receptor usage, cellular tropism, and end-organ pathology relates to the pathobiology of HNV infections. The clinical and pathologic manifestations of NiV and HeV virus infections are reviewed in the chapters by Wong et al. and Geisbert et al. in this issue. Here, we will review the biology of the HNV receptors, and how receptor usage relates to HNV cell tropism in vitro and in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/22695915
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community-based intervention
public health intervention development���Sepá��People in Bangladesh frequently drink fresh date palm sap. Fruit bats (Pteropus giganteus) also drink raw sap and may contaminate the sap by shedding Nipah virus through saliva and urine. In a previous study we identified two indigenous methods to prevent bats accessing the sap, bamboo skirts and lime (calcium carbonate). We conducted a pilot study to assess the acceptability of these two methods among sap harvesters. We used interactive community meetings and group discussions to encourage all the sap harvesters (n = 12) from a village to use either bamboo skirts or lime smear that some of them (n = 4) prepared and applied. We measured the preparation and application time and calculated the cost of bamboo skirts. We conducted interviews after the use of each method. The sap harvesters found skirts effective in preventing bats from accessing sap. They were sceptical that lime would be effective as the lime was washed away by the sap flow. Preparation of the skirt took approximately 105 min. The application of each method took approximately 1 min. The cost of the bamboo skirt is minimal because bamboo is widely available and they made the skirts with pieces of used bamboo. The bamboo skirt method appeared practical and affordable to the sap harvesters. Further studies should explore its ability to prevent bats from accessing date palm sap and assess if its use produces more or better quality sap, which would provide further incentives to make it more acceptable for its regular use.,��https://www.ncbi.nlm.nih.gov/pubmed/22669914L��Nahar, Nazmun
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Zoonoses/*virology���SepÜ��Nipah virus has recently emerged as a zoonotic agent that is highly pathogenic in humans. Outbreaks have occurred regularly over the last two decades in South and Southeast Asia, where mortality rates reach as high as 100 %. The natural reservoir of Nipah virus has been identified as bats from the Pteropus family, where infection is largely asymptomatic. Human disease is characterized by both respiratory and encephalitic components, and thus far, no effective vaccine or intervention strategies are available. Little is know about how the immune response of either the reservoir host or incidental hosts responds to infection, and how this immune response is either inadequate or might contribute to disease in the dead-end host. Experimental vaccines strategies have given us some insight into the immunological requirements for protection. This review summarizes our current understanding of the immune response to Nipah virus infection and emphasizes the need for further research.,��https://www.ncbi.nlm.nih.gov/pubmed/22669317���Prescott, Joseph
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Virus Replication/drug effects���Fusion between the viral and target cell membranes is an obligatory step for the infectivity of all enveloped virus, and blocking this process is a clinically validated therapeutic strategy.Viral fusion is driven by specialized proteins which, although specific to each virus, act through a common mechanism, the formation of a complex between two heptad repeat (HR) regions. The HR regions are initially separated in an intermediate termed "prehairpin", which bridges the viral and cell membranes, and then fold onto each other to form a 6-helical bundle (6HB), driving the two membranes to fuse. HR-derived peptides can inhibit viral infectivity by binding to the prehairpin intermediate and preventing its transition to the 6HB.The antiviral activity of HR-derived peptides differs considerably among enveloped viruses. For weak inhibitors, potency can be increased by peptide engineering strategies, but sequence-specific optimization is time-consuming. In seeking ways to increase potency without changing the native sequence, we previously reported that attachment to the HR peptide of a cholesterol group ("cholesterol-tagging") dramatically increases its antiviral potency, and simultaneously increases its half-life in vivo. We show here that antiviral potency may be increased by combining cholesterol-tagging with dimerization of the HR-derived sequence, using as examples human parainfluenza virus, Nipah virus, and HIV-1. Together, cholesterol-tagging and dimerization may represent strategies to boost HR peptide potency to levels that in some cases may be compatible with in vivo use, possibly contributing to emergency responses to outbreaks of existing or novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22666328¸��Pessi, Antonello
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Noguchi, Akira
Marsh, Glenn A
Barr, Jennifer A
Okutani, Akiko
Hotta, Kozue
Bazartseren, Boldbaatar
Broder, Christopher C
Yamada, Akio
Inoue, Satoshi
Wang, Lin-Fa
eng
Evaluation Studies
Research Support, Non-U.S. Gov't
Austria
2012/05/16 06:00
Arch Virol. 2012 Aug;157(8):1605-9. doi: 10.1007/s00705-012-1338-3. Epub 2012 May 15.*��1432-8798 (Electronic)
0304-8608 (Linking)���22585045���Department of Veterinary Science, National Institute of Infectious Diseases, 1-23-1, Toyama, Shinjuku, Tokyo 162-8640, Japan. ykaku@nih.go.jp���10.1007/s00705-012-1338-3�����üÖ|ÿî?$������Raut, C. G.
Yadav, P. D.
Towner, J. S.
Amman, B. R.
Erickson, B. R.
Cannon, D. L.
Sivaram, A.
Basu, A.
Nichol, S. T.
Mishra, A. C.
Mourya, D. T.���2012L��Isolation of a novel adenovirus from Rousettus leschenaultii bats from India���488-90
��Intervirology���55���6Ü��Adenoviridae Infections/diagnosis/*veterinary/virology
Animals
Chiroptera/*virology
DNA-Directed DNA Polymerase/analysis/genetics
India
Mastadenovirus/classification/genetics/*isolation & purification
RNA, Viral/geneticsr��Surveillance work was initiated to study the presence of highly infectious diseases like Ebola-Reston, Marburg, Nipah and other possible viruses that are known to be found in the bat species and responsible for causing diseases in humans. A novel adenovirus was isolated from a common species of fruit bat (Rousettus leschenaultii) captured in Maharashtra State, India. Partial sequence analysis of the DNA polymerase gene shows this isolate to be a newly recognized member of the genus Mastadenovirus (family Adenoviridae), approximately 20% divergent at the nucleotide level from Japanese BatAdV, its closest known relative.,��https://www.ncbi.nlm.nih.gov/pubmed/22572722è��Raut, C G
Yadav, P D
Towner, J S
Amman, B R
Erickson, B R
Cannon, D L
Sivaram, A
Basu, A
Nichol, S T
Mishra, A C
Mourya, D T
eng
Switzerland
2012/05/11 06:00
Intervirology. 2012;55(6):488-90. doi: 10.1159/000337026. Epub 2012 May 3.*��1423-0100 (Electronic)
0300-5526 (Linking)���22572722K��Microbial Containment Complex, National Institute of Virology, Pune, India.���10.1159/000337026����,��þÖ|ÿî?%������Rota, P. A.
Lo, M. K.���2012'��Molecular virology of the henipaviruses���41-58���Curr Top Microbiol Immunol���359{��Animals
Chiroptera/virology
Encephalitis, Viral/complications/virology
Genetic Variation
Genome Size
*Genome, Viral
Hendra Virus/classification/*genetics/isolation & purification
Henipavirus Infections/complications/virology
Horses/virology
Humans
Nipah Virus/classification/*genetics/isolation & purification
Phylogeny
Reverse Genetics
Viral Proteins/*genetics
Virus ReplicationÐ��Nipah (NiV) and Hendra (HeV) viruses comprise the genus Henipavirus and are highly pathogenic paramyxoviruses, which cause fatal encephalitis and respiratory disease in humans. Since their respective initial outbreaks in 1998 and 1994, they have continued to cause sporadic outbreaks resulting in fatal disease. Due to their designation as Biosafety Level 4 pathogens, the level of containment required to work with live henipaviruses is available only to select laboratories around the world. This chapter provides an overview of the molecular virology of NiV and HeV including comparisons to other, well-characterized paramyxoviruses. This chapter also describes the sequence diversity present among the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22552699���Rota, Paul A
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Virulence Factors/deficiency/immunology/*metabolism���Jul(��The V protein of Sendai virus (SeV) suppresses innate immunity, resulting in enhancement of viral growth in mouse lungs and viral pathogenicity. The innate immunity restricted by the V protein is induced through activation of interferon regulatory factor 3 (IRF3). The V protein has been shown to interact with melanoma differentiation-associated gene 5 (MDA5) and to inhibit beta interferon production. In the present study, we infected MDA5-knockout mice with V-deficient SeV and found that MDA5 was largely unrelated to the innate immunity that the V protein suppresses in vivo. We therefore investigated the target of the SeV V protein. We previously reported interaction of the V protein with IRF3. Here we extended the observation and showed that the V protein appeared to inhibit translocation of IRF3 into the nucleus. We also found that the V protein inhibited IRF3 activation when induced by a constitutive active form of IRF3. The V proteins of measles virus and Newcastle disease virus inhibited IRF3 transcriptional activation, as did the V protein of SeV, while the V proteins of mumps virus and Nipah virus did not, and inhibition by these proteins correlated with interaction of each V protein with IRF3. These results indicate that IRF3 is important as an alternative target of paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22532687Ú��Irie, Takashi
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Phylogeny���Apr 24���The large virus family Paramyxoviridae includes some of the most significant human and livestock viruses, such as measles-, distemper-, mumps-, parainfluenza-, Newcastle disease-, respiratory syncytial virus and metapneumoviruses. Here we identify an estimated 66 new paramyxoviruses in a worldwide sample of 119 bat and rodent species (9,278 individuals). Major discoveries include evidence of an origin of Hendra- and Nipah virus in Africa, identification of a bat virus conspecific with the human mumps virus, detection of close relatives of respiratory syncytial virus, mouse pneumonia- and canine distemper virus in bats, as well as direct evidence of Sendai virus in rodents. Phylogenetic reconstruction of host associations suggests a predominance of host switches from bats to other mammals and birds. Hypothesis tests in a maximum likelihood framework permit the phylogenetic placement of bats as tentative hosts at ancestral nodes to both the major Paramyxoviridae subfamilies (Paramyxovirinae and Pneumovirinae). Future attempts to predict the emergence of novel paramyxoviruses in humans and livestock will have to rely fundamentally on these data.,��https://www.ncbi.nlm.nih.gov/pubmed/22531181���Drexler, Jan Felix
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*Virus Internalization���Jun	��Paramyxoviruses initiate entry through the concerted action of the tetrameric attachment glycoprotein (HN, H, or G) and the trimeric fusion glycoprotein (F). The ectodomains of HN/H/G contain a stalk region important for oligomeric stability and for the F triggering resulting in membrane fusion. Paramyxovirus HN, H, and G form a dimer-of-dimers consisting of disulfide-linked dimers through their stalk domain cysteines. The G attachment protein stalk domain of the highly pathogenic Nipah virus (NiV) contains a distinct but uncharacterized cluster of three cysteine residues (C146, C158, C162). On the basis of a panoply of assays, we report that C158 and C162 of NiV-G likely mediate covalent subunit dimerization, while C146 mediates the stability of higher-order oligomers. For HN or H, mutation of stalk cysteines attenuates but does not abrogate the ability to trigger fusion. In contrast, the NiV-G stalk cysteine mutants were completely deficient in triggering fusion, even though they could still bind the ephrinB2 receptor and associate with F. Interestingly, all cysteine stalk mutants exhibited constitutive exposure of the Mab45 receptor binding-enhanced epitope, previously implicated in F triggering. The enhanced binding of Mab45 to the cysteine mutants relative to wild-type NiV-G, without the addition of the receptor, implicates the stalk cysteines in the stabilization of a pre-receptor-bound conformation and the regulation of F triggering. Sequence alignments revealed that the stalk cysteines were adjacent to a proline-rich microdomain unique to the Henipavirus genus. Our data propose that the cysteine cluster in the NiV-G stalk functions to maintain oligomeric stability but is more importantly involved in stabilizing a unique microdomain critical for triggering fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22496210���Maar, Dianna
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Viral Proteins/*immunology/pharmacology���Nipah virus and Hendra virus are related, highly pathogenic paramyxoviruses with unusually broad host ranges. Henipaviruses encode several proteins that block innate immune responses, and these are likely to serve as virulence factors. Specfically, four virus-encoded proteins, the phosphoprotein (P), the V protein, the W protein, and the C protein have each been demonstrated to counteract aspects of the interferon (IFN)-alpha/beta response, a key component of the innate immune response to virus infection. The available data indicate that V and W can inhibit the production of IFNalpha/beta in response to various stimuli, while the P, V, and W proteins also block the ability of IFNs to signal and induce an antiviral state in cells. The C protein also inhibits the antiviral effects of IFNalpha/beta by a poorly characterized mechanism. Reverse genetics systems, which allow the generation of recombinant viruses bearing specific mutations, have demonstrated the importance of the viral IFN-antagonists for replication. With these systems in hand, the field is now poised to define how specific viral IFN-antagonist functions influence viral pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/22491899���Basler, Christopher F
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Swine/virologyî��The henipaviruses, Hendra virus (HeV), and Nipah virus (NiV), are enigmatic emerging pathogens that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75% and there are no vaccines or treatments approved for human use. A number of species of animals including guinea pigs, hamsters, cats, ferrets, pigs, and African green monkeys have been employed as animal models of human henipavirus infection. Here, we review the development of animal models for henipavirus infection, discuss the pathology and pathogenesis of these models, and assess the utility of each model to recapitulate important aspects of henipavirus-mediated disease seen in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22476556£��Geisbert, Thomas W
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Zoonoses/*epidemiology/virology���Hendra virus, a novel and fatally zoonotic member of the family Paramyxoviridae, was first described in Australia in 1994. Periodic spillover from its natural host (fruit bats) results in catastrophic disease in horses and occasionally the subsequent infection of humans. Prior to 2011, 14 equine incidents involving seven human cases (four fatal) were recorded. The year 2011 saw a dramatic departure from the sporadic incidents of the previous 16 years, with a cluster of 18 incidents in a single 3-month period. The fundamental difference in 2011 was the total number of incidents, the geographic clustering, and the expanded geographic range. The 2011 cluster more than doubled the total number of incidents previously reported, and poses the possibility of a new HeV infection paradigm. Epidemiologic evidence suggests that compelling additional host and/or environmental factors were at play.,��https://www.ncbi.nlm.nih.gov/pubmed/22476530£��Field, Hume
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Swine Diseases/*pathology/virology¡��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level 4 pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the twentieth century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarizes our up to date understanding of pathology and pathogenesis in the natural reservoir species, the Pteropus bat, and in the equine and porcine spill over species.,��https://www.ncbi.nlm.nih.gov/pubmed/22476529���Middleton, D J
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Zoonoses/transmission/*virology���DecÍ��For the past 10-15 years, bats have attracted growing attention as reservoirs of emerging zoonotic viruses. This has been due to a combination of factors including the emergence of highly virulent zoonotic pathogens, such as Hendra, Nipah, SARS and Ebola viruses, and the high rate of detection of a large number of previously unknown viral sequences in bat specimens. As bats have ancient evolutionary origins and are the only flying mammals, it has been hypothesized that some of their unique biological features may have made them especially suitable hosts for different viruses. So the question 'Are bats different, special or exceptional?' has become a focal point in the field of virology, bat biology and virus-host co-evolution. In this brief review, we examine the topic in a relatively unconventional way, that is, our discussion will be based on both scientific discoveries and theoretical predictions. This approach was chosen partially because the data in this field are so limited that it is impossible to conduct a useful review based on published results only and also because we believe it is important to provoke original, speculative or even controversial ideas or theories in this important field of research.,��https://www.ncbi.nlm.nih.gov/pubmed/22440923­��Wang, Lin-Fa
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*Virus Internalization���Mayá��The hemagglutinin-neuraminidase (HN) protein of paramyxoviruses carries out three distinct activities contributing to the ability of HN to promote viral fusion and entry: receptor binding, receptor cleavage (neuraminidase), and activation of the fusion protein. The relationship between receptor binding and fusion triggering functions of HN are not fully understood. For Newcastle disease virus (NDV), one bifunctional site (site I) on HN's globular head can mediate both receptor binding and neuraminidase activities, and a second site (site II) in the globular head is also capable of mediating receptor binding. The receptor analog, zanamivir, blocks receptor binding and cleavage activities of NDV HN's site I while activating receptor binding by site II. Comparison of chimeric proteins in which the globular head of NDV HN is connected to the stalk region of either human parainfluenza virus type 3 (HPIV3) or Nipah virus receptor binding proteins indicates that receptor binding to NDV HN site II not only can activate its own fusion (F) protein but can also activate the heterotypic fusion proteins. We suggest a general model for paramyxovirus fusion activation in which receptor engagement at site II plays an active role in F activation.,��https://www.ncbi.nlm.nih.gov/pubmed/22438532É��Porotto, Matteo
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Survival Rate���The clinicopathological features of human Nipah virus and Hendra virus infections appear to be similar. The clinical manifestations may be mild, but if severe, includes acute encephalitic and pulmonary syndromes with a high mortality. The pathological features in human acute henipavirus infections comprise vasculopathy (vasculitis, endothelial multinucleated syncytia, thrombosis), microinfarcts and parenchymal cell infection in the central nervous system, lung, kidney and other major organs. Viral inclusions, antigens, nucleocapsids and RNA are readily demonstrated in blood vessel wall and numerous types of parenchymal cells. Relapsing henipavirus encephalitis is a rare complication reported in less than 10% of survivors of the acute infection and appears to be distinct from the acute encephalitic syndrome. Pathological evidence suggests viral recrudescence confined to the central nervous system as the cause.,��https://www.ncbi.nlm.nih.gov/pubmed/22427144���Wong, K T
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Virus Internalizationº��Nipah (NiV) and Hendra (HeV) viruses cause cell-cell fusion (syncytia) in brain, lung, heart, and kidney tissues, leading to encephalitis, pneumonia, and often death. Membrane fusion is essential to both viral entry and virus-induced cell-cell fusion, a hallmark of henipavirus infections. Elucidiation of the mechanism(s) of membrane fusion is critical to understanding henipavirus pathobiology and has the potential to identify novel strategies for the development of antiviral therapeutic agents. Henipavirus membrane fusion requires the coordinated actions of the viral attachment (G) and fusion (F) glycoproteins. Current henipavirus fusion models posit that attachment of NiV or HeV G to its cell surface receptors releases F from its metastable pre-fusion conformation to mediate membrane fusion. The identification of ephrinB2 and ephrinB3 as henipavirus receptors has paved the way for recent advances in our understanding of henipavirus membrane fusion. These advances highlight mechanistic similarities and differences between membrane fusion for the henipavirus and other genera within the Paramyxoviridae family. Here, we review these mechanisms and the current gaps in our knowledge in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/22427111ª��Aguilar, Hector C
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Virus Replicationµ��Emerging viruses including Nipah, Hendra, Lujo, and Junin viruses have enormous potential to spread rapidly. Nipah virus, after emerging as a zoonosis, has also evolved the capacity for human-to-human transmission. Most of the diseases caused by these pathogens are untreatable and require high biocontainment conditions. Universal methods for rapidly identifying and screening candidate antivirals are urgently needed. We have developed a modular antiviral platform strategy that relies on simple bioinformatic and genetic information about each pathogen. Central to this platform is the use of envelope glycoprotein cDNAs to establish multi-cycle replication systems under BSL2 conditions for viral pathogens that normally require BSL3 and BSL4 facilities. We generated monoclonal antibodies against Nipah G by cDNA immunization in rats, and we showed that these antibodies neutralize both Nipah and Hendra live viruses. We then used these effective Henipavirus inhibitors to validate our screening strategy. Our proposed strategy should contribute to the response capability for emerging infectious diseases, providing a way to initiate antiviral development immediately upon identifying novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22396728á��Talekar, Aparna
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Time Factors£��Nipah virus (NiV) is a recently emerged zoonotic Paramyxovirus that causes regular outbreaks in East Asia with mortality rate exceeding 75%. Major cellular targets of NiV infection are endothelial cells and neurons. To better understand virus-host interaction, we analyzed the transcriptome profile of NiV infection in primary human umbilical vein endothelial cells. We further assessed some of the obtained results by in vitro and in vivo methods in a hamster model and in brain samples from NiV-infected patients. We found that NiV infection strongly induces genes involved in interferon response in endothelial cells. Among the top ten upregulated genes, we identified the chemokine CXCL10 (interferon-induced protein 10, IP-10), an important chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. In NiV-infected hamsters, which develop pathology similar to what is seen in humans, expression of CXCL10 mRNA was induced in different organs with kinetics that followed NiV replication. Finally, we showed intense staining for CXCL10 in the brain of patients who succumbed to lethal NiV infection during the outbreak in Malaysia, confirming induction of this chemokine in fatal human infections. This study sheds new light on NiV pathogenesis, indicating the role of CXCL10 during the course of infection and suggests that this chemokine may serve as a potential new marker for lethal NiV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/22393386���Mathieu, Cyrille
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Mar©��While work with viral fusion proteins has demonstrated that the transmembrane domain (TMD) can affect protein folding, stability, and membrane fusion promotion, the mechanism(s) remains poorly understood. TMDs could play a role in fusion promotion through direct TMD-TMD interactions, and we have recently shown that isolated TMDs from three paramyxovirus fusion (F) proteins interact as trimers using sedimentation equilibrium (SE) analysis (E. C. Smith, et al., submitted for publication). Immediately N-terminal to the TMD is heptad repeat B (HRB), which plays critical roles in fusion. Interestingly, addition of HRB decreased the stability of the trimeric TMD-TMD interactions. This result, combined with previous findings that HRB forms a trimeric coiled coil in the prefusion form of the whole protein though HRB peptides fail to stably associate in isolation, suggests that the trimeric TMD-TMD interactions work in concert with elements in the F ectodomain head to stabilize a weak HRB interaction. Thus, changes in TMD-TMD interactions could be important in regulating F triggering and refolding. Alanine insertions between the TMD and HRB demonstrated that spacing between these two regions is important for protein stability while not affecting TMD-TMD interactions. Additional mutagenesis of the C-terminal end of the TMD suggests that beta-branched residues within the TMD play a role in membrane fusion, potentially through modulation of TMD-TMD interactions. Our results support a model whereby the C-terminal end of the Hendra virus F TMD is an important regulator of TMD-TMD interactions and show that these interactions help hold HRB in place prior to the triggering of membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22238302Ì��Smith, Everett Clinton
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Marf��Hendra virus is a highly pathogenic paramyxovirus classified as a biosafety level four agent. The fusion (F) protein of Hendra virus is critical for promoting viral entry and cell-to-cell fusion. To be fusogenically active, Hendra virus F must undergo endocytic recycling and cleavage by the endosomal/lysosomal protease cathepsin L, but the route of Hendra virus F following internalization and the recycling signals involved are poorly understood. We examined the intracellular distribution of Hendra virus F following endocytosis and showed that it is primarily present in Rab5- and Rab4-positive endosomal compartments, suggesting that cathepsin L cleavage occurs in early endosomes. Hendra virus F transmembrane domain (TMD) residues S490 and Y498 were found to be important for correct Hendra virus F recycling, with the hydroxyl group of S490 and the aromatic ring of Y498 important for this process. In addition, changes in association of isolated Hendra virus F TMDs correlated with alterations to Hendra virus F recycling, suggesting that appropriate TMD interactions play an important role in endocytic trafficking.,��https://www.ncbi.nlm.nih.gov/pubmed/22238299Ý��Popa, Andreea
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*Virus Attachment���FebÅ��Members of the ephrin cell-surface protein family interact with the Eph receptors, the largest family of receptor tyrosine kinases, mediating bi-directional signaling during tumorogenesis and various developmental events. Surprisingly, ephrin-B2 and -B3 were recently identified as entry receptors for henipaviruses, emerging zoonotic paramyxoviruses responsible for repeated outbreaks in humans and animals in Australia, Southeast Asia, India and Bangladesh. Nipah virus (NiV) and Hendra virus (HeV) are the only two identified members in the henipavirus genus. While the initial human infection cases came from contact with infected pigs (NiV) or horses (HeV), in the more recent outbreaks of NiV both food-borne and human-to-human transmission were reported. These characteristics, together with high mortality and morbidity rates and lack of effective anti-viral therapies, make the henipaviruses a potential biological-agent threat. Viral entry is an important target for the development of anti-viral drugs. The entry of henipavirus is initiated by the attachment of the viral G envelope glycoprotein to the host cell receptors ephrin-B2 and/or -B3, followed by activation of the F fusion protein, which triggers fusion between the viral envelop and the host membrane. We review recent progress in the study of henipavirus entry, particularly the identification of ephrins as their entry receptors, and the structural characterization of the ephrin/Henipa-G interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/22227101r��Xu, Kai
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Viral Envelope Proteins/*immunology���Jan 27i��We have previously observed that all known HIV-1 broadly neutralizing antibodies (bnAbs) are highly divergent from germline antibodies in contrast to bnAbs against Hendra virus, Nipah virus and SARS coronavirus (SARS CoV). We have hypothesized that because the germline antibodies are so different from the mature HIV-1-specific bnAbs they may not bind the epitopes of the mature antibodies and provided the first evidence to support this hypothesis by using individual putative germline-like predecessor antibodies. To further validate the hypothesis and understand initial immune responses to different viruses, two phage-displayed human cord blood-derived IgM libraries were constructed which contained mostly germline antibodies or antibodies with very low level of somatic hypermutations. They were panned against different HIV-1 envelope glycoproteins (Envs), SARS CoV protein receptor-binding domain (RBD), and soluble Hendra virus G protein (sG). Despite a high sequence and combinatorial diversity observed in the cord blood-derived IgM antibody repertoire, no enrichment for binders of Envs was observed in contrast to considerable specific enrichments produced with panning against RBD and sG; one of the selected monoclonal antibodies (against the RBD) was of high (nM) affinity with only few somatic mutations. These results further support and expand our initial hypothesis for fundamental differences in immune responses leading to elicitation of bnAbs against HIV-1 compared to SARS CoV and Hendra virus. HIV-1 uses a strategy to minimize or eliminate strong binding of germline antibodies to its Env; in contrast, SARS CoV and Hendra virus, and perhaps other viruses causing acute infections, can bind germline antibody or minimally somatically mutated antibodies with relatively high affinity which could be one of the reasons for the success of sG and RBD as vaccine immunogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22226962ª��Chen, Weizao
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swine hepatitis E virus���Mar­��In the past two decades or so, a number of viruses have emerged in the global swine population. Some, such as porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2), cause economically important diseases in pigs, whereas others such as porcine torque teno virus (TTV), now known as Torque teno sus virus (TTSuV), porcine bocavirus (PBoV) and related novel parvoviruses, porcine kobuvirus, porcine toroviruses (PToV) and porcine lymphotropic herpesviruses (PLHV), are mostly subclinical in swine herds. Although some emerging swine viruses such as swine hepatitis E virus (swine HEV), porcine endogenous retrovirus (PERV) and porcine sapovirus (porcine SaV) may have a limited clinical implication in swine health, they do pose a potential public health concern in humans due to zoonotic (swine HEV) or potential zoonotic (porcine SaV) and xenozoonotic (PERV, PLHV) risks. Other emerging viruses such as Nipah virus, Bungowannah virus and Menangle virus not only cause diseases in pigs but some also pose important zoonotic threat to humans. This article focuses on emerging and re-emerging swine viruses that have a limited or uncertain clinical and economic impact on pig health. The transmission, epidemiology and pathogenic potential of these viruses are discussed. In addition, the two economically important emerging viruses, PRRSV and PCV2, are also briefly discussed to identify important knowledge gaps.,��https://www.ncbi.nlm.nih.gov/pubmed/22225855@��Meng, X J
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Viral Proteins/*chemistry/genetics���Feb 24z��All enzymatic activities required for genomic replication and transcription of nonsegmented negative strand RNA viruses (or Mononegavirales) are believed to be concentrated in the viral polymerase (L) protein. However, our insight into the organization of these different enzymatic activities into a bioactive tertiary structure remains rudimentary. Fragments of Mononegavirales polymerases analyzed to date cannot restore bioactivity through trans-complementation, unlike the related L proteins of segmented NSVs. We investigated the domain organization of phylogenetically diverse Paramyxovirus L proteins derived from measles virus (MeV), Nipah virus (NiV), and respiratory syncytial virus (RSV). Through a comprehensive in silico and experimental analysis of domain intersections, we defined MeV L position 615 as an interdomain candidate in addition to the previously reported residue 1708. Only position 1708 of MeV and the homologous positions in NiV and RSV L also tolerated the insertion of epitope tags. Splitting of MeV L at residue 1708 created fragments that were unable to physically interact and trans-complement, but strikingly, these activities were reconstituted by the addition of dimerization tags to the fragments. Equivalently split fragments of NiV, RSV, and MeV L oligomerized with comparable efficiency in all homo- and heterotypic combinations, but only the homotypic pairs were able to trans-complement. These results demonstrate that synthesis as a single polypeptide is not required for the Mononegavirales polymerases to adopt a proper tertiary conformation. Paramyxovirus polymerases are composed of at least two truly independent folding domains that lack a traditional interface but require molecular compatibility for bioactivity. The functional probing of the L domain architecture through trans-complementation is anticipated to be applicable to all Mononegavirales polymerases.,��https://www.ncbi.nlm.nih.gov/pubmed/22215662���Dochow, Melanie
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Time Factors���This study investigated the seroepidemiology of Hendra virus in a spectacled flying-fox (Pteropus conspicillatus) population in northern Australia, near the location of an equine and associated human Hendra virus infection in late 2004. The pattern of infection in the population was investigated using a serial cross-sectional serological study over a 25-month period, with blood sampled from 521 individuals over six sampling sessions. Antibody titres to the virus were determined by virus neutralisation test. In contrast to the expected episodic infection pattern, we observed that seroprevalence gradually increased over the two years suggesting infection was endemic in the population over the study period. Our results suggested age, pregnancy and lactation were significant risk factors for a detectable neutralizing antibody response. Antibody titres were significantly higher in females than males, with the highest titres occurring in pregnant animals. Temporal variation in antibody titres suggests that herd immunity to the virus may wax and wane on a seasonal basis. These findings support an endemic infection pattern of henipaviruses in bat populations suggesting their infection dynamics may differ significantly from the acute, self limiting episodic pattern observed with related viruses (e.g. measles virus, phocine distemper virus, rinderpest virus) hence requiring a much smaller critical host population size to sustain the virus. These findings help inform predictive modelling of henipavirus infection in bat populations, and indicate that the life cycle of the reservoir species should be taken into account when developing risk management strategies for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22194920!��Breed, Andrew C
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Virus Shedding���Dec'��Based on epidemiological data, it is believed that human-to-human transmission plays an important role in Nipah virus outbreaks. No experimental data are currently available on the potential routes of human-to-human transmission of Nipah virus. In a first dose-finding experiment in Syrian hamsters, it was shown that Nipah virus was predominantly shed via the respiratory tract within nasal and oropharyngeal secretions. Although Nipah viral RNA was detected in urogenital and rectal swabs, no infectious virus was recovered from these samples, suggesting no viable virus was shed via these routes. In addition, hamsters inoculated with high doses shed significantly higher amounts of viable Nipah virus particles in comparison with hamsters infected with lower inoculum doses. Using the highest inoculum dose, three potential routes of Nipah virus transmission were investigated in the hamster model: transmission via fomites, transmission via direct contact and transmission via aerosols. It was demonstrated that Nipah virus is transmitted efficiently via direct contact and inefficiently via fomites, but not via aerosols. These findings are in line with epidemiological data which suggest that direct contact with nasal and oropharyngeal secretions of Nipah virus infected individuals resulted in greater risk of Nipah virus infection. The data provide new and much-needed insights into the modes and efficiency of Nipah virus transmission and have important public health implications with regards to the risk assessment and management of future Nipah virus outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/22180802ü��de Wit, Emmie
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Virus Diseases/urine/*virologyY��Hendra virus is a recently emerged zoonotic agent in Australia. Since first described in 1994, the virus has spilled from its wildlife reservoir (pteropid fruit bats, or 'flying foxes') on multiple occasions causing equine and human fatalities. We undertook a three-year longitudinal study to detect virus in the urine of free-living flying foxes (a putative route of excretion) to investigate Hendra virus infection dynamics. Pooled urine samples collected off plastic sheets placed beneath roosting flying foxes were screened for Hendra virus genome by quantitative RT-PCR, using a set of primers and probe derived from the matrix protein gene. A total of 1672 pooled urine samples from 67 sampling events was collected and tested between 1 July 2008 and 30 June 2011, with 25% of sampling events and 2.5% of urine samples yielding detections. The proportion of positive samples was statistically associated with year and location. The findings indicate that Hendra virus excretion occurs periodically rather than continuously, and in geographically disparate flying fox populations in the state of Queensland. The lack of any detection in the Northern Territory suggests prevalence may vary across the range of flying foxes in Australia. Finally, our findings suggest that flying foxes can excrete virus at any time of year, and that the apparent seasonal clustering of Hendra virus incidents in horses and associated humans (70% have occurred June to October) reflects factors other than the presence of virus. Identification of these factors will strengthen risk minimization strategies for horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22174865	��Field, Hume
de Jong, Carol
Melville, Deb
Smith, Craig
Smith, Ina
Broos, Alice
Kung, Yu Hsin Nina
McLaughlin, Amanda
Zeddeman, Anne
eng
Research Support, Non-U.S. Gov't
2011/12/17 06:00
PLoS One. 2011;6(12):e28678. doi: 10.1371/journal.pone.0028678. Epub 2011 Dec 9.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3235146���22174865´��Biosecurity Sciences Laboratory, Biosecurity Queensland, Department of Employment, Economic Development and Innovation, Brisbane, Queensland, Australia. Hume.Field@deedi.qld.gov.au���10.1371/journal.pone.0028678��æ��üÒtÿî?M���¦��Marsh, G. A.
Haining, J.
Hancock, T. J.
Robinson, R.
Foord, A. J.
Barr, J. A.
Riddell, S.
Heine, H. G.
White, J. R.
Crameri, G.
Field, H. E.
Wang, L. F.
Middleton, D.���2011P��Experimental infection of horses with Hendra virus/Australia/horse/2008/Redlands���2232-8���Emerg Infect Dis���17���12���Animals
Australia
Chiroptera/virology
Communicable Diseases, Emerging/diagnosis/transmission/veterinary/virology
Female
*Hendra Virus/genetics/isolation & purification/physiology
Henipavirus Infections/diagnosis/transmission/*veterinary/virology
Horse Diseases/diagnosis/transmission/*virology
Horses
Humans
Queensland
Viral Load
Virus Replication
Virus Shedding
Zoonoses/transmission/virology���Dec¿��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus harbored by Australian flying foxes with sporadic spillovers directly to horses. Although the mode and critical control points of HeV spillover to horses from flying foxes, and the risk for transmission from infected horses to other horses and humans, are poorly understood, we successfully established systemic HeV disease in 3 horses exposed to Hendra virus/Australia/Horse/2008/Redlands by the oronasal route, a plausible route for natural infection. In 2 of the 3 animals, HeV RNA was detected continually in nasal swabs from as early as 2 days postexposure, indicating that systemic spread of the virus may be preceded by local viral replication in the nasal cavity or nasopharynx. Our data suggest that a critical factor for reducing HeV exposure risk to humans includes early consideration of HeV in the differential diagnosis and institution of appropriate infection control procedures.,��https://www.ncbi.nlm.nih.gov/pubmed/22172152F��Marsh, Glenn A
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Viral Fusion Proteins/*chemistry/*genetics/metabolism/physiology���MarV��Paramyxoviruses enter host cells by fusing the viral envelope with a host cell membrane. Fusion is mediated by the viral fusion (F) protein, and it undergoes large irreversible conformational changes to cause membrane merger. The C terminus of PIV5 F contains a membrane-proximal 7-residue external region (MPER), followed by the transmembrane (TM) domain and a 20-residue cytoplasmic tail. To study the sequence requirements of the F protein C terminus for fusion, we constructed chimeras containing the ectodomain of parainfluenza virus 5 F (PIV5 F) and either the MPER, the TM domain, or the cytoplasmic tail of the F proteins of the paramyxoviruses measles virus, mumps virus, Newcastle disease virus, human parainfluenza virus 3, and Nipah virus. The chimeras were expressed, and their ability to cause cell fusion was analyzed. The chimeric proteins were variably expressed at the cell surface. We found that chimeras containing the ectodomain of PIV5 F with the C terminus of other paramyxoviruses were unable to cause cell fusion. Fusion could be restored by decreasing the activation energy of refolding through introduction of a destabilizing mutation (S443P). Replacing individual regions, singly or doubly, in the chimeras with native PIV5 F sequences restored fusion to various degrees, but it did not have an additive effect in restoring activity. Thus, the F protein C terminus may be a specific structure that only functions with its cognate ectodomain. Alanine scanning mutagenesis of MPER indicates that it has a regulatory role in fusion since both hyperfusogenic and hypofusogenic mutations were found.,��https://www.ncbi.nlm.nih.gov/pubmed/22171273&��Zokarkar, Aarohi
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Viral Envelope Proteins/*chemistry���Apr*��Hendra virus (HeV) continues to cause morbidity and mortality in both humans and horses with a number of sporadic outbreaks. HeV has two structural membrane glycoproteins that mediate the infection of host cells: the attachment (G) and the fusion (F) glycoproteins that are essential for receptor binding and virion-host cell membrane fusion, respectively. N-linked glycosylation of viral envelope proteins are critical post-translation modifications that have been implicated in roles of structural integrity, virus replication and evasion of the host immune response. Deciphering the glycan composition and structure on these glycoproteins may assist in the development of glycan-targeted therapeutic intervention strategies. We examined the site occupancy and glycan composition of recombinant soluble G (sG) glycoproteins expressed in two different mammalian cell systems, transient human embryonic kidney 293 (HEK293) cells and vaccinia virus (VV)-HeLa cells, using a suite of biochemical and biophysical tools: electrophoresis, lectin binding and tandem mass spectrometry. The N-linked glycans of both VV and HEK293-derived sG glycoproteins carried predominantly mono- and disialylated complex-type N-glycans and a smaller population of high mannose-type glycans. All seven consensus sequences for N-linked glycosylation were definitively found to be occupied in the VV-derived protein, whereas only four sites were found and characterized in the HEK293-derived protein. We also report, for the first time, the existence of O-linked glycosylation sites in both proteins. The striking characteristic of both proteins was glycan heterogeneity in both N- and O-linked sites. The structural features of G protein glycosylation were also determined by X-ray crystallography and interactions with the ephrin-B2 receptor are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22171062���Colgrave, Michelle L
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Time Factors���Hendra virus is a recently emerged bat-borne zoonotic agent with high lethality in horses and humans in Australia. This is a rare disease and the determinants of bat to horse transmission, including the factors that bring these hosts together at critical times, are poorly understood. In this cross-disciplinary study climatic and vegetation primary productivity variables are compared for the dispersed and heterogenic 1994-2010 outbreak sites. The significant occurrence of spillover events within the dry season (p = 0.013, 95% CI (0.57-0.98)) suggests seasonal forcing of transmission across species, or seasonal forcing of virus excretion by the reservoir host. We explore the evidence for both. Preliminary investigations of the spatial determinants of Hendra disease locations are also presented. We find that postal areas in the Australian state of Queensland in which pteropid fruit bat (flying fox) roosts occur are approximately forty times more likely (OR = 40.5, (95% CI (5.16, 317.52)) to be the location of Hendra spillover events. This appears to be independent of density of horses at these locations. We consider issues of scale of host resource use, land use change and limitations of existing data that challenge analysis and limit further conclusive outcomes. This investigation of a broad range of potential climatic and environmental influences provides a good base for future investigations. Further understanding of cross-species Hendra virus transmission requires better understanding of flying fox resource use in the urban-rural landscape.,��https://www.ncbi.nlm.nih.gov/pubmed/22145039´��McFarlane, Rosemary
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Prognosis
Young Adult���MayÌ��AIM: To describe serial changes in brain magnetic resonance imaging (MRI) in acute human infection from two outbreaks of Hendra virus (HeV), relate these changes to disease prognosis, and compare HeV encephalitis to reported cases of Nipah virus encephalitis. MATERIALS AND METHODS: The MRI images of three human cases (two of which were fatal) of acute HeV meningoencephalitis were reviewed. RESULTS: Cortical selectivity early in the disease is evident in all three patients, while deep white matter involvement appears to be a late and possibly premorbid finding. This apparent early grey matter selectivity may be related to viral biology or ribavirin pharmacokinetics. Neuronal loss is evident at MRI, and the rate of progression of MRI abnormalities can predict the outcome of the infection. In both fatal cases, the serial changes in the MRI picture mirrored the clinical course. CONCLUSION: This is the first comprehensive report of serial MRI findings in acute human cerebral HeV infection from two outbreaks. The cortical selectivity appears to be an early finding while deep white matter involvement a late, and possibly premorbid, finding. In both fatal cases, the serial changes in MRI mirrored the clinical course.,��https://www.ncbi.nlm.nih.gov/pubmed/22133593¥��Nakka, P
Amos, G J
Saad, N
Jeavons, S
eng
Case Reports
England
2011/12/03 06:00
Clin Radiol. 2012 May;67(5):420-8. doi: 10.1016/j.crad.2011.10.008. Epub 2011 Nov 30.*��1365-229X (Electronic)
0009-9260 (Linking)���22133593d��Department of Diagnostic Radiology, Princess Alexandra Hospital, Woolloongabba, Qld 4102, Australia.���10.1016/j.crad.2011.10.008�
Ä��üÒ|ÿî?R������Kaku, Y.
Noguchi, A.
Marsh, G. A.
Barr, J. A.
Okutani, A.
Hotta, K.
Bazartseren, B.
Fukushi, S.
Broder, C. C.
Yamada, A.
Inoue, S.
Wang, L. F.���2012«��Second generation of pseudotype-based serum neutralization assay for Nipah virus antibodies: sensitive and high-throughput analysis utilizing secreted alkaline phosphatase���226-32���J Virol Methods���179���1[��Alkaline Phosphatase/*analysis/genetics
Animals
Antibodies, Neutralizing/*blood
Antibodies, Viral/*blood
High-Throughput Screening Assays/*methods
Humans
Neutralization Tests/*methods
Nipah Virus/*immunology
Recombinant Proteins/analysis/genetics
Sensitivity and Specificity
Vesiculovirus/enzymology/genetics/growth & development
Virology/*methods���Jan���Nipah virus (NiV), Paramyxoviridae, Henipavirus, is classified as a biosafety level (BSL) 4 pathogen, along with the closely related Hendra virus (HeV). A novel serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing secreted alkaline phosphatase (SEAP) and pseudotyped with NiV F/G proteins (VSV-NiV-SEAP). A unique characteristic of this novel assay is the ability to obtain neutralization titers by measuring SEAP activity in supernatant using a common ELISA plate reader. This confers a remarkable advantage over the first generation of NiV-pseudotypes expressing green fluorescent protein or luciferase, which require expensive and specific measuring equipment. Using panels of NiV- and HeV-specific sera from various species, the VSV-NiV-SEAP assay demonstrated neutralizing antibody status (positive/negative) consistent with that obtained by conventional live NiV test, and gave higher antibody titers than the latter. Additionally, when screening sixty-six fruit bat sera at one dilution, the VSV-NiV-SEAP assay produced identical results to the live NiV test and only required a very small amount (2mul) of sera. The results suggest that this novel VSV-NiV-SEAP assay is safe, useful for high-throughput screening of sera using an ELISA plate reader, and has high sensitivity and specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/22115786V��Kaku, Yoshihiro
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T-Lymphocytes/immunology���MarÕ��Bats are natural reservoir hosts to a variety of viruses, many of which cause morbidity and mortality in other mammals. Currently there is a paucity of information regarding the nature of the immune response to viral infections in bats, partly due to a lack of appropriate bat specific reagents. IFNgamma plays a key role in controlling viral replication and coordinating a response for long term control of viral infection. Here we describe the cloning and expression of IFNgamma from the Australian flying fox, Pteropus alecto and the generation of mouse monoclonal and chicken egg yolk antibodies specific to bat IFNgamma. Our results demonstrate that P. alecto IFNgamma is conserved with IFNgamma from other species and is induced in bat splenocytes following stimulation with T cell mitogens. P. alecto IFNgamma has antiviral activity on Semliki forest virus in cell lines from P. alecto and the microbat, Tadarida brasiliensis. Additionally recombinant bat IFNgamma was able to mitigate Hendra virus infection in P. alecto cells. These results provide the first evidence for an antiviral role for bat IFNgammain vitro in addition to the application of important immunological reagents for further studies of bat antiviral immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/22093696í��Janardhana, Vijaya
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Thymelaeaceae/*chemistry���Nov 9Ù��BACKGROUND: Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) originates from Papua Island, Indonesia and grows in tropical areas. The different parts of the fruit of P. macrocarpa were evaluated for antioxidant, anti-inflammatory, and cytotoxic activities. METHODS: Phaleria macrocarpa fruit were divided into pericarp, mesocarp and seed. All parts of the fruit were reflux extracted with methanol. The antioxidant activity of the extracts were characterized in various in vitro model systems such as FTC, TBA, DPPH radical, reducing power and NO radical. Anti-inflammatory assays were done by using NO production by macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma and cytotoxic activities were determined by using several cancer cell lines and one normal cell line RESULTS: The results showed that different parts (pericarp, mesocarp, and seed) of Phaleria macrocarpa fruit contain various amount of total phenolic (59.2 +/- 0.04, 60.5 +/- 0.17, 47.7 +/- 1.04 mg gallic acid equivalent/g DW) and flavonoid compounds (161.3 +/- 1.58, 131.7 +/- 1.66, 35.9 +/- 2.47 mg rutin equivalent/g DW). Pericarp and mesocarp showed high antioxidant activities by using DPPH (71.97%, 62.41%), ferric reducing antioxidant power (92.35%, 78.78%) and NO scavenging activity (65.68%, 53.45%). Ferric thiocyanate and thiobarbituric acid tests showed appreciable antioxidant activity in the percentage hydroperoxides inhibitory activity from pericarp and mesocarp in the last day of the assay. Similarly, the pericarp and mesocarp inhibited inducible nitric oxide synthesis with values of 63.4 +/- 1.4% and 69.5 +/- 1.4% in macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma indicating their notable anti-inflammatory potential. Cytotoxic activities against HT-29, MCF-7, HeLa and Chang cell lines were observed in all parts. CONCLUSIONS: These results indicated the possible application of P. macrocarpa fruit as a source of bioactive compounds, potent as an antioxidant, anti inflammatory and cytotoxic agents.,��https://www.ncbi.nlm.nih.gov/pubmed/22070850·��Hendra, Rudi
Ahmad, Syahida
Oskoueian, Ehsan
Sukari, Aspollah
Shukor, M Yunus
eng
England
2011/11/11 06:00
BMC Complement Altern Med. 2011 Nov 9;11:110. doi: 10.1186/1472-6882-11-110.*��1472-6882 (Electronic)
1472-6882 (Linking)
��PMC3354343���22070850S��Department of Biochemistry, Universiti Putra Malaysia, Serdang, Selangor, Malaysia.���10.1186/1472-6882-11-110��Ê��üÒtÿî?U���«��Halpin, K.
Hyatt, A. D.
Fogarty, R.
Middleton, D.
Bingham, J.
Epstein, J. H.
Rahman, S. A.
Hughes, T.
Smith, C.
Field, H. E.
Daszak, P.
Henipavirus Ecology Research, Group���2011}��Pteropid bats are confirmed as the reservoir hosts of henipaviruses: a comprehensive experimental study of virus transmission���946-51���Am J Trop Med Hyg���85���5���Animals
Australia
Chiroptera/*classification/*virology
Disease Reservoirs/*veterinary
Female
Genome, Viral
Hendra Virus/genetics/immunology/*isolation & purification
Henipavirus Infections/*transmission
Malaysia
Nipah Virus/genetics/immunology/*isolation & purification
Pregnancy���Nov¶��Bats of the genus Pteropus have been identified as the reservoir hosts for the henipaviruses Hendra virus (HeV) and Nipah virus (NiV). The aim of these studies was to assess likely mechanisms for henipaviruses transmission from bats. In a series of experiments, Pteropus bats from Malaysia and Australia were inoculated with NiV and HeV, respectively, by natural routes of infection. Despite an intensive sampling strategy, no NiV was recovered from the Malaysian bats and HeV was reisolated from only one Australian bat; no disease was seen. These experiments suggest that opportunities for henipavirus transmission may be limited; therefore, the probability of a spillover event is low. For spillover to occur, a range of conditions and events must coincide. An alternate assessment framework is required if we are to fully understand how this reservoir host maintains and transmits not only these but all viruses with which it has been associated.,��https://www.ncbi.nlm.nih.gov/pubmed/22049055f��Halpin, Kim
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Vancomycin/*analysis/blood/*therapeutic use���May-JunÙ��BACKGROUND: For the treatment of peritoneal dialysis-associated peritonitis (PDP), it has been suggested that serum concentrations of vancomycin be kept above 12 mg/L-15 mg/L. However, studies correlating vancomycin concentrations in serum and peritoneal dialysate effluent (PDE) during active infection are sparse. We undertook the present study to investigate this issue and to determine whether achieving the recommended serum level of vancomycin results in therapeutic levels intraperitoneally. METHODS: We studied patients treated with intraperitoneal (i.p.) vancomycin for non-gram-negative PDP. We gave a single dose (approximately 30 mg/kg) at presentation, and we subsequently measured vancomycin levels in PDE on day 5; we wanted to determine if efflux of vancomycin from serum to PDE during a 4-hour dwell was consistent and resulted in therapeutic levels. RESULTS: Of the 48 episodes of PDP studied, serum vancomycin concentrations exceeding 12 mg/L were achieved in 98% of patients, but in 11 patients (23%), a PDE vancomycin level below 4 mg/L--the minimal inhibitory concentration (MIC) of many gram-positive organisms--was observed at the end of a 4-hour dwell on day 5. The correlation between the concentrations of vancomycin in serum and PDE (from efflux of antibiotic over 4 hours) was statistically significant, but poor (R(2) = 0.18). CONCLUSIONS: Our data support the International Society for Peritoneal Dialysis statement that adequate serum vancomycin concentrations can be achieved with intermittent dosing (single dose every 5 days), but cannot guarantee therapeutic PDE levels in the treatment of PDP. Intermittent dosing of vancomycin may not consistently result in PDE concentrations markedly greater than MIC of many important pathogens. Although the clinical significance of this finding remains to be determined, it may be preferable to give smaller but more frequent doses of PDE vancomycin (continuous dosing) for adults with PDP (as is currently recommended for children).,��https://www.ncbi.nlm.nih.gov/pubmed/22045102»��Fish, Richard
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West Nile Fever/diagnosis���Nov~��Viral infections of the central nervous system in the tropical countries of Asia and the Indian subcontinent are different from those of the Western and developed world. Many of the endemic and epidemic encephalitides that are prevalent in these regions, such as Japanese encephalitis, have characteristic findings on imaging, especially on magnetic resonance imaging, allowing a rapid diagnosis and differentiation from clinically similar syndromes. Other emerging viral infections in the region in recent years have posed new challenges. The contribution of neuroimaging to the management of these emerging infections is also discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22032499���Handique, Sanjeev Kumar
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Swine���Janz��The C-terminal domain of Nipah virus (NiV) nucleocapsid protein (NP(4)(0)(1)(-)(5)(3)(2)) was inserted at the N-terminus and the immunodominant loop of hepatitis B core antigen (HBc). The stability of NP(4)(0)(1)(-)(5)(3)(2) increased tremendously when displayed on the HBc particles. These particles reacted specifically with the swine anti-NiV and the human anti-HBc antisera.,��https://www.ncbi.nlm.nih.gov/pubmed/22024533â��Yap, Wei Boon
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Humans���Oct 19���Hendra virus (HeV) is a recently emerged zoonotic paramyxovirus that can cause a severe and often fatal disease in horses and humans. HeV is categorized as a biosafety level 4 agent, which has made the development of animal models and testing of potential therapeutics and vaccines challenging. Infection of African green monkeys (AGMs) with HeV was recently demonstrated, and disease mirrored fatal HeV infection in humans, manifesting as a multisystemic vasculitis with widespread virus replication in vascular tissues and severe pathologic manifestations in the lung, spleen, and brain. Here, we demonstrate that m102.4, a potent HeV-neutralizing human monoclonal antibody (hmAb), can protect AGMs from disease after infection with HeV. Fourteen AGMs were challenged intratracheally with a lethal dose of HeV, and 12 subjects were infused twice with a 100-mg dose of m102.4 beginning at either 10, 24, or 72 hours after infection and again about 48 hours later. The presence of viral RNA, infectious virus, and HeV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease on day 8 after infection. Animals in the 72-hour treatment group exhibited neurological signs of disease, but all animals started to recover by day 16 after infection. These results represent successful post-exposure in vivo efficacy by an investigational drug against HeV and highlight the potential impact a hmAb can have on human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/22013123z��Bossart, Katharine N
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Retrospective Studies���The unplanned transfer of patients from long-term acute care hospitals (LTACHs) back to acute facilities disrupts the continuity of care, delays recovery and increases the cost of care. This study was performed to better understand the unplanned transfer of patients with pulmonary disease. A retrospective analysis of data obtained for quality management in a cohort of patients admitted to an LTACH system over a 3-year period. Of the 3506 patients admitted with a pulmonary diagnosis studied, 414 (12%) underwent 526 unplanned transfers back to an acute facility after a median LTACH length of stay (LOS) of 45 days. Mechanical ventilation via tracheostomy was used in 259 (63%) patients admitted to the LTACH with a pulmonary diagnosis. The commonest reasons for unplanned transfers included acute respiratory failure, cardiac decompensation, gastrointestinal bleed and possible sepsis. Over 50% of patients had LOS at the LTACH between 4 and 30 days prior to the unplanned transfer. Patients with an LOS <3 days prior to transfer were more likely to be transferred around the weekend. In all, 32% of patients died within a median of 7 days of transfer back to the acute facility. Thirty-day mortality following unplanned transfer appeared independent of organ system involved, attending physician specialty/coverage status, nursing shift or transferring LTACH unit. Unplanned transfers disrupting continuity of care remain a significant problem in patients admitted to an LTACH with a pulmonary diagnosis and are associated with significant mortality. Strategies designed to reduce cardiopulmonary decompensation, gastrointestinal bleeding and possible sepsis in the LTACH along with additional strategies implemented throughout the health care continuum will be needed to reduce this problem.,��https://www.ncbi.nlm.nih.gov/pubmed/21990569���White, Alexander C
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Viral Proteins/*chemistry/metabolism���Janå��This review focuses on the experimental data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely Nipah (NiV), Hendra (HeV) and measles (MeV) viruses. We provide a detailed description of the molecular mechanisms governing the disorder-to-order transition of the intrinsically disordered C-terminal domains (N(TAIL)) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within N(TAIL)-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder are discussed in light of the ability of disordered regions to establish a complex molecular partnership, thereby leading to a variety of biological effects. Taking into account the promiscuity that typifies disordered regions, we propose that the main functional advantage of the abundance of disorder within viruses would reside in pleiotropy and genetic compaction, where a single gene would encode a single (regulatory) protein product able to establish multiple interactions via its disordered regions, and hence to exert multiple concomitant biological effects.,��https://www.ncbi.nlm.nih.gov/pubmed/21805002ö��Habchi, Johnny
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Zoonoses/transmission���Jul¢��Hendra virus infection is an emerging infectious disease that is not well understood. Most cases of Hendra virus infection have occurred in Queensland, with one case in a horse in NSW. Hendra virus infection has a high mortality rate in horses and humans and as cases could occur anywhere in Australia it is important to be ready for prompt action should an outbreak occur in NSW. This paper: reviews the current knowledge on Hendra virus infection including methods for preventing the disease; explains the animal health and human health response for an outbreak within NSW; and discusses possible future avenues for post-exposure prophylaxis and prevention by vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/21781619Æ��Hess, Isabel M R
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Trust���Jun 13�	�BACKGROUND: Post-mortem needle biopsies have been used in resource-poor settings to determine cause of death and there is interest in using them in Bangladesh. However, we did not know how families and communities would perceive this procedure or how they would decide whether or not to consent to a post-mortem needle biopsy. The goal of this study was to better understand family and community concerns and decision-making about post-mortem needle biopsies in this low-income, predominantly Muslim country in order to design an informed consent process. METHODS: We conducted 16 group discussions with family members of persons who died during an outbreak of Nipah virus illness during 2004-2008 and 11 key informant interviews with their community and religious leaders. Qualitative researchers first described the post-mortem needle biopsy procedure and asked participants whether they would have agreed to this procedure during the outbreak. Researchers probed participants about the circumstances under which the procedure would be acceptable, if any, their concerns about the procedure, and how they would decide whether or not to consent to the procedure. RESULTS: Overall, most participants agreed that post-mortem needle biopsies would be acceptable in some situations, particularly if they benefitted society. This procedure was deemed more acceptable than full autopsy because it would not require major delays in burial or remove organs, and did not require cutting or stitching of the body. It could be performed before the ritual bathing of the body in either the community or hospital setting. However, before consent would be granted for such a procedure, the research team must gain the trust of the family and community which could be difficult. Although consent may only be provided by the guardians of the body, decisions about consent for the procedure would involve extended family and community and religious leaders. CONCLUSIONS: The possible acceptability of this procedure during outbreaks represents an important opportunity to better characterize cause of death in Bangladesh which could lead to improved public health interventions to prevent these deaths. Obstacles for research teams will include engaging all major stakeholders in decision-making and quickly building a trusting relationship with the family and community, which will be difficult given the short window of time prior to the ritual bathing of the body.,��https://www.ncbi.nlm.nih.gov/pubmed/21668979J��Gurley, Emily S
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Zoonoses/*epidemiology/transmission/virology���Jan 7£��Emerging zoonoses threaten global health, yet the processes by which they emerge are complex and poorly understood. Nipah virus (NiV) is an important threat owing to its broad host and geographical range, high case fatality, potential for human-to-human transmission and lack of effective prevention or therapies. Here, we investigate the origin of the first identified outbreak of NiV encephalitis in Malaysia and Singapore. We analyse data on livestock production from the index site (a commercial pig farm in Malaysia) prior to and during the outbreak, on Malaysian agricultural production, and from surveys of NiV's wildlife reservoir (flying foxes). Our analyses suggest that repeated introduction of NiV from wildlife changed infection dynamics in pigs. Initial viral introduction produced an explosive epizootic that drove itself to extinction but primed the population for enzootic persistence upon reintroduction of the virus. The resultant within-farm persistence permitted regional spread and increased the number of human infections. This study refutes an earlier hypothesis that anomalous El Nino Southern Oscillation-related climatic conditions drove emergence and suggests that priming for persistence drove the emergence of a novel zoonotic pathogen. Thus, we provide empirical evidence for a causative mechanism previously proposed as a precursor to widespread infection with H5N1 avian influenza and other emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/21632614Ð��Pulliam, Juliet R C
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*Virus Replication���Sep���Many viruses use their host's cellular machinery to regulate the functions of viral proteins. The phosphorylation of viral proteins is known to play a role in genome transcription and replication in paramyxoviruses. The paramyxovirus nucleoprotein (N), the most abundant protein in infected cells, is a component of the N-RNA complex and supports the transcription and replication of virus mRNA and genomic RNA. Recently, we reported that the phosphorylation of measles virus N is involved in the regulation of viral RNA synthesis. In this study, we report a rapid turnover of phosphorylation in the Nipah virus N (NiV-N). The phosphorylated NiV-N was hardly detectable in steady-state cells, but was detected after inhibition of cellular protein phosphatases. We identified a phosphorylated serine residue at Ser451 of NiV-N by peptide mass fingerprinting by electrospray ionization-quadrupole time-of-flight mass spectrometry. In the NiV minigenome assay, using luciferase as a reporter gene, the substitution of Ser451 for alanine in NiV-N resulted in a reduction in luciferase activity of approximately 45 % compared with the wild-type protein. Furthermore, the substitution of Ser451 for glutamic acid, which mimics a phosphoserine, led to a more significant decrease in luciferase activity - approximately 81 %. Northern blot analysis showed that both virus transcription and replication were reduced by these mutations. These results suggest that a rapid turnover of the phosphorylation of NiV-N plays an important role in virus transcription and replication.,��https://www.ncbi.nlm.nih.gov/pubmed/21613447+��Huang, Mingshu
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Virus Replication���AugÀ��Nipah virus (NiV) and Hendra virus (HeV) are emerging zoonotic viruses and the causative agents of severe respiratory disease and encephalitis in humans. Little is known about the mechanisms that govern the development of respiratory and neurological disease. Using a hamster model of lethal NiV and HeV infection, we describe the role of the route and dose of infection on the clinical outcome and determine virus tropism and host responses following infection. Infection of hamster with a high dose of NiV or HeV resulted in acute respiratory distress. NiV initially replicated in the upper respiratory tract epithelium, whereas HeV initiated infection primarily in the interstitium. In contrast, infection with a low dose of NiV or HeV resulted in the development of neurological signs and more systemic spread of the virus through involvement of the endothelium. The development of neurological signs coincided with disruption of the blood-brain barrier (BBB) and expression of tumor necrosis alpha (TNF-alpha) and interleukin 1 beta (IL-1beta). In addition, interferon-inducible protein 10 (IP-10) was identified as playing an important role in NiV and HeV pathogenesis. These studies reveal novel information on the development and progression of NiV and HeV clinical disease, provide a mechanism for the differences in transmission observed between NiV and HeV outbreaks, and identify specific cytokines and chemokines that serve as important targets for treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/21593160
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Virus Replication���Aug	��Nipah virus (NiV) is a recently emerged zoonotic paramyxovirus whose natural reservoirs are several species of Pteropus fruit bats. NiV provokes a widespread vasculitis often associated with severe encephalitis, with up to 75% mortality in humans. We have analyzed the pathogenesis of NiV infection, using human leukocyte cultures and the hamster animal model, which closely reproduces human NiV infection. We report that human lymphocytes and monocytes are not permissive for NiV and a low level of virus replication is detected only in dendritic cells. Interestingly, despite the absence of infection, lymphocytes could efficiently bind NiV and transfer infection to endothelial and Vero cells. This lymphocyte-mediated transinfection was inhibited after proteolytic digestion and neutralization by NiV-specific antibodies, suggesting that cells could transfer infectious virus to other permissive cells without the requirement for NiV internalization. In NiV-infected hamsters, leukocytes captured and carried NiV after intraperitoneal infection without themselves being productively infected. Such NiV-loaded mononuclear leukocytes transfer lethal NiV infection into naive animals, demonstrating efficient virus transinfection in vivo. Altogether, these results reveal a remarkable capacity of NiV to hijack leukocytes as vehicles to transinfect host cells and spread the virus throughout the organism. This mode of virus transmission represents a rapid and potent method of NiV dissemination, which may contribute to its high pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/215931452��Mathieu, Cyrille
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Viral Vaccines/*administration & dosage/blood/*genetics/immunology���May 2Æ��Based on their safety profile and ability to induce potent immune responses against infections, subunit vaccines have been used as candidates for a wide variety of pathogens. Since the mammalian cell system is capable of post-translational modification, thus forming properly folded and glycosylated proteins, recombinant proteins expressed in mammalian cells have shown the greatest potential to maintain high antigenicity and immunogenicity. Although no new cases of SARS have been reported since 2004, future outbreaks are a constant threat; therefore, the development of vaccines against SARS-CoV is a prudent preventive step and should be carried out. The RBD of SARS-CoV S protein plays important roles in receptor binding and induction of specific neutralizing antibodies against virus infection. Therefore, in this protocol, we describe novel methods for developing a RBD-based subunit vaccine against SARS. Briefly, the recombinant RBD protein (rRBD) was expressed in culture supernatant of mammalian 293T cells to obtain a correctly folded protein with proper conformation and high immunogenicity. The transfection of the recombinant plasmid encoding RBD to the cells was then performed using a calcium phosphate transfection method with some modifications. Compared with the lipid transfection method, this modified calcium phosphate transfection method is cheaper, easier to handle, and has the potential to reach high efficacy once a transfection complex with suitable size and shape is formed. Finally, a SARS pseudovirus neutralization assay was introduced in the protocol and used to detect the neutralizing activity of sera of mice vaccinated with rRBD protein. This assay is relatively safe, does not involve an infectious SARS-CoV, and can be performed without the requirement of a biosafety-3 laboratory. The protocol described here can also be used to design and study recombinant subunit vaccines against other viruses with class I fusion proteins, for example, HIV, respiratory syncytial virus (RSV), Ebola virus, influenza virus, as well as Nipah and Handra viruses. In addition, the methods for generating a pseudovirus and subsequently establishing a pseudovirus neutralization assay can be applied to all these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21587153÷��Du, Lanying
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Zoonoses/epidemiology/virology���Dec 22P��Anthropogenic environmental change is often implicated in the emergence of new zoonoses from wildlife; however, there is little mechanistic understanding of these causal links. Here, we examine the transmission dynamics of an emerging zoonotic paramyxovirus, Hendra virus (HeV), in its endemic host, Australian Pteropus bats (fruit bats or flying foxes). HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. With models parametrized from field and laboratory data, we explore a set of probable contributory mechanisms that explain the spatial and temporal pattern of HeV emergence; including urban habituation and decreased migration-two widely observed changes in flying fox ecology that result from anthropogenic transformation of bat habitat in Australia. Urban habituation increases the number of flying foxes in contact with human and domestic animal populations, and our models suggest that, in addition, decreased bat migratory behaviour could lead to a decline in population immunity, giving rise to more intense outbreaks after local viral reintroduction. Ten of the 14 known HeV outbreaks occurred near urbanized or sedentary flying fox populations, supporting these predictions. We also demonstrate that by incorporating waning maternal immunity into our models, the peak modelled prevalence coincides with the peak annual spill-over hazard for HeV. These results provide the first detailed mechanistic framework for understanding the sporadic temporal pattern of HeV emergence, and of the urban/peri-urban distribution of HeV outbreaks in horses and people.,��https://www.ncbi.nlm.nih.gov/pubmed/21561971���Plowright, Raina K
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Viral Proteins/genetics���May@��An intrafamilial outbreak in West Bengal, India, involving 5 deaths and person-to-person transmission was attributed to Nipah virus. Full-genome sequence of Nipah virus (18,252 nt) amplified from lung tissue showed 99.2% nt and 99.8% aa identity with the Bangladesh-2004 isolate, suggesting a common source of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/21529409h��Arankalle, Vidya A
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Recurrence���Octø��This study aimed to describe the transmission dynamics, the serological and virus excretion patterns of Nipah virus (NiV) in Pteropus vampyrus bats. Bats in captivity were sampled every 7-21 days over a 1-year period. The data revealed five NiV serological patterns categorized as high and low positives, waning, decreasing and increasing, and negative in these individuals. The findings strongly suggest that NiV circulates in wild bat populations and that antibody could be maintained for long periods. The study also found that pup and juvenile bats from seropositive dams tested seropositive, indicating that maternal antibodies against NiV are transmitted passively, and in this study population may last up to 14 months. NiV was isolated from the urine of one bat, and within a few weeks, two other seronegative bats seroconverted. Based on the temporal cluster of seroconversion, we strongly believe that the NiV isolated was recrudesced and then transmitted horizontally between bats during the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/21524339���Sohayati, A R
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Virus Internalization���Augë��Henipavirus is a new genus of Paramyxoviridae that uses protein-based receptors (ephrinB2 and ephrinB3) for virus entry. Paramyxovirus entry requires the coordinated action of the fusion (F) and attachment viral envelope glycoproteins. Receptor binding to the attachment protein triggers F to undergo a conformational cascade that results in membrane fusion. The accumulation of structural and functional studies on many paramyxoviral fusion and attachment proteins, including the recent elucidation of structures of Nipah virus (NiV) and Hendra virus (HeV) G glycoproteins bound and unbound to cognate ephrinB receptors, indicate that henipavirus entry and fusion could differ mechanistically from paramyxoviruses that use glycan-based receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/21511478j��Lee, Benhur
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Virion/*immunology/ultrastructure���Apr 6x��Nipah virus (NiV) was first recognized in 1998 in a zoonotic disease outbreak associated with highly lethal febrile encephalitis in humans and a predominantly respiratory disease in pigs. Periodic deadly outbreaks, documentation of person-to-person transmission, and the potential of this virus as an agent of agroterror reinforce the need for effective means of therapy and prevention. In this report, we describe the vaccine potential of NiV virus-like particles (NiV VLPs) composed of three NiV proteins G, F and M. Co-expression of these proteins under optimized conditions resulted in quantifiable amounts of VLPs with many virus-like/vaccine desirable properties including some not previously described for VLPs of any paramyxovirus: The particles were fusogenic, inducing syncytia formation; PCR array analysis showed NiV VLP-induced activation of innate immune defense pathways; the surface structure of NiV VLPs imaged by cryoelectron microscopy was dense, ordered, and repetitive, and consistent with similarly derived structure of paramyxovirus measles virus. The VLPs were composed of all the three viral proteins as designed, and their intracellular processing also appeared similar to NiV virions. The size, morphology and surface composition of the VLPs were consistent with the parental virus, and importantly, they retained their antigenic potential. Finally, these particles, formulated without adjuvant, were able to induce neutralizing antibody response in Balb/c mice. These findings indicate vaccine potential of these particles and will be the basis for undertaking future protective efficacy studies in animal models of NiV disease.,��https://www.ncbi.nlm.nih.gov/pubmed/21494680���Walpita, Pramila
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*Nipah Virus���Jun³��The Paramyxoviridae family comprises of several genera that contain emerging or re-emerging threats for human and animal health with no real specific effective treatment available. Hendra and Nipah virus are members of a newly identified genus of emerging paramyxoviruses, Henipavirus. Since their discovery in the 1990s, henipaviruses outbreaks have been associated with high economic and public health threat potential. When compared to other paramyxoviruses, henipaviruses appear to have unique characteristics. Henipaviruses are zoonotic paramyxoviruses with a broader tropism than most other paramyxoviruses, and can cause severe acute encephalitis with unique features among viral encephalitides. There are currently no approved effective prophylactic or therapeutic treatments for henipavirus infections. Although ribavirin was empirically used and seemed beneficial during the biggest outbreak caused by one of these viruses, the Nipah virus, its efficacy is disputed in light of its lack of efficacy in several animal models of henipavirus infection. Nevertheless, because of its highly pathogenic nature, much effort has been spent in developing anti-henipavirus therapeutics. In this review we describe the unique features of henipavirus infections and the different strategies and animal models that have been developed so far in order to identify and test potential drugs to prevent or treat henipavirus infections. Some of these components have the potential to be broad-spectrum antivirals as they target effectors of viral pathogenecity common to other viruses. We will focus on small molecules or biologics, rather than vaccine strategies, that have been developed as anti-henipaviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/21488828Ç��Vigant, Frederic
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Viral Envelope Proteins/genetics/*metabolism���May 20K��The fusion (F) proteins of Newcastle disease virus (NDV) and Nipah virus (NiV) are both triggered by binding to receptors, mediated in both viruses by a second protein, the attachment protein. However, the hemagglutinin-neuraminidase (HN) attachment protein of NDV recognizes sialic acid receptors, whereas the NiV G attachment protein recognizes ephrinB2/B3 as receptors. Chimeric proteins composed of domains from the two attachment proteins have been evaluated for fusion-promoting activity with each F protein. Chimeras having NiV G-derived globular domains and NDV HN-derived stalks, transmembranes, and cytoplasmic tails are efficiently expressed, bind ephrinB2, and trigger NDV F to promote fusion in Vero cells. Thus, the NDV F protein can be triggered by binding to the NiV receptor, indicating that an aspect of the triggering cascade induced by the binding of HN to sialic acid is conserved in the binding of NiV G to ephrinB2. However, the fusion cascade for triggering NiV F by the G protein and that of triggering NDV F by the chimeras can be distinguished by differential exposure of a receptor-induced conformational epitope. The enhanced exposure of this epitope marks the triggering of NiV F by NiV G but not the triggering of NDV F by the chimeras. Thus, the triggering cascade for NiV G-F fusion may be more complex than that of NDV HN and F. This is consistent with the finding that reciprocal chimeras having NDV HN-derived heads and NiV G-derived stalks, transmembranes, and tails do not trigger either F protein for fusion, despite efficient cell surface expression and receptor binding.,��https://www.ncbi.nlm.nih.gov/pubmed/21460213���Mirza, Anne M
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Virion/immunology/*metabolism���Jun���Complement is an innate immune response system that most animal viruses encounter during natural infections. We have tested the role of human complement in the neutralization of virus particles harboring the Nipah virus (NiV) glycoproteins. A luciferase-expressing vesicular stomatitis virus (VSV) pseudotype that contained the NiV fusion (F) and attachment (G) glycoproteins (NiVpp) showed dose- and time-dependent activation of human complement through the alternative pathway. In contrast to our findings with other paramyxoviruses, normal human serum (NHS) alone did not neutralize NiVpp infectivity in vitro, and electron microscopy demonstrated no significant deposition of complement component C3 on particles. This lack of NiVpp neutralization by NHS was not due to a global inhibition of complement pathways, since complement was found to significantly enhance neutralization by antibodies specific for the NiV F and G glycoproteins. Complement components C4 and C1q were necessary but not sufficient by themselves for the enhancement of antibody neutralization. Human complement also enhanced NiVpp neutralization by a soluble version of the NiV receptor EphrinB2, and this depended on components in the classical pathway. The ability of complement to enhance neutralization fell into one of two profiles: (i) anti-F monoclonal antibodies showed enhancement only at high and not low antibody concentrations, and (ii) anti-G monoclonal antibodies and EphrinB2 showed enhancement at both high and very low levels of antibody (e.g., 3.1 ng) or EphrinB2 (e.g., 2.5 ng). Together, these data establish the importance of human complement in the neutralization of particles containing the NiV glycoproteins and will help guide the design of more effective therapeutics that harness the potency of complement pathways.,��https://www.ncbi.nlm.nih.gov/pubmed/21450814?��Johnson, John B
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Nevirapine/*administration & dosage/*pharmacokinetics
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*Pharmacogenetics
Young Adult���Jun���BACKGROUND: Nevirapine is metabolized by CYP2B6 and polymorphisms within the CYP2B6 gene partly explain inter-patient variability in pharmacokinetics. The aim of this study was to model the complex relationship between nevirapine exposure, weight and genetics (based on combined analysis of CYP2B6 516G > T and 983T > C single nucleotide polymorphisms). METHODS: Non-linear mixed-effects modelling was used to estimate pharmacokinetic parameters from 275 patients. Simulations of the nevirapine concentration profile were performed with dosing regimens of 200 mg twice daily and 400 mg once daily for individuals with body weights of 50, 70 and 90 kg in combination with CYP2B6 genetic variation. RESULTS: A one-compartment model with first-order absorption best described the data. Population clearance was 3.5 L/h with inter-patient variability of 24.6%. 516T homozygosity and 983C heterozygosity were associated with 37% and 40% lower clearance, respectively. Body weight was the only significant demographic factor influencing clearance, which increased by 5% for every 10 kg increase. For individuals with higher body weight, once-daily nevirapine was associated with a greater risk of sub-therapeutic drug exposure than a twice-daily regimen. This risk was offset in individuals who were 516T homozygous or 983C heterozygous in which drug exposure was optimal for > 95% of patients with body weight of </= 70 kg. CONCLUSIONS: The data suggest that a 400 mg once-daily dose could be implemented in accordance with CYP2B6 polymorphism and body weight. However, the use of nevirapine once daily (immediate release; off-label) in the absence of therapeutic drug monitoring is not recommended due to the risk of inadequate exposure to nevirapine in a high proportion of patients. There are different considerations for the extended-release formulation (nevirapine XR) that demonstrate minimal peak-to-trough fluctuations in plasma nevirapine levels.,��https://www.ncbi.nlm.nih.gov/pubmed/21441248���Schipani, Alessandro
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*Virus Inactivation���Mar 1A��We present a new antiviral strategy and research tool that could be applied to a wide range of enveloped viruses that infect human beings via membrane fusion. We test this strategy on two emerging zoonotic henipaviruses that cause fatal encephalitis in humans, Nipah (NiV) and Hendra (HeV) viruses. In the new approach, artificial cell-like particles (protocells) presenting membrane receptors in a biomimetic manner were developed and found to attract and inactivate henipavirus envelope glycoprotein pseudovirus particles, preventing infection. The protocells do not accumulate virus during the inactivation process. The use of protocells that interact with, but do not accumulate, viruses may provide significant advantages over current antiviral drugs, and this general approach may have wide potential for antiviral development.,��https://www.ncbi.nlm.nih.gov/pubmed/21390296%��Porotto, Matteo
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Zoonoses/*epidemiology���Nov-Dec���Zoonoses are at the present time more important than ever due to their magnitude and impact. The international trade in animals, products and sub products, as well as the intense travel of people around the world, represent risks of dissemination of infectious diseases, and are the reason for a new age of emerging and reemerging zoonotic diseases. Under these conditions, public health and animal health authorities are obliged to work together in order to get more efficient control programs. In this paper the actual situation of some important emerging and reemerging zoonoses is analyzed, including: anthrax, rabies, tuberculosis, brucellosis, cysticercosis, echinococcosis, hanta virus, Hendra and Nipah virus. Particular attention is given to leptospirosis, due to the fact that it is considered by WHO and OIE as the widest spread zoonotic disease in the world. Zoonoses caused by ingestion of animal food products are discussed. They are responsible for the death of almost 2.2 million people. Bacteria of genus salmonella and campylobacter are considered. Some recommendations are given for the control and prevention of zoonoses, emphasizing the "One Health" concept.,��https://www.ncbi.nlm.nih.gov/pubmed/21384639k��Flores Castro, Ricardo
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Virus Attachment���Feb 24È��In recent years, several paramyxoviruses have emerged to infect humans, including previously unidentified zoonoses. Hendra and Nipah viruses (henipaviruses within this family) were first identified in the 1990s in Australia, Malaysia and Singapore, causing epidemics with high mortality and morbidity rates in affected animals and humans. Other paramyxoviruses, such as Menangle virus, Tioman virus, human metapneumovirus and avian paramyxovirus 1, which cause less morbidity in humans, have also been recently identified. Although the Paramyxoviridae family of viruses has been previously recognised as biomedically and veterinarily important, the recent emergence of these paramyxoviruses has focused our attention on this family. Antiviral drugs can be designed to target specific important determinants of the viral life cycle. Therefore, identifying and understanding the mechanistic underpinnings of viral entry, replication, assembly and budding will be critical in the development of antiviral therapeutic agents. This review focuses on the molecular mechanisms discovered and the antiviral strategies pursued in recent years for emerging paramyxoviruses, with particular emphasis on viral entry and exit mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/21345285S��Aguilar, Hector C
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Swine Diseases/epidemiology/*prevention & control/virology���DecÕ��An outbreak of acute febrile encephalitis affecting pig-farm workers and owners was recognized in peninsular Malaysia as early as September 1998. The outbreak was initially thought to be due to Japanese encephalitis (JE) virus and thus very intensive prevention, control and communication strategies directed at JE virus were undertaken by the Ministry of Health and Ministry of Agriculture of Malaysia. There was an immediate change in the prevention, control and communication strategies with focus and strategies on infected pigs as the source of infections for humans and other animals following the discovery of Nipah virus. Information and understanding the risks of Nipah virus infections and modes of transmission strengthened the directions of prevention, control and communication strategies. A number of epidemiological surveillances and field investigations which were broadly divided into 3 groups covering human health sector, animal health sector and reservoir hosts were carried out as forms of risk assessment to determine and assess the factors and degree of risk of infections by the virus. Data showed that there was significant association between Nipah virus infection and performing activities involving close contact with pigs, such as processing of piglets, administering injection or medication to pigs, assisting in the birth of piglets, assisting in pig breeding, and handling of dead pigs in the affected farms. A complex process of anthropogenic driven deforestation, climatic changes brought on by El Nino-related drought, forest fire and severe haze, and ecological factors of mixed agro-pig farming practices and design of pig-sties led to the spillovers of the virus from its wildlife reservoir into pig population.,��https://www.ncbi.nlm.nih.gov/pubmed/21329177U��Chua, K B
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Swine Diseases/*epidemiology/transmission/virology���DecÈ��The outbreak of Nipah virus, affecting pigs and pig-farm workers, was first noted in September 1998 in the north-western part of peninsular Malaysia. By March 1999, the outbreak had spread to other pig-farming areas of the country, inclusive of the neighbouring country, Singapore. A total of 283 human cases of viral encephalitis with 109 deaths were recorded in Malaysia from 29 September 1998 to December 1999. During the outbreak period, a number of surveillances under three broad groups; Surveillance in Human Health Sector, Surveillance in Animal Health Sector, and Surveillance for the Reservoir Hosts, were carried out to determine the prevalence, risk of virus infections and transmission in human and swine populations as well as the source and reservoir hosts of Nipah virus. Surveillance data showed that the virus spread rapidly among pigs within infected farms and transmission was attributed to direct contact with infective excretions and secretions. The spread of the virus among pig farms within and between states of peninsular Malaysia was due to movement of pigs. The transmission of the virus to humans was through close contact with infected pigs. Human to human transmission was considered a rare event though the Nipah virus could be isolated from saliva, urine, nasal and pharyngeal secretions of patients. Field investigations identified fruitbats of the Pteropid species as the natural reservoir hosts of the viruses. The outbreak was effectively brought under control following the discovery of the virus and institution of correct control measures through a combined effort of multi-ministerial and multidisciplinary teams working in close co-operation and collaboration with other international agencies.,��https://www.ncbi.nlm.nih.gov/pubmed/21329176U��Chua, K B
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Zoonoses/epidemiology/virology���Jana��Hendra virus (HeV) was first isolated in 1994, from a disease outbreak involving at least 21 horses and two humans in the Brisbane suburb of Hendra, Australia. The affected horses and humans all developed a severe but unidentified respiratory disease that resulted in the deaths of one of the human cases and the deaths or putting down of 14 of the horses. The virus, isolated by culture from a horse and the kidney of the fatal human case, was initially characterised as a new member of the genus Morbillivirus in the family Paramyxoviridae. Comparative sequence analysis of part of the matrix protein gene of the virus and the discovery that the virus had an exceptionally large genome subsequently led to HeV being assigned to a new genus, Henipavirus, along with Nipah virus (a newly emergent virus in pigs). The regular outbreaks of HeV-related disease that have occurred in Australia since 1994 have all been characterised by acute respiratory and neurological manifestations, with high levels of morbidity and mortality in the affected horses and humans. The modes of transmission of HeV remain largely unknown. Although fruit bats have been identified as natural hosts of the virus, direct bat-horse, bat-human or human-human transmission has not been reported. Human infection can occur via exposure to infectious urine, saliva or nasopharyngeal fluid from horses. The treatment options and efficacy are very limited and no vaccine exists. Reports on the outbreaks of HeV in Australia are collated in this review and the available data on the biology, transmission and detection of the pathogen are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/21294944à��Tulsiani, S M
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Public Health Practice
Seasons
Time Factors���Dec·��Pteropus bats are commonly infected with Nipah virus, but show no signs of illness. Human Nipah outbreaks in Bangladesh coincide with the date palm sap harvesting season. In epidemiologic studies, drinking raw date palm sap is a risk factor for human Nipah infection. We conducted a study to evaluate bats' access to date palm sap. We mounted infrared cameras that silently captured images upon detection of motion on date palm trees from 5:00 pm to 6:00 am. Additionally, we placed two locally used preventative techniques, bamboo skirts and lime (CaCO(3)) smeared on date palm trees to assess their effectiveness in preventing bats access to sap. Out of 20 camera-nights of observations, 14 identified 132 visits of bats around the tree, 91 to the shaved surface of the tree where the sap flow originates, 4 at the stream of sap moving toward the collection pot, and no bats at the tap or on the collection pots; the remaining 6 camera-nights recorded no visits. Of the preventative techniques, the bamboo skirt placed for four camera-nights prevented bats access to sap. This study confirmed that bats commonly visited date palm trees and physically contacted the sap collected for human consumption. This is further evidence that date palm sap is an important link between Nipah virus in bats and Nipah virus in humans. Efforts that prevent bat access to the shaved surface and the sap stream of the tree could reduce Nipah spillovers to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/212071053��Khan, M Salah Uddin
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Swine Diseases/*epidemiology/virology���Apr���The purpose of this study was to investigate the prevalence of hepatitis E virus (HEV) infection in swine and humans in different environments in Java and Bali, Indonesia. The prevalence of anti-HEV antibodies in people over 20 years old living in communities in Bali was significantly higher than that in Java. While 68.8% and 90.0% of swine in Bali were anti-HEV positive at 1 and 2 months of age, respectively, swine in Java were at significantly lower risk of HEV infection by the age of 2 months. Our present data suggest that substantial differences in swine-breeding conditions and human living environments affect the rate of HEV infection in humans and swine.,��https://www.ncbi.nlm.nih.gov/pubmed/21191625���Utsumi, Takako
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Virus Replication���MarÉ��Replication-defective vaccine vectors based on vesicular stomatitis virus (VSV) lacking its envelope glycoprotein gene (G) are highly effective in animal models. However, such DeltaG vectors are difficult to grow because they require complementation with the VSV G protein. In addition, the complementing G protein induces neutralizing antibodies in animals and thus limits multiple vector applications. In the process of generating an experimental Nipah virus (a paramyxovirus) vaccine, we generated two defective VSVDeltaG vectors, each expressing one of the two Nipah virus (NiV) glycoproteins (G and F) that are both required for virus entry to host cells. These replication-defective VSV vectors were effective at generating NiV neutralizing antibody in mice. Most interestingly, we found that these two defective viruses could be grown together and passaged in tissue culture cells in the absence of VSV G complementation. This mixture of complementing defective viruses was also highly effective at generating NiV neutralizing antibody in animals. This novel approach to growing and producing a vaccine from two defective viruses could be generally applicable to vaccine production for other paramyxoviruses or for other viruses where the expression of at least two different proteins is required for viral entry. Such an approach minimizes biosafety concerns that could apply to single, replication-competent VSV recombinants expressing all proteins required for infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21177820å��Chattopadhyay, Anasuya
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Virus Internalization���Feb 15L��The paramyxovirus family includes important human pathogens such as measles, mumps, respiratory syncytial virus, and the recently emerged, highly pathogenic Hendra and Nipah viruses. The viral fusion (F) protein plays critical roles in infection, promoting both the virus-cell membrane fusion events needed for viral entry as well as cell-cell fusion events leading to syncytia formation. We describe the surprising finding that addition of the short epitope HA tag to the cytoplasmic tail (CT) of the Hendra virus F protein leads to a significant increase in the extent of cell-cell membrane fusion. This increase was not due to alterations in surface expression, cleavage state, or association with lipid microdomains. Addition of a Myc tag of similar length did not alter Hendra F protein fusion activity, indicating that the observed stimulation was not solely a result of lengthening the CT. Three tyrosine residues within the HA tag were critical for the increase in the extent of fusion, suggesting C-terminal tyrosines may modulate Hendra fusion activity. The effects of addition of the HA tag varied with other fusion proteins, as parainfluenza virus 5 F-HA showed a decreased level of surface expression and no stimulation of fusion. These results indicate that additions to the C-terminal end of the F protein CT can modulate protein function in a sequence specific manner, reinforcing the need for careful analysis of epitope-tagged glycoproteins. In addition, our results implicate C-terminal tyrosine residues in the modulation of the membrane fusion reaction promoted by these viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/21175223_��Popa, Andreea
Pager, Cara Teresia
Dutch, Rebecca Ellis
eng
R01 AI051517/AI/NIAID NIH HHS/
R01AI051517/AI/NIAID NIH HHS/
R01 AI051517-07/AI/NIAID NIH HHS/
U54 AI057157/AI/NIAID NIH HHS/
2P20 RR020171/RR/NCRR NIH HHS/
Research Support, N.I.H., Extramural
2010/12/24 06:00
Biochemistry. 2011 Feb 15;50(6):945-52. doi: 10.1021/bi101597k. Epub 2011 Jan 20.*��1520-4995 (Electronic)
0006-2960 (Linking)
��PMC3035738���21175223t��Department of Molecular and Cellular Biochemistry, University of Kentucky, Lexington, Kentucky 40536, United States.���10.1021/bi101597k��7��üÒ|ÿþ?����)��Appuhamy, R. D.
Tent, J.
Mackenzie, J. S.���2010 ��Toponymous diseases of Australia���642-6
��Med J Aust���193���11-12���Alphavirus
Alphavirus Infections
Australia
Buruli Ulcer
Encephalitis Virus, Murray Valley
Encephalitis, Arbovirus
Geography
Hendra Virus
Henipavirus Infections
History, 19th Century
History, 20th Century
Humans
*Names
Ross River virus
Virus Diseases/*history���Dec 6-20J��Names are more than just labels used to identify diseases. They can be windows into the discovery, characteristics and attributes of the disease. Toponymous diseases are diseases that are named after places. Hendra, Ross River, Bairnsdale, Murray Valley and Barmah Forest are all examples of Australian places that have had diseases named after them. They all have unique and interesting stories that provide a glimpse into their discovery, history and culture. Because of perceived negative connotations, the association of diseases with placenames has sometimes generated controversy.,��https://www.ncbi.nlm.nih.gov/pubmed/21143049���Appuhamy, Ranil D
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Seroepidemiologic Studies���Dec`��To determine seroprevalence of viruses in bats in Papua New Guinea, we sampled 66 bats at 3 locations. We found a seroprevalence of 55% for henipavirus (Hendra or Nipah virus) and 56% for rubulavirus (Tioman or Menangle virus). Notably, 36% of bats surveyed contained antibodies to both types of viruses, indicating concurrent or consecutive infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21122242Õ��Breed, Andrew C
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Swine/virology���Dec&��We isolated and characterized Nipah virus (NiV) from Pteropus vampyrus bats, the putative reservoir for the 1998 outbreak in Malaysia, and provide evidence of viral recrudescence. This isolate is monophyletic with previous NiVs in combined analysis, and the nucleocapsid gene phylogeny species.,��https://www.ncbi.nlm.nih.gov/pubmed/21122240ê��Rahman, Sohayati A
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Virus Shedding���Nov 11���Paramyxoviruses are known to replicate in the cytoplasm and bud from the plasma membrane. Matrix is the major structural protein in paramyxoviruses that mediates viral assembly and budding. Curiously, the matrix proteins of a few paramyxoviruses have been found in the nucleus, although the biological function associated with this nuclear localization remains obscure. We report here that the nuclear-cytoplasmic trafficking of the Nipah virus matrix (NiV-M) protein and associated post-translational modification play a critical role in matrix-mediated virus budding. Nipah virus (NiV) is a highly pathogenic emerging paramyxovirus that causes fatal encephalitis in humans, and is classified as a Biosafety Level 4 (BSL4) pathogen. During live NiV infection, NiV-M was first detected in the nucleus at early stages of infection before subsequent localization to the cytoplasm and the plasma membrane. Mutations in the putative bipartite nuclear localization signal (NLS) and the leucine-rich nuclear export signal (NES) found in NiV-M impaired its nuclear-cytoplasmic trafficking and also abolished NiV-M budding. A highly conserved lysine residue in the NLS served dual functions: its positive charge was important for mediating nuclear import, and it was also a potential site for monoubiquitination which regulates nuclear export of the protein. Concordantly, overexpression of ubiquitin enhanced NiV-M budding whereas depletion of free ubiquitin in the cell (via proteasome inhibitors) resulted in nuclear retention of NiV-M and blocked viral budding. Live Nipah virus budding was exquisitely sensitive to proteasome inhibitors: bortezomib, an FDA-approved proteasome inhibitor for treating multiple myeloma, reduced viral titers with an IC(50) of 2.7 nM, which is 100-fold less than the peak plasma concentration that can be achieved in humans. This opens up the possibility of using an "off-the-shelf" therapeutic against acute NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21085610���Wang, Yao E
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Virology/*methods���Nov 12�	�BACKGROUND: Hendra virus (HeV) and Nipah virus (NiV) are newly emerged zoonotic paramyxoviruses discovered during outbreaks in Queensland, Australia in 1994 and peninsular Malaysia in 1998/9 respectively and classified within the new Henipavirus genus. Both viruses can infect a broad range of mammalian species causing severe and often-lethal disease in humans and animals, and repeated outbreaks continue to occur. Extensive laboratory studies on the host cell infection stage of HeV and NiV and the roles of their envelope glycoproteins have been hampered by their highly pathogenic nature and restriction to biosafety level-4 (BSL-4) containment. To circumvent this problem, we have developed a henipavirus envelope glycoprotein pseudotyped lentivirus assay system using either a luciferase gene or green fluorescent protein (GFP) gene encoding human immunodeficiency virus type-1 (HIV-1) genome in conjunction with the HeV and NiV fusion (F) and attachment (G) glycoproteins. RESULTS: Functional retrovirus particles pseudotyped with henipavirus F and G glycoproteins displayed proper target cell tropism and entry and infection was dependent on the presence of the HeV and NiV receptors ephrinB2 or B3 on target cells. The functional specificity of the assay was confirmed by the lack of reporter-gene signals when particles bearing either only the F or only G glycoprotein were prepared and assayed. Virus entry could be specifically blocked when infection was carried out in the presence of a fusion inhibiting C-terminal heptad (HR-2) peptide, a well-characterized, cross-reactive, neutralizing human mAb specific for the henipavirus G glycoprotein, and soluble ephrinB2 and B3 receptors. In addition, the utility of the assay was also demonstrated by an examination of the influence of the cytoplasmic tail of F in its fusion activity and incorporation into pseudotyped virus particles by generating and testing a panel of truncation mutants of NiV and HeV F. CONCLUSIONS: Together, these results demonstrate that a specific henipavirus entry assay has been developed using NiV or HeV F and G glycoprotein pseudotyped reporter-gene encoding retrovirus particles. This assay can be conducted safely under BSL-2 conditions and will be a useful tool for measuring henipavirus entry and studying F and G glycoprotein function in the context of virus entry, as well as in assaying and characterizing neutralizing antibodies and virus entry inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/21073718½��Khetawat, Dimple
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Milk/*chemistry/*microbiology���Feb`��OBJECTIVES: To investigate the microbiological quality and the presence of antibiotic residues in raw cow milk and in some indigenous milk products produced and marketed by the informal sector in the coastal savannah zone of Ghana. METHODS: Milk samples were aseptically collected from 224 kraals and samples of 26 indigenous milk products were purchased from processors and retailers. Total plate counts, total coliform counts and the presence of Escherichia coli and E. coli O157:H7 were determined in all 250 samples. Milk samples were also tested for antibiotic residues. RESULTS: Total plate counts exceeded 10(5) CFU/ml in 45.2% of the samples while coliforms exceeded 10(3) CFU/ml in 66.0% and E. coli was detected in 11.2%. E. coli was present in raw cow milk but not in the indigenous products and all E. coli isolates were negative for E. coli O157:H7. Antibiotic residues were detected in 3.1% of the raw cow milk samples. CONCLUSION: Bulk milk contains unacceptable levels of hygiene indicators and antibiotic residues and is a potential source of milk-borne infections. The detection of E. coli and antibiotic residues raises public health concerns about the safety of fresh unpasteurized cow milk in the coastal savannah zone of Ghana and calls for improved farm hygiene, the need for milk pasteurization and the sensible use of antibiotics in the milk industry.,��https://www.ncbi.nlm.nih.gov/pubmed/21070512÷��Addo, K K
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*Virus Internalization���Oct 28g��In the paramyxovirus cell entry process, receptor binding triggers conformational changes in the fusion protein (F) leading to viral and cellular membrane fusion. Peptides derived from C-terminal heptad repeat (HRC) regions in F have been shown to inhibit fusion by preventing formation of the fusogenic six-helix bundle. We recently showed that the addition of a cholesterol group to HRC peptides active against Nipah virus targets these peptides to the membrane where fusion occurs, dramatically increasing their antiviral effect. In this work, we report that unlike the untagged HRC peptides, which bind to the postulated extended intermediate state bridging the viral and cell membranes, the cholesterol tagged HRC-derived peptides interact with F before the fusion peptide inserts into the target cell membrane, thus capturing an earlier stage in the F-activation process. Furthermore, we show that cholesterol tagging renders these peptides active in vivo: the cholesterol-tagged peptides cross the blood brain barrier, and effectively prevent and treat in an established animal model what would otherwise be fatal Nipah virus encephalitis. The in vivo efficacy of cholesterol-tagged peptides, and in particular their ability to penetrate the CNS, suggests that they are promising candidates for the prevention or therapy of infection by Nipah and other lethal paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21060819���Porotto, Matteo
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Viral Envelope Proteins/*metabolism���Nov 8k��BACKGROUND: The highly pathogenic Nipah virus (NiV) causes fatal respiratory and brain infections in animals and humans. The major hallmark of the infection is a systemic endothelial infection, predominantly in the CNS. Infection of brain endothelial cells allows the virus to overcome the blood-brain-barrier (BBB) and to subsequently infect the brain parenchyma. However, the mechanisms of NiV replication in endothelial cells are poorly elucidated. We have shown recently that the bipolar or basolateral expression of the NiV surface glycoproteins F and G in polarized epithelial cell layers is involved in lateral virus spread via cell-to-cell fusion and that correct sorting depends on tyrosine-dependent targeting signals in the cytoplasmic tails of the glycoproteins. Since endothelial cells share many characteristics with epithelial cells in terms of polarization and protein sorting, we wanted to elucidate the role of the NiV glycoprotein targeting signals in endothelial cells. RESULTS: As observed in vivo, NiV infection of endothelial cells induced syncytia formation. The further finding that infection increased the transendothelial permeability supports the idea of spread of infection via cell-to-cell fusion and endothelial cell damage as a mechanism to overcome the BBB. We then revealed that both glycoproteins are expressed at lateral cell junctions (bipolar), not only in NiV-infected primary endothelial cells but also upon stable expression in immortalized endothelial cells. Interestingly, mutation of tyrosines 525 and 542/543 in the cytoplasmic tail of the F protein led to an apical redistribution of the protein in endothelial cells whereas tyrosine mutations in the G protein had no effect at all. This fully contrasts the previous results in epithelial cells where tyrosine 525 in the F, and tyrosines 28/29 in the G protein were required for correct targeting. CONCLUSION: We conclude that the NiV glycoprotein distribution is responsible for lateral virus spread in both, epithelial and endothelial cell monolayers. However, the prerequisites for correct protein targeting differ markedly in the two polarized cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/21054904���Erbar, Stephanie
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Viral Proteins/genetics/immunology���Dec 16���The emergence of Hendra Virus (HeV) and Nipah Virus (NiV) which can cause fatal infections in both animals and humans has triggered a search for an effective vaccine. Here, we have explored the potential for generating an effective humoral immune response to these zoonotic pathogens using an alphavirus-based vaccine platform. Groups of mice were immunized with Venezuelan equine encephalitis virus replicon particles (VRPs) encoding the attachment or fusion glycoproteins of either HeV or NiV. We demonstrate the induction of highly potent cross-reactive neutralizing antibodies to both viruses using this approach. Preliminary study suggested early enhancement in the antibody response with use of a modified version of VRP. Overall, these data suggest that the use of an alphavirus-derived vaccine platform might serve as a viable approach for the development of an effective vaccine against the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21050901"��Defang, Gabriel N
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Nipah Virus/*isolation & purification���Oct 21���OBJECTIVE: In March 2007, we investigated a cluster of Nipah encephalitis to identify risk factors for Nipah infection in Bangladesh. METHODS: We defined confirmed Nipah cases by the presence of IgM and IgG antibodies against Nipah virus in serum. Case-patients, who resided in the same village during the outbreak period but died before serum could be collected, were classified as probable cases. RESULTS: We identified three confirmed and five probable Nipah cases. There was a single index case. Five of the secondary cases came in close physical contact to the index case when she was ill. Case-patients were more likely to have physical contact with the index case (71% cases versus 0% controls, p = <0.001). The index case, on her third day of illness, and all the subsequent cases attended the same religious gathering. For three probable cases including the index case, we could not identify any known risk factors for Nipah infection such as physical contact with Nipah case-patients, consumption of raw date palm juice, or contact with sick animals or fruit bats. CONCLUSION: Though person-to-person transmission remains an important mode of transmission for Nipah infection, we could not confirm the source of infection for three of the probable Nipah case-patients. Continued surveillance and outbreak investigations will help better understand the transmission of Nipah virus and develop preventive strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/21042407¦��Homaira, Nusrat
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Sequence Analysis, DNA���Dec¾��Effective prediction of future viral zoonoses requires an in-depth understanding of the heterologous viral population in key animal species that will likely serve as reservoir hosts or intermediates during the next viral epidemic. The importance of bats as natural hosts for several important viral zoonoses, including Ebola, Marburg, Nipah, Hendra, and rabies viruses and severe acute respiratory syndrome-coronavirus (SARS-CoV), has been established; however, the large viral population diversity (virome) of bats has been partially determined for only a few of the approximately 1,200 bat species. To assess the virome of North American bats, we collected fecal, oral, urine, and tissue samples from individual bats captured at an abandoned railroad tunnel in Maryland that is cohabitated by 7 to 10 different bat species. Here, we present preliminary characterization of the virome of three common North American bat species, including big brown bats (Eptesicus fuscus), tricolored bats (Perimyotis subflavus), and little brown myotis (Myotis lucifugus). In samples derived from these bats, we identified viral sequences that were similar to at least three novel group 1 CoVs, large numbers of insect and plant virus sequences, and nearly full-length genomic sequences of two novel bacteriophages. These observations suggest that bats encounter and disseminate a large assortment of viruses capable of infecting many different animals, insects, and plants in nature.,��https://www.ncbi.nlm.nih.gov/pubmed/20926577���Donaldson, Eric F
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*Zoonoses/epidemiology/transmission/virology���OctÍ��The World Congress of Virus and Infections, held in Busan, South Korea, included topics reviewing the field of zoonoses. This conference report highlights selected presentations on surveillance, epidemiology and measures for the control and prevention of zoonotic diseases. Topics discussed include human factors influencing zoonoses, the molecular epidemiology of Crimean-Congo hemorrhagic fever, the emerging Nipah virus, and the re-emergence of cowpox virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20878585U��Garkavenko, Olga
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Plant Extracts
Solvents���Sep 6ß��Saffron (Crocus sativus L.) belongs to the Iridaceae family. The stigma of saffron has been widely used as spice, medicinal plant, and food additive in the Mediterranean and Subtropical countries. Recently, attention has been paid to the identification of new sources of safe natural antioxidants for the food industry. The antioxidant activities of spices are mainly attributed to their phenolic and flavonoid compounds. Saffron is one of the spices believed to possess antioxidant properties, but information on its antioxidant activity and phenolic, flavonoids compound are rather limited, therefore this research was carried out to evaluate the antioxidant activity of saffron stigmas extracted with different solvents. The phenolic and flavonoid compounds of saffron were also examined using reversed phase (RP)-HPLC. Results showed that saffron stigma possess antioxidant activity. The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of saffron stigma at a concentration of 300 mug/mL, with values of 68.2% and 78.9%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. The obtained total phenolics value for methanolic saffron extract was 6.54 +/- 0.02 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids, 5.88 +/- 0.12 mg rutin equivalent/g DW, which were also higher than values obtained from the ethanolic and boiling water extracts. In addition, the RP-HPLC analyses indicated the presence of gallic acid and pyrogallol as two bioactive compounds. In summary, saffron stigmas showed antioxidant activity and methanol appeared to be the best solvent to extract the active components, among which the presence of gallic acid and pyrogallol might contribute towards the stigma's antioxidant properties. Hence, saffron stigma could be applied as a natural antioxidant source for industrial purposes.,��https://www.ncbi.nlm.nih.gov/pubmed/20877220Ã��Karimi, Ehsan
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Viral Proteins/*chemistry/genetics/*metabolism���Octs��Members within the paramyxovirus subfamily Paramyxovirinae constitute a large number of highly virulent human and animal pathogens. The glycoproteins present on these viruses are responsible for mediating host cell attachment and fusion and are key targets for the design of antiviral entry inhibitors. In the present review, we discuss recent structural studies which have led to a better understanding of the various mechanisms by which different paramyxoviruses use their attachment glycoproteins to hijack specific protein and glycan cell-surface receptors to facilitate viral entry. It is observed that the paramyxovirus attachment glycoprotein consists of a conserved overall structure which includes an N-terminal six-bladed beta-propeller domain which is responsible for cell receptor binding. Crystal structures of this domain from different biomedically important paramyxoviruses, including measles, Nipah, Hendra, Newcastle disease and parainfluenza viruses, alone and in complex with their functional cell-surface receptors, demonstrate three contrasting mechanisms of receptor engagement that paramyxoviruses have evolved to confer discreet protein- and glycan-receptor specificity. This structural information highlights the adaptability of the paramyxovirus attachment glycoprotein surface and the potential for the emergence of new and potentially harmful viruses in human hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/20863312û��Bowden, Thomas A
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Viral Nonstructural Proteins/genetics/*metabolism���Sep 15ü��Nipah virus (NiV) P gene encodes P protein and three accessory proteins (V, C and W). It has been reported that all four P gene products have IFN antagonist activity when the proteins were transiently expressed. However, the role of those accessory proteins in natural infection with NiV remains unknown. We generated recombinant NiVs lacking V, C or W protein, rNiV(V-), rNiV(C-), and rNiV(W-), respectively, to analyze the functions of these proteins in infected cells and the implications in in vivo pathogenicity. All the recombinants grew well in cell culture, although the maximum titers of rNiV(V-) and rNiV(C-) were lower than the other recombinants. The rNiV(V-), rNiV(C-) and rNiV(W-) suppressed the IFN response as well as the parental rNiV, thereby indicating that the lack of each accessory protein does not significantly affect the inhibition of IFN signaling in infected cells. In experimentally infected golden hamsters, rNiV(V-) and rNiV(C-) but not the rNiV(W-) virus showed a significant reduction in virulence. These results suggest that V and C proteins play key roles in NiV pathogenicity, and the roles are independent of their IFN-antagonist activity. This is the first report that identifies the molecular determinants of NiV in pathogenicity in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/20856799���Yoneda, Misako
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Sex Offenses/prevention & control/*statistics & numerical data±��This paper discusses an innovative 3-step eHealth approach to translate research for target audiences' knowledge uptake in developing countries. The first step uses a knowledge transfer model for the identification and packaging of health content as well as the selection of appropriate Information and Communication Technologies (ICT) platforms; followed by consumer health informatics studies to evaluate the efficacy of addressing health consumers' information needs; and the final step recommends forming of strategic partnerships to strengthen and support knowledge transfer and sharing. The 3-step eHealth approach is based on a convergence of ICTs, and application of the practices and principles of informatics and knowledge management. It was refined during the development of AfroAIDSinfo, an AIDS information portal of the SA Medical Research Council (MRC). The approach was evaluated during the forming of a strategic partnership between the AfroAIDSinfo project of the MRC's Web and Media Technologies Platform and the Sexual Violence Research Initiative. The successful outcome of the eHealth approach served to collect evidence for good practice in informatics and knowledge management.,��https://www.ncbi.nlm.nih.gov/pubmed/20841731���van Zyl, Hendra
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culty of achieving complete knock-in in all alleles. The recent advent of CRISPR/Cas9 homing endonuclease-mediated targeted genome cleavage has been shown to allow highly efficient homologous recombination at the targeted locus. We therefore assessed the feasibility of using CRISPR/Cas9 to achieve complete knock-in to DD-tag the essential gene Treacher Collins-Franceschetti syndrome 1 (TCOF1) in human 293T cells. Using a double antibiotic selection strategy to select clones with at least two knock-in alleles, we obtained numerous complete knock-in clones within three weeks of initial transfection. DD-TCOF1 expression in the knock-in cells was Shield-1 concentration-dependent, and removal of Shield-1 resulted in destabilization of DD-TCOF1 over the course of hours. We further confirmed that the tagged TCOF1 retained the nucleolar localization of the wild-type untagged protein, and that destabilization of DD-TCOF1 resulted in impaired cell growth, as expected for a gene implicated in ribosome biogenesis. CRISPR/Cas9-mediated homologous recombination to completely knock-in a DD tag likely represents a generalizable and efficient strategy to achieve rapid modulation of protein levels in mammalian cells.,��https://www.ncbi.nlm.nih.gov/pubmed/24743236K��Park, Arnold
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Viral Proteins/*genetics���Novì��The V protein of the paramyxovirus subfamily Paramyxovirinae is an important virulence factor that can interfere with host innate immunity by inactivating the cytosolic pathogen recognition receptor MDA5. This interference is a result of a protein-protein interaction between the highly conserved carboxyl-terminal domain of the V protein and the helicase domain of MDA5. The V protein C-terminal domain (CTD) is an evolutionarily conserved 49- to 68-amino-acid region that coordinates two zinc atoms per protein chain. Site-directed mutagenesis of conserved residues in the V protein CTD has revealed both universal and virus-specific requirements for zinc coordination in MDA5 engagement and has also identified other conserved residues as critical for MDA5 interaction and interference. Mutation of these residues produces V proteins that are specifically defective for MDA5 interference and not impaired in targeting STAT1 for proteasomal degradation via the VDC ubiquitin ligase complex. Results demonstrate that mutation of conserved charged residues in the V proteins of Nipah virus, measles virus, and mumps virus also abolishes MDA5 interaction. These findings clearly define molecular determinants for MDA5 inhibition by the paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/20719949!��Ramachandran, Aparna
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Virus Internalization���Octº��Triggering of the Hendra virus fusion (F) protein is required to initiate the conformational changes which drive membrane fusion, but the factors which control triggering remain poorly understood. Mutation of a histidine predicted to lie near the fusion peptide to alanine greatly reduced fusion despite wild-type cell surface expression levels, while asparagine substitution resulted in a moderate restoration in fusion levels. Slowed kinetics of six-helix bundle formation, as judged by sensitivity to heptad repeat B-derived peptides, was observed for all H372 mutants. These data suggest that side chain packing beneath the fusion peptide is an important regulator of Hendra virus F triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/20702638���Smith, Everett Clinton
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Transfection
Virus Release/physiology���Oct���Bone marrow stromal antigen 2 (BST-2/tetherin) is a cellular membrane protein that inhibits the release of HIV-1. We show for the first time, using infectious viruses, that BST-2 also inhibits egress of arenaviruses but has no effect on filovirus replication and spread. Specifically, infectious Lassa virus (LASV) release significantly decreased or increased in human cells in which BST-2 was either stably expressed or knocked down, respectively. In contrast, replication and spread of infectious Zaire ebolavirus (ZEBOV) and Lake Victoria marburgvirus (MARV) were not affected by these conditions. Replication of infectious Rift Valley fever virus (RVFV) and cowpox virus (CPXV) was also not affected by BST-2 expression. Elevated cellular levels of human or murine BST-2 inhibited the release of virus-like particles (VLPs) consisting of the matrix proteins of multiple highly virulent NIAID Priority Pathogens, including arenaviruses (LASV and Machupo virus [MACV]), filoviruses (ZEBOV and MARV), and paramyxoviruses (Nipah virus). Although the glycoproteins of filoviruses counteracted the antiviral activity of BST-2 in the context of VLPs, they could not rescue arenaviral (LASV and MACV) VLP release upon BST-2 overexpression. Furthermore, we did not observe colocalization of filoviral glycoproteins with BST-2 during infection with authentic viruses. None of the arenavirus-encoded proteins rescued budding of VLPs in the presence of BST-2. Our results demonstrate that BST-2 might be a broad antiviral factor with the ability to restrict release of a wide variety of human pathogens. However, at least filoviruses, RVFV, and CPXV are immune to its inhibitory effect.,��https://www.ncbi.nlm.nih.gov/pubmed/20686043s��Radoshitzky, Sheli R
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Virus Internalization/*drug effects���NovZ��Based on the structural similarity of viral fusion proteins within the family Paramyxoviridae, we tested recently described and newly synthesized acetanilide derivatives for their capacity to inhibit measles virus (MV)-, canine distemper virus (CDV)- and Nipah virus (NiV)-induced membrane fusion. We found that N-(3-cyanophenyl)-2-phenylacetamide (compound 1) has a high capacity to inhibit MV- and CDV-induced (IC(50) muM), but not NiV-induced, membrane fusion. This compound is of outstanding interest because it can be easily synthesized and its cytotoxicity is low [50 % cytotoxic concentration (CC(50)) >/= 300 muM], leading to a CC(50)/IC(50) ratio of approximately 100. In addition, primary human peripheral blood lymphocytes and primary dog brain cell cultures (DBC) also tolerate high concentrations of compound 1. Infection of human PBMC with recombinant wild-type MV is inhibited by an IC(50) of approximately 20 muM. The cell-to-cell spread of recombinant wild-type CDV in persistently infected DBC can be nearly completely inhibited by compound 1 at 50 muM, indicating that the virus spread between brain cells is dependent on the activity of the viral fusion protein. Our findings demonstrate that this compound is a most applicable inhibitor of morbillivirus-induced membrane fusion in tissue culture experiments including highly sensitive primary cells.,��https://www.ncbi.nlm.nih.gov/pubmed/20685931÷��Singethan, K
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Zoonoses/transmission/*virology���SepÁ��The genus Henipavirus contains two members-Hendra virus (HeV) and Nipah virus (NiV)-and each can cause fatal disease in humans and animals. HeV and Niv are currently classified as biosafety level 4, and NiV is classified as a category C priority pathogen. The aim of this article is to discuss the pathology of laboratory animal models of henipavirus infection and to assess their suitability as animal models for the development and testing of human therapeutics and vaccines. There has been considerable progress in the development of animal models for henipavirus disease. Suitable animal models include the golden hamster, ferrets, cats, and pigs, which develop disease resembling that observed in humans. Guinea pigs are a less reliable model for henipavirus disease, but they do develop henipavirus-induced encephalitis. Because human efficacy studies with henipaviruses are not permitted, animal studies are critical for the development of antiviral therapeutics and vaccines. Current research indicates that passive immunotherapy using monoclonal antibodies is protective of ferrets against NiV infection and that passive immunotherapy using NiV antibodies protects hamsters from HeV. Recombinant vaccines have been used to protect cats and pigs against NiV infection. Ribavirin and 6-aza-uridine were able to delay but not prevent NiV-induced mortality in hamsters. Further research is needed to develop a model and therapy for late-onset henipavirus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/20682803���Williamson, M M
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Virus Replication/physiology���Oct���The interaction of Nipah virus (NiV) nucleocapsid (N) protein with phosphoprotein (P) during nucleocapsid assembly is the essential process in the viral life cycle, since only the encapsidated RNA genome can be used for replication. To identify the region responsible for N-P interaction, we utilized fluorescent protein tags to visualize NiV N and P proteins in live cells and analyzed their cellular localization. N protein fused to monomeric enhanced cyan fluorescence protein (N-ECFP) exhibited a dotted pattern in transfected cells, while P protein fused to monomeric red fluorescent protein (P-mRFP) showed diffuse distribution. When the two proteins were coexpressed, P-mRFP colocalized with N-ECFP dots. N-ECFP mutants with serial amino acid deletions were generated to search for the region(s) responsible for this N-P colocalization. We found that, in addition to the 467- to 496-amino-acid (aa) region reported previously, aa 135 to 146 were responsible for the N-P colocalization. The residues crucial for N-P interaction were further investigated by introducing alanine substitutions into the untagged N protein. Alanine scanning in the region of aa 135 to 146 has revealed that there are distinct regions essential for the interaction of N-P and the function of N. This is the first study to visualize Nipah viral proteins in live cells and to assess the essential domain of N protein for the interaction with P protein.,��https://www.ncbi.nlm.nih.gov/pubmed/20668089Î��Omi-Furutani, Mio
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*Yersinia pestis���Aug 10���Highly lethal pathogens (e.g., hantaviruses, hendra virus, anthrax, or plague) pose unique public-health problems, because they seem to periodically flare into outbreaks before disappearing into long quiescent phases. A key element to their possible control and eradication is being able to understand where they persist in the latent phase and how to identify the conditions that result in sporadic epidemics or epizootics. In American grasslands, plague, caused by Yersinia pestis, exemplifies this quiescent-outbreak pattern, because it sporadically erupts in epizootics that decimate prairie dog (Cynomys ludovicianus) colonies, yet the causes of outbreaks and mechanisms for interepizootic persistence of this disease are poorly understood. Using field data on prairie community ecology, flea behavior, and plague-transmission biology, we find that plague can persist in prairie-dog colonies for prolonged periods, because host movement is highly spatially constrained. The abundance of an alternate host for disease vectors, the grasshopper mouse (Onychomys leucogaster), drives plague outbreaks by increasing the connectivity of the prairie dog hosts and therefore, permitting percolation of the disease throughout the primary host population. These results offer an alternative perspective on plague's ecology (i.e., disease transmission exacerbated by alternative hosts) and may have ramifications for plague dynamics in Asia and Africa, where a single main host has traditionally been considered to drive Yersinia ecology. Furthermore, abundance thresholds of alternate hosts may be a key phenomenon determining outbreaks of disease in many multihost-disease systems.,��https://www.ncbi.nlm.nih.gov/pubmed/20660742k��Salkeld, Daniel J
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Virus Replication���Oct2��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are emerging zoonotic paramyxoviruses that can cause severe and often lethal neurologic and/or respiratory disease in a wide variety of mammalian hosts, including humans. There are presently no licensed vaccines or treatment options approved for human or veterinarian use. Guinea pigs, hamsters, cats, and ferrets, have been evaluated as animal models of human HeV infection, but studies in nonhuman primates (NHP) have not been reported, and the development and approval of any vaccine or antiviral for human use will likely require efficacy studies in an NHP model. Here, we examined the pathogenesis of HeV in the African green monkey (AGM) following intratracheal inoculation. Exposure of AGMs to HeV produced a uniformly lethal infection, and the observed clinical signs and pathology were highly consistent with HeV-mediated disease seen in humans. Ribavirin has been used to treat patients infected with either HeV or NiV; however, its utility in improving outcome remains, at best, uncertain. We examined the antiviral effect of ribavirin in a cohort of nine AGMs before or after exposure to HeV. Ribavirin treatment delayed disease onset by 1 to 2 days, with no significant benefit for disease progression and outcome. Together our findings introduce a new disease model of acute HeV infection suitable for testing antiviral strategies and also demonstrate that, while ribavirin may have some antiviral activity against the henipaviruses, its use as an effective standalone therapy for HeV infection is questionable.,��https://www.ncbi.nlm.nih.gov/pubmed/20660198���Rockx, Barry
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Virus Physiological Phenomena/*drug effects���Jul 15@��Nipah virus targets human endothelial cells via NiV-F and NiV-G envelope glycoproteins, resulting in endothelial syncytia formation and vascular compromise. Endothelial cells respond to viral infection by releasing innate immune effectors, including galectins, which are secreted proteins that bind to specific glycan ligands on cell surface glycoproteins. We demonstrate that galectin-1 reduces NiV-F mediated fusion of endothelial cells, and that endogenous galectin-1 in endothelial cells is sufficient to inhibit syncytia formation. Galectin-1 regulates NiV-F mediated cell fusion at three distinct points, including retarding maturation of nascent NiV-F, reducing NiV-F lateral mobility on the plasma membrane, and directly inhibiting the conformational change in NiV-F required for triggering fusion. Characterization of the NiV-F N-glycome showed that the critical site for galectin-1 inhibition is rich in glycan structures known to bind galectin-1. These studies identify a unique set of mechanisms for regulating pathophysiology of NiV infection at the level of the target cell.,��https://www.ncbi.nlm.nih.gov/pubmed/20657665¤��Garner, Omai B
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Humans���Sep���In the last few decades, there is an increasing emergence and re-emergence of viruses, such as West Nile virus, Enterovirus 71 and henipaviruses that cause epidemic viral encephalitis and other central nervous system (CNS) manifestations. The mortality and morbidity associated with these outbreaks are significant and frequently severe. While aspects of epidemiology, basic virology, etc., may be known, the pathology and pathogenesis are often less so, partly due to a lack of interest among pathologists or because many of these infections are considered "third world" diseases. In the study of epidemic viral encephalitis, the pathologist's role in unravelling the pathology and pathogenesis is critical. The novel henipavirus infection is a good example. The newly created genus Henipavirus within the family Paramyxoviridae consists of two viruses, viz., Hendra virus and Nipah virus. These two viruses emerged in Australia and Asia, respectively, to cause severe encephalitides in humans and animals. Studies show that the pathological features of the acute encephalitis caused by henipaviruses are similar and a unique dual pathogenetic mechanism of vasculitis-induced microinfarction and parenchymal cell infection in the CNS (mainly neurons) and other organs causes severe tissue damage. Both viruses can cause relapsing encephalitis months and years after the acute infection due to a true recurrent infection as evidenced by the presence of virus in infected cells. Future emerging viral encephalitides will no doubt continue to pose considerable challenges to the neuropathologist, and as the West Nile virus outbreak demonstrates, even economically advanced nations are not spared.,��https://www.ncbi.nlm.nih.gov/pubmed/20652579���Wong, Kum Thong
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Telemetry���Jun¯��Fruit bats of the genus Pteropus (commonly known as flying-foxes) are the natural hosts of several recently emerged zoonotic viruses of animal and human health significance in Australia and Asia, including Hendra and Nipah viruses. Satellite telemetry was used on nine flying-foxes of three species (Pteropus alecto n=5, P. vampyrus n=2, and P. neohibernicus n=2) to determine the scale and pattern of their long-distance movements and their potential to transfer these viruses between countries in the region. The animals were captured and released from six different locations in Australia, Papua New Guinea, Indonesia, and Timor-Leste. Their movements were recorded for a median of 120 (range, 47-342) days with a median total distance travelled of 393 (range, 76-3011) km per individual. Pteropus alecto individuals were observed to move between Australia and Papua New Guinea (Western Province) on four occasions, between Papua New Guinea (Western Province) and Indonesia (Papua) on ten occasions, and to traverse Torres Strait on two occasions. Pteropus vampyrus was observed to move between Timor-Leste and Indonesia (West Timor) on one occasion. These findings expand upon the current literature on the potential for transfer of zoonotic viruses by flying-foxes between countries and have implications for disease risk management and for the conservation management of flying-fox populations in Australia, New Guinea, and the Lesser Sunda Islands.,��https://www.ncbi.nlm.nih.gov/pubmed/20645122\��Breed, Andrew C
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Zoonoses/transmission���Junø��Nipah virus (NiV) infection is a seasonal disease in Bangladesh that coincides with the date palm sap collection season. Raw date palm sap is a delicacy to drink in Bengali culture. If fruit bats that are infected with NiV gain access to the sap for drinking, they might occasionally contaminate the sap through saliva and urine. In February 2007, we conducted a qualitative study in six villages, interviewing 27 date palm sap collectors (gachhis) within the geographical area where NiV outbreaks have occurred since 2001. Gachhis reported that bats pose a challenge to successful collection of quality sap, because bats drink and defecate into the sap which markedly reduces its value. They know some methods to prevent access by bats and other pests but do not use them consistently, because of lack of time and resources. Further studies to explore the effectiveness of these methods and to motivate gachhis to invest their time and money to use them could reduce the risk of human Nipah infection in Bangladesh.,��https://www.ncbi.nlm.nih.gov/pubmed/20617362���Nahar, Nazmun
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*Virus Replication���Aug 15,��Nipah virus (NiV) is a highly pathogenic paramyxovirus which causes fatal encephalitis in up to 75% of infected humans. Endothelial cells and neurons are important cellular targets in the pathogenesis of this disease. In this study, viral replication and the innate immune responses to NiV in these cell types were measured. NiV infected endothelial cells generated a functionally robust IFN-beta response, which correlated with localization of the NiV W protein to the cytoplasm. There was no antiviral response detected in infected neuronal cells. NiV infection of endothelial cells induced a significant increase in secreted inflammatory chemokines, which corresponded with the increased ability of infected cell supernatants to induce monocyte and T-lymphocyte chemotaxis. These results suggest that pro-inflammatory chemokines produced by NiV infected primary endothelial cells in vitro is consistent with the prominent vasculitis observed in infections, and provide initial molecular insights into the pathogenesis of NiV in physiologically relevant cells types.,��https://www.ncbi.nlm.nih.gov/pubmed/20552729���Lo, Michael K
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Swine Diseases/immunology/*virology���Jun 3ï��BACKGROUND: Outbreaks of Hendra (HeV) and Nipah (NiV) viruses have been reported starting in 1994 and 1998, respectively. Both viruses are capable of causing fatal disease in humans and effecting great economical loss in the livestock industry. RESULTS: Through screening of hybridomas derived from mice immunized with gamma-irradiated Nipah virus, we identified two secreted antibodies; one reactive with the nucleocapsid (N) protein and the other, the phosphoprotein (P) of henipaviruses. Epitope mapping and protein sequence alignments between NiV and HeV suggest the last 14 amino acids of the carboxyl terminus of the N protein is the target of the anti-N antibody. The anti-P antibody recognizes an epitope in the amino-terminal half of P protein. These monoclonal antibodies were used to develop two antigen capture ELISAs, one for virus detection and the other for differentiation between NiV and HeV. The lower limit of detection of the capture assay with both monoclonal antibodies was 400 pfu. The anti-N antibody was used to successfully detect NiV in a lung tissue suspension from an infected pig. CONCLUSION: The antigen capture ELISA developed is potentially affordable tool to provide rapid detection and differentiation between the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20525276á��Chiang, Cheng-Feng
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*Virus Internalization���AugT��The deadly paramyxovirus Nipah virus (NiV) contains a fusion glycoprotein (F) with canonical structural and functional features common to its class. Receptor binding to the NiV attachment glycoprotein (G) triggers F to undergo a two-phase conformational cascade: the first phase progresses from a metastable prefusion state to a prehairpin intermediate (PHI), while the second phase is marked by transition from the PHI to the six-helix-bundle hairpin. The PHI can be captured with peptides that mimic F's heptad repeat regions, and here we utilized a NiV heptad repeat peptide to quantify PHI formation and the half-lives (t(1/2)) of the first and second fusion cascade phases. We found that ephrinB2 receptor binding to G triggered approximately 2-fold more F than that triggered by ephrinB3, consistent with the increased rate and extent of fusion observed with ephrinB2- versus ephrinB3-expressing cells. In addition, for a series of hyper- and hypofusogenic F mutants, we quantified F-triggering capacities and measured the kinetics of their fusion cascade phases. Hyper- and hypofusogenicity can each be manifested through distinct stages of the fusion cascade, giving rise to vastly different half-lives for the first (t(1/2), 1.9 to 7.5 min) or second (t(1/2), 1.5 to 15.6 min) phase. While three mutants had a shorter first phase and a longer second phase than the wild-type protein, one mutant had the opposite phenotype. Thus, our results reveal multiple critical parameters that govern the paramyxovirus fusion cascade, and our assays should help efforts to elucidate other class I membrane fusion processes.,��https://www.ncbi.nlm.nih.gov/pubmed/205193837��Aguilar, Hector C
Aspericueta, Vanessa
Robinson, Lindsey R
Aanensen, Karen E
Lee, Benhur
eng
AI060694/AI/NIAID NIH HHS/
R01 AI060694/AI/NIAID NIH HHS/
AI065359/AI/NIAID NIH HHS/
AI069317/AI/NIAID NIH HHS/
AI07495/AI/NIAID NIH HHS/
CA016042/CA/NCI NIH HHS/
T32 AI007495/AI/NIAID NIH HHS/
P30 CA016042/CA/NCI NIH HHS/
P30 AI028697/AI/NIAID NIH HHS/
AI028697/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2010/06/04 06:00
J Virol. 2010 Aug;84(16):8033-41. doi: 10.1128/JVI.00469-10. Epub 2010 Jun 2.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2916531���20519383���Department of Microbiology, Immunology and Molecular Genetics, David Geffen School of Medicine, UCLA, Los Angeles, California 90095, USA. haguilar@ucla.edu���10.1128/JVI.00469-10��F��üÒtÿî?±������Geisbert, T. W.
Daddario-DiCaprio, K. M.
Hickey, A. C.
Smith, M. A.
Chan, Y. P.
Wang, L. F.
Mattapallil, J. J.
Geisbert, J. B.
Bossart, K. N.
Broder, C. C.���2010]��Development of an acute and highly pathogenic nonhuman primate model of Nipah virus infection���e10690���PLoS One���5���5Y��Animals
Autoradiography
Cercopithecus aethiops
Henipavirus Infections/blood/*immunology/*virology
Humans
Models, Immunological
Nipah Virus/*pathogenicity/physiology
Organ Specificity/immunology
Primates/*immunology/*virology
RNA, Viral/blood/genetics
Reverse Transcriptase Polymerase Chain Reaction
Viral Load/immunology
Viral Tropism/immunology���May 18���Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21, providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat, hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans. Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for human use.,��https://www.ncbi.nlm.nih.gov/pubmed/20502528ç��Geisbert, Thomas W
Daddario-DiCaprio, Kathleen M
Hickey, Andrew C
Smith, Mark A
Chan, Yee-Peng
Wang, Lin-Fa
Mattapallil, Joseph J
Geisbert, Joan B
Bossart, Katharine N
Broder, Christopher C
eng
AI054715/AI/NIAID NIH HHS/
R01 DE019397/DE/NIDCR NIH HHS/
U54 AI057159/AI/NIAID NIH HHS/
R21 DE018339-02/DE/NIDCR NIH HHS/
DE019397/DE/NIDCR NIH HHS/
AI071812/AI/NIAID NIH HHS/
R01 AI054715/AI/NIAID NIH HHS/
K22 AI071812/AI/NIAID NIH HHS/
AI082121/AI/NIAID NIH HHS/
R21 DE018339-02S1/DE/NIDCR NIH HHS/
K22 AI071812-01/AI/NIAID NIH HHS/
R21 DE018339-01/DE/NIDCR NIH HHS/
R01 DE019397-03/DE/NIDCR NIH HHS/
U01 AI082121/AI/NIAID NIH HHS/
DE018339/DE/NIDCR NIH HHS/
K22 AI071812-02/AI/NIAID NIH HHS/
R01 DE019397-01A2/DE/NIDCR NIH HHS/
AI057159/AI/NIAID NIH HHS/
AI077995/AI/NIAID NIH HHS/
R01 DE019397-02/DE/NIDCR NIH HHS/
R21 DE018339/DE/NIDCR NIH HHS/
U01 AI077995/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2010/05/27 06:00
PLoS One. 2010 May 18;5(5):e10690. doi: 10.1371/journal.pone.0010690.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC2872660���20502528���National Emerging Infectious Diseases Laboratories Institute, Boston University School of Medicine, Boston, Massachusetts, United States of America.���10.1371/journal.pone.0010690���	ó��üÒtÿî?²���?��Weise, C.
Erbar, S.
Lamp, B.
Vogt, C.
Diederich, S.
Maisner, A.���2010���Tyrosine residues in the cytoplasmic domains affect sorting and fusion activity of the Nipah virus glycoproteins in polarized epithelial cells���7634-41���J Virol���84���15Î��Amino Acid Motifs
Animals
Cell Fusion
Endocytosis
Epithelial Cells/*virology
Humans
Nipah Virus/*physiology
Tyrosine/*metabolism
Viral Envelope Proteins/*physiology
*Virus Internalization
*Virus Replication���Aug^��The highly pathogenic Nipah virus (NiV) is aerially transmitted and causes a systemic infection after entering the respiratory tract. Airway epithelia are thus important targets in primary infection. Furthermore, virus replication in the mucosal surfaces of the respiratory or urinary tract in later phases of infection is essential for virus shedding and transmission. So far, the mechanisms of NiV replication in epithelial cells are poorly elucidated. In the present study, we provide evidence that bipolar targeting of the two NiV surface glycoproteins G and F is of biological importance for fusion in polarized epithelia. We demonstrate that infection of polarized cells induces focus formation, with both glycoproteins located at lateral membranes of infected cells adjacent to uninfected cells. Supporting the idea of a direct spread of infection via lateral cell-to-cell fusion, we could identify basolateral targeting signals in the cytoplasmic domains of both NiV glycoproteins. Tyrosine 525 in the F protein is part of an endocytosis signal and is also responsible for basolateral sorting. Surprisingly, we identified a dityrosine motif at position 28/29 in the G protein, which mediates polarized targeting. A dileucine motif predicted to function as sorting signal is not involved. Mutation of the targeting signal in one of the NiV glycoproteins prevented the fusion of polarized cells, suggesting that basolateral or bipolar F and G expression facilitates the spread of NiV within epithelial cell monolayers, thereby contributing to efficient virus spread in mucosal surfaces in early and late phases of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/20484517ß��Weise, Carolin
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*Zoonoses���Oct���Diseases transmitted from animals have assumed substantial public health importance. Avian influenza, severe acute respiratory syndrome, and Nipah virus infection are a few examples of growing number of diseases that humans can contract from animals. These diseases can cause huge economic losses in addition to mortality and morbidity. In developing countries of Asia, there is a continuous and close contact between animals and humans, especially in rural settings. The prevailing sociocultural practices and weak public health infrastructure further enhances the vulnerability of Asia as the epicenter of outbreaks due to zoonotic infections. There is a clear need of greater awareness and application of a multisectoral and multidisciplinary approach to prevent and control zoonotic infections.,��https://www.ncbi.nlm.nih.gov/pubmed/20462853 ��Bhatia, Rajesh
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beta-Galactosidase/genetics���Feb 15���The Eph receptor tyrosine kinases and their membrane-tethered ephrin ligands provide critical guidance cues at points of cell-to-cell contact. It has recently been reported that the ephrin-B2 ligand is a molecular marker for the arterial endothelium at the earliest stages of embryonic angiogenesis, while its receptor EphB4 reciprocally marks the venous endothelium. These findings suggested that ephrin-B2 and EphB4 are involved in establishing arterial versus venous identity and perhaps in anastamosing arterial and venous vessels at their junctions. By using a genetically engineered mouse in which the lacZ coding region substitutes and reports for the ephrin-B2 coding region, we demonstrate that ephrin-B2 expression continues to selectively mark arteries during later embryonic development as well as in the adult. However, as development proceeds, we find that ephrin-B2 expression progressively extends from the arterial endothelium to surrounding smooth muscle cells and to pericytes, suggesting that ephrin-B2 may play an important role during formation of the arterial muscle wall. Furthermore, although ephrin-B2 expression patterns vary in different vascul�	H��üÒ|ÿî?µ���È��Homaira, N.
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Young Adult���Novq��In February 2007 an outbreak of Nipah virus (NiV) encephalitis in Thakurgaon District of northwest Bangladesh affected seven people, three of whom died. All subsequent cases developed illness 7-14 days after close physical contact with the index case while he was ill. Cases were more likely than controls to have been in the same room (100% vs. 9.5%, OR undefined, P<0.001) and to have touched him (83% vs. 0%, OR undefined, P<0.001). Although the source of infection for the index case was not identified, 50% of Pteropus bats sampled from near the outbreak area 1 month after the outbreak had antibodies to NiV confirming the presence of the virus in the area. The outbreak was spread by person-to-person transmission. Risk of NiV infection in family caregivers highlights the need for infection control practices to limit transmission of potentially infectious body secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/203807692��Homaira, N
Rahman, M
Hossain, M J
Epstein, J H
Sultana, R
Khan, M S U
Podder, G
Nahar, K
Ahmed, B
Gurley, E S
Daszak, P
Lipkin, W I
Rollin, P E
Comer, J A
Ksiazek, T G
Luby, S P
eng
AI070411/AI/NIAID NIH HHS/
AI57158/AI/NIAID NIH HHS/
2R01-TW005869/TW/FIC NIH HHS/
R01 TW005869/TW/FIC NIH HHS/
AI067549/AI/NIAID NIH HHS/
Case Reports
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2010/04/13 06:00
Epidemiol Infect. 2010 Nov;138(11):1630-6. doi: 10.1017/S0950268810000695. Epub 2010 Apr 12.*��1469-4409 (Electronic)
0950-2688 (Linking)���20380769Ö��Programme on Infectious Disease and Vaccine Sciences, Health System and Infectious Disease Division, Institute of Epidemiology, Disease Control and Research (IEDCR) Dhaka, Mohakhali, Bangladesh. nhomaira@icddrb.org���10.1017/S0950268810000695��ý�üÖ|ÿþ?¶������Flory, G. A.
Peer, R. W.���2010o��Verification of poultry carcass composting research through application during actual avian influenza outbreaks���149-57���ILAR J���51���2ã��Animals
Animals, Domestic
Birds
Communicable Disease Control/*methods
Disease Outbreaks/economics/*veterinary
Influenza A Virus, H5N2 Subtype/*pathogenicity
Influenza in Birds/*economics/*epidemiology/virology
*Turkeys
Virginia���An avian influenza outbreak in 2002 affected 197 poultry farms in Virginia and cost an estimated $130 million in losses and cleanup. In 2004-2005, researchers initiated a project to investigate the feasibility and practicality of in-house composting of turkey mortalities (heavy hens and toms) as a method of disposal and disease containment. Occurrences of low pathogenic avian influenza (LPAI) in West Virginia and Virginia in 2007 provided an opportunity for first responders to verify composting as an effective carcass disposal method. Many lessons learned from these experiences have led to improvements in the application of this technology. Market-weight turkeys, once thought too large for effective composting, were composted sufficiently for land application within 4 to 6 weeks. Additionally, fire-fighting foam, a new method of mass depopulation, proved to be compatible with composting. Knowledge gained from these incidents will be valuable not only for future responses to LPAI but also for outbreaks of highly pathogenic avian influenza such as the H5N1 virus, which currently causes disease in both animals and humans in many parts of the world. Since three-quarters of all recent emerging infectious diseases (EIDs) have arisen from animals, control of disease in animals is the principal way to reduce human exposure and prevent EIDs. Many of the general approaches and specific techniques used to eradicate the avian influenza virus can also be used to control other EIDs such as H1N1, Nipah virus, Rift Valley Fever, and plague.,��https://www.ncbi.nlm.nih.gov/pubmed/20375437T��Flory, Gary A
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*Virus Assembly���Jun<��Hendra virus is a negative-sense single-stranded RNA virus within the Paramyxoviridae family which, together with Nipah virus, forms the Henipavirus genus. Infection with bat-borne Hendra virus leads to a disease with high mortality rates in humans. We determined the crystal structure of the unliganded six-bladed beta-propeller domain and compared it to the previously reported structure of Hendra virus attachment glycoprotein (HeV-G) in complex with its cellular receptor, ephrin-B2. As observed for the related unliganded Nipah virus structure, there is plasticity in the Glu579-Pro590 and Lys236-Ala245 ephrin-binding loops prior to receptor engagement. These data reveal that henipaviral attachment glycoproteins undergo common structural transitions upon receptor binding and further define the structural template for antihenipaviral drug design. Our analysis also provides experimental evidence for a dimeric arrangement of HeV-G that exhibits striking similarity to those observed in crystal structures of related paramyxovirus receptor-binding glycoproteins. The biological relevance of this dimer is further supported by the positional analysis of glycosylation sites from across the paramyxoviruses. In HeV-G, the sites lie away from the putative dimer interface and remain accessible to alpha-mannosidase processing on oligomerization. We therefore propose that the overall mode of dimer assembly is conserved for all paramyxoviruses; however, while the geometry of dimerization is rather closely similar for those viruses that bind flexible glycan receptors, significant (up to 60 degrees ) and different reconfigurations of the subunit packing (associated with a significant decrease in the size of the dimer interface) have accompanied the independent switching to high-affinity protein receptor binding in Hendra and measles viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20375167���Bowden, Thomas A
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Virus Internalization/*drug effects���JulÅ��The fusion of enveloped viruses with the host cell is driven by specialized fusion proteins to initiate infection. The "class I" fusion proteins harbor two regions, typically two heptad repeat (HR) domains, which are central to the complex conformational changes leading to fusion: the first heptad repeat (HRN) is adjacent to the fusion peptide, while the second (HRC) immediately precedes the transmembrane domain. Peptides derived from the HR regions can inhibit fusion, and one HR peptide, T20 (enfuvirtide), is in clinical use for HIV-1. For paramyxoviruses, the activities of two membrane proteins, the receptor-binding protein (hemagglutinin-neuraminidase [HN] or G) and the fusion protein (F), initiate viral entry. The binding of HN or G to its receptor on a target cell triggers the activation of F, which then inserts into the target cell and mediates the membrane fusion that initiates infection. We have shown that for paramyxoviruses, the inhibitory efficacy of HR peptides is inversely proportional to the rate of F activation. For HIV-1, the antiviral potency of an HRC-derived peptide can be dramatically increased by targeting it to the membrane microdomains where fusion occurs, via the addition of a cholesterol group. We report here that for three paramyxoviruses-human parainfluenza virus type 3 (HPIV3), a major cause of lower respiratory tract diseases in infants, and the emerging zoonotic viruses Hendra virus (HeV) and Nipah virus (NiV), which cause lethal central nervous system diseases-the addition of cholesterol to a paramyxovirus HRC-derived peptide increased antiviral potency by 2 log units. Our data suggest that this enhanced activity is indeed the result of the targeting of the peptide to the plasma membrane, where fusion occurs. The cholesterol-tagged peptides on the cell surface create a protective antiviral shield, target the F protein directly at its site of action, and expand the potential utility of inhibitory peptides for paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20357085���Porotto, Matteo
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Swine���Sepz��BACKGROUND: The severity of an outbreak is a priority in decision-making for human infection control. However, there have been no reports on how to quantify the severity of an outbreak. METHODS: We propose a simple method to measure the severity of an infectious disease outbreak. It involves scoring the severity of clinical signs, the transmission of the infection, the number of cases, and the infection source. RESULTS: The method was evaluated using the data available at the early stage of some recent outbreaks of infectious diseases, including the influenza A (H1N1) pandemic in 2009, and the evaluation supports the design idea. CONCLUSION: The method is practical for rating the severity of an infectious disease outbreak, though it should be optimized. It could also be used to judge whether an event constitutes a public health emergency of international concern (PHEIC) or not.,��https://www.ncbi.nlm.nih.gov/pubmed/20227902ç��Chen, Yue-Ying
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Slovenia/epidemiology���Apr���Bats have been identified as a natural reservoir for an increasing number of emerging zoonotic viruses, such as Hendra virus, Nipah virus, Ebola virus, Marburg virus, rabies and other lyssaviruses. Recently, a large number of viruses closely related to members of the genus Coronavirus have been associated with severe acute respiratory syndrome (SARS) and detected in bat species. In this study, samples were collected from 106 live bats of seven different bat species from 27 different locations in Slovenia. Coronaviruses were detected by RT-PCR in 14 out of 36 horseshoe bat (Rhinolophus hipposideros) fecal samples, with 38.8% virus prevalence. Sequence analysis of a 405-nucleotide region of the highly conserved RNA polymerase gene (pol) showed that all coronaviruses detected in this study are genetically closely related, with 99.5-100% nucleotide identity, and belong to group 2 of the coronaviruses. The most closely related virus sequence in GenBank was SARS bat isolate Rp3/2004 (DQ071615) within the SARS-like CoV cluster, sharing 85% nucleotide identity and 95.6% amino acid identity. The potential risk of a new group of bat coronaviruses as a reservoir for human infections is highly suspected, and further molecular epidemiologic studies of these bat coronaviruses are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/20217155»��Rihtaric, Danijela
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Saimiri/*virology���Mar}��We infected squirrel monkeys (Saimiri sciureus) with Nipah virus to determine the monkeys' suitability for use as primate models in preclinical testing of preventive and therapeutic treatments. Infection of squirrel monkeys through intravenous injection was followed by high death rates associated with acute neurologic and respiratory illness and viral RNA and antigen production.,��https://www.ncbi.nlm.nih.gov/pubmed/20202432>��Marianneau, Philippe
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Virus Internalization���MayÍ��Virus-like particles (VLPs) released from avian cells expressing the Newcastle disease virus (NDV) strain AV proteins NP, M, HN (hemagglutinin-neuraminidase), and F were characterized. The VLP-associated HN and F glycoproteins directed the attachment of VLPs to cell surfaces and fusion of VLP membranes with red blood cell membranes, indicating that they were assembled into VLPs in an authentic conformation. These particles were quantitatively prepared and used as an immunogen, without adjuvant, in BALB/c mice. The resulting immune responses, detected by enzyme-linked immunosorbent assay (ELISA), virus neutralization, and intracellular cytokine staining, were comparable to the responses to equivalent amounts of inactivated NDV vaccine virus. HN and F proteins from another strain of NDV, strain B1, could be incorporated into these VLPs. Foreign peptides were incorporated into these VLPs when fused to the NP or HN protein. The ectodomain of a foreign glycoprotein, the Nipah virus G protein, fused to the NDV HN protein cytoplasmic and transmembrane domains was incorporated into ND VLPs. Thus, ND VLPs are a potential NDV vaccine candidate. They may also serve as a platform to construct vaccines for other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/20181713 ��McGinnes, Lori W
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Virus Shedding���May-JunÃ��Hendra virus (HeV) is a zoonotic virus from the family Paramyxoviridae causing fatal disease in humans and horses. Five-week-old Landrace pigs and 5-month-old Gottingen minipigs were inoculated with approximately 10(7) plaque forming units per animal. In addition to fever and depression exhibited in all infected pigs, one of the two Landrace pigs developed respiratory signs at 5 days post-inoculation (dpi) and one of the Gottingen minipigs developed respiratory signs at 5 dpi and mild neurological signs at 7 dpi. Virus was detected in all infected pigs at 2-5 dpi from oral, nasal, and rectal swabs and at 3-5 dpi from ocular swabs by real-time RT-PCR targeting the HeV M gene. Virus titers in nasal swab samples were as high as 10(4.6) TCID(50)/mL. The viral RNA was mainly distributed in tissues from respiratory and lymphoid systems at an early stage of infection and the presence of virus was confirmed by virus isolation. Pathological changes and immunohistochemical staining for viral antigen were consistent with the tissue distribution of the virus. This new finding indicates that pigs are susceptible to HeV infections and could potentially play a role as an intermediate host in transmission to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/20167195���Li, Mingyi
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Mortality���Feb\��To determine the epidemiologic and clinical features of a 2008 outbreak of Hendra virus infection in a veterinary clinic in Australia, we investigated the equine case-series. Four of 5 infected horses died, as did 1 of 2 infected staff members. Clinical manifestation in horses was predominantly neurologic. Preclinical transmission appears likely.,��https://www.ncbi.nlm.nih.gov/pubmed/20113576&��Field, Hume
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Queensland/epidemiology
Young Adult���Febù��A recent Hendra virus outbreak at a veterinary clinic in Brisbane, Queensland, Australia, involved 5 equine and 2 human infections. In contrast to previous outbreaks, infected horses had predominantly encephalitic, rather than respiratory, signs. After an incubation period of 9-16 days, influenza-like illnesses developed in the 2 persons before progressing to encephalitis; 1 died. Both patients were given ribavirin. Basal serum and cerebrospinal fluid levels were 10-13 mg/L after intravenous administration and 6 mg/L after oral administration (isolate 90% inhibitory concentration 64 mg/L). Both patients were exposed to infected horses, 1 during the late incubation period in a horse. The attack rate for veterinary clinic staff exposed to infected horses was 10%. An isolate from this outbreak showed genetic heterogeneity with isolates from a concurrent, but geographically remote, outbreak and from previous outbreaks. Emergence of Hendra virus is a serious medical, veterinary, and public health challenge.,��https://www.ncbi.nlm.nih.gov/pubmed/20113550õ��Playford, Elliott G
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Recombinant Proteins/*isolation & purification���Feb 19-��A direct recovery of recombinant nucleocapsid protein of Nipah virus (NCp-NiV) from crude Escherichia coli (E. coli) homogenate was developed successfully using a hydrophobic interaction expanded bed adsorption chromatography (HI-EBAC). The nucleic acids co-released with the recombinant protein have increased the viscosity of the E. coli homogenate, thus affected the axial mixing in the EBAC column. Hence, DNase was added to reduce the viscosity of feedstock prior to its loading into the EBAC column packed with the hydrophobic interaction chromatography (HIC) adsorbent. The addition of glycerol to the washing buffer has reduced the volume of washing buffer applied, and thus reduced the loss of the NCp-NiV during the washing stage. The influences of flow velocity, degree of bed expansion and viscosity of mobile phase on the adsorption efficiency of HI-EBAC were studied. The dynamic binding capacity at 10% breakthrough of 3.2mg/g adsorbent was achieved at a linear flow velocity of 178 cm/h, bed expansion of two and feedstock viscosity of 3.4 mPas. The adsorbed NCp-NiV was eluted with the buffer containing a step gradient of salt concentration. The purification of hydrophobic NCp-NiV using the HI-EBAC column has recovered 80% of NCp-NiV from unclarified E. coli homogenate with a purification factor of 12.5.,��https://www.ncbi.nlm.nih.gov/pubmed/20044094ø��Chong, Fui Chin
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Virus Replication���Jan@��Paramyxoviruses include many important human and animal pathogens such as measles virus, mumps virus, human parainfluenza viruses, and respiratory syncytial virus, as well as emerging viruses such as Nipah virus and Hendra virus. The paramyxovirus RNA-dependent RNA polymerase consists of the phosphoprotein (P) and the large protein. Both of these proteins are essential for viral RNA synthesis. The P protein is phosphorylated at multiple sites, probably by more than one host kinase. While it is thought that the phosphorylation of P is important for its role in viral RNA synthesis, the precise role of P protein phosphorylation remains an enigma. For instance, it was demonstrated that the putative CKII phosphorylation sites of the P protein of respiratory syncytial virus play a role in viral RNA synthesis using a minigenome replicon system; however, mutating these putative CKII phosphorylation sites within a viral genome had no effect on viral RNA synthesis, leading to the hypothesis that P protein phosphorylation, at least by CKII, does not play a role in viral RNA synthesis. Recently, it has been reported that the phosphorylation state of the P protein of parainfluenza virus 5, a prototypical paramyxovirus, correlates with the ability of P protein to synthesize viral RNA, indicating that P protein phosphorylation does in fact play a role in viral RNA synthesis. Furthermore, host kinases PLK1, as well as AKT1 have been found to play critical roles in paramyxovirus RNA synthesis through regulation of P protein phosphorylation status. Beyond furthering our understanding of paramyxovirus RNA replication, these recent discoveries may also result in a new paradigm in treating infections caused by these viruses, as host kinases that regulate paramyxovirus replication are investigated as potential targets of therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/20020826¼��Fuentes, Sandra M
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Simian virus 40/genetics���Dec 11l��BACKGROUND: Bats are the suspected natural reservoir hosts for a number of new and emerging zoonotic viruses including Nipah virus, Hendra virus, severe acute respiratory syndrome coronavirus and Ebola virus. Since the discovery of SARS-like coronaviruses in Chinese horseshoe bats, attempts to isolate a SL-CoV from bats have failed and attempts to isolate other bat-borne viruses in various mammalian cell lines have been similarly unsuccessful. New stable bat cell lines are needed to help with these investigations and as tools to assist in the study of bat immunology and virus-host interactions. METHODOLOGY/FINDINGS: Black flying foxes (Pteropus alecto) were captured from the wild and transported live to the laboratory for primary cell culture preparation using a variety of different methods and culture media. Primary cells were successfully cultured from 20 different organs. Cell immortalisation can occur spontaneously, however we used a retroviral system to immortalise cells via the transfer and stable production of the Simian virus 40 Large T antigen and the human telomerase reverse transcriptase protein. Initial infection experiments with both cloned and uncloned cell lines using Hendra and Nipah viruses demonstrated varying degrees of infection efficiency between the different cell lines, although it was possible to infect cells in all tissue types. CONCLUSIONS/SIGNIFICANCE: The approaches developed and optimised in this study should be applicable to bats of other species. We are in the process of generating further cell lines from a number of different bat species using the methodology established in this study.,��https://www.ncbi.nlm.nih.gov/pubmed/20011515q��Crameri, Gary
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Zoonoses���Jun´��Neurologic disease is a major cause of disability in resource-poor countries and a substantial portion of this disease is due to infections of the CNS. A wide variety of emerging and re-emerging viruses contribute to this disease burden. New emerging infections are commonly due to RNA viruses that have expanded their geographic range, spread from animal reservoirs or acquired new neurovirulence properties. Mosquito-borne viruses with expanding ranges include West Nile virus, Japanese encephalitis virus and Chikungunya virus. Zoonotic viruses that have recently crossed into humans to cause neurologic disease include the bat henipaviruses Nipah and Hendra, as well as the primate-derived human immunodeficiency virus. Viruses adapt to new hosts, or to cause more severe disease, by changing their genomes through reassortment (e.g. influenza virus), mutation (essentially all RNA viruses) and recombination (e.g. vaccine strains of poliovirus). Viruses that appear to have recently become more neurovirulent include West Nile virus, enterovirus 71 and possibly Chikungunya virus. In addition to these newer challenges, rabies, polio and measles all remain important causes of neurologic disease despite good vaccines and global efforts toward control. Control of human rabies depends on elimination of rabies in domestic dogs through regular vaccination. Poliovirus eradication is challenged by the ability of the live attenuated vaccine strains to revert to virulence during the prolonged period of gastrointestinal replication. Measles elimination depends on delivery of two doses of live virus vaccine to a high enough proportion of the population to maintain herd immunity for this highly infectious virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20004230Ã��Griffin, Diane E
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Virus Replication���DecÙ��Nipah virus (NiV) is a highly pathogenic paramyxovirus that was first isolated in 1999 during an outbreak in Malaysia. In contrast to other paramyxoviruses NiV infects many mammalian species. Because of its zoonotic potential, the high pathogenicity and the lack of therapeutic treatment, NiV was classified as a biosafety level 4 pathogen. In humans NiV causes a severe acute encephalitis whereas in some animal hosts respiratory symptoms are predominantly observed. Despite the differences in the clinical outcome, microvascular endothelial cell damage predominantly underlies the pathological changes in NiV infections in all susceptible host species. NiV generally induces a pronounced vasculitis which is primarily characterised by endothelial cell necrosis and inflammatory cell infiltration. For future developments of specific antiviral therapies or vaccines, a detailed understanding of the molecular basis of NiV pathogenesis is required. This article reviews the current knowledge about natural and experimental infections in different mammals, focusing on the main organ and cell tropism in vivo, and summarises some recent studies in cell culture on the role of ephrin-B2 and -B3 receptors in NiV infection of endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19967130���Maisner, Andrea
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*mda-5
*nuclear localization
*zoonotic virus���Dec{��Hendra and Nipah virus, which constitute the genus Henipavirus, are zoonotic paramyxoviruses that have been associated with sporadic outbreaks of severe disease and mortality in humans since their emergence in the late 1990s. Similar to other paramyxoviruses, their ability to evade the host interferon (IFN) response is conferred by the P gene. The henipavirus P gene encodes four proteins; the P, V, W and C proteins, which have all been described to inhibit the antiviral response. Further studies have revealed that these proteins have overlapping but unique properties which enable the virus to block multiple signaling pathways in the IFN response. The best characterized of these is the JAK-STAT signaling pathway which is targeted by the P, V and W proteins via an interaction with the transcription factor STAT1. In addition the V and W proteins can both limit virus-induced induction of IFN but they appear to do this via distinct mechanisms that rely on unique sequences in their C-terminal domains. The ability to generate recombinant Nipah viruses now gives us the opportunity to determine the precise role for each of these proteins and address their contribution to pathogenicity. Additionally, the question of whether these multiple anti-IFN strategies are all active in the different mammalian hosts for henipaviruses, particularly the fruit bat reservoir, warrants further exploration.,��https://www.ncbi.nlm.nih.gov/pubmed/21994589º��Shaw, Megan L
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and infor�	»��üÒtÿî?È���5��Freiberg, A. N.
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Treatment Outcome���Marî��Hendra virus (HeV) and Nipah virus (NiV) are recently emerged, closely related and highly pathogenic paramyxoviruses that cause severe disease such as encephalitis in animals and humans with fatality rates of up to 75 %. Due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy, they are classified as Biosafety Level 4 pathogens. A recent study reported that chloroquine, an anti-malarial drug, was effective in preventing NiV and HeV infection in cell culture experiments. In the present study, the antiviral efficacy of chloroquine was analysed, individually and in combination with ribavirin, in the treatment of NiV and HeV infection in in vivo experiments, using a golden hamster model. Although the results confirmed the strong antiviral activity of both drugs in inhibiting viral spread in vitro, they did not prove to be protective in the in vivo model. Ribavirin delayed death from viral disease in NiV-infected hamsters by approximately 5 days, but no significant effect in HeV-infected hamsters was observed. Chloroquine did not protect hamsters when administered either individually or in combination with ribavirin, the latter indicating the lack of a favourable drug-drug interaction.,��https://www.ncbi.nlm.nih.gov/pubmed/19889926���Freiberg, Alexander N
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Vero Cells���Nov 4þ��BACKGROUND: Using a recently described monolayer assay amenable to high throughput screening format for the identification of potential Nipah virus and Hendra virus antivirals, we have partially screened a low molecular weight compound library (>8,000 compounds) directly against live virus infection and identified twenty eight promising lead molecules. Initial single blind screens were conducted with 10 microM compound in triplicate with a minimum efficacy of 90% required for lead selection. Lead compounds were then further characterised to determine the median efficacy (IC50), cytotoxicity (CC50) and the in vitro therapeutic index in live virus and pseudotype assay formats. RESULTS: While a number of leads were identified, the current work describes three commercially available compounds: brilliant green, gentian violet and gliotoxin, identified as having potent antiviral activity against Nipah and Hendra virus. Similar efficacy was observed against pseudotyped Nipah and Hendra virus, vesicular stomatitis virus and human parainfluenza virus type 3 while only gliotoxin inhibited an influenza A virus suggesting a non-specific, broad spectrum activity for this compound. CONCLUSION: All three of these compounds have been used previously for various aspects of anti-bacterial and anti-fungal therapy and the current results suggest that while unsuitable for internal administration, they may be amenable to topical antiviral applications, or as disinfectants and provide excellent positive controls for future studies.,��https://www.ncbi.nlm.nih.gov/pubmed/19889218���Aljofan, Mohamad
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Viral Load���Oct!��Nipah virus is a broadly tropic and highly pathogenic zoonotic paramyxovirus in the genus Henipavirus whose natural reservoirs are several species of Pteropus fruit bats. Nipah virus has repeatedly caused outbreaks over the past decade associated with a severe and often fatal disease in humans and animals. Here, a new ferret model of Nipah virus pathogenesis is described where both respiratory and neurological disease are present in infected animals. Severe disease occurs with viral doses as low as 500 TCID(50) within 6 to 10 days following infection. The underlying pathology seen in the ferret closely resembles that seen in Nipah virus infected humans, characterized as a widespread multisystemic vasculitis, with virus replicating in highly vascular tissues including lung, spleen and brain, with recoverable virus from a variety of tissues. Using this ferret model a cross-reactive neutralizing human monoclonal antibody, m102.4, targeting the henipavirus G glycoprotein was evaluated in vivo as a potential therapeutic agent. All ferrets that received m102.4 ten hours following a high dose oral-nasal Nipah virus challenge were protected from disease while all controls died. This study is the first successful post-exposure passive antibody therapy for Nipah virus using a human monoclonal antibody.,��https://www.ncbi.nlm.nih.gov/pubmed/19888339R��Bossart, Katharine N
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Nipah Virus/*physiology���Dec 1÷��Nipah virus (NiV) is a paramyxovirus whose reservoir host is fruit bats of the genus Pteropus. Occasionally the virus is introduced into human populations and causes severe illness characterized by encephalitis or respiratory disease. The first outbreak of NiV was recognized in Malaysia, but 8 outbreaks have been reported from Bangladesh since 2001. The primary pathways of transmission from bats to people in Bangladesh are through contamination of raw date palm sap by bats with subsequent consumption by humans and through infection of domestic animals (cattle, pigs, and goats), presumably from consumption of food contaminated with bat saliva or urine with subsequent transmission to people. Approximately one-half of recognized Nipah case patients in Bangladesh developed their disease following person-to-person transmission of the virus. Efforts to prevent transmission should focus on decreasing bat access to date palm sap and reducing family members' and friends' exposure to infected patients' saliva.,��https://www.ncbi.nlm.nih.gov/pubmed/19886791æ��Luby, Stephen P
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*Virus Internalization���Dec´��The paramyxovirus family contains established human pathogens such as the measles virus and human respiratory syncytial virus, as well as emerging pathogens including the Hendra and Nipah viruses and the recently identified human metapneumovirus. Two major envelope glycoproteins, the attachment protein and the fusion protein, promote the processes of viral attachment and virus-cell membrane fusion required for entry. Although common mechanisms of fusion protein proteolytic activation and the mechanism of membrane fusion promotion have been shown in recent years, considerable diversity exists in the family relating to receptor binding and the potential mechanisms of fusion triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/19878307¤��Smith, Everett C
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Young Adult���Jun¥��The acute encephalitis syndrome has heralded the emergence of multiple virulent pathogens, including Murray Valley encephalitis, Hendra virus and Australian bat lyssavirus, which may result in severe morbidity and mortality. In Australia, encephalitis is not notifiable and there has been no analysis of trends in encephalitis death rates or causation. Australian Bureau of Statistics mortality and population data for the period 1979-2006 were obtained and cause of death data were extracted using ICD-9 (1979-1998) and ICD-10 (1999-2006) codes that included all relevant encephalitis related diagnoses. Encephalitis-associated deaths were analysed by cause, year, age and gender. Between 1979 and 2006 there were 1,118 encephalitis-associated deaths in Australia. The average annual death rate was 2.3 per 1 million population (range 1.3-3.6). There was a significant decline in encephalitis-associated deaths, particularly due to 'known' pathogens (4.3% decline per year, 95% CI 3.1-5.4%, P<0.0001). The aetiology of 576 deaths were unknown and the proportion of deaths due to 'unknown' encephalitis increased from 47.0% between 1979 and 1992, to 57.2% from 1993 to 2006. Downward trends in encephalitis deaths due to 'known' causes can largely be explained by changes in treatment and prevention methods, particularly for herpes encephalitis (use of acyclovir), and measles encephalitis and subacute sclerosing panencephalitis (measles vaccination). The high proportion of encephalitis deaths from 'unknown' pathogens in Australia highlights the importance of monitoring encephalitis morbidity and mortality with a view to improving pathogen diagnosis and identifying emerging infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/19877537Í��Huppatz, Clare
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alpha-Defensins/*metabolism/pharmacology���Jan 7���Chronic myelomonocytic leukemia (CMML) is a clonal hematopoietic disorder that occurs in elderly patients. One of the main diagnostic criteria is the accumulation of heterogeneous monocytes in the peripheral blood. We further explored this cellular heterogeneity and observed that part of the leukemic clone in the peripheral blood was made of immature dysplastic granulocytes with a CD14(-)/CD24(+) phenotype. The proteome profile of these cells is dramatically distinct from that of CD14(+)/CD24(-) monocytes from CMML patients or healthy donors. More specifically, CD14(-)/CD24(+) CMML cells synthesize and secrete large amounts of alpha-defensin 1-3 (HNP1-3). Recombinant HNPs inhibit macrophage colony-stimulating factor (M-CSF)-driven differentiation of human peripheral blood monocytes into macrophages. Using transwell, antibody-mediated depletion, suramin inhibition of purinergic receptors, and competitive experiments with uridine diphosphate (UDP)/uridine triphosphate (UTP), we demonstrate that HNP1-3 secreted by CD14(-)/CD24(+) cells inhibit M-CSF-induced differentiation of CD14(+)/CD24(-) cells at least in part through P2Y6, a receptor involved in macrophage differentiation. Altogether, these observations suggest that a population of immature dysplastic granulocytes contributes to the CMML phenotype through production of alpha-defensins HNP1-3 that suppress the differentiation capabilities of monocytes.,��https://www.ncbi.nlm.nih.gov/pubmed/19864642¢��Droin, Nathalie
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Virus Internalization/*drug effects���Dec 20Ç��Nipah virus (NiV) is a zoonotic biosafety level 4 paramyxovirus that emerged recently in Asia with high mortality in man. NiV is a member, with Hendra virus (HeV), of the Henipavirus genus in the Paramyxoviridae family. Although NiV entry, like that of other paramyxoviruses, is believed to occur via pH-independent fusion with the host cell's plasma membrane we present evidence that entry can occur by an endocytic pathway. The NiV receptor ephrinB2 has receptor kinase activity and we find that ephrinB2's cytoplasmic domain is required for entry but is dispensable for post-entry viral spread. The mutation of a single tyrosine residue (Y304F) in ephrinB2's cytoplasmic tail abrogates NiV entry. Moreover, our results show that NiV entry is inhibited by constructions and drugs specific for the endocytic pathway of macropinocytosis. Our findings could potentially permit the rapid development of novel low-cost antiviral treatments not only for NiV but also HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/19854459ß��Pernet, Olivier
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Thymelaeaceae/*chemistry���Oct'��The first total syntheses of benzophenone glucopyranosides reported from Phaleria macrocarpa and related benzophenone glucopyranosides were successfully carried out. The alkoxy groups present ortho to the carbonyl group in polyalkoxybenzophenones were selectively deprotected by AlCl(3)-PhNMe(2) in high yields, leaving other alkoxy groups unaffected. It was concluded in the current synthetic study that all the reported benzophenone glucopyranosides possessed the same structure as 2,4',6-trihydroxy-4-methoxybenzophenone 2-O-beta-D-glucopyranoside.,��https://www.ncbi.nlm.nih.gov/pubmed/19809189­��Hendra, Phebe
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Zoonoses/*epidemiology/*transmission���Aug8��Human Nipah outbreaks recur in a specific region and time of year in Bangladesh. Fruit bats are the reservoir host for Nipah virus. We identified 23 introductions of Nipah virus into human populations in central and northwestern Bangladesh from 2001 through 2007. Ten introductions affected multiple persons (median 10). Illness onset occurred from December through May but not every year. We identified 122 cases of human Nipah infection. The mean age of case-patients was 27 years; 87 (71%) died. In 62 (51%) Nipah virus-infected patients, illness developed 5-15 days after close contact with another Nipah case-patient. Nine (7%) Nipah case-patients transmitted virus to others. Nipah case-patients who had difficulty breathing were more likely than those without respiratory difficulty to transmit Nipah (12% vs. 0%, p = 0.03). Although a small minority of infected patients transmit Nipah virus, more than half of identified cases result from person-to-person transmission. Interventions to prevent virus transmission from bats to humans and from person to person are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/19751584Ó��Luby, Stephen P
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Zoonoses/transmissionS��Recent emerging zoonoses (hemorrhagic fevers due to Ebola or Marburg virus, encephalitis due to Nipah virus, severe acute respiratory syndrome due to SRAS virus...) outline the potential of bats as vectors for transmission of infectious disease to humans. Such a potential is already known for rabies encephalitis since seven out of the eight genotypes of Lyssavirus are transmitted by bats. In addition, phylogenetic reconstructions indicate that Lyssavirus have evolved in chiropters before their emergence in carnivores. Nevertheless, carnivores remain the most critical vectors for public health, in particular dogs that are originating 55.000 rabies deaths per year, essentially in developing countries. Rabies control in carnivores by parenteral (dog) or oral (wild carnivores) vaccination is efficacious and campaigns start to be more widely applied. On the other hand, rabies control in bat still remains non realistic, particularly as the pathogenicity of bat Lyssavirus for bats is still under debate, suggesting that a "diplomatic relationship" between partners would have arisen from a long term cohabitation. While comparing the interactions that humans and bats establish with Lyssavirus, scientists try to understand the molecular basis ofpathogenicity in man, a indispensable prerequisite to identify antiviral targets in a perspective of therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/19718950���Tordo, N
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Zoonoses/epidemiology/*transmission/virology���AugË��In this 2-part review, I will focus on emerging virus infections of the central nervous system (CNS). Part 1 will introduce the basic features of emerging infections, including their definition, epidemiology, and the frequency of CNS involvement. Important mechanisms of emergence will be reviewed, including viruses spreading into new host ranges as exemplified by West Nile virus (WNV), Japanese encephalitis (JE) virus, Toscana virus, and enterovirus 71 (EV71). Emerging infections also result from opportunistic spread of viruses into known niches, often resulting from attenuated host resistance to infection. This process is exemplified by transplant-associated cases of viral CNS infection caused by WNV, rabies virus, lymphocytic choriomeningitis, and lymphocytic choriomeningitis-like viruses and by the syndrome of human herpesvirus 6 (HHV6)-associated posttransplantation acute limbic encephalitis. The second part of this review begins with a discussion of JC virus and the occurrence of progressive multifocal leukoencephalopathy in association with novel immunomodulatory therapies and then continues with an overview of the risk of infection introduced by imported animals (eg, monkeypox virus) and examples of emerging diseases caused by enhanced competence of viruses for vectors and the spread of vectors (eg, chikungunya virus) and then concludes with examples of novel viruses causing CNS infection as exemplified by Nipah and Hendra viruses and bat lyssaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19667214f��Tyler, Kenneth L
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Virion/*metabolism/ultrastructure���Decm��The broad species tropism of Nipah virus (NiV) coupled with its high pathogenicity demand a rapid search for a new biomarker candidate for diagnosis. The matrix (M) protein was expressed in Escherichia coli and purified using a Ni-NTA affinity column chromatography and sucrose density gradient centrifugation. The recombinant M protein with the molecular mass (Mr) of about 43 kDa was detected by anti-NiV serum and anti-myc antibody. About 50% of the M protein was found to be soluble and localized in cytoplasm when the cells were grown at 30 degrees C. Electron microscopic analysis showed that the purified M protein assembled into spherical particles of different sizes with diameters ranging from 20 to 50 nm. The purified M protein showed significant reactivity with the swine sera collected during the NiV outbreak, demonstrating its potential as a diagnostic reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/19666056û��Subramanian, Senthil Kumar
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Viral Envelope Proteins/*genetics/*metabolism���Nov���Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae which originated from bats, encodes for a fusion (F) protein which is proteolytically processed within endosomes by cathepsin L. We show here that sequence requirements for NiV F activation differ markedly from other para- or orthomyxoviral fusion proteins. In contrast to other viral fusion proteins with monobasic cleavage sites, processing of NiV F proteins with one single basic amino acid in the cleavage peptide by exogenous trypsin is very inefficient, and introduction of a consensus sequence for furin does not result in cleavage by this ubiquitous protease. In contrast, a multibasic cleavage peptide in the NiV F protein completely impairs proteolytic processing and the generation of biological activity.,��https://www.ncbi.nlm.nih.gov/pubmed/19665506É��Diederich, Sandra
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Wang, Yao
Freiberg, Alexander N
Aguilar, Hector C
Holbrook, Michael R
Lee, Benhur
eng
AI060694/AI/NIAID NIH HHS/
R01 AI060694/AI/NIAID NIH HHS/
R21 AI059051/AI/NIAID NIH HHS/
AI069317/AI/NIAID NIH HHS/
T32 AI007323/AI/NIAID NIH HHS/
AI28697/AI/NIAID NIH HHS/
CA16042/CA/NCI NIH HHS/
AI070495/AI/NIAID NIH HHS/
AI07323/AI/NIAID NIH HHS/
P30 CA016042/CA/NCI NIH HHS/
P30 AI028697/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
AI059051/AI/NIAID NIH HHS/
U01 AI070495/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2009/08/04 09:00
Virol J. 2009 Jul 31;6:119. doi: 10.1186/1743-422X-6-119.*��1743-422X (Electronic)
1743-422X (Linking)
��PMC2727953���19646266s��Department of Microbiology, Immunology, and Molecular Genetics, UCLA, Los Angeles, CA, USA 90095. mikewolf@ucla.edu���10.1186/1743-422X-6-119��¹�üÒ|ÿî?Ú���_��Sendow, I.
Field, H. E.
Adjid, A.
Ratnawati, A.
Breed, A. C.
Darminto,
Morrissy, C.
Daniels, P.���2010J��Screening for Nipah virus infection in West Kalimantan province, Indonesia���499-503���Zoonoses Public Health���57���7-8���Animals
Chiroptera/*virology
Data Collection
Enzyme-Linked Immunosorbent Assay
Henipavirus Infections/*diagnosis/epidemiology/transmission/veterinary/virology
Indonesia/epidemiology
Nipah Virus/immunology/*isolation & purification
Sentinel Surveillance/veterinary
Seroepidemiologic Studies
Serologic Tests
Swine/virology
Virus Diseases/*diagnosis/epidemiology/transmission/veterinary/virology���Dec¨��Compared to other viruses, research on Nipah virus has been limited in Indonesia because attributable disease outbreaks have not been reported. However, Nipah virus is a zoonotic Biosafety Level 4 (BSL4) agent, so strategic monitoring is prudent. Farmer interviews and a serologic survey of 610 pig sera and 99 bat sera from West Kalimantan province were conducted. Farmers reported no recent or historic encephalitic or respiratory disease in themselves, their families, workers or pigs. The survey found no evidence of exposure to Nipah virus in pigs. In contrast, 19% of the 84 Pteropus vampyrus bat sera reacted in the ELISA, but none of 15 Cynopterus brachyotis bats reacted.,��https://www.ncbi.nlm.nih.gov/pubmed/19638160Ë��Sendow, I
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RNA, Viral/*genetics���Jul 28���BACKGROUND: Henipaviruses (Hendra and Nipah virus) are highly pathogenic members of the family Paramyxoviridae. Fruit-eating bats of the Pteropus genus have been suggested as their natural reservoir. Human Henipavirus infections have been reported in a region extending from Australia via Malaysia into Bangladesh, compatible with the geographic range of Pteropus. These bats do not occur in continental Africa, but a whole range of other fruit bats is encountered. One of the most abundant is Eidolon helvum, the African Straw-coloured fruit bat. METHODOLOGY/PRINCIPAL FINDINGS: Feces from E. helvum roosting in an urban setting in Kumasi/Ghana were tested for Henipavirus RNA. Sequences of three novel viruses in phylogenetic relationship to known Henipaviruses were detected. Virus RNA concentrations in feces were low. CONCLUSIONS/SIGNIFICANCE: The finding of novel putative Henipaviruses outside Australia and Asia contributes a significant extension of the region of potential endemicity of one of the most pathogenic virus genera known in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19636378K��Drexler, Jan Felix
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Queensland���Jul 3Ð��BACKGROUND: Australia's dinosaurian fossil record is exceptionally poor compared to that of other similar-sized continents. Most taxa are known from fragmentary isolated remains with uncertain taxonomic and phylogenetic placement. A better understanding of the Australian dinosaurian record is crucial to understanding the global palaeobiogeography of dinosaurian groups, including groups previously considered to have had Gondwanan origins, such as the titanosaurs and carcharodontosaurids. METHODOLOGY/PRINCIPAL FINDINGS: We describe three new dinosaurs from the late Early Cretaceous (latest Albian) Winton Formation of eastern Australia, including; Wintonotitan wattsi gen. et sp. nov., a basal titanosauriform; Diamantinasaurus matildae gen. et sp. nov., a derived lithostrotian titanosaur; and Australovenator wintonensis gen. et sp. nov., an allosauroid. We compare an isolated astragalus from the Early Cretaceous of southern Australia; formerly identified as Allosaurus sp., and conclude that it most-likely represents Australovenator sp. CONCLUSION/SIGNIFICANCE: The occurrence of Australovenator from the Aptian to latest Albian confirms the presence in Australia of allosauroids basal to the Carcharodontosauridae. These new taxa, along with the fragmentary remains of other taxa, indicate a diverse Early Cretaceous sauropod and theropod fauna in Australia, including plesiomorphic forms (e.g. Wintonotitan and Australovenator) and more derived forms (e.g. Diamantinasaurus).,��https://www.ncbi.nlm.nih.gov/pubmed/19584929è��Hocknull, Scott A
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Virology/economics/*methods���SepÝ��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses capable of causing severe disease in humans and animals. These viruses require biosafety level 4 (BSL-4) containment. Like other paramyxoviruses, the plaque reduction neutralization test (PRNT) can be used to detect antibodies to the surface glycoproteins, fusion (F) and attachment (G), and PRNT titers give an indication of protective immunity. Unfortunately, for NiV and HeV, the PRNT must be performed in BSL-4 containment and takes several days to complete. Thus, we have developed a neutralization assay using VSV pseudotype particles expressing the F and G proteins of NiV (pVSV-NiV-F/G) as target antigens. This rapid assay, which can be performed at BSL-2, was evaluated using serum samples from outbreak investigations and more than 300 serum samples from an experimental NiV vaccination study in swine. The results of the neutralization assays with pVSV-NiV-F/G as antigen showed a good correlation with those of standard PRNT. Therefore, this new method has the potential to be a rapid and cost-effective diagnostic method, especially in locations that lack high containment facilities, and will provide a valuable tool for basic research and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/19559943Ï��Tamin, Azaibi
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Swine���Oct¤��Tioman virus (TioV) was isolated from a number of pooled urine samples of Tioman Island flying foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. Studies have established TioV as a new virus in the family Paramyxoviridae. This novel paramyxovirus is antigenically related to Menangle virus that was isolated in Australia in 1997 during disease outbreak in pigs. TioV causes mild disease in pigs and has a predilection for lymphoid tissues. Recent serosurvey showed that 1.8% of Tioman Islanders had neutralizing antibodies against TioV, indicating probable past infection. For the development of convenient serological tests for this virus, recombinant TioV nucleocapsid (N) protein was expressed in the yeast Saccharomyces cerevisiae. High yields of recombinant TioV N protein were obtained. Electron microscopy demonstrated that purified recombinant N protein self-assembled into nucleocapsid-like particles which were identical in density and morphology to authentic nucleocapsids from paramyxovirus-infected cells. Different size nucleocapsid-like particles were stable and readily purified by CsCl gradient ultracentrifugation. Polyclonal sera raised in rabbits after immunization with recombinant TioV N protein reacted reliably with TioV infected tissues in immunohistochemistry tests. It confirmed that the antigenic properties of yeast derived TioV N protein are identical to authentic viral protein.,��https://www.ncbi.nlm.nih.gov/pubmed/19559738?��Petraityte, Rasa
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Viral Fusion Proteins/*metabolism���SepÙ��Hendra virus F protein-promoted membrane fusion requires the presence of the viral attachment protein, G. However, events leading to the association of these glycoproteins remain unclear. Results presented here demonstrate that Hendra virus G undergoes slower secretory pathway trafficking than is observed for Hendra virus F. This slowed trafficking is not dependent on the G protein cytoplasmic tail, the presence of the G receptor ephrin B2, or interaction with other viral proteins. Instead, Hendra virus G was found to undergo intrinsically slow oligomerization within the endoplasmic reticulum. These results suggest that the critical F-G interactions occur only after the initial steps of synthesis and cellular transport.,��https://www.ncbi.nlm.nih.gov/pubmed/19553334ù��Whitman, Shannon D
Smith, Everett Clinton
Dutch, Rebecca Ellis
eng
R01 AI051517/AI/NIAID NIH HHS/
A151517/PHS HHS/
Research Support, N.I.H., Extramural
2009/06/26 09:00
J Virol. 2009 Sep;83(17):8998-9001. doi: 10.1128/JVI.00414-09. Epub 2009 Jun 24.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2738157���19553334Å��Department of Molecular and Cellular Biochemistry, University of Kentucky, College of Medicine, Biomedical Biological Sciences Research Building, 741 South Limestone, Lexington, KY 40536-0509, USA.���10.1128/JVI.00414-09���.��üÒ|ÿî?à���:��Jordan, I.
Horn, D.
Oehmke, S.
Leendertz, F. H.
Sandig, V.���2009R��Cell lines from the Egyptian fruit bat are permissive for modified vaccinia Ankara���54-62	��Virus Res���145���1Ù��Animals
*Cell Line
Cercopithecus aethiops
*Chiroptera
Cricetinae
Ducks
Female
Fetus/cytology
Genetic Vectors
Green Fluorescent Proteins
Humans
Vaccinia/virology
Vaccinia virus/*physiology
Vero Cells
*Virus Replication���OctÙ��Bats are reservoir hosts for a spectrum of infectious diseases. Some pathogens (such as Hendra, Nipah and Marburg viruses) appear to use mainly fruit bats as reservoir. We describe designed immortalization of primary fetal cells from the Egyptian fruit bat (Rousettus aegyptiacus) to facilitate isolation and characterization of pathogens associated with these mammals. Three cell lines with different properties were recovered and successful immortalization was confirmed by continuous cultivation for over 18 months. Surprisingly, the cell lines are fully permissive for a highly attenuated poxvirus, modified vaccinia Ankara (MVA). MVA is a safe and well characterized vaccine vector that cannot replicate in most mammalian cells. High permissivity of Rousettus cell lines could justify testing bats for susceptibility to MVA as a replication competent vector with low zoonotic potential to induce herd immunity in bat colonies against viruses causing rabies or haemorrhagic fevers.,��https://www.ncbi.nlm.nih.gov/pubmed/19540275é��Jordan, Ingo
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Swine Diseases/epidemiology/virology���Jun���The 1999 outbreak of Nipah virus encephalitis in humans and pigs in Peninsular Malaysia ended with the evacuation of humans and culling of pigs in the epidemic area. Serologic screening showed that, in the absence of infected pigs, dogs were not a secondary reservoir for Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/19523300Ü��Mills, James N
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Viral Structural Proteins/genetics/*metabolism���AugÖ��The Nipah virus (NiV) phosphoprotein (P) gene encodes the C, P, V, and W proteins. P, V, and W, have in common an amino-terminal domain sufficient to bind STAT1, inhibiting its interferon (IFN)-induced tyrosine phosphorylation. P is also essential for RNA-dependent RNA polymerase function. C is encoded by an alternate open reading frame (ORF) within the common amino-terminal domain. Mutations within residues 81 to 113 of P impaired its polymerase cofactor function, as assessed by a minireplicon assay, but these mutants retained STAT1 inhibitory function. Mutations within the residue 114 to 140 region were identified that abrogated interaction with and inhibition of STAT1 by P, V, and W without disrupting P polymerase cofactor function. Recombinant NiVs were then generated. A G121E mutation, which abrogated inhibition of STAT1, was introduced into a C protein knockout background (C(ko)) because the mutation would otherwise also alter the overlapping C ORF. In cell culture, relative to the wild-type virus, the C(ko) mutation proved attenuating but the G121E mutant virus replicated identically to the C(ko) virus. In cells infected with the wild-type and C(ko) viruses, STAT1 was nuclear despite the absence of tyrosine phosphorylation. This latter observation mirrors what has been seen in cells expressing NiV W. In the G121E mutant virus-infected cells, STAT1 was not phosphorylated and was cytoplasmic in the absence of IFN stimulation but became tyrosine phosphorylated and nuclear following IFN addition. These data demonstrate that the gene for NiV P encodes functions that sequester inactive STAT1 in the nucleus, preventing its activation and suggest that the W protein is the dominant inhibitor of STAT1 in NiV-infected cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19515782F��Ciancanelli, Michael J
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Virus Internalization/*drug effects���Jul 23m��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes respiratory disease in pigs and severe febrile encephalitis in humans with high mortality rates. On the basis of the structural similarity of viral fusion (F) proteins within the family Paramyxoviridae, we designed and tested 18 quinolone derivatives in a NiV and measles virus (MV) envelope protein-based fusion assay beside evaluation of cytotoxicity. We found five compounds successfully inhibiting NiV envelope protein-induced cell fusion. The most active molecules (19 and 20), which also inhibit the syncytium formation induced by infectious NiV and show a low cytotoxicity in Vero cells, represent a promising lead quinolone-type compound structure. Molecular modeling indicated that compound 19 fits well into a particular protein cavity present on the NiV F protein that is important for the fusion process.,��https://www.ncbi.nlm.nih.gov/pubmed/19499921M��Niedermeier, Sabine
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*Zoonoses���Aug'��Nearly 75% of all emerging infectious diseases (EIDs) that impact or threaten human health are zoonotic. The majority have spilled from wildlife reservoirs, either directly to humans or via domestic animals. The emergence of many can be attributed to predisposing factors such as global travel, trade, agricultural expansion, deforestation/habitat fragmentation, and urbanization; such factors increase the interface and/or the rate of contact between human, domestic animal, and wildlife populations, thereby creating increased opportunities for spillover events to occur. Infectious disease emergence can be regarded as primarily an ecological process. The epidemiological investigation of EIDs associated with wildlife requires a trans-disciplinary approach that includes an understanding of the ecology of the wildlife species, and an understanding of human behaviours that increase risk of exposure. Investigations of the emergence of Nipah virus in Malaysia in 1999 and severe acute respiratory syndrome (SARS) in China in 2003 provide useful case studies. The emergence of Nipah virus was associated with the increased size and density of commercial pig farms and their encroachment into forested areas. The movement of pigs for sale and slaughter in turn led to the rapid spread of infection to southern peninsular Malaysia, where the high-density, largely urban pig populations facilitated transmission to humans. Identifying the factors associated with the emergence of SARS in southern China requires an understanding of the ecology of infection both in the natural reservoir and in secondary market reservoir species. A necessary extension of understanding the ecology of the reservoir is an understanding of the trade, and of the social and cultural context of wildlife consumption. Emerging infectious diseases originating from wildlife populations will continue to threaten public health. Mitigating and managing the risk requires an appreciation of the connectedness between human, livestock and wildlife health, and of the factors and processes that disrupt the balance.,��https://www.ncbi.nlm.nih.gov/pubmed/19497090���Field, H E
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Zoonoses/*epidemiology/*virology���Jun`��Prior to the emergence of Hendra virus in Australia in 1994, paramyxoviruses were considered to be a taxonomic group of ubiquitous pathogens, consisting primarily of Biosafety Level 2 agents, which possessed narrow host ranges and often caused only mild or preventable diseases in humans and animals. In recent years, a number of Paramyxoviridae members have emerged, including previously unrecognized human pathogens and highly pathogenic zoonoses. The recent emergence of paramyxoviruses in humans suggests that there is an increased incidence of zoonotic transmission between wildlife, livestock and human hosts. This article explores the current body of scientific knowledge, disease burden and knowledge of reservoirs of these emerging paramyxoviruses and provides a comparative review of both older and emerging viruses that have been shown to infect humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19492965���Virtue, Elena R
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Vasculitis/immunology/pathology/virology���Jun���AIM: To study the pathology of two cases of human Hendra virus infection, one with no clinical encephalitis and one with relapsing encephalitis. METHODS: Autopsy tissues were investigated by light microscopy, immunohistochemistry and in situ hybridization. RESULTS: In the patient with acute pulmonary syndrome but not clinical acute encephalitis, vasculitis was found in the brain, lung, heart and kidney. Occasionally, viral antigens were demonstrated in vascular walls but multinucleated endothelial syncytia were absent. In the lung, there was severe inflammation, necrosis and viral antigens in type II pneumocytes and macrophages. The rare kidney glomerulus showed inflammation and viral antigens in capillary walls and podocytes. Discrete necrotic/vacuolar plaques in the brain parenchyma were associated with antigens and viral RNA. Brain inflammation was mild although CD68(+) microglia/macrophages were significantly increased. Cytoplasmic viral inclusions and antigens and viral RNA in neurones and ependyma suggested viral replication. In the case of relapsing encephalitis, there was severe widespread meningoencephalitis characterized by neuronal loss, macrophages and other inflammatory cells, reactive blood vessels and perivascular cuffing. Antigens and viral RNA were mainly found in neurones. Vasculitis was absent in all the tissues examined. CONCLUSIONS: The case of acute Hendra virus infection demonstrated evidence of systemic infection and acute encephalitis. The case of relapsing Hendra virus encephalitis showed no signs of extraneural infection but in the brain, extensive inflammation and infected neurones were observed. Hendra virus can cause acute and relapsing encephalitis and the findings suggest that the pathology and pathogenesis are similar to Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19473296���Wong, K T
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��Neuroradiol J���22���2���May 15è��Systemic lupus erythematosus (SLE) has diverse imaging features. However, focal lesions in the corpus callosum are extremely rare in SLE with only few cases mentioned in the literature, with no mention of callosal holes in SLE. Callosal holes have been described as a characteristic finding in Susac syndrome and have been mentioned in Nipah virus encephalitis, Marchiafava Bignami disease and periventricular leukomalacia. We describe a case of SLE with callosal holes. The demonstration of callosal holes in this case brings the imaging appearance of SLE a step closer to that of Susac syndrome which is considered a clinically and radiologically close condition. It also adds to the list of imaging appearances of central nervous system SLE.,��https://www.ncbi.nlm.nih.gov/pubmed/24207034���Shaikh, R
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Viral Proteins/genetics���SepW��Nipah virus (NiV) is a new zoonotic paramyxovirus that emerged in 1998 and is now classified in the genus Henipavirus along with the closely related Hendra virus (HeV). NiV is highly pathogenic in several vertebrate species including humans, and the lack of available vaccines or specific treatment restricts it to biosafety level 4 (BSL4) containment. A serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing green fluorescent protein (GFP) and bearing the F and G proteins of NiV (VSV-NiV-GFP). The neutralization titers were obtained by counting GFP-expressing cells or by measuring fluorescence. The performance of this new assay was compared against the conventional test using live NiV with panels of sera from several mammalian species, including sera from NiV outbreaks, experimental infections, as well as HeV-specific sera. The results obtained with the VSV-NiV-GFP based test correlated with those obtained using live NiV. Using a 50% reduction in VSV-NiV-GFP infected cells as the cut-off for neutralization, this new assay demonstrated its potential as an effective tool for detecting NiV neutralizing antibodies under BSL2 containment with greater speed, sensitivity and safety as compared to the conventional NiV serum neutralization test.,��https://www.ncbi.nlm.nih.gov/pubmed/19433112���Kaku, Yoshihiro
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Virus Replication/*drug effects���Jun²��We have recently described the development and validation of a high throughput screening assay suitable for henipavirus antiviral identification. While we are confident this assay is robust and effective, we wished to investigate assay performance in a range of alternative cell lines to determine if assay sensitivity and specificity could be improved. We evaluated ten different cell lines for their susceptibility to Hendra and Nipah virus infection and their sensitivity of detection of the effects of the broad spectrum antiviral, ribavirin and nine novel antivirals identified using our initial screening approach. Cell lines were grouped into three categories with respect to viral replication. Virus replicated best in Vero and BSR cells, followed by Hep-2, HeLa, BHK-21 and M17 cells. The lowest levels of RNA replication and viral protein expression were observed in BAEC, MMEC, A549 and ECV304 cells. Eight cell lines appeared to be similarly effective at discriminating the antiviral effects of ribavirin (<2.7-fold difference). The two cells lines most sensitive to the effect of ribavirin (ECV304 and BAEC) also displayed the lowest levels of viral replication while Vero cells were the least sensitive suggesting excess viral replication may limit drug efficacy and cell lines which limit viral replication may result in enhanced antiviral efficacy. However, there was no consistent trend observed with the other nine antivirals tested. While improvements in antiviral sensitivity in other cell lines may indicate an important role in future HTS assays, the slightly lower sensitivity to antiviral detection in Vero cells has inherent advantages in reducing the number of partially effective lead molecules identified during initial screens. Comparison of a panel of 54 novel antiviral compounds identified during routine screening of an in-house compound library in Vero, BHK-21 and BSR cells suggests no clear advantage of screening in either cell type.,��https://www.ncbi.nlm.nih.gov/pubmed/19428741���Aljofan, Mohamad
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Viral Proteins/genetics/metabolism���Jul���Diverse members of the Paramyxovirus family of negative-strand RNA viruses effectively suppress host innate immune responses through the actions of their V proteins. The V protein mediates interference with the interferon regulatory RNA helicase MDA5 to avoid cellular antiviral responses. Analysis of the interaction interface revealed the MDA5 helicase C domain as necessary and sufficient for association with V proteins from human parainfluenza virus type 2, parainfluenza virus type 5, measles virus, mumps virus, Hendra virus, and Nipah virus. The identified approximately 130-residue region is highly homologous between MDA5 and the related antiviral helicase LGP2, but not RIG-I. Results indicate that the paramyxovirus V proteins can also associate with LGP2. The V protein interaction was found to disrupt ATP hydrolysis mediated by both MDA5 and LGP2. These findings provide a potential mechanistic basis for V protein-mediated helicase interference and identify LGP2 as a second cellular RNA helicase targeted by paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/19403670���Parisien, Jean-Patrick
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Time Factors���Mar���After 12 serial Nipah virus outbreaks in humans since 1998, it has been noted that all except the initial event in Malaysia occurred during the first 5 months of the year. Increasingly higher morbidity and mortality have been observed in subsequent outbreaks in India and Bangladesh. This may have been related to different virus strains and transmission capability from bat to human without the need for an amplifying host and direct human-to-human transmission. A survey of virus strains in Pteropus lylei and seasonal preference for spillover of these viruses was completed in seven provinces of Central Thailand between May 2005 and June 2007. Nipah virus RNA sequences, which belonged to those of the Malaysian and Bangladesh strains, were detected in the urine of these bats, with the Bangladesh strain being dominant. Highest recovery of Nipah virus RNA was observed in May. Of two provincial sites where monthly surveys were done, the Bangladesh strain was almost exclusively detected during April to June. The Malaysian strain was found dispersed during December to June. Although direct contact during breeding (in December to April) was believed to be an important transmission factor, our results may not entirely support the role of breeding activities in spillage of virus. Greater virus shedding over extended periods in the case of the Malaysian strain and the highest peak of virus detection in May in the case of the Bangladesh strain when offspring started to separate may suggest that there may be responsible mechanisms other than direct contact during breeding in the same roost. Knowledge of seasonal preferences of Nipah virus shedding in P. lylei will help us to better understand the dynamics of Nipah virus transmission and have implications for disease management.,��https://www.ncbi.nlm.nih.gov/pubmed/19402762"��Wacharapluesadee, Supaporn
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Recombinant Fusion Proteins/genetics/isolation & purification/metabolism���May 152��Nucleocapsid (N) protein of Nipah virus (NiV) is a potential serological marker used in the diagnosis of NiV infections. In this study, a rapid and efficient purification system, HisTrap 6 Fast Flow packed bed column was applied to purify recombinant histidine-tagged N protein of NiV from clarified feedstock. The optimizations of binding and elution conditions of N protein of NiV onto and from Nickel Sepharose 6 Fast Flow were investigated. The optimal binding was achieved at pH 7.5, superficial velocity of 1.25 cm/min. The bound N protein was successfully recovered by a stepwise elution with different concentration of imidazole (50, 150, 300 and 500 mM). The N protein of NiV was captured and eluted from an inlet N protein concentration of 0.4 mg/ml in a scale-up immobilized metal affinity chromatography (IMAC) packed bed column of Nickel Sepharose 6 Fast Flow with the optimized condition obtained from the method scouting. The purification of histidine-tagged N protein using IMAC packed bed column has resulted a 68.3% yield and a purification factor of 7.94.,��https://www.ncbi.nlm.nih.gov/pubmed/19395325-��Chong, Fui Chin
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Receptors, Virus/metabolismÊ��Enhanced green fluorescent protein (EGFP) is a useful marker protein which enables the tracing of virus infection. Recombinant viruses expressing EGFP are useful for the investigation of the underlying mechanism of viral infection in vitro and in vivo. Using EGFP-expressing recombinant Nipah virus (NiV) and canine distemper virus (CDV), we tested the susceptibility of a variety of cells to infection. Receptor usage in CDV infection was also investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/19378121³��Yoneda, Misako
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Viscera/blood supply/virology���May 10B��Hendra virus (HeV) and Nipah virus (NiV) are recently-emerged, closely related and highly pathogenic paramyxoviruses. We have analysed here the pathogenesis of the acute HeV infection using the new animal model, golden hamster (Mesocricetus auratus), which is highly susceptible to HeV infection. HeV-specific RNA and viral antigens were found in multiple organs and virus was isolated from different tissues. Dual pathogenic mechanism was observed: parenchymal infection in various organs, including the brain, with vasculitis and multinucleated syncytia in many blood vessels. Furthermore, monoclonal antibodies specific for the NiV fusion protein neutralized HeV in vitro and efficiently protected hamsters from HeV if given before infection. These results reveal the similarities between HeV and NiV pathogenesis, particularly in affecting both respiratory and neuronal system. They demonstrate that hamster presents a convenient novel animal model to study HeV infection, opening new perspectives to evaluate vaccine and therapeutic approaches against this emergent infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/19328514���Guillaume, Vanessa
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Taiwan/epidemiologyx��Human metapneumovirus (hMPV) is a paramyxovirus that is associated with respiratory tract infection (RTI) mostly in children, but these outbreaks have rarely been reported in adults. We encountered an outbreak of this disease involving 10 adults in a psychiatric ward in eastern Taiwan. The nasopharyngeal swab specimens from 13 patients with symptoms of RTI were obtained and analyzed. The RT-PCR tests were negative to influenza virus A/B, adenovirus, RSV, parainfluenza virus, coronavirus, Nipah virus and Legionella. The antigen tests were negative to Legionella, Chlamydia, and Mycoplasma. Blood culture was negative in all except patient no. 1, who was found positive for coagulase-negative staphylococci. The hMPV was identified in 10 of 13 adults (77%), but negative for the other virus. Cough was present in all (100%), fever in 90%, and X-ray evidence of pneumonia in 7 patients. One patient died of respiratory failure. We report this outbreak in a mental hospital to alert the medical profession that this unusual infection of hMPV can occur as an outbreak in an adult setting and is an occupational hazard for healthcare personnel.,��https://www.ncbi.nlm.nih.gov/pubmed/19308801ê��Tu, Chuan-Chou
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Time Factors
Unemployment���Mar���The authors examined the effects of Florida's Family Transition Program (FTP), one of the first welfare reform initiatives to include a time limit on the receipt of federal cash assistance with other welfare requirements, on single-mother welfare-receiving families. Using a regression-based subgroup approach, they identified a group of families who were at risk of reaching the welfare time limit and subsequently assessed the experimental effects of the time-limited welfare policy on this group as compared to an otherwise comparable group of single-mother welfare-recipient families. For the families who were at risk of reaching the welfare time limit, FTP had few effects. FTP decreased mothers' depressive symptoms, and mothers in the FTP group reported higher levels of children's school achievement. There were no effects on parenting behavior or mothers' reports of children's social-emotional outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/19271826"��Morris, Pamela A
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Virus Replication���Mayà��Nipah (NiV) and Hendra (HeV) viruses are emerging zoonotic paramyxoviruses that cause encephalitis in humans, with fatality rates of up to 75%. We designed a new high-throughput screening (HTS) assay for inhibitors of infection based on envelope glycoprotein pseudotypes. The assay simulates multicycle replication and thus identifies inhibitors that target several stages of the viral life cycle, but it still can be carried out under biosafety level 2 (BSL-2) conditions. These features permit a screen for antivirals for emerging viruses and select agents that otherwise would require BSL-4 HTS facilities. The screening of a small compound library identified several effective molecules, including the well-known compound chloroquine, as highly active inhibitors of pseudotyped virus infection. Chloroquine inhibited infection with live HeV and NiV at a concentration of 1 microM in vitro (50% inhibitory concentration, 2 microM), which is less than the plasma concentrations present in humans receiving chloroquine treatment for malaria. The mechanism for chloroquine's antiviral action likely is the inhibition of cathepsin L, a cellular enzyme that is essential for the processing of the viral fusion glycoprotein and the maturation of newly budding virions. Without this processing step, virions are not infectious. The identification of a compound that inhibits a known cellular target that is important for viral maturation but that had not previously been shown to have antiviral activity for henipaviruses highlights the validity of this new screening assay. Given the established safety profile and broad experience with chloroquine in humans, the results described here provide an option for treating individuals infected by these deadly viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19264786À��Porotto, Matteo
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Molecular Biology/*methodsV��Interest in the potential of monoclonal antibodies (mAbs) to serve as therapeutic agents has surged in the past decade with a major emphasis on human viral diseases. There has been much attention in this area directed towards the human immunodeficiency virus type-1 (HIV-1) and promising research developments have emerged on the inhibition of HIV-1 infection by mAbs and the identification of several highly conserved neutralizing epitopes. More recently, potent fully-human neutralizing mAbs have been developed against a variety of important human viral disease agents including the paramyxoviruses Hendra virus and Nipah virus, and human or humanized mAbs have been developed against severe acute respiratory syndrome coronavirus (SARS CoV), and West Nile virus, among others. Most of these more recently developed antiviral mAbs have come from the use of antibody phage-display technologies and the implementation of simplified, inexpensive yet efficient methods, for expressing and purifying the initially selected fragment antibodies is of prime importance in further facilitating this area of research.,��https://www.ncbi.nlm.nih.gov/pubmed/19252844å��Dimitrova, Dimana
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SARS Virus/*immunology���MarÁ��BACKGROUND: Recently, several potently neutralizing fully human monoclonal antibodies (hmAbs) targeting the severe acute respiratory syndrome-associated coronavirus (SARS CoV) S glycoprotein, and the G glycoprotein of the paramyxoviruses Hendra virus (HeV) and Nipah virus (NiV) have been discovered [corrected]. OBJECTIVE: To examine, compare and contrast the functional characteristics of hmAbs with the potential for prophylaxis and treatment of diseases caused by SARS CoV, HeV and NiV. METHODS: A review of relevant literature. RESULTS/CONCLUSIONS: Structural, functional and biochemical analyses [corrected] have provided insights into the molecular mechanisms of receptor recognition and antibody neutralization, and suggested that these antibodies alone or in combination could fight the viruses' heterogeneity and mutability, which is a major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/192166242��Prabakaran, Ponraj
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Viral Structural Proteins/*biosynthesis���Apri��Nipah virus (NiV) is predicted to encode four proteins from its P gene (P, V, W, and C) via mRNA editing and an alternate open reading frame. By use of specific antibodies, the expression of the V, W, and C proteins in NiV-infected cells has now been confirmed. Analysis of the P-gene transcripts shows a ratio of P:V:W mRNA of 1:1:1, but this differs over time, with greater proportions of V and W transcripts observed as the infection progresses. Eighty-two percent of transcripts are edited, with up to 11 G insertions observed. This exceptionally high editing frequency ensures expression of the V and W proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/192117542��Kulkarni, Sachin
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization���Aug 20V��Human defensins, which are small cationic peptides produced by neutrophils and epithelial cells, form two genetically distinct alpha and beta subfamilies. They are involved in innate immunity through killing microbial pathogens or neutralizing bacterial toxins and in adaptive immunity by serving as chemoattractants and activators of immune cells. alpha-defensins are mainly packaged in neutrophil granules (HNP1, HNP2, HNP3) or secreted by intestinal Paneth cells (HD5, HD6), while beta-defensins are expressed in mucosa and epithelial cells. Using surface enhanced laser desorption/ionisation time-of-flight (SELDI-TOF) mass spectrometry (MS), alpha-defensins were found to be expressed in a variety of human tumours, either in tumour cells or at their surface. HNP1-3 peptides are also secreted and their accumulation in biological fluids was proposed as a tumour biomarker. Conversely, beta-defensin-1 (HBD-1) is down-regulated in some tumour types in which it could behave as a tumour suppressor protein. Alpha-defensins promote tumour cell growth or, at higher concentration, provoke cell death. These peptides also inhibit angiogenesis, which, in addition to immunomodulation, indicates a complex role in tumour development. This review summarizes current knowledge of defensins to discuss their role in tumour growth, tumour monitoring and cancer treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/19186224è��Droin, Nathalie
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Rural Population���Jan���Continued Nipah encephalitis outbreaks in Bangladesh highlight the need for preventative and control measures to reduce transmission from bats to humans and human-to-human spread. Qualitative research was conducted at the end of an encephalitis outbreak in Faridpur, Bangladesh in May 2004 and continued through December 2004. Methods included in-depth interviews with caretakers of cases, case survivors, neighbors of cases, and health providers. Results show contrasts between local and biomedical views on causal explanations and appropriate care. Social norms demanded that family members maintain physical contact with sick patients, potentially increasing the risk of human-to-human transmission. Initial treatment strategies by community members involved home remedies, and public health officials encouraged patient hospitalization. Over time, communities linked the outbreak to supernatural powers and sought care with spiritual healers. Differing popular and medical views of illness caused conflict and rejection of biomedical recommendations. Future investigators should consider local perceptions of disease and treatment when developing outbreak strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/19141846���Blum, Lauren S
Khan, Rasheda
Nahar, Nazmun
Breiman, Robert F
eng
Research Support, Non-U.S. Gov't
2009/01/15 09:00
Am J Trop Med Hyg. 2009 Jan;80(1):96-102.*��1476-1645 (Electronic)
0002-9637 (Linking)���19141846j��International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh. laurensblum@yahoo.com����üÒ|ÿî?ø���\��Lo, M. K.
Harcourt, B. H.
Mungall, B. A.
Tamin, A.
Peeples, M. E.
Bellini, W. J.
Rota, P. A.���2009���Determination of the henipavirus phosphoprotein gene mRNA editing frequencies and detection of the C, V and W proteins of Nipah virus in virus-infected cells���398-404���J Gen Virol���90���Pt 2ð��Amino Acid Sequence
Cloning, Molecular
Genetic Vectors
Henipavirus/*genetics
Immunoassay
Molecular Sequence Data
Phosphoproteins/*genetics
Plasmids
RNA Editing
RNA, Messenger/genetics
Transcription, Genetic
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Sequence Deletion���Feb���The nucleocapsid protein of Nipah virus produced in Escherichia coli assembled into herringbone-like particles. The amino- and carboxy-termini of the N protein were shortened progressively to define the minimum contiguous sequence involved in capsid assembly. The first 29 aa residues of the N protein are dispensable for capsid formation. The 128 carboxy-terminal residues do not play a role in the assembly of the herringbone-like particles. A region with amino acid residues 30-32 plays a crucial role in the formation of the capsid particle. Deletion of any of the four conserved hydrophobic regions in the N protein impaired capsid formation. Replacement of the central conserved regions with the respective sequences from the Newcastle disease virus restored capsid formation.,��https://www.ncbi.nlm.nih.gov/pubmed/19141448Ò��Ong, Swee Tin
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*Virus Internalization���Dec 24%��BACKGROUND: Cell entry and cell-to-cell spread of the highly pathogenic Nipah virus (NiV) requires binding of the NiV G protein to cellular ephrin receptors and subsequent NiV F-mediated fusion. Since expression levels of the main NiV entry receptor ephrin-B2 (EB2) are highly regulated in vivo to fulfill the physiological functions in axon guidance and angiogenesis, the goal of this study was to determine if changes in the EB2 expression influence NiV infection. RESULTS: Surprisingly, transfection of increasing EB2 plasmid concentrations reduced cell-to-cell fusion both in cells expressing the NiV glycoproteins and in cells infected with NiV. This effect was attributed to the downregulation of the NiV glycoproteins from the cell surface. In addition to the influence on cell-to-cell fusion, increased EB2 expression significantly reduced the total amount of NiV-infected cells, thus interfered with virus entry. To determine if the negative effect of elevated EB2 expression on virus entry is a result of an increased EB2 signaling, receptor function of a tail-truncated and therefore signaling-defective DeltacEB2 was tested. Interestingly, DeltacEB2 fully functioned as NiV entry and fusion receptor, and overexpression also interfered with virus replication. CONCLUSION: Our findings clearly show that EB2 signaling does not account for the striking negative impact of elevated receptor expression on NiV infection, but rather that the ratio between the NiV envelope glycoproteins and surface receptors critically influence cell-to-cell fusion and virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19108727Ø��Thiel, Lena
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Swine/virology���Decü��The Nipah virus outbreak in Malaysia (September 1998 to May 1999) resulted in 265 cases of acute encephalitis with 105 deaths, and near collapse of the billion-dollar pig-farming industry. Because it was initially attributed to Japanese encephalitis, early control measures were ineffective, and the outbreak spread to other parts of Malaysia and nearby Singapore. The isolation of the novel aetiological agent, the Nipah virus (NiV), from the cerebrospinal fluid of an outbreak victim was the turning point which led to outbreak control 2 months later. Together with the Hendra virus, NiV is now recognised as a new genus, Henipavirus (Hendra + Nipah), in the Paramyxoviridae family. Efforts of the local and international scientific community have since elucidated the epidemiology, clinico-pathophysiology and pathogenesis of this new disease. Humans contracted the infection from close contact with infected pigs, and formed the basis for pig-culling that eventually stopped the outbreak. NiV targeted medium-sized and small blood vessels resulting in endothelial multinucleated syncytia and fibrinoid necrosis. Autopsies revealed disseminated cerebral microinfarctions resulting from vasculitis-induced thrombosis and direct neuronal involvement. The discovery of NiV in the urine and saliva of Malaysian Island flying foxes (Pteropus hypomelanus and Petropus vampyrus) implicated these as natural reservoir hosts of NiV. It is probable that initial transmission of NiV from bats to pigs occurred in late 1997/early 1998 through contamination of pig swill by bat excretions, as a result of migration of these forest fruitbats to cultivated orchards and pig-farms, driven by fruiting failure of forest trees during the El Nino-related drought and anthropogenic fires in Indonesia in 1997-1998. This outbreak emphasizes the need for sharing information of any unusual illnesses in animals and humans, an open-minded approach and close collaboration and co-ordination between the medical profession, veterinarians and wildlife specialists in the investigation of such illnesses. Environmental mismanagement (such as deforestation and haze) has far-reaching effects, including encroachment of wildlife into human habitats and the introduction of zoonotic infections into domestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19108397h��Looi, Lai-Meng
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*Nipah Virus���SepT��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level four pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the 20th century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarises current published data relating to experimental infection of small and large animals, including the natural reservoir species, the Pteropus bat, with HeV or NiV. Susceptibility to infection and virus distribution in the individual species is discussed, along with the pathogenesis, pathological changes, and potential routes of transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/19084436¦��Weingartl, Hana M
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*Virus Internalization���Nov 26²��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes severe diseases in animals and humans. Endothelial cell (EC) infection is an established hallmark of NiV infection in vivo. Despite systemic virus spread via the vascular system, EC in brain and lung are preferentially infected whereas EC in other organs are less affected. As in vivo, we found differences in the infection of EC in cell culture. Only brain-derived primary or immortalized EC were found to be permissive to NiV infection. Using a replication-independent fusion assay, we could show that the lack of infection in non-brain EC was due to a lack of receptor expression. The NiV entry receptors ephrinB2 (EB2) or ephrinB3 were only expressed in brain endothelia. The finding that EB2 expression in previously non-permissive aortic EC rendered the cells permissive to infection then demonstrated that EB2 is not only necessary but also sufficient to allow the establishment of a productive NiV infection. This strongly suggests that limitations in receptor expression restrict virus entry in certain EC subsets in vivo, and are thus responsible for the differences in EC tropism observed in human and animal NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/19036148ª��Erbar, Stephanie
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*Virus Internalization/drug effects���Jan 16­��Cellular entry of paramyxoviruses requires the coordinated action of both the attachment (G/H/HN) and fusion (F) glycoproteins, but how receptor binding activates G to trigger F-mediated fusion during viral entry is not known. Here, we identify a receptor (ephrinB2)-induced allosteric activation site in Nipah virus (NiV) G involved in triggering F-mediated fusion. We first generated a conformational monoclonal antibody (monoclonal antibody 45 (Mab45)) whose binding to NiV-G was enhanced upon NiV-G-ephrinB2 binding. However, Mab45 also inhibited viral entry, and its receptor binding-enhanced (RBE) epitope was temperature-dependent, suggesting that the Mab45 RBE epitope on G may be involved in triggering F. The Mab45 RBE epitope was mapped to the base of the globular domain (beta6S4/beta1H1). Alanine scan mutants within this region that did not exhibit this RBE epitope were also non-fusogenic despite their ability to bind ephrinB2, oligomerize, and associate with F at wild-type (WT) levels. Although circular dichroism revealed conformational changes in the soluble ectodomain of WT NiV-G upon ephrinB2 addition, no such changes were detected with soluble RBE epitope mutants or short-stalk G mutants. Additionally, WT G, but not a RBE epitope mutant, could dissociate from F upon ephrinB2 engagement. Finally, using a biotinylated HR2 peptide to detect pre-hairpin intermediate formation, a cardinal feature of F-triggering, we showed that ephrinB2 binding to WT G, but not the RBE-epitope mutants, could trigger F. In sum, we implicate the coordinated interaction between the base of NiV-G globular head domain and the stalk domain in mediating receptor-induced F triggering during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19019819è��Aguilar, Hector C
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Zoonoses/epidemiology/transmission/*virology���May.��Over the past decade, a number of unique zoonotic and non-zoonotic viruses have emerged in Malaysia. Several of these viruses have resulted in significant morbidity and mortality to those affected and they have imposed a tremendous public health and economic burden on the state. Amongst the most devastating was the outbreak of Nipah virus encephalitis in 1998, which resulted in 109 deaths. The culling of more than a million pigs, identified as the amplifying host, ultimately brought the outbreak under control. A year prior to this, and subsequently again in 2000 and 2003, large outbreaks of hand-foot-and-mouth disease due to enterovirus 71, with rare cases of fatal neurological complications, were reported in young children. Three other new viruses - Tioman virus (1999), Pulau virus (1999), and Melaka virus (2006) - whose origins have all been linked to bats, have been added to the growing list of novel viruses being discovered in Malaysia. The highly pathogenic H5N1 avian influenza has also been detected in Malaysia with outbreaks in poultry in 2004, 2006, and 2007. Fortunately, no human infections were reported. Finally, the HIV/AIDS epidemic has seen the emergence of an HIV-1 recombinant form (CRF33_01B) in HIV-infected individuals from various risk groups, with evidence of ongoing and rapid expansion.,��https://www.ncbi.nlm.nih.gov/pubmed/19010076Ñ��Tee, Kok Keng
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*Virus Shedding���Nov 10�	�BACKGROUND: Nipah virus (NiV) is a recently emerged paramyxovirus capable of causing fatal disease in a broad range of mammalian hosts, including humans. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the family Paramyxoviridae. Recombinant expression systems have played a crucial role in studying the cell biology of these Biosafety Level-4 restricted viruses. Henipavirus assembly and budding occurs at the plasma membrane, although the details of this process remain poorly understood. Multivesicular body (MVB) proteins have been found to play a role in the budding of several enveloped viruses, including some paramyxoviruses, and the recruitment of MVB proteins by viral proteins possessing late budding domains (L-domains) has become an important concept in the viral budding process. Previously we developed a system for producing NiV virus-like particles (VLPs) and demonstrated that the matrix (M) protein possessed an intrinsic budding ability and played a major role in assembly. Here, we have used this system to further explore the budding process by analyzing elements within the M protein that are critical for particle release. RESULTS: Using rationally targeted site-directed mutagenesis we show that a NiV M sequence YPLGVG is required for M budding and that mutation or deletion of the sequence abrogates budding ability. Replacement of the native and overlapping Ebola VP40 L-domains with the NiV sequence failed to rescue VP40 budding; however, it did induce the cellular morphology of extensive filamentous projection consistent with wild-type VP40-expressing cells. Cells expressing wild-type NiV M also displayed this morphology, which was dependent on the YPLGVG sequence, and deletion of the sequence also resulted in nuclear localization of M. Dominant-negative VPS4 proteins had no effect on NiV M budding, suggesting that unlike other viruses such as Ebola, NiV M accomplishes budding independent of MVB cellular proteins. CONCLUSION: These data indicate that the YPLGVG motif within the NiV M protein plays an important role in M budding; however, involvement of any specific components of the cellular MVB sorting pathway in henipavirus budding remains to be demonstrated. Further investigation of henipavirus assembly and budding may yet reveal a novel mechanism(s) of viral assembly and release that could be applicable to other enveloped viruses or have therapeutic implications.,��https://www.ncbi.nlm.nih.gov/pubmed/19000317#��Patch, Jared R
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SARS Virus���Oct@��Acute respiratory viruses are a major cause of morbidity and mortality in humans worldwide and most acute respiratory infections are caused by viruses. Many of these viruses cause the highest burden of disease in specific risk groups such as young infants, the elderly, and immune-compromised individuals. Although the most important respiratory viruses of humans have been identified in the last century, in the past decade about a dozen "new" viruses have been discovered that may cause a high burden of acute respiratory disease in humans. Not only viruses were discovered that must have been with humans for many decades or centuries, such as human metapneumovirus and 2 different human coronaviruses, but also viruses that are truly new for humans and have emerged as a result of recent interspecies transmissions from other mammalian or avian reservoirs. The latter include highly pathogenic avian influenza viruses, severe acute respiratory syndrome (SARS) coronavirus, and Nipah virus. The discovery, etiologic role, and burden of disease caused by these infections are described.,��https://www.ncbi.nlm.nih.gov/pubmed/18820582£��Osterhaus, Albert D M E
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Singapore/epidemiology���Dec$��Nipah virus first emerged in Malaysia and Singapore between 1998 and 1999, causing severe febrile encephalitis in humans with a mortality rate of close to 40%. In addition, a significant portion of those recovering from acute infection had relapse encephalitis and long-term neurological defects. Since its initial outbreak, there have been numerous outbreaks in Bangladesh and India, in which the mortality rate rose to approximately 70%. These subsequent outbreaks were distinct from the initial outbreak, both in their epidemiology and in their clinical presentations. Recent developments in diagnostics may expedite disease diagnosis and outbreak containment, while progress in understanding the molecular biology of Nipah virus could lead to novel therapeutics and vaccines for this deadly pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/18835214���Lo, Michael K
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Risk Factors���Oct¨��Nipah virus (NiV) is a paramyxovirus that causes severe encephalitis in humans. During January 2004, twelve patients with NiV encephalitis (NiVE) were identified in west-central Bangladesh. A case-control study was conducted to identify factors associated with NiV infection. NiVE patients from the outbreak were enrolled in a matched case-control study. Exact odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using a matched analysis. Climbing trees (83% of cases vs. 51% of controls, OR 8.2, 95% CI 1.25-infinity) and contact with another NiVE patient (67% of cases vs. 9% of controls, OR 21.4, 95% CI 2.78-966.1) were associated with infection. We did not identify an increased risk for NiV infection among persons who had contact with a potential intermediate host. Although we cannot rule out person-to-person transmission, case-patients were likely infected from contact with fruit bats or their secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/18826814{��Montgomery, Joel M
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Viral Vaccines/*immunology���Dec[��Two members of the paramyxovirus family, Nipah virus (NiV) and Hendra virus (HeV), are recent additions to a growing number of agents of emergent diseases which use bats as a natural host. Identification of ephrin-B2 and ephrin-B3 as cellular receptors for these viruses has enabled the development of immunotherapeutic reagents which prevent virus attachment and subsequent fusion. Here we present the structural analysis of the protein and carbohydrate components of the unbound viral attachment glycoprotein of NiV glycoprotein (NiV-G) at a 2.2-A resolution. Comparison with its ephrin-B2-bound form reveals that conformational changes within the envelope glycoprotein are required to achieve viral attachment. Structural differences are particularly pronounced in the 579-590 loop, a major component of the ephrin binding surface. In addition, the 236-245 loop is rather disordered in the unbound structure. We extend our structural characterization of NiV-G with mass spectrometric analysis of the carbohydrate moieties. We demonstrate that NiV-G is largely devoid of the oligomannose-type glycans that in viruses such as human immunodeficiency virus type 1 and Ebola virus influence viral tropism and the host immune response. Nevertheless, we find putative ligands for the endothelial cell lectin, LSECtin. Finally, by mapping structural conservation and glycosylation site positions from other members of the paramyxovirus family, we suggest the molecular surface involved in oligomerization. These results suggest possible pathways of virus-host interaction and strategies for the optimization of recombinant vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/18815311Á��Bowden, Thomas A
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Viral Envelope Proteins/*chemistry/genetics/*metabolism���Novk��Hendra virus (HeV) is a member of the broadly tropic and highly pathogenic paramyxovirus genus Henipavirus. HeV is enveloped and infects cells by using membrane-anchored attachment (G) and fusion (F) glycoproteins. G possesses an N-terminal cytoplasmic tail, an external membrane-proximal stalk domain, and a C-terminal globular head that binds the recently identified receptors ephrinB2 and ephrinB3. Receptor binding is presumed to induce conformational changes in G that subsequently trigger F-mediated fusion. The stalk domains of other attachment glycoproteins appear important for oligomerization and F interaction and specificity. However, this region of G has not been functionally characterized. Here we performed a mutagenesis analysis of the HeV G stalk, targeting a series of isoleucine residues within a hydrophobic alpha-helical domain that is well conserved across several attachment glycoproteins. Nine of 12 individual HeV G alanine substitution mutants possessed a complete defect in fusion-promotion activity yet were cell surface expressed and recognized by a panel of conformation-dependent monoclonal antibodies (MAbs) and maintained their oligomeric structure. Interestingly, these G mutations also resulted in the appearance of an additional electrophoretic species corresponding to a slightly altered glycosylated form. Analysis revealed that these G mutants appeared to adopt a receptor-bound conformation in the absence of receptor, as measured with a panel of MAbs that preferentially recognize G in a receptor-bound state. Further, this phenotype also correlated with an inability to associate with F and in triggering fusion even after receptor engagement. Together, these data suggest the stalk domain of G plays an important role in the conformational stability and receptor binding-triggered changes leading to productive fusion, such as the dissociation of G and F.,��https://www.ncbi.nlm.nih.gov/pubmed/18799571<��Bishop, Kimberly A
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Recurrence���Augí��Viral encephalitis presents with seizures not only in the acute stage but also increases the risk of late unprovoked seizures and epilepsy. Acute symptomatic and late unprovoked seizures in different viral encephalitides are reviewed here. Among the sporadic viral encephalitides, Herpes simplex encephalitis (HSE) is perhaps most frequently associated with epilepsy, which may often be severe. Seizures may be the presenting feature in 50% patients with HSE because of involvement of the highly epileptogenic frontotemporal cortex. The occurrence of seizures in HSE is associated with poor prognosis. In addition, chronic and relapsing forms of HSE have been described and these may be associated with antiepileptic drug-resistant seizures. Among the epidemic (usually due to flaviviruses) viral encephalitides, Japanese encephalitis (JE) is most common and is associated with acute symptomatic seizures, especially in children. The reported frequency of acute symptomatic seizures in JE is 7-46%. Encephalitis due to other flaviviruses such as equine, St. Louis, and West Nile viruses may also manifest with acute symptomatic seizures. In Nipah virus encephalitis, seizures are more common in relapsed and late-onset encephalitis in comparison to acute encephalitis (4% vs. 1.8%). Other viruses like measles, varicella, mumps, influenza, and entero-viruses may cause seizures depending on the area of brain involved. There is no comprehensive data regarding late unprovoked seizures in different viral encephalitides. Prospective studies are required to document the risk of late unprovoked seizures and epilepsy following viral encephalitis due to different viruses as well as to determine the clinical characteristics, course, and outcome of post-encephalitic epilepsy.,��https://www.ncbi.nlm.nih.gov/pubmed/18754956���Misra, Usha Kant
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Virus Diseases/*epidemiology���Oct°��The epidemiology of several viral diseases underwent profound changes in South-East Asia and Oceania over the past decades. This was due to several factors, including the geographical distribution of vectors and the viruses they transmit; increasing traveling and trade; increasing ecological and demographic pressure. We reviewed the current state of knowledge based on published sources and available epidemiological data. The review was limited to potentially emerging viruses in Southeast Asia and the Pacific reported in human cases. Dengue, Chikungunya, and Japanese Encephalitis viruses have recurred on a yearly basis with a steady increase in these regions. Ross River and Barmah viruses now appear regularly in Australia, in an increasing number of cases. Nipah virus strikes regularly with limited but deadly epidemics in Southeast Asia. Finally, infections by lyssaviruses, Kunjin, Murray Valley, or Zika viruses were also reviewed.,��https://www.ncbi.nlm.nih.gov/pubmed/18771865Â��Barboza, P
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Chua, K. B.���2008���Nipah virus encephalitis���315-20���Curr Infect Dis Rep���10���4���Jul���Nipah virus was first discovered in 1999, after a severe outbreak of viral encephalitis among pig farm workers in Malaysia. The disease is thought to spread from Pteropus bats to pigs and then to humans following close contact. The reported mortality rate in this outbreak was 40%. The main necropsy finding in patients with Nipah virus encephalitis was disseminated microinfarction associated with vasculitis and direct neuronal involvement. Relapse of encephalitis was seen in 10% of those who survived the initial illness. Since that initial report, recurrent outbreaks of Nipah virus encephalitis have been seen in Bangladesh and West Bengal, India. These outbreaks occurred between January and May, with Pteropus giganteus as a reservoir of the virus. In Bangladesh, the virus probably spread directly from bats to humans-with human to human spread as another important mode of infection-and the mortality rate was 70%.,��https://www.ncbi.nlm.nih.gov/pubmed/18765105^��Tan, Chong-Tin
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Telmisartan
Ticlopidine/analogs & derivatives/therapeutic use���OctÙ	�BACKGROUND: The treatment of ischaemic stroke with neuroprotective drugs has been unsuccessful, and whether these compounds can be used to reduce disability after recurrent stroke is unknown. The putative neuroprotective effects of antiplatelet compounds and the angiotensin II receptor antagonist telmisartan were investigated in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial. METHODS: Patients who had had an ischaemic stroke were randomly assigned in a two by two factorial design to receive either 25 mg aspirin (ASA) and 200 mg extended-release dipyridamole (ER-DP) twice a day or 75 mg clopidogrel once a day, and either 80 mg telmisartan or placebo once per day. The predefined endpoints for this substudy were disability after a recurrent stroke, assessed with the modified Rankin scale (mRS) and Barthel index at 3 months, and cognitive function, assessed with the mini-mental state examination (MMSE) score at 4 weeks after randomisation and at the penultimate visit. Analysis was by intention to treat. The study was registered with ClinicalTrials.gov, number NCT00153062. FINDINGS: 20,332 patients (mean age 66 years) were randomised and followed-up for a median of 2.4 years. Recurrent strokes occurred in 916 (9%) patients randomly assigned to ASA with ER-DP and 898 (9%) patients randomly assigned to clopidogrel; 880 (9%) patients randomly assigned to telmisartan and 934 (9%) patients given placebo had recurrent strokes. mRS scores were not statistically different in patients with recurrent stroke who were treated with ASA and ER-DP versus clopidogrel (p=0.38), or with telmisartan versus placebo (p=0.61). There was no significant difference in the proportion of patients with recurrent stroke with a good outcome, as measured with the Barthel index, across all treatment groups. Additionally, there was no significant difference in the median MMSE scores, the percentage of patients with an MMSE score of 24 points or less, the percentage of patients with a drop in MMSE score of 3 points or more between 1 month and the penultimate visit, and the number of patients with dementia among the treatment groups. There were no significant differences in the proportion of patients with cognitive impairment or dementia among the treatment groups. INTERPRETATION: Disability due to recurrent stroke and cognitive decline in patients with ischaemic stroke were not different between the two antiplatelet regimens and were not affected by the preventive use of telmisartan.,��https://www.ncbi.nlm.nih.gov/pubmed/18757238H��Diener, Hans-Christoph
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Telmisartan
Treatment Failure���Sep 18���BACKGROUND: Prolonged lowering of blood pressure after a stroke reduces the risk of recurrent stroke. In addition, inhibition of the renin-angiotensin system in high-risk patients reduces the rate of subsequent cardiovascular events, including stroke. However, the effect of lowering of blood pressure with a renin-angiotensin system inhibitor soon after a stroke has not been clearly established. We evaluated the effects of therapy with an angiotensin-receptor blocker, telmisartan, initiated early after a stroke. METHODS: In a multicenter trial involving 20,332 patients who recently had an ischemic stroke, we randomly assigned 10,146 to receive telmisartan (80 mg daily) and 10,186 to receive placebo. The primary outcome was recurrent stroke. Secondary outcomes were major cardiovascular events (death from cardiovascular causes, recurrent stroke, myocardial infarction, or new or worsening heart failure) and new-onset diabetes. RESULTS: The median interval from stroke to randomization was 15 days. During a mean follow-up of 2.5 years, the mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group than in the placebo group. A total of 880 patients (8.7%) in the telmisartan group and 934 patients (9.2%) in the placebo group had a subsequent stroke (hazard ratio in the telmisartan group, 0.95; 95% confidence interval [CI], 0.86 to 1.04; P=0.23). Major cardiovascular events occurred in 1367 patients (13.5%) in the telmisartan group and 1463 patients (14.4%) in the placebo group (hazard ratio, 0.94; 95% CI, 0.87 to 1.01; P=0.11). New-onset diabetes occurred in 1.7% of the telmisartan group and 2.1% of the placebo group (hazard ratio, 0.82; 95% CI, 0.65 to 1.04; P=0.10). CONCLUSIONS: Therapy with telmisartan initiated soon after an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753639$��Yusuf, Salim
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Vascular Diseases/mortality���Sep 18T��BACKGROUND: Recurrent stroke is a frequent, disabling event after ischemic stroke. This study compared the efficacy and safety of two antiplatelet regimens--aspirin plus extended-release dipyridamole (ASA-ERDP) versus clopidogrel. METHODS: In this double-blind, 2-by-2 factorial trial, we randomly assigned patients to receive 25 mg of aspirin plus 200 mg of extended-release dipyridamole twice daily or to receive 75 mg of clopidogrel daily. The primary outcome was first recurrence of stroke. The secondary outcome was a composite of stroke, myocardial infarction, or death from vascular causes. Sequential statistical testing of noninferiority (margin of 1.075), followed by superiority testing, was planned. RESULTS: A total of 20,332 patients were followed for a mean of 2.5 years. Recurrent stroke occurred in 916 patients (9.0%) receiving ASA-ERDP and in 898 patients (8.8%) receiving clopidogrel (hazard ratio, 1.01; 95% confidence interval [CI], 0.92 to 1.11). The secondary outcome occurred in 1333 patients (13.1%) in each group (hazard ratio for ASA-ERDP, 0.99; 95% CI, 0.92 to 1.07). There were more major hemorrhagic events among ASA-ERDP recipients (419 [4.1%]) than among clopidogrel recipients (365 [3.6%]) (hazard ratio, 1.15; 95% CI, 1.00 to 1.32), including intracranial hemorrhage (hazard ratio, 1.42; 95% CI, 1.11 to 1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups (1194 ASA-ERDP recipients [11.7%], vs. 1156 clopidogrel recipients [11.4%]; hazard ratio, 1.03; 95% CI, 0.95 to 1.11). CONCLUSIONS: The trial did not meet the predefined criteria for noninferiority but showed similar rates of recurrent stroke with ASA-ERDP and with clopidogrel. There is no evidence that either of the two treatments was superior to the other in the prevention of recurrent stroke. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753638���Sacco, Ralph L
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Vero Cells���Jun¯��In 1998, a novel paramyxovirus (order Mononegavirales, family Paramyxoviridae, subfamily Paramyxovirinae, genus Henipavirus) emerged in peninsular Malaysia causing fatal encephalitis in humans and severe respiratory illness with encephalitis in pigs. The virus was successfully isolated in cultured mammalian cells. Transmission electron microscopy of infected tissue culture cells played a crucial role in the early preliminary identification of the causative agent of the outbreak. This in turn was pivotal to determine the correct direction of control measures that subsequently brought the epidemic under control. In light of this investigation, and indeed identification of infectious agents associated with other disease episodes, electron microscopy will remain an important frontline method for rapid diagnostic virology and investigation of any future outbreak of new and unusual cases of illness suspected of an infectious aetiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18705447{��Chua, K B
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Virus Replication���Decw��Nipah virus (NiV) and Hendra virus (HeV) are recently emerged zoonotic paramyxoviruses exclusively grouped within a new genus, Henipavirus. These viruses cause fatal disease in a wide range of species, including humans. Both NiV and HeV have continued to re-emerge sporadically in Bangladesh and Australia, respectively. There are currently no therapeutics or vaccines available to treat Henipavirus infection and both are classified as BSL4 pathogens. RNA interference (RNAi) is a process by which double-stranded RNA directs sequence-specific degradation of messenger RNA in animal and plant cells. Small interfering RNAs (siRNAs) mediate RNAi by inhibiting gene expression of homologous mRNA and our preliminary studies suggest RNAi may be a useful approach to developing novel therapies for these highly lethal pathogens. Eight NiV siRNA molecules (four L and four N gene specific), two HeV N gene specific, and two non-specific control siRNA molecules were designed and tested for their ability to inhibit a henipavirus minigenome replication system (which does not require the use of live virus) in addition to live virus infections in vitro. In the minigenome assay three out of the four siRNAs that targeted the L gene of NiV effectively inhibited replication. In contrast, only NiV N gene siRNAs were effective in reducing live NiV replication, suggesting inhibition of early, abundantly expressed gene transcripts may be more effective than later, less abundant transcripts. Additionally, some of the siRNAs effective against NiV infection were only partially effective inhibitors of HeV infection. An inverse correlation between the number of nucleotide mismatches and the efficacy of siRNA inhibition was observed. The demonstration that RNAi effectively inhibits henipavirus replication in vitro, is a novel approach and may provide an effective therapy for these highly lethal, zoonotic pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/18687361ß��Mungall, Bruce A
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Male���Auga��We tested 41 bats for antibodies against Nipah and Hendra viruses to determine whether henipaviruses circulate in pteropid fruit bats (Pteropus giganteus) in northern India. Twenty bats were seropositive for Nipah virus, which suggests circulation in this species, thereby extending the known distribution of henipaviruses in Asia westward by >1,000 km.,��https://www.ncbi.nlm.nih.gov/pubmed/18680665Ì��Epstein, Jonathan H
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Virus Diseases/*epidemiology���Nov´��Emerging viral diseases are nothing new. Smallpox probably reached Europe from Asia in the 5th century, and yellow fever emerged in the Americas during the 16th century as a consequence of the African slave trade. Dengue fever arose simultaneously in South-East Asia, Africa, and North America during the 18th century. In 1918-1919 the so-called Spanish flu spread like wildfire through all five continents, killing between 25 and 40 million people. The second half of the 20th century saw the emergence of HIV/AIDS (1981), among other viral diseases. Even more worrying is the fact that emerging and re-emerging viral diseases have had a tendency to spread more quickly and more widely during the last decade, invading whole countries and continents; witness the recent outbreaks of Nipah virus, West Nile, Rift Valley fever, SARS, monkeypox, avian flu (H5N1) and Chikungunya. The complex factors underlying these new trends are briefly discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/18666456���Chastel, Claude
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Species Specificity���Jul 23*��Henipaviruses are emerging RNA viruses of fruit bat origin that can cause fatal encephalitis in man. Ghanaian fruit bats (megachiroptera) were tested for antibodies to henipaviruses. Using a Luminex multiplexed microsphere assay, antibodies were detected in sera of Eidolon helvum to both Nipah (39%, 95% confidence interval: 27-51%) and Hendra (22%, 95% CI: 11-33%) viruses. Virus neutralization tests further confirmed seropositivity for 30% (7/23) of Luminex positive serum samples. Our results indicate that henipavirus is present within West Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/18648649ô��Hayman, David T S
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Virulence/physiology���Jul 22I��Nipah virus (NiV) and Hendra virus are the type species of the highly pathogenic paramyxovirus genus Henipavirus, which can cause severe respiratory disease and fatal encephalitis infections in humans, with case fatality rates approaching 75%. NiV contains two envelope glycoproteins, the receptor-binding G glycoprotein (NiV-G) that facilitates attachment to host cells and the fusion (F) glycoprotein that mediates membrane merger. The henipavirus G glycoproteins lack both hemagglutinating and neuraminidase activities and, instead, engage the highly conserved ephrin-B2 and ephrin-B3 cell surface proteins as their entry receptors. Here, we report the crystal structures of the NiV-G both in its receptor-unbound state and in complex with ephrin-B3, providing, to our knowledge, the first view of a paramyxovirus attachment complex in which a cellular protein is used as the virus receptor. Complex formation generates an extensive protein-protein interface around a protruding ephrin loop, which is inserted in the central cavity of the NiV-G beta-propeller. Analysis of the structural data reveals the molecular basis for the highly specific interactions of the henipavirus G glycoproteins with only two members (ephrin-B2 and ephrin-B3) of the very large ephrin family and suggests how they mediate in a unique fashion both cell attachment and the initiation of membrane fusion during the virus infection processes. The structures further suggest that the NiV-G/ephrin interactions can be effectively targeted to disrupt viral entry and provide the foundation for structure-based antiviral drug design.,��https://www.ncbi.nlm.nih.gov/pubmed/18632560:��Xu, Kai
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Vasculitis/metabolism/pathology/*virology���Jul���Mortality rate in humans infected with Nipah virus (NiV) has been reported as high as 92%. Humans infected with NiV show a widespread multisystemic vasculitis with most severe clinical and pathologic manifestations in the brain, lungs, and spleen. The purpose of this study was to study pathologic and immunohistochemical findings in guinea pigs infected with NiV. Of 28 animals inoculated intraperitoneally, only 2 survived the infection, and most died between 4 and 8 days postinoculation (dpi). Viral antigen with minimal pathologic changes was first detected 2 dpi in lymph nodes and spleen. More severe changes were noted in these organs 4-8 dpi, where pathologic damage had a vasocentric distribution and viral antigen was abundant in vascular endothelium, tunica media, adventitia, as well as in macrophages lining sinuses. The urinary bladder, uterus, and ovaries were also affected with necrosis and acute inflammation. In these organs, immunohistochemical positive staining was intense in blood vessels, epithelial cells, and ovarian follicles. Approximately 50% of the animals that died or were euthanized in extremis had evidence of viral antigen and histopathologic changes in brain, especially involving meninges and ependymal cells, with lesser changes in the neural parenchyma. A unifying feature of the damage for all affected tissues was necrosis and inflammation of the vasculature, chiefly in arterioles, capillaries, and venules. Inoculation of guinea pigs intraperitoneally with NiV produces a disease with considerable resemblance to the disease in humans, but with reduced pulmonary involvement and marked infection of urinary bladder and the female reproductive tract.,��https://www.ncbi.nlm.nih.gov/pubmed/18587107ë��Torres-Velez, F J
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Polymerase Chain Reaction���Feb���Meningoencephalitis is a disease with many drawbacks: it is usually severe and its etiology will frequently remain unsolved even with thorough investigations. Pathogen diversities and the wide range of differential diagnosis are further limitations, while there are neither guidelines nor conferences consensus available, in France and elsewhere. However, there are many valuable data in the literature and major advances have already been obtained, the most striking being advances in imaging techniques and molecular biology, as illustrated by the significant impact of HSV PCR advent in patient management. On emergency settings, physicians have to recognize and initiate appropriate treatment for patients who may have herpes simplex meningoencephalitis, and to consider bacteria for which prompt treatment has a positive prognostic impact. At this stage, intravenous acyclovir and amoxicillin should be widely prescribed, even with limited suspicion. Then, physicians will have to collect pertinent information and diagnostic tests results, and may seek expertise from other specialties when needed. Continuous improvements in diagnostic tests should allow significant progress in pathogen identification in meningoencephalitis, thus leading to better patients management. We also have to be prepared for changes, as the recent emergence of four agents of encephalitis reminded us (West Nile, Nipah, Hendra and Japanese encephalitis).,��https://www.ncbi.nlm.nih.gov/pubmed/18585826���Tattevin, P
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Viral Envelope Proteins/genetics/*immunology���Jul 23¶��Nipah virus (NiV) and Hendra virus (HeV) are closely related deadly zoonotic paramyxoviruses that have emerged and re-emerged over the last 10 years. In this study, a subunit vaccine formulation containing only recombinant, soluble, attachment glycoprotein from HeV (sG(HeV)) and CpG adjuvant was evaluated as a potential NiV vaccine in the cat model. Different amounts of sG(HeV) were employed and sG-induced immunity was examined. Vaccinated animals demonstrated varying levels of NiV-specific Ig systemically and importantly, all vaccinated cats possessed antigen-specific IgA on the mucosa. Upon oronasal challenge with NiV (50,000TCID50), all vaccinated animals were protected from disease although virus was detected on day 21 post-challenge in one animal. The ability to elicit protective systemic and mucosal immunity in this animal model provides significant progress towards the development of a human subunit vaccine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18556094Á��McEachern, Jennifer A
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Zoonoses/transmission/virology���Sepi��Bats are increasingly recognized to harbor a wide range of viruses, and in most instances these viruses appear to establish long-term persistence in these animals. They are the reservoir of a number of human zoonotic diseases including Nipah, Ebola, and severe acute respiratory syndrome. We report the identification of novel groups of astroviruses in apparently healthy insectivorous bats found in Hong Kong, in particular, bats belonging to the genera Miniopterus and Myotis. Astroviruses are important causes of diarrhea in many animal species, including humans. Many of the bat astroviruses form distinct phylogenetic clusters in the genus Mamastrovirus within the family Astroviridae. Virus detection rates of 36% to 100% and 50% to 70% were found in Miniopterus magnater and Miniopterus pusillus bats, respectively, captured within a single bat habitat during four consecutive visits spanning 1 year. There was high genetic diversity of viruses in bats found within this single habitat. Some bat astroviruses may be phylogenetically related to human astroviruses, and further studies with a wider range of bat species in different geographic locations are warranted. These findings are likely to provide new insights into the ecology and evolution of astroviruses and reinforce the role of bats as a reservoir of viruses with potential to pose a zoonotic threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/18550669���Chu, D K W
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X-Ray Microtomography���Junt��BACKGROUND: Spark discharge anodic oxidation forms a porous TiO2 film on the surface of titanium oral implants, increasing surface roughness and concentrations of calcium and phosphate ions. In this study, anodic-treated oral implants were placed in an animal model and analysed using clinical, micro-computerized tomographic (micro-CT) and histometric techniques. METHODS: Pairs of 3.5 mm x 8.5 mm long titanium implants (Osstem Implant Co., Ltd. Seoul, Korea), with blasted (control) or blasted and oxidized surfaces (test), were placed into the right femoral condyles of 10 sheep. Animals were sacrificed after 1 month unloaded healing. Resonant frequency analysis (RFA) was measured in implant stability quotient (ISQ) using the Mentor II device. Specimens were scanned using medium resolution micro-CT (Skyscan 1172). Mean percent bone-to-implant contact (%BIC) was calculated from two images per implant by three different operators, using Image J software. Inter- and intra-examiner differences were calculated. Specimens were then embedded in methacrylate and undemineralized ground sections were digitized. Mean %BIC was measured using Image J at x 20 magnification for the best-three consecutive threads from the most central section. RESULTS: Mean micro-CT %BIC was similar for control and test (57.2 +/- 0.05% versus 56.4 +/- 0.03%, p = 0.5). There was considerable inter-examiner variability (interclass correlation coefficient = 0.44). RFA showed no clinically-detectable difference between the two groups (control ISQ: 75.2 +/- 4.2; test ISQ: 76.3 +/- 1.7; p = 0.48). However, histometric analysis found a marked and highly statistically-significant difference (%BIC Test 72.5 +/- 8.6%, Control 46.2 +/- 12.1%, p = 0.01). CONCLUSIONS: The novel anodic oxidation technique increased early ossointegration of rough-surfaced implants by 157%. Neither clinical testing with resonant frequency analysis nor radiographic analysis using micro-CT had sufficient resolution to detect this improvement. Whether this gain in early bone-implant contact is clinically significant in the context of early occlusal loading is the subject of subsequent experiments.,��https://www.ncbi.nlm.nih.gov/pubmed/22073469Î��Duncan, Warwick J
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Malaysia/epidemiology���Mar»��Paramyxoviruses have been implicated in both animal and human infections. Some viruses, such as Morbilliviruses are responsible for large-scale epidemics. However, there are limited observations of these viruses crossing the host species barrier in nature. In 1994, in Australia a fatal infection in horses and humans was identified to be caused by a new Paramyxovirus, Hendra virus (HeV), and in 1998 in Malaysia, a closely related virus, Nipah virus (NiV) was responsible for fatal infections in pigs and humans. These two viruses were sufficiently different from previously described Paramyxoviruses to create a new genus, Henipaviruses. The natural reservoir of these viruses was the fruit bat (Pteropus), which is found in regions extending from the western Pacific to the eastern coast of Africa. Serological studies have established that as many as half the fruit bats in colonies throughout these regions may have antibodies against this family of viruses. The availability of diagnostic reagents for Nipah virus in humans have identified infections in several countries including, Bangladesh, India and Indonesia. In some of these epidemics, mortality in humans exceeds 75%. Deforestation is probably responsible for fruit bats leaving their ecological niches and approaching farms and villages. The infection of humans and animals may occur via contaminated foods or in certain cases by animals to man. At present, only within close families has human-to-human transmission been proposed. Henipavirus infections are probably more widespread than it is at presently known and so it is important to have an intense monitoring for these diseases, especially in countries where large-scale deforestation is happening.,��https://www.ncbi.nlm.nih.gov/pubmed/18511217���Wild, T F
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*Virus Attachment���Jun¼��Nipah and Hendra viruses are emergent paramyxoviruses, causing disease characterized by rapid onset and high mortality rates, resulting in their classification as Biosafety Level 4 pathogens. Their attachment glycoproteins are essential for the recognition of the cell-surface receptors ephrin-B2 (EFNB2) and ephrin-B3 (EFNB3). Here we report crystal structures of both Nipah and Hendra attachment glycoproteins in complex with human EFNB2. In contrast to previously solved paramyxovirus attachment complexes, which are mediated by sialic acid interactions, the Nipah and Hendra complexes are maintained by an extensive protein-protein interface, including a crucial phenylalanine side chain on EFNB2 that fits snugly into a hydrophobic pocket on the viral protein. By analogy with the development of antivirals against sialic acid binding viruses, these results provide a structural template to target antiviral inhibition of protein-protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18488039¾��Bowden, Thomas A
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*Swine Diseases/diagnosis/epidemiology/virology���Mar-Apr���Nipah encephalitis is a particular dangerous disease that affects animals and man. Fatal cases of the disease have been identified in the persons looking after pigs in the villages of Malaysia. The causative agent is presumably referred to as morbilliviruses of the Paramixoviridae family. Two hundred persons died among the ill patients with the signs of encephalitis. The principal hosts of the virus were fox-bats (Megaschiroptera) inhabiting in the surrounding forests. The present paper descries the epidemiological features of the disease, its clinical manifestations, abnormal anatomic changes, diagnosis, and implemented controlling measures.,��https://www.ncbi.nlm.nih.gov/pubmed/18450103¥��Kolomytsev, A A
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Virulence���Apr 306��Innate immunity is critically dependent on the rapid production of interferon in response to intruding viruses. The intracellular pathogen recognition receptors RIG-I and MDA5 are essential for interferon induction by viral RNAs containing 5' triphosphates or double-stranded structures, respectively. Viruses with a negative-stranded RNA genome are an important group of pathogens causing emerging and re-emerging diseases. We investigated the ability of genomic RNAs from substantial representatives of this virus group to induce interferon via RIG-I or MDA5. RNAs isolated from particles of Ebola virus, Nipah virus, Lassa virus, and Rift Valley fever virus strongly activated the interferon-beta promoter. Knockdown experiments demonstrated that interferon induction depended on RIG-I, but not MDA5, and phosphatase treatment revealed a requirement for the RNA 5' triphosphate group. In contrast, genomic RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus did not trigger interferon induction. Sensitivity of these RNAs to a 5' monophosphate-specific exonuclease indicates that the RIG-I-activating 5' triphosphate group was removed post-transcriptionally by a viral function. Consequently, RIG-I is unable to bind the RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus. These results establish RIG-I as a major intracellular recognition receptor for the genome of most negative-strand RNA viruses and define the cleavage of triphosphates at the RNA 5' end as a strategy of viruses to evade the innate immune response.,��https://www.ncbi.nlm.nih.gov/pubmed/18446221D��Habjan, Matthias
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Time Factors���Apr 1E��BACKGROUND: In Bangladesh, 4 outbreaks of Nipah virus infection were identified during the period 2001-2004. METHODS: We characterized the clinical features of Nipah virus-infected individuals affected by these outbreaks. We classified patients as having confirmed cases of Nipah virus infection if they had antibodies reactive with Nipah virus antigen. Patients were considered to have probable cases of Nipah virus infection if they had symptoms consistent with Nipah virus infection during the same time and in the same community as patients with confirmed cases. RESULTS: We identified 92 patients with Nipah virus infection, 67 (73%) of whom died. Although all age groups were affected, 2 outbreaks principally affected young persons (median age, 12 years); 62% of the affected persons were male. Fever, altered mental status, headache, cough, respiratory difficulty, vomiting, and convulsions were the most common signs and symptoms; clinical and radiographic features of acute respiratory distress syndrome of Nipah illness were identified during the fourth outbreak. Among those who died, death occurred a median of 6 days (range, 2-36 days) after the onset of illness. Patients who died were more likely than survivors to have a temperature >37.8 degrees C, altered mental status, difficulty breathing, and abnormal plantar reflexes. Among patients with Nipah virus infection who had well-defined exposure to another patient infected with Nipah virus, the median incubation period was 9 days (range, 6-11 days). CONCLUSIONS: Nipah virus infection produced rapidly progressive severe illness affecting the central nervous and respiratory systems. Clinical characteristics of Nipah virus infection in Bangladesh, including a severe respiratory component, appear distinct from clinical characteristics reported during earlier outbreaks in other countries.,��https://www.ncbi.nlm.nih.gov/pubmed/18444812Ã��Hossain, M Jahangir
Gurley, Emily S
Montgomery, Joel M
Bell, Michael
Carroll, Darin S
Hsu, Vincent P
Formenty, P
Croisier, A
Bertherat, E
Faiz, M A
Azad, Abul Kalam
Islam, Rafiqul
Molla, M Abdur Rahim
Ksiazek, Thomas G
Rota, Paul A
Comer, James A
Rollin, Pierre E
Luby, Stephen P
Breiman, Robert F
eng
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2008/05/01 09:00
Clin Infect Dis. 2008 Apr 1;46(7):977-84. doi: 10.1086/529147.*��1537-6591 (Electronic)
1058-4838 (Linking)���18444812\��International Centre for Diarrhoeal Disease Research, Dhaka, Bangladesh. jhossain@icddrb.org���10.1086/529147�
9�üÒ|ÿî?����L��Omatsu, T.
Bak, E. J.
Ishii, Y.
Kyuwa, S.
Tohya, Y.
Akashi, H.
Yoshikawa, Y.���2008H��Induction and sequencing of Rousette bat interferon alpha and beta genes���169-76���Vet Immunol Immunopathol���124���1-28��Amino Acid Sequence
Animals
Base Sequence
Cell Line
Chiroptera/*genetics/*immunology
Cloning, Molecular
DNA/chemistry/genetics
Interferon-alpha/*genetics/immunology
Interferon-beta/*genetics/immunology
Molecular Sequence Data
Open Reading Frames
Phylogeny
Poly I-C/immunology
Polymerase Chain Reaction/veterinary���Jul 15Á��Bats are considered to be natural reservoirs for several viruses of clinical importance, including rabies virus, Nipah virus, and Hendra virus. Type I interferons (IFNs) is an important part of the immune system in the defense against viral infection. To investigate the function of type I IFNs upon viral infection in bats, the nucleic acid, and amino acid sequences of Egyptian Rousette (Rousettus aegyptiacus) IFN-alpha and -beta were characterized. Sequence data indicated that bat IFN-alpha consists of 562-bp encoded 187-aa, and IFN-beta consisted of 558-bp encoded 186-aa. Phylogenetic analysis of the overall identity of IFN-beta shared the highest sequence homology with pig IFN-beta in both nucleotide and amino acid level. Stimulation of bat primary kidney cells (BPKCs) and bat lung cell lines, Tb-1 Lu, with polyinosinic-polycytidylic acid (poly(I:C)) or exogenous bat type I IFNs resulted in increased type I IFNs mRNA expression in BPKCs, but not in Tb-1 Lu. Characterization of the bat IFN-alpha and -beta genes allows understanding of the immune responses upon stimulation in different tissues, thus providing practical strategies for control and treatment of clinically important diseases. These results are important especially for the virus infection, and suggest that future molecular studies on virus infection experiment of bats in vitro will require careful consideration of the differences of type I IFN expression patterns in different cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/18436311���Omatsu, Tsutomu
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Treatment Outcome���AprP��BACKGROUND: Telmisartan is an orally active angiotensin II receptor antagonist prescribed once daily. OBJECTIVE: To evaluate the efficacy of telmisartan on blood pressure control, and on other end points, when given as monotherapy or in combination. METHODS: Review of published literature. RESULTS: Telmisartan produces more effective control of blood pressure over 24 h, especially in the last 6 h of the dosing interval, compared with other antihypertensive agents. It also possesses pleiotrophic effects on lipid and glucose metabolism, but lacks evidence of efficacy in reducing vascular events. CONCLUSIONS: Clinical outcome trials expected to report in 2008 will provide hard end points that may demonstrate advantages of telmisartan as monotherapy, or in combination with angiotensin-converting enzyme inhibitors, for managing hypertension.,��https://www.ncbi.nlm.nih.gov/pubmed/18433350¢��Rosario, Barbara H
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Virus Replication/genetics/*physiology���MayÃ��Nipah virus (NiV) is a recently emergent, highly pathogenic, zoonotic paramyxovirus of the genus Henipavirus. Like the phosphoprotein (P) gene of other paramyxoviruses, the P gene of NiV is predicted to encode three additional proteins, C, V and W. When the C, V and W proteins of NiV were tested for their ability to inhibit expression of the chloramphenicol acetyltransferase (CAT) reporter gene in plasmid-based, minigenome replication assays, each protein inhibited CAT expression in a dose-dependent manner. The C, V and W proteins of NiV also inhibited expression of CAT from a measles virus (MV) minigenome, but not from a human parainfluenzavirus 3 (hPIV3) minigenome. Interestingly, the C and V proteins of MV, which have previously been shown to inhibit MV minigenome replication, also inhibited NiV minigenome replication; however, they were not able to inhibit hPIV3 minigenome replication. In contrast, the C protein of hPIV3 inhibited minigenome replication of hPIV3, NiV and MV. Although there is very limited amino acid sequence similarity between the C, V and W proteins within the paramyxoviruses, the heterotypic inhibition of replication suggests that these proteins may share functional properties.,��https://www.ncbi.nlm.nih.gov/pubmed/18420809ã��Sleeman, Katrina
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Viral Structural Proteins/genetics/*metabolism���Jul���Emerging viruses in the paramyxovirus genus Henipavirus evade host antiviral responses via protein interactions between the viral V and W proteins and cellular STAT1 and STAT2 and the cytosolic RNA sensor MDA5. Polo-like kinase (PLK1) is identified as being an additional cellular partner that can bind to Nipah virus P, V, and W proteins. For both Nipah virus and Hendra virus, contact between the V protein and the PLK1 polo box domain is required for V protein phosphorylation. Results indicate that PLK1 is engaged by Nipah virus V protein amino acids 100 to 160, previously identified as being the STAT1 binding domain responsible for host interferon (IFN) signaling evasion, via a Thr-Ser-Ser-Pro motif surrounding residue 130. A distinct Ser-Thr-Pro motif surrounding residue 199 mediates the PLK1 interaction with Hendra virus V protein. Select mutations in the motif surrounding residue 130 also influenced STAT1 binding and innate immune interference, and data indicate that the V:PLK1 and V:STAT complexes are V mediated yet independent of one another. The effects of STAT1/PLK1 binding motif mutations on the function the Nipah virus P protein in directing RNA synthesis were tested. Remarkably, mutations that selectively disrupt the STAT or PLK1 interaction site have no effects on Nipah virus P protein-mediated viral RNA synthesis. Therefore, mutations targeting V protein-mediated IFN evasion will not alter the RNA synthetic capacity of the virus, supporting an attenuation strategy based on disrupting host protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18417573���Ludlow, Louise E
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Virus Shedding���Mayä��Nipah virus (NiV; Paramyxoviridae) caused fatal encephalitis in humans during an outbreak in Malaysia in 1998/1999 after transmission from infected pigs. Our previous study demonstrated that the respiratory, lymphatic and central nervous systems are targets for virus replication in experimentally infected pigs. To continue the studies on pathogenesis of NiV in swine, six piglets were inoculated oronasally with 2.5 x 10(5) PFU per animal. Four pigs developed mild clinical signs, one exudative epidermitis, and one neurologic signs due to suppurative meningoencephalitis, and was euthanized at 11 days post-inoculation (dpi). Neutralizing antibodies reached in surviving animals titers around 1280 at 16 dpi. Nasal and oro-pharyngeal shedding of the NiV was detected between 2 and 17 dpi. Virus appeared to be cleared from the tissues of the infected animals by 23 dpi, with low amount of RNA detected in submandibular and bronchial lymph nodes of three pigs, and olfactory bulb of one animal. Despite the presence of neutralizing antibodies, virus was isolated from serum at 24 dpi, and the viral RNA was still detected in serum at 29 dpi. Our results indicate slower clearance of NiV from some of the infected pigs. Bacteria were detected in the cerebrospinal fluid of five NiV inoculated animals, with isolation of Streptococcus suis and Enterococcus faecalis. Staphylococcus hyicus was isolated from the skin lesions of the animal with exudative epidermitis. Along with the observed lymphoid depletion in the lymph nodes of all NiV-infected animals, and the demonstrated ability of NiV to infect porcine peripheral blood mononuclear cells in vitro, this finding warrants further investigation into a possible NiV-induced immunosuppression of the swine host.,��https://www.ncbi.nlm.nih.gov/pubmed/18405339ô��Berhane, Y
Weingartl, H M
Lopez, J
Neufeld, J
Czub, S
Embury-Hyatt, C
Goolia, M
Copps, J
Czub, M
eng
Research Support, Non-U.S. Gov't
Germany
2008/04/15 09:00
Transbound Emerg Dis. 2008 May;55(3-4):165-74. doi: 10.1111/j.1865-1682.2008.01021.x.%��1865-1674 (Print)
1865-1674 (Linking)���18405339���National Centre for Foreign Animal Disease, Canadian Food Inspection Agency, 1015 Arlington St., Winnipeg, MB, R3E 3M4, Canada. ��10.1111/j.1865-1682.2008.01021.x���`��üÒtÿî?$���G��Mihindukulasuriya, K. A.
Wu, G.
St Leger, J.
Nordhausen, R. W.
Wang, D.���2008X��Identification of a novel coronavirus from a beluga whale by using a panviral microarray���5084-8���J Virol���82���102��Animals
Beluga Whale/*virology
Coronavirus/*classification/*genetics/isolation & purification
Coronavirus Infections/*diagnosis/virology
Gene Order
Genome, Viral
Liver/pathology/virology
Male
Molecular Sequence Data
Oligonucleotide Array Sequence Analysis
Phylogeny
Sequence Analysis, DNA
Sequence Homology���May���The emergence of viruses such as severe acute respiratory syndrome coronavirus and Nipah virus has underscored the role of animal reservoirs in human disease and the need for reservoir surveillance. Here, we used a panviral DNA microarray to investigate the death of a captive beluga whale in an aquatic park. A highly divergent coronavirus, tentatively named coronavirus SW1, was identified in liver tissue from the deceased whale. Subsequently, the entire genome of SW1 was sequenced, yielding a genome of 31,686 nucleotides. Phylogenetic analysis revealed SW1 to be a novel virus distantly related to but most similar to group III coronaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18353961¸��Mihindukulasuriya, Kathie A
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Viral Vaccines/*immunology���JanF��The two mammalian codon optimized genes, F and G genes of Nipah virus, were generated by assembly PCR, and inserted into mammalian expression vector pCAGGS under chicken beta-actin promoter to construct pCAGG-NiV-F and pCAGG-NiV-G. Syncytium formation was induced in BHK cells by plasmid pCAGG-NiV-F and pCAGG-NiV-G transfection, which indicate recombination proteins F and G were expressed in BHK cell and possessed good biologic activity. Six-week-old female BALB/c mice were intramuscularly primed with 100 microg pCAGG-NiV-F, pCAGG-NiV-G or pCAGG-NiV-F+ pCAGG-NiV-G respectively, and boosted with same dose after 4 weeks. The sera were collected at 3 weeks post second boost. The serum IgG against Nipah virus F and G proteins was detected by indirect ELISA using recombinant Baculovirus expressed Nipah F and G glycoproteins. The results showed that specific antibodies possessed good sensitivity and specificity. Furthermore, the G and F proteins' specific antibodies could neutralize the infectivity of VSVdeltaG* F/G (the NiV F and G envelope glycoproteins psudotyped recombinant vesicular stomatitis virus expressing green fluorescence protein). And, pCAGG-NiV-G also induced higher titer of neutralizing antibody response than pCAGG-NiV-F did. The result indicates that DAN immunization is an efficient vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/18320822¿��Wang, Xi-Jun
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Tomography, X-Ray Computed���Feb���Infections caused by enteroviruses, rabies, adenoviruses, and Nipah and Hanta viruses are discussed. Several studies defined the pattern of MR imaging findings in these disease processes that reflect parenchymal infiltration with inflammatory cells, typically visualized as areas of low attenuation on CT, as well as of low T1 and high T2 signal intensity on MR imaging. Diffusion-weighted MR imaging has been shown to be superior to conventional magnetic resonance imaging for the detection of early signal abnormalities in encephalitis. Focal unilateral hyperperfusion as visualized by SPECT appears to be an indicator of severe inflammation of the brain tissue and was found to be an independent predictor of poor prognosis, whereas clinical outcome variables, CSF, or EEG findings are not.,��https://www.ncbi.nlm.nih.gov/pubmed/18319156���Rumboldt, Zoran
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Vero Cells���AprÇ��There are currently no antiviral drugs approved for the highly lethal Biosafety Level 4 pathogens Nipah and Hendra virus. A number of researchers are developing surrogate assays amenable to Biosafety Level 2 biocontainment but ultimately, the development of a high throughput screening method for directly quantifying these viruses in a Biosafety Level 4 environment will be critical for final evaluation of antiviral drugs identified in surrogate assays, in addition to reducing the time required for effective antiviral drug development. By adapting an existing immunoplaque assay and using enzyme linked immunodetection in a microtitre plate format, the current experiments describe a simple two step assay protocol involving an overnight virus inoculation of Vero cell monolayers (with or without antiviral drug treatment) at Biosafety Level 4, followed by cell fixation and virus inactivation enabling removal of plates from the Biosafety Level 4 laboratory and a subsequent immunodetection assay using a chemiluminescent horse radish peroxidase substrate to be performed at Biosafety Level 2. The analytical sensitivity (limit of detection) of this assay is 100 tissue culture infectious dose50/ml of either Nipah or Hendra virus. In addition this assay enables linear quantitation of virus over three orders of magnitude and is unaffected by dimethyl sulfoxide concentrations of 1% or less. Intra-assay coefficients of variation are acceptable (less than 20%) when detecting a minimum of 1000 tissue culture infectious dose50/ml of either virus although inter-assay variation is considerably greater. By an assessment of efficacies of the broad spectrum antiviral Ribavirin and an experimental fusion inhibitory peptide, this assay reveals a good correlation with previously published fluorescent immunodetection assays. The current experiments describe for the first time, a high throughput screening method amenable for direct assessment of live henipavirus antiviral drug activity.,��https://www.ncbi.nlm.nih.gov/pubmed/18313148���Aljofan, Mohamad
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Reverse Transcriptase Inhibitors/*blood/pharmacokinetics/therapeutic use���Apr���OBJECTIVES: The aim of this study was to investigate the frequency of CYP2B6 polymorphisms (according to ethnicity) and the influence of heterozygosity and homozygosity on plasma concentrations of efavirenz and nevirapine. METHODS: Following written informed consent, 225 Caucasians and 146 Blacks were recruited from the German Competence Network for HIV/AIDS. Plasma concentrations of efavirenz and nevirapine were assessed by HPLC, and genotyping for 516G>T, 983T>C and 1459T>C polymorphisms in CYP2B6 was conducted by real-time PCR-based allelic discrimination. RESULTS: The minor allele frequency for 516G>T, 983T>C and 1459T>C was 0.29, 0 and 0.08 in Caucasians and 0.34, 0.07 and 0.02 in Blacks, respectively. Two Black patients with the 983C allele receiving efavirenz were identified and both were withdrawn from therapy within 1 week of sampling due to toxicity. In multivariate analyses, efavirenz and nevirapine plasma concentrations were significantly associated with 983T>C (P < 0.0001 and P = 0.02, respectively), 516G>T (P < 0.0001 and P = 0.002, respectively) and time of drug analysis post-dose (P < 0.0001 for both). Body mass index was independently related to efavirenz (P = 0.04) but not nevirapine concentrations, and age was related to nevirapine (P = 0.05) but not efavirenz concentrations. Consistent with other studies, 1459C>T was not associated with plasma concentrations of either drug (P > 0.05 for both drugs). CONCLUSIONS: This is the first report that the 983T>C genotype (part of the CYP2B6*18 haplotype) impacts on nevirapine plasma concentrations and the first study to assess the impact of 983C homozygosity on efavirenz concentrations. These data have implications for administration of non-nucleoside reverse transcriptase inhibitors to Black patients.,��https://www.ncbi.nlm.nih.gov/pubmed/182813053��Wyen, Christoph
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Viral Envelope Proteins/immunology���Mar 15A��We have previously identified neutralizing human monoclonal antibodies against Nipah virus (NiV) and Hendra virus (HeV) by panning a large nonimmune antibody library against a soluble form of the HeV attachment-envelope glycoprotein G (sG HeV). One of these antibodies, m102, which exhibited the highest level of cross-reactive neutralization of both NiV and HeV G, was affinity maturated by light-chain shuffling combined with random mutagenesis of its heavy-chain variable domain and panning against sGHeV. One of the selected antibody Fab clones, m102.4, had affinity of binding to sGHeV that was equal to or higher than that of the other Fabs; it was converted to IgG1 and tested against infectious NiV and HeV. It exhibited exceptionally potent and cross-reactive inhibitory activity with 50% inhibitory concentrations below 0.04 and 0.6 microg/mL, respectively. The virus-neutralizing activity correlated with the binding affinity of the antibody to sG HeV and sG NiV. m102.4 bound a soluble form of NiV G (sG NiV) better than it bound sG HeV, and it neutralized NiV better than HeV, despite being originally selected against sG HeV. These results suggest that m102.4 has potential as a therapeutic agent for the treatment of diseases caused by henipaviruses. It could be also used for prophylaxis and diagnosis, and as a research reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/18271743å��Zhu, Zhongyu
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Risk Factors���Jul7��An encephalitis outbreak was investigated in Faridpur District, Bangladesh, in April-May 2004 to determine the cause of the outbreak and risk factors for disease. Biologic specimens were tested for Nipah virus. Surfaces were evaluated for Nipah virus contamination by using reverse transcription-PCR (RT-PCR). Thirty-six cases of Nipah virus illness were identified; 75% of case-patients died. Multiple peaks of illness occurred, and 33 case-patients had close contact with another Nipah virus patient before their illness. Results from a case-control study showed that contact with 1 patient carried the highest risk for infection (odds ratio 6.7, 95% confidence interval 2.9-16.8, p < 0.001). RT-PCR testing of environmental samples confirmed Nipah virus contamination of hospital surfaces. This investigation provides evidence for person-to-person transmission of Nipah virus. Capacity for person-to-person transmission increases the potential for wider spread of this highly lethal pathogen and highlights the need for infection control strategies for resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/18214175å��Gurley, Emily S
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Zoonoses/epidemiology/virology���Apr 7���Hendra virus (HeV) is a lethal paramyxovirus which emerged in humans in 1994. Poor understanding of HeV dynamics in Pteropus spp. (flying fox or fruit bat) reservoir hosts has limited our ability to determine factors driving its emergence. We initiated a longitudinal field study of HeV in little red flying foxes (LRFF; Pteropus scapulatus) and examined individual and population risk factors for infection, to determine probable modes of intraspecific transmission. We also investigated whether seasonal changes in host behaviour, physiology and demography affect host-pathogen dynamics. Data showed that pregnant and lactating females had significantly higher risk of infection, which may explain previously observed temporal associations between HeV outbreaks and flying fox birthing periods. Age-specific seroprevalence curves generated from field data imply that HeV is transmitted horizontally via faeces, urine or saliva. Rapidly declining seroprevalence between two field seasons suggests that immunity wanes faster in LRFF than in other flying fox species, and highlights the potentially critical role of this species in interspecific viral persistence. The highest seroprevalence was observed when animals showed evidence of nutritional stress, suggesting that environmental processes that alter flying fox food sources, such as habitat loss and climate change, may increase HeV infection and transmission. These insights into the ecology of HeV in flying fox populations suggest causal links between anthropogenic environmental change and HeV emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/18198149���Plowright, Raina K
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Zoonoses���MarY��The routes of henipavirus transmission between hosts are poorly understood. The purpose of this study was to measure the persistence of henipaviruses under various environmental conditions and thereby gain an insight into likely mechanisms of transmission. Henipaviruses survived for more than 4 days at 22 degrees C in pH-neutral fruit bat urine but were sensitive to higher temperatures and pH changes. On mango flesh, survival time varied depending on temperature and fruit pH, ranging from 2h to more than 2 days. Desiccation of viruses substantially reduced survival time to less than 2h. The sensitivity of henipaviruses to pH, temperature and desiccation indicates a need for close contact between hosts for transmission to occur, although under ideal conditions henipaviruses can persist for extended periods facilitating vehicle-borne transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/18166242a��Fogarty, Rhys
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Species Specificity���Mar 15ø��Hendra virus (HeV) and Nipah virus (NiV) are closely related paramyxoviruses that infect and cause disease in a wide range of mammalian hosts. To determine whether host receptor molecules play a role in species-specific and/or virus-specific infection we have cloned and characterized ephrin-B2 and ephrin-B3 ligands from a range of species, including human, horse, pig, cat, dog, bats (Pteropus alecto and Pteropus vampyrus) and mouse. HeV and NiV were both able to infect cells expressing any of the ephrin-B2 and ephrin-B3 molecules. There did not appear to be significant differences in receptor function from different species or receptor usage by HeV and NiV. Soluble ephrin ligands, their receptors and G-specific human monoclonal antibodies differentially blocked henipavirus infections suggesting different receptor affinities, overlapping receptor binding domains of the henipavirus attachment glycoprotein (G) and that the functional domains of the ephrin ligands may be important for henipavirus binding.,��https://www.ncbi.nlm.nih.gov/pubmed/18054977±��Bossart, Katharine N
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Humans���Oct 10���For many centuries, man is fascinated by bats, the only flying mammals. Probably because of their particular immune system, bats can be considered an important reservoir for new emerging viral diseases like SARS-Coronavirus, Marburg fever, Ebola fever and Nipah virus encephalitis. During closer contact, they can transmit rabies and probably other nonviral infectious diseases. Bats get closer to man due to ecological modifications like deforestation, so that transmission of new infectious agents might provoke dramatic epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/17985603y��Genne, Daniel
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Recombinant Proteins/immunology#��Four monoclonal antibodies (mAbs) were generated by immunizing BALB/C mice with recombinant nucleocapsid protein (N) of Nipah virus (NiV) and Hendra virus (HeV) expressed in E. coli. Two mAbs each were obtained for the HeV N and NiV N, respectively. All four mAbs displayed specific reactivity with the recombinant N proteins of both viruses by western blot, which was further confirmed by immunofluorescent antibody assay using fixed insect cells infected with recombinant baculoviruses expressing either the HeV or NiV N protein. Epitope mapping using a 12-mer random peptide phage display library revealed two linear antigenic sites of the henipavirus N proteins, KLxR (aa 17-20) and FKREM (aa 446-450), which have not been reported previously. Two of the mAbs were able to specifically recognize HeV antigens by immunohistochemical staining of lung tissue sections of a horse experimentally infected with HeV. These reagents will be a useful addition to the collection of tools essential for further research and improvement in diagnosis of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17978885Û��Xiao, C
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Virus Replication/drug effects���Jan 5���In this study we report the development and optimization of two minigenome rescue systems for Nipah virus, a member of the Paramyxoviridae family. One is mediated by the T7 RNA polymerase supplied either by a constitutively expressing cell line or by transfection of expression plasmids and is thus independent from infection with a helper virus. The other approach is based on RNA polymerase I-driven transcription, a unique approach for paramyxovirus reverse genetics technology. Minigenome rescue was evaluated by reporter gene activities of (i) the two different minigenome transcription systems, (ii) genomic versus antigenomic-oriented minigenomes, (iii) different ratios of the viral protein expression plasmids, and (iv) time course experiments. The high efficiency and reliability of the established systems allowed for downscaling to 96-well plates. This served as a basis for the development of a high-throughput screening system for potential antivirals that target replication and transcription of Nipah virus without the need of high bio-containment. Using this system we were able to identify two compounds that reduced minigenome activity.,��https://www.ncbi.nlm.nih.gov/pubmed/17904180.��Freiberg, Alexander
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Zoonoses]��Two related, novel, zoonotic paramyxoviruses have been described recently. Hendra virus was first reported in horses and thence humans in Australia in 1994; Nipah virus was first reported in pigs and thence humans in Malaysia in 1998. Human cases of Nipah virus infection, apparently unassociated with infection in livestock, have been reported in Bangladesh since 2001. Species of fruit bats (genus Pteropus) have been identified as natural hosts of both agents. Anthropogenic changes (habitat loss, hunting) that have impacted the population dynamics of Pteropus species across much of their range are hypothesised to have facilitated emergence. Current strategies for the management of henipaviruses are directed at minimising contact with the natural hosts, monitoring identified intermediate hosts, improving biosecurity on farms, and better disease recognition and diagnosis. Investigation of the emergence and ecology of henipaviruses warrants a broad, cross-disciplinary ecosystem health approach that recognises the critical linkages between human activity, ecological change, and livestock and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/17848064ÿ��Field, H E
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Zoonoses/*transmission/virologyZ��Infection and disease in reservoir and spillover hosts determine patterns of infectious agent availability and opportunities for infection, which then govern the process of transmission between susceptible species. In this chapter, using the zoonotic agents Hendra virus and Nipah virus as examples, the pathogenesis of infection in various species including the wildlife reservoirs and domestic spillover hosts is reviewed with an emphasis on the aspects of pathogenesis which contribute to the dissemination of infection. Through these discussions, the emergence of these zoonotic agents is explored.,��https://www.ncbi.nlm.nih.gov/pubmed/17848063}��Daniels, P W
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Virus Shedding���Sep 15î��A female adult cat developed clinical disease 13 days after subcutaneous inoculation with Nipah virus (NiV) and was discovered to be pregnant at necropsy. Viral genome was detected in a variety of specimens, including blood, serum, tonsil swabs, and urine, up to 3 days before the onset of disease. Samples collected postmortem, including placenta, uterine fluid, and fetal tissues, were also positive for NiV genome, and the placenta and uterine fluid contained high levels of recoverable virus. The high levels of viral shedding in the adult combined with fetal viral replication suggests that both vertical and horizontal transmission of NiV could play a role in spillover events, an essential element in the epidemiology of Henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17703410/��Mungall, Bruce A
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Virus Replication���Sep(��Genome synthesis in paramyxoviruses, including Nipah virus (NiV), is controlled by sequence elements that reside in the non-coding nucleotides at the 5'-trailer (3'-antigenomic) end that make up the antigenomic promoter (AGP). Using a chloramphenicol acetyl transferase-based plasmid-driven minigenome system, the terminal 96 nt of NiV AGP were first mutagenized in blocks of three hexamers to enable broad mapping of the minigenome functional regions. This was followed by further dissection of these functional regions to define the cis-acting elements contained therein. Results based on RNA analysis and reporter gene activity identified a bipartite promoter structure similar to that seen in related viruses, but with some distinct differences: in NiV, each of the two discrete replication control elements was bimodal, characterized by a critical conserved region (nt 1-12 and 79-91) and a contiguous non-conserved region (nt 13-36 and 73-78), which appeared less important. The regulatory role of these less critical regions was underscored by the use of a two-step mutation strategy, which revealed the additive detrimental effect of substitutions in this part of the terminal element. The structure and sequence characteristics of the internal control element was also different: it involved four contiguous hexamers, and the region encompassing three of these (nt 79-96, corresponding to hexamers 14, 15 and 16), although analogous in position to the equivalent element in the Sendai virus AGP, was characterized by the distinct 5'-(GNNNUG)(14-15)(GNNNNN)(16) motif.,��https://www.ncbi.nlm.nih.gov/pubmed/17698665È��Walpita, Pramila
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Survivors���Sep6��OBJECTIVE: Nipah virus (NiV) is an emerging zoonosis. Central nervous system disease frequently results in high case-fatality. Long-term neurological assessments of survivors are limited. We assessed long-term neurologic and functional outcomes of 22 patients surviving NiV illness in Bangladesh. METHODS: During August 2005 and May 2006, we administered a questionnaire on persistent symptoms and functional difficulties to 22 previously identified NiV infection survivors. We performed neurologic evaluations and brain magnetic resonance imaging (MRI). RESULTS: Twelve (55%) subjects were male; median age was 14.5 years (range 6-50). Seventeen (77%) survived encephalitis, and 5 survived febrile illness. All but 1 subject had disabling fatigue, with a median duration of 5 months (range, 8 days-8 months). Seven encephalitis patients (32% overall), but none with febrile illness had persistent neurologic dysfunction, including static encephalopathy (n = 4), ocular motor palsies (2), cervical dystonia (2), focal weakness (2), and facial paralysis (1). Four cases had delayed-onset neurologic abnormalities months after acute illness. Behavioral abnormalities were reported by caregivers of over 50% of subjects under age 16. MRI abnormalities were present in 15, and included multifocal hyperintensities, cerebral atrophy, and confluent cortical and subcortical signal changes. INTERPRETATION: Although delayed progression to neurologic illness following Nipah fever was not observed, persistent fatigue and functional impairment was frequent. Neurologic sequelae were frequent following Nipah encephalitis. Neurologic dysfunction may persist for years after acute infection, and new neurologic dysfunction may develop after acute illness. Survivors of NiV infection may experience substantial long-term neurologic and functional morbidity.,��https://www.ncbi.nlm.nih.gov/pubmed/17696217z��Sejvar, James J
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization/instrumentation���Mar7��Proteins identified in biological fluids of cancer patients could be helpful for both diagnosis and prognosis. However, clinical proteomics based on analysis of protein profiles in biological fluids has demonstrated various flaws, most of them related to the difficulties met in reproducibility. These difficulties could be partly overcome by accurate standardisation of pre-analytical and analytical steps of these studies. The size of the patient cohort is one of the parameters that determine the powerfulness of the study. Recruitment of a cohort with a sufficient size often implies multicentric studies in which analysis of the reproducibility between centres and standardisation of pre-analytical and analytical steps are essential. Such a standardisation requires the use of calibrated samples as common references.,��https://www.ncbi.nlm.nih.gov/pubmed/17669348Í��Lucchi, Geraldine
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Viral Envelope Proteins/genetics/*immunology���Jun©��The fusion protein (F) and attachment glycoprotein (G) of Nipah virus (NiV) are important for the virus to infect cells and induce protective immunity. In this study, the NiV F1 and G gene fragments without the sequences of signal peptide and transmembrane domain were amplified by PCR, then cloned into E. coli expression vector pGEX-6P-1 and modified baculovirus vector, respectively. After induction by IPTG, NiV F1 and G proteins were efficiently expressed in E. coli when analyzed by SDS-PAGE, both showing good reactivity with the rabbit antiserum anti-NiV serum in Western blot. The expression of NiV F1 and G in baculovirus system were also detected by indirect immunofluorescent assay (IFA) of fixed Sf9 cells monolayer infected with the recombinant baculoviruses expressing F1 and G. Furthermore the anti-F1 and anti-G hyperimmune sera were prepared by immunization of rabbits respectively with purified E. coli-expressed F1 and G proteins. Western blot and IFA as well as ELISA showed that antisera against both protein had high titers with good reactivity and specificity. The present study has provided a base for development of diagnostic reagents for detection of NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17672307»��Liu, Yong-jun
Xiao, Chang
Wang, Gui-ping
Xuan, Hua
Tu, Chang-chun
chi
English Abstract
Research Support, Non-U.S. Gov't
China
2007/08/04 09:00
Wei Sheng Wu Xue Bao. 2007 Jun;47(3):465-70.%��0001-6209 (Print)
0001-6209 (Linking)���17672307o��College of Animal Science and Veterinary Medicine, Jilin University, Changchun 130062, China. lshiyao@gmail.com���
_��üÒtÿî?:���-��Negrete, O. A.
Chu, D.
Aguilar, H. C.
Lee, B.���2007y��Single amino acid changes in the Nipah and Hendra virus attachment glycoproteins distinguish ephrinB2 from ephrinB3 usage���10804-14���J Virol���81���19¿��Amino Acid Sequence
Amino Acid Substitution
Animals
Brain/metabolism
CHO Cells
Cricetinae
Cricetulus
Ephrin-B2/analysis/genetics/*metabolism
Ephrin-B3/analysis/genetics/*metabolism
Hendra Virus/*physiology
Humans
Mice
Molecular Sequence Data
Nipah Virus/*physiology
Protein Conformation
Protein Interaction Mapping
Serine/chemistry/genetics
Threonine/chemistry/genetics
Viral Envelope Proteins/chemistry/genetics/*metabolism
*Virus Internalization���Oct���The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are lethal emerging paramyxoviruses. EphrinB2 and ephrinB3 have been identified as receptors for henipavirus entry. NiV and HeV share similar cellular tropisms and likely use an identical receptor set, although a quantitative comparison of receptor usage by NiV and HeV has not been reported. Here we show that (i) soluble NiV attachment protein G (sNiV-G) bound to cell surface-expressed ephrinB3 with a 30-fold higher affinity than that of sHeV-G, (ii) NiV envelope pseudotyped reporter virus (NiVpp) entered ephrinB3-expressing cells much more efficiently than did HeV pseudotyped particles (HeVpp), and (iii) NiVpp but not HeVpp entry was inhibited efficiently by soluble ephrinB3. These data underscore the finding that NiV uses ephrinB3 more efficiently than does HeV. Henipavirus G chimeric protein analysis implicated residue 507 in the G ectodomain in efficient ephrinB3 usage. Curiously, alternative versions of published HeV-G sequences show variations at residue 507 that can clearly affect ephrinB3 but not ephrinB2 usage. We further defined surrounding mutations (W504A and E505A) that diminished ephrinB3-dependent binding and viral entry without compromising ephrinB2 receptor usage and another mutation (E533Q) that abrogated both ephrinB2 and -B3 usage. Our results suggest that ephrinB2 and -B3 binding determinants on henipavirus G are distinct and dissociable. Global expression analysis showed that ephrinB3, but not ephrinB2, is expressed in the brain stem. Thus, ephrinB3-mediated viral entry and pathology may underlie the severe brain stem neuronal dysfunction seen in fatal Nipah viral encephalitis. Characterizing the determinants of ephrinB2 versus -B3 usage will further our understanding of henipavirus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/17652392t��Negrete, Oscar A
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Virus Internalization/*drug effects���Oct���Hendra virus (HeV) and Nipah virus (NiV) constitute the Henipavirus genus of paramyxoviruses, both fatal in humans and with the potential for subversion as agents of bioterrorism. Binding of the HeV/NiV attachment protein (G) to its receptor triggers a series of conformational changes in the fusion protein (F), ultimately leading to formation of a postfusion six-helix bundle (6HB) structure and fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions, the first (the N-terminal heptad repeat [HRN]) adjacent to the fusion peptide and the second (the C-terminal heptad repeat [HRC]) immediately preceding the transmembrane domain. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing activated F molecules from forming the 6HB structure that is required for fusion. We previously reported that a human parainfluenza virus 3 (HPIV3) F peptide effectively inhibits infection mediated by the HeV glycoproteins in pseudotyped-HeV entry assays more effectively than the comparable HeV-derived peptide, and we now show that this peptide inhibits live-HeV and -NiV infection. HPIV3 F peptides were also effective in inhibiting HeV pseudotype virus entry in a new assay that mimics multicycle replication. This anti-HeV/NiV efficacy can be correlated with the greater potential of the HPIV3 C peptide to interact with the HeV F N peptide coiled-coil trimer, as evaluated by thermal unfolding experiments. Furthermore, replacement of a buried glutamic acid (glutamic acid 459) in the C peptide with valine enhances antiviral potency and stabilizes the 6HB conformation. Our results strongly suggest that conserved interhelical packing interactions in the F protein fusion core are important determinants of C peptide inhibitory activity and offer a strategy for the development of more-potent analogs of F peptide inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/17652384É��Porotto, M
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Virology/*trends���Sepù��Following the discovery of two new paramyxoviruses in the 1990s, much effort has been placed on rapidly finding the reservoir hosts, characterising the genomes, identifying the viral receptors and formulating potential vaccines and therapeutic options for these viruses, Hendra and Nipah viruses caused zoonotic disease on a scale not seen before with other paramyxoviruses. Nipah virus particularly caused high morbidity and mortality in humans and high morbidity in pig populations in the first outbreak in Malaysia. Both viruses continue to pose a threat with sporadic outbreaks continuing into the 21st century. Experimental and surveillance studies identified that pteropus bats are the reservoir hosts. Research continues in an attempt to understand events that precipitated spillover of these viruses. Discovered on the cusp of the molecular technology revolution, much progress has been made in understanding these new viruses. This review endeavours to capture the depth and breadth of these recent advances.,��https://www.ncbi.nlm.nih.gov/pubmed/17629946���Halpin, Kim
Mungall, Bruce A
eng
R01-TW05869/TW/FIC NIH HHS/
U01-AI056423-01/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Review
England
2007/07/17 09:00
Comp Immunol Microbiol Infect Dis. 2007 Sep;30(5-6):287-307. doi: 10.1016/j.cimid.2007.05.008. Epub 2007 Jul 13.%��0147-9571 (Print)
0147-9571 (Linking)���17629946n��CSIRO, Australian Animal Health Laboratory, Private Bag 24, Geelong, Vic. 3220, Australia. kim.halpin@csiro.au���10.1016/j.cimid.2007.05.008������üÚ|ÿî?=���W��Field, H. E.
Breed, A. C.
Shield, J.
Hedlefs, R. M.
Pittard, K.
Pott, B.
Summers, P. M.���2007Q��Epidemiological perspectives on Hendra virus infection in horses and flying foxes���268-70
��Aust Vet J���85���7���Animals
Chiroptera/*virology
Disease Reservoirs/*veterinary/virology
Disease Transmission, Infectious
Hendra Virus/pathogenicity
Henipavirus Infections/epidemiology/*transmission/*veterinary
Horse Diseases/*epidemiology/transmission
Horses
Humans
*Zoonoses���Jul,��https://www.ncbi.nlm.nih.gov/pubmed/17615038º��Field, H E
Breed, A C
Shield, J
Hedlefs, R M
Pittard, K
Pott, B
Summers, P M
eng
Review
England
2007/07/07 09:00
Aust Vet J. 2007 Jul;85(7):268-70. doi: 10.1111/j.1751-0813.2007.00170.x.%��0005-0423 (Print)
0005-0423 (Linking)���17615038k��Department of Primary Industries and Fisheries, Yeerongpilly QLD 4105, Australia. hume.field@dpi.qld.gov.au ��10.1111/j.1751-0813.2007.00170.x�
~��þÒtÿî?>���2��Chang, L. Y.
Ali, A. R.
Hassan, S. S.
AbuBakar, S.���2007>��Human neuronal cell protein responses to Nipah virus infection���54���Virol J���4���Apoptosis
Cell Line
Down-Regulation
Electron Transport Complex III/metabolism
Electrophoresis, Gel, Two-Dimensional
GTP-Binding Proteins/metabolism
Heterogeneous-Nuclear Ribonucleoprotein Group F-H/metabolism
Humans
Neurons/metabolism/*virology
Nipah Virus/*pathogenicity
Proteomics
Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization
Up-Regulation
Voltage-Dependent Anion Channel 2/metabolism���Jun 7d��BACKGROUND: Nipah virus (NiV), a recently discovered zoonotic virus infects and replicates in several human cell types. Its replication in human neuronal cells, however, is less efficient in comparison to other fully susceptible cells. In the present study, the SK-N-MC human neuronal cell protein response to NiV infection is examined using proteomic approaches. RESULTS: Method for separation of the NiV-infected human neuronal cell proteins using two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) was established. At least 800 protein spots were resolved of which seven were unique, six were significantly up-regulated and eight were significantly down-regulated. Six of these altered proteins were identified using mass spectrometry (MS) and confirmed using MS/MS. The heterogenous nuclear ribonucleoprotein (hnRNP) F, guanine nucleotide binding protein (G protein), voltage-dependent anion channel 2 (VDAC2) and cytochrome bc1 were present in abundance in the NiV-infected SK-N-MC cells in contrast to hnRNPs H and H2 that were significantly down-regulated. CONCLUSION: Several human neuronal cell proteins that are differentially expressed following NiV infection are identified. The proteins are associated with various cellular functions and their abundance reflects their significance in the cytopathologic responses to the infection and the regulation of NiV replication. The potential importance of the ratio of hnRNP F, and hnRNPs H and H2 in regulation of NiV replication, the association of the mitochondrial protein with the cytopathologic responses to the infection and induction of apoptosis are highlighted.,��https://www.ncbi.nlm.nih.gov/pubmed/17553172·��Chang, Li-Yen
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*Virus Internalization���AugÌ��Paramyxoviruses utilize both an attachment protein and a fusion (F) protein to drive virus-cell and cell-cell fusion. F exists functionally as a trimer of two disulfide-linked subunits: F(1) and F(2). Alignment and analysis of a set of paramyxovirus F protein sequences identified three conserved blocks (CB): one in the fusion peptide/heptad repeat A domain, known to play important roles in fusion promotion, one in the region between the heptad repeats of F(1) (CBF(1)) (A. E. Gardner, K. L. Martin, and R. E. Dutch, Biochemistry 46:5094-5105, 2007), and one in the F(2) subunit (CBF(2)). To analyze the functions of CBF(2), alanine substitutions at conserved positions were created in both the simian virus 5 (SV5) and Hendra virus F proteins. A number of the CBF(2) mutations resulted in folding and expression defects. However, the CBF(2) mutants that were properly expressed and trafficked had altered fusion promotion activity. The Hendra virus CBF(2) Y79A and P89A mutants showed significantly decreased levels of fusion, whereas the SV5 CBF(2) I49A mutant exhibited greatly increased cell-cell fusion relative to that for wild-type F. Additional substitutions at SV5 F I49 suggest that both side chain volume and hydrophobicity at this position are important in the folding of the metastable, prefusion state and the subsequent triggering of membrane fusion. The recently published prefusogenic structure of parainfluenza virus 5/SV5 F (H. S. Yin et al., Nature 439:38-44, 2006) places CBF(2) in direct contact with heptad repeat A. Our data therefore indicate that this conserved region plays a critical role in stabilizing the prefusion state, likely through interactions with heptad repeat A, and in triggering membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/17507474%��Gardner, Amanda E
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Urine/*virology���Mayí��Seventeen grey-headed fruit bats (Pteropus poliocephalus) were inoculated subcutaneously with an isolate of Nipah virus derived from a fatally infected human. A control group of eight guinea-pigs was inoculated intraperitoneally with the same isolate in order to confirm virulence. Three of eight infected guinea-pigs developed clinical signs 7-9 days post-inoculation. Infected fruit bats developed a subclinical infection characterized by the transient presence of virus within selected viscera, episodic viral excretion and seroconversion. A range of histopathological changes was observed within the tissues of infected bats. Nipah virus was excreted in bat urine while neutralizing antibody was present in serum. This intermittent, low-level excretion of Nipah virus in the urine of bats may be sufficient to sustain the net reproductive value of the virus in a species where there is regular urine contamination of the fur, mutual grooming, and where urine droplets are a feature of the environment.,��https://www.ncbi.nlm.nih.gov/pubmed/17498518Ñ��Middleton, D J
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Viruses/*isolation & purification���Apr���Newly emergent infectious diseases are a global public health problem. The population dense regions of Southeast Asia are the epicenter of many emerging diseases, as evidenced by the outbreak of Nipah, SARS, avian influenza (H5N1), Dengue, and enterovirus 71 in this region in the past decade. Rapid identification, epidemiologic surveillance, and mitigation of transmission are major challenges in ensuring public health safety. Here we describe a powerful new approach for infectious disease surveillance that is based on polymerase chain reaction (PCR) to amplify nucleic acid targets from large groupings of organisms, electrospray ionization mass spectrometry (ESI-MS) for accurate mass measurements of the PCR products, and base composition signature analysis to identify organisms in a sample. This approach is capable of automated analysis of more than 1,500 PCR reactions a day. It is applicable to the surveillance of bacterial, viral, fungal, or protozoal pathogens and will facilitate rapid characterization of known and emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/174709151��Sampath, Rangarajan
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Viral Envelope Proteins/*physiology���Apr���Nipah (NiV) and Hendra (HeV) viruses are members of the newly defined Henipavirus genus of the Paramyxoviridae. Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70% of infected patients, and there is increasing evidence of human-to-human transmission. NiV is designated a priority pathogen in the NIAID Biodefense Research Agenda, and could be a devastating agent of agrobioterrorism if used against the pig farming industry. Endothelial syncytium is a pathognomonic feature of NiV infections, and is mediated by the fusion (F) and attachment (G) envelope glycoproteins. This review summarizes what is known about the pathophysiology of NiV infections, and documents the identification of the NiV receptor. EphrinB2, the NiV and HeV receptor, is expressed on endothelial cells and neurons, consistent with the known cellular tropism for NiV. We discuss how the identification of the henipahvirus receptor sheds light on the pathobiology of NiV infection, and how it will spur the rational development of effective therapeutics. In addition, ephrinB3, a related protein, can serve as an alternative receptor, and we suggest that differential usage of ephrinB2 versus B3 may explain the variant pathogenic profiles observed between NiV and HeV. Thus, identifying the NiV receptors opens the door for a more comprehensive analysis of the envelope-receptor interactions in NiV pathobiology. Finally, we also describe how galectin-1 (an innate immune defense lectin) can interact with specific N-glycans on the Nipah envelope fusion protein, underscoring the potential role that innate immune defense mechanisms may play against emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/17470911h��Lee, Benhur
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Virus Replication���Apr¬��Nipah virus (NiV) is a highly pathogenic paramyxovirus, which emerged in 1998 from fruit bats in Malaysia and caused an outbreak of severe respiratory disease in pigs and fatal encephalitis in humans with high mortality rates. In contrast to most paramyxoviruses, NiV can infect a large variety of mammalian species. Due to this broad host range, its zoonotic potential, its high pathogenicity for humans, and the lack of effective vaccines or therapeutics, NiV was classified as a biosafety level 4 pathogen. This article provides an overview of the molecular characteristics of NiV focusing on the structure, functions, and unique biological properties of the two NiV surface glycoproteins, the receptor-binding G protein, and the fusion protein F. Since viral glycoproteins are major determinants for cell tropism and virus spread, a detailed knowledge of these proteins can help to understand the molecular basis of viral pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/17470910���Diederich, Sandra
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Viral Fusion Proteins/*chemistry���May 1q��Paramyxoviruses are a diverse family that utilizes a fusion (F) protein to enter cells via fusion of the viral lipid bilayer with a target cell membrane. Although certain regions of the F protein are known to play critical roles in membrane fusion, the function of much of the protein remains unclear. Sequence alignment of a set of paramyxovirus F proteins and analysis utilizing Block Maker identified a region of conserved amino acid sequence in a large domain between the heptad repeats of F1, designated CBF1. We employed site-directed mutagenesis to analyze the function of completely conserved residues of CBF1 in both the simian virus 5 (SV5) and Hendra virus F proteins. The majority of CBF1 point mutants were deficient in homotrimer formation, proteolytic processing, and transport to the cell surface. For some SV5 F mutants, proteolytic cleavage and surface expression could be restored by expression at 30 degrees C, and varying levels of fusion promotion were observed at this temperature. In addition, the mutant SV5 F V402A displayed a hyperfusogenic phenotype at both 30 and 37 degrees C, indicating that this mutation allows for efficient fusion with only an extremely small amount of cleaved, active protein. The recently published prefusogenic structure of PIV5/SV5 F (Yin, H. S., et al. (2006) Nature 439, 38-44) indicates that residues within and flanking CBF1 interact with the fusion peptide domain. Together, these data suggest that CBF1-fusion peptide interactions are critical for the initial folding of paramyxovirus F proteins from this important viral family and can also modulate subsequent membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/17417875^��Gardner, Amanda E
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West Nile virus/metabolism/pathogenicity���Mayå��The study of N-linked glycosylation as it relates to virus biology has become an area of intense interest in recent years due to its ability to impart various advantages to virus survival and virulence. HIV and influenza, two clear threats to human health, have been shown to rely on expression of specific oligosaccharides to evade detection by the host immune system. Additionally, other viruses such as Hendra, SARS-CoV, influenza, hepatitis and West Nile rely on N-linked glycosylation for crucial functions such as entry into host cells, proteolytic processing and protein trafficking. This review focuses on recent findings on the importance of glycosylation to viral virulence and immune evasion for several prominent human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/17398101¤��Vigerust, David J
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Nipah Virus/immunology/*isolation & purification���DecÅ��We investigated an outbreak of encephalitis in Tangail District, Bangladesh. We defined case-patients as persons from the outbreak area in whom fever developed with new onset of seizures or altered mental status from December 15, 2004, through January 31, 2005. Twelve persons met the definition; 11 (92%) died. Serum specimens were available from 3; 2 had immunoglobulin M antibodies against Nipah virus by capture enzyme immunoassay. We enrolled 11 case-patients and 33 neighborhood controls in a case-control study. The only exposure significantly associated with illness was drinking raw date palm sap (64% among case-patients vs. 18% among controls, odds ratio [OR] 7.9, p = 0.01). Fruit bats (Pteropus giganteus) are a nuisance to date palm sap collectors because the bats drink from the clay pots used to collect the sap at night. This investigation suggests that Nipah virus was transmitted from P. giganteus to persons through drinking fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/17326940¿��Luby, Stephen P
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Viral Proteins/genetics/immunology/*metabolism���Jun$��The genus Henipavirus in the family Paramyxoviridae compromises two newly identified dangerous pathogens, Nipah virus and Hendra virus. Phosphoprotein of the two viruses is one of the major immunodominant antigens and the most divergent protein in the viral genomes. We have now expressed two pairs of truncated phosphoproteins of the two viruses in Escherichia coli in a soluble form using a vector tailored from pET32a. The truncated recombinant phosphoproteins were purified with His-Tag affinity chromatography and their antigenicity was determined by western blotting and ELISA. The longer pair of truncated recombinant phosphoproteins, covering amino acid residues 4-550, was more antigenic than the shorter one and of potential utility in the serological differentiation of henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/17322967ú��Chen, Ji-Ming
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Viral Fusion Proteins/*genetics���May®��The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms. Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where approximately 20% of wild-type F and the other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P = 0.007, r(2) = 0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can modulate its fusogenicity by multiple distinct mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/17301148?��Aguilar, Hector C
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Viral Envelope Proteins/genetics/immunology/metabolism���Juny��Hendra virus (HeV) and Nipah virus (NiV) are related emerging paramyxoviruses classified in the genus Henipavirus. Both cause fatal disease in animals and humans and are classified as biosafety level 4 pathogens. Here we detail two new multiplexed microsphere assays, one for antibody detection and differentiation and another designed as a surrogate for virus neutralization. Both assays utilize recombinant soluble attachment glycoproteins (sG) whereas the latter incorporates the cellular receptor, recombinant ephrin-B2. Spectrally distinct sG(HeV)- and sG(NiV)-coupled microspheres preferentially bound antibodies from HeV- and NiV-seropositive animals, demonstrating a simple procedure to differentiate antibodies to these closely related viruses. Soluble ephrin-B2 bound sG-coupled microspheres in a dose-dependent fashion. Specificity of binding was further evaluated with henipavirus G-specific sera and MAbs. Sera from henipavirus-seropositive animals differentially blocked ephrin-B2 binding, suggesting that detection and differentiation of HeV and NiV neutralizing antibodies can be done simultaneously in the absence of live virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17292974j��Bossart, Katharine N
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Viruses/*classification/genetics���Mar 1¸��The role that bats have played in the emergence of several new infectious diseases has been under review. Bats have been identified as the reservoir hosts of newly emergent viruses such as Nipah virus, Hendra virus, and severe acute respiratory syndrome-like coronaviruses. This article expands on recent findings about bats and viruses and their relevance to human infections. It briefly reviews the history of chiropteran viruses and discusses their emergence in the context of geography, phylogeny, and ecology. The public health and trade impacts of several outbreaks are also discussed. Finally, we attempt to predict where, when, and why we may see the emergence of new chiropteran viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17278066L��Halpin, Kim
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*Viral Interference���Feb<��Nipah virus (NiV) and Hendra virus (HeV) are newly identified members of the family Paramyxoviridae and have been classified in the new genus Henipavirus based on unique genetic characteristics distinct from other paramyxoviruses. Transgenic cell lines were generated that expressed either the attachment protein (G) or the fusion protein (F) of NiV. Functional expression of NiV F and G was verified by complementation with the corresponding glycoprotein, which resulted in the development of syncytia. When exposed to NiV and HeV, expression of NiV G in Crandall feline kidney cells resulted in a qualitative inhibition of both cytopathic effect (CPE) and cell death by both viruses. RT-PCR analysis of surviving exposed cells showed a complete absence of viral positive-sense mRNA and genomic negative-sense viral RNA. Cells expressing NiV G were also unable to fuse with cells co-expressing NiV F and G in a fluorescent fusion inhibition assay. Cell-surface staining for the cellular receptors for NiV and HeV (ephrin-B2 and ephrin-B3) indicated that they were located on the surface of cells, regardless of NiV G expression or infection by NiV. These results indicated that viral interference can be established for henipaviruses and requires only the expression of the attachment protein, G. Furthermore, it was found that this interference probably occurs at the level of virus entry, as fusion was not observed in cells expressing NiV G. Finally, expression of NiV G by either transient transfection or NiV infection did not alter the cell-surface levels of the two known viral receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/17251577É��Sawatsky, Bevan
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Virus Assembly���Jan 4×��BACKGROUND: Nipah virus (NiV) is an emerging paramyxovirus distinguished by its ability to cause fatal disease in both animal and human hosts. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the Paramyxoviridae family. NiV and HeV are also restricted to Biosafety Level-4 containment and this has hampered progress towards examining details of their replication and morphogenesis. Here, we have established recombinant expression systems to study NiV particle assembly and budding through the formation of virus-like particles (VLPs). RESULTS: When expressed by recombinant Modified Vaccinia virus Ankara (rMVA) or plasmid transfection, individual NiV matrix (M), fusion (F) and attachment (G) proteins were all released into culture supernatants in a membrane-associated state as determined by sucrose density gradient flotation and immunoprecipitation. However, co-expression of F and G along with M revealed a shift in their distribution across the gradient, indicating association with M in VLPs. Protein release was also altered depending on the context of viral proteins being expressed, with F, G and nucleocapsid (N) protein reducing M release, and N release dependent on the co-expression of M. Immunoelectron microscopy and density analysis revealed VLPs that were similar to authentic virus. Differences in the budding dynamics of NiV proteins were also noted between rMVA and plasmid based strategies, suggesting that over-expression by poxvirus may not be appropriate for studying the details of recombinant virus particle assembly and release. CONCLUSION: Taken together, the results indicate that NiV M, F, and G each possess some ability to bud from expressing cells, and that co-expression of these viral proteins results in a more organized budding process with M playing a central role. These findings will aid our understanding of paramyxovirus particle assembly in general and could help facilitate the development of a novel vaccine approach for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17204159b��Patch, Jared R
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Reverse Transcriptase Polymerase Chain Reaction/*methods���Apr���A method for duplex nested RT-PCR (nRT-PCR) with internal control (IC) for the detection of Nipah virus RNA is described. Incorporation of IC RNA distinguished false and true negative results. The extrinsic RNA was added directly to the PCR master mix and co-amplified with virus specific RNA in a duplex reaction to determine the presence of PCR inhibitor. Limit of detection was affected minimally when IC was added. Of 53 pooled urine samples collected from fruit bats (Pteropus lylei), 16 were validated by the presence of IC band on gel electrophoresis. Seven of these were also Nipah virus RNA positive. The remaining 37 samples were considered invalid. Twenty-two urine samples became valid after dilution of 1:5 and re-examined; two were Nipah virus RNA positive. These nine positive results were confirmed by sequencing of heminested PCR products. The result indicated that at least two different Nipah strains circulated in this bat species from Thailand. This method should be useful for surveillance for Nipah virus infection in animals in a country where a biosecurity level (BSL) 4 laboratory is not available. PCR inhibitors were present in a significant number of bat urine samples. The technique described in this study should improve reliability of surveillance statistics.,��https://www.ncbi.nlm.nih.gov/pubmed/17184850Ñ��Wacharapluesadee, Supaporn
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Virus Replicationh��Nipah virus (NiV) is an emergent zoonotic paramyxovirus. The L proteins of most paramyxoviruses contain a GDNQ motif, thought to be part of the catalytic site for polymerase activity. Conversely, NiV L has GDNE in this position. We substituted the E residue with eight different amino acid residues and examined the effect on L function in an in vitro replication assay. Our results demonstrated that NiV L functioned with similar efficiency with either GDNE or GDNQ, but polymerase activity was severely reduced or abolished when a structurally destabilising residue (such as K, P or G) was introduced at this site.,��https://www.ncbi.nlm.nih.gov/pubmed/17143779º��Magoffin, D E
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Viral Vaccines/*immunology���Oct���We investigated the antibody response of DNA immunization with two mammalian codon optimized envelope glycoprotein genes, F and G, of Nipah virus in a mouse model. The results indicated that G gene immunization elicited more significant specific serum IgG response and neutralization antibody response than F gene did, suggesting that the G gene DNA immunization is a potential vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17135518Ì��Wang, Xijun
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Virosomes/ultrastructure���MarO��Hendra and Nipah viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the family Paramyxoviridae. Currently these viruses are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genes encoding HeV and NiV nucleocapsid proteins were cloned into the yeast Saccharomyces cerevisiae expression vector pFGG3 under control of GAL7 promoter. A high level of expression of these proteins (18-20 mg l(-1) of yeast culture) was obtained. Mass spectrometric analysis confirmed the primary structure of both proteins with 92% sequence coverage obtained using MS/MS analysis. Electron microscopy demonstrated the assembly of typical herring-bone structures of purified recombinant nucleocapsid proteins, characteristic for other paramyxoviruses. The nucleocapsid proteins revealed stability in yeast and can be easily purified by cesium chloride gradient ultracentrifugation. HeV nucleocapsid protein was detected by sera derived from fruit bats, humans, horses infected with HeV, and NiV nucleocapsid protein was immunodetected with sera from, fruit bats, humans and pigs. The development of an efficient and cost-effective system for generation of henipavirus nucleocapsid proteins might help to improve reagents for diagnosis of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17123657E��Juozapaitis, Mindaugas
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Zoonoses/transmission/virology���Nov 20Ï��A veterinarian became infected with Hendra virus (HeV) after managing a terminally ill horse and performing a limited autopsy with inadequate precautions. Although she was initially only mildly ill, serological tests suggested latent HeV infection. Nevertheless, she remains well 2 years after her initial illness. Recently emerged zoonotic viruses, such as HeV, necessitate appropriate working procedures and personal protective equipment in veterinary practice.,��https://www.ncbi.nlm.nih.gov/pubmed/17115969Ð��Hanna, Jeffrey N
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Viral Proteins/*genetics/metabolism/*physiology���Decï��The V protein of the paramyxovirus Nipah virus (NiV) has been shown to antagonize the interferon (IFN) response in human cells via sequestration of STAT1 and STAT2. This study describes a mutant of the NiV V protein, referred to as V(AAHL), that is unable to antagonize IFN signalling and demonstrates that a single amino acid substitution is responsible for its inactivity. The molecular basis for this was identified as a failure to interact with STAT1 and STAT2. It was also shown that NiV V, but not V(AAHL), was functional as an IFN antagonist in human, monkey, rabbit, dog, horse, pig and bat cells, which suggests that the ability of NiV to block IFN signalling is not a major constraint that prevents this virus from crossing species barriers.,��https://www.ncbi.nlm.nih.gov/pubmed/17098981Ñ��Hagmaier, Kathrin
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Virus Replication���Oct 31O��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans and incurred a high fatality rate in humans. Fruit bats, living in vast areas extending from India to the western Pacific, were identified as the natural reservoir of the virus. However, the mechanisms that resulted in severe pathogenicity in humans (up to 70% mortality) and that enabled crossing the species barrier were not known. In this study, we established a system that enabled the rescue of replicating NiVs from a cloned DNA by cotransfection of a constructed full-length cDNA clone and supporting plasmids coding virus nucleoprotein, phosphoprotein, and polymerase with the infection of the recombinant vaccinia virus, MVAGKT7, expressing T7 RNA polymerase. The rescued NiV (rNiV), by using the newly developed reverse genetics system, showed properties in vitro that were similar to the parent virus and retained the severe pathogenicity in a previously established animal model by experimental infection. A recombinant NiV was also developed, expressing enhanced green fluorescent protein (rNiV-EGFP). Using the virus, permissibility of NiV was compared with the presence of a known cellular receptor, ephrin B2, in a number of cell lines of different origins. Interestingly, two cell lines expressing ephrin B2 were not susceptible for rNiV-EGFP, indicating that additional factors are clearly required for full NiV replication. The reverse genetics for NiV will provide a powerful tool for the analysis of the molecular mechanisms of pathogenicity and cross-species infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17053073���Yoneda, Misako
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Zoonoses/epidemiology/transmission/*virology���Mar-Apr(��Amongst the 60 viral species reported to be associated with bats, 59 are RNA viruses, which are potentially important in the generation of emerging and re-emerging infections in humans. The prime examples of these are the lyssaviruses and Henipavirus. The transmission of Nipah, Hendra and perhaps SARS coronavirus and Ebola virus to humans may involve intermediate amplification hosts such as pigs, horses, civets and primates, respectively. Understanding of the natural reservoir or introductory host, the amplifying host, the epidemic centre and at-risk human populations are crucial in the control of emerging zoonosis. The association between the bat coronaviruses and certain lyssaviruses with particular bat species implies co-evolution between specific viruses and bat hosts. Cross-infection between the huge number of bat species may generate new viruses which are able to jump the trans-mammalian species barrier more efficiently. The currently known viruses that have been found in bats are reviewed and the risks of transmission to humans are highlighted. Certain families of bats including the Pteropodidae, Molossidae, Phyllostomidae, and Vespertilionidae are most frequently associated with known human pathogens. A systematic survey of bats is warranted to better understand the ecology of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17042030º��Wong, Samson
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Viral Envelope Proteins/*genetics/immunology/metabolism���Aug���The mammalian condon optimized G gene was synthesized by over-lapping PCR and used to generate recombinant vaccinia virus, rWR-NiV-G. The expression of Nipah virus G protein in rWR-NiV-G infected HeLa cells was confirmed by western-blot with NiV G protein specific mouse antiserum generated by DNA immunization.The recombinant G protein showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect florescence. Syncytium formation was induced in BHK cells by rWR-NiV-G infection following NiV F protein expressing plasmid pCAGG-NiV-F transfection. Immunization with rWR-NiV-G elicited G protein specific antibody responses in mice. The prokaryotic expressing G protein fragment showed sensitive and specific antigenic reaction to NiV G protein specific antibody from rWR-NiV-G immunized mice serum in indirect ELISA. Furthermore, the G protein specific antibodies could neutralize the infectivity of the recombinant Vesicular Stomatitis Virus pseudotype VSVAG * F/G, in which the VSV envelope protein G gene was replaced with the green fluorescent protein gene (VSVAG * G, Whitt MA) and complemented with Nipah virus F and G glycoprotein expressed in transient (VSVAG * F/G).The results here demonstrated the G protein expressed by rWR-NiV-G keeps native immunogenicity and biological activity. The recombinant virus could be promising vaccine strategy for the prevention of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17037071���Wang, Xi-jun
Wang, Oing-hua
Ge, Jin-ying
Hu, Sen
Bu, Zhi-gao
chi
English Abstract
China
2006/10/14 09:00
Wei Sheng Wu Xue Bao. 2006 Aug;46(4):644-8.%��0001-6209 (Print)
0001-6209 (Linking)���17037071°��National Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Harbin 150001, China. wangxj06@yahoo.com.cn���º��üÒtÿî?a���ª��Mungall, B. A.
Middleton, D.
Crameri, G.
Bingham, J.
Halpin, K.
Russell, G.
Green, D.
McEachern, J.
Pritchard, L. I.
Eaton, B. T.
Wang, L. F.
Bossart, K. N.
Broder, C. C.���2006l��Feline model of acute nipah virus infection and protection with a soluble glycoprotein-based subunit vaccine	��12293-302���J Virol���80���24*��Animals
Body Temperature
Cats
*Disease Models, Animal
Evaluation Studies as Topic
Female
Henipavirus Infections/immunology/*prevention & control
Immunohistochemistry
Male
Neutralization Tests
Nipah Virus/genetics/*immunology
Polymerase Chain Reaction
Telemetry
Viral Load
Viral Vaccines/*immunology���Dece��Nipah virus (NiV) and Hendra virus (HeV) are paramyxoviruses capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. Case reports from outbreaks and previous challenge experiments have suggested that cats were highly susceptible to NiV infection, responding with a severe respiratory disease and systemic infection. Here we have assessed the cat as a model of experimental NiV infection and use it in the evaluation of a subunit vaccine comprised of soluble G glycoprotein (sG). Two groups of two adult cats each were inoculated subcutaneously with either 500 or 5,000 50% tissue culture infective dose(s) (TCID(50)) of NiV. Animals were monitored closely for disease onset, and extensive analysis was conducted on samples and tissues taken during infection and at necropsy to determine viral load and tissue tropism. All animals developed clinical disease 6 to 9 days postinfection, a finding consistent with previous observations. In a subsequent experiment, two cats were immunized with HeV sG and two were immunized with NiV sG. Homologous serum neutralizing titers were greater than 1:20,000, and heterologous titers were greater than 1:20,000 to 16-fold lower. Immunized animals and two additional naive controls were then challenged subcutaneously with 500 TCID(50) of NiV. Naive animals developed clinical disease 6 to 13 days postinfection, whereas none of the immunized animals showed any sign of disease. TaqMan PCR analysis of samples from naive animals revealed considerable levels of NiV genome in a wide range of tissues, whereas the genome was evident in only two immunized cats in only four samples and well below the limit of accurate detection. These results indicate that the cat provides a consistent model for acute NiV infection and associated pathogenesis and an effective subunit vaccine strategy appears achievable.,��https://www.ncbi.nlm.nih.gov/pubmed/17005664ã��Mungall, Bruce A
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Virion/genetics/*physiology���Decª��Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.,��https://www.ncbi.nlm.nih.gov/pubmed/17005661Å��Ciancanelli, Michael J
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Optics and Photonics/instrumentation���Oct���Global biosecurity threats such as the spread of emerging infectious diseases (i.e., avian influenza, SARS, Hendra, Nipah, etc.) and bioterrorism have generated significant interest in recent years. There is considerable effort directed towards understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool which have the potential to detect the outbreak of a virus and/or disease. Although there is a host of technologies available, either commercially or in the scientific literature, the development of biosensors for the detection of emerging infectious diseases (EIDs) is still in its infancy. There is no doubt that the glucose biosensor, the gene chip, the protein chip, etc. have all played and are still playing a significant role in monitoring various biomolecules. Can biosensors play an important role for the detection of emerging infectious diseases? What does the future hold and which biosensor technology platform is suitable for the real-time detection of infectious diseases? These and many other questions will be addressed in this review. The purpose of this review is to present an overview of biosensors particularly in relation to EIDs. It provides a synopsis of the various types of biosensor technologies that have been used to detect EIDs, and describes some of the technologies behind them in terms of transduction and bioreceptor principles.,��https://www.ncbi.nlm.nih.gov/pubmed/17003853Á��Pejcic, Bobby
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cdc42 GTP-Binding Protein/chemistry���Dec 1Â��Many proteins expressed in Escherichia coli cells form inclusion bodies that are neither refoldable nor soluble in buffers. Very surprisingly, we recently discovered that all 11 buffer-insoluble protein fragments/domains we have, with a great diversity of cellular function, location, and molecular size, could be easily solubilized in salt-free water. The circular dichroism (CD) and NMR characterization led to classification of these proteins into three groups: group 1, with no secondary structure by CD and with narrowly-dispersed but sharp (1)H-(15)N heteronuclear single quantum correlation (HSQC) peaks; group 2, with secondary structure by CD but with HSQC peaks broadened and, consequently, only a small set of peaks detectable; and group 3, with secondary structure by CD and also well-separated HSQC peaks. Intriguingly, we failed to find any protein with a tight tertiary packing. Therefore, we propose that buffer-insoluble proteins may lack intrinsic ability to reach or/and to maintain a well-packed conformation, and thus are trapped in partially-folded states with many hydrophobic side chains exposed to the bulk solvent. As such, a very low ionic strength is sufficient to screen out intrinsic repulsive interactions and, consequently, allow the hydrophobic clustering/aggregation to occur. Marvelously enough, it appears that in pure water, proteins have the potential to manifest their full spectrum of structural states by utilizing intrinsic repulsive interactions to suppress the attractive hydrophobic clustering. Our discovery not only gives a novel insight into the properties of insoluble proteins, but also sheds the first light that we know of on previously unknown regimes associated with proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16980357ø��Li, Minfen
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Virion/metabolism���Octµ��Hendra virus (HeV) is a recently identified paramyxovirus that is fatal in humans and could be used as an agent of bioterrorism. The HeV receptor-binding protein (G) is required in order for the fusion protein (F) to mediate fusion, and analysis of the triggering/activation of HeV F by G should lead to strategies for interfering with this key step in viral entry. HeV F, once triggered by the receptor-bound G, by analogy with other paramyxovirus F proteins, undergoes multistep conformational changes leading to a six-helix bundle (6HB) structure that accomplishes fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions (HRN and HRC) near the fusion peptide and the transmembrane domains, respectively. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing F, after the initial triggering step, from forming the 6HB structure that is required for fusion. HeV peptides have previously been found to be effective at inhibiting HeV fusion. However, we found that a human parainfluenza virus 3 F-peptide is more effective at inhibiting HeV fusion than the comparable HeV-derived peptide.,��https://www.ncbi.nlm.nih.gov/pubmed/16973588v��Porotto, M
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Virulence���Oct´��Canine distemper virus (CDV), a member of the Morbillivirus genus that also includes measles virus, frequently causes neurologic complications, but the routes and timing of CDV invasion of the central nervous system (CNS) are poorly understood. To characterize these events, we cloned and sequenced the genome of a neurovirulent CDV (strain A75/17) and produced an infectious cDNA that expresses the green fluorescent protein. This virus fully retained its virulence in ferrets: the course and signs of disease were equivalent to those of the parental isolate. We observed CNS invasion through two distinct pathways: anterogradely via the olfactory nerve and hematogenously through the choroid plexus and cerebral blood vessels. CNS invasion only occurred after massive infection of the lymphatic system and spread to the epithelial cells throughout the body. While at early time points, mostly immune and endothelial cells were infected, the virus later spread to glial cells and neurons. Together, the results suggest similarities in the timing, target cells, and CNS invasion routes of CDV, members of the Morbillivirus genus, and even other neurovirulent paramyxoviruses like Nipah and mumps viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16973542©��Rudd, Penny A
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Viral Fusion Proteins/*chemistry���Oct`��The Nipah and Hendra viruses are highly pathogenic paramyxoviruses that recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These characteristics have led to their classification into the new genus Henpavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. The fusion protein, an enveloped glycoprotein essential for viral entry, belongs to the family of class I fusion proteins and is characterized by the presence of two heptad repeat (HR) regions, HR1 and HR2. These two regions associate to form a fusion-active hairpin conformation that juxtaposes the viral and cellular membranes to facilitate membrane fusion and enable subsequent viral entry. The Hendra and Nipah virus fusion core proteins were crystallized and their structures determined to 2.2 A resolution. The Nipah and Hendra fusion core structures are six-helix bundles with three HR2 helices packed against the hydrophobic grooves on the surface of a central coiled coil formed by three parallel HR1 helices in an oblique antiparallel manner. Because of the high level of conservation in core regions, it is proposed that the Nipah and Hendra virus fusion cores can provide a model for membrane fusion in all paramyxoviruses. The relatively deep grooves on the surface of the central coiled coil represent a good target site for drug discovery strategies aimed at inhibiting viral entry by blocking hairpin formation.,��https://www.ncbi.nlm.nih.gov/pubmed/16972940é��Lou, Zhiyong
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Yolk Sac/virology���Aug-Oct���An isolate of Nipah virus was injected into fertile eggs via the allantoic cavity or yolk sac. Allantoic inoculation resulted in considerable pathological variation and only partial mortality. Dead embryos showed severe necrosis in the brain and congestion in the kidney and the subcutis of limbs. In contrast, yolk sac inoculation led to uniform infection and mortality, the dead embryos exhibiting the same lesions as those described above but without the subcutaneous congestion. Histological lesions in dead embryos inoculated by either route were similar and particularly severe in the central nervous system. Viral antigens were detected mainly in the vasculature and neurons. The results indicated that Nipah virus is highly pathogenic to chicken embryos, and that the route of inoculation is an important determinant of the course of disease. The findings also suggested that yolk sac inoculation can be used for viral titration, and that the chicken embryo represents a useful model for studying the vascular and neuronal tropisms of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16956618Í��Tanimura, N
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Swine
Swine Diseases/diagnosis/immunology/virology���Sepx��Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for human and swine sera and an IgM capture ELISA for human sera were established using the recombinant NiV-N protein as an antigen. One hundred thirty-three suspected patient sera and 16 swine sera were used to evaluate the newly established ELISA systems in comparison with the CDC inactivated-virus-based ELISA systems. For the human sera, the NiV-N protein-based indirect IgG ELISA had a sensitivity of 98.6% and a specificity of 98.4%, and the NiV-N protein-based IgM capture ELISA had a sensitivity of 91.7% and a specificity of 91.8%, with reference to the CDC ELISA systems. The NiV-N-based IgM ELISA was found to be more sensitive than the inactivated-virus-based ELISA in that it captured eight additional cases. For the swine sera, the two test systems were in 100% concordance. Our data indicate that the Nipah virus nucleocapsid protein is a highly immunogenic protein in human and swine infections and a good target for serodiagnosis. Our NiV-N protein-based ELISA systems are useful, safe, and affordable tools for diagnosis of Nipah virus infection and are especially fit to be used in large-scale epidemiological investigations and to be applied in developing countries.,��https://www.ncbi.nlm.nih.gov/pubmed/16954238w��Yu, Fuxun
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Sensitivity and Specificity���Nov���Most RNA positive controls currently used for monitoring the quality of RT-PCR assays have some disadvantages, such as instability, inability to monitor the quality of the relevant primers and/or causing indifferentiable false positives. To avoid these disadvantages, a simple method to prepare stable and differentiable RNA positive controls is now demonstrated with a real-time RT-PCR assay for the detection of Nipah virus (NiV). A DNA sequence which was shorter than its counterpart in the NiV genome and contained the binding sites of the primers of the RT-PCR assay was designed, synthesized and inserted into a vector, and then amplified by PCR with two vector-specific primers both of which contained a T7 promoter at the 5' terminal. The RNA positive control was the dsRNA in vitro transcribed from the PCR amplicons flanked by two T7 promoters. The RNA positive control was stable and able to monitor the quality of the whole concerned RT-PCR assay. False positives caused by contaminations of the RNA positive control or its amplicons could be easily identified because the amplicons of the RNA positive control were obviously shorter than those of real positive samples. Thus, the RNA positive control reported in this study avoided some common disadvantages of current RNA positive controls.,��https://www.ncbi.nlm.nih.gov/pubmed/16912918?��Chen, Ji-Ming
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Ventilator Weaning/*methods���Oct£��OBJECTIVE: Weaning predictors are often incorporated in protocols to predict weaning outcome for patients on mechanical ventilation. The predictors are used as a decision point in protocols to determine whether a patient may advance to a spontaneous breathing trial. The impact of including predictors in a weaning protocol has not been previously studied. We designed a study to determine the effect of including a weaning predictor (frequency-tidal volume ratio, or f/Vt) in a weaning protocol. DESIGN: Randomized, blinded controlled trial. SETTING: Academic teaching hospitals. PATIENTS: Three hundred and four patients admitted to intensive care units at three academic teaching hospitals. INTERVENTIONS: Patients were screened daily for measures of oxygenation, cough and secretions, adequate mental status, and hemodynamic stability. Patients were randomized to two groups; in one group the f/Vt was measured but not used in the decision to wean (n = 151), but in the other group, f/Vt was measured and used, using a threshold of 105 breaths/min/L (n = 153). Patients passing the screen received a 2-hr spontaneous breathing trial. Patients passing the spontaneous breathing trial were eligible for an extubation attempt. MEASUREMENTS AND MAIN RESULTS: Groups were similar with regard to gender, age, and Acute Physiology and Chronic Health Evaluation II score. The median duration for weaning time was significantly shorter in the group where the weaning predictor was not used (2.0 vs. 3.0 days, p = .04). There was no difference with regard to the extubation failure, in-hospital mortality rate, tracheostomy, or unplanned extubation. CONCLUSIONS: Including a weaning predictor (f/Vt) in a protocol prolonged weaning time. In addition, the predictor did not confer survival benefit or reduce the incidence of extubation failure or tracheostomy. The results of this study indicate that f/Vt should not be used routinely in weaning decision making.,��https://www.ncbi.nlm.nih.gov/pubmed/16878032���Tanios, Maged A
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Virus Shedding���Aug���Nipah virus (NiV), of the family Paramyxoviridae, was isolated in 1999 in Malaysia from a human fatality in an outbreak of severe human encephalitis, when human infections were linked to transmission of the virus from pigs. Consequently, a swine vaccine able to abolish virus shedding is of veterinary and human health interest. Canarypox virus-based vaccine vectors carrying the gene for NiV glycoprotein (ALVAC-G) or the fusion protein (ALVAC-F) were used to intramuscularly immunize four pigs per group, either with 10(8) PFU each or in combination. Pigs were boosted 14 days postvaccination and challenged with 2.5 x 10(5) PFU of NiV two weeks later. The combined ALVAC-F/G vaccine induced the highest levels of neutralization antibodies (2,560); despite the low neutralizing antibody levels in the F vaccinees (160), all vaccinated animals appeared to be protected against challenge. Virus was not isolated from the tissues of any of the vaccinated pigs postchallenge, and a real-time reverse transcription (RT)-PCR assay detected only small amounts of viral RNA in several samples. In challenge control pigs, virus was isolated from a number of tissues (10(4.4) PFU/g) or detected by real-time RT-PCR. Vaccination of the ALVAC-F/G vaccinees appeared to stimulate both type 1 and type 2 cytokine responses. Histopathological findings indicated that there was no enhancement of lesions in the vaccinees. No virus shedding was detected in vaccinated animals, in contrast to challenge control pigs, from which virus was isolated from the throat and nose (10(2.9) PFU/ml). Based on the data presented, the combined ALVAC-F/G vaccine appears to be a very promising vaccine candidate for swine.,��https://www.ncbi.nlm.nih.gov/pubmed/16873250}��Weingartl, Hana M
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Aug§��As a preliminary to the localization of the receptor-binding site(s) on the Nipah virus (NiV) glycoprotein (NiV-G), we have undertaken the identification of NiV-G residues that play a role in fusion promotion. To achieve this, we have used two strategies. First, as NiV and Hendra virus (HeV) share a common receptor and their cellular tropism is similar, we hypothesized that residues functioning in receptor attachment could be conserved between their respective G proteins. Our initial strategy was to target charged residues (which can be expected to be at the surface of the protein) conserved between the NiV-G and HeV-G globular heads. Second, we generated NiV variants that escaped neutralization by anti-NiV-G monoclonal antibodies (MAbs) that neutralize NiV both in vitro and in vivo, likely by blocking receptor attachment. The sequencing of such "escape mutants" identified NiV-G residues present in the epitopes to which the neutralizing MAbs are directed. Residues identified via these two strategies whose mutation had an effect on fusion promotion were localized on a new structural model for the NiV-G protein. Our results suggest that seven NiV-G residues, including one (E533) that was identified using both strategies, form a contiguous site on the top of the globular head that is implicated in ephrinB2 binding. This site commences near the shallow depression in the center of the top surface of the globular head and extends to the rim of the barrel-like structure on the top loops of beta-sheet 5. The topology of this site is strikingly similar to that proposed to form the SLAM receptor site on another paramyxovirus attachment protein, that of the measles virus hemagglutinin.,��https://www.ncbi.nlm.nih.gov/pubmed/16840334ï��Guillaume, Vanessa
Aslan, Hamide
Ainouze, Michelle
Guerbois, Mathilde
Wild, T Fabian
Buckland, Robin
Langedijk, Johannes P M
eng
Research Support, Non-U.S. Gov't
2006/07/15 09:00
J Virol. 2006 Aug;80(15):7546-54. doi: 10.1128/JVI.00190-06.%��0022-538X (Print)
0022-538X (Linking)
��PMC1563693���16840334Å��Molecular Basis of Paramyxovirus Entry, INSERM U404, Centre d'Etudes de Recherche en Virologie et Immunologie, IFR 128 Biosciences Lyon-Gerland, 21 avenue Tony Garnier, 69365 Lyon cedex 07, France.���10.1128/JVI.00190-06����À��üÒ|ÿî?o���2��Chang, L. Y.
Ali, A. R.
Hassan, S. S.
AbuBakar, S.���20069��Nipah virus RNA synthesis in cultured pig and human cells���1105-12���J Med Virol���78���8���Animals
Cell Line
Humans
Nipah Virus/*genetics/growth & development
RNA, Viral/*biosynthesis
Swine/*virology
Virus Replication/physiology���Augì��Nipah virus infection of porcine stable kidney cells (PS), human neuronal cells (SK-N-MC), human lung fibroblasts cells (MRC-5), and human monocytes (THP-1) were examined. Rapid progression of cytopathic effects (CPE) and cell death were noted in PS cell cultures treated with Nipah virus, followed by MRC-5, SK-N-MC, and THP-1 cell cultures, in descending order of rapidity. Significant increase in the intracellular Nipah virus RNA occurred beginning at 24 hr PI in all the infected cells. Whereas, the extracellular release of Nipah virus RNA increased significantly beginning at 48 and 72 hr PI for the infected MRC-5 cells and PS cells, respectively. No significant release of extracellular Nipah virus RNA was detected from the Nipah virus-infected SK-N-MC and THP-1 cells. At its peak, approximately 6.6 log PFU/microl of extracellular Nipah virus RNA was released from the Nipah virus-infected PS cells, with at least a 100-fold less virus RNA was recorded in the Nipah virus-infected SK-N-MC and THP-1. Approximately 15.2% (+/-0.1%) of the released virus from the infected PS cell cultures was infectious in contrast to approximately 5.5% (+/-0.7%) from the infected SK-N-MC cells. The findings suggest that there are no differences in the capacity to support Nipah virus replication between pigs and humans in fully susceptible PS and MRC-5 cells. However, there are differences between these cells and human neuronal cells and monocytes in the ability to support Nipah virus replication and virus release.,��https://www.ncbi.nlm.nih.gov/pubmed/16789019µ��Chang, Li-Yen
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*Virus Replication���Jun 19;��BACKGROUND: Nipah virus is a zoonotic virus isolated from an outbreak in Malaysia in 1998. The virus causes infections in humans, pigs, and several other domestic animals. It has also been isolated from fruit bats. The pathogenesis of Nipah virus infection is still not well described. In the present study, Nipah virus replication kinetics were estimated from infection of African green monkey kidney cells (Vero) using the one-step SYBR Green I-based quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) assay. RESULTS: The qRT-PCR had a dynamic range of at least seven orders of magnitude and can detect Nipah virus from as low as one PFU/microL. Following initiation of infection, it was estimated that Nipah virus RNA doubles at every approximately 40 minutes and attained peak intracellular virus RNA level of approximately 8.4 log PFU/microL at about 32 hours post-infection (PI). Significant extracellular Nipah virus RNA release occurred only after 8 hours PI and the level peaked at approximately 7.9 log PFU/microL at 64 hours PI. The estimated rate of Nipah virus RNA released into the cell culture medium was approximately 0.07 log PFU/muL per hour and less than 10% of the released Nipah virus RNA was infectious. CONCLUSION: The SYBR Green I-based qRT-PCR assay enabled quantitative assessment of Nipah virus RNA synthesis in Vero cells. A low rate of Nipah virus extracellular RNA release and low infectious virus yield together with extensive syncytial formation during the infection support a cell-to-cell spread mechanism for Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16784519¸��Chang, Li-Yen
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*Nipah Virus���Apr_��BACKGROUND & OBJECTIVE: The viral encephalitides caused by animal or human viruses are characterized by sudden outbreaks of neurological disease in both tropical and temperate regions. An outbreak of acute encephalitis occurred in Siliguri (West Bengal) town of India between January 31 and February 23, 2001. This outbreak was investigated by a team of scientists from four major institutions, and the findings are presented here. METHODS: Detailed information about the outbreak was collected with the help of local health authorities. Limited entomological investigations were also done. Samples collected from cases and contacts were sent for analysis. RESULTS: A total of 66 probable cases and 45 deaths were reported. Epidemiological linkages between cases point towards person-to-person transmission and incubation period of around 10 days. There was neither any concurrent illness in animals nor was there any exposure of cases to animals. Centres for Disease Control and Prevention, Atlanta, USA concluded on the basis of tests carried out on serum specimen from four cases and two contacts that the causative pathogen appears to be Nipah/ Hendra or closely related virus. INTERPRETATION & CONCLUSION: This outbreak highlights the importance and urgency of establishing a strong surveillance system supported by a network of state-of-the-art laboratories equipped to handle and diagnose new pathogens and including patient isolation techniques, use of personal protective equipment, barrier nursing and safe disposal of potentially infected material in the prevention and control measures for Nipah/Hendra virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16783047���Harit, A K
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*Zoonoses���Apr���Zoonosis is the cause of the vast majority of emerging diseases. Bats that occupy the second place in the mammal class play an important role. Whether they belong to the microchiroptera suborder or to the megachiroptera suborder, bats on all five continents have been implicated in transmission of numerous pathogens including not only viruses such as Lyssavirus (e.g. rabies), Hepanivirus (e.g. Hendra and Nipah virus) and recently coronavirus (e.g. SARS-like coronavirus and Ebola virus) but also fungus such as histoplasmosis. By modifying environmental conditions and encroaching on their biotope, human intervention has probably contributed to the introduction of chiropteras into an epidemiologic chain in which they previously had no place, thus promoting the emergence of new pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16775933|��Hance, P
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Sensitivity and Specificity���Sepü��The indirect ELISA is a simple and useful method for detection of pathogen-specific antibodies in animal sera. However, non-specific or background binding is often a problem, especially when recombinant proteins from Escherichia coli are used. In this study, a comparative indirect ELISA in which the total reactivity and the background binding were determined simultaneously on the same ELISA plate was reported. The background was determined by incubation of the test sera with excess free antigen to block specific binding. The sample was considered positive only when its total reactivity reading was higher than a pre-determined cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Using this approach, an antibody assay for henipaviruses using a recombinant Nipah virus nucleocapsid protein expressed in E. coli was developed. A total of 919 negative serum samples were tested in this assay and the specificity was 95.8%. In addition, eight positive experimental serum samples all tested positive. The use of recombinant protein as the ELISA antigen, instead of inactivated virus antigens, will be of significant advantage for countries where there is no facility of Biosafety level 4 to handle this group of zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16769130,��Chen, Ji-Ming
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Viral Envelope Proteins/*biosynthesis/genetics/immunology���Mayá��In this study, Recombinant baculoviruses rBac-NF and rBac-NG were generated for expressing F and G proteins Nipah virus (NiV) . The expression of recommbinant G (rNG) and F (rNF) protein in rBac-NF and rBac-NG infected cells were confirmed by western-blot. Both rNG and rNF showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect immunofluorescence detection and indirect ELISA. Immunization with rBac-NF and rBac-NG infected insect cells elicited G ad F protein specific antibody responses in mice. Furthermore, the G ad F specific antibodies could neutralize the infectivity of the VSVdeltaG* F/G, the NiV F and G envelope glycoproteins psudotyped recombinant Vesicular Stomatitis Virus expressing green fluorescence protein. The results demonstrated F and G protein expressed by the recombinant baculoviruses could be safe economic diagnostic antigens for the surveillance and monitoring of NiV and promising subunit vaccines for the prevention of NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16755921Ê��Wang, Xi-Jun
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Viral Load���May8��Clinical nonrandomized trials demonstrate some efficacy for ribavirin in the treatment of patients with severe Nipah virus-induced encephalitis. We report here that EICAR, the 5-ethynyl analogue of ribavirin, and the OMP-decarboxylase inhibitors 6-aza-uridine and pyrazofurin have strong antiviral activity against Nipah virus replication in vitro. Ribavirin and 6-aza-uridine were tested further in hamsters infected with a lethal dose of Nipah virus. The activity of these small-molecule inhibitors was compared with that of the interferon inducer poly(I)-poly(C(12)U). Both ribavirin and 6-aza-uridine were able to delay but not prevent Nipah virus-induced mortality. Poly(I)-poly(C(12)U), at 3 mg/kg of body weight daily from the day of infection to 10 days postinfection, prevented mortality in 5 of 6 infected animals.,��https://www.ncbi.nlm.nih.gov/pubmed/16641448Ú��Georges-Courbot, M C
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Viral Fusion Proteins/biosynthesis/genetics/metabolism/*physiology���Mayô��Nipah virus (NiV) is a deadly emerging paramyxovirus. The NiV attachment (NiV-G) and fusion (NiV-F) envelope glycoproteins mediate both syncytium formation and viral entry. Specific N-glycans on paramyxovirus fusion proteins are generally required for proper conformational integrity and biological function. However, removal of individual N-glycans on NiV-F had little negative effect on processing or fusogenicity and has even resulted in slightly increased fusogenicity. Here, we report that in both syncytium formation and viral entry assays, removal of multiple N-glycans on NiV-F resulted in marked increases in fusogenicity (>5-fold) but also resulted in increased sensitivity to neutralization by NiV-F-specific antisera. The mechanism underlying the hyperfusogenicity of these NiV-F N-glycan mutants is likely due to more-robust six-helix bundle formation, as these mutants showed increased fusion kinetics and were more resistant to neutralization by a fusion-inhibitory reagent based on the C-terminal heptad repeat region of NiV-F. Finally, we demonstrate that the fusogenicities of the NiV-F N-glycan mutants were inversely correlated with the relative avidities of NiV-F's interactions with NiV-G, providing support for the attachment protein "displacement" model of paramyxovirus fusion. Our results indicate that N-glycans on NiV-F protect NiV from antibody neutralization, suggest that this "shielding" role comes together with limiting cell-cell fusion and viral entry efficiencies, and point to the mechanisms underlying the hyperfusogenicity of these N-glycan mutants. These features underscore the varied roles that N-glycans on NiV-F play in the pathobiology of NiV entry but also shed light on the general mechanisms of paramyxovirus fusion with host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/166412790��Aguilar, Hector C
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Zoonoses/epidemiology/transmission���AprÑ��As international travel and human encroachment into previously isolated areas have increased, so too has the potential for the emergence of new infectious diseases. Populations likely to be susceptible to new infectious diseases have also increased in size. The past three decades have seen outbreaks of diseases caused by parvoviruses, Nipah virus, circoviruses, and prions. Infectious pathogens such as these are formidable opponents; they can adapt to new hosts or cause variant diseases within new hosts. Many are also resistant to current inactivation techniques. In order to prevent or contain outbreaks, pathogens that emerge must be identified quickly and efficiently; research and ongoing global surveillance are therefore of primary importance. To effectively protect the blood supply and blood-based therapies, this research should include investigations into improved techniques for detection, screening, and viral inactivation, as well as into ways to reduce patient exposure to infectious pathogens via therapeutic agents. The proactive devotion of appropriate resources to infectious disease containment and prevention prior to an epidemic should be perceived as both essential public health policy and cost effective.,��https://www.ncbi.nlm.nih.gov/pubmed/16631823���Stanley, Samuel L Jr
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0037-1963 (Linking)���16631823m��Department of Medicine, Washington University School of Medicine, St Louis, MO 63110, USA. sstanley@wustl.edu"��10.1053/j.seminhematol.2006.02.004��	ù�üÓ|ÿþ?y������Lawrence, R. H.���20058��The role of lumbar puncture as a diagnostic tool in 2005���213-20���Crit Care Resusc���7���3���Sep���Analysis of cerebrospinal fluid (CSF) obtained by lumbar puncture (LP) is fundamental to the management of inflammatory disease of the central nervous system (CNS), particularly that due to infection. This review summarises the role of lumbar puncture, anatomy and pathophysiology of CSF, techniques of obtaining CSF, indications, contraindications and complications of LP, methods of analysis and some of the implications of specific changes in CSF. The CNS is protected by unique immunological barriers, and has some unique responses to processes that breach these barriers. While clues in the epidemiology, history and clinical features of potential CNS inflammatory disease may be important in guiding early empirical treatment which may obviate adverse outcomes, many pathological processes cannot be distinguished or appropriately treated without analysis of CSF. When appropriate assessments are made of the indications, risks and potential to alter management, LP is a relatively safe procedure with a high diagnostic yield. Optimal performance and use of LP requires individual skill and judgment, and often benefits from close liaison with several disciplines, including emergency, intensive care, diagnostic laboratory, clinical imaging, neurology and infectious/ communicable diseases specialists. Understanding of the sensitivity, specificity and variation of CSF testing is critical to its effective use. Some CSF testing is sensitive, specific and timely, but other CNS disease processes will generate obscure and ambiguous results, and interpretation may benefit from liaison with experienced specialists in several fields. Polymerase chain reaction (PCR) testing has changed the practice of LP and is likely to generate further evolution. Some findings on CSF analysis may have implications beyond the individual patient - the consequences of the diagnosis of meningococcal meningitis, emerging pathogens such as West Nile virus or Nipah virus, and the identification of anthrax meningitis in the USA may be quite profound on both a local and global scale.,��https://www.ncbi.nlm.nih.gov/pubmed/16545048T��Lawrence, R H
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Surface Properties���Feb 1ô��Direct analysis of tissue by MALDI-MS allows the acquisition of its biomolecular profile while maintaining the integrity of the tissue, giving cellular localization, and avoiding tedious extraction and purification steps. However, direct tissue analysis generally leads to some extent to a lowered spectral quality due to variation in thickness, freezing tissue date, and nature of the tissue. We present here new technical developments for the direct tissue analysis of peptides with ionic liquid made of matrix mixtures (alpha-cyano-4-hydroxycinnamic acid (CHCA)/2-amino-4-methyl-5-nitropyridine and alpha-cyano-4-hydroxycinnamic acid/N,N-dimethylaniline (CHCA/DANI)). The properties of these direct tissue analysis matrixes, especially CHCA/aniline when compared to CHCA, 2,5-dihydroxybenzoic acid, and sinapinic acid, are as follows: (1) better spectral quality in terms of resolution, sensitivity, intensity, noise, number of compounds detected, and contaminant tolerance, (2) better crystallization on tissues, i.e., coverage capacity, homogeneity of crystallization, homogeneity of crystal sizes, and time of crystallization, (3) better analysis duration in term of vacuum stability, (4) better resistance to laser irradiation especially for high-frequency lasers, (5) better ionic yield in negative mode, and (6) enough fragmentation yield to use the PSD mode on sections to get structural information. Applied to MALDI imaging on a MALDI LIFT-TOF with a 50-Hz laser frequency, these ionic matrixes have allowed the realization of a new type of image in both polarities and reflector mode using the same tissue section. These results give a new outlook on peptide tissue profiling by MS, characterization of compounds from tissue slices, and MALDI-MS high-quality imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/16448055´��Lemaire, R
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Viral Envelope Proteins/immunology���Jan�	�Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae. Each has a broad species tropism and can cause disease with high mortality in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) envelope glycoproteins (Envs). Seven Fabs, m101 to -7, were selected for their significant binding to a soluble form of Hendra G (sG) which was used as the antigen for panning of a large naive human antibody library. The selected Fabs inhibited, to various degrees, cell fusion mediated by the HeV or NiV Envs and virus infection. The conversion of the most potent neutralizer of infectious HeV, Fab m101, to immunoglobulin G1 (IgG1) significantly increased its cell fusion inhibitory activity: the 50% inhibitory concentration was decreased more than 10-fold to approximately 1 microg/ml. The IgG1 m101 was also exceptionally potent in neutralizing infectious HeV; complete (100%) neutralization was achieved with 12.5 microg/ml, and 98% neutralization required only 1.6 microg/ml. The inhibition of fusion and infection correlated with binding of the Fabs to full-length G as measured by immunoprecipitation and less with binding to sG as measured by enzyme-linked immunosorbent assay and Biacore. m101 and m102 competed with the ephrin-B2, which we recently identified as a functional receptor for both HeV and NiV, indicating a possible mechanism of neutralization by these antibodies. The m101, m102, and m103 antibodies competed with each other, suggesting that they bind to overlapping epitopes which are distinct from the epitopes of m106 and m107. In an initial attempt to localize the epitopes of m101 and m102, we measured their binding to a panel of 11 G alanine-scanning mutants and identified two mutants, P185A and Q191 K192A, which significantly decreased binding to m101 and one, G183, which decreased binding of m102 to G. These results suggest that m101 to -7 are specific for HeV or NiV or both and exhibit various neutralizing activities; they are the first human monoclonal antibodies identified against these viruses and could be used for treatment, prophylaxis, and diagnosis and as research reagents and could aid in the development of vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/16378991T��Zhu, Zhongyu
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Virulence���Dec&��Within the past decade a number of new zoonotic paramyxoviruses emerged from flying foxes to cause serious disease outbreaks in man and livestock. Hendra virus was the cause of fatal infections of horses and man in Australia in 1994, 1999 and 2004. Nipah virus caused encephalitis in humans both in Malaysia in 1998/99, following silent spread of the virus in the pig population, and in Bangladesh from 2001 to 2004 probably as a result of direct bat to human transmission and spread within the human population. Hendra and Nipah viruses are highly pathogenic in humans with case fatality rates of 40% to 70%. Their genetic constitution, virulence and wide host range make them unique paramyxoviruses and they have been given Biosecurity Level 4 status in a new genus Henipavirus within the family Paramyxoviridae. Recent studies on the virulence, host range and cell tropisms of henipaviruses provide insights into the unique biological properties of these emerging human pathogens and suggest approaches for vaccine development and therapeutic countermeasures.,��https://www.ncbi.nlm.nih.gov/pubmed/16375714}��Eaton, Bryan T
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Zoonoses���Decí��Nipah virus (NiV) is a zoonotic paramyxovirus that was first recognized in 1999 as the causative agent of outbreaks of human encephalitis in Malaysia and Singapore, in association with severe respiratory and neurological disease in pigs. Since then, outbreaks of NiV encephalitis have also occurred in Bangladesh during 2001-2004, but without an association to infected swine or other animals. Although NiV infections typically result in acute encephalitis with high mortality, other clinical manifestations, including asymptomatic infection, relapsed encephalitis, and pulmonary disease, have been observed. The article will summarize the virology, epidemiology, clinical features, treatment, and control and prevention of NiV infections in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/16363687v��Kitsutani, Paul
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Virus Diseases/diagnosis/*psychology/therapy���Jul¾��The destruction made by nuclear, biological and chemical weapons used by governments and terrorist groups in the near history is posing anxiety and fear for human being. Rumour about the possible use of these agents leads to the development of serious negative effects on populations. Since there are no vaccine and therapy for most viral agents and cost of production as biological weapons is low, interest rate is rising for viruses. In this review, general characteristics, diagnosis, therapy and protective measures for viral agents such as variola virus, hemorrhagic fever viruses, encephalitis viruses, Hantaviruses and Nipah viruses, those can be used as biological weapon, have been summarized.,��https://www.ncbi.nlm.nih.gov/pubmed/16358499h��Akcali, Alper
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Virulence���Jan���Hendra virus and Nipah virus are highly pathogenic paramyxoviruses that have recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These features led to their classification into the new genus Henipavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. This review provides an overview of henipaviruses and the types of infection they cause, and describes how studies on the structure and function of henipavirus proteins expressed from cloned genes have provided insights into the unique biological properties of these emerging human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16357858���Eaton, Bryan T
Broder, Christopher C
Middleton, Deborah
Wang, Lin-Fa
eng
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
Review
England
2005/12/17 09:00
Nat Rev Microbiol. 2006 Jan;4(1):23-35. doi: 10.1038/nrmicro1323.%��1740-1526 (Print)
1740-1526 (Linking)���16357858°��Australian Animal Health Laboratory, Commonwealth Scientific and Industrial Research Organization, 5 Portarlington Road, Geelong, Victoria 3220, Australia. Bryan.Eaton@csiro.au���10.1038/nrmicro1323����0��üÒ|ÿþ?����#��Chua, K. B.
Chua, B. H.
Wang, C. W.���2002Q��Anthropogenic deforestation, El Nino and the emergence of Nipah virus in Malaysia���15-21���Malays J Pathol���24���1w��Animals
Climate
*Conservation of Natural Resources
*Disease Outbreaks
Disease Reservoirs
Encephalitis, Viral/epidemiology/etiology/*veterinary
Humans
Malaysia/epidemiology
Paramyxoviridae Infections/epidemiology/*veterinary
Paramyxovirinae/isolation & purification/pathogenicity
Swine
Swine Diseases/epidemiology/transmission/*virology
*Weather
Zoonoses/epidemiology/etiology���JunÄ��In late 1998, a novel paramyxovirus named Nipah virus, emerged in Malaysia, causing fatal disease in domestic pigs and humans with substantial economic loss to the local pig industry. Pteropid fruitbats have since been identified as a natural reservoir host. Over the last two decades, the forest habitat of these bats in Southeast Asia has been substantially reduced by deforestation for pulpwood and industrial plantation. In 1997/1998, slash-and-burn deforestation resulted in the formation of a severe haze that blanketed much of Southeast Asia in the months directly preceding the Nipah virus disease outbreak. This was exacerbated by a drought driven by the severe 1997-1998 El Nino Southern Oscillation (ENSO) event. We present data suggesting that this series of events led to a reduction in the availability of flowering and fruiting forest trees for foraging by fruitbats and culminated in unprecedented encroachment of fruitbats into cultivated fruit orchards in 1997/1998. These anthropogenic events, coupled with the location of piggeries in orchards and the design of pigsties allowed transmission of a novel paramyxovirus from its reservoir host to the domestic pig and ultimately to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/16329551q��Chua, Kaw Bing
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Viral Proteins/genetics���Oct)��Until 2004, identification of Nipah virus (NV)-like outbreaks in Bangladesh was based on serology. We describe the genetic characterization of a new strain of NV isolated during outbreaks in Bangladesh (NV-B) in 2004, which confirms that NV was the etiologic agent responsible for these outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/16318702P��Harcourt, Brian H
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Swine���OctC��Nipah virus is a recently emergent paramyxovirus that is capable of causing severe disease in both humans and animals. The first outbreak of Nipah virus occurred in Malaysia and Singapore in 1999 and, more recently, outbreaks were detected in Bangladesh. In humans, Nipah virus causes febrile encephalitis with respiratory syndrome that has a high mortality rate. The reservoir for Nipah virus is believed to be fruit bats, and humans are infected by contact with infected bats or by contact with an intermediate animal host such as pigs. Person to person spread of the virus has also been described. Nipah virus retains many of the genetic and biologic properties found in other paramyxoviruses, though it also has several unique characteristics. However, the virologic characteristics that allow the virus to cause severe disease over a broad host range, and the epidemiologic, environmental and virologic features that favor transmission to humans are unknown. This review summarizes what is known about the virology, epidemiology, pathology, diagnosis and control of this novel pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/16287690 ��Bellini, William J
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Zoonoses/virology���Oct_��The authors review common themes in the ecology of emerging viruses that cause neurological disease. Three issues emerge. First, 49% of emerging viruses are characterized by encephalitis or serious neurological clinical symptoms. Second, all of these viruses are driven to emerge by ecological, environmental, or human demographic changes, some of which are poorly understood. Finally, the control of these viruses would be enhanced by collaborative multidisciplinary research into these drivers of emergence. The authors highlight this review with a case study of Nipah virus, which emerged in Malaysia due largely to shifts in livestock production and alterations to reservoir host habitat. Collaboration between virologists, ecologists, disease modelers and wildlife biologists has been instrumental in retracing the factors involved in this virus's emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/16287685}��Olival, Kevin J
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Zoonoses/*epidemiology/virology���Oct\��The last decade of the 20th Century saw the introduction of an unprecedented number of encephalitic viruses emerge or spread in the Southeast Asian and Western Pacific regions (Mackenzie et al, 2001; Solomon, 2003a). Most of these viruses are zoonotic, either being arthropod-borne viruses or bat-borne viruses. Thus Japanese encephalitis virus (JEV), a mosquito-borne flavivirus, has spread through the Indonesian archipelago to Papua New Guinea (PNG) and to the islands of the Torres Strait of northern Australia, to Pakistan, and to new areas in the Indian subcontinent; a strain of tick-borne encephalitis virus (TBEV) was described for the first time in Hokkaido, Japan; and a novel mosquito-borne alphavirus, Me Tri virus, was described from Vietnam. Three novel bat-borne viruses emerged in Australia and Malaysia; two, Hendra and Nipah viruses, represent the first examples of a new genus in the family Paramyxoviridae, the genus Henipaviruses, and the third, Australian bat lyssavirus (ABLV) is new lyssavirus closely related to classical rabies virus. These viruses will form the body of this brief review.,��https://www.ncbi.nlm.nih.gov/pubmed/16287684r��Mackenzie, John S
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*Virus Inactivation���Marò��Nipah virus, a zoonotic paramyxovirus which emerged recently was chemically inactivated using binary ethylenimine (BEI). The inactivated virus was concentrated and purified by sucrose gradient centrifugation. The gradient fractions were examined by electron microscopy and Western immunoblot, and gradient fraction containing mainly Nipah matrix (M) and nucleocapsid (N) proteins was used for immunizing BALB/c mice to generate hybridomas. Screening of the resultant hybridoma clones identified five strongly positive clones producing IgG monoclonal antibodies (mAbs) reactive to the Nipah virus antigen. The protein specificity of these mAbs was determined by Western immunoblot using Nipah virus and recombinant Nipah virus proteins expressed in mammalian cells. Four mAbs reacted with Nipah N protein and one reacted with Nipah M protein. None of the mAbs neutralized Nipah virus infectivity in vitro. However, all mAbs recognized Nipah virus in ELISA and immunofluorescence assay. F45G2 mAb was most suitable for immunohistochemistry on long term formalin-fixed Nipah virus infected swine tissues. Three of the anti-nucleocapsid mAbs (F45G2, F45G3 and F45G6) showed cross-reactivity with closely related Hendra virus N protein in both immunofluorescence and Western Immunoblot assays. Two of the mAbs were specific for the Nipah virus only, F45G4 (anti-N) and F45G5 (anti-M), and could be used in the primary identification of Nipah virus. The use of these immunoreagents to develop new diagnostic assays is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/16226320���Berhane, Yohannes
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RNA, Viral/genetics���Feb¤��After the outbreak of Nipah virus (NiV) in 1998-99, which resulted in 105 human deaths and the culling of more than one million pigs, a search was initiated for the natural host reservoir of NiV on Tioman Island off the east coast of Malaysia. Three different syncytia-forming viruses were isolated from fruit bats on the island. They were Nipah virus, Tioman virus (a novel paramyxovirus related to Menangle virus), and a reovirus, named Pulau virus (PuV), which is the subject of this study. PuV displayed the typical ultra structural morphology of a reovirus and was neutralised by serum against Nelson Bay reovirus (NBV), a reovirus isolated from a fruit bat (Pteropus poliocephalus) in Australia over 30 years ago. PuV was fusogenic and formed large syncytia in Vero cells. Comparison of dsRNA segments between PuV and NBV showed distinct mobility differences for the S1 and S2 segments. Complete sequence analysis of all four S segments revealed a close relationship between PuV and NBV, with nucleotide sequence identity varying from 88% for S3 segment to 56% for the S1 segment. Similarly phylogenetic analysis of deduced protein sequences confirmed that PuV is closely related to NBV. In this paper we discuss the similarities and differences between PuV and NBV which support the classification of PuV as a novel mammalian, fusogenic reovirus within the Nelson Bay orthoreovirus species, in the genus Orthoreovirus, family Reoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/16205863¾��Pritchard, L I
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Virus Replication���OctÜ��Proteolytic processing of paramyxovirus fusion (F) proteins is essential for the generation of a mature and fusogenic form of the F protein. Although many paramyxovirus F proteins are proteolytically processed by the cellular protease furin at a multibasic cleavage motif, cleavage of the newly emerged Hendra virus F protein occurs by a previously unidentified cellular protease following a single lysine at residue 109. We demonstrate here that the cellular protease cathepsin L is involved in converting the Hendra virus precursor F protein (F(0)) to the active F(1) + F(2) disulfide-linked heterodimer. To initially identify the class of protease involved in Hendra virus F protein cleavage, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F (known to be proteolytically processed by furin) were metabolically labeled and chased in the absence or presence of serine, cysteine, aspartyl, and metalloprotease inhibitors. Nonspecific and specific protease inhibitors known to decrease cathepsin activity inhibited proteolytic processing of Hendra virus F but had no effect on simian virus 5 F processing. We next designed shRNA oligonucleotides to cathepsin L which dramatically reduced cathepsin L protein expression and enzyme activity. Cathepsin L shRNA-expressing Vero cells transfected with pCAGGS-Hendra F demonstrated a nondetectable amount of cleavage of the Hendra virus F protein and significantly decreased membrane fusion activity. Additionally, we found that purified human cathepsin L processed immunopurified Hendra virus F(0) into F(1) and F(2) fragments. These studies introduce a novel mechanism for primary proteolytic processing of viral glycoproteins and also suggest a previously unreported biological role for cathepsin L.,��https://www.ncbi.nlm.nih.gov/pubmed/16188974 ��Pager, Cara Theresia
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Virus Replication���Octu��The Hendra virus fusion (F) protein is synthesized as a precursor protein, F(0), which is proteolytically processed to the mature form, F(1) + F(2). Unlike the case for the majority of paramyxovirus F proteins, the processing event is furin independent, does not require the addition of exogenous proteases, is not affected by reductions in intracellular Ca(2+), and is strongly affected by conditions that raise the intracellular pH (C. T. Pager, M. A. Wurth, and R. E. Dutch, J. Virol. 78:9154-9163, 2004). The Hendra virus F protein cytoplasmic tail contains a consensus motif for endocytosis, YXXPhi. To analyze the potential role of endocytosis in the processing and membrane fusion promotion of the Hendra virus F protein, mutation of tyrosine 525 to alanine (Hendra virus F Y525A) or phenylalanine (Hendra virus F Y525F) was performed. The rate of endocytosis of Hendra virus F Y525A was significantly reduced compared to that of the wild-type (wt) F protein, confirming the functional importance of the endocytosis motif. An intermediate level of endocytosis was observed for Hendra virus F Y525F. Surprisingly, dramatic reductions in the rate of proteolytic processing were observed for Hendra virus F Y525A, although initial transport to the cell surface was not affected. The levels of surface expression for both Hendra virus F Y525A and Hendra virus F Y525F were higher than that of the wt protein, and these mutants displayed enhanced syncytium formation. These results suggest that endocytosis is critically important for Hendra virus F protein cleavage, representing a new paradigm for proteolytic processing of paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16188966c��Meulendyke, Kelly Ann
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Viral Envelope Proteins/chemistry/*immunology���Octé��Epitopes involved in a protective immune response to Hendra virus (HeV) (Henipavirus, Paramxyoviridae) were investigated by generating five neutralizing monoclonal antibodies (mAbs) to the virus attachment protein (G) of HeV (HeV G) and sequencing of the G gene of groups of neutralization-escape variants selected with each mAb. Amino acid substitutions occurred at eight distinct sites on HeV G. Relationships between these sites were investigated in binding and neutralization assays using heterologous combinations of variants and mAbs. The sites were also mapped to a proposed structural model for the attachment proteins of Paramyxoviridae. Their specific locations and the nature of their interactions with the mAb panel provided the first functional evidence that HeV G in fact resembled the proposed structure. Four sites (aa 183-185, 417, 447 and 570) contributed to a major discontinuous epitope, on the base of the globular head, that was similar to immunodominant virus neutralization sites found in other paramyxoviruses. Amino acid similarity between HeV and Nipah virus was relatively highly conserved at these sites but decreased significantly at the other sites identified in this study. These included another discontinuous epitope on the base of the head region defined by sites aa 289 and 324 and well separated epitopes on the top of the head at sites aa 191-195 and 385-356. The latter epitope corresponded to immunodominant neutralization sites found in Rinderpest virus and Measles virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16186240Í��White, John R
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Viral Fusion Proteins/chemistry/*genetics/*metabolism���Oct 10¾��The Hendra virus fusion (HeV F) protein is synthesized as a precursor, F(0), and proteolytically cleaved into the mature F(1) and F(2) heterodimer, following an HDLVDGVK(109) motif. This cleavage event is required for fusogenic activity. To determine the amino acid requirements for processing of the HeV F protein, we constructed multiple mutants. Individual and simultaneous alanine substitutions of the eight residues immediately upstream of the cleavage site did not eliminate processing. A chimeric SV5 F protein in which the furin site was substituted for the VDGVK(109) motif of the HeV F protein was not processed but was expressed on the cell surface. Another chimeric SV5 F protein containing the HDLVDGVK(109) motif of the HeV F protein underwent partial cleavage. These data indicate that the upstream region can play a role in protease recognition, but is neither absolutely required nor sufficient for efficient processing of the HeV F protein.,��https://www.ncbi.nlm.nih.gov/pubmed/16083935H��Craft, Willie Warren Jr
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X-Rays���AugR��Measles virus is a negative-sense, single-stranded RNA virus within the Mononegavirales order,which includes several human pathogens, including rabies, Ebola, Nipah, and Hendra viruses. The measles virus nucleoprotein consists of a structured N-terminal domain, and of an intrinsically disordered C-terminal domain, N(TAIL) (aa 401-525), which undergoes induced folding in the presence of the C-terminal domain (XD, aa 459-507) of the viral phosphoprotein. With in N(TAIL), an alpha-helical molecular recognition element (alpha-MoRE, aa 488-499) involved in binding to P and in induced folding was identified and then observed in the crystal structure of XD. Using small-angle X-ray scattering, we have derived a low-resolution structural model of the complex between XD and N(TAIL), which shows that most of N(TAIL) remains disordered in the complex despite P-induced folding within the alpha-MoRE. The model consists of an extended shape accommodating the multiple conformations adopted by the disordered N-terminal region of N(TAIL), and of a bulky globular region, corresponding to XD and to the C terminus of N(TAIL) (aa 486-525). Using surface plasmon resonance, circular dichroism, fluorescence spectroscopy, and heteronuclear magnetic resonance, we show that N(TAIL) has an additional site (aa 517-525) involved in binding to XD but not in the unstructured-to-structured transition. This work provides evidence that intrinsically disordered domains can establish complex interactions with their partners, and can contact them through multiple sites that do not all necessarily gain regular secondary structure.,��https://www.ncbi.nlm.nih.gov/pubmed/16046624���Bourhis, Jean-Marie
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Virus Internalization/*drug effects���Jul 18¾��BACKGROUND: The recent emergence of four new members of the paramyxovirus family has heightened the awareness of and re-energized research on new and emerging diseases. In particular, the high mortality and person to person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance of developing effective therapeutic interventions. We have previously shown that peptides corresponding to the C-terminal heptad repeat (HR-2) of the fusion envelope glycoprotein of Hendra virus and Nipah virus were potent inhibitors of both Hendra virus and Nipah virus-mediated membrane fusion using recombinant expression systems. In the current study, we have developed shorter, second generation HR-2 peptides which include a capped peptide via amidation and acetylation and two poly(ethylene glycol)-linked (PEGylated) peptides, one with the PEG moity at the C-terminus and the other at the N-terminus. Here, we have evaluated these peptides as well as the corresponding scrambled peptide controls in Nipah virus and Hendra virus-mediated membrane fusion and against infection by live virus in vitro. RESULTS: Unlike their predecessors, the second generation HR-2 peptides exhibited high solubility and improved synthesis yields. Importantly, both Nipah virus and Hendra virus-mediated fusion as well as live virus infection were potently inhibited by both capped and PEGylated peptides with IC50 concentrations similar to the original HR-2 peptides, whereas the scrambled modified peptides had no inhibitory effect. These data also indicate that these chemical modifications did not alter the functional properties of the peptides as inhibitors. CONCLUSION: Nipah virus and Hendra virus infection in vitro can be potently blocked by specific HR-2 peptides. The improved synthesis and solubility characteristics of the second generation HR-2 peptides will facilitate peptide synthesis for pre-clinical trial application in an animal model of Henipavirus infection. The applied chemical modifications are also predicted to increase the serum half-life in vivo and should increase the chance of success in the development of an effective antiviral therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/16026621���Bossart, Katharine N
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Phylogeny���Jul���We conducted a survey in Cambodia in 2000 on henipavirus infection among several bat species, including flying foxes, and persons exposed to these animals. Among 1,072 bat serum samples tested by enzyme-linked immunosorbent assay, antibodies reactive to Nipah virus (NiV) antigen were detected only in Pteropus lylei species; Cynopterus sphinx, Hipposideros larvatus, Scotophilus kuhlii, Chaerephon plicata, Taphozous melanopogon, and T. theobaldi species were negative. Seroneutralization applied on a subset of 156 serum samples confirmed these results. None of the 8 human serum samples was NiV seropositive with the seroneutralization test. One virus isolate exhibiting cytopathic effect with syncytia was obtained from 769 urine samples collected at roosts of P. lylei specimens. Partial molecular characterization of this isolate demonstrated that it was closely related to NiV. These results strengthen the hypothesis that flying foxes could be the natural host of NiV. Surveillance of human cases should be implemented.,��https://www.ncbi.nlm.nih.gov/pubmed/16022778"��Reynes, Jean-Marc
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Viral Fusion Proteins/chemistry/genetics/metabolism���Jul 215��Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70 percent of infected patients, and there is evidence of human-to-human transmission. Endothelial syncytia, comprised of multinucleated giant-endothelial cells, are frequently found in NiV infections, and are mediated by the fusion (F) and attachment (G) envelope glycoproteins. Identification of the receptor for this virus will shed light on the pathobiology of NiV infection, and spur the rational development of effective therapeutics. Here we report that ephrinB2, the membrane-bound ligand for the EphB class of receptor tyrosine kinases (RTKs), specifically binds to the attachment (G) glycoprotein of NiV. Soluble Fc-fusion proteins of ephrinB2, but not ephrinB1, effectively block NiV fusion and entry into permissive cell types. Moreover, transfection of ephrinB2 into non-permissive cells renders them permissive for NiV fusion and entry. EphrinB2 is expressed on endothelial cells and neurons, which is consistent with the known cellular tropism for NiV. Significantly, we find that NiV-envelope-mediated infection of microvascular endothelial cells and primary cortical rat neurons is inhibited by soluble ephrinB2, but not by the related ephrinB1 protein. Cumulatively, our data show that ephrinB2 is a functional receptor for NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16007075���Negrete, Oscar A
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Swine Diseases/diagnosis/virology���JulÄ��The nucleocapsid (N) protein of Nipah virus (NiV) is a major constituent of the viral proteins which play a role in encapsidation, regulating the transcription and replication of the viral genome. To investigate the use of a fusion system to aid the purification of the recombinant N protein for structural studies and potential use as a diagnostic reagent, the NiV N gene was cloned into the pFastBacHT vector and the His-tagged fusion protein was expressed in Sf9 insect cells by recombinant baculovirus. Western blot analysis of the recombinant fusion protein with anti-NiV antibodies produced a band of approximately 62 kDa. A time course study showed that the highest level of expression was achieved after 3 days of incubation. Electron microscopic analysis of the NiV recombinant N fusion protein purified on a nickel-nitrilotriacetic acid resin column revealed different types of structures, including spherical, ring-like, and herringbone-like particles. The light-scattering measurements of the recombinant N protein also confirmed the polydispersity of the sample with hyrdrodynamic radii of small and large types. The optical density spectra of the purified recombinant fusion protein revealed a high A(260)/A(280) ratio, indicating the presence of nucleic acids. Western blotting and enzyme-linked immunosorbent assay results showed that the recombinant N protein exhibited the antigenic sites and conformation necessary for specific antigen-antibody recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/16000431Á��Eshaghi, Majid
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Viral Envelope Proteins/*metabolism���Jul 26���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus of the family Paramyxoviridae and are unique in that they exhibit a broad species tropism and cause fatal disease in both animals and humans. They infect cells through a pH-independent membrane fusion process mediated by their fusion and attachment glycoproteins. Previously, we demonstrated identical cell fusion tropisms for HeV and NiV and the protease-sensitive nature of their unknown cell receptor and identified a human cell line (HeLa-USU) that was nonpermissive for fusion and virus infection. Here, a microarray analysis was performed on the HeLa-USU cells, permissive HeLa-CCL2 cells, and two other permissive human cell lines. From this analysis, we identified a list of genes encoding known and predicted plasma membrane surface-expressed proteins that were highly expressed in all permissive cells and absent from the HeLa-USU cells and rank-ordered them based on their relative levels. Available expression vectors containing the first 10 genes were obtained and individually transfected into HeLa-USU cells. One clone, encoding human ephrin-B2 (EFNB2), was found capable of rendering HeLa-USU cells permissive for HeV- and NiV-mediated cell fusion as well as infection by live virus. A soluble recombinant EFNB2 could potently block fusion and infection and bind soluble recombinant HeV and NiV attachment glycoproteins with high affinity. Together, these data indicate that EFNB2 serves as a functional receptor for both HeV and NiV. The highly conserved nature of EFNB2 in humans and animals is consistent with the broad tropism exhibited by these emerging zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15998730Ö��Bonaparte, Matthew I
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Viral Fusion Proteins/metabolism���Aug 19���Nipah virus (NiV) is a recently emerged and highly pathogenic paramyxovirus that causes a systemic infection in animals and humans and can infect a wide range of cultured cells. Interestingly, the NiV fusion (F) protein has a single arginine at the cleavage site similar to paramyxoviruses that are activated by exogenous trypsin-like enzymes only present in specific cells and tissues and therefore only cause localized infections. We show here that NiV F activation is not mediated by an exogenous serum protease but by an endogenous ubiquitous cellular protease after endocytosis of the protein. In addition to endocytosis, acidification of the endosome is a prerequisite for F cleavage. These results show that activation of the NiV F protein depends on a type of proteolytic cleavage that is clearly different from what is known for other paramyxoviral and orthomyxoviral fusion proteins. To our knowledge, this is the first example of a viral class I fusion protein whose activation depends on clathrin-mediated constitutive endocytosis.,��https://www.ncbi.nlm.nih.gov/pubmed/15961384Ò��Diederich, Sandra
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Junl��The Hendra virus fusion (F) protein contains five potential sites for N-linked glycosylation in the ectodomain. Examination of F protein mutants with single asparagine-to-alanine mutations indicated that two sites in the F(2) subunit (N67 and N99) and two sites in the F(1) subunit (N414 and N464) normally undergo N-linked glycosylation. While N-linked modification at N414 is critical for protein folding and transport, F proteins lacking carbohydrates at N67, N99, or N464 remained fusogenically active. As N464 lies within heptad repeat B, these results contrast with those seen for several paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15919949.��Carter, James Richard
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Trigeminal Ganglion/virology���Junÿ��Nipah virus, a newly emerged zoonotic paramyxovirus, infects a number of species. Human infections were linked to direct contact with pigs, specifically with their body fluids. Clinical signs in human cases indicated primarily involvement of the central nervous system, while in pigs the respiratory system was considered the primary virus target, with only rare involvement of the central nervous system. Eleven 5-week-old piglets were infected intranasally, orally, and ocularly with 2.5 x 10(5) PFU of Nipah virus per animal and euthanized between 3 and 8 days postinoculation. Nipah virus caused neurological signs in two out of eleven inoculated pigs. The rest of the pigs remained clinically healthy. Virus was detected in the respiratory system (turbinates, nasopharynx, trachea, bronchus, and lung in titers up to 10(5.3) PFU/g) and in the lymphoreticular system (endothelial cells of blood and lymphatic vessels, submandibular and bronchiolar lymph nodes, tonsil, and spleen with titers up to 10(6) PFU/g). Virus presence was confirmed in the nervous system of both sick and apparently healthy animals (cranial nerves, trigeminal ganglion, brain, and cerebrospinal fluid, with titers up to 10(7.7) PFU/g of tissue). Nipah virus distribution was confirmed by immunohistochemistry. The study presents novel findings indicating that Nipah virus invaded the central nervous system of the porcine host via cranial nerves as well as by crossing the blood-brain barrier after initial virus replication in the upper respiratory tract.,��https://www.ncbi.nlm.nih.gov/pubmed/15919907 ��Weingartl, Hana
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Zoonoses/epidemiology���Apr���The microbes that cause infectious diseases are complex, dynamic, and constantly evolving. They reproduce rapidly, mutate frequently, breach species barriers, adapt with relative ease to new hosts and new environments, and develop resistance to the drugs used to treat them. In their article "Meeting the challenge of epidemic infectious diseases outbreaks: an agenda for research", Kai-Lit Phua and Lai Kah Lee clearly demonstrate how social, behavioural and environmental factors, linked to a host of human activities, have accelerated and amplified these natural phenomena. By reviewing published and non-published information about outbreaks of Nipah virus in Malaysia, severe acute respiratory syndrome (SARS) and avian influenza in Asia, and the HIV pandemic, they provide a series of examples that demonstrate the various social, behavioural and environmental factors of these recent infectious disease outbreaks. They then analyse some of these same determinants in important historical epidemics and pandemics such as plague in medieval Europe, and conclude that it is important to better understand the social conditions that facilitate the appearance of diseases outbreaks in order to determine why and how societies react to outbreaks and their impact on different population groups.,��https://www.ncbi.nlm.nih.gov/pubmed/15906882���Heymann, David L
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Survivors/psychology���Apr»��Challenges arising from epidemic infectious disease outbreaks can be more effectively met if traditional public health is enhanced by sociology. The focus is normally on biomedical aspects, the surveillance and sentinel systems for infectious diseases, and what needs to be done to bring outbreaks under control quickly. Social factors associated with infectious disease outbreaks are often neglected and the aftermath is ignored. These factors can affect outbreak severity, its rate and extent of spread, influencing the welfare of victims, their families, and their communities. We propose an agenda for research to meet the challenges of infectious disease outbreaks. What social factors led to the outbreak? What social factors affected its severity and rate and extent of spread? How did individuals, social groups, and the state react to it? What are the short- and long-term effects on individuals, social groups, and the larger society? What programs can be put in place to help victims, their families, and affected communities to cope with the consequences--impaired mental and physical health, economic losses, and disrupted communities? Although current research on infectious disease outbreaks pays attention to social factors related to causation, severity, rate and extent of spread, those dealing with the "social chaos" arising from outbreaks are usually neglected. Inclusion, by combining traditional public health with sociological analysis, will enrich public health theory and understanding of infectious disease outbreaks. Our approach will help develop better programs to combat outbreaks and equally important, to help survivors, their families, and their communities cope better with the aftermath.,��https://www.ncbi.nlm.nih.gov/pubmed/15906881���Phua, Kai-Lit
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Viral Proteins/genetics���Oct���Menangle virus (MenV), isolated in 1997 from stillborn piglets during an outbreak of reproductive disease at a large commercial piggery, is the only new paramyxovirus to be identified in Australia since Hendra virus in 1994. Following partial characterisation of the MenV genome, we previously showed that MenV is a novel member of the genus Rubulavirus. Here we report the characterisation of the large (L) polymerase gene and the adjacent 5' trailer region of MenV, which completes the full-length genome sequence of this novel paramyxovirus (15,516 nucleotides), and thereby confirm its taxonomic position within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/15906105���Bowden, T R
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Viral Envelope Proteins/chemistry/genetics/*immunology/*physiology���Jun���Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae, which are distinguished by their ability to cause fatal disease in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) glycoproteins. Previously, we reported on HeV- and NiV-mediated fusion activities and detailed their host-cell tropism characteristics. These studies also suggested that a common cell surface receptor, which could be destroyed by protease, was utilized by both viruses. To further characterize the G glycoprotein and its unknown receptor, soluble forms of HeV G (sG) were constructed by replacing its cytoplasmic tail and transmembrane domains with an immunoglobulin kappa leader sequence coupled to either an S-peptide tag (sG(S-tag)) or myc-epitope tag (sG(myc-tag)) to facilitate purification and detection. Expression of sG was verified in cell lysates and culture supernatants by specific affinity precipitation. Analysis of sG by size exclusion chromatography and sucrose gradient centrifugation demonstrated tetrameric, dimeric, and monomeric species, with the majority of the sG released as a disulfide-linked dimer. Immunofluorescence staining revealed that sG specifically bound to HeV and NiV infection-permissive cells but not to a nonpermissive HeLa cell line clone, suggesting that it binds to virus receptor on host cells. Preincubation of host cells with sG resulted in dose-dependent inhibition of both HeV and NiV cell fusion as well as infection by live virus. Taken together, these data indicate that sG retains important native structural features, and we further demonstrate that administration of sG to rabbits can elicit a potent cross-reactive neutralizing antibody response against infectious HeV and NiV. This HeV sG glycoprotein will be exceedingly useful for structural studies, receptor identification strategies, and vaccine development goals for these important emerging viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/15890907°��Bossart, Katharine N
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Zoonoses/*epidemiology/*transmission/virology���Dec¢��Nipah virus (NiV), emerged in Peninsular Malaysia, caused an outbreak of severe febrile encephalitis in humans and respiratory diseases in pigs between 1998 and 1999. By May of 1999, the death of 105 humans and the culling of about 1.1 million pigs were reported. Fruitbats of Pteropid species were identified as the natural reservoir hosts. The epidemiological studies suggested that NiV was introduced into pig farms by fruitbats, and was than transmitted to humans (mainly pig farmers) and other animals such as dogs, cats and horses. In 2004, NiV reappeared in Bangladesh with greater lethality. In contrast to the Malaysia case, epidemiologic characteristics of this outbreak suggested the possibility of fruitbats-to-person, or person-to-person transmission. In this article, the epidemiological comparison between two outbreaks in Malaysia and Bangladesh, and the new-trends of virological studies of NiV will be discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/15745162a��Kaku, Yoshihiro
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Mar���Nipah virus (NiV), a highly pathogenic member of the family Paramyxoviridae, encodes the surface glycoproteins F and G. Since internalization of the NiV envelope proteins from the cell surface might be of functional importance for viral pathogenesis either by regulating cytopathogenicity or by modulating recognition of infected cells by the immune system, we analyzed the endocytosis of the NiV F and G proteins. Interestingly, we found both glycoproteins to be internalized in infected and transfected cells. As endocytosis is normally mediated by tyrosine- or dileucine-dependent signals in the cytoplasmic tails of transmembrane proteins, all potential internalization signals in the NiV glycoproteins were mutated. Whereas the G protein appeared to be constitutively internalized with the bulk flow during membrane turnover, uptake of the F protein was found to be signal mediated. F endocytosis clearly depended on a membrane-proximal YXXPhi motif and was found to be of functional importance for the biological activity of the protein.,��https://www.ncbi.nlm.nih.gov/pubmed/15731282É��Vogt, Carola
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Seasons���Dec���We retrospectively investigated two outbreaks of encephalitis in Meherpur and Naogaon, Bangladesh, which occurred in 2001 and 2003. We collected serum samples from persons who were ill, their household contacts, randomly selected residents, hospital workers, and various animals. Cases were classified as laboratory confirmed or probable. We identified 13 cases (4 confirmed, 9 probable) in Meherpur; 7 were in persons in two households. Patients were more likely than nonpatients to have close contact with other patients or have contact with a sick cow. In Naogaon, we identified 12 cases (4 confirmed, 8 probable); 7 were in persons clustered in 2 households. Two Pteropus bats had antibodies for Nipah virus. Samples from hospital workers were negative for Nipah virus antibodies. These outbreaks, the first since 1999, suggest that transmission may occur through close contact with other patients or from exposure to a common source. Surveillance and enhancement of diagnostic capacity to detect Nipah virus infection are recommended.,��https://www.ncbi.nlm.nih.gov/pubmed/15663842���Hsu, Vincent P
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Viruses/classification/*isolation & purification���Nov���Tropical Africa is not the only area where deadly viruses have recently emerged. In South-East Asia severe epidemics of dengue hemorrhagic fever started in 1954 and flu pandemics have originated from China such as the Asian flu (H2N2) in 1957, the Hong-Kong flu (H3N2) in 1968, and the Russian flu (H1N1) in 1977. However, it is especially during the last ten years that very dangerous viruses for mankind have repeatedly developed in Asia, with the occurrence of Alkhurma hemorrhagic fever in Saudi Arabia (1995), avian flu (H5N1) in Hong-Kong (1997), Nipah virus encephalitis in Malaysia (1998,) and, above all, the SARS pandemic fever from Southern China (2002). The evolution of these viral diseases was probably not directly affected by climate change. In fact, their emergential success may be better explained by the development of large industry poultry flocks increasing the risks of epizootics, dietary habits, economic and demographic constraints, and negligence in the surveillance and reporting of the first cases.,��https://www.ncbi.nlm.nih.gov/pubmed/15620053g��Chastel, C
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*Zoonoses���Oct1��The last three decades have seen an alarming number of high-profile outbreaks of new viruses and other pathogens, many of them emerging from wildlife. Recent outbreaks of SARS, avian influenza, and others highlight emerging zoonotic diseases as one of the key threats to global health. Similar emerging diseases have been reported in wildlife populations, resulting in mass mortalities, population declines, and even extinctions. In this paper, we highlight three examples of emerging pathogens: Nipah and Hendra virus, which emerged in Malaysia and Australia in the 1990s respectively, with recent outbreaks caused by similar viruses in India in 2000 and Bangladesh in 2004; West Nile virus, which emerged in the New World in 1999; and amphibian chytridiomycosis, which has emerged globally as a threat to amphibian populations and a major cause of amphibian population declines. We discuss a new, conservation medicine approach to emerging diseases that integrates veterinary, medical, ecologic, and other sciences in interdisciplinary teams. These teams investigate the causes of emergence, analyze the underlying drivers, and attempt to define common rules governing emergence for human, wildlife, and plant EIDs. The ultimate goal is a risk analysis that allows us to predict future emergence of known and unknown pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/15604464¬��Daszak, Peter
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Time Factors���Decí��Fifty years ago, the age-old scourge of infectious disease was receding in the developed world in response to improved public health measures, while the advent of antibiotics, better vaccines, insecticides and improved surveillance held the promise of eradicating residual problems. By the late twentieth century, however, an increase in the emergence and re-emergence of infectious diseases was evident in many parts of the world. This upturn looms as the fourth major transition in human-microbe relationships since the advent of agriculture around 10,000 years ago. About 30 new diseases have been identified, including Legionnaires' disease, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), hepatitis C, bovine spongiform encephalopathy (BSE)/variant Creutzfeldt-Jakob disease (vCJD), Nipah virus, several viral hemorrhagic fevers and, most recently, severe acute respiratory syndrome (SARS) and avian influenza. The emergence of these diseases, and resurgence of old ones like tuberculosis and cholera, reflects various changes in human ecology: rural-to-urban migration resulting in high-density peri-urban slums; increasing long-distance mobility and trade; the social disruption of war and conflict; changes in personal behavior; and, increasingly, human-induced global changes, including widespread forest clearance and climate change. Political ignorance, denial and obduracy (as with HIV/AIDS) further compound the risks. The use and misuse of medical technology also pose risks, such as drug-resistant microbes and contaminated equipment or biological medicines. A better understanding of the evolving social dynamics of emerging infectious diseases ought to help us to anticipate and hopefully ameliorate current and future risks.,��https://www.ncbi.nlm.nih.gov/pubmed/15577934s��Weiss, Robin A
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Viral Proteins/genetics/*metabolism/pharmacology���Dec 7���Most paramyxoviruses circumvent the IFN response by blocking IFN signaling and limiting the production of IFN by virus-infected cells. Here we report that the highly conserved cysteine-rich C-terminal domain of the V proteins of a wide variety of paramyxoviruses binds melanoma differentiation-associated gene 5 (mda-5) product. mda-5 is an IFN-inducible host cell DExD/H box helicase that contains a caspase recruitment domain at its N terminus. Overexpression of mda-5 stimulated the basal activity of the IFN-beta promoter in reporter gene assays and significantly enhanced the activation of the IFN-beta promoter by intracellular dsRNA. Both these activities were repressed by coexpression of the V proteins of simian virus 5, human parainfluenza virus 2, mumps virus, Sendai virus, and Hendra virus. Similar results to the reporter assays were obtained by measuring IFN production. Inhibition of mda-5 by RNA interference or by dominant interfering forms of mda-5 significantly inhibited the activation of the IFN-beta promoter by dsRNA. It thus appears that mda-5 plays a central role in an intracellular signal transduction pathway that can lead to the activation of the IFN-beta promoter, and that the V proteins of paramyxoviruses interact with mda-5 to block its activity.,��https://www.ncbi.nlm.nih.gov/pubmed/15563593î��Andrejeva, J
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Swine���Janÿ��A random peptide library of heptamers displayed on the surface of M13 bacteriophage was used to identify specific epitopes of antibodies in pooled sera of swine naturally infected by Nipah virus. The selected heptapeptides were aligned with protein sequences of Nipah virus and several putative epitopes were identified within the nucleocapsid protein. A total of 41 of 60 (68%) selected phage clones had inserts resembling a region with the sequence SNRTQGE, located at the C-terminal end (amino acids 503-509) of the nucleocapsid protein. The binding of antibodies in the swine and human antisera to the phage clone was inhibited by a synthetic peptide corresponding to this region. Epitopes identified by phage display are consistent with the predicted antigenic sites for the Nipah virus nucleocapsid protein. The selected phage clone used as a coating antigen discriminated swine and human Nipah virus sera-positive from sera-negative samples exhibiting characteristics, which might be attractive for diagnostic tests.,��https://www.ncbi.nlm.nih.gov/pubmed/15543570 ��Eshaghi, Majid
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Swine���Octd��The immunohistochemical reactivity of seven clones of mouse monoclonal antibodies raised to Nipah virus antigens were investigated using formalin-fixed, paraffin embedded porcine and equine lung tissues from experimental Nipah and Hendra virus infection, respectively. Either microwave irradiation or enzymatic digestion effectively unmasked the viral antigens in formalin-fixed, paraffin-embedded tissue sections. Four clones showed positive reaction to both Nipah virus-infected porcine lung tissue and Hendra virus-infected equine lung tissue. Two clones (11F6 and 13A5) reacted with Nipah virus-infected porcine lung tissue, but not with Hendra virus-infected equine lung tissue. These Nipah virus-specific monoclonal antibodies may therefore be useful for immunohistological diagnosis of Nipah virus infection and for further research on Nipah virus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/15528861���Tanimura, Nobuhiko
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Sequence Homology, Amino Acid���Dec 5é��A database search for genes encoding paramyxoviral proteins revealed sequences that were designated as human but presented strong evidence of being of viral origin. The two cDNA-derived sequences designated AngRem104 and AngRem52 were originally described as human gene products that were upregulated by angiotensin II in primary mesangial kidney cells. However, their high degree of sequence relatedness to known viral proteins suggests that they represent the P/C/V, M, and F genes of a putative new member of family Paramyxoviridae. Comparison of deduced amino acid sequences and nucleotide motifs suggests that this putative virus is a divergent relative of the Hendra and Nipah viruses; hence, we suggest henipa-like virus or HNLV as a provisional name. Compared to Nipah virus, the percentage of identical (similar) amino acids varied from 19% (42%) for the C protein to 51% (75%) for the M protein. The presence and conservation of presumptive viral transcription start and stop signals and an apparent P editing motif also indicate a relationship of this putative virus to the henipaviruses. Given the highly pathogenic nature of the henipaviruses, the origin of these sequences is enigmatic, and attempts to identify and isolate HNLV are warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/15527844µ��Schomacker, Henrick
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Virus Replication���Mar[��Hendra virus is one of two virus species within the newly-formed genus Henipavirus, subfamily Paramxyovirinae. It is a designated select agent with potential biosecurity threat to both human and animal health. Quantitative real-time PCR was used to measure viral RNA synthesis in Vero cells infected by Hendra virus, and to examine the inhibitory effect of ribavirin. It was also used to determine the points of attenuation during transcription of the six viral genes N, P, M, F, G and L by targeting amplicons located towards the 3' end of each gene. Major increases in viral RNA and virus yield occurred between 4 to 8 h and 8 to 10 h post infection, respectively. The effect of ribavirin was examined at a range of concentrations up to 400 microm. At 50 microm, RNA synthesis was reduced 9 fold, and virus yield 58 fold. As expected for a member of the order Mononegavirales, a gradient of transcription was observed in Hendra virus-infected cells. There was significant attenuation at the M-F and G-L junctions, more closely resembling Sendai virus (genus Respirovirus) than measles virus (genus Morbillivirus).,��https://www.ncbi.nlm.nih.gov/pubmed/15526144���Wright, P J
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Recombinant Proteins/biosynthesis���NovÆ��A method for serological diagnosis of Nipah virus (NiV) is described. DNA encoding truncated G protein of NiV was cloned into the pFastBac HT vector, and the fusion protein to His-tag was expressed in insect cells by recombinant baculovirus. The resulting His-G recombinant fusion protein was purified by affinity chromatography and used as the coating antigen for serological testing by indirect enzyme-linked immunosorbant assay (ELISA). When tested against a panel of swine serum samples, the recombinant G protein-based ELISA successfully discriminated all 40 samples previously determined to be serum neutralizing test (SNT) positive from 11 SNT negatives samples. The data show that the recombinant G protein exhibits the antigenic epitopes and conformation necessary for specific antigen-antibody recognition. The main advantage of the recombinant G protein-based NiV ELISA compared to an ELISA using whole virus antigen is the use of a single antigenic protein instead of inactivated whole virus which is required to be prepared under high risk and cost. This test is suitable for routine diagnosis of NiV and also for epidemiological surveys as it allows highly reliable testing of a large number of sera rapidly.,��https://www.ncbi.nlm.nih.gov/pubmed/15522449´��Eshaghi, M
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Severe Acute Respiratory Syndrome���Jun���Over the last decade a number of novel viral respiratory pathogens have appeared or been recognized. Most of these are zoonoses, which have the capacity to infect humans directly or via an intermediate host. All but metapneumovirus are known to have caused epidemics of severe disease and at least two (the severe acute respiratory syndrome-coronavirus and influenza H5N1) have the potential to cause global pandemics. Possible preventive measures and treatment options against these new diseases are discussed in this review.,��https://www.ncbi.nlm.nih.gov/pubmed/15482205e��Snell, Noel Jc
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Swine/*blood���Nov8��A monoclonal antibody (MAb) based solid-phase blocking ELISA was developed for detection of antibodies to Nipah virus. The ELISA was designed to detect remaining antigens on the plate with anti-Nipah MAb conjugate after the reaction with sample serum, and enabled simple procedure, detection of neutralizing antibody to Nipah virus, and application of samples from different animal species. Forty of 200 swine reference sera examined were positive by the ELISA, of which thirty seven were found positive by serum neutralization test. Sera from a total of 131 fruit bats captured in Malaysia were also tested and all found negative by the both tests. It is considered that the solid-phase blocking ELISA can be used as a screening test for Nipah virus infection followed by the serum neutralization test as confirmatory test.,��https://www.ncbi.nlm.nih.gov/pubmed/15381364ä��Kashiwazaki, Yoshihito
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Viral Fusion Proteins/chemistry/genetics/*physiology���Sepï��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes a systemic infection in vivo and is able to replicate in cultured cells of many species and organs. Such pantropic paramyxoviruses generally encode fusion (F) proteins with multibasic cleavage sites activated by furin or other ubiquitous intracellular host cell proteases. In contrast, NiV has an F protein with a single arginine (R109) at the cleavage site, as is the case with paramyxoviruses that are activated by trypsin-like proteases only present in specific cells or tissues and therefore only cause localized infections. Unlike these viruses, cleavage of the NiV F protein is ubiquitous and does not require the addition of exogenous proteases in cell culture. To determine the importance of the amino acid sequence at the NiV F protein cleavage site for ubiquitous activation, we generated NiV F proteins with mutations around R109. Surprisingly, neither the exchange of amino acids upstream of R109 nor replacement of the basic residue itself interfered with F cleavage. Thus, R109 is not essential for F cleavage and activation. Our data demonstrate that NiV F-protein activation depends on a novel type of proteolytic cleavage that has not yet been described for any other paramyxovirus F protein. NiV F activation is mediated by a ubiquitous protease that requires neither a monobasic nor a multibasic cleavage site and therefore differs from the furin- or trypsin-like proteases known to activate other ortho- and paramyxovirus fusion proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15331703ß��Moll, Markus
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Humans
Zoonoses/*epidemiology/transmission���Sep|��It is well recognized that most emerging diseases of humans are zoonotic, and that the forces working to create emerging diseases in humans are also operating in animal populations. However, what is often overlooked is that emerging human diseases are usually preceded by the emergence of the same pathogen in an animal population. In fact, the developing disease in animals acts as a link allowing the disease to take hold and wreck havoc in public health. Numerous examples--Rift Valley fever, monkeypox, Nipah, and Ebola--serve to underscore this linkage and to highlight the increasing interconnectedness of animal and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/15325066���Torres-Velez, Fernando
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Viral Fusion Proteins/*metabolism���Sep ��Proteolytic cleavage of the Hendra virus fusion (F) protein results in the formation of disulfide-linked F1 and F2 subunits, with cleavage occurring after residue K109 in the sequence GDVK/L. This unusual cleavage site and efficient propagation of Hendra virus in a furin-deficient cell line indicate that the Hendra F protein is not cleaved by furin, the protease responsible for proteolytic activation of many viral fusion proteins. To identify the subcellular site of Hendra F processing, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F were metabolically labeled and chased in the absence and presence of inhibitors of exocytosis. The addition of carbonyl-cyanide-3-chlorophenylhydrazone, monensin, brefeldin A, or NaF-AlCl3 or incubation of cells at 20 degrees C all inhibited processing of the Hendra F protein, suggesting that cleavage of Hendra F occurs either in secretory vesicles budding from the trans-Golgi network or at the cell surface. In contrast to proteolytic cleavage of the simian virus 5 (SV5) F protein by the Ca(2+)-dependent protease furin, proteolytic cleavage of the Hendra F protein was not significantly inhibited by decreases in Ca2+ levels following incubation with EGTA or A23187. However, in the presence of weak amines and H+ V-ATPase inhibitors, known to raise intracellular pH, cleavage of Hendra F protein was inhibited while processing of the SV5 F protein was not significantly affected. The subcellular location, sensitivity to pH changes, and decreased Ca2+ requirement suggest that the protease responsible for cleavage of Hendra F protein differs from proteases previously shown to be involved in the processing of other viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15308711ð��Pager, Cara Theresia
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Taq Polymerase���Sep 15���Nipah and Hendra viruses belong to the novel Henipavirus genus of the Paramyxoviridae family. Its zoonotic circulation in bats and recent emergence in Malaysia with fatal consequences for humans that were in close contact with infected pigs, has made the reinforcement of epidemiological and clinical surveillance systems a priority. In this study, TaqMan RT-PCR of the Nipah nucleoprotein has been developed so that Nipah virus RNA in field specimens or laboratory material can be characterized rapidly and specifically and quantitated. The linearity of the standard curve allowed quantification of 10(3) to 10(9) RNA transcripts. The sensitivity of the test was close to 1 pfu. The kinetics of Nipah virus production in Vero cells was monitored by the determination of infectious virus particles in the supernatant fluid and by quantitation of the viral RNA. Approximately, 1000 RNA molecules were detected per virion, suggesting the presence of many non-infectious particles, similar to other RNA viruses. TaqMan real-time RT-PCR failed to detect Hendra virus DNA. Importantly, the method was able to detect virus despite a similar ratio in viremic sera from hamsters infected with Nipah virus. This standardized technique is sensitive and reliable and allows rapid detection and quantitation of Nipah RNA in both field and experimental materials used for the surveillance and specific diagnosis of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/15288966-��Guillaume, Vanessa
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Signal Transduction/*drug effects/physiology,��Interferon (IFN) can activate Signal Transducer and Activator of Transcription (STAT) proteins to establish a cellular antiviral response and inhibit virus replication. Many viruses have evolved strategies to inhibit this antiviral mechanism, but paramyxoviruses are unique in their abilities to directly target the IFN-responsive STAT proteins. Hendra virus and Nipah virus (Henipaviruses) are recently emerged paramyxoviruses that are the causative agents of fatal disease outbreaks in Australia and peninsular Malaysia. Similar to other paramyxoviruses, Henipaviruses inhibit IFN signal transduction through a virus-encoded protein called V. Recent studies have shown that Henipavirus V proteins target STAT proteins by inducing the formation of cytoplasmically localized high molecular weight STAT-containing complexes. This sequestration of STAT1 and STAT2 prevents STAT activation and blocks antiviral IFN signaling. As the V proteins are important factors for host evasion, they represent logical targets for therapeutics directed against Henipavirus epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/15279700/��Rodriguez, Jason J
Horvath, Curt M
eng
AI-48722/AI/NIAID NIH HHS/
AI-50707/AI/NIAID NIH HHS/
AI55733/AI/NIAID NIH HHS/
GM-62754/GM/NIGMS NIH HHS/
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
Review
2004/07/29 05:00
Viral Immunol. 2004;17(2):210-9. doi: 10.1089/0882824041310568.%��0882-8245 (Print)
0882-8245 (Linking)���15279700m��Immunobiology Center, Mount Sinai School of Medicine, New York, New York 10029, USA. jason.rodriguez@mssm.edu���10.1089/0882824041310568���í�üÒ|ÿî?Ê���Q��Tanimura, N.
Imada, T.
Kashiwazaki, Y.
Shahirudin, S.
Sharifah, S. H.
Aziz, A. J.���2004b��Monoclonal antibody-based immunohistochemical diagnosis of Malaysian Nipah virus infection in pigs���199-206
��J Comp Pathol���131���2-3à��Animals
*Antibodies, Monoclonal
Antigens, Viral/immunology/metabolism
Formaldehyde
Henipavirus Infections/*diagnosis/immunology/*veterinary
Immunohistochemistry
Malaysia
Nipah Virus/immunology
Swine/*virology
Tissue Fixation���Aug-OctY��Formalin-fixed, paraffin wax-embedded tissues of three Malaysian farm pigs naturally infected with Nipah virus were used to investigate the value of anti-Nipah virus mouse monoclonal antibodies (Mabs) and rabbit polyclonal antibody for immunohistochemical diagnosis. Mabs 11F6 and 12A5 gave intense immunolabelling in lung tissue that had been fixed in 10% neutral buffered formalin for about 4 years, whereas the reactivity of Mabs 13A5 and 18C4 and polyclonal antibody was reduced significantly by long-term formalin fixation. Immunohistochemical examination of Malaysian farm pig samples with Mab 11F6 confirmed the affinity of Nipah virus for respiratory epithelium, renal glomerular and tubular epithelium, meningeal arachnoidal cells, and systemic vascular endothelium and smooth muscle. In addition, Nipah virus antigens were identified in laryngeal epithelial cells, Schwann cells of peripheral nerve fascicles in the spleen, and endothelial cells in the atrioventricular valve. The study demonstrated the value of Mabs 11F6 and 12A5 for the immunohistochemical diagnosis of Nipah virus infection in pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/15276859Ö��Tanimura, N
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Viral Fusion Proteins/chemistry/genetics/metabolism/*physiology���JulÏ��Nipah virus (NiV), a new member of the Paramyxoviridae, codes for a fusion (F) protein with five potential N-glycosylation sites. Because glycans are known to be important structural components affecting the conformation and function of viral glycoproteins, we analyzed the effect of the deletion of N-linked oligosaccharides on cell surface transport, proteolytic cleavage, and the biological activity of the NiV F protein. Each of the five potential glycosylation sites was removed either individually or in combination, revealing that four sites are actually utilized (g2 and g3 in the F(2) subunit and g4 and g5 in the F(1) subunit). While the removal of g2 and/or g3 had no or little effect on cleavage, surface transport, and fusion activity, the elimination of g4 or g5 reduced the surface expression by more than 80%. Similar to a mutant lacking all N-glycans, g4 deletion mutants in which the potential glycosylation site was destroyed by introducing a glycine residue were neither cleaved nor transported to the cell surface and consequently were not able to mediate cell-to-cell fusion. This finding indicates that in the absence of g4, the amino acid sequence around position 414 is important for folding and transport.,��https://www.ncbi.nlm.nih.gov/pubmed/15194804¬��Moll, Markus
Kaufmann, Andreas
Maisner, Andrea
eng
Research Support, Non-U.S. Gov't
2004/06/15 05:00
J Virol. 2004 Jul;78(13):7274-8. doi: 10.1128/JVI.78.13.7274-7278.2004.%��0022-538X (Print)
0022-538X (Linking)	��PMC421684���15194804@��Institut fur Virologie, Philipps University of Marburg, Germany. ��10.1128/JVI.78.13.7274-7278.2004��S��üÒ|ÿî?Í���-��Chan, Y. P.
Koh, C. L.
Lam, S. K.
Wang, L. F.���2004c��Mapping of domains responsible for nucleocapsid protein-phosphoprotein interaction of Henipaviruses���1675-84���J Gen Virol���85���Pt 6Ñ��Amino Acid Sequence
Escherichia coli/genetics
Henipavirus/*chemistry
Molecular Sequence Data
Nucleocapsid Proteins/*chemistry
Phosphoproteins/*chemistry
Recombinant Proteins/chemistry
Viral Proteins/*chemistry���Jun#��Hendra virus (HeV) and Nipah virus (NiV) are members of a new genus, Henipavirus, in the family paramyxoviridae. Each virus encodes a phosphoprotein (P) that is significantly larger than its counterparts in other known paramyxoviruses. The interaction of this unusually large P with its nucleocapsid protein (N) was investigated in this study by using recombinant full-length and truncated proteins expressed in bacteria and a modified protein-blotting protein-overlay assay. Results from our group demonstrated that the N and P of both viruses were able to form not only homologous, but also heterologous, N-P complexes, i.e. HeV N was able to interact with NiV P and vice versa. Deletion analysis of the N and P revealed that there were at least two independent N-binding sites on P and they resided at the N and C termini, respectively. Similarly, more than one P-binding site was present on N and one of these was mapped to a 29 amino acid (aa) C-terminal region, which on its own was sufficient to interact with the extreme C-terminal 165 aa region of P.,��https://www.ncbi.nlm.nih.gov/pubmed/15166452§��Chan, Y P
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X-Ray Diffraction���Jun&��Highly conserved heptad-repeat (HR1 and HR2) regions in class I viral fusion (F) proteins, including the F protein from paramyxovirus, interact with each other post-fusion to form a six-helix bundle called a fusion core. Crystals of the fusion core of Nipah virus have been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.1 angstroms resolution at 100 K in-house. The crystals have unit-cell parameters a = 31.664, b = 31.725, c = 51.256 angstroms, alpha = 80.706, beta = 86.343, gamma = 65.812 degrees and belong to space group P1. Crystals of the fusion core of Hendra virus have also been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.0 angstroms resolution at 100 K in-house. A selenomethionine (SeMet) derivative of the HeV fusion core was overexpressed using the same Escherichia coli expression system and purified. The derivative crystals were obtained under similar conditions and three different wavelength data sets were collected to 2.0 angstroms resolution from the derivative crystal at BSRF (Beijing Synchrotron Radiation Facility). The crystals have unit-cell parameters a = 31.997, b = 31.970, c = 53.865 angstroms, alpha = 85.990, beta = 85.842, gamma = 68.245 degrees and belong to space group P1.,��https://www.ncbi.nlm.nih.gov/pubmed/15159588���Xu, Yanhui
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�Over the last decade, there was noted a large advancement of knowledge on living organisms and their products posing a potential occupational risk. Novel risk factors, often new to science, were identified, the role and significance of already known factors better comprehended, and occupational groups endangered by biological hazards more thoroughly recognized. Novel viruses and prions, emerging in different parts of the world, may pose a particular threat to health and life of health care workers, agriculture workers and veterinarians. A new coronavirus (SCoV) that evoked a rapid outbreak of disease described as severe acute respiratory syndrome (SARS) in the first half of 2003 may serve as an example. The disease was particularly common among health care workers. Previously discovered zoonotic viruses, Nipah virus in pigs and Hendra virus in horses, may be a cause of fatal encephalitis in animal farmers. Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and laboratory workers. Prions responsible for inducing a zoonotic variant of Creutzfeldt-Jakob disease (vCJD) are considered to be a potential cause of work-related infections in agricultural and health care workers, however, this assumption has not as yet been supported by any conclusive evidence. In many countries, blood-borne occupational infections with hepatitis C virus (HCV) is the major epidemiological problem among health care workers, mostly because no vaccine against this virus has been produced to date. Vaccinations effectively restricted the number of occupational infections with hepatitis B virus (HBV), and work-related infections with human immunodeficiency virus (HIV) causing acquired immunodeficiency syndrome (AIDS) are very rare. Hazardous bioserosols, occurring in many work environments, pose an occupational health hazard of particular importance. Many new biological factors present in organic dusts that may induce work-related allergic and immunotoxic diseases among farmers and workers of the agricultural and wood industries have been identified. Droplet aerosols, which are generated from water, oils, oil-water emulsions and other liquids in various work environments, may contain infectious agents (Legionella spp.) as well as allergic and/or toxic agents. It has been shown that allergens and endotoxins produced by Gram-negative bacteria occurring in oil mist from metalworking fluids may cause occupational respiratory diseases in workers of the metallurgic industry.,��https://www.ncbi.nlm.nih.gov/pubmed/15156765_��Dutkiewicz, Jacek
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United Kingdom���May-JunÐ��INTRODUCTION: Selected tablet-treated elderly type 2 subjects with very poor glycaemic control may experience improvements in well-being after starting twice-daily insulin. In this study, the health status, mood, and treatment satisfaction of diabetic subjects with poor control on oral medication were assessed before and after being randomised to one of two insulin regimens. METHODOLOGY: Fifty-seven type 2 subjects with poor glycaemic control (HBA(1c) 9.7%) were randomised to continue tablets (Group l), twice-daily isophane insulin (Group 2), or basal/bolus isophane/lispro insulin (Group 3). Health status, treatment satisfaction, and mood were measured at baseline, 1, 3, and 6 months. RESULTS: Mean HBA(1c) levels were lower in Groups 1 and 3 at 6 months (P<.02 and.03, respectively) but not Group 2 (P=.2). Mean health status scores did not differ between the groups at any time point. In Group 3, significant within-subject improvements occurred in six domains of the SF-36 at 1 month, four domains at 3 months, and six domains at 6 months. There were no significant within-subject changes in health status scores in the other groups. Mean anxiety scores improved in both Groups 1 and 3 over 6 months, and mean depression scores also improved in Group 3 during the study. CONCLUSIONS: Small improvements in health status and mood may be associated with basal/bolus, but not twice-daily, insulin in elderly type 2 subjects. These effects may be independent of glycaemic control.,��https://www.ncbi.nlm.nih.gov/pubmed/15145325ð��Hendra, Timothy J
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Viral Proteins/*physiology���Junc��In previous reports it was demonstrated that the Nipah virus V and W proteins have interferon (IFN) antagonist activity due to their ability to block signaling from the IFN-alpha/beta receptor (J. J. Rodriguez, J. P. Parisien, and C. M. Horvath, J. Virol. 76:11476-11483, 2002; M. S. Park et al., J. Virol. 77:1501-1511, 2003). The V, W, and P proteins are all encoded by the same viral gene and share an identical 407-amino-acid N-terminal region but have distinct C-terminal sequences. We now show that the P protein also has anti-IFN function, confirming that the common N-terminal domain is responsible for the antagonist activity. Truncation of this N-terminal domain revealed that amino acids 50 to 150 retain the ability to block IFN and to bind STAT1, a key component of the IFN signaling pathway. Subcellular localization studies demonstrate that the V and P proteins are predominantly cytoplasmic whereas the W protein is localized to the nucleus. In all cases, STAT1 colocalizes with the corresponding Nipah virus protein. These interactions are sufficient to inhibit STAT1 activation, as demonstrated by the lack of STAT1 phosphorylation on tyrosine 701 in IFN-stimulated cells expressing P, V, or W. Therefore, despite their common STAT1-binding domain, the Nipah virus V and P proteins act by retaining STAT1 in the cytoplasm while the W protein sequesters STAT1 in the nucleus, creating both a cytoplasmic and a nuclear block for STAT1. We also show that the IFN antagonist activity of the P protein is not as strong as that of V or W, perhaps explaining why Nipah virus has evolved to express these two edited products.,��https://www.ncbi.nlm.nih.gov/pubmed/15140960ë��Shaw, Megan L
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Transcription, Genetic+��Hendra virus (HENV) and Nipah virus (NIPV) are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genetic and biological characteristics that differentiate henipaviruses from other members of the subfamily are summarized. Although they do not display neuraminidase and hemagglutination activities and in that regard resemble viruses in the genus Morbillivirus, several recent observations highlight similarities between henipaviruses and respiroviruses (genus Respirovirus) in structure and replication strategy. First, three-dimensional modeling studies suggest that the external globular head domain of the HENV G protein resembles that of respiroviruses rather than morbilliviruses. Second, the pattern of transcriptional attenuation in HENV-infected cells resembles that observed with Sendai virus, a respirovirus, and differs from that found in cells infected with measles virus, a morbillivirus. Henipaviruses have a broad host range in vitro and in vivo, indicating wide distribution of cellular receptor molecules. The extensive host range has been confirmed in a quantitative in vitro cell-fusion assay using recombinant vaccinia viruses expressing the attachment and fusion proteins of HENV and NIPV. Cell lines of diverse origin and which are permissive in the in vitro cell fusion assay have been identified and the pattern of relative susceptibilities is the same for both HENV and NIPV, implying that both viruses use the same cell receptor. Protease treatment of permissive cells destroys their ability to fuse with cells expressing viral envelope glycoproteins. Virus overlay protein binding assay (VOPBA) and radio-immune precipitation assays confirm that both HENV and NIPV bind to membrane proteins in the 35-50 kD range. Treatment of cell membrane proteins with N-glycosidase eliminates HeV binding activity in VOPBA whereas treatment with neuraminidase has no effect on binding. Thus preliminary evidence suggests that NIPV and HENV bind to the same glycoprotein receptor via a non-sialic acid-dependant mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/15119767���Eaton, B T
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Paramyxoviridae/*isolation & purification/pathogenicityq��Several novel viruses recently described in bats of the genus Pteropus (sub-order Megachiroptera) in Australia and southeast Asia cause encephalitic disease in animals and humans. These viruses include Hendra virus and Nipah virus (genus Henipavirus, family Paramyxoviridae) and Australian bat lyssavirus (ABLV; genus Lyssavirus, family Rhabdoviridae). Broadly, strategies for disease prevention and control in the spillover host are directed at minimising direct or indirect contact with the natural host, improving farm-gate and on-farm biosecurity, and better disease recognition and diagnosis. Additional strategies for ABLV include the use of rabies vaccine for effective pre- and post-exposure prophylaxis in humans. Effective management strategies in the natural host are predicated on an understanding of the ecology of the disease in the natural host, and the identification and avoidance of factors putatively associated with emergence, such as habitat loss, land use change and demographic shifts. A possible future management strategy for ABLV in reservoir populations is immunisation using bait or plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/15119766g��Field, H
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Zoonoses±��Three newly recognized encephalitogenic zoonotic viruses spread from fruit bats of the genus Pteropus (order Chiroptera, suborder Megachiroptera) have been recognised over the past decade. These are: Hendra virus, formerly named equine morbillivirus, which was responsible for an outbreak of disease in horses and humans in Brisbane, Australia, in 1994; Australian bat lyssavirus, the cause of a severe acute encephalitis, in 1996; and Nipah virus, the cause of a major outbreak of encephalitis and pulmonary disease in domestic pigs and people in peninsula Malaysia in 1999. Hendra and Nipah viruses have been shown to be the first two members of a new genus, Henipavirus, in the family Paramyxoviridae, subfamily Paramyxovirinae, whereas Australian bat lyssavirus is closely related antigenically to classical rabies virus in the genus Lyssavirus, family Rhabdoviridae, although it can be distinguished on genetic grounds. Hendra and Nipah viruses have neurological and pneumonic tropisms. The first humans and equids with Hendra virus infections died from acute respiratory disease, whereas the second human patient died from an encephalitis. With Nipah virus, the predominant clinical syndrome in humans was encephalitic rather than respiratory, whereas in pigs, the infection was characterised by acute fever with respiratory involvement with or without neurological signs. Two human infections with Australian bat lyssavirus have been reported, the clinical signs of which were consistent with classical rabies infection and included a diffuse, non-suppurative encephalitis. Many important questions remain to be answered regarding modes of transmission, pathogenesis, and geographic range of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15119765���Mackenzie, J S
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*Zoonoses7��The emergence of zoonotic viruses maintained by wildlife reservoir hosts is poorly understood. Recent discoveries of Hendra (HENV) and Nipah (NIPV) viruses in Australasia and the emergence of epidemic West Nile virus (WNV) in the United States have added urgency to the study of cross-species transmission. The processes by which zoonotic viruses are transmitted and infect other species are examined as four transitions. Two of these, inter-species contact and cross-species virus transmission (spillover), are essential and sufficient to cause epidemic emergence. Sustained transmission and virus adaptation within the spillover host are transitions not required for virus emergence, but determine the magnitude and scope of subsequent disease outbreaks. Ecologic, anthropogenic, and evolutionary factors modify the probability that viruses complete or move through transitions. As surveillance for wildlife diseases is rare and often outbreak-driven, targeted studies are required to elucidate the means by which important zoonotic viruses are maintained and spillover occurs.,��https://www.ncbi.nlm.nih.gov/pubmed/15119758Q��Childs, J E
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Viral Proteins/*chemistry/genetics���Nov 7s��Measles virus is a negative-sense, single-stranded RNA virus belonging to the Mononegavirales order which comprises several human pathogens such as Ebola, Nipah, and Hendra viruses. The phosphoprotein of measles virus is a modular protein consisting of an intrinsically disordered N-terminal domain (Karlin, D., Longhi, S., Receveur, V., and Canard, B. (2002) Virology 296, 251-262) and of a C-terminal moiety (PCT) composed of alternating disordered and globular regions. We report the crystal structure of the extreme C-terminal domain (XD) of measles virus phosphoprotein (aa 459-507) at 1.8 A resolution. We have previously reported that the C-terminal domain of measles virus nucleoprotein, NTAIL, is intrinsically unstructured and undergoes induced folding in the presence of PCT (Longhi, S., Receveur-Brechot, V., Karlin, D., Johansson, K., Darbon, H., Bhella, D., Yeo, R., Finet, S., and Canard, B. (2003) J. Biol. Chem. 278, 18638-18648). Using far-UV circular dichroism, we show that within PCT, XD is the region responsible for the induced folding of NTAIL. The crystal structure of XD consists of three helices, arranged in an anti-parallel triple-helix bundle. The surface of XD formed between helices alpha2 and alpha3 displays a long hydrophobic cleft that might provide a complementary hydrophobic surface to embed and promote folding of the predicted alpha-helix of NTAIL. We present a tentative model of the interaction between XD and NTAIL. These results, beyond presenting the first measles virus protein structure, shed light both on the function of the phosphoprotein at the molecular level and on the process of induced folding.,��https://www.ncbi.nlm.nih.gov/pubmed/12944395ø��Johansson, Kenth
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*Virus Diseases/drug therapy/genetics/prevention & control���Aug 15ð��Certain viruses, such as those that cause smallpox and hemorrhagic fevers, have been identified as possible bioterrorism agents by the Centers for Disease Control and Prevention. They have been designated as potential threats because large quantities can be propagated in cell culture, they are transmissible as aerosols and, for the most part, there are only limited vaccine and pharmaceutical strategies for either prevention or treatment of established infection. An additional concern is the potential to genetically modify these agents to enhance virulence or promote resistance to vaccines or identified antivirals. Although the major impact of these agents is human illness, the release of zoonotic agents, such as the Nipah virus, would have consequences for both humans and animals because infected and noninfected animals might need to be sacrificed to control the spread of infection. Continued research is necessary to develop effective strategies to limit the impact of these biological threats.,��https://www.ncbi.nlm.nih.gov/pubmed/12944096v��Bronze, Michael S
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Zoonoses/*transmissioné��Porcine organs, cells and tissues provide a viable source of transplants in humans, though there is some concern of public health risk from adaptation of swine infectious agents in humans. Limited information is available on the public health risk of many exogenous swine viruses, and reliable and rapid diagnostic tests are available for only a few of these. The ability of several porcine viruses to cause transplacental fetal infection (parvoviruses, circoviruses, and arteriviruses), emergence or recognition of several new porcine viruses during the last two decades (porcine circovirus, arterivirus, paramyxoviruses, herpesviruses, and porcine respiratory coronavirus) and the immunosuppressed state of the transplant recipients increases the xenozoonoses risk of humans to porcine viruses through transplantation. Much of this risk can be eliminated with vigilance and sustained monitoring along with a better understanding of pathogenesis and development of better diagnostic tests. In this review we present information on selected exogenous viruses, highlighting their characteristics, pathogenesis of viral infections in swine, methods for their detection, and the potential xenozoonoses risk they present. Emphasis has been given in this review to swine influenza virus, paramyxovirus (Nipah virus, Menagle virus, LaPiedad paramyxovirus, porcine paramyxovirus), arterivirus (porcine reproductive and respiratory syndrome virus) and circovirus as either they represent new swine viruses or present the greatest risk. We have also presented information on porcine parvovirus, Japanese encephalitis virus, encephalomyocarditis virus, herpesviruses (pseudorabies virus, porcine lymphotropic herpesvirus, porcine cytomegalovirus), coronaviruses (TGEV, PRCV, HEV, PEDV) and adenovirus. The potential of swine viruses to infect humans needs to be assessed in vitro and in vivo and rapid and more reliable diagnostic methods need to be developed to assure safe supply of porcine tissues and cells for xenotransplantation.,��https://www.ncbi.nlm.nih.gov/pubmed/12934944���Paul, P S
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Zoonoses���Jung��Paramyxoviruses are responsible for a wide variety of diseases both in humans and in animals. Common to many paramyxoviruses is the fact that they can cause neurological symptoms in their final host. Newly discovered paramyxoviruses, such as the Hendra and Nipah viruses, show the same pattern of pathogenesis as that of the paramyxoviruses already known. Canine distemper virus (CDV) is a well-studied member of the genus Morbillivirus. Study of the neuropathogenesis of CDV might give insight into disease mechanisms and suggest approaches for the prevention of other recently discovered paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/12885204º��Griot, Christian
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Zoonoses���JulÞ��BACKGROUND: Viral encephalitis occurs in epidemic settings or is sporadic. New encephalitis patterns reflect the roles that biologic reservoirs and vectors play in determining virus-human interactions. "New" viral encephalitis can also result from human host modifications that increase susceptibility to neuroinvasive viral infection. REVIEW SUMMARY: Three human viruses, Nipah virus, Human Herpesvirus-6, and West Nile virus, present examples of how "new" viral encephalitides emerge in a specific geographic region or clinical setting. Nipah virus encephalitis emerged after the molecular evolution of a new zoonotic viral genus within the Paramyxovirinae family. Human herpesvirus-6 encephalitis has emerged in the immune suppressed human host harboring this ubiquitous but typically benign herpesvirus. West Nile virus encephalitis has emerged in the Western hemisphere after apparent abrupt translocation of this mosquito-borne virus to a distant geographic region with immunologically naive avian and human hosts. CONCLUSION: While the clinical features of these viral encephalitides are somewhat distinct, they each emerged as the result of human-derived factors that altered the biologic dynamic between humans and their viral pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12864929{��McCarthy, Micheline
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West Nile virus/pathogenicity���Jun?��PURPOSE OF REVIEW: The exotic and emerging viral encephalitides are caused by animal or human viruses and characterised by sudden unexpected outbreaks of neurological disease, usually in tropical and sub-tropical regions, but sometimes spreading to temperate areas. Although a wide range of viruses come within this label, as this review highlights, there are common research questions as to the origin and spread of the viruses, the contribution of viral and host factors to the clinical presentations and outcome, and the possibilities for treatment and vaccination. RECENT FINDINGS: During 2002, North America experienced the largest ever outbreak of West Nile encephalitis; a poliomyelitis-like flaccid paralysis due to West Nile virus was recognised, and transfusion-related infections were documented. Globally, Japanese encephalitis virus is the most important emerging viral encephalitis; interferon alpha was not effective against Japanese encephalitis in a double-blind placebo-controlled trial, but new chimeric vaccines are in development. Recent work suggests Japanese encephalitis virus originated in the Indonesia-Malaysia region, and spread from there. The origin of Nipah virus, which caused an encephalitis outbreak in Malaysia in 1998, is not known, but flying foxes have been identified as a natural host. Enterovirus 71 continues to cause large outbreaks of hand foot and mouth disease across Asia, associated with neurological and systemic complications; recent work has focused on the pathogenesis of these complications. SUMMARY: Disease surveillance remains important for the early recognition and containment of encephalitis outbreaks. Detailed clinical and laboratory studies will help answer the key questions, but there is a need to ensure the results translate to real benefits for the communities affected by these diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/12858080���Solomon, Tom
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Time Factors���May-Juný��This study examined the effect of a time-limited welfare program on school-age children using data on almost 3,000 children (ages 5-17 at the four year follow up-point) from the random assignment evaluation of Florida's Family Transition Program (FTP). FTP was one of the first welfare reform initiatives to impose a time limit on the receipt of cash assistance, and it combined the time limit with a rich array of mandatory services. The effects of FTP on children were moderated by families' risk of long-term welfare dependency. Contrary to predictions laid out at the outset, there were few effects of FTP on middle childhood and adolescent children for children of parents most likely to be long-term welfare dependent (those most likely to hit the time limit). However, consistent negative effects on this same age group of children were found for children of parents least likely to be long-term welfare dependent--parents who had the largest employment gains--and effects of FTP were most strongly negative for the oldest adolescent children. The findings suggest a different theoretical model for movements into employment than the one suggested in the previous literature for job loss. The findings are discussed in terms of their contribution to research and policy.,��https://www.ncbi.nlm.nih.gov/pubmed/12795394r��Morris, Pamela
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Workforce���May���The Epidemic Intelligence Service (EIS) was created in 1951 to provide epidemiologists to investigate natural and intentional disease epidemics. From an initial class of 23 U.S. citizens, the program has evolved into a globally recognized, hands-on learning experience, accepting approximately 65 to 75 new officers each year. The first U.S. military epidemic intelligence service officer (EISO) was accepted into the program in 1994. Since that time, 12 such officers have completed, or have begun, EIS training. They have comprised 2.1% of all EISOs from 1994 to 2001 and 0.47% of all EISOs. This total has included nine Air Force veterinarians, one Army veterinarian, one Army physician, and one Navy physician. Each military EISO had the opportunity to lead investigations of significant public health events (e.g., Ebola, monkeypox, malaria, Nipah virus, West Nile fever, and anthrax outbreaks). All graduates from the military returned to active duty assignments in operational medical units, research institutes, or the intelligence community.,��https://www.ncbi.nlm.nih.gov/pubmed/12775171���Noah, Donald L
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Specimen Handling/*methods���May9��During the outbreak of Nipah virus encephalitis involving pigs and humans in peninsular Malaysia in 1998/1999, a conventional approach was initially undertaken to collect specimens from fruit bats by mist-netting and shooting, as an integral part of wildlife surveillance of the natural reservoir host of Nipah virus. This study describes a novel method of collecting fruit bats' urine samples using plastic sheets for isolation of Nipah virus. This novel approach resulted in the isolation of several other known and unidentified infectious agents besides Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12758277Q��Chua, Kaw Bing
eng
France
2003/05/22 05:00
Microbes Infect. 2003 May;5(6):487-90.%��1286-4579 (Print)
1286-4579 (Linking)���12758277���International Medical University, Sesama Centre, Plaza Komanwel, Bukit Jalil, 57000 Kuala Lumpur, Malaysia. chuakawbing@hotmail.com���N��þÚ|ÿþ?ï������Kai, C.���2003���[Nipah virus infection]���292-5���Nihon Rinsho
��61 Suppl 2Ø��Animals
*Encephalitis, Viral/epidemiology/physiopathology/transmission/virology
Humans
*Paramyxoviridae Infections/epidemiology/physiopathology/transmission/virology
*Paramyxovirinae/classification
Prognosis
Zoonoses���Feb,��https://www.ncbi.nlm.nih.gov/pubmed/12722231V��Kai, Chieko
jpn
Review
Japan
2003/05/02 05:00
Nihon Rinsho. 2003 Feb;61 Suppl 2:292-5.%��0047-1852 (Print)
0047-1852 (Linking)���12722231U��Laboratory Animal Research Center, Institute of Medical Science, University of Tokyo.����û��üÒ|ÿî?ð������Johnson, R. T.���2003/��Emerging viral infections of the nervous system���140-7���J Neurovirol���9���2���Animals
Humans
Paramyxoviridae Infections/*diagnosis/transmission
*Paramyxovirinae
West Nile Fever/*diagnosis/transmission
Zoonoses/virology���Apr^��New viral infections of the nervous system have been appearing with great regularity. Some result from the evolution of new agents and others from the entry of viruses into new hosts or environments. The emergence of neurovirulent enteroviruses causing a paralytic poliomyelitis syndrome and rhomboencephalitis represent the evolution of new human viruses. Most emerging viral infections represent movement of an agent into new geographic areas or across species barriers. The transport of neurovirulent strains of West Nile virus into the Western Hemisphere and the penetration of Nipah virus, a newly recognized paramyxovirus, across species barriers from bat to pig to man are examples that are highlighted in this review. The burgeoning human population and the speed and frequency of travel favor the evolution, preservation, and spread of new viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/12707845q��Johnson, Richard T
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*Respirovirus Infections/diagnosis/epidemiology/physiopathology���Apr6��Human parainfluenza viruses (HPIV) were first discovered in the late 1950s. Over the last decade, considerable knowledge about their molecular structure and function has been accumulated. This has led to significant changes in both the nomenclature and taxonomic relationships of these viruses. HPIV is genetically and antigenically divided into types 1 to 4. Further major subtypes of HPIV-4 (A and B) and subgroups/genotypes of HPIV-1 and HPIV-3 have been described. HPIV-1 to HPIV-3 are major causes of lower respiratory infections in infants, young children, the immunocompromised, the chronically ill, and the elderly. Each subtype can cause somewhat unique clinical diseases in different hosts. HPIV are enveloped and of medium size (150 to 250 nm), and their RNA genome is in the negative sense. These viruses belong to the Paramyxoviridae family, one of the largest and most rapidly growing groups of viruses causing significant human and veterinary disease. HPIV are closely related to recently discovered megamyxoviruses (Hendra and Nipah viruses) and metapneumovirus.,��https://www.ncbi.nlm.nih.gov/pubmed/12692097Z��Henrickson, Kelly J
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*Zoonoses���Since 1994, a number of novel viruses have been described from bats in Australia and Malaysia, particularly from fruit bats belonging to the genus Pteropus (flying foxes), and it is probable that related viruses will be found in other countries across the geographical range of other members of the genus. These viruses include Hendra and Nipah viruses, members of a new genus, Henipaviruses, within the family Paramyxoviridae; Menangle and Tioman viruses, new members of the Rubulavirus genus within the Paramyxoviridae; and Australian bat lyssavirus (ABLV), a member of the Lyssavirus genus in the family Rhabdoviridae. All but Tioman virus are known to be associated with human and/or livestock diseases. The isolation, disease associations and biological properties of the viruses are described, and are used as the basis for developing management strategies for disease prevention or control. These strategies are directed largely at disease minimization through good farm management practices, reducing the potential for exposure to flying foxes, and better disease recognition and diagnosis, and for ABLV specifically, the use of rabies vaccine for pre- and post-exposure prophylaxis. Finally, an intriguing and long-term strategy is that of wildlife immunization through plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/12675937r��Mackenzie, J S
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Swine Diseases/*epidemiology/transmission/virology���AprÔ��Nipah virus, a novel paramyxovirus, closely related to Hendra virus emerged in northern part of Peninsular Malaysia in 1998. The virus caused an outbreak of severe febrile encephalitis in humans with a high mortality rate, whereas, in pigs, encephalitis and respiratory diseases but with a relatively low mortality rate. The outbreak subsequently spread to various regions of the country and Singapore in the south due to the movement of infected pigs. Nipah virus caused systemic infections in humans, pigs and other mammals. Histopathological and radiological findings were characteristic of the disease. Fruitbats of Pteropid species were identified as the natural reservoir hosts. Evidence suggested that climatic and anthropogenic driven ecological changes coupled with the location of piggeries in orchard and the design of pigsties allowed the spill-over of this novel paramyxovirus from its reservoir host into the domestic pigs and ultimately to humans and other animals.,��https://www.ncbi.nlm.nih.gov/pubmed/12637075[��Chua, Kaw Bing
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Virulence���Mar���Since it emerged in Japan in the 1870s, Japanese encephalitis has spread across Asia and has become the most important cause of epidemic encephalitis worldwide. Four genotypes of Japanese encephalitis virus (JEV) are presently recognized (representatives of genotypes I to III have been fully sequenced), but its origin is not known. We have determined the complete nucleotide and amino acid sequence of a genotype IV Indonesian isolate (JKT6468) which represents the oldest lineage, compared it with other fully sequenced genomes, and examined the geographical distribution of all known isolates. JKT6468 was the least similar, with nucleotide divergence ranging from 17.4 to 19.6% and amino acid divergence ranging from 4.7 to 6.5%. It included an unusual series of amino acids at the carboxy terminus of the core protein unlike that seen in other JEV strains. Three signature amino acids in the envelope protein (including E327 Leu-->Thr/Ser on the exposed lateral surface of the putative receptor binding domain) distinguished genotype IV strains from more recent genotypes. Analysis of all 290 JEV isolates for which sequence data are available showed that the Indonesia-Malaysia region has all genotypes of JEV circulating, whereas only more recent genotypes circulate in other areas (P < 0.0001). These results suggest that JEV originated from its ancestral virus in the Indonesia-Malaysia region and evolved there into the different genotypes which then spread across Asia. Our data, together with recent evidence on the origins of other emerging viruses, including dengue virus and Nipah virus, imply that tropical southeast Asia may be an important zone for emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12584335���Solomon, Tom
Ni, Haolin
Beasley, David W C
Ekkelenkamp, Miquel
Cardosa, Mary Jane
Barrett, Alan D T
eng
Wellcome Trust/United Kingdom
AI10986/AI/NIAID NIH HHS/
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2003/02/14 04:00
J Virol. 2003 Mar;77(5):3091-8.%��0022-538X (Print)
0022-538X (Linking)	��PMC149749���12584335q��Department of Neurological Science, University of Liverpool, Liverpool L9 7LJ, United Kingdom. tsolomon@liv.ac.uk����L��üÚ|ÿÿ?ý������Deng, J.
Liang, G. D.���2001\��[A novel viral encephalitis discovered at the end of 20th century--Nipah virus encephalitis]���293-61��Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi���15���3���Animals
Antibodies, Viral/blood
Encephalitis, Viral/*virology
Humans
Paramyxoviridae Infections/*virology
Paramyxovirinae/*isolation & purification���Sep,��https://www.ncbi.nlm.nih.gov/pubmed/12568115}��Deng, J
Liang, G D
chi
Review
China
2003/02/06 04:00
Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi. 2001 Sep;15(3):293-6.%��1003-9279 (Print)
1003-9279 (Linking)���12568115�����üÒ|ÿþ?þ������Snell, N. J.���2003+��Examining unmet needs in infectious disease���22-30���Drug Discov Today���8���1Î��Anti-Infective Agents/*therapeutic use
Antiviral Agents/*therapeutic use
*Communicable Disease Control
Communicable Diseases/*drug therapy/epidemiology
Humans
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Zoonoses/*virology?��The Nipah virus outbreak represented one of several bat-derived paramyxoviruses that has emerged during the last decade to cause severe human and animal disease. The pathogenesis of Nipah infection is associated with its ability to infect blood vessels and extravascular parenchyma in many organs, particularly in the central nervous system. The clinical manifestations of acute Nipah infection range from fever and mild headache to a severe acute encephalitic syndrome in which there is a high mortality. Much remains to be understood about this new disease, including its intriguing ability to cause relapsing encephalitis in some survivors. This review provides an overview of the Nipah outbreak, focussing on what is presently known about it as an infectious disease, including the clinical aspects, pathology and pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/12503066¼��Wong, K T
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Viral Proteins/genetics/*physiology���Janí��We have generated a recombinant Newcastle disease virus (NDV) that expresses the green fluorescence protein (GFP) in infected chicken embryo fibroblasts (CEFs). This virus is interferon (IFN) sensitive, and pretreatment of cells with chicken alpha/beta IFN (IFN-alpha/beta) completely blocks viral GFP expression. Prior transfection of plasmid DNA induces an IFN response in CEFs and blocks NDV-GFP replication. However, transfection of known inhibitors of the IFN-alpha/beta system, including the influenza A virus NS1 protein and the Ebola virus VP35 protein, restores NDV-GFP replication. We therefore conclude that the NDV-GFP virus could be used to screen proteins expressed from plasmids for the ability to counteract the host cell IFN response. Using this system, we show that expression of the NDV V protein or the Nipah virus V, W, or C proteins rescues NDV-GFP replication in the face of the transfection-induced IFN response. The V and W proteins of Nipah virus, a highly lethal pathogen in humans, also block activation of an IFN-inducible promoter in primate cells. Interestingly, the amino-terminal region of the Nipah virus V protein, which is identical to the amino terminus of Nipah virus W, is sufficient to exert the IFN-antagonist activity. In contrast, the anti-IFN activity of the NDV V protein appears to be located in the carboxy-terminal region of the protein, a region implicated in the IFN-antagonist activity exhibited by the V proteins of mumps virus and human parainfluenza virus type 2.,��https://www.ncbi.nlm.nih.gov/pubmed/12502864õ��Park, Man-Seong
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Time���Jan���The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12486285Ý��Lim, C C T
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Ventilators, Mechanical���SepÃ��Long-term MV, delivered by way of a tracheostomy or noninvasive mask, often is indicated in patients with restrictive or neuromuscular pulmonary diseases and occasionally in patients with severe obstructive hypercapnic respiratory failure. Regardless of the mode of ventilation, respiratory physiology seems to be significantly impacted in these patients. Although the effects of ventilation can be unpredictable, they often seem to be favorable. Selected patients can develop increased sensitivity to hypercapnia, with subsequent improvements in blood gas tensions and decreased pulmonary artery pressures, which result in augmented cardiac function and greater tolerance to exercise. The patient-ventilator interaction, mode of ventilation, and degree of support should be considered when managing these patients. For some patients, particularly patients with fibrotic lung disease or COPD, chronic MV likely does not alter pathophysiology or improve prognosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12481966k��Hendra, Katherine
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Tomography, Emission-Computed, Single-Photon���Jun£��An outbreak of infection with the Nipah virus, a novel paramyxovirus, occurred among pig farmers between September 1998 and June 1999 in Malaysia, involving 265 patients with 105 fatalities. This is a follow-up study 24 months after the outbreak. Twelve survivors (7.5%) of acute encephalitis had recurrent neurological disease (relapsed encephalitis). Of those who initially had acute nonencephalitic or asymptomatic infection, 10 patients (3.4%) had late-onset encephalitis. The mean interval between the first neurological episode and the time of initial infection was 8.4 months. Three patients had a second neurological episode. The onset of the relapsed or late-onset encephalitis was usually acute. Common clinical features were fever, headache, seizures, and focal neurological signs. Four of the 22 relapsed and late-onset encephalitis patients (18%) died. Magnetic resonance imaging typically showed patchy areas of confluent cortical lesions. Serial single-photon emission computed tomography showed the evolution of focal hyperperfusion to hypoperfusion in the corresponding areas. Necropsy of 2 patients showed changes of focal encephalitis with positive immunolocalization for Nipah virus antigens but no evidence of perivenous demyelination. We concluded that a unique relapsing and remitting encephalitis or late-onset encephalitis may result as a complication of persistent Nipah virus infection in the central nervous system.,��https://www.ncbi.nlm.nih.gov/pubmed/12112075D��Tan, Chong Tin
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Transcription Initiation Site���Jul*��A novel paramyxovirus in the genus Rubulavirus, named Tioman virus (TiV), was isolated in 1999 from a number of pooled urine samples of Island Flying Foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. TiV is antigenically related to Menangle virus (MenV) that was isolated in Australia in 1997 during disease outbreak in pigs. Sequence analysis of the full length genome indicated that TiV is a novel member of the genus Rubulavirus within the subfamily Paramyxovirinae, family Paramyxoviridae. However, there are several features of TiV which make it unique among known paramyxoviruses and rubulaviruses in particular: (1) TiV, like MenV, uses the nucleotide G as a transcriptional initiation site, rather than the A residue used by all other known paramyxoviruses; (2) TiV uses C as the +1 residue for all intergenic regions, a feature not seen for rubulaviruses but common for all other members within the subfamily Paramyxovirinae; (3) Although the attachment protein of TiV has structural features that are conserved in other rubulaviruses, it manifests no overall sequence homology with members of the genus, lacks the sialic acid-binding motif N-R-K-S-C-S and has only two out of the six highly conserved residues known to be important for the catalytic activity of neuraminidase.,��https://www.ncbi.nlm.nih.gov/pubmed/12111411ª��Chua, K B
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Swine Diseases/epidemiology/virology���Apr-Jun¾��In the interval 1994-1999, in Australia, Malaysia and Singapore, epizootic and epidemiological episodes of meningoencephalitis and severe acute respiratory syndromes were reported. Highly lethal in horses, swine and humans, the episodes were proved to be caused by the "new" viruses Hendra (HeV) and Nipah (NiV). At the same time three "new" viral agents have been isolated: Lyssavirus, Menanglevirus and Tupaia paramyxovirus. The intense contemporary circulation of people, animals and food products together with changes in human ecosystem favor new relations between humans and the "natural reservoirs" of biologic agents with a pathogenic potential for domestic and peridomestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/12089991z��Ivan, A
Indrei, L L
rum
English Abstract
Romania
2002/07/02 10:00
Rev Med Chir Soc Med Nat Iasi. 2000 Apr-Jun;104(2):51-5.%��0048-7848 (Print)
0048-7848 (Linking)���12089991r��Emergenta bolilor transmisibile, proces in continua evolutie--un nou tip de meningoencefalita cu etiologie virala.k��Facultatea de Medicina Disciplina de Epidemiologie, Universitatea de Medicina si Farmacie Gr. T. Popa Iasi.�����üÒ|ÿþ?���� ��McCormack, J. G.
Allworth, A. M.���2002&��Emerging viral infections in Australia���45-9
��Med J Aust���177���1Ê��Adult
Aged
Animals
Australia/epidemiology
Encephalitis Virus, Murray Valley
Encephalitis, Japanese/epidemiology
Female
Horse Diseases/epidemiology
Horses
Humans
Lyssavirus
Male
Middle Aged
Paramyxoviridae Infections/*epidemiology/veterinary
*Paramyxovirinae
*Respirovirus
Respirovirus Infections/*epidemiology/veterinary
Rhabdoviridae Infections/*epidemiology/veterinary
Swine
Swine Diseases/epidemiology
West Nile Fever/epidemiology
West Nile virus
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Risk���Feb¿��BACKGROUND: An outbreak of viral encephalitis occurred among pig industry workers in Malaysia in September 1998 to April 1999. The encephalitis was attributed to a new paramyxovirus, Nipah virus. This is a description of the clinical features of 103 patients treated in the Seremban Hospital with characterization of the prognostic factors. METHODS: Clinical case records and laboratory investigations were reviewed. The case definition was: patients from the outbreak area, direct contact or in close proximity with pigs, clinical or CSF features of encephalitis. RESULTS: The mean age was 38 years, 89% were male, 58% were ethnic Chinese, 78% were pig farm owners or hired workers. The mean incubation period was 10 days. The patients typically presented with nonspecific systemic symptoms of fever, headache, myalgia and sore throat. Seizures and focal neurological signs were seen in 16% and 5% respectively. In the more severe cases, this was followed by drowsiness and deteriorating consciousness requiring ventilation in 61%. Autonomic disturbances and myoclonic jerks were common features. The mortality was high at 41%. Systolic hypertension, tachycardia and high fever were associated with poor outcome. On the other hand, 40% recovered fully. As for the other 19%, the residual neurological signs were mostly mild. CONCLUSION: Nipah virus caused an encephalitis illness with short incubation period and high mortality. The prognosis for the survivors was good.,��https://www.ncbi.nlm.nih.gov/pubmed/11858542ø��Chong, Heng Thay
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Surveys and Questionnaires���Maré��The effects of insulin therapy on patient well-being, treatment satisfaction and mood, and on carer strain were studied in 30 elderly Type 2 diabetic patients (age 73 +/- 7 (SD) yr) in poor glycaemic control on tablet therapy. A comparison group of ten poorly controlled patients who remained on oral agents was also studied. After 4 weeks of insulin treatment, there were significant improvements in mental health, role-emotional, role-physical (all P<0.05) and vitality (P<0.01) domains of the short form health survey (SF-36), and also in the diabetes treatment and satisfaction questionnaire (DTSQ) and geriatric depression scale (both P<0.01) compared to baseline. After 12 weeks, the improvements in mental health, social functioning and vitality (P<0.01 for all domains), and in the DTSQ were sustained. Carer strain was lower at 4 weeks. No changes in outcomes were seen in the comparison group. In selected elderly Type 2 diabetic patients, insulin treatment is associated with significant improvements in well-being, treatment satisfaction and mood, even without significant improvements in glycaemic control and without increase in carer strain. The SF-36 and DTSQ are sensitive to the benefits of the changes in the treatment for these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11850096È��Reza, M
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Paramyxovirinae���Jan¸��PURPOSE: To report the serial magnetic resonance (MR) imaging findings of the Nipah virus. MATERIALS AND METHODS: Twelve patients underwent serial MR imaging. Eight patients were examined at the outbreak; 11, at 1 month; and seven, at 6 months. Contrast material-enhanced MR images, diffusion-weighted images, and single-voxel proton MR spectroscopic images were reviewed. Clinical and neurologic assessment, as well as analysis of the size, location, and appearance of brain lesions on MR images, were performed. RESULTS: During the outbreak, all eight patients had multiple small foci of high signal intensity within the white matter on T2-weighted images. In six patients, cortical and brain stem lesions were also detected, and five patients had diffusion-weighted MR imaging-depicted hyperintensities. One month after the outbreak, five patients had widespread tiny foci of high signal intensity on T1-weighted images, particularly in the cerebral cortex. Diffusion-weighted images showed decreased prominence or disappearance of lesions over time. There was no evidence of progression or relapse of the lesions at 6-month follow-up. MR spectroscopy depicted reduction in N-acetylaspartate-to-creatine ratio and elevation of choline-to-creatine ratios. CONCLUSION: The Nipah virus has findings unlike other viral encephalitides: small lesions that are primarily within the white matter, with transient punctate cortical hyperintensities on T1-weighted images.,��https://www.ncbi.nlm.nih.gov/pubmed/11756729���Lim, C C Tchoyoson
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Swine���Oct���BACKGROUND: An outbreak of encephalitis primarily affecting pig farmers occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah virus, which infected pigs, humans, dogs, and cats. Because five abattoir workers were also affected, a survey was conducted to assess the risk of Nipah infection among abattoir workers. METHODS: Workers from all 143 registered abattoirs in 11 of 13 states in Malaysia were invited to participate in this cross-sectional study. Participants were interviewed to ascertain information on illness and activities performed at the abattoir. A serum sample was obtained to test for Nipah virus antibody. RESULTS: Seven (1.6 %) of 435 abattoir workers who slaughtered pigs versus zero (0%) of 233 workers who slaughtered ruminants showed antibody to Nipah virus (P = 0.05). All antibody-positive workers were from abattoirs in the three states that reported outbreak cases among pig farmers. Workers in these three states were more likely than those in other states to have Nipah antibody (7/144 [4.86%] versus 0/291 [0%], P < 0.001) and report symptoms suggestive of Nipah disease in pigs admitted to the abattoirs (P = 0.001). CONCLUSIONS: Nipah infection was not widespread among abattoir workers in Malaysia and was linked to exposure to pigs. Since it may be difficult to identify Nipah-infected pigs capable of transmitting virus by clinical symptoms, using personal protective equipment, conducting surveillance for Nipah infection on pig farms which supply abattoirs, and avoiding handling and processing of potentially infected pigs are presently the best strategies to prevent transmission of Nipah virus in abattoirs.,��https://www.ncbi.nlm.nih.gov/pubmed/11689513£��Sahani, M
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*Viral Plaque Assay���Jan°��Rapid immune plaque assays have been developed to quantify biohazard level 4 agents Hendra and Nipah viruses and detect neutralising antibodies to both viruses. The methods rely on the fact that both viruses rapidly generate large syncytia in monolayers of Vero cells within 24 h and that monospecific antiserum to the Hendra virus phosphoprotein (P) detects that protein in both Hendra and Nipah virus-induced syncytia after methanol fixation of virus-infected cells. The P protein is a constituent of the ribonucleoprotein core of the viruses and a component of the viral RNA-dependent RNA polymerase and is made in significant amounts in infected cells. In the immune plaque assay, anti-P antibody is localised by an alkaline phosphatase-linked second antibody and the Western blot substrates 5-bromo-4-chloro-3-indolyl phosphate and p-nitro blue tetrazolium. A modification of the rapid immune plaque assay was also used to detect antibodies to Nipah virus in a panel of porcine field sera from Malaysia and the results showed good agreement between the immune plaque assay and a traditional serum neutralisation test. After methanol fixation, plates can be stored for up to 7 months and may be used in the immune plaque assay to complement the enzyme-linked immunosorbent assay screening of sera for antibodies to Nipah virus. At present, all enzyme-linked immunosorbent assay positive sera are subject to confirmatory serum neutralisation tests. Use of the immune plaque assay may reduce the number of sera requiring confirmatory neutralisation testing for Nipah virus antibodies under biohazard level 4 conditions by identifying those that generate false positive in the enzyme-linked immunosorbent assay.,��https://www.ncbi.nlm.nih.gov/pubmed/11684302¨��Crameri, Gary
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Viral Matrix Proteins/*genetics���Oct���Phylogenetic relationships among the Paramyxoviridae, a broad family of viruses whose members cause devastating diseases of wildlife, livestock, and humans, were examined with both fusion (F) and matrix (M) protein-coding sequences. Neighbor-joining trees of F and M protein sequences showed that the Paramyxoviridae was divided into the two traditionally recognized subfamilies, the Paramyxovirinae and the Pneumovirinae. Within the Paramyxovirinae, the results also showed groups corresponding to three currently recognized genera: Respirovirus, Morbillivirus, and Rubulavirus. The relationships among the three genera of the Paramyxovirinae were resolved with M protein sequences and there was significant bootstrap support (100%) showing that members of the genus Respirovirus and the genus Morbillivirus were more closely related to each other than to members of the genus Rubulavirus. Both F and M phylogenies showed that Newcastle disease virus (NDV) was more closely related to the genus Rubulavirus than to the other two genera but were consistent with the proposal (B. S. Seal et al., 2000, Virus Res. 66, 1-11) that NDV be classified as a separate genus within the Paramyxovirinae. Both F and M phylogenies were also consistent with the proposal (L. Wang et al., 2000, J. Virol 74, 9972-9979) that Hendra virus be classified as a new genus closely related and basal to the genus Morbillivirus. Rinderpest was most closely related to measles and a more derived virus than to canine distemper virus, phocine distemper virus, or dolphin morbillivirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11603943×��Westover, K M
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Viral Proteins/genetics���Nov 28Í��Viral agents from 18 different snake species (families Colubridae, Viperidae, and Crotalidae) showing respiratory symptoms and neuronal disease were identified as paramyxoviruses by typical cytopathogenic effect (CPE), electron microscopy, and hemagglutination inhibition. Detailed molecular characterization of the viruses was performed by partial L- and F-gene-specific reverse transcription polymerase chain reaction (RT-PCR) and sequencing, nucleotide and amino acid sequence alignment, and phylogenetic analysis (PHYLIP). RT-PCR of the partial L-gene (566 nt) was successful for all 18 viruses; amplicons of the partial F-gene (918 nt) could be obtained in 16 cases. F- and L-sequence alignment revealed similarities to Fer de Lance virus (FDLV) ranging from 79 to 88% on a nucleotide basis, and 94 to 99% on an amino acid basis. Phylogenetic analysis of the ophidian paramyxoviruses resulted in three clusters for the L-gene sequence and corresponding clusters for the F-gene sequence, indicating no species specificity. We analyzed the F-protein of the snake paramyxoviruses, which proved to have an identical conserved motif of heptad repeat A and predicted a furin cleavage site. This uniformity distinguishes the snake virus group from the other type species of the subfamily Paramyxovirinae. For further classification, we aligned the sequences of the ophidian paramyxoviruses and members of the Paramyxoviridae, such as Sendai virus (genus Respirovirus), mumps virus (genus Rubulavirus), measles virus (genus Morbillivirus), human respiratory syncytial virus (genus Pneumovirus) (Van Regenmortel and 10 co-authors, 2000) and Hendra virus, which have recently been suggested as type species of the genus Henipavirus (Wang et al., 2000). Maximum sequence similarity was found to the partial L-gene of Sendai virus, with 56% nucleotide and 61% amino acid identity. The FDLV and Sendai virus cluster in the phylogenetic analysis of L- and F-protein regarding the Paramyxovirus type species and Hendra virus and show the closest relationship. Regarding the biological properties, the antigenic distance, and particularly the low homology of available sequences, we propose a new genus for the reptilian paramyxoviruses within the Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11597749¡��Franke, J
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Ribavirin/pharmacokinetics/*therapeutic use���Augö��Ribavirin is a very broad-spectrum virustatic antiviral agent, first synthesised in 1972. It is characterised by low toxicity apart from reversible anaemia, usually mild. Its multiple mechanisms of action mean that viral resistance rarely develops. It can be administered orally, intravenously, or via a nebuliser. It has shown varying degrees of clinical efficacy in a variety of human diseases including respiratory tract infections due to respiratory syncytial virus and influenza, measles, herpesvirus infections, HIV infection, Lassa fever, haemorrhagic fever with renal syndrome, and (in combination with IFN-alpha) chronic hepatitis C infection. It may well prove of value against other emerging exotic infections (e.g., West Nile virus, Nipah virus).,��https://www.ncbi.nlm.nih.gov/pubmed/11585000���Snell, N J
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Zoonoses���Octf��Nipah virus is a newly discovered paramyxovirus transmitted directly from pigs to humans. During a large encephalitis outbreak in Malaysia and Singapore in 1998-9, most patients presented acutely. A 12 year old child is described who developed encephalitis 4 months after exposure to the virus. She was diagnosed by a new indirect IgG enzyme linked immunosorbent assay (ELISA), which is also described. The late presentation and IgG subclass responses had similarities to subacute sclerosing panencephalitis. Nipah virus should be considered in patients with encephalitis even months after their possible exposure.,��https://www.ncbi.nlm.nih.gov/pubmed/11561048½��Wong, S C
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Zoonoses/*virology���May-JunH��Based on the literature data, the outbreaks of new zoonoses caused by new members of the family Paramyxoviridae are briefly presented. Some characteristics of Hendra and Nipah virus, epidemiological aspects, clinical picture and pathology are described. Fruit bats are mentioned as the key to the epidemiology of Hendra virus. The virus was isolated from affected humans, horses, and from the uterine fluids of a grey-headed fruit bat (pteropus poliocephalus). New morbillivirus designated Nipah virus was isolated from pigs and humans. It caused encephalitis and pneumonia in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/11554115`��Madic, J
hrv
English Abstract
Croatia
2001/09/14 10:00
Lijec Vjesn. 2001 May-Jun;123(5-6):141-5.%��0024-3477 (Print)
0024-3477 (Linking)���11554115;��Zoonoze uzrokovane novim virusima porodice Paramyxoviridae.���Zavod za mikrobiologiju i zarazne bolesti i klinikom, Veterinarski fakultet Sveucilista u Zagrebu. Heinzelova ul. b.b., 10000 Zagreb.��Ø��üÒ|ÿþ?*������Ozawa, Y.
Ong, B. L.
An, S. H.���20017��Traceback systems used during recent epizootics in Asia���605-13���Rev Sci Tech���20���2¶��Abattoirs
Animal Feed/virology
Animal Husbandry
Animal Identification Systems/*veterinary
Animals
Cattle
Cattle Diseases/*epidemiology/transmission/virology
Disease Outbreaks/*veterinary
Foot-and-Mouth Disease/*epidemiology/transmission/virology
Humans
Japan/epidemiology
Korea/epidemiology
Malaysia/epidemiology
Paramyxoviridae Infections/epidemiology/*veterinary/virology
*Paramyxovirinae
Swine
Swine Diseases/*epidemiology/transmission���Aug���Traceback systems in most countries of Asia are not well developed, as indicated by responses to a questionnaire by veterinary officials in thirteen countries. Marking of animals for traceback is practised only in a limited number of countries in specific areas or zones and for specific purposes only. In Malaysia, traceback has been undertaken by marking farm code tattoos on pigs. This enables the identification of the farm of origin of pigs found to be infected by Nipah virus in sero-surveillance programmes. The origin of the foot and mouth disease (FMD) virus that surfaced in the Republic of Korea in March 2000 was investigated through several epidemiological studies of suspected sources of contamination such as imported hay, yellow sand, milk collection trucks and feed delivery trucks. None of these studies gave results that indicated the origin of the FMD virus. The origin of the FMD virus that was recorded in Japan in March 2000 was also investigated in epidemiological studies; in this case, imported wheat straw was incriminated as the most likely source of infection. Comparative studies of the pathogenicities of FMD (type O) viruses isolated in Taipei China, the Republic of Korea and Japan, suggest that these viruses might have originated as vaccine strains used in a third country.,��https://www.ncbi.nlm.nih.gov/pubmed/11548530a��Ozawa, Y
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Taq Polymerase���OctÙ��A rapid and sensitive one-tube RT-PCR assay using a fluorogenic (TaqMan) probe was developed to improve the diagnosis of Hendra virus (HeV) infection. The TaqMan assay was developed to rapidly and specifically identify Hendra virus. The sensitivity of the new TaqMan-based PCR assay compared favourably with conventional RT-PCR. The major advantage of the TaqMan-based assay was the speed of diagnosis with results available within minutes of completing the PCR, and within 4 h of receiving the specimen. This test greatly reduces the chance of false positives through the elimination of second-round PCR and the requirement for agarose gel. Recombinant primer controls consisting of the Hendra virus primer sequence flanking a rodent GADPH probe sequence and recombinant probe controls consisting of the rodent GADPH primer sequence flanking the Hendra virus probe sequence were designed, cloned and transcribed in vitro to generate RNA. This has alleviated the requirement for viral RNA to be used as positive controls, thus reducing the chance of producing a false positive, at the same time eliminating the biosafety risk associated with handling live virus. This assay will provide a rapid diagnosis of future outbreaks of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11543882s��Smith, I L
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Phylogeny���Sep���We have completely sequenced the genomes of two Nipah virus (NiV) isolates, one from the throat secretion and the other from the cerebrospinal fluid (CSF) of the sole surviving encephalitic patient with positive CSF virus isolation in Malaysia. The two genomes have 18246 nucleotides each and differ by only 4 nucleotides. The NiV genome is 12 nucleotides longer than the Hendra virus (HeV) genome and both genomes have identical leader and trailer sequence lengths and hexamer-phasing positions for all their genes. Both NiV and HeV are also very closely related with respect to their genomic end sequences, gene start and stop signals, P gene-editing signals and deduced amino acid sequences of nucleocapsid protein, phosphoprotein, matrix protein, fusion protein, glycoprotein and RNA polymerase. The existing evidence demonstrates a clear need for the creation of a new genus within the subfamily Paramyxovirinae to accommodate the close similarities between NiV and HeV and their significant differences from other members of the subfamily.,��https://www.ncbi.nlm.nih.gov/pubmed/11514724µ��Chan, Y P
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Viral Proteins/chemistry/*genetics���Aug 158��In 1998, Nipah virus (NV) emerged in peninsular Malaysia, causing fatal encephalitis in humans and a respiratory disease in swine. NV is most closely related to Hendra virus (HV), a paramyxovirus that was identified in Australia in 1994, and it has been proposed that HV and NV represent a new genus within the family Paramyxoviridae. This report describes the analysis of the sequences of the polymerase gene (L) and genomic termini of NV as well as a comparison of the full-length, genomic sequences of HV and NV. The L gene of NV is predicted to be 2244 amino acids in size and contains the six domains found within the L proteins of all nonsegmented, negative-stranded (NNS) RNA viruses. However, the GDNQ motif found in most NNS RNA viruses was replaced by GDNE in both NV and HV. The 3' and 5' termini of the NV genome are nearly identical to the genomic termini of HV and share sequence homology with the genomic termini of other members of the subfamily Paramyxovirinae. At 18,246 nucleotides, the genome of NV is 12 nucleotides longer than the genome of HV and they have the largest genomes within the family Paramyxoviridae. The comparison of the structures of the genomes of HV and NV is now complete and this information will help to establish the taxonomic position of these novel viruses within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11504554¨��Harcourt, B H
Tamin, A
Halpin, K
Ksiazek, T G
Rollin, P E
Bellini, W J
Rota, P A
eng
2001/08/16 10:00
Virology. 2001 Aug 15;287(1):192-201. doi: 10.1006/viro.2001.1026.%��0042-6822 (Print)
0042-6822 (Linking)���11504554���Respiratory and Enteric Viruses Branch, National Center for Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia 30333, USA.���10.1006/viro.2001.1026�����üÒ|ÿþ?.���:��Black, P. F.
Cronin, J. P.
Morrissy, C. J.
Westbury, H. A.���2001g��Serological examination for evidence of infection with Hendra and Nipah viruses in Queensland piggeries���424-6
��Aust Vet J���79���6=��Animals
Paramyxoviridae Infections/epidemiology/prevention & control/*veterinary
Paramyxovirinae/*isolation & purification
Population Surveillance/*methods
Queensland/epidemiology
Sensitivity and Specificity
Serologic Tests/standards/*veterinary
Swine
Swine Diseases/blood/*epidemiology/*prevention & control/virology���JunJ��OBJECTIVE: To examine piggeries in Queensland for evidence of infection with Hendra virus and Nipah virus. DESIGN: A serological survey was designed to provide 99% confidence of detecting at least one infected pig herd in Queensland, assuming that for each virus, at least 5% of herds would have been exposed to virus and that at least 40% of the finisher pigs in these herds would have detectable antibodies to virus. PROCEDURE: A two stage sampling regimen was used. All samples were tested with serum neutralisation tests developed and performed at the Australian Animal Health Laboratory. RESULTS: There was no evidence of antibody to either virus in the 500 samples collected from 100 herds. CONCLUSION: The results of the survey support a case that commercial pigs in Queensland are free of both Hendra virus and Nipah virus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/11491222���Black, P F
Cronin, J P
Morrissy, C J
Westbury, H A
eng
Research Support, Non-U.S. Gov't
England
2001/08/09 10:00
Aust Vet J. 2001 Jun;79(6):424-6.%��0005-0423 (Print)
0005-0423 (Linking)���114912226��Queensland Department of Primary Industries, Brisbane.�������üÖtÿî?/������Mackenzie, J. S.
Chua, K. B.
Daniels, P. W.
Eaton, B. T.
Field, H. E.
Hall, R. A.
Halpin, K.
Johansen, C. A.
Kirkland, P. D.
Lam, S. K.
McMinn, P.
Nisbet, D. J.
Paru, R.
Pyke, A. T.
Ritchie, S. A.
Siba, P.
Smith, D. W.
Smith, G. A.
van den Hurk, A. F.
Wang, L. F.
Williams, D. T.���2001A��Emerging viral diseases of Southeast Asia and the Western Pacific���497-504���Emerg Infect Dis���7���3 Suppl¿��Animals
Asia, Southeastern/epidemiology
Communicable Diseases, Emerging/*epidemiology/*virology
Humans
Pacific Islands/epidemiology
Virus Diseases/*epidemiology/virology
Zoonoses/epidemiology
��Over the past 6 years, a number of zoonotic and vectorborne viral diseases have emerged in Southeast Asia and the Western Pacific. Vectorborne disease agents discussed in this article include Japanese encephalitis, Barmah Forest, Ross River, and Chikungunya viruses. However, most emerging viruses have been zoonotic, with fruit bats, including flying fox species as the probable wildlife hosts, and these will be discussed as well. The first of these disease agents to emerge was Hendra virus, formerly called equine morbillivirus. This was followed by outbreaks caused by a rabies-related virus, Australian bat lyssavirus, and a virus associated with porcine stillbirths and malformations, Menangle virus. Nipah virus caused an outbreak of fatal pneumonia in pigs and encephalitis in humans in the Malay Peninsula. Most recently, Tioman virus has been isolated from flying foxes, but it has not yet been associated with animal or human disease. Of nonzoonotic viruses, the most important regionally have been enterovirus 71 and HIV.,��https://www.ncbi.nlm.nih.gov/pubmed/11485641N��Mackenzie, J S
Chua, K B
Daniels, P W
Eaton, B T
Field, H E
Hall, R A
Halpin, K
Johansen, C A
Kirkland, P D
Lam, S K
McMinn, P
Nisbet, D J
Paru, R
Pyke, A T
Ritchie, S A
Siba, P
Smith, D W
Smith, G A
van den Hurk, A F
Wang, L F
Williams, D T
eng
2001/08/04 10:00
Emerg Infect Dis. 2001;7(3 Suppl):497-504. doi: 10.3201/eid0707.010703.%��1080-6040 (Print)
1080-6040 (Linking)
��PMC2631848���11485641D��University of Queensland, Brisbane, Australia. jmac@biosci.uq.edu.au���10.3201/eid0707.010703����¦��üÚ|ÿÿ?0���:��Tambyah, P. A.
Tan, J. H.
Ong, B. K.
Ho, K. H.
Chan, K. P.���20013��First case of Nipah virus encephalitis in Singapore���132-3���Intern Med J���31���2ò��Adult
Encephalitis, Viral/cerebrospinal fluid/*epidemiology/virology
Humans
Magnetic Resonance Imaging
Male
Paramyxoviridae Infections/cerebrospinal fluid/*epidemiology/virology
Paramyxovirinae/*isolation & purification
Singapore/epidemiology���Mar,��https://www.ncbi.nlm.nih.gov/pubmed/11480479¡��Tambyah, P A
Tan, J H
Ong, B K
Ho, K H
Chan, K P
eng
Case Reports
Research Support, Non-U.S. Gov't
Australia
2001/08/02 10:00
Intern Med J. 2001 Mar;31(2):132-3.%��1444-0903 (Print)
1444-0903 (Linking)���11480479���	¨��üÒ|ÿî?1���N��Williamson, M. M.
Hooper, P. T.
Selleck, P. W.
Westbury, H. A.
Slocombe, R. F.���2001/��A guinea-pig model of Hendra virus encephalitis���273-9
��J Comp Pathol���124���4Ð��Administration, Intranasal
Animals
Brain/blood supply/pathology/virology
Disease Models, Animal
Encephalitis, Viral/pathology/transmission/*veterinary
Endothelium, Vascular/pathology/virology
Guinea Pigs
Immunohistochemistry/veterinary
Injections, Intradermal
Injections, Subcutaneous
Paramyxoviridae Infections/pathology/transmission/*veterinary
Paramyxovirinae/isolation & purification/*pathogenicity
Serologic Tests/veterinary
Urinary Bladder/pathology/virology���May���Subcutaneous inoculation, but not intradermal (footpad) or intranasal inoculation, with high doses of Hendra virus (HeV) consistently produced disease in guinea-pigs. Of 15 subcutaneously inoculated animals, 14 developed vascular disease with positive HeV immunohistochemical labelling in a range of tissues. A new observation was the presence of lesions, including syncytial cells, with immunolabelling in the transitional epithelium of the bladder. Virus isolation from the urine rather than from nasal, oral, rectal or conjunctival swabs, the other external sites, was consistent with previous epidemiological work in horses, indicating a limited possibility of transmission. The dose used (30 000 to 50 000 TCID(50)), which was higher than in previous studies, produced microscopical lesions of encephalitis in eight of the 15 subcutaneously inoculated guinea-pigs, with positive immunolabelling in blood vessels and neurons, especially in the medulla, cerebellum and thalamus. The virus was recovered from six of the encephalitic brains. Severe vascular degeneration in the centres of encephalitic lesions in six of the eight encephalitic guinea-pigs and positive immunolabelling in the choroid plexus of a further animal indicated that the virus entered the brain following virus-induced vascular injury and choroid plexus invasion. Guinea-pigs would appear to be suitable for the study of HeV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/11437503¶��Williamson, M M
Hooper, P T
Selleck, P W
Westbury, H A
Slocombe, R F
eng
Comparative Study
England
2001/07/05 10:00
J Comp Pathol. 2001 May;124(4):273-9. doi: 10.1053/jcpa.2001.0464.%��0021-9975 (Print)
0021-9975 (Linking)���11437503Y��CSIRO, Australian Animal Health Laboratory, PO Bag 24, Geelong, Victoria 3213, Australia.���10.1053/jcpa.2001.0464��Õ�üÒ|ÿþ?2���u��Chong, H. T.
Kamarulzaman, A.
Tan, C. T.
Goh, K. J.
Thayaparan, T.
Kunjapan, S. R.
Chew, N. K.
Chua, K. B.
Lam, S. K.���20014��Treatment of acute Nipah encephalitis with ribavirin���810-3
��Ann Neurol���49���6@��Adult
Asian Continental Ancestry Group
China/ethnology
Encephalitis, Viral/*drug therapy/mortality/physiopathology/virology
Female
Humans
Malaysia
Male
Paramyxovirinae/classification/isolation & purification/*physiology
Retrospective Studies
Ribavirin/adverse effects/*therapeutic use
Treatment Outcome
Treatment Refusal���JunC��Nipah virus, a newly identified paramyxovirus caused a severe outbreak of encephalitis in Malaysia with high fatalities. We report an open-label trial of ribavirin in 140 patients, with 54 patients who were managed prior to the availability of ribavirin or refused treatment as control. There were 45 deaths (32%) in the ribavirin arm; 29 deaths (54%) occurred in the control arm. This represents a 36% reduction in mortality (p = 0.011). There was no associated serious side effect. This study suggests that ribavirin is able to reduce the mortality of acute Nipah encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/11409437���Chong, H T
Kamarulzaman, A
Tan, C T
Goh, K J
Thayaparan, T
Kunjapan, S R
Chew, N K
Chua, K B
Lam, S K
eng
2001/06/21 10:00
Ann Neurol. 2001 Jun;49(6):810-3.%��0364-5134 (Print)
0364-5134 (Linking)���11409437c��Department of Medicine, University of Malaya Medical Centre, Lembah Pantai, Kuala Lumpur, Malaysia.��C��üÒ|ÿþ?3������Kay, R.
Wu, A.���2001B��Infections of the nervous system: an update on recent developments���67-72���Hong Kong Med J���7���1=��AIDS-Associated Nephropathy/diagnosis/therapy
Central Nervous System Infections/*diagnosis/epidemiology/therapy
Humans
Leukoencephalopathy, Progressive Multifocal/diagnosis/therapy
Lyme Disease/diagnosis/therapy
Meningitis, Bacterial/diagnosis/therapy
Prion Diseases/diagnosis/therapy
Virus Diseases/diagnosis/therapy���Mar:��The past decade has seen major changes in the field of infectious diseases. In particular, many new infections of the nervous system have been recognised, including the lethal infections of Enterovirus 71, and the Nipah and West Nile viruses. Increased interest in prion diseases has occurred, following the recognition of animal-to-human transmission in Europe. Familiar bacteria such as the pneumococcus continue to cause problems due to increasing resistance to multiple antibiotics. Furthermore, human immunodeficiency virus-infected and other immunocompromised patients are under the constant threat of opportunistic infections, many of which are targeted towards the brain and spinal cord. This paper reviews the changing world of nervous system infections, highlighting some of the most significant recent developments.,��https://www.ncbi.nlm.nih.gov/pubmed/11406678T��Kay, R
Wu, A
eng
Review
China
2001/06/15 10:00
Hong Kong Med J. 2001 Mar;7(1):67-72.%��1024-2708 (Print)
1024-2708 (Linking)���11406678z��Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, Hong Kong.���~��üÒtÿî?4������Yob, J. M.
Field, H.
Rashdi, A. M.
Morrissy, C.
van der Heide, B.
Rota, P.
bin Adzhar, A.
White, J.
Daniels, P.
Jamaluddin, A.
Ksiazek, T.���2001G��Nipah virus infection in bats (order Chiroptera) in peninsular Malaysia���439-41���Emerg Infect Dis���7���3¨��Animals
Antibodies, Viral/blood
Chiroptera/*virology
Malaysia
Paramyxoviridae Infections/*veterinary
Paramyxovirinae/*isolation & purification
Seroepidemiologic Studies���May-Junú��Nipah virus, family Paramyxoviridae, caused disease in pigs and humans in peninsular Malaysia in 1998-99. Because Nipah virus appears closely related to Hendra virus, wildlife surveillance focused primarily on pteropid bats (suborder Megachiroptera), a natural host of Hendra virus in Australia. We collected 324 bats from 14 species on peninsular Malaysia. Neutralizing antibodies to Nipah virus were demonstrated in five species, suggesting widespread infection in bat populations in peninsular Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/11384522ü��Yob, J M
Field, H
Rashdi, A M
Morrissy, C
van der Heide, B
Rota, P
bin Adzhar, A
White, J
Daniels, P
Jamaluddin, A
Ksiazek, T
eng
Research Support, Non-U.S. Gov't
2001/06/01 10:00
Emerg Infect Dis. 2001 May-Jun;7(3):439-41. doi: 10.3201/eid0703.010312.%��1080-6040 (Print)
1080-6040 (Linking)
��PMC2631791���113845225��Veterinary Research Institute, Ipoh, Perak, Malaysia.���10.3201/eid0703.010312����"��üÒ|ÿþ?5������Hinson, V. K.
Tyor, W. R.���2001���Update on viral encephalitis���369-74���Curr Opin Neurol���14���3÷��Brain/pathology
Disease Outbreaks
Encephalitis, Viral/*diagnosis/virology
Enterovirus Infections/diagnosis
Humans
Magnetic Resonance Imaging
Neurologic Examination
New York City
Virus Diseases/*diagnosis/virology
West Nile Fever/diagnosis/virology���Jun���Over 100 viruses have been associated with acute central nervous system infections. The present review focuses on some of the most common agents of viral encephalitis, as well as important emerging viral encephalitides. In this context, the initial detection of West Nile virus in the Western Hemisphere during the 1999 New York City outbreak, the first description of Nipah virus in Malaysia, and the appearance in Asia of a new neurovirulent enterovirus 71 strain that causes severe neurologic disease are highlighted. In addition, advances regarding diagnosis, neuroimaging and treatment of Japanese and herpes simplex encephalitis are presented.,��https://www.ncbi.nlm.nih.gov/pubmed/11371762b��Hinson, V K
Tyor, W R
eng
Review
England
2001/05/24 10:00
Curr Opin Neurol. 2001 Jun;14(3):369-74.%��1350-7540 (Print)
1350-7540 (Linking)���11371762Z��Medical University of South Carolina, Department of Neurology, Charleston 29425-2232, USA.���	N��üÒ|ÿî?6���B��Bowden, T. R.
Westenberg, M.
Wang, L. F.
Eaton, B. T.
Boyle, D. B.���2001n��Molecular characterization of Menangle virus, a novel paramyxovirus which infects pigs, fruit bats, and humans���358-73���Virology���283���2~��Amino Acid Sequence
Animals
Cercopithecus aethiops
Chiroptera/*virology
DNA, Complementary
Genome, Viral
Humans
Molecular Sequence Data
Nucleic Acid Hybridization/methods
RNA, Messenger/genetics
Respirovirus/*classification/*genetics
Respirovirus Infections/veterinary/*virology
Sequence Alignment
Swine/*virology
Swine Diseases/virology
Vero Cells
Viral Proteins/chemistry/genetics���May 10P��Menangle virus (MenV), isolated in August 1997 following an outbreak of reproductive disease in a piggery in New South Wales, is the second previously unclassified member of the family Paramyxoviridae to be identified in Australia since 1994. Similar to Hendra virus (HeV), MenV appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. No serological cross-reactivity was detected between MenV and other known paramyxoviruses and to facilitate virus classification a cDNA subtraction method was used to obtain viral-specific cDNA from MenV-infected cells. Cloning and sequencing of the products enabled the entire sequences of the NP, P/V, M, F, and HN genes to be determined. Comparison of the nucleotide and deduced amino acid sequences for each gene with members of the family Paramyxoviridae, determination of the P gene mRNA editing strategy, and phylogenetic analyses confirmed that MenV is a new member of the genus Rubulavirus. However the deduced protein sequence of MenV HN exhibited only limited sequence homology when compared with attachment proteins of other paramyxoviruses. Key differences within the amino acid residues considered important determinants of neuraminidase activity suggest MenV HN is unlikely to possess the same degree of neuraminidase activity characteristic of other rubulavirus and respirovirus HN proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/11336561���Bowden, T R
Westenberg, M
Wang, L F
Eaton, B T
Boyle, D B
eng
2001/05/05 10:00
Virology. 2001 May 10;283(2):358-73. doi: 10.1006/viro.2001.0893.%��0042-6822 (Print)
0042-6822 (Linking)���11336561z��CSIRO Livestock Industries, Australian Animal Health Laboratory, Geelong, Victoria 3220, Australia. tim.bowden@li.csiro.au���10.1006/viro.2001.0893����b��üÒ|ÿî?7���b��Chua, K. B.
Wang, L. F.
Lam, S. K.
Crameri, G.
Yu, M.
Wise, T.
Boyle, D.
Hyatt, A. D.
Eaton, B. T.���2001H��Tioman virus, a novel paramyxovirus isolated from fruit bats in Malaysia���215-29���Virology���283���2
��Amino Acid Sequence
Animals
Base Sequence
Blotting, Western
Chiroptera/*virology
DNA, Complementary
Malaysia
Molecular Sequence Data
Nucleic Acid Hybridization/methods
Nucleocapsid Proteins/chemistry/genetics/immunology
Phosphoproteins/chemistry/genetics/immunology
Phylogeny
Polymerase Chain Reaction/methods
Recombinant Proteins/immunology
Respirovirus/*classification/genetics/*isolation & purification/ultrastructure
Respirovirus Infections/*veterinary/virology
Urine/virology
Viral Proteins/chemistry/genetics/immunology���May 10³��A search for the natural host of Nipah virus has led to the isolation of a previously unknown member of the family Paramyxoviridae. Tioman virus (TiV) was isolated from the urine of fruit bats (Pteropus hypomelanus) found on the island of the same name off the eastern coast of peninsular Malaysia. An electron microscopic study of TiV-infected cells revealed spherical and pleomorphic-enveloped viral particles (100--500 nm in size) with a single fringe of embedded peplomers. Virus morphogenesis occurred at the plasma membrane of infected cells and morphological features of negative-stained ribonucleoprotein complexes were compatible with that of viruses in the family Paramyxoviridae. Serological studies revealed no cross-reactivity with antibodies against a number of known Paramyxoviridae members except for the newly described Menangle virus (MenV), isolated in Australia in 1997. Failure of PCR amplification using MenV-specific primers suggested that this new virus is related to but different from MenV. For molecular characterization of the virus, a cDNA subtraction strategy was employed to isolate virus-specific cDNA from virus-infected cells. Complete gene sequences for the nucleocapsid protein (N) and phosphoprotein (P/V) have been determined and recombinant N and V proteins produced in baculovirus. The recombinant N and V proteins reacted with porcine anti-MenV sera in Western blot, confirming the serological cross-reactivity observed during initial virus characterization. The lack of a C protein-coding region in the P/V gene, the creation of P mRNA by insertion of 2-G residues, and the results of phylogenetic analyses all indicated that TiV is a novel member of the genus Rubulavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11336547Ì��Chua, K B
Wang, L F
Lam, S K
Crameri, G
Yu, M
Wise, T
Boyle, D
Hyatt, A D
Eaton, B T
eng
Research Support, Non-U.S. Gov't
2001/05/05 10:00
Virology. 2001 May 10;283(2):215-29. doi: 10.1006/viro.2000.0882.%��0042-6822 (Print)
0042-6822 (Linking)���11336547f��Department of Medical Microbiology, University of Malaya Medical Center, 50603 Kuala Lumpur, Malaysia.���10.1006/viro.2000.0882����}�üÒ|ÿþ?8���-��Hooper, P.
Zaki, S.
Daniels, P.
Middleton, D.���2001H��Comparative pathology of the diseases caused by Hendra and Nipah viruses���315-22���Microbes Infect���3���4Ñ��Animals
Brain/pathology
Cytopathogenic Effect, Viral
Giant Cells
Humans
Immunohistochemistry
Lung/pathology
Paramyxoviridae Infections/*pathology/transmission/veterinary/virology
Paramyxovirinae/*pathogenicity���Apr���Information on the pathogenesis and transmissibility of Hendra and Nipah viruses was obtained by comparing their histopathology. Both viruses induced syncytial cells in vascular tissues and they were primarily vasotropic and/or neurotropic, generating interstitial pneumonia or encephalitis. Nipah virus in pigs was also epitheliotropic in respiratory epithelium and thus contagious.,��https://www.ncbi.nlm.nih.gov/pubmed/11334749���Hooper, P
Zaki, S
Daniels, P
Middleton, D
eng
Comparative Study
Review
France
2001/05/04 10:00
Microbes Infect. 2001 Apr;3(4):315-22.%��1286-4579 (Print)
1286-4579 (Linking)���11334749���Australian Animal Health Laboratory, CSIRO Livestock Industries, PO Bag 24, 5 Portarlington Road, Geelong, Victoria 3220, Australia.��u�üÒ|ÿþ?9���?��Field, H.
Young, P.
Yob, J. M.
Mills, J.
Hall, L.
Mackenzie, J.���2001/��The natural history of Hendra and Nipah viruses���307-14���Microbes Infect���3���4���Animals
Chiroptera/physiology/virology
Communicable Diseases, Emerging/*epidemiology/veterinary/virology
Disease Outbreaks
Disease Reservoirs
Ecosystem
Humans
Paramyxoviridae Infections/*epidemiology/veterinary/virology
Paramyxovirinae/pathogenicity/*physiology���AprD��Pteropid bats (flying foxes), species of which are the probable natural host of both Hendra and Nipah viruses, occur in overlapping populations from India to Australia. Ecological changes associated with land use and with animal husbandry practices appear most likely to be associated with the emergence of these two agents.,��https://www.ncbi.nlm.nih.gov/pubmed/11334748���Field, H
Young, P
Yob, J M
Mills, J
Hall, L
Mackenzie, J
eng
Review
France
2001/05/04 10:00
Microbes Infect. 2001 Apr;3(4):307-14.%��1286-4579 (Print)
1286-4579 (Linking)���11334748���Animal Research Institute, Queensland Department of Primary Industries, LMB 4 Moorooka 4105, Brisbane, Australia. FieldH@prose.dpi.qld.gov.au��Å�üÒ|ÿþ?:���I��Hyatt, A. D.
Zaki, S. R.
Goldsmith, C. S.
Wise, T. G.
Hengstberger, S. G.���2001U��Ultrastructure of Hendra virus and Nipah virus within cultured cells and host animals���297-306���Microbes Infect���3���4Ý��Animals
Brain/virology
Cells, Cultured
Horse Diseases/virology
Horses
Humans
Lung/virology
Microscopy, Electron
Paramyxoviridae Infections/veterinary/*virology
Paramyxovirinae/*ultrastructure
Swine
Swine Diseases/virology���Aprg��The ultrastructure of Hendra and Nipah viruses is described in cultured cells, pigs, horses and humans. Differences in ultrastructure between the viruses are evident within infected cell cultures and lungs from infected amplifier hosts. These differences are important in viral identification and differentiation and understanding the pathogenesis of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/11334747���Hyatt, A D
Zaki, S R
Goldsmith, C S
Wise, T G
Hengstberger, S G
eng
Review
France
2001/05/04 10:00
Microbes Infect. 2001 Apr;3(4):297-306.%��1286-4579 (Print)
1286-4579 (Linking)���11334747©��CSIRO Livestock Industries, Australian Animal Health Laboratory, Private Bag 24, 5 Portarlington Rd, Geelong 3220, Victoria, 3220, Australia. Alexander.Hyatt@li.csiro.au��o��üÒ|ÿþ?;���$��Daniels, P.
Ksiazek, T.
Eaton, B. T.���20019��Laboratory diagnosis of Nipah and Hendra virus infections���289-95���Microbes Infect���3���4���Animals
Enzyme-Linked Immunosorbent Assay
Humans
Immunohistochemistry
Microscopy, Electron
Neutralization Tests
Paramyxoviridae Infections/*diagnosis/veterinary/virology
Paramyxovirinae/immunology/isolation & purification
Polymerase Chain Reaction
Quality Control���AprY��Although Hendra and Nipah viruses emerged to cause novel zoonotic infections only recently, there now exists a strong but poorly documented diagnostic capability for both. This review gives an overview of the development of the tests, the tests currently recommended, their shortcomings and the perceived priorities for needed test improvements.,��https://www.ncbi.nlm.nih.gov/pubmed/11334746j��Daniels, P
Ksiazek, T
Eaton, B T
eng
Review
France
2001/05/04 10:00
Microbes Infect. 2001 Apr;3(4):289-95.%��1286-4579 (Print)
1286-4579 (Linking)���11334746���CSIRO Livestock Industries, Australian Animal Health Laboratory, Private Bag 24, 5 Portarlington Road, Geelong 3220, Australia. Peter.Daniels@li.csiro.au������üÒ|ÿþ?<���Q��Wang, L.
Harcourt, B. H.
Yu, M.
Tamin, A.
Rota, P. A.
Bellini, W. J.
Eaton, B. T.���2001-��Molecular biology of Hendra and Nipah viruses���279-87���Microbes Infect���3���4Ý��Amino Acid Sequence
Animals
Base Sequence
Genes, Viral
*Genome, Viral
Humans
Molecular Sequence Data
Paramyxovirinae/*classification/*genetics
Phylogeny
Sequence Analysis, DNA
Viral Proteins/chemistry/*genetics/metabolism���AprF��The structure and genetic organization of Hendra and Nipah viruses places them in the subfamily Paramyxovirinae. However, low homology with other subfamily members and several novel biological and molecular features such as genome length and F(0 )cleavage site suggest classification in a new genus within the Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/11334745���Wang, L
Harcourt, B H
Yu, M
Tamin, A
Rota, P A
Bellini, W J
Eaton, B T
eng
Review
France
2001/05/04 10:00
Microbes Infect. 2001 Apr;3(4):279-87.%��1286-4579 (Print)
1286-4579 (Linking)���11334745 ��CSIRO Livestock Industries, Australian Animal Health Laboratory, Private Bag 24, 5 Portarlington Road, Geelong, Victoria 3220, Australia. Linfa.Wang@li.csiro.au��µ�üÚ|ÿþ?=������Eaton, B. T.���20019��Introduction to Current focus on Hendra and Nipah viruses���277-8���Microbes Infect���3���4Ñ��Animals
Chiroptera/virology
Communicable Diseases, Emerging/*epidemiology/virology
*Disease Outbreaks
Humans
Paramyxoviridae Infections/*epidemiology/virology
*Paramyxovirinae/genetics/pathogenicity/physiology���Apr,��https://www.ncbi.nlm.nih.gov/pubmed/11334744L��Eaton, B T
eng
France
2001/05/04 10:00
Microbes Infect. 2001 Apr;3(4):277-8.%��1286-4579 (Print)
1286-4579 (Linking)���11334744¨��CSIRO Livestock Industries, Australian Animal Health Laboratory, CSIRO, Private Bag 24, 5 Portarlington Road, Geelong, Victoria 3220, Australia. Bryan.Eaton@li.csiro.au��|��üÒ|ßþ?>���
��Galama, J. M.���2001���[Emergent viral infections]���616-9���Ned Tijdschr Geneeskd���145���13Ó��*Animal Husbandry
Animals
Humans
*Mutation
*Travel
United States/epidemiology
Virus Diseases/*epidemiology/etiology/*transmission
Viruses/*pathogenicity
West Nile Fever/epidemiology
West Nile virus/pathogenicity���Mar 31¼��The emergence and re-emergence of viral infections is an ongoing process. Large-scale vaccination programmes led to the eradication or control of some viral infections in the last century, but new viruses are always emerging. Increased travel is leading to a rise in the importation of exotic infections such as dengue and hepatitis E, but also of hepatitis A, which is no longer endemic. Apart from import diseases new viruses have appeared (Nipah-virus and transfusion-transmitted virus). Existing viruses may suddenly cause more severe diseases, e.g. infection by enterovirus 71. The distribution area of a virus may change, e.g. in case of West Nile virus, an Egyptian encephalitis virus that appears to have established itself in the USA. Furthermore, there is no such thing as a completely new virus; it is always an existing virus that has adapted itself to another host or that was already present in humans but has only recently been discovered. A number of factors facilitate the emergence of new infectious diseases. These include intensive animal husbandry and the transport of animals. The unexpected appearance of West Nile virus in the western hemisphere was possibly due to animal transportation.,��https://www.ncbi.nlm.nih.gov/pubmed/11305210v��Galama, J M
dut
English Abstract
Review
Netherlands
2001/04/18 10:00
Ned Tijdschr Geneeskd. 2001 Mar 31;145(13):616-9.%��0028-2162 (Print)
0028-2162 (Linking)���11305210���Opkomende virusinfecties.y��Universitair Medisch Centrum St Radboud, afd. Medische Microbiologie, Postbus 9101, 6500 HB Nijmegen. j.galama@mmb.azn.nl�����üÖ|ßþ??���
��Meulemans, G.���2000K��[Significance of paramyxovirinae protein F in physiopathology and immunity]���1255-64; discussion 1265���Bull Acad Natl Med���184���6H��Paramyxovirinae/immunology/*physiology
Viral Fusion Proteins/*immunologyµ��The Paramyxovirinae sub-family contains viruses of major importance for humans (measles and mumps viruses) and animals (Newcastle disease virus, canine distemper virus, rinderpest virus) but also zoonotic viruses (Hendra and Nipah viruses). Newcastle disease virus, a Rubulavirus, which is specific of birds, can be used as a model for understanding the pathogenicity mechanisms of Paramyxovirinae and for the study of vaccination against the diseases they cause. The F protein of pathogenic strains of Newcastle disease virus have a polybasic cleavage site (K/R-Q-K/R-R) which is specific of furine, a cellular enzyme present in all cellular types, what allows viral multiplication in all cells of the host. Such cleavage site is also present in the F protein of measles and mumps viruses. Antibodies against the F protein are the most effective in the immune response against Newcastle disease virus. The major role played by the F protein in the immunity against Paramyxovirinae arises also from the research performed on other animal (rinderpest and canine distemper viruses) and human (measles virus) viruses. Recombinant and sub-unit vaccines as well as DNA vaccination based on the expression of viral glycoproteins allow effective vaccination of chickens against Newcastle disease. The use of a similar approach could lead to the development of new vaccines against measles or mumps and if necessary to produce vaccines against zoonotic Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/11268674���Meulemans, G
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Virus Shedding���Janµ��OBJECTIVES: To study the excretion of Nipah virus in the upper respiratory secretions and urine of infected patients in relation to other clinical features. METHODS: Isolation of Nipah virus from the respiratory secretions and urine was made in Vero cells and identified by indirect immunofluorescence assay using anti-Hendra specific hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG. RESULTS: During the peak outbreak of Nipah virus encephalitis in Malaysia, Nipah virus was isolated from the upper respiratory secretions and urine in eight of 20 patients who were virologically and/or serologically confirmed to be infected with the virus. From these eight patients, Nipah virus was isolated from six throat swab specimens, three urine specimens and only one nasal swab specimen. The positive virus isolation rate was related to the collection of these specimens during the early phase of the illness (P = 0.068). The presence of serum anti-Nipah specific IgM appeared to reduce the chance of isolating the virus (P = 0.049). There was no significant difference in the isolation rate with respect to the age, gender, ethnic group and clinical features associated with grave prognosis and mortality outcome of the patients. CONCLUSION: This study shows that it is possible to be infected from secretions of infected patients, but epidemiological survey on close contacts so far did not suggest that human-to-human transmission is common.,��https://www.ncbi.nlm.nih.gov/pubmed/11243752Î��Chua, K B
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Zoonoses/epidemiology/etiology/microbiology���Feb 23���By using the criteria that define emerging infectious diseases (EIDs) of humans, we can identify a similar group of EIDs in wildlife. In the current review we highlight an important series of wildlife EIDs: amphibian chytridiomycosis; diseases of marine invertebrates and vertebrates and two recently-emerged viral zoonoses, Nipah virus disease and West Nile virus disease. These exemplify the varied etiology, pathogenesis, zoonotic potential and ecological impact of wildlife EIDs. Strikingly similar underlying factors drive disease emergence in both human and wildlife populations. These are predominantly ecological and almost entirely the product of human environmental change. The implications of wildlife EIDs are twofold: emerging wildlife diseases cause direct and indirect loss of biodiversity and add to the threat of zoonotic disease emergence. Since human environmental changes are largely responsible for their emergence, the threats wildlife EIDs pose to biodiversity and human health represent yet another consequence of anthropogenic influence on ecosystems. We identify key areas where existing expertise in ecology, conservation biology, wildlife biology, veterinary medicine and the impact of environmental change would augment programs to investigate emerging diseases of humans, and we comment on the need for greater medical and microbiological input into the study of wildlife diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11230820»��Daszak, P
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Zoonoses/transmission���Dec9��The most important clinical and pathological manifestation of Hendra virus infection in horses and humans is that of severe interstitial pneumonia caused by viral infection of small blood vessels. The virus is also capable of causing nervous disease. Hendra virus is not contagious in horses and is spread by close contact with body fluids, such as froth from infected lungs. Diagnosis should be based on the laboratory examination of blood, lung, kidney, spleen, and, if nervous signs are present, also of the brain. Evidence of infection with the more recently identified and related Nipah virus was found in the brain of one horse in which there was inflammation of the meningeal blood vessels. Fruit bats, especially Pteropus s., have been incriminated as the natural and reservoir hosts of both Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/11219352s��Hooper, P T
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Zoonoses/transmission/virology&��A pig-borne virus causing viral encephalitis amongst human beings in Malaysia was detected in 1997 by the Ministry of Health. Initially, the disease was considered to be Japanese encephalitis. Subsequently, it was thought to be a Hendra-like viral encephalitis, but on 10th April, 1999 the Minister of Health announced this mysterious and deadly virus to be a new virus named Nipah virus. The virus was characterized at CDC, Atlanta, Georgia. The gene sequencing of the enveloped virus revealed that one of the genes had 21% difference in the nucleotide sequence with about 8% difference in the amino acid sequence from Hendra virus isolated from horses in Australia in 1994. The virus was named after the village Nipah. In all, the Ministry of Health declared 101 human casualties, and 900,000 pigs were culled by April, 1999. The worst affected area in Malaysia was Negri Sembilan. The symptoms, incubation period in human being and pigs, animal to human transmission, threat of disease to other livestock, and control program adopted in Malaysia is described.,��https://www.ncbi.nlm.nih.gov/pubmed/11193645A��Uppal, P K
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Zoonoses/*transmission���Dec���The risk of zoonotic disease transmission when handling livestock or animal products is substantial. In industrialized countries, the classical zoonotic diseases such as tuberculosis or brucellosis are no longer in the foreground. Latent zoonoses such as salmonellosis and campylobacteriosis can cause serious disease in humans and have become a major public health problem during the past years. Since animals infected with these pathogens show only mild transient disease or no clinical signs at all, new concepts in the entire production line ("stable to table") are necessary in order to avoid human infection. Two emerging viruses with zoonotic potential--avian influenza virus and Nipah virus--have been found in Asia in 1997 and 1999. Both diseases had a major impact on disease control and public health in the countries of origin. In order to cope threats from infectious diseases, in particular those of public health relevance, a combined effort among all institutions involved will be necessary. The proposed "European Center for Infectious Diseases" and the "Swiss center for zoonotic diseases" could be a potential approach in order to achieve this goal.,��https://www.ncbi.nlm.nih.gov/pubmed/11189834���Jemmi, T
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Zoonoses/*transmission���Apr¯��The ability of infectious disease agents to cross the species barrier has long been recognised for many zoonotic diseases. New viral zoonotic diseases, such as acquired immune deficiency syndrome (AIDS), caused by human immunodeficiency viruses 1 or 2, emerged in the 1980s and 1990s, and have become established in the human population. Influenza virus continues to find new ways to move from avian species into humans. The filoviruses and the newer paramyxoviruses, Hendra and Nipah, highlight the increasing proclivity of some animal viral agents to infect human populations with devastating results. A previously unknown transmissible spongiform encephalopathy, bovine spongiform encephalopathy, has emerged in cattle in Europe and spread to humans as well as other animal species. A novel toxicosis, caused by Pfiesteria spp. dinoflagellates, has become a secondary problem in some areas where large fish kills have occurred. The increasing proximity of human and animal populations has led to the emergence of, or increase in, bacterial zoonoses such as plague, leptospirosis and ehrlichiosis. The factors which influence the ability of each infectious agent to effectively across the species barrier and infect new cells and populations are poorly understood. However, for all of these diseases, the underlying theme is the growth of the human population, the mobility of that population, and the efforts expended to keep that population nourished.,��https://www.ncbi.nlm.nih.gov/pubmed/11189724[��Mahy, B W
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*Zoonoses/epidemiology/virology���Apre��Between late 1998 and 1999, the spread of a new disease of pigs, characterized by a pronounced respiratory and neurological syndrome, sometimes accompanied by the sudden death of sows and boars, was recorded in pig farms in peninsular Malaysia. The disease appeared to have a close association with an epidemic of viral encephalitis among workers on pig farms. A previously unrecognised paramyxovirus was later identified from this outbreak; this virus was related to, but distinct from, the Hendra virus discovered in Australia in 1994. The new virus was named 'Nipah' and was confirmed by molecular characterization to be the agent responsible for the disease in both humans and pigs. The name proposed for the new pig disease was 'porcine respiratory and neurological syndrome' (also known as 'porcine respiratory and encephalitis syndrome'), or, in peninsular Malaysia, 'barking pig syndrome'. The authors describe the new disease and provide the epidemiological findings recorded among infected pigs. In addition, the control programmes which were instituted to contain the virus in the national swine herd are outlined.,��https://www.ncbi.nlm.nih.gov/pubmed/11189713f��Mohd Nor, M N
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Zoonoses/epidemiology/transmission/*virology���Apr®��The author provides an account of the discovery of a previously undescribed disease of horses and a description of the studies involved in determining the aetiology of the disease. The causative virus, now named Hendra virus (HeV), is the reference virus for a proposed new genus within the virus family Paramyxoviridae. The virus is a lethal zoonotic agent able to cause natural disease in humans and horses and experimentally induced disease in cats, guinea-pigs and mice. The virus also naturally infects species of the family Megachiroptera, mainly subclinically, and such animals are the natural host of HeV. The virus appears to transmit readily between species of Megachiroptera, but not readily between horses under natural and experimental conditions, or from horses to humans. The method of transmission from bats to horses is not known. Three incidents of HeV disease in horses have been recorded in Australia--two in 1994 which caused the death of two humans and fifteen horses and one in 1999 which involved the death of a single horse. Hendra virus is related to Nipah virus, the virus that caused disease and mortality in humans, pigs, dogs and cats in Malaysia during 1998 and 1999.,��https://www.ncbi.nlm.nih.gov/pubmed/11189712T��Westbury, H A
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Surveys and Questionnaires���Mar 1ú��During 1998-1999, an outbreak of Nipah virus encephalitis occurred in Malaysia. To assess the possibility of nosocomial transmission, 338 health care workers (HCWs) exposed and 288 HCWs unexposed to outbreak-related patients were surveyed, and their serum samples were tested for anti-Nipah virus antibody. Needlestick injuries were reported by 12 (3%) HCWs, mucosal surface exposure to body fluids by 39 (11%), and skin exposure to body fluids by 89 (25%). No encephalitis occurred in either group. Three exposed and no unexposed HCWs tested positive by EIA for IgG antibodies. It is likely that these 3 were false positives; no IgM response occurred, and the serum samples were negative for anti-Nipah virus neutralizing antibodies. The risk of nosocomial transmission of Nipah virus appears to be low; however, given the high case-fatality rate and the presence of virus in respiratory secretions and urine of some patients, standard and droplet infection-control practices should be maintained with these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11181159Â��Mounts, A W
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*Swine���Jun���Between September 1998 and May 1999, 265 cases of encephalitis were reported from among those involved in pig rearing. A few cases were also reported among abattoir workers. This raised questions of the risk of transmission among those who handled raw pork. A serosurvey was conducted among pork sellers in Seremban town, which is about 20 km from one of the pig rearing areas which had reported cases of encephalitis. It was found that out of the 28 pork sellers tested, only one tested positive for Nipah virus antibodies and that this pork seller also worked in an abattoir in the same district, removing the urinary bladders from slaughtered pigs. Based on these findings, it was concluded that the risk of transmission of the virus from handling raw pork appeared to be low.,��https://www.ncbi.nlm.nih.gov/pubmed/11127331²��Premalatha, G D
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*Swine���Jun&��A hospital-based case-control study of viral encephalitis was carried out at Port Dickson Hospital, in the state of Negeri Sembilan, Malaysia. Between March and May 1999, 69 clinically diagnosed viral encephalitis cases and 31 controls were interviewed. Job histories on pig farming activities were assessed by a group of epidemiologists and veterinary surgeons. Results show that among clinical cases of viral encephalitis, 52 (75.4%) cases were diagnosed to have Nipah virus infection based on positive serology for antibodies to the cross-reacting Hendra virus antigen. The Nipah virus encephalitis was significantly associated with a history of working in pig farms (p < 0.001, OR = 196.0, 95% CI = 20.4-4741.6), history of contact with animals (p < 0.001, OR = 38.3, 95% CI = 8.2-209.0) and with history of direct contact with pigs (p = 0.002, OR = 34.4, 95% CI = 2.6-1,024.4). The Nipah virus infection was also significantly associated with history of feeding/cleaning pigs (p < 0.001, OR = 102, 95% CI = 11.9-2,271.5). These results provide evidence that involvement in pig farming activities is significantly associated with the risk of getting Nipah virus infection. They are potential risk factors for Nipah virus transmission in the major pig-producing area of Bukit Pelandok, Port Dickson Negeri Sembilan.,��https://www.ncbi.nlm.nih.gov/pubmed/11127330å��Amal, N M
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*Skin Diseases���Nov 30è��Infectious diseases remain a major cause of morbidity and mortality in the year 2000. 17 million deaths per year or roughly a third of all deaths are caused by infections. Infectious diseases also pose a serious economic threat. While many well-established pathogens have not been contained several new infectious agents have been discovered within the past 27 years which include rotavirus, legionella, HIV, ebola, campylobacter, helicobacter, nipah, HHV8, hepatitis C, and many others. Additionally many new pathogens have emerged as serious threats to the ever-growing number of immuno-compromised patients. Infectious etiologies have been found for many common diseases (certain leukemias, duodenal ulcers, etcetera). It is likely that infections are at least co-factors for many other diseases (transplant-associated atherosclerosis). Only specialized care and multi-disciplinary collaboration will enable us to cope with current problems and the inevitable emergence of new infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11121370W��eng
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Surveys and Questionnaires���SepR��OBJECTIVE: to investigate the prevalence of known diabetes mellitus in care homes and the patterns of diabetes care in these institutions. DESIGN: a postal questionnaire sent to all 98 care homes in Sheffield. RESULTS: 70 care homes (71%) returned the questionnaire, indicating that 233 (8.8%) of 2648 residents were known to have diabetes. Of these, 76 (33%) were treated with diet alone, 105 (45%) with diet plus oral medication and 52 (22%) with insulin. Only seven registered nurses (2%) in the homes had certified diabetes training. Forty-two homes (60%) did not carry out a structured, diabetes-related assessment of residents on entry and only 29 (42%) had regular review of diabetic residents by a general practitioner or practice nurse. Most homes (89%) were visited by an optician, 56 (80%) also had a regular chiropody service, although 32 (46%) of these charged their residents for this service. CONCLUSIONS: the known prevalence of diabetes is similar to that reported previously. This study highlights the need for structured care with defined standards for care-home residents with diabetes.,��https://www.ncbi.nlm.nih.gov/pubmed/11108418W��Taylor, C D
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Paramyxovirinae/immunology/*isolation & purification/ultrastructure���DecG��BACKGROUND: between 1998 and 1999, an outbreak of potentially fatal viral encephalitis erupted among pig farm workers in West Malaysia, and later spread to Singapore where abattoir workers were afflicted. Although Japanese encephalitis virus was initially suspected, the predominant aetiologic agent was subsequently confirmed to be Nipah virus, a novel paramyxovirus related to but distinct from Hendra virus. OBJECTIVE: to describe a case of Nipah virus encephalitis in a pig farm worker from Malaysia. STUDY DESIGN: the clinical, laboratory and radiological findings of this patient were scrutinized. Special emphasis was placed on the electron microscopic analysis of the cerebrospinal fluid (CSF) specimen from this patient. RESULTS: the neurological deficits indicative of cerebellar involvement were supported by the magnetic resonance imaging that showed prominent cerebellar and brainstem lesions. CSF examination provided further evidence of viral encephalitis. Complement fixation and/or RT-PCR assays were negative for Japanese encephalitis, herpes simplex, measles and mumps viruses. ELISA for detecting IgM and IgG antibodies against Hendra viral antigens were equivocal for the CSF specimen, and tested initially negative for the first serum sample but subsequently positive for the repeat serum sample. Transmission electron microscopy of negatively-stained preparations of CSF revealed enveloped virus-like structures fringed with surface projections as well as nucleocapsids with distinctive helical and herringbone patterns, features consistent with those of other paramyxoviruses, including Hendra virus. CONCLUSION: this case report reiterates the relevant and feasible role of diagnostic electron microscopy for identifying and/or classifying novel or emerging viral pathogens for which sufficiently specific and sensitive tests are lacking.,��https://www.ncbi.nlm.nih.gov/pubmed/11090749���Chow, V T
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Paramyxovirinae/*chemistry���NovA��During the outbreak of Nipah virus encephalitis in Malaysia, stored cerebrospinal fluid (CSF) samples from 84 patients (27 fatal and 57 nonfatal cases) were cultured for the virus. The virus was isolated from 17 fatal cases and 1 nonfatal case. There were significant associations between CSF virus isolation and mortality as well as clinical features associated with poor prognosis. In addition, there was a positive linear correlation of CSF virus isolation with age. There was no significant association between CSF virus isolation and the character of the CSF, presence of Nipah-specific antibody in the serum or CSF, duration of illness before collection of samples, or sex or ethnicity of the patients. This study suggests that high viral replication in the central nervous system may be an important factor for high mortality.,��https://www.ncbi.nlm.nih.gov/pubmed/11079547���Chua, K B
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Zoonoses/epidemiology/transmission���Nov?��Hendra has been recognized in Australia as a new zoonotic disease of horses since 1994/5 and subsequent work has shown that the viral agent is endemic in certain species of fruit bat. The Hendra virus is the type species of a new genus within the sub-family Paramyxovirinae, which also contains another newly identified zoonotic bat virus, namely Nipah. It is assumed that contact with bats has led to the Hendra virus being transferred to horses on each of the three separate incidents that have been reported in the last five years. No evidence has been found for widespread subclinical infection of horses. Infected horses can develop a severe and often fatal respiratory disease characterized by dyspnoea, vascular endothelial damage and pulmonary oedema. Nervous signs may also occur. Fatal respiratory disease has been seen in cats and guinea pigs following experimentally induced infections. Transmission of the virus from horses to other horses or man seems to have taken place, but very close contact was required. Three human cases have been recognized, all in association with equine cases. There have been two human fatalities, one due to respiratory failure and the other from a delayed-onset encephalitis. A number of diagnostic methods have been developed, but great care must be taken in obtaining samples from suspected cases.,��https://www.ncbi.nlm.nih.gov/pubmed/11061954w��Barclay, A J
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Viral Proteins/chemistry/*genetics���Nov#��An outbreak of acute respiratory disease in Hendra, a suburb of Brisbane, Australia, in September 1994 resulted in the deaths of 14 racing horses and a horse trainer. The causative agent was a new member of the family Paramyxoviridae. The virus was originally called Equine morbillivirus but was renamed Hendra virus (HeV) when molecular characterization highlighted differences between it and members of the genus Morbillivirus. Less than 5 years later, the closely related Nipah virus (NiV) emerged in Malaysia, spread rapidly through the pig population, and caused the deaths of over 100 people. We report the characterization of the HeV L gene and protein, the genome termini, and gene boundary sequences, thus completing the HeV genome sequence. In the highly conserved region of the L protein, the HeV sequence GDNE differs from the GDNQ found in almost all other nonsegmented negative-strand (NNS) RNA viruses. HeV has an absolutely conserved intergenic trinucleotide sequence, 3'-GAA-5', and highly conserved transcription initiation and termination sequences similar to those of respiroviruses and morbilliviruses. The large genome size (18,234 nucleotides), the unique complementary genome terminal sequences of HeV, and the limited homology with other members of the Paramyxoviridae suggest that HeV, together with NiV, should be classified in a new genus in this family. The large genome of HeV also fills a gap in the spectrum of genome sizes observed with NNS RNA virus genomes. As such, it provides a further piece in the puzzle of NNS RNA virus evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/11024125¤��Wang, L F
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Viral Fusion Proteins/*chemistry/genetics/isolation & purification���Sep 25Ã��Hendra virus (HeV) is an unclassified member of the Paramyxoviridae family that causes systemic infections in humans, horses, cats, guinea pigs and flying foxes. The fusion protein (F(0)) of members of the Paramyxoviridae family that cause systemic infections in vivo contains a basic amino acid-rich region at which the protein is activated by cleavage into two subunits (F(1) and F(2)). HeV F(0) lacks such a domain. We have determined the cleavage site in HeV F(0) by sequencing the amino terminus of the F(1) subunit and in view of the potential effect of glycosylation on the cleavage process have ascertained the sites at which F(0) is glycosylated. The results indicate that unlike other members of the family that replicate in cultured cells and cause systemic infections in vivo, cleavage of HeV F(0) occurs at a single lysine (reside 109) in the sequence Asp-Val-Lys- downward arrow-Leu. Although HeV genotypically resembles members of the Respirovirus and Rubulavirus genera in having potential N-linked glycosylation sites in both the F(1) and F(2) subunits, we show that phenotypically HeV may more closely resemble members of the Morbillivirus genus that contain N-linked glycans only in the F(2) subunit.,��https://www.ncbi.nlm.nih.gov/pubmed/11018278���Michalski, W P
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*Stroke Rehabilitation���Jul 20���PURPOSE: Patient mood and carer stress were assessed for stroke patients in the community following early hospital discharge. METHOD: Patients had low Barthel Indices (13.0 (mean) +/- 4.9 (SD)) with high anxiety and depression scores, and carers had high stress scores, on starting rehabilitation. On starting rehabilitation, patient Barthel Indices correlated inversely with patient depression (r = -0.33, p < 0.02) and carer stress scores (r = -0.48, p < 0.001). RESULTS: During rehabilitation improvements occurred in patient Barthel Indices, patient anxiety scores and carer stress scores, but not in patient depression scores. Incremental increases in patient Barthel Indices during rehabilitation correlated with reductions in carer stress scores (r = -0.55, R2 = 29.4%, p < 0.001). Following early hospital discharge stroke patients display mood abnormalities which do not resolve during rehabilitation. CONCLUSION: Carer stress and patients depression scores are related to the severity of stroke-related disability. Strategies to address patient mood and carer stress should be present in community services providing early stroke rehabilitation.,��https://www.ncbi.nlm.nih.gov/pubmed/10972352p��Jones, A L
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Zoonoses���Jul 28���Scientists are a step closer to unraveling a medical mystery that killed 105 people in Malaysia last year and destroyed the country's pig industry. The Nipah virus, which caused the disease, most likely originated in a native fruit bat species, Malaysian researchers reported here at a meeting last week. They say the findings will help Malaysian health authorities prevent future outbreaks of the Nipah virus. Others see the case as an argument for expanding research into infections that can leap the boundary between animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10939954K��Enserink, M
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Virus Diseases/*epidemiology/*virology���Jun 15²��A number of infectious agents has been newly detected in the last 10 years. Climatic changes and migration have been the most important factors in the emergence of new and old infections. Additionally, new methods for the detection of DNA and RNA have played an important role in the detection of agents difficult to culture. Relevant new bacterial pathogens are Bartonella henselae (cat scratch disease, bacillary angiomatosis), Tropheryma whippeli (Whipple's disease) and new Rickettsiae. Newly detected viral pathogens include Sin-nombre virus (pulmonary Hanta virus syndrome), Nipah- and Hendra virus and avian influenza. Bovine spongiform encephalopathy has been transmitted to humans causing the newly described syndrome of variant Creuzfeldt-Jakob disease. The extent of this new epidemic is not yet clear. These trends from the last years clearly indicate, that further new infections and infectious agents will be detected in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/10935415���Salzberger, B
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Virulence���Augõ��Two major epidemics of viral encephalitis occurred in Asia in 1997 and 1998. The first was a re-emergence of neurovirulent strains of enterovirus 71, which caused severe encephalomyelitis in children in Malaysia, Taiwan and Japan, on a background of hand, foot and mouth disease. Necropsy studies of patients who died of enterovirus 71 infection showed severe perivascular cuffing, parenchymal inflammation and neuronophagia in the spinal cord, brainstem and diencephalon, and in focal areas in the cerebellum and cerebrum. Although no viral inclusions were detected, immunohistochemistry showed viral antigen in the neuronal cytoplasm. Inflammation was often more extensive than neuronal infection, suggesting that other factors, in addition to direct viral cytolysis, may be involved in tissue damage. The second epidemic of viral encephalitis was the result of a novel paramyxovirus called Nipah, which mainly involved pig handlers in Malaysia and Singapore. Pathological evidence suggested that the endothelium of small blood vessels in the central nervous system was particularly susceptible to infection. This led to disseminated endothelial damage and syncytium formation, vasculitis, thrombosis, ischaemia and microinfarction. However, there was also evidence of neuronal infection by the virus and this may also have contributed to the neurological dysfunction in Nipah encephalitis. Some patients who seemed to recover from the acute symptoms have been re-admitted with clinical findings suggestive of relapsing encephalitis. As these two epidemics indicate, the emergence and re-emergence of viral encephalitides continue to pose considerable challenges to the neuropathologist, in establishing the diagnosis and unravelling the pathogenesis of the neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10931364X��Wong, K T
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*Paramyxovirinae���Augx��OBJECTIVE: The newly discovered Nipah virus causes an acute febrile encephalitic illness in humans that is associated with a high mortality. The purpose of this study is to describe the MR imaging findings of Nipah encephalitis. MATERIALS AND METHODS: MR imaging of the brain was performed in 31 patients with Nipah encephalitis divided into three groups. The first group (14 patients) underwent MR imaging during the acute phase of the illness and the second group (10 patients) during the later phase of the acute illness. The third group consisted of six patients who underwent MR imaging because they experienced neurologic relapse and one patient who had late-onset encephalitis. Spin-echo T1- and T2-weighted sequences and T2-weighted fluid attenuated inversion recovery (FLAIR) sequences were performed. Contrast-enhanced MR imaging was performed in four patients. RESULTS: The FLAIR sequences revealed abnormalities in all patients studied. MR imaging findings in both the acute and later phases of encephalitis were similar; the main feature of both phases was the presence of discrete high-signal-intensity lesions, measuring 2-7 mm, disseminated throughout the brain, mainly in the subcortical and deep white matter of the cerebral hemispheres. Neither mass effect nor cerebral edema was seen. There was no correlation with the focal neurologic signs, depth of coma, and outcome of the patients. The lesions were attributed to widespread microinfarctions from underlying vasculitis of cerebral small vessels. Features found on MR imaging in relapsed and late-onset encephalitis differed from the features in acute encephalitis in that confluent cortical involvement was the prominent finding in the former, as opposed to discrete focal lesions in the subcortical and deep white matter in the latter. CONCLUSION: MR imaging is a sensitive and specific diagnostic tool for evaluating Nipah encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/10915690���Sarji, S A
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RNA, Viral/analysis���Aug���Since it was first described in Australia in 1994, Hendra virus (HeV) has caused two outbreaks of fatal disease in horses and humans, and an isolated fatal horse case. Our preliminary studies revealed a high prevalence of neutralizing antibodies to HeV in bats of the genus PTEROPUS:, but it was unclear whether this was due to infection with HeV or a related virus. We developed the hypothesis that HeV excretion from bats might be related to the birthing process and we targeted the reproductive tract for virus isolation. Three virus isolates were obtained from the uterine fluid and a pool of foetal lung and liver from one grey-headed flying-fox (Pteropus poliocephalus), and from the foetal lung of one black flying-fox (P. alecto). Antigenically, these isolates appeared to be closely related to HeV, returning positive results on immunofluorescent antibody staining and constant-serum varying-virus neutralization tests. Using an HeV-specific oligonucleotide primer pair, genomic sequences of the isolates were amplified. Sequencing of 200 nucleotides in the matrix gene identified that these three isolates were identical to HeV. Isolations were confirmed after RNA extracted from original material was positive for HeV RNA when screened on an HeV Taqman assay. The isolation of HeV from pteropid bats corroborates our earlier serological and epidemiological evidence that they are a natural reservoir host of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/10900029���Halpin, K
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Viral Proteins/genetics���Jun 5���Recently, a new paramyxovirus, now known as Nipah virus (NV), emerged in Malaysia and Singapore, causing fatal encephalitis in humans and a respiratory syndrome in pigs. Initial studies had indicated that NV is antigenically and genetically related to Hendra virus (HV). We generated the sequences of the N, P/C/V, M, F, and G genes of NV and compared these sequences with those of HV and other members of the family Paramyxoviridae. The intergenic regions of NV were identical to those of HV, and the gene start and stop sequences of NV were nearly identical to those of HV. The open reading frames (ORFs) for the V and C proteins within the P gene were found in NV, but the ORF encoding a potential short basic protein found in the P gene of HV was not conserved in NV. The N, P, C, V, M, F, and G ORFs in NV have nucleotide homologies ranging from 88% to 70% and predicted amino acid homologies ranging from 92% to 67% in comparison with HV. The predicted fusion cleavage sequence of the F protein of NV had a single amino acid substitution (K to R) in comparison with HV. Phylogenetic analysis demonstrated that although HV and NV are closely related, they are clearly distinct from any of the established genera within the Paramyxoviridae and should be considered a new genus.,��https://www.ncbi.nlm.nih.gov/pubmed/10860887ª��Harcourt, B H
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Swine���Apr 27Ñ��BACKGROUND: Between September 1998 and June 1999, there was an outbreak of severe viral encephalitis due to Nipah virus, a newly discovered paramyxovirus, in Malaysia. METHODS: We studied the clinical features of the patients with Nipah virus encephalitis who were admitted to a medical center in Kuala Lumpur. The case definition was based on epidemiologic, clinical, cerebrospinal fluid, and neuroimaging findings. RESULTS: Ninety-four patients with Nipah virus infection were seen from February to June 1999 (mean age, 37 years; ratio of male patients to female patients, 4.5 to 1). Ninety-three percent had had direct contact with pigs, usually in the two weeks before the onset of illness, suggesting that there was direct viral transmission from pigs to humans and a short incubation period. The main presenting features were fever, headache, dizziness, and vomiting. Fifty-two patients (55 percent) had a reduced level of consciousness and prominent brain-stem dysfunction. Distinctive clinical signs included segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia and thus suggest the involvement of the brain stem and the upper cervical spinal cord. The initial cerebrospinal fluid findings were abnormal in 75 percent of patients. Antibodies against Hendra virus were detected in serum or cerebrospinal fluid in 76 percent of 83 patients tested. Thirty patients (32 percent) died after rapid deterioration in their condition. An abnormal doll's-eye reflex and tachycardia were factors associated with a poor prognosis. Death was probably due to severe brain-stem involvement. Neurologic relapse occurred after initially mild disease in three patients. Fifty patients (53 percent) recovered fully, and 14 (15 percent) had persistent neurologic deficits. CONCLUSIONS: Nipah virus causes a severe, rapidly progressive encephalitis with a high mortality rate and features that suggest involvement of the brain stem. The infection is associated with recent contact with pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/10781618Ì��Goh, K J
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Warfarin/*administration & dosage/adverse effects���Jan¿��OBJECTIVES: To compare a new low-dose warfarin induction regimen with the Fennerty regimen in elderly inpatients. DESIGN: Age-stratified, randomized prospective study. SUBJECTS: 120 age-stratified elderly inpatients. INTERVENTIONS: Each patient was randomized to either the new induction regimen or to a modified Fennerty regimen. MAIN OUTCOMES MEASURES: Days to therapeutic International Normalized Ratio (INR >2); days in the therapeutic range (INR 2-3) during induction; number of patients with INR >4.5; ability of day 4 INR to predict day 8 warfarin dose. RESULTS: The mean time to therapeutic INR was longer for the new induction regimen than modified Fennerty regimen in patients aged 65-75 years [4.6 (mean) +/- 1.6 (SD) days vs 3.8 +/- 0.8 days; P = 0.03] and in patients aged >75 years (4.5 +/- 1.4 days vs 3.5 +/- 0.7 days; P = 0.003). Patients spent more time in the therapeutic INR range with the new induction regimen [3.0 +/- 1.3 days vs 2.7 +/- 1.3 days (P = 0.03) for those aged 65-75 years and 2.9 +/- 1.1 days vs 2.4 +/- 1.3 days (P = 0.04 for those aged >75 years]. Fewer patients using the new regimen had INRs >4.5 in the first 8 days [1 (3%) vs 6 (20%) for 65-75 years (P < 0.05) and 1 (3%) vs 11 (37%) for >75 years (P < 0.01)]. The ability to predict the maintenance dose to within 1 mg was 55% for both regimens. CONCLUSION: The low-dose regimen has important clinical advantages over the Fennerty regimen for anticoagulating elderly inpatients.,��https://www.ncbi.nlm.nih.gov/pubmed/10690692±��Gedge, J
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Vero Cells���Feb-Apry��Antibodies to Hendra virus (HeV) have been found in a high percentage of fruit bats (Pteropus spp.) in Australia, indicating a possible reservoir for the virus. The aim of the experiments reported here was to investigate transplacental infection as a possible mode of transmission of the virus in fruit bats and other animals. In a first experiment, 18 pregnant guinea-pigs in the mid-stage of gestation were inoculated with HeV, as an experimental model in a conventional laboratory animal. Nine developed HeV disease as confirmed by viral isolation, histopathology and immunohistochemistry. In five of the nine clinically affected guinea-pigs there was necrosis and strong positive immunostaining in the placentas in an indirect immunoperoxidase (IPX) test for HeV antigen. One of these five guinea-pigs aborted and HeV was isolated from its three fetuses, one of which was also positive to the IPX test. In three other sick guinea-pig dams, virus was isolated from fetuses, and there was positive immunostaining in two of the latter. In a second experiment, four fruit bats were inoculated with a similar dose of HeV. (A further four guinea-pigs inoculated at the same time developed severe disease, indicating adequate virulence.) Two bats were killed at 10 days post-inoculation and two were killed at 21 days. In these bats, no overt clinical disease was observed, but subclinical disease occurred, as indicated by viral isolation, seroconversion, vascular lesions and positive immunostaining. Transplacental transmission was indicated by positive immunostaining in two placentas and confirmed by isolation of virus from one of the associated fetuses.,��https://www.ncbi.nlm.nih.gov/pubmed/10684689Ë��Williamson, M M
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635Ù��Chua, K B
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Reverse Transcriptase Polymerase Chain Reaction
Singapore/epidemiology���Oct 9«��BACKGROUND: In March 1999, an outbreak of encephalitis and pneumonia occurred in workers at an abattoir in Singapore. We describe the clinical presentation and the results of investigations in these patients. METHODS: Clinical and laboratory data were collected by systemic review of the case records. Serum and cerebrospinal fluid (CSF) samples were tested for IgM antibodies to Nipah virus with an IgM capture ELISA. Reverse-transcriptase PCR was done on the CSF and tissue samples from one patient who died. FINDINGS: Eleven patients were confirmed to have acute Nipah-virus infection based on raised IgM in serum. Nipah virus was identified by reverse transcriptase PCR in the CSF and tissue of the patient who died. The patients were all men, with a median age of 44 years. The commonest presenting symptoms were fever, headache, and drowsiness. Eight patients presented with signs of encephalitis (decreased level of consciousness or focal neurological signs). Three patients presented with atypical pneumonia, but one later developed hallucinations and had evidence of encephalitis on CSF examination. Abnormal laboratory findings included a low lymphocyte count (nine patients), low platelet count, low serum sodium, and high aspartate aminostransferase concentration (each observed in five patients). The CSF protein was high in eight patients and white-blood-cell count was high in seven. Chest radiography showed mild interstitial shadowing in eight patients. Magnetic resonance imaging (MRI) showed focal areas of increased signal intensity in the cortical white marker in all eight patients who were scanned. The nine patients with encephalitis received empirical treatment with intravenous aciclovir and eight survived. INTERPRETATION: Infection with Nipah virus caused an encephalitis illness with characteristic focal areas of increased intensity seen on MRI. Lung involvement was also common, and the disease may present as an atypical pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520634ü��Paton, N I
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Russell, G M
Selleck, P W
Lunt, R A
Morrissy, C J
Braun, M A
Williamson, M M
eng
Review
Netherlands
1999/09/29 00:00
Vet Microbiol. 1999 Aug 16;68(1-2):89-93.%��0378-1135 (Print)
0378-1135 (Linking)���10501165M��CSIRO Australian Animal Health Laboratory, Geelong. peter.hooper@dah.csiro.au�	Ù�üÒ|ÿþ?m���2��Halpin, K.
Young, P. L.
Field, H.
Mackenzie, J. S.���1999(��Newly discovered viruses of flying foxes���83-7
��Vet Microbiol���68���1-2H��Animals
Antibodies, Viral/analysis
Australia/epidemiology
Chiroptera/*virology
Disease Reservoirs/veterinary
Female
Horse Diseases/virology
Horses
Humans
Mononegavirales/classification/*pathogenicity
Mononegavirales Infections/*epidemiology/virology
Papua New Guinea/epidemiology
Swine
Swine Diseases/virology
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Respirovirus Infections/*pathology���Sep¥��A novel Hendra-like paramyxovirus named Nipah virus (NiV) was the cause of an outbreak among workers from one abattoir who had contact with pigs. Two patients had only respiratory symptoms, while 9 patients had encephalitis, 7 of whom are described in this report. Neurological involvement was diverse and multifocal, including aseptic meningitis, diffuse encephalitis, and focal brainstem involvement. Cerebellar signs were relatively common. Magnetic resonance imaging scans of the brain showed scattered lesions. IgM antibodies against Hendra virus (HeV) were present in the serum of all patients. Two patients recovered completely. Five had residual deficits 8 weeks later.,��https://www.ncbi.nlm.nih.gov/pubmed/10482278���Lee, K E
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*Ventilator Weaning/methods���Summerw��In this review, traditional weaning parameters, integrative indexes, and experimental methods of predicting weaning outcomes have been reviewed. All have limitations; however, judicious application of these parameters may guide clinical decisions regarding timing of weaning trials. Of the parameters reviewed, the RSBI has several advantages and may identify patients who are candidates for weaning. Likewise, application of tools such as the daily screen or implementation of multidisciplinary weaning teams may assist clinicians in weaning patients earlier in their ICU course. Most patients will be successfully extubated after a single SBT, and weaning methods that focus on sequential decrements in ventilator support appear to needlessly prolong ventilation. However, for patients who fail, identification of potential causes of continued ventilator dependence should focus on the various pathophysiological causes outlined. Although a number of patients will require prolonged ventilator support beyond the critical care setting, the growing experience with this population demonstrates that a large percentage have favorable outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/10445177b��Hendra, K P
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Viral Proteins/genetics���Jun 5»��A cytopathic infectious agent was isolated from the kidneys of an apparently healthy tree shrew (Tupaia belangeri) that had been captured in the area around Bangkok. The infectivity was propagated in Tupaia fibroblast and kidney cell cultures. Paramyxovirus-like pleomorphic enveloped particles and helical nucleocapsids were observed by electron microscopy and accordingly the infectious agent was termed Tupaia paramyxovirus (TPMV). However, no serological cross-reactions were detected between TPMV and known paramyxoviruses. For the molecular characterization of TPMV an experimental strategy that allows the random-primed synthesis of relatively large cDNA molecules from viral genomic RNA was applied. Nucleotide sequence analysis of a TPMV-specific cDNA fragment (1544 bp) revealed two nonoverlapping partial open reading frames corresponding to paramyxoviral N and P transcription units. Using modified rapid amplification of cDNA ends techniques, a substantial contiguous portion of the viral genome (4065 nt) was elucidated including the complete N and P/V/C genes. The coding strategy of TPMV as well as significant amino acid sequence homologies clearly indicates an evolutionary relationship between TPMV and members of the genus Morbillivirus. Highest homologies were detected between TPMV and Hendra virus (equine morbillivirus), which recently emerged in Australia, causing outbreaks of fatal respiratory and neurological disease in horses and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10366580¥��Tidona, C A
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Swine Diseases/transmission/virology���Apr 30!��During March 1999, health officials in Malaysia and Singapore, in collaboration with Australian researchers and CDC, investigated reports of febrile encephalitic and respiratory illnesses among workers who had exposure to pigs. A previously unrecognized paramyxovirus (formerly known as Hendra-like virus), now called Nipah virus, was implicated by laboratory testing in many of these cases. Febrile encephalitis continues to be reported in Malaysia but has decreased coincident with mass culling of pigs in outbreak areas. No new cases of febrile illness associated with Nipah virus infection have been identified in Singapore since March 19, 1999, when abattoirs were closed. This report summarizes interim findings from ongoing epidemiologic and laboratory investigations in Malaysia and Singapore.,��https://www.ncbi.nlm.nih.gov/pubmed/10366143O��(CDC)
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Swine Diseases/transmission���Apr 9���During September 29, 1998-April 4, 1999, 229 cases of febrile encephalitis (111 [48%] fatal) were reported to the Malaysian Ministry of Health (MOH). During March 13-19, 1999, nine cases of similar encephalitic illnesses (one fatal) and two cases of respiratory illness occurred among abattoir workers in Singapore. Tissue culture isolation identified a previously unknown infectious agent from ill patients. This report summarizes the preliminary epidemiologic and laboratory investigations of these cases, which indicate that a previously unrecognized paramyxovirus related to, but distinct from, the Australian Hendra virus is associated with this outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/10227800[��(CDC)
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Vero Cells���Dec1��OBJECTIVE: To determine the infectivity and transmissibility of Hendra virus (HeV). DESIGN: A disease transmission study using fruit bats, horses and cats. PROCEDURE: Eight grey-headed fruit bats (Pteropus poliocephalus) were inoculated and housed in contact with three uninfected bats and two uninfected horses. In a second experiment, four horses were inoculated by subcutaneous injection and intranasal inoculation and housed in contact with three uninfected horses and six uninfected cats. In a third experiment, 12 cats were inoculated and housed in contact with three uninfected horses. Two surviving horses were inoculated at the conclusion of the third experiment: the first orally and the second by nasal swabbing. All animals were necropsied and examined by gross and microscopic pathological methods, immunoperoxidase to detect viral antigen in formalin-fixed tissues, virus isolation was attempted on tissues and SNT and ELISA methods were used to detect HeV-specific antibody. RESULTS: Clinical disease was not observed in the fruit bats, although six of eight inoculated bats developed antibody against HeV, and two of six developed vascular lesions which contained viral antigen. The in-contact bats and horses did not seroconvert. Three of four horses that were inoculated developed acute disease, but in-contact horses and cats were not infected. In the third experiment, one of three in-contact horses contracted disease. At the time of necropsy, high titres of HeV were detected in the kidneys of six acutely infected horses, in the urine of four horses and the mouth of two, but not in the nasal cavities or tracheas. CONCLUSIONS: Grey-headed fruit bats seroconvert and develop subclinical disease when inoculated with HeV. Horses can be infected by oronasal routes and can excrete HeV in urine and saliva. It is possible to transmit HeV from cats to horses. Transmission from P poliocephalus to horses could not be proven and neither could transmission from horses to horses or horses to cats. Under the experimental conditions of the study the virus is not highly contagious.+��https://www.ncbi.nlm.nih.gov/pubmed/9972433½��Williamson, M M
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Viral Envelope Proteins���Nov 25���The complete nucleotide sequence of the attachment protein gene of Hendra virus, a new member of the subfamily Paramyxovirinae, has been determined from cDNA clones derived from viral genomic RNA. The deduced mRNA is 2565 nucleotides long with one open reading frame encoding a protein of 604 amino acids, which is similar in size to the attachment protein of the members of the subfamily. However, the mRNA transcript is >600 nucleotides longer than others in the subfamily due to the presence of long untranslated regions at both the 5' and 3' ends. The protein is designated G because it lacks both hemagglutination and neuraminidase activities. It contains a hydrophobic transmembrane domain close to the N terminus, eight potential N-linked glycosylation sites, and 18 cysteine residues. Although the HeV G protein had low sequence homology with Paramyxovirinae members, the predicted folding pattern of its extracellular globular head was very similar to that of members of the genus Paramyxovirus, with the location of seven potential pairs of sulfide bonds absolutely conserved. On the other hand, among the seven residues known to be critical for neuraminidase activity, only one was conserved in the Hendra virus G protein compared with at least six in HN proteins of paramyxoviruses and rubulaviruses and four in H proteins of morbilliviruses. The biological significance of this finding is discussed.+��https://www.ncbi.nlm.nih.gov/pubmed/9837786¾��Yu, M
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*Viral Proteins���Jul���The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3' untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58.5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.+��https://www.ncbi.nlm.nih.gov/pubmed/9680142Ø��Yu, M
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Spectrum Analysis, Raman/*standards���Nov���The reliability with which an external reference sample can be used to standardise the intensities of Raman scattering spectra is assessed. By comparing the ratios of single band intensities of Raman scatter in a two component liquid mixture with those between the mixture and an external standard it is shown that the latter is more than adequate for most quantitative Raman analysis. Coefficients of variance in repeated experiments on the same sample are approximately 1%, when comparing single band heights on spectra recorded with modest laser powers over 2 min. When using the whole spectrum, these coefficients are significantly lower.+��https://www.ncbi.nlm.nih.gov/pubmed/9477577���Paepe, A T
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Tablets���Nov]��It is customary to rotate samples in Raman spectroscopy to avoid absorption or sample heating. In FT-Raman experiments the rotation is always shown (typically 30-60 rpm) because higher speeds are thought to generate noise in the spectra. In this article we show that more rapid rotation is possible. A tablet containing maleic acid and one made up of sub-millimetre silica particles with metoprolol succinate as active ingredient were rotated at different speeds, up to 6760 rpm. The FT-Raman spectra were recorded and studied. We conclude that it is perfectly acceptable to rotate samples up to 1500 rpm.+��https://www.ncbi.nlm.nih.gov/pubmed/9477576²��De Paepe, A T
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Virulence/genetics���FebÎ��In 1994, a new member of the family Paramyxoviridae isolated from fatal cases of respiratory disease in horses and humans was shown to be distantly related to morbilliviruses and provisionally called equine morbillivirus (K. Murray et al., Science 268:94-97, 1995). To facilitate characterization and classification, the virus was purified, viral proteins were identified, and the P/V/C gene was cloned and sequenced. The coding strategy of the gene is similar to that of Sendai and measles viruses, members of the Paramyxovirus and Morbillivirus genera, respectively, in the subfamily Paramyxovirinae. The P/V/C gene contains four open reading frames, three of which, P, C, and V, have Paramyxovirinae counterparts. The P and C proteins are larger and smaller, respectively, than are cognate proteins in members of the subfamily, and the V protein is made as a result of a single G insertion during transcription. The P/V/C gene has two unique features. (i) A fourth open reading frame is located between those of the C and V proteins and potentially encodes a small basic protein similar to those found in some members of the Rhabdoviridae and Filoviridae families. (ii) There is also a long untranslated 3' sequence, a feature common in Filoviridae members. Sequence comparisons confirm that although the virus is a member of the Paramyxovirinae subfamily, it displays only low levels of homology with paramyxoviruses and morbilliviruses and negligible homologies with rubulaviruses.+��https://www.ncbi.nlm.nih.gov/pubmed/9445051¤��Wang, L F
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Stents/*adverse effects���SepÁ��Self-expanding metallic stents (SEMSs) are used to palliate malignant esophageal strictures. We describe a patient who had an extensive mediastinal tumor for which he was receiving irradiation therapy; chest pain, hemoptysis, and recurrent Gram-negative pneumonia developed in this patient after stent placement. Fiberoptic bronchoscopy revealed protrusion of the SEMS into the tracheobronchial tree, a novel complication for this new type of stent.+��https://www.ncbi.nlm.nih.gov/pubmed/8797444Z��Hendra, K P
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Rosman, A.���1995ª��Rural communities in nutritional transition: emergence of obesity, hypertension and hypercholesterolemia as public health problems in three kampungs in Bagan Datoh, Perak���129-39
��Malays J Nutr���1���2���Sepý��This paper highlights the marked presence of nutritional disorders in a sample (190 males, 237 females, aged 18-80 years) obtained from the adult population in three kampungs i.e. Pasang Api, Sungai Nipah Baroh and Sungai Balai Darat, in the Mukim of Bagan Datoh, Perak in 1992. All subjects (except pregnant females) were measured for blood pressure, weight, height, waist circumference, and hip circumference from which the body mass index (BMI) and waist-hip ratios (WHR) were calculated. A random blood sample was obtained by finger-prick from each subject and analysed for total cholesterol (TC) and glucose, using the Reflotron compact analyser. Elevated means for BMI and WHR indicated that obesity (BMI >/=30.0) was a serious public health problem in these three kampungs, affecting about 5% of males and 14% of females. Another 24% of males and 46% of females had an overweight problem (BMI 25.0-29.9), indicating that on the average, about half the adult population in these kampungs were either overweight or obese. This contrasted with the situation a decade ago in similar-type kampungs in the Peninsula where underweight was the major nutritional disorder in adults, especially males. Overall, there was a shift of an underweight problem to one of overweight, as exemplified by increments of 2.0 to 3.0 BMI units in the adult population, with the phenomenon being more marked in the females. Hypertension (21%) and hyperglycaemia (6.5%) affected the males and females approximately equally. Female adults had higher mean plasma TC compared to males (204 versus 199 mg/dl); these means were some 20 mg/dl (0.52 mmol/L) higher than the corresponding means for adults in similar rural communitites in the early eighties, and approximate the corresponding means for present-day urban adults. The above findings serve to emphasise the nutritional transition undergoing in the rural communities in the Peninsula, viz, the marked emergence in these rural communities of nutritional disorders normally associated with affluent populations.,��https://www.ncbi.nlm.nih.gov/pubmed/22692058`��Ng, T K Jr
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Serologic Tests���Jun 19���OBJECTIVE: To describe the clinical and epidemiological features of an outbreak of a viral infection affecting humans and horses. SETTING: Stables in Hendra, a suburb of Brisbane. SUBJECTS: Affected horses and humans, and at-risk human contacts. RESULTS: A pregnant mare died two days after arrival from a paddock elsewhere in Brisbane. Eight to 11 days later, illness (depression, anorexia, fever, dyspnoea, ataxia, tachycardia, tachypnoea and nasal discharge) was reported among 17 other horses from the same or an adjoining stable. Fourteen horses died or were put down. Five and six days after the index mare's death, a stable-hand and then a horse-trainer, both of whom had had close contact with the sick mare's mucous secretions, developed influenza-like illnesses. The stable-hand recovered but the trainer developed pneumonitis, respiratory failure, renal failure and arterial thrombosis, and died from a cardiac arrest seven days after admission to hospital. A morbillivirus cultured from his kidney was identical to one isolated from the lungs of five affected horses. The two affected humans and eight other horses were seropositive for the infection, which was reproduced in healthy horses following challenge by spleen/lung homogenates from infected horses. There was no serological evidence of infection in 157 humans who had had contact with the stables or the sick horses or humans. CONCLUSIONS: A previously undescribed morbillivirus infected a probable 21 horses and two humans; one human and 14 horses died. That no further cases were detected among humans suggests that the virus was of low infectivity. The source of infection remains undetermined.+��https://www.ncbi.nlm.nih.gov/pubmed/7603375Ä��Selvey, L A
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Survivors���Dec 20
��There is increasing evidence that platelet thrombi play an important role in the pathogenesis of acute myocardial infarction (AMI). We compared "spontaneous" platelet aggregation in whole blood in 17 non-diabetic and 12 diabetic subjects on admission with AMI. There was no significant difference in the fall in platelet count between the two groups, expressed as platelets remaining (75.2 +/- 7.9% vs 77.3 +/- 6.9% at 10 min, 66.6 +/- 8.9% vs 68.5 +/- 6.3% at 20 min, 63.5 +/- 8.2% vs 64.9 +/- 6.7% at 30 min and 59.4 +/- 10.3% vs 61.3 +/- 7.6% at 60 min). The rate of "spontaneous" aggregation was increased in subjects with evidence of heart failure on admission compared to those without (59.9 +/- 7.9% vs 66.2 +/- 6.6% at 30 min [p = 0.05] and 55.4 +/- 9.6% vs 63.1 +/- 7.7% at 60 min [p = 0.04]). There was no correlation between the fall in platelet count and admission plasma glucose, glycated haemoglobin or peak aspartate amino-transferase. The subjects studied on admission with AMI had greater rates of "spontaneous" aggregation than 8 subjects studied between 6 and 12 months after acute myocardial infarction (75.9 +/- 7.4% vs 85.8 +/- 5.4% at 10 min; p = 0.001 and 64.3 +/- 7.5% vs 75.0 +/- 7.8% at 30 min; p = 0.006) and compared to normal controls (90.7 +/- 4.4% at 10 min; p < 0.001 and 83.4 +/- 6.5 at 30 min; p < 0.001). This study provides evidence of increased "spontaneous" platelet aggregation in subjects admitted with acute myocardial infarction but no difference between diabetic and non-diabetic subjects was observed.+��https://www.ncbi.nlm.nih.gov/pubmed/8165614���Gray, R P
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Spectrum Analysis, Raman���Dec���We analyzed binary mixtures of polymorphs A and B of chlorpropamide ((1-[4-chlorobenzenesulphonyl]-3-propyl urea)) by near-infrared Fourier transform Raman spectroscopy (FTRS). The individual polymorphs were prepared and characterized by differential scanning calorimetry (DSC), Fourier transform infrared (FT-IR) microscopy, and physical appearance. The FTR spectra of the two polymorphs showed distinct differences which result from "crystal splitting" effects. A series of 13 different mixtures of polymorph A and B was prepared by geometric mixing and their FTR spectra statistically analysed by factor analysis programming. Predictions of the A/B polymorphic composition of mixtures were made and compared with the theoretical values. The results demonstrate that FTRS combined with factor analysis programming may be successfully applied to the in situ monitoring of the A/B polymorphic nature of a chlorpropamide sample.+��https://www.ncbi.nlm.nih.gov/pubmed/8302765���Tudor, A M
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Obesity���June��An algorithm has been developed to provide predictable control of blood glucose for 48 h following acute myocardial infarction. In 29 diabetic patients intravenous infusion of soluble insulin was started upon admission to hospital and the rate adjusted hourly on the basis of bedside capillary glucose estimations. Insulin infusion rates related to glycaemia were higher in obese patients and those with severe cardiac failure. For all patients mean admission glucose levels were reduced from 18.3 +/- 5.9 mmol l-1 to 9.1 +/- 3.3 mmol l-1 at 4 h and to 8.8 +/- 2.5 mmol l-1 at 6 h. Mean glucose concentrations for 48 h after admission were 8.2 +/- 1.3 mmol l-1 for all patients. Admission glucose levels were slightly higher in patients with severe, compared to those without or mild, cardiac failure (P less than 0.1), but levels over the following 48 h were similar. Doubling insulin infusion rates before meals did not achieve tighter glycaemic control. Hypoglycaemia (glucose less than 3 mmol l-1) occurred on 11 occasions in six patients; only two episodes were symptomatic and only two episodes occurred when the insulin rates were doubled before meals. This algorithm produced tighter glycaemic control than previously published protocols, particularly in patients with severe cardiac failure. Hypoglycaemia is uncommon and the algorithm easy to administer by nursing staff.+��https://www.ncbi.nlm.nih.gov/pubmed/1425142���Hendra, T J
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Reference Values���Apr¿��Consistent abnormalities of agonist-induced platelet aggregation, in either whole blood or platelet rich plasma, have not been demonstrated in diabetic patients without microvascular disease. In the present study platelet aggregation in the absence of exogenous agonists ('spontaneous' aggregation) was compared between 22 non-diabetic subjects and 23 Type 1 diabetic patients with (n = 12) and without (n = 11) microvascular disease. 'Spontaneous' aggregation was determined by measuring the percentage fall in single platelet number in aliquots of whole blood shaken for 60 min. Diabetic patients without microvascular disease had fewer single platelets remaining (greater aggregation) than non-diabetic subjects at all time-points (69.7 +/- 6.6 vs 82.3 +/- 7.3% at 60 min p less than 0.001), but more platelets remaining than in diabetic patients with microvascular disease at all time-points (69.7 +/- 6.6 vs 61.0 +/- 7.8% at 60 min p less than 0.02). No significant correlations were observed between platelet aggregation and plasma glucose, blood cell counts, or glycated haemoglobin levels. The study suggests that platelet abnormalities antedate the appearance of microvascular disease in diabetic patients.+��https://www.ncbi.nlm.nih.gov/pubmed/1576806���Hendra, T J
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Tissue Plasminogen Activator/adverse effects/therapeutic use���Feb 15»��OBJECTIVES: To assess prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction and the incidence of side effects. DESIGN: Retrospective analysis of prescriptions during five months (first audit) followed by prospective analysis of uptake of treatment during five months after interventions in clinical management; prospective assessment of adverse events during thrombolytic treatment. SETTING: Coronary care unit of large district general hospital. PATIENTS: 110 patients aged greater than or equal to 65 with subsequently proved acute myocardial infarction admitted in first audit and 119 admitted in the second. MAIN OUTCOME MEASURES: Site of infarct, prescription of thrombolysis treatment, reasons for nonprescription, complications. RESULTS: Before intervention thrombolytic treatment was prescribed to 13/110 (12%) patients with subsequently confirmed myocardial infarction and after intervention to 55/119 (46%) patients (p less than 0.01). In the first audit no patients with angina received thrombolytic treatment whereas 13/79 (16%) were treated in the second audit. Increased prescription of thrombolytic treatment in the second audit was associated with significantly fewer exclusions owing to dyspepsia (p less than 0.05) and unstated or unsatisfactory reasons (p less than 0.01) Streptokinase infusions were completed uneventfully in 75% (48/64) and 77% (10/13) of patients with infarction and angina respectively. Side effects of treatment were more common in patients with inferior than with anterior infarcts (16/42 (30%) v 3/24 (13%), p less than 0.05). CONCLUSIONS: Low rates of prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction were identified and corrected. Streptokinase treatment was associated with transient arrhythmias or hypotension in about a third of these patients with infarcts, particularly those with electrocardiographic changes in inferior leads.+��https://www.ncbi.nlm.nih.gov/pubmed/1547391X��Hendra, T J
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Sulfasalazine/administration & dosage/analysis/*chemistry���Octµ��FT-Raman spectroscopy (FTRS) has been used to characterize microspheres produced from the pharmaceutical polymer Eudragit RS containing a range of concentrations of the drug sulfasalazine. While pure sulfasalazine produced an intense and complex Raman spectrum, the spectrum of drug-free Eudragit RS microspheres was considerably weaker in intensity and contained only a few prominent Raman scattering peaks. In spectra of the drug-polymer microspheres, peaks arising from the individual components could be identified. This enabled a quantitative analysis to be undertaken by calculating the ratio between the area of a sulfasalazine peak and the area of a Eudragit RS peak for each microsphere spectrum. A correlation was shown between the peak area ratio and the microsphere sulfasalazine content. FTRS was then applied to a series of microsphere samples which had been dissoluted into pH 7 buffer for 1, 3, 6, 9, 12, or 24 hr. For each spectrum, the drug-polymer peak area ratio was determined and this in turn enabled calculation of the residual drug content of the microsphere sample. FTRS-calculated data showed good agreement with microsphere drug content values determined spectrophotometrically.+��https://www.ncbi.nlm.nih.gov/pubmed/1686649¤��Watts, P J
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beta-Thromboglobulin/analysis���Aug½��STUDY OBJECTIVE: The aim was to compare platelet function in diabetic and non-diabetic survivors of acute myocardial infarction and to relate it to an index of free radical activity in these patients. DESIGN: In vivo and in vitro indices of platelet function and diene conjugate molar ratios were measured in diabetic and non-diabetic infarct survivors on admission to hospital and sequentially for 72 h. PATIENTS: The patients were 17 diabetics (age 61.9 years, range 32-74) and 12 non-diabetics (60.8 years, range 39-75) admitted to hospital with acute myocardial infarction confirmed according to WHO criteria. MEASUREMENTS AND MAIN RESULTS: Agonist induced platelet aggregation, beta thromboglobulin levels, and linoleic acid 18:2(9,11)/18:2(9,12) molar ratios did not differ between diabetic and non-diabetic patients on admission. Concentrations of adrenaline producing 50% maximum platelet aggregation (EC50) in whole blood on admission were lower than non-infarct controls in both patient groups. The EC50 values in platelet rich plasma in both groups fell during the 72 h following admission (increases in platelet sensitivity). beta Thromboglobulin concentrations fell following admission in the diabetic group. Diene conjugate molar ratios were higher at 12 h and 24 h compared to admission in diabetic patients. Increases in diene conjugate ratios between admission and 24 h correlated with peak aspartate transaminase levels in both patient groups. No correlations were observed between platelet aggregation, beta thromboglobulin levels, or diene conjugate molar ratios. CONCLUSIONS: During 72 h following myocardial infarction there is a reduction in platelet activation in vivo and an increase in platelet sensitivity to exogenous agonists in vitro. Free radical generated isomers of linoleic acid increase in relation to infarct size, but are unrelated to platelet function. There were no differences in platelet function between diabetic and non-diabetic subjects.+��https://www.ncbi.nlm.nih.gov/pubmed/1833060©��Hendra, T J
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Triglycerides/blood���Sepj��Standard radioimmunoassay for insulin may substantially overestimate levels of insulin because of cross-reaction with other insulin-like molecules. We have measured concentrations of insulin, intact proinsulin and 32-33 split proinsulin using two-site monoclonal antibody based immunoradiometric assays, and of insulin by a standard radioimmunoassay ("immunoreactive insulin") in 51 Type 2 (non-insulin-dependent) diabetic subjects in the fasting state. The relationships of these concentrations were sought with those of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride, plasminogen activator inhibitor, blood pressure, and indices of body fat distribution. Significant relationships were apparent between concentrations of "immunoreactive insulin" as measured by standard radioimmunoassay and triglyceride (rs = 0.42, p less than 0.001), total cholesterol (rs = 0.25, p = 0.038), high density lipoprotein cholesterol (rs = -0.30, p = 0.018) and body mass index (rs = 0.30, p = 0.017), but only the relationships with triglyceride (rs = 0.36, p = 0.006) and body mass index (rs = 0.26, p = 0.34) remained significant when concentrations of immunoradiometrically measured insulin were employed. Concentrations of 32-33 split proinsulin, which comprises the major insulin-like molecule in these subjects, correlated positively with triglyceride (rs = 0.33, p = 0.009), total cholesterol (rs = 0.23, p = 0.050), and plasminogen activator inhibitor (rs = 0.26, p = 0.049), and negatively with high density lipoprotein cholesterol (rs = -0.29, p = 0.021).(ABSTRACT TRUNCATED AT 250 WORDS)+��https://www.ncbi.nlm.nih.gov/pubmed/2253829Ü��Nagi, D K
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Triglycerides/blood���Aug§��The aim of this study was to evaluate the effects of a fish oil preparation (MaxEPA) on hemostatic function and fasting lipid and glucose levels in non-insulin-dependent diabetic (NIDDM) subjects. Eighty NIDDM outpatients aged 55.9 yr (mean SD 11.5 yr) participated in a prospective double-blind placebo-controlled study of MaxEPA capsules (10 g/day) or olive oil (control) treatment over 6 wk. Patients received either MaxEPA or olive oil in addition to preexisting therapy. Metabolic and hemostatic variables were measured before treatment and after 3 and 6 wk. Platelet membrane eicosapentaenoic acid (EPA) content increased in the treatment group (P less than 0.001). MaxEPA supplementation was associated with a significant fall in total triglycerides (P less than 0.001) but did not affect total cholesterol (P = 0.7) compared with control treatment. Fasting plasma glucose increased after 3 wk (P = 0.01) but not after 6 wk (P = 0.17) treatment with MaxEPA. Spontaneous platelet aggregation in whole blood fell in the MaxEPA group (P less than 0.02) after 6 wk, but there were no changes in agonist-induced platelet aggregation, thromboxane generation in platelet-rich plasma, or plasma beta-thromboglobulin and platelet factor IV levels. An increase in clotting factor VII (P = 0.02), without changes in fibrinogen or factor X levels, occurred in the MaxEPA group. Similar reductions in blood pressure were observed in both groups. Dietary supplementation with MaxEPA capsules (10 g/day) in NIDDM subjects is associated with improvement in hypertriglyceridemia but with deleterious effects in factor VII and blood glucose levels. Most indices of platelet function are unaffected by this therapy.+��https://www.ncbi.nlm.nih.gov/pubmed/2209315ê��Hendra, T J
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Vasodilator Agents/*pharmacology���Jul#��1. Dopexamine is a novel analogue of dopamine which is free of alpha-adrenoceptor activity and is of therapeutic value in chronic heart failure. The effects of dopexamine on the in vitro function of platelets from 10 healthy subjects at rest, after exercise and after in vitro addition of adrenaline and noradrenaline were investigated. 2. Dopexamine in a wide range of concentrations (10(-9)M-10(-3)M) did not appear to function as an agonist on platelets either in whole blood or in PRP preparations. 3. Dopexamine caused a dose-dependent inhibition of agonist-induced platelet aggregation in both whole blood and PRP. The inhibitory effect of dopexamine was significantly greater in PRP than in whole blood, and significantly greater to adrenaline than to collagen or ADP as agonists in whole blood. 4. After exercise or after in vitro addition of adrenaline and noradrenaline at concentrations commonly seen in myocardial infarction, dopexamine produced similar levels of inhibition seen with platelets from resting subjects. 5. Dopexamine did not affect plasma catecholamine levels but caused an increase in intraplatelet noradrenaline levels. 6. This study suggests that dopexamine is unlikely adversely to affect the hyperaggregable state found in patients with cardiogenic shock after myocardial infarction.+��https://www.ncbi.nlm.nih.gov/pubmed/2390435���Wagaine-Twabwe, D
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Sympathomimetics/analysis���Near infrared Fourier-transform (FT) Raman spectroscopy is shown to be a useful spectroscopic tool for the molecular structural analysis of drugs and biomedical polymers. The technique has been applied to the non-invasive investigation of the hydrolytic degradation of a biodegradable polymer in water over a period of 15 days and to the analysis of a drug within a polymer vehicle over a wide drug concentration range. This work demonstrates the potential value of FT Raman spectroscopy in the field of pharmaceutical science.+��https://www.ncbi.nlm.nih.gov/pubmed/2100613ª��Tudor, A M
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Risk Factors���Mar¢��Moderate (greater than 20 units) and high (greater than 80 units) IgG anticardiolipin antibody (aCL) titres are strongly predictive for recurrent thrombosis and early myocardial infarction in non-diabetic subjects. We have tested the hypothesis that the excess risk of myocardial infarction in diabetic subjects relates to the presence of aCL by measuring the frequency and titre of aCL in two groups of diabetic subjects and in 2500 healthy controls. One non-diabetic subject (0.04%) had low (5-20 units) IgG aCL titres. Seven out of 126 diabetics without cardiovascular disease (5.6%) and 9 out of 79 diabetics who were either myocardial infarction survivors or who had angiographically-proven coronary artery disease (11.4%) had low aCL titres (P less than 0.01 for comparison of either diabetic group with controls, and P less than 0.1 for comparison between diabetic groups). One subject in each diabetic group, but no non-diabetics, had moderate IgM aCL titres. No subjects had high aCL titres. Diabetics have an increased frequency of low aCL titres which may relate to macrovascular disease. Macrovascular disease in diabetics is not associated with moderate or high aCL titres.+��https://www.ncbi.nlm.nih.gov/pubmed/2813232���Hendra, T J
Baguley, E
Harris, E N
Khamashta, M H
Trembath, R C
Hughes, G R
Yudkin, J S
eng
England
1989/03/01 00:00
Postgrad Med J. 1989 Mar;65(761):140-3.%��0032-5473 (Print)
0032-5473 (Linking)
��PMC2429247���2813232n��Department of Medicine, University College and Middlesex School of Medicine, Whittington Hospital, London, UK.�������üÚ|ÿþ?�������Hendra, T.
Betteridge, D. J.���1989V��Platelet function, platelet prostanoids and vascular prostacyclin in diabetes mellitus���197-212(��Prostaglandins Leukot Essent Fatty Acids���35���4ç��Blood Platelets/*physiology
Diabetes Mellitus/*physiopathology
Epoprostenol/*metabolism
Fatty Acids/*metabolism
Humans
Platelet Aggregation
Prostaglandins, Synthetic/metabolism
Prostanoic Acids/*metabolism
Thromboxane A2/metabolism���Mar+��https://www.ncbi.nlm.nih.gov/pubmed/2654960¡��Hendra, T
Betteridge, D J
eng
Research Support, Non-U.S. Gov't
Review
Scotland
1989/03/01 00:00
Prostaglandins Leukot Essent Fatty Acids. 1989 Mar;35(4):197-212.%��0952-3278 (Print)
0952-3278 (Linking)���2654960Y��Academic Unit of Diabetes and Endocrinology, Whittington Hospital, Highgate Hill, London.��ª��üÒ|ÿþ?����F��Hendra, T. J.
Oughton, J.
Smith, C. C.
Betteridge, D. J.
Yudkin, J. S.���1988q��Exercise-induced changes in platelet aggregation; a comparison of whole blood and platelet rich plasma techniques���443-51
��Thromb Res���52���5���Adenosine Diphosphate/pharmacology
Adult
Blood Cell Count
Collagen/pharmacology
Epinephrine/pharmacology
Female
Humans
In Vitro Techniques
Male
Norepinephrine/blood
*Physical Exertion
Plasma/cytology/physiology
*Platelet Aggregation/drug effects
Stress, Physiological/blood���Dec 1R��Studies have been performed to assess the effect of exercise on spontaneous platelet aggregation in shaken whole blood, and on agonist-induced platelet aggregation in whole blood and platelet rich plasma (PRP). Spontaneous platelet aggregation in shaken whole blood was increased following exercise compared to pre-exercise values. The increase in spontaneous aggregation after exercise correlated inversely with the increase in white cell count in whole blood. Platelet sensitivity in whole blood to adrenaline, collagen and adenosine diphosphate (ADP) was increased following exercise. Changes in platelet sensitivity to adrenaline following exercise correlated with increases in plasma noradrenaline levels but not with changes in blood cell counts. In PRP, platelet sensitivity to ADP and to collagen was increased following exercise when the pre and post-exercise PRP platelet counts were not corrected to allow for the increase in platelet count which occurred with exercise. When the PRP platelet counts were corrected, no changes in platelet sensitivity to any agonist after exercise were observed.+��https://www.ncbi.nlm.nih.gov/pubmed/3222784���Hendra, T J
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beta-Thromboglobulin/analysis���Jul(��The effect of 24 hours and 7 days treatment with nisoldipine (10 mg, twice daily) on platelet function was studied in 12 normotensive volunteers of whom six were insulin-dependent diabetics without clinical evidence of vascular complications. Platelet aggregation was assessed by platelet rich plasma (PRP) and whole blood (WB) techniques. In addition, the effect of nisoldipine on platelet hyperaggregability following exercise was assessed. After taking nisoldipine for 24 hours, in vitro platelet hypersensitivity to adenosine diphosphate was observed in PRP (p less than 0.01) and WB (p less than 0.01), to adrenaline in WB (p less than 0.03), and to collagen in PRP (p less than 0.02). After seven days treatment, platelet sensitivities to all agonists at rest in both PRP and WB showed no differences from pre-treatment values. Exercise-induced platelet hypersensitivity in WB to all three agonists was unchanged after nisoldipine treatment. Plasma noradrenaline and adrenaline concentrations increased after 24 hours treatment, although changes in agonist EC50s at 24 hours were not related to changes in plasma catecholamine levels. No effects of nisoldipine were observed on platelet thromboxane B2 release in PRP, or on plasma beta-thromboglobulin levels. No differences in the effects of nisoldipine were observed between diabetic and non-diabetic subjects. Nisoldipine treatment for seven days is not associated with altered platelet function, but platelet hypersensitivity is observed after treatment for 24 hours in both insulin-dependent diabetics and controls.+��https://www.ncbi.nlm.nih.gov/pubmed/2976336É��Hendra, T J
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beta-Thromboglobulin/analysis���Jul-Augk��There are conflicting reports of platelet function abnormalities in diabetic patients without vascular complications. We have studied in vitro platelet aggregation, using platelet rich plasma and whole blood techniques, in 18 patients with uncomplicated insulin-dependent diabetes and a matched group of 24 non-diabetic subjects. In addition we measured plasma beta-thromboglobulin levels in these groups, as an index of in vivo platelet activation, and compared the indices of in vitro and in vivo platelet function before and after maximal bicycle exercise. Before exercise plasma beta-thromboglobulin levels and platelet sensitivities to ADP, collagen or adrenaline, as assessed by both methods of platelet aggregation, were the same in diabetic and control subjects. Both groups showed similar increases in beta-thromboglobulin levels and in platelet sensitivity to all agonists in whole blood following exercise. Using platelet rich plasma there were no changes in platelet sensitivity in either group after exercise. In non-diabetic subjects, increases in noradrenaline levels after exercise correlated with increases in platelet sensitivity to adrenaline in whole blood. This was not observed in the diabetic group. Abnormalities of platelet function, using the techniques described here, are not present in diabetic patients who do not have clinical evidence of vascular disease.+��https://www.ncbi.nlm.nih.gov/pubmed/2970923¡��Hendra, T J
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Virulence Factors/genetics���Decó��BACKGROUND AND STUDY AIM: Several genes of Helicobacter pylori, such as vacA, cagA, iceA and babA, have been reported to significantly increase the risk of gastrointestinal diseases. The aim of this study was to study the relationship between H. pylori virulence factors and clinical outcomes and identify the independent markers of peptic ulcer disease in Iraq. PATIENTS AND METHODS: DNA was extracted from specimens taken from 154 unselected H. Pylori positive Iraqi patients. Genotyping was performed by the polymerase chain reaction (PCR), using specific primers for cagA, vacA (s, m), iceA and babA2 genes. RESULTS: A total of 56 (82%) peptic ulcer disease (PUD) patients carried cagA+ strains, significantly more than the 56 (65%) non-ulcer disease (NUD) patients (p=0.017). The difference in the prevalence of babA2 positivity was significant between patients with NUD (33.7%) and PUD (58.8%) (p=0.002). In addition, babA2 was associated as an independent factor, with PUD (p=0.005; odds ratio (OR)=0.4; confidence interval (CI)=0.18-0.68) followed by cagA (p=0.05; OR=0.4; CI=0.18-0.85). Forty-five isolates (29%) were typed as 'triple positive' strains, and their presence was significantly associated with PUD (p=0.001). CONCLUSION: The cagA and babA2 genotypes might be considered as useful markers for PUD patients. However, iceA1 and iceA2 seem not to be good markers for the disease. The presence of H. pylori strains with triple-positive status is of high clinical relevance to H. pylori-associated diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/23432983ø��Abdullah, Shahla M
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Virus Release���Jan 20Ô	�UNLABELLED: Paramyxovirus particles are formed by a budding process coordinated by viral matrix (M) proteins. M proteins coalesce at sites underlying infected cell membranes and induce other viral components, including viral glycoproteins and viral ribonucleoprotein complexes (vRNPs), to assemble at these locations from which particles bud. M proteins interact with the nucleocapsid (NP or N) components of vRNPs, and these interactions enable production of infectious, genome-containing virions. For the paramyxoviruses parainfluenza virus 5 (PIV5) and mumps virus, M-NP interaction also contributes to efficient production of virus-like particles (VLPs) in transfected cells. A DLD sequence near the C-terminal end of PIV5 NP protein was previously found to be necessary for M-NP interaction and efficient VLP production. Here, we demonstrate that 15-residue-long, DLD-containing sequences derived from either the PIV5 or Nipah virus nucleocapsid protein C-terminal ends are sufficient to direct packaging of a foreign protein, Renilla luciferase, into budding VLPs. Mumps virus NP protein harbors DWD in place of the DLD sequence found in PIV5 NP protein, and consequently, PIV5 NP protein is incompatible with mumps virus M protein. A single amino acid change converting DLD to DWD within PIV5 NP protein induced compatibility between these proteins and allowed efficient production of mumps VLPs. Our data suggest a model in which paramyxoviruses share an overall common strategy for directing M-NP interactions but with important variations contained within DLD-like sequences that play key roles in defining M/NP protein compatibilities. IMPORTANCE: Paramyxoviruses are responsible for a wide range of diseases that affect both humans and animals. Paramyxovirus pathogens include measles virus, mumps virus, human respiratory syncytial virus, and the zoonotic paramyxoviruses Nipah virus and Hendra virus. Infectivity of paramyxovirus particles depends on matrix-nucleocapsid protein interactions which enable efficient packaging of encapsidated viral RNA genomes into budding virions. In this study, we have defined regions near the C-terminal ends of paramyxovirus nucleocapsid proteins that are important for matrix protein interaction and that are sufficient to direct a foreign protein into budding particles. These results advance our basic understanding of paramyxovirus genome packaging interactions and also have implications for the potential use of virus-like particles as protein delivery tools.,��https://www.ncbi.nlm.nih.gov/pubmed/26792745Ó��Ray, Greeshma
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*Virus Release���NovZ	�UNLABELLED: Paramyxoviruses and other negative-strand RNA viruses encode matrix proteins that coordinate the virus assembly process. The matrix proteins link the viral glycoproteins and the viral ribonucleoproteins at virus assembly sites and often recruit host machinery that facilitates the budding process. Using a co-affinity purification strategy, we have identified the beta subunit of the AP-3 adapter protein complex, AP3B1, as a binding partner for the M proteins of the zoonotic paramyxoviruses Nipah virus and Hendra virus. Binding function was localized to the serine-rich and acidic Hinge domain of AP3B1, and a 29-amino-acid Hinge-derived polypeptide was sufficient for M protein binding in coimmunoprecipitation assays. Virus-like particle (VLP) production assays were used to assess the relationship between AP3B1 binding and M protein function. We found that for both Nipah virus and Hendra virus, M protein expression in the absence of any other viral proteins led to the efficient production of VLPs in transfected cells, and this VLP production was potently inhibited upon overexpression of short M-binding polypeptides derived from the Hinge region of AP3B1. Both human and bat (Pteropus alecto) AP3B1-derived polypeptides were highly effective at inhibiting the production of VLPs. VLP production was also impaired through small interfering RNA (siRNA)-mediated depletion of AP3B1 from cells. These findings suggest that AP-3-directed trafficking processes are important for henipavirus particle production and identify a new host protein-virus protein binding interface that could become a useful target in future efforts to develop small molecule inhibitors to combat paramyxoviral infections. IMPORTANCE: Henipaviruses cause deadly infections in humans, with a mortality rate of about 40%. Hendra virus outbreaks in Australia, all involving horses and some involving transmission to humans, have been a continuing problem. Nipah virus caused a large outbreak in Malaysia in 1998, killing 109 people, and smaller outbreaks have since occurred in Bangladesh and India. In this study, we have defined, for the first time, host factors that interact with henipavirus M proteins and contribute to viral particle assembly. We have also defined a new host protein-viral protein binding interface that can potentially be targeted for the inhibition of paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25210190���Sun, Weina
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Viral receptors���May���The Paramyxoviridae include some of the great and ubiquitous disease-causing viruses of humans and animals. In most paramyxoviruses, two viral membrane glycoproteins, fusion protein (F) and receptor binding protein (HN, H or G) mediate a concerted process of recognition of host cell surface molecules followed by fusion of viral and cellular membranes, resulting in viral nucleocapsid entry into the cytoplasm. The interactions between the F and HN, H or G viral glycoproteins and host molecules are critical in determining host range, virulence and spread of these viruses. Recently, atomic structures, together with biochemical and biophysical studies, have provided major insights into how these two viral glycoproteins successfully interact with host receptors on cellular membranes and initiate the membrane fusion process to gain entry into cells. These studies highlight the conserved core mechanisms of paramyxovirus entry that provide the fundamental basis for rational anti-viral drug design and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/25771804���Bose, Sayantan
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wild type���Dec 13���Paramyxoviruses represent a remarkably diverse family of enveloped nonsegmented negative-strand RNA viruses, some of which are the most ubiquitous disease-causing viruses of humans and animals. This review focuses on paramyxovirus activation of innate immune pathways, the mechanisms by which these RNA viruses counteract these pathways, and the innate response to paramyxovirus infection of dendritic cells (DC). Paramyxoviruses are potent activators of extracellular complement pathways, a first line of defense that viruses must face during natural infections. We discuss mechanisms by which these viruses activate and combat complement to delay neutralization. Once cells are infected, virus replication drives type I interferon (IFN) synthesis that has the potential to induce a large number of antiviral genes. Here we describe four approaches by which paramyxoviruses limit IFN induction: by limiting synthesis of IFN-inducing aberrant viral RNAs, through targeted inhibition of RNA sensors, by providing viral decoy substrates for cellular kinase complexes, and through direct blocking of the IFN promoter. In addition, paramyxoviruses have evolved diverse mechanisms to disrupt IFN signaling pathways. We describe three general mechanisms, including targeted proteolysis of signaling factors, sequestering cellular factors, and upregulation of cellular inhibitors. DC are exceptional cells with the capacity to generate adaptive immunity through the coupling of innate immune signals and T cell activation. We discuss the importance of innate responses in DC following paramyxovirus infection and their consequences for the ability to mount and maintain antiviral T cells.,��https://www.ncbi.nlm.nih.gov/pubmed/24056173m��Parks, Griffith D
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paramyxovirus���Jan 31â��To define the links between paramyxovirus budding and cellular ESCRT machinery, we previously identified angiomotin-like 1 (AMOTL1) in a screen for host factors that bind to the matrix (M) protein of parainfluenza virus 5 (PIV5). This protein harbors three L/PPXY sequences, allowing it to interact with WW domain containing proteins including NEDD4 family members. We hypothesize that paramyxoviruses use AMOTL1 as a linker to indirectly recruit the same NEDD4 ubiquitin ligases for budding that other enveloped viruses recruit directly through their PPXY late domains. In support of this hypothesis, we found that AMOTL1 could link together M proteins and NEDD4 family proteins in three-way co-IP experiments. Both PIV5 and mumps virus M proteins could be linked to the NEDD4 family proteins NEDD4-1, NEDD4L, and NEDL1, provided that AMOTL1 was co-expressed as a bridging protein. AMOT and AMOTL2 could not substitute for AMOTL1, as they lacked the ability to bind with paramyxovirus M proteins. Attachment of a PPXY late domain sequence to PIV5 M protein obviated the need for AMOTL1 as a linker between M and NEDD4 proteins. Together, these results suggest a novel host factor recruitment strategy for paramyxoviruses to achieve particle release.,��https://www.ncbi.nlm.nih.gov/pubmed/30708959ð��Ray, Greeshma
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*virus assembly���Jul 15���Hendra virus (HeV) is a zoonotic paramyxovirus that causes deadly illness in horses and humans. An intriguing feature of HeV is the utilization of endosomal protease for activation of the viral fusion protein (F). Here we investigated how endosomal F trafficking affects HeV assembly. We found that the HeV matrix (M) and F proteins each induced particle release when they were expressed alone but that their coexpression led to coordinated assembly of virus-like particles (VLPs) that were morphologically and physically distinct from M-only or F-only VLPs. Mutations to the F protein transmembrane domain or cytoplasmic tail that disrupted endocytic trafficking led to failure of F to function with M for VLP assembly. Wild-type F functioned normally for VLP assembly even when its cleavage was prevented with a cathepsin inhibitor, indicating that it is endocytic F trafficking t��9�LÍÝÿÿÿ?á��������2018+��Summary of Hendra virus incidents in horses���Business Queensland���20 Sep 2018���Queensland, Australia���Queensland Government���Web Page���https://www.business.qld.gov.au/industries/service-industries-professionals/service-industries/veterinary-surgeons/guidelines-hendra/incident-summary���������ü�F�Ó|ÿî?â������Arunkumar, G.
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��2018/10/27���Oct 26���Background: Nipah Virus (NiV) is a highly fatal emerging zoonotic virus with potential threat to global health security. Here we describe the characteristics of the NiV outbreak occurred in Kerala, India during May -June 2018. Methods: We used real-time RT PCR in throat swabs, blood, urine and CSF to detect NiV. Further, the viral genome was sequenced and subjected to phylogenetic analysis. We conducted an epidemiological investigation to describe the outbreak and to elucidate transmission dynamics. Results: During May 2 - 29, 2018, 23 cases were identified including the index case; 18 were lab-confirmed. This NiV was closer to the Bangladesh lineage. Median age of cases was 45; 15 (65%) were male. The median incubation period was 9.5 days (6 - 14 days). Of the 23 cases, 20 (87%) had respiratory symptoms. The case fatality rate (CFR) was 91%; two cases survived.. Risk factors for infection included close proximity (touching, feeding or nursing an NiV infected person) enabling exposure to droplet infection. The public health response included isolation of cases, contact tracing, and enforcing hospital infection control practices. Conclusion: This is the first recorded NiV outbreak in South India. Early laboratory confirmation and immediate public health response contained the outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/30364984·��Arunkumar, Govindakarnavar
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Zoonoses���Jan 11æ��BACKGROUND: In September, 1994, an outbreak of severe respiratory disease affected 18 horses, their trainer, and a stablehand in Queensland, Australia. Fourteen horses and one human being died. A novel virus was isolated from those affected and named equine morbillivirus (EMV). We report a case of encephalitis caused by this virus. FINDINGS: A 35-year-old man from Queensland had a brief aseptic meningitic illness in August, 1994, shortly after caring for two horses that died from EMV infection and then assisting at their necropsies. He then suffered severe encephalitis 13 months later, characterised by uncontrolled focal and generalised epileptic activity. Rising titres of neutralising antibodies to EMV in the patient's serum at the time of the second illness suggested an anamnestic response. Distinctive cortical changes were shown on magnetic resonance neuroimaging and histopathological examination of the brain at necropsy. Immunohistochemistry and electronmicroscopy of brain tissue revealed pathology characteristic of the earlier cases of EMV infection. PCR on cerebrospinal fluid tak��ð�������+ý@ÄýÛÿÿÿ?Ø�����@��Australian Pesticides and Veterinary Medicines Authority (APVMA)���2015R��Summary of adverse experience reports made to the APVMA about Hen�����|Òtÿî?Ö���&��Virtue, E. R.
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*Signal Transduction���Aprz��Henipaviruses encode several proteins from the P gene, of which V and W have been demonstrated by gene-based transfection studies to antagonize the innate immune response, blocking both type I interferon production and signaling. This study examines the effects of henipavirus infection on the innate immune response in human cell lines. We report that henipavirus infection does not result in interferon production, with the virus antagonizing this response. In contrast to published transfection studies, our study found that the interferon signaling pathways are only partially blocked by henipavirus infection of human cell lines.,��https://www.ncbi.nlm.nih.gov/pubmed/21289115���Virtue, Elena R
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Vero Cells���Mar 1»��Bats are known to harbor a number of emerging and re-emerging zoonotic viruses, many of which are highly pathogenic in other mammals but result in no clinical symptoms in bats. The ability of bats to coexist with viruses may be the result of rapid control of viral replication early in the immune response. IFNs provide the first line of defense against viral infection in vertebrates. Type III IFNs (IFN-lambdas) are a recently identified IFN family that share similar antiviral activities with type I IFNs. To our knowledge, we demonstrate the first functional analysis of type III IFNs from any species of bat, with the investigation of two IFN-lambda genes from the pteropid bat, Pteropus alecto. Our results demonstrate that bat type III IFN has similar antiviral activity to type I and III IFNs from other mammals. In addition, the two bat type III IFNs are differentially induced relative to each other and to type I IFNs after treatment or transfection with synthetic dsRNA. Infection with the bat paramyxovirus, Tioman virus, resulted in no upregulation of type I IFN production in bat splenocytes but was capable of inducing a type III IFN response in three of the four bats tested. To our knowledge, this is the first report to describe the simultaneous suppression of type I IFN and induction of type III IFN after virus infection. These results ��ý�����+¯Ô. M.
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Young Adult���Feb���Multidrug resistance protein 2 (MRP2), encoded by the ATP-binding cassette C2 (ABCC2) gene, is an efflux pump located on the apical membrane of many polarized cells, which transports conjugate compounds by an ATP-dependent mechanism. The correlation of G1249A ABCC2 polymorphism with the development of colorectal cancer (CRC) and poor prognosis was evaluated in patients who were treated with fluorouracil/-leucovorin (FL) plus oxaliplatin (FOLFOX-4). A total of 50 paraffinembedded tissue samples collected from CRC patients were analyzed to identify the polymorphism. Patients were in stage II/III and received postoperative FOLFOX-4 chemotherapy. As a control group, an equal number of unrelated healthy subjects were enrolled in the study. The polymorphism was genotyped by the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method, and results were compared with clinicopathological markers, early relapse and survival rates. During the 12 months of follow-up, local and distant recurrences were observed in 15 (30%) patients. No significant difference in the distribution of wild-type and polymorphic genotypes was observed between the patient and control groups and between the patients who experienced recurrence within 1 year and those who did not (all P>0.05). In conclusion, the G1249A polymorphism is not associated with CRC risk and early recurrence. However, significant correlation was observed between G1249A polymorphism and the overall survival and disease-free survival of the patients.,��https://www.ncbi.nlm.nih.gov/pubmed/23232902É��Mirakhorli, Mojgan
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Plasmids/administration & dosage/*chemical synthesis/genetics���FebK��Cellulose acetate phthalate (CAP) microcapsules were formulated to deliver plasmid DNA (pDNA) to the intestines. The microcapsules were characterized and were found to have an average diameter of 44.33 +/- 30.22 mum, and were observed to be spherical with smooth surface. The method to extract pDNA from CAP was modified to study the release profile of the pDNA. The encapsulated pDNA was found to be stable. Exposure to the acidic and basic pH conditions, which simulates the pH environment in the stomach and the intestines, showed that the release occurred in a stable manner in the former, whereas it was robust in the latter. The loading capacity and encapsulation efficiency of the microcapsules were low but the CAP recovery yield was high which indicates that the microcapsules were efficiently formed but the loading of pDNA can be improved. In vitro transfection study in 293FT cells showed that there was a significant percentage of green-fluorescent-protein-positive cells as a result of efficient transfection from CAP-encapsulated pDNA. Biodistribution studies in BALB/c mice indicate that DNA was released at the stomach and intestinal regions. CAP microcapsules loaded with pDNA, as described in this study, may be useful for potential gene delivery to the intestines for prophylactic or therapeutic measures for gastrointestinal diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/23192729È��Hanafi, Aimi
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Spain/epidemiology���Jan���INTRODUCTION: Infants are obligate nasal breathers. Cleft palate closure may result in upper airway compromise. We describe chil���ø�����,¨l�����,®Ðors (p=0.003 and p=0.004, respectively). In addition, intratumoral MVD was significantly higher than peritumoral MVD (p<0.001) but not associated with Bax or Bcl-2 expression and other tumor characteristics. We concluded that the number of endothelial cells undergoing apoptosis was in direct linkage with the number of apoptotic tumor cells. Anti-apoptotic activity of the surviving tumor cells appears to propagate cancer progression and this was influenced by the hormonal status of the cells. Tumor angiogenesis was especially promoted in the intratumoral region and angiogenesis was independent of anti-apoptotic activity.,��https://www.ncbi.nlm.nih.gov/pubmed/23098483���Jaafar, Hasnan
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Sequence Analysis, DNA���Feb���Andrographis paniculata (AP) is a medicinal plant species introduced into Malaysia. To address the genetic structure and evolutionary connectedness of the Malaysian AP with the Indian AP, a DNA sequence analysis was conducted based on 24 microsatellite markers. Out of the 24 primer sets, seven novel microsatellite primers were designed and amplified intra-specifically according to the available Indian AP sequences at the National Centre for Biotechnology Information (NCBI), where 17 of them were amplified using the cross-species strategy by employing the primers belonging to Acanthus ilicifolius Linn (Acanthaceae) and Lumnitzera racemosa Wild (Combretaceae). The primers were then applied on the Malaysian AP accessions. Sixteen of the new microsatellite loci were amplified successfully. Analysis of these microsatellite sequences, revealed some significant differences between the Indian and Malaysian AP accessions in terms of the size and type of the repeat motifs. These findings depicted the cryptic feature of this species. Despite identifying several heterozygous alleles no polymorphism was observed in the detected loci of the selected accessions. This situation was in concordance with the presence of "fixed heterozygosity" phenomenon in the mentioned loci. Accordingly, this was fully consistent with the occurrence of the genetic bottleneck and founder effect within Malaysian AP population. Apart from the amplification of new microsatellites in this species, our observations could be in agreement with the risk of genetic depletion and consequently extinction of this precious herb in Malaysia. This issue should be taken into consideration in the future studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23086278ä��Valdiani, Alireza
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Wrist Joint���Junó��A 63 year old male with a history of gout and hypertension presented with carpal tunnel syndrome. He gave history of bilateral wrist pain associated with numbness over the median nerve distribution of the hand. Tinels sign and Phalens test were positive with no obvious thenar muscle wasting on examination. Tophaceous deposits in the flexor tendons and within the synovium of the wrist joint was seen during surgery and this established gout as the cause of median nerve entrapment in this patient.,��https://www.ncbi.nlm.nih.gov/pubmed/23082430m��Sikkandar, M F
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*Urbanization���Dec\��Cities are rapidly increasing in importance as a major factor shaping the Earth system, and therefore, must take corresponding responsibility. With currently over half the world's population, cities are supported by resources originating from primarily rural regions often located around the world far distant from the urban loci of use. The sustainability of a city can no longer be considered in isolation from the sustainability of human and natural resources it uses from proximal or distant regions, or the combined resource use and impacts of cities globally. The world's multiple and complex environmental and social challenges require interconnected solutions and coordinated governance approaches to planetary stewardship. We suggest that a key component of planetary stewardship is a global system of cities that develop sustainable processes and policies in concert with its non-urban areas. The potential for cities to cooperate as a system and with rural connectivity could increase their capacity to effect change and foster stewardship at the planetary scale and also increase their resource security.,��https://www.ncbi.nlm.nih.gov/pubmed/230769746��Seitzinger, Sybil P
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alpha-Tocopherol/*pharmacology���SepA��OBJECTIVE: Osteoporosis increases the risk of bone fractures and may impair fracture healing. The aim of this study was to investigate whether alpha-tocopherol can improve the late-phase fracture healing of osteoporotic bones in ovariectomized rats. METHOD: In total, 24 female Sprague-Dawley rats were divided into three groups. The first group was sham-operated, and the other two groups were ovariectomized. After two months, the right femora of the rats were fractured under anesthesia and internally repaired with K-wires. The sham-operated and ovariectomized control rat groups were administered olive oil (a vehicle), whereas 60 mg/kg of alpha-tocopherol was administered via oral gavage to the alpha-tocopherol group for six days per week over the course of 8 weeks. The rats were sacrificed, and the femora were dissected out. Computed tomography scans and X-rays were performed to assess fracture healing and callus staging, followed by the assessment of callus strengths through the biomechanical testing of the bones. RESULTS: Significantly higher callus volume and callus staging were observed in the ovariectomized control group compared with the sham-operated and alpha-tocopherol groups. The ovariectomized control group also had significantly lower fracture healing scores than the sham-operated group. There were no differences between the alpha-tocopherol and sham-operated groups with respect to the above parameters. The healed femora of the ovariectomized control group demonstrated significantly lower load and strain parameters than the healed femora of the sham-operated group. Alpha-tocopherol supplementation was not able to restore these biomechanical properties. CONCLUSION: Alpha-tocopherol supplementation appeared to promote bone fracture healing in osteoporotic rats but failed to restore the strength of the fractured bone.,��https://www.ncbi.nlm.nih.gov/pubmed/23018307���Mohamad, Sharlina
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��2012/09/22w��Epidermal growth factor receptor (EGFR) inhibition has now been well established as an effective treatment for various cancers. The EGFR belongs to the ErbB family of tyrosine kinase receptors which regulate tumor cell differentiation, survival and proliferation. Activation of EGFR drives tumorigenesis in lung, head and neck, colorectal and pancreatic cancers. Irrespective of the type of cancer being treated and the mechanism by which tumor EGFR drives tumorigenesis, the major side effect of EGFR inhibition is a papulopustular (also described as maculopapular or acneiform) rash which occurs in about two thirds of treated patients. Interestingly, this rash has been commonly correlated with better clinical outcomes (objective tumor response and patient survival). The pathophysiology of dermatological toxicity from EGFR inhibitors is an important area of clinical research, and the proper management of the rash is essential to increase the therapeutic index from this class of drugs. In this paper, we review the dermatologic toxicities associated with EGFR inhibitors with an emphasis on its pathophysiology and clinical management.,��https://www.ncbi.nlm.nih.gov/pubmed/22997576®��Abdullah, Shaad E
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Water Pollutants/metabolism���Nov;��This study determined the most effective microbes acting as ammonia-oxidising (AOB) and manganese-oxidising bacteria (MnOB) for the simultaneous removal of ammonia (NH(4)(+)-N) and manganese (Mn(2+)) from water. Two conditions of mixed culture of bacteria: an acclimatised mixed culture (mixed culture: MC) in a 5-L bioreactor and biofilm attached on a plastic medium (stages of mixed culture: SMC) in a biological aerated filter were isolated and identified using Biolog MicroSystem and 16S rRNA sequencing. A screening test for determining the most effective microbe in the removal of NH(4)(+)-N and Mn(2+) was initially performed using SMC and MC, respectively, and found that Bacillus cereus was the most effective microbe for the removal of NH(4)(+)-N and Mn(2+). Moreover, the simultaneous NH(4)(+)-N and Mn(2+) removal (above 95% removal for both NH(4)(+)-N and Mn(2+)) was achieved using a biological aerated filter under various operating conditions. Thus, the strain could act as an effective microbe of AOB and a MnOB for the simultaneous removal of NH(4)(+)-N and Mn(2+).,��https://www.ncbi.nlm.nih.gov/pubmed/22995166ê��Abu Hasan, Hassimi
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��2012/09/20Ð��Estrogen replacement therapy (ERT) is the main treatment postmenopausal osteoporosis. However, ERT causes serious side effects, such as cancers and thromboembolic problems. Labisia pumila var. alata (LPva) is a herb with potential as an alternative to ERT to prevent complications of osteoporosis, especially fragility fractures. This study was conducted to determine the effects of LPva on the biomechanical strength of femora exposed to osteoporosis due to estrogen deficiency, using the postmenopausal rat model. Thirty-two female rats were randomly divided into four groups: Sham-operated (Sham), ovariectomized control (OVXC), ovariectomized with Labisia pumila var. alata (LP), and ovariectomized with ERT (Premarin) (ERT). The LPva and ERT were administered via oral gavage daily at doses of 17.5 mg/kg and 64.5 mug/kg, respectively. Following two months of treatment, the rats were euthanized, and their right femora were prepared for bone biomechanical testing. The results showed that ovariectomy compromised the femoral strength, while LPva supplementation to the ovariectomized rats improved the femoral strength. Therefore, LPva may be as effective as ERT in preventing fractures due to estrogen-deficient osteoporosis.,��https://www.ncbi.nlm.nih.gov/pubmed/22991574±��Fathilah, Siti Noor
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Vascular Calcification/epidemiology/pathology���Sep 25���OBJECTIVES: This study sought to evaluate whether the relationship between C-reactive protein (CRP) and atherosclerosis is modified by body mass index (BMI). BACKGROUND: CRP levels are affected by obesity, and it is unknown whether the associations between CRP and cardiovascular (CV) disease differ between obese and nonobese individuals. METHODS: We measured CRP and multiple atherosclerosis phenotypes, including coronary artery calcification (CAC) (n = 2,685), aortic wall thickness (AWT) (n = 2,238), and aortic plaque burden (APB) (n = 2,224), in subjects ages 30 to 65 years from the Dallas Heart Study. The associations of CRP with CAC, AWT, and APB were compared across categories of BMI (normal, 18.5 to <25 kg/m(2); overweight, 25 to <30 kg/m(2); obese, >/=30 kg/m(2)) in sex-stratified analyses. RESULTS: The overall prevalence of obesity was 38% in men and 53% in women. Increasing CRP levels (<1 mg/l, 1 to 3 mg/l, >3 mg/l) were associated with increased CAC prevalence in normal and overweight men and in normal weight women (p < 0.01), but not in obese subjects of either sex. Likewise, the correlations between CRP and AWT and APB diminished with increasing BMI and were nonsignificant in obese individuals (p < 0.05 in nonobese, p > 0.1 in obese). Interaction tests between CRP and obesity were significant for all atherosclerosis measures in men and for AWT and ABP in women (p interaction <0.05 each). In both sexes, the c-statistics of CRP for all 3 atherosclerosis measures were greater for normal weight than obese individuals. CONCLUSIONS: In a large, population-based study, the association between CRP and multiple measures of atherosclerosis is diminished in obese individuals. The role of CRP for predicting CV outcomes in obese subjects requires further evaluation.,��https://www.ncbi.nlm.nih.gov/pubmed/22939555���Gupta, Nitin K
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��2012/07/26F��This study investigated the effects of alpha-tocopherol and palm oil tocotrienol supplementations on bone fracture healing in postmenopausal osteoporosis rats. 32 female Sprague-Dawley rats were divided into four groups. The first group was sham operated (SO), while the others were ovariectomised. After 2 months, the right femora were fractured under anesthesia and fixed with K-wire. The SO and ovariectomised-control rats (OVXC) were given olive oil (vehicle), while both the alpha-tocopherol (ATF) and tocotrienol-enriched fraction (TEF) groups were given alpha-tocopherol and tocotrienol-enriched fraction, respectively, at the dose of 60 mg/kg via oral gavages 6 days per week for 8 weeks. The rats were then euthanized and the femora dissected out for bone biomechanical testing to assess their strength. The callous of the TEF group had significantly higher stress parameter than the SO and OVXC groups. Only the SO group showed significantly higher strain parameter compared to the other treatment groups. The load parameter of the OVXC and ATF groups was significantly lower than the SO group. There was no significant difference in the Young's modulus between the groups. In conclusion, tocotrienol is better than alpha-tocopherol in improving the biomechanical properties of the fracture callous in postmenopausal osteoporosis rat model.,��https://www.ncbi.nlm.nih.gov/pubmed/22829855Ê��Mohamad, Sharlina
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Virus Assembly/drug effects/genetics/physiology���Mar���Enveloped virus budding has been linked to both the ubiquitin-proteasome pathway and the vacuolar protein-sorting pathway of cells. We show here for the paramyxovirus SV5 that proteasome inhibitors and expression of dominant-negative VPS4(E228Q) ATPase blocks budding. The SV5 matrix (M) protein lacks previously defined late domains (e.g., P[T/S]AP, PPxY, YPDL) that recruit cellular factors. We identified a new motif for budding (core sequence FPIV) that can compensate functionally for lack of a PTAP late domain in budding human immunodeficiency virus type 1 virus-like particles (VLPs). Mutagenesis experiments suggest the more general sequence O-P-x-V. The proline residue was found to be critically important for function of this sequence, as substitution of this proline in the SV5 M protein resulted in poor budding of SV5 VLPs and failure of recombinant SV5 virus to replicate normally. Adaptation of mutant virus occurred rapidly, resulting in new proline residues elsewhere in the M protein. We hypothesize that these proline residues act to partially restore virus budding by generation of new motifs that act as suboptimal late domains.,��https://www.ncbi.nlm.nih.gov/pubmed/15709019���Schmitt, Anthony P
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Virus Replication���SepX��The efficient release of many enveloped viruses from cells involves the coalescence of viral components at sites of budding on the plasma membrane of infected cells. This coalescence is believed to require interactions between the cytoplasmic tails of surface glycoproteins and the matrix (M) protein. For the paramyxovirus simian virus 5 (SV5), 		%�ke other enveloped virus particles, are formed by budding from membranes of infected cells. To define mumps virus (MuV) proteins important for this process, viral proteins were expressed either singly or in combination in mammalian cells to produce virus-like particles (VLPs). Only the MuV matrix (M) protein when expressed by itself was capable of inducing particle release, but the quantity of these M-alone particles was very small. Efficient production of mumps VLPs occurred only when the M protein was coexpressed together with other viral proteins, with maximum production achieved upon coexpression of the viral M, nucleocapsid (NP), and fusion (F) proteins together. Electron microscopy analysis confirmed that VLPs were morphologically similar to MuV virions. The two MuV glycoproteins were not equal contributors to particle formation. The F protein was a major contributor to VLP production, while the hemagglutinin-neuraminidase protein made a smaller contribution. Evidence for the involvement of class E protein machinery in VLP budding was obtained, with mumps VLP production inhibited upon expression of dominant-negative versions of the class E proteins Vps4A and Chmp4b. Disruption of the sequence 24-FPVI-27 within the MuV M protein led to poor VLP production, consistent with findings of earlier studies of a related sequence, FPIV, important for the budding of parainfluenza virus 5. Together, these results demonstrate that different MuV structural proteins cooperate together for efficient particle production and that particle budding likely involves host class E protein machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/19439476ß��Li, Ming
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Virus Release/genetics/*physiology���SepO��The paramyxoviruses define a diverse group of enveloped RNA viruses that includes a number of important human and animal pathogens. Examples include human respiratory syncytial virus and the human parainfluenza viruses, which cause respiratory illnesses in young children and the elderly; measles and mumps viruses, which have caused recent resurgences of disease in developed countries; the zoonotic Hendra and Nipah viruses, which have caused several outbreaks of fatal disease in Australia and Asia; and Newcastle disease virus, which infects chickens and other avian species. Like other enveloped viruses, paramyxoviruses form particles that assemble and bud from cellular membranes, allowing the transmission of infections to new cells and hosts. Here, we review recent advances that have improved our understanding of events involved in paramyxovirus particle formation. Contributions of viral matrix proteins, glycoproteins, nucleocapsid proteins, and accessory proteins to particle formation are discussed, as well as the importance of host factor recruitment for efficient virus budding. Trafficking of viral structural components within infected cells is described, together with mechanisms that allow for the selection of specific sites on cellular membranes for the coalescence of viral proteins in preparation of bud formation and virion release.,��https://www.ncbi.nlm.nih.gov/pubmed/20398786·��Harrison, Megan S
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��PMC2910131��Ù�����-²8IV5) particle formation, NP protein truncation and substitution mutants were analyzed. Alterations near the C-terminal end of NP protein completely disrupted its virus-like particle (VLP) production function and significantly impaired M-NP protein interaction. Recombinant viruses with altered NP proteins were generated, and these viruses acquired second-site mutations. Recombinant viruses propagated in Vero cells acquired mutations that mainly affected components of the viral polymerase, while recombinant viruses propagated in MDBK cells acquired mutations that mainly affected the viral M protein. Two of the Vero-propagated viruses acquired the same mutation, V/P(S157F), found previously to be responsible for elevated viral gene expression induced by a well-characterized variant of PIV5, P/V-CPI(-). Vero-propagated viruses caused elevated viral protein synthesis and spread rapidly through infected monolayers by direct cell-cell fusion, bypassing the need to bud infectious virions. Both Vero- and MDBK-propagated viruses exhibited infectivity defects and altered polypeptide composition, consistent with poor incorporation of viral ribonucleoprotein complexes (RNPs) into budding virions. Second-site mutations affecting M protein restored interaction with altered NP proteins in some cases and improved VLP production. These results suggest that multiple avenues are available to paramyxoviruses for overcoming defects in M-NP protein interaction.,��https://www.ncbi.nlm.nih.gov/pubmed/20943976���Schmitt, Phuong Tieu
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 subsequent viral budding. Two major glycoproteins expressed on the viral envelope, the attachment protein and the fusion protein, promote attachment of the virus to host cells and subsequent virus-cell membrane fusion. Incorporation of the surface glycoproteins into infectious progeny particles requires coordinated interplay between the three viral structural components, driven primarily by the matrix protein. In this review, we discuss recent progress in understanding the contributions of the matrix protein and glycoproteins in driving paramyxovirus assembly and budding while focusing on the viral protein interactions underlying this process and the intracellular trafficking pathways for targeting viral components to assembly sites. Differences in the mechanisms of particle production among the different family members will be highlighted throughout.,��https://www.ncbi.nlm.nih.gov/pubmed/25105277G��El Najjar, Farah
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Virus Release���Apr>��Ubiquitin is important for the budding of many retroviruses and other enveloped viruses, but the precise role of ubiquitin in virus budding remains unclear. Here, we characterized the ubiquitination of the matrix (M) protein of a paramyxovirus, parainfluenza virus 5 (PIV5). The PIV5 M protein (but not the PIV5 nucleocapsid protein) was found to be targeted for monoubiquitination in transfected mammalian cells. Major sites of ubiquitin attachment identified by mass spectrometry analysis were lysine residues at amino acid positions 79/80, 130, and 247. The cumulative mutation of lysine residues 79, 80, and 130 to arginines led to an altered pattern of M protein ubiquitination and impaired viruslike particle (VLP) production. However, the cumulative mutation of lysine residues 79, 80, 130, and 247 to arginines restored M protein ubiquitination and VLP production, suggesting that ubiquitin is attached to alternative sites on the M protein when the primary ones have been removed. Additional lysine residues were targeted for mutagenesis based on the UbiPred algorithm. An M protein with seven lysine residues changed to arginines exhibited altered ubiquitination and poor VLP production. A recombinant virus encoding an M protein with seven lysines mutated was generated, and this virus exhibited a 6-fold-reduced maximum titer, with the defect being attributed mainly to the budding of noninfectious particles. The recombinant virus was assembly deficient, as judged by the redistribution of viral M and hemagglutinin-neuraminidase proteins in infected cells. Similar assembly defects were observed for the wild-type (wt) virus after treatment with a proteasome inhibitor. Collectively, these findings suggest that the monoubiquitination of the PIV5 M protein is important for proper virus assembly and for the budding of infectious particles.,��https://www.ncbi.nlm.nih.gov/pubmed/222582498��Harrison, Megan S
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TABLE 14.1A. Summary of Hendra Virus Outbreaks in Horses in Australia

		Year

		Month

		State1

		Location

		Total Cases2



		1994

		Aug

		QLD

		Mackay

		2



		1994

		Sep

		QLD

		Hendra

		20



		1999

		Jan

		QLD

		Cairns

		1



		2004

		Oct

		QLD

		Cairns

		1



		

		Dec

		QLD

		Townsville

		1



		2006

		Jun

		QLD

		Peachester

		1



		

		Oct

		NSW

		Murwillumbah

		1



		2007

		Jun

		QLD

		Peachester

		1



		

		Jul

		QLD

		Cairns

		1



		2008

		Jun

		QLD

		Redlands

		8



		

		Jul

		QLD

		Propserpine

		4



		2009

		Jul

		QLD

		Cawarral

		4



		

		Sep

		QLD

		Bowen

		2



		2010

		May

		QLD

		Tewantin

		1



		

















2011

		

Jun

		QLD

		Beaudesert

		1



		

		

		QLD

		Boonah

		3



		

		

		QLD

		Logan

		1



		

		

		NSW

		Wollongbar

		2



		

		





Jul

		QLD

		Park Ridge

		1



		

		

		NSW

		Macksville

		1



		

		

		QLD

		Kuranda

		1



		

		

		NSW

		Lismore

		1



		

		

		QLD

		Hervey Bay

		1 



		

		

		QLD

		Boondall

		1



		

		

		QLD

		Chinchilla

		1



		

		

		NSW

		Mulumbimby

		1



		

		



Aug

		NSW

		South Ballina

		1



		

		

		NSW

		South Balinna

		2



		

		

		NSW

		Mullumbinby

		1



		

		

		QLD

		Gold Coast Hinterland

		1



		

		

		NSW

		North Ballina

		1



		

		Oct

		QLD

		Beachmere

		3



		





2012

		Jan

		QLD

		Townsville

		1



		

		May

		QLD

		Rockhampton

		1



		

		

		QLD

		Ingham

		1



		

		Jun

		QLD

		Mackay

		1



		

		Jul

		QLD

		Rockhampton

		3



		

		

		QLD

		Cairns

		1



		

		Sep

		QLD

		Port Douglas

		1



		

		Oct

		QLD

		Ingham

		1



		





2013

		Jan

		QLD

		Mackay

		1



		

		Feb

		QLD

		Atherton Tabelands

		1



		

		Jun

		NSW

		Macksville

		1



		

		

		QLD

		Brisbane Valley

		1



		

		

Jul

		QLD

		Gold Coast Hinterland

		1



		

		

		NSW

		Macksville

		1



		

		

		NSW

		Kempsey

		2



		

2014

		Mar

		QLD

		Bundaberg

		1



		

		Jun

		QLD

		Beenleigh

		1



		

		

		NSW

		Murvillumbah

		1



		

		Jul

		QLD

		Gladstone

		1



		

2015

		Jun

		NSW

		Murwillumbah

		1



		

		Jul

		QLD

		Atherton Tableland

		1



		

		Spt

		NSW

		Lismore

		1



		2016

		Dec

		NSW

		Casino

		1



		

2017

		May

		QLD

		Gold Cost Hinterland

		1



		

		Jun

		NSW

		Lismore

		1



		

		Aug

		NSW

		Murwillumbah

		1



		

		

		NSW

		Lismore

		1



		2018

		Sep

		NSW

		Tween Heads

		1



		Total

		103











































1QLD = Queensland; NSW = New South Wales

2All cases were deceased



TABLE 14.1B.  Summary of Hendra Virus Outbreaks in Humans

		Year

		Month

		Country

		Location

		No. cases

		No. deaths

		Case Fatality Rate



		1994

		Aug

		



Australia

		Mackay

		1

		1

		100%



		1994

		Sep

		

		Hendra

		2

		1

		50%



		2004

		Oct

		

		Cairns

		1

		1

		100%



		2008

		Jul

		

		Redlands

		2

		1

		60%



		2009

		Aug

		

		Cararral

		1

		0

		0%



		Total

		7

		4

		57%







Table 14.1C.  Summary of Nipah Virus Outbreaks in Humans

		Year

		Month

		Country

		Location

		No. cases

		No. deaths

		NiV Clade (M/B)

		Case Fatality Rate



		1998

		Spt-Apr 1999

		Malaysia

		Started from Nipah near Ipoh

		265

		105

		M

		

		40%



		1999

		Mar

		Singapore

		Singapore

		11

		1

		M

		

		9%



		2001

		Feb

		India

		Siliguri

		66

		45

		

		B

		68%



		2001

		Apr-May

		





Bangladesh

		Meherpur

		13

		9

		

		B

		69%



		2003

		Jan

		

		Naogaon

		12

		8

		

		B

		67%



		2004

		Jan

		

		Raibari

		31

		23

		

		B

		74%



		

		Apr

		

		Faridpur

		36

		27

		

		B

		75%



		2005

		Jan-Mar

		

		Tangail

		12

		11

		

		B

		92%



		



2007

		Jan-Feb 

		

		Thakurgaon

		7

		3

		

		B

		43%



		

		Mar

		

		Kushtia

		8

		5

		

		B

		63%



		

		Apr

		

		Pabna, Natore, Naogaon

		3

		1

		

		B

		33%



		

		Apr

		India

		Nadia

		5

		5

		

		B

		100%



		2008

		Feb

		











Bangladesh

		Manikgonj

		4

		4

		

		B

		100%



		

		Apr

		

		Rajbari

		7

		5

		

		B

		71%



		2009

		Jan

		

		Gaibandha, Rangpur, Nilphamari

		3

		0

		

		B

		0%



		

		

		

		Rajbari

		1

		1

		

		B

		100%



		2010

		Feb-Mar

		

		Faridpur, Rajbari, Gopalgonj, Kurigram

		17

		15

		

		B

		88%



		2011

		Jan-Feb

		

		Lalmohirhat, Dinajpur, Comilla, Nilphamari, Faridpur, Rajbari

		44

		40

		

		B

		91%



		2012

		Jan

		

		Joypurhat

		12

		10

		

		B

		83%



		2013

		Jan-Apr

		

		Pabna, Natore, Naogaon, Gaibandha, Manikganj

		24

		21

		

		

		88%



		2014

		Jan-Feb

		

		13 Districts

		18

		9

		

		B

		50%



		2014

		Mar-May

		The Philippines

		Senator Ninoy Aquino

		17

		9

		M

		

		53%



		2015

		Jan-Feb

		Bangladesh

		Nilphamari, Ponchoghor, Faridpur, Magura, Naugaon, Rajbari

		9

		6

		

		B

		67%



		2018

		May

		India

		Kerala

		23

		21

		

		B

		94%



		

		293

		115

		M

		

		39%



		

		355

		269

		

		B

		76%



		Total

		648

		384

		M

		B

		59%











TABLE 14.2.  Summary of Henipaviruses Isolated from Different Species and Geographic Locations

		 

		 

		Isolation details

		 



		Virus

		Isolate name and number

		Year

		Country

		Host species/tissue

		Reference



		Hendra

 

 

 

 

		Horse-1

VR-1

		1994



		Australia

		Horse/spleen, lung

Human/lung, liver, kidney, spleen

		1



		

		Bat-1-1



Bat-1-2

Bat-2

		1996





		Australia





		Grey-headed flying fox (Pteropus poliocephalus)/uterine fluid

Grey-headed flying fox (P. poliocephalus)/fetus Black flying fox (Pteropus alecto)/fetal lung

		2



		

		Murwillumbah
Clifton Beach
Peachester
Redlands
Proserpine

		2006
2007
2008


		Australia


		Horse/lung
Horse/lung
Horse/blood
Horse/lung
Horse/lung

		3



		Nipah

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

		PKL

EKK

WWS

		1999



		Malaysia



		Human/cerebral spinal fluid

Human/cerebral spinal fluid

Human/cerebral spinal fluid

		4,5



		

		UMMC1

UMMC2

		1999



		Malaysia



		Human/cerebral spinal fluid

Human/throat secretion

		6



		

		UM-0128

VRI-0626

VRI-1413

VRI-2794

		1999



		Malaysia



		Human

Pig/lung

Pig/lung

Pig/lung

		7





		

		B13/6-18

B13/6-43

JA13/6-4

		2000



		Malaysia



		Bat/pooled urine

Bat/pooled urine

Bat/partially eaten jambu air fruit

		8





		

		Rajbari-1

Rajbari-2

Faridpur

Rajshahi

		2004



		Bangladesh



		Human/oropharyngeal

Human/cerebral spinal fluid

Human/urine

Human/urine

		9





		

		CSUR381

CSUR382

		2004



		Cambodia



		Flying fox (Pteropus lylei)/urine

Flying fox (Pteropus lylei)/urine

		10



		

		Raypur-31

Raypur-36

Raypur-38

Raypur-40

Raypur-41

Raypur-42

Raypur-43

Raypur-46

Raypur-47

Sylhet-47

		2013



		Bangladesh



		Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

Flying fox (Pteropus medius)/urine

		11





Table 14.3. Henipavirus Cell Tropism and Receptor Expression 

		Cell line/

Primary cells 

		Species/Cell Type

		Virus

		EFNB2a

		EFNB3a

		Infection Permissiveb

		Referencec



		HUMAN



		HeLa-CCL2

		Human Cervical Cancer

		NiV

HeV

		+

		-

		+

		12

13



		HeLa-USU

		Human Cervical Cancer

		NiV

HeV

		-

		-

		-

		12



		HeLa-USU-EFNB2

		HeLa-USU stably expressing EFNB2

		HeV

CedV

		+

+

		-

-

		+

+

		14

15 





		HeLa-USU-EFNB3

		HeLa-USU stably expressing EFNB3

		HeV

CedV

		-

-

		+

+

		+

-

		14

15



		Vero (various subclones)

		African green monke kidney epithelial

		NiV

HeV

CedV

GhV

		++

		+

		+

		1

4

12 

16

14

17



		293T

		Human embryonic kidney fibroblast

		

		+

		+

		+

		18

19

20

21



		A549

		Human lung adenocarcinoma

		NiV

HeV

		+

		+

		+

		22

23

24



		PCI 13

		Human head and neck carcinoma

		NiV

HeV

		+

		+

		+

		12

25



		U373-MG

		Human astroglioma

		NiV



		+

		++

		+



		12 

25

26



		U87-MG

		Human glioblastoma

		NiV

GhV

		+

		+

		+

		27

28

17

29



		HBMEC (Primary)

		Human brain microvascular endothelial 

		NiV

		+

		-

		+

		30

16



		HUVEC (Primary)

		Human umbilical cord endothelial 

		NiV

HeV

		+

		+

		+

		31

32



		HuNSC Neurons/ Astrocytes

(Primary)

		Human neural stem cells derived neurons and astrovytes 

		NiV, 

HeV

		+

		+

		+

		33

32



		NHBE

(Primary)

		(Normal) Human bronchial epithelial  

		NiV,

HeV



		+

		+

		+

		34

35





		SAEC

(Primary)

		Human small airway epithleilial 

		NiV

HeV

		+

		+

		+

		34

35





		Hu PBL

(Primary) 

		Human peripheral blood lymphocytes

		NiV

		(+/-)d

		(+/-)d

		-

		26



		HuMono/Mac/DCs

(Primary)

		Human monocytes, macrophages, dendritic cells

		NiV 

		Mono/

Mac (+/-)d

DC (+/-)d

		Mono/

Mac (+/-)d

DC (-)

		Mono (-)

Mac (-)

DC (+/-)

		26,36



		HuOE

(Primary)

		Human olfactory epithelial

		NiV

HeV

		(?)

		+

		+

		37

38



		Cell line/

Primary cells

		Species/Cell Type

		Virus

		EFNB2a

		EFNB3a

		Infection Permissiveb

		Referencesc



		NON-HUMAN



		BHK-21

		Baby hamster kidney fibroblast

		NiV



		+

		(?)

		+

		13

22





		CHO

		Chinese Hamster Ovary

		NiV 

HeV

		-

		-

		-

		39

40

13



		CHO-B2

		CHO stably expressing ephrin-B2

		NiV 

HeV

		+

		-

		+

		39

40



		CHO-B3

		CHO stably expressing ephrin-B3

		NiV 

HeV

		-

		+

		+

		39

40



		CRFK

		Cat (Feline) kidney epithelial  

		NiV

HeV

		+

		+

		+

		20



		PBMEC

(Primary)

		Porcine brain microvascular endothelial 

		NiV

		+

		+

		+

		16

41



		PAEC

(Primary)

		Pig Aorta Endothelial

		NiV

		-

		-

		-

		16





		PK13

		Pig kidney fibroblast

		NiV

		-

		-

		-

		39

42



		Rat cortical neurons

		Rat cortical neurons

(Primary)

		NiV

		+

		+

		+

		39

19



		4/4RM4

		Rat pleural mesothelial

		NiV

		+

		ND

		+

		13

43



		L2

		Rat lung epithelial

		NiV

		+

		ND

		+

		13

44



		208f

		Rat embryonic fibroblast

		NiV

		+

		ND

		-

		13

44



		P815

		Mouse mast cell

		NiV

		+

		ND

		-

		13

44



		MyEnd

		Mouse myocardial endothelial

		NiV

		(?)

		(?)

		-

		16





		PaLuT02

		Immortalized P. alecto (fruit bat) lung cells

		NiV

HeV

		+

		+

		+

		45

46



		PaKi

		Primary P. alecto (fruit bat) kidney cells

		HeV

		+

		+

		+

		45

46



		PaBrH04

		Immortalized P. alecto (fruit bat) brain cells

		NiV

HeV

		+

		+

		+

		47

46



		MMEC

		Mouse microvascular endothelium 

		NiV

HeV



		(?)

		(?)

		(+/-)d

		22







a Expression inferred from (1) transcriptional data (microarray, next-generation sequencing, RT-PCR, etc.) provided in the cited references, or (2) indepedently verified through the Gene Expression Omnibus (GEO) Database (https://www.ncbi.nlm.nih.gov/geo/), or (3) competition with soluble ephrinB ligands or interference with cognate henipavirus receptor binding proteins. b For clarity and uniformity, only infection-permissive (not fusion-permissive) data are indicated; infection includes use of live virus and/or pseudotyped virus. c References cited support expression, infection data, or cell-type origin where relevant, and are representative, not comprehensive.   d Indicates >10-100-fold below positive control when quantitative data is avialable. ND, not determined; (?), not specifically mentioned.



TABLE 14.4 Detection of Nipah or Nipah-related Virus Infection in Bats (Geographic surveillance studies)

		Bat Species

		Method and country of detection

		Reference



		

		Serology

		PCR

		Isolation

		



		Suborder: Yinpterochiroptera



		Cynopterus brachyotis

		Malaysia

		

		

		48



		Cynopterus sphinx

		Vietnam

		

		

		49



		Eidolon dupreanum 

		Madgascar

		

		

		50



		Eidolon helvum

		Ghana, Zambia, Malawi, Tanzania, Uganda, Rio Muni, Bioko, Príncipe, Saõ Tomé, Annobón, Cameroon

		Ghana,

Gabon,  

Democratic Republic of Congo,

Central African Republic,

		

		51; 52; 53; 54;

55



		Eonycteris spelaea

		Malaysia

		

		

		48



		Epomophorus gambianus

		Ghana

		Democratic Republic of Congo, 

Gabon, Republic of Congo

		

		51, 53



		Hipposideros armiger

		China

		

		

		56



		Hipposideros larvatus

		Thailand

		Thailand

		

		57



		Hipposideros pomona

		China

		

		

		56



		Hypsignathus monstrosus

		Ghana

		Republic of Congo, Central African Republic, 

		

		51, 53



		Myonycteris torquata

		

		Democratic Republic of Congo, Gabon, Republic of Congo

		

		53



		Rhinolophus affinis

		China

		

		

		56



		Rhinolophus sinicus

		China

		

		

		56



		Rousettus leschenaulti

		China, Vietnam

		

		

		56; 49



		Rousettus aegyptiacus

		

		Gabon

		

		53



		Pteropus giganteus

		Bangladesh, India

		

		

		58



		Pteropus hypomelanus

		Malaysia, Thailand

		Thailand

		Malaysia

		48;   59; 60



		Pteropus lylei

		Cambodia, Thailand

		Thailand

		Cambodia

		10,61,62



		Pteropus medius

		

		Bangladesh, India

		Bangladesh

		63; 11; 64



		Pteropus rufus 

		Madgascar

		

		

		50



		Pteropus vampyrus

		Malaysia, Thailand 

		

		

		48; 57



		Suborder: Yangochiroptera



		Carolia perspicillta

		

		Costa Rica

		

		53



		Miniopterus spp.

		China

		

		

		56



		Myotis daubentoni

		China

		

		

		56



		Myotis ricketti

		China

		

		

		56



		Pteronotus parnellii

		

		Costa Rica

		

		53



		Scotophilus kuhlii

		Malaysia

		

		

		48







TABLE 14.5 | Summary of Advanced Henipavirus Vaccination Development Initiatives Evaluated in Animal Challenge Models 

		Platform

		Viral antigen target or immunogen 

		Animal challenge model 



		Active vaccination

Recombinant vaccinia virus

Recombinant canarypox virus

Recombinant VSV



Recombinant AAV

Recombinant measles virus

Recombinant subunit

		

Nipah F and/or G glycoprotein

Nipah F and/or G glycoprotein

Nipah F and/or G glycoprotein



Nipah G glycoprotein

Nipah G glycoprotein

Hendra soluble G glycoprotein

		

Hamstera (NiV)

Pigb (NiV)

Ferretc (NiV), Hamsterd (NiV), nonhuman primatee (NiV)

Hamsterf (NiV, HeV)

Hamsterg, Nonhuman primate (NiV, HeV)

Cath (NiV), Ferreti (HeV, NiV), nonhuman primatej (HeV, NiV) Horsek (HeV)



		Passive immunization

Human monoclonal antibody m102.4

		

Hendra / Nipah G glycoprotein

		

Ferretl (NiV) 

Nonhuman primatem (HeV, NiV)





aHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vaccinia viruses were protected against disease following intraperitoneal challenge with 103 PFU of NiV.65

bPigs immunized with NiV F and/or G glycoprotein encoding recombinant canarypox viruses were protected against intranasal challenge with 2.5x105 PFU of NiV.66.

cFerrets immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis virus (VSV) vectors were protected against lethal intranasal challenge with 5x103 PFU of NiV.67

dHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis virus (VSV) vectors were protected against lethal intraperitoneal challenge with 105 TCID50 of NiV;68 or 6.8x104 TCID50 of NiV.69

eAfrican green monkeys immunized with a NiV G encoding recombinant VSV vector were protected against lethal intratracheal challenge with 105 TCID50 of NiV.70,71

fHamsters immunized with a NiV G encoding recombinant adeno-associated virus (AAV) vector were protected against lethal intraperitoneal with 104 PFU of NiV.72

gHamsters and African green monkeys immunized with a NiV G encoding recombinant measles virus vector were protected against lethal intraperitoneal challenge with 103 TCID50 of NiV (hamsters) or 105 TCID50 of NiV (AGMs).73

hHendra virus soluble G glycoprotein (HeV-sG) used to immunize cats protects against lethal subcutaneous (500 TCID50)74 or oronasal (5x104 TCID50) NiV challenge.75

iHeV-sG used to immunize ferrets protects against lethal oronasal challenge with 5x103 TCID50 of HeV76 or 5x103 TCID50 of NiV challenge.77

jHeV-sG used to immunize African green monkeys protects against lethal intratracheal challenge with 105 TCID50 of NiV78 or 5x105 PFU of HeV.79

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]kHeV-sG used to immunize horses protects against lethal oronasal challenge with 2x106 TCID50 of HeV80.

lA NiV and HeV cross-reactive G glycoprotein specific neutralizing human mAb (m102.4) protects ferrets against lethal oronasal challenge with 5x103 TCID50 of NiV81 or 5x103 TCID50 of HeV (J. Pallister and C. Broder, unpublished) by post-exposure infusion.

mHuman mAb m102.4 protects African green monkeys by post-exposure infusion following lethal intratracheal challenge with 4x105 TCID50 of HeV82 or lethal intratracheal challenge with 5x105 PFU of NiV.83,84
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<H1>History 1 

Hendra virus (HeV), the first known member of the genus Henipavirus in the family 2 
Paramyxoviridae, came to light in September 1994 as the causative agent of a sudden 3 
outbreak of acute respiratory disease in thoroughbred horses at a stable in Brisbane, Australia. 4 
A total of 21 horses and 2 humans (a horse trainer and a stable hand) became infected. The 5 
horse trainer and 14 horses died, and 7 horses with mild or subclinical infection were 6 
euthanized.(130) A virus was isolated, initially called Equine Morbillivirus but later re-named 7 
Hendra virus after the Brisbane suburb where the outbreak occurred. A second person died 8 
from HeV infection 13 months after the Brisbane outbreak, a farmer from Mackay, nearly 9 
1000 km north of Brisbane. Unlike the first case, however, the man succumbed to 10 
encephalitis caused by HeV infection.(107) A forensic retrospective investigation found that 11 
the farmer had suffered a mild meningitic illness 14 months earlier after assisting at the 12 
necropsy of two horses that had died of severe respiratory distress—later found to have been 13 
caused by HeV(125)—and that he became infected at that time. After initial serologic evidence 14 
suggested that fruit bats (flying foxes) of the genus Pteropus in the suborder 15 
Yinpterochiroptera  were the reservoir hosts,(165) HeV was isolated from two species of flying 16 
fox.(56) In total, there have been 60 recognized occurrences of HeV in Australia between 17 
1994–2018, with at least one occurrence per year since 2006 (Table 14.1A). 1 (5),(10) Every 18 
occurrence of HeV has involved horses as the initial infected host, causing lethal respiratory 19 
disease and encephalitis, along with a total of seven human cases arising from exposure to 20 
infected horses, among which four have been fatal and the most recent in 2009 (Table 21 
14.1B).(6),(10),(115) 22 

Nipah virus (NiV), the second known member of the genus Henipavirus, emerged as the 23 
cause of an outbreak of disease in pigs and humans in Peninsular Malaysia in 1998 through 24 
1999. The epidemic started in Perak State as clusters of cases of encephalitis among pig 25 
farmers. It was initially believed to be caused by Japanese encephalitis virus; however, 26 
various features of the outbreak, including a high proportion of cases in direct contact with 27 
pigs and illness and deaths in pigs, differed from those expected with Japanese 28 
encephalitis.(30) Indeed, respiratory illness and encephalitis in pigs preceded human cases in 29 
the same district.(97) The epidemic spread south to the intensive pig-farming areas of Negeri 30 
Sembilan in December 1998 and subsequently peaked between February and April 1999. 31 
More than 1 million pigs were destroyed to halt the spread of the epidemic, and by late May, 32 
265 human cases of acute encephalitis with 105 deaths were recorded.(29),(30) A cluster of 11 33 
cases with 1 death occurred among abattoir workers in Singapore.(114) In early March 1999, a 34 
virus was isolated from the cerebrospinal fluid (CSF) of a patient with encephalitis and 35 
identified as the etiologic agent.(29),(30) Named Nipah virus after the village from which the 36 
patient had come, it was shown to be closely related to HeV. NiV was subsequently isolated 37 
from the urine of Malaysian flying foxes.(33) A highly related NiV emerged in Bangladesh in 38 
2001,(68) (7)  and outbreaks of NiV-related encephalitis have occurred in people from that 39 
country almost every year since, along with three reports of NiV encephalitis in India (23), 40 
albeit in Bangladesh adjacent regions. However, the most recent outbreak of NiV occurred in 41 
2018 in Kerala (India), more than 2,500 km south-west of NiV-endemic Bangladesh counties. 42 
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This outbreak claiminged 21 lives out of 23 infected human cases. 2(60) In 2014, a NiV 1 
outbreak occurred in the Province of Sultan Kudarat, the Phillipines, which resulted in the 2 
death of 9 humans from 11 which showed an acute encephalitis syndrome.3 The human case 3 
fatality rate of these NiV outbreaks averages around 60% (Table 14.1C).(68),(85) So far human 4 
NiV oubreaks have been documented in a total of five countries, Malaysia, Singapore, 5 
Bangladesh, India and the Philippines. 6 

<TAB14.1A,B,C> 7 

<H1>Infectious Agent 8 

<H2>Classification refs 9 

When HeV was first isolated in 1994, partial sequencing of the matrix gene (M) revealed that 10 
it most closely resembled members of the genus Morbillivirus in the subfamily 11 
Paramyxovirinae.(104) Subsequent characterization of the full-length genome, however, 12 
revealed that many of the genetic features of HeV were unique among paramyxoviruses and 13 
that the virus did not fit within any of the three genera existing at that time, Morbillivirus, 14 
Respirovirus, and Rubulavirus.(147),(148) When NiV was isolated in 1999, it was initially 15 
described as Hendra-like on the basis of its strong reactivity with anti-HeV antibodies. Later 16 
it was shown that sera raised against HeV were able to neutralize NiV and vice versa, and 17 
that both viruses shared a high degree of similarity in genome organization and protein size 18 
and sequence.(29),(58),(59),(146) In 2002, the genus Henipavirus was created to accommodate 19 
these novel paramyxoviruses, and HeV was designated the type species.(75) Since 1994, there 20 
have been 38 isolations of HeV or NiV from humans, bats, horses, and pigs over a wide 21 
geographic area and spanning a period of approximately 20 years (Table 14.2). The 22 
susceptibility of humans, the virulence of the viruses, and absence of therapeutics and 23 
vaccines led to classification of HeV and NiV as biosafety level 4 (BSL4) pathogens. In the 24 
latest report from the paramyxovirus study group under the order Mononegavirales, the genus 25 
Henipavirus has been expanded to include three new species,4,5  they are Cedar henipavirus 26 
(Cedar virus, CedV) isolated from bats in Australia, 6  Ghanaian bat henipavirus (Ghana 27 
virus, GhV) detected in bats from Ghana, 7 and Mojiang henipavirus (Mòjiāng, MojV) 28 
detected in rats in China.8  Henipavirus is now classified as one of the seven ICTV-approved 29 
genera in the family Paramyxoviridae.  30 

<TAB14.2> 31 

<H2>Propagation in Cell Culture and Cytopathic Effect 32 

The ultrastructural characteristics of henipavirus-infected cells resemble those found in cells 33 
infected by other members of the Paramyxoviridae. Shared features include generation of 34 
large syncytia and the presence of viral nucleocapsids in cytoplasmic inclusion bodies and 35 
underlying electron-dense areas of the plasma membrane.(49),(69) In Vero cells, NiV-induced 36 
syncytia are significantly larger than those generated by HeV and nuclei and nucleocapsids 37 
are frequently located at the cell periphery, compared with HeV-induced syncytia, where they 38 
tend to be more centrally located or distributed randomly throughout the cytoplasm (Fig. 39 
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14.1). Henipavirus-infected cells also contain structures that are not seen with other 1 
paramyxoviruses—specifically a network of membrane-like reticular structures in the 2 
cytoplasm and long tubules that appear to be continuous with the plasma membrane in NiV-3 
infected cells. Tubules can also be observed in NiV virions (Fig. 14.2A). In situ hybridization 4 
suggests that these reticular structures contain viral RNA and may play a role in viral 5 
transcription.(49) 6 

<FIG14.1><FIG14.2> 7 

<H2>Virus Morphology 8 

Henipavirus particles are pleomorphic, varying from spherical to filamentous and ranging in 9 
size from 40 to 1,900 nm.(49),(69),(104) Nucleocapsids have a diameter of 18 to 19 nm with an 10 
average pitch of 5 nm. When examined by electron microscopy (EM), HeV has a unique 11 
double-fringed appearance, caused by the presence of surface projections 15 ± 1 nm and 8 ± 12 
1 nm in length (see Fig. 14.2B). Approximately 95% of virions contain the double fringe, and 13 
the remaining 5% display a uniform fringe length of 15 ± 1 nm. Unlike HeV, NiV possesses a 14 
single layer of surface projections with an average length of 17 ± 1 nm, and NiV particles 15 
released into the culture medium are difficult to image because they are routinely penetrated 16 
by negative stains. This suggests that the viruses may differ in the physical nature of their 17 
envelope.(69) 18 

<H2>Genome Length and Organization 19 

In the family Paramyxoviridae, the genome length of all characterized viruses is divisible by 20 
six, an observation caused by the requirement of each N protein in the viral ribonucleoprotein 21 
to bind 6 nucleotide (nt) residues.(76) This is also true for HeV and NiV despite their much 22 
larger genome sizes.(146) The genomes of the Malaysian and Bangladesh strains of NiV differ 23 
by 6 nt because of a 6-nt increase in the 3′ untranslated region of the F gene.(57) A 24 
minigenome replicon study confirms that NiV complies with the rule of six.(55) When the 25 
complete genome sequence of HeV was determined, its length (18,234 nt) was more than 26 
2,700 nt, or 15% longer than the genomes of all other paramyxoviruses known at that 27 
time.(148) The size of NiV genomes at 18,246 nt to 18,252 nt are slightly larger than that of 28 
HeV.(57)(–)(59) These large genome sizes of >18 kb is a conserved feature of henipaviruses as 29 
even the recently discovered and more divergent CedV, GhV, and MojV all have genomes 30 
between 18,162 nt (CedV) to ~18,430 nt (GhV). Given the caveat that there is wide variation 31 
amongst individual species of the other paramyxovirus genera, the extra length of the 32 
henipavirus genome is primarily due to the longer 3’ untranslated regions (3’UTRs) at the 33 
end of several of its six genes, and a larger P gene relative to the other paramyxovirus genera. 34 
A comparison of genome length and gene organisation of representative members of the 35 
Paramyxoviridae is shown in Fig. 14.3A. The nomenclature of each of the six major genes 36 
common to all paramyxoviruses havs been updated to reflect the latest ICTV convention.     37 
An analysis of the 3’ UTR lengths between extant henipaviruses and representative species 38 
from each paramyxovirus genera that infects mammals is presented in Fig. 14.3B. The most 39 
significant differences are in the 3’UTRs of N, P, and RBP genes even given the wide 40 
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variance seen within each genera. The significance of long 3’ UTRs, especially in HeV and 1 
NiV, is generally unknown. However, the N gene 3’UTR of NiV appears to play a role in the 2 
downregulation of N mRNAs via specific interactions with hnRNP D. 9      3 

<FIG14.3A><FIG14.3B> 4 

 5 

The genome organization of henipaviruses resembles that in the genera Respirovirus and 6 
Morbillivirus. The first 12 nt of the 3′ and 5′ genomic terminal sequences of paramyxoviruses 7 
are highly conserved and complementary, containing promoter elements for replication and 8 
transcription.(76) The first 3 nt of the henipavirus genome termini are 5′-ACC-3′—a sequence 9 
that is absolutely conserved in members of the familyParamyxoviridae and different from 10 
that found in the family Pneumoviridae. 11 

<H2>Genetic Diversity 12 

Genome sequencing revealed that HeV isolated from equine and human sources during the 13 
outbreak in Brisbane appears identical and differs little from HeV isolated from flying foxes 14 
2 years later.(56),(104) Sequencing of five additional horse isolates from five different locations 15 
from the 2006 to 2008 HeV occurrences has also demonstrated a very high genetic 16 
similarity.(90) Similar observations were made in Malaysia, where it was demonstrated that 17 
NiV isolated from pigs at the height of the outbreak and at its geographic focus were 18 
essentially identical to human isolates made at that time and isolates obtained from flying 19 
foxes several years later.(2),(24),(33),(58),(59) 20 

In Bangladesh, four human isolates obtained in 2004 demonstrate significant genetic 21 
heterogeneity, which might suggest multiple spillovers of NiV from flying foxes into the 22 
human population.(57) The NiV sequences detected from human patients in India from 2001 23 
to 2018 were  more related to NiV from Bangladesh than NiV from Malaysia.(9),(23) 2 A 24 
recently whole genome sequencing study of ten NiV isolates obtained from bats in 2013 in 25 
Bangladesh at two different geographic locations revealed that the isolated viruses were very 26 
similar in sequences. This suggests that multiple strains were not co-circulating in the bat 27 
population at the time.10  Furthermore, none of the bat NiV isolate sequences was identical 28 
with any previously detected human NiV isolate sequences, suggesting that NiV spillover 29 
into humans is a rare event and more intensive surveillance is required to appreciate the full 30 
genetic diversity of NiV in bats in an area with frequent spillover events into human 31 
populations. 10  NiV isolated from the flying fox Pteropus lylei in Cambodia(120) represents 32 
an evolutionary lineage that is separated from the Malaysia or Bangladesh/India cluster . 33 
Partial N gene sequences detected in Pteropus lylei in Thailand indicate the circulation of at 34 
least two lineages of NiV—one related to the Bangladesh NiV and the other more related to 35 
the Malaysian NiV.(144) On the other hand, NiV sequences detected in Pteropus hypomelanus 36 
in southern Thailand are clearly more related to the Malaysian NiV. 11  As the RNA-37 
dependent RNA polymerase (RdRP), also known as the L protein, is the most highly 38 
conserved protein for paramyxoviruses, it has been used as a more reliable indicator of 39 
evolutionary relationship among different paramyxoviruses. Shown in Fig. 14.4 is 40 
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phylogenetic tree based on RdRP proteins of prototype species of each genera in the family 1 
Paramyxoviridae with major members of the genus Henipavirus, selected to represent major 2 
species origin, geographic location and time of isolation. 3 

<FIG> 4 

The presence of henipavirus-reactive (but not neutralizing) antibodies and viral RNA in bats 5 
from other regions of the world (see Epidemiology section below) predicts that a much 6 
greater genetic diversity of henipaviruses exists in different bat populations. This also 7 
suggests the existence of henipaviruses with different transmissibility and pathogenicity in 8 
non-bat hosts. 9 

<H2>Virus Proteins and Their Properties 10 

Analysis of purified viruses by polyacrylamide gel electrophoresis reveals RdRP (L), P, RBP 11 
(G), F0, N, F1, and F2 proteins,(146),(147) where F0 is the uncleaved and F1 and F2 the cleaved 12 
products of the F gene. Interestingly, F0 is more readily detected in HeV compared with other 13 
paramyxoviruses, including NiV,(93),(146) which may suggest that HeV-F is less efficiently 14 
cleaved. Overall, the proteins of henipaviruses are typical of those of the subfamily 15 
ParamyxovirinaeParamyxoviridae, with the exception of the P protein, which is significantly 16 
larger than cognate proteins in the this virus subfamily.(147) The P protein is translated from 17 
messenger RNA (mRNA) that is co-linear with genomic RNA. For most henipaviruses, the P 18 
gene also encodes V and W proteins, produced from mRNA in which one and two 19 
nontemplated G residues, respectively, are inserted at the RNA editing site during 20 
transcription.  The P, V, and W proteins, therefore, are identical for the first 405 amino acid 21 
residues. A C protein is encoded by the 5′ end of the gene in an overlapping reading frame 22 
and is produced by an internal translational initiation mechanism, which is common to other 23 
members of ParamyxovirinaeParamyxoviridae, except for rubulaviruses.(76) The P, V, and 24 
the C proteins predicted from the coding regions in the P gene are present in HeV-infected 25 
cells.(146) The functional expression of W in NiV-infected cells has recently been 26 
demonstrated.(84) It is worth to note that Cedar virus lacks both the RNA editing and 27 
expression of the V protein. 6 28 

Paramyxovirus N, P, and RdRP proteins are necessary and sufficient for replication of viral 29 
RNA both in vitro and in vivo,(76) and this has been confirmed for henipaviruses by reverse 30 
genetics. Using a minigenome replicon containing leader and trailer sequences of the NiV 31 
genome with its entire coding region replaced with a reporter gene, it was shown that 32 
efficient genome replication was achieved only when all three proteins were expressed in the 33 
same cell.(55)12 NiV N, P, and RdRP proteins were also able to rescue a minigenome 34 
constructed from the leader and trailer sequences of the HeV genome, further demonstrating 35 
the close genetic relationship between the viruses. (BHL might want to expand more on 36 
reverse genetics of HNVs if space permits-BHL) 37 

The RdRP protein of nonsegmented, negative-stranded RNA (NNR) viruses in the order 38 
Mononegavirales contains a highly conserved GDNQ motif, believed to be important for 39 
polymerase activity.(116) Henipaviruses were the first NNR viruses in which GDNQ was 40 
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replaced by GDNE. It was speculated that this motif might be unique to paramyxoviruses 1 
with relatively large genomes(146),(148); however, the GDNE motif has since been found in the 2 
RdRP protein of Mossman virus that has a genome length of 16,650 nt.(96). Conversely, other 3 
henipaviruses of both Asiatic (CedV) and African lineages (GhV) also have the GDNQ motif 4 
that is common to most other NNR viruses. High-resolution cryo-EM structures of VSV-5 
RdRP (another NNR virus, family Rhabdoviridae) suggest that GDN is the truly conserved 6 
catalytic motif essential for the polymerase function of RdRP.13          7 

The receptor binding proteins (RBPs) of the Paramyxovirinae display hemagglutination (H) 8 
and neuraminidase (N) activities in a predominantly genus-specific manner. Viruses in the 9 
genera Respirovirus, Avulavirus, and Rubulavirus possess both activities, hence their RBPs 10 
were formerly termed HN proteins (76) whereas viruses in the genus Morbillivirus do not 11 
behave uniformly and only some possess hemagglutination activity, but nonetheless their 12 
RBPs were formerly termed H. (77) This is an unfortunate misnomer. Paramyxoviruses with 13 
RBPs bearing HN activity genuinely use sialic acid based receptors for entry whereas “H” 14 
activity of some morbilliviruses arise from their RBPs ability to bind CD46 expressed on 15 
some non-human primate red blood cells. 14 In contrast, henipavirus RBPs have neither of 16 
these activities(146),(166); rather, they utilize the host cell expressed ephrin-B2 and ephrin-B3 17 
molecules as attachment and entry receptors (11),(13),(105),(106) 15 with the exception of MojV, 18 
which does not appear to use any known paramyxovirus receptors.16 Recent solution 19 
structures of various henipavirus RBPs alone and in complex with the ephrin-B2 and/or 20 
ephrin-B3 receptors have revealed the details of the virus–host cell binding process, 21 
distinguishing it from other paramyxoviruses’s receptor binding strategies.(20),(21),(163)15 14 22 

Proteolytic processing of paramyxovirus F proteins is essential for the generation of a 23 
fusogenic form of the protein. For most paramyxoviruses that generate systemic infections, 24 
cleavage is catalyzed by the cellular protease furin at a multibasic cleavage site.(76) 25 
Surprisingly, henipavirus F proteins are cleaved without the involvement of furin and, 26 
although cleavage occurs at a single basic residue—lysine for HeV and arginine for 27 
NiV(98)—activation of the NiV F protein does not require a basic amino acid at the cleavage 28 
site.(93) It has been shown that the lysosomal cysteine protease cathepsin L is responsible for 29 
the cleavage of the HeV F protein.(108) The cytoplasmic tails of henipavirus F proteins 30 
contain the endocytosis consensus motif YXX ø.(92),(143) Endocytosis is required for cleavage 31 
activation of the F protein,(35),(92) consistent with identification of cathepsin L as the enzyme 32 
responsible for cleavage. 33 

<H2>Host Range 34 

For most paramyxoviruses, host range is limited and interspecies transmission is rare. In 35 
contrast, henipaviruses display a broad species tropism. In addition to at least three flying fox 36 
species, two nonpteropid fruit bat species, and an insectivorous speciesa large number of bat 37 
hosts at various geographic locations (see more detail in Epidemiology section), NiV has 38 
naturally infected pigs, humans, dogs, horses, and cats,(29),(63),(97),(120),(164) whereas HeV 39 
infects all four Australian flying fox species and has naturally infected humans, and horses 40 
and dogs.(42),(104) Confirmation of the wide host range of henipaviruses and the identical cell 41 
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tropism of HeV and NiV were obtained early using an in vitro cell fusion system that relies 1 
on vaccinia virus–mediated cell surface expression of G and F glycoproteins.(17),(18),(136) 2 
Guinea pigs, hamsters, ferrets, squirrel monkeys, and African green monkeys are also 3 
susceptible to experimental NiV infection.(19),(46),(88),(94),(157) Laboratory studies have added 4 
cats, guinea pigs, hamsters, ferrets, and African green monkeys to the list of HeV-susceptible 5 
species,(53),(121),(151),(156).  along with ferrets (J. Pallister and L.-F. Wang, unpublished 6 
results).Mojiang virus was isolated from rats ().  7 

<H1>Pathogenesis and Pathology 8 

<H2>Cell and Tissue Tropism 9 

The primary site of NiV replication and the dynamics of virus spread in humans are unknown. 10 
However, the distribution and time of appearance of lesions throughout the vasculature and in 11 
the brain and lung in NiV encephalitis suggest that secondary infection probably arises via 12 
hematogenous spread of the virus, with secondary replication occurring in vascular 13 
endothelium.(159) Inflammation of blood vessels occurs in most organs but is particularly 14 
prominent in the brain, lung, heart, and kidney.(30),(159),(160) Vasculitis is limited to small 15 
arteries, arterioles, and capillaries where NiV antigen is found in both endothelial cells and 16 
the smooth muscle of the tunica media. The pattern and time of appearance of vasculitis and 17 
viral antigen distribution are consistent with endothelial cell infection occurring before 18 
infection of the smooth muscle. Syncytial endothelial cells are present in blood vessels of 19 
various organs and represent a pathognomonic but insensitive feature of henipavirus 20 
infections found in only 25% of human NiV infections.(159) Syncytial endothelial cells were 21 
also observed in the single human case of encephalitis caused by HeV.(107) NiV antigen is 22 
also found in neurons and, less frequently, in bronchiolar and renal epithelial cells. The 5-day 23 
interval between maximal vasculitis in the brain and parenchymal infection in acute NiV 24 
encephalitis suggests that primary virus replication occurs in endothelial cells, with infection 25 
of neurons occurring as a result of vascular damage. The presence of inclusion bodies and 26 
viral antigen in neurons suggests that neurologic impairment in encephalitis may be caused 27 
by both the effects of ischemia and infarction and viral infection of neurons.(30),(114),(159) 28 
Human HeV encephalitis has been described as widespread cortical, subcortical, and deep 29 
white matter involvement in two cases in 2008(115) and similar to those described in a 30 
previous HeV encephalitis case(82),(107) and NiV encephalitis cases.(82),(127) 31 

Although NiV antigen is found less frequently in bronchiolar and renal epithelial cells 32 
compared with vascular and neuronal locations, replication in epithelial locations may play a 33 
role in virus dissemination, because NiV is found in urine and in tracheal and nasopharyngeal 34 
secretions of infected patients in the early phase of their illness.(31),(48) Despite this, human-35 
to-human transmission in Malaysia was extremely rare.(100) 36 

The identification of ephrin-B2 and ephrin-B3 as functional receptors for henipaviruses in 37 
cultured cells provides an explanation for the observed distribution of viral antigen in arterial 38 
endothelial cells, smooth muscle, neurons, and some epithelial cells.(11),(13),(105),(106) Ephrin-39 
B2 is found in arteries, arterioles, capillaries in multiple organs, and tissues including arterial 40 
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smooth muscle and human bronchiolar epithelial cells(135) but is absent from venous 1 
components of the vasculature.(45) Ephrin-B3 is found predominantly in the nervous system 2 
as well as the vasculature.(113) The ephrins engage Eph receptors and mediate bidirectional 3 
cell–cell signaling events and are modulators of cell remodeling events, especially within the 4 
nervous and vascular systems.(113) 5 

<H2>Immune Response 6 

In patients with encephalitis, anti-NiV antibodies were observed more frequently in the serum 7 
than the CSF. Immunoglobulin M (IgM) antibodies occurred more frequently than 8 
immunoglobulin G (IgG) antibodies in both locations.(30),(114),(159) The appearance of 9 
specific IgM antibodies in serum preceded their appearance in the CSF, a sequence consistent 10 
with viremia preceding central nervous system (CNS) infection. Anti-NiV antibodies were 11 
present in most patients with clinical NiV encephalitis; however, no difference was observed 12 
in clinical features, laboratory results, or mortality between seropositive and seronegative 13 
patients.(27),(48) Seroconversion of IgG against HeV was seen in two human cases of HeV 14 
infection, one fatal, in 2008,(115) following an influenza-like illnesses and before progressing 15 
to encephalitis. 16 

<H2>Inhibition of the Interferon Response 17 

In henipaviruses, as in other paramyxoviruses,(66) anti-interferon (IFN) activities are encoded 18 
by the P gene and in vitro studies indicate that P gene products inhibit both IFN induction 19 
and signaling.(37) In IFN induction, viral double-stranded RNA (dsRNA) is detected by 20 
intracellular RNA helicase enzymes(3),(79) and by toll-like receptor 3 (TLR-3).(12) Both of 21 
these dsRNA signaling pathways lead to activation of the pre-existing transcription factors 22 
interferon regulatory factor 3 (IRF-3) and nuclear factor kappa B (NF-kB),(50) and the 23 
synthesis of IFN-α and a subset of IFN-β proteins.(89) HeV inhibits dsRNA signaling by 24 
using a strategy adopted by other paramyxoviruses in which the V protein binds to the 25 
intracellular RNA helicase sensor and prevents downstream signaling(3) but does not 26 
abrogate dsRNA signaling through TLR-3.(132) In an additional strategy unique to 27 
henipaviruses, the W protein, by virtue of a nuclear localization signal located in the unique 28 
carboxy terminal, inhibits dsRNA signaling in the nucleus by targeting a process that is part 29 
of both helicase-dependent and TLR-3–dependent signaling pathways.(132) 30 

In the IFN signaling pathway, IFN binds to cell surface receptors in a paracrine manner and 31 
initiates a signaling sequence that leads to activation of members of a family of proteins 32 
called signal transducers and activators of transcription (STAT).(1),(50) Henipaviruses inhibit 33 
IFN signaling by sequestering STAT proteins in high molecular weight complexes.(123),(124) 34 
The anti-IFN signaling activity is a property of the V protein, as has been observed for other 35 
paramyxoviruses, but also of the W and P proteins.(123),(124),(133) The P, V, and W proteins of 36 
henipaviruses have an N-terminal extension of 100 to 200 amino acids compared with 37 
cognate proteins in the subfamily,(59),(147) and the STAT binding domain of NiV V maps to 38 
this region.(122) The V and P proteins bind STAT in the cytoplasm, whereas the W protein, 39 
with its nuclear localization signal, co-localizes with STAT in the nucleus.(132),(133) The W 40 
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protein is the most and P protein the least efficient IFN antagonist.(112) The NiV C protein 1 
also displays a modest inhibition of IFN signaling, although the mechanism and target are 2 
unknown.(112) 3 

It should be noted that most, if not all, studies described previously were carried out in vitro 4 
using single-gene transfection expression systems. A recent study conducted using live virus 5 
infection indicated that IFN signaling remains functional during henipavirus infection of 6 
human cell lines, whereas IFN production was inhibited.(142) 7 

<H2>Infections of Animals 8 

Only limited data are available on the minimal lethal and infectious doses of henipaviruses. 9 
In golden hamsters (Mesocricetus auratus), the NiV lethal dose 50% (LD50) following 10 
intraperitoneal and intranasal administration was 270 and 47,000 plaque-forming units (pfu), 11 
respectively,(157) and was calculated to be 12 pfu for HeV by intraperitoneal injection.(53) 12 
The NiV minimal infectious dose in hamsters is 100 pfu if the intraperitoneal route is used 13 
and 103 pfu if the virus is administered intranasally. Guinea pigs and pigs are also more 14 
resistant to infection by HeV and NiV, respectively, when the viruses are administered by the 15 
oronasal route compared with the subcutaneous route.(95),(154) In contrast, both HeV and NiV 16 
appear to be equally infectious for cats following either parenteral (5,000 tissue culture 17 
infectious dose 50% [TCID50] virus) or oronasal (50,000 TCID50 virus) 18 
administration.(64),(91),(95),(101),(151) 19 

Experimental infection of horses with HeV by parenteral or oronasal routes is almost 20 
uniformly fatal, with death or euthanasia usually occurring 5 to 10 days after infection. 21 
Several horses in the original outbreak in Hendra survived infection, however, some 22 
asymptomatically.(103),(104),(156) In horses, HeV displays a predominantly respiratory tropism, 23 
and infection is characterized by pulmonary edema and congestion.(64),(104),(156) In field cases, 24 
the airways are often filled with a blood-tinged frothy exudate. Neurologic signs do exist, but 25 
they have been observed infrequently in terminally ill horses and in horses that recovered 26 
from respiratory infection.(125),(156) Infection is associated with virus replication and with the 27 
appearance of viral antigen in endothelial cells in a wide variety of organs, including lungs, 28 
lymph nodes, kidneys, spleen, bladder, and meninges. The subsequent degeneration of small 29 
blood vessels is accompanied by the appearance of syncytial endothelial cells.(63) Virus can 30 
be recovered from several internal organs, including lung, and from saliva and urine.(64),(156) 31 

In contrast, NiV infection of pigs is frequently asymptomatic, particularly following natural 32 
infection and after experimental administration of the virus by the ocular and oronasal 33 
route.(95),(97),(150) When symptoms are present, they vary according to the age of the pig, with 34 
older animals presenting primarily with a neurologic syndrome, whereas a respiratory 35 
syndrome predominates in young animals. The virus manifests respiratory and neurologic 36 
tropisms in both asymptomatic and clinical infections.(95),(149) Neurologic signs include 37 
trembling and neurologic twitches, muscle spasms, and uncoordinated gait.(97) After 38 
experimental NiV infection of young pigs by the ocular and oronasal routes, virus replication 39 
occurs in the oropharnyx and spreads sequentially to the upper respiratory tract and 40 
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submandibular lymph nodes, the lower respiratory tract, and additional lymphoid tissues.(149) 1 
Here, viral antigen is widespread and syncytia are common in clinically affected animals as a 2 
result of replication in the endothelial and smooth muscle cells of medium to large veins as 3 
well as in the arteries of the central nervous, lymphoid, and respiratory systems.(63),(95),(149) 4 
NiV invades the CNS via the cranial nerves and by crossing the blood–brain barrier.(149) 5 
Virus is recovered from a range of tissues, including tonsil, nasal, and throat swabs and lung, 6 
but is recovered infrequently from urine.(34),(95),(149) Experimental HeV infection of pigs 7 
(Landrace and Gottingen minipig breeds) via oronasal or nasal inoculations has shown both 8 
to be susceptible to infection,(80) with virus detected mainly in tissues from respiratory and 9 
lymphoid systems, and could be isolated from nasal, oral, and rectal swabs, indicating the 10 
possible routes for virus shedding. 11 

<H2>Laboratory Animal Models 12 

In hamsters, the pathologic features following NiV infection resemble those found in 13 
humans.(157) Hamsters die 5 to 9 days after intraperitoneal administration of 100 to 10,000 14 
infectious particles and 24 hours after the appearance of tremors and limb paralysis. In 15 
contrast, hamsters inoculated intranasally with doses as high as 103 to 106 infectious particles 16 
die between 9 and 15 days later, displaying progressive deterioration with limb paralysis, 17 
lethargy, limb twitching, and breathing difficulties. Vascular pathology is observed in a range 18 
of organs, including brain, lung, liver, kidney, and heart, and viral antigen and genome are 19 
found in endothelial cells. The brain is the most severely affected organ, with the vascular 20 
and parenchyma lesions consistent with CNS-mediated clinical signs.(159) HeV infection of 21 
hamsters also resembled the pathology seen in acute human cases, including both respiratory 22 
and brain pathology.(53) HeV-induced pathology in the hamster was similar to that of NiV(157) 23 
and consisted of endothelial infection and vasculitis with thrombosis and microinfarction, 24 
with evidence of direct parenchymal cell infection, notably in the CNS. 25 

In cats, the first clinical signs, which are observed on days 4 to 8 after parenteral or oronasal 26 
administration of HeV and NiV, include depression, fever, and an increased rate of 27 
respiration.(65),(101),(151),(152) Most infected animals die 1 day after the appearance of 28 
respiratory distress. The disease caused by HeV and NiV in cats closely resembles that seen 29 
in HeV-infected horses, with copious frothy sanguineous fluid in the bronchi and hemorrhage 30 
or congestion of the tracheal epithelium.(64) Vaculitis affects both arteries and arterioles, and 31 
syncytial cells are observed in endothelia, predominantly in the lungs but also in 32 
gastrointestinal, spleen, and lymphoid organs. A major difference between NiV and HeV 33 
infection of cats is the extensive degree to which NiV, but not HeV, infects the respiratory 34 
epithelium.(95) Henipaviruses are found in the urine and bladder of experimentally infected 35 
cats, and NiV can transplacentally infect and replicate in fetal tissues with high levels of 36 
recoverable virus from the placenta and uterine fluid.(102) 37 

In guinea pigs, the clinical response to henipavirus infection is frequently mild and often 38 
variable, ranging from inapparent to sudden death, with only a proportion of animals 39 
displaying signs such as transient weight loss, depression, ataxia, lethargy, and 40 
twitching.(154),(157) The vascular tropism of HeV in guinea pigs is evident in many organs.(65) 41 
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Death appears to result from vascular disease in a variety of organs.(65) Only a proportion of 1 
infected animals develop encephalitis with virus observed in blood vessels and neurons.(154) 2 

A ferret model of henipavirus infection and pathogenesis has also been developed.(19),(110) 3 
The ferret exhibits both severe respiratory and neurologic disease as well as generalized 4 
vasculitis following an oronasal challenge with NiV with doses as low as 500 TCID50 within 5 
6 to 10 days postinfection. Clinical signs in affected ferrets included various combinations of 6 
severe depression, cough, serous nasal discharge, dyspnea, subcutaneous edema of the head, 7 
cutaneous ecchymoses, and obtundation with tremor and hind limb paresis depending on the 8 
challenge dose. Clinical disease in the ferret included vascular fibrinoid necrosis in multiple 9 
organs, necrotizing alveolitis, and syncytia of endothelium and alveolar epithelium. 10 
Histopathologic lesions included severe focal necrotizing alveolitis, vasculitis, degeneration 11 
of glomerular tufts, and focal necrosis in a wide range of other tissues. High levels of viral 12 
antigen were noted in blood vessel walls, and syncytial cells were frequently present. Viral 13 
antigen was present in neurons, and infectious NiV was isolated from multiple organs 14 
including the brain. Overall, NiV-mediated disease observed in the ferret model manifested 15 
with all the hallmarks seen among NiV-infected humans, and essentially identical results 16 
have been observed with HeV infection of ferrets (J. Pallister and L.-F. Wang, unpublished 17 
results). 18 

A nonhuman primate model of henipavirus infection has been developed using the African 19 
green monkey,(46),(121) which yields a uniformly lethal disease with doses as low as 20 
approximately 2 × 104 pfu (NiV) or 4 × 105 TCID50 of HeV. Monkeys, following 21 
intratracheal inoculation with either NiV or HeV, reveal a rapid spread of the virus (3–4 days 22 
postinfection) to numerous organ systems. NiV-infected monkeys developed a severe acute 23 
respiratory distress syndrome (ARDS)-like disease, associated with copious amounts of 24 
sanguineous fluid and froth. The lungs are enlarged with multifocal areas of congestion and 25 
hemorrhage, and immunohistochemical and histopathologic examination revealed significant 26 
amounts of polymerized fibrin and NiV antigen.(46) Endothelial syncytial cells were 27 
prominent in most of the tissues, and vasculitis was widespread. NiV antigen was present in 28 
endothelial and arterial smooth muscle cells in most examined tissues. Respiratory disease 29 
development could be seen within 7 days postinfection with either NiV or HeV following 30 
intratracheal inoculation by radiologic examination(46),(121) progressing to severe congestion 31 
and infiltration in the lung fields. 32 

NiV and HeV could be found in virtually every organ system sampled at the time of death in 33 
the African green monkey. Immunohistochemical and histopathologic analysis revealed the 34 
presence of NiV antigen, predominantly in endothelial cells and smooth muscle cells, along 35 
with associated pathology. Most animals showed evidence of henipavirus-induced neurologic 36 
disease,(46),(121) with severe congestion and evidence of meningeal hemorrhaging and edema. 37 
NiV and HeV antigen was detected in endothelial cells in brain, with infection of neurons 38 
often widespread in the brain stem.(46),(121) NiV infection of squirrel monkeys has also been 39 
examined.(88) Although some animals demonstrated limited similarities to NiV pathogenesis 40 
in humans, only 50% of challenged animals exhibited any clinical signs, with most remaining 41 
well even following intranasal or intravenous delivery of doses as high as 107 pfu of NiV. 42 
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Unlike the cat, guinea pig, hamster, and squirrel monkey models of NiV or HeV infection, 1 
severe respiratory pathology, neurologic disease, and generalized vasculitis all occur in 2 
henipavirus-infected African green monkeys, providing an accurate reflection of what is 3 
observed in henipavirus-infected humans. 4 

<H1>Epidemiology 5 

<H2>Age 6 

The age of patients with encephalitis in the Malaysian outbreak ranged from 9 to 76 years, 7 
with almost 50% of cases occurring in those 40 to 44 years.(27),(28),(48),(111),(159) The male-to-8 
female ratio was approximately 3:1, and more than 80% of the patients were Chinese, with 9 
statistics reflecting the increased risk to those working with infected pigs.(48),(111) In 10 
Bangladesh, the age of patients ranged from 4 to 60 years, and males constituted 47% and 67% 11 
of the cases in the 2001 and 2003 outbreaks, respectively.(43),(68) The recent outbreak in early 12 
2011 in Bangladesh claimed at least 35 lives, including many children and infants, with ages 13 
ranging from 2 to 56 years.(8) Among the 18 suspected patients in the 2014 oubreak in the 14 
Phillipines, the age distribution is between 21-60 years old ().  In the most recent NiV 15 
outbreak in Kerala, India, the age distribution ranged from a 17 year old male to a 75 year old 16 
female among a total of 23 human cases () 17 

<H2>Morbidity and Mortality 18 

In Malaysia, between September 1998 and June 1999, 256 patients who developed acute NiV 19 
encephalitis were admitted to Malaysian hospitals and 105 died, a mortality rate of 20 
approximately 40%.(30),(111) The rate of subclinical infection in households and farms where 21 
cases of NiV encephalitis occurred was calculated to be 8% and 11%, respectively.(111),(139) 22 
In Singapore, where 11 patients were confirmed to have acute NiV encephalitis, a further 2 23 
asymptomatic abattoir workers were serologically positive, representing a rate of subclinical 24 
infection of 15%.(25) Subsequently, 89 individuals were identified on the basis of positive 25 
serology as having experienced either an asymptomatic or mildly symptomatic NiV 26 
infection.(138) This increases the number of people infected with NiV to 345 and decreases 27 
the mortality rate to approximately 30%.(160) In Bangladesh, 98 of 135 patients died in eight 28 
outbreaks from 2001 to 2008, giving a combined case fatality rate of 73%.(43),(62),(85) In the 29 
Philippines outbreak, the case mortality is 53% out of all the suspected cases or 81% for 30 
those with encephalitic clinical signs.() The case mortality is 94% for the Kerala outbreak in 31 
India ()There have only been seven known human cases of HeV infection in Australia in the 32 
past 16 years, four of which have been fatal (three acute and one case of relapsed 33 
encephalitis).(6),(104),(107),(115) 34 

<H2>Origin and Spread of Epidemics 35 

Fruit bats (flying foxes) in the genus Pteropus, family Pteropodidae, suborder 36 
Megachiroptera are main reservoir hosts of HeV and NiV.(33),(56),(164),(165) In Australia, HeV 37 
has been shown to occur in all four flying fox species, with the crude seroprevalence of 47%, 38 
indicating an endemic pattern of infection throughout Australia.(42) Serologic tests show that 39 
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NiV or NiV-related virus is widely dispersed in pteropid bats in from Malaysia,  to the west 1 
border of Africa (Fig. 14.10). especially the Island flying fox (Pteropus hypomelanus) and the 2 
Malayan flying fox (Pteropus vampyrus).(164) NiV was first isolated from the urine of Island 3 
flying foxes and from the saliva on partially eaten fruit(33) and has since been isolated from 4 
Lyle's flying foxes (Pteropus lylei) in Cambodia.(120) and Pteropus medius in Bangladesh() 5 
The Indian flying fox (Pteropus giganteus) is the only main pteropid species throughout 6 
Bangladesh and the Indian subcontinent with a high seroprevelence of henipavirus-specific 7 
antibody.(39),(68),(86),(87) Additional serologic and limited nucleic acid evidence has suggested 8 
that related henipaviruses are circulating in other regions, including Thailand, Indonesia, 9 
Vietnam, China, Madigascar, and several countries and regions in West 10 
Africa.(36),(61),(70),(81),(131),(145) 11 

Neither HeV nor NiV appear to cause clinical disease in flying foxes infected 12 
naturally,(42),(43),(119),(164) and experimental infection with doses of HeV, consistently shown 13 
to be lethal in horses, generates only sporadic vasculitis in the lung, spleen, meninges, kidney, 14 
and gastrointestinal tract and only in a proportion of infected bats.(156) Viral antigen is 15 
detected in the tunica media rather than endothelial cells, a fact that may spare the flying fox 16 
from the clinical effects associated with vasculitis.(37) In infected pregnant flying foxes, 17 
antigen was observed in similar locations and in the placenta.(155) The mode of transmission 18 
between flying foxes is unknown. Transplacental transmission has also been observed 19 
experimentally without apparent harm to the fetus.(155) Experimental infection of flying foxes 20 
with NiV produced a subclinical infection with a transient presence of virus within selected 21 
viscera along with periodic viral excretion in bat urine and seroconversion with neutralizing 22 
antibody present.(94) 23 

The spillover and epidemic hosts of HeV and NiV were horses in Australia and pigs in 24 
Malaysia. All human infections with HeV in Australia and NiV in Malaysia have only 25 
occurred through transmission from these domestic animal hosts.(30),(111) No evidence exists 26 
of direct transmission from pteropid bats to humans in Australia or Malaysia, despite many 27 
opportunities in Australia for transmission to bat carers.(127),(129) In contrast, flying foxes 28 
apparently play a direct role in the transmission of NiV to humans in the many recent 29 
outbreaks of disease in Bangladesh, where epidemiologic evidence in support of a role for 30 
pigs was lacking.(43),(68) Three pathways of NiV transmission from bats to people have been 31 
identified based on epidemiologic investigations in Bangladesh.(85) Consumption of fresh 32 
date palm sap appears to be the predominant risk factor, and infrared camera studies have 33 
confirmed that P. giganteus bats frequently visit date palm sap trees and consume sap during 34 
collection.(126) In the 2005 NiV outbreak in Tangail District, Bangladesh, drinking raw date 35 
palm sap was the only activity significantly associated with illness (64% among cases vs. 18% 36 
among controls).(87) Another route of transmission for NiV from bats to people in 37 
Bangladesh could be via domestic animals. Contact with a sick cow in Meherpur, Bangladesh, 38 
in 2001 was strongly associated with NiV infection,(68) and contact with pigs and diseased 39 
goats have also been implicated in other occurrences of NiV in Bangladesh.(85) Although 40 
NiV has never been isolated in domestic livestock animals, serological evidence was reported 41 
for antibodies to NiV or NiV-related viruses in cattle, goats and pigs in Bangladesh. () 42 
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Transmission via direct contact with NiV-infected bat secretions also appears possible from 1 
evidence in the Goalando outbreak in 2004, where individuals who climbed trees were more 2 
likely to develop NiV infection than controls.(99) 3 

The mode of transmission from bats to spillover hosts in Australia and Malaysia remains to 4 
be determined. Three principal hypotheses exist. One is that masticated pellets of virus-5 
contaminated, residual fruit pulp spat out by flying foxes are ingested by horses or pigs.(164) 6 
The second is that urine from infected animals contaminates pastures or pigsties. The third is 7 
that infected fetal tissues or fluids contaminate pastures or sties and are ingested. The latter is 8 
based largely on the fact that the HeV outbreaks have occurred during the birthing period of 9 
some species of flying fox and is supported by the isolation of virus from a pregnant flying 10 
fox and its fetus.(56) 11 

HeV has been transmitted from horse to man on seven occasions from 1994 to 2009, twice 12 
during the initial outbreak in Brisbane,(4) twice during necropsy of horses that died in the 13 
field,(125),(130) twice during either daily nasal cavity lavage and participating in a 14 
necropsy,(115) and once from performing an endoscopy on an infected horse.(6) HeV is rarely 15 
found in the bronchi or bronchioles of infected horses, which suggests that aerosol 16 
transmission to either man or horses is less likely(64) and horse-to-horse transmission of HeV 17 
has not been demonstrated.(156) The presence of HeV in equine saliva, however, suggests that 18 
close contact with infected horses, such as might occur during manual feeding of the animals, 19 
may facilitate horse-to-human transmission.(130) The presence of virus in a wide range of 20 
tissues and in the nasal discharge commonly found at the terminal stage of infection offers a 21 
range of sources for virus transmission during necropsy.(103),(104) As shown in Fig.ure 22 
37.514.1xA, high level of viral antigen can be detected in the nasal cavity of HeV-infected 23 
horses. 24 

<FIG> 25 

In the Malaysian NiV outbreak, contact with pigs or fresh pig products was required for 26 
transmission of the virus to humans, with greater likelihood of transfer to those in direct 27 
contact with sick or dying pigs on farms or in abattoirs.(30),(111) The presence of NiV in the 28 
respiratory epithelium of naturally and experimentally infected pigs (Fig. 37.514.1xB) 29 
indicated that virus probably spread to humans and within the pig population by aerosol or by 30 
direct contact with oropharyngeal or nasal secretions.(95),(97),(149) The presence of the virus in 31 
a wide range of organs indicates that humans may also have been infected during processes 32 
such as slaughtering or farrowing. In Bangladesh, pigs were excluded as potential sources of 33 
NiV on epidemiolog grounds, and human-to-human transmission was observed.(54),(62) The 34 
virus may have been transmitted to human index cases directly through contact with fruit bat 35 
secretions in contaminated fruit or date palm sap before circulation in the human 36 
population.(33),(43),(68),(85) Nosocomial transmission has been detected in some of the 37 
Bangladesh and India outbreaks.(9),(23),(85) In the Philippines NiV outbreak, Of the 17 case-38 
patients, a total of 7 (41%) had participated in horse slaughtering and horse meat 39 
consumption;  3 (18%) had only consumed horse meat and but had no history of slaughtering 40 
or meat preparation; 5 (29%) case-patients had been exposed to other human casepatients but 41 
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not to any horses. So it is possible that both horse-to-human and human-to-human 1 
transmission might have occurred. () For the Kerala NiV outbreak, while it remains 2 
undefined how the index case was exposed to NiV, it was evident that human-to-human 3 
transmission was the main driver for the spread of the virus in both family/community and 4 
hospital settings. () 5 

<H1>Clinical Features 6 

<H2>Incubation Period 7 

Based on the time interval between the last exposure to pigs and onset of disease, the 8 
incubation period for NiV ranged from 2 to 45 days; however, for 90% of patients, it was 2 9 
weeks or less.(27),(28),(48) An estimate of 2 to 3 weeks was made based on the time interval 10 
between importation of pigs from NiV-affected areas of Malaysia and development of human 11 
disease at a Singaporean abattoir.(25) A mean incubation period of 9.4 days was calculated for 12 
four patients who had a fixed period of exposure.(27) In the occurrence of HeV in Australia in 13 
2008, a detailed examination of exposure histories from two infected patients (one fatal) 14 
suggested a likely incubation period of 9 to 16 days, with exposure occurring some 3 days 15 
before the onset of symptoms of HeV infection in the horse.(115) 16 

<H2>Acute Clinical Features 17 

The first two patients infected with HeV presented with myalgia, headaches, lethargy, and 18 
vertigo. One patient recovered; however, the other developed pneumonitis, respiratory failure, 19 
renal failure, and arterial thrombosis, and died of cardiac arrest 7 days after admission to the 20 
hospital. Findings at autopsy were consistent with a viral infection; both lungs were 21 
congested, hemorrhagic, and filled with serous fluid, and the histology revealed focal 22 
necrotizing alveolitis with many giant cells, some syncytial formation, and viral 23 
inclusions.(130) A third case of HeV infection presented first with meningitis and a 12-day 24 
history of sore throat, headache, drowsiness, vomiting, and neck stiffness. After an apparent 25 
full recovery, this patient developed fatal encephalitis 13 months later and was admitted to 26 
the hospital with a generalized tonic-clonic seizure after 2 weeks of irritable mood and low 27 
back pain. Recurrent focal motor seizures occurred over the next 7 days, as did secondarily 28 
generalized seizures and low-grade fever, followed by dense right hemiplegia, signs of brain 29 
stem involvement, and depressed consciousness requiring intubation. The patient remained 30 
comatose and died 25 days after admission.(107) Two patients in 2008(115) presented with 31 
initial influenza-like illness, although soon after apparent clinical improvement and an 32 
absence of fever, encephalitis developed in both. Magnetic resonance imaging (MRI) 33 
revealed widespread cortical, subcortical, and deep white matter involvement, similar to the 34 
previous late-onset case of HeV encephalitis(107) and to NiV encephalitis cases.(78),(127) 35 

With NiV, the mean duration of illness from the onset of symptoms to the nadir was 3 to 31 36 
days, with an average of 6.9 days.(48) Most patients presented with acute encephalitis 37 
characterized by fever, headache, drowsiness, dizziness, myalgia, and vomiting, and more 38 
than 50% had a reduced level of consciousness.(27),(30),(48),(114) The major clinical signs 39 
included drowsiness, areflexia, segmental myoclonus, tachycardia, hypertension, pinpoint 40 
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pupils, and an abnormal doll's eye reflex. Such clinical features as these suggested 1 
involvement of the brain stem and upper cervical spinal cord, and were observed more 2 
frequently in patients with a reduced level of consciousness.(48),(139) Patients who retained 3 
normal levels of consciousness throughout their illness recovered fully; however, only 15% 4 
with reduced levels of consciousness survived. Such neurologic manifestations are consistent 5 
with vasculitis-induced thrombosis in the brain and the direct infection of 6 
neurons.(29),(30),(114),(159) The multiple discrete lesions 1 to 5 mm in diameter in the cerebral 7 
white matter detected by MRI may be the site of such microinfarctions and are distinct from 8 
lesions caused by other viruses.(30),(82),(114),(127),(159) Although the predominant clinical 9 
features of NiV encephalitis derive from CNS involvement, a proportion of patients displayed 10 
pulmonary involvement, which presented as an atypical pneumonia with fever, cough, and 11 
headache.(27),(48),(114) The clinical presentation of NiV infections in Bangladesh is also 12 
predominantly a severe respiratory disease.(67) 13 

<H2>Outcome of Infection 14 

Most patients who survived acute NiV encephalitis made a full recovery; however, 15 
approximately 20% had residual neurologic deficits.(27),(48),(83) Neurologic sequelae included 16 
cognitive difficulties, tetraparesis, cerebellar signs, nerve palsies, and clinical depression. A 17 
few patients remained in a vegetative state. In patients with encephalitis who recovered, most 18 
brain lesions revealed by MRI disappeared or became smaller over a period of 12 to 18 19 
months, although some remained unchanged during this period.(83) Approximately 7.5% of 20 
patients who recovered from acute encephalitis and 3.4% of those who experienced 21 
nonencephalitic or asymptomatic infection developed late neurologic disease.(48),(127),(138),(161) 22 
Relapse encephalitis and late-onset encephalitis presented several months to 4 years after the 23 
initial infection. Relapsed cases had elevated IgG, but not IgM, and no vasculitis, and unlike 24 
the situation in acute encephalitis, virus was not isolated from throat and nasal 25 
secretions.(30)(–)(32),(127),(159),(161) 26 

The clinical features associated with relapse and late-onset encephalitis resembled those 27 
found with acute NiV encephalitis, although decreased incidence was seen of fever, coma, 28 
segmental myoclonus, and meningism and an increased occurrence of seizures and focal 29 
cortical signs compared with the acute manifestation of the disease.(138) The clinical, 30 
radiologic, and pathologic features of relapse NiV encephalitis resembled those of the patient 31 
who became infected with HeV, suffered mild, transient aseptic meningitis, and recovered 32 
but died of a fatal meningoencephalitis 13 months later.(107),(158) Most patients with relapse 33 
and late-onset encephalitis had only one neurologic episode, although some patients 34 
experienced two episodes separated by a mean of 7.6 months (6 weeks to 1 year).(138) The 35 
mortality rate associated with relapse and late-onset encephalitis at 18% was lower than that 36 
associated with acute encephalitis, at 30% to 40%. However, 61% of patients with relapse 37 
and late onset had further neurologic sequelae compared with 22% after acute encephalitis. 38 
Among NiV survivors in Bangladesh, some 30% have moderate to severe persistent 39 
neurologic dysfunction for years following acute infection.(128) 40 
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The demographics, clinical features, serology, and MRI of patients with relapsed and late-1 
onset encephalitis were similar, suggesting that the two diseases have identical 2 
pathogenesis(138) and that the initial infection in late-onset encephalitis patients may not have 3 
been sufficiently severe to cause neurologic symptoms. MRI abnormalities similar to those 4 
observed in patients with acute encephalitis were also seen in 16% of asymptomatic patients, 5 
although the lesions were fewer in number.(139) The involvement of the cortex in relapse and 6 
late-onset encephalitis suggests a different pathologic mechanism compared with acute 7 
encephalitis. Relapse and late-onset encephalitis are considered to be caused by the 8 
recrudescence and rapid replication of virus that had persisted following acute or 9 
asymptomatic NiV infection.(138) NiV, however, was not isolated from CSF and brain tissue 10 
of patients with relapse and late-onset encephalitis.(138) 11 

<H1>Diagnosis 12 

<H2>Laboratory Diagnosis 13 

Virus isolation, EM, immuno-EM, immunohistochemistry (IHC), serology, and polymerase 14 
chain reaction (PCR) played key roles in the initial discovery of HeV(104) and NiV,(29) and 15 
they remain essential elements in a repertoire of procedures for the rapid and specific 16 
diagnosis of henipavirus infections in humans and animals. 17 

During investigation of a suspected disease outbreak, attempts to grow henipaviruses may be 18 
initiated in a BSL3 laboratory. However, if a cytopathic effect (CPE) is observed and the 19 
growth of henipavirus is confirmed by PCR or immune staining, infected cultures should be 20 
handled under BSL4 conditions and subsequent work with live virus restricted to BSL4. Both 21 
HeV and NiV replicate in various cell lines—a feature that contributed to the efficiency with 22 
which they were isolated during the initial disease outbreak investigations.(29),(104) Vero cells 23 
are commonly used, generating titers of virus as high as 108 infectious virions per 24 
milliliter.(28),(34) In fatal cases, attempts should be made to isolate virus from brain, lung, 25 
kidney, and spleen.(34) For tissue specimens containing a high virus load, direct examination 26 
by immuno-EM and IHC can be very useful in providing early diagnosis. Various antibody 27 
reagents have been developed for this purpose, including polyclonal antisera, monospecific 28 
antibodies raised against recombinant antigens,(147) and monoclonal antibodies (mAb) raised 29 
against whole virions or vaccinia virus–expressed viral proteins.(71),(140),(141),(153) Using 30 
HeV- or NiV-specific mAb, it is possible to differentiate between the two viruses.(141),(153) 31 
Quantitative real-time PCR (TaqMan assay) has been the method of choice to detect viral 32 
materials in infected tissues because of its speed, specificity, and sensitivity. The first-33 
generation henipavirus TaqMan assays are either HeV specific(134) or NiV specific.(52) 34 
Recently, several consensus henipavirus real-time PCR assays have been developed that 35 
target different conserved regions of the viral genome.(41) It should be cautioned that the 36 
current PCR tests may not work with new henipaviruses yet to be discovered, especially 37 
those from African bats, owing to expected greater genetic divergence than those detected in 38 
Australia and Asia. 39 
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For henipaviruses, serologic tests are important both during outbreak investigation and for 1 
disease surveillance. The virus neutralization test (VNT) is accepted as the reference 2 
standard.(34) Few laboratories, however, can conduct neutralization tests because of the 3 
requirement to handle live virus at BSL4. For surveillance and diagnostic purposes, three 4 
types of tests that do not require BSL4 containment have been developed: 5 

1. Enzyme-linked immunosorbent assay (ELISA): Several ELISA-based tests have been 6 
reported for the detection of henipavirus antibodies.(34),(40),(73) For diagnosis of human 7 
infections, two different ELISA tests have been applied: an IgM capture ELISA for early 8 
diagnosis of infection and an indirect ELISA for detection of IgG antibodies.(34) 9 

2. Liquid protein array multiplex test: A Luminex-based test based on recombinant soluble 10 
G proteins of HeV and NiV was developed that is capable of mimicking VNT with great 11 
sensitivity and differentiating between antibody responses of HeV versus NiV 12 
infection.(15) 13 

3. Pseudotype virus: Different pseudotype systems carrying the henipavirus F and G 14 
proteins have been developed as a surrogate VNT for detecting henipavirus-specific 15 
antibodies.(72),(74),(137) Incorporation of reporter genes in these systems resulted in greater 16 
sensitivity and reproducibility.(72),(137) 17 

<H1>Prevention and Control 18 

<H2>Treatment 19 

Ribavirin, which inhibits replication of HeV in vitro,(162) was used during the NiV outbreak 20 
in Malaysia in an open-label study in which 140 patients with encephalitis were given the 21 
drug, and 54 patients who presented before ribavirin became available or who refused 22 
treatment acted as controls.(26) Mortality in the treated group was 32% compared with 54% in 23 
the control group, representing a 35% reduction (P = 0.011). Duration of ventilation and total 24 
hospital stay were both significantly shorter in the ribavirin group (P = 0.0002 and <0.0001, 25 
respectively). In the absence of other therapies, ribavirin may be an option for treatment of 26 
henipavirus infections. However, two HeV-infected patients in 2008(115) were given a high-27 
dose intravenous regimen of ribavirin, although basal concentrations appeared inadequate 28 
given the results of in vitro susceptibility testing of HeV, and the efficacy of ribavirin as 29 
therapy or prophylaxis in people remains at best uncertain. Chloroquine, an antimalarial drug, 30 
was first demonstrated to block the critical proteolytic processing needed for HeV F 31 
maturation and function.(109) Not surprisingly, the drug was later shown to inhibit NiV and 32 
HeV infection in cell culture experiments.(117) Chloroquine was administered along with 33 
ribavirin to one HeV-infected individual in 2009(6) with no apparent clinical benefit. 34 

In vivo, ribavirin only delayed but did not prevent deaths caused by NiV and had no effect on 35 
HeV infection in a hamster model.(44),(47) Ribavirin treatment also only delayed disease onset 36 
by 1 to 2 days in African green monkeys challenged with HeV with no significant benefit for 37 
disease progression or outcome.(121) Chloroquine administration, either alone or in 38 
combination with ribavirin, had no therapeutic benefit in ferrets challenged with NiV or 39 
hamsters challenged with either NiV or HeV.(44),(110) 40 
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<H2>Vaccines and Passive Immunotherapy 1 

No henipavirus vaccines are available at this time; however, studies suggest that vaccination 2 
may offer several viable anti-henipavirus strategies.(22),(38) NiV F and G glycoproteins 3 
expressed from vaccinia virus elicit neutralizing antibodies in mice and hamsters,(51),(136) 4 
with higher antibody titers generated in response to the G glycoprotein compared with the F 5 
glycoprotein. Hamsters were protected from lethal challenge with NiV following vaccination 6 
with vaccinia virus expressing either NiV F or G glycoprotein.(51) The challenge virus was 7 
capable of hyperimmunizing vaccinated animals, indicating that although the virus replicated, 8 
the presence of neutralizing antibodies ameliorated replication to an extent that limited 9 
infection and prevented clinical disease. Further, the protection afforded hamsters by passive 10 
transfer of anti-G and anti-F antibodies before a lethal NiV or HeV challenge confirmed both 11 
the importance of a humoral protective immune response to NiV.(51),(53) 12 

HeV G glycoprotein has been expressed in a soluble form (sG-HeV) that retains many native 13 
characteristics and can elicit a potent cross-reactive neutralizing antibody response in 14 
rabbits.(14) Rabbit anti-HeV G antibodies neutralize both HeV and NiV in cell culture, 15 
displaying a slightly higher titer against the homologous virus. The nature and location of the 16 
neutralizing epitopes on the F glycoprotein have not been reported, although preliminary 17 
information is available for the HeV G glycoprotein.(153) Four neutralizing epitopes have 18 
been mapped on the globular head of the HeV G protein. Two are located on the base of the 19 
head and two on the top, in locations resembling those identified as neutralizing sites in other 20 
paramyxoviruses. 21 

Immunization and challenge studies using recombinant sG-HeV in the cat model have 22 
demonstrated that the protein can illicit a completely protective immune response against 23 
NiV challenge,(101) even at a low-dose formulation with CpG and Alhydrogel and a two-dose 24 
protocol followed by oronasal challenge with 50,000 TCID50 of NiV.(91) Further sG-HeV 25 
immunization studies have been completed in the ferret with a HeV challenge (J. Pallister and 26 
L-F. Wang, in submission) and in the African green monkey with a NiV challenge (T. 27 
Geisbert and C. Broder, in submission). In both of these investigations, complete protection 28 
from henipavirus-induced disease was achieved. The potential application of sG-HeV as an 29 
equine vaccine is being evaluated in Australia (D. Middleton, personal communication). 30 
These data suggest that a single vaccine (sG-HeV) may be effective against both HeV and 31 
NiV. Analysis of the antibody responses in sera from naturally infected or immunized sources 32 
has also shown that HeV-infected sources had high levels of NiV G cross-reactive antibodies, 33 
whereas NiV-infected individuals had limited cross-reactive antibodies to HeV G. Together, 34 
these data suggested that the HeV G stimulates a more cross-reactive immune response.(15) 35 

The sG-HeV glycoprotein was also used to isolate HeV G-specific human mAbs. One human 36 
mAb (m102.4) was HeV and NiV cross-reactive and possessed extremely potent virus 37 
neutralizing activity.(167),(168) In vivo studies have demonstrated that m102.4 can protect 38 
animals from a lethal challenge with henipavirus as a postexposure application in the ferret 39 
model with NiV(19) and in the African green monkey model with HeV (T. Geisbert and C. 40 
Broder, in submission). In August 2009, m102.4 was used on a compassionate basis to save 41 
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the life of an HeV-infected individual while in a coma (G. Playford, personal 1 
communication). Unfortunately, delivery and intravenous administration of only 100 mg of 2 
available antibody occurred after the onset of encephalitis, and the individual died shortly 3 
thereafter. During the 2010 HeV emergence, 11 people had potential exposure and 2 4 
individuals considered at high risk. In this instance, the m102.4 antibody was given to 2 5 
individuals prior to HeV diagnosis or the onset of clinical disease(5) at doses sufficient to 6 
achieve a high serum concentration. Both individuals have remained healthy. Altogether, 7 
these findings highlight the therapeutic potential of antibody-based passive transfer 8 
modalities for treating henipavirus exposure. 9 

<H2>Peptide Inhibitors 10 

The first potential henipavirus-specific therapeutic was shown to be a heptad peptide-based 11 
fusion inhibitor(17) analogous to the human immunodeficiency virus type 1 (HIV-1)-specific 12 
peptide, enfuvirtide (Fuzeon) approved by the Food and Drug Administration (FDA) in 13 
March 2003. The henipavirus F1 glycoprotein resembles other fusion glycoproteins in having 14 
α-helical heptad repeat (HR) domains proximal to both the fusion peptide at the amino (N) 15 
terminus and the transmembrane domain near the carboxy (C) terminus of the protein. The 16 
HR domains are involved in the formation of a trimer-of-hairpins structure during or 17 
immediately following the fusion of virus and cell membranes that occurs during infection. 18 
Addition of exogenous peptide from either HR domain blocks formation of the trimer-of-19 
hairpins and abrogates membrane fusion and entry of the viral genome into the cell.(16),(17),(38) 20 
These observations were followed up with testing cholesterol tagged HR-derived peptides in 21 
the hamster model of NiV infection.(118) The in vivo efficacy of peptide fusion inhibitors of 22 
henipavirus infection merits further investigation. 23 

<H1>Perspective and Geographic Considerations 24 

The high virulence of the henipaviruses and the requirement for BSL4 facilities have 25 
hampered investigations into the biology and pathogenesis of these novel paramyxoviruses. 26 
Recent investigations into the structure and function of henipavirus proteins expressed from 27 
cloned genes have provided insight into the functions of many henipavirus proteins in 28 
infected cells. It remains to be determined if all of the functional characteristics of the 29 
henipavirus proteins determined in vitro accurately reflect the role that they play in the cells 30 
of both terrestrial and chiropteran hosts. 31 

Many questions relating to the ecology and biology of henipaviruses remain unanswered. 32 
Little doubt exists that Pteropus species of fruit bats are the major reservoir host of these 33 
viruses. With the wide geographic range of Pteropus species as overlapping populations, 34 
extending from islands in the South Pacific through Australia, and southern Asia to Pakistan, 35 
and with additional species on islands off the eastern coast of Africa, together with the cross-36 
reactive serologic evidence of henipavirus presence,(61),(81) it would seem that several other 37 
related viruses may remain to be identified.(43),(56) The emergence of these and related 38 
viruses is probably associated with the destruction of the flying fox native habitats, driving 39 
the animals to seek food from orchards and ornamental trees in urban and periurban areas. 40 
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Thus, with continued deforestation, undoubtedly further outbreaks of HeV, NiV, and novel 1 
related members of the genus will occur. The mechanisms by which henipaviruses are 2 
transmitted between fruit bats and maintained within their colonies, as well as the pathways 3 
leading to the infection of spillover hosts, remain to be elucidated. 4 
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Figure 37.1. Syncytia induced in vero cells 24 hours after infection by Hendra virus (HeV) 9 
(A) and Nipah virus (NiV) (B). Methanol-fixed infected cells were labeled with rabbit 10 
monospecific antiserum to the HeV P protein and fluorescein-conjugated goat antirabbit 11 
immunoglobulin G. P protein is detected in extensive perinuclear ribonucleoprotein 12 
complexes (small arrow) and in discrete regularly shaped arrays (large arrow) distributed 13 
throughout the cytoplasm and believed to be sites of virus egress from the cell. Nuclei are 14 
indicated by chevrons. 15 

Figure 37.2.  A:  Electron micrograph of Nipah virus (NiV)-infected Vero cells showing 16 
tubule-like structures, both in the cytoplasm and in a maturing virus particle (arrows).  B:  17 
Electron micrograph of negatively stained Hendra virus (HeV) displaying the double fringe at 18 
the virus envelope (small arrow) and the herringbone nucleocapsids (large arrow). (Courtesy 19 
of Dr. Alex Hyatt, CSIRO Australian Animal Health Laboratory.) 20 

Figure 37.3. Genome size and organization of Hendra virus compared with type species of 21 
each of the other four classified genera in the subfamily Paramyxovirinae. Genome lengths 22 
(in nucleotides) are given in brackets after each virus. 23 

Figure 37.4. Phylogenetic relationship between the N protein sequences of henipavirus 24 
isolates from different geographic locations. The virus nomenclature abbreviation follows the 25 
following format: virus/country origin/host/year/isolate name. For example, 26 
NiV/KH/BA/2004/KHM represents a Nipah virus isolated from bats in Cambodia in 2004 27 
with KHM as its isolate name. 28 

Figure 37.5. Immunoperoxidase detection of viral antigen in henipavirus-infected tissues.  A:  29 
Staining of Hendra virus (HeV) antigen (N protein-specific antibody) within the wall of 30 
superficial arteriole in the submucosa of the nasal cavity in a HeV-infected horse.  B:  31 
Immunolabeling (using anti–Nipah virus rabbit serum) within the lung of a pig infected with 32 
Nipah virus. Involvement of bronchial epithelium and airway debris is noted. (Courtesy of Dr. 33 
Deborah Middleton, CSIRO Australian Animal Health Laboratory.) 34 

Table 37.1. Summary of Henipaviruses Isolated from Different Species and Geographic 35 
Locations 36 

    Isolation details   

Virus Isolate name and Year Country Host species/tissue Reference 
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number 

Hendra Horse-1 1994 Australia Horse/spleen, lung (104) 

  VR-1 1994 Australia Human/lung, liver, kidney, 
spleen 

(104) 

  Bat-1-1 1996 Australia Grey-headed flying fox 
(Pteropus 
poliocephalus)/uterine fluid 

(56) 

  Bat-1-2 1996 Australia Grey-headed flying fox (P. 
poliocephalus)/fetus 

(56) 

  Bat-2 
Murwillumbah 
Clifton Beach 
Peachester 
Redlands 
Proserpine 

1996 
2006 
2007 
2008 
2008 
2008 

Australia 
Australia 
Australia 
Australia 
Australia 
Australia 

Black flying fox (Pteropus 
alecto)/fetal lung 
Horse/lung 
Horse/lung 
Horse/blood 
Horse/lung 
Horse/lung 

(56) 
 
(90) 
(90) 
(90) 
(90) 
(90) 

Nipah PKL 1999 Malaysia Human/cerebral spinal fluid (29), (30) 

  EKK 1999 Malaysia Human/cerebral spinal fluid (29), (30) 

  WWS 1999 Malaysia Human/cerebral spinal fluid (29), (30) 

  UMMC1 1999 Malaysia Human/cerebral spinal fluid (24) 

  UMMC2 1999 Malaysia Human/throat secretion (24) 

  UM-0128 1999 Malaysia Human (2) 

  VRI-0626 1999 Malaysia Pig/lung (2) 

  VRI-1413 1999 Malaysia Pig/lung (2) 

  VRI-2794 1999 Malaysia Pig/lung (2) 

  B13/6-18 2000 Malaysia Bat/pooled urine (33) 

  B13/6-43 2000 Malaysia Bat/pooled urine (33) 

  JA13/6-4 2000 Malaysia Bat/partially eaten jambu air 
fruit 

(33) 

  Rajbari-1 2004 Bangladesh Human/oropharyngeal (57) 

  Rajbari-2 2004 Bangladesh Human/cerebral spinal fluid (57) 
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  Faridpur 2004 Bangladesh Human/urine (57) 

  Rajshahi 2004 Bangladesh Human/urine (57) 

  CSUR381 2004 Cambodia Flying fox (Pteropus 
lylei)/urine 

(120) 

  CSUR382 2004 Cambodia Flying fox (P. lylei)/urine (120) 

 1 
 2 
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<H1>History

Hendra virus (HeV), the first known member of the genus Henipavirus in the family Paramyxoviridae, came to light in September 1994 as the causative agent of a sudden outbreak of acute respiratory disease in thoroughbred horses at a stable in Brisbane, Australia. A total of 21 horses and 2 humans (a horse trainer and a stable hand) became infected. The horse trainer and 14 horses died, and 7 horses with mild or subclinical infection were euthanized.(130) A virus was isolated, initially called Equine Morbillivirus but later re-named Hendra virus after the Brisbane suburb where the outbreak occurred. A second person died from HeV infection 13 months after the Brisbane outbreak, a farmer from Mackay, nearly 1000 km north of Brisbane. Unlike the first case, however, the man succumbed to encephalitis caused by HeV infection.(107) A forensic retrospective investigation found that the farmer had suffered a mild meningitic illness 14 months earlier after assisting at the necropsy of two horses that had died of severe respiratory distress—later found to have been caused by HeV(125)—and that he became infected at that time. After initial serologic evidence suggested that fruit bats (flying foxes) of the genus Pteropus in the suborder Yinpterochiroptera  were the reservoir hosts,(165) HeV was isolated from two species of flying fox.(56) In total, there have been 60 recognized occurrences of HeV in Australia between 1994–2018, with at least one occurrence per year since 2006 (Table 14.1A). 1 (5),(10) Every occurrence of HeV has involved horses as the initial infected host, causing lethal respiratory disease and encephalitis, along with a total of seven human cases arising from exposure to infected horses, among which four have been fatal and the most recent in 2009 (Table 14.1B).(6),(10),(115)	Comment by LINFA: Can we cite webpage?
https://www.business.qld.gov.au/industries/service-industries-professionals/service-industries/veterinary-surgeons/guidelines-hendra/incident-summary

BHL REPLY: I have added the web-page into my Endnote database and cited it. Green highlighted Ref 1  	Comment by Benhur Lee: Does this mean you still want to keep Ref 5 and 10, Please make the decision and add/delete ref accordingly. PLEASE USE the Endnote File I sent you. All these (refs) from the original document Publisher sent (Knipe XXXXx) CANNOT be formatted – I DON’T have the time to go through every single one and do it myself.  	Comment by Benhur Lee: TABLE 14.1A and 14.1B should be moved to online materials. TABLE  14.1C (below) should be kept in the print version. 

Nipah virus (NiV), the second known member of the genus Henipavirus, emerged as the cause of an outbreak of disease in pigs and humans in Peninsular Malaysia in 1998 through 1999. The epidemic started in Perak State as clusters of cases of encephalitis among pig farmers. It was initially believed to be caused by Japanese encephalitis virus; however, various features of the outbreak, including a high proportion of cases in direct contact with pigs and illness and deaths in pigs, differed from those expected with Japanese encephalitis.(30) Indeed, respiratory illness and encephalitis in pigs preceded human cases in the same district.(97) The epidemic spread south to the intensive pig-farming areas of Negeri Sembilan in December 1998 and subsequently peaked between February and April 1999. More than 1 million pigs were destroyed to halt the spread of the epidemic, and by late May, 265 human cases of acute encephalitis with 105 deaths were recorded.(29),(30) A cluster of 11 cases with 1 death occurred among abattoir workers in Singapore.(114) In early March 1999, a virus was isolated from the cerebrospinal fluid (CSF) of a patient with encephalitis and identified as the etiologic agent.(29),(30) Named Nipah virus after the village from which the patient had come, it was shown to be closely related to HeV. NiV was subsequently isolated from the urine of Malaysian flying foxes.(33) A highly related NiV emerged in Bangladesh in 2001,(68) (7)  and outbreaks of NiV-related encephalitis have occurred in people from that country almost every year since, along with three reports of NiV encephalitis in India (23), albeit in Bangladesh adjacent regions. However, the most recent outbreak of NiV occurred in 2018 in Kerala (India), more than 2,500 km south-west of NiV-endemic Bangladesh counties. This outbreak claimed 21 lives out of 23 infected human cases. 2(60) In 2014, a NiV outbreak occurred in the Province of Sultan Kudarat, the Phillipines, which resulted in the death of 9 humans from 11 which showed an acute encephalitis syndrome.3 The human case fatality rate of these NiV outbreaks averages around 60% (Table 14.1C).(68),(85) So far human NiV oubreaks have been documented in a total of five countries, Malaysia, Singapore, Bangladesh, India and the Philippines.	Comment by LINFA: Arunkumar et al (2018) JID. DOI: 10.1093/infdis/jiy612
BHL: I have added the new 2018 Kerala ref. Please remove Ref (60) accordingly. It’s up to you. Or move it someplace else.  	Comment by Benhur Lee: Please delete these old refs (68), (85), or move it someplace else that make sense with the old text.  

<TAB14.1C>

<H1>Infectious Agent

[bookmark: _GoBack]<H2>Classification refs

When HeV was first isolated in 1994, partial sequencing of the matrix gene (M) revealed that it most closely resembled members of the genus Morbillivirus in the subfamily Paramyxovirinae.(104) Subsequent characterization of the full-length genome, however, revealed that many of the genetic features of HeV were unique among paramyxoviruses and that the virus did not fit within any of the three genera existing at that time, Morbillivirus, Respirovirus, and Rubulavirus.(147),(148) When NiV was isolated in 1999, it was initially described as Hendra-like on the basis of its strong reactivity with anti-HeV antibodies. Later it was shown that sera raised against HeV were able to neutralize NiV and vice versa, and that both viruses shared a high degree of similarity in genome organization and protein size and sequence.(29),(58),(59),(146) In 2002, the genus Henipavirus was created to accommodate these novel paramyxoviruses, and HeV was designated the type species.(75) Since 1994, there have been 38 isolations of HeV or NiV from humans, bats, horses, and pigs over a wide geographic area and spanning a period of approximately 20 years (Table 14.2). The susceptibility of humans, the virulence of the viruses, and absence of therapeutics and vaccines led to classification of HeV and NiV as biosafety level 4 (BSL4) pathogens. In the latest report from the paramyxovirus study group under the order Mononegavirales, the genus Henipavirus has been expanded to include three new species,4,5  they are Cedar henipavirus (Cedar virus, CedV) isolated from bats in Australia, 6  Ghanaian bat henipavirus (Ghana virus, GhV) detected in bats from Ghana, 7 and Mojiang henipavirus (Mòjiāng, MojV) detected in rats in China.8  Henipavirus is now classified as one of the seven ICTV-approved genera in the family Paramyxoviridae. 	Comment by Benhur Lee: TABLE 14.2 can also be put in online materials and save us 1.5 manuscript text pages. 

<TAB14.2>	Comment by Benhur Lee: Please delete this “CALL-OUT” if you agree with my suggestion for moving TABLE 14.2 to online materials.

<H2>Propagation in Cell Culture and Cytopathic Effect

The ultrastructural characteristics of henipavirus-infected cells resemble those found in cells infected by other members of the Paramyxoviridae. Shared features include generation of large syncytia and the presence of viral nucleocapsids in cytoplasmic inclusion bodies and underlying electron-dense areas of the plasma membrane.(49),(69) In Vero cells, NiV-induced syncytia are significantly larger than those generated by HeV and nuclei and nucleocapsids are frequently located at the cell periphery, compared with HeV-induced syncytia, where they tend to be more centrally located or distributed randomly throughout the cytoplasm (Fig. 14.1). Henipavirus-infected cells also contain structures that are not seen with other paramyxoviruses—specifically a network of membrane-like reticular structures in the cytoplasm and long tubules that appear to be continuous with the plasma membrane in NiV-infected cells. Tubules can also be observed in NiV virions (Fig. 14.2A). In situ hybridization suggests that these reticular structures contain viral RNA and may play a role in viral transcription.(49)

<FIG14.1><FIG14.2>

<H2>Virus Morphology	Comment by Benhur Lee: Note to self: Do we want to talk about the superresolution NiV-F/G study in Nat Commun here, later in pathogenesis section, or at all ? 

Henipavirus particles are pleomorphic, varying from spherical to filamentous and ranging in size from 40 to 1,900 nm.(49),(69),(104) Nucleocapsids have a diameter of 18 to 19 nm with an average pitch of 5 nm. When examined by electron microscopy (EM), HeV has a unique double-fringed appearance, caused by the presence of surface projections 15 ± 1 nm and 8 ± 1 nm in length (see Fig. 14.2B). Approximately 95% of virions contain the double fringe, and the remaining 5% display a uniform fringe length of 15 ± 1 nm. Unlike HeV, NiV possesses a single layer of surface projections with an average length of 17 ± 1 nm, and NiV particles released into the culture medium are difficult to image because they are routinely penetrated by negative stains. This suggests that the viruses may differ in the physical nature of their envelope.(69)

<H2>Genome Length and Organization

In the family Paramyxoviridae, the genome length of all characterized viruses is divisible by six, an observation caused by the requirement of each N protein in the viral ribonucleoprotein to bind 6 nucleotide (nt) residues.(76) This is also true for HeV and NiV despite their much larger genome sizes.(146) The genomes of the Malaysian and Bangladesh strains of NiV differ by 6 nt because of a 6-nt increase in the 3′ untranslated region of the F gene.(57) A minigenome replicon study confirms that NiV complies with the rule of six.(55) When the complete genome sequence of HeV was determined, its length (18,234 nt) was more than 2,700 nt, or 15% longer than the genomes of all other paramyxoviruses known at that time.(148) The size of NiV genomes at 18,246 nt to 18,252 nt are slightly larger than that of HeV.(57)(–)(59) These large genome sizes of >18 kb is a conserved feature of henipaviruses as even the recently discovered and more divergent CedV, GhV, and MojV all have genomes between 18,162 nt (CedV) to ~18,430 nt (GhV). Given the caveat that there is wide variation amongst individual species of the other paramyxovirus genera, the extra length of the henipavirus genome is primarily due to the longer 3’ untranslated regions (3’UTRs) at the end of several of its six genes, and a larger P gene relative to the other paramyxovirus genera. A comparison of genome length and gene organisation of representative members of the Paramyxoviridae is shown in Fig. 14.3A. The nomenclature of each of the six major genes common to all paramyxoviruses havs been updated to reflect the latest ICTV convention.     An analysis of the 3’ UTR lengths between extant henipaviruses and representative species from each paramyxovirus genera that infects mammals is presented in Fig. 14.3B. The most significant differences are in the 3’UTRs of N, P, and RBP genes even given the wide variance seen within each genera. The significance of long 3’ UTRs, especially in HeV and NiV, is generally unknown. However, the N gene 3’UTR of NiV appears to play a role in the downregulation of N mRNAs via specific interactions with hnRNP D. 9     

<FIG14.3A><FIG14.3B>



The genome organization of henipaviruses resembles that in the genera Respirovirus and Morbillivirus. The first 12 nt of the 3′ and 5′ genomic terminal sequences of paramyxoviruses are highly conserved and complementary, containing promoter elements for replication and transcription.(76) The first 3 nt of the henipavirus genome termini are 5′-ACC-3′—a sequence that is absolutely conserved in members of the familyParamyxoviridae and different from that found in the family Pneumoviridae.

<H2>Genetic Diversity	Comment by Benhur Lee: LINFA: I am confused. I thought Genetic Diversity has been moved to Section D.5. (Under Epidemiology) according to the new outline you gave us and the figure numbering we agreed on. Please see comments below aboujt Figh. 14.4 which should be Fig. 14.11 in Section D5. 

Genome sequencing revealed that HeV isolated from equine and human sources during the outbreak in Brisbane appears identical and differs little from HeV isolated from flying foxes 2 years later.(56),(104) Sequencing of five additional horse isolates from five different locations from the 2006 to 2008 HeV occurrences has also demonstrated a very high genetic similarity.(90) Similar observations were made in Malaysia, where it was demonstrated that NiV isolated from pigs at the height of the outbreak and at its geographic focus were essentially identical to human isolates made at that time and isolates obtained from flying foxes several years later.(2),(24),(33),(58),(59)

In Bangladesh, four human isolates obtained in 2004 demonstrate significant genetic heterogeneity, which might suggest multiple spillovers of NiV from flying foxes into the human population.(57) The NiV sequences detected from human patients in India from 2001 to 2018 were  more related to NiV from Bangladesh than NiV from Malaysia.(9),(23) 2 A recently whole genome sequencing study of ten NiV isolates obtained from bats in 2013 in Bangladesh at two different geographic locations revealed that the isolated viruses were very similar in sequences. This suggests that multiple strains were not co-circulating in the bat population at the time.10  Furthermore, none of the bat NiV isolate sequences was identical with any previously detected human NiV isolate sequences, suggesting that NiV spillover into humans is a rare event and more intensive surveillance is required to appreciate the full genetic diversity of NiV in bats in an area with frequent spillover events into human populations. 10  NiV isolated from the flying fox Pteropus lylei in Cambodia(120) represents an evolutionary lineage that is separated from the Malaysia or Bangladesh/India cluster . Partial N gene sequences detected in Pteropus lylei in Thailand indicate the circulation of at least two lineages of NiV—one related to the Bangladesh NiV and the other more related to the Malaysian NiV.(144) On the other hand, NiV sequences detected in Pteropus hypomelanus in southern Thailand are clearly more related to the Malaysian NiV. 11  As the RNA-dependent RNA polymerase (RdRP), also known as the L protein, is the most highly conserved protein for paramyxoviruses, it has been used as a more reliable indicator of evolutionary relationship among different paramyxoviruses. Shown in Fig. 14.4 is phylogenetic tree based on RdRP proteins of prototype species of each genera in the family Paramyxoviridae with major members of the genus Henipavirus, selected to represent major species origin, geographic location and time of isolation.	Comment by LINFA: Arunkumar et al (2018) JID. DOI: 10.1093/infdis/jiy612
BHL: I have added the new 2018 Kerala ref 2. Please retain/delete old reference as you deem appropriate. But please do it using the Endnote file.  

<FIG>

The presence of henipavirus-reactive (but not neutralizing) antibodies and viral RNA in bats from other regions of the world (see Epidemiology section below) predicts that a much greater genetic diversity of henipaviruses exists in different bat populations. This also suggests the existence of henipaviruses with different transmissibility and pathogenicity in non-bat hosts.

<H2>Virus Proteins and Their Properties

Analysis of purified viruses by polyacrylamide gel electrophoresis reveals RdRP (L), P, RBP (G), F0, N, F1, and F2 proteins,(146),(147) where F0 is the uncleaved and F1 and F2 the cleaved products of the F gene. Interestingly, F0 is more readily detected in HeV compared with other paramyxoviruses, including NiV,(93),(146) which may suggest that HeV-F is less efficiently cleaved. Overall, the proteins of henipaviruses are typical of those of the subfamily ParamyxovirinaeParamyxoviridae, with the exception of the P protein, which is significantly larger than cognate proteins in the this virus subfamily.(147) The P protein is translated from messenger RNA (mRNA) that is co-linear with genomic RNA. For most henipaviruses, the P gene also encodes V and W proteins, produced from mRNA in which one and two nontemplated G residues, respectively, are inserted at the RNA editing site during transcription.  The P, V, and W proteins, therefore, are identical for the first 405 amino acid residues. A C protein is encoded by the 5′ end of the gene in an overlapping reading frame and is produced by an internal translational initiation mechanism, which is common to other members of ParamyxovirinaeParamyxoviridae, except for rubulaviruses.(76) The P, V, and the C proteins predicted from the coding regions in the P gene are present in HeV-infected cells.(146) The functional expression of W in NiV-infected cells has recently been demonstrated.(84) It is worth to note that Cedar virus lacks both the RNA editing and expression of the V protein. 6

Paramyxovirus N, P, and RdRP proteins are necessary and sufficient for replication of viral RNA both in vitro and in vivo,(76) and this has been confirmed for henipaviruses by reverse genetics. Using a minigenome replicon containing leader and trailer sequences of the NiV genome with its entire coding region replaced with a reporter gene, it was shown that efficient genome replication was achieved only when all three proteins were expressed in the same cell.(55)12 NiV N, P, and RdRP proteins were also able to rescue a minigenome constructed from the leader and trailer sequences of the HeV genome, further demonstrating the close genetic relationship between the viruses. (BHL might want to expand more on reverse genetics of HNVs if space permits-BHL)

The RdRP protein of nonsegmented, negative-stranded RNA (NNR) viruses in the order Mononegavirales contains a highly conserved GDNQ motif, believed to be important for polymerase activity.(116) Henipaviruses were the first NNR viruses in which GDNQ was replaced by GDNE. It was speculated that this motif might be unique to paramyxoviruses with relatively large genomes(146),(148); however, the GDNE motif has since been found in the RdRP protein of Mossman virus that has a genome length of 16,650 nt.(96). Conversely, other henipaviruses of both Asiatic (CedV) and African lineages (GhV) also have the GDNQ motif that is common to most other NNR viruses. High-resolution cryo-EM structures of VSV-RdRP (another NNR virus, family Rhabdoviridae) suggest that GDN is the truly conserved catalytic motif essential for the polymerase function of RdRP.13         

The receptor binding proteins (RBPs) of the Paramyxovirinae display hemagglutination (H) and neuraminidase (N) activities in a predominantly genus-specific manner. Viruses in the genera Respirovirus, Avulavirus, and Rubulavirus possess both activities, hence their RBPs were formerly termed HN proteins (76) whereas viruses in the genus Morbillivirus do not behave uniformly and only some possess hemagglutination activity, but nonetheless their RBPs were formerly termed H. (77) This is an unfortunate misnomer. Paramyxoviruses with RBPs bearing HN activity genuinely use sialic acid based receptors for entry whereas “H” activity of some morbilliviruses arise from their RBPs ability to bind CD46 expressed on some non-human primate red blood cells. 14 In contrast, henipavirus RBPs have neither of these activities(146),(166); rather, they utilize the host cell expressed ephrin-B2 and ephrin-B3 molecules as attachment and entry receptors (11),(13),(105),(106) 15 with the exception of MojV, which does not appear to use any known paramyxovirus receptors.16 Recent solution structures of various henipavirus RBPs alone and in complex with the ephrin-B2 and/or ephrin-B3 receptors have revealed the details of the virus–host cell binding process, distinguishing it from other paramyxoviruses’s receptor binding strategies.(20),(21),(163)15 14	Comment by LINFA: Benhur, I forgot whether we agreed for you to include a discussion on the RBP structure evolution story here?!  If so, pls insert here.

BHL: I’m stoopping here. It’s 7:30 am and I need to get some sleep before resuming. Potentially the “extra:” Fig. 14.7B (Structural phylogeny of different paramyxovirus RBPs will go well here). 

Proteolytic processing of paramyxovirus F proteins is essential for the generation of a fusogenic form of the protein. For most paramyxoviruses that generate systemic infections, cleavage is catalyzed by the cellular protease furin at a multibasic cleavage site.(76) Surprisingly, henipavirus F proteins are cleaved without the involvement of furin and, although cleavage occurs at a single basic residue—lysine for HeV and arginine for NiV(98)—activation of the NiV F protein does not require a basic amino acid at the cleavage site.(93) It has been shown that the lysosomal cysteine protease cathepsin L is responsible for the cleavage of the HeV F protein.(108) The cytoplasmic tails of henipavirus F proteins contain the endocytosis consensus motif YXX ø.(92),(143) Endocytosis is required for cleavage activation of the F protein,(35),(92) consistent with identification of cathepsin L as the enzyme responsible for cleavage.	Comment by LINFA: This is obviously HeV and NiV dominating.  But I don’t think there is anything new to add for the other henipaviruses?!

<H2>Host Range

For most paramyxoviruses, host range is limited and interspecies transmission is rare. In contrast, henipaviruses display a broad species tropism. In addition to at least three flying fox species, two nonpteropid fruit bat species, and an insectivorous speciesa large number of bat hosts at various geographic locations (see more detail in Epidemiology section), NiV has naturally infected pigs, humans, dogs, horses, and cats,(29),(63),(97),(120),(164) whereas HeV infects all four Australian flying fox species and has naturally infected humans, and horses and dogs.(42),(104) Confirmation of the wide host range of henipaviruses and the identical cell tropism of HeV and NiV were obtained early using an in vitro cell fusion system that relies on vaccinia virus–mediated cell surface expression of G and F glycoproteins.(17),(18),(136) Guinea pigs, hamsters, ferrets, squirrel monkeys, and African green monkeys are also susceptible to experimental NiV infection.(19),(46),(88),(94),(157) Laboratory studies have added cats, guinea pigs, hamsters, ferrets, and African green monkeys to the list of HeV-susceptible species,(53),(121),(151),(156).  along with ferrets (J. Pallister and L.-F. Wang, unpublished results).Mojiang virus was isolated from rats (). 

<H1>Pathogenesis and Pathology

<H2>Cell and Tissue Tropism

The primary site of NiV replication and the dynamics of virus spread in humans are unknown. However, the distribution and time of appearance of lesions throughout the vasculature and in the brain and lung in NiV encephalitis suggest that secondary infection probably arises via hematogenous spread of the virus, with secondary replication occurring in vascular endothelium.(159) Inflammation of blood vessels occurs in most organs but is particularly prominent in the brain, lung, heart, and kidney.(30),(159),(160) Vasculitis is limited to small arteries, arterioles, and capillaries where NiV antigen is found in both endothelial cells and the smooth muscle of the tunica media. The pattern and time of appearance of vasculitis and viral antigen distribution are consistent with endothelial cell infection occurring before infection of the smooth muscle. Syncytial endothelial cells are present in blood vessels of various organs and represent a pathognomonic but insensitive feature of henipavirus infections found in only 25% of human NiV infections.(159) Syncytial endothelial cells were also observed in the single human case of encephalitis caused by HeV.(107) NiV antigen is also found in neurons and, less frequently, in bronchiolar and renal epithelial cells. The 5-day interval between maximal vasculitis in the brain and parenchymal infection in acute NiV encephalitis suggests that primary virus replication occurs in endothelial cells, with infection of neurons occurring as a result of vascular damage. The presence of inclusion bodies and viral antigen in neurons suggests that neurologic impairment in encephalitis may be caused by both the effects of ischemia and infarction and viral infection of neurons.(30),(114),(159) Human HeV encephalitis has been described as widespread cortical, subcortical, and deep white matter involvement in two cases in 2008(115) and similar to those described in a previous HeV encephalitis case(82),(107) and NiV encephalitis cases.(82),(127)

Although NiV antigen is found less frequently in bronchiolar and renal epithelial cells compared with vascular and neuronal locations, replication in epithelial locations may play a role in virus dissemination, because NiV is found in urine and in tracheal and nasopharyngeal secretions of infected patients in the early phase of their illness.(31),(48) Despite this, human-to-human transmission in Malaysia was extremely rare.(100)

The identification of ephrin-B2 and ephrin-B3 as functional receptors for henipaviruses in cultured cells provides an explanation for the observed distribution of viral antigen in arterial endothelial cells, smooth muscle, neurons, and some epithelial cells.(11),(13),(105),(106) Ephrin-B2 is found in arteries, arterioles, capillaries in multiple organs, and tissues including arterial smooth muscle and human bronchiolar epithelial cells(135) but is absent from venous components of the vasculature.(45) Ephrin-B3 is found predominantly in the nervous system as well as the vasculature.(113) The ephrins engage Eph receptors and mediate bidirectional cell–cell signaling events and are modulators of cell remodeling events, especially within the nervous and vascular systems.(113)

<H2>Immune Response

In patients with encephalitis, anti-NiV antibodies were observed more frequently in the serum than the CSF. Immunoglobulin M (IgM) antibodies occurred more frequently than immunoglobulin G (IgG) antibodies in both locations.(30),(114),(159) The appearance of specific IgM antibodies in serum preceded their appearance in the CSF, a sequence consistent with viremia preceding central nervous system (CNS) infection. Anti-NiV antibodies were present in most patients with clinical NiV encephalitis; however, no difference was observed in clinical features, laboratory results, or mortality between seropositive and seronegative patients.(27),(48) Seroconversion of IgG against HeV was seen in two human cases of HeV infection, one fatal, in 2008,(115) following an influenza-like illnesses and before progressing to encephalitis.

<H2>Inhibition of the Interferon Response

In henipaviruses, as in other paramyxoviruses,(66) anti-interferon (IFN) activities are encoded by the P gene and in vitro studies indicate that P gene products inhibit both IFN induction and signaling.(37) In IFN induction, viral double-stranded RNA (dsRNA) is detected by intracellular RNA helicase enzymes(3),(79) and by toll-like receptor 3 (TLR-3).(12) Both of these dsRNA signaling pathways lead to activation of the pre-existing transcription factors interferon regulatory factor 3 (IRF-3) and nuclear factor kappa B (NF-kB),(50) and the synthesis of IFN-α and a subset of IFN-β proteins.(89) HeV inhibits dsRNA signaling by using a strategy adopted by other paramyxoviruses in which the V protein binds to the intracellular RNA helicase sensor and prevents downstream signaling(3) but does not abrogate dsRNA signaling through TLR-3.(132) In an additional strategy unique to henipaviruses, the W protein, by virtue of a nuclear localization signal located in the unique carboxy terminal, inhibits dsRNA signaling in the nucleus by targeting a process that is part of both helicase-dependent and TLR-3–dependent signaling pathways.(132)

In the IFN signaling pathway, IFN binds to cell surface receptors in a paracrine manner and initiates a signaling sequence that leads to activation of members of a family of proteins called signal transducers and activators of transcription (STAT).(1),(50) Henipaviruses inhibit IFN signaling by sequestering STAT proteins in high molecular weight complexes.(123),(124) The anti-IFN signaling activity is a property of the V protein, as has been observed for other paramyxoviruses, but also of the W and P proteins.(123),(124),(133) The P, V, and W proteins of henipaviruses have an N-terminal extension of 100 to 200 amino acids compared with cognate proteins in the subfamily,(59),(147) and the STAT binding domain of NiV V maps to this region.(122) The V and P proteins bind STAT in the cytoplasm, whereas the W protein, with its nuclear localization signal, co-localizes with STAT in the nucleus.(132),(133) The W protein is the most and P protein the least efficient IFN antagonist.(112) The NiV C protein also displays a modest inhibition of IFN signaling, although the mechanism and target are unknown.(112)

It should be noted that most, if not all, studies described previously were carried out in vitro using single-gene transfection expression systems. A recent study conducted using live virus infection indicated that IFN signaling remains functional during henipavirus infection of human cell lines, whereas IFN production was inhibited.(142)

<H2>Infections of Animals

Only limited data are available on the minimal lethal and infectious doses of henipaviruses. In golden hamsters (Mesocricetus auratus), the NiV lethal dose 50% (LD50) following intraperitoneal and intranasal administration was 270 and 47,000 plaque-forming units (pfu), respectively,(157) and was calculated to be 12 pfu for HeV by intraperitoneal injection.(53) The NiV minimal infectious dose in hamsters is 100 pfu if the intraperitoneal route is used and 103 pfu if the virus is administered intranasally. Guinea pigs and pigs are also more resistant to infection by HeV and NiV, respectively, when the viruses are administered by the oronasal route compared with the subcutaneous route.(95),(154) In contrast, both HeV and NiV appear to be equally infectious for cats following either parenteral (5,000 tissue culture infectious dose 50% [TCID50] virus) or oronasal (50,000 TCID50 virus) administration.(64),(91),(95),(101),(151)

Experimental infection of horses with HeV by parenteral or oronasal routes is almost uniformly fatal, with death or euthanasia usually occurring 5 to 10 days after infection. Several horses in the original outbreak in Hendra survived infection, however, some asymptomatically.(103),(104),(156) In horses, HeV displays a predominantly respiratory tropism, and infection is characterized by pulmonary edema and congestion.(64),(104),(156) In field cases, the airways are often filled with a blood-tinged frothy exudate. Neurologic signs do exist, but they have been observed infrequently in terminally ill horses and in horses that recovered from respiratory infection.(125),(156) Infection is associated with virus replication and with the appearance of viral antigen in endothelial cells in a wide variety of organs, including lungs, lymph nodes, kidneys, spleen, bladder, and meninges. The subsequent degeneration of small blood vessels is accompanied by the appearance of syncytial endothelial cells.(63) Virus can be recovered from several internal organs, including lung, and from saliva and urine.(64),(156)

In contrast, NiV infection of pigs is frequently asymptomatic, particularly following natural infection and after experimental administration of the virus by the ocular and oronasal route.(95),(97),(150) When symptoms are present, they vary according to the age of the pig, with older animals presenting primarily with a neurologic syndrome, whereas a respiratory syndrome predominates in young animals. The virus manifests respiratory and neurologic tropisms in both asymptomatic and clinical infections.(95),(149) Neurologic signs include trembling and neurologic twitches, muscle spasms, and uncoordinated gait.(97) After experimental NiV infection of young pigs by the ocular and oronasal routes, virus replication occurs in the oropharnyx and spreads sequentially to the upper respiratory tract and submandibular lymph nodes, the lower respiratory tract, and additional lymphoid tissues.(149) Here, viral antigen is widespread and syncytia are common in clinically affected animals as a result of replication in the endothelial and smooth muscle cells of medium to large veins as well as in the arteries of the central nervous, lymphoid, and respiratory systems.(63),(95),(149) NiV invades the CNS via the cranial nerves and by crossing the blood–brain barrier.(149) Virus is recovered from a range of tissues, including tonsil, nasal, and throat swabs and lung, but is recovered infrequently from urine.(34),(95),(149) Experimental HeV infection of pigs (Landrace and Gottingen minipig breeds) via oronasal or nasal inoculations has shown both to be susceptible to infection,(80) with virus detected mainly in tissues from respiratory and lymphoid systems, and could be isolated from nasal, oral, and rectal swabs, indicating the possible routes for virus shedding.

<H2>Laboratory Animal Models

In hamsters, the pathologic features following NiV infection resemble those found in humans.(157) Hamsters die 5 to 9 days after intraperitoneal administration of 100 to 10,000 infectious particles and 24 hours after the appearance of tremors and limb paralysis. In contrast, hamsters inoculated intranasally with doses as high as 103 to 106 infectious particles die between 9 and 15 days later, displaying progressive deterioration with limb paralysis, lethargy, limb twitching, and breathing difficulties. Vascular pathology is observed in a range of organs, including brain, lung, liver, kidney, and heart, and viral antigen and genome are found in endothelial cells. The brain is the most severely affected organ, with the vascular and parenchyma lesions consistent with CNS-mediated clinical signs.(159) HeV infection of hamsters also resembled the pathology seen in acute human cases, including both respiratory and brain pathology.(53) HeV-induced pathology in the hamster was similar to that of NiV(157) and consisted of endothelial infection and vasculitis with thrombosis and microinfarction, with evidence of direct parenchymal cell infection, notably in the CNS.

In cats, the first clinical signs, which are observed on days 4 to 8 after parenteral or oronasal administration of HeV and NiV, include depression, fever, and an increased rate of respiration.(65),(101),(151),(152) Most infected animals die 1 day after the appearance of respiratory distress. The disease caused by HeV and NiV in cats closely resembles that seen in HeV-infected horses, with copious frothy sanguineous fluid in the bronchi and hemorrhage or congestion of the tracheal epithelium.(64) Vaculitis affects both arteries and arterioles, and syncytial cells are observed in endothelia, predominantly in the lungs but also in gastrointestinal, spleen, and lymphoid organs. A major difference between NiV and HeV infection of cats is the extensive degree to which NiV, but not HeV, infects the respiratory epithelium.(95) Henipaviruses are found in the urine and bladder of experimentally infected cats, and NiV can transplacentally infect and replicate in fetal tissues with high levels of recoverable virus from the placenta and uterine fluid.(102)

In guinea pigs, the clinical response to henipavirus infection is frequently mild and often variable, ranging from inapparent to sudden death, with only a proportion of animals displaying signs such as transient weight loss, depression, ataxia, lethargy, and twitching.(154),(157) The vascular tropism of HeV in guinea pigs is evident in many organs.(65) Death appears to result from vascular disease in a variety of organs.(65) Only a proportion of infected animals develop encephalitis with virus observed in blood vessels and neurons.(154)

A ferret model of henipavirus infection and pathogenesis has also been developed.(19),(110) The ferret exhibits both severe respiratory and neurologic disease as well as generalized vasculitis following an oronasal challenge with NiV with doses as low as 500 TCID50 within 6 to 10 days postinfection. Clinical signs in affected ferrets included various combinations of severe depression, cough, serous nasal discharge, dyspnea, subcutaneous edema of the head, cutaneous ecchymoses, and obtundation with tremor and hind limb paresis depending on the challenge dose. Clinical disease in the ferret included vascular fibrinoid necrosis in multiple organs, necrotizing alveolitis, and syncytia of endothelium and alveolar epithelium. Histopathologic lesions included severe focal necrotizing alveolitis, vasculitis, degeneration of glomerular tufts, and focal necrosis in a wide range of other tissues. High levels of viral antigen were noted in blood vessel walls, and syncytial cells were frequently present. Viral antigen was present in neurons, and infectious NiV was isolated from multiple organs including the brain. Overall, NiV-mediated disease observed in the ferret model manifested with all the hallmarks seen among NiV-infected humans, and essentially identical results have been observed with HeV infection of ferrets (J. Pallister and L.-F. Wang, unpublished results).

A nonhuman primate model of henipavirus infection has been developed using the African green monkey,(46),(121) which yields a uniformly lethal disease with doses as low as approximately 2 × 104 pfu (NiV) or 4 × 105 TCID50 of HeV. Monkeys, following intratracheal inoculation with either NiV or HeV, reveal a rapid spread of the virus (3–4 days postinfection) to numerous organ systems. NiV-infected monkeys developed a severe acute respiratory distress syndrome (ARDS)-like disease, associated with copious amounts of sanguineous fluid and froth. The lungs are enlarged with multifocal areas of congestion and hemorrhage, and immunohistochemical and histopathologic examination revealed significant amounts of polymerized fibrin and NiV antigen.(46) Endothelial syncytial cells were prominent in most of the tissues, and vasculitis was widespread. NiV antigen was present in endothelial and arterial smooth muscle cells in most examined tissues. Respiratory disease development could be seen within 7 days postinfection with either NiV or HeV following intratracheal inoculation by radiologic examination(46),(121) progressing to severe congestion and infiltration in the lung fields.

NiV and HeV could be found in virtually every organ system sampled at the time of death in the African green monkey. Immunohistochemical and histopathologic analysis revealed the presence of NiV antigen, predominantly in endothelial cells and smooth muscle cells, along with associated pathology. Most animals showed evidence of henipavirus-induced neurologic disease,(46),(121) with severe congestion and evidence of meningeal hemorrhaging and edema. NiV and HeV antigen was detected in endothelial cells in brain, with infection of neurons often widespread in the brain stem.(46),(121) NiV infection of squirrel monkeys has also been examined.(88) Although some animals demonstrated limited similarities to NiV pathogenesis in humans, only 50% of challenged animals exhibited any clinical signs, with most remaining well even following intranasal or intravenous delivery of doses as high as 107 pfu of NiV.

Unlike the cat, guinea pig, hamster, and squirrel monkey models of NiV or HeV infection, severe respiratory pathology, neurologic disease, and generalized vasculitis all occur in henipavirus-infected African green monkeys, providing an accurate reflection of what is observed in henipavirus-infected humans.

<H1>Epidemiology

<H2>Age

The age of patients with encephalitis in the Malaysian outbreak ranged from 9 to 76 years, with almost 50% of cases occurring in those 40 to 44 years.(27),(28),(48),(111),(159) The male-to-female ratio was approximately 3:1, and more than 80% of the patients were Chinese, with statistics reflecting the increased risk to those working with infected pigs.(48),(111) In Bangladesh, the age of patients ranged from 4 to 60 years, and males constituted 47% and 67% of the cases in the 2001 and 2003 outbreaks, respectively.(43),(68) The recent outbreak in early 2011 in Bangladesh claimed at least 35 lives, including many children and infants, with ages ranging from 2 to 56 years.(8) Among the 18 suspected patients in the 2014 oubreak in the Phillipines, the age distribution is between 21-60 years old ().  In the most recent NiV outbreak in Kerala, India, the age distribution ranged from a 17 year old male to a 75 year old female among a total of 23 human cases ()

<H2>Morbidity and Mortality

In Malaysia, between September 1998 and June 1999, 256 patients who developed acute NiV encephalitis were admitted to Malaysian hospitals and 105 died, a mortality rate of approximately 40%.(30),(111) The rate of subclinical infection in households and farms where cases of NiV encephalitis occurred was calculated to be 8% and 11%, respectively.(111),(139) In Singapore, where 11 patients were confirmed to have acute NiV encephalitis, a further 2 asymptomatic abattoir workers were serologically positive, representing a rate of subclinical infection of 15%.(25) Subsequently, 89 individuals were identified on the basis of positive serology as having experienced either an asymptomatic or mildly symptomatic NiV infection.(138) This increases the number of people infected with NiV to 345 and decreases the mortality rate to approximately 30%.(160) In Bangladesh, 98 of 135 patients died in eight outbreaks from 2001 to 2008, giving a combined case fatality rate of 73%.(43),(62),(85) In the Philippines outbreak, the case mortality is 53% out of all the suspected cases or 81% for those with encephalitic clinical signs.() The case mortality is 94% for the Kerala outbreak in India ()There have only been seven known human cases of HeV infection in Australia in the past 16 years, four of which have been fatal (three acute and one case of relapsed encephalitis).(6),(104),(107),(115)

<H2>Origin and Spread of Epidemics

Fruit bats (flying foxes) in the genus Pteropus, family Pteropodidae, suborder Megachiroptera are main reservoir hosts of HeV and NiV.(33),(56),(164),(165) In Australia, HeV has been shown to occur in all four flying fox species, with the crude seroprevalence of 47%, indicating an endemic pattern of infection throughout Australia.(42) Serologic tests show that NiV or NiV-related virus is widely dispersed in pteropid bats in from Malaysia,  to the west border of Africa (Fig. 14.10). especially the Island flying fox (Pteropus hypomelanus) and the Malayan flying fox (Pteropus vampyrus).(164) NiV was first isolated from the urine of Island flying foxes and from the saliva on partially eaten fruit(33) and has since been isolated from Lyle's flying foxes (Pteropus lylei) in Cambodia.(120) and Pteropus medius in Bangladesh() The Indian flying fox (Pteropus giganteus) is the only main pteropid species throughout Bangladesh and the Indian subcontinent with a high seroprevelence of henipavirus-specific antibody.(39),(68),(86),(87) Additional serologic and limited nucleic acid evidence has suggested that related henipaviruses are circulating in other regions, including Thailand, Indonesia, Vietnam, China, Madigascar, and several countries and regions in West Africa.(36),(61),(70),(81),(131),(145)

Neither HeV nor NiV appear to cause clinical disease in flying foxes infected naturally,(42),(43),(119),(164) and experimental infection with doses of HeV, consistently shown to be lethal in horses, generates only sporadic vasculitis in the lung, spleen, meninges, kidney, and gastrointestinal tract and only in a proportion of infected bats.(156) Viral antigen is detected in the tunica media rather than endothelial cells, a fact that may spare the flying fox from the clinical effects associated with vasculitis.(37) In infected pregnant flying foxes, antigen was observed in similar locations and in the placenta.(155) The mode of transmission between flying foxes is unknown. Transplacental transmission has also been observed experimentally without apparent harm to the fetus.(155) Experimental infection of flying foxes with NiV produced a subclinical infection with a transient presence of virus within selected viscera along with periodic viral excretion in bat urine and seroconversion with neutralizing antibody present.(94)

The spillover and epidemic hosts of HeV and NiV were horses in Australia and pigs in Malaysia. All human infections with HeV in Australia and NiV in Malaysia have only occurred through transmission from these domestic animal hosts.(30),(111) No evidence exists of direct transmission from pteropid bats to humans in Australia or Malaysia, despite many opportunities in Australia for transmission to bat carers.(127),(129) In contrast, flying foxes apparently play a direct role in the transmission of NiV to humans in the many recent outbreaks of disease in Bangladesh, where epidemiologic evidence in support of a role for pigs was lacking.(43),(68) Three pathways of NiV transmission from bats to people have been identified based on epidemiologic investigations in Bangladesh.(85) Consumption of fresh date palm sap appears to be the predominant risk factor, and infrared camera studies have confirmed that P. giganteus bats frequently visit date palm sap trees and consume sap during collection.(126) In the 2005 NiV outbreak in Tangail District, Bangladesh, drinking raw date palm sap was the only activity significantly associated with illness (64% among cases vs. 18% among controls).(87) Another route of transmission for NiV from bats to people in Bangladesh could be via domestic animals. Contact with a sick cow in Meherpur, Bangladesh, in 2001 was strongly associated with NiV infection,(68) and contact with pigs and diseased goats have also been implicated in other occurrences of NiV in Bangladesh.(85) Although NiV has never been isolated in domestic livestock animals, serological evidence was reported for antibodies to NiV or NiV-related viruses in cattle, goats and pigs in Bangladesh. () Transmission via direct contact with NiV-infected bat secretions also appears possible from evidence in the Goalando outbreak in 2004, where individuals who climbed trees were more likely to develop NiV infection than controls.(99)

The mode of transmission from bats to spillover hosts in Australia and Malaysia remains to be determined. Three principal hypotheses exist. One is that masticated pellets of virus-contaminated, residual fruit pulp spat out by flying foxes are ingested by horses or pigs.(164) The second is that urine from infected animals contaminates pastures or pigsties. The third is that infected fetal tissues or fluids contaminate pastures or sties and are ingested. The latter is based largely on the fact that the HeV outbreaks have occurred during the birthing period of some species of flying fox and is supported by the isolation of virus from a pregnant flying fox and its fetus.(56)

HeV has been transmitted from horse to man on seven occasions from 1994 to 2009, twice during the initial outbreak in Brisbane,(4) twice during necropsy of horses that died in the field,(125),(130) twice during either daily nasal cavity lavage and participating in a necropsy,(115) and once from performing an endoscopy on an infected horse.(6) HeV is rarely found in the bronchi or bronchioles of infected horses, which suggests that aerosol transmission to either man or horses is less likely(64) and horse-to-horse transmission of HeV has not been demonstrated.(156) The presence of HeV in equine saliva, however, suggests that close contact with infected horses, such as might occur during manual feeding of the animals, may facilitate horse-to-human transmission.(130) The presence of virus in a wide range of tissues and in the nasal discharge commonly found at the terminal stage of infection offers a range of sources for virus transmission during necropsy.(103),(104) As shown in Fig.ure 37.514.1xA, high level of viral antigen can be detected in the nasal cavity of HeV-infected horses.

<FIG>

In the Malaysian NiV outbreak, contact with pigs or fresh pig products was required for transmission of the virus to humans, with greater likelihood of transfer to those in direct contact with sick or dying pigs on farms or in abattoirs.(30),(111) The presence of NiV in the respiratory epithelium of naturally and experimentally infected pigs (Fig. 37.514.1xB) indicated that virus probably spread to humans and within the pig population by aerosol or by direct contact with oropharyngeal or nasal secretions.(95),(97),(149) The presence of the virus in a wide range of organs indicates that humans may also have been infected during processes such as slaughtering or farrowing. In Bangladesh, pigs were excluded as potential sources of NiV on epidemiolog grounds, and human-to-human transmission was observed.(54),(62) The virus may have been transmitted to human index cases directly through contact with fruit bat secretions in contaminated fruit or date palm sap before circulation in the human population.(33),(43),(68),(85) Nosocomial transmission has been detected in some of the Bangladesh and India outbreaks.(9),(23),(85) In the Philippines NiV outbreak, Of the 17 case-patients, a total of 7 (41%) had participated in horse slaughtering and horse meat consumption;  3 (18%) had only consumed horse meat and but had no history of slaughtering or meat preparation; 5 (29%) case-patients had been exposed to other human casepatients but not to any horses. So it is possible that both horse-to-human and human-to-human transmission might have occurred. () For the Kerala NiV outbreak, while it remains undefined how the index case was exposed to NiV, it was evident that human-to-human transmission was the main driver for the spread of the virus in both family/community and hospital settings. ()

<H1>Clinical Features

<H2>Incubation Period

Based on the time interval between the last exposure to pigs and onset of disease, the incubation period for NiV ranged from 2 to 45 days; however, for 90% of patients, it was 2 weeks or less.(27),(28),(48) An estimate of 2 to 3 weeks was made based on the time interval between importation of pigs from NiV-affected areas of Malaysia and development of human disease at a Singaporean abattoir.(25) A mean incubation period of 9.4 days was calculated for four patients who had a fixed period of exposure.(27) In the occurrence of HeV in Australia in 2008, a detailed examination of exposure histories from two infected patients (one fatal) suggested a likely incubation period of 9 to 16 days, with exposure occurring some 3 days before the onset of symptoms of HeV infection in the horse.(115)

<H2>Acute Clinical Features

The first two patients infected with HeV presented with myalgia, headaches, lethargy, and vertigo. One patient recovered; however, the other developed pneumonitis, respiratory failure, renal failure, and arterial thrombosis, and died of cardiac arrest 7 days after admission to the hospital. Findings at autopsy were consistent with a viral infection; both lungs were congested, hemorrhagic, and filled with serous fluid, and the histology revealed focal necrotizing alveolitis with many giant cells, some syncytial formation, and viral inclusions.(130) A third case of HeV infection presented first with meningitis and a 12-day history of sore throat, headache, drowsiness, vomiting, and neck stiffness. After an apparent full recovery, this patient developed fatal encephalitis 13 months later and was admitted to the hospital with a generalized tonic-clonic seizure after 2 weeks of irritable mood and low back pain. Recurrent focal motor seizures occurred over the next 7 days, as did secondarily generalized seizures and low-grade fever, followed by dense right hemiplegia, signs of brain stem involvement, and depressed consciousness requiring intubation. The patient remained comatose and died 25 days after admission.(107) Two patients in 2008(115) presented with initial influenza-like illness, although soon after apparent clinical improvement and an absence of fever, encephalitis developed in both. Magnetic resonance imaging (MRI) revealed widespread cortical, subcortical, and deep white matter involvement, similar to the previous late-onset case of HeV encephalitis(107) and to NiV encephalitis cases.(78),(127)

With NiV, the mean duration of illness from the onset of symptoms to the nadir was 3 to 31 days, with an average of 6.9 days.(48) Most patients presented with acute encephalitis characterized by fever, headache, drowsiness, dizziness, myalgia, and vomiting, and more than 50% had a reduced level of consciousness.(27),(30),(48),(114) The major clinical signs included drowsiness, areflexia, segmental myoclonus, tachycardia, hypertension, pinpoint pupils, and an abnormal doll's eye reflex. Such clinical features as these suggested involvement of the brain stem and upper cervical spinal cord, and were observed more frequently in patients with a reduced level of consciousness.(48),(139) Patients who retained normal levels of consciousness throughout their illness recovered fully; however, only 15% with reduced levels of consciousness survived. Such neurologic manifestations are consistent with vasculitis-induced thrombosis in the brain and the direct infection of neurons.(29),(30),(114),(159) The multiple discrete lesions 1 to 5 mm in diameter in the cerebral white matter detected by MRI may be the site of such microinfarctions and are distinct from lesions caused by other viruses.(30),(82),(114),(127),(159) Although the predominant clinical features of NiV encephalitis derive from CNS involvement, a proportion of patients displayed pulmonary involvement, which presented as an atypical pneumonia with fever, cough, and headache.(27),(48),(114) The clinical presentation of NiV infections in Bangladesh is also predominantly a severe respiratory disease.(67)

<H2>Outcome of Infection

Most patients who survived acute NiV encephalitis made a full recovery; however, approximately 20% had residual neurologic deficits.(27),(48),(83) Neurologic sequelae included cognitive difficulties, tetraparesis, cerebellar signs, nerve palsies, and clinical depression. A few patients remained in a vegetative state. In patients with encephalitis who recovered, most brain lesions revealed by MRI disappeared or became smaller over a period of 12 to 18 months, although some remained unchanged during this period.(83) Approximately 7.5% of patients who recovered from acute encephalitis and 3.4% of those who experienced nonencephalitic or asymptomatic infection developed late neurologic disease.(48),(127),(138),(161) Relapse encephalitis and late-onset encephalitis presented several months to 4 years after the initial infection. Relapsed cases had elevated IgG, but not IgM, and no vasculitis, and unlike the situation in acute encephalitis, virus was not isolated from throat and nasal secretions.(30)(–)(32),(127),(159),(161)

The clinical features associated with relapse and late-onset encephalitis resembled those found with acute NiV encephalitis, although decreased incidence was seen of fever, coma, segmental myoclonus, and meningism and an increased occurrence of seizures and focal cortical signs compared with the acute manifestation of the disease.(138) The clinical, radiologic, and pathologic features of relapse NiV encephalitis resembled those of the patient who became infected with HeV, suffered mild, transient aseptic meningitis, and recovered but died of a fatal meningoencephalitis 13 months later.(107),(158) Most patients with relapse and late-onset encephalitis had only one neurologic episode, although some patients experienced two episodes separated by a mean of 7.6 months (6 weeks to 1 year).(138) The mortality rate associated with relapse and late-onset encephalitis at 18% was lower than that associated with acute encephalitis, at 30% to 40%. However, 61% of patients with relapse and late onset had further neurologic sequelae compared with 22% after acute encephalitis. Among NiV survivors in Bangladesh, some 30% have moderate to severe persistent neurologic dysfunction for years following acute infection.(128)

The demographics, clinical features, serology, and MRI of patients with relapsed and late-onset encephalitis were similar, suggesting that the two diseases have identical pathogenesis(138) and that the initial infection in late-onset encephalitis patients may not have been sufficiently severe to cause neurologic symptoms. MRI abnormalities similar to those observed in patients with acute encephalitis were also seen in 16% of asymptomatic patients, although the lesions were fewer in number.(139) The involvement of the cortex in relapse and late-onset encephalitis suggests a different pathologic mechanism compared with acute encephalitis. Relapse and late-onset encephalitis are considered to be caused by the recrudescence and rapid replication of virus that had persisted following acute or asymptomatic NiV infection.(138) NiV, however, was not isolated from CSF and brain tissue of patients with relapse and late-onset encephalitis.(138)

<H1>Diagnosis	Comment by LINFA: I don’t think there is anything new and worthwhile to add here.

<H2>Laboratory Diagnosis

Virus isolation, EM, immuno-EM, immunohistochemistry (IHC), serology, and polymerase chain reaction (PCR) played key roles in the initial discovery of HeV(104) and NiV,(29) and they remain essential elements in a repertoire of procedures for the rapid and specific diagnosis of henipavirus infections in humans and animals.

During investigation of a suspected disease outbreak, attempts to grow henipaviruses may be initiated in a BSL3 laboratory. However, if a cytopathic effect (CPE) is observed and the growth of henipavirus is confirmed by PCR or immune staining, infected cultures should be handled under BSL4 conditions and subsequent work with live virus restricted to BSL4. Both HeV and NiV replicate in various cell lines—a feature that contributed to the efficiency with which they were isolated during the initial disease outbreak investigations.(29),(104) Vero cells are commonly used, generating titers of virus as high as 108 infectious virions per milliliter.(28),(34) In fatal cases, attempts should be made to isolate virus from brain, lung, kidney, and spleen.(34) For tissue specimens containing a high virus load, direct examination by immuno-EM and IHC can be very useful in providing early diagnosis. Various antibody reagents have been developed for this purpose, including polyclonal antisera, monospecific antibodies raised against recombinant antigens,(147) and monoclonal antibodies (mAb) raised against whole virions or vaccinia virus–expressed viral proteins.(71),(140),(141),(153) Using HeV- or NiV-specific mAb, it is possible to differentiate between the two viruses.(141),(153) Quantitative real-time PCR (TaqMan assay) has been the method of choice to detect viral materials in infected tissues because of its speed, specificity, and sensitivity. The first-generation henipavirus TaqMan assays are either HeV specific(134) or NiV specific.(52) Recently, several consensus henipavirus real-time PCR assays have been developed that target different conserved regions of the viral genome.(41) It should be cautioned that the current PCR tests may not work with new henipaviruses yet to be discovered, especially those from African bats, owing to expected greater genetic divergence than those detected in Australia and Asia.

For henipaviruses, serologic tests are important both during outbreak investigation and for disease surveillance. The virus neutralization test (VNT) is accepted as the reference standard.(34) Few laboratories, however, can conduct neutralization tests because of the requirement to handle live virus at BSL4. For surveillance and diagnostic purposes, three types of tests that do not require BSL4 containment have been developed:

1. Enzyme-linked immunosorbent assay (ELISA): Several ELISA-based tests have been reported for the detection of henipavirus antibodies.(34),(40),(73) For diagnosis of human infections, two different ELISA tests have been applied: an IgM capture ELISA for early diagnosis of infection and an indirect ELISA for detection of IgG antibodies.(34)

1. Liquid protein array multiplex test: A Luminex-based test based on recombinant soluble G proteins of HeV and NiV was developed that is capable of mimicking VNT with great sensitivity and differentiating between antibody responses of HeV versus NiV infection.(15)

1. Pseudotype virus: Different pseudotype systems carrying the henipavirus F and G proteins have been developed as a surrogate VNT for detecting henipavirus-specific antibodies.(72),(74),(137) Incorporation of reporter genes in these systems resulted in greater sensitivity and reproducibility.(72),(137)

<H1>Prevention and Control

<H2>Treatment

Ribavirin, which inhibits replication of HeV in vitro,(162) was used during the NiV outbreak in Malaysia in an open-label study in which 140 patients with encephalitis were given the drug, and 54 patients who presented before ribavirin became available or who refused treatment acted as controls.(26) Mortality in the treated group was 32% compared with 54% in the control group, representing a 35% reduction (P = 0.011). Duration of ventilation and total hospital stay were both significantly shorter in the ribavirin group (P = 0.0002 and <0.0001, respectively). In the absence of other therapies, ribavirin may be an option for treatment of henipavirus infections. However, two HeV-infected patients in 2008(115) were given a high-dose intravenous regimen of ribavirin, although basal concentrations appeared inadequate given the results of in vitro susceptibility testing of HeV, and the efficacy of ribavirin as therapy or prophylaxis in people remains at best uncertain. Chloroquine, an antimalarial drug, was first demonstrated to block the critical proteolytic processing needed for HeV F maturation and function.(109) Not surprisingly, the drug was later shown to inhibit NiV and HeV infection in cell culture experiments.(117) Chloroquine was administered along with ribavirin to one HeV-infected individual in 2009(6) with no apparent clinical benefit.

In vivo, ribavirin only delayed but did not prevent deaths caused by NiV and had no effect on HeV infection in a hamster model.(44),(47) Ribavirin treatment also only delayed disease onset by 1 to 2 days in African green monkeys challenged with HeV with no significant benefit for disease progression or outcome.(121) Chloroquine administration, either alone or in combination with ribavirin, had no therapeutic benefit in ferrets challenged with NiV or hamsters challenged with either NiV or HeV.(44),(110)

<H2>Vaccines and Passive Immunotherapy

No henipavirus vaccines are available at this time; however, studies suggest that vaccination may offer several viable anti-henipavirus strategies.(22),(38) NiV F and G glycoproteins expressed from vaccinia virus elicit neutralizing antibodies in mice and hamsters,(51),(136) with higher antibody titers generated in response to the G glycoprotein compared with the F glycoprotein. Hamsters were protected from lethal challenge with NiV following vaccination with vaccinia virus expressing either NiV F or G glycoprotein.(51) The challenge virus was capable of hyperimmunizing vaccinated animals, indicating that although the virus replicated, the presence of neutralizing antibodies ameliorated replication to an extent that limited infection and prevented clinical disease. Further, the protection afforded hamsters by passive transfer of anti-G and anti-F antibodies before a lethal NiV or HeV challenge confirmed both the importance of a humoral protective immune response to NiV.(51),(53)

HeV G glycoprotein has been expressed in a soluble form (sG-HeV) that retains many native characteristics and can elicit a potent cross-reactive neutralizing antibody response in rabbits.(14) Rabbit anti-HeV G antibodies neutralize both HeV and NiV in cell culture, displaying a slightly higher titer against the homologous virus. The nature and location of the neutralizing epitopes on the F glycoprotein have not been reported, although preliminary information is available for the HeV G glycoprotein.(153) Four neutralizing epitopes have been mapped on the globular head of the HeV G protein. Two are located on the base of the head and two on the top, in locations resembling those identified as neutralizing sites in other paramyxoviruses.

Immunization and challenge studies using recombinant sG-HeV in the cat model have demonstrated that the protein can illicit a completely protective immune response against NiV challenge,(101) even at a low-dose formulation with CpG and Alhydrogel and a two-dose protocol followed by oronasal challenge with 50,000 TCID50 of NiV.(91) Further sG-HeV immunization studies have been completed in the ferret with a HeV challenge (J. Pallister and L-F. Wang, in submission) and in the African green monkey with a NiV challenge (T. Geisbert and C. Broder, in submission). In both of these investigations, complete protection from henipavirus-induced disease was achieved. The potential application of sG-HeV as an equine vaccine is being evaluated in Australia (D. Middleton, personal communication). These data suggest that a single vaccine (sG-HeV) may be effective against both HeV and NiV. Analysis of the antibody responses in sera from naturally infected or immunized sources has also shown that HeV-infected sources had high levels of NiV G cross-reactive antibodies, whereas NiV-infected individuals had limited cross-reactive antibodies to HeV G. Together, these data suggested that the HeV G stimulates a more cross-reactive immune response.(15)

The sG-HeV glycoprotein was also used to isolate HeV G-specific human mAbs. One human mAb (m102.4) was HeV and NiV cross-reactive and possessed extremely potent virus neutralizing activity.(167),(168) In vivo studies have demonstrated that m102.4 can protect animals from a lethal challenge with henipavirus as a postexposure application in the ferret model with NiV(19) and in the African green monkey model with HeV (T. Geisbert and C. Broder, in submission). In August 2009, m102.4 was used on a compassionate basis to save the life of an HeV-infected individual while in a coma (G. Playford, personal communication). Unfortunately, delivery and intravenous administration of only 100 mg of available antibody occurred after the onset of encephalitis, and the individual died shortly thereafter. During the 2010 HeV emergence, 11 people had potential exposure and 2 individuals considered at high risk. In this instance, the m102.4 antibody was given to 2 individuals prior to HeV diagnosis or the onset of clinical disease(5) at doses sufficient to achieve a high serum concentration. Both individuals have remained healthy. Altogether, these findings highlight the therapeutic potential of antibody-based passive transfer modalities for treating henipavirus exposure.

<H2>Peptide Inhibitors

The first potential henipavirus-specific therapeutic was shown to be a heptad peptide-based fusion inhibitor(17) analogous to the human immunodeficiency virus type 1 (HIV-1)-specific peptide, enfuvirtide (Fuzeon) approved by the Food and Drug Administration (FDA) in March 2003. The henipavirus F1 glycoprotein resembles other fusion glycoproteins in having α-helical heptad repeat (HR) domains proximal to both the fusion peptide at the amino (N) terminus and the transmembrane domain near the carboxy (C) terminus of the protein. The HR domains are involved in the formation of a trimer-of-hairpins structure during or immediately following the fusion of virus and cell membranes that occurs during infection. Addition of exogenous peptide from either HR domain blocks formation of the trimer-of-hairpins and abrogates membrane fusion and entry of the viral genome into the cell.(16),(17),(38) These observations were followed up with testing cholesterol tagged HR-derived peptides in the hamster model of NiV infection.(118) The in vivo efficacy of peptide fusion inhibitors of henipavirus infection merits further investigation.

<H1>Perspective and Geographic Considerations

The high virulence of the henipaviruses and the requirement for BSL4 facilities have hampered investigations into the biology and pathogenesis of these novel paramyxoviruses. Recent investigations into the structure and function of henipavirus proteins expressed from cloned genes have provided insight into the functions of many henipavirus proteins in infected cells. It remains to be determined if all of the functional characteristics of the henipavirus proteins determined in vitro accurately reflect the role that they play in the cells of both terrestrial and chiropteran hosts.

Many questions relating to the ecology and biology of henipaviruses remain unanswered. Little doubt exists that Pteropus species of fruit bats are the major reservoir host of these viruses. With the wide geographic range of Pteropus species as overlapping populations, extending from islands in the South Pacific through Australia, and southern Asia to Pakistan, and with additional species on islands off the eastern coast of Africa, together with the cross-reactive serologic evidence of henipavirus presence,(61),(81) it would seem that several other related viruses may remain to be identified.(43),(56) The emergence of these and related viruses is probably associated with the destruction of the flying fox native habitats, driving the animals to seek food from orchards and ornamental trees in urban and periurban areas. Thus, with continued deforestation, undoubtedly further outbreaks of HeV, NiV, and novel related members of the genus will occur. The mechanisms by which henipaviruses are transmitted between fruit bats and maintained within their colonies, as well as the pathways leading to the infection of spillover hosts, remain to be elucidated.
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Figure 37.1. Syncytia induced in vero cells 24 hours after infection by Hendra virus (HeV) (A) and Nipah virus (NiV) (B). Methanol-fixed infected cells were labeled with rabbit monospecific antiserum to the HeV P protein and fluorescein-conjugated goat antirabbit immunoglobulin G. P protein is detected in extensive perinuclear ribonucleoprotein complexes (small arrow) and in discrete regularly shaped arrays (large arrow) distributed throughout the cytoplasm and believed to be sites of virus egress from the cell. Nuclei are indicated by chevrons.

Figure 37.2.  A:  Electron micrograph of Nipah virus (NiV)-infected Vero cells showing tubule-like structures, both in the cytoplasm and in a maturing virus particle (arrows).  B:  Electron micrograph of negatively stained Hendra virus (HeV) displaying the double fringe at the virus envelope (small arrow) and the herringbone nucleocapsids (large arrow). (Courtesy of Dr. Alex Hyatt, CSIRO Australian Animal Health Laboratory.)

Figure 37.3. Genome size and organization of Hendra virus compared with type species of each of the other four classified genera in the subfamily Paramyxovirinae. Genome lengths (in nucleotides) are given in brackets after each virus.

Figure 37.4. Phylogenetic relationship between the N protein sequences of henipavirus isolates from different geographic locations. The virus nomenclature abbreviation follows the following format: virus/country origin/host/year/isolate name. For example, NiV/KH/BA/2004/KHM represents a Nipah virus isolated from bats in Cambodia in 2004 with KHM as its isolate name.

Figure 37.5. Immunoperoxidase detection of viral antigen in henipavirus-infected tissues.  A:  Staining of Hendra virus (HeV) antigen (N protein-specific antibody) within the wall of superficial arteriole in the submucosa of the nasal cavity in a HeV-infected horse.  B:  Immunolabeling (using anti–Nipah virus rabbit serum) within the lung of a pig infected with Nipah virus. Involvement of bronchial epithelium and airway debris is noted. (Courtesy of Dr. Deborah Middleton, CSIRO Australian Animal Health Laboratory.)

Table 37.1. Summary of Henipaviruses Isolated from Different Species and Geographic Locations

		 

		 

		Isolation details

		 



		Virus

		Isolate name and number

		Year

		Country

		Host species/tissue

		Reference



		Hendra

		Horse-1

		1994

		Australia

		Horse/spleen, lung

		(104)



		 

		VR-1

		1994

		Australia

		Human/lung, liver, kidney, spleen

		(104)



		 

		Bat-1-1

		1996

		Australia

		Grey-headed flying fox (Pteropus poliocephalus)/uterine fluid

		(56)



		 

		Bat-1-2

		1996

		Australia

		Grey-headed flying fox (P. poliocephalus)/fetus

		(56)



		 

		Bat-2
Murwillumbah
Clifton Beach
Peachester
Redlands
Proserpine

		1996
2006
2007
2008
2008
2008

		Australia
Australia
Australia
Australia
Australia
Australia

		Black flying fox (Pteropus alecto)/fetal lung
Horse/lung
Horse/lung
Horse/blood
Horse/lung
Horse/lung

		(56)

(90)
(90)
(90)
(90)
(90)



		Nipah

		PKL

		1999

		Malaysia

		Human/cerebral spinal fluid

		(29), (30)



		 

		EKK

		1999

		Malaysia

		Human/cerebral spinal fluid

		(29), (30)



		 

		WWS

		1999

		Malaysia

		Human/cerebral spinal fluid

		(29), (30)



		 

		UMMC1

		1999

		Malaysia

		Human/cerebral spinal fluid

		(24)



		 

		UMMC2

		1999

		Malaysia

		Human/throat secretion

		(24)



		 

		UM-0128

		1999

		Malaysia

		Human

		(2)



		 

		VRI-0626

		1999

		Malaysia

		Pig/lung

		(2)



		 

		VRI-1413

		1999

		Malaysia

		Pig/lung

		(2)



		 

		VRI-2794

		1999

		Malaysia

		Pig/lung

		(2)



		 

		B13/6-18

		2000

		Malaysia

		Bat/pooled urine

		(33)



		 

		B13/6-43

		2000

		Malaysia

		Bat/pooled urine

		(33)



		 

		JA13/6-4

		2000

		Malaysia

		Bat/partially eaten jambu air fruit

		(33)



		 

		Rajbari-1

		2004

		Bangladesh

		Human/oropharyngeal

		(57)



		 

		Rajbari-2

		2004

		Bangladesh

		Human/cerebral spinal fluid

		(57)



		 

		Faridpur

		2004

		Bangladesh

		Human/urine

		(57)



		 

		Rajshahi

		2004

		Bangladesh

		Human/urine

		(57)



		 

		CSUR381

		2004

		Cambodia

		Flying fox (Pteropus lylei)/urine

		(120)



		 

		CSUR382

		2004

		Cambodia

		Flying fox (P. lylei)/urine

		(120)
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Nichol, S. T.���2019a��Adaptive immune responses in humans during Nipah virus acute and convalescent phases of infection���Clin Infect Dis���Jan 7å��Background: Nipah virus (NiV) is one of ten potential causes of imminent public health emergencies of international concern. We investigated the NiV outbreak that occurred in May 2018 in Kerala, India. Here we describe the longitudinal characteristics of cell-mediated and humoral immune responses to NiV infection during the acute and convalescent phases in two human survivors. Methods: Serial blood samples were obtained from the only two survivors of the NiV outbreak in Kerala. We used flow cytometry to determine the absolute T lymphocyte and B lymphocyte counts and the phenotypes of both T and B cells. We also detected and quantitated the humoral immune response to NiV by virus-specific IgM and IgG ELISA. Results: Absolute numbers of T lymphocytes remained within normal limits throughout the period of illness studied in both survivors. However, a marked elevation of activated CD8 T cells was observed in both cases. Over 30% of total CD8 T cells expressed Ki67, indicating active proliferation. Proliferating (Ki-67+) CD8 T cells expressed high levels of granzyme B and PD-1, consistent with the profile of acute effector cells. Total B lymphocyte, activated B cell, and plasmablast counts were also elevated in NiV survivors. These individuals developed detectable NiV-specific IgM and IgG antibodies within a week of disease onset. Clearance of NiV RNA from blood preceded the appearance of virus-specific IgG and coincided with the peak of activated CD8 T cells. Conclusion: We describe for the first time longitudinal kinetic data on the activation status of human B and T cell populations during acute Nipah virus infection. While marked CD8 T cell activation was observed with effector characteristics, activated CD4 T cells were less prominent.,��https://www.ncbi.nlm.nih.gov/pubmed/30615097ñ��Arunkumar, Govindakarnavar
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profile���Jan 6,��OBJECTIVES: To evaluate the global incidence of ameloblastoma and to provide a profile of ameloblastoma patients. MATERIAL AND METHODS: A systematic review and meta-analysis was conducted. Searches were performed in PubMed, EMBASE, SCOPUS, and Web of Science for articles published from 1969 to 2018 for the global incidence and from 1995 to 2018 for the profile of ameloblastoma patients. RESULTS: Seven studies on the incidence rate of ameloblastoma were included in the meta-analysis. These studies only covered Europe, Africa, and Australia. The pooled incidence rate was 0.92 per million person-years (95% CI: 0.57-1.49), with significant heterogeneity between studies. Forty-two articles provided profile data of 6,446 ameloblastoma patients. Mean age was 34 years and the peak age incidence in the third decade of life. In Europe and North America, ameloblastoma mostly occurred at an older age when compared to Africa and South America. A slight male preference (53%) was found, and the mandible appeared to be the preferred site. The most common type of ameloblastoma was multicystic. The histopathologic patterns were mostly follicular and plexiform. CONCLUSIONS: This is the first study assessing the global incidence of ameloblastoma. The pooled incidence rate was determined to be 0.92 per million person-years.,��https://www.ncbi.nlm.nih.gov/pubmed/306141542��Hendra, Faqi Nurdiansyah
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Johnson, J.���2018x��Managing the risk of Hendra virus spillover in Australia using ecological approaches: A report on three community juries���e0209798���PLoS One���13���12±��BACKGROUND: Hendra virus (HeV) infection is endemic in Australian flying-fox populations. Habitat loss has increased the peri-urban presence of flying-foxes, increasing the risk of contact and therefore viral 'spillovers' into horse and human populations. An equine vaccine is available and horse-husbandry practices that minimize HeV exposure are encouraged, but their adoption is suboptimal. Ecological approaches-such as habitat creation and conservation-could complement vaccination and behavioural strategies by reducing spillover risks, but these are controversial. METHODS: We convened three community juries (two regional; one metropolitan) to elicit the views of well-informed citizens on the acceptability of adding ecological approaches to current interventions for HeV risk. Thirty-one participants of diverse backgrounds, mixed genders and ages were recruited using random-digit-dialling. Each jury was presented with balanced factual evidence, given time to ask questions of expert presenters and, after deliberation, come to well-reasoned conclusions. RESULTS: All juries voted unanimously that ecological strategies should be included in HeV risk management strategies but concluded that current interventions-including vaccination and changing horse-husbandry practices-must remain the priority. The key reasons given for adopting ecological approaches were: (i) they address underlying drivers of disease emergence, (ii) the potential to prevent spillover of other bat-borne pathogens, and (iii) there would be broader community benefits. Juries differed regarding the best mechanism to create/conserve flying-fox habitat: participants in regional centres favoured direct government action, whereas the metropolitan jury preferred to place the burden on landholders. CONCLUSIONS: Informed citizens acknowledge the value of addressing the drivers of bat-borne infectious risks but differ substantially as to the best implementation strategies. Ecological approaches to securing bat habitat could find broad social support in Australia, but disagreement about how best to achieve them indicates the need for negotiation with affected communities to co-develop fair, effective and locally appropriate policies.,��https://www.ncbi.nlm.nih.gov/pubmed/30596719ò��Degeling, Chris
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swine���Dec 21���Hendra virus (HeV) and Nipah virus (NiV), belonging to the genus Henipavirus, are among the most pathogenic of viruses in humans. Old World fruit bats (family Pteropodidae) are the natural reservoir hosts. Molecular and serological studies found evidence of henipavirus infection in fruit bats from several African countries. However, little is known about the potential for spillover into domestic animals in East Africa, particularly pigs, which served as amplifying hosts during the first outbreak of NiV in Malaysia and Singapore. We collected sera from 661 pigs presented for slaughter in Uganda between December 2015 and October 2016. Using HeV G and NiV G indirect ELISAs, 14 pigs (2%) were seroreactive in at least one ELISA. Seroprevalence increased to 5.4% in October 2016, when pigs were 9.5 times more likely to be seroreactive than pigs sampled in December 2015 (p = 0.04). Eight of the 14 ELISA-positive samples reacted with HeV N antigen in Western blot. None of the sera neutralized HeV or NiV in plaque reduction neutralization tests. Although we did not detect neutralizing antibodies, our results suggest that pigs in Uganda are exposed to henipaviruses or henipa-like viruses. Pigs in this study were sourced from many farms throughout Uganda, suggesting multiple (albeit rare) introductions of henipaviruses into the pig population. We postulate that given the widespread distribution of Old World fruit bats in Africa, spillover of henipaviruses from fruit bats to pigs in Uganda could result in exposure of pigs at multiple locations. A higher risk of a spillover event at the end of the dry season might be explained by higher densities of bats and contact with pigs at this time of the year, exacerbated by nutritional stress in bat populations and their reproductive cycle. Future studies should prioritize determining the risk of spillover of henipaviruses from pigs to people, so that potential risks can be mitigated.,��https://www.ncbi.nlm.nih.gov/pubmed/30576076F��Atherstone, Christine
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quality improvementP��Acute kidney injury (AKI) is a common syndrome that is associated with significant mortality and cost. The Quality Improvement AKI Collaborative at Salford Royal Foundation Trust was established to review and improve both the recognition and management of AKI. This was a whole-system intervention to tackle AKI implemented as an alternative to employing separate AKI nurses. Our aims were to reduce the overall incidence of AKI by 10%, to reduce hospital-acquired AKI by 25% and to reduce the progression of AKI from stage 1 to stage 2 or 3 by 50%. From 2014 to 2016, several multifaceted changes were introduced. These included system changes, such as inserting an e-alert for AKI into the electronic patient record, an online educational package and face-to-face teaching for AKI, and AKI addition to daily safety huddles. On 10 Collaborative wards, development of an AKI care bundle via multidisciplinary team (MDT) plan, do, study, act testing occurred. Results showed a 15.6% reduction in hospital-wide-acquired AKI, with a 22.3% reduction on the collaborative wards. Trust-wide rates of progression of AKI 1 to AKI 2 or 3 showed normal variation, whereas there was a 48.5% reduction in AKI progression on the Collaborative wards. This implies that e-alerts were ineffective in isolation. The Collaborative wards' results were a product of the educational support, bundle and heightened awareness of AKI. A number of acute hospitals have demonstrated impactful successes in AKI reduction centred on a dedicated AKI nurse model plus e-alerting with supporting changes. This project adds value by highlighting another approach that does not require a new post with attendant rolling costs and risks. We believe that our approach increased our efficacy in acute care in our front-line teams by concentrating on embedding improved recognition and actions across the MDT.,��https://www.ncbi.nlm.nih.gov/pubmed/305559310��Sykes, Lynne
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unicystic ameloblastoma���Dec 12³��OBJECTIVES: The aim of the present study was to assess the outcomes of radical and conservative treatment approaches of solid/multicystic and unicystic ameloblastoma in terms of recurrence rates. MATERIAL AND METHODS: A systematic review and meta-analysis was conducted based on the PRISMA statement. Search was performed using PubMed, Embase, SCOPUS, and Web of Science for articles published from January 1969 until March 2018. Quality assessment of the selected articles was conducted using the Quality Appraisal of Case Series Studies Checklist. The meta-analysis was performed using the MedCalc program. RESULTS: The search strategy yielded 6,984 articles; 20 studies met the eligibility criteria and were included in the meta-analysis. The pooled recurrence rate of solid/multicystic ameloblastomas following radical treatment was 8%, while conservative treatment caused recurrences in 41%. For unicystic ameloblastomas, these values were 3% and 21%, respectively. The risk of recurrences in both types of ameloblastomas following radical treatment was lower than following conservative treatment. CONCLUSIONS: The present study showed statistically significant differences in recurrence favoring radical treatment for both unicystic and solid/multicystic ameloblastoma. The solid/multicystic type showed more recurrences than the unicystic type. Unfortunately, since only retrospective studies were available, the evidence is less strong as wished for.,��https://www.ncbi.nlm.nih.gov/pubmed/30548549-��Hendra, Faqi Nurdiansyah
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transendothelial migration���Nipah virus (NiV) can infect multiple organs in humans with the central nervous system (CNS) being the most severely affected. Currently, it is not fully understood how NiV spreads throughout the body. NiV has been shown to infect certain leukocyte populations and we hypothesized that these infected cells could cross the blood-brain barrier (BBB), facilitating NiV entry into the CNS. Here, three leukocyte types, primary immature dendritic cells (iDC), primary monocytes (pMO), and monocytic cell line (THP-1), were evaluated for permissiveness to NiV. We found only iDC and THP-1 were permissive to NiV. Transendothelial migration of mock-infected and NiV-infected leukocytes was then evaluated using an in vitro BBB model established with human brain microvascular endothelial cells (HBMEC). There was approximately a threefold increase in migration of NiV-infected iDC across endothelial monolayer when compared to mock-infected iDC. In contrast, migration rates for pMO and THP-1 did not change upon NiV infection. Across TNF-alpha-treated endothelial monolayer, there was significant increase of almost twofold in migration of NiV-infected iDC and THP-1 over mock-infected cells. Immunofluorescence analysis showed the migrated NiV-infected leukocytes retained their ability to infect other cells. This study demonstrates for the first time that active NiV infection of iDC and THP-1 increased their transendothelial migration activity across HBMEC and activation of HBMEC by TNF-alpha further promoted migration. The findings suggest that NiV infection of leukocytes to disseminate the virus via the "Trojan horse" mechanism is a viable route of entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/30483242À��Tiong, Vunjia
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Respiratory Tract Infections/etiology/genetics/immunology/virology���Nov9��Nipah virus (NiV) infection can lead to severe respiratory or neurological disease in humans. Transmission of NiV has been shown to occur through contact with virus contaminated fomites or consumption of contaminated food. Previous results using the African green monkey (AGM) model of NiV infection identified aspects of infection that, while similar to humans, don't fully recapitulate disease. Previous studies also demonstrate near uniform lethality that is not consistent with human NiV infection. In these studies, aerosol exposure using an intermediate particle size (7mum) was used to mimic potential human exposure by facilitating virus deposition in the upper respiratory tract. Computed tomography evaluation found some animals developed pulmonary parenchymal disease including consolidations, ground-glass opacities, and reactive adenopathy. Despite the lack of neurological signs, magnetic resonance imaging identified distinct brain lesions in three animals, similar to those previously reported in NiV-infected patients. Immunological characterization of tissues collected at necropsy suggested a local pulmonary inflammatory response with increased levels of macrophages in the lung, but a limited neurologic response. These data provide the first clear evidence of neurological involvement in the AGM that recapitulates human disease. With the development of a disease model that is more representative of human disease, these data suggest that NiV infection in the AGM may be appropriate for evaluating therapeutic countermeasures directed at virus-induced neuropathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/30462637Ú��Hammoud, Dima A
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Parker, S. J.���2019F��Decision-Making in the Emergency Laparotomy: A Mixed Methodology Study���798-805���World J Surg���43���3���Marþ��INTRODUCTION: More than 30,000 emergency laparotomies take place annually in England and Wales (Symons et al. in Br J Surg 100(10):1318-1325, 2013; Shapter et al. in Anaesthesia 67(5):474-478, 2012). They are associated with high morbidity and an average inpatient 30-day mortality rate of 11%. Inextricably linked to outcomes is the decision-making process of whether or not to operate (NELA Project Team First patient report of the National Emergency Laparotomy Audit. RCoA, London, 2015; Crebbin et al. in Aust N Z J Surg 83(6):422-428, 2013). A mixed-methods study was undertaken to investigate decision-making in the emergency laparotomy and influencing factors. METHODS: Semi-structured interviews were undertaken amongst general surgeons, exploring the decision-making process. Results helped guide design of an online survey, consisting of vignettes and subsequent questions. Respondents were asked to decide whether or not they would perform a laparotomy for each vignette and the results compared to grade, risk attitudes and reflective practice. Responses were analysed for effect of previous positive and negative experiences and for consistency. RESULTS: Interviews revealed multiple important factors when considering whether or not to perform an emergency laparotomy, broadly categorised into patient-related, surgeon-related and external factors. A total of 116 general surgeons completed the survey: 12 SHOs, 79 registrars and 25 consultants. Non-consultants were 10.4% (95% CI +/-9.7%) more likely to perform an emergency laparotomy than consultants (p = 0.036) on multivariate analysis. No association was observed between operative practices and risk attitudes (p = 0.22), reflective practice (p = 0.7) or previous positive or negative experiences in univariate (p = 0.67) or multivariate analysis. Surgeons were not proven to be either consistent nor inconsistent in their decision-making. CONCLUSION: The decision to operate or not in an emergency laparotomy directly effects patient outcome. This study demonstrates a difference in decision-making and risk attitudes between consultants and their juniors. To address this, formal teaching of models of decision-making, influencing factors and vignette-based consultant-led discussions should be introduced into surgical training.,��https://www.ncbi.nlm.nih.gov/pubmed/30456483���Hendra, Louise
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�Ebola virus (EBOV) and Nipah virus (NiV) infection of humans can cause fatal disease and constitutes a public health threat. In contrast, EBOV and NiV infection of fruit bats, the putative (EBOV) or proven (NiV) natural reservoir, is not associated with disease, and it is currently unknown how these animals control the virus. The human interferon (IFN)-stimulated antiviral effector protein tetherin (CD317, BST-2) blocks release of EBOV- and NiV-like particles from cells and is counteracted by the EBOV glycoprotein (GP). In contrast, it is unknown whether fruit bat tetherin restricts virus infection and is susceptible to GP-driven antagonism. Here, we report the sequence of fruit bat tetherin and show that its expression is IFN stimulated and associated with strong antiviral activity. Moreover, we demonstrate that EBOV-GP antagonizes tetherin orthologues of diverse species but fails to efficiently counteract fruit bat tetherin in virus-like particle (VLP) release assays. However, unexpectedly, tetherin was dispensable for robust IFN-mediated inhibition of EBOV spread in fruit bat cells. Thus, the VLP-based model systems mimicking tetherin-mediated inhibition of EBOV release and its counteraction by GP seem not to adequately reflect all aspects of EBOV release from IFN-stimulated fruit bat cells, potentially due to differences in tetherin expression levels that could not be resolved by the present study. In contrast, tetherin expression was essential for IFN-dependent inhibition of NiV infection, demonstrating that IFN-induced fruit bat tetherin exerts antiviral activity and may critically contribute to control of NiV and potentially other highly virulent viruses in infected animals.IMPORTANCE Ebola virus and Nipah virus (EBOV and NiV) can cause fatal disease in humans. In contrast, infected fruit bats do not develop symptoms but can transmit the virus to humans. Why fruit bats but not humans control infection is largely unknown. Tetherin is an antiviral host cell protein and is counteracted by the EBOV glycoprotein in human cells. Here, employing model systems, we show that tetherin of fruit bats displays higher antiviral activity than human tetherin and is largely resistant against counteraction by the Ebola virus glycoprotein. Moreover, we demonstrate that induction of tetherin expression is critical for interferon-mediated inhibition of NiV but, for at present unknown reasons, not EBOV spread in fruit bat cells. Collectively, our findings identify tetherin as an antiviral effector of innate immune responses in fruit bats, which might allow these animals to control infection with NiV and potentially other viruses that cause severe disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30429347N��Hoffmann, Markus
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miRNA���Sep2��Current re-emergence of Nipah virus (NiV) in India caused 11 deaths so far and many patients were kept in quarantine. A thorough study of previous outbreaks occurred in Malaysia, Bangladesh and India represents cases with high rate of fatality due to acute encephalitis. Our work involves genome analysis of NiV for prediction of miRNAs and their targeted genes in human in order to understand encephalitis origin. Ab-intio program-VMir was used for initial screening of genome, obtained nine pre-miRNAs was analyzed by ViralMir to check for any pseudo pre-miRNAs. Eighteen functional mature miRNAs were extracted from pre-miRNAs by using Mature-Bayes tool, which targets 669 genes in human genome as retrieved by miRDB. Gene ontology terms by PANTHER provide important pathways in which target genes were involved like Axon guidance, T cell activation, and nicotinic acetylcholine receptor signaling. Significant outcome was obtained after NCBI Gene and OMIM database mining and literature search for predicted target genes. TLR3, TJP1, NOTCH2, FHL1, and GRIA3 target genes obtained showed their involvement in host defense, blood brain barrier, neurogenesis, mental retardation and encephalitis. To conclude, we predicted significant genes in human that can be inhibited by miRNAs of NiV and results in etiology of encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/30426028í��Saini, Sandeep
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Surface exposed conserved segments.Å��We briefly review the situations arising out of epidemics that erupt rather suddenly, threatening life and livelihoods of humans. Ebola, Zika and the Nipah virus outbreaks are recent examples where the viral epidemics have led to considerably high degree of fatalities or debilitating consequences. The problems are accentuated by a lack of drugs or vaccines effective against the new and emergent viruses, and the inordinate amount of temporal and financial resources that are required to combat the novel pathogens. Progress in computational, biological and informational sciences have made it possible to consider design of synthetic vaccines that can be rapidly developed and deployed to help stem the damages. In this review, we consider the pros and cons of this new paradigm and suggest a new system where the manufacturing process can be decentralized to provide more targeted vaccines to meet the urgent needs of protection in case of a rampaging epidemic.,��https://www.ncbi.nlm.nih.gov/pubmed/30417788µ��Nandy, Ashesh
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phosphoprotein and polymerase���Nov 11���Persistent outbreaks of Nipah virus (NiV) with severe case fatality throw a major challenge on researchers to develop a drug or vaccine to combat the disease. With little knowledge of its molecular mechanisms, we utilized the proteome data of NiV to evaluate the potency of three major proteins (phosphoprotein, polymerase, and nucleocapsid protein) in the RNA-dependent RNA polymerase complex to count as a possible candidate for epitope-based vaccine design. Profound computational analysis was used on the above proteins individually to explore the T-cell immune properties like antigenicity, immunogenicity, binding to major histocompatibility complex class I and class II alleles, conservancy, toxicity, and population coverage. Based on these predictions the peptide 'ELRSELIGY' of phosphoprotein and 'YPLLWSFAM' of nulceocapsid protein were identified as the best-predicted T-cell epitopes and molecular docking with human leukocyte antigen-C (HLA-C*12:03) molecule was effectuated followed by validation with molecular dynamics simulation. The B-cell epitope predictions suggest that the sequence positions 421 to 471 in phosphoprotein, 606 to 640 in polymerase and 496 to 517 in nucleocapsid protein are the best-predicted regions for B-cell immune response. However, the further experimental circumstance is required to test and validate the efficacy of the subunit peptide for potential candidacy against NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/30417438���Ravichandran, Lavanya
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Lohana, P.���2018'��The Killer Virus Called Nipah: A Review���e3168���Cureus���10���8���nipah virus���Aug 21���Nipah virus (NiV) is a deadly virus with a high mortality rate that has affected many developing countries in the past. According to the Centers for Disease Control and Prevention (CDC), many economically deprived countries such as Madagascar, Cambodia, and Thailand are also at high risk for future outbreaks. The first case of NiV was reported in 1998 and almost two decades later, little scientific progress has been made in finding a proper treatment and prevention vaccine. As many developing countries are not properly equipped to fight the infection, it is vital to properly educate the health systems. The aim of this review is to provide an epidemiological background as well as to understand the transmission routes, presentation, and the diagnosis and prevention of this deadly virus.,��https://www.ncbi.nlm.nih.gov/pubmed/30416895¼��Ramphul, Kamleshun
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Czub, M.���2018k��The interaction between the Nipah virus nucleocapsid protein and phosphoprotein regulates virus replication���15994���Sci Rep���8���1���Oct 30���Continued outbreaks of Henipaviruses in South Asia and Australia cause severe and lethal disease in both humans and animals. Together, with evidence of human to human transmission for Nipah virus and the lack of preventative or therapeutic measures, its threat to cause a widespread outbreak and its potential for weaponization has increased. In this study we demonstrate how overexpression of the Nipah virus nucleocapsid protein regulates viral polymerase activity and viral RNA production. By overexpressing the Nipah virus nucleocapsid protein in trans viral transcription was inhibited; however, an increase in viral genome synthesis was observed. Together, the bias of polymerase activity towards genome production led to the severe inhibition of viral progeny. We identified two domains within the nucleocapsid protein, which were each independently capable of binding the viral phosphoprotein. Evident by our data, we propose that the nucleocapsid protein's ability to interact with the phosphoprotein of the polymerase complex causes a change in polymerase activity and subsequent deficiency in viral replication. This study not only provides insights into the dynamics of Henipavirus RNA synthesis and replication, but also provides insight into potential targets for antiviral drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/30375468ü��Ranadheera, Charlene
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Health,���2018D��Outbreak investigation of Nipah Virus Disease in Kerala, India, 2018���J Infect Dis���Oct 26���Background: Nipah Virus (NiV) is a highly fatal emerging zoonotic virus with potential threat to global health security. Here we describe the characteristics of the NiV outbreak occurred in Kerala, India during May -June 2018. Methods: We used real-time RT PCR in throat swabs, blood, urine and CSF to detect NiV. Further, the viral genome was sequenced and subjected to phylogenetic analysis. We conducted an epidemiological investigation to describe the outbreak and to elucidate transmission dynamics. Results: During May 2 - 29, 2018, 23 cases were identified including the index case; 18 were lab-confirmed. This NiV was closer to the Bangladesh lineage. Median age of cases was 45; 15 (65%) were male. The median incubation period was 9.5 days (6 - 14 days). Of the 23 cases, 20 (87%) had respiratory symptoms. The case fatality rate (CFR) was 91%; two cases survived.. Risk factors for infection included close proximity (touching, feeding or nursing an NiV infected person) enabling exposure to droplet infection. The public health response included isolation of cases, contact tracing, and enforcing hospital infection control practices. Conclusion: This is the first recorded NiV outbreak in South India. Early laboratory confirmation and immediate public health response contained the outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/30364984È��Arunkumar, Govindakarnavar
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Viral transmission���Oct\��Nipah virus (NiV), a zoonotic paramyxovirus belonging to the genus Henipavirus, is classified as a Biosafety Level-4 pathogen based on its high pathogenicity in humans and the lack of available vaccines or therapeutics. Since its initial emergence in 1998 in Malaysia, this virus has become a great threat to domestic animals and humans. Sporadic outbreaks and person-to-person transmission over the past two decades have resulted in hundreds of human fatalities. Epidemiological surveys have shown that NiV is distributed in Asia, Africa, and the South Pacific Ocean, and is transmitted by its natural reservoir, Pteropid bats. Numerous efforts have been made to analyze viral protein function and structure to develop feasible strategies for drug design. Increasing surveillance and preventative measures for the viral infectious disease are urgently needed.,��https://www.ncbi.nlm.nih.gov/pubmed/30311101²��Sun, Bangyao
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viral immunology���A majority of viruses that have caused recent epidemics with high lethality rates in people, are zoonoses originating from wildlife. Among them are filoviruses (e.g., Marburg, Ebola), coronaviruses (e.g., SARS, MERS), henipaviruses (e.g., Hendra, Nipah) which share the common features that they are all RNA viruses, and that a dysregulated immune response is an important contributor to the tissue damage and hence pathogenicity that results from infection in humans. Intriguingly, these viruses also all originate from bat reservoirs. Bats have been shown to have a greater mean viral richness than predicted by their phylogenetic distance from humans, their geographic range, or their presence in urban areas, suggesting other traits must explain why bats harbor a greater number of zoonotic viruses than other mammals. Bats are highly unusual among mammals in other ways as well. Not only are they the only mammals capable of powered flight, they have extraordinarily long life spans, with little detectable increases in mortality or senescence until high ages. Their physiology likely impacted their history of pathogen exposure and necessitated adaptations that may have also affected immune signaling pathways. Do our life history traits make us susceptible to generating damaging immune responses to RNA viruses or does the physiology of bats make them particularly tolerant or resistant? Understanding what immune mechanisms enable bats to coexist with RNA viruses may provide critical fundamental insights into how to achieve greater resilience in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30294323Ã��Mandl, Judith N
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�Introduction: Zoonotic diseases are the infectious diseases that can be transmitted to human beings and vice versa from animals either directly or indirectly. These diseases can be caused by a range of organisms including bacteria, parasites, viruses and fungi. Viral diseases are highly infectious and capable of causing pandemics as evidenced by outbreaks of diseases like Ebola, Middle East Respiratory Syndrome, West Nile, SARS-Corona, Nipah, Hendra, Avian influenza and Swine influenza. Expalantion: Many viruses affecting equines are also important human pathogens. Diseases like Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and Venezuelan-equine encephalitis (VEE) are highly infectious and can be disseminated as aerosols. A large number of horses and human cases of VEE with fatal encephalitis have continuously occurred in Venezuela and Colombia. Vesicular stomatitis (VS) is prevalent in horses in North America and has zoonotic potential causing encephalitis in children. Hendra virus (HeV) causes respiratory and neurological disease and death in man and horses. Since its first outbreak in 1994, 53 disease incidents have been reported in Australia. West Nile fever has spread to many newer territories across continents during recent years.It has been described in Africa, Europe, South Asia, Oceania and North America. Japanese encephalitis has expanded horizons from Asia to western Pacific region including the eastern Indonesian archipelago, Papua New Guinea and Australia. Rabies is rare in horses but still a public health concern being a fatal disease. Equine influenza is historically not known to affect humans but many scientists have mixed opinions. Equine viral diseases of zoonotic importance and their impact on animal and human health have been elaborated in this article. Conclusion: Equine viral diseases though restricted to certain geographical areas have huge impact on equine and human health. Diseases like West Nile fever, Hendra, VS, VEE, EEE, JE, Rabies have the potential for spread and ability to cause disease in human. Equine influenza is historically not known to affect humans but some experimental and observational evidence show that H3N8 influenza virus has infected man. Despite our pursuit of understanding the complexity of the vector-host-pathogen mediating disease transmission, it is not possible to make generalized predictions concerning the degree of impact of disease emergence. A targeted, multidisciplinary effort is required to understand the risk factors for zoonosis and apply the interventions necessary to control it.,��https://www.ncbi.nlm.nih.gov/pubmed/30288197Ï��Kumar, Balvinder
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risk mapping���May 30���Since 1998, Nipah virus (NiV) (genus: Henipavirus; family: Paramyxoviridae), an often-fatal and highly virulent zoonotic pathogen, has caused sporadic outbreak events. Fruit bats from the genus Pteropus are the wildlife reservoirs and have a broad distribution throughout South and Southeast Asia, and East Africa. Understanding the disease biogeography of NiV is critical to comprehending the potential geographic distribution of this dangerous zoonosis. This study implemented the R packages ENMeval and BIOMOD2 as a means of modeling regional disease transmission risk and additionally measured niche similarity between the reservoir Pteropus and the ecological characteristics of outbreak localities with the Schoener's D index and I statistic. Results indicate a relatively high degree of niche overlap between models in geographic and environmental space (D statistic, 0.64; and I statistic, 0.89), and a potential geographic distribution encompassing 19% (2,963,178 km(2)) of South and Southeast Asia. This study should contribute to current and future efforts to understand the critical ecological contributors and geography of NiV. Furthermore, this study can be used as a geospatial guide to identify areas of high disease transmission risk and to inform national public health surveillance programs.,��https://www.ncbi.nlm.nih.gov/pubmed/30274453���Deka, Mark A
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Severe emerging infectious diseases���Nov���The Research and Development (R&D) Blueprint is a World Health Organization initiative to reduce the time between the declaration of a public health emergency and the availability of effective diagnostic tests, vaccines, and treatments that can save lives and avert a public health crisis. The scope of the Blueprint extends to severe emerging diseases for which there are insufficient or no presently existing medical countermeasures or pipelines to produce them. In February 2018, WHO held an informal expert consultation to review and update the list of priority diseases, employing a prioritization methodology which uses the Delphi technique, questionnaires, multi-criteria decision analysis, and expert review to identify relevant diseases. The committee determined that, given their potential to cause a public health emergency and the absence of efficacious drugs and/or vaccines, there is an urgent need for accelerated R&D for (in no order of priority) Crimean-Congo haemorrhagic fever, Ebola virus and Marburg virus disease, Lassa fever, Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), Nipah and henipaviral diseases, Rift Valley fever and Zika virus disease. The experts also included "Disease X," representing the awareness that a previously unknown pathogen could cause a major public health emergency. This report describes the methods and results of the 2018 prioritization review.,��https://www.ncbi.nlm.nih.gov/pubmed/30261226Í��Mehand, Massinissa Si
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viral outbreaks���JanF��Since emergence of the Nipah virus (NiV) in 1998 from Malaysia, the NiV virus has reappeared on different occasions causing severe infections in human population associated with high rate of mortality. NiV has been placed along with Hendra virus in genus Henipavirus of family Paramyxoviridae. Fruit bats (Genus Pteropus) are known to be natural host and reservoir of NiV. During the outbreaks from Malaysia and Singapore, the roles of pigs as intermediate host were confirmed. The infection transmitted from bats to pigs and subsequently from pigs to humans. Severe encephalitis was reported in NiV infection often associated with neurological disorders. First NiV outbreak in India occurred in Siliguri district of West Bengal in 2001, where direct transmission of the NiV virus from bats-to-human and human-to-human was reported in contrast to the role of pigs in the Malaysian NiV outbreak. Regular NiV outbreaks have been reported from Bangladesh since 2001 to 2015. The latest outbreak of NiV has been recorded in May, 2018 from Kerala, India which resulted in the death of 17 individuals. Due to lack of vaccines and effective antivirals, Nipah encephalitis poses a great threat to public health. Routine surveillance studies in the infected areas can be useful in detecting early signs of infection and help in containment of these outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/30251294È��Sharma, Vikrant
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Zoonoses���Dec���While general medical practitioners (GPs) and veterinarians are often the first line responders in the face of a disease outbreak, pathways to improving the One Health efficacy of these clinicians remain unclear. A two-phase modified Delphi survey of professionals with known expertise in One Health ('expert panel') was used to 1) identify key knowledge, attitudes and practices (KAPs) of GPs and veterinarians that would be consistent with a One Health approach to zoonoses; and 2) determine priorities for future surveys with Australian GPs and veterinarians to identify important gaps that impede effective diagnosis and management of zoonoses. A list of 13 topics/sub-topics, as well as a list of 25 specific zoonotic diseases/agents emerged from the first phase of the survey. In the second phase the expert panel identified general knowledge of the clinical aspects and epidemiological aspects of zoonoses, as well as risk management practices, as the most important KAPs and research priorities for both GPs and veterinarians. In terms of diseases, the expert panel regarded knowledge of Hendra virus, Q fever, Australian bat lyssavirus (ABLV), anthrax and Brucella suis most important for veterinarians, whilst for GPs, Q fever, gastrointestinal/foodborne diseases, influenza, ABLV and local vector-borne diseases were found to be most important by the expert panel. Some differences were noted in terms of prioritization of topics/sub-topics and diseases/agents according to expert background (veterinary and non-veterinary). The Delphi survey technique enabled efficient collection of data from a diverse range of One Health 'experts'/specialists and provided clear priorities for proposed future research, and potentially for educational interventions to improve One Health efficacy of clinicians.,��https://www.ncbi.nlm.nih.gov/pubmed/30197925¦��Steele, Sandra G
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Virus ebola���Aug,
�The global community continues to incur the high costs of crisis mitigation and emergency response to outbreaks of emerging infectious diseases, such as those caused by the H5N1 highly pathogenic avian influenza virus, Ebola virus, Nipah virus, Zika virus or the Middle East respiratory syndrome coronavirus. These viruses are particularly dangerous in regions associated with poor development indicators and high vulnerability. The drivers of these disease crises include failures in the way that animal diseases are detected and reported and failures in the way in which disease response is implemented by animal health and public health systems. In addition, the lack of a coordinated response hampers disease control efforts. A comprehensive approach for disease prevention, detection and response, however, requires a coordinated and joint effort among governments, communities, donors and international networks to invest effectively in prevention systems that can identify early signals of the emergence, spillover and spread of animal pathogens at the local level. These signals include trade bans, market closures, civil unrest, heavy rains and droughts associated with climate change, and livestock intensification or changes in consumer behaviour. The global community needs to increase its investment in early warning and detection systems that can provide information that enables action to be taken at the national, regional and global levels in the event of an outbreak of a transboundary animal disease (TAD). Like any preventive measure, an early warning system requires financial resources, but these are insignificant when compared to the losses that are avoided. Building a global early warning and effective response system for outbreaks is value for money, as the benefits far outweigh the costs. The goal of the Food and Agriculture Organization of the United Nations (FAO) is to end hunger and poverty, which is a challenging and complex task. Building global capacity to prepare for and respond to TADs is an important element of the FAO's strategic objective to increase the resilience of livelihoods to threats and crises. Each year, livestock, and the people who rely upon them for their livelihoods, are confronted with animal disease and crises. They can strike suddenly, causing obvious illness and death, or emerge insidiously and become well established before becoming apparent. Animal disease emergencies threaten the production of, and access to, food; consequently, one of the FAO's missions is to help countries to prepare for and respond to animal health disasters.,��https://www.ncbi.nlm.nih.gov/pubmed/30152454���Tekola, B
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Surete biologique���AugÖ��With recent outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV), anthrax, Nipah and the highly pathogenic avian influenza virus, much emphasis has been placed on the rapid identification of infectious agents globally. As a result, laboratories are building capacity, conducting more advanced and sophisticated research, increasing their staff, and establishing reference collections of dangerous pathogens in an attempt to reduce the impact of infectious disease outbreaks and to characterise disease-causing agents. With this expansion, the global laboratory community has started to focus on laboratory biosafety and biosecurity in order to prevent the accidental and/or intentional release of these agents. Laboratory biosafety and biosecurity systems are used around the world to help to mitigate the risks posed by dangerous pathogens in the laboratory. Veterinary laboratories carry unique responsibilities with regard to workers and communities to handle disease-causing microorganisms safely and securely. Many microorganisms studied in veterinary laboratories not only infect animals, but also have the potential to infect humans. This paper will discuss the fundamentals of laboratory biosafety and biosecurity.,��https://www.ncbi.nlm.nih.gov/pubmed/30152450���Brass, V H
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spillover���Octj��Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, Asia, and Australia. In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses. The genus Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and Asia, and a suite of largely uncharacterized African henipaviruses. Rapid change in fruit bat habitat and associated shifts in their ecology and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing spillover risk of bat-borne viruses. We review the ways that changing resource landscapes affect the processes that culminate in cross-species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure. We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus spillover. When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and composition.,��https://www.ncbi.nlm.nih.gov/pubmed/30138535£��Kessler, Maureen K
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clinical trials as topic
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vaccinesV��The Indian subcontinent with its population density, climatic conditions, means of subsistence, socioeconomic factors as well as travel and tourism presents a fertile ground for thriving of RNA viruses. Despite being pathogens of huge significance, there is very little focus on research into the biology and pathogenesis of RNA viruses in India. Studies on epidemiology and disease burden, risk factors, the immune response to RNA viruses, circulating virus strains and virus evolution, animal models of disease, antivirals and vaccines are strikingly absent. Emerging RNA viruses such as Zika virus, Nipah virus and Crimean-Congo haemorrhagic fever virus are a matter of grave concern to India. Here we summarize the outcome of the India|EMBO symposium on "RNA viruses: immunology, pathogenesis and translational opportunities" organized at Faridabad, National Capital Region, India, on March 28-30, 2018. The meeting focused on RNA viruses (non-HIV), and both national and international experts on RNA viruses covered topics ranging from epidemiology, immune response, virus evolution and vaccine trials concerning RNA viruses. The aim of the symposium was to create a road map for RNA virus research in India. Both concrete and tentative ideas pointing towards short-term and long-term goals were presented with recommendations for follow-up at government level.,��https://www.ncbi.nlm.nih.gov/pubmed/30131779���Medigeshi, Guruprasad R
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*viruses���SepA��The World Health Organization R&D Blueprint aims to accelerate the availability of medical technologies during epidemics by focusing on a list of prioritized emerging diseases for which medical countermeasures are insufficient or nonexistent. The prioritization process has 3 components: a Delphi process to narrow down a list of potential priority diseases, a multicriteria decision analysis to rank the short list of diseases, and a final Delphi round to arrive at a final list of 10 diseases. A group of international experts applied this process in January 2017, resulting in a list of 10 priority diseases. The robustness of the list was tested by performing a sensitivity analysis. The new process corrected major shortcomings in the pre-R&D Blueprint approach to disease prioritization and increased confidence in the results.,��https://www.ncbi.nlm.nih.gov/pubmed/30124424Þ��Mehand, Massinissa Si
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Kerala
Nipah virus
One Health
Pteropus bat species
paramyxovirus���Mar-AprU��Nipah virus (NiV) encephalitis first reported in "Sungai Nipah" in Malaysia in 1999 has emerged as a global public health threat in the Southeast Asia region. From 1998 to 2018, more than 630 cases of NiV human infections were reported. NiV is transmitted by zoonotic (from bats to humans, or from bats to pigs, and then to humans) as well as human-to-human routes. Deforestation and urbanization of some areas have contributed to greater overlap between human and bat habitats resulting in NiV outbreaks. Common symptoms of NiV infection in humans are similar to that of influenza such as fever and muscle pain and in some cases, the inflammation of the brain occurs leading to encephalitis. The recent epidemic in May 2018 in Kerala for the first time has killed over 17 people in 7 days with high case fatality and highlighted the importance of One Health approach. The diagnosis is often not suspected at the time of presentation and creates challenges in outbreak detection, timely control measures, and outbreak response activities. Currently, there are no drugs or vaccines specific for NiV infection although this is a priority disease on the World Health Organization's agenda. Antivirals (Ribavirin, HR2-based fusion inhibitor), biologicals (convalescent plasma, monoclonal antibodies), immunomodulators, and intensive supportive care are the mainstay to treat severe respiratory and neurologic complications. There is a great need for strengthening animal health surveillance system, using a One Health approach, to detect new cases and provide early warning for veterinary and human public health authorities.,��https://www.ncbi.nlm.nih.gov/pubmed/30090764Á��Chattu, Vijay K
Kumar, Raman
Kumary, Soosanna
Kajal, Fnu
David, Joseph K
eng
Editorial
India
2018/08/10 06:00
J Family Med Prim Care. 2018 Mar-Apr;7(2):275-283. doi: 10.4103/jfmpc.jfmpc_137_18.%��2249-4863 (Print)
2249-4863 (Linking)
��PMC6060941���30090764|��Department of Public Health, Faculty of Medical Sciences, The University of the West Indies, St. Augustine, Trinidad And Tobago.
Academy of Family Physicians of India, New Delhi, India.
Health Researcher, St. Augustine, Trinidad and Tobago.
Global Health Researcher, University of San Francisco, California, USA.
Medical Laboratory Specialist, Etobicoke, Toronto, Ontario, Canada.���10.4103/jfmpc.jfmpc_137_18��þ��üÛ|ÿî?4������Majid, Z.
Majid Warsi, S.���2018'��NIPAH virus: a new threat to South Asia���376	��Trop Doct���48���4���Oct,��https://www.ncbi.nlm.nih.gov/pubmed/30089418���Majid, Zain
Majid Warsi, Syed
eng
Letter
England
2018/08/10 06:00
Trop Doct. 2018 Oct;48(4):376. doi: 10.1177/0049475518791327. Epub 2018 Aug 8.*��1758-1133 (Electronic)
0049-4755 (Linking)���30089418m��1 Medical doctor, Dow Medical College, Karachi, Pakistan.
2 Medical doctor, Civil Hospital Karachi, Pakistan.���10.1177/0049475518791327����.��üÓ|ÿî?5���^��Butler, N. M.
Hendra, R.
Bremner, J. B.
Willis, A. C.
Lucantoni, L.
Avery, V. M.
Keller, P. A.���2018���Cascade reactions of indigo with oxiranes and aziridines: efficient access to dihydropyrazinodiindoles and spiro-oxazocinodiindoles	��6006-6016���Org Biomol Chem���16���33���Aug 22E��The base-initiated alkylation of the abundant natural dye indigo 1 with ring-strained electrophiles results in the unprecedented, one-pot synthesis of functionalised dihydropyrazino[1,2-a:4,3-a']diindoles, dihydroepoxy[1,5]oxazocino[5,4-a:3,2-b']diindoles, and dihydrodiazepino[1,2-a:4,3-a']diindoles, resulting from intramolecular ring opening-expansion cyclisation processes of their parent oxiranes and aziridines. Regiochemical and stereochemical aspects of the reactions are reported together with integrated mechanistic proposals. This new indigo cascade chemistry should have broad applicability in the synthesis of chemical architectures, not readily-accessible by other means. The three-step synthesis of the useful synthetic precursor (R)-2-(chloromethyl)-1-tosylaziridine 14 is also described. Initial biological activity investigations into these new 2,2'-dindolyl-based heterocyclic derivatives revealed potent, selective antiplasmodial activity in vitro for several isolated structures, with IC50 values as low as 76.6 nM for (+/-)-8, while demonstrating low human cell toxicity.,��https://www.ncbi.nlm.nih.gov/pubmed/30083677Ø��Butler, Nicholas M
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*Virus Assembly���Aug 3o��Understanding virus assembly mechanisms is important for developing therapeutic interventions. Nipah virus (NiV) is of interest because of its high mortality rate and efficient human-human transmissions. The current model for most enveloped viruses suggests that matrix proteins (M) recruit attachment glycoproteins (G) and fusion glycoproteins (F) to the assembly site at the plasma membrane. Here we report an assembly model that differs in many aspects from the current one. Examining NiV proteins on the cell plasma membrane using super-resolution microscopy reveals that clusters of F and G are randomly distributed on the plasma membrane regardless of the presence or absence of M. Our data suggests a model in which the M molecules assemble at the plasma membrane to form virus-like particles (VLPs), while the incorporation of F and G into the nascent VLPs is stochastic.,��https://www.ncbi.nlm.nih.gov/pubmed/30076303³��Liu, Qian
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Viral Proteins/metabolism���Aug 3���Recent studies indicate that nucleoli play critical roles in the DNA-damage response (DDR) via interaction of DDR machinery including NBS1 with nucleolar Treacle protein, a key mediator of ribosomal RNA (rRNA) transcription and processing. Here, using proteomics, confocal and single molecule super-resolution imaging, and infection under biosafety level-4 containment, we show that this nucleolar DDR pathway is targeted by infectious pathogens. We find that the matrix proteins of Hendra virus and Nipah virus, highly pathogenic viruses of the Henipavirus genus in the order Mononegavirales, interact with Treacle and inhibit its function, thereby silencing rRNA biogenesis, consistent with mimicking NBS1-Treacle interaction during a DDR. Furthermore, inhibition of Treacle expression/function enhances henipavirus production. These data identify a mechanism for viral modulation of host cells by appropriating the nucleolar DDR and represent, to our knowledge, the first direct intranucleolar function for proteins of any mononegavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/30076298f��Rawlinson, Stephen M
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Small-angle X-ray scattering���Jul 17·��BACKGROUND: Recent theoretical and computational studies have shown that the charge content and, most importantly, the linear distribution of opposite charges are major determinants of conformational properties of intrinsically disordered proteins (IDPs). Charge segregation in a sequence can be measured through kappa, which represents a normalized measure of charge asymmetry. A strong inverse correlation between kappa and radius of gyration has been previously demonstrated for two independent sets of permutated IDP sequences. METHODS: We used two well-characterized IDPs, namely measles virus NTAIL and Hendra virus PNT4, sharing a very similar fraction of charged residues and net charge per residue, but differing in proline (Pro) content. For each protein, we have rationally designed a low- and a high-kappa variant endowed with the highest and the lowest kappa values compatible with their natural amino acid composition. Then, the conformational properties of wild-type and kappa-variants have been assessed by biochemical and biophysical techniques. RESULTS: We confirmed a direct correlation between kappa and protein compaction. The analysis of our original data along with those available from the literature suggests that Pro content may affects the responsiveness to charge clustering. CONCLUSIONS: Charge clustering promotes IDP compaction, but the extent of its effects depends on the sequence context. Proline residues seem to play a role contrasting compaction. GENERAL SIGNIFICANCE: These results contribute to the identification of sequence determinants of IDP conformational properties. They may also serve as an asset for rational design of non-natural IDPs with tunable degree of compactness.,��https://www.ncbi.nlm.nih.gov/pubmed/30025858è��Tedeschi, Giulia
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*Nlrp3
*V protein
*inflammasome
*paramyxovirus���Oct 1+	�Inflammasomes play a key role in host innate immune responses to viral infection by caspase-1 (Casp-1) activation to facilitate interleukin-1beta (IL-1beta) secretion, which contributes to the host antiviral defense. The NLRP3 inflammasome consists of the cytoplasmic sensor molecule NLRP3, adaptor protein ASC, and effector protein pro-caspase-1 (pro-Casp-1). NLRP3 and ASC promote pro-Casp-1 cleavage, leading to IL-1beta maturation and secretion. However, as a countermeasure, viral pathogens have evolved virulence factors to antagonize inflammasome pathways. Here we report that V gene knockout Sendai virus [SeV V(-)] induced markedly greater amounts of IL-1beta than wild-type SeV in infected THP1 macrophages. Deficiency of NLRP3 in cells inhibited SeV V(-)-induced IL-1beta secretion, indicating an essential role for NLRP3 in SeV V(-)-induced IL-1beta activation. Moreover, SeV V protein inhibited the assembly of NLRP3 inflammasomes, including NLRP3-dependent ASC oligomerization, NLRP3-ASC association, NLRP3 self-oligomerization, and intermolecular interactions between NLRP3 molecules. Furthermore, a high correlation between the NLRP3-binding capacity of V protein and the ability to block inflammasome complex assembly was observed. Therefore, SeV V protein likely inhibits NLRP3 self-oligomerization by interacting with NLRP3 and inhibiting subsequent recruitment of ASC to block NLRP3-dependent ASC oligomerization, in turn blocking full activation of the NLRP3 inflammasome and thus blocking IL-1beta secretion. Notably, the inhibitory action of SeV V protein on NLRP3 inflammasome activation is shared by other paramyxovirus V proteins, such as Nipah virus and human parainfluenza virus type 2. We thus reveal a mechanism by which paramyxovirus inhibits inflammatory responses by inhibiting NLRP3 inflammasome complex assembly and IL-1beta activation.IMPORTANCE The present study demonstrates that the V protein of SeV, Nipah virus, and human parainfluenza virus type 2 interacts with NLRP3 to inhibit NLRP3 inflammasome activation, potentially suggesting a novel strategy by which viruses evade the host innate immune response. As all members of the Paramyxovirinae subfamily carry similar V genes, this new finding may also lead to identification of novel therapeutic targets for paramyxovirus infection and related diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/30021903���Komatsu, Takayuki
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canine
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owner knowledge
rabies
stray dog
vaccination���Jul 5¾��This study gained an understanding of dog demographics, owner behaviour, and knowledge, attitudes and practices relating to rabies in three villages in Sanur, Bali, providing insights for an intervention to improve responsible dog ownership. A combination of a census of all dogs, street surveys of roaming dogs, and a Knowledge, Attitude and Practices (KAP) survey was used to study both dogs and people. A total of 6009 dogs were recorded, of which only 3.3% appeared to be unowned; unowned dogs had poorer welfare and were more likely to be wary of attempted approaches by people. The source of dogs, method of confinement used by owners, and whether dogs were sterilised differed between three breed types; purebred dogs, mixed breed, and Bali dogs (native breed). Three variables were found to have significant effects on the chances of not being vaccinated: age, dog type, and confinement. A mean of 3.81 roaming dogs per km of street surveyed was recorded along 28 sub-village routes. Responses to attitude statements showed that most people had a positive attitude towards dogs and vaccination and did not agree with culling. Knowledge of appropriate bite treatment and symptoms of rabies in dogs was good.,��https://www.ncbi.nlm.nih.gov/pubmed/29976915���Hiby, Elly
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Freiberg, A. N.���2018F��Experimental Infection of Syrian Hamsters With Aerosolized Nipah Virus	��1602-1610���J Infect Dis���218���10���Oct 5Ñ��Background: Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that can cause severe respiratory illness and encephalitis in humans. Transmission occurs through consumption of NiV-contaminated foods, and contact with NiV-infected animals or human body fluids. However, it is unclear whether aerosols derived from aforesaid sources or others also contribute to transmission, and current knowledge on NiV-induced pathogenicity after small-particle aerosol exposure is still limited. Methods: Infectivity, pathogenicity, and real-time dissemination of aerosolized NiV in Syrian hamsters was evaluated using NiV-Malaysia (NiV-M) and/or its recombinant expressing firefly luciferase (rNiV-FlucNP). Results: Both viruses had an equivalent pathogenicity in hamsters, which developed respiratory and neurological symptoms of disease, similar to using intranasal route, with no direct correlations to the dose. We showed that virus replication was predominantly initiated in the lower respiratory tract and, although delayed, also intensely in the oronasal cavity and possibly the brain, with gradual increase of signal in these regions until at least day 5-6 postinfection. Conclusion: Hamsters infected with small-particle aerosolized NiV undergo similar clinical manifestations of the disease as previously described using liquid inoculum, and exhibit histopathological lesions consistent with NiV patient reports. NiV droplets could therefore play a role in transmission by close contact.,��https://www.ncbi.nlm.nih.gov/pubmed/29912426z��Escaffre, Olivier
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Transmission���Aug 1r��Highly pathogenic avian influenza virus (HPAIV) H5N1 has been reported in Asia, including Indonesia since 2003. Although several risk factors related to the HPAIV outbreaks in poultry in Indonesia have been identified, little is known of the contact structure of farms of different poultry production types (backyard chickens, broilers, layers, and ducks). This study aims to quantify the contact rates associated with the movement of people, and movements of live birds and products and equipment that affect the risk of HPAIV H5N1 transmission between poultry farms in Indonesia. On 124 poultry farms in 6 districts in West Java, logbooks were distributed to record the movements of farmers/staff and visitors and their poultry contacts. Most movements in backyard chicken, commercial native chicken, broiler and duck farms were visits to and from other poultry farms, whilst in layer farms visits to and from poultry companies, visits to egg collection houses and visit from other poultry farms were most frequent. Over 75% of persons visiting backyard chicken and duck farms had previously visited other poultry farms on the same day. Visitors of backyard chicken farms had the highest average contact rate, either direct contact with poultry on other farms before the visits (1.35 contact/day) or contact during their visits in the farms (10.03 contact/day). These results suggest that backyard chicken farms are most at risk for transmission of HPAIV compared to farms of the other poultry production types. Since visits of farm-to-farm were high, backyard farms could also a potential source for HPAIV transmission to commercial poultry farms.,��https://www.ncbi.nlm.nih.gov/pubmed/29891149B��Wibawa, Hendra
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One Health���Jul{��The Nipah virus has been transmitted from person-to-person via close contact in non-urban parts of India (including Kerala May 2018), Bangladesh, and the Philippines. It can cause encephalitis and pneumonia, and has a high case fatality rate. Nipah is a One Health zoonotic infectious disease linked to fruit bats, and sometimes pigs or horses. We advocate anticipating and preparing for urban and larger rural outbreaks of Nipah. Immediate enhanced preparations would include standardized guidance on infection prevention and control, and personal protective equipment, from the World Health Organization (WHO) on their OpenWHO website and 2018 "Managing Epidemics" handbook, along with adding best clinical practices by experts in countries with multiple outbreaks such as Bangladesh and India. Longer-term enhanced preparations include accelerating development of field diagnostics, antiviral drugs, immune-based therapies, and vaccines. WHO-coordinated multi-partner protocols to test investigational treatments, diagnostics, and vaccines are needed, by analogy to such protocols for Ebola during the unanticipated pan-epidemic in Guinea, Liberia, and Sierra Leone. Anticipating and preparing now for urban and rural Nipah outbreaks in nations with no experience with Nipah will help avoid the potential for what the United Nations 2016 report on Ebola in West Africa called a "preventable tragedy".,��https://www.ncbi.nlm.nih.gov/pubmed/29879523���Donaldson, Halsie
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Aguilar, H. C.���2019@��Addicted to sugar: roles of glycans in the order Mononegavirales���2-21���Glycobiology���29���1���Jan 1���Glycosylation is a biologically important protein modification process by which a carbohydrate chain is enzymatically added to a protein at a specific amino acid residue. This process plays roles in many cellular functions, including intracellular trafficking, cell-cell signaling, protein folding and receptor binding. While glycosylation is a common host cell process, it is utilized by many pathogens as well. Protein glycosylation is widely employed by viruses for both host invasion and evasion of host immune responses. Thus better understanding of viral glycosylation functions has potential applications for improved antiviral therapeutic and vaccine development. Here, we summarize our current knowledge on the broad biological functions of glycans for the Mononegavirales, an order of enveloped negative-sense single-stranded RNA viruses of high medical importance that includes Ebola, rabies, measles and Nipah viruses. We discuss glycobiological findings by genera in alphabetical order within each of eight Mononegavirales families, namely, the bornaviruses, filoviruses, mymonaviruses, nyamiviruses, paramyxoviruses, pneumoviruses, rhabdoviruses and sunviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29878112ù��Ortega, Victoria
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Zinc���Junå��Absorbable metals, metals that corrode in physiological environment, constitute a new class of biomaterials intended for temporary medical implant applications. The introduction of these metals has shifted the established paradigm of metal implants from preventing corrosion to its direct application. Interest toward absorbable metals has been growing in the past decade. This is proved by the rapid increase in scientific publication, progressive development of standards, and launching the first commercial products. Iron, magnesium, zinc, and their alloys are the current three absorbable metals families. Magnesium-based metals are the most progressing family with a large data set obtained from both basic and translational research. Iron-based metals are still facing a major challenge of low in vivo corrosion rate despite the significant efforts that have been put to overcome its weakness. Zinc-based metals are the new alternative absorbable metals with moderate corrosion rates that fall between those of iron and magnesium. This manuscript provides a brief review on the latest progress in the research and development of absorbable metals, the most important findings, the remaining challenges, and the perspective on the future direction.,��https://www.ncbi.nlm.nih.gov/pubmed/29790132���Hermawan, Hendra
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Freiberg, A. N.���2018O��Favipiravir (T-705) protects against Nipah virus infection in the hamster model���7604���Sci Rep���8���1���May 154��Nipah and Hendra viruses are recently emerged bat-borne paramyxoviruses (genus Henipavirus) causing severe encephalitis and respiratory disease in humans with fatality rates ranging from 40-75%. Despite the severe pathogenicity of these viruses and their pandemic potential, no therapeutics or vaccines are currently approved for use in humans. Favipiravir (T-705) is a purine analogue antiviral approved for use in Japan against emerging influenza strains; and several phase 2 and 3 clinical trials are ongoing in the United States and Europe. Favipiravir has demonstrated efficacy against a broad spectrum of RNA viruses, including members of the Paramyxoviridae, Filoviridae, Arenaviridae families, and the Bunyavirales order. We now demonstrate that favipiravir has potent antiviral activity against henipaviruses. In vitro, favipiravir inhibited Nipah and Hendra virus replication and transcription at micromolar concentrations. In the Syrian hamster model, either twice daily oral or once daily subcutaneous administration of favipiravir for 14 days fully protected animals challenged with a lethal dose of Nipah virus. This first successful treatment of henipavirus infection in vivo with a small molecule drug suggests that favipiravir should be further evaluated as an antiviral treatment option for henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/29765101h��Dawes, Brian E
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Viral Proteins/genetics/*immunology/metabolism���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus in the family Paramyxoviridae. Henipavirus infections were first reported in the 1990's causing severe and often fatal outbreaks in domestic animals and humans in Southeast Asia and Australia. NiV infections were observed in humans in Bangladesh, India and in the first outbreak in Malaysia, where pigs were also infected. HeV infections occurred in horses in the North-Eastern regions of Australia, with singular transmission events to humans. Bats of the genus Pteropus have been identified as the reservoir hosts for henipaviruses. Molecular and serological indications for the presence of henipa-like viruses in African fruit bats, pigs and humans have been published recently. In our study, truncated forms of HeV and NiV attachment (G) proteins as well as the full-length NiV nucleocapsid (N) protein were expressed using different expression systems. Based on these recombinant proteins, Enzyme-linked Immunosorbent Assays (ELISA) were developed for the detection of HeV or NiV specific antibodies in porcine serum samples. We used the NiV N ELISA for initial serum screening considering the general reactivity against henipaviruses. The G protein based ELISAs enabled the differentiation between HeV and NiV infections, since as expected, the sera displayed higher reactivity with the respective homologous antigens. In the future, these assays will present valuable tools for serosurveillance of swine and possibly other livestock or wildlife species in affected areas. Such studies will help assessing the potential risk for human and animal health worldwide by elucidating the distribution of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29708971���Fischer, Kerstin
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*viral assembly���Jul 1Ý	�Hendra virus (HeV) is a zoonotic paramyxovirus belonging to the genus Henipavirus HeV is highly pathogenic, and it can cause severe neurological and respiratory illnesses in both humans and animals, with an extremely high mortality rate of up to 70%. Among the genes that HeV encodes, the matrix (M) protein forms an integral part of the virion structure and plays critical roles in coordinating viral assembly and budding. Nevertheless, the molecular mechanism of this process is not fully elucidated. Here, we determined the crystal structure of HeV M to 2.5-A resolution. The dimeric structural configuration of HeV M is similar to that of Newcastle disease virus (NDV) M and is fundamental to protein stability and effective virus-like-particle (VLP) formation. Analysis of the crystal packing revealed a notable interface between the alpha1 and alpha2 helices of neighboring HeV M dimers, with key residues sharing degrees of sequence conservation among henipavirus M proteins. Structurally, a network of electrostatic interactions dominates the alpha1-alpha2 interactions, involving residues Arg57 from the alpha1 helix and Asp105 and Glu108 from the alpha2 helix. The disruption of the alpha1-alpha2 interactions using engineered charge reversal substitutions (R57E, R57D, and E108R) resulted in significant reduction or abrogation of VLP production. This phenotype was reversible with an R57E E108R mutant that was designed to partly restore salt bridge contacts. Collectively, our results define and validate previously underappreciated regions of henipavirus M proteins that are crucial for productive VLP assembly.IMPORTANCE Hendra virus is a henipavirus associated with lethal infections in humans. It is classified as a biosafety level 4 (BSL4) agent, and there are currently no preventive or therapeutic treatments available against HeV. Vital to henipavirus pathogenesis, the structural protein M has been implicated in viral assembly and budding, as well as host-virus interactions. However, there is no structural information available for henipavirus M, and the basis of M-driven viral assembly is not fully elucidated. We demonstrate the first three-dimensional structure of a henipavirus M protein. We show the dimeric organization of HeV M as a basic unit for higher-order oligomerization. Additionally, we define key regions/residues of HeV M that are required for productive virus-like-particle formation. These findings provide the first insight into the mechanism of M-driven assembly in henipavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/29695428Á��Liu, Yu Chih
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virus-neutralising antibody titres���May���OBJECTIVE: To determine the antibody responses to a commercial Hendra virus vaccine (Equivac(R) HeV) in a field environment. METHODS: A group of 61 horses received a primary vaccination course comprising two doses administered 3-6 weeks apart (V1, V2) and a 3rd dose (V3) given 6 months after the second. This was followed by booster vaccinations at 12 monthly intervals (V4, V5). Antibody titres were assessed using a virus-neutralisation test. RESULTS: Neutralising antibodies against HeV were not detected prior to vaccination. Antibodies were detected in 54/57 horses at 3 weeks after V1 and 51/51 had titres >/= 32 at 8 weeks after V2. At 6 months after V2, antibody titres decreased in most (31/34) horses and were not detected in three horses. A rapid increase in antibody titres was recorded in 35/36 horses at 1 week following V3. By the first annual booster vaccination (V4), antibodies were still detectable in 29/29 horses, although titres had decreased; in 26/29 horses, titres remained >/= 32. All horses showed an increase in antibody titres after V4. There was no statistically significant increase in mean antibody titre after V5, compared with after V4. CONCLUSION: Horses administered Equivac(R) HeV, using a primary vaccination course followed by annual booster vaccinations, mounted an effective secondary immune response and acquired antibody responses that were consistent with protective immunity against HeV in the form of virus-neutralising antibodies. No adverse events were observed after vaccine administration.,��https://www.ncbi.nlm.nih.gov/pubmed/29691855¡��Tan, Rhh
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alpha-MoREs���Apr 24���Henipavirus, including Hendra virus (HeV) and Nipah virus (NiV), is a newly discovered human pathogen genus. The nucleoprotein of Henipavirus contains an alpha-helical molecular recognition element (alpha-MoRE) that folds upon binding to the X domain (XD) of the phosphoprotein (P). In order to explore the conformational dynamics of free alpha-MoREs and the underlying binding-folding mechanism with XD, atomic force field-based and hybrid structure-based MD simulations were carried out. In our empirical force field-based simulations, characteristic structures and helicities of alpha-MoREs reveal the co-existence of partially structured and disordered conformations, as in the case of the well characterized cognate measles virus (MeV) alpha-MoRE. In spite of their overall similarity, the two alpha-MoREs display subtle helicity differences in their C-terminal region, but much different from that of MeV. For the alpha-MoRE/XD complexes, the results of our hybrid structure-based simulations provide the coupled binding-folding landscapes, and unveil a wide conformational selection mechanism at early binding stages, followed by a final induce-fit mechanism selection process. However, the HeV and NiV complexes have a lower binding barrier compared to that of MeV. Moreover, the HeV alpha-MoRE/XD complex shows much less coupling effects between binding and folding compared to that from both NiV and MeV. Our analysis revealed that contrary to NiV and MeV, the N- and C-terminal regions of the HeV alpha-MoRE maintains a low helicity also in the bound form.,��https://www.ncbi.nlm.nih.gov/pubmed/29691656­��Shang, Xu
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Surface expression���May}��Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can cause severe infections in livestock and humans. In recent years, also African bat henipaviruses were identified at the nucleic acid level. To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins required for virus entry and spread by cell-cell fusion. It has been shown that surface expression and fusion-helper function of the receptor-binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G proteins. Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER. As defects in oligomerization of viral glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern of KV G. In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively formed stable tetramers or higher oligomers. KV G also showed less stringent requirements for defined stalk cysteines to form dimers and tetramers. Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression and receptor binding was unchanged. This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/29685227Ã��Behner, Laura
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*outbreaks���Jun¹��Nipah virus, a paramyxovirus related to Hendra virus, first emerged in Malaysia in 1998. Clinical presentation ranges from asymptomatic infection to fatal encephalitis. Malaysia has had no more cases since 1999, but outbreaks continue to occur in Bangladesh and India. In the Malaysia-Singapore outbreak, transmission occurred primarily through contact with pigs, whereas in Bangladesh and India, it is associated with ingestion of contaminated date palm sap and human-to-human transmission. Bats are the main reservoir for this virus, which can cause disease in humans and animals. There are currently no effective therapeutics, and supportive care and prevention are the mainstays of management.,��https://www.ncbi.nlm.nih.gov/pubmed/29643201­��Ang, Brenda S P
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R1479���May���Ebolaviruses, marburgviruses, and henipaviruses are zoonotic pathogens belonging to the Filoviridae and Paramyxoviridae families. They exemplify viruses that continue to spill over into the human population, causing outbreaks characterized by high mortality and significant clinical sequelae in survivors of infection. There are currently no approved small molecule therapeutics for use in humans against these viruses. In this study, we evaluated the antiviral activity of the nucleoside analog 4'-azidocytidine (4'N3-C, R1479) and its 2'-monofluoro- and 2'-difluoro-modified analogs (2'F-4'N3-C and 2'diF-4'N3-C) against representative paramyxoviruses (Nipah virus, Hendra virus, measles virus, and human parainfluenza virus 3) and filoviruses (Ebola virus, Sudan virus, and Ravn virus). We observed enhanced antiviral activity against paramyxoviruses with both 2'diF-4'N3-C and 2'F-4'N3-C compared to R1479. On the other hand, while R1479 and 2'diF-4'N3-C inhibited filoviruses similarly to paramyxoviruses, we observed 10-fold lower filovirus inhibition by 2'F-4'N3-C. To our knowledge, this is the first study to compare the susceptibility of paramyxoviruses and filoviruses to R1479 and its 2'-fluoro-modified analogs. The activity of these compounds against negative-strand RNA viruses endorses the development of 4'-modified nucleoside analogs as broad-spectrum therapeutics against zoonotic viruses of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/29601894���Lo, Michael K
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789;��Laing, Eric D
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Moscona, A.���2018T��Fusion Inhibitory Lipopeptides Engineered for Prophylaxis of Nipah Virus in Primates���218-227���J Infect Dis���218���2���Jun 20K��Background: The emerging zoonotic paramyxovirus Nipah virus (NiV) causes severe respiratory and neurological disease in humans, with high fatality rates. Nipah virus can be transmitted via person-to-person contact, posing a high risk for epidemic outbreaks. However, a broadly applicable approach for human NiV outbreaks in field settings is lacking. Methods: We engineered new antiviral lipopeptides and analyzed in vitro fusion inhibition to identify an optimal candidate for prophylaxis of NiV infection in the lower respiratory tract, and we assessed antiviral efficiency in 2 different animal models. Results: We show that lethal NiV infection can be prevented with lipopeptides delivered via the respiratory route in both hamsters and nonhuman primates. By targeting retention of peptides for NiV prophylaxis in the respiratory tract, we avoid its systemic delivery in individuals who need only prevention, and thus we increase the safety of treatment and enhance utility of the intervention. Conclusions: The experiments provide a proof of concept for the use of antifusion lipopeptides for prophylaxis of lethal NiV. These results advance the goal of rational development of potent lipopeptide inhibitors with desirable pharmacokinetic and biodistribution properties and a safe effective delivery method to target NiV and other pathogenic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29566184&��Mathieu, Cyrille
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Virus Replication���Feb���Paramyxoviruses represent a family of RNA viruses causing significant human diseases. These include measles virus, the most infectious virus ever reported, in addition to parainfluenza virus, and other emerging viruses. Paramyxoviruses likely share common replication machinery but their mechanisms of RNA biosynthesis activities and details of their complex polymerase structures are unknown. Mechanistic and functional details of a paramyxovirus polymerase would have sweeping implications for understanding RNA virus replication and for the development of new antiviral medicines. To study paramyxovirus polymerase structure and function, we expressed an active recombinant Nipah virus (NiV) polymerase complex assembled from the multifunctional NiV L protein bound to its phosphoprotein cofactor. NiV is an emerging highly pathogenic virus that causes severe encephalitis and has been declared a global public health concern due to its high mortality rate. Using negative-stain electron microscopy, we demonstrated NiV polymerase forms ring-like particles resembling related RNA polymerases. We identified conserved sequence elements driving recognition of the 3'-terminal genomic promoter by NiV polymerase, and leading to initiation of RNA synthesis, primer extension, and transition to elongation mode. Polyadenylation resulting from NiV polymerase stuttering provides a mechanistic basis for transcription termination. It also suggests a divergent adaptation in promoter recognition between pneumo- and paramyxoviruses. The lack of available antiviral therapy for NiV prompted us to identify the triphosphate forms of R1479 and GS-5734, two clinically relevant nucleotide analogs, as substrates and inhibitors of NiV polymerase activity by delayed chain termination. Overall, these findings provide low-resolution structural details and the mechanism of an RNA polymerase from a previously uncharacterized virus family. This work illustrates important functional differences yet remarkable similarities between the polymerases of nonsegmented negative-strand RNA viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29425244���Jordan, Paul C
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vaccination���AprO��OBJECTIVE: To evaluate the effect of Equivac(R) HeV Hendra virus vaccine on Thoroughbred racing performance. DESIGN: Retrospective pre-post intervention study. METHODS: Thoroughbreds with at least one start at one of six major south-eastern Queensland race tracks between 1 July 2012 and 31 December 2016 and with starts in the 3-month periods before and after Hendra virus vaccinations were identified. Piecewise linear mixed models compared the trends in 'Timeform rating' and 'margin to winner' before and after initial Hendra virus vaccination. Generalised linear mixed models similarly compared the odds of 'winning', 'placing' (1st-3rd) and 'winning any prize money'. Timeform rating trends were also compared before and after the second and subsequent vaccinations. RESULTS: Analysis of data from 4208 race starts by 755 horses revealed no significant difference in performance in the 3 months before versus 3 months after initial Hendra vaccination for Timeform rating (P = 0.32), 'Margin to winner' (P = 0.45), prize money won (P = 0.25), wins (P = 0.64) or placings (P = 0.77). Further analysis for Timeform rating for 7844 race starts by 928 horses failed to identify any significant change in Timeform rating trends before versus after the second and subsequent vaccinations (P = 0.16) or any evidence of a cumulative effect for the number of vaccines received (P = 0.22). CONCLUSION: No evidence of an effect of Hendra virus vaccination on racing performance was found. The findings allow owners, trainers, industry regulators and animal health authorities to make informed decisions about vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/29399777­��Schemann, K
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pathology���Decw��The importance of horse (Equus caballus) to equine practitioners and researchers cannot be ignored. An unevenly distributed population of equids harbors numerous diseases, which can affect horses of any age and breed. Among these, the affections of nervous system are potent reason for death and euthanasia in equids. Many episodes associated with the emergence of equine encephalitic conditions have also pose a threat to human population as well, which signifies their pathogenic zoonotic potential. Intensification of most of the arboviruses is associated with sophisticated interaction between vectors and hosts, which supports their transmission. The alphaviruses, bunyaviruses, and flaviviruses are the major implicated groups of viruses involved with equines/humans epizootic/epidemic. In recent years, many outbreaks of deadly zoonotic diseases such as Nipah virus, Hendra virus, and Japanese encephalitis in many parts of the globe addresses their alarming significance. The equine encephalitic viruses differ in their global distribution, transmission and main vector species involved, as discussed in this article. The current review summarizes the status, pathogenesis, pathology, and impact of equine neuro-invasive conditions of viral origin. A greater understanding of these aspects might be able to provide development of advances in neuro-protective strategies in equine population.,��https://www.ncbi.nlm.nih.gov/pubmed/29391683 ��Kumar, Rakesh
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Paramyxovirinae/genetics/immunology/*isolation & purification"��In 2011, an unusually large number of independent Hendra virus outbreaks were recorded on horse properties in Queensland and New South Wales, Australia. Urine from bat colonies adjacent to the outbreak sites were sampled and screened for Hendra and other viruses. Several novel paramyxoviruses were also isolated at different locations. Here one of the novel viruses, named Hervey virus (HerPV), is fully characterized by genome sequencing, annotation, phylogeny and in vitro host range, and its serological cross-reactivity and neutralization patterns are examined. HerPV may have ecological and spatial and temporal patterns similar to Hendra virus and could serve as a sentinel virus for the surveillance of this highly pathogenic virus. The suitability of HerPV as potential sentinel virus is further assessed by determining the serological prevalence of HerPV antibodies in fruit-eating bats from Australia, Indonesia, Papua New Guinea, Tanzania and the Gulf of Guinea, indicating the presence of similar viruses in regions beyond the Australian border.,��https://www.ncbi.nlm.nih.gov/pubmed/29390028(��Kohl, Claudia
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Gurley, E. S.���2018r��Characterization of the Spatial and Temporal Distribution of Nipah Virus Spillover Events in Bangladesh, 2007-2013	��1390-1394���J Infect Dis���217���9���Apr 11Â��Nipah virus is a zoonotic virus harbored by bats and lethal to humans. Bat-to-human spillovers occur every winter in Bangladesh. However, there is significant heterogeneity in the number of spillovers detected by district and year that remains unexplained. We analyzed data from all 57 spillovers during 2007-2013 and found that temperature differences explained 36% of the year-to-year variation in the total number of spillovers each winter and that distance to surveillance hospitals explained 45% of spatial heterogeneity. Interventions to prevent human infections may be most important during colder winters. Further work is needed to understand how dynamics of bat infections explains spillover risk.,��https://www.ncbi.nlm.nih.gov/pubmed/29351657���Cortes, Maria C
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*Spillover���Sepp��Understanding environmental factors driving spatiotemporal patterns of disease can improve risk mitigation strategies. Hendra virus (HeV), discovered in Australia in 1994, spills over from bats (Pteropus sp.) to horses and thence to humans. Below latitude - 22 degrees , almost all spillover events to horses occur during winter, and above this latitude spillover is aseasonal. We generated a statistical model of environmental drivers of HeV spillover per month. The model reproduced the spatiotemporal pattern of spillover risk between 1994 and 2015. The model was generated with an ensemble of methods for presence-absence data (boosted regression trees, random forests and logistic regression). Presences were the locations of horse cases, and absences per spatial unit (2.7 x 2.7 km pixels without spillover) were sampled with the horse census of Queensland and New South Wales. The most influential factors indicate that spillover is associated with both cold-dry and wet conditions. Bimodal responses to several variables suggest spillover involves two systems: one above and one below a latitudinal area close to - 22 degrees . Northern spillovers are associated with cold-dry and wet conditions, and southern with cold-dry conditions. Biologically, these patterns could be driven by immune or behavioural changes in response to food shortage in bats and horse husbandry. Future research should look for differences in these traits between seasons in the two latitudinal regions. Based on the predicted risk patterns by latitude, we recommend enhanced preventive management for horses from March to November below latitude 22 degrees south.,��https://www.ncbi.nlm.nih.gov/pubmed/29349533=��Martin, Gerardo
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*Zimbabwe���Mar+��Bats carry a great diversity of zoonotic viruses with a high-impact on human health and livestock. Since the emergence of new coronaviruses and paramyxoviruses in humans (e.g. Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and Nipah virus), numerous studies clearly established that bats can maintain some of these viruses. Improving our understanding on the role of bats in the epidemiology of the pathogens they harbour is necessary to prevent cross-species spill over along the wild/domestic/human gradient. In this study, we screened bat faecal samples for the presence of Coronavirus and Paramyxovirus in two caves frequently visited by local people to collect manure and/or to hunt bats in Zimbabwe. We amplified partial RNA-dependent RNA polymerase genes of Alpha and Betacoronavirus together with the partial polymerase gene of Paramyxovirus. Identified coronaviruses were related to pathogenic human strains and the paramyxovirus belonged to the recently described Jeilongvirus genus. Our results highlighted the importance of monitoring virus circulation in wildlife, especially bats, in the context of intense human-wildlife interfaces in order to strengthen prevention measures among local populations and to implement sentinel surveillance in sites with high zoonotic diseases transmission potential.,��https://www.ncbi.nlm.nih.gov/pubmed/29331670<��Bourgarel, Mathieu
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Wrist Injuries/epidemiology/*etiology/therapy���Feb 15���Increasing numbers of people are playing golf. Golf is a unique sport in that the ability to participate at a high level is not limited by age. In addition, participants tend to play more rather than less as they grow older. Injuries can occur at any point during the golf swing, from takeaway through follow-through. Upper extremity injuries can affect the hands, elbow, and shoulder and are usually a result of the golf swing at impact. Injuries are also common in the lower back as well as the lower extremities. Most injuries are the result of overuse and poor swing mechanics. When treating golfers, it is important to have a good understanding of the biomechanics and forces of the golf swing to diagnose and manage the vast spectrum of injuries incurred in this sport.,��https://www.ncbi.nlm.nih.gov/pubmed/29329123­��Zouzias, Ioannis C
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Viral Proteins/chemistry/metabolism���Jan 10ê��Hendra virus (HeV) is a paramyxovirus that causes lethal disease in humans, for which no vaccine or antiviral agent is available. HeV V protein is central to pathogenesis through its ability to interact with cytoplasmic host proteins, playing key antiviral roles. Here we use immunoprecipitation, siRNA knockdown and confocal laser scanning microscopy to show that HeV V shuttles to and from the nucleus through specific host nuclear transporters. Spectroscopic and small angle X-ray scattering studies reveal HeV V undergoes a disorder-to-order transition upon binding to either importin alpha/beta1 or exportin-1/Ran-GTP, dependent on the V N-terminus. Importantly, we show that specific inhibitors of nuclear transport prevent interaction with host transporters, and reduce HeV infection. These findings emphasize the critical role of host-virus interactions in HeV infection, and potential use of compounds targeting nuclear transport, such as the FDA-approved agent ivermectin, as anti-HeV agents.,��https://www.ncbi.nlm.nih.gov/pubmed/29321677C��Atkinson, Sarah C
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*paramyxovirus���Mar 15���Paramyxovirus V proteins are known antagonists of the RIG-I-like receptor (RLR)-mediated interferon induction pathway, interacting with and inhibiting the RLR MDA5. We report interactions between the Nipah virus V protein and both RIG-I regulatory protein TRIM25 and RIG-I. We also observed interactions between these host proteins and the V proteins of measles virus, Sendai virus, and parainfluenza virus. These interactions are mediated by the conserved C-terminal domain of the V protein, which binds to the tandem caspase activation and recruitment domains (CARDs) of RIG-I (the region of TRIM25 ubiquitination) and to the SPRY domain of TRIM25, which mediates TRIM25 interaction with the RIG-I CARDs. Furthermore, we show that V interaction with TRIM25 and RIG-I prevents TRIM25-mediated ubiquitination of RIG-I and disrupts downstream RIG-I signaling to the mitochondrial antiviral signaling protein. This is a novel mechanism for innate immune inhibition by paramyxovirus V proteins, distinct from other known V protein functions such as MDA5 and STAT1 antagonism.IMPORTANCE The host RIG-I signaling pathway is a key early obstacle to paramyxovirus infection, as it results in rapid induction of an antiviral response. This study shows that paramyxovirus V proteins interact with and inhibit the activation of RIG-I, thereby interrupting the antiviral signaling pathway and facilitating virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/29321315���Sanchez-Aparicio, Maria T
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Young Adult���Jan 1z��BACKGROUND: Ameloblastoma is a neoplasm classified as a benign epithelial odontogenic tumor of the jaws, grow slowly and are locally invasive. The aim of the present study was to investigate the incidence, treatment, and complication of patients with ameloblastoma in East-Indonesia during six years retrospective study. MATERIAL AND METHODS: This retrospective study included 84 patients who were diagnosed with ameloblastoma from 2011 to 2016. There were 56 patients with treatment data available. Data from each patient, including gender, age, histologic type, the size of the tumor, radiologic form, tumor location, type of treatment, and complication were reviewed and analyzed retrospectively. RESULTS: Fourteen patients were diagnosed with unicystic ameloblastoma (25%), thirty two patients with multicystic follicular ameloblastoma (57%) and ten patients with an unspecified multicystic ameloblastoma (18%). A total of about 35 patients were treated conservatively (62.5%) and 21 patients were treated radically (37.5%). Swelling was present as a pre-operative complication in all 56 cases (100%). There were no complaints concerning speech. CONCLUSIONS: The majority findings of the histologic type were multicystic ameloblastoma and their location were in the mandible. Most ameloblastoma were treated conservatively and reconstructions were made with only titanium plates and not bone graft.,��https://www.ncbi.nlm.nih.gov/pubmed/29274152ß��Ruslin, M
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Water/chemistry���Dec 19ÿ��Intrinsically disordered proteins (IDPs) lack stable secondary and tertiary structure under physiological conditions in the absence of their biological partners and thus exist as dynamic ensembles of interconverting conformers, often highly soluble in water. However, in some cases, IDPs such as the ones involved in neurodegenerative diseases can form protein aggregates and their aggregation process may be triggered by the interaction with membranes. Although the interfacial behavior of globular proteins has been extensively studied, experimental data on IDPs at the air/water (A/W) and water/lipid interfaces are scarce. We studied here the intrinsically disordered C-terminal domain of the Hendra virus nucleoprotein (NTAIL) and compared its interfacial properties to those of lysozyme that is taken as a model globular protein of similar molecular mass. Adsorption of NTAIL at the A/W interface was studied in the absence and presence of phospholipids using Langmuir films, polarization modulated-infrared reflection-absorption spectroscopy, and an automated drop tensiometer for interfacial tension and elastic modulus determination with oscillating bubbles. NTAIL showed a significant surface activity, with a higher adsorption capacity at the A/W interface and penetration into egg phosphatidylcholine monolayer compared to lysozyme. Whereas lysozyme remains folded upon compression of the protein layer at the A/W interface and shows a quasi-pure elastic behavior, NTAIL shows a much higher molecular area and forms a highly viscoelastic film with a high dilational modulus. To our knowledge, a new disorder-to-order transition is thus observed for the NTAIL protein that folds into an antiparallel beta-sheet at the A/W interface and presents strong intermolecular interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/29262365è��Benarouche, Anais
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*viruses���Jan®��Nipah virus (NiV) has been transmitted from patient to caregivers in Bangladesh presumably through oral secretions. We aimed to detect whether NiV-infected patients contaminate hospital surfaces with the virus. During December 2013-April 2014, we collected 1 swab sample from 5 surfaces near NiV-infected patients and tested surface and oral swab samples by real-time reverse transcription PCR for NiV RNA. We identified 16 Nipah patients; 12 cases were laboratory-confirmed and 4 probable. Of the 12 laboratory-confirmed cases, 10 showed NiV RNA in oral swab specimens. We obtained surface swab samples for 6 Nipah patients; 5 had evidence of NiV RNA on >1 surface: 4 patients contaminated towels, 3 bed sheets, and 1 the bed rail. Patients with NiV RNA in oral swab samples were significantly more likely than other Nipah patients to die. To reduce the risk for fomite transmission of NiV, infection control should target hospital surfaces.,��https://www.ncbi.nlm.nih.gov/pubmed/29260663%��Hassan, Md Zakiul
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Sick day rules���AugÀ��Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, pp 1-22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortality and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reactive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/29188454ª��Sykes, Lynne
Nipah, Rob
Kalra, Philip
Green, Darren
eng
Review
Italy
2017/12/01 06:00
J Nephrol. 2018 Aug;31(4):523-535. doi: 10.1007/s40620-017-0454-2. Epub 2017 Nov 29.*��1724-6059 (Electronic)
1121-8428 (Linking)
��PMC6061256���29188454ù��Emergency Assessment Unit, Salford Royal NHS Foundation Trust, MAHSC, Stott Lane, Salford, M6 8HD, UK. lynne.sykes@nhs.net.
Division of Cardiovascular Sciences, University of Manchester, MAHSC, Manchester, UK. lynne.sykes@nhs.net.
Emergency Assessment Unit, Salford Royal NHS Foundation Trust, MAHSC, Stott Lane, Salford, M6 8HD, UK.
Division of Cardiovascular Sciences, University of Manchester, MAHSC, Manchester, UK.
Department of Renal Medicine, Salford Royal NHS Foundation Trust, MAHSC, Salford, UK.���10.1007/s40620-017-0454-2��ç��þÒ|ÿî?m������Wiethoelter, A. K.
Schembri, N.
Dhand, N. K.
Sawford, K.
Taylor, M. R.
Moloney, B.
Wright, T.
Kung, N.
Field, H. E.
Toribio, Jlml���2017V��Australian horse owners and their biosecurity practices in the context of Hendra virus���28-36���Prev Vet Med���148���Animals
Australia
Cross-Sectional Studies
*Health Communication
*Health Knowledge, Attitudes, Practice
Hendra Virus/*physiology
Henipavirus Infections/prevention & control/psychology/*veterinary/virology
Horse Diseases/*prevention & control/psychology/virology
Horses
Humans
Zoonoses/*prevention & control/psychology/virology
Biosecurity
Hendra virus
Horse
Horse owner
Prevention
Questionnaire���Dec 1°��In recent years, outbreaks of exotic as well as newly emerging infectious diseases have highlighted the importance of biosecurity for the Australian horse industry. As the first potentially fatal zoonosis transmissible from horses to humans in Australia, Hendra virus has emphasised the need to incorporate sound hygiene and general biosecurity practices into day-to-day horse management. Recommended measures are widely publicised, but implementation is at the discretion of the individual owner. This cross-sectional study aimed to determine current levels of biosecurity of horse owners and to identify factors influencing the uptake of practices utilising data from an online survey. Level of biosecurity (low, medium, high), as determined by horse owners' responses to a set of questions on the frequency of various biosecurity practices performed around healthy (9 items) and sick horses (10 items), was used as a composite outcome variable in ordinal logistic regression analyses. The majority of horse owners surveyed were female (90%), from the states of Queensland (45%) or New South Wales (37%), and were involved in either mainly competitive/equestrian sports (37%) or recreational horse activities (35%). Seventy-five percent of owners indicated that they follow at least one-third of the recommended practices regularly when handling their horses, resulting in medium to high levels of biosecurity. Main factors associated with a higher level of biosecurity were high self-rated standard of biosecurity, access to personal protective equipment, absence of flying foxes in the local area, a good sense of control over Hendra virus risk, likelihood of discussing a sick horse with a veterinarian and likelihood of suspecting Hendra virus in a sick horse. Comparison of the outcome variable with the self-rated standard of biosecurity showed that over- as well as underestimation occurred. This highlights the need for continuous communication and education to enhance awareness and understanding of what biosecurity is and how it aligns with good horsemanship. Overall, strengthened biosecurity practices will help to improve animal as well as human health and increase preparedness for future disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/29157371%��Wiethoelter, Anke K
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tricarboxylic acid cycle���Nov���We present a case of a woman in her 70 s, on cyclophosphamide for multiple myeloma, who was admitted to critical care with grade III acute kidney injury. Renal replacement therapy with regional citrate anticoagulation was commenced. Shortly thereafter her systemic-ionised calcium levels fell and remained stubbornly low until post-filter calcium return was doubled. Her total-to-ionised calcium ratio gradually increased and so, to avoid further accumulation of citrate, anticoagulation was changed to heparin. Cyclophosphamide, which accumulates in renal failure, is known to interfere with key enzymes involved in the tricarboxylic acid cycle. We postulate that cyclophosphamide interfered with her citrate metabolism, resulting in persistent systemic chelation of calcium.,��https://www.ncbi.nlm.nih.gov/pubmed/29123570¦��Hendra, Tim
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*Virus-like particles���Feb 10´��Virions are often described as virus-only entities with no cellular components with the exception of the lipids in their membranes. However, advances in proteomics are revealing substantial amounts of host proteins in the viral particles. In the case of Nipah virus (NiV), the viral components in the virion have been known for some time. Nonetheless, no information has been obtained regarding the cellular proteins in the viral particles. To address this question, we produced Virus-Like Particles (VLPs) for NiV by expressing the F, G and M proteins in human-derived cells. Next, the proteomic content in these VLPs was analyzed by LC-MS/MS. We identified 67 human proteins including soluble and membrane-bound proteins involved in vesicle sorting and transport. Interestingly, many of them have been reported to interact with other viruses. Finally, thanks to the semi-quantitative nature of our data we were able to estimate the ratio among F, G and M proteins and also the ratio between cellular and viral proteins in the VLPs. We believe our data contribute to the better understanding of NiV life cycle and might facilitate future attempts for developing antiviral agents and the design of further experimental studies for this deadly infection. BIOLOGICAL SIGNIFICANCE: Traditionally viral particles have been described as pure entities carrying only viral-derived proteins. Advances in proteomics are changing this simplified view. Host proteins have been identified in many viruses (especially in enveloped viruses). These cell-derived proteins participate in multiple steps in the viral life cycle and might be as important for the survival of the virus as any other viral-encoded protein. In this work, we analyze utilizing LC-MS/MS the cellular proteins incorporated or bound to the virions of Nipah virus (NiV), an emerging, highly pathogenic, zoonotic virus from the Paramyxoviridiae family. Furthermore, we analyzed the ratio between cellular and viral proteins and among the viral F, G and M proteins in the viral particles. The characterization of the Nipah virus-human interactions occurring in the virion might facilitate the development of new therapeutic and prophylactic therapies for this viral illness.,��https://www.ncbi.nlm.nih.gov/pubmed/29092793���Vera-Velasco, Natalia Mara
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interferon lambda���Octj��Highly pathogenic Nipah virus (NiV) generally causes severe encephalitis in humans. Respiratory symptoms are infrequently observed, likely reflecting variations in infection kinetics in human airways. Supporting this idea, we recently identified individual differences in NiV replication kinetics in cultured airway epithelia from different human donors. As type III interferons (IFN-lambda) represent major players in the defence mechanism against viral infection of the respiratory mucosa, we studied IFN-lambda induction and antiviral activity in NiV-infected primary differentiated human bronchial epithelial cells (HBEpCs) cultured under air-liquid interface conditions. Our studies revealed that IFN-lambda was upregulated in airway epithelia upon NiV infection. We also show that IFN-lambda pretreatment efficiently inhibited NiV replication. Interestingly, the antiviral activity of IFN-lambda varied in HBEpCs from two different donors. Increased sensitivity to IFN-lambda was associated with higher expression levels of IFN-lambda receptors, enhanced phosphorylation of STAT1, as well as enhanced induction of interferon-stimulated gene expression. These findings suggest that individual variations in IFN-lambda receptor expression affecting IFN responsiveness can play a functional role for NiV replication kinetics in human respiratory epithelial cells of different donors.,��https://www.ncbi.nlm.nih.gov/pubmed/28984239ê��Sauerhering, Lucie
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superstructure���Oct 1,��A new superstructure of the mineral camerolaite, Cu6Al3(OH)18(H2O)2[Sb(OH)6](SO4), has been refined in space group P\bar 1 with unit-cell parameters aP = 7.7660 (16), bP = 8.759 (4), cP = 11.306 (2) A, alphaP = 108.67 (4), betaP = 83.41 (3), gammaP = 126.64 (2) degrees , V = 581.6 (3) A(3) and Z = 1, with R1 = 0.0951 (all data). This is the first refined example of a cyanotrichite-group mineral in which long-range order of interlayer anions produces a superstructure along b, although diffuse scattering has previously been reported that corresponds to short-range order. Though the structure shares with other members of the cyanotrichite group a structural unit in which ribbons of edge-sharing Cu and Al octahedra form layers || (001), the superstructure arises from regular alternation of [SO4] and [Sb(OH)6] polyhedra along rods that lie between the layers, and phase coupling between rods that maximizes the distance between [SO4] groups of adjacent rods along a and c directions. This arrangement suggests an alternative nearly orthogonal choice of unit cell in F\bar 1 with parameters aF = 12.473 (26), bF = 8.759 (4), cF = 21.476 (7) A, alphaF = 85.94 (4), betaF = 95.91 (5), gammaF = 92.34 (9) degrees , which is recommended for comparing this structural variety of camerolaite with other members of the group.,��https://www.ncbi.nlm.nih.gov/pubmed/28981001ã��Mills, Stuart J
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Viral Envelope Proteins/*metabolism���Oct 3E��Nipah virus is an emergent paramyxovirus that causes deadly encephalitis and respiratory infections in humans. Two glycoproteins coordinate the infection of host cells, an attachment protein (G), which binds to cell surface receptors, and a fusion (F) protein, which carries out the process of virus-cell membrane fusion. The G protein binds to ephrin B2/3 receptors, inducing G conformational changes that trigger F protein refolding. Using an optical approach based on second harmonic generation, we show that monomeric and dimeric receptors activate distinct conformational changes in G. The monomeric receptor-induced changes are not detected by conformation-sensitive monoclonal antibodies or through electron microscopy analysis of G:ephrinB2 complexes. However, hydrogen/deuterium exchange experiments confirm the second harmonic generation observations and reveal allosteric changes in the G receptor binding and F-activating stalk domains, providing insights into the pathway of receptor-activated virus entry.Nipah virus causes encephalitis in humans. Here the authors use a multidisciplinary approach to study the binding of the viral attachment protein G to its host receptor ephrinB2 and show that monomeric and dimeric receptors activate distinct conformational changes in G and discuss implications for receptor-activated virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/28974687«��Wong, Joyce J W
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*Zinc Fingers���Oct 24���Henipaviruses are severe human pathogens within the Paramyxoviridae family. Beyond the P protein, the Henipavirus P gene also encodes the V protein which shares with P its N-terminal, intrinsically disordered region (PNT) and possesses a unique C-terminal domain predicted to be folded and to bind zinc (ZnFD). Henipavirus V proteins antagonize IFN signaling through PNT-mediated binding to STAT1, and several paramyxoviral V proteins promote STAT1 degradation through binding to DDB1. Structural and molecular information on Henipavirus V proteins is lacking, and their ability to interact with DDB1 has not been documented yet. We cloned the V genes from Nipah and Hendra viruses and purified the V proteins from E. coli and DDB1 from insect cells. Using analytical size-exclusion chromatography, CD and SAXS we characterized the V proteins and their domains. Using pull-down and MST we assessed their binding abilities towards DDB1. We show that PNT remains disordered also in the context of the V protein, while the ZnFD adopts a predominant beta conformation. We also show that the V proteins interact with DDB1 predominantly via their ZnFD. This is the first experimental characterization of the Henipavirus V proteins and the first experimental evidence of their interaction with DDB1. The DDB1-ZnFD interaction constitutes a promising target for antiviral strategies. These studies provide a conceptual asset to design new antiviral strategies expected to reduce or abrogate the ability of these viruses to escape the innate immune response. They also contribute to illuminating the conformational behaviour of proteins encompassing large intrinsically disordered domains.,��https://www.ncbi.nlm.nih.gov/pubmed/28972216���Salladini, Edoardo
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*infectious disease epidemiology���NovL��Understanding infection dynamics in animal hosts is fundamental to managing spillover and emergence of zoonotic infections. Hendra virus is endemic in Australian pteropodid bat populations and can be lethal to horses and humans. However, we know little about the factors driving Hendra virus prevalence in resevoir bat populations, making spillover difficult to predict. We use Hendra virus prevalence data collected from 13 000 pooled bat urine samples across space and time to determine if pulses of prevalence are periodic and synchronized across sites. We also test whether site-specific precipitation and temperature affect the amplitude of the largest annual prevalence pulses. We found little evidence for a periodic signal in Hendra virus prevalence. Although the largest amplitude pulses tended to occur over winter, pulses could also occur in other seasons. We found that Hendra virus prevalence was weakly synchronized across sites over short distances, suggesting that prevalence is driven by local-scale effects. Finally, we found that drier conditions in previous seasons and the abundance of Pteropus alecto were positively correlated with the peak annual values of Hendra virus prevalence. Our results suggest that in addition to seasonal effects, bat density and local climatic conditions interact to drive Hendra virus infection dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/28942750t��Paez, D J
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*Nipah virus���Sep5��Human Nipah virus (NiV) infection, often fatal in Bangladesh, is primarily transmitted by drinking raw date palm sap contaminated by Pteropus bats. We assessed the impact of a behavior change communication intervention on reducing consumption of potentially NiV-contaminated raw sap. During the 2012-2014 sap harvesting seasons, we implemented interventions in two areas and compared results with a control area. In one area, we disseminated a "do not drink raw sap" message and, in the other area, encouraged only drinking sap if it had been protected from bat contamination by a barrier ("only safe sap"). Post-intervention, 40% more respondents in both intervention areas reported knowing about a disease contracted through raw sap consumption compared with control. Reported raw sap consumption decreased in all areas. The reductions in the intervention areas were not significantly greater compared to the control. Respondents directly exposed to the "only safe sap" message were more likely to report consuming raw sap from a protected source than those with no exposure (25 vs. 15%, OR 2.0, 95% CI 1.5-2.6, P < 0.001). While the intervention increased knowledge in both intervention areas, the "only safe sap" intervention reduced exposure to potentially NiV-contaminated sap and should be considered for future dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/28905152G��Nahar, Nazmun
Paul, Repon C
Sultana, Rebeca
Sumon, Shariful Amin
Banik, Kajal Chandra
Abedin, Jaynal
Asaduzzaman, Mohammad
Garcia, Fernando
Zimicki, Susan
Rahman, Mahmudur
Gurley, Emily S
Luby, Stephen P
eng
Comparative Study
2017/09/15 06:00
Ecohealth. 2017 Sep;14(3):501-517. doi: 10.1007/s10393-017-1267-4. Epub 2017 Sep 13.*��1612-9210 (Electronic)
1612-9202 (Linking)���28905152<��icddr,b, 68, Shaheed Tajuddin Ahmed Sharani, Mohakhali, Dhaka, 1212, Bangladesh. nahar.nazmun@yahoo.com.
Swiss Tropical and Public Health Institute, Basel, Switzerland. nahar.nazmun@yahoo.com.
University of Basel, Basel, Switzerland. nahar.nazmun@yahoo.com.
icddr,b, 68, Shaheed Tajuddin Ahmed Sharani, Mohakhali, Dhaka, 1212, Bangladesh.
FHI 360, 1825 Connecticut Avenue NW, Washington, DC, 20009, USA.
Institute of Epidemiology, Disease Control and Research (IEDCR), Dhaka, Bangladesh.
Infectious Diseases and Geographic Medicine, Stanford University, Stanford, CA, USA.���10.1007/s10393-017-1267-4��¢�FüÒtÿî?x���1��Martinez-Gil, L.
Vera-Velasco, N. M.
Mingarro, I.���2017;��Exploring the Human-Nipah Virus Protein-Protein Interactome���J Virol���91���23b��Animals
Henipavirus Infections/virology
*Host-Pathogen Interactions
Humans
Mass Spectrometry
Nipah Virus/chemistry/genetics/*metabolism
*Protein Interaction Maps
Viral Proteins/chemistry/isolation & purification/*metabolism
Virus Internalization
*Ms
*Nipah
*mass spectrometry
*paramyxovirus
*protein-protein interaction
*virology
*virus-host interactions���Dec 1P��Nipah virus is an emerging, highly pathogenic, zoonotic virus of the Paramyxoviridae family. Human transmission occurs by close contact with infected animals, the consumption of contaminated food, or, occasionally, via other infected individuals. Currently, we lack therapeutic or prophylactic treatments for Nipah virus. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. This aim led us to perform the present work, in which we identified 101 human-Nipah virus protein-protein interactions (PPIs), most of which (88) are novel. This data set provides a comprehensive view of the host complexes that are manipulated by viral proteins. Host targets include the PRP19 complex and the microRNA (miRNA) processing machinery. Furthermore, we explored the biologic consequences of the interaction with the PRP19 complex and found that the Nipah virus W protein is capable of altering p53 control and gene expression. We anticipate that these data will help in guiding the development of novel interventional strategies to counter this emerging viral threat.IMPORTANCE Nipah virus is a recently discovered virus that infects a wide range of mammals, including humans. Since its discovery there have been yearly outbreaks, and in some of them the mortality rate has reached 100% of the confirmed cases. However, the study of Nipah virus has been largely neglected, and currently we lack treatments for this infection. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. In the present work, we identified 101 human-Nipah virus protein-protein interactions using an affinity purification approach coupled with mass spectrometry. Additionally, we explored the cellular consequences of some of these interactions. Globally, this data set offers a comprehensive and detailed view of the host machinery's contribution to the Nipah virus's life cycle. Furthermore, our data present a large number of putative drug targets that could be exploited for the treatment of this infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28904190Î��Martinez-Gil, Luis
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*nucleoprotein���Nov 1õ	�Henipaviruses, such as Nipah (NiV) and Hendra (HeV) viruses, are highly pathogenic zoonotic agents within the Paramyxoviridae family. The phosphoprotein (P) gene products of the paramyxoviruses have been well characterized for their interferon (IFN) antagonist activity and their contribution to viral pathogenicity. In this study, we demonstrated that the nucleoprotein (N) of henipaviruses also prevents the host IFN signaling response. Reporter assays demonstrated that the NiV and HeV N proteins (NiV-N and HeV-N, respectively) dose-dependently suppressed both type I and type II IFN responses and that the inhibitory effect was mediated by their core domains. Additionally, NiV-N prevented the nuclear transport of signal transducer and activator of transcription 1 (STAT1) and STAT2. However, NiV-N did not associate with Impalpha5, Impbeta1, or Ran, which are members of the nuclear transport system for STATs. Although P protein is known as a binding partner of N protein and actively retains N protein in the cytoplasm, the IFN antagonist activity of N protein was not abolished by the coexpression of P protein. This suggests that the IFN inhibition by N protein occurs in the cytoplasm. Furthermore, we demonstrated that the complex formation of STATs was hampered in the N protein-expressing cells. As a result, STAT nuclear accumulation was reduced, causing a subsequent downregulation of interferon-stimulated genes (ISGs) due to low promoter occupancy by STAT complexes. This novel route for preventing host IFN responses by henipavirus N proteins provides new insight into the pathogenesis of these viruses.IMPORTANCE Paramyxoviruses are well known for suppressing interferon (IFN)-mediated innate immunity with their phosphoprotein (P) gene products, and the henipaviruses also possess P, V, W, and C proteins for evading host antiviral responses. There are numerous studies providing evidence for the relationship between viral pathogenicity and antagonistic activities against IFN responses by P gene products. Meanwhile, little attention has been paid to the influence of nucleoprotein (N) on host innate immune responses. In this study, we demonstrated that both the NiV and HeV N proteins have antagonistic activity against the JAK/STAT signaling pathway by preventing the nucleocytoplasmic trafficking of STAT1 and STAT2. This inhibitory effect is due to an impairment of the ability of STATs to form complexes. These results provide new insight into the involvement of N protein in viral pathogenicity via its IFN antagonism.,��https://www.ncbi.nlm.nih.gov/pubmed/28835499Ù��Sugai, Akihiro
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*zoonoses���Sepé��Preventing emergence of new zoonotic viruses depends on understanding determinants for human risk. Nipah virus (NiV) is a lethal zoonotic pathogen that has spilled over from bats into human populations, with limited person-to-person transmission. We examined ecologic and human behavioral drivers of geographic variation for risk of NiV infection in Bangladesh. We visited 60 villages during 2011-2013 where cases of infection with NiV were identified and 147 control villages. We compared case villages with control villages for most likely drivers for risk of infection, including number of bats, persons, and date palm sap trees, and human date palm sap consumption behavior. Case villages were similar to control villages in many ways, including number of bats, persons, and date palm sap trees, but had a higher proportion of households in which someone drank sap. Reducing human consumption of sap could reduce virus transmission and risk for emergence of a more highly transmissible NiV strain.,��https://www.ncbi.nlm.nih.gov/pubmed/28820130f��Gurley, Emily S
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Haseeb, M. A.���2017v��The impact of human population pressure on flying fox niches and the potential consequences for Hendra virus spillover���8226���Sci Rep���7���1���Aug 15���Hendra virus (HeV) is an emerging pathogen of concern in Australia given its ability to spillover from its reservoir host, pteropid bats, to horses and further on to humans, and the severe clinical presentation typical in these latter incidental hosts. Specific human pressures over recent decades, such as expanding human populations, urbanization, and forest fragmentation, may have altered the ecological niche of Pteropus species acting as natural HeV reservoirs and may modulate spillover risk. This study explored the influence of inter-decadal net human local migration between 1970 and 2000 on changes in the habitat suitability to P. alecto and P. conspicillatus from 1980 to 2015 in eastern Australia. These ecological niches were modeled using boosted regression trees and subsequently fitted, along with additional landscape factors, to HeV spillovers to explore the spatial dependency of this zoonosis. The spatial model showed that the ecological niche of these two flying fox species, the human footprint, and proximity to woody savanna were each strongly associated with HeV spillover and together explained most of the spatial dependency exhibited by this zoonosis. These findings reinforce the potential for anthropogenic pressures to shape the landscape epidemiology of HeV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28811483���Walsh, Michael G
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Stewart, C. R.���2017A��Circulating microRNA profiles of Hendra virus infection in horses���7431���Sci Rep���7���1���Aug 7I��Hendra virus (HeV) is an emerging zoonotic pathogen harbored by Australian mainland flying foxes. HeV infection can cause lethal disease in humans and horses, and to date all cases of human HeV disease have resulted from contact with infected horses. Currently, diagnosis of acute HeV infections in horses relies on the productive phase of infection when virus shedding may occur. An assay that identifies infected horses during the preclinical phase of infection would reduce the risk of zoonotic viral transmission during management of HeV outbreaks. Having previously shown that the host microRNA (miR)-146a is upregulated in the blood of HeV-infected horses days prior to the detection of viremia, we have profiled miRNAs at the transcriptome-wide level to comprehensively assess differences between infected and uninfected horses. Next-generation sequencing and the miRDeep2 algorithm identified 742 mature miRNA transcripts corresponding to 593 miRNAs in whole blood of six horses (three HeV-infected, three uninfected). Thirty seven miRNAs were differentially expressed in infected horses, two of which were validated by qRT-PCR. This study describes a methodology for the transcriptome-wide profiling of miRNAs in whole blood and supports the notion that measuring host miRNA expression levels may aid infectious disease diagnosis in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/28785041���Cowled, Christopher
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Ultraviolet Rays���Aug 25=��Ceratodon purpureus is a cosmopolitan moss that survives some of the harshest places on Earth: from frozen Antarctica to hot South Australian deserts. In a study on the survival mechanisms of the species, nine compounds were isolated from Australian and Antarctic C. purpureus. This included five biflavonoids, with complete structural elucidation of 1 and 2 reported here for the first time, as well as an additional four known phenolic compounds. Dispersion-corrected DFT calculations suggested a rotational barrier, leading to atropisomerism, resulting in the presence of diastereomers for compound 2. All isolates absorbed strongly in the ultraviolet (UV) spectrum, e.g., biflavone 1 (UV-A, 315-400 nm), which displayed the strongest radical-scavenging activity, 13% more efficient than the standard rutin; p-coumaric acid and trans-ferulic acid showed the highest UV-B (280-315 nm) absorption. The more complex and abundant 1 and 2 presumably have dual roles as both UV-screening and antioxidant compounds. They are strongly bound to Antarctic moss cell walls as well as located inside the cells of moss from both locations. The combined high stability and photoprotective abilities of these isolates may account for the known resilience of this species to UV-B radiation and its survival in some of the toughest locations in the world.,��https://www.ncbi.nlm.nih.gov/pubmed/28783339ó��Waterman, Melinda J
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Urine/virologyÿ��Pteropid bats (flying-foxes) are the natural reservoir of Hendra virus, an emergent paramyxovirus responsible for fatal infection in horses and humans in Australia. Pteropus alecto (the Black flying-fox) and the paraphyletic P. conspicillatus (the Spectacled flying-fox) appear to be the primary reservoir hosts. Previous studies have suggested that physiological and ecological factors may underpin infection dynamics in flying-foxes, and subsequent spillover to horses and in turn humans. We sought to examine temporal trends in urinary cortisol concentration in wild Australian flying-fox populations, to elucidate the putative relationship between Hendra virus infection and physiological stress. Pooled and individual urine samples were non-invasively collected from under roosting flying-foxes at two latitudinally disparate regions in the eastern Australian state of Queensland. Hendra virus detection, and (in individual urine samples) sex and species determination were PCR-based. Urinary cortisol measurement used a validated enzyme immunoassay. We found no direct correlation between increased urinary cortisol and Hendra virus excretion, but our findings do suggest a biologically plausible association between low winter temperatures and elevated cortisol levels in P. alecto in the lower latitude Southeast Queensland roosts. We hypothesize an indirect association between low winter temperatures and increased Hendra virus infection and excretion, mediated by the physiological cost of thermoregulation. Our findings and our approach are directly relevant to elaboration of the disease ecology of Nipah virus and other emerging henipaviruses in bats. More broadly, they inform investigation of emerging disease infection dynamics across the wildlife/livestock/human interface.,��https://www.ncbi.nlm.nih.gov/pubmed/28767708×��McMichael, Lee
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Nipah virus���JunA��OBJECTIVE: To explore a common B- and T-cell epitope-based vaccine that can elicit an immune response against encephalitis causing genus Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV). METHODS: Membrane proteins F, G and M of HeV and NiV were retrieved from the protein database and subjected to different bioinformatics tools to predict antigenic B-cell epitopes. Best B-cell epitopes were then analyzed to predict their T-cell antigenic potentiality. Antigenic B- and T-cell epitopes that shared maximum identity with HeV and NiV were selected. Stability of the selected epitopes was predicted. Finally, the selected epitopes were subjected to molecular docking simulation with HLA-DR to confirm their antigenic potentiality in silico. RESULTS: One epitope from G proteins, one from M proteins and none from F proteins were selected based on their antigenic potentiality. The epitope from the G proteins was stable whereas that from M was unstable. The M-epitope was made stable by adding flanking dipeptides. The 15-mer G-epitope (VDPLRVQWRNNSVIS) showed at least 66% identity with all NiV and HeV G protein sequences, while the 15-mer M-epitope (GKLEFRRNNAIAFKG) with the dipeptide flanking residues showed 73% identity with all NiV and HeV M protein sequences available in the database. Molecular docking simulation with most frequent MHC class-II (MHC II) and class-I (MHC I) molecules showed that these epitopes could bind within HLA binding grooves to elicit an immune response. CONCLUSIONS: Data in our present study revealed the notion that the epitopes from G and M proteins might be the target for peptide-based subunit vaccine design against HeV and NiV. However, the biochemical analysis is necessary to experimentally validate the interaction of epitopes individually with the MHC molecules through elucidation of immunity induction.,��https://www.ncbi.nlm.nih.gov/pubmed/28756915Õ��Saha, Chayan Kumar
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peptides���Jul 15¸��A set of lipopeptides was recently reported for their broad-spectrum antiviral activity against viruses belonging to the Paramyxoviridae family, including human parainfluenza virus type 3 and Nipah virus. Among them, the peptide with a 24-unit PEG linker connecting it to a cholesterol moiety (VG-PEG24-Chol) was found to be the best membrane fusion inhibitory peptide. Here, we evaluated the interaction of the same set of peptides with biomembrane model systems and isolated human peripheral blood mononuclear cells (PBMC). VG-PEG24-Chol showed the highest insertion rate and it was among the peptides that induced a larger change on the surface pressure of cholesterol rich membranes. This peptide also displayed a high affinity towards PBMC membranes. These data provide new information about the dynamics of peptide-membrane interactions of a specific group of antiviral peptides, known for their potential as multipotent paramyxovirus antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/28714870"��Augusto, Marcelo T
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*zoonotic infections���Sep 15é
�Several infectious disease outbreaks with high mortality in humans have been attributed to viruses that are thought to have evolved from bat viruses. In this study from Luxembourg, the genetic diversity and epidemiology of paramyxoviruses and coronaviruses shed by the bat species Rhinolophus ferrumequinum and Myotis emarginatus were evaluated. Feces collection (n = 624) was performed longitudinally in a mixed-species colony in 2015 and 2016. In addition, feces (n = 254) were collected cross-sectionally from six Myotis emarginatus colonies in 2016. By use of degenerate primers in a nested format, overall prevalences of 1.1% (10/878) and 4.9% (43/878) were determined for paramyxoviruses and coronaviruses. Sequences of the partial RNA-dependent RNA polymerase and spike glycoprotein genes of coronaviruses, as well as sequences of the partial L gene of paramyxoviruses, were obtained. Novel paramyxovirus and Alphacoronavirus strains were identified in different Myotis emarginatus colonies, and severe acute respiratory syndrome (SARS)-related Betacoronavirus strains were shed by Rhinolophus ferrumequinum Logistic regression revealed that the level of Alphacoronavirus shedding was highest in July (odds ratio, 2.8; P < 0.01), probably due to periparturient stress. Phylogenetic analyses point to close virus-host coevolution, and the high genetic similarity of the study strains suggests that the Myotis emarginatus colonies in Luxembourg are socially connected. Most interestingly, we show that bats also host Betacoronavirus1 strains. The high similarity of the spike gene sequences of these viruses with mammalian Betacoronavirus 1 strains may be of concern. Both the SARS-related and Betacoronavirus 1 strains detected in bats in Luxembourg may cross the species barrier after a host adaptation process.IMPORTANCE Bats are a natural reservoir of a number of zoonotic pathogens. Several severe outbreaks in humans (e.g., a Nipah virus outbreak in Malaysia in 1998, and the almost global spread of severe acute respiratory syndrome in 2003) have been caused by bat-borne viruses that were transmitted to humans mostly after virus adaptation (e.g., in intermediate animal hosts). Despite the indigenousness of bat species that host viruses with suspected zoonotic potential and despite the zoonotic transmission of European bat 1 lyssavirus in Luxembourg, knowledge about the diversity and epidemiology of bat viruses remains limited in this country. Moreover, in contrast to other European countries, bat viruses are currently not included in the national surveillance activities of this land-locked country. We suggest that this gap in disease surveillance should be addressed, since we show here that synanthropic bats host viruses that may be able to cross the species barrier.,��https://www.ncbi.nlm.nih.gov/pubmed/28710271���Pauly, Maude
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Rhabdoviridae Infections/*epidemiology/transmission/virology���Jul 13x��Bats are natural reservoir hosts of highly virulent pathogens such as Marburg virus, Nipah virus, and SARS coronavirus. However, little is known about the role of bat ectoparasites in transmitting and maintaining such viruses. The intricate relationship between bats and their ectoparasites suggests that ectoparasites might serve as viral vectors, but evidence to date is scant. Bat flies, in particular, are highly specialized obligate hematophagous ectoparasites that incidentally bite humans. Using next-generation sequencing, we discovered a novel ledantevirus (mononegaviral family Rhabdoviridae, genus Ledantevirus) in nycteribiid bat flies infesting pteropodid bats in western Uganda. Mitochondrial DNA analyses revealed that both the bat flies and their bat hosts belong to putative new species. The coding-complete genome of the new virus, named Kanyawara virus (KYAV), is only distantly related to that of its closest known relative, Mount Elgon bat virus, and was found at high titers in bat flies but not in blood or on mucosal surfaces of host bats. Viral genome analysis indicates unusually low CpG dinucleotide depletion in KYAV compared to other ledanteviruses and rhabdovirus groups, with KYAV displaying values similar to rhabdoviruses of arthropods. Our findings highlight the possibility of a yet-to-be-discovered diversity of potentially pathogenic viruses in bat ectoparasites.,��https://www.ncbi.nlm.nih.gov/pubmed/28706276{��Goldberg, Tony L
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Phytochemicals/chemistry/isolation & purification���Jul 28 ��Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5'-O-(4-O-p-coumaryl)-O-beta-d-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5-11, 13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 muM, respectively.,��https://www.ncbi.nlm.nih.gov/pubmed/28682615Ì��Hendra, Rudi
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olfactory epithelium���May-Jun���Henipaviruses are emerging zoonotic viruses and causative agents of encephalitis in humans. However, the mechanisms of entry into the central nervous system (CNS) in humans are not known. Here, we evaluated the possible role of olfactory epithelium in virus entry into the CNS. We characterized Hendra virus (HeV) and Nipah virus (NiV) infection of primary human olfactory epithelial cultures. We show that henipaviruses can infect mature olfactory sensory neurons. Henipaviruses replicated efficiently, resulting in cytopathic effect and limited induction of host responses. These results show that human olfactory epithelium is susceptible to infection with henipaviruses, suggesting that this could be a pathway for neuroinvasion in humans. IMPORTANCE Henipaviruses are emerging zoonotic pathogens that can cause acute and severe respiratory and neurological disease in humans. The pathways by which henipaviruses enter the central nervous system (CNS) in humans are still unknown. The observation that human olfactory neurons are highly susceptible to infection with henipaviruses demonstrates that the olfactory epithelium can serve as a site of Henipavirus entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/28680971Ä��Borisevich, Viktoriya
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Wang, L. F.���2018���A Functional Genomics Approach to Henipavirus Research: The Role of Nuclear Proteins, MicroRNAs and Immune Regulators in Infection and Disease���191-213���Curr Top Microbiol Immunol���419º��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are zoonotic RNA viruses that cause lethal disease in humans and are designated as Biosafety Level 4 (BSL4) agents. Moreover, henipaviruses belong to the same group of viruses that cause disease more commonly in humans such as measles, mumps and respiratory syncytial virus. Due to the relatively recent emergence of the henipaviruses and the practical constraints of performing functional genomics studies at high levels of containment, our understanding of the henipavirus infection cycle is incomplete. In this chapter we describe recent loss-of-function (i.e. RNAi) functional genomics screens that shed light on the henipavirus-host interface at a genome-wide level. Further to this, we cross-reference RNAi results with studies probing host proteins targeted by henipavirus proteins, such as nuclear proteins and immune modulators. These functional genomics studies join a growing body of evidence demonstrating that nuclear and nucleolar host proteins play a crucial role in henipavirus infection. Furthermore these studies will underpin future efforts to define the role of nucleolar host-virus interactions in infection and disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28674944·��Stewart, Cameron R
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Prevention���Jun 26"��BACKGROUND: Nipah virus infection (NiV) is a bat-borne zoonosis transmitted to humans through consumption of NiV-contaminated raw date palm sap in Bangladesh. The objective of this analysis was to measure the cost of an NiV prevention intervention and estimate the cost of scaling it up to districts where spillover had been identified. METHODS: We implemented a behavior change communication intervention in two districts, testing different approaches to reduce the risk of NiV transmission using community mobilization, interpersonal communication, posters and TV public service announcements on local television during the 2012-2014 sap harvesting seasons. In one district, we implemented a "no raw sap" approach recommending to stop drinking raw date palm sap. In another district, we implemented an "only safe sap" approach, recommending to stop drinking raw date palm sap but offering the option of drinking safe sap. This is sap covered with a barrier, locally called bana, to interrupt bats' access during collection. We conducted surveys among randomly selected respondents two months after the intervention to measure the proportion of people reached. We used an activity-based costing method to calculate the cost of the intervention. RESULTS: The implementation cost of the "no raw sap" intervention was $30,000 and the "only safe sap" intervention was $55,000. The highest cost was conducting meetings and interpersonal communication efforts. The lowest cost was broadcasting the public service announcements on local TV channels. To scale up a similar intervention in 30 districts where NiV spillover has occurred, would cost between $2.6 and $3.5 million for one season. Placing the posters would cost $96,000 and only broadcasting the public service announcement through local channels in 30 districts would cost $26,000. CONCLUSIONS: Broadcasting a TV public service announcement is a potential low cost option to advance NiV prevention. It could be supplemented with posters and targeted interpersonal communication, in districts with a high risk of NiV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28651646	��Nahar, Nazmun
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Veterinarians/economics/psychology���Hendra virus is a zoonotic paramyxovirus, which causes severe respiratory and neurological disease in horses and humans. Since 2012, the Hendra virus sub-unit G vaccine has been available for horse vaccination in Australia. Uptake of the vaccine has been limited and spill-over events of Hendra virus infection in horses continue to occur. We conducted an online, questionnaire-based cross-sectional study of 376 horse owners belonging to a variety of different equestrian clubs in Queensland, Australia, to identify risk factors for non-vaccination against Hendra virus. A total of 43.1% (N = 162) of horse owners indicated that they currently did not vaccinate against Hendra virus infection, while 56.9% (N = 214) currently vaccinated against Hendra virus infection. A total of 52 risk factors were evaluated relating to equestrian activities, horse management, perceived risk and severity of horse and human infection with Hendra virus, side effects of Hendra vaccination, other vaccinations conducted by horse owners and horse owners' attitudes towards veterinarians. The final multivariable logistics regression model identified the following risk factors associated with increased odds of non-vaccination against Hendra virus: 1) perceived low risk (compared to high) of Hendra virus infection to horses (considering the horse owners' location and management practices) or horse owners were unsure about the risk of infection, 2) perceived moderate severity (compared to very severe or severe) of Hendra virus infection in humans, 3) horse owners non-vaccination of their pets, 4) horse owners non-vaccination against strangles disease in horses, 5) handling of more than three horses per week (compared to one horse only) and 6) perceived attitude that veterinarians had a high motivation of making money from Hendra virus vaccination (compared to veterinarians having a low motivation of making money from Hendra virus vaccination). Horse owners were more likely to vaccinate against Hendra virus if horses were used for dressage, show jumping or eventing. The study also identified horse owners' concerns about side-effects and about the lack of evidence on vaccine efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/28636633»��Goyen, Kailiea Arianna
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vinegar���Janá��BACKGROUND: Vinegar is widely used as a food additive, in food preparation and as a food supplement. This study compared the phenolic acid profiles and in vivo toxicities, and antioxidant and immunomodulatory effects of coconut, nipah and pineapple juice vinegars, which were respectively prepared via a two-step fermentation using Saccharomyces cerevisiae 7013 INRA and Acetobacter aceti vat Europeans. RESULTS: Pineapple juice vinegar, which had the highest total phenolic acid content, also exhibited the greatest in vitro antioxidant capacity compared to coconut juice and nipah juice vinegars. Following acute and sub-chronic in vivo toxicity evaluation, no toxicity and mortality were evident and there were no significant differences in the serum biochemical profiles between mice administered the vinegars versus the control group. In the sub-chronic toxicity evaluation, the highest liver antioxidant levels were found in mice fed with pineapple juice vinegar, followed by coconut juice and nipah juice vinegars. However, compared to the pineapple juice and nipah juice vinegars, the mice fed with coconut juice vinegar, exhibited a higher population of CD4(+) and CD8(+) T-lymphocytes in the spleen, which was associated with greater levels of serum interleukin-2 and interferon-gamma cytokines. CONCLUSIONS: Overall, the data suggested that not all vinegar samples cause acute and sub-chronic toxicity in vivo. Moreover, the in vivo immunity and organ antioxidant levels were enhanced, to varying extents, by the phenolic acids present in the vinegars. The results obtained in this study provide appropriate guidelines for further in vivo bioactivity studies and pre-clinical assessments of vinegar consumption. (c) 2017 Society of Chemical Industry.,��https://www.ncbi.nlm.nih.gov/pubmed/28631270<��Mohamad, Nurul Elyani
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*4'-Azidocytidine
*Antiviral
*Henipavirus
*Nipah virus
*Nucleoside analog���Augi��The henipaviruses Nipah virus and Hendra virus are highly pathogenic zoonotic paramyxoviruses which have caused fatal outbreaks of encephalitis and respiratory disease in humans. Despite the availability of a licensed equine Hendra virus vaccine and a neutralizing monoclonal antibody shown to be efficacious against henipavirus infections in non-human primates, there remains no approved therapeutics or vaccines for human use. To explore the possibility of developing small-molecule nucleoside inhibitors against henipaviruses, we evaluated the antiviral activity of 4'-azidocytidine (R1479), a drug previously identified to inhibit flaviviruses, against henipaviruses along with other representative members of the family Paramyxoviridae. We observed similar levels of R1479 antiviral activity across the family, regardless of virus genus. Our brief study expands the documented range of viruses susceptible to R1479, and provides the basis for future investigation and development of 4'-modified nucleoside analogs as potential broad-spectrum antiviral therapeutics across both positive and negative-sense RNA virus families.,��https://www.ncbi.nlm.nih.gov/pubmed/28629988ð��Hotard, Anne L
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Spillover���Dec|��Hendra virus is a paramyxovirus of Australian flying fox bats. It was first detected in August 1994, after the death of 20 horses and one human. Since then it has occurred regularly within a portion of the geographical distribution of all Australian flying fox (fruit bat) species. There is, however, little understanding about which species are most likely responsible for spillover, or why spillover does not occur in other areas occupied by reservoir and spillover hosts. Using ecological niche models of the four flying fox species we were able to identify which species are most likely linked to spillover events using the concept of distance to the niche centroid of each species. With this novel approach we found that 20 out of 27 events occur disproportionately closer to the niche centroid of two species (P. alecto and P. conspicillatus). With linear regressions we found a negative relationship between distance to the niche centroid and abundance of these two species. Thus, we suggest that the bioclimatic niche of these two species is likely driving the spatial pattern of spillover of Hendra virus into horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28616484ô��Martin, Gerardo A
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Virus Assembly
Virus Release���Jun¢��The paramyxovirus family comprises major human and animal pathogens such as measles virus (MeV), mumps virus (MuV), the parainfluenzaviruses, Newcastle disease virus (NDV), and the highly pathogenic zoonotic hendra (HeV) and nipah (NiV) viruses. Paramyxovirus particles are pleomorphic, with a lipid envelope, nonsegmented RNA genomes of negative polarity, and densely packed glycoproteins on the virion surface. A number of crystal structures of different paramyxovirus proteins and protein fragments were solved, but the available information concerning overall virion organization remains limited. However, recent studies have reported cryo-electron tomography-based reconstructions of Sendai virus (SeV), MeV, NDV, and human parainfluenza virus type 3 (HPIV3) particles and a surface assessment of NiV-derived virus-like particles (VLPs), which have yielded innovative hypotheses concerning paramyxovirus particle assembly, budding, and organization. Following a summary of the current insight into paramyxovirus virion morphology, this review will focus on discussing the implications of these particle reconstructions on the present models of paramyxovirus assembly and infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28601688ÿ��Cox, Robert M
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*Protein-protein interactions���SepË��In this review, we summarize computational and experimental data gathered so far showing that structural disorder is abundant within paramyxoviral nucleoproteins (N) and phosphoproteins (P). In particular, we focus on measles, Nipah, and Hendra viruses and highlight both commonalities and differences with respect to the closely related Sendai virus. The molecular mechanisms that control the disorder-to-order transition undergone by the intrinsically disordered C-terminal domain (NTAIL) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins are described in detail. By having a significant residual disorder, NTAIL-XD complexes are illustrative examples of "fuzziness", whose possible functional significance is discussed. Finally, the relevance of N-P interactions as promising targets for innovative antiviral approaches is underscored, and the functional advantages of structural disorder for paramyxoviruses are pinpointed.,��https://www.ncbi.nlm.nih.gov/pubmed/28600653è��Longhi, Sonia
Bloyet, Louis-Marie
Gianni, Stefano
Gerlier, Denis
eng
Review
Research Support, Non-U.S. Gov't
Switzerland
2017/06/11 06:00
Cell Mol Life Sci. 2017 Sep;74(17):3091-3118. doi: 10.1007/s00018-017-2556-3. Epub 2017 Jun 9.*��1420-9071 (Electronic)
1420-682X (Linking)���28600653É��Aix-Marseille Univ, AFMB UMR 7257, 163, avenue de Luminy, Case 932, 13288, Marseille Cedex 09, France. Sonia.Longhi@afmb.univ-mrs.fr.
CNRS, AFMB UMR 7257, 13288, Marseille, France. Sonia.Longhi@afmb.univ-mrs.fr.
CIRI, International Center for Infectiology Research, Universite de Lyon, Lyon, France.
INSERM, U1111, Lyon, France.
Ecole Normale Superieure de Lyon, Lyon, France.
Universite Claude Bernard Lyon 1, Centre International de Recherche en Infectiologie, Lyon, France.
CNRS, UMR5308, Lyon, France.
Istituto Pasteur, Fondazione Cenci Bolognetti and Istituto di Biologia e Patologia Molecolari del CNR, Dipartimento di Scienze Biochimiche "A. Rossi Fanelli", Sapienza Universita di Roma, 00185, Rome, Italy.���10.1007/s00018-017-2556-3��ó�FüÒtÿî?����­��Escaffre, O.
Saito, T. B.
Juelich, T. L.
Ikegami, T.
Smith, J. K.
Perez, D. D.
Atkins, C.
Levine, C. B.
Huante, M. B.
Nusbaum, R. J.
Endsley, J. J.
Freiberg, A. N.
Rockx, B.���2017���Contribution of Human Lung Parenchyma and Leukocyte Influx to Oxidative Stress and Immune System-Mediated Pathology following Nipah Virus Infection���J Virol���91���15T��Acute Lung Injury/*pathology
Animals
Cytokines/analysis
Disease Models, Animal
Henipavirus Infections/*pathology
Humans
Leukocytes/*immunology
Lung/*pathology
Mice
Mice, SCID
Nipah Virus/*growth & development
*Oxidative Stress
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*virus replication���Aug 1!
�Nipah virus (NiV) is a zoonotic emerging paramyxovirus that can cause fatal respiratory illness or encephalitis in humans. Despite many efforts, the molecular mechanisms of NiV-induced acute lung injury (ALI) remain unclear. We previously showed that NiV replicates to high titers in human lung grafts in NOD-SCID/gamma mice, resulting in a robust inflammatory response. Interestingly, these mice can undergo human immune system reconstitution by the bone marrow, liver, and thymus (BLT) reconstitution method, in addition to lung tissue engraftment, giving altogether a realistic model to study human respiratory viral infections. Here, we characterized NiV Bangladesh strain (NiV-B) infection of human lung grafts from human immune system-reconstituted mice in order to identify the overall effect of immune cells on NiV pathogenesis of the lung. We show that NiV-B replicated to high titers in human lung grafts and caused similar cytopathic effects irrespective of the presence of human leukocytes in mice. However, the human immune system interfered with virus spread across lung grafts, responded to infection by leukocyte migration to small airways and alveoli of the lung grafts, and accelerated oxidative stress in lung grafts. In addition, the presence of human leukocytes increased the expression of cytokines and chemokines that regulate inflammatory influx to sites of infection and tissue damage. These results advance our understanding of how the immune system limits NiV dissemination and contributes to ALI and inform efforts to identify therapeutic targets.IMPORTANCE Nipah virus (NiV) is an emerging paramyxovirus that can cause a lethal respiratory and neurological disease in humans. Only limited data are available on NiV pathogenesis in the human lung, and the relative contribution of the innate immune response and NiV to acute lung injury (ALI) is still unknown. Using human lung grafts in a human immune system-reconstituted mouse model, we showed that the NiV Bangladesh strain induced cytopathic lesions in lung grafts similar to those described in patients irrespective of the donor origin or the presence of leukocytes. However, the human immune system interfered with virus spread, responded to infection by leukocyte infiltration in the small airways and alveolar area, induced oxidative stress, and triggered the production of cytokines and chemokines that regulate inflammatory influx by leukocytes in response to infection. Understanding how leukocytes interact with NiV and cause ALI in human lung xenografts is crucial for identifying therapeutic targets.,��https://www.ncbi.nlm.nih.gov/pubmed/28539439°��Escaffre, Olivier
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*Transcriptional gradient���Aug���The regulation of transcription during Nipah virus (NiV) replication is poorly understood. Using a bicistronic minigenome system, we investigated the involvement of non-coding regions (NCRs) in the transcriptional re-initiation efficiency of NiV RNA polymerase. Reporter assays revealed that attenuation of NiV gene expression was not constant at each gene junction, and that the attenuating property was controlled by the 3' NCR. However, this regulation was independent of the gene-end, gene-start and intergenic regions. Northern blot analysis indicated that regulation of viral gene expression by the phosphoprotein (P) and large protein (L) 3' NCRs occurred at the transcription level. We identified uridine-rich tracts within the L 3' NCR that are similar to gene-end signals. These gene-end-like sequences were recognized as weak transcription termination signals by the viral RNA polymerase, thereby reducing downstream gene transcription. Thus, we suggest that NiV has a unique mechanism of transcriptional regulation.,��https://www.ncbi.nlm.nih.gov/pubmed/28494343½��Sugai, Akihiro
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*virus assembly���Jul 15���Hendra virus (HeV) is a zoonotic paramyxovirus that causes deadly illness in horses and humans. An intriguing feature of HeV is the utilization of endosomal protease for activation of the viral fusion protein (F). Here we investigated how endosomal F trafficking affects HeV assembly. We found that the HeV matrix (M) and F proteins each induced particle release when they were expressed alone but that their coexpression led to coordinated assembly of virus-like particles (VLPs) that were morphologically and physically distinct from M-only or F-only VLPs. Mutations to the F protein transmembrane domain or cytoplasmic tail that disrupted endocytic trafficking led to failure of F to function with M for VLP assembly. Wild-type F functioned normally for VLP assembly even when its cleavage was prevented with a cathepsin inhibitor, indicating that it is endocytic F trafficking that is important for VLP assembly, not proteolytic F cleavage. Under specific conditions of reduced M expression, we found that M could no longer induce significant VLP release but retained the ability to be incorporated as a passenger into F-driven VLPs, provided that the F protein was competent for endocytic trafficking. The F and M proteins were both found to traffic through Rab11-positive recycling endosomes (REs), suggesting a model in which F and M trafficking pathways converge at REs, enabling these proteins to preassemble before arriving at plasma membrane budding sites.IMPORTANCE Hendra virus and Nipah virus are zoonotic paramyxoviruses that cause lethal infections in humans. Unlike that for most paramyxoviruses, activation of the henipavirus fusion protein occurs in recycling endosomal compartments. In this study, we demonstrate that the unique endocytic trafficking pathway of Hendra virus F protein is required for proper viral assembly and particle release. These results advance our basic understanding of the henipavirus assembly process and provide a novel model for the interplay between glycoprotein trafficking and paramyxovirus assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/28468881¨��Cifuentes-Munoz, Nicolas
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Qualitative study���May 1ø
�Hendra virus causes sporadic zoonotic disease in Australia following spill over from flying foxes to horses and from horses to people. Prevention and risk mitigation strategies such as vaccination of horses or biosecurity and property management measures are widely publicised, but hinge on initiative and action taken by horse owners as they mediate management, care and treatment of their animals. Hence, underlying beliefs, values and attitudes of horse owners influence their uptake of recommended risk mitigation measures. We used a qualitative approach to investigate attitudes, perceptions and self-reported practices of horse owners in response to Hendra virus to gain a deeper understanding of their decision-making around prevention measures. Data presented here derive from a series of in-depth interviews with 27 horse owners from Hendra virus 'hot spot' areas in New South Wales and Queensland. Interviews explored previous experience, perceptions and resulting behaviour as well as communication around Hendra virus. All interviews were recorded, transcribed verbatim and analysed in NVivo using thematic analysis. Analysis revealed four major themes: perception of Hendra virus as a risk and factors influencing this perception, Hendra virus risk mitigation strategies implemented by horse owners, perceived motivators and barriers of these strategies, and interaction of perceived risk, motivators and barriers in the decision-making process. Although Hendra virus disease was perceived as a serious threat to the health of horses and humans, individual risk perception diverged among horse owners. Perceived severity, likelihood and unpredictability as well as awareness and knowledge of Hendra virus, trust in information obtained and information pathways, demographic characteristics and personal experience were the main factors influencing Hendra virus risk perceptions. Other key determinants of horse owners' decision-making process were attitudes towards Hendra virus risk mitigation measures as well as perceived motivators and barriers thereof. Horse owners' awareness of the necessity to consider individual Hendra virus risk and adequate risk management strategies was described as a learning process, which changed over time. However, different perceptions of risk, barriers and motivators in combination with a weighing up of advantages and disadvantages resulted in different behaviours. These findings demonstrate the multifactorial determinants of cognitive mediating processes and facilitate a better understanding of horse owners' perspectives on preventive horse health measures. Furthermore, they provide valuable feedback to industry and government stakeholders on how to improve effective risk communication and encourage uptake of recommended risk mitigation measures.,��https://www.ncbi.nlm.nih.gov/pubmed/28460752%��Wiethoelter, Anke K
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ZoonoticÐ��The risk of spillover of enzootic paramyxoviruses and the susceptibility of recipient human and domestic animal populations are defined by a broad collection of ecological and molecular factors that interact in ways that are not yet fully understood. Nipah and Hendra viruses were the first highly lethal zoonotic paramyxoviruses discovered in modern times, but other paramyxoviruses from multiple genera are present in bats and other reservoirs that have unknown potential to spillover into humans. We outline our current understanding of paramyxovirus reservoir hosts and the ecological factors that may drive spillover, and we explore the molecular barriers to spillover that emergent paramyxoviruses may encounter. By outlining what is known about enzootic paramyxovirus receptor usage, mechanisms of innate immune evasion, and other host-specific interactions, we highlight the breadth of unexplored avenues that may be important in understanding paramyxovirus emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/28433050â��Thibault, Patricia A
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zoonosis���Apr 133��BACKGROUND: Hendra virus is a paramyxovirus that causes periodic serious disease and fatalities in horses and humans in Australia first identified in 1994. Pteropid bats (commonly known as flying-foxes) are the natural host of the virus, and the putative route of infection in horses is by ingestion or inhalation of material contaminated by flying-fox urine or other bodily fluids. Humans become infected after close contact with infected horses. Horse owners in Australia are encouraged to vaccinate their horses against Hendra virus to reduce the risk of Hendra virus infection, and to prevent potential transmission to humans. After the vaccine was released in 2012, uptake by horse owners was slow, with some estimated 11-17% of horses in Australia vaccinated. This study was commissioned to examine barriers to vaccine uptake and potential drivers to future adoption of vaccination by horse owners. METHODS: This study examined qualitative comments from respondents to an on-line survey, reporting reasons for not vaccinating their horses. The study also investigated scenarios in which respondents felt they might consider vaccinating their horses. RESULTS: Self-reported barriers to uptake of the Hendra virus vaccine by horse owners (N = 150) included concerns about vaccine safety, cost, and effectiveness. Reduction in vaccination costs and perception of immediacy of Hendra virus risk were reported as being likely to change future behaviour. However, the data also indicated that horse owners generally would not reconsider vaccinating their horses if advised by their veterinarian. CONCLUSION: While changes to vaccine costs and the availability data supporting vaccine safety and efficacy may encourage more horse owners to vaccinate, this study highlights the importance of protecting the relationship between veterinarians and horse owners within the risk management strategies around Hendra virus. Interactions and trust between veterinarians and animal owners has important implications for management of and communication around Hendra virus and other zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/28407738¢��Manyweathers, J
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*meningitis���Jul���Infections of the central nervous system (CNS) are often acute, with significant morbidity and mortality. Routine diagnosis of such infections is limited in developing countries and requires modern equipment in advanced laboratories that may be unavailable to a number of patients in sub-Saharan Africa. We developed a TaqMan array card (TAC) that detects multiple pathogens simultaneously from cerebrospinal fluid. The 21-pathogen CNS multiple-pathogen TAC (CNS-TAC) assay includes two parasites (Balamuthia mandrillaris and Acanthamoeba), six bacterial pathogens (Streptococcus pneumoniae, Haemophilus influenzae, Neisseria meningitidis, Mycoplasma pneumoniae, Mycobacterium tuberculosis, and Bartonella), and 13 viruses (parechovirus, dengue virus, Nipah virus, varicella-zoster virus, mumps virus, measles virus, lyssavirus, herpes simplex viruses 1 and 2, Epstein-Barr virus, enterovirus, cytomegalovirus, and chikungunya virus). The card also includes human RNase P as a nucleic acid extraction control and an internal manufacturer control, GAPDH (glyceraldehyde-3-phosphate dehydrogenase). This CNS-TAC assay can test up to eight samples for all 21 agents within 2.5 h following nucleic acid extraction. The assay was validated for linearity, limit of detection, sensitivity, and specificity by using either live viruses (dengue, mumps, and measles viruses) or nucleic acid material (Nipah and chikungunya viruses). Of 120 samples tested by individual real-time PCR, 35 were positive for eight different targets, whereas the CNS-TAC assay detected 37 positive samples across nine different targets. The CNS-TAC assays showed 85.6% sensitivity and 96.7% specificity. Therefore, the CNS-TAC assay may be useful for outbreak investigation and surveillance of suspected neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28404679Å��Onyango, Clayton O
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viral haemorrhagic fever���May 26ó��Although, after an epidemic of over 28 000 cases, there are still no licensed treatments for Ebola virus disease (EVD), significant progress was made during the West Africa outbreak. The pace of pre-clinical development was exceptional and a number of therapeutic clinical trials were conducted in the face of considerable challenges. Given the on-going risk of emerging infectious disease outbreaks in an era of unprecedented population density, international travel and human impact on the environment it is pertinent to focus on improving the research and development landscape for treatments of emerging and epidemic-prone infections. This is especially the case since there are no licensed therapeutics for some of the diseases considered by the World Health Organization as most likely to cause severe outbreaks-including Middle East respiratory syndrome coronavirus, Marburg virus, Crimean Congo haemorrhagic fever and Nipah virus. EVD, therefore, provides a timely exemplar to discuss the barriers, enablers and incentives needed to find effective treatments in advance of health emergencies caused by emerging infectious diseases.This article is part of the themed issue 'The 2013-2016 West African Ebola epidemic: data, decision-making and disease control'.,��https://www.ncbi.nlm.nih.gov/pubmed/28396467¯��Rojek, Amanda M
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Tomography, X-Ray Computed���AprÈ��Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that emerged in the late 1990s in Malaysia and has since been identified as the cause of sporadic outbreaks of severe febrile disease in Bangladesh and India. NiV infection is frequently associated with severe respiratory or neurological disease in infected humans with transmission to humans through inhalation, contact or consumption of NiV contaminated foods. In the work presented here, the development of disease was investigated in the African Green Monkey (AGM) model following intratracheal (IT) and, for the first time, small-particle aerosol administration of NiV. This study utilized computed tomography (CT) and magnetic resonance imaging (MRI) to temporally assess disease progression. The host immune response and changes in immune cell populations over the course of disease were also evaluated. This study found that IT and small-particle administration of NiV caused similar disease progression, but that IT inoculation induced significant congestion in the lungs while disease following small-particle aerosol inoculation was largely confined to the lower respiratory tract. Quantitative assessment of changes in lung volume found up to a 45% loss in IT inoculated animals. None of the subjects in this study developed overt neurological disease, a finding that was supported by MRI analysis. The development of neutralizing antibodies was not apparent over the 8-10 day course of disease, but changes in cytokine response in all animals and activated CD8+ T cell numbers suggest the onset of cell-mediated immunity. These studies demonstrate that IT and small-particle aerosol infection with NiV in the AGM model leads to a severe respiratory disease devoid of neurological indications. This work also suggests that extending the disease course or minimizing the impact of the respiratory component is critical to developing a model that has a neurological component and more accurately reflects the human condition.,��https://www.ncbi.nlm.nih.gov/pubmed/28388650#��Cong, Yu
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*reassortment���Jun 15W	�Bats are natural reservoirs for many pathogenic viruses, and increasing evidence supports the notion that bats can also harbor group A rotaviruses (RVAs), important causative agents of diarrhea in children and young animals. Currently, 8 RVA strains possessing completely novel genotype constellations or genotypes possibly originating from other mammals have been identified from African and Chinese bats. However, all the data were mainly based on detection of RVA RNA, present only during acute infections, which does not permit assessment of the true exposure of a bat population to RVA. To systematically investigate the genetic diversity of RVAs, 547 bat anal swabs or gut samples along with 448 bat sera were collected from five South Chinese provinces. Specific reverse transcription-PCR (RT-PCR) screening found four RVA strains. Strain GLRL1 possessed a completely novel genotype constellation, whereas the other three possessed a constellation consistent with the MSLH14-like genotype, a newly characterized group of viruses widely prevalent in Chinese insectivorous bats. Among the latter, strain LZHP2 provided strong evidence of cross-species transmission of RVAs from bats to humans, whereas strains YSSK5 and BSTM70 were likely reassortants between typical MSLH14-like RVAs and human RVAs. RVA-specific antibodies were detected in 10.7% (48/448) of bat sera by an indirect immunofluorescence assay (IIFA). Bats in Guangxi and Yunnan had a higher RVA-specific antibody prevalence than those from Fujian and Zhejiang provinces. These observations provide evidence for cross-species transmission of MSLH14-like bat RVAs to humans, highlighting the impact of bats as reservoirs of RVAs on public health.IMPORTANCE Bat viruses, such as severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), Ebola, Hendra, and Nipah viruses, are important pathogens causing outbreaks of severe emerging infectious diseases. However, little is known about bat viruses capable of causing gastroenteritis in humans, even though 8 group A viruses (RVAs) have been identified from bats so far. In this study, another 4 RVA strains were identified, with one providing strong evidence for zoonotic transmission from bats to humans. Serological investigation has also indicated that RVA infection in bats is far more prevalent than expected based on the detection of viral RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/28381569M��He, Biao
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Viral Plaque Assay���Mar 8���Human paramyxoviruses include global causes of lower respiratory disease like the parainfluenza viruses, as well as agents of lethal encephalitis like Nipah virus. Infection is initiated by viral glycoprotein-mediated fusion between viral and host cell membranes. Paramyxovirus viral fusion proteins (F) insert into the target cell membrane, and form a transient intermediate that pulls the viral and cell membranes together as two heptad-repeat regions refold to form a six-helix bundle structure that can be specifically targeted by fusion-inhibitory peptides. Antiviral potency can be improved by sequence modification and lipid conjugation, and by adding linkers between the protein and lipid components. We exploit the uniquely broad spectrum antiviral activity of a parainfluenza F-derived peptide sequence that inhibits both parainfluenza and Nipah viruses, to investigate the influence of peptide orientation and intervening linker length on the peptides' interaction with transitional states of F, solubility, membrane insertion kinetics, and protease sensitivity. We assessed the impact of these features on biodistribution and antiviral efficacy in vitro and in vivo. The engineering approach based on biophysical parameters resulted in a peptide that is a highly effective inhibitor of both paramyxoviruses and a set of criteria to be used for engineering broad spectrum antivirals for emerging paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/28344321»��Mathieu, Cyrille
Augusto, Marcelo T
Niewiesk, Stefan
Horvat, Branka
Palermo, Laura M
Sanna, Giuseppina
Madeddu, Silvia
Huey, Devra
Castanho, Miguel A R B
Porotto, Matteo
Santos, Nuno C
Moscona, Anne
eng
R01 AI031971/AI/NIAID NIH HHS/
R01 AI114736/AI/NIAID NIH HHS/
R33 AI101333/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2017/03/28 06:00
Sci Rep. 2017 Mar 8;7:43610. doi: 10.1038/srep43610.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC5361215���28344321���CIRI, International Center for Infectiology Research, 21 Avenue Tony Garnier, 69365 Lyon Cedex 07, France.
INSERM U1111, Lyon, France.
CNRS, UMR5308, Lyon, France.
Universite Lyon 1, Lyon, France.
Ecole Normale Superieure de Lyon, Lyon, France.
Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Av. Prof. Egas Moniz, 1649-028 Lisbon, Portugal.
Department of Veterinary Biosciences, College of Veterinary Medicine, Ohio State University, Columbus, USA.
Department of Pediatrics, Columbia University Medical Center, 701 W. 168th St., New York, NY, USA.
Center for Host-Pathogen Interaction, Columbia University Medical Center, 701 W. 168th St., New York, NY, USA.
Department of Biomedical Sciences, University of Cagliari, Cittadella Universitaria, Monserrato, Cagliari, Italy.
Department of Microbiology &Immunology, Columbia University Medical Center, 701 W. 168th St., New York, NY, USA.
Department of Physiology &Biophysics, Columbia University Medical Center, 701 W. 168th St., New York, NY, USA.���10.1038/srep43610��&�FüÒtÿî?����x��Johnston, G. P.
Contreras, E. M.
Dabundo, J.
Henderson, B. A.
Matz, K. M.
Ortega, V.
Ramirez, A.
Park, A.
Aguilar, H. C.���2017`��Cytoplasmic Motifs in the Nipah Virus Fusion Protein Modulate Virus Particle Assembly and Egress���J Virol���91���10���Amino Acid Motifs
Animals
Cytoplasm/*chemistry/metabolism
Glycoproteins/chemistry
Humans
Nipah Virus/*chemistry/genetics/*physiology
Protein Domains
Vaccines, Virus-Like Particle
Viral Envelope Proteins/metabolism
Viral Fusion Proteins/*chemistry/genetics/*metabolism
Viral Matrix Proteins/genetics/metabolism
Virion/*metabolism
*Virus Assembly
Virus Internalization
*Virus Release
*Nipah virus
*Paramyxoviridae
*attachment
*budding
*cytoplasmic tail
*fusion protein
*glycoprotein
*matrix
*paramyxovirus
*viral assembly���May 15�	�Nipah virus (NiV), a paramyxovirus in the genus Henipavirus, has a mortality rate in humans of approximately 75%. While several studies have begun our understanding of NiV particle formation, the mechanism of this process remains to be fully elucidated. For many paramyxoviruses, M proteins drive viral assembly and egress; however, some paramyxoviral glycoproteins have been reported as important or essential in budding. For NiV the matrix protein (M), the fusion glycoprotein (F) and, to a much lesser extent, the attachment glycoprotein (G) autonomously induce the formation of virus-like particles (VLPs). However, functional interactions between these proteins during assembly and egress remain to be fully understood. Moreover, if the F-driven formation of VLPs occurs through interactions with host cell machinery, the cytoplasmic tail (CT) of F is a likely interactive domain. Therefore, we analyzed NiV F CT deletion and alanine mutants and report that several but not all regions of the F CT are necessary for efficient VLP formation. Two of these regions contain YXXO or dityrosine motifs previously shown to interact with cellular machinery involved in F endocytosis and transport. Importantly, our results showed that F-driven, M-driven, and M/F-driven viral particle formation enhanced the recruitment of G into VLPs. By identifying key motifs, specific residues, and functional viral protein interactions important for VLP formation, we improve our understanding of the viral assembly/egress process and point to potential interactions with host cell machinery.IMPORTANCE Henipaviruses can cause deadly infections of medical, veterinary, and agricultural importance. With recent discoveries of new henipa-like viruses, understanding the mechanisms by which these viruses reproduce is paramount. We have focused this study on identifying the functional interactions of three Nipah virus proteins during viral assembly and particularly on the role of one of these proteins, the fusion glycoprotein, in the incorporation of other viral proteins into viral particles. By identifying several regions in the fusion glycoprotein that drive viral assembly, we further our understanding of how these viruses assemble and egress from infected cells. The results presented will likely be useful toward designing treatments targeting this aspect of the viral life cycle and for the production of new viral particle-based vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/28250132n��Johnston, Gunner P
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Veterinarians���Feb 18R
�BACKGROUND: Communication skills are essential for veterinarians who need to discuss animal health related matters with their clients. When dealing with an emerging zoonosis, such as Hendra virus (HeV), veterinarians also have a legal responsibility to inform their clients about the associated risks to human health. Here we report on part of a mixed methods study that examined the preparedness of, and difficulties experienced by, veterinarians communicating about HeV-related risks with their clients. METHODS: Phase 1 was an exploratory, qualitative study that consisted of a series of face-to-face, semi-structured interviews with veterinary personnel from Queensland, Australia (2009-10) to identify the barriers to HeV management in equine practices. Phase 2a was a quantitative study that surveyed veterinarians from the same region (2011) and explored the veterinarians' preparedness and willingness to communicate about HeV-related risks, and the reactions of their clients that they experienced. The second study included both multiple choice and open-ended questions. RESULTS: The majority of the participants from Phase 2a (83.1%) declared they had access to a HeV management plan and over half (58.6%) had ready-to-use HeV information available for clients within their practice. Most (87%) reported "always or sometimes" informing clients about HeV-related risks when a horse appeared sick. When HeV was suspected, 58.1% of participants reported their clients were receptive to their safety directives and 24.9% of clients were either initially unreceptive, overwhelmed by fear, or in denial of the associated risks. The thematic analysis of the qualitative data from Phases 1 and 2a uncovered similar themes in relation to HeV-related communication issues experienced by veterinarians: "clients' intent to adhere"; "adherence deemed redundant"; "misunderstanding or denial of risk"; "cost"; "rural culture"; "fear for reputation". The theme of "emotional state of clients" was only identified during Phase 1. CONCLUSION: Warning horse owners about health and safety issues that may affect them when present in a veterinary work environment is a legal requirement for veterinarians. However, emerging zoonoses are unpredictable events that may require a different communication approach. Future training programs addressing veterinary communication skills should take into account the particular issues inherent to managing an emerging zoonosis and emphasise the importance of maintaining human safety. Veterinary communication skills and approaches required when dealing with emerging zoonoses should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/28214468¶��Mendez, Diana H
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*virus���Apr 7ü��Enveloped viruses utilize fusion (F) proteins studding the surface of the virus to facilitate membrane fusion with a target cell membrane. Fusion of the viral envelope with a cellular membrane is required for release of viral genomic material, so the virus can ultimately reproduce and spread. To drive fusion, the F protein undergoes an irreversible conformational change, transitioning from a metastable pre-fusion conformation to a more thermodynamically stable post-fusion structure. Understanding the elements that control stability of the pre-fusion state and triggering to the post-fusion conformation is important for understanding F protein function. Mutations in F protein transmembrane (TM) domains implicated the TM domain in the fusion process, but the structural and molecular details in fusion remain unclear. Previously, analytical ultracentrifugation was utilized to demonstrate that isolated TM domains of Hendra virus F protein associate in a monomer-trimer equilibrium (Smith, E. C., Smith, S. E., Carter, J. R., Webb, S. R., Gibson, K. M., Hellman, L. M., Fried, M. G., and Dutch, R. E. (2013) J. Biol. Chem. 288, 35726-35735). To determine factors driving this association, 140 paramyxovirus F protein TM domain sequences were analyzed. A heptad repeat of beta-branched residues was found, and analysis of the Hendra virus F TM domain revealed a heptad repeat leucine-isoleucine zipper motif (LIZ). Replacement of the LIZ with alanine resulted in dramatically reduced TM-TM association. Mutation of the LIZ in the whole protein resulted in decreased protein stability, including pre-fusion conformation stability. Together, our data suggest that the heptad repeat LIZ contributed to TM-TM association and is important for F protein function and pre-fusion stability.,��https://www.ncbi.nlm.nih.gov/pubmed/282135157��Webb, Stacy
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*Who���Feb 8ò��BACKGROUND: On December 8(th), 2015, World Health Organization published a priority list of eight pathogens expected to cause severe outbreaks in the near future. To better understand global research trends and characteristics of publications on these emerging pathogens, we carried out this bibliometric study hoping to contribute to global awareness and preparedness toward this topic. METHOD: Scopus database was searched for the following pathogens/infectious diseases: Ebola, Marburg, Lassa, Rift valley, Crimean-Congo, Nipah, Middle Eastern Respiratory Syndrome (MERS), and Severe Respiratory Acute Syndrome (SARS). Retrieved articles were analyzed to obtain standard bibliometric indicators. RESULTS: A total of 8619 journal articles were retrieved. Authors from 154 different countries contributed to publishing these articles. Two peaks of publications, an early one for SARS and a late one for Ebola, were observed. Retrieved articles received a total of 221,606 citations with a mean +/- standard deviation of 25.7 +/- 65.4 citations per article and an h-index of 173. International collaboration was as high as 86.9%. The Centers for Disease Control and Prevention had the highest share (344; 5.0%) followed by the University of Hong Kong with 305 (4.5%). The top leading journal was Journal of Virology with 572 (6.6%) articles while Feldmann, Heinz R. was the most productive researcher with 197 (2.3%) articles. China ranked first on SARS, Turkey ranked first on Crimean-Congo fever, while the United States of America ranked first on the remaining six diseases. Of retrieved articles, 472 (5.5%) were on vaccine - related research with Ebola vaccine being most studied. CONCLUSION: Number of publications on studied pathogens showed sudden dramatic rise in the past two decades representing severe global outbreaks. Contribution of a large number of different countries and the relatively high h-index are indicative of how international collaboration can create common health agenda among distant different countries.,��https://www.ncbi.nlm.nih.gov/pubmed/28179007���Sweileh, Waleed M
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Bryce Henderson, Juana Zamora declare no conflicts of interest���Sep���The family Paramyxoviridae includes many viruses that significantly affect human and animal health. An essential step in the paramyxovirus life cycle is viral entry into host cells, mediated by virus-cell membrane fusion. Upon viral entry, infection results in expression of the paramyxoviral glycoproteins on the infected cell surface. This can lead to cell-cell fusion (syncytia formation), often linked to pathogenesis. Thus membrane fusion is essential for both viral entry and cell-cell fusion and an attractive target for therapeutic development. While there are important differences between viral-cell and cell-cell membrane fusion, many aspects are conserved. The paramyxoviruses generally utilize two envelope glycoproteins to orchestrate membrane fusion. Here, we discuss the roles of these glycoproteins in distinct steps of the membrane fusion process. These findings can offer insights into evolutionary relationships among Paramyxoviridae genera and offer future targets for prophylactic and therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/28138419ê��Aguilar, Hector C
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infections���Jan«��OBJECTIVE: Characterisation of experimental Hendra virus (HeV) infection in dogs and assessment of associated transmission risk. METHODS: Beagle dogs were exposed oronasally to Hendra virus/Australia/Horse/2008/Redlands or to blood collected from HeV-infected ferrets. Ferrets were exposed to oral fluids collected from dogs after canine exposure to HeV. Observations made and samples tested post-exposure were used to assess the clinical course and replication sites of HeV in dogs, the infectivity for ferrets of canine oral fluids and features of HeV infection in dogs following contact with infective blood. RESULTS: Dogs were reliably infected with HeV and were generally asymptomatic. HeV was re-isolated from the oral cavity and virus clearance was associated with development of virus neutralising antibody. Major sites of HeV replication in dogs were the tonsils, lower respiratory tract and associated lymph nodes. Virus replication was documented in canine kidney and spleen, confirming a viraemic phase for canine HeV infection and suggesting that urine may be a source of infectious virus. Infection was transmitted to ferrets via canine oral secretions, with copy numbers for the HeV N gene in canine oral swabs comparable to those reported for nasal swabs of experimentally infected horses. CONCLUSION: HeV is not highly pathogenic for dogs, but their oral secretions pose a potential transmission risk to people. The time-window for transmission risk is circumscribed and corresponds to the period of acute infection before establishment of an adaptive immune response. The likelihood of central nervous system involvement in canine HeV infection is unclear, as is any long-term consequence.,��https://www.ncbi.nlm.nih.gov/pubmed/28124415Ê��Middleton, D J
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*paramyxoviruses���Apr���Bats are reservoir hosts for many paramyxoviruses, some of which cause human and zoonotic diseases of public health importance. We developed a Nipah virus nucleoprotein enzyme-linked immunosorbent assay to detect cross-reactive antibodies in serum samples from several bat species in Brazil. Our results warrant further investigation of henipa-like virus reservoirs in the Western hemisphere.,��https://www.ncbi.nlm.nih.gov/pubmed/28103156~��de Araujo, Jansen
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*Survival���Jul¼��Infectious diseases are transmitted when susceptible hosts are exposed to pathogen particles that can replicate within them. Among factors that limit transmission, the environment is particularly important for indirectly transmitted parasites. To try and assess a pathogens' ability to be transmitted through the environment and mitigate risk, we need to quantify its decay where transmission occurs in space such as the microclimate harbouring the pathogen. Hendra virus, a Henipavirus from Australian Pteropid bats, spills-over to horses and humans, causing high mortality. While a vaccine is available, its limited uptake has reduced opportunities for adequate risk management to humans, hence the need to develop synergistic preventive measures, like disrupting its transmission pathways. Transmission likely occurs shortly after virus excretion in paddocks; however, no survival estimates to date have used real environmental conditions. Here, we recorded microclimate conditions and fitted models that predict temperatures and potential evaporation, which we used to simulate virus survival with a temperature-survival model and modification based on evaporation. Predicted survival was lower than previously estimated and likely to be even lower according to potential evaporation. Our results indicate that transmission should occur shortly after the virus is excreted, in a relatively direct way. When potential evaporation is low, and survival is more similar to temperature dependent estimates, transmission might be indirect because the virus can wait several hours until contact is made. We recommend restricting horses' access to trees during night time and reducing grass under trees to reduce virus survival.,��https://www.ncbi.nlm.nih.gov/pubmed/28091706Ù��Martin, Gerardo
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Zoonoses/epidemiology/*transmission���Feb­��Nipah virus is a recently-recognised, zoonotic paramyxovirus that causes severe disease and high fatality rates in people. Outbreaks have occurred in Malaysia, Singapore, India and Bangladesh, and a putative Nipah virus was also recently associated with human disease in the Philippines. Worryingly, human-to-human transmission is common in Bangladesh, where outbreaks occur with near-annual frequency. Onward human transmission of Nipah virus in Bangladesh is associated with close contact with clinically-unwell patients or their infectious secretions. While Nipah virus isolates associated with outbreaks of human infection have not resulted in sustained transmission to date, specific exposures carry a high risk of person-to-person transmission, an observation which is supported by recent findings in animal models. Novel paramyxoviruses continue to emerge from wildlife hosts, and represent an ongoing threat to human health globally.,��https://www.ncbi.nlm.nih.gov/pubmed/28088124¸��Clayton, Bronwyn Anne
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*Phage display���MayÔ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with unusual broad host tropism and is designated as a Category C pathogen by the U.S. National Institute of Allergy and Infectious Diseases. NiV infection is initiated after binding of the viral G glycoprotein to the host cell receptor. The aim of this study was to map the NiV G glycoprotein cell binding domain using a phage display system. The NiV G extracellular domain was truncated and displayed as attachment proteins on M13 phage g3p minor coat protein. The binding efficiency of recombinant phages displaying different regions of NiV G to mammalian cells was evaluated. Results showed that regions of NiV G consisting of amino acids 396-602 (recombinant phage G4) and 498-602 (recombinant phage G5) demonstrated the highest binding to both Vero (5.5x10(3) cfu/ml and 5.6x10(3) cfu/ml) and THP-1 cells (3.5x10(3) cfu/ml and 2.9x10(3) cfu/ml). However, the binding of both of these recombinant phages to THP-1 cells was significantly lower than to Vero cells, and this could be due to the lack of primary host cell receptor expression on THP-1 cells. Furthermore, the binding between these two recombinant phages was competitive suggesting that there was a common host cell attachment site. This study employed an approach that is suitable for use in a biosafety level 2 containment laboratory without the need to use live virus to show that NiV G amino acids 498-602 play an important role for attachment to host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/28082163Ç��Lam, Chui-Wan
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*Nipah virus
*blood-brain barrier
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*neurotropic viruses
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*viral vaccine���Mar 150
�Recombinant vesicular stomatitis virus (VSV)-based chimeric viruses that include genes from other viruses show promise as vaccines and oncolytic viruses. However, the critical safety concern is the neurotropic nature conveyed by the VSV glycoprotein. VSVs that include the VSV glycoprotein (G) gene, even in most recombinant attenuated strains, can still show substantial adverse or lethal actions in the brain. Here, we test 4 chimeric viruses in the brain, including those in which glycoprotein genes from Nipah, chikungunya (CHIKV), and influenza H5N1 viruses were substituted for the VSV glycoprotein gene. We also test a virus-like vesicle (VLV) in which the VSV glycoprotein gene is expressed from a replicon encoding the nonstructural proteins of Semliki Forest virus. VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV were all safe in the adult mouse brain, as were VSVDeltaG viruses expressing either the Nipah F or G glycoprotein. In contrast, a complementing pair of VSVDeltaG viruses expressing Nipah G and F glycoproteins were lethal within the brain within a surprisingly short time frame of 2 days. Intranasal inoculation in postnatal day 14 mice with VSVDeltaG-CHIKV or VLV evoked no adverse response, whereas VSVDeltaG-H5N1 by this route was lethal in most mice. A key immune mechanism underlying the safety of VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV in the adult brain was the type I interferon response; all three viruses were lethal in the brains of adult mice lacking the interferon receptor, suggesting that the viruses can infect and replicate and spread in brain cells if not blocked by interferon-stimulated genes within the brain.IMPORTANCE Vesicular stomatitis virus (VSV) shows considerable promise both as a vaccine vector and as an oncolytic virus. The greatest limitation of VSV is that it is highly neurotropic and can be lethal within the brain. The neurotropism can be mostly attributed to the VSV G glycoprotein. Here, we test 4 chimeric viruses of VSV with glycoprotein genes from Nipah, chikungunya, and influenza viruses and nonstructural genes from Semliki Forest virus. Two of the four, VSVDeltaG-CHIKV and VLV, show substantially attenuated neurotropism and were safe in the healthy adult mouse brain. VSVDeltaG-H5N1 was safe in the adult brain but lethal in the younger brain. VSVDeltaG Nipah F+G was even more neurotropic than wild-type VSV, evoking a rapid lethal response in the adult brain. These results suggest that while chimeric VSVs show promise, each must be tested with both intranasal and intracranial administration to ensure the absence of lethal neurotropism.,��https://www.ncbi.nlm.nih.gov/pubmed/28077641b��van den Pol, Anthony N
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Carrier State
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Immunity
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*Fruit bats
*adaptive immunity
*emerging infections
*henipavirus
*innate immunity���Mar 4÷��Hendra virus and Nipah virus (NiV) are highly pathogenic zoonotic paramyxoviruses, from henipavirus genus, that have emerged in late 1990s in Australia and South-East Asia, respectively. Since their initial identification, numerous outbreaks have been reported, affecting both domestic animals and humans, and multiple rounds of person-to-person NiV transmission were observed. Widely distributed fruit bats from Pteropodidae family were found to be henipavirus natural reservoir. Numerous studies have reported henipavirus seropositivity in pteropid bats, including bats in Africa, thus expanding notably the geographic distribution of these viruses. Interestingly, henipavirus infection in bats seems to be asymptomatic, in contrast to severe disease induced in numerous other mammals. Unique among the mammals by their ability to fly, these intriguing animals are natural reservoir for many other emerging and remerging viruses highly pathogenic for humans. This feature, combined with absence of clinical symptoms, has attracted the interest of scientific community to virus-bat interactions. Therefore, several bat genomes were sequenced and particularities of the bat immune system have been intensively analyzed during the last decade to understand their coexistence with viruses in the absence of disease. The peculiarities in inflammasome activation, a constitutive expression of interferon alpha, and some differences in adaptive immunity have been recently reported in fruit bats. Studies on virus-bat interactions have thus emerged as an exciting novel area of research that should shed new light on the mechanisms that regulate viral infection and may allow development of novel therapeutic approaches to control this highly lethal emerging infectious disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28060559¾��Enchery, Francois
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Microscopy, Confocal
Microscopy, Fluorescence
Nuclear Localization Signals
Protein Transport
Viral Matrix Proteins/*genetics/*metabolism
Virosomes/genetics/metabolism���Aprw��Viruses of the genus Henipavirus of the family Paramyxoviridae are zoonotic pathogens, which have emerged in Southeast Asia, Australia and Africa. Nipah virus (NiV) and Hendra virus are highly virulent pathogens transmitted from bats to animals and humans, while the henipavirus Cedar virus seems to be non-pathogenic in infection studies. The full replication cycle of the Paramyxoviridae occurs in the host cell's cytoplasm, where viral assembly is orchestrated by the matrix (M) protein. Unexpectedly, the NiV-M protein traffics through the nucleus as an essential step to engage the plasma membrane in preparation for viral budding/release. Comparative studies were performed to assess whether M protein nuclear localization is a common feature of the henipaviruses, including the recently sequenced (although not yet isolated) Ghanaian bat henipavirus (Kumasi virus, GH-M74a virus) and Mojiang virus. Live-cell confocal microscopy revealed that nuclear translocation of GFP-fused M protein is conserved between henipaviruses in both human- and bat-derived cell lines. However, the efficiency of M protein nuclear localization and virus-like particle budding competency varied. Additionally, Cedar virus-, Kumasi virus- and Mojiang virus-M proteins were mutated in a bipartite nuclear localization signal, indicating that a key lysine residue is essential for nuclear import, export and induction of budding events, as previously reported for NiV-M. The results of this study suggest that the M proteins of henipaviruses may utilize a similar nucleocytoplasmic trafficking pathway as an essential step during viral replication in both humans and bats.,��https://www.ncbi.nlm.nih.gov/pubmed/28056216ý��McLinton, Elisabeth C
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biosecurity
protection motivation theory
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vaccination���Dec	��Hendra virus was identified in horses and humans in 1994, in Queensland, Australia. Flying foxes are the natural host. Horses are thought to acquire infection by direct or indirect contact with infected flying fox urine. Humans are infected from close contact with infected horses. To reduce risk of infection in horses and humans, Australian horse owners are encouraged to vaccinate horses against the virus and adopt property risk mitigation practices that focus on reducing flying fox horse contact and contamination of horses' environment with flying fox bodily fluids. This study investigates uptake of four Hendra virus risk mitigation practices in a sample of non- and partially vaccinating horse owners living close to previous Hendra virus cases. Protection motivation theory was used to develop a conceptual model to investigate risk perception and coping factors associated with uptake of risk mitigation practices. An online survey was administered via Facebook pages of veterinary clinics close to previous Hendra virus cases. Factors associated with uptake of risk mitigation practices were investigated using univariate and multivariate binary logistic regression. Belief that a risk mitigation practice would be effective in reducing Hendra virus risk was significantly associated with the uptake of that practice. Issues around the practicality of implementing risk mitigation practices were found to be the greatest barrier to uptake. Factors that relate to risk immediacy, such as nearby infection, were identified as more likely to trigger uptake of risk mitigation practices. The role of veterinarians in supporting Hendra risk mitigation was identified as more influential than that of respected others or friends. Findings from this study are being used to assist stakeholders in Australia responsible for promotion of risk mitigation practice in identifying additional pathways and reliable influencing factors that could be utilized for engaging and communicating with horse owners to promote Hendra virus risk mitigation behaviour.,��https://www.ncbi.nlm.nih.gov/pubmed/28054443Â��Manyweathers, J
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genetic diversity.#��Astroviruses are emerging RNA viruses that cause enteropathogenic infections in humans and in other mammals. The identification of astroviruses in a wide range of animals highlights the zoonotic importance of these viruses. Bats can harbor many different viruses, among which some are highly pathogenic for humans (for instance, Nipah, Ebola and SARS coronavirus), and also several astroviruses. As some RNA viruses can be directly transmitted from bats to humans, it is crucial to collect data about their frequency, genetic diversity and phylogenetic characterization. In this study, we report the molecular identification of 44 new astroviruses (with a detection rate of 4.5%) in 962 apparently healthy bats that belong to five different species and that were captured in different caves in North-East Gabon, Central Africa. Our results show that bat astroviruses form a group that is genetically distinct from astroviruses infecting other mammals. Moreover, these astroviruses showed an important genetic diversity and low host restriction in bat species.,��https://www.ncbi.nlm.nih.gov/pubmed/27928918Ú��Rougeron, V
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Lab-On-A-Chip Devices
Magnetite Nanoparticles/*chemistry���Dec 20°��Current diagnosis of infectious diseases such as Hendra virus (HeV) relies mostly on laboratory-based tests. There is an urgent demand for rapid diagnosis technology to detect and identify these diseases in humans and animals so that disease spread can be controlled. In this study, an integrated lab-on-a-chip device using a magnetic nanoparticle immunoassay is developed. The key features of the device are the chaotic fluid mixing, achieved by magnetically driven motion of nanoparticles with the optimal mixing protocol developed using chaotic transport theory, and the automatic liquid handling system for loading reagents and samples. The device has been demonstrated to detect Hendra virus antibodies in dilute horse serum samples within a short time of 15 minutes and the limit of detection is about 0.48 ng ml(-1). The device platform can potentially be used for field detection of viruses and other biological and chemical substances.,��https://www.ncbi.nlm.nih.gov/pubmed/27921111���Petkovic, K
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��Yoneda, M.���2016*��Nipah and Hendra virus infectious diseases	��1973-1978���Nihon Rinsho���74���12���Decý��Nipah and Hendra virus were first identified in mid 1990s in Australia and Malaysia, caus- ing epidemics with high mortality rate in affected animals and humans. Since their first emer- gence, they continued to re-emerge in Australia and South East Asia almost every year. Nipah and Hendra virus were classified in the new genus Henipavirus because of their un- common features amongst Paramyxoviridae. Henipaviruses are zoonotic paramyxoviruses with a broad tropism, and cause severe acute respiratory disease and encephalitis. Their high virulence and wide host range make them to be given Biosecurity Level 4 status. This review summarizes details of Henipavirus emergence, reservoir hosts and pathology, and introduce recent progress in vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/30550652R��Yoneda, Misako
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Hendra virus
Pteropus
fruit bat
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machine learning
population dynamics
spillover
viral prevalence���Octb��Fruit bats (Pteropodidae) have received increased attention after the recent emergence of notable viral pathogens of bat origin. Their vagility hinders data collection on abundance and distribution, which constrains modeling efforts and our understanding of bat ecology, viral dynamics, and spillover. We addressed this knowledge gap with models and data on the occurrence and abundance of nectarivorous fruit bat populations at 3 day roosts in southeast Queensland. We used environmental drivers of nectar production as predictors and explored relationships between bat abundance and virus spillover. Specifically, we developed several novel modeling tools motivated by complexities of fruit bat foraging ecology, including: (1) a dataset of spatial variables comprising Eucalypt-focused vegetation indices, cumulative precipitation, and temperature anomaly; (2) an algorithm that associated bat population response with spatial covariates in a spatially and temporally relevant way given our current understanding of bat foraging behavior; and (3) a thorough statistical learning approach to finding optimal covariate combinations. We identified covariates that classify fruit bat occupancy at each of our three study roosts with 86-93% accuracy. Negative binomial models explained 43-53% of the variation in observed abundance across roosts. Our models suggest that spatiotemporal heterogeneity in Eucalypt-based food resources could drive at least 50% of bat population behavior at the landscape scale. We found that 13 spillover events were observed within the foraging range of our study roosts, and they occurred during times when models predicted low population abundance. Our results suggest that, in southeast Queensland, spillover may not be driven by large aggregations of fruit bats attracted by nectar-based resources, but rather by behavior of smaller resident subpopulations. Our models and data integrated remote sensing and statistical learning to make inferences on bat ecology and disease dynamics. This work provides a foundation for further studies on landscape-scale population movement and spatiotemporal disease dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/27891217ü��Giles, John R
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*phosphoprotein���Jan 15d��Marburg virus (MARV) is a highly pathogenic filovirus that is classified in a genus distinct from that of Ebola virus (EBOV) (genera Marburgvirus and Ebolavirus, respectively). Both viruses produce a multifunctional protein termed VP35, which acts as a polymerase cofactor, a viral protein chaperone, and an antagonist of the innate immune response. VP35 contains a central oligomerization domain with a predicted coiled-coil motif. This domain has been shown to be essential for RNA polymerase function. Here we present crystal structures of the MARV VP35 oligomerization domain. These structures and accompanying biophysical characterization suggest that MARV VP35 is a trimer. In contrast, EBOV VP35 is likely a tetramer in solution. Differences in the oligomeric state of this protein may explain mechanistic differences in replication and immune evasion observed for MARV and EBOV. IMPORTANCE: Marburg virus can cause severe disease, with up to 90% human lethality. Its genome is concise, only producing seven proteins. One of the proteins, VP35, is essential for replication of the viral genome and for evasion of host immune responses. VP35 oligomerizes (self-assembles) in order to function, yet the structure by which it assembles has not been visualized. Here we present two crystal structures of this oligomerization domain. In both structures, three copies of VP35 twist about each other to form a coiled coil. This trimeric assembly is in contrast to tetrameric predictions for VP35 of Ebola virus and to known structures of homologous proteins in the measles, mumps, and Nipah viruses. Distinct oligomeric states of the Marburg and Ebola virus VP35 proteins may explain differences between them in polymerase function and immune evasion. These findings may provide a more accurate understanding of the mechanisms governing VP35's functions and inform the design of therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/27847355¡��Bruhn, Jessica F
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Virus Replication���Novì��BACKGROUND: Nipah virus causes respiratory and neurologic disease with case fatality rates up to 100% in individual outbreaks. End stage lesions have been described in the respiratory and nervous systems, vasculature and often lymphoid organs in fatal human cases; however, the initial target organs of Nipah virus infection have not been identified. Here, we detected the initial target tissues and cells of Nipah virus and tracked virus dissemination during the early phase of infection in Syrian hamsters inoculated with a Nipah virus isolate from Malaysia (NiV-M) or Bangladesh (NiV-B). METHODOLOGY/PRINCIPAL FINDINGS: Syrian hamsters were euthanized between 4 and 48 hours post intranasal inoculation and tissues were collected and analyzed for the presence of viral RNA, viral antigen and infectious virus. Virus replication was first detected at 8 hours post inoculation (hpi). Nipah virus initially targeted type I pneumocytes, bronchiolar respiratory epithelium and alveolar macrophages in the lung and respiratory and olfactory epithelium lining the nasal turbinates. By 16 hpi, virus disseminated to epithelial cells lining the larynx and trachea. Although the pattern of viral dissemination was similar for both virus isolates, the rate of spread was slower for NiV-B. Infectious virus was not detected in the nervous system or blood and widespread vascular infection and lesions within lymphoid organs were not observed, even at 48 hpi. CONCLUSIONS/SIGNIFICANCE: Nipah virus initially targets the respiratory system. Virus replication in the brain and infection of blood vessels in non-respiratory tissues does not occur during the early phase of infection. However, virus replicates early in olfactory epithelium and may serve as the first step towards nervous system dissemination, suggesting that development of vaccines that block virus dissemination or treatments that can access the brain and spinal cord and directly inhibit virus replication may be necessary for preventing central nervous system pathology.,��https://www.ncbi.nlm.nih.gov/pubmed/27812087���Baseler, Laura
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*Stent���Dec 30°��Active ingredients of ginsenoside, Rg1 and Re, are able to inhibit the proliferation of vascular smooth muscle cells and promote the growth of vascular endothelial cells. These capabilities are of interest for developing a novel drug-eluting stent to potentially solve the current problem of late-stent thrombosis and poor endotheliazation. Therefore, this study was aimed to incorporate ginsenoside into degradable coating of poly(lactic-co-glycolic acid) (PLGA). Drug mixture composed of ginseng extract and 10% to 50% of PLGA (xPLGA/g) was coated on electropolished stainless steel 316L substrate by using a dip coating technique. The coating was characterized principally by using attenuated total reflectance-Fourier transform infrared spectroscopy, scanning electron microscopy and contact angle analysis, while the drug release profile of ginsenosides Rg1 and Re was determined by using mass spectrometry at a one month immersion period. Full and homogenous coating coverage with acceptable wettability was found on the 30PLGA/g specimen. All specimens underwent initial burst release dependent on their composition. The 30PLGA/g and 50PLGA/g specimens demonstrated a controlled drug release profile having a combination of diffusion- and swelling-controlled mechanisms of PLGA. The study suggests that the 30PLGA/g coated specimen expresses an optimum composition which is seen as practicable for developing a controlled release drug-eluting stent.,��https://www.ncbi.nlm.nih.gov/pubmed/27793709ò��Miswan, Zulaika
Lukman, Siti Khadijah
Abd Majid, Fadzilah Adibah
Loke, Mun Fai
Saidin, Syafiqah
Hermawan, Hendra
eng
Netherlands
2016/11/05 06:00
Int J Pharm. 2016 Dec 30;515(1-2):460-466. doi: 10.1016/j.ijpharm.2016.10.056. Epub 2016 Oct 26.*��1873-3476 (Electronic)
0378-5173 (Linking)���27793709���Faculty of Biosciences and Medical Engineering, Universiti Teknologi Malaysia, 81310 Johor Bahru, Malaysia.
Faculty of Biosciences and Medical Engineering, Universiti Teknologi Malaysia, 81310 Johor Bahru, Malaysia; Department of Mining, Metallurgical and Materials Engineering & CHU de Quebec Research Center, Laval University, Quebec City, G1V 0A6, Canada.
Institute of Marine Biotechnology, Universiti Malaysia Terengganu, 21030 Kuala Terengganu, Malaysia.
Department of Medical Microbiology, Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia.
Faculty of Biosciences and Medical Engineering, Universiti Teknologi Malaysia, 81310 Johor Bahru, Malaysia. Electronic address: syafiqahsaidin@biomedical.utm.my.
Department of Mining, Metallurgical and Materials Engineering & CHU de Quebec Research Center, Laval University, Quebec City, G1V 0A6, Canada. Electronic address: hendra.hermawan@gmn.ulaval.ca.���10.1016/j.ijpharm.2016.10.056�
���þÖtÿî?°���,��Kupke, A.
Wenisch, S.
Failing, K.
Herden, C.���2016_��Intranasal Location and Immunohistochemical Characterization of the Equine Olfactory Epithelium���97���Front Neuroanat���10M��horse
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statistical analysis
subtypesÞ��The olfactory epithelium (OE) is the only body site where neurons contact directly the environment and are therefore exposed to a broad variation of substances and insults. It can serve as portal of entry for neurotropic viruses which spread via the olfactory pathway to the central nervous system. For horses, it has been proposed and concluded mainly from rodent studies that different viruses, e.g., Borna disease virus, equine herpesvirus 1 (EHV-1), hendra virus, influenza virus, rabies virus, vesicular stomatitis virus can use this route. However, little is yet known about cytoarchitecture, protein expression and the intranasal location of the equine OE. Revealing differences in cytoarchitecture or protein expression pattern in comparison to rodents, canines, or humans might help to explain varying susceptibility to certain intranasal virus infections. On the other hand, disclosing similarities especially between rodents and other species, e.g., horses would help to underscore transferability of rodent models. Analysis of the complete noses of five adult horses revealed that in the equine OE two epithelial subtypes with distinct marker expression exist, designated as types a and b which resemble those previously described in dogs. Detailed statistical analysis was carried out to confirm the results obtained on the descriptive level. The equine OE was predominantly located in caudodorsal areas of the nasal turbinates with a significant decline in rostroventral direction, especially for type a. Immunohistochemically, olfactory marker protein and doublecortin (DCX) expression was found in more cells of OE type a, whereas expression of proliferating cell nuclear antigen and tropomyosin receptor kinase A was present in more cells of type b. Accordingly, type a resembles the mature epithelium, in contrast to the more juvenile type b. Protein expression profile was comparable to canine and rodent OE but equine types a and b were located differently within the nose and revealed differences in its cytoarchitecture when compared to canine OE. Equine OE type a closely resembles rat OE. Whether the observed differences contribute to species-specific susceptibility to intranasal insults such as virus infections has to be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/27790096¸��Kupke, Alexandra
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Uncertainty���Bat-borne viruses have been linked to a number of zoonotic diseases; in 2014 there have been human cases of Nipah virus (NiV) in Bangladesh and Ebola virus in West and Central Africa. Here we describe a model designed to provide initial quantitative predictions of the risk of entry of such viruses to European Union (EU) Member States (MSs) through four routes: human travel, legal trade (e.g. fruit and animal products), live animal movements and illegal importation of bushmeat. The model utilises available datasets to assess the movement via these routes between individual countries of the world and EU MSs. These data are combined with virus specific data to assess the relative risk of entry between EU MSs. As a case study, the model was parameterised for NiV. Scenario analyses showed that the selection of exporting countries with NiV and potentially contaminated trade products were essential to the accuracy of all model outputs. Uncertainty analyses of other model parameters identified that the model expected number of years to an introduction event within the EU was highly susceptible to the prevalence of NiV in bats. The relative rankings of the MSs and routes, however, were more robust. The UK, the Netherlands and Germany were consistently the most likely points of entry and the ranking of most MSs varied by no more than three places (maximum variation five places). Legal trade was consistently the most likely route of entry, only falling below human travel when the estimate of the prevalence of NiV in bats was particularly low. Any model-based calculation is dependent on the data available to feed into the model and there are distinct gaps in our knowledge, particularly in regard to various pathogen/virus as well as host/bat characteristics. However, the strengths of this model lie in the provision of relative comparisons of risk among routes and MSs. The potential for expansion of the model to include other routes and viruses and the possibility of rapid parameterisation demonstrates its potential for use in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/27788234Î��Simons, Robin R L
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*Virus Internalization���Oct|��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are bat-borne viruses that cause fatal disease in humans and a range of other mammalian species. Gaining a deeper understanding of host pathways exploited by henipaviruses for infection may identify targets for new anti-viral therapies. Here we have performed genome-wide high-throughput agonist and antagonist screens at biosafety level 4 to identify host-encoded microRNAs (miRNAs) impacting henipavirus infection in human cells. Members of the miR-181 and miR-17~93 families strongly promoted Hendra virus infection. miR-181 also promoted Nipah virus infection, but did not affect infection by paramyxoviruses from other genera, indicating specificity in the virus-host interaction. Infection promotion was primarily mediated via the ability of miR-181 to significantly enhance henipavirus-induced membrane fusion. Cell signalling receptors of ephrins, namely EphA5 and EphA7, were identified as novel negative regulators of henipavirus fusion. The expression of these receptors, as well as EphB4, were suppressed by miR-181 overexpression, suggesting that simultaneous inhibition of several Ephs by the miRNA contributes to enhanced infection and fusion. Immune-responsive miR-181 levels was also up-regulated in the biofluids of ferrets and horses infected with Hendra virus, suggesting that the host innate immune response may promote henipavirus spread and exacerbate disease severity. This study is the first genome-wide screen of miRNAs influencing infection by a clinically significant mononegavirus and nominates select miRNAs as targets for future anti-viral therapy development.,��https://www.ncbi.nlm.nih.gov/pubmed/27783670h��Foo, Chwan Hong
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*nonresponse���Oct-Dec���BACKGROUND: Even a well-designed randomized control trial (RCT) study can produce ambiguous results. This article highlights a case in which full sample results from a large-scale RCT in the United Kingdom differ from results for a subsample of survey respondents. OBJECTIVES: Our objective is to ascertain the source of the discrepancy in inferences across data sources and, in doing so, to highlight important threats to the reliability of the causal conclusions derived from even the strongest research designs. RESEARCH DESIGN: The study analyzes administrative data to shed light on the source of the differences between the estimates. We explore the extent to which heterogeneous treatment impacts and survey nonresponse might explain these differences. We suggest checks which assess the external validity of survey measured impacts, which in turn provides an opportunity to test the effectiveness of different weighting schemes to remove bias. The subjects included 6,787 individuals who participated in a large-scale social policy experiment. RESULTS: Our results were not definitive but suggest nonresponse bias is the main source of the inconsistent findings. CONCLUSIONS: The results caution against overconfidence in drawing conclusions from RCTs and highlight the need for great care to be taken in data collection and analysis. Particularly, given the modest size of impacts expected in most RCTs, small discrepancies in data sources can alter the results. Survey data remain important as a source of information on outcomes not recorded in administrative data. However, linking survey and administrative data is strongly recommended whenever possible.,��https://www.ncbi.nlm.nih.gov/pubmed/27780905À��Dorsett, Richard
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*flying-foxes���May¸��Hendra virus (HeV) causes potentially fatal respiratory and/or neurological disease in both horses and humans. Although Australian flying-foxes of the genus Pteropus have been identified as reservoir hosts, the precise mechanism of HeV transmission has yet to be elucidated. To date, there has been limited investigation into the role of haematophagous insects as vectors of HeV. This mode of transmission is particularly relevant because Australian flying-foxes host the bat-specific blood-feeding ectoparasites of the genus Cyclopodia (Diptera: Nycteribiidae), also known as bat flies. Using molecular detection methods, we screened for HeV RNA in 183 bat flies collected from flying-foxes inhabiting a roost in Boonah, Queensland, Australia. It was subsequently demonstrated that during the study period, Pteropus alecto in this roost had a HeV RNA prevalence between 2 and 15% (95% CI [1, 6] to [8, 26], respectively). We found no evidence of HeV in any bat flies tested, including 10 bat flies collected from P. alecto in which we detected HeV RNA. Our negative findings are consistent with previous findings and provide additional evidence that bat flies do not play a primary role in HeV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/27770493Ö��Vidgen, M E
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*Tioman virus���Nov)��Bat-borne viral diseases are a major public health concern among newly emerging infectious diseases which includes severe acute respiratory syndrome, Nipah, Marburg and Ebola virus disease. During the survey for Nipah virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and confirmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be susceptible to Tioman virus. Negative electron microscopy study revealed the "herringbone" morphology of the nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.,��https://www.ncbi.nlm.nih.gov/pubmed/27619056o��Yadav, Pragya
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Queensland���Oct 20È��Australian dinosaurs have played a rare but controversial role in the debate surrounding the effect of Gondwanan break-up on Cretaceous dinosaur distribution. Major spatiotemporal gaps in the Gondwanan Cretaceous fossil record, coupled with taxon incompleteness, have hindered research on this effect, especially in Australia. Here we report on two new sauropod specimens from the early Late Cretaceous of Queensland, Australia, that have important implications for Cretaceous dinosaur palaeobiogeography. Savannasaurus elliottorum gen. et sp. nov. comprises one of the most complete Cretaceous sauropod skeletons ever found in Australia, whereas a new specimen of Diamantinasaurus matildae includes the first ever cranial remains of an Australian sauropod. The results of a new phylogenetic analysis, in which both Savannasaurus and Diamantinasaurus are recovered within Titanosauria, were used as the basis for a quantitative palaeobiogeographical analysis of macronarian sauropods. Titanosaurs achieved a worldwide distribution by at least 125 million years ago, suggesting that mid-Cretaceous Australian sauropods represent remnants of clades which were widespread during the Early Cretaceous. These lineages would have entered Australasia via dispersal from South America, presumably across Antarctica. High latitude sauropod dispersal might have been facilitated by Albian-Turonian warming that lifted a palaeoclimatic dispersal barrier between Antarctica and South America.,��https://www.ncbi.nlm.nih.gov/pubmed/277635980��Poropat, Stephen F
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*Virus Internalization���Oct 18v��Nipah is an emerging paramyxovirus that is of serious concern to human health. It invades host cells using two of its membrane proteins-G and F. G binds to host ephrins and this stimulates G to activate F. Upon activation, F mediates virus-host membrane fusion. Here we focus on mechanisms that underlie the stimulation of G by ephrins. Experiments show that G interacts with ephrin and F through separate sites located on two different domains, the receptor binding domain (RBD) and the F activation domain (FAD). No models explain this allosteric coupling. In fact, the analogous mechanisms in other paramyxoviruses also remain undetermined. The structural organization of G is such that allosteric coupling must involve at least one of the two interfaces-the RBD-FAD interface and/or the RBD-RBD interface. Here we examine using molecular dynamics the effect of ephrin binding on the RBD-RBD interface. We find that despite inducing small changes in individual RBDs, ephrin reorients the RBD-RBD interface extensively, and in a manner that will enhance solvent exposure of the FAD. While this finding supports a proposed model of G stimulation, we also find from additional simulations that ephrin induces a similar RBD-RBD reorientation in a stimulation-deficient G mutant, V209 VG --> AAA. Together, our simulations suggest that while inter-RBD reorientation may be important, it is not, by itself, a sufficient condition for G stimulation. Additionally, we find that the mutation affects the conformational ensemble of RBD globally, including the RBD-FAD interface, suggesting the latter's role in G stimulation. Because ephrin induces small changes in individual RBDs, a proper analysis of conformational ensembles required that they are compared directly-we employ a method we developed recently, which we now release at SimTK, and show that it also performs excellently for non-Gaussian distributions.,��https://www.ncbi.nlm.nih.gov/pubmed/27760350���Dutta, Priyanka
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*zoonoses���DecF��Human Nipah encephalitis outbreaks have been identified almost yearly in Bangladesh since 2001. Though raw date palm sap consumption and person-to-person contact are recognized as major transmission pathways, alternative pathways of transmission are plausible and may not have been identified due to limited statistical power in each outbreak. We conducted a risk factor analysis using all 157 cases and 632 controls surveyed in previous investigations during 2004-2012 to identify exposures independently associated with Nipah, since date palm sap was first asked about as an exposure in 2004. To further explore possible rare exposures, we also conducted in-depth interviews with all cases, or proxies, since 2001 that reported no exposure to date palm sap or contact with another case. Cases were 4.9 (95% 3.2-7.7) times more likely to consume raw date palm sap and 7.3 (95% 4.0-13.4) times more likely to have contact with a Nipah case than controls. In-depth interviews revealed that 39/182 (21%) of Nipah cases reporting neither date palm sap consumption nor contact with another case were misclassified. Prevention efforts should be focused on interventions to interrupt transmission through date palm sap consumption and person-to-person contact. Furthermore, pooling outbreak investigation data is a good method for assessing rare exposures.,��https://www.ncbi.nlm.nih.gov/pubmed/27738775H��Hegde, Sonia T
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Zoonoses/*virology���Aug���Viruses rapidly evolve and can emerge in unpredictable ways. Transmission pathways by which foodborne viruses may enter human populations and evolutionary mechanisms by which viruses can become virulent are discussed in this chapter. A majority of viruses emerge from zoonotic animal reservoirs, often by adapting and infecting intermediate hosts, such as domestic animals and livestock. Viruses that are known foodborne threats include hepatitis E virus, tick-borne encephalitis virus, enteroviruses, adenovirus, and astroviruses, among others. Viruses may potentially evolve and emerge as a result of modern agricultural practices which can concentrate livestock and bring them into contact with wild animals. Examples of viruses that have emerged in this manner are influenza, coronaviruses such as severe acute respiratory syndrome and Middle East respiratory syndrome, and the Nipah virus. The role of bats, bush meat, rodents, pigs, cattle, and poultry as reservoirs from which infectious pathogenic viruses emerge are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/27726774x��Kingsley, David H
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*risk factor���Janï��Bats of the genus Pteropus (Pteropodidae), colloquially known as flying foxes, are recognized as the natural reservoir of Hendra virus, a zoonotic paramyxovirus responsible for mortality in horses and humans. Some previous studies have suggested that physiologic and ecologic factors promote Hendra virus infection in flying foxes, and by extension, spillover to horses and humans. However, the impact of Hendra virus infection on relevant physiologic biomarkers in flying foxes has not been measured. Over 12 mo in eastern Australia, we captured and sampled 446 individual black flying foxes ( Pteropus alecto ), a putative primary reservoir host species, and measured a suite of hematologic, plasma biochemistry, and urinary biomarkers. All mean hematologic and biochemical values in both Hendra virus-positive and virus-negative cohorts were within the published reference ranges for black flying foxes. We found no association between Hendra virus infection (as indicated by PCR detection of Hendra virus RNA) and biomarkers for nutritional stress, reproductive stress, or extreme metabolic demand. However, we identified associations between several other biomarkers and Hendra virus infection, which may partly elucidate the physiologic effects of Hendra virus infection in flying foxes. Our findings highlight the need for critical evaluation of putative risk factors for infection in flying foxes and provide insights for future epidemiologic studies of Hendra virus and related viruses in the Pteropus species.,��https://www.ncbi.nlm.nih.gov/pubmed/27723384Ã��McMichael, Lee
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Pneumonia/drug therapy/virologyú��Host-derived proteases can augment or help to clear infections. This dichotomy is exemplified by cathepsin L (CTSL), which helps Hendra virus and SARS coronavirus to invade cells, but is essential for survival in mice with mycoplasma pneumonia. The present study tested the hypothesis that CTSL protects mice from serious consequences of infection by the orthomyxovirus influenza A, which is thought to be activated by host-supplied proteases other than CTSL. Ctsl-/- mice infected with influenza A/Puerto Rico/8/34(H1N1) had larger lung viral loads and higher mortality than infected Ctsl+/+ mice. Lung inflammation in surviving infected mice peaked 14 days after initial infection, accompanied marked focal distal airway bronchiolization and epithelial metaplasia followed by desquamation and fibrotic interstitial remodeling, and persisted for at least 6 weeks. Most deaths occurred during the second week of infection in both groups of mice. In contrast to mycoplasma pneumonia, infiltrating cells were predominantly mononuclear rather than polymorphonuclear. The histopathology of lung inflammation and remodeling in survivors was similar in Ctsl-/- and Ctsl+/+ mice, although Ctsl+/+ mice cleared immunoreactive virus sooner. Furthermore, Ctsl-/- mice had profound deficits in CD4+ lymphocytes before and after infection and weaker production of pathogen-specific IgG. Thus, CTSL appears to support innate as well as adaptive responses, which confer a survival advantage on mice infected with the orthomyxovirus influenza A.,��https://www.ncbi.nlm.nih.gov/pubmed/27716790ù��Xu, Xiang
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Virus Attachment
Virus Internalization���Dec 1�
�The paramyxoviral family contains many medically important viruses, including measles virus, mumps virus, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the deadly zoonotic henipaviruses Hendra and Nipah virus (NiV). To both enter host cells and spread from cell to cell within infected hosts, the vast majority of paramyxoviruses utilize two viral envelope glycoproteins: the attachment glycoprotein (G, H, or hemagglutinin-neuraminidase [HN]) and the fusion glycoprotein (F). Binding of G/H/HN to a host cell receptor triggers structural changes in G/H/HN that in turn trigger F to undergo a series of conformational changes that result in virus-cell (viral entry) or cell-cell (syncytium formation) membrane fusion. The actual regions of G/H/HN and F that interact during the membrane fusion process remain relatively unknown though it is generally thought that the paramyxoviral G/H/HN stalk region interacts with the F head region. Studies to determine such interactive regions have relied heavily on coimmunoprecipitation approaches, whose limitations include the use of detergents and the micelle-mediated association of proteins. Here, we developed a flow-cytometric strategy capable of detecting membrane protein-protein interactions by interchangeably using the full-length form of G and a soluble form of F, or vice versa. Using both coimmunoprecipitation and flow-cytometric strategies, we found a bidentate interaction between NiV G and F, where both the stalk and head regions of NiV G interact with F. This is a new structural-biological finding for the paramyxoviruses. Additionally, our studies disclosed regions of the NiV G and F glycoproteins dispensable for the G and F interactions. IMPORTANCE: Nipah virus (NiV) is a zoonotic paramyxovirus that causes high mortality rates in humans, with no approved treatment or vaccine available for human use. Viral entry into host cells relies on two viral envelope glycoproteins: the attachment (G) and fusion (F) glycoproteins. Binding of G to the ephrinB2 or ephrinB3 cell receptors triggers conformational changes in G that in turn cause F to undergo conformational changes that result in virus-host cell membrane fusion and viral entry. It is currently unknown, however, which specific regions of G and F interact during membrane fusion. Past efforts to determine the interacting regions have relied mainly on coimmunoprecipitation, a technique with some pitfalls. We developed a flow-cytometric assay to study membrane protein-protein interactions, and using this assay we report a bidentate interaction whereby both the head and stalk regions of NiV G interact with NiV F, a new finding for the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/27654290û��Stone, Jacquelyn A
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Viral Proteins/genetics/*immunology���Sep2��For efficient replication, viruses have developed mechanisms to evade innate immune responses, including the antiviral type-I interferon (IFN-I) system. Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae family (genus Henipavirus), is known to encode for four P gene-derived viral proteins (P/C/W/V) with IFN-I antagonist functions. Here we report that NiV matrix protein (NiV-M), which is important for virus assembly and budding, can also inhibit IFN-I responses. IFN-I production requires activation of multiple signaling components including the IkappaB kinase epsilon (IKKepsilon). We previously showed that the E3-ubiquitin ligase TRIM6 catalyzes the synthesis of unanchored K48-linked polyubiquitin chains, which are not covalently attached to any protein, and activate IKKepsilon for induction of IFN-I mediated antiviral responses. Using co-immunoprecipitation assays and confocal microscopy we show here that the NiV-M protein interacts with TRIM6 and promotes TRIM6 degradation. Consequently, NiV-M expression results in reduced levels of unanchored K48-linked polyubiquitin chains associated with IKKepsilon leading to impaired IKKepsilon oligomerization, IKKepsilon autophosphorylation and reduced IFN-mediated responses. This IFN antagonist function of NiV-M requires a conserved lysine residue (K258) in the bipartite nuclear localization signal that is found in divergent henipaviruses. Consistent with this, the matrix proteins of Ghana, Hendra and Cedar viruses were also able to inhibit IFNbeta induction. Live NiV infection, but not a recombinant NiV lacking the M protein, reduced the levels of endogenous TRIM6 protein expression. To our knowledge, matrix proteins of paramyxoviruses have never been reported to be involved in innate immune antagonism. We report here a novel mechanism of viral innate immune evasion by targeting TRIM6, IKKepsilon and unanchored polyubiquitin chains. These findings expand the universe of viral IFN antagonism strategies and provide a new potential target for development of therapeutic interventions against NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27622505���Bharaj, Preeti
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*W protein���Oct 21b��Paramyxoviruses replicate in the cytoplasm with no obvious requirement to interact with the nucleus. Nevertheless, the W protein of the highly lethal bat-borne paramyxovirus Nipah virus (NiV) is known to undergo specific targeting to the nucleus, mediated by a single nuclear localisation signal (NLS) within the C-terminal domain. Here, we report for the first time that additional sites modulate nucleocytoplasmic localisation of W. We show that the N-terminal domain interacts with importin alpha1 and contributes to nuclear accumulation of W, indicative of a novel N-terminal NLS. We also find that W undergoes exportin-1 mediated nuclear export, dependent on a leucine at position 174. Together, these data enable significant revision of the generally accepted model of W trafficking, with implications for understanding of the mechanisms of NiV immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/27622322´��Audsley, Michelle D
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*Swine���Sep 14s��Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus, within the family Paramyxoviridae. Nipah virus has caused outbreaks of human disease in Bangladesh, Malaysia, Singapore, India and Philippines, in addition to a large outbreak in swine in Malaysia in 1998/1999. Recently, NiV was suspected to be a causative agent of an outbreak in horses in 2014 in the Philippines, while HeV has caused multiple human and equine outbreaks in Australia since 1994. A swine vaccine able to prevent shedding of infectious virus is of veterinary and human health importance, and correlates of protection against henipavirus infection in swine need to be better understood. In the present study, three groups of animals were employed. Pigs vaccinated with adjuvanted recombinant soluble HeV G protein (sGHEV) and challenged with HeV, developed antibody levels considered to be protective prior to the challenge (titers of 320). However, activation of the cell-mediated immune response was not detected, and the animals were only partially protected against challenge with 5x10(5) PFU of HeV per animal. In the second group, cross-neutralizing antibody levels against NiV in the sGHEV vaccinated animals did not reach protective levels, and with no activation of cellular immune memory, these animals were not protected against NiV. Only pigs orally infected with 5x10(4) PFU of NiV per animal were protected against nasal challenge with 5x10(5) PFU of NiV per animal. This group of pigs developed protective antibody levels, as well as cell-mediated immune memory. Peripheral blood mononuclear cells restimulated with UV-inactivated NiV upregulated IFN-gamma, IL-10 and the CD25 activation marker on CD4(+)CD8(+) T memory helper cells and to lesser extent on CD4(-)CD8(+) T cells. In conclusion, both humoral and cellular immune responses were required for protection of swine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27544586¯��Pickering, Brad S
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*Subcellular localization���Oct ��Nipah virus (NiV) causes severe encephalitis in humans, with high mortality. NiV nonstructural C protein (NiV-C) is essential for its pathogenicity, but its functions are unclear. In this study, we focused on NiV-C trafficking in cells and found that it localizes predominantly in the cytoplasm but partly in the nucleus. An analysis of NiV-C mutants showed that amino acids 2, 21-24 and 110-139 of NiV-C are important for its localization in the cytoplasm. Inhibitor treatment indicates that the nuclear export determinant is not a classical CRM1-dependent nuclear export signal. We also determined that amino acids 60-75 and 72-75 were important for nuclear localization of NiV-C. Furthermore, NiV-C mutants that had lost their capacity for nuclear localization inhibited the interferon (IFN) response more strongly than complete NiV-C. These results indicate that the IFN-antagonist activity of NiV-C occurs in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/27501340Ë��Horie, Ryo
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Virus Assembly���Oct���Genome replication and virion production by most negative-sense RNA viruses (NSVs) occurs exclusively in the cytoplasm, but many NSV-expressed proteins undergo active nucleocytoplasmic trafficking via signals that exploit cellular nuclear transport pathways. Nuclear trafficking has been reported both for NSV accessory proteins (including isoforms of the rabies virus phosphoprotein, and V, W and C proteins of paramyxoviruses) and for structural proteins. Trafficking of the former is thought to enable accessory functions in viral modulation of antiviral responses including the type I IFN system, but the intranuclear roles of structural proteins such as nucleocapsid and matrix proteins, which have critical roles in extranuclear replication and viral assembly, are less clear. Nevertheless, nuclear trafficking of matrix protein has been reported to be critical for efficient production of Nipah virus and Respiratory syncytial virus, and nuclear localization of nucleocapsid protein of several morbilliviruses has been linked to mechanisms of immune evasion. Together, these data point to the nucleus as a significant host interface for viral proteins during infection by NSVs with otherwise cytoplasmic life cycles. Importantly, several lines of evidence now suggest that nuclear trafficking of these proteins may be critical to pathogenesis and thus could provide new targets for vaccine development and antiviral therapies.,��https://www.ncbi.nlm.nih.gov/pubmed/27498841Í��Audsley, Michelle D
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*Prevention messages���Aug 51��BACKGROUND: During a fatal Nipah virus (NiV) outbreak in Bangladesh, residents rejected biomedical explanations of NiV transmission and treatment and lost trust in the public healthcare system. Field anthropologists developed and communicated a prevention strategy to bridge the gap between the biomedical and local explanation of the outbreak. METHODS: We explored residents' beliefs and perceptions about the illness and care-seeking practices and explained prevention messages following an interactive strategy with the aid of photos showed the types of contact that can lead to NiV transmission from bats to humans by drinking raw date palm sap and from person-to-person. RESULTS: The residents initially believed that the outbreak was caused by supernatural forces and continued drinking raw date palm sap despite messages from local health authorities to stop. Participants in community meetings stated that the initial messages did not explain that bats were the source of this virus. After our intervention, participants responded that they now understood how NiV could be transmitted and would abstain from raw sap consumption and maintain safer behaviours while caring for patients. CONCLUSIONS: During outbreaks, one-way behaviour change communication without meaningful causal explanations is unlikely to be effective. Based on the cultural context, interactive communication strategies in lay language with supporting evidence can make biomedical prevention messages credible in affected communities, even among those who initially invoke supernatural causal explanations.,��https://www.ncbi.nlm.nih.gov/pubmed/27495927+��Parveen, Shahana
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Restif, O.���2016e��Transmission or Within-Host Dynamics Driving Pulses of Zoonotic Viruses in Reservoir-Host Populations���e0004796���PLoS Negl Trop Dis���10���8���Aug¤��Progress in combatting zoonoses that emerge from wildlife is often constrained by limited knowledge of the biology of pathogens within reservoir hosts. We focus on the host-pathogen dynamics of four emerging viruses associated with bats: Hendra, Nipah, Ebola, and Marburg viruses. Spillover of bat infections to humans and domestic animals often coincides with pulses of viral excretion within bat populations, but the mechanisms driving such pulses are unclear. Three hypotheses dominate current research on these emerging bat infections. First, pulses of viral excretion could reflect seasonal epidemic cycles driven by natural variations in population densities and contact rates among hosts. If lifelong immunity follows recovery, viruses may disappear locally but persist globally through migration; in either case, new outbreaks occur once births replenish the susceptible pool. Second, epidemic cycles could be the result of waning immunity within bats, allowing local circulation of viruses through oscillating herd immunity. Third, pulses could be generated by episodic shedding from persistently infected bats through a combination of physiological and ecological factors. The three scenarios can yield similar patterns in epidemiological surveys, but strategies to predict or manage spillover risk resulting from each scenario will be different. We outline an agenda for research on viruses emerging from bats that would allow for differentiation among the scenarios and inform development of evidence-based interventions to limit threats to human and animal health. These concepts and methods are applicable to a wide range of pathogens that affect humans, domestic animals, and wildlife.,��https://www.ncbi.nlm.nih.gov/pubmed/27489944,��Plowright, Raina K
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Nipah Virus/*classification/*pathogenicity���Aug 3���Nipah virus (NiV) is a paramyxovirus that causes severe disease in humans and animals. There are two distinct strains of NiV, Malaysia (NiVM) and Bangladesh (NiVB). Differences in transmission patterns and mortality rates suggest that NiVB may be more pathogenic than NiVM. To investigate pathogenic differences between strains, 4 African green monkeys (AGM) were exposed to NiVM and 4 AGMs were exposed to NiVB. While NiVB was uniformly lethal, only 50% of NiVM-infected animals succumbed to infection. Histopathology of lungs and spleens from NiVB-infected AGMs was significantly more severe than NiVM-infected animals. Importantly, a second study utilizing 11 AGMs showed that the therapeutic window for human monoclonal antibody m102.4, previously shown to rescue AGMs from NiVM infection, was much shorter in NiVB-infected AGMs. Together, these data show that NiVB is more pathogenic in AGMs under identical experimental conditions and suggests that postexposure treatments may need to be NiV strain specific for optimal efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/27484128»��Mire, Chad E
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Horvat, B.���2016I��Protection from Hendra virus infection with Canarypox recombinant vaccine���16003���NPJ Vaccines���1â��Hendra virus (HeV) is an emerging zoonotic pathogen, which causes severe respiratory illness and encephalitis in humans and horses. Since its first appearance in 1994, spillovers of HeV from its natural reservoir fruit bats occur on almost an annual basis. The high mortality rate in both humans and horses and the wide-ranging reservoir distribution are making HeV a serious public health problem, especially for people exposed to sick horses. This study has aimed to develop an efficient low-cost HeV vaccine for horses based on Canarypox recombinant vector expressing HeV glycoproteins, attachment glycoprotein (G) and fusion protein (F). This vaccine was used to immunise hamsters and then challenged intraperitoneally with HeV 3 weeks later. The higher tested dose of the vaccine efficiently prevented oropharyngeal virus shedding and protected animals from clinical disease and virus-induced mortality. Vaccine induced generation of seroneutralising antibodies and prevented virus-induced histopathological changes and a production of viral RNA and antigens in animal tissues. Interestingly, some vaccinated animals, including those immunised at a lower dose, were protected in the absence of detectable specific antibodies, suggesting the induction of an efficient virus-specific cellular immunity. Finally, ponies immunised using the same vaccination protocol as hamsters developed strong seroneutralising titres against both HeV and closely related Nipah virus, indicating that this vaccine may have the ability to induce cross-protection against Henipavirus infection. These data suggest that Canarypox-based vectors encoding for HeV glycoproteins present very promising new vaccine candidate to prevent infection and shedding of the highly lethal HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/29263849÷��Guillaume-Vasselin, Vanessa
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Phylogenetic analysis���JulÉ��Nipah virus (NiV) is a member of the genus Henipavirus of the family Paramyxoviridae, characterized by high pathogenicity and endemic in South Asia. It is classified as a Biosafety Level-4 (BSL-4) agent. The case-fatality varies from 40% to 70% depending on the severity of the disease and on the availability of adequate healthcare facilities. At present no antiviral drugs are available for NiV disease and the treatment is just supportive. Phylogenetic and evolutionary analyses can be used to help in understanding the epidemiology and the temporal origin of this virus. This review provides an overview of evolutionary studies performed on Nipah viruses circulating in different countries. Thirty phylogenetic studies have been published from 2000 to 2015 years, searching on pub-med using the key words 'Nipah virus AND phylogeny' and twenty-eight molecular epidemiological studies from 2006 to 2015 have been performed, typing the key words 'Nipah virus AND molecular epidemiology'. Overall data from the published study demonstrated as phylogenetic and evolutionary analysis represent promising tools to evidence NiV epidemics, to study their origin and evolution and finally to act with effective preventive measure.,��https://www.ncbi.nlm.nih.gov/pubmed/27393089Ê��Angeletti, Silvia
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*zoonosis���NovO��Hendra virus (HeV) was first described in 1994 in an outbreak of acute and highly lethal disease in horses and humans in Australia. Equine cases continue to be diagnosed periodically, yet the predisposing factors for infection remain unclear. We undertook an analysis of equine submissions tested for HeV by the Queensland government veterinary reference laboratory over a 20-year period to identify and investigate any patterns. We found a marked increase in testing from July 2008, primarily reflecting a broadening of the HeV clinical case definition. Peaks in submissions for testing, and visitations to the Government HeV website, were associated with reported equine incidents. Significantly differing between-year HeV detection rates in north and south Queensland suggest a fundamental difference in risk exposure between the two regions. The statistical association between HeV detection and stockhorse type may suggest that husbandry is a more important risk determinant than breed per se. The detection of HeV in horses with neither neurological nor respiratory signs poses a risk management challenge for attending veterinarians and laboratory staff, reinforcing animal health authority recommendations that appropriate risk management strategies be employed for all sick horses, and by anyone handling sick horses or associated biological samples.,��https://www.ncbi.nlm.nih.gov/pubmed/27357144ú��Smith, C S
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*paramyxovirus���Augt��Nipah virus (NiV, Henipavirus) is a highly lethal emergent zoonotic paramyxovirus responsible for repeated human outbreaks of encephalitis in South East Asia. There are no approved vaccines or treatments, thus improved understanding of NiV biology is imperative. NiV matrix protein recruits a plethora of cellular machinery to scaffold and coordinate virion budding. Intriguingly, matrix also hijacks cellular trafficking and ubiquitination pathways to facilitate transient nuclear localization. While the biological significance of matrix nuclear localization for an otherwise cytoplasmic virus remains enigmatic, the molecular details have begun to be characterized, and are conserved among matrix proteins from divergent paramyxoviruses. Matrix protein appropriation of cellular machinery will be discussed in terms of its early nuclear targeting and later role in virion assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/27350027¶��Watkinson, Ruth E
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Virus Shedding���Jun¨��Person-to-person transmission is a key feature of human Nipah virus outbreaks in Bangladesh. In contrast, in an outbreak of Nipah virus in Malaysia, people acquired infections from pigs. It is not known whether this important epidemiological difference is driven primarily by differences between NiV Bangladesh (NiV-BD) and Malaysia (NiV-MY) at a virus level, or by environmental or host factors. In a time course study, ferrets were oronasally exposed to equivalent doses of NiV-BD or NiV-MY. More rapid onset of productive infection and higher levels of virus replication in respiratory tract tissues were seen for NiV-BD compared to NiV-MY, corroborating our previous report of increased oral shedding of NiV-BD in ferrets and suggesting a contributory mechanism for increased NiV-BD transmission between people compared to NiV-MY. However, we recognize that transmission occurs within a social and environmental framework that may have an important and differentiating role in NiV transmission rates. With this in mind, ferret-to-ferret transmission of NiV-BD and NiV-MY was assessed under differing viral exposure conditions. Transmission was not identified for either virus when naive ferrets were cohoused with experimentally-infected animals. In contrast, all naive ferrets developed acute infection following assisted and direct exposure to oronasal fluid from animals that were shedding either NiV-BD or NiV-MY. Our findings for ferrets indicate that, although NiV-BD may be shed at higher levels than NiV-MY, transmission risk may be equivalently low under exposure conditions provided by cohabitation alone. In contrast, active transfer of infected bodily fluids consistently results in transmission, regardless of the virus strain. These observations suggest that the risk of NiV transmission is underpinned by social and environmental factors, and will have practical implications for managing transmission risk during outbreaks of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27341030���Clayton, Bronwyn A
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*extracorporeal membrane oxygenation (ECMO)
*mechanical ventilation
*pregnancy
*respiratory failure���Jan 2°��INTRODUCTION: Status asthmaticus can develop into a life-threatening disorder that requires mechanical ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes. Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-pregnant patients with status asthmaticus. CASE STUDY: A 25-year-old woman, who was 5 weeks pregnant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the patient's clinical condition as well as the gas exchange improved within the next few days. ECMO was removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial hematoma; the patient was diagnosed with abortus imminens and successfully treated with magnesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation. CONCLUSIONS: This is the first case report on the successful use of ECMO in a pregnant woman with severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechanical ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby, who was born without any complications.,��https://www.ncbi.nlm.nih.gov/pubmed/27340744Á��Steinack, Carolin
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One Health
Zoonoses���Junc��The appearance of novel pathogens of humans with epidemic potential and high mortality rates have threatened global health security for centuries. Over the past few decades new zoonotic infectious diseases of humans caused by pathogens arising from animal reservoirs have included West Nile virus, Yellow fever virus, Ebola virus, Nipah virus, Lassa Fever virus, Hanta virus, Dengue fever virus, Rift Valley fever virus, Crimean-Congo haemorrhagic fever virus, severe acute respiratory syndrome coronavirus, highly pathogenic avian influenza viruses, Middle East Respiratory Syndrome Coronavirus, and Zika virus. The recent Ebola Virus Disease epidemic in West Africa and the ongoing Zika Virus outbreak in South America highlight the urgent need for local, regional and international public health systems to be be more coordinated and better prepared. The One Health concept focuses on the relationship and interconnectedness between Humans, Animals and the Environment, and recognizes that the health and wellbeing of humans is intimately connected to the health of animals and their environment (and vice versa). Critical to the establishment of a One Health platform is the creation of a multidisciplinary team with a range of expertise including public health officers, physicians, veterinarians, animal husbandry specialists, agriculturalists, ecologists, vector biologists, viral phylogeneticists, and researchers to co-operate, collaborate to learn more about zoonotic spread between animals, humans and the environment and to monitor, respond to and prevent major outbreaks. We discuss the unique opportunities for Middle Eastern and African stakeholders to take leadership in building equitable and effective partnerships with all stakeholders involved in human and health systems to take forward a 'One Health' approach to control such zoonotic pathogens with epidemic potential.,��https://www.ncbi.nlm.nih.gov/pubmed/27321961���Zumla, Alimuddin
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Zoonoses/virologyÀ��Hendra virus (HeV) is an important emergent virus in Australia known to infect horses and humans in certain regions of the east coast. Whilst pteropid bats ("flying foxes") are considered the natural reservoir of HeV, which of the four mainland species is the principal reservoir has been a source of ongoing debate, particularly as shared roosting is common. To help resolve this, we sampled a colony consisting of just one of these species, the grey-headed flying fox, (Pteropus poliocephalus), at the southernmost extent of its range. Using the pooled urine sampling technique at approximately weekly intervals over a two year period, we determined the prevalence of HeV and related paramyxoviruses using a novel multiplex (Luminex) platform. Whilst all the pooled urine samples were negative for HeV nucleic acid, we successfully identified four other paramyxoviruses, including Cedar virus; a henipavirus closely related to HeV. Collection of serum from individually caught bats from the colony showed that antibodies to HeV, as estimated by a serological Luminex assay, were present in between 14.6% and 44.5% of animals. The wide range of the estimate reflects uncertainties in interpreting intermediate results. Interpreting the study in the context of HeV studies from states to the north, we add support for an arising consensus that it is the black flying fox and not the grey-headed flying fox that is the principal source of HeV in spillover events to horses.,��https://www.ncbi.nlm.nih.gov/pubmed/27304985ê��Burroughs, A L
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*Virus Internalization���Jun���Receptor-targeted lentiviral vectors (LVs) can be an effective tool for selective transfer of genes into distinct cell types of choice. Moreover, they can be used to determine the molecular properties that cell surface proteins must fulfill to act as receptors for viral glycoproteins. Here we show that LVs pseudotyped with receptor-targeted Nipah virus (NiV) glycoproteins effectively enter into cells when they use cell surface proteins as receptors that bring them closely enough to the cell membrane (less than 100 A distance). Then, they were flexible in receptor usage as demonstrated by successful targeting of EpCAM, CD20, and CD8, and as selective as LVs pseudotyped with receptor-targeted measles virus (MV) glycoproteins, the current standard for cell-type specific gene delivery. Remarkably, NiV-LVs could be produced at up to two orders of magnitude higher titers compared to their MV-based counterparts and were at least 10,000-fold less effectively neutralized than MV glycoprotein pseudotyped LVs by pooled human intravenous immunoglobulin. An important finding for NiV-LVs targeted to Her2/neu was an about 100-fold higher gene transfer activity when particles were targeted to membrane-proximal regions as compared to particles binding to a more membrane-distal epitope. Likewise, the low gene transfer activity mediated by NiV-LV particles bound to the membrane distal domains of CD117 or the glutamate receptor subunit 4 (GluA4) was substantially enhanced by reducing receptor size to below 100 A. Overall, the data suggest that the NiV glycoproteins are optimally suited for cell-type specific gene delivery with LVs and, in addition, for the first time define which parts of a cell surface protein should be targeted to achieve optimal gene transfer rates with receptor-targeted LVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27281338!��Bender, Ruben R
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Viral Proteins/genetics/*metabolism���SepÒ��Nipah virus belongs to the genus Henipavirus in the family Paramyxoviridae, and its RNA genome is larger than those of other paramyxoviruses because it has long untranslated regions (UTRs) in each gene. However, the functions of these UTRs are not fully understood. In this study, we investigated the functions of the 5' UTRs and found that the 5' UTR of the M gene upregulated the translation of a reporter gene. Using an RNA pull-down assay, we showed that eukaryotic elongation factor 1-beta (EEF1B2) interacts with nucleotides 81-100 of the M 5' UTR and specifically enhances its translation efficiency. Our results suggest that the M 5' UTR promotes the production of M protein and viral budding by recruiting EEF1B2.,��https://www.ncbi.nlm.nih.gov/pubmed/27236461ª��Uchida, Shotaro
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severe acute respiratory syndrome���Aug£��Bat species around the world have recently been recognized as major reservoirs of several zoonotic viruses, such as severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), Nipah virus and Hendra virus. In this study, consensus primer-based reverse transcriptase polymerase chain reactions (RT-PCRs) and high-throughput sequencing were performed to investigate viruses in bat faecal samples collected at 11 natural bat habitat sites from July to December 2015 in Korea. Diverse coronaviruses were first detected in Korean bat faeces, including alphacoronaviruses, SARS-CoV-like and MERS-CoV-like betacoronaviruses. In addition, we identified a novel bat rotavirus belonging to group H rotavirus which has only been described in human and pigs until now. Therefore, our results suggest the need for continuing surveillance and additional virological studies in domestic bat.,��https://www.ncbi.nlm.nih.gov/pubmed/27213718Ù��Kim, H K
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Virus Release/*physiology���May���The budding of Nipah virus, a deadly member of the Henipavirus genus within the Paramyxoviridae, has been thought to be independent of the host ESCRT pathway, which is critical for the budding of many enveloped viruses. This conclusion was based on the budding properties of the virus matrix protein in the absence of other virus components. Here, we find that the virus C protein, which was previously investigated for its role in antagonism of innate immunity, recruits the ESCRT pathway to promote efficient virus release. Inhibition of ESCRT or depletion of the ESCRT factor Tsg101 abrogates the C enhancement of matrix budding and impairs live Nipah virus release. Further, despite the low sequence homology of the C proteins of known henipaviruses, they all enhance the budding of their cognate matrix proteins, suggesting a conserved and previously unknown function for the henipavirus C proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/27203423Æ��Park, Arnold
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Peptides/*immunology���Jun 1���Bats are a major reservoir of emerging and re-emerging infectious diseases, including severe acute respiratory syndrome-like coronaviruses, henipaviruses, and Ebola virus. Although highly pathogenic to their spillover hosts, bats harbor these viruses, and a large number of other viruses, with little or no clinical signs of disease. How bats asymptomatically coexist with these viruses is unknown. In particular, little is known about bat adaptive immunity, and the presence of functional MHC molecules is mostly inferred from recently described genomes. In this study, we used an affinity purification/mass spectrometry approach to demonstrate that a bat MHC class I molecule, Ptal-N*01:01, binds antigenic peptides and associates with peptide-loading complex components. We identified several bat MHC class I-binding partners, including calnexin, calreticulin, protein disulfide isomerase A3, tapasin, TAP1, and TAP2. Additionally, endogenous peptide ligands isolated from Ptal-N*01:01 displayed a relatively broad length distribution and an unusual preference for a C-terminal proline residue. Finally, we demonstrate that this preference for C-terminal proline residues was observed in Hendra virus-derived peptides presented by Ptal-N*01:01 on the surface of infected cells. To our knowledge, this is the first study to identify endogenous and viral MHC class I ligands for any bat species and, as such, provides an important avenue for monitoring and development of vaccines against major bat-borne viruses both in the reservoir and spillover hosts. Additionally, it will provide a foundation to understand the role of adaptive immunity in bat antiviral responses.,��https://www.ncbi.nlm.nih.gov/pubmed/27183594���Wynne, James W
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Virus Replication���Aug 1®	�UNLABELLED: Nonsegmented negative-stranded RNA viruses, or members of the order Mononegavirales, share a conserved gene order and the use of elaborate transcription and replication machinery made up of at least four molecular partners. These partners have coevolved with the acquisition of the permanent encapsidation of the entire genome by the nucleoprotein (N) and the use of this N-RNA complex as a template for the viral polymerase composed of the phosphoprotein (P) and the large enzymatic protein (L). Not only is P required for polymerase function, but it also stabilizes the L protein through an unknown underlying molecular mechanism. By using NVP-AUY922 and/or 17-dimethylaminoethylamino-17-demethoxygeldanamycin as specific inhibitors of cellular heat shock protein 90 (HSP90), we found that efficient chaperoning of L by HSP90 requires P in the measles, Nipah, and vesicular stomatitis viruses. While the production of P remains unchanged in the presence of HSP90 inhibitors, the production of soluble and functional L requires both P and HSP90 activity. Measles virus P can bind the N terminus of L in the absence of HSP90 activity. Both HSP90 and P are required for the folding of L, as evidenced by a luciferase reporter insert fused within measles virus L. HSP90 acts as a true chaperon; its activity is transient and dispensable for the activity of measles and Nipah virus polymerases of virion origin. That the cellular chaperoning of a viral polymerase into a soluble functional enzyme requires the assistance of another viral protein constitutes a new paradigm that seems to be conserved within the Mononegavirales order. IMPORTANCE: Viruses are obligate intracellular parasites that require a cellular environment for their replication. Some viruses particularly depend on the cellular chaperoning apparatus. We report here that for measles virus, successful chaperoning of the viral L polymerase mediated by heat shock protein 90 (HSP90) requires the presence of the viral phosphoprotein (P). Indeed, while P protein binds to the N terminus of L independently of HSP90 activity, both HSP90 and P are required to produce stable, soluble, folded, and functional L proteins. Once formed, the mature P+L complex no longer requires HSP90 to exert its polymerase functions. Such a new paradigm for the maturation of a viral polymerase appears to be conserved in several members of the Mononegavirales order, including the Nipah and vesicular stomatitis viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27170753"��Bloyet, Louis-Marie
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Viral Proteins/*immunology���Jul 15à��UNLABELLED: Nipah virus (NiV) is a highly lethal paramyxovirus that recently emerged as a causative agent of febrile encephalitis and severe respiratory disease in humans. The ferret model has emerged as the preferred small-animal model with which to study NiV disease, but much is still unknown about the viral determinants of NiV pathogenesis, including the contribution of the C protein in ferrets. Additionally, studies have yet to examine the synergistic effects of the various P gene products on pathogenesis in animal models. Using recombinant NiVs (rNiVs), we examine the sole contribution of the NiV C protein and the combined contributions of the C and W proteins in the ferret model of NiV pathogenesis. We show that an rNiV void of C expression resulted in 100% mortality, though with limited respiratory disease, like our previously reported rNiV void of W expression; this finding is in stark contrast to the attenuated phenotype observed in previous hamster studies utilizing rNiVs void of C expression. We also observed that an rNiV void of both C and W expression resulted in limited respiratory disease; however, there was severe neurological disease leading to 60% mortality, and the surviving ferrets demonstrated sequelae similar to those for human survivors of NiV encephalitis. IMPORTANCE: Nipah virus (NiV) is a human pathogen capable of causing lethal respiratory and neurological disease. Many human survivors have long-lasting neurological impairment. Using a ferret model, this study demonstrated the roles of the NiV C and W proteins in pathogenesis, where lack of either the C or the W protein independently decreased the severity of clinical respiratory disease but did not decrease lethality. Abolishing both C and W expression, however, dramatically decreased the severity of respiratory disease and the level of destruction of splenic germinal centers. These ferrets still suffered severe neurological disease: 60% succumbed to disease, and the survivors experienced long-term neurological impairment, such as that seen in human survivors. This new ferret NiV C and W knockout model may allow, for the first time, the examination of interventions to prevent or mitigate the neurological damage and sequelae experienced by human survivors.,��https://www.ncbi.nlm.nih.gov/pubmed/27147733���Satterfield, Benjamin A
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viral replication���Jul 3���Nucleocapsid assembly is an essential process in the replication of the non-segmented, negative-sense RNA viruses (NNVs). Unassembled nucleoprotein (N(0)) is maintained in an RNA-free and monomeric form by its viral chaperone, the phosphoprotein (P), forming the N(0)-P complex. Our earlier work solved the structure of vesicular stomatitis virus complex formed between an N-terminally truncated N (NDelta21) and a peptide of P (P60) encompassing the N(0)-binding site, but how the full-length P interacts with N(0) remained unknown. Here, we combine several experimental biophysical methods including size exclusion chromatography with detection by light scattering and refractometry, small-angle X-ray and neutron scattering and nuclear magnetic resonance spectroscopy with molecular dynamics simulation and computational modeling to characterize the NDelta21(0)-PFL complex formed with dimeric full-length P. We show that for multi-molecular complexes, simultaneous multiple-curve fitting using small-angle neutron scattering data collected at varying contrast levels provides additional information and can help refine structural ensembles. We demonstrate that (a) vesicular stomatitis virus PFL conserves its high flexibility within the NDelta21(0)-PFL complex and interacts with NDelta21(0) only through its N-terminal extremity; (b) each protomer of P can chaperone one N(0) client protein, leading to the formation of complexes with stoichiometries 1N:P2 and 2N:P2; and (c) phosphorylation of residues Ser60, Thr62 and Ser64 provides no additional interactions with N(0) but creates a metal binding site in PNTR. A comparison with the structures of Nipah virus and Ebola virus N(0)-P core complex suggests a mechanism for the control of nucleocapsid assembly that is common to all NNVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27107640a��Yabukarski, Filip
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*virus-like particles���Jul 8¼��The matrix (M) protein of Nipah virus (NiV) is a peripheral protein that plays a vital role in the envelopment of nucleocapsid protein and acts as a bridge between the viral surface and the nucleocapsid proteins. The M protein is also proven to play an important role in production of virus-like particles (VLPs) and is essential for assembly and budding of NiV particles. The recombinant M protein produced in Escherichia coli assembled into VLPs in the absence of the viral surface proteins. However, the E. coli produced VLPs are smaller than the native virus particles. Therefore, the aims of this study were to produce NiV M protein in Pichia pastoris, to examine the structure of the VLPs formed, and to assess the potential of the VLPs as a diagnostic reagent. The M protein was successfully expressed in P. pastoris and was detected with anti-myc antibody using Western blotting. The VLPs formed by the recombinant M protein were purified with sucrose density gradient ultracentrifugation, high-performance liquid chromatography (HPLC), and Immobilized Metal Affinity Chromatography (IMAC). Immunogold staining and transmission electron microscopy confirmed that the M protein assembled into VLPs as large as 200 nm. ELISA revealed that the NiV M protein produced in P. pastoris reacted strongly with positive NiV sera demonstrating its potential as a diagnostic reagent. (c) 2016 American Institute of Chemical Engineers Biotechnol. Prog., 32:1038-1045, 2016.,��https://www.ncbi.nlm.nih.gov/pubmed/27088434ç��Joseph, Narcisse Ms
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Vaccine���Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. aMPV belongs to the family Paramyxoviridae which includes many important human pathogens such as human respiratory syncytial virus (RSV), human metapneumovirus (hMPV), and human parainfluenza virus type 3 (PIV3). The family also includes highly lethal emerging pathogens such as Nipah virus and Hendra virus, as well as agriculturally important viruses such as Newcastle disease virus (NDV). For many of these viruses, there is no effective vaccine. Here, we describe a reverse genetics approach to develop live attenuated aMPV vaccines by inhibiting the viral mRNA cap methyltransferase. The viral mRNA cap methyltransferase is an excellent target for the attenuation of paramyxoviruses because it plays essential roles in mRNA stability, efficient viral protein translation and innate immunity. We have described in detail the materials and methods used to generate recombinant aMPVs that lack viral mRNA cap methyltransferase activity. We have also provided methods to evaluate the genetic stability, pathogenesis, and immunogenicity of live aMPV vaccine candidates in turkeys.,��https://www.ncbi.nlm.nih.gov/pubmed/270762932��Zhang, Yu
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Vesicular stomatitis virusß��There are many avenues for making an effective vaccine against viruses. Depending on the virus these can include one of the following: inactivation of whole virions; attenuation of viruses; recombinant viral proteins; non-replication-competent virus particles; or surrogate virus vector systems such as vesicular stomatitis virus (VSV). VSV is a prototypic enveloped animal virus that has been used for over four decades to study virus replication, entry, and assembly due to its ability to replicate to high titers in a wide variety of mammalian and insect cells. The use of reverse genetics to recover infectious and single-cycle replicating VSV from plasmid DNA transfected in cell culture began a revolution in the study of recombinant VSV (rVSV). This platform can be manipulated to study the viral genetic sequences and proteins important in the virus life cycle. Additionally, foreign genes can be inserted between naturally occurring or generated start/stop signals and polyadenylation sites within the VSV genome. VSV has a tolerance for foreign gene expression which has led to numerous rVSVs reported in the literature. Of particular interest are the very effective single-dose rVSV vaccine vectors against high-containment viruses such as filoviruses, henipaviruses, and arenaviruses. Herein we describe the methods for selecting foreign antigenic genes, selecting the location within the VSV genome for insertion, generation of rVSV using reverse genetics, and proper vaccine study designs.,��https://www.ncbi.nlm.nih.gov/pubmed/270761380��Whitt, Michael A
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urinalysis���MarÕ��Bats of the genus Pteropus (Pteropodidae) are recognised as the natural host of multiple emerging pathogenic viruses of animal and human health significance, including henipaviruses, lyssaviruses and ebolaviruses. Some studies have suggested that physiological and ecological factors may be associated with Hendra virus infection in flying-foxes in Australia; however, it is essential to understand the normal range and seasonal variability of physiological biomarkers before seeking physiological associations with infection status. We aimed to measure a suite of physiological biomarkers in P. alecto over time to identify any seasonal fluctuations and to examine possible associations with life-cycle and environmental stressors. We sampled 839 adult P. alecto in the Australian state of Queensland over a 12-month period. The adjusted population means of every assessed hematologic and biochemical parameter were within the reported reference range on every sampling occasion. However, within this range, we identified significant temporal variation in these parameters, in urinary parameters and body condition, which primarily reflected the normal annual life cycle. We found no evident effect of remarkable physiological demands or nutritional stress, and no indication of clinical disease driving any parameter values outside the normal species reference range. Our findings identify underlying temporal physiological changes at the population level that inform epidemiological studies and assessment of putative physiological risk factors driving Hendra virus infection in P. alecto. More broadly, the findings add to the knowledge of Pteropus populations in terms of their relative resistance and resilience to emerging infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27026357���McMichael, Lee
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Transmission���Mar 25m��BACKGROUND: Nipah virus (NiV) first emerged in Malaysia in 1998, with two bat species (Pteropus hypomelanus and P. vampyrus) as the putative natural reservoirs. In 2002, NiV IgG antibodies were detected in these species from Thailand, but viral RNA could not be detected for strain characterization. Two strains of NiV (Malaysia and Bangladesh) have been found in P. lylei in central Thailand, although Bangladesh strain, the causative strain for the outbreak in Bangladesh since 2001, was dominant. To understand the diversity of NiV in Thailand, this study identified NiV strain, using molecular characterizations, from P. hypomelanus in southern Thailand. FINDINGS: Pooled bat urine specimens were collected from plastic sheet underneath bat roosts in April 2010, and then monthly from December 2010 to May 2011 at an island in southern Thailand. Five in 184 specimens were positive for NiV, using duplex nested RT-PCR assay on partial nucleocapsid fragment (357 bp). Whole sequences of nucleocapsid gene from four bats were characterized. All 5 partial fragments and 4 whole nucleocapsid genes formed a monophyletic with NiV-MY. CONCLUSIONS: Our study showed that P. hypomelanus in southern Thailand and from Malaysia, a bordering country, harbored similar NiV. This finding indicates that NiV is not limited to central Thailand or P. lylei species, and it may be a source of inter-species transmission. This indicates a higher potential for a widespread NiV outbreak in Thailand. NiV surveillance in Pteropus bats, the major natural reservoirs, should be conducted continuously in countries or regions with high susceptibility to outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/270162376��Wacharapluesadee, Supaporn
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Viral Matrix Proteins/metabolism���Mar³��Hendra and Nipah viruses (genus Henipavirus, family Paramyxoviridae) are highly pathogenic bat-borne viruses. The need for high biocontainment when studying henipaviruses has hindered the development of therapeutics and knowledge of the viral infection cycle. We have performed a genome-wide siRNA screen at biosafety level 4 that identified 585 human proteins required for henipavirus infection. The host protein with the largest impact was fibrillarin, a nucleolar methyltransferase that was also required by measles, mumps and respiratory syncytial viruses for infection. While not required for cell entry, henipavirus RNA and protein syntheses were greatly impaired in cells lacking fibrillarin, indicating a crucial role in the RNA replication phase of infection. During infection, the Hendra virus matrix protein co-localized with fibrillarin in cell nucleoli, and co-associated as a complex in pulldown studies, while its nuclear import was unaffected in fibrillarin-depleted cells. Mutagenesis studies showed that the methyltransferase activity of fibrillarin was required for henipavirus infection, suggesting that this enzyme could be targeted therapeutically to combat henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27010548���Deffrasnes, Celine
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viruses���AprÆ��Nipah virus (NiV) is a paramyxovirus, and Pteropus spp. bats are the natural reservoir. From December 2010 through March 2014, hospital-based encephalitis surveillance in Bangladesh identified 18 clusters of NiV infection. The source of infection for case-patients in 3 clusters in 2 districts was unknown. A team of epidemiologists and anthropologists investigated these 3 clusters comprising 14 case-patients, 8 of whom died. Among the 14 case-patients, 8 drank fermented date palm sap (tari) regularly before their illness, and 6 provided care to a person infected with NiV. The process of preparing date palm trees for tari production was similar to the process of collecting date palm sap for fresh consumption. Bat excreta was reportedly found inside pots used to make tari. These findings suggest that drinking tari is a potential pathway of NiV transmission. Interventions that prevent bat access to date palm sap might prevent tari-associated NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26981928J��Islam, M Saiful
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Rig-i���MarS��The recognition of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRR) during viral infection initiates the induction of antiviral signaling pathways, including activation of the Interferon Regulator Factor 3 (IRF3). We identified small molecule compounds that activate IRF3 through MAVS, thereby inhibiting infection by viruses of the families Flaviviridae (West Nile virus, dengue virus and hepatitis C virus), Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus) and Paramyxoviridae (respiratory syncytial virus, Nipah virus) (1). In this study, we tested a lead compound along with medicinal chemistry-derived analogs to compare the gene transcriptional profiles induced by these molecules to that of other known MAVS-dependent IRF3 agonists. Transcriptional analysis of these small molecules revealed the induction of specific antiviral genes and identified a novel module of host driven immune regulated genes that suppress infection of a range of RNA viruses. Microarray data can be found in Gene Expression Omnibus (GSE74047).,��https://www.ncbi.nlm.nih.gov/pubmed/26981429æ��Green, R R
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Zoonoses/epidemiology/transmission/virology���FebO��Hendra virus causes acute and highly fatal infection in horses and humans. Pteropid bats (flying-foxes) are the natural host of the virus, with age and species being risk factors for infection. Urine is the primary route of excretion in flying-foxes, with viral RNA more frequently detected in Pteropus alecto and P. conspicillatus than other species. Infection prevalence in flying-foxes can vary between and within years, with a winter peak of excretion occurring in some regions. Vertical transmission and recrudescing infection has been reported in flying-foxes, but horizontal transmission is evidently the primary mode of transmission. The most parsimonious mode of flying-fox to horse transmission is equine contact (oro-nasal, conjunctival) with infected flying-fox urine, either directly, or via urine-contaminated pasture or surfaces. Horse to horse transmission is inefficient, requiring direct contact with infected body fluids. Flying-fox to human transmission has not been recorded; all human cases have been associated with close and direct contact with infected horses. Canine cases (subclinical) have also been limited to equine case properties. Notwithstanding the recent availability of an effective vaccine for horses, a comprehensive understanding of Hendra virus ecology and transmission is essential to limit inter-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26978066¹��Field, Hume E
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*Subunit vaccine���Jun 3·��Nipah virus (NiV) is a highly pathogenic, recently emerged paramyxovirus that has been responsible for sporadic outbreaks of respiratory and encephalitic disease in Southeast Asia. High case fatality rates have also been associated with recent outbreaks in Malaysia and Bangladesh. Although over two billion people currently live in regions in which NiV is endemic or in which the Pteropus fruit bat reservoir is commonly found, there is no approved vaccine to protect against NiV disease. This report examines the feasibility and current efforts to develop a NiV vaccine including potential hurdles for technical and regulatory assessment of candidate vaccines and the likelihood for financing.,��https://www.ncbi.nlm.nih.gov/pubmed/26973068µ��Satterfield, Benjamin A
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Universal vaccine���AprÚ��Nipah virus and Hendra virus, two members of the genus Henipavirus, are newly emerging zoonotic pathogens which cause acute respiratory illness and severe encephalitis in human. Lack of the effective antiviral therapy endorses the urgency for the development of vaccine against these deadly viruses. In this study, we employed various computational approaches to identify epitopes which has the potential for vaccine development. By analyzing the immune parameters of the conserved sequences of G glycoprotein using various databases and bioinformatics tools, we identified two potential epitopes which may be used as peptide vaccines. Using different B cell epitope prediction servers, four highly similar B cell epitopes were identified. Immunoinformatics analyses revealed that LAEDDTNAQKT is a highly flexible and accessible B-cell epitope to antibody. Highly similar putative CTL epitopes were analyzed for their binding with the HLA-C 12*03 molecule. Docking simulation assay revealed that LTDKIGTEI has significantly lower binding energy, which bolstered its potential as epitope-based vaccine design. Finally, cytotoxicity analysis has also justified their potential as promising epitope-based vaccine candidate. In sum, our computational analysis indicates that either LAEDDTNAQKT or LTDKIGTEI epitope holds a promise for the development of universal vaccine against all kinds of pathogenic Henipavirus. Further in vivo and in vitro studies are necessary to validate the obtained findings.,��https://www.ncbi.nlm.nih.gov/pubmed/26970211ï��Parvege, Md Masud
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��Nipah virus (NiV) is an emerging paramyxovirus that can cause lethal respiratory illness in humans. No vaccine/therapeutic is currently licensed for humans. Human-to-human transmission was previously reported during outbreaks and NiV could be isolated from respiratory secretions, but the proportion of cases in Malaysia exhibiting respiratory symptoms was significantly lower than that in Bangladesh. Previously, we showed that primary human basal respiratory epithelial cells are susceptible to both NiV-Malaysia (M) and -Bangladesh (B) strains causing robust pro-inflammatory responses. However, the cells of the human respiratory epithelium that NiV targets are unknown and their role in NiV transmission and NiV-related lung pathogenesis is still poorly understood. Here, we characterized NiV infection of the human respiratory epithelium using a model of the human tracheal/bronchial (B-ALI) and small airway (S-ALI) epithelium cultured at an air-liquid interface. We show that NiV-M and NiV-B infect ciliated and secretory cells in B/S-ALI, and that infection of S-ALI, but not B-ALI, results in disruption of the epithelium integrity and host responses recruiting human immune cells. Interestingly, NiV-B replicated more efficiently in B-ALI than did NiV-M. These results suggest that the human tracheal/bronchial epithelium is favourable to NiV replication and shedding, while inducing a limited host response. Our data suggest that the small airways epithelium is prone to inflammation and lesions as well as constituting a point of virus entry into the pulmonary vasculature. The use of relevant models of the human respiratory tract, such as B/S-ALI, is critical for understanding NiV-related lung pathogenesis and identifying the underlying mechanisms allowing human-to-human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/269325151��Escaffre, Olivier
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Virulenceæ��Although a globe box-type highly contained laboratory with the internationally-recognized biosafety level-4 standards has been constructed in the Murayama Annex, the National Institute of Infectious Diseases, Tokyo, Japan (NIID) in 1981, the laboratory has never been operated as BSL-4 laboratory since its construction. Furthermore, there are no other BSL-4 laboratories in operation in Japan. The evidence indicates that infectious BSL-4 pathogens such as Ebola and Marburg viruses cannot be manipulated in Japan, making it impossible to study the BSL-4 pathogens using the infectious viruses. A large-scale outbreak of ebolavirus disease (EVD) has occurred in the western Africa such as Guinea, Sierra Leone, and Liberia. Furthermore, the highly pathogenic pathogens' infectious diseases outbreaks such as SARS, Nipah encephalitis, Middle East respiratory syndrome (MERS) have emerged in the world. However, BSL-4 laboratories are not present in Japan, making it difficult to study these pathogens and infectious diseases. Because these emerging virus infections are caused by the zoonotic pathogens, the eradiation and the elimination of these infectious diseases are impossible. We need to develop the diagnostics, therapeutics, and preventive measures based on the studies of the highly pathogenic pathogens more in detail using the infectious microbes. Therefore, BSL-4 in operation in Japan is required to minimize the risk of and combat these emerging highly pathogenic pathogens' infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/26923962s��Saijo, Masayuki
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interferon���Mar 8Ú��Bats harbor many emerging and reemerging viruses, several of which are highly pathogenic in other mammals but cause no clinical signs of disease in bats. To determine the role of interferons (IFNs) in the ability of bats to coexist with viruses, we sequenced the type I IFN locus of the Australian black flying fox, Pteropus alecto, providing what is, to our knowledge, the first gene map of the IFN region of any bat species. Our results reveal a highly contracted type I IFN family consisting of only 10 IFNs, including three functional IFN-alpha loci. Furthermore, the three IFN-alpha genes are constitutively expressed in unstimulated bat tissues and cells and their expression is unaffected by viral infection. Constitutively expressed IFN-alpha results in the induction of a subset of IFN-stimulated genes associated with antiviral activity and resistance to DNA damage, providing evidence for a unique IFN system that may be linked to the ability of bats to coexist with viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26903655Ò��Zhou, Peng
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*Virus Internalization���FebÁ��O-linked glycosylation is a ubiquitous protein modification in organisms belonging to several kingdoms. Both microbial and host protein glycans are used by many pathogens for host invasion and immune evasion, yet little is known about the roles of O-glycans in viral pathogenesis. Reportedly, there is no single function attributed to O-glycans for the significant paramyxovirus family. The paramyxovirus family includes many important pathogens, such as measles, mumps, parainfluenza, metapneumo- and the deadly Henipaviruses Nipah (NiV) and Hendra (HeV) viruses. Paramyxoviral cell entry requires the coordinated actions of two viral membrane glycoproteins: the attachment (HN/H/G) and fusion (F) glycoproteins. O-glycan sites in HeV G were recently identified, facilitating use of the attachment protein of this deadly paramyxovirus as a model to study O-glycan functions. We mutated the identified HeV G O-glycosylation sites and found mutants with altered cell-cell fusion, G conformation, G/F association, viral entry in a pseudotyped viral system, and, quite unexpectedly, pseudotyped viral F protein incorporation and processing phenotypes. These are all important functions of viral glycoproteins. These phenotypes were broadly conserved for equivalent NiV mutants. Thus our results identify multiple novel and pathologically important functions of paramyxoviral O-glycans, paving the way to study O-glycan functions in other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26867212���Stone, Jacquelyn A
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*Virus Internalization���May���The amino-terminal cytoplasmic domains of paramyxovirus attachment glycoproteins include trafficking signals that influence protein processing and cell surface expression. To characterize the role of the cytoplasmic domain in protein expression, fusion support and particle assembly in more detail, we constructed chimeric Nipah virus (NiV) glycoprotein (G) and canine distemper virus (CDV) haemagglutinin (H) proteins carrying the respective heterologous cytoplasmic domain, as well as a series of mutants with progressive deletions in this domain. CDV H retained fusion function and was normally expressed on the cell surface with a heterologous cytoplasmic domain, while the expression and fusion support of NiV G was dramatically decreased when its cytoplasmic domain was replaced with that of CDV H. The cell surface expression and fusion support functions of CDV H were relatively insensitive to cytoplasmic domain deletions, while short deletions in the corresponding region of NiV G dramatically decreased both. In addition, the first 10 residues of the CDV H cytoplasmic domain strongly influence its incorporation into virus-like particles formed by the CDV matrix (M) protein, while the co-expression of NiV M with NiV G had no significant effect on incorporation of G into particles. The cytoplasmic domains of both the CDV H and NiV G proteins thus contribute differently to the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/26813519å��Sawatsky, Bevan
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Influenza���Feb 24ß��BACKGROUND: Passive immunotherapy using polyclonal antibodies (immunoglobulins) has been used for over a century in the treatment and post-exposure prophylaxis of various infections and toxins. Heterologous polyclonal antibodies are obtained from animals hyperimmunised with a pathogen or toxin. AIMS: The aims of this review are to examine the history of animal polyclonal antibody therapy use, their development into safe and effective products and the potential application to humans for emerging and neglected infectious diseases. METHODS: A literature search of OVID Medline and OVID Embase databases was undertaken to identify articles on the safety, efficacy and ongoing development of polyclonal antibodies. The search contained database-specific MeSH and EMTREE terms in combination with pertinent text-words: polyclonal antibodies and rare/neglected diseases, antivenins, immunoglobulins, serum sickness, anaphylaxis, drug safety, post marketing surveillance, rabies, human influenza, Dengue, West Nile, Nipah, Hendra, Marburg, MERS, Hemorrhagic Fever Virus, and Crimean-Congo. No language limits were applied. The final search was completed on 20.06.2015. Of 1960 articles, title searches excluded many irrelevant articles, yielding 303 articles read in full. Of these, 179 are referenced in this study. RESULTS: Serum therapy was first used in the 1890s against diphtheria. Early preparation techniques yielded products contaminated with reactogenic animal proteins. The introduction of enzymatic digestion, and purification techniques substantially improved their safety profile. The removal of the Fc fragment of antibodies further reduces hypersensitivity reactions. Clinical studies have demonstrated the efficacy of polyclonal antibodies against various infections, toxins and venoms. Products are being developed against infections for which prophylactic and therapeutic options are currently limited, such as avian influenza, Ebola and other zoonotic viruses. CONCLUSIONS: Polyclonal antibodies have been successfully applied to rabies, envenomation and intoxication. Polyclonal production provides an exciting opportunity to revolutionise the prognosis of both longstanding neglected tropical diseases as well as emerging infectious threats to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26802604Ë��Dixit, Rashmi
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*Virus Assembly
Virus Release���Jan 20Ô	�UNLABELLED: Paramyxovirus particles are formed by a budding process coordinated by viral matrix (M) proteins. M proteins coalesce at sites underlying infected cell membranes and induce other viral components, including viral glycoproteins and viral ribonucleoprotein complexes (vRNPs), to assemble at these locations from which particles bud. M proteins interact with the nucleocapsid (NP or N) components of vRNPs, and these interactions enable production of infectious, genome-containing virions. For the paramyxoviruses parainfluenza virus 5 (PIV5) and mumps virus, M-NP interaction also contributes to efficient production of virus-like particles (VLPs) in transfected cells. A DLD sequence near the C-terminal end of PIV5 NP protein was previously found to be necessary for M-NP interaction and efficient VLP production. Here, we demonstrate that 15-residue-long, DLD-containing sequences derived from either the PIV5 or Nipah virus nucleocapsid protein C-terminal ends are sufficient to direct packaging of a foreign protein, Renilla luciferase, into budding VLPs. Mumps virus NP protein harbors DWD in place of the DLD sequence found in PIV5 NP protein, and consequently, PIV5 NP protein is incompatible with mumps virus M protein. A single amino acid change converting DLD to DWD within PIV5 NP protein induced compatibility between these proteins and allowed efficient production of mumps VLPs. Our data suggest a model in which paramyxoviruses share an overall common strategy for directing M-NP interactions but with important variations contained within DLD-like sequences that play key roles in defining M/NP protein compatibilities. IMPORTANCE: Paramyxoviruses are responsible for a wide range of diseases that affect both humans and animals. Paramyxovirus pathogens include measles virus, mumps virus, human respiratory syncytial virus, and the zoonotic paramyxoviruses Nipah virus and Hendra virus. Infectivity of paramyxovirus particles depends on matrix-nucleocapsid protein interactions which enable efficient packaging of encapsidated viral RNA genomes into budding virions. In this study, we have defined regions near the C-terminal ends of paramyxovirus nucleocapsid proteins that are important for matrix protein interaction and that are sufficient to direct a foreign protein into budding particles. These results advance our basic understanding of paramyxovirus genome packaging interactions and also have implications for the potential use of virus-like particles as protein delivery tools.,��https://www.ncbi.nlm.nih.gov/pubmed/26792745ä��Ray, Greeshma
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Viral Vaccines©��Previously unidentified viruses, such as Middle East respiratory syndrome coronavirus, continue to emerge and threaten populations, while powerful new techniques have identified many new human and animal viruses. Similarly, existing viruses, from Ebola virus to chikungunya virus, are reemerging and spreading to new geographical regions. These viruses often pose a challenge for researchers to study due to their highly pathogenic nature. Lentiviral and rhabdoviral pseudotypes are excellent tools for studying enveloped viruses and have contributed to many recent advances in areas such as receptor usage, viral entry and serology. In particular, pseudotypes allow the safe study of unknown or highly pathogenic viruses. They also allow the initial characterization of aspects of infection such as cellular tropism for difficult to culture viruses. In this review we will introduce various pseudotyping systems for emerging viruses, including chikungunya virus, Ebola virus, SARS and MERS coronaviruses and Nipah virus, as well as their use in diverse studies including drug screening and antibody neutralization. We will also discuss the limitations and potential caveats using pseudotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/26785737p��Steffen, Imke
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Virus Replication/genetics���AprË��Incorporation of reporter genes within virus genomes is an indispensable tool for interrogation of virus biology and pathogenesis. In previous work, we incorporated a fluorophore into a viral ORF by attaching it to the viral gene via a P2A ribosomal skipping sequence. This recombinant Nipah virus, however, was attenuated in vitro relative to WT virus. In this work, we determined that inefficient ribosomal skipping was a major contributing factor to this attenuation. Inserting a GSG linker before the P2A sequence resulted in essentially complete skipping, significantly improved growth in vitro, and WT lethality in vivo. To the best of our knowledge, this represents the first time a recombinant virus of Mononegavirales with integration of a reporter into a viral ORF has been compared with the WT virus in vivo. Incorporating the GSG linker for improved skipping efficiency whenever functionally important is a critical consideration for recombinant virus design.,��https://www.ncbi.nlm.nih.gov/pubmed/26781134¹��Park, Arnold
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Prescott, J.���2016}��Peri-exposure protection against Nipah virus disease using a single-dose recombinant vesicular stomatitis virus-based vaccine���NPJ Vaccines���1���Nipah virus is a zoonotic paramyxovirus that causes severe disease in humans and animals. Due to almost yearly outbreaks in Bangladesh, and a large outbreak in Malaysia that lead to the shutdown of swine export, Nipah virus is both a threat to public health and the economy. Infection is associated with respiratory distress, encephalitis and human-to-human transmission, resulting in high case fatality rates during outbreaks. This study aims to address the amount of time needed until protection from a recombinant vesicular stomatitis virus-based vaccine candidate expressing the Nipah virus glycoprotein (G), which we have previously shown to protect hamsters and non-human primates when administered 28 days before challenge. We found that a single-dose vaccination, when administered 1 day before challenge, reduced viral load, limited pathology and fully protected hamsters from Nipah virus infection. The vaccine was even partially protective when administered at early time points following challenge with Nipah virus. These data indicate that a single administration of this vaccine to high-risk individuals, such as family members and health-care workers of infected patients, could be protective and useful for reducing human-to-human transmission and curbing an outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/28706736Ú��DeBuysscher, Blair L
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paramyxovirus F protein���Jan 26®��Hendra virus (HeV) is one of the two prototypical members of the Henipavirus genus of paramyxoviruses, which are designated biosafety level 4 (BSL-4) organisms due to the high mortality rate of Nipah virus (NiV) and HeV in humans. Paramyxovirus cell entry is mediated by the fusion protein, F, in response to binding of a host receptor by the attachment protein. During posttranslational processing, the fusion peptide of F is released and, upon receptor-induced triggering, inserts into the host cell membrane. As F undergoes a dramatic refolding from its prefusion to postfusion conformation, the fusion peptide brings the host and viral membranes together, allowing entry of the viral RNA. Here, we present the crystal structure of the prefusion form of the HeV F ectodomain. The structure shows very high similarity to the structure of prefusion parainfluenza virus 5 (PIV5) F, with the main structural differences in the membrane distal apical loops and the fusion peptide cleavage loop. Functional assays of mutants show that the apical loop can tolerate perturbation in length and surface residues without loss of function, except for residues involved in the stability and conservation of the F protein fold. Structure-based disulfide mutants were designed to anchor the fusion peptide to conformationally invariant residues of the F head. Two mutants were identified that inhibit F-mediated fusion by stabilizing F in its prefusion conformation.,��https://www.ncbi.nlm.nih.gov/pubmed/26712026¸��Wong, Joyce J W
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split-GFP���Feby��Despite the partial disorder-to-order transition that intrinsically disordered proteins often undergo upon binding to their partners, a considerable amount of residual disorder may be retained in the bound form, resulting in a fuzzy complex. Fuzzy regions flanking molecular recognition elements may enable partner fishing through non-specific, transient contacts, thereby facilitating binding, but may also disfavor binding through various mechanisms. So far, few computational or experimental studies have addressed the effect of fuzzy appendages on partner recognition by intrinsically disordered proteins. In order to shed light onto this issue, we used the interaction between the intrinsically disordered C-terminal domain of the measles virus (MeV) nucleoprotein (NTAIL ) and the X domain (XD) of the viral phosphoprotein as model system. After binding to XD, the N-terminal region of NTAIL remains conspicuously disordered, with alpha-helical folding taking place only within a short molecular recognition element. To study the effect of the N-terminal fuzzy region on NTAIL /XD binding, we generated N-terminal truncation variants of NTAIL , and assessed their binding abilities towards XD. The results revealed that binding increases with shortening of the N-terminal fuzzy region, with this also being observed with hsp70 (another MeV NTAIL binding partner), and for the homologous NTAIL /XD pairs from the Nipah and Hendra viruses. Finally, similar results were obtained when the MeV NTAIL fuzzy region was replaced with a highly dissimilar artificial disordered sequence, supporting a sequence-independent inhibitory effect of the fuzzy region.,��https://www.ncbi.nlm.nih.gov/pubmed/26684000h��Gruet, Antoine
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Virus Replication���Dec 16p��UNLABELLED: Nipah virus (NiV) causes fatal encephalitic infections in humans. To characterize the role of the matrix (M) protein in the viral life cycle, we generated a reverse genetics system based on NiV strain Malaysia. Using an enhanced green fluorescent protein (eGFP)-expressing M protein-deleted NiV, we observed a slightly increased cell-cell fusion, slow replication kinetics, and significantly reduced peak titers compared to the parental virus. While increased amounts of viral proteins were found in the supernatant of cells infected with M-deleted NiV, the infectivity-to-particle ratio was more than 100-fold reduced, and the particles were less thermostable and of more irregular morphology. Taken together, our data demonstrate that the M protein is not absolutely required for the production of cell-free NiV but is necessary for proper assembly and release of stable infectious NiV particles. IMPORTANCE: Henipaviruses cause a severe disease with high mortality in human patients. Therefore, these viruses can be studied only in biosafety level 4 (BSL-4) laboratories, making it more challenging to characterize their life cycle. Here we investigated the role of the Nipah virus matrix protein in virus-mediated cell-cell fusion and in the formation and release of newly produced particles. We found that even though low levels of infectious viruses are produced in the absence of the matrix protein, it is required for the release of highly infectious and stable particles. Fusogenicity of matrixless viruses was slightly enhanced, further demonstrating the critical role of this protein in different steps of Nipah virus spread.,��https://www.ncbi.nlm.nih.gov/pubmed/26676785A��Dietzel, Erik
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Virus Replication/*drug effects���Dec 16���UNLABELLED: The cellular response to virus infection is initiated when pathogen recognition receptors (PRR) engage viral pathogen-associated molecular patterns (PAMPs). This process results in induction of downstream signaling pathways that activate the transcription factor interferon regulatory factor 3 (IRF3). IRF3 plays a critical role in antiviral immunity to drive the expression of innate immune response genes, including those encoding antiviral factors, type 1 interferon, and immune modulatory cytokines, that act in concert to restrict virus replication. Thus, small molecule agonists that can promote IRF3 activation and induce innate immune gene expression could serve as antivirals to induce tissue-wide innate immunity for effective control of virus infection. We identified small molecule compounds that activate IRF3 to differentially induce discrete subsets of antiviral genes. We tested a lead compound and derivatives for the ability to suppress infections caused by a broad range of RNA viruses. Compound administration significantly decreased the viral RNA load in cultured cells that were infected with viruses of the family Flaviviridae, including West Nile virus, dengue virus, and hepatitis C virus, as well as viruses of the families Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus), and Paramyxoviridae (respiratory syncytial virus, Nipah virus) to suppress infectious virus production. Knockdown studies mapped this response to the RIG-I-like receptor pathway. This work identifies a novel class of host-directed immune modulatory molecules that activate IRF3 to promote host antiviral responses to broadly suppress infections caused by RNA viruses of distinct genera. IMPORTANCE: Incidences of emerging and reemerging RNA viruses highlight a desperate need for broad-spectrum antiviral agents that can effectively control infections caused by viruses of distinct genera. We identified small molecule compounds that can selectively activate IRF3 for the purpose of identifying drug-like molecules that can be developed for the treatment of viral infections. Here, we report the discovery of a hydroxyquinoline family of small molecules that can activate IRF3 to promote cellular antiviral responses. These molecules can prophylactically or therapeutically control infection in cell culture by pathogenic RNA viruses, including West Nile virus, dengue virus, hepatitis C virus, influenza A virus, respiratory syncytial virus, Nipah virus, Lassa virus, and Ebola virus. Our study thus identifies a class of small molecules with a novel mechanism to enhance host immune responses for antiviral activity against a variety of RNA viruses that pose a significant health care burden and/or that are known to cause infections with high case fatality rates.,��https://www.ncbi.nlm.nih.gov/pubmed/26676770>��Pattabhi, Sowmya
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slips���AugÁ��Slip-induced falls are among the most common cause of major occupational injuries in the UK as well as being a major public health concern in the elderly population. This study aimed to determine the optimal fall indicators for fall detection models which could be used to reduce the detrimental consequences of falls. A total of 264 kinematic variables covering three-dimensional full body model translation and rotational measures were analysed during normal walking, successful recovery from slips and falls on a cross-slope. Large effect sizes were found for three kinematic variables which were able to distinguish falls from normal walking and successful recovery. Further work should consider other types of daily living activities as results show that the optimal kinematic fall indicators can vary considerably between movement types. Practitioner Summary: Fall detection models are used to minimise the adverse consequences of slip-induced falls, a major public health concern. Optimal fall indicators were derived from a comprehensive set of kinematic variables for slips on a cross-slope. Results suggest robust detection of falls is possible on a cross-slope but may be more difficult than level walking.,��https://www.ncbi.nlm.nih.gov/pubmed/26666625É��Domone, Sarah
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856���Xu, Kai
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SeasonsÌ��Hendra virus (HeV) causes highly lethal disease in horses and humans in the eastern Australian states of Queensland (QLD) and New South Wales (NSW), with multiple equine cases now reported on an annual basis. Infection and excretion dynamics in pteropid bats (flying-foxes), the recognised natural reservoir, are incompletely understood. We sought to identify key spatial and temporal factors associated with excretion in flying-foxes over a 2300 km latitudinal gradient from northern QLD to southern NSW which encompassed all known equine case locations. The aim was to strengthen knowledge of Hendra virus ecology in flying-foxes to improve spillover risk prediction and exposure risk mitigation strategies, and thus better protect horses and humans. Monthly pooled urine samples were collected from under roosting flying-foxes over a three-year period and screened for HeV RNA by quantitative RT-PCR. A generalised linear model was employed to investigate spatiotemporal associations with HeV detection in 13,968 samples from 27 roosts. There was a non-linear relationship between mean HeV excretion prevalence and five latitudinal regions, with excretion moderate in northern and central QLD, highest in southern QLD/northern NSW, moderate in central NSW, and negligible in southern NSW. Highest HeV positivity occurred where black or spectacled flying-foxes were present; nil or very low positivity rates occurred in exclusive grey-headed flying-fox roosts. Similarly, little red flying-foxes are evidently not a significant source of virus, as their periodic extreme increase in numbers at some roosts was not associated with any concurrent increase in HeV detection. There was a consistent, strong winter seasonality to excretion in the southern QLD/northern NSW and central NSW regions. This new information allows risk management strategies to be refined and targeted, mindful of the potential for spatial risk profiles to shift over time with changes in flying-fox species distribution.,��https://www.ncbi.nlm.nih.gov/pubmed/26625128L��Field, Hume
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Protein expression���Feb���Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus that has caused severe morbidity and mortality in humans and horses in Australia since 1994. HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) glycoproteins, that are essential for receptor binding and fusion of viral and cellular membranes. The eukaryotic unicellular parasite Leishmania tarentolae has recently been established as a powerful tool to express recombinant proteins with mammalian-like glycosylation patterns, but only few viral proteins have been expressed in this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting the preserved antigenicity of the purified protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26585033P��Fischer, Kerstin
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*equine���Aug¾��Hendra virus (HeV), a potentially fatal zoonotic disease spread by flying foxes, to date has always infected humans via a spillover event from equine HeV infection. In a theoretical case study, we compared the impacts of two different HeV prevention strategies - vaccination and flying fox roost removal - using a recently developed framework that considers different stakeholder group perspectives. The perspectives of the four selected stakeholder groups regarding intangibles were inferred from public discussions and coverage in the media. For all stakeholder groups, the option to vaccinate horses was found to add value to the economic results when the intangible impacts were included in the analysis, while the option for roost removal unanimously detracted from economic analysis value when the intangible impacts were included. Both the mean and median stakeholder-adjusted value ratios (2.25 and 2.12, respectively) for vaccination were inflated when intangible impacts were included, by value-adding to the results of a traditional economic analysis. In the roost removal strategy, these ratios (1.19 and 1.16, respectively) were deflated when intangible impacts were included. Results of this theoretical study suggest that the inclusion of intangible impacts promotes the value of a two-dose initial vaccination protocol using a subunit vaccination considered to offer complete protection for horses, as a strategy to control HeV, whereas roost removal becomes an even more costly strategy. Outcome of the analysis is particularly sensitive to the intangible value placed on human health. Further evaluation - via sociological methods - of values placed on intangibles by various stakeholder groups is warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/26558882¬��Wilson, S-J
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202]��Nahar, Nazmun
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*Zoonoses/prevention & control/transmission���Sep 30ô��Hendra virus (HeV) infection is a zoonosis of importance in Australia. An outbreak of HeV occurred on the mid-north coast region of New South Wales (NSW) in June and July 2013. Four unvaccinated horses on four separate properties were confirmed to have HeV infection. A pet dog that had close contact with one of the horses was also confirmed to be infected with HeV. This paper documents the response to the canine infection and the resulting change to the public health management of HeV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26536509Ë��Halim, Sherly
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Signal transducers and activators of transcription���Decï��Immune evasion by the lethal henipaviruses, Hendra (HeV) and Nipah virus, is mediated by its interferon (IFN) antagonist P gene products, phosphoprotein (P), and the related V and W proteins, which can target the signal transducer and activator of transcription 1 (STAT1) and STAT2 proteins to inhibit IFN/STAT signaling. However, it is not clear if the recently identified non-pathogenic Henipavirus, Cedar paramyxovirus (CedPV), is also able to antagonize the STAT proteins. We performed comparative studies between the HeV P gene products (P/V/W) and CedPV-P (CedPV does not encode V or W) and demonstrate that differences exist in their ability to engage the STAT proteins using immunoprecipitation and quantitative confocal microscopic analysis. In contrast to HeV-P gene encoded proteins, the ability of CedPV-P to interact with and relocalize STAT1 or STAT2 is compromised, correlating with a reduced capacity to inhibit the mRNA synthesis of IFN-inducible gene MxA. Furthermore, infection studies with HeV and CedPV demonstrate that HeV is more potent than CedPV in inhibiting the IFN-alpha-mediated nuclear accumulation of STAT1. These results strongly suggest that the ability of CedPV to counteract the IFN/STAT response is compromised compared to HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/26526590Ó��Lieu, Kim G
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zoonotic Infections¤��The Hendra virus (HeV) poses a significant challenge to public health in Australia. Expanding migratory patterns observed among bats and the mutation of the virus to seek and successfully infect new hosts is a significant departure from the generalized epidemiological trend. The recent discovery of equine-related infections and deaths in addition to a canine infection demonstrates the inadequacy of the current equine vaccine developed in 2012. Traditional models for controlling the spread of the vector are futile given the rapid pace at which bats' habitats are eroded. Recent ongoing zoonotic epidemics, for example, Ebola and Middle East respiratory syndrome coronavirus, demonstrate that human-to-human transmission is a distinct reality rather than an obscure possibility. The development of a human HeV vaccine is essential for the biosecurity of Australia, as part of a multipronged strategy to control HeV in Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/26519254���Zahoor, Bilal A
Mudie, Lucy I
eng
2015/11/01 06:00
Infect Ecol Epidemiol. 2015 Oct 29;5:29619. doi: 10.3402/iee.v5.29619. eCollection 2015.%��2000-8686 (Print)
2000-8686 (Linking)
��PMC4627939���26519254T��Department of Infectious Disease Epidemiology, School of Public Health, Johns Hopkins University, Baltimore, MD, USA.
Department of Surgery, School of Medicine, University of Queensland, Brisbane, Queensland, Australia.
Department of Trauma, Royal Brisbane & Women's Hospital, Brisbane, Queensland, Australia; bilal.zahoor@uqconnect.edu.au.���10.3402/iee.v5.29619��
÷��üÒ|ÿî?����D��Masoomi Dezfooli, S.
Tan, W. S.
Tey, B. T.
Ooi, C. W.
Hussain, S. A.���2016b��Expression and purification of the matrix protein of Nipah virus in baculovirus insect cell system���171-7���Biotechnol Prog���32���1{��Animals
Baculoviridae/genetics
Enzyme-Linked Immunosorbent Assay
Genetic Vectors
Humans
Insecta/cytology
Nipah Virus/*chemistry/immunology
Recombinant Proteins/*biosynthesis/genetics/isolation & purification
Swine/immunology/virology
Viral Matrix Proteins/*biosynthesis/genetics/isolation & purification
Nipah virus
baculovirus
expression
insect cells
matrix protein
purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022è��Masoomi Dezfooli, Seyedehsara
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Sensitivity and Specificity
Time Factors���JanÍ��Acute febrile illness (AFI) is associated with substantial morbidity and mortality worldwide, yet an etiologic agent is often not identified. Convalescent-phase serology is impractical, blood culture is slow, and many pathogens are fastidious or impossible to cultivate. We developed a real-time PCR-based TaqMan array card (TAC) that can test six to eight samples within 2.5 h from sample to results and can simultaneously detect 26 AFI-associated organisms, including 15 viruses (chikungunya, Crimean-Congo hemorrhagic fever [CCHF] virus, dengue, Ebola virus, Bundibugyo virus, Sudan virus, hantaviruses [Hantaan and Seoul], hepatitis E, Marburg, Nipah virus, o'nyong-nyong virus, Rift Valley fever virus, West Nile virus, and yellow fever virus), 8 bacteria (Bartonella spp., Brucella spp., Coxiella burnetii, Leptospira spp., Rickettsia spp., Salmonella enterica and Salmonella enterica serovar Typhi, and Yersinia pestis), and 3 protozoa (Leishmania spp., Plasmodium spp., and Trypanosoma brucei). Two extrinsic controls (phocine herpesvirus 1 and bacteriophage MS2) were included to ensure extraction and amplification efficiency. Analytical validation was performed on spiked specimens for linearity, intra-assay precision, interassay precision, limit of detection, and specificity. The performance of the card on clinical specimens was evaluated with 1,050 blood samples by comparison to the individual real-time PCR assays, and the TAC exhibited an overall 88% (278/315; 95% confidence interval [CI], 84% to 92%) sensitivity and a 99% (5,261/5,326, 98% to 99%) specificity. This TaqMan array card can be used in field settings as a rapid screen for outbreak investigation or for the surveillance of pathogens, including Ebola virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26491176Ò��Liu, Jie
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mRNA induction���Febe��While the ferret is a valuable animal model for a number of human viral infections, such as influenza, Hendra and Nipah, evaluating the cellular immune response following infection has been hampered by the lack of a number of species-specific immunological reagents. Interleukin 2 (IL-2) is one such key cytokine. Ferret recombinant IL-2 incorporating a C-terminal histidine tag was expressed and purified and the three-dimensional structure solved and refined at 1.89 A by X-ray crystallography, which represents the highest resolution and first non-human IL-2 structure. While ferret IL-2 displays the classic cytokine fold of the four-helix bundle structure, conformational flexibility was observed at the second helix and its neighbouring region in the bundle, which may result in the disruption of the spatial arrangement of residues involved in receptor binding interactions, implicating subtle differences between ferret and human IL-2 when initiating biological functions. Ferret recombinant IL-2 stimulated the proliferation of ferret lymph node cells and induced the expression of mRNA for IFN-gamma and Granzyme A.,��https://www.ncbi.nlm.nih.gov/pubmed/26472619*��Ren, Bin
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�Pteropid bats or flying-foxes (Chiroptera: Pteropodidae) are the natural host of Hendra virus (HeV) which sporadically causes fatal disease in horses and humans in eastern Australia. While there is strong evidence that urine is an important infectious medium that likely drives bat to bat transmission and bat to horse transmission, there is uncertainty about the relative importance of alternative routes of excretion such as nasal and oral secretions, and faeces. Identifying the potential routes of HeV excretion in flying-foxes is important to effectively mitigate equine exposure risk at the bat-horse interface, and in determining transmission rates in host-pathogen models. The aim of this study was to identify the major routes of HeV excretion in naturally infected flying-foxes, and secondarily, to identify between-species variation in excretion prevalence. A total of 2840 flying-foxes from three of the four Australian mainland species (Pteropus alecto, P. poliocephalus and P. scapulatus) were captured and sampled at multiple roost locations in the eastern states of Queensland and New South Wales between 2012 and 2014. A range of biological samples (urine and serum, and urogenital, nasal, oral and rectal swabs) were collected from anaesthetized bats, and tested for HeV RNA using a qRT-PCR assay targeting the M gene. Forty-two P. alecto (n = 1410) had HeV RNA detected in at least one sample, and yielded a total of 78 positive samples, at an overall detection rate of 1.76% across all samples tested in this species (78/4436). The rate of detection, and the amount of viral RNA, was highest in urine samples (>serum, packed haemocytes >faecal >nasal >oral), identifying urine as the most plausible source of infection for flying-foxes and for horses. Detection in a urine sample was more efficient than detection in urogenital swabs, identifying the former as the preferred diagnostic sample. The detection of HeV RNA in serum is consistent with haematogenous spread, and with hypothesised latency and recrudesence in flying-foxes. There were no detections in P. poliocephalus (n = 1168 animals; n = 2958 samples) or P. scapulatus (n = 262 animals; n = 985 samples), suggesting (consistent with other recent studies) that these species are epidemiologically less important than P. alecto in HeV infection dynamics. The study is unprecedented in terms of the individual animal approach, the large sample size, and the use of a molecular assay to directly determine infection status. These features provide a high level of confidence in the veracity of our findings, and a sound basis from which to more precisely target equine risk mitigation strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/26469523s��Edson, Daniel
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therapeutics���The lack of vaccines against several important viral diseases necessitates the development of therapeutics to save lives and control epidemics. In recent years, therapeutic antibodies have received considerable attention due to their good safety profiles and clinical success when used against viruses such as respiratory syncytial virus, Ebola virus and Hendra virus. The binding affinity of these antibodies can directly impact their therapeutic efficacy. However, we and others have also demonstrated that the subtype of Fc-gamma receptors (FcgammaRs) engaged influences the stoichiometric requirement for virus neutralization. Hence, the development of therapeutic antibodies against infectious diseases should consider the FcgammaRs engaged and Fc-effector functions involved. This review highlights the current state of knowledge about FcgammaRs and FcgammaR effector functions involved in virus neutralization, with emphasis on factors that can affect FcgammaR engagement. A better understanding of Fc-FcgammaR interactions during virus neutralization will allow development of therapeutic antibodies that are efficacious and can be administered with minimal side effects.,��https://www.ncbi.nlm.nih.gov/pubmed/26466016È��Chan, Kuan Rong
Ong, Eugenia Z
Mok, Darren Z L
Ooi, Eng Eong
eng
Review
England
2015/10/16 06:00
Expert Rev Anti Infect Ther. 2015;13(11):1351-60. doi: 10.1586/14787210.2015.1079127. Epub 2015 Aug 24.*��1744-8336 (Electronic)
1478-7210 (Linking)
��PMC4673539���26466016k��a 1 Program in Emerging Infectious Diseases, Duke-NUS Graduate Medical School, Singapore 169857, Singapore.
b 2 Experimental Therapeutics Centre, Agency for Science Technology and Research, 31 Biopolis Way, Singapore 138669, Singapore.
c 3 Department of Microbiology, Yong Loo Lin School of Medicine, National University of Singapore, Singapore 117597, Singapore.���10.1586/14787210.2015.1079127��Ò��üÒtÿî?	���T��Dennis, M.
Sandercock, P.
Graham, C.
Forbes, J.
Clots Trials Collaboration
Smith, J.���2015õ��The Clots in Legs Or sTockings after Stroke (CLOTS) 3 trial: a randomised controlled trial to determine whether or not intermittent pneumatic compression reduces the risk of post-stroke deep vein thrombosis and to estimate its cost-effectiveness���1-90���Health Technol Assess���19���76)��Aged
Cost-Benefit Analysis
Female
Hospitalization
Humans
*Intermittent Pneumatic Compression Devices/economics
Male
Middle Aged
Quality of Life
Risk Factors
Stroke/*complications
Surveys and Questionnaires
Treatment Outcome
United Kingdom
Venous Thrombosis/etiology/mortality/*prevention & control���Sep/��BACKGROUND: Venous thromboembolism (VTE) is a common cause of death and morbidity in stroke patients. There are few data concerning the effectiveness of intermittent pneumatic compression (IPC) in treating patients with stroke. OBJECTIVES: To establish whether or not the application of IPC to the legs of immobile stroke patients reduced their risk of deep vein thrombosis (DVT). DESIGN: Clots in Legs Or sTockings after Stroke (CLOTS) 3 was a multicentre, parallel-group, randomised controlled trial which allocated patients via a central randomisation system to IPC or no IPC. A technician blinded to treatment allocation performed compression duplex ultrasound (CDU) of both legs at 7-10 days and 25-30 days after enrolment. We followed up patients for 6 months to determine survival and later symptomatic VTE. Patients were analysed according to their treatment allocation. SETTING: We enrolled 2876 patients in 94 UK hospitals between 8 December 2008 and 6 September 2012. PARTICIPANTS: INCLUSION CRITERIA: patients admitted to hospital within 3 days of acute stroke and who were immobile on the day of admission (day 0) to day 3. EXCLUSION CRITERIA: age < 16 years; subarachnoid haemorrhage; and contra-indications to IPC including dermatitis, leg ulcers, severe oedema, severe peripheral vascular disease and congestive cardiac failure. INTERVENTIONS: Participants were allocated to routine care or routine care plus IPC for 30 days, or until earlier discharge or walking independently. MAIN OUTCOME MEASURES: The primary outcome was DVT in popliteal or femoral veins, detected on a screening CDU, or any symptomatic DVT in the proximal veins, confirmed by imaging, within 30 days of randomisation. The secondary outcomes included death, any DVTs, symptomatic DVTs, pulmonary emboli, skin breaks on the legs, falls with injury or fractures and duration of IPC use occurring within 30 days of randomisation and survival, symptomatic VTE, disability (as measured by the Oxford Handicap Scale), quality of life (as measured by the European Quality of Life-5 Dimensions 3 Level questionnaire) and length of initial hospital stay measured 6 months after randomisation. RESULTS: We allocated 1438 patients to IPC and 1438 to no IPC. The primary outcome occurred in 122 (8.5%) of 1438 patients allocated to IPC and 174 (12.1%) of 1438 patients allocated to no IPC, giving an absolute reduction in risk of 3.6% [95% confidence interval (CI) 1.4% to 5.8%] and a relative risk reduction of 0.69 (95% CI 0.55 to 0.86). After excluding 323 patients who died prior to any primary outcome and 41 who had no screening CDU, the primary outcome occurred in 122 of 1267 IPC participants compared with 174 of 1245 no-IPC participants, giving an adjusted odds ratio of 0.65 (95% CI 0.51 to 0.84; p = 0.001). Secondary outcomes in IPC compared with no-IPC participants were death in the treatment period in 156 (10.8%) versus 189 (13.1%) (p = 0.058); skin breaks in 44 (3.1%) versus 20 (1.4%) (p = 0.002); and falls with injury in 33 (2.3%) versus 24 (1.7%) (p = 0.221). Among patients treated with IPC, there was a statistically significant improvement in survival to 6 months (hazard ratio 0.86, 95% CI 0.73 to 0.99; p = 0.042), but no improvement in disability. The direct cost of preventing a DVT was pound1282 per event (95% CI pound785 to pound3077). CONCLUSIONS: IPC is an effective and inexpensive method of reducing the risk of DVT and improving survival in immobile stroke patients. FUTURE RESEARCH: Further research should test whether or not IPC improves survival in other groups of high-risk hospitalised medical patients. In addition, research into methods to improve adherence to IPC might increase the benefits of IPC in stroke patients. TRIAL REGISTRATION: Current Controlled Trials ISRCTN93529999. FUNDING: The start-up phase of the trial (December 2008-March 2010) was funded by the Chief Scientist Office of the Scottish Government (reference number CZH/4/417). The main phase of the trial was funded by the National Institute for Health Research Health Technology Assessment programme (reference number 08/14/03). Covidien Ltd (Mansfield, MA, USA) lent its Kendall SCD Express sequential compression system controllers to the 105 centres involved in the trial and donated supplies of its sleeves. It also provided logistical help in keeping our centres supplied with sleeves and training materials relevant to the use of their devices. Recruitment and follow-up were supported by the National Institute for Health Research-funded UK Stroke Research Network and by the Scottish Stroke Research Network, which was supported by NHS Research Scotland.,��https://www.ncbi.nlm.nih.gov/pubmed/26418530Q��Dennis, Martin
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Slips���Octc��Falls that occur as a result of a slip are one of the leading causes of injuries, particularly in the elderly population. Previous studies have focused on slips that occur on a flat surface. Slips on a laterally sloping surface are important and may be related to different mechanisms of balance recovery. This type of slip might result in different gait adaptations to those previously described on a flat surface, but these adaptations have not been investigated. The aim of this study was to assess whether, when walking on a cross-slope, young adults adapted their gait when made aware of a potential slip, and having experienced a slip. Gait parameters were compared for three conditions--(1) Normal walking; (2) Walking after being made aware of a potential slip (participants were told that a slip may occur); (3) Walking after experiencing a slip (Participants had already experienced at least one slip induced using a soapy contaminant). Gait parameters were only analysed for trials in which there was no slippery contaminant present on the walkway. Stride length and walking velocity were significantly reduced, and stance duration was significantly greater in the awareness and experience conditions compared to normal walking, with no significant differences in any gait parameters between the awareness and experience conditions. In addition, 46.7% of the slip trials resulted in a fall. This is higher than reported for slips induced on a flat surface, suggesting slips on a cross-slope are more hazardous. This would help explain the more cautious gait patterns observed in both the awareness and experience conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/26404081ì��Lawrence, Daniel
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Landscape
Risk���MarÀ��Hendra virus causes sporadic fatal disease in horses and humans in eastern Australia. Pteropid bats (flying-foxes) are the natural host of the virus. The mode of flying-fox to horse transmission remains unclear, but oro-nasal contact with flying-fox urine, faeces or saliva is the most plausible. We used GPS data logger technology to explore the landscape utilisation of black flying-foxes and horses to gain new insight into equine exposure risk. Flying-fox foraging was repetitious, with individuals returning night after night to the same location. There was a preference for fragmented arboreal landscape and non-native plant species, resulting in increased flying-fox activity around rural infrastructure. Our preliminary equine data logger study identified significant variation between diurnal and nocturnal grazing behaviour that, combined with the observed flying-fox foraging behaviour, could contribute to Hendra virus exposure risk. While we found no significant risk-exposing difference in individual horse movement behaviour in this study, the prospect warrants further investigation, as does the broader role of animal behaviour and landscape utilisation on the transmission dynamics of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26403793ä��Field, H E
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Viral proteins���In this review we summarize available data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within NTAIL-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder for viral transcription and replication are discussed in light of the ability of disordered regions to establish a complex molecular partnership and to confer a considerable reach to the elements of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26387109���Erales, Jenny
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Viral Proteins/*metabolism���Dec���UNLABELLED: Paramyxoviruses include many important animal and human pathogens. The genome of parainfluenza virus 5 (PIV5), a prototypical paramyxovirus, encodes a V protein that inhibits viral RNA synthesis. In this work, the mechanism of inhibition was investigated. Using mutational analysis and a minigenome system, we identified regions in the N and C termini of the V protein that inhibit viral RNA synthesis: one at the very N terminus of V and the second at the C terminus of V. Furthermore, we determined that residues L16 and I17 are critical for the inhibitory function of the N-terminal region of the V protein. Both regions interact with the nucleocapsid protein (NP), an essential component of the viral RNA genome complex (RNP). Mutations at L16 and I17 abolished the interaction between NP and the N-terminal domain of V. This suggests that the interaction between NP and the N-terminal domain plays a critical role in V inhibition of viral RNA synthesis by the N-terminal domain. Both the N- and C-terminal regions inhibited viral RNA replication. The C terminus inhibited viral RNA transcription, while the N-terminal domain enhanced viral RNA transcription, suggesting that the two domains affect viral RNA through different mechanisms. Interestingly, V also inhibited the synthesis of the RNA of other paramyxoviruses, such as Nipah virus (NiV), human parainfluenza virus 3 (HPIV3), measles virus (MeV), mumps virus (MuV), and respiratory syncytial virus (RSV). This suggests that a common host factor may be involved in the replication of these paramyxoviruses. IMPORTANCE: We identified two regions of the V protein that interact with NP and determined that one of these regions enhances viral RNA transcription via its interaction with NP. Our data suggest that a common host factor may be involved in the regulation of paramyxovirus replication and could be a target for broad antiviral drug development. Understanding the regulation of paramyxovirus replication will enable the rational design of vaccines and potential antiviral drugs.,��https://www.ncbi.nlm.nih.gov/pubmed/26378167=��Yang, Yang
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Virus���Oct���With more than 1 200 species, bats and flying foxes (Order Chiroptera) constitute the most important and diverse order of Mammals after Rodents. Many species of bats are insectivorous while others are frugivorous and few of them are hematophagous. Some of these animals fly during the night, others are crepuscular or diurnal. Some fly long distances during seasonal migrations. Many species are colonial cave-dwelling, living in a rather small home range while others are relatively solitary. However, in spite of the importance of bats for terrestrial biotic communities and ecosystem ecology, the diversity in their biology and lifestyles remain poorly known and underappreciated. More than sixty viruses have been detected or isolated in bats; these animals are therefore involved in the natural cycles of many of them. This is the case, for instance, of rabies virus and other Lyssavirus (Family Rhabdoviridae), Nipah and Hendra viruses (Paramyxoviridae), Ebola and Marburg viruses (Filoviridae), SARS-CoV and MERS-CoV (Coronaviridae). For these zoonotic viruses, a number of bat species are considered as important reservoir hosts, efficient disseminators or even directly responsible of the transmission. Some of these bat-borne viruses cause highly pathogenic diseases while others are of potential significance for humans and domestic or wild animals; so, bats are an important risk in human and animal public health. Moreover, some groups of viruses developed through different phylogenetic mechanisms of coevolution between viruses and bats. The fact that most of these viral infections are asymptomatic in bats has been observed since a long time but the mechanisms of the viral persistence are not clearly understood. The various bioecology of the different bat populations allows exchange of virus between migrating and non-migrating conspecific species. For a better understanding of the role of bats in the circulation of these viral zoonoses, epidemiologists must pay attention to some of their biologic properties which are not fully documented, like their extreme longevity, their diet, the population size and the particular densities observed in species with crowded roosting behavior, the population structure and migrations, the hibernation permitting overwintering of viruses, their particular innate and acquired immune response, probably related at least partially to their ability to fly, allowing persistent virus infections and preventing immunopathological consequences, etc. It is also necessary to get a better knowledge of the interactions between bats and ecologic changes induced by man and to attentively follow bat populations and their viruses through surveillance networks involving human and veterinary physicians, specialists of wild fauna, ecologists, etc. in order to understand the mechanisms of disease emergence, to try to foresee and, perhaps, to prevent viral emergences beforehand. Finally, a more fundamental research about immune mechanisms developed in viral infections is essential to reveal the reasons why Chiroptera are so efficient reservoir hosts. Clearly, a great deal of additional work is needed to document the roles of bats in the natural history of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26330152���Rodhain, F
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recombinant nucleocapsid¼��The recombinant viral protein-based indirect enzyme-linked immunosorbent assay (ELISA) is a cost-effective, safe, specific, and rapid tool to diagnose the viral infection. Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. The N protein was selected based on its immuno dominance and conservation among different NiV strains. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for swine sera was optimized using the recombinant NiV-N protein as an antigen along with negative and positive controls. The background reading was blocked using skim milk powder and chicken serum. A total number of 1709 swine serum samples from various states of India were tested with indirect ELISA and Western blot. The test was considered positive only when its total reactivity reading was higher than 0.2 cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Since specificity is high for Western blotting it was used as standard test for comparison of results of indirect ELISA. Sensitivity and specificity of indirect ELISA was 100% and 98.7%, respectively, in comparison with Western blotting. Recombinant N protein-based ELISA can be used in screening large number of serum samples for epidemiological investigations in developing countries where high containment laboratories are not available to handle this zoonotic virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26327601���Kulkarni, Diwakar D
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489n��Escaffre, Olivier
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pathological���Sep���The genus Henipavirus within the family Paramyxoviridae includes the Hendra virus (HeV) and Nipah virus (NiV) which were discovered in the 1990s in Australia and Malaysia, respectively, after emerging to cause severe and often fatal outbreaks in humans and animals. While HeV is confined to Australia, more recent NiV outbreaks have been reported in Bangladesh, India and the Philippines. The clinical manifestations of both henipaviruses in humans appear similar, with a predominance of an acute encephalitic syndrome. Likewise, the pathological features are similar and characterized by disseminated, multi-organ vasculopathy comprising endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, kidney and other major organs. This unique dual pathogenetic mechanism of vasculitis-induced microinfarction and neuronal infection causes severe tissue damage in the CNS. Both viruses can also cause relapsing encephalitis months and years after the acute infection. Many animal models studied to date have largely confirmed the pathology of henipavirus infection, and provided the means to test new therapeutic agents and vaccines. As the bat is the natural host of henipaviruses and has worldwide distribution, spillover events into human populations are expected to occur in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/26276024¤��Ong, Kien Chai
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evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523â��Lo Presti, Alessandra
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Management
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Wildlife���DecZ��The urban presence of flying-foxes (pteropid bats) in eastern Australia has increased in the last 20 years, putatively reflecting broader landscape change. The influx of large numbers often precipitates community angst, typically stemming from concerns about loss of social amenity, economic loss or negative health impacts from recently emerged bat-mediated zoonotic diseases such as Hendra virus and Australian bat lyssavirus. Local authorities and state wildlife authorities are increasingly asked to approve the dispersal or modification of flying-fox roosts to address expressed concerns, yet the scale of this concern within the community, and the veracity of the basis for concern are often unclear. We conducted an on-line survey to capture community attitudes and opinions on flying-foxes in the urban environment to inform management policy and decision-making. Analysis focused on awareness, concerns, and management options, and primarily compared responses from communities where flying-fox management was and was not topical at the time of the survey. While a majority of respondents indicated a moderate to high level of knowledge of both flying-foxes and Hendra virus, a substantial minority mistakenly believed that flying-foxes pose a direct infection risk to humans, suggesting miscommunication or misinformation, and the need for additional risk communication strategies. Secondly, a minority of community members indicated they were directly impacted by urban roosts, most plausibly those living in close proximity to the roost, suggesting that targeted management options are warranted. Thirdly, neither dispersal nor culling was seen as an appropriate management strategy by the majority of respondents, including those from postcodes where flying-fox management was topical. These findings usefully inform community debate and policy development and demonstrate the value of social analysis in defining the issues and options in this complex human-wildlife interaction. The mobile nature of flying-foxes underlines the need for a management strategy at a regional or larger scale, and independent of state borders.,��https://www.ncbi.nlm.nih.gov/pubmed/28616461Å��Kung, Nina Y
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Reservoir���Dec½��Hendra virus was first described in 1994 in Australia, causally associated with a cluster of fatal equine and human cases at a thoroughbred racing stable in the Brisbane suburb of Hendra. This year marks the twentieth anniversary of the identification of pteropid bats (flying-foxes) as the natural host of the virus, and it is timely to reflect on a pivotal meeting of an eclectic group of scientists in that process. They included animal and public health experts, environmental scientists, veterinary and horse industry representatives, and wildlife experts. The task was to review and prioritise wildlife surveillance seeking the origin of the previously unknown virus. The group determined that the likely reservoir must occur in disparate locations, and be capable of moving between locations, or exist in continuous, overlapping populations spanning multiple locations. Flying-foxes were considered to be a more probable source of the novel virus than birds. Within weeks, antibodies were detected in several species of flying-fox, and the virus was subsequently isolated. While the identification of the natural host of Hendra virus within 18 months of its description was remarkable in itself, a broader legacy followed. In the subsequent years, a suite of zoonotic viruses including Australian bat lyssavirus, Nipah virus, SARS coronavirus, and Ebola and Marburg viruses have been detected in bats. Bats are now the "go to" taxa for novel viruses. History has repeatedly demonstrated that knowledge begets knowledge. This simple notion of bringing a diverse group of people together in an environment of mutual respect reinforced this principle and proves that the sum is often so much more powerful than the parts.,��https://www.ncbi.nlm.nih.gov/pubmed/28616459���Black, Peter
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zoonoses¤	�Introduction: Zoonotic disease outbreaks have surged in the last two decades. These include severe acute respiratory syndrome (SARS), Hendra virus, Nipah virus, influenza viruses, Middle East Respiratory Syndrome (MERS) coronavirus, and ebola. One Health is the initiative of an inclusive collaboration linking human, animal, and environmental health. One Health is advocated through an intersectoral coordination to combat zoonoses, and the term has evolved over centuries. The primary aim of this literature review was to examine the change in the definition of the term One Health over time, particuarly following the the introduction of the latest definition in 2007 by the American Medical Association and the American Veterinary Medical Association. Methods: This review was conducted in four phases. The first phase consisted of a general PubMed search for the phrase "One Health" for every literature published up to December 2014. Then an advanced search was carried out using "One Health" in conjunction with the terms "zoonosis" and "zoonoses" in PubMed for the time period between January 2007 and December 2014. The articles found were then categorized based on the type of journals in which the articles were published. For the second phase, "One Health" was searched as a Medical subject heading (MeSH) term, which is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles. In the third phase, One Health advocate organizations were found using Google search engine. During the final phase, One Health was searched in Google scholar, examined by Google trends, and analyzed by Google ngram. Results: Before 2007, One Health had many connotations to health in the medical literature with an incomplete adherence to the usage of One Health linking zoonoses. The Google trends analysis shows an overal steady increase of the search of One Health from 2007 to 2014, which is consistent with the findings of articles from Pubmed. Discussion: Our results indicate that the linkage between the terms One Health and zoonoses started in 2007, which correlates with the joint declaration made by the American Medical Association and the American Veterinary Medical Association in 2007. We suggest creating a MeSH term for One Health in the PubMed database to support more specific research on zoonoses, and exploring the possibility of a patent of the term One Health to support global health and evidence based public health.,��https://www.ncbi.nlm.nih.gov/pubmed/29138713���Asokan, Govindaraj V
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Recombinant protein expression���DecE��Hendra virus (family Paramyxoviridae) is a negative sense single-stranded RNA virus (NSRV) which has been found to cause disease in humans, horses, and experimentally in other animals, e.g. pigs and cats. Pteropid bats commonly known as flying foxes have been identified as the natural host reservoir. The Hendra virus nucleocapsid protein (HeV N) represents the most abundant viral protein produced by the host cell, and is highly immunogenic with naturally infected humans and horses producing specific antibodies towards this protein. The purpose of this study was to express and purify soluble, functionally active recombinant HeV N, suitable for use as an immunodiagnostic reagent to detect antibodies against HeV. We expressed both full-length HeV N, (HeV NFL), and a C-terminal truncated form, (HeV NCORE), using a bacterial heterologous expression system. Both HeV N constructs were engineered with an N-terminal Hisx6 tag, and purified using a combination of immobilized metal affinity chromatography (IMAC) and size exclusion chromatography (SEC). Purified recombinant HeV N proteins self-assembled into soluble higher order oligomers as determined by SEC and negative-stain transmission electron microscopy. Both HeV N proteins were highly immuno-reactive with sera from animals and humans infected with either HeV or the closely related Nipah virus (NiV), but displayed no immuno-reactivity towards sera from animals infected with a non-pathogenic paramyxovirus (CedPV), or animals receiving Equivac(R) (HeV G glycoprotein subunit vaccine), using a Luminex-based multiplexed microsphere assay.,��https://www.ncbi.nlm.nih.gov/pubmed/26196500���Pearce, Lesley A
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protein-protein interactions���Jul 10¢��We herein review available computational and experimental data pointing to the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed molecular description of the mechanisms governing the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (PXD) of the homologous P proteins. We also show that NTAIL-PXD complexes are "fuzzy", i.e., they possess a significant residual disorder, and discuss the possible functional significance of this fuzziness. Finally, we emphasize the relevance of N-P interactions involving intrinsically disordered proteins as promising targets for new antiviral approaches, and end up summarizing the general functional advantages of disorder for viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26184170¦��Habchi, Johnny
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654���Walsh, Michael G
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zoonoses���AugR��Because some bats host viruses with zoonotic potential, we investigated human-bat interactions in rural Ghana during 2011-2012. Nearly half (46.6%) of respondents regularly visited bat caves; 37.4% had been bitten, scratched, or exposed to bat urine; and 45.6% ate bat meat. Human-bat interactions in rural Ghana are frequent and diverse.,��https://www.ncbi.nlm.nih.gov/pubmed/26177344+��Anti, Priscilla
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Hassan, F.���2015d��A Computational Approach for Designing a Universal Epitope-Based Peptide Vaccine Against Nipah Virus���177-85���Interdiscip Sci���7���2���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209±��Ali, Mohammad Tuhin
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Phycoerythrin���Sep 15ó��Detection of Hendra viral IgG antibody in animal sera is useful for surveillance following a virus outbreak. The commonly used enzyme-linked immunosorbent assay and fluorescence-based Luminex assay typically consist of three steps and take at least several hours to complete. We have simplified the procedure to two steps in an effort to develop a rapid procedure for IgG antibody, but not IgM antibody, detection. This is achieved by conjugating the fluorescence label R-phycoerythrin directly onto the IgG binding protein Protein G. The use of magnetic nanoparticles, due to their large specific surface area, has helped reduce each of the binding steps to 20 min. As a result, the whole assay can be completed in 60 min. We also demonstrate a method to quickly estimate IgG antibody titres by assaying the sera at only two dilutions (i.e. 1:20 and 1:1000) and using the fluorescence ratio at these dilutions as an indicator of antibody titre. The results of this approach correlated well with the well-regarded serum neutralization test in virus antibody assays. This protocol reported here can be adopted in Luminex assays, fluorescence-linked immunosorbent assays and assays on microfluidics platforms for rapid antibody surveillance of Hendra and other viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26141730	��Gao, Yuan
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
Sazzad, H M S
Hossain, M J
Islam, M S
Parveen, S
Husain, M
Banu, S S
Podder, G
Afroj, S
Rollin, P E
Daszak, P
Luby, S P
Rahman, M
Gurley, E S
eng
5U01CI000628-01/CI/NCPDCID CDC HHS/
U01 CI000628/CI/NCPDCID CDC HHS/
CC999999/Intramural CDC HHS/
2R01-TW005869/TW/FIC NIH HHS/
R01 TW005869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
England
2015/07/01 06:00
Epidemiol Infect. 2016 Jan;144(2):371-80. doi: 10.1017/S0950268815001314. Epub 2015 Jun 30.*��1469-4409 (Electronic)
0950-2688 (Linking)
��PMC4675679���26122675s��International Centre for Diarrhoeal Disease Research,Bangladesh (icddr,b),Dhaka,Bangladesh.
Institute of Epidemiology,Disease Control and Research (IEDCR),Dhaka,Bangladesh.
Division of High-Consequence Pathogens and Pathology,National Center for Emerging and Zoonotic Diseases,Centers for Disease Control and Prevention,Atlanta,GA,USA.
EcoHealth Alliance,New York,NY,USA.���10.1017/S0950268815001314���	���þÒtÿî?����d��Satterfield, B. A.
Cross, R. W.
Fenton, K. A.
Agans, K. N.
Basler, C. F.
Geisbert, T. W.
Mire, C. E.���2015M��The immunomodulating V and W proteins of Nipah virus determine disease course���7483
��Nat Commun���6¥��Animals
Blotting, Western
Cell Line
Chemokines/*immunology
Cricetinae
Cytokines/immunology
Disease Progression
Endothelial Cells/immunology/virology
Epithelial Cells/immunology/virology
Ferrets
Henipavirus Infections/*immunology/virology
Humans
Immunity, Innate/*immunology
In Vitro Techniques
Nipah Virus/*immunology
Phosphoproteins/*immunology
Viral Load
Viral Proteins/*immunology
Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519���Satterfield, Benjamin A
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Protein-protein interaction���Sep 14g��In this review I summarize available data pointing to the abundance of structural disorder within the nucleoprotein (N) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. I provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous phosphoproteins. I also show that a significant flexibility persists within NTAIL-XD complexes, which makes them illustrative examples of "fuzziness". Finally, I discuss the functional implications of structural disorder for viral transcription and replication in light of the promiscuity of disordered regions and of the considerable reach they confer to the components of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26071376µ��Longhi, Sonia
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Zoonoses/*virology6��Hendra virus (HeV) is a lethal zoonotic agent that emerged in 1994 in Australia. Pteropid bats (flying-foxes) are the natural reservoir. To date, HeV has spilled over from flying-foxes to horses on 51 known occasions, and from infected horses to close-contact humans on seven occasions. We undertook screening of archived bat tissues for HeV by reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues were tested from 310 bats including 295 Pteropodiformes and 15 Vespertilioniformes. HeV was detected in 20 individual flying-foxes (6.4%) from various tissues including spleen, kidney, liver, lung, placenta and blood components. Detection was significantly higher in Pteropus Alecto and P. conspicillatus, identifying species as a risk factor for infection. Further, our findings indicate that HeV has a predilection for the spleen, suggesting this organ plays an important role in HeV infection. The lack of detections in the foetal tissues of HeV-positive females suggests that vertical transmission is not a regular mode of transmission in naturally infected flying-foxes, and that placental and foetal tissues are not a major source of infection for horses. A better understanding of HeV tissue tropism will strengthen management of the risk of spillover from flying-foxes to horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26060997ñ��Goldspink, Lauren K
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400¼��Weis, Michael
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nucleoside analogsÈ��The paramyxovirus family includes major human and animal pathogens, including measles virus, mumps virus, and human respiratory syncytial virus (RSV), as well as the emerging zoonotic Hendra and Nipah viruses. In the U.S., RSV is the leading cause of infant hospitalizations due to viral infectious disease. Despite their clinical significance, effective drugs for the improved management of paramyxovirus disease are lacking. The development of novel anti-paramyxovirus therapeutics is therefore urgently needed. Paramyxoviruses contain RNA genomes of negative polarity, necessitating a virus-encoded RNA-dependent RNA polymerase (RdRp) complex for replication and transcription. Since an equivalent enzymatic activity is absent in host cells, the RdRp complex represents an attractive druggable target, although structure-guided drug development campaigns are hampered by the lack of high-resolution RdRp crystal structures. Here, we review the current structural and functional insight into the paramyxovirus polymerase complex in conjunction with an evaluation of the mechanism of activity and developmental status of available experimental RdRp inhibitors. Our assessment spotlights the importance of the RdRp complex as a premier target for therapeutic intervention and examines how high-resolution insight into the organization of the complex will pave the path toward the structure-guided design and optimization of much-needed next-generation paramyxovirus RdRp blockers.,��https://www.ncbi.nlm.nih.gov/pubmed/26029193Ù��Cox, Robert
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Tooth/anatomy & histology«��BACKGROUND: Living gnathostomes (jawed vertebrates) comprise two divisions, Chondrichthyes (cartilaginous fishes, including euchondrichthyans with prismatic calcified cartilage, and extinct stem chondrichthyans) and Osteichthyes (bony fishes including tetrapods). Most of the early chondrichthyan ('shark') record is based upon isolated teeth, spines, and scales, with the oldest articulated sharks that exhibit major diagnostic characters of the group--prismatic calcified cartilage and pelvic claspers in males--being from the latest Devonian, c. 360 Mya. This paucity of information about early chondrichthyan anatomy is mainly due to their lack of endoskeletal bone and consequent low preservation potential. METHODOLOGY/PRINCIPAL FINDINGS: Here we present new data from the first well-preserved chondrichthyan fossil from the early Late Devonian (ca. 380-384 Mya) Gogo Formation Lagerstatte of Western Australia. The specimen is the first Devonian shark body fossil to be acid-prepared, revealing the endoskeletal elements as three-dimensional undistorted units: Meckel's cartilages, nasal, ceratohyal, basibranchial and possible epibranchial cartilages, plus left and right scapulocoracoids, as well as teeth and scales. This unique specimen is assigned to Gogoselachus lynnbeazleyae n. gen. n. sp. CONCLUSIONS/SIGNIFICANCE: The Meckel's cartilages show a jaw articulation surface dominated by an expansive cotylus, and a small mandibular knob, an unusual condition for chondrichthyans. The scapulocoracoid of the new specimen shows evidence of two pectoral fin basal articulation facets, differing from the standard condition for early gnathostomes which have either one or three articulations. The tooth structure is intermediate between the 'primitive' ctenacanthiform and symmoriiform condition, and more derived forms with a euselachian-type base. Of special interest is the highly distinctive type of calcified cartilage forming the endoskeleton, comprising multiple layers of nonprismatic subpolygonal tesserae separated by a cellular matrix, interpreted as a transitional step toward the tessellated prismatic calcified cartilage that is recognized as the main diagnostic character of the chondrichthyans.,��https://www.ncbi.nlm.nih.gov/pubmed/26020788���Long, John A
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SeasonsC��Bats of the genus Pteropus (flying-foxes) are the natural host of Hendra virus (HeV) which periodically causes fatal disease in horses and humans in Australia. The increased urban presence of flying-foxes often provokes negative community sentiments because of reduced social amenity and concerns of HeV exposure risk, and has resulted in calls for the dispersal of urban flying-fox roosts. However, it has been hypothesised that disturbance of urban roosts may result in a stress-mediated increase in HeV infection in flying-foxes, and an increased spillover risk. We sought to examine the impact of roost modification and dispersal on HeV infection dynamics and cortisol concentration dynamics in flying-foxes. The data were analysed in generalised linear mixed models using restricted maximum likelihood (REML). The difference in mean HeV prevalence in samples collected before (4.9%), during (4.7%) and after (3.4%) roost disturbance was small and non-significant (P = 0.440). Similarly, the difference in mean urine specific gravity-corrected urinary cortisol concentrations was small and non-significant (before = 22.71 ng/mL, during = 27.17, after = 18.39) (P= 0.550). We did find an underlying association between cortisol concentration and season, and cortisol concentration and region, suggesting that other (plausibly biological or environmental) variables play a role in cortisol concentration dynamics. The effect of roost disturbance on cortisol concentration approached statistical significance for region, suggesting that the relationship is not fixed, and plausibly reflecting the nature and timing of disturbance. We also found a small positive statistical association between HeV excretion status and urinary cortisol concentration. Finally, we found that the level of flying-fox distress associated with roost disturbance reflected the nature and timing of the activity, highlighting the need for a 'best practice' approach to dispersal or roost modification activities. The findings usefully inform public discussion and policy development in relation to Hendra virus and flying-fox management.,��https://www.ncbi.nlm.nih.gov/pubmed/26016629ì��Edson, Daniel
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Viruses���Jul 2Q��In recent years severe infectious diseases have been constantly emerging, causing panic in the world. Now we know that many of these terrible diseases are caused by viruses originated from bats (Table 1), such as Ebola virus, Marburg, SARS coronavirus (SARS-CoV), MERS coronavirus (MERS-CoV), Nipah virus (NiV) and Hendra virus (HeV). These viruses have co-evolved with bats due to bats' special social, biological and immunological features. Although bats are not in close contact with humans, spillover of viruses from bats to intermediate animal hosts, such as horses, pigs, civets, or non-human primates, is thought to be the most likely mode to cause human infection. Humans may also become infected with viruses through aerosol by intruding into bat roosting caves or via direct contact with bats, such as catching bats or been bitten by bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25997928ÿ��Han, Hui-Ju
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Lassa���Aug{��Host cell kinases are important for the replication of a number of hemorrhagic fever viruses. We tested a panel of kinase inhibitors for their ability to block the replication of multiple hemorrhagic fever viruses. OSU-03012 inhibited the replication of Lassa, Ebola, Marburg and Nipah viruses, whereas BIBX 1382 dihydrochloride inhibited Lassa, Ebola and Marburg viruses. BIBX 1382 blocked both Lassa and Ebola virus glycoprotein-dependent cell entry. These compounds may be used as tools to understand conserved virus-host interactions, and implicate host cell kinases that may be targets for broad spectrum therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/25986249?��Mohr, Emma L
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Hendra Virus/genetics/immunology/physiology
Henipavirus Infections/genetics/*immunology/virology
Humans
Immune Evasion
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Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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Small angle X-ray scattering���Augz��The Hendra virus is a member of the Henipavirus genus within the Paramyxoviridae family. The nucleoprotein, which consists of a structured core and of a C-terminal intrinsically disordered domain (N(TAIL)), encapsidates the viral genome within a helical nucleocapsid. N(TAIL) partly protrudes from the surface of the nucleocapsid being thus capable of interacting with the C-terminal X domain (XD) of the viral phosphoprotein. Interaction with XD implies a molecular recognition element (MoRE) that is located within N(TAIL) residues 470-490, and that undergoes alpha-helical folding. The MoRE has been proposed to be embedded in the hydrophobic groove delimited by helices alpha2 and alpha3 of XD, although experimental data could not discriminate between a parallel and an antiparallel orientation of the MoRE. Previous studies also showed that if the binding interface is enriched in hydrophobic residues, charged residues located close to the interface might play a role in complex formation. Here, we targeted for site directed mutagenesis two acidic and two basic residues within XD and N(TAIL). ITC studies showed that electrostatics plays a crucial role in complex formation and pointed a parallel orientation of the MoRE as more likely. Further support for a parallel orientation was afforded by SAXS studies that made use of two chimeric constructs in which XD and the MoRE were covalently linked to each other. Altogether, these studies unveiled the multiparametric nature of the interactions established within this complex and contribute to shed light onto the molecular features of protein interfaces involving intrinsically disordered regions.,��https://www.ncbi.nlm.nih.gov/pubmed/25960280ð��Erales, Jenny
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sponge���Jul 3¥��All vertebrate inwardly rectifying potassium (Kir) channels are activated by phosphatidylinositol 4,5-bisphosphate (PIP2) (Logothetis, D. E., Petrou, V. I., Zhang, M., Mahajan, R., Meng, X. Y., Adney, S. K., Cui, M., and Baki, L. (2015) Annu. Rev. Physiol. 77, 81-104; Furst, O., Mondou, B., and D'Avanzo, N. (2014) Front. Physiol. 4, 404-404). Structural components of a PIP2-binding site are conserved in vertebrate Kir channels but not in distantly related animals such as sponges and sea anemones. To expand our understanding of the structure-function relationships of PIP2 regulation of Kir channels, we studied AqKir, which was cloned from the marine sponge Amphimedon queenslandica, an animal that represents the phylogenetically oldest metazoans. A requirement for PIP2 in the maintenance of AqKir activity was examined in intact oocytes by activation of a co-expressed voltage-sensing phosphatase, application of wortmannin (at micromolar concentrations), and activation of a co-expressed muscarinic acetylcholine receptor. All three mechanisms to reduce the availability of PIP2 resulted in inhibition of AqKir current. However, time-dependent rundown of AqKir currents in inside-out patches could not be re-activated by direct application to the inside membrane surface of water-soluble dioctanoyl PIP2, and the current was incompletely re-activated by the more hydrophobic arachidonyl stearyl PIP2. When we introduced mutations to AqKir to restore two positive charges within the vertebrate PIP2-binding site, both forms of PIP2 strongly re-activated the mutant sponge channels in inside-out patches. Molecular dynamics simulations validate the additional hydrogen bonding potential of the sponge channel mutants. Thus, nature's mutations conferred a high affinity activation of vertebrate Kir channels by PIP2, and this is a more recent evolutionary development than the structures that explain ion channel selectivity and inward rectification.,��https://www.ncbi.nlm.nih.gov/pubmed/25957411���Tang, Qiong-Yao
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��Ruiz-Fons, F.���2017���A Review of the Current Status of Relevant Zoonotic Pathogens in Wild Swine (Sus scrofa) Populations: Changes Modulating the Risk of Transmission to Humans���68-88���Transbound Emerg Dis���64���1½��Animals
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Swine Diseases/*microbiology/transmission/*virology
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epidemiology
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zoonosis���Feb���Many wild swine populations in different parts of the World have experienced an unprecedented demographic explosion that may result in increased exposure of humans to wild swine zoonotic pathogens. Interactions between humans and wild swine leading to pathogen transmission could come from different ways, being hunters and game professionals the most exposed to acquiring infections from wild swine. However, increasing human settlements in semi-natural areas, outdoor activities, socio-economic changes and food habits may increase the rate of exposure to wild swine zoonotic pathogens and to potentially emerging pathogens from wild swine. Frequent and increasing contact rate between humans and wild swine points to an increasing chance of zoonotic pathogens arising from wild swine to be transmitted to humans. Whether this frequent contact could lead to new zoonotic pathogens emerging from wild swine to cause human epidemics or emerging disease outbreaks is difficult to predict, and assessment should be based on thorough epidemiologic surveillance. Additionally, several gaps in knowledge on wild swine global population dynamics trends and wild swine-zoonotic pathogen interactions should be addressed to correctly assess the potential role of wild swine in the emergence of diseases in humans. In this work, viruses such as hepatitis E virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. have been identified as the most prone to be transmitted from wild swine to humans on the basis of geographic spread in wild swine populations worldwide, pathogen circulation rates in wild swine populations, wild swine population trends in endemic areas, susceptibility of humans to infection, transmissibility from wild swine to humans and existing evidence of wild swine-human transmission events.,��https://www.ncbi.nlm.nih.gov/pubmed/25953392���Ruiz-Fons, F
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*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743=��Bradel-Tretheway, Birgit G
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Vertebrates/*anatomy & histologyÉ��The origin of terrestrial tetrapods was a key event in vertebrate evolution, yet how and when it occurred remains obscure, due to scarce fossil evidence. Here, we show that the study of palaeopathologies, such as broken and healed bones, can help elucidate poorly understood behavioural transitions such as this. Using high-resolution finite element analysis, we demonstrate that the oldest known broken tetrapod bone, a radius of the primitive stem tetrapod Ossinodus pueri from the mid-Visean (333 million years ago) of Australia, fractured under a high-force, impact-type loading scenario. The nature of the fracture suggests that it most plausibly occurred during a fall on land. Augmenting this are new osteological observations, including a preferred directionality to the trabecular architecture of cancellous bone. Together, these results suggest that Ossinodus, one of the first large (>2m length) tetrapods, spent a significant proportion of its life on land. Our findings have important implications for understanding the temporal, biogeographical and physiological contexts under which terrestriality in vertebrates evolved. They push the date for the origin of terrestrial tetrapods further back into the Carboniferous by at least two million years. Moreover, they raise the possibility that terrestriality in vertebrates first evolved in large tetrapods in Gondwana rather than in small European forms, warranting a re-evaluation of this important evolutionary event.,��https://www.ncbi.nlm.nih.gov/pubmed/25938463���Bishop, Peter J
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*Nipah Virus���Augà��Nipah virus (NiV) encephalitis is endemic in Bangladesh, with yearly seasonal outbreaks occurring since 2003. NiV has a notable case fatality rate, 75-100 per cent depending on the strain. In Bangladesh, primary transmission to humans is believed to be because of consumption of bat-contaminated date palm sap (DPS). Both the disease and the virus have been investigated extensively, however efforts to implement preventive strategies have met social and cultural challenges. Here we present a variety of community approaches to control the spread of Nipah encephalitis, along with advantages and disadvantages of each. This information may be useful to health workers and policymakers in potential NiV outbreak areas in Southeast Asia.,��https://www.ncbi.nlm.nih.gov/pubmed/25925087¼��Dhillon, Jasmine
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Neglected Diseases/*epidemiology/prevention & control
Socioeconomic Factors
*Tropical Medicine���Apr)	�The ten member states of the Association of Southeast Asian Nations (ASEAN) constitute an economic powerhouse, yet these countries also harbor a mostly hidden burden of poverty and neglected tropical diseases (NTDs). Almost 200 million people live in extreme poverty in ASEAN countries, mostly in the low or lower middle-income countries of Indonesia, the Philippines, Myanmar, Viet Nam, and Cambodia, and many of them are affected by at least one NTD. However, NTDs are prevalent even among upper middle-income ASEAN countries such as Malaysia and Thailand, especially among the indigenous populations. The three major intestinal helminth infections are the most common NTDs; each helminthiasis is associated with approximately 100 million infections in the region. In addition, more than 10 million people suffer from either liver or intestinal fluke infections, as well as schistosomiasis and lymphatic filariasis (LF). Intestinal protozoan infections are widespread, while leishmaniasis has emerged in Thailand, and zoonotic malaria (Plasmodium knowlesi infection) causes severe morbidity in Malaysia. Melioidosis has emerged as an important bacterial NTD, as have selected rickettsial infections, and leptospirosis. Leprosy, yaws, and trachoma are still endemic in focal areas. Almost 70 million cases of dengue fever occur annually in ASEAN countries, such that this arboviral infection is now one of the most common and economically important NTDs in the region. A number of other arboviral and zoonotic viral infections have also emerged, including Japanese encephalitis; tick-borne viral infections; Nipah virus, a zoonosis present in fruit bats; and enterovirus 71 infection. There are urgent needs to expand surveillance activities in ASEAN countries, as well as to ensure mass drug administration is provided to populations at risk for intestinal helminth and fluke infections, LF, trachoma, and yaws. An ASEAN Network for Drugs, Diagnostics, Vaccines, and Traditional Medicines Innovation provides a policy framework for the development of new control and elimination tools. Together with prominent research institutions and universities, the World Health Organization (WHO), and its regional offices, these organizations could implement important public health improvements through NTD control and elimination in the coming decade.,��https://www.ncbi.nlm.nih.gov/pubmed/25880767ú��Hotez, Peter J
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385|��Thanapongtharm, Weerapong
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472T��Prescott, Joseph
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National Institutes of Health, Hamilton, MT, USA. Electronic address: feldmannh@niaid.nih.gov.���10.1016/j.vaccine.2015.03.089����lï�|ÿï73��������2015D��Emerging Viral Diseases: The One Health Connection: Workshop Summary���Washington (DC)õ��In the past half century, deadly disease outbreaks caused by novel viruses of animal origin - Nipah virus in Malaysia, Hendra virus in Australia, Hantavirus in the United States, Ebola virus in Africa, along with HIV (human immunodeficiency virus), several influenza subtypes, and the SARS (sudden acute respiratory syndrome) and MERS (Middle East respiratory syndrome) coronaviruses - have underscored the urgency of understanding factors influencing viral disease emergence and spread. Emerging Viral Diseases is the summary of a public workshop hosted in March 2014 to examine factors driving the appearance, establishment, and spread of emerging, re-emerging and novel viral diseases; the global health and economic impacts of recently emerging and novel viral diseases in humans; and the scientific and policy approaches to improving domestic and international capacity to detect and respond to global outbreaks of infectious disease. This report is a record of the presentations and discussion of the event.,��https://www.ncbi.nlm.nih.gov/pubmed/25834866R��The National Academies Collection: Reports funded by National Institutes of Healthn��Forum on Microbial Threats
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ribonucleoprotein���Apr 7½��Parainfluenza virus 5 (PIV5) is a member of the Paramyxoviridae family of membrane-enveloped viruses with a negative-sense RNA genome that is packaged and protected by long filamentous nucleocapsid-helix structures (RNPs). These RNPs, consisting of approximately 2,600 protomers of nucleocapsid (N) protein, form the template for viral transcription and replication. We have determined the 3D X-ray crystal structure of the nucleoprotein (N)-RNA complex from PIV5 to 3.11-A resolution. The structure reveals a 13-mer nucleocapsid ring whose diameter, cavity, and pitch/height dimensions agree with EM data from early studies on the Paramyxovirinae subfamily of native RNPs, indicating that it closely represents one-turn in the building block of the RNP helices. The PIV5-N nucleocapsid ring encapsidates a nuclease resistant 78-nt RNA strand in its positively charged groove formed between the N-terminal (NTD) and C-terminal (CTD) domains of its successive N protomers. Six nucleotides precisely are associated with each N protomer, with alternating three-base-in three-base-out conformation. The binding of six nucleotides per protomer is consistent with the "rule of six" that governs the genome packaging of the Paramyxovirinae subfamily of viruses. PIV5-N protomer subdomains are very similar in structure to the previously solved Nipah-N structure, but with a difference in the angle between NTD/CTD at the RNA hinge region. Based on the Nipah-N structure we modeled a PIV5-N open conformation in which the CTD rotates away from the RNA strand into the inner spacious nucleocapsid-ring cavity. This rotation would expose the RNA for the viral polymerase activity without major disruption of the nucleocapsid structure.,��https://www.ncbi.nlm.nih.gov/pubmed/25831513F��Alayyoubi, Maher
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viral attachment���Apr 28���The discovery of African henipaviruses (HNVs) related to pathogenic Hendra virus (HeV) and Nipah virus (NiV) from Southeast Asia and Australia presents an open-ended health risk. Cell receptor use by emerging African HNVs at the stage of host-cell entry is a key parameter when considering the potential for spillover and infection of human populations. The attachment glycoprotein from a Ghanaian bat isolate (GhV-G) exhibits <30% sequence identity with Asiatic NiV-G/HeV-G. Here, through functional and structural analysis of GhV-G, we show how this African HNV targets the same human cell-surface receptor (ephrinB2) as the Asiatic HNVs. We first characterized this virus-receptor interaction crystallographically. Compared with extant HNV-G-ephrinB2 structures, there was significant structural variation in the six-bladed beta-propeller scaffold of the GhV-G receptor-binding domain, but not the Greek key fold of the bound ephrinB2. Analysis revealed a surprisingly conserved mode of ephrinB2 interaction that reflects an ongoing evolutionary constraint among geographically distal and phylogenetically divergent HNVs to maintain the functionality of ephrinB2 recognition during virus-host entry. Interestingly, unlike NiV-G/HeV-G, we could not detect binding of GhV-G to ephrinB3. Comparative structure-function analysis further revealed several distinguishing features of HNV-G function: a secondary ephrinB2 interaction site that contributes to more efficient ephrinB2-mediated entry in NiV-G relative to GhV-G and cognate residues at the very C terminus of GhV-G (absent in Asiatic HNV-Gs) that are vital for efficient receptor-induced fusion, but not receptor binding per se. These data provide molecular-level details for evaluating the likelihood of African HNVs to spill over into human populations.,��https://www.ncbi.nlm.nih.gov/pubmed/25825759\��Lee, Benhur
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RNA Viruses/*physiology���Marë��Viral hemorrhagic fevers (VHFs) are major public health problems in the South-East Asia Regional (SEAR) countries. VHFs are a group of illnesses; that are caused by four families of viruses, viz. Arenaviridae, Bunyaviridae, Filoviridae and Flaviviridae. All VHFs have common features: they affect several organs and damage the blood vessels. These symptoms are often accompanied by hemorrhage. To understand pathogenesis, genetic and environmental influence that increase the risk of VHFs, efficacy and safety studies on candidate vaccines and testing of various therapeutic agents, appropriate animal models are essential tools in public and animals health. In the current review, the suitable animal models for Flavivirus [Dengue hemorhagic fever (DHF), Kyasanur forest disease (KFD)]; Bunyavirus [Crimean-Congo hemorrhagic fever (CCHF), Hantavirus fever (HF)]; and Paramyxovirus [Nipah virus fever (NiV)] have been reviewed with specific emphasis on emerging and reemerging viruses in SEAR countries.,��https://www.ncbi.nlm.nih.gov/pubmed/25815861���Badole, Sachin L
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Viral Matrix Proteins/*metabolism���Mar=��The paramyxovirus matrix (M) protein is a molecular scaffold required for viral morphogenesis and budding at the plasma membrane. Transient nuclear residence of some M proteins hints at non-structural roles. However, little is known regarding the mechanisms that regulate the nuclear sojourn. Previously, we found that the nuclear-cytoplasmic trafficking of Nipah virus M (NiV-M) is a prerequisite for budding, and is regulated by a bipartite nuclear localization signal (NLSbp), a leucine-rich nuclear export signal (NES), and monoubiquitination of the K258 residue within the NLSbp itself (NLSbp-lysine). To define whether the sequence determinants of nuclear trafficking identified in NiV-M are common among other Paramyxovirinae M proteins, we generated the homologous NES and NLSbp-lysine mutations in M proteins from the five major Paramyxovirinae genera. Using quantitative 3D confocal microscopy, we determined that the NES and NLSbp-lysine are required for the efficient nuclear export of the M proteins of Nipah virus, Hendra virus, Sendai virus, and Mumps virus. Pharmacological depletion of free ubiquitin or mutation of the conserved NLSbp-lysine to an arginine, which inhibits M ubiquitination, also results in nuclear and nucleolar retention of these M proteins. Recombinant Sendai virus (rSeV-eGFP) bearing the NES or NLSbp-lysine M mutants rescued at similar efficiencies to wild type. However, foci of cells expressing the M mutants displayed marked fusogenicity in contrast to wild type, and infection did not spread. Recombinant Mumps virus (rMuV-eGFP) bearing the homologous mutations showed similar defects in viral morphogenesis. Finally, shotgun proteomics experiments indicated that the interactomes of Paramyxovirinae M proteins are significantly enriched for components of the nuclear pore complex, nuclear transport receptors, and nucleolar proteins. We then synthesize our functional and proteomics data to propose a working model for the ubiquitin-regulated nuclear-cytoplasmic trafficking of cognate paramyxovirus M proteins that show a consistent nuclear trafficking phenotype.,��https://www.ncbi.nlm.nih.gov/pubmed/25782006{��Pentecost, Mickey
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"gateway theory"�
�UNLABELLED: Viral cellular immune surveillance is a dynamic and fluid system that is driven by finely regulated cellular processes including cytokines and other factors locally in the microenvironment and systemically throughout the body. It is questionable as to what extent the central nervous system (CNS) is an immune-privileged organ protected by the blood-brain barrier (BBB). Recent evidence suggests converging pathways through which viral infection, and its associated immune surveillance processes, may alter the integrity of the blood-brain barrier, and lead to inflammation, swelling of the brain parenchyma and associated neurological syndromes. Here, we expand upon the recent "gateway theory", by which viral infection and other immune activation states may disrupt the specialized tight junctions of the BBB endothelium making it permeable to immune cells and factors. The model we outline here builds upon the proposition that this process may actually be initiated by cytokines of the IL-17 family, and recognizing the intimate balance between TH17 and TH9 cytokine profiles systemically. We argue that immune surveillance events, in response to viruses such as the Human Immunodeficiency Virus (HIV), cause a TH17/TH9 induced gateway through blood brain barrier, and thus lead to characteristic neuroimmune pathology. It is possible and even probable that the novel TH17/TH9 induced gateway, which we describe here, opens as a consequence of any state of immune activation and sustained chronic inflammation, whether associated with viral infection or any other cause of peripheral or central neuroinflammation. This view could lead to new, timely and critical patient-centered therapies for patients with neuroimmune pathologies across a variety of etiologies. ABBREVIATIONS: BBB - blood brain barrier, BDV - Borna disease virus, CARD - caspase activation and recruitment domains, CD - clusters of differentiation, CNS - central nervous system, DAMP - damage-associated molecular patterns, DENV - Dengue virus, EBOV - Ebola virus, ESCRT - endosomal sorting complex required for transport-I, HepC - Hepatitis C virus, HIV - human immunodeficiency virus, IFN - interferon, ILn - interleukin-n, IRF-n - interferon regulatory factor-n, MAVS - mitochondrial antiviral-signaling, MBGV - Marburg virus, M-CSF - macrophage colony-stimulating factor, MCP-1 - monocyte chemotactic protein 1 (aka CCL2), MHC - major histocompatibility complex, MIP-alpha beta - macrophage inflammatory protein-1 alpha beta (aka CCL3 & CCL4), MIF - macrophage migration inhibitory factor, NVE - Nipah virus encephalitis, NK - natural killer cell, NLR - NLR, NOD - like receptor, NOD - nucleotide oligomerization domain, PAMP - pathogen-associated molecular patterns, PtdIns - phosphoinositides, PV - Poliovirus, RIG-I - retinoic acid-inducible gene I, RIP - Receptor-interacting protein (RIP) kinase, RLR - RIG-I-like receptor, sICAM1 - soluble intracellular adhesion molecule 1, STAT-3 - signal tranducer and activator of transcription-3, sVCAM1 - soluble vascular cell adhesion molecule 1, TANK - TRAF family member-associated NF- . B activator, TBK1 - TANK-binding kinase 1, TLR - Toll-like receptor, TNF - tumor necrosis factor, TNFR - TNF receptor, TNFRSF21 - tumor necrosis factor receptor superfamily member 21, TRADD TNFR-SF1A - associated via death domain, TRAF TNFR - associated factor, Tregs - regulatory T cellsubpopulation (CD4/8+CD25+FoxP3+), VHF - viral hemorrhagic fever.,��https://www.ncbi.nlm.nih.gov/pubmed/257802816��Barkhordarian, Andre
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*Virus Attachment���Mar 10�
�UNLABELLED: Nipah virus and Hendra virus are emerging, highly pathogenic, zoonotic paramyxoviruses that belong to the genus Henipavirus. They infect humans as well as numerous mammalian species. Both viruses use ephrin-B2 and -B3 as cell entry receptors, and following initial entry into an organism, they are capable of rapid spread throughout the host. We have previously reported that Nipah virus can use another attachment receptor, different from its entry receptors, to bind to nonpermissive circulating leukocytes, thereby promoting viral dissemination within the host. Here, this attachment molecule was identified as heparan sulfate for both Nipah virus and Hendra virus. Cells devoid of heparan sulfate were not able to mediate henipavirus trans-infection and showed reduced permissivity to infection. Virus pseudotyped with Nipah virus glycoproteins bound heparan sulfate and heparin but no other glycosaminoglycans in a surface plasmon resonance assay. Furthermore, heparin was able to inhibit the interaction of the viruses with the heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin was shown to bind to ephrin-B3 and to restrain infection of permissive cells in vitro. Consequently, treatment with heparin devoid of anticoagulant activity improved the survival of Nipah virus-infected hamsters. Altogether, these results reveal heparan sulfate as a new attachment receptor for henipaviruses and as a potential therapeutic target for the development of novel approaches against these highly lethal infections. IMPORTANCE: The Henipavirus genus includes two closely related, highly pathogenic paramyxoviruses, Nipah virus and Hendra virus, which cause elevated morbidity and mortality in animals and humans. Pathogenesis of both Nipah virus and Hendra virus infection is poorly understood, and efficient antiviral treatment is still missing. Here, we identified heparan sulfate as a novel attachment receptor used by both viruses to bind host cells. We demonstrate that heparin was able to inhibit the interaction of the viruses with heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin also bound to the viral entry receptor and thereby restricted infection of permissive cells in vitro. Consequently, heparin treatment improved survival of Nipah virus-infected hamsters. These results uncover an important role of heparan sulfate in henipavirus infection and open novel perspectives for the development of heparan sulfate-targeting therapeutic approaches for these emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25759505���Mathieu, Cyrille
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Virus Replication/drug effects���Mayµ	�UNLABELLED: Hydrogen sulfide (H2S) is an endogenous gaseous mediator that has gained increasing recognition as an important player in modulating acute and chronic inflammatory diseases. However, its role in virus-induced lung inflammation is currently unknown. Respiratory syncytial virus (RSV) is a major cause of upper and lower respiratory tract infections in children for which no vaccine or effective treatment is available. Using the slow-releasing H2S donor GYY4137 and propargylglycin (PAG), an inhibitor of cystathionine-gamma-lyase (CSE), a key enzyme that produces intracellular H2S, we found that RSV infection led to a reduced ability to generate and maintain intracellular H2S levels in airway epithelial cells (AECs). Inhibition of CSE with PAG resulted in increased viral replication and chemokine secretion. On the other hand, treatment of AECs with the H2S donor GYY4137 reduced proinflammatory mediator production and significantly reduced viral replication, even when administered several hours after viral absorption. GYY4137 also significantly reduced replication and inflammatory chemokine production induced by human metapneumovirus (hMPV) and Nipah virus (NiV), suggesting a broad inhibitory effect of H2S on paramyxovirus infections. GYY4137 treatment had no effect on RSV genome replication or viral mRNA and protein synthesis, but it inhibited syncytium formation and virus assembly/release. GYY4137 inhibition of proinflammatory gene expression occurred by modulation of the activation of the key transcription factors nuclear factor kappaB (NF-kappaB) and interferon regulatory factor 3 (IRF-3) at a step subsequent to their nuclear translocation. H2S antiviral and immunoregulatory properties could represent a novel treatment strategy for paramyxovirus infections. IMPORTANCE: RSV is a global health concern, causing significant morbidity and economic losses as well as mortality in developing countries. After decades of intensive research, no vaccine or effective treatment, with the exception of immunoprophylaxis, is available for this infection as well as for other important respiratory mucosal viruses. This study identifies hydrogen sulfide as a novel cellular mediator that can modulate viral replication and proinflammatory gene expression, both important determinants of lung injury in respiratory viral infections, with potential for rapid translation of such findings into novel therapeutic approaches for viral bronchiolitis and pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/25740991r��Li, Hui
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Surface expression���Apr 2���Compared to the fusion proteins of pathogenic Nipah and Hendra viruses, the F protein of prototype African henipavirus GH-M74a displays a drastically reduced surface expression and fusion activity. A probable reason for limited F expression is the unusually long sequence located between the gene start and the signal peptide (SP) not present in other henipaviruses. Such a long pre-SP extension can prevent efficient ER translocation or protein maturation and processing. As its truncation can therefore enhance surface expression, the recent identification of a second in-frame start codon directly upstream of the SP in another African henipavirus F gene (GH-UP28) raised the question if such a naturally occurring minor sequence variation can lead to the synthesis of a pre-SP truncated translation product, thereby increasing the production of mature F proteins. To test this, we analyzed surface expression and biological activity of F genes carrying the second SP-proximal start codon of GH-UP28. Though we observed minor differences in the expression levels, introduction of the additional start codon did not result in an increased fusion activity, even if combined with further mutations in the pre-SP region. Thus, limited bioactivity of African henipavirus F protein is maintained even after sequence changes that alter the gene start allowing the production of F proteins without an unusually long pre-SP.,��https://www.ncbi.nlm.nih.gov/pubmed/25725148ù��Weis, Michael
Behner, Laura
Binger, Tabea
Drexler, Jan Felix
Drosten, Christian
Maisner, Andrea
eng
Research Support, Non-U.S. Gov't
Netherlands
2015/03/01 06:00
Virus Res. 2015 Apr 2;201:85-93. doi: 10.1016/j.virusres.2015.02.016. Epub 2015 Feb 25.*��1872-7492 (Electronic)
0168-1702 (Linking)���25725148���Institute of Virology, Philipps University Marburg, Marburg, Germany.
Institute of Virology, University of Bonn Medical Centre, Bonn, Germany.
Institute of Virology, Philipps University Marburg, Marburg, Germany. Electronic address: maisner@staff.uni-marburg.de.���10.1016/j.virusres.2015.02.016�
Þ��üÒtÿî?<���l��Rasmussen, L.
Tigabu, B.
White, E. L.
Bostwick, R.
Tower, N.
Bukreyev, A.
Rockx, B.
LeDuc, J. W.
Noah, J. W.���2015U��Adapting high-throughput screening methods and assays for biocontainment laboratories���44-54���Assay Drug Dev Technol���13���1Y��Biological Assay/*instrumentation
Containment of Biohazards/*instrumentation
Drug Design
Drug Evaluation, Preclinical/*instrumentation
Equipment Design
Equipment Failure Analysis
High-Throughput Screening Assays/*instrumentation
*Laboratories
Robotics/instrumentation
Specimen Handling/instrumentation
Technology, Pharmaceutical/*instrumentation���Jan-Feb´��High-throughput screening (HTS) has been integrated into the drug discovery process, and multiple assay formats have been widely used in many different disease areas but with limited focus on infectious agents. In recent years, there has been an increase in the number of HTS campaigns using infectious wild-type pathogens rather than surrogates or biochemical pathogen-derived targets. Concurrently, enhanced emerging pathogen surveillance and increased human mobility have resulted in an increase in the emergence and dissemination of infectious human pathogens with serious public health, economic, and social implications at global levels. Adapting the HTS drug discovery process to biocontainment laboratories to develop new drugs for these previously uncharacterized and highly pathogenic agents is now feasible, but HTS at higher biosafety levels (BSL) presents a number of unique challenges. HTS has been conducted with multiple bacterial and viral pathogens at both BSL-2 and BSL-3, and pilot screens have recently been extended to BSL-4 environments for both Nipah and Ebola viruses. These recent successful efforts demonstrate that HTS can be safely conducted at the highest levels of biological containment. This review outlines the specific issues that must be considered in the execution of an HTS drug discovery program for high-containment pathogens. We present an overview of the requirements for HTS in high-level biocontainment laboratories.,��https://www.ncbi.nlm.nih.gov/pubmed/25710545ë��Rasmussen, Lynn
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meningoencephalitis���Mar°��CASE REPORT: This report summarises the findings from a case of naturally-occurring Murray Valley encephalitis in a 2-year-old filly presenting with acute onset of depression and weakness. Serum samples tested at the onset of clinical signs were negative for Hendra and Kunjin virus antibodies, but positive for Murray Valley encephalitis virus (MVEV) using IgM-capture ELISA (1 : 300 dilution). A virus neutralisation assay performed 4 weeks later confirmed a titre of 1 : 160. Sera collected in the weeks preceding neurological signs returned a negative titre for MVEV 2 weeks prior followed by a titre of 1:80 in the week prior to illness. Serological surveillance conducted on 67 co-located horses returned a positive titre of 1 : 20 in one in-contact horse. There was no history of clinical disease in that horse. At 3 months after the onset of clinical signs in the index case, the filly continued to show mild facial paresis and hypermetria; the owners elected euthanasia and gave permission for necropsy. Histopathological analysis of the brain showed a mild meningoencephalitis. CONCLUSION: The progression of a naturally-occurring MVEV infection in a horse has been documented in this case.,��https://www.ncbi.nlm.nih.gov/pubmed/25708787���Barton, A J
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Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25706617C��Johnston, Sara C
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Viral Proteins/*metabolism ��Bats of different species play a major role in the emergence and transmission of highly pathogenic viruses including Ebola virus, SARS-like coronavirus and the henipaviruses. These viruses require proteolytic activation of surface envelope glycoproteins needed for entry, and cellular cathepsins have been shown to be involved in proteolysis of glycoproteins from these distinct virus families. Very little is currently known about the available proteases in bats. To determine whether the utilization of cathepsins by bat-borne viruses is related to the nature of proteases in their natural hosts, we examined proteolytic processing of several viral fusion proteins in cells derived from two fruit bat species, Pteropus alecto and Rousettus aegyptiacus. Our work shows that fruit bat cells have homologs of cathepsin and furin proteases capable of cleaving and activating both the cathepsin-dependent Hendra virus F and the furin-dependent parainfluenza virus 5 F proteins. Sequence analysis comparing Pteropus alecto furin and cathepsin L to proteases from other mammalian species showed a high degree of conservation; however significant amino acid variation occurs at the C-terminus of Pteropus alecto furin. Further analysis of furin-like proteases from fruit bats revealed that these proteases are catalytically active and resemble other mammalian furins in their response to a potent furin inhibitor. However, kinetic analysis suggests that differences may exist in the cellular localization of furin between different species. Collectively, these results indicate that the unusual role of cathepsin proteases in the life cycle of bat-borne viruses is not due to the lack of active furin-like proteases in these natural reservoir species; however, differences may exist between furin proteases present in fruit bats compared to furins in other mammalian species, and these differences may impact protease usage for viral glycoprotein processing.,��https://www.ncbi.nlm.nih.gov/pubmed/25706132���El Najjar, Farah
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Zinc���Aprr��The recent proposal of using Zn-based alloys for biodegradable implants was not supported with sufficient toxicity data. This work, for the first time, presents a thorough cytotoxicity evaluation of Zn-3Mg alloy for biodegradable bone implants. Normal human osteoblast cells were exposed to the alloy's extract and three main cell-material interaction parameters: cell health, functionality and inflammatory response, were evaluated. Results showed that at the concentration of 0.75mg/ml alloy extract, cell viability was reduced by ~50% through an induction of apoptosis at day 1; however, cells were able to recover at days 3 and 7. Cytoskeletal changes were observed but without any significant DNA damage. The downregulation of alkaline phosphatase protein levels did not significantly affect the mineralization process of the cells. Significant differences of cyclooxygenase-2 and prostaglandin E2 inflammatory biomarkers were noticed, but not interleukin 1-beta, indicating that the cells underwent a healing process after exposure to the alloy. Detailed analysis on the cell-material interaction is further discussed in this paper.,��https://www.ncbi.nlm.nih.gov/pubmed/25686984ê��Murni, N S
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Seasons���Jun§��Hendra virus (HeV) is lethal to humans and horses, and little is known about its epidemiology. Biosecurity restrictions impede advances, particularly on understanding pathways of transmission. Quantifying the environmental survival of HeV can be used for making decisions and to infer transmission pathways. We estimated HeV survival with a Weibull distribution and calculated parameters from data generated in laboratory experiments. HeV survival rates based on air temperatures 24 h after excretion ranged from 2 to 10 % in summer and from 12 to 33 % in winter. Simulated survival across the distribution of the black flying fox (Pteropus alecto), a key reservoir host, did not predict spillover events. Based on our analyses we concluded that the most likely pathways of transmission did not require long periods of virus survival and were likely to involve relatively direct contact with flying fox excreta shortly after excretion.,��https://www.ncbi.nlm.nih.gov/pubmed/25667321���Martin, Gerardo
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Rhinitis virus���Apr§��Many viral agents have been associated with respiratory disease of the horse. The most important viral causes of respiratory disease in horses are equine influenza and the equine alphaherpesviruses. Agents such as equine viral arteritis virus, African horse sickness virus, and Hendra virus establish systemic infections. Clinical signs of disease resulting from infection with these agents can manifest as respiratory disease, but the respiratory tract is not the major body system affected by these viruses. Treatment of viral respiratory disease is generally limited to supportive therapies, whereas targeted antimicrobial therapy is effective in cases of bacterial infection.,��https://www.ncbi.nlm.nih.gov/pubmed/25648568Ï��Gilkerson, James R
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Small-angle X-ray scattering���Mar���Nipah and Hendra viruses are recently emerged paramyxoviruses belonging to the Henipavirus genus. The Henipavirus phosphoprotein (P) consists of a large intrinsically disordered domain and a C-terminal domain (PCT) containing alternating disordered and ordered regions. Among these latter is the P multimerization domain (PMD). Using biochemical, analytical ultracentrifugation and small-angle X-ray scattering (SAXS) studies, we show that Hendra virus (HeV) PMD forms an elongated coiled-coil homotrimer in solution, in agreement with our previous findings on Nipah virus (NiV) PMD. However, the orientation of the N-terminal region differs from that observed in solution for NiV PMD, consistent with the ability of this region to adopt different conformations. SAXS studies provided evidence for a trimeric organization also in the case of PCT, thus extending and strengthening our findings on PMD. The present results are discussed in light of conflicting reports in the literature pointing to a tetrameric organization of paramyxoviral P proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/25637789Æ��Beltrandi, Matilde
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encephalitis���Mar���Hendra virus and Nipah virus are closely related, recently emerged zoonotic paramyxoviruses, belonging to the Henipavirus genus. Both viruses induce generalized vasculitis affecting particularly the respiratory tract and CNS. The exceptionally broad species tropism of Henipavirus, the high case fatality rate and person-to-person transmission associated with Nipah virus outbreaks emphasize the necessity of effective antiviral strategies for these intriguing threatening pathogens. Current therapeutic approaches, validated in animal models, target early steps in viral infection; they include the use of neutralizing virus-specific antibodies and blocking membrane fusion with peptides that bind the viral fusion protein. A better understanding of Henipavirus pathogenesis is critical for the further advancement of antiviral treatment, and we summarize here the recent progress in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/25634624Î��Mathieu, Cyrille
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Multi-epitope peptide vaccination���Mar 3���BACKGROUND: Peptide vaccination based on multiple T-cell epitopes can be used to target well-defined ethnic populations. Because the response to T-cell epitopes is restricted by HLA proteins, the HLA specificity of T-cell epitopes becomes a major consideration for epitope-based vaccine design. We have previously shown that CD4+ T-cell epitopes restricted by 95% of human MHC class II proteins can be predicted with high-specificity. METHODS: We describe here the integration of epitope prediction with population coverage and epitope selection algorithms. The population coverage assessment makes use of the Allele Frequency Net Database. We present the computational platform Predivac-2.0 for HLA class II-restricted epitope-based vaccine design, which accounts comprehensively for human genetic diversity. RESULTS: We validated the performance of the tool on the identification of promiscuous and immunodominant CD4+ T-cell epitopes from the human immunodeficiency virus (HIV) protein Gag. We further describe an application for epitope-based vaccine design in the context of emerging infectious diseases associated with Lassa, Nipah and Hendra viruses. Putative CD4+ T-cell epitopes were mapped on the surface glycoproteins of these pathogens and are good candidates to be experimentally tested, as they hold potential to provide cognate help in vaccination settings in their respective target populations. CONCLUSION: Predivac-2.0 is a novel approach in epitope-based vaccine design, particularly suited to be applied to virus-related emerging infectious diseases, because the geographic distributions of the viruses are well defined and ethnic populations in need of vaccination can be determined ("ethnicity-oriented approach"). Predivac-2.0 is accessible through the website http://predivac.biosci.uq.edu.au/.,��https://www.ncbi.nlm.nih.gov/pubmed/25629524ö��Oyarzun, Patricio
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Young Adult���Feb)��Acute encephalitis is a severe neurologic syndrome. Determining etiology from among approximately 100 possible agents is difficult. To identify infectious etiologies of encephalitis in Thailand, we conducted surveillance in 7 hospitals during July 2003-August 2005 and selected patients with acute onset of brain dysfunction with fever or hypothermia and with abnormalities seen on neuroimages or electroencephalograms or with cerebrospinal fluid pleocytosis. Blood and cerebrospinal fluid were tested for >30 pathogens. Among 149 case-patients, median age was 12 (range 0-83) years, 84 (56%) were male, and 15 (10%) died. Etiology was confirmed or probable for 54 (36%) and possible or unknown for 95 (64%). Among confirmed or probable etiologies, the leading pathogens were Japanese encephalitis virus, enteroviruses, and Orientia tsutsugamushi. No samples were positive for chikungunya, Nipah, or West Nile viruses; Bartonella henselae; or malaria parasites. Although a broad range of infectious agents was identified, the etiology of most cases remains unknown.,��https://www.ncbi.nlm.nih.gov/pubmed/25627940"��Olsen, Sonja J
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Vaccine designing���Decø��Identification of Nipah virus (NiV) T-cell-specific antigen is urgently needed for appropriate diagnostic and vaccination. In the present study, prediction and modeling of T-cell epitopes of Nipah virus antigenic proteins nucleocapsid, phosphoprotein, matrix, fusion, glycoprotein, L protein, W protein, V protein and C protein followed by the binding simulation studies of predicted highest binding scorers with their corresponding MHC class I alleles were done. Immunoinformatic tool ProPred1 was used to predict the promiscuous MHC class I epitopes of viral antigenic proteins. The molecular modelings of the epitopes were done by PEPstr server. And alleles structure were predicted by MODELLER 9.10. Molecular dynamics (MD) simulation studies were performed through the NAMD graphical user interface embedded in visual molecular dynamics. Epitopes VPATNSPEL, NPTAVPFTL and LLFVFGPNL of Nucleocapsid, V protein and Fusion protein have considerable binding energy and score with HLA-B7, HLA-B*2705 and HLA-A2MHC class I allele, respectively. These three predicted peptides are highly potential to induce T-cell-mediated immune response and are expected to be useful in designing epitope-based vaccines against Nipah virus after further testing by wet laboratory studies.,��https://www.ncbi.nlm.nih.gov/pubmed/28324411���Kamthania, Mohit
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064���Garner, Omai B
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Viruses/genetics/*isolation & purification���DecM��Bats are reservoir hosts of several high-impact viruses that cause significant human diseases, including Nipah virus, Marburg virus and rabies virus. They also harbor many other viruses that are thought to have caused disease in humans after spillover into intermediate hosts, including SARS and MERS coronaviruses. As is usual with reservoir hosts, these viruses apparently cause little or no pathology in bats. Despite the importance of bats as reservoir hosts of zoonotic and potentially zoonotic agents, virtually nothing is known about the host/virus relationships; principally because few colonies of bats are available for experimental infections, a lack of reagents, methods and expertise for studying bat antiviral responses and immunology, and the difficulty of conducting meaningful field work. These challenges can be addressed, in part, with new technologies that are species-independent that can provide insight into the interactions of bats and viruses, which should clarify how the viruses persist in nature, and what risk factors might facilitate transmission to humans and livestock.,��https://www.ncbi.nlm.nih.gov/pubmed/25494448o��Schountz, Tony
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viral proteins���Jan 19÷��We provide an atomic-resolution description based on NMR spectroscopy, of the intrinsically disordered C-terminal domain of the Nipah virus nucleoprotein (NTAIL ), both in its isolated state and within the nucleocapsid (NC). Within the NC the second half of NTAIL retains conformational behavior similar to that of isolated NTAIL , whereas the first half of NTAIL becomes much more rigid. In spite of the mostly disordered nature of NTAIL , chemical shifts and relaxation measurements show a significant degree of alpha-helical sampling in the molecular recognition element (MoRE) involved in binding to the X domain (XD) of the phosphoprotein, with this preconfiguration being more pronounced than in the NTAIL domain from the cognate Hendra virus. Outside the MoRE, an additional region exhibiting reduced flexibility was identified within NTAIL and found to be involved in binding to the XD. (1) H- and (13) C-detected titration NMR experiments support a highly dynamic binding of NTAIL at the surface of the XD.,��https://www.ncbi.nlm.nih.gov/pubmed/25492314õ��Baronti, Lorenzo
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Venous Thrombosis/economics/*prevention & control/psychology���Decº��BACKGROUND: The results of the CLOTS 3 trial showed that intermittent pneumatic compression (IPC) reduced the risk of deep vein thrombosis and improved survival in immobile patients with stroke. IPC is now being widely used in stroke units. Here we describe the disability, living circumstances, quality of life, and hospital costs of patients in CLOTS 3. METHODS: In CLOTS 3, a parallel group trial in 94 UK hospitals, immobile patients with stroke from days 0 to 3 of admission were assigned with a computer-generated allocation sequence in a 1:1 ratio to IPC or no IPC through a central randomisation system. We followed up patients at about 6 months with postal or telephone questionnaire to assess the secondary endpoints: disability (Oxford Handicap Scale [OHS]), living circumstances, health-related quality of life (EQ5D-3L), and hospital costs (based on use of IPC and length of hospital stay). Patients and carers who completed the postal questionnaires were not masked to treatment allocation, but telephone follow-up in non-responders was masked. All analyses were by intention to treat. This trial is registered, number ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, we enrolled 2876 patients, with 1438 in each group. Despite the previously reported reduction in the risk of proximal deep vein thrombosis at 30 days (primary endpoint), there were no significant differences in disability (OHS 0-2 vs 3-6, adjusted odds ratio [OR] 0.98, 95% CI 0.80 to 1.19, p=0.83; adjusted ordinal analysis common OR 0.97, 95% CI 0.86 to 1.11), living circumstances (institutional care vs not; adjusted OR 1.11, 95% CI 0.89 to 1.37; p=0.358), or health-related quality of life (median utility value 0.26, IQR -0.07 to 0.66 with IPC, and 0.27, -0.06 to 0.64, with no IPC; p=0.952). The estimated cost of IPC was pound64.10 per patient (SD 28.3). The direct costs of preventing a deep vein thrombosis and death were pound1282 (95% CI 785 to 3077) and pound2756 (1346 to not estimable), respectively, with IPC. Hospital costs increased by pound451 with IPC compared with no IPC because of a longer stay in hospital (mean 44.5 days [SD 37.6] vs 42.8 days [37.2]; mean difference 1.8 days, 95% CI -1.0 to 4.5). By 6 months, despite an increase in survival (IPC 152.5 days [SD 60.6] vs no IPC 148.1 days [64.3]; mean difference 4.5 days, 95% CI -0.2 to 9.1), there was a non-significant increase in quality-adjusted survival associated with IPC (IPC 27.6 days [SD 40.6] vs no IPC 26.7 days [39.6]; mean difference 0.9 days, 95% CI -2.1 to 3.9). INTERPRETATION: IPC is inexpensive, prevents deep vein thrombosis, improves survival but not functional outcomes, and does not lead to a significant gain in quality-adjusted survival. When deciding whether to treat patients with IPC, clinicians need to take into account all these potential effects. FUNDING: National Institute of Health Research Health Technology Assessment Programme, Chief Scientist Office of Scottish Government, and Covidien.,��https://www.ncbi.nlm.nih.gov/pubmed/25453458S��(Clots in Legs Or sTockings after Stroke)
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Sentinel Surveillance/*veterinary���Nov 293��Cases of Hendra virus infection in horses in Australia have been seen regularly since the virus was first isolated in 1994. Kristopher Hughes, associate professor of equine medicine at Charles Sturt University in Australia, gives an overview of how knowledge of the virus has developed in the past 20 years.,��https://www.ncbi.nlm.nih.gov/pubmed/25431383j��Hughes, Kristopher
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*Virus Attachment
*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
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*Virus Assembly���Nov 27u��BACKGROUND: Hendra virus (HeV) is a pleomorphic virus belonging to the Paramyxovirus family. Our long-term aim is to understand the process of assembly of HeV virions. As a first step, we sought to determine the most appropriate cell culture system with which to study this process, and then to use this model to define the morphology of the virus and identify the site of assembly by imaging key virus encoded proteins in infected cells. METHODS: A range of primary cells and immortalised cell lines were infected with HeV, fixed at various time points post-infection, labelled for HeV proteins and imaged by confocal, super-resolution and transmission electron microscopy. RESULTS: Significant differences were noted in viral protein distribution depending on the infected cell type. At 8 hpi HeV G protein was detected in the endoplasmic reticulum and M protein was seen predominantly in the nucleus in all cells tested. At 18 hpi, HeV-infected Vero cells showed M and G proteins throughout the cell and in transmission electron microscope (TEM) sections, in pleomorphic virus-like structures. In HeV infected MDBK, A549 and HeLa cells, HeV M protein was seen predominantly in the nucleus with G protein at the membrane. In HeV-infected primary bovine and porcine aortic endothelial cells and two bat-derived cell lines, HeV M protein was not seen at such high levels in the nucleus at any time point tested (8,12, 18, 24, 48 hpi) but was observed predominantly at the cell surface in a punctate pattern co-localised with G protein. These HeV M and G positive structures were confirmed as round HeV virions by TEM and super-resolution (SR) microscopy. SR imaging demonstrated for the first time sub-virion imaging of paramyxovirus proteins and the respective localisation of HeV G, M and N proteins within virions. CONCLUSION: These findings provide novel insights into the structure of HeV and show that for HeV imaging studies the choice of tissue culture cells may affect the experimental results. The results also indicate that HeV should be considered a predominantly round virus with a mean diameter of approximately 280 nm by TEM and 310 nm by SR imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/25428656ù��Monaghan, Paul
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hantavirus pulmonary syndromer��Emerging infectious diseases of zoonotic origin are shaping today's infectious disease field more than ever. In this article, we introduce and review three emerging zoonotic viruses. Novel hantaviruses emerged in the Americas in the mid-1990s as the cause of severe respiratory infections, designated hantavirus pulmonary syndrome, with case fatality rates of around 40%. Nipah virus emerged a few years later, causing respiratory infections and encephalitis in Southeast Asia, with case fatality rates ranging from 40% to more than 90%. A new coronavirus emerged in 2012 on the Arabian Peninsula with a clinical syndrome of acute respiratory infections, later designated as Middle East respiratory syndrome (MERS), and an initial case fatality rate of more than 40%. Our current state of knowledge on the pathogenicity of these three severe, emerging viral infections is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25423349á��Safronetz, David
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Water/*chemistry���Dec 26ë��The dynamical properties of water at protein-water interfaces are unlike those in the bulk. Here we utilize molecular dynamics simulations to study water dynamics in interstitial regions between two proteins. We consider two natural protein-protein complexes, one in which the Nipah virus G protein binds to cellular ephrin B2 and the other in which the same G protein binds to ephrin B3. While the two complexes are structurally similar, the two ephrins share only a modest sequence identity of approximately 50%. X-ray crystallography also suggests that these interfaces are fairly extensive and contain exceptionally large amounts of waters. We find that while the interstitial waters tend to occupy crystallographic sites, almost all waters exhibit residence times of less than hundred picoseconds in the interstitial region. We also find that while the differences in the sequence of the two ephrins result in quantitative differences in the dynamics of interstitial waters, the trends in the shifts with respect to bulk values are similar. Despite the high wetness of the protein-protein interfaces, the dynamics of interstitial waters are considerably slower compared to the bulk-the interstitial waters diffuse an order of magnitude slower and have 2-3 fold longer hydrogen bond lifetimes and 2-1000 fold slower dipole relaxation rates. To understand the role of interstitial waters, we examine how implicit solvent models compare against explicit solvent models in producing ephrin-induced shifts in the G conformational density. Ephrin-induced shifts in the G conformational density are critical to the allosteric activation of another viral protein that mediates fusion. We find that in comparison with the explicit solvent model, the implicit solvent model predicts a more compact G-B2 interface, presumably because of the absence of discrete waters at the G-B2 interface. Simultaneously, we find that the two models yield strikingly different induced changes in the G conformational density, even for those residues whose conformational densities in the apo state are unaffected by the treatment of the bulk solvent. Together, these results show that the explicit treatment of interstitial water molecules is necessary for a proper description of allosteric transitions.,��https://www.ncbi.nlm.nih.gov/pubmed/25420132»��Dutta, Priyanka
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Chong, T. T.���2014���Nipah encephalitis - an update���103-11���Med J Malaysia
��69 Suppl A���Augq��Between September 1998 to May 1999, Malaysia and Singapore were hit by an outbreak of fatal encephalitis caused by a novel virus from the paramyxovirus family. This virus was subsequently named as Nipah virus, after the Sungei Nipah village in Negeri Sembilan, where the virus was first isolated. The means of transmission was thought to be from bats-topigs and subsequently pigs-to-human. Since 2001, almost yearly outbreak of Nipah encephalitis has been reported from Bangladesh and West Bengal, India. These outbreaks were characterized by direct bats-to-human, and human-to-human spread of infection. Nipah virus shares many similar characteristics to Hendra virus, first isolated in an outbreak of respiratory illness involving horses in Australia in 1994. Because of their homology, a new genus called Henipavirus (Hendra + Nipah) was introduced. Henipavirus infection is a human disease manifesting most often as acute encephalitis (which may be relapsing or late-onset) or pneumonia, with a high mortality rate. Pteropus bats act as reservoir for the virus, which subsequently lead to human spread. Transmission may be from consumption of food contaminated by bats secretion, contact with infected animals, or human-to-human spread. With wide geographical distribution of Pteropus bats, Henipavirus infection has become an important emerging human infection with worldwide implication.,��https://www.ncbi.nlm.nih.gov/pubmed/25417957b��Sherrini, B A
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��69 Suppl A���AugO��This article describes the methodology of this bibliography. A search was conducted on the following: (1) bibliographic databases (PubMed, Scopus, and other databases) using search terms that maximize the retrieval of Malaysian publications; (2) Individual journal search of Malaysian healthrelated journals; (3) A targeted search of Google and Google Scholar; (4) Searching of Malaysian institutional repositories; (5) Searching of Ministry of Health and Clinical Research Centre website. The publication years were limited to 2000- 2013. The citations were imported or manually entered into bibliographic software Refworks. After removing duplicates, and correcting data entry errors, PubMed's Medical Subject Headings (MeSH terms) were added. Clinical research is coded using the definition "patient-oriented-research or research conducted with human subjects (or on material of human origin) for which the investigator directly interacts with the human subjects at some point during the study." A bibliography of citations [n=2056] that fit the criteria of clinical research in Malaysia in selected topics within five domains was generated: Cancers [589], Cardiovascular diseases [432], Infections [795], Injuries [142], and Mental Health [582]. This is done by retrieving citations with the appropriate MESH terms, as follow: For cancers (Breast Neoplasms; Colorectal Neoplasms; Uterine Cervical Neoplasms), for cardiovascular diseases (Coronary Disease; Hypertension; Stroke), for infections (Dengue; Enterovirus Infections, HIV Infections; Malaria; Nipah Virus; Tuberculosis), for injuries (Accidents, Occupational; Accidents, Traffic; Child Abuse; Occupational Injuries), for mental health (Depression; Depressive Disorder; Depressive Disorder, Major; Drug Users; Psychotic Disorders; Suicide; Suicide, Attempted; Suicidal Ideation; Substance- Related Disorders).,��https://www.ncbi.nlm.nih.gov/pubmed/25417946q��Teng, C L
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Swine Diseases/blood/*epidemiology/virology���Novî��BACKGROUND: Nipah virus (NiV) is an emerging disease that causes severe encephalitis and respiratory illness in humans. Pigs were identified as an intermediate host for NiV transmission in Malaysia. In Bangladesh, NiV has caused recognized human outbreaks since 2001 and three outbreak investigations identified an epidemiological association between close contact with sick or dead animals and human illness. METHODOLOGY: We examined cattle and goats reared around Pteropus bat roosts in human NiV outbreak areas. We also tested pig sera collected under another study focused on Japanese encephalitis. PRINCIPAL FINDINGS: We detected antibodies against NiV glycoprotein in 26 (6.5%) cattle, 17 (4.3%) goats and 138 (44.2%) pigs by a Luminex-based multiplexed microsphere assay; however, these antibodies did not neutralize NiV. Cattle and goats with NiVsG antibodies were more likely to have a history of feeding on fruits partially eaten by bats or birds (PR=3.1, 95% CI 1.6-5.7) and drinking palmyra palm juice (PR=3.9, 95% CI 1.5-10.2). CONCLUSIONS: This difference in test results may be due to the exposure of animals to one or more novel viruses with antigenic similarity to NiV. Further research may identify a novel organism of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/25412358r��Chowdhury, Sukanta
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Zoonoses/blood/immunology���Nov 18X��Zoonotic transmission of lethal henipaviruses (HNVs) from their natural fruit bat reservoirs to humans has only been reported in Australia and South/Southeast Asia. However, a recent study discovered numerous HNV clades in African bat samples. To determine the potential for HNV spillover events among humans in Africa, here we examine well-curated sets of bat (Eidolon helvum, n = 44) and human (n = 497) serum samples from Cameroon for Nipah virus (NiV) cross-neutralizing antibodies (NiV-X-Nabs). Using a vesicular stomatitis virus (VSV)-based pseudoparticle seroneutralization assay, we detect NiV-X-Nabs in 48% and 3-4% of the bat and human samples, respectively. Seropositive human samples are found almost exclusively in individuals who reported butchering bats for bushmeat. Seropositive human sera also neutralize Hendra virus and Gh-M74a (an African HNV) pseudoparticles, as well as live NiV. Butchering bat meat and living in areas undergoing deforestation are the most significant risk factors associated with seropositivity. Evidence for HNV spillover events warrants increased surveillance efforts.,��https://www.ncbi.nlm.nih.gov/pubmed/25405640í��Pernet, Olivier
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Virus Replication/genetics®��BACKGROUND: Bats are a major reservoir of emerging infectious viruses. Many of these viruses are highly pathogenic to humans however bats remain asymptomatic. The mechanism by which bats control viral replication is unknown. Here we utilize an integrated approach of proteomics informed by transcriptomics to compare the response of immortalized bat and human cells following infection with the highly pathogenic bat-borne Hendra virus (HeV). RESULTS: The host response between the cell lines was significantly different at both the mRNA and protein levels. Human cells demonstrated minimal response eight hours post infection, followed by a global suppression of mRNA and protein abundance. Bat cells demonstrated a robust immune response eight hours post infection, which led to the up-regulation of apoptosis pathways, mediated through the tumor necrosis factor-related apoptosis inducing ligand (TRAIL). HeV sensitized bat cells to TRAIL-mediated apoptosis, by up-regulating death receptor transcripts. At 48 and 72 hours post infection, bat cells demonstrated a significant increase in apoptotic cell death. CONCLUSIONS: This is the first study to comprehensively compare the response of bat and human cells to a highly pathogenic zoonotic virus. An early induction of innate immune processes followed by apoptosis of virally infected bat cells highlights the possible involvement of programmed cell death in the host response. Our study shows for the first time a side-by-side high-throughput analysis of a dangerous zoonotic virus in cell lines derived from humans and the natural bat host. This enables a way to search for divergent mechanisms at a molecular level that may influence host pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/25398248���Wynne, James W
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severe acute respiratory syndrome coronavirus���Jan 7ß��Viruses that originate in bats may be the most notorious emerging zoonoses that spill over from wildlife into domestic animals and humans. Understanding how these infections filter through ecological systems to cause disease in humans is of profound importance to public health. Transmission of viruses from bats to humans requires a hierarchy of enabling conditions that connect the distribution of reservoir hosts, viral infection within these hosts, and exposure and susceptibility of recipient hosts. For many emerging bat viruses, spillover also requires viral shedding from bats, and survival of the virus in the environment. Focusing on Hendra virus, but also addressing Nipah virus, Ebola virus, Marburg virus and coronaviruses, we delineate this cross-species spillover dynamic from the within-host processes that drive virus excretion to land-use changes that increase interaction among species. We describe how land-use changes may affect co-occurrence and contact between bats and recipient hosts. Two hypotheses may explain temporal and spatial pulses of virus shedding in bat populations: episodic shedding from persistently infected bats or transient epidemics that occur as virus is transmitted among bat populations. Management of livestock also may affect the probability of exposure and disease. Interventions to decrease the probability of virus spillover can be implemented at multiple levels from targeting the reservoir host to managing recipient host exposure and susceptibility.,��https://www.ncbi.nlm.nih.gov/pubmed/25392474���Plowright, Raina K
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*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218ì��Yun, Tatyana
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pathology
virology���Jan¶��Viruses cause a wide range of human diseases, ranging from acute self-resolving conditions to acute fatal diseases. Effects that arise long after the primary infection can also increase the propensity for chronic conditions or lead to the development of cancer. Recent advances in the fields of virology and pathology have been fundamental in improving our understanding of viral pathogenesis, in providing improved vaccination strategies and in developing newer, more effective treatments for patients worldwide. The reviews assembled here focus on the interface between virology and pathology and encompass aspects of both the clinical pathology of viral disease and the underlying disease mechanisms. Articles on emerging diseases caused by Ebola virus, Marburg virus, coronaviruses such as SARS and MERS, Nipah virus and noroviruses are followed by reviews of enteroviruses, HIV infection, measles, mumps, human respiratory syncytial virus (RSV), influenza, cytomegalovirus (CMV) and varicella zoster virus (VZV). The issue concludes with a series of articles reviewing the relationship between viruses and cancer, including the role played by Epstein-Barr virus (EBV) in the pathogenesis of lymphoma and carcinoma; how human papillomaviruses (HPVs) are involved in the development of skin cancer; the involvement of hepatitis B virus infection in hepatocellular carcinoma; and the mechanisms by which Kaposi's sarcoma-associated herpesvirus (KSHV) leads to Kaposi's sarcoma. We hope that this collection of articles will be of interest to a wide range of scientists and clinicians at a time when there is a renaissance in the appreciation of the power of pathology as virologists dissect the processes of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/25366544���Herrington, C S
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897{��Johnson, John B
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204~��Zumbrun, E E
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tropism���Jant��Nipah virus is a paramyxovirus in the genus Henipavirus, which has caused outbreaks in humans in Malaysia, India, Singapore, and Bangladesh. Whereas the human cases in Malaysia were characterized mainly by neurological symptoms and a case fatality rate of approximately 40%, cases in Bangladesh also exhibited respiratory disease and had a case fatality rate of approximately 70%. Here, we compared the histopathologic changes in the respiratory tract of Syrian hamsters, a well-established small animal disease model for Nipah virus, inoculated oronasally with Nipah virus isolates from human cases in Malaysia and Bangladesh. The Nipah virus isolate from Bangladesh caused slightly more severe rhinitis and bronchointerstitial pneumonia 2 days after inoculation in Syrian hamsters. By day 4, differences in lesion severity could no longer be detected. Immunohistochemistry demonstrated Nipah virus antigen in the nasal cavity and pulmonary lesions; the amount of Nipah virus antigen present correlated with lesion severity. Immunohistochemistry indicated that both Nipah virus isolates exhibited endotheliotropism in small- and medium-caliber arteries and arterioles, but not in veins, in the lung. This correlated with the location of ephrin B2, the main receptor for Nipah virus, in the vasculature. In conclusion, Nipah virus isolates from outbreaks in Malaysia and Bangladesh caused a similar type and severity of respiratory tract lesions in Syrian hamsters, suggesting that the differences in human disease reported in the outbreaks in Malaysia and Bangladesh are unlikely to have been caused by intrinsic differences in these 2 virus isolates.,��https://www.ncbi.nlm.nih.gov/pubmed/25352203$��Baseler, L
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Pediatrics���Encephalitis is caused by inflammation and/or infection of the brain. It is a important condition in Asian children in whom it is most frequently caused by Japanese encephalitis virus, associated with a considerable burden of disease. Other common causes in Asia include: enteroviruses (especially enterovirus 71), dengue, influenza, the herpesviruses, measles, mumps and rubella viruses. Rabies continues to result in high mortality mostly in Asian children, which represents missed opportunities for prevention. Asia has also seen a number of emerging viral encephalitides including: Nipah, chikungunya, Chandipura and Me Tri viruses. We review the aetiology, epidemiology and outcome of encephalitis in Asian children and identify priorities for public health practice and research.,��https://www.ncbi.nlm.nih.gov/pubmed/25336078���Britton, Philip N
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Antibodies, Viral/blood
Drug Carriers/administration & dosage
Drug-Related Side Effects and Adverse Reactions
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Hendra Virus/genetics/*immunology
Henipavirus Infections/immunology/*prevention & control
Injections, Intramuscular
Mice
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Rabies virus/*genetics
Vaccination/methods
Vaccines, Attenuated/administration & dosage/genetics/immunology
Vaccines, Inactivated/administration & dosage/genetics/immunology
Vaccines, Synthetic/administration & dosage/genetics/immunology
Vesiculovirus/*genetics
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Viral Vaccines/administration & dosage/genetics/*immunology���Jan�
�UNLABELLED: The emerging zoonotic pathogens Hendra virus (HeV) and Nipah virus (NiV) are in the genus Henipavirus in the family Paramyxoviridae. HeV and NiV infections can be highly fatal to humans and livestock. The goal of this study was to develop candidate vaccines against henipaviruses utilizing two well-established rhabdoviral vaccine vector platforms, recombinant rabies virus (RABV) and recombinant vesicular stomatitis virus (VSV), expressing either the codon-optimized or the wild-type (wt) HeV glycoprotein (G) gene. The RABV vector expressing the codon-optimized HeV G showed a 2- to 3-fold increase in incorporation compared to the RABV vector expressing wt HeV G. There was no significant difference in HeV G incorporation in the VSV vectors expressing either wt or codon-optimized HeV G. Mice inoculated intranasally with any of these live recombinant viruses showed no signs of disease, including weight loss, indicating that HeV G expression and incorporation did not increase the neurotropism of the vaccine vectors. To test the immunogenicity of the vaccine candidates, we immunized mice intramuscularly with either one dose of the live vaccines or 3 doses of 10 mug chemically inactivated viral particles. Increased codon-optimized HeV G incorporation into RABV virions resulted in higher antibody titers against HeV G compared to inactivated RABV virions expressing wt HeV G. The live VSV vectors induced more HeV G-specific antibodies as well as higher levels of HeV neutralizing antibodies than the RABV vectors. In the case of killed particles, HeV neutralizing serum titers were very similar between the two platforms. These results indicated that killed RABV with codon-optimized HeV G should be the vector of choice as a dual vaccine in areas where rabies is endemic. IMPORTANCE: Scientists have been tracking two new viruses carried by the Pteropid fruit bats: Hendra virus (HeV) and Nipah virus (NiV). Both viruses can be fatal to humans and also pose a serious risk to domestic animals. A recent escalation in the frequency of outbreaks has increased the need for a vaccine that prevents HeV and NiV infections. In this study, we performed an extensive comparison of live and killed particles of two recombinant rhabdoviral vectors, rabies virus and vesicular stomatitis virus (VSV), expressing wild-type or codon-optimized HeV glycoprotein, with the goal of developing a candidate vaccine against HeV. Based on our data from the presented mouse immunogenicity studies, we conclude that a killed RABV vaccine would be highly effective against HeV infections and would make an excellent vaccine candidate in areas where both RABV and henipaviruses pose a threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/25320306^��Kurup, Drishya
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DNA-Directed RNA Polymerases/genetics/*metabolism
Humans
*Protein Interaction Domains and Motifs
Protein Interaction Mapping
*Transcription, Genetic
Vesiculovirus/*enzymology/genetics/*physiology
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*Virus Replication���DecÂ
�UNLABELLED: The multidomain polymerase protein (L) of nonsegmented negative-strand (NNS) RNA viruses catalyzes transcription and replication of the virus genome. The N-terminal half of the protein forms a ring-like polymerase structure, while the C-terminal half encoding viral mRNA transcript modifications consists of a flexible appendage with three distinct globular domains. To gain insight into putative transient interactions between L domains during viral RNA synthesis, we exchanged each of the four distinct regions encompassing the appendage region of vesicular stomatitis virus (VSV) Indiana serotype L protein with their counterparts from VSV New Jersey and analyzed effects on virus polymerase activity in a minigenome system. The methyltransferase domain exchange yielded a fully active polymerase protein, which functioned as well as wild-type L in the context of a recombinant virus. Exchange of the downstream C-terminal nonconserved region abolished activity, but coexchanging it with the methyltransferase domain generated a polymerase favoring replicase over transcriptase activity, providing strong evidence of interaction between these two regions. Exchange of the capping enzyme domain or the adjacent nonconserved region thought to function as an "unstructured" linker also abrogated polymerase activity even when either domain was coexchanged with other appendage domains. Further probing of the putative linker segment using in-frame enhanced green fluorescent protein (EGFP) insertions similarly abrogated activity. We discuss the implications of these findings with regard to L protein appendage domain structure and putative domain-domain interactions required for polymerase function. IMPORTANCE: NNS viruses include many well-known human pathogens (e.g., rabies, measles, and Ebola viruses), as well as emerging viral threats (e.g., Nipah and Hendra viruses). These viruses all encode a large L polymerase protein similarly organized into multiple domains that work in concert to enable virus genome transcription and replication. But how the unique L protein carries out the multiplicity of individual steps in these two distinct processes is poorly understood. Using two different approaches, i.e., exchanging individual domains in the C-terminal appendage region of the protein between two closely related VSV serotypes and inserting unrelated protein domains, we shed light on requirements for domain-domain interactions and domain contiguity in polymerase function. These findings further our understanding of the conformational dynamics of NNS L polymerase proteins, which play an essential role in the pathogenic properties of these viruses and represent attractive targets for the development of antiviral measures.,��https://www.ncbi.nlm.nih.gov/pubmed/25297996¥��Ruedas, John B
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Disease
Emerging
Hendra
Horse
Infectious
Pathogenesis
Vaccine
Zoonotic���DecÑ��Hendra virus infection of horses occurred sporadically between 1994 and 2010 as a result of spill-over from the viral reservoir in Australian mainland flying-foxes, and occasional onward transmission to people also followed from exposure to affected horses. An unprecedented number of outbreaks were recorded in 2011 leading to heightened community concern. Release of an inactivated subunit vaccine for horses against Hendra virus represents the first commercially available product that is focused on mitigating the impact of a Biosafety Level 4 pathogen. Through preventing the development of acute Hendra virus disease in horses, vaccine use is also expected to reduce the risk of transmission of infection to people.,��https://www.ncbi.nlm.nih.gov/pubmed/25281398���Middleton, Deborah
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*Virus Internalization���DecÊ��UNLABELLED: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. Drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are notably cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. NiV's attachment (G) and fusion (F) envelope glycoproteins mediate viral binding to the ephrinB2/ephrinB3 cell receptors and virus-cell membrane fusion, respectively. The NiV matrix protein (M) can autonomously induce NiV assembly and budding. Using a beta-lactamase (betaLa) reporter/NiV-M chimeric protein, we produced NiVLPs expressing NiV-G and wild-type or mutant NiV-F on their surfaces. By preloading target cells with the betaLa fluorescent substrate CCF2-AM, we obtained viral entry kinetic curves that correlated with the NiV-F fusogenic phenotypes, validating NiVLPs as suitable viral entry kinetic tools and suggesting overall relatively slower viral entry than cell-cell fusion kinetics. Additionally, the proportions of F and G on individual NiVLPs and the extent of receptor-induced conformational changes in NiV-G were measured via flow virometry, allowing the proper interpretation of the viral entry kinetic phenotypes. The significance of these findings in the viral entry field extends beyond NiV to other paramyxoviruses and enveloped viruses. IMPORTANCE: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. For example, drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are especially cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. Our new tools allowed us the high-throughput measurement of viral entry kinetics, glycoprotein proportions on individual viral particles, and receptor-induced conformational changes in viral glycoproteins on viral surfaces. The significance of these findings extends beyond NiV to other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25275126O��Landowski, Matthew
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Animals
Health Policy
Humans
Risk Assessment
*Risk Management
Socioeconomic Factors���Jul-Sepö��Risk analysis is now widely accepted amongst veterinary authorities and other stakeholders around the world as a conceptual framework for integrating scientific evidence into animal health decision making. The resulting risk management for most diseases primarily involves linking epidemiological understanding with diagnostics and/or vaccines. Recent disease outbreaks such as Nipah virus, SARS, avian influenza H5N1, bluetongue serotype 8 and Schmallenberg virus have led to realising that we need to explicitly take into account the underlying complex interactions between environmental, epidemiological and social factors which are often also spatially and temporally heterogeneous as well as interconnected across affected regions and beyond. A particular challenge is to obtain adequate understanding of the influence of human behaviour and to translate this into effective mechanisms leading to appropriate behaviour change where necessary. Both, the One Health and the ecohealth approaches reflect the need for such a holistic systems perspective, however the current implementation of risk analysis frameworks for animal health and food safety is still dominated by a natural or biomedical perspective of science as is the implementation of control and prevention policies. This article proposes to integrate the risk analysis approach with a risk governance framework which explicitly adds the socio-economic context to policy development and emphasizes the need for organisational change and stakeholder engagement.,��https://www.ncbi.nlm.nih.gov/pubmed/25273958p��Pfeiffer, Dirk U
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Zoonoses/epidemiology/*virology���Oct���More than 1 240 species of bats are known; many of them are insectivorous, others are frugivorous and some american species are haematophagous. More than 100 diferent viruses are associated with these mammals, particularly Rhabdoviridae (Lyssavirus like rabies virus), Paramyxoviridae (like Nipah and Hendra viruses), Filoviridae (Ebola and Marburg viruses) and Coronavirida (viruses causing SARS and MERS). These infections are usually asymptomatic in bats but the mechanism of this tolerance is not yet understood. For those viruses, bats are efficient reservoirs and disseminators. So, they represent a significative risk for human and animal public health, that justifies to set up surveillance of bat-associated viruses and research programs about the particular immunity mechanisms of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/27120912w��Rodhain, Francois
fre
English Abstract
Review
Netherlands
2014/10/01 00:00
Bull Acad Natl Med. 2014 Oct;198(7):1423-36.%��0001-4079 (Print)
0001-4079 (Linking)���27120912A��Chauves-souris et virus: quelles relations? Quelles consequences?��t��üÒ|ßÿ?g���%��Brugere-Picoux, J.
Le Floc'h Soye, Y.���2014���[Not Available]���1411-22���Bull Acad Natl Med���198���7ï��Animals
Animals, Domestic
*Animals, Wild
Communicable Diseases, Emerging/*epidemiology
Disease Reservoirs/statistics & numerical data
Humans
West Nile Fever/mortality/veterinary
West Nile virus/pathogenicity
Zoonoses/*epidemiology/etiology���Oct¶��Important preventive measures carried out in the herds of domestic animals have found improving the health status of farms, particularly for contagious diseases subject to mandatory declaration and accompanying drastic but necessary eradication measures in infected flocks. However it is more difficult to apply these same biosecurity measures on wildlife that may have been contaminated or not by domestic animals. The growing number of emerging infectious diseases of wildlife may reflect increased vigilance, but most often the result of a change in the ecology of the host, the causative agent or both. So, wildlife may be reservoirs of pathogens that can infect domestic herds again but mostly for the majority of them contaminating humans. This is the case, for example, of West Nile virus (WNV), avian influenza virus, rabies virus, Nipah virus, diseases transmitted by ticks, tuberculosis, brucellosis, hepatitis E or some parasitic zoonoses.,��https://www.ncbi.nlm.nih.gov/pubmed/27120911���Brugere-Picoux, Jeanne
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Virus Attachmentå��Recent reports suggest that some galectins bind to enveloped viruses. They include influenza virus, human immunodeficiency virus-1 (HIV-1), human T-cell leukemia virus-1 (HTLV-1), and Nipah virus. It is also suggested that the interaction between viruses and galectins influences viral attachment to their susceptible cells, affecting the viral infectivity. Our work suggests that galectin-1 increases the infectivity of HIV-1 and HTVL-1. Indeed, galectin-1 promotes the initial adsorption of HIV-1 to CD4(+) cells through its binding to viral envelope gp120 and facilitates HIV-1 infection in a manner that is dependent on its recognition of beta-galactoside residues. Thus, as galectin-1 can be considered as a pattern recognition receptor, HIV-1 exploits this host factor to promote its transmission or replication. In this chapter, we describe methods used to investigate this potential role of galectins in HIV-1 infection as a case in point for future studies on galectin-virus interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/25253155¢��Ouellet, Michel
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zoonotic transmission���JanV��Nipah virus is an emerging virus infection that causes yearly disease outbreaks with high case fatality rates in Bangladesh. Nipah virus causes encephalitis and systemic vasculitis, sometimes in combination with respiratory disease. Pteropus species fruit bats are the natural reservoir of Nipah virus and zoonotic transmission can occur directly or via an intermediate host; human-to-human transmission occurs regularly. In this review we discuss the current state of knowledge on the pathogenesis and transmission of Nipah virus, focusing on dissemination of the virus through its host, known determinants of pathogenicity and routes of zoonotic and human-to-human transmission. Since data from human cases are sparse, this knowledge is largely based on the results of studies performed in animal models that recapitulate Nipah virus disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25229234Ê��de Wit, Emmie
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Zoonoses/virology���Janc��Bats have been found to harbour a number of new emerging viruses with zoonotic potential, and there has been a great deal of interest in identifying novel bat pathogens to determine the risk to human and animal health. Many groups have identified novel viruses in bats by detection of viral nucleic acid; however, virus isolation is still a challenge, and there are few reports of viral isolates from bats. In recent years, our group has developed optimized procedures for virus isolation from bat urine, including the use of primary bat cells. In previous reports, we have described the isolation of Hendra virus, Menangle virus and Cedar virus in Queensland, Australia. Here, we report the isolation of four additional novel bat paramyxoviruses from urine collected from beneath pteropid bat (flying fox) colonies in Queensland and New South Wales during 2009-2011.,��https://www.ncbi.nlm.nih.gov/pubmed/25228492E��Barr, Jennifer
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Zoonoses���Sep 17.��BACKGROUND: Veterinary infection control for the management of Hendra virus (HeV), an emerging zoonosis in Australia, remained suboptimal until 2010 despite 71.4% (5/7) of humans infected with HeV being veterinary personnel or assisting a veterinarian, three of whom died before 2009. The aim of this study was to identify the perceived barriers to veterinary infection control and HeV management in private veterinary practice in Queensland, where the majority of HeV outbreaks have occurred in Australia. RESULTS: Most participants agreed that a number of key factors had contributed to the slow uptake of adequate infection control measures for the management of HeV amongst private veterinarians: a work culture characterised by suboptimal infection control standards and misconceptions about zoonotic risks; a lack of leadership and support from government authorities; the difficulties of managing biosecurity and public health issues from a private workforce perspective; and the slow pattern of emergence of HeV. By 2010, some infection control and HeV management changes had been implemented. Participants interviewed agreed that further improvements remained necessary; but also cautioned that this was a complex process which would require time. CONCLUSION: Private veterinarians and government authorities prior to 2009 were unprepared to handle new slowly emerging zoonoses, which may explain their mismanagement of HeV. Slowly emerging zoonoses may be of low public health significance but of high significance for specialised groups such as veterinarians. Private veterinarians, who are expected to fulfil an active biosecurity and public health role in the frontline management of such emerging zoonoses, need government agencies to better recognise their contribution, to consult with the veterinary profession when devising guidelines for the management of zoonoses and to provide them with greater leadership and support. We propose that specific infection control guidelines for the management of slowly emerging zoonoses in private veterinary settings need to be developed.,��https://www.ncbi.nlm.nih.gov/pubmed/25224910È��Mendez, Diana H
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Tropical medicine���Aug 7°��The recent onset of epidemics caused by viruses such as Ebola, Marburg, Nipah, Lassa, coronavirus, West-Nile encephalitis, Saint Louis encephalitis, human immunodeficiency virus, dengue, yellow fever and Venezuelan hemorrhagic fever alerts about the risk these agents represent for the global health. Chikungunya virus represents a new threat. Surged from remote African regions, this virus has become endemic in the Indic ocean basin, the Indian subcontinent and the southeast of Asia, causing serious epidemics in Africa, Indic Ocean Islands, Asia and Europe. Due to their epidemiological and biological features and the global presence of their vectors, chikungunya represents a serious menace and could become endemic in the Americas. Although chikungunya infection has a low mortality rate, its high attack ratio may collapse the health system during epidemics affecting a sensitive population. In this paper, we review the clinical and epidemiological features of chikungunya fever as well as the risk of its introduction into the Americas. We remark the importance of the epidemiological control and mosquitoes fighting in order to prevent this disease from being introduced into the Americas.,��https://www.ncbi.nlm.nih.gov/pubmed/25087211£��Montero, Antonio
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Virus Replication���Jul 25���Containment level 4 (CL4) laboratories studying biosafety level 4 viruses are under strict regulations to conduct nonhuman primate (NHP) studies in compliance of both animal welfare and biosafety requirements. NHPs housed in open-barred cages raise concerns about cross-contamination between animals, and accidental exposure of personnel to infectious materials. To address these concerns, two NHP experiments were performed. One examined the simultaneous infection of 6 groups of NHPs with 6 different viruses (Machupo, Junin, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, Nipah and Hendra viruses). Washing personnel between handling each NHP group, floor to ceiling biobubble with HEPA filter, and plexiglass between cages were employed for partial primary containment. The second experiment employed no primary containment around open barred cages with Ebola virus infected NHPs 0.3 meters from naive NHPs. Viral antigen-specific ELISAs, qRT-PCR and TCID50 infectious assays were utilized to determine antibody levels and viral loads. No transmission of virus to neighbouring NHPs was observed suggesting limited containment protocols are sufficient for multi-viral CL4 experiments within one room. The results support the concept that Ebola virus infection is self-contained in NHPs infected intramuscularly, at least in the present experimental conditions, and is not transmitted to naive NHPs via an airborne route.,��https://www.ncbi.nlm.nih.gov/pubmed/250594780��Alimonti, Judie
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Viral Structural Proteins/metabolism���Jul 9ÿ��The cytosolic sensor MDA5 is crucial for antiviral innate immune defense against various RNA viruses including measles virus; as such, many viruses have evolved strategies to antagonize the antiviral activity of MDA5. Here, we show that measles virus escapes MDA5 detection by targeting the phosphatases PP1alpha and PP1gamma, which regulate MDA5 activity by removing an inhibitory phosphorylation mark. The V proteins of measles virus and the related paramyxovirus Nipah virus interact with PP1alpha/gamma, preventing PP1-mediated dephosphorylation of MDA5 and thereby its activation. The PP1 interaction with the measles V protein is mediated by a conserved PP1-binding motif in the C-terminal region of the V protein. A recombinant measles virus expressing a mutant V protein deficient in PP1 binding is unable to antagonize MDA5 and is growth impaired due to its inability to suppress interferon induction. This identifies PP1 antagonism as a mechanism employed by paramyxoviruses for evading innate immune recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/25011105'��Davis, Meredith E
Wang, May K
Rennick, Linda J
Full, Florian
Gableske, Sebastian
Mesman, Annelies W
Gringhuis, Sonja I
Geijtenbeek, Teunis B H
Duprex, W Paul
Gack, Michaela U
eng
RR000168/RR/NCRR NIH HHS/
R01 AI105063/AI/NIAID NIH HHS/
P51 RR000168/RR/NCRR NIH HHS/
K26 RR000168/RR/NCRR NIH HHS/
R21 AI097699/AI/NIAID NIH HHS/
R01 AI099100/AI/NIAID NIH HHS/
R01 AI087846/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2014/07/11 06:00
Cell Host Microbe. 2014 Jul 9;16(1):19-30. doi: 10.1016/j.chom.2014.06.007.*��1934-6069 (Electronic)
1931-3128 (Linking)
��PMC4120867���25011105���Department of Microbiology and Immunobiology, Harvard Medical School, Boston, MA 02115, USA; Microbiology Division, New England Primate Research Center, Harvard Medical School, Southborough, MA 01772, USA.
Department of Microbiology, Boston University School of Medicine, Boston, MA 02118, USA.
Department of Microbiology and Immunobiology, Harvard Medical School, Boston, MA 02115, USA.
Department of Experimental Immunology, Academic Medical Center, University of Amsterdam, 1105 AZ Amsterdam, the Netherlands.
Department of Microbiology and Immunobiology, Harvard Medical School, Boston, MA 02115, USA; Microbiology Division, New England Primate Research Center, Harvard Medical School, Southborough, MA 01772, USA. Electronic address: michaela_gack@hms.harvard.edu.���10.1016/j.chom.2014.06.007��Ê��üÒ|ÿî?z���$��McMichael, L. A.
Edson, D.
Field, H.���2014C��Measuring physiological stress in Australian flying-fox populations���400-8	��Ecohealth���11���3���Animals
Australia
Chiroptera/*metabolism/urine
Hydrocortisone/*urine
Risk Factors
Specific Gravity
Stress, Physiological/*physiology
Urine Specimen Collection���Sep���Flying-foxes (pteropid bats) are the natural host of Hendra virus, a recently emerged zoonotic virus responsible for mortality or morbidity in horses and humans in Australia since 1994. Previous studies have suggested physiological and ecological risk factors for infection in flying-foxes, including physiological stress. However, little work has been done measuring and interpreting stress hormones in flying-foxes. Over a 12-month period, we collected pooled urine samples from underneath roosting flying-foxes, and urine and blood samples from captured individuals. Urine and plasma samples were assayed for cortisol using a commercially available enzyme immunoassay. We demonstrated a typical post-capture stress response in flying-foxes, established urine specific gravity as an attractive alternative to creatinine to correct urine concentration, and established population-level urinary cortisol ranges (and geometric means) for the four Australian species: Pteropus alecto 0.5-305.1 ng/mL (20.1 ng/mL); Pteropus conspicillatus 0.3-370.9 ng/mL (18.9 ng/mL); Pteropus poliocephalus 0.3-311.3 ng/mL (10.1 ng/mL); Pteropus scapulatus 5.2-205.4 ng/mL (40.7 ng/mL). Geometric means differed significantly except for P. alecto and P. conspicillatus. Our approach is methodologically robust, and has application both as a research or clinical tool for flying-foxes, and for other free-living colonial wildlife species.,��https://www.ncbi.nlm.nih.gov/pubmed/24990534²��McMichael, Lee A
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Zoonoses���Oct«��Evolving land use practices have led to an increase in interactions at the human/wildlife interface. The presence and poor knowledge of zoonotic pathogens in India's wildlife and the occurrence of enormous human populations interfacing with, and critically linked to, forest ecosystems warrant attention. Factors such as diverse migratory bird populations, climate change, expanding human population and shrinking wildlife habitats play a significant role in the emergence and re-emergence of zoonotic pathogens from India's wildlife. The introduction of a novel Kyasanur forest disease virus (family flaviviridae) into human populations in 1957 and subsequent occurrence of seasonal outbreaks illustrate the key role that India's wild animals play in the emergence and reemergence of zoonotic pathogens. Other high priority zoonotic diseases of wildlife origin which could affect both livestock and humans include influenza, Nipah, Japanese encephalitis, rabies, plague, leptospirosis, anthrax and leishmaniasis. Continuous monitoring of India's extensively diverse and dispersed wildlife is challenging, but their use as indicators should facilitate efficient and rapid disease-outbreak response across the region and occasionally the globe. Defining and prioritizing research on zoonotic pathogens in wildlife are essential, particularly in a multidisciplinary one-world one-health approach which includes human and veterinary medical studies at the wildlife-livestock-human interfaces. This review indicates that wild animals play an important role in the emergence and re-emergence of zoonotic pathogens and provides brief summaries of the zoonotic diseases that have occurred in wild animals in India.,��https://www.ncbi.nlm.nih.gov/pubmed/24983511���Singh, B B
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Viral Load���Jun 25ù��Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes severe and often fatal disease in pigs and humans. There are currently no vaccines or treatments approved for human use. Studies in small-animal models of NiV infection suggest that antibody therapy may be a promising treatment. However, most studies have assessed treatment at times shortly after virus exposure before animals show signs of disease. We assessed the efficacy of a fully human monoclonal antibody, m102.4, at several time points after virus exposure including at the onset of clinical illness in a uniformly lethal nonhuman primate model of NiV disease. Sixteen African green monkeys (AGMs) were challenged intratracheally with a lethal dose of NiV, and 12 animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days after virus challenge and again about 2 days later. The presence of viral RNA, infectious virus, and/or NiV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 after infection. AGMs in the day 5 treatment group exhibited clinical signs of disease, but all animals recovered by day 16. These results represent the successful therapeutic in vivo efficacy by an investigational drug against NiV in a nonhuman primate and highlight the potential impact that a monoclonal antibody can have on a highly pathogenic zoonotic human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24964990n��Geisbert, Thomas W
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Risk Factors���Hendra virus causes sporadic but typically fatal infection in horses and humans in eastern Australia. Fruit-bats of the genus Pteropus (commonly known as flying-foxes) are the natural host of the virus, and the putative source of infection in horses; infected horses are the source of human infection. Effective treatment is lacking in both horses and humans, and notwithstanding the recent availability of a vaccine for horses, exposure risk mitigation remains an important infection control strategy. This study sought to inform risk mitigation by identifying spatial and environmental risk factors for equine infection using multiple analytical approaches to investigate the relationship between plausible variables and reported Hendra virus infection in horses. Spatial autocorrelation (Global Moran's I) showed significant clustering of equine cases at a distance of 40 km, a distance consistent with the foraging 'footprint' of a flying-fox roost, suggesting the latter as a biologically plausible basis for the clustering. Getis-Ord Gi* analysis identified multiple equine infection hot spots along the eastern Australia coast from far north Queensland to central New South Wales, with the largest extending for nearly 300 km from southern Queensland to northern New South Wales. Geographically weighted regression (GWR) showed the density of P. alecto and P. conspicillatus to have the strongest positive correlation with equine case locations, suggesting these species are more likely a source of infection of Hendra virus for horses than P. poliocephalus or P. scapulatus. The density of horses, climate variables and vegetation variables were not found to be a significant risk factors, but the residuals from the GWR suggest that additional unidentified risk factors exist at the property level. Further investigations and comparisons between case and control properties are needed to identify these local risk factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24936789Ï��Smith, Craig
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Social sciences���Marg��This article contributes to the literature on One Health and public health ethics by expanding the principle of solidarity. We conceptualise solidarity to encompass not only practices intended to assist other people, but also practices intended to assist non-human others, including animals, plants, or places. To illustrate how manifestations of humanist and more-than-human solidarity may selectively complement one another, or collide, recent responses to Hendra virus in Australia and Rabies virus in Canada serve as case examples. Given that caring relationships are foundational to health promotion, people's efforts to care for non-human others are highly relevant to public health, even when these efforts conflict with edicts issued in the name of public health. In its most optimistic explication, One Health aims to attain optimal health for humans, non-human animals and their shared environments. As a field, public health ethics needs to move beyond an exclusive preoccupation with humans, so as to account for moral complexity arising from people's diverse connections with places, plants, and non-human animals.,��https://www.ncbi.nlm.nih.gov/pubmed/24919648´��Rock, Melanie J
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Nipah Virus/*isolation & purification���Jun 2���BACKGROUND: Nipah virus and Hendra virus are closely related and following natural or experimental exposure induce similar clinical disease. In humans, encephalitis is the most serious outcome of infection and, hitherto, research into the pathogenesis of henipavirus encephalitis has been limited by the lack of a suitable model. Recently we reported a wild-type mouse model of Hendra virus (HeV) encephalitis that should facilitate detailed investigations of its neuropathogenesis, including mechanisms of disease recrudescence. In this study we investigated the possibility of developing a similar model of Nipah virus encephalitis. FINDINGS: Aged and young adult wild type mice did not develop clinical disease including encephalitis following intranasal exposure to either the Malaysia (NiV-MY) or Bangladesh (NiV-BD) strains of Nipah virus. However viral RNA was detected in lung tissue of mice at euthanasia (21 days following exposure) accompanied by a non-neutralizing antibody response. In a subsequent time course trial this viral RNA was shown to be reflective of an earlier self-limiting and subclinical lower respiratory tract infection through successful virus re-isolation and antigen detection in lung. There was no evidence for viremia or infection of other organs, including brain. CONCLUSIONS: Mice develop a subclinical self-limiting lower respiratory tract infection but not encephalitis following intranasal exposure to NiV-BD or NiV-MY. These results contrast with those reported for HeV under similar exposure conditions in mice, demonstrating a significant biological difference in host clinical response to exposure with these viruses. This finding provides a new platform from which to explore the viral and/or host factors that determine the neuroinvasive ability of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24890603Ö��Dups, Johanna
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gag Gene Products, Human Immunodeficiency Virus/immunology���Aug���UNLABELLED: Human immunodeficiency virus type 1 (HIV-1) exploits dendritic cells (DCs) to promote its transmission to T cells. We recently reported that the capture of HIV-1 by mature dendritic cells (MDCs) is mediated by an interaction between the glycosphingolipid (GSL) GM3 on virus particles and CD169/Siglec-1 on MDCs. Since HIV-1 preferentially buds from GSL-enriched lipid microdomains on the plasma membrane, we hypothesized that the virus assembly and budding site determines the ability of HIV-1 to interact with MDCs. In support of this hypothesis, mutations in the N-terminal basic domain (29/31KE) or deletion of the membrane-targeting domain of the HIV-1 matrix (MA) protein that altered the virus assembly and budding site to CD63(+)/Lamp-1-positive intracellular compartments resulted in lower levels of virion incorporation of GM3 and attenuation of virus capture by MDCs. Furthermore, MDC-mediated capture and transmission of MA mutant viruses to T cells were decreased, suggesting that HIV-1 acquires GSLs via budding from the plasma membrane to access the MDC-dependent trans infection pathway. Interestingly, MDC-mediated capture of Nipah and Hendra virus (recently emerged zoonotic paramyxoviruses) M (matrix) protein-derived virus-like particles that bud from GSL-enriched plasma membrane microdomains was also dependent on interactions between virion-incorporated GSLs and CD169. Moreover, capture and transfer of Nipah virus envelope glycoprotein-pseudotyped lentivirus particles by MDCs were severely attenuated upon depletion of GSLs from virus particles. These results suggest that GSL incorporation into virions is critical for the interaction of diverse enveloped RNA viruses with DCs and that the GSL-CD169 recognition nexus might be a conserved viral mechanism of parasitization of DC functions for systemic virus dissemination. IMPORTANCE: Dendritic cells (DCs) can capture HIV-1 particles and transfer captured virus particles to T cells without establishing productive infection in DCs, a mechanism of HIV-1 trans infection. We have recently identified CD169-mediated recognition of GM3, a host-derived glycosphingolipid (GSL) incorporated into the virus particle membrane, as the receptor and ligand for the DC-HIV trans infection pathway. In this study, we have identified the matrix (MA) domain of Gag to be the viral determinant that governs incorporation of GM3 into HIV-1 particles, a previously unappreciated function of the HIV-1 MA. In addition, we demonstrate that the GSL-CD169-dependent trans infection pathway is also utilized as a dissemination mechanism by henipaviruses. GSL incorporation in henipaviruses was also dependent on the viral capsid (M) protein-directed assembly and budding from GSL-enriched lipid microdomains. These findings provide evidence of a conserved mechanism of retrovirus and henipavirus parasitization of cell-to-cell recognition pathways for systemic virus dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/24872578¿��Akiyama, Hisashi
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Risk Assessment
Zoonoses/epidemiology/*transmission/*virology���May 16Û��Bat-borne viruses can pose a serious threat to human health, with examples including Nipah virus (NiV) in Bangladesh and Malaysia, and Marburg virus (MARV) in Africa. To date, significant human outbreaks of such viruses have not been reported in the European Union (EU). However, EU countries have strong historical links with many of the countries where NiV and MARV are present and a corresponding high volume of commercial trade and human travel, which poses a potential risk of introduction of these viruses into the EU. In assessing the risks of introduction of these bat-borne zoonotic viruses to the EU, it is important to consider the location and range of bat species known to be susceptible to infection, together with the virus prevalence, seasonality of viral pulses, duration of infection and titre of virus in different bat tissues. In this paper, we review the current scientific knowledge of all these factors, in relation to the introduction of NiV and MARV into the EU.,��https://www.ncbi.nlm.nih.gov/pubmed/24841385Î��Simons, Robin R L
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Virus Assembly���May���Newly synthesized envelope glycoproteins of neuroinvasive viruses can be sorted in a polarized manner to the somatodendritic and/or axonal domains of neurons. Although critical for transneuronal spread of viruses, the molecular determinants and interregulation of this process are largely unknown. We studied the polarized sorting of the attachment (NiV-G) and fusion (NiV-F) glycoproteins of Nipah virus (NiV), a paramyxovirus that causes fatal human encephalitis, in rat hippocampal neurons. When expressed individually, NiV-G exhibited a non-polarized distribution, whereas NiV-F was specifically sorted to the somatodendritic domain. Polarized sorting of NiV-F was dependent on interaction of tyrosine-based signals in its cytosolic tail with the clathrin adaptor complex AP-1. Co-expression of NiV-G with NiV-F abolished somatodendritic sorting of NiV-F due to incorporation of NiV-G*NiV-F complexes into axonal transport carriers. We propose that faster biosynthetic transport of unassembled NiV-F allows for its proteolytic activation in the somatodendritic domain prior to association with NiV-G and axonal delivery of NiV-G*NiV-F complexes. Our study reveals how interactions of viral glycoproteins with the host's transport machinery and between themselves regulate their polarized sorting in neurons.,��https://www.ncbi.nlm.nih.gov/pubmed/24831812ö��Mattera, Rafael
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Transfection
Viral Matrix Proteins/*metabolism���Membrane envelopment and budding of negative strand RNA viruses (NSVs) is mainly driven by viral matrix proteins (M). In addition, several M proteins are also known to be involved in host cell manipulation. Knowledge about the cellular targets and detailed molecular mechanisms, however, is poor for many M proteins. For instance, Nipah Virus (NiV) M protein trafficking through the nucleus is essential for virus release, but nuclear targets of NiV M remain unknown. To identify cellular interactors of henipavirus M proteins, tagged Hendra Virus (HeV) M proteins were expressed and M-containing protein complexes were isolated and analysed. Presence of acidic leucine-rich nuclear phosphoprotein 32 family member B (ANP32B) in the complex suggested that this protein represents a direct or indirect interactor of the viral matrix protein. Over-expression of ANP32B led to specific nuclear accumulation of HeV M, providing a functional link between ANP32B and M protein. ANP32B-dependent nuclear accumulation was observed after plasmid-driven expression of HeV and NiV matrix proteins and also in NiV infected cells. The latter indicated that an interaction of henipavirus M protein with ANP32B also occurs in the context of virus replication. From these data we conclude that ANP32B is a nuclear target of henipavirus M that may contribute to virus replication. Potential effects of ANP32B on HeV nuclear shuttling and host cell manipulation by HeV M affecting ANP32B functions in host cell survival and gene expression regulation are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/24823948B��Bauer, Anja
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zoonotic disease���Apr 1æ��1. Flying foxes Pteropus spp. play a key role in forest regeneration as seed dispersers and are also the reservoir of many viruses, including Nipah virus in Bangladesh. Little is known about their habitat requirements, particularly in South Asia. Identifying Pteropus habitat preferences could assist in understanding the risk of zoonotic disease transmission broadly, and in Bangladesh, could help explain the spatial distribution of human Nipah virus cases. 2. We analysed characteristics of Pteropus giganteus roosts and constructed an ecological niche model to identify suitable habitat in Bangladesh. We also assessed the distribution of suitable habitat in relation to the location of human Nipah virus cases. 3. Compared to non-roost trees, P. giganteus roost trees are taller with larger diameters, and are more frequently canopy trees. Colony size was larger in densely forested regions and smaller in flood-affected areas. Roosts were located in areas with lower annual precipitation and higher human population density than non-roost sites. 4. We predicted that 2-17% of Bangladesh's land area is suitable roosting habitat. Nipah virus outbreak villages were 2.6 times more likely to be located in areas predicted as highly suitable habitat for P. giganteus compared to non-outbreak villages. 5. Synthesis and applications. Habitat suitability modelling may help identify previously undocumented Nipah outbreak locations and improve our understanding of Nipah virus ecology by highlighting regions where there is suitable bat habitat but no reported human Nipah virus. Conservation and public health education is a key component of P. giganteus management in Bangladesh due to the general misunderstanding and fear of bats that are a reservoir of Nipah virus. Affiliation between Old World fruit bats (Pteropodidae) and people is common throughout their range, and in order to conserve these keystone bat species and prevent emergence of zoonotic viruses, it is imperative that we continue to improve our understanding of Pteropus resource requirements and routes of virus transmission from bats to people. Results presented here can be utilized to develop land management strategies and conservation policies that simultaneously protect fruit bats and public health.,��https://www.ncbi.nlm.nih.gov/pubmed/24778457ñ��Hahn, Micah B
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health behaviour���Decü��Drinking raw date palm sap contaminated with infected fruit bat saliva or urine is an important mode of Nipah virus transmission to humans in Bangladesh. Bamboo skirts are an effective way to interrupt bat access to the sap. We conducted a study from November 2008 to March 2009 to explore the effectiveness of higher- and lower-intensity interventions by promoting bamboo skirt preparation and use among sap harvesters (gachhis). We spent 280 person-hours in two villages for the higher-intensity intervention and half that amount of time in two other villages for the lower-intensity intervention. To evaluate the interventions we followed up all gachhis once a month for three months. A high percentage of gachhis (83% in higher-, 65% in lower-intensity interventions) prepared and used a skirt of bamboo or other materials - jute stalk, dhoincha (Sesbania aculeata), or polythene - at least once after intervention. In general, 15% of gachhis consistently used skirts throughout the sap collection season. The intensive nature of this intervention is very expensive for a large-scale programme. Future efforts should focus on developing a low-cost behaviour change intervention and evaluate if it reduces the human exposure to potentially contaminated fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/24755262y��Nahar, Nazmun
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West Nile Fever/*epidemiology���JunJ��PURPOSE OF REVIEW: This review aims to describe new features on the epidemiology of encephalitis world-wide. As this neurological presentation is most frequently related to transmitted viruses, surveillance of encephalitis is of major importance to detect their emergence or re-emergence. RECENT FINDINGS: Rabies causes one of the most severe types of encephalitis as it is lethal in all cases, and it is endemic in some countries. It was thought that the virus had been eradicated in Western Europe, but it re-emerged in Greece and Italy. Physicians should be aware of this diagnosis in the case of severe encephalitis. Some viruses (Powassan, Nipah, and Hendra) are becoming endemic in some new parts of the world (USA and Australia). Because of their severity, they are healthcare concerns in those countries and for travelers (e.g. in Asia). Finally, a concept is emerging: herpes simplex virus is suspected to be a trigger for autoimmune encephalitis. This is of major importance for the future management of patients (corticosteroids early in the course of the disease?), and the epidemiology of sequelae. SUMMARY: Encephalitis is a good marker for the detection of emerging infections. New findings about the relationship between herpes simplex virus encephalitis and autoimmune encephalitis open a new concept for a better management of patients.,��https://www.ncbi.nlm.nih.gov/pubmed/24751960���Stahl, Jean-Paul
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metabolic rate���May±��Bats are sources of high viral diversity and high-profile zoonotic viruses worldwide. Although apparently not pathogenic in their reservoir hosts, some viruses from bats severely affect other mammals, including humans. Examples include severe acute respiratory syndrome coronaviruses, Ebola and Marburg viruses, and Nipah and Hendra viruses. Factors underlying high viral diversity in bats are the subject of speculation. We hypothesize that flight, a factor common to all bats but to no other mammals, provides an intensive selective force for coexistence with viral parasites through a daily cycle that elevates metabolism and body temperature analogous to the febrile response in other mammals. On an evolutionary scale, this host-virus interaction might have resulted in the large diversity of zoonotic viruses in bats, possibly through bat viruses adapting to be more tolerant of the fever response and less virulent to their natural hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24750692���O'Shea, Thomas J
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Virus Replication/*drug effects/physiology���Apr´��Nipah virus is a biosafety level 4 (BSL-4) pathogen that causes severe respiratory illness and encephalitis in humans. To identify novel small molecules that target Nipah virus replication as potential therapeutics, Southern Research Institute and Galveston National Laboratory jointly developed an automated high-throughput screening platform that is capable of testing 10,000 compounds per day within BSL-4 biocontainment. Using this platform, we screened a 10,080-compound library using a cell-based, high-throughput screen for compounds that inhibited the virus-induced cytopathic effect. From this pilot effort, 23 compounds were identified with EC50 values ranging from 3.9 to 20.0 muM and selectivities >10. Three sulfonamide compounds with EC50 values <12 muM were further characterized for their point of intervention in the viral replication cycle and for broad antiviral efficacy. Development of HTS capability under BSL-4 containment changes the paradigm for drug discovery for highly pathogenic agents because this platform can be readily modified to identify prophylactic and postexposure therapeutic candidates against other BSL-4 pathogens, particularly Ebola, Marburg, and Lassa viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24735442,��Tigabu, Bersabeh
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flying foxes���Jun,��CASE SERIES: Between 2006 and 2012, there were 11 horses diagnosed with Hendra virus (HeV) on 9 independent premises in New South Wales (NSW). We defined a case of HeV as premises where one or more horses were confirmed to be infected with HeV by PCR. All the cases occurred in the north-eastern region of NSW. In 8 of the 9 cases, infection occurred within 2 months over the winter of 2011. With no exception, the affected horses were kept at pasture on properties visited by flying foxes. Of the 11 horses testing positive for HeV, 5 had an association with a fence, with the horses dead or dying on a fence line. In the majority of cases, disease was an acute illness leading to death within 48 h. When signs of disease were observed, neurological signs predominated. There was limited spread to in-contact horses, with only two properties having more than one horse affected. There was significant variation in the sampling strategies undertaken by veterinarians. CONCLUSION: Caution is needed to interpret a negative diagnosis when only swabs have been collected.,��https://www.ncbi.nlm.nih.gov/pubmed/24730376®��Ball, M C
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Zoonoses/virology���Apr 3���Poxviruses are important pathogens of man and numerous domestic and wild animal species. Cross species (including zoonotic) poxvirus infections can have drastic consequences for the recipient host. Bats are a diverse order of mammals known to carry lethal viral zoonoses such as Rabies, Hendra, Nipah, and SARS. Consequent targeted research is revealing bats to be infected with a rich diversity of novel viruses. Poxviruses were recently identified in bats and the settings in which they were found were dramatically different. Here, we review the natural history of poxviruses in bats and highlight the relationship of the viruses to each other and their context in the Poxviridae family. In addition to considering the zoonotic potential of these viruses, we reflect on the broader implications of these findings. Specifically, the potential to explore and exploit this newfound relationship to study coevolution and cross species transmission together with fundamental aspects of poxvirus host tropism as well as bat virology and immunology.,��https://www.ncbi.nlm.nih.gov/pubmed/24704730~��Baker, Kate S
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*Respiratory Mucosa/metabolism/pathology/virology���Apr ��Nipah virus (NiV) is a member of the genus Henipavirus (family Paramyxoviridae) that causes severe and often lethal respiratory illness and encephalitis in humans with high mortality rates (up to 92%). NiV can cause Acute Lung Injury (ALI) in humans, and human-to-human transmission has been observed in recent outbreaks of NiV. While the exact route of transmission to humans is not known, we have previously shown that NiV can efficiently infect human respiratory epithelial cells. The molecular mechanisms of NiV-associated ALI in the human respiratory tract are unknown. Thus, there is an urgent need for models of henipavirus infection of the human respiratory tract to study the pathogenesis and understand the host responses. Here, we describe a novel human lung xenograft model in mice to study the pathogenesis of NiV. Following transplantation, human fetal lung xenografts rapidly graft and develop mature structures of adult lungs including cartilage, vascular vessels, ciliated pseudostratified columnar epithelium, and primitive "air" spaces filled with mucus and lined by cuboidal to flat epithelium. Following infection, NiV grows to high titers (10(7) TCID50/gram lung tissue) as early as 3 days post infection (pi). NiV targets both the endothelium as well as respiratory epithelium in the human lung tissues, and results in syncytia formation. NiV infection in the human lung results in the production of several cytokines and chemokines including IL-6, IP-10, eotaxin, G-CSF and GM-CSF on days 5 and 7 pi. In conclusion, this study demonstrates that NiV can replicate to high titers in a novel in vivo model of the human respiratory tract, resulting in a robust inflammatory response, which is known to be associated with ALI. This model will facilitate progress in the fundamental understanding of henipavirus pathogenesis and virus-host interactions; it will also provide biologically relevant models for other respiratory viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24699832,��Valbuena, Gustavo
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Nipah virus���Jun���Nipah virus (NiV) outbreaks have occurred in Malaysia, India, and Bangladesh, and the virus continues to cause annual outbreaks of fatal human encephalitis in Bangladesh due to spillover from its bat host reservoir. Due to its high pathogenicity, its potential use for bio/agro-terrorism, and to the current lack of approved therapeutics, NiV is designated as an overlap select agent requiring biosafety level-4 containment. Although the development of therapeutic monoclonal antibodies and soluble protein subunit vaccines have shown great promise, the paucity of effective antiviral drugs against NiV merits further exploration of compound libraries using rapid quantitative antiviral assays. As a proof-of-concept study, we evaluated the use of fluorescent and luminescent reporter NiVs for antiviral screening. We constructed and rescued NiVs expressing either Renilla luciferase or green fluorescent protein, and characterized their reporter signal kinetics in different cell types as well as in the presence of several inhibitors. The 50% effective concentrations (EC50s) derived for inhibitors against both reporter viruses are within range of EC50s derived from virus yield-based dose-response assays against wild-type NiV (within 1Log10), thus demonstrating that both reporter NiVs can serve as robust antiviral screening tools. Utilizing these live NiV-based reporter assays requires modest instrumentation, and circumvents the time and labor-intensive steps associated with cytopathic effect or viral antigen-based assays. These reporter NiVs will not only facilitate antiviral screening, but also the study of host cell components that influence the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24680955Ð��Lo, Michael K
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Vero Cells/virology���Mar���Hendra virus (HeV), a highly pathogenic zoonotic paramyxovirus recently emerged from bats, is a major concern to the horse industry in Australia. Previous research has shown that higher temperatures led to lower virus survival rates in the laboratory. We develop a model of survival of HeV in the environment as influenced by temperature. We used 20 years of daily temperature at six locations spanning the geographic range of reported HeV incidents to simulate the temporal and spatial impacts of temperature on HeV survival. At any location, simulated virus survival was greater in winter than in summer, and in any month of the year, survival was higher in higher latitudes. At any location, year-to-year variation in virus survival 24 h post-excretion was substantial and was as large as the difference between locations. Survival was higher in microhabitats with lower than ambient temperature, and when environmental exposure was shorter. The within-year pattern of virus survival mirrored the cumulative within-year occurrence of reported HeV cases, although there were no overall differences in survival in HeV case years and non-case years. The model examines the effect of temperature in isolation; actual virus survivability will reflect the effect of additional environmental factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24643861¸��Scanlan, J C
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Vaccines���May 7���BACKGROUND: Nipah virus (NiV), a zoonotic pathogen causing severe respiratory illness and encephalitis in humans, emerged in Malaysia in 1998 with subsequent outbreaks on an almost annual basis since 2001 in parts of the Indian subcontinent. The high case fatality rate, human-to-human transmission, wide-ranging reservoir distribution and lack of licensed intervention options are making NiV a serious regional and potential global public health problem. The objective of this study was to develop a fast-acting, single-dose NiV vaccine that could be implemented in a ring vaccination approach during outbreaks. METHODS: In this study we have designed new live-attenuated vaccine vectors based on recombinant vesicular stomatitis viruses (rVSV) expressing NiV glycoproteins (G or F) or nucleoprotein (N) and evaluated their protective efficacy in Syrian hamsters, an established NiV animal disease model. We further characterized the humoral immune response to vaccination in hamsters using ELISA and neutralization assays and performed serum transfer studies. RESULTS: Vaccination of Syrian hamsters with a single dose of the rVSV vaccine vectors resulted in strong humoral immune responses with neutralizing activities found only in those animals vaccinated with rVSV expressing NiV G or F proteins. Vaccinated animals with neutralizing antibody responses were completely protected from lethal NiV disease, whereas animals vaccinated with rVSV expressing NiV N showed only partial protection. Protection of NiV G or F vaccinated animals was conferred by antibodies, most likely the neutralizing fraction, as demonstrated by serum transfer studies. Protection of N-vaccinated hamsters was not antibody-dependent indicating a role of adaptive cellular responses for protection. CONCLUSIONS: The rVSV vectors expressing Nipah virus G or F are prime candidates for new 'emergency vaccines' to be utilized for NiV outbreak management.,��https://www.ncbi.nlm.nih.gov/pubmed/24631094���DeBuysscher, Blair L
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Nipah Virus���Marô��Since 2001, outbreaks of Nipah virus have occurred almost every year in Bangladesh with high case-fatality rates. Epidemiological data suggest that in Bangladesh, Nipah virus is transmitted from the natural reservoir, fruit bats, to humans via consumption of date palm sap contaminated by bats, with subsequent human-to-human transmission. To experimentally investigate this epidemiological association between drinking of date palm sap and human cases of Nipah virus infection, we determined the viability of Nipah virus (strain Bangladesh/200401066) in artificial palm sap. At 22 degrees C virus titers remained stable for at least 7 days, thus potentially allowing food-borne transmission. Next, we modeled food-borne Nipah virus infection by supplying Syrian hamsters with artificial palm sap containing Nipah virus. Drinking of 5x10(8) TCID(5)(0) of Nipah virus resulted in neurological disease in 5 out of 8 hamsters, indicating that food-borne transmission of Nipah virus can indeed occur. In comparison, intranasal (i.n.) inoculation with the same dose of Nipah virus resulted in lethal respiratory disease in all animals. In animals infected with Nipah virus via drinking, virus was detected in respiratory tissues rather than in the intestinal tract. Using fluorescently labeled Nipah virus particles, we showed that during drinking, a substantial amount of virus is deposited in the lungs, explaining the replication of Nipah virus in the respiratory tract of these hamsters. Besides the ability of Nipah virus to infect hamsters via the drinking route, Syrian hamsters infected via that route transmitted the virus through direct contact with naive hamsters in 2 out of 24 transmission pairs. Although these findings do not directly prove that date palm sap contaminated with Nipah virus by bats is the origin of Nipah virus outbreaks in Bangladesh, they provide the first experimental support for this hypothesis. Understanding the Nipah virus transmission cycle is essential for preventing and mitigating future outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/24626480"��de Wit, Emmie
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viral fusion���DecÓ��The fusion of Nipah with host cells is facilitated by two of their glycoproteins, the G and the F proteins. The binding of cellular ephrins to the G head domain causes the G stalk domain to interact differently with F, which activates F to mediate virus-host fusion. To gain insight into how the ephrin-binding signal transduces from the head to the stalk domain of G, we examine quantitatively the differences between the conformational ensembles of the G head domain in its ephrin-bound and unbound states. We consider the human ephrins B2 and B3, and a double mutant of B2, all of which trigger fusion. The ensembles are generated using molecular dynamics, and the differences between them are quantified using a new machine learning method. We find that the portion of the G head domain whose conformational density is altered equivalently by the three ephrins is large, and comprises approximately 25% of the residues in the G head domain. This subspace also includes the residues that are known to be important to F activation, which suggests that it contains at least one common signaling pathway. The spatial distribution of the residues constituting this subspace supports the model of signal transduction in which the signal transduces via the G head dimer interface. This study also adds to the growing list of examples where signaling does not depend solely on backbone deviations. In general, this study provides an approach to filter out conserved patterns in protein dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/24615845Ä��Varma, Sameer
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Viral Proteins/*chemistry/genetics/*metabolism���The phosphoprotein (P) gene of most Paramyxovirinae encodes several proteins in overlapping frames: P and V, which share a common N-terminus (PNT), and C, which overlaps PNT. Overlapping genes are of particular interest because they encode proteins originated de novo, some of which have unknown structural folds, challenging the notion that nature utilizes only a limited, well-mapped area of fold space. The C proteins cluster in three groups, comprising measles, Nipah, and Sendai virus. We predicted that all C proteins have a similar organization: a variable, disordered N-terminus and a conserved, alpha-helical C-terminus. We confirmed this predicted organization by biophysically characterizing recombinant C proteins from Tupaia paramyxovirus (measles group) and human parainfluenza virus 1 (Sendai group). We also found that the C of the measles and Nipah groups have statistically significant sequence similarity, indicating a common origin. Although the C of the Sendai group lack sequence similarity with them, we speculate that they also have a common origin, given their similar genomic location and structural organization. Since C is dispensable for viral replication, unlike PNT, we hypothesize that C may have originated de novo by overprinting PNT in the ancestor of Paramyxovirinae. Intriguingly, in measles virus and Nipah virus, PNT encodes STAT1-binding sites that overlap different regions of the C-terminus of C, indicating they have probably originated independently. This arrangement, in which the same genetic region encodes simultaneously a crucial functional motif (a STAT1-binding site) and a highly constrained region (the C-terminus of C), seems paradoxical, since it should severely reduce the ability of the virus to adapt. The fact that it originated twice suggests that it must be balanced by an evolutionary advantage, perhaps from reducing the size of the genetic region vulnerable to mutations.,��https://www.ncbi.nlm.nih.gov/pubmed/24587180���Lo, Michael K
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962Ï��Roche, S E
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Staphylococcus kloosii���Augþ��Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with lambdamax at 426, 447 and 475 nm and lambdamax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.,��https://www.ncbi.nlm.nih.gov/pubmed/24575244¢��Kamarudin, Kamarul Rahim
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zoonotic paramyxovirus���Mar£��In recent years, the emergence of several highly pathogenic zoonotic diseases in humans has led to a renewed emphasis on the interconnectedness of human, animal, and environmental health, otherwise known as One Health. For example, Hendra virus (HeV), a zoonotic paramyxovirus, was discovered in 1994, and since then, infections have occurred in 7 humans, each of whom had a strong epidemiologic link to similarly affected horses. As a consequence of these outbreaks, eradication of bat populations was discussed, despite their crucial environmental roles in pollination and reduction of the insect population. We describe the development and evaluation of a vaccine for horses with the potential for breaking the chain of HeV transmission from bats to horses to humans, thereby protecting horse, human, and environmental health. The HeV vaccine for horses is a key example of a One Health approach to the control of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24572697M��Middleton, Deborah
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*Zoonoses/prevention & control/transmission���Feb 20®��BACKGROUND: After the 2011 cluster of Hendra virus cases in horses in Australia, public health targeted education initiatives at people in the equine industry to reduce human exposure to potentially infected horses. 'Horse owners and Hendra Virus: A Longitudinal cohort study To Evaluate Risk' aims to enhance public health measures through improved understanding of Hendra virus risk perception and risk mitigation strategies among horse owners and horse care providers. This paper describes the stakeholder consultation that was undertaken to ensure the cohort study outcomes were relevant to diverse groups who play a role in Hendra virus policy development and implementation. METHODS: A two-round modified Delphi study with online questionnaires was conducted. In round one, stakeholders identified priority research areas. In round two, stakeholders rated and ranked topics that emerged from thematic analysis of the round one responses. Round two data were analysed using logistic regression. RESULTS: Of the 255 stakeholders contacted, 101 responded to round one. Over 450 topics were proposed. These were organized into 18 themes. Approximately two thirds of the round one respondents participated in round two. 'Hendra virus-related risk awareness and perception', 'personal health and safety', 'emergency preparedness', 'risk prevention, mitigation, and biosecurity', and 'Hendra virus vaccination in horses--attitudes/uptake' were the top five areas identified according to probability of being ranked extremely important. CONCLUSIONS: In this study, a modified Delphi approach was effective in guiding research into Hendra virus, a zoonotic disease of animal and human health significance. The findings support the notion that stakeholders should be engaged in zoonotic disease research priority setting. Such consultation will help to ensure that research initiatives are relevant and useful to stakeholders in the position to make use of new findings.,��https://www.ncbi.nlm.nih.gov/pubmed/24552445Í��Sawford, Kate
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*Virus Internalization���Apr·��The paramyxoviruses represent a diverse virus family responsible for a wide range of human and animal diseases. In contrast to other viruses, such as HIV and influenza virus, which use a single glycoprotein to mediate host receptor binding and virus entry, the paramyxoviruses require two distinct proteins. One of these is an attachment glycoprotein that binds receptor, while the second is a fusion glycoprotein, which undergoes conformational changes that drive virus-cell membrane fusion and virus entry. The details of how receptor binding by one protein activates the second to undergo conformational changes have been poorly understood until recently. Over the past couple of years, structural and functional data have accumulated on representative members of this family, including parainfluenza virus 5, Newcastle disease virus, measles virus, Nipah virus and others, which suggest a mechanistic convergence of activation models. Here we review the data indicating that paramyxovirus attachment glycoproteins shield activating residues within their N-terminal stalk domains, which are then exposed upon receptor binding, leading to the activation of the fusion protein by a 'provocateur' mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/24530984���Jardetzky, Theodore S
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Viral Vaccines/administration & dosage/genetics/*immunology���Mayì��UNLABELLED: Hendra virus (HeV) is a zoonotic emerging virus belonging to the family Paramyxoviridae. HeV causes severe and often fatal respiratory and/or neurologic disease in both animals and humans. Currently, there are no licensed vaccines or antiviral drugs approved for human use. A number of animal models have been developed for studying HeV infection, with the African green monkey (AGM) appearing to most faithfully reproduce the human disease. Here, we assessed the utility of a newly developed recombinant subunit vaccine based on the HeV attachment (G) glycoprotein in the AGM model. Four AGMs were vaccinated with two doses of the HeV vaccine (sGHeV) containing Alhydrogel, four AGMs received the sGHeV with Alhydrogel and CpG, and four control animals did not receive the sGHeV vaccine. Animals were challenged with a high dose of infectious HeV 21 days after the boost vaccination. None of the eight specifically vaccinated animals showed any evidence of clinical illness and survived the challenge. All four controls became severely ill with symptoms consistent with HeV infection, and three of the four animals succumbed 8 days after exposure. Success of the recombinant subunit vaccine in AGMs provides pivotal data in supporting its further preclinical development for potential human use. IMPORTANCE: A Hendra virus attachment (G) glycoprotein subunit vaccine was tested in nonhuman primates to assess its ability to protect them from a lethal infection with Hendra virus. It was found that all vaccinated African green monkeys were completely protected against subsequent Hendra virus infection and disease. The success of this new subunit vaccine in nonhuman primates provides critical data in support of its further development for future human use.,��https://www.ncbi.nlm.nih.gov/pubmed/24522928S��Mire, Chad E
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Serology���May$��Hendra and Nipah viruses (HeV and NiV) are closely related zoonotic pathogens of the Paramyxoviridae family. Both viruses belong to the Henipavirus genus and cause fatal disease in animals and humans, though only HeV is endemic in Australia. In general and due to the acute nature of the disease, agent detection by PCR and virus isolation are the primary tools for diagnostic investigations. Assays for the detection of antibodies against HeV are fit more readily for the purpose of surveillance testing in disease epidemiology and to meet certification requirements in the international movement of horses. The first generation indirect ELISA has been affected by non-specific reactions which must be resolved using virus neutralisation serology conducted at laboratory bio-safety level 4 containment (PC4). Recent developments have enabled improvements in the available serology assays. The production of an expressed recombinant truncated HeV G protein has been utilised in ELISA and in Luminex-based multiplexed microsphere assays. In the latter format, two Luminex assays have been developed for use in henipavirus serology: a binding assay (designed for antibody detection and differentiation) and a blocking assay (designed as a surrogate for virus neutralisation). Equine and canine field sera were used to evaluate the two Luminex assays relative to ELISA and virus neutralisation serology. Results showed that Luminex assays can be effective as rapid, sensitive and specific tests for the detection of HeV antibody in horse and dog sera. The tests do not require PC4 containment and are appropriate for high throughput applications as might be required for disease investigations and other epidemiological surveillance. Also, the results show that the Luminex assays detect effectively HeV vaccine-induced antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/24508193ò��McNabb, Leanne
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Virus Diseases/enzymology/virology���AprÖ��UNLABELLED: Severe acute respiratory syndrome coronavirus (SARS-CoV) and Ebola, Hendra, and Nipah viruses are members of different viral families and are known causative agents of fatal viral diseases. These viruses depend on cathepsin L for entry into their target cells. The viral glycoproteins need to be primed by protease cleavage, rendering them active for fusion with the host cell membrane. In this study, we developed a novel high-throughput screening assay based on peptides, derived from the glycoproteins of the aforementioned viruses, which contain the cathepsin L cleavage site. We screened a library of 5,000 small molecules and discovered a small molecule that can inhibit the cathepsin L cleavage of all viral peptides with minimal inhibition of cleavage of a host protein-derived peptide (pro-neuropeptide Y). The small molecule inhibited the entry of all pseudotyped viruses in vitro and the cleavage of SARS-CoV spike glycoprotein in an in vitro cleavage assay. In addition, the Hendra and Nipah virus fusion glycoproteins were not cleaved in the presence of the small molecule in a cell-based cleavage assay. Furthermore, we demonstrate that the small molecule is a mixed inhibitor of cathepsin L. Our broad-spectrum antiviral small molecule appears to be an ideal candidate for future optimization and development into a potent antiviral against SARS-CoV and Ebola, Hendra, and Nipah viruses. IMPORTANCE: We developed a novel high-throughput screening assay to identify small molecules that can prevent cathepsin L cleavage of viral glycoproteins derived from SARS-CoV and Ebola, Hendra, and Nipah viruses that are required for their entry into the host cell. We identified a novel broad-spectrum small molecule that could block cathepsin L-mediated cleavage and thus inhibit the entry of pseudotypes bearing the glycoprotein derived from SARS-CoV or Ebola, Hendra, or Nipah virus. The small molecule can be further optimized and developed into a potent broad-spectrum antiviral drug.,��https://www.ncbi.nlm.nih.gov/pubmed/245013993��Elshabrawy, Hatem A
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pathogenesis���Jul²��Hendra (HeV) and Nipah (NiV) viruses (genus Henipavirus (HNV; family Paramyxoviridae) are emerging zoonotic agents that can cause severe respiratory distress and acute encephalitis in humans. Given the lack of effective therapeutics and vaccines for human use, these viruses are considered as public health concerns. Several experimental animal models of HNV infection have been developed in recent years. Here, we review the current status of four of the most promising experimental animal models (mice, hamsters, ferrets, and African green monkeys) and their suitability for modeling the clinical disease, transmission, pathogenesis, prevention, and treatment for HNV infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24488776���Rockx, Barry
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Zoonoses/*epidemiology/transmission���FebÑ��Zoonotic infections are important sources of human disease; most known emerging infections are zoonotic (e.g., HIV, Ebola virus, severe acute respiratory syndrome, Nipah virus, and enteropathogenic Escherichia coli) and originated as natural infections of other species that acquired opportunities to come in contact with humans. There are also serious infectious diseases classically considered zoonotic, such as influenza, rabies, bubonic plague, brucellosis, and leptospirosis. More recently, it has been recognized that wildlife constitutes a particularly important source of novel zoonoses. With all this microbial movement, surveillance is considered the first line of public health defense. The zoonotic origin of many human and livestock infections argues strongly for the synergistic value of a One Health approach, which provides the capability to identify pathogens crossing into new species and could provide earlier warning of potential epidemics. This article discusses public health surveillance and major recent surveillance initiatives and reviews progress toward implementing a One Health surveillance framework. Networks discussed include global intergovernmental organizations and recent combined efforts of these organizations; Web-based nongovernmental systems (e.g., ProMED, the Program for Monitoring Emerging Diseases); and networks of bilateral or multilateral government programs (e.g., the CDC's Global Disease Detection [GDD] platform; the U.S. Department of Defense's Global Emerging Infections Surveillance and Response System [GEIS]; regional and subregional networks; and the U.S. Agency for International Development's Emerging Pandemic Threats [EPT] program and its surveillance component, PREDICT). Syndromic surveillance also has potential to complement existing systems. New technologies are enabling revolutionary capabilities for global surveillance, but in addition to serious technical needs, both sustainability and data-sharing mechanisms remain challenges.,��https://www.ncbi.nlm.nih.gov/pubmed/26082122Æ��Morse, Stephen S
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Zoonoses���Mar 6È��The recent discovery of a wide range of henipavirus-like viruses circulating in Megabats in Africa raises the question as to the zoonotic potential of these pathogens given the high human mortality rates seen with their pathogenic relatives Nipah virus and Hendra virus. In the absence of cultured infectious African Henipavirus we have performed experiments with recombinant F and G glycoproteins from the representative African Henipavirus strain M74a aimed at estimating its cellular tropism and capacity to use similar receptors to its highly pathogenic counterparts. The ability of the M74a virus G surface protein to use the ubiquitous Ephrin B2 host cell receptor and its heterologous cross-compatibility with Nipah virus could be expected to impart upon this virus a reasonable potential for species spillover, although differences in fusion efficiency seen with the M74a virus F protein in certain cell lines could present a barrier for zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/24452140���Lawrence, Philip
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Iron���Mar 1���Biodegradable metals such as magnesium, iron and their alloys have been known as potential materials for temporary medical implants. However, most of the studies on biodegradable metals have been focusing on optimizing their mechanical properties and degradation behavior with no emphasis on improving their bioactivity behavior. We therefore investigated the possibility of improving iron biodegradation rate and bioactivity by incorporating various bioactive bioceramics. The iron-based bioceramic (hydroxyapatite, tricalcium phosphate and biphasic calcium phosphate) composites were prepared by mechanical mixing and sintering process. Degradation studies indicated that the addition of bioceramics lowered the corrosion potential of the composites and slightly increased their corrosion rate compared to that of pure iron. In vitro cytotoxicity results showed an increase of cellular activity when rat smooth muscle cells interacted with the degrading composites compared to pure iron. X-ray radiogram analysis showed a consistent degradation progress with that found in vivo and positive tissue response up to 70 days implantation in sheep animal model. Therefore, the iron-based bioceramic composites have the potential to be used for biodegradable bone implant applications.,��https://www.ncbi.nlm.nih.gov/pubmed/24433920���Ulum, M F
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Pigs���Decë��The emergence of Nipah virus (NiV) infection into the pig population and subsequently into the human population is believed to be due to changes in ecological conditions. In Malaysia, A major NiV outbreak occurred in pigs and humans from September 1998 to April 1999 that resulted in infection of 265 and death of 105 persons. About 1.1 million pigs had to be destroyed to control the outbreak. The disease was recorded in the form of a major outbreak in India in 2001 and then a small incidence in 2007, both the outbreaks in West Bengal only in humans without any involvement of pigs. There were series of human Nipah incidences in Bangladesh from 2001 till 2013 almost every year with mortality exceeding 70 %. The disease transmission from pigs acting as an intermediate host during Malaysian and Singapore outbreaks has changed in NIV outbreaks in India and Bangladesh, transmitting the disease directly from bats to human followed by human to human. The drinking of raw date palm sap contaminated with fruit bat urine or saliva containing NiV is the only known cause of outbreak of the disease in Bangladesh outbreaks. The virus is now known to exist in various fruit bats of Pteropus as well as bats of other genera in a wider belt from Asia to Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/24426305§��Kulkarni, D D
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Virus���Dec+��Emerging and reemerging viral diseases of livestock and human beings are in sharp rise in recent years. Importantly, many of these viruses, including influenza, Hendra, Nipah and corona are of zoonotic importance. Several viral diseases of livestock such as bluetongue, peste des petits ruminants, camel pox, equine infectious anaemia, chicken anaemia and sheep-associated malignant catarrhal fever are crossing their traditional boundaries. Emergence of new serotypes and variant forms of viruses as in the case of blue tongue virus, avian infectious bronchitis virus, Newcastle disease virus adds additional level of complexity. The increased incidence of emerging and reemerging viral diseases could be attributed to several factors including deforestation and surge in direct contact of livestock and humans with wild animals and birds. This special issue of "Indian Journal of Virology" is focused on diverse aspects of above diseases: isolation and characterization of viruses, epidemiology, pathogenesis, diagnosis, prevention measures and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/24426290���Bayry, Jagadeesh
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Virus Replication?��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans, and incurred a high fatality rate in humans. We established a system that enabled the rescue of replicating NiVs from a cloned DNA. Using the system, we analyzed the functions of accessory proteins in infected cells and the implications in in vivo pathogenicity. Further, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins, which appeared to be an appropriate to NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25765986u��Yoneda, Misako
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Viral Vaccines/administration & dosage/genetics/*immunology���Dec 13q��BACKGROUND: Nipah virus (NiV) is a highly pathogenic zoonotic agent in the family Paramyxoviridae that is maintained in nature by bats. Outbreaks have occurred in Malaysia, Singapore, India, and Bangladesh and have been associated with 40 to 75% case fatality rates. There are currently no vaccines or postexposure treatments licensed for combating human NiV infection. METHODS AND RESULTS: Four groups of ferrets received a single vaccination with different recombinant vesicular stomatitis virus vectors expressing: Group 1, control with no glycoprotein; Group 2, the NiV fusion protein (F); Group 3, the NiV attachment protein (G); and Group 4, a combination of the NiV F and G proteins. Animals were challenged intranasally with NiV 28 days after vaccination. Control ferrets in Group 1 showed characteristic clinical signs of NiV disease including respiratory distress, neurological disorders, viral load in blood and tissues, and gross lesions and antigen in target tissues; all animals in this group succumbed to infection by day 8. Importantly, all specifically vaccinated ferrets in Groups 2-4 showed no evidence of clinical illness and survived challenged. All animals in these groups developed anti-NiV F and/or G IgG and neutralizing antibody titers. While NiV RNA was detected in blood at day 6 post challenge in animals from Groups 2-4, the levels were orders of magnitude lower than animals from control Group 1. CONCLUSIONS: These data show protective efficacy against NiV in a relevant model of human infection. Further development of this technology has the potential to yield effective single injection vaccines for NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/24330654ì��Mire, Chad E
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Trees���FebN��Nipah virus has caused recurring outbreaks in central and northwest Bangladesh (the "Nipah Belt"). Little is known about roosting behavior of the fruit bat reservoir, Pteropus giganteus, or factors driving spillover. We compared human population density and ecological characteristics of case villages and control villages (no reported outbreaks) to understand their role in P. giganteus roosting ecology and Nipah virus spillover risk. Nipah Belt villages have a higher human population density (P < 0.0001), and forests that are more fragmented than elsewhere in Bangladesh (0.50 versus 0.32 patches/km(2), P < 0.0001). The number of roosts in a village correlates with forest fragmentation (r = 0.22, P = 0.03). Villages with a roost containing Polyalthia longifolia or Bombax ceiba trees were more likely case villages (odds ratio [OR] = 10.8, 95% confidence interval [CI] = 1.3-90.6). This study suggests that, in addition to human population density, composition and structure of the landscape shared by P. giganteus and humans may influence the geographic distribution of Nipah virus spillovers.,��https://www.ncbi.nlm.nih.gov/pubmed/24323516���Hahn, Micah B
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Zoonoses/*epidemiology/virology­��Zoonoses from wildlife threaten global public health. Hendra virus is one of several zoonotic viral diseases that have recently emerged from Pteropus species fruit-bats (flying-foxes). Most hypotheses regarding persistence of Hendra virus within flying-fox populations emphasize horizontal transmission within local populations (colonies) via urine and other secretions, and transmission among colonies via migration. As an alternative hypothesis, we explore the role of recrudescence in persistence of Hendra virus in flying-fox populations via computer simulation using a model that integrates published information on the ecology of flying-foxes, and the ecology and epidemiology of Hendra virus. Simulated infection patterns agree with infection patterns observed in the field and suggest that Hendra virus could be maintained in an isolated flying-fox population indefinitely via periodic recrudescence in a manner indistinguishable from maintenance via periodic immigration of infected individuals. Further, post-recrudescence pulses of infectious flying-foxes provide a plausible basis for the observed seasonal clustering of equine cases. Correct understanding of the infection dynamics of Hendra virus in flying-foxes is fundamental to effectively managing risk of infection in horses and humans. Given the lack of clear empirical evidence on how the virus is maintained within populations, the role of recrudescence merits increased attention.,��https://www.ncbi.nlm.nih.gov/pubmed/24312221Û��Wang, Hsiao-Hsuan
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Viral Proteins/genetics/*metabolism���Mar¨��In recent years, novel henipavirus-related sequences have been identified in bats in Africa. To evaluate the potential of African bat henipaviruses to spread in non-bat mammalian cells, we compared the biological functions of the surface glycoproteins G and F of the prototype African henipavirus GH-M74a with those of the glycoproteins of Nipah virus (NiV), a well-characterized pathogenic member of the henipavirus genus. Glycoproteins are central determinants for virus tropism, as efficient binding of henipavirus G proteins to cellular ephrin receptors and functional expression of fusion-competent F proteins are indispensable prerequisites for virus entry and cell-to-cell spread. In this study, we analysed the ability of the GH-M74a G and F proteins to cause cell-to-cell fusion in mammalian cell types readily permissive to NiV or Hendra virus infections. Except for limited syncytium formation in a bat cell line derived from Hypsignathus monstrosus, HypNi/1.1 cells, we did not observe any fusion. The highly restricted fusion activity was predominantly due to the F protein. Whilst GH-M74a G protein was found to interact with the main henipavirus receptor ephrin-B2 and induced syncytia upon co-expression with heterotypic NiV F protein, GH-M74a F protein did not cause evident fusion in the presence of heterotypic NiV G protein. Pulse-chase and surface biotinylation analyses revealed delayed F cleavage kinetics with a reduced expression of cleaved and fusion-active GH-M74a F protein on the cell surface. Thus, the F protein of GH-M74a showed a functional defect that is most likely caused by impaired trafficking leading to less efficient proteolytic activation and surface expression.,��https://www.ncbi.nlm.nih.gov/pubmed/24296468!��Weis, Michael
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Zoonoses/epidemiology/*transmission/virology���Dec���A large proportion of viral pathogens that have emerged during the last decades in humans are considered to have originated from various animal species. This is well exemplified by several recent epidemics such as those of Nipah, Severe Acute Respiratory Syndrome, Avian flu, Ebola, Monkeypox, and Hantaviruses. After the initial interspecies transmission per se, the viruses can disseminate into the human population through various and distinct mechanisms. Some of them are well characterized and understood, thus allowing a certain level of risk control and prevention. Surprisingly and in contrast, the initial steps that lead to the emergence of several viruses, and of their associated diseases, remain still poorly understood. Epidemiological field studies conducted in certain specific high-risk populations are thus necessary to obtain new insights into the early events of this emergence process. Human infections by simian viruses represent increasing public health concerns. Indeed, by virtue of their genetic andphysiological similarities, non-human primates (NHPs) are considered to be likely the sources of viruses that can infect humans and thus may pose a significant threat to human population. This is well illustrated by retroviruses, which have the ability to cross species, adapt to a new host and sometimes spread within these new species. Sequence comparison and phylogenetic studies have thus clearly showed that the emergence of human immunodeficiency virus type 1 (HIV-1) and HIV-2 in humans have resulted from several independent interspecies transmissions of different SIV types from Chimpanzees and African monkeys (including sooty mangabeys), respectively, probably during the first part of the last century. The situation for Human T cell Lymphotropic virus type 1 (HTLV-1) is, for certain aspects, quite comparable. Indeed, the origin of most HTLV-1 subtypes appears to be linked to interspecies transmission between STLV-1-infected monkeys and humans, followed by variable periods of evolution in the human host. In this review, after an introduction on emerging viruses, we will briefly present the results of a large epidemiological study performed in groups of Bantus and Pygmies living in villages and settlements located in the rain forest of the South region of Cameroon. These populations are living nearby the habitats of several monkeys and apes, often naturally infected by different retroviruses including SIV, STLV and simianfoamy virus. Most of the persons included in this study were hunters of such NHPs, thus at high risk of contact with infected body fluids (blood, saliva,...) during hunting activities. After reviewing the current available data on the discovery, cross-species transmission from monkeys and apes to humans of the simian foamy retroviruses, we will report the results of our study. Such infection is a unique natural model to study the different mechanisms of restriction of retroviral emergence in Humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26137812���Gessain, Antoine
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*Virus Internalization¥��Membrane fusion is essential for entry of the biomedically-important paramyxoviruses into their host cells (viral-cell fusion), and for syncytia formation (cell-cell fusion), often induced by paramyxoviral infections [e.g. those of the deadly Nipah virus (NiV)]. For most paramyxoviruses, membrane fusion requires two viral glycoproteins. Upon receptor binding, the attachment glycoprotein (HN/H/G) triggers the fusion glycoprotein (F) to undergo conformational changes that merge viral and/or cell membranes. However, a significant knowledge gap remains on how HN/H/G couples cell receptor binding to F-triggering. Via interdisciplinary approaches we report the first comprehensive mechanism of NiV membrane fusion triggering, involving three spatiotemporally sequential cell receptor-induced conformational steps in NiV-G: two in the head and one in the stalk. Interestingly, a headless NiV-G mutant was able to trigger NiV-F, and the two head conformational steps were required for the exposure of the stalk domain. Moreover, the headless NiV-G prematurely triggered NiV-F on virions, indicating that the NiV-G head prevents premature triggering of NiV-F on virions by concealing a F-triggering stalk domain until the correct time and place: receptor-binding. Based on these and recent paramyxovirus findings, we present a comprehensive and fundamentally conserved mechanistic model of paramyxovirus membrane fusion triggering and cell entry.,��https://www.ncbi.nlm.nih.gov/pubmed/24278018¾��Liu, Qian
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tumor necrosis factor receptor-associated 6���Jan 3±��Paramyxovirus C protein targets the host interferon (IFN) system for virus immune evasion. To identify its unknown anti-IFN activity, we examined the effect of Sendai virus C protein on activation of the IFN-alpha promoter via various signaling pathways. This study uncovers a novel ability of C protein to block Toll-like receptor (TLR) 7- and TLR9-dependent IFN-alpha induction, which is specific to plasmacytoid dendritic cells. C protein interacts with a serine/threonine kinase IKKalpha and inhibits phosphorylation of IRF7. This anti-IFN activity of C protein is shared across genera of the Paramyxovirinae, and thus appears to play an important role in paramyxovirus immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/24269682Ü��Yamaguchi, Mayu
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Surveys and QuestionnairesÈ��Hendra virus is a highly pathogenic novel paramyxovirus causing sporadic fatal infection in horses and humans in Australia. Species of fruit-bats (genus Pteropus), commonly known as flying-foxes, are the natural host of the virus. We undertook a survey of horse owners in the states of Queensland and New South Wales, Australia to assess the level of adoption of recommended risk management strategies and to identify impediments to adoption. Survey questionnaires were completed by 1431 respondents from the target states, and from a spectrum of industry sectors. Hendra virus knowledge varied with sector, but was generally limited, with only 13% of respondents rating their level of knowledge as high or very high. The majority of respondents (63%) had seen their state's Hendra virus information for horse owners, and a similar proportion found the information useful. Fifty-six percent of respondents thought it moderately, very or extremely likely that a Hendra virus case could occur in their area, yet only 37% said they would consider Hendra virus if their horse was sick. Only 13% of respondents stabled their horses overnight, although another 24% said it would be easy or very easy to do so, but hadn't done so. Only 13% and 15% of respondents respectively had horse feed bins and water points under solid cover. Responses varied significantly with state, likely reflecting different Hendra virus history. The survey identified inconsistent awareness and/or adoption of available knowledge, confusion in relation to Hendra virus risk perception, with both over-and under-estimation of true risk, and lag in the uptake of recommended risk minimisation strategies, even when these were readily implementable. However, we also identified frustration and potential alienation by horse owners who found the recommended strategies impractical, onerous and prohibitively expensive. The insights gained from this survey have broader application to other complex risk-management scenarios.,��https://www.ncbi.nlm.nih.gov/pubmed/24260503é��Kung, Nina
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Pigs���Jan 1þ��Diseases that are exotic to the pig industry in Australia were prioritised using a multi-criteria decision analysis framework that incorporated weights of importance for a range of criteria important to industry stakeholders. Measurements were collected for each disease for nine criteria that described potential disease impacts. A total score was calculated for each disease using a weighted sum value function that aggregated the nine disease criterion measurements and weights of importance for the criteria that were previously elicited from two groups of industry stakeholders. One stakeholder group placed most value on the impacts of disease on livestock, and one group placed more value on the zoonotic impacts of diseases. Prioritisation lists ordered by disease score were produced for both of these groups. Vesicular diseases were found to have the highest priority for the group valuing disease impacts on livestock, followed by acute forms of African and classical swine fever, then highly pathogenic porcine reproductive and respiratory syndrome. The group who valued zoonotic disease impacts prioritised rabies, followed by Japanese encephalitis, Eastern equine encephalitis and Nipah virus, interspersed with vesicular diseases. The multi-criteria framework used in this study systematically prioritised diseases using a multi-attribute theory based technique that provided transparency and repeatability in the process. Flexibility of the framework was demonstrated by aggregating the criterion weights from more than one stakeholder group with the disease measurements for the criteria. This technique allowed industry stakeholders to be active in resource allocation for their industry without the need to be disease experts. We believe it is the first prioritisation of livestock diseases using values provided by industry stakeholders. The prioritisation lists will be used by industry stakeholders to identify diseases for further risk analysis and disease spread modelling to understand biosecurity risks to this industry.,��https://www.ncbi.nlm.nih.gov/pubmed/24211032ã��Brookes, V J
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Vaccine���Jan���Nipah virus (NiV) continues to cause outbreaks of fatal human encephalitis due to spillover from its bat reservoir. We determined that a single dose of replication-defective vesicular stomatitis virus (VSV)-based vaccine vectors expressing either the NiV fusion (F) or attachment (G) glycoproteins protected hamsters from over 1000 times LD50 NiV challenge. This highly effective single-dose protection coupled with an enhanced safety profile makes these candidates ideal for potential use in livestock and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24184127´��Lo, Michael K
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Virus Entry���Dec 13¤��Paramyxovirus fusion (F) proteins promote membrane fusion between the viral envelope and host cell membranes, a critical early step in viral infection. Although mutational analyses have indicated that transmembrane (TM) domain residues can affect folding or function of viral fusion proteins, direct analysis of TM-TM interactions has proved challenging. To directly assess TM interactions, the oligomeric state of purified chimeric proteins containing the Staphylococcal nuclease (SN) protein linked to the TM segments from three paramyxovirus F proteins was analyzed by sedimentation equilibrium analysis in detergent and buffer conditions that allowed density matching. A monomer-trimer equilibrium best fit was found for all three SN-TM constructs tested, and similar fits were obtained with peptides corresponding to just the TM region of two different paramyxovirus F proteins. These findings demonstrate for the first time that class I viral fusion protein TM domains can self-associate as trimeric complexes in the absence of the rest of the protein. Glycine residues have been implicated in TM helix interactions, so the effect of mutations at Hendra F Gly-508 was assessed in the context of the whole F protein. Mutations G508I or G508L resulted in decreased cell surface expression of the fusogenic form, consistent with decreased stability of the prefusion form of the protein. Sedimentation equilibrium analysis of TM domains containing these mutations gave higher relative association constants, suggesting altered TM-TM interactions. Overall, these results suggest that trimeric TM interactions are important driving forces for protein folding, stability and membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/24178297ø��Smith, Everett Clinton
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Signal transducers and activators of transcription 2���May 12Ñ��The paramyxoviruses are a family of > 30 viruses that variously infect humans, other mammals and fish to cause diverse outcomes, ranging from asymptomatic to lethal disease, with the zoonotic paramyxoviruses Nipah and Hendra showing up to 70% case-fatality rate in humans. The capacity to evade host immunity is central to viral infection, and paramyxoviruses have evolved multiple strategies to overcome the host interferon (IFN)-mediated innate immune response through the activity of their IFN-antagonist proteins. Although paramyxovirus IFN antagonists generally target common factors of the IFN system, including melanoma differentiation associated factor 5, retinoic acid-inducible gene-I, signal transducers and activators of transcription (STAT)1 and STAT2, and IFN regulatory factor 3, the mechanisms of antagonism show remarkable diversity between different genera and even individual members of the same genus; the reasons for this diversity, however, are not currently understood. Here, we review the IFN antagonism strategies of paramyxoviruses, highlighting mechanistic differences observed between individual species and genera. We also discuss potential sources of this diversity, including biological differences in the host and/or tissue specificity of different paramyxoviruses, and potential effects of experimental approaches that have largely relied on in vitro systems. Importantly, recent studies using recombinant virus systems and animal infection models are beginning to clarify the importance of certain mechanisms of IFN antagonism to in vivo infections, providing important indications not only of their critical importance to virulence, but also of their potential targeting for new therapeutic/vaccine approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/24175230���Audsley, Michelle D
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Viral Fusion Proteins/*chemistry/genetics/immunologyJ��The henipaviruses, represented by Hendra (HeV) and Nipah (NiV) viruses are highly pathogenic zoonotic paramyxoviruses with uniquely broad host tropisms responsible for repeated outbreaks in Australia, Southeast Asia, India and Bangladesh. The high morbidity and mortality rates associated with infection and lack of licensed antiviral therapies make the henipaviruses a potential biological threat to humans and livestock. Henipavirus entry is initiated by the attachment of the G envelope glycoprotein to host cell membrane receptors. Previously, henipavirus-neutralizing human monoclonal antibodies (hmAb) have been isolated using the HeV-G glycoprotein and a human naive antibody library. One cross-reactive and receptor-blocking hmAb (m102.4) was recently demonstrated to be an effective post-exposure therapy in two animal models of NiV and HeV infection, has been used in several people on a compassionate use basis, and is currently in development for use in humans. Here, we report the crystal structure of the complex of HeV-G with m102.3, an m102.4 derivative, and describe NiV and HeV escape mutants. This structure provides detailed insight into the mechanism of HeV and NiV neutralization by m102.4, and serves as a blueprint for further optimization of m102.4 as a therapeutic agent and for the development of entry inhibitors and vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/241304863��Xu, Kai
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Viral dsRNA detection���Dec2��Double-stranded RNA (dsRNA) is synthesized during the course of infection by RNA viruses as a byproduct of replication and transcription and acts as a potent trigger of the host innate antiviral response. In the cytoplasm of the infected cell, recognition of the presence of viral dsRNA as a signature of "non-self" nucleic acid is carried out by RIG-I-like receptors (RLRs), a set of dedicated helicases whose activation leads to the production of type I interferon alpha/beta (IFN-alpha/beta). To overcome the innate antiviral response, RNA viruses encode suppressors of IFN-alpha/beta induction, which block RLRs recognition of dsRNA by means of different mechanisms that can be categorized into: (i) dsRNA binding and/or shielding ("hide"), (ii) dsRNA termini processing ("mask") and (iii) direct interaction with components of the RLRs pathway ("hit"). In light of recent functional, biochemical and structural findings, we review the inhibition mechanisms of RLRs recognition of dsRNA displayed by a number of highly pathogenic RNA viruses with different disease phenotypes such as haemorrhagic fever (Ebola, Marburg, Lassa fever, Lujo, Machupo, Junin, Guanarito, Crimean-Congo, Rift Valley fever, dengue), severe respiratory disease (influenza, SARS, Hendra, Hantaan, Sin Nombre, Andes) and encephalitis (Nipah, West Nile).,��https://www.ncbi.nlm.nih.gov/pubmed/24129118¥��Zinzula, Luca
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zoonosis���Marà��Bats host many viruses that are significant for human and domestic animal health, but the dynamics of these infections in their natural reservoir hosts remain poorly elucidated. In these, and other, systems, there is evidence that seasonal life-cycle events drive infection dynamics, directly impacting the risk of exposure to spillover hosts. Understanding these dynamics improves our ability to predict zoonotic spillover from the reservoir hosts. To this end, we followed henipavirus antibody levels of >100 individual E. helvum in a closed, captive, breeding population over a 30-month period, using a powerful novel antibody quantitation method. We demonstrate the presence of maternal antibodies in this system and accurately determine their longevity. We also present evidence of population-level persistence of viral infection and demonstrate periods of increased horizontal virus transmission associated with the pregnancy/lactation period. The novel findings of infection persistence and the effect of pregnancy on viral transmission, as well as an accurate quantitation of chiropteran maternal antiviral antibody half-life, provide fundamental baseline data for the continued study of viral infections in these important reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24111634¿��Baker, Kate S
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RNA Replicase/*drug effects/metabolism���Jan\��Australia is facing a major national medical challenge with the emergence of the Hendra virus (HeV) as a medically and economically important pathogen of humans and animals. Clinical symptoms of human HeV infection can include fever, hypotension, dizziness, encephalitis, respiratory haemorrhage and edema. The window of opportunity for successful patient treatment remains unknown, but is likely to be very narrow. Currently, very few effective therapeutic options are available for the case management of severe HeV infections or the rapid silencing of local outbreaks. This underscores the need for more activity in the drug discovery arena to develop much needed therapeutics that specifically targets this deadly disease. The structural analysis of HeV is very much in its infancy, which leaves many gaps in our understanding of the biology of HeV and makes structure-guided drug design difficult. Structural studies of the viral RNAdependent- RNA polymerase (RdRp), which is the heart of the viral replication machinery, will set the stage for rational drug design and fill a major gap in our understanding of the HeV replication machinery. This review examines the current knowledge based on the multi-domain architecture of the Hendra RdRp and highlights which essential domain functions represent tangible targets for drug development against this deadly disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24102407è��Velkov, Tony
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Protein Structure, Tertiary���Hendra virus (HeV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The HeV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid. Recruitment of the viral polymerase onto the nucleocapsid template relies on the interaction between the C-terminal domain, N(TAIL), of N and the C-terminal X domain, XD, of the polymerase co-factor phosphoprotein (P). Here, we provide an atomic resolution description of the intrinsically disordered N(TAIL) domain in its isolated state and in intact nucleocapsids using nuclear magnetic resonance (NMR) spectroscopy. Using electron microscopy, we show that HeV nucleocapsids form herringbone-like structures typical of paramyxoviruses. We also report the crystal structure of XD of P that consists of a three-helix bundle. We study the interaction between N(TAIL) and XD using NMR titration experiments and provide a detailed mapping of the reciprocal binding sites. We show that the interaction is accompanied by alpha-helical folding of the molecular recognition element of N(TAIL) upon binding to a hydrophobic patch on the surface of XD. Finally, using solution NMR, we investigate the interaction between intact nucleocapsids and XD. Our results indicate that monomeric XD binds to N(TAIL) without triggering an additional unwinding of the nucleocapsid template. The present results provide a structural description at the atomic level of the protein-protein interactions required for transcription and replication of HeV, and the first direct observation of the interaction between the X domain of P and intact nucleocapsids in Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/24086133f��Communie, Guillaume
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Zoonoses/epidemiology/transmission/virology���Oct 2æ	�BACKGROUND: On 31 March 2013, the first human infections with the novel influenza A/H7N9 virus were reported in Eastern China. The outbreak expanded rapidly in geographic scope and size, with a total of 132 laboratory-confirmed cases reported by 3 June 2013, in 10 Chinese provinces and Taiwan. The incidence of A/H7N9 cases has stalled in recent weeks, presumably as a consequence of live bird market closures in the most heavily affected areas. Here we compare the transmission potential of influenza A/H7N9 with that of other emerging pathogens and evaluate the impact of intervention measures in an effort to guide pandemic preparedness. METHODS: We used a Bayesian approach combined with a SEIR (Susceptible-Exposed-Infectious-Removed) transmission model fitted to daily case data to assess the reproduction number (R) of A/H7N9 by province and to evaluate the impact of live bird market closures in April and May 2013. Simulation studies helped quantify the performance of our approach in the context of an emerging pathogen, where human-to-human transmission is limited and most cases arise from spillover events. We also used alternative approaches to estimate R based on individual-level information on prior exposure and compared the transmission potential of influenza A/H7N9 with that of other recent zoonoses. RESULTS: Estimates of R for the A/H7N9 outbreak were below the epidemic threshold required for sustained human-to-human transmission and remained near 0.1 throughout the study period, with broad 95% credible intervals by the Bayesian method (0.01 to 0.49). The Bayesian estimation approach was dominated by the prior distribution, however, due to relatively little information contained in the case data. We observe a statistically significant deceleration in growth rate after 6 April 2013, which is consistent with a reduction in A/H7N9 transmission associated with the preemptive closure of live bird markets. Although confidence intervals are broad, the estimated transmission potential of A/H7N9 appears lower than that of recent zoonotic threats, including avian influenza A/H5N1, swine influenza H3N2sw and Nipah virus. CONCLUSION: Although uncertainty remains high in R estimates for H7N9 due to limited epidemiological information, all available evidence points to a low transmission potential. Continued monitoring of the transmission potential of A/H7N9 is critical in the coming months as intervention measures may be relaxed and seasonal factors could promote disease transmission in colder months.,��https://www.ncbi.nlm.nih.gov/pubmed/24083506ò��Chowell, Gerardo
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vesicular stomatitis virus���NovË��Nipah virus (NiV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The NiV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid that is the substrate used by the polymerase for transcription and replication. The polymerase is recruited onto the nucleocapsid via its cofactor, the phosphoprotein (P). The NiV P protein has a modular organization, with alternating disordered and ordered domains. Among these latter, is the P multimerization domain (PMD) that was predicted to adopt a coiled-coil conformation. Using both biochemical and biophysical approaches, we show that NiV PMD forms a highly stable and elongated coiled-coil trimer, a finding in striking contrast with respect to the PMDs of Paramyxoviridae members investigated so far that were all found to tetramerize. The present results therefore represent the first report of a paramyxoviral P protein forming trimers.,��https://www.ncbi.nlm.nih.gov/pubmed/24074578¼��Blocquel, David
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Viral Envelope Proteins/genetics/*metabolism���Decã��Serological screening and detection of genomic RNA indicates that members of the genus Henipavirus are present not only in Southeast Asia but also in African fruit bats. We demonstrate that the surface glycoproteins F and G of an African henipavirus (M74) induce syncytium formation in a kidney cell line derived from an African fruit bat, Hypsignathus monstrosus. Despite a less broad cell tropism, the M74 glycoproteins show functional similarities to glycoproteins of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/24067951C��Kruger, Nadine
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Zoonotic diseases���Nov 4���This review focuses on the immunization of animals as a means of preventing human diseases (zoonoses). Three frameworks for the use of vaccines in this context are described, and examples are provided of successes and failures. Framework I vaccines are used for protection of humans and economically valuable animals, where neither plays a role in the transmission cycle. The benefit of collaborations between animal health and human health industries and regulators in developing such products is discussed, and one example (West Nile vaccine) of a single product developed for use in animals and humans is described. Framework II vaccines are indicated for domesticated animals as a means of preventing disease in both animals and humans. The agents of concern are transmitted directly or indirectly (e.g. via arthropod vectors) from animals to humans. A number of examples of the use of Framework II vaccines are provided, e.g. against brucellosis, Escherichia coli O157, rabies, Rift Valley fever, Venezuelan equine encephalitis, and Hendra virus. Framework III vaccines are used to immunize wild animals as a means of preventing transmission of disease agents to humans and domesticated animals. Examples are reservoir-targeted, oral bait rabies, Mycobacterium bovis and Lyme disease vaccines. Given the speed and lost cost of veterinary vaccine development, some interventions based on the immunization of animals could lead to rapid and relatively inexpensive advances in public health. Opportunities for vaccine-based approaches to preventing zoonotic and emerging diseases that integrate veterinary and human medicine (the One Health paradigm) are emphasized.,��https://www.ncbi.nlm.nih.gov/pubmed/24060567���Monath, Thomas P
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Veterinary Medicine/*trends���Aug 31¿��Josh Slater looks back at the past 125 years of developments in equine infectious disease, including landmark discoveries in microbiology and genomics, and considers what the future may hold.,��https://www.ncbi.nlm.nih.gov/pubmed/23997164j��Slater, Josh
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Zoonosis���Nov 29é��The Henipavirus genus represents a group of paramyxoviruses that are some of the deadliest of known human and veterinary pathogens. Hendra and Nipah viruses are zoonotic pathogens that can cause respiratory and encephalitic illness in humans with mortality rates that exceed 70%. Over the past several years, we have seen an increase in the number of cases and an altered clinical presentation of Hendra virus in naturally infected horses. Recent increase in the number of cases has also been reported with human Nipah virus infections in Bangladesh. These factors, along with the recent discovery of henipa and henipa-like viruses in Africa, Asia and South and Central America adds, a truly global perspective to this group of emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/23993256¥��Croser, Emma L
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interferon���Nov 6ì��Since their first emergence in mid 1990s henipaviruses continued to re emerge in Australia and South East Asia almost every year. In total there has been more than 12 Nipah and 48 Hendra virus outbreaks reported in South East Asia and Australia, respectively. These outbreaks are associated with significant economic and health damages that most high risks countries (particularly in South East Asia) cannot bear the burden of such economical threats. Up until recently, there were no actual therapeutics available to treat or prevent these lethal infections. However, an international collaborative research has resulted in the identification of a potential equine Hendra vaccine capable of providing antibody protection against Hendra virus infections. Consequently, with the current findings and after nearly 2 decades since their first detection, are we there yet? This review recaps the chronicle of the henipavirus emergence and briefly evaluates potential anti-henipavirus vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/23954578®��Aljofan, Mohamad
eng
Research Support, Non-U.S. Gov't
Netherlands
2013/08/21 06:00
Virus Res. 2013 Nov 6;177(2):119-26. doi: 10.1016/j.virusres.2013.08.002. Epub 2013 Aug 13.*��1872-7492 (Electronic)
0168-1702 (Linking)���23954578-��Department of Microbiology, School of Medicine, Nursing and Health Sciences, Monash University, Wellington Road, Clayton, VIC 3800, Australia; Department of Pharmacology, College of Pharmacy, Qassim University, P.O. Box 6800, Buraidah 51452, Saudi Arabia. Electronic address: mo.aljofan@monash.edu.au.���10.1016/j.virusres.2013.08.002��	���üÒ|ÿî?º������Luby, S. P.���2013%��The pandemic potential of Nipah virus���38-43
��Antiviral Res���100���1W��Animals
Henipavirus Infections/*epidemiology/transmission/virology
Humans
India/epidemiology
Malaysia/epidemiology
Nipah Virus/*isolation & purification/physiology
Pandemics
Swine
Swine Diseases/epidemiology/transmission/*virology
Zoonoses/epidemiology/transmission/*virology
Chiroptera
Henipavirus
Nipah virus
Nosocomial transmission
Zoonosis���OctÝ��Nipah virus, a paramyxovirus whose wildlife reservoir is Pteropus bats, was first discovered in a large outbreak of acute encephalitis in Malaysia in 1998 among persons who had contact with sick pigs. Apparently, one or more pigs was infected from bats, and the virus then spread efficiently from pig to pig, then from pigs to people. Nipah virus outbreaks have been recognized nearly every year in Bangladesh since 2001 and occasionally in neighboring India. Outbreaks in Bangladesh and India have been characterized by frequent person-to-person transmission and the death of over 70% of infected people. Characteristics of Nipah virus that increase its risk of becoming a global pandemic include: humans are already susceptible; many strains are capable of limited person-to-person transmission; as an RNA virus, it has an exceptionally high rate of mutation: and that if a human-adapted strain were to infect communities in South Asia, high population densities and global interconnectedness would rapidly spread the infection. Appropriate steps to estimate and manage this risk include studies to explore the molecular and genetic basis of respiratory transmission of henipaviruses, improved surveillance for human infections, support from high-income countries to reduce the risk of person-to-person transmission of infectious agents in low-income health care settings, and consideration of vaccination in communities at ongoing risk of exposure to the secretions and excretions of Pteropus bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23911335���Luby, Stephen P
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*Virus Internalization���Oct;��Paramyxoviruses, including the emerging lethal human Nipah virus (NiV) and the avian Newcastle disease virus (NDV), enter host cells through fusion of the viral and target cell membranes. For paramyxoviruses, membrane fusion is the result of the concerted action of two viral envelope glycoproteins: a receptor binding protein and a fusion protein (F). The NiV receptor binding protein (G) attaches to ephrin B2 or B3 on host cells, whereas the corresponding hemagglutinin-neuraminidase (HN) attachment protein of NDV interacts with sialic acid moieties on target cells through two regions of its globular domain. Receptor-bound G or HN via its stalk domain triggers F to undergo the conformational changes that render it competent to mediate fusion of the viral and cellular membranes. We show that chimeric proteins containing the NDV HN receptor binding regions and the NiV G stalk domain require a specific sequence at the connection between the head and the stalk to activate NiV F for fusion. Our findings are consistent with a general mechanism of paramyxovirus fusion activation in which the stalk domain of the receptor binding protein is responsible for F activation and a specific connecting region between the receptor binding globular head and the fusion-activating stalk domain is required for transmitting the fusion signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23903846N��Talekar, Aparna
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Sequence Analysis"��Nipah virus causes periodic livestock and human disease with high case fatality rate, and consequent major economic, social and psychological impacts. Fruit bats of the genus Pteropus are the natural reservoir. In this study, we used real time PCR to screen the saliva and urine of P. vampyrus from North Sumatera for Nipah virus genome. A conventional reverse transcriptase (RT-PCR) assay was used on provisionally positive samples to corroborate findings. This is the first report of Nipah virus detection in P. vampyrus in Sumatera, Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23894501���Sendow, Indrawati
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vaccines���AugÍ��DESIGN: A cross-sectional study of private veterinarians providing equine services in Queensland. RESULTS: The study revealed that a majority of veterinarians would support the introduction of a Hendra virus (HeV) vaccine. Moreover, almost half of the respondents intended to make vaccination a prerequisite to horse patient presentation. However, participants also responded that a vaccine would not reduce the risk sufficiently to cease or downgrade their HeV management plan and infection control measures. CONCLUSION: When devising promoting and marketing campaigns, government agencies and manufacturers should consider private veterinarians' intentions as a significant driver for the uptake of the HeV vaccine.,��https://www.ncbi.nlm.nih.gov/pubmed/23889099���Mendez, D
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qualitative research���Augæ��OBJECTIVE: To identify the perceived barriers to Hendra virus (HeV) management by private equine veterinarians in Queensland. DESIGN: An exploratory qualitative study of private equine veterinarians registered and working in coastal Queensland. METHODS: A questionnaire that included eight open-ended questions about the management of HeV was used in face-to-face in-depth interviews with 21 veterinary personnel working in equine or mixed private practice between Far North and South-East Queensland in 2009-10. The qualitative data was entered and analysed thematically using QSR's International's Nvivo 9 qualitative data analysis software. RESULTS: This study revealed key issues associated with HeV testing: (1) inadequate knowledge of testing procedures and laboratory diagnostic pathways; (2) difficulty in accessing laboratory services; (3) responsibility for cost of collection and transport of specimen; and (4) the role of government. Participants perceived these issues as reducing potential HeV case management efficiency. CONCLUSION: Although HeV management plans have been modified in part since 2009-10, this study highlights the importance of considering the perspectives of private veterinary practitioners in any biosecurity protocols.,��https://www.ncbi.nlm.nih.gov/pubmed/23889098���Mendez, D
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Viral Vaccines/administration & dosage/genetics/*immunology���Jul 16���BACKGROUND: Nipah virus (NiV) is a zoonotic virus belonging to the henipavirus genus in the family Paramyxoviridae. Since NiV was first identified in 1999, outbreaks have continued to occur in humans in Bangladesh and India on an almost annual basis with case fatality rates reported between 40% and 100%. METHODS: Ferrets were vaccinated with 4, 20 or 100 mug HeVsG formulated with the human use approved adjuvant, CpG, in a prime-boost regime. One half of the ferrets were exposed to NiV at 20 days post boost vaccination and the other at 434 days post vaccination. The presence of virus or viral genome was assessed in ferret fluids and tissues using real-time PCR, virus isolation, histopathology, and immunohistochemistry; serology was also carried out. Non-immunised ferrets were also exposed to virus to confirm the pathogenicity of the inoculum. RESULTS: Ferrets exposed to Nipah virus 20 days post vaccination remained clinically healthy. Virus or viral genome was not detected in any tissues or fluids of the vaccinated ferrets; lesions and antigen were not identified on immunohistological examination of tissues; and there was no increase in antibody titre during the observation period, consistent with failure of virus replication. Of the ferrets challenged 434 days post vaccination, all five remained well throughout the study period; viral genome - but not virus - was recovered from nasal secretions of one ferret given 20 mug HeVsG and bronchial lymph nodes of the other. There was no increase in antibody titre during the observation period, consistent with lack of stimulation of a humoral memory response. CONCLUSIONS: We have previously shown that ferrets vaccinated with 4, 20 or 100 mug HeVsG formulated with CpG adjuvant, which is currently in several human clinical trials, were protected from HeV disease. Here we show, under similar conditions of use, that the vaccine also provides protection against NiV-induced disease. Such protection persists for at least 12 months post-vaccination, with data supporting only localised and self-limiting virus replication in 2 of 5 animals. These results augur well for acceptability of the vaccine to industry.,��https://www.ncbi.nlm.nih.gov/pubmed/23867060r��Pallister, Jackie A
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Vaccine���Oct_��Hendra virus and Nipah virus are bat-borne paramyxoviruses that are the prototypic members of the genus Henipavirus. The henipaviruses emerged in the 1990s, spilling over from their natural bat hosts and causing serious disease outbreaks in humans and livestock. Hendra virus emerged in Australia and since 1994 there have been 7 human infections with 4 case fatalities. Nipah virus first appeared in Malaysia and subsequent outbreaks have occurred in Bangladesh and India. In total, there have been an estimated 582 human cases of Nipah virus and of these, 54% were fatal. Their broad species tropism and ability to cause fatal respiratory and/or neurologic disease in humans and animals make them important transboundary biological threats. Recent experimental findings in animals have demonstrated that a human monoclonal antibody targeting the viral G glycoprotein is an effective post-exposure treatment against Hendra and Nipah virus infection. In addition, a subunit vaccine based on the G glycoprotein of Hendra virus affords protection against Hendra and Nipah virus challenge. The vaccine has been developed for use in horses in Australia and is the first vaccine against a Biosafety Level-4 (BSL-4) agent to be licensed and commercially deployed. Together, these advances offer viable approaches to address Hendra and Nipah virus infection of livestock and people.,��https://www.ncbi.nlm.nih.gov/pubmed/23838047¦��Broder, Christopher C
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Male���Old World frugivorous bats have been identified as natural hosts for emerging zoonotic viruses of significant public health concern, including henipaviruses (Nipah and Hendra virus), Ebola virus, and Marburg virus. Epidemiological studies of these viruses in bats often utilize serology to describe viral dynamics, with particular attention paid to juveniles, whose birth increases the overall susceptibility of the population to a viral outbreak once maternal immunity wanes. However, little is understood about bat immunology, including the duration of maternal antibodies in neonates. Understanding duration of maternally derived immunity is critical for characterizing viral dynamics in bat populations, which may help assess the risk of spillover to humans. We conducted two separate studies of pregnant Pteropus bat species and their offspring to measure the half-life and duration of antibodies to 1) canine distemper virus antigen in vaccinated captive Pteropus hypomelanus; and 2) Hendra virus in wild-caught, naturally infected Pteropus alecto. Both of these pteropid bat species are known reservoirs for henipaviruses. We found that in both species, antibodies were transferred from dam to pup. In P. hypomelanus pups, titers against CDV waned over a mean period of 228.6 days (95% CI: 185.4-271.8) and had a mean terminal phase half-life of 96.0 days (CI 95%: 30.7-299.7). In P. alecto pups, antibodies waned over 255.13 days (95% CI: 221.0-289.3) and had a mean terminal phase half-life of 52.24 days (CI 95%: 33.76-80.83). Each species showed a duration of transferred maternal immunity of between 7.5 and 8.5 months, which was longer than has been previously estimated. These data will allow for more accurate interpretation of age-related Henipavirus serological data collected from wild pteropid bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23826322ê��Epstein, Jonathan H
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ZoonosesÌ��Hendra virus and Nipah virus are viral zoonoses first recognized in the mid and late 1990's and are now categorized as the type species of the genus Henipavirus within the family Paramyxoviridae. Their broad species tropism together with their capacity to cause severe and often fatal disease in both humans and animals make Hendra and Nipah "overlap agents" and significant biosecurity threats. The development of effective vaccination strategies to prevent or treat henipavirus infection and disease has been an important area of research. Here, henipavirus active and passive vaccination strategies that have been examined in animal challenge models of Hendra and Nipah virus disease are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/23689890Ô��Broder, C C
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*Spectrometry, Mass, Electrospray Ionization���Junì��Molecular bioforensic research is dependent on rapid and sensitive methods such as real-time PCR (qPCR) for the identification of microorganisms. The use of synthetic positive control templates containing small modifications outside the primer and probe regions is essential to ensure all aspects of the assay are functioning properly, including the primers and probes. However, a typical qPCR or reverse transcriptase qPCR (qRT-PCR) assay is limited in differentiating products generated from positive controls and biological samples because the fluorescent probe signals generated from each type of amplicon are indistinguishable. Additional methods used to differentiate amplicons, including melt curves, secondary probes, and amplicon sequencing, require significant time to implement and validate and present technical challenges that limit their use for microbial forensic applications. To solve this problem, we have developed a novel application of electrospray ionization mass spectrometry (ESI-MS) to rapidly differentiate qPCR amplicons generated with positive biological samples from those generated with synthetic positive controls. The method has sensitivity equivalent to qPCR and supports the confident and timely determination of the presence of a biothreat agent that is crucial for policymakers and law enforcement. Additionally, it eliminates the need for time-consuming methods to confirm qPCR results, including development and validation of secondary probes or sequencing of small amplicons. In this study, we demonstrate the effectiveness of this approach with microbial forensic qPCR assays targeting multiple biodefense agents (bacterial, viral, and toxin) for the ability to rapidly discriminate between a positive control and a positive sample.,��https://www.ncbi.nlm.nih.gov/pubmed/23675878&��Motley, S Timothy
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Sensitivity and Specificity���OctÞ��A specific and sensitive two-step TaqMan real-time PCR has been developed for rapid diagnosis of caprine arthritis-encephalitis virus (CAEV) infection by using a set of specific primers and a TaqMan probe targeting a highly conserved region within the gene encoding the viral capsid protein (CA). The assay successfully detected CAEV proviral DNA in total DNA extracts originating from cell culture, whole blood samples and isolated PBMCs, with a lower detection limit of 10(2) copies and a linear dynamic range of 10(5) to 10(10) copies/ml. There was no cross-reaction with other animal viruses (e.g., goat pox virus, bovine leukemia virus, bovine mucosal disease virus, swine influenza virus and Nipah virus). When applied in parallel with serological AGID and conventional PCR for detection of CAEV in field samples, this assay exhibited a higher sensitivity than these traditional methods, and 7.8 % of the 308 specimens collected in the Shanxi and Tianjin regions of China from 1993 to 2011 were found to be positive. Thus, the TaqMan qPCR assay provides a fast, specific and sensitive means for detecting CAEV proviral DNA in goat specimens and should be useful for large-scale detection in eradication programs and epidemiological studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23670072ß��Li, Yi
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*Nipah Virus/genetics/immunologyE��Nipah virus (NiV) (Genus Henipavirus) is a recently emerged zoonotic virus that causes severe disease in humans and has been found in bats of the genus Pteropus. Whilst NiV has not been detected in Australia, evidence for NiV-infection has been found in pteropid bats in some of Australia's closest neighbours. The aim of this study was to determine the occurrence of henipaviruses in fruit bat (Family Pteropodidae) populations to the north of Australia. In particular we tested the hypothesis that Nipah virus is restricted to west of Wallace's Line. Fruit bats from Australia, Papua New Guinea, East Timor and Indonesia were tested for the presence of antibodies to Hendra virus (HeV) and Nipah virus, and tested for the presence of HeV, NiV or henipavirus RNA by PCR. Evidence was found for the presence of Nipah virus in both Pteropus vampyrus and Rousettus amplexicaudatus populations from East Timor. Serology and PCR also suggested the presence of a henipavirus that was neither HeV nor NiV in Pteropus alecto and Acerodon celebensis. The results demonstrate the presence of NiV in the fruit bat populations on the eastern side of Wallace's Line and within 500 km of Australia. They indicate the presence of non-NiV, non-HeV henipaviruses in fruit bat populations of Sulawesi and Sumba and possibly in Papua New Guinea. It appears that NiV is present where P. vampyrus occurs, such as in the fruit bat populations of Timor, but where this bat species is absent other henipaviruses may be present, as on Sulawesi and Sumba. Evidence was obtained for the presence henipaviruses in the non-Pteropid species R. amplexicaudatus and in A. celebensis. The findings of this work fill some gaps in knowledge in geographical and species distribution of henipaviruses in Australasia which will contribute to planning of risk management and surveillance activities.,��https://www.ncbi.nlm.nih.gov/pubmed/23637812=��Breed, Andrew C
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Virus Internalization���Apr 17w��Hendra virus (HeV) and Nipah virus (NiV) are emerging zoonotic viruses that cause severe and often lethal respiratory illness and encephalitis in humans. Henipaviruses can infect a wide range of species and human-to-human transmission has been observed for NiV. While the exact route of transmission in humans is not known, experimental infection in different animal species suggests that infection can be efficiently initiated after respiratory challenge. The limited data on histopathological changes in fatal human cases of HeV and NiV suggest that endothelial cells are an important target during the terminal stage of infection; however, it is unknown where these viruses initially establish infection and how the virus disseminates from the respiratory tract to the central nervous system and other organs. Here we review the current concepts in henipavirus pathogenesis in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23592639���Escaffre, Olivier
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West Nile virus/immunology/isolation & purification���Jun;��PURPOSE OF REVIEW: This review highlights research and development in the field of emerging viral causes of encephalitis over the past year. RECENT FINDINGS: There is new evidence for the presence of henipaviruses in African bats. There have also been promising advances in vaccine and neutralizing antibody research against Hendra and Nipah viruses. West Nile virus continues to cause large outbreaks in the United States, and long-term sequelae of the virus are increasingly appreciated. There is exciting new research regarding the variable susceptibility of different brain regions to neurotropic virus infection. Another cluster of solid organ transplant recipients developed encephalitis from organ donor-acquired lymphocytic choriomeningitis virus. The global epidemiology of Japanese encephalitis virus has been further clarified. Evidence continues to accumulate for the central nervous system involvement of dengue virus, and the recent deadly outbreak of enterovirus 71 in Cambodian children is discussed. SUMMARY: In response to complex ecological and societal dynamics, the worldwide epidemiology of viral encephalitis continues to evolve in surprising ways. The articles highlighted here include new research on virus epidemiology and spread, new outbreaks as well as progress in the development of vaccines and therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23591683���Wilson, Michael R
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Socioeconomic Factors���Nov-DecÝ��Malnutrition in elderly people is one of the major syndromes associated to greater prevalence of chronic diseases and increased morbidity, hospital staying, and mortality. On the other hand, malnutrition in the fourth world is associated to another important risk factor, which is the poor economic status. The aim of this study was to elaborate a balanced menu for the elderly adjusting its price to the mean expense that this population dedicates to its feeding needs. Taking into account the Household expense for 2010 of the National Institute of Statistics, we established that the average price for each menu ought to be less than 5.57 euro per day. Two type menus were elaborated, both adapted to this population and to the Mediterranean diet. The economic assessment was 5.02 euro and 5.06 euro, respectively. Given the prevalence of malnutrition in this population, it is essential being able to appropriately plan their feeding needs, at both the nutritional and economic levels.,��https://www.ncbi.nlm.nih.gov/pubmed/23588465 ��San Mauro, I
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Virus Replication���Jun 20ª��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pulmonary disease and encephalitis in humans with 40-70% fatality. Interactions between NiV and the human immune system remain poorly understood. Here, we demonstrate the effects of NiV infection on DC and T cell function. Using an in vitro system, we found that NiV infects and replicates at low levels in DCs and induces the expression of TNF-alpha, IL-1alpha, IL-1beta, IL-8, and IP-10. NiV infection activates DCs, and upregulates the expression of CD40, CD80, and CD86. Also have reduced levels of bcl2 and high levels of active caspase 3, suggesting the induction of apoptosis. DCs infected by NiV are unable to efficiently prime CD4 and CD8 T cells, but instead induce apoptosis in T cells. Interestingly, DCs treated with inactivated NiV also show signs of apoptosis. These findings indicate that NiV infected DCs could play an important role in NiV pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/23587249¢��Gupta, Manisha
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Virus Diseases/*drug therapy/immunology/*prevention & control���Apr���More than 40 monoclonal antibodies (mAbs) have been approved for a number of disease indications with only one of these (Synagis) - for a viral disease, and not for therapy but for prevention. However, in the last decade novel potent mAbs have been discovered and characterized with potential as therapeutics against viruses of major importance for public health and biosecurity including Hendra virus (HeV), Nipah virus (NiV), severe acute respiratory syndrome coronavirus (SARS-CoV), Ebola virus (EBOV), West Nile virus (WNV), influenza virus (IFV) and human immunodeficiency virus type 1 (HIV-1). Here, we review such mAbs with an emphasis on antibodies of human origin, and highlight recent results as well as technologies and mechanisms related to their potential as therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23575729P��Zhu, Zhongyu
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*Virus Internalizationq��Mannose-binding lectin (MBL) is a key soluble effector of the innate immune system that recognizes pathogen-specific surface glycans. Surprisingly, low-producing MBL genetic variants that may predispose children and immunocompromised individuals to infectious diseases are more common than would be expected in human populations. Since certain immune defense molecules, such as immunoglobulins, can be exploited by invasive pathogens, we hypothesized that MBL might also enhance infections in some circumstances. Consequently, the low and intermediate MBL levels commonly found in human populations might be the result of balancing selection. Using model infection systems with pseudotyped and authentic glycosylated viruses, we demonstrated that MBL indeed enhances infection of Ebola, Hendra, Nipah and West Nile viruses in low complement conditions. Mechanistic studies with Ebola virus (EBOV) glycoprotein pseudotyped lentiviruses confirmed that MBL binds to N-linked glycan epitopes on viral surfaces in a specific manner via the MBL carbohydrate recognition domain, which is necessary for enhanced infection. MBL mediates lipid-raft-dependent macropinocytosis of EBOV via a pathway that appears to require less actin or early endosomal processing compared with the filovirus canonical endocytic pathway. Using a validated RNA interference screen, we identified C1QBP (gC1qR) as a candidate surface receptor that mediates MBL-dependent enhancement of EBOV infection. We also identified dectin-2 (CLEC6A) as a potentially novel candidate attachment factor for EBOV. Our findings support the concept of an innate immune haplotype that represents critical interactions between MBL and complement component C4 genes and that may modify susceptibility or resistance to certain glycosylated pathogens. Therefore, higher levels of native or exogenous MBL could be deleterious in the setting of relative hypocomplementemia which can occur genetically or because of immunodepletion during active infections. Our findings confirm our hypothesis that the pressure of infectious diseases may have contributed in part to evolutionary selection of MBL mutant haplotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/23573288���Brudner, Matthew
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Zoonoses/transmission/virology���Aprõ��Hendra virus, a member of the family Paramyxoviridae, was first recognized following a devastating outbreak in Queensland, Australia, in 1994. The naturally acquired symptomatic infection, characterized by a rapidly progressive illness involving the respiratory system and/or CNS, has so far only been recognized in horses and humans. However, there is potential for other species to be infected, with significant consequences for animal and human health. Prevention of infection involves efforts to interrupt the bat-to-horse and horse-to-human transmission interfaces. Education and infection-control efforts remain the key to reducing risk of transmission, particularly as no effective antiviral treatment is currently available. The recent release of an equine Hendra G glycoprotein subunit vaccine is an exciting advance that offers the opportunity to curb the recent increase in equine transmission events occurring in endemic coastal regions of Australia and thereby reduce the risk of infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23534359���Hazelton, Briony
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Virulence���Mar 25¾��BACKGROUND: Hendra virus (HeV) is an Australian bat-borne zoonotic paramyxovirus that repeatedly spills-over to horses causing fatal disease. Human cases have all been associated with close contact with infected horses. METHODS: A full-length antigenome clone of HeV was assembled, a reporter gene (GFP or luciferase) inserted between the P and M genes and transfected to 293T cells to generate infectious reporter gene-encoding recombinant viruses. These viruses were then assessed in vitro for expression of the reporter genes. The GFP expressing recombinant HeV was used to challenge ferrets to assess the virulence and tissue distribution by monitoring GFP expression in infected cells. RESULTS: Three recombinant HeV constructs were successfully cloned and rescued; a wild-type virus, a GFP-expressing virus and a firefly luciferase-expressing virus. In vitro characterisation demonstrated expression of the reporter genes, with levels proportional to the initial inoculum levels. Challenge of ferrets with the GFP virus demonstrated maintenance of the fatal phenotype with disease progressing to death consistent with that observed previously with the parental wild-type isolate of HeV. GFP expression could be observed in infected tissues collected from animals at euthanasia. CONCLUSIONS: Here, we report on the first successful rescue of recombinant HeV, including wild-type virus and viruses expressing two different reporter genes encoded as an additional gene cassette inserted between the P and M genes. We further demonstrate that the GFP virus retained the ability to cause fatal disease in a well-characterized ferret model of henipavirus infection despite the genome being an extra 1290 nucleotides in length.,��https://www.ncbi.nlm.nih.gov/pubmed/23521919���Marsh, Glenn A
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Virus Replication%��Nipah virus (NiV) is a member of the genus Henipavirus, which emerged in Malaysia in 1998. In pigs, infection resulted in a predominantly non-lethal respiratory disease; however, infection in humans resulted in over 100 deaths. Nipah virus has continued to re-emerge in Bangladesh and India, and person-to-person transmission appeared in the outbreak. Although a number of NiV vaccine studies have been reported, there are currently no vaccines or treatments licensed for human use. In this study, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins (rMV-HL-G and rMV-Ed-G). Vaccinated hamsters were completely protected against NiV challenge, while the mortality of unvaccinated control hamsters was 90%. We trialed our vaccine in a non-human primate model, African green monkeys. Upon intraperitoneal infection with NiV, monkeys showed several clinical signs of disease including severe depression, reduced ability to move and decreased food ingestion and died at 7 days post infection (dpi). Intranasal and oral inoculation induced similar clinical illness in monkeys, evident around 9 dpi, and resulted in a moribund stage around 14 dpi. Two monkeys immunized subcutaneously with rMV-Ed-G showed no clinical illness prior to euthanasia after challenge with NiV. Viral RNA was not detected in any organ samples collected from vaccinated monkeys, and no pathological changes were found upon histopathological examination. From our findings, we propose that rMV-NiV-G is an appropriate NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23516477���Yoneda, Misako
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RNA, Messenger/genetics/metabolism���Junå��Nipah virus (NiV) is a nonsegmented, single-stranded, negative-sense RNA virus belonging to the genus Henipavirus, family Paramyxoviridae. NiV causes acute encephalitis and respiratory disease in humans, is associated with high mortality, and poses a threat in southern Asia. The genomes of henipaviruses are about 18,246 nucleotides (nt) long, which is longer than those of other paramyxoviruses (around 15,384 nt). This difference is caused by the noncoding RNA region, particularly the 3' untranslated region (UTR), which occupies more than half of the noncoding RNA region. To determine the function(s) of the NiV noncoding RNA region, we investigated the effects of NiV 3' UTRs on reporter gene expression. The NiV N 3' UTR (nt 1 to 100) demonstrated strong repressor activity associated with hnRNP D protein binding to that region. Mutation of the hnRNP D binding site or knockdown of hnRNP D resulted in increased expression of the NiV N 3' UTR reporter. Our findings suggest that NiV N expression is repressed by hnRNP D through the NiV N 3' UTR and demonstrate the involvement of posttranscriptional regulation in the NiV life cycle. To the best of our knowledge, this provides the first report of the functions of the NiV noncoding RNA region.,��https://www.ncbi.nlm.nih.gov/pubmed/23514888·��Hino, Kimihiro
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Viral Envelope Proteins/analysis?��Microsphere suspension array systems enable the simultaneous fluorescent identification of multiple separate nucleotide targets in a single reaction. We have utilized commercially available oligo-tagged microspheres (Luminex MagPlex-TAG) to construct and evaluate multiplexed assays for the detection and differentiation of Hendra virus (HeV) and Nipah virus (NiV). Both these agents are bat-borne zoonotic paramyxoviruses of increasing concern for veterinary and human health. Assays were developed targeting multiple sites within the nucleoprotein (N) and phosphoprotein (P) encoding genes. The relative specificities and sensitivities of the assays were determined using reference isolates of each virus type, samples from experimentally infected horses, and archival veterinary diagnostic submissions. Results were assessed in direct comparison with an established qPCR. The microsphere array assays achieved unequivocal differentiation of HeV and NiV and the sensitivity of HeV detection was comparable to qPCR, indicating high analytical and diagnostic specificity and sensitivity.,��https://www.ncbi.nlm.nih.gov/pubmed/23509705���Foord, Adam J
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Zoonoses/*epidemiology/transmission`��BACKGROUND: Prior to emergence in human populations, zoonoses such as SARS cause occasional infections in human populations exposed to reservoir species. The risk of widespread epidemics in humans can be assessed by monitoring the reproduction number R (average number of persons infected by a human case). However, until now, estimating R required detailed outbreak investigations of human clusters, for which resources and expertise are not always available. Additionally, existing methods do not correct for important selection and under-ascertainment biases. Here, we present simple estimation methods that overcome many of these limitations. METHODS AND FINDINGS: Our approach is based on a parsimonious mathematical model of disease transmission and only requires data collected through routine surveillance and standard case investigations. We apply it to assess the transmissibility of swine-origin influenza A H3N2v-M virus in the US, Nipah virus in Malaysia and Bangladesh, and also present a non-zoonotic example (cholera in the Dominican Republic). Estimation is based on two simple summary statistics, the proportion infected by the natural reservoir among detected cases (G) and among the subset of the first detected cases in each cluster (F). If detection of a case does not affect detection of other cases from the same cluster, we find that R can be estimated by 1-G; otherwise R can be estimated by 1-F when the case detection rate is low. In more general cases, bounds on R can still be derived. CONCLUSIONS: We have developed a simple approach with limited data requirements that enables robust assessment of the risks posed by emerging zoonoses. We illustrate this by deriving transmissibility estimates for the H3N2v-M virus, an important step in evaluating the possible pandemic threat posed by this virus. Please see later in the article for the Editors' Summary.,��https://www.ncbi.nlm.nih.gov/pubmed/23472057n��Cauchemez, Simon
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Plant Extracts/chemistry���Jan 30^��Citrus plants are known to possess beneficial biological activities for human health. In addition, ethnopharmacological application of plants is a good tool to explore their bioactivities and active compounds. This research was carried out to evaluate the phenolic and flavonoid analysis, antioxidant properties, anti inflammatory and anti cancer activity of Citrus aurantium bloom. The total phenolics and flavonoids results revealed that methanolic extract contained high total phenolics and flavonoids compared to ethanolic and boiling water extracts. The obtained total phenolics value for methanolic Citrus aurantium bloom extract was 4.55 +/- 0.05 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids it was 3.83 +/- 0.05 mg rutin equivalent/g DW. In addition, the RP-HPLC analyses of phenolics and flavonoids indicated the presence of gallic acid, pyrogallol, syringic acid, caffeic acid, rutin, quercetin and naringin as bioactive compounds. The antioxidant activity of Citrus aurantium bloom were examined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the ferric reducing/antioxidant potential (FRAP). The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of Citrus aurantium bloom at a concentration of 300 mug/mL, with values of 55.3% and 51.7%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. Furthermore, the anti-inflammatory result of methanolic extract showed appreciable reduction in nitric oxide production of stimulated RAW 264.7 cells at the presence of plant extract. Apart from that, the anticancer activity of the methanolic extract was investigated in vitro against human cancer cell lines (MCF-7; MDA-MB-231), human colon adenocarcinoma (HT-29) and Chang cell as a normal human hepatocyte. The obtained result demonstrated the moderate to appreciable activities against all cell line tested and the compounds present in the extracts are non-toxic which make them suitable as potential therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23442980Õ��Karimi, Ehsan
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Zoonoses/epidemiology/*prevention & control/transmission���Aug¦��The authors discuss 'One Health' approaches for controlling newly recognised and re-emerging diseases of animal origin and contributions towards pandemic preparedness based on enhanced collaboration between Veterinary Services, Human Health Services and Environmental Services. Improved veterinary governance and cooperation with public health managers, social scientists, ecologists and many other stakeholders are important for reducing the risks of potential zoonoses--including foodborne diseases--at their source. Two case studies are presented to illustrate how One Health approaches can make a difference--Hendra disease incidents in Australia and rabies management on the African continent. This article also includes an overview of collaboration at the international level between the Food and Agriculture Organization of the United Natiorfs, the World Organisation for Animal Health, and the World Health Organization. Environmental determinants for disease emergence, anthropogenic climate change and human encroachment on shrinking wildlife habitats are considered, using highly pathogenic avian influenza A (H5N1) and Nipah virus as examples. Finally, the authors discuss the effects of livestock production on environmental change--in the light of global population growth and increasing demand for livestock and aquaculture products--with the need for future policy decisions to be based on a multidisciplinary One Health approach.,��https://www.ncbi.nlm.nih.gov/pubmed/23413734T��Landford, J
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*Models, Theoretical���Apr 6���The identification of undiagnosed disease outbreaks is critical for mobilizing efforts to prevent widespread transmission of novel virulent pathogens. Recent developments in online surveillance systems allow for the rapid communication of the earliest reports of emerging infectious diseases and tracking of their spread. The efficacy of these programs, however, is inhibited by the anecdotal nature of informal reporting and uncertainty of pathogen identity in the early stages of emergence. We developed theory to connect disease outbreaks of known aetiology in a network using an array of properties including symptoms, seasonality and case-fatality ratio. We tested the method with 125 reports of outbreaks of 10 known infectious diseases causing encephalitis in South Asia, and showed that different diseases frequently form distinct clusters within the networks. The approach correctly identified unknown disease outbreaks with an average sensitivity of 76 per cent and specificity of 88 per cent. Outbreaks of some diseases, such as Nipah virus encephalitis, were well identified (sensitivity = 100%, positive predictive values = 80%), whereas others (e.g. Chandipura encephalitis) were more difficult to distinguish. These results suggest that unknown outbreaks in resource-poor settings could be evaluated in real time, potentially leading to more rapid responses and reducing the risk of an outbreak becoming a pandemic.,��https://www.ncbi.nlm.nih.gov/pubmed/23389893���Bogich, Tiffany L
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Zoonoses���MayÄ��Bats are reservoirs for a wide range of human pathogens including Nipah, Hendra, rabies, Ebola, Marburg and severe acute respiratory syndrome coronavirus (CoV). The recent implication of a novel beta (beta)-CoV as the cause of fatal respiratory disease in the Middle East emphasizes the importance of surveillance for CoVs that have potential to move from bats into the human population. In a screen of 606 bats from 42 different species in Campeche, Chiapas and Mexico City we identified 13 distinct CoVs. Nine were alpha (alpha)-CoVs; four were beta-CoVs. Twelve were novel. Analyses of these viruses in the context of their hosts and ecological habitat indicated that host species is a strong selective driver in CoV evolution, even in allopatric populations separated by significant geographical distance; and that a single species/genus of bat can contain multiple CoVs. A beta-CoV with 96.5 % amino acid identity to the beta-CoV associated with human disease in the Middle East was found in a Nyctinomops laticaudatus bat, suggesting that efforts to identify the viral reservoir should include surveillance of the bat families Molossidae/Vespertilionidae, or the closely related Nycteridae/Emballonuridae. While it is important to investigate unknown viral diversity in bats, it is also important to remember that the majority of viruses they carry will not pose any clinical risk, and bats should not be stigmatized ubiquitously as significant threats to public health.,��https://www.ncbi.nlm.nih.gov/pubmed/23364191/��Anthony, S J
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Young Adult���Febå��Active Nipah virus encephalitis surveillance identified an encephalitis cluster and sporadic cases in Faridpur, Bangladesh, in January 2010. We identified 16 case-patients; 14 of these patients died. For 1 case-patient, the only known exposure was hugging a deceased patient with a probable case, while another case-patient's exposure involved preparing the same corpse for burial by removing oral secretions and anogenital excreta with a cloth and bare hands. Among 7 persons with confirmed sporadic cases, 6 died, including a physician who had physically examined encephalitis patients without gloves or a mask. Nipah virus-infected patients were more likely than community-based controls to report drinking raw date palm sap and to have had physical contact with an encephalitis patient (29% vs. 4%, matched odds ratio undefined). Efforts to prevent transmission should focus on reducing caregivers' exposure to infected patients' bodily secretions during care and traditional burial practices.,��https://www.ncbi.nlm.nih.gov/pubmed/23347678_��Sazzad, Hossain M S
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Virus Replication/*physiology���Apr¦��Hendra virus is a highly pathogenic zoonotic paramyxovirus in the genus Henipavirus. Thirty-nine outbreaks of Hendra virus have been reported since its initial identification in Queensland, Australia, resulting in seven human infections and four fatalities. Little is known about cellular host factors impacting Hendra virus replication. In this work, we demonstrate that Hendra virus makes use of a microRNA (miRNA) designated miR-146a, an NF-kappaB-responsive miRNA upregulated by several innate immune ligands, to favor its replication. miR-146a is elevated in the blood of ferrets and horses infected with Hendra virus and is upregulated by Hendra virus in human cells in vitro. Blocking miR-146a reduces Hendra virus replication in vitro, suggesting a role for this miRNA in Hendra virus replication. In silico analysis of miR-146a targets identified ring finger protein (RNF)11, a member of the A20 ubiquitin editing complex that negatively regulates NF-kappaB activity, as a novel component of Hendra virus replication. RNA interference-mediated silencing of RNF11 promotes Hendra virus replication in vitro, suggesting that increased NF-kappaB activity aids Hendra virus replication. Furthermore, overexpression of the IkappaB superrepressor inhibits Hendra virus replication. These studies are the first to demonstrate a host miRNA response to Hendra virus infection and suggest an important role for host miRNAs in Hendra virus disease.,��https://www.ncbi.nlm.nih.gov/pubmed/23345523®��Stewart, Cameron R
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population health���MarÑ��Nipah virus is a highly pathogenic but poorly known paramyxovirus from South and Southeast Asia. In spite of the risks that it poses to human health, the geography and ecology of its occurrence remain little understood-the virus is basically known from Bangladesh and peninsular Malaysia, and little in between. In this contribution, I use documented occurrences of the virus to develop ecological niche-based maps summarizing its likely broader occurrence-although rangewide maps could not be developed that had significant predictive abilities, reflecting minimal sample sizes available, maps within Bangladesh were quite successful in identifying areas in which the virus is predictably present and likely transmitted.,��https://www.ncbi.nlm.nih.gov/pubmed/23343646���Peterson, A Townsend
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Virus CultivationÇ��Nipah virus is a zoonotic pathogen that causes severe disease in humans. The mechanisms of pathogenesis are not well described. The first Nipah virus outbreak occurred in Malaysia, where human disease had a strong neurological component. Subsequent outbreaks have occurred in Bangladesh and India and transmission and disease processes in these outbreaks appear to be different from those of the Malaysian outbreak. Until this point, virtually all Nipah virus studies in vitro and in vivo, including vaccine and pathogenesis studies, have utilized a virus isolate from the original Malaysian outbreak (NiV-M). To investigate potential differences between NiV-M and a Nipah virus isolate from Bangladesh (NiV-B), we compared NiV-M and NiV-B infection in vitro and in vivo. In hamster kidney cells, NiV-M-infection resulted in extensive syncytia formation and cytopathic effects, whereas NiV-B-infection resulted in little to no morphological changes. In vivo, NiV-M-infected Syrian hamsters had accelerated virus replication, pathology and death when compared to NiV-B-infected animals. NiV-M infection also resulted in the activation of host immune response genes at an earlier time point. Pathogenicity was not only a result of direct effects of virus replication, but likely also had an immunopathogenic component. The differences observed between NiV-M and NiV-B pathogeneis in hamsters may relate to differences observed in human cases. Characterization of the hamster model for NiV-B infection allows for further research of the strain of Nipah virus responsible for the more recent outbreaks in humans. This model can be used to study NiV-B pathogenesis, transmission, and countermeasures that could be used to control outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/23342177���DeBuysscher, Blair L
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Viral Proteins/*metabolism���The capacity of a virus to cross species barriers is determined by the development of bona fide interactions with cellular components of new hosts, and in particular its ability to block IFN-alpha/beta antiviral signaling. Tioman virus (TioV), a close relative of mumps virus (MuV), has been isolated in giant fruit bats in Southeast Asia. Nipah and Hendra viruses, which are present in the same bat colonies, are highly pathogenic in human. Despite serological evidences of close contacts between TioV and human populations, whether TioV is associated to some human pathology remains undetermined. Here we show that in contrast to the V protein of MuV, the V protein of TioV (TioV-V) hardly interacts with human STAT2, does not degrade STAT1, and cannot block IFN-alpha/beta signaling in human cells. In contrast, TioV-V properly binds to human STAT3 and MDA5, and thus interferes with IL-6 signaling and IFN-beta promoter induction in human cells. Because STAT2 binding was previously identified as a host restriction factor for some Paramyxoviridae, we established STAT2 sequence from giant fruit bats, and binding to TioV-V was tested. Surprisingly, TioV-V interaction with STAT2 from giant fruit bats is also extremely weak and barely detectable. Altogether, our observations question the capacity of TioV to appropriately control IFN-alpha/beta signaling in both human and giant fruit bats that are considered as its natural host.,��https://www.ncbi.nlm.nih.gov/pubmed/23342031-��Caignard, Gregory
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�INTRODUCTION: Bioterrorism is a terrorist action involving the intentional release or dissemination of a biological warfare agent (BWA), which includes some bacteria, viruses, rickettsiae, fungi or biological toxins. BWA is a naturally occurring or human-modified form that may kill or incapacitate humans, animals or plants as an act of war or terrorism. BWA is a weapon of choice for mass destruction and terrorism, because of the incubation period, less effective amount than chemical warfare agents, easily distribution, odorless, colorless, difficult to detect, no need of specialized equipment for production and naturally distribution which can easily be obtained. BWA may be disseminating as an aerosol, spray, explosive device, and by food or water. CLASSIFICATION: Based on the risk for human health, BWAs have been prioritized into three categories of A, B and C. Category A includes microorganisms or toxins that easily spread, leading to intoxication with high death rates such as Anthrax, Botulism, Plague, Smallpox, Tularemia and Viral hemorrhagic fevers. Category B has lower toxicity with wider range, including Staphylococcal Entrotoxin type B (SEB), Epsilon toxin of Clostridium perfringens, Ricin, Saxotoxins, Abrin and Trichothecene mycotoxins. The C category includes emerging pathogens that could also be engineered for mass spread such as Hanta viruses, multidrug-resistant tuberculosis, Nipah virus, the tick-borne encephalitis viruses, hemorrhagic fever viruses and yellow fever. CLINICAL MANIFESTATIONS OF BIOTOXINS IN HUMAN: Clinical features and severity of intoxication depend on the agent and exposed dose, route of entry, individual variation and environmental factors. Onset of symptoms varies from 2-24 h in Ricin to 24-96 h in Botulism. Clinical manifestations also vary from irritation of the eyes, skin and mucus membranes in T2 toxin to an acute flaccid paralysis of bilateral cranial nerve impairment of descending manner in botulism. Most of the pyrogenic toxins such as SEB produce the same signs and symptoms as toxic shock syndrome including a rapid drop in blood pressure, elevated temperature, and multiple organ failure. MANAGEMENT: There is no specific antidote or effective treatment for most of the biotoxins. The clinical management is thus more supportive and symptomatic. Fortunately vaccines are now available for most of BWA. Therefore, immunization of personnel at risk of exposure is recommended. CONCLUSION: Biotoxins are very wide and bioterrorism is a heath and security threat that may induce national and international problems. Therefore, the security authorities, health professional and even public should be aware of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23339855¢��Balali-Mood, Mahdi
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Respiratory Mucosa/cytology/virology���Mar.��Hendra virus (HeV) and Nipah virus (NiV) are deadly zoonotic viruses for which no vaccines or therapeutics are licensed for human use. Henipavirus infection causes severe respiratory illness and encephalitis. Although the exact route of transmission in human is unknown, epidemiological studies and in vivo studies suggest that the respiratory tract is important for virus replication. However, the target cells in the respiratory tract are unknown, as are the mechanisms by which henipaviruses can cause disease. In this study, we characterized henipavirus pathogenesis using primary cells derived from the human respiratory tract. The growth kinetics of NiV-Malaysia, NiV-Bangladesh, and HeV were determined in bronchial/tracheal epithelial cells (NHBE) and small airway epithelial cells (SAEC). In addition, host responses to infection were assessed by gene expression analysis and immunoassays. Viruses replicated efficiently in both cell types and induced large syncytia. The host response to henipavirus infection in NHBE and SAEC highlighted a difference in the inflammatory response between HeV and NiV strains as well as intrinsic differences in the ability to mount an inflammatory response between NHBE and SAEC. These responses were highest during HeV infection in SAEC, as characterized by the levels of key cytokines (interleukin 6 [IL-6], IL-8, IL-1alpha, monocyte chemoattractant protein 1 [MCP-1], and colony-stimulating factors) responsible for immune cell recruitment. Finally, we identified virus strain-dependent variability in type I interferon antagonism in NHBE and SAEC: NiV-Malaysia counteracted this pathway more efficiently than NiV-Bangladesh and HeV. These results provide crucial new information in the understanding of henipavirus pathogenesis in the human respiratory tract at an early stage of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23302882ù��Escaffre, Olivier
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Zoonoses/*virology���Apr���Public discourses have influence on policymaking for emerging health issues. Media representations of unfolding events, scientific uncertainty, and real and perceived risks shape public acceptance of health policy and therefore policy outcomes. To characterize and track views in popular circulation on the causes, consequences and appropriate policy responses to the emergence of Hendra virus as a zoonotic risk, this study examines coverage of this issue in Australian mass media for the period 2007-2011. Results demonstrate the predominant explanation for the emergence of Hendra became the encroachment of flying fox populations on human settlement. Depictions of scientific uncertainty as to whom and what was at risk from Hendra virus promoted the view that flying foxes were a direct risk to human health. Descriptions of the best strategy to address Hendra have become polarized between recognized health authorities advocating individualized behaviour changes to limit risk exposure; versus populist calls for flying fox control and eradication. Less than a quarter of news reports describe the ecological determinants of emerging infectious disease or upstream policy solutions. Because flying foxes rather than horses were increasingly represented as the proximal source of human infection, existing policies of flying fox protection became equated with government inaction; the plight of those affected by flying foxes representative of a moral failure. These findings illustrate the potential for health communications for emerging infectious disease risks to become entangled in other political agendas, with implications for the public's likelihood of supporting public policy and risk management strategies that require behavioural change or seek to address the ecological drivers of incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/23294874´��Degeling, Chris
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*Virus Internalization���Mary��The promotion of membrane fusion by most paramyxoviruses requires an interaction between the viral attachment and fusion (F) proteins to enable receptor binding by the former to trigger the activation of the latter for fusion. Numerous studies demonstrate that the F-interactive sites on the Newcastle disease virus (NDV) hemagglutinin-neuraminidase (HN) and measles virus (MV) hemagglutinin (H) proteins reside entirely within the stalk regions of those proteins. Indeed, stalk residues of NDV HN and MV H that likely mediate the F interaction have been identified. However, despite extensive efforts, the F-interactive site(s) on the Nipah virus (NiV) G attachment glycoprotein has not been identified. In this study, we have introduced individual N-linked glycosylation sites at several positions spaced at intervals along the stalk of the NiV G protein. Five of the seven introduced sites are utilized as established by a retardation of electrophoretic mobility. Despite surface expression, ephrinB2 binding, and oligomerization comparable to those of the wild-type protein, four of the five added N-glycans completely eliminate the ability of the G protein to complement the homologous F protein in the promotion of fusion. The most membrane-proximal added N-glycan reduces fusion by 80%. However, unlike similar NDV HN and MV H mutants, the NiV G glycosylation stalk mutants retain the ability to bind F, indicating that the fusion deficiency of these mutants is not due to prevention of the G-F interaction. These findings suggest that the G-F interaction is not mediated entirely by the stalk domain of G and may be more complex than that of HN/H-F.,��https://www.ncbi.nlm.nih.gov/pubmed/23283956¸��Zhu, Qiyun
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*Virus Attachment���Mar���Conformational changes in the glycoproteins of enveloped viruses are critical for membrane fusion, which enables viral entry into cells and the pathological cell-cell fusion (syncytia) associated with some viral infections. However, technological capabilities for identifying viral glycoproteins and their conformational changes on actual enveloped virus surfaces are generally scarce, challenging, and time-consuming. Our model, Nipah virus (NiV), is a syncytium-forming biosafety level 4 pathogen with a high mortality rate (40 to 75%) in humans. Once the NiV attachment glycoprotein (G) (NiV-G) binds the cell receptor ephrinB2 or -B3, G triggers conformational changes in the fusion glycoprotein (F) that result in membrane fusion and viral entry. We demonstrate that confocal micro-Raman spectroscopy can, within minutes, simultaneously identify specific G and F glycoprotein signals and receptor-induced conformational changes in NiV-F on NiV virus-like particles (VLPs). First, we identified reproducible G- and F-specific Raman spectral features on NiV VLPs containing M (assembly matrix protein), G, and/or F or on NiV/vesicular stomatitis virus (VSV) pseudotyped virions via second-derivative transformations and principal component analysis (PCA). Statistical analyses validated our PCA models. Dynamic temperature-induced conformational changes in F and G or receptor-induced target membrane-dependent conformational changes in F were monitored in NiV pseudovirions in situ in real time by confocal micro-Raman spectroscopy. Advantageously, Raman spectroscopy can identify specific protein signals in relatively impure samples. Thus, this proof-of-principle technological development has implications for the rapid identification and biostability characterization of viruses in medical, veterinary, and food samples and for the analysis of virion glycoprotein conformational changes in situ during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/23283947���Lu, Xiaonan
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*Virus Release���Mar���Highly pathogenic Nipah virus (NiV) infections are transmitted via airway secretions and urine, commonly via the respiratory route. Epithelial surfaces represent important replication sites in both primary and systemic infection phases. NiV entry and spread from polarized epithelial cells therefore determine virus entry and dissemination within a new host and influence virus shedding via mucosal surfaces in the respiratory and urinary tract. To date, there is no knowledge regarding the entry and exit sites of NiV in polarized epithelial cells. In this report, we show for the first time that NiV can infect polarized kidney epithelial cells (MDCK) from both cell surfaces, while virus release is primarily restricted to the apical plasma membrane. Substantial amounts of basolateral infectivity were detected only after infection with high virus doses, at time points when the integrity of the cell monolayer was largely disrupted as a result of cell-to-cell fusion. Confocal immunofluorescence analyses of envelope protein distribution at early and late infection stages suggested that apical virus budding is determined by the polarized sorting of the NiV matrix protein, M. Studies with stably M-expressing and with monensin-treated cells furthermore demonstrated that M protein transport is independent from the glycoproteins, implying that the M protein possesses an intrinsic apical targeting signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23283941õ��Lamp, Boris
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Virus Internalization/*drug effects���Jan 24R��Interferons (IFN) are essential antiviral cytokines that establish the cellular antiviral state through upregulation of hundreds of interferon-stimulated genes (ISGs), most of which have uncharacterized functions and mechanisms. We identified cholesterol-25-hydroxylase (CH25H) as a broadly antiviral ISG. CH25H converts cholesterol to a soluble antiviral factor, 25-hydroxycholesterol (25HC). 25HC treatment in cultured cells broadly inhibited growth of enveloped viruses including VSV, HSV, HIV, and MHV68 and acutely pathogenic EBOV, RVFV, RSSEV, and Nipah viruses under BSL4 conditions. It suppressed viral growth by blocking membrane fusion between virus and cell. In animal models, Ch25h-deficient mice were more susceptible to MHV68 lytic infection. Moreover, administration of 25HC in humanized mice suppressed HIV replication and reversed T cell depletion. Thus, our studies demonstrate a unique mechanism by which IFN achieves its antiviral state through the production of a natural oxysterol to inhibit viral entry and implicate membrane-modifying oxysterols as potential antiviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23273844���Liu, Su-Yang
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Horvat, B.���20132��Henipavirus infections: lessons from animal models���264-87	��Pathogens���2���2���Apr 9ê��The Henipavirus genus contains two highly lethal viruses, the Hendra and Nipah viruses and one, recently discovered, apparently nonpathogenic member; Cedar virus. These three, negative-sense single-stranded RNA viruses, are hosted by fruit bats and use EphrinB2 receptors for entry into cells. The Hendra and Nipah viruses are zoonotic pathogens that emerged in the middle of 90s and have caused severe, and often fatal, neurologic and/or respiratory diseases in both humans and different animals; including spillover into equine and porcine species. Development of relevant models is critical for a better understanding of viral pathogenesis, generating new diagnostic tools, and assessing anti-viral therapeutics and vaccines. This review summarizes available data on several animal models where natural and/or experimental infection has been demonstrated; including pteroid bats, horses, pigs, cats, hamsters, guinea pigs, ferrets, and nonhuman primates. It recapitulates the principal features of viral pathogenesis in these animals and current knowledge on anti-viral immune responses. Lastly it describes the recently characterized murine animal model, which provides the possibility to use numerous and powerful tools available for mice to further decipher henipaviruses immunopathogenesis, prophylaxis, and treatment. The utility of different models to analyze important aspects of henipaviruses-induced disease in humans, potential routes of transmission, and therapeutic approaches are equally discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25437037���Dhondt, Kevin P
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*Virus Diseases/epidemiology/virologyÿ��Institute of Tropical Medicine, Nagasaki University (NEKKEN) and National Institute of Hygiene and Epidemiology, Vietnam (NIHE) jointly conducted a project from 2006 on Emerging and Re-emerging Infectious Diseases (ERID) granted by the Ministry of Education, Science, Culture and Technology (MEXT) of Japan. Fifteen independent researches have been carried out by 7 scientists who stationed in the Vietnam Research Station (VRS), and by approximately 60 visiting scientists. A wide variety of viruses have been studied in the research activities in the VRS, of those, topics of'' Nipah virus infection in bats in Vietnam'', ''Nam Dinh virus, a newly discovered insect nidovirus'', and'' Risk factors of dengue fever in southern Vietnam'' were summarized. It is important to develop a mechanism to facilitate young scientists to use the VRS in their research works, and then a scope to establish the VRS as a gateway to a successful career path for young scientists in the field of the infectious diseases would be realized.,��https://www.ncbi.nlm.nih.gov/pubmed/24769580V��Yamashiro, Tetsu
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Zoonoses/*virology���Feb���Bats are being increasingly recognized as an important reservoir of zoonotic viruses of different families, including SARS coronavirus, Nipah virus, Hendra virus and Ebola virus. Several recent studies hypothesized that bats, an ancient group of flying mammals, are the major reservoir of several important RNA virus families from which other mammalian viruses of livestock and humans were derived. Although this hypothesis needs further investigation, the premise that bats carry a large number of viruses is commonly accepted. The question of whether bats have unique biological features making them ideal reservoir hosts has been the subject of several recent reviews. In this review, we will focus on the public health implications of bat derived zoonotic viral disease outbreaks, examine the drivers and risk factors of past disease outbreaks and outline research directions for better control of future disease events.,��https://www.ncbi.nlm.nih.gov/pubmed/23265969���Smith, Ina
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Virology/*methods���Feb*��Several haemorrhagic fevers are caused by highly pathogenic viruses that must be handled in Biosafety level 4 (BSL-4) containment. These zoonotic infections have an important impact on public health and the development of a rapid and differential diagnosis in case of outbreak in risk areas represents a critical priority. We have demonstrated the potential of a DNA resequencing microarray (PathogenID v2.0) for this purpose. The microarray was first validated in vitro using supernatants of cells infected with prototype strains from five different families of BSL-4 viruses (e.g. families Arenaviridae, Bunyaviridae, Filoviridae, Flaviviridae and Paramyxoviridae). RNA was amplified based on isothermal amplification by Phi29 polymerase before hybridization. We were able to detect and characterize Nipah virus and Crimean-Congo haemorrhagic fever virus (CCHFV) in the brains of experimentally infected animals. CCHFV was finally used as a paradigm for epidemics because of recent outbreaks in Turkey, Kosovo and Iran. Viral variants present in human sera were characterized by BLASTN analysis. Sensitivity was estimated to be 10(5) -10(6) PFU/mL of hybridized cDNA. Detection specificity was limited to viral sequences having ~13-14% of global divergence with the tiled sequence, or stretches of ~20 identical nucleotides. These results highlight the benefits of using the PathogenID v2.0 resequencing microarray to characterize geographical variants in the follow-up of haemorrhagic fever epidemics; to manage patients and protect communities; and in cases of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23240764p��Filippone, C
Marianneau, P
Murri, S
Mollard, N
Avsic-Zupanc, T
Chinikar, S
Despres, P
Caro, V
Gessain, A
Berthet, N
Tordo, N
eng
UC1 AI062613/AI/NIAID NIH HHS/
Evaluation Studies
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2012/12/18 06:00
Clin Microbiol Infect. 2013 Feb;19(2):E118-28. doi: 10.1111/1469-0691.12075. Epub 2012 Dec 14.*��1469-0691 (Electronic)
1198-743X (Linking)
��PMC3663000���23240764_��Institut Pasteur, Unit of Epidemiology and Pathophysiology of Oncogenic Viruses, Paris, France.���10.1111/1469-0691.12075����ê��üÒtÿî?õ���«��Palomares, K.
Vigant, F.
Van Handel, B.
Pernet, O.
Chikere, K.
Hong, P.
Sherman, S. P.
Patterson, M.
An, D. S.
Lowry, W. E.
Mikkola, H. K.
Morizono, K.
Pyle, A. D.
Lee, B.���2013¥��Nipah virus envelope-pseudotyped lentiviruses efficiently target ephrinB2-positive stem cell populations in vitro and bypass the liver sink when administered in vivo���2094-108���J Virol���87���4ù��Animals
Cells, Cultured
Ephrin-B2/*metabolism
*Genetic Vectors
Humans
Lentivirus/*genetics
Mice
Molecular Biology/methods
Nipah Virus/genetics/*physiology
Receptors, Virus/*metabolism
Stem Cells/*virology
Transduction, Genetic
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Viral Vaccines/genetics/*immunology���Feb 1U��Nipah virus (NiV) and Hendra virus (HeV) are closely related, recently emerged paramyxoviruses that are capable of causing considerable morbidity and mortality in several mammalian species, including humans. Henipavirus-specific vaccines are still commercially unavailable, and development of novel antiviral strategies to prevent lethal infections due to henipaviruses is highly desirable. Here we describe the development of adeno-associated virus (AAV) vaccines expressing the NiV G protein. Characterization of these vaccines in mice demonstrated that a single intramuscular AAV injection was sufficient to induce a potent and long-lasting antibody response. Translational studies in hamsters further demonstrated that all vaccinated animals were protected against lethal challenge with NiV. In addition, this vaccine induced a cross-protective immune response that was able to protect 50% of the animals against a challenge by HeV. This study presents a new efficient vaccination strategy against henipaviruses and opens novel perspectives on the use of AAV vectors as vaccines against emergent diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/231757625��Ploquin, Aurelie
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Virus Shedding���Dec¨��Human infections with Nipah virus in Malaysia and Bangladesh are associated with markedly different patterns of transmission and pathogenicity. To compare the 2 strains, we conducted an in vivo study in which 2 groups of ferrets were oronasally exposed to either the Malaysia or Bangladesh strain of Nipah virus. Viral shedding and tissue tropism were compared between the 2 groups. Over the course of infection, significantly higher levels of viral RNA were recovered from oral secretions of ferrets infected with the Bangladesh strain. Higher levels of oral shedding of the Bangladesh strain of Nipah virus might be a key factor in onward transmission in outbreaks among humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23171621Ñ��Clayton, Bronwyn A
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Virus Internalizationø��Hendra virus and Nipah virus, comprising the genus Henipavirus, are recently emerged, highly pathogenic and often lethal zoonotic agents against which there are no approved therapeutics. Two surface glycoproteins, the attachment (G) and fusion (F), mediate host cell entry. The crystal structures of the Hendra G glycoprotein alone and in complex with the ephrin-B2 receptor reveal that henipavirus uses Tryptophan 122 on ephrin-B2/B3 as a "latch" to facilitate the G-receptor association. Structural-based mutagenesis of residues in the Hendra G glycoprotein at the receptor binding interface document their importance for viral attachments and entry, and suggest that the stability of the Hendra-G-ephrin attachment complex does not strongly correlate with the efficiency of viral entry. In addition, our data indicates that conformational rearrangements of the G glycoprotein head domain upon receptor binding may be the trigger leading to the activation of the viral F fusion glycoprotein during virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23144952N��Xu, Kai
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*Nipah Virus���Oct���There was an outbreak of new emergence viral encephalitis caused by Nipah virus among humans in some areas of Bangladesh during 2001 - till to date. The disease affected mainly the young, had increased suspicion to spread from bat to man through eating of the same fruits. The risk of human-to-human transmission is thought to be low though many of the affected individuals belonged to the same family. The disease presented mainly as acute encephalitis with usually a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include areflexia, hypotonia, hypertension, tachycardia and segmental myoclonus. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging (MRI) showed distinctive changes of multiple, discrete or confluent small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was as high as 32-92% and death was probably due to severe brainstem involvement. Relapse encephalitis was seen in those who recovered from acute encephalitis, and late-onset encephalitis was seen in those with initial non-encephalitic or asymptomatic diseases. Both these manifested as focal encephalitis arising from recurrent infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23134935x��Arif, S M
Basher, A
Quddus, M R
Faiz, M A
eng
Review
Bangladesh
2012/11/09 06:00
Mymensingh Med J. 2012 Oct;21(4):772-9.%��1022-4742 (Print)
1022-4742 (Linking)���23134935A��Department of Medicine, Dhaka Medical College, Dhaka, Bangladesh.��×��üÖtÿî?ý���T��Lo, M. K.
Peeples, M. E.
Bellini, W. J.
Nichol, S. T.
Rota, P. A.
Spiropoulou, C. F.���2012y��Distinct and overlapping roles of Nipah virus P gene products in modulating the human endothelial cell antiviral response���e47790���PLoS One���7���10)��Cell Line
Chemokine CCL5/biosynthesis/immunology
Chemokine CXCL10/biosynthesis/immunology
Endothelial Cells/pathology/*virology
Endothelium, Vascular/pathology/virology
*Gene Expression Regulation, Viral
Henipavirus Infections/immunology/virology
Host-Pathogen Interactions
Humans
Interferon-beta/biosynthesis/immunology
Nipah Virus/*genetics/metabolism/pathogenicity
Phosphoproteins/*genetics/metabolism
Primary Cell Culture
RNA, Messenger/*genetics/metabolism
RNA, Viral/*genetics
Reverse Genetics
Viral Proteins/*genetics/metabolism
Virus Replication���Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that causes fatal encephalitis in up to 75% of infected humans. Like other paramyxoviruses, NiV employs co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternative reading frame. There is evidence from both in vitro and in vivo studies to show that the P gene products play a role in NiV pathogenesis. We have developed a reverse genetic system to dissect the individual roles of the NiV P gene products in limiting the antiviral response in primary human microvascular lung endothelial cells, which represent important targets in human NiV infection. By characterizing growth curves and early antiviral responses against a number of recombinant NiVs with genetic modifications altering expression of the proteins encoded by the P gene, we observed that multiple elements encoded by the P gene have both distinct and overlapping roles in modulating virus replication as well as in limiting expression of antiviral mediators such as IFN-beta, CXCL10, and CCL5. Our findings corroborate observations from in vivo hamster infection studies, and provide molecular insights into the attenuation and the histopathology observed in hamsters infected with C, V, and W-deficient NiVs. The results of this study also provide an opportunity to verify the results of earlier artificial plasmid expression studies in the context of authentic viral infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23094089s��Lo, Michael K
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Virus Replication���Jan 1���Hendra virus (HeV) and Nipah virus (NiV) are closely related, recently emerged paramyxoviruses that form Henipavirus genus and are capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. However, in contrast to many other species and despite expression of functional virus entry receptors, mice are resistant to henipavirus infection. We report here the susceptibility of mice deleted for the type I interferon receptor (IFNAR-KO) to both HeV and NiV. Intraperitoneally infected mice developed fatal encephalitis, with pathology and immunohistochemical features similar to what was found in humans. Viral RNA was found in the majority of analyzed organs, and sublethally infected animals developed virus-specific neutralizing antibodies. Altogether, these results reveal IFNAR-KO mice as a new small animal model to study HeV and NiV pathogenesis, prophylaxis, and treatment and suggest the critical role of type I interferon signaling in the control of henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23089589û��Dhondt, Kevin P
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Zoonoses���Oct 19���BACKGROUND: Fruit bats are known to harbor zoonotic paramyxoviruses including Nipah, Hendra, and Menangle viruses. The aim of this study was to detect the presence of paramyxovirus RNA in fruit bats from Indonesia. METHODS: RNA samples were obtained from the spleens of 110 fruit bats collected from four locations in Indonesia. All samples were screened by semi-nested broad spectrum reverse transcription PCR targeting the paramyxovirus polymerase (L) genes. RESULTS: Semi-nested reverse transcription PCR detected five previously unidentified paramyxoviruses from six fruit bats. Phylogenetic analysis showed that these virus sequences were related to henipavirus or rubulavirus. CONCLUSIONS: This study indicates the presence of novel paramyxoviruses among fruit bat populations in Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23082748���Sasaki, Michihito
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Viral Regulatory and Accessory Proteins/metabolism���Sep���Tetherin (also known as BST-2 or CD317) has recently been identified as a potent IFN-induced anti-viral protein that inhibits the release of diverse enveloped virus particles from infected cells. The anti-viral activity of tetherin on a number of enveloped viruses, including retroviruses, filoviruses and arenaviruses, has been examined. Here, we show that tetherin is also capable of blocking the release of virus-like particles (VLPs) driven by the matrix protein of Sendai virus. Together with inhibition of Nipah virus VLP release by tetherin, these results indicate that paramyxoviruses are to be added to the list of viruses that are susceptible to tetherin inhibition. Tetherin co-localized with Nipah virus matrix proteins and accumulated in cells, indicating that it is present at, or recruited to, sites of particle assembly. It should be noted, however, that tetherin was not effective against the release of paramyxovirus mumps VLPs, indicating that certain enveloped viruses may not be sensitive to tetherin activity.,��https://www.ncbi.nlm.nih.gov/pubmed/23077864È��Kong, Weng-Sheng
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Virus Internalizationð��Encephalitis is a hallmark of Nipah virus (NiV) infection in humans. The exact route of entry of NiV into the central nervous system (CNS) is unknown. Here, we performed a spatio-temporal analysis of NiV entry into the CNS of hamsters. NiV initially predominantly targeted the olfactory epithelium in the nasal turbinates. From there, NiV infected neurons were visible extending through the cribriform plate into the olfactory bulb, providing direct evidence of rapid CNS entry. Subsequently, NiV disseminated to the olfactory tubercle and throughout the ventral cortex. Transmission electron microscopy on brain tissue showed extravasation of plasma cells, neuronal degeneration and nucleocapsid inclusions in affected tissue and axons, providing further evidence for axonal transport of NiV. NiV entry into the CNS coincided with the occurrence of respiratory disease, suggesting that the initial entry of NiV into the CNS occurs simultaneously with, rather than as a result of, systemic virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/230719004��Munster, Vincent J
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Zoonoses/*transmission���Oct 19]��Many serious emerging zoonotic infections have recently arisen from bats, including Ebola, Marburg, SARS-coronavirus, Hendra, Nipah, and a number of rabies and rabies-related viruses, consistent with the overall observation that wildlife are an important source of emerging zoonoses for the human population. Mechanisms underlying the recognized association between ecosystem health and human health remain poorly understood and responding appropriately to the ecological, social and economic conditions that facilitate disease emergence and transmission represents a substantial societal challenge. In the context of disease emergence from wildlife, wildlife and habitat should be conserved, which in turn will preserve vital ecosystem structure and function, which has broader implications for human wellbeing and environmental sustainability, while simultaneously minimizing the spillover of pathogens from wild animals into human beings. In this review, we propose a novel framework for the holistic and interdisciplinary investigation of zoonotic disease emergence and its drivers, using the spillover of bat pathogens as a case study. This study has been developed to gain a detailed interdisciplinary understanding, and it combines cutting-edge perspectives from both natural and social sciences, linked to policy impacts on public health, land use and conservation.,��https://www.ncbi.nlm.nih.gov/pubmed/22966143®��Wood, James L N
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Public Health���Feb 26ñ��Emerging infectious diseases (EIDs) pose a significant threat to human health, economic stability, and biodiversity. Despite this, the mechanisms underlying disease emergence are still not fully understood, and control measures rely heavily on mitigating the impact of EIDs after they have emerged. Here, we highlight the emergence of a zoonotic Henipavirus, Nipah virus, to demonstrate the interdisciplinary and macroecological approaches necessary to understand EID emergence. Previous work suggests that Nipah virus emerged due to the interaction of the wildlife reservoir (Pteropus spp. fruit bats) with intensively managed livestock. The emergence of this and other henipaviruses involves interactions among a suite of anthropogenic environmental changes, socioeconomic factors, and changes in demography that overlay and interact with the distribution of these pathogens in their wildlife reservoirs. Here, we demonstrate how ecological niche modeling may be used to investigate the potential role of a changing climate on the future risk for Henipavirus emergence. We show that the distribution of Henipavirus reservoirs, and therefore henipaviruses, will likely change under climate change scenarios, a fundamental precondition for disease emergence in humans. We assess the variation among climate models to estimate where Henipavirus host distribution is most likely to expand, contract, or remain stable, presenting new risks for human health. We conclude that there is substantial potential to use this modeling framework to explore the distribution of wildlife hosts under a changing climate. These approaches may directly inform current and future management and surveillance strategies aiming to improve pathogen detection and, ultimately, reduce emergence risk.,��https://www.ncbi.nlm.nih.gov/pubmed/22936052���Daszak, Peter
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Humans���OctK��Hendra virus, first identified in 1994 in Queensland, is an emerging zoonotic pathogen gaining importance in Australia because a growing number of infections are reported in horses and people. The virus, a member of the family Paramyxoviridae (genus Henipavirus), is transmitted to horses by pteropid bats (fruit bats or flying foxes), with human infection a result of direct contact with infected horses. Case-fatality rate is high in both horses and people, and so far, more than 60 horses and four people have died from Hendra virus infection in Australia. Human infection is characterised by an acute encephalitic syndrome or relapsing encephalitis, for which no effective treatment is currently available. Recent identification of Hendra virus infection in a domestic animal outside the laboratory setting, and the large range of pteropid bats in Australia, underpins the potential of this virus to cause greater morbidity and mortality in both rural and urban populations and its importance to both veterinary and human health. Attempts at treatment with ribavirin and chloroquine have been unsuccessful. Education, hygiene, and infection control measures have hitherto been the mainstay of prevention, while access to monoclonal antibody treatment and development of an animal vaccine offer further opportunities for disease prevention and control.,��https://www.ncbi.nlm.nih.gov/pubmed/22921953"��Mahalingam, Suresh
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*Virus Attachment���NovH��Nipah virus (NiV) is the deadliest known paramyxovirus. Membrane fusion is essential for NiV entry into host cells and for the virus' pathological induction of cell-cell fusion (syncytia). The mechanism by which the attachment glycoprotein (G), upon binding to the cell receptors ephrinB2 or ephrinB3, triggers the fusion glycoprotein (F) to execute membrane fusion is largely unknown. N-glycans on paramyxovirus glycoproteins are generally required for proper protein conformational integrity, transport, and sometimes biological functions. We made conservative mutations (Asn to Gln) at the seven potential N-glycosylation sites in the NiV G ectodomain (G1 to G7) individually or in combination. Six of the seven N-glycosylation sites were found to be glycosylated. Moreover, pseudotyped virions carrying these N-glycan mutants had increased antibody neutralization sensitivities. Interestingly, our results revealed hyperfusogenic and hypofusogenic phenotypes for mutants that bound ephrinB2 at wild-type levels, and the mutant's cell-cell fusion phenotypes generally correlated to viral entry levels. In addition, when removing multiple N-glycans simultaneously, we observed synergistic or dominant-negative membrane fusion phenotypes. Interestingly, our data indicated that 4- to 6-fold increases in fusogenicity resulted from multiple mechanisms, including but not restricted to the increase of F triggering. Altogether, our results suggest that NiV-G N-glycans play a role in shielding virions against antibody neutralization, while modulating cell-cell fusion and viral entry via multiple mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/22915812���Biering, Scott B
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Viral Fusion Proteins/genetics/*immunology/metabolism/*ultrastructure���Noví��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are paramyxoviruses discovered in the mid- to late 1990s that possess a broad host tropism and are known to cause severe and often fatal disease in both humans and animals. HeV and NiV infect cells by a pH-independent membrane fusion mechanism facilitated by their attachment (G) and fusion (F) glycoproteins. Here, several soluble forms of henipavirus F (sF) were engineered and characterized. Recombinant sF was produced by deleting the transmembrane (TM) and cytoplasmic tail (CT) domains and appending a glycosylphosphatidylinositol (GPI) anchor signal sequence followed by GPI-phospholipase D digestion, appending a trimeric coiled-coil (GCNt) domain (sF(GCNt)), or deleting the TM, CT, and fusion peptide domain. These sF glycoproteins were produced as F(0) precursors, and all were apparent stable trimers recognized by NiV-specific antisera. Surprisingly, however, only the GCNt-appended constructs (sF(GCNt)) could elicit cross-reactive henipavirus-neutralizing antibody in mice. In addition, sF(GCNt) constructs could be triggered in vitro by protease cleavage and heat to transition from an apparent prefusion to postfusion conformation, transitioning through an intermediate that could be captured by a peptide corresponding to the C-terminal heptad repeat domain of F. The pre- and postfusion structures of sF(GCNt) and non-GCNt-appended sF could be revealed by electron microscopy and were distinguishable by F-specific monoclonal antibodies. These data suggest that only certain sF constructs could serve as potential subunit vaccine immunogens against henipaviruses and also establish important tools for further structural, functional, and diagnostic studies on these important emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22915804®��Chan, Yee-Peng
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Viral Proteins/*chemistry/genetics���This work aims at characterizing structural transitions within the intrinsically disordered C-terminal domain of the nucleoprotein (NTAIL) from the Nipah and Hendra viruses, two recently emerged pathogens gathered within the Henipavirus genus. To this end, we used site-directed spin labeling combined with electron paramagnetic resonance spectroscopy to investigate the alpha-helical-induced folding that Henipavirus NTAIL domains undergo in the presence of the C-terminal X domain of the phosphoprotein (PXD). For each NTAIL protein, six positions located within four previously proposed molecular recognition elements (MoREs) were targeted for spin labeling, with three of these positions (475, 481, and 487) falling within the MoRE responsible for binding to PXD (Box3). A detailed analysis of the impact of the partner protein on the labeled NTAIL variants revealed a dramatic modification in the environment of the spin labels grafted within Box3, with the observed modifications supporting the formation of an induced alpha-helix within this region. In the free state, the slightly lower mobility of the spin labels grafted within Box3 as compared to the other positions suggests the existence of a transiently populated alpha-helix, as already reported for measles virus (MeV) NTAIL. Comparison with the well-characterized MeV NTAIL-PXD system, allowed us to validate the structural models of Henipavirus NTAIL-PXD complexes that we previously proposed. In addition, this study highlighted a few notable differences between the Nipah and Hendra viruses. In particular, the observation of composite spectra for the free form of the Nipah virus NTAIL variants spin labeled in Box3 supports conformational heterogeneity of this partly pre-configured alpha-helix, with the pre-existence of stable alpha-helical segments. Altogether these results provide insights into the molecular mechanisms of the Henipavirus NTAIL-PXD binding reaction.,��https://www.ncbi.nlm.nih.gov/pubmed/22881220���Martinho, Marlene
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*Immunity, Innate���The genus Henipavirus in the family Paramyxoviridae contains two viruses, Hendra virus (HeV) and Nipah virus (NiV) for which pteropid bats act as the main natural reservoir. Each virus also causes serious and commonly lethal infection of people as well as various species of domestic animals, however little is known about the associated mechanisms of pathogenesis. Here, we report the isolation and characterization of a new paramyxovirus from pteropid bats, Cedar virus (CedPV), which shares significant features with the known henipaviruses. The genome size (18,162 nt) and organization of CedPV is very similar to that of HeV and NiV; its nucleocapsid protein displays antigenic cross-reactivity with henipaviruses; and it uses the same receptor molecule (ephrin-B2) for entry during infection. Preliminary challenge studies with CedPV in ferrets and guinea pigs, both susceptible to infection and disease with known henipaviruses, confirmed virus replication and production of neutralizing antibodies although clinical disease was not observed. In this context, it is interesting to note that the major genetic difference between CedPV and HeV or NiV lies within the coding strategy of the P gene, which is known to play an important role in evading the host innate immune system. Unlike HeV, NiV, and almost all known paramyxoviruses, the CedPV P gene lacks both RNA editing and also the coding capacity for the highly conserved V protein. Preliminary study indicated that CedPV infection of human cells induces a more robust IFN-beta response than HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/22879820n��Marsh, Glenn A
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vaccine¤��Our understanding of how antibodies are generated and function could help develop effective vaccines and antibody-based therapeutics against viruses such as HIV-1, SARS coronavirus (SARS CoV), and Hendra and Nipah viruses (henipaviruses). Although broadly neutralizing antibodies (bnAbs) against the HIV-1 were observed in patients, elicitation of such bnAbs remains a major challenge when compared to other viral targets. We previously hypothesized that HIV-1 could have evolved a strategy to evade the immune system due to absent or very weak binding of germline antibodies to the conserved epitopes that may not be sufficient to initiate and/or maintain an effective immune response. To further explore our hypothesis, we used the 454 sequence analysis of a large naive library of human IgM antibodies which had been used for selecting antibodies against SARS CoV receptor-binding domain (RBD), and soluble G proteins (sG) of henipaviruses. We found that the human IgM repertoires from the 454 sequencing have diverse germline usages, recombination patterns, junction diversity, and a lower extent of somatic mutation. In this study, we identified antibody maturation intermediates that are related to bnAbs against the HIV-1 and other viruses as observed in normal individuals, and compared their genetic diversity and somatic mutation level along with available structural and functional data. Further computational analysis will provide framework for understanding the underlying genetic and molecular determinants related to maturation pathways of antiviral bnAbs that could be useful for applying novel approaches to the design of effective vaccine immunogens and antibody-based therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/22876240õ��Prabakaran, Ponraj
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Nipah Virus/*immunology/pathogenicity���Aug 8'��In the 1990s, Hendra virus and Nipah virus (NiV), two closely related and previously unrecognized paramyxoviruses that cause severe disease and death in humans and a variety of animals, were discovered in Australia and Malaysia, respectively. Outbreaks of disease have occurred nearly every year since NiV was first discovered, with case fatality ranging from 10 to 100%. In the African green monkey (AGM), NiV causes a severe lethal respiratory and/or neurological disease that essentially mirrors fatal human disease. Thus, the AGM represents a reliable disease model for vaccine and therapeutic efficacy testing. We show that vaccination of AGMs with a recombinant subunit vaccine based on the henipavirus attachment G glycoprotein affords complete protection against subsequent NiV infection with no evidence of clinical disease, virus replication, or pathology observed in any challenged subjects. Success of the recombinant subunit vaccine in nonhuman primates provides crucial data in supporting its further preclinical development for potential human use.,��https://www.ncbi.nlm.nih.gov/pubmed/22875827���Bossart, Katharine N
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virus���Augÿ��A number of emerging and re-emerging viruses have caused epidemics or pandemics of infectious diseases leading to major devastations throughout human history. Therefore, developing effective and safe vaccines against these viruses is clearly important for the protection of at-risk populations. Our previous studies have shown that the receptor-binding domain (RBD) in the spike protein of severe acute respiratory syndrome (SARS)-associated coronavirus (SARS-CoV) is a key target for the development of SARS vaccines. In this review, we highlight some key advances in the development of antiviral vaccines targeting the RBDs of spike proteins of emerging and re-emerging viruses, using SARS-CoV, influenza virus, Hendra virus (HeV) and Nipah virus (NiV) as examples.,��https://www.ncbi.nlm.nih.gov/pubmed/26038424Ý��Jiang, Shibo
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Virulence���Oct­��Nipah virus (NiV) is a highly pathogenic, negative-strand RNA paramyxovirus that has recently emerged from flying foxes to cause serious human disease. We have analyzed the role of the nonstructural NiV C protein in viral immunopathogenesis using recombinant virus lacking the expression of NiV C (NiVDeltaC). While wild-type NiV was highly pathogenic in the hamster animal model, NiVDeltaC was strongly attenuated. Replication of NiVDeltaC was followed by the production of NiV-specific antibodies and associated with higher recruitment of inflammatory cells and less intensive histopathological lesions in different organs than in wild-type-NiV-infected animals. To analyze the molecular basis of NiVDeltaC attenuation, we studied early changes in gene expression in infected primary human endothelial cells, a major cellular target of NiV infection. The transcriptomic approach revealed the striking difference between wild-type and mutant NiV in the expression of genes involved in immunity, with the particularly interesting differential patterns of proinflammatory cytokines. Compared to wild-type virus, NiVDeltaC induced increased expression of interleukin 1 beta (IL-1beta), IL-8, CXCL2, CXCL3, CXCL6, CCL20, and beta interferon. Furthermore, the expression of NiV C in stably transfected cells decreased the production of the same panel of cytokines, revealing a role of the C protein in the regulation of cytokine balance. Together, these results suggest that NiV C regulates expression of proinflammatory cytokines, therefore providing a signal responsible for the coordination of leukocyte recruitment and the chemokine-induced immune response and controlling the lethal outcome of the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/22837207L��Mathieu, Cyrille
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Security Measures���Nov 1d��Australia is free of many diseases, pests and weeds found elsewhere in the world due to its geographical isolation and relatively good health security practices. However, its health security is under increasing pressure due to a number of ecological, climatic, demographic and behavioural changes occurring globally. North Queensland is a high risk area (a health security hot spot) for Australia, due in part to its connection to neighbouring countries via the Torres Strait and the Indo-Papuan conduit, its high diversity of wildlife reservoirs and its environmental characteristics. Major outbreaks of exotic diseases, pests and weeds in Australia can cost in excess of $1 billion; however, most expenditure on health security is reactive apart from preventive measures undertaken for a few high profile diseases, pests and weeds. Large gains in health security could therefore be made by spending more on pre-emptive approaches to reduce the risk of outbreaks, invasion/spread and establishment, despite these gains being difficult to quantify. Although biosecurity threats may initially have regional impacts (e.g. Hendra virus), a break down in security in health security hot spots can have national and international consequences, as has been seen recently in other regions with the emergence of SARS and pandemic avian influenza. Novel approaches should be driven by building research and management capacity, particularly in the regions where threats arise, a model that is applicable both in Australia and in other regions of the world that value and therefore aim to improve their strategies for maintaining health security.,��https://www.ncbi.nlm.nih.gov/pubmed/22836170ç��Murray, Kris A
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Humans"��The outbreaks of SARS, avian influenza, and Nipah virus in Asian countries clearly demonstrated that new highly infectious agents periodically emerge at the human-animal interface. The experiences of regional countries with prevention and control of avian influenza, SARS have reinforced the need for sustained, well-coordinated, multi-sector, multi-disciplinary, community-based actions to address emerging disease threats. 'One Health' is a cost-effective, sustainable, and practical approach to find solutions for problems which need holistic, multidisciplinary approaches, particularly in resource-constrained countries. While there is a growing recognition of One Health, it has to be translated from concept into actions through country level activities that are relevant for specific situations.,��https://www.ncbi.nlm.nih.gov/pubmed/22820705|��Gongal, Gyanendra
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and inform the development of improved treatment options for human patients.,��https://www.ncbi.nlm.nih.gov/pubmed/22808132���Dups, Johanna
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Sequence Analysis, RNA���Sep|��The study deals with the survey of different bat populations (Pteropus giganteus, Cynopterus sphinx, and Megaderma lyra) in India for highly pathogenic Nipah virus (NiV), Reston Ebola virus, and Marburg virus. Bats (n = 140) from two states in India (Maharashtra and West Bengal) were tested for IgG (serum samples) against these viruses and for virus RNAs. Only NiV RNA was detected in a liver homogenate of P. giganteus captured in Myanaguri, West Bengal. Partial sequence analysis of nucleocapsid, glycoprotein, fusion, and phosphoprotein genes showed similarity with the NiV sequences from earlier outbreaks in India. A serum sample of this bat was also positive by enzyme-linked immunosorbent assay for NiV-specific IgG. This is the first report on confirmation of Nipah viral RNA in Pteropus bat from India and suggests the possible role of this species in transmission of NiV in India.,��https://www.ncbi.nlm.nih.gov/pubmed/22802440ð��Yadav, Pragya D
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Vero Cells¿��Until the Nipah outbreak in Malaysia in 1999, knowledge of human infections with the henipaviruses was limited to the small number of cases associated with the emergence of Hendra virus in Australia in 1994. The Nipah outbreak in Malaysia alerted the global public health community to the severe pathogenic potential and widespread distribution of these unique paramyxoviruses. This chapter briefly describes the initial discovery of Nipah virus and the challenges encountered during the initial identification and characterisation of the aetiological agent responsible for the outbreak of febrile encephalitis. The initial attempts to isolate Nipah virus from the bat reservoir host are also described.,��https://www.ncbi.nlm.nih.gov/pubmed/22782307o��Chua, Kaw Bing
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*Viral Fusion Proteins/chemistry/genetics/metabolism���Aug 242��Viral fusion proteins are intriguing molecular machines that undergo drastic conformational changes to facilitate virus-cell membrane fusion. During fusion a hydrophobic region of the protein, termed the fusion peptide (FP), is inserted into the target host cell membrane, with subsequent conformational changes culminating in membrane merger. Class I fusion proteins contain FPs between 20 and 30 amino acids in length that are highly conserved within viral families but not between. To examine the sequence dependence of the Hendra virus (HeV) fusion (F) protein FP, the first eight amino acids were mutated first as double, then single, alanine mutants. Mutation of highly conserved glycine residues resulted in inefficient F protein expression and processing, whereas substitution of valine residues resulted in hypofusogenic F proteins despite wild-type surface expression levels. Synthetic peptides corresponding to a portion of the HeV F FP were shown to adopt an alpha-helical secondary structure in dodecylphosphocholine micelles and small unilamellar vesicles using circular dichroism spectroscopy. Interestingly, peptides containing point mutations that promote lower levels of cell-cell fusion within the context of the whole F protein were less alpha-helical and induced less membrane disorder in model membranes. These data represent the first extensive structure-function relationship of any paramyxovirus FP and demonstrate that the HeV F FP and potentially other paramyxovirus FPs likely require an alpha-helical structure for efficient membrane disordering and fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22761418ä��Smith, Everett Clinton
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PhylogeographyO��All seven recognized human cases of Hendra virus (HeV) infection have occurred in Queensland, Australia. Recognized human infections have all resulted from a HeV infected horse that was unusually efficient in transmitting the virus and a person with a high exposure to infectious secretions. In the large outbreak in Malaysia where Nipah virus (NiV) was first identified, most human infections resulted from close contact with NiV infected pigs. Outbreak investigations in Bangladesh have identified drinking raw date palm sap as the most common pathway of NiV transmission from Pteropus bats to people, but person-to-person transmission of NiV has been repeatedly identified in Bangladesh and India. Although henipaviruses are not easily transmitted to people, these newly recognized, high mortality agents warrant continued scientific attention.,��https://www.ncbi.nlm.nih.gov/pubmed/22752412���Luby, Stephen P
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Species Specificityï��The zoonotic potential of paramyxoviruses is particularly demonstrated by their broad host range like the highly pathogenic Hendra and Nipah viruses originating from bats. But while so far all bat-borne paramyxoviruses have been identified in fruit bats across Africa, Australia, South America, and Asia, we describe the detection and characterization of the first paramyxoviruses in free-ranging European bats. Moreover, we examined the possible impact of paramyxovirus infection on individual animals by comparing histo-pathological findings and virological results. Organs from deceased insectivorous bats of various species were sampled in Germany and tested for paramyxovirus RNA in parallel to a histo-pathological examination. Nucleic acids of three novel paramyxoviruses were detected, two viruses in phylogenetic relationship to the recently proposed genus Jeilongvirus and one closely related to the genus Rubulavirus. Two infected animals revealed subclinical pathological changes within their kidneys, suggestive of a similar pathogenesis as the one described in fruit bats experimentally infected with Hendra virus.Our findings indicate the presence of bat-born paramyxoviruses in geographic areas free of fruit bat species and therefore emphasize a possible virus-host co-evolution in European bats. Since these novel viruses are related to the very distinct genera Rubulavirus and Jeilongvirus, a similarly broad genetic diversity among paramyxoviruses in other Microchiroptera compared to Megachiroptera can be assumed. Given that the infected bats were either found in close proximity to heavily populated human habitation or areas of intensive agricultural use, a potential risk of the emergence of zoonotic paramyxoviruses in Europe needs to be considered.,��https://www.ncbi.nlm.nih.gov/pubmed/22737217���Kurth, Andreas
Kohl, Claudia
Brinkmann, Annika
Ebinger, Arnt
Harper, Jennifer A
Wang, Lin-Fa
Muhldorfer, Kristin
Wibbelt, Gudrun
eng
Research Support, Non-U.S. Gov't
2012/06/28 06:00
PLoS One. 2012;7(6):e38688. doi: 10.1371/journal.pone.0038688. Epub 2012 Jun 21.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3380927���22737217U��Robert Koch Institute, Centre for Biological Security, Berlin, Germany. KurthA@rki.de���10.1371/journal.pone.0038688��	ê��üÒ|ÿî?����P��Kong, D.
Wen, Z.
Su, H.
Ge, J.
Chen, W.
Wang, X.
Wu, C.
Yang, C.
Chen, H.
Bu, Z.���2012���Newcastle disease virus-vectored Nipah encephalitis vaccines induce B and T cell responses in mice and long-lasting neutralizing antibodies in pigs���327-35���Virology���432���2���Animals
Antibodies, Neutralizing/*blood
Antibodies, Viral/blood
B-Lymphocytes/immunology
Cell Line
Encephalitis, Viral/*immunology/prevention & control/virology
Female
Genetic Vectors/*genetics
Henipavirus Infections/immunology/prevention & control/virology
Humans
Mice
Mice, Inbred BALB C
Newcastle disease virus/*genetics
Nipah Virus/genetics/*immunology/metabolism
Swine
T-Lymphocytes/immunology
Time Factors
Vaccines, Synthetic/genetics/immunology
Viral Envelope Proteins/genetics/immunology
Viral Vaccines/genetics/*immunology���Oct 255��Nipah virus (NiV), a member of the Paramyxoviridae family, causes deadly encephalitis in humans and huge economic losses to the pig industry. Here, we generated recombinant avirulent Newcastle disease virus (NDV) LaSota strains expressing the NiV G and F proteins respectively (designated as rLa-NiVG and rLa-NiVF), and evaluated their immunogenicity in mice and pigs. Both rLa-NiVG and rLa-NiVF displayed growth properties similar to those of LaSota virus in chicken eggs. Co-infection of rLa-NiVG and rLa-NiVF caused marked syncytia formation, while intracerebral co-inoculation of these viruses in mice showed they were safe in at least one mammalian species. Animal immunization studies showed rLa-NiVG and rLa-NiVF induced NiV neutralizing antibody responses in mice and pigs, and F protein-specific CD8+ T cell responses in mice. Most importantly, rLa-NiVG and rLa-NiVF administered alone or together, induced a long-lasting neutralizing antibody response in pigs. Recombinant rLa-NiVG/F thus appear to be promising NiV vaccine candidates for pigs and potentially humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22726244���Kong, Dongni
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Zoonoses���FebÄ��The henipaviruses, Hendra virus and Nipah virus, are pathogens that have emerged from flying foxes in Australia and South-east Asia to infect both livestock and humans, often fatally. Since the emergence of Hendra virus in Australia in 1994 and the identification of Australian flying foxes as hosts to this virus, our appreciation of bats as reservoir hosts of henipaviruses has expanded globally to include much of Asia and areas of Africa. Despite this, little is currently known of the mechanisms by which bats harbour viruses capable of causing such severe disease in other terrestrial mammals. Pteropid bat ecology, henipavirus virology, therapeutic developments and features of henipavirus infection, pathology and disease in humans and other mammals are reviewed elsewhere in detail. This review focuses on bats as reservoir hosts to henipaviruses and features of transmission of Hendra virus and Nipah virus following spillover from these reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/22709528¬��Clayton, B A
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Virus Internalization2��Nipah (NiV) and Hendra (HeV) viruses are the deadliest human pathogens within the Paramyxoviridae family, which include human and animal pathogens of global biomedical importance. NiV and HeV infections cause respiratory and encephalitic illness with high mortality rates in humans. Henipaviruses (HNV) are the only Paramyxoviruses classified as biosafety level 4 (BSL4) pathogens due to their extreme pathogenicity, potential for bioterrorism, and lack of licensed vaccines and therapeutics. HNV use ephrin-B2 and ephrin-B3, highly conserved proteins, as viral entry receptors. This likely accounts for their unusually broad species tropism, and also provides opportunities to study how receptor usage, cellular tropism, and end-organ pathology relates to the pathobiology of HNV infections. The clinical and pathologic manifestations of NiV and HeV virus infections are reviewed in the chapters by Wong et al. and Geisbert et al. in this issue. Here, we will review the biology of the HNV receptors, and how receptor usage relates to HNV cell tropism in vitro and in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/22695915
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community-based intervention
public health intervention development���Sepá��People in Bangladesh frequently drink fresh date palm sap. Fruit bats (Pteropus giganteus) also drink raw sap and may contaminate the sap by shedding Nipah virus through saliva and urine. In a previous study we identified two indigenous methods to prevent bats accessing the sap, bamboo skirts and lime (calcium carbonate). We conducted a pilot study to assess the acceptability of these two methods among sap harvesters. We used interactive community meetings and group discussions to encourage all the sap harvesters (n = 12) from a village to use either bamboo skirts or lime smear that some of them (n = 4) prepared and applied. We measured the preparation and application time and calculated the cost of bamboo skirts. We conducted interviews after the use of each method. The sap harvesters found skirts effective in preventing bats from accessing sap. They were sceptical that lime would be effective as the lime was washed away by the sap flow. Preparation of the skirt took approximately 105 min. The application of each method took approximately 1 min. The cost of the bamboo skirt is minimal because bamboo is widely available and they made the skirts with pieces of used bamboo. The bamboo skirt method appeared practical and affordable to the sap harvesters. Further studies should explore its ability to prevent bats from accessing date palm sap and assess if its use produces more or better quality sap, which would provide further incentives to make it more acceptable for its regular use.,��https://www.ncbi.nlm.nih.gov/pubmed/22669914L��Nahar, Nazmun
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Zoonoses/*virology���SepÜ��Nipah virus has recently emerged as a zoonotic agent that is highly pathogenic in humans. Outbreaks have occurred regularly over the last two decades in South and Southeast Asia, where mortality rates reach as high as 100 %. The natural reservoir of Nipah virus has been identified as bats from the Pteropus family, where infection is largely asymptomatic. Human disease is characterized by both respiratory and encephalitic components, and thus far, no effective vaccine or intervention strategies are available. Little is know about how the immune response of either the reservoir host or incidental hosts responds to infection, and how this immune response is either inadequate or might contribute to disease in the dead-end host. Experimental vaccines strategies have given us some insight into the immunological requirements for protection. This review summarizes our current understanding of the immune response to Nipah virus infection and emphasizes the need for further research.,��https://www.ncbi.nlm.nih.gov/pubmed/22669317���Prescott, Joseph
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Virus Replication/drug effects���Fusion between the viral and target cell membranes is an obligatory step for the infectivity of all enveloped virus, and blocking this process is a clinically validated therapeutic strategy.Viral fusion is driven by specialized proteins which, although specific to each virus, act through a common mechanism, the formation of a complex between two heptad repeat (HR) regions. The HR regions are initially separated in an intermediate termed "prehairpin", which bridges the viral and cell membranes, and then fold onto each other to form a 6-helical bundle (6HB), driving the two membranes to fuse. HR-derived peptides can inhibit viral infectivity by binding to the prehairpin intermediate and preventing its transition to the 6HB.The antiviral activity of HR-derived peptides differs considerably among enveloped viruses. For weak inhibitors, potency can be increased by peptide engineering strategies, but sequence-specific optimization is time-consuming. In seeking ways to increase potency without changing the native sequence, we previously reported that attachment to the HR peptide of a cholesterol group ("cholesterol-tagging") dramatically increases its antiviral potency, and simultaneously increases its half-life in vivo. We show here that antiviral potency may be increased by combining cholesterol-tagging with dimerization of the HR-derived sequence, using as examples human parainfluenza virus, Nipah virus, and HIV-1. Together, cholesterol-tagging and dimerization may represent strategies to boost HR peptide potency to levels that in some cases may be compatible with in vivo use, possibly contributing to emergency responses to outbreaks of existing or novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22666328¸��Pessi, Antonello
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Virulence Factors/deficiency/immunology/*metabolism���Jul(��The V protein of Sendai virus (SeV) suppresses innate immunity, resulting in enhancement of viral growth in mouse lungs and viral pathogenicity. The innate immunity restricted by the V protein is induced through activation of interferon regulatory factor 3 (IRF3). The V protein has been shown to interact with melanoma differentiation-associated gene 5 (MDA5) and to inhibit beta interferon production. In the present study, we infected MDA5-knockout mice with V-deficient SeV and found that MDA5 was largely unrelated to the innate immunity that the V protein suppresses in vivo. We therefore investigated the target of the SeV V protein. We previously reported interaction of the V protein with IRF3. Here we extended the observation and showed that the V protein appeared to inhibit translocation of IRF3 into the nucleus. We also found that the V protein inhibited IRF3 activation when induced by a constitutive active form of IRF3. The V proteins of measles virus and Newcastle disease virus inhibited IRF3 transcriptional activation, as did the V protein of SeV, while the V proteins of mumps virus and Nipah virus did not, and inhibition by these proteins correlated with interaction of each V protein with IRF3. These results indicate that IRF3 is important as an alternative target of paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22532687Ú��Irie, Takashi
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Phylogeny���Apr 24���The large virus family Paramyxoviridae includes some of the most significant human and livestock viruses, such as measles-, distemper-, mumps-, parainfluenza-, Newcastle disease-, respiratory syncytial virus and metapneumoviruses. Here we identify an estimated 66 new paramyxoviruses in a worldwide sample of 119 bat and rodent species (9,278 individuals). Major discoveries include evidence of an origin of Hendra- and Nipah virus in Africa, identification of a bat virus conspecific with the human mumps virus, detection of close relatives of respiratory syncytial virus, mouse pneumonia- and canine distemper virus in bats, as well as direct evidence of Sendai virus in rodents. Phylogenetic reconstruction of host associations suggests a predominance of host switches from bats to other mammals and birds. Hypothesis tests in a maximum likelihood framework permit the phylogenetic placement of bats as tentative hosts at ancestral nodes to both the major Paramyxoviridae subfamilies (Paramyxovirinae and Pneumovirinae). Future attempts to predict the emergence of novel paramyxoviruses in humans and livestock will have to rely fundamentally on these data.,��https://www.ncbi.nlm.nih.gov/pubmed/22531181���Drexler, Jan Felix
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*Virus Internalization���Jun	��Paramyxoviruses initiate entry through the concerted action of the tetrameric attachment glycoprotein (HN, H, or G) and the trimeric fusion glycoprotein (F). The ectodomains of HN/H/G contain a stalk region important for oligomeric stability and for the F triggering resulting in membrane fusion. Paramyxovirus HN, H, and G form a dimer-of-dimers consisting of disulfide-linked dimers through their stalk domain cysteines. The G attachment protein stalk domain of the highly pathogenic Nipah virus (NiV) contains a distinct but uncharacterized cluster of three cysteine residues (C146, C158, C162). On the basis of a panoply of assays, we report that C158 and C162 of NiV-G likely mediate covalent subunit dimerization, while C146 mediates the stability of higher-order oligomers. For HN or H, mutation of stalk cysteines attenuates but does not abrogate the ability to trigger fusion. In contrast, the NiV-G stalk cysteine mutants were completely deficient in triggering fusion, even though they could still bind the ephrinB2 receptor and associate with F. Interestingly, all cysteine stalk mutants exhibited constitutive exposure of the Mab45 receptor binding-enhanced epitope, previously implicated in F triggering. The enhanced binding of Mab45 to the cysteine mutants relative to wild-type NiV-G, without the addition of the receptor, implicates the stalk cysteines in the stabilization of a pre-receptor-bound conformation and the regulation of F triggering. Sequence alignments revealed that the stalk cysteines were adjacent to a proline-rich microdomain unique to the Henipavirus genus. Our data propose that the cysteine cluster in the NiV-G stalk functions to maintain oligomeric stability but is more importantly involved in stabilizing a unique microdomain critical for triggering fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22496210���Maar, Dianna
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Viral Proteins/*immunology/pharmacology���Nipah virus and Hendra virus are related, highly pathogenic paramyxoviruses with unusually broad host ranges. Henipaviruses encode several proteins that block innate immune responses, and these are likely to serve as virulence factors. Specfically, four virus-encoded proteins, the phosphoprotein (P), the V protein, the W protein, and the C protein have each been demonstrated to counteract aspects of the interferon (IFN)-alpha/beta response, a key component of the innate immune response to virus infection. The available data indicate that V and W can inhibit the production of IFNalpha/beta in response to various stimuli, while the P, V, and W proteins also block the ability of IFNs to signal and induce an antiviral state in cells. The C protein also inhibits the antiviral effects of IFNalpha/beta by a poorly characterized mechanism. Reverse genetics systems, which allow the generation of recombinant viruses bearing specific mutations, have demonstrated the importance of the viral IFN-antagonists for replication. With these systems in hand, the field is now poised to define how specific viral IFN-antagonist functions influence viral pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/22491899���Basler, Christopher F
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Real-Time Polymerase Chain Reaction¬��Since the last major review on diagnosis of henipavirus infection about a decade ago, significant progress has been made in many different areas of test development, especially in the development of molecular tests using real-time PCR and many novel serological test platforms. In addition to provide an updated review of the current test capabilities, this review also identifies key future challenges in henipavirus diagnosis.,��https://www.ncbi.nlm.nih.gov/pubmed/22481141���Wang, Lin-Fa
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Viral Vaccines/administration & dosage/biosynthesis/*immunologyz��Hendra virus and Nipah virus are recently discovered and closely related emerging viruses that now comprise the genus henipavirus within the sub-family Paramyxoviridae and are distinguished by their broad species tropism and in addition to bats can infect and cause fatal disease in a wide variety of mammalian hosts including humans. The high mortality associated with human and animal henipavirus infections has highlighted the importance and necessity of developing effective immunization strategies. The development of suitable animal models of henipavirus infection and pathogenesis has been critical for testing the efficacy of potential therapeutic approaches. Several henipavirus challenge models have been used and recent successes in both active and passive immunization strategies against henipaviruses have been reported which have all targeted the viral envelope glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22481140É��Broder, Christopher C
Geisbert, Thomas W
Xu, Kai
Nikolov, Dimitar B
Wang, Lin-Fa
Middleton, Deborah
Pallister, Jackie
Bossart, Katharine N
eng
AI054715/AI/NIAID NIH HHS/
R01 AI054715/AI/NIAID NIH HHS/
AI082121/AI/NIAID NIH HHS/
U01 AI082121/AI/NIAID NIH HHS/
AI077995/AI/NIAID NIH HHS/
U01 AI077995/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Review
Germany
2012/04/07 06:00
Curr Top Microbiol Immunol. 2012;359:197-223. doi: 10.1007/82_2012_213.%��0070-217X (Print)
0070-217X (Linking)
��PMC4465348���22481140t��Department of Microbiology and Immunology, Uniformed Services University, Bethesda, MD 20814, USA. cbroder@usuhs.mil���10.1007/82_2012_213��«��þÖ|ÿî?.���*��Geisbert, T. W.
Feldmann, H.
Broder, C. C.���2012A��Animal challenge models of henipavirus infection and pathogenesis���153-77���Curr Top Microbiol Immunol���359P��Animals
Cat Diseases/virology
Cats
Cercopithecus aethiops/*virology
Chiroptera/virology
Cricetinae
*Disease Models, Animal
Ferrets/virology
Guinea Pigs
Hendra Virus/pathogenicity/physiology
Henipavirus Infections/*pathology/*veterinary/virology
Horses/virology
Host Specificity
Humans
Nipah Virus/pathogenicity/physiology
Swine/virologyî��The henipaviruses, Hendra virus (HeV), and Nipah virus (NiV), are enigmatic emerging pathogens that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75% and there are no vaccines or treatments approved for human use. A number of species of animals including guinea pigs, hamsters, cats, ferrets, pigs, and African green monkeys have been employed as animal models of human henipavirus infection. Here, we review the development of animal models for henipavirus infection, discuss the pathology and pathogenesis of these models, and assess the utility of each model to recapitulate important aspects of henipavirus-mediated disease seen in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22476556£��Geisbert, Thomas W
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Zoonoses/*epidemiology/virology���Hendra virus, a novel and fatally zoonotic member of the family Paramyxoviridae, was first described in Australia in 1994. Periodic spillover from its natural host (fruit bats) results in catastrophic disease in horses and occasionally the subsequent infection of humans. Prior to 2011, 14 equine incidents involving seven human cases (four fatal) were recorded. The year 2011 saw a dramatic departure from the sporadic incidents of the previous 16 years, with a cluster of 18 incidents in a single 3-month period. The fundamental difference in 2011 was the total number of incidents, the geographic clustering, and the expanded geographic range. The 2011 cluster more than doubled the total number of incidents previously reported, and poses the possibility of a new HeV infection paradigm. Epidemiologic evidence suggests that compelling additional host and/or environmental factors were at play.,��https://www.ncbi.nlm.nih.gov/pubmed/22476530£��Field, Hume
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Swine Diseases/*pathology/virology¡��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level 4 pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the twentieth century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarizes our up to date understanding of pathology and pathogenesis in the natural reservoir species, the Pteropus bat, and in the equine and porcine spill over species.,��https://www.ncbi.nlm.nih.gov/pubmed/22476529���Middleton, D J
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*receptor���FebÁ��The Paramyxoviridae genus Henipavirus is presently represented by the type species Hendra and Nipah viruses which are both recently emerged zoonotic viral pathogens responsible for repeated outbreaks associated with high morbidity and mortality in Australia, Southeast Asia, India and Bangladesh. These enveloped viruses bind and enter host target cells through the coordinated activities of their attachment (G) and class I fusion (F) envelope glycoproteins. The henipavirus G glycoprotein interacts with host cellular B class ephrins, triggering conformational alterations in G that lead to the activation of the F glycoprotein, which facilitates the membrane fusion process. Using the recently published structures of HeV-G and NiV-G and other paramyxovirus glycoproteins, we review the features of the henipavirus envelope glycoproteins that appear essential for mediating the viral fusion process, including receptor binding, G-F interaction, F activation, with an emphasis on G and the mutations that disrupt viral infectivity. Finally, recent candidate therapeutics for henipavirus-mediated disease are summarized in light of their ability to inhibit HeV and NiV entry by targeting their G and F glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22470837M��Steffen, Deborah L
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Chakraborty, A.���2012@��Nipah virus outbreaks in Bangladesh: a deadly infectious disease���208-212#��WHO South East Asia J Public Health���1���2���Apr-Jun´��During 2001-2011, multidisciplinary teams from the Institute of Epidemiology, Disease Control and Research (IEDCR) and International Centre for Diarrhoeal Disease Research, Bangladesh(icddr,b) identified sporadic cases and 11 outbreaks of Nipah encephalitis. Three outbreaks were detected through sentinel surveillance; others were identified through event-based surveillance. A total of 196 cases of Nipah encephalitis, in outbreaks, clusters and as isolated cases were detected from 20 districts of Bangladesh; out of them 150 (77%) cases died. Drinking raw date palm sap and contact with a case were identified as the major risk factors for acquiring the disease. Combination of surveillance systems and multidisciplinary outbreak investigations can be an effective strategy not only for detection of emerging infectious diseases but also for identification of novel characteristics and risk factors for these diseases in resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/28612796¥��Rahman, Mahmudur
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Zoonoses/epidemiology/transmission/*virology���Dec¸��The highly lethal Hendra and Nipah viruses have been described for little more than a decade, yet within that time have been aetiologically associated with major livestock and human health impacts, albeit on a limited scale. Do these emerging pathogens pose a broader threat, or are they inconsequential 'viral chatter'. Given their lethality, and the evident multi-generational human-to-human transmission associated with Nipah virus in Bangladesh, it seems prudent to apply the precautionary principle. While much is known of their clinical, pathogenic and epidemiologic features in livestock species and humans, a number of fundamental questions regarding the relationship between the viruses, their natural fruit-bat host and the environment remain unanswered. In this paper, we pose and probe these questions in context, and offer perspectives based primarily on our experience with Hendra virus in Australia, augmented with Nipah virus parallels.,��https://www.ncbi.nlm.nih.gov/pubmed/22440924���Field, Hume
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Zoonoses/transmission/*virology���DecÍ��For the past 10-15 years, bats have attracted growing attention as reservoirs of emerging zoonotic viruses. This has been due to a combination of factors including the emergence of highly virulent zoonotic pathogens, such as Hendra, Nipah, SARS and Ebola viruses, and the high rate of detection of a large number of previously unknown viral sequences in bat specimens. As bats have ancient evolutionary origins and are the only flying mammals, it has been hypothesized that some of their unique biological features may have made them especially suitable hosts for different viruses. So the question 'Are bats different, special or exceptional?' has become a focal point in the field of virology, bat biology and virus-host co-evolution. In this brief review, we examine the topic in a relatively unconventional way, that is, our discussion will be based on both scientific discoveries and theoretical predictions. This approach was chosen partially because the data in this field are so limited that it is impossible to conduct a useful review based on published results only and also because we believe it is important to provoke original, speculative or even controversial ideas or theories in this important field of research.,��https://www.ncbi.nlm.nih.gov/pubmed/22440923­��Wang, Lin-Fa
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*Virus Internalization���Mayá��The hemagglutinin-neuraminidase (HN) protein of paramyxoviruses carries out three distinct activities contributing to the ability of HN to promote viral fusion and entry: receptor binding, receptor cleavage (neuraminidase), and activation of the fusion protein. The relationship between receptor binding and fusion triggering functions of HN are not fully understood. For Newcastle disease virus (NDV), one bifunctional site (site I) on HN's globular head can mediate both receptor binding and neuraminidase activities, and a second site (site II) in the globular head is also capable of mediating receptor binding. The receptor analog, zanamivir, blocks receptor binding and cleavage activities of NDV HN's site I while activating receptor binding by site II. Comparison of chimeric proteins in which the globular head of NDV HN is connected to the stalk region of either human parainfluenza virus type 3 (HPIV3) or Nipah virus receptor binding proteins indicates that receptor binding to NDV HN site II not only can activate its own fusion (F) protein but can also activate the heterotypic fusion proteins. We suggest a general model for paramyxovirus fusion activation in which receptor engagement at site II plays an active role in F activation.,��https://www.ncbi.nlm.nih.gov/pubmed/22438532É��Porotto, Matteo
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Survival Rate���The clinicopathological features of human Nipah virus and Hendra virus infections appear to be similar. The clinical manifestations may be mild, but if severe, includes acute encephalitic and pulmonary syndromes with a high mortality. The pathological features in human acute henipavirus infections comprise vasculopathy (vasculitis, endothelial multinucleated syncytia, thrombosis), microinfarcts and parenchymal cell infection in the central nervous system, lung, kidney and other major organs. Viral inclusions, antigens, nucleocapsids and RNA are readily demonstrated in blood vessel wall and numerous types of parenchymal cells. Relapsing henipavirus encephalitis is a rare complication reported in less than 10% of survivors of the acute infection and appears to be distinct from the acute encephalitic syndrome. Pathological evidence suggests viral recrudescence confined to the central nervous system as the cause.,��https://www.ncbi.nlm.nih.gov/pubmed/22427144���Wong, K T
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Virus Internalizationº��Nipah (NiV) and Hendra (HeV) viruses cause cell-cell fusion (syncytia) in brain, lung, heart, and kidney tissues, leading to encephalitis, pneumonia, and often death. Membrane fusion is essential to both viral entry and virus-induced cell-cell fusion, a hallmark of henipavirus infections. Elucidiation of the mechanism(s) of membrane fusion is critical to understanding henipavirus pathobiology and has the potential to identify novel strategies for the development of antiviral therapeutic agents. Henipavirus membrane fusion requires the coordinated actions of the viral attachment (G) and fusion (F) glycoproteins. Current henipavirus fusion models posit that attachment of NiV or HeV G to its cell surface receptors releases F from its metastable pre-fusion conformation to mediate membrane fusion. The identification of ephrinB2 and ephrinB3 as henipavirus receptors has paved the way for recent advances in our understanding of henipavirus membrane fusion. These advances highlight mechanistic similarities and differences between membrane fusion for the henipavirus and other genera within the Paramyxoviridae family. Here, we review these mechanisms and the current gaps in our knowledge in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/22427111ª��Aguilar, Hector C
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Virus Replicationµ��Emerging viruses including Nipah, Hendra, Lujo, and Junin viruses have enormous potential to spread rapidly. Nipah virus, after emerging as a zoonosis, has also evolved the capacity for human-to-human transmission. Most of the diseases caused by these pathogens are untreatable and require high biocontainment conditions. Universal methods for rapidly identifying and screening candidate antivirals are urgently needed. We have developed a modular antiviral platform strategy that relies on simple bioinformatic and genetic information about each pathogen. Central to this platform is the use of envelope glycoprotein cDNAs to establish multi-cycle replication systems under BSL2 conditions for viral pathogens that normally require BSL3 and BSL4 facilities. We generated monoclonal antibodies against Nipah G by cDNA immunization in rats, and we showed that these antibodies neutralize both Nipah and Hendra live viruses. We then used these effective Henipavirus inhibitors to validate our screening strategy. Our proposed strategy should contribute to the response capability for emerging infectious diseases, providing a way to initiate antiviral development immediately upon identifying novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22396728á��Talekar, Aparna
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Time Factors£��Nipah virus (NiV) is a recently emerged zoonotic Paramyxovirus that causes regular outbreaks in East Asia with mortality rate exceeding 75%. Major cellular targets of NiV infection are endothelial cells and neurons. To better understand virus-host interaction, we analyzed the transcriptome profile of NiV infection in primary human umbilical vein endothelial cells. We further assessed some of the obtained results by in vitro and in vivo methods in a hamster model and in brain samples from NiV-infected patients. We found that NiV infection strongly induces genes involved in interferon response in endothelial cells. Among the top ten upregulated genes, we identified the chemokine CXCL10 (interferon-induced protein 10, IP-10), an important chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. In NiV-infected hamsters, which develop pathology similar to what is seen in humans, expression of CXCL10 mRNA was induced in different organs with kinetics that followed NiV replication. Finally, we showed intense staining for CXCL10 in the brain of patients who succumbed to lethal NiV infection during the outbreak in Malaysia, confirming induction of this chemokine in fatal human infections. This study sheds new light on NiV pathogenesis, indicating the role of CXCL10 during the course of infection and suggests that this chemokine may serve as a potential new marker for lethal NiV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/22393386���Mathieu, Cyrille
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Virus Replication/drug effects/physiology���Nipah virus (NiV), a zoonotic paramyxovirus, is highly contagious in swine, and can cause fatal infections in humans following transmission from the swine host. The main viral targets in both species are the respiratory and central nervous systems, with viremia implicated as a mode of dissemination of NiV throughout the host. The presented work focused on the role of peripheral blood mononuclear cells (PBMC) in the viremic spread of the virus in the swine host. B lymphocytes, CD4-CD8-, as well as CD4+CD8- T lymphocytes were not permissive to NiV, and expansion of the CD4+CD8- cells early post infection was consistent with functional humoral response to NiV infection observed in swine. In contrast, significant drop in the CD4+CD8- T cell frequency was observed in piglets which succumbed to the experimental infection, supporting the hypothesis that antibody development is the critical component of the protective immune response. Productive viral replication was detected in monocytes, CD6+CD8+ T lymphocytes and NK cells by recovery of infectious virus in the cell supernatants. Virus replication was supported by detection of the structural N and the non-structural C proteins or by detection of genomic RNA increase in the infected cells. Infection of T cells carrying CD6 marker, a strong ligand for the activated leukocyte cell adhesion molecule ALCAM (CD166) highly expressed on the microvascular endothelial cell of the blood-air and the blood-brain barrier may explain NiV preferential tropism for small blood vessels of the lung and brain.,��https://www.ncbi.nlm.nih.gov/pubmed/22303463ª��Stachowiak, Beata
Weingartl, Hana M
eng
Research Support, Non-U.S. Gov't
2012/02/04 06:00
PLoS One. 2012;7(1):e30855. doi: 10.1371/journal.pone.0030855. Epub 2012 Jan 27.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3267752���22303463b��Department of Medical Microbiology, Faculty of Medicine, University of Manitoba, Winnipeg, Canada.���10.1371/journal.pone.0030855��
}�üÒtÿî?A���g��Diederich, S.
Sauerhering, L.
Weis, M.
Altmeppen, H.
Schaschke, N.
Reinheckel, T.
Erbar, S.
Maisner, A.���2012���Activation of the Nipah virus fusion protein in MDCK cells is mediated by cathepsin B within the endosome-recycling compartment���3736-45���J Virol���86���7/��Animals
Cathepsin B/genetics/*metabolism
Cathepsin L/genetics/metabolism
Cell Line
Dogs
Endocytosis
Endosomes/*enzymology/virology
Henipavirus Infections/*enzymology/genetics/physiopathology/*virology
Humans
Mice
Mice, Knockout
Nipah Virus/genetics/*metabolism
Viral Fusion Proteins/genetics/*metabolism���AprÝ��Proteolytic activation of the fusion protein of the highly pathogenic Nipah virus (NiV F) is a prerequisite for the production of infectious particles and for virus spread via cell-to-cell fusion. Unlike other paramyxoviral fusion proteins, functional NiV F activation requires endocytosis and pH-dependent cleavage at a monobasic cleavage site by endosomal proteases. Using prototype Vero cells, cathepsin L was previously identified to be a cleavage enzyme. Compared to Vero cells, MDCK cells showed substantially higher F cleavage rates in both NiV-infected and NiV F-transfected cells. Surprisingly, this could not be explained either by an increased F endocytosis rate or by elevated cathepsin L activities. On the contrary, MDCK cells did not display any detectable cathepsin L activity. Though we could confirm cathepsin L to be responsible for F activation in Vero cells, inhibitor studies revealed that in MDCK cells, cathepsin B was required for F-protein cleavage and productive replication of pathogenic NiV. Supporting the idea of an efficient F cleavage in early and recycling endosomes of MDCK cells, endocytosed F proteins and cathepsin B colocalized markedly with the endosomal marker proteins early endosomal antigen 1 (EEA-1), Rab4, and Rab11, while NiV F trafficking through late endosomal compartments was not needed for F activation. In summary, this study shows for the first time that endosomal cathepsin B can play a functional role in the activation of highly pathogenic NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/22278224���Diederich, Sandra
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Mar©��While work with viral fusion proteins has demonstrated that the transmembrane domain (TMD) can affect protein folding, stability, and membrane fusion promotion, the mechanism(s) remains poorly understood. TMDs could play a role in fusion promotion through direct TMD-TMD interactions, and we have recently shown that isolated TMDs from three paramyxovirus fusion (F) proteins interact as trimers using sedimentation equilibrium (SE) analysis (E. C. Smith, et al., submitted for publication). Immediately N-terminal to the TMD is heptad repeat B (HRB), which plays critical roles in fusion. Interestingly, addition of HRB decreased the stability of the trimeric TMD-TMD interactions. This result, combined with previous findings that HRB forms a trimeric coiled coil in the prefusion form of the whole protein though HRB peptides fail to stably associate in isolation, suggests that the trimeric TMD-TMD interactions work in concert with elements in the F ectodomain head to stabilize a weak HRB interaction. Thus, changes in TMD-TMD interactions could be important in regulating F triggering and refolding. Alanine insertions between the TMD and HRB demonstrated that spacing between these two regions is important for protein stability while not affecting TMD-TMD interactions. Additional mutagenesis of the C-terminal end of the TMD suggests that beta-branched residues within the TMD play a role in membrane fusion, potentially through modulation of TMD-TMD interactions. Our results support a model whereby the C-terminal end of the Hendra virus F TMD is an important regulator of TMD-TMD interactions and show that these interactions help hold HRB in place prior to the triggering of membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22238302Ì��Smith, Everett Clinton
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Marf��Hendra virus is a highly pathogenic paramyxovirus classified as a biosafety level four agent. The fusion (F) protein of Hendra virus is critical for promoting viral entry and cell-to-cell fusion. To be fusogenically active, Hendra virus F must undergo endocytic recycling and cleavage by the endosomal/lysosomal protease cathepsin L, but the route of Hendra virus F following internalization and the recycling signals involved are poorly understood. We examined the intracellular distribution of Hendra virus F following endocytosis and showed that it is primarily present in Rab5- and Rab4-positive endosomal compartments, suggesting that cathepsin L cleavage occurs in early endosomes. Hendra virus F transmembrane domain (TMD) residues S490 and Y498 were found to be important for correct Hendra virus F recycling, with the hydroxyl group of S490 and the aromatic ring of Y498 important for this process. In addition, changes in association of isolated Hendra virus F TMDs correlated with alterations to Hendra virus F recycling, suggesting that appropriate TMD interactions play an important role in endocytic trafficking.,��https://www.ncbi.nlm.nih.gov/pubmed/22238299Ý��Popa, Andreea
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*Virus Attachment���FebÅ��Members of the ephrin cell-surface protein family interact with the Eph receptors, the largest family of receptor tyrosine kinases, mediating bi-directional signaling during tumorogenesis and various developmental events. Surprisingly, ephrin-B2 and -B3 were recently identified as entry receptors for henipaviruses, emerging zoonotic paramyxoviruses responsible for repeated outbreaks in humans and animals in Australia, Southeast Asia, India and Bangladesh. Nipah virus (NiV) and Hendra virus (HeV) are the only two identified members in the henipavirus genus. While the initial human infection cases came from contact with infected pigs (NiV) or horses (HeV), in the more recent outbreaks of NiV both food-borne and human-to-human transmission were reported. These characteristics, together with high mortality and morbidity rates and lack of effective anti-viral therapies, make the henipaviruses a potential biological-agent threat. Viral entry is an important target for the development of anti-viral drugs. The entry of henipavirus is initiated by the attachment of the viral G envelope glycoprotein to the host cell receptors ephrin-B2 and/or -B3, followed by activation of the F fusion protein, which triggers fusion between the viral envelop and the host membrane. We review recent progress in the study of henipavirus entry, particularly the identification of ephrins as their entry receptors, and the structural characterization of the ephrin/Henipa-G interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/22227101r��Xu, Kai
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Viral Envelope Proteins/*immunology���Jan 27i��We have previously observed that all known HIV-1 broadly neutralizing antibodies (bnAbs) are highly divergent from germline antibodies in contrast to bnAbs against Hendra virus, Nipah virus and SARS coronavirus (SARS CoV). We have hypothesized that because the germline antibodies are so different from the mature HIV-1-specific bnAbs they may not bind the epitopes of the mature antibodies and provided the first evidence to support this hypothesis by using individual putative germline-like predecessor antibodies. To further validate the hypothesis and understand initial immune responses to different viruses, two phage-displayed human cord blood-derived IgM libraries were constructed which contained mostly germline antibodies or antibodies with very low level of somatic hypermutations. They were panned against different HIV-1 envelope glycoproteins (Envs), SARS CoV protein receptor-binding domain (RBD), and soluble Hendra virus G protein (sG). Despite a high sequence and combinatorial diversity observed in the cord blood-derived IgM antibody repertoire, no enrichment for binders of Envs was observed in contrast to considerable specific enrichments produced with panning against RBD and sG; one of the selected monoclonal antibodies (against the RBD) was of high (nM) affinity with only few somatic mutations. These results further support and expand our initial hypothesis for fundamental differences in immune responses leading to elicitation of bnAbs against HIV-1 compared to SARS CoV and Hendra virus. HIV-1 uses a strategy to minimize or eliminate strong binding of germline antibodies to its Env; in contrast, SARS CoV and Hendra virus, and perhaps other viruses causing acute infections, can bind germline antibody or minimally somatically mutated antibodies with relatively high affinity which could be one of the reasons for the success of sG and RBD as vaccine immunogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22226962ª��Chen, Weizao
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swine hepatitis E virus���Mar­��In the past two decades or so, a number of viruses have emerged in the global swine population. Some, such as porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2), cause economically important diseases in pigs, whereas others such as porcine torque teno virus (TTV), now known as Torque teno sus virus (TTSuV), porcine bocavirus (PBoV) and related novel parvoviruses, porcine kobuvirus, porcine toroviruses (PToV) and porcine lymphotropic herpesviruses (PLHV), are mostly subclinical in swine herds. Although some emerging swine viruses such as swine hepatitis E virus (swine HEV), porcine endogenous retrovirus (PERV) and porcine sapovirus (porcine SaV) may have a limited clinical implication in swine health, they do pose a potential public health concern in humans due to zoonotic (swine HEV) or potential zoonotic (porcine SaV) and xenozoonotic (PERV, PLHV) risks. Other emerging viruses such as Nipah virus, Bungowannah virus and Menangle virus not only cause diseases in pigs but some also pose important zoonotic threat to humans. This article focuses on emerging and re-emerging swine viruses that have a limited or uncertain clinical and economic impact on pig health. The transmission, epidemiology and pathogenic potential of these viruses are discussed. In addition, the two economically important emerging viruses, PRRSV and PCV2, are also briefly discussed to identify important knowledge gaps.,��https://www.ncbi.nlm.nih.gov/pubmed/22225855@��Meng, X J
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Viral Proteins/*chemistry/genetics���Feb 24z��All enzymatic activities required for genomic replication and transcription of nonsegmented negative strand RNA viruses (or Mononegavirales) are believed to be concentrated in the viral polymerase (L) protein. However, our insight into the organization of these different enzymatic activities into a bioactive tertiary structure remains rudimentary. Fragments of Mononegavirales polymerases analyzed to date cannot restore bioactivity through trans-complementation, unlike the related L proteins of segmented NSVs. We investigated the domain organization of phylogenetically diverse Paramyxovirus L proteins derived from measles virus (MeV), Nipah virus (NiV), and respiratory syncytial virus (RSV). Through a comprehensive in silico and experimental analysis of domain intersections, we defined MeV L position 615 as an interdomain candidate in addition to the previously reported residue 1708. Only position 1708 of MeV and the homologous positions in NiV and RSV L also tolerated the insertion of epitope tags. Splitting of MeV L at residue 1708 created fragments that were unable to physically interact and trans-complement, but strikingly, these activities were reconstituted by the addition of dimerization tags to the fragments. Equivalently split fragments of NiV, RSV, and MeV L oligomerized with comparable efficiency in all homo- and heterotypic combinations, but only the homotypic pairs were able to trans-complement. These results demonstrate that synthesis as a single polypeptide is not required for the Mononegavirales polymerases to adopt a proper tertiary conformation. Paramyxovirus polymerases are composed of at least two truly independent folding domains that lack a traditional interface but require molecular compatibility for bioactivity. The functional probing of the L domain architecture through trans-complementation is anticipated to be applicable to all Mononegavirales polymerases.,��https://www.ncbi.nlm.nih.gov/pubmed/22215662���Dochow, Melanie
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Time Factors���This study investigated the seroepidemiology of Hendra virus in a spectacled flying-fox (Pteropus conspicillatus) population in northern Australia, near the location of an equine and associated human Hendra virus infection in late 2004. The pattern of infection in the population was investigated using a serial cross-sectional serological study over a 25-month period, with blood sampled from 521 individuals over six sampling sessions. Antibody titres to the virus were determined by virus neutralisation test. In contrast to the expected episodic infection pattern, we observed that seroprevalence gradually increased over the two years suggesting infection was endemic in the population over the study period. Our results suggested age, pregnancy and lactation were significant risk factors for a detectable neutralizing antibody response. Antibody titres were significantly higher in females than males, with the highest titres occurring in pregnant animals. Temporal variation in antibody titres suggests that herd immunity to the virus may wax and wane on a seasonal basis. These findings support an endemic infection pattern of henipaviruses in bat populations suggesting their infection dynamics may differ significantly from the acute, self limiting episodic pattern observed with related viruses (e.g. measles virus, phocine distemper virus, rinderpest virus) hence requiring a much smaller critical host population size to sustain the virus. These findings help inform predictive modelling of henipavirus infection in bat populations, and indicate that the life cycle of the reservoir species should be taken into account when developing risk management strategies for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22194920!��Breed, Andrew C
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Virus Shedding���Dec'��Based on epidemiological data, it is believed that human-to-human transmission plays an important role in Nipah virus outbreaks. No experimental data are currently available on the potential routes of human-to-human transmission of Nipah virus. In a first dose-finding experiment in Syrian hamsters, it was shown that Nipah virus was predominantly shed via the respiratory tract within nasal and oropharyngeal secretions. Although Nipah viral RNA was detected in urogenital and rectal swabs, no infectious virus was recovered from these samples, suggesting no viable virus was shed via these routes. In addition, hamsters inoculated with high doses shed significantly higher amounts of viable Nipah virus particles in comparison with hamsters infected with lower inoculum doses. Using the highest inoculum dose, three potential routes of Nipah virus transmission were investigated in the hamster model: transmission via fomites, transmission via direct contact and transmission via aerosols. It was demonstrated that Nipah virus is transmitted efficiently via direct contact and inefficiently via fomites, but not via aerosols. These findings are in line with epidemiological data which suggest that direct contact with nasal and oropharyngeal secretions of Nipah virus infected individuals resulted in greater risk of Nipah virus infection. The data provide new and much-needed insights into the modes and efficiency of Nipah virus transmission and have important public health implications with regards to the risk assessment and management of future Nipah virus outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/22180802ü��de Wit, Emmie
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Virus Diseases/urine/*virologyY��Hendra virus is a recently emerged zoonotic agent in Australia. Since first described in 1994, the virus has spilled from its wildlife reservoir (pteropid fruit bats, or 'flying foxes') on multiple occasions causing equine and human fatalities. We undertook a three-year longitudinal study to detect virus in the urine of free-living flying foxes (a putative route of excretion) to investigate Hendra virus infection dynamics. Pooled urine samples collected off plastic sheets placed beneath roosting flying foxes were screened for Hendra virus genome by quantitative RT-PCR, using a set of primers and probe derived from the matrix protein gene. A total of 1672 pooled urine samples from 67 sampling events was collected and tested between 1 July 2008 and 30 June 2011, with 25% of sampling events and 2.5% of urine samples yielding detections. The proportion of positive samples was statistically associated with year and location. The findings indicate that Hendra virus excretion occurs periodically rather than continuously, and in geographically disparate flying fox populations in the state of Queensland. The lack of any detection in the Northern Territory suggests prevalence may vary across the range of flying foxes in Australia. Finally, our findings suggest that flying foxes can excrete virus at any time of year, and that the apparent seasonal clustering of Hendra virus incidents in horses and associated humans (70% have occurred June to October) reflects factors other than the presence of virus. Identification of these factors will strengthen risk minimization strategies for horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22174865	��Field, Hume
de Jong, Carol
Melville, Deb
Smith, Craig
Smith, Ina
Broos, Alice
Kung, Yu Hsin Nina
McLaughlin, Amanda
Zeddeman, Anne
eng
Research Support, Non-U.S. Gov't
2011/12/17 06:00
PLoS One. 2011;6(12):e28678. doi: 10.1371/journal.pone.0028678. Epub 2011 Dec 9.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3235146���22174865´��Biosecurity Sciences Laboratory, Biosecurity Queensland, Department of Employment, Economic Development and Innovation, Brisbane, Queensland, Australia. Hume.Field@deedi.qld.gov.au���10.1371/journal.pone.0028678��æ��üÒtÿî?M���¦��Marsh, G. A.
Haining, J.
Hancock, T. J.
Robinson, R.
Foord, A. J.
Barr, J. A.
Riddell, S.
Heine, H. G.
White, J. R.
Crameri, G.
Field, H. E.
Wang, L. F.
Middleton, D.���2011P��Experimental infection of horses with Hendra virus/Australia/horse/2008/Redlands���2232-8���Emerg Infect Dis���17���12���Animals
Australia
Chiroptera/virology
Communicable Diseases, Emerging/diagnosis/transmission/veterinary/virology
Female
*Hendra Virus/genetics/isolation & purification/physiology
Henipavirus Infections/diagnosis/transmission/*veterinary/virology
Horse Diseases/diagnosis/transmission/*virology
Horses
Humans
Queensland
Viral Load
Virus Replication
Virus Shedding
Zoonoses/transmission/virology���Dec¿��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus harbored by Australian flying foxes with sporadic spillovers directly to horses. Although the mode and critical control points of HeV spillover to horses from flying foxes, and the risk for transmission from infected horses to other horses and humans, are poorly understood, we successfully established systemic HeV disease in 3 horses exposed to Hendra virus/Australia/Horse/2008/Redlands by the oronasal route, a plausible route for natural infection. In 2 of the 3 animals, HeV RNA was detected continually in nasal swabs from as early as 2 days postexposure, indicating that systemic spread of the virus may be preceded by local viral replication in the nasal cavity or nasopharynx. Our data suggest that a critical factor for reducing HeV exposure risk to humans includes early consideration of HeV in the differential diagnosis and institution of appropriate infection control procedures.,��https://www.ncbi.nlm.nih.gov/pubmed/22172152F��Marsh, Glenn A
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Viral Fusion Proteins/*chemistry/*genetics/metabolism/physiology���MarV��Paramyxoviruses enter host cells by fusing the viral envelope with a host cell membrane. Fusion is mediated by the viral fusion (F) protein, and it undergoes large irreversible conformational changes to cause membrane merger. The C terminus of PIV5 F contains a membrane-proximal 7-residue external region (MPER), followed by the transmembrane (TM) domain and a 20-residue cytoplasmic tail. To study the sequence requirements of the F protein C terminus for fusion, we constructed chimeras containing the ectodomain of parainfluenza virus 5 F (PIV5 F) and either the MPER, the TM domain, or the cytoplasmic tail of the F proteins of the paramyxoviruses measles virus, mumps virus, Newcastle disease virus, human parainfluenza virus 3, and Nipah virus. The chimeras were expressed, and their ability to cause cell fusion was analyzed. The chimeric proteins were variably expressed at the cell surface. We found that chimeras containing the ectodomain of PIV5 F with the C terminus of other paramyxoviruses were unable to cause cell fusion. Fusion could be restored by decreasing the activation energy of refolding through introduction of a destabilizing mutation (S443P). Replacing individual regions, singly or doubly, in the chimeras with native PIV5 F sequences restored fusion to various degrees, but it did not have an additive effect in restoring activity. Thus, the F protein C terminus may be a specific structure that only functions with its cognate ectodomain. Alanine scanning mutagenesis of MPER indicates that it has a regulatory role in fusion since both hyperfusogenic and hypofusogenic mutations were found.,��https://www.ncbi.nlm.nih.gov/pubmed/22171273&��Zokarkar, Aarohi
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Viral Envelope Proteins/*chemistry���Apr*��Hendra virus (HeV) continues to cause morbidity and mortality in both humans and horses with a number of sporadic outbreaks. HeV has two structural membrane glycoproteins that mediate the infection of host cells: the attachment (G) and the fusion (F) glycoproteins that are essential for receptor binding and virion-host cell membrane fusion, respectively. N-linked glycosylation of viral envelope proteins are critical post-translation modifications that have been implicated in roles of structural integrity, virus replication and evasion of the host immune response. Deciphering the glycan composition and structure on these glycoproteins may assist in the development of glycan-targeted therapeutic intervention strategies. We examined the site occupancy and glycan composition of recombinant soluble G (sG) glycoproteins expressed in two different mammalian cell systems, transient human embryonic kidney 293 (HEK293) cells and vaccinia virus (VV)-HeLa cells, using a suite of biochemical and biophysical tools: electrophoresis, lectin binding and tandem mass spectrometry. The N-linked glycans of both VV and HEK293-derived sG glycoproteins carried predominantly mono- and disialylated complex-type N-glycans and a smaller population of high mannose-type glycans. All seven consensus sequences for N-linked glycosylation were definitively found to be occupied in the VV-derived protein, whereas only four sites were found and characterized in the HEK293-derived protein. We also report, for the first time, the existence of O-linked glycosylation sites in both proteins. The striking characteristic of both proteins was glycan heterogeneity in both N- and O-linked sites. The structural features of G protein glycosylation were also determined by X-ray crystallography and interactions with the ephrin-B2 receptor are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22171062���Colgrave, Michelle L
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Time Factors���Hendra virus is a recently emerged bat-borne zoonotic agent with high lethality in horses and humans in Australia. This is a rare disease and the determinants of bat to horse transmission, including the factors that bring these hosts together at critical times, are poorly understood. In this cross-disciplinary study climatic and vegetation primary productivity variables are compared for the dispersed and heterogenic 1994-2010 outbreak sites. The significant occurrence of spillover events within the dry season (p = 0.013, 95% CI (0.57-0.98)) suggests seasonal forcing of transmission across species, or seasonal forcing of virus excretion by the reservoir host. We explore the evidence for both. Preliminary investigations of the spatial determinants of Hendra disease locations are also presented. We find that postal areas in the Australian state of Queensland in which pteropid fruit bat (flying fox) roosts occur are approximately forty times more likely (OR = 40.5, (95% CI (5.16, 317.52)) to be the location of Hendra spillover events. This appears to be independent of density of horses at these locations. We consider issues of scale of host resource use, land use change and limitations of existing data that challenge analysis and limit further conclusive outcomes. This investigation of a broad range of potential climatic and environmental influences provides a good base for future investigations. Further understanding of cross-species Hendra virus transmission requires better understanding of flying fox resource use in the urban-rural landscape.,��https://www.ncbi.nlm.nih.gov/pubmed/22145039´��McFarlane, Rosemary
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Young Adult���MayÌ��AIM: To describe serial changes in brain magnetic resonance imaging (MRI) in acute human infection from two outbreaks of Hendra virus (HeV), relate these changes to disease prognosis, and compare HeV encephalitis to reported cases of Nipah virus encephalitis. MATERIALS AND METHODS: The MRI images of three human cases (two of which were fatal) of acute HeV meningoencephalitis were reviewed. RESULTS: Cortical selectivity early in the disease is evident in all three patients, while deep white matter involvement appears to be a late and possibly premorbid finding. This apparent early grey matter selectivity may be related to viral biology or ribavirin pharmacokinetics. Neuronal loss is evident at MRI, and the rate of progression of MRI abnormalities can predict the outcome of the infection. In both fatal cases, the serial changes in the MRI picture mirrored the clinical course. CONCLUSION: This is the first comprehensive report of serial MRI findings in acute human cerebral HeV infection from two outbreaks. The cortical selectivity appears to be an early finding while deep white matter involvement a late, and possibly premorbid, finding. In both fatal cases, the serial changes in MRI mirrored the clinical course.,��https://www.ncbi.nlm.nih.gov/pubmed/22133593¥��Nakka, P
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Virology/*methods���Jan���Nipah virus (NiV), Paramyxoviridae, Henipavirus, is classified as a biosafety level (BSL) 4 pathogen, along with the closely related Hendra virus (HeV). A novel serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing secreted alkaline phosphatase (SEAP) and pseudotyped with NiV F/G proteins (VSV-NiV-SEAP). A unique characteristic of this novel assay is the ability to obtain neutralization titers by measuring SEAP activity in supernatant using a common ELISA plate reader. This confers a remarkable advantage over the first generation of NiV-pseudotypes expressing green fluorescent protein or luciferase, which require expensive and specific measuring equipment. Using panels of NiV- and HeV-specific sera from various species, the VSV-NiV-SEAP assay demonstrated neutralizing antibody status (positive/negative) consistent with that obtained by conventional live NiV test, and gave higher antibody titers than the latter. Additionally, when screening sixty-six fruit bat sera at one dilution, the VSV-NiV-SEAP assay produced identical results to the live NiV test and only required a very small amount (2mul) of sera. The results suggest that this novel VSV-NiV-SEAP assay is safe, useful for high-throughput screening of sera using an ELISA plate reader, and has high sensitivity and specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/22115786V��Kaku, Yoshihiro
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T-Lymphocytes/immunology���MarÕ��Bats are natural reservoir hosts to a variety of viruses, many of which cause morbidity and mortality in other mammals. Currently there is a paucity of information regarding the nature of the immune response to viral infections in bats, partly due to a lack of appropriate bat specific reagents. IFNgamma plays a key role in controlling viral replication and coordinating a response for long term control of viral infection. Here we describe the cloning and expression of IFNgamma from the Australian flying fox, Pteropus alecto and the generation of mouse monoclonal and chicken egg yolk antibodies specific to bat IFNgamma. Our results demonstrate that P. alecto IFNgamma is conserved with IFNgamma from other species and is induced in bat splenocytes following stimulation with T cell mitogens. P. alecto IFNgamma has antiviral activity on Semliki forest virus in cell lines from P. alecto and the microbat, Tadarida brasiliensis. Additionally recombinant bat IFNgamma was able to mitigate Hendra virus infection in P. alecto cells. These results provide the first evidence for an antiviral role for bat IFNgammain vitro in addition to the application of important immunological reagents for further studies of bat antiviral immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/22093696í��Janardhana, Vijaya
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Thymelaeaceae/*chemistry���Nov 9Ù��BACKGROUND: Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) originates from Papua Island, Indonesia and grows in tropical areas. The different parts of the fruit of P. macrocarpa were evaluated for antioxidant, anti-inflammatory, and cytotoxic activities. METHODS: Phaleria macrocarpa fruit were divided into pericarp, mesocarp and seed. All parts of the fruit were reflux extracted with methanol. The antioxidant activity of the extracts were characterized in various in vitro model systems such as FTC, TBA, DPPH radical, reducing power and NO radical. Anti-inflammatory assays were done by using NO production by macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma and cytotoxic activities were determined by using several cancer cell lines and one normal cell line RESULTS: The results showed that different parts (pericarp, mesocarp, and seed) of Phaleria macrocarpa fruit contain various amount of total phenolic (59.2 +/- 0.04, 60.5 +/- 0.17, 47.7 +/- 1.04 mg gallic acid equivalent/g DW) and flavonoid compounds (161.3 +/- 1.58, 131.7 +/- 1.66, 35.9 +/- 2.47 mg rutin equivalent/g DW). Pericarp and mesocarp showed high antioxidant activities by using DPPH (71.97%, 62.41%), ferric reducing antioxidant power (92.35%, 78.78%) and NO scavenging activity (65.68%, 53.45%). Ferric thiocyanate and thiobarbituric acid tests showed appreciable antioxidant activity in the percentage hydroperoxides inhibitory activity from pericarp and mesocarp in the last day of the assay. Similarly, the pericarp and mesocarp inhibited inducible nitric oxide synthesis with values of 63.4 +/- 1.4% and 69.5 +/- 1.4% in macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma indicating their notable anti-inflammatory potential. Cytotoxic activities against HT-29, MCF-7, HeLa and Chang cell lines were observed in all parts. CONCLUSIONS: These results indicated the possible application of P. macrocarpa fruit as a source of bioactive compounds, potent as an antioxidant, anti inflammatory and cytotoxic agents.,��https://www.ncbi.nlm.nih.gov/pubmed/22070850·��Hendra, Rudi
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Pregnancy���Nov¶��Bats of the genus Pteropus have been identified as the reservoir hosts for the henipaviruses Hendra virus (HeV) and Nipah virus (NiV). The aim of these studies was to assess likely mechanisms for henipaviruses transmission from bats. In a series of experiments, Pteropus bats from Malaysia and Australia were inoculated with NiV and HeV, respectively, by natural routes of infection. Despite an intensive sampling strategy, no NiV was recovered from the Malaysian bats and HeV was reisolated from only one Australian bat; no disease was seen. These experiments suggest that opportunities for henipavirus transmission may be limited; therefore, the probability of a spillover event is low. For spillover to occur, a range of conditions and events must coincide. An alternate assessment framework is required if we are to fully understand how this reservoir host maintains and transmits not only these but all viruses with which it has been associated.,��https://www.ncbi.nlm.nih.gov/pubmed/22049055f��Halpin, Kim
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Vancomycin/*analysis/blood/*therapeutic use���May-JunÙ��BACKGROUND: For the treatment of peritoneal dialysis-associated peritonitis (PDP), it has been suggested that serum concentrations of vancomycin be kept above 12 mg/L-15 mg/L. However, studies correlating vancomycin concentrations in serum and peritoneal dialysate effluent (PDE) during active infection are sparse. We undertook the present study to investigate this issue and to determine whether achieving the recommended serum level of vancomycin results in therapeutic levels intraperitoneally. METHODS: We studied patients treated with intraperitoneal (i.p.) vancomycin for non-gram-negative PDP. We gave a single dose (approximately 30 mg/kg) at presentation, and we subsequently measured vancomycin levels in PDE on day 5; we wanted to determine if efflux of vancomycin from serum to PDE during a 4-hour dwell was consistent and resulted in therapeutic levels. RESULTS: Of the 48 episodes of PDP studied, serum vancomycin concentrations exceeding 12 mg/L were achieved in 98% of patients, but in 11 patients (23%), a PDE vancomycin level below 4 mg/L--the minimal inhibitory concentration (MIC) of many gram-positive organisms--was observed at the end of a 4-hour dwell on day 5. The correlation between the concentrations of vancomycin in serum and PDE (from efflux of antibiotic over 4 hours) was statistically significant, but poor (R(2) = 0.18). CONCLUSIONS: Our data support the International Society for Peritoneal Dialysis statement that adequate serum vancomycin concentrations can be achieved with intermittent dosing (single dose every 5 days), but cannot guarantee therapeutic PDE levels in the treatment of PDP. Intermittent dosing of vancomycin may not consistently result in PDE concentrations markedly greater than MIC of many important pathogens. Although the clinical significance of this finding remains to be determined, it may be preferable to give smaller but more frequent doses of PDE vancomycin (continuous dosing) for adults with PDP (as is currently recommended for children).,��https://www.ncbi.nlm.nih.gov/pubmed/22045102»��Fish, Richard
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West Nile Fever/diagnosis���Nov~��Viral infections of the central nervous system in the tropical countries of Asia and the Indian subcontinent are different from those of the Western and developed world. Many of the endemic and epidemic encephalitides that are prevalent in these regions, such as Japanese encephalitis, have characteristic findings on imaging, especially on magnetic resonance imaging, allowing a rapid diagnosis and differentiation from clinically similar syndromes. Other emerging viral infections in the region in recent years have posed new challenges. The contribution of neuroimaging to the management of these emerging infections is also discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22032499���Handique, Sanjeev Kumar
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Swine���Janz��The C-terminal domain of Nipah virus (NiV) nucleocapsid protein (NP(4)(0)(1)(-)(5)(3)(2)) was inserted at the N-terminus and the immunodominant loop of hepatitis B core antigen (HBc). The stability of NP(4)(0)(1)(-)(5)(3)(2) increased tremendously when displayed on the HBc particles. These particles reacted specifically with the swine anti-NiV and the human anti-HBc antisera.,��https://www.ncbi.nlm.nih.gov/pubmed/22024533â��Yap, Wei Boon
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Humans���Oct 19���Hendra virus (HeV) is a recently emerged zoonotic paramyxovirus that can cause a severe and often fatal disease in horses and humans. HeV is categorized as a biosafety level 4 agent, which has made the development of animal models and testing of potential therapeutics and vaccines challenging. Infection of African green monkeys (AGMs) with HeV was recently demonstrated, and disease mirrored fatal HeV infection in humans, manifesting as a multisystemic vasculitis with widespread virus replication in vascular tissues and severe pathologic manifestations in the lung, spleen, and brain. Here, we demonstrate that m102.4, a potent HeV-neutralizing human monoclonal antibody (hmAb), can protect AGMs from disease after infection with HeV. Fourteen AGMs were challenged intratracheally with a lethal dose of HeV, and 12 subjects were infused twice with a 100-mg dose of m102.4 beginning at either 10, 24, or 72 hours after infection and again about 48 hours later. The presence of viral RNA, infectious virus, and HeV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease on day 8 after infection. Animals in the 72-hour treatment group exhibited neurological signs of disease, but all animals started to recover by day 16 after infection. These results represent successful post-exposure in vivo efficacy by an investigational drug against HeV and highlight the potential impact a hmAb can have on human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/22013123z��Bossart, Katharine N
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Retrospective Studies���The unplanned transfer of patients from long-term acute care hospitals (LTACHs) back to acute facilities disrupts the continuity of care, delays recovery and increases the cost of care. This study was performed to better understand the unplanned transfer of patients with pulmonary disease. A retrospective analysis of data obtained for quality management in a cohort of patients admitted to an LTACH system over a 3-year period. Of the 3506 patients admitted with a pulmonary diagnosis studied, 414 (12%) underwent 526 unplanned transfers back to an acute facility after a median LTACH length of stay (LOS) of 45 days. Mechanical ventilation via tracheostomy was used in 259 (63%) patients admitted to the LTACH with a pulmonary diagnosis. The commonest reasons for unplanned transfers included acute respiratory failure, cardiac decompensation, gastrointestinal bleed and possible sepsis. Over 50% of patients had LOS at the LTACH between 4 and 30 days prior to the unplanned transfer. Patients with an LOS <3 days prior to transfer were more likely to be transferred around the weekend. In all, 32% of patients died within a median of 7 days of transfer back to the acute facility. Thirty-day mortality following unplanned transfer appeared independent of organ system involved, attending physician specialty/coverage status, nursing shift or transferring LTACH unit. Unplanned transfers disrupting continuity of care remain a significant problem in patients admitted to an LTACH with a pulmonary diagnosis and are associated with significant mortality. Strategies designed to reduce cardiopulmonary decompensation, gastrointestinal bleeding and possible sepsis in the LTACH along with additional strategies implemented throughout the health care continuum will be needed to reduce this problem.,��https://www.ncbi.nlm.nih.gov/pubmed/21990569���White, Alexander C
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History, 21st Century���Octó��At Federation in 1901, Australia retained separate State veterinary services responsible for the control of endemic animal diseases. By 2010 the Commonwealth, State and Territory Governments and the livestock industries had coordinated a structure with supporting activities and shared finances that provides Australia's veterinary services and its livestock industries with preparedness and control programs for nominated exotic and endemic animal diseases. Animal Health Australia operates as the coordinating body for these programs. Since 1901, contagious bovine pleuropneumonia, bovine brucellosis and bovine tuberculosis have been eradicated, providing considerable industry benefits. While the entry of exotic diseases has been restricted, tick fevers, tick infestation, bluetongue infection, avirulent and velogenic Newcastle disease, Hendra virus, lyssavirus infection and Menagle virus infection have arisen from either hosts within Australia or from insect incursion from neighbouring countries. The control of endemic livestock diseases has been accompanied by the development of veterinary laboratory services by the Commonwealth, State and Territory Governments. The Australian Animal Health Laboratory operating since 1985 in Geelong has ensured Australia remains at the forefront of technological advances in veterinary diagnostic techniques. From the 1970s animal welfare has become an important component of national initiatives that remain focussed on satisfying community and international expectations.,��https://www.ncbi.nlm.nih.gov/pubmed/21933170���Turner, Aj
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Young Adult���Jan���INTRODUCTION: We investigated a cluster of patients with encephalitis in the Manikgonj and Rajbari Districts of Bangladesh in February 2008 to determine the etiology and risk factors for disease. METHODS: We classified persons as confirmed Nipah cases by the presence of immunoglobulin M antibodies against Nipah virus (NiV), or by the presence of NiV RNA or by isolation of NiV from cerebrospinal fluid or throat swabs who had onset of symptoms between February 6 and March 10, 2008. We classified persons as probable cases if they reported fever with convulsions or altered mental status, who resided in the outbreak areas during that period, and who died before serum samples were collected. For the case-control study, we compared both confirmed and probable Nipah case-patients to controls, who were free from illness during the reference period. We used motion-sensor-infrared cameras to observe bat's contact of date palm sap. RESULTS: We identified four confirmed and six probable case-patients, nine (90%) of whom died. The median age of the cases was 10 years; eight were males. The outbreak occurred simultaneously in two communities that were 44 km apart and separated by a river. Drinking raw date palm sap 2-12 days before illness onset was the only risk factor most strongly associated with the illness (adjusted odds ratio 25, 95% confidence intervals 3.3-infinity, p<0.001). Case-patients reported no history of physical contact with bats, though community members often reported seeing bats. Infrared camera photographs showed that Pteropus bats frequently visited date palm trees in those communities where sap was collected for human consumption. CONCLUSION: This is the second Nipah outbreak in Bangladesh where date palm sap has been implicated as the vehicle of transmission. Fresh date palm sap should not be drunk, unless effective steps have been taken to prevent bat access to the sap during collection.,��https://www.ncbi.nlm.nih.gov/pubmed/21923274|��Rahman, Muhammad Aziz
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Poultry/immunology/*virology���Sep 7è��BACKGROUND: Indonesia is one of the countries most severely affected by H5N1 highly pathogenic avian influenza (HPAI) virus in terms of poultry and human health. However, there is little information on the diversity of H5N1 viruses circulating in backyard farms, where chickens and ducks often intermingle. In this study, H5N1 virus infection occurring in 96 smallholder duck farms in central Java, Indonesia from 2007-2008 was investigated and the molecular and antigenic characteristics of H5N1 viruses isolated from these farms were analysed. RESULTS: All 84 characterised viruses belonged to H5N1 clade 2.1 with three virus sublineages being identified: clade 2.1.1 (1), clade 2.1.3 (80), and IDN/6/05-like viruses (3) that did not belong to any of the present clades. All three clades were found in ducks, while only clade 2.1.3 was isolated from chickens. There were no significant amino acid mutations of the hemagglutinin (HA) and neuraminidase (NA) sites of the viruses, including the receptor binding, glycosylation, antigenic and catalytic sites and NA inhibitor targets. All the viruses had polybasic amino acids at the HA cleavage site. No evidence of major antigenic variants was detected. Based on the HA gene, identical virus variants could be found on different farms across the study sites and multiple genetic variants could be isolated from HPAI outbreaks simultaneously or at different time points from single farms. HPAI virus was isolated from both ducks and chickens; however, the proportion of surviving duck cases was considerably higher than in chickens. CONCLUSIONS: The 2.1.3 clade was the most common lineage found in this study. All the viruses had sequence characteristic of HPAI, but negligible variations in other recognized amino acids at the HA and NA proteins which determine virus phenotypes. Multiple genetic variants appeared to be circulating simultaneously within poultry communities. The high proportion of live duck cases compared to chickens over the study period suggests that ducks are more likely to survive infection and they may better suit the role of long-term maintenance host for H5N1. As some viruses were isolated from dead birds, there was no clear correlation between genetic variations and pathogenicity of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21896207é��Wibawa, Hendra
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Viral Proteins/metabolismñ��Bats are natural reservoirs for a spectrum of infectious zoonotic diseases including the recently emerged henipaviruses (Hendra and Nipah viruses). Henipaviruses have been observed both naturally and experimentally to cause serious and often fatal disease in many different mammal species, including humans. Interestingly, infection of the flying fox with henipaviruses occurs in the absence of clinical disease. The extreme variation in the disease pattern between humans and bats has led to an investigation into the effects of henipavirus infection on the innate immune response in bat cell lines. We report that henipavirus infection does not result in the induction of interferon expression, and the viruses also inhibit interferon signaling. We also confirm that the interferon production and signaling block in bat cells is not due to differing viral protein expression levels between human and bat hosts. This information, in addition to the known lack of clinical signs in bats following henipavirus infection, suggests that bats control henipavirus infection by an as yet unidentified mechanism, not via the interferon response. This is the first report of henipavirus infection in bat cells specifically investigating aspects of the innate immune system.,��https://www.ncbi.nlm.nih.gov/pubmed/21811620Ä��Virtue, Elena R
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Viral Proteins/*chemistry/metabolism���Janå��This review focuses on the experimental data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely Nipah (NiV), Hendra (HeV) and measles (MeV) viruses. We provide a detailed description of the molecular mechanisms governing the disorder-to-order transition of the intrinsically disordered C-terminal domains (N(TAIL)) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within N(TAIL)-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder are discussed in light of the ability of disordered regions to establish a complex molecular partnership, thereby leading to a variety of biological effects. Taking into account the promiscuity that typifies disordered regions, we propose that the main functional advantage of the abundance of disorder within viruses would reside in pleiotropy and genetic compaction, where a single gene would encode a single (regulatory) protein product able to establish multiple interactions via its disordered regions, and hence to exert multiple concomitant biological effects.,��https://www.ncbi.nlm.nih.gov/pubmed/21805002ö��Habchi, Johnny
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Zoonoses/transmission���Jul¢��Hendra virus infection is an emerging infectious disease that is not well understood. Most cases of Hendra virus infection have occurred in Queensland, with one case in a horse in NSW. Hendra virus infection has a high mortality rate in horses and humans and as cases could occur anywhere in Australia it is important to be ready for prompt action should an outbreak occur in NSW. This paper: reviews the current knowledge on Hendra virus infection including methods for preventing the disease; explains the animal health and human health response for an outbreak within NSW; and discusses possible future avenues for post-exposure prophylaxis and prevention by vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/21781619Æ��Hess, Isabel M R
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Zoonoses/epidemiology/transmission/*virology���Julª��From the emergence of Hendra virus and Menangle virus in Australia to the global pandemics of severe acute respiratory syndrome and influenza viruses (both H5N1 and H1N1), there has been a surge of zoonotic virus outbreaks in the last two decades. Although the drivers for virus emergence remain poorly understood, the rate of discovery of new viruses is accelerating. This is due to a combination of true emergence of new pathogens and the advance of new technologies making rapid detection and characterisation possible. While molecular approaches will continue to lead the way in virus discovery, other technological platforms are required to increase the chance of success. The lessons learnt in the last 20 years confirm that the One Health approach, involving inclusive collaborations between physicians, veterinarians and other health and environmental professionals, will be the key to combating future zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21781618���Wang, Lin-Fa
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Zoonoses/*epidemiology/virology���Jul���Human encephalitis in Australia causes substantial mortality and morbidity, with frequent severe neurological sequelae and long-term cognitive impairment. This review discusses a number of highly pathogenic zoonotic viruses which have recently emerged in Australia, including Hendra virus and Australian bat lyssavirus which present with an encephalitic syndrome in humans. Encephalitis surveillance currently focuses on animals at sentinel sites and animal disease or definitive diagnosis of notifiable conditions that may present with encephalitis. This is inadequate for detecting newly emerged viral encephalatides. Hospital-based sentinel surveillance may aid in identifying increases in known pathogens or emergence of new pathogens that require a prompt public health response.,��https://www.ncbi.nlm.nih.gov/pubmed/21781616´��Paterson, Beverley J
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flavonoidÿ��Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) is commonly known as 'Crown of God', 'Mahkota Dewa', and 'Pau'. It originates from Papua Island, Indonesia and it grows in tropical areas. Empirically, it is potent in treating the hypertensive, diabetic, cancer and diuretic patients. It has a long history of ethnopharmacological usage, and the lack of information about its biological activities led us to investigate the possible biological activities by characterisation of flavonoids and antimicrobial activity of various part of P. macrocarpa against pathogenic bacteria and fungi. The results showed that kaempferol, myricetin, naringin, and rutin were the major flavonoids present in the pericarp while naringin and quercetin were found in the mesocarp and seed. Furthermore, the antibacterial activity of different parts of P. macrocarpa fruit showed a weak ability to moderate antibacterial activity against pathogenic tested bacteria (inhibition range: 0.93-2.17 cm) at concentration of 0.3 mg/disc. The anti fungi activity was only found in seed extract against Aspergillus niger (1.87 cm) at concentration of 0.3 mg/well. From the results obtained, P. macrocarpa fruit could be considered as a natural antimicrobial source due to the presence of flavonoid compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/21747685¾��Hendra, Rudi
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Socioeconomic Factors���SepC��OBJECTIVES: Cytochrome P450 2B6 (CYP2B6) is responsible for the metabolic clearance of efavirenz and single nucleotide polymorphisms (SNPs) in the CYP2B6 gene are associated with efavirenz pharmacokinetics. Since the constitutive androstane receptor (CAR) and the pregnane X receptor (PXR) correlate with CYP2B6 in liver, and a CAR polymorphism (rs2307424) and smoking correlate with efavirenz plasma concentrations, we investigated their association with early (<3 months) discontinuation of efavirenz therapy. METHODS: Three hundred and seventy-three patients initiating therapy with an efavirenz-based regimen were included (278 white patients and 95 black patients; 293 male). DNA was extracted from whole blood and genotyping for CYP2B6 (516G --> T, rs3745274), CAR (540C --> T, rs2307424) and PXR (44477T --> C, rs1523130; 63396C --> T, rs2472677; and 69789A --> G, rs763645) was conducted. Binary logistic regression using the backwards method was employed to assess the influence of SNPs and demographics on early discontinuation. RESULTS: Of the 373 patients, 131 withdrew from therapy within the first 3 months. Black ethnicity [odds ratio (OR) = 0.27; P = 0.0001], CYP2B6 516TT (OR = 2.81; P = 0.006), CAR rs2307424 CC (OR = 1.92; P = 0.007) and smoking status (OR = 0.45; P = 0.002) were associated with discontinuation within 3 months. CONCLUSIONS: These data indicate that genetic variability in CYP2B6 and CAR contributes to early treatment discontinuation for efavirenz-based antiretroviral regimens. Further studies are now required to define the clinical utility of these associations.,��https://www.ncbi.nlm.nih.gov/pubmed/21715435a��Wyen, Christoph
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Virus Shedding/immunology���Aug 5h��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are two deadly zoonotic viruses for which no vaccines or therapeutics have yet been approved for human or livestock use. In 14 outbreaks since 1994 HeV has been responsible for multiple fatalities in horses and humans, with all known human infections resulting from close contact with infected horses. A vaccine that prevents virus shedding in infected horses could interrupt the chain of transmission to humans and therefore prevent HeV disease in both. Here we characterise HeV infection in a ferret model and show that it closely mirrors the disease seen in humans and horses with induction of systemic vasculitis, including involvement of the pulmonary and central nervous systems. This model of HeV infection in the ferret was used to assess the immunogenicity and protective efficacy of a subunit vaccine based on a recombinant soluble version of the HeV attachment glycoprotein G (HeVsG), adjuvanted with CpG. We report that ferrets vaccinated with a 100 mug, 20 mug or 4 mug dose of HeVsG remained free of clinical signs of HeV infection following a challenge with 5000 TCID(5)(0) of HeV. In addition, and of considerable importance, no evidence of virus or viral genome was detected in any tissues or body fluids in any ferret in the 100 and 20 mug groups, while genome was detected in the nasal washes only of one animal in the 4 mug group. Together, our findings indicate that 100 mug or 20 mug doses of HeVsG vaccine can completely prevent a productive HeV infection in the ferret, suggesting that vaccination to prevent the infection and shedding of HeV is possible.,��https://www.ncbi.nlm.nih.gov/pubmed/21689706ï��Pallister, Jackie
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Virus Diseases/*epidemiology/*virology���MayA��Australia is a climatically diverse country varying from a tropical climate in the north to arid central desert and grassland regions, and to temperate climates in the south. There are many viral infections found in Australia that are common to developed countries worldwide, but this article will focus on those that pose a special risk for travellers to Australia, especially the mosquito-borne viruses. The commonest are the members of the alphavirus genus, particularly Ross River virus and Barmah Forest virus, which cause predominantly arthralgia with or without fever or rash. Less frequent but more serious illness is seen with the encephalitic flaviviruses, Murray Valley encephalitis virus, and the Kunjin strain of West Nile virus. In addition dengue occurs intermittently on the northern part of Queensland, and in recent years Japanese encephalitis virus has been found in the Torres Strait Islands and the tip of far north Queensland. Also of interest, but with a much lower risk, are the bat-borne viruses, Hendra virus and Australian bat lyssavirus, that have caused a small number of human infections. However, it is important to remember that most tourists pass through other countries in the Asia/Pacific region on their way to and from Australia and may therefore have acquired infections prior to or after leaving Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/21679887²��Smith, David W
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Trust���Jun 13�	�BACKGROUND: Post-mortem needle biopsies have been used in resource-poor settings to determine cause of death and there is interest in using them in Bangladesh. However, we did not know how families and communities would perceive this procedure or how they would decide whether or not to consent to a post-mortem needle biopsy. The goal of this study was to better understand family and community concerns and decision-making about post-mortem needle biopsies in this low-income, predominantly Muslim country in order to design an informed consent process. METHODS: We conducted 16 group discussions with family members of persons who died during an outbreak of Nipah virus illness during 2004-2008 and 11 key informant interviews with their community and religious leaders. Qualitative researchers first described the post-mortem needle biopsy procedure and asked participants whether they would have agreed to this procedure during the outbreak. Researchers probed participants about the circumstances under which the procedure would be acceptable, if any, their concerns about the procedure, and how they would decide whether or not to consent to the procedure. RESULTS: Overall, most participants agreed that post-mortem needle biopsies would be acceptable in some situations, particularly if they benefitted society. This procedure was deemed more acceptable than full autopsy because it would not require major delays in burial or remove organs, and did not require cutting or stitching of the body. It could be performed before the ritual bathing of the body in either the community or hospital setting. However, before consent would be granted for such a procedure, the research team must gain the trust of the family and community which could be difficult. Although consent may only be provided by the guardians of the body, decisions about consent for the procedure would involve extended family and community and religious leaders. CONCLUSIONS: The possible acceptability of this procedure during outbreaks represents an important opportunity to better characterize cause of death in Bangladesh which could lead to improved public health interventions to prevent these deaths. Obstacles for research teams will include engaging all major stakeholders in decision-making and quickly building a trusting relationship with the family and community, which will be difficult given the short window of time prior to the ritual bathing of the body.,��https://www.ncbi.nlm.nih.gov/pubmed/21668979J��Gurley, Emily S
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Viral Envelope Proteins/*metabolism���Aug���We have previously described heterotypic peptides from parainfluenza virus that potently inhibit Nipah virus in vitro but are not efficacious in vivo. In contrast, our second-generation inhibitors, featuring a cholesterol moiety, are also efficacious in vivo. The difference between in vitro and in vivo results led us to investigate the basis for this discrepancy. Here, we compare the activities of the compounds in standard laboratory cells and in cells relevant to the natural tropism of Nipah virus, i.e., primary neurons, and show that while our first-generation inhibitors are poorly active in primary neurons, the cholesterol-conjugated compounds are highly potent. These results highlight the advantage of evaluating antiviral potency in cells relevant to natural host target tissue.,��https://www.ncbi.nlm.nih.gov/pubmed/21653662¯��Talekar, Aparna
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Zoonoses/*epidemiology/transmission/virology���Jan 7£��Emerging zoonoses threaten global health, yet the processes by which they emerge are complex and poorly understood. Nipah virus (NiV) is an important threat owing to its broad host and geographical range, high case fatality, potential for human-to-human transmission and lack of effective prevention or therapies. Here, we investigate the origin of the first identified outbreak of NiV encephalitis in Malaysia and Singapore. We analyse data on livestock production from the index site (a commercial pig farm in Malaysia) prior to and during the outbreak, on Malaysian agricultural production, and from surveys of NiV's wildlife reservoir (flying foxes). Our analyses suggest that repeated introduction of NiV from wildlife changed infection dynamics in pigs. Initial viral introduction produced an explosive epizootic that drove itself to extinction but primed the population for enzootic persistence upon reintroduction of the virus. The resultant within-farm persistence permitted regional spread and increased the number of human infections. This study refutes an earlier hypothesis that anomalous El Nino Southern Oscillation-related climatic conditions drove emergence and suggests that priming for persistence drove the emergence of a novel zoonotic pathogen. Thus, we provide empirical evidence for a causative mechanism previously proposed as a precursor to widespread infection with H5N1 avian influenza and other emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/21632614Ð��Pulliam, Juliet R C
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*Virus Internalization���Sepí��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses classified in the genus Henipavirus of the family Paramyxoviridae. The entry of henipaviruses occurs through a pH-independent membrane-fusion mechanism mediated by the cooperation of the viral attachment (G) and fusion (F) envelope glycoproteins following virion binding to susceptible host cells. Virus attachment is mediated by the interaction of the G glycoprotein with ephrin-B2 or ephrin-B3, which were identified as the functional receptors of henipavirus. Several residues of the G glycoprotein that are important for receptor binding have been determined through mutagenesis and structural analyses; however, similar approaches have not been carried out for the viral receptor ephrin-B2. Here, an alanine-scanning mutagenesis analysis was performed to identify residues of ephrin-B2 which are critical for NiV binding and entry by using an NiV-F- and -G-glycoprotein pseudotyped lentivirus assay. Results indicated that the G-H loop of ephrin-B2 was indeed critical for the interaction between ephrin-B2 and NiV-G. Unexpectedly, however, some alanine-substitution mutants located in the G-H loop enhanced the infectivity of the NiV pseudotypes, in particular an L124A mutation enhanced entry >30-fold. Further analysis of the L124A ephrin-B2 mutant demonstrated that an increased binding affinity of the mutant receptor with NiV-G was responsible for the enhanced infectivity of both pseudovirus and infectious virus. In addition, cell lines that were stably expressing the L124A mutant receptor were able to support NiV infection more efficiently than the wild-type molecule, potentially providing a new target-cell platform for viral isolation or virus-entry inhibitor screening and discovery.,��https://www.ncbi.nlm.nih.gov/pubmed/21632558í��Yuan, Junfa
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*Virus Replication���Sep���Many viruses use their host's cellular machinery to regulate the functions of viral proteins. The phosphorylation of viral proteins is known to play a role in genome transcription and replication in paramyxoviruses. The paramyxovirus nucleoprotein (N), the most abundant protein in infected cells, is a component of the N-RNA complex and supports the transcription and replication of virus mRNA and genomic RNA. Recently, we reported that the phosphorylation of measles virus N is involved in the regulation of viral RNA synthesis. In this study, we report a rapid turnover of phosphorylation in the Nipah virus N (NiV-N). The phosphorylated NiV-N was hardly detectable in steady-state cells, but was detected after inhibition of cellular protein phosphatases. We identified a phosphorylated serine residue at Ser451 of NiV-N by peptide mass fingerprinting by electrospray ionization-quadrupole time-of-flight mass spectrometry. In the NiV minigenome assay, using luciferase as a reporter gene, the substitution of Ser451 for alanine in NiV-N resulted in a reduction in luciferase activity of approximately 45 % compared with the wild-type protein. Furthermore, the substitution of Ser451 for glutamic acid, which mimics a phosphoserine, led to a more significant decrease in luciferase activity - approximately 81 %. Northern blot analysis showed that both virus transcription and replication were reduced by these mutations. These results suggest that a rapid turnover of the phosphorylation of NiV-N plays an important role in virus transcription and replication.,��https://www.ncbi.nlm.nih.gov/pubmed/21613447+��Huang, Mingshu
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Virus Replication���AugÀ��Nipah virus (NiV) and Hendra virus (HeV) are emerging zoonotic viruses and the causative agents of severe respiratory disease and encephalitis in humans. Little is known about the mechanisms that govern the development of respiratory and neurological disease. Using a hamster model of lethal NiV and HeV infection, we describe the role of the route and dose of infection on the clinical outcome and determine virus tropism and host responses following infection. Infection of hamster with a high dose of NiV or HeV resulted in acute respiratory distress. NiV initially replicated in the upper respiratory tract epithelium, whereas HeV initiated infection primarily in the interstitium. In contrast, infection with a low dose of NiV or HeV resulted in the development of neurological signs and more systemic spread of the virus through involvement of the endothelium. The development of neurological signs coincided with disruption of the blood-brain barrier (BBB) and expression of tumor necrosis alpha (TNF-alpha) and interleukin 1 beta (IL-1beta). In addition, interferon-inducible protein 10 (IP-10) was identified as playing an important role in NiV and HeV pathogenesis. These studies reveal novel information on the development and progression of NiV and HeV clinical disease, provide a mechanism for the differences in transmission observed between NiV and HeV outbreaks, and identify specific cytokines and chemokines that serve as important targets for treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/21593160
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Virus Replication���Aug	��Nipah virus (NiV) is a recently emerged zoonotic paramyxovirus whose natural reservoirs are several species of Pteropus fruit bats. NiV provokes a widespread vasculitis often associated with severe encephalitis, with up to 75% mortality in humans. We have analyzed the pathogenesis of NiV infection, using human leukocyte cultures and the hamster animal model, which closely reproduces human NiV infection. We report that human lymphocytes and monocytes are not permissive for NiV and a low level of virus replication is detected only in dendritic cells. Interestingly, despite the absence of infection, lymphocytes could efficiently bind NiV and transfer infection to endothelial and Vero cells. This lymphocyte-mediated transinfection was inhibited after proteolytic digestion and neutralization by NiV-specific antibodies, suggesting that cells could transfer infectious virus to other permissive cells without the requirement for NiV internalization. In NiV-infected hamsters, leukocytes captured and carried NiV after intraperitoneal infection without themselves being productively infected. Such NiV-loaded mononuclear leukocytes transfer lethal NiV infection into naive animals, demonstrating efficient virus transinfection in vivo. Altogether, these results reveal a remarkable capacity of NiV to hijack leukocytes as vehicles to transinfect host cells and spread the virus throughout the organism. This mode of virus transmission represents a rapid and potent method of NiV dissemination, which may contribute to its high pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/215931452��Mathieu, Cyrille
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Viral Vaccines/*administration & dosage/blood/*genetics/immunology���May 2Æ��Based on their safety profile and ability to induce potent immune responses against infections, subunit vaccines have been used as candidates for a wide variety of pathogens. Since the mammalian cell system is capable of post-translational modification, thus forming properly folded and glycosylated proteins, recombinant proteins expressed in mammalian cells have shown the greatest potential to maintain high antigenicity and immunogenicity. Although no new cases of SARS have been reported since 2004, future outbreaks are a constant threat; therefore, the development of vaccines against SARS-CoV is a prudent preventive step and should be carried out. The RBD of SARS-CoV S protein plays important roles in receptor binding and induction of specific neutralizing antibodies against virus infection. Therefore, in this protocol, we describe novel methods for developing a RBD-based subunit vaccine against SARS. Briefly, the recombinant RBD protein (rRBD) was expressed in culture supernatant of mammalian 293T cells to obtain a correctly folded protein with proper conformation and high immunogenicity. The transfection of the recombinant plasmid encoding RBD to the cells was then performed using a calcium phosphate transfection method with some modifications. Compared with the lipid transfection method, this modified calcium phosphate transfection method is cheaper, easier to handle, and has the potential to reach high efficacy once a transfection complex with suitable size and shape is formed. Finally, a SARS pseudovirus neutralization assay was introduced in the protocol and used to detect the neutralizing activity of sera of mice vaccinated with rRBD protein. This assay is relatively safe, does not involve an infectious SARS-CoV, and can be performed without the requirement of a biosafety-3 laboratory. The protocol described here can also be used to design and study recombinant subunit vaccines against other viruses with class I fusion proteins, for example, HIV, respiratory syncytial virus (RSV), Ebola virus, influenza virus, as well as Nipah and Handra viruses. In addition, the methods for generating a pseudovirus and subsequently establishing a pseudovirus neutralization assay can be applied to all these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21587153÷��Du, Lanying
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Zoonoses/epidemiology/virology���Dec 22P��Anthropogenic environmental change is often implicated in the emergence of new zoonoses from wildlife; however, there is little mechanistic understanding of these causal links. Here, we examine the transmission dynamics of an emerging zoonotic paramyxovirus, Hendra virus (HeV), in its endemic host, Australian Pteropus bats (fruit bats or flying foxes). HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. With models parametrized from field and laboratory data, we explore a set of probable contributory mechanisms that explain the spatial and temporal pattern of HeV emergence; including urban habituation and decreased migration-two widely observed changes in flying fox ecology that result from anthropogenic transformation of bat habitat in Australia. Urban habituation increases the number of flying foxes in contact with human and domestic animal populations, and our models suggest that, in addition, decreased bat migratory behaviour could lead to a decline in population immunity, giving rise to more intense outbreaks after local viral reintroduction. Ten of the 14 known HeV outbreaks occurred near urbanized or sedentary flying fox populations, supporting these predictions. We also demonstrate that by incorporating waning maternal immunity into our models, the peak modelled prevalence coincides with the peak annual spill-over hazard for HeV. These results provide the first detailed mechanistic framework for understanding the sporadic temporal pattern of HeV emergence, and of the urban/peri-urban distribution of HeV outbreaks in horses and people.,��https://www.ncbi.nlm.nih.gov/pubmed/21561971���Plowright, Raina K
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Recurrence���Octø��This study aimed to describe the transmission dynamics, the serological and virus excretion patterns of Nipah virus (NiV) in Pteropus vampyrus bats. Bats in captivity were sampled every 7-21 days over a 1-year period. The data revealed five NiV serological patterns categorized as high and low positives, waning, decreasing and increasing, and negative in these individuals. The findings strongly suggest that NiV circulates in wild bat populations and that antibody could be maintained for long periods. The study also found that pup and juvenile bats from seropositive dams tested seropositive, indicating that maternal antibodies against NiV are transmitted passively, and in this study population may last up to 14 months. NiV was isolated from the urine of one bat, and within a few weeks, two other seronegative bats seroconverted. Based on the temporal cluster of seroconversion, we strongly believe that the NiV isolated was recrudesced and then transmitted horizontally between bats during the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/21524339���Sohayati, A R
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Virus Internalization���Augë��Henipavirus is a new genus of Paramyxoviridae that uses protein-based receptors (ephrinB2 and ephrinB3) for virus entry. Paramyxovirus entry requires the coordinated action of the fusion (F) and attachment viral envelope glycoproteins. Receptor binding to the attachment protein triggers F to undergo a conformational cascade that results in membrane fusion. The accumulation of structural and functional studies on many paramyxoviral fusion and attachment proteins, including the recent elucidation of structures of Nipah virus (NiV) and Hendra virus (HeV) G glycoproteins bound and unbound to cognate ephrinB receptors, indicate that henipavirus entry and fusion could differ mechanistically from paramyxoviruses that use glycan-based receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/21511478j��Lee, Benhur
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Virion/*immunology/ultrastructure���Apr 6x��Nipah virus (NiV) was first recognized in 1998 in a zoonotic disease outbreak associated with highly lethal febrile encephalitis in humans and a predominantly respiratory disease in pigs. Periodic deadly outbreaks, documentation of person-to-person transmission, and the potential of this virus as an agent of agroterror reinforce the need for effective means of therapy and prevention. In this report, we describe the vaccine potential of NiV virus-like particles (NiV VLPs) composed of three NiV proteins G, F and M. Co-expression of these proteins under optimized conditions resulted in quantifiable amounts of VLPs with many virus-like/vaccine desirable properties including some not previously described for VLPs of any paramyxovirus: The particles were fusogenic, inducing syncytia formation; PCR array analysis showed NiV VLP-induced activation of innate immune defense pathways; the surface structure of NiV VLPs imaged by cryoelectron microscopy was dense, ordered, and repetitive, and consistent with similarly derived structure of paramyxovirus measles virus. The VLPs were composed of all the three viral proteins as designed, and their intracellular processing also appeared similar to NiV virions. The size, morphology and surface composition of the VLPs were consistent with the parental virus, and importantly, they retained their antigenic potential. Finally, these particles, formulated without adjuvant, were able to induce neutralizing antibody response in Balb/c mice. These findings indicate vaccine potential of these particles and will be the basis for undertaking future protective efficacy studies in animal models of NiV disease.,��https://www.ncbi.nlm.nih.gov/pubmed/21494680���Walpita, Pramila
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*Nipah Virus���Jun³��The Paramyxoviridae family comprises of several genera that contain emerging or re-emerging threats for human and animal health with no real specific effective treatment available. Hendra and Nipah virus are members of a newly identified genus of emerging paramyxoviruses, Henipavirus. Since their discovery in the 1990s, henipaviruses outbreaks have been associated with high economic and public health threat potential. When compared to other paramyxoviruses, henipaviruses appear to have unique characteristics. Henipaviruses are zoonotic paramyxoviruses with a broader tropism than most other paramyxoviruses, and can cause severe acute encephalitis with unique features among viral encephalitides. There are currently no approved effective prophylactic or therapeutic treatments for henipavirus infections. Although ribavirin was empirically used and seemed beneficial during the biggest outbreak caused by one of these viruses, the Nipah virus, its efficacy is disputed in light of its lack of efficacy in several animal models of henipavirus infection. Nevertheless, because of its highly pathogenic nature, much effort has been spent in developing anti-henipavirus therapeutics. In this review we describe the unique features of henipavirus infections and the different strategies and animal models that have been developed so far in order to identify and test potential drugs to prevent or treat henipavirus infections. Some of these components have the potential to be broad-spectrum antivirals as they target effectors of viral pathogenecity common to other viruses. We will focus on small molecules or biologics, rather than vaccine strategies, that have been developed as anti-henipaviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/21488828Ç��Vigant, Frederic
Lee, Benhur
eng
U01 AI082100/AI/NIAID NIH HHS/
R01 AI060694/AI/NIAID NIH HHS/
R01 AI069317-04/AI/NIAID NIH HHS/
U01 AI082100-02/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
U01 AI070495-04/AI/NIAID NIH HHS/
U01 AI070495/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Review
United Arab Emirates
2011/04/15 06:00
Infect Disord Drug Targets. 2011 Jun;11(3):315-36.*��2212-3989 (Electronic)
1871-5265 (Linking)
��PMC3253017���21488828[��Department of Microbiology, Immunology, and Molecular Genetics, UCLA, Los Angeles, CA, USA.����üÒtÿî?~���Q��Mirza, A. M.
Aguilar, H. C.
Zhu, Q.
Mahon, P. J.
Rota, P. A.
Lee, B.
Iorio, R. M.���2011}��Triggering of the newcastle disease virus fusion protein by a chimeric attachment protein that binds to Nipah virus receptors���17851-60���J Biol Chem���286���20���Animals
Cercopithecus aethiops
Ephrin-B2/genetics/metabolism
Guinea Pigs
Newcastle disease virus/genetics/*metabolism
Nipah Virus/genetics/*metabolism
Protein Binding
Recombinant Fusion Proteins/genetics/*metabolism
Vero Cells
Viral Envelope Proteins/genetics/*metabolism���May 20K��The fusion (F) proteins of Newcastle disease virus (NDV) and Nipah virus (NiV) are both triggered by binding to receptors, mediated in both viruses by a second protein, the attachment protein. However, the hemagglutinin-neuraminidase (HN) attachment protein of NDV recognizes sialic acid receptors, whereas the NiV G attachment protein recognizes ephrinB2/B3 as receptors. Chimeric proteins composed of domains from the two attachment proteins have been evaluated for fusion-promoting activity with each F protein. Chimeras having NiV G-derived globular domains and NDV HN-derived stalks, transmembranes, and cytoplasmic tails are efficiently expressed, bind ephrinB2, and trigger NDV F to promote fusion in Vero cells. Thus, the NDV F protein can be triggered by binding to the NiV receptor, indicating that an aspect of the triggering cascade induced by the binding of HN to sialic acid is conserved in the binding of NiV G to ephrinB2. However, the fusion cascade for triggering NiV F by the G protein and that of triggering NDV F by the chimeras can be distinguished by differential exposure of a receptor-induced conformational epitope. The enhanced exposure of this epitope marks the triggering of NiV F by NiV G but not the triggering of NDV F by the chimeras. Thus, the triggering cascade for NiV G-F fusion may be more complex than that of NDV HN and F. This is consistent with the finding that reciprocal chimeras having NDV HN-derived heads and NiV G-derived stalks, transmembranes, and tails do not trigger either F protein for fusion, despite efficient cell surface expression and receptor binding.,��https://www.ncbi.nlm.nih.gov/pubmed/21460213���Mirza, Anne M
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Virion/immunology/*metabolism���Jun���Complement is an innate immune response system that most animal viruses encounter during natural infections. We have tested the role of human complement in the neutralization of virus particles harboring the Nipah virus (NiV) glycoproteins. A luciferase-expressing vesicular stomatitis virus (VSV) pseudotype that contained the NiV fusion (F) and attachment (G) glycoproteins (NiVpp) showed dose- and time-dependent activation of human complement through the alternative pathway. In contrast to our findings with other paramyxoviruses, normal human serum (NHS) alone did not neutralize NiVpp infectivity in vitro, and electron microscopy demonstrated no significant deposition of complement component C3 on particles. This lack of NiVpp neutralization by NHS was not due to a global inhibition of complement pathways, since complement was found to significantly enhance neutralization by antibodies specific for the NiV F and G glycoproteins. Complement components C4 and C1q were necessary but not sufficient by themselves for the enhancement of antibody neutralization. Human complement also enhanced NiVpp neutralization by a soluble version of the NiV receptor EphrinB2, and this depended on components in the classical pathway. The ability of complement to enhance neutralization fell into one of two profiles: (i) anti-F monoclonal antibodies showed enhancement only at high and not low antibody concentrations, and (ii) anti-G monoclonal antibodies and EphrinB2 showed enhancement at both high and very low levels of antibody (e.g., 3.1 ng) or EphrinB2 (e.g., 2.5 ng). Together, these data establish the importance of human complement in the neutralization of particles containing the NiV glycoproteins and will help guide the design of more effective therapeutics that harness the potency of complement pathways.,��https://www.ncbi.nlm.nih.gov/pubmed/21450814?��Johnson, John B
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Nevirapine/*administration & dosage/*pharmacokinetics
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*Pharmacogenetics
Young Adult���Jun���BACKGROUND: Nevirapine is metabolized by CYP2B6 and polymorphisms within the CYP2B6 gene partly explain inter-patient variability in pharmacokinetics. The aim of this study was to model the complex relationship between nevirapine exposure, weight and genetics (based on combined analysis of CYP2B6 516G > T and 983T > C single nucleotide polymorphisms). METHODS: Non-linear mixed-effects modelling was used to estimate pharmacokinetic parameters from 275 patients. Simulations of the nevirapine concentration profile were performed with dosing regimens of 200 mg twice daily and 400 mg once daily for individuals with body weights of 50, 70 and 90 kg in combination with CYP2B6 genetic variation. RESULTS: A one-compartment model with first-order absorption best described the data. Population clearance was 3.5 L/h with inter-patient variability of 24.6%. 516T homozygosity and 983C heterozygosity were associated with 37% and 40% lower clearance, respectively. Body weight was the only significant demographic factor influencing clearance, which increased by 5% for every 10 kg increase. For individuals with higher body weight, once-daily nevirapine was associated with a greater risk of sub-therapeutic drug exposure than a twice-daily regimen. This risk was offset in individuals who were 516T homozygous or 983C heterozygous in which drug exposure was optimal for > 95% of patients with body weight of </= 70 kg. CONCLUSIONS: The data suggest that a 400 mg once-daily dose could be implemented in accordance with CYP2B6 polymorphism and body weight. However, the use of nevirapine once daily (immediate release; off-label) in the absence of therapeutic drug monitoring is not recommended due to the risk of inadequate exposure to nevirapine in a high proportion of patients. There are different considerations for the extended-release formulation (nevirapine XR) that demonstrate minimal peak-to-trough fluctuations in plasma nevirapine levels.,��https://www.ncbi.nlm.nih.gov/pubmed/21441248���Schipani, Alessandro
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*Virus Inactivation���Mar 1A��We present a new antiviral strategy and research tool that could be applied to a wide range of enveloped viruses that infect human beings via membrane fusion. We test this strategy on two emerging zoonotic henipaviruses that cause fatal encephalitis in humans, Nipah (NiV) and Hendra (HeV) viruses. In the new approach, artificial cell-like particles (protocells) presenting membrane receptors in a biomimetic manner were developed and found to attract and inactivate henipavirus envelope glycoprotein pseudovirus particles, preventing infection. The protocells do not accumulate virus during the inactivation process. The use of protocells that interact with, but do not accumulate, viruses may provide significant advantages over current antiviral drugs, and this general approach may have wide potential for antiviral development.,��https://www.ncbi.nlm.nih.gov/pubmed/21390296%��Porotto, Matteo
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Zoonoses/*epidemiology���Nov-Dec���Zoonoses are at the present time more important than ever due to their magnitude and impact. The international trade in animals, products and sub products, as well as the intense travel of people around the world, represent risks of dissemination of infectious diseases, and are the reason for a new age of emerging and reemerging zoonotic diseases. Under these conditions, public health and animal health authorities are obliged to work together in order to get more efficient control programs. In this paper the actual situation of some important emerging and reemerging zoonoses is analyzed, including: anthrax, rabies, tuberculosis, brucellosis, cysticercosis, echinococcosis, hanta virus, Hendra and Nipah virus. Particular attention is given to leptospirosis, due to the fact that it is considered by WHO and OIE as the widest spread zoonotic disease in the world. Zoonoses caused by ingestion of animal food products are discussed. They are responsible for the death of almost 2.2 million people. Bacteria of genus salmonella and campylobacter are considered. Some recommendations are given for the control and prevention of zoonoses, emphasizing the "One Health" concept.,��https://www.ncbi.nlm.nih.gov/pubmed/21384639k��Flores Castro, Ricardo
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Virus Attachment���Feb 24È��In recent years, several paramyxoviruses have emerged to infect humans, including previously unidentified zoonoses. Hendra and Nipah viruses (henipaviruses within this family) were first identified in the 1990s in Australia, Malaysia and Singapore, causing epidemics with high mortality and morbidity rates in affected animals and humans. Other paramyxoviruses, such as Menangle virus, Tioman virus, human metapneumovirus and avian paramyxovirus 1, which cause less morbidity in humans, have also been recently identified. Although the Paramyxoviridae family of viruses has been previously recognised as biomedically and veterinarily important, the recent emergence of these paramyxoviruses has focused our attention on this family. Antiviral drugs can be designed to target specific important determinants of the viral life cycle. Therefore, identifying and understanding the mechanistic underpinnings of viral entry, replication, assembly and budding will be critical in the development of antiviral therapeutic agents. This review focuses on the molecular mechanisms discovered and the antiviral strategies pursued in recent years for emerging paramyxoviruses, with particular emphasis on viral entry and exit mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/21345285S��Aguilar, Hector C
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Swine Diseases/epidemiology/*prevention & control/virology���DecÕ��An outbreak of acute febrile encephalitis affecting pig-farm workers and owners was recognized in peninsular Malaysia as early as September 1998. The outbreak was initially thought to be due to Japanese encephalitis (JE) virus and thus very intensive prevention, control and communication strategies directed at JE virus were undertaken by the Ministry of Health and Ministry of Agriculture of Malaysia. There was an immediate change in the prevention, control and communication strategies with focus and strategies on infected pigs as the source of infections for humans and other animals following the discovery of Nipah virus. Information and understanding the risks of Nipah virus infections and modes of transmission strengthened the directions of prevention, control and communication strategies. A number of epidemiological surveillances and field investigations which were broadly divided into 3 groups covering human health sector, animal health sector and reservoir hosts were carried out as forms of risk assessment to determine and assess the factors and degree of risk of infections by the virus. Data showed that there was significant association between Nipah virus infection and performing activities involving close contact with pigs, such as processing of piglets, administering injection or medication to pigs, assisting in the birth of piglets, assisting in pig breeding, and handling of dead pigs in the affected farms. A complex process of anthropogenic driven deforestation, climatic changes brought on by El Nino-related drought, forest fire and severe haze, and ecological factors of mixed agro-pig farming practices and design of pig-sties led to the spillovers of the virus from its wildlife reservoir into pig population.,��https://www.ncbi.nlm.nih.gov/pubmed/21329177U��Chua, K B
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Swine Diseases/*epidemiology/transmission/virology���DecÈ��The outbreak of Nipah virus, affecting pigs and pig-farm workers, was first noted in September 1998 in the north-western part of peninsular Malaysia. By March 1999, the outbreak had spread to other pig-farming areas of the country, inclusive of the neighbouring country, Singapore. A total of 283 human cases of viral encephalitis with 109 deaths were recorded in Malaysia from 29 September 1998 to December 1999. During the outbreak period, a number of surveillances under three broad groups; Surveillance in Human Health Sector, Surveillance in Animal Health Sector, and Surveillance for the Reservoir Hosts, were carried out to determine the prevalence, risk of virus infections and transmission in human and swine populations as well as the source and reservoir hosts of Nipah virus. Surveillance data showed that the virus spread rapidly among pigs within infected farms and transmission was attributed to direct contact with infective excretions and secretions. The spread of the virus among pig farms within and between states of peninsular Malaysia was due to movement of pigs. The transmission of the virus to humans was through close contact with infected pigs. Human to human transmission was considered a rare event though the Nipah virus could be isolated from saliva, urine, nasal and pharyngeal secretions of patients. Field investigations identified fruitbats of the Pteropid species as the natural reservoir hosts of the viruses. The outbreak was effectively brought under control following the discovery of the virus and institution of correct control measures through a combined effort of multi-ministerial and multidisciplinary teams working in close co-operation and collaboration with other international agencies.,��https://www.ncbi.nlm.nih.gov/pubmed/21329176U��Chua, K B
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Zoonoses/epidemiology/virology���Jana��Hendra virus (HeV) was first isolated in 1994, from a disease outbreak involving at least 21 horses and two humans in the Brisbane suburb of Hendra, Australia. The affected horses and humans all developed a severe but unidentified respiratory disease that resulted in the deaths of one of the human cases and the deaths or putting down of 14 of the horses. The virus, isolated by culture from a horse and the kidney of the fatal human case, was initially characterised as a new member of the genus Morbillivirus in the family Paramyxoviridae. Comparative sequence analysis of part of the matrix protein gene of the virus and the discovery that the virus had an exceptionally large genome subsequently led to HeV being assigned to a new genus, Henipavirus, along with Nipah virus (a newly emergent virus in pigs). The regular outbreaks of HeV-related disease that have occurred in Australia since 1994 have all been characterised by acute respiratory and neurological manifestations, with high levels of morbidity and mortality in the affected horses and humans. The modes of transmission of HeV remain largely unknown. Although fruit bats have been identified as natural hosts of the virus, direct bat-horse, bat-human or human-human transmission has not been reported. Human infection can occur via exposure to infectious urine, saliva or nasopharyngeal fluid from horses. The treatment options and efficacy are very limited and no vaccine exists. Reports on the outbreaks of HeV in Australia are collated in this review and the available data on the biology, transmission and detection of the pathogen are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/21294944à��Tulsiani, S M
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Public Health Practice
Seasons
Time Factors���Dec·��Pteropus bats are commonly infected with Nipah virus, but show no signs of illness. Human Nipah outbreaks in Bangladesh coincide with the date palm sap harvesting season. In epidemiologic studies, drinking raw date palm sap is a risk factor for human Nipah infection. We conducted a study to evaluate bats' access to date palm sap. We mounted infrared cameras that silently captured images upon detection of motion on date palm trees from 5:00 pm to 6:00 am. Additionally, we placed two locally used preventative techniques, bamboo skirts and lime (CaCO(3)) smeared on date palm trees to assess their effectiveness in preventing bats access to sap. Out of 20 camera-nights of observations, 14 identified 132 visits of bats around the tree, 91 to the shaved surface of the tree where the sap flow originates, 4 at the stream of sap moving toward the collection pot, and no bats at the tap or on the collection pots; the remaining 6 camera-nights recorded no visits. Of the preventative techniques, the bamboo skirt placed for four camera-nights prevented bats access to sap. This study confirmed that bats commonly visited date palm trees and physically contacted the sap collected for human consumption. This is further evidence that date palm sap is an important link between Nipah virus in bats and Nipah virus in humans. Efforts that prevent bat access to the shaved surface and the sap stream of the tree could reduce Nipah spillovers to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/212071053��Khan, M Salah Uddin
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Swine Diseases/*epidemiology/virology���Apr���The purpose of this study was to investigate the prevalence of hepatitis E virus (HEV) infection in swine and humans in different environments in Java and Bali, Indonesia. The prevalence of anti-HEV antibodies in people over 20 years old living in communities in Bali was significantly higher than that in Java. While 68.8% and 90.0% of swine in Bali were anti-HEV positive at 1 and 2 months of age, respectively, swine in Java were at significantly lower risk of HEV infection by the age of 2 months. Our present data suggest that substantial differences in swine-breeding conditions and human living environments affect the rate of HEV infection in humans and swine.,��https://www.ncbi.nlm.nih.gov/pubmed/21191625���Utsumi, Takako
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Virus Replication���MarÉ��Replication-defective vaccine vectors based on vesicular stomatitis virus (VSV) lacking its envelope glycoprotein gene (G) are highly effective in animal models. However, such DeltaG vectors are difficult to grow because they require complementation with the VSV G protein. In addition, the complementing G protein induces neutralizing antibodies in animals and thus limits multiple vector applications. In the process of generating an experimental Nipah virus (a paramyxovirus) vaccine, we generated two defective VSVDeltaG vectors, each expressing one of the two Nipah virus (NiV) glycoproteins (G and F) that are both required for virus entry to host cells. These replication-defective VSV vectors were effective at generating NiV neutralizing antibody in mice. Most interestingly, we found that these two defective viruses could be grown together and passaged in tissue culture cells in the absence of VSV G complementation. This mixture of complementing defective viruses was also highly effective at generating NiV neutralizing antibody in animals. This novel approach to growing and producing a vaccine from two defective viruses could be generally applicable to vaccine production for other paramyxoviruses or for other viruses where the expression of at least two different proteins is required for viral entry. Such an approach minimizes biosafety concerns that could apply to single, replication-competent VSV recombinants expressing all proteins required for infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21177820å��Chattopadhyay, Anasuya
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Virus Internalization���Feb 15L��The paramyxovirus family includes important human pathogens such as measles, mumps, respiratory syncytial virus, and the recently emerged, highly pathogenic Hendra and Nipah viruses. The viral fusion (F) protein plays critical roles in infection, promoting both the virus-cell membrane fusion events needed for viral entry as well as cell-cell fusion events leading to syncytia formation. We describe the surprising finding that addition of the short epitope HA tag to the cytoplasmic tail (CT) of the Hendra virus F protein leads to a significant increase in the extent of cell-cell membrane fusion. This increase was not due to alterations in surface expression, cleavage state, or association with lipid microdomains. Addition of a Myc tag of similar length did not alter Hendra F protein fusion activity, indicating that the observed stimulation was not solely a result of lengthening the CT. Three tyrosine residues within the HA tag were critical for the increase in the extent of fusion, suggesting C-terminal tyrosines may modulate Hendra fusion activity. The effects of addition of the HA tag varied with other fusion proteins, as parainfluenza virus 5 F-HA showed a decreased level of surface expression and no stimulation of fusion. These results indicate that additions to the C-terminal end of the F protein CT can modulate protein function in a sequence specific manner, reinforcing the need for careful analysis of epitope-tagged glycoproteins. In addition, our results implicate C-terminal tyrosine residues in the modulation of the membrane fusion reaction promoted by these viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/21175223_��Popa, Andreea
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Virus Diseases/*history���Dec 6-20J��Names are more than just labels used to identify diseases. They can be windows into the discovery, characteristics and attributes of the disease. Toponymous diseases are diseases that are named after places. Hendra, Ross River, Bairnsdale, Murray Valley and Barmah Forest are all examples of Australian places that have had diseases named after them. They all have unique and interesting stories that provide a glimpse into their discovery, history and culture. Because of perceived negative connotations, the association of diseases with placenames has sometimes generated controversy.,��https://www.ncbi.nlm.nih.gov/pubmed/21143049���Appuhamy, Ranil D
Tent, Jan
Mackenzie, John S
eng
Historical Article
Australia
2010/12/15 06:00
Med J Aust. 2010 Dec 6-20;193(11-12):642-6.%��0025-729X (Print)
0025-729X (Linking)���21143049c��Health Protection Directorate, Queensland Health, Brisbane, QLD, Australia. ranilappuhamy@gmail.com���C��üÒtÿî?����G��Breed, A. C.
Yu, M.
Barr, J. A.
Crameri, G.
Thalmann, C. M.
Wang, L. F.���2010W��Prevalence of henipavirus and rubulavirus antibodies in pteropid bats, Papua New Guinea���1997-9���Emerg Infect Dis���16���12d��Animals
Antibodies, Viral/blood
Chiroptera/blood/immunology/*virology
Disease Reservoirs/*virology
Henipavirus/*classification/isolation & purification
Henipavirus Infections/epidemiology/*veterinary
Papua New Guinea/epidemiology
Rubulavirus/*classification/isolation & purification
Rubulavirus Infections/epidemiology/*veterinary
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Virus Shedding���Nov 11���Paramyxoviruses are known to replicate in the cytoplasm and bud from the plasma membrane. Matrix is the major structural protein in paramyxoviruses that mediates viral assembly and budding. Curiously, the matrix proteins of a few paramyxoviruses have been found in the nucleus, although the biological function associated with this nuclear localization remains obscure. We report here that the nuclear-cytoplasmic trafficking of the Nipah virus matrix (NiV-M) protein and associated post-translational modification play a critical role in matrix-mediated virus budding. Nipah virus (NiV) is a highly pathogenic emerging paramyxovirus that causes fatal encephalitis in humans, and is classified as a Biosafety Level 4 (BSL4) pathogen. During live NiV infection, NiV-M was first detected in the nucleus at early stages of infection before subsequent localization to the cytoplasm and the plasma membrane. Mutations in the putative bipartite nuclear localization signal (NLS) and the leucine-rich nuclear export signal (NES) found in NiV-M impaired its nuclear-cytoplasmic trafficking and also abolished NiV-M budding. A highly conserved lysine residue in the NLS served dual functions: its positive charge was important for mediating nuclear import, and it was also a potential site for monoubiquitination which regulates nuclear export of the protein. Concordantly, overexpression of ubiquitin enhanced NiV-M budding whereas depletion of free ubiquitin in the cell (via proteasome inhibitors) resulted in nuclear retention of NiV-M and blocked viral budding. Live Nipah virus budding was exquisitely sensitive to proteasome inhibitors: bortezomib, an FDA-approved proteasome inhibitor for treating multiple myeloma, reduced viral titers with an IC(50) of 2.7 nM, which is 100-fold less than the peak plasma concentration that can be achieved in humans. This opens up the possibility of using an "off-the-shelf" therapeutic against acute NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21085610���Wang, Yao E
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Virology/*methods���Nov 12�	�BACKGROUND: Hendra virus (HeV) and Nipah virus (NiV) are newly emerged zoonotic paramyxoviruses discovered during outbreaks in Queensland, Australia in 1994 and peninsular Malaysia in 1998/9 respectively and classified within the new Henipavirus genus. Both viruses can infect a broad range of mammalian species causing severe and often-lethal disease in humans and animals, and repeated outbreaks continue to occur. Extensive laboratory studies on the host cell infection stage of HeV and NiV and the roles of their envelope glycoproteins have been hampered by their highly pathogenic nature and restriction to biosafety level-4 (BSL-4) containment. To circumvent this problem, we have developed a henipavirus envelope glycoprotein pseudotyped lentivirus assay system using either a luciferase gene or green fluorescent protein (GFP) gene encoding human immunodeficiency virus type-1 (HIV-1) genome in conjunction with the HeV and NiV fusion (F) and attachment (G) glycoproteins. RESULTS: Functional retrovirus particles pseudotyped with henipavirus F and G glycoproteins displayed proper target cell tropism and entry and infection was dependent on the presence of the HeV and NiV receptors ephrinB2 or B3 on target cells. The functional specificity of the assay was confirmed by the lack of reporter-gene signals when particles bearing either only the F or only G glycoprotein were prepared and assayed. Virus entry could be specifically blocked when infection was carried out in the presence of a fusion inhibiting C-terminal heptad (HR-2) peptide, a well-characterized, cross-reactive, neutralizing human mAb specific for the henipavirus G glycoprotein, and soluble ephrinB2 and B3 receptors. In addition, the utility of the assay was also demonstrated by an examination of the influence of the cytoplasmic tail of F in its fusion activity and incorporation into pseudotyped virus particles by generating and testing a panel of truncation mutants of NiV and HeV F. CONCLUSIONS: Together, these results demonstrate that a specific henipavirus entry assay has been developed using NiV or HeV F and G glycoprotein pseudotyped reporter-gene encoding retrovirus particles. This assay can be conducted safely under BSL-2 conditions and will be a useful tool for measuring henipavirus entry and studying F and G glycoprotein function in the context of virus entry, as well as in assaying and characterizing neutralizing antibodies and virus entry inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/21073718½��Khetawat, Dimple
Broder, Christopher C
eng
AI054715/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
England
2010/11/16 06:00
Virol J. 2010 Nov 12;7:312. doi: 10.1186/1743-422X-7-312.*��1743-422X (Electronic)
1743-422X (Linking)
��PMC2994542���21073718{��Department of Microbiology and Immunology, Uniformed Services University, Bethesda, Maryland 20814, USA. cbroder@usuhs.mil.���10.1186/1743-422X-7-312���	Á�üÒ|ÿî?����b��Addo, K. K.
Mensah, G. I.
Aning, K. G.
Nartey, N.
Nipah, G. K.
Bonsu, C.
Akyeh, M. L.
Smits, H. L.���2011}��Microbiological quality and antibiotic residues in informally marketed raw cow milk within the coastal savannah zone of Ghana���227-32���Trop Med Int Health���16���2'��Animals
Anti-Bacterial Agents/*analysis
Colony Count, Microbial
Developing Countries
Drug Residues/*analysis
Enterobacteriaceae/isolation & purification
Escherichia coli/isolation & purification
Food Contamination/*analysis
*Food Microbiology
Ghana
Humans
Marketing
Milk/*chemistry/*microbiology���Feb`��OBJECTIVES: To investigate the microbiological quality and the presence of antibiotic residues in raw cow milk and in some indigenous milk products produced and marketed by the informal sector in the coastal savannah zone of Ghana. METHODS: Milk samples were aseptically collected from 224 kraals and samples of 26 indigenous milk products were purchased from processors and retailers. Total plate counts, total coliform counts and the presence of Escherichia coli and E. coli O157:H7 were determined in all 250 samples. Milk samples were also tested for antibiotic residues. RESULTS: Total plate counts exceeded 10(5) CFU/ml in 45.2% of the samples while coliforms exceeded 10(3) CFU/ml in 66.0% and E. coli was detected in 11.2%. E. coli was present in raw cow milk but not in the indigenous products and all E. coli isolates were negative for E. coli O157:H7. Antibiotic residues were detected in 3.1% of the raw cow milk samples. CONCLUSION: Bulk milk contains unacceptable levels of hygiene indicators and antibiotic residues and is a potential source of milk-borne infections. The detection of E. coli and antibiotic residues raises public health concerns about the safety of fresh unpasteurized cow milk in the coastal savannah zone of Ghana and calls for improved farm hygiene, the need for milk pasteurization and the sensible use of antibiotics in the milk industry.,��https://www.ncbi.nlm.nih.gov/pubmed/21070512÷��Addo, K K
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*Virus Internalization���Oct 28g��In the paramyxovirus cell entry process, receptor binding triggers conformational changes in the fusion protein (F) leading to viral and cellular membrane fusion. Peptides derived from C-terminal heptad repeat (HRC) regions in F have been shown to inhibit fusion by preventing formation of the fusogenic six-helix bundle. We recently showed that the addition of a cholesterol group to HRC peptides active against Nipah virus targets these peptides to the membrane where fusion occurs, dramatically increasing their antiviral effect. In this work, we report that unlike the untagged HRC peptides, which bind to the postulated extended intermediate state bridging the viral and cell membranes, the cholesterol tagged HRC-derived peptides interact with F before the fusion peptide inserts into the target cell membrane, thus capturing an earlier stage in the F-activation process. Furthermore, we show that cholesterol tagging renders these peptides active in vivo: the cholesterol-tagged peptides cross the blood brain barrier, and effectively prevent and treat in an established animal model what would otherwise be fatal Nipah virus encephalitis. The in vivo efficacy of cholesterol-tagged peptides, and in particular their ability to penetrate the CNS, suggests that they are promising candidates for the prevention or therapy of infection by Nipah and other lethal paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21060819���Porotto, Matteo
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Viral Envelope Proteins/*metabolism���Nov 8k��BACKGROUND: The highly pathogenic Nipah virus (NiV) causes fatal respiratory and brain infections in animals and humans. The major hallmark of the infection is a systemic endothelial infection, predominantly in the CNS. Infection of brain endothelial cells allows the virus to overcome the blood-brain-barrier (BBB) and to subsequently infect the brain parenchyma. However, the mechanisms of NiV replication in endothelial cells are poorly elucidated. We have shown recently that the bipolar or basolateral expression of the NiV surface glycoproteins F and G in polarized epithelial cell layers is involved in lateral virus spread via cell-to-cell fusion and that correct sorting depends on tyrosine-dependent targeting signals in the cytoplasmic tails of the glycoproteins. Since endothelial cells share many characteristics with epithelial cells in terms of polarization and protein sorting, we wanted to elucidate the role of the NiV glycoprotein targeting signals in endothelial cells. RESULTS: As observed in vivo, NiV infection of endothelial cells induced syncytia formation. The further finding that infection increased the transendothelial permeability supports the idea of spread of infection via cell-to-cell fusion and endothelial cell damage as a mechanism to overcome the BBB. We then revealed that both glycoproteins are expressed at lateral cell junctions (bipolar), not only in NiV-infected primary endothelial cells but also upon stable expression in immortalized endothelial cells. Interestingly, mutation of tyrosines 525 and 542/543 in the cytoplasmic tail of the F protein led to an apical redistribution of the protein in endothelial cells whereas tyrosine mutations in the G protein had no effect at all. This fully contrasts the previous results in epithelial cells where tyrosine 525 in the F, and tyrosines 28/29 in the G protein were required for correct targeting. CONCLUSION: We conclude that the NiV glycoprotein distribution is responsible for lateral virus spread in both, epithelial and endothelial cell monolayers. However, the prerequisites for correct protein targeting differ markedly in the two polarized cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/21054904���Erbar, Stephanie
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Viral Proteins/genetics/immunology���Dec 16���The emergence of Hendra Virus (HeV) and Nipah Virus (NiV) which can cause fatal infections in both animals and humans has triggered a search for an effective vaccine. Here, we have explored the potential for generating an effective humoral immune response to these zoonotic pathogens using an alphavirus-based vaccine platform. Groups of mice were immunized with Venezuelan equine encephalitis virus replicon particles (VRPs) encoding the attachment or fusion glycoproteins of either HeV or NiV. We demonstrate the induction of highly potent cross-reactive neutralizing antibodies to both viruses using this approach. Preliminary study suggested early enhancement in the antibody response with use of a modified version of VRP. Overall, these data suggest that the use of an alphavirus-derived vaccine platform might serve as a viable approach for the development of an effective vaccine against the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21050901"��Defang, Gabriel N
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Nipah Virus/*isolation & purification���Oct 21���OBJECTIVE: In March 2007, we investigated a cluster of Nipah encephalitis to identify risk factors for Nipah infection in Bangladesh. METHODS: We defined confirmed Nipah cases by the presence of IgM and IgG antibodies against Nipah virus in serum. Case-patients, who resided in the same village during the outbreak period but died before serum could be collected, were classified as probable cases. RESULTS: We identified three confirmed and five probable Nipah cases. There was a single index case. Five of the secondary cases came in close physical contact to the index case when she was ill. Case-patients were more likely to have physical contact with the index case (71% cases versus 0% controls, p = <0.001). The index case, on her third day of illness, and all the subsequent cases attended the same religious gathering. For three probable cases including the index case, we could not identify any known risk factors for Nipah infection such as physical contact with Nipah case-patients, consumption of raw date palm juice, or contact with sick animals or fruit bats. CONCLUSION: Though person-to-person transmission remains an important mode of transmission for Nipah infection, we could not confirm the source of infection for three of the probable Nipah case-patients. Continued surveillance and outbreak investigations will help better understand the transmission of Nipah virus and develop preventive strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/21042407¦��Homaira, Nusrat
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Phylogeny���Nova��Bat-to-horse transmission of Hendra virus has occurred at least 14 times. Although clinical signs in horses have differed, genome sequencing has demonstrated little variation among the isolates. Our sequencing of 5 isolates from recent Hendra virus outbreaks in horses found no correlation between sequences and time or geographic location of outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21029540&��Marsh, Glenn A
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Sequence Analysis, DNA���Dec¾��Effective prediction of future viral zoonoses requires an in-depth understanding of the heterologous viral population in key animal species that will likely serve as reservoir hosts or intermediates during the next viral epidemic. The importance of bats as natural hosts for several important viral zoonoses, including Ebola, Marburg, Nipah, Hendra, and rabies viruses and severe acute respiratory syndrome-coronavirus (SARS-CoV), has been established; however, the large viral population diversity (virome) of bats has been partially determined for only a few of the approximately 1,200 bat species. To assess the virome of North American bats, we collected fecal, oral, urine, and tissue samples from individual bats captured at an abandoned railroad tunnel in Maryland that is cohabitated by 7 to 10 different bat species. Here, we present preliminary characterization of the virome of three common North American bat species, including big brown bats (Eptesicus fuscus), tricolored bats (Perimyotis subflavus), and little brown myotis (Myotis lucifugus). In samples derived from these bats, we identified viral sequences that were similar to at least three novel group 1 CoVs, large numbers of insect and plant virus sequences, and nearly full-length genomic sequences of two novel bacteriophages. These observations suggest that bats encounter and disseminate a large assortment of viruses capable of infecting many different animals, insects, and plants in nature.,��https://www.ncbi.nlm.nih.gov/pubmed/20926577���Donaldson, Eric F
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*Zoonoses/epidemiology/transmission/virology���OctÍ��The World Congress of Virus and Infections, held in Busan, South Korea, included topics reviewing the field of zoonoses. This conference report highlights selected presentations on surveillance, epidemiology and measures for the control and prevention of zoonotic diseases. Topics discussed include human factors influencing zoonoses, the molecular epidemiology of Crimean-Congo hemorrhagic fever, the emerging Nipah virus, and the re-emergence of cowpox virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20878585U��Garkavenko, Olga
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Plant Extracts
Solvents���Sep 6ß��Saffron (Crocus sativus L.) belongs to the Iridaceae family. The stigma of saffron has been widely used as spice, medicinal plant, and food additive in the Mediterranean and Subtropical countries. Recently, attention has been paid to the identification of new sources of safe natural antioxidants for the food industry. The antioxidant activities of spices are mainly attributed to their phenolic and flavonoid compounds. Saffron is one of the spices believed to possess antioxidant properties, but information on its antioxidant activity and phenolic, flavonoids compound are rather limited, therefore this research was carried out to evaluate the antioxidant activity of saffron stigmas extracted with different solvents. The phenolic and flavonoid compounds of saffron were also examined using reversed phase (RP)-HPLC. Results showed that saffron stigma possess antioxidant activity. The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of saffron stigma at a concentration of 300 mug/mL, with values of 68.2% and 78.9%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. The obtained total phenolics value for methanolic saffron extract was 6.54 +/- 0.02 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids, 5.88 +/- 0.12 mg rutin equivalent/g DW, which were also higher than values obtained from the ethanolic and boiling water extracts. In addition, the RP-HPLC analyses indicated the presence of gallic acid and pyrogallol as two bioactive compounds. In summary, saffron stigmas showed antioxidant activity and methanol appeared to be the best solvent to extract the active components, among which the presence of gallic acid and pyrogallol might contribute towards the stigma's antioxidant properties. Hence, saffron stigma could be applied as a natural antioxidant source for industrial purposes.,��https://www.ncbi.nlm.nih.gov/pubmed/20877220Ã��Karimi, Ehsan
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Viral Proteins/*chemistry/genetics/*metabolism���Octs��Members within the paramyxovirus subfamily Paramyxovirinae constitute a large number of highly virulent human and animal pathogens. The glycoproteins present on these viruses are responsible for mediating host cell attachment and fusion and are key targets for the design of antiviral entry inhibitors. In the present review, we discuss recent structural studies which have led to a better understanding of the various mechanisms by which different paramyxoviruses use their attachment glycoproteins to hijack specific protein and glycan cell-surface receptors to facilitate viral entry. It is observed that the paramyxovirus attachment glycoprotein consists of a conserved overall structure which includes an N-terminal six-bladed beta-propeller domain which is responsible for cell receptor binding. Crystal structures of this domain from different biomedically important paramyxoviruses, including measles, Nipah, Hendra, Newcastle disease and parainfluenza viruses, alone and in complex with their functional cell-surface receptors, demonstrate three contrasting mechanisms of receptor engagement that paramyxoviruses have evolved to confer discreet protein- and glycan-receptor specificity. This structural information highlights the adaptability of the paramyxovirus attachment glycoprotein surface and the potential for the emergence of new and potentially harmful viruses in human hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/20863312û��Bowden, Thomas A
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Viral Nonstructural Proteins/genetics/*metabolism���Sep 15ü��Nipah virus (NiV) P gene encodes P protein and three accessory proteins (V, C and W). It has been reported that all four P gene products have IFN antagonist activity when the proteins were transiently expressed. However, the role of those accessory proteins in natural infection with NiV remains unknown. We generated recombinant NiVs lacking V, C or W protein, rNiV(V-), rNiV(C-), and rNiV(W-), respectively, to analyze the functions of these proteins in infected cells and the implications in in vivo pathogenicity. All the recombinants grew well in cell culture, although the maximum titers of rNiV(V-) and rNiV(C-) were lower than the other recombinants. The rNiV(V-), rNiV(C-) and rNiV(W-) suppressed the IFN response as well as the parental rNiV, thereby indicating that the lack of each accessory protein does not significantly affect the inhibition of IFN signaling in infected cells. In experimentally infected golden hamsters, rNiV(V-) and rNiV(C-) but not the rNiV(W-) virus showed a significant reduction in virulence. These results suggest that V and C proteins play key roles in NiV pathogenicity, and the roles are independent of their IFN-antagonist activity. This is the first report that identifies the molecular determinants of NiV in pathogenicity in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/20856799���Yoneda, Misako
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*Knowledge Bases
Public Health Informatics/*methods
Sex Offenses/prevention & control/*statistics & numerical data±��This paper discusses an innovative 3-step eHealth approach to translate research for target audiences' knowledge uptake in developing countries. The first step uses a knowledge transfer model for the identification and packaging of health content as well as the selection of appropriate Information and Communication Technologies (ICT) platforms; followed by consumer health informatics studies to evaluate the efficacy of addressing health consumers' information needs; and the final step recommends forming of strategic partnerships to strengthen and support knowledge transfer and sharing. The 3-step eHealth approach is based on a convergence of ICTs, and application of the practices and principles of informatics and knowledge management. It was refined during the development of AfroAIDSinfo, an AIDS information portal of the SA Medical Research Council (MRC). The approach was evaluated during the forming of a strategic partnership between the AfroAIDSinfo project of the MRC's Web and Media Technologies Platform and the Sexual Violence Research Initiative. The successful outcome of the eHealth approach served to collect evidence for good practice in informatics and knowledge management.,��https://www.ncbi.nlm.nih.gov/pubmed/20841731���van Zyl, Hendra
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Viral Structural Proteins/immunology���Novç��Nipah virus is an emerging pathogen that causes severe disease in humans. It expresses several antagonist proteins that subvert the immune response and that may contribute to its pathogenicity. Studies of its biology are difficult due to its high pathogenicity and requirement for biosafety level 4 containment. We integrated experimental and computational methods to elucidate the effects of Nipah virus immune antagonists. Individual Nipah virus immune antagonists (phosphoprotein and V and W proteins) were expressed from recombinant Newcastle disease viruses, and the responses of infected human monocyte-derived dendritic cells were determined. We developed an ordinary differential equation model of the infectious process that that produced results with a high degree of correlation with these experimental results. In order to simulate the effects of wild-type virus, the model was extended to incorporate published experimental data on the time trajectories of immune-antagonist production. These data showed that the RNA-editing mechanism utilized by the wild-type Nipah virus to produce immune antagonists leads to a delay in the production of the most effective immune antagonists, V and W. Model simulations indicated that this delay caused a disconnection between attenuation of the antiviral response and suppression of inflammation. While the antiviral cytokines were efficiently suppressed at early time points, some early inflammatory cytokine production occurred, which would be expected to increase vascular permeability and promote virus spread and pathogenesis. These results suggest that Nipah virus has evolved a unique immune-antagonist strategy that benefits from controlled expression of multiple antagonist proteins with various potencies.,��https://www.ncbi.nlm.nih.gov/pubmed/20739535���Seto, Jeremy
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*Immune Evasion
Immunity, Innate
Interferon-Induced Helicase, IFIH1
Interferons/*immunology
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Paramyxovirinae/immunology/*pathogenicity
Protein Binding
Viral Proteins/*genetics���Novì��The V protein of the paramyxovirus subfamily Paramyxovirinae is an important virulence factor that can interfere with host innate immunity by inactivating the cytosolic pathogen recognition receptor MDA5. This interference is a result of a protein-protein interaction between the highly conserved carboxyl-terminal domain of the V protein and the helicase domain of MDA5. The V protein C-terminal domain (CTD) is an evolutionarily conserved 49- to 68-amino-acid region that coordinates two zinc atoms per protein chain. Site-directed mutagenesis of conserved residues in the V protein CTD has revealed both universal and virus-specific requirements for zinc coordination in MDA5 engagement and has also identified other conserved residues as critical for MDA5 interaction and interference. Mutation of these residues produces V proteins that are specifically defective for MDA5 interference and not impaired in targeting STAT1 for proteasomal degradation via the VDC ubiquitin ligase complex. Results demonstrate that mutation of conserved charged residues in the V proteins of Nipah virus, measles virus, and mumps virus also abolishes MDA5 interaction. These findings clearly define molecular determinants for MDA5 inhibition by the paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/20719949!��Ramachandran, Aparna
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Virus Internalization���Octº��Triggering of the Hendra virus fusion (F) protein is required to initiate the conformational changes which drive membrane fusion, but the factors which control triggering remain poorly understood. Mutation of a histidine predicted to lie near the fusion peptide to alanine greatly reduced fusion despite wild-type cell surface expression levels, while asparagine substitution resulted in a moderate restoration in fusion levels. Slowed kinetics of six-helix bundle formation, as judged by sensitivity to heptad repeat B-derived peptides, was observed for all H372 mutants. These data suggest that side chain packing beneath the fusion peptide is an important regulator of Hendra virus F triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/20702638���Smith, Everett Clinton
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Virus Release/physiology���Oct���Bone marrow stromal antigen 2 (BST-2/tetherin) is a cellular membrane protein that inhibits the release of HIV-1. We show for the first time, using infectious viruses, that BST-2 also inhibits egress of arenaviruses but has no effect on filovirus replication and spread. Specifically, infectious Lassa virus (LASV) release significantly decreased or increased in human cells in which BST-2 was either stably expressed or knocked down, respectively. In contrast, replication and spread of infectious Zaire ebolavirus (ZEBOV) and Lake Victoria marburgvirus (MARV) were not affected by these conditions. Replication of infectious Rift Valley fever virus (RVFV) and cowpox virus (CPXV) was also not affected by BST-2 expression. Elevated cellular levels of human or murine BST-2 inhibited the release of virus-like particles (VLPs) consisting of the matrix proteins of multiple highly virulent NIAID Priority Pathogens, including arenaviruses (LASV and Machupo virus [MACV]), filoviruses (ZEBOV and MARV), and paramyxoviruses (Nipah virus). Although the glycoproteins of filoviruses counteracted the antiviral activity of BST-2 in the context of VLPs, they could not rescue arenaviral (LASV and MACV) VLP release upon BST-2 overexpression. Furthermore, we did not observe colocalization of filoviral glycoproteins with BST-2 during infection with authentic viruses. None of the arenavirus-encoded proteins rescued budding of VLPs in the presence of BST-2. Our results demonstrate that BST-2 might be a broad antiviral factor with the ability to restrict release of a wide variety of human pathogens. However, at least filoviruses, RVFV, and CPXV are immune to its inhibitory effect.,��https://www.ncbi.nlm.nih.gov/pubmed/20686043s��Radoshitzky, Sheli R
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Virus Internalization/*drug effects���NovZ��Based on the structural similarity of viral fusion proteins within the family Paramyxoviridae, we tested recently described and newly synthesized acetanilide derivatives for their capacity to inhibit measles virus (MV)-, canine distemper virus (CDV)- and Nipah virus (NiV)-induced membrane fusion. We found that N-(3-cyanophenyl)-2-phenylacetamide (compound 1) has a high capacity to inhibit MV- and CDV-induced (IC(50) muM), but not NiV-induced, membrane fusion. This compound is of outstanding interest because it can be easily synthesized and its cytotoxicity is low [50 % cytotoxic concentration (CC(50)) >/= 300 muM], leading to a CC(50)/IC(50) ratio of approximately 100. In addition, primary human peripheral blood lymphocytes and primary dog brain cell cultures (DBC) also tolerate high concentrations of compound 1. Infection of human PBMC with recombinant wild-type MV is inhibited by an IC(50) of approximately 20 muM. The cell-to-cell spread of recombinant wild-type CDV in persistently infected DBC can be nearly completely inhibited by compound 1 at 50 muM, indicating that the virus spread between brain cells is dependent on the activity of the viral fusion protein. Our findings demonstrate that this compound is a most applicable inhibitor of morbillivirus-induced membrane fusion in tissue culture experiments including highly sensitive primary cells.,��https://www.ncbi.nlm.nih.gov/pubmed/20685931÷��Singethan, K
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Zoonoses/transmission/*virology���SepÁ��The genus Henipavirus contains two members-Hendra virus (HeV) and Nipah virus (NiV)-and each can cause fatal disease in humans and animals. HeV and Niv are currently classified as biosafety level 4, and NiV is classified as a category C priority pathogen. The aim of this article is to discuss the pathology of laboratory animal models of henipavirus infection and to assess their suitability as animal models for the development and testing of human therapeutics and vaccines. There has been considerable progress in the development of animal models for henipavirus disease. Suitable animal models include the golden hamster, ferrets, cats, and pigs, which develop disease resembling that observed in humans. Guinea pigs are a less reliable model for henipavirus disease, but they do develop henipavirus-induced encephalitis. Because human efficacy studies with henipaviruses are not permitted, animal studies are critical for the development of antiviral therapeutics and vaccines. Current research indicates that passive immunotherapy using monoclonal antibodies is protective of ferrets against NiV infection and that passive immunotherapy using NiV antibodies protects hamsters from HeV. Recombinant vaccines have been used to protect cats and pigs against NiV infection. Ribavirin and 6-aza-uridine were able to delay but not prevent NiV-induced mortality in hamsters. Further research is needed to develop a model and therapy for late-onset henipavirus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/20682803���Williamson, M M
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Virus Replication/physiology���Oct���The interaction of Nipah virus (NiV) nucleocapsid (N) protein with phosphoprotein (P) during nucleocapsid assembly is the essential process in the viral life cycle, since only the encapsidated RNA genome can be used for replication. To identify the region responsible for N-P interaction, we utilized fluorescent protein tags to visualize NiV N and P proteins in live cells and analyzed their cellular localization. N protein fused to monomeric enhanced cyan fluorescence protein (N-ECFP) exhibited a dotted pattern in transfected cells, while P protein fused to monomeric red fluorescent protein (P-mRFP) showed diffuse distribution. When the two proteins were coexpressed, P-mRFP colocalized with N-ECFP dots. N-ECFP mutants with serial amino acid deletions were generated to search for the region(s) responsible for this N-P colocalization. We found that, in addition to the 467- to 496-amino-acid (aa) region reported previously, aa 135 to 146 were responsible for the N-P colocalization. The residues crucial for N-P interaction were further investigated by introducing alanine substitutions into the untagged N protein. Alanine scanning in the region of aa 135 to 146 has revealed that there are distinct regions essential for the interaction of N-P and the function of N. This is the first study to visualize Nipah viral proteins in live cells and to assess the essential domain of N protein for the interaction with P protein.,��https://www.ncbi.nlm.nih.gov/pubmed/20668089Î��Omi-Furutani, Mio
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*Yersinia pestis���Aug 10���Highly lethal pathogens (e.g., hantaviruses, hendra virus, anthrax, or plague) pose unique public-health problems, because they seem to periodically flare into outbreaks before disappearing into long quiescent phases. A key element to their possible control and eradication is being able to understand where they persist in the latent phase and how to identify the conditions that result in sporadic epidemics or epizootics. In American grasslands, plague, caused by Yersinia pestis, exemplifies this quiescent-outbreak pattern, because it sporadically erupts in epizootics that decimate prairie dog (Cynomys ludovicianus) colonies, yet the causes of outbreaks and mechanisms for interepizootic persistence of this disease are poorly understood. Using field data on prairie community ecology, flea behavior, and plague-transmission biology, we find that plague can persist in prairie-dog colonies for prolonged periods, because host movement is highly spatially constrained. The abundance of an alternate host for disease vectors, the grasshopper mouse (Onychomys leucogaster), drives plague outbreaks by increasing the connectivity of the prairie dog hosts and therefore, permitting percolation of the disease throughout the primary host population. These results offer an alternative perspective on plague's ecology (i.e., disease transmission exacerbated by alternative hosts) and may have ramifications for plague dynamics in Asia and Africa, where a single main host has traditionally been considered to drive Yersinia ecology. Furthermore, abundance thresholds of alternate hosts may be a key phenomenon determining outbreaks of disease in many multihost-disease systems.,��https://www.ncbi.nlm.nih.gov/pubmed/20660742k��Salkeld, Daniel J
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Virus Replication���Oct2��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are emerging zoonotic paramyxoviruses that can cause severe and often lethal neurologic and/or respiratory disease in a wide variety of mammalian hosts, including humans. There are presently no licensed vaccines or treatment options approved for human or veterinarian use. Guinea pigs, hamsters, cats, and ferrets, have been evaluated as animal models of human HeV infection, but studies in nonhuman primates (NHP) have not been reported, and the development and approval of any vaccine or antiviral for human use will likely require efficacy studies in an NHP model. Here, we examined the pathogenesis of HeV in the African green monkey (AGM) following intratracheal inoculation. Exposure of AGMs to HeV produced a uniformly lethal infection, and the observed clinical signs and pathology were highly consistent with HeV-mediated disease seen in humans. Ribavirin has been used to treat patients infected with either HeV or NiV; however, its utility in improving outcome remains, at best, uncertain. We examined the antiviral effect of ribavirin in a cohort of nine AGMs before or after exposure to HeV. Ribavirin treatment delayed disease onset by 1 to 2 days, with no significant benefit for disease progression and outcome. Together our findings introduce a new disease model of acute HeV infection suitable for testing antiviral strategies and also demonstrate that, while ribavirin may have some antiviral activity against the henipaviruses, its use as an effective standalone therapy for HeV infection is questionable.,��https://www.ncbi.nlm.nih.gov/pubmed/20660198���Rockx, Barry
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Virus Physiological Phenomena/*drug effects���Jul 15@��Nipah virus targets human endothelial cells via NiV-F and NiV-G envelope glycoproteins, resulting in endothelial syncytia formation and vascular compromise. Endothelial cells respond to viral infection by releasing innate immune effectors, including galectins, which are secreted proteins that bind to specific glycan ligands on cell surface glycoproteins. We demonstrate that galectin-1 reduces NiV-F mediated fusion of endothelial cells, and that endogenous galectin-1 in endothelial cells is sufficient to inhibit syncytia formation. Galectin-1 regulates NiV-F mediated cell fusion at three distinct points, including retarding maturation of nascent NiV-F, reducing NiV-F lateral mobility on the plasma membrane, and directly inhibiting the conformational change in NiV-F required for triggering fusion. Characterization of the NiV-F N-glycome showed that the critical site for galectin-1 inhibition is rich in glycan structures known to bind galectin-1. These studies identify a unique set of mechanisms for regulating pathophysiology of NiV infection at the level of the target cell.,��https://www.ncbi.nlm.nih.gov/pubmed/20657665¤��Garner, Omai B
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Humans���Sep���In the last few decades, there is an increasing emergence and re-emergence of viruses, such as West Nile virus, Enterovirus 71 and henipaviruses that cause epidemic viral encephalitis and other central nervous system (CNS) manifestations. The mortality and morbidity associated with these outbreaks are significant and frequently severe. While aspects of epidemiology, basic virology, etc., may be known, the pathology and pathogenesis are often less so, partly due to a lack of interest among pathologists or because many of these infections are considered "third world" diseases. In the study of epidemic viral encephalitis, the pathologist's role in unravelling the pathology and pathogenesis is critical. The novel henipavirus infection is a good example. The newly created genus Henipavirus within the family Paramyxoviridae consists of two viruses, viz., Hendra virus and Nipah virus. These two viruses emerged in Australia and Asia, respectively, to cause severe encephalitides in humans and animals. Studies show that the pathological features of the acute encephalitis caused by henipaviruses are similar and a unique dual pathogenetic mechanism of vasculitis-induced microinfarction and parenchymal cell infection in the CNS (mainly neurons) and other organs causes severe tissue damage. Both viruses can cause relapsing encephalitis months and years after the acute infection due to a true recurrent infection as evidenced by the presence of virus in infected cells. Future emerging viral encephalitides will no doubt continue to pose considerable challenges to the neuropathologist, and as the West Nile virus outbreak demonstrates, even economically advanced nations are not spared.,��https://www.ncbi.nlm.nih.gov/pubmed/20652579���Wong, Kum Thong
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Telemetry���Jun¯��Fruit bats of the genus Pteropus (commonly known as flying-foxes) are the natural hosts of several recently emerged zoonotic viruses of animal and human health significance in Australia and Asia, including Hendra and Nipah viruses. Satellite telemetry was used on nine flying-foxes of three species (Pteropus alecto n=5, P. vampyrus n=2, and P. neohibernicus n=2) to determine the scale and pattern of their long-distance movements and their potential to transfer these viruses between countries in the region. The animals were captured and released from six different locations in Australia, Papua New Guinea, Indonesia, and Timor-Leste. Their movements were recorded for a median of 120 (range, 47-342) days with a median total distance travelled of 393 (range, 76-3011) km per individual. Pteropus alecto individuals were observed to move between Australia and Papua New Guinea (Western Province) on four occasions, between Papua New Guinea (Western Province) and Indonesia (Papua) on ten occasions, and to traverse Torres Strait on two occasions. Pteropus vampyrus was observed to move between Timor-Leste and Indonesia (West Timor) on one occasion. These findings expand upon the current literature on the potential for transfer of zoonotic viruses by flying-foxes between countries and have implications for disease risk management and for the conservation management of flying-fox populations in Australia, New Guinea, and the Lesser Sunda Islands.,��https://www.ncbi.nlm.nih.gov/pubmed/20645122\��Breed, Andrew C
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Zoonoses/transmission���Junø��Nipah virus (NiV) infection is a seasonal disease in Bangladesh that coincides with the date palm sap collection season. Raw date palm sap is a delicacy to drink in Bengali culture. If fruit bats that are infected with NiV gain access to the sap for drinking, they might occasionally contaminate the sap through saliva and urine. In February 2007, we conducted a qualitative study in six villages, interviewing 27 date palm sap collectors (gachhis) within the geographical area where NiV outbreaks have occurred since 2001. Gachhis reported that bats pose a challenge to successful collection of quality sap, because bats drink and defecate into the sap which markedly reduces its value. They know some methods to prevent access by bats and other pests but do not use them consistently, because of lack of time and resources. Further studies to explore the effectiveness of these methods and to motivate gachhis to invest their time and money to use them could reduce the risk of human Nipah infection in Bangladesh.,��https://www.ncbi.nlm.nih.gov/pubmed/20617362���Nahar, Nazmun
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*Virus Replication���Aug 15,��Nipah virus (NiV) is a highly pathogenic paramyxovirus which causes fatal encephalitis in up to 75% of infected humans. Endothelial cells and neurons are important cellular targets in the pathogenesis of this disease. In this study, viral replication and the innate immune responses to NiV in these cell types were measured. NiV infected endothelial cells generated a functionally robust IFN-beta response, which correlated with localization of the NiV W protein to the cytoplasm. There was no antiviral response detected in infected neuronal cells. NiV infection of endothelial cells induced a significant increase in secreted inflammatory chemokines, which corresponded with the increased ability of infected cell supernatants to induce monocyte and T-lymphocyte chemotaxis. These results suggest that pro-inflammatory chemokines produced by NiV infected primary endothelial cells in vitro is consistent with the prominent vasculitis observed in infections, and provide initial molecular insights into the pathogenesis of NiV in physiologically relevant cells types.,��https://www.ncbi.nlm.nih.gov/pubmed/20552729���Lo, Michael K
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Swine Diseases/immunology/*virology���Jun 3ï��BACKGROUND: Outbreaks of Hendra (HeV) and Nipah (NiV) viruses have been reported starting in 1994 and 1998, respectively. Both viruses are capable of causing fatal disease in humans and effecting great economical loss in the livestock industry. RESULTS: Through screening of hybridomas derived from mice immunized with gamma-irradiated Nipah virus, we identified two secreted antibodies; one reactive with the nucleocapsid (N) protein and the other, the phosphoprotein (P) of henipaviruses. Epitope mapping and protein sequence alignments between NiV and HeV suggest the last 14 amino acids of the carboxyl terminus of the N protein is the target of the anti-N antibody. The anti-P antibody recognizes an epitope in the amino-terminal half of P protein. These monoclonal antibodies were used to develop two antigen capture ELISAs, one for virus detection and the other for differentiation between NiV and HeV. The lower limit of detection of the capture assay with both monoclonal antibodies was 400 pfu. The anti-N antibody was used to successfully detect NiV in a lung tissue suspension from an infected pig. CONCLUSION: The antigen capture ELISA developed is potentially affordable tool to provide rapid detection and differentiation between the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20525276á��Chiang, Cheng-Feng
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*Virus Internalization���AugT��The deadly paramyxovirus Nipah virus (NiV) contains a fusion glycoprotein (F) with canonical structural and functional features common to its class. Receptor binding to the NiV attachment glycoprotein (G) triggers F to undergo a two-phase conformational cascade: the first phase progresses from a metastable prefusion state to a prehairpin intermediate (PHI), while the second phase is marked by transition from the PHI to the six-helix-bundle hairpin. The PHI can be captured with peptides that mimic F's heptad repeat regions, and here we utilized a NiV heptad repeat peptide to quantify PHI formation and the half-lives (t(1/2)) of the first and second fusion cascade phases. We found that ephrinB2 receptor binding to G triggered approximately 2-fold more F than that triggered by ephrinB3, consistent with the increased rate and extent of fusion observed with ephrinB2- versus ephrinB3-expressing cells. In addition, for a series of hyper- and hypofusogenic F mutants, we quantified F-triggering capacities and measured the kinetics of their fusion cascade phases. Hyper- and hypofusogenicity can each be manifested through distinct stages of the fusion cascade, giving rise to vastly different half-lives for the first (t(1/2), 1.9 to 7.5 min) or second (t(1/2), 1.5 to 15.6 min) phase. While three mutants had a shorter first phase and a longer second phase than the wild-type protein, one mutant had the opposite phenotype. Thus, our results reveal multiple critical parameters that govern the paramyxovirus fusion cascade, and our assays should help efforts to elucidate other class I membrane fusion processes.,��https://www.ncbi.nlm.nih.gov/pubmed/205193837��Aguilar, Hector C
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Viral Tropism/immunology���May 18���Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21, providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat, hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans. Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for human use.,��https://www.ncbi.nlm.nih.gov/pubmed/20502528ç��Geisbert, Thomas W
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*Virus Replication���Aug^��The highly pathogenic Nipah virus (NiV) is aerially transmitted and causes a systemic infection after entering the respiratory tract. Airway epithelia are thus important targets in primary infection. Furthermore, virus replication in the mucosal surfaces of the respiratory or urinary tract in later phases of infection is essential for virus shedding and transmission. So far, the mechanisms of NiV replication in epithelial cells are poorly elucidated. In the present study, we provide evidence that bipolar targeting of the two NiV surface glycoproteins G and F is of biological importance for fusion in polarized epithelia. We demonstrate that infection of polarized cells induces focus formation, with both glycoproteins located at lateral membranes of infected cells adjacent to uninfected cells. Supporting the idea of a direct spread of infection via lateral cell-to-cell fusion, we could identify basolateral targeting signals in the cytoplasmic domains of both NiV glycoproteins. Tyrosine 525 in the F protein is part of an endocytosis signal and is also responsible for basolateral sorting. Surprisingly, we identified a dityrosine motif at position 28/29 in the G protein, which mediates polarized targeting. A dileucine motif predicted to function as sorting signal is not involved. Mutation of the targeting signal in one of the NiV glycoproteins prevented the fusion of polarized cells, suggesting that basolateral or bipolar F and G expression facilitates the spread of NiV within epithelial cell monolayers, thereby contributing to efficient virus spread in mucosal surfaces in early and late phases of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/20484517ß��Weise, Carolin
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*Zoonoses���Oct���Diseases transmitted from animals have assumed substantial public health importance. Avian influenza, severe acute respiratory syndrome, and Nipah virus infection are a few examples of growing number of diseases that humans can contract from animals. These diseases can cause huge economic losses in addition to mortality and morbidity. In developing countries of Asia, there is a continuous and close contact between animals and humans, especially in rural settings. The prevailing sociocultural practices and weak public health infrastructure further enhances the vulnerability of Asia as the epicenter of outbreaks due to zoonotic infections. There is a clear need of greater awareness and application of a multisectoral and multidisciplinary approach to prevent and control zoonotic infections.,��https://www.ncbi.nlm.nih.gov/pubmed/20462853 ��Bhatia, Rajesh
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Virus Release/genetics/*physiology���SepO��The paramyxoviruses define a diverse group of enveloped RNA viruses that includes a number of important human and animal pathogens. Examples include human respiratory syncytial virus and the human parainfluenza viruses, which cause respiratory illnesses in young children and the elderly; measles and mumps viruses, which have caused recent resurgences of disease in developed countries; the zoonotic Hendra and Nipah viruses, which have caused several outbreaks of fatal disease in Australia and Asia; and Newcastle disease virus, which infects chickens and other avian species. Like other enveloped viruses, paramyxoviruses form particles that assemble and bud from cellular membranes, allowing the transmission of infections to new cells and hosts. Here, we review recent advances that have improved our understanding of events involved in paramyxovirus particle formation. Contributions of viral matrix proteins, glycoproteins, nucleocapsid proteins, and accessory proteins to particle formation are discussed, as well as the importance of host factor recruitment for efficient virus budding. Trafficking of viral structural components within infected cells is described, together with mechanisms that allow for the selection of specific sites on cellular membranes for the coalescence of viral proteins in preparation of bud formation and virion release.,��https://www.ncbi.nlm.nih.gov/pubmed/20398786È��Harrison, Megan S
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Young Adult���Novq��In February 2007 an outbreak of Nipah virus (NiV) encephalitis in Thakurgaon District of northwest Bangladesh affected seven people, three of whom died. All subsequent cases developed illness 7-14 days after close physical contact with the index case while he was ill. Cases were more likely than controls to have been in the same room (100% vs. 9.5%, OR undefined, P<0.001) and to have touched him (83% vs. 0%, OR undefined, P<0.001). Although the source of infection for the index case was not identified, 50% of Pteropus bats sampled from near the outbreak area 1 month after the outbreak had antibodies to NiV confirming the presence of the virus in the area. The outbreak was spread by person-to-person transmission. Risk of NiV infection in family caregivers highlights the need for infection control practices to limit transmission of potentially infectious body secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/203807692��Homaira, N
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*Turkeys
Virginia���An avian influenza outbreak in 2002 affected 197 poultry farms in Virginia and cost an estimated $130 million in losses and cleanup. In 2004-2005, researchers initiated a project to investigate the feasibility and practicality of in-house composting of turkey mortalities (heavy hens and toms) as a method of disposal and disease containment. Occurrences of low pathogenic avian influenza (LPAI) in West Virginia and Virginia in 2007 provided an opportunity for first responders to verify composting as an effective carcass disposal method. Many lessons learned from these experiences have led to improvements in the application of this technology. Market-weight turkeys, once thought too large for effective composting, were composted sufficiently for land application within 4 to 6 weeks. Additionally, fire-fighting foam, a new method of mass depopulation, proved to be compatible with composting. Knowledge gained from these incidents will be valuable not only for future responses to LPAI but also for outbreaks of highly pathogenic avian influenza such as the H5N1 virus, which currently causes disease in both animals and humans in many parts of the world. Since three-quarters of all recent emerging infectious diseases (EIDs) have arisen from animals, control of disease in animals is the principal way to reduce human exposure and prevent EIDs. Many of the general approaches and specific techniques used to eradicate the avian influenza virus can also be used to control other EIDs such as H1N1, Nipah virus, Rift Valley Fever, and plague.,��https://www.ncbi.nlm.nih.gov/pubmed/20375437T��Flory, Gary A
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*Virus Assembly���Jun<��Hendra virus is a negative-sense single-stranded RNA virus within the Paramyxoviridae family which, together with Nipah virus, forms the Henipavirus genus. Infection with bat-borne Hendra virus leads to a disease with high mortality rates in humans. We determined the crystal structure of the unliganded six-bladed beta-propeller domain and compared it to the previously reported structure of Hendra virus attachment glycoprotein (HeV-G) in complex with its cellular receptor, ephrin-B2. As observed for the related unliganded Nipah virus structure, there is plasticity in the Glu579-Pro590 and Lys236-Ala245 ephrin-binding loops prior to receptor engagement. These data reveal that henipaviral attachment glycoproteins undergo common structural transitions upon receptor binding and further define the structural template for antihenipaviral drug design. Our analysis also provides experimental evidence for a dimeric arrangement of HeV-G that exhibits striking similarity to those observed in crystal structures of related paramyxovirus receptor-binding glycoproteins. The biological relevance of this dimer is further supported by the positional analysis of glycosylation sites from across the paramyxoviruses. In HeV-G, the sites lie away from the putative dimer interface and remain accessible to alpha-mannosidase processing on oligomerization. We therefore propose that the overall mode of dimer assembly is conserved for all paramyxoviruses; however, while the geometry of dimerization is rather closely similar for those viruses that bind flexible glycan receptors, significant (up to 60 degrees ) and different reconfigurations of the subunit packing (associated with a significant decrease in the size of the dimer interface) have accompanied the independent switching to high-affinity protein receptor binding in Hendra and measles viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20375167���Bowden, Thomas A
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Virus Internalization/*drug effects���JulÅ��The fusion of enveloped viruses with the host cell is driven by specialized fusion proteins to initiate infection. The "class I" fusion proteins harbor two regions, typically two heptad repeat (HR) domains, which are central to the complex conformational changes leading to fusion: the first heptad repeat (HRN) is adjacent to the fusion peptide, while the second (HRC) immediately precedes the transmembrane domain. Peptides derived from the HR regions can inhibit fusion, and one HR peptide, T20 (enfuvirtide), is in clinical use for HIV-1. For paramyxoviruses, the activities of two membrane proteins, the receptor-binding protein (hemagglutinin-neuraminidase [HN] or G) and the fusion protein (F), initiate viral entry. The binding of HN or G to its receptor on a target cell triggers the activation of F, which then inserts into the target cell and mediates the membrane fusion that initiates infection. We have shown that for paramyxoviruses, the inhibitory efficacy of HR peptides is inversely proportional to the rate of F activation. For HIV-1, the antiviral potency of an HRC-derived peptide can be dramatically increased by targeting it to the membrane microdomains where fusion occurs, via the addition of a cholesterol group. We report here that for three paramyxoviruses-human parainfluenza virus type 3 (HPIV3), a major cause of lower respiratory tract diseases in infants, and the emerging zoonotic viruses Hendra virus (HeV) and Nipah virus (NiV), which cause lethal central nervous system diseases-the addition of cholesterol to a paramyxovirus HRC-derived peptide increased antiviral potency by 2 log units. Our data suggest that this enhanced activity is indeed the result of the targeting of the peptide to the plasma membrane, where fusion occurs. The cholesterol-tagged peptides on the cell surface create a protective antiviral shield, target the F protein directly at its site of action, and expand the potential utility of inhibitory peptides for paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20357085���Porotto, Matteo
Yokoyama, Christine C
Palermo, Laura M
Mungall, Bruce
Aljofan, Mohamad
Cortese, Riccardo
Pessi, Antonello
Moscona, Anne
eng
R56 AI076335/AI/NIAID NIH HHS/
AI076335/AI/NIAID NIH HHS/
R56 AI031971/AI/NIAID NIH HHS/
U54AI057158/AI/NIAID NIH HHS/
AI31971/AI/NIAID NIH HHS/
R01 AI076335/AI/NIAID NIH HHS/
U54 AI057158/AI/NIAID NIH HHS/
R01 AI031971/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2010/04/02 06:00
J Virol. 2010 Jul;84(13):6760-8. doi: 10.1128/JVI.00135-10. Epub 2010 Mar 31.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2903269���20357085 ��Department of Pediatrics and Department of Microbiology and Immunology, Weill Medical College of Cornell University, 515 East 71st St., New York, NY 10021, USA.���10.1128/JVI.00135-10��V��þÒ|ÿî?¹���.��Chen, Y. Y.
Sun, Y. X.
Chen, J. W.
Chen, J. M.���2010H��Quantification of the severity of an outbreak in human infection control���e3-5���Int J Infect Dis
��14 Suppl 3~��Animals
Decision Making
Disease Outbreaks/*statistics & numerical data
Disease Transmission, Infectious
Epidemiologic Methods
Henipavirus Infections/epidemiology
Humans
*Infection Control
Influenza A Virus, H1N1 Subtype
Influenza, Human/epidemiology
Nipah Virus
Severe Acute Respiratory Syndrome/epidemiology
Streptococcal Infections/epidemiology/veterinary
Streptococcus suis
Swine���Sepz��BACKGROUND: The severity of an outbreak is a priority in decision-making for human infection control. However, there have been no reports on how to quantify the severity of an outbreak. METHODS: We propose a simple method to measure the severity of an infectious disease outbreak. It involves scoring the severity of clinical signs, the transmission of the infection, the number of cases, and the infection source. RESULTS: The method was evaluated using the data available at the early stage of some recent outbreaks of infectious diseases, including the influenza A (H1N1) pandemic in 2009, and the evaluation supports the design idea. CONCLUSION: The method is practical for rating the severity of an infectious disease outbreak, though it should be optimized. It could also be used to judge whether an event constitutes a public health emergency of international concern (PHEIC) or not.,��https://www.ncbi.nlm.nih.gov/pubmed/20227902ç��Chen, Yue-Ying
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Slovenia/epidemiology���Apr���Bats have been identified as a natural reservoir for an increasing number of emerging zoonotic viruses, such as Hendra virus, Nipah virus, Ebola virus, Marburg virus, rabies and other lyssaviruses. Recently, a large number of viruses closely related to members of the genus Coronavirus have been associated with severe acute respiratory syndrome (SARS) and detected in bat species. In this study, samples were collected from 106 live bats of seven different bat species from 27 different locations in Slovenia. Coronaviruses were detected by RT-PCR in 14 out of 36 horseshoe bat (Rhinolophus hipposideros) fecal samples, with 38.8% virus prevalence. Sequence analysis of a 405-nucleotide region of the highly conserved RNA polymerase gene (pol) showed that all coronaviruses detected in this study are genetically closely related, with 99.5-100% nucleotide identity, and belong to group 2 of the coronaviruses. The most closely related virus sequence in GenBank was SARS bat isolate Rp3/2004 (DQ071615) within the SARS-like CoV cluster, sharing 85% nucleotide identity and 95.6% amino acid identity. The potential risk of a new group of bat coronaviruses as a reservoir for human infections is highly suspected, and further molecular epidemiologic studies of these bat coronaviruses are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/20217155»��Rihtaric, Danijela
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Saimiri/*virology���Mar}��We infected squirrel monkeys (Saimiri sciureus) with Nipah virus to determine the monkeys' suitability for use as primate models in preclinical testing of preventive and therapeutic treatments. Infection of squirrel monkeys through intravenous injection was followed by high death rates associated with acute neurologic and respiratory illness and viral RNA and antigen production.,��https://www.ncbi.nlm.nih.gov/pubmed/20202432>��Marianneau, Philippe
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Virus Internalization���MayÍ��Virus-like particles (VLPs) released from avian cells expressing the Newcastle disease virus (NDV) strain AV proteins NP, M, HN (hemagglutinin-neuraminidase), and F were characterized. The VLP-associated HN and F glycoproteins directed the attachment of VLPs to cell surfaces and fusion of VLP membranes with red blood cell membranes, indicating that they were assembled into VLPs in an authentic conformation. These particles were quantitatively prepared and used as an immunogen, without adjuvant, in BALB/c mice. The resulting immune responses, detected by enzyme-linked immunosorbent assay (ELISA), virus neutralization, and intracellular cytokine staining, were comparable to the responses to equivalent amounts of inactivated NDV vaccine virus. HN and F proteins from another strain of NDV, strain B1, could be incorporated into these VLPs. Foreign peptides were incorporated into these VLPs when fused to the NP or HN protein. The ectodomain of a foreign glycoprotein, the Nipah virus G protein, fused to the NDV HN protein cytoplasmic and transmembrane domains was incorporated into ND VLPs. Thus, ND VLPs are a potential NDV vaccine candidate. They may also serve as a platform to construct vaccines for other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/20181713 ��McGinnes, Lori W
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Virus Shedding���May-JunÃ��Hendra virus (HeV) is a zoonotic virus from the family Paramyxoviridae causing fatal disease in humans and horses. Five-week-old Landrace pigs and 5-month-old Gottingen minipigs were inoculated with approximately 10(7) plaque forming units per animal. In addition to fever and depression exhibited in all infected pigs, one of the two Landrace pigs developed respiratory signs at 5 days post-inoculation (dpi) and one of the Gottingen minipigs developed respiratory signs at 5 dpi and mild neurological signs at 7 dpi. Virus was detected in all infected pigs at 2-5 dpi from oral, nasal, and rectal swabs and at 3-5 dpi from ocular swabs by real-time RT-PCR targeting the HeV M gene. Virus titers in nasal swab samples were as high as 10(4.6) TCID(50)/mL. The viral RNA was mainly distributed in tissues from respiratory and lymphoid systems at an early stage of infection and the presence of virus was confirmed by virus isolation. Pathological changes and immunohistochemical staining for viral antigen were consistent with the tissue distribution of the virus. This new finding indicates that pigs are susceptible to HeV infections and could potentially play a role as an intermediate host in transmission to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/20167195���Li, Mingyi
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Mortality���Feb\��To determine the epidemiologic and clinical features of a 2008 outbreak of Hendra virus infection in a veterinary clinic in Australia, we investigated the equine case-series. Four of 5 infected horses died, as did 1 of 2 infected staff members. Clinical manifestation in horses was predominantly neurologic. Preclinical transmission appears likely.,��https://www.ncbi.nlm.nih.gov/pubmed/20113576&��Field, Hume
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Queensland/epidemiology
Young Adult���Febù��A recent Hendra virus outbreak at a veterinary clinic in Brisbane, Queensland, Australia, involved 5 equine and 2 human infections. In contrast to previous outbreaks, infected horses had predominantly encephalitic, rather than respiratory, signs. After an incubation period of 9-16 days, influenza-like illnesses developed in the 2 persons before progressing to encephalitis; 1 died. Both patients were given ribavirin. Basal serum and cerebrospinal fluid levels were 10-13 mg/L after intravenous administration and 6 mg/L after oral administration (isolate 90% inhibitory concentration 64 mg/L). Both patients were exposed to infected horses, 1 during the late incubation period in a horse. The attack rate for veterinary clinic staff exposed to infected horses was 10%. An isolate from this outbreak showed genetic heterogeneity with isolates from a concurrent, but geographically remote, outbreak and from previous outbreaks. Emergence of Hendra virus is a serious medical, veterinary, and public health challenge.,��https://www.ncbi.nlm.nih.gov/pubmed/20113550õ��Playford, Elliott G
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Recombinant Proteins/*isolation & purification���Feb 19-��A direct recovery of recombinant nucleocapsid protein of Nipah virus (NCp-NiV) from crude Escherichia coli (E. coli) homogenate was developed successfully using a hydrophobic interaction expanded bed adsorption chromatography (HI-EBAC). The nucleic acids co-released with the recombinant protein have increased the viscosity of the E. coli homogenate, thus affected the axial mixing in the EBAC column. Hence, DNase was added to reduce the viscosity of feedstock prior to its loading into the EBAC column packed with the hydrophobic interaction chromatography (HIC) adsorbent. The addition of glycerol to the washing buffer has reduced the volume of washing buffer applied, and thus reduced the loss of the NCp-NiV during the washing stage. The influences of flow velocity, degree of bed expansion and viscosity of mobile phase on the adsorption efficiency of HI-EBAC were studied. The dynamic binding capacity at 10% breakthrough of 3.2mg/g adsorbent was achieved at a linear flow velocity of 178 cm/h, bed expansion of two and feedstock viscosity of 3.4 mPas. The adsorbed NCp-NiV was eluted with the buffer containing a step gradient of salt concentration. The purification of hydrophobic NCp-NiV using the HI-EBAC column has recovered 80% of NCp-NiV from unclarified E. coli homogenate with a purification factor of 12.5.,��https://www.ncbi.nlm.nih.gov/pubmed/20044094ø��Chong, Fui Chin
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Virus Replication���Jan@��Paramyxoviruses include many important human and animal pathogens such as measles virus, mumps virus, human parainfluenza viruses, and respiratory syncytial virus, as well as emerging viruses such as Nipah virus and Hendra virus. The paramyxovirus RNA-dependent RNA polymerase consists of the phosphoprotein (P) and the large protein. Both of these proteins are essential for viral RNA synthesis. The P protein is phosphorylated at multiple sites, probably by more than one host kinase. While it is thought that the phosphorylation of P is important for its role in viral RNA synthesis, the precise role of P protein phosphorylation remains an enigma. For instance, it was demonstrated that the putative CKII phosphorylation sites of the P protein of respiratory syncytial virus play a role in viral RNA synthesis using a minigenome replicon system; however, mutating these putative CKII phosphorylation sites within a viral genome had no effect on viral RNA synthesis, leading to the hypothesis that P protein phosphorylation, at least by CKII, does not play a role in viral RNA synthesis. Recently, it has been reported that the phosphorylation state of the P protein of parainfluenza virus 5, a prototypical paramyxovirus, correlates with the ability of P protein to synthesize viral RNA, indicating that P protein phosphorylation does in fact play a role in viral RNA synthesis. Furthermore, host kinases PLK1, as well as AKT1 have been found to play critical roles in paramyxovirus RNA synthesis through regulation of P protein phosphorylation status. Beyond furthering our understanding of paramyxovirus RNA replication, these recent discoveries may also result in a new paradigm in treating infections caused by these viruses, as host kinases that regulate paramyxovirus replication are investigated as potential targets of therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/20020826¼��Fuentes, Sandra M
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Simian virus 40/genetics���Dec 11l��BACKGROUND: Bats are the suspected natural reservoir hosts for a number of new and emerging zoonotic viruses including Nipah virus, Hendra virus, severe acute respiratory syndrome coronavirus and Ebola virus. Since the discovery of SARS-like coronaviruses in Chinese horseshoe bats, attempts to isolate a SL-CoV from bats have failed and attempts to isolate other bat-borne viruses in various mammalian cell lines have been similarly unsuccessful. New stable bat cell lines are needed to help with these investigations and as tools to assist in the study of bat immunology and virus-host interactions. METHODOLOGY/FINDINGS: Black flying foxes (Pteropus alecto) were captured from the wild and transported live to the laboratory for primary cell culture preparation using a variety of different methods and culture media. Primary cells were successfully cultured from 20 different organs. Cell immortalisation can occur spontaneously, however we used a retroviral system to immortalise cells via the transfer and stable production of the Simian virus 40 Large T antigen and the human telomerase reverse transcriptase protein. Initial infection experiments with both cloned and uncloned cell lines using Hendra and Nipah viruses demonstrated varying degrees of infection efficiency between the different cell lines, although it was possible to infect cells in all tissue types. CONCLUSIONS/SIGNIFICANCE: The approaches developed and optimised in this study should be applicable to bats of other species. We are in the process of generating further cell lines from a number of different bat species using the methodology established in this study.,��https://www.ncbi.nlm.nih.gov/pubmed/20011515q��Crameri, Gary
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Zoonoses���Jun´��Neurologic disease is a major cause of disability in resource-poor countries and a substantial portion of this disease is due to infections of the CNS. A wide variety of emerging and re-emerging viruses contribute to this disease burden. New emerging infections are commonly due to RNA viruses that have expanded their geographic range, spread from animal reservoirs or acquired new neurovirulence properties. Mosquito-borne viruses with expanding ranges include West Nile virus, Japanese encephalitis virus and Chikungunya virus. Zoonotic viruses that have recently crossed into humans to cause neurologic disease include the bat henipaviruses Nipah and Hendra, as well as the primate-derived human immunodeficiency virus. Viruses adapt to new hosts, or to cause more severe disease, by changing their genomes through reassortment (e.g. influenza virus), mutation (essentially all RNA viruses) and recombination (e.g. vaccine strains of poliovirus). Viruses that appear to have recently become more neurovirulent include West Nile virus, enterovirus 71 and possibly Chikungunya virus. In addition to these newer challenges, rabies, polio and measles all remain important causes of neurologic disease despite good vaccines and global efforts toward control. Control of human rabies depends on elimination of rabies in domestic dogs through regular vaccination. Poliovirus eradication is challenged by the ability of the live attenuated vaccine strains to revert to virulence during the prolonged period of gastrointestinal replication. Measles elimination depends on delivery of two doses of live virus vaccine to a high enough proportion of the population to maintain herd immunity for this highly infectious virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20004230Ã��Griffin, Diane E
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Virus Replication���DecÙ��Nipah virus (NiV) is a highly pathogenic paramyxovirus that was first isolated in 1999 during an outbreak in Malaysia. In contrast to other paramyxoviruses NiV infects many mammalian species. Because of its zoonotic potential, the high pathogenicity and the lack of therapeutic treatment, NiV was classified as a biosafety level 4 pathogen. In humans NiV causes a severe acute encephalitis whereas in some animal hosts respiratory symptoms are predominantly observed. Despite the differences in the clinical outcome, microvascular endothelial cell damage predominantly underlies the pathological changes in NiV infections in all susceptible host species. NiV generally induces a pronounced vasculitis which is primarily characterised by endothelial cell necrosis and inflammatory cell infiltration. For future developments of specific antiviral therapies or vaccines, a detailed understanding of the molecular basis of NiV pathogenesis is required. This article reviews the current knowledge about natural and experimental infections in different mammals, focusing on the main organ and cell tropism in vivo, and summarises some recent studies in cell culture on the role of ephrin-B2 and -B3 receptors in NiV infection of endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19967130���Maisner, Andrea
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*Nipah virus (NiV)
*Stat1
*interferon (IFN)
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*nuclear localization
*zoonotic virus���Dec{��Hendra and Nipah virus, which constitute the genus Henipavirus, are zoonotic paramyxoviruses that have been associated with sporadic outbreaks of severe disease and mortality in humans since their emergence in the late 1990s. Similar to other paramyxoviruses, their ability to evade the host interferon (IFN) response is conferred by the P gene. The henipavirus P gene encodes four proteins; the P, V, W and C proteins, which have all been described to inhibit the antiviral response. Further studies have revealed that these proteins have overlapping but unique properties which enable the virus to block multiple signaling pathways in the IFN response. The best characterized of these is the JAK-STAT signaling pathway which is targeted by the P, V and W proteins via an interaction with the transcription factor STAT1. In addition the V and W proteins can both limit virus-induced induction of IFN but they appear to do this via distinct mechanisms that rely on unique sequences in their C-terminal domains. The ability to generate recombinant Nipah viruses now gives us the opportunity to determine the precise role for each of these proteins and address their contribution to pathogenicity. Additionally, the question of whether these multiple anti-IFN strategies are all active in the different mammalian hosts for henipaviruses, particularly the fruit bat reservoir, warrants further exploration.,��https://www.ncbi.nlm.nih.gov/pubmed/21994589º��Shaw, Megan L
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Survival Analysis
Treatment Outcome���Marî��Hendra virus (HeV) and Nipah virus (NiV) are recently emerged, closely related and highly pathogenic paramyxoviruses that cause severe disease such as encephalitis in animals and humans with fatality rates of up to 75 %. Due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy, they are classified as Biosafety Level 4 pathogens. A recent study reported that chloroquine, an anti-malarial drug, was effective in preventing NiV and HeV infection in cell culture experiments. In the present study, the antiviral efficacy of chloroquine was analysed, individually and in combination with ribavirin, in the treatment of NiV and HeV infection in in vivo experiments, using a golden hamster model. Although the results confirmed the strong antiviral activity of both drugs in inhibiting viral spread in vitro, they did not prove to be protective in the in vivo model. Ribavirin delayed death from viral disease in NiV-infected hamsters by approximately 5 days, but no significant effect in HeV-infected hamsters was observed. Chloroquine did not protect hamsters when administered either individually or in combination with ribavirin, the latter indicating the lack of a favourable drug-drug interaction.,��https://www.ncbi.nlm.nih.gov/pubmed/19889926���Freiberg, Alexander N
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Nipah Virus/*physiology���Dec 1÷��Nipah virus (NiV) is a paramyxovirus whose reservoir host is fruit bats of the genus Pteropus. Occasionally the virus is introduced into human populations and causes severe illness characterized by encephalitis or respiratory disease. The first outbreak of NiV was recognized in Malaysia, but 8 outbreaks have been reported from Bangladesh since 2001. The primary pathways of transmission from bats to people in Bangladesh are through contamination of raw date palm sap by bats with subsequent consumption by humans and through infection of domestic animals (cattle, pigs, and goats), presumably from consumption of food contaminated with bat saliva or urine with subsequent transmission to people. Approximately one-half of recognized Nipah case patients in Bangladesh developed their disease following person-to-person transmission of the virus. Efforts to prevent transmission should focus on decreasing bat access to date palm sap and reducing family members' and friends' exposure to infected patients' saliva.,��https://www.ncbi.nlm.nih.gov/pubmed/19886791æ��Luby, Stephen P
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*Virus Internalization���Dec´��The paramyxovirus family contains established human pathogens such as the measles virus and human respiratory syncytial virus, as well as emerging pathogens including the Hendra and Nipah viruses and the recently identified human metapneumovirus. Two major envelope glycoproteins, the attachment protein and the fusion protein, promote the processes of viral attachment and virus-cell membrane fusion required for entry. Although common mechanisms of fusion protein proteolytic activation and the mechanism of membrane fusion promotion have been shown in recent years, considerable diversity exists in the family relating to receptor binding and the potential mechanisms of fusion triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/19878307¤��Smith, Everett C
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Young Adult���Jun¥��The acute encephalitis syndrome has heralded the emergence of multiple virulent pathogens, including Murray Valley encephalitis, Hendra virus and Australian bat lyssavirus, which may result in severe morbidity and mortality. In Australia, encephalitis is not notifiable and there has been no analysis of trends in encephalitis death rates or causation. Australian Bureau of Statistics mortality and population data for the period 1979-2006 were obtained and cause of death data were extracted using ICD-9 (1979-1998) and ICD-10 (1999-2006) codes that included all relevant encephalitis related diagnoses. Encephalitis-associated deaths were analysed by cause, year, age and gender. Between 1979 and 2006 there were 1,118 encephalitis-associated deaths in Australia. The average annual death rate was 2.3 per 1 million population (range 1.3-3.6). There was a significant decline in encephalitis-associated deaths, particularly due to 'known' pathogens (4.3% decline per year, 95% CI 3.1-5.4%, P<0.0001). The aetiology of 576 deaths were unknown and the proportion of deaths due to 'unknown' encephalitis increased from 47.0% between 1979 and 1992, to 57.2% from 1993 to 2006. Downward trends in encephalitis deaths due to 'known' causes can largely be explained by changes in treatment and prevention methods, particularly for herpes encephalitis (use of acyclovir), and measles encephalitis and subacute sclerosing panencephalitis (measles vaccination). The high proportion of encephalitis deaths from 'unknown' pathogens in Australia highlights the importance of monitoring encephalitis morbidity and mortality with a view to improving pathogen diagnosis and identifying emerging infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/19877537Í��Huppatz, Clare
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alpha-Defensins/*metabolism/pharmacology���Jan 7���Chronic myelomonocytic leukemia (CMML) is a clonal hematopoietic disorder that occurs in elderly patients. One of the main diagnostic criteria is the accumulation of heterogeneous monocytes in the peripheral blood. We further explored this cellular heterogeneity and observed that part of the leukemic clone in the peripheral blood was made of immature dysplastic granulocytes with a CD14(-)/CD24(+) phenotype. The proteome profile of these cells is dramatically distinct from that of CD14(+)/CD24(-) monocytes from CMML patients or healthy donors. More specifically, CD14(-)/CD24(+) CMML cells synthesize and secrete large amounts of alpha-defensin 1-3 (HNP1-3). Recombinant HNPs inhibit macrophage colony-stimulating factor (M-CSF)-driven differentiation of human peripheral blood monocytes into macrophages. Using transwell, antibody-mediated depletion, suramin inhibition of purinergic receptors, and competitive experiments with uridine diphosphate (UDP)/uridine triphosphate (UTP), we demonstrate that HNP1-3 secreted by CD14(-)/CD24(+) cells inhibit M-CSF-induced differentiation of CD14(+)/CD24(-) cells at least in part through P2Y6, a receptor involved in macrophage differentiation. Altogether, these observations suggest that a population of immature dysplastic granulocytes contributes to the CMML phenotype through production of alpha-defensins HNP1-3 that suppress the differentiation capabilities of monocytes.,��https://www.ncbi.nlm.nih.gov/pubmed/19864642¢��Droin, Nathalie
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Virus Internalization/*drug effects���Dec 20Ç��Nipah virus (NiV) is a zoonotic biosafety level 4 paramyxovirus that emerged recently in Asia with high mortality in man. NiV is a member, with Hendra virus (HeV), of the Henipavirus genus in the Paramyxoviridae family. Although NiV entry, like that of other paramyxoviruses, is believed to occur via pH-independent fusion with the host cell's plasma membrane we present evidence that entry can occur by an endocytic pathway. The NiV receptor ephrinB2 has receptor kinase activity and we find that ephrinB2's cytoplasmic domain is required for entry but is dispensable for post-entry viral spread. The mutation of a single tyrosine residue (Y304F) in ephrinB2's cytoplasmic tail abrogates NiV entry. Moreover, our results show that NiV entry is inhibited by constructions and drugs specific for the endocytic pathway of macropinocytosis. Our findings could potentially permit the rapid development of novel low-cost antiviral treatments not only for NiV but also HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/19854459ß��Pernet, Olivier
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Virulence Factors/*metabolism���Sep���A number of paramyxoviruses are responsible for acute respiratory infections in children, elderly and immuno-compromised individuals, resulting in airway inflammation and exacerbation of chronic diseases like asthma. To understand the molecular pathogenesis of these infections, we searched for cellular targets of the virulence protein C of human parainfluenza virus type 3 (hPIV3-C). We found that hPIV3-C interacts directly through its C-terminal domain with STAT1 and GRB2, whereas C proteins from measles or Nipah viruses failed to do so. Binding to STAT1 explains the previously reported capacity of hPIV3-C to block type I interferon signaling, but the interaction with GRB2 was unexpected. This adaptor protein bridges Epidermal Growth Factor (EGF) receptor to MAPK/ERK pathway, a signaling cascade recently found to be involved in airway inflammatory response. We report that either hPIV3 infection or transient expression of hPIV3-C both increase cellular response to EGF, as assessed by Elk1 transactivation and phosphorylation levels of ERK1/2, 40S ribosomal subunit protein S6 and translation initiation factor 4E (eIF4E). Furthermore, inhibition of MAPK/ERK pathway with U0126 prevented viral protein expression in infected cells. Altogether, our data provide molecular basis to explain the role of hPIV3-C as a virulence factor and determinant of pathogenesis and demonstrate that Paramyxoviridae have evolved a single virulence factor to block type I interferon signaling and to boost simultaneous cellular response to growth factors.,��https://www.ncbi.nlm.nih.gov/pubmed/19806178L��Caignard, Gregory
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Hossain, M Jahangir
Gurley, Emily S
Ahmed, Be Nazir
Banu, Shakila
Khan, Salah Uddin
Homaira, Nusrat
Rota, Paul A
Rollin, Pierre E
Comer, James A
Kenah, Eben
Ksiazek, Thomas G
Rahman, Mahmudur
eng
F32 GM085945/GM/NIGMS NIH HHS/
F32GM085945/GM/NIGMS NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2009/09/16 06:00
Emerg Infect Dis. 2009 Aug;15(8):1229-35. doi: 10.3201/eid1508.081237.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC2815955���19751584Y��International Centre for Diarrheal Diseases Research, Dhaka, Bangladesh. sluby@icddrb.org���10.3201/eid1508.081237����-�üÖ|ßþ?Õ������Tordo, N.
Marianneau, M. P.���2009)��[Viruses and bats: rabies and Lyssavirus]���7-15; discussion 15-6���Bull Mem Acad R Med Belg���164���1-2ó��Animals
Chiroptera
Disease Reservoirs/veterinary
Dogs
Humans
Lyssavirus
Male
Public Health
Rabies/*transmission
Rhabdoviridae Infections/prevention & control/*transmission
Virus Diseases/prevention & control/*transmission
Zoonoses/transmissionS��Recent emerging zoonoses (hemorrhagic fevers due to Ebola or Marburg virus, encephalitis due to Nipah virus, severe acute respiratory syndrome due to SRAS virus...) outline the potential of bats as vectors for transmission of infectious disease to humans. Such a potential is already known for rabies encephalitis since seven out of the eight genotypes of Lyssavirus are transmitted by bats. In addition, phylogenetic reconstructions indicate that Lyssavirus have evolved in chiropters before their emergence in carnivores. Nevertheless, carnivores remain the most critical vectors for public health, in particular dogs that are originating 55.000 rabies deaths per year, essentially in developing countries. Rabies control in carnivores by parenteral (dog) or oral (wild carnivores) vaccination is efficacious and campaigns start to be more widely applied. On the other hand, rabies control in bat still remains non realistic, particularly as the pathogenicity of bat Lyssavirus for bats is still under debate, suggesting that a "diplomatic relationship" between partners would have arisen from a long term cohabitation. While comparing the interactions that humans and bats establish with Lyssavirus, scientists try to understand the molecular basis ofpathogenicity in man, a indispensable prerequisite to identify antiviral targets in a perspective of therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/19718950���Tordo, N
Marianneau, M Ph
fre
English Abstract
Review
Belgium
2009/09/02 06:00
Bull Mem Acad R Med Belg. 2009;164(1-2):7-15; discussion 15-6.%��0377-8231 (Print)
0377-8231 (Linking)���19718950,��Virus et chauves-souris: Rage et Lyssavirus."��Institut Pasteur de Paris, France.�
q�üÒtÿî?Ö������Tyler, K. L.���2009?��Emerging viral infections of the central nervous system: part 1���939-48���Arch Neurol���66���8���Animals
Animals, Wild/virology
Arthropod Vectors/virology
Central Nervous System Infections/*diagnosis/epidemiology/transmission
Communicable Diseases, Emerging/*diagnosis/epidemiology/transmission
Cross-Sectional Studies
Developing Countries
Global Health
Greenhouse Effect
Humans
Risk
Virus Diseases/*diagnosis/epidemiology/transmission
Zoonoses/epidemiology/*transmission/virology���AugË��In this 2-part review, I will focus on emerging virus infections of the central nervous system (CNS). Part 1 will introduce the basic features of emerging infections, including their definition, epidemiology, and the frequency of CNS involvement. Important mechanisms of emergence will be reviewed, including viruses spreading into new host ranges as exemplified by West Nile virus (WNV), Japanese encephalitis (JE) virus, Toscana virus, and enterovirus 71 (EV71). Emerging infections also result from opportunistic spread of viruses into known niches, often resulting from attenuated host resistance to infection. This process is exemplified by transplant-associated cases of viral CNS infection caused by WNV, rabies virus, lymphocytic choriomeningitis, and lymphocytic choriomeningitis-like viruses and by the syndrome of human herpesvirus 6 (HHV6)-associated posttransplantation acute limbic encephalitis. The second part of this review begins with a discussion of JC virus and the occurrence of progressive multifocal leukoencephalopathy in association with novel immunomodulatory therapies and then continues with an overview of the risk of infection introduced by imported animals (eg, monkeypox virus) and examples of emerging diseases caused by enhanced competence of viruses for vectors and the spread of vectors (eg, chikungunya virus) and then concludes with examples of novel viruses causing CNS infection as exemplified by Nipah and Hendra viruses and bat lyssaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19667214f��Tyler, Kenneth L
eng
R01 NS051403-05/NS/NINDS NIH HHS/
R01 NS050138-05S1/NS/NINDS NIH HHS/
R01 NS050138-05/NS/NINDS NIH HHS/
R01 NS050138/NS/NINDS NIH HHS/
R01 NS051403/NS/NINDS NIH HHS/
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
Review
2009/08/12 09:00
Arch Neurol. 2009 Aug;66(8):939-48. doi: 10.1001/archneurol.2009.153.*��1538-3687 (Electronic)
0003-9942 (Linking)
��PMC2873855���19667214���Neurology B-182, Research Complex-2, University of Colorado Denver Health Sciences Center, 12700 E 19th Ave, Aurora, CO 80045, USA. ken.tyler@ucdenver.edu���10.1001/archneurol.2009.153�����üÒ|ÿî?×���2��Subramanian, S. K.
Tey, B. T.
Hamid, M.
Tan, W. S.���2009���Production of the matrix protein of Nipah virus in Escherichia coli: virus-like particles and possible application for diagnosis���179-83���J Virol Methods���162���1-2���Animals
Antibodies, Viral/blood
Disease Outbreaks
Escherichia coli/genetics/*metabolism
Henipavirus Infections/diagnosis/epidemiology/*veterinary/virology
Nipah Virus/genetics/immunology/*metabolism
Recombinant Proteins/genetics/immunology/metabolism
Swine
Swine Diseases/*diagnosis/epidemiology/virology
*Viral Matrix Proteins/genetics/isolation & purification/metabolism
Virion/*metabolism/ultrastructure���Decm��The broad species tropism of Nipah virus (NiV) coupled with its high pathogenicity demand a rapid search for a new biomarker candidate for diagnosis. The matrix (M) protein was expressed in Escherichia coli and purified using a Ni-NTA affinity column chromatography and sucrose density gradient centrifugation. The recombinant M protein with the molecular mass (Mr) of about 43 kDa was detected by anti-NiV serum and anti-myc antibody. About 50% of the M protein was found to be soluble and localized in cytoplasm when the cells were grown at 30 degrees C. Electron microscopic analysis showed that the purified M protein assembled into spherical particles of different sizes with diameters ranging from 20 to 50 nm. The purified M protein showed significant reactivity with the swine sera collected during the NiV outbreak, demonstrating its potential as a diagnostic reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/19666056û��Subramanian, Senthil Kumar
Tey, Beng Ti
Hamid, Muhajir
Tan, Wen Siang
eng
Evaluation Studies
Research Support, Non-U.S. Gov't
Netherlands
2009/08/12 09:00
J Virol Methods. 2009 Dec;162(1-2):179-83. doi: 10.1016/j.jviromet.2009.07.034. Epub 2009 Aug 8.*��1879-0984 (Electronic)
0166-0934 (Linking)���19666056���Department of Microbiology, Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia.���10.1016/j.jviromet.2009.07.034���� ��üÒ|ÿî?Ø���%��Diederich, S.
Dietzel, E.
Maisner, A.���2009v��Nipah virus fusion protein: influence of cleavage site mutations on the cleavability by cathepsin L, trypsin and furin���300-6	��Virus Res���145���2���Amino Acid Sequence
Animals
Cathepsin L/*metabolism
Chiroptera/virology
Furin/*metabolism
Molecular Sequence Data
*Mutation, Missense
Nipah Virus/genetics/isolation & purification/*physiology
Sequence Alignment
Trypsin/*metabolism
Viral Envelope Proteins/*genetics/*metabolism���Nov���Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae which originated from bats, encodes for a fusion (F) protein which is proteolytically processed within endosomes by cathepsin L. We show here that sequence requirements for NiV F activation differ markedly from other para- or orthomyxoviral fusion proteins. In contrast to other viral fusion proteins with monobasic cleavage sites, processing of NiV F proteins with one single basic amino acid in the cleavage peptide by exogenous trypsin is very inefficient, and introduction of a consensus sequence for furin does not result in cleavage by this ubiquitous protease. In contrast, a multibasic cleavage peptide in the NiV F protein completely impairs proteolytic processing and the generation of biological activity.,��https://www.ncbi.nlm.nih.gov/pubmed/19665506É��Diederich, Sandra
Dietzel, Erik
Maisner, Andrea
eng
Research Support, Non-U.S. Gov't
Netherlands
2009/08/12 09:00
Virus Res. 2009 Nov;145(2):300-6. doi: 10.1016/j.virusres.2009.07.020. Epub 2009 Aug 7.*��1872-7492 (Electronic)
0168-1702 (Linking)���19665506G��Institut fur Virologie, Hans-Meerwein-Str. 2, D-35043 Marburg, Germany.���10.1016/j.virusres.2009.07.020��e�þÒtÿî?Ù���K��Wolf, M. C.
Wang, Y.
Freiberg, A. N.
Aguilar, H. C.
Holbrook, M. R.
Lee, B.���2009¯��A catalytically and genetically optimized beta-lactamase-matrix based assay for sensitive, specific, and higher throughput analysis of native henipavirus entry characteristics���119���Virol J���63��Animals
Containment of Biohazards/economics/methods
Fluoresceins/*metabolism
Genes, Reporter
Henipavirus/*physiology
Lactams/*metabolism
Recombinant Fusion Proteins/genetics
Viral Matrix Proteins/genetics/*metabolism
Virosomes/genetics/*metabolism
*Virus Internalization
beta-Lactamases/genetics/*metabolism���Jul 31M��Nipah virus (NiV) and Hendra virus (HeV) are the only paramyxoviruses requiring Biosafety Level 4 (BSL-4) containment. Thus, study of henipavirus entry at less than BSL-4 conditions necessitates the use of cell-cell fusion or pseudotyped reporter virus assays. Yet, these surrogate assays may not fully emulate the biological properties unique to the virus being studied. Thus, we developed a henipaviral entry assay based on a beta-lactamase-Nipah Matrix (betala-M) fusion protein. We first codon-optimized the bacterial betala and the NiV-M genes to ensure efficient expression in mammalian cells. The betala-M construct was able to bud and form virus-like particles (VLPs) that morphologically resembled paramyxoviruses. betala-M efficiently incorporated both NiV and HeV fusion and attachment glycoproteins. Entry of these VLPs was detected by cytosolic delivery of betala-M, resulting in enzymatic and fluorescent conversion of the pre-loaded CCF2-AM substrate. Soluble henipavirus receptors (ephrinB2) or antibodies against the F and/or G proteins blocked VLP entry. Additionally, a Y105W mutation engineered into the catalytic site of betala increased the sensitivity of our betala-M based infection assays by 2-fold. In toto, these methods will provide a more biologically relevant assay for studying henipavirus entry at less than BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/19646266©��Wolf, Mike C
Wang, Yao
Freiberg, Alexander N
Aguilar, Hector C
Holbrook, Michael R
Lee, Benhur
eng
AI060694/AI/NIAID NIH HHS/
R01 AI060694/AI/NIAID NIH HHS/
R21 AI059051/AI/NIAID NIH HHS/
AI069317/AI/NIAID NIH HHS/
T32 AI007323/AI/NIAID NIH HHS/
AI28697/AI/NIAID NIH HHS/
CA16042/CA/NCI NIH HHS/
AI070495/AI/NIAID NIH HHS/
AI07323/AI/NIAID NIH HHS/
P30 CA016042/CA/NCI NIH HHS/
P30 AI028697/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
AI059051/AI/NIAID NIH HHS/
U01 AI070495/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2009/08/04 09:00
Virol J. 2009 Jul 31;6:119. doi: 10.1186/1743-422X-6-119.*��1743-422X (Electronic)
1743-422X (Linking)
��PMC2727953���19646266s��Department of Microbiology, Immunology, and Molecular Genetics, UCLA, Los Angeles, CA, USA 90095. mikewolf@ucla.edu���10.1186/1743-422X-6-119��¹�üÒ|ÿî?Ú���_��Sendow, I.
Field, H. E.
Adjid, A.
Ratnawati, A.
Breed, A. C.
Darminto,
Morrissy, C.
Daniels, P.���2010J��Screening for Nipah virus infection in West Kalimantan province, Indonesia���499-503���Zoonoses Public Health���57���7-8���Animals
Chiroptera/*virology
Data Collection
Enzyme-Linked Immunosorbent Assay
Henipavirus Infections/*diagnosis/epidemiology/transmission/veterinary/virology
Indonesia/epidemiology
Nipah Virus/immunology/*isolation & purification
Sentinel Surveillance/veterinary
Seroepidemiologic Studies
Serologic Tests
Swine/virology
Virus Diseases/*diagnosis/epidemiology/transmission/veterinary/virology���Dec¨��Compared to other viruses, research on Nipah virus has been limited in Indonesia because attributable disease outbreaks have not been reported. However, Nipah virus is a zoonotic Biosafety Level 4 (BSL4) agent, so strategic monitoring is prudent. Farmer interviews and a serologic survey of 610 pig sera and 99 bat sera from West Kalimantan province were conducted. Farmers reported no recent or historic encephalitic or respiratory disease in themselves, their families, workers or pigs. The survey found no evidence of exposure to Nipah virus in pigs. In contrast, 19% of the 84 Pteropus vampyrus bat sera reacted in the ELISA, but none of 15 Cynopterus brachyotis bats reacted.,��https://www.ncbi.nlm.nih.gov/pubmed/19638160Ë��Sendow, I
Field, H E
Adjid, A
Ratnawati, A
Breed, A C
Darminto
Morrissy, C
Daniels, P
eng
Germany
2009/07/30 09:00
Zoonoses Public Health. 2010 Dec;57(7-8):499-503. doi: 10.1111/j.1863-2378.2009.01252.x.*��1863-2378 (Electronic)
1863-1959 (Linking)���196381603��Balai Besar Penelitian Veteriner, Bogor, Indonesia. ��10.1111/j.1863-2378.2009.01252.x�����üÒtÿî?Û������Drexler, J. F.
Corman, V. M.
Gloza-Rausch, F.
Seebens, A.
Annan, A.
Ipsen, A.
Kruppa, T.
Muller, M. A.
Kalko, E. K.
Adu-Sarkodie, Y.
Oppong, S.
Drosten, C.���2009���Henipavirus RNA in African bats���e6367���PLoS One���4���7Z��Animals
Chiroptera/*virology
Disease Reservoirs
Henipavirus/*genetics
RNA, Viral/*genetics���Jul 28���BACKGROUND: Henipaviruses (Hendra and Nipah virus) are highly pathogenic members of the family Paramyxoviridae. Fruit-eating bats of the Pteropus genus have been suggested as their natural reservoir. Human Henipavirus infections have been reported in a region extending from Australia via Malaysia into Bangladesh, compatible with the geographic range of Pteropus. These bats do not occur in continental Africa, but a whole range of other fruit bats is encountered. One of the most abundant is Eidolon helvum, the African Straw-coloured fruit bat. METHODOLOGY/PRINCIPAL FINDINGS: Feces from E. helvum roosting in an urban setting in Kumasi/Ghana were tested for Henipavirus RNA. Sequences of three novel viruses in phylogenetic relationship to known Henipaviruses were detected. Virus RNA concentrations in feces were low. CONCLUSIONS/SIGNIFICANCE: The finding of novel putative Henipaviruses outside Australia and Asia contributes a significant extension of the region of potential endemicity of one of the most pathogenic virus genera known in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19636378K��Drexler, Jan Felix
Corman, Victor Max
Gloza-Rausch, Florian
Seebens, Antje
Annan, Augustina
Ipsen, Anne
Kruppa, Thomas
Muller, Marcel A
Kalko, Elisabeth K V
Adu-Sarkodie, Yaw
Oppong, Samuel
Drosten, Christian
eng
Research Support, Non-U.S. Gov't
2009/07/29 09:00
PLoS One. 2009 Jul 28;4(7):e6367. doi: 10.1371/journal.pone.0006367.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC2712088���19636378A��Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany.���10.1371/journal.pone.0006367��Ë��üÒtÿî?Ü���`��Hocknull, S. A.
White, M. A.
Tischler, T. R.
Cook, A. G.
Calleja, N. D.
Sloan, T.
Elliott, D. A.���2009N��New Mid-Cretaceous (latest Albian) dinosaurs fromWinton, Queensland, Australia���e6190���PLoS One���4���70��Animals
*Dinosaurs
*Fossils
Phylogeny
Queensland���Jul 3Ð��BACKGROUND: Australia's dinosaurian fossil record is exceptionally poor compared to that of other similar-sized continents. Most taxa are known from fragmentary isolated remains with uncertain taxonomic and phylogenetic placement. A better understanding of the Australian dinosaurian record is crucial to understanding the global palaeobiogeography of dinosaurian groups, including groups previously considered to have had Gondwanan origins, such as the titanosaurs and carcharodontosaurids. METHODOLOGY/PRINCIPAL FINDINGS: We describe three new dinosaurs from the late Early Cretaceous (latest Albian) Winton Formation of eastern Australia, including; Wintonotitan wattsi gen. et sp. nov., a basal titanosauriform; Diamantinasaurus matildae gen. et sp. nov., a derived lithostrotian titanosaur; and Australovenator wintonensis gen. et sp. nov., an allosauroid. We compare an isolated astragalus from the Early Cretaceous of southern Australia; formerly identified as Allosaurus sp., and conclude that it most-likely represents Australovenator sp. CONCLUSION/SIGNIFICANCE: The occurrence of Australovenator from the Aptian to latest Albian confirms the presence in Australia of allosauroids basal to the Carcharodontosauridae. These new taxa, along with the fragmentary remains of other taxa, indicate a diverse Early Cretaceous sauropod and theropod fauna in Australia, including plesiomorphic forms (e.g. Wintonotitan and Australovenator) and more derived forms (e.g. Diamantinasaurus).,��https://www.ncbi.nlm.nih.gov/pubmed/19584929è��Hocknull, Scott A
White, Matt A
Tischler, Travis R
Cook, Alex G
Calleja, Naomi D
Sloan, Trish
Elliott, David A
eng
Research Support, Non-U.S. Gov't
2009/07/09 09:00
PLoS One. 2009 Jul 3;4(7):e6190. doi: 10.1371/journal.pone.0006190.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC2703565���19584929[��Geosciences, Queensland Museum, Hendra, Queensland, Australia. scott.hocknull@qm.qld.gov.au���10.1371/journal.pone.0006190��
���üÒtÿî?Ý���|��Tamin, A.
Harcourt, B. H.
Lo, M. K.
Roth, J. A.
Wolf, M. C.
Lee, B.
Weingartl, H.
Audonnet, J. C.
Bellini, W. J.
Rota, P. A.���2009P��Development of a neutralization assay for Nipah virus using pseudotype particles���1-6���J Virol Methods���160���1-2õ��Animals
Antibodies, Viral/*blood
Antigens, Viral
Hendra Virus/*immunology
Henipavirus Infections/*immunology
Humans
Neutralization Tests/economics/*methods
Nipah Virus/*immunology
Vesiculovirus/genetics
Viral Proteins
Virology/economics/*methods���SepÝ��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses capable of causing severe disease in humans and animals. These viruses require biosafety level 4 (BSL-4) containment. Like other paramyxoviruses, the plaque reduction neutralization test (PRNT) can be used to detect antibodies to the surface glycoproteins, fusion (F) and attachment (G), and PRNT titers give an indication of protective immunity. Unfortunately, for NiV and HeV, the PRNT must be performed in BSL-4 containment and takes several days to complete. Thus, we have developed a neutralization assay using VSV pseudotype particles expressing the F and G proteins of NiV (pVSV-NiV-F/G) as target antigens. This rapid assay, which can be performed at BSL-2, was evaluated using serum samples from outbreak investigations and more than 300 serum samples from an experimental NiV vaccination study in swine. The results of the neutralization assays with pVSV-NiV-F/G as antigen showed a good correlation with those of standard PRNT. Therefore, this new method has the potential to be a rapid and cost-effective diagnostic method, especially in locations that lack high containment facilities, and will provide a valuable tool for basic research and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/19559943Ï��Tamin, Azaibi
Harcourt, Brian H
Lo, Michael K
Roth, James A
Wolf, Mike C
Lee, Benhur
Weingartl, Hana
Audonnet, Jean-Christophe
Bellini, William J
Rota, Paul A
eng
U01 AI082100/AI/NIAID NIH HHS/
R01 AI060694/AI/NIAID NIH HHS/
T32 AI007323/AI/NIAID NIH HHS/
R21 AI058038/AI/NIAID NIH HHS/
T32 AI07323/AI/NIAID NIH HHS/
R21 AI058038-01/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
R21 AI058038-02/AI/NIAID NIH HHS/
R01 AI60694/AI/NIAID NIH HHS/
U01 AI070495/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Evaluation Studies
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Netherlands
2009/06/30 09:00
J Virol Methods. 2009 Sep;160(1-2):1-6. doi: 10.1016/j.jviromet.2009.02.025. Epub 2009 Mar 9.*��1879-0984 (Electronic)
0166-0934 (Linking)
��PMC2704486���19559943C��Centers for Disease Control and Prevention, Atlanta, GA 30333, USA.���10.1016/j.jviromet.2009.02.025��
¶��üÒ|ÿî?Þ������Petraityte, R.
Tamosiunas, P. L.
Juozapaitis, M.
Zvirbliene, A.
Sasnauskas, K.
Shiell, B.
Russell, G.
Bingham, J.
Michalski, W. P.���2009X��Generation of Tioman virus nucleocapsid-like particles in yeast Saccharomyces cerevisiae���92-6	��Virus Res���145���1Þ��Amino Acid Sequence
Animals
Antibodies, Viral/immunology
Antigens, Viral/immunology
Chiroptera
Immunohistochemistry
Mice
Microscopy, Electron, Transmission
Molecular Sequence Data
Nucleocapsid Proteins/*biosynthesis/genetics/immunology/ultrastructure
Paramyxoviridae Infections/immunology/virology
Pneumovirinae/*genetics/immunology/isolation & purification
Rabbits
Recombinant Proteins/*biosynthesis/genetics/immunology/ultrastructure
Saccharomyces cerevisiae/*metabolism
Swine���Oct¤��Tioman virus (TioV) was isolated from a number of pooled urine samples of Tioman Island flying foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. Studies have established TioV as a new virus in the family Paramyxoviridae. This novel paramyxovirus is antigenically related to Menangle virus that was isolated in Australia in 1997 during disease outbreak in pigs. TioV causes mild disease in pigs and has a predilection for lymphoid tissues. Recent serosurvey showed that 1.8% of Tioman Islanders had neutralizing antibodies against TioV, indicating probable past infection. For the development of convenient serological tests for this virus, recombinant TioV nucleocapsid (N) protein was expressed in the yeast Saccharomyces cerevisiae. High yields of recombinant TioV N protein were obtained. Electron microscopy demonstrated that purified recombinant N protein self-assembled into nucleocapsid-like particles which were identical in density and morphology to authentic nucleocapsids from paramyxovirus-infected cells. Different size nucleocapsid-like particles were stable and readily purified by CsCl gradient ultracentrifugation. Polyclonal sera raised in rabbits after immunization with recombinant TioV N protein reacted reliably with TioV infected tissues in immunohistochemistry tests. It confirmed that the antigenic properties of yeast derived TioV N protein are identical to authentic viral protein.,��https://www.ncbi.nlm.nih.gov/pubmed/19559738?��Petraityte, Rasa
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Viral Fusion Proteins/*metabolism���SepÙ��Hendra virus F protein-promoted membrane fusion requires the presence of the viral attachment protein, G. However, events leading to the association of these glycoproteins remain unclear. Results presented here demonstrate that Hendra virus G undergoes slower secretory pathway trafficking than is observed for Hendra virus F. This slowed trafficking is not dependent on the G protein cytoplasmic tail, the presence of the G receptor ephrin B2, or interaction with other viral proteins. Instead, Hendra virus G was found to undergo intrinsically slow oligomerization within the endoplasmic reticulum. These results suggest that the critical F-G interactions occur only after the initial steps of synthesis and cellular transport.,��https://www.ncbi.nlm.nih.gov/pubmed/19553334ù��Whitman, Shannon D
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*Virus Replication���OctÙ��Bats are reservoir hosts for a spectrum of infectious diseases. Some pathogens (such as Hendra, Nipah and Marburg viruses) appear to use mainly fruit bats as reservoir. We describe designed immortalization of primary fetal cells from the Egyptian fruit bat (Rousettus aegyptiacus) to facilitate isolation and characterization of pathogens associated with these mammals. Three cell lines with different properties were recovered and successful immortalization was confirmed by continuous cultivation for over 18 months. Surprisingly, the cell lines are fully permissive for a highly attenuated poxvirus, modified vaccinia Ankara (MVA). MVA is a safe and well characterized vaccine vector that cannot replicate in most mammalian cells. High permissivity of Rousettus cell lines could justify testing bats for susceptibility to MVA as a replication competent vector with low zoonotic potential to induce herd immunity in bat colonies against viruses causing rabies or haemorrhagic fevers.,��https://www.ncbi.nlm.nih.gov/pubmed/19540275é��Jordan, Ingo
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Swine Diseases/epidemiology/virology���Jun���The 1999 outbreak of Nipah virus encephalitis in humans and pigs in Peninsular Malaysia ended with the evacuation of humans and culling of pigs in the epidemic area. Serologic screening showed that, in the absence of infected pigs, dogs were not a secondary reservoir for Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/19523300Ü��Mills, James N
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Viral Structural Proteins/genetics/*metabolism���AugÖ��The Nipah virus (NiV) phosphoprotein (P) gene encodes the C, P, V, and W proteins. P, V, and W, have in common an amino-terminal domain sufficient to bind STAT1, inhibiting its interferon (IFN)-induced tyrosine phosphorylation. P is also essential for RNA-dependent RNA polymerase function. C is encoded by an alternate open reading frame (ORF) within the common amino-terminal domain. Mutations within residues 81 to 113 of P impaired its polymerase cofactor function, as assessed by a minireplicon assay, but these mutants retained STAT1 inhibitory function. Mutations within the residue 114 to 140 region were identified that abrogated interaction with and inhibition of STAT1 by P, V, and W without disrupting P polymerase cofactor function. Recombinant NiVs were then generated. A G121E mutation, which abrogated inhibition of STAT1, was introduced into a C protein knockout background (C(ko)) because the mutation would otherwise also alter the overlapping C ORF. In cell culture, relative to the wild-type virus, the C(ko) mutation proved attenuating but the G121E mutant virus replicated identically to the C(ko) virus. In cells infected with the wild-type and C(ko) viruses, STAT1 was nuclear despite the absence of tyrosine phosphorylation. This latter observation mirrors what has been seen in cells expressing NiV W. In the G121E mutant virus-infected cells, STAT1 was not phosphorylated and was cytoplasmic in the absence of IFN stimulation but became tyrosine phosphorylated and nuclear following IFN addition. These data demonstrate that the gene for NiV P encodes functions that sequester inactive STAT1 in the nucleus, preventing its activation and suggest that the W protein is the dominant inhibitor of STAT1 in NiV-infected cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19515782F��Ciancanelli, Michael J
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Virus Internalization/*drug effects���Jul 23m��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes respiratory disease in pigs and severe febrile encephalitis in humans with high mortality rates. On the basis of the structural similarity of viral fusion (F) proteins within the family Paramyxoviridae, we designed and tested 18 quinolone derivatives in a NiV and measles virus (MV) envelope protein-based fusion assay beside evaluation of cytotoxicity. We found five compounds successfully inhibiting NiV envelope protein-induced cell fusion. The most active molecules (19 and 20), which also inhibit the syncytium formation induced by infectious NiV and show a low cytotoxicity in Vero cells, represent a promising lead quinolone-type compound structure. Molecular modeling indicated that compound 19 fits well into a particular protein cavity present on the NiV F protein that is important for the fusion process.,��https://www.ncbi.nlm.nih.gov/pubmed/19499921M��Niedermeier, Sabine
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*Zoonoses���Aug'��Nearly 75% of all emerging infectious diseases (EIDs) that impact or threaten human health are zoonotic. The majority have spilled from wildlife reservoirs, either directly to humans or via domestic animals. The emergence of many can be attributed to predisposing factors such as global travel, trade, agricultural expansion, deforestation/habitat fragmentation, and urbanization; such factors increase the interface and/or the rate of contact between human, domestic animal, and wildlife populations, thereby creating increased opportunities for spillover events to occur. Infectious disease emergence can be regarded as primarily an ecological process. The epidemiological investigation of EIDs associated with wildlife requires a trans-disciplinary approach that includes an understanding of the ecology of the wildlife species, and an understanding of human behaviours that increase risk of exposure. Investigations of the emergence of Nipah virus in Malaysia in 1999 and severe acute respiratory syndrome (SARS) in China in 2003 provide useful case studies. The emergence of Nipah virus was associated with the increased size and density of commercial pig farms and their encroachment into forested areas. The movement of pigs for sale and slaughter in turn led to the rapid spread of infection to southern peninsular Malaysia, where the high-density, largely urban pig populations facilitated transmission to humans. Identifying the factors associated with the emergence of SARS in southern China requires an understanding of the ecology of infection both in the natural reservoir and in secondary market reservoir species. A necessary extension of understanding the ecology of the reservoir is an understanding of the trade, and of the social and cultural context of wildlife consumption. Emerging infectious diseases originating from wildlife populations will continue to threaten public health. Mitigating and managing the risk requires an appreciation of the connectedness between human, livestock and wildlife health, and of the factors and processes that disrupt the balance.,��https://www.ncbi.nlm.nih.gov/pubmed/19497090���Field, H E
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Zoonoses/*epidemiology/*virology���Jun`��Prior to the emergence of Hendra virus in Australia in 1994, paramyxoviruses were considered to be a taxonomic group of ubiquitous pathogens, consisting primarily of Biosafety Level 2 agents, which possessed narrow host ranges and often caused only mild or preventable diseases in humans and animals. In recent years, a number of Paramyxoviridae members have emerged, including previously unrecognized human pathogens and highly pathogenic zoonoses. The recent emergence of paramyxoviruses in humans suggests that there is an increased incidence of zoonotic transmission between wildlife, livestock and human hosts. This article explores the current body of scientific knowledge, disease burden and knowledge of reservoirs of these emerging paramyxoviruses and provides a comparative review of both older and emerging viruses that have been shown to infect humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19492965���Virtue, Elena R
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Vasculitis/immunology/pathology/virology���Jun���AIM: To study the pathology of two cases of human Hendra virus infection, one with no clinical encephalitis and one with relapsing encephalitis. METHODS: Autopsy tissues were investigated by light microscopy, immunohistochemistry and in situ hybridization. RESULTS: In the patient with acute pulmonary syndrome but not clinical acute encephalitis, vasculitis was found in the brain, lung, heart and kidney. Occasionally, viral antigens were demonstrated in vascular walls but multinucleated endothelial syncytia were absent. In the lung, there was severe inflammation, necrosis and viral antigens in type II pneumocytes and macrophages. The rare kidney glomerulus showed inflammation and viral antigens in capillary walls and podocytes. Discrete necrotic/vacuolar plaques in the brain parenchyma were associated with antigens and viral RNA. Brain inflammation was mild although CD68(+) microglia/macrophages were significantly increased. Cytoplasmic viral inclusions and antigens and viral RNA in neurones and ependyma suggested viral replication. In the case of relapsing encephalitis, there was severe widespread meningoencephalitis characterized by neuronal loss, macrophages and other inflammatory cells, reactive blood vessels and perivascular cuffing. Antigens and viral RNA were mainly found in neurones. Vasculitis was absent in all the tissues examined. CONCLUSIONS: The case of acute Hendra virus infection demonstrated evidence of systemic infection and acute encephalitis. The case of relapsing Hendra virus encephalitis showed no signs of extraneural infection but in the brain, extensive inflammation and infected neurones were observed. Hendra virus can cause acute and relapsing encephalitis and the findings suggest that the pathology and pathogenesis are similar to Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19473296���Wong, K T
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��Neuroradiol J���22���2���May 15è��Systemic lupus erythematosus (SLE) has diverse imaging features. However, focal lesions in the corpus callosum are extremely rare in SLE with only few cases mentioned in the literature, with no mention of callosal holes in SLE. Callosal holes have been described as a characteristic finding in Susac syndrome and have been mentioned in Nipah virus encephalitis, Marchiafava Bignami disease and periventricular leukomalacia. We describe a case of SLE with callosal holes. The demonstration of callosal holes in this case brings the imaging appearance of SLE a step closer to that of Susac syndrome which is considered a clinically and radiologically close condition. It also adds to the list of imaging appearances of central nervous system SLE.,��https://www.ncbi.nlm.nih.gov/pubmed/24207034���Shaikh, R
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Viral Proteins/genetics���SepW��Nipah virus (NiV) is a new zoonotic paramyxovirus that emerged in 1998 and is now classified in the genus Henipavirus along with the closely related Hendra virus (HeV). NiV is highly pathogenic in several vertebrate species including humans, and the lack of available vaccines or specific treatment restricts it to biosafety level 4 (BSL4) containment. A serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing green fluorescent protein (GFP) and bearing the F and G proteins of NiV (VSV-NiV-GFP). The neutralization titers were obtained by counting GFP-expressing cells or by measuring fluorescence. The performance of this new assay was compared against the conventional test using live NiV with panels of sera from several mammalian species, including sera from NiV outbreaks, experimental infections, as well as HeV-specific sera. The results obtained with the VSV-NiV-GFP based test correlated with those obtained using live NiV. Using a 50% reduction in VSV-NiV-GFP infected cells as the cut-off for neutralization, this new assay demonstrated its potential as an effective tool for detecting NiV neutralizing antibodies under BSL2 containment with greater speed, sensitivity and safety as compared to the conventional NiV serum neutralization test.,��https://www.ncbi.nlm.nih.gov/pubmed/19433112���Kaku, Yoshihiro
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Virus Replication/*drug effects���Jun²��We have recently described the development and validation of a high throughput screening assay suitable for henipavirus antiviral identification. While we are confident this assay is robust and effective, we wished to investigate assay performance in a range of alternative cell lines to determine if assay sensitivity and specificity could be improved. We evaluated ten different cell lines for their susceptibility to Hendra and Nipah virus infection and their sensitivity of detection of the effects of the broad spectrum antiviral, ribavirin and nine novel antivirals identified using our initial screening approach. Cell lines were grouped into three categories with respect to viral replication. Virus replicated best in Vero and BSR cells, followed by Hep-2, HeLa, BHK-21 and M17 cells. The lowest levels of RNA replication and viral protein expression were observed in BAEC, MMEC, A549 and ECV304 cells. Eight cell lines appeared to be similarly effective at discriminating the antiviral effects of ribavirin (<2.7-fold difference). The two cells lines most sensitive to the effect of ribavirin (ECV304 and BAEC) also displayed the lowest levels of viral replication while Vero cells were the least sensitive suggesting excess viral replication may limit drug efficacy and cell lines which limit viral replication may result in enhanced antiviral efficacy. However, there was no consistent trend observed with the other nine antivirals tested. While improvements in antiviral sensitivity in other cell lines may indicate an important role in future HTS assays, the slightly lower sensitivity to antiviral detection in Vero cells has inherent advantages in reducing the number of partially effective lead molecules identified during initial screens. Comparison of a panel of 54 novel antiviral compounds identified during routine screening of an in-house compound library in Vero, BHK-21 and BSR cells suggests no clear advantage of screening in either cell type.,��https://www.ncbi.nlm.nih.gov/pubmed/19428741���Aljofan, Mohamad
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Viral Proteins/genetics/metabolism���Jul���Diverse members of the Paramyxovirus family of negative-strand RNA viruses effectively suppress host innate immune responses through the actions of their V proteins. The V protein mediates interference with the interferon regulatory RNA helicase MDA5 to avoid cellular antiviral responses. Analysis of the interaction interface revealed the MDA5 helicase C domain as necessary and sufficient for association with V proteins from human parainfluenza virus type 2, parainfluenza virus type 5, measles virus, mumps virus, Hendra virus, and Nipah virus. The identified approximately 130-residue region is highly homologous between MDA5 and the related antiviral helicase LGP2, but not RIG-I. Results indicate that the paramyxovirus V proteins can also associate with LGP2. The V protein interaction was found to disrupt ATP hydrolysis mediated by both MDA5 and LGP2. These findings provide a potential mechanistic basis for V protein-mediated helicase interference and identify LGP2 as a second cellular RNA helicase targeted by paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/19403670���Parisien, Jean-Patrick
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Time Factors���Mar���After 12 serial Nipah virus outbreaks in humans since 1998, it has been noted that all except the initial event in Malaysia occurred during the first 5 months of the year. Increasingly higher morbidity and mortality have been observed in subsequent outbreaks in India and Bangladesh. This may have been related to different virus strains and transmission capability from bat to human without the need for an amplifying host and direct human-to-human transmission. A survey of virus strains in Pteropus lylei and seasonal preference for spillover of these viruses was completed in seven provinces of Central Thailand between May 2005 and June 2007. Nipah virus RNA sequences, which belonged to those of the Malaysian and Bangladesh strains, were detected in the urine of these bats, with the Bangladesh strain being dominant. Highest recovery of Nipah virus RNA was observed in May. Of two provincial sites where monthly surveys were done, the Bangladesh strain was almost exclusively detected during April to June. The Malaysian strain was found dispersed during December to June. Although direct contact during breeding (in December to April) was believed to be an important transmission factor, our results may not entirely support the role of breeding activities in spillage of virus. Greater virus shedding over extended periods in the case of the Malaysian strain and the highest peak of virus detection in May in the case of the Bangladesh strain when offspring started to separate may suggest that there may be responsible mechanisms other than direct contact during breeding in the same roost. Knowledge of seasonal preferences of Nipah virus shedding in P. lylei will help us to better understand the dynamics of Nipah virus transmission and have implications for disease management.,��https://www.ncbi.nlm.nih.gov/pubmed/19402762"��Wacharapluesadee, Supaporn
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Recombinant Fusion Proteins/genetics/isolation & purification/metabolism���May 152��Nucleocapsid (N) protein of Nipah virus (NiV) is a potential serological marker used in the diagnosis of NiV infections. In this study, a rapid and efficient purification system, HisTrap 6 Fast Flow packed bed column was applied to purify recombinant histidine-tagged N protein of NiV from clarified feedstock. The optimizations of binding and elution conditions of N protein of NiV onto and from Nickel Sepharose 6 Fast Flow were investigated. The optimal binding was achieved at pH 7.5, superficial velocity of 1.25 cm/min. The bound N protein was successfully recovered by a stepwise elution with different concentration of imidazole (50, 150, 300 and 500 mM). The N protein of NiV was captured and eluted from an inlet N protein concentration of 0.4 mg/ml in a scale-up immobilized metal affinity chromatography (IMAC) packed bed column of Nickel Sepharose 6 Fast Flow with the optimized condition obtained from the method scouting. The purification of histidine-tagged N protein using IMAC packed bed column has resulted a 68.3% yield and a purification factor of 7.94.,��https://www.ncbi.nlm.nih.gov/pubmed/19395325-��Chong, Fui Chin
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Receptors, Virus/metabolismÊ��Enhanced green fluorescent protein (EGFP) is a useful marker protein which enables the tracing of virus infection. Recombinant viruses expressing EGFP are useful for the investigation of the underlying mechanism of viral infection in vitro and in vivo. Using EGFP-expressing recombinant Nipah virus (NiV) and canine distemper virus (CDV), we tested the susceptibility of a variety of cells to infection. Receptor usage in CDV infection was also investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/19378121³��Yoneda, Misako
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Viral Fusion Proteins/immunology
Virulence
Viscera/blood supply/virology���May 10B��Hendra virus (HeV) and Nipah virus (NiV) are recently-emerged, closely related and highly pathogenic paramyxoviruses. We have analysed here the pathogenesis of the acute HeV infection using the new animal model, golden hamster (Mesocricetus auratus), which is highly susceptible to HeV infection. HeV-specific RNA and viral antigens were found in multiple organs and virus was isolated from different tissues. Dual pathogenic mechanism was observed: parenchymal infection in various organs, including the brain, with vasculitis and multinucleated syncytia in many blood vessels. Furthermore, monoclonal antibodies specific for the NiV fusion protein neutralized HeV in vitro and efficiently protected hamsters from HeV if given before infection. These results reveal the similarities between HeV and NiV pathogenesis, particularly in affecting both respiratory and neuronal system. They demonstrate that hamster presents a convenient novel animal model to study HeV infection, opening new perspectives to evaluate vaccine and therapeutic approaches against this emergent infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/19328514���Guillaume, Vanessa
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Female
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Metapneumovirus/*isolation & purification
Middle Aged
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Psychiatric Aides
Psychiatric Department, Hospital
Respiratory Tract Infections/*epidemiology/mortality/virology
Taiwan/epidemiologyx��Human metapneumovirus (hMPV) is a paramyxovirus that is associated with respiratory tract infection (RTI) mostly in children, but these outbreaks have rarely been reported in adults. We encountered an outbreak of this disease involving 10 adults in a psychiatric ward in eastern Taiwan. The nasopharyngeal swab specimens from 13 patients with symptoms of RTI were obtained and analyzed. The RT-PCR tests were negative to influenza virus A/B, adenovirus, RSV, parainfluenza virus, coronavirus, Nipah virus and Legionella. The antigen tests were negative to Legionella, Chlamydia, and Mycoplasma. Blood culture was negative in all except patient no. 1, who was found positive for coagulase-negative staphylococci. The hMPV was identified in 10 of 13 adults (77%), but negative for the other virus. Cough was present in all (100%), fever in 90%, and X-ray evidence of pneumonia in 7 patients. One patient died of respiratory failure. We report this outbreak in a mental hospital to alert the medical profession that this unusual infection of hMPV can occur as an outbreak in an adult setting and is an occupational hazard for healthcare personnel.,��https://www.ncbi.nlm.nih.gov/pubmed/19308801ê��Tu, Chuan-Chou
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Time Factors
Unemployment���Mar���The authors examined the effects of Florida's Family Transition Program (FTP), one of the first welfare reform initiatives to include a time limit on the receipt of federal cash assistance with other welfare requirements, on single-mother welfare-receiving families. Using a regression-based subgroup approach, they identified a group of families who were at risk of reaching the welfare time limit and subsequently assessed the experimental effects of the time-limited welfare policy on this group as compared to an otherwise comparable group of single-mother welfare-recipient families. For the families who were at risk of reaching the welfare time limit, FTP had few effects. FTP decreased mothers' depressive symptoms, and mothers in the FTP group reported higher levels of children's school achievement. There were no effects on parenting behavior or mothers' reports of children's social-emotional outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/19271826"��Morris, Pamela A
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Virus Replication���Mayà��Nipah (NiV) and Hendra (HeV) viruses are emerging zoonotic paramyxoviruses that cause encephalitis in humans, with fatality rates of up to 75%. We designed a new high-throughput screening (HTS) assay for inhibitors of infection based on envelope glycoprotein pseudotypes. The assay simulates multicycle replication and thus identifies inhibitors that target several stages of the viral life cycle, but it still can be carried out under biosafety level 2 (BSL-2) conditions. These features permit a screen for antivirals for emerging viruses and select agents that otherwise would require BSL-4 HTS facilities. The screening of a small compound library identified several effective molecules, including the well-known compound chloroquine, as highly active inhibitors of pseudotyped virus infection. Chloroquine inhibited infection with live HeV and NiV at a concentration of 1 microM in vitro (50% inhibitory concentration, 2 microM), which is less than the plasma concentrations present in humans receiving chloroquine treatment for malaria. The mechanism for chloroquine's antiviral action likely is the inhibition of cathepsin L, a cellular enzyme that is essential for the processing of the viral fusion glycoprotein and the maturation of newly budding virions. Without this processing step, virions are not infectious. The identification of a compound that inhibits a known cellular target that is important for viral maturation but that had not previously been shown to have antiviral activity for henipaviruses highlights the validity of this new screening assay. Given the established safety profile and broad experience with chloroquine in humans, the results described here provide an option for treating individuals infected by these deadly viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19264786À��Porotto, Matteo
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Molecular Biology/*methodsV��Interest in the potential of monoclonal antibodies (mAbs) to serve as therapeutic agents has surged in the past decade with a major emphasis on human viral diseases. There has been much attention in this area directed towards the human immunodeficiency virus type-1 (HIV-1) and promising research developments have emerged on the inhibition of HIV-1 infection by mAbs and the identification of several highly conserved neutralizing epitopes. More recently, potent fully-human neutralizing mAbs have been developed against a variety of important human viral disease agents including the paramyxoviruses Hendra virus and Nipah virus, and human or humanized mAbs have been developed against severe acute respiratory syndrome coronavirus (SARS CoV), and West Nile virus, among others. Most of these more recently developed antiviral mAbs have come from the use of antibody phage-display technologies and the implementation of simplified, inexpensive yet efficient methods, for expressing and purifying the initially selected fragment antibodies is of prime importance in further facilitating this area of research.,��https://www.ncbi.nlm.nih.gov/pubmed/19252844å��Dimitrova, Dimana
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SARS Virus/*immunology���MarÁ��BACKGROUND: Recently, several potently neutralizing fully human monoclonal antibodies (hmAbs) targeting the severe acute respiratory syndrome-associated coronavirus (SARS CoV) S glycoprotein, and the G glycoprotein of the paramyxoviruses Hendra virus (HeV) and Nipah virus (NiV) have been discovered [corrected]. OBJECTIVE: To examine, compare and contrast the functional characteristics of hmAbs with the potential for prophylaxis and treatment of diseases caused by SARS CoV, HeV and NiV. METHODS: A review of relevant literature. RESULTS/CONCLUSIONS: Structural, functional and biochemical analyses [corrected] have provided insights into the molecular mechanisms of receptor recognition and antibody neutralization, and suggested that these antibodies alone or in combination could fight the viruses' heterogeneity and mutability, which is a major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/192166242��Prabakaran, Ponraj
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Viral Structural Proteins/*biosynthesis���Apri��Nipah virus (NiV) is predicted to encode four proteins from its P gene (P, V, W, and C) via mRNA editing and an alternate open reading frame. By use of specific antibodies, the expression of the V, W, and C proteins in NiV-infected cells has now been confirmed. Analysis of the P-gene transcripts shows a ratio of P:V:W mRNA of 1:1:1, but this differs over time, with greater proportions of V and W transcripts observed as the infection progresses. Eighty-two percent of transcripts are edited, with up to 11 G insertions observed. This exceptionally high editing frequency ensures expression of the V and W proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/192117542��Kulkarni, Sachin
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization���Aug 20V��Human defensins, which are small cationic peptides produced by neutrophils and epithelial cells, form two genetically distinct alpha and beta subfamilies. They are involved in innate immunity through killing microbial pathogens or neutralizing bacterial toxins and in adaptive immunity by serving as chemoattractants and activators of immune cells. alpha-defensins are mainly packaged in neutrophil granules (HNP1, HNP2, HNP3) or secreted by intestinal Paneth cells (HD5, HD6), while beta-defensins are expressed in mucosa and epithelial cells. Using surface enhanced laser desorption/ionisation time-of-flight (SELDI-TOF) mass spectrometry (MS), alpha-defensins were found to be expressed in a variety of human tumours, either in tumour cells or at their surface. HNP1-3 peptides are also secreted and their accumulation in biological fluids was proposed as a tumour biomarker. Conversely, beta-defensin-1 (HBD-1) is down-regulated in some tumour types in which it could behave as a tumour suppressor protein. Alpha-defensins promote tumour cell growth or, at higher concentration, provoke cell death. These peptides also inhibit angiogenesis, which, in addition to immunomodulation, indicates a complex role in tumour development. This review summarizes current knowledge of defensins to discuss their role in tumour growth, tumour monitoring and cancer treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/19186224è��Droin, Nathalie
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*Nipah Virus
Rural Population���Jan���Continued Nipah encephalitis outbreaks in Bangladesh highlight the need for preventative and control measures to reduce transmission from bats to humans and human-to-human spread. Qualitative research was conducted at the end of an encephalitis outbreak in Faridpur, Bangladesh in May 2004 and continued through December 2004. Methods included in-depth interviews with caretakers of cases, case survivors, neighbors of cases, and health providers. Results show contrasts between local and biomedical views on causal explanations and appropriate care. Social norms demanded that family members maintain physical contact with sick patients, potentially increasing the risk of human-to-human transmission. Initial treatment strategies by community members involved home remedies, and public health officials encouraged patient hospitalization. Over time, communities linked the outbreak to supernatural powers and sought care with spiritual healers. Differing popular and medical views of illness caused conflict and rejection of biomedical recommendations. Future investigators should consider local perceptions of disease and treatment when developing outbreak strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/19141846���Blum, Lauren S
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Viral Proteins/analysis/*genetics���Febw��The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are highly pathogenic zoonotic paramyxoviruses. Like many other paramyxoviruses, henipaviruses employ a process of co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternate reading frame. Sequence analysis of multiple, cloned mRNAs showed that the mRNA editing frequencies of the P genes of the henipaviruses are higher than those reported for other paramyxoviruses. Antisera to synthetic peptides from the P, V, W and C proteins of NiV were generated to study their expression in infected cells. All proteins were detected in both infected cells and purified virions. In infected cells, the W protein was detected in the nucleus while P, V and C were found in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/19141449���Lo, Michael K
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Sequence Deletion���Feb���The nucleocapsid protein of Nipah virus produced in Escherichia coli assembled into herringbone-like particles. The amino- and carboxy-termini of the N protein were shortened progressively to define the minimum contiguous sequence involved in capsid assembly. The first 29 aa residues of the N protein are dispensable for capsid formation. The 128 carboxy-terminal residues do not play a role in the assembly of the herringbone-like particles. A region with amino acid residues 30-32 plays a crucial role in the formation of the capsid particle. Deletion of any of the four conserved hydrophobic regions in the N protein impaired capsid formation. Replacement of the central conserved regions with the respective sequences from the Newcastle disease virus restored capsid formation.,��https://www.ncbi.nlm.nih.gov/pubmed/19141448Ò��Ong, Swee Tin
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Field, H.���2009X��Strategies for enhancing Australia's capacity to respond to emerging infectious diseases���67-78���Vet Ital���45���1���Jan-Mar���Along with many other countries, Australia faces significant threats from emerging infectious diseases that emanate from wildlife or involve a wildlife vector. A salient example of such a disease is Hendra virus. The outbreaks of Hendra virus in 2008 highlight the critical need for a 'One Health' approach to the management of emerging infectious diseases. In Australia, cross-sectoral and cross jurisdictional 'One Health' approaches to the improved management of emerging infectious disease are being undertaken. These include improved management and sharing of biosecurity information, the joint cross-sectoral development of laboratory infrastructure, 'One Health' policy initiatives and 'One Health' approaches to disease research. These initiatives are enhancing Australia's disease response capacity and capability as well as supporting efforts to better control emerging infectious disease in the region.,��https://www.ncbi.nlm.nih.gov/pubmed/20391391k��Prowse, Stephen J
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*Virus Internalization���Dec 24%��BACKGROUND: Cell entry and cell-to-cell spread of the highly pathogenic Nipah virus (NiV) requires binding of the NiV G protein to cellular ephrin receptors and subsequent NiV F-mediated fusion. Since expression levels of the main NiV entry receptor ephrin-B2 (EB2) are highly regulated in vivo to fulfill the physiological functions in axon guidance and angiogenesis, the goal of this study was to determine if changes in the EB2 expression influence NiV infection. RESULTS: Surprisingly, transfection of increasing EB2 plasmid concentrations reduced cell-to-cell fusion both in cells expressing the NiV glycoproteins and in cells infected with NiV. This effect was attributed to the downregulation of the NiV glycoproteins from the cell surface. In addition to the influence on cell-to-cell fusion, increased EB2 expression significantly reduced the total amount of NiV-infected cells, thus interfered with virus entry. To determine if the negative effect of elevated EB2 expression on virus entry is a result of an increased EB2 signaling, receptor function of a tail-truncated and therefore signaling-defective DeltacEB2 was tested. Interestingly, DeltacEB2 fully functioned as NiV entry and fusion receptor, and overexpression also interfered with virus replication. CONCLUSION: Our findings clearly show that EB2 signaling does not account for the striking negative impact of elevated receptor expression on NiV infection, but rather that the ratio between the NiV envelope glycoproteins and surface receptors critically influence cell-to-cell fusion and virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19108727Ø��Thiel, Lena
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Swine/virology���Decü��The Nipah virus outbreak in Malaysia (September 1998 to May 1999) resulted in 265 cases of acute encephalitis with 105 deaths, and near collapse of the billion-dollar pig-farming industry. Because it was initially attributed to Japanese encephalitis, early control measures were ineffective, and the outbreak spread to other parts of Malaysia and nearby Singapore. The isolation of the novel aetiological agent, the Nipah virus (NiV), from the cerebrospinal fluid of an outbreak victim was the turning point which led to outbreak control 2 months later. Together with the Hendra virus, NiV is now recognised as a new genus, Henipavirus (Hendra + Nipah), in the Paramyxoviridae family. Efforts of the local and international scientific community have since elucidated the epidemiology, clinico-pathophysiology and pathogenesis of this new disease. Humans contracted the infection from close contact with infected pigs, and formed the basis for pig-culling that eventually stopped the outbreak. NiV targeted medium-sized and small blood vessels resulting in endothelial multinucleated syncytia and fibrinoid necrosis. Autopsies revealed disseminated cerebral microinfarctions resulting from vasculitis-induced thrombosis and direct neuronal involvement. The discovery of NiV in the urine and saliva of Malaysian Island flying foxes (Pteropus hypomelanus and Petropus vampyrus) implicated these as natural reservoir hosts of NiV. It is probable that initial transmission of NiV from bats to pigs occurred in late 1997/early 1998 through contamination of pig swill by bat excretions, as a result of migration of these forest fruitbats to cultivated orchards and pig-farms, driven by fruiting failure of forest trees during the El Nino-related drought and anthropogenic fires in Indonesia in 1997-1998. This outbreak emphasizes the need for sharing information of any unusual illnesses in animals and humans, an open-minded approach and close collaboration and co-ordination between the medical profession, veterinarians and wildlife specialists in the investigation of such illnesses. Environmental mismanagement (such as deforestation and haze) has far-reaching effects, including encroachment of wildlife into human habitats and the introduction of zoonotic infections into domestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19108397h��Looi, Lai-Meng
Chua, Kaw-Bing
eng
Review
Malaysia
2008/12/26 09:00
Malays J Pathol. 2007 Dec;29(2):63-7.%��0126-8635 (Print)
0126-8635 (Linking)���19108397M��Department of Pathology, Faculty of Medicine, University of Malaya, Malaysia.���2��üÒ|ÿî?ý���%��Weingartl, H. M.
Berhane, Y.
Czub, M.���20090��Animal models of henipavirus infection: a review���211-20���Vet J���181���3���Animals
Cats
Chiroptera
*Disease Models, Animal
Guinea Pigs
*Hendra Virus
Henipavirus Infections/*virology
Horses
Humans
*Nipah Virus���SepT��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level four pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the 20th century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarises current published data relating to experimental infection of small and large animals, including the natural reservoir species, the Pteropus bat, with HeV or NiV. Susceptibility to infection and virus distribution in the individual species is discussed, along with the pathogenesis, pathological changes, and potential routes of transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/19084436¦��Weingartl, Hana M
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*Virus Internalization���Nov 26²��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes severe diseases in animals and humans. Endothelial cell (EC) infection is an established hallmark of NiV infection in vivo. Despite systemic virus spread via the vascular system, EC in brain and lung are preferentially infected whereas EC in other organs are less affected. As in vivo, we found differences in the infection of EC in cell culture. Only brain-derived primary or immortalized EC were found to be permissive to NiV infection. Using a replication-independent fusion assay, we could show that the lack of infection in non-brain EC was due to a lack of receptor expression. The NiV entry receptors ephrinB2 (EB2) or ephrinB3 were only expressed in brain endothelia. The finding that EB2 expression in previously non-permissive aortic EC rendered the cells permissive to infection then demonstrated that EB2 is not only necessary but also sufficient to allow the establishment of a productive NiV infection. This strongly suggests that limitations in receptor expression restrict virus entry in certain EC subsets in vivo, and are thus responsible for the differences in EC tropism observed in human and animal NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/19036148ª��Erbar, Stephanie
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*Virus Internalization/drug effects���Jan 16­��Cellular entry of paramyxoviruses requires the coordinated action of both the attachment (G/H/HN) and fusion (F) glycoproteins, but how receptor binding activates G to trigger F-mediated fusion during viral entry is not known. Here, we identify a receptor (ephrinB2)-induced allosteric activation site in Nipah virus (NiV) G involved in triggering F-mediated fusion. We first generated a conformational monoclonal antibody (monoclonal antibody 45 (Mab45)) whose binding to NiV-G was enhanced upon NiV-G-ephrinB2 binding. However, Mab45 also inhibited viral entry, and its receptor binding-enhanced (RBE) epitope was temperature-dependent, suggesting that the Mab45 RBE epitope on G may be involved in triggering F. The Mab45 RBE epitope was mapped to the base of the globular domain (beta6S4/beta1H1). Alanine scan mutants within this region that did not exhibit this RBE epitope were also non-fusogenic despite their ability to bind ephrinB2, oligomerize, and associate with F at wild-type (WT) levels. Although circular dichroism revealed conformational changes in the soluble ectodomain of WT NiV-G upon ephrinB2 addition, no such changes were detected with soluble RBE epitope mutants or short-stalk G mutants. Additionally, WT G, but not a RBE epitope mutant, could dissociate from F upon ephrinB2 engagement. Finally, using a biotinylated HR2 peptide to detect pre-hairpin intermediate formation, a cardinal feature of F-triggering, we showed that ephrinB2 binding to WT G, but not the RBE-epitope mutants, could trigger F. In sum, we implicate the coordinated interaction between the base of NiV-G globular head domain and the stalk domain in mediating receptor-induced F triggering during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19019819è��Aguilar, Hector C
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Zoonoses/epidemiology/transmission/*virology���May.��Over the past decade, a number of unique zoonotic and non-zoonotic viruses have emerged in Malaysia. Several of these viruses have resulted in significant morbidity and mortality to those affected and they have imposed a tremendous public health and economic burden on the state. Amongst the most devastating was the outbreak of Nipah virus encephalitis in 1998, which resulted in 109 deaths. The culling of more than a million pigs, identified as the amplifying host, ultimately brought the outbreak under control. A year prior to this, and subsequently again in 2000 and 2003, large outbreaks of hand-foot-and-mouth disease due to enterovirus 71, with rare cases of fatal neurological complications, were reported in young children. Three other new viruses - Tioman virus (1999), Pulau virus (1999), and Melaka virus (2006) - whose origins have all been linked to bats, have been added to the growing list of novel viruses being discovered in Malaysia. The highly pathogenic H5N1 avian influenza has also been detected in Malaysia with outbreaks in poultry in 2004, 2006, and 2007. Fortunately, no human infections were reported. Finally, the HIV/AIDS epidemic has seen the emergence of an HIV-1 recombinant form (CRF33_01B) in HIV-infected individuals from various risk groups, with evidence of ongoing and rapid expansion.,��https://www.ncbi.nlm.nih.gov/pubmed/19010076Ñ��Tee, Kok Keng
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*Virus Shedding���Nov 10�	�BACKGROUND: Nipah virus (NiV) is a recently emerged paramyxovirus capable of causing fatal disease in a broad range of mammalian hosts, including humans. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the family Paramyxoviridae. Recombinant expression systems have played a crucial role in studying the cell biology of these Biosafety Level-4 restricted viruses. Henipavirus assembly and budding occurs at the plasma membrane, although the details of this process remain poorly understood. Multivesicular body (MVB) proteins have been found to play a role in the budding of several enveloped viruses, including some paramyxoviruses, and the recruitment of MVB proteins by viral proteins possessing late budding domains (L-domains) has become an important concept in the viral budding process. Previously we developed a system for producing NiV virus-like particles (VLPs) and demonstrated that the matrix (M) protein possessed an intrinsic budding ability and played a major role in assembly. Here, we have used this system to further explore the budding process by analyzing elements within the M protein that are critical for particle release. RESULTS: Using rationally targeted site-directed mutagenesis we show that a NiV M sequence YPLGVG is required for M budding and that mutation or deletion of the sequence abrogates budding ability. Replacement of the native and overlapping Ebola VP40 L-domains with the NiV sequence failed to rescue VP40 budding; however, it did induce the cellular morphology of extensive filamentous projection consistent with wild-type VP40-expressing cells. Cells expressing wild-type NiV M also displayed this morphology, which was dependent on the YPLGVG sequence, and deletion of the sequence also resulted in nuclear localization of M. Dominant-negative VPS4 proteins had no effect on NiV M budding, suggesting that unlike other viruses such as Ebola, NiV M accomplishes budding independent of MVB cellular proteins. CONCLUSION: These data indicate that the YPLGVG motif within the NiV M protein plays an important role in M budding; however, involvement of any specific components of the cellular MVB sorting pathway in henipavirus budding remains to be demonstrated. Further investigation of henipavirus assembly and budding may yet reveal a novel mechanism(s) of viral assembly and release that could be applicable to other enveloped viruses or have therapeutic implications.,��https://www.ncbi.nlm.nih.gov/pubmed/19000317#��Patch, Jared R
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SARS Virus���Oct@��Acute respiratory viruses are a major cause of morbidity and mortality in humans worldwide and most acute respiratory infections are caused by viruses. Many of these viruses cause the highest burden of disease in specific risk groups such as young infants, the elderly, and immune-compromised individuals. Although the most important respiratory viruses of humans have been identified in the last century, in the past decade about a dozen "new" viruses have been discovered that may cause a high burden of acute respiratory disease in humans. Not only viruses were discovered that must have been with humans for many decades or centuries, such as human metapneumovirus and 2 different human coronaviruses, but also viruses that are truly new for humans and have emerged as a result of recent interspecies transmissions from other mammalian or avian reservoirs. The latter include highly pathogenic avian influenza viruses, severe acute respiratory syndrome (SARS) coronavirus, and Nipah virus. The discovery, etiologic role, and burden of disease caused by these infections are described.,��https://www.ncbi.nlm.nih.gov/pubmed/18820582£��Osterhaus, Albert D M E
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Singapore/epidemiology���Dec$��Nipah virus first emerged in Malaysia and Singapore between 1998 and 1999, causing severe febrile encephalitis in humans with a mortality rate of close to 40%. In addition, a significant portion of those recovering from acute infection had relapse encephalitis and long-term neurological defects. Since its initial outbreak, there have been numerous outbreaks in Bangladesh and India, in which the mortality rate rose to approximately 70%. These subsequent outbreaks were distinct from the initial outbreak, both in their epidemiology and in their clinical presentations. Recent developments in diagnostics may expedite disease diagnosis and outbreak containment, while progress in understanding the molecular biology of Nipah virus could lead to novel therapeutics and vaccines for this deadly pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/18835214���Lo, Michael K
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Odds Ratio
Risk Factors���Oct¨��Nipah virus (NiV) is a paramyxovirus that causes severe encephalitis in humans. During January 2004, twelve patients with NiV encephalitis (NiVE) were identified in west-central Bangladesh. A case-control study was conducted to identify factors associated with NiV infection. NiVE patients from the outbreak were enrolled in a matched case-control study. Exact odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using a matched analysis. Climbing trees (83% of cases vs. 51% of controls, OR 8.2, 95% CI 1.25-infinity) and contact with another NiVE patient (67% of cases vs. 9% of controls, OR 21.4, 95% CI 2.78-966.1) were associated with infection. We did not identify an increased risk for NiV infection among persons who had contact with a potential intermediate host. Although we cannot rule out person-to-person transmission, case-patients were likely infected from contact with fruit bats or their secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/18826814{��Montgomery, Joel M
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Viral Vaccines/*immunology���Dec[��Two members of the paramyxovirus family, Nipah virus (NiV) and Hendra virus (HeV), are recent additions to a growing number of agents of emergent diseases which use bats as a natural host. Identification of ephrin-B2 and ephrin-B3 as cellular receptors for these viruses has enabled the development of immunotherapeutic reagents which prevent virus attachment and subsequent fusion. Here we present the structural analysis of the protein and carbohydrate components of the unbound viral attachment glycoprotein of NiV glycoprotein (NiV-G) at a 2.2-A resolution. Comparison with its ephrin-B2-bound form reveals that conformational changes within the envelope glycoprotein are required to achieve viral attachment. Structural differences are particularly pronounced in the 579-590 loop, a major component of the ephrin binding surface. In addition, the 236-245 loop is rather disordered in the unbound structure. We extend our structural characterization of NiV-G with mass spectrometric analysis of the carbohydrate moieties. We demonstrate that NiV-G is largely devoid of the oligomannose-type glycans that in viruses such as human immunodeficiency virus type 1 and Ebola virus influence viral tropism and the host immune response. Nevertheless, we find putative ligands for the endothelial cell lectin, LSECtin. Finally, by mapping structural conservation and glycosylation site positions from other members of the paramyxovirus family, we suggest the molecular surface involved in oligomerization. These results suggest possible pathways of virus-host interaction and strategies for the optimization of recombinant vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/18815311Á��Bowden, Thomas A
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Viral Envelope Proteins/*chemistry/genetics/*metabolism���Novk��Hendra virus (HeV) is a member of the broadly tropic and highly pathogenic paramyxovirus genus Henipavirus. HeV is enveloped and infects cells by using membrane-anchored attachment (G) and fusion (F) glycoproteins. G possesses an N-terminal cytoplasmic tail, an external membrane-proximal stalk domain, and a C-terminal globular head that binds the recently identified receptors ephrinB2 and ephrinB3. Receptor binding is presumed to induce conformational changes in G that subsequently trigger F-mediated fusion. The stalk domains of other attachment glycoproteins appear important for oligomerization and F interaction and specificity. However, this region of G has not been functionally characterized. Here we performed a mutagenesis analysis of the HeV G stalk, targeting a series of isoleucine residues within a hydrophobic alpha-helical domain that is well conserved across several attachment glycoproteins. Nine of 12 individual HeV G alanine substitution mutants possessed a complete defect in fusion-promotion activity yet were cell surface expressed and recognized by a panel of conformation-dependent monoclonal antibodies (MAbs) and maintained their oligomeric structure. Interestingly, these G mutations also resulted in the appearance of an additional electrophoretic species corresponding to a slightly altered glycosylated form. Analysis revealed that these G mutants appeared to adopt a receptor-bound conformation in the absence of receptor, as measured with a panel of MAbs that preferentially recognize G in a receptor-bound state. Further, this phenotype also correlated with an inability to associate with F and in triggering fusion even after receptor engagement. Together, these data suggest the stalk domain of G plays an important role in the conformational stability and receptor binding-triggered changes leading to productive fusion, such as the dissociation of G and F.,��https://www.ncbi.nlm.nih.gov/pubmed/18799571<��Bishop, Kimberly A
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Recurrence���Augí��Viral encephalitis presents with seizures not only in the acute stage but also increases the risk of late unprovoked seizures and epilepsy. Acute symptomatic and late unprovoked seizures in different viral encephalitides are reviewed here. Among the sporadic viral encephalitides, Herpes simplex encephalitis (HSE) is perhaps most frequently associated with epilepsy, which may often be severe. Seizures may be the presenting feature in 50% patients with HSE because of involvement of the highly epileptogenic frontotemporal cortex. The occurrence of seizures in HSE is associated with poor prognosis. In addition, chronic and relapsing forms of HSE have been described and these may be associated with antiepileptic drug-resistant seizures. Among the epidemic (usually due to flaviviruses) viral encephalitides, Japanese encephalitis (JE) is most common and is associated with acute symptomatic seizures, especially in children. The reported frequency of acute symptomatic seizures in JE is 7-46%. Encephalitis due to other flaviviruses such as equine, St. Louis, and West Nile viruses may also manifest with acute symptomatic seizures. In Nipah virus encephalitis, seizures are more common in relapsed and late-onset encephalitis in comparison to acute encephalitis (4% vs. 1.8%). Other viruses like measles, varicella, mumps, influenza, and entero-viruses may cause seizures depending on the area of brain involved. There is no comprehensive data regarding late unprovoked seizures in different viral encephalitides. Prospective studies are required to document the risk of late unprovoked seizures and epilepsy following viral encephalitis due to different viruses as well as to determine the clinical characteristics, course, and outcome of post-encephalitic epilepsy.,��https://www.ncbi.nlm.nih.gov/pubmed/18754956���Misra, Usha Kant
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Virus Diseases/*epidemiology���Oct°��The epidemiology of several viral diseases underwent profound changes in South-East Asia and Oceania over the past decades. This was due to several factors, including the geographical distribution of vectors and the viruses they transmit; increasing traveling and trade; increasing ecological and demographic pressure. We reviewed the current state of knowledge based on published sources and available epidemiological data. The review was limited to potentially emerging viruses in Southeast Asia and the Pacific reported in human cases. Dengue, Chikungunya, and Japanese Encephalitis viruses have recurred on a yearly basis with a steady increase in these regions. Ross River and Barmah viruses now appear regularly in Australia, in an increasing number of cases. Nipah virus strikes regularly with limited but deadly epidemics in Southeast Asia. Finally, infections by lyssaviruses, Kunjin, Murray Valley, or Zika viruses were also reviewed.,��https://www.ncbi.nlm.nih.gov/pubmed/18771865Â��Barboza, P
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Chua, K. B.���2008���Nipah virus encephalitis���315-20���Curr Infect Dis Rep���10���4���Jul���Nipah virus was first discovered in 1999, after a severe outbreak of viral encephalitis among pig farm workers in Malaysia. The disease is thought to spread from Pteropus bats to pigs and then to humans following close contact. The reported mortality rate in this outbreak was 40%. The main necropsy finding in patients with Nipah virus encephalitis was disseminated microinfarction associated with vasculitis and direct neuronal involvement. Relapse of encephalitis was seen in 10% of those who survived the initial illness. Since that initial report, recurrent outbreaks of Nipah virus encephalitis have been seen in Bangladesh and West Bengal, India. These outbreaks occurred between January and May, with Pteropus giganteus as a reservoir of the virus. In Bangladesh, the virus probably spread directly from bats to humans-with human to human spread as another important mode of infection-and the mortality rate was 70%.,��https://www.ncbi.nlm.nih.gov/pubmed/18765105^��Tan, Chong-Tin
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Prevention Regimen for Effectively Avoiding Second Strokes study, group���2008=��Effects of aspirin plus extended-release dipyridamole versus clopidogrel and telmisartan on disability and cognitive function after recurrent stroke in patients with ischaemic stroke in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial: a double-blind, active and placebo-controlled study���875-84
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Ticlopidine/analogs & derivatives/therapeutic use���OctÙ	�BACKGROUND: The treatment of ischaemic stroke with neuroprotective drugs has been unsuccessful, and whether these compounds can be used to reduce disability after recurrent stroke is unknown. The putative neuroprotective effects of antiplatelet compounds and the angiotensin II receptor antagonist telmisartan were investigated in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial. METHODS: Patients who had had an ischaemic stroke were randomly assigned in a two by two factorial design to receive either 25 mg aspirin (ASA) and 200 mg extended-release dipyridamole (ER-DP) twice a day or 75 mg clopidogrel once a day, and either 80 mg telmisartan or placebo once per day. The predefined endpoints for this substudy were disability after a recurrent stroke, assessed with the modified Rankin scale (mRS) and Barthel index at 3 months, and cognitive function, assessed with the mini-mental state examination (MMSE) score at 4 weeks after randomisation and at the penultimate visit. Analysis was by intention to treat. The study was registered with ClinicalTrials.gov, number NCT00153062. FINDINGS: 20,332 patients (mean age 66 years) were randomised and followed-up for a median of 2.4 years. Recurrent strokes occurred in 916 (9%) patients randomly assigned to ASA with ER-DP and 898 (9%) patients randomly assigned to clopidogrel; 880 (9%) patients randomly assigned to telmisartan and 934 (9%) patients given placebo had recurrent strokes. mRS scores were not statistically different in patients with recurrent stroke who were treated with ASA and ER-DP versus clopidogrel (p=0.38), or with telmisartan versus placebo (p=0.61). There was no significant difference in the proportion of patients with recurrent stroke with a good outcome, as measured with the Barthel index, across all treatment groups. Additionally, there was no significant difference in the median MMSE scores, the percentage of patients with an MMSE score of 24 points or less, the percentage of patients with a drop in MMSE score of 3 points or more between 1 month and the penultimate visit, and the number of patients with dementia among the treatment groups. There were no significant differences in the proportion of patients with cognitive impairment or dementia among the treatment groups. INTERPRETATION: Disability due to recurrent stroke and cognitive decline in patients with ischaemic stroke were not different between the two antiplatelet regimens and were not affected by the preventive use of telmisartan.,��https://www.ncbi.nlm.nih.gov/pubmed/18757238H��Diener, Hans-Christoph
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Telmisartan
Treatment Failure���Sep 18���BACKGROUND: Prolonged lowering of blood pressure after a stroke reduces the risk of recurrent stroke. In addition, inhibition of the renin-angiotensin system in high-risk patients reduces the rate of subsequent cardiovascular events, including stroke. However, the effect of lowering of blood pressure with a renin-angiotensin system inhibitor soon after a stroke has not been clearly established. We evaluated the effects of therapy with an angiotensin-receptor blocker, telmisartan, initiated early after a stroke. METHODS: In a multicenter trial involving 20,332 patients who recently had an ischemic stroke, we randomly assigned 10,146 to receive telmisartan (80 mg daily) and 10,186 to receive placebo. The primary outcome was recurrent stroke. Secondary outcomes were major cardiovascular events (death from cardiovascular causes, recurrent stroke, myocardial infarction, or new or worsening heart failure) and new-onset diabetes. RESULTS: The median interval from stroke to randomization was 15 days. During a mean follow-up of 2.5 years, the mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group than in the placebo group. A total of 880 patients (8.7%) in the telmisartan group and 934 patients (9.2%) in the placebo group had a subsequent stroke (hazard ratio in the telmisartan group, 0.95; 95% confidence interval [CI], 0.86 to 1.04; P=0.23). Major cardiovascular events occurred in 1367 patients (13.5%) in the telmisartan group and 1463 patients (14.4%) in the placebo group (hazard ratio, 0.94; 95% CI, 0.87 to 1.01; P=0.11). New-onset diabetes occurred in 1.7% of the telmisartan group and 2.1% of the placebo group (hazard ratio, 0.82; 95% CI, 0.65 to 1.04; P=0.10). CONCLUSIONS: Therapy with telmisartan initiated soon after an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753639$��Yusuf, Salim
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Vascular Diseases/mortality���Sep 18T��BACKGROUND: Recurrent stroke is a frequent, disabling event after ischemic stroke. This study compared the efficacy and safety of two antiplatelet regimens--aspirin plus extended-release dipyridamole (ASA-ERDP) versus clopidogrel. METHODS: In this double-blind, 2-by-2 factorial trial, we randomly assigned patients to receive 25 mg of aspirin plus 200 mg of extended-release dipyridamole twice daily or to receive 75 mg of clopidogrel daily. The primary outcome was first recurrence of stroke. The secondary outcome was a composite of stroke, myocardial infarction, or death from vascular causes. Sequential statistical testing of noninferiority (margin of 1.075), followed by superiority testing, was planned. RESULTS: A total of 20,332 patients were followed for a mean of 2.5 years. Recurrent stroke occurred in 916 patients (9.0%) receiving ASA-ERDP and in 898 patients (8.8%) receiving clopidogrel (hazard ratio, 1.01; 95% confidence interval [CI], 0.92 to 1.11). The secondary outcome occurred in 1333 patients (13.1%) in each group (hazard ratio for ASA-ERDP, 0.99; 95% CI, 0.92 to 1.07). There were more major hemorrhagic events among ASA-ERDP recipients (419 [4.1%]) than among clopidogrel recipients (365 [3.6%]) (hazard ratio, 1.15; 95% CI, 1.00 to 1.32), including intracranial hemorrhage (hazard ratio, 1.42; 95% CI, 1.11 to 1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups (1194 ASA-ERDP recipients [11.7%], vs. 1156 clopidogrel recipients [11.4%]; hazard ratio, 1.03; 95% CI, 0.95 to 1.11). CONCLUSIONS: The trial did not meet the predefined criteria for noninferiority but showed similar rates of recurrent stroke with ASA-ERDP and with clopidogrel. There is no evidence that either of the two treatments was superior to the other in the prevention of recurrent stroke. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753638���Sacco, Ralph L
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Vero Cells���Jun¯��In 1998, a novel paramyxovirus (order Mononegavirales, family Paramyxoviridae, subfamily Paramyxovirinae, genus Henipavirus) emerged in peninsular Malaysia causing fatal encephalitis in humans and severe respiratory illness with encephalitis in pigs. The virus was successfully isolated in cultured mammalian cells. Transmission electron microscopy of infected tissue culture cells played a crucial role in the early preliminary identification of the causative agent of the outbreak. This in turn was pivotal to determine the correct direction of control measures that subsequently brought the epidemic under control. In light of this investigation, and indeed identification of infectious agents associated with other disease episodes, electron microscopy will remain an important frontline method for rapid diagnostic virology and investigation of any future outbreak of new and unusual cases of illness suspected of an infectious aetiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18705447{��Chua, K B
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Virus Replication���Decw��Nipah virus (NiV) and Hendra virus (HeV) are recently emerged zoonotic paramyxoviruses exclusively grouped within a new genus, Henipavirus. These viruses cause fatal disease in a wide range of species, including humans. Both NiV and HeV have continued to re-emerge sporadically in Bangladesh and Australia, respectively. There are currently no therapeutics or vaccines available to treat Henipavirus infection and both are classified as BSL4 pathogens. RNA interference (RNAi) is a process by which double-stranded RNA directs sequence-specific degradation of messenger RNA in animal and plant cells. Small interfering RNAs (siRNAs) mediate RNAi by inhibiting gene expression of homologous mRNA and our preliminary studies suggest RNAi may be a useful approach to developing novel therapies for these highly lethal pathogens. Eight NiV siRNA molecules (four L and four N gene specific), two HeV N gene specific, and two non-specific control siRNA molecules were designed and tested for their ability to inhibit a henipavirus minigenome replication system (which does not require the use of live virus) in addition to live virus infections in vitro. In the minigenome assay three out of the four siRNAs that targeted the L gene of NiV effectively inhibited replication. In contrast, only NiV N gene siRNAs were effective in reducing live NiV replication, suggesting inhibition of early, abundantly expressed gene transcripts may be more effective than later, less abundant transcripts. Additionally, some of the siRNAs effective against NiV infection were only partially effective inhibitors of HeV infection. An inverse correlation between the number of nucleotide mismatches and the efficacy of siRNA inhibition was observed. The demonstration that RNAi effectively inhibits henipavirus replication in vitro, is a novel approach and may provide an effective therapy for these highly lethal, zoonotic pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/18687361ß��Mungall, Bruce A
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Male���Auga��We tested 41 bats for antibodies against Nipah and Hendra viruses to determine whether henipaviruses circulate in pteropid fruit bats (Pteropus giganteus) in northern India. Twenty bats were seropositive for Nipah virus, which suggests circulation in this species, thereby extending the known distribution of henipaviruses in Asia westward by >1,000 km.,��https://www.ncbi.nlm.nih.gov/pubmed/18680665Ì��Epstein, Jonathan H
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Virus Diseases/*epidemiology���Nov´��Emerging viral diseases are nothing new. Smallpox probably reached Europe from Asia in the 5th century, and yellow fever emerged in the Americas during the 16th century as a consequence of the African slave trade. Dengue fever arose simultaneously in South-East Asia, Africa, and North America during the 18th century. In 1918-1919 the so-called Spanish flu spread like wildfire through all five continents, killing between 25 and 40 million people. The second half of the 20th century saw the emergence of HIV/AIDS (1981), among other viral diseases. Even more worrying is the fact that emerging and re-emerging viral diseases have had a tendency to spread more quickly and more widely during the last decade, invading whole countries and continents; witness the recent outbreaks of Nipah virus, West Nile, Rift Valley fever, SARS, monkeypox, avian flu (H5N1) and Chikungunya. The complex factors underlying these new trends are briefly discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/18666456���Chastel, Claude
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Species Specificity���Jul 23*��Henipaviruses are emerging RNA viruses of fruit bat origin that can cause fatal encephalitis in man. Ghanaian fruit bats (megachiroptera) were tested for antibodies to henipaviruses. Using a Luminex multiplexed microsphere assay, antibodies were detected in sera of Eidolon helvum to both Nipah (39%, 95% confidence interval: 27-51%) and Hendra (22%, 95% CI: 11-33%) viruses. Virus neutralization tests further confirmed seropositivity for 30% (7/23) of Luminex positive serum samples. Our results indicate that henipavirus is present within West Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/18648649ô��Hayman, David T S
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Virulence/physiology���Jul 22I��Nipah virus (NiV) and Hendra virus are the type species of the highly pathogenic paramyxovirus genus Henipavirus, which can cause severe respiratory disease and fatal encephalitis infections in humans, with case fatality rates approaching 75%. NiV contains two envelope glycoproteins, the receptor-binding G glycoprotein (NiV-G) that facilitates attachment to host cells and the fusion (F) glycoprotein that mediates membrane merger. The henipavirus G glycoproteins lack both hemagglutinating and neuraminidase activities and, instead, engage the highly conserved ephrin-B2 and ephrin-B3 cell surface proteins as their entry receptors. Here, we report the crystal structures of the NiV-G both in its receptor-unbound state and in complex with ephrin-B3, providing, to our knowledge, the first view of a paramyxovirus attachment complex in which a cellular protein is used as the virus receptor. Complex formation generates an extensive protein-protein interface around a protruding ephrin loop, which is inserted in the central cavity of the NiV-G beta-propeller. Analysis of the structural data reveals the molecular basis for the highly specific interactions of the henipavirus G glycoproteins with only two members (ephrin-B2 and ephrin-B3) of the very large ephrin family and suggests how they mediate in a unique fashion both cell attachment and the initiation of membrane fusion during the virus infection processes. The structures further suggest that the NiV-G/ephrin interactions can be effectively targeted to disrupt viral entry and provide the foundation for structure-based antiviral drug design.,��https://www.ncbi.nlm.nih.gov/pubmed/18632560:��Xu, Kai
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Vasculitis/metabolism/pathology/*virology���Jul���Mortality rate in humans infected with Nipah virus (NiV) has been reported as high as 92%. Humans infected with NiV show a widespread multisystemic vasculitis with most severe clinical and pathologic manifestations in the brain, lungs, and spleen. The purpose of this study was to study pathologic and immunohistochemical findings in guinea pigs infected with NiV. Of 28 animals inoculated intraperitoneally, only 2 survived the infection, and most died between 4 and 8 days postinoculation (dpi). Viral antigen with minimal pathologic changes was first detected 2 dpi in lymph nodes and spleen. More severe changes were noted in these organs 4-8 dpi, where pathologic damage had a vasocentric distribution and viral antigen was abundant in vascular endothelium, tunica media, adventitia, as well as in macrophages lining sinuses. The urinary bladder, uterus, and ovaries were also affected with necrosis and acute inflammation. In these organs, immunohistochemical positive staining was intense in blood vessels, epithelial cells, and ovarian follicles. Approximately 50% of the animals that died or were euthanized in extremis had evidence of viral antigen and histopathologic changes in brain, especially involving meninges and ependymal cells, with lesser changes in the neural parenchyma. A unifying feature of the damage for all affected tissues was necrosis and inflammation of the vasculature, chiefly in arterioles, capillaries, and venules. Inoculation of guinea pigs intraperitoneally with NiV produces a disease with considerable resemblance to the disease in humans, but with reduced pulmonary involvement and marked infection of urinary bladder and the female reproductive tract.,��https://www.ncbi.nlm.nih.gov/pubmed/18587107ë��Torres-Velez, F J
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Polymerase Chain Reaction���Feb���Meningoencephalitis is a disease with many drawbacks: it is usually severe and its etiology will frequently remain unsolved even with thorough investigations. Pathogen diversities and the wide range of differential diagnosis are further limitations, while there are neither guidelines nor conferences consensus available, in France and elsewhere. However, there are many valuable data in the literature and major advances have already been obtained, the most striking being advances in imaging techniques and molecular biology, as illustrated by the significant impact of HSV PCR advent in patient management. On emergency settings, physicians have to recognize and initiate appropriate treatment for patients who may have herpes simplex meningoencephalitis, and to consider bacteria for which prompt treatment has a positive prognostic impact. At this stage, intravenous acyclovir and amoxicillin should be widely prescribed, even with limited suspicion. Then, physicians will have to collect pertinent information and diagnostic tests results, and may seek expertise from other specialties when needed. Continuous improvements in diagnostic tests should allow significant progress in pathogen identification in meningoencephalitis, thus leading to better patients management. We also have to be prepared for changes, as the recent emergence of four agents of encephalitis reminded us (West Nile, Nipah, Hendra and Japanese encephalitis).,��https://www.ncbi.nlm.nih.gov/pubmed/18585826���Tattevin, P
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Viral Envelope Proteins/genetics/*immunology���Jul 23¶��Nipah virus (NiV) and Hendra virus (HeV) are closely related deadly zoonotic paramyxoviruses that have emerged and re-emerged over the last 10 years. In this study, a subunit vaccine formulation containing only recombinant, soluble, attachment glycoprotein from HeV (sG(HeV)) and CpG adjuvant was evaluated as a potential NiV vaccine in the cat model. Different amounts of sG(HeV) were employed and sG-induced immunity was examined. Vaccinated animals demonstrated varying levels of NiV-specific Ig systemically and importantly, all vaccinated cats possessed antigen-specific IgA on the mucosa. Upon oronasal challenge with NiV (50,000TCID50), all vaccinated animals were protected from disease although virus was detected on day 21 post-challenge in one animal. The ability to elicit protective systemic and mucosal immunity in this animal model provides significant progress towards the development of a human subunit vaccine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18556094Á��McEachern, Jennifer A
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Zoonoses/transmission/virology���Sepi��Bats are increasingly recognized to harbor a wide range of viruses, and in most instances these viruses appear to establish long-term persistence in these animals. They are the reservoir of a number of human zoonotic diseases including Nipah, Ebola, and severe acute respiratory syndrome. We report the identification of novel groups of astroviruses in apparently healthy insectivorous bats found in Hong Kong, in particular, bats belonging to the genera Miniopterus and Myotis. Astroviruses are important causes of diarrhea in many animal species, including humans. Many of the bat astroviruses form distinct phylogenetic clusters in the genus Mamastrovirus within the family Astroviridae. Virus detection rates of 36% to 100% and 50% to 70% were found in Miniopterus magnater and Miniopterus pusillus bats, respectively, captured within a single bat habitat during four consecutive visits spanning 1 year. There was high genetic diversity of viruses in bats found within this single habitat. Some bat astroviruses may be phylogenetically related to human astroviruses, and further studies with a wider range of bat species in different geographic locations are warranted. These findings are likely to provide new insights into the ecology and evolution of astroviruses and reinforce the role of bats as a reservoir of viruses with potential to pose a zoonotic threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/18550669���Chu, D K W
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Surface Properties
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X-Ray Microtomography���Junt��BACKGROUND: Spark discharge anodic oxidation forms a porous TiO2 film on the surface of titanium oral implants, increasing surface roughness and concentrations of calcium and phosphate ions. In this study, anodic-treated oral implants were placed in an animal model and analysed using clinical, micro-computerized tomographic (micro-CT) and histometric techniques. METHODS: Pairs of 3.5 mm x 8.5 mm long titanium implants (Osstem Implant Co., Ltd. Seoul, Korea), with blasted (control) or blasted and oxidized surfaces (test), were placed into the right femoral condyles of 10 sheep. Animals were sacrificed after 1 month unloaded healing. Resonant frequency analysis (RFA) was measured in implant stability quotient (ISQ) using the Mentor II device. Specimens were scanned using medium resolution micro-CT (Skyscan 1172). Mean percent bone-to-implant contact (%BIC) was calculated from two images per implant by three different operators, using Image J software. Inter- and intra-examiner differences were calculated. Specimens were then embedded in methacrylate and undemineralized ground sections were digitized. Mean %BIC was measured using Image J at x 20 magnification for the best-three consecutive threads from the most central section. RESULTS: Mean micro-CT %BIC was similar for control and test (57.2 +/- 0.05% versus 56.4 +/- 0.03%, p = 0.5). There was considerable inter-examiner variability (interclass correlation coefficient = 0.44). RFA showed no clinically-detectable difference between the two groups (control ISQ: 75.2 +/- 4.2; test ISQ: 76.3 +/- 1.7; p = 0.48). However, histometric analysis found a marked and highly statistically-significant difference (%BIC Test 72.5 +/- 8.6%, Control 46.2 +/- 12.1%, p = 0.01). CONCLUSIONS: The novel anodic oxidation technique increased early ossointegration of rough-surfaced implants by 157%. Neither clinical testing with resonant frequency analysis nor radiographic analysis using micro-CT had sufficient resolution to detect this improvement. Whether this gain in early bone-implant contact is clinically significant in the context of early occlusal loading is the subject of subsequent experiments.,��https://www.ncbi.nlm.nih.gov/pubmed/22073469Î��Duncan, Warwick J
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Malaysia/epidemiology���Mar»��Paramyxoviruses have been implicated in both animal and human infections. Some viruses, such as Morbilliviruses are responsible for large-scale epidemics. However, there are limited observations of these viruses crossing the host species barrier in nature. In 1994, in Australia a fatal infection in horses and humans was identified to be caused by a new Paramyxovirus, Hendra virus (HeV), and in 1998 in Malaysia, a closely related virus, Nipah virus (NiV) was responsible for fatal infections in pigs and humans. These two viruses were sufficiently different from previously described Paramyxoviruses to create a new genus, Henipaviruses. The natural reservoir of these viruses was the fruit bat (Pteropus), which is found in regions extending from the western Pacific to the eastern coast of Africa. Serological studies have established that as many as half the fruit bats in colonies throughout these regions may have antibodies against this family of viruses. The availability of diagnostic reagents for Nipah virus in humans have identified infections in several countries including, Bangladesh, India and Indonesia. In some of these epidemics, mortality in humans exceeds 75%. Deforestation is probably responsible for fruit bats leaving their ecological niches and approaching farms and villages. The infection of humans and animals may occur via contaminated foods or in certain cases by animals to man. At present, only within close families has human-to-human transmission been proposed. Henipavirus infections are probably more widespread than it is at presently known and so it is important to have an intense monitoring for these diseases, especially in countries where large-scale deforestation is happening.,��https://www.ncbi.nlm.nih.gov/pubmed/18511217���Wild, T F
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*Virus Attachment���Jun¼��Nipah and Hendra viruses are emergent paramyxoviruses, causing disease characterized by rapid onset and high mortality rates, resulting in their classification as Biosafety Level 4 pathogens. Their attachment glycoproteins are essential for the recognition of the cell-surface receptors ephrin-B2 (EFNB2) and ephrin-B3 (EFNB3). Here we report crystal structures of both Nipah and Hendra attachment glycoproteins in complex with human EFNB2. In contrast to previously solved paramyxovirus attachment complexes, which are mediated by sialic acid interactions, the Nipah and Hendra complexes are maintained by an extensive protein-protein interface, including a crucial phenylalanine side chain on EFNB2 that fits snugly into a hydrophobic pocket on the viral protein. By analogy with the development of antivirals against sialic acid binding viruses, these results provide a structural template to target antiviral inhibition of protein-protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18488039¾��Bowden, Thomas A
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*Swine Diseases/diagnosis/epidemiology/virology���Mar-Apr���Nipah encephalitis is a particular dangerous disease that affects animals and man. Fatal cases of the disease have been identified in the persons looking after pigs in the villages of Malaysia. The causative agent is presumably referred to as morbilliviruses of the Paramixoviridae family. Two hundred persons died among the ill patients with the signs of encephalitis. The principal hosts of the virus were fox-bats (Megaschiroptera) inhabiting in the surrounding forests. The present paper descries the epidemiological features of the disease, its clinical manifestations, abnormal anatomic changes, diagnosis, and implemented controlling measures.,��https://www.ncbi.nlm.nih.gov/pubmed/18450103¥��Kolomytsev, A A
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Virulence���Apr 306��Innate immunity is critically dependent on the rapid production of interferon in response to intruding viruses. The intracellular pathogen recognition receptors RIG-I and MDA5 are essential for interferon induction by viral RNAs containing 5' triphosphates or double-stranded structures, respectively. Viruses with a negative-stranded RNA genome are an important group of pathogens causing emerging and re-emerging diseases. We investigated the ability of genomic RNAs from substantial representatives of this virus group to induce interferon via RIG-I or MDA5. RNAs isolated from particles of Ebola virus, Nipah virus, Lassa virus, and Rift Valley fever virus strongly activated the interferon-beta promoter. Knockdown experiments demonstrated that interferon induction depended on RIG-I, but not MDA5, and phosphatase treatment revealed a requirement for the RNA 5' triphosphate group. In contrast, genomic RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus did not trigger interferon induction. Sensitivity of these RNAs to a 5' monophosphate-specific exonuclease indicates that the RIG-I-activating 5' triphosphate group was removed post-transcriptionally by a viral function. Consequently, RIG-I is unable to bind the RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus. These results establish RIG-I as a major intracellular recognition receptor for the genome of most negative-strand RNA viruses and define the cleavage of triphosphates at the RNA 5' end as a strategy of viruses to evade the innate immune response.,��https://www.ncbi.nlm.nih.gov/pubmed/18446221D��Habjan, Matthias
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Time Factors���Apr 1E��BACKGROUND: In Bangladesh, 4 outbreaks of Nipah virus infection were identified during the period 2001-2004. METHODS: We characterized the clinical features of Nipah virus-infected individuals affected by these outbreaks. We classified patients as having confirmed cases of Nipah virus infection if they had antibodies reactive with Nipah virus antigen. Patients were considered to have probable cases of Nipah virus infection if they had symptoms consistent with Nipah virus infection during the same time and in the same community as patients with confirmed cases. RESULTS: We identified 92 patients with Nipah virus infection, 67 (73%) of whom died. Although all age groups were affected, 2 outbreaks principally affected young persons (median age, 12 years); 62% of the affected persons were male. Fever, altered mental status, headache, cough, respiratory difficulty, vomiting, and convulsions were the most common signs and symptoms; clinical and radiographic features of acute respiratory distress syndrome of Nipah illness were identified during the fourth outbreak. Among those who died, death occurred a median of 6 days (range, 2-36 days) after the onset of illness. Patients who died were more likely than survivors to have a temperature >37.8 degrees C, altered mental status, difficulty breathing, and abnormal plantar reflexes. Among patients with Nipah virus infection who had well-defined exposure to another patient infected with Nipah virus, the median incubation period was 9 days (range, 6-11 days). CONCLUSIONS: Nipah virus infection produced rapidly progressive severe illness affecting the central nervous and respiratory systems. Clinical characteristics of Nipah virus infection in Bangladesh, including a severe respiratory component, appear distinct from clinical characteristics reported during earlier outbreaks in other countries.,��https://www.ncbi.nlm.nih.gov/pubmed/18444812Ã��Hossain, M Jahangir
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Polymerase Chain Reaction/veterinary���Jul 15Á��Bats are considered to be natural reservoirs for several viruses of clinical importance, including rabies virus, Nipah virus, and Hendra virus. Type I interferons (IFNs) is an important part of the immune system in the defense against viral infection. To investigate the function of type I IFNs upon viral infection in bats, the nucleic acid, and amino acid sequences of Egyptian Rousette (Rousettus aegyptiacus) IFN-alpha and -beta were characterized. Sequence data indicated that bat IFN-alpha consists of 562-bp encoded 187-aa, and IFN-beta consisted of 558-bp encoded 186-aa. Phylogenetic analysis of the overall identity of IFN-beta shared the highest sequence homology with pig IFN-beta in both nucleotide and amino acid level. Stimulation of bat primary kidney cells (BPKCs) and bat lung cell lines, Tb-1 Lu, with polyinosinic-polycytidylic acid (poly(I:C)) or exogenous bat type I IFNs resulted in increased type I IFNs mRNA expression in BPKCs, but not in Tb-1 Lu. Characterization of the bat IFN-alpha and -beta genes allows understanding of the immune responses upon stimulation in different tissues, thus providing practical strategies for control and treatment of clinically important diseases. These results are important especially for the virus infection, and suggest that future molecular studies on virus infection experiment of bats in vitro will require careful consideration of the differences of type I IFN expression patterns in different cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/18436311���Omatsu, Tsutomu
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Treatment Outcome���AprP��BACKGROUND: Telmisartan is an orally active angiotensin II receptor antagonist prescribed once daily. OBJECTIVE: To evaluate the efficacy of telmisartan on blood pressure control, and on other end points, when given as monotherapy or in combination. METHODS: Review of published literature. RESULTS: Telmisartan produces more effective control of blood pressure over 24 h, especially in the last 6 h of the dosing interval, compared with other antihypertensive agents. It also possesses pleiotrophic effects on lipid and glucose metabolism, but lacks evidence of efficacy in reducing vascular events. CONCLUSIONS: Clinical outcome trials expected to report in 2008 will provide hard end points that may demonstrate advantages of telmisartan as monotherapy, or in combination with angiotensin-converting enzyme inhibitors, for managing hypertension.,��https://www.ncbi.nlm.nih.gov/pubmed/18433350¢��Rosario, Barbara H
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Virus Replication/genetics/*physiology���MayÃ��Nipah virus (NiV) is a recently emergent, highly pathogenic, zoonotic paramyxovirus of the genus Henipavirus. Like the phosphoprotein (P) gene of other paramyxoviruses, the P gene of NiV is predicted to encode three additional proteins, C, V and W. When the C, V and W proteins of NiV were tested for their ability to inhibit expression of the chloramphenicol acetyltransferase (CAT) reporter gene in plasmid-based, minigenome replication assays, each protein inhibited CAT expression in a dose-dependent manner. The C, V and W proteins of NiV also inhibited expression of CAT from a measles virus (MV) minigenome, but not from a human parainfluenzavirus 3 (hPIV3) minigenome. Interestingly, the C and V proteins of MV, which have previously been shown to inhibit MV minigenome replication, also inhibited NiV minigenome replication; however, they were not able to inhibit hPIV3 minigenome replication. In contrast, the C protein of hPIV3 inhibited minigenome replication of hPIV3, NiV and MV. Although there is very limited amino acid sequence similarity between the C, V and W proteins within the paramyxoviruses, the heterotypic inhibition of replication suggests that these proteins may share functional properties.,��https://www.ncbi.nlm.nih.gov/pubmed/18420809ã��Sleeman, Katrina
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Viral Structural Proteins/genetics/*metabolism���Jul���Emerging viruses in the paramyxovirus genus Henipavirus evade host antiviral responses via protein interactions between the viral V and W proteins and cellular STAT1 and STAT2 and the cytosolic RNA sensor MDA5. Polo-like kinase (PLK1) is identified as being an additional cellular partner that can bind to Nipah virus P, V, and W proteins. For both Nipah virus and Hendra virus, contact between the V protein and the PLK1 polo box domain is required for V protein phosphorylation. Results indicate that PLK1 is engaged by Nipah virus V protein amino acids 100 to 160, previously identified as being the STAT1 binding domain responsible for host interferon (IFN) signaling evasion, via a Thr-Ser-Ser-Pro motif surrounding residue 130. A distinct Ser-Thr-Pro motif surrounding residue 199 mediates the PLK1 interaction with Hendra virus V protein. Select mutations in the motif surrounding residue 130 also influenced STAT1 binding and innate immune interference, and data indicate that the V:PLK1 and V:STAT complexes are V mediated yet independent of one another. The effects of STAT1/PLK1 binding motif mutations on the function the Nipah virus P protein in directing RNA synthesis were tested. Remarkably, mutations that selectively disrupt the STAT or PLK1 interaction site have no effects on Nipah virus P protein-mediated viral RNA synthesis. Therefore, mutations targeting V protein-mediated IFN evasion will not alter the RNA synthetic capacity of the virus, supporting an attenuation strategy based on disrupting host protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18417573���Ludlow, Louise E
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Virus Shedding���Mayä��Nipah virus (NiV; Paramyxoviridae) caused fatal encephalitis in humans during an outbreak in Malaysia in 1998/1999 after transmission from infected pigs. Our previous study demonstrated that the respiratory, lymphatic and central nervous systems are targets for virus replication in experimentally infected pigs. To continue the studies on pathogenesis of NiV in swine, six piglets were inoculated oronasally with 2.5 x 10(5) PFU per animal. Four pigs developed mild clinical signs, one exudative epidermitis, and one neurologic signs due to suppurative meningoencephalitis, and was euthanized at 11 days post-inoculation (dpi). Neutralizing antibodies reached in surviving animals titers around 1280 at 16 dpi. Nasal and oro-pharyngeal shedding of the NiV was detected between 2 and 17 dpi. Virus appeared to be cleared from the tissues of the infected animals by 23 dpi, with low amount of RNA detected in submandibular and bronchial lymph nodes of three pigs, and olfactory bulb of one animal. Despite the presence of neutralizing antibodies, virus was isolated from serum at 24 dpi, and the viral RNA was still detected in serum at 29 dpi. Our results indicate slower clearance of NiV from some of the infected pigs. Bacteria were detected in the cerebrospinal fluid of five NiV inoculated animals, with isolation of Streptococcus suis and Enterococcus faecalis. Staphylococcus hyicus was isolated from the skin lesions of the animal with exudative epidermitis. Along with the observed lymphoid depletion in the lymph nodes of all NiV-infected animals, and the demonstrated ability of NiV to infect porcine peripheral blood mononuclear cells in vitro, this finding warrants further investigation into a possible NiV-induced immunosuppression of the swine host.,��https://www.ncbi.nlm.nih.gov/pubmed/18405339ô��Berhane, Y
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Sequence Homology���May���The emergence of viruses such as severe acute respiratory syndrome coronavirus and Nipah virus has underscored the role of animal reservoirs in human disease and the need for reservoir surveillance. Here, we used a panviral DNA microarray to investigate the death of a captive beluga whale in an aquatic park. A highly divergent coronavirus, tentatively named coronavirus SW1, was identified in liver tissue from the deceased whale. Subsequently, the entire genome of SW1 was sequenced, yielding a genome of 31,686 nucleotides. Phylogenetic analysis revealed SW1 to be a novel virus distantly related to but most similar to group III coronaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18353961¸��Mihindukulasuriya, Kathie A
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Viral Vaccines/*immunology���JanF��The two mammalian codon optimized genes, F and G genes of Nipah virus, were generated by assembly PCR, and inserted into mammalian expression vector pCAGGS under chicken beta-actin promoter to construct pCAGG-NiV-F and pCAGG-NiV-G. Syncytium formation was induced in BHK cells by plasmid pCAGG-NiV-F and pCAGG-NiV-G transfection, which indicate recombination proteins F and G were expressed in BHK cell and possessed good biologic activity. Six-week-old female BALB/c mice were intramuscularly primed with 100 microg pCAGG-NiV-F, pCAGG-NiV-G or pCAGG-NiV-F+ pCAGG-NiV-G respectively, and boosted with same dose after 4 weeks. The sera were collected at 3 weeks post second boost. The serum IgG against Nipah virus F and G proteins was detected by indirect ELISA using recombinant Baculovirus expressed Nipah F and G glycoproteins. The results showed that specific antibodies possessed good sensitivity and specificity. Furthermore, the G and F proteins' specific antibodies could neutralize the infectivity of VSVdeltaG* F/G (the NiV F and G envelope glycoproteins psudotyped recombinant vesicular stomatitis virus expressing green fluorescence protein). And, pCAGG-NiV-G also induced higher titer of neutralizing antibody response than pCAGG-NiV-F did. The result indicates that DAN immunization is an efficient vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/18320822¿��Wang, Xi-Jun
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Tomography, X-Ray Computed���Feb���Infections caused by enteroviruses, rabies, adenoviruses, and Nipah and Hanta viruses are discussed. Several studies defined the pattern of MR imaging findings in these disease processes that reflect parenchymal infiltration with inflammatory cells, typically visualized as areas of low attenuation on CT, as well as of low T1 and high T2 signal intensity on MR imaging. Diffusion-weighted MR imaging has been shown to be superior to conventional magnetic resonance imaging for the detection of early signal abnormalities in encephalitis. Focal unilateral hyperperfusion as visualized by SPECT appears to be an indicator of severe inflammation of the brain tissue and was found to be an independent predictor of poor prognosis, whereas clinical outcome variables, CSF, or EEG findings are not.,��https://www.ncbi.nlm.nih.gov/pubmed/18319156���Rumboldt, Zoran
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Vero Cells���AprÇ��There are currently no antiviral drugs approved for the highly lethal Biosafety Level 4 pathogens Nipah and Hendra virus. A number of researchers are developing surrogate assays amenable to Biosafety Level 2 biocontainment but ultimately, the development of a high throughput screening method for directly quantifying these viruses in a Biosafety Level 4 environment will be critical for final evaluation of antiviral drugs identified in surrogate assays, in addition to reducing the time required for effective antiviral drug development. By adapting an existing immunoplaque assay and using enzyme linked immunodetection in a microtitre plate format, the current experiments describe a simple two step assay protocol involving an overnight virus inoculation of Vero cell monolayers (with or without antiviral drug treatment) at Biosafety Level 4, followed by cell fixation and virus inactivation enabling removal of plates from the Biosafety Level 4 laboratory and a subsequent immunodetection assay using a chemiluminescent horse radish peroxidase substrate to be performed at Biosafety Level 2. The analytical sensitivity (limit of detection) of this assay is 100 tissue culture infectious dose50/ml of either Nipah or Hendra virus. In addition this assay enables linear quantitation of virus over three orders of magnitude and is unaffected by dimethyl sulfoxide concentrations of 1% or less. Intra-assay coefficients of variation are acceptable (less than 20%) when detecting a minimum of 1000 tissue culture infectious dose50/ml of either virus although inter-assay variation is considerably greater. By an assessment of efficacies of the broad spectrum antiviral Ribavirin and an experimental fusion inhibitory peptide, this assay reveals a good correlation with previously published fluorescent immunodetection assays. The current experiments describe for the first time, a high throughput screening method amenable for direct assessment of live henipavirus antiviral drug activity.,��https://www.ncbi.nlm.nih.gov/pubmed/18313148���Aljofan, Mohamad
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Reverse Transcriptase Inhibitors/*blood/pharmacokinetics/therapeutic use���Apr���OBJECTIVES: The aim of this study was to investigate the frequency of CYP2B6 polymorphisms (according to ethnicity) and the influence of heterozygosity and homozygosity on plasma concentrations of efavirenz and nevirapine. METHODS: Following written informed consent, 225 Caucasians and 146 Blacks were recruited from the German Competence Network for HIV/AIDS. Plasma concentrations of efavirenz and nevirapine were assessed by HPLC, and genotyping for 516G>T, 983T>C and 1459T>C polymorphisms in CYP2B6 was conducted by real-time PCR-based allelic discrimination. RESULTS: The minor allele frequency for 516G>T, 983T>C and 1459T>C was 0.29, 0 and 0.08 in Caucasians and 0.34, 0.07 and 0.02 in Blacks, respectively. Two Black patients with the 983C allele receiving efavirenz were identified and both were withdrawn from therapy within 1 week of sampling due to toxicity. In multivariate analyses, efavirenz and nevirapine plasma concentrations were significantly associated with 983T>C (P < 0.0001 and P = 0.02, respectively), 516G>T (P < 0.0001 and P = 0.002, respectively) and time of drug analysis post-dose (P < 0.0001 for both). Body mass index was independently related to efavirenz (P = 0.04) but not nevirapine concentrations, and age was related to nevirapine (P = 0.05) but not efavirenz concentrations. Consistent with other studies, 1459C>T was not associated with plasma concentrations of either drug (P > 0.05 for both drugs). CONCLUSIONS: This is the first report that the 983T>C genotype (part of the CYP2B6*18 haplotype) impacts on nevirapine plasma concentrations and the first study to assess the impact of 983C homozygosity on efavirenz concentrations. These data have implications for administration of non-nucleoside reverse transcriptase inhibitors to Black patients.,��https://www.ncbi.nlm.nih.gov/pubmed/182813053��Wyen, Christoph
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Viral Envelope Proteins/immunology���Mar 15A��We have previously identified neutralizing human monoclonal antibodies against Nipah virus (NiV) and Hendra virus (HeV) by panning a large nonimmune antibody library against a soluble form of the HeV attachment-envelope glycoprotein G (sG HeV). One of these antibodies, m102, which exhibited the highest level of cross-reactive neutralization of both NiV and HeV G, was affinity maturated by light-chain shuffling combined with random mutagenesis of its heavy-chain variable domain and panning against sGHeV. One of the selected antibody Fab clones, m102.4, had affinity of binding to sGHeV that was equal to or higher than that of the other Fabs; it was converted to IgG1 and tested against infectious NiV and HeV. It exhibited exceptionally potent and cross-reactive inhibitory activity with 50% inhibitory concentrations below 0.04 and 0.6 microg/mL, respectively. The virus-neutralizing activity correlated with the binding affinity of the antibody to sG HeV and sG NiV. m102.4 bound a soluble form of NiV G (sG NiV) better than it bound sG HeV, and it neutralized NiV better than HeV, despite being originally selected against sG HeV. These results suggest that m102.4 has potential as a therapeutic agent for the treatment of diseases caused by henipaviruses. It could be also used for prophylaxis and diagnosis, and as a research reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/18271743å��Zhu, Zhongyu
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Risk Factors���Jul7��An encephalitis outbreak was investigated in Faridpur District, Bangladesh, in April-May 2004 to determine the cause of the outbreak and risk factors for disease. Biologic specimens were tested for Nipah virus. Surfaces were evaluated for Nipah virus contamination by using reverse transcription-PCR (RT-PCR). Thirty-six cases of Nipah virus illness were identified; 75% of case-patients died. Multiple peaks of illness occurred, and 33 case-patients had close contact with another Nipah virus patient before their illness. Results from a case-control study showed that contact with 1 patient carried the highest risk for infection (odds ratio 6.7, 95% confidence interval 2.9-16.8, p < 0.001). RT-PCR testing of environmental samples confirmed Nipah virus contamination of hospital surfaces. This investigation provides evidence for person-to-person transmission of Nipah virus. Capacity for person-to-person transmission increases the potential for wider spread of this highly lethal pathogen and highlights the need for infection control strategies for resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/18214175å��Gurley, Emily S
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Zoonoses/epidemiology/virology���Apr 7���Hendra virus (HeV) is a lethal paramyxovirus which emerged in humans in 1994. Poor understanding of HeV dynamics in Pteropus spp. (flying fox or fruit bat) reservoir hosts has limited our ability to determine factors driving its emergence. We initiated a longitudinal field study of HeV in little red flying foxes (LRFF; Pteropus scapulatus) and examined individual and population risk factors for infection, to determine probable modes of intraspecific transmission. We also investigated whether seasonal changes in host behaviour, physiology and demography affect host-pathogen dynamics. Data showed that pregnant and lactating females had significantly higher risk of infection, which may explain previously observed temporal associations between HeV outbreaks and flying fox birthing periods. Age-specific seroprevalence curves generated from field data imply that HeV is transmitted horizontally via faeces, urine or saliva. Rapidly declining seroprevalence between two field seasons suggests that immunity wanes faster in LRFF than in other flying fox species, and highlights the potentially critical role of this species in interspecific viral persistence. The highest seroprevalence was observed when animals showed evidence of nutritional stress, suggesting that environmental processes that alter flying fox food sources, such as habitat loss and climate change, may increase HeV infection and transmission. These insights into the ecology of HeV in flying fox populations suggest causal links between anthropogenic environmental change and HeV emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/18198149���Plowright, Raina K
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Zoonoses���MarY��The routes of henipavirus transmission between hosts are poorly understood. The purpose of this study was to measure the persistence of henipaviruses under various environmental conditions and thereby gain an insight into likely mechanisms of transmission. Henipaviruses survived for more than 4 days at 22 degrees C in pH-neutral fruit bat urine but were sensitive to higher temperatures and pH changes. On mango flesh, survival time varied depending on temperature and fruit pH, ranging from 2h to more than 2 days. Desiccation of viruses substantially reduced survival time to less than 2h. The sensitivity of henipaviruses to pH, temperature and desiccation indicates a need for close contact between hosts for transmission to occur, although under ideal conditions henipaviruses can persist for extended periods facilitating vehicle-borne transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/18166242a��Fogarty, Rhys
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Species Specificity���Mar 15ø��Hendra virus (HeV) and Nipah virus (NiV) are closely related paramyxoviruses that infect and cause disease in a wide range of mammalian hosts. To determine whether host receptor molecules play a role in species-specific and/or virus-specific infection we have cloned and characterized ephrin-B2 and ephrin-B3 ligands from a range of species, including human, horse, pig, cat, dog, bats (Pteropus alecto and Pteropus vampyrus) and mouse. HeV and NiV were both able to infect cells expressing any of the ephrin-B2 and ephrin-B3 molecules. There did not appear to be significant differences in receptor function from different species or receptor usage by HeV and NiV. Soluble ephrin ligands, their receptors and G-specific human monoclonal antibodies differentially blocked henipavirus infections suggesting different receptor affinities, overlapping receptor binding domains of the henipavirus attachment glycoprotein (G) and that the functional domains of the ephrin ligands may be important for henipavirus binding.,��https://www.ncbi.nlm.nih.gov/pubmed/18054977±��Bossart, Katharine N
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Humans���Oct 10���For many centuries, man is fascinated by bats, the only flying mammals. Probably because of their particular immune system, bats can be considered an important reservoir for new emerging viral diseases like SARS-Coronavirus, Marburg fever, Ebola fever and Nipah virus encephalitis. During closer contact, they can transmit rabies and probably other nonviral infectious diseases. Bats get closer to man due to ecological modifications like deforestation, so that transmission of new infectious agents might provoke dramatic epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/17985603y��Genne, Daniel
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Recombinant Proteins/immunology#��Four monoclonal antibodies (mAbs) were generated by immunizing BALB/C mice with recombinant nucleocapsid protein (N) of Nipah virus (NiV) and Hendra virus (HeV) expressed in E. coli. Two mAbs each were obtained for the HeV N and NiV N, respectively. All four mAbs displayed specific reactivity with the recombinant N proteins of both viruses by western blot, which was further confirmed by immunofluorescent antibody assay using fixed insect cells infected with recombinant baculoviruses expressing either the HeV or NiV N protein. Epitope mapping using a 12-mer random peptide phage display library revealed two linear antigenic sites of the henipavirus N proteins, KLxR (aa 17-20) and FKREM (aa 446-450), which have not been reported previously. Two of the mAbs were able to specifically recognize HeV antigens by immunohistochemical staining of lung tissue sections of a horse experimentally infected with HeV. These reagents will be a useful addition to the collection of tools essential for further research and improvement in diagnosis of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17978885Û��Xiao, C
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Virus Replication/drug effects���Jan 5���In this study we report the development and optimization of two minigenome rescue systems for Nipah virus, a member of the Paramyxoviridae family. One is mediated by the T7 RNA polymerase supplied either by a constitutively expressing cell line or by transfection of expression plasmids and is thus independent from infection with a helper virus. The other approach is based on RNA polymerase I-driven transcription, a unique approach for paramyxovirus reverse genetics technology. Minigenome rescue was evaluated by reporter gene activities of (i) the two different minigenome transcription systems, (ii) genomic versus antigenomic-oriented minigenomes, (iii) different ratios of the viral protein expression plasmids, and (iv) time course experiments. The high efficiency and reliability of the established systems allowed for downscaling to 96-well plates. This served as a basis for the development of a high-throughput screening system for potential antivirals that target replication and transcription of Nipah virus without the need of high bio-containment. Using this system we were able to identify two compounds that reduced minigenome activity.,��https://www.ncbi.nlm.nih.gov/pubmed/17904180.��Freiberg, Alexander
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Zoonoses]��Two related, novel, zoonotic paramyxoviruses have been described recently. Hendra virus was first reported in horses and thence humans in Australia in 1994; Nipah virus was first reported in pigs and thence humans in Malaysia in 1998. Human cases of Nipah virus infection, apparently unassociated with infection in livestock, have been reported in Bangladesh since 2001. Species of fruit bats (genus Pteropus) have been identified as natural hosts of both agents. Anthropogenic changes (habitat loss, hunting) that have impacted the population dynamics of Pteropus species across much of their range are hypothesised to have facilitated emergence. Current strategies for the management of henipaviruses are directed at minimising contact with the natural hosts, monitoring identified intermediate hosts, improving biosecurity on farms, and better disease recognition and diagnosis. Investigation of the emergence and ecology of henipaviruses warrants a broad, cross-disciplinary ecosystem health approach that recognises the critical linkages between human activity, ecological change, and livestock and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/17848064ÿ��Field, H E
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Zoonoses/*transmission/virologyZ��Infection and disease in reservoir and spillover hosts determine patterns of infectious agent availability and opportunities for infection, which then govern the process of transmission between susceptible species. In this chapter, using the zoonotic agents Hendra virus and Nipah virus as examples, the pathogenesis of infection in various species including the wildlife reservoirs and domestic spillover hosts is reviewed with an emphasis on the aspects of pathogenesis which contribute to the dissemination of infection. Through these discussions, the emergence of these zoonotic agents is explored.,��https://www.ncbi.nlm.nih.gov/pubmed/17848063}��Daniels, P W
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Virus Shedding���Sep 15î��A female adult cat developed clinical disease 13 days after subcutaneous inoculation with Nipah virus (NiV) and was discovered to be pregnant at necropsy. Viral genome was detected in a variety of specimens, including blood, serum, tonsil swabs, and urine, up to 3 days before the onset of disease. Samples collected postmortem, including placenta, uterine fluid, and fetal tissues, were also positive for NiV genome, and the placenta and uterine fluid contained high levels of recoverable virus. The high levels of viral shedding in the adult combined with fetal viral replication suggests that both vertical and horizontal transmission of NiV could play a role in spillover events, an essential element in the epidemiology of Henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17703410/��Mungall, Bruce A
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Virus Replication���Sep(��Genome synthesis in paramyxoviruses, including Nipah virus (NiV), is controlled by sequence elements that reside in the non-coding nucleotides at the 5'-trailer (3'-antigenomic) end that make up the antigenomic promoter (AGP). Using a chloramphenicol acetyl transferase-based plasmid-driven minigenome system, the terminal 96 nt of NiV AGP were first mutagenized in blocks of three hexamers to enable broad mapping of the minigenome functional regions. This was followed by further dissection of these functional regions to define the cis-acting elements contained therein. Results based on RNA analysis and reporter gene activity identified a bipartite promoter structure similar to that seen in related viruses, but with some distinct differences: in NiV, each of the two discrete replication control elements was bimodal, characterized by a critical conserved region (nt 1-12 and 79-91) and a contiguous non-conserved region (nt 13-36 and 73-78), which appeared less important. The regulatory role of these less critical regions was underscored by the use of a two-step mutation strategy, which revealed the additive detrimental effect of substitutions in this part of the terminal element. The structure and sequence characteristics of the internal control element was also different: it involved four contiguous hexamers, and the region encompassing three of these (nt 79-96, corresponding to hexamers 14, 15 and 16), although analogous in position to the equivalent element in the Sendai virus AGP, was characterized by the distinct 5'-(GNNNUG)(14-15)(GNNNNN)(16) motif.,��https://www.ncbi.nlm.nih.gov/pubmed/17698665È��Walpita, Pramila
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Survivors���Sep6��OBJECTIVE: Nipah virus (NiV) is an emerging zoonosis. Central nervous system disease frequently results in high case-fatality. Long-term neurological assessments of survivors are limited. We assessed long-term neurologic and functional outcomes of 22 patients surviving NiV illness in Bangladesh. METHODS: During August 2005 and May 2006, we administered a questionnaire on persistent symptoms and functional difficulties to 22 previously identified NiV infection survivors. We performed neurologic evaluations and brain magnetic resonance imaging (MRI). RESULTS: Twelve (55%) subjects were male; median age was 14.5 years (range 6-50). Seventeen (77%) survived encephalitis, and 5 survived febrile illness. All but 1 subject had disabling fatigue, with a median duration of 5 months (range, 8 days-8 months). Seven encephalitis patients (32% overall), but none with febrile illness had persistent neurologic dysfunction, including static encephalopathy (n = 4), ocular motor palsies (2), cervical dystonia (2), focal weakness (2), and facial paralysis (1). Four cases had delayed-onset neurologic abnormalities months after acute illness. Behavioral abnormalities were reported by caregivers of over 50% of subjects under age 16. MRI abnormalities were present in 15, and included multifocal hyperintensities, cerebral atrophy, and confluent cortical and subcortical signal changes. INTERPRETATION: Although delayed progression to neurologic illness following Nipah fever was not observed, persistent fatigue and functional impairment was frequent. Neurologic sequelae were frequent following Nipah encephalitis. Neurologic dysfunction may persist for years after acute infection, and new neurologic dysfunction may develop after acute illness. Survivors of NiV infection may experience substantial long-term neurologic and functional morbidity.,��https://www.ncbi.nlm.nih.gov/pubmed/17696217z��Sejvar, James J
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization/instrumentation���Mar7��Proteins identified in biological fluids of cancer patients could be helpful for both diagnosis and prognosis. However, clinical proteomics based on analysis of protein profiles in biological fluids has demonstrated various flaws, most of them related to the difficulties met in reproducibility. These difficulties could be partly overcome by accurate standardisation of pre-analytical and analytical steps of these studies. The size of the patient cohort is one of the parameters that determine the powerfulness of the study. Recruitment of a cohort with a sufficient size often implies multicentric studies in which analysis of the reproducibility between centres and standardisation of pre-analytical and analytical steps are essential. Such a standardisation requires the use of calibrated samples as common references.,��https://www.ncbi.nlm.nih.gov/pubmed/17669348Í��Lucchi, Geraldine
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Viral Envelope Proteins/genetics/*immunology���Jun©��The fusion protein (F) and attachment glycoprotein (G) of Nipah virus (NiV) are important for the virus to infect cells and induce protective immunity. In this study, the NiV F1 and G gene fragments without the sequences of signal peptide and transmembrane domain were amplified by PCR, then cloned into E. coli expression vector pGEX-6P-1 and modified baculovirus vector, respectively. After induction by IPTG, NiV F1 and G proteins were efficiently expressed in E. coli when analyzed by SDS-PAGE, both showing good reactivity with the rabbit antiserum anti-NiV serum in Western blot. The expression of NiV F1 and G in baculovirus system were also detected by indirect immunofluorescent assay (IFA) of fixed Sf9 cells monolayer infected with the recombinant baculoviruses expressing F1 and G. Furthermore the anti-F1 and anti-G hyperimmune sera were prepared by immunization of rabbits respectively with purified E. coli-expressed F1 and G proteins. Western blot and IFA as well as ELISA showed that antisera against both protein had high titers with good reactivity and specificity. The present study has provided a base for development of diagnostic reagents for detection of NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17672307»��Liu, Yong-jun
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*Virus Internalization���Oct���The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are lethal emerging paramyxoviruses. EphrinB2 and ephrinB3 have been identified as receptors for henipavirus entry. NiV and HeV share similar cellular tropisms and likely use an identical receptor set, although a quantitative comparison of receptor usage by NiV and HeV has not been reported. Here we show that (i) soluble NiV attachment protein G (sNiV-G) bound to cell surface-expressed ephrinB3 with a 30-fold higher affinity than that of sHeV-G, (ii) NiV envelope pseudotyped reporter virus (NiVpp) entered ephrinB3-expressing cells much more efficiently than did HeV pseudotyped particles (HeVpp), and (iii) NiVpp but not HeVpp entry was inhibited efficiently by soluble ephrinB3. These data underscore the finding that NiV uses ephrinB3 more efficiently than does HeV. Henipavirus G chimeric protein analysis implicated residue 507 in the G ectodomain in efficient ephrinB3 usage. Curiously, alternative versions of published HeV-G sequences show variations at residue 507 that can clearly affect ephrinB3 but not ephrinB2 usage. We further defined surrounding mutations (W504A and E505A) that diminished ephrinB3-dependent binding and viral entry without compromising ephrinB2 receptor usage and another mutation (E533Q) that abrogated both ephrinB2 and -B3 usage. Our results suggest that ephrinB2 and -B3 binding determinants on henipavirus G are distinct and dissociable. Global expression analysis showed that ephrinB3, but not ephrinB2, is expressed in the brain stem. Thus, ephrinB3-mediated viral entry and pathology may underlie the severe brain stem neuronal dysfunction seen in fatal Nipah viral encephalitis. Characterizing the determinants of ephrinB2 versus -B3 usage will further our understanding of henipavirus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/17652392t��Negrete, Oscar A
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Virus Internalization/*drug effects���Oct���Hendra virus (HeV) and Nipah virus (NiV) constitute the Henipavirus genus of paramyxoviruses, both fatal in humans and with the potential for subversion as agents of bioterrorism. Binding of the HeV/NiV attachment protein (G) to its receptor triggers a series of conformational changes in the fusion protein (F), ultimately leading to formation of a postfusion six-helix bundle (6HB) structure and fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions, the first (the N-terminal heptad repeat [HRN]) adjacent to the fusion peptide and the second (the C-terminal heptad repeat [HRC]) immediately preceding the transmembrane domain. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing activated F molecules from forming the 6HB structure that is required for fusion. We previously reported that a human parainfluenza virus 3 (HPIV3) F peptide effectively inhibits infection mediated by the HeV glycoproteins in pseudotyped-HeV entry assays more effectively than the comparable HeV-derived peptide, and we now show that this peptide inhibits live-HeV and -NiV infection. HPIV3 F peptides were also effective in inhibiting HeV pseudotype virus entry in a new assay that mimics multicycle replication. This anti-HeV/NiV efficacy can be correlated with the greater potential of the HPIV3 C peptide to interact with the HeV F N peptide coiled-coil trimer, as evaluated by thermal unfolding experiments. Furthermore, replacement of a buried glutamic acid (glutamic acid 459) in the C peptide with valine enhances antiviral potency and stabilizes the 6HB conformation. Our results strongly suggest that conserved interhelical packing interactions in the F protein fusion core are important determinants of C peptide inhibitory activity and offer a strategy for the development of more-potent analogs of F peptide inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/17652384É��Porotto, M
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Viruses/*isolation & purification���Apr���Newly emergent infectious diseases are a global public health problem. The population dense regions of Southeast Asia are the epicenter of many emerging diseases, as evidenced by the outbreak of Nipah, SARS, avian influenza (H5N1), Dengue, and enterovirus 71 in this region in the past decade. Rapid identification, epidemiologic surveillance, and mitigation of transmission are major challenges in ensuring public health safety. Here we describe a powerful new approach for infectious disease surveillance that is based on polymerase chain reaction (PCR) to amplify nucleic acid targets from large groupings of organisms, electrospray ionization mass spectrometry (ESI-MS) for accurate mass measurements of the PCR products, and base composition signature analysis to identify organisms in a sample. This approach is capable of automated analysis of more than 1,500 PCR reactions a day. It is applicable to the surveillance of bacterial, viral, fungal, or protozoal pathogens and will facilitate rapid characterization of known and emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/174709151��Sampath, Rangarajan
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Viral Envelope Proteins/*physiology���Apr���Nipah (NiV) and Hendra (HeV) viruses are members of the newly defined Henipavirus genus of the Paramyxoviridae. Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70% of infected patients, and there is increasing evidence of human-to-human transmission. NiV is designated a priority pathogen in the NIAID Biodefense Research Agenda, and could be a devastating agent of agrobioterrorism if used against the pig farming industry. Endothelial syncytium is a pathognomonic feature of NiV infections, and is mediated by the fusion (F) and attachment (G) envelope glycoproteins. This review summarizes what is known about the pathophysiology of NiV infections, and documents the identification of the NiV receptor. EphrinB2, the NiV and HeV receptor, is expressed on endothelial cells and neurons, consistent with the known cellular tropism for NiV. We discuss how the identification of the henipahvirus receptor sheds light on the pathobiology of NiV infection, and how it will spur the rational development of effective therapeutics. In addition, ephrinB3, a related protein, can serve as an alternative receptor, and we suggest that differential usage of ephrinB2 versus B3 may explain the variant pathogenic profiles observed between NiV and HeV. Thus, identifying the NiV receptors opens the door for a more comprehensive analysis of the envelope-receptor interactions in NiV pathobiology. Finally, we also describe how galectin-1 (an innate immune defense lectin) can interact with specific N-glycans on the Nipah envelope fusion protein, underscoring the potential role that innate immune defense mechanisms may play against emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/17470911h��Lee, Benhur
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Viral Fusion Proteins/*chemistry���May 1q��Paramyxoviruses are a diverse family that utilizes a fusion (F) protein to enter cells via fusion of the viral lipid bilayer with a target cell membrane. Although certain regions of the F protein are known to play critical roles in membrane fusion, the function of much of the protein remains unclear. Sequence alignment of a set of paramyxovirus F proteins and analysis utilizing Block Maker identified a region of conserved amino acid sequence in a large domain between the heptad repeats of F1, designated CBF1. We employed site-directed mutagenesis to analyze the function of completely conserved residues of CBF1 in both the simian virus 5 (SV5) and Hendra virus F proteins. The majority of CBF1 point mutants were deficient in homotrimer formation, proteolytic processing, and transport to the cell surface. For some SV5 F mutants, proteolytic cleavage and surface expression could be restored by expression at 30 degrees C, and varying levels of fusion promotion were observed at this temperature. In addition, the mutant SV5 F V402A displayed a hyperfusogenic phenotype at both 30 and 37 degrees C, indicating that this mutation allows for efficient fusion with only an extremely small amount of cleaved, active protein. The recently published prefusogenic structure of PIV5/SV5 F (Yin, H. S., et al. (2006) Nature 439, 38-44) indicates that residues within and flanking CBF1 interact with the fusion peptide domain. Together, these data suggest that CBF1-fusion peptide interactions are critical for the initial folding of paramyxovirus F proteins from this important viral family and can also modulate subsequent membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/17417875^��Gardner, Amanda E
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*Viral Interference���Feb<��Nipah virus (NiV) and Hendra virus (HeV) are newly identified members of the family Paramyxoviridae and have been classified in the new genus Henipavirus based on unique genetic characteristics distinct from other paramyxoviruses. Transgenic cell lines were generated that expressed either the attachment protein (G) or the fusion protein (F) of NiV. Functional expression of NiV F and G was verified by complementation with the corresponding glycoprotein, which resulted in the development of syncytia. When exposed to NiV and HeV, expression of NiV G in Crandall feline kidney cells resulted in a qualitative inhibition of both cytopathic effect (CPE) and cell death by both viruses. RT-PCR analysis of surviving exposed cells showed a complete absence of viral positive-sense mRNA and genomic negative-sense viral RNA. Cells expressing NiV G were also unable to fuse with cells co-expressing NiV F and G in a fluorescent fusion inhibition assay. Cell-surface staining for the cellular receptors for NiV and HeV (ephrin-B2 and ephrin-B3) indicated that they were located on the surface of cells, regardless of NiV G expression or infection by NiV. These results indicated that viral interference can be established for henipaviruses and requires only the expression of the attachment protein, G. Furthermore, it was found that this interference probably occurs at the level of virus entry, as fusion was not observed in cells expressing NiV G. Finally, expression of NiV G by either transient transfection or NiV infection did not alter the cell-surface levels of the two known viral receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/17251577É��Sawatsky, Bevan
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Virus Assembly���Jan 4×��BACKGROUND: Nipah virus (NiV) is an emerging paramyxovirus distinguished by its ability to cause fatal disease in both animal and human hosts. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the Paramyxoviridae family. NiV and HeV are also restricted to Biosafety Level-4 containment and this has hampered progress towards examining details of their replication and morphogenesis. Here, we have established recombinant expression systems to study NiV particle assembly and budding through the formation of virus-like particles (VLPs). RESULTS: When expressed by recombinant Modified Vaccinia virus Ankara (rMVA) or plasmid transfection, individual NiV matrix (M), fusion (F) and attachment (G) proteins were all released into culture supernatants in a membrane-associated state as determined by sucrose density gradient flotation and immunoprecipitation. However, co-expression of F and G along with M revealed a shift in their distribution across the gradient, indicating association with M in VLPs. Protein release was also altered depending on the context of viral proteins being expressed, with F, G and nucleocapsid (N) protein reducing M release, and N release dependent on the co-expression of M. Immunoelectron microscopy and density analysis revealed VLPs that were similar to authentic virus. Differences in the budding dynamics of NiV proteins were also noted between rMVA and plasmid based strategies, suggesting that over-expression by poxvirus may not be appropriate for studying the details of recombinant virus particle assembly and release. CONCLUSION: Taken together, the results indicate that NiV M, F, and G each possess some ability to bud from expressing cells, and that co-expression of these viral proteins results in a more organized budding process with M playing a central role. These findings will aid our understanding of paramyxovirus particle assembly in general and could help facilitate the development of a novel vaccine approach for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17204159b��Patch, Jared R
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*Zoonoses���Wintery��Bats classified in the order Chiroptera are the most abundant and widely distributed non-human mammalian species in the world. Several bat species are reservoir hosts of zoonotic viruses and therefore can be a public health hazard. Lyssaviruses of different genotypes have emerged from bats in America (Genotype 1 rabies virus; RABV), Europe (European bat lyssavirus; EBLV), and Australia (Australian bat lyssavirus; ABLV), whereas Nipah virus is the most important recent zoonosis of bat origin in Asia. Furthermore, some insectivorous bat species may be important reservoirs of SARS coronavirus, whereas Ebola virus has been detected in some megachiropteran fruit bats. Thus far, European bat lyssavirus (EBLV) is the only zoonotic virus that has been detected in bats in Europe. New zoonotic viruses may emerge from bat reservoirs and known ones may spread to a wider geographical range. To assess future threats posed by zoonotic viruses of bats, there is a need for accurate knowledge of the factors underlying disease emergence, for an effective surveillance programme, and for a rapid response system. In Europe, primary efforts should be focussed on the implementation of effective passive and active surveillance systems for EBLVs in the Serotine bat, Eptesicus serotinus, and Myotis species (i.e., M. daubentonii and M. dasycneme). Apart from that, detection methods for zoonotic viruses that may emerge from bats should be implemented. Analyses of data from surveillance studies can shed more light on the dynamics of bat viruses, (i.e., population persistence of viruses in bats). Subsequently, studies will have to be performed to assess the public health hazards of such viruses (i.e., infectivity and risk of infection to people). With the knowledge generated from this kind of research, a rapid response system can be set up to enhance public health awareness of emerging zoonotic viruses of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/17187565¥��van der Poel, Wim H M
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Reverse Transcriptase Polymerase Chain Reaction/*methods���Apr���A method for duplex nested RT-PCR (nRT-PCR) with internal control (IC) for the detection of Nipah virus RNA is described. Incorporation of IC RNA distinguished false and true negative results. The extrinsic RNA was added directly to the PCR master mix and co-amplified with virus specific RNA in a duplex reaction to determine the presence of PCR inhibitor. Limit of detection was affected minimally when IC was added. Of 53 pooled urine samples collected from fruit bats (Pteropus lylei), 16 were validated by the presence of IC band on gel electrophoresis. Seven of these were also Nipah virus RNA positive. The remaining 37 samples were considered invalid. Twenty-two urine samples became valid after dilution of 1:5 and re-examined; two were Nipah virus RNA positive. These nine positive results were confirmed by sequencing of heminested PCR products. The result indicated that at least two different Nipah strains circulated in this bat species from Thailand. This method should be useful for surveillance for Nipah virus infection in animals in a country where a biosecurity level (BSL) 4 laboratory is not available. PCR inhibitors were present in a significant number of bat urine samples. The technique described in this study should improve reliability of surveillance statistics.,��https://www.ncbi.nlm.nih.gov/pubmed/17184850Ñ��Wacharapluesadee, Supaporn
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Virus Replicationh��Nipah virus (NiV) is an emergent zoonotic paramyxovirus. The L proteins of most paramyxoviruses contain a GDNQ motif, thought to be part of the catalytic site for polymerase activity. Conversely, NiV L has GDNE in this position. We substituted the E residue with eight different amino acid residues and examined the effect on L function in an in vitro replication assay. Our results demonstrated that NiV L functioned with similar efficiency with either GDNE or GDNQ, but polymerase activity was severely reduced or abolished when a structurally destabilising residue (such as K, P or G) was introduced at this site.,��https://www.ncbi.nlm.nih.gov/pubmed/17143779º��Magoffin, D E
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Viral Vaccines/*immunology���Oct���We investigated the antibody response of DNA immunization with two mammalian codon optimized envelope glycoprotein genes, F and G, of Nipah virus in a mouse model. The results indicated that G gene immunization elicited more significant specific serum IgG response and neutralization antibody response than F gene did, suggesting that the G gene DNA immunization is a potential vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17135518Ì��Wang, Xijun
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Virosomes/ultrastructure���MarO��Hendra and Nipah viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the family Paramyxoviridae. Currently these viruses are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genes encoding HeV and NiV nucleocapsid proteins were cloned into the yeast Saccharomyces cerevisiae expression vector pFGG3 under control of GAL7 promoter. A high level of expression of these proteins (18-20 mg l(-1) of yeast culture) was obtained. Mass spectrometric analysis confirmed the primary structure of both proteins with 92% sequence coverage obtained using MS/MS analysis. Electron microscopy demonstrated the assembly of typical herring-bone structures of purified recombinant nucleocapsid proteins, characteristic for other paramyxoviruses. The nucleocapsid proteins revealed stability in yeast and can be easily purified by cesium chloride gradient ultracentrifugation. HeV nucleocapsid protein was detected by sera derived from fruit bats, humans, horses infected with HeV, and NiV nucleocapsid protein was immunodetected with sera from, fruit bats, humans and pigs. The development of an efficient and cost-effective system for generation of henipavirus nucleocapsid proteins might help to improve reagents for diagnosis of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17123657E��Juozapaitis, Mindaugas
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Zoonoses/transmission/virology���Nov 20Ï��A veterinarian became infected with Hendra virus (HeV) after managing a terminally ill horse and performing a limited autopsy with inadequate precautions. Although she was initially only mildly ill, serological tests suggested latent HeV infection. Nevertheless, she remains well 2 years after her initial illness. Recently emerged zoonotic viruses, such as HeV, necessitate appropriate working procedures and personal protective equipment in veterinary practice.,��https://www.ncbi.nlm.nih.gov/pubmed/17115969Ð��Hanna, Jeffrey N
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Viral Proteins/*genetics/metabolism/*physiology���Decï��The V protein of the paramyxovirus Nipah virus (NiV) has been shown to antagonize the interferon (IFN) response in human cells via sequestration of STAT1 and STAT2. This study describes a mutant of the NiV V protein, referred to as V(AAHL), that is unable to antagonize IFN signalling and demonstrates that a single amino acid substitution is responsible for its inactivity. The molecular basis for this was identified as a failure to interact with STAT1 and STAT2. It was also shown that NiV V, but not V(AAHL), was functional as an IFN antagonist in human, monkey, rabbit, dog, horse, pig and bat cells, which suggests that the ability of NiV to block IFN signalling is not a major constraint that prevents this virus from crossing species barriers.,��https://www.ncbi.nlm.nih.gov/pubmed/17098981Ñ��Hagmaier, Kathrin
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Virus Replication���Oct 31O��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans and incurred a high fatality rate in humans. Fruit bats, living in vast areas extending from India to the western Pacific, were identified as the natural reservoir of the virus. However, the mechanisms that resulted in severe pathogenicity in humans (up to 70% mortality) and that enabled crossing the species barrier were not known. In this study, we established a system that enabled the rescue of replicating NiVs from a cloned DNA by cotransfection of a constructed full-length cDNA clone and supporting plasmids coding virus nucleoprotein, phosphoprotein, and polymerase with the infection of the recombinant vaccinia virus, MVAGKT7, expressing T7 RNA polymerase. The rescued NiV (rNiV), by using the newly developed reverse genetics system, showed properties in vitro that were similar to the parent virus and retained the severe pathogenicity in a previously established animal model by experimental infection. A recombinant NiV was also developed, expressing enhanced green fluorescent protein (rNiV-EGFP). Using the virus, permissibility of NiV was compared with the presence of a known cellular receptor, ephrin B2, in a number of cell lines of different origins. Interestingly, two cell lines expressing ephrin B2 were not susceptible for rNiV-EGFP, indicating that additional factors are clearly required for full NiV replication. The reverse genetics for NiV will provide a powerful tool for the analysis of the molecular mechanisms of pathogenicity and cross-species infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17053073���Yoneda, Misako
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Zoonoses/epidemiology/transmission/*virology���Mar-Apr(��Amongst the 60 viral species reported to be associated with bats, 59 are RNA viruses, which are potentially important in the generation of emerging and re-emerging infections in humans. The prime examples of these are the lyssaviruses and Henipavirus. The transmission of Nipah, Hendra and perhaps SARS coronavirus and Ebola virus to humans may involve intermediate amplification hosts such as pigs, horses, civets and primates, respectively. Understanding of the natural reservoir or introductory host, the amplifying host, the epidemic centre and at-risk human populations are crucial in the control of emerging zoonosis. The association between the bat coronaviruses and certain lyssaviruses with particular bat species implies co-evolution between specific viruses and bat hosts. Cross-infection between the huge number of bat species may generate new viruses which are able to jump the trans-mammalian species barrier more efficiently. The currently known viruses that have been found in bats are reviewed and the risks of transmission to humans are highlighted. Certain families of bats including the Pteropodidae, Molossidae, Phyllostomidae, and Vespertilionidae are most frequently associated with known human pathogens. A systematic survey of bats is warranted to better understand the ecology of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17042030º��Wong, Samson
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Viral Envelope Proteins/*genetics/immunology/metabolism���Aug���The mammalian condon optimized G gene was synthesized by over-lapping PCR and used to generate recombinant vaccinia virus, rWR-NiV-G. The expression of Nipah virus G protein in rWR-NiV-G infected HeLa cells was confirmed by western-blot with NiV G protein specific mouse antiserum generated by DNA immunization.The recombinant G protein showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect florescence. Syncytium formation was induced in BHK cells by rWR-NiV-G infection following NiV F protein expressing plasmid pCAGG-NiV-F transfection. Immunization with rWR-NiV-G elicited G protein specific antibody responses in mice. The prokaryotic expressing G protein fragment showed sensitive and specific antigenic reaction to NiV G protein specific antibody from rWR-NiV-G immunized mice serum in indirect ELISA. Furthermore, the G protein specific antibodies could neutralize the infectivity of the recombinant Vesicular Stomatitis Virus pseudotype VSVAG * F/G, in which the VSV envelope protein G gene was replaced with the green fluorescent protein gene (VSVAG * G, Whitt MA) and complemented with Nipah virus F and G glycoprotein expressed in transient (VSVAG * F/G).The results here demonstrated the G protein expressed by rWR-NiV-G keeps native immunogenicity and biological activity. The recombinant virus could be promising vaccine strategy for the prevention of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17037071���Wang, Xi-jun
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Viral Vaccines/*immunology���Dece��Nipah virus (NiV) and Hendra virus (HeV) are paramyxoviruses capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. Case reports from outbreaks and previous challenge experiments have suggested that cats were highly susceptible to NiV infection, responding with a severe respiratory disease and systemic infection. Here we have assessed the cat as a model of experimental NiV infection and use it in the evaluation of a subunit vaccine comprised of soluble G glycoprotein (sG). Two groups of two adult cats each were inoculated subcutaneously with either 500 or 5,000 50% tissue culture infective dose(s) (TCID(50)) of NiV. Animals were monitored closely for disease onset, and extensive analysis was conducted on samples and tissues taken during infection and at necropsy to determine viral load and tissue tropism. All animals developed clinical disease 6 to 9 days postinfection, a finding consistent with previous observations. In a subsequent experiment, two cats were immunized with HeV sG and two were immunized with NiV sG. Homologous serum neutralizing titers were greater than 1:20,000, and heterologous titers were greater than 1:20,000 to 16-fold lower. Immunized animals and two additional naive controls were then challenged subcutaneously with 500 TCID(50) of NiV. Naive animals developed clinical disease 6 to 13 days postinfection, whereas none of the immunized animals showed any sign of disease. TaqMan PCR analysis of samples from naive animals revealed considerable levels of NiV genome in a wide range of tissues, whereas the genome was evident in only two immunized cats in only four samples and well below the limit of accurate detection. These results indicate that the cat provides a consistent model for acute NiV infection and associated pathogenesis and an effective subunit vaccine strategy appears achievable.,��https://www.ncbi.nlm.nih.gov/pubmed/17005664ã��Mungall, Bruce A
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Virion/genetics/*physiology���Decª��Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.,��https://www.ncbi.nlm.nih.gov/pubmed/17005661Å��Ciancanelli, Michael J
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Optics and Photonics/instrumentation���Oct���Global biosecurity threats such as the spread of emerging infectious diseases (i.e., avian influenza, SARS, Hendra, Nipah, etc.) and bioterrorism have generated significant interest in recent years. There is considerable effort directed towards understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool which have the potential to detect the outbreak of a virus and/or disease. Although there is a host of technologies available, either commercially or in the scientific literature, the development of biosensors for the detection of emerging infectious diseases (EIDs) is still in its infancy. There is no doubt that the glucose biosensor, the gene chip, the protein chip, etc. have all played and are still playing a significant role in monitoring various biomolecules. Can biosensors play an important role for the detection of emerging infectious diseases? What does the future hold and which biosensor technology platform is suitable for the real-time detection of infectious diseases? These and many other questions will be addressed in this review. The purpose of this review is to present an overview of biosensors particularly in relation to EIDs. It provides a synopsis of the various types of biosensor technologies that have been used to detect EIDs, and describes some of the technologies behind them in terms of transduction and bioreceptor principles.,��https://www.ncbi.nlm.nih.gov/pubmed/17003853Á��Pejcic, Bobby
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cdc42 GTP-Binding Protein/chemistry���Dec 1Â��Many proteins expressed in Escherichia coli cells form inclusion bodies that are neither refoldable nor soluble in buffers. Very surprisingly, we recently discovered that all 11 buffer-insoluble protein fragments/domains we have, with a great diversity of cellular function, location, and molecular size, could be easily solubilized in salt-free water. The circular dichroism (CD) and NMR characterization led to classification of these proteins into three groups: group 1, with no secondary structure by CD and with narrowly-dispersed but sharp (1)H-(15)N heteronuclear single quantum correlation (HSQC) peaks; group 2, with secondary structure by CD but with HSQC peaks broadened and, consequently, only a small set of peaks detectable; and group 3, with secondary structure by CD and also well-separated HSQC peaks. Intriguingly, we failed to find any protein with a tight tertiary packing. Therefore, we propose that buffer-insoluble proteins may lack intrinsic ability to reach or/and to maintain a well-packed conformation, and thus are trapped in partially-folded states with many hydrophobic side chains exposed to the bulk solvent. As such, a very low ionic strength is sufficient to screen out intrinsic repulsive interactions and, consequently, allow the hydrophobic clustering/aggregation to occur. Marvelously enough, it appears that in pure water, proteins have the potential to manifest their full spectrum of structural states by utilizing intrinsic repulsive interactions to suppress the attractive hydrophobic clustering. Our discovery not only gives a novel insight into the properties of insoluble proteins, but also sheds the first light that we know of on previously unknown regimes associated with proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16980357ø��Li, Minfen
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Virion/metabolism���Octµ��Hendra virus (HeV) is a recently identified paramyxovirus that is fatal in humans and could be used as an agent of bioterrorism. The HeV receptor-binding protein (G) is required in order for the fusion protein (F) to mediate fusion, and analysis of the triggering/activation of HeV F by G should lead to strategies for interfering with this key step in viral entry. HeV F, once triggered by the receptor-bound G, by analogy with other paramyxovirus F proteins, undergoes multistep conformational changes leading to a six-helix bundle (6HB) structure that accomplishes fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions (HRN and HRC) near the fusion peptide and the transmembrane domains, respectively. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing F, after the initial triggering step, from forming the 6HB structure that is required for fusion. HeV peptides have previously been found to be effective at inhibiting HeV fusion. However, we found that a human parainfluenza virus 3 F-peptide is more effective at inhibiting HeV fusion than the comparable HeV-derived peptide.,��https://www.ncbi.nlm.nih.gov/pubmed/16973588v��Porotto, M
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Virulence���Oct´��Canine distemper virus (CDV), a member of the Morbillivirus genus that also includes measles virus, frequently causes neurologic complications, but the routes and timing of CDV invasion of the central nervous system (CNS) are poorly understood. To characterize these events, we cloned and sequenced the genome of a neurovirulent CDV (strain A75/17) and produced an infectious cDNA that expresses the green fluorescent protein. This virus fully retained its virulence in ferrets: the course and signs of disease were equivalent to those of the parental isolate. We observed CNS invasion through two distinct pathways: anterogradely via the olfactory nerve and hematogenously through the choroid plexus and cerebral blood vessels. CNS invasion only occurred after massive infection of the lymphatic system and spread to the epithelial cells throughout the body. While at early time points, mostly immune and endothelial cells were infected, the virus later spread to glial cells and neurons. Together, the results suggest similarities in the timing, target cells, and CNS invasion routes of CDV, members of the Morbillivirus genus, and even other neurovirulent paramyxoviruses like Nipah and mumps viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16973542©��Rudd, Penny A
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Viral Fusion Proteins/*chemistry���Oct`��The Nipah and Hendra viruses are highly pathogenic paramyxoviruses that recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These characteristics have led to their classification into the new genus Henpavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. The fusion protein, an enveloped glycoprotein essential for viral entry, belongs to the family of class I fusion proteins and is characterized by the presence of two heptad repeat (HR) regions, HR1 and HR2. These two regions associate to form a fusion-active hairpin conformation that juxtaposes the viral and cellular membranes to facilitate membrane fusion and enable subsequent viral entry. The Hendra and Nipah virus fusion core proteins were crystallized and their structures determined to 2.2 A resolution. The Nipah and Hendra fusion core structures are six-helix bundles with three HR2 helices packed against the hydrophobic grooves on the surface of a central coiled coil formed by three parallel HR1 helices in an oblique antiparallel manner. Because of the high level of conservation in core regions, it is proposed that the Nipah and Hendra virus fusion cores can provide a model for membrane fusion in all paramyxoviruses. The relatively deep grooves on the surface of the central coiled coil represent a good target site for drug discovery strategies aimed at inhibiting viral entry by blocking hairpin formation.,��https://www.ncbi.nlm.nih.gov/pubmed/16972940é��Lou, Zhiyong
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Yolk Sac/virology���Aug-Oct���An isolate of Nipah virus was injected into fertile eggs via the allantoic cavity or yolk sac. Allantoic inoculation resulted in considerable pathological variation and only partial mortality. Dead embryos showed severe necrosis in the brain and congestion in the kidney and the subcutis of limbs. In contrast, yolk sac inoculation led to uniform infection and mortality, the dead embryos exhibiting the same lesions as those described above but without the subcutaneous congestion. Histological lesions in dead embryos inoculated by either route were similar and particularly severe in the central nervous system. Viral antigens were detected mainly in the vasculature and neurons. The results indicated that Nipah virus is highly pathogenic to chicken embryos, and that the route of inoculation is an important determinant of the course of disease. The findings also suggested that yolk sac inoculation can be used for viral titration, and that the chicken embryo represents a useful model for studying the vascular and neuronal tropisms of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16956618Í��Tanimura, N
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Swine Diseases/diagnosis/immunology/virology���Sepx��Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for human and swine sera and an IgM capture ELISA for human sera were established using the recombinant NiV-N protein as an antigen. One hundred thirty-three suspected patient sera and 16 swine sera were used to evaluate the newly established ELISA systems in comparison with the CDC inactivated-virus-based ELISA systems. For the human sera, the NiV-N protein-based indirect IgG ELISA had a sensitivity of 98.6% and a specificity of 98.4%, and the NiV-N protein-based IgM capture ELISA had a sensitivity of 91.7% and a specificity of 91.8%, with reference to the CDC ELISA systems. The NiV-N-based IgM ELISA was found to be more sensitive than the inactivated-virus-based ELISA in that it captured eight additional cases. For the swine sera, the two test systems were in 100% concordance. Our data indicate that the Nipah virus nucleocapsid protein is a highly immunogenic protein in human and swine infections and a good target for serodiagnosis. Our NiV-N protein-based ELISA systems are useful, safe, and affordable tools for diagnosis of Nipah virus infection and are especially fit to be used in large-scale epidemiological investigations and to be applied in developing countries.,��https://www.ncbi.nlm.nih.gov/pubmed/16954238w��Yu, Fuxun
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Sensitivity and Specificity���Nov���Most RNA positive controls currently used for monitoring the quality of RT-PCR assays have some disadvantages, such as instability, inability to monitor the quality of the relevant primers and/or causing indifferentiable false positives. To avoid these disadvantages, a simple method to prepare stable and differentiable RNA positive controls is now demonstrated with a real-time RT-PCR assay for the detection of Nipah virus (NiV). A DNA sequence which was shorter than its counterpart in the NiV genome and contained the binding sites of the primers of the RT-PCR assay was designed, synthesized and inserted into a vector, and then amplified by PCR with two vector-specific primers both of which contained a T7 promoter at the 5' terminal. The RNA positive control was the dsRNA in vitro transcribed from the PCR amplicons flanked by two T7 promoters. The RNA positive control was stable and able to monitor the quality of the whole concerned RT-PCR assay. False positives caused by contaminations of the RNA positive control or its amplicons could be easily identified because the amplicons of the RNA positive control were obviously shorter than those of real positive samples. Thus, the RNA positive control reported in this study avoided some common disadvantages of current RNA positive controls.,��https://www.ncbi.nlm.nih.gov/pubmed/16912918?��Chen, Ji-Ming
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Ventilator Weaning/*methods���Oct£��OBJECTIVE: Weaning predictors are often incorporated in protocols to predict weaning outcome for patients on mechanical ventilation. The predictors are used as a decision point in protocols to determine whether a patient may advance to a spontaneous breathing trial. The impact of including predictors in a weaning protocol has not been previously studied. We designed a study to determine the effect of including a weaning predictor (frequency-tidal volume ratio, or f/Vt) in a weaning protocol. DESIGN: Randomized, blinded controlled trial. SETTING: Academic teaching hospitals. PATIENTS: Three hundred and four patients admitted to intensive care units at three academic teaching hospitals. INTERVENTIONS: Patients were screened daily for measures of oxygenation, cough and secretions, adequate mental status, and hemodynamic stability. Patients were randomized to two groups; in one group the f/Vt was measured but not used in the decision to wean (n = 151), but in the other group, f/Vt was measured and used, using a threshold of 105 breaths/min/L (n = 153). Patients passing the screen received a 2-hr spontaneous breathing trial. Patients passing the spontaneous breathing trial were eligible for an extubation attempt. MEASUREMENTS AND MAIN RESULTS: Groups were similar with regard to gender, age, and Acute Physiology and Chronic Health Evaluation II score. The median duration for weaning time was significantly shorter in the group where the weaning predictor was not used (2.0 vs. 3.0 days, p = .04). There was no difference with regard to the extubation failure, in-hospital mortality rate, tracheostomy, or unplanned extubation. CONCLUSIONS: Including a weaning predictor (f/Vt) in a protocol prolonged weaning time. In addition, the predictor did not confer survival benefit or reduce the incidence of extubation failure or tracheostomy. The results of this study indicate that f/Vt should not be used routinely in weaning decision making.,��https://www.ncbi.nlm.nih.gov/pubmed/16878032���Tanios, Maged A
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Virus Shedding���Aug���Nipah virus (NiV), of the family Paramyxoviridae, was isolated in 1999 in Malaysia from a human fatality in an outbreak of severe human encephalitis, when human infections were linked to transmission of the virus from pigs. Consequently, a swine vaccine able to abolish virus shedding is of veterinary and human health interest. Canarypox virus-based vaccine vectors carrying the gene for NiV glycoprotein (ALVAC-G) or the fusion protein (ALVAC-F) were used to intramuscularly immunize four pigs per group, either with 10(8) PFU each or in combination. Pigs were boosted 14 days postvaccination and challenged with 2.5 x 10(5) PFU of NiV two weeks later. The combined ALVAC-F/G vaccine induced the highest levels of neutralization antibodies (2,560); despite the low neutralizing antibody levels in the F vaccinees (160), all vaccinated animals appeared to be protected against challenge. Virus was not isolated from the tissues of any of the vaccinated pigs postchallenge, and a real-time reverse transcription (RT)-PCR assay detected only small amounts of viral RNA in several samples. In challenge control pigs, virus was isolated from a number of tissues (10(4.4) PFU/g) or detected by real-time RT-PCR. Vaccination of the ALVAC-F/G vaccinees appeared to stimulate both type 1 and type 2 cytokine responses. Histopathological findings indicated that there was no enhancement of lesions in the vaccinees. No virus shedding was detected in vaccinated animals, in contrast to challenge control pigs, from which virus was isolated from the throat and nose (10(2.9) PFU/ml). Based on the data presented, the combined ALVAC-F/G vaccine appears to be a very promising vaccine candidate for swine.,��https://www.ncbi.nlm.nih.gov/pubmed/16873250}��Weingartl, Hana M
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Aug§��As a preliminary to the localization of the receptor-binding site(s) on the Nipah virus (NiV) glycoprotein (NiV-G), we have undertaken the identification of NiV-G residues that play a role in fusion promotion. To achieve this, we have used two strategies. First, as NiV and Hendra virus (HeV) share a common receptor and their cellular tropism is similar, we hypothesized that residues functioning in receptor attachment could be conserved between their respective G proteins. Our initial strategy was to target charged residues (which can be expected to be at the surface of the protein) conserved between the NiV-G and HeV-G globular heads. Second, we generated NiV variants that escaped neutralization by anti-NiV-G monoclonal antibodies (MAbs) that neutralize NiV both in vitro and in vivo, likely by blocking receptor attachment. The sequencing of such "escape mutants" identified NiV-G residues present in the epitopes to which the neutralizing MAbs are directed. Residues identified via these two strategies whose mutation had an effect on fusion promotion were localized on a new structural model for the NiV-G protein. Our results suggest that seven NiV-G residues, including one (E533) that was identified using both strategies, form a contiguous site on the top of the globular head that is implicated in ephrinB2 binding. This site commences near the shallow depression in the center of the top surface of the globular head and extends to the rim of the barrel-like structure on the top loops of beta-sheet 5. The topology of this site is strikingly similar to that proposed to form the SLAM receptor site on another paramyxovirus attachment protein, that of the measles virus hemagglutinin.,��https://www.ncbi.nlm.nih.gov/pubmed/16840334ï��Guillaume, Vanessa
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Virus Replication/physiology���Augì��Nipah virus infection of porcine stable kidney cells (PS), human neuronal cells (SK-N-MC), human lung fibroblasts cells (MRC-5), and human monocytes (THP-1) were examined. Rapid progression of cytopathic effects (CPE) and cell death were noted in PS cell cultures treated with Nipah virus, followed by MRC-5, SK-N-MC, and THP-1 cell cultures, in descending order of rapidity. Significant increase in the intracellular Nipah virus RNA occurred beginning at 24 hr PI in all the infected cells. Whereas, the extracellular release of Nipah virus RNA increased significantly beginning at 48 and 72 hr PI for the infected MRC-5 cells and PS cells, respectively. No significant release of extracellular Nipah virus RNA was detected from the Nipah virus-infected SK-N-MC and THP-1 cells. At its peak, approximately 6.6 log PFU/microl of extracellular Nipah virus RNA was released from the Nipah virus-infected PS cells, with at least a 100-fold less virus RNA was recorded in the Nipah virus-infected SK-N-MC and THP-1. Approximately 15.2% (+/-0.1%) of the released virus from the infected PS cell cultures was infectious in contrast to approximately 5.5% (+/-0.7%) from the infected SK-N-MC cells. The findings suggest that there are no differences in the capacity to support Nipah virus replication between pigs and humans in fully susceptible PS and MRC-5 cells. However, there are differences between these cells and human neuronal cells and monocytes in the ability to support Nipah virus replication and virus release.,��https://www.ncbi.nlm.nih.gov/pubmed/16789019µ��Chang, Li-Yen
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*Virus Replication���Jun 19;��BACKGROUND: Nipah virus is a zoonotic virus isolated from an outbreak in Malaysia in 1998. The virus causes infections in humans, pigs, and several other domestic animals. It has also been isolated from fruit bats. The pathogenesis of Nipah virus infection is still not well described. In the present study, Nipah virus replication kinetics were estimated from infection of African green monkey kidney cells (Vero) using the one-step SYBR Green I-based quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) assay. RESULTS: The qRT-PCR had a dynamic range of at least seven orders of magnitude and can detect Nipah virus from as low as one PFU/microL. Following initiation of infection, it was estimated that Nipah virus RNA doubles at every approximately 40 minutes and attained peak intracellular virus RNA level of approximately 8.4 log PFU/microL at about 32 hours post-infection (PI). Significant extracellular Nipah virus RNA release occurred only after 8 hours PI and the level peaked at approximately 7.9 log PFU/microL at 64 hours PI. The estimated rate of Nipah virus RNA released into the cell culture medium was approximately 0.07 log PFU/muL per hour and less than 10% of the released Nipah virus RNA was infectious. CONCLUSION: The SYBR Green I-based qRT-PCR assay enabled quantitative assessment of Nipah virus RNA synthesis in Vero cells. A low rate of Nipah virus extracellular RNA release and low infectious virus yield together with extensive syncytial formation during the infection support a cell-to-cell spread mechanism for Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16784519¸��Chang, Li-Yen
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*Nipah Virus���Apr_��BACKGROUND & OBJECTIVE: The viral encephalitides caused by animal or human viruses are characterized by sudden outbreaks of neurological disease in both tropical and temperate regions. An outbreak of acute encephalitis occurred in Siliguri (West Bengal) town of India between January 31 and February 23, 2001. This outbreak was investigated by a team of scientists from four major institutions, and the findings are presented here. METHODS: Detailed information about the outbreak was collected with the help of local health authorities. Limited entomological investigations were also done. Samples collected from cases and contacts were sent for analysis. RESULTS: A total of 66 probable cases and 45 deaths were reported. Epidemiological linkages between cases point towards person-to-person transmission and incubation period of around 10 days. There was neither any concurrent illness in animals nor was there any exposure of cases to animals. Centres for Disease Control and Prevention, Atlanta, USA concluded on the basis of tests carried out on serum specimen from four cases and two contacts that the causative pathogen appears to be Nipah/ Hendra or closely related virus. INTERPRETATION & CONCLUSION: This outbreak highlights the importance and urgency of establishing a strong surveillance system supported by a network of state-of-the-art laboratories equipped to handle and diagnose new pathogens and including patient isolation techniques, use of personal protective equipment, barrier nursing and safe disposal of potentially infected material in the prevention and control measures for Nipah/Hendra virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16783047���Harit, A K
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*Zoonoses���Apr���Zoonosis is the cause of the vast majority of emerging diseases. Bats that occupy the second place in the mammal class play an important role. Whether they belong to the microchiroptera suborder or to the megachiroptera suborder, bats on all five continents have been implicated in transmission of numerous pathogens including not only viruses such as Lyssavirus (e.g. rabies), Hepanivirus (e.g. Hendra and Nipah virus) and recently coronavirus (e.g. SARS-like coronavirus and Ebola virus) but also fungus such as histoplasmosis. By modifying environmental conditions and encroaching on their biotope, human intervention has probably contributed to the introduction of chiropteras into an epidemiologic chain in which they previously had no place, thus promoting the emergence of new pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16775933|��Hance, P
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Sensitivity and Specificity���Sepü��The indirect ELISA is a simple and useful method for detection of pathogen-specific antibodies in animal sera. However, non-specific or background binding is often a problem, especially when recombinant proteins from Escherichia coli are used. In this study, a comparative indirect ELISA in which the total reactivity and the background binding were determined simultaneously on the same ELISA plate was reported. The background was determined by incubation of the test sera with excess free antigen to block specific binding. The sample was considered positive only when its total reactivity reading was higher than a pre-determined cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Using this approach, an antibody assay for henipaviruses using a recombinant Nipah virus nucleocapsid protein expressed in E. coli was developed. A total of 919 negative serum samples were tested in this assay and the specificity was 95.8%. In addition, eight positive experimental serum samples all tested positive. The use of recombinant protein as the ELISA antigen, instead of inactivated virus antigens, will be of significant advantage for countries where there is no facility of Biosafety level 4 to handle this group of zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16769130,��Chen, Ji-Ming
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Viral Envelope Proteins/*biosynthesis/genetics/immunology���Mayá��In this study, Recombinant baculoviruses rBac-NF and rBac-NG were generated for expressing F and G proteins Nipah virus (NiV) . The expression of recommbinant G (rNG) and F (rNF) protein in rBac-NF and rBac-NG infected cells were confirmed by western-blot. Both rNG and rNF showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect immunofluorescence detection and indirect ELISA. Immunization with rBac-NF and rBac-NG infected insect cells elicited G ad F protein specific antibody responses in mice. Furthermore, the G ad F specific antibodies could neutralize the infectivity of the VSVdeltaG* F/G, the NiV F and G envelope glycoproteins psudotyped recombinant Vesicular Stomatitis Virus expressing green fluorescence protein. The results demonstrated F and G protein expressed by the recombinant baculoviruses could be safe economic diagnostic antigens for the surveillance and monitoring of NiV and promising subunit vaccines for the prevention of NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16755921Ê��Wang, Xi-Jun
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Viral Load���May8��Clinical nonrandomized trials demonstrate some efficacy for ribavirin in the treatment of patients with severe Nipah virus-induced encephalitis. We report here that EICAR, the 5-ethynyl analogue of ribavirin, and the OMP-decarboxylase inhibitors 6-aza-uridine and pyrazofurin have strong antiviral activity against Nipah virus replication in vitro. Ribavirin and 6-aza-uridine were tested further in hamsters infected with a lethal dose of Nipah virus. The activity of these small-molecule inhibitors was compared with that of the interferon inducer poly(I)-poly(C(12)U). Both ribavirin and 6-aza-uridine were able to delay but not prevent Nipah virus-induced mortality. Poly(I)-poly(C(12)U), at 3 mg/kg of body weight daily from the day of infection to 10 days postinfection, prevented mortality in 5 of 6 infected animals.,��https://www.ncbi.nlm.nih.gov/pubmed/16641448Ú��Georges-Courbot, M C
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Viral Fusion Proteins/biosynthesis/genetics/metabolism/*physiology���Mayô��Nipah virus (NiV) is a deadly emerging paramyxovirus. The NiV attachment (NiV-G) and fusion (NiV-F) envelope glycoproteins mediate both syncytium formation and viral entry. Specific N-glycans on paramyxovirus fusion proteins are generally required for proper conformational integrity and biological function. However, removal of individual N-glycans on NiV-F had little negative effect on processing or fusogenicity and has even resulted in slightly increased fusogenicity. Here, we report that in both syncytium formation and viral entry assays, removal of multiple N-glycans on NiV-F resulted in marked increases in fusogenicity (>5-fold) but also resulted in increased sensitivity to neutralization by NiV-F-specific antisera. The mechanism underlying the hyperfusogenicity of these NiV-F N-glycan mutants is likely due to more-robust six-helix bundle formation, as these mutants showed increased fusion kinetics and were more resistant to neutralization by a fusion-inhibitory reagent based on the C-terminal heptad repeat region of NiV-F. Finally, we demonstrate that the fusogenicities of the NiV-F N-glycan mutants were inversely correlated with the relative avidities of NiV-F's interactions with NiV-G, providing support for the attachment protein "displacement" model of paramyxovirus fusion. Our results indicate that N-glycans on NiV-F protect NiV from antibody neutralization, suggest that this "shielding" role comes together with limiting cell-cell fusion and viral entry efficiencies, and point to the mechanisms underlying the hyperfusogenicity of these N-glycan mutants. These features underscore the varied roles that N-glycans on NiV-F play in the pathobiology of NiV entry but also shed light on the general mechanisms of paramyxovirus fusion with host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/166412790��Aguilar, Hector C
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Zoonoses/epidemiology/transmission���AprÑ��As international travel and human encroachment into previously isolated areas have increased, so too has the potential for the emergence of new infectious diseases. Populations likely to be susceptible to new infectious diseases have also increased in size. The past three decades have seen outbreaks of diseases caused by parvoviruses, Nipah virus, circoviruses, and prions. Infectious pathogens such as these are formidable opponents; they can adapt to new hosts or cause variant diseases within new hosts. Many are also resistant to current inactivation techniques. In order to prevent or contain outbreaks, pathogens that emerge must be identified quickly and efficiently; research and ongoing global surveillance are therefore of primary importance. To effectively protect the blood supply and blood-based therapies, this research should include investigations into improved techniques for detection, screening, and viral inactivation, as well as into ways to reduce patient exposure to infectious pathogens via therapeutic agents. The proactive devotion of appropriate resources to infectious disease containment and prevention prior to an epidemic should be perceived as both essential public health policy and cost effective.,��https://www.ncbi.nlm.nih.gov/pubmed/16631823���Stanley, Samuel L Jr
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Viral Matrix Proteins/genetics���Feb»��During January and February 2001, an outbreak of febrile illness associated with altered sensorium was observed in Siliguri, West Bengal, India. Laboratory investigations at the time of the outbreak did not identify an infectious agent. Because Siliguri is in close proximity to Bangladesh, where outbreaks of Nipah virus (NiV) infection were recently described, clinical material obtained during the Siliguri outbreak was retrospectively analyzed for evidence of NiV infection. NiV-specific immunoglobulin M (IgM) and IgG antibodies were detected in 9 of 18 patients. Reverse transcription-polymerase chain reaction (RT-PCR) assays detected RNA from NiV in urine samples from 5 patients. Sequence analysis confirmed that the PCR products were derived from NiV RNA and suggested that the NiV from Siliguri was more closely related to NiV isolates from Bangladesh than to NiV isolates from Malaysia. NiV infection has not been previously detected in India.,��https://www.ncbi.nlm.nih.gov/pubmed/16494748Ú��Chadha, Mandeep S
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Tryptophan���Feb���EphrinB2 was recently discovered as a functional receptor for Nipah virus (NiV), a lethal emerging paramyxovirus. Ephrins constitute a class of homologous ligands for the Eph class of receptor tyrosine kinases and exhibit overlapping expression patterns. Thus, we examined whether other ephrins might serve as alternative receptors for NiV. Here, we show that of all known ephrins (ephrinA1-A5 and ephrinB1-B3), only the soluble Fc-fusion proteins of ephrinB3, in addition to ephrinB2, bound to soluble NiV attachment protein G (NiV-G). Soluble NiV-G bound to cell surface ephrinB3 and B2 with subnanomolar affinities (Kd = 0.58 nM and 0.06 nM for ephrinB3 and B2, respectively). Surface plasmon resonance analysis indicated that the relatively lower affinity of NiV-G for ephrinB3 was largely due to a faster off-rate (K(off) = 1.94 x 10(-3) s(-1) versus 1.06 x 10(-4) s(-1) for ephrinB3 and B2, respectively). EphrinB3 was sufficient to allow for viral entry of both pseudotype and live NiV. Soluble ephrinB2 and B3 were able to compete for NiV-envelope-mediated viral entry on both ephrinB2- and B3-expressing cells, suggesting that NiV-G interacts with both ephrinB2 and B3 via an overlapping site. Mutational analysis indicated that the Leu-Trp residues in the solvent exposed G-H loop of ephrinB2 and B3 were critical determinants of NiV binding and entry. Indeed, replacement of the Tyr-Met residues in the homologous positions in ephrinB1 with Leu-Trp conferred NiV receptor activity to ephrinB1. Thus, ephrinB3 is a bona fide alternate receptor for NiV entry, and two residues in the G-H loop of the ephrin B-class ligands are critical determinants of NiV receptor activity.,��https://www.ncbi.nlm.nih.gov/pubmed/16477309~��Negrete, Oscar A
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Daszak, P.���20065��Nipah virus: impact, origins, and causes of emergence���59-65���Curr Infect Dis Rep���8���1���Jan���Nipah virus is an emerging zoonotic pathogen that causes severe febrile encephalitis resulting in death in 40% to 75% of human cases. Nipah virus is considered a biosafety level-4 pathogen and is listed as a select agent with high risk for public health and security due to its high mortality rate in people and the lack of effective vaccines or therapies. The natural reservoir for Nipah virus and related members of the genus Henipavirus are fruit bats of the genus Pteropus. Nipah virus emerged in Malaysia in 1998 as a porcine neurologic and respiratory disease that spread to humans who had contact with live, infected pigs. Research reviewed in this paper suggests that anthropogenic factors, including agricultural expansion and intensification, were the underlying causes of its emergence. Nipah virus has caused five subsequent outbreaks between 2001 and 2005 in Bangladesh. Here, it appears to have spilled over directly from bats to humans, and person-to-person transmission is evident suggesting a heightened public health risk.,��https://www.ncbi.nlm.nih.gov/pubmed/16448602���Epstein, Jonathan H
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Surface Properties���Feb 1ô��Direct analysis of tissue by MALDI-MS allows the acquisition of its biomolecular profile while maintaining the integrity of the tissue, giving cellular localization, and avoiding tedious extraction and purification steps. However, direct tissue analysis generally leads to some extent to a lowered spectral quality due to variation in thickness, freezing tissue date, and nature of the tissue. We present here new technical developments for the direct tissue analysis of peptides with ionic liquid made of matrix mixtures (alpha-cyano-4-hydroxycinnamic acid (CHCA)/2-amino-4-methyl-5-nitropyridine and alpha-cyano-4-hydroxycinnamic acid/N,N-dimethylaniline (CHCA/DANI)). The properties of these direct tissue analysis matrixes, especially CHCA/aniline when compared to CHCA, 2,5-dihydroxybenzoic acid, and sinapinic acid, are as follows: (1) better spectral quality in terms of resolution, sensitivity, intensity, noise, number of compounds detected, and contaminant tolerance, (2) better crystallization on tissues, i.e., coverage capacity, homogeneity of crystallization, homogeneity of crystal sizes, and time of crystallization, (3) better analysis duration in term of vacuum stability, (4) better resistance to laser irradiation especially for high-frequency lasers, (5) better ionic yield in negative mode, and (6) enough fragmentation yield to use the PSD mode on sections to get structural information. Applied to MALDI imaging on a MALDI LIFT-TOF with a 50-Hz laser frequency, these ionic matrixes have allowed the realization of a new type of image in both polarities and reflector mode using the same tissue section. These results give a new outlook on peptide tissue profiling by MS, characterization of compounds from tissue slices, and MALDI-MS high-quality imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/16448055´��Lemaire, R
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Viruses/genetics/*immunology���Febâ��Polyclonal antibodies have a century-old history of being effective against some viruses; recently, monoclonal antibodies (mAbs) have also shown success. The humanized mAb Synagis (palivizumab), which is still the only mAb against a viral disease approved by the US FDA, has been widely used as a prophylactic measure against respiratory syncytial virus infections in neonates and immunocompromised individuals. The first fully human mAbs against two other paramyxoviruses, Hendra and Nipah virus, which can cause high (up to 75%) mortality, were recently developed; one of them, m101, showed exceptional potency against infectious virus. In an amazing pace of research, several potent human mAbs targeting the severe acute respiratory syndrome coronavirus S glycoprotein that can affect infections in animal models have been developed months after the virus was identified in 2003. A potent humanized mAb with therapeutic potential was recently developed against the West Nile virus. The progress in developing neutralizing human mAbs against Ebola, Crimean-Congo hemorrhagic fever, vaccinia and other emerging and biodefense-related viruses is slow. A major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies, is the viruses' heterogeneity and mutability. A related problem is the low binding affinity of crossreactive antibodies able to neutralize a variety of primary isolates. Combinations of mAbs or mAbs with other drugs, and/or the identification of potent new mAbs and their derivatives that target highly conserved viral structures, which are critical for virus entry into cells, are some of the possible solutions to these problems, and will continue to be a major focus of antiviral research.,��https://www.ncbi.nlm.nih.gov/pubmed/16441209³��Zhu, Zhongyu
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Viral Vaccines/chemistry/therapeutic use���Feb���Hendra and Nipah virus are closely related emerging viruses comprising the Henipavirus genus of the subfamily Paramyxovirinae and are distinguished by their ability to cause fatal disease in both animal and human hosts. In particular, the high mortality and person-to-person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance and necessity of developing effective therapeutic interventions. Much research conducted on the henipaviruses over the past several years has focused on virus entry, including the attachment of virus to the host cell, the identification of the virus receptor and the membrane fusion process between the viral and host cell membranes. These findings have led to the development of possible vaccine candidates, as well as potential antiviral therapeutics. The common link among all of the possible antiviral agents discussed here, which have also been developed and tested, is that they target very early stages of the infection process. The establishment and validation of suitable animal models of Henipavirus infection and pathogenesis are also discussed as they will be crucial in the assessment of the effectiveness of any treatments for Hendra and Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16441208ù��Bossart, Katharine N
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Viral Fusion Proteins/immunology���FebØ��Nipah virus (NiV), a member of the Paramyxoviridae family, causes a zoonotic infection in which the reservoir, the fruit bat, may pass the infection to pigs and eventually to humans. In humans, the infection leads to encephalitis with >40 to 70% mortality. We have previously shown that polyclonal antibody directed to either one of two glycoproteins, G (attachment protein) or F (fusion protein), can protect hamsters from a lethal infection. In the present study, we have developed monoclonal antibodies (MAbs) to both glycoproteins and assessed their ability to protect animals against lethal NiV infection. We show that as little as 1.2 mug of an anti-G MAb protected animals, whereas more than 1.8 mug of anti-F MAb was required to completely protect the hamsters. High levels of either anti-G or anti-F MAbs gave a sterilizing immunity, whereas lower levels could protect against a fatal infection but resulted in an increase in anti-NiV antibodies starting 18 days after the viral challenge. Using reverse transcriptase PCR, the presence of NiV in the different organs could not be observed in MAb-protected animals. When the MAbs were given after infection, partial protection (50%) was observed with the anti-G MAbs when the animals were inoculated up to 24 h after infection, but administration of the anti-F MAbs protected some animals (25 to 50%) inoculated later during the infection. Our studies suggest that immunotherapy could be used for people who are exposed to NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/16439553Ý��Guillaume, V
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Viral Envelope Proteins/immunology���Jan�	�Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae. Each has a broad species tropism and can cause disease with high mortality in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) envelope glycoproteins (Envs). Seven Fabs, m101 to -7, were selected for their significant binding to a soluble form of Hendra G (sG) which was used as the antigen for panning of a large naive human antibody library. The selected Fabs inhibited, to various degrees, cell fusion mediated by the HeV or NiV Envs and virus infection. The conversion of the most potent neutralizer of infectious HeV, Fab m101, to immunoglobulin G1 (IgG1) significantly increased its cell fusion inhibitory activity: the 50% inhibitory concentration was decreased more than 10-fold to approximately 1 microg/ml. The IgG1 m101 was also exceptionally potent in neutralizing infectious HeV; complete (100%) neutralization was achieved with 12.5 microg/ml, and 98% neutralization required only 1.6 microg/ml. The inhibition of fusion and infection correlated with binding of the Fabs to full-length G as measured by immunoprecipitation and less with binding to sG as measured by enzyme-linked immunosorbent assay and Biacore. m101 and m102 competed with the ephrin-B2, which we recently identified as a functional receptor for both HeV and NiV, indicating a possible mechanism of neutralization by these antibodies. The m101, m102, and m103 antibodies competed with each other, suggesting that they bind to overlapping epitopes which are distinct from the epitopes of m106 and m107. In an initial attempt to localize the epitopes of m101 and m102, we measured their binding to a panel of 11 G alanine-scanning mutants and identified two mutants, P185A and Q191 K192A, which significantly decreased binding to m101 and one, G183, which decreased binding of m102 to G. These results suggest that m101 to -7 are specific for HeV or NiV or both and exhibit various neutralizing activities; they are the first human monoclonal antibodies identified against these viruses and could be used for treatment, prophylaxis, and diagnosis and as research reagents and could aid in the development of vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/16378991T��Zhu, Zhongyu
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Virulence���Dec&��Within the past decade a number of new zoonotic paramyxoviruses emerged from flying foxes to cause serious disease outbreaks in man and livestock. Hendra virus was the cause of fatal infections of horses and man in Australia in 1994, 1999 and 2004. Nipah virus caused encephalitis in humans both in Malaysia in 1998/99, following silent spread of the virus in the pig population, and in Bangladesh from 2001 to 2004 probably as a result of direct bat to human transmission and spread within the human population. Hendra and Nipah viruses are highly pathogenic in humans with case fatality rates of 40% to 70%. Their genetic constitution, virulence and wide host range make them unique paramyxoviruses and they have been given Biosecurity Level 4 status in a new genus Henipavirus within the family Paramyxoviridae. Recent studies on the virulence, host range and cell tropisms of henipaviruses provide insights into the unique biological properties of these emerging human pathogens and suggest approaches for vaccine development and therapeutic countermeasures.,��https://www.ncbi.nlm.nih.gov/pubmed/16375714}��Eaton, Bryan T
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Zoonoses���Decí��Nipah virus (NiV) is a zoonotic paramyxovirus that was first recognized in 1999 as the causative agent of outbreaks of human encephalitis in Malaysia and Singapore, in association with severe respiratory and neurological disease in pigs. Since then, outbreaks of NiV encephalitis have also occurred in Bangladesh during 2001-2004, but without an association to infected swine or other animals. Although NiV infections typically result in acute encephalitis with high mortality, other clinical manifestations, including asymptomatic infection, relapsed encephalitis, and pulmonary disease, have been observed. The article will summarize the virology, epidemiology, clinical features, treatment, and control and prevention of NiV infections in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/16363687v��Kitsutani, Paul
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Virulence���Jan���Hendra virus and Nipah virus are highly pathogenic paramyxoviruses that have recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These features led to their classification into the new genus Henipavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. This review provides an overview of henipaviruses and the types of infection they cause, and describes how studies on the structure and function of henipavirus proteins expressed from cloned genes have provided insights into the unique biological properties of these emerging human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16357858���Eaton, Bryan T
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Swine���OctC��Nipah virus is a recently emergent paramyxovirus that is capable of causing severe disease in both humans and animals. The first outbreak of Nipah virus occurred in Malaysia and Singapore in 1999 and, more recently, outbreaks were detected in Bangladesh. In humans, Nipah virus causes febrile encephalitis with respiratory syndrome that has a high mortality rate. The reservoir for Nipah virus is believed to be fruit bats, and humans are infected by contact with infected bats or by contact with an intermediate animal host such as pigs. Person to person spread of the virus has also been described. Nipah virus retains many of the genetic and biologic properties found in other paramyxoviruses, though it also has several unique characteristics. However, the virologic characteristics that allow the virus to cause severe disease over a broad host range, and the epidemiologic, environmental and virologic features that favor transmission to humans are unknown. This review summarizes what is known about the virology, epidemiology, pathology, diagnosis and control of this novel pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/16287690 ��Bellini, William J
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Zoonoses/virology���Oct_��The authors review common themes in the ecology of emerging viruses that cause neurological disease. Three issues emerge. First, 49% of emerging viruses are characterized by encephalitis or serious neurological clinical symptoms. Second, all of these viruses are driven to emerge by ecological, environmental, or human demographic changes, some of which are poorly understood. Finally, the control of these viruses would be enhanced by collaborative multidisciplinary research into these drivers of emergence. The authors highlight this review with a case study of Nipah virus, which emerged in Malaysia due largely to shifts in livestock production and alterations to reservoir host habitat. Collaboration between virologists, ecologists, disease modelers and wildlife biologists has been instrumental in retracing the factors involved in this virus's emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/16287685}��Olival, Kevin J
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Zoonoses/*epidemiology/virology���Oct\��The last decade of the 20th Century saw the introduction of an unprecedented number of encephalitic viruses emerge or spread in the Southeast Asian and Western Pacific regions (Mackenzie et al, 2001; Solomon, 2003a). Most of these viruses are zoonotic, either being arthropod-borne viruses or bat-borne viruses. Thus Japanese encephalitis virus (JEV), a mosquito-borne flavivirus, has spread through the Indonesian archipelago to Papua New Guinea (PNG) and to the islands of the Torres Strait of northern Australia, to Pakistan, and to new areas in the Indian subcontinent; a strain of tick-borne encephalitis virus (TBEV) was described for the first time in Hokkaido, Japan; and a novel mosquito-borne alphavirus, Me Tri virus, was described from Vietnam. Three novel bat-borne viruses emerged in Australia and Malaysia; two, Hendra and Nipah viruses, represent the first examples of a new genus in the family Paramyxoviridae, the genus Henipaviruses, and the third, Australian bat lyssavirus (ABLV) is new lyssavirus closely related to classical rabies virus. These viruses will form the body of this brief review.,��https://www.ncbi.nlm.nih.gov/pubmed/16287684r��Mackenzie, John S
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*Virus Inactivation���Marò��Nipah virus, a zoonotic paramyxovirus which emerged recently was chemically inactivated using binary ethylenimine (BEI). The inactivated virus was concentrated and purified by sucrose gradient centrifugation. The gradient fractions were examined by electron microscopy and Western immunoblot, and gradient fraction containing mainly Nipah matrix (M) and nucleocapsid (N) proteins was used for immunizing BALB/c mice to generate hybridomas. Screening of the resultant hybridoma clones identified five strongly positive clones producing IgG monoclonal antibodies (mAbs) reactive to the Nipah virus antigen. The protein specificity of these mAbs was determined by Western immunoblot using Nipah virus and recombinant Nipah virus proteins expressed in mammalian cells. Four mAbs reacted with Nipah N protein and one reacted with Nipah M protein. None of the mAbs neutralized Nipah virus infectivity in vitro. However, all mAbs recognized Nipah virus in ELISA and immunofluorescence assay. F45G2 mAb was most suitable for immunohistochemistry on long term formalin-fixed Nipah virus infected swine tissues. Three of the anti-nucleocapsid mAbs (F45G2, F45G3 and F45G6) showed cross-reactivity with closely related Hendra virus N protein in both immunofluorescence and Western Immunoblot assays. Two of the mAbs were specific for the Nipah virus only, F45G4 (anti-N) and F45G5 (anti-M), and could be used in the primary identification of Nipah virus. The use of these immunoreagents to develop new diagnostic assays is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/16226320���Berhane, Yohannes
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RNA, Viral/genetics���Feb¤��After the outbreak of Nipah virus (NiV) in 1998-99, which resulted in 105 human deaths and the culling of more than one million pigs, a search was initiated for the natural host reservoir of NiV on Tioman Island off the east coast of Malaysia. Three different syncytia-forming viruses were isolated from fruit bats on the island. They were Nipah virus, Tioman virus (a novel paramyxovirus related to Menangle virus), and a reovirus, named Pulau virus (PuV), which is the subject of this study. PuV displayed the typical ultra structural morphology of a reovirus and was neutralised by serum against Nelson Bay reovirus (NBV), a reovirus isolated from a fruit bat (Pteropus poliocephalus) in Australia over 30 years ago. PuV was fusogenic and formed large syncytia in Vero cells. Comparison of dsRNA segments between PuV and NBV showed distinct mobility differences for the S1 and S2 segments. Complete sequence analysis of all four S segments revealed a close relationship between PuV and NBV, with nucleotide sequence identity varying from 88% for S3 segment to 56% for the S1 segment. Similarly phylogenetic analysis of deduced protein sequences confirmed that PuV is closely related to NBV. In this paper we discuss the similarities and differences between PuV and NBV which support the classification of PuV as a novel mammalian, fusogenic reovirus within the Nelson Bay orthoreovirus species, in the genus Orthoreovirus, family Reoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/16205863¾��Pritchard, L I
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Virus Replication���OctÜ��Proteolytic processing of paramyxovirus fusion (F) proteins is essential for the generation of a mature and fusogenic form of the F protein. Although many paramyxovirus F proteins are proteolytically processed by the cellular protease furin at a multibasic cleavage motif, cleavage of the newly emerged Hendra virus F protein occurs by a previously unidentified cellular protease following a single lysine at residue 109. We demonstrate here that the cellular protease cathepsin L is involved in converting the Hendra virus precursor F protein (F(0)) to the active F(1) + F(2) disulfide-linked heterodimer. To initially identify the class of protease involved in Hendra virus F protein cleavage, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F (known to be proteolytically processed by furin) were metabolically labeled and chased in the absence or presence of serine, cysteine, aspartyl, and metalloprotease inhibitors. Nonspecific and specific protease inhibitors known to decrease cathepsin activity inhibited proteolytic processing of Hendra virus F but had no effect on simian virus 5 F processing. We next designed shRNA oligonucleotides to cathepsin L which dramatically reduced cathepsin L protein expression and enzyme activity. Cathepsin L shRNA-expressing Vero cells transfected with pCAGGS-Hendra F demonstrated a nondetectable amount of cleavage of the Hendra virus F protein and significantly decreased membrane fusion activity. Additionally, we found that purified human cathepsin L processed immunopurified Hendra virus F(0) into F(1) and F(2) fragments. These studies introduce a novel mechanism for primary proteolytic processing of viral glycoproteins and also suggest a previously unreported biological role for cathepsin L.,��https://www.ncbi.nlm.nih.gov/pubmed/16188974 ��Pager, Cara Theresia
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Virus Replication���Octu��The Hendra virus fusion (F) protein is synthesized as a precursor protein, F(0), which is proteolytically processed to the mature form, F(1) + F(2). Unlike the case for the majority of paramyxovirus F proteins, the processing event is furin independent, does not require the addition of exogenous proteases, is not affected by reductions in intracellular Ca(2+), and is strongly affected by conditions that raise the intracellular pH (C. T. Pager, M. A. Wurth, and R. E. Dutch, J. Virol. 78:9154-9163, 2004). The Hendra virus F protein cytoplasmic tail contains a consensus motif for endocytosis, YXXPhi. To analyze the potential role of endocytosis in the processing and membrane fusion promotion of the Hendra virus F protein, mutation of tyrosine 525 to alanine (Hendra virus F Y525A) or phenylalanine (Hendra virus F Y525F) was performed. The rate of endocytosis of Hendra virus F Y525A was significantly reduced compared to that of the wild-type (wt) F protein, confirming the functional importance of the endocytosis motif. An intermediate level of endocytosis was observed for Hendra virus F Y525F. Surprisingly, dramatic reductions in the rate of proteolytic processing were observed for Hendra virus F Y525A, although initial transport to the cell surface was not affected. The levels of surface expression for both Hendra virus F Y525A and Hendra virus F Y525F were higher than that of the wt protein, and these mutants displayed enhanced syncytium formation. These results suggest that endocytosis is critically important for Hendra virus F protein cleavage, representing a new paradigm for proteolytic processing of paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16188966c��Meulendyke, Kelly Ann
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Viral Fusion Proteins/chemistry/*genetics/*metabolism���Oct 10¾��The Hendra virus fusion (HeV F) protein is synthesized as a precursor, F(0), and proteolytically cleaved into the mature F(1) and F(2) heterodimer, following an HDLVDGVK(109) motif. This cleavage event is required for fusogenic activity. To determine the amino acid requirements for processing of the HeV F protein, we constructed multiple mutants. Individual and simultaneous alanine substitutions of the eight residues immediately upstream of the cleavage site did not eliminate processing. A chimeric SV5 F protein in which the furin site was substituted for the VDGVK(109) motif of the HeV F protein was not processed but was expressed on the cell surface. Another chimeric SV5 F protein containing the HDLVDGVK(109) motif of the HeV F protein underwent partial cleavage. These data indicate that the upstream region can play a role in protease recognition, but is neither absolutely required nor sufficient for efficient processing of the HeV F protein.,��https://www.ncbi.nlm.nih.gov/pubmed/16083935H��Craft, Willie Warren Jr
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X-Rays���AugR��Measles virus is a negative-sense, single-stranded RNA virus within the Mononegavirales order,which includes several human pathogens, including rabies, Ebola, Nipah, and Hendra viruses. The measles virus nucleoprotein consists of a structured N-terminal domain, and of an intrinsically disordered C-terminal domain, N(TAIL) (aa 401-525), which undergoes induced folding in the presence of the C-terminal domain (XD, aa 459-507) of the viral phosphoprotein. With in N(TAIL), an alpha-helical molecular recognition element (alpha-MoRE, aa 488-499) involved in binding to P and in induced folding was identified and then observed in the crystal structure of XD. Using small-angle X-ray scattering, we have derived a low-resolution structural model of the complex between XD and N(TAIL), which shows that most of N(TAIL) remains disordered in the complex despite P-induced folding within the alpha-MoRE. The model consists of an extended shape accommodating the multiple conformations adopted by the disordered N-terminal region of N(TAIL), and of a bulky globular region, corresponding to XD and to the C terminus of N(TAIL) (aa 486-525). Using surface plasmon resonance, circular dichroism, fluorescence spectroscopy, and heteronuclear magnetic resonance, we show that N(TAIL) has an additional site (aa 517-525) involved in binding to XD but not in the unstructured-to-structured transition. This work provides evidence that intrinsically disordered domains can establish complex interactions with their partners, and can contact them through multiple sites that do not all necessarily gain regular secondary structure.,��https://www.ncbi.nlm.nih.gov/pubmed/16046624���Bourhis, Jean-Marie
Receveur-Brechot, Veronique
Oglesbee, Michael
Zhang, Xinsheng
Buccellato, Matthew
Darbon, Herve
Canard, Bruno
Finet, Stephanie
Longhi, Sonia
eng
R01 NS031693/NS/NINDS NIH HHS/
R01 NS31693/NS/NINDS NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2005/07/28 09:00
Protein Sci. 2005 Aug;14(8):1975-92. doi: 10.1110/ps.051411805.%��0961-8368 (Print)
0961-8368 (Linking)
��PMC2279309���16046624­��Architecture et Fonction des Macromolecules Biologiques (AFMB), UMR 6098 CNRS at Universites Aix-Marseille I et II, ESIL, Campus de Luminy, 13288 Marseille Cedex 09, France.���10.1110/ps.051411805�
]�þÒtÿî?����P��Bossart, K. N.
Mungall, B. A.
Crameri, G.
Wang, L. F.
Eaton, B. T.
Broder, C. C.���2005p��Inhibition of Henipavirus fusion and infection by heptad-derived peptides of the Nipah virus fusion glycoprotein���57���Virol J���2|��Animals
Antiviral Agents/*chemical synthesis/*pharmacology
Cercopithecus aethiops
Glycoproteins/antagonists & inhibitors/genetics
HeLa Cells
Henipavirus/*drug effects/physiology
Humans
Inhibitory Concentration 50
Models, Biological
Peptides/*chemical synthesis/*pharmacology
Vero Cells
Viral Envelope Proteins/*antagonists & inhibitors/genetics
Virus Internalization/*drug effects���Jul 18¾��BACKGROUND: The recent emergence of four new members of the paramyxovirus family has heightened the awareness of and re-energized research on new and emerging diseases. In particular, the high mortality and person to person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance of developing effective therapeutic interventions. We have previously shown that peptides corresponding to the C-terminal heptad repeat (HR-2) of the fusion envelope glycoprotein of Hendra virus and Nipah virus were potent inhibitors of both Hendra virus and Nipah virus-mediated membrane fusion using recombinant expression systems. In the current study, we have developed shorter, second generation HR-2 peptides which include a capped peptide via amidation and acetylation and two poly(ethylene glycol)-linked (PEGylated) peptides, one with the PEG moity at the C-terminus and the other at the N-terminus. Here, we have evaluated these peptides as well as the corresponding scrambled peptide controls in Nipah virus and Hendra virus-mediated membrane fusion and against infection by live virus in vitro. RESULTS: Unlike their predecessors, the second generation HR-2 peptides exhibited high solubility and improved synthesis yields. Importantly, both Nipah virus and Hendra virus-mediated fusion as well as live virus infection were potently inhibited by both capped and PEGylated peptides with IC50 concentrations similar to the original HR-2 peptides, whereas the scrambled modified peptides had no inhibitory effect. These data also indicate that these chemical modifications did not alter the functional properties of the peptides as inhibitors. CONCLUSION: Nipah virus and Hendra virus infection in vitro can be potently blocked by specific HR-2 peptides. The improved synthesis and solubility characteristics of the second generation HR-2 peptides will facilitate peptide synthesis for pre-clinical trial application in an animal model of Henipavirus infection. The applied chemical modifications are also predicted to increase the serum half-life in vivo and should increase the chance of success in the development of an effective antiviral therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/16026621���Bossart, Katharine N
Mungall, Bruce A
Crameri, Gary
Wang, Lin-Fa
Eaton, Bryan T
Broder, Christopher C
eng
U01 AI056423/AI/NIAID NIH HHS/
AI056423/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
England
2005/07/20 09:00
Virol J. 2005 Jul 18;2:57. doi: 10.1186/1743-422X-2-57.*��1743-422X (Electronic)
1743-422X (Linking)
��PMC1208959���16026621}��Department of Microbiology and Immunology, Uniformed Services University, Bethesda, MD 20814, USA. katherine.bossart@csiro.au���10.1186/1743-422X-2-57�����üÒtÿî?����z��Reynes, J. M.
Counor, D.
Ong, S.
Faure, C.
Seng, V.
Molia, S.
Walston, J.
Georges-Courbot, M. C.
Deubel, V.
Sarthou, J. L.���2005,��Nipah virus in Lyle's flying foxes, Cambodia���1042-7���Emerg Infect Dis���11���7«��Animals
Cambodia/epidemiology
Chiroptera/*virology
Henipavirus Infections/epidemiology/*veterinary/virology
Humans
Nipah Virus/genetics/*isolation & purification
Phylogeny���Jul���We conducted a survey in Cambodia in 2000 on henipavirus infection among several bat species, including flying foxes, and persons exposed to these animals. Among 1,072 bat serum samples tested by enzyme-linked immunosorbent assay, antibodies reactive to Nipah virus (NiV) antigen were detected only in Pteropus lylei species; Cynopterus sphinx, Hipposideros larvatus, Scotophilus kuhlii, Chaerephon plicata, Taphozous melanopogon, and T. theobaldi species were negative. Seroneutralization applied on a subset of 156 serum samples confirmed these results. None of the 8 human serum samples was NiV seropositive with the seroneutralization test. One virus isolate exhibiting cytopathic effect with syncytia was obtained from 769 urine samples collected at roosts of P. lylei specimens. Partial molecular characterization of this isolate demonstrated that it was closely related to NiV. These results strengthen the hypothesis that flying foxes could be the natural host of NiV. Surveillance of human cases should be implemented.,��https://www.ncbi.nlm.nih.gov/pubmed/16022778"��Reynes, Jean-Marc
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Viral Fusion Proteins/chemistry/genetics/metabolism���Jul 215��Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70 percent of infected patients, and there is evidence of human-to-human transmission. Endothelial syncytia, comprised of multinucleated giant-endothelial cells, are frequently found in NiV infections, and are mediated by the fusion (F) and attachment (G) envelope glycoproteins. Identification of the receptor for this virus will shed light on the pathobiology of NiV infection, and spur the rational development of effective therapeutics. Here we report that ephrinB2, the membrane-bound ligand for the EphB class of receptor tyrosine kinases (RTKs), specifically binds to the attachment (G) glycoprotein of NiV. Soluble Fc-fusion proteins of ephrinB2, but not ephrinB1, effectively block NiV fusion and entry into permissive cell types. Moreover, transfection of ephrinB2 into non-permissive cells renders them permissive for NiV fusion and entry. EphrinB2 is expressed on endothelial cells and neurons, which is consistent with the known cellular tropism for NiV. Significantly, we find that NiV-envelope-mediated infection of microvascular endothelial cells and primary cortical rat neurons is inhibited by soluble ephrinB2, but not by the related ephrinB1 protein. Cumulatively, our data show that ephrinB2 is a functional receptor for NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16007075���Negrete, Oscar A
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Swine Diseases/diagnosis/virology���JulÄ��The nucleocapsid (N) protein of Nipah virus (NiV) is a major constituent of the viral proteins which play a role in encapsidation, regulating the transcription and replication of the viral genome. To investigate the use of a fusion system to aid the purification of the recombinant N protein for structural studies and potential use as a diagnostic reagent, the NiV N gene was cloned into the pFastBacHT vector and the His-tagged fusion protein was expressed in Sf9 insect cells by recombinant baculovirus. Western blot analysis of the recombinant fusion protein with anti-NiV antibodies produced a band of approximately 62 kDa. A time course study showed that the highest level of expression was achieved after 3 days of incubation. Electron microscopic analysis of the NiV recombinant N fusion protein purified on a nickel-nitrilotriacetic acid resin column revealed different types of structures, including spherical, ring-like, and herringbone-like particles. The light-scattering measurements of the recombinant N protein also confirmed the polydispersity of the sample with hyrdrodynamic radii of small and large types. The optical density spectra of the purified recombinant fusion protein revealed a high A(260)/A(280) ratio, indicating the presence of nucleic acids. Western blotting and enzyme-linked immunosorbent assay results showed that the recombinant N protein exhibited the antigenic sites and conformation necessary for specific antigen-antibody recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/16000431Á��Eshaghi, Majid
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Viral Envelope Proteins/*metabolism���Jul 26���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus of the family Paramyxoviridae and are unique in that they exhibit a broad species tropism and cause fatal disease in both animals and humans. They infect cells through a pH-independent membrane fusion process mediated by their fusion and attachment glycoproteins. Previously, we demonstrated identical cell fusion tropisms for HeV and NiV and the protease-sensitive nature of their unknown cell receptor and identified a human cell line (HeLa-USU) that was nonpermissive for fusion and virus infection. Here, a microarray analysis was performed on the HeLa-USU cells, permissive HeLa-CCL2 cells, and two other permissive human cell lines. From this analysis, we identified a list of genes encoding known and predicted plasma membrane surface-expressed proteins that were highly expressed in all permissive cells and absent from the HeLa-USU cells and rank-ordered them based on their relative levels. Available expression vectors containing the first 10 genes were obtained and individually transfected into HeLa-USU cells. One clone, encoding human ephrin-B2 (EFNB2), was found capable of rendering HeLa-USU cells permissive for HeV- and NiV-mediated cell fusion as well as infection by live virus. A soluble recombinant EFNB2 could potently block fusion and infection and bind soluble recombinant HeV and NiV attachment glycoproteins with high affinity. Together, these data indicate that EFNB2 serves as a functional receptor for both HeV and NiV. The highly conserved nature of EFNB2 in humans and animals is consistent with the broad tropism exhibited by these emerging zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15998730Ö��Bonaparte, Matthew I
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Zoonoses/virology���Octg��All living organisms are continuously exposed to a plethora of viruses. In general, viruses tend to be restricted to the natural host species which they infect. From time to time viruses cross the host-range barrier expanding their host range. However, in very rare cases cross-species transfer is followed by the establishment and persistence of a virus in the new host species, which may result in disease. Recent examples of viruses that have crossed the species barrier from animal reservoirs to humans are hantavirus, haemorrhagic fever viruses, arboviruses, Nipah and Hendra viruses, avian influenza virus (AI), monkeypox virus, and the SARS-associated coronavirus (SARS-CoV). The opportunities for cross-species transfer of mammalian viruses have increased in recent years due to increased contact between humans and animal reservoirs. However, it is difficult to predict when such events will take place since the viral adaptation that is needed to accomplish this is multifactorial and stochastic. Against this background the intensified use of viruses and their genetically modified variants as viral gene transfer vectors for biomedical research, experimental gene therapy and for live-vector vaccines is a cause for concern. This review addresses a number of potential risk factors and their implications for activities with viral vectors from the perspective of cross-species transfer of viruses in nature, with emphasis on the occurrence of host-range mutants resulting from either cell culture or tropism engineering. The issues are raised with the intention to assist in risk assessments for activities with vector viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15986492���Louz, Derrick
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Viral Fusion Proteins/chemistry/physiology���Jul 1���Galectin-1 (gal-1), an endogenous lectin secreted by a variety of cell types, has pleiotropic immunomodulatory functions, including regulation of lymphocyte survival and cytokine secretion in autoimmune, transplant disease, and parasitic infection models. However, the role of gal-1 in viral infections is unknown. Nipah virus (NiV) is an emerging pathogen that causes severe, often fatal, febrile encephalitis. The primary targets of NiV are endothelial cells. NiV infection of endothelial cells results in cell-cell fusion and syncytia formation triggered by the fusion (F) and attachment (G) envelope glycoproteins of NiV that bear glycan structures recognized by gal-1. In the present study, we report that NiV envelope-mediated cell-cell fusion is blocked by gal-1. This inhibition is specific to the Paramyxoviridae family because gal-1 did not inhibit fusion triggered by envelope glycoproteins of other viruses, including two retroviruses and a pox virus, but inhibited fusion triggered by envelope glycoproteins of the related Hendra virus and another paramyxovirus. The physiologic dimeric form of gal-1 is required for fusion inhibition because a monomeric gal-1 mutant had no inhibitory effect on cell fusion. gal-1 binds to specific N-glycans on NiV glycoproteins and aberrantly oligomerizes NiV-F and NiV-G, indicating a mechanism for fusion inhibition. gal-1 also increases dendritic cell production of proinflammatory cytokines such as IL-6, known to be protective in the setting of other viral diseases such as Ebola infections. Thus, gal-1 may have direct antiviral effects and may also augment the innate immune response against this emerging pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/15972675P��Levroney, Ernest L
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Viral Fusion Proteins/metabolism���Aug 19���Nipah virus (NiV) is a recently emerged and highly pathogenic paramyxovirus that causes a systemic infection in animals and humans and can infect a wide range of cultured cells. Interestingly, the NiV fusion (F) protein has a single arginine at the cleavage site similar to paramyxoviruses that are activated by exogenous trypsin-like enzymes only present in specific cells and tissues and therefore only cause localized infections. We show here that NiV F activation is not mediated by an exogenous serum protease but by an endogenous ubiquitous cellular protease after endocytosis of the protein. In addition to endocytosis, acidification of the endosome is a prerequisite for F cleavage. These results show that activation of the NiV F protein depends on a type of proteolytic cleavage that is clearly different from what is known for other paramyxoviral and orthomyxoviral fusion proteins. To our knowledge, this is the first example of a viral class I fusion protein whose activation depends on clathrin-mediated constitutive endocytosis.,��https://www.ncbi.nlm.nih.gov/pubmed/15961384Ò��Diederich, Sandra
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Junl��The Hendra virus fusion (F) protein contains five potential sites for N-linked glycosylation in the ectodomain. Examination of F protein mutants with single asparagine-to-alanine mutations indicated that two sites in the F(2) subunit (N67 and N99) and two sites in the F(1) subunit (N414 and N464) normally undergo N-linked glycosylation. While N-linked modification at N414 is critical for protein folding and transport, F proteins lacking carbohydrates at N67, N99, or N464 remained fusogenically active. As N464 lies within heptad repeat B, these results contrast with those seen for several paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15919949.��Carter, James Richard
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Trigeminal Ganglion/virology���Junÿ��Nipah virus, a newly emerged zoonotic paramyxovirus, infects a number of species. Human infections were linked to direct contact with pigs, specifically with their body fluids. Clinical signs in human cases indicated primarily involvement of the central nervous system, while in pigs the respiratory system was considered the primary virus target, with only rare involvement of the central nervous system. Eleven 5-week-old piglets were infected intranasally, orally, and ocularly with 2.5 x 10(5) PFU of Nipah virus per animal and euthanized between 3 and 8 days postinoculation. Nipah virus caused neurological signs in two out of eleven inoculated pigs. The rest of the pigs remained clinically healthy. Virus was detected in the respiratory system (turbinates, nasopharynx, trachea, bronchus, and lung in titers up to 10(5.3) PFU/g) and in the lymphoreticular system (endothelial cells of blood and lymphatic vessels, submandibular and bronchiolar lymph nodes, tonsil, and spleen with titers up to 10(6) PFU/g). Virus presence was confirmed in the nervous system of both sick and apparently healthy animals (cranial nerves, trigeminal ganglion, brain, and cerebrospinal fluid, with titers up to 10(7.7) PFU/g of tissue). Nipah virus distribution was confirmed by immunohistochemistry. The study presents novel findings indicating that Nipah virus invaded the central nervous system of the porcine host via cranial nerves as well as by crossing the blood-brain barrier after initial virus replication in the upper respiratory tract.,��https://www.ncbi.nlm.nih.gov/pubmed/15919907 ��Weingartl, Hana
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Zoonoses/epidemiology���Apr���The microbes that cause infectious diseases are complex, dynamic, and constantly evolving. They reproduce rapidly, mutate frequently, breach species barriers, adapt with relative ease to new hosts and new environments, and develop resistance to the drugs used to treat them. In their article "Meeting the challenge of epidemic infectious diseases outbreaks: an agenda for research", Kai-Lit Phua and Lai Kah Lee clearly demonstrate how social, behavioural and environmental factors, linked to a host of human activities, have accelerated and amplified these natural phenomena. By reviewing published and non-published information about outbreaks of Nipah virus in Malaysia, severe acute respiratory syndrome (SARS) and avian influenza in Asia, and the HIV pandemic, they provide a series of examples that demonstrate the various social, behavioural and environmental factors of these recent infectious disease outbreaks. They then analyse some of these same determinants in important historical epidemics and pandemics such as plague in medieval Europe, and conclude that it is important to better understand the social conditions that facilitate the appearance of diseases outbreaks in order to determine why and how societies react to outbreaks and their impact on different population groups.,��https://www.ncbi.nlm.nih.gov/pubmed/15906882���Heymann, David L
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Survivors/psychology���Apr»��Challenges arising from epidemic infectious disease outbreaks can be more effectively met if traditional public health is enhanced by sociology. The focus is normally on biomedical aspects, the surveillance and sentinel systems for infectious diseases, and what needs to be done to bring outbreaks under control quickly. Social factors associated with infectious disease outbreaks are often neglected and the aftermath is ignored. These factors can affect outbreak severity, its rate and extent of spread, influencing the welfare of victims, their families, and their communities. We propose an agenda for research to meet the challenges of infectious disease outbreaks. What social factors led to the outbreak? What social factors affected its severity and rate and extent of spread? How did individuals, social groups, and the state react to it? What are the short- and long-term effects on individuals, social groups, and the larger society? What programs can be put in place to help victims, their families, and affected communities to cope with the consequences--impaired mental and physical health, economic losses, and disrupted communities? Although current research on infectious disease outbreaks pays attention to social factors related to causation, severity, rate and extent of spread, those dealing with the "social chaos" arising from outbreaks are usually neglected. Inclusion, by combining traditional public health with sociological analysis, will enrich public health theory and understanding of infectious disease outbreaks. Our approach will help develop better programs to combat outbreaks and equally important, to help survivors, their families, and their communities cope better with the aftermath.,��https://www.ncbi.nlm.nih.gov/pubmed/15906881���Phua, Kai-Lit
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Viral Proteins/genetics���Oct���Menangle virus (MenV), isolated in 1997 from stillborn piglets during an outbreak of reproductive disease at a large commercial piggery, is the only new paramyxovirus to be identified in Australia since Hendra virus in 1994. Following partial characterisation of the MenV genome, we previously showed that MenV is a novel member of the genus Rubulavirus. Here we report the characterisation of the large (L) polymerase gene and the adjacent 5' trailer region of MenV, which completes the full-length genome sequence of this novel paramyxovirus (15,516 nucleotides), and thereby confirm its taxonomic position within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/15906105���Bowden, T R
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Viral Envelope Proteins/chemistry/genetics/*immunology/*physiology���Jun���Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae, which are distinguished by their ability to cause fatal disease in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) glycoproteins. Previously, we reported on HeV- and NiV-mediated fusion activities and detailed their host-cell tropism characteristics. These studies also suggested that a common cell surface receptor, which could be destroyed by protease, was utilized by both viruses. To further characterize the G glycoprotein and its unknown receptor, soluble forms of HeV G (sG) were constructed by replacing its cytoplasmic tail and transmembrane domains with an immunoglobulin kappa leader sequence coupled to either an S-peptide tag (sG(S-tag)) or myc-epitope tag (sG(myc-tag)) to facilitate purification and detection. Expression of sG was verified in cell lysates and culture supernatants by specific affinity precipitation. Analysis of sG by size exclusion chromatography and sucrose gradient centrifugation demonstrated tetrameric, dimeric, and monomeric species, with the majority of the sG released as a disulfide-linked dimer. Immunofluorescence staining revealed that sG specifically bound to HeV and NiV infection-permissive cells but not to a nonpermissive HeLa cell line clone, suggesting that it binds to virus receptor on host cells. Preincubation of host cells with sG resulted in dose-dependent inhibition of both HeV and NiV cell fusion as well as infection by live virus. Taken together, these data indicate that sG retains important native structural features, and we further demonstrate that administration of sG to rabbits can elicit a potent cross-reactive neutralizing antibody response against infectious HeV and NiV. This HeV sG glycoprotein will be exceedingly useful for structural studies, receptor identification strategies, and vaccine development goals for these important emerging viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/15890907°��Bossart, Katharine N
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alpha Karyopherins/metabolism���May���The Nipah virus V and W proteins, which are encoded by the P gene via RNA editing, have a common N-terminal domain but unique C-terminal domains. They localize to the cytoplasm and nucleus, respectively, and have both been shown to function as inhibitors of JAK/STAT signaling. Here we report that V and W proteins also block virus activation of the beta interferon (IFN-beta) promoter and the IFN regulatory factor 3 (IRF3)-responsive IFN-stimulated gene 54 promoter. Surprisingly, only W protein shows strong inhibition of promoter activation in response to stimulation of Toll-like receptor 3 (TLR3) by extracellular double-stranded RNA. This activity is dependent on the nuclear localization of W protein. Within the unique C-terminal domain of W protein, we have identified a nuclear localization signal (NLS) that requires basic residues at positions 439, 440, and 442. This NLS is responsible for mediating the preferential interaction of W protein with karyopherin-alpha 3 and karyopherin-alpha 4. Nuclear localization of W protein therefore enables it to target both virus and TLR3 pathways, whereas the cytoplasmic V protein is restricted to inhibiting the virus pathway. We propose that this discrepancy is in part due to the V protein being less able to block signaling in response to the kinase, TBK-1, whereas both V and W can prevent promoter activation in response to IKKepsilon. We demonstrate that, when the TLR3 pathway is stimulated, the levels of phosphorylated IRF3 are reduced in the presence of W protein but not V protein, confirming the differential effects of these proteins and illustrating that W protein-mediated inhibition is due to a loss of active IRF3.,��https://www.ncbi.nlm.nih.gov/pubmed/15857993ê��Shaw, Megan L
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Mar���Nipah virus (NiV), a highly pathogenic member of the family Paramyxoviridae, encodes the surface glycoproteins F and G. Since internalization of the NiV envelope proteins from the cell surface might be of functional importance for viral pathogenesis either by regulating cytopathogenicity or by modulating recognition of infected cells by the immune system, we analyzed the endocytosis of the NiV F and G proteins. Interestingly, we found both glycoproteins to be internalized in infected and transfected cells. As endocytosis is normally mediated by tyrosine- or dileucine-dependent signals in the cytoplasmic tails of transmembrane proteins, all potential internalization signals in the NiV glycoproteins were mutated. Whereas the G protein appeared to be constitutively internalized with the bulk flow during membrane turnover, uptake of the F protein was found to be signal mediated. F endocytosis clearly depended on a membrane-proximal YXXPhi motif and was found to be of functional importance for the biological activity of the protein.,��https://www.ncbi.nlm.nih.gov/pubmed/15731282É��Vogt, Carola
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*Zoonoses���Oct1��The last three decades have seen an alarming number of high-profile outbreaks of new viruses and other pathogens, many of them emerging from wildlife. Recent outbreaks of SARS, avian influenza, and others highlight emerging zoonotic diseases as one of the key threats to global health. Similar emerging diseases have been reported in wildlife populations, resulting in mass mortalities, population declines, and even extinctions. In this paper, we highlight three examples of emerging pathogens: Nipah and Hendra virus, which emerged in Malaysia and Australia in the 1990s respectively, with recent outbreaks caused by similar viruses in India in 2000 and Bangladesh in 2004; West Nile virus, which emerged in the New World in 1999; and amphibian chytridiomycosis, which has emerged globally as a threat to amphibian populations and a major cause of amphibian population declines. We discuss a new, conservation medicine approach to emerging diseases that integrates veterinary, medical, ecologic, and other sciences in interdisciplinary teams. These teams investigate the causes of emergence, analyze the underlying drivers, and attempt to define common rules governing emergence for human, wildlife, and plant EIDs. The ultimate goal is a risk analysis that allows us to predict future emergence of known and unknown pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/15604464¬��Daszak, Peter
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Time Factors���Decí��Fifty years ago, the age-old scourge of infectious disease was receding in the developed world in response to improved public health measures, while the advent of antibiotics, better vaccines, insecticides and improved surveillance held the promise of eradicating residual problems. By the late twentieth century, however, an increase in the emergence and re-emergence of infectious diseases was evident in many parts of the world. This upturn looms as the fourth major transition in human-microbe relationships since the advent of agriculture around 10,000 years ago. About 30 new diseases have been identified, including Legionnaires' disease, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), hepatitis C, bovine spongiform encephalopathy (BSE)/variant Creutzfeldt-Jakob disease (vCJD), Nipah virus, several viral hemorrhagic fevers and, most recently, severe acute respiratory syndrome (SARS) and avian influenza. The emergence of these diseases, and resurgence of old ones like tuberculosis and cholera, reflects various changes in human ecology: rural-to-urban migration resulting in high-density peri-urban slums; increasing long-distance mobility and trade; the social disruption of war and conflict; changes in personal behavior; and, increasingly, human-induced global changes, including widespread forest clearance and climate change. Political ignorance, denial and obduracy (as with HIV/AIDS) further compound the risks. The use and misuse of medical technology also pose risks, such as drug-resistant microbes and contaminated equipment or biological medicines. A better understanding of the evolving social dynamics of emerging infectious diseases ought to help us to anticipate and hopefully ameliorate current and future risks.,��https://www.ncbi.nlm.nih.gov/pubmed/15577934s��Weiss, Robin A
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Viral Proteins/genetics/*metabolism/pharmacology���Dec 7���Most paramyxoviruses circumvent the IFN response by blocking IFN signaling and limiting the production of IFN by virus-infected cells. Here we report that the highly conserved cysteine-rich C-terminal domain of the V proteins of a wide variety of paramyxoviruses binds melanoma differentiation-associated gene 5 (mda-5) product. mda-5 is an IFN-inducible host cell DExD/H box helicase that contains a caspase recruitment domain at its N terminus. Overexpression of mda-5 stimulated the basal activity of the IFN-beta promoter in reporter gene assays and significantly enhanced the activation of the IFN-beta promoter by intracellular dsRNA. Both these activities were repressed by coexpression of the V proteins of simian virus 5, human parainfluenza virus 2, mumps virus, Sendai virus, and Hendra virus. Similar results to the reporter assays were obtained by measuring IFN production. Inhibition of mda-5 by RNA interference or by dominant interfering forms of mda-5 significantly inhibited the activation of the IFN-beta promoter by dsRNA. It thus appears that mda-5 plays a central role in an intracellular signal transduction pathway that can lead to the activation of the IFN-beta promoter, and that the V proteins of paramyxoviruses interact with mda-5 to block its activity.,��https://www.ncbi.nlm.nih.gov/pubmed/15563593î��Andrejeva, J
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Swine���Janÿ��A random peptide library of heptamers displayed on the surface of M13 bacteriophage was used to identify specific epitopes of antibodies in pooled sera of swine naturally infected by Nipah virus. The selected heptapeptides were aligned with protein sequences of Nipah virus and several putative epitopes were identified within the nucleocapsid protein. A total of 41 of 60 (68%) selected phage clones had inserts resembling a region with the sequence SNRTQGE, located at the C-terminal end (amino acids 503-509) of the nucleocapsid protein. The binding of antibodies in the swine and human antisera to the phage clone was inhibited by a synthetic peptide corresponding to this region. Epitopes identified by phage display are consistent with the predicted antigenic sites for the Nipah virus nucleocapsid protein. The selected phage clone used as a coating antigen discriminated swine and human Nipah virus sera-positive from sera-negative samples exhibiting characteristics, which might be attractive for diagnostic tests.,��https://www.ncbi.nlm.nih.gov/pubmed/15543570 ��Eshaghi, Majid
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Swine���Octd��The immunohistochemical reactivity of seven clones of mouse monoclonal antibodies raised to Nipah virus antigens were investigated using formalin-fixed, paraffin embedded porcine and equine lung tissues from experimental Nipah and Hendra virus infection, respectively. Either microwave irradiation or enzymatic digestion effectively unmasked the viral antigens in formalin-fixed, paraffin-embedded tissue sections. Four clones showed positive reaction to both Nipah virus-infected porcine lung tissue and Hendra virus-infected equine lung tissue. Two clones (11F6 and 13A5) reacted with Nipah virus-infected porcine lung tissue, but not with Hendra virus-infected equine lung tissue. These Nipah virus-specific monoclonal antibodies may therefore be useful for immunohistological diagnosis of Nipah virus infection and for further research on Nipah virus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/15528861���Tanimura, Nobuhiko
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Sequence Homology, Amino Acid���Dec 5é��A database search for genes encoding paramyxoviral proteins revealed sequences that were designated as human but presented strong evidence of being of viral origin. The two cDNA-derived sequences designated AngRem104 and AngRem52 were originally described as human gene products that were upregulated by angiotensin II in primary mesangial kidney cells. However, their high degree of sequence relatedness to known viral proteins suggests that they represent the P/C/V, M, and F genes of a putative new member of family Paramyxoviridae. Comparison of deduced amino acid sequences and nucleotide motifs suggests that this putative virus is a divergent relative of the Hendra and Nipah viruses; hence, we suggest henipa-like virus or HNLV as a provisional name. Compared to Nipah virus, the percentage of identical (similar) amino acids varied from 19% (42%) for the C protein to 51% (75%) for the M protein. The presence and conservation of presumptive viral transcription start and stop signals and an apparent P editing motif also indicate a relationship of this putative virus to the henipaviruses. Given the highly pathogenic nature of the henipaviruses, the origin of these sequences is enigmatic, and attempts to identify and isolate HNLV are warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/15527844µ��Schomacker, Henrick
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Virus Replication���Mar[��Hendra virus is one of two virus species within the newly-formed genus Henipavirus, subfamily Paramxyovirinae. It is a designated select agent with potential biosecurity threat to both human and animal health. Quantitative real-time PCR was used to measure viral RNA synthesis in Vero cells infected by Hendra virus, and to examine the inhibitory effect of ribavirin. It was also used to determine the points of attenuation during transcription of the six viral genes N, P, M, F, G and L by targeting amplicons located towards the 3' end of each gene. Major increases in viral RNA and virus yield occurred between 4 to 8 h and 8 to 10 h post infection, respectively. The effect of ribavirin was examined at a range of concentrations up to 400 microm. At 50 microm, RNA synthesis was reduced 9 fold, and virus yield 58 fold. As expected for a member of the order Mononegavirales, a gradient of transcription was observed in Hendra virus-infected cells. There was significant attenuation at the M-F and G-L junctions, more closely resembling Sendai virus (genus Respirovirus) than measles virus (genus Morbillivirus).,��https://www.ncbi.nlm.nih.gov/pubmed/15526144���Wright, P J
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Recombinant Proteins/biosynthesis���NovÆ��A method for serological diagnosis of Nipah virus (NiV) is described. DNA encoding truncated G protein of NiV was cloned into the pFastBac HT vector, and the fusion protein to His-tag was expressed in insect cells by recombinant baculovirus. The resulting His-G recombinant fusion protein was purified by affinity chromatography and used as the coating antigen for serological testing by indirect enzyme-linked immunosorbant assay (ELISA). When tested against a panel of swine serum samples, the recombinant G protein-based ELISA successfully discriminated all 40 samples previously determined to be serum neutralizing test (SNT) positive from 11 SNT negatives samples. The data show that the recombinant G protein exhibits the antigenic epitopes and conformation necessary for specific antigen-antibody recognition. The main advantage of the recombinant G protein-based NiV ELISA compared to an ELISA using whole virus antigen is the use of a single antigenic protein instead of inactivated whole virus which is required to be prepared under high risk and cost. This test is suitable for routine diagnosis of NiV and also for epidemiological surveys as it allows highly reliable testing of a large number of sera rapidly.,��https://www.ncbi.nlm.nih.gov/pubmed/15522449´��Eshaghi, M
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Severe Acute Respiratory Syndrome���Jun���Over the last decade a number of novel viral respiratory pathogens have appeared or been recognized. Most of these are zoonoses, which have the capacity to infect humans directly or via an intermediate host. All but metapneumovirus are known to have caused epidemics of severe disease and at least two (the severe acute respiratory syndrome-coronavirus and influenza H5N1) have the potential to cause global pandemics. Possible preventive measures and treatment options against these new diseases are discussed in this review.,��https://www.ncbi.nlm.nih.gov/pubmed/15482205e��Snell, Noel Jc
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Swine/*blood���Nov8��A monoclonal antibody (MAb) based solid-phase blocking ELISA was developed for detection of antibodies to Nipah virus. The ELISA was designed to detect remaining antigens on the plate with anti-Nipah MAb conjugate after the reaction with sample serum, and enabled simple procedure, detection of neutralizing antibody to Nipah virus, and application of samples from different animal species. Forty of 200 swine reference sera examined were positive by the ELISA, of which thirty seven were found positive by serum neutralization test. Sera from a total of 131 fruit bats captured in Malaysia were also tested and all found negative by the both tests. It is considered that the solid-phase blocking ELISA can be used as a screening test for Nipah virus infection followed by the serum neutralization test as confirmatory test.,��https://www.ncbi.nlm.nih.gov/pubmed/15381364ä��Kashiwazaki, Yoshihito
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Viral Fusion Proteins/chemistry/genetics/*physiology���Sepï��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes a systemic infection in vivo and is able to replicate in cultured cells of many species and organs. Such pantropic paramyxoviruses generally encode fusion (F) proteins with multibasic cleavage sites activated by furin or other ubiquitous intracellular host cell proteases. In contrast, NiV has an F protein with a single arginine (R109) at the cleavage site, as is the case with paramyxoviruses that are activated by trypsin-like proteases only present in specific cells or tissues and therefore only cause localized infections. Unlike these viruses, cleavage of the NiV F protein is ubiquitous and does not require the addition of exogenous proteases in cell culture. To determine the importance of the amino acid sequence at the NiV F protein cleavage site for ubiquitous activation, we generated NiV F proteins with mutations around R109. Surprisingly, neither the exchange of amino acids upstream of R109 nor replacement of the basic residue itself interfered with F cleavage. Thus, R109 is not essential for F cleavage and activation. Our data demonstrate that NiV F-protein activation depends on a novel type of proteolytic cleavage that has not yet been described for any other paramyxovirus F protein. NiV F activation is mediated by a ubiquitous protease that requires neither a monobasic nor a multibasic cleavage site and therefore differs from the furin- or trypsin-like proteases known to activate other ortho- and paramyxovirus fusion proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15331703ß��Moll, Markus
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Communicable Diseases, Emerging/*epidemiology/transmission
Humans
Zoonoses/*epidemiology/transmission���Sep|��It is well recognized that most emerging diseases of humans are zoonotic, and that the forces working to create emerging diseases in humans are also operating in animal populations. However, what is often overlooked is that emerging human diseases are usually preceded by the emergence of the same pathogen in an animal population. In fact, the developing disease in animals acts as a link allowing the disease to take hold and wreck havoc in public health. Numerous examples--Rift Valley fever, monkeypox, Nipah, and Ebola--serve to underscore this linkage and to highlight the increasing interconnectedness of animal and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/15325066���Torres-Velez, Fernando
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Viral Fusion Proteins/*metabolism���Sep ��Proteolytic cleavage of the Hendra virus fusion (F) protein results in the formation of disulfide-linked F1 and F2 subunits, with cleavage occurring after residue K109 in the sequence GDVK/L. This unusual cleavage site and efficient propagation of Hendra virus in a furin-deficient cell line indicate that the Hendra F protein is not cleaved by furin, the protease responsible for proteolytic activation of many viral fusion proteins. To identify the subcellular site of Hendra F processing, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F were metabolically labeled and chased in the absence and presence of inhibitors of exocytosis. The addition of carbonyl-cyanide-3-chlorophenylhydrazone, monensin, brefeldin A, or NaF-AlCl3 or incubation of cells at 20 degrees C all inhibited processing of the Hendra F protein, suggesting that cleavage of Hendra F occurs either in secretory vesicles budding from the trans-Golgi network or at the cell surface. In contrast to proteolytic cleavage of the simian virus 5 (SV5) F protein by the Ca(2+)-dependent protease furin, proteolytic cleavage of the Hendra F protein was not significantly inhibited by decreases in Ca2+ levels following incubation with EGTA or A23187. However, in the presence of weak amines and H+ V-ATPase inhibitors, known to raise intracellular pH, cleavage of Hendra F protein was inhibited while processing of the SV5 F protein was not significantly affected. The subcellular location, sensitivity to pH changes, and decreased Ca2+ requirement suggest that the protease responsible for cleavage of Hendra F protein differs from proteases previously shown to be involved in the processing of other viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15308711ð��Pager, Cara Theresia
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Taq Polymerase���Sep 15���Nipah and Hendra viruses belong to the novel Henipavirus genus of the Paramyxoviridae family. Its zoonotic circulation in bats and recent emergence in Malaysia with fatal consequences for humans that were in close contact with infected pigs, has made the reinforcement of epidemiological and clinical surveillance systems a priority. In this study, TaqMan RT-PCR of the Nipah nucleoprotein has been developed so that Nipah virus RNA in field specimens or laboratory material can be characterized rapidly and specifically and quantitated. The linearity of the standard curve allowed quantification of 10(3) to 10(9) RNA transcripts. The sensitivity of the test was close to 1 pfu. The kinetics of Nipah virus production in Vero cells was monitored by the determination of infectious virus particles in the supernatant fluid and by quantitation of the viral RNA. Approximately, 1000 RNA molecules were detected per virion, suggesting the presence of many non-infectious particles, similar to other RNA viruses. TaqMan real-time RT-PCR failed to detect Hendra virus DNA. Importantly, the method was able to detect virus despite a similar ratio in viremic sera from hamsters infected with Nipah virus. This standardized technique is sensitive and reliable and allows rapid detection and quantitation of Nipah RNA in both field and experimental materials used for the surveillance and specific diagnosis of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/15288966-��Guillaume, Vanessa
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Signal Transduction/*drug effects/physiology,��Interferon (IFN) can activate Signal Transducer and Activator of Transcription (STAT) proteins to establish a cellular antiviral response and inhibit virus replication. Many viruses have evolved strategies to inhibit this antiviral mechanism, but paramyxoviruses are unique in their abilities to directly target the IFN-responsive STAT proteins. Hendra virus and Nipah virus (Henipaviruses) are recently emerged paramyxoviruses that are the causative agents of fatal disease outbreaks in Australia and peninsular Malaysia. Similar to other paramyxoviruses, Henipaviruses inhibit IFN signal transduction through a virus-encoded protein called V. Recent studies have shown that Henipavirus V proteins target STAT proteins by inducing the formation of cytoplasmically localized high molecular weight STAT-containing complexes. This sequestration of STAT1 and STAT2 prevents STAT activation and blocks antiviral IFN signaling. As the V proteins are important factors for host evasion, they represent logical targets for therapeutics directed against Henipavirus epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/15279700/��Rodriguez, Jason J
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Tissue Fixation���Aug-OctY��Formalin-fixed, paraffin wax-embedded tissues of three Malaysian farm pigs naturally infected with Nipah virus were used to investigate the value of anti-Nipah virus mouse monoclonal antibodies (Mabs) and rabbit polyclonal antibody for immunohistochemical diagnosis. Mabs 11F6 and 12A5 gave intense immunolabelling in lung tissue that had been fixed in 10% neutral buffered formalin for about 4 years, whereas the reactivity of Mabs 13A5 and 18C4 and polyclonal antibody was reduced significantly by long-term formalin fixation. Immunohistochemical examination of Malaysian farm pig samples with Mab 11F6 confirmed the affinity of Nipah virus for respiratory epithelium, renal glomerular and tubular epithelium, meningeal arachnoidal cells, and systemic vascular endothelium and smooth muscle. In addition, Nipah virus antigens were identified in laryngeal epithelial cells, Schwann cells of peripheral nerve fascicles in the spleen, and endothelial cells in the atrioventricular valve. The study demonstrated the value of Mabs 11F6 and 12A5 for the immunohistochemical diagnosis of Nipah virus infection in pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/15276859Ö��Tanimura, N
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Viral Fusion Proteins/chemistry/genetics/metabolism/*physiology���JulÏ��Nipah virus (NiV), a new member of the Paramyxoviridae, codes for a fusion (F) protein with five potential N-glycosylation sites. Because glycans are known to be important structural components affecting the conformation and function of viral glycoproteins, we analyzed the effect of the deletion of N-linked oligosaccharides on cell surface transport, proteolytic cleavage, and the biological activity of the NiV F protein. Each of the five potential glycosylation sites was removed either individually or in combination, revealing that four sites are actually utilized (g2 and g3 in the F(2) subunit and g4 and g5 in the F(1) subunit). While the removal of g2 and/or g3 had no or little effect on cleavage, surface transport, and fusion activity, the elimination of g4 or g5 reduced the surface expression by more than 80%. Similar to a mutant lacking all N-glycans, g4 deletion mutants in which the potential glycosylation site was destroyed by introducing a glycine residue were neither cleaved nor transported to the cell surface and consequently were not able to mediate cell-to-cell fusion. This finding indicates that in the absence of g4, the amino acid sequence around position 414 is important for folding and transport.,��https://www.ncbi.nlm.nih.gov/pubmed/15194804¬��Moll, Markus
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Viral Proteins/*chemistry���Jun#��Hendra virus (HeV) and Nipah virus (NiV) are members of a new genus, Henipavirus, in the family paramyxoviridae. Each virus encodes a phosphoprotein (P) that is significantly larger than its counterparts in other known paramyxoviruses. The interaction of this unusually large P with its nucleocapsid protein (N) was investigated in this study by using recombinant full-length and truncated proteins expressed in bacteria and a modified protein-blotting protein-overlay assay. Results from our group demonstrated that the N and P of both viruses were able to form not only homologous, but also heterologous, N-P complexes, i.e. HeV N was able to interact with NiV P and vice versa. Deletion analysis of the N and P revealed that there were at least two independent N-binding sites on P and they resided at the N and C termini, respectively. Similarly, more than one P-binding site was present on N and one of these was mapped to a 29 amino acid (aa) C-terminal region, which on its own was sufficient to interact with the extreme C-terminal 165 aa region of P.,��https://www.ncbi.nlm.nih.gov/pubmed/15166452§��Chan, Y P
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X-Ray Diffraction���Jun&��Highly conserved heptad-repeat (HR1 and HR2) regions in class I viral fusion (F) proteins, including the F protein from paramyxovirus, interact with each other post-fusion to form a six-helix bundle called a fusion core. Crystals of the fusion core of Nipah virus have been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.1 angstroms resolution at 100 K in-house. The crystals have unit-cell parameters a = 31.664, b = 31.725, c = 51.256 angstroms, alpha = 80.706, beta = 86.343, gamma = 65.812 degrees and belong to space group P1. Crystals of the fusion core of Hendra virus have also been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.0 angstroms resolution at 100 K in-house. A selenomethionine (SeMet) derivative of the HeV fusion core was overexpressed using the same Escherichia coli expression system and purified. The derivative crystals were obtained under similar conditions and three different wavelength data sets were collected to 2.0 angstroms resolution from the derivative crystal at BSRF (Beijing Synchrotron Radiation Facility). The crystals have unit-cell parameters a = 31.997, b = 31.970, c = 53.865 angstroms, alpha = 85.990, beta = 85.842, gamma = 68.245 degrees and belong to space group P1.,��https://www.ncbi.nlm.nih.gov/pubmed/15159588���Xu, Yanhui
Lou, Zhiyong
Liu, Yiwei
Cole, David K
Su, Nan
Qin, Lan
Li, Xu
Bai, Zhihong
Rao, Zihe
Gao, George F
eng
Research Support, Non-U.S. Gov't
2004/05/26 05:00
Acta Crystallogr D Biol Crystallogr. 2004 Jun;60(Pt 6):1161-4. doi: 10.1107/S0907444904009515. Epub 2004 May 21.%��0907-4449 (Print)
0907-4449 (Linking)���15159588¶��Laboratory of Structural Biology and MOE Laboratory of Protein Sciences, School of Life Sciences and Bio-Engineering, Tsinghua University, Beijing 100084, People's Republic of China.���10.1107/S0907444904009515���
���üÖ|ßþ?Ï������Dutkiewicz, J.���2004*��[Occupational bio hazards: current issues]���31-40���Med Pr���55���1t��Animals
Bacteria/isolation & purification
Disease Outbreaks/*prevention & control/veterinary
Environmental Monitoring/*standards
Global Health
Health Personnel/standards
Humans
Occupational Diseases/etiology/*prevention & control/veterinary
Occupational Exposure/*adverse effects
Poland
Risk Assessment
Risk Factors
Veterinarians/standards
Viruses/isolation & purification2
�Over the last decade, there was noted a large advancement of knowledge on living organisms and their products posing a potential occupational risk. Novel risk factors, often new to science, were identified, the role and significance of already known factors better comprehended, and occupational groups endangered by biological hazards more thoroughly recognized. Novel viruses and prions, emerging in different parts of the world, may pose a particular threat to health and life of health care workers, agriculture workers and veterinarians. A new coronavirus (SCoV) that evoked a rapid outbreak of disease described as severe acute respiratory syndrome (SARS) in the first half of 2003 may serve as an example. The disease was particularly common among health care workers. Previously discovered zoonotic viruses, Nipah virus in pigs and Hendra virus in horses, may be a cause of fatal encephalitis in animal farmers. Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and laboratory workers. Prions responsible for inducing a zoonotic variant of Creutzfeldt-Jakob disease (vCJD) are considered to be a potential cause of work-related infections in agricultural and health care workers, however, this assumption has not as yet been supported by any conclusive evidence. In many countries, blood-borne occupational infections with hepatitis C virus (HCV) is the major epidemiological problem among health care workers, mostly because no vaccine against this virus has been produced to date. Vaccinations effectively restricted the number of occupational infections with hepatitis B virus (HBV), and work-related infections with human immunodeficiency virus (HIV) causing acquired immunodeficiency syndrome (AIDS) are very rare. Hazardous bioserosols, occurring in many work environments, pose an occupational health hazard of particular importance. Many new biological factors present in organic dusts that may induce work-related allergic and immunotoxic diseases among farmers and workers of the agricultural and wood industries have been identified. Droplet aerosols, which are generated from water, oils, oil-water emulsions and other liquids in various work environments, may contain infectious agents (Legionella spp.) as well as allergic and/or toxic agents. It has been shown that allergens and endotoxins produced by Gram-negative bacteria occurring in oil mist from metalworking fluids may cause occupational respiratory diseases in workers of the metallurgic industry.,��https://www.ncbi.nlm.nih.gov/pubmed/15156765_��Dutkiewicz, Jacek
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United Kingdom���May-JunÐ��INTRODUCTION: Selected tablet-treated elderly type 2 subjects with very poor glycaemic control may experience improvements in well-being after starting twice-daily insulin. In this study, the health status, mood, and treatment satisfaction of diabetic subjects with poor control on oral medication were assessed before and after being randomised to one of two insulin regimens. METHODOLOGY: Fifty-seven type 2 subjects with poor glycaemic control (HBA(1c) 9.7%) were randomised to continue tablets (Group l), twice-daily isophane insulin (Group 2), or basal/bolus isophane/lispro insulin (Group 3). Health status, treatment satisfaction, and mood were measured at baseline, 1, 3, and 6 months. RESULTS: Mean HBA(1c) levels were lower in Groups 1 and 3 at 6 months (P<.02 and.03, respectively) but not Group 2 (P=.2). Mean health status scores did not differ between the groups at any time point. In Group 3, significant within-subject improvements occurred in six domains of the SF-36 at 1 month, four domains at 3 months, and six domains at 6 months. There were no significant within-subject changes in health status scores in the other groups. Mean anxiety scores improved in both Groups 1 and 3 over 6 months, and mean depression scores also improved in Group 3 during the study. CONCLUSIONS: Small improvements in health status and mood may be associated with basal/bolus, but not twice-daily, insulin in elderly type 2 subjects. These effects may be independent of glycaemic control.,��https://www.ncbi.nlm.nih.gov/pubmed/15145325ð��Hendra, Timothy J
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Viral Proteins/*physiology���Junc��In previous reports it was demonstrated that the Nipah virus V and W proteins have interferon (IFN) antagonist activity due to their ability to block signaling from the IFN-alpha/beta receptor (J. J. Rodriguez, J. P. Parisien, and C. M. Horvath, J. Virol. 76:11476-11483, 2002; M. S. Park et al., J. Virol. 77:1501-1511, 2003). The V, W, and P proteins are all encoded by the same viral gene and share an identical 407-amino-acid N-terminal region but have distinct C-terminal sequences. We now show that the P protein also has anti-IFN function, confirming that the common N-terminal domain is responsible for the antagonist activity. Truncation of this N-terminal domain revealed that amino acids 50 to 150 retain the ability to block IFN and to bind STAT1, a key component of the IFN signaling pathway. Subcellular localization studies demonstrate that the V and P proteins are predominantly cytoplasmic whereas the W protein is localized to the nucleus. In all cases, STAT1 colocalizes with the corresponding Nipah virus protein. These interactions are sufficient to inhibit STAT1 activation, as demonstrated by the lack of STAT1 phosphorylation on tyrosine 701 in IFN-stimulated cells expressing P, V, or W. Therefore, despite their common STAT1-binding domain, the Nipah virus V and P proteins act by retaining STAT1 in the cytoplasm while the W protein sequesters STAT1 in the nucleus, creating both a cytoplasmic and a nuclear block for STAT1. We also show that the IFN antagonist activity of the P protein is not as strong as that of V or W, perhaps explaining why Nipah virus has evolved to express these two edited products.,��https://www.ncbi.nlm.nih.gov/pubmed/15140960ë��Shaw, Megan L
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Transcription, Genetic+��Hendra virus (HENV) and Nipah virus (NIPV) are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genetic and biological characteristics that differentiate henipaviruses from other members of the subfamily are summarized. Although they do not display neuraminidase and hemagglutination activities and in that regard resemble viruses in the genus Morbillivirus, several recent observations highlight similarities between henipaviruses and respiroviruses (genus Respirovirus) in structure and replication strategy. First, three-dimensional modeling studies suggest that the external globular head domain of the HENV G protein resembles that of respiroviruses rather than morbilliviruses. Second, the pattern of transcriptional attenuation in HENV-infected cells resembles that observed with Sendai virus, a respirovirus, and differs from that found in cells infected with measles virus, a morbillivirus. Henipaviruses have a broad host range in vitro and in vivo, indicating wide distribution of cellular receptor molecules. The extensive host range has been confirmed in a quantitative in vitro cell-fusion assay using recombinant vaccinia viruses expressing the attachment and fusion proteins of HENV and NIPV. Cell lines of diverse origin and which are permissive in the in vitro cell fusion assay have been identified and the pattern of relative susceptibilities is the same for both HENV and NIPV, implying that both viruses use the same cell receptor. Protease treatment of permissive cells destroys their ability to fuse with cells expressing viral envelope glycoproteins. Virus overlay protein binding assay (VOPBA) and radio-immune precipitation assays confirm that both HENV and NIPV bind to membrane proteins in the 35-50 kD range. Treatment of cell membrane proteins with N-glycosidase eliminates HeV binding activity in VOPBA whereas treatment with neuraminidase has no effect on binding. Thus preliminary evidence suggests that NIPV and HENV bind to the same glycoprotein receptor via a non-sialic acid-dependant mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/15119767���Eaton, B T
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Paramyxoviridae/*isolation & purification/pathogenicityq��Several novel viruses recently described in bats of the genus Pteropus (sub-order Megachiroptera) in Australia and southeast Asia cause encephalitic disease in animals and humans. These viruses include Hendra virus and Nipah virus (genus Henipavirus, family Paramyxoviridae) and Australian bat lyssavirus (ABLV; genus Lyssavirus, family Rhabdoviridae). Broadly, strategies for disease prevention and control in the spillover host are directed at minimising direct or indirect contact with the natural host, improving farm-gate and on-farm biosecurity, and better disease recognition and diagnosis. Additional strategies for ABLV include the use of rabies vaccine for effective pre- and post-exposure prophylaxis in humans. Effective management strategies in the natural host are predicated on an understanding of the ecology of the disease in the natural host, and the identification and avoidance of factors putatively associated with emergence, such as habitat loss, land use change and demographic shifts. A possible future management strategy for ABLV in reservoir populations is immunisation using bait or plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/15119766g��Field, H
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Zoonoses±��Three newly recognized encephalitogenic zoonotic viruses spread from fruit bats of the genus Pteropus (order Chiroptera, suborder Megachiroptera) have been recognised over the past decade. These are: Hendra virus, formerly named equine morbillivirus, which was responsible for an outbreak of disease in horses and humans in Brisbane, Australia, in 1994; Australian bat lyssavirus, the cause of a severe acute encephalitis, in 1996; and Nipah virus, the cause of a major outbreak of encephalitis and pulmonary disease in domestic pigs and people in peninsula Malaysia in 1999. Hendra and Nipah viruses have been shown to be the first two members of a new genus, Henipavirus, in the family Paramyxoviridae, subfamily Paramyxovirinae, whereas Australian bat lyssavirus is closely related antigenically to classical rabies virus in the genus Lyssavirus, family Rhabdoviridae, although it can be distinguished on genetic grounds. Hendra and Nipah viruses have neurological and pneumonic tropisms. The first humans and equids with Hendra virus infections died from acute respiratory disease, whereas the second human patient died from an encephalitis. With Nipah virus, the predominant clinical syndrome in humans was encephalitic rather than respiratory, whereas in pigs, the infection was characterised by acute fever with respiratory involvement with or without neurological signs. Two human infections with Australian bat lyssavirus have been reported, the clinical signs of which were consistent with classical rabies infection and included a diffuse, non-suppurative encephalitis. Many important questions remain to be answered regarding modes of transmission, pathogenesis, and geographic range of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15119765���Mackenzie, J S
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*Zoonoses7��The emergence of zoonotic viruses maintained by wildlife reservoir hosts is poorly understood. Recent discoveries of Hendra (HENV) and Nipah (NIPV) viruses in Australasia and the emergence of epidemic West Nile virus (WNV) in the United States have added urgency to the study of cross-species transmission. The processes by which zoonotic viruses are transmitted and infect other species are examined as four transitions. Two of these, inter-species contact and cross-species virus transmission (spillover), are essential and sufficient to cause epidemic emergence. Sustained transmission and virus adaptation within the spillover host are transitions not required for virus emergence, but determine the magnitude and scope of subsequent disease outbreaks. Ecologic, anthropogenic, and evolutionary factors modify the probability that viruses complete or move through transitions. As surveillance for wildlife diseases is rare and often outbreak-driven, targeted studies are required to elucidate the means by which important zoonotic viruses are maintained and spillover occurs.,��https://www.ncbi.nlm.nih.gov/pubmed/15119758Q��Childs, J E
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Viral Fusion Proteins/*physiology%��The vaccinia virus-based expression of viral envelope glycoprotein genes-derived from enveloped viruses that infect their respective host cells through a pH-independent mechanism of membrane fusion-has been a powerful tool in helping to characterize these important attachment and fusion proteins. The cellular expression of these viral envelope glycoproteins has allowed for the measurement of membrane fusion events using cell-cell fusion or syncytia formation. This method has been enhanced by the addition of a reporter-gene system to the vaccinia virus-based cell-cell fusion assay. This improvement has provided a high-throughput and quantitative aspect to this assay, which can serve as a surrogate for virus entry and is therefore ideally suited in the characterization of numerous enveloped viruses, including biological safety level-4 (BSL-4) agents. This chapter will detail the methods of the vaccinia virus-based reporter-gene fusion assay and how it may be used to characterize the fusion mediated by the BSL-4-classified Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15114023®��Bossart, Katharine N
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Viral Fusion Proteins/chemistry/*genetics/isolation & purification/*metabolism���Mar 12���Nipah virus (NiV) and Hendra virus (HeV) are novel zoonotic members of the Paramyxoviridae family and are the prototypes for a newly designated genus, Genus Henipavirus. Recent studies have shown that paramyxovirus might adopt a similar mechanism of virus fusion-entry. Under this mechanism, the two highly conserved heptad repeat (HR) regions, HR1 and HR2, in the fusion (F) protein, seem to show characteristic structure in the fusion core: the formation of a 6-helix coiled-coil bundle. The three HR1s form the alpha-helix coiled-coil surrounded by three HR2s. In this study, the two HR regions of NiV or HeV were expressed in an Escherichia coli system as a single chain and the results do show that HR1 and HR2 interact with each other in both NiV and HeV and form typical 6-helix coiled-coil bundles. This provides the molecular basis of HR2 inhibition to NiV and HeV fusion as observed in an earlier report.,��https://www.ncbi.nlm.nih.gov/pubmed/14975752æ��Xu, Yanhui
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West Nile Fever/*epidemiology/prevention & controlÿ��Severe acute respiratory syndrome (SARS) reminds us that sudden disease emergence is a permanent part of our world--and should be anticipated in our planning. Historically the emergence of new diseases has had little or no impact beyond a small, localized cluster of infections. However, given just the right conditions, a highly virulent pathogen can suddenly spread across time and space with massive consequences, as has occurred on several occasions in human history. In the wake of the SARS outbreak, we are now forced to confront the unpleasant fact that human activities are increasing the frequency and severity of these kinds of emergences. The idea of more frequent biological "invasions" with economic and societal impacts comparable to SARS, presents stakeholders in and the global economy with unprecedented new risks, challenges and even opportunities. As a major contributor to economic stability, the insurance industry must follow these trends very closely and develop scenarios to anticipate these events.,��https://www.ncbi.nlm.nih.gov/pubmed/14971089O��von Overbeck, Jan
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Viral Vaccines/*administration & dosage/immunology���JanÓ��Nipah virus, a member of the paramyxovirus family, was first isolated and identified in 1999 when the virus crossed the species barrier from fruit bats to pigs and then infected humans, inducing an encephalitis with up to 40% mortality. At present there is no prophylaxis for Nipah virus. We investigated the possibility of vaccination and passive transfer of antibodies as interventions against this disease. We show that both of the Nipah virus glycoproteins (G and F) when expressed as vaccinia virus recombinants induced an immune response in hamsters which protected against a lethal challenge by Nipah virus. Similarly, passive transfer of antibody induced by either of the glycoproteins protected the animals. In both the active and passive immunization studies, however, the challenge virus was capable of hyperimmunizing the vaccinated animals, suggesting that although the virus replicates under these conditions, the immune system can eventually control the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14694115Ø��Guillaume, V
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Zoonoses/virology���Nov@��A predominantly pig-to-human zoonotic infection caused by the novel Nipah virus emerged recently to cause severe morbidity and mortality in both animals and man. Human autopsy studies showed the pathogenesis to be related to systemic vasculitis that led to widespread thrombotic occlusion and microinfarction in most major organs especially in the central nervous system. There was also evidence of extravascular parenchymal infection, particularly near damaged vessels (Wong KT, Shieh WJ, Kumar S, Norain K, Abdullah W, Guarner J, Goldsmith CS, Chua KB, Lam SK, Tan CT, Goh KJ, Chong HT, Jusoh R, Rollin PE, Ksiazek TG, Zaki SR, Nipah Virus Pathology Working Group: Nipah virus infection: Pathology and pathogenesis of an emerging paramyxoviral zoonosis. Am J Pathol 2002, 161:2153-2167). We describe here a golden hamster (Mesocricetus auratus) model that appears to reproduce the pathology and pathogenesis of acute human Nipah infection. Hamsters infected by intranasal or intraperitoneal routes died within 9 to 29 days or 5 to 9 days, respectively. Pathological lesions were most severe and extensive in the hamster brain. Vasculitis, thrombosis, and more rarely, multinucleated endothelial syncytia, were found in blood vessels of multiple organs. Viral antigen and RNA were localized in both vascular and extravascular tissues including neurons, lung, kidney, and spleen, as demonstrated by immunohistochemistry and in situ hybridization, respectively. Paramyxoviral-type nucleocapsids were identified in neurons and in vessel walls. At the terminal stage of infection, virus and/or viral RNA could be recovered from most solid organs and urine, but not from serum. The golden hamster is proposed as a suitable model for further studies including pathogenesis studies, anti-viral drug testing, and vaccine development against acute Nipah infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14578210���Wong, K Thong
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Viral Proteins/*chemistry/genetics���Nov 7s��Measles virus is a negative-sense, single-stranded RNA virus belonging to the Mononegavirales order which comprises several human pathogens such as Ebola, Nipah, and Hendra viruses. The phosphoprotein of measles virus is a modular protein consisting of an intrinsically disordered N-terminal domain (Karlin, D., Longhi, S., Receveur, V., and Canard, B. (2002) Virology 296, 251-262) and of a C-terminal moiety (PCT) composed of alternating disordered and globular regions. We report the crystal structure of the extreme C-terminal domain (XD) of measles virus phosphoprotein (aa 459-507) at 1.8 A resolution. We have previously reported that the C-terminal domain of measles virus nucleoprotein, NTAIL, is intrinsically unstructured and undergoes induced folding in the presence of PCT (Longhi, S., Receveur-Brechot, V., Karlin, D., Johansson, K., Darbon, H., Bhella, D., Yeo, R., Finet, S., and Canard, B. (2003) J. Biol. Chem. 278, 18638-18648). Using far-UV circular dichroism, we show that within PCT, XD is the region responsible for the induced folding of NTAIL. The crystal structure of XD consists of three helices, arranged in an anti-parallel triple-helix bundle. The surface of XD formed between helices alpha2 and alpha3 displays a long hydrophobic cleft that might provide a complementary hydrophobic surface to embed and promote folding of the predicted alpha-helix of NTAIL. We present a tentative model of the interaction between XD and NTAIL. These results, beyond presenting the first measles virus protein structure, shed light both on the function of the phosphoprotein at the molecular level and on the process of induced folding.,��https://www.ncbi.nlm.nih.gov/pubmed/12944395ø��Johansson, Kenth
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*Virus Diseases/drug therapy/genetics/prevention & control���Aug 15ð��Certain viruses, such as those that cause smallpox and hemorrhagic fevers, have been identified as possible bioterrorism agents by the Centers for Disease Control and Prevention. They have been designated as potential threats because large quantities can be propagated in cell culture, they are transmissible as aerosols and, for the most part, there are only limited vaccine and pharmaceutical strategies for either prevention or treatment of established infection. An additional concern is the potential to genetically modify these agents to enhance virulence or promote resistance to vaccines or identified antivirals. Although the major impact of these agents is human illness, the release of zoonotic agents, such as the Nipah virus, would have consequences for both humans and animals because infected and noninfected animals might need to be sacrificed to control the spread of infection. Continued research is necessary to develop effective strategies to limit the impact of these biological threats.,��https://www.ncbi.nlm.nih.gov/pubmed/12944096v��Bronze, Michael S
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Transplantation, Heterologous/*adverse effects
Virus Diseases/transmission/*veterinary
Zoonoses/*transmissioné��Porcine organs, cells and tissues provide a viable source of transplants in humans, though there is some concern of public health risk from adaptation of swine infectious agents in humans. Limited information is available on the public health risk of many exogenous swine viruses, and reliable and rapid diagnostic tests are available for only a few of these. The ability of several porcine viruses to cause transplacental fetal infection (parvoviruses, circoviruses, and arteriviruses), emergence or recognition of several new porcine viruses during the last two decades (porcine circovirus, arterivirus, paramyxoviruses, herpesviruses, and porcine respiratory coronavirus) and the immunosuppressed state of the transplant recipients increases the xenozoonoses risk of humans to porcine viruses through transplantation. Much of this risk can be eliminated with vigilance and sustained monitoring along with a better understanding of pathogenesis and development of better diagnostic tests. In this review we present information on selected exogenous viruses, highlighting their characteristics, pathogenesis of viral infections in swine, methods for their detection, and the potential xenozoonoses risk they present. Emphasis has been given in this review to swine influenza virus, paramyxovirus (Nipah virus, Menagle virus, LaPiedad paramyxovirus, porcine paramyxovirus), arterivirus (porcine reproductive and respiratory syndrome virus) and circovirus as either they represent new swine viruses or present the greatest risk. We have also presented information on porcine parvovirus, Japanese encephalitis virus, encephalomyocarditis virus, herpesviruses (pseudorabies virus, porcine lymphotropic herpesvirus, porcine cytomegalovirus), coronaviruses (TGEV, PRCV, HEV, PEDV) and adenovirus. The potential of swine viruses to infect humans needs to be assessed in vitro and in vivo and rapid and more reliable diagnostic methods need to be developed to assure safe supply of porcine tissues and cells for xenotransplantation.,��https://www.ncbi.nlm.nih.gov/pubmed/12934944���Paul, P S
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Zoonoses���Jung��Paramyxoviruses are responsible for a wide variety of diseases both in humans and in animals. Common to many paramyxoviruses is the fact that they can cause neurological symptoms in their final host. Newly discovered paramyxoviruses, such as the Hendra and Nipah viruses, show the same pattern of pathogenesis as that of the paramyxoviruses already known. Canine distemper virus (CDV) is a well-studied member of the genus Morbillivirus. Study of the neuropathogenesis of CDV might give insight into disease mechanisms and suggest approaches for the prevention of other recently discovered paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/12885204º��Griot, Christian
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Zoonoses���JulÞ��BACKGROUND: Viral encephalitis occurs in epidemic settings or is sporadic. New encephalitis patterns reflect the roles that biologic reservoirs and vectors play in determining virus-human interactions. "New" viral encephalitis can also result from human host modifications that increase susceptibility to neuroinvasive viral infection. REVIEW SUMMARY: Three human viruses, Nipah virus, Human Herpesvirus-6, and West Nile virus, present examples of how "new" viral encephalitides emerge in a specific geographic region or clinical setting. Nipah virus encephalitis emerged after the molecular evolution of a new zoonotic viral genus within the Paramyxovirinae family. Human herpesvirus-6 encephalitis has emerged in the immune suppressed human host harboring this ubiquitous but typically benign herpesvirus. West Nile virus encephalitis has emerged in the Western hemisphere after apparent abrupt translocation of this mosquito-borne virus to a distant geographic region with immunologically naive avian and human hosts. CONCLUSION: While the clinical features of these viral encephalitides are somewhat distinct, they each emerged as the result of human-derived factors that altered the biologic dynamic between humans and their viral pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12864929{��McCarthy, Micheline
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West Nile virus/pathogenicity���Jun?��PURPOSE OF REVIEW: The exotic and emerging viral encephalitides are caused by animal or human viruses and characterised by sudden unexpected outbreaks of neurological disease, usually in tropical and sub-tropical regions, but sometimes spreading to temperate areas. Although a wide range of viruses come within this label, as this review highlights, there are common research questions as to the origin and spread of the viruses, the contribution of viral and host factors to the clinical presentations and outcome, and the possibilities for treatment and vaccination. RECENT FINDINGS: During 2002, North America experienced the largest ever outbreak of West Nile encephalitis; a poliomyelitis-like flaccid paralysis due to West Nile virus was recognised, and transfusion-related infections were documented. Globally, Japanese encephalitis virus is the most important emerging viral encephalitis; interferon alpha was not effective against Japanese encephalitis in a double-blind placebo-controlled trial, but new chimeric vaccines are in development. Recent work suggests Japanese encephalitis virus originated in the Indonesia-Malaysia region, and spread from there. The origin of Nipah virus, which caused an encephalitis outbreak in Malaysia in 1998, is not known, but flying foxes have been identified as a natural host. Enterovirus 71 continues to cause large outbreaks of hand foot and mouth disease across Asia, associated with neurological and systemic complications; recent work has focused on the pathogenesis of these complications. SUMMARY: Disease surveillance remains important for the early recognition and containment of encephalitis outbreaks. Detailed clinical and laboratory studies will help answer the key questions, but there is a need to ensure the results translate to real benefits for the communities affected by these diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/12858080���Solomon, Tom
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Time Factors���May-Juný��This study examined the effect of a time-limited welfare program on school-age children using data on almost 3,000 children (ages 5-17 at the four year follow up-point) from the random assignment evaluation of Florida's Family Transition Program (FTP). FTP was one of the first welfare reform initiatives to impose a time limit on the receipt of cash assistance, and it combined the time limit with a rich array of mandatory services. The effects of FTP on children were moderated by families' risk of long-term welfare dependency. Contrary to predictions laid out at the outset, there were few effects of FTP on middle childhood and adolescent children for children of parents most likely to be long-term welfare dependent (those most likely to hit the time limit). However, consistent negative effects on this same age group of children were found for children of parents least likely to be long-term welfare dependent--parents who had the largest employment gains--and effects of FTP were most strongly negative for the oldest adolescent children. The findings suggest a different theoretical model for movements into employment than the one suggested in the previous literature for job loss. The findings are discussed in terms of their contribution to research and policy.,��https://www.ncbi.nlm.nih.gov/pubmed/12795394r��Morris, Pamela
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Workforce���May���The Epidemic Intelligence Service (EIS) was created in 1951 to provide epidemiologists to investigate natural and intentional disease epidemics. From an initial class of 23 U.S. citizens, the program has evolved into a globally recognized, hands-on learning experience, accepting approximately 65 to 75 new officers each year. The first U.S. military epidemic intelligence service officer (EISO) was accepted into the program in 1994. Since that time, 12 such officers have completed, or have begun, EIS training. They have comprised 2.1% of all EISOs from 1994 to 2001 and 0.47% of all EISOs. This total has included nine Air Force veterinarians, one Army veterinarian, one Army physician, and one Navy physician. Each military EISO had the opportunity to lead investigations of significant public health events (e.g., Ebola, monkeypox, malaria, Nipah virus, West Nile fever, and anthrax outbreaks). All graduates from the military returned to active duty assignments in operational medical units, research institutes, or the intelligence community.,��https://www.ncbi.nlm.nih.gov/pubmed/12775171���Noah, Donald L
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Specimen Handling/*methods���May9��During the outbreak of Nipah virus encephalitis involving pigs and humans in peninsular Malaysia in 1998/1999, a conventional approach was initially undertaken to collect specimens from fruit bats by mist-netting and shooting, as an integral part of wildlife surveillance of the natural reservoir host of Nipah virus. This study describes a novel method of collecting fruit bats' urine samples using plastic sheets for isolation of Nipah virus. This novel approach resulted in the isolation of several other known and unidentified infectious agents besides Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12758277Q��Chua, Kaw Bing
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Zoonoses/virology���Apr^��New viral infections of the nervous system have been appearing with great regularity. Some result from the evolution of new agents and others from the entry of viruses into new hosts or environments. The emergence of neurovirulent enteroviruses causing a paralytic poliomyelitis syndrome and rhomboencephalitis represent the evolution of new human viruses. Most emerging viral infections represent movement of an agent into new geographic areas or across species barriers. The transport of neurovirulent strains of West Nile virus into the Western Hemisphere and the penetration of Nipah virus, a newly recognized paramyxovirus, across species barriers from bat to pig to man are examples that are highlighted in this review. The burgeoning human population and the speed and frequency of travel favor the evolution, preservation, and spread of new viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/12707845q��Johnson, Richard T
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*Respirovirus Infections/diagnosis/epidemiology/physiopathology���Apr6��Human parainfluenza viruses (HPIV) were first discovered in the late 1950s. Over the last decade, considerable knowledge about their molecular structure and function has been accumulated. This has led to significant changes in both the nomenclature and taxonomic relationships of these viruses. HPIV is genetically and antigenically divided into types 1 to 4. Further major subtypes of HPIV-4 (A and B) and subgroups/genotypes of HPIV-1 and HPIV-3 have been described. HPIV-1 to HPIV-3 are major causes of lower respiratory infections in infants, young children, the immunocompromised, the chronically ill, and the elderly. Each subtype can cause somewhat unique clinical diseases in different hosts. HPIV are enveloped and of medium size (150 to 250 nm), and their RNA genome is in the negative sense. These viruses belong to the Paramyxoviridae family, one of the largest and most rapidly growing groups of viruses causing significant human and veterinary disease. HPIV are closely related to recently discovered megamyxoviruses (Hendra and Nipah viruses) and metapneumovirus.,��https://www.ncbi.nlm.nih.gov/pubmed/12692097Z��Henrickson, Kelly J
eng
Review
2003/04/15 05:00
Clin Microbiol Rev. 2003 Apr;16(2):242-64.%��0893-8512 (Print)
0893-8512 (Linking)	��PMC153148���12692097f��Department of Pediatrics Medical College of Wisconsin, Milwaukee, Wisconsin 53226, USA. kellyj@mcw.edu�	��þÖ|ÿþ?ò���+��Mackenzie, J. S.
Field, H. E.
Guyatt, K. J.���2003���Managing emerging diseases borne by fruit bats (flying foxes), with particular reference to henipaviruses and Australian bat lyssavirus���59S-69S���J Appl Microbiol���94 Supplj��Animals
Asia, Southeastern
Australia
*Chiroptera
Communicable Disease Control
Communicable Diseases, Emerging/*diagnosis/prevention & control/transmission
Disease Vectors
Humans
Lyssavirus
Paramyxoviridae Infections/diagnosis/transmission
Paramyxovirinae
Rhabdoviridae Infections/diagnosis/transmission
Virus Diseases/diagnosis/transmission/*veterinary
*Zoonoses���Since 1994, a number of novel viruses have been described from bats in Australia and Malaysia, particularly from fruit bats belonging to the genus Pteropus (flying foxes), and it is probable that related viruses will be found in other countries across the geographical range of other members of the genus. These viruses include Hendra and Nipah viruses, members of a new genus, Henipaviruses, within the family Paramyxoviridae; Menangle and Tioman viruses, new members of the Rubulavirus genus within the Paramyxoviridae; and Australian bat lyssavirus (ABLV), a member of the Lyssavirus genus in the family Rhabdoviridae. All but Tioman virus are known to be associated with human and/or livestock diseases. The isolation, disease associations and biological properties of the viruses are described, and are used as the basis for developing management strategies for disease prevention or control. These strategies are directed largely at disease minimization through good farm management practices, reducing the potential for exposure to flying foxes, and better disease recognition and diagnosis, and for ABLV specifically, the use of rabies vaccine for pre- and post-exposure prophylaxis. Finally, an intriguing and long-term strategy is that of wildlife immunization through plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/12675937r��Mackenzie, J S
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Swine Diseases/*epidemiology/transmission/virology���AprÔ��Nipah virus, a novel paramyxovirus, closely related to Hendra virus emerged in northern part of Peninsular Malaysia in 1998. The virus caused an outbreak of severe febrile encephalitis in humans with a high mortality rate, whereas, in pigs, encephalitis and respiratory diseases but with a relatively low mortality rate. The outbreak subsequently spread to various regions of the country and Singapore in the south due to the movement of infected pigs. Nipah virus caused systemic infections in humans, pigs and other mammals. Histopathological and radiological findings were characteristic of the disease. Fruitbats of Pteropid species were identified as the natural reservoir hosts. Evidence suggested that climatic and anthropogenic driven ecological changes coupled with the location of piggeries in orchard and the design of pigsties allowed the spill-over of this novel paramyxovirus from its reservoir host into the domestic pigs and ultimately to humans and other animals.,��https://www.ncbi.nlm.nih.gov/pubmed/12637075[��Chua, Kaw Bing
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Retrospective Studies
Swine���Jan=��INTRODUCTION: Between September 1998 and June 1999, there was a severe outbreak of viral encephalitis among the pig farm workers in Malaysia. METHODS: This is a review of the published literature related to the outbreak with the focus on human diseases. RESULTS: The encephalitis was caused by a newly discovered paramyxovirus related to Hendra virus, later named Nipah virus. There were 265 patients with acute encephalitis. The disease is thought to spread from pig to man through close contact. The risk of human-to-human spread is thought to below. The disease affected mainly adult Chinese males, half of whom had affected family members. The disease presented mainly as acute encephalitis with a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia. Initial cerebrospinal fluid was abnormal in 75% of patients. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging showed distinctive changes of multiple, discrete, and small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was high at 40% and death was probably due to severe brainstem involvement. The main necropsy finding in acute encephalitis was that of disseminated microinfarction associated with vasculitis and direct neuronal involvement. Ribavirin was able to reduce the mortality by 36%. Relapse encephalitis was seen in 7.5% of those who recovered from acute encephalitis, and late-onset encephalitis in 3.4% of those with initial non-encephalitic or asymptomatic diseases. The mean interval between initial illness and the onset of the complication was 8.4 months. The relapse and late-onset encephalitis which manifested as focal encephalitis arose from recurrent infection. CONCLUSION: Nipah virus, a recently discovered paramyxovirus, causes a unique encephalitis with high mortality as well as relapse and late-onset encephalitis. The infection is mainly spread from pigs to man.,��https://www.ncbi.nlm.nih.gov/pubmed/12625108_��Tan, C T
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Zoonoses/*virology?��The Nipah virus outbreak represented one of several bat-derived paramyxoviruses that has emerged during the last decade to cause severe human and animal disease. The pathogenesis of Nipah infection is associated with its ability to infect blood vessels and extravascular parenchyma in many organs, particularly in the central nervous system. The clinical manifestations of acute Nipah infection range from fever and mild headache to a severe acute encephalitic syndrome in which there is a high mortality. Much remains to be understood about this new disease, including its intriguing ability to cause relapsing encephalitis in some survivors. This review provides an overview of the Nipah outbreak, focussing on what is presently known about it as an infectious disease, including the clinical aspects, pathology and pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/12503066¼��Wong, K T
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Viral Proteins/genetics/*physiology���Janí��We have generated a recombinant Newcastle disease virus (NDV) that expresses the green fluorescence protein (GFP) in infected chicken embryo fibroblasts (CEFs). This virus is interferon (IFN) sensitive, and pretreatment of cells with chicken alpha/beta IFN (IFN-alpha/beta) completely blocks viral GFP expression. Prior transfection of plasmid DNA induces an IFN response in CEFs and blocks NDV-GFP replication. However, transfection of known inhibitors of the IFN-alpha/beta system, including the influenza A virus NS1 protein and the Ebola virus VP35 protein, restores NDV-GFP replication. We therefore conclude that the NDV-GFP virus could be used to screen proteins expressed from plasmids for the ability to counteract the host cell IFN response. Using this system, we show that expression of the NDV V protein or the Nipah virus V, W, or C proteins rescues NDV-GFP replication in the face of the transfection-induced IFN response. The V and W proteins of Nipah virus, a highly lethal pathogen in humans, also block activation of an IFN-inducible promoter in primate cells. Interestingly, the amino-terminal region of the Nipah virus V protein, which is identical to the amino terminus of Nipah virus W, is sufficient to exert the IFN-antagonist activity. In contrast, the anti-IFN activity of the NDV V protein appears to be located in the carboxy-terminal region of the protein, a region implicated in the IFN-antagonist activity exhibited by the V proteins of mumps virus and human parainfluenza virus type 2.,��https://www.ncbi.nlm.nih.gov/pubmed/12502864õ��Park, Man-Seong
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Time���Jan���The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12486285Ý��Lim, C C T
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Ventilators, Mechanical���SepÃ��Long-term MV, delivered by way of a tracheostomy or noninvasive mask, often is indicated in patients with restrictive or neuromuscular pulmonary diseases and occasionally in patients with severe obstructive hypercapnic respiratory failure. Regardless of the mode of ventilation, respiratory physiology seems to be significantly impacted in these patients. Although the effects of ventilation can be unpredictable, they often seem to be favorable. Selected patients can develop increased sensitivity to hypercapnia, with subsequent improvements in blood gas tensions and decreased pulmonary artery pressures, which result in augmented cardiac function and greater tolerance to exercise. The patient-ventilator interaction, mode of ventilation, and degree of support should be considered when managing these patients. For some patients, particularly patients with fibrotic lung disease or COPD, chronic MV likely does not alter pathophysiology or improve prognosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12481966k��Hendra, Katherine
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*Zoonoses���Dec8��In 1998, an outbreak of acute encephalitis with high mortality rates among pig handlers in Malaysia led to the discovery of a novel paramyxovirus named Nipah virus. A multidisciplinary investigation that included epidemiology, microbiology, molecular biology, and pathology was pivotal in the discovery of this new human infection. Clinical and autopsy findings were derived from a series of 32 fatal human cases of Nipah virus infection. Diagnosis was established in all cases by a combination of immunohistochemistry (IHC) and serology. Routine histological stains, IHC, and electron microscopy were used to examine autopsy tissues. The main histopathological findings included a systemic vasculitis with extensive thrombosis and parenchymal necrosis, particularly in the central nervous system. Endothelial cell damage, necrosis, and syncytial giant cell formation were seen in affected vessels. Characteristic viral inclusions were seen by light and electron microscopy. IHC analysis showed widespread presence of Nipah virus antigens in endothelial and smooth muscle cells of blood vessels. Abundant viral antigens were also seen in various parenchymal cells, particularly in neurons. Infection of endothelial cells and neurons as well as vasculitis and thrombosis seem to be critical to the pathogenesis of this new human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/12466131\��Wong, Kum Thong
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Tomography, Emission-Computed, Single-Photon���Jun£��An outbreak of infection with the Nipah virus, a novel paramyxovirus, occurred among pig farmers between September 1998 and June 1999 in Malaysia, involving 265 patients with 105 fatalities. This is a follow-up study 24 months after the outbreak. Twelve survivors (7.5%) of acute encephalitis had recurrent neurological disease (relapsed encephalitis). Of those who initially had acute nonencephalitic or asymptomatic infection, 10 patients (3.4%) had late-onset encephalitis. The mean interval between the first neurological episode and the time of initial infection was 8.4 months. Three patients had a second neurological episode. The onset of the relapsed or late-onset encephalitis was usually acute. Common clinical features were fever, headache, seizures, and focal neurological signs. Four of the 22 relapsed and late-onset encephalitis patients (18%) died. Magnetic resonance imaging typically showed patchy areas of confluent cortical lesions. Serial single-photon emission computed tomography showed the evolution of focal hyperperfusion to hypoperfusion in the corresponding areas. Necropsy of 2 patients showed changes of focal encephalitis with positive immunolocalization for Nipah virus antigens but no evidence of perivenous demyelination. We concluded that a unique relapsing and remitting encephalitis or late-onset encephalitis may result as a complication of persistent Nipah virus infection in the central nervous system.,��https://www.ncbi.nlm.nih.gov/pubmed/12112075D��Tan, Chong Tin
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Transcription Initiation Site���Jul*��A novel paramyxovirus in the genus Rubulavirus, named Tioman virus (TiV), was isolated in 1999 from a number of pooled urine samples of Island Flying Foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. TiV is antigenically related to Menangle virus (MenV) that was isolated in Australia in 1997 during disease outbreak in pigs. Sequence analysis of the full length genome indicated that TiV is a novel member of the genus Rubulavirus within the subfamily Paramyxovirinae, family Paramyxoviridae. However, there are several features of TiV which make it unique among known paramyxoviruses and rubulaviruses in particular: (1) TiV, like MenV, uses the nucleotide G as a transcriptional initiation site, rather than the A residue used by all other known paramyxoviruses; (2) TiV uses C as the +1 residue for all intergenic regions, a feature not seen for rubulaviruses but common for all other members within the subfamily Paramyxovirinae; (3) Although the attachment protein of TiV has structural features that are conserved in other rubulaviruses, it manifests no overall sequence homology with members of the genus, lacks the sialic acid-binding motif N-R-K-S-C-S and has only two out of the six highly conserved residues known to be important for the catalytic activity of neuraminidase.,��https://www.ncbi.nlm.nih.gov/pubmed/12111411ª��Chua, K B
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Swine Diseases/epidemiology/virology���Apr-Jun¾��In the interval 1994-1999, in Australia, Malaysia and Singapore, epizootic and epidemiological episodes of meningoencephalitis and severe acute respiratory syndromes were reported. Highly lethal in horses, swine and humans, the episodes were proved to be caused by the "new" viruses Hendra (HeV) and Nipah (NiV). At the same time three "new" viral agents have been isolated: Lyssavirus, Menanglevirus and Tupaia paramyxovirus. The intense contemporary circulation of people, animals and food products together with changes in human ecosystem favor new relations between humans and the "natural reservoirs" of biologic agents with a pathogenic potential for domestic and peridomestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/12089991z��Ivan, A
Indrei, L L
rum
English Abstract
Romania
2002/07/02 10:00
Rev Med Chir Soc Med Nat Iasi. 2000 Apr-Jun;104(2):51-5.%��0048-7848 (Print)
0048-7848 (Linking)���12089991r��Emergenta bolilor transmisibile, proces in continua evolutie--un nou tip de meningoencefalita cu etiologie virala.k��Facultatea de Medicina Disciplina de Epidemiologie, Universitatea de Medicina si Farmacie Gr. T. Popa Iasi.�����üÒ|ÿþ?���� ��McCormack, J. G.
Allworth, A. M.���2002&��Emerging viral infections in Australia���45-9
��Med J Aust���177���1Ê��Adult
Aged
Animals
Australia/epidemiology
Encephalitis Virus, Murray Valley
Encephalitis, Japanese/epidemiology
Female
Horse Diseases/epidemiology
Horses
Humans
Lyssavirus
Male
Middle Aged
Paramyxoviridae Infections/*epidemiology/veterinary
*Paramyxovirinae
*Respirovirus
Respirovirus Infections/*epidemiology/veterinary
Rhabdoviridae Infections/*epidemiology/veterinary
Swine
Swine Diseases/epidemiology
West Nile Fever/epidemiology
West Nile virus
Zoonoses���Jul 1s��Hendra virus infection should be suspected in someone with close association with horses or bats who presents acutely with pneumonia or encephalitis (potentially after a prolonged incubation period). Australian bat lyssavirus infection should be suspected in a patient with a progressive neurological illness and a history of exposure to a bat. Rabies vaccine and immunoglobulin should be strongly considered after a bite, scratch or mucous membrane exposure to a bat. Japanese encephalitis vaccine should be considered for people intending to reside in or visit endemic areas of southern or eastern Asia for more than 30 days.,��https://www.ncbi.nlm.nih.gov/pubmed/12088481~��McCormack, Joseph G
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Swine���Oct���BACKGROUND: An outbreak of encephalitis primarily affecting pig farmers occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah virus, which infected pigs, humans, dogs, and cats. Because five abattoir workers were also affected, a survey was conducted to assess the risk of Nipah infection among abattoir workers. METHODS: Workers from all 143 registered abattoirs in 11 of 13 states in Malaysia were invited to participate in this cross-sectional study. Participants were interviewed to ascertain information on illness and activities performed at the abattoir. A serum sample was obtained to test for Nipah virus antibody. RESULTS: Seven (1.6 %) of 435 abattoir workers who slaughtered pigs versus zero (0%) of 233 workers who slaughtered ruminants showed antibody to Nipah virus (P = 0.05). All antibody-positive workers were from abattoirs in the three states that reported outbreak cases among pig farmers. Workers in these three states were more likely than those in other states to have Nipah antibody (7/144 [4.86%] versus 0/291 [0%], P < 0.001) and report symptoms suggestive of Nipah disease in pigs admitted to the abattoirs (P = 0.001). CONCLUSIONS: Nipah infection was not widespread among abattoir workers in Malaysia and was linked to exposure to pigs. Since it may be difficult to identify Nipah-infected pigs capable of transmitting virus by clinical symptoms, using personal protective equipment, conducting surveillance for Nipah infection on pig farms which supply abattoirs, and avoiding handling and processing of potentially infected pigs are presently the best strategies to prevent transmission of Nipah virus in abattoirs.,��https://www.ncbi.nlm.nih.gov/pubmed/11689513£��Sahani, M
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Zoonoses/*virology���May-JunH��Based on the literature data, the outbreaks of new zoonoses caused by new members of the family Paramyxoviridae are briefly presented. Some characteristics of Hendra and Nipah virus, epidemiological aspects, clinical picture and pathology are described. Fruit bats are mentioned as the key to the epidemiology of Hendra virus. The virus was isolated from affected humans, horses, and from the uterine fluids of a grey-headed fruit bat (pteropus poliocephalus). New morbillivirus designated Nipah virus was isolated from pigs and humans. It caused encephalitis and pneumonia in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/11554115`��Madic, J
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Swine Diseases/*epidemiology/transmission���Aug���Traceback systems in most countries of Asia are not well developed, as indicated by responses to a questionnaire by veterinary officials in thirteen countries. Marking of animals for traceback is practised only in a limited number of countries in specific areas or zones and for specific purposes only. In Malaysia, traceback has been undertaken by marking farm code tattoos on pigs. This enables the identification of the farm of origin of pigs found to be infected by Nipah virus in sero-surveillance programmes. The origin of the foot and mouth disease (FMD) virus that surfaced in the Republic of Korea in March 2000 was investigated through several epidemiological studies of suspected sources of contamination such as imported hay, yellow sand, milk collection trucks and feed delivery trucks. None of these studies gave results that indicated the origin of the FMD virus. The origin of the FMD virus that was recorded in Japan in March 2000 was also investigated in epidemiological studies; in this case, imported wheat straw was incriminated as the most likely source of infection. Comparative studies of the pathogenicities of FMD (type O) viruses isolated in Taipei China, the Republic of Korea and Japan, suggest that these viruses might have originated as vaccine strains used in a third country.,��https://www.ncbi.nlm.nih.gov/pubmed/11548530a��Ozawa, Y
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Taq Polymerase���OctÙ��A rapid and sensitive one-tube RT-PCR assay using a fluorogenic (TaqMan) probe was developed to improve the diagnosis of Hendra virus (HeV) infection. The TaqMan assay was developed to rapidly and specifically identify Hendra virus. The sensitivity of the new TaqMan-based PCR assay compared favourably with conventional RT-PCR. The major advantage of the TaqMan-based assay was the speed of diagnosis with results available within minutes of completing the PCR, and within 4 h of receiving the specimen. This test greatly reduces the chance of false positives through the elimination of second-round PCR and the requirement for agarose gel. Recombinant primer controls consisting of the Hendra virus primer sequence flanking a rodent GADPH probe sequence and recombinant probe controls consisting of the rodent GADPH primer sequence flanking the Hendra virus probe sequence were designed, cloned and transcribed in vitro to generate RNA. This has alleviated the requirement for viral RNA to be used as positive controls, thus reducing the chance of producing a false positive, at the same time eliminating the biosafety risk associated with handling live virus. This assay will provide a rapid diagnosis of future outbreaks of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11543882s��Smith, I L
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Phylogeny���Sep���We have completely sequenced the genomes of two Nipah virus (NiV) isolates, one from the throat secretion and the other from the cerebrospinal fluid (CSF) of the sole surviving encephalitic patient with positive CSF virus isolation in Malaysia. The two genomes have 18246 nucleotides each and differ by only 4 nucleotides. The NiV genome is 12 nucleotides longer than the Hendra virus (HeV) genome and both genomes have identical leader and trailer sequence lengths and hexamer-phasing positions for all their genes. Both NiV and HeV are also very closely related with respect to their genomic end sequences, gene start and stop signals, P gene-editing signals and deduced amino acid sequences of nucleocapsid protein, phosphoprotein, matrix protein, fusion protein, glycoprotein and RNA polymerase. The existing evidence demonstrates a clear need for the creation of a new genus within the subfamily Paramyxovirinae to accommodate the close similarities between NiV and HeV and their significant differences from other members of the subfamily.,��https://www.ncbi.nlm.nih.gov/pubmed/11514724µ��Chan, Y P
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Viral Proteins/chemistry/*genetics���Aug 158��In 1998, Nipah virus (NV) emerged in peninsular Malaysia, causing fatal encephalitis in humans and a respiratory disease in swine. NV is most closely related to Hendra virus (HV), a paramyxovirus that was identified in Australia in 1994, and it has been proposed that HV and NV represent a new genus within the family Paramyxoviridae. This report describes the analysis of the sequences of the polymerase gene (L) and genomic termini of NV as well as a comparison of the full-length, genomic sequences of HV and NV. The L gene of NV is predicted to be 2244 amino acids in size and contains the six domains found within the L proteins of all nonsegmented, negative-stranded (NNS) RNA viruses. However, the GDNQ motif found in most NNS RNA viruses was replaced by GDNE in both NV and HV. The 3' and 5' termini of the NV genome are nearly identical to the genomic termini of HV and share sequence homology with the genomic termini of other members of the subfamily Paramyxovirinae. At 18,246 nucleotides, the genome of NV is 12 nucleotides longer than the genome of HV and they have the largest genomes within the family Paramyxoviridae. The comparison of the structures of the genomes of HV and NV is now complete and this information will help to establish the taxonomic position of these novel viruses within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11504554¨��Harcourt, B H
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��Over the past 6 years, a number of zoonotic and vectorborne viral diseases have emerged in Southeast Asia and the Western Pacific. Vectorborne disease agents discussed in this article include Japanese encephalitis, Barmah Forest, Ross River, and Chikungunya viruses. However, most emerging viruses have been zoonotic, with fruit bats, including flying fox species as the probable wildlife hosts, and these will be discussed as well. The first of these disease agents to emerge was Hendra virus, formerly called equine morbillivirus. This was followed by outbreaks caused by a rabies-related virus, Australian bat lyssavirus, and a virus associated with porcine stillbirths and malformations, Menangle virus. Nipah virus caused an outbreak of fatal pneumonia in pigs and encephalitis in humans in the Malay Peninsula. Most recently, Tioman virus has been isolated from flying foxes, but it has not yet been associated with animal or human disease. Of nonzoonotic viruses, the most important regionally have been enterovirus 71 and HIV.,��https://www.ncbi.nlm.nih.gov/pubmed/11485641N��Mackenzie, J S
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Virus Shedding���Janµ��OBJECTIVES: To study the excretion of Nipah virus in the upper respiratory secretions and urine of infected patients in relation to other clinical features. METHODS: Isolation of Nipah virus from the respiratory secretions and urine was made in Vero cells and identified by indirect immunofluorescence assay using anti-Hendra specific hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG. RESULTS: During the peak outbreak of Nipah virus encephalitis in Malaysia, Nipah virus was isolated from the upper respiratory secretions and urine in eight of 20 patients who were virologically and/or serologically confirmed to be infected with the virus. From these eight patients, Nipah virus was isolated from six throat swab specimens, three urine specimens and only one nasal swab specimen. The positive virus isolation rate was related to the collection of these specimens during the early phase of the illness (P = 0.068). The presence of serum anti-Nipah specific IgM appeared to reduce the chance of isolating the virus (P = 0.049). There was no significant difference in the isolation rate with respect to the age, gender, ethnic group and clinical features associated with grave prognosis and mortality outcome of the patients. CONCLUSION: This study shows that it is possible to be infected from secretions of infected patients, but epidemiological survey on close contacts so far did not suggest that human-to-human transmission is common.,��https://www.ncbi.nlm.nih.gov/pubmed/11243752Î��Chua, K B
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Zoonoses/epidemiology/etiology/microbiology���Feb 23���By using the criteria that define emerging infectious diseases (EIDs) of humans, we can identify a similar group of EIDs in wildlife. In the current review we highlight an important series of wildlife EIDs: amphibian chytridiomycosis; diseases of marine invertebrates and vertebrates and two recently-emerged viral zoonoses, Nipah virus disease and West Nile virus disease. These exemplify the varied etiology, pathogenesis, zoonotic potential and ecological impact of wildlife EIDs. Strikingly similar underlying factors drive disease emergence in both human and wildlife populations. These are predominantly ecological and almost entirely the product of human environmental change. The implications of wildlife EIDs are twofold: emerging wildlife diseases cause direct and indirect loss of biodiversity and add to the threat of zoonotic disease emergence. Since human environmental changes are largely responsible for their emergence, the threats wildlife EIDs pose to biodiversity and human health represent yet another consequence of anthropogenic influence on ecosystems. We identify key areas where existing expertise in ecology, conservation biology, wildlife biology, veterinary medicine and the impact of environmental change would augment programs to investigate emerging diseases of humans, and we comment on the need for greater medical and microbiological input into the study of wildlife diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11230820»��Daszak, P
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Zoonoses/transmission���Dec9��The most important clinical and pathological manifestation of Hendra virus infection in horses and humans is that of severe interstitial pneumonia caused by viral infection of small blood vessels. The virus is also capable of causing nervous disease. Hendra virus is not contagious in horses and is spread by close contact with body fluids, such as froth from infected lungs. Diagnosis should be based on the laboratory examination of blood, lung, kidney, spleen, and, if nervous signs are present, also of the brain. Evidence of infection with the more recently identified and related Nipah virus was found in the brain of one horse in which there was inflammation of the meningeal blood vessels. Fruit bats, especially Pteropus s., have been incriminated as the natural and reservoir hosts of both Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/11219352s��Hooper, P T
Williamson, M M
eng
Review
2001/02/24 12:00
Vet Clin North Am Equine Pract. 2000 Dec;16(3):597-603, xi.%��0749-0739 (Print)
0749-0739 (Linking)���11219352d��Australian Animal Health Laboratory, Division of Animal Health, CSIRO, Geelong, Victoria, Australia.����ô��þÖ|ÿþ?C������Uppal, P. K.���2000$��Emergence of Nipah virus in Malaysia���354-7���Ann N Y Acad Sci���916Y��Animals
Australia
Centers for Disease Control and Prevention (U.S.)
Horse Diseases/transmission/virology
Horses
Humans
Incidence
Malaysia/epidemiology
Paramyxoviridae Infections/*epidemiology/transmission/*veterinary
*Paramyxovirinae/classification/genetics
Swine
Swine Diseases/transmission/virology
United States
Zoonoses/transmission/virology&��A pig-borne virus causing viral encephalitis amongst human beings in Malaysia was detected in 1997 by the Ministry of Health. Initially, the disease was considered to be Japanese encephalitis. Subsequently, it was thought to be a Hendra-like viral encephalitis, but on 10th April, 1999 the Minister of Health announced this mysterious and deadly virus to be a new virus named Nipah virus. The virus was characterized at CDC, Atlanta, Georgia. The gene sequencing of the enveloped virus revealed that one of the genes had 21% difference in the nucleotide sequence with about 8% difference in the amino acid sequence from Hendra virus isolated from horses in Australia in 1994. The virus was named after the village Nipah. In all, the Ministry of Health declared 101 human casualties, and 900,000 pigs were culled by April, 1999. The worst affected area in Malaysia was Negri Sembilan. The symptoms, incubation period in human being and pigs, animal to human transmission, threat of disease to other livestock, and control program adopted in Malaysia is described.,��https://www.ncbi.nlm.nih.gov/pubmed/11193645A��Uppal, P K
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Zoonoses/*transmission���Dec���The risk of zoonotic disease transmission when handling livestock or animal products is substantial. In industrialized countries, the classical zoonotic diseases such as tuberculosis or brucellosis are no longer in the foreground. Latent zoonoses such as salmonellosis and campylobacteriosis can cause serious disease in humans and have become a major public health problem during the past years. Since animals infected with these pathogens show only mild transient disease or no clinical signs at all, new concepts in the entire production line ("stable to table") are necessary in order to avoid human infection. Two emerging viruses with zoonotic potential--avian influenza virus and Nipah virus--have been found in Asia in 1997 and 1999. Both diseases had a major impact on disease control and public health in the countries of origin. In order to cope threats from infectious diseases, in particular those of public health relevance, a combined effort among all institutions involved will be necessary. The proposed "European Center for Infectious Diseases" and the "Swiss center for zoonotic diseases" could be a potential approach in order to achieve this goal.,��https://www.ncbi.nlm.nih.gov/pubmed/11189834���Jemmi, T
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Zoonoses/*transmission���Apr¯��The ability of infectious disease agents to cross the species barrier has long been recognised for many zoonotic diseases. New viral zoonotic diseases, such as acquired immune deficiency syndrome (AIDS), caused by human immunodeficiency viruses 1 or 2, emerged in the 1980s and 1990s, and have become established in the human population. Influenza virus continues to find new ways to move from avian species into humans. The filoviruses and the newer paramyxoviruses, Hendra and Nipah, highlight the increasing proclivity of some animal viral agents to infect human populations with devastating results. A previously unknown transmissible spongiform encephalopathy, bovine spongiform encephalopathy, has emerged in cattle in Europe and spread to humans as well as other animal species. A novel toxicosis, caused by Pfiesteria spp. dinoflagellates, has become a secondary problem in some areas where large fish kills have occurred. The increasing proximity of human and animal populations has led to the emergence of, or increase in, bacterial zoonoses such as plague, leptospirosis and ehrlichiosis. The factors which influence the ability of each infectious agent to effectively across the species barrier and infect new cells and populations are poorly understood. However, for all of these diseases, the underlying theme is the growth of the human population, the mobility of that population, and the efforts expended to keep that population nourished.,��https://www.ncbi.nlm.nih.gov/pubmed/11189724[��Mahy, B W
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*Zoonoses/epidemiology/virology���Apre��Between late 1998 and 1999, the spread of a new disease of pigs, characterized by a pronounced respiratory and neurological syndrome, sometimes accompanied by the sudden death of sows and boars, was recorded in pig farms in peninsular Malaysia. The disease appeared to have a close association with an epidemic of viral encephalitis among workers on pig farms. A previously unrecognised paramyxovirus was later identified from this outbreak; this virus was related to, but distinct from, the Hendra virus discovered in Australia in 1994. The new virus was named 'Nipah' and was confirmed by molecular characterization to be the agent responsible for the disease in both humans and pigs. The name proposed for the new pig disease was 'porcine respiratory and neurological syndrome' (also known as 'porcine respiratory and encephalitis syndrome'), or, in peninsular Malaysia, 'barking pig syndrome'. The authors describe the new disease and provide the epidemiological findings recorded among infected pigs. In addition, the control programmes which were instituted to contain the virus in the national swine herd are outlined.,��https://www.ncbi.nlm.nih.gov/pubmed/11189713f��Mohd Nor, M N
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Zoonoses/epidemiology/transmission/*virology���Apr®��The author provides an account of the discovery of a previously undescribed disease of horses and a description of the studies involved in determining the aetiology of the disease. The causative virus, now named Hendra virus (HeV), is the reference virus for a proposed new genus within the virus family Paramyxoviridae. The virus is a lethal zoonotic agent able to cause natural disease in humans and horses and experimentally induced disease in cats, guinea-pigs and mice. The virus also naturally infects species of the family Megachiroptera, mainly subclinically, and such animals are the natural host of HeV. The virus appears to transmit readily between species of Megachiroptera, but not readily between horses under natural and experimental conditions, or from horses to humans. The method of transmission from bats to horses is not known. Three incidents of HeV disease in horses have been recorded in Australia--two in 1994 which caused the death of two humans and fifteen horses and one in 1999 which involved the death of a single horse. Hendra virus is related to Nipah virus, the virus that caused disease and mortality in humans, pigs, dogs and cats in Malaysia during 1998 and 1999.,��https://www.ncbi.nlm.nih.gov/pubmed/11189712T��Westbury, H A
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Surveys and Questionnaires���Mar 1ú��During 1998-1999, an outbreak of Nipah virus encephalitis occurred in Malaysia. To assess the possibility of nosocomial transmission, 338 health care workers (HCWs) exposed and 288 HCWs unexposed to outbreak-related patients were surveyed, and their serum samples were tested for anti-Nipah virus antibody. Needlestick injuries were reported by 12 (3%) HCWs, mucosal surface exposure to body fluids by 39 (11%), and skin exposure to body fluids by 89 (25%). No encephalitis occurred in either group. Three exposed and no unexposed HCWs tested positive by EIA for IgG antibodies. It is likely that these 3 were false positives; no IgM response occurred, and the serum samples were negative for anti-Nipah virus neutralizing antibodies. The risk of nosocomial transmission of Nipah virus appears to be low; however, given the high case-fatality rate and the presence of virus in respiratory secretions and urine of some patients, standard and droplet infection-control practices should be maintained with these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11181159Â��Mounts, A W
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*Swine���Jun���Between September 1998 and May 1999, 265 cases of encephalitis were reported from among those involved in pig rearing. A few cases were also reported among abattoir workers. This raised questions of the risk of transmission among those who handled raw pork. A serosurvey was conducted among pork sellers in Seremban town, which is about 20 km from one of the pig rearing areas which had reported cases of encephalitis. It was found that out of the 28 pork sellers tested, only one tested positive for Nipah virus antibodies and that this pork seller also worked in an abattoir in the same district, removing the urinary bladders from slaughtered pigs. Based on these findings, it was concluded that the risk of transmission of the virus from handling raw pork appeared to be low.,��https://www.ncbi.nlm.nih.gov/pubmed/11127331²��Premalatha, G D
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*Swine���Jun&��A hospital-based case-control study of viral encephalitis was carried out at Port Dickson Hospital, in the state of Negeri Sembilan, Malaysia. Between March and May 1999, 69 clinically diagnosed viral encephalitis cases and 31 controls were interviewed. Job histories on pig farming activities were assessed by a group of epidemiologists and veterinary surgeons. Results show that among clinical cases of viral encephalitis, 52 (75.4%) cases were diagnosed to have Nipah virus infection based on positive serology for antibodies to the cross-reacting Hendra virus antigen. The Nipah virus encephalitis was significantly associated with a history of working in pig farms (p < 0.001, OR = 196.0, 95% CI = 20.4-4741.6), history of contact with animals (p < 0.001, OR = 38.3, 95% CI = 8.2-209.0) and with history of direct contact with pigs (p = 0.002, OR = 34.4, 95% CI = 2.6-1,024.4). The Nipah virus infection was also significantly associated with history of feeding/cleaning pigs (p < 0.001, OR = 102, 95% CI = 11.9-2,271.5). These results provide evidence that involvement in pig farming activities is significantly associated with the risk of getting Nipah virus infection. They are potential risk factors for Nipah virus transmission in the major pig-producing area of Bukit Pelandok, Port Dickson Negeri Sembilan.,��https://www.ncbi.nlm.nih.gov/pubmed/11127330å��Amal, N M
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*Skin Diseases���Nov 30è��Infectious diseases remain a major cause of morbidity and mortality in the year 2000. 17 million deaths per year or roughly a third of all deaths are caused by infections. Infectious diseases also pose a serious economic threat. While many well-established pathogens have not been contained several new infectious agents have been discovered within the past 27 years which include rotavirus, legionella, HIV, ebola, campylobacter, helicobacter, nipah, HHV8, hepatitis C, and many others. Additionally many new pathogens have emerged as serious threats to the ever-growing number of immuno-compromised patients. Infectious etiologies have been found for many common diseases (certain leukemias, duodenal ulcers, etcetera). It is likely that infections are at least co-factors for many other diseases (transplant-associated atherosclerosis). Only specialized care and multi-disciplinary collaboration will enable us to cope with current problems and the inevitable emergence of new infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11121370W��eng
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Surveys and Questionnaires���SepR��OBJECTIVE: to investigate the prevalence of known diabetes mellitus in care homes and the patterns of diabetes care in these institutions. DESIGN: a postal questionnaire sent to all 98 care homes in Sheffield. RESULTS: 70 care homes (71%) returned the questionnaire, indicating that 233 (8.8%) of 2648 residents were known to have diabetes. Of these, 76 (33%) were treated with diet alone, 105 (45%) with diet plus oral medication and 52 (22%) with insulin. Only seven registered nurses (2%) in the homes had certified diabetes training. Forty-two homes (60%) did not carry out a structured, diabetes-related assessment of residents on entry and only 29 (42%) had regular review of diabetic residents by a general practitioner or practice nurse. Most homes (89%) were visited by an optician, 56 (80%) also had a regular chiropody service, although 32 (46%) of these charged their residents for this service. CONCLUSIONS: the known prevalence of diabetes is similar to that reported previously. This study highlights the need for structured care with defined standards for care-home residents with diabetes.,��https://www.ncbi.nlm.nih.gov/pubmed/11108418W��Taylor, C D
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Paramyxovirinae/immunology/*isolation & purification/ultrastructure���DecG��BACKGROUND: between 1998 and 1999, an outbreak of potentially fatal viral encephalitis erupted among pig farm workers in West Malaysia, and later spread to Singapore where abattoir workers were afflicted. Although Japanese encephalitis virus was initially suspected, the predominant aetiologic agent was subsequently confirmed to be Nipah virus, a novel paramyxovirus related to but distinct from Hendra virus. OBJECTIVE: to describe a case of Nipah virus encephalitis in a pig farm worker from Malaysia. STUDY DESIGN: the clinical, laboratory and radiological findings of this patient were scrutinized. Special emphasis was placed on the electron microscopic analysis of the cerebrospinal fluid (CSF) specimen from this patient. RESULTS: the neurological deficits indicative of cerebellar involvement were supported by the magnetic resonance imaging that showed prominent cerebellar and brainstem lesions. CSF examination provided further evidence of viral encephalitis. Complement fixation and/or RT-PCR assays were negative for Japanese encephalitis, herpes simplex, measles and mumps viruses. ELISA for detecting IgM and IgG antibodies against Hendra viral antigens were equivocal for the CSF specimen, and tested initially negative for the first serum sample but subsequently positive for the repeat serum sample. Transmission electron microscopy of negatively-stained preparations of CSF revealed enveloped virus-like structures fringed with surface projections as well as nucleocapsids with distinctive helical and herringbone patterns, features consistent with those of other paramyxoviruses, including Hendra virus. CONCLUSION: this case report reiterates the relevant and feasible role of diagnostic electron microscopy for identifying and/or classifying novel or emerging viral pathogens for which sufficiently specific and sensitive tests are lacking.,��https://www.ncbi.nlm.nih.gov/pubmed/11090749���Chow, V T
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Paramyxovirinae/*chemistry���NovA��During the outbreak of Nipah virus encephalitis in Malaysia, stored cerebrospinal fluid (CSF) samples from 84 patients (27 fatal and 57 nonfatal cases) were cultured for the virus. The virus was isolated from 17 fatal cases and 1 nonfatal case. There were significant associations between CSF virus isolation and mortality as well as clinical features associated with poor prognosis. In addition, there was a positive linear correlation of CSF virus isolation with age. There was no significant association between CSF virus isolation and the character of the CSF, presence of Nipah-specific antibody in the serum or CSF, duration of illness before collection of samples, or sex or ethnicity of the patients. This study suggests that high viral replication in the central nervous system may be an important factor for high mortality.,��https://www.ncbi.nlm.nih.gov/pubmed/11079547���Chua, K B
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Zoonoses/epidemiology/transmission���Nov?��Hendra has been recognized in Australia as a new zoonotic disease of horses since 1994/5 and subsequent work has shown that the viral agent is endemic in certain species of fruit bat. The Hendra virus is the type species of a new genus within the sub-family Paramyxovirinae, which also contains another newly identified zoonotic bat virus, namely Nipah. It is assumed that contact with bats has led to the Hendra virus being transferred to horses on each of the three separate incidents that have been reported in the last five years. No evidence has been found for widespread subclinical infection of horses. Infected horses can develop a severe and often fatal respiratory disease characterized by dyspnoea, vascular endothelial damage and pulmonary oedema. Nervous signs may also occur. Fatal respiratory disease has been seen in cats and guinea pigs following experimentally induced infections. Transmission of the virus from horses to other horses or man seems to have taken place, but very close contact was required. Three human cases have been recognized, all in association with equine cases. There have been two human fatalities, one due to respiratory failure and the other from a delayed-onset encephalitis. A number of diagnostic methods have been developed, but great care must be taken in obtaining samples from suspected cases.,��https://www.ncbi.nlm.nih.gov/pubmed/11061954w��Barclay, A J
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West Nile virus/pathogenicityC��As the 21st century begins, several outbreaks of encephalitis have been reported. An examination of these outbreaks brings into focus important epidemiological developments. Specifically, urbanization and encroachment on natural environments, the ease of world travel, and global trade can lead to spread of vectors and viruses from the developing world to the developed world. This review focuses on two recent epidemics of encephalitis: West Nile virus encephalitis in the eastern United States and Nipah virus encephalitis in Malaysia and Singapore. These examples demonstrate spread of a known viral agent from an endemic area to an area in which it had not previously been found and identification of a new viral agent. Infectious diseases in the developed world once considered "exotic" are now potential threats to all patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11051296?��Marra, C M
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Viral Proteins/chemistry/*genetics���Nov#��An outbreak of acute respiratory disease in Hendra, a suburb of Brisbane, Australia, in September 1994 resulted in the deaths of 14 racing horses and a horse trainer. The causative agent was a new member of the family Paramyxoviridae. The virus was originally called Equine morbillivirus but was renamed Hendra virus (HeV) when molecular characterization highlighted differences between it and members of the genus Morbillivirus. Less than 5 years later, the closely related Nipah virus (NiV) emerged in Malaysia, spread rapidly through the pig population, and caused the deaths of over 100 people. We report the characterization of the HeV L gene and protein, the genome termini, and gene boundary sequences, thus completing the HeV genome sequence. In the highly conserved region of the L protein, the HeV sequence GDNE differs from the GDNQ found in almost all other nonsegmented negative-strand (NNS) RNA viruses. HeV has an absolutely conserved intergenic trinucleotide sequence, 3'-GAA-5', and highly conserved transcription initiation and termination sequences similar to those of respiroviruses and morbilliviruses. The large genome size (18,234 nucleotides), the unique complementary genome terminal sequences of HeV, and the limited homology with other members of the Paramyxoviridae suggest that HeV, together with NiV, should be classified in a new genus in this family. The large genome of HeV also fills a gap in the spectrum of genome sizes observed with NNS RNA virus genomes. As such, it provides a further piece in the puzzle of NNS RNA virus evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/11024125¤��Wang, L F
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Viral Fusion Proteins/*chemistry/genetics/isolation & purification���Sep 25Ã��Hendra virus (HeV) is an unclassified member of the Paramyxoviridae family that causes systemic infections in humans, horses, cats, guinea pigs and flying foxes. The fusion protein (F(0)) of members of the Paramyxoviridae family that cause systemic infections in vivo contains a basic amino acid-rich region at which the protein is activated by cleavage into two subunits (F(1) and F(2)). HeV F(0) lacks such a domain. We have determined the cleavage site in HeV F(0) by sequencing the amino terminus of the F(1) subunit and in view of the potential effect of glycosylation on the cleavage process have ascertained the sites at which F(0) is glycosylated. The results indicate that unlike other members of the family that replicate in cultured cells and cause systemic infections in vivo, cleavage of HeV F(0) occurs at a single lysine (reside 109) in the sequence Asp-Val-Lys- downward arrow-Leu. Although HeV genotypically resembles members of the Respirovirus and Rubulavirus genera in having potential N-linked glycosylation sites in both the F(1) and F(2) subunits, we show that phenotypically HeV may more closely resemble members of the Morbillivirus genus that contain N-linked glycans only in the F(2) subunit.,��https://www.ncbi.nlm.nih.gov/pubmed/11018278���Michalski, W P
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*Stroke Rehabilitation���Jul 20���PURPOSE: Patient mood and carer stress were assessed for stroke patients in the community following early hospital discharge. METHOD: Patients had low Barthel Indices (13.0 (mean) +/- 4.9 (SD)) with high anxiety and depression scores, and carers had high stress scores, on starting rehabilitation. On starting rehabilitation, patient Barthel Indices correlated inversely with patient depression (r = -0.33, p < 0.02) and carer stress scores (r = -0.48, p < 0.001). RESULTS: During rehabilitation improvements occurred in patient Barthel Indices, patient anxiety scores and carer stress scores, but not in patient depression scores. Incremental increases in patient Barthel Indices during rehabilitation correlated with reductions in carer stress scores (r = -0.55, R2 = 29.4%, p < 0.001). Following early hospital discharge stroke patients display mood abnormalities which do not resolve during rehabilitation. CONCLUSION: Carer stress and patients depression scores are related to the severity of stroke-related disability. Strategies to address patient mood and carer stress should be present in community services providing early stroke rehabilitation.,��https://www.ncbi.nlm.nih.gov/pubmed/10972352p��Jones, A L
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Zoonoses���Jul 28���Scientists are a step closer to unraveling a medical mystery that killed 105 people in Malaysia last year and destroyed the country's pig industry. The Nipah virus, which caused the disease, most likely originated in a native fruit bat species, Malaysian researchers reported here at a meeting last week. They say the findings will help Malaysian health authorities prevent future outbreaks of the Nipah virus. Others see the case as an argument for expanding research into infections that can leap the boundary between animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10939954K��Enserink, M
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Virus Diseases/*epidemiology/*virology���Jun 15²��A number of infectious agents has been newly detected in the last 10 years. Climatic changes and migration have been the most important factors in the emergence of new and old infections. Additionally, new methods for the detection of DNA and RNA have played an important role in the detection of agents difficult to culture. Relevant new bacterial pathogens are Bartonella henselae (cat scratch disease, bacillary angiomatosis), Tropheryma whippeli (Whipple's disease) and new Rickettsiae. Newly detected viral pathogens include Sin-nombre virus (pulmonary Hanta virus syndrome), Nipah- and Hendra virus and avian influenza. Bovine spongiform encephalopathy has been transmitted to humans causing the newly described syndrome of variant Creuzfeldt-Jakob disease. The extent of this new epidemic is not yet clear. These trends from the last years clearly indicate, that further new infections and infectious agents will be detected in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/10935415���Salzberger, B
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Virulence���Augõ��Two major epidemics of viral encephalitis occurred in Asia in 1997 and 1998. The first was a re-emergence of neurovirulent strains of enterovirus 71, which caused severe encephalomyelitis in children in Malaysia, Taiwan and Japan, on a background of hand, foot and mouth disease. Necropsy studies of patients who died of enterovirus 71 infection showed severe perivascular cuffing, parenchymal inflammation and neuronophagia in the spinal cord, brainstem and diencephalon, and in focal areas in the cerebellum and cerebrum. Although no viral inclusions were detected, immunohistochemistry showed viral antigen in the neuronal cytoplasm. Inflammation was often more extensive than neuronal infection, suggesting that other factors, in addition to direct viral cytolysis, may be involved in tissue damage. The second epidemic of viral encephalitis was the result of a novel paramyxovirus called Nipah, which mainly involved pig handlers in Malaysia and Singapore. Pathological evidence suggested that the endothelium of small blood vessels in the central nervous system was particularly susceptible to infection. This led to disseminated endothelial damage and syncytium formation, vasculitis, thrombosis, ischaemia and microinfarction. However, there was also evidence of neuronal infection by the virus and this may also have contributed to the neurological dysfunction in Nipah encephalitis. Some patients who seemed to recover from the acute symptoms have been re-admitted with clinical findings suggestive of relapsing encephalitis. As these two epidemics indicate, the emergence and re-emergence of viral encephalitides continue to pose considerable challenges to the neuropathologist, in establishing the diagnosis and unravelling the pathogenesis of the neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10931364X��Wong, K T
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*Paramyxovirinae���Augx��OBJECTIVE: The newly discovered Nipah virus causes an acute febrile encephalitic illness in humans that is associated with a high mortality. The purpose of this study is to describe the MR imaging findings of Nipah encephalitis. MATERIALS AND METHODS: MR imaging of the brain was performed in 31 patients with Nipah encephalitis divided into three groups. The first group (14 patients) underwent MR imaging during the acute phase of the illness and the second group (10 patients) during the later phase of the acute illness. The third group consisted of six patients who underwent MR imaging because they experienced neurologic relapse and one patient who had late-onset encephalitis. Spin-echo T1- and T2-weighted sequences and T2-weighted fluid attenuated inversion recovery (FLAIR) sequences were performed. Contrast-enhanced MR imaging was performed in four patients. RESULTS: The FLAIR sequences revealed abnormalities in all patients studied. MR imaging findings in both the acute and later phases of encephalitis were similar; the main feature of both phases was the presence of discrete high-signal-intensity lesions, measuring 2-7 mm, disseminated throughout the brain, mainly in the subcortical and deep white matter of the cerebral hemispheres. Neither mass effect nor cerebral edema was seen. There was no correlation with the focal neurologic signs, depth of coma, and outcome of the patients. The lesions were attributed to widespread microinfarctions from underlying vasculitis of cerebral small vessels. Features found on MR imaging in relapsed and late-onset encephalitis differed from the features in acute encephalitis in that confluent cortical involvement was the prominent finding in the former, as opposed to discrete focal lesions in the subcortical and deep white matter in the latter. CONCLUSION: MR imaging is a sensitive and specific diagnostic tool for evaluating Nipah encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/10915690���Sarji, S A
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RNA, Viral/analysis���Aug���Since it was first described in Australia in 1994, Hendra virus (HeV) has caused two outbreaks of fatal disease in horses and humans, and an isolated fatal horse case. Our preliminary studies revealed a high prevalence of neutralizing antibodies to HeV in bats of the genus PTEROPUS:, but it was unclear whether this was due to infection with HeV or a related virus. We developed the hypothesis that HeV excretion from bats might be related to the birthing process and we targeted the reproductive tract for virus isolation. Three virus isolates were obtained from the uterine fluid and a pool of foetal lung and liver from one grey-headed flying-fox (Pteropus poliocephalus), and from the foetal lung of one black flying-fox (P. alecto). Antigenically, these isolates appeared to be closely related to HeV, returning positive results on immunofluorescent antibody staining and constant-serum varying-virus neutralization tests. Using an HeV-specific oligonucleotide primer pair, genomic sequences of the isolates were amplified. Sequencing of 200 nucleotides in the matrix gene identified that these three isolates were identical to HeV. Isolations were confirmed after RNA extracted from original material was positive for HeV RNA when screened on an HeV Taqman assay. The isolation of HeV from pteropid bats corroborates our earlier serological and epidemiological evidence that they are a natural reservoir host of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/10900029���Halpin, K
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Viral Proteins/genetics���Jun 5���Recently, a new paramyxovirus, now known as Nipah virus (NV), emerged in Malaysia and Singapore, causing fatal encephalitis in humans and a respiratory syndrome in pigs. Initial studies had indicated that NV is antigenically and genetically related to Hendra virus (HV). We generated the sequences of the N, P/C/V, M, F, and G genes of NV and compared these sequences with those of HV and other members of the family Paramyxoviridae. The intergenic regions of NV were identical to those of HV, and the gene start and stop sequences of NV were nearly identical to those of HV. The open reading frames (ORFs) for the V and C proteins within the P gene were found in NV, but the ORF encoding a potential short basic protein found in the P gene of HV was not conserved in NV. The N, P, C, V, M, F, and G ORFs in NV have nucleotide homologies ranging from 88% to 70% and predicted amino acid homologies ranging from 92% to 67% in comparison with HV. The predicted fusion cleavage sequence of the F protein of NV had a single amino acid substitution (K to R) in comparison with HV. Phylogenetic analysis demonstrated that although HV and NV are closely related, they are clearly distinct from any of the established genera within the Paramyxoviridae and should be considered a new genus.,��https://www.ncbi.nlm.nih.gov/pubmed/10860887ª��Harcourt, B H
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Tan, C T
Chew, N K
Tan, P S
Kamarulzaman, A
Sarji, S A
Wong, K T
Abdullah, B J
Chua, K B
Lam, S K
eng
2000/04/27 09:00
N Engl J Med. 2000 Apr 27;342(17):1229-35. doi: 10.1056/NEJM200004273421701.%��0028-4793 (Print)
0028-4793 (Linking)���10781618E��Department of Medicine, University of Malaya, Kuala Lumpur, Malaysia.���10.1056/NEJM200004273421701�
~��üÒ|ÿþ?e������Lim, C. C.
Sitoh, Y. Y.
Hui, F.
Lee, K. E.
Ang, B. S.
Lim, E.
Lim, W. E.
Oh, H. M.
Tambyah, P. A.
Wong, J. S.
Tan, C. B.
Chee, T. S.���2000X��Nipah viral encephalitis or Japanese encephalitis? MR findings in a new zoonotic disease���455-61���AJNR Am J Neuroradiol���21���3¿��Abattoirs
Adult
Aged
Agricultural Workers' Diseases/diagnosis/epidemiology
Animals
Brain/pathology
Diagnosis, Differential
Disease Outbreaks
Encephalitis, Japanese/*diagnosis
Encephalitis, Viral/*diagnosis/epidemiology
Female
Humans
*Magnetic Resonance Imaging
Malaysia/epidemiology
Male
Middle Aged
Paramyxoviridae Infections/*diagnosis/epidemiology/transmission
*Paramyxovirinae
Singapore/epidemiology
Swine
Swine Diseases/transmission
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Warfarin/*administration & dosage/adverse effects���Jan¿��OBJECTIVES: To compare a new low-dose warfarin induction regimen with the Fennerty regimen in elderly inpatients. DESIGN: Age-stratified, randomized prospective study. SUBJECTS: 120 age-stratified elderly inpatients. INTERVENTIONS: Each patient was randomized to either the new induction regimen or to a modified Fennerty regimen. MAIN OUTCOMES MEASURES: Days to therapeutic International Normalized Ratio (INR >2); days in the therapeutic range (INR 2-3) during induction; number of patients with INR >4.5; ability of day 4 INR to predict day 8 warfarin dose. RESULTS: The mean time to therapeutic INR was longer for the new induction regimen than modified Fennerty regimen in patients aged 65-75 years [4.6 (mean) +/- 1.6 (SD) days vs 3.8 +/- 0.8 days; P = 0.03] and in patients aged >75 years (4.5 +/- 1.4 days vs 3.5 +/- 0.7 days; P = 0.003). Patients spent more time in the therapeutic INR range with the new induction regimen [3.0 +/- 1.3 days vs 2.7 +/- 1.3 days (P = 0.03) for those aged 65-75 years and 2.9 +/- 1.1 days vs 2.4 +/- 1.3 days (P = 0.04 for those aged >75 years]. Fewer patients using the new regimen had INRs >4.5 in the first 8 days [1 (3%) vs 6 (20%) for 65-75 years (P < 0.05) and 1 (3%) vs 11 (37%) for >75 years (P < 0.01)]. The ability to predict the maintenance dose to within 1 mg was 55% for both regimens. CONCLUSION: The low-dose regimen has important clinical advantages over the Fennerty regimen for anticoagulating elderly inpatients.,��https://www.ncbi.nlm.nih.gov/pubmed/10690692±��Gedge, J
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Vero Cells���Feb-Apry��Antibodies to Hendra virus (HeV) have been found in a high percentage of fruit bats (Pteropus spp.) in Australia, indicating a possible reservoir for the virus. The aim of the experiments reported here was to investigate transplacental infection as a possible mode of transmission of the virus in fruit bats and other animals. In a first experiment, 18 pregnant guinea-pigs in the mid-stage of gestation were inoculated with HeV, as an experimental model in a conventional laboratory animal. Nine developed HeV disease as confirmed by viral isolation, histopathology and immunohistochemistry. In five of the nine clinically affected guinea-pigs there was necrosis and strong positive immunostaining in the placentas in an indirect immunoperoxidase (IPX) test for HeV antigen. One of these five guinea-pigs aborted and HeV was isolated from its three fetuses, one of which was also positive to the IPX test. In three other sick guinea-pig dams, virus was isolated from fetuses, and there was positive immunostaining in two of the latter. In a second experiment, four fruit bats were inoculated with a similar dose of HeV. (A further four guinea-pigs inoculated at the same time developed severe disease, indicating adequate virulence.) Two bats were killed at 10 days post-inoculation and two were killed at 21 days. In these bats, no overt clinical disease was observed, but subclinical disease occurred, as indicated by viral isolation, seroconversion, vascular lesions and positive immunostaining. Transplacental transmission was indicated by positive immunostaining in two placentas and confirmed by isolation of virus from one of the associated fetuses.,��https://www.ncbi.nlm.nih.gov/pubmed/10684689Ë��Williamson, M M
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635Ù��Chua, K B
Goh, K J
Wong, K T
Kamarulzaman, A
Tan, P S
Ksiazek, T G
Zaki, S R
Paul, G
Lam, S K
Tan, C T
eng
Case Reports
England
1999/10/16 00:00
Lancet. 1999 Oct 9;354(9186):1257-9. doi: 10.1016/S0140-6736(99)04299-3.%��0140-6736 (Print)
0140-6736 (Linking)���10520635Q��Department of Medical Microbiology, University of Malaya, Kuala Lumpur, Malaysia.���10.1016/S0140-6736(99)04299-3���±�üÒ|ÿî?i���¡��Paton, N. I.
Leo, Y. S.
Zaki, S. R.
Auchus, A. P.
Lee, K. E.
Ling, A. E.
Chew, S. K.
Ang, B.
Rollin, P. E.
Umapathi, T.
Sng, I.
Lee, C. C.
Lim, E.
Ksiazek, T. G.���1999E��Outbreak of Nipah-virus infection among abattoir workers in Singapore���1253-6���Lancet���354���9186Ù��*Abattoirs
Adult
Antibodies, Viral/isolation & purification
*Disease Outbreaks
Encephalitis, Viral/*epidemiology/mortality/physiopathology
Humans
Immunoglobulin M/blood/cerebrospinal fluid
Magnetic Resonance Imaging
Male
Middle Aged
Occupational Diseases/*epidemiology/physiopathology/*virology
Paramyxoviridae Infections/*epidemiology/mortality/physiopathology
Paramyxovirinae/isolation & purification
Reverse Transcriptase Polymerase Chain Reaction
Singapore/epidemiology���Oct 9«��BACKGROUND: In March 1999, an outbreak of encephalitis and pneumonia occurred in workers at an abattoir in Singapore. We describe the clinical presentation and the results of investigations in these patients. METHODS: Clinical and laboratory data were collected by systemic review of the case records. Serum and cerebrospinal fluid (CSF) samples were tested for IgM antibodies to Nipah virus with an IgM capture ELISA. Reverse-transcriptase PCR was done on the CSF and tissue samples from one patient who died. FINDINGS: Eleven patients were confirmed to have acute Nipah-virus infection based on raised IgM in serum. Nipah virus was identified by reverse transcriptase PCR in the CSF and tissue of the patient who died. The patients were all men, with a median age of 44 years. The commonest presenting symptoms were fever, headache, and drowsiness. Eight patients presented with signs of encephalitis (decreased level of consciousness or focal neurological signs). Three patients presented with atypical pneumonia, but one later developed hallucinations and had evidence of encephalitis on CSF examination. Abnormal laboratory findings included a low lymphocyte count (nine patients), low platelet count, low serum sodium, and high aspartate aminostransferase concentration (each observed in five patients). The CSF protein was high in eight patients and white-blood-cell count was high in seven. Chest radiography showed mild interstitial shadowing in eight patients. Magnetic resonance imaging (MRI) showed focal areas of increased signal intensity in the cortical white marker in all eight patients who were scanned. The nine patients with encephalitis received empirical treatment with intravenous aciclovir and eight survived. INTERPRETATION: Infection with Nipah virus caused an encephalitis illness with characteristic focal areas of increased intensity seen on MRI. Lung involvement was also common, and the disease may present as an atypical pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520634ü��Paton, N I
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Zoonoses/*virology���Aug 16���Flying foxes have been the focus of research into three newly described viruses from the order Mononegavirales, namely Hendra virus (HeV), Menangle virus and Australian Bat Lyssavirus (ABL). Early investigations indicate that flying foxes are the reservoir host for these viruses. In 1994, two outbreaks of a new zoonotic disease affecting horses and humans occurred in Queensland. The virus which was found to be responsible was called equine morbillivirus (EMV) and has since been renamed HeV. Investigation into the reservoir of HeV has produced evidence that antibodies capable of neutralising HeV have only been detected in flying foxes. Over 20% of flying foxes in eastern Australia have been identified as being seropositive. Additionally six species of flying foxes in Papua New Guinea have tested positive for antibodies to HeV. In 1996 a virus from the family Paramyxoviridae was isolated from the uterine fluid of a female flying fox. Sequencing of 10000 of the 18000 base pairs (bp) has shown that the sequence is identical to the HeV sequence. As part of investigations into HeV, a virus was isolated from a juvenile flying fox which presented with neurological signs in 1996. This virus was characterised as belonging to the family Rhabdoviridae, and was named ABL. Since then four flying fox species and one insectivorous species have tested positive for ABL. The third virus to be detected in flying foxes is Menangle virus, belonging to the family Paramyxoviridae. This virus was responsible for a zoonotic disease affecting pigs and humans in New South Wales in 1997. Antibodies capable of neutralising Menangle virus, were detected in flying foxes.,��https://www.ncbi.nlm.nih.gov/pubmed/10501164}��Halpin, K
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Zoonoses���MayV��Eleven abattoir workers in Singapore were infected in March 1999 by an outbreak caused by the Nipah virus. This newly discovered, Hendra-like paramyxovirus causes acute infection of the CNS. We present the magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (MRS) findings in a patient suffering from acute meningoencephalitis. Multiple small white matter lesions were detected on diffusion-weighted imaging (DWI) and T2-weighted images. There were no abnormalities detected on MRS. We believe this to be the first reported MRI findings in this novel zoonotic viral disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10489496���Lim, C C
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Respirovirus Infections/*pathology���Sep¥��A novel Hendra-like paramyxovirus named Nipah virus (NiV) was the cause of an outbreak among workers from one abattoir who had contact with pigs. Two patients had only respiratory symptoms, while 9 patients had encephalitis, 7 of whom are described in this report. Neurological involvement was diverse and multifocal, including aseptic meningitis, diffuse encephalitis, and focal brainstem involvement. Cerebellar signs were relatively common. Magnetic resonance imaging scans of the brain showed scattered lesions. IgM antibodies against Hendra virus (HeV) were present in the serum of all patients. Two patients recovered completely. Five had residual deficits 8 weeks later.,��https://www.ncbi.nlm.nih.gov/pubmed/10482278���Lee, K E
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*Ventilator Weaning/methods���Summerw��In this review, traditional weaning parameters, integrative indexes, and experimental methods of predicting weaning outcomes have been reviewed. All have limitations; however, judicious application of these parameters may guide clinical decisions regarding timing of weaning trials. Of the parameters reviewed, the RSBI has several advantages and may identify patients who are candidates for weaning. Likewise, application of tools such as the daily screen or implementation of multidisciplinary weaning teams may assist clinicians in weaning patients earlier in their ICU course. Most patients will be successfully extubated after a single SBT, and weaning methods that focus on sequential decrements in ventilator support appear to needlessly prolong ventilation. However, for patients who fail, identification of potential causes of continued ventilator dependence should focus on the various pathophysiological causes outlined. Although a number of patients will require prolonged ventilator support beyond the critical care setting, the growing experience with this population demonstrates that a large percentage have favorable outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/10445177b��Hendra, K P
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Viral Proteins/genetics���Jun 5»��A cytopathic infectious agent was isolated from the kidneys of an apparently healthy tree shrew (Tupaia belangeri) that had been captured in the area around Bangkok. The infectivity was propagated in Tupaia fibroblast and kidney cell cultures. Paramyxovirus-like pleomorphic enveloped particles and helical nucleocapsids were observed by electron microscopy and accordingly the infectious agent was termed Tupaia paramyxovirus (TPMV). However, no serological cross-reactions were detected between TPMV and known paramyxoviruses. For the molecular characterization of TPMV an experimental strategy that allows the random-primed synthesis of relatively large cDNA molecules from viral genomic RNA was applied. Nucleotide sequence analysis of a TPMV-specific cDNA fragment (1544 bp) revealed two nonoverlapping partial open reading frames corresponding to paramyxoviral N and P transcription units. Using modified rapid amplification of cDNA ends techniques, a substantial contiguous portion of the viral genome (4065 nt) was elucidated including the complete N and P/V/C genes. The coding strategy of TPMV as well as significant amino acid sequence homologies clearly indicates an evolutionary relationship between TPMV and members of the genus Morbillivirus. Highest homologies were detected between TPMV and Hendra virus (equine morbillivirus), which recently emerged in Australia, causing outbreaks of fatal respiratory and neurological disease in horses and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10366580¥��Tidona, C A
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Swine Diseases/transmission/virology���Apr 30!��During March 1999, health officials in Malaysia and Singapore, in collaboration with Australian researchers and CDC, investigated reports of febrile encephalitic and respiratory illnesses among workers who had exposure to pigs. A previously unrecognized paramyxovirus (formerly known as Hendra-like virus), now called Nipah virus, was implicated by laboratory testing in many of these cases. Febrile encephalitis continues to be reported in Malaysia but has decreased coincident with mass culling of pigs in outbreak areas. No new cases of febrile illness associated with Nipah virus infection have been identified in Singapore since March 19, 1999, when abattoirs were closed. This report summarizes interim findings from ongoing epidemiologic and laboratory investigations in Malaysia and Singapore.,��https://www.ncbi.nlm.nih.gov/pubmed/10366143O��(CDC)
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Swine Diseases/transmission���Apr 9���During September 29, 1998-April 4, 1999, 229 cases of febrile encephalitis (111 [48%] fatal) were reported to the Malaysian Ministry of Health (MOH). During March 13-19, 1999, nine cases of similar encephalitic illnesses (one fatal) and two cases of respiratory illness occurred among abattoir workers in Singapore. Tissue culture isolation identified a previously unknown infectious agent from ill patients. This report summarizes the preliminary epidemiologic and laboratory investigations of these cases, which indicate that a previously unrecognized paramyxovirus related to, but distinct from, the Australian Hendra virus is associated with this outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/10227800[��(CDC)
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Vero Cells���Dec1��OBJECTIVE: To determine the infectivity and transmissibility of Hendra virus (HeV). DESIGN: A disease transmission study using fruit bats, horses and cats. PROCEDURE: Eight grey-headed fruit bats (Pteropus poliocephalus) were inoculated and housed in contact with three uninfected bats and two uninfected horses. In a second experiment, four horses were inoculated by subcutaneous injection and intranasal inoculation and housed in contact with three uninfected horses and six uninfected cats. In a third experiment, 12 cats were inoculated and housed in contact with three uninfected horses. Two surviving horses were inoculated at the conclusion of the third experiment: the first orally and the second by nasal swabbing. All animals were necropsied and examined by gross and microscopic pathological methods, immunoperoxidase to detect viral antigen in formalin-fixed tissues, virus isolation was attempted on tissues and SNT and ELISA methods were used to detect HeV-specific antibody. RESULTS: Clinical disease was not observed in the fruit bats, although six of eight inoculated bats developed antibody against HeV, and two of six developed vascular lesions which contained viral antigen. The in-contact bats and horses did not seroconvert. Three of four horses that were inoculated developed acute disease, but in-contact horses and cats were not infected. In the third experiment, one of three in-contact horses contracted disease. At the time of necropsy, high titres of HeV were detected in the kidneys of six acutely infected horses, in the urine of four horses and the mouth of two, but not in the nasal cavities or tracheas. CONCLUSIONS: Grey-headed fruit bats seroconvert and develop subclinical disease when inoculated with HeV. Horses can be infected by oronasal routes and can excrete HeV in urine and saliva. It is possible to transmit HeV from cats to horses. Transmission from P poliocephalus to horses could not be proven and neither could transmission from horses to horses or horses to cats. Under the experimental conditions of the study the virus is not highly contagious.+��https://www.ncbi.nlm.nih.gov/pubmed/9972433½��Williamson, M M
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Viral Envelope Proteins���Nov 25���The complete nucleotide sequence of the attachment protein gene of Hendra virus, a new member of the subfamily Paramyxovirinae, has been determined from cDNA clones derived from viral genomic RNA. The deduced mRNA is 2565 nucleotides long with one open reading frame encoding a protein of 604 amino acids, which is similar in size to the attachment protein of the members of the subfamily. However, the mRNA transcript is >600 nucleotides longer than others in the subfamily due to the presence of long untranslated regions at both the 5' and 3' ends. The protein is designated G because it lacks both hemagglutination and neuraminidase activities. It contains a hydrophobic transmembrane domain close to the N terminus, eight potential N-linked glycosylation sites, and 18 cysteine residues. Although the HeV G protein had low sequence homology with Paramyxovirinae members, the predicted folding pattern of its extracellular globular head was very similar to that of members of the genus Paramyxovirus, with the location of seven potential pairs of sulfide bonds absolutely conserved. On the other hand, among the seven residues known to be critical for neuraminidase activity, only one was conserved in the Hendra virus G protein compared with at least six in HN proteins of paramyxoviruses and rubulaviruses and four in H proteins of morbilliviruses. The biological significance of this finding is discussed.+��https://www.ncbi.nlm.nih.gov/pubmed/9837786¾��Yu, M
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*Viral Proteins���Jul���The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3' untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58.5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.+��https://www.ncbi.nlm.nih.gov/pubmed/9680142Ø��Yu, M
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Spectrum Analysis, Raman/*standards���Nov���The reliability with which an external reference sample can be used to standardise the intensities of Raman scattering spectra is assessed. By comparing the ratios of single band intensities of Raman scatter in a two component liquid mixture with those between the mixture and an external standard it is shown that the latter is more than adequate for most quantitative Raman analysis. Coefficients of variance in repeated experiments on the same sample are approximately 1%, when comparing single band heights on spectra recorded with modest laser powers over 2 min. When using the whole spectrum, these coefficients are significantly lower.+��https://www.ncbi.nlm.nih.gov/pubmed/9477577���Paepe, A T
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Tablets���Nov]��It is customary to rotate samples in Raman spectroscopy to avoid absorption or sample heating. In FT-Raman experiments the rotation is always shown (typically 30-60 rpm) because higher speeds are thought to generate noise in the spectra. In this article we show that more rapid rotation is possible. A tablet containing maleic acid and one made up of sub-millimetre silica particles with metoprolol succinate as active ingredient were rotated at different speeds, up to 6760 rpm. The FT-Raman spectra were recorded and studied. We conclude that it is perfectly acceptable to rotate samples up to 1500 rpm.+��https://www.ncbi.nlm.nih.gov/pubmed/9477576²��De Paepe, A T
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Virulence/genetics���FebÎ��In 1994, a new member of the family Paramyxoviridae isolated from fatal cases of respiratory disease in horses and humans was shown to be distantly related to morbilliviruses and provisionally called equine morbillivirus (K. Murray et al., Science 268:94-97, 1995). To facilitate characterization and classification, the virus was purified, viral proteins were identified, and the P/V/C gene was cloned and sequenced. The coding strategy of the gene is similar to that of Sendai and measles viruses, members of the Paramyxovirus and Morbillivirus genera, respectively, in the subfamily Paramyxovirinae. The P/V/C gene contains four open reading frames, three of which, P, C, and V, have Paramyxovirinae counterparts. The P and C proteins are larger and smaller, respectively, than are cognate proteins in members of the subfamily, and the V protein is made as a result of a single G insertion during transcription. The P/V/C gene has two unique features. (i) A fourth open reading frame is located between those of the C and V proteins and potentially encodes a small basic protein similar to those found in some members of the Rhabdoviridae and Filoviridae families. (ii) There is also a long untranslated 3' sequence, a feature common in Filoviridae members. Sequence comparisons confirm that although the virus is a member of the Paramyxovirinae subfamily, it displays only low levels of homology with paramyxoviruses and morbilliviruses and negligible homologies with rubulaviruses.+��https://www.ncbi.nlm.nih.gov/pubmed/9445051¤��Wang, L F
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Stents/*adverse effects���SepÁ��Self-expanding metallic stents (SEMSs) are used to palliate malignant esophageal strictures. We describe a patient who had an extensive mediastinal tumor for which he was receiving irradiation therapy; chest pain, hemoptysis, and recurrent Gram-negative pneumonia developed in this patient after stent placement. Fiberoptic bronchoscopy revealed protrusion of the SEMS into the tracheobronchial tree, a novel complication for this new type of stent.+��https://www.ncbi.nlm.nih.gov/pubmed/8797444Z��Hendra, K P
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Rosman, A.���1995ª��Rural communities in nutritional transition: emergence of obesity, hypertension and hypercholesterolemia as public health problems in three kampungs in Bagan Datoh, Perak���129-39
��Malays J Nutr���1���2���Sepý��This paper highlights the marked presence of nutritional disorders in a sample (190 males, 237 females, aged 18-80 years) obtained from the adult population in three kampungs i.e. Pasang Api, Sungai Nipah Baroh and Sungai Balai Darat, in the Mukim of Bagan Datoh, Perak in 1992. All subjects (except pregnant females) were measured for blood pressure, weight, height, waist circumference, and hip circumference from which the body mass index (BMI) and waist-hip ratios (WHR) were calculated. A random blood sample was obtained by finger-prick from each subject and analysed for total cholesterol (TC) and glucose, using the Reflotron compact analyser. Elevated means for BMI and WHR indicated that obesity (BMI >/=30.0) was a serious public health problem in these three kampungs, affecting about 5% of males and 14% of females. Another 24% of males and 46% of females had an overweight problem (BMI 25.0-29.9), indicating that on the average, about half the adult population in these kampungs were either overweight or obese. This contrasted with the situation a decade ago in similar-type kampungs in the Peninsula where underweight was the major nutritional disorder in adults, especially males. Overall, there was a shift of an underweight problem to one of overweight, as exemplified by increments of 2.0 to 3.0 BMI units in the adult population, with the phenomenon being more marked in the females. Hypertension (21%) and hyperglycaemia (6.5%) affected the males and females approximately equally. Female adults had higher mean plasma TC compared to males (204 versus 199 mg/dl); these means were some 20 mg/dl (0.52 mmol/L) higher than the corresponding means for adults in similar rural communitites in the early eighties, and approximate the corresponding means for present-day urban adults. The above findings serve to emphasise the nutritional transition undergoing in the rural communities in the Peninsula, viz, the marked emergence in these rural communities of nutritional disorders normally associated with affluent populations.,��https://www.ncbi.nlm.nih.gov/pubmed/22692058`��Ng, T K Jr
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Serologic Tests���Jun 19���OBJECTIVE: To describe the clinical and epidemiological features of an outbreak of a viral infection affecting humans and horses. SETTING: Stables in Hendra, a suburb of Brisbane. SUBJECTS: Affected horses and humans, and at-risk human contacts. RESULTS: A pregnant mare died two days after arrival from a paddock elsewhere in Brisbane. Eight to 11 days later, illness (depression, anorexia, fever, dyspnoea, ataxia, tachycardia, tachypnoea and nasal discharge) was reported among 17 other horses from the same or an adjoining stable. Fourteen horses died or were put down. Five and six days after the index mare's death, a stable-hand and then a horse-trainer, both of whom had had close contact with the sick mare's mucous secretions, developed influenza-like illnesses. The stable-hand recovered but the trainer developed pneumonitis, respiratory failure, renal failure and arterial thrombosis, and died from a cardiac arrest seven days after admission to hospital. A morbillivirus cultured from his kidney was identical to one isolated from the lungs of five affected horses. The two affected humans and eight other horses were seropositive for the infection, which was reproduced in healthy horses following challenge by spleen/lung homogenates from infected horses. There was no serological evidence of infection in 157 humans who had had contact with the stables or the sick horses or humans. CONCLUSIONS: A previously undescribed morbillivirus infected a probable 21 horses and two humans; one human and 14 horses died. That no further cases were detected among humans suggests that the virus was of low infectivity. The source of infection remains undetermined.+��https://www.ncbi.nlm.nih.gov/pubmed/7603375Ä��Selvey, L A
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Survivors���Dec 20
��There is increasing evidence that platelet thrombi play an important role in the pathogenesis of acute myocardial infarction (AMI). We compared "spontaneous" platelet aggregation in whole blood in 17 non-diabetic and 12 diabetic subjects on admission with AMI. There was no significant difference in the fall in platelet count between the two groups, expressed as platelets remaining (75.2 +/- 7.9% vs 77.3 +/- 6.9% at 10 min, 66.6 +/- 8.9% vs 68.5 +/- 6.3% at 20 min, 63.5 +/- 8.2% vs 64.9 +/- 6.7% at 30 min and 59.4 +/- 10.3% vs 61.3 +/- 7.6% at 60 min). The rate of "spontaneous" aggregation was increased in subjects with evidence of heart failure on admission compared to those without (59.9 +/- 7.9% vs 66.2 +/- 6.6% at 30 min [p = 0.05] and 55.4 +/- 9.6% vs 63.1 +/- 7.7% at 60 min [p = 0.04]). There was no correlation between the fall in platelet count and admission plasma glucose, glycated haemoglobin or peak aspartate amino-transferase. The subjects studied on admission with AMI had greater rates of "spontaneous" aggregation than 8 subjects studied between 6 and 12 months after acute myocardial infarction (75.9 +/- 7.4% vs 85.8 +/- 5.4% at 10 min; p = 0.001 and 64.3 +/- 7.5% vs 75.0 +/- 7.8% at 30 min; p = 0.006) and compared to normal controls (90.7 +/- 4.4% at 10 min; p < 0.001 and 83.4 +/- 6.5 at 30 min; p < 0.001). This study provides evidence of increased "spontaneous" platelet aggregation in subjects admitted with acute myocardial infarction but no difference between diabetic and non-diabetic subjects was observed.+��https://www.ncbi.nlm.nih.gov/pubmed/8165614���Gray, R P
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Spectrum Analysis, Raman���Dec���We analyzed binary mixtures of polymorphs A and B of chlorpropamide ((1-[4-chlorobenzenesulphonyl]-3-propyl urea)) by near-infrared Fourier transform Raman spectroscopy (FTRS). The individual polymorphs were prepared and characterized by differential scanning calorimetry (DSC), Fourier transform infrared (FT-IR) microscopy, and physical appearance. The FTR spectra of the two polymorphs showed distinct differences which result from "crystal splitting" effects. A series of 13 different mixtures of polymorph A and B was prepared by geometric mixing and their FTR spectra statistically analysed by factor analysis programming. Predictions of the A/B polymorphic composition of mixtures were made and compared with the theoretical values. The results demonstrate that FTRS combined with factor analysis programming may be successfully applied to the in situ monitoring of the A/B polymorphic nature of a chlorpropamide sample.+��https://www.ncbi.nlm.nih.gov/pubmed/8302765���Tudor, A M
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Obesity���June��An algorithm has been developed to provide predictable control of blood glucose for 48 h following acute myocardial infarction. In 29 diabetic patients intravenous infusion of soluble insulin was started upon admission to hospital and the rate adjusted hourly on the basis of bedside capillary glucose estimations. Insulin infusion rates related to glycaemia were higher in obese patients and those with severe cardiac failure. For all patients mean admission glucose levels were reduced from 18.3 +/- 5.9 mmol l-1 to 9.1 +/- 3.3 mmol l-1 at 4 h and to 8.8 +/- 2.5 mmol l-1 at 6 h. Mean glucose concentrations for 48 h after admission were 8.2 +/- 1.3 mmol l-1 for all patients. Admission glucose levels were slightly higher in patients with severe, compared to those without or mild, cardiac failure (P less than 0.1), but levels over the following 48 h were similar. Doubling insulin infusion rates before meals did not achieve tighter glycaemic control. Hypoglycaemia (glucose less than 3 mmol l-1) occurred on 11 occasions in six patients; only two episodes were symptomatic and only two episodes occurred when the insulin rates were doubled before meals. This algorithm produced tighter glycaemic control than previously published protocols, particularly in patients with severe cardiac failure. Hypoglycaemia is uncommon and the algorithm easy to administer by nursing staff.+��https://www.ncbi.nlm.nih.gov/pubmed/1425142���Hendra, T J
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Reference Values���Apr¿��Consistent abnormalities of agonist-induced platelet aggregation, in either whole blood or platelet rich plasma, have not been demonstrated in diabetic patients without microvascular disease. In the present study platelet aggregation in the absence of exogenous agonists ('spontaneous' aggregation) was compared between 22 non-diabetic subjects and 23 Type 1 diabetic patients with (n = 12) and without (n = 11) microvascular disease. 'Spontaneous' aggregation was determined by measuring the percentage fall in single platelet number in aliquots of whole blood shaken for 60 min. Diabetic patients without microvascular disease had fewer single platelets remaining (greater aggregation) than non-diabetic subjects at all time-points (69.7 +/- 6.6 vs 82.3 +/- 7.3% at 60 min p less than 0.001), but more platelets remaining than in diabetic patients with microvascular disease at all time-points (69.7 +/- 6.6 vs 61.0 +/- 7.8% at 60 min p less than 0.02). No significant correlations were observed between platelet aggregation and plasma glucose, blood cell counts, or glycated haemoglobin levels. The study suggests that platelet abnormalities antedate the appearance of microvascular disease in diabetic patients.+��https://www.ncbi.nlm.nih.gov/pubmed/1576806���Hendra, T J
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Tissue Plasminogen Activator/adverse effects/therapeutic use���Feb 15»��OBJECTIVES: To assess prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction and the incidence of side effects. DESIGN: Retrospective analysis of prescriptions during five months (first audit) followed by prospective analysis of uptake of treatment during five months after interventions in clinical management; prospective assessment of adverse events during thrombolytic treatment. SETTING: Coronary care unit of large district general hospital. PATIENTS: 110 patients aged greater than or equal to 65 with subsequently proved acute myocardial infarction admitted in first audit and 119 admitted in the second. MAIN OUTCOME MEASURES: Site of infarct, prescription of thrombolysis treatment, reasons for nonprescription, complications. RESULTS: Before intervention thrombolytic treatment was prescribed to 13/110 (12%) patients with subsequently confirmed myocardial infarction and after intervention to 55/119 (46%) patients (p less than 0.01). In the first audit no patients with angina received thrombolytic treatment whereas 13/79 (16%) were treated in the second audit. Increased prescription of thrombolytic treatment in the second audit was associated with significantly fewer exclusions owing to dyspepsia (p less than 0.05) and unstated or unsatisfactory reasons (p less than 0.01) Streptokinase infusions were completed uneventfully in 75% (48/64) and 77% (10/13) of patients with infarction and angina respectively. Side effects of treatment were more common in patients with inferior than with anterior infarcts (16/42 (30%) v 3/24 (13%), p less than 0.05). CONCLUSIONS: Low rates of prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction were identified and corrected. Streptokinase treatment was associated with transient arrhythmias or hypotension in about a third of these patients with infarcts, particularly those with electrocardiographic changes in inferior leads.+��https://www.ncbi.nlm.nih.gov/pubmed/1547391X��Hendra, T J
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Sulfasalazine/administration & dosage/analysis/*chemistry���Octµ��FT-Raman spectroscopy (FTRS) has been used to characterize microspheres produced from the pharmaceutical polymer Eudragit RS containing a range of concentrations of the drug sulfasalazine. While pure sulfasalazine produced an intense and complex Raman spectrum, the spectrum of drug-free Eudragit RS microspheres was considerably weaker in intensity and contained only a few prominent Raman scattering peaks. In spectra of the drug-polymer microspheres, peaks arising from the individual components could be identified. This enabled a quantitative analysis to be undertaken by calculating the ratio between the area of a sulfasalazine peak and the area of a Eudragit RS peak for each microsphere spectrum. A correlation was shown between the peak area ratio and the microsphere sulfasalazine content. FTRS was then applied to a series of microsphere samples which had been dissoluted into pH 7 buffer for 1, 3, 6, 9, 12, or 24 hr. For each spectrum, the drug-polymer peak area ratio was determined and this in turn enabled calculation of the residual drug content of the microsphere sample. FTRS-calculated data showed good agreement with microsphere drug content values determined spectrophotometrically.+��https://www.ncbi.nlm.nih.gov/pubmed/1686649¤��Watts, P J
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beta-Thromboglobulin/analysis���Aug½��STUDY OBJECTIVE: The aim was to compare platelet function in diabetic and non-diabetic survivors of acute myocardial infarction and to relate it to an index of free radical activity in these patients. DESIGN: In vivo and in vitro indices of platelet function and diene conjugate molar ratios were measured in diabetic and non-diabetic infarct survivors on admission to hospital and sequentially for 72 h. PATIENTS: The patients were 17 diabetics (age 61.9 years, range 32-74) and 12 non-diabetics (60.8 years, range 39-75) admitted to hospital with acute myocardial infarction confirmed according to WHO criteria. MEASUREMENTS AND MAIN RESULTS: Agonist induced platelet aggregation, beta thromboglobulin levels, and linoleic acid 18:2(9,11)/18:2(9,12) molar ratios did not differ between diabetic and non-diabetic patients on admission. Concentrations of adrenaline producing 50% maximum platelet aggregation (EC50) in whole blood on admission were lower than non-infarct controls in both patient groups. The EC50 values in platelet rich plasma in both groups fell during the 72 h following admission (increases in platelet sensitivity). beta Thromboglobulin concentrations fell following admission in the diabetic group. Diene conjugate molar ratios were higher at 12 h and 24 h compared to admission in diabetic patients. Increases in diene conjugate ratios between admission and 24 h correlated with peak aspartate transaminase levels in both patient groups. No correlations were observed between platelet aggregation, beta thromboglobulin levels, or diene conjugate molar ratios. CONCLUSIONS: During 72 h following myocardial infarction there is a reduction in platelet activation in vivo and an increase in platelet sensitivity to exogenous agonists in vitro. Free radical generated isomers of linoleic acid increase in relation to infarct size, but are unrelated to platelet function. There were no differences in platelet function between diabetic and non-diabetic subjects.+��https://www.ncbi.nlm.nih.gov/pubmed/1833060©��Hendra, T J
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Triglycerides/blood���Sepj��Standard radioimmunoassay for insulin may substantially overestimate levels of insulin because of cross-reaction with other insulin-like molecules. We have measured concentrations of insulin, intact proinsulin and 32-33 split proinsulin using two-site monoclonal antibody based immunoradiometric assays, and of insulin by a standard radioimmunoassay ("immunoreactive insulin") in 51 Type 2 (non-insulin-dependent) diabetic subjects in the fasting state. The relationships of these concentrations were sought with those of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride, plasminogen activator inhibitor, blood pressure, and indices of body fat distribution. Significant relationships were apparent between concentrations of "immunoreactive insulin" as measured by standard radioimmunoassay and triglyceride (rs = 0.42, p less than 0.001), total cholesterol (rs = 0.25, p = 0.038), high density lipoprotein cholesterol (rs = -0.30, p = 0.018) and body mass index (rs = 0.30, p = 0.017), but only the relationships with triglyceride (rs = 0.36, p = 0.006) and body mass index (rs = 0.26, p = 0.34) remained significant when concentrations of immunoradiometrically measured insulin were employed. Concentrations of 32-33 split proinsulin, which comprises the major insulin-like molecule in these subjects, correlated positively with triglyceride (rs = 0.33, p = 0.009), total cholesterol (rs = 0.23, p = 0.050), and plasminogen activator inhibitor (rs = 0.26, p = 0.049), and negatively with high density lipoprotein cholesterol (rs = -0.29, p = 0.021).(ABSTRACT TRUNCATED AT 250 WORDS)+��https://www.ncbi.nlm.nih.gov/pubmed/2253829Ü��Nagi, D K
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Triglycerides/blood���Aug§��The aim of this study was to evaluate the effects of a fish oil preparation (MaxEPA) on hemostatic function and fasting lipid and glucose levels in non-insulin-dependent diabetic (NIDDM) subjects. Eighty NIDDM outpatients aged 55.9 yr (mean SD 11.5 yr) participated in a prospective double-blind placebo-controlled study of MaxEPA capsules (10 g/day) or olive oil (control) treatment over 6 wk. Patients received either MaxEPA or olive oil in addition to preexisting therapy. Metabolic and hemostatic variables were measured before treatment and after 3 and 6 wk. Platelet membrane eicosapentaenoic acid (EPA) content increased in the treatment group (P less than 0.001). MaxEPA supplementation was associated with a significant fall in total triglycerides (P less than 0.001) but did not affect total cholesterol (P = 0.7) compared with control treatment. Fasting plasma glucose increased after 3 wk (P = 0.01) but not after 6 wk (P = 0.17) treatment with MaxEPA. Spontaneous platelet aggregation in whole blood fell in the MaxEPA group (P less than 0.02) after 6 wk, but there were no changes in agonist-induced platelet aggregation, thromboxane generation in platelet-rich plasma, or plasma beta-thromboglobulin and platelet factor IV levels. An increase in clotting factor VII (P = 0.02), without changes in fibrinogen or factor X levels, occurred in the MaxEPA group. Similar reductions in blood pressure were observed in both groups. Dietary supplementation with MaxEPA capsules (10 g/day) in NIDDM subjects is associated with improvement in hypertriglyceridemia but with deleterious effects in factor VII and blood glucose levels. Most indices of platelet function are unaffected by this therapy.+��https://www.ncbi.nlm.nih.gov/pubmed/2209315ê��Hendra, T J
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Vasodilator Agents/*pharmacology���Jul#��1. Dopexamine is a novel analogue of dopamine which is free of alpha-adrenoceptor activity and is of therapeutic value in chronic heart failure. The effects of dopexamine on the in vitro function of platelets from 10 healthy subjects at rest, after exercise and after in vitro addition of adrenaline and noradrenaline were investigated. 2. Dopexamine in a wide range of concentrations (10(-9)M-10(-3)M) did not appear to function as an agonist on platelets either in whole blood or in PRP preparations. 3. Dopexamine caused a dose-dependent inhibition of agonist-induced platelet aggregation in both whole blood and PRP. The inhibitory effect of dopexamine was significantly greater in PRP than in whole blood, and significantly greater to adrenaline than to collagen or ADP as agonists in whole blood. 4. After exercise or after in vitro addition of adrenaline and noradrenaline at concentrations commonly seen in myocardial infarction, dopexamine produced similar levels of inhibition seen with platelets from resting subjects. 5. Dopexamine did not affect plasma catecholamine levels but caused an increase in intraplatelet noradrenaline levels. 6. This study suggests that dopexamine is unlikely adversely to affect the hyperaggregable state found in patients with cardiogenic shock after myocardial infarction.+��https://www.ncbi.nlm.nih.gov/pubmed/2390435���Wagaine-Twabwe, D
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Sympathomimetics/analysis���Near infrared Fourier-transform (FT) Raman spectroscopy is shown to be a useful spectroscopic tool for the molecular structural analysis of drugs and biomedical polymers. The technique has been applied to the non-invasive investigation of the hydrolytic degradation of a biodegradable polymer in water over a period of 15 days and to the analysis of a drug within a polymer vehicle over a wide drug concentration range. This work demonstrates the potential value of FT Raman spectroscopy in the field of pharmaceutical science.+��https://www.ncbi.nlm.nih.gov/pubmed/2100613ª��Tudor, A M
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Risk Factors���Mar¢��Moderate (greater than 20 units) and high (greater than 80 units) IgG anticardiolipin antibody (aCL) titres are strongly predictive for recurrent thrombosis and early myocardial infarction in non-diabetic subjects. We have tested the hypothesis that the excess risk of myocardial infarction in diabetic subjects relates to the presence of aCL by measuring the frequency and titre of aCL in two groups of diabetic subjects and in 2500 healthy controls. One non-diabetic subject (0.04%) had low (5-20 units) IgG aCL titres. Seven out of 126 diabetics without cardiovascular disease (5.6%) and 9 out of 79 diabetics who were either myocardial infarction survivors or who had angiographically-proven coronary artery disease (11.4%) had low aCL titres (P less than 0.01 for comparison of either diabetic group with controls, and P less than 0.1 for comparison between diabetic groups). One subject in each diabetic group, but no non-diabetics, had moderate IgM aCL titres. No subjects had high aCL titres. Diabetics have an increased frequency of low aCL titres which may relate to macrovascular disease. Macrovascular disease in diabetics is not associated with moderate or high aCL titres.+��https://www.ncbi.nlm.nih.gov/pubmed/2813232���Hendra, T J
Baguley, E
Harris, E N
Khamashta, M H
Trembath, R C
Hughes, G R
Yudkin, J S
eng
England
1989/03/01 00:00
Postgrad Med J. 1989 Mar;65(761):140-3.%��0032-5473 (Print)
0032-5473 (Linking)
��PMC2429247���2813232n��Department of Medicine, University College and Middlesex School of Medicine, Whittington Hospital, London, UK.�������üÚ|ÿþ?�������Hendra, T.
Betteridge, D. J.���1989V��Platelet function, platelet prostanoids and vascular prostacyclin in diabetes mellitus���197-212(��Prostaglandins Leukot Essent Fatty Acids���35���4ç��Blood Platelets/*physiology
Diabetes Mellitus/*physiopathology
Epoprostenol/*metabolism
Fatty Acids/*metabolism
Humans
Platelet Aggregation
Prostaglandins, Synthetic/metabolism
Prostanoic Acids/*metabolism
Thromboxane A2/metabolism���Mar+��https://www.ncbi.nlm.nih.gov/pubmed/2654960¡��Hendra, T
Betteridge, D J
eng
Research Support, Non-U.S. Gov't
Review
Scotland
1989/03/01 00:00
Prostaglandins Leukot Essent Fatty Acids. 1989 Mar;35(4):197-212.%��0952-3278 (Print)
0952-3278 (Linking)���2654960Y��Academic Unit of Diabetes and Endocrinology, Whittington Hospital, Highgate Hill, London.��ª��üÒ|ÿþ?����F��Hendra, T. J.
Oughton, J.
Smith, C. C.
Betteridge, D. J.
Yudkin, J. S.���1988q��Exercise-induced changes in platelet aggregation; a comparison of whole blood and platelet rich plasma techniques���443-51
��Thromb Res���52���5���Adenosine Diphosphate/pharmacology
Adult
Blood Cell Count
Collagen/pharmacology
Epinephrine/pharmacology
Female
Humans
In Vitro Techniques
Male
Norepinephrine/blood
*Physical Exertion
Plasma/cytology/physiology
*Platelet Aggregation/drug effects
Stress, Physiological/blood���Dec 1R��Studies have been performed to assess the effect of exercise on spontaneous platelet aggregation in shaken whole blood, and on agonist-induced platelet aggregation in whole blood and platelet rich plasma (PRP). Spontaneous platelet aggregation in shaken whole blood was increased following exercise compared to pre-exercise values. The increase in spontaneous aggregation after exercise correlated inversely with the increase in white cell count in whole blood. Platelet sensitivity in whole blood to adrenaline, collagen and adenosine diphosphate (ADP) was increased following exercise. Changes in platelet sensitivity to adrenaline following exercise correlated with increases in plasma noradrenaline levels but not with changes in blood cell counts. In PRP, platelet sensitivity to ADP and to collagen was increased following exercise when the pre and post-exercise PRP platelet counts were not corrected to allow for the increase in platelet count which occurred with exercise. When the PRP platelet counts were corrected, no changes in platelet sensitivity to any agonist after exercise were observed.+��https://www.ncbi.nlm.nih.gov/pubmed/3222784���Hendra, T J
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beta-Thromboglobulin/analysis���Jul(��The effect of 24 hours and 7 days treatment with nisoldipine (10 mg, twice daily) on platelet function was studied in 12 normotensive volunteers of whom six were insulin-dependent diabetics without clinical evidence of vascular complications. Platelet aggregation was assessed by platelet rich plasma (PRP) and whole blood (WB) techniques. In addition, the effect of nisoldipine on platelet hyperaggregability following exercise was assessed. After taking nisoldipine for 24 hours, in vitro platelet hypersensitivity to adenosine diphosphate was observed in PRP (p less than 0.01) and WB (p less than 0.01), to adrenaline in WB (p less than 0.03), and to collagen in PRP (p less than 0.02). After seven days treatment, platelet sensitivities to all agonists at rest in both PRP and WB showed no differences from pre-treatment values. Exercise-induced platelet hypersensitivity in WB to all three agonists was unchanged after nisoldipine treatment. Plasma noradrenaline and adrenaline concentrations increased after 24 hours treatment, although changes in agonist EC50s at 24 hours were not related to changes in plasma catecholamine levels. No effects of nisoldipine were observed on platelet thromboxane B2 release in PRP, or on plasma beta-thromboglobulin levels. No differences in the effects of nisoldipine were observed between diabetic and non-diabetic subjects. Nisoldipine treatment for seven days is not associated with altered platelet function, but platelet hypersensitivity is observed after treatment for 24 hours in both insulin-dependent diabetics and controls.+��https://www.ncbi.nlm.nih.gov/pubmed/2976336É��Hendra, T J
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beta-Thromboglobulin/analysis���Jul-Augk��There are conflicting reports of platelet function abnormalities in diabetic patients without vascular complications. We have studied in vitro platelet aggregation, using platelet rich plasma and whole blood techniques, in 18 patients with uncomplicated insulin-dependent diabetes and a matched group of 24 non-diabetic subjects. In addition we measured plasma beta-thromboglobulin levels in these groups, as an index of in vivo platelet activation, and compared the indices of in vitro and in vivo platelet function before and after maximal bicycle exercise. Before exercise plasma beta-thromboglobulin levels and platelet sensitivities to ADP, collagen or adrenaline, as assessed by both methods of platelet aggregation, were the same in diabetic and control subjects. Both groups showed similar increases in beta-thromboglobulin levels and in platelet sensitivity to all agonists in whole blood following exercise. Using platelet rich plasma there were no changes in platelet sensitivity in either group after exercise. In non-diabetic subjects, increases in noradrenaline levels after exercise correlated with increases in platelet sensitivity to adrenaline in whole blood. This was not observed in the diabetic group. Abnormalities of platelet function, using the techniques described here, are not present in diabetic patients who do not have clinical evidence of vascular disease.+��https://www.ncbi.nlm.nih.gov/pubmed/2970923¡��Hendra, T J
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Reference Values���May 19Ü��Mean platelet volume, platelet count and an estimate of platelet volume distribution were studied following acute myocardial infarction in 59 diabetics and 88 non-diabetics and were compared with values in 100 non-diabetic and 50 diabetic non-infarct subjects. In the non-diabetics mean platelet volume and platelet distribution width were similar in the non-infarcted patients and in the infarcted patients without severe cardiac failure. All diabetics with myocardial infarction had larger mean platelet volumes and platelet distribution width than the diabetic non-infarct controls. All myocardial infarction patients with severe cardiac failure had larger platelet volumes than patients with mild or no failure. Increased mean platelet volume may reflect either increased platelet activation or increased numbers of large, hyperaggregable platelets. Abnormalities of platelet function may contribute to the relatively poor prognosis of myocardial infarction in patients with diabetes.+��https://www.ncbi.nlm.nih.gov/pubmed/3402334£��Hendra, T J
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Rats���Aug4��Mesothelial cells are the putative progenitors of mesotheliomas and cell lines have been used as tools to study the responses of these cells to various stimuli, including growth factors. The present study was undertaken to develop a rat mesothelial cell line capable of sustained growth under serum-free conditions with the object of avoiding the possible confounding effects of undefined serum components. Responses of mesothelial cells to epidermal growth factor were shown to differ under serum-free versus low-serum culture conditions. In contrast, a cell line, SFM1, adapted to growth in serum-free medium was characterized and found to exhibit responses to growth factors similar to the responses reported for human cell lines. This new line should prove to be a useful model for the study of these cells in vitro.+��https://www.ncbi.nlm.nih.gov/pubmed/9733279[��Bermudez, E
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Rats���Aug 21U��Mesothelioma is inherently chemo-resistant with only 50% of patients responding to the standard of care treatments, and consequently it has a very grim prognosis. The aim of this study was to establish a panel of chemo-resistant mesothelioma models with clinically relevant levels of resistance as tools for investigating chemo-resistance and identifying new treatments for mesothelioma. Chemo-resistant cell lines were established in vitro and characterized in vivo using syngeneic Fischer rats. Tumors derived from all chemo-resistant cell lines were immunohistochemically classified as mesothelioma. Homozygous deletion of p16(INK4A)/p14(ARF) and increased expression of several ATP-binding cassette transporters were demonstrated, consistent with findings in human mesothelioma. Further, the acquisition of chemo-resistance in vitro resulted in changes to tumor morphology and overall survival. In conclusion, these models display many features corresponding with the human disease, and provide the first series of matched parental and chemo-resistant models for in vitro and in vivo mesothelioma studies.,��https://www.ncbi.nlm.nih.gov/pubmed/25141917»��Hudson, Amanda L
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204m��Zumbrun, E E
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*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218Û��Yun, Tatyana
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400«��Weis, Michael
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654|��Walsh, Michael G
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385k��Thanapongtharm, Weerapong
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Serotyping���Feb���We measured the performance of exposure screening questions to identify Nipah virus encephalitis in hospitalized encephalitis patients during the 2012-13 Nipah virus season in Bangladesh. The sensitivity (93%), specificity (82%), positive predictive value (37%), and negative predictive value (99%) results suggested that screening questions could more quickly identify persons with Nipah virus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/25625615B��Sazzad, Hossain M S
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519~��Satterfield, Benjamin A
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962¾��Roche, S E
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472C��Prescott, Joseph
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population health���MarÑ��Nipah virus is a highly pathogenic but poorly known paramyxovirus from South and Southeast Asia. In spite of the risks that it poses to human health, the geography and ecology of its occurrence remain little understood-the virus is basically known from Bangladesh and peninsular Malaysia, and little in between. In this contribution, I use documented occurrences of the virus to develop ecological niche-based maps summarizing its likely broader occurrence-although rangewide maps could not be developed that had significant predictive abilities, reflecting minimal sample sizes available, maps within Bangladesh were quite successful in identifying areas in which the virus is predictably present and likely transmitted.,��https://www.ncbi.nlm.nih.gov/pubmed/23343646���Peterson, A Townsend
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202L��Nahar, Nazmun
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022×��Masoomi Dezfooli, Seyedehsara
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evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523Ñ��Lo Presti, Alessandra
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*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
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Vaccine designing���Decø��Identification of Nipah virus (NiV) T-cell-specific antigen is urgently needed for appropriate diagnostic and vaccination. In the present study, prediction and modeling of T-cell epitopes of Nipah virus antigenic proteins nucleocapsid, phosphoprotein, matrix, fusion, glycoprotein, L protein, W protein, V protein and C protein followed by the binding simulation studies of predicted highest binding scorers with their corresponding MHC class I alleles were done. Immunoinformatic tool ProPred1 was used to predict the promiscuous MHC class I epitopes of viral antigenic proteins. The molecular modelings of the epitopes were done by PEPstr server. And alleles structure were predicted by MODELLER 9.10. Molecular dynamics (MD) simulation studies were performed through the NAMD graphical user interface embedded in visual molecular dynamics. Epitopes VPATNSPEL, NPTAVPFTL and LLFVFGPNL of Nucleocapsid, V protein and Fusion protein have considerable binding energy and score with HLA-B7, HLA-B*2705 and HLA-A2MHC class I allele, respectively. These three predicted peptides are highly potential to induce T-cell-mediated immune response and are expected to be useful in designing epitope-based vaccines against Nipah virus after further testing by wet laboratory studies.,��https://www.ncbi.nlm.nih.gov/pubmed/28324411���Kamthania, Mohit
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Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/257066172��Johnston, Sara C
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897j��Johnson, John B
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Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064p��Garner, Omai B
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Virosomes/*immunology���Dec 16'��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pronounced infection of brain endothelia and central nervous system (CNS) inflammation. Using primary porcine brain microvascular endothelial cells, we showed that upregulation of E-selectin precedes cytokine induction and is induced not only by infectious NiV but also by NiV-glycoprotein-containing virus-like particles. This demonstrates that very early events in NiV brain endothelial infection do not depend on NiV replication but can be triggered by the NiV glycoproteins alone.,��https://www.ncbi.nlm.nih.gov/pubmed/26676791���Freitag, Tanja C
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489]��Escaffre, Olivier
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Virus Replication���Dec 16p��UNLABELLED: Nipah virus (NiV) causes fatal encephalitic infections in humans. To characterize the role of the matrix (M) protein in the viral life cycle, we generated a reverse genetics system based on NiV strain Malaysia. Using an enhanced green fluorescent protein (eGFP)-expressing M protein-deleted NiV, we observed a slightly increased cell-cell fusion, slow replication kinetics, and significantly reduced peak titers compared to the parental virus. While increased amounts of viral proteins were found in the supernatant of cells infected with M-deleted NiV, the infectivity-to-particle ratio was more than 100-fold reduced, and the particles were less thermostable and of more irregular morphology. Taken together, our data demonstrate that the M protein is not absolutely required for the production of cell-free NiV but is necessary for proper assembly and release of stable infectious NiV particles. IMPORTANCE: Henipaviruses cause a severe disease with high mortality in human patients. Therefore, these viruses can be studied only in biosafety level 4 (BSL-4) laboratories, making it more challenging to characterize their life cycle. Here we investigated the role of the Nipah virus matrix protein in virus-mediated cell-cell fusion and in the formation and release of newly produced particles. We found that even though low levels of infectious viruses are produced in the absence of the matrix protein, it is required for the release of highly infectious and stable particles. Fusogenicity of matrixless viruses was slightly enhanced, further demonstrating the critical role of this protein in different steps of Nipah virus spread.,��https://www.ncbi.nlm.nih.gov/pubmed/266767850��Dietzel, Erik
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789*��Laing, Eric D
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*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218Û��Yun, Tatyana
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Viral Proteins/metabolismñ��Bats are natural reservoirs for a spectrum of infectious zoonotic diseases including the recently emerged henipaviruses (Hendra and Nipah viruses). Henipaviruses have been observed both naturally and experimentally to cause serious and often fatal disease in many different mammal species, including humans. Interestingly, infection of the flying fox with henipaviruses occurs in the absence of clinical disease. The extreme variation in the disease pattern between humans and bats has led to an investigation into the effects of henipavirus infection on the innate immune response in bat cell lines. We report that henipavirus infection does not result in the induction of interferon expression, and the viruses also inhibit interferon signaling. We also confirm that the interferon production and signaling block in bat cells is not due to differing viral protein expression levels between human and bat hosts. This information, in addition to the known lack of clinical signs in bats following henipavirus infection, suggests that bats control henipavirus infection by an as yet unidentified mechanism, not via the interferon response. This is the first report of henipavirus infection in bat cells specifically investigating aspects of the innate immune system.,��https://www.ncbi.nlm.nih.gov/pubmed/21811620³��Virtue, Elena R
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Vaccine���Oct_��Hendra virus and Nipah virus are bat-borne paramyxoviruses that are the prototypic members of the genus Henipavirus. The henipaviruses emerged in the 1990s, spilling over from their natural bat hosts and causing serious disease outbreaks in humans and livestock. Hendra virus emerged in Australia and since 1994 there have been 7 human infections with 4 case fatalities. Nipah virus first appeared in Malaysia and subsequent outbreaks have occurred in Bangladesh and India. In total, there have been an estimated 582 human cases of Nipah virus and of these, 54% were fatal. Their broad species tropism and ability to cause fatal respiratory and/or neurologic disease in humans and animals make them important transboundary biological threats. Recent experimental findings in animals have demonstrated that a human monoclonal antibody targeting the viral G glycoprotein is an effective post-exposure treatment against Hendra and Nipah virus infection. In addition, a subunit vaccine based on the G glycoprotein of Hendra virus affords protection against Hendra and Nipah virus challenge. The vaccine has been developed for use in horses in Australia and is the first vaccine against a Biosafety Level-4 (BSL-4) agent to be licensed and commercially deployed. Together, these advances offer viable approaches to address Hendra and Nipah virus infection of livestock and people.,��https://www.ncbi.nlm.nih.gov/pubmed/23838047���Broder, Christopher C
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635È��Chua, K B
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��2018/03/22���Jun 1$��PURPOSE: To investigate the predictive value of [(18)F]-fluoromethylcholine positron emission tomography/computed tomography (PET/CT)-derived parameters on progression-free survival (PFS) in oligometastatic prostate cancer patients treated with stereotactic body radiation therapy (SBRT). METHODS AND MATERIALS: In [(18)F]-fluoromethylcholine PET/CT scans of 40 consecutive patients with </=4 metachronous metastases treated with SBRT we retrospectively measured the number of metastases, standardized uptake values (SUVmean, SUVmax, SUVpeak), metabolically active tumor volume (MATV), and total lesion choline uptake. Partial-volume correction was applied using the iterative deconvolution Lucy-Richardson algorithm. RESULTS: Thirty-seven lymph node and 13 bone metastases were treated with SBRT. Thirty-three patients (82.5%) had 1 lesion, 4 (10%) had 2 lesions, and 3 (7.5%) had 3 lesions. After a median follow-up of 32.6 months (interquartile range, 35.5 months), the median PFS was 11.5 months (95% confidence interval 8.4-14.6 months). Having more than a single metastasis was a significant prognostic factor (hazard ratio 2.74; P = .03), and there was a trend in risk of progression for large MATV (hazard ratio 1.86; P = .10). No SUV or total lesion choline uptake was significantly predictive for PFS, regardless of partial-volume correction. All PET semiquantitative parameters were significantly correlated with each other (P </= .013). CONCLUSIONS: The number of choline-avid metastases was a significant prognostic factor for progression after [(18)F]-fluormethylcholine PET/CT-guided SBRT for recurrent oligometastatic prostate cancer, and there seemed to be a trend in risk of progression for patients with large MATVs. The lesional level of [(18)F]-fluoromethylcholine uptake was not prognostic for progression.,��https://www.ncbi.nlm.nih.gov/pubmed/29559285���Cysouw, Matthijs
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�Ebola virus (EBOV) and Nipah virus (NiV) infection of humans can cause fatal disease and constitutes a public health threat. In contrast, EBOV and NiV infection of fruit bats, the putative (EBOV) or proven (NiV) natural reservoir, is not associated with disease, and it is currently unknown how these animals control the virus. The human interferon (IFN)-stimulated antiviral effector protein tetherin (CD317, BST-2) blocks release of EBOV- and NiV-like particles from cells and is counteracted by the EBOV glycoprotein (GP). In contrast, it is unknown whether fruit bat tetherin restricts virus infection and is susceptible to GP-driven antagonism. Here, we report the sequence of fruit bat tetherin and show that its expression is IFN stimulated and associated with strong antiviral activity. Moreover, we demonstrate that EBOV-GP antagonizes tetherin orthologues of diverse species but fails to efficiently counteract fruit bat tetherin in virus-like particle (VLP) release assays. However, unexpectedly, tetherin was dispensable for robust IFN-mediated inhibition of EBOV spread in fruit bat cells. Thus, the VLP-based model systems mimicking tetherin-mediated inhibition of EBOV release and its counteraction by GP seem not to adequately reflect all aspects of EBOV release from IFN-stimulated fruit bat cells, potentially due to differences in tetherin expression levels that could not be resolved by the present study. In contrast, tetherin expression was essential for IFN-dependent inhibition of NiV infection, demonstrating that IFN-induced fruit bat tetherin exerts antiviral activity and may critically contribute to control of NiV and potentially other highly virulent viruses in infected animals.IMPORTANCE Ebola virus and Nipah virus (EBOV and NiV) can cause fatal disease in humans. In contrast, infected fruit bats do not develop symptoms but can transmit the virus to humans. Why fruit bats but not humans control infection is largely unknown. Tetherin is an antiviral host cell protein and is counteracted by the EBOV glycoprotein in human cells. Here, employing model systems, we show that tetherin of fruit bats displays higher antiviral activity than human tetherin and is largely resistant against counteraction by the Ebola virus glycoprotein. Moreover, we demonstrate that induction of tetherin expression is critical for interferon-mediated inhibition of NiV but, for at present unknown reasons, not EBOV spread in fruit bat cells. Collectively, our findings identify tetherin as an antiviral effector of innate immune responses in fruit bats, which might allow these animals to control infection with NiV and potentially other viruses that cause severe disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30429347N��Hoffmann, Markus
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Surface exposed conserved segments.Å��We briefly review the situations arising out of epidemics that erupt rather suddenly, threatening life and livelihoods of humans. Ebola, Zika and the Nipah virus outbreaks are recent examples where the viral epidemics have led to considerably high degree of fatalities or debilitating consequences. The problems are accentuated by a lack of drugs or vaccines effective against the new and emergent viruses, and the inordinate amount of temporal and financial resources that are required to combat the novel pathogens. Progress in computational, biological and informational sciences have made it possible to consider design of synthetic vaccines that can be rapidly developed and deployed to help stem the damages. In this review, we consider the pros and cons of this new paradigm and suggest a new system where the manufacturing process can be decentralized to provide more targeted vaccines to meet the urgent needs of protection in case of a rampaging epidemic.,��https://www.ncbi.nlm.nih.gov/pubmed/30417788µ��Nandy, Ashesh
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phosphoprotein and polymerase���Nov 11���Persistent outbreaks of Nipah virus (NiV) with severe case fatality throw a major challenge on researchers to develop a drug or vaccine to combat the disease. With little knowledge of its molecular mechanisms, we utilized the proteome data of NiV to evaluate the potency of three major proteins (phosphoprotein, polymerase, and nucleocapsid protein) in the RNA-dependent RNA polymerase complex to count as a possible candidate for epitope-based vaccine design. Profound computational analysis was used on the above proteins individually to explore the T-cell immune properties like antigenicity, immunogenicity, binding to major histocompatibility complex class I and class II alleles, conservancy, toxicity, and population coverage. Based on these predictions the peptide 'ELRSELIGY' of phosphoprotein and 'YPLLWSFAM' of nulceocapsid protein were identified as the best-predicted T-cell epitopes and molecular docking with human leukocyte antigen-C (HLA-C*12:03) molecule was effectuated followed by validation with molecular dynamics simulation. The B-cell epitope predictions suggest that the sequence positions 421 to 471 in phosphoprotein, 606 to 640 in polymerase and 496 to 517 in nucleocapsid protein are the best-predicted regions for B-cell immune response. However, the further experimental circumstance is required to test and validate the efficacy of the subunit peptide for potential candidacy against NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/30417438���Ravichandran, Lavanya
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Lohana, P.���2018'��The Killer Virus Called Nipah: A Review���e3168���Cureus���10���8���nipah virus���Aug 21���Nipah virus (NiV) is a deadly virus with a high mortality rate that has affected many developing countries in the past. According to the Centers for Disease Control and Prevention (CDC), many economically deprived countries such as Madagascar, Cambodia, and Thailand are also at high risk for future outbreaks. The first case of NiV was reported in 1998 and almost two decades later, little scientific progress has been made in finding a proper treatment and prevention vaccine. As many developing countries are not properly equipped to fight the infection, it is vital to properly educate the health systems. The aim of this review is to provide an epidemiological background as well as to understand the transmission routes, presentation, and the diagnosis and prevention of this deadly virus.,��https://www.ncbi.nlm.nih.gov/pubmed/30416895¼��Ramphul, Kamleshun
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Chen, P.���2018¢��Association between a Single Nucleotide Polymorphism in the 3'-UTR of ARHGEF18 and the Risk of Nonidiopathic Pulmonary Arterial Hypertension in Chinese Population���2461845���Dis Markers���2018y��ARHGEF18 has been identified as upregulated in the lung tissues of rat models of pulmonary artery hypertension introduced by hypoxia or monocrotaline (MCT). We used online SNP function prediction tools to screen the candidate SNPs that might be associated with the regulation of the ARHGEF18 expression. The result suggested that rs3745357 located in the 3'-untranslated region of ARHGEF18 is probably a genetic modifier in the process. In the present study, we aimed to investigate the association between ARHGEF18 rs3745357 polymorphism and nonidiopathic pulmonary arterial hypertension susceptibility (niPAH). A total of 293 participants were included in the case-control study (117 patients and 176 healthy controls). The rs3745357 variant was discriminated by using cleaved amplification polymorphism (CAP) sequence-tagged site technology. Although the overall allele and genotype frequencies of rs3745357 in niPAH patients were close to those of the control group, significant differences have been identified when we further divided the niPAH patients into subgroups with or without coronary heart disease (CHD). Rs3745357 C allele frequency was significantly higher in niPAH patients without CHD history (p = 0.001), while the frequency was significantly lower in niPAH patients with CHD history (p = 0.017) when compared to control subjects. The distribution of genotype frequencies was also quite different. After adjustment by gender and age, significant differences were found between patients with CHD history and controls. The results suggest that the ARHGEF18 rs3745357 variant may be used as a marker for the genetic susceptibility to niPAH.,��https://www.ncbi.nlm.nih.gov/pubmed/30405854º��Li, Ding
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*natural selection���Nov 1¬��Hendra virus (HeV) and Nipah virus (NiV) are among a group of emerging bat-borne paramyxoviruses that have crossed their species-barrier several times by infecting several hosts with a high fatality rate in human beings. Despite the fatal nature of their infection, a comprehensive study to explore their evolution and adaptation in different hosts is lacking. A study of codon usage patterns in henipaviruses may provide some fruitful insight into their evolutionary processes of synonymous codon usage and host-adapted evolution. Here, we performed a systematic evolutionary and codon usage bias analysis of henipaviruses. We found a low codon usage bias in the coding sequences of henipaviruses and that natural selection, mutation pressure, and nucleotide compositions shapes the codon usage patterns of henipaviruses, with natural selection being more important than the others. Also, henipaviruses showed the highest level of adaptation to bats of the genus Pteropus in the codon adaptation index (CAI), relative to the codon de-optimization index (RCDI), and similarity index (SiD) analyses. Furthermore, a comparison to recently identified henipa-like viruses indicated a high tRNA adaptation index of henipaviruses for human beings, mainly due to F, G and L proteins. Consequently, the study concedes the substantial emergence of henipaviruses in human beings, particularly when paired with frequent exposure to direct/indirect bat excretions.,��https://www.ncbi.nlm.nih.gov/pubmed/30388838���Kumar, Naveen
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Czub, M.���2018k��The interaction between the Nipah virus nucleocapsid protein and phosphoprotein regulates virus replication���15994���Sci Rep���8���1���Oct 30���Continued outbreaks of Henipaviruses in South Asia and Australia cause severe and lethal disease in both humans and animals. Together, with evidence of human to human transmission for Nipah virus and the lack of preventative or therapeutic measures, its threat to cause a widespread outbreak and its potential for weaponization has increased. In this study we demonstrate how overexpression of the Nipah virus nucleocapsid protein regulates viral polymerase activity and viral RNA production. By overexpressing the Nipah virus nucleocapsid protein in trans viral transcription was inhibited; however, an increase in viral genome synthesis was observed. Together, the bias of polymerase activity towards genome production led to the severe inhibition of viral progeny. We identified two domains within the nucleocapsid protein, which were each independently capable of binding the viral phosphoprotein. Evident by our data, we propose that the nucleocapsid protein's ability to interact with the phosphoprotein of the polymerase complex causes a change in polymerase activity and subsequent deficiency in viral replication. This study not only provides insights into the dynamics of Henipavirus RNA synthesis and replication, but also provides insight into potential targets for antiviral drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/30375468ü��Ranadheera, Charlene
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Nipah Nipah Investigators People
Health,���2018D��Outbreak investigation of Nipah Virus Disease in Kerala, India, 2018���J Infect Dis���Oct 26���Background: Nipah Virus (NiV) is a highly fatal emerging zoonotic virus with potential threat to global health security. Here we describe the characteristics of the NiV outbreak occurred in Kerala, India during May -June 2018. Methods: We used real-time RT PCR in throat swabs, blood, urine and CSF to detect NiV. Further, the viral genome was sequenced and subjected to phylogenetic analysis. We conducted an epidemiological investigation to describe the outbreak and to elucidate transmission dynamics. Results: During May 2 - 29, 2018, 23 cases were identified including the index case; 18 were lab-confirmed. This NiV was closer to the Bangladesh lineage. Median age of cases was 45; 15 (65%) were male. The median incubation period was 9.5 days (6 - 14 days). Of the 23 cases, 20 (87%) had respiratory symptoms. The case fatality rate (CFR) was 91%; two cases survived.. Risk factors for infection included close proximity (touching, feeding or nursing an NiV infected person) enabling exposure to droplet infection. The public health response included isolation of cases, contact tracing, and enforcing hospital infection control practices. Conclusion: This is the first recorded NiV outbreak in South India. Early laboratory confirmation and immediate public health response contained the outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/30364984È��Arunkumar, Govindakarnavar
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Viral transmission���Oct\��Nipah virus (NiV), a zoonotic paramyxovirus belonging to the genus Henipavirus, is classified as a Biosafety Level-4 pathogen based on its high pathogenicity in humans and the lack of available vaccines or therapeutics. Since its initial emergence in 1998 in Malaysia, this virus has become a great threat to domestic animals and humans. Sporadic outbreaks and person-to-person transmission over the past two decades have resulted in hundreds of human fatalities. Epidemiological surveys have shown that NiV is distributed in Asia, Africa, and the South Pacific Ocean, and is transmitted by its natural reservoir, Pteropid bats. Numerous efforts have been made to analyze viral protein function and structure to develop feasible strategies for drug design. Increasing surveillance and preventative measures for the viral infectious disease are urgently needed.,��https://www.ncbi.nlm.nih.gov/pubmed/30311101²��Sun, Bangyao
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viral immunology���A majority of viruses that have caused recent epidemics with high lethality rates in people, are zoonoses originating from wildlife. Among them are filoviruses (e.g., Marburg, Ebola), coronaviruses (e.g., SARS, MERS), henipaviruses (e.g., Hendra, Nipah) which share the common features that they are all RNA viruses, and that a dysregulated immune response is an important contributor to the tissue damage and hence pathogenicity that results from infection in humans. Intriguingly, these viruses also all originate from bat reservoirs. Bats have been shown to have a greater mean viral richness than predicted by their phylogenetic distance from humans, their geographic range, or their presence in urban areas, suggesting other traits must explain why bats harbor a greater number of zoonotic viruses than other mammals. Bats are highly unusual among mammals in other ways as well. Not only are they the only mammals capable of powered flight, they have extraordinarily long life spans, with little detectable increases in mortality or senescence until high ages. Their physiology likely impacted their history of pathogen exposure and necessitated adaptations that may have also affected immune signaling pathways. Do our life history traits make us susceptible to generating damaging immune responses to RNA viruses or does the physiology of bats make them particularly tolerant or resistant? Understanding what immune mechanisms enable bats to coexist with RNA viruses may provide critical fundamental insights into how to achieve greater resilience in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30294323Ã��Mandl, Judith N
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�Introduction: Zoonotic diseases are the infectious diseases that can be transmitted to human beings and vice versa from animals either directly or indirectly. These diseases can be caused by a range of organisms including bacteria, parasites, viruses and fungi. Viral diseases are highly infectious and capable of causing pandemics as evidenced by outbreaks of diseases like Ebola, Middle East Respiratory Syndrome, West Nile, SARS-Corona, Nipah, Hendra, Avian influenza and Swine influenza. Expalantion: Many viruses affecting equines are also important human pathogens. Diseases like Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and Venezuelan-equine encephalitis (VEE) are highly infectious and can be disseminated as aerosols. A large number of horses and human cases of VEE with fatal encephalitis have continuously occurred in Venezuela and Colombia. Vesicular stomatitis (VS) is prevalent in horses in North America and has zoonotic potential causing encephalitis in children. Hendra virus (HeV) causes respiratory and neurological disease and death in man and horses. Since its first outbreak in 1994, 53 disease incidents have been reported in Australia. West Nile fever has spread to many newer territories across continents during recent years.It has been described in Africa, Europe, South Asia, Oceania and North America. Japanese encephalitis has expanded horizons from Asia to western Pacific region including the eastern Indonesian archipelago, Papua New Guinea and Australia. Rabies is rare in horses but still a public health concern being a fatal disease. Equine influenza is historically not known to affect humans but many scientists have mixed opinions. Equine viral diseases of zoonotic importance and their impact on animal and human health have been elaborated in this article. Conclusion: Equine viral diseases though restricted to certain geographical areas have huge impact on equine and human health. Diseases like West Nile fever, Hendra, VS, VEE, EEE, JE, Rabies have the potential for spread and ability to cause disease in human. Equine influenza is historically not known to affect humans but some experimental and observational evidence show that H3N8 influenza virus has infected man. Despite our pursuit of understanding the complexity of the vector-host-pathogen mediating disease transmission, it is not possible to make generalized predictions concerning the degree of impact of disease emergence. A targeted, multidisciplinary effort is required to understand the risk factors for zoonosis and apply the interventions necessary to control it.,��https://www.ncbi.nlm.nih.gov/pubmed/30288197Ï��Kumar, Balvinder
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risk mapping���May 30���Since 1998, Nipah virus (NiV) (genus: Henipavirus; family: Paramyxoviridae), an often-fatal and highly virulent zoonotic pathogen, has caused sporadic outbreak events. Fruit bats from the genus Pteropus are the wildlife reservoirs and have a broad distribution throughout South and Southeast Asia, and East Africa. Understanding the disease biogeography of NiV is critical to comprehending the potential geographic distribution of this dangerous zoonosis. This study implemented the R packages ENMeval and BIOMOD2 as a means of modeling regional disease transmission risk and additionally measured niche similarity between the reservoir Pteropus and the ecological characteristics of outbreak localities with the Schoener's D index and I statistic. Results indicate a relatively high degree of niche overlap between models in geographic and environmental space (D statistic, 0.64; and I statistic, 0.89), and a potential geographic distribution encompassing 19% (2,963,178 km(2)) of South and Southeast Asia. This study should contribute to current and future efforts to understand the critical ecological contributors and geography of NiV. Furthermore, this study can be used as a geospatial guide to identify areas of high disease transmission risk and to inform national public health surveillance programs.,��https://www.ncbi.nlm.nih.gov/pubmed/30274453���Deka, Mark A
Morshed, Niaz
eng
Switzerland
2018/10/03 06:00
Trop Med Infect Dis. 2018 May 30;3(2). pii: tropicalmed3020057. doi: 10.3390/tropicalmed3020057.*��2414-6366 (Electronic)
2414-6366 (Linking)
��PMC6073609���30274453ë��Department of Geography, Texas State University, 601 University Drive, San Marcos, TX 78666, USA. mad214@txstate.edu.
Department of Geography, Texas State University, 601 University Drive, San Marcos, TX 78666, USA. m_m617@txstate.edu.���10.3390/tropicalmed3020057���	
�þÒ|ÿî?%���4��Mehand, M. S.
Al-Shorbaji, F.
Millett, P.
Murgue, B.���2018t��The WHO R&D Blueprint: 2018 review of emerging infectious diseases requiring urgent research and development efforts���63-67
��Antiviral Res���159~��Experts' opinions
Multi-criteria decision analysis
Multidisciplinary method
Prioritization
Severe emerging infectious diseases���Nov���The Research and Development (R&D) Blueprint is a World Health Organization initiative to reduce the time between the declaration of a public health emergency and the availability of effective diagnostic tests, vaccines, and treatments that can save lives and avert a public health crisis. The scope of the Blueprint extends to severe emerging diseases for which there are insufficient or no presently existing medical countermeasures or pipelines to produce them. In February 2018, WHO held an informal expert consultation to review and update the list of priority diseases, employing a prioritization methodology which uses the Delphi technique, questionnaires, multi-criteria decision analysis, and expert review to identify relevant diseases. The committee determined that, given their potential to cause a public health emergency and the absence of efficacious drugs and/or vaccines, there is an urgent need for accelerated R&D for (in no order of priority) Crimean-Congo haemorrhagic fever, Ebola virus and Marburg virus disease, Lassa fever, Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), Nipah and henipaviral diseases, Rift Valley fever and Zika virus disease. The experts also included "Disease X," representing the awareness that a previously unknown pathogen could cause a major public health emergency. This report describes the methods and results of the 2018 prioritization review.,��https://www.ncbi.nlm.nih.gov/pubmed/30261226Í��Mehand, Massinissa Si
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viral outbreaks���JanF��Since emergence of the Nipah virus (NiV) in 1998 from Malaysia, the NiV virus has reappeared on different occasions causing severe infections in human population associated with high rate of mortality. NiV has been placed along with Hendra virus in genus Henipavirus of family Paramyxoviridae. Fruit bats (Genus Pteropus) are known to be natural host and reservoir of NiV. During the outbreaks from Malaysia and Singapore, the roles of pigs as intermediate host were confirmed. The infection transmitted from bats to pigs and subsequently from pigs to humans. Severe encephalitis was reported in NiV infection often associated with neurological disorders. First NiV outbreak in India occurred in Siliguri district of West Bengal in 2001, where direct transmission of the NiV virus from bats-to-human and human-to-human was reported in contrast to the role of pigs in the Malaysian NiV outbreak. Regular NiV outbreaks have been reported from Bangladesh since 2001 to 2015. The latest outbreak of NiV has been recorded in May, 2018 from Kerala, India which resulted in the death of 17 individuals. Due to lack of vaccines and effective antivirals, Nipah encephalitis poses a great threat to public health. Routine surveillance studies in the infected areas can be useful in detecting early signs of infection and help in containment of these outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/30251294È��Sharma, Vikrant
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surgery���Oct���BACKGROUND: Cancellation of planned surgery impacts substantially on patients and health systems. This study describes the incidence and reasons for cancellation of inpatient surgery in the UK NHS. METHODS: We conducted a prospective observational cohort study over 7 consecutive days in March 2017 in 245 NHS hospitals. Occurrences and reasons for previous surgical cancellations were recorded. Using multilevel logistic regression, we identified patient- and hospital-level factors associated with cancellation due to inadequate bed capacity. RESULTS: We analysed data from 14 936 patients undergoing planned surgery. A total of 1499 patients (10.0%) reported previous cancellation for the same procedure; contemporaneous hospital census data indicated that 13.9% patients attending inpatient operations were cancelled on the day of surgery. Non-clinical reasons, predominantly inadequate bed capacity, accounted for a large proportion of previous cancellations. Independent risk factors for cancellation due to inadequate bed capacity included requirement for postoperative critical care [odds ratio (OR)=2.92; 95% confidence interval (CI), 2.12-4.02; P<0.001] and the presence of an emergency department in the treating hospital (OR=4.18; 95% CI, 2.22-7.89; P<0.001). Patients undergoing cancer surgery (OR=0.32; 95% CI, 0.22-0.46; P<0.001), obstetric procedures (OR=0.17; 95% CI, 0.08-0.32; P<0.001), and expedited surgery (OR=0.39; 95% CI, 0.27-0.56; P<0.001) were less likely to be cancelled. CONCLUSIONS: A significant proportion of patients presenting for surgery have experienced a previous cancellation for the same procedure. Cancer surgery is relatively protected, but bed capacity, including postoperative critical care requirements, are significant risk factors for previous cancellations.,��https://www.ncbi.nlm.nih.gov/pubmed/30236235±��Wong, D J N
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Tsimbalyuk, Sofiya
Edwards, Megan R
Cross, Emily M
Batra, Jyoti
Soares da Costa, Tatiana P
Aragao, David
Basler, Christopher F
Forwood, Jade K
eng
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2018/09/14 06:00
Nat Commun. 2018 Sep 12;9(1):3703. doi: 10.1038/s41467-018-05928-5.*��2041-1723 (Electronic)
2041-1723 (Linking)
��PMC6135763���30209309Û��School of Biomedical Sciences, Charles Sturt University, Wagga Wagga, NSW, 2678, Australia.
Center for Microbial Pathogenesis, Institute for Biomedical Sciences, Georgia State University, Atlanta, GA, 30303, USA.
Department of Biochemistry and Genetics, La Trobe Institute for Molecular Science, La Trobe University, Melbourne, VIC, 3086, Australia.
Australian Synchrotron, Australian Nuclear Science and Technology Organisation, 800 Blackburn Road, Clayton, VIC, 3168, Australia.
Center for Microbial Pathogenesis, Institute for Biomedical Sciences, Georgia State University, Atlanta, GA, 30303, USA. cbasler@gsu.edu.
School of Biomedical Sciences, Charles Sturt University, Wagga Wagga, NSW, 2678, Australia. jforwood@csu.edu.au.���10.1038/s41467-018-05928-5����~��þÒtÿî?+���!��Steele, S. G.
Booy, R.
Mor, S. M.���2018«��Establishing research priorities to improve the One Health efficacy of Australian general practitioners and veterinarians with regard to zoonoses: A modified Delphi survey���7-15
��One Health���6���ABLV, Australian bat lyssavirus
Delphi survey
EID, Emerging infectious diseases
Emerging infectious diseases
GP, General medical practitioner
General practitioners
KAP, Knowledge, attitudes and practices
Knowledge, attitudes and practices
MERS, Middle East respiratory syndrome
One Health
PPE, Personal protective equipment
SARS, Severe acute respiratory disease
SIG, Special interest group
Veterinarians
Zoonoses���Dec���While general medical practitioners (GPs) and veterinarians are often the first line responders in the face of a disease outbreak, pathways to improving the One Health efficacy of these clinicians remain unclear. A two-phase modified Delphi survey of professionals with known expertise in One Health ('expert panel') was used to 1) identify key knowledge, attitudes and practices (KAPs) of GPs and veterinarians that would be consistent with a One Health approach to zoonoses; and 2) determine priorities for future surveys with Australian GPs and veterinarians to identify important gaps that impede effective diagnosis and management of zoonoses. A list of 13 topics/sub-topics, as well as a list of 25 specific zoonotic diseases/agents emerged from the first phase of the survey. In the second phase the expert panel identified general knowledge of the clinical aspects and epidemiological aspects of zoonoses, as well as risk management practices, as the most important KAPs and research priorities for both GPs and veterinarians. In terms of diseases, the expert panel regarded knowledge of Hendra virus, Q fever, Australian bat lyssavirus (ABLV), anthrax and Brucella suis most important for veterinarians, whilst for GPs, Q fever, gastrointestinal/foodborne diseases, influenza, ABLV and local vector-borne diseases were found to be most important by the expert panel. Some differences were noted in terms of prioritization of topics/sub-topics and diseases/agents according to expert background (veterinary and non-veterinary). The Delphi survey technique enabled efficient collection of data from a diverse range of One Health 'experts'/specialists and provided clear priorities for proposed future research, and potentially for educational interventions to improve One Health efficacy of clinicians.,��https://www.ncbi.nlm.nih.gov/pubmed/30197925¦��Steele, Sandra G
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Virus ebola���Aug,
�The global community continues to incur the high costs of crisis mitigation and emergency response to outbreaks of emerging infectious diseases, such as those caused by the H5N1 highly pathogenic avian influenza virus, Ebola virus, Nipah virus, Zika virus or the Middle East respiratory syndrome coronavirus. These viruses are particularly dangerous in regions associated with poor development indicators and high vulnerability. The drivers of these disease crises include failures in the way that animal diseases are detected and reported and failures in the way in which disease response is implemented by animal health and public health systems. In addition, the lack of a coordinated response hampers disease control efforts. A comprehensive approach for disease prevention, detection and response, however, requires a coordinated and joint effort among governments, communities, donors and international networks to invest effectively in prevention systems that can identify early signals of the emergence, spillover and spread of animal pathogens at the local level. These signals include trade bans, market closures, civil unrest, heavy rains and droughts associated with climate change, and livestock intensification or changes in consumer behaviour. The global community needs to increase its investment in early warning and detection systems that can provide information that enables action to be taken at the national, regional and global levels in the event of an outbreak of a transboundary animal disease (TAD). Like any preventive measure, an early warning system requires financial resources, but these are insignificant when compared to the losses that are avoided. Building a global early warning and effective response system for outbreaks is value for money, as the benefits far outweigh the costs. The goal of the Food and Agriculture Organization of the United Nations (FAO) is to end hunger and poverty, which is a challenging and complex task. Building global capacity to prepare for and respond to TADs is an important element of the FAO's strategic objective to increase the resilience of livelihoods to threats and crises. Each year, livestock, and the people who rely upon them for their livelihoods, are confronted with animal disease and crises. They can strike suddenly, causing obvious illness and death, or emerge insidiously and become well established before becoming apparent. Animal disease emergencies threaten the production of, and access to, food; consequently, one of the FAO's missions is to help countries to prepare for and respond to animal health disasters.,��https://www.ncbi.nlm.nih.gov/pubmed/30152454���Tekola, B
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Surete biologique���AugÖ��With recent outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV), anthrax, Nipah and the highly pathogenic avian influenza virus, much emphasis has been placed on the rapid identification of infectious agents globally. As a result, laboratories are building capacity, conducting more advanced and sophisticated research, increasing their staff, and establishing reference collections of dangerous pathogens in an attempt to reduce the impact of infectious disease outbreaks and to characterise disease-causing agents. With this expansion, the global laboratory community has started to focus on laboratory biosafety and biosecurity in order to prevent the accidental and/or intentional release of these agents. Laboratory biosafety and biosecurity systems are used around the world to help to mitigate the risks posed by dangerous pathogens in the laboratory. Veterinary laboratories carry unique responsibilities with regard to workers and communities to handle disease-causing microorganisms safely and securely. Many microorganisms studied in veterinary laboratories not only infect animals, but also have the potential to infect humans. This paper will discuss the fundamentals of laboratory biosafety and biosecurity.,��https://www.ncbi.nlm.nih.gov/pubmed/30152450���Brass, V H
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spillover���Octj��Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, Asia, and Australia. In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses. The genus Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and Asia, and a suite of largely uncharacterized African henipaviruses. Rapid change in fruit bat habitat and associated shifts in their ecology and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing spillover risk of bat-borne viruses. We review the ways that changing resource landscapes affect the processes that culminate in cross-species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure. We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus spillover. When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and composition.,��https://www.ncbi.nlm.nih.gov/pubmed/30138535£��Kessler, Maureen K
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vaccinesV��The Indian subcontinent with its population density, climatic conditions, means of subsistence, socioeconomic factors as well as travel and tourism presents a fertile ground for thriving of RNA viruses. Despite being pathogens of huge significance, there is very little focus on research into the biology and pathogenesis of RNA viruses in India. Studies on epidemiology and disease burden, risk factors, the immune response to RNA viruses, circulating virus strains and virus evolution, animal models of disease, antivirals and vaccines are strikingly absent. Emerging RNA viruses such as Zika virus, Nipah virus and Crimean-Congo haemorrhagic fever virus are a matter of grave concern to India. Here we summarize the outcome of the India|EMBO symposium on "RNA viruses: immunology, pathogenesis and translational opportunities" organized at Faridabad, National Capital Region, India, on March 28-30, 2018. The meeting focused on RNA viruses (non-HIV), and both national and international experts on RNA viruses covered topics ranging from epidemiology, immune response, virus evolution and vaccine trials concerning RNA viruses. The aim of the symposium was to create a road map for RNA virus research in India. Both concrete and tentative ideas pointing towards short-term and long-term goals were presented with recommendations for follow-up at government level.,��https://www.ncbi.nlm.nih.gov/pubmed/30131779���Medigeshi, Guruprasad R
Fink, Katja
Hegde, Nagendra R
eng
Wellcome Trust/United Kingdom
IA/S(I)/14/1/501291/Wellcome Trust-DBT India Alliance/India
Switzerland
2018/08/23 06:00
Front Microbiol. 2018 Jul 31;9:1753. doi: 10.3389/fmicb.2018.01753. eCollection 2018.%��1664-302X (Print)
1664-302X (Linking)
��PMC6090158���30131779ç��Translational Health Science and Technology Institute, Faridabad, India.
Singapore Immunology Network, Agency for Science, Technology and Research, Singapore, Singapore.
National Institute of Animal Biotechnology, Hyderabad, India.���10.3389/fmicb.2018.01753���¨�FüÒtÿï?0���J��Mehand, M. S.
Millett, P.
Al-Shorbaji, F.
Roth, C.
Kieny, M. P.
Murgue, B.���2018t��World Health Organization Methodology to Prioritize Emerging Infectious Diseases in Need of Research and Development���Emerg Infect Dis���24���9û��*Crimean-Congo hemorrhagic fever
*Ebola virus
*Lassa virus
*Marburg virus infection
*Middle East respiratory syndrome coronavirus
*Nipah virus
*R&D Blueprint
*Rift Valley fever
*South American hemorrhagic fever
*World Health Organization
*Zika virus
*bacteria
*epidemics
*expert opinion
*hantavirus
*multicriteria decision analysis
*multidisciplinary method
*plague
*prioritization
*severe acute respiratory syndrome
*severe emerging infectious diseases
*severe fever with thrombocytopenia syndrome
*viruses���SepA��The World Health Organization R&D Blueprint aims to accelerate the availability of medical technologies during epidemics by focusing on a list of prioritized emerging diseases for which medical countermeasures are insufficient or nonexistent. The prioritization process has 3 components: a Delphi process to narrow down a list of potential priority diseases, a multicriteria decision analysis to rank the short list of diseases, and a final Delphi round to arrive at a final list of 10 diseases. A group of international experts applied this process in January 2017, resulting in a list of 10 priority diseases. The robustness of the list was tested by performing a sensitivity analysis. The new process corrected major shortcomings in the pre-R&D Blueprint approach to disease prioritization and increased confidence in the results.,��https://www.ncbi.nlm.nih.gov/pubmed/30124424Þ��Mehand, Massinissa Si
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paramyxovirus���Mar-AprU��Nipah virus (NiV) encephalitis first reported in "Sungai Nipah" in Malaysia in 1999 has emerged as a global public health threat in the Southeast Asia region. From 1998 to 2018, more than 630 cases of NiV human infections were reported. NiV is transmitted by zoonotic (from bats to humans, or from bats to pigs, and then to humans) as well as human-to-human routes. Deforestation and urbanization of some areas have contributed to greater overlap between human and bat habitats resulting in NiV outbreaks. Common symptoms of NiV infection in humans are similar to that of influenza such as fever and muscle pain and in some cases, the inflammation of the brain occurs leading to encephalitis. The recent epidemic in May 2018 in Kerala for the first time has killed over 17 people in 7 days with high case fatality and highlighted the importance of One Health approach. The diagnosis is often not suspected at the time of presentation and creates challenges in outbreak detection, timely control measures, and outbreak response activities. Currently, there are no drugs or vaccines specific for NiV infection although this is a priority disease on the World Health Organization's agenda. Antivirals (Ribavirin, HR2-based fusion inhibitor), biologicals (convalescent plasma, monoclonal antibodies), immunomodulators, and intensive supportive care are the mainstay to treat severe respiratory and neurologic complications. There is a great need for strengthening animal health surveillance system, using a One Health approach, to detect new cases and provide early warning for veterinary and human public health authorities.,��https://www.ncbi.nlm.nih.gov/pubmed/30090764Á��Chattu, Vijay K
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Freiberg, A. N.���2018F��Experimental Infection of Syrian Hamsters With Aerosolized Nipah Virus	��1602-1610���J Infect Dis���218���10���Oct 5Ñ��Background: Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that can cause severe respiratory illness and encephalitis in humans. Transmission occurs through consumption of NiV-contaminated foods, and contact with NiV-infected animals or human body fluids. However, it is unclear whether aerosols derived from aforesaid sources or others also contribute to transmission, and current knowledge on NiV-induced pathogenicity after small-particle aerosol exposure is still limited. Methods: Infectivity, pathogenicity, and real-time dissemination of aerosolized NiV in Syrian hamsters was evaluated using NiV-Malaysia (NiV-M) and/or its recombinant expressing firefly luciferase (rNiV-FlucNP). Results: Both viruses had an equivalent pathogenicity in hamsters, which developed respiratory and neurological symptoms of disease, similar to using intranasal route, with no direct correlations to the dose. We showed that virus replication was predominantly initiated in the lower respiratory tract and, although delayed, also intensely in the oronasal cavity and possibly the brain, with gradual increase of signal in these regions until at least day 5-6 postinfection. Conclusion: Hamsters infected with small-particle aerosolized NiV undergo similar clinical manifestations of the disease as previously described using liquid inoculum, and exhibit histopathological lesions consistent with NiV patient reports. NiV droplets could therefore play a role in transmission by close contact.,��https://www.ncbi.nlm.nih.gov/pubmed/29912426z��Escaffre, Olivier
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Transmission���Aug 1r��Highly pathogenic avian influenza virus (HPAIV) H5N1 has been reported in Asia, including Indonesia since 2003. Although several risk factors related to the HPAIV outbreaks in poultry in Indonesia have been identified, little is known of the contact structure of farms of different poultry production types (backyard chickens, broilers, layers, and ducks). This study aims to quantify the contact rates associated with the movement of people, and movements of live birds and products and equipment that affect the risk of HPAIV H5N1 transmission between poultry farms in Indonesia. On 124 poultry farms in 6 districts in West Java, logbooks were distributed to record the movements of farmers/staff and visitors and their poultry contacts. Most movements in backyard chicken, commercial native chicken, broiler and duck farms were visits to and from other poultry farms, whilst in layer farms visits to and from poultry companies, visits to egg collection houses and visit from other poultry farms were most frequent. Over 75% of persons visiting backyard chicken and duck farms had previously visited other poultry farms on the same day. Visitors of backyard chicken farms had the highest average contact rate, either direct contact with poultry on other farms before the visits (1.35 contact/day) or contact during their visits in the farms (10.03 contact/day). These results suggest that backyard chicken farms are most at risk for transmission of HPAIV compared to farms of the other poultry production types. Since visits of farm-to-farm were high, backyard farms could also a potential source for HPAIV transmission to commercial poultry farms.,��https://www.ncbi.nlm.nih.gov/pubmed/29891149B��Wibawa, Hendra
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One Health���Jul{��The Nipah virus has been transmitted from person-to-person via close contact in non-urban parts of India (including Kerala May 2018), Bangladesh, and the Philippines. It can cause encephalitis and pneumonia, and has a high case fatality rate. Nipah is a One Health zoonotic infectious disease linked to fruit bats, and sometimes pigs or horses. We advocate anticipating and preparing for urban and larger rural outbreaks of Nipah. Immediate enhanced preparations would include standardized guidance on infection prevention and control, and personal protective equipment, from the World Health Organization (WHO) on their OpenWHO website and 2018 "Managing Epidemics" handbook, along with adding best clinical practices by experts in countries with multiple outbreaks such as Bangladesh and India. Longer-term enhanced preparations include accelerating development of field diagnostics, antiviral drugs, immune-based therapies, and vaccines. WHO-coordinated multi-partner protocols to test investigational treatments, diagnostics, and vaccines are needed, by analogy to such protocols for Ebola during the unanticipated pan-epidemic in Guinea, Liberia, and Sierra Leone. Anticipating and preparing now for urban and rural Nipah outbreaks in nations with no experience with Nipah will help avoid the potential for what the United Nations 2016 report on Ebola in West Africa called a "preventable tragedy".,��https://www.ncbi.nlm.nih.gov/pubmed/29879523���Donaldson, Halsie
Lucey, Daniel
eng
Review
Canada
2018/06/08 06:00
Int J Infect Dis. 2018 Jul;72:69-72. doi: 10.1016/j.ijid.2018.05.015. Epub 2018 Jun 4.*��1878-3511 (Electronic)
1201-9712 (Linking)���29879523/��Department of Medicine-Infectious Diseases, Georgetown University School of Medicine, 3800 Reservoir Road NW, Washington, DC, USA.
Department of Medicine-Infectious Diseases, Georgetown University School of Medicine, 3800 Reservoir Road NW, Washington, DC, USA. Electronic address: DRL23@Georgetown.edu.���10.1016/j.ijid.2018.05.015����V��üÓtÿî?E���D��Ortega, V.
Stone, J. A.
Contreras, E. M.
Iorio, R. M.
Aguilar, H. C.���2019@��Addicted to sugar: roles of glycans in the order Mononegavirales���2-21���Glycobiology���29���1���Jan 1���Glycosylation is a biologically important protein modification process by which a carbohydrate chain is enzymatically added to a protein at a specific amino acid residue. This process plays roles in many cellular functions, including intracellular trafficking, cell-cell signaling, protein folding and receptor binding. While glycosylation is a common host cell process, it is utilized by many pathogens as well. Protein glycosylation is widely employed by viruses for both host invasion and evasion of host immune responses. Thus better understanding of viral glycosylation functions has potential applications for improved antiviral therapeutic and vaccine development. Here, we summarize our current knowledge on the broad biological functions of glycans for the Mononegavirales, an order of enveloped negative-sense single-stranded RNA viruses of high medical importance that includes Ebola, rabies, measles and Nipah viruses. We discuss glycobiological findings by genera in alphabetical order within each of eight Mononegavirales families, namely, the bornaviruses, filoviruses, mymonaviruses, nyamiviruses, paramyxoviruses, pneumoviruses, rhabdoviruses and sunviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29878112ù��Ortega, Victoria
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Zinc���Junå��Absorbable metals, metals that corrode in physiological environment, constitute a new class of biomaterials intended for temporary medical implant applications. The introduction of these metals has shifted the established paradigm of metal implants from preventing corrosion to its direct application. Interest toward absorbable metals has been growing in the past decade. This is proved by the rapid increase in scientific publication, progressive development of standards, and launching the first commercial products. Iron, magnesium, zinc, and their alloys are the current three absorbable metals families. Magnesium-based metals are the most progressing family with a large data set obtained from both basic and translational research. Iron-based metals are still facing a major challenge of low in vivo corrosion rate despite the significant efforts that have been put to overcome its weakness. Zinc-based metals are the new alternative absorbable metals with moderate corrosion rates that fall between those of iron and magnesium. This manuscript provides a brief review on the latest progress in the research and development of absorbable metals, the most important findings, the remaining challenges, and the perspective on the future direction.,��https://www.ncbi.nlm.nih.gov/pubmed/29790132���Hermawan, Hendra
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Freiberg, A. N.���2018O��Favipiravir (T-705) protects against Nipah virus infection in the hamster model���7604���Sci Rep���8���1���May 154��Nipah and Hendra viruses are recently emerged bat-borne paramyxoviruses (genus Henipavirus) causing severe encephalitis and respiratory disease in humans with fatality rates ranging from 40-75%. Despite the severe pathogenicity of these viruses and their pandemic potential, no therapeutics or vaccines are currently approved for use in humans. Favipiravir (T-705) is a purine analogue antiviral approved for use in Japan against emerging influenza strains; and several phase 2 and 3 clinical trials are ongoing in the United States and Europe. Favipiravir has demonstrated efficacy against a broad spectrum of RNA viruses, including members of the Paramyxoviridae, Filoviridae, Arenaviridae families, and the Bunyavirales order. We now demonstrate that favipiravir has potent antiviral activity against henipaviruses. In vitro, favipiravir inhibited Nipah and Hendra virus replication and transcription at micromolar concentrations. In the Syrian hamster model, either twice daily oral or once daily subcutaneous administration of favipiravir for 14 days fully protected animals challenged with a lethal dose of Nipah virus. This first successful treatment of henipavirus infection in vivo with a small molecule drug suggests that favipiravir should be further evaluated as an antiviral treatment option for henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/29765101h��Dawes, Brian E
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Viral Proteins/genetics/*immunology/metabolism���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus in the family Paramyxoviridae. Henipavirus infections were first reported in the 1990's causing severe and often fatal outbreaks in domestic animals and humans in Southeast Asia and Australia. NiV infections were observed in humans in Bangladesh, India and in the first outbreak in Malaysia, where pigs were also infected. HeV infections occurred in horses in the North-Eastern regions of Australia, with singular transmission events to humans. Bats of the genus Pteropus have been identified as the reservoir hosts for henipaviruses. Molecular and serological indications for the presence of henipa-like viruses in African fruit bats, pigs and humans have been published recently. In our study, truncated forms of HeV and NiV attachment (G) proteins as well as the full-length NiV nucleocapsid (N) protein were expressed using different expression systems. Based on these recombinant proteins, Enzyme-linked Immunosorbent Assays (ELISA) were developed for the detection of HeV or NiV specific antibodies in porcine serum samples. We used the NiV N ELISA for initial serum screening considering the general reactivity against henipaviruses. The G protein based ELISAs enabled the differentiation between HeV and NiV infections, since as expected, the sera displayed higher reactivity with the respective homologous antigens. In the future, these assays will present valuable tools for serosurveillance of swine and possibly other livestock or wildlife species in affected areas. Such studies will help assessing the potential risk for human and animal health worldwide by elucidating the distribution of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29708971���Fischer, Kerstin
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*Hendra
*Hendra virus
*matrix
*viral assembly���Jul 1Ý	�Hendra virus (HeV) is a zoonotic paramyxovirus belonging to the genus Henipavirus HeV is highly pathogenic, and it can cause severe neurological and respiratory illnesses in both humans and animals, with an extremely high mortality rate of up to 70%. Among the genes that HeV encodes, the matrix (M) protein forms an integral part of the virion structure and plays critical roles in coordinating viral assembly and budding. Nevertheless, the molecular mechanism of this process is not fully elucidated. Here, we determined the crystal structure of HeV M to 2.5-A resolution. The dimeric structural configuration of HeV M is similar to that of Newcastle disease virus (NDV) M and is fundamental to protein stability and effective virus-like-particle (VLP) formation. Analysis of the crystal packing revealed a notable interface between the alpha1 and alpha2 helices of neighboring HeV M dimers, with key residues sharing degrees of sequence conservation among henipavirus M proteins. Structurally, a network of electrostatic interactions dominates the alpha1-alpha2 interactions, involving residues Arg57 from the alpha1 helix and Asp105 and Glu108 from the alpha2 helix. The disruption of the alpha1-alpha2 interactions using engineered charge reversal substitutions (R57E, R57D, and E108R) resulted in significant reduction or abrogation of VLP production. This phenotype was reversible with an R57E E108R mutant that was designed to partly restore salt bridge contacts. Collectively, our results define and validate previously underappreciated regions of henipavirus M proteins that are crucial for productive VLP assembly.IMPORTANCE Hendra virus is a henipavirus associated with lethal infections in humans. It is classified as a biosafety level 4 (BSL4) agent, and there are currently no preventive or therapeutic treatments available against HeV. Vital to henipavirus pathogenesis, the structural protein M has been implicated in viral assembly and budding, as well as host-virus interactions. However, there is no structural information available for henipavirus M, and the basis of M-driven viral assembly is not fully elucidated. We demonstrate the first three-dimensional structure of a henipavirus M protein. We show the dimeric organization of HeV M as a basic unit for higher-order oligomerization. Additionally, we define key regions/residues of HeV M that are required for productive virus-like-particle formation. These findings provide the first insight into the mechanism of M-driven assembly in henipavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/29695428Á��Liu, Yu Chih
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virus-neutralising antibody titres���May���OBJECTIVE: To determine the antibody responses to a commercial Hendra virus vaccine (Equivac(R) HeV) in a field environment. METHODS: A group of 61 horses received a primary vaccination course comprising two doses administered 3-6 weeks apart (V1, V2) and a 3rd dose (V3) given 6 months after the second. This was followed by booster vaccinations at 12 monthly intervals (V4, V5). Antibody titres were assessed using a virus-neutralisation test. RESULTS: Neutralising antibodies against HeV were not detected prior to vaccination. Antibodies were detected in 54/57 horses at 3 weeks after V1 and 51/51 had titres >/= 32 at 8 weeks after V2. At 6 months after V2, antibody titres decreased in most (31/34) horses and were not detected in three horses. A rapid increase in antibody titres was recorded in 35/36 horses at 1 week following V3. By the first annual booster vaccination (V4), antibodies were still detectable in 29/29 horses, although titres had decreased; in 26/29 horses, titres remained >/= 32. All horses showed an increase in antibody titres after V4. There was no statistically significant increase in mean antibody titre after V5, compared with after V4. CONCLUSION: Horses administered Equivac(R) HeV, using a primary vaccination course followed by annual booster vaccinations, mounted an effective secondary immune response and acquired antibody responses that were consistent with protective immunity against HeV in the form of virus-neutralising antibodies. No adverse events were observed after vaccine administration.,��https://www.ncbi.nlm.nih.gov/pubmed/29691855¡��Tan, Rhh
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alpha-MoREs���Apr 24���Henipavirus, including Hendra virus (HeV) and Nipah virus (NiV), is a newly discovered human pathogen genus. The nucleoprotein of Henipavirus contains an alpha-helical molecular recognition element (alpha-MoRE) that folds upon binding to the X domain (XD) of the phosphoprotein (P). In order to explore the conformational dynamics of free alpha-MoREs and the underlying binding-folding mechanism with XD, atomic force field-based and hybrid structure-based MD simulations were carried out. In our empirical force field-based simulations, characteristic structures and helicities of alpha-MoREs reveal the co-existence of partially structured and disordered conformations, as in the case of the well characterized cognate measles virus (MeV) alpha-MoRE. In spite of their overall similarity, the two alpha-MoREs display subtle helicity differences in their C-terminal region, but much different from that of MeV. For the alpha-MoRE/XD complexes, the results of our hybrid structure-based simulations provide the coupled binding-folding landscapes, and unveil a wide conformational selection mechanism at early binding stages, followed by a final induce-fit mechanism selection process. However, the HeV and NiV complexes have a lower binding barrier compared to that of MeV. Moreover, the HeV alpha-MoRE/XD complex shows much less coupling effects between binding and folding compared to that from both NiV and MeV. Our analysis revealed that contrary to NiV and MeV, the N- and C-terminal regions of the HeV alpha-MoRE maintains a low helicity also in the bound form.,��https://www.ncbi.nlm.nih.gov/pubmed/29691656­��Shang, Xu
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Surface expression���May}��Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can cause severe infections in livestock and humans. In recent years, also African bat henipaviruses were identified at the nucleic acid level. To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins required for virus entry and spread by cell-cell fusion. It has been shown that surface expression and fusion-helper function of the receptor-binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G proteins. Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER. As defects in oligomerization of viral glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern of KV G. In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively formed stable tetramers or higher oligomers. KV G also showed less stringent requirements for defined stalk cysteines to form dimers and tetramers. Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression and receptor binding was unchanged. This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/29685227Ã��Behner, Laura
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*outbreaks���Jun¹��Nipah virus, a paramyxovirus related to Hendra virus, first emerged in Malaysia in 1998. Clinical presentation ranges from asymptomatic infection to fatal encephalitis. Malaysia has had no more cases since 1999, but outbreaks continue to occur in Bangladesh and India. In the Malaysia-Singapore outbreak, transmission occurred primarily through contact with pigs, whereas in Bangladesh and India, it is associated with ingestion of contaminated date palm sap and human-to-human transmission. Bats are the main reservoir for this virus, which can cause disease in humans and animals. There are currently no effective therapeutics, and supportive care and prevention are the mainstays of management.,��https://www.ncbi.nlm.nih.gov/pubmed/29643201­��Ang, Brenda S P
Lim, Tchoyoson C C
Wang, Linfa
eng
Review
2018/04/13 06:00
J Clin Microbiol. 2018 May 25;56(6). pii: JCM.01875-17. doi: 10.1128/JCM.01875-17. Print 2018 Jun.*��1098-660X (Electronic)
0095-1137 (Linking)
��PMC5971524���29643201¿��Department of Infectious Diseases, Tan Tock Seng Hospital, Singapore Brenda_Ang@ttsh.com.sg.
Lee Kong Chian School of Medicine, Singapore.
National University of Singapore, Singapore.
Department of Neuroradiology, National Neuroscience Institute, Singapore.
Duke-NUS Medical School, Singapore.
Programme in Emerging Infectious Disease, Duke-NUS Medical School, Singapore.
Duke Global Health Institute, Duke University, Durham, North Carolina, USA.���10.1128/JCM.01875-17���
#��þÒtÿî?P���V��Lo, M. K.
Jordan, P. C.
Stevens, S.
Tam, Y.
Deval, J.
Nichol, S. T.
Spiropoulou, C. F.���2018z��Susceptibility of paramyxoviruses and filoviruses to inhibition by 2'-monofluoro- and 2'-difluoro-4'-azidocytidine analogs���101-113
��Antiviral Res���153]��Antiviral
Ebola virus
Filovirus
Henipavirus
Nipah virus
Nucleoside analog
Paramyxovirus
R1479���May���Ebolaviruses, marburgviruses, and henipaviruses are zoonotic pathogens belonging to the Filoviridae and Paramyxoviridae families. They exemplify viruses that continue to spill over into the human population, causing outbreaks characterized by high mortality and significant clinical sequelae in survivors of infection. There are currently no approved small molecule therapeutics for use in humans against these viruses. In this study, we evaluated the antiviral activity of the nucleoside analog 4'-azidocytidine (4'N3-C, R1479) and its 2'-monofluoro- and 2'-difluoro-modified analogs (2'F-4'N3-C and 2'diF-4'N3-C) against representative paramyxoviruses (Nipah virus, Hendra virus, measles virus, and human parainfluenza virus 3) and filoviruses (Ebola virus, Sudan virus, and Ravn virus). We observed enhanced antiviral activity against paramyxoviruses with both 2'diF-4'N3-C and 2'F-4'N3-C compared to R1479. On the other hand, while R1479 and 2'diF-4'N3-C inhibited filoviruses similarly to paramyxoviruses, we observed 10-fold lower filovirus inhibition by 2'F-4'N3-C. To our knowledge, this is the first study to compare the susceptibility of paramyxoviruses and filoviruses to R1479 and its 2'-fluoro-modified analogs. The activity of these compounds against negative-strand RNA viruses endorses the development of 4'-modified nucleoside analogs as broad-spectrum therapeutics against zoonotic viruses of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/29601894���Lo, Michael K
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789;��Laing, Eric D
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Moscona, A.���2018T��Fusion Inhibitory Lipopeptides Engineered for Prophylaxis of Nipah Virus in Primates���218-227���J Infect Dis���218���2���Jun 20K��Background: The emerging zoonotic paramyxovirus Nipah virus (NiV) causes severe respiratory and neurological disease in humans, with high fatality rates. Nipah virus can be transmitted via person-to-person contact, posing a high risk for epidemic outbreaks. However, a broadly applicable approach for human NiV outbreaks in field settings is lacking. Methods: We engineered new antiviral lipopeptides and analyzed in vitro fusion inhibition to identify an optimal candidate for prophylaxis of NiV infection in the lower respiratory tract, and we assessed antiviral efficiency in 2 different animal models. Results: We show that lethal NiV infection can be prevented with lipopeptides delivered via the respiratory route in both hamsters and nonhuman primates. By targeting retention of peptides for NiV prophylaxis in the respiratory tract, we avoid its systemic delivery in individuals who need only prevention, and thus we increase the safety of treatment and enhance utility of the intervention. Conclusions: The experiments provide a proof of concept for the use of antifusion lipopeptides for prophylaxis of lethal NiV. These results advance the goal of rational development of potent lipopeptide inhibitors with desirable pharmacokinetic and biodistribution properties and a safe effective delivery method to target NiV and other pathogenic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29566184&��Mathieu, Cyrille
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neurons���May 15 ��Horses are susceptible to a number of neurotropic viruses, including West Nile virus (WNV), which is a pathogen of global significance in both horses and humans. However, there are no in vitro models with which to study infectious neuropathic diseases in the horse. In an effort to redress this, we have generated neurons from equine induced pluripotent stem cells (equiPSCs) that express a range of cortical neuron-specific markers, in addition to the membrane-bound ligand ephrin B3, which plays an important role in axon guidance as well as functioning as the receptor through which henipaviruses, such as Hendra virus, enter mammalian neurons. EquiPSC-derived neurons spontaneously depolarize with waves of depolarization conducted unidirectionally to adjacent neurons. We sought to confirm that equiPSC-derived neurons are a possible in vitro model for viral neuropathic diseases in the horse by examining their susceptibility to infection with flaviviruses that are known to be neurotropic in horses, including WNV and Murray Valley encephalitis virus (MVEV), and to compare these to nonpathogenic flaviviruses such as Fitzroy River virus (FRV) and Bamaga virus (BgV). All three strains of WNV tested in this study grew to high titres in the equiPSC-derived neurons, inducing a strong cytopathic effect (cpe), as did MVEV. In contrast, FRV showed restricted replication, and no cpe, which is consistent with the observation that FRV infects, but does not cause disease, in horses. BgV, which is thought to infect only marsupials, did not replicate in the equiPSC-derived neurons. Hence, our equiPSC-derived neurons display virus-specific differences in terms of viral titre and cpe that are similar to observations made in vivo, thus supporting their use as an in vitro model for neurotropic viral infection in horses.,��https://www.ncbi.nlm.nih.gov/pubmed/29562867Ù��Fortuna, Patrick R J
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Viruses/classification/*growth & developmentb��The goal of this study was to evaluate survival of important viral pathogens of livestock in animal feed ingredients imported daily into the United States under simulated transboundary conditions. Eleven viruses were selected based on global significance and impact to the livestock industry, including Foot and Mouth Disease Virus (FMDV), Classical Swine Fever Virus (CSFV), African Swine Fever Virus (ASFV), Influenza A Virus of Swine (IAV-S), Pseudorabies virus (PRV), Nipah Virus (NiV), Porcine Reproductive and Respiratory Syndrome Virus (PRRSV), Swine Vesicular Disease Virus (SVDV), Vesicular Stomatitis Virus (VSV), Porcine Circovirus Type 2 (PCV2) and Vesicular Exanthema of Swine Virus (VESV). Surrogate viruses with similar genetic and physical properties were used for 6 viruses. Surrogates belonged to the same virus families as target pathogens, and included Senecavirus A (SVA) for FMDV, Bovine Viral Diarrhea Virus (BVDV) for CSFV, Bovine Herpesvirus Type 1 (BHV-1) for PRV, Canine Distemper Virus (CDV) for NiV, Porcine Sapelovirus (PSV) for SVDV and Feline Calicivirus (FCV) for VESV. For the remaining target viruses, actual pathogens were used. Virus survival was evaluated using Trans-Pacific or Trans-Atlantic transboundary models involving representative feed ingredients, transport times and environmental conditions, with samples tested by PCR, VI and/or swine bioassay. SVA (representing FMDV), FCV (representing VESV), BHV-1 (representing PRV), PRRSV, PSV (representing SVDV), ASFV and PCV2 maintained infectivity during transport, while BVDV (representing CSFV), VSV, CDV (representing NiV) and IAV-S did not. Notably, more viruses survived in conventional soybean meal, lysine hydrochloride, choline chloride, vitamin D and pork sausage casings. These results support published data on transboundary risk of PEDV in feed, demonstrate survival of certain viruses in specific feed ingredients ("high-risk combinations") under conditions simulating transport between continents and provide further evidence that contaminated feed ingredients may represent a risk for transport of pathogens at domestic and global levels.,��https://www.ncbi.nlm.nih.gov/pubmed/29558524û��Dee, Scott A
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*spillover���Sep���Disease risk mapping is important for predicting and mitigating impacts of bat-borne viruses, including Hendra virus (Paramyxoviridae:Henipavirus), that can spillover to domestic animals and thence to humans. We produced two models to estimate areas at potential risk of HeV spillover explained by the climatic suitability for its flying fox reservoir hosts, Pteropus alecto and P. conspicillatus. We included additional climatic variables that might affect spillover risk through other biological processes (such as bat or horse behaviour, plant phenology and bat foraging habitat). Models were fit with a Poisson point process model and a log-Gaussian Cox process. In response to climate change, risk expanded southwards due to an expansion of P. alecto suitable habitat, which increased the number of horses at risk by 175-260% (110,000-165,000). In the northern limits of the current distribution, spillover risk was highly uncertain because of model extrapolation to novel climatic conditions. The extent of areas at risk of spillover from P. conspicillatus was predicted shrink. Due to a likely expansion of P. alecto into these areas, it could replace P. conspicillatus as the main HeV reservoir. We recommend: (1) HeV monitoring in bats, (2) enhancing HeV prevention in horses in areas predicted to be at risk, (3) investigate and develop mitigation strategies for areas that could experience reservoir host replacements.,��https://www.ncbi.nlm.nih.gov/pubmed/29556762=��Martin, Gerardo
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Virus Shedding���Mar¾��Henipavirus infection causes severe respiratory and neurological disease in humans that can be fatal. To characterize the pathogenic mechanisms of henipavirus infection in vivo, we performed experimental infections in ferrets followed by genome-wide gene expression analysis of lung and brain tissues. The Hendra, Nipah-Bangladesh, and Nipah-Malaysia strains caused severe respiratory and neurological disease with animals succumbing around 7 days post infection. Despite the presence of abundant viral shedding, animal-to-animal transmission did not occur. The host gene expression profiles of the lung tissue showed early activation of interferon responses and subsequent expression of inflammation-related genes that coincided with the clinical deterioration. Additionally, the lung tissue showed unchanged levels of lymphocyte markers and progressive downregulation of cell cycle genes and extracellular matrix components. Infection in the brain resulted in a limited breadth of the host responses, which is in accordance with the immunoprivileged status of this organ. Finally, we propose a model of the pathogenic mechanisms of henipavirus infection that integrates multiple components of the host responses.,��https://www.ncbi.nlm.nih.gov/pubmed/295383741��Leon, Alberto J
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Virus Replication/*drug effects���MarÎ��Sosuga virus (SOSV) is a recently discovered zoonotic paramyxovirus isolated from a single human case in 2012; it has been ecologically and epidemiologically associated with transmission by the Egyptian rousette bat (Rousettus aegyptiacus). Bats have long been recognized as sources of novel zoonotic pathogens, including highly lethal paramyxoviruses like Nipah virus (NiV) and Hendra virus (HeV). The ability of SOSV to cause severe human disease supports the need for studies on SOSV pathogenesis to better understand the potential impact of this virus and to identify effective treatments. Here we describe a reverse genetics system for SOSV comprising a minigenome-based assay and a replication-competent infectious recombinant reporter SOSV that expresses the fluorescent protein ZsGreen1 in infected cells. First, we used the minigenome assay to rapidly screen for compounds inhibiting SOSV replication at biosafety level 2 (BSL-2). The antiviral activity of candidate compounds was then tested against authentic viral replication using the reporter SOSV at BSL-3. We identified several compounds with anti-SOSV activity, several of which also inhibit NiV and HeV. Alongside its utility in screening for potential SOSV therapeutics, the reverse genetics system described here is a powerful tool for analyzing mechanisms of SOSV pathogenesis, which will facilitate our understanding of how to combat the potential public health threats posed by emerging bat-borne paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/295225285��Welch, Stephen R
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tight junction.}��The blood brain barrier consisting of astrocytes, pericytes and brain microvascular endothelial cells plays a vital role in the pathogenesis of neurotropic viruses by controlling the access of circulating molecules, immune cells or viruses into the central nervous system (CNS). However, this barrier is not impenetrable and neuroviruses have evolved to disrupt and evade it. This review aims to describe the underlying entry mechanisms of several neuroviruses such as (Japanese encephalitis virus (JEV), West Nile virus (WNV), Zika virus (ZIKV), Nipah virus (NiV), Rabies virus (RABV), Herpes simplex virus (HSV) and Human immunodeficiency virus (HIV)) into the CNS through BBB disruption. The mechanisms, through which neurotropic viruses enter the BBB, are being studied and are becoming clearer, however, some aspects still remain unknown. Some of these viruses are able to invade the brain parenchyma by a 'Trojan horse' mechanism, through diapedesis of infected immune cells that either cross the BBB paracellularly or transcellularly. Important mechanisms of BBB disruption associated with paracellular entry of viruses include alterations in expression or phosphorylation of tight junction proteins, disruption of the basal lamina and disruption of the actin cytoskeleton. In the absence of such mechanisms, indirect effects of viruses on the immune system are likely causes of barrier disruption.,��https://www.ncbi.nlm.nih.gov/pubmed/29521099«��Al-Obaidi, M M Jamil
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*Henipaviruses���Mar6��Bat-borne viruses carry undeniable risks to the health of human beings and animals, and there is growing recognition of the need for a 'One Health' approach to understand their frequently complex spill-over routes. While domesticated animals can play central roles in major spill-over events of zoonotic bat-borne viruses, for example during the pig-amplified Malaysian Nipah virus outbreak of 1998-1999, the extent of their potential to act as bridging or amplifying species for these viruses has not been characterised systematically. This review aims to compile current knowledge on the role of domesticated animals as hosts of two types of bat-borne viruses, henipaviruses and filoviruses. A systematic literature search of these virus-host interactions in domesticated animals identified 72 relevant studies, which were categorised by year, location, design and type of evidence generated. The review then focusses on Africa as a case study, comparing research efforts in domesticated animals and bats with the distributions of documented human cases. Major gaps remain in our knowledge of the potential ability of domesticated animals to contract or spread these zoonoses. Closing these gaps will be necessary to fully evaluate and mitigate spill-over risks of these viruses, especially with global agricultural intensification.,��https://www.ncbi.nlm.nih.gov/pubmed/29486875(��Glennon, Emma E
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validation���May���Obtaining statistically sound numbers of sera from Hendra virus (HeV)-infected horses is problematic because affected individuals usually die or are euthanized before developing a serum antibody response. As a consequence, test validation becomes a challenge. Our approach is an extension of OIE principles for provisional recognition and included 7 validation panels tested across multiple laboratories that provided estimates for test performance characteristics. At a 0.4 S/P cutoff, 16 of 19 sera from HeV-infected horses gave positive results in the HeV soluble G, indirect ELISA (HeVsG iELISA; DSe 84.2% [95% CI: 60.4-96.6%]); 463 of 477 non-infected horse sera tested negative (DSp 97.1% [95% CI: 95.1-98.4%]). The HeVsG iELISA eliminated almost all false-positive results from the previously used HeV iELISA, with marginally decreased relative sensitivity. Assay robustness was evaluated in inter-laboratory and proficiency testing panels. The HeVsG iELISA is considered to be fit for purpose for serosurveillance and international movement of horses when virus neutralization is used for follow-up testing of positive or inconclusive serum samples.,��https://www.ncbi.nlm.nih.gov/pubmed/29463198Þ��Colling, Axel
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�The paramyxovirus replication machinery comprises the viral large (L) protein and phosphoprotein (P-protein) in addition to the nucleocapsid (N) protein, which encapsidates the single-stranded RNA genome. Common to paramyxovirus N proteins is a C-terminal tail (Ntail). The mechanistic role and relevance for virus replication of the structurally disordered central Ntail section are unknown. Focusing initially on members of the Morbillivirus genus, a series of measles virus (MeV) and canine distemper virus (CDV) N proteins were generated with internal deletions in the unstructured tail section. N proteins with large tail truncations remained bioactive in mono- and polycistronic minireplicon assays and supported efficient replication of recombinant viruses. Bioactivity of Ntail mutants extended to N proteins derived from highly pathogenic Nipah virus. To probe an effect of Ntail truncations on viral pathogenesis, recombinant CDVs were analyzed in a lethal CDV/ferret model of morbillivirus disease. The recombinant viruses displayed different stages of attenuation ranging from ameliorated clinical symptoms to complete survival of infected animals, depending on the molecular nature of the Ntail truncation. Reinfection of surviving animals with pathogenic CDV revealed robust protection against a lethal challenge. The highly attenuated virus was genetically stable after ex vivo passaging and recovery from infected animals. Mechanistically, gradual viral attenuation coincided with stepwise altered viral transcriptase activity in infected cells. These results identify the central Ntail section as a determinant for viral pathogenesis and establish a novel platform to engineer gradual virus attenuation for next-generation paramyxovirus vaccine design.IMPORTANCE Investigating the role of the paramyxovirus N protein tail domain (Ntail) in virus replication, we demonstrated in this study that the structurally disordered central Ntail region is a determinant for viral pathogenesis. We show that internal deletions in this Ntail region of up to 55 amino acids in length are compatible with efficient replication of recombinant viruses in cell culture but result in gradual viral attenuation in a lethal canine distemper virus (CDV)/ferret model. Mechanistically, we demonstrate a role of the intact Ntail region in the regulation of viral transcriptase activity. Recombinant viruses with Ntail truncations induce protective immunity against lethal challenge of ferrets with pathogenic CDV. This identification of the unstructured central Ntail domain as a nonessential paramyxovirus pathogenesis factor establishes a foundation for harnessing Ntail truncations for vaccine engineering against emerging and reemerging members of the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/29437959���Thakkar, Vidhi D
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Virus Replication���Feb���Paramyxoviruses represent a family of RNA viruses causing significant human diseases. These include measles virus, the most infectious virus ever reported, in addition to parainfluenza virus, and other emerging viruses. Paramyxoviruses likely share common replication machinery but their mechanisms of RNA biosynthesis activities and details of their complex polymerase structures are unknown. Mechanistic and functional details of a paramyxovirus polymerase would have sweeping implications for understanding RNA virus replication and for the development of new antiviral medicines. To study paramyxovirus polymerase structure and function, we expressed an active recombinant Nipah virus (NiV) polymerase complex assembled from the multifunctional NiV L protein bound to its phosphoprotein cofactor. NiV is an emerging highly pathogenic virus that causes severe encephalitis and has been declared a global public health concern due to its high mortality rate. Using negative-stain electron microscopy, we demonstrated NiV polymerase forms ring-like particles resembling related RNA polymerases. We identified conserved sequence elements driving recognition of the 3'-terminal genomic promoter by NiV polymerase, and leading to initiation of RNA synthesis, primer extension, and transition to elongation mode. Polyadenylation resulting from NiV polymerase stuttering provides a mechanistic basis for transcription termination. It also suggests a divergent adaptation in promoter recognition between pneumo- and paramyxoviruses. The lack of available antiviral therapy for NiV prompted us to identify the triphosphate forms of R1479 and GS-5734, two clinically relevant nucleotide analogs, as substrates and inhibitors of NiV polymerase activity by delayed chain termination. Overall, these findings provide low-resolution structural details and the mechanism of an RNA polymerase from a previously uncharacterized virus family. This work illustrates important functional differences yet remarkable similarities between the polymerases of nonsegmented negative-strand RNA viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29425244���Jordan, Paul C
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vaccination���AprO��OBJECTIVE: To evaluate the effect of Equivac(R) HeV Hendra virus vaccine on Thoroughbred racing performance. DESIGN: Retrospective pre-post intervention study. METHODS: Thoroughbreds with at least one start at one of six major south-eastern Queensland race tracks between 1 July 2012 and 31 December 2016 and with starts in the 3-month periods before and after Hendra virus vaccinations were identified. Piecewise linear mixed models compared the trends in 'Timeform rating' and 'margin to winner' before and after initial Hendra virus vaccination. Generalised linear mixed models similarly compared the odds of 'winning', 'placing' (1st-3rd) and 'winning any prize money'. Timeform rating trends were also compared before and after the second and subsequent vaccinations. RESULTS: Analysis of data from 4208 race starts by 755 horses revealed no significant difference in performance in the 3 months before versus 3 months after initial Hendra vaccination for Timeform rating (P = 0.32), 'Margin to winner' (P = 0.45), prize money won (P = 0.25), wins (P = 0.64) or placings (P = 0.77). Further analysis for Timeform rating for 7844 race starts by 928 horses failed to identify any significant change in Timeform rating trends before versus after the second and subsequent vaccinations (P = 0.16) or any evidence of a cumulative effect for the number of vaccines received (P = 0.22). CONCLUSION: No evidence of an effect of Hendra virus vaccination on racing performance was found. The findings allow owners, trainers, industry regulators and animal health authorities to make informed decisions about vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/29399777­��Schemann, K
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pathology���Decw��The importance of horse (Equus caballus) to equine practitioners and researchers cannot be ignored. An unevenly distributed population of equids harbors numerous diseases, which can affect horses of any age and breed. Among these, the affections of nervous system are potent reason for death and euthanasia in equids. Many episodes associated with the emergence of equine encephalitic conditions have also pose a threat to human population as well, which signifies their pathogenic zoonotic potential. Intensification of most of the arboviruses is associated with sophisticated interaction between vectors and hosts, which supports their transmission. The alphaviruses, bunyaviruses, and flaviviruses are the major implicated groups of viruses involved with equines/humans epizootic/epidemic. In recent years, many outbreaks of deadly zoonotic diseases such as Nipah virus, Hendra virus, and Japanese encephalitis in many parts of the globe addresses their alarming significance. The equine encephalitic viruses differ in their global distribution, transmission and main vector species involved, as discussed in this article. The current review summarizes the status, pathogenesis, pathology, and impact of equine neuro-invasive conditions of viral origin. A greater understanding of these aspects might be able to provide development of advances in neuro-protective strategies in equine population.,��https://www.ncbi.nlm.nih.gov/pubmed/29391683 ��Kumar, Rakesh
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Water/chemistry���Dec 19ÿ��Intrinsically disordered proteins (IDPs) lack stable secondary and tertiary structure under physiological conditions in the absence of their biological partners and thus exist as dynamic ensembles of interconverting conformers, often highly soluble in water. However, in some cases, IDPs such as the ones involved in neurodegenerative diseases can form protein aggregates and their aggregation process may be triggered by the interaction with membranes. Although the interfacial behavior of globular proteins has been extensively studied, experimental data on IDPs at the air/water (A/W) and water/lipid interfaces are scarce. We studied here the intrinsically disordered C-terminal domain of the Hendra virus nucleoprotein (NTAIL) and compared its interfacial properties to those of lysozyme that is taken as a model globular protein of similar molecular mass. Adsorption of NTAIL at the A/W interface was studied in the absence and presence of phospholipids using Langmuir films, polarization modulated-infrared reflection-absorption spectroscopy, and an automated drop tensiometer for interfacial tension and elastic modulus determination with oscillating bubbles. NTAIL showed a significant surface activity, with a higher adsorption capacity at the A/W interface and penetration into egg phosphatidylcholine monolayer compared to lysozyme. Whereas lysozyme remains folded upon compression of the protein layer at the A/W interface and shows a quasi-pure elastic behavior, NTAIL shows a much higher molecular area and forms a highly viscoelastic film with a high dilational modulus. To our knowledge, a new disorder-to-order transition is thus observed for the NTAIL protein that folds into an antiparallel beta-sheet at the A/W interface and presents strong intermolecular interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/29262365è��Benarouche, Anais
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*viruses���Jan®��Nipah virus (NiV) has been transmitted from patient to caregivers in Bangladesh presumably through oral secretions. We aimed to detect whether NiV-infected patients contaminate hospital surfaces with the virus. During December 2013-April 2014, we collected 1 swab sample from 5 surfaces near NiV-infected patients and tested surface and oral swab samples by real-time reverse transcription PCR for NiV RNA. We identified 16 Nipah patients; 12 cases were laboratory-confirmed and 4 probable. Of the 12 laboratory-confirmed cases, 10 showed NiV RNA in oral swab specimens. We obtained surface swab samples for 6 Nipah patients; 5 had evidence of NiV RNA on >1 surface: 4 patients contaminated towels, 3 bed sheets, and 1 the bed rail. Patients with NiV RNA in oral swab samples were significantly more likely than other Nipah patients to die. To reduce the risk for fomite transmission of NiV, infection control should target hospital surfaces.,��https://www.ncbi.nlm.nih.gov/pubmed/29260663%��Hassan, Md Zakiul
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Sick day rules���AugÀ��Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, pp 1-22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortality and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reactive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/29188454ª��Sykes, Lynne
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Questionnaire���Dec 1°��In recent years, outbreaks of exotic as well as newly emerging infectious diseases have highlighted the importance of biosecurity for the Australian horse industry. As the first potentially fatal zoonosis transmissible from horses to humans in Australia, Hendra virus has emphasised the need to incorporate sound hygiene and general biosecurity practices into day-to-day horse management. Recommended measures are widely publicised, but implementation is at the discretion of the individual owner. This cross-sectional study aimed to determine current levels of biosecurity of horse owners and to identify factors influencing the uptake of practices utilising data from an online survey. Level of biosecurity (low, medium, high), as determined by horse owners' responses to a set of questions on the frequency of various biosecurity practices performed around healthy (9 items) and sick horses (10 items), was used as a composite outcome variable in ordinal logistic regression analyses. The majority of horse owners surveyed were female (90%), from the states of Queensland (45%) or New South Wales (37%), and were involved in either mainly competitive/equestrian sports (37%) or recreational horse activities (35%). Seventy-five percent of owners indicated that they follow at least one-third of the recommended practices regularly when handling their horses, resulting in medium to high levels of biosecurity. Main factors associated with a higher level of biosecurity were high self-rated standard of biosecurity, access to personal protective equipment, absence of flying foxes in the local area, a good sense of control over Hendra virus risk, likelihood of discussing a sick horse with a veterinarian and likelihood of suspecting Hendra virus in a sick horse. Comparison of the outcome variable with the self-rated standard of biosecurity showed that over- as well as underestimation occurred. This highlights the need for continuous communication and education to enhance awareness and understanding of what biosecurity is and how it aligns with good horsemanship. Overall, strengthened biosecurity practices will help to improve animal as well as human health and increase preparedness for future disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/29157371%��Wiethoelter, Anke K
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tricarboxylic acid cycle���Nov���We present a case of a woman in her 70 s, on cyclophosphamide for multiple myeloma, who was admitted to critical care with grade III acute kidney injury. Renal replacement therapy with regional citrate anticoagulation was commenced. Shortly thereafter her systemic-ionised calcium levels fell and remained stubbornly low until post-filter calcium return was doubled. Her total-to-ionised calcium ratio gradually increased and so, to avoid further accumulation of citrate, anticoagulation was changed to heparin. Cyclophosphamide, which accumulates in renal failure, is known to interfere with key enzymes involved in the tricarboxylic acid cycle. We postulate that cyclophosphamide interfered with her citrate metabolism, resulting in persistent systemic chelation of calcium.,��https://www.ncbi.nlm.nih.gov/pubmed/29123570¦��Hendra, Tim
Simon, Jonathan
Lowe, Alastair
eng
England
2017/11/11 06:00
J Intensive Care Soc. 2017 Nov;18(4):352-353. doi: 10.1177/1751143717700257. Epub 2017 Oct 26.%��1751-1437 (Print)
1751-1437 (Linking)
��PMC5661785���29123570���University Hospital Southampton, Southampton, UK.
Guys and St Thomas' NHS Foundation Trust, London, UK.
East Sussex Healthcare NHS Trust, Eastbourne, UK.���10.1177/1751143717700257�
^��þÒ|ÿî?o���^��Vera-Velasco, N. M.
Garcia-Murria, M. J.
Sanchez Del Pino, M. M.
Mingarro, I.
Martinez-Gil, L.���20183��Proteomic composition of Nipah virus-like particles���190-200���J Proteomics���172	��Chromatography, Liquid
Host-Pathogen Interactions
Humans
Nipah Virus/*chemistry
Protein Binding
Proteomics/*methods
Tandem Mass Spectrometry
Viral Proteins/*analysis
Virion/*chemistry
*Host-pathogen interaction
*Lc-ms/ms
*Nipah virus
*Virology
*Virus-like particles���Feb 10´��Virions are often described as virus-only entities with no cellular components with the exception of the lipids in their membranes. However, advances in proteomics are revealing substantial amounts of host proteins in the viral particles. In the case of Nipah virus (NiV), the viral components in the virion have been known for some time. Nonetheless, no information has been obtained regarding the cellular proteins in the viral particles. To address this question, we produced Virus-Like Particles (VLPs) for NiV by expressing the F, G and M proteins in human-derived cells. Next, the proteomic content in these VLPs was analyzed by LC-MS/MS. We identified 67 human proteins including soluble and membrane-bound proteins involved in vesicle sorting and transport. Interestingly, many of them have been reported to interact with other viruses. Finally, thanks to the semi-quantitative nature of our data we were able to estimate the ratio among F, G and M proteins and also the ratio between cellular and viral proteins in the VLPs. We believe our data contribute to the better understanding of NiV life cycle and might facilitate future attempts for developing antiviral agents and the design of further experimental studies for this deadly infection. BIOLOGICAL SIGNIFICANCE: Traditionally viral particles have been described as pure entities carrying only viral-derived proteins. Advances in proteomics are changing this simplified view. Host proteins have been identified in many viruses (especially in enveloped viruses). These cell-derived proteins participate in multiple steps in the viral life cycle and might be as important for the survival of the virus as any other viral-encoded protein. In this work, we analyze utilizing LC-MS/MS the cellular proteins incorporated or bound to the virions of Nipah virus (NiV), an emerging, highly pathogenic, zoonotic virus from the Paramyxoviridiae family. Furthermore, we analyzed the ratio between cellular and viral proteins and among the viral F, G and M proteins in the viral particles. The characterization of the Nipah virus-human interactions occurring in the virion might facilitate the development of new therapeutic and prophylactic therapies for this viral illness.,��https://www.ncbi.nlm.nih.gov/pubmed/29092793���Vera-Velasco, Natalia Mara
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*viral vectors���Dec 2ý��The 2014-15 Ebola outbreak in West Africa highlighted the potential for large disease outbreaks caused by emerging pathogens and has generated considerable focus on preparedness for future epidemics. Here we discuss drivers, strategies and practical considerations for developing vaccines against outbreak pathogens. Chimpanzee adenoviral (ChAd) vectors have been developed as vaccine candidates for multiple infectious diseases and prostate cancer. ChAd vectors are safe and induce antigen-specific cellular and humoral immunity in all age groups, as well as circumventing the problem of pre-existing immunity encountered with human Ad vectors. For these reasons, such viral vectors provide an attractive platform for stockpiling vaccines for emergency deployment in response to a threatened outbreak of an emerging pathogen. Work is already underway to develop vaccines against a number of other outbreak pathogens and we will also review progress on these approaches here, particularly for Lassa fever, Nipah and MERS.,��https://www.ncbi.nlm.nih.gov/pubmed/29083948å��Ewer, Katie
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de Wit, E.���2018���Transmission of henipaviruses���7-11���Curr Opin Virol���28���FebÞ��The genus Henipavirus has expanded rapidly in geographic range, number of species, and host range. Hendra and Nipah virus are two henipaviruses known to cause severe disease in humans with a high case-fatality rate. Pteropid spp. bats are the natural reservoir of Hendra and Nipah virus. From these bats, virus can be transmitted to an amplifying host, horses and pigs, and from these hosts to humans, or the virus can be transmitted directly to humans. Although the main route of shedding varies between host species, close contact is required for transmission in all hosts. Understanding the transmission routes of Hendra and Nipah virus in their respective hosts is essential for devising strategies to block zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/29035743ô��Weatherman, Sarah
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interferon lambda���Octj��Highly pathogenic Nipah virus (NiV) generally causes severe encephalitis in humans. Respiratory symptoms are infrequently observed, likely reflecting variations in infection kinetics in human airways. Supporting this idea, we recently identified individual differences in NiV replication kinetics in cultured airway epithelia from different human donors. As type III interferons (IFN-lambda) represent major players in the defence mechanism against viral infection of the respiratory mucosa, we studied IFN-lambda induction and antiviral activity in NiV-infected primary differentiated human bronchial epithelial cells (HBEpCs) cultured under air-liquid interface conditions. Our studies revealed that IFN-lambda was upregulated in airway epithelia upon NiV infection. We also show that IFN-lambda pretreatment efficiently inhibited NiV replication. Interestingly, the antiviral activity of IFN-lambda varied in HBEpCs from two different donors. Increased sensitivity to IFN-lambda was associated with higher expression levels of IFN-lambda receptors, enhanced phosphorylation of STAT1, as well as enhanced induction of interferon-stimulated gene expression. These findings suggest that individual variations in IFN-lambda receptor expression affecting IFN responsiveness can play a functional role for NiV replication kinetics in human respiratory epithelial cells of different donors.,��https://www.ncbi.nlm.nih.gov/pubmed/28984239ê��Sauerhering, Lucie
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superstructure���Oct 1,��A new superstructure of the mineral camerolaite, Cu6Al3(OH)18(H2O)2[Sb(OH)6](SO4), has been refined in space group P\bar 1 with unit-cell parameters aP = 7.7660 (16), bP = 8.759 (4), cP = 11.306 (2) A, alphaP = 108.67 (4), betaP = 83.41 (3), gammaP = 126.64 (2) degrees , V = 581.6 (3) A(3) and Z = 1, with R1 = 0.0951 (all data). This is the first refined example of a cyanotrichite-group mineral in which long-range order of interlayer anions produces a superstructure along b, although diffuse scattering has previously been reported that corresponds to short-range order. Though the structure shares with other members of the cyanotrichite group a structural unit in which ribbons of edge-sharing Cu and Al octahedra form layers || (001), the superstructure arises from regular alternation of [SO4] and [Sb(OH)6] polyhedra along rods that lie between the layers, and phase coupling between rods that maximizes the distance between [SO4] groups of adjacent rods along a and c directions. This arrangement suggests an alternative nearly orthogonal choice of unit cell in F\bar 1 with parameters aF = 12.473 (26), bF = 8.759 (4), cF = 21.476 (7) A, alphaF = 85.94 (4), betaF = 95.91 (5), gammaF = 92.34 (9) degrees , which is recommended for comparing this structural variety of camerolaite with other members of the group.,��https://www.ncbi.nlm.nih.gov/pubmed/28981001ã��Mills, Stuart J
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Viral Envelope Proteins/*metabolism���Oct 3E��Nipah virus is an emergent paramyxovirus that causes deadly encephalitis and respiratory infections in humans. Two glycoproteins coordinate the infection of host cells, an attachment protein (G), which binds to cell surface receptors, and a fusion (F) protein, which carries out the process of virus-cell membrane fusion. The G protein binds to ephrin B2/3 receptors, inducing G conformational changes that trigger F protein refolding. Using an optical approach based on second harmonic generation, we show that monomeric and dimeric receptors activate distinct conformational changes in G. The monomeric receptor-induced changes are not detected by conformation-sensitive monoclonal antibodies or through electron microscopy analysis of G:ephrinB2 complexes. However, hydrogen/deuterium exchange experiments confirm the second harmonic generation observations and reveal allosteric changes in the G receptor binding and F-activating stalk domains, providing insights into the pathway of receptor-activated virus entry.Nipah virus causes encephalitis in humans. Here the authors use a multidisciplinary approach to study the binding of the viral attachment protein G to its host receptor ephrinB2 and show that monomeric and dimeric receptors activate distinct conformational changes in G and discuss implications for receptor-activated virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/28974687«��Wong, Joyce J W
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*Zinc Fingers���Oct 24���Henipaviruses are severe human pathogens within the Paramyxoviridae family. Beyond the P protein, the Henipavirus P gene also encodes the V protein which shares with P its N-terminal, intrinsically disordered region (PNT) and possesses a unique C-terminal domain predicted to be folded and to bind zinc (ZnFD). Henipavirus V proteins antagonize IFN signaling through PNT-mediated binding to STAT1, and several paramyxoviral V proteins promote STAT1 degradation through binding to DDB1. Structural and molecular information on Henipavirus V proteins is lacking, and their ability to interact with DDB1 has not been documented yet. We cloned the V genes from Nipah and Hendra viruses and purified the V proteins from E. coli and DDB1 from insect cells. Using analytical size-exclusion chromatography, CD and SAXS we characterized the V proteins and their domains. Using pull-down and MST we assessed their binding abilities towards DDB1. We show that PNT remains disordered also in the context of the V protein, while the ZnFD adopts a predominant beta conformation. We also show that the V proteins interact with DDB1 predominantly via their ZnFD. This is the first experimental characterization of the Henipavirus V proteins and the first experimental evidence of their interaction with DDB1. The DDB1-ZnFD interaction constitutes a promising target for antiviral strategies. These studies provide a conceptual asset to design new antiviral strategies expected to reduce or abrogate the ability of these viruses to escape the innate immune response. They also contribute to illuminating the conformational behaviour of proteins encompassing large intrinsically disordered domains.,��https://www.ncbi.nlm.nih.gov/pubmed/28972216���Salladini, Edoardo
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*infectious disease epidemiology���NovL��Understanding infection dynamics in animal hosts is fundamental to managing spillover and emergence of zoonotic infections. Hendra virus is endemic in Australian pteropodid bat populations and can be lethal to horses and humans. However, we know little about the factors driving Hendra virus prevalence in resevoir bat populations, making spillover difficult to predict. We use Hendra virus prevalence data collected from 13 000 pooled bat urine samples across space and time to determine if pulses of prevalence are periodic and synchronized across sites. We also test whether site-specific precipitation and temperature affect the amplitude of the largest annual prevalence pulses. We found little evidence for a periodic signal in Hendra virus prevalence. Although the largest amplitude pulses tended to occur over winter, pulses could also occur in other seasons. We found that Hendra virus prevalence was weakly synchronized across sites over short distances, suggesting that prevalence is driven by local-scale effects. Finally, we found that drier conditions in previous seasons and the abundance of Pteropus alecto were positively correlated with the peak annual values of Hendra virus prevalence. Our results suggest that in addition to seasonal effects, bat density and local climatic conditions interact to drive Hendra virus infection dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/28942750t��Paez, D J
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*Bangladesh
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*Date palm sap
*Nipah virus���Sep5��Human Nipah virus (NiV) infection, often fatal in Bangladesh, is primarily transmitted by drinking raw date palm sap contaminated by Pteropus bats. We assessed the impact of a behavior change communication intervention on reducing consumption of potentially NiV-contaminated raw sap. During the 2012-2014 sap harvesting seasons, we implemented interventions in two areas and compared results with a control area. In one area, we disseminated a "do not drink raw sap" message and, in the other area, encouraged only drinking sap if it had been protected from bat contamination by a barrier ("only safe sap"). Post-intervention, 40% more respondents in both intervention areas reported knowing about a disease contracted through raw sap consumption compared with control. Reported raw sap consumption decreased in all areas. The reductions in the intervention areas were not significantly greater compared to the control. Respondents directly exposed to the "only safe sap" message were more likely to report consuming raw sap from a protected source than those with no exposure (25 vs. 15%, OR 2.0, 95% CI 1.5-2.6, P < 0.001). While the intervention increased knowledge in both intervention areas, the "only safe sap" intervention reduced exposure to potentially NiV-contaminated sap and should be considered for future dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/28905152G��Nahar, Nazmun
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*virus-host interactions���Dec 1P��Nipah virus is an emerging, highly pathogenic, zoonotic virus of the Paramyxoviridae family. Human transmission occurs by close contact with infected animals, the consumption of contaminated food, or, occasionally, via other infected individuals. Currently, we lack therapeutic or prophylactic treatments for Nipah virus. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. This aim led us to perform the present work, in which we identified 101 human-Nipah virus protein-protein interactions (PPIs), most of which (88) are novel. This data set provides a comprehensive view of the host complexes that are manipulated by viral proteins. Host targets include the PRP19 complex and the microRNA (miRNA) processing machinery. Furthermore, we explored the biologic consequences of the interaction with the PRP19 complex and found that the Nipah virus W protein is capable of altering p53 control and gene expression. We anticipate that these data will help in guiding the development of novel interventional strategies to counter this emerging viral threat.IMPORTANCE Nipah virus is a recently discovered virus that infects a wide range of mammals, including humans. Since its discovery there have been yearly outbreaks, and in some of them the mortality rate has reached 100% of the confirmed cases. However, the study of Nipah virus has been largely neglected, and currently we lack treatments for this infection. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. In the present work, we identified 101 human-Nipah virus protein-protein interactions using an affinity purification approach coupled with mass spectrometry. Additionally, we explored the cellular consequences of some of these interactions. Globally, this data set offers a comprehensive and detailed view of the host machinery's contribution to the Nipah virus's life cycle. Furthermore, our data present a large number of putative drug targets that could be exploited for the treatment of this infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28904190Î��Martinez-Gil, Luis
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*nucleoprotein���Nov 1õ	�Henipaviruses, such as Nipah (NiV) and Hendra (HeV) viruses, are highly pathogenic zoonotic agents within the Paramyxoviridae family. The phosphoprotein (P) gene products of the paramyxoviruses have been well characterized for their interferon (IFN) antagonist activity and their contribution to viral pathogenicity. In this study, we demonstrated that the nucleoprotein (N) of henipaviruses also prevents the host IFN signaling response. Reporter assays demonstrated that the NiV and HeV N proteins (NiV-N and HeV-N, respectively) dose-dependently suppressed both type I and type II IFN responses and that the inhibitory effect was mediated by their core domains. Additionally, NiV-N prevented the nuclear transport of signal transducer and activator of transcription 1 (STAT1) and STAT2. However, NiV-N did not associate with Impalpha5, Impbeta1, or Ran, which are members of the nuclear transport system for STATs. Although P protein is known as a binding partner of N protein and actively retains N protein in the cytoplasm, the IFN antagonist activity of N protein was not abolished by the coexpression of P protein. This suggests that the IFN inhibition by N protein occurs in the cytoplasm. Furthermore, we demonstrated that the complex formation of STATs was hampered in the N protein-expressing cells. As a result, STAT nuclear accumulation was reduced, causing a subsequent downregulation of interferon-stimulated genes (ISGs) due to low promoter occupancy by STAT complexes. This novel route for preventing host IFN responses by henipavirus N proteins provides new insight into the pathogenesis of these viruses.IMPORTANCE Paramyxoviruses are well known for suppressing interferon (IFN)-mediated innate immunity with their phosphoprotein (P) gene products, and the henipaviruses also possess P, V, W, and C proteins for evading host antiviral responses. There are numerous studies providing evidence for the relationship between viral pathogenicity and antagonistic activities against IFN responses by P gene products. Meanwhile, little attention has been paid to the influence of nucleoprotein (N) on host innate immune responses. In this study, we demonstrated that both the NiV and HeV N proteins have antagonistic activity against the JAK/STAT signaling pathway by preventing the nucleocytoplasmic trafficking of STAT1 and STAT2. This inhibitory effect is due to an impairment of the ability of STATs to form complexes. These results provide new insight into the involvement of N protein in viral pathogenicity via its IFN antagonism.,��https://www.ncbi.nlm.nih.gov/pubmed/28835499Ù��Sugai, Akihiro
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*zoonoses���Sepé��Preventing emergence of new zoonotic viruses depends on understanding determinants for human risk. Nipah virus (NiV) is a lethal zoonotic pathogen that has spilled over from bats into human populations, with limited person-to-person transmission. We examined ecologic and human behavioral drivers of geographic variation for risk of NiV infection in Bangladesh. We visited 60 villages during 2011-2013 where cases of infection with NiV were identified and 147 control villages. We compared case villages with control villages for most likely drivers for risk of infection, including number of bats, persons, and date palm sap trees, and human date palm sap consumption behavior. Case villages were similar to control villages in many ways, including number of bats, persons, and date palm sap trees, but had a higher proportion of households in which someone drank sap. Reducing human consumption of sap could reduce virus transmission and risk for emergence of a more highly transmissible NiV strain.,��https://www.ncbi.nlm.nih.gov/pubmed/28820130f��Gurley, Emily S
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Haseeb, M. A.���2017v��The impact of human population pressure on flying fox niches and the potential consequences for Hendra virus spillover���8226���Sci Rep���7���1���Aug 15���Hendra virus (HeV) is an emerging pathogen of concern in Australia given its ability to spillover from its reservoir host, pteropid bats, to horses and further on to humans, and the severe clinical presentation typical in these latter incidental hosts. Specific human pressures over recent decades, such as expanding human populations, urbanization, and forest fragmentation, may have altered the ecological niche of Pteropus species acting as natural HeV reservoirs and may modulate spillover risk. This study explored the influence of inter-decadal net human local migration between 1970 and 2000 on changes in the habitat suitability to P. alecto and P. conspicillatus from 1980 to 2015 in eastern Australia. These ecological niches were modeled using boosted regression trees and subsequently fitted, along with additional landscape factors, to HeV spillovers to explore the spatial dependency of this zoonosis. The spatial model showed that the ecological niche of these two flying fox species, the human footprint, and proximity to woody savanna were each strongly associated with HeV spillover and together explained most of the spatial dependency exhibited by this zoonosis. These findings reinforce the potential for anthropogenic pressures to shape the landscape epidemiology of HeV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28811483���Walsh, Michael G
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Stewart, C. R.���2017A��Circulating microRNA profiles of Hendra virus infection in horses���7431���Sci Rep���7���1���Aug 7I��Hendra virus (HeV) is an emerging zoonotic pathogen harbored by Australian mainland flying foxes. HeV infection can cause lethal disease in humans and horses, and to date all cases of human HeV disease have resulted from contact with infected horses. Currently, diagnosis of acute HeV infections in horses relies on the productive phase of infection when virus shedding may occur. An assay that identifies infected horses during the preclinical phase of infection would reduce the risk of zoonotic viral transmission during management of HeV outbreaks. Having previously shown that the host microRNA (miR)-146a is upregulated in the blood of HeV-infected horses days prior to the detection of viremia, we have profiled miRNAs at the transcriptome-wide level to comprehensively assess differences between infected and uninfected horses. Next-generation sequencing and the miRDeep2 algorithm identified 742 mature miRNA transcripts corresponding to 593 miRNAs in whole blood of six horses (three HeV-infected, three uninfected). Thirty seven miRNAs were differentially expressed in infected horses, two of which were validated by qRT-PCR. This study describes a methodology for the transcriptome-wide profiling of miRNAs in whole blood and supports the notion that measuring host miRNA expression levels may aid infectious disease diagnosis in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/28785041���Cowled, Christopher
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Ultraviolet Rays���Aug 25=��Ceratodon purpureus is a cosmopolitan moss that survives some of the harshest places on Earth: from frozen Antarctica to hot South Australian deserts. In a study on the survival mechanisms of the species, nine compounds were isolated from Australian and Antarctic C. purpureus. This included five biflavonoids, with complete structural elucidation of 1 and 2 reported here for the first time, as well as an additional four known phenolic compounds. Dispersion-corrected DFT calculations suggested a rotational barrier, leading to atropisomerism, resulting in the presence of diastereomers for compound 2. All isolates absorbed strongly in the ultraviolet (UV) spectrum, e.g., biflavone 1 (UV-A, 315-400 nm), which displayed the strongest radical-scavenging activity, 13% more efficient than the standard rutin; p-coumaric acid and trans-ferulic acid showed the highest UV-B (280-315 nm) absorption. The more complex and abundant 1 and 2 presumably have dual roles as both UV-screening and antioxidant compounds. They are strongly bound to Antarctic moss cell walls as well as located inside the cells of moss from both locations. The combined high stability and photoprotective abilities of these isolates may account for the known resilience of this species to UV-B radiation and its survival in some of the toughest locations in the world.,��https://www.ncbi.nlm.nih.gov/pubmed/28783339ó��Waterman, Melinda J
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Urine/virologyÿ��Pteropid bats (flying-foxes) are the natural reservoir of Hendra virus, an emergent paramyxovirus responsible for fatal infection in horses and humans in Australia. Pteropus alecto (the Black flying-fox) and the paraphyletic P. conspicillatus (the Spectacled flying-fox) appear to be the primary reservoir hosts. Previous studies have suggested that physiological and ecological factors may underpin infection dynamics in flying-foxes, and subsequent spillover to horses and in turn humans. We sought to examine temporal trends in urinary cortisol concentration in wild Australian flying-fox populations, to elucidate the putative relationship between Hendra virus infection and physiological stress. Pooled and individual urine samples were non-invasively collected from under roosting flying-foxes at two latitudinally disparate regions in the eastern Australian state of Queensland. Hendra virus detection, and (in individual urine samples) sex and species determination were PCR-based. Urinary cortisol measurement used a validated enzyme immunoassay. We found no direct correlation between increased urinary cortisol and Hendra virus excretion, but our findings do suggest a biologically plausible association between low winter temperatures and elevated cortisol levels in P. alecto in the lower latitude Southeast Queensland roosts. We hypothesize an indirect association between low winter temperatures and increased Hendra virus infection and excretion, mediated by the physiological cost of thermoregulation. Our findings and our approach are directly relevant to elaboration of the disease ecology of Nipah virus and other emerging henipaviruses in bats. More broadly, they inform investigation of emerging disease infection dynamics across the wildlife/livestock/human interface.,��https://www.ncbi.nlm.nih.gov/pubmed/28767708×��McMichael, Lee
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Nipah virus���JunA��OBJECTIVE: To explore a common B- and T-cell epitope-based vaccine that can elicit an immune response against encephalitis causing genus Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV). METHODS: Membrane proteins F, G and M of HeV and NiV were retrieved from the protein database and subjected to different bioinformatics tools to predict antigenic B-cell epitopes. Best B-cell epitopes were then analyzed to predict their T-cell antigenic potentiality. Antigenic B- and T-cell epitopes that shared maximum identity with HeV and NiV were selected. Stability of the selected epitopes was predicted. Finally, the selected epitopes were subjected to molecular docking simulation with HLA-DR to confirm their antigenic potentiality in silico. RESULTS: One epitope from G proteins, one from M proteins and none from F proteins were selected based on their antigenic potentiality. The epitope from the G proteins was stable whereas that from M was unstable. The M-epitope was made stable by adding flanking dipeptides. The 15-mer G-epitope (VDPLRVQWRNNSVIS) showed at least 66% identity with all NiV and HeV G protein sequences, while the 15-mer M-epitope (GKLEFRRNNAIAFKG) with the dipeptide flanking residues showed 73% identity with all NiV and HeV M protein sequences available in the database. Molecular docking simulation with most frequent MHC class-II (MHC II) and class-I (MHC I) molecules showed that these epitopes could bind within HLA binding grooves to elicit an immune response. CONCLUSIONS: Data in our present study revealed the notion that the epitopes from G and M proteins might be the target for peptide-based subunit vaccine design against HeV and NiV. However, the biochemical analysis is necessary to experimentally validate the interaction of epitopes individually with the MHC molecules through elucidation of immunity induction.,��https://www.ncbi.nlm.nih.gov/pubmed/28756915Õ��Saha, Chayan Kumar
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peptides���Jul 15¸��A set of lipopeptides was recently reported for their broad-spectrum antiviral activity against viruses belonging to the Paramyxoviridae family, including human parainfluenza virus type 3 and Nipah virus. Among them, the peptide with a 24-unit PEG linker connecting it to a cholesterol moiety (VG-PEG24-Chol) was found to be the best membrane fusion inhibitory peptide. Here, we evaluated the interaction of the same set of peptides with biomembrane model systems and isolated human peripheral blood mononuclear cells (PBMC). VG-PEG24-Chol showed the highest insertion rate and it was among the peptides that induced a larger change on the surface pressure of cholesterol rich membranes. This peptide also displayed a high affinity towards PBMC membranes. These data provide new information about the dynamics of peptide-membrane interactions of a specific group of antiviral peptides, known for their potential as multipotent paramyxovirus antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/28714870"��Augusto, Marcelo T
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*zoonotic infections���Sep 15é
�Several infectious disease outbreaks with high mortality in humans have been attributed to viruses that are thought to have evolved from bat viruses. In this study from Luxembourg, the genetic diversity and epidemiology of paramyxoviruses and coronaviruses shed by the bat species Rhinolophus ferrumequinum and Myotis emarginatus were evaluated. Feces collection (n = 624) was performed longitudinally in a mixed-species colony in 2015 and 2016. In addition, feces (n = 254) were collected cross-sectionally from six Myotis emarginatus colonies in 2016. By use of degenerate primers in a nested format, overall prevalences of 1.1% (10/878) and 4.9% (43/878) were determined for paramyxoviruses and coronaviruses. Sequences of the partial RNA-dependent RNA polymerase and spike glycoprotein genes of coronaviruses, as well as sequences of the partial L gene of paramyxoviruses, were obtained. Novel paramyxovirus and Alphacoronavirus strains were identified in different Myotis emarginatus colonies, and severe acute respiratory syndrome (SARS)-related Betacoronavirus strains were shed by Rhinolophus ferrumequinum Logistic regression revealed that the level of Alphacoronavirus shedding was highest in July (odds ratio, 2.8; P < 0.01), probably due to periparturient stress. Phylogenetic analyses point to close virus-host coevolution, and the high genetic similarity of the study strains suggests that the Myotis emarginatus colonies in Luxembourg are socially connected. Most interestingly, we show that bats also host Betacoronavirus1 strains. The high similarity of the spike gene sequences of these viruses with mammalian Betacoronavirus 1 strains may be of concern. Both the SARS-related and Betacoronavirus 1 strains detected in bats in Luxembourg may cross the species barrier after a host adaptation process.IMPORTANCE Bats are a natural reservoir of a number of zoonotic pathogens. Several severe outbreaks in humans (e.g., a Nipah virus outbreak in Malaysia in 1998, and the almost global spread of severe acute respiratory syndrome in 2003) have been caused by bat-borne viruses that were transmitted to humans mostly after virus adaptation (e.g., in intermediate animal hosts). Despite the indigenousness of bat species that host viruses with suspected zoonotic potential and despite the zoonotic transmission of European bat 1 lyssavirus in Luxembourg, knowledge about the diversity and epidemiology of bat viruses remains limited in this country. Moreover, in contrast to other European countries, bat viruses are currently not included in the national surveillance activities of this land-locked country. We suggest that this gap in disease surveillance should be addressed, since we show here that synanthropic bats host viruses that may be able to cross the species barrier.,��https://www.ncbi.nlm.nih.gov/pubmed/28710271���Pauly, Maude
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Rhabdoviridae Infections/*epidemiology/transmission/virology���Jul 13x��Bats are natural reservoir hosts of highly virulent pathogens such as Marburg virus, Nipah virus, and SARS coronavirus. However, little is known about the role of bat ectoparasites in transmitting and maintaining such viruses. The intricate relationship between bats and their ectoparasites suggests that ectoparasites might serve as viral vectors, but evidence to date is scant. Bat flies, in particular, are highly specialized obligate hematophagous ectoparasites that incidentally bite humans. Using next-generation sequencing, we discovered a novel ledantevirus (mononegaviral family Rhabdoviridae, genus Ledantevirus) in nycteribiid bat flies infesting pteropodid bats in western Uganda. Mitochondrial DNA analyses revealed that both the bat flies and their bat hosts belong to putative new species. The coding-complete genome of the new virus, named Kanyawara virus (KYAV), is only distantly related to that of its closest known relative, Mount Elgon bat virus, and was found at high titers in bat flies but not in blood or on mucosal surfaces of host bats. Viral genome analysis indicates unusually low CpG dinucleotide depletion in KYAV compared to other ledanteviruses and rhabdovirus groups, with KYAV displaying values similar to rhabdoviruses of arthropods. Our findings highlight the possibility of a yet-to-be-discovered diversity of potentially pathogenic viruses in bat ectoparasites.,��https://www.ncbi.nlm.nih.gov/pubmed/28706276{��Goldberg, Tony L
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Phytochemicals/chemistry/isolation & purification���Jul 28 ��Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5'-O-(4-O-p-coumaryl)-O-beta-d-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5-11, 13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 muM, respectively.,��https://www.ncbi.nlm.nih.gov/pubmed/28682615Ì��Hendra, Rudi
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olfactory epithelium���May-Jun���Henipaviruses are emerging zoonotic viruses and causative agents of encephalitis in humans. However, the mechanisms of entry into the central nervous system (CNS) in humans are not known. Here, we evaluated the possible role of olfactory epithelium in virus entry into the CNS. We characterized Hendra virus (HeV) and Nipah virus (NiV) infection of primary human olfactory epithelial cultures. We show that henipaviruses can infect mature olfactory sensory neurons. Henipaviruses replicated efficiently, resulting in cytopathic effect and limited induction of host responses. These results show that human olfactory epithelium is susceptible to infection with henipaviruses, suggesting that this could be a pathway for neuroinvasion in humans. IMPORTANCE Henipaviruses are emerging zoonotic pathogens that can cause acute and severe respiratory and neurological disease in humans. The pathways by which henipaviruses enter the central nervous system (CNS) in humans are still unknown. The observation that human olfactory neurons are highly susceptible to infection with henipaviruses demonstrates that the olfactory epithelium can serve as a site of Henipavirus entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/28680971Ä��Borisevich, Viktoriya
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Wang, L. F.���2018���A Functional Genomics Approach to Henipavirus Research: The Role of Nuclear Proteins, MicroRNAs and Immune Regulators in Infection and Disease���191-213���Curr Top Microbiol Immunol���419º��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are zoonotic RNA viruses that cause lethal disease in humans and are designated as Biosafety Level 4 (BSL4) agents. Moreover, henipaviruses belong to the same group of viruses that cause disease more commonly in humans such as measles, mumps and respiratory syncytial virus. Due to the relatively recent emergence of the henipaviruses and the practical constraints of performing functional genomics studies at high levels of containment, our understanding of the henipavirus infection cycle is incomplete. In this chapter we describe recent loss-of-function (i.e. RNAi) functional genomics screens that shed light on the henipavirus-host interface at a genome-wide level. Further to this, we cross-reference RNAi results with studies probing host proteins targeted by henipavirus proteins, such as nuclear proteins and immune modulators. These functional genomics studies join a growing body of evidence demonstrating that nuclear and nucleolar host proteins play a crucial role in henipavirus infection. Furthermore these studies will underpin future efforts to define the role of nucleolar host-virus interactions in infection and disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28674944·��Stewart, Cameron R
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Prevention���Jun 26"��BACKGROUND: Nipah virus infection (NiV) is a bat-borne zoonosis transmitted to humans through consumption of NiV-contaminated raw date palm sap in Bangladesh. The objective of this analysis was to measure the cost of an NiV prevention intervention and estimate the cost of scaling it up to districts where spillover had been identified. METHODS: We implemented a behavior change communication intervention in two districts, testing different approaches to reduce the risk of NiV transmission using community mobilization, interpersonal communication, posters and TV public service announcements on local television during the 2012-2014 sap harvesting seasons. In one district, we implemented a "no raw sap" approach recommending to stop drinking raw date palm sap. In another district, we implemented an "only safe sap" approach, recommending to stop drinking raw date palm sap but offering the option of drinking safe sap. This is sap covered with a barrier, locally called bana, to interrupt bats' access during collection. We conducted surveys among randomly selected respondents two months after the intervention to measure the proportion of people reached. We used an activity-based costing method to calculate the cost of the intervention. RESULTS: The implementation cost of the "no raw sap" intervention was $30,000 and the "only safe sap" intervention was $55,000. The highest cost was conducting meetings and interpersonal communication efforts. The lowest cost was broadcasting the public service announcements on local TV channels. To scale up a similar intervention in 30 districts where NiV spillover has occurred, would cost between $2.6 and $3.5 million for one season. Placing the posters would cost $96,000 and only broadcasting the public service announcement through local channels in 30 districts would cost $26,000. CONCLUSIONS: Broadcasting a TV public service announcement is a potential low cost option to advance NiV prevention. It could be supplemented with posters and targeted interpersonal communication, in districts with a high risk of NiV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28651646	��Nahar, Nazmun
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Veterinarians/economics/psychology���Hendra virus is a zoonotic paramyxovirus, which causes severe respiratory and neurological disease in horses and humans. Since 2012, the Hendra virus sub-unit G vaccine has been available for horse vaccination in Australia. Uptake of the vaccine has been limited and spill-over events of Hendra virus infection in horses continue to occur. We conducted an online, questionnaire-based cross-sectional study of 376 horse owners belonging to a variety of different equestrian clubs in Queensland, Australia, to identify risk factors for non-vaccination against Hendra virus. A total of 43.1% (N = 162) of horse owners indicated that they currently did not vaccinate against Hendra virus infection, while 56.9% (N = 214) currently vaccinated against Hendra virus infection. A total of 52 risk factors were evaluated relating to equestrian activities, horse management, perceived risk and severity of horse and human infection with Hendra virus, side effects of Hendra vaccination, other vaccinations conducted by horse owners and horse owners' attitudes towards veterinarians. The final multivariable logistics regression model identified the following risk factors associated with increased odds of non-vaccination against Hendra virus: 1) perceived low risk (compared to high) of Hendra virus infection to horses (considering the horse owners' location and management practices) or horse owners were unsure about the risk of infection, 2) perceived moderate severity (compared to very severe or severe) of Hendra virus infection in humans, 3) horse owners non-vaccination of their pets, 4) horse owners non-vaccination against strangles disease in horses, 5) handling of more than three horses per week (compared to one horse only) and 6) perceived attitude that veterinarians had a high motivation of making money from Hendra virus vaccination (compared to veterinarians having a low motivation of making money from Hendra virus vaccination). Horse owners were more likely to vaccinate against Hendra virus if horses were used for dressage, show jumping or eventing. The study also identified horse owners' concerns about side-effects and about the lack of evidence on vaccine efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/28636633»��Goyen, Kailiea Arianna
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vinegar���Janá��BACKGROUND: Vinegar is widely used as a food additive, in food preparation and as a food supplement. This study compared the phenolic acid profiles and in vivo toxicities, and antioxidant and immunomodulatory effects of coconut, nipah and pineapple juice vinegars, which were respectively prepared via a two-step fermentation using Saccharomyces cerevisiae 7013 INRA and Acetobacter aceti vat Europeans. RESULTS: Pineapple juice vinegar, which had the highest total phenolic acid content, also exhibited the greatest in vitro antioxidant capacity compared to coconut juice and nipah juice vinegars. Following acute and sub-chronic in vivo toxicity evaluation, no toxicity and mortality were evident and there were no significant differences in the serum biochemical profiles between mice administered the vinegars versus the control group. In the sub-chronic toxicity evaluation, the highest liver antioxidant levels were found in mice fed with pineapple juice vinegar, followed by coconut juice and nipah juice vinegars. However, compared to the pineapple juice and nipah juice vinegars, the mice fed with coconut juice vinegar, exhibited a higher population of CD4(+) and CD8(+) T-lymphocytes in the spleen, which was associated with greater levels of serum interleukin-2 and interferon-gamma cytokines. CONCLUSIONS: Overall, the data suggested that not all vinegar samples cause acute and sub-chronic toxicity in vivo. Moreover, the in vivo immunity and organ antioxidant levels were enhanced, to varying extents, by the phenolic acids present in the vinegars. The results obtained in this study provide appropriate guidelines for further in vivo bioactivity studies and pre-clinical assessments of vinegar consumption. (c) 2017 Society of Chemical Industry.,��https://www.ncbi.nlm.nih.gov/pubmed/28631270<��Mohamad, Nurul Elyani
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*Nucleoside analog���Augi��The henipaviruses Nipah virus and Hendra virus are highly pathogenic zoonotic paramyxoviruses which have caused fatal outbreaks of encephalitis and respiratory disease in humans. Despite the availability of a licensed equine Hendra virus vaccine and a neutralizing monoclonal antibody shown to be efficacious against henipavirus infections in non-human primates, there remains no approved therapeutics or vaccines for human use. To explore the possibility of developing small-molecule nucleoside inhibitors against henipaviruses, we evaluated the antiviral activity of 4'-azidocytidine (R1479), a drug previously identified to inhibit flaviviruses, against henipaviruses along with other representative members of the family Paramyxoviridae. We observed similar levels of R1479 antiviral activity across the family, regardless of virus genus. Our brief study expands the documented range of viruses susceptible to R1479, and provides the basis for future investigation and development of 4'-modified nucleoside analogs as potential broad-spectrum antiviral therapeutics across both positive and negative-sense RNA virus families.,��https://www.ncbi.nlm.nih.gov/pubmed/28629988ð��Hotard, Anne L
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Spillover���Dec|��Hendra virus is a paramyxovirus of Australian flying fox bats. It was first detected in August 1994, after the death of 20 horses and one human. Since then it has occurred regularly within a portion of the geographical distribution of all Australian flying fox (fruit bat) species. There is, however, little understanding about which species are most likely responsible for spillover, or why spillover does not occur in other areas occupied by reservoir and spillover hosts. Using ecological niche models of the four flying fox species we were able to identify which species are most likely linked to spillover events using the concept of distance to the niche centroid of each species. With this novel approach we found that 20 out of 27 events occur disproportionately closer to the niche centroid of two species (P. alecto and P. conspicillatus). With linear regressions we found a negative relationship between distance to the niche centroid and abundance of these two species. Thus, we suggest that the bioclimatic niche of these two species is likely driving the spatial pattern of spillover of Hendra virus into horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28616484ô��Martin, Gerardo A
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Virus Release���Jun¢��The paramyxovirus family comprises major human and animal pathogens such as measles virus (MeV), mumps virus (MuV), the parainfluenzaviruses, Newcastle disease virus (NDV), and the highly pathogenic zoonotic hendra (HeV) and nipah (NiV) viruses. Paramyxovirus particles are pleomorphic, with a lipid envelope, nonsegmented RNA genomes of negative polarity, and densely packed glycoproteins on the virion surface. A number of crystal structures of different paramyxovirus proteins and protein fragments were solved, but the available information concerning overall virion organization remains limited. However, recent studies have reported cryo-electron tomography-based reconstructions of Sendai virus (SeV), MeV, NDV, and human parainfluenza virus type 3 (HPIV3) particles and a surface assessment of NiV-derived virus-like particles (VLPs), which have yielded innovative hypotheses concerning paramyxovirus particle assembly, budding, and organization. Following a summary of the current insight into paramyxovirus virion morphology, this review will focus on discussing the implications of these particle reconstructions on the present models of paramyxovirus assembly and infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28601688ÿ��Cox, Robert M
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*Protein-protein interactions���SepË��In this review, we summarize computational and experimental data gathered so far showing that structural disorder is abundant within paramyxoviral nucleoproteins (N) and phosphoproteins (P). In particular, we focus on measles, Nipah, and Hendra viruses and highlight both commonalities and differences with respect to the closely related Sendai virus. The molecular mechanisms that control the disorder-to-order transition undergone by the intrinsically disordered C-terminal domain (NTAIL) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins are described in detail. By having a significant residual disorder, NTAIL-XD complexes are illustrative examples of "fuzziness", whose possible functional significance is discussed. Finally, the relevance of N-P interactions as promising targets for innovative antiviral approaches is underscored, and the functional advantages of structural disorder for paramyxoviruses are pinpointed.,��https://www.ncbi.nlm.nih.gov/pubmed/28600653è��Longhi, Sonia
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�Nipah virus (NiV) is a zoonotic emerging paramyxovirus that can cause fatal respiratory illness or encephalitis in humans. Despite many efforts, the molecular mechanisms of NiV-induced acute lung injury (ALI) remain unclear. We previously showed that NiV replicates to high titers in human lung grafts in NOD-SCID/gamma mice, resulting in a robust inflammatory response. Interestingly, these mice can undergo human immune system reconstitution by the bone marrow, liver, and thymus (BLT) reconstitution method, in addition to lung tissue engraftment, giving altogether a realistic model to study human respiratory viral infections. Here, we characterized NiV Bangladesh strain (NiV-B) infection of human lung grafts from human immune system-reconstituted mice in order to identify the overall effect of immune cells on NiV pathogenesis of the lung. We show that NiV-B replicated to high titers in human lung grafts and caused similar cytopathic effects irrespective of the presence of human leukocytes in mice. However, the human immune system interfered with virus spread across lung grafts, responded to infection by leukocyte migration to small airways and alveoli of the lung grafts, and accelerated oxidative stress in lung grafts. In addition, the presence of human leukocytes increased the expression of cytokines and chemokines that regulate inflammatory influx to sites of infection and tissue damage. These results advance our understanding of how the immune system limits NiV dissemination and contributes to ALI and inform efforts to identify therapeutic targets.IMPORTANCE Nipah virus (NiV) is an emerging paramyxovirus that can cause a lethal respiratory and neurological disease in humans. Only limited data are available on NiV pathogenesis in the human lung, and the relative contribution of the innate immune response and NiV to acute lung injury (ALI) is still unknown. Using human lung grafts in a human immune system-reconstituted mouse model, we showed that the NiV Bangladesh strain induced cytopathic lesions in lung grafts similar to those described in patients irrespective of the donor origin or the presence of leukocytes. However, the human immune system interfered with virus spread, responded to infection by leukocyte infiltration in the small airways and alveolar area, induced oxidative stress, and triggered the production of cytokines and chemokines that regulate inflammatory influx by leukocytes in response to infection. Understanding how leukocytes interact with NiV and cause ALI in human lung xenografts is crucial for identifying therapeutic targets.,��https://www.ncbi.nlm.nih.gov/pubmed/28539439°��Escaffre, Olivier
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*Transcriptional gradient���Aug���The regulation of transcription during Nipah virus (NiV) replication is poorly understood. Using a bicistronic minigenome system, we investigated the involvement of non-coding regions (NCRs) in the transcriptional re-initiation efficiency of NiV RNA polymerase. Reporter assays revealed that attenuation of NiV gene expression was not constant at each gene junction, and that the attenuating property was controlled by the 3' NCR. However, this regulation was independent of the gene-end, gene-start and intergenic regions. Northern blot analysis indicated that regulation of viral gene expression by the phosphoprotein (P) and large protein (L) 3' NCRs occurred at the transcription level. We identified uridine-rich tracts within the L 3' NCR that are similar to gene-end signals. These gene-end-like sequences were recognized as weak transcription termination signals by the viral RNA polymerase, thereby reducing downstream gene transcription. Thus, we suggest that NiV has a unique mechanism of transcriptional regulation.,��https://www.ncbi.nlm.nih.gov/pubmed/28494343½��Sugai, Akihiro
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*virus assembly���Jul 15���Hendra virus (HeV) is a zoonotic paramyxovirus that causes deadly illness in horses and humans. An intriguing feature of HeV is the utilization of endosomal protease for activation of the viral fusion protein (F). Here we investigated how endosomal F trafficking affects HeV assembly. We found that the HeV matrix (M) and F proteins each induced particle release when they were expressed alone but that their coexpression led to coordinated assembly of virus-like particles (VLPs) that were morphologically and physically distinct from M-only or F-only VLPs. Mutations to the F protein transmembrane domain or cytoplasmic tail that disrupted endocytic trafficking led to failure of F to function with M for VLP assembly. Wild-type F functioned normally for VLP assembly even when its cleavage was prevented with a cathepsin inhibitor, indicating that it is endocytic F trafficking that is important for VLP assembly, not proteolytic F cleavage. Under specific conditions of reduced M expression, we found that M could no longer induce significant VLP release but retained the ability to be incorporated as a passenger into F-driven VLPs, provided that the F protein was competent for endocytic trafficking. The F and M proteins were both found to traffic through Rab11-positive recycling endosomes (REs), suggesting a model in which F and M trafficking pathways converge at REs, enabling these proteins to preassemble before arriving at plasma membrane budding sites.IMPORTANCE Hendra virus and Nipah virus are zoonotic paramyxoviruses that cause lethal infections in humans. Unlike that for most paramyxoviruses, activation of the henipavirus fusion protein occurs in recycling endosomal compartments. In this study, we demonstrate that the unique endocytic trafficking pathway of Hendra virus F protein is required for proper viral assembly and particle release. These results advance our basic understanding of the henipavirus assembly process and provide a novel model for the interplay between glycoprotein trafficking and paramyxovirus assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/28468881¨��Cifuentes-Munoz, Nicolas
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Qualitative study���May 1ø
�Hendra virus causes sporadic zoonotic disease in Australia following spill over from flying foxes to horses and from horses to people. Prevention and risk mitigation strategies such as vaccination of horses or biosecurity and property management measures are widely publicised, but hinge on initiative and action taken by horse owners as they mediate management, care and treatment of their animals. Hence, underlying beliefs, values and attitudes of horse owners influence their uptake of recommended risk mitigation measures. We used a qualitative approach to investigate attitudes, perceptions and self-reported practices of horse owners in response to Hendra virus to gain a deeper understanding of their decision-making around prevention measures. Data presented here derive from a series of in-depth interviews with 27 horse owners from Hendra virus 'hot spot' areas in New South Wales and Queensland. Interviews explored previous experience, perceptions and resulting behaviour as well as communication around Hendra virus. All interviews were recorded, transcribed verbatim and analysed in NVivo using thematic analysis. Analysis revealed four major themes: perception of Hendra virus as a risk and factors influencing this perception, Hendra virus risk mitigation strategies implemented by horse owners, perceived motivators and barriers of these strategies, and interaction of perceived risk, motivators and barriers in the decision-making process. Although Hendra virus disease was perceived as a serious threat to the health of horses and humans, individual risk perception diverged among horse owners. Perceived severity, likelihood and unpredictability as well as awareness and knowledge of Hendra virus, trust in information obtained and information pathways, demographic characteristics and personal experience were the main factors influencing Hendra virus risk perceptions. Other key determinants of horse owners' decision-making process were attitudes towards Hendra virus risk mitigation measures as well as perceived motivators and barriers thereof. Horse owners' awareness of the necessity to consider individual Hendra virus risk and adequate risk management strategies was described as a learning process, which changed over time. However, different perceptions of risk, barriers and motivators in combination with a weighing up of advantages and disadvantages resulted in different behaviours. These findings demonstrate the multifactorial determinants of cognitive mediating processes and facilitate a better understanding of horse owners' perspectives on preventive horse health measures. Furthermore, they provide valuable feedback to industry and government stakeholders on how to improve effective risk communication and encourage uptake of recommended risk mitigation measures.,��https://www.ncbi.nlm.nih.gov/pubmed/28460752%��Wiethoelter, Anke K
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zoonosis���Apr 133��BACKGROUND: Hendra virus is a paramyxovirus that causes periodic serious disease and fatalities in horses and humans in Australia first identified in 1994. Pteropid bats (commonly known as flying-foxes) are the natural host of the virus, and the putative route of infection in horses is by ingestion or inhalation of material contaminated by flying-fox urine or other bodily fluids. Humans become infected after close contact with infected horses. Horse owners in Australia are encouraged to vaccinate their horses against Hendra virus to reduce the risk of Hendra virus infection, and to prevent potential transmission to humans. After the vaccine was released in 2012, uptake by horse owners was slow, with some estimated 11-17% of horses in Australia vaccinated. This study was commissioned to examine barriers to vaccine uptake and potential drivers to future adoption of vaccination by horse owners. METHODS: This study examined qualitative comments from respondents to an on-line survey, reporting reasons for not vaccinating their horses. The study also investigated scenarios in which respondents felt they might consider vaccinating their horses. RESULTS: Self-reported barriers to uptake of the Hendra virus vaccine by horse owners (N = 150) included concerns about vaccine safety, cost, and effectiveness. Reduction in vaccination costs and perception of immediacy of Hendra virus risk were reported as being likely to change future behaviour. However, the data also indicated that horse owners generally would not reconsider vaccinating their horses if advised by their veterinarian. CONCLUSION: While changes to vaccine costs and the availability data supporting vaccine safety and efficacy may encourage more horse owners to vaccinate, this study highlights the importance of protecting the relationship between veterinarians and horse owners within the risk management strategies around Hendra virus. Interactions and trust between veterinarians and animal owners has important implications for management of and communication around Hendra virus and other zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/28407738¢��Manyweathers, J
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*meningitis���Jul���Infections of the central nervous system (CNS) are often acute, with significant morbidity and mortality. Routine diagnosis of such infections is limited in developing countries and requires modern equipment in advanced laboratories that may be unavailable to a number of patients in sub-Saharan Africa. We developed a TaqMan array card (TAC) that detects multiple pathogens simultaneously from cerebrospinal fluid. The 21-pathogen CNS multiple-pathogen TAC (CNS-TAC) assay includes two parasites (Balamuthia mandrillaris and Acanthamoeba), six bacterial pathogens (Streptococcus pneumoniae, Haemophilus influenzae, Neisseria meningitidis, Mycoplasma pneumoniae, Mycobacterium tuberculosis, and Bartonella), and 13 viruses (parechovirus, dengue virus, Nipah virus, varicella-zoster virus, mumps virus, measles virus, lyssavirus, herpes simplex viruses 1 and 2, Epstein-Barr virus, enterovirus, cytomegalovirus, and chikungunya virus). The card also includes human RNase P as a nucleic acid extraction control and an internal manufacturer control, GAPDH (glyceraldehyde-3-phosphate dehydrogenase). This CNS-TAC assay can test up to eight samples for all 21 agents within 2.5 h following nucleic acid extraction. The assay was validated for linearity, limit of detection, sensitivity, and specificity by using either live viruses (dengue, mumps, and measles viruses) or nucleic acid material (Nipah and chikungunya viruses). Of 120 samples tested by individual real-time PCR, 35 were positive for eight different targets, whereas the CNS-TAC assay detected 37 positive samples across nine different targets. The CNS-TAC assays showed 85.6% sensitivity and 96.7% specificity. Therefore, the CNS-TAC assay may be useful for outbreak investigation and surveillance of suspected neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28404679Å��Onyango, Clayton O
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Tomography, X-Ray Computed���AprÈ��Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that emerged in the late 1990s in Malaysia and has since been identified as the cause of sporadic outbreaks of severe febrile disease in Bangladesh and India. NiV infection is frequently associated with severe respiratory or neurological disease in infected humans with transmission to humans through inhalation, contact or consumption of NiV contaminated foods. In the work presented here, the development of disease was investigated in the African Green Monkey (AGM) model following intratracheal (IT) and, for the first time, small-particle aerosol administration of NiV. This study utilized computed tomography (CT) and magnetic resonance imaging (MRI) to temporally assess disease progression. The host immune response and changes in immune cell populations over the course of disease were also evaluated. This study found that IT and small-particle administration of NiV caused similar disease progression, but that IT inoculation induced significant congestion in the lungs while disease following small-particle aerosol inoculation was largely confined to the lower respiratory tract. Quantitative assessment of changes in lung volume found up to a 45% loss in IT inoculated animals. None of the subjects in this study developed overt neurological disease, a finding that was supported by MRI analysis. The development of neutralizing antibodies was not apparent over the 8-10 day course of disease, but changes in cytokine response in all animals and activated CD8+ T cell numbers suggest the onset of cell-mediated immunity. These studies demonstrate that IT and small-particle aerosol infection with NiV in the AGM model leads to a severe respiratory disease devoid of neurological indications. This work also suggests that extending the disease course or minimizing the impact of the respiratory component is critical to developing a model that has a neurological component and more accurately reflects the human condition.,��https://www.ncbi.nlm.nih.gov/pubmed/28388650#��Cong, Yu
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*reassortment���Jun 15W	�Bats are natural reservoirs for many pathogenic viruses, and increasing evidence supports the notion that bats can also harbor group A rotaviruses (RVAs), important causative agents of diarrhea in children and young animals. Currently, 8 RVA strains possessing completely novel genotype constellations or genotypes possibly originating from other mammals have been identified from African and Chinese bats. However, all the data were mainly based on detection of RVA RNA, present only during acute infections, which does not permit assessment of the true exposure of a bat population to RVA. To systematically investigate the genetic diversity of RVAs, 547 bat anal swabs or gut samples along with 448 bat sera were collected from five South Chinese provinces. Specific reverse transcription-PCR (RT-PCR) screening found four RVA strains. Strain GLRL1 possessed a completely novel genotype constellation, whereas the other three possessed a constellation consistent with the MSLH14-like genotype, a newly characterized group of viruses widely prevalent in Chinese insectivorous bats. Among the latter, strain LZHP2 provided strong evidence of cross-species transmission of RVAs from bats to humans, whereas strains YSSK5 and BSTM70 were likely reassortants between typical MSLH14-like RVAs and human RVAs. RVA-specific antibodies were detected in 10.7% (48/448) of bat sera by an indirect immunofluorescence assay (IIFA). Bats in Guangxi and Yunnan had a higher RVA-specific antibody prevalence than those from Fujian and Zhejiang provinces. These observations provide evidence for cross-species transmission of MSLH14-like bat RVAs to humans, highlighting the impact of bats as reservoirs of RVAs on public health.IMPORTANCE Bat viruses, such as severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), Ebola, Hendra, and Nipah viruses, are important pathogens causing outbreaks of severe emerging infectious diseases. However, little is known about bat viruses capable of causing gastroenteritis in humans, even though 8 group A viruses (RVAs) have been identified from bats so far. In this study, another 4 RVA strains were identified, with one providing strong evidence for zoonotic transmission from bats to humans. Serological investigation has also indicated that RVA infection in bats is far more prevalent than expected based on the detection of viral RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/28381569M��He, Biao
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Viral Plaque Assay���Mar 8���Human paramyxoviruses include global causes of lower respiratory disease like the parainfluenza viruses, as well as agents of lethal encephalitis like Nipah virus. Infection is initiated by viral glycoprotein-mediated fusion between viral and host cell membranes. Paramyxovirus viral fusion proteins (F) insert into the target cell membrane, and form a transient intermediate that pulls the viral and cell membranes together as two heptad-repeat regions refold to form a six-helix bundle structure that can be specifically targeted by fusion-inhibitory peptides. Antiviral potency can be improved by sequence modification and lipid conjugation, and by adding linkers between the protein and lipid components. We exploit the uniquely broad spectrum antiviral activity of a parainfluenza F-derived peptide sequence that inhibits both parainfluenza and Nipah viruses, to investigate the influence of peptide orientation and intervening linker length on the peptides' interaction with transitional states of F, solubility, membrane insertion kinetics, and protease sensitivity. We assessed the impact of these features on biodistribution and antiviral efficacy in vitro and in vivo. The engineering approach based on biophysical parameters resulted in a peptide that is a highly effective inhibitor of both paramyxoviruses and a set of criteria to be used for engineering broad spectrum antivirals for emerging paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/28344321»��Mathieu, Cyrille
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*viral assembly���May 15�	�Nipah virus (NiV), a paramyxovirus in the genus Henipavirus, has a mortality rate in humans of approximately 75%. While several studies have begun our understanding of NiV particle formation, the mechanism of this process remains to be fully elucidated. For many paramyxoviruses, M proteins drive viral assembly and egress; however, some paramyxoviral glycoproteins have been reported as important or essential in budding. For NiV the matrix protein (M), the fusion glycoprotein (F) and, to a much lesser extent, the attachment glycoprotein (G) autonomously induce the formation of virus-like particles (VLPs). However, functional interactions between these proteins during assembly and egress remain to be fully understood. Moreover, if the F-driven formation of VLPs occurs through interactions with host cell machinery, the cytoplasmic tail (CT) of F is a likely interactive domain. Therefore, we analyzed NiV F CT deletion and alanine mutants and report that several but not all regions of the F CT are necessary for efficient VLP formation. Two of these regions contain YXXO or dityrosine motifs previously shown to interact with cellular machinery involved in F endocytosis and transport. Importantly, our results showed that F-driven, M-driven, and M/F-driven viral particle formation enhanced the recruitment of G into VLPs. By identifying key motifs, specific residues, and functional viral protein interactions important for VLP formation, we improve our understanding of the viral assembly/egress process and point to potential interactions with host cell machinery.IMPORTANCE Henipaviruses can cause deadly infections of medical, veterinary, and agricultural importance. With recent discoveries of new henipa-like viruses, understanding the mechanisms by which these viruses reproduce is paramount. We have focused this study on identifying the functional interactions of three Nipah virus proteins during viral assembly and particularly on the role of one of these proteins, the fusion glycoprotein, in the incorporation of other viral proteins into viral particles. By identifying several regions in the fusion glycoprotein that drive viral assembly, we further our understanding of how these viruses assemble and egress from infected cells. The results presented will likely be useful toward designing treatments targeting this aspect of the viral life cycle and for the production of new viral particle-based vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/28250132n��Johnston, Gunner P
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Veterinarians���Feb 18R
�BACKGROUND: Communication skills are essential for veterinarians who need to discuss animal health related matters with their clients. When dealing with an emerging zoonosis, such as Hendra virus (HeV), veterinarians also have a legal responsibility to inform their clients about the associated risks to human health. Here we report on part of a mixed methods study that examined the preparedness of, and difficulties experienced by, veterinarians communicating about HeV-related risks with their clients. METHODS: Phase 1 was an exploratory, qualitative study that consisted of a series of face-to-face, semi-structured interviews with veterinary personnel from Queensland, Australia (2009-10) to identify the barriers to HeV management in equine practices. Phase 2a was a quantitative study that surveyed veterinarians from the same region (2011) and explored the veterinarians' preparedness and willingness to communicate about HeV-related risks, and the reactions of their clients that they experienced. The second study included both multiple choice and open-ended questions. RESULTS: The majority of the participants from Phase 2a (83.1%) declared they had access to a HeV management plan and over half (58.6%) had ready-to-use HeV information available for clients within their practice. Most (87%) reported "always or sometimes" informing clients about HeV-related risks when a horse appeared sick. When HeV was suspected, 58.1% of participants reported their clients were receptive to their safety directives and 24.9% of clients were either initially unreceptive, overwhelmed by fear, or in denial of the associated risks. The thematic analysis of the qualitative data from Phases 1 and 2a uncovered similar themes in relation to HeV-related communication issues experienced by veterinarians: "clients' intent to adhere"; "adherence deemed redundant"; "misunderstanding or denial of risk"; "cost"; "rural culture"; "fear for reputation". The theme of "emotional state of clients" was only identified during Phase 1. CONCLUSION: Warning horse owners about health and safety issues that may affect them when present in a veterinary work environment is a legal requirement for veterinarians. However, emerging zoonoses are unpredictable events that may require a different communication approach. Future training programs addressing veterinary communication skills should take into account the particular issues inherent to managing an emerging zoonosis and emphasise the importance of maintaining human safety. Veterinary communication skills and approaches required when dealing with emerging zoonoses should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/28214468¶��Mendez, Diana H
Buttner, Petra
Kelly, Jenny
Nowak, Madeleine
Speare Posthumously, Rick
eng
England
2017/02/20 06:00
BMC Vet Res. 2017 Feb 18;13(1):56. doi: 10.1186/s12917-017-0970-2.*��1746-6148 (Electronic)
1746-6148 (Linking)
��PMC5316153���28214468é��College of Public Health, Medical and Veterinary Sciences, James Cook University, Townsville, QLD 4811, Australia. Diana.Mendez@jcu.edu.au.
Centre for Chronic Disease Prevention, James Cook University, Cairns, QLD 4870, Australia.
Tropical Health Solutions Pty Ltd, Townsville, 4811, QLD, Australia.
College of Medicine and Dentistry, James Cook University, Townsville, QLD 4811, Australia.
Centre for Nursing and Midwifery Research, James Cook University, Townsville, QLD 4811, Australia.���10.1186/s12917-017-0970-2���ò��üÒtÿî?����1��Webb, S.
Nagy, T.
Moseley, H.
Fried, M.
Dutch, R.���2017\��Hendra virus fusion protein transmembrane domain contributes to pre-fusion protein stability	��5685-5694���J Biol Chem���292���14g��Amino Acid Motifs
Amino Acid Substitution
Animals
Cercopithecus aethiops
Hendra Virus/*chemistry/genetics/metabolism
Mutation, Missense
Protein Domains
Structure-Activity Relationship
Viral Core Proteins/*chemistry/genetics/metabolism
*conformational change
*fusion protein
*membrane fusion
*paramyxovirus
*pre-fusion conformation
*transmembrane domain
*virus���Apr 7ü��Enveloped viruses utilize fusion (F) proteins studding the surface of the virus to facilitate membrane fusion with a target cell membrane. Fusion of the viral envelope with a cellular membrane is required for release of viral genomic material, so the virus can ultimately reproduce and spread. To drive fusion, the F protein undergoes an irreversible conformational change, transitioning from a metastable pre-fusion conformation to a more thermodynamically stable post-fusion structure. Understanding the elements that control stability of the pre-fusion state and triggering to the post-fusion conformation is important for understanding F protein function. Mutations in F protein transmembrane (TM) domains implicated the TM domain in the fusion process, but the structural and molecular details in fusion remain unclear. Previously, analytical ultracentrifugation was utilized to demonstrate that isolated TM domains of Hendra virus F protein associate in a monomer-trimer equilibrium (Smith, E. C., Smith, S. E., Carter, J. R., Webb, S. R., Gibson, K. M., Hellman, L. M., Fried, M. G., and Dutch, R. E. (2013) J. Biol. Chem. 288, 35726-35735). To determine factors driving this association, 140 paramyxovirus F protein TM domain sequences were analyzed. A heptad repeat of beta-branched residues was found, and analysis of the Hendra virus F TM domain revealed a heptad repeat leucine-isoleucine zipper motif (LIZ). Replacement of the LIZ with alanine resulted in dramatically reduced TM-TM association. Mutation of the LIZ in the whole protein resulted in decreased protein stability, including pre-fusion conformation stability. Together, our data suggest that the heptad repeat LIZ contributed to TM-TM association and is important for F protein function and pre-fusion stability.,��https://www.ncbi.nlm.nih.gov/pubmed/282135157��Webb, Stacy
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*Who���Feb 8ò��BACKGROUND: On December 8(th), 2015, World Health Organization published a priority list of eight pathogens expected to cause severe outbreaks in the near future. To better understand global research trends and characteristics of publications on these emerging pathogens, we carried out this bibliometric study hoping to contribute to global awareness and preparedness toward this topic. METHOD: Scopus database was searched for the following pathogens/infectious diseases: Ebola, Marburg, Lassa, Rift valley, Crimean-Congo, Nipah, Middle Eastern Respiratory Syndrome (MERS), and Severe Respiratory Acute Syndrome (SARS). Retrieved articles were analyzed to obtain standard bibliometric indicators. RESULTS: A total of 8619 journal articles were retrieved. Authors from 154 different countries contributed to publishing these articles. Two peaks of publications, an early one for SARS and a late one for Ebola, were observed. Retrieved articles received a total of 221,606 citations with a mean +/- standard deviation of 25.7 +/- 65.4 citations per article and an h-index of 173. International collaboration was as high as 86.9%. The Centers for Disease Control and Prevention had the highest share (344; 5.0%) followed by the University of Hong Kong with 305 (4.5%). The top leading journal was Journal of Virology with 572 (6.6%) articles while Feldmann, Heinz R. was the most productive researcher with 197 (2.3%) articles. China ranked first on SARS, Turkey ranked first on Crimean-Congo fever, while the United States of America ranked first on the remaining six diseases. Of retrieved articles, 472 (5.5%) were on vaccine - related research with Ebola vaccine being most studied. CONCLUSION: Number of publications on studied pathogens showed sudden dramatic rise in the past two decades representing severe global outbreaks. Contribution of a large number of different countries and the relatively high h-index are indicative of how international collaboration can create common health agenda among distant different countries.,��https://www.ncbi.nlm.nih.gov/pubmed/28179007���Sweileh, Waleed M
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Bryce Henderson, Juana Zamora declare no conflicts of interest���Sep���The family Paramyxoviridae includes many viruses that significantly affect human and animal health. An essential step in the paramyxovirus life cycle is viral entry into host cells, mediated by virus-cell membrane fusion. Upon viral entry, infection results in expression of the paramyxoviral glycoproteins on the infected cell surface. This can lead to cell-cell fusion (syncytia formation), often linked to pathogenesis. Thus membrane fusion is essential for both viral entry and cell-cell fusion and an attractive target for therapeutic development. While there are important differences between viral-cell and cell-cell membrane fusion, many aspects are conserved. The paramyxoviruses generally utilize two envelope glycoproteins to orchestrate membrane fusion. Here, we discuss the roles of these glycoproteins in distinct steps of the membrane fusion process. These findings can offer insights into evolutionary relationships among Paramyxoviridae genera and offer future targets for prophylactic and therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/28138419ê��Aguilar, Hector C
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infections���Jan«��OBJECTIVE: Characterisation of experimental Hendra virus (HeV) infection in dogs and assessment of associated transmission risk. METHODS: Beagle dogs were exposed oronasally to Hendra virus/Australia/Horse/2008/Redlands or to blood collected from HeV-infected ferrets. Ferrets were exposed to oral fluids collected from dogs after canine exposure to HeV. Observations made and samples tested post-exposure were used to assess the clinical course and replication sites of HeV in dogs, the infectivity for ferrets of canine oral fluids and features of HeV infection in dogs following contact with infective blood. RESULTS: Dogs were reliably infected with HeV and were generally asymptomatic. HeV was re-isolated from the oral cavity and virus clearance was associated with development of virus neutralising antibody. Major sites of HeV replication in dogs were the tonsils, lower respiratory tract and associated lymph nodes. Virus replication was documented in canine kidney and spleen, confirming a viraemic phase for canine HeV infection and suggesting that urine may be a source of infectious virus. Infection was transmitted to ferrets via canine oral secretions, with copy numbers for the HeV N gene in canine oral swabs comparable to those reported for nasal swabs of experimentally infected horses. CONCLUSION: HeV is not highly pathogenic for dogs, but their oral secretions pose a potential transmission risk to people. The time-window for transmission risk is circumscribed and corresponds to the period of acute infection before establishment of an adaptive immune response. The likelihood of central nervous system involvement in canine HeV infection is unclear, as is any long-term consequence.,��https://www.ncbi.nlm.nih.gov/pubmed/28124415Ê��Middleton, D J
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*paramyxoviruses���Apr���Bats are reservoir hosts for many paramyxoviruses, some of which cause human and zoonotic diseases of public health importance. We developed a Nipah virus nucleoprotein enzyme-linked immunosorbent assay to detect cross-reactive antibodies in serum samples from several bat species in Brazil. Our results warrant further investigation of henipa-like virus reservoirs in the Western hemisphere.,��https://www.ncbi.nlm.nih.gov/pubmed/28103156~��de Araujo, Jansen
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*Survival���Jul¼��Infectious diseases are transmitted when susceptible hosts are exposed to pathogen particles that can replicate within them. Among factors that limit transmission, the environment is particularly important for indirectly transmitted parasites. To try and assess a pathogens' ability to be transmitted through the environment and mitigate risk, we need to quantify its decay where transmission occurs in space such as the microclimate harbouring the pathogen. Hendra virus, a Henipavirus from Australian Pteropid bats, spills-over to horses and humans, causing high mortality. While a vaccine is available, its limited uptake has reduced opportunities for adequate risk management to humans, hence the need to develop synergistic preventive measures, like disrupting its transmission pathways. Transmission likely occurs shortly after virus excretion in paddocks; however, no survival estimates to date have used real environmental conditions. Here, we recorded microclimate conditions and fitted models that predict temperatures and potential evaporation, which we used to simulate virus survival with a temperature-survival model and modification based on evaporation. Predicted survival was lower than previously estimated and likely to be even lower according to potential evaporation. Our results indicate that transmission should occur shortly after the virus is excreted, in a relatively direct way. When potential evaporation is low, and survival is more similar to temperature dependent estimates, transmission might be indirect because the virus can wait several hours until contact is made. We recommend restricting horses' access to trees during night time and reducing grass under trees to reduce virus survival.,��https://www.ncbi.nlm.nih.gov/pubmed/28091706Ù��Martin, Gerardo
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Zoonoses/epidemiology/*transmission���Feb­��Nipah virus is a recently-recognised, zoonotic paramyxovirus that causes severe disease and high fatality rates in people. Outbreaks have occurred in Malaysia, Singapore, India and Bangladesh, and a putative Nipah virus was also recently associated with human disease in the Philippines. Worryingly, human-to-human transmission is common in Bangladesh, where outbreaks occur with near-annual frequency. Onward human transmission of Nipah virus in Bangladesh is associated with close contact with clinically-unwell patients or their infectious secretions. While Nipah virus isolates associated with outbreaks of human infection have not resulted in sustained transmission to date, specific exposures carry a high risk of person-to-person transmission, an observation which is supported by recent findings in animal models. Novel paramyxoviruses continue to emerge from wildlife hosts, and represent an ongoing threat to human health globally.,��https://www.ncbi.nlm.nih.gov/pubmed/28088124¸��Clayton, Bronwyn Anne
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*Phage display���MayÔ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with unusual broad host tropism and is designated as a Category C pathogen by the U.S. National Institute of Allergy and Infectious Diseases. NiV infection is initiated after binding of the viral G glycoprotein to the host cell receptor. The aim of this study was to map the NiV G glycoprotein cell binding domain using a phage display system. The NiV G extracellular domain was truncated and displayed as attachment proteins on M13 phage g3p minor coat protein. The binding efficiency of recombinant phages displaying different regions of NiV G to mammalian cells was evaluated. Results showed that regions of NiV G consisting of amino acids 396-602 (recombinant phage G4) and 498-602 (recombinant phage G5) demonstrated the highest binding to both Vero (5.5x10(3) cfu/ml and 5.6x10(3) cfu/ml) and THP-1 cells (3.5x10(3) cfu/ml and 2.9x10(3) cfu/ml). However, the binding of both of these recombinant phages to THP-1 cells was significantly lower than to Vero cells, and this could be due to the lack of primary host cell receptor expression on THP-1 cells. Furthermore, the binding between these two recombinant phages was competitive suggesting that there was a common host cell attachment site. This study employed an approach that is suitable for use in a biosafety level 2 containment laboratory without the need to use live virus to show that NiV G amino acids 498-602 play an important role for attachment to host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/28082163Ç��Lam, Chui-Wan
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�Recombinant vesicular stomatitis virus (VSV)-based chimeric viruses that include genes from other viruses show promise as vaccines and oncolytic viruses. However, the critical safety concern is the neurotropic nature conveyed by the VSV glycoprotein. VSVs that include the VSV glycoprotein (G) gene, even in most recombinant attenuated strains, can still show substantial adverse or lethal actions in the brain. Here, we test 4 chimeric viruses in the brain, including those in which glycoprotein genes from Nipah, chikungunya (CHIKV), and influenza H5N1 viruses were substituted for the VSV glycoprotein gene. We also test a virus-like vesicle (VLV) in which the VSV glycoprotein gene is expressed from a replicon encoding the nonstructural proteins of Semliki Forest virus. VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV were all safe in the adult mouse brain, as were VSVDeltaG viruses expressing either the Nipah F or G glycoprotein. In contrast, a complementing pair of VSVDeltaG viruses expressing Nipah G and F glycoproteins were lethal within the brain within a surprisingly short time frame of 2 days. Intranasal inoculation in postnatal day 14 mice with VSVDeltaG-CHIKV or VLV evoked no adverse response, whereas VSVDeltaG-H5N1 by this route was lethal in most mice. A key immune mechanism underlying the safety of VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV in the adult brain was the type I interferon response; all three viruses were lethal in the brains of adult mice lacking the interferon receptor, suggesting that the viruses can infect and replicate and spread in brain cells if not blocked by interferon-stimulated genes within the brain.IMPORTANCE Vesicular stomatitis virus (VSV) shows considerable promise both as a vaccine vector and as an oncolytic virus. The greatest limitation of VSV is that it is highly neurotropic and can be lethal within the brain. The neurotropism can be mostly attributed to the VSV G glycoprotein. Here, we test 4 chimeric viruses of VSV with glycoprotein genes from Nipah, chikungunya, and influenza viruses and nonstructural genes from Semliki Forest virus. Two of the four, VSVDeltaG-CHIKV and VLV, show substantially attenuated neurotropism and were safe in the healthy adult mouse brain. VSVDeltaG-H5N1 was safe in the adult brain but lethal in the younger brain. VSVDeltaG Nipah F+G was even more neurotropic than wild-type VSV, evoking a rapid lethal response in the adult brain. These results suggest that while chimeric VSVs show promise, each must be tested with both intranasal and intracranial administration to ensure the absence of lethal neurotropism.,��https://www.ncbi.nlm.nih.gov/pubmed/28077641b��van den Pol, Anthony N
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*Fruit bats
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*innate immunity���Mar 4÷��Hendra virus and Nipah virus (NiV) are highly pathogenic zoonotic paramyxoviruses, from henipavirus genus, that have emerged in late 1990s in Australia and South-East Asia, respectively. Since their initial identification, numerous outbreaks have been reported, affecting both domestic animals and humans, and multiple rounds of person-to-person NiV transmission were observed. Widely distributed fruit bats from Pteropodidae family were found to be henipavirus natural reservoir. Numerous studies have reported henipavirus seropositivity in pteropid bats, including bats in Africa, thus expanding notably the geographic distribution of these viruses. Interestingly, henipavirus infection in bats seems to be asymptomatic, in contrast to severe disease induced in numerous other mammals. Unique among the mammals by their ability to fly, these intriguing animals are natural reservoir for many other emerging and remerging viruses highly pathogenic for humans. This feature, combined with absence of clinical symptoms, has attracted the interest of scientific community to virus-bat interactions. Therefore, several bat genomes were sequenced and particularities of the bat immune system have been intensively analyzed during the last decade to understand their coexistence with viruses in the absence of disease. The peculiarities in inflammasome activation, a constitutive expression of interferon alpha, and some differences in adaptive immunity have been recently reported in fruit bats. Studies on virus-bat interactions have thus emerged as an exciting novel area of research that should shed new light on the mechanisms that regulate viral infection and may allow development of novel therapeutic approaches to control this highly lethal emerging infectious disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28060559¾��Enchery, Francois
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Virosomes/genetics/metabolism���Aprw��Viruses of the genus Henipavirus of the family Paramyxoviridae are zoonotic pathogens, which have emerged in Southeast Asia, Australia and Africa. Nipah virus (NiV) and Hendra virus are highly virulent pathogens transmitted from bats to animals and humans, while the henipavirus Cedar virus seems to be non-pathogenic in infection studies. The full replication cycle of the Paramyxoviridae occurs in the host cell's cytoplasm, where viral assembly is orchestrated by the matrix (M) protein. Unexpectedly, the NiV-M protein traffics through the nucleus as an essential step to engage the plasma membrane in preparation for viral budding/release. Comparative studies were performed to assess whether M protein nuclear localization is a common feature of the henipaviruses, including the recently sequenced (although not yet isolated) Ghanaian bat henipavirus (Kumasi virus, GH-M74a virus) and Mojiang virus. Live-cell confocal microscopy revealed that nuclear translocation of GFP-fused M protein is conserved between henipaviruses in both human- and bat-derived cell lines. However, the efficiency of M protein nuclear localization and virus-like particle budding competency varied. Additionally, Cedar virus-, Kumasi virus- and Mojiang virus-M proteins were mutated in a bipartite nuclear localization signal, indicating that a key lysine residue is essential for nuclear import, export and induction of budding events, as previously reported for NiV-M. The results of this study suggest that the M proteins of henipaviruses may utilize a similar nucleocytoplasmic trafficking pathway as an essential step during viral replication in both humans and bats.,��https://www.ncbi.nlm.nih.gov/pubmed/28056216ý��McLinton, Elisabeth C
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vaccination���Dec	��Hendra virus was identified in horses and humans in 1994, in Queensland, Australia. Flying foxes are the natural host. Horses are thought to acquire infection by direct or indirect contact with infected flying fox urine. Humans are infected from close contact with infected horses. To reduce risk of infection in horses and humans, Australian horse owners are encouraged to vaccinate horses against the virus and adopt property risk mitigation practices that focus on reducing flying fox horse contact and contamination of horses' environment with flying fox bodily fluids. This study investigates uptake of four Hendra virus risk mitigation practices in a sample of non- and partially vaccinating horse owners living close to previous Hendra virus cases. Protection motivation theory was used to develop a conceptual model to investigate risk perception and coping factors associated with uptake of risk mitigation practices. An online survey was administered via Facebook pages of veterinary clinics close to previous Hendra virus cases. Factors associated with uptake of risk mitigation practices were investigated using univariate and multivariate binary logistic regression. Belief that a risk mitigation practice would be effective in reducing Hendra virus risk was significantly associated with the uptake of that practice. Issues around the practicality of implementing risk mitigation practices were found to be the greatest barrier to uptake. Factors that relate to risk immediacy, such as nearby infection, were identified as more likely to trigger uptake of risk mitigation practices. The role of veterinarians in supporting Hendra risk mitigation was identified as more influential than that of respected others or friends. Findings from this study are being used to assist stakeholders in Australia responsible for promotion of risk mitigation practice in identifying additional pathways and reliable influencing factors that could be utilized for engaging and communicating with horse owners to promote Hendra virus risk mitigation behaviour.,��https://www.ncbi.nlm.nih.gov/pubmed/28054443Â��Manyweathers, J
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genetic diversity.#��Astroviruses are emerging RNA viruses that cause enteropathogenic infections in humans and in other mammals. The identification of astroviruses in a wide range of animals highlights the zoonotic importance of these viruses. Bats can harbor many different viruses, among which some are highly pathogenic for humans (for instance, Nipah, Ebola and SARS coronavirus), and also several astroviruses. As some RNA viruses can be directly transmitted from bats to humans, it is crucial to collect data about their frequency, genetic diversity and phylogenetic characterization. In this study, we report the molecular identification of 44 new astroviruses (with a detection rate of 4.5%) in 962 apparently healthy bats that belong to five different species and that were captured in different caves in North-East Gabon, Central Africa. Our results show that bat astroviruses form a group that is genetically distinct from astroviruses infecting other mammals. Moreover, these astroviruses showed an important genetic diversity and low host restriction in bat species.,��https://www.ncbi.nlm.nih.gov/pubmed/27928918Ú��Rougeron, V
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Lab-On-A-Chip Devices
Magnetite Nanoparticles/*chemistry���Dec 20°��Current diagnosis of infectious diseases such as Hendra virus (HeV) relies mostly on laboratory-based tests. There is an urgent demand for rapid diagnosis technology to detect and identify these diseases in humans and animals so that disease spread can be controlled. In this study, an integrated lab-on-a-chip device using a magnetic nanoparticle immunoassay is developed. The key features of the device are the chaotic fluid mixing, achieved by magnetically driven motion of nanoparticles with the optimal mixing protocol developed using chaotic transport theory, and the automatic liquid handling system for loading reagents and samples. The device has been demonstrated to detect Hendra virus antibodies in dilute horse serum samples within a short time of 15 minutes and the limit of detection is about 0.48 ng ml(-1). The device platform can potentially be used for field detection of viruses and other biological and chemical substances.,��https://www.ncbi.nlm.nih.gov/pubmed/27921111���Petkovic, K
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��Yoneda, M.���2016*��Nipah and Hendra virus infectious diseases	��1973-1978���Nihon Rinsho���74���12���Decý��Nipah and Hendra virus were first identified in mid 1990s in Australia and Malaysia, caus- ing epidemics with high mortality rate in affected animals and humans. Since their first emer- gence, they continued to re-emerge in Australia and South East Asia almost every year. Nipah and Hendra virus were classified in the new genus Henipavirus because of their un- common features amongst Paramyxoviridae. Henipaviruses are zoonotic paramyxoviruses with a broad tropism, and cause severe acute respiratory disease and encephalitis. Their high virulence and wide host range make them to be given Biosecurity Level 4 status. This review summarizes details of Henipavirus emergence, reservoir hosts and pathology, and introduce recent progress in vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/30550652R��Yoneda, Misako
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Hendra virus
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fruit bat
henipavirus
machine learning
population dynamics
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viral prevalence���Octb��Fruit bats (Pteropodidae) have received increased attention after the recent emergence of notable viral pathogens of bat origin. Their vagility hinders data collection on abundance and distribution, which constrains modeling efforts and our understanding of bat ecology, viral dynamics, and spillover. We addressed this knowledge gap with models and data on the occurrence and abundance of nectarivorous fruit bat populations at 3 day roosts in southeast Queensland. We used environmental drivers of nectar production as predictors and explored relationships between bat abundance and virus spillover. Specifically, we developed several novel modeling tools motivated by complexities of fruit bat foraging ecology, including: (1) a dataset of spatial variables comprising Eucalypt-focused vegetation indices, cumulative precipitation, and temperature anomaly; (2) an algorithm that associated bat population response with spatial covariates in a spatially and temporally relevant way given our current understanding of bat foraging behavior; and (3) a thorough statistical learning approach to finding optimal covariate combinations. We identified covariates that classify fruit bat occupancy at each of our three study roosts with 86-93% accuracy. Negative binomial models explained 43-53% of the variation in observed abundance across roosts. Our models suggest that spatiotemporal heterogeneity in Eucalypt-based food resources could drive at least 50% of bat population behavior at the landscape scale. We found that 13 spillover events were observed within the foraging range of our study roosts, and they occurred during times when models predicted low population abundance. Our results suggest that, in southeast Queensland, spillover may not be driven by large aggregations of fruit bats attracted by nectar-based resources, but rather by behavior of smaller resident subpopulations. Our models and data integrated remote sensing and statistical learning to make inferences on bat ecology and disease dynamics. This work provides a foundation for further studies on landscape-scale population movement and spatiotemporal disease dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/27891217ü��Giles, John R
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*phosphoprotein���Jan 15d��Marburg virus (MARV) is a highly pathogenic filovirus that is classified in a genus distinct from that of Ebola virus (EBOV) (genera Marburgvirus and Ebolavirus, respectively). Both viruses produce a multifunctional protein termed VP35, which acts as a polymerase cofactor, a viral protein chaperone, and an antagonist of the innate immune response. VP35 contains a central oligomerization domain with a predicted coiled-coil motif. This domain has been shown to be essential for RNA polymerase function. Here we present crystal structures of the MARV VP35 oligomerization domain. These structures and accompanying biophysical characterization suggest that MARV VP35 is a trimer. In contrast, EBOV VP35 is likely a tetramer in solution. Differences in the oligomeric state of this protein may explain mechanistic differences in replication and immune evasion observed for MARV and EBOV. IMPORTANCE: Marburg virus can cause severe disease, with up to 90% human lethality. Its genome is concise, only producing seven proteins. One of the proteins, VP35, is essential for replication of the viral genome and for evasion of host immune responses. VP35 oligomerizes (self-assembles) in order to function, yet the structure by which it assembles has not been visualized. Here we present two crystal structures of this oligomerization domain. In both structures, three copies of VP35 twist about each other to form a coiled coil. This trimeric assembly is in contrast to tetrameric predictions for VP35 of Ebola virus and to known structures of homologous proteins in the measles, mumps, and Nipah viruses. Distinct oligomeric states of the Marburg and Ebola virus VP35 proteins may explain differences between them in polymerase function and immune evasion. These findings may provide a more accurate understanding of the mechanisms governing VP35's functions and inform the design of therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/27847355¡��Bruhn, Jessica F
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Virus Replication���Novì��BACKGROUND: Nipah virus causes respiratory and neurologic disease with case fatality rates up to 100% in individual outbreaks. End stage lesions have been described in the respiratory and nervous systems, vasculature and often lymphoid organs in fatal human cases; however, the initial target organs of Nipah virus infection have not been identified. Here, we detected the initial target tissues and cells of Nipah virus and tracked virus dissemination during the early phase of infection in Syrian hamsters inoculated with a Nipah virus isolate from Malaysia (NiV-M) or Bangladesh (NiV-B). METHODOLOGY/PRINCIPAL FINDINGS: Syrian hamsters were euthanized between 4 and 48 hours post intranasal inoculation and tissues were collected and analyzed for the presence of viral RNA, viral antigen and infectious virus. Virus replication was first detected at 8 hours post inoculation (hpi). Nipah virus initially targeted type I pneumocytes, bronchiolar respiratory epithelium and alveolar macrophages in the lung and respiratory and olfactory epithelium lining the nasal turbinates. By 16 hpi, virus disseminated to epithelial cells lining the larynx and trachea. Although the pattern of viral dissemination was similar for both virus isolates, the rate of spread was slower for NiV-B. Infectious virus was not detected in the nervous system or blood and widespread vascular infection and lesions within lymphoid organs were not observed, even at 48 hpi. CONCLUSIONS/SIGNIFICANCE: Nipah virus initially targets the respiratory system. Virus replication in the brain and infection of blood vessels in non-respiratory tissues does not occur during the early phase of infection. However, virus replicates early in olfactory epithelium and may serve as the first step towards nervous system dissemination, suggesting that development of vaccines that block virus dissemination or treatments that can access the brain and spinal cord and directly inhibit virus replication may be necessary for preventing central nervous system pathology.,��https://www.ncbi.nlm.nih.gov/pubmed/27812087���Baseler, Laura
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*Stent���Dec 30°��Active ingredients of ginsenoside, Rg1 and Re, are able to inhibit the proliferation of vascular smooth muscle cells and promote the growth of vascular endothelial cells. These capabilities are of interest for developing a novel drug-eluting stent to potentially solve the current problem of late-stent thrombosis and poor endotheliazation. Therefore, this study was aimed to incorporate ginsenoside into degradable coating of poly(lactic-co-glycolic acid) (PLGA). Drug mixture composed of ginseng extract and 10% to 50% of PLGA (xPLGA/g) was coated on electropolished stainless steel 316L substrate by using a dip coating technique. The coating was characterized principally by using attenuated total reflectance-Fourier transform infrared spectroscopy, scanning electron microscopy and contact angle analysis, while the drug release profile of ginsenosides Rg1 and Re was determined by using mass spectrometry at a one month immersion period. Full and homogenous coating coverage with acceptable wettability was found on the 30PLGA/g specimen. All specimens underwent initial burst release dependent on their composition. The 30PLGA/g and 50PLGA/g specimens demonstrated a controlled drug release profile having a combination of diffusion- and swelling-controlled mechanisms of PLGA. The study suggests that the 30PLGA/g coated specimen expresses an optimum composition which is seen as practicable for developing a controlled release drug-eluting stent.,��https://www.ncbi.nlm.nih.gov/pubmed/27793709ò��Miswan, Zulaika
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immunohistochemistry
olfactory epithelium
statistical analysis
subtypesÞ��The olfactory epithelium (OE) is the only body site where neurons contact directly the environment and are therefore exposed to a broad variation of substances and insults. It can serve as portal of entry for neurotropic viruses which spread via the olfactory pathway to the central nervous system. For horses, it has been proposed and concluded mainly from rodent studies that different viruses, e.g., Borna disease virus, equine herpesvirus 1 (EHV-1), hendra virus, influenza virus, rabies virus, vesicular stomatitis virus can use this route. However, little is yet known about cytoarchitecture, protein expression and the intranasal location of the equine OE. Revealing differences in cytoarchitecture or protein expression pattern in comparison to rodents, canines, or humans might help to explain varying susceptibility to certain intranasal virus infections. On the other hand, disclosing similarities especially between rodents and other species, e.g., horses would help to underscore transferability of rodent models. Analysis of the complete noses of five adult horses revealed that in the equine OE two epithelial subtypes with distinct marker expression exist, designated as types a and b which resemble those previously described in dogs. Detailed statistical analysis was carried out to confirm the results obtained on the descriptive level. The equine OE was predominantly located in caudodorsal areas of the nasal turbinates with a significant decline in rostroventral direction, especially for type a. Immunohistochemically, olfactory marker protein and doublecortin (DCX) expression was found in more cells of OE type a, whereas expression of proliferating cell nuclear antigen and tropomyosin receptor kinase A was present in more cells of type b. Accordingly, type a resembles the mature epithelium, in contrast to the more juvenile type b. Protein expression profile was comparable to canine and rodent OE but equine types a and b were located differently within the nose and revealed differences in its cytoarchitecture when compared to canine OE. Equine OE type a closely resembles rat OE. Whether the observed differences contribute to species-specific susceptibility to intranasal insults such as virus infections has to be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/27790096¸��Kupke, Alexandra
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*European Union
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Models, Statistical
Nipah Virus/*physiology
Risk Assessment
Species Specificity
Travel
Uncertainty���Bat-borne viruses have been linked to a number of zoonotic diseases; in 2014 there have been human cases of Nipah virus (NiV) in Bangladesh and Ebola virus in West and Central Africa. Here we describe a model designed to provide initial quantitative predictions of the risk of entry of such viruses to European Union (EU) Member States (MSs) through four routes: human travel, legal trade (e.g. fruit and animal products), live animal movements and illegal importation of bushmeat. The model utilises available datasets to assess the movement via these routes between individual countries of the world and EU MSs. These data are combined with virus specific data to assess the relative risk of entry between EU MSs. As a case study, the model was parameterised for NiV. Scenario analyses showed that the selection of exporting countries with NiV and potentially contaminated trade products were essential to the accuracy of all model outputs. Uncertainty analyses of other model parameters identified that the model expected number of years to an introduction event within the EU was highly susceptible to the prevalence of NiV in bats. The relative rankings of the MSs and routes, however, were more robust. The UK, the Netherlands and Germany were consistently the most likely points of entry and the ranking of most MSs varied by no more than three places (maximum variation five places). Legal trade was consistently the most likely route of entry, only falling below human travel when the estimate of the prevalence of NiV in bats was particularly low. Any model-based calculation is dependent on the data available to feed into the model and there are distinct gaps in our knowledge, particularly in regard to various pathogen/virus as well as host/bat characteristics. However, the strengths of this model lie in the provision of relative comparisons of risk among routes and MSs. The potential for expansion of the model to include other routes and viruses and the possibility of rapid parameterisation demonstrates its potential for use in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/27788234Î��Simons, Robin R L
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*Virus Internalization���Oct|��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are bat-borne viruses that cause fatal disease in humans and a range of other mammalian species. Gaining a deeper understanding of host pathways exploited by henipaviruses for infection may identify targets for new anti-viral therapies. Here we have performed genome-wide high-throughput agonist and antagonist screens at biosafety level 4 to identify host-encoded microRNAs (miRNAs) impacting henipavirus infection in human cells. Members of the miR-181 and miR-17~93 families strongly promoted Hendra virus infection. miR-181 also promoted Nipah virus infection, but did not affect infection by paramyxoviruses from other genera, indicating specificity in the virus-host interaction. Infection promotion was primarily mediated via the ability of miR-181 to significantly enhance henipavirus-induced membrane fusion. Cell signalling receptors of ephrins, namely EphA5 and EphA7, were identified as novel negative regulators of henipavirus fusion. The expression of these receptors, as well as EphB4, were suppressed by miR-181 overexpression, suggesting that simultaneous inhibition of several Ephs by the miRNA contributes to enhanced infection and fusion. Immune-responsive miR-181 levels was also up-regulated in the biofluids of ferrets and horses infected with Hendra virus, suggesting that the host innate immune response may promote henipavirus spread and exacerbate disease severity. This study is the first genome-wide screen of miRNAs influencing infection by a clinically significant mononegavirus and nominates select miRNAs as targets for future anti-viral therapy development.,��https://www.ncbi.nlm.nih.gov/pubmed/27783670h��Foo, Chwan Hong
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*nonresponse���Oct-Dec���BACKGROUND: Even a well-designed randomized control trial (RCT) study can produce ambiguous results. This article highlights a case in which full sample results from a large-scale RCT in the United Kingdom differ from results for a subsample of survey respondents. OBJECTIVES: Our objective is to ascertain the source of the discrepancy in inferences across data sources and, in doing so, to highlight important threats to the reliability of the causal conclusions derived from even the strongest research designs. RESEARCH DESIGN: The study analyzes administrative data to shed light on the source of the differences between the estimates. We explore the extent to which heterogeneous treatment impacts and survey nonresponse might explain these differences. We suggest checks which assess the external validity of survey measured impacts, which in turn provides an opportunity to test the effectiveness of different weighting schemes to remove bias. The subjects included 6,787 individuals who participated in a large-scale social policy experiment. RESULTS: Our results were not definitive but suggest nonresponse bias is the main source of the inconsistent findings. CONCLUSIONS: The results caution against overconfidence in drawing conclusions from RCTs and highlight the need for great care to be taken in data collection and analysis. Particularly, given the modest size of impacts expected in most RCTs, small discrepancies in data sources can alter the results. Survey data remain important as a source of information on outcomes not recorded in administrative data. However, linking survey and administrative data is strongly recommended whenever possible.,��https://www.ncbi.nlm.nih.gov/pubmed/27780905À��Dorsett, Richard
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*Hendra virus
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*flying-foxes���May¸��Hendra virus (HeV) causes potentially fatal respiratory and/or neurological disease in both horses and humans. Although Australian flying-foxes of the genus Pteropus have been identified as reservoir hosts, the precise mechanism of HeV transmission has yet to be elucidated. To date, there has been limited investigation into the role of haematophagous insects as vectors of HeV. This mode of transmission is particularly relevant because Australian flying-foxes host the bat-specific blood-feeding ectoparasites of the genus Cyclopodia (Diptera: Nycteribiidae), also known as bat flies. Using molecular detection methods, we screened for HeV RNA in 183 bat flies collected from flying-foxes inhabiting a roost in Boonah, Queensland, Australia. It was subsequently demonstrated that during the study period, Pteropus alecto in this roost had a HeV RNA prevalence between 2 and 15% (95% CI [1, 6] to [8, 26], respectively). We found no evidence of HeV in any bat flies tested, including 10 bat flies collected from P. alecto in which we detected HeV RNA. Our negative findings are consistent with previous findings and provide additional evidence that bat flies do not play a primary role in HeV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/27770493Ö��Vidgen, M E
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*Tioman virus���Nov)��Bat-borne viral diseases are a major public health concern among newly emerging infectious diseases which includes severe acute respiratory syndrome, Nipah, Marburg and Ebola virus disease. During the survey for Nipah virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and confirmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be susceptible to Tioman virus. Negative electron microscopy study revealed the "herringbone" morphology of the nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.,��https://www.ncbi.nlm.nih.gov/pubmed/27619056o��Yadav, Pragya
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Queensland���Oct 20È��Australian dinosaurs have played a rare but controversial role in the debate surrounding the effect of Gondwanan break-up on Cretaceous dinosaur distribution. Major spatiotemporal gaps in the Gondwanan Cretaceous fossil record, coupled with taxon incompleteness, have hindered research on this effect, especially in Australia. Here we report on two new sauropod specimens from the early Late Cretaceous of Queensland, Australia, that have important implications for Cretaceous dinosaur palaeobiogeography. Savannasaurus elliottorum gen. et sp. nov. comprises one of the most complete Cretaceous sauropod skeletons ever found in Australia, whereas a new specimen of Diamantinasaurus matildae includes the first ever cranial remains of an Australian sauropod. The results of a new phylogenetic analysis, in which both Savannasaurus and Diamantinasaurus are recovered within Titanosauria, were used as the basis for a quantitative palaeobiogeographical analysis of macronarian sauropods. Titanosaurs achieved a worldwide distribution by at least 125 million years ago, suggesting that mid-Cretaceous Australian sauropods represent remnants of clades which were widespread during the Early Cretaceous. These lineages would have entered Australasia via dispersal from South America, presumably across Antarctica. High latitude sauropod dispersal might have been facilitated by Albian-Turonian warming that lifted a palaeoclimatic dispersal barrier between Antarctica and South America.,��https://www.ncbi.nlm.nih.gov/pubmed/277635980��Poropat, Stephen F
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*Virus Internalization���Oct 18v��Nipah is an emerging paramyxovirus that is of serious concern to human health. It invades host cells using two of its membrane proteins-G and F. G binds to host ephrins and this stimulates G to activate F. Upon activation, F mediates virus-host membrane fusion. Here we focus on mechanisms that underlie the stimulation of G by ephrins. Experiments show that G interacts with ephrin and F through separate sites located on two different domains, the receptor binding domain (RBD) and the F activation domain (FAD). No models explain this allosteric coupling. In fact, the analogous mechanisms in other paramyxoviruses also remain undetermined. The structural organization of G is such that allosteric coupling must involve at least one of the two interfaces-the RBD-FAD interface and/or the RBD-RBD interface. Here we examine using molecular dynamics the effect of ephrin binding on the RBD-RBD interface. We find that despite inducing small changes in individual RBDs, ephrin reorients the RBD-RBD interface extensively, and in a manner that will enhance solvent exposure of the FAD. While this finding supports a proposed model of G stimulation, we also find from additional simulations that ephrin induces a similar RBD-RBD reorientation in a stimulation-deficient G mutant, V209 VG --> AAA. Together, our simulations suggest that while inter-RBD reorientation may be important, it is not, by itself, a sufficient condition for G stimulation. Additionally, we find that the mutation affects the conformational ensemble of RBD globally, including the RBD-FAD interface, suggesting the latter's role in G stimulation. Because ephrin induces small changes in individual RBDs, a proper analysis of conformational ensembles required that they are compared directly-we employ a method we developed recently, which we now release at SimTK, and show that it also performs excellently for non-Gaussian distributions.,��https://www.ncbi.nlm.nih.gov/pubmed/27760350���Dutta, Priyanka
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*zoonoses���DecF��Human Nipah encephalitis outbreaks have been identified almost yearly in Bangladesh since 2001. Though raw date palm sap consumption and person-to-person contact are recognized as major transmission pathways, alternative pathways of transmission are plausible and may not have been identified due to limited statistical power in each outbreak. We conducted a risk factor analysis using all 157 cases and 632 controls surveyed in previous investigations during 2004-2012 to identify exposures independently associated with Nipah, since date palm sap was first asked about as an exposure in 2004. To further explore possible rare exposures, we also conducted in-depth interviews with all cases, or proxies, since 2001 that reported no exposure to date palm sap or contact with another case. Cases were 4.9 (95% 3.2-7.7) times more likely to consume raw date palm sap and 7.3 (95% 4.0-13.4) times more likely to have contact with a Nipah case than controls. In-depth interviews revealed that 39/182 (21%) of Nipah cases reporting neither date palm sap consumption nor contact with another case were misclassified. Prevention efforts should be focused on interventions to interrupt transmission through date palm sap consumption and person-to-person contact. Furthermore, pooling outbreak investigation data is a good method for assessing rare exposures.,��https://www.ncbi.nlm.nih.gov/pubmed/27738775H��Hegde, Sonia T
Sazzad, Hossain M S
Hossain, M Jahangir
Alam, Mahbub-Ul
Kenah, Eben
Daszak, Peter
Rollin, Pierre
Rahman, Mahmudur
Luby, Stephen P
Gurley, Emily S
eng
CC999999/Intramural CDC HHS/
U01 CI000628/CI/NCPDCID CDC HHS/
2016/10/16 06:00
Ecohealth. 2016 Dec;13(4):720-728. doi: 10.1007/s10393-016-1166-0. Epub 2016 Oct 13.*��1612-9210 (Electronic)
1612-9202 (Linking)
��PMC5164848���27738775���Centers for Disease Control and Prevention, Atlanta, Georgia, USA.
University of Michigan, Ann Arbor, Michigan, USA.
icddr,b (formerly, International Center for Diarrheal Disease Research, Bangladesh), Centre for Communicable Diseases icddr,b, 68, Shaheed Tajuddin Ahmed Sharani, Mohakhali, Dhaka, 1212, Bangladesh.
Medical Research Council Unit, Banjul, The Gambia.
University of Florida, Florida, USA.
EcoHealth Alliance, New York, USA.
Institute of Epidemiology, Disease Control and Research, Dhaka, Bangladesh.
Stanford University, Palo Alto, CA, USA.
icddr,b (formerly, International Center for Diarrheal Disease Research, Bangladesh), Centre for Communicable Diseases icddr,b, 68, Shaheed Tajuddin Ahmed Sharani, Mohakhali, Dhaka, 1212, Bangladesh. egurley@icddrb.org.���10.1007/s10393-016-1166-0����[�FüÒ|ÿï?º������Kingsley, D. H.���20162��Emerging Foodborne and Agriculture-Related Viruses���Microbiol Spectr���4���4È��Animal Husbandry/methods
Animals
Communicable Diseases, Emerging/*veterinary/*virology
Food Handling/methods
Foodborne Diseases/*virology
Humans
Virus Diseases/*veterinary/*virology
Zoonoses/*virology���Aug���Viruses rapidly evolve and can emerge in unpredictable ways. Transmission pathways by which foodborne viruses may enter human populations and evolutionary mechanisms by which viruses can become virulent are discussed in this chapter. A majority of viruses emerge from zoonotic animal reservoirs, often by adapting and infecting intermediate hosts, such as domestic animals and livestock. Viruses that are known foodborne threats include hepatitis E virus, tick-borne encephalitis virus, enteroviruses, adenovirus, and astroviruses, among others. Viruses may potentially evolve and emerge as a result of modern agricultural practices which can concentrate livestock and bring them into contact with wild animals. Examples of viruses that have emerged in this manner are influenza, coronaviruses such as severe acute respiratory syndrome and Middle East respiratory syndrome, and the Nipah virus. The role of bats, bush meat, rodents, pigs, cattle, and poultry as reservoirs from which infectious pathogenic viruses emerge are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/27726774x��Kingsley, David H
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*risk factor���Janï��Bats of the genus Pteropus (Pteropodidae), colloquially known as flying foxes, are recognized as the natural reservoir of Hendra virus, a zoonotic paramyxovirus responsible for mortality in horses and humans. Some previous studies have suggested that physiologic and ecologic factors promote Hendra virus infection in flying foxes, and by extension, spillover to horses and humans. However, the impact of Hendra virus infection on relevant physiologic biomarkers in flying foxes has not been measured. Over 12 mo in eastern Australia, we captured and sampled 446 individual black flying foxes ( Pteropus alecto ), a putative primary reservoir host species, and measured a suite of hematologic, plasma biochemistry, and urinary biomarkers. All mean hematologic and biochemical values in both Hendra virus-positive and virus-negative cohorts were within the published reference ranges for black flying foxes. We found no association between Hendra virus infection (as indicated by PCR detection of Hendra virus RNA) and biomarkers for nutritional stress, reproductive stress, or extreme metabolic demand. However, we identified associations between several other biomarkers and Hendra virus infection, which may partly elucidate the physiologic effects of Hendra virus infection in flying foxes. Our findings highlight the need for critical evaluation of putative risk factors for infection in flying foxes and provide insights for future epidemiologic studies of Hendra virus and related viruses in the Pteropus species.,��https://www.ncbi.nlm.nih.gov/pubmed/27723384Ã��McMichael, Lee
Edson, Daniel
Mayer, David
Broos, Alice
Kopp, Steven
Meers, Joanne
Field, Hume
eng
2016/10/11 06:00
J Wildl Dis. 2017 Jan;53(1):111-120. doi: 10.7589/2016-05-100. Epub 2016 Oct 10.*��1943-3700 (Electronic)
0090-3558 (Linking)���27723384E��1 University of Queensland, Gatton Campus, School of Veterinary Science, Gatton, Queensland 4343, Australia.
2 Biosecurity Queensland, Department of Agriculture and Fisheries, Health and Food Science Precinct, 39 Kessels Road, Coopers Plains, Queensland 4108, Australia.
3 Department of Agriculture and Water Resources, GPO Box 858, Canberra, Australian Capital Territory 2601, Australia.
4 Department of Agriculture and Fisheries, Ecosciences Precinct, 41 Boggo Road, Dutton Park, Queensland 4102, Australia.
5 EcoHealth Alliance, 460 W 34th Street, New York, New York 10001, USA.���10.7589/2016-05-100���
���üÖtÿî?¼���B��Xu, X.
Greenland, J. R.
Gotts, J. E.
Matthay, M. A.
Caughey, G. H.���2016@��Cathepsin L Helps to Defend Mice from Infection with Influenza A���e0164501���PLoS One���11���10ó��Animals
CD4-Positive T-Lymphocytes/drug effects
Cathepsin L/*pharmacology
Female
Influenza A Virus, H1N1 Subtype/*drug effects
Lung/virology
Male
Mice
Mice, Inbred C57BL
Orthomyxoviridae Infections/*drug therapy
Pneumonia/drug therapy/virologyú��Host-derived proteases can augment or help to clear infections. This dichotomy is exemplified by cathepsin L (CTSL), which helps Hendra virus and SARS coronavirus to invade cells, but is essential for survival in mice with mycoplasma pneumonia. The present study tested the hypothesis that CTSL protects mice from serious consequences of infection by the orthomyxovirus influenza A, which is thought to be activated by host-supplied proteases other than CTSL. Ctsl-/- mice infected with influenza A/Puerto Rico/8/34(H1N1) had larger lung viral loads and higher mortality than infected Ctsl+/+ mice. Lung inflammation in surviving infected mice peaked 14 days after initial infection, accompanied marked focal distal airway bronchiolization and epithelial metaplasia followed by desquamation and fibrotic interstitial remodeling, and persisted for at least 6 weeks. Most deaths occurred during the second week of infection in both groups of mice. In contrast to mycoplasma pneumonia, infiltrating cells were predominantly mononuclear rather than polymorphonuclear. The histopathology of lung inflammation and remodeling in survivors was similar in Ctsl-/- and Ctsl+/+ mice, although Ctsl+/+ mice cleared immunoreactive virus sooner. Furthermore, Ctsl-/- mice had profound deficits in CD4+ lymphocytes before and after infection and weaker production of pathogen-specific IgG. Thus, CTSL appears to support innate as well as adaptive responses, which confer a survival advantage on mice infected with the orthomyxovirus influenza A.,��https://www.ncbi.nlm.nih.gov/pubmed/27716790ù��Xu, Xiang
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Virus Attachment
Virus Internalization���Dec 1�
�The paramyxoviral family contains many medically important viruses, including measles virus, mumps virus, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the deadly zoonotic henipaviruses Hendra and Nipah virus (NiV). To both enter host cells and spread from cell to cell within infected hosts, the vast majority of paramyxoviruses utilize two viral envelope glycoproteins: the attachment glycoprotein (G, H, or hemagglutinin-neuraminidase [HN]) and the fusion glycoprotein (F). Binding of G/H/HN to a host cell receptor triggers structural changes in G/H/HN that in turn trigger F to undergo a series of conformational changes that result in virus-cell (viral entry) or cell-cell (syncytium formation) membrane fusion. The actual regions of G/H/HN and F that interact during the membrane fusion process remain relatively unknown though it is generally thought that the paramyxoviral G/H/HN stalk region interacts with the F head region. Studies to determine such interactive regions have relied heavily on coimmunoprecipitation approaches, whose limitations include the use of detergents and the micelle-mediated association of proteins. Here, we developed a flow-cytometric strategy capable of detecting membrane protein-protein interactions by interchangeably using the full-length form of G and a soluble form of F, or vice versa. Using both coimmunoprecipitation and flow-cytometric strategies, we found a bidentate interaction between NiV G and F, where both the stalk and head regions of NiV G interact with F. This is a new structural-biological finding for the paramyxoviruses. Additionally, our studies disclosed regions of the NiV G and F glycoproteins dispensable for the G and F interactions. IMPORTANCE: Nipah virus (NiV) is a zoonotic paramyxovirus that causes high mortality rates in humans, with no approved treatment or vaccine available for human use. Viral entry into host cells relies on two viral envelope glycoproteins: the attachment (G) and fusion (F) glycoproteins. Binding of G to the ephrinB2 or ephrinB3 cell receptors triggers conformational changes in G that in turn cause F to undergo conformational changes that result in virus-host cell membrane fusion and viral entry. It is currently unknown, however, which specific regions of G and F interact during membrane fusion. Past efforts to determine the interacting regions have relied mainly on coimmunoprecipitation, a technique with some pitfalls. We developed a flow-cytometric assay to study membrane protein-protein interactions, and using this assay we report a bidentate interaction whereby both the head and stalk regions of NiV G interact with NiV F, a new finding for the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/27654290û��Stone, Jacquelyn A
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Viral Proteins/genetics/*immunology���Sep2��For efficient replication, viruses have developed mechanisms to evade innate immune responses, including the antiviral type-I interferon (IFN-I) system. Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae family (genus Henipavirus), is known to encode for four P gene-derived viral proteins (P/C/W/V) with IFN-I antagonist functions. Here we report that NiV matrix protein (NiV-M), which is important for virus assembly and budding, can also inhibit IFN-I responses. IFN-I production requires activation of multiple signaling components including the IkappaB kinase epsilon (IKKepsilon). We previously showed that the E3-ubiquitin ligase TRIM6 catalyzes the synthesis of unanchored K48-linked polyubiquitin chains, which are not covalently attached to any protein, and activate IKKepsilon for induction of IFN-I mediated antiviral responses. Using co-immunoprecipitation assays and confocal microscopy we show here that the NiV-M protein interacts with TRIM6 and promotes TRIM6 degradation. Consequently, NiV-M expression results in reduced levels of unanchored K48-linked polyubiquitin chains associated with IKKepsilon leading to impaired IKKepsilon oligomerization, IKKepsilon autophosphorylation and reduced IFN-mediated responses. This IFN antagonist function of NiV-M requires a conserved lysine residue (K258) in the bipartite nuclear localization signal that is found in divergent henipaviruses. Consistent with this, the matrix proteins of Ghana, Hendra and Cedar viruses were also able to inhibit IFNbeta induction. Live NiV infection, but not a recombinant NiV lacking the M protein, reduced the levels of endogenous TRIM6 protein expression. To our knowledge, matrix proteins of paramyxoviruses have never been reported to be involved in innate immune antagonism. We report here a novel mechanism of viral innate immune evasion by targeting TRIM6, IKKepsilon and unanchored polyubiquitin chains. These findings expand the universe of viral IFN antagonism strategies and provide a new potential target for development of therapeutic interventions against NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27622505���Bharaj, Preeti
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*W protein���Oct 21b��Paramyxoviruses replicate in the cytoplasm with no obvious requirement to interact with the nucleus. Nevertheless, the W protein of the highly lethal bat-borne paramyxovirus Nipah virus (NiV) is known to undergo specific targeting to the nucleus, mediated by a single nuclear localisation signal (NLS) within the C-terminal domain. Here, we report for the first time that additional sites modulate nucleocytoplasmic localisation of W. We show that the N-terminal domain interacts with importin alpha1 and contributes to nuclear accumulation of W, indicative of a novel N-terminal NLS. We also find that W undergoes exportin-1 mediated nuclear export, dependent on a leucine at position 174. Together, these data enable significant revision of the generally accepted model of W trafficking, with implications for understanding of the mechanisms of NiV immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/27622322´��Audsley, Michelle D
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*Swine���Sep 14s��Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus, within the family Paramyxoviridae. Nipah virus has caused outbreaks of human disease in Bangladesh, Malaysia, Singapore, India and Philippines, in addition to a large outbreak in swine in Malaysia in 1998/1999. Recently, NiV was suspected to be a causative agent of an outbreak in horses in 2014 in the Philippines, while HeV has caused multiple human and equine outbreaks in Australia since 1994. A swine vaccine able to prevent shedding of infectious virus is of veterinary and human health importance, and correlates of protection against henipavirus infection in swine need to be better understood. In the present study, three groups of animals were employed. Pigs vaccinated with adjuvanted recombinant soluble HeV G protein (sGHEV) and challenged with HeV, developed antibody levels considered to be protective prior to the challenge (titers of 320). However, activation of the cell-mediated immune response was not detected, and the animals were only partially protected against challenge with 5x10(5) PFU of HeV per animal. In the second group, cross-neutralizing antibody levels against NiV in the sGHEV vaccinated animals did not reach protective levels, and with no activation of cellular immune memory, these animals were not protected against NiV. Only pigs orally infected with 5x10(4) PFU of NiV per animal were protected against nasal challenge with 5x10(5) PFU of NiV per animal. This group of pigs developed protective antibody levels, as well as cell-mediated immune memory. Peripheral blood mononuclear cells restimulated with UV-inactivated NiV upregulated IFN-gamma, IL-10 and the CD25 activation marker on CD4(+)CD8(+) T memory helper cells and to lesser extent on CD4(-)CD8(+) T cells. In conclusion, both humoral and cellular immune responses were required for protection of swine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27544586¯��Pickering, Brad S
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*Subcellular localization���Oct ��Nipah virus (NiV) causes severe encephalitis in humans, with high mortality. NiV nonstructural C protein (NiV-C) is essential for its pathogenicity, but its functions are unclear. In this study, we focused on NiV-C trafficking in cells and found that it localizes predominantly in the cytoplasm but partly in the nucleus. An analysis of NiV-C mutants showed that amino acids 2, 21-24 and 110-139 of NiV-C are important for its localization in the cytoplasm. Inhibitor treatment indicates that the nuclear export determinant is not a classical CRM1-dependent nuclear export signal. We also determined that amino acids 60-75 and 72-75 were important for nuclear localization of NiV-C. Furthermore, NiV-C mutants that had lost their capacity for nuclear localization inhibited the interferon (IFN) response more strongly than complete NiV-C. These results indicate that the IFN-antagonist activity of NiV-C occurs in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/27501340Ë��Horie, Ryo
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Virus Assembly���Oct���Genome replication and virion production by most negative-sense RNA viruses (NSVs) occurs exclusively in the cytoplasm, but many NSV-expressed proteins undergo active nucleocytoplasmic trafficking via signals that exploit cellular nuclear transport pathways. Nuclear trafficking has been reported both for NSV accessory proteins (including isoforms of the rabies virus phosphoprotein, and V, W and C proteins of paramyxoviruses) and for structural proteins. Trafficking of the former is thought to enable accessory functions in viral modulation of antiviral responses including the type I IFN system, but the intranuclear roles of structural proteins such as nucleocapsid and matrix proteins, which have critical roles in extranuclear replication and viral assembly, are less clear. Nevertheless, nuclear trafficking of matrix protein has been reported to be critical for efficient production of Nipah virus and Respiratory syncytial virus, and nuclear localization of nucleocapsid protein of several morbilliviruses has been linked to mechanisms of immune evasion. Together, these data point to the nucleus as a significant host interface for viral proteins during infection by NSVs with otherwise cytoplasmic life cycles. Importantly, several lines of evidence now suggest that nuclear trafficking of these proteins may be critical to pathogenesis and thus could provide new targets for vaccine development and antiviral therapies.,��https://www.ncbi.nlm.nih.gov/pubmed/27498841Í��Audsley, Michelle D
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*Prevention messages���Aug 51��BACKGROUND: During a fatal Nipah virus (NiV) outbreak in Bangladesh, residents rejected biomedical explanations of NiV transmission and treatment and lost trust in the public healthcare system. Field anthropologists developed and communicated a prevention strategy to bridge the gap between the biomedical and local explanation of the outbreak. METHODS: We explored residents' beliefs and perceptions about the illness and care-seeking practices and explained prevention messages following an interactive strategy with the aid of photos showed the types of contact that can lead to NiV transmission from bats to humans by drinking raw date palm sap and from person-to-person. RESULTS: The residents initially believed that the outbreak was caused by supernatural forces and continued drinking raw date palm sap despite messages from local health authorities to stop. Participants in community meetings stated that the initial messages did not explain that bats were the source of this virus. After our intervention, participants responded that they now understood how NiV could be transmitted and would abstain from raw sap consumption and maintain safer behaviours while caring for patients. CONCLUSIONS: During outbreaks, one-way behaviour change communication without meaningful causal explanations is unlikely to be effective. Based on the cultural context, interactive communication strategies in lay language with supporting evidence can make biomedical prevention messages credible in affected communities, even among those who initially invoke supernatural causal explanations.,��https://www.ncbi.nlm.nih.gov/pubmed/27495927+��Parveen, Shahana
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Restif, O.���2016e��Transmission or Within-Host Dynamics Driving Pulses of Zoonotic Viruses in Reservoir-Host Populations���e0004796���PLoS Negl Trop Dis���10���8���Aug¤��Progress in combatting zoonoses that emerge from wildlife is often constrained by limited knowledge of the biology of pathogens within reservoir hosts. We focus on the host-pathogen dynamics of four emerging viruses associated with bats: Hendra, Nipah, Ebola, and Marburg viruses. Spillover of bat infections to humans and domestic animals often coincides with pulses of viral excretion within bat populations, but the mechanisms driving such pulses are unclear. Three hypotheses dominate current research on these emerging bat infections. First, pulses of viral excretion could reflect seasonal epidemic cycles driven by natural variations in population densities and contact rates among hosts. If lifelong immunity follows recovery, viruses may disappear locally but persist globally through migration; in either case, new outbreaks occur once births replenish the susceptible pool. Second, epidemic cycles could be the result of waning immunity within bats, allowing local circulation of viruses through oscillating herd immunity. Third, pulses could be generated by episodic shedding from persistently infected bats through a combination of physiological and ecological factors. The three scenarios can yield similar patterns in epidemiological surveys, but strategies to predict or manage spillover risk resulting from each scenario will be different. We outline an agenda for research on viruses emerging from bats that would allow for differentiation among the scenarios and inform development of evidence-based interventions to limit threats to human and animal health. These concepts and methods are applicable to a wide range of pathogens that affect humans, domestic animals, and wildlife.,��https://www.ncbi.nlm.nih.gov/pubmed/27489944,��Plowright, Raina K
Peel, Alison J
Streicker, Daniel G
Gilbert, Amy T
McCallum, Hamish
Wood, James
Baker, Michelle L
Restif, Olivier
eng
100891/Wellcome Trust/United Kingdom
Review
2016/08/05 06:00
PLoS Negl Trop Dis. 2016 Aug 4;10(8):e0004796. doi: 10.1371/journal.pntd.0004796. eCollection 2016 Aug.*��1935-2735 (Electronic)
1935-2727 (Linking)
��PMC4973921���27489944¥��Montana State University, Department of Microbiology and Immunology, Bozeman, Montana, United States of America.
Center for Infectious Disease Dynamics, Pennsylvania State University, State College, Pennsylvania, United States of America.
Environmental Futures Research Institute, Griffith University, Brisbane, Queensland, Australia.
Institute of Biodiversity, Animal Health and Comparative Medicine, University of Glasgow, Glasgow, United Kingdom.
MRC-University of Glasgow Centre for Virus Research, Glasgow, United Kingdom.
USDA/APHIS/WS National Wildlife Research Center, Fort Collins, Colorado, United States of America.
Griffith School of Environment, Griffith University, Brisbane, Queensland, Australia.
Disease Dynamics Unit, Department of Veterinary Medicine, University of Cambridge, Cambridge, United Kingdom.
CSIRO Health and Biosecurity Business Unit, Australian Animal Health Laboratory, Geelong, Victoria, Australia.���10.1371/journal.pntd.0004796��	±�þÒtÿî?Æ������Mire, C. E.
Satterfield, B. A.
Geisbert, J. B.
Agans, K. N.
Borisevich, V.
Yan, L.
Chan, Y. P.
Cross, R. W.
Fenton, K. A.
Broder, C. C.
Geisbert, T. W.���2016y��Pathogenic Differences between Nipah Virus Bangladesh and Malaysia Strains in Primates: Implications for Antibody Therapy���30916���Sci Rep���6Þ��Animals
Antibodies, Monoclonal/therapeutic use
Bangladesh
Cercopithecus aethiops
Female
Henipavirus Infections/prevention & control/transmission/*veterinary/virology
Malaysia
Male
Nipah Virus/*classification/*pathogenicity���Aug 3���Nipah virus (NiV) is a paramyxovirus that causes severe disease in humans and animals. There are two distinct strains of NiV, Malaysia (NiVM) and Bangladesh (NiVB). Differences in transmission patterns and mortality rates suggest that NiVB may be more pathogenic than NiVM. To investigate pathogenic differences between strains, 4 African green monkeys (AGM) were exposed to NiVM and 4 AGMs were exposed to NiVB. While NiVB was uniformly lethal, only 50% of NiVM-infected animals succumbed to infection. Histopathology of lungs and spleens from NiVB-infected AGMs was significantly more severe than NiVM-infected animals. Importantly, a second study utilizing 11 AGMs showed that the therapeutic window for human monoclonal antibody m102.4, previously shown to rescue AGMs from NiVM infection, was much shorter in NiVB-infected AGMs. Together, these data show that NiVB is more pathogenic in AGMs under identical experimental conditions and suggests that postexposure treatments may need to be NiV strain specific for optimal efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/27484128»��Mire, Chad E
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Horvat, B.���2016I��Protection from Hendra virus infection with Canarypox recombinant vaccine���16003���NPJ Vaccines���1â��Hendra virus (HeV) is an emerging zoonotic pathogen, which causes severe respiratory illness and encephalitis in humans and horses. Since its first appearance in 1994, spillovers of HeV from its natural reservoir fruit bats occur on almost an annual basis. The high mortality rate in both humans and horses and the wide-ranging reservoir distribution are making HeV a serious public health problem, especially for people exposed to sick horses. This study has aimed to develop an efficient low-cost HeV vaccine for horses based on Canarypox recombinant vector expressing HeV glycoproteins, attachment glycoprotein (G) and fusion protein (F). This vaccine was used to immunise hamsters and then challenged intraperitoneally with HeV 3 weeks later. The higher tested dose of the vaccine efficiently prevented oropharyngeal virus shedding and protected animals from clinical disease and virus-induced mortality. Vaccine induced generation of seroneutralising antibodies and prevented virus-induced histopathological changes and a production of viral RNA and antigens in animal tissues. Interestingly, some vaccinated animals, including those immunised at a lower dose, were protected in the absence of detectable specific antibodies, suggesting the induction of an efficient virus-specific cellular immunity. Finally, ponies immunised using the same vaccination protocol as hamsters developed strong seroneutralising titres against both HeV and closely related Nipah virus, indicating that this vaccine may have the ability to induce cross-protection against Henipavirus infection. These data suggest that Canarypox-based vectors encoding for HeV glycoproteins present very promising new vaccine candidate to prevent infection and shedding of the highly lethal HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/29263849÷��Guillaume-Vasselin, Vanessa
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Phylogenetic analysis���JulÉ��Nipah virus (NiV) is a member of the genus Henipavirus of the family Paramyxoviridae, characterized by high pathogenicity and endemic in South Asia. It is classified as a Biosafety Level-4 (BSL-4) agent. The case-fatality varies from 40% to 70% depending on the severity of the disease and on the availability of adequate healthcare facilities. At present no antiviral drugs are available for NiV disease and the treatment is just supportive. Phylogenetic and evolutionary analyses can be used to help in understanding the epidemiology and the temporal origin of this virus. This review provides an overview of evolutionary studies performed on Nipah viruses circulating in different countries. Thirty phylogenetic studies have been published from 2000 to 2015 years, searching on pub-med using the key words 'Nipah virus AND phylogeny' and twenty-eight molecular epidemiological studies from 2006 to 2015 have been performed, typing the key words 'Nipah virus AND molecular epidemiology'. Overall data from the published study demonstrated as phylogenetic and evolutionary analysis represent promising tools to evidence NiV epidemics, to study their origin and evolution and finally to act with effective preventive measure.,��https://www.ncbi.nlm.nih.gov/pubmed/27393089Ê��Angeletti, Silvia
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*zoonosis���NovO��Hendra virus (HeV) was first described in 1994 in an outbreak of acute and highly lethal disease in horses and humans in Australia. Equine cases continue to be diagnosed periodically, yet the predisposing factors for infection remain unclear. We undertook an analysis of equine submissions tested for HeV by the Queensland government veterinary reference laboratory over a 20-year period to identify and investigate any patterns. We found a marked increase in testing from July 2008, primarily reflecting a broadening of the HeV clinical case definition. Peaks in submissions for testing, and visitations to the Government HeV website, were associated with reported equine incidents. Significantly differing between-year HeV detection rates in north and south Queensland suggest a fundamental difference in risk exposure between the two regions. The statistical association between HeV detection and stockhorse type may suggest that husbandry is a more important risk determinant than breed per se. The detection of HeV in horses with neither neurological nor respiratory signs poses a risk management challenge for attending veterinarians and laboratory staff, reinforcing animal health authority recommendations that appropriate risk management strategies be employed for all sick horses, and by anyone handling sick horses or associated biological samples.,��https://www.ncbi.nlm.nih.gov/pubmed/27357144ú��Smith, C S
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*paramyxovirus���Augt��Nipah virus (NiV, Henipavirus) is a highly lethal emergent zoonotic paramyxovirus responsible for repeated human outbreaks of encephalitis in South East Asia. There are no approved vaccines or treatments, thus improved understanding of NiV biology is imperative. NiV matrix protein recruits a plethora of cellular machinery to scaffold and coordinate virion budding. Intriguingly, matrix also hijacks cellular trafficking and ubiquitination pathways to facilitate transient nuclear localization. While the biological significance of matrix nuclear localization for an otherwise cytoplasmic virus remains enigmatic, the molecular details have begun to be characterized, and are conserved among matrix proteins from divergent paramyxoviruses. Matrix protein appropriation of cellular machinery will be discussed in terms of its early nuclear targeting and later role in virion assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/27350027¶��Watkinson, Ruth E
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Virus Shedding���Jun¨��Person-to-person transmission is a key feature of human Nipah virus outbreaks in Bangladesh. In contrast, in an outbreak of Nipah virus in Malaysia, people acquired infections from pigs. It is not known whether this important epidemiological difference is driven primarily by differences between NiV Bangladesh (NiV-BD) and Malaysia (NiV-MY) at a virus level, or by environmental or host factors. In a time course study, ferrets were oronasally exposed to equivalent doses of NiV-BD or NiV-MY. More rapid onset of productive infection and higher levels of virus replication in respiratory tract tissues were seen for NiV-BD compared to NiV-MY, corroborating our previous report of increased oral shedding of NiV-BD in ferrets and suggesting a contributory mechanism for increased NiV-BD transmission between people compared to NiV-MY. However, we recognize that transmission occurs within a social and environmental framework that may have an important and differentiating role in NiV transmission rates. With this in mind, ferret-to-ferret transmission of NiV-BD and NiV-MY was assessed under differing viral exposure conditions. Transmission was not identified for either virus when naive ferrets were cohoused with experimentally-infected animals. In contrast, all naive ferrets developed acute infection following assisted and direct exposure to oronasal fluid from animals that were shedding either NiV-BD or NiV-MY. Our findings for ferrets indicate that, although NiV-BD may be shed at higher levels than NiV-MY, transmission risk may be equivalently low under exposure conditions provided by cohabitation alone. In contrast, active transfer of infected bodily fluids consistently results in transmission, regardless of the virus strain. These observations suggest that the risk of NiV transmission is underpinned by social and environmental factors, and will have practical implications for managing transmission risk during outbreaks of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27341030���Clayton, Bronwyn A
Middleton, Deborah
Arkinstall, Rachel
Frazer, Leah
Wang, Lin-Fa
Marsh, Glenn A
eng
Research Support, Non-U.S. Gov't
2016/06/25 06:00
PLoS Negl Trop Dis. 2016 Jun 24;10(6):e0004775. doi: 10.1371/journal.pntd.0004775. eCollection 2016 Jun.*��1935-2735 (Electronic)
1935-2727 (Linking)
��PMC4920392���27341030
��Health and Biosecurity, Australian Animal Health Laboratory, Commonwealth Scientific and Industrial Research Organisation, Geelong, Victoria, Australia.
Program in Emerging Infectious Disease, Duke-National University of Singapore Graduate Medical School, Singapore.���10.1371/journal.pntd.0004775�
´��üÒ|ÿî?Í���/��Steinack, C.
Lenherr, R.
Hendra, H.
Franzen, D.���2017l��The use of life-saving extracorporeal membrane oxygenation (ECMO) for pregnant woman with status asthmaticus���84-88���J Asthma���54���1ö��Adult
Extracorporeal Membrane Oxygenation/*methods
Female
Humans
Pregnancy
Respiration, Artificial
Status Asthmaticus/*therapy
*Status asthmaticus
*extracorporeal membrane oxygenation (ECMO)
*mechanical ventilation
*pregnancy
*respiratory failure���Jan 2°��INTRODUCTION: Status asthmaticus can develop into a life-threatening disorder that requires mechanical ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes. Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-pregnant patients with status asthmaticus. CASE STUDY: A 25-year-old woman, who was 5 weeks pregnant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the patient's clinical condition as well as the gas exchange improved within the next few days. ECMO was removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial hematoma; the patient was diagnosed with abortus imminens and successfully treated with magnesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation. CONCLUSIONS: This is the first case report on the successful use of ECMO in a pregnant woman with severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechanical ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby, who was born without any complications.,��https://www.ncbi.nlm.nih.gov/pubmed/27340744Á��Steinack, Carolin
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One Health
Zoonoses���Junc��The appearance of novel pathogens of humans with epidemic potential and high mortality rates have threatened global health security for centuries. Over the past few decades new zoonotic infectious diseases of humans caused by pathogens arising from animal reservoirs have included West Nile virus, Yellow fever virus, Ebola virus, Nipah virus, Lassa Fever virus, Hanta virus, Dengue fever virus, Rift Valley fever virus, Crimean-Congo haemorrhagic fever virus, severe acute respiratory syndrome coronavirus, highly pathogenic avian influenza viruses, Middle East Respiratory Syndrome Coronavirus, and Zika virus. The recent Ebola Virus Disease epidemic in West Africa and the ongoing Zika Virus outbreak in South America highlight the urgent need for local, regional and international public health systems to be be more coordinated and better prepared. The One Health concept focuses on the relationship and interconnectedness between Humans, Animals and the Environment, and recognizes that the health and wellbeing of humans is intimately connected to the health of animals and their environment (and vice versa). Critical to the establishment of a One Health platform is the creation of a multidisciplinary team with a range of expertise including public health officers, physicians, veterinarians, animal husbandry specialists, agriculturalists, ecologists, vector biologists, viral phylogeneticists, and researchers to co-operate, collaborate to learn more about zoonotic spread between animals, humans and the environment and to monitor, respond to and prevent major outbreaks. We discuss the unique opportunities for Middle Eastern and African stakeholders to take leadership in building equitable and effective partnerships with all stakeholders involved in human and health systems to take forward a 'One Health' approach to control such zoonotic pathogens with epidemic potential.,��https://www.ncbi.nlm.nih.gov/pubmed/27321961���Zumla, Alimuddin
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Zoonoses/virologyÀ��Hendra virus (HeV) is an important emergent virus in Australia known to infect horses and humans in certain regions of the east coast. Whilst pteropid bats ("flying foxes") are considered the natural reservoir of HeV, which of the four mainland species is the principal reservoir has been a source of ongoing debate, particularly as shared roosting is common. To help resolve this, we sampled a colony consisting of just one of these species, the grey-headed flying fox, (Pteropus poliocephalus), at the southernmost extent of its range. Using the pooled urine sampling technique at approximately weekly intervals over a two year period, we determined the prevalence of HeV and related paramyxoviruses using a novel multiplex (Luminex) platform. Whilst all the pooled urine samples were negative for HeV nucleic acid, we successfully identified four other paramyxoviruses, including Cedar virus; a henipavirus closely related to HeV. Collection of serum from individually caught bats from the colony showed that antibodies to HeV, as estimated by a serological Luminex assay, were present in between 14.6% and 44.5% of animals. The wide range of the estimate reflects uncertainties in interpreting intermediate results. Interpreting the study in the context of HeV studies from states to the north, we add support for an arising consensus that it is the black flying fox and not the grey-headed flying fox that is the principal source of HeV in spillover events to horses.,��https://www.ncbi.nlm.nih.gov/pubmed/27304985ê��Burroughs, A L
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Viral Proteins/*immunology���Jul 15à��UNLABELLED: Nipah virus (NiV) is a highly lethal paramyxovirus that recently emerged as a causative agent of febrile encephalitis and severe respiratory disease in humans. The ferret model has emerged as the preferred small-animal model with which to study NiV disease, but much is still unknown about the viral determinants of NiV pathogenesis, including the contribution of the C protein in ferrets. Additionally, studies have yet to examine the synergistic effects of the various P gene products on pathogenesis in animal models. Using recombinant NiVs (rNiVs), we examine the sole contribution of the NiV C protein and the combined contributions of the C and W proteins in the ferret model of NiV pathogenesis. We show that an rNiV void of C expression resulted in 100% mortality, though with limited respiratory disease, like our previously reported rNiV void of W expression; this finding is in stark contrast to the attenuated phenotype observed in previous hamster studies utilizing rNiVs void of C expression. We also observed that an rNiV void of both C and W expression resulted in limited respiratory disease; however, there was severe neurological disease leading to 60% mortality, and the surviving ferrets demonstrated sequelae similar to those for human survivors of NiV encephalitis. IMPORTANCE: Nipah virus (NiV) is a human pathogen capable of causing lethal respiratory and neurological disease. Many human survivors have long-lasting neurological impairment. Using a ferret model, this study demonstrated the roles of the NiV C and W proteins in pathogenesis, where lack of either the C or the W protein independently decreased the severity of clinical respiratory disease but did not decrease lethality. Abolishing both C and W expression, however, dramatically decreased the severity of respiratory disease and the level of destruction of splenic germinal centers. These ferrets still suffered severe neurological disease: 60% succumbed to disease, and the survivors experienced long-term neurological impairment, such as that seen in human survivors. This new ferret NiV C and W knockout model may allow, for the first time, the examination of interventions to prevent or mitigate the neurological damage and sequelae experienced by human survivors.,��https://www.ncbi.nlm.nih.gov/pubmed/27147733���Satterfield, Benjamin A
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viral replication���Jul 3���Nucleocapsid assembly is an essential process in the replication of the non-segmented, negative-sense RNA viruses (NNVs). Unassembled nucleoprotein (N(0)) is maintained in an RNA-free and monomeric form by its viral chaperone, the phosphoprotein (P), forming the N(0)-P complex. Our earlier work solved the structure of vesicular stomatitis virus complex formed between an N-terminally truncated N (NDelta21) and a peptide of P (P60) encompassing the N(0)-binding site, but how the full-length P interacts with N(0) remained unknown. Here, we combine several experimental biophysical methods including size exclusion chromatography with detection by light scattering and refractometry, small-angle X-ray and neutron scattering and nuclear magnetic resonance spectroscopy with molecular dynamics simulation and computational modeling to characterize the NDelta21(0)-PFL complex formed with dimeric full-length P. We show that for multi-molecular complexes, simultaneous multiple-curve fitting using small-angle neutron scattering data collected at varying contrast levels provides additional information and can help refine structural ensembles. We demonstrate that (a) vesicular stomatitis virus PFL conserves its high flexibility within the NDelta21(0)-PFL complex and interacts with NDelta21(0) only through its N-terminal extremity; (b) each protomer of P can chaperone one N(0) client protein, leading to the formation of complexes with stoichiometries 1N:P2 and 2N:P2; and (c) phosphorylation of residues Ser60, Thr62 and Ser64 provides no additional interactions with N(0) but creates a metal binding site in PNTR. A comparison with the structures of Nipah virus and Ebola virus N(0)-P core complex suggests a mechanism for the control of nucleocapsid assembly that is common to all NNVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27107640a��Yabukarski, Filip
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Vaccine���Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. aMPV belongs to the family Paramyxoviridae which includes many important human pathogens such as human respiratory syncytial virus (RSV), human metapneumovirus (hMPV), and human parainfluenza virus type 3 (PIV3). The family also includes highly lethal emerging pathogens such as Nipah virus and Hendra virus, as well as agriculturally important viruses such as Newcastle disease virus (NDV). For many of these viruses, there is no effective vaccine. Here, we describe a reverse genetics approach to develop live attenuated aMPV vaccines by inhibiting the viral mRNA cap methyltransferase. The viral mRNA cap methyltransferase is an excellent target for the attenuation of paramyxoviruses because it plays essential roles in mRNA stability, efficient viral protein translation and innate immunity. We have described in detail the materials and methods used to generate recombinant aMPVs that lack viral mRNA cap methyltransferase activity. We have also provided methods to evaluate the genetic stability, pathogenesis, and immunogenicity of live aMPV vaccine candidates in turkeys.,��https://www.ncbi.nlm.nih.gov/pubmed/270762932��Zhang, Yu
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urinalysis���MarÕ��Bats of the genus Pteropus (Pteropodidae) are recognised as the natural host of multiple emerging pathogenic viruses of animal and human health significance, including henipaviruses, lyssaviruses and ebolaviruses. Some studies have suggested that physiological and ecological factors may be associated with Hendra virus infection in flying-foxes in Australia; however, it is essential to understand the normal range and seasonal variability of physiological biomarkers before seeking physiological associations with infection status. We aimed to measure a suite of physiological biomarkers in P. alecto over time to identify any seasonal fluctuations and to examine possible associations with life-cycle and environmental stressors. We sampled 839 adult P. alecto in the Australian state of Queensland over a 12-month period. The adjusted population means of every assessed hematologic and biochemical parameter were within the reported reference range on every sampling occasion. However, within this range, we identified significant temporal variation in these parameters, in urinary parameters and body condition, which primarily reflected the normal annual life cycle. We found no evident effect of remarkable physiological demands or nutritional stress, and no indication of clinical disease driving any parameter values outside the normal species reference range. Our findings identify underlying temporal physiological changes at the population level that inform epidemiological studies and assessment of putative physiological risk factors driving Hendra virus infection in P. alecto. More broadly, the findings add to the knowledge of Pteropus populations in terms of their relative resistance and resilience to emerging infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27026357���McMichael, Lee
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Transmission���Mar 25m��BACKGROUND: Nipah virus (NiV) first emerged in Malaysia in 1998, with two bat species (Pteropus hypomelanus and P. vampyrus) as the putative natural reservoirs. In 2002, NiV IgG antibodies were detected in these species from Thailand, but viral RNA could not be detected for strain characterization. Two strains of NiV (Malaysia and Bangladesh) have been found in P. lylei in central Thailand, although Bangladesh strain, the causative strain for the outbreak in Bangladesh since 2001, was dominant. To understand the diversity of NiV in Thailand, this study identified NiV strain, using molecular characterizations, from P. hypomelanus in southern Thailand. FINDINGS: Pooled bat urine specimens were collected from plastic sheet underneath bat roosts in April 2010, and then monthly from December 2010 to May 2011 at an island in southern Thailand. Five in 184 specimens were positive for NiV, using duplex nested RT-PCR assay on partial nucleocapsid fragment (357 bp). Whole sequences of nucleocapsid gene from four bats were characterized. All 5 partial fragments and 4 whole nucleocapsid genes formed a monophyletic with NiV-MY. CONCLUSIONS: Our study showed that P. hypomelanus in southern Thailand and from Malaysia, a bordering country, harbored similar NiV. This finding indicates that NiV is not limited to central Thailand or P. lylei species, and it may be a source of inter-species transmission. This indicates a higher potential for a widespread NiV outbreak in Thailand. NiV surveillance in Pteropus bats, the major natural reservoirs, should be conducted continuously in countries or regions with high susceptibility to outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/270162376��Wacharapluesadee, Supaporn
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Viral Matrix Proteins/metabolism���Mar³��Hendra and Nipah viruses (genus Henipavirus, family Paramyxoviridae) are highly pathogenic bat-borne viruses. The need for high biocontainment when studying henipaviruses has hindered the development of therapeutics and knowledge of the viral infection cycle. We have performed a genome-wide siRNA screen at biosafety level 4 that identified 585 human proteins required for henipavirus infection. The host protein with the largest impact was fibrillarin, a nucleolar methyltransferase that was also required by measles, mumps and respiratory syncytial viruses for infection. While not required for cell entry, henipavirus RNA and protein syntheses were greatly impaired in cells lacking fibrillarin, indicating a crucial role in the RNA replication phase of infection. During infection, the Hendra virus matrix protein co-localized with fibrillarin in cell nucleoli, and co-associated as a complex in pulldown studies, while its nuclear import was unaffected in fibrillarin-depleted cells. Mutagenesis studies showed that the methyltransferase activity of fibrillarin was required for henipavirus infection, suggesting that this enzyme could be targeted therapeutically to combat henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27010548���Deffrasnes, Celine
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viruses���AprÆ��Nipah virus (NiV) is a paramyxovirus, and Pteropus spp. bats are the natural reservoir. From December 2010 through March 2014, hospital-based encephalitis surveillance in Bangladesh identified 18 clusters of NiV infection. The source of infection for case-patients in 3 clusters in 2 districts was unknown. A team of epidemiologists and anthropologists investigated these 3 clusters comprising 14 case-patients, 8 of whom died. Among the 14 case-patients, 8 drank fermented date palm sap (tari) regularly before their illness, and 6 provided care to a person infected with NiV. The process of preparing date palm trees for tari production was similar to the process of collecting date palm sap for fresh consumption. Bat excreta was reportedly found inside pots used to make tari. These findings suggest that drinking tari is a potential pathway of NiV transmission. Interventions that prevent bat access to date palm sap might prevent tari-associated NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26981928J��Islam, M Saiful
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Rig-i���MarS��The recognition of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRR) during viral infection initiates the induction of antiviral signaling pathways, including activation of the Interferon Regulator Factor 3 (IRF3). We identified small molecule compounds that activate IRF3 through MAVS, thereby inhibiting infection by viruses of the families Flaviviridae (West Nile virus, dengue virus and hepatitis C virus), Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus) and Paramyxoviridae (respiratory syncytial virus, Nipah virus) (1). In this study, we tested a lead compound along with medicinal chemistry-derived analogs to compare the gene transcriptional profiles induced by these molecules to that of other known MAVS-dependent IRF3 agonists. Transcriptional analysis of these small molecules revealed the induction of specific antiviral genes and identified a novel module of host driven immune regulated genes that suppress infection of a range of RNA viruses. Microarray data can be found in Gene Expression Omnibus (GSE74047).,��https://www.ncbi.nlm.nih.gov/pubmed/26981429æ��Green, R R
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Zoonoses/epidemiology/transmission/virology���FebO��Hendra virus causes acute and highly fatal infection in horses and humans. Pteropid bats (flying-foxes) are the natural host of the virus, with age and species being risk factors for infection. Urine is the primary route of excretion in flying-foxes, with viral RNA more frequently detected in Pteropus alecto and P. conspicillatus than other species. Infection prevalence in flying-foxes can vary between and within years, with a winter peak of excretion occurring in some regions. Vertical transmission and recrudescing infection has been reported in flying-foxes, but horizontal transmission is evidently the primary mode of transmission. The most parsimonious mode of flying-fox to horse transmission is equine contact (oro-nasal, conjunctival) with infected flying-fox urine, either directly, or via urine-contaminated pasture or surfaces. Horse to horse transmission is inefficient, requiring direct contact with infected body fluids. Flying-fox to human transmission has not been recorded; all human cases have been associated with close and direct contact with infected horses. Canine cases (subclinical) have also been limited to equine case properties. Notwithstanding the recent availability of an effective vaccine for horses, a comprehensive understanding of Hendra virus ecology and transmission is essential to limit inter-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26978066¹��Field, Hume E
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*Subunit vaccine���Jun 3·��Nipah virus (NiV) is a highly pathogenic, recently emerged paramyxovirus that has been responsible for sporadic outbreaks of respiratory and encephalitic disease in Southeast Asia. High case fatality rates have also been associated with recent outbreaks in Malaysia and Bangladesh. Although over two billion people currently live in regions in which NiV is endemic or in which the Pteropus fruit bat reservoir is commonly found, there is no approved vaccine to protect against NiV disease. This report examines the feasibility and current efforts to develop a NiV vaccine including potential hurdles for technical and regulatory assessment of candidate vaccines and the likelihood for financing.,��https://www.ncbi.nlm.nih.gov/pubmed/26973068µ��Satterfield, Benjamin A
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Universal vaccine���AprÚ��Nipah virus and Hendra virus, two members of the genus Henipavirus, are newly emerging zoonotic pathogens which cause acute respiratory illness and severe encephalitis in human. Lack of the effective antiviral therapy endorses the urgency for the development of vaccine against these deadly viruses. In this study, we employed various computational approaches to identify epitopes which has the potential for vaccine development. By analyzing the immune parameters of the conserved sequences of G glycoprotein using various databases and bioinformatics tools, we identified two potential epitopes which may be used as peptide vaccines. Using different B cell epitope prediction servers, four highly similar B cell epitopes were identified. Immunoinformatics analyses revealed that LAEDDTNAQKT is a highly flexible and accessible B-cell epitope to antibody. Highly similar putative CTL epitopes were analyzed for their binding with the HLA-C 12*03 molecule. Docking simulation assay revealed that LTDKIGTEI has significantly lower binding energy, which bolstered its potential as epitope-based vaccine design. Finally, cytotoxicity analysis has also justified their potential as promising epitope-based vaccine candidate. In sum, our computational analysis indicates that either LAEDDTNAQKT or LTDKIGTEI epitope holds a promise for the development of universal vaccine against all kinds of pathogenic Henipavirus. Further in vivo and in vitro studies are necessary to validate the obtained findings.,��https://www.ncbi.nlm.nih.gov/pubmed/26970211ï��Parvege, Md Masud
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Virus Replication/physiology���May
��Nipah virus (NiV) is an emerging paramyxovirus that can cause lethal respiratory illness in humans. No vaccine/therapeutic is currently licensed for humans. Human-to-human transmission was previously reported during outbreaks and NiV could be isolated from respiratory secretions, but the proportion of cases in Malaysia exhibiting respiratory symptoms was significantly lower than that in Bangladesh. Previously, we showed that primary human basal respiratory epithelial cells are susceptible to both NiV-Malaysia (M) and -Bangladesh (B) strains causing robust pro-inflammatory responses. However, the cells of the human respiratory epithelium that NiV targets are unknown and their role in NiV transmission and NiV-related lung pathogenesis is still poorly understood. Here, we characterized NiV infection of the human respiratory epithelium using a model of the human tracheal/bronchial (B-ALI) and small airway (S-ALI) epithelium cultured at an air-liquid interface. We show that NiV-M and NiV-B infect ciliated and secretory cells in B/S-ALI, and that infection of S-ALI, but not B-ALI, results in disruption of the epithelium integrity and host responses recruiting human immune cells. Interestingly, NiV-B replicated more efficiently in B-ALI than did NiV-M. These results suggest that the human tracheal/bronchial epithelium is favourable to NiV replication and shedding, while inducing a limited host response. Our data suggest that the small airways epithelium is prone to inflammation and lesions as well as constituting a point of virus entry into the pulmonary vasculature. The use of relevant models of the human respiratory tract, such as B/S-ALI, is critical for understanding NiV-related lung pathogenesis and identifying the underlying mechanisms allowing human-to-human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/269325151��Escaffre, Olivier
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*Safety
Virulenceæ��Although a globe box-type highly contained laboratory with the internationally-recognized biosafety level-4 standards has been constructed in the Murayama Annex, the National Institute of Infectious Diseases, Tokyo, Japan (NIID) in 1981, the laboratory has never been operated as BSL-4 laboratory since its construction. Furthermore, there are no other BSL-4 laboratories in operation in Japan. The evidence indicates that infectious BSL-4 pathogens such as Ebola and Marburg viruses cannot be manipulated in Japan, making it impossible to study the BSL-4 pathogens using the infectious viruses. A large-scale outbreak of ebolavirus disease (EVD) has occurred in the western Africa such as Guinea, Sierra Leone, and Liberia. Furthermore, the highly pathogenic pathogens' infectious diseases outbreaks such as SARS, Nipah encephalitis, Middle East respiratory syndrome (MERS) have emerged in the world. However, BSL-4 laboratories are not present in Japan, making it difficult to study these pathogens and infectious diseases. Because these emerging virus infections are caused by the zoonotic pathogens, the eradiation and the elimination of these infectious diseases are impossible. We need to develop the diagnostics, therapeutics, and preventive measures based on the studies of the highly pathogenic pathogens more in detail using the infectious microbes. Therefore, BSL-4 in operation in Japan is required to minimize the risk of and combat these emerging highly pathogenic pathogens' infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/26923962s��Saijo, Masayuki
Morita, Kouichi
jpn
Review
Japan
2016/03/01 06:00
Uirusu. 2015;65(1):89-94. doi: 10.2222/jsv.65.89.%��0042-6857 (Print)
0042-6857 (Linking)���26923962D��Department of Virology 1, National Institute of Infectious Diseases.���10.2222/jsv.65.89��
��üÒtÿî?ì���§��Zhou, P.
Tachedjian, M.
Wynne, J. W.
Boyd, V.
Cui, J.
Smith, I.
Cowled, C.
Ng, J. H.
Mok, L.
Michalski, W. P.
Mendenhall, I. H.
Tachedjian, G.
Wang, L. F.
Baker, M. L.���2016\��Contraction of the type I IFN locus and unusual constitutive expression of IFN-alpha in bats���2696-701���Proc Natl Acad Sci U S A���113���10×��Animals
Base Sequence
Cell Line
Chiroptera/*genetics/metabolism/virology
Chromosome Mapping
Evolution, Molecular
*Gene Expression Profiling
HEK293 Cells
Hendra Virus/physiology
Host-Pathogen Interactions
Humans
Immunoblotting
Interferon Type I/*genetics/metabolism
Interferon-alpha/*genetics/metabolism
Molecular Sequence Data
Reverse Transcriptase Polymerase Chain Reaction
Sequence Analysis, DNA
Sequence Homology, Nucleic Acid
bat immunology
innate immunity
interferon���Mar 8Ú��Bats harbor many emerging and reemerging viruses, several of which are highly pathogenic in other mammals but cause no clinical signs of disease in bats. To determine the role of interferons (IFNs) in the ability of bats to coexist with viruses, we sequenced the type I IFN locus of the Australian black flying fox, Pteropus alecto, providing what is, to our knowledge, the first gene map of the IFN region of any bat species. Our results reveal a highly contracted type I IFN family consisting of only 10 IFNs, including three functional IFN-alpha loci. Furthermore, the three IFN-alpha genes are constitutively expressed in unstimulated bat tissues and cells and their expression is unaffected by viral infection. Constitutively expressed IFN-alpha results in the induction of a subset of IFN-stimulated genes associated with antiviral activity and resistance to DNA damage, providing evidence for a unique IFN system that may be linked to the ability of bats to coexist with viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26903655Ò��Zhou, Peng
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*Virus Internalization���FebÁ��O-linked glycosylation is a ubiquitous protein modification in organisms belonging to several kingdoms. Both microbial and host protein glycans are used by many pathogens for host invasion and immune evasion, yet little is known about the roles of O-glycans in viral pathogenesis. Reportedly, there is no single function attributed to O-glycans for the significant paramyxovirus family. The paramyxovirus family includes many important pathogens, such as measles, mumps, parainfluenza, metapneumo- and the deadly Henipaviruses Nipah (NiV) and Hendra (HeV) viruses. Paramyxoviral cell entry requires the coordinated actions of two viral membrane glycoproteins: the attachment (HN/H/G) and fusion (F) glycoproteins. O-glycan sites in HeV G were recently identified, facilitating use of the attachment protein of this deadly paramyxovirus as a model to study O-glycan functions. We mutated the identified HeV G O-glycosylation sites and found mutants with altered cell-cell fusion, G conformation, G/F association, viral entry in a pseudotyped viral system, and, quite unexpectedly, pseudotyped viral F protein incorporation and processing phenotypes. These are all important functions of viral glycoproteins. These phenotypes were broadly conserved for equivalent NiV mutants. Thus our results identify multiple novel and pathologically important functions of paramyxoviral O-glycans, paving the way to study O-glycan functions in other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26867212���Stone, Jacquelyn A
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*Virus Internalization���May���The amino-terminal cytoplasmic domains of paramyxovirus attachment glycoproteins include trafficking signals that influence protein processing and cell surface expression. To characterize the role of the cytoplasmic domain in protein expression, fusion support and particle assembly in more detail, we constructed chimeric Nipah virus (NiV) glycoprotein (G) and canine distemper virus (CDV) haemagglutinin (H) proteins carrying the respective heterologous cytoplasmic domain, as well as a series of mutants with progressive deletions in this domain. CDV H retained fusion function and was normally expressed on the cell surface with a heterologous cytoplasmic domain, while the expression and fusion support of NiV G was dramatically decreased when its cytoplasmic domain was replaced with that of CDV H. The cell surface expression and fusion support functions of CDV H were relatively insensitive to cytoplasmic domain deletions, while short deletions in the corresponding region of NiV G dramatically decreased both. In addition, the first 10 residues of the CDV H cytoplasmic domain strongly influence its incorporation into virus-like particles formed by the CDV matrix (M) protein, while the co-expression of NiV M with NiV G had no significant effect on incorporation of G into particles. The cytoplasmic domains of both the CDV H and NiV G proteins thus contribute differently to the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/26813519å��Sawatsky, Bevan
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Influenza���Feb 24ß��BACKGROUND: Passive immunotherapy using polyclonal antibodies (immunoglobulins) has been used for over a century in the treatment and post-exposure prophylaxis of various infections and toxins. Heterologous polyclonal antibodies are obtained from animals hyperimmunised with a pathogen or toxin. AIMS: The aims of this review are to examine the history of animal polyclonal antibody therapy use, their development into safe and effective products and the potential application to humans for emerging and neglected infectious diseases. METHODS: A literature search of OVID Medline and OVID Embase databases was undertaken to identify articles on the safety, efficacy and ongoing development of polyclonal antibodies. The search contained database-specific MeSH and EMTREE terms in combination with pertinent text-words: polyclonal antibodies and rare/neglected diseases, antivenins, immunoglobulins, serum sickness, anaphylaxis, drug safety, post marketing surveillance, rabies, human influenza, Dengue, West Nile, Nipah, Hendra, Marburg, MERS, Hemorrhagic Fever Virus, and Crimean-Congo. No language limits were applied. The final search was completed on 20.06.2015. Of 1960 articles, title searches excluded many irrelevant articles, yielding 303 articles read in full. Of these, 179 are referenced in this study. RESULTS: Serum therapy was first used in the 1890s against diphtheria. Early preparation techniques yielded products contaminated with reactogenic animal proteins. The introduction of enzymatic digestion, and purification techniques substantially improved their safety profile. The removal of the Fc fragment of antibodies further reduces hypersensitivity reactions. Clinical studies have demonstrated the efficacy of polyclonal antibodies against various infections, toxins and venoms. Products are being developed against infections for which prophylactic and therapeutic options are currently limited, such as avian influenza, Ebola and other zoonotic viruses. CONCLUSIONS: Polyclonal antibodies have been successfully applied to rabies, envenomation and intoxication. Polyclonal production provides an exciting opportunity to revolutionise the prognosis of both longstanding neglected tropical diseases as well as emerging infectious threats to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26802604Ë��Dixit, Rashmi
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Virus Release���Jan 20Ô	�UNLABELLED: Paramyxovirus particles are formed by a budding process coordinated by viral matrix (M) proteins. M proteins coalesce at sites underlying infected cell membranes and induce other viral components, including viral glycoproteins and viral ribonucleoprotein complexes (vRNPs), to assemble at these locations from which particles bud. M proteins interact with the nucleocapsid (NP or N) components of vRNPs, and these interactions enable production of infectious, genome-containing virions. For the paramyxoviruses parainfluenza virus 5 (PIV5) and mumps virus, M-NP interaction also contributes to efficient production of virus-like particles (VLPs) in transfected cells. A DLD sequence near the C-terminal end of PIV5 NP protein was previously found to be necessary for M-NP interaction and efficient VLP production. Here, we demonstrate that 15-residue-long, DLD-containing sequences derived from either the PIV5 or Nipah virus nucleocapsid protein C-terminal ends are sufficient to direct packaging of a foreign protein, Renilla luciferase, into budding VLPs. Mumps virus NP protein harbors DWD in place of the DLD sequence found in PIV5 NP protein, and consequently, PIV5 NP protein is incompatible with mumps virus M protein. A single amino acid change converting DLD to DWD within PIV5 NP protein induced compatibility between these proteins and allowed efficient production of mumps VLPs. Our data suggest a model in which paramyxoviruses share an overall common strategy for directing M-NP interactions but with important variations contained within DLD-like sequences that play key roles in defining M/NP protein compatibilities. IMPORTANCE: Paramyxoviruses are responsible for a wide range of diseases that affect both humans and animals. Paramyxovirus pathogens include measles virus, mumps virus, human respiratory syncytial virus, and the zoonotic paramyxoviruses Nipah virus and Hendra virus. Infectivity of paramyxovirus particles depends on matrix-nucleocapsid protein interactions which enable efficient packaging of encapsidated viral RNA genomes into budding virions. In this study, we have defined regions near the C-terminal ends of paramyxovirus nucleocapsid proteins that are important for matrix protein interaction and that are sufficient to direct a foreign protein into budding particles. These results advance our basic understanding of paramyxovirus genome packaging interactions and also have implications for the potential use of virus-like particles as protein delivery tools.,��https://www.ncbi.nlm.nih.gov/pubmed/26792745ä��Ray, Greeshma
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Viral Vaccines©��Previously unidentified viruses, such as Middle East respiratory syndrome coronavirus, continue to emerge and threaten populations, while powerful new techniques have identified many new human and animal viruses. Similarly, existing viruses, from Ebola virus to chikungunya virus, are reemerging and spreading to new geographical regions. These viruses often pose a challenge for researchers to study due to their highly pathogenic nature. Lentiviral and rhabdoviral pseudotypes are excellent tools for studying enveloped viruses and have contributed to many recent advances in areas such as receptor usage, viral entry and serology. In particular, pseudotypes allow the safe study of unknown or highly pathogenic viruses. They also allow the initial characterization of aspects of infection such as cellular tropism for difficult to culture viruses. In this review we will introduce various pseudotyping systems for emerging viruses, including chikungunya virus, Ebola virus, SARS and MERS coronaviruses and Nipah virus, as well as their use in diverse studies including drug screening and antibody neutralization. We will also discuss the limitations and potential caveats using pseudotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/26785737p��Steffen, Imke
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Virus Replication/genetics���AprË��Incorporation of reporter genes within virus genomes is an indispensable tool for interrogation of virus biology and pathogenesis. In previous work, we incorporated a fluorophore into a viral ORF by attaching it to the viral gene via a P2A ribosomal skipping sequence. This recombinant Nipah virus, however, was attenuated in vitro relative to WT virus. In this work, we determined that inefficient ribosomal skipping was a major contributing factor to this attenuation. Inserting a GSG linker before the P2A sequence resulted in essentially complete skipping, significantly improved growth in vitro, and WT lethality in vivo. To the best of our knowledge, this represents the first time a recombinant virus of Mononegavirales with integration of a reporter into a viral ORF has been compared with the WT virus in vivo. Incorporating the GSG linker for improved skipping efficiency whenever functionally important is a critical consideration for recombinant virus design.,��https://www.ncbi.nlm.nih.gov/pubmed/26781134¹��Park, Arnold
Yun, Tatyana
Hill, Terence E
Ikegami, Tetsuro
Juelich, Terry L
Smith, Jennifer K
Zhang, Lihong
Freiberg, Alexander N
Lee, Benhur
eng
T32 GM007185/GM/NIGMS NIH HHS/
U54 AI057156/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
GM007185/GM/NIGMS NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2016/01/20 06:00
J Gen Virol. 2016 Apr;97(4):839-43. doi: 10.1099/jgv.0.000405. Epub 2016 Jan 18.*��1465-2099 (Electronic)
0022-1317 (Linking)
��PMC4854364���26781134G��1Department of Microbiology, Immunology and Molecular Genetics, University of California-Los Angeles, Los Angeles, CA, USA 2Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, NY, USA.
3Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA.
3Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA 4Center for Biodefense and Emerging Infectious Diseases, University of Texas Medical Branch, Galveston, TX, USA 5Institute for Human Infections and Immunity, University of Texas Medical Branch, Galveston, TX, USA.
3Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA 5Institute for Human Infections and Immunity, University of Texas Medical Branch, Galveston, TX, USA 4Center for Biodefense and Emerging Infectious Diseases, University of Texas Medical Branch, Galveston, TX, USA.
2Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, NY, USA 1Department of Microbiology, Immunology and Molecular Genetics, University of California-Los Angeles, Los Angeles, CA, USA.���10.1099/jgv.0.000405�	.�Fþ×tÿî?ó���A��DeBuysscher, B. L.
Scott, D.
Thomas, T.
Feldmann, H.
Prescott, J.���2016}��Peri-exposure protection against Nipah virus disease using a single-dose recombinant vesicular stomatitis virus-based vaccine���NPJ Vaccines���1���Nipah virus is a zoonotic paramyxovirus that causes severe disease in humans and animals. Due to almost yearly outbreaks in Bangladesh, and a large outbreak in Malaysia that lead to the shutdown of swine export, Nipah virus is both a threat to public health and the economy. Infection is associated with respiratory distress, encephalitis and human-to-human transmission, resulting in high case fatality rates during outbreaks. This study aims to address the amount of time needed until protection from a recombinant vesicular stomatitis virus-based vaccine candidate expressing the Nipah virus glycoprotein (G), which we have previously shown to protect hamsters and non-human primates when administered 28 days before challenge. We found that a single-dose vaccination, when administered 1 day before challenge, reduced viral load, limited pathology and fully protected hamsters from Nipah virus infection. The vaccine was even partially protective when administered at early time points following challenge with Nipah virus. These data indicate that a single administration of this vaccine to high-risk individuals, such as family members and health-care workers of infected patients, could be protective and useful for reducing human-to-human transmission and curbing an outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/28706736Ú��DeBuysscher, Blair L
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paramyxovirus F protein���Jan 26®��Hendra virus (HeV) is one of the two prototypical members of the Henipavirus genus of paramyxoviruses, which are designated biosafety level 4 (BSL-4) organisms due to the high mortality rate of Nipah virus (NiV) and HeV in humans. Paramyxovirus cell entry is mediated by the fusion protein, F, in response to binding of a host receptor by the attachment protein. During posttranslational processing, the fusion peptide of F is released and, upon receptor-induced triggering, inserts into the host cell membrane. As F undergoes a dramatic refolding from its prefusion to postfusion conformation, the fusion peptide brings the host and viral membranes together, allowing entry of the viral RNA. Here, we present the crystal structure of the prefusion form of the HeV F ectodomain. The structure shows very high similarity to the structure of prefusion parainfluenza virus 5 (PIV5) F, with the main structural differences in the membrane distal apical loops and the fusion peptide cleavage loop. Functional assays of mutants show that the apical loop can tolerate perturbation in length and surface residues without loss of function, except for residues involved in the stability and conservation of the F protein fold. Structure-based disulfide mutants were designed to anchor the fusion peptide to conformationally invariant residues of the F head. Two mutants were identified that inhibit F-mediated fusion by stabilizing F in its prefusion conformation.,��https://www.ncbi.nlm.nih.gov/pubmed/26712026¸��Wong, Joyce J W
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Viral Proteins/genetics/*immunology���Mar���IFN-antagonist function is a major determinant of pathogenicity and cross-species infection by viruses, but remains poorly defined for many potentially zoonotic viruses resident in animal species. The paramyxovirus family contains several zoonotic viruses, including highly pathogenic viruses such as Nipah virus and Hendra virus, and an increasing number of largely uncharacterized animal viruses. Here, we report the characterization of IFN antagonism by the rodent viruses J virus (JPV) and Beilong virus (BeiPV) of the proposed genus Jeilongvirus of the paramyxoviruses. Infection of cells by JPV and BeiPV was found to inhibit IFN-activated nuclear translocation of signal transducer and activator of transcription 1 (STAT1). However, in contrast to most other paramyxoviruses, the JPV and BeiPV V proteins did not interact with or inhibit signalling by STAT1 or STAT2, suggesting that JPV/BeiPV use an atypical V protein-independent strategy to target STATs, consistent with their inclusion in a separate genus. Nevertheless, the V proteins of both viruses interacted with melanoma differentiation-associated protein 5 (MDA5) and robustly inhibited MDA5-dependent activation of the IFN-beta promoter. This supports a growing body of evidence that MDA5 is a universal target of paramyxovirus V proteins, such that the V-MDA5 interaction represents a potential target for broad-spectrum antiviral approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/26703878 ��Audsley, Michelle D
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split-GFP���Feby��Despite the partial disorder-to-order transition that intrinsically disordered proteins often undergo upon binding to their partners, a considerable amount of residual disorder may be retained in the bound form, resulting in a fuzzy complex. Fuzzy regions flanking molecular recognition elements may enable partner fishing through non-specific, transient contacts, thereby facilitating binding, but may also disfavor binding through various mechanisms. So far, few computational or experimental studies have addressed the effect of fuzzy appendages on partner recognition by intrinsically disordered proteins. In order to shed light onto this issue, we used the interaction between the intrinsically disordered C-terminal domain of the measles virus (MeV) nucleoprotein (NTAIL ) and the X domain (XD) of the viral phosphoprotein as model system. After binding to XD, the N-terminal region of NTAIL remains conspicuously disordered, with alpha-helical folding taking place only within a short molecular recognition element. To study the effect of the N-terminal fuzzy region on NTAIL /XD binding, we generated N-terminal truncation variants of NTAIL , and assessed their binding abilities towards XD. The results revealed that binding increases with shortening of the N-terminal fuzzy region, with this also being observed with hsp70 (another MeV NTAIL binding partner), and for the homologous NTAIL /XD pairs from the Nipah and Hendra viruses. Finally, similar results were obtained when the MeV NTAIL fuzzy region was replaced with a highly dissimilar artificial disordered sequence, supporting a sequence-independent inhibitory effect of the fuzzy region.,��https://www.ncbi.nlm.nih.gov/pubmed/26684000h��Gruet, Antoine
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Virosomes/*immunology���Dec 16'��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pronounced infection of brain endothelia and central nervous system (CNS) inflammation. Using primary porcine brain microvascular endothelial cells, we showed that upregulation of E-selectin precedes cytokine induction and is induced not only by infectious NiV but also by NiV-glycoprotein-containing virus-like particles. This demonstrates that very early events in NiV brain endothelial infection do not depend on NiV replication but can be triggered by the NiV glycoproteins alone.,��https://www.ncbi.nlm.nih.gov/pubmed/26676791���Freitag, Tanja C
Maisner, Andrea
eng
Research Support, Non-U.S. Gov't
2015/12/18 06:00
J Virol. 2015 Dec 16;90(5):2706-9. doi: 10.1128/JVI.02825-15.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4810727���26676791®��Institute of Virology, Philipps University of Marburg, Marburg, Germany.
Institute of Virology, Philipps University of Marburg, Marburg, Germany maisner@staff.uni-marburg.de.���10.1128/JVI.02825-15����¨��üÒtÿî?ø���t��Dietzel, E.
Kolesnikova, L.
Sawatsky, B.
Heiner, A.
Weis, M.
Kobinger, G. P.
Becker, S.
von Messling, V.
Maisner, A.���2015j��Nipah Virus Matrix Protein Influences Fusogenicity and Is Essential for Particle Infectivity and Stability���2514-22���J Virol���90���5���Animals
Cell Line
Gene Deletion
Humans
Microbial Viability/drug effects
Microscopy, Electron, Transmission
Microscopy, Fluorescence
Microscopy, Immunoelectron
Nipah Virus/genetics/*physiology/radiation effects/ultrastructure
Reverse Genetics
Temperature
Viral Load
Viral Matrix Proteins/genetics/*metabolism
Virion/ultrastructure
*Virus Assembly
Virus Cultivation
*Virus Release
Virus Replication���Dec 16p��UNLABELLED: Nipah virus (NiV) causes fatal encephalitic infections in humans. To characterize the role of the matrix (M) protein in the viral life cycle, we generated a reverse genetics system based on NiV strain Malaysia. Using an enhanced green fluorescent protein (eGFP)-expressing M protein-deleted NiV, we observed a slightly increased cell-cell fusion, slow replication kinetics, and significantly reduced peak titers compared to the parental virus. While increased amounts of viral proteins were found in the supernatant of cells infected with M-deleted NiV, the infectivity-to-particle ratio was more than 100-fold reduced, and the particles were less thermostable and of more irregular morphology. Taken together, our data demonstrate that the M protein is not absolutely required for the production of cell-free NiV but is necessary for proper assembly and release of stable infectious NiV particles. IMPORTANCE: Henipaviruses cause a severe disease with high mortality in human patients. Therefore, these viruses can be studied only in biosafety level 4 (BSL-4) laboratories, making it more challenging to characterize their life cycle. Here we investigated the role of the Nipah virus matrix protein in virus-mediated cell-cell fusion and in the formation and release of newly produced particles. We found that even though low levels of infectious viruses are produced in the absence of the matrix protein, it is required for the release of highly infectious and stable particles. Fusogenicity of matrixless viruses was slightly enhanced, further demonstrating the critical role of this protein in different steps of Nipah virus spread.,��https://www.ncbi.nlm.nih.gov/pubmed/26676785A��Dietzel, Erik
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SeasonsÌ��Hendra virus (HeV) causes highly lethal disease in horses and humans in the eastern Australian states of Queensland (QLD) and New South Wales (NSW), with multiple equine cases now reported on an annual basis. Infection and excretion dynamics in pteropid bats (flying-foxes), the recognised natural reservoir, are incompletely understood. We sought to identify key spatial and temporal factors associated with excretion in flying-foxes over a 2300 km latitudinal gradient from northern QLD to southern NSW which encompassed all known equine case locations. The aim was to strengthen knowledge of Hendra virus ecology in flying-foxes to improve spillover risk prediction and exposure risk mitigation strategies, and thus better protect horses and humans. Monthly pooled urine samples were collected from under roosting flying-foxes over a three-year period and screened for HeV RNA by quantitative RT-PCR. A generalised linear model was employed to investigate spatiotemporal associations with HeV detection in 13,968 samples from 27 roosts. There was a non-linear relationship between mean HeV excretion prevalence and five latitudinal regions, with excretion moderate in northern and central QLD, highest in southern QLD/northern NSW, moderate in central NSW, and negligible in southern NSW. Highest HeV positivity occurred where black or spectacled flying-foxes were present; nil or very low positivity rates occurred in exclusive grey-headed flying-fox roosts. Similarly, little red flying-foxes are evidently not a significant source of virus, as their periodic extreme increase in numbers at some roosts was not associated with any concurrent increase in HeV detection. There was a consistent, strong winter seasonality to excretion in the southern QLD/northern NSW and central NSW regions. This new information allows risk management strategies to be refined and targeted, mindful of the potential for spatial risk profiles to shift over time with changes in flying-fox species distribution.,��https://www.ncbi.nlm.nih.gov/pubmed/26625128L��Field, Hume
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Protein expression���Feb���Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus that has caused severe morbidity and mortality in humans and horses in Australia since 1994. HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) glycoproteins, that are essential for receptor binding and fusion of viral and cellular membranes. The eukaryotic unicellular parasite Leishmania tarentolae has recently been established as a powerful tool to express recombinant proteins with mammalian-like glycosylation patterns, but only few viral proteins have been expressed in this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting the preserved antigenicity of the purified protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26585033P��Fischer, Kerstin
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viruses���Dec>��Hendra virus occasionally causes severe disease in horses and humans. In Australia in 2013, infection was detected in a dog that had been in contact with an infected horse. Abnormalities and viral RNA were found in the dog's kidney, brain, lymph nodes, spleen, and liver. Dogs should be kept away from infected horses.,��https://www.ncbi.nlm.nih.gov/pubmed/26583697���Kirkland, Peter D
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*equine���Aug¾��Hendra virus (HeV), a potentially fatal zoonotic disease spread by flying foxes, to date has always infected humans via a spillover event from equine HeV infection. In a theoretical case study, we compared the impacts of two different HeV prevention strategies - vaccination and flying fox roost removal - using a recently developed framework that considers different stakeholder group perspectives. The perspectives of the four selected stakeholder groups regarding intangibles were inferred from public discussions and coverage in the media. For all stakeholder groups, the option to vaccinate horses was found to add value to the economic results when the intangible impacts were included in the analysis, while the option for roost removal unanimously detracted from economic analysis value when the intangible impacts were included. Both the mean and median stakeholder-adjusted value ratios (2.25 and 2.12, respectively) for vaccination were inflated when intangible impacts were included, by value-adding to the results of a traditional economic analysis. In the roost removal strategy, these ratios (1.19 and 1.16, respectively) were deflated when intangible impacts were included. Results of this theoretical study suggest that the inclusion of intangible impacts promotes the value of a two-dose initial vaccination protocol using a subunit vaccination considered to offer complete protection for horses, as a strategy to control HeV, whereas roost removal becomes an even more costly strategy. Outcome of the analysis is particularly sensitive to the intangible value placed on human health. Further evaluation - via sociological methods - of values placed on intangibles by various stakeholder groups is warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/26558882¬��Wilson, S-J
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202]��Nahar, Nazmun
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Signal transducers and activators of transcription���Decï��Immune evasion by the lethal henipaviruses, Hendra (HeV) and Nipah virus, is mediated by its interferon (IFN) antagonist P gene products, phosphoprotein (P), and the related V and W proteins, which can target the signal transducer and activator of transcription 1 (STAT1) and STAT2 proteins to inhibit IFN/STAT signaling. However, it is not clear if the recently identified non-pathogenic Henipavirus, Cedar paramyxovirus (CedPV), is also able to antagonize the STAT proteins. We performed comparative studies between the HeV P gene products (P/V/W) and CedPV-P (CedPV does not encode V or W) and demonstrate that differences exist in their ability to engage the STAT proteins using immunoprecipitation and quantitative confocal microscopic analysis. In contrast to HeV-P gene encoded proteins, the ability of CedPV-P to interact with and relocalize STAT1 or STAT2 is compromised, correlating with a reduced capacity to inhibit the mRNA synthesis of IFN-inducible gene MxA. Furthermore, infection studies with HeV and CedPV demonstrate that HeV is more potent than CedPV in inhibiting the IFN-alpha-mediated nuclear accumulation of STAT1. These results strongly suggest that the ability of CedPV to counteract the IFN/STAT response is compromised compared to HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/26526590Ó��Lieu, Kim G
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zoonotic Infections¤��The Hendra virus (HeV) poses a significant challenge to public health in Australia. Expanding migratory patterns observed among bats and the mutation of the virus to seek and successfully infect new hosts is a significant departure from the generalized epidemiological trend. The recent discovery of equine-related infections and deaths in addition to a canine infection demonstrates the inadequacy of the current equine vaccine developed in 2012. Traditional models for controlling the spread of the vector are futile given the rapid pace at which bats' habitats are eroded. Recent ongoing zoonotic epidemics, for example, Ebola and Middle East respiratory syndrome coronavirus, demonstrate that human-to-human transmission is a distinct reality rather than an obscure possibility. The development of a human HeV vaccine is essential for the biosecurity of Australia, as part of a multipronged strategy to control HeV in Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/26519254���Zahoor, Bilal A
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022è��Masoomi Dezfooli, Seyedehsara
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Time Factors���JanÍ��Acute febrile illness (AFI) is associated with substantial morbidity and mortality worldwide, yet an etiologic agent is often not identified. Convalescent-phase serology is impractical, blood culture is slow, and many pathogens are fastidious or impossible to cultivate. We developed a real-time PCR-based TaqMan array card (TAC) that can test six to eight samples within 2.5 h from sample to results and can simultaneously detect 26 AFI-associated organisms, including 15 viruses (chikungunya, Crimean-Congo hemorrhagic fever [CCHF] virus, dengue, Ebola virus, Bundibugyo virus, Sudan virus, hantaviruses [Hantaan and Seoul], hepatitis E, Marburg, Nipah virus, o'nyong-nyong virus, Rift Valley fever virus, West Nile virus, and yellow fever virus), 8 bacteria (Bartonella spp., Brucella spp., Coxiella burnetii, Leptospira spp., Rickettsia spp., Salmonella enterica and Salmonella enterica serovar Typhi, and Yersinia pestis), and 3 protozoa (Leishmania spp., Plasmodium spp., and Trypanosoma brucei). Two extrinsic controls (phocine herpesvirus 1 and bacteriophage MS2) were included to ensure extraction and amplification efficiency. Analytical validation was performed on spiked specimens for linearity, intra-assay precision, interassay precision, limit of detection, and specificity. The performance of the card on clinical specimens was evaluated with 1,050 blood samples by comparison to the individual real-time PCR assays, and the TAC exhibited an overall 88% (278/315; 95% confidence interval [CI], 84% to 92%) sensitivity and a 99% (5,261/5,326, 98% to 99%) specificity. This TaqMan array card can be used in field settings as a rapid screen for outbreak investigation or for the surveillance of pathogens, including Ebola virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26491176Ò��Liu, Jie
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mRNA induction���Febe��While the ferret is a valuable animal model for a number of human viral infections, such as influenza, Hendra and Nipah, evaluating the cellular immune response following infection has been hampered by the lack of a number of species-specific immunological reagents. Interleukin 2 (IL-2) is one such key cytokine. Ferret recombinant IL-2 incorporating a C-terminal histidine tag was expressed and purified and the three-dimensional structure solved and refined at 1.89 A by X-ray crystallography, which represents the highest resolution and first non-human IL-2 structure. While ferret IL-2 displays the classic cytokine fold of the four-helix bundle structure, conformational flexibility was observed at the second helix and its neighbouring region in the bundle, which may result in the disruption of the spatial arrangement of residues involved in receptor binding interactions, implicating subtle differences between ferret and human IL-2 when initiating biological functions. Ferret recombinant IL-2 stimulated the proliferation of ferret lymph node cells and induced the expression of mRNA for IFN-gamma and Granzyme A.,��https://www.ncbi.nlm.nih.gov/pubmed/26472619*��Ren, Bin
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�Pteropid bats or flying-foxes (Chiroptera: Pteropodidae) are the natural host of Hendra virus (HeV) which sporadically causes fatal disease in horses and humans in eastern Australia. While there is strong evidence that urine is an important infectious medium that likely drives bat to bat transmission and bat to horse transmission, there is uncertainty about the relative importance of alternative routes of excretion such as nasal and oral secretions, and faeces. Identifying the potential routes of HeV excretion in flying-foxes is important to effectively mitigate equine exposure risk at the bat-horse interface, and in determining transmission rates in host-pathogen models. The aim of this study was to identify the major routes of HeV excretion in naturally infected flying-foxes, and secondarily, to identify between-species variation in excretion prevalence. A total of 2840 flying-foxes from three of the four Australian mainland species (Pteropus alecto, P. poliocephalus and P. scapulatus) were captured and sampled at multiple roost locations in the eastern states of Queensland and New South Wales between 2012 and 2014. A range of biological samples (urine and serum, and urogenital, nasal, oral and rectal swabs) were collected from anaesthetized bats, and tested for HeV RNA using a qRT-PCR assay targeting the M gene. Forty-two P. alecto (n = 1410) had HeV RNA detected in at least one sample, and yielded a total of 78 positive samples, at an overall detection rate of 1.76% across all samples tested in this species (78/4436). The rate of detection, and the amount of viral RNA, was highest in urine samples (>serum, packed haemocytes >faecal >nasal >oral), identifying urine as the most plausible source of infection for flying-foxes and for horses. Detection in a urine sample was more efficient than detection in urogenital swabs, identifying the former as the preferred diagnostic sample. The detection of HeV RNA in serum is consistent with haematogenous spread, and with hypothesised latency and recrudesence in flying-foxes. There were no detections in P. poliocephalus (n = 1168 animals; n = 2958 samples) or P. scapulatus (n = 262 animals; n = 985 samples), suggesting (consistent with other recent studies) that these species are epidemiologically less important than P. alecto in HeV infection dynamics. The study is unprecedented in terms of the individual animal approach, the large sample size, and the use of a molecular assay to directly determine infection status. These features provide a high level of confidence in the veracity of our findings, and a sound basis from which to more precisely target equine risk mitigation strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/26469523s��Edson, Daniel
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therapeutics���The lack of vaccines against several important viral diseases necessitates the development of therapeutics to save lives and control epidemics. In recent years, therapeutic antibodies have received considerable attention due to their good safety profiles and clinical success when used against viruses such as respiratory syncytial virus, Ebola virus and Hendra virus. The binding affinity of these antibodies can directly impact their therapeutic efficacy. However, we and others have also demonstrated that the subtype of Fc-gamma receptors (FcgammaRs) engaged influences the stoichiometric requirement for virus neutralization. Hence, the development of therapeutic antibodies against infectious diseases should consider the FcgammaRs engaged and Fc-effector functions involved. This review highlights the current state of knowledge about FcgammaRs and FcgammaR effector functions involved in virus neutralization, with emphasis on factors that can affect FcgammaR engagement. A better understanding of Fc-FcgammaR interactions during virus neutralization will allow development of therapeutic antibodies that are efficacious and can be administered with minimal side effects.,��https://www.ncbi.nlm.nih.gov/pubmed/26466016È��Chan, Kuan Rong
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Smith, J.���2015õ��The Clots in Legs Or sTockings after Stroke (CLOTS) 3 trial: a randomised controlled trial to determine whether or not intermittent pneumatic compression reduces the risk of post-stroke deep vein thrombosis and to estimate its cost-effectiveness���1-90���Health Technol Assess���19���76)��Aged
Cost-Benefit Analysis
Female
Hospitalization
Humans
*Intermittent Pneumatic Compression Devices/economics
Male
Middle Aged
Quality of Life
Risk Factors
Stroke/*complications
Surveys and Questionnaires
Treatment Outcome
United Kingdom
Venous Thrombosis/etiology/mortality/*prevention & control���Sep/��BACKGROUND: Venous thromboembolism (VTE) is a common cause of death and morbidity in stroke patients. There are few data concerning the effectiveness of intermittent pneumatic compression (IPC) in treating patients with stroke. OBJECTIVES: To establish whether or not the application of IPC to the legs of immobile stroke patients reduced their risk of deep vein thrombosis (DVT). DESIGN: Clots in Legs Or sTockings after Stroke (CLOTS) 3 was a multicentre, parallel-group, randomised controlled trial which allocated patients via a central randomisation system to IPC or no IPC. A technician blinded to treatment allocation performed compression duplex ultrasound (CDU) of both legs at 7-10 days and 25-30 days after enrolment. We followed up patients for 6 months to determine survival and later symptomatic VTE. Patients were analysed according to their treatment allocation. SETTING: We enrolled 2876 patients in 94 UK hospitals between 8 December 2008 and 6 September 2012. PARTICIPANTS: INCLUSION CRITERIA: patients admitted to hospital within 3 days of acute stroke and who were immobile on the day of admission (day 0) to day 3. EXCLUSION CRITERIA: age < 16 years; subarachnoid haemorrhage; and contra-indications to IPC including dermatitis, leg ulcers, severe oedema, severe peripheral vascular disease and congestive cardiac failure. INTERVENTIONS: Participants were allocated to routine care or routine care plus IPC for 30 days, or until earlier discharge or walking independently. MAIN OUTCOME MEASURES: The primary outcome was DVT in popliteal or femoral veins, detected on a screening CDU, or any symptomatic DVT in the proximal veins, confirmed by imaging, within 30 days of randomisation. The secondary outcomes included death, any DVTs, symptomatic DVTs, pulmonary emboli, skin breaks on the legs, falls with injury or fractures and duration of IPC use occurring within 30 days of randomisation and survival, symptomatic VTE, disability (as measured by the Oxford Handicap Scale), quality of life (as measured by the European Quality of Life-5 Dimensions 3 Level questionnaire) and length of initial hospital stay measured 6 months after randomisation. RESULTS: We allocated 1438 patients to IPC and 1438 to no IPC. The primary outcome occurred in 122 (8.5%) of 1438 patients allocated to IPC and 174 (12.1%) of 1438 patients allocated to no IPC, giving an absolute reduction in risk of 3.6% [95% confidence interval (CI) 1.4% to 5.8%] and a relative risk reduction of 0.69 (95% CI 0.55 to 0.86). After excluding 323 patients who died prior to any primary outcome and 41 who had no screening CDU, the primary outcome occurred in 122 of 1267 IPC participants compared with 174 of 1245 no-IPC participants, giving an adjusted odds ratio of 0.65 (95% CI 0.51 to 0.84; p = 0.001). Secondary outcomes in IPC compared with no-IPC participants were death in the treatment period in 156 (10.8%) versus 189 (13.1%) (p = 0.058); skin breaks in 44 (3.1%) versus 20 (1.4%) (p = 0.002); and falls with injury in 33 (2.3%) versus 24 (1.7%) (p = 0.221). Among patients treated with IPC, there was a statistically significant improvement in survival to 6 months (hazard ratio 0.86, 95% CI 0.73 to 0.99; p = 0.042), but no improvement in disability. The direct cost of preventing a DVT was pound1282 per event (95% CI pound785 to pound3077). CONCLUSIONS: IPC is an effective and inexpensive method of reducing the risk of DVT and improving survival in immobile stroke patients. FUTURE RESEARCH: Further research should test whether or not IPC improves survival in other groups of high-risk hospitalised medical patients. In addition, research into methods to improve adherence to IPC might increase the benefits of IPC in stroke patients. TRIAL REGISTRATION: Current Controlled Trials ISRCTN93529999. FUNDING: The start-up phase of the trial (December 2008-March 2010) was funded by the Chief Scientist Office of the Scottish Government (reference number CZH/4/417). The main phase of the trial was funded by the National Institute for Health Research Health Technology Assessment programme (reference number 08/14/03). Covidien Ltd (Mansfield, MA, USA) lent its Kendall SCD Express sequential compression system controllers to the 105 centres involved in the trial and donated supplies of its sleeves. It also provided logistical help in keeping our centres supplied with sleeves and training materials relevant to the use of their devices. Recruitment and follow-up were supported by the National Institute for Health Research-funded UK Stroke Research Network and by the Scottish Stroke Research Network, which was supported by NHS Research Scotland.,��https://www.ncbi.nlm.nih.gov/pubmed/26418530Q��Dennis, Martin
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Slips���Octc��Falls that occur as a result of a slip are one of the leading causes of injuries, particularly in the elderly population. Previous studies have focused on slips that occur on a flat surface. Slips on a laterally sloping surface are important and may be related to different mechanisms of balance recovery. This type of slip might result in different gait adaptations to those previously described on a flat surface, but these adaptations have not been investigated. The aim of this study was to assess whether, when walking on a cross-slope, young adults adapted their gait when made aware of a potential slip, and having experienced a slip. Gait parameters were compared for three conditions--(1) Normal walking; (2) Walking after being made aware of a potential slip (participants were told that a slip may occur); (3) Walking after experiencing a slip (Participants had already experienced at least one slip induced using a soapy contaminant). Gait parameters were only analysed for trials in which there was no slippery contaminant present on the walkway. Stride length and walking velocity were significantly reduced, and stance duration was significantly greater in the awareness and experience conditions compared to normal walking, with no significant differences in any gait parameters between the awareness and experience conditions. In addition, 46.7% of the slip trials resulted in a fall. This is higher than reported for slips induced on a flat surface, suggesting slips on a cross-slope are more hazardous. This would help explain the more cautious gait patterns observed in both the awareness and experience conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/26404081ì��Lawrence, Daniel
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Risk���MarÀ��Hendra virus causes sporadic fatal disease in horses and humans in eastern Australia. Pteropid bats (flying-foxes) are the natural host of the virus. The mode of flying-fox to horse transmission remains unclear, but oro-nasal contact with flying-fox urine, faeces or saliva is the most plausible. We used GPS data logger technology to explore the landscape utilisation of black flying-foxes and horses to gain new insight into equine exposure risk. Flying-fox foraging was repetitious, with individuals returning night after night to the same location. There was a preference for fragmented arboreal landscape and non-native plant species, resulting in increased flying-fox activity around rural infrastructure. Our preliminary equine data logger study identified significant variation between diurnal and nocturnal grazing behaviour that, combined with the observed flying-fox foraging behaviour, could contribute to Hendra virus exposure risk. While we found no significant risk-exposing difference in individual horse movement behaviour in this study, the prospect warrants further investigation, as does the broader role of animal behaviour and landscape utilisation on the transmission dynamics of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26403793ä��Field, H E
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Viral proteins���In this review we summarize available data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within NTAIL-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder for viral transcription and replication are discussed in light of the ability of disordered regions to establish a complex molecular partnership and to confer a considerable reach to the elements of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26387109���Erales, Jenny
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Viral Proteins/*metabolism���Dec���UNLABELLED: Paramyxoviruses include many important animal and human pathogens. The genome of parainfluenza virus 5 (PIV5), a prototypical paramyxovirus, encodes a V protein that inhibits viral RNA synthesis. In this work, the mechanism of inhibition was investigated. Using mutational analysis and a minigenome system, we identified regions in the N and C termini of the V protein that inhibit viral RNA synthesis: one at the very N terminus of V and the second at the C terminus of V. Furthermore, we determined that residues L16 and I17 are critical for the inhibitory function of the N-terminal region of the V protein. Both regions interact with the nucleocapsid protein (NP), an essential component of the viral RNA genome complex (RNP). Mutations at L16 and I17 abolished the interaction between NP and the N-terminal domain of V. This suggests that the interaction between NP and the N-terminal domain plays a critical role in V inhibition of viral RNA synthesis by the N-terminal domain. Both the N- and C-terminal regions inhibited viral RNA replication. The C terminus inhibited viral RNA transcription, while the N-terminal domain enhanced viral RNA transcription, suggesting that the two domains affect viral RNA through different mechanisms. Interestingly, V also inhibited the synthesis of the RNA of other paramyxoviruses, such as Nipah virus (NiV), human parainfluenza virus 3 (HPIV3), measles virus (MeV), mumps virus (MuV), and respiratory syncytial virus (RSV). This suggests that a common host factor may be involved in the replication of these paramyxoviruses. IMPORTANCE: We identified two regions of the V protein that interact with NP and determined that one of these regions enhances viral RNA transcription via its interaction with NP. Our data suggest that a common host factor may be involved in the regulation of paramyxovirus replication and could be a target for broad antiviral drug development. Understanding the regulation of paramyxovirus replication will enable the rational design of vaccines and potential antiviral drugs.,��https://www.ncbi.nlm.nih.gov/pubmed/26378167=��Yang, Yang
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Virus���Oct���With more than 1 200 species, bats and flying foxes (Order Chiroptera) constitute the most important and diverse order of Mammals after Rodents. Many species of bats are insectivorous while others are frugivorous and few of them are hematophagous. Some of these animals fly during the night, others are crepuscular or diurnal. Some fly long distances during seasonal migrations. Many species are colonial cave-dwelling, living in a rather small home range while others are relatively solitary. However, in spite of the importance of bats for terrestrial biotic communities and ecosystem ecology, the diversity in their biology and lifestyles remain poorly known and underappreciated. More than sixty viruses have been detected or isolated in bats; these animals are therefore involved in the natural cycles of many of them. This is the case, for instance, of rabies virus and other Lyssavirus (Family Rhabdoviridae), Nipah and Hendra viruses (Paramyxoviridae), Ebola and Marburg viruses (Filoviridae), SARS-CoV and MERS-CoV (Coronaviridae). For these zoonotic viruses, a number of bat species are considered as important reservoir hosts, efficient disseminators or even directly responsible of the transmission. Some of these bat-borne viruses cause highly pathogenic diseases while others are of potential significance for humans and domestic or wild animals; so, bats are an important risk in human and animal public health. Moreover, some groups of viruses developed through different phylogenetic mechanisms of coevolution between viruses and bats. The fact that most of these viral infections are asymptomatic in bats has been observed since a long time but the mechanisms of the viral persistence are not clearly understood. The various bioecology of the different bat populations allows exchange of virus between migrating and non-migrating conspecific species. For a better understanding of the role of bats in the circulation of these viral zoonoses, epidemiologists must pay attention to some of their biologic properties which are not fully documented, like their extreme longevity, their diet, the population size and the particular densities observed in species with crowded roosting behavior, the population structure and migrations, the hibernation permitting overwintering of viruses, their particular innate and acquired immune response, probably related at least partially to their ability to fly, allowing persistent virus infections and preventing immunopathological consequences, etc. It is also necessary to get a better knowledge of the interactions between bats and ecologic changes induced by man and to attentively follow bat populations and their viruses through surveillance networks involving human and veterinary physicians, specialists of wild fauna, ecologists, etc. in order to understand the mechanisms of disease emergence, to try to foresee and, perhaps, to prevent viral emergences beforehand. Finally, a more fundamental research about immune mechanisms developed in viral infections is essential to reveal the reasons why Chiroptera are so efficient reservoir hosts. Clearly, a great deal of additional work is needed to document the roles of bats in the natural history of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26330152���Rodhain, F
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recombinant nucleocapsid¼��The recombinant viral protein-based indirect enzyme-linked immunosorbent assay (ELISA) is a cost-effective, safe, specific, and rapid tool to diagnose the viral infection. Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. The N protein was selected based on its immuno dominance and conservation among different NiV strains. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for swine sera was optimized using the recombinant NiV-N protein as an antigen along with negative and positive controls. The background reading was blocked using skim milk powder and chicken serum. A total number of 1709 swine serum samples from various states of India were tested with indirect ELISA and Western blot. The test was considered positive only when its total reactivity reading was higher than 0.2 cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Since specificity is high for Western blotting it was used as standard test for comparison of results of indirect ELISA. Sensitivity and specificity of indirect ELISA was 100% and 98.7%, respectively, in comparison with Western blotting. Recombinant N protein-based ELISA can be used in screening large number of serum samples for epidemiological investigations in developing countries where high containment laboratories are not available to handle this zoonotic virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26327601���Kulkarni, Diwakar D
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489n��Escaffre, Olivier
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pathological���Sep���The genus Henipavirus within the family Paramyxoviridae includes the Hendra virus (HeV) and Nipah virus (NiV) which were discovered in the 1990s in Australia and Malaysia, respectively, after emerging to cause severe and often fatal outbreaks in humans and animals. While HeV is confined to Australia, more recent NiV outbreaks have been reported in Bangladesh, India and the Philippines. The clinical manifestations of both henipaviruses in humans appear similar, with a predominance of an acute encephalitic syndrome. Likewise, the pathological features are similar and characterized by disseminated, multi-organ vasculopathy comprising endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, kidney and other major organs. This unique dual pathogenetic mechanism of vasculitis-induced microinfarction and neuronal infection causes severe tissue damage in the CNS. Both viruses can also cause relapsing encephalitis months and years after the acute infection. Many animal models studied to date have largely confirmed the pathology of henipavirus infection, and provided the means to test new therapeutic agents and vaccines. As the bat is the natural host of henipaviruses and has worldwide distribution, spillover events into human populations are expected to occur in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/26276024¤��Ong, Kien Chai
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evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523â��Lo Presti, Alessandra
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Wildlife���DecZ��The urban presence of flying-foxes (pteropid bats) in eastern Australia has increased in the last 20 years, putatively reflecting broader landscape change. The influx of large numbers often precipitates community angst, typically stemming from concerns about loss of social amenity, economic loss or negative health impacts from recently emerged bat-mediated zoonotic diseases such as Hendra virus and Australian bat lyssavirus. Local authorities and state wildlife authorities are increasingly asked to approve the dispersal or modification of flying-fox roosts to address expressed concerns, yet the scale of this concern within the community, and the veracity of the basis for concern are often unclear. We conducted an on-line survey to capture community attitudes and opinions on flying-foxes in the urban environment to inform management policy and decision-making. Analysis focused on awareness, concerns, and management options, and primarily compared responses from communities where flying-fox management was and was not topical at the time of the survey. While a majority of respondents indicated a moderate to high level of knowledge of both flying-foxes and Hendra virus, a substantial minority mistakenly believed that flying-foxes pose a direct infection risk to humans, suggesting miscommunication or misinformation, and the need for additional risk communication strategies. Secondly, a minority of community members indicated they were directly impacted by urban roosts, most plausibly those living in close proximity to the roost, suggesting that targeted management options are warranted. Thirdly, neither dispersal nor culling was seen as an appropriate management strategy by the majority of respondents, including those from postcodes where flying-fox management was topical. These findings usefully inform community debate and policy development and demonstrate the value of social analysis in defining the issues and options in this complex human-wildlife interaction. The mobile nature of flying-foxes underlines the need for a management strategy at a regional or larger scale, and independent of state borders.,��https://www.ncbi.nlm.nih.gov/pubmed/28616461Å��Kung, Nina Y
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Reservoir���Dec½��Hendra virus was first described in 1994 in Australia, causally associated with a cluster of fatal equine and human cases at a thoroughbred racing stable in the Brisbane suburb of Hendra. This year marks the twentieth anniversary of the identification of pteropid bats (flying-foxes) as the natural host of the virus, and it is timely to reflect on a pivotal meeting of an eclectic group of scientists in that process. They included animal and public health experts, environmental scientists, veterinary and horse industry representatives, and wildlife experts. The task was to review and prioritise wildlife surveillance seeking the origin of the previously unknown virus. The group determined that the likely reservoir must occur in disparate locations, and be capable of moving between locations, or exist in continuous, overlapping populations spanning multiple locations. Flying-foxes were considered to be a more probable source of the novel virus than birds. Within weeks, antibodies were detected in several species of flying-fox, and the virus was subsequently isolated. While the identification of the natural host of Hendra virus within 18 months of its description was remarkable in itself, a broader legacy followed. In the subsequent years, a suite of zoonotic viruses including Australian bat lyssavirus, Nipah virus, SARS coronavirus, and Ebola and Marburg viruses have been detected in bats. Bats are now the "go to" taxa for novel viruses. History has repeatedly demonstrated that knowledge begets knowledge. This simple notion of bringing a diverse group of people together in an environment of mutual respect reinforced this principle and proves that the sum is often so much more powerful than the parts.,��https://www.ncbi.nlm.nih.gov/pubmed/28616459���Black, Peter
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zoonoses¤	�Introduction: Zoonotic disease outbreaks have surged in the last two decades. These include severe acute respiratory syndrome (SARS), Hendra virus, Nipah virus, influenza viruses, Middle East Respiratory Syndrome (MERS) coronavirus, and ebola. One Health is the initiative of an inclusive collaboration linking human, animal, and environmental health. One Health is advocated through an intersectoral coordination to combat zoonoses, and the term has evolved over centuries. The primary aim of this literature review was to examine the change in the definition of the term One Health over time, particuarly following the the introduction of the latest definition in 2007 by the American Medical Association and the American Veterinary Medical Association. Methods: This review was conducted in four phases. The first phase consisted of a general PubMed search for the phrase "One Health" for every literature published up to December 2014. Then an advanced search was carried out using "One Health" in conjunction with the terms "zoonosis" and "zoonoses" in PubMed for the time period between January 2007 and December 2014. The articles found were then categorized based on the type of journals in which the articles were published. For the second phase, "One Health" was searched as a Medical subject heading (MeSH) term, which is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles. In the third phase, One Health advocate organizations were found using Google search engine. During the final phase, One Health was searched in Google scholar, examined by Google trends, and analyzed by Google ngram. Results: Before 2007, One Health had many connotations to health in the medical literature with an incomplete adherence to the usage of One Health linking zoonoses. The Google trends analysis shows an overal steady increase of the search of One Health from 2007 to 2014, which is consistent with the findings of articles from Pubmed. Discussion: Our results indicate that the linkage between the terms One Health and zoonoses started in 2007, which correlates with the joint declaration made by the American Medical Association and the American Veterinary Medical Association in 2007. We suggest creating a MeSH term for One Health in the PubMed database to support more specific research on zoonoses, and exploring the possibility of a patent of the term One Health to support global health and evidence based public health.,��https://www.ncbi.nlm.nih.gov/pubmed/29138713���Asokan, Govindaraj V
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Recombinant protein expression���DecE��Hendra virus (family Paramyxoviridae) is a negative sense single-stranded RNA virus (NSRV) which has been found to cause disease in humans, horses, and experimentally in other animals, e.g. pigs and cats. Pteropid bats commonly known as flying foxes have been identified as the natural host reservoir. The Hendra virus nucleocapsid protein (HeV N) represents the most abundant viral protein produced by the host cell, and is highly immunogenic with naturally infected humans and horses producing specific antibodies towards this protein. The purpose of this study was to express and purify soluble, functionally active recombinant HeV N, suitable for use as an immunodiagnostic reagent to detect antibodies against HeV. We expressed both full-length HeV N, (HeV NFL), and a C-terminal truncated form, (HeV NCORE), using a bacterial heterologous expression system. Both HeV N constructs were engineered with an N-terminal Hisx6 tag, and purified using a combination of immobilized metal affinity chromatography (IMAC) and size exclusion chromatography (SEC). Purified recombinant HeV N proteins self-assembled into soluble higher order oligomers as determined by SEC and negative-stain transmission electron microscopy. Both HeV N proteins were highly immuno-reactive with sera from animals and humans infected with either HeV or the closely related Nipah virus (NiV), but displayed no immuno-reactivity towards sera from animals infected with a non-pathogenic paramyxovirus (CedPV), or animals receiving Equivac(R) (HeV G glycoprotein subunit vaccine), using a Luminex-based multiplexed microsphere assay.,��https://www.ncbi.nlm.nih.gov/pubmed/26196500���Pearce, Lesley A
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protein-protein interactions���Jul 10¢��We herein review available computational and experimental data pointing to the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed molecular description of the mechanisms governing the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (PXD) of the homologous P proteins. We also show that NTAIL-PXD complexes are "fuzzy", i.e., they possess a significant residual disorder, and discuss the possible functional significance of this fuzziness. Finally, we emphasize the relevance of N-P interactions involving intrinsically disordered proteins as promising targets for new antiviral approaches, and end up summarizing the general functional advantages of disorder for viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26184170¦��Habchi, Johnny
Longhi, Sonia
eng
Research Support, Non-U.S. Gov't
Switzerland
2015/07/18 06:00
Int J Mol Sci. 2015 Jul 10;16(7):15688-726. doi: 10.3390/ijms160715688.*��1422-0067 (Electronic)
1422-0067 (Linking)
��PMC4519920���26184170���Aix-Marseille Universite, Architecture et Fonction des Macromolecules Biologiques (AFMB), UMR 7257, 163, Avenue de Luminy, Case 932, 13288 Marseille, France. jh884@cam.ac.uk.
Centre National pour la Recherche Scientifique (CNRS), AFMB UMR 7257, 163, Avenue de Luminy, Case 932, 13288 Marseille, France. jh884@cam.ac.uk.
Aix-Marseille Universite, Architecture et Fonction des Macromolecules Biologiques (AFMB), UMR 7257, 163, Avenue de Luminy, Case 932, 13288 Marseille, France. Sonia.Longhi@afmb.univ-mrs.fr.
Centre National pour la Recherche Scientifique (CNRS), AFMB UMR 7257, 163, Avenue de Luminy, Case 932, 13288 Marseille, France. Sonia.Longhi@afmb.univ-mrs.fr.���10.3390/ijms160715688���	A�üÒ|ÿî?�������Walsh, M. G.���2015\��Mapping the risk of Nipah virus spillover into human populations in South and Southeast Asia���563-71���Trans R Soc Trop Med Hyg���109���9���Animals
Area Under Curve
Asia, Southeastern/epidemiology
Asia, Western/epidemiology
Chiroptera/virology
Communicable Diseases, Emerging/*epidemiology/transmission
Disease Outbreaks/statistics & numerical data
Disease Reservoirs/statistics & numerical data/virology
Ecosystem
Geographic Mapping
Henipavirus Infections/*epidemiology/transmission
Human Activities/statistics & numerical data
Humans
Incidence
Plants
Risk Factors
Zoonoses/*epidemiology/transmission
Epidemiology
Landscape
Nipah virus
Pteropus
Spillover
Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654���Walsh, Michael G
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zoonoses���AugR��Because some bats host viruses with zoonotic potential, we investigated human-bat interactions in rural Ghana during 2011-2012. Nearly half (46.6%) of respondents regularly visited bat caves; 37.4% had been bitten, scratched, or exposed to bat urine; and 45.6% ate bat meat. Human-bat interactions in rural Ghana are frequent and diverse.,��https://www.ncbi.nlm.nih.gov/pubmed/26177344+��Anti, Priscilla
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Hassan, F.���2015d��A Computational Approach for Designing a Universal Epitope-Based Peptide Vaccine Against Nipah Virus���177-85���Interdiscip Sci���7���2���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209±��Ali, Mohammad Tuhin
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Phycoerythrin���Sep 15ó��Detection of Hendra viral IgG antibody in animal sera is useful for surveillance following a virus outbreak. The commonly used enzyme-linked immunosorbent assay and fluorescence-based Luminex assay typically consist of three steps and take at least several hours to complete. We have simplified the procedure to two steps in an effort to develop a rapid procedure for IgG antibody, but not IgM antibody, detection. This is achieved by conjugating the fluorescence label R-phycoerythrin directly onto the IgG binding protein Protein G. The use of magnetic nanoparticles, due to their large specific surface area, has helped reduce each of the binding steps to 20 min. As a result, the whole assay can be completed in 60 min. We also demonstrate a method to quickly estimate IgG antibody titres by assaying the sera at only two dilutions (i.e. 1:20 and 1:1000) and using the fluorescence ratio at these dilutions as an indicator of antibody titre. The results of this approach correlated well with the well-regarded serum neutralization test in virus antibody assays. This protocol reported here can be adopted in Luminex assays, fluorescence-linked immunosorbent assays and assays on microfluidics platforms for rapid antibody surveillance of Hendra and other viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26141730	��Gao, Yuan
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519���Satterfield, Benjamin A
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Protein-protein interaction���Sep 14g��In this review I summarize available data pointing to the abundance of structural disorder within the nucleoprotein (N) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. I provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous phosphoproteins. I also show that a significant flexibility persists within NTAIL-XD complexes, which makes them illustrative examples of "fuzziness". Finally, I discuss the functional implications of structural disorder for viral transcription and replication in light of the promiscuity of disordered regions and of the considerable reach they confer to the components of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26071376µ��Longhi, Sonia
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Zoonoses/*virology6��Hendra virus (HeV) is a lethal zoonotic agent that emerged in 1994 in Australia. Pteropid bats (flying-foxes) are the natural reservoir. To date, HeV has spilled over from flying-foxes to horses on 51 known occasions, and from infected horses to close-contact humans on seven occasions. We undertook screening of archived bat tissues for HeV by reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues were tested from 310 bats including 295 Pteropodiformes and 15 Vespertilioniformes. HeV was detected in 20 individual flying-foxes (6.4%) from various tissues including spleen, kidney, liver, lung, placenta and blood components. Detection was significantly higher in Pteropus Alecto and P. conspicillatus, identifying species as a risk factor for infection. Further, our findings indicate that HeV has a predilection for the spleen, suggesting this organ plays an important role in HeV infection. The lack of detections in the foetal tissues of HeV-positive females suggests that vertical transmission is not a regular mode of transmission in naturally infected flying-foxes, and that placental and foetal tissues are not a major source of infection for horses. A better understanding of HeV tissue tropism will strengthen management of the risk of spillover from flying-foxes to horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26060997ñ��Goldspink, Lauren K
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400¼��Weis, Michael
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RNA-dependent RNA polymerase
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antiviral therapy
nucleoside analogsÈ��The paramyxovirus family includes major human and animal pathogens, including measles virus, mumps virus, and human respiratory syncytial virus (RSV), as well as the emerging zoonotic Hendra and Nipah viruses. In the U.S., RSV is the leading cause of infant hospitalizations due to viral infectious disease. Despite their clinical significance, effective drugs for the improved management of paramyxovirus disease are lacking. The development of novel anti-paramyxovirus therapeutics is therefore urgently needed. Paramyxoviruses contain RNA genomes of negative polarity, necessitating a virus-encoded RNA-dependent RNA polymerase (RdRp) complex for replication and transcription. Since an equivalent enzymatic activity is absent in host cells, the RdRp complex represents an attractive druggable target, although structure-guided drug development campaigns are hampered by the lack of high-resolution RdRp crystal structures. Here, we review the current structural and functional insight into the paramyxovirus polymerase complex in conjunction with an evaluation of the mechanism of activity and developmental status of available experimental RdRp inhibitors. Our assessment spotlights the importance of the RdRp complex as a premier target for therapeutic intervention and examines how high-resolution insight into the organization of the complex will pave the path toward the structure-guided design and optimization of much-needed next-generation paramyxovirus RdRp blockers.,��https://www.ncbi.nlm.nih.gov/pubmed/26029193Ù��Cox, Robert
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Tooth/anatomy & histology«��BACKGROUND: Living gnathostomes (jawed vertebrates) comprise two divisions, Chondrichthyes (cartilaginous fishes, including euchondrichthyans with prismatic calcified cartilage, and extinct stem chondrichthyans) and Osteichthyes (bony fishes including tetrapods). Most of the early chondrichthyan ('shark') record is based upon isolated teeth, spines, and scales, with the oldest articulated sharks that exhibit major diagnostic characters of the group--prismatic calcified cartilage and pelvic claspers in males--being from the latest Devonian, c. 360 Mya. This paucity of information about early chondrichthyan anatomy is mainly due to their lack of endoskeletal bone and consequent low preservation potential. METHODOLOGY/PRINCIPAL FINDINGS: Here we present new data from the first well-preserved chondrichthyan fossil from the early Late Devonian (ca. 380-384 Mya) Gogo Formation Lagerstatte of Western Australia. The specimen is the first Devonian shark body fossil to be acid-prepared, revealing the endoskeletal elements as three-dimensional undistorted units: Meckel's cartilages, nasal, ceratohyal, basibranchial and possible epibranchial cartilages, plus left and right scapulocoracoids, as well as teeth and scales. This unique specimen is assigned to Gogoselachus lynnbeazleyae n. gen. n. sp. CONCLUSIONS/SIGNIFICANCE: The Meckel's cartilages show a jaw articulation surface dominated by an expansive cotylus, and a small mandibular knob, an unusual condition for chondrichthyans. The scapulocoracoid of the new specimen shows evidence of two pectoral fin basal articulation facets, differing from the standard condition for early gnathostomes which have either one or three articulations. The tooth structure is intermediate between the 'primitive' ctenacanthiform and symmoriiform condition, and more derived forms with a euselachian-type base. Of special interest is the highly distinctive type of calcified cartilage forming the endoskeleton, comprising multiple layers of nonprismatic subpolygonal tesserae separated by a cellular matrix, interpreted as a transitional step toward the tessellated prismatic calcified cartilage that is recognized as the main diagnostic character of the chondrichthyans.,��https://www.ncbi.nlm.nih.gov/pubmed/26020788���Long, John A
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SeasonsC��Bats of the genus Pteropus (flying-foxes) are the natural host of Hendra virus (HeV) which periodically causes fatal disease in horses and humans in Australia. The increased urban presence of flying-foxes often provokes negative community sentiments because of reduced social amenity and concerns of HeV exposure risk, and has resulted in calls for the dispersal of urban flying-fox roosts. However, it has been hypothesised that disturbance of urban roosts may result in a stress-mediated increase in HeV infection in flying-foxes, and an increased spillover risk. We sought to examine the impact of roost modification and dispersal on HeV infection dynamics and cortisol concentration dynamics in flying-foxes. The data were analysed in generalised linear mixed models using restricted maximum likelihood (REML). The difference in mean HeV prevalence in samples collected before (4.9%), during (4.7%) and after (3.4%) roost disturbance was small and non-significant (P = 0.440). Similarly, the difference in mean urine specific gravity-corrected urinary cortisol concentrations was small and non-significant (before = 22.71 ng/mL, during = 27.17, after = 18.39) (P= 0.550). We did find an underlying association between cortisol concentration and season, and cortisol concentration and region, suggesting that other (plausibly biological or environmental) variables play a role in cortisol concentration dynamics. The effect of roost disturbance on cortisol concentration approached statistical significance for region, suggesting that the relationship is not fixed, and plausibly reflecting the nature and timing of disturbance. We also found a small positive statistical association between HeV excretion status and urinary cortisol concentration. Finally, we found that the level of flying-fox distress associated with roost disturbance reflected the nature and timing of the activity, highlighting the need for a 'best practice' approach to dispersal or roost modification activities. The findings usefully inform public discussion and policy development in relation to Hendra virus and flying-fox management.,��https://www.ncbi.nlm.nih.gov/pubmed/26016629ì��Edson, Daniel
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Viruses���Jul 2Q��In recent years severe infectious diseases have been constantly emerging, causing panic in the world. Now we know that many of these terrible diseases are caused by viruses originated from bats (Table 1), such as Ebola virus, Marburg, SARS coronavirus (SARS-CoV), MERS coronavirus (MERS-CoV), Nipah virus (NiV) and Hendra virus (HeV). These viruses have co-evolved with bats due to bats' special social, biological and immunological features. Although bats are not in close contact with humans, spillover of viruses from bats to intermediate animal hosts, such as horses, pigs, civets, or non-human primates, is thought to be the most likely mode to cause human infection. Humans may also become infected with viruses through aerosol by intruding into bat roosting caves or via direct contact with bats, such as catching bats or been bitten by bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25997928ÿ��Han, Hui-Ju
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Lassa���Aug{��Host cell kinases are important for the replication of a number of hemorrhagic fever viruses. We tested a panel of kinase inhibitors for their ability to block the replication of multiple hemorrhagic fever viruses. OSU-03012 inhibited the replication of Lassa, Ebola, Marburg and Nipah viruses, whereas BIBX 1382 dihydrochloride inhibited Lassa, Ebola and Marburg viruses. BIBX 1382 blocked both Lassa and Ebola virus glycoprotein-dependent cell entry. These compounds may be used as tools to understand conserved virus-host interactions, and implicate host cell kinases that may be targets for broad spectrum therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/25986249?��Mohr, Emma L
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Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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Small angle X-ray scattering���Augz��The Hendra virus is a member of the Henipavirus genus within the Paramyxoviridae family. The nucleoprotein, which consists of a structured core and of a C-terminal intrinsically disordered domain (N(TAIL)), encapsidates the viral genome within a helical nucleocapsid. N(TAIL) partly protrudes from the surface of the nucleocapsid being thus capable of interacting with the C-terminal X domain (XD) of the viral phosphoprotein. Interaction with XD implies a molecular recognition element (MoRE) that is located within N(TAIL) residues 470-490, and that undergoes alpha-helical folding. The MoRE has been proposed to be embedded in the hydrophobic groove delimited by helices alpha2 and alpha3 of XD, although experimental data could not discriminate between a parallel and an antiparallel orientation of the MoRE. Previous studies also showed that if the binding interface is enriched in hydrophobic residues, charged residues located close to the interface might play a role in complex formation. Here, we targeted for site directed mutagenesis two acidic and two basic residues within XD and N(TAIL). ITC studies showed that electrostatics plays a crucial role in complex formation and pointed a parallel orientation of the MoRE as more likely. Further support for a parallel orientation was afforded by SAXS studies that made use of two chimeric constructs in which XD and the MoRE were covalently linked to each other. Altogether, these studies unveiled the multiparametric nature of the interactions established within this complex and contribute to shed light onto the molecular features of protein interfaces involving intrinsically disordered regions.,��https://www.ncbi.nlm.nih.gov/pubmed/25960280ð��Erales, Jenny
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sponge���Jul 3¥��All vertebrate inwardly rectifying potassium (Kir) channels are activated by phosphatidylinositol 4,5-bisphosphate (PIP2) (Logothetis, D. E., Petrou, V. I., Zhang, M., Mahajan, R., Meng, X. Y., Adney, S. K., Cui, M., and Baki, L. (2015) Annu. Rev. Physiol. 77, 81-104; Furst, O., Mondou, B., and D'Avanzo, N. (2014) Front. Physiol. 4, 404-404). Structural components of a PIP2-binding site are conserved in vertebrate Kir channels but not in distantly related animals such as sponges and sea anemones. To expand our understanding of the structure-function relationships of PIP2 regulation of Kir channels, we studied AqKir, which was cloned from the marine sponge Amphimedon queenslandica, an animal that represents the phylogenetically oldest metazoans. A requirement for PIP2 in the maintenance of AqKir activity was examined in intact oocytes by activation of a co-expressed voltage-sensing phosphatase, application of wortmannin (at micromolar concentrations), and activation of a co-expressed muscarinic acetylcholine receptor. All three mechanisms to reduce the availability of PIP2 resulted in inhibition of AqKir current. However, time-dependent rundown of AqKir currents in inside-out patches could not be re-activated by direct application to the inside membrane surface of water-soluble dioctanoyl PIP2, and the current was incompletely re-activated by the more hydrophobic arachidonyl stearyl PIP2. When we introduced mutations to AqKir to restore two positive charges within the vertebrate PIP2-binding site, both forms of PIP2 strongly re-activated the mutant sponge channels in inside-out patches. Molecular dynamics simulations validate the additional hydrogen bonding potential of the sponge channel mutants. Thus, nature's mutations conferred a high affinity activation of vertebrate Kir channels by PIP2, and this is a more recent evolutionary development than the structures that explain ion channel selectivity and inward rectification.,��https://www.ncbi.nlm.nih.gov/pubmed/25957411���Tang, Qiong-Yao
Larry, Trevor
Hendra, Kalen
Yamamoto, Erica
Bell, Jessica
Cui, Meng
Logothetis, Diomedes E
Boland, Linda M
eng
HL059949/HL/NHLBI NIH HHS/
HL090882/HL/NHLBI NIH HHS/
R01 HL059949/HL/NHLBI NIH HHS/
R15-GM096142/GM/NIGMS NIH HHS/
S10RR027411/RR/NCRR NIH HHS/
R01 HL090882/HL/NHLBI NIH HHS/
R15 GM096142/GM/NIGMS NIH HHS/
S10 RR027411/RR/NCRR NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2015/05/10 06:00
J Biol Chem. 2015 Jul 3;290(27):16517-29. doi: 10.1074/jbc.M115.640409. Epub 2015 May 8.*��1083-351X (Electronic)
0021-9258 (Linking)
��PMC4505406���25957411ç��From the Department of Physiology and Biophysics, Virginia Commonwealth University School of Medicine, Richmond, Virginia 23298, the Jiangsu Province Key Laboratory of Anesthesiology and Jiangsu Province Key Laboratory of Anesthesia and Analgesia Application Technology, XuZhou Medical College, Xuzhou, 221004 Jiangsu Province, China.
the Department of Biology, University of Richmond, Richmond, Virginia 23173.
the Department of Chemistry and Biochemistry, University of San Diego, San Diego, California 92110, and.
From the Department of Physiology and Biophysics, Virginia Commonwealth University School of Medicine, Richmond, Virginia 23298.
the Department of Biology, University of Richmond, Richmond, Virginia 23173 lboland@richmond.edu.���10.1074/jbc.M115.640409�
¼��üÒ|ÿî?,���
��Ruiz-Fons, F.���2017���A Review of the Current Status of Relevant Zoonotic Pathogens in Wild Swine (Sus scrofa) Populations: Changes Modulating the Risk of Transmission to Humans���68-88���Transbound Emerg Dis���64���1½��Animals
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epidemiology
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risk
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zoonosis���Feb���Many wild swine populations in different parts of the World have experienced an unprecedented demographic explosion that may result in increased exposure of humans to wild swine zoonotic pathogens. Interactions between humans and wild swine leading to pathogen transmission could come from different ways, being hunters and game professionals the most exposed to acquiring infections from wild swine. However, increasing human settlements in semi-natural areas, outdoor activities, socio-economic changes and food habits may increase the rate of exposure to wild swine zoonotic pathogens and to potentially emerging pathogens from wild swine. Frequent and increasing contact rate between humans and wild swine points to an increasing chance of zoonotic pathogens arising from wild swine to be transmitted to humans. Whether this frequent contact could lead to new zoonotic pathogens emerging from wild swine to cause human epidemics or emerging disease outbreaks is difficult to predict, and assessment should be based on thorough epidemiologic surveillance. Additionally, several gaps in knowledge on wild swine global population dynamics trends and wild swine-zoonotic pathogen interactions should be addressed to correctly assess the potential role of wild swine in the emergence of diseases in humans. In this work, viruses such as hepatitis E virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. have been identified as the most prone to be transmitted from wild swine to humans on the basis of geographic spread in wild swine populations worldwide, pathogen circulation rates in wild swine populations, wild swine population trends in endemic areas, susceptibility of humans to infection, transmissibility from wild swine to humans and existing evidence of wild swine-human transmission events.,��https://www.ncbi.nlm.nih.gov/pubmed/25953392���Ruiz-Fons, F
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*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743=��Bradel-Tretheway, Birgit G
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Vertebrates/*anatomy & histologyÉ��The origin of terrestrial tetrapods was a key event in vertebrate evolution, yet how and when it occurred remains obscure, due to scarce fossil evidence. Here, we show that the study of palaeopathologies, such as broken and healed bones, can help elucidate poorly understood behavioural transitions such as this. Using high-resolution finite element analysis, we demonstrate that the oldest known broken tetrapod bone, a radius of the primitive stem tetrapod Ossinodus pueri from the mid-Visean (333 million years ago) of Australia, fractured under a high-force, impact-type loading scenario. The nature of the fracture suggests that it most plausibly occurred during a fall on land. Augmenting this are new osteological observations, including a preferred directionality to the trabecular architecture of cancellous bone. Together, these results suggest that Ossinodus, one of the first large (>2m length) tetrapods, spent a significant proportion of its life on land. Our findings have important implications for understanding the temporal, biogeographical and physiological contexts under which terrestriality in vertebrates evolved. They push the date for the origin of terrestrial tetrapods further back into the Carboniferous by at least two million years. Moreover, they raise the possibility that terrestriality in vertebrates first evolved in large tetrapods in Gondwana rather than in small European forms, warranting a re-evaluation of this important evolutionary event.,��https://www.ncbi.nlm.nih.gov/pubmed/25938463���Bishop, Peter J
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*Nipah Virus���Augà��Nipah virus (NiV) encephalitis is endemic in Bangladesh, with yearly seasonal outbreaks occurring since 2003. NiV has a notable case fatality rate, 75-100 per cent depending on the strain. In Bangladesh, primary transmission to humans is believed to be because of consumption of bat-contaminated date palm sap (DPS). Both the disease and the virus have been investigated extensively, however efforts to implement preventive strategies have met social and cultural challenges. Here we present a variety of community approaches to control the spread of Nipah encephalitis, along with advantages and disadvantages of each. This information may be useful to health workers and policymakers in potential NiV outbreak areas in Southeast Asia.,��https://www.ncbi.nlm.nih.gov/pubmed/25925087¼��Dhillon, Jasmine
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*Tropical Medicine���Apr)	�The ten member states of the Association of Southeast Asian Nations (ASEAN) constitute an economic powerhouse, yet these countries also harbor a mostly hidden burden of poverty and neglected tropical diseases (NTDs). Almost 200 million people live in extreme poverty in ASEAN countries, mostly in the low or lower middle-income countries of Indonesia, the Philippines, Myanmar, Viet Nam, and Cambodia, and many of them are affected by at least one NTD. However, NTDs are prevalent even among upper middle-income ASEAN countries such as Malaysia and Thailand, especially among the indigenous populations. The three major intestinal helminth infections are the most common NTDs; each helminthiasis is associated with approximately 100 million infections in the region. In addition, more than 10 million people suffer from either liver or intestinal fluke infections, as well as schistosomiasis and lymphatic filariasis (LF). Intestinal protozoan infections are widespread, while leishmaniasis has emerged in Thailand, and zoonotic malaria (Plasmodium knowlesi infection) causes severe morbidity in Malaysia. Melioidosis has emerged as an important bacterial NTD, as have selected rickettsial infections, and leptospirosis. Leprosy, yaws, and trachoma are still endemic in focal areas. Almost 70 million cases of dengue fever occur annually in ASEAN countries, such that this arboviral infection is now one of the most common and economically important NTDs in the region. A number of other arboviral and zoonotic viral infections have also emerged, including Japanese encephalitis; tick-borne viral infections; Nipah virus, a zoonosis present in fruit bats; and enterovirus 71 infection. There are urgent needs to expand surveillance activities in ASEAN countries, as well as to ensure mass drug administration is provided to populations at risk for intestinal helminth and fluke infections, LF, trachoma, and yaws. An ASEAN Network for Drugs, Diagnostics, Vaccines, and Traditional Medicines Innovation provides a policy framework for the development of new control and elimination tools. Together with prominent research institutions and universities, the World Health Organization (WHO), and its regional offices, these organizations could implement important public health improvements through NTD control and elimination in the coming decade.,��https://www.ncbi.nlm.nih.gov/pubmed/25880767ú��Hotez, Peter J
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385|��Thanapongtharm, Weerapong
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472T��Prescott, Joseph
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National Institutes of Health, Hamilton, MT, USA. Electronic address: feldmannh@niaid.nih.gov.���10.1016/j.vaccine.2015.03.089����lï�|ÿï73��������2015D��Emerging Viral Diseases: The One Health Connection: Workshop Summary���Washington (DC)õ��In the past half century, deadly disease outbreaks caused by novel viruses of animal origin - Nipah virus in Malaysia, Hendra virus in Australia, Hantavirus in the United States, Ebola virus in Africa, along with HIV (human immunodeficiency virus), several influenza subtypes, and the SARS (sudden acute respiratory syndrome) and MERS (Middle East respiratory syndrome) coronaviruses - have underscored the urgency of understanding factors influencing viral disease emergence and spread. Emerging Viral Diseases is the summary of a public workshop hosted in March 2014 to examine factors driving the appearance, establishment, and spread of emerging, re-emerging and novel viral diseases; the global health and economic impacts of recently emerging and novel viral diseases in humans; and the scientific and policy approaches to improving domestic and international capacity to detect and respond to global outbreaks of infectious disease. This report is a record of the presentations and discussion of the event.,��https://www.ncbi.nlm.nih.gov/pubmed/25834866R��The National Academies Collection: Reports funded by National Institutes of Healthn��Forum on Microbial Threats
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ribonucleoprotein���Apr 7½��Parainfluenza virus 5 (PIV5) is a member of the Paramyxoviridae family of membrane-enveloped viruses with a negative-sense RNA genome that is packaged and protected by long filamentous nucleocapsid-helix structures (RNPs). These RNPs, consisting of approximately 2,600 protomers of nucleocapsid (N) protein, form the template for viral transcription and replication. We have determined the 3D X-ray crystal structure of the nucleoprotein (N)-RNA complex from PIV5 to 3.11-A resolution. The structure reveals a 13-mer nucleocapsid ring whose diameter, cavity, and pitch/height dimensions agree with EM data from early studies on the Paramyxovirinae subfamily of native RNPs, indicating that it closely represents one-turn in the building block of the RNP helices. The PIV5-N nucleocapsid ring encapsidates a nuclease resistant 78-nt RNA strand in its positively charged groove formed between the N-terminal (NTD) and C-terminal (CTD) domains of its successive N protomers. Six nucleotides precisely are associated with each N protomer, with alternating three-base-in three-base-out conformation. The binding of six nucleotides per protomer is consistent with the "rule of six" that governs the genome packaging of the Paramyxovirinae subfamily of viruses. PIV5-N protomer subdomains are very similar in structure to the previously solved Nipah-N structure, but with a difference in the angle between NTD/CTD at the RNA hinge region. Based on the Nipah-N structure we modeled a PIV5-N open conformation in which the CTD rotates away from the RNA strand into the inner spacious nucleocapsid-ring cavity. This rotation would expose the RNA for the viral polymerase activity without major disruption of the nucleocapsid structure.,��https://www.ncbi.nlm.nih.gov/pubmed/25831513F��Alayyoubi, Maher
Leser, George P
Kors, Christopher A
Lamb, Robert A
eng
P30 CA060553/CA/NCI NIH HHS/
Howard Hughes Medical Institute/
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
2015/04/02 06:00
Proc Natl Acad Sci U S A. 2015 Apr 7;112(14):E1792-9. doi: 10.1073/pnas.1503941112. Epub 2015 Mar 23.*��1091-6490 (Electronic)
0027-8424 (Linking)
��PMC4394319���25831513���Howard Hughes Medical Institute, Department of Molecular Biosciences, Northwestern University, Evanston, IL 60208-3500.
Howard Hughes Medical Institute, Department of Molecular Biosciences, Northwestern University, Evanston, IL 60208-3500 ralamb@northwestern.edu.���10.1073/pnas.1503941112����üÒtÿî?5���F��Lee, B.
Pernet, O.
Ahmed, A. A.
Zeltina, A.
Beaty, S. M.
Bowden, T. A.���2015`��Molecular recognition of human ephrinB2 cell surface receptor by an emergent African henipavirus���E2156-65���Proc Natl Acad Sci U S A���112���17±��*Ephrin-B2/chemistry/genetics/metabolism
Ephrin-B3/chemistry/genetics/metabolism
HEK293 Cells
*Henipavirus/chemistry/physiology
Henipavirus Infections/genetics/*metabolism
Humans
Protein Structure, Quaternary
Protein Structure, Secondary
Protein Structure, Tertiary
Structure-Activity Relationship
*Viral Proteins/chemistry/genetics/metabolism
*Virus Internalization
emerging virus
glycoprotein
henipavirus
structure
viral attachment���Apr 28���The discovery of African henipaviruses (HNVs) related to pathogenic Hendra virus (HeV) and Nipah virus (NiV) from Southeast Asia and Australia presents an open-ended health risk. Cell receptor use by emerging African HNVs at the stage of host-cell entry is a key parameter when considering the potential for spillover and infection of human populations. The attachment glycoprotein from a Ghanaian bat isolate (GhV-G) exhibits <30% sequence identity with Asiatic NiV-G/HeV-G. Here, through functional and structural analysis of GhV-G, we show how this African HNV targets the same human cell-surface receptor (ephrinB2) as the Asiatic HNVs. We first characterized this virus-receptor interaction crystallographically. Compared with extant HNV-G-ephrinB2 structures, there was significant structural variation in the six-bladed beta-propeller scaffold of the GhV-G receptor-binding domain, but not the Greek key fold of the bound ephrinB2. Analysis revealed a surprisingly conserved mode of ephrinB2 interaction that reflects an ongoing evolutionary constraint among geographically distal and phylogenetically divergent HNVs to maintain the functionality of ephrinB2 recognition during virus-host entry. Interestingly, unlike NiV-G/HeV-G, we could not detect binding of GhV-G to ephrinB3. Comparative structure-function analysis further revealed several distinguishing features of HNV-G function: a secondary ephrinB2 interaction site that contributes to more efficient ephrinB2-mediated entry in NiV-G relative to GhV-G and cognate residues at the very C terminus of GhV-G (absent in Asiatic HNV-Gs) that are vital for efficient receptor-induced fusion, but not receptor binding per se. These data provide molecular-level details for evaluating the likelihood of African HNVs to spill over into human populations.,��https://www.ncbi.nlm.nih.gov/pubmed/25825759\��Lee, Benhur
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RNA Viruses/*physiology���Marë��Viral hemorrhagic fevers (VHFs) are major public health problems in the South-East Asia Regional (SEAR) countries. VHFs are a group of illnesses; that are caused by four families of viruses, viz. Arenaviridae, Bunyaviridae, Filoviridae and Flaviviridae. All VHFs have common features: they affect several organs and damage the blood vessels. These symptoms are often accompanied by hemorrhage. To understand pathogenesis, genetic and environmental influence that increase the risk of VHFs, efficacy and safety studies on candidate vaccines and testing of various therapeutic agents, appropriate animal models are essential tools in public and animals health. In the current review, the suitable animal models for Flavivirus [Dengue hemorhagic fever (DHF), Kyasanur forest disease (KFD)]; Bunyavirus [Crimean-Congo hemorrhagic fever (CCHF), Hantavirus fever (HF)]; and Paramyxovirus [Nipah virus fever (NiV)] have been reviewed with specific emphasis on emerging and reemerging viruses in SEAR countries.,��https://www.ncbi.nlm.nih.gov/pubmed/25815861���Badole, Sachin L
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Viral Matrix Proteins/*metabolism���Mar=��The paramyxovirus matrix (M) protein is a molecular scaffold required for viral morphogenesis and budding at the plasma membrane. Transient nuclear residence of some M proteins hints at non-structural roles. However, little is known regarding the mechanisms that regulate the nuclear sojourn. Previously, we found that the nuclear-cytoplasmic trafficking of Nipah virus M (NiV-M) is a prerequisite for budding, and is regulated by a bipartite nuclear localization signal (NLSbp), a leucine-rich nuclear export signal (NES), and monoubiquitination of the K258 residue within the NLSbp itself (NLSbp-lysine). To define whether the sequence determinants of nuclear trafficking identified in NiV-M are common among other Paramyxovirinae M proteins, we generated the homologous NES and NLSbp-lysine mutations in M proteins from the five major Paramyxovirinae genera. Using quantitative 3D confocal microscopy, we determined that the NES and NLSbp-lysine are required for the efficient nuclear export of the M proteins of Nipah virus, Hendra virus, Sendai virus, and Mumps virus. Pharmacological depletion of free ubiquitin or mutation of the conserved NLSbp-lysine to an arginine, which inhibits M ubiquitination, also results in nuclear and nucleolar retention of these M proteins. Recombinant Sendai virus (rSeV-eGFP) bearing the NES or NLSbp-lysine M mutants rescued at similar efficiencies to wild type. However, foci of cells expressing the M mutants displayed marked fusogenicity in contrast to wild type, and infection did not spread. Recombinant Mumps virus (rMuV-eGFP) bearing the homologous mutations showed similar defects in viral morphogenesis. Finally, shotgun proteomics experiments indicated that the interactomes of Paramyxovirinae M proteins are significantly enriched for components of the nuclear pore complex, nuclear transport receptors, and nucleolar proteins. We then synthesize our functional and proteomics data to propose a working model for the ubiquitin-regulated nuclear-cytoplasmic trafficking of cognate paramyxovirus M proteins that show a consistent nuclear trafficking phenotype.,��https://www.ncbi.nlm.nih.gov/pubmed/25782006{��Pentecost, Mickey
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"gateway theory"�
�UNLABELLED: Viral cellular immune surveillance is a dynamic and fluid system that is driven by finely regulated cellular processes including cytokines and other factors locally in the microenvironment and systemically throughout the body. It is questionable as to what extent the central nervous system (CNS) is an immune-privileged organ protected by the blood-brain barrier (BBB). Recent evidence suggests converging pathways through which viral infection, and its associated immune surveillance processes, may alter the integrity of the blood-brain barrier, and lead to inflammation, swelling of the brain parenchyma and associated neurological syndromes. Here, we expand upon the recent "gateway theory", by which viral infection and other immune activation states may disrupt the specialized tight junctions of the BBB endothelium making it permeable to immune cells and factors. The model we outline here builds upon the proposition that this process may actually be initiated by cytokines of the IL-17 family, and recognizing the intimate balance between TH17 and TH9 cytokine profiles systemically. We argue that immune surveillance events, in response to viruses such as the Human Immunodeficiency Virus (HIV), cause a TH17/TH9 induced gateway through blood brain barrier, and thus lead to characteristic neuroimmune pathology. It is possible and even probable that the novel TH17/TH9 induced gateway, which we describe here, opens as a consequence of any state of immune activation and sustained chronic inflammation, whether associated with viral infection or any other cause of peripheral or central neuroinflammation. This view could lead to new, timely and critical patient-centered therapies for patients with neuroimmune pathologies across a variety of etiologies. ABBREVIATIONS: BBB - blood brain barrier, BDV - Borna disease virus, CARD - caspase activation and recruitment domains, CD - clusters of differentiation, CNS - central nervous system, DAMP - damage-associated molecular patterns, DENV - Dengue virus, EBOV - Ebola virus, ESCRT - endosomal sorting complex required for transport-I, HepC - Hepatitis C virus, HIV - human immunodeficiency virus, IFN - interferon, ILn - interleukin-n, IRF-n - interferon regulatory factor-n, MAVS - mitochondrial antiviral-signaling, MBGV - Marburg virus, M-CSF - macrophage colony-stimulating factor, MCP-1 - monocyte chemotactic protein 1 (aka CCL2), MHC - major histocompatibility complex, MIP-alpha beta - macrophage inflammatory protein-1 alpha beta (aka CCL3 & CCL4), MIF - macrophage migration inhibitory factor, NVE - Nipah virus encephalitis, NK - natural killer cell, NLR - NLR, NOD - like receptor, NOD - nucleotide oligomerization domain, PAMP - pathogen-associated molecular patterns, PtdIns - phosphoinositides, PV - Poliovirus, RIG-I - retinoic acid-inducible gene I, RIP - Receptor-interacting protein (RIP) kinase, RLR - RIG-I-like receptor, sICAM1 - soluble intracellular adhesion molecule 1, STAT-3 - signal tranducer and activator of transcription-3, sVCAM1 - soluble vascular cell adhesion molecule 1, TANK - TRAF family member-associated NF- . B activator, TBK1 - TANK-binding kinase 1, TLR - Toll-like receptor, TNF - tumor necrosis factor, TNFR - TNF receptor, TNFRSF21 - tumor necrosis factor receptor superfamily member 21, TRADD TNFR-SF1A - associated via death domain, TRAF TNFR - associated factor, Tregs - regulatory T cellsubpopulation (CD4/8+CD25+FoxP3+), VHF - viral hemorrhagic fever.,��https://www.ncbi.nlm.nih.gov/pubmed/257802816��Barkhordarian, Andre
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*Virus Attachment���Mar 10�
�UNLABELLED: Nipah virus and Hendra virus are emerging, highly pathogenic, zoonotic paramyxoviruses that belong to the genus Henipavirus. They infect humans as well as numerous mammalian species. Both viruses use ephrin-B2 and -B3 as cell entry receptors, and following initial entry into an organism, they are capable of rapid spread throughout the host. We have previously reported that Nipah virus can use another attachment receptor, different from its entry receptors, to bind to nonpermissive circulating leukocytes, thereby promoting viral dissemination within the host. Here, this attachment molecule was identified as heparan sulfate for both Nipah virus and Hendra virus. Cells devoid of heparan sulfate were not able to mediate henipavirus trans-infection and showed reduced permissivity to infection. Virus pseudotyped with Nipah virus glycoproteins bound heparan sulfate and heparin but no other glycosaminoglycans in a surface plasmon resonance assay. Furthermore, heparin was able to inhibit the interaction of the viruses with the heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin was shown to bind to ephrin-B3 and to restrain infection of permissive cells in vitro. Consequently, treatment with heparin devoid of anticoagulant activity improved the survival of Nipah virus-infected hamsters. Altogether, these results reveal heparan sulfate as a new attachment receptor for henipaviruses and as a potential therapeutic target for the development of novel approaches against these highly lethal infections. IMPORTANCE: The Henipavirus genus includes two closely related, highly pathogenic paramyxoviruses, Nipah virus and Hendra virus, which cause elevated morbidity and mortality in animals and humans. Pathogenesis of both Nipah virus and Hendra virus infection is poorly understood, and efficient antiviral treatment is still missing. Here, we identified heparan sulfate as a novel attachment receptor used by both viruses to bind host cells. We demonstrate that heparin was able to inhibit the interaction of the viruses with heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin also bound to the viral entry receptor and thereby restricted infection of permissive cells in vitro. Consequently, heparin treatment improved survival of Nipah virus-infected hamsters. These results uncover an important role of heparan sulfate in henipavirus infection and open novel perspectives for the development of heparan sulfate-targeting therapeutic approaches for these emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25759505���Mathieu, Cyrille
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Virus Replication/drug effects���Mayµ	�UNLABELLED: Hydrogen sulfide (H2S) is an endogenous gaseous mediator that has gained increasing recognition as an important player in modulating acute and chronic inflammatory diseases. However, its role in virus-induced lung inflammation is currently unknown. Respiratory syncytial virus (RSV) is a major cause of upper and lower respiratory tract infections in children for which no vaccine or effective treatment is available. Using the slow-releasing H2S donor GYY4137 and propargylglycin (PAG), an inhibitor of cystathionine-gamma-lyase (CSE), a key enzyme that produces intracellular H2S, we found that RSV infection led to a reduced ability to generate and maintain intracellular H2S levels in airway epithelial cells (AECs). Inhibition of CSE with PAG resulted in increased viral replication and chemokine secretion. On the other hand, treatment of AECs with the H2S donor GYY4137 reduced proinflammatory mediator production and significantly reduced viral replication, even when administered several hours after viral absorption. GYY4137 also significantly reduced replication and inflammatory chemokine production induced by human metapneumovirus (hMPV) and Nipah virus (NiV), suggesting a broad inhibitory effect of H2S on paramyxovirus infections. GYY4137 treatment had no effect on RSV genome replication or viral mRNA and protein synthesis, but it inhibited syncytium formation and virus assembly/release. GYY4137 inhibition of proinflammatory gene expression occurred by modulation of the activation of the key transcription factors nuclear factor kappaB (NF-kappaB) and interferon regulatory factor 3 (IRF-3) at a step subsequent to their nuclear translocation. H2S antiviral and immunoregulatory properties could represent a novel treatment strategy for paramyxovirus infections. IMPORTANCE: RSV is a global health concern, causing significant morbidity and economic losses as well as mortality in developing countries. After decades of intensive research, no vaccine or effective treatment, with the exception of immunoprophylaxis, is available for this infection as well as for other important respiratory mucosal viruses. This study identifies hydrogen sulfide as a novel cellular mediator that can modulate viral replication and proinflammatory gene expression, both important determinants of lung injury in respiratory viral infections, with potential for rapid translation of such findings into novel therapeutic approaches for viral bronchiolitis and pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/25740991r��Li, Hui
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Surface expression���Apr 2���Compared to the fusion proteins of pathogenic Nipah and Hendra viruses, the F protein of prototype African henipavirus GH-M74a displays a drastically reduced surface expression and fusion activity. A probable reason for limited F expression is the unusually long sequence located between the gene start and the signal peptide (SP) not present in other henipaviruses. Such a long pre-SP extension can prevent efficient ER translocation or protein maturation and processing. As its truncation can therefore enhance surface expression, the recent identification of a second in-frame start codon directly upstream of the SP in another African henipavirus F gene (GH-UP28) raised the question if such a naturally occurring minor sequence variation can lead to the synthesis of a pre-SP truncated translation product, thereby increasing the production of mature F proteins. To test this, we analyzed surface expression and biological activity of F genes carrying the second SP-proximal start codon of GH-UP28. Though we observed minor differences in the expression levels, introduction of the additional start codon did not result in an increased fusion activity, even if combined with further mutations in the pre-SP region. Thus, limited bioactivity of African henipavirus F protein is maintained even after sequence changes that alter the gene start allowing the production of F proteins without an unusually long pre-SP.,��https://www.ncbi.nlm.nih.gov/pubmed/25725148ù��Weis, Michael
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Technology, Pharmaceutical/*instrumentation���Jan-Feb´��High-throughput screening (HTS) has been integrated into the drug discovery process, and multiple assay formats have been widely used in many different disease areas but with limited focus on infectious agents. In recent years, there has been an increase in the number of HTS campaigns using infectious wild-type pathogens rather than surrogates or biochemical pathogen-derived targets. Concurrently, enhanced emerging pathogen surveillance and increased human mobility have resulted in an increase in the emergence and dissemination of infectious human pathogens with serious public health, economic, and social implications at global levels. Adapting the HTS drug discovery process to biocontainment laboratories to develop new drugs for these previously uncharacterized and highly pathogenic agents is now feasible, but HTS at higher biosafety levels (BSL) presents a number of unique challenges. HTS has been conducted with multiple bacterial and viral pathogens at both BSL-2 and BSL-3, and pilot screens have recently been extended to BSL-4 environments for both Nipah and Ebola viruses. These recent successful efforts demonstrate that HTS can be safely conducted at the highest levels of biological containment. This review outlines the specific issues that must be considered in the execution of an HTS drug discovery program for high-containment pathogens. We present an overview of the requirements for HTS in high-level biocontainment laboratories.,��https://www.ncbi.nlm.nih.gov/pubmed/25710545ë��Rasmussen, Lynn
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meningoencephalitis���Mar°��CASE REPORT: This report summarises the findings from a case of naturally-occurring Murray Valley encephalitis in a 2-year-old filly presenting with acute onset of depression and weakness. Serum samples tested at the onset of clinical signs were negative for Hendra and Kunjin virus antibodies, but positive for Murray Valley encephalitis virus (MVEV) using IgM-capture ELISA (1 : 300 dilution). A virus neutralisation assay performed 4 weeks later confirmed a titre of 1 : 160. Sera collected in the weeks preceding neurological signs returned a negative titre for MVEV 2 weeks prior followed by a titre of 1:80 in the week prior to illness. Serological surveillance conducted on 67 co-located horses returned a positive titre of 1 : 20 in one in-contact horse. There was no history of clinical disease in that horse. At 3 months after the onset of clinical signs in the index case, the filly continued to show mild facial paresis and hypermetria; the owners elected euthanasia and gave permission for necropsy. Histopathological analysis of the brain showed a mild meningoencephalitis. CONCLUSION: The progression of a naturally-occurring MVEV infection in a horse has been documented in this case.,��https://www.ncbi.nlm.nih.gov/pubmed/25708787���Barton, A J
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Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25706617C��Johnston, Sara C
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Viral Proteins/*metabolism ��Bats of different species play a major role in the emergence and transmission of highly pathogenic viruses including Ebola virus, SARS-like coronavirus and the henipaviruses. These viruses require proteolytic activation of surface envelope glycoproteins needed for entry, and cellular cathepsins have been shown to be involved in proteolysis of glycoproteins from these distinct virus families. Very little is currently known about the available proteases in bats. To determine whether the utilization of cathepsins by bat-borne viruses is related to the nature of proteases in their natural hosts, we examined proteolytic processing of several viral fusion proteins in cells derived from two fruit bat species, Pteropus alecto and Rousettus aegyptiacus. Our work shows that fruit bat cells have homologs of cathepsin and furin proteases capable of cleaving and activating both the cathepsin-dependent Hendra virus F and the furin-dependent parainfluenza virus 5 F proteins. Sequence analysis comparing Pteropus alecto furin and cathepsin L to proteases from other mammalian species showed a high degree of conservation; however significant amino acid variation occurs at the C-terminus of Pteropus alecto furin. Further analysis of furin-like proteases from fruit bats revealed that these proteases are catalytically active and resemble other mammalian furins in their response to a potent furin inhibitor. However, kinetic analysis suggests that differences may exist in the cellular localization of furin between different species. Collectively, these results indicate that the unusual role of cathepsin proteases in the life cycle of bat-borne viruses is not due to the lack of active furin-like proteases in these natural reservoir species; however, differences may exist between furin proteases present in fruit bats compared to furins in other mammalian species, and these differences may impact protease usage for viral glycoprotein processing.,��https://www.ncbi.nlm.nih.gov/pubmed/25706132���El Najjar, Farah
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Zinc���Aprr��The recent proposal of using Zn-based alloys for biodegradable implants was not supported with sufficient toxicity data. This work, for the first time, presents a thorough cytotoxicity evaluation of Zn-3Mg alloy for biodegradable bone implants. Normal human osteoblast cells were exposed to the alloy's extract and three main cell-material interaction parameters: cell health, functionality and inflammatory response, were evaluated. Results showed that at the concentration of 0.75mg/ml alloy extract, cell viability was reduced by ~50% through an induction of apoptosis at day 1; however, cells were able to recover at days 3 and 7. Cytoskeletal changes were observed but without any significant DNA damage. The downregulation of alkaline phosphatase protein levels did not significantly affect the mineralization process of the cells. Significant differences of cyclooxygenase-2 and prostaglandin E2 inflammatory biomarkers were noticed, but not interleukin 1-beta, indicating that the cells underwent a healing process after exposure to the alloy. Detailed analysis on the cell-material interaction is further discussed in this paper.,��https://www.ncbi.nlm.nih.gov/pubmed/25686984ê��Murni, N S
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Seasons���Jun§��Hendra virus (HeV) is lethal to humans and horses, and little is known about its epidemiology. Biosecurity restrictions impede advances, particularly on understanding pathways of transmission. Quantifying the environmental survival of HeV can be used for making decisions and to infer transmission pathways. We estimated HeV survival with a Weibull distribution and calculated parameters from data generated in laboratory experiments. HeV survival rates based on air temperatures 24 h after excretion ranged from 2 to 10 % in summer and from 12 to 33 % in winter. Simulated survival across the distribution of the black flying fox (Pteropus alecto), a key reservoir host, did not predict spillover events. Based on our analyses we concluded that the most likely pathways of transmission did not require long periods of virus survival and were likely to involve relatively direct contact with flying fox excreta shortly after excretion.,��https://www.ncbi.nlm.nih.gov/pubmed/25667321���Martin, Gerardo
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Rhinitis virus���Apr§��Many viral agents have been associated with respiratory disease of the horse. The most important viral causes of respiratory disease in horses are equine influenza and the equine alphaherpesviruses. Agents such as equine viral arteritis virus, African horse sickness virus, and Hendra virus establish systemic infections. Clinical signs of disease resulting from infection with these agents can manifest as respiratory disease, but the respiratory tract is not the major body system affected by these viruses. Treatment of viral respiratory disease is generally limited to supportive therapies, whereas targeted antimicrobial therapy is effective in cases of bacterial infection.,��https://www.ncbi.nlm.nih.gov/pubmed/25648568Ï��Gilkerson, James R
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Small-angle X-ray scattering���Mar���Nipah and Hendra viruses are recently emerged paramyxoviruses belonging to the Henipavirus genus. The Henipavirus phosphoprotein (P) consists of a large intrinsically disordered domain and a C-terminal domain (PCT) containing alternating disordered and ordered regions. Among these latter is the P multimerization domain (PMD). Using biochemical, analytical ultracentrifugation and small-angle X-ray scattering (SAXS) studies, we show that Hendra virus (HeV) PMD forms an elongated coiled-coil homotrimer in solution, in agreement with our previous findings on Nipah virus (NiV) PMD. However, the orientation of the N-terminal region differs from that observed in solution for NiV PMD, consistent with the ability of this region to adopt different conformations. SAXS studies provided evidence for a trimeric organization also in the case of PCT, thus extending and strengthening our findings on PMD. The present results are discussed in light of conflicting reports in the literature pointing to a tetrameric organization of paramyxoviral P proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/25637789Æ��Beltrandi, Matilde
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emergent diseases
encephalitis���Mar���Hendra virus and Nipah virus are closely related, recently emerged zoonotic paramyxoviruses, belonging to the Henipavirus genus. Both viruses induce generalized vasculitis affecting particularly the respiratory tract and CNS. The exceptionally broad species tropism of Henipavirus, the high case fatality rate and person-to-person transmission associated with Nipah virus outbreaks emphasize the necessity of effective antiviral strategies for these intriguing threatening pathogens. Current therapeutic approaches, validated in animal models, target early steps in viral infection; they include the use of neutralizing virus-specific antibodies and blocking membrane fusion with peptides that bind the viral fusion protein. A better understanding of Henipavirus pathogenesis is critical for the further advancement of antiviral treatment, and we summarize here the recent progress in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/25634624Î��Mathieu, Cyrille
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Multi-epitope peptide vaccination���Mar 3���BACKGROUND: Peptide vaccination based on multiple T-cell epitopes can be used to target well-defined ethnic populations. Because the response to T-cell epitopes is restricted by HLA proteins, the HLA specificity of T-cell epitopes becomes a major consideration for epitope-based vaccine design. We have previously shown that CD4+ T-cell epitopes restricted by 95% of human MHC class II proteins can be predicted with high-specificity. METHODS: We describe here the integration of epitope prediction with population coverage and epitope selection algorithms. The population coverage assessment makes use of the Allele Frequency Net Database. We present the computational platform Predivac-2.0 for HLA class II-restricted epitope-based vaccine design, which accounts comprehensively for human genetic diversity. RESULTS: We validated the performance of the tool on the identification of promiscuous and immunodominant CD4+ T-cell epitopes from the human immunodeficiency virus (HIV) protein Gag. We further describe an application for epitope-based vaccine design in the context of emerging infectious diseases associated with Lassa, Nipah and Hendra viruses. Putative CD4+ T-cell epitopes were mapped on the surface glycoproteins of these pathogens and are good candidates to be experimentally tested, as they hold potential to provide cognate help in vaccination settings in their respective target populations. CONCLUSION: Predivac-2.0 is a novel approach in epitope-based vaccine design, particularly suited to be applied to virus-related emerging infectious diseases, because the geographic distributions of the viruses are well defined and ethnic populations in need of vaccination can be determined ("ethnicity-oriented approach"). Predivac-2.0 is accessible through the website http://predivac.biosci.uq.edu.au/.,��https://www.ncbi.nlm.nih.gov/pubmed/25629524ö��Oyarzun, Patricio
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Thailand/epidemiology
Young Adult���Feb)��Acute encephalitis is a severe neurologic syndrome. Determining etiology from among approximately 100 possible agents is difficult. To identify infectious etiologies of encephalitis in Thailand, we conducted surveillance in 7 hospitals during July 2003-August 2005 and selected patients with acute onset of brain dysfunction with fever or hypothermia and with abnormalities seen on neuroimages or electroencephalograms or with cerebrospinal fluid pleocytosis. Blood and cerebrospinal fluid were tested for >30 pathogens. Among 149 case-patients, median age was 12 (range 0-83) years, 84 (56%) were male, and 15 (10%) died. Etiology was confirmed or probable for 54 (36%) and possible or unknown for 95 (64%). Among confirmed or probable etiologies, the leading pathogens were Japanese encephalitis virus, enteroviruses, and Orientia tsutsugamushi. No samples were positive for chikungunya, Nipah, or West Nile viruses; Bartonella henselae; or malaria parasites. Although a broad range of infectious agents was identified, the etiology of most cases remains unknown.,��https://www.ncbi.nlm.nih.gov/pubmed/25627940"��Olsen, Sonja J
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064���Garner, Omai B
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viral proteins���Jan 19÷��We provide an atomic-resolution description based on NMR spectroscopy, of the intrinsically disordered C-terminal domain of the Nipah virus nucleoprotein (NTAIL ), both in its isolated state and within the nucleocapsid (NC). Within the NC the second half of NTAIL retains conformational behavior similar to that of isolated NTAIL , whereas the first half of NTAIL becomes much more rigid. In spite of the mostly disordered nature of NTAIL , chemical shifts and relaxation measurements show a significant degree of alpha-helical sampling in the molecular recognition element (MoRE) involved in binding to the X domain (XD) of the phosphoprotein, with this preconfiguration being more pronounced than in the NTAIL domain from the cognate Hendra virus. Outside the MoRE, an additional region exhibiting reduced flexibility was identified within NTAIL and found to be involved in binding to the XD. (1) H- and (13) C-detected titration NMR experiments support a highly dynamic binding of NTAIL at the surface of the XD.,��https://www.ncbi.nlm.nih.gov/pubmed/25492314õ��Baronti, Lorenzo
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*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
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*Virus Assembly���Nov 27u��BACKGROUND: Hendra virus (HeV) is a pleomorphic virus belonging to the Paramyxovirus family. Our long-term aim is to understand the process of assembly of HeV virions. As a first step, we sought to determine the most appropriate cell culture system with which to study this process, and then to use this model to define the morphology of the virus and identify the site of assembly by imaging key virus encoded proteins in infected cells. METHODS: A range of primary cells and immortalised cell lines were infected with HeV, fixed at various time points post-infection, labelled for HeV proteins and imaged by confocal, super-resolution and transmission electron microscopy. RESULTS: Significant differences were noted in viral protein distribution depending on the infected cell type. At 8 hpi HeV G protein was detected in the endoplasmic reticulum and M protein was seen predominantly in the nucleus in all cells tested. At 18 hpi, HeV-infected Vero cells showed M and G proteins throughout the cell and in transmission electron microscope (TEM) sections, in pleomorphic virus-like structures. In HeV infected MDBK, A549 and HeLa cells, HeV M protein was seen predominantly in the nucleus with G protein at the membrane. In HeV-infected primary bovine and porcine aortic endothelial cells and two bat-derived cell lines, HeV M protein was not seen at such high levels in the nucleus at any time point tested (8,12, 18, 24, 48 hpi) but was observed predominantly at the cell surface in a punctate pattern co-localised with G protein. These HeV M and G positive structures were confirmed as round HeV virions by TEM and super-resolution (SR) microscopy. SR imaging demonstrated for the first time sub-virion imaging of paramyxovirus proteins and the respective localisation of HeV G, M and N proteins within virions. CONCLUSION: These findings provide novel insights into the structure of HeV and show that for HeV imaging studies the choice of tissue culture cells may affect the experimental results. The results also indicate that HeV should be considered a predominantly round virus with a mean diameter of approximately 280 nm by TEM and 310 nm by SR imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/25428656ù��Monaghan, Paul
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hantavirus pulmonary syndromer��Emerging infectious diseases of zoonotic origin are shaping today's infectious disease field more than ever. In this article, we introduce and review three emerging zoonotic viruses. Novel hantaviruses emerged in the Americas in the mid-1990s as the cause of severe respiratory infections, designated hantavirus pulmonary syndrome, with case fatality rates of around 40%. Nipah virus emerged a few years later, causing respiratory infections and encephalitis in Southeast Asia, with case fatality rates ranging from 40% to more than 90%. A new coronavirus emerged in 2012 on the Arabian Peninsula with a clinical syndrome of acute respiratory infections, later designated as Middle East respiratory syndrome (MERS), and an initial case fatality rate of more than 40%. Our current state of knowledge on the pathogenicity of these three severe, emerging viral infections is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25423349á��Safronetz, David
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Water/*chemistry���Dec 26ë��The dynamical properties of water at protein-water interfaces are unlike those in the bulk. Here we utilize molecular dynamics simulations to study water dynamics in interstitial regions between two proteins. We consider two natural protein-protein complexes, one in which the Nipah virus G protein binds to cellular ephrin B2 and the other in which the same G protein binds to ephrin B3. While the two complexes are structurally similar, the two ephrins share only a modest sequence identity of approximately 50%. X-ray crystallography also suggests that these interfaces are fairly extensive and contain exceptionally large amounts of waters. We find that while the interstitial waters tend to occupy crystallographic sites, almost all waters exhibit residence times of less than hundred picoseconds in the interstitial region. We also find that while the differences in the sequence of the two ephrins result in quantitative differences in the dynamics of interstitial waters, the trends in the shifts with respect to bulk values are similar. Despite the high wetness of the protein-protein interfaces, the dynamics of interstitial waters are considerably slower compared to the bulk-the interstitial waters diffuse an order of magnitude slower and have 2-3 fold longer hydrogen bond lifetimes and 2-1000 fold slower dipole relaxation rates. To understand the role of interstitial waters, we examine how implicit solvent models compare against explicit solvent models in producing ephrin-induced shifts in the G conformational density. Ephrin-induced shifts in the G conformational density are critical to the allosteric activation of another viral protein that mediates fusion. We find that in comparison with the explicit solvent model, the implicit solvent model predicts a more compact G-B2 interface, presumably because of the absence of discrete waters at the G-B2 interface. Simultaneously, we find that the two models yield strikingly different induced changes in the G conformational density, even for those residues whose conformational densities in the apo state are unaffected by the treatment of the bulk solvent. Together, these results show that the explicit treatment of interstitial water molecules is necessary for a proper description of allosteric transitions.,��https://www.ncbi.nlm.nih.gov/pubmed/25420132»��Dutta, Priyanka
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��69 Suppl A���Augq��Between September 1998 to May 1999, Malaysia and Singapore were hit by an outbreak of fatal encephalitis caused by a novel virus from the paramyxovirus family. This virus was subsequently named as Nipah virus, after the Sungei Nipah village in Negeri Sembilan, where the virus was first isolated. The means of transmission was thought to be from bats-topigs and subsequently pigs-to-human. Since 2001, almost yearly outbreak of Nipah encephalitis has been reported from Bangladesh and West Bengal, India. These outbreaks were characterized by direct bats-to-human, and human-to-human spread of infection. Nipah virus shares many similar characteristics to Hendra virus, first isolated in an outbreak of respiratory illness involving horses in Australia in 1994. Because of their homology, a new genus called Henipavirus (Hendra + Nipah) was introduced. Henipavirus infection is a human disease manifesting most often as acute encephalitis (which may be relapsing or late-onset) or pneumonia, with a high mortality rate. Pteropus bats act as reservoir for the virus, which subsequently lead to human spread. Transmission may be from consumption of food contaminated by bats secretion, contact with infected animals, or human-to-human spread. With wide geographical distribution of Pteropus bats, Henipavirus infection has become an important emerging human infection with worldwide implication.,��https://www.ncbi.nlm.nih.gov/pubmed/25417957b��Sherrini, B A
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��69 Suppl A���AugO��This article describes the methodology of this bibliography. A search was conducted on the following: (1) bibliographic databases (PubMed, Scopus, and other databases) using search terms that maximize the retrieval of Malaysian publications; (2) Individual journal search of Malaysian healthrelated journals; (3) A targeted search of Google and Google Scholar; (4) Searching of Malaysian institutional repositories; (5) Searching of Ministry of Health and Clinical Research Centre website. The publication years were limited to 2000- 2013. The citations were imported or manually entered into bibliographic software Refworks. After removing duplicates, and correcting data entry errors, PubMed's Medical Subject Headings (MeSH terms) were added. Clinical research is coded using the definition "patient-oriented-research or research conducted with human subjects (or on material of human origin) for which the investigator directly interacts with the human subjects at some point during the study." A bibliography of citations [n=2056] that fit the criteria of clinical research in Malaysia in selected topics within five domains was generated: Cancers [589], Cardiovascular diseases [432], Infections [795], Injuries [142], and Mental Health [582]. This is done by retrieving citations with the appropriate MESH terms, as follow: For cancers (Breast Neoplasms; Colorectal Neoplasms; Uterine Cervical Neoplasms), for cardiovascular diseases (Coronary Disease; Hypertension; Stroke), for infections (Dengue; Enterovirus Infections, HIV Infections; Malaria; Nipah Virus; Tuberculosis), for injuries (Accidents, Occupational; Accidents, Traffic; Child Abuse; Occupational Injuries), for mental health (Depression; Depressive Disorder; Depressive Disorder, Major; Drug Users; Psychotic Disorders; Suicide; Suicide, Attempted; Suicidal Ideation; Substance- Related Disorders).,��https://www.ncbi.nlm.nih.gov/pubmed/25417946q��Teng, C L
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Swine Diseases/blood/*epidemiology/virology���Novî��BACKGROUND: Nipah virus (NiV) is an emerging disease that causes severe encephalitis and respiratory illness in humans. Pigs were identified as an intermediate host for NiV transmission in Malaysia. In Bangladesh, NiV has caused recognized human outbreaks since 2001 and three outbreak investigations identified an epidemiological association between close contact with sick or dead animals and human illness. METHODOLOGY: We examined cattle and goats reared around Pteropus bat roosts in human NiV outbreak areas. We also tested pig sera collected under another study focused on Japanese encephalitis. PRINCIPAL FINDINGS: We detected antibodies against NiV glycoprotein in 26 (6.5%) cattle, 17 (4.3%) goats and 138 (44.2%) pigs by a Luminex-based multiplexed microsphere assay; however, these antibodies did not neutralize NiV. Cattle and goats with NiVsG antibodies were more likely to have a history of feeding on fruits partially eaten by bats or birds (PR=3.1, 95% CI 1.6-5.7) and drinking palmyra palm juice (PR=3.9, 95% CI 1.5-10.2). CONCLUSIONS: This difference in test results may be due to the exposure of animals to one or more novel viruses with antigenic similarity to NiV. Further research may identify a novel organism of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/25412358r��Chowdhury, Sukanta
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Zoonoses/blood/immunology���Nov 18X��Zoonotic transmission of lethal henipaviruses (HNVs) from their natural fruit bat reservoirs to humans has only been reported in Australia and South/Southeast Asia. However, a recent study discovered numerous HNV clades in African bat samples. To determine the potential for HNV spillover events among humans in Africa, here we examine well-curated sets of bat (Eidolon helvum, n = 44) and human (n = 497) serum samples from Cameroon for Nipah virus (NiV) cross-neutralizing antibodies (NiV-X-Nabs). Using a vesicular stomatitis virus (VSV)-based pseudoparticle seroneutralization assay, we detect NiV-X-Nabs in 48% and 3-4% of the bat and human samples, respectively. Seropositive human samples are found almost exclusively in individuals who reported butchering bats for bushmeat. Seropositive human sera also neutralize Hendra virus and Gh-M74a (an African HNV) pseudoparticles, as well as live NiV. Butchering bat meat and living in areas undergoing deforestation are the most significant risk factors associated with seropositivity. Evidence for HNV spillover events warrants increased surveillance efforts.,��https://www.ncbi.nlm.nih.gov/pubmed/25405640í��Pernet, Olivier
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Virus Replication/genetics®��BACKGROUND: Bats are a major reservoir of emerging infectious viruses. Many of these viruses are highly pathogenic to humans however bats remain asymptomatic. The mechanism by which bats control viral replication is unknown. Here we utilize an integrated approach of proteomics informed by transcriptomics to compare the response of immortalized bat and human cells following infection with the highly pathogenic bat-borne Hendra virus (HeV). RESULTS: The host response between the cell lines was significantly different at both the mRNA and protein levels. Human cells demonstrated minimal response eight hours post infection, followed by a global suppression of mRNA and protein abundance. Bat cells demonstrated a robust immune response eight hours post infection, which led to the up-regulation of apoptosis pathways, mediated through the tumor necrosis factor-related apoptosis inducing ligand (TRAIL). HeV sensitized bat cells to TRAIL-mediated apoptosis, by up-regulating death receptor transcripts. At 48 and 72 hours post infection, bat cells demonstrated a significant increase in apoptotic cell death. CONCLUSIONS: This is the first study to comprehensively compare the response of bat and human cells to a highly pathogenic zoonotic virus. An early induction of innate immune processes followed by apoptosis of virally infected bat cells highlights the possible involvement of programmed cell death in the host response. Our study shows for the first time a side-by-side high-throughput analysis of a dangerous zoonotic virus in cell lines derived from humans and the natural bat host. This enables a way to search for divergent mechanisms at a molecular level that may influence host pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/25398248���Wynne, James W
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emerging infectious diseases of bat origin
severe acute respiratory syndrome coronavirus���Jan 7ß��Viruses that originate in bats may be the most notorious emerging zoonoses that spill over from wildlife into domestic animals and humans. Understanding how these infections filter through ecological systems to cause disease in humans is of profound importance to public health. Transmission of viruses from bats to humans requires a hierarchy of enabling conditions that connect the distribution of reservoir hosts, viral infection within these hosts, and exposure and susceptibility of recipient hosts. For many emerging bat viruses, spillover also requires viral shedding from bats, and survival of the virus in the environment. Focusing on Hendra virus, but also addressing Nipah virus, Ebola virus, Marburg virus and coronaviruses, we delineate this cross-species spillover dynamic from the within-host processes that drive virus excretion to land-use changes that increase interaction among species. We describe how land-use changes may affect co-occurrence and contact between bats and recipient hosts. Two hypotheses may explain temporal and spatial pulses of virus shedding in bat populations: episodic shedding from persistently infected bats or transient epidemics that occur as virus is transmitted among bat populations. Management of livestock also may affect the probability of exposure and disease. Interventions to decrease the probability of virus spillover can be implemented at multiple levels from targeting the reservoir host to managing recipient host exposure and susceptibility.,��https://www.ncbi.nlm.nih.gov/pubmed/25392474���Plowright, Raina K
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*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218ì��Yun, Tatyana
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virology���Jan¶��Viruses cause a wide range of human diseases, ranging from acute self-resolving conditions to acute fatal diseases. Effects that arise long after the primary infection can also increase the propensity for chronic conditions or lead to the development of cancer. Recent advances in the fields of virology and pathology have been fundamental in improving our understanding of viral pathogenesis, in providing improved vaccination strategies and in developing newer, more effective treatments for patients worldwide. The reviews assembled here focus on the interface between virology and pathology and encompass aspects of both the clinical pathology of viral disease and the underlying disease mechanisms. Articles on emerging diseases caused by Ebola virus, Marburg virus, coronaviruses such as SARS and MERS, Nipah virus and noroviruses are followed by reviews of enteroviruses, HIV infection, measles, mumps, human respiratory syncytial virus (RSV), influenza, cytomegalovirus (CMV) and varicella zoster virus (VZV). The issue concludes with a series of articles reviewing the relationship between viruses and cancer, including the role played by Epstein-Barr virus (EBV) in the pathogenesis of lymphoma and carcinoma; how human papillomaviruses (HPVs) are involved in the development of skin cancer; the involvement of hepatitis B virus infection in hepatocellular carcinoma; and the mechanisms by which Kaposi's sarcoma-associated herpesvirus (KSHV) leads to Kaposi's sarcoma. We hope that this collection of articles will be of interest to a wide range of scientists and clinicians at a time when there is a renaissance in the appreciation of the power of pathology as virologists dissect the processes of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/25366544���Herrington, C S
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897{��Johnson, John B
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204~��Zumbrun, E E
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tropism���Jant��Nipah virus is a paramyxovirus in the genus Henipavirus, which has caused outbreaks in humans in Malaysia, India, Singapore, and Bangladesh. Whereas the human cases in Malaysia were characterized mainly by neurological symptoms and a case fatality rate of approximately 40%, cases in Bangladesh also exhibited respiratory disease and had a case fatality rate of approximately 70%. Here, we compared the histopathologic changes in the respiratory tract of Syrian hamsters, a well-established small animal disease model for Nipah virus, inoculated oronasally with Nipah virus isolates from human cases in Malaysia and Bangladesh. The Nipah virus isolate from Bangladesh caused slightly more severe rhinitis and bronchointerstitial pneumonia 2 days after inoculation in Syrian hamsters. By day 4, differences in lesion severity could no longer be detected. Immunohistochemistry demonstrated Nipah virus antigen in the nasal cavity and pulmonary lesions; the amount of Nipah virus antigen present correlated with lesion severity. Immunohistochemistry indicated that both Nipah virus isolates exhibited endotheliotropism in small- and medium-caliber arteries and arterioles, but not in veins, in the lung. This correlated with the location of ephrin B2, the main receptor for Nipah virus, in the vasculature. In conclusion, Nipah virus isolates from outbreaks in Malaysia and Bangladesh caused a similar type and severity of respiratory tract lesions in Syrian hamsters, suggesting that the differences in human disease reported in the outbreaks in Malaysia and Bangladesh are unlikely to have been caused by intrinsic differences in these 2 virus isolates.,��https://www.ncbi.nlm.nih.gov/pubmed/25352203$��Baseler, L
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Pediatrics���Encephalitis is caused by inflammation and/or infection of the brain. It is a important condition in Asian children in whom it is most frequently caused by Japanese encephalitis virus, associated with a considerable burden of disease. Other common causes in Asia include: enteroviruses (especially enterovirus 71), dengue, influenza, the herpesviruses, measles, mumps and rubella viruses. Rabies continues to result in high mortality mostly in Asian children, which represents missed opportunities for prevention. Asia has also seen a number of emerging viral encephalitides including: Nipah, chikungunya, Chandipura and Me Tri viruses. We review the aetiology, epidemiology and outcome of encephalitis in Asian children and identify priorities for public health practice and research.,��https://www.ncbi.nlm.nih.gov/pubmed/25336078���Britton, Philip N
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�UNLABELLED: The emerging zoonotic pathogens Hendra virus (HeV) and Nipah virus (NiV) are in the genus Henipavirus in the family Paramyxoviridae. HeV and NiV infections can be highly fatal to humans and livestock. The goal of this study was to develop candidate vaccines against henipaviruses utilizing two well-established rhabdoviral vaccine vector platforms, recombinant rabies virus (RABV) and recombinant vesicular stomatitis virus (VSV), expressing either the codon-optimized or the wild-type (wt) HeV glycoprotein (G) gene. The RABV vector expressing the codon-optimized HeV G showed a 2- to 3-fold increase in incorporation compared to the RABV vector expressing wt HeV G. There was no significant difference in HeV G incorporation in the VSV vectors expressing either wt or codon-optimized HeV G. Mice inoculated intranasally with any of these live recombinant viruses showed no signs of disease, including weight loss, indicating that HeV G expression and incorporation did not increase the neurotropism of the vaccine vectors. To test the immunogenicity of the vaccine candidates, we immunized mice intramuscularly with either one dose of the live vaccines or 3 doses of 10 mug chemically inactivated viral particles. Increased codon-optimized HeV G incorporation into RABV virions resulted in higher antibody titers against HeV G compared to inactivated RABV virions expressing wt HeV G. The live VSV vectors induced more HeV G-specific antibodies as well as higher levels of HeV neutralizing antibodies than the RABV vectors. In the case of killed particles, HeV neutralizing serum titers were very similar between the two platforms. These results indicated that killed RABV with codon-optimized HeV G should be the vector of choice as a dual vaccine in areas where rabies is endemic. IMPORTANCE: Scientists have been tracking two new viruses carried by the Pteropid fruit bats: Hendra virus (HeV) and Nipah virus (NiV). Both viruses can be fatal to humans and also pose a serious risk to domestic animals. A recent escalation in the frequency of outbreaks has increased the need for a vaccine that prevents HeV and NiV infections. In this study, we performed an extensive comparison of live and killed particles of two recombinant rhabdoviral vectors, rabies virus and vesicular stomatitis virus (VSV), expressing wild-type or codon-optimized HeV glycoprotein, with the goal of developing a candidate vaccine against HeV. Based on our data from the presented mouse immunogenicity studies, we conclude that a killed RABV vaccine would be highly effective against HeV infections and would make an excellent vaccine candidate in areas where both RABV and henipaviruses pose a threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/25320306^��Kurup, Drishya
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�UNLABELLED: The multidomain polymerase protein (L) of nonsegmented negative-strand (NNS) RNA viruses catalyzes transcription and replication of the virus genome. The N-terminal half of the protein forms a ring-like polymerase structure, while the C-terminal half encoding viral mRNA transcript modifications consists of a flexible appendage with three distinct globular domains. To gain insight into putative transient interactions between L domains during viral RNA synthesis, we exchanged each of the four distinct regions encompassing the appendage region of vesicular stomatitis virus (VSV) Indiana serotype L protein with their counterparts from VSV New Jersey and analyzed effects on virus polymerase activity in a minigenome system. The methyltransferase domain exchange yielded a fully active polymerase protein, which functioned as well as wild-type L in the context of a recombinant virus. Exchange of the downstream C-terminal nonconserved region abolished activity, but coexchanging it with the methyltransferase domain generated a polymerase favoring replicase over transcriptase activity, providing strong evidence of interaction between these two regions. Exchange of the capping enzyme domain or the adjacent nonconserved region thought to function as an "unstructured" linker also abrogated polymerase activity even when either domain was coexchanged with other appendage domains. Further probing of the putative linker segment using in-frame enhanced green fluorescent protein (EGFP) insertions similarly abrogated activity. We discuss the implications of these findings with regard to L protein appendage domain structure and putative domain-domain interactions required for polymerase function. IMPORTANCE: NNS viruses include many well-known human pathogens (e.g., rabies, measles, and Ebola viruses), as well as emerging viral threats (e.g., Nipah and Hendra viruses). These viruses all encode a large L polymerase protein similarly organized into multiple domains that work in concert to enable virus genome transcription and replication. But how the unique L protein carries out the multiplicity of individual steps in these two distinct processes is poorly understood. Using two different approaches, i.e., exchanging individual domains in the C-terminal appendage region of the protein between two closely related VSV serotypes and inserting unrelated protein domains, we shed light on requirements for domain-domain interactions and domain contiguity in polymerase function. These findings further our understanding of the conformational dynamics of NNS L polymerase proteins, which play an essential role in the pathogenic properties of these viruses and represent attractive targets for the development of antiviral measures.,��https://www.ncbi.nlm.nih.gov/pubmed/25297996¥��Ruedas, John B
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Zoonotic���DecÑ��Hendra virus infection of horses occurred sporadically between 1994 and 2010 as a result of spill-over from the viral reservoir in Australian mainland flying-foxes, and occasional onward transmission to people also followed from exposure to affected horses. An unprecedented number of outbreaks were recorded in 2011 leading to heightened community concern. Release of an inactivated subunit vaccine for horses against Hendra virus represents the first commercially available product that is focused on mitigating the impact of a Biosafety Level 4 pathogen. Through preventing the development of acute Hendra virus disease in horses, vaccine use is also expected to reduce the risk of transmission of infection to people.,��https://www.ncbi.nlm.nih.gov/pubmed/25281398���Middleton, Deborah
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*Virus Internalization���DecÊ��UNLABELLED: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. Drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are notably cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. NiV's attachment (G) and fusion (F) envelope glycoproteins mediate viral binding to the ephrinB2/ephrinB3 cell receptors and virus-cell membrane fusion, respectively. The NiV matrix protein (M) can autonomously induce NiV assembly and budding. Using a beta-lactamase (betaLa) reporter/NiV-M chimeric protein, we produced NiVLPs expressing NiV-G and wild-type or mutant NiV-F on their surfaces. By preloading target cells with the betaLa fluorescent substrate CCF2-AM, we obtained viral entry kinetic curves that correlated with the NiV-F fusogenic phenotypes, validating NiVLPs as suitable viral entry kinetic tools and suggesting overall relatively slower viral entry than cell-cell fusion kinetics. Additionally, the proportions of F and G on individual NiVLPs and the extent of receptor-induced conformational changes in NiV-G were measured via flow virometry, allowing the proper interpretation of the viral entry kinetic phenotypes. The significance of these findings in the viral entry field extends beyond NiV to other paramyxoviruses and enveloped viruses. IMPORTANCE: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. For example, drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are especially cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. Our new tools allowed us the high-throughput measurement of viral entry kinetics, glycoprotein proportions on individual viral particles, and receptor-induced conformational changes in viral glycoproteins on viral surfaces. The significance of these findings extends beyond NiV to other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25275126O��Landowski, Matthew
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*Risk Management
Socioeconomic Factors���Jul-Sepö��Risk analysis is now widely accepted amongst veterinary authorities and other stakeholders around the world as a conceptual framework for integrating scientific evidence into animal health decision making. The resulting risk management for most diseases primarily involves linking epidemiological understanding with diagnostics and/or vaccines. Recent disease outbreaks such as Nipah virus, SARS, avian influenza H5N1, bluetongue serotype 8 and Schmallenberg virus have led to realising that we need to explicitly take into account the underlying complex interactions between environmental, epidemiological and social factors which are often also spatially and temporally heterogeneous as well as interconnected across affected regions and beyond. A particular challenge is to obtain adequate understanding of the influence of human behaviour and to translate this into effective mechanisms leading to appropriate behaviour change where necessary. Both, the One Health and the ecohealth approaches reflect the need for such a holistic systems perspective, however the current implementation of risk analysis frameworks for animal health and food safety is still dominated by a natural or biomedical perspective of science as is the implementation of control and prevention policies. This article proposes to integrate the risk analysis approach with a risk governance framework which explicitly adds the socio-economic context to policy development and emphasizes the need for organisational change and stakeholder engagement.,��https://www.ncbi.nlm.nih.gov/pubmed/25273958p��Pfeiffer, Dirk U
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Zoonoses/epidemiology/*virology���Oct���More than 1 240 species of bats are known; many of them are insectivorous, others are frugivorous and some american species are haematophagous. More than 100 diferent viruses are associated with these mammals, particularly Rhabdoviridae (Lyssavirus like rabies virus), Paramyxoviridae (like Nipah and Hendra viruses), Filoviridae (Ebola and Marburg viruses) and Coronavirida (viruses causing SARS and MERS). These infections are usually asymptomatic in bats but the mechanism of this tolerance is not yet understood. For those viruses, bats are efficient reservoirs and disseminators. So, they represent a significative risk for human and animal public health, that justifies to set up surveillance of bat-associated viruses and research programs about the particular immunity mechanisms of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/27120912w��Rodhain, Francois
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Zoonoses/*epidemiology/etiology���Oct¶��Important preventive measures carried out in the herds of domestic animals have found improving the health status of farms, particularly for contagious diseases subject to mandatory declaration and accompanying drastic but necessary eradication measures in infected flocks. However it is more difficult to apply these same biosecurity measures on wildlife that may have been contaminated or not by domestic animals. The growing number of emerging infectious diseases of wildlife may reflect increased vigilance, but most often the result of a change in the ecology of the host, the causative agent or both. So, wildlife may be reservoirs of pathogens that can infect domestic herds again but mostly for the majority of them contaminating humans. This is the case, for example, of West Nile virus (WNV), avian influenza virus, rabies virus, Nipah virus, diseases transmitted by ticks, tuberculosis, brucellosis, hepatitis E or some parasitic zoonoses.,��https://www.ncbi.nlm.nih.gov/pubmed/27120911���Brugere-Picoux, Jeanne
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Virus Attachmentå��Recent reports suggest that some galectins bind to enveloped viruses. They include influenza virus, human immunodeficiency virus-1 (HIV-1), human T-cell leukemia virus-1 (HTLV-1), and Nipah virus. It is also suggested that the interaction between viruses and galectins influences viral attachment to their susceptible cells, affecting the viral infectivity. Our work suggests that galectin-1 increases the infectivity of HIV-1 and HTVL-1. Indeed, galectin-1 promotes the initial adsorption of HIV-1 to CD4(+) cells through its binding to viral envelope gp120 and facilitates HIV-1 infection in a manner that is dependent on its recognition of beta-galactoside residues. Thus, as galectin-1 can be considered as a pattern recognition receptor, HIV-1 exploits this host factor to promote its transmission or replication. In this chapter, we describe methods used to investigate this potential role of galectins in HIV-1 infection as a case in point for future studies on galectin-virus interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/25253155¢��Ouellet, Michel
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zoonotic transmission���JanV��Nipah virus is an emerging virus infection that causes yearly disease outbreaks with high case fatality rates in Bangladesh. Nipah virus causes encephalitis and systemic vasculitis, sometimes in combination with respiratory disease. Pteropus species fruit bats are the natural reservoir of Nipah virus and zoonotic transmission can occur directly or via an intermediate host; human-to-human transmission occurs regularly. In this review we discuss the current state of knowledge on the pathogenesis and transmission of Nipah virus, focusing on dissemination of the virus through its host, known determinants of pathogenicity and routes of zoonotic and human-to-human transmission. Since data from human cases are sparse, this knowledge is largely based on the results of studies performed in animal models that recapitulate Nipah virus disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25229234Ê��de Wit, Emmie
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Zoonoses/virology���Janc��Bats have been found to harbour a number of new emerging viruses with zoonotic potential, and there has been a great deal of interest in identifying novel bat pathogens to determine the risk to human and animal health. Many groups have identified novel viruses in bats by detection of viral nucleic acid; however, virus isolation is still a challenge, and there are few reports of viral isolates from bats. In recent years, our group has developed optimized procedures for virus isolation from bat urine, including the use of primary bat cells. In previous reports, we have described the isolation of Hendra virus, Menangle virus and Cedar virus in Queensland, Australia. Here, we report the isolation of four additional novel bat paramyxoviruses from urine collected from beneath pteropid bat (flying fox) colonies in Queensland and New South Wales during 2009-2011.,��https://www.ncbi.nlm.nih.gov/pubmed/25228492E��Barr, Jennifer
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Zoonoses���Sep 17.��BACKGROUND: Veterinary infection control for the management of Hendra virus (HeV), an emerging zoonosis in Australia, remained suboptimal until 2010 despite 71.4% (5/7) of humans infected with HeV being veterinary personnel or assisting a veterinarian, three of whom died before 2009. The aim of this study was to identify the perceived barriers to veterinary infection control and HeV management in private veterinary practice in Queensland, where the majority of HeV outbreaks have occurred in Australia. RESULTS: Most participants agreed that a number of key factors had contributed to the slow uptake of adequate infection control measures for the management of HeV amongst private veterinarians: a work culture characterised by suboptimal infection control standards and misconceptions about zoonotic risks; a lack of leadership and support from government authorities; the difficulties of managing biosecurity and public health issues from a private workforce perspective; and the slow pattern of emergence of HeV. By 2010, some infection control and HeV management changes had been implemented. Participants interviewed agreed that further improvements remained necessary; but also cautioned that this was a complex process which would require time. CONCLUSION: Private veterinarians and government authorities prior to 2009 were unprepared to handle new slowly emerging zoonoses, which may explain their mismanagement of HeV. Slowly emerging zoonoses may be of low public health significance but of high significance for specialised groups such as veterinarians. Private veterinarians, who are expected to fulfil an active biosecurity and public health role in the frontline management of such emerging zoonoses, need government agencies to better recognise their contribution, to consult with the veterinary profession when devising guidelines for the management of zoonoses and to provide them with greater leadership and support. We propose that specific infection control guidelines for the management of slowly emerging zoonoses in private veterinary settings need to be developed.,��https://www.ncbi.nlm.nih.gov/pubmed/25224910È��Mendez, Diana H
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*Virus Release���NovZ	�UNLABELLED: Paramyxoviruses and other negative-strand RNA viruses encode matrix proteins that coordinate the virus assembly process. The matrix proteins link the viral glycoproteins and the viral ribonucleoproteins at virus assembly sites and often recruit host machinery that facilitates the budding process. Using a co-affinity purification strategy, we have identified the beta subunit of the AP-3 adapter protein complex, AP3B1, as a binding partner for the M proteins of the zoonotic paramyxoviruses Nipah virus and Hendra virus. Binding function was localized to the serine-rich and acidic Hinge domain of AP3B1, and a 29-amino-acid Hinge-derived polypeptide was sufficient for M protein binding in coimmunoprecipitation assays. Virus-like particle (VLP) production assays were used to assess the relationship between AP3B1 binding and M protein function. We found that for both Nipah virus and Hendra virus, M protein expression in the absence of any other viral proteins led to the efficient production of VLPs in transfected cells, and this VLP production was potently inhibited upon overexpression of short M-binding polypeptides derived from the Hinge region of AP3B1. Both human and bat (Pteropus alecto) AP3B1-derived polypeptides were highly effective at inhibiting the production of VLPs. VLP production was also impaired through small interfering RNA (siRNA)-mediated depletion of AP3B1 from cells. These findings suggest that AP-3-directed trafficking processes are important for henipavirus particle production and identify a new host protein-virus protein binding interface that could become a useful target in future efforts to develop small molecule inhibitors to combat paramyxoviral infections. IMPORTANCE: Henipaviruses cause deadly infections in humans, with a mortality rate of about 40%. Hendra virus outbreaks in Australia, all involving horses and some involving transmission to humans, have been a continuing problem. Nipah virus caused a large outbreak in Malaysia in 1998, killing 109 people, and smaller outbreaks have since occurred in Bangladesh and India. In this study, we have defined, for the first time, host factors that interact with henipavirus M proteins and contribute to viral particle assembly. We have also defined a new host protein-viral protein binding interface that can potentially be targeted for the inhibition of paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25210190&��Sun, Weina
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Personal protective equipment���Nov 1¸��Following the emergence of Hendra virus (HeV), private veterinarians have had to adopt additional infection control strategies to manage this zoonosis. Between 1994 and 2010, seven people became infected with HeV, four fatally. All infected people were at a higher risk of exposure from contact with horses as they were either veterinary personnel, assisting veterinarians, or working in the horse industry. The management of emerging zoonoses is best approached from a One Health perspective as it benefits biosecurity as well as a public health, including the health of those most at risk, in this case private veterinarians. In 2011 we conducted a cross-sectional study of private veterinarians registered in Queensland and providing veterinary services to horses. The aim of this study was to gauge if participants had adopted recommendations for improved infection control, including the use of personal protective equipment (PPE), and the development of HeV specific management strategies during the winter of 2011. A majority of participants worked in practices that had a formal HeV management plan, mostly based on the perusal of official guidelines and an HeV field kit. The use of PPE increased as the health status of an equine patient decreased, demonstrating that many participants evaluated the risk of exposure to HeV appropriately; while others remained at risk of HeV infection by not using the appropriate PPE even when attending a sick horse. This study took place after Biosecurity Queensland had sent a comprehensive package about HeV management to all private veterinarians working in Queensland. However, those who had previous HeV experience through the management of suspected cases or had attended a HeV specific professional education programme in the previous 12 months were more likely to use PPE than those who had not. This may indicate that for private veterinarians in Queensland personal experience and face-to-face professional education sessions may be more effective in the improvement of HeV management than passive education via information packages. The role of different education pathways in the sustainable adoption of veterinary infection control measures should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/25175674Ê��Mendez, Diana
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Thermally induced phase separation���OctU��This paper discusses the successful fabrication of a novel triple-layered poly(lactic-co-glycolic acid) (PLGA)-based composite membrane using only a single step that combines the techniques of solvent casting and thermally induced phase separation/solvent leaching. The resulting graded membrane consists of a small pore size layer-1 containing 10 wt% non-stoichiometric nanoapatite (NAp)+1-3 wt% lauric acid (LA) for fibroblastic cell and bacterial inhibition, an intermediate layer-2 with 20-50 wt% NAp+1 wt% LA, and a large pore size layer-3 containing 30-100 wt% NAp without LA to allow bone cell growth. The synergic effects of 10-30 wt% NAp and 1 wt% LA in the membrane demonstrated higher tensile strength (0.61 MPa) and a more elastic behavior (16.1% elongation at break) in 3 wt% LA added membrane compared with the pure PLGA (0.49 MPa, 9.1%). The addition of LA resulted in a remarkable plasticizing effect on PLGA at 3 wt% due to weak intermolecular interactions in PLGA. The pure and composite PLGA membranes had good cell viability toward human skin fibroblast, regardless of LA and NAp contents.,��https://www.ncbi.nlm.nih.gov/pubmed/25175212���Jamuna-Thevi, Kalitheertha
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Sequence Homology, Nucleic Acid���Aug 15t��BACKGROUND: Bats are a major source of new and emerging viral diseases. Despite the fact that bats carry and shed highly pathogenic viruses including Ebola, Nipah and SARS, they rarely display clinical symptoms of infection. Host factors influencing viral replication are poorly understood in bats and are likely to include both pre- and post-transcriptional regulatory mechanisms. MicroRNAs are a major mechanism of post-transcriptional gene regulation, however very little is known about them in bats. RESULTS: This study describes 399 microRNAs identified by deep sequencing of small RNA isolated from tissues of the Black flying fox, Pteropus alecto, a confirmed natural reservoir of the human pathogens Hendra virus and Australian bat lyssavirus. Of the microRNAs identified, more than 100 are unique amongst vertebrates, including a subset containing mutations in critical seed regions. Clusters of rapidly-evolving microRNAs were identified, as well as microRNAs predicted to target genes involved in antiviral immunity, the DNA damage response, apoptosis and autophagy. Closer inspection of the predicted targets for several highly supported novel miRNA candidates suggests putative roles in host-virus interaction. CONCLUSIONS: MicroRNAs are likely to play major roles in regulating virus-host interaction in bats, via dampening of inflammatory responses (limiting the effects of immunopathology), and directly limiting the extent of viral replication, either through restricting the availability of essential factors or by controlling apoptosis. Characterisation of the bat microRNA repertoire is an essential step towards understanding transcriptional regulation during viral infection, and will assist in the identification of mechanisms that enable bats to act as natural virus reservoirs. This in turn will facilitate the development of antiviral strategies for use in humans and other species.,��https://www.ncbi.nlm.nih.gov/pubmed/25128405V��Cowled, Christopher
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Zoonoses/transmission/*virology���Aug 132��Bats are being increasingly recognized as reservoir hosts of highly pathogenic and zoonotic emerging viruses (Marburg virus, Nipah virus, Hendra virus, Rabies virus, and coronaviruses). While numerous studies have focused on the mentioned highly human-pathogenic bat viruses in tropical regions, little is known on similar human-pathogenic viruses that may be present in European bats. Although novel viruses are being detected, their zoonotic potential remains unclear unless further studies are conducted. At present, it is assumed that the risk posed by bats to the general public is rather low. In this review, selected viruses detected and isolated in Europe are discussed from our point of view in regard to their human-pathogenic potential. All European bat species and their roosts are legally protected and some European species are even endangered. Nevertheless, the increasing public fear of bats and their viruses is an obstacle to their protection. Educating the public regarding bat lyssaviruses might result in reduced threats to both the public and the bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25123684~��Kohl, Claudia
Kurth, Andreas
eng
Review
Switzerland
2014/08/16 06:00
Viruses. 2014 Aug 13;6(8):3110-28. doi: 10.3390/v6083110.*��1999-4915 (Electronic)
1999-4915 (Linking)
��PMC4147689���25123684ü��Centre for Biological Threats and Special Pathogens, Robert Koch Institute, Nordufer 20, 13353 Berlin, Germany. kohlc@rki.de.
Centre for Biological Threats and Special Pathogens, Robert Koch Institute, Nordufer 20, 13353 Berlin, Germany. kurtha@rki.de.���10.3390/v6083110��À��üÒtÿî?r���e��Sun, J.
Wei, Y.
Rauf, A.
Zhang, Y.
Ma, Y.
Zhang, X.
Shilo, K.
Yu, Q.
Saif, Y. M.
Lu, X.
Yu, L.
Li, J.���2014²��Methyltransferase-defective avian metapneumovirus vaccines provide complete protection against challenge with the homologous Colorado strain and the heterologous Minnesota strain���12348-63���J Virol���88���21Ä��Animals
Antibodies, Neutralizing/blood
Antibodies, Viral/blood
*Cross Protection
Lung/virology
Metapneumovirus/*enzymology/genetics/*immunology
Methyltransferases/deficiency
Paramyxoviridae Infections/prevention & control/*veterinary/virology
Poultry Diseases/*prevention & control/*virology
Trachea/virology
Turkeys
Vaccines, Attenuated/administration & dosage/genetics/immunology
Viral Load
Viral Vaccines/administration & dosage/genetics/*immunology���Nov=
�UNLABELLED: Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. Since its discovery in the 1970s, aMPV has been recognized as an economically important pathogen in the poultry industry worldwide. The conserved region VI (CR VI) of the large (L) polymerase proteins of paramyxoviruses catalyzes methyltransferase (MTase) activities that typically methylate viral mRNAs at guanine N-7 (G-N-7) and ribose 2'-O positions. In this study, we generated a panel of recombinant aMPV (raMPV) Colorado strains carrying mutations in the S-adenosyl methionine (SAM) binding site in the CR VI of L protein. These recombinant viruses were specifically defective in ribose 2'-O, but not G-N-7 methylation and were genetically stable and highly attenuated in cell culture and viral replication in the upper and lower respiratory tracts of specific-pathogen-free (SPF) young turkeys. Importantly, turkeys vaccinated with these MTase-defective raMPVs triggered a high level of neutralizing antibody and were completely protected from challenge with homologous aMPV Colorado strain and heterologous aMPV Minnesota strain. Collectively, our results indicate (i) that aMPV lacking 2'-O methylation is highly attenuated in vitro and in vivo and (ii) that inhibition of mRNA cap MTase can serve as a novel target to rationally design live attenuated vaccines for aMPV and perhaps other paramyxoviruses. IMPORTANCE: Paramyxoviruses include many economically and agriculturally important viruses such as avian metapneumovirus (aMPV), and Newcastle disease virus (NDV), human pathogens such as human respiratory syncytial virus, human metapneumovirus, human parainfluenza virus type 3, and measles virus, and highly lethal emerging pathogens such as Nipah virus and Hendra virus. For many of them, there is no effective vaccine or antiviral drug. These viruses share common strategies for viral gene expression and replication. During transcription, paramyxoviruses produce capped, methylated, and polyadenylated mRNAs. Using aMPV as a model, we found that viral ribose 2'-O methyltransferase (MTase) is a novel approach to rationally attenuate the virus for vaccine purpose. Recombinant aMPV (raMPV) lacking 2'-O MTase were not only highly attenuated in turkeys but also provided complete protection against the challenge of homologous and heterologous aMPV strains. This novel approach can be applicable to other animal and human paramyxoviruses for rationally designing live attenuated vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/25122790¤��Sun, Jing
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*Virus Replication���Sep���Nipah virus (NiV) is a highly pathogenic emergent paramyxovirus causing deadly encephalitis in humans. Its replication requires a constant supply of unassembled nucleoprotein (N(0)) in complex with its viral chaperone, the phosphoprotein (P). To elucidate the chaperone function of P, we reconstituted NiV the N(0)-P core complex and determined its crystal structure. The binding of the N-terminal region of P blocks the polymerization of N by interfering with subdomain exchange between N protomers and keeps N(0) in an open conformation, ready to grasp an RNA molecule. We found that a peptide derived from the N-binding region of P protects cells against viral infection and demonstrated by structure-based mutagenesis that this peptide acts by inhibiting N(0)-P formation. These results provide new insights about the assembly of N along genomic RNA and validate the N(0)-P complex as a target for drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/25108352C��Yabukarski, Filip
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Viral Envelope Proteins/*metabolism���Oct/	�Henipaviruses are associated with pteropodid reservoir hosts. The glycoproteins G and F of an African henipavirus (strain M74) have been reported to induce syncytium formation in kidney cells derived from a Hypsignathus monstrosus bat (HypNi/1.1) but not in nonchiropteran BHK-21 and Vero76 cells. Here, we show that syncytia are also induced in two other pteropodid cell lines from Hypsignathus monstrosus and Eidolon helvum bats upon coexpression of the M74 glycoproteins. The G protein was transported to the surface of transfected chiropteran cells, whereas surface expression in the nonchiropteran cells was detectable only in a fraction of cells. In contrast, the G protein of Nipah virus is transported efficiently to the surface of both chiropteran and nonchiropteran cells. Even in chiropteran cells, M74-G was predominantly expressed in the endoplasmic reticulum (ER), as indicated by colocalization with marker proteins. This result is consistent with the finding that all N-glycans of the M74-G proteins are of the mannose-rich type, as indicated by sensitivity to endo H treatment. These data indicate that the surface transport of M74-G is impaired in available cell culture systems, with larger amounts of viral glycoprotein present on chiropteran cells than on nonchiropteran cells. The restricted surface expression of M74-G explains the reduced fusion activity of the glycoproteins of the African henipavirus. Our results suggest strategies for the isolation of infectious viruses, which is necessary to assess the risk of zoonotic virus transmission. Importance: Henipaviruses are highly pathogenic zoonotic viruses associated with pteropodid bat hosts. Whether the recently described African bat henipaviruses have a zoonotic potential as high as that of their Asian and Australian relatives is unknown. We show that surface expression of the attachment protein G of an African henipavirus, M74, is restricted in comparison to the G protein expression of the highly pathogenic Nipah virus. Transport to the cell surface is more restricted in nonchiropteran cells than it is in chiropteran cells, explaining the differential fusion activity of the M74 surface proteins in these cells. Our results imply that surface expression of viral glycoproteins may serve as a major marker to assess the zoonotic risk of emerging henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25100832���Kruger, Nadine
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Tropical medicine���Aug 7°��The recent onset of epidemics caused by viruses such as Ebola, Marburg, Nipah, Lassa, coronavirus, West-Nile encephalitis, Saint Louis encephalitis, human immunodeficiency virus, dengue, yellow fever and Venezuelan hemorrhagic fever alerts about the risk these agents represent for the global health. Chikungunya virus represents a new threat. Surged from remote African regions, this virus has become endemic in the Indic ocean basin, the Indian subcontinent and the southeast of Asia, causing serious epidemics in Africa, Indic Ocean Islands, Asia and Europe. Due to their epidemiological and biological features and the global presence of their vectors, chikungunya represents a serious menace and could become endemic in the Americas. Although chikungunya infection has a low mortality rate, its high attack ratio may collapse the health system during epidemics affecting a sensitive population. In this paper, we review the clinical and epidemiological features of chikungunya fever as well as the risk of its introduction into the Americas. We remark the importance of the epidemiological control and mosquitoes fighting in order to prevent this disease from being introduced into the Americas.,��https://www.ncbi.nlm.nih.gov/pubmed/25087211£��Montero, Antonio
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Virus Replication���Jul 25���Containment level 4 (CL4) laboratories studying biosafety level 4 viruses are under strict regulations to conduct nonhuman primate (NHP) studies in compliance of both animal welfare and biosafety requirements. NHPs housed in open-barred cages raise concerns about cross-contamination between animals, and accidental exposure of personnel to infectious materials. To address these concerns, two NHP experiments were performed. One examined the simultaneous infection of 6 groups of NHPs with 6 different viruses (Machupo, Junin, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, Nipah and Hendra viruses). Washing personnel between handling each NHP group, floor to ceiling biobubble with HEPA filter, and plexiglass between cages were employed for partial primary containment. The second experiment employed no primary containment around open barred cages with Ebola virus infected NHPs 0.3 meters from naive NHPs. Viral antigen-specific ELISAs, qRT-PCR and TCID50 infectious assays were utilized to determine antibody levels and viral loads. No transmission of virus to neighbouring NHPs was observed suggesting limited containment protocols are sufficient for multi-viral CL4 experiments within one room. The results support the concept that Ebola virus infection is self-contained in NHPs infected intramuscularly, at least in the present experimental conditions, and is not transmitted to naive NHPs via an airborne route.,��https://www.ncbi.nlm.nih.gov/pubmed/250594780��Alimonti, Judie
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Viral Structural Proteins/metabolism���Jul 9ÿ��The cytosolic sensor MDA5 is crucial for antiviral innate immune defense against various RNA viruses including measles virus; as such, many viruses have evolved strategies to antagonize the antiviral activity of MDA5. Here, we show that measles virus escapes MDA5 detection by targeting the phosphatases PP1alpha and PP1gamma, which regulate MDA5 activity by removing an inhibitory phosphorylation mark. The V proteins of measles virus and the related paramyxovirus Nipah virus interact with PP1alpha/gamma, preventing PP1-mediated dephosphorylation of MDA5 and thereby its activation. The PP1 interaction with the measles V protein is mediated by a conserved PP1-binding motif in the C-terminal region of the V protein. A recombinant measles virus expressing a mutant V protein deficient in PP1 binding is unable to antagonize MDA5 and is growth impaired due to its inability to suppress interferon induction. This identifies PP1 antagonism as a mechanism employed by paramyxoviruses for evading innate immune recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/25011105'��Davis, Meredith E
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Urine Specimen Collection���Sep���Flying-foxes (pteropid bats) are the natural host of Hendra virus, a recently emerged zoonotic virus responsible for mortality or morbidity in horses and humans in Australia since 1994. Previous studies have suggested physiological and ecological risk factors for infection in flying-foxes, including physiological stress. However, little work has been done measuring and interpreting stress hormones in flying-foxes. Over a 12-month period, we collected pooled urine samples from underneath roosting flying-foxes, and urine and blood samples from captured individuals. Urine and plasma samples were assayed for cortisol using a commercially available enzyme immunoassay. We demonstrated a typical post-capture stress response in flying-foxes, established urine specific gravity as an attractive alternative to creatinine to correct urine concentration, and established population-level urinary cortisol ranges (and geometric means) for the four Australian species: Pteropus alecto 0.5-305.1 ng/mL (20.1 ng/mL); Pteropus conspicillatus 0.3-370.9 ng/mL (18.9 ng/mL); Pteropus poliocephalus 0.3-311.3 ng/mL (10.1 ng/mL); Pteropus scapulatus 5.2-205.4 ng/mL (40.7 ng/mL). Geometric means differed significantly except for P. alecto and P. conspicillatus. Our approach is methodologically robust, and has application both as a research or clinical tool for flying-foxes, and for other free-living colonial wildlife species.,��https://www.ncbi.nlm.nih.gov/pubmed/24990534²��McMichael, Lee A
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Zoonoses���Oct«��Evolving land use practices have led to an increase in interactions at the human/wildlife interface. The presence and poor knowledge of zoonotic pathogens in India's wildlife and the occurrence of enormous human populations interfacing with, and critically linked to, forest ecosystems warrant attention. Factors such as diverse migratory bird populations, climate change, expanding human population and shrinking wildlife habitats play a significant role in the emergence and re-emergence of zoonotic pathogens from India's wildlife. The introduction of a novel Kyasanur forest disease virus (family flaviviridae) into human populations in 1957 and subsequent occurrence of seasonal outbreaks illustrate the key role that India's wild animals play in the emergence and reemergence of zoonotic pathogens. Other high priority zoonotic diseases of wildlife origin which could affect both livestock and humans include influenza, Nipah, Japanese encephalitis, rabies, plague, leptospirosis, anthrax and leishmaniasis. Continuous monitoring of India's extensively diverse and dispersed wildlife is challenging, but their use as indicators should facilitate efficient and rapid disease-outbreak response across the region and occasionally the globe. Defining and prioritizing research on zoonotic pathogens in wildlife are essential, particularly in a multidisciplinary one-world one-health approach which includes human and veterinary medical studies at the wildlife-livestock-human interfaces. This review indicates that wild animals play an important role in the emergence and re-emergence of zoonotic pathogens and provides brief summaries of the zoonotic diseases that have occurred in wild animals in India.,��https://www.ncbi.nlm.nih.gov/pubmed/24983511���Singh, B B
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Treatment Outcome
Viral Load���Jun 25ù��Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes severe and often fatal disease in pigs and humans. There are currently no vaccines or treatments approved for human use. Studies in small-animal models of NiV infection suggest that antibody therapy may be a promising treatment. However, most studies have assessed treatment at times shortly after virus exposure before animals show signs of disease. We assessed the efficacy of a fully human monoclonal antibody, m102.4, at several time points after virus exposure including at the onset of clinical illness in a uniformly lethal nonhuman primate model of NiV disease. Sixteen African green monkeys (AGMs) were challenged intratracheally with a lethal dose of NiV, and 12 animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days after virus challenge and again about 2 days later. The presence of viral RNA, infectious virus, and/or NiV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 after infection. AGMs in the day 5 treatment group exhibited clinical signs of disease, but all animals recovered by day 16. These results represent the successful therapeutic in vivo efficacy by an investigational drug against NiV in a nonhuman primate and highlight the potential impact that a monoclonal antibody can have on a highly pathogenic zoonotic human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24964990n��Geisbert, Thomas W
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Risk Factors���Hendra virus causes sporadic but typically fatal infection in horses and humans in eastern Australia. Fruit-bats of the genus Pteropus (commonly known as flying-foxes) are the natural host of the virus, and the putative source of infection in horses; infected horses are the source of human infection. Effective treatment is lacking in both horses and humans, and notwithstanding the recent availability of a vaccine for horses, exposure risk mitigation remains an important infection control strategy. This study sought to inform risk mitigation by identifying spatial and environmental risk factors for equine infection using multiple analytical approaches to investigate the relationship between plausible variables and reported Hendra virus infection in horses. Spatial autocorrelation (Global Moran's I) showed significant clustering of equine cases at a distance of 40 km, a distance consistent with the foraging 'footprint' of a flying-fox roost, suggesting the latter as a biologically plausible basis for the clustering. Getis-Ord Gi* analysis identified multiple equine infection hot spots along the eastern Australia coast from far north Queensland to central New South Wales, with the largest extending for nearly 300 km from southern Queensland to northern New South Wales. Geographically weighted regression (GWR) showed the density of P. alecto and P. conspicillatus to have the strongest positive correlation with equine case locations, suggesting these species are more likely a source of infection of Hendra virus for horses than P. poliocephalus or P. scapulatus. The density of horses, climate variables and vegetation variables were not found to be a significant risk factors, but the residuals from the GWR suggest that additional unidentified risk factors exist at the property level. Further investigations and comparisons between case and control properties are needed to identify these local risk factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24936789Ï��Smith, Craig
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Social sciences���Marg��This article contributes to the literature on One Health and public health ethics by expanding the principle of solidarity. We conceptualise solidarity to encompass not only practices intended to assist other people, but also practices intended to assist non-human others, including animals, plants, or places. To illustrate how manifestations of humanist and more-than-human solidarity may selectively complement one another, or collide, recent responses to Hendra virus in Australia and Rabies virus in Canada serve as case examples. Given that caring relationships are foundational to health promotion, people's efforts to care for non-human others are highly relevant to public health, even when these efforts conflict with edicts issued in the name of public health. In its most optimistic explication, One Health aims to attain optimal health for humans, non-human animals and their shared environments. As a field, public health ethics needs to move beyond an exclusive preoccupation with humans, so as to account for moral complexity arising from people's diverse connections with places, plants, and non-human animals.,��https://www.ncbi.nlm.nih.gov/pubmed/24919648´��Rock, Melanie J
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Nipah Virus/*isolation & purification���Jun 2���BACKGROUND: Nipah virus and Hendra virus are closely related and following natural or experimental exposure induce similar clinical disease. In humans, encephalitis is the most serious outcome of infection and, hitherto, research into the pathogenesis of henipavirus encephalitis has been limited by the lack of a suitable model. Recently we reported a wild-type mouse model of Hendra virus (HeV) encephalitis that should facilitate detailed investigations of its neuropathogenesis, including mechanisms of disease recrudescence. In this study we investigated the possibility of developing a similar model of Nipah virus encephalitis. FINDINGS: Aged and young adult wild type mice did not develop clinical disease including encephalitis following intranasal exposure to either the Malaysia (NiV-MY) or Bangladesh (NiV-BD) strains of Nipah virus. However viral RNA was detected in lung tissue of mice at euthanasia (21 days following exposure) accompanied by a non-neutralizing antibody response. In a subsequent time course trial this viral RNA was shown to be reflective of an earlier self-limiting and subclinical lower respiratory tract infection through successful virus re-isolation and antigen detection in lung. There was no evidence for viremia or infection of other organs, including brain. CONCLUSIONS: Mice develop a subclinical self-limiting lower respiratory tract infection but not encephalitis following intranasal exposure to NiV-BD or NiV-MY. These results contrast with those reported for HeV under similar exposure conditions in mice, demonstrating a significant biological difference in host clinical response to exposure with these viruses. This finding provides a new platform from which to explore the viral and/or host factors that determine the neuroinvasive ability of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24890603Ö��Dups, Johanna
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gag Gene Products, Human Immunodeficiency Virus/immunology���Aug���UNLABELLED: Human immunodeficiency virus type 1 (HIV-1) exploits dendritic cells (DCs) to promote its transmission to T cells. We recently reported that the capture of HIV-1 by mature dendritic cells (MDCs) is mediated by an interaction between the glycosphingolipid (GSL) GM3 on virus particles and CD169/Siglec-1 on MDCs. Since HIV-1 preferentially buds from GSL-enriched lipid microdomains on the plasma membrane, we hypothesized that the virus assembly and budding site determines the ability of HIV-1 to interact with MDCs. In support of this hypothesis, mutations in the N-terminal basic domain (29/31KE) or deletion of the membrane-targeting domain of the HIV-1 matrix (MA) protein that altered the virus assembly and budding site to CD63(+)/Lamp-1-positive intracellular compartments resulted in lower levels of virion incorporation of GM3 and attenuation of virus capture by MDCs. Furthermore, MDC-mediated capture and transmission of MA mutant viruses to T cells were decreased, suggesting that HIV-1 acquires GSLs via budding from the plasma membrane to access the MDC-dependent trans infection pathway. Interestingly, MDC-mediated capture of Nipah and Hendra virus (recently emerged zoonotic paramyxoviruses) M (matrix) protein-derived virus-like particles that bud from GSL-enriched plasma membrane microdomains was also dependent on interactions between virion-incorporated GSLs and CD169. Moreover, capture and transfer of Nipah virus envelope glycoprotein-pseudotyped lentivirus particles by MDCs were severely attenuated upon depletion of GSLs from virus particles. These results suggest that GSL incorporation into virions is critical for the interaction of diverse enveloped RNA viruses with DCs and that the GSL-CD169 recognition nexus might be a conserved viral mechanism of parasitization of DC functions for systemic virus dissemination. IMPORTANCE: Dendritic cells (DCs) can capture HIV-1 particles and transfer captured virus particles to T cells without establishing productive infection in DCs, a mechanism of HIV-1 trans infection. We have recently identified CD169-mediated recognition of GM3, a host-derived glycosphingolipid (GSL) incorporated into the virus particle membrane, as the receptor and ligand for the DC-HIV trans infection pathway. In this study, we have identified the matrix (MA) domain of Gag to be the viral determinant that governs incorporation of GM3 into HIV-1 particles, a previously unappreciated function of the HIV-1 MA. In addition, we demonstrate that the GSL-CD169-dependent trans infection pathway is also utilized as a dissemination mechanism by henipaviruses. GSL incorporation in henipaviruses was also dependent on the viral capsid (M) protein-directed assembly and budding from GSL-enriched lipid microdomains. These findings provide evidence of a conserved mechanism of retrovirus and henipavirus parasitization of cell-to-cell recognition pathways for systemic virus dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/24872578¿��Akiyama, Hisashi
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Risk Assessment
Zoonoses/epidemiology/*transmission/*virology���May 16Û��Bat-borne viruses can pose a serious threat to human health, with examples including Nipah virus (NiV) in Bangladesh and Malaysia, and Marburg virus (MARV) in Africa. To date, significant human outbreaks of such viruses have not been reported in the European Union (EU). However, EU countries have strong historical links with many of the countries where NiV and MARV are present and a corresponding high volume of commercial trade and human travel, which poses a potential risk of introduction of these viruses into the EU. In assessing the risks of introduction of these bat-borne zoonotic viruses to the EU, it is important to consider the location and range of bat species known to be susceptible to infection, together with the virus prevalence, seasonality of viral pulses, duration of infection and titre of virus in different bat tissues. In this paper, we review the current scientific knowledge of all these factors, in relation to the introduction of NiV and MARV into the EU.,��https://www.ncbi.nlm.nih.gov/pubmed/24841385Î��Simons, Robin R L
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Virus Assembly���May���Newly synthesized envelope glycoproteins of neuroinvasive viruses can be sorted in a polarized manner to the somatodendritic and/or axonal domains of neurons. Although critical for transneuronal spread of viruses, the molecular determinants and interregulation of this process are largely unknown. We studied the polarized sorting of the attachment (NiV-G) and fusion (NiV-F) glycoproteins of Nipah virus (NiV), a paramyxovirus that causes fatal human encephalitis, in rat hippocampal neurons. When expressed individually, NiV-G exhibited a non-polarized distribution, whereas NiV-F was specifically sorted to the somatodendritic domain. Polarized sorting of NiV-F was dependent on interaction of tyrosine-based signals in its cytosolic tail with the clathrin adaptor complex AP-1. Co-expression of NiV-G with NiV-F abolished somatodendritic sorting of NiV-F due to incorporation of NiV-G*NiV-F complexes into axonal transport carriers. We propose that faster biosynthetic transport of unassembled NiV-F allows for its proteolytic activation in the somatodendritic domain prior to association with NiV-G and axonal delivery of NiV-G*NiV-F complexes. Our study reveals how interactions of viral glycoproteins with the host's transport machinery and between themselves regulate their polarized sorting in neurons.,��https://www.ncbi.nlm.nih.gov/pubmed/24831812ö��Mattera, Rafael
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Viral Matrix Proteins/*metabolism���Membrane envelopment and budding of negative strand RNA viruses (NSVs) is mainly driven by viral matrix proteins (M). In addition, several M proteins are also known to be involved in host cell manipulation. Knowledge about the cellular targets and detailed molecular mechanisms, however, is poor for many M proteins. For instance, Nipah Virus (NiV) M protein trafficking through the nucleus is essential for virus release, but nuclear targets of NiV M remain unknown. To identify cellular interactors of henipavirus M proteins, tagged Hendra Virus (HeV) M proteins were expressed and M-containing protein complexes were isolated and analysed. Presence of acidic leucine-rich nuclear phosphoprotein 32 family member B (ANP32B) in the complex suggested that this protein represents a direct or indirect interactor of the viral matrix protein. Over-expression of ANP32B led to specific nuclear accumulation of HeV M, providing a functional link between ANP32B and M protein. ANP32B-dependent nuclear accumulation was observed after plasmid-driven expression of HeV and NiV matrix proteins and also in NiV infected cells. The latter indicated that an interaction of henipavirus M protein with ANP32B also occurs in the context of virus replication. From these data we conclude that ANP32B is a nuclear target of henipavirus M that may contribute to virus replication. Potential effects of ANP32B on HeV nuclear shuttling and host cell manipulation by HeV M affecting ANP32B functions in host cell survival and gene expression regulation are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/24823948B��Bauer, Anja
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zoonotic disease���Apr 1æ��1. Flying foxes Pteropus spp. play a key role in forest regeneration as seed dispersers and are also the reservoir of many viruses, including Nipah virus in Bangladesh. Little is known about their habitat requirements, particularly in South Asia. Identifying Pteropus habitat preferences could assist in understanding the risk of zoonotic disease transmission broadly, and in Bangladesh, could help explain the spatial distribution of human Nipah virus cases. 2. We analysed characteristics of Pteropus giganteus roosts and constructed an ecological niche model to identify suitable habitat in Bangladesh. We also assessed the distribution of suitable habitat in relation to the location of human Nipah virus cases. 3. Compared to non-roost trees, P. giganteus roost trees are taller with larger diameters, and are more frequently canopy trees. Colony size was larger in densely forested regions and smaller in flood-affected areas. Roosts were located in areas with lower annual precipitation and higher human population density than non-roost sites. 4. We predicted that 2-17% of Bangladesh's land area is suitable roosting habitat. Nipah virus outbreak villages were 2.6 times more likely to be located in areas predicted as highly suitable habitat for P. giganteus compared to non-outbreak villages. 5. Synthesis and applications. Habitat suitability modelling may help identify previously undocumented Nipah outbreak locations and improve our understanding of Nipah virus ecology by highlighting regions where there is suitable bat habitat but no reported human Nipah virus. Conservation and public health education is a key component of P. giganteus management in Bangladesh due to the general misunderstanding and fear of bats that are a reservoir of Nipah virus. Affiliation between Old World fruit bats (Pteropodidae) and people is common throughout their range, and in order to conserve these keystone bat species and prevent emergence of zoonotic viruses, it is imperative that we continue to improve our understanding of Pteropus resource requirements and routes of virus transmission from bats to people. Results presented here can be utilized to develop land management strategies and conservation policies that simultaneously protect fruit bats and public health.,��https://www.ncbi.nlm.nih.gov/pubmed/24778457ñ��Hahn, Micah B
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health behaviour���Decü��Drinking raw date palm sap contaminated with infected fruit bat saliva or urine is an important mode of Nipah virus transmission to humans in Bangladesh. Bamboo skirts are an effective way to interrupt bat access to the sap. We conducted a study from November 2008 to March 2009 to explore the effectiveness of higher- and lower-intensity interventions by promoting bamboo skirt preparation and use among sap harvesters (gachhis). We spent 280 person-hours in two villages for the higher-intensity intervention and half that amount of time in two other villages for the lower-intensity intervention. To evaluate the interventions we followed up all gachhis once a month for three months. A high percentage of gachhis (83% in higher-, 65% in lower-intensity interventions) prepared and used a skirt of bamboo or other materials - jute stalk, dhoincha (Sesbania aculeata), or polythene - at least once after intervention. In general, 15% of gachhis consistently used skirts throughout the sap collection season. The intensive nature of this intervention is very expensive for a large-scale programme. Future efforts should focus on developing a low-cost behaviour change intervention and evaluate if it reduces the human exposure to potentially contaminated fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/24755262y��Nahar, Nazmun
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West Nile Fever/*epidemiology���JunJ��PURPOSE OF REVIEW: This review aims to describe new features on the epidemiology of encephalitis world-wide. As this neurological presentation is most frequently related to transmitted viruses, surveillance of encephalitis is of major importance to detect their emergence or re-emergence. RECENT FINDINGS: Rabies causes one of the most severe types of encephalitis as it is lethal in all cases, and it is endemic in some countries. It was thought that the virus had been eradicated in Western Europe, but it re-emerged in Greece and Italy. Physicians should be aware of this diagnosis in the case of severe encephalitis. Some viruses (Powassan, Nipah, and Hendra) are becoming endemic in some new parts of the world (USA and Australia). Because of their severity, they are healthcare concerns in those countries and for travelers (e.g. in Asia). Finally, a concept is emerging: herpes simplex virus is suspected to be a trigger for autoimmune encephalitis. This is of major importance for the future management of patients (corticosteroids early in the course of the disease?), and the epidemiology of sequelae. SUMMARY: Encephalitis is a good marker for the detection of emerging infections. New findings about the relationship between herpes simplex virus encephalitis and autoimmune encephalitis open a new concept for a better management of patients.,��https://www.ncbi.nlm.nih.gov/pubmed/24751960���Stahl, Jean-Paul
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metabolic rate���May±��Bats are sources of high viral diversity and high-profile zoonotic viruses worldwide. Although apparently not pathogenic in their reservoir hosts, some viruses from bats severely affect other mammals, including humans. Examples include severe acute respiratory syndrome coronaviruses, Ebola and Marburg viruses, and Nipah and Hendra viruses. Factors underlying high viral diversity in bats are the subject of speculation. We hypothesize that flight, a factor common to all bats but to no other mammals, provides an intensive selective force for coexistence with viral parasites through a daily cycle that elevates metabolism and body temperature analogous to the febrile response in other mammals. On an evolutionary scale, this host-virus interaction might have resulted in the large diversity of zoonotic viruses in bats, possibly through bat viruses adapting to be more tolerant of the fever response and less virulent to their natural hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24750692���O'Shea, Thomas J
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Virus Replication/*drug effects/physiology���Apr´��Nipah virus is a biosafety level 4 (BSL-4) pathogen that causes severe respiratory illness and encephalitis in humans. To identify novel small molecules that target Nipah virus replication as potential therapeutics, Southern Research Institute and Galveston National Laboratory jointly developed an automated high-throughput screening platform that is capable of testing 10,000 compounds per day within BSL-4 biocontainment. Using this platform, we screened a 10,080-compound library using a cell-based, high-throughput screen for compounds that inhibited the virus-induced cytopathic effect. From this pilot effort, 23 compounds were identified with EC50 values ranging from 3.9 to 20.0 muM and selectivities >10. Three sulfonamide compounds with EC50 values <12 muM were further characterized for their point of intervention in the viral replication cycle and for broad antiviral efficacy. Development of HTS capability under BSL-4 containment changes the paradigm for drug discovery for highly pathogenic agents because this platform can be readily modified to identify prophylactic and postexposure therapeutic candidates against other BSL-4 pathogens, particularly Ebola, Marburg, and Lassa viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24735442,��Tigabu, Bersabeh
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flying foxes���Jun,��CASE SERIES: Between 2006 and 2012, there were 11 horses diagnosed with Hendra virus (HeV) on 9 independent premises in New South Wales (NSW). We defined a case of HeV as premises where one or more horses were confirmed to be infected with HeV by PCR. All the cases occurred in the north-eastern region of NSW. In 8 of the 9 cases, infection occurred within 2 months over the winter of 2011. With no exception, the affected horses were kept at pasture on properties visited by flying foxes. Of the 11 horses testing positive for HeV, 5 had an association with a fence, with the horses dead or dying on a fence line. In the majority of cases, disease was an acute illness leading to death within 48 h. When signs of disease were observed, neurological signs predominated. There was limited spread to in-contact horses, with only two properties having more than one horse affected. There was significant variation in the sampling strategies undertaken by veterinarians. CONCLUSION: Caution is needed to interpret a negative diagnosis when only swabs have been collected.,��https://www.ncbi.nlm.nih.gov/pubmed/24730376®��Ball, M C
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Zoonoses/virology���Apr 3���Poxviruses are important pathogens of man and numerous domestic and wild animal species. Cross species (including zoonotic) poxvirus infections can have drastic consequences for the recipient host. Bats are a diverse order of mammals known to carry lethal viral zoonoses such as Rabies, Hendra, Nipah, and SARS. Consequent targeted research is revealing bats to be infected with a rich diversity of novel viruses. Poxviruses were recently identified in bats and the settings in which they were found were dramatically different. Here, we review the natural history of poxviruses in bats and highlight the relationship of the viruses to each other and their context in the Poxviridae family. In addition to considering the zoonotic potential of these viruses, we reflect on the broader implications of these findings. Specifically, the potential to explore and exploit this newfound relationship to study coevolution and cross species transmission together with fundamental aspects of poxvirus host tropism as well as bat virology and immunology.,��https://www.ncbi.nlm.nih.gov/pubmed/24704730~��Baker, Kate S
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*Respiratory Mucosa/metabolism/pathology/virology���Apr ��Nipah virus (NiV) is a member of the genus Henipavirus (family Paramyxoviridae) that causes severe and often lethal respiratory illness and encephalitis in humans with high mortality rates (up to 92%). NiV can cause Acute Lung Injury (ALI) in humans, and human-to-human transmission has been observed in recent outbreaks of NiV. While the exact route of transmission to humans is not known, we have previously shown that NiV can efficiently infect human respiratory epithelial cells. The molecular mechanisms of NiV-associated ALI in the human respiratory tract are unknown. Thus, there is an urgent need for models of henipavirus infection of the human respiratory tract to study the pathogenesis and understand the host responses. Here, we describe a novel human lung xenograft model in mice to study the pathogenesis of NiV. Following transplantation, human fetal lung xenografts rapidly graft and develop mature structures of adult lungs including cartilage, vascular vessels, ciliated pseudostratified columnar epithelium, and primitive "air" spaces filled with mucus and lined by cuboidal to flat epithelium. Following infection, NiV grows to high titers (10(7) TCID50/gram lung tissue) as early as 3 days post infection (pi). NiV targets both the endothelium as well as respiratory epithelium in the human lung tissues, and results in syncytia formation. NiV infection in the human lung results in the production of several cytokines and chemokines including IL-6, IP-10, eotaxin, G-CSF and GM-CSF on days 5 and 7 pi. In conclusion, this study demonstrates that NiV can replicate to high titers in a novel in vivo model of the human respiratory tract, resulting in a robust inflammatory response, which is known to be associated with ALI. This model will facilitate progress in the fundamental understanding of henipavirus pathogenesis and virus-host interactions; it will also provide biologically relevant models for other respiratory viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24699832,��Valbuena, Gustavo
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Nipah virus���Jun���Nipah virus (NiV) outbreaks have occurred in Malaysia, India, and Bangladesh, and the virus continues to cause annual outbreaks of fatal human encephalitis in Bangladesh due to spillover from its bat host reservoir. Due to its high pathogenicity, its potential use for bio/agro-terrorism, and to the current lack of approved therapeutics, NiV is designated as an overlap select agent requiring biosafety level-4 containment. Although the development of therapeutic monoclonal antibodies and soluble protein subunit vaccines have shown great promise, the paucity of effective antiviral drugs against NiV merits further exploration of compound libraries using rapid quantitative antiviral assays. As a proof-of-concept study, we evaluated the use of fluorescent and luminescent reporter NiVs for antiviral screening. We constructed and rescued NiVs expressing either Renilla luciferase or green fluorescent protein, and characterized their reporter signal kinetics in different cell types as well as in the presence of several inhibitors. The 50% effective concentrations (EC50s) derived for inhibitors against both reporter viruses are within range of EC50s derived from virus yield-based dose-response assays against wild-type NiV (within 1Log10), thus demonstrating that both reporter NiVs can serve as robust antiviral screening tools. Utilizing these live NiV-based reporter assays requires modest instrumentation, and circumvents the time and labor-intensive steps associated with cytopathic effect or viral antigen-based assays. These reporter NiVs will not only facilitate antiviral screening, but also the study of host cell components that influence the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24680955Ð��Lo, Michael K
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Vero Cells/virology���Mar���Hendra virus (HeV), a highly pathogenic zoonotic paramyxovirus recently emerged from bats, is a major concern to the horse industry in Australia. Previous research has shown that higher temperatures led to lower virus survival rates in the laboratory. We develop a model of survival of HeV in the environment as influenced by temperature. We used 20 years of daily temperature at six locations spanning the geographic range of reported HeV incidents to simulate the temporal and spatial impacts of temperature on HeV survival. At any location, simulated virus survival was greater in winter than in summer, and in any month of the year, survival was higher in higher latitudes. At any location, year-to-year variation in virus survival 24 h post-excretion was substantial and was as large as the difference between locations. Survival was higher in microhabitats with lower than ambient temperature, and when environmental exposure was shorter. The within-year pattern of virus survival mirrored the cumulative within-year occurrence of reported HeV cases, although there were no overall differences in survival in HeV case years and non-case years. The model examines the effect of temperature in isolation; actual virus survivability will reflect the effect of additional environmental factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24643861¸��Scanlan, J C
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Vaccines���May 7���BACKGROUND: Nipah virus (NiV), a zoonotic pathogen causing severe respiratory illness and encephalitis in humans, emerged in Malaysia in 1998 with subsequent outbreaks on an almost annual basis since 2001 in parts of the Indian subcontinent. The high case fatality rate, human-to-human transmission, wide-ranging reservoir distribution and lack of licensed intervention options are making NiV a serious regional and potential global public health problem. The objective of this study was to develop a fast-acting, single-dose NiV vaccine that could be implemented in a ring vaccination approach during outbreaks. METHODS: In this study we have designed new live-attenuated vaccine vectors based on recombinant vesicular stomatitis viruses (rVSV) expressing NiV glycoproteins (G or F) or nucleoprotein (N) and evaluated their protective efficacy in Syrian hamsters, an established NiV animal disease model. We further characterized the humoral immune response to vaccination in hamsters using ELISA and neutralization assays and performed serum transfer studies. RESULTS: Vaccination of Syrian hamsters with a single dose of the rVSV vaccine vectors resulted in strong humoral immune responses with neutralizing activities found only in those animals vaccinated with rVSV expressing NiV G or F proteins. Vaccinated animals with neutralizing antibody responses were completely protected from lethal NiV disease, whereas animals vaccinated with rVSV expressing NiV N showed only partial protection. Protection of NiV G or F vaccinated animals was conferred by antibodies, most likely the neutralizing fraction, as demonstrated by serum transfer studies. Protection of N-vaccinated hamsters was not antibody-dependent indicating a role of adaptive cellular responses for protection. CONCLUSIONS: The rVSV vectors expressing Nipah virus G or F are prime candidates for new 'emergency vaccines' to be utilized for NiV outbreak management.,��https://www.ncbi.nlm.nih.gov/pubmed/24631094���DeBuysscher, Blair L
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Nipah Virus���Marô��Since 2001, outbreaks of Nipah virus have occurred almost every year in Bangladesh with high case-fatality rates. Epidemiological data suggest that in Bangladesh, Nipah virus is transmitted from the natural reservoir, fruit bats, to humans via consumption of date palm sap contaminated by bats, with subsequent human-to-human transmission. To experimentally investigate this epidemiological association between drinking of date palm sap and human cases of Nipah virus infection, we determined the viability of Nipah virus (strain Bangladesh/200401066) in artificial palm sap. At 22 degrees C virus titers remained stable for at least 7 days, thus potentially allowing food-borne transmission. Next, we modeled food-borne Nipah virus infection by supplying Syrian hamsters with artificial palm sap containing Nipah virus. Drinking of 5x10(8) TCID(5)(0) of Nipah virus resulted in neurological disease in 5 out of 8 hamsters, indicating that food-borne transmission of Nipah virus can indeed occur. In comparison, intranasal (i.n.) inoculation with the same dose of Nipah virus resulted in lethal respiratory disease in all animals. In animals infected with Nipah virus via drinking, virus was detected in respiratory tissues rather than in the intestinal tract. Using fluorescently labeled Nipah virus particles, we showed that during drinking, a substantial amount of virus is deposited in the lungs, explaining the replication of Nipah virus in the respiratory tract of these hamsters. Besides the ability of Nipah virus to infect hamsters via the drinking route, Syrian hamsters infected via that route transmitted the virus through direct contact with naive hamsters in 2 out of 24 transmission pairs. Although these findings do not directly prove that date palm sap contaminated with Nipah virus by bats is the origin of Nipah virus outbreaks in Bangladesh, they provide the first experimental support for this hypothesis. Understanding the Nipah virus transmission cycle is essential for preventing and mitigating future outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/24626480"��de Wit, Emmie
Prescott, Joseph
Falzarano, Darryl
Bushmaker, Trenton
Scott, Dana
Feldmann, Heinz
Munster, Vincent J
eng
Intramural NIH HHS/
Research Support, N.I.H., Intramural
2014/03/15 06:00
PLoS Pathog. 2014 Mar 13;10(3):e1004001. doi: 10.1371/journal.ppat.1004001. eCollection 2014 Mar.*��1553-7374 (Electronic)
1553-7366 (Linking)
��PMC3953481���246264802��Laboratory of Virology, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Hamilton, Montana, United States of America.
Rocky Mountain Veterinary Branch, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Hamilton, Montana, United States of America.
Laboratory of Virology, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Hamilton, Montana, United States of America; Department of Medical Microbiology, University of Manitoba, Winnipeg, Manitoba, Canada.���10.1371/journal.ppat.1004001�
»��üÒ|ÿî?����$��Varma, S.
Botlani, M.
Leighty, R. E.���2014\��Discerning intersecting fusion-activation pathways in the Nipah virus using machine learning���3241-54���Proteins���82���12l��Allosteric Regulation
Amino Acid Substitution
Artificial Intelligence
Databases, Protein
Ephrin-B2/chemistry/genetics/*metabolism
Ephrin-B3/chemistry/*metabolism
Host-Pathogen Interactions
Humans
Ligands
*Models, Biological
Molecular Dynamics Simulation
Mutation
Nipah Virus/*physiology
Protein Conformation
Protein Interaction Domains and Motifs
*Signal Transduction
Support Vector Machine
Viral Envelope Proteins/agonists/chemistry/*metabolism
Virus Activation
Virus Attachment
Virus Integration
allosteric signaling
machine learning
molecular dynamics
protein-protein interactions
support vector machines
viral fusion���DecÓ��The fusion of Nipah with host cells is facilitated by two of their glycoproteins, the G and the F proteins. The binding of cellular ephrins to the G head domain causes the G stalk domain to interact differently with F, which activates F to mediate virus-host fusion. To gain insight into how the ephrin-binding signal transduces from the head to the stalk domain of G, we examine quantitatively the differences between the conformational ensembles of the G head domain in its ephrin-bound and unbound states. We consider the human ephrins B2 and B3, and a double mutant of B2, all of which trigger fusion. The ensembles are generated using molecular dynamics, and the differences between them are quantified using a new machine learning method. We find that the portion of the G head domain whose conformational density is altered equivalently by the three ephrins is large, and comprises approximately 25% of the residues in the G head domain. This subspace also includes the residues that are known to be important to F activation, which suggests that it contains at least one common signaling pathway. The spatial distribution of the residues constituting this subspace supports the model of signal transduction in which the signal transduces via the G head dimer interface. This study also adds to the growing list of examples where signaling does not depend solely on backbone deviations. In general, this study provides an approach to filter out conserved patterns in protein dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/24615845Ä��Varma, Sameer
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Viral Proteins/*chemistry/genetics/*metabolism���The phosphoprotein (P) gene of most Paramyxovirinae encodes several proteins in overlapping frames: P and V, which share a common N-terminus (PNT), and C, which overlaps PNT. Overlapping genes are of particular interest because they encode proteins originated de novo, some of which have unknown structural folds, challenging the notion that nature utilizes only a limited, well-mapped area of fold space. The C proteins cluster in three groups, comprising measles, Nipah, and Sendai virus. We predicted that all C proteins have a similar organization: a variable, disordered N-terminus and a conserved, alpha-helical C-terminus. We confirmed this predicted organization by biophysically characterizing recombinant C proteins from Tupaia paramyxovirus (measles group) and human parainfluenza virus 1 (Sendai group). We also found that the C of the measles and Nipah groups have statistically significant sequence similarity, indicating a common origin. Although the C of the Sendai group lack sequence similarity with them, we speculate that they also have a common origin, given their similar genomic location and structural organization. Since C is dispensable for viral replication, unlike PNT, we hypothesize that C may have originated de novo by overprinting PNT in the ancestor of Paramyxovirinae. Intriguingly, in measles virus and Nipah virus, PNT encodes STAT1-binding sites that overlap different regions of the C-terminus of C, indicating they have probably originated independently. This arrangement, in which the same genetic region encodes simultaneously a crucial functional motif (a STAT1-binding site) and a highly constrained region (the C-terminus of C), seems paradoxical, since it should severely reduce the ability of the virus to adapt. The fact that it originated twice suggests that it must be balanced by an evolutionary advantage, perhaps from reducing the size of the genetic region vulnerable to mutations.,��https://www.ncbi.nlm.nih.gov/pubmed/24587180���Lo, Michael K
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962Ï��Roche, S E
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Staphylococcus kloosii���Augþ��Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with lambdamax at 426, 447 and 475 nm and lambdamax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.,��https://www.ncbi.nlm.nih.gov/pubmed/24575244¢��Kamarudin, Kamarul Rahim
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zoonotic paramyxovirus���Mar£��In recent years, the emergence of several highly pathogenic zoonotic diseases in humans has led to a renewed emphasis on the interconnectedness of human, animal, and environmental health, otherwise known as One Health. For example, Hendra virus (HeV), a zoonotic paramyxovirus, was discovered in 1994, and since then, infections have occurred in 7 humans, each of whom had a strong epidemiologic link to similarly affected horses. As a consequence of these outbreaks, eradication of bat populations was discussed, despite their crucial environmental roles in pollination and reduction of the insect population. We describe the development and evaluation of a vaccine for horses with the potential for breaking the chain of HeV transmission from bats to horses to humans, thereby protecting horse, human, and environmental health. The HeV vaccine for horses is a key example of a One Health approach to the control of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24572697M��Middleton, Deborah
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*Zoonoses/prevention & control/transmission���Feb 20®��BACKGROUND: After the 2011 cluster of Hendra virus cases in horses in Australia, public health targeted education initiatives at people in the equine industry to reduce human exposure to potentially infected horses. 'Horse owners and Hendra Virus: A Longitudinal cohort study To Evaluate Risk' aims to enhance public health measures through improved understanding of Hendra virus risk perception and risk mitigation strategies among horse owners and horse care providers. This paper describes the stakeholder consultation that was undertaken to ensure the cohort study outcomes were relevant to diverse groups who play a role in Hendra virus policy development and implementation. METHODS: A two-round modified Delphi study with online questionnaires was conducted. In round one, stakeholders identified priority research areas. In round two, stakeholders rated and ranked topics that emerged from thematic analysis of the round one responses. Round two data were analysed using logistic regression. RESULTS: Of the 255 stakeholders contacted, 101 responded to round one. Over 450 topics were proposed. These were organized into 18 themes. Approximately two thirds of the round one respondents participated in round two. 'Hendra virus-related risk awareness and perception', 'personal health and safety', 'emergency preparedness', 'risk prevention, mitigation, and biosecurity', and 'Hendra virus vaccination in horses--attitudes/uptake' were the top five areas identified according to probability of being ranked extremely important. CONCLUSIONS: In this study, a modified Delphi approach was effective in guiding research into Hendra virus, a zoonotic disease of animal and human health significance. The findings support the notion that stakeholders should be engaged in zoonotic disease research priority setting. Such consultation will help to ensure that research initiatives are relevant and useful to stakeholders in the position to make use of new findings.,��https://www.ncbi.nlm.nih.gov/pubmed/24552445Í��Sawford, Kate
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*Virus Internalization���Apr·��The paramyxoviruses represent a diverse virus family responsible for a wide range of human and animal diseases. In contrast to other viruses, such as HIV and influenza virus, which use a single glycoprotein to mediate host receptor binding and virus entry, the paramyxoviruses require two distinct proteins. One of these is an attachment glycoprotein that binds receptor, while the second is a fusion glycoprotein, which undergoes conformational changes that drive virus-cell membrane fusion and virus entry. The details of how receptor binding by one protein activates the second to undergo conformational changes have been poorly understood until recently. Over the past couple of years, structural and functional data have accumulated on representative members of this family, including parainfluenza virus 5, Newcastle disease virus, measles virus, Nipah virus and others, which suggest a mechanistic convergence of activation models. Here we review the data indicating that paramyxovirus attachment glycoproteins shield activating residues within their N-terminal stalk domains, which are then exposed upon receptor binding, leading to the activation of the fusion protein by a 'provocateur' mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/24530984���Jardetzky, Theodore S
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Viral Vaccines/administration & dosage/genetics/*immunology���Mayì��UNLABELLED: Hendra virus (HeV) is a zoonotic emerging virus belonging to the family Paramyxoviridae. HeV causes severe and often fatal respiratory and/or neurologic disease in both animals and humans. Currently, there are no licensed vaccines or antiviral drugs approved for human use. A number of animal models have been developed for studying HeV infection, with the African green monkey (AGM) appearing to most faithfully reproduce the human disease. Here, we assessed the utility of a newly developed recombinant subunit vaccine based on the HeV attachment (G) glycoprotein in the AGM model. Four AGMs were vaccinated with two doses of the HeV vaccine (sGHeV) containing Alhydrogel, four AGMs received the sGHeV with Alhydrogel and CpG, and four control animals did not receive the sGHeV vaccine. Animals were challenged with a high dose of infectious HeV 21 days after the boost vaccination. None of the eight specifically vaccinated animals showed any evidence of clinical illness and survived the challenge. All four controls became severely ill with symptoms consistent with HeV infection, and three of the four animals succumbed 8 days after exposure. Success of the recombinant subunit vaccine in AGMs provides pivotal data in supporting its further preclinical development for potential human use. IMPORTANCE: A Hendra virus attachment (G) glycoprotein subunit vaccine was tested in nonhuman primates to assess its ability to protect them from a lethal infection with Hendra virus. It was found that all vaccinated African green monkeys were completely protected against subsequent Hendra virus infection and disease. The success of this new subunit vaccine in nonhuman primates provides critical data in support of its further development for future human use.,��https://www.ncbi.nlm.nih.gov/pubmed/24522928S��Mire, Chad E
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Serology���May$��Hendra and Nipah viruses (HeV and NiV) are closely related zoonotic pathogens of the Paramyxoviridae family. Both viruses belong to the Henipavirus genus and cause fatal disease in animals and humans, though only HeV is endemic in Australia. In general and due to the acute nature of the disease, agent detection by PCR and virus isolation are the primary tools for diagnostic investigations. Assays for the detection of antibodies against HeV are fit more readily for the purpose of surveillance testing in disease epidemiology and to meet certification requirements in the international movement of horses. The first generation indirect ELISA has been affected by non-specific reactions which must be resolved using virus neutralisation serology conducted at laboratory bio-safety level 4 containment (PC4). Recent developments have enabled improvements in the available serology assays. The production of an expressed recombinant truncated HeV G protein has been utilised in ELISA and in Luminex-based multiplexed microsphere assays. In the latter format, two Luminex assays have been developed for use in henipavirus serology: a binding assay (designed for antibody detection and differentiation) and a blocking assay (designed as a surrogate for virus neutralisation). Equine and canine field sera were used to evaluate the two Luminex assays relative to ELISA and virus neutralisation serology. Results showed that Luminex assays can be effective as rapid, sensitive and specific tests for the detection of HeV antibody in horse and dog sera. The tests do not require PC4 containment and are appropriate for high throughput applications as might be required for disease investigations and other epidemiological surveillance. Also, the results show that the Luminex assays detect effectively HeV vaccine-induced antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/24508193ò��McNabb, Leanne
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Virus Diseases/enzymology/virology���AprÖ��UNLABELLED: Severe acute respiratory syndrome coronavirus (SARS-CoV) and Ebola, Hendra, and Nipah viruses are members of different viral families and are known causative agents of fatal viral diseases. These viruses depend on cathepsin L for entry into their target cells. The viral glycoproteins need to be primed by protease cleavage, rendering them active for fusion with the host cell membrane. In this study, we developed a novel high-throughput screening assay based on peptides, derived from the glycoproteins of the aforementioned viruses, which contain the cathepsin L cleavage site. We screened a library of 5,000 small molecules and discovered a small molecule that can inhibit the cathepsin L cleavage of all viral peptides with minimal inhibition of cleavage of a host protein-derived peptide (pro-neuropeptide Y). The small molecule inhibited the entry of all pseudotyped viruses in vitro and the cleavage of SARS-CoV spike glycoprotein in an in vitro cleavage assay. In addition, the Hendra and Nipah virus fusion glycoproteins were not cleaved in the presence of the small molecule in a cell-based cleavage assay. Furthermore, we demonstrate that the small molecule is a mixed inhibitor of cathepsin L. Our broad-spectrum antiviral small molecule appears to be an ideal candidate for future optimization and development into a potent antiviral against SARS-CoV and Ebola, Hendra, and Nipah viruses. IMPORTANCE: We developed a novel high-throughput screening assay to identify small molecules that can prevent cathepsin L cleavage of viral glycoproteins derived from SARS-CoV and Ebola, Hendra, and Nipah viruses that are required for their entry into the host cell. We identified a novel broad-spectrum small molecule that could block cathepsin L-mediated cleavage and thus inhibit the entry of pseudotypes bearing the glycoprotein derived from SARS-CoV or Ebola, Hendra, or Nipah virus. The small molecule can be further optimized and developed into a potent broad-spectrum antiviral drug.,��https://www.ncbi.nlm.nih.gov/pubmed/245013993��Elshabrawy, Hatem A
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pathogenesis���Jul²��Hendra (HeV) and Nipah (NiV) viruses (genus Henipavirus (HNV; family Paramyxoviridae) are emerging zoonotic agents that can cause severe respiratory distress and acute encephalitis in humans. Given the lack of effective therapeutics and vaccines for human use, these viruses are considered as public health concerns. Several experimental animal models of HNV infection have been developed in recent years. Here, we review the current status of four of the most promising experimental animal models (mice, hamsters, ferrets, and African green monkeys) and their suitability for modeling the clinical disease, transmission, pathogenesis, prevention, and treatment for HNV infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24488776���Rockx, Barry
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Zoonoses/*epidemiology/transmission���FebÑ��Zoonotic infections are important sources of human disease; most known emerging infections are zoonotic (e.g., HIV, Ebola virus, severe acute respiratory syndrome, Nipah virus, and enteropathogenic Escherichia coli) and originated as natural infections of other species that acquired opportunities to come in contact with humans. There are also serious infectious diseases classically considered zoonotic, such as influenza, rabies, bubonic plague, brucellosis, and leptospirosis. More recently, it has been recognized that wildlife constitutes a particularly important source of novel zoonoses. With all this microbial movement, surveillance is considered the first line of public health defense. The zoonotic origin of many human and livestock infections argues strongly for the synergistic value of a One Health approach, which provides the capability to identify pathogens crossing into new species and could provide earlier warning of potential epidemics. This article discusses public health surveillance and major recent surveillance initiatives and reviews progress toward implementing a One Health surveillance framework. Networks discussed include global intergovernmental organizations and recent combined efforts of these organizations; Web-based nongovernmental systems (e.g., ProMED, the Program for Monitoring Emerging Diseases); and networks of bilateral or multilateral government programs (e.g., the CDC's Global Disease Detection [GDD] platform; the U.S. Department of Defense's Global Emerging Infections Surveillance and Response System [GEIS]; regional and subregional networks; and the U.S. Agency for International Development's Emerging Pandemic Threats [EPT] program and its surveillance component, PREDICT). Syndromic surveillance also has potential to complement existing systems. New technologies are enabling revolutionary capabilities for global surveillance, but in addition to serious technical needs, both sustainability and data-sharing mechanisms remain challenges.,��https://www.ncbi.nlm.nih.gov/pubmed/26082122Æ��Morse, Stephen S
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Zoonoses���Mar 6È��The recent discovery of a wide range of henipavirus-like viruses circulating in Megabats in Africa raises the question as to the zoonotic potential of these pathogens given the high human mortality rates seen with their pathogenic relatives Nipah virus and Hendra virus. In the absence of cultured infectious African Henipavirus we have performed experiments with recombinant F and G glycoproteins from the representative African Henipavirus strain M74a aimed at estimating its cellular tropism and capacity to use similar receptors to its highly pathogenic counterparts. The ability of the M74a virus G surface protein to use the ubiquitous Ephrin B2 host cell receptor and its heterologous cross-compatibility with Nipah virus could be expected to impart upon this virus a reasonable potential for species spillover, although differences in fusion efficiency seen with the M74a virus F protein in certain cell lines could present a barrier for zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/24452140���Lawrence, Philip
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Iron���Mar 1���Biodegradable metals such as magnesium, iron and their alloys have been known as potential materials for temporary medical implants. However, most of the studies on biodegradable metals have been focusing on optimizing their mechanical properties and degradation behavior with no emphasis on improving their bioactivity behavior. We therefore investigated the possibility of improving iron biodegradation rate and bioactivity by incorporating various bioactive bioceramics. The iron-based bioceramic (hydroxyapatite, tricalcium phosphate and biphasic calcium phosphate) composites were prepared by mechanical mixing and sintering process. Degradation studies indicated that the addition of bioceramics lowered the corrosion potential of the composites and slightly increased their corrosion rate compared to that of pure iron. In vitro cytotoxicity results showed an increase of cellular activity when rat smooth muscle cells interacted with the degrading composites compared to pure iron. X-ray radiogram analysis showed a consistent degradation progress with that found in vivo and positive tissue response up to 70 days implantation in sheep animal model. Therefore, the iron-based bioceramic composites have the potential to be used for biodegradable bone implant applications.,��https://www.ncbi.nlm.nih.gov/pubmed/24433920���Ulum, M F
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Pigs���Decë��The emergence of Nipah virus (NiV) infection into the pig population and subsequently into the human population is believed to be due to changes in ecological conditions. In Malaysia, A major NiV outbreak occurred in pigs and humans from September 1998 to April 1999 that resulted in infection of 265 and death of 105 persons. About 1.1 million pigs had to be destroyed to control the outbreak. The disease was recorded in the form of a major outbreak in India in 2001 and then a small incidence in 2007, both the outbreaks in West Bengal only in humans without any involvement of pigs. There were series of human Nipah incidences in Bangladesh from 2001 till 2013 almost every year with mortality exceeding 70 %. The disease transmission from pigs acting as an intermediate host during Malaysian and Singapore outbreaks has changed in NIV outbreaks in India and Bangladesh, transmitting the disease directly from bats to human followed by human to human. The drinking of raw date palm sap contaminated with fruit bat urine or saliva containing NiV is the only known cause of outbreak of the disease in Bangladesh outbreaks. The virus is now known to exist in various fruit bats of Pteropus as well as bats of other genera in a wider belt from Asia to Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/24426305§��Kulkarni, D D
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Virus���Dec+��Emerging and reemerging viral diseases of livestock and human beings are in sharp rise in recent years. Importantly, many of these viruses, including influenza, Hendra, Nipah and corona are of zoonotic importance. Several viral diseases of livestock such as bluetongue, peste des petits ruminants, camel pox, equine infectious anaemia, chicken anaemia and sheep-associated malignant catarrhal fever are crossing their traditional boundaries. Emergence of new serotypes and variant forms of viruses as in the case of blue tongue virus, avian infectious bronchitis virus, Newcastle disease virus adds additional level of complexity. The increased incidence of emerging and reemerging viral diseases could be attributed to several factors including deforestation and surge in direct contact of livestock and humans with wild animals and birds. This special issue of "Indian Journal of Virology" is focused on diverse aspects of above diseases: isolation and characterization of viruses, epidemiology, pathogenesis, diagnosis, prevention measures and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/24426290���Bayry, Jagadeesh
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Virus Replication?��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans, and incurred a high fatality rate in humans. We established a system that enabled the rescue of replicating NiVs from a cloned DNA. Using the system, we analyzed the functions of accessory proteins in infected cells and the implications in in vivo pathogenicity. Further, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins, which appeared to be an appropriate to NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25765986u��Yoneda, Misako
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Viral Vaccines/administration & dosage/genetics/*immunology���Dec 13q��BACKGROUND: Nipah virus (NiV) is a highly pathogenic zoonotic agent in the family Paramyxoviridae that is maintained in nature by bats. Outbreaks have occurred in Malaysia, Singapore, India, and Bangladesh and have been associated with 40 to 75% case fatality rates. There are currently no vaccines or postexposure treatments licensed for combating human NiV infection. METHODS AND RESULTS: Four groups of ferrets received a single vaccination with different recombinant vesicular stomatitis virus vectors expressing: Group 1, control with no glycoprotein; Group 2, the NiV fusion protein (F); Group 3, the NiV attachment protein (G); and Group 4, a combination of the NiV F and G proteins. Animals were challenged intranasally with NiV 28 days after vaccination. Control ferrets in Group 1 showed characteristic clinical signs of NiV disease including respiratory distress, neurological disorders, viral load in blood and tissues, and gross lesions and antigen in target tissues; all animals in this group succumbed to infection by day 8. Importantly, all specifically vaccinated ferrets in Groups 2-4 showed no evidence of clinical illness and survived challenged. All animals in these groups developed anti-NiV F and/or G IgG and neutralizing antibody titers. While NiV RNA was detected in blood at day 6 post challenge in animals from Groups 2-4, the levels were orders of magnitude lower than animals from control Group 1. CONCLUSIONS: These data show protective efficacy against NiV in a relevant model of human infection. Further development of this technology has the potential to yield effective single injection vaccines for NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/24330654ì��Mire, Chad E
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Trees���FebN��Nipah virus has caused recurring outbreaks in central and northwest Bangladesh (the "Nipah Belt"). Little is known about roosting behavior of the fruit bat reservoir, Pteropus giganteus, or factors driving spillover. We compared human population density and ecological characteristics of case villages and control villages (no reported outbreaks) to understand their role in P. giganteus roosting ecology and Nipah virus spillover risk. Nipah Belt villages have a higher human population density (P < 0.0001), and forests that are more fragmented than elsewhere in Bangladesh (0.50 versus 0.32 patches/km(2), P < 0.0001). The number of roosts in a village correlates with forest fragmentation (r = 0.22, P = 0.03). Villages with a roost containing Polyalthia longifolia or Bombax ceiba trees were more likely case villages (odds ratio [OR] = 10.8, 95% confidence interval [CI] = 1.3-90.6). This study suggests that, in addition to human population density, composition and structure of the landscape shared by P. giganteus and humans may influence the geographic distribution of Nipah virus spillovers.,��https://www.ncbi.nlm.nih.gov/pubmed/24323516���Hahn, Micah B
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Zoonoses/*epidemiology/virology­��Zoonoses from wildlife threaten global public health. Hendra virus is one of several zoonotic viral diseases that have recently emerged from Pteropus species fruit-bats (flying-foxes). Most hypotheses regarding persistence of Hendra virus within flying-fox populations emphasize horizontal transmission within local populations (colonies) via urine and other secretions, and transmission among colonies via migration. As an alternative hypothesis, we explore the role of recrudescence in persistence of Hendra virus in flying-fox populations via computer simulation using a model that integrates published information on the ecology of flying-foxes, and the ecology and epidemiology of Hendra virus. Simulated infection patterns agree with infection patterns observed in the field and suggest that Hendra virus could be maintained in an isolated flying-fox population indefinitely via periodic recrudescence in a manner indistinguishable from maintenance via periodic immigration of infected individuals. Further, post-recrudescence pulses of infectious flying-foxes provide a plausible basis for the observed seasonal clustering of equine cases. Correct understanding of the infection dynamics of Hendra virus in flying-foxes is fundamental to effectively managing risk of infection in horses and humans. Given the lack of clear empirical evidence on how the virus is maintained within populations, the role of recrudescence merits increased attention.,��https://www.ncbi.nlm.nih.gov/pubmed/24312221Û��Wang, Hsiao-Hsuan
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Viral Proteins/genetics/*metabolism���Mar¨��In recent years, novel henipavirus-related sequences have been identified in bats in Africa. To evaluate the potential of African bat henipaviruses to spread in non-bat mammalian cells, we compared the biological functions of the surface glycoproteins G and F of the prototype African henipavirus GH-M74a with those of the glycoproteins of Nipah virus (NiV), a well-characterized pathogenic member of the henipavirus genus. Glycoproteins are central determinants for virus tropism, as efficient binding of henipavirus G proteins to cellular ephrin receptors and functional expression of fusion-competent F proteins are indispensable prerequisites for virus entry and cell-to-cell spread. In this study, we analysed the ability of the GH-M74a G and F proteins to cause cell-to-cell fusion in mammalian cell types readily permissive to NiV or Hendra virus infections. Except for limited syncytium formation in a bat cell line derived from Hypsignathus monstrosus, HypNi/1.1 cells, we did not observe any fusion. The highly restricted fusion activity was predominantly due to the F protein. Whilst GH-M74a G protein was found to interact with the main henipavirus receptor ephrin-B2 and induced syncytia upon co-expression with heterotypic NiV F protein, GH-M74a F protein did not cause evident fusion in the presence of heterotypic NiV G protein. Pulse-chase and surface biotinylation analyses revealed delayed F cleavage kinetics with a reduced expression of cleaved and fusion-active GH-M74a F protein on the cell surface. Thus, the F protein of GH-M74a showed a functional defect that is most likely caused by impaired trafficking leading to less efficient proteolytic activation and surface expression.,��https://www.ncbi.nlm.nih.gov/pubmed/24296468!��Weis, Michael
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Zoonoses/epidemiology/*transmission/virology���Dec���A large proportion of viral pathogens that have emerged during the last decades in humans are considered to have originated from various animal species. This is well exemplified by several recent epidemics such as those of Nipah, Severe Acute Respiratory Syndrome, Avian flu, Ebola, Monkeypox, and Hantaviruses. After the initial interspecies transmission per se, the viruses can disseminate into the human population through various and distinct mechanisms. Some of them are well characterized and understood, thus allowing a certain level of risk control and prevention. Surprisingly and in contrast, the initial steps that lead to the emergence of several viruses, and of their associated diseases, remain still poorly understood. Epidemiological field studies conducted in certain specific high-risk populations are thus necessary to obtain new insights into the early events of this emergence process. Human infections by simian viruses represent increasing public health concerns. Indeed, by virtue of their genetic andphysiological similarities, non-human primates (NHPs) are considered to be likely the sources of viruses that can infect humans and thus may pose a significant threat to human population. This is well illustrated by retroviruses, which have the ability to cross species, adapt to a new host and sometimes spread within these new species. Sequence comparison and phylogenetic studies have thus clearly showed that the emergence of human immunodeficiency virus type 1 (HIV-1) and HIV-2 in humans have resulted from several independent interspecies transmissions of different SIV types from Chimpanzees and African monkeys (including sooty mangabeys), respectively, probably during the first part of the last century. The situation for Human T cell Lymphotropic virus type 1 (HTLV-1) is, for certain aspects, quite comparable. Indeed, the origin of most HTLV-1 subtypes appears to be linked to interspecies transmission between STLV-1-infected monkeys and humans, followed by variable periods of evolution in the human host. In this review, after an introduction on emerging viruses, we will briefly present the results of a large epidemiological study performed in groups of Bantus and Pygmies living in villages and settlements located in the rain forest of the South region of Cameroon. These populations are living nearby the habitats of several monkeys and apes, often naturally infected by different retroviruses including SIV, STLV and simianfoamy virus. Most of the persons included in this study were hunters of such NHPs, thus at high risk of contact with infected body fluids (blood, saliva,...) during hunting activities. After reviewing the current available data on the discovery, cross-species transmission from monkeys and apes to humans of the simian foamy retroviruses, we will report the results of our study. Such infection is a unique natural model to study the different mechanisms of restriction of retroviral emergence in Humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26137812���Gessain, Antoine
fre
English Abstract
Review
Netherlands
2013/12/01 00:00
Bull Acad Natl Med. 2013 Dec;197(9):1655-67; discussion 1667-8.%��0001-4079 (Print)
0001-4079 (Linking)���26137812���Mecanismes d'emergence virale et transmission interespeces: l'exemple des retrovirus Foamy simiens chez l'Homme en Afrique Centrale.���Institut Pasteur, Unite d'Epidemiologie et Physiopathologie des Virus Oncogenes, Departement de Virologie - F-75015 Paris, France. agessain@pasteur.fr���
è��üÖtÿî?¦���¢��Liu, Q.
Stone, J. A.
Bradel-Tretheway, B.
Dabundo, J.
Benavides Montano, J. A.
Santos-Montanez, J.
Biering, S. B.
Nicola, A. V.
Iorio, R. M.
Lu, X.
Aguilar, H. C.���2013t��Unraveling a three-step spatiotemporal mechanism of triggering of receptor-induced Nipah virus fusion and cell entry���e1003770���PLoS Pathog���9���11���Animals
CHO Cells
Cricetinae
Cricetulus
Glycoproteins/genetics/*metabolism
Henipavirus Infections/genetics/metabolism
Membrane Fusion Proteins/genetics/*metabolism
Nipah Virus/*physiology
Receptors, Virus/genetics/*metabolism
Viral Proteins/genetics/*metabolism
*Virus Internalization¥��Membrane fusion is essential for entry of the biomedically-important paramyxoviruses into their host cells (viral-cell fusion), and for syncytia formation (cell-cell fusion), often induced by paramyxoviral infections [e.g. those of the deadly Nipah virus (NiV)]. For most paramyxoviruses, membrane fusion requires two viral glycoproteins. Upon receptor binding, the attachment glycoprotein (HN/H/G) triggers the fusion glycoprotein (F) to undergo conformational changes that merge viral and/or cell membranes. However, a significant knowledge gap remains on how HN/H/G couples cell receptor binding to F-triggering. Via interdisciplinary approaches we report the first comprehensive mechanism of NiV membrane fusion triggering, involving three spatiotemporally sequential cell receptor-induced conformational steps in NiV-G: two in the head and one in the stalk. Interestingly, a headless NiV-G mutant was able to trigger NiV-F, and the two head conformational steps were required for the exposure of the stalk domain. Moreover, the headless NiV-G prematurely triggered NiV-F on virions, indicating that the NiV-G head prevents premature triggering of NiV-F on virions by concealing a F-triggering stalk domain until the correct time and place: receptor-binding. Based on these and recent paramyxovirus findings, we present a comprehensive and fundamentally conserved mechanistic model of paramyxovirus membrane fusion triggering and cell entry.,��https://www.ncbi.nlm.nih.gov/pubmed/24278018¾��Liu, Qian
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tumor necrosis factor receptor-associated 6���Jan 3±��Paramyxovirus C protein targets the host interferon (IFN) system for virus immune evasion. To identify its unknown anti-IFN activity, we examined the effect of Sendai virus C protein on activation of the IFN-alpha promoter via various signaling pathways. This study uncovers a novel ability of C protein to block Toll-like receptor (TLR) 7- and TLR9-dependent IFN-alpha induction, which is specific to plasmacytoid dendritic cells. C protein interacts with a serine/threonine kinase IKKalpha and inhibits phosphorylation of IRF7. This anti-IFN activity of C protein is shared across genera of the Paramyxovirinae, and thus appears to play an important role in paramyxovirus immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/24269682Ü��Yamaguchi, Mayu
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Surveys and QuestionnairesÈ��Hendra virus is a highly pathogenic novel paramyxovirus causing sporadic fatal infection in horses and humans in Australia. Species of fruit-bats (genus Pteropus), commonly known as flying-foxes, are the natural host of the virus. We undertook a survey of horse owners in the states of Queensland and New South Wales, Australia to assess the level of adoption of recommended risk management strategies and to identify impediments to adoption. Survey questionnaires were completed by 1431 respondents from the target states, and from a spectrum of industry sectors. Hendra virus knowledge varied with sector, but was generally limited, with only 13% of respondents rating their level of knowledge as high or very high. The majority of respondents (63%) had seen their state's Hendra virus information for horse owners, and a similar proportion found the information useful. Fifty-six percent of respondents thought it moderately, very or extremely likely that a Hendra virus case could occur in their area, yet only 37% said they would consider Hendra virus if their horse was sick. Only 13% of respondents stabled their horses overnight, although another 24% said it would be easy or very easy to do so, but hadn't done so. Only 13% and 15% of respondents respectively had horse feed bins and water points under solid cover. Responses varied significantly with state, likely reflecting different Hendra virus history. The survey identified inconsistent awareness and/or adoption of available knowledge, confusion in relation to Hendra virus risk perception, with both over-and under-estimation of true risk, and lag in the uptake of recommended risk minimisation strategies, even when these were readily implementable. However, we also identified frustration and potential alienation by horse owners who found the recommended strategies impractical, onerous and prohibitively expensive. The insights gained from this survey have broader application to other complex risk-management scenarios.,��https://www.ncbi.nlm.nih.gov/pubmed/24260503é��Kung, Nina
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Pigs���Jan 1þ��Diseases that are exotic to the pig industry in Australia were prioritised using a multi-criteria decision analysis framework that incorporated weights of importance for a range of criteria important to industry stakeholders. Measurements were collected for each disease for nine criteria that described potential disease impacts. A total score was calculated for each disease using a weighted sum value function that aggregated the nine disease criterion measurements and weights of importance for the criteria that were previously elicited from two groups of industry stakeholders. One stakeholder group placed most value on the impacts of disease on livestock, and one group placed more value on the zoonotic impacts of diseases. Prioritisation lists ordered by disease score were produced for both of these groups. Vesicular diseases were found to have the highest priority for the group valuing disease impacts on livestock, followed by acute forms of African and classical swine fever, then highly pathogenic porcine reproductive and respiratory syndrome. The group who valued zoonotic disease impacts prioritised rabies, followed by Japanese encephalitis, Eastern equine encephalitis and Nipah virus, interspersed with vesicular diseases. The multi-criteria framework used in this study systematically prioritised diseases using a multi-attribute theory based technique that provided transparency and repeatability in the process. Flexibility of the framework was demonstrated by aggregating the criterion weights from more than one stakeholder group with the disease measurements for the criteria. This technique allowed industry stakeholders to be active in resource allocation for their industry without the need to be disease experts. We believe it is the first prioritisation of livestock diseases using values provided by industry stakeholders. The prioritisation lists will be used by industry stakeholders to identify diseases for further risk analysis and disease spread modelling to understand biosecurity risks to this industry.,��https://www.ncbi.nlm.nih.gov/pubmed/24211032ã��Brookes, V J
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Vaccine���Jan���Nipah virus (NiV) continues to cause outbreaks of fatal human encephalitis due to spillover from its bat reservoir. We determined that a single dose of replication-defective vesicular stomatitis virus (VSV)-based vaccine vectors expressing either the NiV fusion (F) or attachment (G) glycoproteins protected hamsters from over 1000 times LD50 NiV challenge. This highly effective single-dose protection coupled with an enhanced safety profile makes these candidates ideal for potential use in livestock and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24184127´��Lo, Michael K
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Virus Entry���Dec 13¤��Paramyxovirus fusion (F) proteins promote membrane fusion between the viral envelope and host cell membranes, a critical early step in viral infection. Although mutational analyses have indicated that transmembrane (TM) domain residues can affect folding or function of viral fusion proteins, direct analysis of TM-TM interactions has proved challenging. To directly assess TM interactions, the oligomeric state of purified chimeric proteins containing the Staphylococcal nuclease (SN) protein linked to the TM segments from three paramyxovirus F proteins was analyzed by sedimentation equilibrium analysis in detergent and buffer conditions that allowed density matching. A monomer-trimer equilibrium best fit was found for all three SN-TM constructs tested, and similar fits were obtained with peptides corresponding to just the TM region of two different paramyxovirus F proteins. These findings demonstrate for the first time that class I viral fusion protein TM domains can self-associate as trimeric complexes in the absence of the rest of the protein. Glycine residues have been implicated in TM helix interactions, so the effect of mutations at Hendra F Gly-508 was assessed in the context of the whole F protein. Mutations G508I or G508L resulted in decreased cell surface expression of the fusogenic form, consistent with decreased stability of the prefusion form of the protein. Sedimentation equilibrium analysis of TM domains containing these mutations gave higher relative association constants, suggesting altered TM-TM interactions. Overall, these results suggest that trimeric TM interactions are important driving forces for protein folding, stability and membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/24178297ø��Smith, Everett Clinton
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Signal transducers and activators of transcription 2���May 12Ñ��The paramyxoviruses are a family of > 30 viruses that variously infect humans, other mammals and fish to cause diverse outcomes, ranging from asymptomatic to lethal disease, with the zoonotic paramyxoviruses Nipah and Hendra showing up to 70% case-fatality rate in humans. The capacity to evade host immunity is central to viral infection, and paramyxoviruses have evolved multiple strategies to overcome the host interferon (IFN)-mediated innate immune response through the activity of their IFN-antagonist proteins. Although paramyxovirus IFN antagonists generally target common factors of the IFN system, including melanoma differentiation associated factor 5, retinoic acid-inducible gene-I, signal transducers and activators of transcription (STAT)1 and STAT2, and IFN regulatory factor 3, the mechanisms of antagonism show remarkable diversity between different genera and even individual members of the same genus; the reasons for this diversity, however, are not currently understood. Here, we review the IFN antagonism strategies of paramyxoviruses, highlighting mechanistic differences observed between individual species and genera. We also discuss potential sources of this diversity, including biological differences in the host and/or tissue specificity of different paramyxoviruses, and potential effects of experimental approaches that have largely relied on in vitro systems. Importantly, recent studies using recombinant virus systems and animal infection models are beginning to clarify the importance of certain mechanisms of IFN antagonism to in vivo infections, providing important indications not only of their critical importance to virulence, but also of their potential targeting for new therapeutic/vaccine approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/24175230���Audsley, Michelle D
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Viral Fusion Proteins/*chemistry/genetics/immunologyJ��The henipaviruses, represented by Hendra (HeV) and Nipah (NiV) viruses are highly pathogenic zoonotic paramyxoviruses with uniquely broad host tropisms responsible for repeated outbreaks in Australia, Southeast Asia, India and Bangladesh. The high morbidity and mortality rates associated with infection and lack of licensed antiviral therapies make the henipaviruses a potential biological threat to humans and livestock. Henipavirus entry is initiated by the attachment of the G envelope glycoprotein to host cell membrane receptors. Previously, henipavirus-neutralizing human monoclonal antibodies (hmAb) have been isolated using the HeV-G glycoprotein and a human naive antibody library. One cross-reactive and receptor-blocking hmAb (m102.4) was recently demonstrated to be an effective post-exposure therapy in two animal models of NiV and HeV infection, has been used in several people on a compassionate use basis, and is currently in development for use in humans. Here, we report the crystal structure of the complex of HeV-G with m102.3, an m102.4 derivative, and describe NiV and HeV escape mutants. This structure provides detailed insight into the mechanism of HeV and NiV neutralization by m102.4, and serves as a blueprint for further optimization of m102.4 as a therapeutic agent and for the development of entry inhibitors and vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/241304863��Xu, Kai
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Viral dsRNA detection���Dec2��Double-stranded RNA (dsRNA) is synthesized during the course of infection by RNA viruses as a byproduct of replication and transcription and acts as a potent trigger of the host innate antiviral response. In the cytoplasm of the infected cell, recognition of the presence of viral dsRNA as a signature of "non-self" nucleic acid is carried out by RIG-I-like receptors (RLRs), a set of dedicated helicases whose activation leads to the production of type I interferon alpha/beta (IFN-alpha/beta). To overcome the innate antiviral response, RNA viruses encode suppressors of IFN-alpha/beta induction, which block RLRs recognition of dsRNA by means of different mechanisms that can be categorized into: (i) dsRNA binding and/or shielding ("hide"), (ii) dsRNA termini processing ("mask") and (iii) direct interaction with components of the RLRs pathway ("hit"). In light of recent functional, biochemical and structural findings, we review the inhibition mechanisms of RLRs recognition of dsRNA displayed by a number of highly pathogenic RNA viruses with different disease phenotypes such as haemorrhagic fever (Ebola, Marburg, Lassa fever, Lujo, Machupo, Junin, Guanarito, Crimean-Congo, Rift Valley fever, dengue), severe respiratory disease (influenza, SARS, Hendra, Hantaan, Sin Nombre, Andes) and encephalitis (Nipah, West Nile).,��https://www.ncbi.nlm.nih.gov/pubmed/24129118¥��Zinzula, Luca
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zoonosis���Marà��Bats host many viruses that are significant for human and domestic animal health, but the dynamics of these infections in their natural reservoir hosts remain poorly elucidated. In these, and other, systems, there is evidence that seasonal life-cycle events drive infection dynamics, directly impacting the risk of exposure to spillover hosts. Understanding these dynamics improves our ability to predict zoonotic spillover from the reservoir hosts. To this end, we followed henipavirus antibody levels of >100 individual E. helvum in a closed, captive, breeding population over a 30-month period, using a powerful novel antibody quantitation method. We demonstrate the presence of maternal antibodies in this system and accurately determine their longevity. We also present evidence of population-level persistence of viral infection and demonstrate periods of increased horizontal virus transmission associated with the pregnancy/lactation period. The novel findings of infection persistence and the effect of pregnancy on viral transmission, as well as an accurate quantitation of chiropteran maternal antiviral antibody half-life, provide fundamental baseline data for the continued study of viral infections in these important reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24111634¿��Baker, Kate S
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RNA Replicase/*drug effects/metabolism���Jan\��Australia is facing a major national medical challenge with the emergence of the Hendra virus (HeV) as a medically and economically important pathogen of humans and animals. Clinical symptoms of human HeV infection can include fever, hypotension, dizziness, encephalitis, respiratory haemorrhage and edema. The window of opportunity for successful patient treatment remains unknown, but is likely to be very narrow. Currently, very few effective therapeutic options are available for the case management of severe HeV infections or the rapid silencing of local outbreaks. This underscores the need for more activity in the drug discovery arena to develop much needed therapeutics that specifically targets this deadly disease. The structural analysis of HeV is very much in its infancy, which leaves many gaps in our understanding of the biology of HeV and makes structure-guided drug design difficult. Structural studies of the viral RNAdependent- RNA polymerase (RdRp), which is the heart of the viral replication machinery, will set the stage for rational drug design and fill a major gap in our understanding of the HeV replication machinery. This review examines the current knowledge based on the multi-domain architecture of the Hendra RdRp and highlights which essential domain functions represent tangible targets for drug development against this deadly disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24102407è��Velkov, Tony
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Protein Structure, Tertiary���Hendra virus (HeV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The HeV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid. Recruitment of the viral polymerase onto the nucleocapsid template relies on the interaction between the C-terminal domain, N(TAIL), of N and the C-terminal X domain, XD, of the polymerase co-factor phosphoprotein (P). Here, we provide an atomic resolution description of the intrinsically disordered N(TAIL) domain in its isolated state and in intact nucleocapsids using nuclear magnetic resonance (NMR) spectroscopy. Using electron microscopy, we show that HeV nucleocapsids form herringbone-like structures typical of paramyxoviruses. We also report the crystal structure of XD of P that consists of a three-helix bundle. We study the interaction between N(TAIL) and XD using NMR titration experiments and provide a detailed mapping of the reciprocal binding sites. We show that the interaction is accompanied by alpha-helical folding of the molecular recognition element of N(TAIL) upon binding to a hydrophobic patch on the surface of XD. Finally, using solution NMR, we investigate the interaction between intact nucleocapsids and XD. Our results indicate that monomeric XD binds to N(TAIL) without triggering an additional unwinding of the nucleocapsid template. The present results provide a structural description at the atomic level of the protein-protein interactions required for transcription and replication of HeV, and the first direct observation of the interaction between the X domain of P and intact nucleocapsids in Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/24086133f��Communie, Guillaume
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Zoonoses/epidemiology/transmission/virology���Oct 2æ	�BACKGROUND: On 31 March 2013, the first human infections with the novel influenza A/H7N9 virus were reported in Eastern China. The outbreak expanded rapidly in geographic scope and size, with a total of 132 laboratory-confirmed cases reported by 3 June 2013, in 10 Chinese provinces and Taiwan. The incidence of A/H7N9 cases has stalled in recent weeks, presumably as a consequence of live bird market closures in the most heavily affected areas. Here we compare the transmission potential of influenza A/H7N9 with that of other emerging pathogens and evaluate the impact of intervention measures in an effort to guide pandemic preparedness. METHODS: We used a Bayesian approach combined with a SEIR (Susceptible-Exposed-Infectious-Removed) transmission model fitted to daily case data to assess the reproduction number (R) of A/H7N9 by province and to evaluate the impact of live bird market closures in April and May 2013. Simulation studies helped quantify the performance of our approach in the context of an emerging pathogen, where human-to-human transmission is limited and most cases arise from spillover events. We also used alternative approaches to estimate R based on individual-level information on prior exposure and compared the transmission potential of influenza A/H7N9 with that of other recent zoonoses. RESULTS: Estimates of R for the A/H7N9 outbreak were below the epidemic threshold required for sustained human-to-human transmission and remained near 0.1 throughout the study period, with broad 95% credible intervals by the Bayesian method (0.01 to 0.49). The Bayesian estimation approach was dominated by the prior distribution, however, due to relatively little information contained in the case data. We observe a statistically significant deceleration in growth rate after 6 April 2013, which is consistent with a reduction in A/H7N9 transmission associated with the preemptive closure of live bird markets. Although confidence intervals are broad, the estimated transmission potential of A/H7N9 appears lower than that of recent zoonotic threats, including avian influenza A/H5N1, swine influenza H3N2sw and Nipah virus. CONCLUSION: Although uncertainty remains high in R estimates for H7N9 due to limited epidemiological information, all available evidence points to a low transmission potential. Continued monitoring of the transmission potential of A/H7N9 is critical in the coming months as intervention measures may be relaxed and seasonal factors could promote disease transmission in colder months.,��https://www.ncbi.nlm.nih.gov/pubmed/24083506ò��Chowell, Gerardo
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vesicular stomatitis virus���NovË��Nipah virus (NiV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The NiV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid that is the substrate used by the polymerase for transcription and replication. The polymerase is recruited onto the nucleocapsid via its cofactor, the phosphoprotein (P). The NiV P protein has a modular organization, with alternating disordered and ordered domains. Among these latter, is the P multimerization domain (PMD) that was predicted to adopt a coiled-coil conformation. Using both biochemical and biophysical approaches, we show that NiV PMD forms a highly stable and elongated coiled-coil trimer, a finding in striking contrast with respect to the PMDs of Paramyxoviridae members investigated so far that were all found to tetramerize. The present results therefore represent the first report of a paramyxoviral P protein forming trimers.,��https://www.ncbi.nlm.nih.gov/pubmed/24074578¼��Blocquel, David
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Viral Envelope Proteins/genetics/*metabolism���Decã��Serological screening and detection of genomic RNA indicates that members of the genus Henipavirus are present not only in Southeast Asia but also in African fruit bats. We demonstrate that the surface glycoproteins F and G of an African henipavirus (M74) induce syncytium formation in a kidney cell line derived from an African fruit bat, Hypsignathus monstrosus. Despite a less broad cell tropism, the M74 glycoproteins show functional similarities to glycoproteins of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/24067951C��Kruger, Nadine
Hoffmann, Markus
Weis, Michael
Drexler, Jan Felix
Muller, Marcel Alexander
Winter, Christine
Corman, Victor Max
Gutzkow, Tim
Drosten, Christian
Maisner, Andrea
Herrler, Georg
eng
Research Support, Non-U.S. Gov't
2013/09/27 06:00
J Virol. 2013 Dec;87(24):13889-91. doi: 10.1128/JVI.02458-13. Epub 2013 Sep 25.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3838219���24067951U��Institute of Virology, University of Veterinary Medicine Hannover, Hannover, Germany.���10.1128/JVI.02458-13��	í�üÒ|ÿî?¶���
��Monath, T. P.���2013S��Vaccines against diseases transmitted from animals to humans: a one health paradigm���5321-38���Vaccine���31���46#��Animals
Animals, Domestic
Animals, Wild
Communicable Diseases/epidemiology/*transmission/*veterinary
Disease Transmission, Infectious/*prevention & control
Humans
Vaccines/*administration & dosage/*immunology
Zoonoses/*prevention & control/*transmission
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Zoonotic diseases���Nov 4���This review focuses on the immunization of animals as a means of preventing human diseases (zoonoses). Three frameworks for the use of vaccines in this context are described, and examples are provided of successes and failures. Framework I vaccines are used for protection of humans and economically valuable animals, where neither plays a role in the transmission cycle. The benefit of collaborations between animal health and human health industries and regulators in developing such products is discussed, and one example (West Nile vaccine) of a single product developed for use in animals and humans is described. Framework II vaccines are indicated for domesticated animals as a means of preventing disease in both animals and humans. The agents of concern are transmitted directly or indirectly (e.g. via arthropod vectors) from animals to humans. A number of examples of the use of Framework II vaccines are provided, e.g. against brucellosis, Escherichia coli O157, rabies, Rift Valley fever, Venezuelan equine encephalitis, and Hendra virus. Framework III vaccines are used to immunize wild animals as a means of preventing transmission of disease agents to humans and domesticated animals. Examples are reservoir-targeted, oral bait rabies, Mycobacterium bovis and Lyme disease vaccines. Given the speed and lost cost of veterinary vaccine development, some interventions based on the immunization of animals could lead to rapid and relatively inexpensive advances in public health. Opportunities for vaccine-based approaches to preventing zoonotic and emerging diseases that integrate veterinary and human medicine (the One Health paradigm) are emphasized.,��https://www.ncbi.nlm.nih.gov/pubmed/24060567���Monath, Thomas P
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Zoonosis���Nov 29é��The Henipavirus genus represents a group of paramyxoviruses that are some of the deadliest of known human and veterinary pathogens. Hendra and Nipah viruses are zoonotic pathogens that can cause respiratory and encephalitic illness in humans with mortality rates that exceed 70%. Over the past several years, we have seen an increase in the number of cases and an altered clinical presentation of Hendra virus in naturally infected horses. Recent increase in the number of cases has also been reported with human Nipah virus infections in Bangladesh. These factors, along with the recent discovery of henipa and henipa-like viruses in Africa, Asia and South and Central America adds, a truly global perspective to this group of emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/23993256¥��Croser, Emma L
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interferon���Nov 6ì��Since their first emergence in mid 1990s henipaviruses continued to re emerge in Australia and South East Asia almost every year. In total there has been more than 12 Nipah and 48 Hendra virus outbreaks reported in South East Asia and Australia, respectively. These outbreaks are associated with significant economic and health damages that most high risks countries (particularly in South East Asia) cannot bear the burden of such economical threats. Up until recently, there were no actual therapeutics available to treat or prevent these lethal infections. However, an international collaborative research has resulted in the identification of a potential equine Hendra vaccine capable of providing antibody protection against Hendra virus infections. Consequently, with the current findings and after nearly 2 decades since their first detection, are we there yet? This review recaps the chronicle of the henipavirus emergence and briefly evaluates potential anti-henipavirus vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/23954578®��Aljofan, Mohamad
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Zoonosis���OctÝ��Nipah virus, a paramyxovirus whose wildlife reservoir is Pteropus bats, was first discovered in a large outbreak of acute encephalitis in Malaysia in 1998 among persons who had contact with sick pigs. Apparently, one or more pigs was infected from bats, and the virus then spread efficiently from pig to pig, then from pigs to people. Nipah virus outbreaks have been recognized nearly every year in Bangladesh since 2001 and occasionally in neighboring India. Outbreaks in Bangladesh and India have been characterized by frequent person-to-person transmission and the death of over 70% of infected people. Characteristics of Nipah virus that increase its risk of becoming a global pandemic include: humans are already susceptible; many strains are capable of limited person-to-person transmission; as an RNA virus, it has an exceptionally high rate of mutation: and that if a human-adapted strain were to infect communities in South Asia, high population densities and global interconnectedness would rapidly spread the infection. Appropriate steps to estimate and manage this risk include studies to explore the molecular and genetic basis of respiratory transmission of henipaviruses, improved surveillance for human infections, support from high-income countries to reduce the risk of person-to-person transmission of infectious agents in low-income health care settings, and consideration of vaccination in communities at ongoing risk of exposure to the secretions and excretions of Pteropus bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23911335���Luby, Stephen P
eng
Netherlands
2013/08/06 06:00
Antiviral Res. 2013 Oct;100(1):38-43. doi: 10.1016/j.antiviral.2013.07.011. Epub 2013 Jul 30.*��1872-9096 (Electronic)
0166-3542 (Linking)���23911335Ð��Woods Institute of the Environment, Stanford University, Yang and Yamazaki Environment and Energy Building, Room 231, 473 Via Ortega, Stanford, CA 94305, United States. Electronic address: sluby@stanford.edu.���10.1016/j.antiviral.2013.07.011��
d��üÒtÿî?»���y��Talekar, A.
DeVito, I.
Salah, Z.
Palmer, S. G.
Chattopadhyay, A.
Rose, J. K.
Xu, R.
Wilson, I. A.
Moscona, A.
Porotto, M.���2013���Identification of a region in the stalk domain of the nipah virus receptor binding protein that is critical for fusion activation���10980-96���J Virol���87���20ó��Cell Line
DNA Mutational Analysis
Humans
Newcastle disease virus/genetics
Nipah Virus/genetics/*physiology
Protein Interaction Mapping
Recombinant Proteins/genetics/metabolism
Viral Envelope Proteins/genetics/*metabolism
*Virus Internalization���Oct;��Paramyxoviruses, including the emerging lethal human Nipah virus (NiV) and the avian Newcastle disease virus (NDV), enter host cells through fusion of the viral and target cell membranes. For paramyxoviruses, membrane fusion is the result of the concerted action of two viral envelope glycoproteins: a receptor binding protein and a fusion protein (F). The NiV receptor binding protein (G) attaches to ephrin B2 or B3 on host cells, whereas the corresponding hemagglutinin-neuraminidase (HN) attachment protein of NDV interacts with sialic acid moieties on target cells through two regions of its globular domain. Receptor-bound G or HN via its stalk domain triggers F to undergo the conformational changes that render it competent to mediate fusion of the viral and cellular membranes. We show that chimeric proteins containing the NDV HN receptor binding regions and the NiV G stalk domain require a specific sequence at the connection between the head and the stalk to activate NiV F for fusion. Our findings are consistent with a general mechanism of paramyxovirus fusion activation in which the stalk domain of the receptor binding protein is responsible for F activation and a specific connecting region between the receptor binding globular head and the fusion-activating stalk domain is required for transmitting the fusion signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23903846N��Talekar, Aparna
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Sequence Analysis"��Nipah virus causes periodic livestock and human disease with high case fatality rate, and consequent major economic, social and psychological impacts. Fruit bats of the genus Pteropus are the natural reservoir. In this study, we used real time PCR to screen the saliva and urine of P. vampyrus from North Sumatera for Nipah virus genome. A conventional reverse transcriptase (RT-PCR) assay was used on provisionally positive samples to corroborate findings. This is the first report of Nipah virus detection in P. vampyrus in Sumatera, Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23894501���Sendow, Indrawati
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vaccines���AugÍ��DESIGN: A cross-sectional study of private veterinarians providing equine services in Queensland. RESULTS: The study revealed that a majority of veterinarians would support the introduction of a Hendra virus (HeV) vaccine. Moreover, almost half of the respondents intended to make vaccination a prerequisite to horse patient presentation. However, participants also responded that a vaccine would not reduce the risk sufficiently to cease or downgrade their HeV management plan and infection control measures. CONCLUSION: When devising promoting and marketing campaigns, government agencies and manufacturers should consider private veterinarians' intentions as a significant driver for the uptake of the HeV vaccine.,��https://www.ncbi.nlm.nih.gov/pubmed/23889099���Mendez, D
Buttner, P
Speare, R
eng
Research Support, Non-U.S. Gov't
England
2013/07/31 06:00
Aust Vet J. 2013 Aug;91(8):328-31. doi: 10.1111/avj.12092.*��1751-0813 (Electronic)
0005-0423 (Linking)���23889099���Anton Breinl Centre for Public Health and Tropical Medicine, James Cook University, Townsville, 4810, Queensland, Australia. Diana.Mendez@jcu.edu.au���10.1111/avj.12092���ã��üÒ|ÿî?¿������Mendez, D.
Judd, J.
Speare, R.���2013_��Testing for Hendra virus: difficulties experienced by veterinarians in Queensland prior to 2011���323-7
��Aust Vet J���91���8X��Animals
Diagnostic Tests, Routine/economics/*veterinary
Hendra Virus/*isolation & purification
Henipavirus Infections/blood/*veterinary/virology
Horse Diseases/blood/*virology
Horses
Queensland
Surveys and Questionnaires
Veterinarians
Zoonoses/blood/*virology
Hendra virus
biosecurity
infection control
laboratory diagnosis
qualitative research���Augæ��OBJECTIVE: To identify the perceived barriers to Hendra virus (HeV) management by private equine veterinarians in Queensland. DESIGN: An exploratory qualitative study of private equine veterinarians registered and working in coastal Queensland. METHODS: A questionnaire that included eight open-ended questions about the management of HeV was used in face-to-face in-depth interviews with 21 veterinary personnel working in equine or mixed private practice between Far North and South-East Queensland in 2009-10. The qualitative data was entered and analysed thematically using QSR's International's Nvivo 9 qualitative data analysis software. RESULTS: This study revealed key issues associated with HeV testing: (1) inadequate knowledge of testing procedures and laboratory diagnostic pathways; (2) difficulty in accessing laboratory services; (3) responsibility for cost of collection and transport of specimen; and (4) the role of government. Participants perceived these issues as reducing potential HeV case management efficiency. CONCLUSION: Although HeV management plans have been modified in part since 2009-10, this study highlights the importance of considering the perspectives of private veterinary practitioners in any biosecurity protocols.,��https://www.ncbi.nlm.nih.gov/pubmed/23889098���Mendez, D
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Male���Old World frugivorous bats have been identified as natural hosts for emerging zoonotic viruses of significant public health concern, including henipaviruses (Nipah and Hendra virus), Ebola virus, and Marburg virus. Epidemiological studies of these viruses in bats often utilize serology to describe viral dynamics, with particular attention paid to juveniles, whose birth increases the overall susceptibility of the population to a viral outbreak once maternal immunity wanes. However, little is understood about bat immunology, including the duration of maternal antibodies in neonates. Understanding duration of maternally derived immunity is critical for characterizing viral dynamics in bat populations, which may help assess the risk of spillover to humans. We conducted two separate studies of pregnant Pteropus bat species and their offspring to measure the half-life and duration of antibodies to 1) canine distemper virus antigen in vaccinated captive Pteropus hypomelanus; and 2) Hendra virus in wild-caught, naturally infected Pteropus alecto. Both of these pteropid bat species are known reservoirs for henipaviruses. We found that in both species, antibodies were transferred from dam to pup. In P. hypomelanus pups, titers against CDV waned over a mean period of 228.6 days (95% CI: 185.4-271.8) and had a mean terminal phase half-life of 96.0 days (CI 95%: 30.7-299.7). In P. alecto pups, antibodies waned over 255.13 days (95% CI: 221.0-289.3) and had a mean terminal phase half-life of 52.24 days (CI 95%: 33.76-80.83). Each species showed a duration of transferred maternal immunity of between 7.5 and 8.5 months, which was longer than has been previously estimated. These data will allow for more accurate interpretation of age-related Henipavirus serological data collected from wild pteropid bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23826322ê��Epstein, Jonathan H
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lymphocytic choriomeningitis virus���Jun¥��During outbreaks of infectious diseases or in cases of severely ill patients, it is imperative to identify the causative agent. This report describes several events in which virus isolation and identification by electron microscopy were critical to initial recognition of the etiologic agent, which was further analyzed by additional laboratory diagnostic assays. Examples include severe acute respiratory syndrome coronavirus, and Nipah, lymphocytic choriomeningitis, West Nile, Cache Valley, and Heartland viruses. These cases illustrate the importance of the techniques of cell culture and electron microscopy in pathogen identification and recognition of emerging diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/23731788���Goldsmith, Cynthia S
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Venous Thrombosis/etiology/*prevention & control���Aug 10���BACKGROUND: Venous thromboembolism is a common, potentially avoidable cause of death and morbidity in patients in hospital, including those with stroke. In surgical patients, intermittent pneumatic compression (IPC) reduces the risk of deep vein thrombosis (DVT), but no reliable evidence exists about its effectiveness in patients who have had a stroke. We assessed the effectiveness of IPC to reduce the risk of DVT in patients who have had a stroke. METHODS: The CLOTS 3 trial is a multicentre parallel group randomised trial assessing IPC in immobile patients (ie, who cannot walk to the toilet without the help of another person) with acute stroke. We enrolled patients from day 0 to day 3 of admission and allocated them via a central randomisation system (ratio 1:1) to receive either IPC or no IPC. A technician who was masked to treatment allocation did a compression duplex ultrasound (CDU) of both legs at 7-10 days and, wherever practical, at 25-30 days after enrolment. Caregivers and patients were not masked to treatment assignment. Patients were followed up for 6 months to determine survival and later symptomatic venous thromboembolism. The primary outcome was a DVT in the proximal veins detected on a screening CDU or any symptomatic DVT in the proximal veins, confirmed on imaging, within 30 days of randomisation. Patients were analysed according to their treatment allocation. TRIAL REGISTRATION: ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, 2876 patients were enrolled in 94 centres in the UK. The included patients were broadly representative of immobile stroke patients admitted to hospital and had a median age of 76 years (IQR 67-84). The primary outcome occurred in 122 (8.5%) of 1438 patients allocated IPC and 174 (12.1%) of 1438 patients allocated no IPC; an absolute reduction in risk of 3.6% (95% CI 1.4-5.8). Excluding the 323 patients who died before any primary outcome and 41 without any screening CDU, the adjusted OR for the comparison of 122 of 1267 patients vs 174 of 1245 patients was 0.65 (95% CI 0.51-0.84; p=0.001). Deaths in the treatment period occurred in 156 (11%) patients allocated IPC and 189 (13%) patients allocated no IPC died within the 30 days of treatment period (p=0.057); skin breaks on the legs were reported in 44 (3%) patients allocated IPC and in 20 (1%) patients allocated no IPC (p=0.002); falls with injury were reported in 33 (2%) patients in the IPC group and in 24 (2%) patients in the no-IPC group (p=0.221). INTERPRETATION: IPC is an effective method of reducing the risk of DVT and possibly improving survival in a wide variety of patients who are immobile after stroke. FUNDING: National Institute of Health Research (NIHR) Health Technology Assessment (HTA) programme, UK; Chief Scientist Office of Scottish Government; Covidien (MA, USA).,��https://www.ncbi.nlm.nih.gov/pubmed/23727163Ò��(Clots in Legs Or sTockings after Stroke)
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Viral Envelope Proteins/*genetics/metabolism���OctÌ��Lentiviruses are becoming progressively more popular as gene therapy vectors due to their ability to integrate into quiescent cells and recent clinical trial successes. Directing these vectors to specific cell types and limiting off-target transduction in vivo remains a challenge. Replacing the viral envelope proteins responsible for cellular binding, or pseudotyping, remains a common method to improve lentiviral targeting. Here, we describe the development of a high titer, third generation lentiviral vector pseudotyped with Nipah virus fusion protein (NiV-F) and attachment protein (NiV-G). Critical to high titers was truncation of the cytoplasmic domains of both NiV-F and NiV-G. As known targets of wild-type Nipah virus, primary endothelial cells are shown to be effectively transduced by the Nipah pseudotype. In contrast, human CD34+ hematopoietic progenitors were not significantly transduced. Additionally, the Nipah pseudotype has increased stability in human serum compared with vesicular stomatitis virus pseudotyped lentivirus. These findings suggest that the use of Nipah virus envelope proteins in third generation lentiviral vectors would be a valuable tool for gene delivery targeted to endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/23698741ö��Witting, S R
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Viral Load/genetics/immunology`��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus that causes fatal disease in a wide range of species, including humans. HeV was first described in Australia in 1994, and has continued to re-emerge with increasing frequency. HeV is of significant concern to human health due to its high mortality rate, increasing emergence, absence of vaccines and limited post exposure therapies. Here we investigate the use of RNA interference (RNAi) based therapeutics targeting HeV in conjunction with the TLR3 agonist Poly I:C and show that they are potent inhibitors of HeV infection in vitro. We found that short interfering RNAs (siRNAs) targeting the abundantly expressed N, P and M genes of HeV caused over 95% reduction of HeV virus titre, protein and mRNA. Furthermore, we found that the combination of HeV targeting siRNA and Poly I:C had an additive effect in suppressing HeV infection. Our results demonstrate for the first time that RNAi and type I interferon stimulation are effective inhibitors of HeV replication in vitro and may provide an effective therapy for this highly lethal, zoonotic pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/23691205ç��McCaskill, Jana L
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Swine Diseases/diagnosis/virology���Hendra virus (HeV) and Nipah virus (NiV) are the causative agents of emerging transboundary animal disease in pigs and horses. They also cause fatal disease in humans. NiV has a case fatality rate of 40 - 100%. In the initial NiV outbreak in Malaysia in 1999, about 1.1 million pigs had to be culled. The economic impact was estimated to be approximately US$450 million. Worldwide, HeV has caused more than 60 deaths in horses with 7 human cases and 4 deaths. Since the initial outbreak, HeV spillovers from Pteropus bats to horses and humans continue. This article presents a brief review on the currently available diagnostic methods for henipavirus infections, including advances achieved since the initial outbreak, and a gap analysis of areas needing improvement.,��https://www.ncbi.nlm.nih.gov/pubmed/23689891���Tamin, A
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ZoonosesÌ��Hendra virus and Nipah virus are viral zoonoses first recognized in the mid and late 1990's and are now categorized as the type species of the genus Henipavirus within the family Paramyxoviridae. Their broad species tropism together with their capacity to cause severe and often fatal disease in both humans and animals make Hendra and Nipah "overlap agents" and significant biosecurity threats. The development of effective vaccination strategies to prevent or treat henipavirus infection and disease has been an important area of research. Here, henipavirus active and passive vaccination strategies that have been examined in animal challenge models of Hendra and Nipah virus disease are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/23689890Ô��Broder, C C
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Sensitivity and Specificity
*Spectrometry, Mass, Electrospray Ionization���Junì��Molecular bioforensic research is dependent on rapid and sensitive methods such as real-time PCR (qPCR) for the identification of microorganisms. The use of synthetic positive control templates containing small modifications outside the primer and probe regions is essential to ensure all aspects of the assay are functioning properly, including the primers and probes. However, a typical qPCR or reverse transcriptase qPCR (qRT-PCR) assay is limited in differentiating products generated from positive controls and biological samples because the fluorescent probe signals generated from each type of amplicon are indistinguishable. Additional methods used to differentiate amplicons, including melt curves, secondary probes, and amplicon sequencing, require significant time to implement and validate and present technical challenges that limit their use for microbial forensic applications. To solve this problem, we have developed a novel application of electrospray ionization mass spectrometry (ESI-MS) to rapidly differentiate qPCR amplicons generated with positive biological samples from those generated with synthetic positive controls. The method has sensitivity equivalent to qPCR and supports the confident and timely determination of the presence of a biothreat agent that is crucial for policymakers and law enforcement. Additionally, it eliminates the need for time-consuming methods to confirm qPCR results, including development and validation of secondary probes or sequencing of small amplicons. In this study, we demonstrate the effectiveness of this approach with microbial forensic qPCR assays targeting multiple biodefense agents (bacterial, viral, and toxin) for the ability to rapidly discriminate between a positive control and a positive sample.,��https://www.ncbi.nlm.nih.gov/pubmed/23675878&��Motley, S Timothy
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Sensitivity and Specificity���OctÞ��A specific and sensitive two-step TaqMan real-time PCR has been developed for rapid diagnosis of caprine arthritis-encephalitis virus (CAEV) infection by using a set of specific primers and a TaqMan probe targeting a highly conserved region within the gene encoding the viral capsid protein (CA). The assay successfully detected CAEV proviral DNA in total DNA extracts originating from cell culture, whole blood samples and isolated PBMCs, with a lower detection limit of 10(2) copies and a linear dynamic range of 10(5) to 10(10) copies/ml. There was no cross-reaction with other animal viruses (e.g., goat pox virus, bovine leukemia virus, bovine mucosal disease virus, swine influenza virus and Nipah virus). When applied in parallel with serological AGID and conventional PCR for detection of CAEV in field samples, this assay exhibited a higher sensitivity than these traditional methods, and 7.8 % of the 308 specimens collected in the Shanxi and Tianjin regions of China from 1993 to 2011 were found to be positive. Thus, the TaqMan qPCR assay provides a fast, specific and sensitive means for detecting CAEV proviral DNA in goat specimens and should be useful for large-scale detection in eradication programs and epidemiological studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23670072ß��Li, Yi
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*Nipah Virus/genetics/immunologyE��Nipah virus (NiV) (Genus Henipavirus) is a recently emerged zoonotic virus that causes severe disease in humans and has been found in bats of the genus Pteropus. Whilst NiV has not been detected in Australia, evidence for NiV-infection has been found in pteropid bats in some of Australia's closest neighbours. The aim of this study was to determine the occurrence of henipaviruses in fruit bat (Family Pteropodidae) populations to the north of Australia. In particular we tested the hypothesis that Nipah virus is restricted to west of Wallace's Line. Fruit bats from Australia, Papua New Guinea, East Timor and Indonesia were tested for the presence of antibodies to Hendra virus (HeV) and Nipah virus, and tested for the presence of HeV, NiV or henipavirus RNA by PCR. Evidence was found for the presence of Nipah virus in both Pteropus vampyrus and Rousettus amplexicaudatus populations from East Timor. Serology and PCR also suggested the presence of a henipavirus that was neither HeV nor NiV in Pteropus alecto and Acerodon celebensis. The results demonstrate the presence of NiV in the fruit bat populations on the eastern side of Wallace's Line and within 500 km of Australia. They indicate the presence of non-NiV, non-HeV henipaviruses in fruit bat populations of Sulawesi and Sumba and possibly in Papua New Guinea. It appears that NiV is present where P. vampyrus occurs, such as in the fruit bat populations of Timor, but where this bat species is absent other henipaviruses may be present, as on Sulawesi and Sumba. Evidence was obtained for the presence henipaviruses in the non-Pteropid species R. amplexicaudatus and in A. celebensis. The findings of this work fill some gaps in knowledge in geographical and species distribution of henipaviruses in Australasia which will contribute to planning of risk management and surveillance activities.,��https://www.ncbi.nlm.nih.gov/pubmed/23637812=��Breed, Andrew C
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Virus Internalization���Apr 17w��Hendra virus (HeV) and Nipah virus (NiV) are emerging zoonotic viruses that cause severe and often lethal respiratory illness and encephalitis in humans. Henipaviruses can infect a wide range of species and human-to-human transmission has been observed for NiV. While the exact route of transmission in humans is not known, experimental infection in different animal species suggests that infection can be efficiently initiated after respiratory challenge. The limited data on histopathological changes in fatal human cases of HeV and NiV suggest that endothelial cells are an important target during the terminal stage of infection; however, it is unknown where these viruses initially establish infection and how the virus disseminates from the respiratory tract to the central nervous system and other organs. Here we review the current concepts in henipavirus pathogenesis in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23592639���Escaffre, Olivier
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West Nile virus/immunology/isolation & purification���Jun;��PURPOSE OF REVIEW: This review highlights research and development in the field of emerging viral causes of encephalitis over the past year. RECENT FINDINGS: There is new evidence for the presence of henipaviruses in African bats. There have also been promising advances in vaccine and neutralizing antibody research against Hendra and Nipah viruses. West Nile virus continues to cause large outbreaks in the United States, and long-term sequelae of the virus are increasingly appreciated. There is exciting new research regarding the variable susceptibility of different brain regions to neurotropic virus infection. Another cluster of solid organ transplant recipients developed encephalitis from organ donor-acquired lymphocytic choriomeningitis virus. The global epidemiology of Japanese encephalitis virus has been further clarified. Evidence continues to accumulate for the central nervous system involvement of dengue virus, and the recent deadly outbreak of enterovirus 71 in Cambodian children is discussed. SUMMARY: In response to complex ecological and societal dynamics, the worldwide epidemiology of viral encephalitis continues to evolve in surprising ways. The articles highlighted here include new research on virus epidemiology and spread, new outbreaks as well as progress in the development of vaccines and therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23591683���Wilson, Michael R
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Socioeconomic Factors���Nov-DecÝ��Malnutrition in elderly people is one of the major syndromes associated to greater prevalence of chronic diseases and increased morbidity, hospital staying, and mortality. On the other hand, malnutrition in the fourth world is associated to another important risk factor, which is the poor economic status. The aim of this study was to elaborate a balanced menu for the elderly adjusting its price to the mean expense that this population dedicates to its feeding needs. Taking into account the Household expense for 2010 of the National Institute of Statistics, we established that the average price for each menu ought to be less than 5.57 euro per day. Two type menus were elaborated, both adapted to this population and to the Mediterranean diet. The economic assessment was 5.02 euro and 5.06 euro, respectively. Given the prevalence of malnutrition in this population, it is essential being able to appropriately plan their feeding needs, at both the nutritional and economic levels.,��https://www.ncbi.nlm.nih.gov/pubmed/23588465 ��San Mauro, I
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Virus Replication���Jun 20ª��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pulmonary disease and encephalitis in humans with 40-70% fatality. Interactions between NiV and the human immune system remain poorly understood. Here, we demonstrate the effects of NiV infection on DC and T cell function. Using an in vitro system, we found that NiV infects and replicates at low levels in DCs and induces the expression of TNF-alpha, IL-1alpha, IL-1beta, IL-8, and IP-10. NiV infection activates DCs, and upregulates the expression of CD40, CD80, and CD86. Also have reduced levels of bcl2 and high levels of active caspase 3, suggesting the induction of apoptosis. DCs infected by NiV are unable to efficiently prime CD4 and CD8 T cells, but instead induce apoptosis in T cells. Interestingly, DCs treated with inactivated NiV also show signs of apoptosis. These findings indicate that NiV infected DCs could play an important role in NiV pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/23587249¢��Gupta, Manisha
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Virus Diseases/*drug therapy/immunology/*prevention & control���Apr���More than 40 monoclonal antibodies (mAbs) have been approved for a number of disease indications with only one of these (Synagis) - for a viral disease, and not for therapy but for prevention. However, in the last decade novel potent mAbs have been discovered and characterized with potential as therapeutics against viruses of major importance for public health and biosecurity including Hendra virus (HeV), Nipah virus (NiV), severe acute respiratory syndrome coronavirus (SARS-CoV), Ebola virus (EBOV), West Nile virus (WNV), influenza virus (IFV) and human immunodeficiency virus type 1 (HIV-1). Here, we review such mAbs with an emphasis on antibodies of human origin, and highlight recent results as well as technologies and mechanisms related to their potential as therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23575729P��Zhu, Zhongyu
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*Virus Internalizationq��Mannose-binding lectin (MBL) is a key soluble effector of the innate immune system that recognizes pathogen-specific surface glycans. Surprisingly, low-producing MBL genetic variants that may predispose children and immunocompromised individuals to infectious diseases are more common than would be expected in human populations. Since certain immune defense molecules, such as immunoglobulins, can be exploited by invasive pathogens, we hypothesized that MBL might also enhance infections in some circumstances. Consequently, the low and intermediate MBL levels commonly found in human populations might be the result of balancing selection. Using model infection systems with pseudotyped and authentic glycosylated viruses, we demonstrated that MBL indeed enhances infection of Ebola, Hendra, Nipah and West Nile viruses in low complement conditions. Mechanistic studies with Ebola virus (EBOV) glycoprotein pseudotyped lentiviruses confirmed that MBL binds to N-linked glycan epitopes on viral surfaces in a specific manner via the MBL carbohydrate recognition domain, which is necessary for enhanced infection. MBL mediates lipid-raft-dependent macropinocytosis of EBOV via a pathway that appears to require less actin or early endosomal processing compared with the filovirus canonical endocytic pathway. Using a validated RNA interference screen, we identified C1QBP (gC1qR) as a candidate surface receptor that mediates MBL-dependent enhancement of EBOV infection. We also identified dectin-2 (CLEC6A) as a potentially novel candidate attachment factor for EBOV. Our findings support the concept of an innate immune haplotype that represents critical interactions between MBL and complement component C4 genes and that may modify susceptibility or resistance to certain glycosylated pathogens. Therefore, higher levels of native or exogenous MBL could be deleterious in the setting of relative hypocomplementemia which can occur genetically or because of immunodepletion during active infections. Our findings confirm our hypothesis that the pressure of infectious diseases may have contributed in part to evolutionary selection of MBL mutant haplotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/23573288���Brudner, Matthew
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Zoonoses/transmission/virology���Aprõ��Hendra virus, a member of the family Paramyxoviridae, was first recognized following a devastating outbreak in Queensland, Australia, in 1994. The naturally acquired symptomatic infection, characterized by a rapidly progressive illness involving the respiratory system and/or CNS, has so far only been recognized in horses and humans. However, there is potential for other species to be infected, with significant consequences for animal and human health. Prevention of infection involves efforts to interrupt the bat-to-horse and horse-to-human transmission interfaces. Education and infection-control efforts remain the key to reducing risk of transmission, particularly as no effective antiviral treatment is currently available. The recent release of an equine Hendra G glycoprotein subunit vaccine is an exciting advance that offers the opportunity to curb the recent increase in equine transmission events occurring in endemic coastal regions of Australia and thereby reduce the risk of infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23534359���Hazelton, Briony
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Virulence���Mar 25¾��BACKGROUND: Hendra virus (HeV) is an Australian bat-borne zoonotic paramyxovirus that repeatedly spills-over to horses causing fatal disease. Human cases have all been associated with close contact with infected horses. METHODS: A full-length antigenome clone of HeV was assembled, a reporter gene (GFP or luciferase) inserted between the P and M genes and transfected to 293T cells to generate infectious reporter gene-encoding recombinant viruses. These viruses were then assessed in vitro for expression of the reporter genes. The GFP expressing recombinant HeV was used to challenge ferrets to assess the virulence and tissue distribution by monitoring GFP expression in infected cells. RESULTS: Three recombinant HeV constructs were successfully cloned and rescued; a wild-type virus, a GFP-expressing virus and a firefly luciferase-expressing virus. In vitro characterisation demonstrated expression of the reporter genes, with levels proportional to the initial inoculum levels. Challenge of ferrets with the GFP virus demonstrated maintenance of the fatal phenotype with disease progressing to death consistent with that observed previously with the parental wild-type isolate of HeV. GFP expression could be observed in infected tissues collected from animals at euthanasia. CONCLUSIONS: Here, we report on the first successful rescue of recombinant HeV, including wild-type virus and viruses expressing two different reporter genes encoded as an additional gene cassette inserted between the P and M genes. We further demonstrate that the GFP virus retained the ability to cause fatal disease in a well-characterized ferret model of henipavirus infection despite the genome being an extra 1290 nucleotides in length.,��https://www.ncbi.nlm.nih.gov/pubmed/23521919���Marsh, Glenn A
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Virus Replication%��Nipah virus (NiV) is a member of the genus Henipavirus, which emerged in Malaysia in 1998. In pigs, infection resulted in a predominantly non-lethal respiratory disease; however, infection in humans resulted in over 100 deaths. Nipah virus has continued to re-emerge in Bangladesh and India, and person-to-person transmission appeared in the outbreak. Although a number of NiV vaccine studies have been reported, there are currently no vaccines or treatments licensed for human use. In this study, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins (rMV-HL-G and rMV-Ed-G). Vaccinated hamsters were completely protected against NiV challenge, while the mortality of unvaccinated control hamsters was 90%. We trialed our vaccine in a non-human primate model, African green monkeys. Upon intraperitoneal infection with NiV, monkeys showed several clinical signs of disease including severe depression, reduced ability to move and decreased food ingestion and died at 7 days post infection (dpi). Intranasal and oral inoculation induced similar clinical illness in monkeys, evident around 9 dpi, and resulted in a moribund stage around 14 dpi. Two monkeys immunized subcutaneously with rMV-Ed-G showed no clinical illness prior to euthanasia after challenge with NiV. Viral RNA was not detected in any organ samples collected from vaccinated monkeys, and no pathological changes were found upon histopathological examination. From our findings, we propose that rMV-NiV-G is an appropriate NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23516477���Yoneda, Misako
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RNA, Messenger/genetics/metabolism���Junå��Nipah virus (NiV) is a nonsegmented, single-stranded, negative-sense RNA virus belonging to the genus Henipavirus, family Paramyxoviridae. NiV causes acute encephalitis and respiratory disease in humans, is associated with high mortality, and poses a threat in southern Asia. The genomes of henipaviruses are about 18,246 nucleotides (nt) long, which is longer than those of other paramyxoviruses (around 15,384 nt). This difference is caused by the noncoding RNA region, particularly the 3' untranslated region (UTR), which occupies more than half of the noncoding RNA region. To determine the function(s) of the NiV noncoding RNA region, we investigated the effects of NiV 3' UTRs on reporter gene expression. The NiV N 3' UTR (nt 1 to 100) demonstrated strong repressor activity associated with hnRNP D protein binding to that region. Mutation of the hnRNP D binding site or knockdown of hnRNP D resulted in increased expression of the NiV N 3' UTR reporter. Our findings suggest that NiV N expression is repressed by hnRNP D through the NiV N 3' UTR and demonstrate the involvement of posttranscriptional regulation in the NiV life cycle. To the best of our knowledge, this provides the first report of the functions of the NiV noncoding RNA region.,��https://www.ncbi.nlm.nih.gov/pubmed/23514888·��Hino, Kimihiro
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Viral Envelope Proteins/analysis?��Microsphere suspension array systems enable the simultaneous fluorescent identification of multiple separate nucleotide targets in a single reaction. We have utilized commercially available oligo-tagged microspheres (Luminex MagPlex-TAG) to construct and evaluate multiplexed assays for the detection and differentiation of Hendra virus (HeV) and Nipah virus (NiV). Both these agents are bat-borne zoonotic paramyxoviruses of increasing concern for veterinary and human health. Assays were developed targeting multiple sites within the nucleoprotein (N) and phosphoprotein (P) encoding genes. The relative specificities and sensitivities of the assays were determined using reference isolates of each virus type, samples from experimentally infected horses, and archival veterinary diagnostic submissions. Results were assessed in direct comparison with an established qPCR. The microsphere array assays achieved unequivocal differentiation of HeV and NiV and the sensitivity of HeV detection was comparable to qPCR, indicating high analytical and diagnostic specificity and sensitivity.,��https://www.ncbi.nlm.nih.gov/pubmed/23509705���Foord, Adam J
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Zoonoses/*epidemiology/transmission`��BACKGROUND: Prior to emergence in human populations, zoonoses such as SARS cause occasional infections in human populations exposed to reservoir species. The risk of widespread epidemics in humans can be assessed by monitoring the reproduction number R (average number of persons infected by a human case). However, until now, estimating R required detailed outbreak investigations of human clusters, for which resources and expertise are not always available. Additionally, existing methods do not correct for important selection and under-ascertainment biases. Here, we present simple estimation methods that overcome many of these limitations. METHODS AND FINDINGS: Our approach is based on a parsimonious mathematical model of disease transmission and only requires data collected through routine surveillance and standard case investigations. We apply it to assess the transmissibility of swine-origin influenza A H3N2v-M virus in the US, Nipah virus in Malaysia and Bangladesh, and also present a non-zoonotic example (cholera in the Dominican Republic). Estimation is based on two simple summary statistics, the proportion infected by the natural reservoir among detected cases (G) and among the subset of the first detected cases in each cluster (F). If detection of a case does not affect detection of other cases from the same cluster, we find that R can be estimated by 1-G; otherwise R can be estimated by 1-F when the case detection rate is low. In more general cases, bounds on R can still be derived. CONCLUSIONS: We have developed a simple approach with limited data requirements that enables robust assessment of the risks posed by emerging zoonoses. We illustrate this by deriving transmissibility estimates for the H3N2v-M virus, an important step in evaluating the possible pandemic threat posed by this virus. Please see later in the article for the Editors' Summary.,��https://www.ncbi.nlm.nih.gov/pubmed/23472057n��Cauchemez, Simon
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Plant Extracts/chemistry���Jan 30^��Citrus plants are known to possess beneficial biological activities for human health. In addition, ethnopharmacological application of plants is a good tool to explore their bioactivities and active compounds. This research was carried out to evaluate the phenolic and flavonoid analysis, antioxidant properties, anti inflammatory and anti cancer activity of Citrus aurantium bloom. The total phenolics and flavonoids results revealed that methanolic extract contained high total phenolics and flavonoids compared to ethanolic and boiling water extracts. The obtained total phenolics value for methanolic Citrus aurantium bloom extract was 4.55 +/- 0.05 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids it was 3.83 +/- 0.05 mg rutin equivalent/g DW. In addition, the RP-HPLC analyses of phenolics and flavonoids indicated the presence of gallic acid, pyrogallol, syringic acid, caffeic acid, rutin, quercetin and naringin as bioactive compounds. The antioxidant activity of Citrus aurantium bloom were examined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the ferric reducing/antioxidant potential (FRAP). The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of Citrus aurantium bloom at a concentration of 300 mug/mL, with values of 55.3% and 51.7%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. Furthermore, the anti-inflammatory result of methanolic extract showed appreciable reduction in nitric oxide production of stimulated RAW 264.7 cells at the presence of plant extract. Apart from that, the anticancer activity of the methanolic extract was investigated in vitro against human cancer cell lines (MCF-7; MDA-MB-231), human colon adenocarcinoma (HT-29) and Chang cell as a normal human hepatocyte. The obtained result demonstrated the moderate to appreciable activities against all cell line tested and the compounds present in the extracts are non-toxic which make them suitable as potential therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23442980Õ��Karimi, Ehsan
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Zoonoses���MayÄ��Bats are reservoirs for a wide range of human pathogens including Nipah, Hendra, rabies, Ebola, Marburg and severe acute respiratory syndrome coronavirus (CoV). The recent implication of a novel beta (beta)-CoV as the cause of fatal respiratory disease in the Middle East emphasizes the importance of surveillance for CoVs that have potential to move from bats into the human population. In a screen of 606 bats from 42 different species in Campeche, Chiapas and Mexico City we identified 13 distinct CoVs. Nine were alpha (alpha)-CoVs; four were beta-CoVs. Twelve were novel. Analyses of these viruses in the context of their hosts and ecological habitat indicated that host species is a strong selective driver in CoV evolution, even in allopatric populations separated by significant geographical distance; and that a single species/genus of bat can contain multiple CoVs. A beta-CoV with 96.5 % amino acid identity to the beta-CoV associated with human disease in the Middle East was found in a Nyctinomops laticaudatus bat, suggesting that efforts to identify the viral reservoir should include surveillance of the bat families Molossidae/Vespertilionidae, or the closely related Nycteridae/Emballonuridae. While it is important to investigate unknown viral diversity in bats, it is also important to remember that the majority of viruses they carry will not pose any clinical risk, and bats should not be stigmatized ubiquitously as significant threats to public health.,��https://www.ncbi.nlm.nih.gov/pubmed/23364191/��Anthony, S J
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Young Adult���Febå��Active Nipah virus encephalitis surveillance identified an encephalitis cluster and sporadic cases in Faridpur, Bangladesh, in January 2010. We identified 16 case-patients; 14 of these patients died. For 1 case-patient, the only known exposure was hugging a deceased patient with a probable case, while another case-patient's exposure involved preparing the same corpse for burial by removing oral secretions and anogenital excreta with a cloth and bare hands. Among 7 persons with confirmed sporadic cases, 6 died, including a physician who had physically examined encephalitis patients without gloves or a mask. Nipah virus-infected patients were more likely than community-based controls to report drinking raw date palm sap and to have had physical contact with an encephalitis patient (29% vs. 4%, matched odds ratio undefined). Efforts to prevent transmission should focus on reducing caregivers' exposure to infected patients' bodily secretions during care and traditional burial practices.,��https://www.ncbi.nlm.nih.gov/pubmed/23347678_��Sazzad, Hossain M S
Hossain, M Jahangir
Gurley, Emily S
Ameen, Kazi M H
Parveen, Shahana
Islam, M Saiful
Faruque, Labib I
Podder, Goutam
Banu, Sultana S
Lo, Michael K
Rollin, Pierre E
Rota, Paul A
Daszak, Peter
Rahman, Mahmudur
Luby, Stephen P
eng
5U01CI000628-01/CI/NCPDCID CDC HHS/
R01 GM100471/GM/NIGMS NIH HHS/
U01 CI000628/CI/NCPDCID CDC HHS/
2R01-TW005869/TW/FIC NIH HHS/
R01 TW005869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
Research Support, U.S. Gov't, P.H.S.
2013/01/26 06:00
Emerg Infect Dis. 2013 Feb;19(2):210-7. doi: 10.3201/eid1902.120971.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3559054���23347678-��icddr,b, Dhaka, Bangladesh. sazzad@icddrb.org���10.3201/eid1902.120971��
È��üÒtÿî?á���õ��Stewart, C. R.
Marsh, G. A.
Jenkins, K. A.
Gantier, M. P.
Tizard, M. L.
Middleton, D.
Lowenthal, J. W.
Haining, J.
Izzard, L.
Gough, T. J.
Deffrasnes, C.
Stambas, J.
Robinson, R.
Heine, H. G.
Pallister, J. A.
Foord, A. J.
Bean, A. G.
Wang, L. F.���20136��Promotion of Hendra virus replication by microRNA 146a���3782-91���J Virol���87���7/��Carrier Proteins/genetics/metabolism
Cloning, Molecular
HeLa Cells
Hendra Virus/*physiology
Humans
I-kappa B Proteins/metabolism
MicroRNAs/*metabolism
NF-kappa B/metabolism
RNA Interference
Real-Time Polymerase Chain Reaction
Reverse Transcriptase Polymerase Chain Reaction
Virus Replication/*physiology���Apr¦��Hendra virus is a highly pathogenic zoonotic paramyxovirus in the genus Henipavirus. Thirty-nine outbreaks of Hendra virus have been reported since its initial identification in Queensland, Australia, resulting in seven human infections and four fatalities. Little is known about cellular host factors impacting Hendra virus replication. In this work, we demonstrate that Hendra virus makes use of a microRNA (miRNA) designated miR-146a, an NF-kappaB-responsive miRNA upregulated by several innate immune ligands, to favor its replication. miR-146a is elevated in the blood of ferrets and horses infected with Hendra virus and is upregulated by Hendra virus in human cells in vitro. Blocking miR-146a reduces Hendra virus replication in vitro, suggesting a role for this miRNA in Hendra virus replication. In silico analysis of miR-146a targets identified ring finger protein (RNF)11, a member of the A20 ubiquitin editing complex that negatively regulates NF-kappaB activity, as a novel component of Hendra virus replication. RNA interference-mediated silencing of RNF11 promotes Hendra virus replication in vitro, suggesting that increased NF-kappaB activity aids Hendra virus replication. Furthermore, overexpression of the IkappaB superrepressor inhibits Hendra virus replication. These studies are the first to demonstrate a host miRNA response to Hendra virus infection and suggest an important role for host miRNAs in Hendra virus disease.,��https://www.ncbi.nlm.nih.gov/pubmed/23345523®��Stewart, Cameron R
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population health���MarÑ��Nipah virus is a highly pathogenic but poorly known paramyxovirus from South and Southeast Asia. In spite of the risks that it poses to human health, the geography and ecology of its occurrence remain little understood-the virus is basically known from Bangladesh and peninsular Malaysia, and little in between. In this contribution, I use documented occurrences of the virus to develop ecological niche-based maps summarizing its likely broader occurrence-although rangewide maps could not be developed that had significant predictive abilities, reflecting minimal sample sizes available, maps within Bangladesh were quite successful in identifying areas in which the virus is predictably present and likely transmitted.,��https://www.ncbi.nlm.nih.gov/pubmed/23343646���Peterson, A Townsend
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Virus CultivationÇ��Nipah virus is a zoonotic pathogen that causes severe disease in humans. The mechanisms of pathogenesis are not well described. The first Nipah virus outbreak occurred in Malaysia, where human disease had a strong neurological component. Subsequent outbreaks have occurred in Bangladesh and India and transmission and disease processes in these outbreaks appear to be different from those of the Malaysian outbreak. Until this point, virtually all Nipah virus studies in vitro and in vivo, including vaccine and pathogenesis studies, have utilized a virus isolate from the original Malaysian outbreak (NiV-M). To investigate potential differences between NiV-M and a Nipah virus isolate from Bangladesh (NiV-B), we compared NiV-M and NiV-B infection in vitro and in vivo. In hamster kidney cells, NiV-M-infection resulted in extensive syncytia formation and cytopathic effects, whereas NiV-B-infection resulted in little to no morphological changes. In vivo, NiV-M-infected Syrian hamsters had accelerated virus replication, pathology and death when compared to NiV-B-infected animals. NiV-M infection also resulted in the activation of host immune response genes at an earlier time point. Pathogenicity was not only a result of direct effects of virus replication, but likely also had an immunopathogenic component. The differences observed between NiV-M and NiV-B pathogeneis in hamsters may relate to differences observed in human cases. Characterization of the hamster model for NiV-B infection allows for further research of the strain of Nipah virus responsible for the more recent outbreaks in humans. This model can be used to study NiV-B pathogenesis, transmission, and countermeasures that could be used to control outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/23342177���DeBuysscher, Blair L
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Viral Proteins/*metabolism���The capacity of a virus to cross species barriers is determined by the development of bona fide interactions with cellular components of new hosts, and in particular its ability to block IFN-alpha/beta antiviral signaling. Tioman virus (TioV), a close relative of mumps virus (MuV), has been isolated in giant fruit bats in Southeast Asia. Nipah and Hendra viruses, which are present in the same bat colonies, are highly pathogenic in human. Despite serological evidences of close contacts between TioV and human populations, whether TioV is associated to some human pathology remains undetermined. Here we show that in contrast to the V protein of MuV, the V protein of TioV (TioV-V) hardly interacts with human STAT2, does not degrade STAT1, and cannot block IFN-alpha/beta signaling in human cells. In contrast, TioV-V properly binds to human STAT3 and MDA5, and thus interferes with IL-6 signaling and IFN-beta promoter induction in human cells. Because STAT2 binding was previously identified as a host restriction factor for some Paramyxoviridae, we established STAT2 sequence from giant fruit bats, and binding to TioV-V was tested. Surprisingly, TioV-V interaction with STAT2 from giant fruit bats is also extremely weak and barely detectable. Altogether, our observations question the capacity of TioV to appropriately control IFN-alpha/beta signaling in both human and giant fruit bats that are considered as its natural host.,��https://www.ncbi.nlm.nih.gov/pubmed/23342031-��Caignard, Gregory
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�INTRODUCTION: Bioterrorism is a terrorist action involving the intentional release or dissemination of a biological warfare agent (BWA), which includes some bacteria, viruses, rickettsiae, fungi or biological toxins. BWA is a naturally occurring or human-modified form that may kill or incapacitate humans, animals or plants as an act of war or terrorism. BWA is a weapon of choice for mass destruction and terrorism, because of the incubation period, less effective amount than chemical warfare agents, easily distribution, odorless, colorless, difficult to detect, no need of specialized equipment for production and naturally distribution which can easily be obtained. BWA may be disseminating as an aerosol, spray, explosive device, and by food or water. CLASSIFICATION: Based on the risk for human health, BWAs have been prioritized into three categories of A, B and C. Category A includes microorganisms or toxins that easily spread, leading to intoxication with high death rates such as Anthrax, Botulism, Plague, Smallpox, Tularemia and Viral hemorrhagic fevers. Category B has lower toxicity with wider range, including Staphylococcal Entrotoxin type B (SEB), Epsilon toxin of Clostridium perfringens, Ricin, Saxotoxins, Abrin and Trichothecene mycotoxins. The C category includes emerging pathogens that could also be engineered for mass spread such as Hanta viruses, multidrug-resistant tuberculosis, Nipah virus, the tick-borne encephalitis viruses, hemorrhagic fever viruses and yellow fever. CLINICAL MANIFESTATIONS OF BIOTOXINS IN HUMAN: Clinical features and severity of intoxication depend on the agent and exposed dose, route of entry, individual variation and environmental factors. Onset of symptoms varies from 2-24 h in Ricin to 24-96 h in Botulism. Clinical manifestations also vary from irritation of the eyes, skin and mucus membranes in T2 toxin to an acute flaccid paralysis of bilateral cranial nerve impairment of descending manner in botulism. Most of the pyrogenic toxins such as SEB produce the same signs and symptoms as toxic shock syndrome including a rapid drop in blood pressure, elevated temperature, and multiple organ failure. MANAGEMENT: There is no specific antidote or effective treatment for most of the biotoxins. The clinical management is thus more supportive and symptomatic. Fortunately vaccines are now available for most of BWA. Therefore, immunization of personnel at risk of exposure is recommended. CONCLUSION: Biotoxins are very wide and bioterrorism is a heath and security threat that may induce national and international problems. Therefore, the security authorities, health professional and even public should be aware of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23339855¢��Balali-Mood, Mahdi
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Respiratory Mucosa/cytology/virology���Mar.��Hendra virus (HeV) and Nipah virus (NiV) are deadly zoonotic viruses for which no vaccines or therapeutics are licensed for human use. Henipavirus infection causes severe respiratory illness and encephalitis. Although the exact route of transmission in human is unknown, epidemiological studies and in vivo studies suggest that the respiratory tract is important for virus replication. However, the target cells in the respiratory tract are unknown, as are the mechanisms by which henipaviruses can cause disease. In this study, we characterized henipavirus pathogenesis using primary cells derived from the human respiratory tract. The growth kinetics of NiV-Malaysia, NiV-Bangladesh, and HeV were determined in bronchial/tracheal epithelial cells (NHBE) and small airway epithelial cells (SAEC). In addition, host responses to infection were assessed by gene expression analysis and immunoassays. Viruses replicated efficiently in both cell types and induced large syncytia. The host response to henipavirus infection in NHBE and SAEC highlighted a difference in the inflammatory response between HeV and NiV strains as well as intrinsic differences in the ability to mount an inflammatory response between NHBE and SAEC. These responses were highest during HeV infection in SAEC, as characterized by the levels of key cytokines (interleukin 6 [IL-6], IL-8, IL-1alpha, monocyte chemoattractant protein 1 [MCP-1], and colony-stimulating factors) responsible for immune cell recruitment. Finally, we identified virus strain-dependent variability in type I interferon antagonism in NHBE and SAEC: NiV-Malaysia counteracted this pathway more efficiently than NiV-Bangladesh and HeV. These results provide crucial new information in the understanding of henipavirus pathogenesis in the human respiratory tract at an early stage of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23302882ù��Escaffre, Olivier
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*Virus Diseases/epidemiology/virologyÿ��Institute of Tropical Medicine, Nagasaki University (NEKKEN) and National Institute of Hygiene and Epidemiology, Vietnam (NIHE) jointly conducted a project from 2006 on Emerging and Re-emerging Infectious Diseases (ERID) granted by the Ministry of Education, Science, Culture and Technology (MEXT) of Japan. Fifteen independent researches have been carried out by 7 scientists who stationed in the Vietnam Research Station (VRS), and by approximately 60 visiting scientists. A wide variety of viruses have been studied in the research activities in the VRS, of those, topics of'' Nipah virus infection in bats in Vietnam'', ''Nam Dinh virus, a newly discovered insect nidovirus'', and'' Risk factors of dengue fever in southern Vietnam'' were summarized. It is important to develop a mechanism to facilitate young scientists to use the VRS in their research works, and then a scope to establish the VRS as a gateway to a successful career path for young scientists in the field of the infectious diseases would be realized.,��https://www.ncbi.nlm.nih.gov/pubmed/24769580V��Yamashiro, Tetsu
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Zoonoses/*virology���Feb���Bats are being increasingly recognized as an important reservoir of zoonotic viruses of different families, including SARS coronavirus, Nipah virus, Hendra virus and Ebola virus. Several recent studies hypothesized that bats, an ancient group of flying mammals, are the major reservoir of several important RNA virus families from which other mammalian viruses of livestock and humans were derived. Although this hypothesis needs further investigation, the premise that bats carry a large number of viruses is commonly accepted. The question of whether bats have unique biological features making them ideal reservoir hosts has been the subject of several recent reviews. In this review, we will focus on the public health implications of bat derived zoonotic viral disease outbreaks, examine the drivers and risk factors of past disease outbreaks and outline research directions for better control of future disease events.,��https://www.ncbi.nlm.nih.gov/pubmed/23265969���Smith, Ina
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Seroepidemiologic Studies���JanÜ��We conducted cross-sectional and longitudinal studies to determine the distribution of and risk factors for seropositivity to Nipah virus (NiV) among Pteropus vampyrus and P. hypomelanus bats in Peninsular Malaysia. Neutralizing antibodies against NiV were detected at most locations surveyed. We observed a consistently higher NiV risk (odds ratio 3.9) and seroprevalence (32.8%) for P. vampyrus than P. hypomelanus (11.1%) bats. A 3-year longitudinal study of P. hypomelanus bats indicated nonseasonal temporal variation in seroprevalence, evidence for viral circulation within the study period, and an overall NiV seroprevalence of 9.8%. The seroprevalence fluctuated over the study duration between 1% and 20% and generally decreased during 2004-2006. Adult bats, particularly pregnant, with dependent pup and lactating bats, had a higher prevalence of NiV antibodies than juveniles. Antibodies in juveniles 6 months-2 years of age suggested viral circulation within the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/23261015Í��Rahman, Sohayati A
Hassan, Latiffah
Epstein, Jonathan H
Mamat, Zaini C
Yatim, Aziz M
Hassan, Sharifah S
Field, Hume E
Hughes, Tom
Westrum, Justin
Naim, M S
Suri, Arshad S
Jamaluddin, A Aziz
Daszak, Peter
eng
R01 GM100471/GM/NIGMS NIH HHS/
R01 TW005869/TW/FIC NIH HHS/
2R01-TW005869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
2012/12/25 06:00
Emerg Infect Dis. 2013 Jan;19(1):51-60. doi: 10.3201/eid1901.120221.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3557976���23261015.��Veterinary Research Institute, Ipoh, Malaysia.���10.3201/eid1901.120221�	Ì��üÒ|ÿî?ò���&��Zhang, G.
Cowled, C.
Shi, Z.
Huang, Z.
Bishop-Lilly, K. A.
Fang, X.
Wynne, J. W.
Xiong, Z.
Baker, M. L.
Zhao, W.
Tachedjian, M.
Zhu, Y.
Zhou, P.
Jiang, X.
Ng, J.
Yang, L.
Wu, L.
Xiao, J.
Feng, Y.
Chen, Y.
Sun, X.
Zhang, Y.
Marsh, G. A.
Crameri, G.
Broder, C. C.
Frey, K. G.
Wang, L. F.
Wang, J.���2013^��Comparative analysis of bat genomes provides insight into the evolution of flight and immunity���456-60���Science���339���6118°��Amino Acid Sequence
Animals
*Biological Evolution
Chiroptera/*genetics/immunology/physiology
DNA Damage/genetics
DNA Repair/genetics
Echolocation
Evolution, Molecular
*Flight, Animal
Genetic Speciation
*Genome
Hibernation/genetics
High-Throughput Nucleotide Sequencing
Immunity, Innate/*genetics
Male
Molecular Sequence Data
Phylogeny
Reactive Oxygen Species/metabolism
Selection, Genetic
*Sequence Analysis, DNA
Species Specificity���Jan 257��Bats are the only mammals capable of sustained flight and are notorious reservoir hosts for some of the world's most highly pathogenic viruses, including Nipah, Hendra, Ebola, and severe acute respiratory syndrome (SARS). To identify genetic changes associated with the development of bat-specific traits, we performed whole-genome sequencing and comparative analyses of two distantly related species, fruit bat Pteropus alecto and insectivorous bat Myotis davidii. We discovered an unexpected concentration of positively selected genes in the DNA damage checkpoint and nuclear factor kappaB pathways that may be related to the origin of flight, as well as expansion and contraction of important gene families. Comparison of bat genomes with other mammalian species has provided new insights into bat biology and evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/23258410U��Zhang, Guojie
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Palladium/*chemistry���Jan 48��We report the development of a heterogeneous catalyst system on continuous flow chemistry. A palladium (Pd) coated tubular reactor was placed in line with copper (Cu) tubing using a continuous flow platform, and a Sonogashira C-C coupling reaction was used to evaluate the performance. The reactions were favorably carried out in the Cu reactor, catalyzed by the traces of leached Pd from the Pd reactor. The leached Pd and Cu were trapped with a metal scavaging resin at the back-end of the continuous flow system, affording a genuine approach toward green chemistry.,��https://www.ncbi.nlm.nih.gov/pubmed/23248977Ü��Tan, Li-Min
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Marianneau, P
Murri, S
Mollard, N
Avsic-Zupanc, T
Chinikar, S
Despres, P
Caro, V
Gessain, A
Berthet, N
Tordo, N
eng
UC1 AI062613/AI/NIAID NIH HHS/
Evaluation Studies
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2012/12/18 06:00
Clin Microbiol Infect. 2013 Feb;19(2):E118-28. doi: 10.1111/1469-0691.12075. Epub 2012 Dec 14.*��1469-0691 (Electronic)
1198-743X (Linking)
��PMC3663000���23240764_��Institut Pasteur, Unit of Epidemiology and Pathophysiology of Oncogenic Viruses, Paris, France.���10.1111/1469-0691.12075����ê��üÒtÿî?õ���«��Palomares, K.
Vigant, F.
Van Handel, B.
Pernet, O.
Chikere, K.
Hong, P.
Sherman, S. P.
Patterson, M.
An, D. S.
Lowry, W. E.
Mikkola, H. K.
Morizono, K.
Pyle, A. D.
Lee, B.���2013¥��Nipah virus envelope-pseudotyped lentiviruses efficiently target ephrinB2-positive stem cell populations in vitro and bypass the liver sink when administered in vivo���2094-108���J Virol���87���4ù��Animals
Cells, Cultured
Ephrin-B2/*metabolism
*Genetic Vectors
Humans
Lentivirus/*genetics
Mice
Molecular Biology/methods
Nipah Virus/genetics/*physiology
Receptors, Virus/*metabolism
Stem Cells/*virology
Transduction, Genetic
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Viral Vaccines/genetics/*immunology���Feb 1U��Nipah virus (NiV) and Hendra virus (HeV) are closely related, recently emerged paramyxoviruses that are capable of causing considerable morbidity and mortality in several mammalian species, including humans. Henipavirus-specific vaccines are still commercially unavailable, and development of novel antiviral strategies to prevent lethal infections due to henipaviruses is highly desirable. Here we describe the development of adeno-associated virus (AAV) vaccines expressing the NiV G protein. Characterization of these vaccines in mice demonstrated that a single intramuscular AAV injection was sufficient to induce a potent and long-lasting antibody response. Translational studies in hamsters further demonstrated that all vaccinated animals were protected against lethal challenge with NiV. In addition, this vaccine induced a cross-protective immune response that was able to protect 50% of the animals against a challenge by HeV. This study presents a new efficient vaccination strategy against henipaviruses and opens novel perspectives on the use of AAV vectors as vaccines against emergent diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/231757625��Ploquin, Aurelie
Szecsi, Judit
Mathieu, Cyrille
Guillaume, Vanessa
Barateau, Veronique
Ong, Kien Chai
Wong, Kum Thong
Cosset, Francois-Loic
Horvat, Branka
Salvetti, Anna
eng
Research Support, Non-U.S. Gov't
2012/11/24 06:00
J Infect Dis. 2013 Feb 1;207(3):469-78. doi: 10.1093/infdis/jis699. Epub 2012 Nov 21.*��1537-6613 (Electronic)
0022-1899 (Linking)���23175762=��INSERM U758, 2Ecole Normale Superieure de Lyon, Lyon, France.���10.1093/infdis/jis699�����üÒtÿî?ù���Z��Clayton, B. A.
Middleton, D.
Bergfeld, J.
Haining, J.
Arkinstall, R.
Wang, L.
Marsh, G. A.���2012@��Transmission routes for nipah virus from Malaysia and Bangladesh���1983-93���Emerg Infect Dis���18���12®��Animals
Antigens, Viral/metabolism
Bangladesh
Choroid Plexus/metabolism/pathology
Disease Models, Animal
Endothelial Cells/metabolism/pathology
Endothelium/metabolism/pathology
Ependyma/metabolism/pathology
Ferrets/virology
Henipavirus Infections/pathology/*transmission/virology
Humans
Malaysia
Male
Neurons/metabolism/pathology
Nipah Virus/pathogenicity/*physiology
Palatine Tonsil/metabolism/pathology
Viral Load
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Virus Internalizationø��Hendra virus and Nipah virus, comprising the genus Henipavirus, are recently emerged, highly pathogenic and often lethal zoonotic agents against which there are no approved therapeutics. Two surface glycoproteins, the attachment (G) and fusion (F), mediate host cell entry. The crystal structures of the Hendra G glycoprotein alone and in complex with the ephrin-B2 receptor reveal that henipavirus uses Tryptophan 122 on ephrin-B2/B3 as a "latch" to facilitate the G-receptor association. Structural-based mutagenesis of residues in the Hendra G glycoprotein at the receptor binding interface document their importance for viral attachments and entry, and suggest that the stability of the Hendra-G-ephrin attachment complex does not strongly correlate with the efficiency of viral entry. In addition, our data indicates that conformational rearrangements of the G glycoprotein head domain upon receptor binding may be the trigger leading to the activation of the viral F fusion glycoprotein during virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23144952N��Xu, Kai
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Virus Replication���Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that causes fatal encephalitis in up to 75% of infected humans. Like other paramyxoviruses, NiV employs co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternative reading frame. There is evidence from both in vitro and in vivo studies to show that the P gene products play a role in NiV pathogenesis. We have developed a reverse genetic system to dissect the individual roles of the NiV P gene products in limiting the antiviral response in primary human microvascular lung endothelial cells, which represent important targets in human NiV infection. By characterizing growth curves and early antiviral responses against a number of recombinant NiVs with genetic modifications altering expression of the proteins encoded by the P gene, we observed that multiple elements encoded by the P gene have both distinct and overlapping roles in modulating virus replication as well as in limiting expression of antiviral mediators such as IFN-beta, CXCL10, and CCL5. Our findings corroborate observations from in vivo hamster infection studies, and provide molecular insights into the attenuation and the histopathology observed in hamsters infected with C, V, and W-deficient NiVs. The results of this study also provide an opportunity to verify the results of earlier artificial plasmid expression studies in the context of authentic viral infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23094089s��Lo, Michael K
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Virus Replication���Jan 1���Hendra virus (HeV) and Nipah virus (NiV) are closely related, recently emerged paramyxoviruses that form Henipavirus genus and are capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. However, in contrast to many other species and despite expression of functional virus entry receptors, mice are resistant to henipavirus infection. We report here the susceptibility of mice deleted for the type I interferon receptor (IFNAR-KO) to both HeV and NiV. Intraperitoneally infected mice developed fatal encephalitis, with pathology and immunohistochemical features similar to what was found in humans. Viral RNA was found in the majority of analyzed organs, and sublethally infected animals developed virus-specific neutralizing antibodies. Altogether, these results reveal IFNAR-KO mice as a new small animal model to study HeV and NiV pathogenesis, prophylaxis, and treatment and suggest the critical role of type I interferon signaling in the control of henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23089589û��Dhondt, Kevin P
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Zoonoses���Oct 19���BACKGROUND: Fruit bats are known to harbor zoonotic paramyxoviruses including Nipah, Hendra, and Menangle viruses. The aim of this study was to detect the presence of paramyxovirus RNA in fruit bats from Indonesia. METHODS: RNA samples were obtained from the spleens of 110 fruit bats collected from four locations in Indonesia. All samples were screened by semi-nested broad spectrum reverse transcription PCR targeting the paramyxovirus polymerase (L) genes. RESULTS: Semi-nested reverse transcription PCR detected five previously unidentified paramyxoviruses from six fruit bats. Phylogenetic analysis showed that these virus sequences were related to henipavirus or rubulavirus. CONCLUSIONS: This study indicates the presence of novel paramyxoviruses among fruit bat populations in Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23082748���Sasaki, Michihito
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Viral Regulatory and Accessory Proteins/metabolism���Sep���Tetherin (also known as BST-2 or CD317) has recently been identified as a potent IFN-induced anti-viral protein that inhibits the release of diverse enveloped virus particles from infected cells. The anti-viral activity of tetherin on a number of enveloped viruses, including retroviruses, filoviruses and arenaviruses, has been examined. Here, we show that tetherin is also capable of blocking the release of virus-like particles (VLPs) driven by the matrix protein of Sendai virus. Together with inhibition of Nipah virus VLP release by tetherin, these results indicate that paramyxoviruses are to be added to the list of viruses that are susceptible to tetherin inhibition. Tetherin co-localized with Nipah virus matrix proteins and accumulated in cells, indicating that it is present at, or recruited to, sites of particle assembly. It should be noted, however, that tetherin was not effective against the release of paramyxovirus mumps VLPs, indicating that certain enveloped viruses may not be sensitive to tetherin activity.,��https://www.ncbi.nlm.nih.gov/pubmed/23077864È��Kong, Weng-Sheng
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Virus Internalizationð��Encephalitis is a hallmark of Nipah virus (NiV) infection in humans. The exact route of entry of NiV into the central nervous system (CNS) is unknown. Here, we performed a spatio-temporal analysis of NiV entry into the CNS of hamsters. NiV initially predominantly targeted the olfactory epithelium in the nasal turbinates. From there, NiV infected neurons were visible extending through the cribriform plate into the olfactory bulb, providing direct evidence of rapid CNS entry. Subsequently, NiV disseminated to the olfactory tubercle and throughout the ventral cortex. Transmission electron microscopy on brain tissue showed extravasation of plasma cells, neuronal degeneration and nucleocapsid inclusions in affected tissue and axons, providing further evidence for axonal transport of NiV. NiV entry into the CNS coincided with the occurrence of respiratory disease, suggesting that the initial entry of NiV into the CNS occurs simultaneously with, rather than as a result of, systemic virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/230719004��Munster, Vincent J
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Zoonoses/*transmission���Oct 19]��Many serious emerging zoonotic infections have recently arisen from bats, including Ebola, Marburg, SARS-coronavirus, Hendra, Nipah, and a number of rabies and rabies-related viruses, consistent with the overall observation that wildlife are an important source of emerging zoonoses for the human population. Mechanisms underlying the recognized association between ecosystem health and human health remain poorly understood and responding appropriately to the ecological, social and economic conditions that facilitate disease emergence and transmission represents a substantial societal challenge. In the context of disease emergence from wildlife, wildlife and habitat should be conserved, which in turn will preserve vital ecosystem structure and function, which has broader implications for human wellbeing and environmental sustainability, while simultaneously minimizing the spillover of pathogens from wild animals into human beings. In this review, we propose a novel framework for the holistic and interdisciplinary investigation of zoonotic disease emergence and its drivers, using the spillover of bat pathogens as a case study. This study has been developed to gain a detailed interdisciplinary understanding, and it combines cutting-edge perspectives from both natural and social sciences, linked to policy impacts on public health, land use and conservation.,��https://www.ncbi.nlm.nih.gov/pubmed/22966143®��Wood, James L N
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Public Health���Feb 26ñ��Emerging infectious diseases (EIDs) pose a significant threat to human health, economic stability, and biodiversity. Despite this, the mechanisms underlying disease emergence are still not fully understood, and control measures rely heavily on mitigating the impact of EIDs after they have emerged. Here, we highlight the emergence of a zoonotic Henipavirus, Nipah virus, to demonstrate the interdisciplinary and macroecological approaches necessary to understand EID emergence. Previous work suggests that Nipah virus emerged due to the interaction of the wildlife reservoir (Pteropus spp. fruit bats) with intensively managed livestock. The emergence of this and other henipaviruses involves interactions among a suite of anthropogenic environmental changes, socioeconomic factors, and changes in demography that overlay and interact with the distribution of these pathogens in their wildlife reservoirs. Here, we demonstrate how ecological niche modeling may be used to investigate the potential role of a changing climate on the future risk for Henipavirus emergence. We show that the distribution of Henipavirus reservoirs, and therefore henipaviruses, will likely change under climate change scenarios, a fundamental precondition for disease emergence in humans. We assess the variation among climate models to estimate where Henipavirus host distribution is most likely to expand, contract, or remain stable, presenting new risks for human health. We conclude that there is substantial potential to use this modeling framework to explore the distribution of wildlife hosts under a changing climate. These approaches may directly inform current and future management and surveillance strategies aiming to improve pathogen detection and, ultimately, reduce emergence risk.,��https://www.ncbi.nlm.nih.gov/pubmed/22936052���Daszak, Peter
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Humans���OctK��Hendra virus, first identified in 1994 in Queensland, is an emerging zoonotic pathogen gaining importance in Australia because a growing number of infections are reported in horses and people. The virus, a member of the family Paramyxoviridae (genus Henipavirus), is transmitted to horses by pteropid bats (fruit bats or flying foxes), with human infection a result of direct contact with infected horses. Case-fatality rate is high in both horses and people, and so far, more than 60 horses and four people have died from Hendra virus infection in Australia. Human infection is characterised by an acute encephalitic syndrome or relapsing encephalitis, for which no effective treatment is currently available. Recent identification of Hendra virus infection in a domestic animal outside the laboratory setting, and the large range of pteropid bats in Australia, underpins the potential of this virus to cause greater morbidity and mortality in both rural and urban populations and its importance to both veterinary and human health. Attempts at treatment with ribavirin and chloroquine have been unsuccessful. Education, hygiene, and infection control measures have hitherto been the mainstay of prevention, while access to monoclonal antibody treatment and development of an animal vaccine offer further opportunities for disease prevention and control.,��https://www.ncbi.nlm.nih.gov/pubmed/22921953"��Mahalingam, Suresh
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*Virus Attachment���NovH��Nipah virus (NiV) is the deadliest known paramyxovirus. Membrane fusion is essential for NiV entry into host cells and for the virus' pathological induction of cell-cell fusion (syncytia). The mechanism by which the attachment glycoprotein (G), upon binding to the cell receptors ephrinB2 or ephrinB3, triggers the fusion glycoprotein (F) to execute membrane fusion is largely unknown. N-glycans on paramyxovirus glycoproteins are generally required for proper protein conformational integrity, transport, and sometimes biological functions. We made conservative mutations (Asn to Gln) at the seven potential N-glycosylation sites in the NiV G ectodomain (G1 to G7) individually or in combination. Six of the seven N-glycosylation sites were found to be glycosylated. Moreover, pseudotyped virions carrying these N-glycan mutants had increased antibody neutralization sensitivities. Interestingly, our results revealed hyperfusogenic and hypofusogenic phenotypes for mutants that bound ephrinB2 at wild-type levels, and the mutant's cell-cell fusion phenotypes generally correlated to viral entry levels. In addition, when removing multiple N-glycans simultaneously, we observed synergistic or dominant-negative membrane fusion phenotypes. Interestingly, our data indicated that 4- to 6-fold increases in fusogenicity resulted from multiple mechanisms, including but not restricted to the increase of F triggering. Altogether, our results suggest that NiV-G N-glycans play a role in shielding virions against antibody neutralization, while modulating cell-cell fusion and viral entry via multiple mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/22915812���Biering, Scott B
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Viral Fusion Proteins/genetics/*immunology/metabolism/*ultrastructure���Noví��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are paramyxoviruses discovered in the mid- to late 1990s that possess a broad host tropism and are known to cause severe and often fatal disease in both humans and animals. HeV and NiV infect cells by a pH-independent membrane fusion mechanism facilitated by their attachment (G) and fusion (F) glycoproteins. Here, several soluble forms of henipavirus F (sF) were engineered and characterized. Recombinant sF was produced by deleting the transmembrane (TM) and cytoplasmic tail (CT) domains and appending a glycosylphosphatidylinositol (GPI) anchor signal sequence followed by GPI-phospholipase D digestion, appending a trimeric coiled-coil (GCNt) domain (sF(GCNt)), or deleting the TM, CT, and fusion peptide domain. These sF glycoproteins were produced as F(0) precursors, and all were apparent stable trimers recognized by NiV-specific antisera. Surprisingly, however, only the GCNt-appended constructs (sF(GCNt)) could elicit cross-reactive henipavirus-neutralizing antibody in mice. In addition, sF(GCNt) constructs could be triggered in vitro by protease cleavage and heat to transition from an apparent prefusion to postfusion conformation, transitioning through an intermediate that could be captured by a peptide corresponding to the C-terminal heptad repeat domain of F. The pre- and postfusion structures of sF(GCNt) and non-GCNt-appended sF could be revealed by electron microscopy and were distinguishable by F-specific monoclonal antibodies. These data suggest that only certain sF constructs could serve as potential subunit vaccine immunogens against henipaviruses and also establish important tools for further structural, functional, and diagnostic studies on these important emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22915804®��Chan, Yee-Peng
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TreesD��BACKGROUND: Drinking raw date palm sap is a risk factor for human Nipah virus (NiV) infection. Fruit bats, the natural reservoir of NiV, commonly contaminate raw sap with saliva by licking date palm's sap producing surface. We evaluated four types of physical barriers that may prevent bats from contacting sap. METHODS: During 2009, we used a crossover design and randomly selected 20 date palm sap producing trees and observed each tree for 2 nights: one night with a bamboo skirt intervention applied and one night without the intervention. During 2010, we selected 120 trees and randomly assigned four types of interventions to 15 trees each: bamboo, dhoincha (local plant), jute stick and polythene skirts covering the shaved part, sap stream, tap and collection pot. We enrolled the remaining 60 trees as controls. We used motion sensor activated infrared cameras to examine bat contact with sap. RESULTS: During 2009 bats contacted date palm sap in 85% of observation nights when no intervention was used compared with 35% of nights when the intervention was used [p<0.001]. Bats were able to contact the sap when the skirt did not entirely cover the sap producing surface. Therefore, in 2010 we requested the sap harvesters to use larger skirts. During 2010 bats contacted date palm sap [2% vs. 83%, p<0.001] less frequently in trees protected with skirts compared to control trees. No bats contacted sap in trees with bamboo (p<0.001 compared to control), dhoincha skirt (p<0.001) or polythene covering (p<0.001), but bats did contact sap during one night (7%) with the jute stick skirt (p<0.001). CONCLUSION: Bamboo, dhoincha, jute stick and polythene skirts covering the sap producing areas of a tree effectively prevented bat-sap contact. Community interventions should promote applying these skirts to prevent occasional Nipah spillovers to human.,��https://www.ncbi.nlm.nih.gov/pubmed/22905160S��Khan, Salah Uddin
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Zoonoses/*virology���Sepu��Unique disorders appear episodically in human populations and cause life-threatening systemic or neurological disease. Historical examples of such disorders include von Economo encephalitis, a disorder of presumed viral etiology; acquired immune deficiency syndrome, caused by the human immunodeficiency virus; and severe acute respiratory syndrome, caused by a member of the coronavirus family. This article describes the factors that contribute to the emergence of infectious diseases and focuses on selected recent examples of emerging viral infections that can affect the nervous system of infants, children, and adolescents.,��https://www.ncbi.nlm.nih.gov/pubmed/22889544y��Bale, James F Jr
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Viral Proteins/*chemistry/genetics���This work aims at characterizing structural transitions within the intrinsically disordered C-terminal domain of the nucleoprotein (NTAIL) from the Nipah and Hendra viruses, two recently emerged pathogens gathered within the Henipavirus genus. To this end, we used site-directed spin labeling combined with electron paramagnetic resonance spectroscopy to investigate the alpha-helical-induced folding that Henipavirus NTAIL domains undergo in the presence of the C-terminal X domain of the phosphoprotein (PXD). For each NTAIL protein, six positions located within four previously proposed molecular recognition elements (MoREs) were targeted for spin labeling, with three of these positions (475, 481, and 487) falling within the MoRE responsible for binding to PXD (Box3). A detailed analysis of the impact of the partner protein on the labeled NTAIL variants revealed a dramatic modification in the environment of the spin labels grafted within Box3, with the observed modifications supporting the formation of an induced alpha-helix within this region. In the free state, the slightly lower mobility of the spin labels grafted within Box3 as compared to the other positions suggests the existence of a transiently populated alpha-helix, as already reported for measles virus (MeV) NTAIL. Comparison with the well-characterized MeV NTAIL-PXD system, allowed us to validate the structural models of Henipavirus NTAIL-PXD complexes that we previously proposed. In addition, this study highlighted a few notable differences between the Nipah and Hendra viruses. In particular, the observation of composite spectra for the free form of the Nipah virus NTAIL variants spin labeled in Box3 supports conformational heterogeneity of this partly pre-configured alpha-helix, with the pre-existence of stable alpha-helical segments. Altogether these results provide insights into the molecular mechanisms of the Henipavirus NTAIL-PXD binding reaction.,��https://www.ncbi.nlm.nih.gov/pubmed/22881220���Martinho, Marlene
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Virulence���Oct­��Nipah virus (NiV) is a highly pathogenic, negative-strand RNA paramyxovirus that has recently emerged from flying foxes to cause serious human disease. We have analyzed the role of the nonstructural NiV C protein in viral immunopathogenesis using recombinant virus lacking the expression of NiV C (NiVDeltaC). While wild-type NiV was highly pathogenic in the hamster animal model, NiVDeltaC was strongly attenuated. Replication of NiVDeltaC was followed by the production of NiV-specific antibodies and associated with higher recruitment of inflammatory cells and less intensive histopathological lesions in different organs than in wild-type-NiV-infected animals. To analyze the molecular basis of NiVDeltaC attenuation, we studied early changes in gene expression in infected primary human endothelial cells, a major cellular target of NiV infection. The transcriptomic approach revealed the striking difference between wild-type and mutant NiV in the expression of genes involved in immunity, with the particularly interesting differential patterns of proinflammatory cytokines. Compared to wild-type virus, NiVDeltaC induced increased expression of interleukin 1 beta (IL-1beta), IL-8, CXCL2, CXCL3, CXCL6, CCL20, and beta interferon. Furthermore, the expression of NiV C in stably transfected cells decreased the production of the same panel of cytokines, revealing a role of the C protein in the regulation of cytokine balance. Together, these results suggest that NiV C regulates expression of proinflammatory cytokines, therefore providing a signal responsible for the coordination of leukocyte recruitment and the chemokine-induced immune response and controlling the lethal outcome of the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/22837207L��Mathieu, Cyrille
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Security Measures���Nov 1d��Australia is free of many diseases, pests and weeds found elsewhere in the world due to its geographical isolation and relatively good health security practices. However, its health security is under increasing pressure due to a number of ecological, climatic, demographic and behavioural changes occurring globally. North Queensland is a high risk area (a health security hot spot) for Australia, due in part to its connection to neighbouring countries via the Torres Strait and the Indo-Papuan conduit, its high diversity of wildlife reservoirs and its environmental characteristics. Major outbreaks of exotic diseases, pests and weeds in Australia can cost in excess of $1 billion; however, most expenditure on health security is reactive apart from preventive measures undertaken for a few high profile diseases, pests and weeds. Large gains in health security could therefore be made by spending more on pre-emptive approaches to reduce the risk of outbreaks, invasion/spread and establishment, despite these gains being difficult to quantify. Although biosecurity threats may initially have regional impacts (e.g. Hendra virus), a break down in security in health security hot spots can have national and international consequences, as has been seen recently in other regions with the emergence of SARS and pandemic avian influenza. Novel approaches should be driven by building research and management capacity, particularly in the regions where threats arise, a model that is applicable both in Australia and in other regions of the world that value and therefore aim to improve their strategies for maintaining health security.,��https://www.ncbi.nlm.nih.gov/pubmed/22836170ç��Murray, Kris A
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and inform the development of improved treatment options for human patients.,��https://www.ncbi.nlm.nih.gov/pubmed/22808132���Dups, Johanna
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Sequence Analysis, RNA���Sep|��The study deals with the survey of different bat populations (Pteropus giganteus, Cynopterus sphinx, and Megaderma lyra) in India for highly pathogenic Nipah virus (NiV), Reston Ebola virus, and Marburg virus. Bats (n = 140) from two states in India (Maharashtra and West Bengal) were tested for IgG (serum samples) against these viruses and for virus RNAs. Only NiV RNA was detected in a liver homogenate of P. giganteus captured in Myanaguri, West Bengal. Partial sequence analysis of nucleocapsid, glycoprotein, fusion, and phosphoprotein genes showed similarity with the NiV sequences from earlier outbreaks in India. A serum sample of this bat was also positive by enzyme-linked immunosorbent assay for NiV-specific IgG. This is the first report on confirmation of Nipah viral RNA in Pteropus bat from India and suggests the possible role of this species in transmission of NiV in India.,��https://www.ncbi.nlm.nih.gov/pubmed/22802440ð��Yadav, Pragya D
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Vero Cells¿��Until the Nipah outbreak in Malaysia in 1999, knowledge of human infections with the henipaviruses was limited to the small number of cases associated with the emergence of Hendra virus in Australia in 1994. The Nipah outbreak in Malaysia alerted the global public health community to the severe pathogenic potential and widespread distribution of these unique paramyxoviruses. This chapter briefly describes the initial discovery of Nipah virus and the challenges encountered during the initial identification and characterisation of the aetiological agent responsible for the outbreak of febrile encephalitis. The initial attempts to isolate Nipah virus from the bat reservoir host are also described.,��https://www.ncbi.nlm.nih.gov/pubmed/22782307o��Chua, Kaw Bing
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*Viral Fusion Proteins/chemistry/genetics/metabolism���Aug 242��Viral fusion proteins are intriguing molecular machines that undergo drastic conformational changes to facilitate virus-cell membrane fusion. During fusion a hydrophobic region of the protein, termed the fusion peptide (FP), is inserted into the target host cell membrane, with subsequent conformational changes culminating in membrane merger. Class I fusion proteins contain FPs between 20 and 30 amino acids in length that are highly conserved within viral families but not between. To examine the sequence dependence of the Hendra virus (HeV) fusion (F) protein FP, the first eight amino acids were mutated first as double, then single, alanine mutants. Mutation of highly conserved glycine residues resulted in inefficient F protein expression and processing, whereas substitution of valine residues resulted in hypofusogenic F proteins despite wild-type surface expression levels. Synthetic peptides corresponding to a portion of the HeV F FP were shown to adopt an alpha-helical secondary structure in dodecylphosphocholine micelles and small unilamellar vesicles using circular dichroism spectroscopy. Interestingly, peptides containing point mutations that promote lower levels of cell-cell fusion within the context of the whole F protein were less alpha-helical and induced less membrane disorder in model membranes. These data represent the first extensive structure-function relationship of any paramyxovirus FP and demonstrate that the HeV F FP and potentially other paramyxovirus FPs likely require an alpha-helical structure for efficient membrane disordering and fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22761418ä��Smith, Everett Clinton
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PhylogeographyO��All seven recognized human cases of Hendra virus (HeV) infection have occurred in Queensland, Australia. Recognized human infections have all resulted from a HeV infected horse that was unusually efficient in transmitting the virus and a person with a high exposure to infectious secretions. In the large outbreak in Malaysia where Nipah virus (NiV) was first identified, most human infections resulted from close contact with NiV infected pigs. Outbreak investigations in Bangladesh have identified drinking raw date palm sap as the most common pathway of NiV transmission from Pteropus bats to people, but person-to-person transmission of NiV has been repeatedly identified in Bangladesh and India. Although henipaviruses are not easily transmitted to people, these newly recognized, high mortality agents warrant continued scientific attention.,��https://www.ncbi.nlm.nih.gov/pubmed/22752412���Luby, Stephen P
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Species Specificityï��The zoonotic potential of paramyxoviruses is particularly demonstrated by their broad host range like the highly pathogenic Hendra and Nipah viruses originating from bats. But while so far all bat-borne paramyxoviruses have been identified in fruit bats across Africa, Australia, South America, and Asia, we describe the detection and characterization of the first paramyxoviruses in free-ranging European bats. Moreover, we examined the possible impact of paramyxovirus infection on individual animals by comparing histo-pathological findings and virological results. Organs from deceased insectivorous bats of various species were sampled in Germany and tested for paramyxovirus RNA in parallel to a histo-pathological examination. Nucleic acids of three novel paramyxoviruses were detected, two viruses in phylogenetic relationship to the recently proposed genus Jeilongvirus and one closely related to the genus Rubulavirus. Two infected animals revealed subclinical pathological changes within their kidneys, suggestive of a similar pathogenesis as the one described in fruit bats experimentally infected with Hendra virus.Our findings indicate the presence of bat-born paramyxoviruses in geographic areas free of fruit bat species and therefore emphasize a possible virus-host co-evolution in European bats. Since these novel viruses are related to the very distinct genera Rubulavirus and Jeilongvirus, a similarly broad genetic diversity among paramyxoviruses in other Microchiroptera compared to Megachiroptera can be assumed. Given that the infected bats were either found in close proximity to heavily populated human habitation or areas of intensive agricultural use, a potential risk of the emergence of zoonotic paramyxoviruses in Europe needs to be considered.,��https://www.ncbi.nlm.nih.gov/pubmed/22737217���Kurth, Andreas
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Viral Vaccines/genetics/*immunology���Oct 255��Nipah virus (NiV), a member of the Paramyxoviridae family, causes deadly encephalitis in humans and huge economic losses to the pig industry. Here, we generated recombinant avirulent Newcastle disease virus (NDV) LaSota strains expressing the NiV G and F proteins respectively (designated as rLa-NiVG and rLa-NiVF), and evaluated their immunogenicity in mice and pigs. Both rLa-NiVG and rLa-NiVF displayed growth properties similar to those of LaSota virus in chicken eggs. Co-infection of rLa-NiVG and rLa-NiVF caused marked syncytia formation, while intracerebral co-inoculation of these viruses in mice showed they were safe in at least one mammalian species. Animal immunization studies showed rLa-NiVG and rLa-NiVF induced NiV neutralizing antibody responses in mice and pigs, and F protein-specific CD8+ T cell responses in mice. Most importantly, rLa-NiVG and rLa-NiVF administered alone or together, induced a long-lasting neutralizing antibody response in pigs. Recombinant rLa-NiVG/F thus appear to be promising NiV vaccine candidates for pigs and potentially humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22726244���Kong, Dongni
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Zoonoses���FebÄ��The henipaviruses, Hendra virus and Nipah virus, are pathogens that have emerged from flying foxes in Australia and South-east Asia to infect both livestock and humans, often fatally. Since the emergence of Hendra virus in Australia in 1994 and the identification of Australian flying foxes as hosts to this virus, our appreciation of bats as reservoir hosts of henipaviruses has expanded globally to include much of Asia and areas of Africa. Despite this, little is currently known of the mechanisms by which bats harbour viruses capable of causing such severe disease in other terrestrial mammals. Pteropid bat ecology, henipavirus virology, therapeutic developments and features of henipavirus infection, pathology and disease in humans and other mammals are reviewed elsewhere in detail. This review focuses on bats as reservoir hosts to henipaviruses and features of transmission of Hendra virus and Nipah virus following spillover from these reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/22709528¬��Clayton, B A
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Virus Internalization2��Nipah (NiV) and Hendra (HeV) viruses are the deadliest human pathogens within the Paramyxoviridae family, which include human and animal pathogens of global biomedical importance. NiV and HeV infections cause respiratory and encephalitic illness with high mortality rates in humans. Henipaviruses (HNV) are the only Paramyxoviruses classified as biosafety level 4 (BSL4) pathogens due to their extreme pathogenicity, potential for bioterrorism, and lack of licensed vaccines and therapeutics. HNV use ephrin-B2 and ephrin-B3, highly conserved proteins, as viral entry receptors. This likely accounts for their unusually broad species tropism, and also provides opportunities to study how receptor usage, cellular tropism, and end-organ pathology relates to the pathobiology of HNV infections. The clinical and pathologic manifestations of NiV and HeV virus infections are reviewed in the chapters by Wong et al. and Geisbert et al. in this issue. Here, we will review the biology of the HNV receptors, and how receptor usage relates to HNV cell tropism in vitro and in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/22695915
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Bangladesh
community-based intervention
public health intervention development���Sepá��People in Bangladesh frequently drink fresh date palm sap. Fruit bats (Pteropus giganteus) also drink raw sap and may contaminate the sap by shedding Nipah virus through saliva and urine. In a previous study we identified two indigenous methods to prevent bats accessing the sap, bamboo skirts and lime (calcium carbonate). We conducted a pilot study to assess the acceptability of these two methods among sap harvesters. We used interactive community meetings and group discussions to encourage all the sap harvesters (n = 12) from a village to use either bamboo skirts or lime smear that some of them (n = 4) prepared and applied. We measured the preparation and application time and calculated the cost of bamboo skirts. We conducted interviews after the use of each method. The sap harvesters found skirts effective in preventing bats from accessing sap. They were sceptical that lime would be effective as the lime was washed away by the sap flow. Preparation of the skirt took approximately 105 min. The application of each method took approximately 1 min. The cost of the bamboo skirt is minimal because bamboo is widely available and they made the skirts with pieces of used bamboo. The bamboo skirt method appeared practical and affordable to the sap harvesters. Further studies should explore its ability to prevent bats from accessing date palm sap and assess if its use produces more or better quality sap, which would provide further incentives to make it more acceptable for its regular use.,��https://www.ncbi.nlm.nih.gov/pubmed/22669914L��Nahar, Nazmun
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Zoonoses/*virology���SepÜ��Nipah virus has recently emerged as a zoonotic agent that is highly pathogenic in humans. Outbreaks have occurred regularly over the last two decades in South and Southeast Asia, where mortality rates reach as high as 100 %. The natural reservoir of Nipah virus has been identified as bats from the Pteropus family, where infection is largely asymptomatic. Human disease is characterized by both respiratory and encephalitic components, and thus far, no effective vaccine or intervention strategies are available. Little is know about how the immune response of either the reservoir host or incidental hosts responds to infection, and how this immune response is either inadequate or might contribute to disease in the dead-end host. Experimental vaccines strategies have given us some insight into the immunological requirements for protection. This review summarizes our current understanding of the immune response to Nipah virus infection and emphasizes the need for further research.,��https://www.ncbi.nlm.nih.gov/pubmed/22669317���Prescott, Joseph
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Virus Replication/drug effects���Fusion between the viral and target cell membranes is an obligatory step for the infectivity of all enveloped virus, and blocking this process is a clinically validated therapeutic strategy.Viral fusion is driven by specialized proteins which, although specific to each virus, act through a common mechanism, the formation of a complex between two heptad repeat (HR) regions. The HR regions are initially separated in an intermediate termed "prehairpin", which bridges the viral and cell membranes, and then fold onto each other to form a 6-helical bundle (6HB), driving the two membranes to fuse. HR-derived peptides can inhibit viral infectivity by binding to the prehairpin intermediate and preventing its transition to the 6HB.The antiviral activity of HR-derived peptides differs considerably among enveloped viruses. For weak inhibitors, potency can be increased by peptide engineering strategies, but sequence-specific optimization is time-consuming. In seeking ways to increase potency without changing the native sequence, we previously reported that attachment to the HR peptide of a cholesterol group ("cholesterol-tagging") dramatically increases its antiviral potency, and simultaneously increases its half-life in vivo. We show here that antiviral potency may be increased by combining cholesterol-tagging with dimerization of the HR-derived sequence, using as examples human parainfluenza virus, Nipah virus, and HIV-1. Together, cholesterol-tagging and dimerization may represent strategies to boost HR peptide potency to levels that in some cases may be compatible with in vivo use, possibly contributing to emergency responses to outbreaks of existing or novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22666328¸��Pessi, Antonello
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Zoonoses/*virology���Junì��We conducted a serologic survey of four high-priority pig-associated viral zoonoses, Japanese encephalitis virus (JEV), hepatitis E virus (HEV), Nipah virus (NiV), and swine influenza virus (SIV), in Laos. We collected blood from pigs at slaughter during May 2008-January 2009 in four northern provinces. Japanese encephalitis virus hemagglutination inhibition seroprevalence was 74.7% (95% confidence interval [CI] = 71.5-77.9%), JEV IgM seroprevalence was 2.3% (95% CI = 1.2-3.2%), and HEV seroprevalence was 21.1% (95% CI = 18.1-24.0%). Antibodies to SIV were detected in 1.8% (95% CI = 0.8-2.8%) of pigs by screening enzyme-linked immunosorbent assay, and only subtype H3N2 was detected by hemagglutination inhibition in two animals with an inconclusive enzyme-linked immunosorbent assay result. No NiV antibody-positive pigs were detected. Our evidence indicates that peak JEV and HEV transmission coincides with the start of the monsoonal wet season and poses the greatest risk for human infection.,��https://www.ncbi.nlm.nih.gov/pubmed/226656229��Conlan, James V
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Zoonoses/epidemiology/virology���Aug���Nipah and Hendra virus are members of a newly identified genus of emerging paramyxoviruses, the henipaviruses. Both viruses have the ability to cause severe pulmonary infection and severe acute encephalitis. Following their discovery in the 1990s, outbreaks caused by these zoonotic paramyxoviruses have been associated with high public health and especially economic threat potential. Currently, only geographic groupings in Asia and Australia have been described for the henipaviruses. However, while few viral isolates are available and more detailed characterization is necessary, there has been recent evidence that divergent henipaviruses might be present on the African continent. This review endeavours to capture recent advances in the field of henipavirus research, with a focus on genome structure and replication mechanisms, reservoir hosts, genetic diversity, pathogenesis and animal models.,��https://www.ncbi.nlm.nih.gov/pubmed/22643730â��Rockx, Barry
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Viral Envelope Proteins/analysis/immunology���AugÛ��A novel antigen-capture sandwich ELISA system targeting the glycoproteins of the henipaviruses Nipah virus (NiV) and Hendra virus (HeV) was developed. Utilizing purified polyclonal antibodies derived from NiV glycoprotein-encoding DNA-immunized rabbits, we established a system that can detect the native antigenic structures of the henipavirus surface glycoproteins using simplified and inexpensive methods. The lowest detection limit against live viruses was achieved for NiV Bangladesh strain, 2.5 x 10(4) TCID(50). Considering the recent emergence of genetic variants of henipaviruses and the resultant problems that arise for PCR-based detection, this system could serve as an alternative rapid diagnostic and detection assay.,��https://www.ncbi.nlm.nih.gov/pubmed/22585045X��Kaku, Yoshihiro
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*Virus Internalization���Jun	��Paramyxoviruses initiate entry through the concerted action of the tetrameric attachment glycoprotein (HN, H, or G) and the trimeric fusion glycoprotein (F). The ectodomains of HN/H/G contain a stalk region important for oligomeric stability and for the F triggering resulting in membrane fusion. Paramyxovirus HN, H, and G form a dimer-of-dimers consisting of disulfide-linked dimers through their stalk domain cysteines. The G attachment protein stalk domain of the highly pathogenic Nipah virus (NiV) contains a distinct but uncharacterized cluster of three cysteine residues (C146, C158, C162). On the basis of a panoply of assays, we report that C158 and C162 of NiV-G likely mediate covalent subunit dimerization, while C146 mediates the stability of higher-order oligomers. For HN or H, mutation of stalk cysteines attenuates but does not abrogate the ability to trigger fusion. In contrast, the NiV-G stalk cysteine mutants were completely deficient in triggering fusion, even though they could still bind the ephrinB2 receptor and associate with F. Interestingly, all cysteine stalk mutants exhibited constitutive exposure of the Mab45 receptor binding-enhanced epitope, previously implicated in F triggering. The enhanced binding of Mab45 to the cysteine mutants relative to wild-type NiV-G, without the addition of the receptor, implicates the stalk cysteines in the stabilization of a pre-receptor-bound conformation and the regulation of F triggering. Sequence alignments revealed that the stalk cysteines were adjacent to a proline-rich microdomain unique to the Henipavirus genus. Our data propose that the cysteine cluster in the NiV-G stalk functions to maintain oligomeric stability but is more importantly involved in stabilizing a unique microdomain critical for triggering fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22496210���Maar, Dianna
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Viral Proteins/*immunology/pharmacology���Nipah virus and Hendra virus are related, highly pathogenic paramyxoviruses with unusually broad host ranges. Henipaviruses encode several proteins that block innate immune responses, and these are likely to serve as virulence factors. Specfically, four virus-encoded proteins, the phosphoprotein (P), the V protein, the W protein, and the C protein have each been demonstrated to counteract aspects of the interferon (IFN)-alpha/beta response, a key component of the innate immune response to virus infection. The available data indicate that V and W can inhibit the production of IFNalpha/beta in response to various stimuli, while the P, V, and W proteins also block the ability of IFNs to signal and induce an antiviral state in cells. The C protein also inhibits the antiviral effects of IFNalpha/beta by a poorly characterized mechanism. Reverse genetics systems, which allow the generation of recombinant viruses bearing specific mutations, have demonstrated the importance of the viral IFN-antagonists for replication. With these systems in hand, the field is now poised to define how specific viral IFN-antagonist functions influence viral pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/22491899���Basler, Christopher F
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Real-Time Polymerase Chain Reaction¬��Since the last major review on diagnosis of henipavirus infection about a decade ago, significant progress has been made in many different areas of test development, especially in the development of molecular tests using real-time PCR and many novel serological test platforms. In addition to provide an updated review of the current test capabilities, this review also identifies key future challenges in henipavirus diagnosis.,��https://www.ncbi.nlm.nih.gov/pubmed/22481141���Wang, Lin-Fa
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Viral Vaccines/administration & dosage/biosynthesis/*immunologyz��Hendra virus and Nipah virus are recently discovered and closely related emerging viruses that now comprise the genus henipavirus within the sub-family Paramyxoviridae and are distinguished by their broad species tropism and in addition to bats can infect and cause fatal disease in a wide variety of mammalian hosts including humans. The high mortality associated with human and animal henipavirus infections has highlighted the importance and necessity of developing effective immunization strategies. The development of suitable animal models of henipavirus infection and pathogenesis has been critical for testing the efficacy of potential therapeutic approaches. Several henipavirus challenge models have been used and recent successes in both active and passive immunization strategies against henipaviruses have been reported which have all targeted the viral envelope glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22481140É��Broder, Christopher C
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Swine/virologyî��The henipaviruses, Hendra virus (HeV), and Nipah virus (NiV), are enigmatic emerging pathogens that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75% and there are no vaccines or treatments approved for human use. A number of species of animals including guinea pigs, hamsters, cats, ferrets, pigs, and African green monkeys have been employed as animal models of human henipavirus infection. Here, we review the development of animal models for henipavirus infection, discuss the pathology and pathogenesis of these models, and assess the utility of each model to recapitulate important aspects of henipavirus-mediated disease seen in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22476556£��Geisbert, Thomas W
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Zoonoses/*epidemiology/virology���Hendra virus, a novel and fatally zoonotic member of the family Paramyxoviridae, was first described in Australia in 1994. Periodic spillover from its natural host (fruit bats) results in catastrophic disease in horses and occasionally the subsequent infection of humans. Prior to 2011, 14 equine incidents involving seven human cases (four fatal) were recorded. The year 2011 saw a dramatic departure from the sporadic incidents of the previous 16 years, with a cluster of 18 incidents in a single 3-month period. The fundamental difference in 2011 was the total number of incidents, the geographic clustering, and the expanded geographic range. The 2011 cluster more than doubled the total number of incidents previously reported, and poses the possibility of a new HeV infection paradigm. Epidemiologic evidence suggests that compelling additional host and/or environmental factors were at play.,��https://www.ncbi.nlm.nih.gov/pubmed/22476530£��Field, Hume
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Swine Diseases/*pathology/virology¡��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level 4 pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the twentieth century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarizes our up to date understanding of pathology and pathogenesis in the natural reservoir species, the Pteropus bat, and in the equine and porcine spill over species.,��https://www.ncbi.nlm.nih.gov/pubmed/22476529���Middleton, D J
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*receptor���FebÁ��The Paramyxoviridae genus Henipavirus is presently represented by the type species Hendra and Nipah viruses which are both recently emerged zoonotic viral pathogens responsible for repeated outbreaks associated with high morbidity and mortality in Australia, Southeast Asia, India and Bangladesh. These enveloped viruses bind and enter host target cells through the coordinated activities of their attachment (G) and class I fusion (F) envelope glycoproteins. The henipavirus G glycoprotein interacts with host cellular B class ephrins, triggering conformational alterations in G that lead to the activation of the F glycoprotein, which facilitates the membrane fusion process. Using the recently published structures of HeV-G and NiV-G and other paramyxovirus glycoproteins, we review the features of the henipavirus envelope glycoproteins that appear essential for mediating the viral fusion process, including receptor binding, G-F interaction, F activation, with an emphasis on G and the mutations that disrupt viral infectivity. Finally, recent candidate therapeutics for henipavirus-mediated disease are summarized in light of their ability to inhibit HeV and NiV entry by targeting their G and F glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22470837M��Steffen, Deborah L
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Zoonoses/transmission/*virology���DecÍ��For the past 10-15 years, bats have attracted growing attention as reservoirs of emerging zoonotic viruses. This has been due to a combination of factors including the emergence of highly virulent zoonotic pathogens, such as Hendra, Nipah, SARS and Ebola viruses, and the high rate of detection of a large number of previously unknown viral sequences in bat specimens. As bats have ancient evolutionary origins and are the only flying mammals, it has been hypothesized that some of their unique biological features may have made them especially suitable hosts for different viruses. So the question 'Are bats different, special or exceptional?' has become a focal point in the field of virology, bat biology and virus-host co-evolution. In this brief review, we examine the topic in a relatively unconventional way, that is, our discussion will be based on both scientific discoveries and theoretical predictions. This approach was chosen partially because the data in this field are so limited that it is impossible to conduct a useful review based on published results only and also because we believe it is important to provoke original, speculative or even controversial ideas or theories in this important field of research.,��https://www.ncbi.nlm.nih.gov/pubmed/22440923­��Wang, Lin-Fa
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Survival Rate���The clinicopathological features of human Nipah virus and Hendra virus infections appear to be similar. The clinical manifestations may be mild, but if severe, includes acute encephalitic and pulmonary syndromes with a high mortality. The pathological features in human acute henipavirus infections comprise vasculopathy (vasculitis, endothelial multinucleated syncytia, thrombosis), microinfarcts and parenchymal cell infection in the central nervous system, lung, kidney and other major organs. Viral inclusions, antigens, nucleocapsids and RNA are readily demonstrated in blood vessel wall and numerous types of parenchymal cells. Relapsing henipavirus encephalitis is a rare complication reported in less than 10% of survivors of the acute infection and appears to be distinct from the acute encephalitic syndrome. Pathological evidence suggests viral recrudescence confined to the central nervous system as the cause.,��https://www.ncbi.nlm.nih.gov/pubmed/22427144���Wong, K T
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Virus Internalizationº��Nipah (NiV) and Hendra (HeV) viruses cause cell-cell fusion (syncytia) in brain, lung, heart, and kidney tissues, leading to encephalitis, pneumonia, and often death. Membrane fusion is essential to both viral entry and virus-induced cell-cell fusion, a hallmark of henipavirus infections. Elucidiation of the mechanism(s) of membrane fusion is critical to understanding henipavirus pathobiology and has the potential to identify novel strategies for the development of antiviral therapeutic agents. Henipavirus membrane fusion requires the coordinated actions of the viral attachment (G) and fusion (F) glycoproteins. Current henipavirus fusion models posit that attachment of NiV or HeV G to its cell surface receptors releases F from its metastable pre-fusion conformation to mediate membrane fusion. The identification of ephrinB2 and ephrinB3 as henipavirus receptors has paved the way for recent advances in our understanding of henipavirus membrane fusion. These advances highlight mechanistic similarities and differences between membrane fusion for the henipavirus and other genera within the Paramyxoviridae family. Here, we review these mechanisms and the current gaps in our knowledge in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/22427111ª��Aguilar, Hector C
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Virus Replicationµ��Emerging viruses including Nipah, Hendra, Lujo, and Junin viruses have enormous potential to spread rapidly. Nipah virus, after emerging as a zoonosis, has also evolved the capacity for human-to-human transmission. Most of the diseases caused by these pathogens are untreatable and require high biocontainment conditions. Universal methods for rapidly identifying and screening candidate antivirals are urgently needed. We have developed a modular antiviral platform strategy that relies on simple bioinformatic and genetic information about each pathogen. Central to this platform is the use of envelope glycoprotein cDNAs to establish multi-cycle replication systems under BSL2 conditions for viral pathogens that normally require BSL3 and BSL4 facilities. We generated monoclonal antibodies against Nipah G by cDNA immunization in rats, and we showed that these antibodies neutralize both Nipah and Hendra live viruses. We then used these effective Henipavirus inhibitors to validate our screening strategy. Our proposed strategy should contribute to the response capability for emerging infectious diseases, providing a way to initiate antiviral development immediately upon identifying novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22396728á��Talekar, Aparna
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Time Factors£��Nipah virus (NiV) is a recently emerged zoonotic Paramyxovirus that causes regular outbreaks in East Asia with mortality rate exceeding 75%. Major cellular targets of NiV infection are endothelial cells and neurons. To better understand virus-host interaction, we analyzed the transcriptome profile of NiV infection in primary human umbilical vein endothelial cells. We further assessed some of the obtained results by in vitro and in vivo methods in a hamster model and in brain samples from NiV-infected patients. We found that NiV infection strongly induces genes involved in interferon response in endothelial cells. Among the top ten upregulated genes, we identified the chemokine CXCL10 (interferon-induced protein 10, IP-10), an important chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. In NiV-infected hamsters, which develop pathology similar to what is seen in humans, expression of CXCL10 mRNA was induced in different organs with kinetics that followed NiV replication. Finally, we showed intense staining for CXCL10 in the brain of patients who succumbed to lethal NiV infection during the outbreak in Malaysia, confirming induction of this chemokine in fatal human infections. This study sheds new light on NiV pathogenesis, indicating the role of CXCL10 during the course of infection and suggests that this chemokine may serve as a potential new marker for lethal NiV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/22393386���Mathieu, Cyrille
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United KingdomW��The genus Henipavirus includes Hendra virus (HeV) and Nipah virus (NiV), for which fruit bats (particularly those of the genus Pteropus) are considered to be the wildlife reservoir. The recognition of henipaviruses occurring across a wider geographic and host range suggests the possibility of the virus entering the United Kingdom (UK). To estimate the likelihood of henipaviruses entering the UK, a qualitative release assessment was undertaken. To facilitate the release assessment, the world was divided into four zones according to location of outbreaks of henipaviruses, isolation of henipaviruses, proximity to other countries where incidents of henipaviruses have occurred and the distribution of Pteropus spp. fruit bats. From this release assessment, the key findings are that the importation of fruit from Zone 1 and 2 and bat bushmeat from Zone 1 each have a Low annual probability of release of henipaviruses into the UK. Similarly, the importation of bat meat from Zone 2, horses and companion animals from Zone 1 and people travelling from Zone 1 and entering the UK was estimated to pose a Very Low probability of release. The annual probability of release for all other release routes was assessed to be Negligible. It is recommended that the release assessment be periodically re-assessed to reflect changes in knowledge and circumstances over time.,��https://www.ncbi.nlm.nih.gov/pubmed/22328916.��Snary, Emma L
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Virology/*methods���AprF��Hendra virus (HeV) is a zoonotic paramyxovirus endemic in Australian Pteropus bats (fruit bats or flying foxes). Although bats appear to be unaffected by the virus, HeV can spread from fruit bats to horses, causing severe disease. Human infection results from close contact with the blood, body fluids and tissues of infected horses. HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. Current assays for HeV detection require complex instrumentation and are generally time consuming. The aim of this study was to develop a Loop-Mediated Isothermal Amplification (LAMP) assay to detect nucleic acid from all known HeV strains in horses without the requirement for complex laboratory equipment. A LAMP assay targeting a conserved region of the HeV P-gene was combined with a Lateral Flow Device (LFD) for detection of amplified product. All HeV isolates, the original HeV isolated in 1994 as well as the most recent isolates from 2011 were detected. Analytical sensitivity and specificity of the HeV-LAMP assay was equal to a TaqMan assay developed previously. Significantly, these assays detected HeV in horses before clinical signs were observed. The combined LAMP-LFD procedure is a sensitive method suitable for HeV diagnosis in a resource-limited situation or where rapid test results are critical.,��https://www.ncbi.nlm.nih.gov/pubmed/22327143¿��Foord, Adam J
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Species Specificity���Feb8��Leishmaniases are tropical and sub-tropical diseases for which classical drugs (i.e. antimonials) exhibit toxicity and drug resistance. Such a situation requires to find new chemical series with antileishmanial activity. This work consists in analyzing the structure of a validated target in Leishmania: the GDP-mannose pyrophosphorylase (GDP-MP), an enzyme involved in glycosylation and essential for amastigote survival. By comparing both human and L. infantum GDP-MP 3D homology models, we identified (i) a common motif of amino acids that binds to the mannose moiety of the substrate and, interestingly, (ii) a motif that is specific to the catalytic site of the parasite enzyme. This motif could then be used to design compounds that specifically inhibit the leishmanial GDP-MP, without any effect on the human homolog.,��https://www.ncbi.nlm.nih.gov/pubmed/22314241���Pomel, S
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Polysaccharides/*chemistry/pharmacology/toxicity���Junå��Self-assembly of amphiphilic polysaccharides provides a positive outlook for drug delivery systems without the need for solvents or surfactants. Various polymeric amphiphilic polysaccharides undergo intramolecular or intermolecular associations in water. This type of association, promoted by hydrophobic segments, led to the formation of various drug delivery systems such as micelles, nanoparticles, liposomes and hydrogels. Here, we review a selection of the most important amphiphilic polysaccharides used as drug delivery systems and their pharmaceutical applications. Attention focuses on amphiphilic chitosan owing to its unique properties such as excellent biocompatibility, non-toxicity and antimicrobial and bioadhesive properties.,��https://www.ncbi.nlm.nih.gov/pubmed/22305936»��Hassani, Leila N
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Viral Proteins/chemistry/genetics���Febí��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes fatal encephalitis in humans. The initial outbreak of NiV infection occurred in Malaysia and Singapore in 1998-1999; relatively small, sporadic outbreaks among humans have occurred in Bangladesh since 2001. We characterized the complete genomic sequences of identical NiV isolates from 2 patients in 2008 and partial genomic sequences of throat swab samples from 3 patients in 2010, all from Bangladesh. All sequences from patients in Bangladesh comprised a distinct genetic group. However, the detection of 3 genetically distinct sequences from patients in the districts of Faridpur and Gopalganj indicated multiple co-circulating lineages in a localized region over a short time (January-March 2010). Sequence comparisons between the open reading frames of all available NiV genes led us to propose a standardized protocol for genotyping NiV; this protcol provides a simple and accurate way to classify current and future NiV sequences.,��https://www.ncbi.nlm.nih.gov/pubmed/22304936¤��Lo, Michael K
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Virus Replication/drug effects/physiology���Nipah virus (NiV), a zoonotic paramyxovirus, is highly contagious in swine, and can cause fatal infections in humans following transmission from the swine host. The main viral targets in both species are the respiratory and central nervous systems, with viremia implicated as a mode of dissemination of NiV throughout the host. The presented work focused on the role of peripheral blood mononuclear cells (PBMC) in the viremic spread of the virus in the swine host. B lymphocytes, CD4-CD8-, as well as CD4+CD8- T lymphocytes were not permissive to NiV, and expansion of the CD4+CD8- cells early post infection was consistent with functional humoral response to NiV infection observed in swine. In contrast, significant drop in the CD4+CD8- T cell frequency was observed in piglets which succumbed to the experimental infection, supporting the hypothesis that antibody development is the critical component of the protective immune response. Productive viral replication was detected in monocytes, CD6+CD8+ T lymphocytes and NK cells by recovery of infectious virus in the cell supernatants. Virus replication was supported by detection of the structural N and the non-structural C proteins or by detection of genomic RNA increase in the infected cells. Infection of T cells carrying CD6 marker, a strong ligand for the activated leukocyte cell adhesion molecule ALCAM (CD166) highly expressed on the microvascular endothelial cell of the blood-air and the blood-brain barrier may explain NiV preferential tropism for small blood vessels of the lung and brain.,��https://www.ncbi.nlm.nih.gov/pubmed/22303463ª��Stachowiak, Beata
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Viral Fusion Proteins/genetics/*metabolism���AprÝ��Proteolytic activation of the fusion protein of the highly pathogenic Nipah virus (NiV F) is a prerequisite for the production of infectious particles and for virus spread via cell-to-cell fusion. Unlike other paramyxoviral fusion proteins, functional NiV F activation requires endocytosis and pH-dependent cleavage at a monobasic cleavage site by endosomal proteases. Using prototype Vero cells, cathepsin L was previously identified to be a cleavage enzyme. Compared to Vero cells, MDCK cells showed substantially higher F cleavage rates in both NiV-infected and NiV F-transfected cells. Surprisingly, this could not be explained either by an increased F endocytosis rate or by elevated cathepsin L activities. On the contrary, MDCK cells did not display any detectable cathepsin L activity. Though we could confirm cathepsin L to be responsible for F activation in Vero cells, inhibitor studies revealed that in MDCK cells, cathepsin B was required for F-protein cleavage and productive replication of pathogenic NiV. Supporting the idea of an efficient F cleavage in early and recycling endosomes of MDCK cells, endocytosed F proteins and cathepsin B colocalized markedly with the endosomal marker proteins early endosomal antigen 1 (EEA-1), Rab4, and Rab11, while NiV F trafficking through late endosomal compartments was not needed for F activation. In summary, this study shows for the first time that endosomal cathepsin B can play a functional role in the activation of highly pathogenic NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/22278224���Diederich, Sandra
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Mar©��While work with viral fusion proteins has demonstrated that the transmembrane domain (TMD) can affect protein folding, stability, and membrane fusion promotion, the mechanism(s) remains poorly understood. TMDs could play a role in fusion promotion through direct TMD-TMD interactions, and we have recently shown that isolated TMDs from three paramyxovirus fusion (F) proteins interact as trimers using sedimentation equilibrium (SE) analysis (E. C. Smith, et al., submitted for publication). Immediately N-terminal to the TMD is heptad repeat B (HRB), which plays critical roles in fusion. Interestingly, addition of HRB decreased the stability of the trimeric TMD-TMD interactions. This result, combined with previous findings that HRB forms a trimeric coiled coil in the prefusion form of the whole protein though HRB peptides fail to stably associate in isolation, suggests that the trimeric TMD-TMD interactions work in concert with elements in the F ectodomain head to stabilize a weak HRB interaction. Thus, changes in TMD-TMD interactions could be important in regulating F triggering and refolding. Alanine insertions between the TMD and HRB demonstrated that spacing between these two regions is important for protein stability while not affecting TMD-TMD interactions. Additional mutagenesis of the C-terminal end of the TMD suggests that beta-branched residues within the TMD play a role in membrane fusion, potentially through modulation of TMD-TMD interactions. Our results support a model whereby the C-terminal end of the Hendra virus F TMD is an important regulator of TMD-TMD interactions and show that these interactions help hold HRB in place prior to the triggering of membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22238302Ì��Smith, Everett Clinton
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Marf��Hendra virus is a highly pathogenic paramyxovirus classified as a biosafety level four agent. The fusion (F) protein of Hendra virus is critical for promoting viral entry and cell-to-cell fusion. To be fusogenically active, Hendra virus F must undergo endocytic recycling and cleavage by the endosomal/lysosomal protease cathepsin L, but the route of Hendra virus F following internalization and the recycling signals involved are poorly understood. We examined the intracellular distribution of Hendra virus F following endocytosis and showed that it is primarily present in Rab5- and Rab4-positive endosomal compartments, suggesting that cathepsin L cleavage occurs in early endosomes. Hendra virus F transmembrane domain (TMD) residues S490 and Y498 were found to be important for correct Hendra virus F recycling, with the hydroxyl group of S490 and the aromatic ring of Y498 important for this process. In addition, changes in association of isolated Hendra virus F TMDs correlated with alterations to Hendra virus F recycling, suggesting that appropriate TMD interactions play an important role in endocytic trafficking.,��https://www.ncbi.nlm.nih.gov/pubmed/22238299Ý��Popa, Andreea
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*Virus Attachment���FebÅ��Members of the ephrin cell-surface protein family interact with the Eph receptors, the largest family of receptor tyrosine kinases, mediating bi-directional signaling during tumorogenesis and various developmental events. Surprisingly, ephrin-B2 and -B3 were recently identified as entry receptors for henipaviruses, emerging zoonotic paramyxoviruses responsible for repeated outbreaks in humans and animals in Australia, Southeast Asia, India and Bangladesh. Nipah virus (NiV) and Hendra virus (HeV) are the only two identified members in the henipavirus genus. While the initial human infection cases came from contact with infected pigs (NiV) or horses (HeV), in the more recent outbreaks of NiV both food-borne and human-to-human transmission were reported. These characteristics, together with high mortality and morbidity rates and lack of effective anti-viral therapies, make the henipaviruses a potential biological-agent threat. Viral entry is an important target for the development of anti-viral drugs. The entry of henipavirus is initiated by the attachment of the viral G envelope glycoprotein to the host cell receptors ephrin-B2 and/or -B3, followed by activation of the F fusion protein, which triggers fusion between the viral envelop and the host membrane. We review recent progress in the study of henipavirus entry, particularly the identification of ephrins as their entry receptors, and the structural characterization of the ephrin/Henipa-G interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/22227101r��Xu, Kai
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Viral Envelope Proteins/*immunology���Jan 27i��We have previously observed that all known HIV-1 broadly neutralizing antibodies (bnAbs) are highly divergent from germline antibodies in contrast to bnAbs against Hendra virus, Nipah virus and SARS coronavirus (SARS CoV). We have hypothesized that because the germline antibodies are so different from the mature HIV-1-specific bnAbs they may not bind the epitopes of the mature antibodies and provided the first evidence to support this hypothesis by using individual putative germline-like predecessor antibodies. To further validate the hypothesis and understand initial immune responses to different viruses, two phage-displayed human cord blood-derived IgM libraries were constructed which contained mostly germline antibodies or antibodies with very low level of somatic hypermutations. They were panned against different HIV-1 envelope glycoproteins (Envs), SARS CoV protein receptor-binding domain (RBD), and soluble Hendra virus G protein (sG). Despite a high sequence and combinatorial diversity observed in the cord blood-derived IgM antibody repertoire, no enrichment for binders of Envs was observed in contrast to considerable specific enrichments produced with panning against RBD and sG; one of the selected monoclonal antibodies (against the RBD) was of high (nM) affinity with only few somatic mutations. These results further support and expand our initial hypothesis for fundamental differences in immune responses leading to elicitation of bnAbs against HIV-1 compared to SARS CoV and Hendra virus. HIV-1 uses a strategy to minimize or eliminate strong binding of germline antibodies to its Env; in contrast, SARS CoV and Hendra virus, and perhaps other viruses causing acute infections, can bind germline antibody or minimally somatically mutated antibodies with relatively high affinity which could be one of the reasons for the success of sG and RBD as vaccine immunogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22226962ª��Chen, Weizao
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swine hepatitis E virus���Mar­��In the past two decades or so, a number of viruses have emerged in the global swine population. Some, such as porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2), cause economically important diseases in pigs, whereas others such as porcine torque teno virus (TTV), now known as Torque teno sus virus (TTSuV), porcine bocavirus (PBoV) and related novel parvoviruses, porcine kobuvirus, porcine toroviruses (PToV) and porcine lymphotropic herpesviruses (PLHV), are mostly subclinical in swine herds. Although some emerging swine viruses such as swine hepatitis E virus (swine HEV), porcine endogenous retrovirus (PERV) and porcine sapovirus (porcine SaV) may have a limited clinical implication in swine health, they do pose a potential public health concern in humans due to zoonotic (swine HEV) or potential zoonotic (porcine SaV) and xenozoonotic (PERV, PLHV) risks. Other emerging viruses such as Nipah virus, Bungowannah virus and Menangle virus not only cause diseases in pigs but some also pose important zoonotic threat to humans. This article focuses on emerging and re-emerging swine viruses that have a limited or uncertain clinical and economic impact on pig health. The transmission, epidemiology and pathogenic potential of these viruses are discussed. In addition, the two economically important emerging viruses, PRRSV and PCV2, are also briefly discussed to identify important knowledge gaps.,��https://www.ncbi.nlm.nih.gov/pubmed/22225855@��Meng, X J
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Viral Proteins/*chemistry/genetics���Feb 24z��All enzymatic activities required for genomic replication and transcription of nonsegmented negative strand RNA viruses (or Mononegavirales) are believed to be concentrated in the viral polymerase (L) protein. However, our insight into the organization of these different enzymatic activities into a bioactive tertiary structure remains rudimentary. Fragments of Mononegavirales polymerases analyzed to date cannot restore bioactivity through trans-complementation, unlike the related L proteins of segmented NSVs. We investigated the domain organization of phylogenetically diverse Paramyxovirus L proteins derived from measles virus (MeV), Nipah virus (NiV), and respiratory syncytial virus (RSV). Through a comprehensive in silico and experimental analysis of domain intersections, we defined MeV L position 615 as an interdomain candidate in addition to the previously reported residue 1708. Only position 1708 of MeV and the homologous positions in NiV and RSV L also tolerated the insertion of epitope tags. Splitting of MeV L at residue 1708 created fragments that were unable to physically interact and trans-complement, but strikingly, these activities were reconstituted by the addition of dimerization tags to the fragments. Equivalently split fragments of NiV, RSV, and MeV L oligomerized with comparable efficiency in all homo- and heterotypic combinations, but only the homotypic pairs were able to trans-complement. These results demonstrate that synthesis as a single polypeptide is not required for the Mononegavirales polymerases to adopt a proper tertiary conformation. Paramyxovirus polymerases are composed of at least two truly independent folding domains that lack a traditional interface but require molecular compatibility for bioactivity. The functional probing of the L domain architecture through trans-complementation is anticipated to be applicable to all Mononegavirales polymerases.,��https://www.ncbi.nlm.nih.gov/pubmed/22215662���Dochow, Melanie
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Time Factors���This study investigated the seroepidemiology of Hendra virus in a spectacled flying-fox (Pteropus conspicillatus) population in northern Australia, near the location of an equine and associated human Hendra virus infection in late 2004. The pattern of infection in the population was investigated using a serial cross-sectional serological study over a 25-month period, with blood sampled from 521 individuals over six sampling sessions. Antibody titres to the virus were determined by virus neutralisation test. In contrast to the expected episodic infection pattern, we observed that seroprevalence gradually increased over the two years suggesting infection was endemic in the population over the study period. Our results suggested age, pregnancy and lactation were significant risk factors for a detectable neutralizing antibody response. Antibody titres were significantly higher in females than males, with the highest titres occurring in pregnant animals. Temporal variation in antibody titres suggests that herd immunity to the virus may wax and wane on a seasonal basis. These findings support an endemic infection pattern of henipaviruses in bat populations suggesting their infection dynamics may differ significantly from the acute, self limiting episodic pattern observed with related viruses (e.g. measles virus, phocine distemper virus, rinderpest virus) hence requiring a much smaller critical host population size to sustain the virus. These findings help inform predictive modelling of henipavirus infection in bat populations, and indicate that the life cycle of the reservoir species should be taken into account when developing risk management strategies for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22194920!��Breed, Andrew C
Breed, Martin F
Meers, Joanne
Field, Hume E
eng
R01 TW005869/TW/FIC NIH HHS/
R01-TW05869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2011/12/24 06:00
PLoS One. 2011;6(12):e28816. doi: 10.1371/journal.pone.0028816. Epub 2011 Dec 14.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3237542���22194920v��School of Veterinary Science, University of Queensland, Brisbane, Queensland, Australia. andrew.breed@ahvla.gsi.gov.uk���10.1371/journal.pone.0028816�
/��üÒtÿî?K���>��de Wit, E.
Bushmaker, T.
Scott, D.
Feldmann, H.
Munster, V. J.���2011+��Nipah virus transmission in a hamster model���e1432���PLoS Negl Trop Dis���5���12���Aerosols
Animals
Cricetinae
Disease Models, Animal
Female
Fomites
Henipavirus Infections/*transmission/*virology
Immunohistochemistry
Inhibitory Concentration 50
Mesocricetus
Nipah Virus/chemistry/isolation & purification/*pathogenicity
Vero Cells
Virus Shedding���Dec'��Based on epidemiological data, it is believed that human-to-human transmission plays an important role in Nipah virus outbreaks. No experimental data are currently available on the potential routes of human-to-human transmission of Nipah virus. In a first dose-finding experiment in Syrian hamsters, it was shown that Nipah virus was predominantly shed via the respiratory tract within nasal and oropharyngeal secretions. Although Nipah viral RNA was detected in urogenital and rectal swabs, no infectious virus was recovered from these samples, suggesting no viable virus was shed via these routes. In addition, hamsters inoculated with high doses shed significantly higher amounts of viable Nipah virus particles in comparison with hamsters infected with lower inoculum doses. Using the highest inoculum dose, three potential routes of Nipah virus transmission were investigated in the hamster model: transmission via fomites, transmission via direct contact and transmission via aerosols. It was demonstrated that Nipah virus is transmitted efficiently via direct contact and inefficiently via fomites, but not via aerosols. These findings are in line with epidemiological data which suggest that direct contact with nasal and oropharyngeal secretions of Nipah virus infected individuals resulted in greater risk of Nipah virus infection. The data provide new and much-needed insights into the modes and efficiency of Nipah virus transmission and have important public health implications with regards to the risk assessment and management of future Nipah virus outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/22180802ü��de Wit, Emmie
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Virus Diseases/urine/*virologyY��Hendra virus is a recently emerged zoonotic agent in Australia. Since first described in 1994, the virus has spilled from its wildlife reservoir (pteropid fruit bats, or 'flying foxes') on multiple occasions causing equine and human fatalities. We undertook a three-year longitudinal study to detect virus in the urine of free-living flying foxes (a putative route of excretion) to investigate Hendra virus infection dynamics. Pooled urine samples collected off plastic sheets placed beneath roosting flying foxes were screened for Hendra virus genome by quantitative RT-PCR, using a set of primers and probe derived from the matrix protein gene. A total of 1672 pooled urine samples from 67 sampling events was collected and tested between 1 July 2008 and 30 June 2011, with 25% of sampling events and 2.5% of urine samples yielding detections. The proportion of positive samples was statistically associated with year and location. The findings indicate that Hendra virus excretion occurs periodically rather than continuously, and in geographically disparate flying fox populations in the state of Queensland. The lack of any detection in the Northern Territory suggests prevalence may vary across the range of flying foxes in Australia. Finally, our findings suggest that flying foxes can excrete virus at any time of year, and that the apparent seasonal clustering of Hendra virus incidents in horses and associated humans (70% have occurred June to October) reflects factors other than the presence of virus. Identification of these factors will strengthen risk minimization strategies for horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22174865	��Field, Hume
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Zoonoses/transmission/virology���Dec¿��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus harbored by Australian flying foxes with sporadic spillovers directly to horses. Although the mode and critical control points of HeV spillover to horses from flying foxes, and the risk for transmission from infected horses to other horses and humans, are poorly understood, we successfully established systemic HeV disease in 3 horses exposed to Hendra virus/Australia/Horse/2008/Redlands by the oronasal route, a plausible route for natural infection. In 2 of the 3 animals, HeV RNA was detected continually in nasal swabs from as early as 2 days postexposure, indicating that systemic spread of the virus may be preceded by local viral replication in the nasal cavity or nasopharynx. Our data suggest that a critical factor for reducing HeV exposure risk to humans includes early consideration of HeV in the differential diagnosis and institution of appropriate infection control procedures.,��https://www.ncbi.nlm.nih.gov/pubmed/22172152F��Marsh, Glenn A
Haining, Jessica
Hancock, Timothy J
Robinson, Rachel
Foord, Adam J
Barr, Jennifer A
Riddell, Shane
Heine, Hans G
White, John R
Crameri, Gary
Field, Hume E
Wang, Lin-Fa
Middleton, Deborah
eng
Research Support, Non-U.S. Gov't
2011/12/17 06:00
Emerg Infect Dis. 2011 Dec;17(12):2232-8. doi: 10.3201/eid1712.111162.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3311212���22172152���Commonwealth Scientific and Industrial Research Organization Livestock Industries, Geelong, Victoria, Australia. glenn.marsh@csiro.au���10.3201/eid1712.111162���
u�üÒtÿî?N������Zokarkar, A.
Lamb, R. A.���2012e��The paramyxovirus fusion protein C-terminal region: mutagenesis indicates an indivisible protein unit���2600-9���J Virol���86���5U��Amino Acid Motifs
Amino Acid Sequence
Animals
Cell Fusion
Cell Line
Humans
Molecular Sequence Data
Mutagenesis
Mutation
Paramyxoviridae Infections/veterinary/virology
Paramyxovirinae/*chemistry/*genetics/physiology
Rubulavirus/chemistry/*genetics/physiology
Sequence Alignment
Viral Fusion Proteins/*chemistry/*genetics/metabolism/physiology���MarV��Paramyxoviruses enter host cells by fusing the viral envelope with a host cell membrane. Fusion is mediated by the viral fusion (F) protein, and it undergoes large irreversible conformational changes to cause membrane merger. The C terminus of PIV5 F contains a membrane-proximal 7-residue external region (MPER), followed by the transmembrane (TM) domain and a 20-residue cytoplasmic tail. To study the sequence requirements of the F protein C terminus for fusion, we constructed chimeras containing the ectodomain of parainfluenza virus 5 F (PIV5 F) and either the MPER, the TM domain, or the cytoplasmic tail of the F proteins of the paramyxoviruses measles virus, mumps virus, Newcastle disease virus, human parainfluenza virus 3, and Nipah virus. The chimeras were expressed, and their ability to cause cell fusion was analyzed. The chimeric proteins were variably expressed at the cell surface. We found that chimeras containing the ectodomain of PIV5 F with the C terminus of other paramyxoviruses were unable to cause cell fusion. Fusion could be restored by decreasing the activation energy of refolding through introduction of a destabilizing mutation (S443P). Replacing individual regions, singly or doubly, in the chimeras with native PIV5 F sequences restored fusion to various degrees, but it did not have an additive effect in restoring activity. Thus, the F protein C terminus may be a specific structure that only functions with its cognate ectodomain. Alanine scanning mutagenesis of MPER indicates that it has a regulatory role in fusion since both hyperfusogenic and hypofusogenic mutations were found.,��https://www.ncbi.nlm.nih.gov/pubmed/22171273&��Zokarkar, Aarohi
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Viral Envelope Proteins/*chemistry���Apr*��Hendra virus (HeV) continues to cause morbidity and mortality in both humans and horses with a number of sporadic outbreaks. HeV has two structural membrane glycoproteins that mediate the infection of host cells: the attachment (G) and the fusion (F) glycoproteins that are essential for receptor binding and virion-host cell membrane fusion, respectively. N-linked glycosylation of viral envelope proteins are critical post-translation modifications that have been implicated in roles of structural integrity, virus replication and evasion of the host immune response. Deciphering the glycan composition and structure on these glycoproteins may assist in the development of glycan-targeted therapeutic intervention strategies. We examined the site occupancy and glycan composition of recombinant soluble G (sG) glycoproteins expressed in two different mammalian cell systems, transient human embryonic kidney 293 (HEK293) cells and vaccinia virus (VV)-HeLa cells, using a suite of biochemical and biophysical tools: electrophoresis, lectin binding and tandem mass spectrometry. The N-linked glycans of both VV and HEK293-derived sG glycoproteins carried predominantly mono- and disialylated complex-type N-glycans and a smaller population of high mannose-type glycans. All seven consensus sequences for N-linked glycosylation were definitively found to be occupied in the VV-derived protein, whereas only four sites were found and characterized in the HEK293-derived protein. We also report, for the first time, the existence of O-linked glycosylation sites in both proteins. The striking characteristic of both proteins was glycan heterogeneity in both N- and O-linked sites. The structural features of G protein glycosylation were also determined by X-ray crystallography and interactions with the ephrin-B2 receptor are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22171062���Colgrave, Michelle L
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Time Factors���Hendra virus is a recently emerged bat-borne zoonotic agent with high lethality in horses and humans in Australia. This is a rare disease and the determinants of bat to horse transmission, including the factors that bring these hosts together at critical times, are poorly understood. In this cross-disciplinary study climatic and vegetation primary productivity variables are compared for the dispersed and heterogenic 1994-2010 outbreak sites. The significant occurrence of spillover events within the dry season (p = 0.013, 95% CI (0.57-0.98)) suggests seasonal forcing of transmission across species, or seasonal forcing of virus excretion by the reservoir host. We explore the evidence for both. Preliminary investigations of the spatial determinants of Hendra disease locations are also presented. We find that postal areas in the Australian state of Queensland in which pteropid fruit bat (flying fox) roosts occur are approximately forty times more likely (OR = 40.5, (95% CI (5.16, 317.52)) to be the location of Hendra spillover events. This appears to be independent of density of horses at these locations. We consider issues of scale of host resource use, land use change and limitations of existing data that challenge analysis and limit further conclusive outcomes. This investigation of a broad range of potential climatic and environmental influences provides a good base for future investigations. Further understanding of cross-species Hendra virus transmission requires better understanding of flying fox resource use in the urban-rural landscape.,��https://www.ncbi.nlm.nih.gov/pubmed/22145039´��McFarlane, Rosemary
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Young Adult���MayÌ��AIM: To describe serial changes in brain magnetic resonance imaging (MRI) in acute human infection from two outbreaks of Hendra virus (HeV), relate these changes to disease prognosis, and compare HeV encephalitis to reported cases of Nipah virus encephalitis. MATERIALS AND METHODS: The MRI images of three human cases (two of which were fatal) of acute HeV meningoencephalitis were reviewed. RESULTS: Cortical selectivity early in the disease is evident in all three patients, while deep white matter involvement appears to be a late and possibly premorbid finding. This apparent early grey matter selectivity may be related to viral biology or ribavirin pharmacokinetics. Neuronal loss is evident at MRI, and the rate of progression of MRI abnormalities can predict the outcome of the infection. In both fatal cases, the serial changes in the MRI picture mirrored the clinical course. CONCLUSION: This is the first comprehensive report of serial MRI findings in acute human cerebral HeV infection from two outbreaks. The cortical selectivity appears to be an early finding while deep white matter involvement a late, and possibly premorbid, finding. In both fatal cases, the serial changes in MRI mirrored the clinical course.,��https://www.ncbi.nlm.nih.gov/pubmed/22133593¥��Nakka, P
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Virology/*methods���Jan���Nipah virus (NiV), Paramyxoviridae, Henipavirus, is classified as a biosafety level (BSL) 4 pathogen, along with the closely related Hendra virus (HeV). A novel serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing secreted alkaline phosphatase (SEAP) and pseudotyped with NiV F/G proteins (VSV-NiV-SEAP). A unique characteristic of this novel assay is the ability to obtain neutralization titers by measuring SEAP activity in supernatant using a common ELISA plate reader. This confers a remarkable advantage over the first generation of NiV-pseudotypes expressing green fluorescent protein or luciferase, which require expensive and specific measuring equipment. Using panels of NiV- and HeV-specific sera from various species, the VSV-NiV-SEAP assay demonstrated neutralizing antibody status (positive/negative) consistent with that obtained by conventional live NiV test, and gave higher antibody titers than the latter. Additionally, when screening sixty-six fruit bat sera at one dilution, the VSV-NiV-SEAP assay produced identical results to the live NiV test and only required a very small amount (2mul) of sera. The results suggest that this novel VSV-NiV-SEAP assay is safe, useful for high-throughput screening of sera using an ELISA plate reader, and has high sensitivity and specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/22115786V��Kaku, Yoshihiro
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T-Lymphocytes/immunology���MarÕ��Bats are natural reservoir hosts to a variety of viruses, many of which cause morbidity and mortality in other mammals. Currently there is a paucity of information regarding the nature of the immune response to viral infections in bats, partly due to a lack of appropriate bat specific reagents. IFNgamma plays a key role in controlling viral replication and coordinating a response for long term control of viral infection. Here we describe the cloning and expression of IFNgamma from the Australian flying fox, Pteropus alecto and the generation of mouse monoclonal and chicken egg yolk antibodies specific to bat IFNgamma. Our results demonstrate that P. alecto IFNgamma is conserved with IFNgamma from other species and is induced in bat splenocytes following stimulation with T cell mitogens. P. alecto IFNgamma has antiviral activity on Semliki forest virus in cell lines from P. alecto and the microbat, Tadarida brasiliensis. Additionally recombinant bat IFNgamma was able to mitigate Hendra virus infection in P. alecto cells. These results provide the first evidence for an antiviral role for bat IFNgammain vitro in addition to the application of important immunological reagents for further studies of bat antiviral immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/22093696í��Janardhana, Vijaya
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Thymelaeaceae/*chemistry���Nov 9Ù��BACKGROUND: Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) originates from Papua Island, Indonesia and grows in tropical areas. The different parts of the fruit of P. macrocarpa were evaluated for antioxidant, anti-inflammatory, and cytotoxic activities. METHODS: Phaleria macrocarpa fruit were divided into pericarp, mesocarp and seed. All parts of the fruit were reflux extracted with methanol. The antioxidant activity of the extracts were characterized in various in vitro model systems such as FTC, TBA, DPPH radical, reducing power and NO radical. Anti-inflammatory assays were done by using NO production by macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma and cytotoxic activities were determined by using several cancer cell lines and one normal cell line RESULTS: The results showed that different parts (pericarp, mesocarp, and seed) of Phaleria macrocarpa fruit contain various amount of total phenolic (59.2 +/- 0.04, 60.5 +/- 0.17, 47.7 +/- 1.04 mg gallic acid equivalent/g DW) and flavonoid compounds (161.3 +/- 1.58, 131.7 +/- 1.66, 35.9 +/- 2.47 mg rutin equivalent/g DW). Pericarp and mesocarp showed high antioxidant activities by using DPPH (71.97%, 62.41%), ferric reducing antioxidant power (92.35%, 78.78%) and NO scavenging activity (65.68%, 53.45%). Ferric thiocyanate and thiobarbituric acid tests showed appreciable antioxidant activity in the percentage hydroperoxides inhibitory activity from pericarp and mesocarp in the last day of the assay. Similarly, the pericarp and mesocarp inhibited inducible nitric oxide synthesis with values of 63.4 +/- 1.4% and 69.5 +/- 1.4% in macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma indicating their notable anti-inflammatory potential. Cytotoxic activities against HT-29, MCF-7, HeLa and Chang cell lines were observed in all parts. CONCLUSIONS: These results indicated the possible application of P. macrocarpa fruit as a source of bioactive compounds, potent as an antioxidant, anti inflammatory and cytotoxic agents.,��https://www.ncbi.nlm.nih.gov/pubmed/22070850·��Hendra, Rudi
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Pregnancy���Nov¶��Bats of the genus Pteropus have been identified as the reservoir hosts for the henipaviruses Hendra virus (HeV) and Nipah virus (NiV). The aim of these studies was to assess likely mechanisms for henipaviruses transmission from bats. In a series of experiments, Pteropus bats from Malaysia and Australia were inoculated with NiV and HeV, respectively, by natural routes of infection. Despite an intensive sampling strategy, no NiV was recovered from the Malaysian bats and HeV was reisolated from only one Australian bat; no disease was seen. These experiments suggest that opportunities for henipavirus transmission may be limited; therefore, the probability of a spillover event is low. For spillover to occur, a range of conditions and events must coincide. An alternate assessment framework is required if we are to fully understand how this reservoir host maintains and transmits not only these but all viruses with which it has been associated.,��https://www.ncbi.nlm.nih.gov/pubmed/22049055f��Halpin, Kim
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Vancomycin/*analysis/blood/*therapeutic use���May-JunÙ��BACKGROUND: For the treatment of peritoneal dialysis-associated peritonitis (PDP), it has been suggested that serum concentrations of vancomycin be kept above 12 mg/L-15 mg/L. However, studies correlating vancomycin concentrations in serum and peritoneal dialysate effluent (PDE) during active infection are sparse. We undertook the present study to investigate this issue and to determine whether achieving the recommended serum level of vancomycin results in therapeutic levels intraperitoneally. METHODS: We studied patients treated with intraperitoneal (i.p.) vancomycin for non-gram-negative PDP. We gave a single dose (approximately 30 mg/kg) at presentation, and we subsequently measured vancomycin levels in PDE on day 5; we wanted to determine if efflux of vancomycin from serum to PDE during a 4-hour dwell was consistent and resulted in therapeutic levels. RESULTS: Of the 48 episodes of PDP studied, serum vancomycin concentrations exceeding 12 mg/L were achieved in 98% of patients, but in 11 patients (23%), a PDE vancomycin level below 4 mg/L--the minimal inhibitory concentration (MIC) of many gram-positive organisms--was observed at the end of a 4-hour dwell on day 5. The correlation between the concentrations of vancomycin in serum and PDE (from efflux of antibiotic over 4 hours) was statistically significant, but poor (R(2) = 0.18). CONCLUSIONS: Our data support the International Society for Peritoneal Dialysis statement that adequate serum vancomycin concentrations can be achieved with intermittent dosing (single dose every 5 days), but cannot guarantee therapeutic PDE levels in the treatment of PDP. Intermittent dosing of vancomycin may not consistently result in PDE concentrations markedly greater than MIC of many important pathogens. Although the clinical significance of this finding remains to be determined, it may be preferable to give smaller but more frequent doses of PDE vancomycin (continuous dosing) for adults with PDP (as is currently recommended for children).,��https://www.ncbi.nlm.nih.gov/pubmed/22045102»��Fish, Richard
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West Nile Fever/diagnosis���Nov~��Viral infections of the central nervous system in the tropical countries of Asia and the Indian subcontinent are different from those of the Western and developed world. Many of the endemic and epidemic encephalitides that are prevalent in these regions, such as Japanese encephalitis, have characteristic findings on imaging, especially on magnetic resonance imaging, allowing a rapid diagnosis and differentiation from clinically similar syndromes. Other emerging viral infections in the region in recent years have posed new challenges. The contribution of neuroimaging to the management of these emerging infections is also discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22032499���Handique, Sanjeev Kumar
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Swine���Janz��The C-terminal domain of Nipah virus (NiV) nucleocapsid protein (NP(4)(0)(1)(-)(5)(3)(2)) was inserted at the N-terminus and the immunodominant loop of hepatitis B core antigen (HBc). The stability of NP(4)(0)(1)(-)(5)(3)(2) increased tremendously when displayed on the HBc particles. These particles reacted specifically with the swine anti-NiV and the human anti-HBc antisera.,��https://www.ncbi.nlm.nih.gov/pubmed/22024533â��Yap, Wei Boon
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Humans���Oct 19���Hendra virus (HeV) is a recently emerged zoonotic paramyxovirus that can cause a severe and often fatal disease in horses and humans. HeV is categorized as a biosafety level 4 agent, which has made the development of animal models and testing of potential therapeutics and vaccines challenging. Infection of African green monkeys (AGMs) with HeV was recently demonstrated, and disease mirrored fatal HeV infection in humans, manifesting as a multisystemic vasculitis with widespread virus replication in vascular tissues and severe pathologic manifestations in the lung, spleen, and brain. Here, we demonstrate that m102.4, a potent HeV-neutralizing human monoclonal antibody (hmAb), can protect AGMs from disease after infection with HeV. Fourteen AGMs were challenged intratracheally with a lethal dose of HeV, and 12 subjects were infused twice with a 100-mg dose of m102.4 beginning at either 10, 24, or 72 hours after infection and again about 48 hours later. The presence of viral RNA, infectious virus, and HeV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease on day 8 after infection. Animals in the 72-hour treatment group exhibited neurological signs of disease, but all animals started to recover by day 16 after infection. These results represent successful post-exposure in vivo efficacy by an investigational drug against HeV and highlight the potential impact a hmAb can have on human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/22013123z��Bossart, Katharine N
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Retrospective Studies���The unplanned transfer of patients from long-term acute care hospitals (LTACHs) back to acute facilities disrupts the continuity of care, delays recovery and increases the cost of care. This study was performed to better understand the unplanned transfer of patients with pulmonary disease. A retrospective analysis of data obtained for quality management in a cohort of patients admitted to an LTACH system over a 3-year period. Of the 3506 patients admitted with a pulmonary diagnosis studied, 414 (12%) underwent 526 unplanned transfers back to an acute facility after a median LTACH length of stay (LOS) of 45 days. Mechanical ventilation via tracheostomy was used in 259 (63%) patients admitted to the LTACH with a pulmonary diagnosis. The commonest reasons for unplanned transfers included acute respiratory failure, cardiac decompensation, gastrointestinal bleed and possible sepsis. Over 50% of patients had LOS at the LTACH between 4 and 30 days prior to the unplanned transfer. Patients with an LOS <3 days prior to transfer were more likely to be transferred around the weekend. In all, 32% of patients died within a median of 7 days of transfer back to the acute facility. Thirty-day mortality following unplanned transfer appeared independent of organ system involved, attending physician specialty/coverage status, nursing shift or transferring LTACH unit. Unplanned transfers disrupting continuity of care remain a significant problem in patients admitted to an LTACH with a pulmonary diagnosis and are associated with significant mortality. Strategies designed to reduce cardiopulmonary decompensation, gastrointestinal bleeding and possible sepsis in the LTACH along with additional strategies implemented throughout the health care continuum will be needed to reduce this problem.,��https://www.ncbi.nlm.nih.gov/pubmed/21990569���White, Alexander C
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Hendra Virus/classification/*genetics,��Hendra virus (HeV) causes a zoonotic disease with high mortality that is transmitted to humans from bats of the genus Pteropus (flying foxes) via an intermediary equine host. Factors promoting spillover from bats to horses are uncertain at this time, but plausibly encompass host and/or agent and/or environmental factors. There is a lack of HeV sequence information derived from the natural bat host, as previously sequences have only been obtained from horses or humans following spillover events. In order to obtain an insight into possible variants of HeV circulating in flying foxes, collection of urine was undertaken in multiple flying fox roosts in Queensland, Australia. HeV was found to be geographically widespread in flying foxes with a number of HeV variants circulating at the one time at multiple locations, while at times the same variant was found circulating at disparate locations. Sequence diversity within variants allowed differentiation on the basis of nucleotide changes, and hypervariable regions in the genome were identified that could be used to differentiate circulating variants. Further, during the study, HeV was isolated from the urine of flying foxes on four occasions from three different locations. The data indicates that spillover events do not correlate with particular HeV isolates, suggesting that host and/or environmental factors are the primary determinants of bat-horse spillover. Thus future spillover events are likely to occur, and there is an on-going need for effective risk management strategies for both human and animal health.,��https://www.ncbi.nlm.nih.gov/pubmed/21980413L��Smith, Ina
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*Virus Internalization���Dec§��During paramyxovirus entry into a host cell, receptor engagement by a specialized binding protein triggers conformational changes in the adjacent fusion protein (F), leading to fusion between the viral and cell membranes. According to the existing paradigm of paramyxovirus membrane fusion, the initial activation of F by the receptor binding protein sets off a spring-loaded mechanism whereby the F protein progresses independently through the subsequent steps in the fusion process, ending in membrane merger. For human parainfluenza virus type 3 (HPIV3), the receptor binding protein (hemagglutinin-neuraminidase [HN]) has three functions: receptor binding, receptor cleaving, and activating F. We report that continuous receptor engagement by HN activates F to advance through the series of structural rearrangements required for fusion. In contrast to the prevailing model, the role of HN-receptor engagement in the fusion process is required beyond an initiating step, i.e., it is still required even after the insertion of the fusion peptide into the target cell membrane, enabling F to mediate membrane merger. We also report that for Nipah virus, whose receptor binding protein has no receptor-cleaving activity, the continuous stimulation of the F protein by a receptor-engaged binding protein is key for fusion. We suggest a general model for paramyxovirus fusion activation in which receptor engagement plays an active role in F activation, and the continued engagement of the receptor binding protein is essential to F protein function until the onset of membrane merger. This model has broad implications for the mechanism of paramyxovirus fusion and for strategies to prevent viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/21976650P��Porotto, Matteo
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Sus scrofa{��Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), have Pteropid bats as their known natural reservoirs. Antibodies against henipaviruses have been found in Eidolon helvum, an old world fruit bat species, and henipavirus-like nucleic acid has been detected in faecal samples from E. helvum in Ghana. The initial outbreak of NiV in Malaysia led to over 265 human encephalitis cases, including 105 deaths, with infected pigs acting as amplifier hosts for NiV during the outbreak. We detected non-neutralizing antibodies against viruses of the genus Henipavirus in approximately 5% of pig sera (N = 97) tested in Ghana, but not in a small sample of other domestic species sampled under a E. helvum roost. Although we did not detect neutralizing antibody, our results suggest prior exposure of the Ghana pig population to henipavirus(es). Because a wide diversity of henipavirus-like nucleic acid sequences have been found in Ghanaian E. helvum, we hypothesise that these pigs might have been infected by henipavirus(es) sufficiently divergent enough from HeVor NiV to produce cross-reactive, but not cross-neutralizing antibodies to HeV or NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/21966471å��Hayman, David T S
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Virus Replication���Dec���The emergence of Hendra and Nipah viruses in the 1990s has been followed by the further emergence of these viruses in the tropical Old World. The history and current knowledge of the disease, the viruses and their epidemiology is reviewed in this article. A historical aside summarizes the role that Dr. Brian W.J. Mahy played at critical junctures in the early stories of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21963678³��Ksiazek, Thomas G
Rota, Paul A
Rollin, Pierre E
eng
Review
Netherlands
2011/10/04 06:00
Virus Res. 2011 Dec;162(1-2):173-83. doi: 10.1016/j.virusres.2011.09.026. Epub 2011 Sep 22.*��1872-7492 (Electronic)
0168-1702 (Linking)���21963678¢��Galveston National Laboratory, Department of Pathology, University of Texas Medical Branch, 301 University Blvd., Galveston, TX 77555-0610, USA. tgksiaze@utmb.edu���10.1016/j.virusres.2011.09.026��÷��üÒ|ÿî?b���
��Turner, A.���2011=��Endemic disease control and regulation in Australia 1901-2010���413-21
��Aust Vet J���89���10*��Animals
Australia/epidemiology
Cattle
Cattle Diseases/epidemiology/*history/prevention & control
Communicable Disease Control/*history/methods
Communicable Diseases/epidemiology/history/*veterinary
Endemic Diseases/history/prevention & control/veterinary
History, 20th Century
History, 21st Century���Octó��At Federation in 1901, Australia retained separate State veterinary services responsible for the control of endemic animal diseases. By 2010 the Commonwealth, State and Territory Governments and the livestock industries had coordinated a structure with supporting activities and shared finances that provides Australia's veterinary services and its livestock industries with preparedness and control programs for nominated exotic and endemic animal diseases. Animal Health Australia operates as the coordinating body for these programs. Since 1901, contagious bovine pleuropneumonia, bovine brucellosis and bovine tuberculosis have been eradicated, providing considerable industry benefits. While the entry of exotic diseases has been restricted, tick fevers, tick infestation, bluetongue infection, avirulent and velogenic Newcastle disease, Hendra virus, lyssavirus infection and Menagle virus infection have arisen from either hosts within Australia or from insect incursion from neighbouring countries. The control of endemic livestock diseases has been accompanied by the development of veterinary laboratory services by the Commonwealth, State and Territory Governments. The Australian Animal Health Laboratory operating since 1985 in Geelong has ensured Australia remains at the forefront of technological advances in veterinary diagnostic techniques. From the 1970s animal welfare has become an important component of national initiatives that remain focussed on satisfying community and international expectations.,��https://www.ncbi.nlm.nih.gov/pubmed/21933170���Turner, Aj
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Young Adult���Jan���INTRODUCTION: We investigated a cluster of patients with encephalitis in the Manikgonj and Rajbari Districts of Bangladesh in February 2008 to determine the etiology and risk factors for disease. METHODS: We classified persons as confirmed Nipah cases by the presence of immunoglobulin M antibodies against Nipah virus (NiV), or by the presence of NiV RNA or by isolation of NiV from cerebrospinal fluid or throat swabs who had onset of symptoms between February 6 and March 10, 2008. We classified persons as probable cases if they reported fever with convulsions or altered mental status, who resided in the outbreak areas during that period, and who died before serum samples were collected. For the case-control study, we compared both confirmed and probable Nipah case-patients to controls, who were free from illness during the reference period. We used motion-sensor-infrared cameras to observe bat's contact of date palm sap. RESULTS: We identified four confirmed and six probable case-patients, nine (90%) of whom died. The median age of the cases was 10 years; eight were males. The outbreak occurred simultaneously in two communities that were 44 km apart and separated by a river. Drinking raw date palm sap 2-12 days before illness onset was the only risk factor most strongly associated with the illness (adjusted odds ratio 25, 95% confidence intervals 3.3-infinity, p<0.001). Case-patients reported no history of physical contact with bats, though community members often reported seeing bats. Infrared camera photographs showed that Pteropus bats frequently visited date palm trees in those communities where sap was collected for human consumption. CONCLUSION: This is the second Nipah outbreak in Bangladesh where date palm sap has been implicated as the vehicle of transmission. Fresh date palm sap should not be drunk, unless effective steps have been taken to prevent bat access to the sap during collection.,��https://www.ncbi.nlm.nih.gov/pubmed/21923274|��Rahman, Muhammad Aziz
Hossain, Mohammad Jahangir
Sultana, Sharmin
Homaira, Nusrat
Khan, Salah Uddin
Rahman, Mahmudur
Gurley, Emily S
Rollin, Pierre E
Lo, Michael K
Comer, James A
Lowe, Luis
Rota, Paul A
Ksiazek, Thomas G
Kenah, Eben
Sharker, Yushuf
Luby, Stephen P
eng
2011/09/20 06:00
Vector Borne Zoonotic Dis. 2012 Jan;12(1):65-72. doi: 10.1089/vbz.2011.0656. Epub 2011 Sep 16.*��1557-7759 (Electronic)
1530-3667 (Linking)���21923274p��International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh. aziz.rahman@adelaide.edu.au���10.1089/vbz.2011.0656�
î��þÒtÿî?d���Y��Wibawa, H.
Henning, J.
Wong, F.
Selleck, P.
Junaidi, A.
Bingham, J.
Daniels, P.
Meers, J.���2011¡��A molecular and antigenic survey of H5N1 highly pathogenic avian influenza virus isolates from smallholder duck farms in Central Java, Indonesia during 2007-2008���425���Virol J���8ö��Animals
Antigens, Viral/*genetics/immunology
Chickens/immunology/*virology
DNA Fingerprinting
Disease Reservoirs/veterinary/virology
Ducks/immunology/*virology
Genetic Variation/immunology
Hemagglutinin Glycoproteins, Influenza Virus/chemistry/genetics
Indonesia
*Influenza A Virus, H5N1 Subtype/classification/genetics/isolation &
purification/pathogenicity
Influenza in Birds/epidemiology/genetics/immunology/*virology
Neuraminidase/chemistry/genetics
Phenotype
Phylogeny
Poultry/immunology/*virology���Sep 7è��BACKGROUND: Indonesia is one of the countries most severely affected by H5N1 highly pathogenic avian influenza (HPAI) virus in terms of poultry and human health. However, there is little information on the diversity of H5N1 viruses circulating in backyard farms, where chickens and ducks often intermingle. In this study, H5N1 virus infection occurring in 96 smallholder duck farms in central Java, Indonesia from 2007-2008 was investigated and the molecular and antigenic characteristics of H5N1 viruses isolated from these farms were analysed. RESULTS: All 84 characterised viruses belonged to H5N1 clade 2.1 with three virus sublineages being identified: clade 2.1.1 (1), clade 2.1.3 (80), and IDN/6/05-like viruses (3) that did not belong to any of the present clades. All three clades were found in ducks, while only clade 2.1.3 was isolated from chickens. There were no significant amino acid mutations of the hemagglutinin (HA) and neuraminidase (NA) sites of the viruses, including the receptor binding, glycosylation, antigenic and catalytic sites and NA inhibitor targets. All the viruses had polybasic amino acids at the HA cleavage site. No evidence of major antigenic variants was detected. Based on the HA gene, identical virus variants could be found on different farms across the study sites and multiple genetic variants could be isolated from HPAI outbreaks simultaneously or at different time points from single farms. HPAI virus was isolated from both ducks and chickens; however, the proportion of surviving duck cases was considerably higher than in chickens. CONCLUSIONS: The 2.1.3 clade was the most common lineage found in this study. All the viruses had sequence characteristic of HPAI, but negligible variations in other recognized amino acids at the HA and NA proteins which determine virus phenotypes. Multiple genetic variants appeared to be circulating simultaneously within poultry communities. The high proportion of live duck cases compared to chickens over the study period suggests that ducks are more likely to survive infection and they may better suit the role of long-term maintenance host for H5N1. As some viruses were isolated from dead birds, there was no clear correlation between genetic variations and pathogenicity of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21896207é��Wibawa, Hendra
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Viral Proteins/metabolismñ��Bats are natural reservoirs for a spectrum of infectious zoonotic diseases including the recently emerged henipaviruses (Hendra and Nipah viruses). Henipaviruses have been observed both naturally and experimentally to cause serious and often fatal disease in many different mammal species, including humans. Interestingly, infection of the flying fox with henipaviruses occurs in the absence of clinical disease. The extreme variation in the disease pattern between humans and bats has led to an investigation into the effects of henipavirus infection on the innate immune response in bat cell lines. We report that henipavirus infection does not result in the induction of interferon expression, and the viruses also inhibit interferon signaling. We also confirm that the interferon production and signaling block in bat cells is not due to differing viral protein expression levels between human and bat hosts. This information, in addition to the known lack of clinical signs in bats following henipavirus infection, suggests that bats control henipavirus infection by an as yet unidentified mechanism, not via the interferon response. This is the first report of henipavirus infection in bat cells specifically investigating aspects of the innate immune system.,��https://www.ncbi.nlm.nih.gov/pubmed/21811620Ä��Virtue, Elena R
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Viral Proteins/*chemistry/metabolism���Janå��This review focuses on the experimental data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely Nipah (NiV), Hendra (HeV) and measles (MeV) viruses. We provide a detailed description of the molecular mechanisms governing the disorder-to-order transition of the intrinsically disordered C-terminal domains (N(TAIL)) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within N(TAIL)-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder are discussed in light of the ability of disordered regions to establish a complex molecular partnership, thereby leading to a variety of biological effects. Taking into account the promiscuity that typifies disordered regions, we propose that the main functional advantage of the abundance of disorder within viruses would reside in pleiotropy and genetic compaction, where a single gene would encode a single (regulatory) protein product able to establish multiple interactions via its disordered regions, and hence to exert multiple concomitant biological effects.,��https://www.ncbi.nlm.nih.gov/pubmed/21805002ö��Habchi, Johnny
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Zoonoses/transmission���Jul¢��Hendra virus infection is an emerging infectious disease that is not well understood. Most cases of Hendra virus infection have occurred in Queensland, with one case in a horse in NSW. Hendra virus infection has a high mortality rate in horses and humans and as cases could occur anywhere in Australia it is important to be ready for prompt action should an outbreak occur in NSW. This paper: reviews the current knowledge on Hendra virus infection including methods for preventing the disease; explains the animal health and human health response for an outbreak within NSW; and discusses possible future avenues for post-exposure prophylaxis and prevention by vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/21781619Æ��Hess, Isabel M R
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Zoonoses/epidemiology/transmission/*virology���Julª��From the emergence of Hendra virus and Menangle virus in Australia to the global pandemics of severe acute respiratory syndrome and influenza viruses (both H5N1 and H1N1), there has been a surge of zoonotic virus outbreaks in the last two decades. Although the drivers for virus emergence remain poorly understood, the rate of discovery of new viruses is accelerating. This is due to a combination of true emergence of new pathogens and the advance of new technologies making rapid detection and characterisation possible. While molecular approaches will continue to lead the way in virus discovery, other technological platforms are required to increase the chance of success. The lessons learnt in the last 20 years confirm that the One Health approach, involving inclusive collaborations between physicians, veterinarians and other health and environmental professionals, will be the key to combating future zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21781618���Wang, Lin-Fa
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Zoonoses/*epidemiology/virology���Jul���Human encephalitis in Australia causes substantial mortality and morbidity, with frequent severe neurological sequelae and long-term cognitive impairment. This review discusses a number of highly pathogenic zoonotic viruses which have recently emerged in Australia, including Hendra virus and Australian bat lyssavirus which present with an encephalitic syndrome in humans. Encephalitis surveillance currently focuses on animals at sentinel sites and animal disease or definitive diagnosis of notifiable conditions that may present with encephalitis. This is inadequate for detecting newly emerged viral encephalatides. Hospital-based sentinel surveillance may aid in identifying increases in known pathogens or emergence of new pathogens that require a prompt public health response.,��https://www.ncbi.nlm.nih.gov/pubmed/21781616´��Paterson, Beverley J
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antimicrobial activity
flavonoidÿ��Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) is commonly known as 'Crown of God', 'Mahkota Dewa', and 'Pau'. It originates from Papua Island, Indonesia and it grows in tropical areas. Empirically, it is potent in treating the hypertensive, diabetic, cancer and diuretic patients. It has a long history of ethnopharmacological usage, and the lack of information about its biological activities led us to investigate the possible biological activities by characterisation of flavonoids and antimicrobial activity of various part of P. macrocarpa against pathogenic bacteria and fungi. The results showed that kaempferol, myricetin, naringin, and rutin were the major flavonoids present in the pericarp while naringin and quercetin were found in the mesocarp and seed. Furthermore, the antibacterial activity of different parts of P. macrocarpa fruit showed a weak ability to moderate antibacterial activity against pathogenic tested bacteria (inhibition range: 0.93-2.17 cm) at concentration of 0.3 mg/disc. The anti fungi activity was only found in seed extract against Aspergillus niger (1.87 cm) at concentration of 0.3 mg/well. From the results obtained, P. macrocarpa fruit could be considered as a natural antimicrobial source due to the presence of flavonoid compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/21747685¾��Hendra, Rudi
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Socioeconomic Factors���SepC��OBJECTIVES: Cytochrome P450 2B6 (CYP2B6) is responsible for the metabolic clearance of efavirenz and single nucleotide polymorphisms (SNPs) in the CYP2B6 gene are associated with efavirenz pharmacokinetics. Since the constitutive androstane receptor (CAR) and the pregnane X receptor (PXR) correlate with CYP2B6 in liver, and a CAR polymorphism (rs2307424) and smoking correlate with efavirenz plasma concentrations, we investigated their association with early (<3 months) discontinuation of efavirenz therapy. METHODS: Three hundred and seventy-three patients initiating therapy with an efavirenz-based regimen were included (278 white patients and 95 black patients; 293 male). DNA was extracted from whole blood and genotyping for CYP2B6 (516G --> T, rs3745274), CAR (540C --> T, rs2307424) and PXR (44477T --> C, rs1523130; 63396C --> T, rs2472677; and 69789A --> G, rs763645) was conducted. Binary logistic regression using the backwards method was employed to assess the influence of SNPs and demographics on early discontinuation. RESULTS: Of the 373 patients, 131 withdrew from therapy within the first 3 months. Black ethnicity [odds ratio (OR) = 0.27; P = 0.0001], CYP2B6 516TT (OR = 2.81; P = 0.006), CAR rs2307424 CC (OR = 1.92; P = 0.007) and smoking status (OR = 0.45; P = 0.002) were associated with discontinuation within 3 months. CONCLUSIONS: These data indicate that genetic variability in CYP2B6 and CAR contributes to early treatment discontinuation for efavirenz-based antiretroviral regimens. Further studies are now required to define the clinical utility of these associations.,��https://www.ncbi.nlm.nih.gov/pubmed/21715435a��Wyen, Christoph
Hendra, Heidy
Siccardi, Marco
Platten, Martin
Jaeger, Hans
Harrer, Thomas
Esser, Stefan
Bogner, Johannes R
Brockmeyer, Norbert H
Bieniek, Bernhard
Rockstroh, Juergen
Hoffmann, Christian
Stoehr, Albrecht
Michalik, Claudia
Dlugay, Verena
Jetter, Alexander
Knechten, Heribert
Klinker, Hartwig
Skaletz-Rorowski, Adriane
Fatkenheuer, Gerd
Egan, Deirdre
Back, David J
Owen, Andrew
eng
G0800247/Medical Research Council/United Kingdom
Multicenter Study
Research Support, Non-U.S. Gov't
England
2011/07/01 06:00
J Antimicrob Chemother. 2011 Sep;66(9):2092-8. doi: 10.1093/jac/dkr272. Epub 2011 Jun 29.*��1460-2091 (Electronic)
0305-7453 (Linking)���21715435I��Department of Internal Medicine, University of Cologne, Cologne, Germany.���10.1093/jac/dkr272��$��üÒtÿî?n������Pallister, J.
Middleton, D.
Wang, L. F.
Klein, R.
Haining, J.
Robinson, R.
Yamada, M.
White, J.
Payne, J.
Feng, Y. R.
Chan, Y. P.
Broder, C. C.���2011s��A recombinant Hendra virus G glycoprotein-based subunit vaccine protects ferrets from lethal Hendra virus challenge���5623-30���Vaccine���29���34_��Animals
Antibodies, Viral/immunology
Ferrets/immunology/virology
Glycoproteins/immunology
Hendra Virus/*immunology
Henipavirus Infections/immunology/prevention & control
Recombinant Proteins/immunology
Vaccines, Subunit/*immunology
Vaccines, Synthetic/immunology
Viral Envelope Proteins/*immunology
Viral Vaccines/*immunology
Virus Shedding/immunology���Aug 5h��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are two deadly zoonotic viruses for which no vaccines or therapeutics have yet been approved for human or livestock use. In 14 outbreaks since 1994 HeV has been responsible for multiple fatalities in horses and humans, with all known human infections resulting from close contact with infected horses. A vaccine that prevents virus shedding in infected horses could interrupt the chain of transmission to humans and therefore prevent HeV disease in both. Here we characterise HeV infection in a ferret model and show that it closely mirrors the disease seen in humans and horses with induction of systemic vasculitis, including involvement of the pulmonary and central nervous systems. This model of HeV infection in the ferret was used to assess the immunogenicity and protective efficacy of a subunit vaccine based on a recombinant soluble version of the HeV attachment glycoprotein G (HeVsG), adjuvanted with CpG. We report that ferrets vaccinated with a 100 mug, 20 mug or 4 mug dose of HeVsG remained free of clinical signs of HeV infection following a challenge with 5000 TCID(5)(0) of HeV. In addition, and of considerable importance, no evidence of virus or viral genome was detected in any tissues or body fluids in any ferret in the 100 and 20 mug groups, while genome was detected in the nasal washes only of one animal in the 4 mug group. Together, our findings indicate that 100 mug or 20 mug doses of HeVsG vaccine can completely prevent a productive HeV infection in the ferret, suggesting that vaccination to prevent the infection and shedding of HeV is possible.,��https://www.ncbi.nlm.nih.gov/pubmed/21689706ï��Pallister, Jackie
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Trust���Jun 13�	�BACKGROUND: Post-mortem needle biopsies have been used in resource-poor settings to determine cause of death and there is interest in using them in Bangladesh. However, we did not know how families and communities would perceive this procedure or how they would decide whether or not to consent to a post-mortem needle biopsy. The goal of this study was to better understand family and community concerns and decision-making about post-mortem needle biopsies in this low-income, predominantly Muslim country in order to design an informed consent process. METHODS: We conducted 16 group discussions with family members of persons who died during an outbreak of Nipah virus illness during 2004-2008 and 11 key informant interviews with their community and religious leaders. Qualitative researchers first described the post-mortem needle biopsy procedure and asked participants whether they would have agreed to this procedure during the outbreak. Researchers probed participants about the circumstances under which the procedure would be acceptable, if any, their concerns about the procedure, and how they would decide whether or not to consent to the procedure. RESULTS: Overall, most participants agreed that post-mortem needle biopsies would be acceptable in some situations, particularly if they benefitted society. This procedure was deemed more acceptable than full autopsy because it would not require major delays in burial or remove organs, and did not require cutting or stitching of the body. It could be performed before the ritual bathing of the body in either the community or hospital setting. However, before consent would be granted for such a procedure, the research team must gain the trust of the family and community which could be difficult. Although consent may only be provided by the guardians of the body, decisions about consent for the procedure would involve extended family and community and religious leaders. CONCLUSIONS: The possible acceptability of this procedure during outbreaks represents an important opportunity to better characterize cause of death in Bangladesh which could lead to improved public health interventions to prevent these deaths. Obstacles for research teams will include engaging all major stakeholders in decision-making and quickly building a trusting relationship with the family and community, which will be difficult given the short window of time prior to the ritual bathing of the body.,��https://www.ncbi.nlm.nih.gov/pubmed/21668979J��Gurley, Emily S
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Viral Envelope Proteins/*metabolism���Aug���We have previously described heterotypic peptides from parainfluenza virus that potently inhibit Nipah virus in vitro but are not efficacious in vivo. In contrast, our second-generation inhibitors, featuring a cholesterol moiety, are also efficacious in vivo. The difference between in vitro and in vivo results led us to investigate the basis for this discrepancy. Here, we compare the activities of the compounds in standard laboratory cells and in cells relevant to the natural tropism of Nipah virus, i.e., primary neurons, and show that while our first-generation inhibitors are poorly active in primary neurons, the cholesterol-conjugated compounds are highly potent. These results highlight the advantage of evaluating antiviral potency in cells relevant to natural host target tissue.,��https://www.ncbi.nlm.nih.gov/pubmed/21653662¯��Talekar, Aparna
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Zoonoses/*epidemiology/transmission/virology���Jan 7£��Emerging zoonoses threaten global health, yet the processes by which they emerge are complex and poorly understood. Nipah virus (NiV) is an important threat owing to its broad host and geographical range, high case fatality, potential for human-to-human transmission and lack of effective prevention or therapies. Here, we investigate the origin of the first identified outbreak of NiV encephalitis in Malaysia and Singapore. We analyse data on livestock production from the index site (a commercial pig farm in Malaysia) prior to and during the outbreak, on Malaysian agricultural production, and from surveys of NiV's wildlife reservoir (flying foxes). Our analyses suggest that repeated introduction of NiV from wildlife changed infection dynamics in pigs. Initial viral introduction produced an explosive epizootic that drove itself to extinction but primed the population for enzootic persistence upon reintroduction of the virus. The resultant within-farm persistence permitted regional spread and increased the number of human infections. This study refutes an earlier hypothesis that anomalous El Nino Southern Oscillation-related climatic conditions drove emergence and suggests that priming for persistence drove the emergence of a novel zoonotic pathogen. Thus, we provide empirical evidence for a causative mechanism previously proposed as a precursor to widespread infection with H5N1 avian influenza and other emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/21632614Ð��Pulliam, Juliet R C
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*Virus Internalization���Sepí��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses classified in the genus Henipavirus of the family Paramyxoviridae. The entry of henipaviruses occurs through a pH-independent membrane-fusion mechanism mediated by the cooperation of the viral attachment (G) and fusion (F) envelope glycoproteins following virion binding to susceptible host cells. Virus attachment is mediated by the interaction of the G glycoprotein with ephrin-B2 or ephrin-B3, which were identified as the functional receptors of henipavirus. Several residues of the G glycoprotein that are important for receptor binding have been determined through mutagenesis and structural analyses; however, similar approaches have not been carried out for the viral receptor ephrin-B2. Here, an alanine-scanning mutagenesis analysis was performed to identify residues of ephrin-B2 which are critical for NiV binding and entry by using an NiV-F- and -G-glycoprotein pseudotyped lentivirus assay. Results indicated that the G-H loop of ephrin-B2 was indeed critical for the interaction between ephrin-B2 and NiV-G. Unexpectedly, however, some alanine-substitution mutants located in the G-H loop enhanced the infectivity of the NiV pseudotypes, in particular an L124A mutation enhanced entry >30-fold. Further analysis of the L124A ephrin-B2 mutant demonstrated that an increased binding affinity of the mutant receptor with NiV-G was responsible for the enhanced infectivity of both pseudovirus and infectious virus. In addition, cell lines that were stably expressing the L124A mutant receptor were able to support NiV infection more efficiently than the wild-type molecule, potentially providing a new target-cell platform for viral isolation or virus-entry inhibitor screening and discovery.,��https://www.ncbi.nlm.nih.gov/pubmed/21632558í��Yuan, Junfa
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*Virus Replication���Sep���Many viruses use their host's cellular machinery to regulate the functions of viral proteins. The phosphorylation of viral proteins is known to play a role in genome transcription and replication in paramyxoviruses. The paramyxovirus nucleoprotein (N), the most abundant protein in infected cells, is a component of the N-RNA complex and supports the transcription and replication of virus mRNA and genomic RNA. Recently, we reported that the phosphorylation of measles virus N is involved in the regulation of viral RNA synthesis. In this study, we report a rapid turnover of phosphorylation in the Nipah virus N (NiV-N). The phosphorylated NiV-N was hardly detectable in steady-state cells, but was detected after inhibition of cellular protein phosphatases. We identified a phosphorylated serine residue at Ser451 of NiV-N by peptide mass fingerprinting by electrospray ionization-quadrupole time-of-flight mass spectrometry. In the NiV minigenome assay, using luciferase as a reporter gene, the substitution of Ser451 for alanine in NiV-N resulted in a reduction in luciferase activity of approximately 45 % compared with the wild-type protein. Furthermore, the substitution of Ser451 for glutamic acid, which mimics a phosphoserine, led to a more significant decrease in luciferase activity - approximately 81 %. Northern blot analysis showed that both virus transcription and replication were reduced by these mutations. These results suggest that a rapid turnover of the phosphorylation of NiV-N plays an important role in virus transcription and replication.,��https://www.ncbi.nlm.nih.gov/pubmed/21613447+��Huang, Mingshu
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Virus Replication���AugÀ��Nipah virus (NiV) and Hendra virus (HeV) are emerging zoonotic viruses and the causative agents of severe respiratory disease and encephalitis in humans. Little is known about the mechanisms that govern the development of respiratory and neurological disease. Using a hamster model of lethal NiV and HeV infection, we describe the role of the route and dose of infection on the clinical outcome and determine virus tropism and host responses following infection. Infection of hamster with a high dose of NiV or HeV resulted in acute respiratory distress. NiV initially replicated in the upper respiratory tract epithelium, whereas HeV initiated infection primarily in the interstitium. In contrast, infection with a low dose of NiV or HeV resulted in the development of neurological signs and more systemic spread of the virus through involvement of the endothelium. The development of neurological signs coincided with disruption of the blood-brain barrier (BBB) and expression of tumor necrosis alpha (TNF-alpha) and interleukin 1 beta (IL-1beta). In addition, interferon-inducible protein 10 (IP-10) was identified as playing an important role in NiV and HeV pathogenesis. These studies reveal novel information on the development and progression of NiV and HeV clinical disease, provide a mechanism for the differences in transmission observed between NiV and HeV outbreaks, and identify specific cytokines and chemokines that serve as important targets for treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/21593160
��Rockx, Barry
Brining, Douglas
Kramer, Joshua
Callison, Julie
Ebihara, Hideki
Mansfield, Keith
Feldmann, Heinz
eng
Intramural NIH HHS/
Research Support, N.I.H., Intramural
2011/05/20 06:00
J Virol. 2011 Aug;85(15):7658-71. doi: 10.1128/JVI.00473-11. Epub 2011 May 18.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3147900���21593160»��Laboratory of Virology, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Hamilton, Montana, USA. barry.rockx@utmb.edu���10.1128/JVI.00473-11�

��üÒtÿî?v������Mathieu, C.
Pohl, C.
Szecsi, J.
Trajkovic-Bodennec, S.
Devergnas, S.
Raoul, H.
Cosset, F. L.
Gerlier, D.
Wild, T. F.
Horvat, B.���2011E��Nipah virus uses leukocytes for efficient dissemination within a host���7863-71���J Virol���85���15ó��Animals
Base Sequence
Cell Line
Cercopithecus aethiops
Cricetinae
DNA Primers
Humans
Leukocytes/*virology
Mesocricetus
Nipah Virus/*physiology
RNA, Viral/biosynthesis
Reverse Transcriptase Polymerase Chain Reaction
Vero Cells
Virus Replication���Aug	��Nipah virus (NiV) is a recently emerged zoonotic paramyxovirus whose natural reservoirs are several species of Pteropus fruit bats. NiV provokes a widespread vasculitis often associated with severe encephalitis, with up to 75% mortality in humans. We have analyzed the pathogenesis of NiV infection, using human leukocyte cultures and the hamster animal model, which closely reproduces human NiV infection. We report that human lymphocytes and monocytes are not permissive for NiV and a low level of virus replication is detected only in dendritic cells. Interestingly, despite the absence of infection, lymphocytes could efficiently bind NiV and transfer infection to endothelial and Vero cells. This lymphocyte-mediated transinfection was inhibited after proteolytic digestion and neutralization by NiV-specific antibodies, suggesting that cells could transfer infectious virus to other permissive cells without the requirement for NiV internalization. In NiV-infected hamsters, leukocytes captured and carried NiV after intraperitoneal infection without themselves being productively infected. Such NiV-loaded mononuclear leukocytes transfer lethal NiV infection into naive animals, demonstrating efficient virus transinfection in vivo. Altogether, these results reveal a remarkable capacity of NiV to hijack leukocytes as vehicles to transinfect host cells and spread the virus throughout the organism. This mode of virus transmission represents a rapid and potent method of NiV dissemination, which may contribute to its high pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/215931452��Mathieu, Cyrille
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Viral Vaccines/*administration & dosage/blood/*genetics/immunology���May 2Æ��Based on their safety profile and ability to induce potent immune responses against infections, subunit vaccines have been used as candidates for a wide variety of pathogens. Since the mammalian cell system is capable of post-translational modification, thus forming properly folded and glycosylated proteins, recombinant proteins expressed in mammalian cells have shown the greatest potential to maintain high antigenicity and immunogenicity. Although no new cases of SARS have been reported since 2004, future outbreaks are a constant threat; therefore, the development of vaccines against SARS-CoV is a prudent preventive step and should be carried out. The RBD of SARS-CoV S protein plays important roles in receptor binding and induction of specific neutralizing antibodies against virus infection. Therefore, in this protocol, we describe novel methods for developing a RBD-based subunit vaccine against SARS. Briefly, the recombinant RBD protein (rRBD) was expressed in culture supernatant of mammalian 293T cells to obtain a correctly folded protein with proper conformation and high immunogenicity. The transfection of the recombinant plasmid encoding RBD to the cells was then performed using a calcium phosphate transfection method with some modifications. Compared with the lipid transfection method, this modified calcium phosphate transfection method is cheaper, easier to handle, and has the potential to reach high efficacy once a transfection complex with suitable size and shape is formed. Finally, a SARS pseudovirus neutralization assay was introduced in the protocol and used to detect the neutralizing activity of sera of mice vaccinated with rRBD protein. This assay is relatively safe, does not involve an infectious SARS-CoV, and can be performed without the requirement of a biosafety-3 laboratory. The protocol described here can also be used to design and study recombinant subunit vaccines against other viruses with class I fusion proteins, for example, HIV, respiratory syncytial virus (RSV), Ebola virus, influenza virus, as well as Nipah and Handra viruses. In addition, the methods for generating a pseudovirus and subsequently establishing a pseudovirus neutralization assay can be applied to all these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21587153÷��Du, Lanying
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Zoonoses/epidemiology/virology���Dec 22P��Anthropogenic environmental change is often implicated in the emergence of new zoonoses from wildlife; however, there is little mechanistic understanding of these causal links. Here, we examine the transmission dynamics of an emerging zoonotic paramyxovirus, Hendra virus (HeV), in its endemic host, Australian Pteropus bats (fruit bats or flying foxes). HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. With models parametrized from field and laboratory data, we explore a set of probable contributory mechanisms that explain the spatial and temporal pattern of HeV emergence; including urban habituation and decreased migration-two widely observed changes in flying fox ecology that result from anthropogenic transformation of bat habitat in Australia. Urban habituation increases the number of flying foxes in contact with human and domestic animal populations, and our models suggest that, in addition, decreased bat migratory behaviour could lead to a decline in population immunity, giving rise to more intense outbreaks after local viral reintroduction. Ten of the 14 known HeV outbreaks occurred near urbanized or sedentary flying fox populations, supporting these predictions. We also demonstrate that by incorporating waning maternal immunity into our models, the peak modelled prevalence coincides with the peak annual spill-over hazard for HeV. These results provide the first detailed mechanistic framework for understanding the sporadic temporal pattern of HeV emergence, and of the urban/peri-urban distribution of HeV outbreaks in horses and people.,��https://www.ncbi.nlm.nih.gov/pubmed/21561971���Plowright, Raina K
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Recurrence���Octø��This study aimed to describe the transmission dynamics, the serological and virus excretion patterns of Nipah virus (NiV) in Pteropus vampyrus bats. Bats in captivity were sampled every 7-21 days over a 1-year period. The data revealed five NiV serological patterns categorized as high and low positives, waning, decreasing and increasing, and negative in these individuals. The findings strongly suggest that NiV circulates in wild bat populations and that antibody could be maintained for long periods. The study also found that pup and juvenile bats from seropositive dams tested seropositive, indicating that maternal antibodies against NiV are transmitted passively, and in this study population may last up to 14 months. NiV was isolated from the urine of one bat, and within a few weeks, two other seronegative bats seroconverted. Based on the temporal cluster of seroconversion, we strongly believe that the NiV isolated was recrudesced and then transmitted horizontally between bats during the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/21524339���Sohayati, A R
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Virus Internalization���Augë��Henipavirus is a new genus of Paramyxoviridae that uses protein-based receptors (ephrinB2 and ephrinB3) for virus entry. Paramyxovirus entry requires the coordinated action of the fusion (F) and attachment viral envelope glycoproteins. Receptor binding to the attachment protein triggers F to undergo a conformational cascade that results in membrane fusion. The accumulation of structural and functional studies on many paramyxoviral fusion and attachment proteins, including the recent elucidation of structures of Nipah virus (NiV) and Hendra virus (HeV) G glycoproteins bound and unbound to cognate ephrinB receptors, indicate that henipavirus entry and fusion could differ mechanistically from paramyxoviruses that use glycan-based receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/21511478j��Lee, Benhur
Ataman, Zeynep Akyol
eng
U01 AI082100/AI/NIAID NIH HHS/
AI060694/AI/NIAID NIH HHS/
R01 AI060694/AI/NIAID NIH HHS/
AI065359/AI/NIAID NIH HHS/
AI082100/AI/NIAID NIH HHS/
AI069317/AI/NIAID NIH HHS/
AI07495/AI/NIAID NIH HHS/
R01 AI069317-04/AI/NIAID NIH HHS/
T32 AI007495/AI/NIAID NIH HHS/
R01 AI069317-05/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
U01 AI070495-04/AI/NIAID NIH HHS/
U01 AI070495/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Review
England
2011/04/23 06:00
Trends Microbiol. 2011 Aug;19(8):389-99. doi: 10.1016/j.tim.2011.03.005. Epub 2011 Apr 20.*��1878-4380 (Electronic)
0966-842X (Linking)
��PMC3264399���21511478{��Department of Microbiology, Immunology and Molecular Genetics, University of California, Los Angeles, USA. bleebhl@ucla.edu���10.1016/j.tim.2011.03.005����l��üÒtÿî?|���7��Walpita, P.
Barr, J.
Sherman, M.
Basler, C. F.
Wang, L.���2011/��Vaccine potential of Nipah virus-like particles���e18437���PLoS One���6���4í��Animals
Antibodies, Viral/immunology
Antibody Specificity/immunology
Gene Expression Profiling
Gene Expression Regulation
Giant Cells/virology
Glycoproteins/metabolism
HEK293 Cells
Humans
Immunity, Innate/genetics
Mice
Mice, Inbred BALB C
Nipah Virus/*immunology/ultrastructure
Plasmids/genetics
Polymerase Chain Reaction
Signal Transduction/genetics
Species Specificity
Transcription, Genetic
Transfection
Viral Proteins/metabolism
Viral Vaccines/*immunology
Virion/*immunology/ultrastructure���Apr 6x��Nipah virus (NiV) was first recognized in 1998 in a zoonotic disease outbreak associated with highly lethal febrile encephalitis in humans and a predominantly respiratory disease in pigs. Periodic deadly outbreaks, documentation of person-to-person transmission, and the potential of this virus as an agent of agroterror reinforce the need for effective means of therapy and prevention. In this report, we describe the vaccine potential of NiV virus-like particles (NiV VLPs) composed of three NiV proteins G, F and M. Co-expression of these proteins under optimized conditions resulted in quantifiable amounts of VLPs with many virus-like/vaccine desirable properties including some not previously described for VLPs of any paramyxovirus: The particles were fusogenic, inducing syncytia formation; PCR array analysis showed NiV VLP-induced activation of innate immune defense pathways; the surface structure of NiV VLPs imaged by cryoelectron microscopy was dense, ordered, and repetitive, and consistent with similarly derived structure of paramyxovirus measles virus. The VLPs were composed of all the three viral proteins as designed, and their intracellular processing also appeared similar to NiV virions. The size, morphology and surface composition of the VLPs were consistent with the parental virus, and importantly, they retained their antigenic potential. Finally, these particles, formulated without adjuvant, were able to induce neutralizing antibody response in Balb/c mice. These findings indicate vaccine potential of these particles and will be the basis for undertaking future protective efficacy studies in animal models of NiV disease.,��https://www.ncbi.nlm.nih.gov/pubmed/21494680���Walpita, Pramila
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*Nipah Virus���Jun³��The Paramyxoviridae family comprises of several genera that contain emerging or re-emerging threats for human and animal health with no real specific effective treatment available. Hendra and Nipah virus are members of a newly identified genus of emerging paramyxoviruses, Henipavirus. Since their discovery in the 1990s, henipaviruses outbreaks have been associated with high economic and public health threat potential. When compared to other paramyxoviruses, henipaviruses appear to have unique characteristics. Henipaviruses are zoonotic paramyxoviruses with a broader tropism than most other paramyxoviruses, and can cause severe acute encephalitis with unique features among viral encephalitides. There are currently no approved effective prophylactic or therapeutic treatments for henipavirus infections. Although ribavirin was empirically used and seemed beneficial during the biggest outbreak caused by one of these viruses, the Nipah virus, its efficacy is disputed in light of its lack of efficacy in several animal models of henipavirus infection. Nevertheless, because of its highly pathogenic nature, much effort has been spent in developing anti-henipavirus therapeutics. In this review we describe the unique features of henipavirus infections and the different strategies and animal models that have been developed so far in order to identify and test potential drugs to prevent or treat henipavirus infections. Some of these components have the potential to be broad-spectrum antivirals as they target effectors of viral pathogenecity common to other viruses. We will focus on small molecules or biologics, rather than vaccine strategies, that have been developed as anti-henipaviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/21488828Ç��Vigant, Frederic
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Viral Envelope Proteins/genetics/*metabolism���May 20K��The fusion (F) proteins of Newcastle disease virus (NDV) and Nipah virus (NiV) are both triggered by binding to receptors, mediated in both viruses by a second protein, the attachment protein. However, the hemagglutinin-neuraminidase (HN) attachment protein of NDV recognizes sialic acid receptors, whereas the NiV G attachment protein recognizes ephrinB2/B3 as receptors. Chimeric proteins composed of domains from the two attachment proteins have been evaluated for fusion-promoting activity with each F protein. Chimeras having NiV G-derived globular domains and NDV HN-derived stalks, transmembranes, and cytoplasmic tails are efficiently expressed, bind ephrinB2, and trigger NDV F to promote fusion in Vero cells. Thus, the NDV F protein can be triggered by binding to the NiV receptor, indicating that an aspect of the triggering cascade induced by the binding of HN to sialic acid is conserved in the binding of NiV G to ephrinB2. However, the fusion cascade for triggering NiV F by the G protein and that of triggering NDV F by the chimeras can be distinguished by differential exposure of a receptor-induced conformational epitope. The enhanced exposure of this epitope marks the triggering of NiV F by NiV G but not the triggering of NDV F by the chimeras. Thus, the triggering cascade for NiV G-F fusion may be more complex than that of NDV HN and F. This is consistent with the finding that reciprocal chimeras having NDV HN-derived heads and NiV G-derived stalks, transmembranes, and tails do not trigger either F protein for fusion, despite efficient cell surface expression and receptor binding.,��https://www.ncbi.nlm.nih.gov/pubmed/21460213���Mirza, Anne M
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Virion/immunology/*metabolism���Jun���Complement is an innate immune response system that most animal viruses encounter during natural infections. We have tested the role of human complement in the neutralization of virus particles harboring the Nipah virus (NiV) glycoproteins. A luciferase-expressing vesicular stomatitis virus (VSV) pseudotype that contained the NiV fusion (F) and attachment (G) glycoproteins (NiVpp) showed dose- and time-dependent activation of human complement through the alternative pathway. In contrast to our findings with other paramyxoviruses, normal human serum (NHS) alone did not neutralize NiVpp infectivity in vitro, and electron microscopy demonstrated no significant deposition of complement component C3 on particles. This lack of NiVpp neutralization by NHS was not due to a global inhibition of complement pathways, since complement was found to significantly enhance neutralization by antibodies specific for the NiV F and G glycoproteins. Complement components C4 and C1q were necessary but not sufficient by themselves for the enhancement of antibody neutralization. Human complement also enhanced NiVpp neutralization by a soluble version of the NiV receptor EphrinB2, and this depended on components in the classical pathway. The ability of complement to enhance neutralization fell into one of two profiles: (i) anti-F monoclonal antibodies showed enhancement only at high and not low antibody concentrations, and (ii) anti-G monoclonal antibodies and EphrinB2 showed enhancement at both high and very low levels of antibody (e.g., 3.1 ng) or EphrinB2 (e.g., 2.5 ng). Together, these data establish the importance of human complement in the neutralization of particles containing the NiV glycoproteins and will help guide the design of more effective therapeutics that harness the potency of complement pathways.,��https://www.ncbi.nlm.nih.gov/pubmed/21450814?��Johnson, John B
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Young Adult���Jun���BACKGROUND: Nevirapine is metabolized by CYP2B6 and polymorphisms within the CYP2B6 gene partly explain inter-patient variability in pharmacokinetics. The aim of this study was to model the complex relationship between nevirapine exposure, weight and genetics (based on combined analysis of CYP2B6 516G > T and 983T > C single nucleotide polymorphisms). METHODS: Non-linear mixed-effects modelling was used to estimate pharmacokinetic parameters from 275 patients. Simulations of the nevirapine concentration profile were performed with dosing regimens of 200 mg twice daily and 400 mg once daily for individuals with body weights of 50, 70 and 90 kg in combination with CYP2B6 genetic variation. RESULTS: A one-compartment model with first-order absorption best described the data. Population clearance was 3.5 L/h with inter-patient variability of 24.6%. 516T homozygosity and 983C heterozygosity were associated with 37% and 40% lower clearance, respectively. Body weight was the only significant demographic factor influencing clearance, which increased by 5% for every 10 kg increase. For individuals with higher body weight, once-daily nevirapine was associated with a greater risk of sub-therapeutic drug exposure than a twice-daily regimen. This risk was offset in individuals who were 516T homozygous or 983C heterozygous in which drug exposure was optimal for > 95% of patients with body weight of </= 70 kg. CONCLUSIONS: The data suggest that a 400 mg once-daily dose could be implemented in accordance with CYP2B6 polymorphism and body weight. However, the use of nevirapine once daily (immediate release; off-label) in the absence of therapeutic drug monitoring is not recommended due to the risk of inadequate exposure to nevirapine in a high proportion of patients. There are different considerations for the extended-release formulation (nevirapine XR) that demonstrate minimal peak-to-trough fluctuations in plasma nevirapine levels.,��https://www.ncbi.nlm.nih.gov/pubmed/21441248���Schipani, Alessandro
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*Virus Inactivation���Mar 1A��We present a new antiviral strategy and research tool that could be applied to a wide range of enveloped viruses that infect human beings via membrane fusion. We test this strategy on two emerging zoonotic henipaviruses that cause fatal encephalitis in humans, Nipah (NiV) and Hendra (HeV) viruses. In the new approach, artificial cell-like particles (protocells) presenting membrane receptors in a biomimetic manner were developed and found to attract and inactivate henipavirus envelope glycoprotein pseudovirus particles, preventing infection. The protocells do not accumulate virus during the inactivation process. The use of protocells that interact with, but do not accumulate, viruses may provide significant advantages over current antiviral drugs, and this general approach may have wide potential for antiviral development.,��https://www.ncbi.nlm.nih.gov/pubmed/21390296%��Porotto, Matteo
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Zoonoses/*epidemiology���Nov-Dec���Zoonoses are at the present time more important than ever due to their magnitude and impact. The international trade in animals, products and sub products, as well as the intense travel of people around the world, represent risks of dissemination of infectious diseases, and are the reason for a new age of emerging and reemerging zoonotic diseases. Under these conditions, public health and animal health authorities are obliged to work together in order to get more efficient control programs. In this paper the actual situation of some important emerging and reemerging zoonoses is analyzed, including: anthrax, rabies, tuberculosis, brucellosis, cysticercosis, echinococcosis, hanta virus, Hendra and Nipah virus. Particular attention is given to leptospirosis, due to the fact that it is considered by WHO and OIE as the widest spread zoonotic disease in the world. Zoonoses caused by ingestion of animal food products are discussed. They are responsible for the death of almost 2.2 million people. Bacteria of genus salmonella and campylobacter are considered. Some recommendations are given for the control and prevention of zoonoses, emphasizing the "One Health" concept.,��https://www.ncbi.nlm.nih.gov/pubmed/21384639k��Flores Castro, Ricardo
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Virus Attachment���Feb 24È��In recent years, several paramyxoviruses have emerged to infect humans, including previously unidentified zoonoses. Hendra and Nipah viruses (henipaviruses within this family) were first identified in the 1990s in Australia, Malaysia and Singapore, causing epidemics with high mortality and morbidity rates in affected animals and humans. Other paramyxoviruses, such as Menangle virus, Tioman virus, human metapneumovirus and avian paramyxovirus 1, which cause less morbidity in humans, have also been recently identified. Although the Paramyxoviridae family of viruses has been previously recognised as biomedically and veterinarily important, the recent emergence of these paramyxoviruses has focused our attention on this family. Antiviral drugs can be designed to target specific important determinants of the viral life cycle. Therefore, identifying and understanding the mechanistic underpinnings of viral entry, replication, assembly and budding will be critical in the development of antiviral therapeutic agents. This review focuses on the molecular mechanisms discovered and the antiviral strategies pursued in recent years for emerging paramyxoviruses, with particular emphasis on viral entry and exit mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/21345285S��Aguilar, Hector C
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Swine Diseases/epidemiology/*prevention & control/virology���DecÕ��An outbreak of acute febrile encephalitis affecting pig-farm workers and owners was recognized in peninsular Malaysia as early as September 1998. The outbreak was initially thought to be due to Japanese encephalitis (JE) virus and thus very intensive prevention, control and communication strategies directed at JE virus were undertaken by the Ministry of Health and Ministry of Agriculture of Malaysia. There was an immediate change in the prevention, control and communication strategies with focus and strategies on infected pigs as the source of infections for humans and other animals following the discovery of Nipah virus. Information and understanding the risks of Nipah virus infections and modes of transmission strengthened the directions of prevention, control and communication strategies. A number of epidemiological surveillances and field investigations which were broadly divided into 3 groups covering human health sector, animal health sector and reservoir hosts were carried out as forms of risk assessment to determine and assess the factors and degree of risk of infections by the virus. Data showed that there was significant association between Nipah virus infection and performing activities involving close contact with pigs, such as processing of piglets, administering injection or medication to pigs, assisting in the birth of piglets, assisting in pig breeding, and handling of dead pigs in the affected farms. A complex process of anthropogenic driven deforestation, climatic changes brought on by El Nino-related drought, forest fire and severe haze, and ecological factors of mixed agro-pig farming practices and design of pig-sties led to the spillovers of the virus from its wildlife reservoir into pig population.,��https://www.ncbi.nlm.nih.gov/pubmed/21329177U��Chua, K B
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Swine Diseases/*epidemiology/transmission/virology���DecÈ��The outbreak of Nipah virus, affecting pigs and pig-farm workers, was first noted in September 1998 in the north-western part of peninsular Malaysia. By March 1999, the outbreak had spread to other pig-farming areas of the country, inclusive of the neighbouring country, Singapore. A total of 283 human cases of viral encephalitis with 109 deaths were recorded in Malaysia from 29 September 1998 to December 1999. During the outbreak period, a number of surveillances under three broad groups; Surveillance in Human Health Sector, Surveillance in Animal Health Sector, and Surveillance for the Reservoir Hosts, were carried out to determine the prevalence, risk of virus infections and transmission in human and swine populations as well as the source and reservoir hosts of Nipah virus. Surveillance data showed that the virus spread rapidly among pigs within infected farms and transmission was attributed to direct contact with infective excretions and secretions. The spread of the virus among pig farms within and between states of peninsular Malaysia was due to movement of pigs. The transmission of the virus to humans was through close contact with infected pigs. Human to human transmission was considered a rare event though the Nipah virus could be isolated from saliva, urine, nasal and pharyngeal secretions of patients. Field investigations identified fruitbats of the Pteropid species as the natural reservoir hosts of the viruses. The outbreak was effectively brought under control following the discovery of the virus and institution of correct control measures through a combined effort of multi-ministerial and multidisciplinary teams working in close co-operation and collaboration with other international agencies.,��https://www.ncbi.nlm.nih.gov/pubmed/21329176U��Chua, K B
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Zoonoses/epidemiology/virology���Jana��Hendra virus (HeV) was first isolated in 1994, from a disease outbreak involving at least 21 horses and two humans in the Brisbane suburb of Hendra, Australia. The affected horses and humans all developed a severe but unidentified respiratory disease that resulted in the deaths of one of the human cases and the deaths or putting down of 14 of the horses. The virus, isolated by culture from a horse and the kidney of the fatal human case, was initially characterised as a new member of the genus Morbillivirus in the family Paramyxoviridae. Comparative sequence analysis of part of the matrix protein gene of the virus and the discovery that the virus had an exceptionally large genome subsequently led to HeV being assigned to a new genus, Henipavirus, along with Nipah virus (a newly emergent virus in pigs). The regular outbreaks of HeV-related disease that have occurred in Australia since 1994 have all been characterised by acute respiratory and neurological manifestations, with high levels of morbidity and mortality in the affected horses and humans. The modes of transmission of HeV remain largely unknown. Although fruit bats have been identified as natural hosts of the virus, direct bat-horse, bat-human or human-human transmission has not been reported. Human infection can occur via exposure to infectious urine, saliva or nasopharyngeal fluid from horses. The treatment options and efficacy are very limited and no vaccine exists. Reports on the outbreaks of HeV in Australia are collated in this review and the available data on the biology, transmission and detection of the pathogen are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/21294944à��Tulsiani, S M
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Public Health Practice
Seasons
Time Factors���Dec·��Pteropus bats are commonly infected with Nipah virus, but show no signs of illness. Human Nipah outbreaks in Bangladesh coincide with the date palm sap harvesting season. In epidemiologic studies, drinking raw date palm sap is a risk factor for human Nipah infection. We conducted a study to evaluate bats' access to date palm sap. We mounted infrared cameras that silently captured images upon detection of motion on date palm trees from 5:00 pm to 6:00 am. Additionally, we placed two locally used preventative techniques, bamboo skirts and lime (CaCO(3)) smeared on date palm trees to assess their effectiveness in preventing bats access to sap. Out of 20 camera-nights of observations, 14 identified 132 visits of bats around the tree, 91 to the shaved surface of the tree where the sap flow originates, 4 at the stream of sap moving toward the collection pot, and no bats at the tap or on the collection pots; the remaining 6 camera-nights recorded no visits. Of the preventative techniques, the bamboo skirt placed for four camera-nights prevented bats access to sap. This study confirmed that bats commonly visited date palm trees and physically contacted the sap collected for human consumption. This is further evidence that date palm sap is an important link between Nipah virus in bats and Nipah virus in humans. Efforts that prevent bat access to the shaved surface and the sap stream of the tree could reduce Nipah spillovers to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/212071053��Khan, M Salah Uddin
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Swine Diseases/*epidemiology/virology���Apr���The purpose of this study was to investigate the prevalence of hepatitis E virus (HEV) infection in swine and humans in different environments in Java and Bali, Indonesia. The prevalence of anti-HEV antibodies in people over 20 years old living in communities in Bali was significantly higher than that in Java. While 68.8% and 90.0% of swine in Bali were anti-HEV positive at 1 and 2 months of age, respectively, swine in Java were at significantly lower risk of HEV infection by the age of 2 months. Our present data suggest that substantial differences in swine-breeding conditions and human living environments affect the rate of HEV infection in humans and swine.,��https://www.ncbi.nlm.nih.gov/pubmed/21191625���Utsumi, Takako
Hayashi, Yoshitake
Lusida, Maria Inge
Amin, Mochamad
Soetjipto
Hendra, Agus
Soetjiningsih
Yano, Yoshihiko
Hotta, Hak
eng
Research Support, Non-U.S. Gov't
Austria
2010/12/31 06:00
Arch Virol. 2011 Apr;156(4):689-93. doi: 10.1007/s00705-010-0883-x. Epub 2010 Dec 30.*��1432-8798 (Electronic)
0304-8608 (Linking)���21191625©��Indonesia-Japan Collaborative Research Center for Emerging and Re-emerging Infectious Diseases, Institute of Tropical Disease, Airlangga University, Surabaya, Indonesia.���10.1007/s00705-010-0883-x�
��üÒtÿî?�������Chattopadhyay, A.
Rose, J. K.���2011w��Complementing defective viruses that express separate paramyxovirus glycoproteins provide a new vaccine vector approach���2004-11���J Virol���85���5¯��Animals
Cell Line
Defective Viruses/*genetics/immunology/physiology
Female
*Gene Expression
Genetic Complementation Test
Genetic Vectors/*genetics/immunology
Henipavirus Infections/immunology/prevention & control/virology
Humans
Mice
Mice, Inbred BALB C
Nipah Virus/genetics/*immunology
Vesiculovirus/genetics/*immunology/physiology
Viral Envelope Proteins/genetics/*immunology
Viral Vaccines/genetics/*immunology
Virus Replication���MarÉ��Replication-defective vaccine vectors based on vesicular stomatitis virus (VSV) lacking its envelope glycoprotein gene (G) are highly effective in animal models. However, such DeltaG vectors are difficult to grow because they require complementation with the VSV G protein. In addition, the complementing G protein induces neutralizing antibodies in animals and thus limits multiple vector applications. In the process of generating an experimental Nipah virus (a paramyxovirus) vaccine, we generated two defective VSVDeltaG vectors, each expressing one of the two Nipah virus (NiV) glycoproteins (G and F) that are both required for virus entry to host cells. These replication-defective VSV vectors were effective at generating NiV neutralizing antibody in mice. Most interestingly, we found that these two defective viruses could be grown together and passaged in tissue culture cells in the absence of VSV G complementation. This mixture of complementing defective viruses was also highly effective at generating NiV neutralizing antibody in animals. This novel approach to growing and producing a vaccine from two defective viruses could be generally applicable to vaccine production for other paramyxoviruses or for other viruses where the expression of at least two different proteins is required for viral entry. Such an approach minimizes biosafety concerns that could apply to single, replication-competent VSV recombinants expressing all proteins required for infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21177820å��Chattopadhyay, Anasuya
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Virus Internalization���Feb 15L��The paramyxovirus family includes important human pathogens such as measles, mumps, respiratory syncytial virus, and the recently emerged, highly pathogenic Hendra and Nipah viruses. The viral fusion (F) protein plays critical roles in infection, promoting both the virus-cell membrane fusion events needed for viral entry as well as cell-cell fusion events leading to syncytia formation. We describe the surprising finding that addition of the short epitope HA tag to the cytoplasmic tail (CT) of the Hendra virus F protein leads to a significant increase in the extent of cell-cell membrane fusion. This increase was not due to alterations in surface expression, cleavage state, or association with lipid microdomains. Addition of a Myc tag of similar length did not alter Hendra F protein fusion activity, indicating that the observed stimulation was not solely a result of lengthening the CT. Three tyrosine residues within the HA tag were critical for the increase in the extent of fusion, suggesting C-terminal tyrosines may modulate Hendra fusion activity. The effects of addition of the HA tag varied with other fusion proteins, as parainfluenza virus 5 F-HA showed a decreased level of surface expression and no stimulation of fusion. These results indicate that additions to the C-terminal end of the F protein CT can modulate protein function in a sequence specific manner, reinforcing the need for careful analysis of epitope-tagged glycoproteins. In addition, our results implicate C-terminal tyrosine residues in the modulation of the membrane fusion reaction promoted by these viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/21175223_��Popa, Andreea
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Virus Diseases/*history���Dec 6-20J��Names are more than just labels used to identify diseases. They can be windows into the discovery, characteristics and attributes of the disease. Toponymous diseases are diseases that are named after places. Hendra, Ross River, Bairnsdale, Murray Valley and Barmah Forest are all examples of Australian places that have had diseases named after them. They all have unique and interesting stories that provide a glimpse into their discovery, history and culture. Because of perceived negative connotations, the association of diseases with placenames has sometimes generated controversy.,��https://www.ncbi.nlm.nih.gov/pubmed/21143049���Appuhamy, Ranil D
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Seroepidemiologic Studies���Dec`��To determine seroprevalence of viruses in bats in Papua New Guinea, we sampled 66 bats at 3 locations. We found a seroprevalence of 55% for henipavirus (Hendra or Nipah virus) and 56% for rubulavirus (Tioman or Menangle virus). Notably, 36% of bats surveyed contained antibodies to both types of viruses, indicating concurrent or consecutive infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21122242Õ��Breed, Andrew C
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Swine/virology���Dec&��We isolated and characterized Nipah virus (NiV) from Pteropus vampyrus bats, the putative reservoir for the 1998 outbreak in Malaysia, and provide evidence of viral recrudescence. This isolate is monophyletic with previous NiVs in combined analysis, and the nucleocapsid gene phylogeny species.,��https://www.ncbi.nlm.nih.gov/pubmed/21122240ê��Rahman, Sohayati A
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Virus Shedding���Nov 11���Paramyxoviruses are known to replicate in the cytoplasm and bud from the plasma membrane. Matrix is the major structural protein in paramyxoviruses that mediates viral assembly and budding. Curiously, the matrix proteins of a few paramyxoviruses have been found in the nucleus, although the biological function associated with this nuclear localization remains obscure. We report here that the nuclear-cytoplasmic trafficking of the Nipah virus matrix (NiV-M) protein and associated post-translational modification play a critical role in matrix-mediated virus budding. Nipah virus (NiV) is a highly pathogenic emerging paramyxovirus that causes fatal encephalitis in humans, and is classified as a Biosafety Level 4 (BSL4) pathogen. During live NiV infection, NiV-M was first detected in the nucleus at early stages of infection before subsequent localization to the cytoplasm and the plasma membrane. Mutations in the putative bipartite nuclear localization signal (NLS) and the leucine-rich nuclear export signal (NES) found in NiV-M impaired its nuclear-cytoplasmic trafficking and also abolished NiV-M budding. A highly conserved lysine residue in the NLS served dual functions: its positive charge was important for mediating nuclear import, and it was also a potential site for monoubiquitination which regulates nuclear export of the protein. Concordantly, overexpression of ubiquitin enhanced NiV-M budding whereas depletion of free ubiquitin in the cell (via proteasome inhibitors) resulted in nuclear retention of NiV-M and blocked viral budding. Live Nipah virus budding was exquisitely sensitive to proteasome inhibitors: bortezomib, an FDA-approved proteasome inhibitor for treating multiple myeloma, reduced viral titers with an IC(50) of 2.7 nM, which is 100-fold less than the peak plasma concentration that can be achieved in humans. This opens up the possibility of using an "off-the-shelf" therapeutic against acute NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21085610���Wang, Yao E
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Virology/*methods���Nov 12�	�BACKGROUND: Hendra virus (HeV) and Nipah virus (NiV) are newly emerged zoonotic paramyxoviruses discovered during outbreaks in Queensland, Australia in 1994 and peninsular Malaysia in 1998/9 respectively and classified within the new Henipavirus genus. Both viruses can infect a broad range of mammalian species causing severe and often-lethal disease in humans and animals, and repeated outbreaks continue to occur. Extensive laboratory studies on the host cell infection stage of HeV and NiV and the roles of their envelope glycoproteins have been hampered by their highly pathogenic nature and restriction to biosafety level-4 (BSL-4) containment. To circumvent this problem, we have developed a henipavirus envelope glycoprotein pseudotyped lentivirus assay system using either a luciferase gene or green fluorescent protein (GFP) gene encoding human immunodeficiency virus type-1 (HIV-1) genome in conjunction with the HeV and NiV fusion (F) and attachment (G) glycoproteins. RESULTS: Functional retrovirus particles pseudotyped with henipavirus F and G glycoproteins displayed proper target cell tropism and entry and infection was dependent on the presence of the HeV and NiV receptors ephrinB2 or B3 on target cells. The functional specificity of the assay was confirmed by the lack of reporter-gene signals when particles bearing either only the F or only G glycoprotein were prepared and assayed. Virus entry could be specifically blocked when infection was carried out in the presence of a fusion inhibiting C-terminal heptad (HR-2) peptide, a well-characterized, cross-reactive, neutralizing human mAb specific for the henipavirus G glycoprotein, and soluble ephrinB2 and B3 receptors. In addition, the utility of the assay was also demonstrated by an examination of the influence of the cytoplasmic tail of F in its fusion activity and incorporation into pseudotyped virus particles by generating and testing a panel of truncation mutants of NiV and HeV F. CONCLUSIONS: Together, these results demonstrate that a specific henipavirus entry assay has been developed using NiV or HeV F and G glycoprotein pseudotyped reporter-gene encoding retrovirus particles. This assay can be conducted safely under BSL-2 conditions and will be a useful tool for measuring henipavirus entry and studying F and G glycoprotein function in the context of virus entry, as well as in assaying and characterizing neutralizing antibodies and virus entry inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/21073718½��Khetawat, Dimple
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Marketing
Milk/*chemistry/*microbiology���Feb`��OBJECTIVES: To investigate the microbiological quality and the presence of antibiotic residues in raw cow milk and in some indigenous milk products produced and marketed by the informal sector in the coastal savannah zone of Ghana. METHODS: Milk samples were aseptically collected from 224 kraals and samples of 26 indigenous milk products were purchased from processors and retailers. Total plate counts, total coliform counts and the presence of Escherichia coli and E. coli O157:H7 were determined in all 250 samples. Milk samples were also tested for antibiotic residues. RESULTS: Total plate counts exceeded 10(5) CFU/ml in 45.2% of the samples while coliforms exceeded 10(3) CFU/ml in 66.0% and E. coli was detected in 11.2%. E. coli was present in raw cow milk but not in the indigenous products and all E. coli isolates were negative for E. coli O157:H7. Antibiotic residues were detected in 3.1% of the raw cow milk samples. CONCLUSION: Bulk milk contains unacceptable levels of hygiene indicators and antibiotic residues and is a potential source of milk-borne infections. The detection of E. coli and antibiotic residues raises public health concerns about the safety of fresh unpasteurized cow milk in the coastal savannah zone of Ghana and calls for improved farm hygiene, the need for milk pasteurization and the sensible use of antibiotics in the milk industry.,��https://www.ncbi.nlm.nih.gov/pubmed/21070512÷��Addo, K K
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*Virus Internalization���Oct 28g��In the paramyxovirus cell entry process, receptor binding triggers conformational changes in the fusion protein (F) leading to viral and cellular membrane fusion. Peptides derived from C-terminal heptad repeat (HRC) regions in F have been shown to inhibit fusion by preventing formation of the fusogenic six-helix bundle. We recently showed that the addition of a cholesterol group to HRC peptides active against Nipah virus targets these peptides to the membrane where fusion occurs, dramatically increasing their antiviral effect. In this work, we report that unlike the untagged HRC peptides, which bind to the postulated extended intermediate state bridging the viral and cell membranes, the cholesterol tagged HRC-derived peptides interact with F before the fusion peptide inserts into the target cell membrane, thus capturing an earlier stage in the F-activation process. Furthermore, we show that cholesterol tagging renders these peptides active in vivo: the cholesterol-tagged peptides cross the blood brain barrier, and effectively prevent and treat in an established animal model what would otherwise be fatal Nipah virus encephalitis. The in vivo efficacy of cholesterol-tagged peptides, and in particular their ability to penetrate the CNS, suggests that they are promising candidates for the prevention or therapy of infection by Nipah and other lethal paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21060819���Porotto, Matteo
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Viral Envelope Proteins/*metabolism���Nov 8k��BACKGROUND: The highly pathogenic Nipah virus (NiV) causes fatal respiratory and brain infections in animals and humans. The major hallmark of the infection is a systemic endothelial infection, predominantly in the CNS. Infection of brain endothelial cells allows the virus to overcome the blood-brain-barrier (BBB) and to subsequently infect the brain parenchyma. However, the mechanisms of NiV replication in endothelial cells are poorly elucidated. We have shown recently that the bipolar or basolateral expression of the NiV surface glycoproteins F and G in polarized epithelial cell layers is involved in lateral virus spread via cell-to-cell fusion and that correct sorting depends on tyrosine-dependent targeting signals in the cytoplasmic tails of the glycoproteins. Since endothelial cells share many characteristics with epithelial cells in terms of polarization and protein sorting, we wanted to elucidate the role of the NiV glycoprotein targeting signals in endothelial cells. RESULTS: As observed in vivo, NiV infection of endothelial cells induced syncytia formation. The further finding that infection increased the transendothelial permeability supports the idea of spread of infection via cell-to-cell fusion and endothelial cell damage as a mechanism to overcome the BBB. We then revealed that both glycoproteins are expressed at lateral cell junctions (bipolar), not only in NiV-infected primary endothelial cells but also upon stable expression in immortalized endothelial cells. Interestingly, mutation of tyrosines 525 and 542/543 in the cytoplasmic tail of the F protein led to an apical redistribution of the protein in endothelial cells whereas tyrosine mutations in the G protein had no effect at all. This fully contrasts the previous results in epithelial cells where tyrosine 525 in the F, and tyrosines 28/29 in the G protein were required for correct targeting. CONCLUSION: We conclude that the NiV glycoprotein distribution is responsible for lateral virus spread in both, epithelial and endothelial cell monolayers. However, the prerequisites for correct protein targeting differ markedly in the two polarized cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/21054904���Erbar, Stephanie
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Viral Proteins/genetics/immunology���Dec 16���The emergence of Hendra Virus (HeV) and Nipah Virus (NiV) which can cause fatal infections in both animals and humans has triggered a search for an effective vaccine. Here, we have explored the potential for generating an effective humoral immune response to these zoonotic pathogens using an alphavirus-based vaccine platform. Groups of mice were immunized with Venezuelan equine encephalitis virus replicon particles (VRPs) encoding the attachment or fusion glycoproteins of either HeV or NiV. We demonstrate the induction of highly potent cross-reactive neutralizing antibodies to both viruses using this approach. Preliminary study suggested early enhancement in the antibody response with use of a modified version of VRP. Overall, these data suggest that the use of an alphavirus-derived vaccine platform might serve as a viable approach for the development of an effective vaccine against the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21050901"��Defang, Gabriel N
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Nipah Virus/*isolation & purification���Oct 21���OBJECTIVE: In March 2007, we investigated a cluster of Nipah encephalitis to identify risk factors for Nipah infection in Bangladesh. METHODS: We defined confirmed Nipah cases by the presence of IgM and IgG antibodies against Nipah virus in serum. Case-patients, who resided in the same village during the outbreak period but died before serum could be collected, were classified as probable cases. RESULTS: We identified three confirmed and five probable Nipah cases. There was a single index case. Five of the secondary cases came in close physical contact to the index case when she was ill. Case-patients were more likely to have physical contact with the index case (71% cases versus 0% controls, p = <0.001). The index case, on her third day of illness, and all the subsequent cases attended the same religious gathering. For three probable cases including the index case, we could not identify any known risk factors for Nipah infection such as physical contact with Nipah case-patients, consumption of raw date palm juice, or contact with sick animals or fruit bats. CONCLUSION: Though person-to-person transmission remains an important mode of transmission for Nipah infection, we could not confirm the source of infection for three of the probable Nipah case-patients. Continued surveillance and outbreak investigations will help better understand the transmission of Nipah virus and develop preventive strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/21042407¦��Homaira, Nusrat
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Phylogeny���Nova��Bat-to-horse transmission of Hendra virus has occurred at least 14 times. Although clinical signs in horses have differed, genome sequencing has demonstrated little variation among the isolates. Our sequencing of 5 isolates from recent Hendra virus outbreaks in horses found no correlation between sequences and time or geographic location of outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21029540&��Marsh, Glenn A
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Stereoisomerism���Mar²��Diastereomeric reduction of nonactivated, hindered beta-keto and chiral beta-iminoesters are described. The influence of a alpha-stereocontrolled center on the efficiency and stereoselectivity of the reduction was studied. Reaction conditions were optimized to synthesize beta-hydroxy- and beta-aminoesters in good yields. In the case of chiral beta-iminoesters, influence of matched/mismatched diastereomeric pairs has been assessed.,��https://www.ncbi.nlm.nih.gov/pubmed/20945440ï��Almahli, Hadia
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Sequence Analysis, DNA���Dec¾��Effective prediction of future viral zoonoses requires an in-depth understanding of the heterologous viral population in key animal species that will likely serve as reservoir hosts or intermediates during the next viral epidemic. The importance of bats as natural hosts for several important viral zoonoses, including Ebola, Marburg, Nipah, Hendra, and rabies viruses and severe acute respiratory syndrome-coronavirus (SARS-CoV), has been established; however, the large viral population diversity (virome) of bats has been partially determined for only a few of the approximately 1,200 bat species. To assess the virome of North American bats, we collected fecal, oral, urine, and tissue samples from individual bats captured at an abandoned railroad tunnel in Maryland that is cohabitated by 7 to 10 different bat species. Here, we present preliminary characterization of the virome of three common North American bat species, including big brown bats (Eptesicus fuscus), tricolored bats (Perimyotis subflavus), and little brown myotis (Myotis lucifugus). In samples derived from these bats, we identified viral sequences that were similar to at least three novel group 1 CoVs, large numbers of insect and plant virus sequences, and nearly full-length genomic sequences of two novel bacteriophages. These observations suggest that bats encounter and disseminate a large assortment of viruses capable of infecting many different animals, insects, and plants in nature.,��https://www.ncbi.nlm.nih.gov/pubmed/20926577���Donaldson, Eric F
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*Zoonoses/epidemiology/transmission/virology���OctÍ��The World Congress of Virus and Infections, held in Busan, South Korea, included topics reviewing the field of zoonoses. This conference report highlights selected presentations on surveillance, epidemiology and measures for the control and prevention of zoonotic diseases. Topics discussed include human factors influencing zoonoses, the molecular epidemiology of Crimean-Congo hemorrhagic fever, the emerging Nipah virus, and the re-emergence of cowpox virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20878585U��Garkavenko, Olga
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Plant Extracts
Solvents���Sep 6ß��Saffron (Crocus sativus L.) belongs to the Iridaceae family. The stigma of saffron has been widely used as spice, medicinal plant, and food additive in the Mediterranean and Subtropical countries. Recently, attention has been paid to the identification of new sources of safe natural antioxidants for the food industry. The antioxidant activities of spices are mainly attributed to their phenolic and flavonoid compounds. Saffron is one of the spices believed to possess antioxidant properties, but information on its antioxidant activity and phenolic, flavonoids compound are rather limited, therefore this research was carried out to evaluate the antioxidant activity of saffron stigmas extracted with different solvents. The phenolic and flavonoid compounds of saffron were also examined using reversed phase (RP)-HPLC. Results showed that saffron stigma possess antioxidant activity. The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of saffron stigma at a concentration of 300 mug/mL, with values of 68.2% and 78.9%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. The obtained total phenolics value for methanolic saffron extract was 6.54 +/- 0.02 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids, 5.88 +/- 0.12 mg rutin equivalent/g DW, which were also higher than values obtained from the ethanolic and boiling water extracts. In addition, the RP-HPLC analyses indicated the presence of gallic acid and pyrogallol as two bioactive compounds. In summary, saffron stigmas showed antioxidant activity and methanol appeared to be the best solvent to extract the active components, among which the presence of gallic acid and pyrogallol might contribute towards the stigma's antioxidant properties. Hence, saffron stigma could be applied as a natural antioxidant source for industrial purposes.,��https://www.ncbi.nlm.nih.gov/pubmed/20877220Ã��Karimi, Ehsan
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Virus Replication���Oct2��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are emerging zoonotic paramyxoviruses that can cause severe and often lethal neurologic and/or respiratory disease in a wide variety of mammalian hosts, including humans. There are presently no licensed vaccines or treatment options approved for human or veterinarian use. Guinea pigs, hamsters, cats, and ferrets, have been evaluated as animal models of human HeV infection, but studies in nonhuman primates (NHP) have not been reported, and the development and approval of any vaccine or antiviral for human use will likely require efficacy studies in an NHP model. Here, we examined the pathogenesis of HeV in the African green monkey (AGM) following intratracheal inoculation. Exposure of AGMs to HeV produced a uniformly lethal infection, and the observed clinical signs and pathology were highly consistent with HeV-mediated disease seen in humans. Ribavirin has been used to treat patients infected with either HeV or NiV; however, its utility in improving outcome remains, at best, uncertain. We examined the antiviral effect of ribavirin in a cohort of nine AGMs before or after exposure to HeV. Ribavirin treatment delayed disease onset by 1 to 2 days, with no significant benefit for disease progression and outcome. Together our findings introduce a new disease model of acute HeV infection suitable for testing antiviral strategies and also demonstrate that, while ribavirin may have some antiviral activity against the henipaviruses, its use as an effective standalone therapy for HeV infection is questionable.,��https://www.ncbi.nlm.nih.gov/pubmed/20660198���Rockx, Barry
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Virus Physiological Phenomena/*drug effects���Jul 15@��Nipah virus targets human endothelial cells via NiV-F and NiV-G envelope glycoproteins, resulting in endothelial syncytia formation and vascular compromise. Endothelial cells respond to viral infection by releasing innate immune effectors, including galectins, which are secreted proteins that bind to specific glycan ligands on cell surface glycoproteins. We demonstrate that galectin-1 reduces NiV-F mediated fusion of endothelial cells, and that endogenous galectin-1 in endothelial cells is sufficient to inhibit syncytia formation. Galectin-1 regulates NiV-F mediated cell fusion at three distinct points, including retarding maturation of nascent NiV-F, reducing NiV-F lateral mobility on the plasma membrane, and directly inhibiting the conformational change in NiV-F required for triggering fusion. Characterization of the NiV-F N-glycome showed that the critical site for galectin-1 inhibition is rich in glycan structures known to bind galectin-1. These studies identify a unique set of mechanisms for regulating pathophysiology of NiV infection at the level of the target cell.,��https://www.ncbi.nlm.nih.gov/pubmed/20657665¤��Garner, Omai B
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Humans���Sep���In the last few decades, there is an increasing emergence and re-emergence of viruses, such as West Nile virus, Enterovirus 71 and henipaviruses that cause epidemic viral encephalitis and other central nervous system (CNS) manifestations. The mortality and morbidity associated with these outbreaks are significant and frequently severe. While aspects of epidemiology, basic virology, etc., may be known, the pathology and pathogenesis are often less so, partly due to a lack of interest among pathologists or because many of these infections are considered "third world" diseases. In the study of epidemic viral encephalitis, the pathologist's role in unravelling the pathology and pathogenesis is critical. The novel henipavirus infection is a good example. The newly created genus Henipavirus within the family Paramyxoviridae consists of two viruses, viz., Hendra virus and Nipah virus. These two viruses emerged in Australia and Asia, respectively, to cause severe encephalitides in humans and animals. Studies show that the pathological features of the acute encephalitis caused by henipaviruses are similar and a unique dual pathogenetic mechanism of vasculitis-induced microinfarction and parenchymal cell infection in the CNS (mainly neurons) and other organs causes severe tissue damage. Both viruses can cause relapsing encephalitis months and years after the acute infection due to a true recurrent infection as evidenced by the presence of virus in infected cells. Future emerging viral encephalitides will no doubt continue to pose considerable challenges to the neuropathologist, and as the West Nile virus outbreak demonstrates, even economically advanced nations are not spared.,��https://www.ncbi.nlm.nih.gov/pubmed/20652579���Wong, Kum Thong
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Telemetry���Jun¯��Fruit bats of the genus Pteropus (commonly known as flying-foxes) are the natural hosts of several recently emerged zoonotic viruses of animal and human health significance in Australia and Asia, including Hendra and Nipah viruses. Satellite telemetry was used on nine flying-foxes of three species (Pteropus alecto n=5, P. vampyrus n=2, and P. neohibernicus n=2) to determine the scale and pattern of their long-distance movements and their potential to transfer these viruses between countries in the region. The animals were captured and released from six different locations in Australia, Papua New Guinea, Indonesia, and Timor-Leste. Their movements were recorded for a median of 120 (range, 47-342) days with a median total distance travelled of 393 (range, 76-3011) km per individual. Pteropus alecto individuals were observed to move between Australia and Papua New Guinea (Western Province) on four occasions, between Papua New Guinea (Western Province) and Indonesia (Papua) on ten occasions, and to traverse Torres Strait on two occasions. Pteropus vampyrus was observed to move between Timor-Leste and Indonesia (West Timor) on one occasion. These findings expand upon the current literature on the potential for transfer of zoonotic viruses by flying-foxes between countries and have implications for disease risk management and for the conservation management of flying-fox populations in Australia, New Guinea, and the Lesser Sunda Islands.,��https://www.ncbi.nlm.nih.gov/pubmed/20645122\��Breed, Andrew C
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Zoonoses/transmission���Junø��Nipah virus (NiV) infection is a seasonal disease in Bangladesh that coincides with the date palm sap collection season. Raw date palm sap is a delicacy to drink in Bengali culture. If fruit bats that are infected with NiV gain access to the sap for drinking, they might occasionally contaminate the sap through saliva and urine. In February 2007, we conducted a qualitative study in six villages, interviewing 27 date palm sap collectors (gachhis) within the geographical area where NiV outbreaks have occurred since 2001. Gachhis reported that bats pose a challenge to successful collection of quality sap, because bats drink and defecate into the sap which markedly reduces its value. They know some methods to prevent access by bats and other pests but do not use them consistently, because of lack of time and resources. Further studies to explore the effectiveness of these methods and to motivate gachhis to invest their time and money to use them could reduce the risk of human Nipah infection in Bangladesh.,��https://www.ncbi.nlm.nih.gov/pubmed/20617362���Nahar, Nazmun
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*Virus Replication���Aug 15,��Nipah virus (NiV) is a highly pathogenic paramyxovirus which causes fatal encephalitis in up to 75% of infected humans. Endothelial cells and neurons are important cellular targets in the pathogenesis of this disease. In this study, viral replication and the innate immune responses to NiV in these cell types were measured. NiV infected endothelial cells generated a functionally robust IFN-beta response, which correlated with localization of the NiV W protein to the cytoplasm. There was no antiviral response detected in infected neuronal cells. NiV infection of endothelial cells induced a significant increase in secreted inflammatory chemokines, which corresponded with the increased ability of infected cell supernatants to induce monocyte and T-lymphocyte chemotaxis. These results suggest that pro-inflammatory chemokines produced by NiV infected primary endothelial cells in vitro is consistent with the prominent vasculitis observed in infections, and provide initial molecular insights into the pathogenesis of NiV in physiologically relevant cells types.,��https://www.ncbi.nlm.nih.gov/pubmed/20552729���Lo, Michael K
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Swine Diseases/immunology/*virology���Jun 3ï��BACKGROUND: Outbreaks of Hendra (HeV) and Nipah (NiV) viruses have been reported starting in 1994 and 1998, respectively. Both viruses are capable of causing fatal disease in humans and effecting great economical loss in the livestock industry. RESULTS: Through screening of hybridomas derived from mice immunized with gamma-irradiated Nipah virus, we identified two secreted antibodies; one reactive with the nucleocapsid (N) protein and the other, the phosphoprotein (P) of henipaviruses. Epitope mapping and protein sequence alignments between NiV and HeV suggest the last 14 amino acids of the carboxyl terminus of the N protein is the target of the anti-N antibody. The anti-P antibody recognizes an epitope in the amino-terminal half of P protein. These monoclonal antibodies were used to develop two antigen capture ELISAs, one for virus detection and the other for differentiation between NiV and HeV. The lower limit of detection of the capture assay with both monoclonal antibodies was 400 pfu. The anti-N antibody was used to successfully detect NiV in a lung tissue suspension from an infected pig. CONCLUSION: The antigen capture ELISA developed is potentially affordable tool to provide rapid detection and differentiation between the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20525276á��Chiang, Cheng-Feng
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*Virus Internalization���AugT��The deadly paramyxovirus Nipah virus (NiV) contains a fusion glycoprotein (F) with canonical structural and functional features common to its class. Receptor binding to the NiV attachment glycoprotein (G) triggers F to undergo a two-phase conformational cascade: the first phase progresses from a metastable prefusion state to a prehairpin intermediate (PHI), while the second phase is marked by transition from the PHI to the six-helix-bundle hairpin. The PHI can be captured with peptides that mimic F's heptad repeat regions, and here we utilized a NiV heptad repeat peptide to quantify PHI formation and the half-lives (t(1/2)) of the first and second fusion cascade phases. We found that ephrinB2 receptor binding to G triggered approximately 2-fold more F than that triggered by ephrinB3, consistent with the increased rate and extent of fusion observed with ephrinB2- versus ephrinB3-expressing cells. In addition, for a series of hyper- and hypofusogenic F mutants, we quantified F-triggering capacities and measured the kinetics of their fusion cascade phases. Hyper- and hypofusogenicity can each be manifested through distinct stages of the fusion cascade, giving rise to vastly different half-lives for the first (t(1/2), 1.9 to 7.5 min) or second (t(1/2), 1.5 to 15.6 min) phase. While three mutants had a shorter first phase and a longer second phase than the wild-type protein, one mutant had the opposite phenotype. Thus, our results reveal multiple critical parameters that govern the paramyxovirus fusion cascade, and our assays should help efforts to elucidate other class I membrane fusion processes.,��https://www.ncbi.nlm.nih.gov/pubmed/205193837��Aguilar, Hector C
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Viral Tropism/immunology���May 18���Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21, providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat, hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans. Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for human use.,��https://www.ncbi.nlm.nih.gov/pubmed/20502528ç��Geisbert, Thomas W
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*Virus Replication���Aug^��The highly pathogenic Nipah virus (NiV) is aerially transmitted and causes a systemic infection after entering the respiratory tract. Airway epithelia are thus important targets in primary infection. Furthermore, virus replication in the mucosal surfaces of the respiratory or urinary tract in later phases of infection is essential for virus shedding and transmission. So far, the mechanisms of NiV replication in epithelial cells are poorly elucidated. In the present study, we provide evidence that bipolar targeting of the two NiV surface glycoproteins G and F is of biological importance for fusion in polarized epithelia. We demonstrate that infection of polarized cells induces focus formation, with both glycoproteins located at lateral membranes of infected cells adjacent to uninfected cells. Supporting the idea of a direct spread of infection via lateral cell-to-cell fusion, we could identify basolateral targeting signals in the cytoplasmic domains of both NiV glycoproteins. Tyrosine 525 in the F protein is part of an endocytosis signal and is also responsible for basolateral sorting. Surprisingly, we identified a dityrosine motif at position 28/29 in the G protein, which mediates polarized targeting. A dileucine motif predicted to function as sorting signal is not involved. Mutation of the targeting signal in one of the NiV glycoproteins prevented the fusion of polarized cells, suggesting that basolateral or bipolar F and G expression facilitates the spread of NiV within epithelial cell monolayers, thereby contributing to efficient virus spread in mucosal surfaces in early and late phases of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/20484517ß��Weise, Carolin
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*Zoonoses���Oct���Diseases transmitted from animals have assumed substantial public health importance. Avian influenza, severe acute respiratory syndrome, and Nipah virus infection are a few examples of growing number of diseases that humans can contract from animals. These diseases can cause huge economic losses in addition to mortality and morbidity. In developing countries of Asia, there is a continuous and close contact between animals and humans, especially in rural settings. The prevailing sociocultural practices and weak public health infrastructure further enhances the vulnerability of Asia as the epicenter of outbreaks due to zoonotic infections. There is a clear need of greater awareness and application of a multisectoral and multidisciplinary approach to prevent and control zoonotic infections.,��https://www.ncbi.nlm.nih.gov/pubmed/20462853 ��Bhatia, Rajesh
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Virus Release/genetics/*physiology���SepO��The paramyxoviruses define a diverse group of enveloped RNA viruses that includes a number of important human and animal pathogens. Examples include human respiratory syncytial virus and the human parainfluenza viruses, which cause respiratory illnesses in young children and the elderly; measles and mumps viruses, which have caused recent resurgences of disease in developed countries; the zoonotic Hendra and Nipah viruses, which have caused several outbreaks of fatal disease in Australia and Asia; and Newcastle disease virus, which infects chickens and other avian species. Like other enveloped viruses, paramyxoviruses form particles that assemble and bud from cellular membranes, allowing the transmission of infections to new cells and hosts. Here, we review recent advances that have improved our understanding of events involved in paramyxovirus particle formation. Contributions of viral matrix proteins, glycoproteins, nucleocapsid proteins, and accessory proteins to particle formation are discussed, as well as the importance of host factor recruitment for efficient virus budding. Trafficking of viral structural components within infected cells is described, together with mechanisms that allow for the selection of specific sites on cellular membranes for the coalescence of viral proteins in preparation of bud formation and virion release.,��https://www.ncbi.nlm.nih.gov/pubmed/20398786È��Harrison, Megan S
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*Nipah Virus
Risk Factors
Young Adult���Novq��In February 2007 an outbreak of Nipah virus (NiV) encephalitis in Thakurgaon District of northwest Bangladesh affected seven people, three of whom died. All subsequent cases developed illness 7-14 days after close physical contact with the index case while he was ill. Cases were more likely than controls to have been in the same room (100% vs. 9.5%, OR undefined, P<0.001) and to have touched him (83% vs. 0%, OR undefined, P<0.001). Although the source of infection for the index case was not identified, 50% of Pteropus bats sampled from near the outbreak area 1 month after the outbreak had antibodies to NiV confirming the presence of the virus in the area. The outbreak was spread by person-to-person transmission. Risk of NiV infection in family caregivers highlights the need for infection control practices to limit transmission of potentially infectious body secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/203807692��Homaira, N
Rahman, M
Hossain, M J
Epstein, J H
Sultana, R
Khan, M S U
Podder, G
Nahar, K
Ahmed, B
Gurley, E S
Daszak, P
Lipkin, W I
Rollin, P E
Comer, J A
Ksiazek, T G
Luby, S P
eng
AI070411/AI/NIAID NIH HHS/
AI57158/AI/NIAID NIH HHS/
2R01-TW005869/TW/FIC NIH HHS/
R01 TW005869/TW/FIC NIH HHS/
AI067549/AI/NIAID NIH HHS/
Case Reports
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2010/04/13 06:00
Epidemiol Infect. 2010 Nov;138(11):1630-6. doi: 10.1017/S0950268810000695. Epub 2010 Apr 12.*��1469-4409 (Electronic)
0950-2688 (Linking)���20380769Ö��Programme on Infectious Disease and Vaccine Sciences, Health System and Infectious Disease Division, Institute of Epidemiology, Disease Control and Research (IEDCR) Dhaka, Mohakhali, Bangladesh. nhomaira@icddrb.org���10.1017/S0950268810000695��ý�üÖ|ÿþ?¶������Flory, G. A.
Peer, R. W.���2010o��Verification of poultry carcass composting research through application during actual avian influenza outbreaks���149-57���ILAR J���51���2ã��Animals
Animals, Domestic
Birds
Communicable Disease Control/*methods
Disease Outbreaks/economics/*veterinary
Influenza A Virus, H5N2 Subtype/*pathogenicity
Influenza in Birds/*economics/*epidemiology/virology
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Virginia���An avian influenza outbreak in 2002 affected 197 poultry farms in Virginia and cost an estimated $130 million in losses and cleanup. In 2004-2005, researchers initiated a project to investigate the feasibility and practicality of in-house composting of turkey mortalities (heavy hens and toms) as a method of disposal and disease containment. Occurrences of low pathogenic avian influenza (LPAI) in West Virginia and Virginia in 2007 provided an opportunity for first responders to verify composting as an effective carcass disposal method. Many lessons learned from these experiences have led to improvements in the application of this technology. Market-weight turkeys, once thought too large for effective composting, were composted sufficiently for land application within 4 to 6 weeks. Additionally, fire-fighting foam, a new method of mass depopulation, proved to be compatible with composting. Knowledge gained from these incidents will be valuable not only for future responses to LPAI but also for outbreaks of highly pathogenic avian influenza such as the H5N1 virus, which currently causes disease in both animals and humans in many parts of the world. Since three-quarters of all recent emerging infectious diseases (EIDs) have arisen from animals, control of disease in animals is the principal way to reduce human exposure and prevent EIDs. Many of the general approaches and specific techniques used to eradicate the avian influenza virus can also be used to control other EIDs such as H1N1, Nipah virus, Rift Valley Fever, and plague.,��https://www.ncbi.nlm.nih.gov/pubmed/20375437T��Flory, Gary A
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*Virus Assembly���Jun<��Hendra virus is a negative-sense single-stranded RNA virus within the Paramyxoviridae family which, together with Nipah virus, forms the Henipavirus genus. Infection with bat-borne Hendra virus leads to a disease with high mortality rates in humans. We determined the crystal structure of the unliganded six-bladed beta-propeller domain and compared it to the previously reported structure of Hendra virus attachment glycoprotein (HeV-G) in complex with its cellular receptor, ephrin-B2. As observed for the related unliganded Nipah virus structure, there is plasticity in the Glu579-Pro590 and Lys236-Ala245 ephrin-binding loops prior to receptor engagement. These data reveal that henipaviral attachment glycoproteins undergo common structural transitions upon receptor binding and further define the structural template for antihenipaviral drug design. Our analysis also provides experimental evidence for a dimeric arrangement of HeV-G that exhibits striking similarity to those observed in crystal structures of related paramyxovirus receptor-binding glycoproteins. The biological relevance of this dimer is further supported by the positional analysis of glycosylation sites from across the paramyxoviruses. In HeV-G, the sites lie away from the putative dimer interface and remain accessible to alpha-mannosidase processing on oligomerization. We therefore propose that the overall mode of dimer assembly is conserved for all paramyxoviruses; however, while the geometry of dimerization is rather closely similar for those viruses that bind flexible glycan receptors, significant (up to 60 degrees ) and different reconfigurations of the subunit packing (associated with a significant decrease in the size of the dimer interface) have accompanied the independent switching to high-affinity protein receptor binding in Hendra and measles viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20375167���Bowden, Thomas A
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Nipah Virus/drug effects/*physiology
Parainfluenza Virus 3, Human/drug effects/*physiology
Virus Internalization/*drug effects���JulÅ��The fusion of enveloped viruses with the host cell is driven by specialized fusion proteins to initiate infection. The "class I" fusion proteins harbor two regions, typically two heptad repeat (HR) domains, which are central to the complex conformational changes leading to fusion: the first heptad repeat (HRN) is adjacent to the fusion peptide, while the second (HRC) immediately precedes the transmembrane domain. Peptides derived from the HR regions can inhibit fusion, and one HR peptide, T20 (enfuvirtide), is in clinical use for HIV-1. For paramyxoviruses, the activities of two membrane proteins, the receptor-binding protein (hemagglutinin-neuraminidase [HN] or G) and the fusion protein (F), initiate viral entry. The binding of HN or G to its receptor on a target cell triggers the activation of F, which then inserts into the target cell and mediates the membrane fusion that initiates infection. We have shown that for paramyxoviruses, the inhibitory efficacy of HR peptides is inversely proportional to the rate of F activation. For HIV-1, the antiviral potency of an HRC-derived peptide can be dramatically increased by targeting it to the membrane microdomains where fusion occurs, via the addition of a cholesterol group. We report here that for three paramyxoviruses-human parainfluenza virus type 3 (HPIV3), a major cause of lower respiratory tract diseases in infants, and the emerging zoonotic viruses Hendra virus (HeV) and Nipah virus (NiV), which cause lethal central nervous system diseases-the addition of cholesterol to a paramyxovirus HRC-derived peptide increased antiviral potency by 2 log units. Our data suggest that this enhanced activity is indeed the result of the targeting of the peptide to the plasma membrane, where fusion occurs. The cholesterol-tagged peptides on the cell surface create a protective antiviral shield, target the F protein directly at its site of action, and expand the potential utility of inhibitory peptides for paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20357085���Porotto, Matteo
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Swine���Sepz��BACKGROUND: The severity of an outbreak is a priority in decision-making for human infection control. However, there have been no reports on how to quantify the severity of an outbreak. METHODS: We propose a simple method to measure the severity of an infectious disease outbreak. It involves scoring the severity of clinical signs, the transmission of the infection, the number of cases, and the infection source. RESULTS: The method was evaluated using the data available at the early stage of some recent outbreaks of infectious diseases, including the influenza A (H1N1) pandemic in 2009, and the evaluation supports the design idea. CONCLUSION: The method is practical for rating the severity of an infectious disease outbreak, though it should be optimized. It could also be used to judge whether an event constitutes a public health emergency of international concern (PHEIC) or not.,��https://www.ncbi.nlm.nih.gov/pubmed/20227902ç��Chen, Yue-Ying
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Slovenia/epidemiology���Apr���Bats have been identified as a natural reservoir for an increasing number of emerging zoonotic viruses, such as Hendra virus, Nipah virus, Ebola virus, Marburg virus, rabies and other lyssaviruses. Recently, a large number of viruses closely related to members of the genus Coronavirus have been associated with severe acute respiratory syndrome (SARS) and detected in bat species. In this study, samples were collected from 106 live bats of seven different bat species from 27 different locations in Slovenia. Coronaviruses were detected by RT-PCR in 14 out of 36 horseshoe bat (Rhinolophus hipposideros) fecal samples, with 38.8% virus prevalence. Sequence analysis of a 405-nucleotide region of the highly conserved RNA polymerase gene (pol) showed that all coronaviruses detected in this study are genetically closely related, with 99.5-100% nucleotide identity, and belong to group 2 of the coronaviruses. The most closely related virus sequence in GenBank was SARS bat isolate Rp3/2004 (DQ071615) within the SARS-like CoV cluster, sharing 85% nucleotide identity and 95.6% amino acid identity. The potential risk of a new group of bat coronaviruses as a reservoir for human infections is highly suspected, and further molecular epidemiologic studies of these bat coronaviruses are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/20217155»��Rihtaric, Danijela
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Saimiri/*virology���Mar}��We infected squirrel monkeys (Saimiri sciureus) with Nipah virus to determine the monkeys' suitability for use as primate models in preclinical testing of preventive and therapeutic treatments. Infection of squirrel monkeys through intravenous injection was followed by high death rates associated with acute neurologic and respiratory illness and viral RNA and antigen production.,��https://www.ncbi.nlm.nih.gov/pubmed/20202432>��Marianneau, Philippe
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Virus Internalization���MayÍ��Virus-like particles (VLPs) released from avian cells expressing the Newcastle disease virus (NDV) strain AV proteins NP, M, HN (hemagglutinin-neuraminidase), and F were characterized. The VLP-associated HN and F glycoproteins directed the attachment of VLPs to cell surfaces and fusion of VLP membranes with red blood cell membranes, indicating that they were assembled into VLPs in an authentic conformation. These particles were quantitatively prepared and used as an immunogen, without adjuvant, in BALB/c mice. The resulting immune responses, detected by enzyme-linked immunosorbent assay (ELISA), virus neutralization, and intracellular cytokine staining, were comparable to the responses to equivalent amounts of inactivated NDV vaccine virus. HN and F proteins from another strain of NDV, strain B1, could be incorporated into these VLPs. Foreign peptides were incorporated into these VLPs when fused to the NP or HN protein. The ectodomain of a foreign glycoprotein, the Nipah virus G protein, fused to the NDV HN protein cytoplasmic and transmembrane domains was incorporated into ND VLPs. Thus, ND VLPs are a potential NDV vaccine candidate. They may also serve as a platform to construct vaccines for other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/20181713 ��McGinnes, Lori W
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Virus Shedding���May-JunÃ��Hendra virus (HeV) is a zoonotic virus from the family Paramyxoviridae causing fatal disease in humans and horses. Five-week-old Landrace pigs and 5-month-old Gottingen minipigs were inoculated with approximately 10(7) plaque forming units per animal. In addition to fever and depression exhibited in all infected pigs, one of the two Landrace pigs developed respiratory signs at 5 days post-inoculation (dpi) and one of the Gottingen minipigs developed respiratory signs at 5 dpi and mild neurological signs at 7 dpi. Virus was detected in all infected pigs at 2-5 dpi from oral, nasal, and rectal swabs and at 3-5 dpi from ocular swabs by real-time RT-PCR targeting the HeV M gene. Virus titers in nasal swab samples were as high as 10(4.6) TCID(50)/mL. The viral RNA was mainly distributed in tissues from respiratory and lymphoid systems at an early stage of infection and the presence of virus was confirmed by virus isolation. Pathological changes and immunohistochemical staining for viral antigen were consistent with the tissue distribution of the virus. This new finding indicates that pigs are susceptible to HeV infections and could potentially play a role as an intermediate host in transmission to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/20167195���Li, Mingyi
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Mortality���Feb\��To determine the epidemiologic and clinical features of a 2008 outbreak of Hendra virus infection in a veterinary clinic in Australia, we investigated the equine case-series. Four of 5 infected horses died, as did 1 of 2 infected staff members. Clinical manifestation in horses was predominantly neurologic. Preclinical transmission appears likely.,��https://www.ncbi.nlm.nih.gov/pubmed/20113576&��Field, Hume
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Young Adult���Febù��A recent Hendra virus outbreak at a veterinary clinic in Brisbane, Queensland, Australia, involved 5 equine and 2 human infections. In contrast to previous outbreaks, infected horses had predominantly encephalitic, rather than respiratory, signs. After an incubation period of 9-16 days, influenza-like illnesses developed in the 2 persons before progressing to encephalitis; 1 died. Both patients were given ribavirin. Basal serum and cerebrospinal fluid levels were 10-13 mg/L after intravenous administration and 6 mg/L after oral administration (isolate 90% inhibitory concentration 64 mg/L). Both patients were exposed to infected horses, 1 during the late incubation period in a horse. The attack rate for veterinary clinic staff exposed to infected horses was 10%. An isolate from this outbreak showed genetic heterogeneity with isolates from a concurrent, but geographically remote, outbreak and from previous outbreaks. Emergence of Hendra virus is a serious medical, veterinary, and public health challenge.,��https://www.ncbi.nlm.nih.gov/pubmed/20113550õ��Playford, Elliott G
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Recombinant Proteins/*isolation & purification���Feb 19-��A direct recovery of recombinant nucleocapsid protein of Nipah virus (NCp-NiV) from crude Escherichia coli (E. coli) homogenate was developed successfully using a hydrophobic interaction expanded bed adsorption chromatography (HI-EBAC). The nucleic acids co-released with the recombinant protein have increased the viscosity of the E. coli homogenate, thus affected the axial mixing in the EBAC column. Hence, DNase was added to reduce the viscosity of feedstock prior to its loading into the EBAC column packed with the hydrophobic interaction chromatography (HIC) adsorbent. The addition of glycerol to the washing buffer has reduced the volume of washing buffer applied, and thus reduced the loss of the NCp-NiV during the washing stage. The influences of flow velocity, degree of bed expansion and viscosity of mobile phase on the adsorption efficiency of HI-EBAC were studied. The dynamic binding capacity at 10% breakthrough of 3.2mg/g adsorbent was achieved at a linear flow velocity of 178 cm/h, bed expansion of two and feedstock viscosity of 3.4 mPas. The adsorbed NCp-NiV was eluted with the buffer containing a step gradient of salt concentration. The purification of hydrophobic NCp-NiV using the HI-EBAC column has recovered 80% of NCp-NiV from unclarified E. coli homogenate with a purification factor of 12.5.,��https://www.ncbi.nlm.nih.gov/pubmed/20044094ø��Chong, Fui Chin
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Virus Replication���Jan@��Paramyxoviruses include many important human and animal pathogens such as measles virus, mumps virus, human parainfluenza viruses, and respiratory syncytial virus, as well as emerging viruses such as Nipah virus and Hendra virus. The paramyxovirus RNA-dependent RNA polymerase consists of the phosphoprotein (P) and the large protein. Both of these proteins are essential for viral RNA synthesis. The P protein is phosphorylated at multiple sites, probably by more than one host kinase. While it is thought that the phosphorylation of P is important for its role in viral RNA synthesis, the precise role of P protein phosphorylation remains an enigma. For instance, it was demonstrated that the putative CKII phosphorylation sites of the P protein of respiratory syncytial virus play a role in viral RNA synthesis using a minigenome replicon system; however, mutating these putative CKII phosphorylation sites within a viral genome had no effect on viral RNA synthesis, leading to the hypothesis that P protein phosphorylation, at least by CKII, does not play a role in viral RNA synthesis. Recently, it has been reported that the phosphorylation state of the P protein of parainfluenza virus 5, a prototypical paramyxovirus, correlates with the ability of P protein to synthesize viral RNA, indicating that P protein phosphorylation does in fact play a role in viral RNA synthesis. Furthermore, host kinases PLK1, as well as AKT1 have been found to play critical roles in paramyxovirus RNA synthesis through regulation of P protein phosphorylation status. Beyond furthering our understanding of paramyxovirus RNA replication, these recent discoveries may also result in a new paradigm in treating infections caused by these viruses, as host kinases that regulate paramyxovirus replication are investigated as potential targets of therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/20020826¼��Fuentes, Sandra M
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Simian virus 40/genetics���Dec 11l��BACKGROUND: Bats are the suspected natural reservoir hosts for a number of new and emerging zoonotic viruses including Nipah virus, Hendra virus, severe acute respiratory syndrome coronavirus and Ebola virus. Since the discovery of SARS-like coronaviruses in Chinese horseshoe bats, attempts to isolate a SL-CoV from bats have failed and attempts to isolate other bat-borne viruses in various mammalian cell lines have been similarly unsuccessful. New stable bat cell lines are needed to help with these investigations and as tools to assist in the study of bat immunology and virus-host interactions. METHODOLOGY/FINDINGS: Black flying foxes (Pteropus alecto) were captured from the wild and transported live to the laboratory for primary cell culture preparation using a variety of different methods and culture media. Primary cells were successfully cultured from 20 different organs. Cell immortalisation can occur spontaneously, however we used a retroviral system to immortalise cells via the transfer and stable production of the Simian virus 40 Large T antigen and the human telomerase reverse transcriptase protein. Initial infection experiments with both cloned and uncloned cell lines using Hendra and Nipah viruses demonstrated varying degrees of infection efficiency between the different cell lines, although it was possible to infect cells in all tissue types. CONCLUSIONS/SIGNIFICANCE: The approaches developed and optimised in this study should be applicable to bats of other species. We are in the process of generating further cell lines from a number of different bat species using the methodology established in this study.,��https://www.ncbi.nlm.nih.gov/pubmed/20011515q��Crameri, Gary
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Zoonoses���Jun´��Neurologic disease is a major cause of disability in resource-poor countries and a substantial portion of this disease is due to infections of the CNS. A wide variety of emerging and re-emerging viruses contribute to this disease burden. New emerging infections are commonly due to RNA viruses that have expanded their geographic range, spread from animal reservoirs or acquired new neurovirulence properties. Mosquito-borne viruses with expanding ranges include West Nile virus, Japanese encephalitis virus and Chikungunya virus. Zoonotic viruses that have recently crossed into humans to cause neurologic disease include the bat henipaviruses Nipah and Hendra, as well as the primate-derived human immunodeficiency virus. Viruses adapt to new hosts, or to cause more severe disease, by changing their genomes through reassortment (e.g. influenza virus), mutation (essentially all RNA viruses) and recombination (e.g. vaccine strains of poliovirus). Viruses that appear to have recently become more neurovirulent include West Nile virus, enterovirus 71 and possibly Chikungunya virus. In addition to these newer challenges, rabies, polio and measles all remain important causes of neurologic disease despite good vaccines and global efforts toward control. Control of human rabies depends on elimination of rabies in domestic dogs through regular vaccination. Poliovirus eradication is challenged by the ability of the live attenuated vaccine strains to revert to virulence during the prolonged period of gastrointestinal replication. Measles elimination depends on delivery of two doses of live virus vaccine to a high enough proportion of the population to maintain herd immunity for this highly infectious virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20004230Ã��Griffin, Diane E
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Virus Replication���DecÙ��Nipah virus (NiV) is a highly pathogenic paramyxovirus that was first isolated in 1999 during an outbreak in Malaysia. In contrast to other paramyxoviruses NiV infects many mammalian species. Because of its zoonotic potential, the high pathogenicity and the lack of therapeutic treatment, NiV was classified as a biosafety level 4 pathogen. In humans NiV causes a severe acute encephalitis whereas in some animal hosts respiratory symptoms are predominantly observed. Despite the differences in the clinical outcome, microvascular endothelial cell damage predominantly underlies the pathological changes in NiV infections in all susceptible host species. NiV generally induces a pronounced vasculitis which is primarily characterised by endothelial cell necrosis and inflammatory cell infiltration. For future developments of specific antiviral therapies or vaccines, a detailed understanding of the molecular basis of NiV pathogenesis is required. This article reviews the current knowledge about natural and experimental infections in different mammals, focusing on the main organ and cell tropism in vivo, and summarises some recent studies in cell culture on the role of ephrin-B2 and -B3 receptors in NiV infection of endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19967130���Maisner, Andrea
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*zoonotic virus���Dec{��Hendra and Nipah virus, which constitute the genus Henipavirus, are zoonotic paramyxoviruses that have been associated with sporadic outbreaks of severe disease and mortality in humans since their emergence in the late 1990s. Similar to other paramyxoviruses, their ability to evade the host interferon (IFN) response is conferred by the P gene. The henipavirus P gene encodes four proteins; the P, V, W and C proteins, which have all been described to inhibit the antiviral response. Further studies have revealed that these proteins have overlapping but unique properties which enable the virus to block multiple signaling pathways in the IFN response. The best characterized of these is the JAK-STAT signaling pathway which is targeted by the P, V and W proteins via an interaction with the transcription factor STAT1. In addition the V and W proteins can both limit virus-induced induction of IFN but they appear to do this via distinct mechanisms that rely on unique sequences in their C-terminal domains. The ability to generate recombinant Nipah viruses now gives us the opportunity to determine the precise role for each of these proteins and address their contribution to pathogenicity. Additionally, the question of whether these multiple anti-IFN strategies are all active in the different mammalian hosts for henipaviruses, particularly the fruit bat reservoir, warrants further exploration.,��https://www.ncbi.nlm.nih.gov/pubmed/21994589º��Shaw, Megan L
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*Virus Assembly���Feb 57��Paramyxovirus matrix (M) proteins organize virus assembly, functioning as adapters that link together viral ribonucleoprotein complexes and viral glycoproteins at infected cell plasma membranes. M proteins may also function to recruit and manipulate host factors to assist virus budding, similar to retroviral Gag proteins. By yeast two-hybrid screening, angiomotin-like 1 (AmotL1) was identified as a host factor that interacts with the M protein of parainfluenza virus 5 (PIV5). AmotL1-M protein interaction was observed in yeast, in transfected mammalian cells, and in virus-infected cells. Binding was mapped to a 83-amino acid region derived from the C-terminal portion of AmotL1. Overexpression of M-binding AmotL1-derived polypeptides potently inhibited production of PIV5 VLPs and impaired virus budding. Expression of these polypeptides moderately inhibited production of mumps VLPs, but had no effect on production of Nipah VLPs. siRNA-mediated depletion of AmotL1 protein reduced PIV5 budding, suggesting that this interaction is beneficial to paramyxovirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19932912���Pei, Zifei
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Survival Analysis
Treatment Outcome���Marî��Hendra virus (HeV) and Nipah virus (NiV) are recently emerged, closely related and highly pathogenic paramyxoviruses that cause severe disease such as encephalitis in animals and humans with fatality rates of up to 75 %. Due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy, they are classified as Biosafety Level 4 pathogens. A recent study reported that chloroquine, an anti-malarial drug, was effective in preventing NiV and HeV infection in cell culture experiments. In the present study, the antiviral efficacy of chloroquine was analysed, individually and in combination with ribavirin, in the treatment of NiV and HeV infection in in vivo experiments, using a golden hamster model. Although the results confirmed the strong antiviral activity of both drugs in inhibiting viral spread in vitro, they did not prove to be protective in the in vivo model. Ribavirin delayed death from viral disease in NiV-infected hamsters by approximately 5 days, but no significant effect in HeV-infected hamsters was observed. Chloroquine did not protect hamsters when administered either individually or in combination with ribavirin, the latter indicating the lack of a favourable drug-drug interaction.,��https://www.ncbi.nlm.nih.gov/pubmed/19889926���Freiberg, Alexander N
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Vero Cells���Nov 4þ��BACKGROUND: Using a recently described monolayer assay amenable to high throughput screening format for the identification of potential Nipah virus and Hendra virus antivirals, we have partially screened a low molecular weight compound library (>8,000 compounds) directly against live virus infection and identified twenty eight promising lead molecules. Initial single blind screens were conducted with 10 microM compound in triplicate with a minimum efficacy of 90% required for lead selection. Lead compounds were then further characterised to determine the median efficacy (IC50), cytotoxicity (CC50) and the in vitro therapeutic index in live virus and pseudotype assay formats. RESULTS: While a number of leads were identified, the current work describes three commercially available compounds: brilliant green, gentian violet and gliotoxin, identified as having potent antiviral activity against Nipah and Hendra virus. Similar efficacy was observed against pseudotyped Nipah and Hendra virus, vesicular stomatitis virus and human parainfluenza virus type 3 while only gliotoxin inhibited an influenza A virus suggesting a non-specific, broad spectrum activity for this compound. CONCLUSION: All three of these compounds have been used previously for various aspects of anti-bacterial and anti-fungal therapy and the current results suggest that while unsuitable for internal administration, they may be amenable to topical antiviral applications, or as disinfectants and provide excellent positive controls for future studies.,��https://www.ncbi.nlm.nih.gov/pubmed/19889218���Aljofan, Mohamad
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Nipah Virus/*physiology���Dec 1÷��Nipah virus (NiV) is a paramyxovirus whose reservoir host is fruit bats of the genus Pteropus. Occasionally the virus is introduced into human populations and causes severe illness characterized by encephalitis or respiratory disease. The first outbreak of NiV was recognized in Malaysia, but 8 outbreaks have been reported from Bangladesh since 2001. The primary pathways of transmission from bats to people in Bangladesh are through contamination of raw date palm sap by bats with subsequent consumption by humans and through infection of domestic animals (cattle, pigs, and goats), presumably from consumption of food contaminated with bat saliva or urine with subsequent transmission to people. Approximately one-half of recognized Nipah case patients in Bangladesh developed their disease following person-to-person transmission of the virus. Efforts to prevent transmission should focus on decreasing bat access to date palm sap and reducing family members' and friends' exposure to infected patients' saliva.,��https://www.ncbi.nlm.nih.gov/pubmed/19886791æ��Luby, Stephen P
Gurley, Emily S
Hossain, M Jahangir
eng
R01 TW005869/TW/FIC NIH HHS/
R01 TW005869-05/TW/FIC NIH HHS/
Research Support, Non-U.S. Gov't
2009/11/06 06:00
Clin Infect Dis. 2009 Dec 1;49(11):1743-8. doi: 10.1086/647951.*��1537-6591 (Electronic)
1058-4838 (Linking)
��PMC2784122���19886791e��International Centre for Diarrheal Diseases Research, Bangladesh, Dhaka, Bangladesh. sluby@icddrb.org���10.1086/647951��ß��üÒtÿî?Ì���8��Smith, E. C.
Popa, A.
Chang, A.
Masante, C.
Dutch, R. E.���2009G��Viral entry mechanisms: the increasing diversity of paramyxovirus entry���7217-27���FEBS J���276���24À��Cell Membrane/virology
Humans
Membrane Fusion/physiology
Paramyxovirinae/pathogenicity/*physiology
Viral Fusion Proteins/metabolism
Virulence/physiology
Virus Attachment
*Virus Internalization���Dec´��The paramyxovirus family contains established human pathogens such as the measles virus and human respiratory syncytial virus, as well as emerging pathogens including the Hendra and Nipah viruses and the recently identified human metapneumovirus. Two major envelope glycoproteins, the attachment protein and the fusion protein, promote the processes of viral attachment and virus-cell membrane fusion required for entry. Although common mechanisms of fusion protein proteolytic activation and the mechanism of membrane fusion promotion have been shown in recent years, considerable diversity exists in the family relating to receptor binding and the potential mechanisms of fusion triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/19878307¤��Smith, Everett C
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Young Adult���Jun¥��The acute encephalitis syndrome has heralded the emergence of multiple virulent pathogens, including Murray Valley encephalitis, Hendra virus and Australian bat lyssavirus, which may result in severe morbidity and mortality. In Australia, encephalitis is not notifiable and there has been no analysis of trends in encephalitis death rates or causation. Australian Bureau of Statistics mortality and population data for the period 1979-2006 were obtained and cause of death data were extracted using ICD-9 (1979-1998) and ICD-10 (1999-2006) codes that included all relevant encephalitis related diagnoses. Encephalitis-associated deaths were analysed by cause, year, age and gender. Between 1979 and 2006 there were 1,118 encephalitis-associated deaths in Australia. The average annual death rate was 2.3 per 1 million population (range 1.3-3.6). There was a significant decline in encephalitis-associated deaths, particularly due to 'known' pathogens (4.3% decline per year, 95% CI 3.1-5.4%, P<0.0001). The aetiology of 576 deaths were unknown and the proportion of deaths due to 'unknown' encephalitis increased from 47.0% between 1979 and 1992, to 57.2% from 1993 to 2006. Downward trends in encephalitis deaths due to 'known' causes can largely be explained by changes in treatment and prevention methods, particularly for herpes encephalitis (use of acyclovir), and measles encephalitis and subacute sclerosing panencephalitis (measles vaccination). The high proportion of encephalitis deaths from 'unknown' pathogens in Australia highlights the importance of monitoring encephalitis morbidity and mortality with a view to improving pathogen diagnosis and identifying emerging infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/19877537Í��Huppatz, Clare
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alpha-Defensins/*metabolism/pharmacology���Jan 7���Chronic myelomonocytic leukemia (CMML) is a clonal hematopoietic disorder that occurs in elderly patients. One of the main diagnostic criteria is the accumulation of heterogeneous monocytes in the peripheral blood. We further explored this cellular heterogeneity and observed that part of the leukemic clone in the peripheral blood was made of immature dysplastic granulocytes with a CD14(-)/CD24(+) phenotype. The proteome profile of these cells is dramatically distinct from that of CD14(+)/CD24(-) monocytes from CMML patients or healthy donors. More specifically, CD14(-)/CD24(+) CMML cells synthesize and secrete large amounts of alpha-defensin 1-3 (HNP1-3). Recombinant HNPs inhibit macrophage colony-stimulating factor (M-CSF)-driven differentiation of human peripheral blood monocytes into macrophages. Using transwell, antibody-mediated depletion, suramin inhibition of purinergic receptors, and competitive experiments with uridine diphosphate (UDP)/uridine triphosphate (UTP), we demonstrate that HNP1-3 secreted by CD14(-)/CD24(+) cells inhibit M-CSF-induced differentiation of CD14(+)/CD24(-) cells at least in part through P2Y6, a receptor involved in macrophage differentiation. Altogether, these observations suggest that a population of immature dysplastic granulocytes contributes to the CMML phenotype through production of alpha-defensins HNP1-3 that suppress the differentiation capabilities of monocytes.,��https://www.ncbi.nlm.nih.gov/pubmed/19864642¢��Droin, Nathalie
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Virus Internalization/*drug effects���Dec 20Ç��Nipah virus (NiV) is a zoonotic biosafety level 4 paramyxovirus that emerged recently in Asia with high mortality in man. NiV is a member, with Hendra virus (HeV), of the Henipavirus genus in the Paramyxoviridae family. Although NiV entry, like that of other paramyxoviruses, is believed to occur via pH-independent fusion with the host cell's plasma membrane we present evidence that entry can occur by an endocytic pathway. The NiV receptor ephrinB2 has receptor kinase activity and we find that ephrinB2's cytoplasmic domain is required for entry but is dispensable for post-entry viral spread. The mutation of a single tyrosine residue (Y304F) in ephrinB2's cytoplasmic tail abrogates NiV entry. Moreover, our results show that NiV entry is inhibited by constructions and drugs specific for the endocytic pathway of macropinocytosis. Our findings could potentially permit the rapid development of novel low-cost antiviral treatments not only for NiV but also HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/19854459ß��Pernet, Olivier
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Virulence Factors/*metabolism���Sep���A number of paramyxoviruses are responsible for acute respiratory infections in children, elderly and immuno-compromised individuals, resulting in airway inflammation and exacerbation of chronic diseases like asthma. To understand the molecular pathogenesis of these infections, we searched for cellular targets of the virulence protein C of human parainfluenza virus type 3 (hPIV3-C). We found that hPIV3-C interacts directly through its C-terminal domain with STAT1 and GRB2, whereas C proteins from measles or Nipah viruses failed to do so. Binding to STAT1 explains the previously reported capacity of hPIV3-C to block type I interferon signaling, but the interaction with GRB2 was unexpected. This adaptor protein bridges Epidermal Growth Factor (EGF) receptor to MAPK/ERK pathway, a signaling cascade recently found to be involved in airway inflammatory response. We report that either hPIV3 infection or transient expression of hPIV3-C both increase cellular response to EGF, as assessed by Elk1 transactivation and phosphorylation levels of ERK1/2, 40S ribosomal subunit protein S6 and translation initiation factor 4E (eIF4E). Furthermore, inhibition of MAPK/ERK pathway with U0126 prevented viral protein expression in infected cells. Altogether, our data provide molecular basis to explain the role of hPIV3-C as a virulence factor and determinant of pathogenesis and demonstrate that Paramyxoviridae have evolved a single virulence factor to block type I interferon signaling and to boost simultaneous cellular response to growth factors.,��https://www.ncbi.nlm.nih.gov/pubmed/19806178L��Caignard, Gregory
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Zoonoses/*epidemiology/*transmission���Aug8��Human Nipah outbreaks recur in a specific region and time of year in Bangladesh. Fruit bats are the reservoir host for Nipah virus. We identified 23 introductions of Nipah virus into human populations in central and northwestern Bangladesh from 2001 through 2007. Ten introductions affected multiple persons (median 10). Illness onset occurred from December through May but not every year. We identified 122 cases of human Nipah infection. The mean age of case-patients was 27 years; 87 (71%) died. In 62 (51%) Nipah virus-infected patients, illness developed 5-15 days after close contact with another Nipah case-patient. Nine (7%) Nipah case-patients transmitted virus to others. Nipah case-patients who had difficulty breathing were more likely than those without respiratory difficulty to transmit Nipah (12% vs. 0%, p = 0.03). Although a small minority of infected patients transmit Nipah virus, more than half of identified cases result from person-to-person transmission. Interventions to prevent virus transmission from bats to humans and from person to person are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/19751584Ó��Luby, Stephen P
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Zoonoses/transmissionS��Recent emerging zoonoses (hemorrhagic fevers due to Ebola or Marburg virus, encephalitis due to Nipah virus, severe acute respiratory syndrome due to SRAS virus...) outline the potential of bats as vectors for transmission of infectious disease to humans. Such a potential is already known for rabies encephalitis since seven out of the eight genotypes of Lyssavirus are transmitted by bats. In addition, phylogenetic reconstructions indicate that Lyssavirus have evolved in chiropters before their emergence in carnivores. Nevertheless, carnivores remain the most critical vectors for public health, in particular dogs that are originating 55.000 rabies deaths per year, essentially in developing countries. Rabies control in carnivores by parenteral (dog) or oral (wild carnivores) vaccination is efficacious and campaigns start to be more widely applied. On the other hand, rabies control in bat still remains non realistic, particularly as the pathogenicity of bat Lyssavirus for bats is still under debate, suggesting that a "diplomatic relationship" between partners would have arisen from a long term cohabitation. While comparing the interactions that humans and bats establish with Lyssavirus, scientists try to understand the molecular basis ofpathogenicity in man, a indispensable prerequisite to identify antiviral targets in a perspective of therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/19718950���Tordo, N
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Zoonoses/epidemiology/*transmission/virology���AugË��In this 2-part review, I will focus on emerging virus infections of the central nervous system (CNS). Part 1 will introduce the basic features of emerging infections, including their definition, epidemiology, and the frequency of CNS involvement. Important mechanisms of emergence will be reviewed, including viruses spreading into new host ranges as exemplified by West Nile virus (WNV), Japanese encephalitis (JE) virus, Toscana virus, and enterovirus 71 (EV71). Emerging infections also result from opportunistic spread of viruses into known niches, often resulting from attenuated host resistance to infection. This process is exemplified by transplant-associated cases of viral CNS infection caused by WNV, rabies virus, lymphocytic choriomeningitis, and lymphocytic choriomeningitis-like viruses and by the syndrome of human herpesvirus 6 (HHV6)-associated posttransplantation acute limbic encephalitis. The second part of this review begins with a discussion of JC virus and the occurrence of progressive multifocal leukoencephalopathy in association with novel immunomodulatory therapies and then continues with an overview of the risk of infection introduced by imported animals (eg, monkeypox virus) and examples of emerging diseases caused by enhanced competence of viruses for vectors and the spread of vectors (eg, chikungunya virus) and then concludes with examples of novel viruses causing CNS infection as exemplified by Nipah and Hendra viruses and bat lyssaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19667214f��Tyler, Kenneth L
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beta-Lactamases/genetics/*metabolism���Jul 31M��Nipah virus (NiV) and Hendra virus (HeV) are the only paramyxoviruses requiring Biosafety Level 4 (BSL-4) containment. Thus, study of henipavirus entry at less than BSL-4 conditions necessitates the use of cell-cell fusion or pseudotyped reporter virus assays. Yet, these surrogate assays may not fully emulate the biological properties unique to the virus being studied. Thus, we developed a henipaviral entry assay based on a beta-lactamase-Nipah Matrix (betala-M) fusion protein. We first codon-optimized the bacterial betala and the NiV-M genes to ensure efficient expression in mammalian cells. The betala-M construct was able to bud and form virus-like particles (VLPs) that morphologically resembled paramyxoviruses. betala-M efficiently incorporated both NiV and HeV fusion and attachment glycoproteins. Entry of these VLPs was detected by cytosolic delivery of betala-M, resulting in enzymatic and fluorescent conversion of the pre-loaded CCF2-AM substrate. Soluble henipavirus receptors (ephrinB2) or antibodies against the F and/or G proteins blocked VLP entry. Additionally, a Y105W mutation engineered into the catalytic site of betala increased the sensitivity of our betala-M based infection assays by 2-fold. In toto, these methods will provide a more biologically relevant assay for studying henipavirus entry at less than BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/19646266©��Wolf, Mike C
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RNA, Viral/*genetics���Jul 28���BACKGROUND: Henipaviruses (Hendra and Nipah virus) are highly pathogenic members of the family Paramyxoviridae. Fruit-eating bats of the Pteropus genus have been suggested as their natural reservoir. Human Henipavirus infections have been reported in a region extending from Australia via Malaysia into Bangladesh, compatible with the geographic range of Pteropus. These bats do not occur in continental Africa, but a whole range of other fruit bats is encountered. One of the most abundant is Eidolon helvum, the African Straw-coloured fruit bat. METHODOLOGY/PRINCIPAL FINDINGS: Feces from E. helvum roosting in an urban setting in Kumasi/Ghana were tested for Henipavirus RNA. Sequences of three novel viruses in phylogenetic relationship to known Henipaviruses were detected. Virus RNA concentrations in feces were low. CONCLUSIONS/SIGNIFICANCE: The finding of novel putative Henipaviruses outside Australia and Asia contributes a significant extension of the region of potential endemicity of one of the most pathogenic virus genera known in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19636378K��Drexler, Jan Felix
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Queensland���Jul 3Ð��BACKGROUND: Australia's dinosaurian fossil record is exceptionally poor compared to that of other similar-sized continents. Most taxa are known from fragmentary isolated remains with uncertain taxonomic and phylogenetic placement. A better understanding of the Australian dinosaurian record is crucial to understanding the global palaeobiogeography of dinosaurian groups, including groups previously considered to have had Gondwanan origins, such as the titanosaurs and carcharodontosaurids. METHODOLOGY/PRINCIPAL FINDINGS: We describe three new dinosaurs from the late Early Cretaceous (latest Albian) Winton Formation of eastern Australia, including; Wintonotitan wattsi gen. et sp. nov., a basal titanosauriform; Diamantinasaurus matildae gen. et sp. nov., a derived lithostrotian titanosaur; and Australovenator wintonensis gen. et sp. nov., an allosauroid. We compare an isolated astragalus from the Early Cretaceous of southern Australia; formerly identified as Allosaurus sp., and conclude that it most-likely represents Australovenator sp. CONCLUSION/SIGNIFICANCE: The occurrence of Australovenator from the Aptian to latest Albian confirms the presence in Australia of allosauroids basal to the Carcharodontosauridae. These new taxa, along with the fragmentary remains of other taxa, indicate a diverse Early Cretaceous sauropod and theropod fauna in Australia, including plesiomorphic forms (e.g. Wintonotitan and Australovenator) and more derived forms (e.g. Diamantinasaurus).,��https://www.ncbi.nlm.nih.gov/pubmed/19584929è��Hocknull, Scott A
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Swine���Oct¤��Tioman virus (TioV) was isolated from a number of pooled urine samples of Tioman Island flying foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. Studies have established TioV as a new virus in the family Paramyxoviridae. This novel paramyxovirus is antigenically related to Menangle virus that was isolated in Australia in 1997 during disease outbreak in pigs. TioV causes mild disease in pigs and has a predilection for lymphoid tissues. Recent serosurvey showed that 1.8% of Tioman Islanders had neutralizing antibodies against TioV, indicating probable past infection. For the development of convenient serological tests for this virus, recombinant TioV nucleocapsid (N) protein was expressed in the yeast Saccharomyces cerevisiae. High yields of recombinant TioV N protein were obtained. Electron microscopy demonstrated that purified recombinant N protein self-assembled into nucleocapsid-like particles which were identical in density and morphology to authentic nucleocapsids from paramyxovirus-infected cells. Different size nucleocapsid-like particles were stable and readily purified by CsCl gradient ultracentrifugation. Polyclonal sera raised in rabbits after immunization with recombinant TioV N protein reacted reliably with TioV infected tissues in immunohistochemistry tests. It confirmed that the antigenic properties of yeast derived TioV N protein are identical to authentic viral protein.,��https://www.ncbi.nlm.nih.gov/pubmed/19559738?��Petraityte, Rasa
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Viral Structural Proteins/genetics/*metabolism���AugÖ��The Nipah virus (NiV) phosphoprotein (P) gene encodes the C, P, V, and W proteins. P, V, and W, have in common an amino-terminal domain sufficient to bind STAT1, inhibiting its interferon (IFN)-induced tyrosine phosphorylation. P is also essential for RNA-dependent RNA polymerase function. C is encoded by an alternate open reading frame (ORF) within the common amino-terminal domain. Mutations within residues 81 to 113 of P impaired its polymerase cofactor function, as assessed by a minireplicon assay, but these mutants retained STAT1 inhibitory function. Mutations within the residue 114 to 140 region were identified that abrogated interaction with and inhibition of STAT1 by P, V, and W without disrupting P polymerase cofactor function. Recombinant NiVs were then generated. A G121E mutation, which abrogated inhibition of STAT1, was introduced into a C protein knockout background (C(ko)) because the mutation would otherwise also alter the overlapping C ORF. In cell culture, relative to the wild-type virus, the C(ko) mutation proved attenuating but the G121E mutant virus replicated identically to the C(ko) virus. In cells infected with the wild-type and C(ko) viruses, STAT1 was nuclear despite the absence of tyrosine phosphorylation. This latter observation mirrors what has been seen in cells expressing NiV W. In the G121E mutant virus-infected cells, STAT1 was not phosphorylated and was cytoplasmic in the absence of IFN stimulation but became tyrosine phosphorylated and nuclear following IFN addition. These data demonstrate that the gene for NiV P encodes functions that sequester inactive STAT1 in the nucleus, preventing its activation and suggest that the W protein is the dominant inhibitor of STAT1 in NiV-infected cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19515782F��Ciancanelli, Michael J
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Virus Internalization/*drug effects���Jul 23m��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes respiratory disease in pigs and severe febrile encephalitis in humans with high mortality rates. On the basis of the structural similarity of viral fusion (F) proteins within the family Paramyxoviridae, we designed and tested 18 quinolone derivatives in a NiV and measles virus (MV) envelope protein-based fusion assay beside evaluation of cytotoxicity. We found five compounds successfully inhibiting NiV envelope protein-induced cell fusion. The most active molecules (19 and 20), which also inhibit the syncytium formation induced by infectious NiV and show a low cytotoxicity in Vero cells, represent a promising lead quinolone-type compound structure. Molecular modeling indicated that compound 19 fits well into a particular protein cavity present on the NiV F protein that is important for the fusion process.,��https://www.ncbi.nlm.nih.gov/pubmed/19499921M��Niedermeier, Sabine
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*Zoonoses���Aug'��Nearly 75% of all emerging infectious diseases (EIDs) that impact or threaten human health are zoonotic. The majority have spilled from wildlife reservoirs, either directly to humans or via domestic animals. The emergence of many can be attributed to predisposing factors such as global travel, trade, agricultural expansion, deforestation/habitat fragmentation, and urbanization; such factors increase the interface and/or the rate of contact between human, domestic animal, and wildlife populations, thereby creating increased opportunities for spillover events to occur. Infectious disease emergence can be regarded as primarily an ecological process. The epidemiological investigation of EIDs associated with wildlife requires a trans-disciplinary approach that includes an understanding of the ecology of the wildlife species, and an understanding of human behaviours that increase risk of exposure. Investigations of the emergence of Nipah virus in Malaysia in 1999 and severe acute respiratory syndrome (SARS) in China in 2003 provide useful case studies. The emergence of Nipah virus was associated with the increased size and density of commercial pig farms and their encroachment into forested areas. The movement of pigs for sale and slaughter in turn led to the rapid spread of infection to southern peninsular Malaysia, where the high-density, largely urban pig populations facilitated transmission to humans. Identifying the factors associated with the emergence of SARS in southern China requires an understanding of the ecology of infection both in the natural reservoir and in secondary market reservoir species. A necessary extension of understanding the ecology of the reservoir is an understanding of the trade, and of the social and cultural context of wildlife consumption. Emerging infectious diseases originating from wildlife populations will continue to threaten public health. Mitigating and managing the risk requires an appreciation of the connectedness between human, livestock and wildlife health, and of the factors and processes that disrupt the balance.,��https://www.ncbi.nlm.nih.gov/pubmed/19497090���Field, H E
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Zoonoses/*epidemiology/*virology���Jun`��Prior to the emergence of Hendra virus in Australia in 1994, paramyxoviruses were considered to be a taxonomic group of ubiquitous pathogens, consisting primarily of Biosafety Level 2 agents, which possessed narrow host ranges and often caused only mild or preventable diseases in humans and animals. In recent years, a number of Paramyxoviridae members have emerged, including previously unrecognized human pathogens and highly pathogenic zoonoses. The recent emergence of paramyxoviruses in humans suggests that there is an increased incidence of zoonotic transmission between wildlife, livestock and human hosts. This article explores the current body of scientific knowledge, disease burden and knowledge of reservoirs of these emerging paramyxoviruses and provides a comparative review of both older and emerging viruses that have been shown to infect humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19492965���Virtue, Elena R
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Vasculitis/immunology/pathology/virology���Jun���AIM: To study the pathology of two cases of human Hendra virus infection, one with no clinical encephalitis and one with relapsing encephalitis. METHODS: Autopsy tissues were investigated by light microscopy, immunohistochemistry and in situ hybridization. RESULTS: In the patient with acute pulmonary syndrome but not clinical acute encephalitis, vasculitis was found in the brain, lung, heart and kidney. Occasionally, viral antigens were demonstrated in vascular walls but multinucleated endothelial syncytia were absent. In the lung, there was severe inflammation, necrosis and viral antigens in type II pneumocytes and macrophages. The rare kidney glomerulus showed inflammation and viral antigens in capillary walls and podocytes. Discrete necrotic/vacuolar plaques in the brain parenchyma were associated with antigens and viral RNA. Brain inflammation was mild although CD68(+) microglia/macrophages were significantly increased. Cytoplasmic viral inclusions and antigens and viral RNA in neurones and ependyma suggested viral replication. In the case of relapsing encephalitis, there was severe widespread meningoencephalitis characterized by neuronal loss, macrophages and other inflammatory cells, reactive blood vessels and perivascular cuffing. Antigens and viral RNA were mainly found in neurones. Vasculitis was absent in all the tissues examined. CONCLUSIONS: The case of acute Hendra virus infection demonstrated evidence of systemic infection and acute encephalitis. The case of relapsing Hendra virus encephalitis showed no signs of extraneural infection but in the brain, extensive inflammation and infected neurones were observed. Hendra virus can cause acute and relapsing encephalitis and the findings suggest that the pathology and pathogenesis are similar to Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19473296���Wong, K T
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��Neuroradiol J���22���2���May 15è��Systemic lupus erythematosus (SLE) has diverse imaging features. However, focal lesions in the corpus callosum are extremely rare in SLE with only few cases mentioned in the literature, with no mention of callosal holes in SLE. Callosal holes have been described as a characteristic finding in Susac syndrome and have been mentioned in Nipah virus encephalitis, Marchiafava Bignami disease and periventricular leukomalacia. We describe a case of SLE with callosal holes. The demonstration of callosal holes in this case brings the imaging appearance of SLE a step closer to that of Susac syndrome which is considered a clinically and radiologically close condition. It also adds to the list of imaging appearances of central nervous system SLE.,��https://www.ncbi.nlm.nih.gov/pubmed/24207034���Shaikh, R
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Viral Proteins/genetics���SepW��Nipah virus (NiV) is a new zoonotic paramyxovirus that emerged in 1998 and is now classified in the genus Henipavirus along with the closely related Hendra virus (HeV). NiV is highly pathogenic in several vertebrate species including humans, and the lack of available vaccines or specific treatment restricts it to biosafety level 4 (BSL4) containment. A serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing green fluorescent protein (GFP) and bearing the F and G proteins of NiV (VSV-NiV-GFP). The neutralization titers were obtained by counting GFP-expressing cells or by measuring fluorescence. The performance of this new assay was compared against the conventional test using live NiV with panels of sera from several mammalian species, including sera from NiV outbreaks, experimental infections, as well as HeV-specific sera. The results obtained with the VSV-NiV-GFP based test correlated with those obtained using live NiV. Using a 50% reduction in VSV-NiV-GFP infected cells as the cut-off for neutralization, this new assay demonstrated its potential as an effective tool for detecting NiV neutralizing antibodies under BSL2 containment with greater speed, sensitivity and safety as compared to the conventional NiV serum neutralization test.,��https://www.ncbi.nlm.nih.gov/pubmed/19433112���Kaku, Yoshihiro
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Virus Replication/*drug effects���Jun²��We have recently described the development and validation of a high throughput screening assay suitable for henipavirus antiviral identification. While we are confident this assay is robust and effective, we wished to investigate assay performance in a range of alternative cell lines to determine if assay sensitivity and specificity could be improved. We evaluated ten different cell lines for their susceptibility to Hendra and Nipah virus infection and their sensitivity of detection of the effects of the broad spectrum antiviral, ribavirin and nine novel antivirals identified using our initial screening approach. Cell lines were grouped into three categories with respect to viral replication. Virus replicated best in Vero and BSR cells, followed by Hep-2, HeLa, BHK-21 and M17 cells. The lowest levels of RNA replication and viral protein expression were observed in BAEC, MMEC, A549 and ECV304 cells. Eight cell lines appeared to be similarly effective at discriminating the antiviral effects of ribavirin (<2.7-fold difference). The two cells lines most sensitive to the effect of ribavirin (ECV304 and BAEC) also displayed the lowest levels of viral replication while Vero cells were the least sensitive suggesting excess viral replication may limit drug efficacy and cell lines which limit viral replication may result in enhanced antiviral efficacy. However, there was no consistent trend observed with the other nine antivirals tested. While improvements in antiviral sensitivity in other cell lines may indicate an important role in future HTS assays, the slightly lower sensitivity to antiviral detection in Vero cells has inherent advantages in reducing the number of partially effective lead molecules identified during initial screens. Comparison of a panel of 54 novel antiviral compounds identified during routine screening of an in-house compound library in Vero, BHK-21 and BSR cells suggests no clear advantage of screening in either cell type.,��https://www.ncbi.nlm.nih.gov/pubmed/19428741���Aljofan, Mohamad
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Viral Proteins/genetics/metabolism���Jul���Diverse members of the Paramyxovirus family of negative-strand RNA viruses effectively suppress host innate immune responses through the actions of their V proteins. The V protein mediates interference with the interferon regulatory RNA helicase MDA5 to avoid cellular antiviral responses. Analysis of the interaction interface revealed the MDA5 helicase C domain as necessary and sufficient for association with V proteins from human parainfluenza virus type 2, parainfluenza virus type 5, measles virus, mumps virus, Hendra virus, and Nipah virus. The identified approximately 130-residue region is highly homologous between MDA5 and the related antiviral helicase LGP2, but not RIG-I. Results indicate that the paramyxovirus V proteins can also associate with LGP2. The V protein interaction was found to disrupt ATP hydrolysis mediated by both MDA5 and LGP2. These findings provide a potential mechanistic basis for V protein-mediated helicase interference and identify LGP2 as a second cellular RNA helicase targeted by paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/19403670���Parisien, Jean-Patrick
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Time Factors���Mar���After 12 serial Nipah virus outbreaks in humans since 1998, it has been noted that all except the initial event in Malaysia occurred during the first 5 months of the year. Increasingly higher morbidity and mortality have been observed in subsequent outbreaks in India and Bangladesh. This may have been related to different virus strains and transmission capability from bat to human without the need for an amplifying host and direct human-to-human transmission. A survey of virus strains in Pteropus lylei and seasonal preference for spillover of these viruses was completed in seven provinces of Central Thailand between May 2005 and June 2007. Nipah virus RNA sequences, which belonged to those of the Malaysian and Bangladesh strains, were detected in the urine of these bats, with the Bangladesh strain being dominant. Highest recovery of Nipah virus RNA was observed in May. Of two provincial sites where monthly surveys were done, the Bangladesh strain was almost exclusively detected during April to June. The Malaysian strain was found dispersed during December to June. Although direct contact during breeding (in December to April) was believed to be an important transmission factor, our results may not entirely support the role of breeding activities in spillage of virus. Greater virus shedding over extended periods in the case of the Malaysian strain and the highest peak of virus detection in May in the case of the Bangladesh strain when offspring started to separate may suggest that there may be responsible mechanisms other than direct contact during breeding in the same roost. Knowledge of seasonal preferences of Nipah virus shedding in P. lylei will help us to better understand the dynamics of Nipah virus transmission and have implications for disease management.,��https://www.ncbi.nlm.nih.gov/pubmed/19402762"��Wacharapluesadee, Supaporn
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Recombinant Fusion Proteins/genetics/isolation & purification/metabolism���May 152��Nucleocapsid (N) protein of Nipah virus (NiV) is a potential serological marker used in the diagnosis of NiV infections. In this study, a rapid and efficient purification system, HisTrap 6 Fast Flow packed bed column was applied to purify recombinant histidine-tagged N protein of NiV from clarified feedstock. The optimizations of binding and elution conditions of N protein of NiV onto and from Nickel Sepharose 6 Fast Flow were investigated. The optimal binding was achieved at pH 7.5, superficial velocity of 1.25 cm/min. The bound N protein was successfully recovered by a stepwise elution with different concentration of imidazole (50, 150, 300 and 500 mM). The N protein of NiV was captured and eluted from an inlet N protein concentration of 0.4 mg/ml in a scale-up immobilized metal affinity chromatography (IMAC) packed bed column of Nickel Sepharose 6 Fast Flow with the optimized condition obtained from the method scouting. The purification of histidine-tagged N protein using IMAC packed bed column has resulted a 68.3% yield and a purification factor of 7.94.,��https://www.ncbi.nlm.nih.gov/pubmed/19395325-��Chong, Fui Chin
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Receptors, Virus/metabolismÊ��Enhanced green fluorescent protein (EGFP) is a useful marker protein which enables the tracing of virus infection. Recombinant viruses expressing EGFP are useful for the investigation of the underlying mechanism of viral infection in vitro and in vivo. Using EGFP-expressing recombinant Nipah virus (NiV) and canine distemper virus (CDV), we tested the susceptibility of a variety of cells to infection. Receptor usage in CDV infection was also investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/19378121³��Yoneda, Misako
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Viscera/blood supply/virology���May 10B��Hendra virus (HeV) and Nipah virus (NiV) are recently-emerged, closely related and highly pathogenic paramyxoviruses. We have analysed here the pathogenesis of the acute HeV infection using the new animal model, golden hamster (Mesocricetus auratus), which is highly susceptible to HeV infection. HeV-specific RNA and viral antigens were found in multiple organs and virus was isolated from different tissues. Dual pathogenic mechanism was observed: parenchymal infection in various organs, including the brain, with vasculitis and multinucleated syncytia in many blood vessels. Furthermore, monoclonal antibodies specific for the NiV fusion protein neutralized HeV in vitro and efficiently protected hamsters from HeV if given before infection. These results reveal the similarities between HeV and NiV pathogenesis, particularly in affecting both respiratory and neuronal system. They demonstrate that hamster presents a convenient novel animal model to study HeV infection, opening new perspectives to evaluate vaccine and therapeutic approaches against this emergent infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/19328514���Guillaume, Vanessa
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Taiwan/epidemiologyx��Human metapneumovirus (hMPV) is a paramyxovirus that is associated with respiratory tract infection (RTI) mostly in children, but these outbreaks have rarely been reported in adults. We encountered an outbreak of this disease involving 10 adults in a psychiatric ward in eastern Taiwan. The nasopharyngeal swab specimens from 13 patients with symptoms of RTI were obtained and analyzed. The RT-PCR tests were negative to influenza virus A/B, adenovirus, RSV, parainfluenza virus, coronavirus, Nipah virus and Legionella. The antigen tests were negative to Legionella, Chlamydia, and Mycoplasma. Blood culture was negative in all except patient no. 1, who was found positive for coagulase-negative staphylococci. The hMPV was identified in 10 of 13 adults (77%), but negative for the other virus. Cough was present in all (100%), fever in 90%, and X-ray evidence of pneumonia in 7 patients. One patient died of respiratory failure. We report this outbreak in a mental hospital to alert the medical profession that this unusual infection of hMPV can occur as an outbreak in an adult setting and is an occupational hazard for healthcare personnel.,��https://www.ncbi.nlm.nih.gov/pubmed/19308801ê��Tu, Chuan-Chou
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Time Factors
Unemployment���Mar���The authors examined the effects of Florida's Family Transition Program (FTP), one of the first welfare reform initiatives to include a time limit on the receipt of federal cash assistance with other welfare requirements, on single-mother welfare-receiving families. Using a regression-based subgroup approach, they identified a group of families who were at risk of reaching the welfare time limit and subsequently assessed the experimental effects of the time-limited welfare policy on this group as compared to an otherwise comparable group of single-mother welfare-recipient families. For the families who were at risk of reaching the welfare time limit, FTP had few effects. FTP decreased mothers' depressive symptoms, and mothers in the FTP group reported higher levels of children's school achievement. There were no effects on parenting behavior or mothers' reports of children's social-emotional outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/19271826"��Morris, Pamela A
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Virus Replication���Mayà��Nipah (NiV) and Hendra (HeV) viruses are emerging zoonotic paramyxoviruses that cause encephalitis in humans, with fatality rates of up to 75%. We designed a new high-throughput screening (HTS) assay for inhibitors of infection based on envelope glycoprotein pseudotypes. The assay simulates multicycle replication and thus identifies inhibitors that target several stages of the viral life cycle, but it still can be carried out under biosafety level 2 (BSL-2) conditions. These features permit a screen for antivirals for emerging viruses and select agents that otherwise would require BSL-4 HTS facilities. The screening of a small compound library identified several effective molecules, including the well-known compound chloroquine, as highly active inhibitors of pseudotyped virus infection. Chloroquine inhibited infection with live HeV and NiV at a concentration of 1 microM in vitro (50% inhibitory concentration, 2 microM), which is less than the plasma concentrations present in humans receiving chloroquine treatment for malaria. The mechanism for chloroquine's antiviral action likely is the inhibition of cathepsin L, a cellular enzyme that is essential for the processing of the viral fusion glycoprotein and the maturation of newly budding virions. Without this processing step, virions are not infectious. The identification of a compound that inhibits a known cellular target that is important for viral maturation but that had not previously been shown to have antiviral activity for henipaviruses highlights the validity of this new screening assay. Given the established safety profile and broad experience with chloroquine in humans, the results described here provide an option for treating individuals infected by these deadly viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19264786À��Porotto, Matteo
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Molecular Biology/*methodsV��Interest in the potential of monoclonal antibodies (mAbs) to serve as therapeutic agents has surged in the past decade with a major emphasis on human viral diseases. There has been much attention in this area directed towards the human immunodeficiency virus type-1 (HIV-1) and promising research developments have emerged on the inhibition of HIV-1 infection by mAbs and the identification of several highly conserved neutralizing epitopes. More recently, potent fully-human neutralizing mAbs have been developed against a variety of important human viral disease agents including the paramyxoviruses Hendra virus and Nipah virus, and human or humanized mAbs have been developed against severe acute respiratory syndrome coronavirus (SARS CoV), and West Nile virus, among others. Most of these more recently developed antiviral mAbs have come from the use of antibody phage-display technologies and the implementation of simplified, inexpensive yet efficient methods, for expressing and purifying the initially selected fragment antibodies is of prime importance in further facilitating this area of research.,��https://www.ncbi.nlm.nih.gov/pubmed/19252844å��Dimitrova, Dimana
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SARS Virus/*immunology���MarÁ��BACKGROUND: Recently, several potently neutralizing fully human monoclonal antibodies (hmAbs) targeting the severe acute respiratory syndrome-associated coronavirus (SARS CoV) S glycoprotein, and the G glycoprotein of the paramyxoviruses Hendra virus (HeV) and Nipah virus (NiV) have been discovered [corrected]. OBJECTIVE: To examine, compare and contrast the functional characteristics of hmAbs with the potential for prophylaxis and treatment of diseases caused by SARS CoV, HeV and NiV. METHODS: A review of relevant literature. RESULTS/CONCLUSIONS: Structural, functional and biochemical analyses [corrected] have provided insights into the molecular mechanisms of receptor recognition and antibody neutralization, and suggested that these antibodies alone or in combination could fight the viruses' heterogeneity and mutability, which is a major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/192166242��Prabakaran, Ponraj
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Viral Structural Proteins/*biosynthesis���Apri��Nipah virus (NiV) is predicted to encode four proteins from its P gene (P, V, W, and C) via mRNA editing and an alternate open reading frame. By use of specific antibodies, the expression of the V, W, and C proteins in NiV-infected cells has now been confirmed. Analysis of the P-gene transcripts shows a ratio of P:V:W mRNA of 1:1:1, but this differs over time, with greater proportions of V and W transcripts observed as the infection progresses. Eighty-two percent of transcripts are edited, with up to 11 G insertions observed. This exceptionally high editing frequency ensures expression of the V and W proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/192117542��Kulkarni, Sachin
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization���Aug 20V��Human defensins, which are small cationic peptides produced by neutrophils and epithelial cells, form two genetically distinct alpha and beta subfamilies. They are involved in innate immunity through killing microbial pathogens or neutralizing bacterial toxins and in adaptive immunity by serving as chemoattractants and activators of immune cells. alpha-defensins are mainly packaged in neutrophil granules (HNP1, HNP2, HNP3) or secreted by intestinal Paneth cells (HD5, HD6), while beta-defensins are expressed in mucosa and epithelial cells. Using surface enhanced laser desorption/ionisation time-of-flight (SELDI-TOF) mass spectrometry (MS), alpha-defensins were found to be expressed in a variety of human tumours, either in tumour cells or at their surface. HNP1-3 peptides are also secreted and their accumulation in biological fluids was proposed as a tumour biomarker. Conversely, beta-defensin-1 (HBD-1) is down-regulated in some tumour types in which it could behave as a tumour suppressor protein. Alpha-defensins promote tumour cell growth or, at higher concentration, provoke cell death. These peptides also inhibit angiogenesis, which, in addition to immunomodulation, indicates a complex role in tumour development. This review summarizes current knowledge of defensins to discuss their role in tumour growth, tumour monitoring and cancer treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/19186224è��Droin, Nathalie
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*Nipah Virus
Rural Population���Jan���Continued Nipah encephalitis outbreaks in Bangladesh highlight the need for preventative and control measures to reduce transmission from bats to humans and human-to-human spread. Qualitative research was conducted at the end of an encephalitis outbreak in Faridpur, Bangladesh in May 2004 and continued through December 2004. Methods included in-depth interviews with caretakers of cases, case survivors, neighbors of cases, and health providers. Results show contrasts between local and biomedical views on causal explanations and appropriate care. Social norms demanded that family members maintain physical contact with sick patients, potentially increasing the risk of human-to-human transmission. Initial treatment strategies by community members involved home remedies, and public health officials encouraged patient hospitalization. Over time, communities linked the outbreak to supernatural powers and sought care with spiritual healers. Differing popular and medical views of illness caused conflict and rejection of biomedical recommendations. Future investigators should consider local perceptions of disease and treatment when developing outbreak strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/19141846���Blum, Lauren S
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Viral Proteins/analysis/*genetics���Febw��The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are highly pathogenic zoonotic paramyxoviruses. Like many other paramyxoviruses, henipaviruses employ a process of co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternate reading frame. Sequence analysis of multiple, cloned mRNAs showed that the mRNA editing frequencies of the P genes of the henipaviruses are higher than those reported for other paramyxoviruses. Antisera to synthetic peptides from the P, V, W and C proteins of NiV were generated to study their expression in infected cells. All proteins were detected in both infected cells and purified virions. In infected cells, the W protein was detected in the nucleus while P, V and C were found in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/19141449���Lo, Michael K
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Sequence Deletion���Feb���The nucleocapsid protein of Nipah virus produced in Escherichia coli assembled into herringbone-like particles. The amino- and carboxy-termini of the N protein were shortened progressively to define the minimum contiguous sequence involved in capsid assembly. The first 29 aa residues of the N protein are dispensable for capsid formation. The 128 carboxy-terminal residues do not play a role in the assembly of the herringbone-like particles. A region with amino acid residues 30-32 plays a crucial role in the formation of the capsid particle. Deletion of any of the four conserved hydrophobic regions in the N protein impaired capsid formation. Replacement of the central conserved regions with the respective sequences from the Newcastle disease virus restored capsid formation.,��https://www.ncbi.nlm.nih.gov/pubmed/19141448Ò��Ong, Swee Tin
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Field, H.���2009X��Strategies for enhancing Australia's capacity to respond to emerging infectious diseases���67-78���Vet Ital���45���1���Jan-Mar���Along with many other countries, Australia faces significant threats from emerging infectious diseases that emanate from wildlife or involve a wildlife vector. A salient example of such a disease is Hendra virus. The outbreaks of Hendra virus in 2008 highlight the critical need for a 'One Health' approach to the management of emerging infectious diseases. In Australia, cross-sectoral and cross jurisdictional 'One Health' approaches to the improved management of emerging infectious disease are being undertaken. These include improved management and sharing of biosecurity information, the joint cross-sectoral development of laboratory infrastructure, 'One Health' policy initiatives and 'One Health' approaches to disease research. These initiatives are enhancing Australia's disease response capacity and capability as well as supporting efforts to better control emerging infectious disease in the region.,��https://www.ncbi.nlm.nih.gov/pubmed/20391391k��Prowse, Stephen J
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Virus Attachment
*Virus Internalization���Dec 24%��BACKGROUND: Cell entry and cell-to-cell spread of the highly pathogenic Nipah virus (NiV) requires binding of the NiV G protein to cellular ephrin receptors and subsequent NiV F-mediated fusion. Since expression levels of the main NiV entry receptor ephrin-B2 (EB2) are highly regulated in vivo to fulfill the physiological functions in axon guidance and angiogenesis, the goal of this study was to determine if changes in the EB2 expression influence NiV infection. RESULTS: Surprisingly, transfection of increasing EB2 plasmid concentrations reduced cell-to-cell fusion both in cells expressing the NiV glycoproteins and in cells infected with NiV. This effect was attributed to the downregulation of the NiV glycoproteins from the cell surface. In addition to the influence on cell-to-cell fusion, increased EB2 expression significantly reduced the total amount of NiV-infected cells, thus interfered with virus entry. To determine if the negative effect of elevated EB2 expression on virus entry is a result of an increased EB2 signaling, receptor function of a tail-truncated and therefore signaling-defective DeltacEB2 was tested. Interestingly, DeltacEB2 fully functioned as NiV entry and fusion receptor, and overexpression also interfered with virus replication. CONCLUSION: Our findings clearly show that EB2 signaling does not account for the striking negative impact of elevated receptor expression on NiV infection, but rather that the ratio between the NiV envelope glycoproteins and surface receptors critically influence cell-to-cell fusion and virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19108727Ø��Thiel, Lena
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Malaysia/epidemiology
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Swine/virology���Decü��The Nipah virus outbreak in Malaysia (September 1998 to May 1999) resulted in 265 cases of acute encephalitis with 105 deaths, and near collapse of the billion-dollar pig-farming industry. Because it was initially attributed to Japanese encephalitis, early control measures were ineffective, and the outbreak spread to other parts of Malaysia and nearby Singapore. The isolation of the novel aetiological agent, the Nipah virus (NiV), from the cerebrospinal fluid of an outbreak victim was the turning point which led to outbreak control 2 months later. Together with the Hendra virus, NiV is now recognised as a new genus, Henipavirus (Hendra + Nipah), in the Paramyxoviridae family. Efforts of the local and international scientific community have since elucidated the epidemiology, clinico-pathophysiology and pathogenesis of this new disease. Humans contracted the infection from close contact with infected pigs, and formed the basis for pig-culling that eventually stopped the outbreak. NiV targeted medium-sized and small blood vessels resulting in endothelial multinucleated syncytia and fibrinoid necrosis. Autopsies revealed disseminated cerebral microinfarctions resulting from vasculitis-induced thrombosis and direct neuronal involvement. The discovery of NiV in the urine and saliva of Malaysian Island flying foxes (Pteropus hypomelanus and Petropus vampyrus) implicated these as natural reservoir hosts of NiV. It is probable that initial transmission of NiV from bats to pigs occurred in late 1997/early 1998 through contamination of pig swill by bat excretions, as a result of migration of these forest fruitbats to cultivated orchards and pig-farms, driven by fruiting failure of forest trees during the El Nino-related drought and anthropogenic fires in Indonesia in 1997-1998. This outbreak emphasizes the need for sharing information of any unusual illnesses in animals and humans, an open-minded approach and close collaboration and co-ordination between the medical profession, veterinarians and wildlife specialists in the investigation of such illnesses. Environmental mismanagement (such as deforestation and haze) has far-reaching effects, including encroachment of wildlife into human habitats and the introduction of zoonotic infections into domestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19108397h��Looi, Lai-Meng
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*Nipah Virus���SepT��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level four pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the 20th century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarises current published data relating to experimental infection of small and large animals, including the natural reservoir species, the Pteropus bat, with HeV or NiV. Susceptibility to infection and virus distribution in the individual species is discussed, along with the pathogenesis, pathological changes, and potential routes of transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/19084436¦��Weingartl, Hana M
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*Virus Internalization���Nov 26²��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes severe diseases in animals and humans. Endothelial cell (EC) infection is an established hallmark of NiV infection in vivo. Despite systemic virus spread via the vascular system, EC in brain and lung are preferentially infected whereas EC in other organs are less affected. As in vivo, we found differences in the infection of EC in cell culture. Only brain-derived primary or immortalized EC were found to be permissive to NiV infection. Using a replication-independent fusion assay, we could show that the lack of infection in non-brain EC was due to a lack of receptor expression. The NiV entry receptors ephrinB2 (EB2) or ephrinB3 were only expressed in brain endothelia. The finding that EB2 expression in previously non-permissive aortic EC rendered the cells permissive to infection then demonstrated that EB2 is not only necessary but also sufficient to allow the establishment of a productive NiV infection. This strongly suggests that limitations in receptor expression restrict virus entry in certain EC subsets in vivo, and are thus responsible for the differences in EC tropism observed in human and animal NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/19036148ª��Erbar, Stephanie
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*Virus Internalization/drug effects���Jan 16­��Cellular entry of paramyxoviruses requires the coordinated action of both the attachment (G/H/HN) and fusion (F) glycoproteins, but how receptor binding activates G to trigger F-mediated fusion during viral entry is not known. Here, we identify a receptor (ephrinB2)-induced allosteric activation site in Nipah virus (NiV) G involved in triggering F-mediated fusion. We first generated a conformational monoclonal antibody (monoclonal antibody 45 (Mab45)) whose binding to NiV-G was enhanced upon NiV-G-ephrinB2 binding. However, Mab45 also inhibited viral entry, and its receptor binding-enhanced (RBE) epitope was temperature-dependent, suggesting that the Mab45 RBE epitope on G may be involved in triggering F. The Mab45 RBE epitope was mapped to the base of the globular domain (beta6S4/beta1H1). Alanine scan mutants within this region that did not exhibit this RBE epitope were also non-fusogenic despite their ability to bind ephrinB2, oligomerize, and associate with F at wild-type (WT) levels. Although circular dichroism revealed conformational changes in the soluble ectodomain of WT NiV-G upon ephrinB2 addition, no such changes were detected with soluble RBE epitope mutants or short-stalk G mutants. Additionally, WT G, but not a RBE epitope mutant, could dissociate from F upon ephrinB2 engagement. Finally, using a biotinylated HR2 peptide to detect pre-hairpin intermediate formation, a cardinal feature of F-triggering, we showed that ephrinB2 binding to WT G, but not the RBE-epitope mutants, could trigger F. In sum, we implicate the coordinated interaction between the base of NiV-G globular head domain and the stalk domain in mediating receptor-induced F triggering during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19019819è��Aguilar, Hector C
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Zoonoses/epidemiology/transmission/*virology���May.��Over the past decade, a number of unique zoonotic and non-zoonotic viruses have emerged in Malaysia. Several of these viruses have resulted in significant morbidity and mortality to those affected and they have imposed a tremendous public health and economic burden on the state. Amongst the most devastating was the outbreak of Nipah virus encephalitis in 1998, which resulted in 109 deaths. The culling of more than a million pigs, identified as the amplifying host, ultimately brought the outbreak under control. A year prior to this, and subsequently again in 2000 and 2003, large outbreaks of hand-foot-and-mouth disease due to enterovirus 71, with rare cases of fatal neurological complications, were reported in young children. Three other new viruses - Tioman virus (1999), Pulau virus (1999), and Melaka virus (2006) - whose origins have all been linked to bats, have been added to the growing list of novel viruses being discovered in Malaysia. The highly pathogenic H5N1 avian influenza has also been detected in Malaysia with outbreaks in poultry in 2004, 2006, and 2007. Fortunately, no human infections were reported. Finally, the HIV/AIDS epidemic has seen the emergence of an HIV-1 recombinant form (CRF33_01B) in HIV-infected individuals from various risk groups, with evidence of ongoing and rapid expansion.,��https://www.ncbi.nlm.nih.gov/pubmed/19010076Ñ��Tee, Kok Keng
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*Virus Shedding���Nov 10�	�BACKGROUND: Nipah virus (NiV) is a recently emerged paramyxovirus capable of causing fatal disease in a broad range of mammalian hosts, including humans. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the family Paramyxoviridae. Recombinant expression systems have played a crucial role in studying the cell biology of these Biosafety Level-4 restricted viruses. Henipavirus assembly and budding occurs at the plasma membrane, although the details of this process remain poorly understood. Multivesicular body (MVB) proteins have been found to play a role in the budding of several enveloped viruses, including some paramyxoviruses, and the recruitment of MVB proteins by viral proteins possessing late budding domains (L-domains) has become an important concept in the viral budding process. Previously we developed a system for producing NiV virus-like particles (VLPs) and demonstrated that the matrix (M) protein possessed an intrinsic budding ability and played a major role in assembly. Here, we have used this system to further explore the budding process by analyzing elements within the M protein that are critical for particle release. RESULTS: Using rationally targeted site-directed mutagenesis we show that a NiV M sequence YPLGVG is required for M budding and that mutation or deletion of the sequence abrogates budding ability. Replacement of the native and overlapping Ebola VP40 L-domains with the NiV sequence failed to rescue VP40 budding; however, it did induce the cellular morphology of extensive filamentous projection consistent with wild-type VP40-expressing cells. Cells expressing wild-type NiV M also displayed this morphology, which was dependent on the YPLGVG sequence, and deletion of the sequence also resulted in nuclear localization of M. Dominant-negative VPS4 proteins had no effect on NiV M budding, suggesting that unlike other viruses such as Ebola, NiV M accomplishes budding independent of MVB cellular proteins. CONCLUSION: These data indicate that the YPLGVG motif within the NiV M protein plays an important role in M budding; however, involvement of any specific components of the cellular MVB sorting pathway in henipavirus budding remains to be demonstrated. Further investigation of henipavirus assembly and budding may yet reveal a novel mechanism(s) of viral assembly and release that could be applicable to other enveloped viruses or have therapeutic implications.,��https://www.ncbi.nlm.nih.gov/pubmed/19000317#��Patch, Jared R
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SARS Virus���Oct@��Acute respiratory viruses are a major cause of morbidity and mortality in humans worldwide and most acute respiratory infections are caused by viruses. Many of these viruses cause the highest burden of disease in specific risk groups such as young infants, the elderly, and immune-compromised individuals. Although the most important respiratory viruses of humans have been identified in the last century, in the past decade about a dozen "new" viruses have been discovered that may cause a high burden of acute respiratory disease in humans. Not only viruses were discovered that must have been with humans for many decades or centuries, such as human metapneumovirus and 2 different human coronaviruses, but also viruses that are truly new for humans and have emerged as a result of recent interspecies transmissions from other mammalian or avian reservoirs. The latter include highly pathogenic avian influenza viruses, severe acute respiratory syndrome (SARS) coronavirus, and Nipah virus. The discovery, etiologic role, and burden of disease caused by these infections are described.,��https://www.ncbi.nlm.nih.gov/pubmed/18820582£��Osterhaus, Albert D M E
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Singapore/epidemiology���Dec$��Nipah virus first emerged in Malaysia and Singapore between 1998 and 1999, causing severe febrile encephalitis in humans with a mortality rate of close to 40%. In addition, a significant portion of those recovering from acute infection had relapse encephalitis and long-term neurological defects. Since its initial outbreak, there have been numerous outbreaks in Bangladesh and India, in which the mortality rate rose to approximately 70%. These subsequent outbreaks were distinct from the initial outbreak, both in their epidemiology and in their clinical presentations. Recent developments in diagnostics may expedite disease diagnosis and outbreak containment, while progress in understanding the molecular biology of Nipah virus could lead to novel therapeutics and vaccines for this deadly pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/18835214���Lo, Michael K
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Odds Ratio
Risk Factors���Oct¨��Nipah virus (NiV) is a paramyxovirus that causes severe encephalitis in humans. During January 2004, twelve patients with NiV encephalitis (NiVE) were identified in west-central Bangladesh. A case-control study was conducted to identify factors associated with NiV infection. NiVE patients from the outbreak were enrolled in a matched case-control study. Exact odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using a matched analysis. Climbing trees (83% of cases vs. 51% of controls, OR 8.2, 95% CI 1.25-infinity) and contact with another NiVE patient (67% of cases vs. 9% of controls, OR 21.4, 95% CI 2.78-966.1) were associated with infection. We did not identify an increased risk for NiV infection among persons who had contact with a potential intermediate host. Although we cannot rule out person-to-person transmission, case-patients were likely infected from contact with fruit bats or their secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/18826814{��Montgomery, Joel M
Hossain, Mohamed J
Gurley, E
Carroll, Gurley D S
Croisier, A
Bertherat, E
Asgari, N
Formenty, P
Keeler, N
Comer, J
Bell, M R
Akram, K
Molla, A R
Zaman, K
Islam, Mohamed R
Wagoner, K
Mills, J N
Rollin, P E
Ksiazek, T G
Breiman, R F
eng
Research Support, U.S. Gov't, P.H.S.
2008/10/02 09:00
Emerg Infect Dis. 2008 Oct;14(10):1526-32. doi: 10.3201/eid1410.060507.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC2609878���18826814V��Centers for Disease Control and Prevention, Atlanta, Georgia, USA. jmontgomery@cdc.gov���10.3201/eid1410.060507����¼��üÒtÿî?����`��Bowden, T. A.
Crispin, M.
Harvey, D. J.
Aricescu, A. R.
Grimes, J. M.
Jones, E. Y.
Stuart, D. I.���2008���Crystal structure and carbohydrate analysis of Nipah virus attachment glycoprotein: a template for antiviral and vaccine design���11628-36���J Virol���82���23Z��Antiviral Agents/*pharmacology
Carbohydrates/*chemistry
Cells, Cultured
Crystallization
Drug Design
Glycosylation
Humans
Nipah Virus/*chemistry/drug effects/immunology
Protein Conformation
Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization
Vaccines, Synthetic/*immunology
Viral Envelope Proteins/*chemistry
Viral Vaccines/*immunology���Dec[��Two members of the paramyxovirus family, Nipah virus (NiV) and Hendra virus (HeV), are recent additions to a growing number of agents of emergent diseases which use bats as a natural host. Identification of ephrin-B2 and ephrin-B3 as cellular receptors for these viruses has enabled the development of immunotherapeutic reagents which prevent virus attachment and subsequent fusion. Here we present the structural analysis of the protein and carbohydrate components of the unbound viral attachment glycoprotein of NiV glycoprotein (NiV-G) at a 2.2-A resolution. Comparison with its ephrin-B2-bound form reveals that conformational changes within the envelope glycoprotein are required to achieve viral attachment. Structural differences are particularly pronounced in the 579-590 loop, a major component of the ephrin binding surface. In addition, the 236-245 loop is rather disordered in the unbound structure. We extend our structural characterization of NiV-G with mass spectrometric analysis of the carbohydrate moieties. We demonstrate that NiV-G is largely devoid of the oligomannose-type glycans that in viruses such as human immunodeficiency virus type 1 and Ebola virus influence viral tropism and the host immune response. Nevertheless, we find putative ligands for the endothelial cell lectin, LSECtin. Finally, by mapping structural conservation and glycosylation site positions from other members of the paramyxovirus family, we suggest the molecular surface involved in oligomerization. These results suggest possible pathways of virus-host interaction and strategies for the optimization of recombinant vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/18815311Á��Bowden, Thomas A
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Viral Envelope Proteins/*chemistry/genetics/*metabolism���Novk��Hendra virus (HeV) is a member of the broadly tropic and highly pathogenic paramyxovirus genus Henipavirus. HeV is enveloped and infects cells by using membrane-anchored attachment (G) and fusion (F) glycoproteins. G possesses an N-terminal cytoplasmic tail, an external membrane-proximal stalk domain, and a C-terminal globular head that binds the recently identified receptors ephrinB2 and ephrinB3. Receptor binding is presumed to induce conformational changes in G that subsequently trigger F-mediated fusion. The stalk domains of other attachment glycoproteins appear important for oligomerization and F interaction and specificity. However, this region of G has not been functionally characterized. Here we performed a mutagenesis analysis of the HeV G stalk, targeting a series of isoleucine residues within a hydrophobic alpha-helical domain that is well conserved across several attachment glycoproteins. Nine of 12 individual HeV G alanine substitution mutants possessed a complete defect in fusion-promotion activity yet were cell surface expressed and recognized by a panel of conformation-dependent monoclonal antibodies (MAbs) and maintained their oligomeric structure. Interestingly, these G mutations also resulted in the appearance of an additional electrophoretic species corresponding to a slightly altered glycosylated form. Analysis revealed that these G mutants appeared to adopt a receptor-bound conformation in the absence of receptor, as measured with a panel of MAbs that preferentially recognize G in a receptor-bound state. Further, this phenotype also correlated with an inability to associate with F and in triggering fusion even after receptor engagement. Together, these data suggest the stalk domain of G plays an important role in the conformational stability and receptor binding-triggered changes leading to productive fusion, such as the dissociation of G and F.,��https://www.ncbi.nlm.nih.gov/pubmed/18799571<��Bishop, Kimberly A
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Recurrence���Augí��Viral encephalitis presents with seizures not only in the acute stage but also increases the risk of late unprovoked seizures and epilepsy. Acute symptomatic and late unprovoked seizures in different viral encephalitides are reviewed here. Among the sporadic viral encephalitides, Herpes simplex encephalitis (HSE) is perhaps most frequently associated with epilepsy, which may often be severe. Seizures may be the presenting feature in 50% patients with HSE because of involvement of the highly epileptogenic frontotemporal cortex. The occurrence of seizures in HSE is associated with poor prognosis. In addition, chronic and relapsing forms of HSE have been described and these may be associated with antiepileptic drug-resistant seizures. Among the epidemic (usually due to flaviviruses) viral encephalitides, Japanese encephalitis (JE) is most common and is associated with acute symptomatic seizures, especially in children. The reported frequency of acute symptomatic seizures in JE is 7-46%. Encephalitis due to other flaviviruses such as equine, St. Louis, and West Nile viruses may also manifest with acute symptomatic seizures. In Nipah virus encephalitis, seizures are more common in relapsed and late-onset encephalitis in comparison to acute encephalitis (4% vs. 1.8%). Other viruses like measles, varicella, mumps, influenza, and entero-viruses may cause seizures depending on the area of brain involved. There is no comprehensive data regarding late unprovoked seizures in different viral encephalitides. Prospective studies are required to document the risk of late unprovoked seizures and epilepsy following viral encephalitis due to different viruses as well as to determine the clinical characteristics, course, and outcome of post-encephalitic epilepsy.,��https://www.ncbi.nlm.nih.gov/pubmed/18754956���Misra, Usha Kant
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Virus Diseases/*epidemiology���Oct°��The epidemiology of several viral diseases underwent profound changes in South-East Asia and Oceania over the past decades. This was due to several factors, including the geographical distribution of vectors and the viruses they transmit; increasing traveling and trade; increasing ecological and demographic pressure. We reviewed the current state of knowledge based on published sources and available epidemiological data. The review was limited to potentially emerging viruses in Southeast Asia and the Pacific reported in human cases. Dengue, Chikungunya, and Japanese Encephalitis viruses have recurred on a yearly basis with a steady increase in these regions. Ross River and Barmah viruses now appear regularly in Australia, in an increasing number of cases. Nipah virus strikes regularly with limited but deadly epidemics in Southeast Asia. Finally, infections by lyssaviruses, Kunjin, Murray Valley, or Zika viruses were also reviewed.,��https://www.ncbi.nlm.nih.gov/pubmed/18771865Â��Barboza, P
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Chua, K. B.���2008���Nipah virus encephalitis���315-20���Curr Infect Dis Rep���10���4���Jul���Nipah virus was first discovered in 1999, after a severe outbreak of viral encephalitis among pig farm workers in Malaysia. The disease is thought to spread from Pteropus bats to pigs and then to humans following close contact. The reported mortality rate in this outbreak was 40%. The main necropsy finding in patients with Nipah virus encephalitis was disseminated microinfarction associated with vasculitis and direct neuronal involvement. Relapse of encephalitis was seen in 10% of those who survived the initial illness. Since that initial report, recurrent outbreaks of Nipah virus encephalitis have been seen in Bangladesh and West Bengal, India. These outbreaks occurred between January and May, with Pteropus giganteus as a reservoir of the virus. In Bangladesh, the virus probably spread directly from bats to humans-with human to human spread as another important mode of infection-and the mortality rate was 70%.,��https://www.ncbi.nlm.nih.gov/pubmed/18765105^��Tan, Chong-Tin
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Prevention Regimen for Effectively Avoiding Second Strokes study, group���2008=��Effects of aspirin plus extended-release dipyridamole versus clopidogrel and telmisartan on disability and cognitive function after recurrent stroke in patients with ischaemic stroke in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial: a double-blind, active and placebo-controlled study���875-84
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Ticlopidine/analogs & derivatives/therapeutic use���OctÙ	�BACKGROUND: The treatment of ischaemic stroke with neuroprotective drugs has been unsuccessful, and whether these compounds can be used to reduce disability after recurrent stroke is unknown. The putative neuroprotective effects of antiplatelet compounds and the angiotensin II receptor antagonist telmisartan were investigated in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial. METHODS: Patients who had had an ischaemic stroke were randomly assigned in a two by two factorial design to receive either 25 mg aspirin (ASA) and 200 mg extended-release dipyridamole (ER-DP) twice a day or 75 mg clopidogrel once a day, and either 80 mg telmisartan or placebo once per day. The predefined endpoints for this substudy were disability after a recurrent stroke, assessed with the modified Rankin scale (mRS) and Barthel index at 3 months, and cognitive function, assessed with the mini-mental state examination (MMSE) score at 4 weeks after randomisation and at the penultimate visit. Analysis was by intention to treat. The study was registered with ClinicalTrials.gov, number NCT00153062. FINDINGS: 20,332 patients (mean age 66 years) were randomised and followed-up for a median of 2.4 years. Recurrent strokes occurred in 916 (9%) patients randomly assigned to ASA with ER-DP and 898 (9%) patients randomly assigned to clopidogrel; 880 (9%) patients randomly assigned to telmisartan and 934 (9%) patients given placebo had recurrent strokes. mRS scores were not statistically different in patients with recurrent stroke who were treated with ASA and ER-DP versus clopidogrel (p=0.38), or with telmisartan versus placebo (p=0.61). There was no significant difference in the proportion of patients with recurrent stroke with a good outcome, as measured with the Barthel index, across all treatment groups. Additionally, there was no significant difference in the median MMSE scores, the percentage of patients with an MMSE score of 24 points or less, the percentage of patients with a drop in MMSE score of 3 points or more between 1 month and the penultimate visit, and the number of patients with dementia among the treatment groups. There were no significant differences in the proportion of patients with cognitive impairment or dementia among the treatment groups. INTERPRETATION: Disability due to recurrent stroke and cognitive decline in patients with ischaemic stroke were not different between the two antiplatelet regimens and were not affected by the preventive use of telmisartan.,��https://www.ncbi.nlm.nih.gov/pubmed/18757238H��Diener, Hans-Christoph
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Treatment Failure���Sep 18���BACKGROUND: Prolonged lowering of blood pressure after a stroke reduces the risk of recurrent stroke. In addition, inhibition of the renin-angiotensin system in high-risk patients reduces the rate of subsequent cardiovascular events, including stroke. However, the effect of lowering of blood pressure with a renin-angiotensin system inhibitor soon after a stroke has not been clearly established. We evaluated the effects of therapy with an angiotensin-receptor blocker, telmisartan, initiated early after a stroke. METHODS: In a multicenter trial involving 20,332 patients who recently had an ischemic stroke, we randomly assigned 10,146 to receive telmisartan (80 mg daily) and 10,186 to receive placebo. The primary outcome was recurrent stroke. Secondary outcomes were major cardiovascular events (death from cardiovascular causes, recurrent stroke, myocardial infarction, or new or worsening heart failure) and new-onset diabetes. RESULTS: The median interval from stroke to randomization was 15 days. During a mean follow-up of 2.5 years, the mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group than in the placebo group. A total of 880 patients (8.7%) in the telmisartan group and 934 patients (9.2%) in the placebo group had a subsequent stroke (hazard ratio in the telmisartan group, 0.95; 95% confidence interval [CI], 0.86 to 1.04; P=0.23). Major cardiovascular events occurred in 1367 patients (13.5%) in the telmisartan group and 1463 patients (14.4%) in the placebo group (hazard ratio, 0.94; 95% CI, 0.87 to 1.01; P=0.11). New-onset diabetes occurred in 1.7% of the telmisartan group and 2.1% of the placebo group (hazard ratio, 0.82; 95% CI, 0.65 to 1.04; P=0.10). CONCLUSIONS: Therapy with telmisartan initiated soon after an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753639$��Yusuf, Salim
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Vascular Diseases/mortality���Sep 18T��BACKGROUND: Recurrent stroke is a frequent, disabling event after ischemic stroke. This study compared the efficacy and safety of two antiplatelet regimens--aspirin plus extended-release dipyridamole (ASA-ERDP) versus clopidogrel. METHODS: In this double-blind, 2-by-2 factorial trial, we randomly assigned patients to receive 25 mg of aspirin plus 200 mg of extended-release dipyridamole twice daily or to receive 75 mg of clopidogrel daily. The primary outcome was first recurrence of stroke. The secondary outcome was a composite of stroke, myocardial infarction, or death from vascular causes. Sequential statistical testing of noninferiority (margin of 1.075), followed by superiority testing, was planned. RESULTS: A total of 20,332 patients were followed for a mean of 2.5 years. Recurrent stroke occurred in 916 patients (9.0%) receiving ASA-ERDP and in 898 patients (8.8%) receiving clopidogrel (hazard ratio, 1.01; 95% confidence interval [CI], 0.92 to 1.11). The secondary outcome occurred in 1333 patients (13.1%) in each group (hazard ratio for ASA-ERDP, 0.99; 95% CI, 0.92 to 1.07). There were more major hemorrhagic events among ASA-ERDP recipients (419 [4.1%]) than among clopidogrel recipients (365 [3.6%]) (hazard ratio, 1.15; 95% CI, 1.00 to 1.32), including intracranial hemorrhage (hazard ratio, 1.42; 95% CI, 1.11 to 1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups (1194 ASA-ERDP recipients [11.7%], vs. 1156 clopidogrel recipients [11.4%]; hazard ratio, 1.03; 95% CI, 0.95 to 1.11). CONCLUSIONS: The trial did not meet the predefined criteria for noninferiority but showed similar rates of recurrent stroke with ASA-ERDP and with clopidogrel. There is no evidence that either of the two treatments was superior to the other in the prevention of recurrent stroke. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753638���Sacco, Ralph L
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Vero Cells���Jun¯��In 1998, a novel paramyxovirus (order Mononegavirales, family Paramyxoviridae, subfamily Paramyxovirinae, genus Henipavirus) emerged in peninsular Malaysia causing fatal encephalitis in humans and severe respiratory illness with encephalitis in pigs. The virus was successfully isolated in cultured mammalian cells. Transmission electron microscopy of infected tissue culture cells played a crucial role in the early preliminary identification of the causative agent of the outbreak. This in turn was pivotal to determine the correct direction of control measures that subsequently brought the epidemic under control. In light of this investigation, and indeed identification of infectious agents associated with other disease episodes, electron microscopy will remain an important frontline method for rapid diagnostic virology and investigation of any future outbreak of new and unusual cases of illness suspected of an infectious aetiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18705447{��Chua, K B
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Virus Replication���Decw��Nipah virus (NiV) and Hendra virus (HeV) are recently emerged zoonotic paramyxoviruses exclusively grouped within a new genus, Henipavirus. These viruses cause fatal disease in a wide range of species, including humans. Both NiV and HeV have continued to re-emerge sporadically in Bangladesh and Australia, respectively. There are currently no therapeutics or vaccines available to treat Henipavirus infection and both are classified as BSL4 pathogens. RNA interference (RNAi) is a process by which double-stranded RNA directs sequence-specific degradation of messenger RNA in animal and plant cells. Small interfering RNAs (siRNAs) mediate RNAi by inhibiting gene expression of homologous mRNA and our preliminary studies suggest RNAi may be a useful approach to developing novel therapies for these highly lethal pathogens. Eight NiV siRNA molecules (four L and four N gene specific), two HeV N gene specific, and two non-specific control siRNA molecules were designed and tested for their ability to inhibit a henipavirus minigenome replication system (which does not require the use of live virus) in addition to live virus infections in vitro. In the minigenome assay three out of the four siRNAs that targeted the L gene of NiV effectively inhibited replication. In contrast, only NiV N gene siRNAs were effective in reducing live NiV replication, suggesting inhibition of early, abundantly expressed gene transcripts may be more effective than later, less abundant transcripts. Additionally, some of the siRNAs effective against NiV infection were only partially effective inhibitors of HeV infection. An inverse correlation between the number of nucleotide mismatches and the efficacy of siRNA inhibition was observed. The demonstration that RNAi effectively inhibits henipavirus replication in vitro, is a novel approach and may provide an effective therapy for these highly lethal, zoonotic pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/18687361ß��Mungall, Bruce A
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Male���Auga��We tested 41 bats for antibodies against Nipah and Hendra viruses to determine whether henipaviruses circulate in pteropid fruit bats (Pteropus giganteus) in northern India. Twenty bats were seropositive for Nipah virus, which suggests circulation in this species, thereby extending the known distribution of henipaviruses in Asia westward by >1,000 km.,��https://www.ncbi.nlm.nih.gov/pubmed/18680665Ì��Epstein, Jonathan H
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Virus Diseases/*epidemiology���Nov´��Emerging viral diseases are nothing new. Smallpox probably reached Europe from Asia in the 5th century, and yellow fever emerged in the Americas during the 16th century as a consequence of the African slave trade. Dengue fever arose simultaneously in South-East Asia, Africa, and North America during the 18th century. In 1918-1919 the so-called Spanish flu spread like wildfire through all five continents, killing between 25 and 40 million people. The second half of the 20th century saw the emergence of HIV/AIDS (1981), among other viral diseases. Even more worrying is the fact that emerging and re-emerging viral diseases have had a tendency to spread more quickly and more widely during the last decade, invading whole countries and continents; witness the recent outbreaks of Nipah virus, West Nile, Rift Valley fever, SARS, monkeypox, avian flu (H5N1) and Chikungunya. The complex factors underlying these new trends are briefly discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/18666456���Chastel, Claude
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Species Specificity���Jul 23*��Henipaviruses are emerging RNA viruses of fruit bat origin that can cause fatal encephalitis in man. Ghanaian fruit bats (megachiroptera) were tested for antibodies to henipaviruses. Using a Luminex multiplexed microsphere assay, antibodies were detected in sera of Eidolon helvum to both Nipah (39%, 95% confidence interval: 27-51%) and Hendra (22%, 95% CI: 11-33%) viruses. Virus neutralization tests further confirmed seropositivity for 30% (7/23) of Luminex positive serum samples. Our results indicate that henipavirus is present within West Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/18648649ô��Hayman, David T S
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Virulence/physiology���Jul 22I��Nipah virus (NiV) and Hendra virus are the type species of the highly pathogenic paramyxovirus genus Henipavirus, which can cause severe respiratory disease and fatal encephalitis infections in humans, with case fatality rates approaching 75%. NiV contains two envelope glycoproteins, the receptor-binding G glycoprotein (NiV-G) that facilitates attachment to host cells and the fusion (F) glycoprotein that mediates membrane merger. The henipavirus G glycoproteins lack both hemagglutinating and neuraminidase activities and, instead, engage the highly conserved ephrin-B2 and ephrin-B3 cell surface proteins as their entry receptors. Here, we report the crystal structures of the NiV-G both in its receptor-unbound state and in complex with ephrin-B3, providing, to our knowledge, the first view of a paramyxovirus attachment complex in which a cellular protein is used as the virus receptor. Complex formation generates an extensive protein-protein interface around a protruding ephrin loop, which is inserted in the central cavity of the NiV-G beta-propeller. Analysis of the structural data reveals the molecular basis for the highly specific interactions of the henipavirus G glycoproteins with only two members (ephrin-B2 and ephrin-B3) of the very large ephrin family and suggests how they mediate in a unique fashion both cell attachment and the initiation of membrane fusion during the virus infection processes. The structures further suggest that the NiV-G/ephrin interactions can be effectively targeted to disrupt viral entry and provide the foundation for structure-based antiviral drug design.,��https://www.ncbi.nlm.nih.gov/pubmed/18632560:��Xu, Kai
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Vasculitis/metabolism/pathology/*virology���Jul���Mortality rate in humans infected with Nipah virus (NiV) has been reported as high as 92%. Humans infected with NiV show a widespread multisystemic vasculitis with most severe clinical and pathologic manifestations in the brain, lungs, and spleen. The purpose of this study was to study pathologic and immunohistochemical findings in guinea pigs infected with NiV. Of 28 animals inoculated intraperitoneally, only 2 survived the infection, and most died between 4 and 8 days postinoculation (dpi). Viral antigen with minimal pathologic changes was first detected 2 dpi in lymph nodes and spleen. More severe changes were noted in these organs 4-8 dpi, where pathologic damage had a vasocentric distribution and viral antigen was abundant in vascular endothelium, tunica media, adventitia, as well as in macrophages lining sinuses. The urinary bladder, uterus, and ovaries were also affected with necrosis and acute inflammation. In these organs, immunohistochemical positive staining was intense in blood vessels, epithelial cells, and ovarian follicles. Approximately 50% of the animals that died or were euthanized in extremis had evidence of viral antigen and histopathologic changes in brain, especially involving meninges and ependymal cells, with lesser changes in the neural parenchyma. A unifying feature of the damage for all affected tissues was necrosis and inflammation of the vasculature, chiefly in arterioles, capillaries, and venules. Inoculation of guinea pigs intraperitoneally with NiV produces a disease with considerable resemblance to the disease in humans, but with reduced pulmonary involvement and marked infection of urinary bladder and the female reproductive tract.,��https://www.ncbi.nlm.nih.gov/pubmed/18587107ë��Torres-Velez, F J
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Polymerase Chain Reaction���Feb���Meningoencephalitis is a disease with many drawbacks: it is usually severe and its etiology will frequently remain unsolved even with thorough investigations. Pathogen diversities and the wide range of differential diagnosis are further limitations, while there are neither guidelines nor conferences consensus available, in France and elsewhere. However, there are many valuable data in the literature and major advances have already been obtained, the most striking being advances in imaging techniques and molecular biology, as illustrated by the significant impact of HSV PCR advent in patient management. On emergency settings, physicians have to recognize and initiate appropriate treatment for patients who may have herpes simplex meningoencephalitis, and to consider bacteria for which prompt treatment has a positive prognostic impact. At this stage, intravenous acyclovir and amoxicillin should be widely prescribed, even with limited suspicion. Then, physicians will have to collect pertinent information and diagnostic tests results, and may seek expertise from other specialties when needed. Continuous improvements in diagnostic tests should allow significant progress in pathogen identification in meningoencephalitis, thus leading to better patients management. We also have to be prepared for changes, as the recent emergence of four agents of encephalitis reminded us (West Nile, Nipah, Hendra and Japanese encephalitis).,��https://www.ncbi.nlm.nih.gov/pubmed/18585826���Tattevin, P
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Viral Envelope Proteins/genetics/*immunology���Jul 23¶��Nipah virus (NiV) and Hendra virus (HeV) are closely related deadly zoonotic paramyxoviruses that have emerged and re-emerged over the last 10 years. In this study, a subunit vaccine formulation containing only recombinant, soluble, attachment glycoprotein from HeV (sG(HeV)) and CpG adjuvant was evaluated as a potential NiV vaccine in the cat model. Different amounts of sG(HeV) were employed and sG-induced immunity was examined. Vaccinated animals demonstrated varying levels of NiV-specific Ig systemically and importantly, all vaccinated cats possessed antigen-specific IgA on the mucosa. Upon oronasal challenge with NiV (50,000TCID50), all vaccinated animals were protected from disease although virus was detected on day 21 post-challenge in one animal. The ability to elicit protective systemic and mucosal immunity in this animal model provides significant progress towards the development of a human subunit vaccine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18556094Á��McEachern, Jennifer A
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Zoonoses/transmission/virology���Sepi��Bats are increasingly recognized to harbor a wide range of viruses, and in most instances these viruses appear to establish long-term persistence in these animals. They are the reservoir of a number of human zoonotic diseases including Nipah, Ebola, and severe acute respiratory syndrome. We report the identification of novel groups of astroviruses in apparently healthy insectivorous bats found in Hong Kong, in particular, bats belonging to the genera Miniopterus and Myotis. Astroviruses are important causes of diarrhea in many animal species, including humans. Many of the bat astroviruses form distinct phylogenetic clusters in the genus Mamastrovirus within the family Astroviridae. Virus detection rates of 36% to 100% and 50% to 70% were found in Miniopterus magnater and Miniopterus pusillus bats, respectively, captured within a single bat habitat during four consecutive visits spanning 1 year. There was high genetic diversity of viruses in bats found within this single habitat. Some bat astroviruses may be phylogenetically related to human astroviruses, and further studies with a wider range of bat species in different geographic locations are warranted. These findings are likely to provide new insights into the ecology and evolution of astroviruses and reinforce the role of bats as a reservoir of viruses with potential to pose a zoonotic threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/18550669���Chu, D K W
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X-Ray Microtomography���Junt��BACKGROUND: Spark discharge anodic oxidation forms a porous TiO2 film on the surface of titanium oral implants, increasing surface roughness and concentrations of calcium and phosphate ions. In this study, anodic-treated oral implants were placed in an animal model and analysed using clinical, micro-computerized tomographic (micro-CT) and histometric techniques. METHODS: Pairs of 3.5 mm x 8.5 mm long titanium implants (Osstem Implant Co., Ltd. Seoul, Korea), with blasted (control) or blasted and oxidized surfaces (test), were placed into the right femoral condyles of 10 sheep. Animals were sacrificed after 1 month unloaded healing. Resonant frequency analysis (RFA) was measured in implant stability quotient (ISQ) using the Mentor II device. Specimens were scanned using medium resolution micro-CT (Skyscan 1172). Mean percent bone-to-implant contact (%BIC) was calculated from two images per implant by three different operators, using Image J software. Inter- and intra-examiner differences were calculated. Specimens were then embedded in methacrylate and undemineralized ground sections were digitized. Mean %BIC was measured using Image J at x 20 magnification for the best-three consecutive threads from the most central section. RESULTS: Mean micro-CT %BIC was similar for control and test (57.2 +/- 0.05% versus 56.4 +/- 0.03%, p = 0.5). There was considerable inter-examiner variability (interclass correlation coefficient = 0.44). RFA showed no clinically-detectable difference between the two groups (control ISQ: 75.2 +/- 4.2; test ISQ: 76.3 +/- 1.7; p = 0.48). However, histometric analysis found a marked and highly statistically-significant difference (%BIC Test 72.5 +/- 8.6%, Control 46.2 +/- 12.1%, p = 0.01). CONCLUSIONS: The novel anodic oxidation technique increased early ossointegration of rough-surfaced implants by 157%. Neither clinical testing with resonant frequency analysis nor radiographic analysis using micro-CT had sufficient resolution to detect this improvement. Whether this gain in early bone-implant contact is clinically significant in the context of early occlusal loading is the subject of subsequent experiments.,��https://www.ncbi.nlm.nih.gov/pubmed/22073469Î��Duncan, Warwick J
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Malaysia/epidemiology���Mar»��Paramyxoviruses have been implicated in both animal and human infections. Some viruses, such as Morbilliviruses are responsible for large-scale epidemics. However, there are limited observations of these viruses crossing the host species barrier in nature. In 1994, in Australia a fatal infection in horses and humans was identified to be caused by a new Paramyxovirus, Hendra virus (HeV), and in 1998 in Malaysia, a closely related virus, Nipah virus (NiV) was responsible for fatal infections in pigs and humans. These two viruses were sufficiently different from previously described Paramyxoviruses to create a new genus, Henipaviruses. The natural reservoir of these viruses was the fruit bat (Pteropus), which is found in regions extending from the western Pacific to the eastern coast of Africa. Serological studies have established that as many as half the fruit bats in colonies throughout these regions may have antibodies against this family of viruses. The availability of diagnostic reagents for Nipah virus in humans have identified infections in several countries including, Bangladesh, India and Indonesia. In some of these epidemics, mortality in humans exceeds 75%. Deforestation is probably responsible for fruit bats leaving their ecological niches and approaching farms and villages. The infection of humans and animals may occur via contaminated foods or in certain cases by animals to man. At present, only within close families has human-to-human transmission been proposed. Henipavirus infections are probably more widespread than it is at presently known and so it is important to have an intense monitoring for these diseases, especially in countries where large-scale deforestation is happening.,��https://www.ncbi.nlm.nih.gov/pubmed/18511217���Wild, T F
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*Virus Attachment���Jun¼��Nipah and Hendra viruses are emergent paramyxoviruses, causing disease characterized by rapid onset and high mortality rates, resulting in their classification as Biosafety Level 4 pathogens. Their attachment glycoproteins are essential for the recognition of the cell-surface receptors ephrin-B2 (EFNB2) and ephrin-B3 (EFNB3). Here we report crystal structures of both Nipah and Hendra attachment glycoproteins in complex with human EFNB2. In contrast to previously solved paramyxovirus attachment complexes, which are mediated by sialic acid interactions, the Nipah and Hendra complexes are maintained by an extensive protein-protein interface, including a crucial phenylalanine side chain on EFNB2 that fits snugly into a hydrophobic pocket on the viral protein. By analogy with the development of antivirals against sialic acid binding viruses, these results provide a structural template to target antiviral inhibition of protein-protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18488039¾��Bowden, Thomas A
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*Swine Diseases/diagnosis/epidemiology/virology���Mar-Apr���Nipah encephalitis is a particular dangerous disease that affects animals and man. Fatal cases of the disease have been identified in the persons looking after pigs in the villages of Malaysia. The causative agent is presumably referred to as morbilliviruses of the Paramixoviridae family. Two hundred persons died among the ill patients with the signs of encephalitis. The principal hosts of the virus were fox-bats (Megaschiroptera) inhabiting in the surrounding forests. The present paper descries the epidemiological features of the disease, its clinical manifestations, abnormal anatomic changes, diagnosis, and implemented controlling measures.,��https://www.ncbi.nlm.nih.gov/pubmed/18450103¥��Kolomytsev, A A
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Virulence���Apr 306��Innate immunity is critically dependent on the rapid production of interferon in response to intruding viruses. The intracellular pathogen recognition receptors RIG-I and MDA5 are essential for interferon induction by viral RNAs containing 5' triphosphates or double-stranded structures, respectively. Viruses with a negative-stranded RNA genome are an important group of pathogens causing emerging and re-emerging diseases. We investigated the ability of genomic RNAs from substantial representatives of this virus group to induce interferon via RIG-I or MDA5. RNAs isolated from particles of Ebola virus, Nipah virus, Lassa virus, and Rift Valley fever virus strongly activated the interferon-beta promoter. Knockdown experiments demonstrated that interferon induction depended on RIG-I, but not MDA5, and phosphatase treatment revealed a requirement for the RNA 5' triphosphate group. In contrast, genomic RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus did not trigger interferon induction. Sensitivity of these RNAs to a 5' monophosphate-specific exonuclease indicates that the RIG-I-activating 5' triphosphate group was removed post-transcriptionally by a viral function. Consequently, RIG-I is unable to bind the RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus. These results establish RIG-I as a major intracellular recognition receptor for the genome of most negative-strand RNA viruses and define the cleavage of triphosphates at the RNA 5' end as a strategy of viruses to evade the innate immune response.,��https://www.ncbi.nlm.nih.gov/pubmed/18446221D��Habjan, Matthias
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Time Factors���Apr 1E��BACKGROUND: In Bangladesh, 4 outbreaks of Nipah virus infection were identified during the period 2001-2004. METHODS: We characterized the clinical features of Nipah virus-infected individuals affected by these outbreaks. We classified patients as having confirmed cases of Nipah virus infection if they had antibodies reactive with Nipah virus antigen. Patients were considered to have probable cases of Nipah virus infection if they had symptoms consistent with Nipah virus infection during the same time and in the same community as patients with confirmed cases. RESULTS: We identified 92 patients with Nipah virus infection, 67 (73%) of whom died. Although all age groups were affected, 2 outbreaks principally affected young persons (median age, 12 years); 62% of the affected persons were male. Fever, altered mental status, headache, cough, respiratory difficulty, vomiting, and convulsions were the most common signs and symptoms; clinical and radiographic features of acute respiratory distress syndrome of Nipah illness were identified during the fourth outbreak. Among those who died, death occurred a median of 6 days (range, 2-36 days) after the onset of illness. Patients who died were more likely than survivors to have a temperature >37.8 degrees C, altered mental status, difficulty breathing, and abnormal plantar reflexes. Among patients with Nipah virus infection who had well-defined exposure to another patient infected with Nipah virus, the median incubation period was 9 days (range, 6-11 days). CONCLUSIONS: Nipah virus infection produced rapidly progressive severe illness affecting the central nervous and respiratory systems. Clinical characteristics of Nipah virus infection in Bangladesh, including a severe respiratory component, appear distinct from clinical characteristics reported during earlier outbreaks in other countries.,��https://www.ncbi.nlm.nih.gov/pubmed/18444812Ã��Hossain, M Jahangir
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Treatment Outcome���AprP��BACKGROUND: Telmisartan is an orally active angiotensin II receptor antagonist prescribed once daily. OBJECTIVE: To evaluate the efficacy of telmisartan on blood pressure control, and on other end points, when given as monotherapy or in combination. METHODS: Review of published literature. RESULTS: Telmisartan produces more effective control of blood pressure over 24 h, especially in the last 6 h of the dosing interval, compared with other antihypertensive agents. It also possesses pleiotrophic effects on lipid and glucose metabolism, but lacks evidence of efficacy in reducing vascular events. CONCLUSIONS: Clinical outcome trials expected to report in 2008 will provide hard end points that may demonstrate advantages of telmisartan as monotherapy, or in combination with angiotensin-converting enzyme inhibitors, for managing hypertension.,��https://www.ncbi.nlm.nih.gov/pubmed/18433350¢��Rosario, Barbara H
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Virus Replication/genetics/*physiology���MayÃ��Nipah virus (NiV) is a recently emergent, highly pathogenic, zoonotic paramyxovirus of the genus Henipavirus. Like the phosphoprotein (P) gene of other paramyxoviruses, the P gene of NiV is predicted to encode three additional proteins, C, V and W. When the C, V and W proteins of NiV were tested for their ability to inhibit expression of the chloramphenicol acetyltransferase (CAT) reporter gene in plasmid-based, minigenome replication assays, each protein inhibited CAT expression in a dose-dependent manner. The C, V and W proteins of NiV also inhibited expression of CAT from a measles virus (MV) minigenome, but not from a human parainfluenzavirus 3 (hPIV3) minigenome. Interestingly, the C and V proteins of MV, which have previously been shown to inhibit MV minigenome replication, also inhibited NiV minigenome replication; however, they were not able to inhibit hPIV3 minigenome replication. In contrast, the C protein of hPIV3 inhibited minigenome replication of hPIV3, NiV and MV. Although there is very limited amino acid sequence similarity between the C, V and W proteins within the paramyxoviruses, the heterotypic inhibition of replication suggests that these proteins may share functional properties.,��https://www.ncbi.nlm.nih.gov/pubmed/18420809ã��Sleeman, Katrina
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Viral Structural Proteins/genetics/*metabolism���Jul���Emerging viruses in the paramyxovirus genus Henipavirus evade host antiviral responses via protein interactions between the viral V and W proteins and cellular STAT1 and STAT2 and the cytosolic RNA sensor MDA5. Polo-like kinase (PLK1) is identified as being an additional cellular partner that can bind to Nipah virus P, V, and W proteins. For both Nipah virus and Hendra virus, contact between the V protein and the PLK1 polo box domain is required for V protein phosphorylation. Results indicate that PLK1 is engaged by Nipah virus V protein amino acids 100 to 160, previously identified as being the STAT1 binding domain responsible for host interferon (IFN) signaling evasion, via a Thr-Ser-Ser-Pro motif surrounding residue 130. A distinct Ser-Thr-Pro motif surrounding residue 199 mediates the PLK1 interaction with Hendra virus V protein. Select mutations in the motif surrounding residue 130 also influenced STAT1 binding and innate immune interference, and data indicate that the V:PLK1 and V:STAT complexes are V mediated yet independent of one another. The effects of STAT1/PLK1 binding motif mutations on the function the Nipah virus P protein in directing RNA synthesis were tested. Remarkably, mutations that selectively disrupt the STAT or PLK1 interaction site have no effects on Nipah virus P protein-mediated viral RNA synthesis. Therefore, mutations targeting V protein-mediated IFN evasion will not alter the RNA synthetic capacity of the virus, supporting an attenuation strategy based on disrupting host protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18417573���Ludlow, Louise E
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Virus Shedding���Mayä��Nipah virus (NiV; Paramyxoviridae) caused fatal encephalitis in humans during an outbreak in Malaysia in 1998/1999 after transmission from infected pigs. Our previous study demonstrated that the respiratory, lymphatic and central nervous systems are targets for virus replication in experimentally infected pigs. To continue the studies on pathogenesis of NiV in swine, six piglets were inoculated oronasally with 2.5 x 10(5) PFU per animal. Four pigs developed mild clinical signs, one exudative epidermitis, and one neurologic signs due to suppurative meningoencephalitis, and was euthanized at 11 days post-inoculation (dpi). Neutralizing antibodies reached in surviving animals titers around 1280 at 16 dpi. Nasal and oro-pharyngeal shedding of the NiV was detected between 2 and 17 dpi. Virus appeared to be cleared from the tissues of the infected animals by 23 dpi, with low amount of RNA detected in submandibular and bronchial lymph nodes of three pigs, and olfactory bulb of one animal. Despite the presence of neutralizing antibodies, virus was isolated from serum at 24 dpi, and the viral RNA was still detected in serum at 29 dpi. Our results indicate slower clearance of NiV from some of the infected pigs. Bacteria were detected in the cerebrospinal fluid of five NiV inoculated animals, with isolation of Streptococcus suis and Enterococcus faecalis. Staphylococcus hyicus was isolated from the skin lesions of the animal with exudative epidermitis. Along with the observed lymphoid depletion in the lymph nodes of all NiV-infected animals, and the demonstrated ability of NiV to infect porcine peripheral blood mononuclear cells in vitro, this finding warrants further investigation into a possible NiV-induced immunosuppression of the swine host.,��https://www.ncbi.nlm.nih.gov/pubmed/18405339ô��Berhane, Y
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Sequence Homology���May���The emergence of viruses such as severe acute respiratory syndrome coronavirus and Nipah virus has underscored the role of animal reservoirs in human disease and the need for reservoir surveillance. Here, we used a panviral DNA microarray to investigate the death of a captive beluga whale in an aquatic park. A highly divergent coronavirus, tentatively named coronavirus SW1, was identified in liver tissue from the deceased whale. Subsequently, the entire genome of SW1 was sequenced, yielding a genome of 31,686 nucleotides. Phylogenetic analysis revealed SW1 to be a novel virus distantly related to but most similar to group III coronaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18353961¸��Mihindukulasuriya, Kathie A
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Virus Internalization���Jun 5]��The recent discovery that the Nipah virus (NiV) fusion protein (F) is activated by endosomal cathepsin L raised the question if NiV utilize pH- and protease-dependent mechanisms of entry. We show here that the NiV receptor ephrin B2, virus-like particles and infectious NiV are internalized from the cell surface. However, endocytosis, acidic pH and cathepsin-mediated cleavage are not necessary for the initiation of infection of new host cells. Our data clearly demonstrate that proteolytic activation of the NiV F protein is required before incorporation into budding virions but not after virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/18342904¼��Diederich, Sandra
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Viral Vaccines/*immunology���JanF��The two mammalian codon optimized genes, F and G genes of Nipah virus, were generated by assembly PCR, and inserted into mammalian expression vector pCAGGS under chicken beta-actin promoter to construct pCAGG-NiV-F and pCAGG-NiV-G. Syncytium formation was induced in BHK cells by plasmid pCAGG-NiV-F and pCAGG-NiV-G transfection, which indicate recombination proteins F and G were expressed in BHK cell and possessed good biologic activity. Six-week-old female BALB/c mice were intramuscularly primed with 100 microg pCAGG-NiV-F, pCAGG-NiV-G or pCAGG-NiV-F+ pCAGG-NiV-G respectively, and boosted with same dose after 4 weeks. The sera were collected at 3 weeks post second boost. The serum IgG against Nipah virus F and G proteins was detected by indirect ELISA using recombinant Baculovirus expressed Nipah F and G glycoproteins. The results showed that specific antibodies possessed good sensitivity and specificity. Furthermore, the G and F proteins' specific antibodies could neutralize the infectivity of VSVdeltaG* F/G (the NiV F and G envelope glycoproteins psudotyped recombinant vesicular stomatitis virus expressing green fluorescence protein). And, pCAGG-NiV-G also induced higher titer of neutralizing antibody response than pCAGG-NiV-F did. The result indicates that DAN immunization is an efficient vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/18320822¿��Wang, Xi-Jun
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Vero Cells���AprÇ��There are currently no antiviral drugs approved for the highly lethal Biosafety Level 4 pathogens Nipah and Hendra virus. A number of researchers are developing surrogate assays amenable to Biosafety Level 2 biocontainment but ultimately, the development of a high throughput screening method for directly quantifying these viruses in a Biosafety Level 4 environment will be critical for final evaluation of antiviral drugs identified in surrogate assays, in addition to reducing the time required for effective antiviral drug development. By adapting an existing immunoplaque assay and using enzyme linked immunodetection in a microtitre plate format, the current experiments describe a simple two step assay protocol involving an overnight virus inoculation of Vero cell monolayers (with or without antiviral drug treatment) at Biosafety Level 4, followed by cell fixation and virus inactivation enabling removal of plates from the Biosafety Level 4 laboratory and a subsequent immunodetection assay using a chemiluminescent horse radish peroxidase substrate to be performed at Biosafety Level 2. The analytical sensitivity (limit of detection) of this assay is 100 tissue culture infectious dose50/ml of either Nipah or Hendra virus. In addition this assay enables linear quantitation of virus over three orders of magnitude and is unaffected by dimethyl sulfoxide concentrations of 1% or less. Intra-assay coefficients of variation are acceptable (less than 20%) when detecting a minimum of 1000 tissue culture infectious dose50/ml of either virus although inter-assay variation is considerably greater. By an assessment of efficacies of the broad spectrum antiviral Ribavirin and an experimental fusion inhibitory peptide, this assay reveals a good correlation with previously published fluorescent immunodetection assays. The current experiments describe for the first time, a high throughput screening method amenable for direct assessment of live henipavirus antiviral drug activity.,��https://www.ncbi.nlm.nih.gov/pubmed/18313148���Aljofan, Mohamad
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Reverse Transcriptase Inhibitors/*blood/pharmacokinetics/therapeutic use���Apr���OBJECTIVES: The aim of this study was to investigate the frequency of CYP2B6 polymorphisms (according to ethnicity) and the influence of heterozygosity and homozygosity on plasma concentrations of efavirenz and nevirapine. METHODS: Following written informed consent, 225 Caucasians and 146 Blacks were recruited from the German Competence Network for HIV/AIDS. Plasma concentrations of efavirenz and nevirapine were assessed by HPLC, and genotyping for 516G>T, 983T>C and 1459T>C polymorphisms in CYP2B6 was conducted by real-time PCR-based allelic discrimination. RESULTS: The minor allele frequency for 516G>T, 983T>C and 1459T>C was 0.29, 0 and 0.08 in Caucasians and 0.34, 0.07 and 0.02 in Blacks, respectively. Two Black patients with the 983C allele receiving efavirenz were identified and both were withdrawn from therapy within 1 week of sampling due to toxicity. In multivariate analyses, efavirenz and nevirapine plasma concentrations were significantly associated with 983T>C (P < 0.0001 and P = 0.02, respectively), 516G>T (P < 0.0001 and P = 0.002, respectively) and time of drug analysis post-dose (P < 0.0001 for both). Body mass index was independently related to efavirenz (P = 0.04) but not nevirapine concentrations, and age was related to nevirapine (P = 0.05) but not efavirenz concentrations. Consistent with other studies, 1459C>T was not associated with plasma concentrations of either drug (P > 0.05 for both drugs). CONCLUSIONS: This is the first report that the 983T>C genotype (part of the CYP2B6*18 haplotype) impacts on nevirapine plasma concentrations and the first study to assess the impact of 983C homozygosity on efavirenz concentrations. These data have implications for administration of non-nucleoside reverse transcriptase inhibitors to Black patients.,��https://www.ncbi.nlm.nih.gov/pubmed/182813053��Wyen, Christoph
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Viral Envelope Proteins/immunology���Mar 15A��We have previously identified neutralizing human monoclonal antibodies against Nipah virus (NiV) and Hendra virus (HeV) by panning a large nonimmune antibody library against a soluble form of the HeV attachment-envelope glycoprotein G (sG HeV). One of these antibodies, m102, which exhibited the highest level of cross-reactive neutralization of both NiV and HeV G, was affinity maturated by light-chain shuffling combined with random mutagenesis of its heavy-chain variable domain and panning against sGHeV. One of the selected antibody Fab clones, m102.4, had affinity of binding to sGHeV that was equal to or higher than that of the other Fabs; it was converted to IgG1 and tested against infectious NiV and HeV. It exhibited exceptionally potent and cross-reactive inhibitory activity with 50% inhibitory concentrations below 0.04 and 0.6 microg/mL, respectively. The virus-neutralizing activity correlated with the binding affinity of the antibody to sG HeV and sG NiV. m102.4 bound a soluble form of NiV G (sG NiV) better than it bound sG HeV, and it neutralized NiV better than HeV, despite being originally selected against sG HeV. These results suggest that m102.4 has potential as a therapeutic agent for the treatment of diseases caused by henipaviruses. It could be also used for prophylaxis and diagnosis, and as a research reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/18271743å��Zhu, Zhongyu
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Risk Factors���Jul7��An encephalitis outbreak was investigated in Faridpur District, Bangladesh, in April-May 2004 to determine the cause of the outbreak and risk factors for disease. Biologic specimens were tested for Nipah virus. Surfaces were evaluated for Nipah virus contamination by using reverse transcription-PCR (RT-PCR). Thirty-six cases of Nipah virus illness were identified; 75% of case-patients died. Multiple peaks of illness occurred, and 33 case-patients had close contact with another Nipah virus patient before their illness. Results from a case-control study showed that contact with 1 patient carried the highest risk for infection (odds ratio 6.7, 95% confidence interval 2.9-16.8, p < 0.001). RT-PCR testing of environmental samples confirmed Nipah virus contamination of hospital surfaces. This investigation provides evidence for person-to-person transmission of Nipah virus. Capacity for person-to-person transmission increases the potential for wider spread of this highly lethal pathogen and highlights the need for infection control strategies for resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/18214175å��Gurley, Emily S
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Zoonoses/epidemiology/virology���Apr 7���Hendra virus (HeV) is a lethal paramyxovirus which emerged in humans in 1994. Poor understanding of HeV dynamics in Pteropus spp. (flying fox or fruit bat) reservoir hosts has limited our ability to determine factors driving its emergence. We initiated a longitudinal field study of HeV in little red flying foxes (LRFF; Pteropus scapulatus) and examined individual and population risk factors for infection, to determine probable modes of intraspecific transmission. We also investigated whether seasonal changes in host behaviour, physiology and demography affect host-pathogen dynamics. Data showed that pregnant and lactating females had significantly higher risk of infection, which may explain previously observed temporal associations between HeV outbreaks and flying fox birthing periods. Age-specific seroprevalence curves generated from field data imply that HeV is transmitted horizontally via faeces, urine or saliva. Rapidly declining seroprevalence between two field seasons suggests that immunity wanes faster in LRFF than in other flying fox species, and highlights the potentially critical role of this species in interspecific viral persistence. The highest seroprevalence was observed when animals showed evidence of nutritional stress, suggesting that environmental processes that alter flying fox food sources, such as habitat loss and climate change, may increase HeV infection and transmission. These insights into the ecology of HeV in flying fox populations suggest causal links between anthropogenic environmental change and HeV emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/18198149���Plowright, Raina K
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Zoonoses���MarY��The routes of henipavirus transmission between hosts are poorly understood. The purpose of this study was to measure the persistence of henipaviruses under various environmental conditions and thereby gain an insight into likely mechanisms of transmission. Henipaviruses survived for more than 4 days at 22 degrees C in pH-neutral fruit bat urine but were sensitive to higher temperatures and pH changes. On mango flesh, survival time varied depending on temperature and fruit pH, ranging from 2h to more than 2 days. Desiccation of viruses substantially reduced survival time to less than 2h. The sensitivity of henipaviruses to pH, temperature and desiccation indicates a need for close contact between hosts for transmission to occur, although under ideal conditions henipaviruses can persist for extended periods facilitating vehicle-borne transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/18166242a��Fogarty, Rhys
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Species Specificity���Mar 15ø��Hendra virus (HeV) and Nipah virus (NiV) are closely related paramyxoviruses that infect and cause disease in a wide range of mammalian hosts. To determine whether host receptor molecules play a role in species-specific and/or virus-specific infection we have cloned and characterized ephrin-B2 and ephrin-B3 ligands from a range of species, including human, horse, pig, cat, dog, bats (Pteropus alecto and Pteropus vampyrus) and mouse. HeV and NiV were both able to infect cells expressing any of the ephrin-B2 and ephrin-B3 molecules. There did not appear to be significant differences in receptor function from different species or receptor usage by HeV and NiV. Soluble ephrin ligands, their receptors and G-specific human monoclonal antibodies differentially blocked henipavirus infections suggesting different receptor affinities, overlapping receptor binding domains of the henipavirus attachment glycoprotein (G) and that the functional domains of the ephrin ligands may be important for henipavirus binding.,��https://www.ncbi.nlm.nih.gov/pubmed/18054977±��Bossart, Katharine N
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Humans���Oct 10���For many centuries, man is fascinated by bats, the only flying mammals. Probably because of their particular immune system, bats can be considered an important reservoir for new emerging viral diseases like SARS-Coronavirus, Marburg fever, Ebola fever and Nipah virus encephalitis. During closer contact, they can transmit rabies and probably other nonviral infectious diseases. Bats get closer to man due to ecological modifications like deforestation, so that transmission of new infectious agents might provoke dramatic epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/17985603y��Genne, Daniel
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Recombinant Proteins/immunology#��Four monoclonal antibodies (mAbs) were generated by immunizing BALB/C mice with recombinant nucleocapsid protein (N) of Nipah virus (NiV) and Hendra virus (HeV) expressed in E. coli. Two mAbs each were obtained for the HeV N and NiV N, respectively. All four mAbs displayed specific reactivity with the recombinant N proteins of both viruses by western blot, which was further confirmed by immunofluorescent antibody assay using fixed insect cells infected with recombinant baculoviruses expressing either the HeV or NiV N protein. Epitope mapping using a 12-mer random peptide phage display library revealed two linear antigenic sites of the henipavirus N proteins, KLxR (aa 17-20) and FKREM (aa 446-450), which have not been reported previously. Two of the mAbs were able to specifically recognize HeV antigens by immunohistochemical staining of lung tissue sections of a horse experimentally infected with HeV. These reagents will be a useful addition to the collection of tools essential for further research and improvement in diagnosis of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17978885Û��Xiao, C
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Virus Replication/drug effects���Jan 5���In this study we report the development and optimization of two minigenome rescue systems for Nipah virus, a member of the Paramyxoviridae family. One is mediated by the T7 RNA polymerase supplied either by a constitutively expressing cell line or by transfection of expression plasmids and is thus independent from infection with a helper virus. The other approach is based on RNA polymerase I-driven transcription, a unique approach for paramyxovirus reverse genetics technology. Minigenome rescue was evaluated by reporter gene activities of (i) the two different minigenome transcription systems, (ii) genomic versus antigenomic-oriented minigenomes, (iii) different ratios of the viral protein expression plasmids, and (iv) time course experiments. The high efficiency and reliability of the established systems allowed for downscaling to 96-well plates. This served as a basis for the development of a high-throughput screening system for potential antivirals that target replication and transcription of Nipah virus without the need of high bio-containment. Using this system we were able to identify two compounds that reduced minigenome activity.,��https://www.ncbi.nlm.nih.gov/pubmed/17904180.��Freiberg, Alexander
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Zoonoses]��Two related, novel, zoonotic paramyxoviruses have been described recently. Hendra virus was first reported in horses and thence humans in Australia in 1994; Nipah virus was first reported in pigs and thence humans in Malaysia in 1998. Human cases of Nipah virus infection, apparently unassociated with infection in livestock, have been reported in Bangladesh since 2001. Species of fruit bats (genus Pteropus) have been identified as natural hosts of both agents. Anthropogenic changes (habitat loss, hunting) that have impacted the population dynamics of Pteropus species across much of their range are hypothesised to have facilitated emergence. Current strategies for the management of henipaviruses are directed at minimising contact with the natural hosts, monitoring identified intermediate hosts, improving biosecurity on farms, and better disease recognition and diagnosis. Investigation of the emergence and ecology of henipaviruses warrants a broad, cross-disciplinary ecosystem health approach that recognises the critical linkages between human activity, ecological change, and livestock and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/17848064ÿ��Field, H E
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Zoonoses/*transmission/virologyZ��Infection and disease in reservoir and spillover hosts determine patterns of infectious agent availability and opportunities for infection, which then govern the process of transmission between susceptible species. In this chapter, using the zoonotic agents Hendra virus and Nipah virus as examples, the pathogenesis of infection in various species including the wildlife reservoirs and domestic spillover hosts is reviewed with an emphasis on the aspects of pathogenesis which contribute to the dissemination of infection. Through these discussions, the emergence of these zoonotic agents is explored.,��https://www.ncbi.nlm.nih.gov/pubmed/17848063}��Daniels, P W
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Virus Shedding���Sep 15î��A female adult cat developed clinical disease 13 days after subcutaneous inoculation with Nipah virus (NiV) and was discovered to be pregnant at necropsy. Viral genome was detected in a variety of specimens, including blood, serum, tonsil swabs, and urine, up to 3 days before the onset of disease. Samples collected postmortem, including placenta, uterine fluid, and fetal tissues, were also positive for NiV genome, and the placenta and uterine fluid contained high levels of recoverable virus. The high levels of viral shedding in the adult combined with fetal viral replication suggests that both vertical and horizontal transmission of NiV could play a role in spillover events, an essential element in the epidemiology of Henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17703410/��Mungall, Bruce A
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Virus Replication���Sep(��Genome synthesis in paramyxoviruses, including Nipah virus (NiV), is controlled by sequence elements that reside in the non-coding nucleotides at the 5'-trailer (3'-antigenomic) end that make up the antigenomic promoter (AGP). Using a chloramphenicol acetyl transferase-based plasmid-driven minigenome system, the terminal 96 nt of NiV AGP were first mutagenized in blocks of three hexamers to enable broad mapping of the minigenome functional regions. This was followed by further dissection of these functional regions to define the cis-acting elements contained therein. Results based on RNA analysis and reporter gene activity identified a bipartite promoter structure similar to that seen in related viruses, but with some distinct differences: in NiV, each of the two discrete replication control elements was bimodal, characterized by a critical conserved region (nt 1-12 and 79-91) and a contiguous non-conserved region (nt 13-36 and 73-78), which appeared less important. The regulatory role of these less critical regions was underscored by the use of a two-step mutation strategy, which revealed the additive detrimental effect of substitutions in this part of the terminal element. The structure and sequence characteristics of the internal control element was also different: it involved four contiguous hexamers, and the region encompassing three of these (nt 79-96, corresponding to hexamers 14, 15 and 16), although analogous in position to the equivalent element in the Sendai virus AGP, was characterized by the distinct 5'-(GNNNUG)(14-15)(GNNNNN)(16) motif.,��https://www.ncbi.nlm.nih.gov/pubmed/17698665È��Walpita, Pramila
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Survivors���Sep6��OBJECTIVE: Nipah virus (NiV) is an emerging zoonosis. Central nervous system disease frequently results in high case-fatality. Long-term neurological assessments of survivors are limited. We assessed long-term neurologic and functional outcomes of 22 patients surviving NiV illness in Bangladesh. METHODS: During August 2005 and May 2006, we administered a questionnaire on persistent symptoms and functional difficulties to 22 previously identified NiV infection survivors. We performed neurologic evaluations and brain magnetic resonance imaging (MRI). RESULTS: Twelve (55%) subjects were male; median age was 14.5 years (range 6-50). Seventeen (77%) survived encephalitis, and 5 survived febrile illness. All but 1 subject had disabling fatigue, with a median duration of 5 months (range, 8 days-8 months). Seven encephalitis patients (32% overall), but none with febrile illness had persistent neurologic dysfunction, including static encephalopathy (n = 4), ocular motor palsies (2), cervical dystonia (2), focal weakness (2), and facial paralysis (1). Four cases had delayed-onset neurologic abnormalities months after acute illness. Behavioral abnormalities were reported by caregivers of over 50% of subjects under age 16. MRI abnormalities were present in 15, and included multifocal hyperintensities, cerebral atrophy, and confluent cortical and subcortical signal changes. INTERPRETATION: Although delayed progression to neurologic illness following Nipah fever was not observed, persistent fatigue and functional impairment was frequent. Neurologic sequelae were frequent following Nipah encephalitis. Neurologic dysfunction may persist for years after acute infection, and new neurologic dysfunction may develop after acute illness. Survivors of NiV infection may experience substantial long-term neurologic and functional morbidity.,��https://www.ncbi.nlm.nih.gov/pubmed/17696217z��Sejvar, James J
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization/instrumentation���Mar7��Proteins identified in biological fluids of cancer patients could be helpful for both diagnosis and prognosis. However, clinical proteomics based on analysis of protein profiles in biological fluids has demonstrated various flaws, most of them related to the difficulties met in reproducibility. These difficulties could be partly overcome by accurate standardisation of pre-analytical and analytical steps of these studies. The size of the patient cohort is one of the parameters that determine the powerfulness of the study. Recruitment of a cohort with a sufficient size often implies multicentric studies in which analysis of the reproducibility between centres and standardisation of pre-analytical and analytical steps are essential. Such a standardisation requires the use of calibrated samples as common references.,��https://www.ncbi.nlm.nih.gov/pubmed/17669348Í��Lucchi, Geraldine
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Viral Envelope Proteins/genetics/*immunology���Jun©��The fusion protein (F) and attachment glycoprotein (G) of Nipah virus (NiV) are important for the virus to infect cells and induce protective immunity. In this study, the NiV F1 and G gene fragments without the sequences of signal peptide and transmembrane domain were amplified by PCR, then cloned into E. coli expression vector pGEX-6P-1 and modified baculovirus vector, respectively. After induction by IPTG, NiV F1 and G proteins were efficiently expressed in E. coli when analyzed by SDS-PAGE, both showing good reactivity with the rabbit antiserum anti-NiV serum in Western blot. The expression of NiV F1 and G in baculovirus system were also detected by indirect immunofluorescent assay (IFA) of fixed Sf9 cells monolayer infected with the recombinant baculoviruses expressing F1 and G. Furthermore the anti-F1 and anti-G hyperimmune sera were prepared by immunization of rabbits respectively with purified E. coli-expressed F1 and G proteins. Western blot and IFA as well as ELISA showed that antisera against both protein had high titers with good reactivity and specificity. The present study has provided a base for development of diagnostic reagents for detection of NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17672307»��Liu, Yong-jun
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*Virus Internalization���Oct���The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are lethal emerging paramyxoviruses. EphrinB2 and ephrinB3 have been identified as receptors for henipavirus entry. NiV and HeV share similar cellular tropisms and likely use an identical receptor set, although a quantitative comparison of receptor usage by NiV and HeV has not been reported. Here we show that (i) soluble NiV attachment protein G (sNiV-G) bound to cell surface-expressed ephrinB3 with a 30-fold higher affinity than that of sHeV-G, (ii) NiV envelope pseudotyped reporter virus (NiVpp) entered ephrinB3-expressing cells much more efficiently than did HeV pseudotyped particles (HeVpp), and (iii) NiVpp but not HeVpp entry was inhibited efficiently by soluble ephrinB3. These data underscore the finding that NiV uses ephrinB3 more efficiently than does HeV. Henipavirus G chimeric protein analysis implicated residue 507 in the G ectodomain in efficient ephrinB3 usage. Curiously, alternative versions of published HeV-G sequences show variations at residue 507 that can clearly affect ephrinB3 but not ephrinB2 usage. We further defined surrounding mutations (W504A and E505A) that diminished ephrinB3-dependent binding and viral entry without compromising ephrinB2 receptor usage and another mutation (E533Q) that abrogated both ephrinB2 and -B3 usage. Our results suggest that ephrinB2 and -B3 binding determinants on henipavirus G are distinct and dissociable. Global expression analysis showed that ephrinB3, but not ephrinB2, is expressed in the brain stem. Thus, ephrinB3-mediated viral entry and pathology may underlie the severe brain stem neuronal dysfunction seen in fatal Nipah viral encephalitis. Characterizing the determinants of ephrinB2 versus -B3 usage will further our understanding of henipavirus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/17652392t��Negrete, Oscar A
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Virus Internalization/*drug effects���Oct���Hendra virus (HeV) and Nipah virus (NiV) constitute the Henipavirus genus of paramyxoviruses, both fatal in humans and with the potential for subversion as agents of bioterrorism. Binding of the HeV/NiV attachment protein (G) to its receptor triggers a series of conformational changes in the fusion protein (F), ultimately leading to formation of a postfusion six-helix bundle (6HB) structure and fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions, the first (the N-terminal heptad repeat [HRN]) adjacent to the fusion peptide and the second (the C-terminal heptad repeat [HRC]) immediately preceding the transmembrane domain. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing activated F molecules from forming the 6HB structure that is required for fusion. We previously reported that a human parainfluenza virus 3 (HPIV3) F peptide effectively inhibits infection mediated by the HeV glycoproteins in pseudotyped-HeV entry assays more effectively than the comparable HeV-derived peptide, and we now show that this peptide inhibits live-HeV and -NiV infection. HPIV3 F peptides were also effective in inhibiting HeV pseudotype virus entry in a new assay that mimics multicycle replication. This anti-HeV/NiV efficacy can be correlated with the greater potential of the HPIV3 C peptide to interact with the HeV F N peptide coiled-coil trimer, as evaluated by thermal unfolding experiments. Furthermore, replacement of a buried glutamic acid (glutamic acid 459) in the C peptide with valine enhances antiviral potency and stabilizes the 6HB conformation. Our results strongly suggest that conserved interhelical packing interactions in the F protein fusion core are important determinants of C peptide inhibitory activity and offer a strategy for the development of more-potent analogs of F peptide inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/17652384É��Porotto, M
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Virology/*trends���Sepù��Following the discovery of two new paramyxoviruses in the 1990s, much effort has been placed on rapidly finding the reservoir hosts, characterising the genomes, identifying the viral receptors and formulating potential vaccines and therapeutic options for these viruses, Hendra and Nipah viruses caused zoonotic disease on a scale not seen before with other paramyxoviruses. Nipah virus particularly caused high morbidity and mortality in humans and high morbidity in pig populations in the first outbreak in Malaysia. Both viruses continue to pose a threat with sporadic outbreaks continuing into the 21st century. Experimental and surveillance studies identified that pteropus bats are the reservoir hosts. Research continues in an attempt to understand events that precipitated spillover of these viruses. Discovered on the cusp of the molecular technology revolution, much progress has been made in understanding these new viruses. This review endeavours to capture the depth and breadth of these recent advances.,��https://www.ncbi.nlm.nih.gov/pubmed/17629946���Halpin, Kim
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Voltage-Dependent Anion Channel 2/metabolism���Jun 7d��BACKGROUND: Nipah virus (NiV), a recently discovered zoonotic virus infects and replicates in several human cell types. Its replication in human neuronal cells, however, is less efficient in comparison to other fully susceptible cells. In the present study, the SK-N-MC human neuronal cell protein response to NiV infection is examined using proteomic approaches. RESULTS: Method for separation of the NiV-infected human neuronal cell proteins using two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) was established. At least 800 protein spots were resolved of which seven were unique, six were significantly up-regulated and eight were significantly down-regulated. Six of these altered proteins were identified using mass spectrometry (MS) and confirmed using MS/MS. The heterogenous nuclear ribonucleoprotein (hnRNP) F, guanine nucleotide binding protein (G protein), voltage-dependent anion channel 2 (VDAC2) and cytochrome bc1 were present in abundance in the NiV-infected SK-N-MC cells in contrast to hnRNPs H and H2 that were significantly down-regulated. CONCLUSION: Several human neuronal cell proteins that are differentially expressed following NiV infection are identified. The proteins are associated with various cellular functions and their abundance reflects their significance in the cytopathologic responses to the infection and the regulation of NiV replication. The potential importance of the ratio of hnRNP F, and hnRNPs H and H2 in regulation of NiV replication, the association of the mitochondrial protein with the cytopathologic responses to the infection and induction of apoptosis are highlighted.,��https://www.ncbi.nlm.nih.gov/pubmed/17553172·��Chang, Li-Yen
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Seroepidemiologic Studies���Jun=��We conducted a seroprevalence study and exposure survey of healthcare workers to assess the risk of nosocomial transmission of Nipah virus during an outbreak in Bangladesh in 2004. No evidence of recent Nipah virus infection was detected despite substantial exposures and minimal use of personal protective equipment.,��https://www.ncbi.nlm.nih.gov/pubmed/17520553¡��Gurley, Emily S
Montgomery, Joel M
Hossain, M Jahangir
Islam, M Rafiqul
Molla, M Abdur Rahim
Shamsuzzaman, S M
Akram, Kazi
Zaman, Kamruz
Asgari, Nima
Comer, James A
Azad, Abul Kalam
Rollin, Pierre E
Ksiazek, Thomas G
Breiman, Robert F
eng
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2007/05/24 09:00
Infect Control Hosp Epidemiol. 2007 Jun;28(6):740-2. doi: 10.1086/516665. Epub 2007 May 11.%��0899-823X (Print)
0899-823X (Linking)���17520553���Programme on Infectious Diseases and Vaccine Sciences, Centre for Health and Population Research, ICDDR.B, Mohakhali, Dhaka, Bangladesh . egurley@icddrb.org���10.1086/516665����<��üÒtÿî?@������Gardner, A. E.
Dutch, R. E.���2007h��A conserved region in the F(2) subunit of paramyxovirus fusion proteins is involved in fusion regulation���8303-14���J Virol���81���159��Amino Acid Sequence
Animals
Cell Line
Humans
Membrane Fusion/physiology
Models, Molecular
Molecular Sequence Data
Mutation
Protein Folding
Protein Structure, Quaternary
Protein Subunits/*chemistry/genetics/*metabolism
Sequence Alignment
Viral Fusion Proteins/*chemistry/genetics/*metabolism
*Virus Internalization���AugÌ��Paramyxoviruses utilize both an attachment protein and a fusion (F) protein to drive virus-cell and cell-cell fusion. F exists functionally as a trimer of two disulfide-linked subunits: F(1) and F(2). Alignment and analysis of a set of paramyxovirus F protein sequences identified three conserved blocks (CB): one in the fusion peptide/heptad repeat A domain, known to play important roles in fusion promotion, one in the region between the heptad repeats of F(1) (CBF(1)) (A. E. Gardner, K. L. Martin, and R. E. Dutch, Biochemistry 46:5094-5105, 2007), and one in the F(2) subunit (CBF(2)). To analyze the functions of CBF(2), alanine substitutions at conserved positions were created in both the simian virus 5 (SV5) and Hendra virus F proteins. A number of the CBF(2) mutations resulted in folding and expression defects. However, the CBF(2) mutants that were properly expressed and trafficked had altered fusion promotion activity. The Hendra virus CBF(2) Y79A and P89A mutants showed significantly decreased levels of fusion, whereas the SV5 CBF(2) I49A mutant exhibited greatly increased cell-cell fusion relative to that for wild-type F. Additional substitutions at SV5 F I49 suggest that both side chain volume and hydrophobicity at this position are important in the folding of the metastable, prefusion state and the subsequent triggering of membrane fusion. The recently published prefusogenic structure of parainfluenza virus 5/SV5 F (H. S. Yin et al., Nature 439:38-44, 2006) places CBF(2) in direct contact with heptad repeat A. Our data therefore indicate that this conserved region plays a critical role in stabilizing the prefusion state, likely through interactions with heptad repeat A, and in triggering membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/17507474%��Gardner, Amanda E
Dutch, Rebecca E
eng
R01 AI051517/AI/NIAID NIH HHS/
R56 AI051517/AI/NIAID NIH HHS/
AI-51517/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2007/05/18 09:00
J Virol. 2007 Aug;81(15):8303-14. doi: 10.1128/JVI.00366-07. Epub 2007 May 16.%��0022-538X (Print)
0022-538X (Linking)
��PMC1951327���17507474Á��Department of Molecular and Cellular Biochemistry, University of Kentucky College of Medicine, Biomedical Biological Sciences Research Building, 741 S. Limestone, Lexington, KY 40536-0509, USA.���10.1128/JVI.00366-07��¼��üÒ|ÿî?A���{��Middleton, D. J.
Morrissy, C. J.
van der Heide, B. M.
Russell, G. M.
Braun, M. A.
Westbury, H. A.
Halpin, K.
Daniels, P. W.���2007L��Experimental Nipah virus infection in pteropid bats (Pteropus poliocephalus)���266-72
��J Comp Pathol���136���4Ê��Animals
Chiroptera/*virology
Disease Reservoirs/virology
Guinea Pigs
Henipavirus Infections/*pathology/*transmission/*veterinary
Humans
Nipah Virus/isolation & purification/pathogenicity
Urine/*virology���Mayí��Seventeen grey-headed fruit bats (Pteropus poliocephalus) were inoculated subcutaneously with an isolate of Nipah virus derived from a fatally infected human. A control group of eight guinea-pigs was inoculated intraperitoneally with the same isolate in order to confirm virulence. Three of eight infected guinea-pigs developed clinical signs 7-9 days post-inoculation. Infected fruit bats developed a subclinical infection characterized by the transient presence of virus within selected viscera, episodic viral excretion and seroconversion. A range of histopathological changes was observed within the tissues of infected bats. Nipah virus was excreted in bat urine while neutralizing antibody was present in serum. This intermittent, low-level excretion of Nipah virus in the urine of bats may be sufficient to sustain the net reproductive value of the virus in a species where there is regular urine contamination of the fur, mutual grooming, and where urine droplets are a feature of the environment.,��https://www.ncbi.nlm.nih.gov/pubmed/17498518Ñ��Middleton, D J
Morrissy, C J
van der Heide, B M
Russell, G M
Braun, M A
Westbury, H A
Halpin, K
Daniels, P W
eng
England
2007/05/15 09:00
J Comp Pathol. 2007 May;136(4):266-72. doi: 10.1016/j.jcpa.2007.03.002.%��0021-9975 (Print)
0021-9975 (Linking)���17498518¡��Australian Animal Health Laboratory, CSIRO Livestock Industries PB 24, Geelong 3220, Victoria, Australia. Deborah.middleton@csiro.au <Deborah.middleton@csiro.au>���10.1016/j.jcpa.2007.03.002��°��þÚ|ÿþ?B������Kaku, Y.���2007���[Nipah virus infection]���154-6���Nihon Rinsho
��65 Suppl 38��Henipavirus Infections/*transmission
Humans
*Nipah Virus���Mar 28,��https://www.ncbi.nlm.nih.gov/pubmed/17491382]��Kaku, Yoshihiro
jpn
Review
Japan
2007/05/12 09:00
Nihon Rinsho. 2007 Mar 28;65 Suppl 3:154-6.%��0047-1852 (Print)
0047-1852 (Linking)���17491382L��Department of Veterinary Science, National Institute of Infectious Diseases.��_��þÒ|ÿî?C���b��Sampath, R.
Hall, T. A.
Massire, C.
Li, F.
Blyn, L. B.
Eshoo, M. W.
Hofstadler, S. A.
Ecker, D. J.���2007j��Rapid identification of emerging infectious agents using PCR and electrospray ionization mass spectrometry���109-20���Ann N Y Acad Sci���1102���Communicable Disease Control/methods
Communicable Diseases, Emerging/*diagnosis/microbiology/parasitology/virology
Humans
Polymerase Chain Reaction/*methods
Spectrometry, Mass, Electrospray Ionization/*methods
Virus Diseases/*diagnosis/virology
Viruses/*isolation & purification���Apr���Newly emergent infectious diseases are a global public health problem. The population dense regions of Southeast Asia are the epicenter of many emerging diseases, as evidenced by the outbreak of Nipah, SARS, avian influenza (H5N1), Dengue, and enterovirus 71 in this region in the past decade. Rapid identification, epidemiologic surveillance, and mitigation of transmission are major challenges in ensuring public health safety. Here we describe a powerful new approach for infectious disease surveillance that is based on polymerase chain reaction (PCR) to amplify nucleic acid targets from large groupings of organisms, electrospray ionization mass spectrometry (ESI-MS) for accurate mass measurements of the PCR products, and base composition signature analysis to identify organisms in a sample. This approach is capable of automated analysis of more than 1,500 PCR reactions a day. It is applicable to the surveillance of bacterial, viral, fungal, or protozoal pathogens and will facilitate rapid characterization of known and emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/174709151��Sampath, Rangarajan
Hall, Thomas A
Massire, Christian
Li, Feng
Blyn, Lawrence B
Eshoo, Mark W
Hofstadler, Steven A
Ecker, David J
eng
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
Review
2007/05/02 09:00
Ann N Y Acad Sci. 2007 Apr;1102:109-20. doi: 10.1196/annals.1408.008.%��0077-8923 (Print)
0077-8923 (Linking)���17470915g��Ibis Biosciences Inc, Subsidiary of Isis Pharmaceuticals, Carlsbad, CA 92008, USA. rsampath@ibisbio.com���10.1196/annals.1408.008��
 ��þÒ|ÿî?D������Lee, B.���2007:��Envelope-receptor interactions in Nipah virus pathobiology���51-65���Ann N Y Acad Sci���1102J��Animals
Bioterrorism
Communicable Diseases, Emerging/epidemiology/virology
Disease Outbreaks
Ephrin-B2/*physiology
Ephrin-B3/*physiology
Galectin 1/immunology
Henipavirus Infections/epidemiology/physiopathology/*virology
Humans
Nipah Virus/*pathogenicity/physiology
Receptors, Virus/*physiology
Viral Envelope Proteins/*physiology���Apr���Nipah (NiV) and Hendra (HeV) viruses are members of the newly defined Henipavirus genus of the Paramyxoviridae. Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70% of infected patients, and there is increasing evidence of human-to-human transmission. NiV is designated a priority pathogen in the NIAID Biodefense Research Agenda, and could be a devastating agent of agrobioterrorism if used against the pig farming industry. Endothelial syncytium is a pathognomonic feature of NiV infections, and is mediated by the fusion (F) and attachment (G) envelope glycoproteins. This review summarizes what is known about the pathophysiology of NiV infections, and documents the identification of the NiV receptor. EphrinB2, the NiV and HeV receptor, is expressed on endothelial cells and neurons, consistent with the known cellular tropism for NiV. We discuss how the identification of the henipahvirus receptor sheds light on the pathobiology of NiV infection, and how it will spur the rational development of effective therapeutics. In addition, ephrinB3, a related protein, can serve as an alternative receptor, and we suggest that differential usage of ephrinB2 versus B3 may explain the variant pathogenic profiles observed between NiV and HeV. Thus, identifying the NiV receptors opens the door for a more comprehensive analysis of the envelope-receptor interactions in NiV pathobiology. Finally, we also describe how galectin-1 (an innate immune defense lectin) can interact with specific N-glycans on the Nipah envelope fusion protein, underscoring the potential role that innate immune defense mechanisms may play against emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/17470911h��Lee, Benhur
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Virus Replication���Apr¬��Nipah virus (NiV) is a highly pathogenic paramyxovirus, which emerged in 1998 from fruit bats in Malaysia and caused an outbreak of severe respiratory disease in pigs and fatal encephalitis in humans with high mortality rates. In contrast to most paramyxoviruses, NiV can infect a large variety of mammalian species. Due to this broad host range, its zoonotic potential, its high pathogenicity for humans, and the lack of effective vaccines or therapeutics, NiV was classified as a biosafety level 4 pathogen. This article provides an overview of the molecular characteristics of NiV focusing on the structure, functions, and unique biological properties of the two NiV surface glycoproteins, the receptor-binding G protein, and the fusion protein F. Since viral glycoproteins are major determinants for cell tropism and virus spread, a detailed knowledge of these proteins can help to understand the molecular basis of viral pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/17470910���Diederich, Sandra
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Viral Fusion Proteins/*chemistry���May 1q��Paramyxoviruses are a diverse family that utilizes a fusion (F) protein to enter cells via fusion of the viral lipid bilayer with a target cell membrane. Although certain regions of the F protein are known to play critical roles in membrane fusion, the function of much of the protein remains unclear. Sequence alignment of a set of paramyxovirus F proteins and analysis utilizing Block Maker identified a region of conserved amino acid sequence in a large domain between the heptad repeats of F1, designated CBF1. We employed site-directed mutagenesis to analyze the function of completely conserved residues of CBF1 in both the simian virus 5 (SV5) and Hendra virus F proteins. The majority of CBF1 point mutants were deficient in homotrimer formation, proteolytic processing, and transport to the cell surface. For some SV5 F mutants, proteolytic cleavage and surface expression could be restored by expression at 30 degrees C, and varying levels of fusion promotion were observed at this temperature. In addition, the mutant SV5 F V402A displayed a hyperfusogenic phenotype at both 30 and 37 degrees C, indicating that this mutation allows for efficient fusion with only an extremely small amount of cleaved, active protein. The recently published prefusogenic structure of PIV5/SV5 F (Yin, H. S., et al. (2006) Nature 439, 38-44) indicates that residues within and flanking CBF1 interact with the fusion peptide domain. Together, these data suggest that CBF1-fusion peptide interactions are critical for the initial folding of paramyxovirus F proteins from this important viral family and can also modulate subsequent membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/17417875^��Gardner, Amanda E
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Vero Cells���Jul 20Å��J-virus (JPV), isolated from wild mice in Australia, and Beilong virus (BeiPV), originally isolated from human mesangial cells in China and subsequently detected in rat mesangial cells, represent a new group of paramyxoviruses which have exceptionally large genomes (>19 kb) and contain more than six transcriptional units. In this study, minireplicons were employed to assess the taxonomic status of JPV and BeiPV. Our results demonstrated that, whilst the genome replication machineries of JPV and BeiPV can be interchanged, they were not functional when exchanged with that of Nipah virus. These studies indicate that JPV and BeiPV are closely related to each other and support the classification of these two viruses into a separate genus. In addition, the minireplicons were also used to demonstrate that these large-genome viruses also comply with the 'rule of six' and that over-expression of the C protein has a detrimental effect on minigenome replication.,��https://www.ncbi.nlm.nih.gov/pubmed/17397895Â��Magoffin, Danielle E
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Jun¯��Hendra virus (HeV) is an emerging paramyxovirus capable of infecting and causing disease in a variety of mammalian species, including humans. The virus infects its host cells through the coordinated functions of its fusion (F) and attachment (G) glycoproteins, the latter of which is responsible for binding the virus receptors ephrinB2 and ephrinB3. In order to identify the receptor binding site, a panel of G glycoprotein constructs containing mutations was generated using an alanine-scanning mutagenesis strategy. Based on a predicted G structure, charged amino acids residing in regions that could be homologous to those in the measles virus H attachment glycoprotein known to be involved in its protein receptor interaction were targeted. Using a coprecipitation-based assay, seven single-amino-acid substitutions in HeV G were identified as having significantly impaired binding to both the ephrinB2 and ephrinB3 viral receptors: D257A, D260A, G439A, K443A, G449A, K465A, and D468A. The impairment of receptor interaction conferred a concomitant diminution in their abilities to promote membrane fusion when coexpressed with F. The G glycoprotein mutants were also recognized by three or more conformation-dependent monoclonal antibodies of a panel of five, were expressed on the cell surface, and retained their abilities to bind and coprecipitate F. Interestingly, some of these mutant G glycoproteins coprecipitated with F more efficiently than wild-type G. Taken together, these data provide strong biochemical and functional evidence that some of these residues could be part of a conformation-dependent, discontinuous, and overlapping ephrinB2 and -B3 binding domain within the HeV G glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/17376907���Bishop, Kimberly A
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Nipah Virus/immunology/*isolation & purification���DecÅ��We investigated an outbreak of encephalitis in Tangail District, Bangladesh. We defined case-patients as persons from the outbreak area in whom fever developed with new onset of seizures or altered mental status from December 15, 2004, through January 31, 2005. Twelve persons met the definition; 11 (92%) died. Serum specimens were available from 3; 2 had immunoglobulin M antibodies against Nipah virus by capture enzyme immunoassay. We enrolled 11 case-patients and 33 neighborhood controls in a case-control study. The only exposure significantly associated with illness was drinking raw date palm sap (64% among case-patients vs. 18% among controls, odds ratio [OR] 7.9, p = 0.01). Fruit bats (Pteropus giganteus) are a nuisance to date palm sap collectors because the bats drink from the clay pots used to collect the sap at night. This investigation suggests that Nipah virus was transmitted from P. giganteus to persons through drinking fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/17326940¿��Luby, Stephen P
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Viral Proteins/genetics/immunology/*metabolism���Jun$��The genus Henipavirus in the family Paramyxoviridae compromises two newly identified dangerous pathogens, Nipah virus and Hendra virus. Phosphoprotein of the two viruses is one of the major immunodominant antigens and the most divergent protein in the viral genomes. We have now expressed two pairs of truncated phosphoproteins of the two viruses in Escherichia coli in a soluble form using a vector tailored from pET32a. The truncated recombinant phosphoproteins were purified with His-Tag affinity chromatography and their antigenicity was determined by western blotting and ELISA. The longer pair of truncated recombinant phosphoproteins, covering amino acid residues 4-550, was more antigenic than the shorter one and of potential utility in the serological differentiation of henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/17322967ú��Chen, Ji-Ming
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Viral Fusion Proteins/*genetics���May®��The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms. Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where approximately 20% of wild-type F and the other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P = 0.007, r(2) = 0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can modulate its fusogenicity by multiple distinct mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/17301148?��Aguilar, Hector C
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Viral Envelope Proteins/genetics/immunology/metabolism���Juny��Hendra virus (HeV) and Nipah virus (NiV) are related emerging paramyxoviruses classified in the genus Henipavirus. Both cause fatal disease in animals and humans and are classified as biosafety level 4 pathogens. Here we detail two new multiplexed microsphere assays, one for antibody detection and differentiation and another designed as a surrogate for virus neutralization. Both assays utilize recombinant soluble attachment glycoproteins (sG) whereas the latter incorporates the cellular receptor, recombinant ephrin-B2. Spectrally distinct sG(HeV)- and sG(NiV)-coupled microspheres preferentially bound antibodies from HeV- and NiV-seropositive animals, demonstrating a simple procedure to differentiate antibodies to these closely related viruses. Soluble ephrin-B2 bound sG-coupled microspheres in a dose-dependent fashion. Specificity of binding was further evaluated with henipavirus G-specific sera and MAbs. Sera from henipavirus-seropositive animals differentially blocked ephrin-B2 binding, suggesting that detection and differentiation of HeV and NiV neutralizing antibodies can be done simultaneously in the absence of live virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17292974j��Bossart, Katharine N
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Viruses/*classification/genetics���Mar 1¸��The role that bats have played in the emergence of several new infectious diseases has been under review. Bats have been identified as the reservoir hosts of newly emergent viruses such as Nipah virus, Hendra virus, and severe acute respiratory syndrome-like coronaviruses. This article expands on recent findings about bats and viruses and their relevance to human infections. It briefly reviews the history of chiropteran viruses and discusses their emergence in the context of geography, phylogeny, and ecology. The public health and trade impacts of several outbreaks are also discussed. Finally, we attempt to predict where, when, and why we may see the emergence of new chiropteran viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17278066L��Halpin, Kim
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*Viral Interference���Feb<��Nipah virus (NiV) and Hendra virus (HeV) are newly identified members of the family Paramyxoviridae and have been classified in the new genus Henipavirus based on unique genetic characteristics distinct from other paramyxoviruses. Transgenic cell lines were generated that expressed either the attachment protein (G) or the fusion protein (F) of NiV. Functional expression of NiV F and G was verified by complementation with the corresponding glycoprotein, which resulted in the development of syncytia. When exposed to NiV and HeV, expression of NiV G in Crandall feline kidney cells resulted in a qualitative inhibition of both cytopathic effect (CPE) and cell death by both viruses. RT-PCR analysis of surviving exposed cells showed a complete absence of viral positive-sense mRNA and genomic negative-sense viral RNA. Cells expressing NiV G were also unable to fuse with cells co-expressing NiV F and G in a fluorescent fusion inhibition assay. Cell-surface staining for the cellular receptors for NiV and HeV (ephrin-B2 and ephrin-B3) indicated that they were located on the surface of cells, regardless of NiV G expression or infection by NiV. These results indicated that viral interference can be established for henipaviruses and requires only the expression of the attachment protein, G. Furthermore, it was found that this interference probably occurs at the level of virus entry, as fusion was not observed in cells expressing NiV G. Finally, expression of NiV G by either transient transfection or NiV infection did not alter the cell-surface levels of the two known viral receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/17251577É��Sawatsky, Bevan
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Virus Assembly���Jan 4×��BACKGROUND: Nipah virus (NiV) is an emerging paramyxovirus distinguished by its ability to cause fatal disease in both animal and human hosts. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the Paramyxoviridae family. NiV and HeV are also restricted to Biosafety Level-4 containment and this has hampered progress towards examining details of their replication and morphogenesis. Here, we have established recombinant expression systems to study NiV particle assembly and budding through the formation of virus-like particles (VLPs). RESULTS: When expressed by recombinant Modified Vaccinia virus Ankara (rMVA) or plasmid transfection, individual NiV matrix (M), fusion (F) and attachment (G) proteins were all released into culture supernatants in a membrane-associated state as determined by sucrose density gradient flotation and immunoprecipitation. However, co-expression of F and G along with M revealed a shift in their distribution across the gradient, indicating association with M in VLPs. Protein release was also altered depending on the context of viral proteins being expressed, with F, G and nucleocapsid (N) protein reducing M release, and N release dependent on the co-expression of M. Immunoelectron microscopy and density analysis revealed VLPs that were similar to authentic virus. Differences in the budding dynamics of NiV proteins were also noted between rMVA and plasmid based strategies, suggesting that over-expression by poxvirus may not be appropriate for studying the details of recombinant virus particle assembly and release. CONCLUSION: Taken together, the results indicate that NiV M, F, and G each possess some ability to bud from expressing cells, and that co-expression of these viral proteins results in a more organized budding process with M playing a central role. These findings will aid our understanding of paramyxovirus particle assembly in general and could help facilitate the development of a novel vaccine approach for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17204159b��Patch, Jared R
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Middleton, D.���20070��Targeted strategies for henipavirus therapeutics���14-25���Open Virol J���1"��Hendra and Nipah viruses are related emergent paramyxoviruses that infect and cause disease in animals and humans. Disease manifests as a generalized vasculitis affecting multiple organs, but is the most severe in the respiratory and central nervous systems. The high case fatality and person-to-person transmission associated with the most recent NiV outbreaks, and the recent re-emergence of HeV, emphasize the importance and necessity of effective therapeutics for these novel agents. In recent years henipavirus research has revealed a more complete understanding of pathogenesis and, as a consequence, viable approaches towards vaccines and therapeutics have emerged. All strategies target early steps in viral replication including receptor binding and membrane fusion. Animal models have been developed, some of which may prove more valuable than others for evaluating the efficacy of therapeutic agents and regimes. Assessments of protective host immunity and drug pharmacokinetics will be crucial to the further advancement of therapeutic compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/19440455¯��Bossart, Katharine N
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*Zoonoses���Wintery��Bats classified in the order Chiroptera are the most abundant and widely distributed non-human mammalian species in the world. Several bat species are reservoir hosts of zoonotic viruses and therefore can be a public health hazard. Lyssaviruses of different genotypes have emerged from bats in America (Genotype 1 rabies virus; RABV), Europe (European bat lyssavirus; EBLV), and Australia (Australian bat lyssavirus; ABLV), whereas Nipah virus is the most important recent zoonosis of bat origin in Asia. Furthermore, some insectivorous bat species may be important reservoirs of SARS coronavirus, whereas Ebola virus has been detected in some megachiropteran fruit bats. Thus far, European bat lyssavirus (EBLV) is the only zoonotic virus that has been detected in bats in Europe. New zoonotic viruses may emerge from bat reservoirs and known ones may spread to a wider geographical range. To assess future threats posed by zoonotic viruses of bats, there is a need for accurate knowledge of the factors underlying disease emergence, for an effective surveillance programme, and for a rapid response system. In Europe, primary efforts should be focussed on the implementation of effective passive and active surveillance systems for EBLVs in the Serotine bat, Eptesicus serotinus, and Myotis species (i.e., M. daubentonii and M. dasycneme). Apart from that, detection methods for zoonotic viruses that may emerge from bats should be implemented. Analyses of data from surveillance studies can shed more light on the dynamics of bat viruses, (i.e., population persistence of viruses in bats). Subsequently, studies will have to be performed to assess the public health hazards of such viruses (i.e., infectivity and risk of infection to people). With the knowledge generated from this kind of research, a rapid response system can be set up to enhance public health awareness of emerging zoonotic viruses of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/17187565¥��van der Poel, Wim H M
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Reverse Transcriptase Polymerase Chain Reaction/*methods���Apr���A method for duplex nested RT-PCR (nRT-PCR) with internal control (IC) for the detection of Nipah virus RNA is described. Incorporation of IC RNA distinguished false and true negative results. The extrinsic RNA was added directly to the PCR master mix and co-amplified with virus specific RNA in a duplex reaction to determine the presence of PCR inhibitor. Limit of detection was affected minimally when IC was added. Of 53 pooled urine samples collected from fruit bats (Pteropus lylei), 16 were validated by the presence of IC band on gel electrophoresis. Seven of these were also Nipah virus RNA positive. The remaining 37 samples were considered invalid. Twenty-two urine samples became valid after dilution of 1:5 and re-examined; two were Nipah virus RNA positive. These nine positive results were confirmed by sequencing of heminested PCR products. The result indicated that at least two different Nipah strains circulated in this bat species from Thailand. This method should be useful for surveillance for Nipah virus infection in animals in a country where a biosecurity level (BSL) 4 laboratory is not available. PCR inhibitors were present in a significant number of bat urine samples. The technique described in this study should improve reliability of surveillance statistics.,��https://www.ncbi.nlm.nih.gov/pubmed/17184850Ñ��Wacharapluesadee, Supaporn
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Virus Replicationh��Nipah virus (NiV) is an emergent zoonotic paramyxovirus. The L proteins of most paramyxoviruses contain a GDNQ motif, thought to be part of the catalytic site for polymerase activity. Conversely, NiV L has GDNE in this position. We substituted the E residue with eight different amino acid residues and examined the effect on L function in an in vitro replication assay. Our results demonstrated that NiV L functioned with similar efficiency with either GDNE or GDNQ, but polymerase activity was severely reduced or abolished when a structurally destabilising residue (such as K, P or G) was introduced at this site.,��https://www.ncbi.nlm.nih.gov/pubmed/17143779º��Magoffin, D E
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Viral Vaccines/*immunology���Oct���We investigated the antibody response of DNA immunization with two mammalian codon optimized envelope glycoprotein genes, F and G, of Nipah virus in a mouse model. The results indicated that G gene immunization elicited more significant specific serum IgG response and neutralization antibody response than F gene did, suggesting that the G gene DNA immunization is a potential vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17135518Ì��Wang, Xijun
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Virosomes/ultrastructure���MarO��Hendra and Nipah viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the family Paramyxoviridae. Currently these viruses are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genes encoding HeV and NiV nucleocapsid proteins were cloned into the yeast Saccharomyces cerevisiae expression vector pFGG3 under control of GAL7 promoter. A high level of expression of these proteins (18-20 mg l(-1) of yeast culture) was obtained. Mass spectrometric analysis confirmed the primary structure of both proteins with 92% sequence coverage obtained using MS/MS analysis. Electron microscopy demonstrated the assembly of typical herring-bone structures of purified recombinant nucleocapsid proteins, characteristic for other paramyxoviruses. The nucleocapsid proteins revealed stability in yeast and can be easily purified by cesium chloride gradient ultracentrifugation. HeV nucleocapsid protein was detected by sera derived from fruit bats, humans, horses infected with HeV, and NiV nucleocapsid protein was immunodetected with sera from, fruit bats, humans and pigs. The development of an efficient and cost-effective system for generation of henipavirus nucleocapsid proteins might help to improve reagents for diagnosis of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17123657E��Juozapaitis, Mindaugas
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Zoonoses/transmission/virology���Nov 20Ï��A veterinarian became infected with Hendra virus (HeV) after managing a terminally ill horse and performing a limited autopsy with inadequate precautions. Although she was initially only mildly ill, serological tests suggested latent HeV infection. Nevertheless, she remains well 2 years after her initial illness. Recently emerged zoonotic viruses, such as HeV, necessitate appropriate working procedures and personal protective equipment in veterinary practice.,��https://www.ncbi.nlm.nih.gov/pubmed/17115969Ð��Hanna, Jeffrey N
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Viral Proteins/*genetics/metabolism/*physiology���Decï��The V protein of the paramyxovirus Nipah virus (NiV) has been shown to antagonize the interferon (IFN) response in human cells via sequestration of STAT1 and STAT2. This study describes a mutant of the NiV V protein, referred to as V(AAHL), that is unable to antagonize IFN signalling and demonstrates that a single amino acid substitution is responsible for its inactivity. The molecular basis for this was identified as a failure to interact with STAT1 and STAT2. It was also shown that NiV V, but not V(AAHL), was functional as an IFN antagonist in human, monkey, rabbit, dog, horse, pig and bat cells, which suggests that the ability of NiV to block IFN signalling is not a major constraint that prevents this virus from crossing species barriers.,��https://www.ncbi.nlm.nih.gov/pubmed/17098981Ñ��Hagmaier, Kathrin
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Virus Replication���Oct 31O��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans and incurred a high fatality rate in humans. Fruit bats, living in vast areas extending from India to the western Pacific, were identified as the natural reservoir of the virus. However, the mechanisms that resulted in severe pathogenicity in humans (up to 70% mortality) and that enabled crossing the species barrier were not known. In this study, we established a system that enabled the rescue of replicating NiVs from a cloned DNA by cotransfection of a constructed full-length cDNA clone and supporting plasmids coding virus nucleoprotein, phosphoprotein, and polymerase with the infection of the recombinant vaccinia virus, MVAGKT7, expressing T7 RNA polymerase. The rescued NiV (rNiV), by using the newly developed reverse genetics system, showed properties in vitro that were similar to the parent virus and retained the severe pathogenicity in a previously established animal model by experimental infection. A recombinant NiV was also developed, expressing enhanced green fluorescent protein (rNiV-EGFP). Using the virus, permissibility of NiV was compared with the presence of a known cellular receptor, ephrin B2, in a number of cell lines of different origins. Interestingly, two cell lines expressing ephrin B2 were not susceptible for rNiV-EGFP, indicating that additional factors are clearly required for full NiV replication. The reverse genetics for NiV will provide a powerful tool for the analysis of the molecular mechanisms of pathogenicity and cross-species infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17053073���Yoneda, Misako
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Zoonoses/epidemiology/transmission/*virology���Mar-Apr(��Amongst the 60 viral species reported to be associated with bats, 59 are RNA viruses, which are potentially important in the generation of emerging and re-emerging infections in humans. The prime examples of these are the lyssaviruses and Henipavirus. The transmission of Nipah, Hendra and perhaps SARS coronavirus and Ebola virus to humans may involve intermediate amplification hosts such as pigs, horses, civets and primates, respectively. Understanding of the natural reservoir or introductory host, the amplifying host, the epidemic centre and at-risk human populations are crucial in the control of emerging zoonosis. The association between the bat coronaviruses and certain lyssaviruses with particular bat species implies co-evolution between specific viruses and bat hosts. Cross-infection between the huge number of bat species may generate new viruses which are able to jump the trans-mammalian species barrier more efficiently. The currently known viruses that have been found in bats are reviewed and the risks of transmission to humans are highlighted. Certain families of bats including the Pteropodidae, Molossidae, Phyllostomidae, and Vespertilionidae are most frequently associated with known human pathogens. A systematic survey of bats is warranted to better understand the ecology of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17042030º��Wong, Samson
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Viral Envelope Proteins/*genetics/immunology/metabolism���Aug���The mammalian condon optimized G gene was synthesized by over-lapping PCR and used to generate recombinant vaccinia virus, rWR-NiV-G. The expression of Nipah virus G protein in rWR-NiV-G infected HeLa cells was confirmed by western-blot with NiV G protein specific mouse antiserum generated by DNA immunization.The recombinant G protein showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect florescence. Syncytium formation was induced in BHK cells by rWR-NiV-G infection following NiV F protein expressing plasmid pCAGG-NiV-F transfection. Immunization with rWR-NiV-G elicited G protein specific antibody responses in mice. The prokaryotic expressing G protein fragment showed sensitive and specific antigenic reaction to NiV G protein specific antibody from rWR-NiV-G immunized mice serum in indirect ELISA. Furthermore, the G protein specific antibodies could neutralize the infectivity of the recombinant Vesicular Stomatitis Virus pseudotype VSVAG * F/G, in which the VSV envelope protein G gene was replaced with the green fluorescent protein gene (VSVAG * G, Whitt MA) and complemented with Nipah virus F and G glycoprotein expressed in transient (VSVAG * F/G).The results here demonstrated the G protein expressed by rWR-NiV-G keeps native immunogenicity and biological activity. The recombinant virus could be promising vaccine strategy for the prevention of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17037071���Wang, Xi-jun
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Viral Vaccines/*immunology���Dece��Nipah virus (NiV) and Hendra virus (HeV) are paramyxoviruses capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. Case reports from outbreaks and previous challenge experiments have suggested that cats were highly susceptible to NiV infection, responding with a severe respiratory disease and systemic infection. Here we have assessed the cat as a model of experimental NiV infection and use it in the evaluation of a subunit vaccine comprised of soluble G glycoprotein (sG). Two groups of two adult cats each were inoculated subcutaneously with either 500 or 5,000 50% tissue culture infective dose(s) (TCID(50)) of NiV. Animals were monitored closely for disease onset, and extensive analysis was conducted on samples and tissues taken during infection and at necropsy to determine viral load and tissue tropism. All animals developed clinical disease 6 to 9 days postinfection, a finding consistent with previous observations. In a subsequent experiment, two cats were immunized with HeV sG and two were immunized with NiV sG. Homologous serum neutralizing titers were greater than 1:20,000, and heterologous titers were greater than 1:20,000 to 16-fold lower. Immunized animals and two additional naive controls were then challenged subcutaneously with 500 TCID(50) of NiV. Naive animals developed clinical disease 6 to 13 days postinfection, whereas none of the immunized animals showed any sign of disease. TaqMan PCR analysis of samples from naive animals revealed considerable levels of NiV genome in a wide range of tissues, whereas the genome was evident in only two immunized cats in only four samples and well below the limit of accurate detection. These results indicate that the cat provides a consistent model for acute NiV infection and associated pathogenesis and an effective subunit vaccine strategy appears achievable.,��https://www.ncbi.nlm.nih.gov/pubmed/17005664ã��Mungall, Bruce A
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Virion/genetics/*physiology���Decª��Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.,��https://www.ncbi.nlm.nih.gov/pubmed/17005661Å��Ciancanelli, Michael J
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Optics and Photonics/instrumentation���Oct���Global biosecurity threats such as the spread of emerging infectious diseases (i.e., avian influenza, SARS, Hendra, Nipah, etc.) and bioterrorism have generated significant interest in recent years. There is considerable effort directed towards understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool which have the potential to detect the outbreak of a virus and/or disease. Although there is a host of technologies available, either commercially or in the scientific literature, the development of biosensors for the detection of emerging infectious diseases (EIDs) is still in its infancy. There is no doubt that the glucose biosensor, the gene chip, the protein chip, etc. have all played and are still playing a significant role in monitoring various biomolecules. Can biosensors play an important role for the detection of emerging infectious diseases? What does the future hold and which biosensor technology platform is suitable for the real-time detection of infectious diseases? These and many other questions will be addressed in this review. The purpose of this review is to present an overview of biosensors particularly in relation to EIDs. It provides a synopsis of the various types of biosensor technologies that have been used to detect EIDs, and describes some of the technologies behind them in terms of transduction and bioreceptor principles.,��https://www.ncbi.nlm.nih.gov/pubmed/17003853Á��Pejcic, Bobby
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cdc42 GTP-Binding Protein/chemistry���Dec 1Â��Many proteins expressed in Escherichia coli cells form inclusion bodies that are neither refoldable nor soluble in buffers. Very surprisingly, we recently discovered that all 11 buffer-insoluble protein fragments/domains we have, with a great diversity of cellular function, location, and molecular size, could be easily solubilized in salt-free water. The circular dichroism (CD) and NMR characterization led to classification of these proteins into three groups: group 1, with no secondary structure by CD and with narrowly-dispersed but sharp (1)H-(15)N heteronuclear single quantum correlation (HSQC) peaks; group 2, with secondary structure by CD but with HSQC peaks broadened and, consequently, only a small set of peaks detectable; and group 3, with secondary structure by CD and also well-separated HSQC peaks. Intriguingly, we failed to find any protein with a tight tertiary packing. Therefore, we propose that buffer-insoluble proteins may lack intrinsic ability to reach or/and to maintain a well-packed conformation, and thus are trapped in partially-folded states with many hydrophobic side chains exposed to the bulk solvent. As such, a very low ionic strength is sufficient to screen out intrinsic repulsive interactions and, consequently, allow the hydrophobic clustering/aggregation to occur. Marvelously enough, it appears that in pure water, proteins have the potential to manifest their full spectrum of structural states by utilizing intrinsic repulsive interactions to suppress the attractive hydrophobic clustering. Our discovery not only gives a novel insight into the properties of insoluble proteins, but also sheds the first light that we know of on previously unknown regimes associated with proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16980357ø��Li, Minfen
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Virion/metabolism���Octµ��Hendra virus (HeV) is a recently identified paramyxovirus that is fatal in humans and could be used as an agent of bioterrorism. The HeV receptor-binding protein (G) is required in order for the fusion protein (F) to mediate fusion, and analysis of the triggering/activation of HeV F by G should lead to strategies for interfering with this key step in viral entry. HeV F, once triggered by the receptor-bound G, by analogy with other paramyxovirus F proteins, undergoes multistep conformational changes leading to a six-helix bundle (6HB) structure that accomplishes fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions (HRN and HRC) near the fusion peptide and the transmembrane domains, respectively. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing F, after the initial triggering step, from forming the 6HB structure that is required for fusion. HeV peptides have previously been found to be effective at inhibiting HeV fusion. However, we found that a human parainfluenza virus 3 F-peptide is more effective at inhibiting HeV fusion than the comparable HeV-derived peptide.,��https://www.ncbi.nlm.nih.gov/pubmed/16973588v��Porotto, M
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Time Factors
Virulence���Oct´��Canine distemper virus (CDV), a member of the Morbillivirus genus that also includes measles virus, frequently causes neurologic complications, but the routes and timing of CDV invasion of the central nervous system (CNS) are poorly understood. To characterize these events, we cloned and sequenced the genome of a neurovirulent CDV (strain A75/17) and produced an infectious cDNA that expresses the green fluorescent protein. This virus fully retained its virulence in ferrets: the course and signs of disease were equivalent to those of the parental isolate. We observed CNS invasion through two distinct pathways: anterogradely via the olfactory nerve and hematogenously through the choroid plexus and cerebral blood vessels. CNS invasion only occurred after massive infection of the lymphatic system and spread to the epithelial cells throughout the body. While at early time points, mostly immune and endothelial cells were infected, the virus later spread to glial cells and neurons. Together, the results suggest similarities in the timing, target cells, and CNS invasion routes of CDV, members of the Morbillivirus genus, and even other neurovirulent paramyxoviruses like Nipah and mumps viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16973542©��Rudd, Penny A
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Viral Fusion Proteins/*chemistry���Oct`��The Nipah and Hendra viruses are highly pathogenic paramyxoviruses that recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These characteristics have led to their classification into the new genus Henpavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. The fusion protein, an enveloped glycoprotein essential for viral entry, belongs to the family of class I fusion proteins and is characterized by the presence of two heptad repeat (HR) regions, HR1 and HR2. These two regions associate to form a fusion-active hairpin conformation that juxtaposes the viral and cellular membranes to facilitate membrane fusion and enable subsequent viral entry. The Hendra and Nipah virus fusion core proteins were crystallized and their structures determined to 2.2 A resolution. The Nipah and Hendra fusion core structures are six-helix bundles with three HR2 helices packed against the hydrophobic grooves on the surface of a central coiled coil formed by three parallel HR1 helices in an oblique antiparallel manner. Because of the high level of conservation in core regions, it is proposed that the Nipah and Hendra virus fusion cores can provide a model for membrane fusion in all paramyxoviruses. The relatively deep grooves on the surface of the central coiled coil represent a good target site for drug discovery strategies aimed at inhibiting viral entry by blocking hairpin formation.,��https://www.ncbi.nlm.nih.gov/pubmed/16972940é��Lou, Zhiyong
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Yolk Sac/virology���Aug-Oct���An isolate of Nipah virus was injected into fertile eggs via the allantoic cavity or yolk sac. Allantoic inoculation resulted in considerable pathological variation and only partial mortality. Dead embryos showed severe necrosis in the brain and congestion in the kidney and the subcutis of limbs. In contrast, yolk sac inoculation led to uniform infection and mortality, the dead embryos exhibiting the same lesions as those described above but without the subcutaneous congestion. Histological lesions in dead embryos inoculated by either route were similar and particularly severe in the central nervous system. Viral antigens were detected mainly in the vasculature and neurons. The results indicated that Nipah virus is highly pathogenic to chicken embryos, and that the route of inoculation is an important determinant of the course of disease. The findings also suggested that yolk sac inoculation can be used for viral titration, and that the chicken embryo represents a useful model for studying the vascular and neuronal tropisms of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16956618Í��Tanimura, N
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Swine Diseases/diagnosis/immunology/virology���Sepx��Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for human and swine sera and an IgM capture ELISA for human sera were established using the recombinant NiV-N protein as an antigen. One hundred thirty-three suspected patient sera and 16 swine sera were used to evaluate the newly established ELISA systems in comparison with the CDC inactivated-virus-based ELISA systems. For the human sera, the NiV-N protein-based indirect IgG ELISA had a sensitivity of 98.6% and a specificity of 98.4%, and the NiV-N protein-based IgM capture ELISA had a sensitivity of 91.7% and a specificity of 91.8%, with reference to the CDC ELISA systems. The NiV-N-based IgM ELISA was found to be more sensitive than the inactivated-virus-based ELISA in that it captured eight additional cases. For the swine sera, the two test systems were in 100% concordance. Our data indicate that the Nipah virus nucleocapsid protein is a highly immunogenic protein in human and swine infections and a good target for serodiagnosis. Our NiV-N protein-based ELISA systems are useful, safe, and affordable tools for diagnosis of Nipah virus infection and are especially fit to be used in large-scale epidemiological investigations and to be applied in developing countries.,��https://www.ncbi.nlm.nih.gov/pubmed/16954238w��Yu, Fuxun
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Sensitivity and Specificity���Nov���Most RNA positive controls currently used for monitoring the quality of RT-PCR assays have some disadvantages, such as instability, inability to monitor the quality of the relevant primers and/or causing indifferentiable false positives. To avoid these disadvantages, a simple method to prepare stable and differentiable RNA positive controls is now demonstrated with a real-time RT-PCR assay for the detection of Nipah virus (NiV). A DNA sequence which was shorter than its counterpart in the NiV genome and contained the binding sites of the primers of the RT-PCR assay was designed, synthesized and inserted into a vector, and then amplified by PCR with two vector-specific primers both of which contained a T7 promoter at the 5' terminal. The RNA positive control was the dsRNA in vitro transcribed from the PCR amplicons flanked by two T7 promoters. The RNA positive control was stable and able to monitor the quality of the whole concerned RT-PCR assay. False positives caused by contaminations of the RNA positive control or its amplicons could be easily identified because the amplicons of the RNA positive control were obviously shorter than those of real positive samples. Thus, the RNA positive control reported in this study avoided some common disadvantages of current RNA positive controls.,��https://www.ncbi.nlm.nih.gov/pubmed/16912918?��Chen, Ji-Ming
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Ventilator Weaning/*methods���Oct£��OBJECTIVE: Weaning predictors are often incorporated in protocols to predict weaning outcome for patients on mechanical ventilation. The predictors are used as a decision point in protocols to determine whether a patient may advance to a spontaneous breathing trial. The impact of including predictors in a weaning protocol has not been previously studied. We designed a study to determine the effect of including a weaning predictor (frequency-tidal volume ratio, or f/Vt) in a weaning protocol. DESIGN: Randomized, blinded controlled trial. SETTING: Academic teaching hospitals. PATIENTS: Three hundred and four patients admitted to intensive care units at three academic teaching hospitals. INTERVENTIONS: Patients were screened daily for measures of oxygenation, cough and secretions, adequate mental status, and hemodynamic stability. Patients were randomized to two groups; in one group the f/Vt was measured but not used in the decision to wean (n = 151), but in the other group, f/Vt was measured and used, using a threshold of 105 breaths/min/L (n = 153). Patients passing the screen received a 2-hr spontaneous breathing trial. Patients passing the spontaneous breathing trial were eligible for an extubation attempt. MEASUREMENTS AND MAIN RESULTS: Groups were similar with regard to gender, age, and Acute Physiology and Chronic Health Evaluation II score. The median duration for weaning time was significantly shorter in the group where the weaning predictor was not used (2.0 vs. 3.0 days, p = .04). There was no difference with regard to the extubation failure, in-hospital mortality rate, tracheostomy, or unplanned extubation. CONCLUSIONS: Including a weaning predictor (f/Vt) in a protocol prolonged weaning time. In addition, the predictor did not confer survival benefit or reduce the incidence of extubation failure or tracheostomy. The results of this study indicate that f/Vt should not be used routinely in weaning decision making.,��https://www.ncbi.nlm.nih.gov/pubmed/16878032���Tanios, Maged A
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Virus Shedding���Aug���Nipah virus (NiV), of the family Paramyxoviridae, was isolated in 1999 in Malaysia from a human fatality in an outbreak of severe human encephalitis, when human infections were linked to transmission of the virus from pigs. Consequently, a swine vaccine able to abolish virus shedding is of veterinary and human health interest. Canarypox virus-based vaccine vectors carrying the gene for NiV glycoprotein (ALVAC-G) or the fusion protein (ALVAC-F) were used to intramuscularly immunize four pigs per group, either with 10(8) PFU each or in combination. Pigs were boosted 14 days postvaccination and challenged with 2.5 x 10(5) PFU of NiV two weeks later. The combined ALVAC-F/G vaccine induced the highest levels of neutralization antibodies (2,560); despite the low neutralizing antibody levels in the F vaccinees (160), all vaccinated animals appeared to be protected against challenge. Virus was not isolated from the tissues of any of the vaccinated pigs postchallenge, and a real-time reverse transcription (RT)-PCR assay detected only small amounts of viral RNA in several samples. In challenge control pigs, virus was isolated from a number of tissues (10(4.4) PFU/g) or detected by real-time RT-PCR. Vaccination of the ALVAC-F/G vaccinees appeared to stimulate both type 1 and type 2 cytokine responses. Histopathological findings indicated that there was no enhancement of lesions in the vaccinees. No virus shedding was detected in vaccinated animals, in contrast to challenge control pigs, from which virus was isolated from the throat and nose (10(2.9) PFU/ml). Based on the data presented, the combined ALVAC-F/G vaccine appears to be a very promising vaccine candidate for swine.,��https://www.ncbi.nlm.nih.gov/pubmed/16873250}��Weingartl, Hana M
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Aug§��As a preliminary to the localization of the receptor-binding site(s) on the Nipah virus (NiV) glycoprotein (NiV-G), we have undertaken the identification of NiV-G residues that play a role in fusion promotion. To achieve this, we have used two strategies. First, as NiV and Hendra virus (HeV) share a common receptor and their cellular tropism is similar, we hypothesized that residues functioning in receptor attachment could be conserved between their respective G proteins. Our initial strategy was to target charged residues (which can be expected to be at the surface of the protein) conserved between the NiV-G and HeV-G globular heads. Second, we generated NiV variants that escaped neutralization by anti-NiV-G monoclonal antibodies (MAbs) that neutralize NiV both in vitro and in vivo, likely by blocking receptor attachment. The sequencing of such "escape mutants" identified NiV-G residues present in the epitopes to which the neutralizing MAbs are directed. Residues identified via these two strategies whose mutation had an effect on fusion promotion were localized on a new structural model for the NiV-G protein. Our results suggest that seven NiV-G residues, including one (E533) that was identified using both strategies, form a contiguous site on the top of the globular head that is implicated in ephrinB2 binding. This site commences near the shallow depression in the center of the top surface of the globular head and extends to the rim of the barrel-like structure on the top loops of beta-sheet 5. The topology of this site is strikingly similar to that proposed to form the SLAM receptor site on another paramyxovirus attachment protein, that of the measles virus hemagglutinin.,��https://www.ncbi.nlm.nih.gov/pubmed/16840334ï��Guillaume, Vanessa
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Virus Replication/physiology���Augì��Nipah virus infection of porcine stable kidney cells (PS), human neuronal cells (SK-N-MC), human lung fibroblasts cells (MRC-5), and human monocytes (THP-1) were examined. Rapid progression of cytopathic effects (CPE) and cell death were noted in PS cell cultures treated with Nipah virus, followed by MRC-5, SK-N-MC, and THP-1 cell cultures, in descending order of rapidity. Significant increase in the intracellular Nipah virus RNA occurred beginning at 24 hr PI in all the infected cells. Whereas, the extracellular release of Nipah virus RNA increased significantly beginning at 48 and 72 hr PI for the infected MRC-5 cells and PS cells, respectively. No significant release of extracellular Nipah virus RNA was detected from the Nipah virus-infected SK-N-MC and THP-1 cells. At its peak, approximately 6.6 log PFU/microl of extracellular Nipah virus RNA was released from the Nipah virus-infected PS cells, with at least a 100-fold less virus RNA was recorded in the Nipah virus-infected SK-N-MC and THP-1. Approximately 15.2% (+/-0.1%) of the released virus from the infected PS cell cultures was infectious in contrast to approximately 5.5% (+/-0.7%) from the infected SK-N-MC cells. The findings suggest that there are no differences in the capacity to support Nipah virus replication between pigs and humans in fully susceptible PS and MRC-5 cells. However, there are differences between these cells and human neuronal cells and monocytes in the ability to support Nipah virus replication and virus release.,��https://www.ncbi.nlm.nih.gov/pubmed/16789019µ��Chang, Li-Yen
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*Virus Replication���Jun 19;��BACKGROUND: Nipah virus is a zoonotic virus isolated from an outbreak in Malaysia in 1998. The virus causes infections in humans, pigs, and several other domestic animals. It has also been isolated from fruit bats. The pathogenesis of Nipah virus infection is still not well described. In the present study, Nipah virus replication kinetics were estimated from infection of African green monkey kidney cells (Vero) using the one-step SYBR Green I-based quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) assay. RESULTS: The qRT-PCR had a dynamic range of at least seven orders of magnitude and can detect Nipah virus from as low as one PFU/microL. Following initiation of infection, it was estimated that Nipah virus RNA doubles at every approximately 40 minutes and attained peak intracellular virus RNA level of approximately 8.4 log PFU/microL at about 32 hours post-infection (PI). Significant extracellular Nipah virus RNA release occurred only after 8 hours PI and the level peaked at approximately 7.9 log PFU/microL at 64 hours PI. The estimated rate of Nipah virus RNA released into the cell culture medium was approximately 0.07 log PFU/muL per hour and less than 10% of the released Nipah virus RNA was infectious. CONCLUSION: The SYBR Green I-based qRT-PCR assay enabled quantitative assessment of Nipah virus RNA synthesis in Vero cells. A low rate of Nipah virus extracellular RNA release and low infectious virus yield together with extensive syncytial formation during the infection support a cell-to-cell spread mechanism for Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16784519¸��Chang, Li-Yen
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*Nipah Virus���Apr_��BACKGROUND & OBJECTIVE: The viral encephalitides caused by animal or human viruses are characterized by sudden outbreaks of neurological disease in both tropical and temperate regions. An outbreak of acute encephalitis occurred in Siliguri (West Bengal) town of India between January 31 and February 23, 2001. This outbreak was investigated by a team of scientists from four major institutions, and the findings are presented here. METHODS: Detailed information about the outbreak was collected with the help of local health authorities. Limited entomological investigations were also done. Samples collected from cases and contacts were sent for analysis. RESULTS: A total of 66 probable cases and 45 deaths were reported. Epidemiological linkages between cases point towards person-to-person transmission and incubation period of around 10 days. There was neither any concurrent illness in animals nor was there any exposure of cases to animals. Centres for Disease Control and Prevention, Atlanta, USA concluded on the basis of tests carried out on serum specimen from four cases and two contacts that the causative pathogen appears to be Nipah/ Hendra or closely related virus. INTERPRETATION & CONCLUSION: This outbreak highlights the importance and urgency of establishing a strong surveillance system supported by a network of state-of-the-art laboratories equipped to handle and diagnose new pathogens and including patient isolation techniques, use of personal protective equipment, barrier nursing and safe disposal of potentially infected material in the prevention and control measures for Nipah/Hendra virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16783047���Harit, A K
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Tryptophan���Feb���EphrinB2 was recently discovered as a functional receptor for Nipah virus (NiV), a lethal emerging paramyxovirus. Ephrins constitute a class of homologous ligands for the Eph class of receptor tyrosine kinases and exhibit overlapping expression patterns. Thus, we examined whether other ephrins might serve as alternative receptors for NiV. Here, we show that of all known ephrins (ephrinA1-A5 and ephrinB1-B3), only the soluble Fc-fusion proteins of ephrinB3, in addition to ephrinB2, bound to soluble NiV attachment protein G (NiV-G). Soluble NiV-G bound to cell surface ephrinB3 and B2 with subnanomolar affinities (Kd = 0.58 nM and 0.06 nM for ephrinB3 and B2, respectively). Surface plasmon resonance analysis indicated that the relatively lower affinity of NiV-G for ephrinB3 was largely due to a faster off-rate (K(off) = 1.94 x 10(-3) s(-1) versus 1.06 x 10(-4) s(-1) for ephrinB3 and B2, respectively). EphrinB3 was sufficient to allow for viral entry of both pseudotype and live NiV. Soluble ephrinB2 and B3 were able to compete for NiV-envelope-mediated viral entry on both ephrinB2- and B3-expressing cells, suggesting that NiV-G interacts with both ephrinB2 and B3 via an overlapping site. Mutational analysis indicated that the Leu-Trp residues in the solvent exposed G-H loop of ephrinB2 and B3 were critical determinants of NiV binding and entry. Indeed, replacement of the Tyr-Met residues in the homologous positions in ephrinB1 with Leu-Trp conferred NiV receptor activity to ephrinB1. Thus, ephrinB3 is a bona fide alternate receptor for NiV entry, and two residues in the G-H loop of the ephrin B-class ligands are critical determinants of NiV receptor activity.,��https://www.ncbi.nlm.nih.gov/pubmed/16477309~��Negrete, Oscar A
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Surface Properties���Feb 1ô��Direct analysis of tissue by MALDI-MS allows the acquisition of its biomolecular profile while maintaining the integrity of the tissue, giving cellular localization, and avoiding tedious extraction and purification steps. However, direct tissue analysis generally leads to some extent to a lowered spectral quality due to variation in thickness, freezing tissue date, and nature of the tissue. We present here new technical developments for the direct tissue analysis of peptides with ionic liquid made of matrix mixtures (alpha-cyano-4-hydroxycinnamic acid (CHCA)/2-amino-4-methyl-5-nitropyridine and alpha-cyano-4-hydroxycinnamic acid/N,N-dimethylaniline (CHCA/DANI)). The properties of these direct tissue analysis matrixes, especially CHCA/aniline when compared to CHCA, 2,5-dihydroxybenzoic acid, and sinapinic acid, are as follows: (1) better spectral quality in terms of resolution, sensitivity, intensity, noise, number of compounds detected, and contaminant tolerance, (2) better crystallization on tissues, i.e., coverage capacity, homogeneity of crystallization, homogeneity of crystal sizes, and time of crystallization, (3) better analysis duration in term of vacuum stability, (4) better resistance to laser irradiation especially for high-frequency lasers, (5) better ionic yield in negative mode, and (6) enough fragmentation yield to use the PSD mode on sections to get structural information. Applied to MALDI imaging on a MALDI LIFT-TOF with a 50-Hz laser frequency, these ionic matrixes have allowed the realization of a new type of image in both polarities and reflector mode using the same tissue section. These results give a new outlook on peptide tissue profiling by MS, characterization of compounds from tissue slices, and MALDI-MS high-quality imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/16448055´��Lemaire, R
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Viruses/genetics/*immunology���Febâ��Polyclonal antibodies have a century-old history of being effective against some viruses; recently, monoclonal antibodies (mAbs) have also shown success. The humanized mAb Synagis (palivizumab), which is still the only mAb against a viral disease approved by the US FDA, has been widely used as a prophylactic measure against respiratory syncytial virus infections in neonates and immunocompromised individuals. The first fully human mAbs against two other paramyxoviruses, Hendra and Nipah virus, which can cause high (up to 75%) mortality, were recently developed; one of them, m101, showed exceptional potency against infectious virus. In an amazing pace of research, several potent human mAbs targeting the severe acute respiratory syndrome coronavirus S glycoprotein that can affect infections in animal models have been developed months after the virus was identified in 2003. A potent humanized mAb with therapeutic potential was recently developed against the West Nile virus. The progress in developing neutralizing human mAbs against Ebola, Crimean-Congo hemorrhagic fever, vaccinia and other emerging and biodefense-related viruses is slow. A major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies, is the viruses' heterogeneity and mutability. A related problem is the low binding affinity of crossreactive antibodies able to neutralize a variety of primary isolates. Combinations of mAbs or mAbs with other drugs, and/or the identification of potent new mAbs and their derivatives that target highly conserved viral structures, which are critical for virus entry into cells, are some of the possible solutions to these problems, and will continue to be a major focus of antiviral research.,��https://www.ncbi.nlm.nih.gov/pubmed/16441209³��Zhu, Zhongyu
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Viral Vaccines/chemistry/therapeutic use���Feb���Hendra and Nipah virus are closely related emerging viruses comprising the Henipavirus genus of the subfamily Paramyxovirinae and are distinguished by their ability to cause fatal disease in both animal and human hosts. In particular, the high mortality and person-to-person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance and necessity of developing effective therapeutic interventions. Much research conducted on the henipaviruses over the past several years has focused on virus entry, including the attachment of virus to the host cell, the identification of the virus receptor and the membrane fusion process between the viral and host cell membranes. These findings have led to the development of possible vaccine candidates, as well as potential antiviral therapeutics. The common link among all of the possible antiviral agents discussed here, which have also been developed and tested, is that they target very early stages of the infection process. The establishment and validation of suitable animal models of Henipavirus infection and pathogenesis are also discussed as they will be crucial in the assessment of the effectiveness of any treatments for Hendra and Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16441208ù��Bossart, Katharine N
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Viral Fusion Proteins/immunology���FebØ��Nipah virus (NiV), a member of the Paramyxoviridae family, causes a zoonotic infection in which the reservoir, the fruit bat, may pass the infection to pigs and eventually to humans. In humans, the infection leads to encephalitis with >40 to 70% mortality. We have previously shown that polyclonal antibody directed to either one of two glycoproteins, G (attachment protein) or F (fusion protein), can protect hamsters from a lethal infection. In the present study, we have developed monoclonal antibodies (MAbs) to both glycoproteins and assessed their ability to protect animals against lethal NiV infection. We show that as little as 1.2 mug of an anti-G MAb protected animals, whereas more than 1.8 mug of anti-F MAb was required to completely protect the hamsters. High levels of either anti-G or anti-F MAbs gave a sterilizing immunity, whereas lower levels could protect against a fatal infection but resulted in an increase in anti-NiV antibodies starting 18 days after the viral challenge. Using reverse transcriptase PCR, the presence of NiV in the different organs could not be observed in MAb-protected animals. When the MAbs were given after infection, partial protection (50%) was observed with the anti-G MAbs when the animals were inoculated up to 24 h after infection, but administration of the anti-F MAbs protected some animals (25 to 50%) inoculated later during the infection. Our studies suggest that immunotherapy could be used for people who are exposed to NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/16439553Ý��Guillaume, V
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Viral Envelope Proteins/immunology���Jan�	�Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae. Each has a broad species tropism and can cause disease with high mortality in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) envelope glycoproteins (Envs). Seven Fabs, m101 to -7, were selected for their significant binding to a soluble form of Hendra G (sG) which was used as the antigen for panning of a large naive human antibody library. The selected Fabs inhibited, to various degrees, cell fusion mediated by the HeV or NiV Envs and virus infection. The conversion of the most potent neutralizer of infectious HeV, Fab m101, to immunoglobulin G1 (IgG1) significantly increased its cell fusion inhibitory activity: the 50% inhibitory concentration was decreased more than 10-fold to approximately 1 microg/ml. The IgG1 m101 was also exceptionally potent in neutralizing infectious HeV; complete (100%) neutralization was achieved with 12.5 microg/ml, and 98% neutralization required only 1.6 microg/ml. The inhibition of fusion and infection correlated with binding of the Fabs to full-length G as measured by immunoprecipitation and less with binding to sG as measured by enzyme-linked immunosorbent assay and Biacore. m101 and m102 competed with the ephrin-B2, which we recently identified as a functional receptor for both HeV and NiV, indicating a possible mechanism of neutralization by these antibodies. The m101, m102, and m103 antibodies competed with each other, suggesting that they bind to overlapping epitopes which are distinct from the epitopes of m106 and m107. In an initial attempt to localize the epitopes of m101 and m102, we measured their binding to a panel of 11 G alanine-scanning mutants and identified two mutants, P185A and Q191 K192A, which significantly decreased binding to m101 and one, G183, which decreased binding of m102 to G. These results suggest that m101 to -7 are specific for HeV or NiV or both and exhibit various neutralizing activities; they are the first human monoclonal antibodies identified against these viruses and could be used for treatment, prophylaxis, and diagnosis and as research reagents and could aid in the development of vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/16378991T��Zhu, Zhongyu
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Virulence���Jan���Hendra virus and Nipah virus are highly pathogenic paramyxoviruses that have recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These features led to their classification into the new genus Henipavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. This review provides an overview of henipaviruses and the types of infection they cause, and describes how studies on the structure and function of henipavirus proteins expressed from cloned genes have provided insights into the unique biological properties of these emerging human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16357858���Eaton, Bryan T
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Zoonoses/epidemiology/etiology���JunÄ��In late 1998, a novel paramyxovirus named Nipah virus, emerged in Malaysia, causing fatal disease in domestic pigs and humans with substantial economic loss to the local pig industry. Pteropid fruitbats have since been identified as a natural reservoir host. Over the last two decades, the forest habitat of these bats in Southeast Asia has been substantially reduced by deforestation for pulpwood and industrial plantation. In 1997/1998, slash-and-burn deforestation resulted in the formation of a severe haze that blanketed much of Southeast Asia in the months directly preceding the Nipah virus disease outbreak. This was exacerbated by a drought driven by the severe 1997-1998 El Nino Southern Oscillation (ENSO) event. We present data suggesting that this series of events led to a reduction in the availability of flowering and fruiting forest trees for foraging by fruitbats and culminated in unprecedented encroachment of fruitbats into cultivated fruit orchards in 1997/1998. These anthropogenic events, coupled with the location of piggeries in orchards and the design of pigsties allowed transmission of a novel paramyxovirus from its reservoir host to the domestic pig and ultimately to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/16329551q��Chua, Kaw Bing
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eng
Review
2005/11/17 09:00
J Neurovirol. 2005 Oct;11(5):434-40. doi: 10.1080/13550280591002487.%��1355-0284 (Print)
1355-0284 (Linking)���16287684y��Australian Biosecurity CRC, Curtin University of Technology, Perth, Western Australia, Australia. Mackenzie@curtin.edu.au���10.1080/13550280591002487�������üÒ|ÿî?����_��Berhane, Y.
Berry, J. D.
Ranadheera, C.
Marszal, P.
Nicolas, B.
Yuan, X.
Czub, M.
Weingartl, H.���2006l��Production and characterization of monoclonal antibodies against binary ethylenimine inactivated Nipah virus���59-68���J Virol Methods���132���1-2���Animals
Antibodies, Monoclonal/biosynthesis/*immunology
Antibodies, Viral/biosynthesis/*immunology
Aziridines/*pharmacology
Blotting, Western
Centrifugation, Density Gradient
Cross Reactions
Disinfectants/pharmacology
Enzyme-Linked Immunosorbent Assay
Female
Fluorescent Antibody Technique, Direct
Hendra Virus/immunology
Henipavirus Infections/diagnosis
Hybridomas
Immunohistochemistry
Mice
Mice, Inbred BALB C
Nipah Virus/drug effects/*immunology/isolation & purification
Nucleocapsid Proteins/analysis/immunology/isolation & purification
Sensitivity and Specificity
Viral Matrix Proteins/analysis/immunology/isolation & purification
*Virus Inactivation���Marò��Nipah virus, a zoonotic paramyxovirus which emerged recently was chemically inactivated using binary ethylenimine (BEI). The inactivated virus was concentrated and purified by sucrose gradient centrifugation. The gradient fractions were examined by electron microscopy and Western immunoblot, and gradient fraction containing mainly Nipah matrix (M) and nucleocapsid (N) proteins was used for immunizing BALB/c mice to generate hybridomas. Screening of the resultant hybridoma clones identified five strongly positive clones producing IgG monoclonal antibodies (mAbs) reactive to the Nipah virus antigen. The protein specificity of these mAbs was determined by Western immunoblot using Nipah virus and recombinant Nipah virus proteins expressed in mammalian cells. Four mAbs reacted with Nipah N protein and one reacted with Nipah M protein. None of the mAbs neutralized Nipah virus infectivity in vitro. However, all mAbs recognized Nipah virus in ELISA and immunofluorescence assay. F45G2 mAb was most suitable for immunohistochemistry on long term formalin-fixed Nipah virus infected swine tissues. Three of the anti-nucleocapsid mAbs (F45G2, F45G3 and F45G6) showed cross-reactivity with closely related Hendra virus N protein in both immunofluorescence and Western Immunoblot assays. Two of the mAbs were specific for the Nipah virus only, F45G4 (anti-N) and F45G5 (anti-M), and could be used in the primary identification of Nipah virus. The use of these immunoreagents to develop new diagnostic assays is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/16226320���Berhane, Yohannes
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RNA, Viral/genetics���Feb¤��After the outbreak of Nipah virus (NiV) in 1998-99, which resulted in 105 human deaths and the culling of more than one million pigs, a search was initiated for the natural host reservoir of NiV on Tioman Island off the east coast of Malaysia. Three different syncytia-forming viruses were isolated from fruit bats on the island. They were Nipah virus, Tioman virus (a novel paramyxovirus related to Menangle virus), and a reovirus, named Pulau virus (PuV), which is the subject of this study. PuV displayed the typical ultra structural morphology of a reovirus and was neutralised by serum against Nelson Bay reovirus (NBV), a reovirus isolated from a fruit bat (Pteropus poliocephalus) in Australia over 30 years ago. PuV was fusogenic and formed large syncytia in Vero cells. Comparison of dsRNA segments between PuV and NBV showed distinct mobility differences for the S1 and S2 segments. Complete sequence analysis of all four S segments revealed a close relationship between PuV and NBV, with nucleotide sequence identity varying from 88% for S3 segment to 56% for the S1 segment. Similarly phylogenetic analysis of deduced protein sequences confirmed that PuV is closely related to NBV. In this paper we discuss the similarities and differences between PuV and NBV which support the classification of PuV as a novel mammalian, fusogenic reovirus within the Nelson Bay orthoreovirus species, in the genus Orthoreovirus, family Reoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/16205863¾��Pritchard, L I
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Virus Replication���OctÜ��Proteolytic processing of paramyxovirus fusion (F) proteins is essential for the generation of a mature and fusogenic form of the F protein. Although many paramyxovirus F proteins are proteolytically processed by the cellular protease furin at a multibasic cleavage motif, cleavage of the newly emerged Hendra virus F protein occurs by a previously unidentified cellular protease following a single lysine at residue 109. We demonstrate here that the cellular protease cathepsin L is involved in converting the Hendra virus precursor F protein (F(0)) to the active F(1) + F(2) disulfide-linked heterodimer. To initially identify the class of protease involved in Hendra virus F protein cleavage, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F (known to be proteolytically processed by furin) were metabolically labeled and chased in the absence or presence of serine, cysteine, aspartyl, and metalloprotease inhibitors. Nonspecific and specific protease inhibitors known to decrease cathepsin activity inhibited proteolytic processing of Hendra virus F but had no effect on simian virus 5 F processing. We next designed shRNA oligonucleotides to cathepsin L which dramatically reduced cathepsin L protein expression and enzyme activity. Cathepsin L shRNA-expressing Vero cells transfected with pCAGGS-Hendra F demonstrated a nondetectable amount of cleavage of the Hendra virus F protein and significantly decreased membrane fusion activity. Additionally, we found that purified human cathepsin L processed immunopurified Hendra virus F(0) into F(1) and F(2) fragments. These studies introduce a novel mechanism for primary proteolytic processing of viral glycoproteins and also suggest a previously unreported biological role for cathepsin L.,��https://www.ncbi.nlm.nih.gov/pubmed/16188974 ��Pager, Cara Theresia
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Virus Replication���Octu��The Hendra virus fusion (F) protein is synthesized as a precursor protein, F(0), which is proteolytically processed to the mature form, F(1) + F(2). Unlike the case for the majority of paramyxovirus F proteins, the processing event is furin independent, does not require the addition of exogenous proteases, is not affected by reductions in intracellular Ca(2+), and is strongly affected by conditions that raise the intracellular pH (C. T. Pager, M. A. Wurth, and R. E. Dutch, J. Virol. 78:9154-9163, 2004). The Hendra virus F protein cytoplasmic tail contains a consensus motif for endocytosis, YXXPhi. To analyze the potential role of endocytosis in the processing and membrane fusion promotion of the Hendra virus F protein, mutation of tyrosine 525 to alanine (Hendra virus F Y525A) or phenylalanine (Hendra virus F Y525F) was performed. The rate of endocytosis of Hendra virus F Y525A was significantly reduced compared to that of the wild-type (wt) F protein, confirming the functional importance of the endocytosis motif. An intermediate level of endocytosis was observed for Hendra virus F Y525F. Surprisingly, dramatic reductions in the rate of proteolytic processing were observed for Hendra virus F Y525A, although initial transport to the cell surface was not affected. The levels of surface expression for both Hendra virus F Y525A and Hendra virus F Y525F were higher than that of the wt protein, and these mutants displayed enhanced syncytium formation. These results suggest that endocytosis is critically important for Hendra virus F protein cleavage, representing a new paradigm for proteolytic processing of paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16188966c��Meulendyke, Kelly Ann
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Viral Fusion Proteins/chemistry/*genetics/*metabolism���Oct 10¾��The Hendra virus fusion (HeV F) protein is synthesized as a precursor, F(0), and proteolytically cleaved into the mature F(1) and F(2) heterodimer, following an HDLVDGVK(109) motif. This cleavage event is required for fusogenic activity. To determine the amino acid requirements for processing of the HeV F protein, we constructed multiple mutants. Individual and simultaneous alanine substitutions of the eight residues immediately upstream of the cleavage site did not eliminate processing. A chimeric SV5 F protein in which the furin site was substituted for the VDGVK(109) motif of the HeV F protein was not processed but was expressed on the cell surface. Another chimeric SV5 F protein containing the HDLVDGVK(109) motif of the HeV F protein underwent partial cleavage. These data indicate that the upstream region can play a role in protease recognition, but is neither absolutely required nor sufficient for efficient processing of the HeV F protein.,��https://www.ncbi.nlm.nih.gov/pubmed/16083935H��Craft, Willie Warren Jr
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X-Rays���AugR��Measles virus is a negative-sense, single-stranded RNA virus within the Mononegavirales order,which includes several human pathogens, including rabies, Ebola, Nipah, and Hendra viruses. The measles virus nucleoprotein consists of a structured N-terminal domain, and of an intrinsically disordered C-terminal domain, N(TAIL) (aa 401-525), which undergoes induced folding in the presence of the C-terminal domain (XD, aa 459-507) of the viral phosphoprotein. With in N(TAIL), an alpha-helical molecular recognition element (alpha-MoRE, aa 488-499) involved in binding to P and in induced folding was identified and then observed in the crystal structure of XD. Using small-angle X-ray scattering, we have derived a low-resolution structural model of the complex between XD and N(TAIL), which shows that most of N(TAIL) remains disordered in the complex despite P-induced folding within the alpha-MoRE. The model consists of an extended shape accommodating the multiple conformations adopted by the disordered N-terminal region of N(TAIL), and of a bulky globular region, corresponding to XD and to the C terminus of N(TAIL) (aa 486-525). Using surface plasmon resonance, circular dichroism, fluorescence spectroscopy, and heteronuclear magnetic resonance, we show that N(TAIL) has an additional site (aa 517-525) involved in binding to XD but not in the unstructured-to-structured transition. This work provides evidence that intrinsically disordered domains can establish complex interactions with their partners, and can contact them through multiple sites that do not all necessarily gain regular secondary structure.,��https://www.ncbi.nlm.nih.gov/pubmed/16046624���Bourhis, Jean-Marie
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Virus Internalization/*drug effects���Jul 18¾��BACKGROUND: The recent emergence of four new members of the paramyxovirus family has heightened the awareness of and re-energized research on new and emerging diseases. In particular, the high mortality and person to person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance of developing effective therapeutic interventions. We have previously shown that peptides corresponding to the C-terminal heptad repeat (HR-2) of the fusion envelope glycoprotein of Hendra virus and Nipah virus were potent inhibitors of both Hendra virus and Nipah virus-mediated membrane fusion using recombinant expression systems. In the current study, we have developed shorter, second generation HR-2 peptides which include a capped peptide via amidation and acetylation and two poly(ethylene glycol)-linked (PEGylated) peptides, one with the PEG moity at the C-terminus and the other at the N-terminus. Here, we have evaluated these peptides as well as the corresponding scrambled peptide controls in Nipah virus and Hendra virus-mediated membrane fusion and against infection by live virus in vitro. RESULTS: Unlike their predecessors, the second generation HR-2 peptides exhibited high solubility and improved synthesis yields. Importantly, both Nipah virus and Hendra virus-mediated fusion as well as live virus infection were potently inhibited by both capped and PEGylated peptides with IC50 concentrations similar to the original HR-2 peptides, whereas the scrambled modified peptides had no inhibitory effect. These data also indicate that these chemical modifications did not alter the functional properties of the peptides as inhibitors. CONCLUSION: Nipah virus and Hendra virus infection in vitro can be potently blocked by specific HR-2 peptides. The improved synthesis and solubility characteristics of the second generation HR-2 peptides will facilitate peptide synthesis for pre-clinical trial application in an animal model of Henipavirus infection. The applied chemical modifications are also predicted to increase the serum half-life in vivo and should increase the chance of success in the development of an effective antiviral therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/16026621���Bossart, Katharine N
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Viral Fusion Proteins/chemistry/genetics/metabolism���Jul 215��Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70 percent of infected patients, and there is evidence of human-to-human transmission. Endothelial syncytia, comprised of multinucleated giant-endothelial cells, are frequently found in NiV infections, and are mediated by the fusion (F) and attachment (G) envelope glycoproteins. Identification of the receptor for this virus will shed light on the pathobiology of NiV infection, and spur the rational development of effective therapeutics. Here we report that ephrinB2, the membrane-bound ligand for the EphB class of receptor tyrosine kinases (RTKs), specifically binds to the attachment (G) glycoprotein of NiV. Soluble Fc-fusion proteins of ephrinB2, but not ephrinB1, effectively block NiV fusion and entry into permissive cell types. Moreover, transfection of ephrinB2 into non-permissive cells renders them permissive for NiV fusion and entry. EphrinB2 is expressed on endothelial cells and neurons, which is consistent with the known cellular tropism for NiV. Significantly, we find that NiV-envelope-mediated infection of microvascular endothelial cells and primary cortical rat neurons is inhibited by soluble ephrinB2, but not by the related ephrinB1 protein. Cumulatively, our data show that ephrinB2 is a functional receptor for NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16007075���Negrete, Oscar A
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Zoonoses/virology���Octg��All living organisms are continuously exposed to a plethora of viruses. In general, viruses tend to be restricted to the natural host species which they infect. From time to time viruses cross the host-range barrier expanding their host range. However, in very rare cases cross-species transfer is followed by the establishment and persistence of a virus in the new host species, which may result in disease. Recent examples of viruses that have crossed the species barrier from animal reservoirs to humans are hantavirus, haemorrhagic fever viruses, arboviruses, Nipah and Hendra viruses, avian influenza virus (AI), monkeypox virus, and the SARS-associated coronavirus (SARS-CoV). The opportunities for cross-species transfer of mammalian viruses have increased in recent years due to increased contact between humans and animal reservoirs. However, it is difficult to predict when such events will take place since the viral adaptation that is needed to accomplish this is multifactorial and stochastic. Against this background the intensified use of viruses and their genetically modified variants as viral gene transfer vectors for biomedical research, experimental gene therapy and for live-vector vaccines is a cause for concern. This review addresses a number of potential risk factors and their implications for activities with viral vectors from the perspective of cross-species transfer of viruses in nature, with emphasis on the occurrence of host-range mutants resulting from either cell culture or tropism engineering. The issues are raised with the intention to assist in risk assessments for activities with vector viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15986492���Louz, Derrick
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Viral Fusion Proteins/chemistry/physiology���Jul 1���Galectin-1 (gal-1), an endogenous lectin secreted by a variety of cell types, has pleiotropic immunomodulatory functions, including regulation of lymphocyte survival and cytokine secretion in autoimmune, transplant disease, and parasitic infection models. However, the role of gal-1 in viral infections is unknown. Nipah virus (NiV) is an emerging pathogen that causes severe, often fatal, febrile encephalitis. The primary targets of NiV are endothelial cells. NiV infection of endothelial cells results in cell-cell fusion and syncytia formation triggered by the fusion (F) and attachment (G) envelope glycoproteins of NiV that bear glycan structures recognized by gal-1. In the present study, we report that NiV envelope-mediated cell-cell fusion is blocked by gal-1. This inhibition is specific to the Paramyxoviridae family because gal-1 did not inhibit fusion triggered by envelope glycoproteins of other viruses, including two retroviruses and a pox virus, but inhibited fusion triggered by envelope glycoproteins of the related Hendra virus and another paramyxovirus. The physiologic dimeric form of gal-1 is required for fusion inhibition because a monomeric gal-1 mutant had no inhibitory effect on cell fusion. gal-1 binds to specific N-glycans on NiV glycoproteins and aberrantly oligomerizes NiV-F and NiV-G, indicating a mechanism for fusion inhibition. gal-1 also increases dendritic cell production of proinflammatory cytokines such as IL-6, known to be protective in the setting of other viral diseases such as Ebola infections. Thus, gal-1 may have direct antiviral effects and may also augment the innate immune response against this emerging pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/15972675P��Levroney, Ernest L
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Viral Fusion Proteins/metabolism���Aug 19���Nipah virus (NiV) is a recently emerged and highly pathogenic paramyxovirus that causes a systemic infection in animals and humans and can infect a wide range of cultured cells. Interestingly, the NiV fusion (F) protein has a single arginine at the cleavage site similar to paramyxoviruses that are activated by exogenous trypsin-like enzymes only present in specific cells and tissues and therefore only cause localized infections. We show here that NiV F activation is not mediated by an exogenous serum protease but by an endogenous ubiquitous cellular protease after endocytosis of the protein. In addition to endocytosis, acidification of the endosome is a prerequisite for F cleavage. These results show that activation of the NiV F protein depends on a type of proteolytic cleavage that is clearly different from what is known for other paramyxoviral and orthomyxoviral fusion proteins. To our knowledge, this is the first example of a viral class I fusion protein whose activation depends on clathrin-mediated constitutive endocytosis.,��https://www.ncbi.nlm.nih.gov/pubmed/15961384Ò��Diederich, Sandra
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Zoonoses/epidemiology���Apr���The microbes that cause infectious diseases are complex, dynamic, and constantly evolving. They reproduce rapidly, mutate frequently, breach species barriers, adapt with relative ease to new hosts and new environments, and develop resistance to the drugs used to treat them. In their article "Meeting the challenge of epidemic infectious diseases outbreaks: an agenda for research", Kai-Lit Phua and Lai Kah Lee clearly demonstrate how social, behavioural and environmental factors, linked to a host of human activities, have accelerated and amplified these natural phenomena. By reviewing published and non-published information about outbreaks of Nipah virus in Malaysia, severe acute respiratory syndrome (SARS) and avian influenza in Asia, and the HIV pandemic, they provide a series of examples that demonstrate the various social, behavioural and environmental factors of these recent infectious disease outbreaks. They then analyse some of these same determinants in important historical epidemics and pandemics such as plague in medieval Europe, and conclude that it is important to better understand the social conditions that facilitate the appearance of diseases outbreaks in order to determine why and how societies react to outbreaks and their impact on different population groups.,��https://www.ncbi.nlm.nih.gov/pubmed/15906882���Heymann, David L
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Survivors/psychology���Apr»��Challenges arising from epidemic infectious disease outbreaks can be more effectively met if traditional public health is enhanced by sociology. The focus is normally on biomedical aspects, the surveillance and sentinel systems for infectious diseases, and what needs to be done to bring outbreaks under control quickly. Social factors associated with infectious disease outbreaks are often neglected and the aftermath is ignored. These factors can affect outbreak severity, its rate and extent of spread, influencing the welfare of victims, their families, and their communities. We propose an agenda for research to meet the challenges of infectious disease outbreaks. What social factors led to the outbreak? What social factors affected its severity and rate and extent of spread? How did individuals, social groups, and the state react to it? What are the short- and long-term effects on individuals, social groups, and the larger society? What programs can be put in place to help victims, their families, and affected communities to cope with the consequences--impaired mental and physical health, economic losses, and disrupted communities? Although current research on infectious disease outbreaks pays attention to social factors related to causation, severity, rate and extent of spread, those dealing with the "social chaos" arising from outbreaks are usually neglected. Inclusion, by combining traditional public health with sociological analysis, will enrich public health theory and understanding of infectious disease outbreaks. Our approach will help develop better programs to combat outbreaks and equally important, to help survivors, their families, and their communities cope better with the aftermath.,��https://www.ncbi.nlm.nih.gov/pubmed/15906881���Phua, Kai-Lit
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Viral Envelope Proteins/chemistry/genetics/*immunology/*physiology���Jun���Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae, which are distinguished by their ability to cause fatal disease in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) glycoproteins. Previously, we reported on HeV- and NiV-mediated fusion activities and detailed their host-cell tropism characteristics. These studies also suggested that a common cell surface receptor, which could be destroyed by protease, was utilized by both viruses. To further characterize the G glycoprotein and its unknown receptor, soluble forms of HeV G (sG) were constructed by replacing its cytoplasmic tail and transmembrane domains with an immunoglobulin kappa leader sequence coupled to either an S-peptide tag (sG(S-tag)) or myc-epitope tag (sG(myc-tag)) to facilitate purification and detection. Expression of sG was verified in cell lysates and culture supernatants by specific affinity precipitation. Analysis of sG by size exclusion chromatography and sucrose gradient centrifugation demonstrated tetrameric, dimeric, and monomeric species, with the majority of the sG released as a disulfide-linked dimer. Immunofluorescence staining revealed that sG specifically bound to HeV and NiV infection-permissive cells but not to a nonpermissive HeLa cell line clone, suggesting that it binds to virus receptor on host cells. Preincubation of host cells with sG resulted in dose-dependent inhibition of both HeV and NiV cell fusion as well as infection by live virus. Taken together, these data indicate that sG retains important native structural features, and we further demonstrate that administration of sG to rabbits can elicit a potent cross-reactive neutralizing antibody response against infectious HeV and NiV. This HeV sG glycoprotein will be exceedingly useful for structural studies, receptor identification strategies, and vaccine development goals for these important emerging viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/15890907°��Bossart, Katharine N
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alpha Karyopherins/metabolism���May���The Nipah virus V and W proteins, which are encoded by the P gene via RNA editing, have a common N-terminal domain but unique C-terminal domains. They localize to the cytoplasm and nucleus, respectively, and have both been shown to function as inhibitors of JAK/STAT signaling. Here we report that V and W proteins also block virus activation of the beta interferon (IFN-beta) promoter and the IFN regulatory factor 3 (IRF3)-responsive IFN-stimulated gene 54 promoter. Surprisingly, only W protein shows strong inhibition of promoter activation in response to stimulation of Toll-like receptor 3 (TLR3) by extracellular double-stranded RNA. This activity is dependent on the nuclear localization of W protein. Within the unique C-terminal domain of W protein, we have identified a nuclear localization signal (NLS) that requires basic residues at positions 439, 440, and 442. This NLS is responsible for mediating the preferential interaction of W protein with karyopherin-alpha 3 and karyopherin-alpha 4. Nuclear localization of W protein therefore enables it to target both virus and TLR3 pathways, whereas the cytoplasmic V protein is restricted to inhibiting the virus pathway. We propose that this discrepancy is in part due to the V protein being less able to block signaling in response to the kinase, TBK-1, whereas both V and W can prevent promoter activation in response to IKKepsilon. We demonstrate that, when the TLR3 pathway is stimulated, the levels of phosphorylated IRF3 are reduced in the presence of W protein but not V protein, confirming the differential effects of these proteins and illustrating that W protein-mediated inhibition is due to a loss of active IRF3.,��https://www.ncbi.nlm.nih.gov/pubmed/15857993ê��Shaw, Megan L
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Zoonoses/transmission���Mar*��Some of the key features of Hendra and Nipah viruses are summarized in Table 1. The appearance of these new viruses over the last 10 years emphasizes a number of issues. (1) Epidemics of human infectious diseases can occur unexpectedly and with high impact in terms of morbidity and mortality. (2) We do not know what epidemiologic factors conspire to allow these viruses to stray out of their bat reservoirs into the two different intermediate hosts (horses and pigs) and then into humans. (3) We do not know how long these viruses have been present in the bat population, where they originated from, or if they are present in other parts of the world. (4)There may be other viruses waiting for similar opportunities to cross species.(5) It is unlikely that we have seen the last of these and related viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15763222���McCormack, Joseph G
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Zoonoses/*epidemiology/*transmission/virology���Dec¢��Nipah virus (NiV), emerged in Peninsular Malaysia, caused an outbreak of severe febrile encephalitis in humans and respiratory diseases in pigs between 1998 and 1999. By May of 1999, the death of 105 humans and the culling of about 1.1 million pigs were reported. Fruitbats of Pteropid species were identified as the natural reservoir hosts. The epidemiological studies suggested that NiV was introduced into pig farms by fruitbats, and was than transmitted to humans (mainly pig farmers) and other animals such as dogs, cats and horses. In 2004, NiV reappeared in Bangladesh with greater lethality. In contrast to the Malaysia case, epidemiologic characteristics of this outbreak suggested the possibility of fruitbats-to-person, or person-to-person transmission. In this article, the epidemiological comparison between two outbreaks in Malaysia and Bangladesh, and the new-trends of virological studies of NiV will be discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/15745162a��Kaku, Yoshihiro
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Mar���Nipah virus (NiV), a highly pathogenic member of the family Paramyxoviridae, encodes the surface glycoproteins F and G. Since internalization of the NiV envelope proteins from the cell surface might be of functional importance for viral pathogenesis either by regulating cytopathogenicity or by modulating recognition of infected cells by the immune system, we analyzed the endocytosis of the NiV F and G proteins. Interestingly, we found both glycoproteins to be internalized in infected and transfected cells. As endocytosis is normally mediated by tyrosine- or dileucine-dependent signals in the cytoplasmic tails of transmembrane proteins, all potential internalization signals in the NiV glycoproteins were mutated. Whereas the G protein appeared to be constitutively internalized with the bulk flow during membrane turnover, uptake of the F protein was found to be signal mediated. F endocytosis clearly depended on a membrane-proximal YXXPhi motif and was found to be of functional importance for the biological activity of the protein.,��https://www.ncbi.nlm.nih.gov/pubmed/15731282É��Vogt, Carola
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�There are huge numbers of wild animals distributed throughout the world and the diversity of wildlife species is immense. Each landscape and habitat has a kaleidoscope of niches supporting an enormous variety of vertebrate and invertebrate species, and each species or taxon supports an even more impressive array of macro- and micro-parasites. Infectious pathogens that originate in wild animals have become increasingly important throughout the world in recent decades, as they have had substantial impacts on human health, agricultural production, wildlife-based economies and wildlife conservation. The emergence of these pathogens as significant health issues is associated with a range of causal factors, most of them linked to the sharp and exponential rise of global human activity. Among these causal factors are the burgeoning human population, the increased frequency and speed of local and international travel, the increase in human-assisted movement of animals and animal products, changing agricultural practices that favour the transfer of pathogens between wild and domestic animals, and a range of environmental changes that alter the distribution of wild hosts and vectors and thus facilitate the transmission of infectious agents. Two different patterns of transmission of pathogens from wild animals to humans are evident among these emerging zoonotic diseases. In one pattern, actual transmission of the pathogen to humans is a rare event but, once it has occurred, human-to-human transmission maintains the infection for some period of time or permanently. Some examples of pathogens with this pattern of transmission are human immunodeficiency virus/acquired immune deficiency syndrome, influenza A, Ebola virus and severe acute respiratory syndrome. In the second pattern, direct or vector-mediated animal-to-human transmission is the usual source of human infection. Wild animal populations are the principal reservoirs of the pathogen and human-to-human disease transmission is rare. Examples of pathogens with this pattern of transmission include rabies and other lyssaviruses, Nipah virus, West Nile virus, Hantavirus, and the agents of Lyme borreliosis, plague, tularemia, leptospirosis and ehrlichiosis. These zoonotic diseases from wild animal sources all have trends that are rising sharply upwards. In this paper, the authors discuss the causal factors associated with the emergence or re-emergence of these zoonoses, and highlight a selection to provide a composite view of their range, variety and origins. However, most of these diseases are covered in more detail in dedicated papers elsewhere in this Review.,��https://www.ncbi.nlm.nih.gov/pubmed/15702716���Bengis, R G
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Seasons���Dec���We retrospectively investigated two outbreaks of encephalitis in Meherpur and Naogaon, Bangladesh, which occurred in 2001 and 2003. We collected serum samples from persons who were ill, their household contacts, randomly selected residents, hospital workers, and various animals. Cases were classified as laboratory confirmed or probable. We identified 13 cases (4 confirmed, 9 probable) in Meherpur; 7 were in persons in two households. Patients were more likely than nonpatients to have close contact with other patients or have contact with a sick cow. In Naogaon, we identified 12 cases (4 confirmed, 8 probable); 7 were in persons clustered in 2 households. Two Pteropus bats had antibodies for Nipah virus. Samples from hospital workers were negative for Nipah virus antibodies. These outbreaks, the first since 1999, suggest that transmission may occur through close contact with other patients or from exposure to a common source. Surveillance and enhancement of diagnostic capacity to detect Nipah virus infection are recommended.,��https://www.ncbi.nlm.nih.gov/pubmed/15663842���Hsu, Vincent P
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Dauphin, Gwenaelle
Zientara, Stephan
fre
English Abstract
Review
Netherlands
2005/01/20 09:00
Bull Acad Natl Med. 2004;188(5):823-36.%��0001-4079 (Print)
0001-4079 (Linking)���15656242Z��Actualites en pathologie comparee: sur quelques maladies animales menacantes pour l'homme.!��l'Academie nationale de medecine.���²��üÚ|ÿÿ?¶������Kai, C.���2004���[Nipah virus infections]���2341-6���Nihon Naika Gakkai Zasshi���93���11x��Animals
Chiroptera/virology
Enzyme-Linked Immunosorbent Assay
Henipavirus Infections/diagnosis/epidemiology/prevention &
control/*transmission/*virology
Horses/virology
Humans
Microscopy, Electron
Nipah Virus/*isolation & purification/*pathogenicity/ultrastructure
Reverse Transcriptase Polymerase Chain Reaction
Serologic Tests
Swine/virology
Zoonoses/*transmission/*virology���Nov 10,��https://www.ncbi.nlm.nih.gov/pubmed/15624469c��Kai, Chieko
jpn
Review
Japan
2004/12/31 09:00
Nihon Naika Gakkai Zasshi. 2004 Nov 10;93(11):2341-6.%��0021-5384 (Print)
0021-5384 (Linking)���15624469����Â��üÒ|ßþ?·������Chastel, C.���2004?��[Emergence of new viruses in Asia: is climate change involved?]���499-505���Med Mal Infect���34���11³��Africa
Asia
Climate
Humans
Influenza, Human/epidemiology
Tropical Climate
Virus Diseases/*classification/epidemiology/transmission
Viruses/classification/*isolation & purification���Nov���Tropical Africa is not the only area where deadly viruses have recently emerged. In South-East Asia severe epidemics of dengue hemorrhagic fever started in 1954 and flu pandemics have originated from China such as the Asian flu (H2N2) in 1957, the Hong-Kong flu (H3N2) in 1968, and the Russian flu (H1N1) in 1977. However, it is especially during the last ten years that very dangerous viruses for mankind have repeatedly developed in Asia, with the occurrence of Alkhurma hemorrhagic fever in Saudi Arabia (1995), avian flu (H5N1) in Hong-Kong (1997), Nipah virus encephalitis in Malaysia (1998,) and, above all, the SARS pandemic fever from Southern China (2002). The evolution of these viral diseases was probably not directly affected by climate change. In fact, their emergential success may be better explained by the development of large industry poultry flocks increasing the risks of epizootics, dietary habits, economic and demographic constraints, and negligence in the surveillance and reporting of the first cases.,��https://www.ncbi.nlm.nih.gov/pubmed/15620053g��Chastel, C
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Prospective Studies
Zoonoses���Fall&��The authors followed nine patients with Nipah virus encephalitis over the course of 24 months. Eight of the nine developed psychiatric features assigned to the encephalitis. Three patients developed major depressive disorder immediately after recovering from the encephalitis, and two developed depression approximately 1 year after the outbreak. Two patients developed personality changes, and two suffered chronic fatigue syndrome. Neuropsychological testing was accomplished in eight of the nine patients. Deficits in attention, verbal, and/or visual memory were substantial in seven of the eight patients tested. Verbal memory was more impaired than visual memory in these patients. Comparison between psychiatric and cognitive impairment and total number of brain lesions showed no discernible trends.,��https://www.ncbi.nlm.nih.gov/pubmed/15616178­��Ng, Beng-Yeong
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*Zoonoses���Oct1��The last three decades have seen an alarming number of high-profile outbreaks of new viruses and other pathogens, many of them emerging from wildlife. Recent outbreaks of SARS, avian influenza, and others highlight emerging zoonotic diseases as one of the key threats to global health. Similar emerging diseases have been reported in wildlife populations, resulting in mass mortalities, population declines, and even extinctions. In this paper, we highlight three examples of emerging pathogens: Nipah and Hendra virus, which emerged in Malaysia and Australia in the 1990s respectively, with recent outbreaks caused by similar viruses in India in 2000 and Bangladesh in 2004; West Nile virus, which emerged in the New World in 1999; and amphibian chytridiomycosis, which has emerged globally as a threat to amphibian populations and a major cause of amphibian population declines. We discuss a new, conservation medicine approach to emerging diseases that integrates veterinary, medical, ecologic, and other sciences in interdisciplinary teams. These teams investigate the causes of emergence, analyze the underlying drivers, and attempt to define common rules governing emergence for human, wildlife, and plant EIDs. The ultimate goal is a risk analysis that allows us to predict future emergence of known and unknown pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/15604464¬��Daszak, Peter
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Time Factors���Decí��Fifty years ago, the age-old scourge of infectious disease was receding in the developed world in response to improved public health measures, while the advent of antibiotics, better vaccines, insecticides and improved surveillance held the promise of eradicating residual problems. By the late twentieth century, however, an increase in the emergence and re-emergence of infectious diseases was evident in many parts of the world. This upturn looms as the fourth major transition in human-microbe relationships since the advent of agriculture around 10,000 years ago. About 30 new diseases have been identified, including Legionnaires' disease, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), hepatitis C, bovine spongiform encephalopathy (BSE)/variant Creutzfeldt-Jakob disease (vCJD), Nipah virus, several viral hemorrhagic fevers and, most recently, severe acute respiratory syndrome (SARS) and avian influenza. The emergence of these diseases, and resurgence of old ones like tuberculosis and cholera, reflects various changes in human ecology: rural-to-urban migration resulting in high-density peri-urban slums; increasing long-distance mobility and trade; the social disruption of war and conflict; changes in personal behavior; and, increasingly, human-induced global changes, including widespread forest clearance and climate change. Political ignorance, denial and obduracy (as with HIV/AIDS) further compound the risks. The use and misuse of medical technology also pose risks, such as drug-resistant microbes and contaminated equipment or biological medicines. A better understanding of the evolving social dynamics of emerging infectious diseases ought to help us to anticipate and hopefully ameliorate current and future risks.,��https://www.ncbi.nlm.nih.gov/pubmed/15577934s��Weiss, Robin A
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Viral Proteins/genetics/*metabolism/pharmacology���Dec 7���Most paramyxoviruses circumvent the IFN response by blocking IFN signaling and limiting the production of IFN by virus-infected cells. Here we report that the highly conserved cysteine-rich C-terminal domain of the V proteins of a wide variety of paramyxoviruses binds melanoma differentiation-associated gene 5 (mda-5) product. mda-5 is an IFN-inducible host cell DExD/H box helicase that contains a caspase recruitment domain at its N terminus. Overexpression of mda-5 stimulated the basal activity of the IFN-beta promoter in reporter gene assays and significantly enhanced the activation of the IFN-beta promoter by intracellular dsRNA. Both these activities were repressed by coexpression of the V proteins of simian virus 5, human parainfluenza virus 2, mumps virus, Sendai virus, and Hendra virus. Similar results to the reporter assays were obtained by measuring IFN production. Inhibition of mda-5 by RNA interference or by dominant interfering forms of mda-5 significantly inhibited the activation of the IFN-beta promoter by dsRNA. It thus appears that mda-5 plays a central role in an intracellular signal transduction pathway that can lead to the activation of the IFN-beta promoter, and that the V proteins of paramyxoviruses interact with mda-5 to block its activity.,��https://www.ncbi.nlm.nih.gov/pubmed/15563593î��Andrejeva, J
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Swine���Janÿ��A random peptide library of heptamers displayed on the surface of M13 bacteriophage was used to identify specific epitopes of antibodies in pooled sera of swine naturally infected by Nipah virus. The selected heptapeptides were aligned with protein sequences of Nipah virus and several putative epitopes were identified within the nucleocapsid protein. A total of 41 of 60 (68%) selected phage clones had inserts resembling a region with the sequence SNRTQGE, located at the C-terminal end (amino acids 503-509) of the nucleocapsid protein. The binding of antibodies in the swine and human antisera to the phage clone was inhibited by a synthetic peptide corresponding to this region. Epitopes identified by phage display are consistent with the predicted antigenic sites for the Nipah virus nucleocapsid protein. The selected phage clone used as a coating antigen discriminated swine and human Nipah virus sera-positive from sera-negative samples exhibiting characteristics, which might be attractive for diagnostic tests.,��https://www.ncbi.nlm.nih.gov/pubmed/15543570 ��Eshaghi, Majid
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Swine���Octd��The immunohistochemical reactivity of seven clones of mouse monoclonal antibodies raised to Nipah virus antigens were investigated using formalin-fixed, paraffin embedded porcine and equine lung tissues from experimental Nipah and Hendra virus infection, respectively. Either microwave irradiation or enzymatic digestion effectively unmasked the viral antigens in formalin-fixed, paraffin-embedded tissue sections. Four clones showed positive reaction to both Nipah virus-infected porcine lung tissue and Hendra virus-infected equine lung tissue. Two clones (11F6 and 13A5) reacted with Nipah virus-infected porcine lung tissue, but not with Hendra virus-infected equine lung tissue. These Nipah virus-specific monoclonal antibodies may therefore be useful for immunohistological diagnosis of Nipah virus infection and for further research on Nipah virus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/15528861���Tanimura, Nobuhiko
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Sequence Homology, Amino Acid���Dec 5é��A database search for genes encoding paramyxoviral proteins revealed sequences that were designated as human but presented strong evidence of being of viral origin. The two cDNA-derived sequences designated AngRem104 and AngRem52 were originally described as human gene products that were upregulated by angiotensin II in primary mesangial kidney cells. However, their high degree of sequence relatedness to known viral proteins suggests that they represent the P/C/V, M, and F genes of a putative new member of family Paramyxoviridae. Comparison of deduced amino acid sequences and nucleotide motifs suggests that this putative virus is a divergent relative of the Hendra and Nipah viruses; hence, we suggest henipa-like virus or HNLV as a provisional name. Compared to Nipah virus, the percentage of identical (similar) amino acids varied from 19% (42%) for the C protein to 51% (75%) for the M protein. The presence and conservation of presumptive viral transcription start and stop signals and an apparent P editing motif also indicate a relationship of this putative virus to the henipaviruses. Given the highly pathogenic nature of the henipaviruses, the origin of these sequences is enigmatic, and attempts to identify and isolate HNLV are warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/15527844µ��Schomacker, Henrick
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Virus Replication���Mar[��Hendra virus is one of two virus species within the newly-formed genus Henipavirus, subfamily Paramxyovirinae. It is a designated select agent with potential biosecurity threat to both human and animal health. Quantitative real-time PCR was used to measure viral RNA synthesis in Vero cells infected by Hendra virus, and to examine the inhibitory effect of ribavirin. It was also used to determine the points of attenuation during transcription of the six viral genes N, P, M, F, G and L by targeting amplicons located towards the 3' end of each gene. Major increases in viral RNA and virus yield occurred between 4 to 8 h and 8 to 10 h post infection, respectively. The effect of ribavirin was examined at a range of concentrations up to 400 microm. At 50 microm, RNA synthesis was reduced 9 fold, and virus yield 58 fold. As expected for a member of the order Mononegavirales, a gradient of transcription was observed in Hendra virus-infected cells. There was significant attenuation at the M-F and G-L junctions, more closely resembling Sendai virus (genus Respirovirus) than measles virus (genus Morbillivirus).,��https://www.ncbi.nlm.nih.gov/pubmed/15526144���Wright, P J
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Recombinant Proteins/biosynthesis���NovÆ��A method for serological diagnosis of Nipah virus (NiV) is described. DNA encoding truncated G protein of NiV was cloned into the pFastBac HT vector, and the fusion protein to His-tag was expressed in insect cells by recombinant baculovirus. The resulting His-G recombinant fusion protein was purified by affinity chromatography and used as the coating antigen for serological testing by indirect enzyme-linked immunosorbant assay (ELISA). When tested against a panel of swine serum samples, the recombinant G protein-based ELISA successfully discriminated all 40 samples previously determined to be serum neutralizing test (SNT) positive from 11 SNT negatives samples. The data show that the recombinant G protein exhibits the antigenic epitopes and conformation necessary for specific antigen-antibody recognition. The main advantage of the recombinant G protein-based NiV ELISA compared to an ELISA using whole virus antigen is the use of a single antigenic protein instead of inactivated whole virus which is required to be prepared under high risk and cost. This test is suitable for routine diagnosis of NiV and also for epidemiological surveys as it allows highly reliable testing of a large number of sera rapidly.,��https://www.ncbi.nlm.nih.gov/pubmed/15522449´��Eshaghi, M
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Severe Acute Respiratory Syndrome���Jun���Over the last decade a number of novel viral respiratory pathogens have appeared or been recognized. Most of these are zoonoses, which have the capacity to infect humans directly or via an intermediate host. All but metapneumovirus are known to have caused epidemics of severe disease and at least two (the severe acute respiratory syndrome-coronavirus and influenza H5N1) have the potential to cause global pandemics. Possible preventive measures and treatment options against these new diseases are discussed in this review.,��https://www.ncbi.nlm.nih.gov/pubmed/15482205e��Snell, Noel Jc
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Swine/*blood���Nov8��A monoclonal antibody (MAb) based solid-phase blocking ELISA was developed for detection of antibodies to Nipah virus. The ELISA was designed to detect remaining antigens on the plate with anti-Nipah MAb conjugate after the reaction with sample serum, and enabled simple procedure, detection of neutralizing antibody to Nipah virus, and application of samples from different animal species. Forty of 200 swine reference sera examined were positive by the ELISA, of which thirty seven were found positive by serum neutralization test. Sera from a total of 131 fruit bats captured in Malaysia were also tested and all found negative by the both tests. It is considered that the solid-phase blocking ELISA can be used as a screening test for Nipah virus infection followed by the serum neutralization test as confirmatory test.,��https://www.ncbi.nlm.nih.gov/pubmed/15381364ä��Kashiwazaki, Yoshihito
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Viral Fusion Proteins/chemistry/genetics/*physiology���Sepï��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes a systemic infection in vivo and is able to replicate in cultured cells of many species and organs. Such pantropic paramyxoviruses generally encode fusion (F) proteins with multibasic cleavage sites activated by furin or other ubiquitous intracellular host cell proteases. In contrast, NiV has an F protein with a single arginine (R109) at the cleavage site, as is the case with paramyxoviruses that are activated by trypsin-like proteases only present in specific cells or tissues and therefore only cause localized infections. Unlike these viruses, cleavage of the NiV F protein is ubiquitous and does not require the addition of exogenous proteases in cell culture. To determine the importance of the amino acid sequence at the NiV F protein cleavage site for ubiquitous activation, we generated NiV F proteins with mutations around R109. Surprisingly, neither the exchange of amino acids upstream of R109 nor replacement of the basic residue itself interfered with F cleavage. Thus, R109 is not essential for F cleavage and activation. Our data demonstrate that NiV F-protein activation depends on a novel type of proteolytic cleavage that has not yet been described for any other paramyxovirus F protein. NiV F activation is mediated by a ubiquitous protease that requires neither a monobasic nor a multibasic cleavage site and therefore differs from the furin- or trypsin-like proteases known to activate other ortho- and paramyxovirus fusion proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15331703ß��Moll, Markus
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Zoonoses/*epidemiology/transmission���Sep|��It is well recognized that most emerging diseases of humans are zoonotic, and that the forces working to create emerging diseases in humans are also operating in animal populations. However, what is often overlooked is that emerging human diseases are usually preceded by the emergence of the same pathogen in an animal population. In fact, the developing disease in animals acts as a link allowing the disease to take hold and wreck havoc in public health. Numerous examples--Rift Valley fever, monkeypox, Nipah, and Ebola--serve to underscore this linkage and to highlight the increasing interconnectedness of animal and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/15325066���Torres-Velez, Fernando
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Viral Fusion Proteins/*metabolism���Sep ��Proteolytic cleavage of the Hendra virus fusion (F) protein results in the formation of disulfide-linked F1 and F2 subunits, with cleavage occurring after residue K109 in the sequence GDVK/L. This unusual cleavage site and efficient propagation of Hendra virus in a furin-deficient cell line indicate that the Hendra F protein is not cleaved by furin, the protease responsible for proteolytic activation of many viral fusion proteins. To identify the subcellular site of Hendra F processing, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F were metabolically labeled and chased in the absence and presence of inhibitors of exocytosis. The addition of carbonyl-cyanide-3-chlorophenylhydrazone, monensin, brefeldin A, or NaF-AlCl3 or incubation of cells at 20 degrees C all inhibited processing of the Hendra F protein, suggesting that cleavage of Hendra F occurs either in secretory vesicles budding from the trans-Golgi network or at the cell surface. In contrast to proteolytic cleavage of the simian virus 5 (SV5) F protein by the Ca(2+)-dependent protease furin, proteolytic cleavage of the Hendra F protein was not significantly inhibited by decreases in Ca2+ levels following incubation with EGTA or A23187. However, in the presence of weak amines and H+ V-ATPase inhibitors, known to raise intracellular pH, cleavage of Hendra F protein was inhibited while processing of the SV5 F protein was not significantly affected. The subcellular location, sensitivity to pH changes, and decreased Ca2+ requirement suggest that the protease responsible for cleavage of Hendra F protein differs from proteases previously shown to be involved in the processing of other viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15308711ð��Pager, Cara Theresia
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Taq Polymerase���Sep 15���Nipah and Hendra viruses belong to the novel Henipavirus genus of the Paramyxoviridae family. Its zoonotic circulation in bats and recent emergence in Malaysia with fatal consequences for humans that were in close contact with infected pigs, has made the reinforcement of epidemiological and clinical surveillance systems a priority. In this study, TaqMan RT-PCR of the Nipah nucleoprotein has been developed so that Nipah virus RNA in field specimens or laboratory material can be characterized rapidly and specifically and quantitated. The linearity of the standard curve allowed quantification of 10(3) to 10(9) RNA transcripts. The sensitivity of the test was close to 1 pfu. The kinetics of Nipah virus production in Vero cells was monitored by the determination of infectious virus particles in the supernatant fluid and by quantitation of the viral RNA. Approximately, 1000 RNA molecules were detected per virion, suggesting the presence of many non-infectious particles, similar to other RNA viruses. TaqMan real-time RT-PCR failed to detect Hendra virus DNA. Importantly, the method was able to detect virus despite a similar ratio in viremic sera from hamsters infected with Nipah virus. This standardized technique is sensitive and reliable and allows rapid detection and quantitation of Nipah RNA in both field and experimental materials used for the surveillance and specific diagnosis of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/15288966-��Guillaume, Vanessa
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Signal Transduction/*drug effects/physiology,��Interferon (IFN) can activate Signal Transducer and Activator of Transcription (STAT) proteins to establish a cellular antiviral response and inhibit virus replication. Many viruses have evolved strategies to inhibit this antiviral mechanism, but paramyxoviruses are unique in their abilities to directly target the IFN-responsive STAT proteins. Hendra virus and Nipah virus (Henipaviruses) are recently emerged paramyxoviruses that are the causative agents of fatal disease outbreaks in Australia and peninsular Malaysia. Similar to other paramyxoviruses, Henipaviruses inhibit IFN signal transduction through a virus-encoded protein called V. Recent studies have shown that Henipavirus V proteins target STAT proteins by inducing the formation of cytoplasmically localized high molecular weight STAT-containing complexes. This sequestration of STAT1 and STAT2 prevents STAT activation and blocks antiviral IFN signaling. As the V proteins are important factors for host evasion, they represent logical targets for therapeutics directed against Henipavirus epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/15279700/��Rodriguez, Jason J
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Tissue Fixation���Aug-OctY��Formalin-fixed, paraffin wax-embedded tissues of three Malaysian farm pigs naturally infected with Nipah virus were used to investigate the value of anti-Nipah virus mouse monoclonal antibodies (Mabs) and rabbit polyclonal antibody for immunohistochemical diagnosis. Mabs 11F6 and 12A5 gave intense immunolabelling in lung tissue that had been fixed in 10% neutral buffered formalin for about 4 years, whereas the reactivity of Mabs 13A5 and 18C4 and polyclonal antibody was reduced significantly by long-term formalin fixation. Immunohistochemical examination of Malaysian farm pig samples with Mab 11F6 confirmed the affinity of Nipah virus for respiratory epithelium, renal glomerular and tubular epithelium, meningeal arachnoidal cells, and systemic vascular endothelium and smooth muscle. In addition, Nipah virus antigens were identified in laryngeal epithelial cells, Schwann cells of peripheral nerve fascicles in the spleen, and endothelial cells in the atrioventricular valve. The study demonstrated the value of Mabs 11F6 and 12A5 for the immunohistochemical diagnosis of Nipah virus infection in pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/15276859Ö��Tanimura, N
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Viral Fusion Proteins/chemistry/genetics/metabolism/*physiology���JulÏ��Nipah virus (NiV), a new member of the Paramyxoviridae, codes for a fusion (F) protein with five potential N-glycosylation sites. Because glycans are known to be important structural components affecting the conformation and function of viral glycoproteins, we analyzed the effect of the deletion of N-linked oligosaccharides on cell surface transport, proteolytic cleavage, and the biological activity of the NiV F protein. Each of the five potential glycosylation sites was removed either individually or in combination, revealing that four sites are actually utilized (g2 and g3 in the F(2) subunit and g4 and g5 in the F(1) subunit). While the removal of g2 and/or g3 had no or little effect on cleavage, surface transport, and fusion activity, the elimination of g4 or g5 reduced the surface expression by more than 80%. Similar to a mutant lacking all N-glycans, g4 deletion mutants in which the potential glycosylation site was destroyed by introducing a glycine residue were neither cleaved nor transported to the cell surface and consequently were not able to mediate cell-to-cell fusion. This finding indicates that in the absence of g4, the amino acid sequence around position 414 is important for folding and transport.,��https://www.ncbi.nlm.nih.gov/pubmed/15194804¬��Moll, Markus
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Viral Proteins/*chemistry���Jun#��Hendra virus (HeV) and Nipah virus (NiV) are members of a new genus, Henipavirus, in the family paramyxoviridae. Each virus encodes a phosphoprotein (P) that is significantly larger than its counterparts in other known paramyxoviruses. The interaction of this unusually large P with its nucleocapsid protein (N) was investigated in this study by using recombinant full-length and truncated proteins expressed in bacteria and a modified protein-blotting protein-overlay assay. Results from our group demonstrated that the N and P of both viruses were able to form not only homologous, but also heterologous, N-P complexes, i.e. HeV N was able to interact with NiV P and vice versa. Deletion analysis of the N and P revealed that there were at least two independent N-binding sites on P and they resided at the N and C termini, respectively. Similarly, more than one P-binding site was present on N and one of these was mapped to a 29 amino acid (aa) C-terminal region, which on its own was sufficient to interact with the extreme C-terminal 165 aa region of P.,��https://www.ncbi.nlm.nih.gov/pubmed/15166452§��Chan, Y P
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X-Ray Diffraction���Jun&��Highly conserved heptad-repeat (HR1 and HR2) regions in class I viral fusion (F) proteins, including the F protein from paramyxovirus, interact with each other post-fusion to form a six-helix bundle called a fusion core. Crystals of the fusion core of Nipah virus have been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.1 angstroms resolution at 100 K in-house. The crystals have unit-cell parameters a = 31.664, b = 31.725, c = 51.256 angstroms, alpha = 80.706, beta = 86.343, gamma = 65.812 degrees and belong to space group P1. Crystals of the fusion core of Hendra virus have also been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.0 angstroms resolution at 100 K in-house. A selenomethionine (SeMet) derivative of the HeV fusion core was overexpressed using the same Escherichia coli expression system and purified. The derivative crystals were obtained under similar conditions and three different wavelength data sets were collected to 2.0 angstroms resolution from the derivative crystal at BSRF (Beijing Synchrotron Radiation Facility). The crystals have unit-cell parameters a = 31.997, b = 31.970, c = 53.865 angstroms, alpha = 85.990, beta = 85.842, gamma = 68.245 degrees and belong to space group P1.,��https://www.ncbi.nlm.nih.gov/pubmed/15159588���Xu, Yanhui
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�Over the last decade, there was noted a large advancement of knowledge on living organisms and their products posing a potential occupational risk. Novel risk factors, often new to science, were identified, the role and significance of already known factors better comprehended, and occupational groups endangered by biological hazards more thoroughly recognized. Novel viruses and prions, emerging in different parts of the world, may pose a particular threat to health and life of health care workers, agriculture workers and veterinarians. A new coronavirus (SCoV) that evoked a rapid outbreak of disease described as severe acute respiratory syndrome (SARS) in the first half of 2003 may serve as an example. The disease was particularly common among health care workers. Previously discovered zoonotic viruses, Nipah virus in pigs and Hendra virus in horses, may be a cause of fatal encephalitis in animal farmers. Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and laboratory workers. Prions responsible for inducing a zoonotic variant of Creutzfeldt-Jakob disease (vCJD) are considered to be a potential cause of work-related infections in agricultural and health care workers, however, this assumption has not as yet been supported by any conclusive evidence. In many countries, blood-borne occupational infections with hepatitis C virus (HCV) is the major epidemiological problem among health care workers, mostly because no vaccine against this virus has been produced to date. Vaccinations effectively restricted the number of occupational infections with hepatitis B virus (HBV), and work-related infections with human immunodeficiency virus (HIV) causing acquired immunodeficiency syndrome (AIDS) are very rare. Hazardous bioserosols, occurring in many work environments, pose an occupational health hazard of particular importance. Many new biological factors present in organic dusts that may induce work-related allergic and immunotoxic diseases among farmers and workers of the agricultural and wood industries have been identified. Droplet aerosols, which are generated from water, oils, oil-water emulsions and other liquids in various work environments, may contain infectious agents (Legionella spp.) as well as allergic and/or toxic agents. It has been shown that allergens and endotoxins produced by Gram-negative bacteria occurring in oil mist from metalworking fluids may cause occupational respiratory diseases in workers of the metallurgic industry.,��https://www.ncbi.nlm.nih.gov/pubmed/15156765_��Dutkiewicz, Jacek
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United Kingdom���May-JunÐ��INTRODUCTION: Selected tablet-treated elderly type 2 subjects with very poor glycaemic control may experience improvements in well-being after starting twice-daily insulin. In this study, the health status, mood, and treatment satisfaction of diabetic subjects with poor control on oral medication were assessed before and after being randomised to one of two insulin regimens. METHODOLOGY: Fifty-seven type 2 subjects with poor glycaemic control (HBA(1c) 9.7%) were randomised to continue tablets (Group l), twice-daily isophane insulin (Group 2), or basal/bolus isophane/lispro insulin (Group 3). Health status, treatment satisfaction, and mood were measured at baseline, 1, 3, and 6 months. RESULTS: Mean HBA(1c) levels were lower in Groups 1 and 3 at 6 months (P<.02 and.03, respectively) but not Group 2 (P=.2). Mean health status scores did not differ between the groups at any time point. In Group 3, significant within-subject improvements occurred in six domains of the SF-36 at 1 month, four domains at 3 months, and six domains at 6 months. There were no significant within-subject changes in health status scores in the other groups. Mean anxiety scores improved in both Groups 1 and 3 over 6 months, and mean depression scores also improved in Group 3 during the study. CONCLUSIONS: Small improvements in health status and mood may be associated with basal/bolus, but not twice-daily, insulin in elderly type 2 subjects. These effects may be independent of glycaemic control.,��https://www.ncbi.nlm.nih.gov/pubmed/15145325ð��Hendra, Timothy J
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Viral Proteins/*physiology���Junc��In previous reports it was demonstrated that the Nipah virus V and W proteins have interferon (IFN) antagonist activity due to their ability to block signaling from the IFN-alpha/beta receptor (J. J. Rodriguez, J. P. Parisien, and C. M. Horvath, J. Virol. 76:11476-11483, 2002; M. S. Park et al., J. Virol. 77:1501-1511, 2003). The V, W, and P proteins are all encoded by the same viral gene and share an identical 407-amino-acid N-terminal region but have distinct C-terminal sequences. We now show that the P protein also has anti-IFN function, confirming that the common N-terminal domain is responsible for the antagonist activity. Truncation of this N-terminal domain revealed that amino acids 50 to 150 retain the ability to block IFN and to bind STAT1, a key component of the IFN signaling pathway. Subcellular localization studies demonstrate that the V and P proteins are predominantly cytoplasmic whereas the W protein is localized to the nucleus. In all cases, STAT1 colocalizes with the corresponding Nipah virus protein. These interactions are sufficient to inhibit STAT1 activation, as demonstrated by the lack of STAT1 phosphorylation on tyrosine 701 in IFN-stimulated cells expressing P, V, or W. Therefore, despite their common STAT1-binding domain, the Nipah virus V and P proteins act by retaining STAT1 in the cytoplasm while the W protein sequesters STAT1 in the nucleus, creating both a cytoplasmic and a nuclear block for STAT1. We also show that the IFN antagonist activity of the P protein is not as strong as that of V or W, perhaps explaining why Nipah virus has evolved to express these two edited products.,��https://www.ncbi.nlm.nih.gov/pubmed/15140960ë��Shaw, Megan L
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Transcription, Genetic+��Hendra virus (HENV) and Nipah virus (NIPV) are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genetic and biological characteristics that differentiate henipaviruses from other members of the subfamily are summarized. Although they do not display neuraminidase and hemagglutination activities and in that regard resemble viruses in the genus Morbillivirus, several recent observations highlight similarities between henipaviruses and respiroviruses (genus Respirovirus) in structure and replication strategy. First, three-dimensional modeling studies suggest that the external globular head domain of the HENV G protein resembles that of respiroviruses rather than morbilliviruses. Second, the pattern of transcriptional attenuation in HENV-infected cells resembles that observed with Sendai virus, a respirovirus, and differs from that found in cells infected with measles virus, a morbillivirus. Henipaviruses have a broad host range in vitro and in vivo, indicating wide distribution of cellular receptor molecules. The extensive host range has been confirmed in a quantitative in vitro cell-fusion assay using recombinant vaccinia viruses expressing the attachment and fusion proteins of HENV and NIPV. Cell lines of diverse origin and which are permissive in the in vitro cell fusion assay have been identified and the pattern of relative susceptibilities is the same for both HENV and NIPV, implying that both viruses use the same cell receptor. Protease treatment of permissive cells destroys their ability to fuse with cells expressing viral envelope glycoproteins. Virus overlay protein binding assay (VOPBA) and radio-immune precipitation assays confirm that both HENV and NIPV bind to membrane proteins in the 35-50 kD range. Treatment of cell membrane proteins with N-glycosidase eliminates HeV binding activity in VOPBA whereas treatment with neuraminidase has no effect on binding. Thus preliminary evidence suggests that NIPV and HENV bind to the same glycoprotein receptor via a non-sialic acid-dependant mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/15119767���Eaton, B T
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Paramyxoviridae/*isolation & purification/pathogenicityq��Several novel viruses recently described in bats of the genus Pteropus (sub-order Megachiroptera) in Australia and southeast Asia cause encephalitic disease in animals and humans. These viruses include Hendra virus and Nipah virus (genus Henipavirus, family Paramyxoviridae) and Australian bat lyssavirus (ABLV; genus Lyssavirus, family Rhabdoviridae). Broadly, strategies for disease prevention and control in the spillover host are directed at minimising direct or indirect contact with the natural host, improving farm-gate and on-farm biosecurity, and better disease recognition and diagnosis. Additional strategies for ABLV include the use of rabies vaccine for effective pre- and post-exposure prophylaxis in humans. Effective management strategies in the natural host are predicated on an understanding of the ecology of the disease in the natural host, and the identification and avoidance of factors putatively associated with emergence, such as habitat loss, land use change and demographic shifts. A possible future management strategy for ABLV in reservoir populations is immunisation using bait or plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/15119766g��Field, H
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Zoonoses±��Three newly recognized encephalitogenic zoonotic viruses spread from fruit bats of the genus Pteropus (order Chiroptera, suborder Megachiroptera) have been recognised over the past decade. These are: Hendra virus, formerly named equine morbillivirus, which was responsible for an outbreak of disease in horses and humans in Brisbane, Australia, in 1994; Australian bat lyssavirus, the cause of a severe acute encephalitis, in 1996; and Nipah virus, the cause of a major outbreak of encephalitis and pulmonary disease in domestic pigs and people in peninsula Malaysia in 1999. Hendra and Nipah viruses have been shown to be the first two members of a new genus, Henipavirus, in the family Paramyxoviridae, subfamily Paramyxovirinae, whereas Australian bat lyssavirus is closely related antigenically to classical rabies virus in the genus Lyssavirus, family Rhabdoviridae, although it can be distinguished on genetic grounds. Hendra and Nipah viruses have neurological and pneumonic tropisms. The first humans and equids with Hendra virus infections died from acute respiratory disease, whereas the second human patient died from an encephalitis. With Nipah virus, the predominant clinical syndrome in humans was encephalitic rather than respiratory, whereas in pigs, the infection was characterised by acute fever with respiratory involvement with or without neurological signs. Two human infections with Australian bat lyssavirus have been reported, the clinical signs of which were consistent with classical rabies infection and included a diffuse, non-suppurative encephalitis. Many important questions remain to be answered regarding modes of transmission, pathogenesis, and geographic range of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15119765���Mackenzie, J S
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*Zoonoses7��The emergence of zoonotic viruses maintained by wildlife reservoir hosts is poorly understood. Recent discoveries of Hendra (HENV) and Nipah (NIPV) viruses in Australasia and the emergence of epidemic West Nile virus (WNV) in the United States have added urgency to the study of cross-species transmission. The processes by which zoonotic viruses are transmitted and infect other species are examined as four transitions. Two of these, inter-species contact and cross-species virus transmission (spillover), are essential and sufficient to cause epidemic emergence. Sustained transmission and virus adaptation within the spillover host are transitions not required for virus emergence, but determine the magnitude and scope of subsequent disease outbreaks. Ecologic, anthropogenic, and evolutionary factors modify the probability that viruses complete or move through transitions. As surveillance for wildlife diseases is rare and often outbreak-driven, targeted studies are required to elucidate the means by which important zoonotic viruses are maintained and spillover occurs.,��https://www.ncbi.nlm.nih.gov/pubmed/15119758Q��Childs, J E
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Viral Fusion Proteins/*physiology%��The vaccinia virus-based expression of viral envelope glycoprotein genes-derived from enveloped viruses that infect their respective host cells through a pH-independent mechanism of membrane fusion-has been a powerful tool in helping to characterize these important attachment and fusion proteins. The cellular expression of these viral envelope glycoproteins has allowed for the measurement of membrane fusion events using cell-cell fusion or syncytia formation. This method has been enhanced by the addition of a reporter-gene system to the vaccinia virus-based cell-cell fusion assay. This improvement has provided a high-throughput and quantitative aspect to this assay, which can serve as a surrogate for virus entry and is therefore ideally suited in the characterization of numerous enveloped viruses, including biological safety level-4 (BSL-4) agents. This chapter will detail the methods of the vaccinia virus-based reporter-gene fusion assay and how it may be used to characterize the fusion mediated by the BSL-4-classified Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15114023®��Bossart, Katharine N
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Viral Proteins/*chemistry���Mayd��The V proteins of Nipah virus and Hendra virus have been demonstrated to bind to cellular STAT1 and STAT2 proteins to form high-molecular-weight complexes that inhibit interferon (IFN)-induced antiviral transcription by preventing STAT nuclear accumulation. Analysis of the Nipah virus V protein has revealed a region between amino acids 174 and 192 that functions as a CRM1-dependent nuclear export signal (NES). This peptide is sufficient to complement an export-defective human immunodeficiency virus Rev protein, and deletion and substitution mutagenesis revealed that this peptide is necessary for both V protein shuttling and cytoplasmic retention of STAT1 and STAT2 proteins. However, the NES is not required for V-dependent IFN signaling inhibition. IFN signaling is blocked primarily by interaction between Nipah virus V residues 100 to 160 and STAT1 residues 509 to 712. Interaction with STAT2 requires a larger Nipah virus V segment between amino acids 100 and 300, but deletion of residues 230 to 237 greatly reduced STAT2 coprecipitation. Further, V protein interactions with cellular STAT1 is a prerequisite for STAT2 binding, and sequential immunoprecipitations demonstrate that V, STAT1, and STAT2 can form a tripartite complex. These findings characterize essential regions for Henipavirus V proteins that represent potential targets for therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/15113915·��Rodriguez, Jason J
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Viral Structural Proteins/*chemistry/physiology���MayÅ��The paramyxovirus family includes many well-known human and animal pathogens as well as emerging viruses such as Hendra virus and Nipah virus. The V protein of simian virus 5 (SV5), a prototype of the paramyxoviruses, contains a cysteine-rich C-terminal domain which is conserved among all paramyxovirus V proteins. The V protein can block both interferon (IFN) signaling by causing degradation of STAT1 and IFN production by blocking IRF-3 nuclear import. Previously, it was reported that recombinant SV5 lacking the C terminus of the V protein (rSV5VDeltaC) induces a severe cytopathic effect (CPE) in tissue culture whereas wild-type (wt) SV5 infection does not induce CPE. In this study, the nature of the CPE and the mechanism of the induction of CPE were investigated. Through the use of DNA fragmentation, terminal deoxynucleotidyltransferase-mediated dUTP-biotin nick end labeling, and propidium iodide staining assays, it was shown that rSV5VDeltaC induced apoptosis. Expression of wt V protein prevented apoptosis induced by rSV5VDeltaC, suggesting that the V protein has an antiapoptotic function. Interestingly, rSV5VDeltaC induced apoptosis in U3A cells (a STAT1-deficient cell line) and in the presence of neutralizing antibody against IFN, suggesting that the induction of apoptosis by rSV5VDeltaC was independent of IFN and IFN-signaling pathways. Apoptosis induced by rSV5VDeltaC was blocked by a general caspase inhibitor, Z-VAD-FMK, but not by specific inhibitors against caspases 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 13, suggesting that rSV5VDeltaC-induced apoptosis can occur in a caspase 12-dependent manner. Endoplasmic reticulum stress can lead to activation of caspase 12; compared to the results seen with mock and wt SV5 infection, rSV5VDeltaC infection induced ER stress, as demonstrated by increased expression levels of known ER stress indicators GRP 78, GRP 94, and GADD153. These data suggest that rSV5VDeltaC can trigger cell death by inducing ER stress.,��https://www.ncbi.nlm.nih.gov/pubmed/15113888���Sun, Minghao
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Solubility���May���The nucleocapsid (N) protein of Nipah virus (NiV) can be produced in three Escherichia coli strains [TOP10, BL21(DE3) and SG935] under the control of trc promoter. However, most of the product existed in the form of insoluble inclusion bodies. There was no improvement in the solubility of the product when this protein was placed under the control of T7 promoter. However, the solubility of the N protein was significantly improved by lowering the growth temperature of E. coli BL21(DE3) cell cultures. Solubility analysis of N- and C-terminally deleted mutants revealed that the full-length N protein has the highest solubility. The soluble N protein could be purified efficiently by sucrose gradient centrifugation and nickel affinity chromatography. Electron microscopic analysis of the purified product revealed that the N protein assembled into herringbone-like particles of different lengths. The C-terminal end of the N protein contains the major antigenic region when probed with antisera from humans and pigs infected naturally.,��https://www.ncbi.nlm.nih.gov/pubmed/15042656¼��Tan, Wen Siang
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Viral Vaccines/*administration & dosage/immunology���JanÓ��Nipah virus, a member of the paramyxovirus family, was first isolated and identified in 1999 when the virus crossed the species barrier from fruit bats to pigs and then infected humans, inducing an encephalitis with up to 40% mortality. At present there is no prophylaxis for Nipah virus. We investigated the possibility of vaccination and passive transfer of antibodies as interventions against this disease. We show that both of the Nipah virus glycoproteins (G and F) when expressed as vaccinia virus recombinants induced an immune response in hamsters which protected against a lethal challenge by Nipah virus. Similarly, passive transfer of antibody induced by either of the glycoproteins protected the animals. In both the active and passive immunization studies, however, the challenge virus was capable of hyperimmunizing the vaccinated animals, suggesting that although the virus replicates under these conditions, the immune system can eventually control the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14694115Ø��Guillaume, V
Contamin, H
Loth, P
Georges-Courbot, M-C
Lefeuvre, A
Marianneau, P
Chua, K B
Lam, S K
Buckland, R
Deubel, V
Wild, T F
eng
Research Support, Non-U.S. Gov't
2003/12/25 05:00
J Virol. 2004 Jan;78(2):834-40.%��0022-538X (Print)
0022-538X (Linking)	��PMC368848���14694115H��INSERM Unite 404. UBIVE, Institut Pasteur, CERVI, IFR 128, Lyon, France.���	5�þÓtÿî?ã���*��Hendra, K. P.
Bonis, P. A.
Joyce-Brady, M.���2003q��Development and prospective validation of a model for predicting weaning in chronic ventilator dependent patients���3���BMC Pulm Med���3���Nov 13 ��BACKGROUND: Approximately ten percent of patients placed on mechanical ventilation during acute illness will require long-term ventilator support. Unfortunately, despite rehabilitation, some will never be liberated from the ventilator. A method of predicting weaning outcomes for these patients could help conserve resources and minimize frustrating failed weaning attempts for this population. The objective of this investigation was to identify predictors of weaning outcome for patients admitted to a chronic ventilator unit (CVU). METHODS: This was a retrospective analysis with prospective validation. The study setting was a 25 bed CVU within a rehabilitation hospital. The training group consisted of 43 patients referred to our facility for weaning after > 3 weeks of mechanical ventilation. A multivariate model to predict weaning outcome was constructed in this group and applied to a prospective group of 31 patients followed during an 18-month period. RESULTS: A modified Glasgow Coma Scale (GCS) and the presence of sustained spontaneous respirations (SSR), defined as the presence of 2 breaths recorded above the ventilator settings on four occasions, were highly predictive of weaning success within six months of CVU admission. Patients with a modified GCS > or = 8 were 6.5 times more likely to wean than those with a modified GCS < 8 (95% confidence interval 1.6-26.3) and those with SSR were 25.5 times more likely to wean than those without SSR (95% confidence interval 4.3-51.9). CONCLUSIONS: In our population of CVU patients, simple parameters that were available on admission and did not directly reflect cardiopulmonary function were useful predictors of weaning outcome.,��https://www.ncbi.nlm.nih.gov/pubmed/14614783���Hendra, Katherine P
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Zoonoses/virology���Nov@��A predominantly pig-to-human zoonotic infection caused by the novel Nipah virus emerged recently to cause severe morbidity and mortality in both animals and man. Human autopsy studies showed the pathogenesis to be related to systemic vasculitis that led to widespread thrombotic occlusion and microinfarction in most major organs especially in the central nervous system. There was also evidence of extravascular parenchymal infection, particularly near damaged vessels (Wong KT, Shieh WJ, Kumar S, Norain K, Abdullah W, Guarner J, Goldsmith CS, Chua KB, Lam SK, Tan CT, Goh KJ, Chong HT, Jusoh R, Rollin PE, Ksiazek TG, Zaki SR, Nipah Virus Pathology Working Group: Nipah virus infection: Pathology and pathogenesis of an emerging paramyxoviral zoonosis. Am J Pathol 2002, 161:2153-2167). We describe here a golden hamster (Mesocricetus auratus) model that appears to reproduce the pathology and pathogenesis of acute human Nipah infection. Hamsters infected by intranasal or intraperitoneal routes died within 9 to 29 days or 5 to 9 days, respectively. Pathological lesions were most severe and extensive in the hamster brain. Vasculitis, thrombosis, and more rarely, multinucleated endothelial syncytia, were found in blood vessels of multiple organs. Viral antigen and RNA were localized in both vascular and extravascular tissues including neurons, lung, kidney, and spleen, as demonstrated by immunohistochemistry and in situ hybridization, respectively. Paramyxoviral-type nucleocapsids were identified in neurons and in vessel walls. At the terminal stage of infection, virus and/or viral RNA could be recovered from most solid organs and urine, but not from serum. The golden hamster is proposed as a suitable model for further studies including pathogenesis studies, anti-viral drug testing, and vaccine development against acute Nipah infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14578210���Wong, K Thong
Grosjean, Isabelle
Brisson, Christine
Blanquier, Barissa
Fevre-Montange, Michelle
Bernard, Arlette
Loth, Philippe
Georges-Courbot, Marie-Claude
Chevallier, Michelle
Akaoka, Hideo
Marianneau, Philippe
Lam, Sai Kit
Wild, T Fabian
Deubel, Vincent
eng
Comparative Study
Research Support, Non-U.S. Gov't
2003/10/28 05:00
Am J Pathol. 2003 Nov;163(5):2127-37. doi: 10.1016/S0002-9440(10)63569-9.%��0002-9440 (Print)
0002-9440 (Linking)
��PMC1892425���14578210r��Department of Pathology, Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia. wongkt@um.edu.my���10.1016/S0002-9440(10)63569-9�����üÒtÿþ?å���+��Rodriguez, J. J.
Wang, L. F.
Horvath, C. M.���2003g��Hendra virus V protein inhibits interferon signaling by preventing STAT1 and STAT2 nuclear accumulation���11842-5���J Virol���77���21L��Amino Acid Sequence
Cell Line
Cell Nucleus/metabolism
DNA-Binding Proteins/*metabolism
Humans
Interferon-alpha/*metabolism
Interferon-gamma/*metabolism
Molecular Sequence Data
STAT1 Transcription Factor
STAT2 Transcription Factor
Signal Transduction/*drug effects
Trans-Activators/*metabolism
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Viral Proteins/*chemistry/genetics���Nov 7s��Measles virus is a negative-sense, single-stranded RNA virus belonging to the Mononegavirales order which comprises several human pathogens such as Ebola, Nipah, and Hendra viruses. The phosphoprotein of measles virus is a modular protein consisting of an intrinsically disordered N-terminal domain (Karlin, D., Longhi, S., Receveur, V., and Canard, B. (2002) Virology 296, 251-262) and of a C-terminal moiety (PCT) composed of alternating disordered and globular regions. We report the crystal structure of the extreme C-terminal domain (XD) of measles virus phosphoprotein (aa 459-507) at 1.8 A resolution. We have previously reported that the C-terminal domain of measles virus nucleoprotein, NTAIL, is intrinsically unstructured and undergoes induced folding in the presence of PCT (Longhi, S., Receveur-Brechot, V., Karlin, D., Johansson, K., Darbon, H., Bhella, D., Yeo, R., Finet, S., and Canard, B. (2003) J. Biol. Chem. 278, 18638-18648). Using far-UV circular dichroism, we show that within PCT, XD is the region responsible for the induced folding of NTAIL. The crystal structure of XD consists of three helices, arranged in an anti-parallel triple-helix bundle. The surface of XD formed between helices alpha2 and alpha3 displays a long hydrophobic cleft that might provide a complementary hydrophobic surface to embed and promote folding of the predicted alpha-helix of NTAIL. We present a tentative model of the interaction between XD and NTAIL. These results, beyond presenting the first measles virus protein structure, shed light both on the function of the phosphoprotein at the molecular level and on the process of induced folding.,��https://www.ncbi.nlm.nih.gov/pubmed/12944395ø��Johansson, Kenth
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*Virus Diseases/drug therapy/genetics/prevention & control���Aug 15ð��Certain viruses, such as those that cause smallpox and hemorrhagic fevers, have been identified as possible bioterrorism agents by the Centers for Disease Control and Prevention. They have been designated as potential threats because large quantities can be propagated in cell culture, they are transmissible as aerosols and, for the most part, there are only limited vaccine and pharmaceutical strategies for either prevention or treatment of established infection. An additional concern is the potential to genetically modify these agents to enhance virulence or promote resistance to vaccines or identified antivirals. Although the major impact of these agents is human illness, the release of zoonotic agents, such as the Nipah virus, would have consequences for both humans and animals because infected and noninfected animals might need to be sacrificed to control the spread of infection. Continued research is necessary to develop effective strategies to limit the impact of these biological threats.,��https://www.ncbi.nlm.nih.gov/pubmed/12944096v��Bronze, Michael S
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Zoonoses/*transmissioné��Porcine organs, cells and tissues provide a viable source of transplants in humans, though there is some concern of public health risk from adaptation of swine infectious agents in humans. Limited information is available on the public health risk of many exogenous swine viruses, and reliable and rapid diagnostic tests are available for only a few of these. The ability of several porcine viruses to cause transplacental fetal infection (parvoviruses, circoviruses, and arteriviruses), emergence or recognition of several new porcine viruses during the last two decades (porcine circovirus, arterivirus, paramyxoviruses, herpesviruses, and porcine respiratory coronavirus) and the immunosuppressed state of the transplant recipients increases the xenozoonoses risk of humans to porcine viruses through transplantation. Much of this risk can be eliminated with vigilance and sustained monitoring along with a better understanding of pathogenesis and development of better diagnostic tests. In this review we present information on selected exogenous viruses, highlighting their characteristics, pathogenesis of viral infections in swine, methods for their detection, and the potential xenozoonoses risk they present. Emphasis has been given in this review to swine influenza virus, paramyxovirus (Nipah virus, Menagle virus, LaPiedad paramyxovirus, porcine paramyxovirus), arterivirus (porcine reproductive and respiratory syndrome virus) and circovirus as either they represent new swine viruses or present the greatest risk. We have also presented information on porcine parvovirus, Japanese encephalitis virus, encephalomyocarditis virus, herpesviruses (pseudorabies virus, porcine lymphotropic herpesvirus, porcine cytomegalovirus), coronaviruses (TGEV, PRCV, HEV, PEDV) and adenovirus. The potential of swine viruses to infect humans needs to be assessed in vitro and in vivo and rapid and more reliable diagnostic methods need to be developed to assure safe supply of porcine tissues and cells for xenotransplantation.,��https://www.ncbi.nlm.nih.gov/pubmed/12934944���Paul, P S
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Zoonoses���Jung��Paramyxoviruses are responsible for a wide variety of diseases both in humans and in animals. Common to many paramyxoviruses is the fact that they can cause neurological symptoms in their final host. Newly discovered paramyxoviruses, such as the Hendra and Nipah viruses, show the same pattern of pathogenesis as that of the paramyxoviruses already known. Canine distemper virus (CDV) is a well-studied member of the genus Morbillivirus. Study of the neuropathogenesis of CDV might give insight into disease mechanisms and suggest approaches for the prevention of other recently discovered paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/12885204º��Griot, Christian
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Zoonoses���JulÞ��BACKGROUND: Viral encephalitis occurs in epidemic settings or is sporadic. New encephalitis patterns reflect the roles that biologic reservoirs and vectors play in determining virus-human interactions. "New" viral encephalitis can also result from human host modifications that increase susceptibility to neuroinvasive viral infection. REVIEW SUMMARY: Three human viruses, Nipah virus, Human Herpesvirus-6, and West Nile virus, present examples of how "new" viral encephalitides emerge in a specific geographic region or clinical setting. Nipah virus encephalitis emerged after the molecular evolution of a new zoonotic viral genus within the Paramyxovirinae family. Human herpesvirus-6 encephalitis has emerged in the immune suppressed human host harboring this ubiquitous but typically benign herpesvirus. West Nile virus encephalitis has emerged in the Western hemisphere after apparent abrupt translocation of this mosquito-borne virus to a distant geographic region with immunologically naive avian and human hosts. CONCLUSION: While the clinical features of these viral encephalitides are somewhat distinct, they each emerged as the result of human-derived factors that altered the biologic dynamic between humans and their viral pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12864929{��McCarthy, Micheline
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West Nile virus/pathogenicity���Jun?��PURPOSE OF REVIEW: The exotic and emerging viral encephalitides are caused by animal or human viruses and characterised by sudden unexpected outbreaks of neurological disease, usually in tropical and sub-tropical regions, but sometimes spreading to temperate areas. Although a wide range of viruses come within this label, as this review highlights, there are common research questions as to the origin and spread of the viruses, the contribution of viral and host factors to the clinical presentations and outcome, and the possibilities for treatment and vaccination. RECENT FINDINGS: During 2002, North America experienced the largest ever outbreak of West Nile encephalitis; a poliomyelitis-like flaccid paralysis due to West Nile virus was recognised, and transfusion-related infections were documented. Globally, Japanese encephalitis virus is the most important emerging viral encephalitis; interferon alpha was not effective against Japanese encephalitis in a double-blind placebo-controlled trial, but new chimeric vaccines are in development. Recent work suggests Japanese encephalitis virus originated in the Indonesia-Malaysia region, and spread from there. The origin of Nipah virus, which caused an encephalitis outbreak in Malaysia in 1998, is not known, but flying foxes have been identified as a natural host. Enterovirus 71 continues to cause large outbreaks of hand foot and mouth disease across Asia, associated with neurological and systemic complications; recent work has focused on the pathogenesis of these complications. SUMMARY: Disease surveillance remains important for the early recognition and containment of encephalitis outbreaks. Detailed clinical and laboratory studies will help answer the key questions, but there is a need to ensure the results translate to real benefits for the communities affected by these diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/12858080���Solomon, Tom
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Time Factors���May-Juný��This study examined the effect of a time-limited welfare program on school-age children using data on almost 3,000 children (ages 5-17 at the four year follow up-point) from the random assignment evaluation of Florida's Family Transition Program (FTP). FTP was one of the first welfare reform initiatives to impose a time limit on the receipt of cash assistance, and it combined the time limit with a rich array of mandatory services. The effects of FTP on children were moderated by families' risk of long-term welfare dependency. Contrary to predictions laid out at the outset, there were few effects of FTP on middle childhood and adolescent children for children of parents most likely to be long-term welfare dependent (those most likely to hit the time limit). However, consistent negative effects on this same age group of children were found for children of parents least likely to be long-term welfare dependent--parents who had the largest employment gains--and effects of FTP were most strongly negative for the oldest adolescent children. The findings suggest a different theoretical model for movements into employment than the one suggested in the previous literature for job loss. The findings are discussed in terms of their contribution to research and policy.,��https://www.ncbi.nlm.nih.gov/pubmed/12795394r��Morris, Pamela
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Workforce���May���The Epidemic Intelligence Service (EIS) was created in 1951 to provide epidemiologists to investigate natural and intentional disease epidemics. From an initial class of 23 U.S. citizens, the program has evolved into a globally recognized, hands-on learning experience, accepting approximately 65 to 75 new officers each year. The first U.S. military epidemic intelligence service officer (EISO) was accepted into the program in 1994. Since that time, 12 such officers have completed, or have begun, EIS training. They have comprised 2.1% of all EISOs from 1994 to 2001 and 0.47% of all EISOs. This total has included nine Air Force veterinarians, one Army veterinarian, one Army physician, and one Navy physician. Each military EISO had the opportunity to lead investigations of significant public health events (e.g., Ebola, monkeypox, malaria, Nipah virus, West Nile fever, and anthrax outbreaks). All graduates from the military returned to active duty assignments in operational medical units, research institutes, or the intelligence community.,��https://www.ncbi.nlm.nih.gov/pubmed/12775171���Noah, Donald L
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Specimen Handling/*methods���May9��During the outbreak of Nipah virus encephalitis involving pigs and humans in peninsular Malaysia in 1998/1999, a conventional approach was initially undertaken to collect specimens from fruit bats by mist-netting and shooting, as an integral part of wildlife surveillance of the natural reservoir host of Nipah virus. This study describes a novel method of collecting fruit bats' urine samples using plastic sheets for isolation of Nipah virus. This novel approach resulted in the isolation of several other known and unidentified infectious agents besides Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12758277Q��Chua, Kaw Bing
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Zoonoses/virology���Apr^��New viral infections of the nervous system have been appearing with great regularity. Some result from the evolution of new agents and others from the entry of viruses into new hosts or environments. The emergence of neurovirulent enteroviruses causing a paralytic poliomyelitis syndrome and rhomboencephalitis represent the evolution of new human viruses. Most emerging viral infections represent movement of an agent into new geographic areas or across species barriers. The transport of neurovirulent strains of West Nile virus into the Western Hemisphere and the penetration of Nipah virus, a newly recognized paramyxovirus, across species barriers from bat to pig to man are examples that are highlighted in this review. The burgeoning human population and the speed and frequency of travel favor the evolution, preservation, and spread of new viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/12707845q��Johnson, Richard T
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*Respirovirus Infections/diagnosis/epidemiology/physiopathology���Apr6��Human parainfluenza viruses (HPIV) were first discovered in the late 1950s. Over the last decade, considerable knowledge about their molecular structure and function has been accumulated. This has led to significant changes in both the nomenclature and taxonomic relationships of these viruses. HPIV is genetically and antigenically divided into types 1 to 4. Further major subtypes of HPIV-4 (A and B) and subgroups/genotypes of HPIV-1 and HPIV-3 have been described. HPIV-1 to HPIV-3 are major causes of lower respiratory infections in infants, young children, the immunocompromised, the chronically ill, and the elderly. Each subtype can cause somewhat unique clinical diseases in different hosts. HPIV are enveloped and of medium size (150 to 250 nm), and their RNA genome is in the negative sense. These viruses belong to the Paramyxoviridae family, one of the largest and most rapidly growing groups of viruses causing significant human and veterinary disease. HPIV are closely related to recently discovered megamyxoviruses (Hendra and Nipah viruses) and metapneumovirus.,��https://www.ncbi.nlm.nih.gov/pubmed/12692097Z��Henrickson, Kelly J
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*Zoonoses���Since 1994, a number of novel viruses have been described from bats in Australia and Malaysia, particularly from fruit bats belonging to the genus Pteropus (flying foxes), and it is probable that related viruses will be found in other countries across the geographical range of other members of the genus. These viruses include Hendra and Nipah viruses, members of a new genus, Henipaviruses, within the family Paramyxoviridae; Menangle and Tioman viruses, new members of the Rubulavirus genus within the Paramyxoviridae; and Australian bat lyssavirus (ABLV), a member of the Lyssavirus genus in the family Rhabdoviridae. All but Tioman virus are known to be associated with human and/or livestock diseases. The isolation, disease associations and biological properties of the viruses are described, and are used as the basis for developing management strategies for disease prevention or control. These strategies are directed largely at disease minimization through good farm management practices, reducing the potential for exposure to flying foxes, and better disease recognition and diagnosis, and for ABLV specifically, the use of rabies vaccine for pre- and post-exposure prophylaxis. Finally, an intriguing and long-term strategy is that of wildlife immunization through plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/12675937r��Mackenzie, J S
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Swine Diseases/*epidemiology/transmission/virology���AprÔ��Nipah virus, a novel paramyxovirus, closely related to Hendra virus emerged in northern part of Peninsular Malaysia in 1998. The virus caused an outbreak of severe febrile encephalitis in humans with a high mortality rate, whereas, in pigs, encephalitis and respiratory diseases but with a relatively low mortality rate. The outbreak subsequently spread to various regions of the country and Singapore in the south due to the movement of infected pigs. Nipah virus caused systemic infections in humans, pigs and other mammals. Histopathological and radiological findings were characteristic of the disease. Fruitbats of Pteropid species were identified as the natural reservoir hosts. Evidence suggested that climatic and anthropogenic driven ecological changes coupled with the location of piggeries in orchard and the design of pigsties allowed the spill-over of this novel paramyxovirus from its reservoir host into the domestic pigs and ultimately to humans and other animals.,��https://www.ncbi.nlm.nih.gov/pubmed/12637075[��Chua, Kaw Bing
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Retrospective Studies
Swine���Jan=��INTRODUCTION: Between September 1998 and June 1999, there was a severe outbreak of viral encephalitis among the pig farm workers in Malaysia. METHODS: This is a review of the published literature related to the outbreak with the focus on human diseases. RESULTS: The encephalitis was caused by a newly discovered paramyxovirus related to Hendra virus, later named Nipah virus. There were 265 patients with acute encephalitis. The disease is thought to spread from pig to man through close contact. The risk of human-to-human spread is thought to below. The disease affected mainly adult Chinese males, half of whom had affected family members. The disease presented mainly as acute encephalitis with a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia. Initial cerebrospinal fluid was abnormal in 75% of patients. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging showed distinctive changes of multiple, discrete, and small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was high at 40% and death was probably due to severe brainstem involvement. The main necropsy finding in acute encephalitis was that of disseminated microinfarction associated with vasculitis and direct neuronal involvement. Ribavirin was able to reduce the mortality by 36%. Relapse encephalitis was seen in 7.5% of those who recovered from acute encephalitis, and late-onset encephalitis in 3.4% of those with initial non-encephalitic or asymptomatic diseases. The mean interval between initial illness and the onset of the complication was 8.4 months. The relapse and late-onset encephalitis which manifested as focal encephalitis arose from recurrent infection. CONCLUSION: Nipah virus, a recently discovered paramyxovirus, causes a unique encephalitis with high mortality as well as relapse and late-onset encephalitis. The infection is mainly spread from pigs to man.,��https://www.ncbi.nlm.nih.gov/pubmed/12625108_��Tan, C T
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Ticks/*virology���Apr¥��Hendra virus is a new virus of the family Paramyxoviridae. This virus was first detected in Queensland, Australia, in 1994; although, it seems that the virus has infected fruit-eating bats (flying-foxes) for a very long time. At least 2 humans and 15 horses have been killed by this virus since it first emerged as a virus that may infect mammals other than flying-foxes. Hendra virus is thought to have moved from flying-foxes to horses, and then from horses to people. There is a reasonably strong hypothesis for horse-to-human transmission: transmission of virus via nasal discharge, saliva and/or urine. In contrast, there is no strong hypothesis for flying-fox-to-human transmission. I present evidence that the Australian paralysis tick, Ixodes holocyclus, which has apparently only recently become a parasite of flying-foxes, may transmit Hendra virus and perhaps related viruses from flying-foxes to horses and other mammals.,��https://www.ncbi.nlm.nih.gov/pubmed/12615503F��Barker, S C
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Zoonoses/epidemiology/virology���Jan���Nipah virus, a newly emerging deadly paramyxovirus isolated during a large outbreak of viral encephalitis in Malaysia, has many of the physical attributes to serve as a potential agent of bioterrorism. The outbreak caused widespread panic and fear because of its high mortality and the inability to control the disease initially. There were considerable social disruptions and tremendous economic loss to an important pig-rearing industry. This highly virulent virus, believed to be introduced into pig farms by fruit bats, spread easily among pigs and was transmitted to humans who came into close contact with infected animals. From pigs, the virus was also transmitted to other animals such as dogs, cats, and horses. The Nipah virus has the potential to be considered an agent of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/12615307|��Lam, Sai-Kit
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Tumor Necrosis Factor-alpha/*metabolism���Marí��Simian virus 5 (SV5) is a member of the paramyxovirus family, which includes emerging viruses such as Hendra virus and Nipah virus as well as many important human and animal pathogens that have been known for years. SV5 encodes eight known viral proteins, including a small hydrophobic integral membrane protein (SH) of 44 amino acids. SV5 without the SH gene (rSV5deltaSH) is viable, and growth of rSV5deltaSH in tissue culture cells and viral protein and mRNA production in rSV5deltaSH-infected cells are indistinguishable from those of the wild-type SV5 virus. However, rSV5deltaSH causes increased cytopathic effect (CPE) and apoptosis in MDBK cells and is attenuated in vivo, suggesting the SH protein plays an important role in SV5 pathogenesis. How rSV5deltaSH induces apoptosis in infected cells has been examined in this report. Tumor necrosis factor alpha (TNF-alpha), a proinflammatory cytokine, was detected in culture media of rSV5deltaSH-infected cells. Apoptosis induced by rSV5deltaSH was inhibited by neutralizing antibodies against TNF-alpha and TNF-alpha receptor 1 (TNF-R1), suggesting that TNF-alpha played an essential role in rSV5deltaSH-induced apoptosis in a TNF-R1-dependent manner. Examination of important proteins in the TNF-alpha signaling pathway showed that p65, a major NF-kappaB subunit whose activation can lead to transcription of TNF-alpha, was first translocated to the nucleus and was capable of binding to DNA and then was targeted for degradation in rSV5deltaSH-infected cells while expression levels of TNF-R1 remained relatively constant. Thus, rSV5deltaSH induced cell death by activating TNF-alpha expression, possibly through activation of the NF-kappaB subunit p65 and then targeting p65 for degradation, leading to apoptosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12610112���Lin, Yuan
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Virus Replication���Mar?��Nipah virus, which was first recognized during an outbreak of encephalitis with high mortality in Peninsular Malaysia during 1998-1999, is most closely related to Hendra virus, another emergent paramyxovirus first recognized in Australia in 1994. We have studied the morphologic features of Nipah virus in infected Vero E6 cells and human brain by using standard and immunogold electron microscopy and ultrastructural in situ hybridization. Nipah virions are enveloped particles composed of a tangle of filamentous nucleocapsids and measured as large as 1900 nm in diameter. The nucleocapsids measured up to 1.67 microm in length and had the herringbone structure characteristic for paramyxoviruses. Cellular infection was associated with multinucleation, intracytoplasmic nucleocapsid inclusions (NCIs), and long cytoplasmic tubules. Previously undescribed for other members of the family Paramyxoviridae, infected cells also contained an inclusion formed of reticular structures. Ultrastructural ISH studies suggest these inclusions play an important role in the transcription process.,��https://www.ncbi.nlm.nih.gov/pubmed/12606080Ý��Goldsmith, Cynthia S
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Viral Proteins/genetics/*physiology���Janí��We have generated a recombinant Newcastle disease virus (NDV) that expresses the green fluorescence protein (GFP) in infected chicken embryo fibroblasts (CEFs). This virus is interferon (IFN) sensitive, and pretreatment of cells with chicken alpha/beta IFN (IFN-alpha/beta) completely blocks viral GFP expression. Prior transfection of plasmid DNA induces an IFN response in CEFs and blocks NDV-GFP replication. However, transfection of known inhibitors of the IFN-alpha/beta system, including the influenza A virus NS1 protein and the Ebola virus VP35 protein, restores NDV-GFP replication. We therefore conclude that the NDV-GFP virus could be used to screen proteins expressed from plasmids for the ability to counteract the host cell IFN response. Using this system, we show that expression of the NDV V protein or the Nipah virus V, W, or C proteins rescues NDV-GFP replication in the face of the transfection-induced IFN response. The V and W proteins of Nipah virus, a highly lethal pathogen in humans, also block activation of an IFN-inducible promoter in primate cells. Interestingly, the amino-terminal region of the Nipah virus V protein, which is identical to the amino terminus of Nipah virus W, is sufficient to exert the IFN-antagonist activity. In contrast, the anti-IFN activity of the NDV V protein appears to be located in the carboxy-terminal region of the protein, a region implicated in the IFN-antagonist activity exhibited by the V proteins of mumps virus and human parainfluenza virus type 2.,��https://www.ncbi.nlm.nih.gov/pubmed/12502864õ��Park, Man-Seong
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Time���Jan���The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12486285Ý��Lim, C C T
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Ventilators, Mechanical���SepÃ��Long-term MV, delivered by way of a tracheostomy or noninvasive mask, often is indicated in patients with restrictive or neuromuscular pulmonary diseases and occasionally in patients with severe obstructive hypercapnic respiratory failure. Regardless of the mode of ventilation, respiratory physiology seems to be significantly impacted in these patients. Although the effects of ventilation can be unpredictable, they often seem to be favorable. Selected patients can develop increased sensitivity to hypercapnia, with subsequent improvements in blood gas tensions and decreased pulmonary artery pressures, which result in augmented cardiac function and greater tolerance to exercise. The patient-ventilator interaction, mode of ventilation, and degree of support should be considered when managing these patients. For some patients, particularly patients with fibrotic lung disease or COPD, chronic MV likely does not alter pathophysiology or improve prognosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12481966k��Hendra, Katherine
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*Zoonoses���Dec8��In 1998, an outbreak of acute encephalitis with high mortality rates among pig handlers in Malaysia led to the discovery of a novel paramyxovirus named Nipah virus. A multidisciplinary investigation that included epidemiology, microbiology, molecular biology, and pathology was pivotal in the discovery of this new human infection. Clinical and autopsy findings were derived from a series of 32 fatal human cases of Nipah virus infection. Diagnosis was established in all cases by a combination of immunohistochemistry (IHC) and serology. Routine histological stains, IHC, and electron microscopy were used to examine autopsy tissues. The main histopathological findings included a systemic vasculitis with extensive thrombosis and parenchymal necrosis, particularly in the central nervous system. Endothelial cell damage, necrosis, and syncytial giant cell formation were seen in affected vessels. Characteristic viral inclusions were seen by light and electron microscopy. IHC analysis showed widespread presence of Nipah virus antigens in endothelial and smooth muscle cells of blood vessels. Abundant viral antigens were also seen in various parenchymal cells, particularly in neurons. Infection of endothelial cells and neurons as well as vasculitis and thrombosis seem to be critical to the pathogenesis of this new human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/12466131\��Wong, Kum Thong
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Viral Envelope Proteins/genetics/*metabolism���Novª��Nipah virus (NiV) and Hendra virus (HeV) are novel paramyxoviruses from pigs and horses, respectively, that are responsible for fatal zoonotic infections of humans. The unique genetic and biological characteristics of these emerging agents has led to their classification as the prototypic members of a new genus within the Paramyxovirinae subfamily called HENIPAVIRUS: These viruses are most closely related to members of the genus Morbillivirus and infect cells through a pH-independent membrane fusion event mediated by the actions of their attachment (G) and fusion (F) glycoproteins. Understanding their cell biological features and exploring the functional characteristics of the NiV and HeV glycoproteins will help define important properties of these emerging viruses and may provide new insights into paramyxovirus membrane fusion mechanisms. Using a recombinant vaccinia virus system and a quantitative assay for fusion, we demonstrate NiV glycoprotein function and the same pattern of cellular tropism recently reported for HeV-mediated fusion, suggesting that NiV likely uses the same cellular receptor for infection. Fusion specificity was verified by inhibition with a specific antiserum or peptides derived from the alpha-helical heptads of NiV or HeV F. Like that of HeV, NiV-mediated fusion also requires both F and G. Finally, interactions between the glycoproteins of the paramyxoviruses have not been well defined, but here we show that the NiV and HeV glycoproteins are capable of highly efficient heterotypic functional activity with each other. However, no heterotypic activity was observed with envelope glycoproteins of the morbilliviruses Measles virus and Canine distemper virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12388678Ô��Bossart, Katharine N
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Virus Diseases/prevention & control/transmission���Oct 31ä��The reconstitution of blood and its components is hampered by factors of compatibility, availability, and the risk of transmission of infectious diseases. Protozoal agents such as plasmodium malariae and trypanosoma cruzi are only regionally relevant. Bacterial transmissions are easy to prevent and treat. Antibody, antigen, and nucleic acid screening have been implemented to prevent transmission of blood-borne viruses. Transfusion-relevant viruses include hepatitis B and C virus (HBV and HCV), human immunodeficiency virus (HIV), human T leukemia virus (HTLV-I), and in certain circumstances, parvovirus B19, hepatitis A virus (HAV), and cytomegalovirus (CMV). Of great concern is the possible transmission of prion protein causing transmissible spongiform encephalopathy. Of future interest will be whether other viruses such as Nipah and Hendra virus are blood-borne and whether viruses such as TT, SEN, and GBV-C are involved in diseases or their progression, while not causing hepatitis.,��https://www.ncbi.nlm.nih.gov/pubmed/12379292V��Guertler, Lutz
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Sequence Homology, Nucleic Acid���Jun���Ty1-copia-like retrotransposons have been identified and investigated in several plant species. Here, the internal region of the reverse transcriptase (RT) gene of Ty1-copia-like retrotransposons was amplified by PCR from total genomic DNA of 10 varieties of banana. Two to four clones from each variety were sequenced. Extreme heterogeneity in the sequences of Ty1-copia-like retrotransposons from all the varieties was revealed following sequence analysis of the reverse transcriptase (RT) fragments. The size of the individual RT gene fragments varied between 213 and 309 bp. Southern blots of genomic DNA digested from Musa acuminata and other banana varieties probed with W8 clone from M. acuminata and A4 clone from Pisang Abu Nipah showed similar strong, multiple restriction fragments together with other faint hybridization band patterns with variable intensities indicating the presence of many copies of the Ty1-copia-like retrotransposons in the genomes. There was no correlation between retroelement sequence and the banana species (with A or B genomes) from which it arose, suggesting that the probes are not useful for tracking genomes through breeding populations.,��https://www.ncbi.nlm.nih.gov/pubmed/12186754���Teo, C H
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Vero Cells���Aug;��A virus, named Oya virus, was isolated in Vero cell cultures from the lungs of a pig suspected of Nipah virus infection. The virus was revealed as a spherical enveloped RNA virus with a diameter of 79 nm. For identification of Oya virus, RT-PCR was performed. A common primer set for S-RNA of the Simbu serogroup of the genus Bunyavirus was able to amplify a cDNA from Oya virus RNA. The sequence data of the product revealed that the partial gene of Oya virus S-RNA segment had 65-70% homology with published cDNA sequences of Simbu serogroup viruses. The phylogenetic analysis of the data showed that the Oya virus is grouped in Simbu serogroup, but is genetically distinct from the serogroup viruses that have been analyzed molecularly. Serological surveys revealed that the virus distributed widely and densely in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/12181680¶��Kono, Y
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Tomography, Emission-Computed, Single-Photon���Jun£��An outbreak of infection with the Nipah virus, a novel paramyxovirus, occurred among pig farmers between September 1998 and June 1999 in Malaysia, involving 265 patients with 105 fatalities. This is a follow-up study 24 months after the outbreak. Twelve survivors (7.5%) of acute encephalitis had recurrent neurological disease (relapsed encephalitis). Of those who initially had acute nonencephalitic or asymptomatic infection, 10 patients (3.4%) had late-onset encephalitis. The mean interval between the first neurological episode and the time of initial infection was 8.4 months. Three patients had a second neurological episode. The onset of the relapsed or late-onset encephalitis was usually acute. Common clinical features were fever, headache, seizures, and focal neurological signs. Four of the 22 relapsed and late-onset encephalitis patients (18%) died. Magnetic resonance imaging typically showed patchy areas of confluent cortical lesions. Serial single-photon emission computed tomography showed the evolution of focal hyperperfusion to hypoperfusion in the corresponding areas. Necropsy of 2 patients showed changes of focal encephalitis with positive immunolocalization for Nipah virus antigens but no evidence of perivenous demyelination. We concluded that a unique relapsing and remitting encephalitis or late-onset encephalitis may result as a complication of persistent Nipah virus infection in the central nervous system.,��https://www.ncbi.nlm.nih.gov/pubmed/12112075D��Tan, Chong Tin
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Transcription Initiation Site���Jul*��A novel paramyxovirus in the genus Rubulavirus, named Tioman virus (TiV), was isolated in 1999 from a number of pooled urine samples of Island Flying Foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. TiV is antigenically related to Menangle virus (MenV) that was isolated in Australia in 1997 during disease outbreak in pigs. Sequence analysis of the full length genome indicated that TiV is a novel member of the genus Rubulavirus within the subfamily Paramyxovirinae, family Paramyxoviridae. However, there are several features of TiV which make it unique among known paramyxoviruses and rubulaviruses in particular: (1) TiV, like MenV, uses the nucleotide G as a transcriptional initiation site, rather than the A residue used by all other known paramyxoviruses; (2) TiV uses C as the +1 residue for all intergenic regions, a feature not seen for rubulaviruses but common for all other members within the subfamily Paramyxovirinae; (3) Although the attachment protein of TiV has structural features that are conserved in other rubulaviruses, it manifests no overall sequence homology with members of the genus, lacks the sialic acid-binding motif N-R-K-S-C-S and has only two out of the six highly conserved residues known to be important for the catalytic activity of neuraminidase.,��https://www.ncbi.nlm.nih.gov/pubmed/12111411ª��Chua, K B
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Swine Diseases/epidemiology/virology���Apr-Jun¾��In the interval 1994-1999, in Australia, Malaysia and Singapore, epizootic and epidemiological episodes of meningoencephalitis and severe acute respiratory syndromes were reported. Highly lethal in horses, swine and humans, the episodes were proved to be caused by the "new" viruses Hendra (HeV) and Nipah (NiV). At the same time three "new" viral agents have been isolated: Lyssavirus, Menanglevirus and Tupaia paramyxovirus. The intense contemporary circulation of people, animals and food products together with changes in human ecosystem favor new relations between humans and the "natural reservoirs" of biologic agents with a pathogenic potential for domestic and peridomestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/12089991z��Ivan, A
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Zoonoses���Jul 1s��Hendra virus infection should be suspected in someone with close association with horses or bats who presents acutely with pneumonia or encephalitis (potentially after a prolonged incubation period). Australian bat lyssavirus infection should be suspected in a patient with a progressive neurological illness and a history of exposure to a bat. Rabies vaccine and immunoglobulin should be strongly considered after a bite, scratch or mucous membrane exposure to a bat. Japanese encephalitis vaccine should be considered for people intending to reside in or visit endemic areas of southern or eastern Asia for more than 30 days.,��https://www.ncbi.nlm.nih.gov/pubmed/12088481~��McCormack, Joseph G
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Renal Dialysis/*adverse effects/instrumentation���Jun­��Patients on maintenance hemodialysis are vulnerable to chloramine toxicity if chloramines are inadequately removed. We report two critically ill patients with acute renal failure who developed methemoglobinemia during hemodialysis in the intensive care unit. During the same period, methemoglobin levels measured from 30 patients in the outpatient dialysis facility were undetectable. Methemoglobin levels normalized when the carbon filtration system of the portable dialysis machine was replaced with a larger unit to remove chloramines more effectively. Causes, treatment, and prevention of chloramine toxicity in patients receiving dialysis in the intensive care unit are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/12046046���de Torres, Juan P
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Viral Vaccines/administration & dosage���Apr 25×��Nipah virus (NV) and Hendra virus (HV) are recently emergent, related viruses that can cause severe disease in humans and animals. The goal of this study was to investigate the immunogenic and functional properties of the fusion (F) and attachment (G) glycoproteins of NV. Vaccination of mice with recombinant vaccinia viruses (rVVs) expressing either the F (rVV/NV-F) or G (rVV/NV-G) proteins of NV induced neutralizing antibody responses to NV, with higher titers produced after vaccination with rVV/NV-G. When the homologous pairs of F and G proteins from either HV or NV were coexpressed in a transient expression system, fusion was detected in less than 12 h. An equivalent amount of fusion was observed when the heterologous pairs of F and G proteins from HV and NV were coexpressed. Membrane fusion was inhibited by antiserum from mice vaccinated with rVV/NV-G and rVV/NV-F. Therefore, as with other paramyxoviruses, the membrane glycoproteins of NV are the targets of neutralizing antibodies and membrane fusion mediated by NV requires the presence of both the F and the G proteins. Data from these biological assays support the taxonomic grouping of both HV and NV in the new genus, Henipavirus, within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/12036330º��Tamin, Azaibi
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Trachea/pathology/virology���Feb-Apr°��A human isolate of Nipah virus from an outbreak of febrile encephalitis in Malaysia that coincided with a field outbreak of disease in pigs was used to infect eight 6-week-old pigs orally or subcutaneously and two cats oronasally. In pigs, the virus induced a respiratory and neurological syndrome consistent with that observed in the Malaysian pigs. Not all the pigs showed clinical signs, but Nipah virus was recovered from the nose and oropharynx of both clinically and sub-clinically infected animals. Natural infection of in-contact pigs, which was readily demonstrated, appeared to be acute and self-limiting. Subclinical infections occurred in both inoculated and in-contact pigs. Respiratory and neurological disease was also produced in the cats, with recovery of virus from urine as well as from the oropharynx. The clinical and pathological syndrome induced by Nipah virus in cats was comparable with that associated with Hendra virus infection in this species, except that in fatal infection with Nipah virus there was extensive inflammation of the respiratory epithelium, associated with the presence of viral antigen. Viral shedding via the nasopharynx, as observed in pigs and cats in the present study, was not a regular feature of earlier reports of experimental Hendra virus infection in cats and horses. The findings indicate the possibility of field transmission of Nipah virus between pigs via respiratory and oropharyngeal secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/11945001Ç��Middleton, D J
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Vero Cells���May 1Ù��Emerging infectious diseases involving zoonosis have become important global health problems. The 1998 outbreak of severe febrile encephalitis among pig farmers in Malaysia caused by a newly emergent paramyxovirus, Nipah virus, is a good example. This disease has the potential to spread to other countries through infected animals and can cause considerable economic loss. The clinical presentation includes segmental myoclonus, areflexia, hypertension, and tachycardia, and histologic evidence includes endothelial damage and vasculitis of the brain and other major organs. Magnetic resonance imaging has demonstrated the presence of discrete high-signal-intensity lesions disseminated throughout the brain. Nipah virus causes syncytial formation in Vero cells and is antigenically related to Hendra virus. The Island flying fox (Pteropus hypomelanus; the fruit bat) is a likely reservoir of this virus. The outbreak in Malaysia was controlled through the culling of >1 million pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/11938496t��Lam, Sai Kit
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Zoonoses���Febï��Following the Nipah virus (NV) outbreak in March 1999 in Singapore, a serological survey was undertaken to screen individuals potentially exposed to NV. Blood samples were tested for NV IgM, IgG and neutralizing antibodies. Twenty-two (1.5%) of 1469 people tested had antibodies suggesting NV infection. Although 12 of the 22 infected people (54.6%) were symptomatic, the remaining 10 (45.4%) were clinically well and had no past history of compatible pulmonary or neurological disease. Clinical and serological findings suggested three people had been infected with NV before the outbreak was recognized. All those who were infected were male abattoir workers. None of the people who had contact with horses, and no healthcare workers exposed to infected patients and their specimens had detectable antibodies. This study provides evidence that NV causes asymptomatic infection. All of the antibody positive individuals had direct contact with pigs and there was no evidence of human to human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/11895096���Chan, K P
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Viral Fusion Proteins/biosynthesis/*physiology���Nov 10è��Hendra virus (HeV) is an emerging paramyxovirus first isolated from cases of severe respiratory disease that fatally affected both horses and humans. Understanding the mechanisms of host cell infection and cross-species transmission is an important step in addressing the risk posed by such emerging pathogens. We have initiated studies to characterize the biological properties of the HeV envelope glycoproteins. Recombinant vaccinia viruses encoding the HeV F and G open reading frames were generated and glycoprotein expression was verified by metabolic labeling and detection using specific antisera. Glycoprotein function and cellular tropism were examined with a quantitative assay for HeV-mediated membrane fusion. Fusion specificity was verified through specific inhibition by anti-HeV antiserum and a peptide corresponding to one of the alpha-helical heptad repeats of F. HeV requires both F and G to mediate fusion. Permissive target cells have been identified, including cell lines derived from cat, bat, horse, human, monkey, mouse, and rabbit. Fusion negative cell types have also been identified. Protease treatments of the target cells abolished fusion activity, suggesting that the virus is employing a cell-surface protein as its receptor.,��https://www.ncbi.nlm.nih.gov/pubmed/11882997­��Bossart, K N
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Vero Cells���FebÏ��In late 1998, Nipah virus emerged in peninsular Malaysia and caused fatal disease in domestic pigs and humans and substantial economic loss to the local pig industry. Surveillance of wildlife species during the outbreak showed neutralizing antibodies to Nipah virus mainly in Island flying-foxes (Pteropus hypomelanus) and Malayan flying-foxes (Pteropus vampyrus) but no virus reactive with anti-Nipah virus antibodies was isolated. We adopted a novel approach of collecting urine from these Island flying-foxes and swabs of their partially eaten fruits. Three viral isolates (two from urine and one from a partially eaten fruit swab) that caused Nipah virus-like syncytial cytopathic effect in Vero cells and stained strongly with Nipah- and Hendra-specific antibodies were isolated. Molecular sequencing and analysis of the 11,200-nucleotide fragment representing the beginning of the nucleocapsid gene to the end of the glycoprotein gene of one isolate confirmed the isolate to be Nipah virus with a sequence deviation of five to six nucleotides from Nipah virus isolated from humans. The isolation of Nipah virus from the Island flying-fox corroborates the serological evidence that it is one of the natural hosts of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11880045ç��Chua, Kaw Bing
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Vero Cells���Aprª��The recent emergence of novel viruses requires reliable methodology for their identification and confirmation both on a cellular and molecular level. Mass spectrometry offers a suitable approach for the identification and characterisation of viral proteins and its application is demonstrated in this study. Menangle virus is a previously unclassified member of the family Paramyxoviridae isolated in Australia in 1997. Menangle virus caused disease in pregnant pigs, and like the other newly emergent Hendra, Nipah and Tioman viruses, appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. The 61 kDa gel-purified protein isolated from cell-associated Menangle virus ribonucleoprotein (RNP) was identified as the nucleocapsid protein (NP) by peptide mapping, mass spectrometry and amino acid sequencing. Over 69% of the amino acid sequence was obtained and found to be identical with that derived from gene analysis (Virology, 283 (2001), 358). The first residue of the mature NP was found to be serine (second residue in the gene derived amino acid sequence). The NP was found to be acetylated at the N-terminus (at Ser-2) and appears to be not modified by phosphorylation.,��https://www.ncbi.nlm.nih.gov/pubmed/11879690|��Shiell, Brian J
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Virus Diseases/*epidemiology/therapy/transmission���Febè��Emerging viruses include known viruses that have increased in incidence or geographic range (such as enteroviruses and Japanese encephalitis virus), new viruses associated with known diseases (Australian bat lyssavirus) and new viruses associated with previously unrecognized diseases (Hendra and Nipah viruses). Some may have a predilection for children (Japanese encephalitis, influenza viruses and enterovirus 71) and vigilance is essential to ensure early recognition of these agents.,��https://www.ncbi.nlm.nih.gov/pubmed/11869391a��Daley, A J
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Risk���Feb¿��BACKGROUND: An outbreak of viral encephalitis occurred among pig industry workers in Malaysia in September 1998 to April 1999. The encephalitis was attributed to a new paramyxovirus, Nipah virus. This is a description of the clinical features of 103 patients treated in the Seremban Hospital with characterization of the prognostic factors. METHODS: Clinical case records and laboratory investigations were reviewed. The case definition was: patients from the outbreak area, direct contact or in close proximity with pigs, clinical or CSF features of encephalitis. RESULTS: The mean age was 38 years, 89% were male, 58% were ethnic Chinese, 78% were pig farm owners or hired workers. The mean incubation period was 10 days. The patients typically presented with nonspecific systemic symptoms of fever, headache, myalgia and sore throat. Seizures and focal neurological signs were seen in 16% and 5% respectively. In the more severe cases, this was followed by drowsiness and deteriorating consciousness requiring ventilation in 61%. Autonomic disturbances and myoclonic jerks were common features. The mortality was high at 41%. Systolic hypertension, tachycardia and high fever were associated with poor outcome. On the other hand, 40% recovered fully. As for the other 19%, the residual neurological signs were mostly mild. CONCLUSION: Nipah virus caused an encephalitis illness with short incubation period and high mortality. The prognosis for the survivors was good.,��https://www.ncbi.nlm.nih.gov/pubmed/11858542ø��Chong, Heng Thay
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Surveys and Questionnaires���Maré��The effects of insulin therapy on patient well-being, treatment satisfaction and mood, and on carer strain were studied in 30 elderly Type 2 diabetic patients (age 73 +/- 7 (SD) yr) in poor glycaemic control on tablet therapy. A comparison group of ten poorly controlled patients who remained on oral agents was also studied. After 4 weeks of insulin treatment, there were significant improvements in mental health, role-emotional, role-physical (all P<0.05) and vitality (P<0.01) domains of the short form health survey (SF-36), and also in the diabetes treatment and satisfaction questionnaire (DTSQ) and geriatric depression scale (both P<0.01) compared to baseline. After 12 weeks, the improvements in mental health, social functioning and vitality (P<0.01 for all domains), and in the DTSQ were sustained. Carer strain was lower at 4 weeks. No changes in outcomes were seen in the comparison group. In selected elderly Type 2 diabetic patients, insulin treatment is associated with significant improvements in well-being, treatment satisfaction and mood, even without significant improvements in glycaemic control and without increase in carer strain. The SF-36 and DTSQ are sensitive to the benefits of the changes in the treatment for these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11850096È��Reza, M
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Paramyxovirinae���Jan¸��PURPOSE: To report the serial magnetic resonance (MR) imaging findings of the Nipah virus. MATERIALS AND METHODS: Twelve patients underwent serial MR imaging. Eight patients were examined at the outbreak; 11, at 1 month; and seven, at 6 months. Contrast material-enhanced MR images, diffusion-weighted images, and single-voxel proton MR spectroscopic images were reviewed. Clinical and neurologic assessment, as well as analysis of the size, location, and appearance of brain lesions on MR images, were performed. RESULTS: During the outbreak, all eight patients had multiple small foci of high signal intensity within the white matter on T2-weighted images. In six patients, cortical and brain stem lesions were also detected, and five patients had diffusion-weighted MR imaging-depicted hyperintensities. One month after the outbreak, five patients had widespread tiny foci of high signal intensity on T1-weighted images, particularly in the cerebral cortex. Diffusion-weighted images showed decreased prominence or disappearance of lesions over time. There was no evidence of progression or relapse of the lesions at 6-month follow-up. MR spectroscopy depicted reduction in N-acetylaspartate-to-creatine ratio and elevation of choline-to-creatine ratios. CONCLUSION: The Nipah virus has findings unlike other viral encephalitides: small lesions that are primarily within the white matter, with transient punctate cortical hyperintensities on T1-weighted images.,��https://www.ncbi.nlm.nih.gov/pubmed/11756729���Lim, C C Tchoyoson
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��The authors assess the expected economic impact of three exotic diseases on the pig industry of Australia. An integrated epidemiological/economic approach was used to assess the effects of classical swine fever, Nipah virus and porcine reproductive and respiratory syndrome. Scenarios involving either an epidemic event, in which the outbreaks were confined to selected regions and were eradicated, or an endemic situation, in which the diseases became established in Australia, were studied. Based only on loss of sales and disposal costs, epidemics resulted in regional losses in income of the order of AUS$10 million-AUS$30 million (16%-37%) depending on disease and region. If any of these diseases became established, opportunity losses in gross national pig income of 5%-11% per year would occur, with classical swine fever the most serious of the three diseases. Establishment of any of the diseases would lead to rapid structural change in the pig industry, with concomitant social and economic dislocation in regional Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/11732410���Garner, M G
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Swine���Oct���BACKGROUND: An outbreak of encephalitis primarily affecting pig farmers occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah virus, which infected pigs, humans, dogs, and cats. Because five abattoir workers were also affected, a survey was conducted to assess the risk of Nipah infection among abattoir workers. METHODS: Workers from all 143 registered abattoirs in 11 of 13 states in Malaysia were invited to participate in this cross-sectional study. Participants were interviewed to ascertain information on illness and activities performed at the abattoir. A serum sample was obtained to test for Nipah virus antibody. RESULTS: Seven (1.6 %) of 435 abattoir workers who slaughtered pigs versus zero (0%) of 233 workers who slaughtered ruminants showed antibody to Nipah virus (P = 0.05). All antibody-positive workers were from abattoirs in the three states that reported outbreak cases among pig farmers. Workers in these three states were more likely than those in other states to have Nipah antibody (7/144 [4.86%] versus 0/291 [0%], P < 0.001) and report symptoms suggestive of Nipah disease in pigs admitted to the abattoirs (P = 0.001). CONCLUSIONS: Nipah infection was not widespread among abattoir workers in Malaysia and was linked to exposure to pigs. Since it may be difficult to identify Nipah-infected pigs capable of transmitting virus by clinical symptoms, using personal protective equipment, conducting surveillance for Nipah infection on pig farms which supply abattoirs, and avoiding handling and processing of potentially infected pigs are presently the best strategies to prevent transmission of Nipah virus in abattoirs.,��https://www.ncbi.nlm.nih.gov/pubmed/11689513£��Sahani, M
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*Viral Plaque Assay���Jan°��Rapid immune plaque assays have been developed to quantify biohazard level 4 agents Hendra and Nipah viruses and detect neutralising antibodies to both viruses. The methods rely on the fact that both viruses rapidly generate large syncytia in monolayers of Vero cells within 24 h and that monospecific antiserum to the Hendra virus phosphoprotein (P) detects that protein in both Hendra and Nipah virus-induced syncytia after methanol fixation of virus-infected cells. The P protein is a constituent of the ribonucleoprotein core of the viruses and a component of the viral RNA-dependent RNA polymerase and is made in significant amounts in infected cells. In the immune plaque assay, anti-P antibody is localised by an alkaline phosphatase-linked second antibody and the Western blot substrates 5-bromo-4-chloro-3-indolyl phosphate and p-nitro blue tetrazolium. A modification of the rapid immune plaque assay was also used to detect antibodies to Nipah virus in a panel of porcine field sera from Malaysia and the results showed good agreement between the immune plaque assay and a traditional serum neutralisation test. After methanol fixation, plates can be stored for up to 7 months and may be used in the immune plaque assay to complement the enzyme-linked immunosorbent assay screening of sera for antibodies to Nipah virus. At present, all enzyme-linked immunosorbent assay positive sera are subject to confirmatory serum neutralisation tests. Use of the immune plaque assay may reduce the number of sera requiring confirmatory neutralisation testing for Nipah virus antibodies under biohazard level 4 conditions by identifying those that generate false positive in the enzyme-linked immunosorbent assay.,��https://www.ncbi.nlm.nih.gov/pubmed/11684302¨��Crameri, Gary
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Viral Matrix Proteins/*genetics���Oct���Phylogenetic relationships among the Paramyxoviridae, a broad family of viruses whose members cause devastating diseases of wildlife, livestock, and humans, were examined with both fusion (F) and matrix (M) protein-coding sequences. Neighbor-joining trees of F and M protein sequences showed that the Paramyxoviridae was divided into the two traditionally recognized subfamilies, the Paramyxovirinae and the Pneumovirinae. Within the Paramyxovirinae, the results also showed groups corresponding to three currently recognized genera: Respirovirus, Morbillivirus, and Rubulavirus. The relationships among the three genera of the Paramyxovirinae were resolved with M protein sequences and there was significant bootstrap support (100%) showing that members of the genus Respirovirus and the genus Morbillivirus were more closely related to each other than to members of the genus Rubulavirus. Both F and M phylogenies showed that Newcastle disease virus (NDV) was more closely related to the genus Rubulavirus than to the other two genera but were consistent with the proposal (B. S. Seal et al., 2000, Virus Res. 66, 1-11) that NDV be classified as a separate genus within the Paramyxovirinae. Both F and M phylogenies were also consistent with the proposal (L. Wang et al., 2000, J. Virol 74, 9972-9979) that Hendra virus be classified as a new genus closely related and basal to the genus Morbillivirus. Rinderpest was most closely related to measles and a more derived virus than to canine distemper virus, phocine distemper virus, or dolphin morbillivirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11603943×��Westover, K M
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Viral Proteins/genetics���Nov 28Í��Viral agents from 18 different snake species (families Colubridae, Viperidae, and Crotalidae) showing respiratory symptoms and neuronal disease were identified as paramyxoviruses by typical cytopathogenic effect (CPE), electron microscopy, and hemagglutination inhibition. Detailed molecular characterization of the viruses was performed by partial L- and F-gene-specific reverse transcription polymerase chain reaction (RT-PCR) and sequencing, nucleotide and amino acid sequence alignment, and phylogenetic analysis (PHYLIP). RT-PCR of the partial L-gene (566 nt) was successful for all 18 viruses; amplicons of the partial F-gene (918 nt) could be obtained in 16 cases. F- and L-sequence alignment revealed similarities to Fer de Lance virus (FDLV) ranging from 79 to 88% on a nucleotide basis, and 94 to 99% on an amino acid basis. Phylogenetic analysis of the ophidian paramyxoviruses resulted in three clusters for the L-gene sequence and corresponding clusters for the F-gene sequence, indicating no species specificity. We analyzed the F-protein of the snake paramyxoviruses, which proved to have an identical conserved motif of heptad repeat A and predicted a furin cleavage site. This uniformity distinguishes the snake virus group from the other type species of the subfamily Paramyxovirinae. For further classification, we aligned the sequences of the ophidian paramyxoviruses and members of the Paramyxoviridae, such as Sendai virus (genus Respirovirus), mumps virus (genus Rubulavirus), measles virus (genus Morbillivirus), human respiratory syncytial virus (genus Pneumovirus) (Van Regenmortel and 10 co-authors, 2000) and Hendra virus, which have recently been suggested as type species of the genus Henipavirus (Wang et al., 2000). Maximum sequence similarity was found to the partial L-gene of Sendai virus, with 56% nucleotide and 61% amino acid identity. The FDLV and Sendai virus cluster in the phylogenetic analysis of L- and F-protein regarding the Paramyxovirus type species and Hendra virus and show the closest relationship. Regarding the biological properties, the antigenic distance, and particularly the low homology of available sequences, we propose a new genus for the reptilian paramyxoviruses within the Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11597749¡��Franke, J
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Viral Proteins/chemistry/genetics���May 10P��Menangle virus (MenV), isolated in August 1997 following an outbreak of reproductive disease in a piggery in New South Wales, is the second previously unclassified member of the family Paramyxoviridae to be identified in Australia since 1994. Similar to Hendra virus (HeV), MenV appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. No serological cross-reactivity was detected between MenV and other known paramyxoviruses and to facilitate virus classification a cDNA subtraction method was used to obtain viral-specific cDNA from MenV-infected cells. Cloning and sequencing of the products enabled the entire sequences of the NP, P/V, M, F, and HN genes to be determined. Comparison of the nucleotide and deduced amino acid sequences for each gene with members of the family Paramyxoviridae, determination of the P gene mRNA editing strategy, and phylogenetic analyses confirmed that MenV is a new member of the genus Rubulavirus. However the deduced protein sequence of MenV HN exhibited only limited sequence homology when compared with attachment proteins of other paramyxoviruses. Key differences within the amino acid residues considered important determinants of neuraminidase activity suggest MenV HN is unlikely to possess the same degree of neuraminidase activity characteristic of other rubulavirus and respirovirus HN proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/11336561���Bowden, T R
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Viral Proteins/chemistry/genetics/immunology���May 10³��A search for the natural host of Nipah virus has led to the isolation of a previously unknown member of the family Paramyxoviridae. Tioman virus (TiV) was isolated from the urine of fruit bats (Pteropus hypomelanus) found on the island of the same name off the eastern coast of peninsular Malaysia. An electron microscopic study of TiV-infected cells revealed spherical and pleomorphic-enveloped viral particles (100--500 nm in size) with a single fringe of embedded peplomers. Virus morphogenesis occurred at the plasma membrane of infected cells and morphological features of negative-stained ribonucleoprotein complexes were compatible with that of viruses in the family Paramyxoviridae. Serological studies revealed no cross-reactivity with antibodies against a number of known Paramyxoviridae members except for the newly described Menangle virus (MenV), isolated in Australia in 1997. Failure of PCR amplification using MenV-specific primers suggested that this new virus is related to but different from MenV. For molecular characterization of the virus, a cDNA subtraction strategy was employed to isolate virus-specific cDNA from virus-infected cells. Complete gene sequences for the nucleocapsid protein (N) and phosphoprotein (P/V) have been determined and recombinant N and V proteins produced in baculovirus. The recombinant N and V proteins reacted with porcine anti-MenV sera in Western blot, confirming the serological cross-reactivity observed during initial virus characterization. The lack of a C protein-coding region in the P/V gene, the creation of P mRNA by insertion of 2-G residues, and the results of phylogenetic analyses all indicated that TiV is a novel member of the genus Rubulavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11336547Ì��Chua, K B
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West Nile virus/pathogenicity���Mar 31¼��The emergence and re-emergence of viral infections is an ongoing process. Large-scale vaccination programmes led to the eradication or control of some viral infections in the last century, but new viruses are always emerging. Increased travel is leading to a rise in the importation of exotic infections such as dengue and hepatitis E, but also of hepatitis A, which is no longer endemic. Apart from import diseases new viruses have appeared (Nipah-virus and transfusion-transmitted virus). Existing viruses may suddenly cause more severe diseases, e.g. infection by enterovirus 71. The distribution area of a virus may change, e.g. in case of West Nile virus, an Egyptian encephalitis virus that appears to have established itself in the USA. Furthermore, there is no such thing as a completely new virus; it is always an existing virus that has adapted itself to another host or that was already present in humans but has only recently been discovered. A number of factors facilitate the emergence of new infectious diseases. These include intensive animal husbandry and the transport of animals. The unexpected appearance of West Nile virus in the western hemisphere was possibly due to animal transportation.,��https://www.ncbi.nlm.nih.gov/pubmed/11305210v��Galama, J M
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Viral Fusion Proteins/*immunologyµ��The Paramyxovirinae sub-family contains viruses of major importance for humans (measles and mumps viruses) and animals (Newcastle disease virus, canine distemper virus, rinderpest virus) but also zoonotic viruses (Hendra and Nipah viruses). Newcastle disease virus, a Rubulavirus, which is specific of birds, can be used as a model for understanding the pathogenicity mechanisms of Paramyxovirinae and for the study of vaccination against the diseases they cause. The F protein of pathogenic strains of Newcastle disease virus have a polybasic cleavage site (K/R-Q-K/R-R) which is specific of furine, a cellular enzyme present in all cellular types, what allows viral multiplication in all cells of the host. Such cleavage site is also present in the F protein of measles and mumps viruses. Antibodies against the F protein are the most effective in the immune response against Newcastle disease virus. The major role played by the F protein in the immunity against Paramyxovirinae arises also from the research performed on other animal (rinderpest and canine distemper viruses) and human (measles virus) viruses. Recombinant and sub-unit vaccines as well as DNA vaccination based on the expression of viral glycoproteins allow effective vaccination of chickens against Newcastle disease. The use of a similar approach could lead to the development of new vaccines against measles or mumps and if necessary to produce vaccines against zoonotic Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/11268674���Meulemans, G
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Virus Shedding���Janµ��OBJECTIVES: To study the excretion of Nipah virus in the upper respiratory secretions and urine of infected patients in relation to other clinical features. METHODS: Isolation of Nipah virus from the respiratory secretions and urine was made in Vero cells and identified by indirect immunofluorescence assay using anti-Hendra specific hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG. RESULTS: During the peak outbreak of Nipah virus encephalitis in Malaysia, Nipah virus was isolated from the upper respiratory secretions and urine in eight of 20 patients who were virologically and/or serologically confirmed to be infected with the virus. From these eight patients, Nipah virus was isolated from six throat swab specimens, three urine specimens and only one nasal swab specimen. The positive virus isolation rate was related to the collection of these specimens during the early phase of the illness (P = 0.068). The presence of serum anti-Nipah specific IgM appeared to reduce the chance of isolating the virus (P = 0.049). There was no significant difference in the isolation rate with respect to the age, gender, ethnic group and clinical features associated with grave prognosis and mortality outcome of the patients. CONCLUSION: This study shows that it is possible to be infected from secretions of infected patients, but epidemiological survey on close contacts so far did not suggest that human-to-human transmission is common.,��https://www.ncbi.nlm.nih.gov/pubmed/11243752Î��Chua, K B
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Zoonoses/epidemiology/etiology/microbiology���Feb 23���By using the criteria that define emerging infectious diseases (EIDs) of humans, we can identify a similar group of EIDs in wildlife. In the current review we highlight an important series of wildlife EIDs: amphibian chytridiomycosis; diseases of marine invertebrates and vertebrates and two recently-emerged viral zoonoses, Nipah virus disease and West Nile virus disease. These exemplify the varied etiology, pathogenesis, zoonotic potential and ecological impact of wildlife EIDs. Strikingly similar underlying factors drive disease emergence in both human and wildlife populations. These are predominantly ecological and almost entirely the product of human environmental change. The implications of wildlife EIDs are twofold: emerging wildlife diseases cause direct and indirect loss of biodiversity and add to the threat of zoonotic disease emergence. Since human environmental changes are largely responsible for their emergence, the threats wildlife EIDs pose to biodiversity and human health represent yet another consequence of anthropogenic influence on ecosystems. We identify key areas where existing expertise in ecology, conservation biology, wildlife biology, veterinary medicine and the impact of environmental change would augment programs to investigate emerging diseases of humans, and we comment on the need for greater medical and microbiological input into the study of wildlife diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11230820»��Daszak, P
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Zoonoses/transmission���Dec9��The most important clinical and pathological manifestation of Hendra virus infection in horses and humans is that of severe interstitial pneumonia caused by viral infection of small blood vessels. The virus is also capable of causing nervous disease. Hendra virus is not contagious in horses and is spread by close contact with body fluids, such as froth from infected lungs. Diagnosis should be based on the laboratory examination of blood, lung, kidney, spleen, and, if nervous signs are present, also of the brain. Evidence of infection with the more recently identified and related Nipah virus was found in the brain of one horse in which there was inflammation of the meningeal blood vessels. Fruit bats, especially Pteropus s., have been incriminated as the natural and reservoir hosts of both Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/11219352s��Hooper, P T
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Zoonoses/transmission/virology&��A pig-borne virus causing viral encephalitis amongst human beings in Malaysia was detected in 1997 by the Ministry of Health. Initially, the disease was considered to be Japanese encephalitis. Subsequently, it was thought to be a Hendra-like viral encephalitis, but on 10th April, 1999 the Minister of Health announced this mysterious and deadly virus to be a new virus named Nipah virus. The virus was characterized at CDC, Atlanta, Georgia. The gene sequencing of the enveloped virus revealed that one of the genes had 21% difference in the nucleotide sequence with about 8% difference in the amino acid sequence from Hendra virus isolated from horses in Australia in 1994. The virus was named after the village Nipah. In all, the Ministry of Health declared 101 human casualties, and 900,000 pigs were culled by April, 1999. The worst affected area in Malaysia was Negri Sembilan. The symptoms, incubation period in human being and pigs, animal to human transmission, threat of disease to other livestock, and control program adopted in Malaysia is described.,��https://www.ncbi.nlm.nih.gov/pubmed/11193645A��Uppal, P K
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Zoonoses/*transmission���Dec���The risk of zoonotic disease transmission when handling livestock or animal products is substantial. In industrialized countries, the classical zoonotic diseases such as tuberculosis or brucellosis are no longer in the foreground. Latent zoonoses such as salmonellosis and campylobacteriosis can cause serious disease in humans and have become a major public health problem during the past years. Since animals infected with these pathogens show only mild transient disease or no clinical signs at all, new concepts in the entire production line ("stable to table") are necessary in order to avoid human infection. Two emerging viruses with zoonotic potential--avian influenza virus and Nipah virus--have been found in Asia in 1997 and 1999. Both diseases had a major impact on disease control and public health in the countries of origin. In order to cope threats from infectious diseases, in particular those of public health relevance, a combined effort among all institutions involved will be necessary. The proposed "European Center for Infectious Diseases" and the "Swiss center for zoonotic diseases" could be a potential approach in order to achieve this goal.,��https://www.ncbi.nlm.nih.gov/pubmed/11189834���Jemmi, T
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Zoonoses/*transmission���Apr¯��The ability of infectious disease agents to cross the species barrier has long been recognised for many zoonotic diseases. New viral zoonotic diseases, such as acquired immune deficiency syndrome (AIDS), caused by human immunodeficiency viruses 1 or 2, emerged in the 1980s and 1990s, and have become established in the human population. Influenza virus continues to find new ways to move from avian species into humans. The filoviruses and the newer paramyxoviruses, Hendra and Nipah, highlight the increasing proclivity of some animal viral agents to infect human populations with devastating results. A previously unknown transmissible spongiform encephalopathy, bovine spongiform encephalopathy, has emerged in cattle in Europe and spread to humans as well as other animal species. A novel toxicosis, caused by Pfiesteria spp. dinoflagellates, has become a secondary problem in some areas where large fish kills have occurred. The increasing proximity of human and animal populations has led to the emergence of, or increase in, bacterial zoonoses such as plague, leptospirosis and ehrlichiosis. The factors which influence the ability of each infectious agent to effectively across the species barrier and infect new cells and populations are poorly understood. However, for all of these diseases, the underlying theme is the growth of the human population, the mobility of that population, and the efforts expended to keep that population nourished.,��https://www.ncbi.nlm.nih.gov/pubmed/11189724[��Mahy, B W
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*Zoonoses/epidemiology/virology���Apre��Between late 1998 and 1999, the spread of a new disease of pigs, characterized by a pronounced respiratory and neurological syndrome, sometimes accompanied by the sudden death of sows and boars, was recorded in pig farms in peninsular Malaysia. The disease appeared to have a close association with an epidemic of viral encephalitis among workers on pig farms. A previously unrecognised paramyxovirus was later identified from this outbreak; this virus was related to, but distinct from, the Hendra virus discovered in Australia in 1994. The new virus was named 'Nipah' and was confirmed by molecular characterization to be the agent responsible for the disease in both humans and pigs. The name proposed for the new pig disease was 'porcine respiratory and neurological syndrome' (also known as 'porcine respiratory and encephalitis syndrome'), or, in peninsular Malaysia, 'barking pig syndrome'. The authors describe the new disease and provide the epidemiological findings recorded among infected pigs. In addition, the control programmes which were instituted to contain the virus in the national swine herd are outlined.,��https://www.ncbi.nlm.nih.gov/pubmed/11189713f��Mohd Nor, M N
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Zoonoses/epidemiology/transmission/*virology���Apr®��The author provides an account of the discovery of a previously undescribed disease of horses and a description of the studies involved in determining the aetiology of the disease. The causative virus, now named Hendra virus (HeV), is the reference virus for a proposed new genus within the virus family Paramyxoviridae. The virus is a lethal zoonotic agent able to cause natural disease in humans and horses and experimentally induced disease in cats, guinea-pigs and mice. The virus also naturally infects species of the family Megachiroptera, mainly subclinically, and such animals are the natural host of HeV. The virus appears to transmit readily between species of Megachiroptera, but not readily between horses under natural and experimental conditions, or from horses to humans. The method of transmission from bats to horses is not known. Three incidents of HeV disease in horses have been recorded in Australia--two in 1994 which caused the death of two humans and fifteen horses and one in 1999 which involved the death of a single horse. Hendra virus is related to Nipah virus, the virus that caused disease and mortality in humans, pigs, dogs and cats in Malaysia during 1998 and 1999.,��https://www.ncbi.nlm.nih.gov/pubmed/11189712T��Westbury, H A
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Surveys and Questionnaires���Mar 1ú��During 1998-1999, an outbreak of Nipah virus encephalitis occurred in Malaysia. To assess the possibility of nosocomial transmission, 338 health care workers (HCWs) exposed and 288 HCWs unexposed to outbreak-related patients were surveyed, and their serum samples were tested for anti-Nipah virus antibody. Needlestick injuries were reported by 12 (3%) HCWs, mucosal surface exposure to body fluids by 39 (11%), and skin exposure to body fluids by 89 (25%). No encephalitis occurred in either group. Three exposed and no unexposed HCWs tested positive by EIA for IgG antibodies. It is likely that these 3 were false positives; no IgM response occurred, and the serum samples were negative for anti-Nipah virus neutralizing antibodies. The risk of nosocomial transmission of Nipah virus appears to be low; however, given the high case-fatality rate and the presence of virus in respiratory secretions and urine of some patients, standard and droplet infection-control practices should be maintained with these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11181159Â��Mounts, A W
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*Swine���Jun���Between September 1998 and May 1999, 265 cases of encephalitis were reported from among those involved in pig rearing. A few cases were also reported among abattoir workers. This raised questions of the risk of transmission among those who handled raw pork. A serosurvey was conducted among pork sellers in Seremban town, which is about 20 km from one of the pig rearing areas which had reported cases of encephalitis. It was found that out of the 28 pork sellers tested, only one tested positive for Nipah virus antibodies and that this pork seller also worked in an abattoir in the same district, removing the urinary bladders from slaughtered pigs. Based on these findings, it was concluded that the risk of transmission of the virus from handling raw pork appeared to be low.,��https://www.ncbi.nlm.nih.gov/pubmed/11127331²��Premalatha, G D
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*Swine���Jun&��A hospital-based case-control study of viral encephalitis was carried out at Port Dickson Hospital, in the state of Negeri Sembilan, Malaysia. Between March and May 1999, 69 clinically diagnosed viral encephalitis cases and 31 controls were interviewed. Job histories on pig farming activities were assessed by a group of epidemiologists and veterinary surgeons. Results show that among clinical cases of viral encephalitis, 52 (75.4%) cases were diagnosed to have Nipah virus infection based on positive serology for antibodies to the cross-reacting Hendra virus antigen. The Nipah virus encephalitis was significantly associated with a history of working in pig farms (p < 0.001, OR = 196.0, 95% CI = 20.4-4741.6), history of contact with animals (p < 0.001, OR = 38.3, 95% CI = 8.2-209.0) and with history of direct contact with pigs (p = 0.002, OR = 34.4, 95% CI = 2.6-1,024.4). The Nipah virus infection was also significantly associated with history of feeding/cleaning pigs (p < 0.001, OR = 102, 95% CI = 11.9-2,271.5). These results provide evidence that involvement in pig farming activities is significantly associated with the risk of getting Nipah virus infection. They are potential risk factors for Nipah virus transmission in the major pig-producing area of Bukit Pelandok, Port Dickson Negeri Sembilan.,��https://www.ncbi.nlm.nih.gov/pubmed/11127330å��Amal, N M
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*Skin Diseases���Nov 30è��Infectious diseases remain a major cause of morbidity and mortality in the year 2000. 17 million deaths per year or roughly a third of all deaths are caused by infections. Infectious diseases also pose a serious economic threat. While many well-established pathogens have not been contained several new infectious agents have been discovered within the past 27 years which include rotavirus, legionella, HIV, ebola, campylobacter, helicobacter, nipah, HHV8, hepatitis C, and many others. Additionally many new pathogens have emerged as serious threats to the ever-growing number of immuno-compromised patients. Infectious etiologies have been found for many common diseases (certain leukemias, duodenal ulcers, etcetera). It is likely that infections are at least co-factors for many other diseases (transplant-associated atherosclerosis). Only specialized care and multi-disciplinary collaboration will enable us to cope with current problems and the inevitable emergence of new infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11121370W��eng
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Surveys and Questionnaires���SepR��OBJECTIVE: to investigate the prevalence of known diabetes mellitus in care homes and the patterns of diabetes care in these institutions. DESIGN: a postal questionnaire sent to all 98 care homes in Sheffield. RESULTS: 70 care homes (71%) returned the questionnaire, indicating that 233 (8.8%) of 2648 residents were known to have diabetes. Of these, 76 (33%) were treated with diet alone, 105 (45%) with diet plus oral medication and 52 (22%) with insulin. Only seven registered nurses (2%) in the homes had certified diabetes training. Forty-two homes (60%) did not carry out a structured, diabetes-related assessment of residents on entry and only 29 (42%) had regular review of diabetic residents by a general practitioner or practice nurse. Most homes (89%) were visited by an optician, 56 (80%) also had a regular chiropody service, although 32 (46%) of these charged their residents for this service. CONCLUSIONS: the known prevalence of diabetes is similar to that reported previously. This study highlights the need for structured care with defined standards for care-home residents with diabetes.,��https://www.ncbi.nlm.nih.gov/pubmed/11108418W��Taylor, C D
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Paramyxovirinae/immunology/*isolation & purification/ultrastructure���DecG��BACKGROUND: between 1998 and 1999, an outbreak of potentially fatal viral encephalitis erupted among pig farm workers in West Malaysia, and later spread to Singapore where abattoir workers were afflicted. Although Japanese encephalitis virus was initially suspected, the predominant aetiologic agent was subsequently confirmed to be Nipah virus, a novel paramyxovirus related to but distinct from Hendra virus. OBJECTIVE: to describe a case of Nipah virus encephalitis in a pig farm worker from Malaysia. STUDY DESIGN: the clinical, laboratory and radiological findings of this patient were scrutinized. Special emphasis was placed on the electron microscopic analysis of the cerebrospinal fluid (CSF) specimen from this patient. RESULTS: the neurological deficits indicative of cerebellar involvement were supported by the magnetic resonance imaging that showed prominent cerebellar and brainstem lesions. CSF examination provided further evidence of viral encephalitis. Complement fixation and/or RT-PCR assays were negative for Japanese encephalitis, herpes simplex, measles and mumps viruses. ELISA for detecting IgM and IgG antibodies against Hendra viral antigens were equivocal for the CSF specimen, and tested initially negative for the first serum sample but subsequently positive for the repeat serum sample. Transmission electron microscopy of negatively-stained preparations of CSF revealed enveloped virus-like structures fringed with surface projections as well as nucleocapsids with distinctive helical and herringbone patterns, features consistent with those of other paramyxoviruses, including Hendra virus. CONCLUSION: this case report reiterates the relevant and feasible role of diagnostic electron microscopy for identifying and/or classifying novel or emerging viral pathogens for which sufficiently specific and sensitive tests are lacking.,��https://www.ncbi.nlm.nih.gov/pubmed/11090749���Chow, V T
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Paramyxovirinae/*chemistry���NovA��During the outbreak of Nipah virus encephalitis in Malaysia, stored cerebrospinal fluid (CSF) samples from 84 patients (27 fatal and 57 nonfatal cases) were cultured for the virus. The virus was isolated from 17 fatal cases and 1 nonfatal case. There were significant associations between CSF virus isolation and mortality as well as clinical features associated with poor prognosis. In addition, there was a positive linear correlation of CSF virus isolation with age. There was no significant association between CSF virus isolation and the character of the CSF, presence of Nipah-specific antibody in the serum or CSF, duration of illness before collection of samples, or sex or ethnicity of the patients. This study suggests that high viral replication in the central nervous system may be an important factor for high mortality.,��https://www.ncbi.nlm.nih.gov/pubmed/11079547���Chua, K B
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Zoonoses/epidemiology/transmission���Nov?��Hendra has been recognized in Australia as a new zoonotic disease of horses since 1994/5 and subsequent work has shown that the viral agent is endemic in certain species of fruit bat. The Hendra virus is the type species of a new genus within the sub-family Paramyxovirinae, which also contains another newly identified zoonotic bat virus, namely Nipah. It is assumed that contact with bats has led to the Hendra virus being transferred to horses on each of the three separate incidents that have been reported in the last five years. No evidence has been found for widespread subclinical infection of horses. Infected horses can develop a severe and often fatal respiratory disease characterized by dyspnoea, vascular endothelial damage and pulmonary oedema. Nervous signs may also occur. Fatal respiratory disease has been seen in cats and guinea pigs following experimentally induced infections. Transmission of the virus from horses to other horses or man seems to have taken place, but very close contact was required. Three human cases have been recognized, all in association with equine cases. There have been two human fatalities, one due to respiratory failure and the other from a delayed-onset encephalitis. A number of diagnostic methods have been developed, but great care must be taken in obtaining samples from suspected cases.,��https://www.ncbi.nlm.nih.gov/pubmed/11061954w��Barclay, A J
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West Nile virus/pathogenicityC��As the 21st century begins, several outbreaks of encephalitis have been reported. An examination of these outbreaks brings into focus important epidemiological developments. Specifically, urbanization and encroachment on natural environments, the ease of world travel, and global trade can lead to spread of vectors and viruses from the developing world to the developed world. This review focuses on two recent epidemics of encephalitis: West Nile virus encephalitis in the eastern United States and Nipah virus encephalitis in Malaysia and Singapore. These examples demonstrate spread of a known viral agent from an endemic area to an area in which it had not previously been found and identification of a new viral agent. Infectious diseases in the developed world once considered "exotic" are now potential threats to all patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11051296?��Marra, C M
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Viral Proteins/chemistry/*genetics���Nov#��An outbreak of acute respiratory disease in Hendra, a suburb of Brisbane, Australia, in September 1994 resulted in the deaths of 14 racing horses and a horse trainer. The causative agent was a new member of the family Paramyxoviridae. The virus was originally called Equine morbillivirus but was renamed Hendra virus (HeV) when molecular characterization highlighted differences between it and members of the genus Morbillivirus. Less than 5 years later, the closely related Nipah virus (NiV) emerged in Malaysia, spread rapidly through the pig population, and caused the deaths of over 100 people. We report the characterization of the HeV L gene and protein, the genome termini, and gene boundary sequences, thus completing the HeV genome sequence. In the highly conserved region of the L protein, the HeV sequence GDNE differs from the GDNQ found in almost all other nonsegmented negative-strand (NNS) RNA viruses. HeV has an absolutely conserved intergenic trinucleotide sequence, 3'-GAA-5', and highly conserved transcription initiation and termination sequences similar to those of respiroviruses and morbilliviruses. The large genome size (18,234 nucleotides), the unique complementary genome terminal sequences of HeV, and the limited homology with other members of the Paramyxoviridae suggest that HeV, together with NiV, should be classified in a new genus in this family. The large genome of HeV also fills a gap in the spectrum of genome sizes observed with NNS RNA virus genomes. As such, it provides a further piece in the puzzle of NNS RNA virus evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/11024125¤��Wang, L F
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Viral Fusion Proteins/*chemistry/genetics/isolation & purification���Sep 25Ã��Hendra virus (HeV) is an unclassified member of the Paramyxoviridae family that causes systemic infections in humans, horses, cats, guinea pigs and flying foxes. The fusion protein (F(0)) of members of the Paramyxoviridae family that cause systemic infections in vivo contains a basic amino acid-rich region at which the protein is activated by cleavage into two subunits (F(1) and F(2)). HeV F(0) lacks such a domain. We have determined the cleavage site in HeV F(0) by sequencing the amino terminus of the F(1) subunit and in view of the potential effect of glycosylation on the cleavage process have ascertained the sites at which F(0) is glycosylated. The results indicate that unlike other members of the family that replicate in cultured cells and cause systemic infections in vivo, cleavage of HeV F(0) occurs at a single lysine (reside 109) in the sequence Asp-Val-Lys- downward arrow-Leu. Although HeV genotypically resembles members of the Respirovirus and Rubulavirus genera in having potential N-linked glycosylation sites in both the F(1) and F(2) subunits, we show that phenotypically HeV may more closely resemble members of the Morbillivirus genus that contain N-linked glycans only in the F(2) subunit.,��https://www.ncbi.nlm.nih.gov/pubmed/11018278���Michalski, W P
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Virulence���Augõ��Two major epidemics of viral encephalitis occurred in Asia in 1997 and 1998. The first was a re-emergence of neurovirulent strains of enterovirus 71, which caused severe encephalomyelitis in children in Malaysia, Taiwan and Japan, on a background of hand, foot and mouth disease. Necropsy studies of patients who died of enterovirus 71 infection showed severe perivascular cuffing, parenchymal inflammation and neuronophagia in the spinal cord, brainstem and diencephalon, and in focal areas in the cerebellum and cerebrum. Although no viral inclusions were detected, immunohistochemistry showed viral antigen in the neuronal cytoplasm. Inflammation was often more extensive than neuronal infection, suggesting that other factors, in addition to direct viral cytolysis, may be involved in tissue damage. The second epidemic of viral encephalitis was the result of a novel paramyxovirus called Nipah, which mainly involved pig handlers in Malaysia and Singapore. Pathological evidence suggested that the endothelium of small blood vessels in the central nervous system was particularly susceptible to infection. This led to disseminated endothelial damage and syncytium formation, vasculitis, thrombosis, ischaemia and microinfarction. However, there was also evidence of neuronal infection by the virus and this may also have contributed to the neurological dysfunction in Nipah encephalitis. Some patients who seemed to recover from the acute symptoms have been re-admitted with clinical findings suggestive of relapsing encephalitis. As these two epidemics indicate, the emergence and re-emergence of viral encephalitides continue to pose considerable challenges to the neuropathologist, in establishing the diagnosis and unravelling the pathogenesis of the neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10931364X��Wong, K T
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*Paramyxovirinae���Augx��OBJECTIVE: The newly discovered Nipah virus causes an acute febrile encephalitic illness in humans that is associated with a high mortality. The purpose of this study is to describe the MR imaging findings of Nipah encephalitis. MATERIALS AND METHODS: MR imaging of the brain was performed in 31 patients with Nipah encephalitis divided into three groups. The first group (14 patients) underwent MR imaging during the acute phase of the illness and the second group (10 patients) during the later phase of the acute illness. The third group consisted of six patients who underwent MR imaging because they experienced neurologic relapse and one patient who had late-onset encephalitis. Spin-echo T1- and T2-weighted sequences and T2-weighted fluid attenuated inversion recovery (FLAIR) sequences were performed. Contrast-enhanced MR imaging was performed in four patients. RESULTS: The FLAIR sequences revealed abnormalities in all patients studied. MR imaging findings in both the acute and later phases of encephalitis were similar; the main feature of both phases was the presence of discrete high-signal-intensity lesions, measuring 2-7 mm, disseminated throughout the brain, mainly in the subcortical and deep white matter of the cerebral hemispheres. Neither mass effect nor cerebral edema was seen. There was no correlation with the focal neurologic signs, depth of coma, and outcome of the patients. The lesions were attributed to widespread microinfarctions from underlying vasculitis of cerebral small vessels. Features found on MR imaging in relapsed and late-onset encephalitis differed from the features in acute encephalitis in that confluent cortical involvement was the prominent finding in the former, as opposed to discrete focal lesions in the subcortical and deep white matter in the latter. CONCLUSION: MR imaging is a sensitive and specific diagnostic tool for evaluating Nipah encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/10915690���Sarji, S A
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RNA, Viral/analysis���Aug���Since it was first described in Australia in 1994, Hendra virus (HeV) has caused two outbreaks of fatal disease in horses and humans, and an isolated fatal horse case. Our preliminary studies revealed a high prevalence of neutralizing antibodies to HeV in bats of the genus PTEROPUS:, but it was unclear whether this was due to infection with HeV or a related virus. We developed the hypothesis that HeV excretion from bats might be related to the birthing process and we targeted the reproductive tract for virus isolation. Three virus isolates were obtained from the uterine fluid and a pool of foetal lung and liver from one grey-headed flying-fox (Pteropus poliocephalus), and from the foetal lung of one black flying-fox (P. alecto). Antigenically, these isolates appeared to be closely related to HeV, returning positive results on immunofluorescent antibody staining and constant-serum varying-virus neutralization tests. Using an HeV-specific oligonucleotide primer pair, genomic sequences of the isolates were amplified. Sequencing of 200 nucleotides in the matrix gene identified that these three isolates were identical to HeV. Isolations were confirmed after RNA extracted from original material was positive for HeV RNA when screened on an HeV Taqman assay. The isolation of HeV from pteropid bats corroborates our earlier serological and epidemiological evidence that they are a natural reservoir host of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/10900029���Halpin, K
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Viral Proteins/genetics���May 26���A paramyxovirus virus termed Nipah virus has been identified as the etiologic agent of an outbreak of severe encephalitis in people with close contact exposure to pigs in Malaysia and Singapore. The outbreak was first noted in late September 1998 and by mid-June 1999, more than 265 encephalitis cases, including 105 deaths, had been reported in Malaysia, and 11 cases of encephalitis or respiratory illness with one death had been reported in Singapore. Electron microscopic, serologic, and genetic studies indicate that this virus belongs to the family Paramyxoviridae and is most closely related to the recently discovered Hendra virus. We suggest that these two viruses are representative of a new genus within the family Paramyxoviridae. Like Hendra virus, Nipah virus is unusual among the paramyxoviruses in its ability to infect and cause potentially fatal disease in a number of host species, including humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10827955/��Chua, K B
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Zoonoses/*transmission���May���During 10-19 March 1999, 11 workers in 1 of 2 Singaporean abattoirs developed Nipah-virus associated encephalitis or pneumonia, resulting in 1 fatality. A case-control study was conducted to determine occupational risk factors for infection. Case patients were abattoir A workers who had anti-Nipah IgM antibodies; control subjects were randomly selected abattoir A workers who tested negative for anti-Nipah IgM. All 13 case patients versus 26 (63%) of 41 control subjects reported contact with live pigs (P=.01). Swine importation from Malaysian states concurrently experiencing a Nipah virus outbreak was banned on 3 March 1999; on 19 March 1999, importation of Malaysian pigs was banned, and abattoirs were closed. No unusual illnesses among pigs processed during February-March were reported. Contact with live pigs appeared to be the most important risk factor for human Nipah virus infection. Direct contact with live, potentially infected pigs should be minimized to prevent transmission of this potentially fatal zoonosis to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10823780ã��Chew, M H
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Zoonoses/*epidemiology���May���An outbreak of encephalitis affecting 265 patients (105 fatally) occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah, that infected pigs, humans, dogs, and cats. Most patients were pig farmers. Clinically undetected Nipah infection was noted in 10 (6%) of 166 community-farm controls (persons from farms without reported encephalitis patients) and 20 (11%) of 178 case-farm controls (persons from farms with encephalitis patients). Case patients (persons with Nipah infection) were more likely than community-farm controls to report increased numbers of sick/dying pigs on the farm (59% vs. 24%, P=.001) and were more likely than case-farm controls to perform activities requiring direct contact with pigs (86% vs. 50%, P=.005). Only 8% of case patients reported no contact with pigs. The outbreak stopped after pigs in the affected areas were slaughtered and buried. Direct, close contact with pigs was the primary source of human Nipah infection, but other sources, such as infected dogs and cats, cannot be excluded.,��https://www.ncbi.nlm.nih.gov/pubmed/10823779?��Parashar, U D
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Sequence Alignment���May 10R��A virus that could not be identified as a previously known equine virus was isolated from the mononuclear cells of a horse. Electron microscopy revealed enveloped virions with nucleocapsid structures characteristic of viruses in the Paramyxoviridae family. The virus failed to hemabsorb chicken or guinea pig red blood cells and lacked neuraminidase activity. Two viral genes were isolated from a cDNA expression library. Multiple sequence alignments of one gene indicated an average identity of 45% as compared to Morbillivirus N protein sequences. A weaker relationship was found with Tupaia paramyxovirus (TPMV) and Hendra virus (HeV) N proteins. In the second gene, multiple open reading frames (ORFs) were identified, corresponding to the arrangement of the P, V, and C ORFs in the Morbillivirus and Respirovirus viruses. Short stretches in the C-terminal regions of the P and C proteins showed limited homologies to viruses in the Morbillivirus genus but no obvious relationship to viruses in other genera. The V ORF translation product contained a highly conserved, cysteine-rich domain that is common to most viruses in the Paramyxovirinae subfamily. Sequencing of P gene cDNA clones confirmed the use of a cotranscriptional editing mechanism for the regulation of P/V expression. Based on the location of its origin it has been named Salem virus (SalV).,��https://www.ncbi.nlm.nih.gov/pubmed/10793001¦��Renshaw, R W
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Swine���Apr 27Ñ��BACKGROUND: Between September 1998 and June 1999, there was an outbreak of severe viral encephalitis due to Nipah virus, a newly discovered paramyxovirus, in Malaysia. METHODS: We studied the clinical features of the patients with Nipah virus encephalitis who were admitted to a medical center in Kuala Lumpur. The case definition was based on epidemiologic, clinical, cerebrospinal fluid, and neuroimaging findings. RESULTS: Ninety-four patients with Nipah virus infection were seen from February to June 1999 (mean age, 37 years; ratio of male patients to female patients, 4.5 to 1). Ninety-three percent had had direct contact with pigs, usually in the two weeks before the onset of illness, suggesting that there was direct viral transmission from pigs to humans and a short incubation period. The main presenting features were fever, headache, dizziness, and vomiting. Fifty-two patients (55 percent) had a reduced level of consciousness and prominent brain-stem dysfunction. Distinctive clinical signs included segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia and thus suggest the involvement of the brain stem and the upper cervical spinal cord. The initial cerebrospinal fluid findings were abnormal in 75 percent of patients. Antibodies against Hendra virus were detected in serum or cerebrospinal fluid in 76 percent of 83 patients tested. Thirty patients (32 percent) died after rapid deterioration in their condition. An abnormal doll's-eye reflex and tachycardia were factors associated with a poor prognosis. Death was probably due to severe brain-stem involvement. Neurologic relapse occurred after initially mild disease in three patients. Fifty patients (53 percent) recovered fully, and 14 (15 percent) had persistent neurologic deficits. CONCLUSIONS: Nipah virus causes a severe, rapidly progressive encephalitis with a high mortality rate and features that suggest involvement of the brain stem. The infection is associated with recent contact with pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/10781618Ì��Goh, K J
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*Zoonoses���Mar3��BACKGROUND AND PURPOSE: An epidemic of suspected Japanese encephalitis occurred in Malaysia in 1998-1999 among pig farmers. In neighboring Singapore, an outbreak occurred among pig slaughterhouse workers. It was subsequently established that the causative agent in the outbreak was not the Japanese encephalitis virus but a previously unknown Hendra-like paramyxovirus named Nipah virus. METHODS: The brain MR images of eight patients with Nipah virus infection were reviewed. All patients tested negative for acute Japanese encephalitis virus. Seven patients had contrast-enhanced studies and six had diffusion-weighted examinations. RESULTS: All patients had multiple small bilateral foci of T2 prolongation within the subcortical and deep white matter. The periventricular region and corpus callosum were also involved. In addition to white matter disease, five patients had cortical lesions, three had brain stem involvement, and a single thalamic lesion was detected in one patient. All lesions were less than 1 cm in maximum diameter. In five patients, diffusion-weighted images showed increased signal. Four patients had leptomeningeal enhancement and four had enhancement of parenchymal lesions. CONCLUSION: The brain MR findings in patients infected with the newly discovered Nipah paramyxovirus are different from those of patients with Japanese encephalitis. In a zoonotic epidemic, this striking difference in the appearance and distribution of lesions is useful in differentiating these diseases. Diffusion-weighted imaging was advantageous in increasing lesion conspicuity.,��https://www.ncbi.nlm.nih.gov/pubmed/10730635±��Lim, C C
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Warfarin/*administration & dosage/adverse effects���Jan¿��OBJECTIVES: To compare a new low-dose warfarin induction regimen with the Fennerty regimen in elderly inpatients. DESIGN: Age-stratified, randomized prospective study. SUBJECTS: 120 age-stratified elderly inpatients. INTERVENTIONS: Each patient was randomized to either the new induction regimen or to a modified Fennerty regimen. MAIN OUTCOMES MEASURES: Days to therapeutic International Normalized Ratio (INR >2); days in the therapeutic range (INR 2-3) during induction; number of patients with INR >4.5; ability of day 4 INR to predict day 8 warfarin dose. RESULTS: The mean time to therapeutic INR was longer for the new induction regimen than modified Fennerty regimen in patients aged 65-75 years [4.6 (mean) +/- 1.6 (SD) days vs 3.8 +/- 0.8 days; P = 0.03] and in patients aged >75 years (4.5 +/- 1.4 days vs 3.5 +/- 0.7 days; P = 0.003). Patients spent more time in the therapeutic INR range with the new induction regimen [3.0 +/- 1.3 days vs 2.7 +/- 1.3 days (P = 0.03) for those aged 65-75 years and 2.9 +/- 1.1 days vs 2.4 +/- 1.3 days (P = 0.04 for those aged >75 years]. Fewer patients using the new regimen had INRs >4.5 in the first 8 days [1 (3%) vs 6 (20%) for 65-75 years (P < 0.05) and 1 (3%) vs 11 (37%) for >75 years (P < 0.01)]. The ability to predict the maintenance dose to within 1 mg was 55% for both regimens. CONCLUSION: The low-dose regimen has important clinical advantages over the Fennerty regimen for anticoagulating elderly inpatients.,��https://www.ncbi.nlm.nih.gov/pubmed/10690692±��Gedge, J
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Vero Cells���Feb-Apry��Antibodies to Hendra virus (HeV) have been found in a high percentage of fruit bats (Pteropus spp.) in Australia, indicating a possible reservoir for the virus. The aim of the experiments reported here was to investigate transplacental infection as a possible mode of transmission of the virus in fruit bats and other animals. In a first experiment, 18 pregnant guinea-pigs in the mid-stage of gestation were inoculated with HeV, as an experimental model in a conventional laboratory animal. Nine developed HeV disease as confirmed by viral isolation, histopathology and immunohistochemistry. In five of the nine clinically affected guinea-pigs there was necrosis and strong positive immunostaining in the placentas in an indirect immunoperoxidase (IPX) test for HeV antigen. One of these five guinea-pigs aborted and HeV was isolated from its three fetuses, one of which was also positive to the IPX test. In three other sick guinea-pig dams, virus was isolated from fetuses, and there was positive immunostaining in two of the latter. In a second experiment, four fruit bats were inoculated with a similar dose of HeV. (A further four guinea-pigs inoculated at the same time developed severe disease, indicating adequate virulence.) Two bats were killed at 10 days post-inoculation and two were killed at 21 days. In these bats, no overt clinical disease was observed, but subclinical disease occurred, as indicated by viral isolation, seroconversion, vascular lesions and positive immunostaining. Transplacental transmission was indicated by positive immunostaining in two placentas and confirmed by isolation of virus from one of the associated fetuses.,��https://www.ncbi.nlm.nih.gov/pubmed/10684689Ë��Williamson, M M
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635Ù��Chua, K B
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Singapore/epidemiology���Oct 9«��BACKGROUND: In March 1999, an outbreak of encephalitis and pneumonia occurred in workers at an abattoir in Singapore. We describe the clinical presentation and the results of investigations in these patients. METHODS: Clinical and laboratory data were collected by systemic review of the case records. Serum and cerebrospinal fluid (CSF) samples were tested for IgM antibodies to Nipah virus with an IgM capture ELISA. Reverse-transcriptase PCR was done on the CSF and tissue samples from one patient who died. FINDINGS: Eleven patients were confirmed to have acute Nipah-virus infection based on raised IgM in serum. Nipah virus was identified by reverse transcriptase PCR in the CSF and tissue of the patient who died. The patients were all men, with a median age of 44 years. The commonest presenting symptoms were fever, headache, and drowsiness. Eight patients presented with signs of encephalitis (decreased level of consciousness or focal neurological signs). Three patients presented with atypical pneumonia, but one later developed hallucinations and had evidence of encephalitis on CSF examination. Abnormal laboratory findings included a low lymphocyte count (nine patients), low platelet count, low serum sodium, and high aspartate aminostransferase concentration (each observed in five patients). The CSF protein was high in eight patients and white-blood-cell count was high in seven. Chest radiography showed mild interstitial shadowing in eight patients. Magnetic resonance imaging (MRI) showed focal areas of increased signal intensity in the cortical white marker in all eight patients who were scanned. The nine patients with encephalitis received empirical treatment with intravenous aciclovir and eight survived. INTERPRETATION: Infection with Nipah virus caused an encephalitis illness with characteristic focal areas of increased intensity seen on MRI. Lung involvement was also common, and the disease may present as an atypical pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520634ü��Paton, N I
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Tyrosine/analogs & derivatives/metabolism���Oct1��Acute chest syndrome (ACS) is the most common form of acute pulmonary disease associated with sickle cell disease. To investigate the possibility that alterations in endothelial cell (EC) production and metabolism of nitric oxide (NO) products might be contributory, we measured NO products from cultured pulmonary EC exposed to red blood cells and/or plasma from sickle cell patients during crisis. Exposure to plasma from patients with ACS caused a 5- to 10-fold increase in S-nitrosothiol (RSNO) and a 7- to 14-fold increase in total nitrogen oxide (NO(x)) production by both pulmonary arterial and microvascular EC. Increases occurred within 2 h of exposure to plasma in a concentration-dependent manner and were associated with increases in endothelial nitric oxide synthase (eNOS) protein and eNOS enzymatic activity, but not with changes in nitric oxide synthase (NOS) III or NOS II transcripts, inducible NOS (iNOS) protein nor iNOS enzymatic activity. RSNO and NO(x) increased whether plasma was obtained from patients with ACS or other forms of vasoocclusive crisis. Furthermore, an oxidative state occurred and oxidative metabolites of NO, particularly peroxynitrite, were produced. These findings suggest that altered NO production and metabolism to damaging oxidative molecules contribute to the pathogenesis of ACS.,��https://www.ncbi.nlm.nih.gov/pubmed/10516198Â��Hammerman, S I
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Virus Diseases/diagnosis/*veterinary���Aug 16Ì��Immunohistochemistry plays an important part in the diagnosis of some viral diseases. Demonstration of viral antigen in a lesion is an important contribution to diagnosis, either at the time of investigation or retrospectively. At the CSIRO Australian Animal Health Laboratory, the most frequent use of immunohistochemistry has been in the diagnosis of the important avian diseases, highly pathogenic avian influenza and Newcastle disease. The technology took key roles in the diagnoses of Hendra virus infections, and, later, an immunoperoxidase test gave the first indication of the existence of Australian bat lyssavirus. The test can often confirm that a virus isolated in an animal is the actual virus causing disease and not a coincidental isolation. Good examples of that in some more new diseases were the association of Wallal virus with blindness in kangaroos, and of the new porcine Menangle virus in natural and experimental cerebral disease in foetal piglets.,��https://www.ncbi.nlm.nih.gov/pubmed/10501165ª��Hooper, P T
Russell, G M
Selleck, P W
Lunt, R A
Morrissy, C J
Braun, M A
Williamson, M M
eng
Review
Netherlands
1999/09/29 00:00
Vet Microbiol. 1999 Aug 16;68(1-2):89-93.%��0378-1135 (Print)
0378-1135 (Linking)���10501165M��CSIRO Australian Animal Health Laboratory, Geelong. peter.hooper@dah.csiro.au�	Ù�üÒ|ÿþ?m���2��Halpin, K.
Young, P. L.
Field, H.
Mackenzie, J. S.���1999(��Newly discovered viruses of flying foxes���83-7
��Vet Microbiol���68���1-2H��Animals
Antibodies, Viral/analysis
Australia/epidemiology
Chiroptera/*virology
Disease Reservoirs/veterinary
Female
Horse Diseases/virology
Horses
Humans
Mononegavirales/classification/*pathogenicity
Mononegavirales Infections/*epidemiology/virology
Papua New Guinea/epidemiology
Swine
Swine Diseases/virology
Zoonoses/*virology���Aug 16���Flying foxes have been the focus of research into three newly described viruses from the order Mononegavirales, namely Hendra virus (HeV), Menangle virus and Australian Bat Lyssavirus (ABL). Early investigations indicate that flying foxes are the reservoir host for these viruses. In 1994, two outbreaks of a new zoonotic disease affecting horses and humans occurred in Queensland. The virus which was found to be responsible was called equine morbillivirus (EMV) and has since been renamed HeV. Investigation into the reservoir of HeV has produced evidence that antibodies capable of neutralising HeV have only been detected in flying foxes. Over 20% of flying foxes in eastern Australia have been identified as being seropositive. Additionally six species of flying foxes in Papua New Guinea have tested positive for antibodies to HeV. In 1996 a virus from the family Paramyxoviridae was isolated from the uterine fluid of a female flying fox. Sequencing of 10000 of the 18000 base pairs (bp) has shown that the sequence is identical to the HeV sequence. As part of investigations into HeV, a virus was isolated from a juvenile flying fox which presented with neurological signs in 1996. This virus was characterised as belonging to the family Rhabdoviridae, and was named ABL. Since then four flying fox species and one insectivorous species have tested positive for ABL. The third virus to be detected in flying foxes is Menangle virus, belonging to the family Paramyxoviridae. This virus was responsible for a zoonotic disease affecting pigs and humans in New South Wales in 1997. Antibodies capable of neutralising Menangle virus, were detected in flying foxes.,��https://www.ncbi.nlm.nih.gov/pubmed/10501164}��Halpin, K
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Zoonoses���MayV��Eleven abattoir workers in Singapore were infected in March 1999 by an outbreak caused by the Nipah virus. This newly discovered, Hendra-like paramyxovirus causes acute infection of the CNS. We present the magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (MRS) findings in a patient suffering from acute meningoencephalitis. Multiple small white matter lesions were detected on diffusion-weighted imaging (DWI) and T2-weighted images. There were no abnormalities detected on MRS. We believe this to be the first reported MRI findings in this novel zoonotic viral disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10489496���Lim, C C
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Respirovirus Infections/*pathology���Sep¥��A novel Hendra-like paramyxovirus named Nipah virus (NiV) was the cause of an outbreak among workers from one abattoir who had contact with pigs. Two patients had only respiratory symptoms, while 9 patients had encephalitis, 7 of whom are described in this report. Neurological involvement was diverse and multifocal, including aseptic meningitis, diffuse encephalitis, and focal brainstem involvement. Cerebellar signs were relatively common. Magnetic resonance imaging scans of the brain showed scattered lesions. IgM antibodies against Hendra virus (HeV) were present in the serum of all patients. Two patients recovered completely. Five had residual deficits 8 weeks later.,��https://www.ncbi.nlm.nih.gov/pubmed/10482278���Lee, K E
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*Ventilator Weaning/methods���Summerw��In this review, traditional weaning parameters, integrative indexes, and experimental methods of predicting weaning outcomes have been reviewed. All have limitations; however, judicious application of these parameters may guide clinical decisions regarding timing of weaning trials. Of the parameters reviewed, the RSBI has several advantages and may identify patients who are candidates for weaning. Likewise, application of tools such as the daily screen or implementation of multidisciplinary weaning teams may assist clinicians in weaning patients earlier in their ICU course. Most patients will be successfully extubated after a single SBT, and weaning methods that focus on sequential decrements in ventilator support appear to needlessly prolong ventilation. However, for patients who fail, identification of potential causes of continued ventilator dependence should focus on the various pathophysiological causes outlined. Although a number of patients will require prolonged ventilator support beyond the critical care setting, the growing experience with this population demonstrates that a large percentage have favorable outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/10445177b��Hendra, K P
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Viral Proteins/genetics���Jun 5»��A cytopathic infectious agent was isolated from the kidneys of an apparently healthy tree shrew (Tupaia belangeri) that had been captured in the area around Bangkok. The infectivity was propagated in Tupaia fibroblast and kidney cell cultures. Paramyxovirus-like pleomorphic enveloped particles and helical nucleocapsids were observed by electron microscopy and accordingly the infectious agent was termed Tupaia paramyxovirus (TPMV). However, no serological cross-reactions were detected between TPMV and known paramyxoviruses. For the molecular characterization of TPMV an experimental strategy that allows the random-primed synthesis of relatively large cDNA molecules from viral genomic RNA was applied. Nucleotide sequence analysis of a TPMV-specific cDNA fragment (1544 bp) revealed two nonoverlapping partial open reading frames corresponding to paramyxoviral N and P transcription units. Using modified rapid amplification of cDNA ends techniques, a substantial contiguous portion of the viral genome (4065 nt) was elucidated including the complete N and P/V/C genes. The coding strategy of TPMV as well as significant amino acid sequence homologies clearly indicates an evolutionary relationship between TPMV and members of the genus Morbillivirus. Highest homologies were detected between TPMV and Hendra virus (equine morbillivirus), which recently emerged in Australia, causing outbreaks of fatal respiratory and neurological disease in horses and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10366580¥��Tidona, C A
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Swine Diseases/transmission/virology���Apr 30!��During March 1999, health officials in Malaysia and Singapore, in collaboration with Australian researchers and CDC, investigated reports of febrile encephalitic and respiratory illnesses among workers who had exposure to pigs. A previously unrecognized paramyxovirus (formerly known as Hendra-like virus), now called Nipah virus, was implicated by laboratory testing in many of these cases. Febrile encephalitis continues to be reported in Malaysia but has decreased coincident with mass culling of pigs in outbreak areas. No new cases of febrile illness associated with Nipah virus infection have been identified in Singapore since March 19, 1999, when abattoirs were closed. This report summarizes interim findings from ongoing epidemiologic and laboratory investigations in Malaysia and Singapore.,��https://www.ncbi.nlm.nih.gov/pubmed/10366143O��(CDC)
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Swine Diseases/transmission���Apr 9���During September 29, 1998-April 4, 1999, 229 cases of febrile encephalitis (111 [48%] fatal) were reported to the Malaysian Ministry of Health (MOH). During March 13-19, 1999, nine cases of similar encephalitic illnesses (one fatal) and two cases of respiratory illness occurred among abattoir workers in Singapore. Tissue culture isolation identified a previously unknown infectious agent from ill patients. This report summarizes the preliminary epidemiologic and laboratory investigations of these cases, which indicate that a previously unrecognized paramyxovirus related to, but distinct from, the Australian Hendra virus is associated with this outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/10227800[��(CDC)
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Vero Cells���Dec1��OBJECTIVE: To determine the infectivity and transmissibility of Hendra virus (HeV). DESIGN: A disease transmission study using fruit bats, horses and cats. PROCEDURE: Eight grey-headed fruit bats (Pteropus poliocephalus) were inoculated and housed in contact with three uninfected bats and two uninfected horses. In a second experiment, four horses were inoculated by subcutaneous injection and intranasal inoculation and housed in contact with three uninfected horses and six uninfected cats. In a third experiment, 12 cats were inoculated and housed in contact with three uninfected horses. Two surviving horses were inoculated at the conclusion of the third experiment: the first orally and the second by nasal swabbing. All animals were necropsied and examined by gross and microscopic pathological methods, immunoperoxidase to detect viral antigen in formalin-fixed tissues, virus isolation was attempted on tissues and SNT and ELISA methods were used to detect HeV-specific antibody. RESULTS: Clinical disease was not observed in the fruit bats, although six of eight inoculated bats developed antibody against HeV, and two of six developed vascular lesions which contained viral antigen. The in-contact bats and horses did not seroconvert. Three of four horses that were inoculated developed acute disease, but in-contact horses and cats were not infected. In the third experiment, one of three in-contact horses contracted disease. At the time of necropsy, high titres of HeV were detected in the kidneys of six acutely infected horses, in the urine of four horses and the mouth of two, but not in the nasal cavities or tracheas. CONCLUSIONS: Grey-headed fruit bats seroconvert and develop subclinical disease when inoculated with HeV. Horses can be infected by oronasal routes and can excrete HeV in urine and saliva. It is possible to transmit HeV from cats to horses. Transmission from P poliocephalus to horses could not be proven and neither could transmission from horses to horses or horses to cats. Under the experimental conditions of the study the virus is not highly contagious.+��https://www.ncbi.nlm.nih.gov/pubmed/9972433½��Williamson, M M
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Viral Envelope Proteins���Nov 25���The complete nucleotide sequence of the attachment protein gene of Hendra virus, a new member of the subfamily Paramyxovirinae, has been determined from cDNA clones derived from viral genomic RNA. The deduced mRNA is 2565 nucleotides long with one open reading frame encoding a protein of 604 amino acids, which is similar in size to the attachment protein of the members of the subfamily. However, the mRNA transcript is >600 nucleotides longer than others in the subfamily due to the presence of long untranslated regions at both the 5' and 3' ends. The protein is designated G because it lacks both hemagglutination and neuraminidase activities. It contains a hydrophobic transmembrane domain close to the N terminus, eight potential N-linked glycosylation sites, and 18 cysteine residues. Although the HeV G protein had low sequence homology with Paramyxovirinae members, the predicted folding pattern of its extracellular globular head was very similar to that of members of the genus Paramyxovirus, with the location of seven potential pairs of sulfide bonds absolutely conserved. On the other hand, among the seven residues known to be critical for neuraminidase activity, only one was conserved in the Hendra virus G protein compared with at least six in HN proteins of paramyxoviruses and rubulaviruses and four in H proteins of morbilliviruses. The biological significance of this finding is discussed.+��https://www.ncbi.nlm.nih.gov/pubmed/9837786¾��Yu, M
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*Viral Proteins���Jul���The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3' untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58.5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.+��https://www.ncbi.nlm.nih.gov/pubmed/9680142Ø��Yu, M
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Spectrum Analysis, Raman/*standards���Nov���The reliability with which an external reference sample can be used to standardise the intensities of Raman scattering spectra is assessed. By comparing the ratios of single band intensities of Raman scatter in a two component liquid mixture with those between the mixture and an external standard it is shown that the latter is more than adequate for most quantitative Raman analysis. Coefficients of variance in repeated experiments on the same sample are approximately 1%, when comparing single band heights on spectra recorded with modest laser powers over 2 min. When using the whole spectrum, these coefficients are significantly lower.+��https://www.ncbi.nlm.nih.gov/pubmed/9477577���Paepe, A T
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Tablets���Nov]��It is customary to rotate samples in Raman spectroscopy to avoid absorption or sample heating. In FT-Raman experiments the rotation is always shown (typically 30-60 rpm) because higher speeds are thought to generate noise in the spectra. In this article we show that more rapid rotation is possible. A tablet containing maleic acid and one made up of sub-millimetre silica particles with metoprolol succinate as active ingredient were rotated at different speeds, up to 6760 rpm. The FT-Raman spectra were recorded and studied. We conclude that it is perfectly acceptable to rotate samples up to 1500 rpm.+��https://www.ncbi.nlm.nih.gov/pubmed/9477576²��De Paepe, A T
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Virulence/genetics���FebÎ��In 1994, a new member of the family Paramyxoviridae isolated from fatal cases of respiratory disease in horses and humans was shown to be distantly related to morbilliviruses and provisionally called equine morbillivirus (K. Murray et al., Science 268:94-97, 1995). To facilitate characterization and classification, the virus was purified, viral proteins were identified, and the P/V/C gene was cloned and sequenced. The coding strategy of the gene is similar to that of Sendai and measles viruses, members of the Paramyxovirus and Morbillivirus genera, respectively, in the subfamily Paramyxovirinae. The P/V/C gene contains four open reading frames, three of which, P, C, and V, have Paramyxovirinae counterparts. The P and C proteins are larger and smaller, respectively, than are cognate proteins in members of the subfamily, and the V protein is made as a result of a single G insertion during transcription. The P/V/C gene has two unique features. (i) A fourth open reading frame is located between those of the C and V proteins and potentially encodes a small basic protein similar to those found in some members of the Rhabdoviridae and Filoviridae families. (ii) There is also a long untranslated 3' sequence, a feature common in Filoviridae members. Sequence comparisons confirm that although the virus is a member of the Paramyxovirinae subfamily, it displays only low levels of homology with paramyxoviruses and morbilliviruses and negligible homologies with rubulaviruses.+��https://www.ncbi.nlm.nih.gov/pubmed/9445051¤��Wang, L F
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Stents/*adverse effects���SepÁ��Self-expanding metallic stents (SEMSs) are used to palliate malignant esophageal strictures. We describe a patient who had an extensive mediastinal tumor for which he was receiving irradiation therapy; chest pain, hemoptysis, and recurrent Gram-negative pneumonia developed in this patient after stent placement. Fiberoptic bronchoscopy revealed protrusion of the SEMS into the tracheobronchial tree, a novel complication for this new type of stent.+��https://www.ncbi.nlm.nih.gov/pubmed/8797444Z��Hendra, K P
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Rosman, A.���1995ª��Rural communities in nutritional transition: emergence of obesity, hypertension and hypercholesterolemia as public health problems in three kampungs in Bagan Datoh, Perak���129-39
��Malays J Nutr���1���2���Sepý��This paper highlights the marked presence of nutritional disorders in a sample (190 males, 237 females, aged 18-80 years) obtained from the adult population in three kampungs i.e. Pasang Api, Sungai Nipah Baroh and Sungai Balai Darat, in the Mukim of Bagan Datoh, Perak in 1992. All subjects (except pregnant females) were measured for blood pressure, weight, height, waist circumference, and hip circumference from which the body mass index (BMI) and waist-hip ratios (WHR) were calculated. A random blood sample was obtained by finger-prick from each subject and analysed for total cholesterol (TC) and glucose, using the Reflotron compact analyser. Elevated means for BMI and WHR indicated that obesity (BMI >/=30.0) was a serious public health problem in these three kampungs, affecting about 5% of males and 14% of females. Another 24% of males and 46% of females had an overweight problem (BMI 25.0-29.9), indicating that on the average, about half the adult population in these kampungs were either overweight or obese. This contrasted with the situation a decade ago in similar-type kampungs in the Peninsula where underweight was the major nutritional disorder in adults, especially males. Overall, there was a shift of an underweight problem to one of overweight, as exemplified by increments of 2.0 to 3.0 BMI units in the adult population, with the phenomenon being more marked in the females. Hypertension (21%) and hyperglycaemia (6.5%) affected the males and females approximately equally. Female adults had higher mean plasma TC compared to males (204 versus 199 mg/dl); these means were some 20 mg/dl (0.52 mmol/L) higher than the corresponding means for adults in similar rural communitites in the early eighties, and approximate the corresponding means for present-day urban adults. The above findings serve to emphasise the nutritional transition undergoing in the rural communities in the Peninsula, viz, the marked emergence in these rural communities of nutritional disorders normally associated with affluent populations.,��https://www.ncbi.nlm.nih.gov/pubmed/22692058`��Ng, T K Jr
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Serologic Tests���Jun 19���OBJECTIVE: To describe the clinical and epidemiological features of an outbreak of a viral infection affecting humans and horses. SETTING: Stables in Hendra, a suburb of Brisbane. SUBJECTS: Affected horses and humans, and at-risk human contacts. RESULTS: A pregnant mare died two days after arrival from a paddock elsewhere in Brisbane. Eight to 11 days later, illness (depression, anorexia, fever, dyspnoea, ataxia, tachycardia, tachypnoea and nasal discharge) was reported among 17 other horses from the same or an adjoining stable. Fourteen horses died or were put down. Five and six days after the index mare's death, a stable-hand and then a horse-trainer, both of whom had had close contact with the sick mare's mucous secretions, developed influenza-like illnesses. The stable-hand recovered but the trainer developed pneumonitis, respiratory failure, renal failure and arterial thrombosis, and died from a cardiac arrest seven days after admission to hospital. A morbillivirus cultured from his kidney was identical to one isolated from the lungs of five affected horses. The two affected humans and eight other horses were seropositive for the infection, which was reproduced in healthy horses following challenge by spleen/lung homogenates from infected horses. There was no serological evidence of infection in 157 humans who had had contact with the stables or the sick horses or humans. CONCLUSIONS: A previously undescribed morbillivirus infected a probable 21 horses and two humans; one human and 14 horses died. That no further cases were detected among humans suggests that the virus was of low infectivity. The source of infection remains undetermined.+��https://www.ncbi.nlm.nih.gov/pubmed/7603375Ä��Selvey, L A
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Survivors���Dec 20
��There is increasing evidence that platelet thrombi play an important role in the pathogenesis of acute myocardial infarction (AMI). We compared "spontaneous" platelet aggregation in whole blood in 17 non-diabetic and 12 diabetic subjects on admission with AMI. There was no significant difference in the fall in platelet count between the two groups, expressed as platelets remaining (75.2 +/- 7.9% vs 77.3 +/- 6.9% at 10 min, 66.6 +/- 8.9% vs 68.5 +/- 6.3% at 20 min, 63.5 +/- 8.2% vs 64.9 +/- 6.7% at 30 min and 59.4 +/- 10.3% vs 61.3 +/- 7.6% at 60 min). The rate of "spontaneous" aggregation was increased in subjects with evidence of heart failure on admission compared to those without (59.9 +/- 7.9% vs 66.2 +/- 6.6% at 30 min [p = 0.05] and 55.4 +/- 9.6% vs 63.1 +/- 7.7% at 60 min [p = 0.04]). There was no correlation between the fall in platelet count and admission plasma glucose, glycated haemoglobin or peak aspartate amino-transferase. The subjects studied on admission with AMI had greater rates of "spontaneous" aggregation than 8 subjects studied between 6 and 12 months after acute myocardial infarction (75.9 +/- 7.4% vs 85.8 +/- 5.4% at 10 min; p = 0.001 and 64.3 +/- 7.5% vs 75.0 +/- 7.8% at 30 min; p = 0.006) and compared to normal controls (90.7 +/- 4.4% at 10 min; p < 0.001 and 83.4 +/- 6.5 at 30 min; p < 0.001). This study provides evidence of increased "spontaneous" platelet aggregation in subjects admitted with acute myocardial infarction but no difference between diabetic and non-diabetic subjects was observed.+��https://www.ncbi.nlm.nih.gov/pubmed/8165614���Gray, R P
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Spectrum Analysis, Raman���Dec���We analyzed binary mixtures of polymorphs A and B of chlorpropamide ((1-[4-chlorobenzenesulphonyl]-3-propyl urea)) by near-infrared Fourier transform Raman spectroscopy (FTRS). The individual polymorphs were prepared and characterized by differential scanning calorimetry (DSC), Fourier transform infrared (FT-IR) microscopy, and physical appearance. The FTR spectra of the two polymorphs showed distinct differences which result from "crystal splitting" effects. A series of 13 different mixtures of polymorph A and B was prepared by geometric mixing and their FTR spectra statistically analysed by factor analysis programming. Predictions of the A/B polymorphic composition of mixtures were made and compared with the theoretical values. The results demonstrate that FTRS combined with factor analysis programming may be successfully applied to the in situ monitoring of the A/B polymorphic nature of a chlorpropamide sample.+��https://www.ncbi.nlm.nih.gov/pubmed/8302765���Tudor, A M
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Obesity���June��An algorithm has been developed to provide predictable control of blood glucose for 48 h following acute myocardial infarction. In 29 diabetic patients intravenous infusion of soluble insulin was started upon admission to hospital and the rate adjusted hourly on the basis of bedside capillary glucose estimations. Insulin infusion rates related to glycaemia were higher in obese patients and those with severe cardiac failure. For all patients mean admission glucose levels were reduced from 18.3 +/- 5.9 mmol l-1 to 9.1 +/- 3.3 mmol l-1 at 4 h and to 8.8 +/- 2.5 mmol l-1 at 6 h. Mean glucose concentrations for 48 h after admission were 8.2 +/- 1.3 mmol l-1 for all patients. Admission glucose levels were slightly higher in patients with severe, compared to those without or mild, cardiac failure (P less than 0.1), but levels over the following 48 h were similar. Doubling insulin infusion rates before meals did not achieve tighter glycaemic control. Hypoglycaemia (glucose less than 3 mmol l-1) occurred on 11 occasions in six patients; only two episodes were symptomatic and only two episodes occurred when the insulin rates were doubled before meals. This algorithm produced tighter glycaemic control than previously published protocols, particularly in patients with severe cardiac failure. Hypoglycaemia is uncommon and the algorithm easy to administer by nursing staff.+��https://www.ncbi.nlm.nih.gov/pubmed/1425142���Hendra, T J
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Reference Values���Apr¿��Consistent abnormalities of agonist-induced platelet aggregation, in either whole blood or platelet rich plasma, have not been demonstrated in diabetic patients without microvascular disease. In the present study platelet aggregation in the absence of exogenous agonists ('spontaneous' aggregation) was compared between 22 non-diabetic subjects and 23 Type 1 diabetic patients with (n = 12) and without (n = 11) microvascular disease. 'Spontaneous' aggregation was determined by measuring the percentage fall in single platelet number in aliquots of whole blood shaken for 60 min. Diabetic patients without microvascular disease had fewer single platelets remaining (greater aggregation) than non-diabetic subjects at all time-points (69.7 +/- 6.6 vs 82.3 +/- 7.3% at 60 min p less than 0.001), but more platelets remaining than in diabetic patients with microvascular disease at all time-points (69.7 +/- 6.6 vs 61.0 +/- 7.8% at 60 min p less than 0.02). No significant correlations were observed between platelet aggregation and plasma glucose, blood cell counts, or glycated haemoglobin levels. The study suggests that platelet abnormalities antedate the appearance of microvascular disease in diabetic patients.+��https://www.ncbi.nlm.nih.gov/pubmed/1576806���Hendra, T J
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Tissue Plasminogen Activator/adverse effects/therapeutic use���Feb 15»��OBJECTIVES: To assess prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction and the incidence of side effects. DESIGN: Retrospective analysis of prescriptions during five months (first audit) followed by prospective analysis of uptake of treatment during five months after interventions in clinical management; prospective assessment of adverse events during thrombolytic treatment. SETTING: Coronary care unit of large district general hospital. PATIENTS: 110 patients aged greater than or equal to 65 with subsequently proved acute myocardial infarction admitted in first audit and 119 admitted in the second. MAIN OUTCOME MEASURES: Site of infarct, prescription of thrombolysis treatment, reasons for nonprescription, complications. RESULTS: Before intervention thrombolytic treatment was prescribed to 13/110 (12%) patients with subsequently confirmed myocardial infarction and after intervention to 55/119 (46%) patients (p less than 0.01). In the first audit no patients with angina received thrombolytic treatment whereas 13/79 (16%) were treated in the second audit. Increased prescription of thrombolytic treatment in the second audit was associated with significantly fewer exclusions owing to dyspepsia (p less than 0.05) and unstated or unsatisfactory reasons (p less than 0.01) Streptokinase infusions were completed uneventfully in 75% (48/64) and 77% (10/13) of patients with infarction and angina respectively. Side effects of treatment were more common in patients with inferior than with anterior infarcts (16/42 (30%) v 3/24 (13%), p less than 0.05). CONCLUSIONS: Low rates of prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction were identified and corrected. Streptokinase treatment was associated with transient arrhythmias or hypotension in about a third of these patients with infarcts, particularly those with electrocardiographic changes in inferior leads.+��https://www.ncbi.nlm.nih.gov/pubmed/1547391X��Hendra, T J
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Sulfasalazine/administration & dosage/analysis/*chemistry���Octµ��FT-Raman spectroscopy (FTRS) has been used to characterize microspheres produced from the pharmaceutical polymer Eudragit RS containing a range of concentrations of the drug sulfasalazine. While pure sulfasalazine produced an intense and complex Raman spectrum, the spectrum of drug-free Eudragit RS microspheres was considerably weaker in intensity and contained only a few prominent Raman scattering peaks. In spectra of the drug-polymer microspheres, peaks arising from the individual components could be identified. This enabled a quantitative analysis to be undertaken by calculating the ratio between the area of a sulfasalazine peak and the area of a Eudragit RS peak for each microsphere spectrum. A correlation was shown between the peak area ratio and the microsphere sulfasalazine content. FTRS was then applied to a series of microsphere samples which had been dissoluted into pH 7 buffer for 1, 3, 6, 9, 12, or 24 hr. For each spectrum, the drug-polymer peak area ratio was determined and this in turn enabled calculation of the residual drug content of the microsphere sample. FTRS-calculated data showed good agreement with microsphere drug content values determined spectrophotometrically.+��https://www.ncbi.nlm.nih.gov/pubmed/1686649¤��Watts, P J
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Prognosis
beta-Thromboglobulin/analysis���Aug½��STUDY OBJECTIVE: The aim was to compare platelet function in diabetic and non-diabetic survivors of acute myocardial infarction and to relate it to an index of free radical activity in these patients. DESIGN: In vivo and in vitro indices of platelet function and diene conjugate molar ratios were measured in diabetic and non-diabetic infarct survivors on admission to hospital and sequentially for 72 h. PATIENTS: The patients were 17 diabetics (age 61.9 years, range 32-74) and 12 non-diabetics (60.8 years, range 39-75) admitted to hospital with acute myocardial infarction confirmed according to WHO criteria. MEASUREMENTS AND MAIN RESULTS: Agonist induced platelet aggregation, beta thromboglobulin levels, and linoleic acid 18:2(9,11)/18:2(9,12) molar ratios did not differ between diabetic and non-diabetic patients on admission. Concentrations of adrenaline producing 50% maximum platelet aggregation (EC50) in whole blood on admission were lower than non-infarct controls in both patient groups. The EC50 values in platelet rich plasma in both groups fell during the 72 h following admission (increases in platelet sensitivity). beta Thromboglobulin concentrations fell following admission in the diabetic group. Diene conjugate molar ratios were higher at 12 h and 24 h compared to admission in diabetic patients. Increases in diene conjugate ratios between admission and 24 h correlated with peak aspartate transaminase levels in both patient groups. No correlations were observed between platelet aggregation, beta thromboglobulin levels, or diene conjugate molar ratios. CONCLUSIONS: During 72 h following myocardial infarction there is a reduction in platelet activation in vivo and an increase in platelet sensitivity to exogenous agonists in vitro. Free radical generated isomers of linoleic acid increase in relation to infarct size, but are unrelated to platelet function. There were no differences in platelet function between diabetic and non-diabetic subjects.+��https://www.ncbi.nlm.nih.gov/pubmed/1833060©��Hendra, T J
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��Over the last decade or so, medical device manufacturers with customers in the United States and the United Kingdom should have discovered the benefits of using quality systems in their manufacturing process. Both the American GMP Regulations (21 CFR-820)--enforced by the U.S. Food and Drug Administration (FDA)--and the U.K. Department of Health Guides to Good Manufacturing Practice based upon BS 5750: Part I (1979)--enforced through the National Health Service supply chain-- have been applied with the objective of ensuring the availability of safe and effective medical devices. This article examines the design control aspects of a quality system and asks whether the medical device industry should be suspicious of third-party assessments of confidential documentation.,��https://www.ncbi.nlm.nih.gov/pubmed/10149435H��Hendra, I R
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Risk Factors
Triglycerides/blood���Sepj��Standard radioimmunoassay for insulin may substantially overestimate levels of insulin because of cross-reaction with other insulin-like molecules. We have measured concentrations of insulin, intact proinsulin and 32-33 split proinsulin using two-site monoclonal antibody based immunoradiometric assays, and of insulin by a standard radioimmunoassay ("immunoreactive insulin") in 51 Type 2 (non-insulin-dependent) diabetic subjects in the fasting state. The relationships of these concentrations were sought with those of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride, plasminogen activator inhibitor, blood pressure, and indices of body fat distribution. Significant relationships were apparent between concentrations of "immunoreactive insulin" as measured by standard radioimmunoassay and triglyceride (rs = 0.42, p less than 0.001), total cholesterol (rs = 0.25, p = 0.038), high density lipoprotein cholesterol (rs = -0.30, p = 0.018) and body mass index (rs = 0.30, p = 0.017), but only the relationships with triglyceride (rs = 0.36, p = 0.006) and body mass index (rs = 0.26, p = 0.34) remained significant when concentrations of immunoradiometrically measured insulin were employed. Concentrations of 32-33 split proinsulin, which comprises the major insulin-like molecule in these subjects, correlated positively with triglyceride (rs = 0.33, p = 0.009), total cholesterol (rs = 0.23, p = 0.050), and plasminogen activator inhibitor (rs = 0.26, p = 0.049), and negatively with high density lipoprotein cholesterol (rs = -0.29, p = 0.021).(ABSTRACT TRUNCATED AT 250 WORDS)+��https://www.ncbi.nlm.nih.gov/pubmed/2253829Ü��Nagi, D K
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Triglycerides/blood���Aug§��The aim of this study was to evaluate the effects of a fish oil preparation (MaxEPA) on hemostatic function and fasting lipid and glucose levels in non-insulin-dependent diabetic (NIDDM) subjects. Eighty NIDDM outpatients aged 55.9 yr (mean SD 11.5 yr) participated in a prospective double-blind placebo-controlled study of MaxEPA capsules (10 g/day) or olive oil (control) treatment over 6 wk. Patients received either MaxEPA or olive oil in addition to preexisting therapy. Metabolic and hemostatic variables were measured before treatment and after 3 and 6 wk. Platelet membrane eicosapentaenoic acid (EPA) content increased in the treatment group (P less than 0.001). MaxEPA supplementation was associated with a significant fall in total triglycerides (P less than 0.001) but did not affect total cholesterol (P = 0.7) compared with control treatment. Fasting plasma glucose increased after 3 wk (P = 0.01) but not after 6 wk (P = 0.17) treatment with MaxEPA. Spontaneous platelet aggregation in whole blood fell in the MaxEPA group (P less than 0.02) after 6 wk, but there were no changes in agonist-induced platelet aggregation, thromboxane generation in platelet-rich plasma, or plasma beta-thromboglobulin and platelet factor IV levels. An increase in clotting factor VII (P = 0.02), without changes in fibrinogen or factor X levels, occurred in the MaxEPA group. Similar reductions in blood pressure were observed in both groups. Dietary supplementation with MaxEPA capsules (10 g/day) in NIDDM subjects is associated with improvement in hypertriglyceridemia but with deleterious effects in factor VII and blood glucose levels. Most indices of platelet function are unaffected by this therapy.+��https://www.ncbi.nlm.nih.gov/pubmed/2209315ê��Hendra, T J
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Vasodilator Agents/*pharmacology���Jul#��1. Dopexamine is a novel analogue of dopamine which is free of alpha-adrenoceptor activity and is of therapeutic value in chronic heart failure. The effects of dopexamine on the in vitro function of platelets from 10 healthy subjects at rest, after exercise and after in vitro addition of adrenaline and noradrenaline were investigated. 2. Dopexamine in a wide range of concentrations (10(-9)M-10(-3)M) did not appear to function as an agonist on platelets either in whole blood or in PRP preparations. 3. Dopexamine caused a dose-dependent inhibition of agonist-induced platelet aggregation in both whole blood and PRP. The inhibitory effect of dopexamine was significantly greater in PRP than in whole blood, and significantly greater to adrenaline than to collagen or ADP as agonists in whole blood. 4. After exercise or after in vitro addition of adrenaline and noradrenaline at concentrations commonly seen in myocardial infarction, dopexamine produced similar levels of inhibition seen with platelets from resting subjects. 5. Dopexamine did not affect plasma catecholamine levels but caused an increase in intraplatelet noradrenaline levels. 6. This study suggests that dopexamine is unlikely adversely to affect the hyperaggregable state found in patients with cardiogenic shock after myocardial infarction.+��https://www.ncbi.nlm.nih.gov/pubmed/2390435���Wagaine-Twabwe, D
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Sympathomimetics/analysis���Near infrared Fourier-transform (FT) Raman spectroscopy is shown to be a useful spectroscopic tool for the molecular structural analysis of drugs and biomedical polymers. The technique has been applied to the non-invasive investigation of the hydrolytic degradation of a biodegradable polymer in water over a period of 15 days and to the analysis of a drug within a polymer vehicle over a wide drug concentration range. This work demonstrates the potential value of FT Raman spectroscopy in the field of pharmaceutical science.+��https://www.ncbi.nlm.nih.gov/pubmed/2100613ª��Tudor, A M
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Risk Factors���Mar¢��Moderate (greater than 20 units) and high (greater than 80 units) IgG anticardiolipin antibody (aCL) titres are strongly predictive for recurrent thrombosis and early myocardial infarction in non-diabetic subjects. We have tested the hypothesis that the excess risk of myocardial infarction in diabetic subjects relates to the presence of aCL by measuring the frequency and titre of aCL in two groups of diabetic subjects and in 2500 healthy controls. One non-diabetic subject (0.04%) had low (5-20 units) IgG aCL titres. Seven out of 126 diabetics without cardiovascular disease (5.6%) and 9 out of 79 diabetics who were either myocardial infarction survivors or who had angiographically-proven coronary artery disease (11.4%) had low aCL titres (P less than 0.01 for comparison of either diabetic group with controls, and P less than 0.1 for comparison between diabetic groups). One subject in each diabetic group, but no non-diabetics, had moderate IgM aCL titres. No subjects had high aCL titres. Diabetics have an increased frequency of low aCL titres which may relate to macrovascular disease. Macrovascular disease in diabetics is not associated with moderate or high aCL titres.+��https://www.ncbi.nlm.nih.gov/pubmed/2813232���Hendra, T J
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Stress, Physiological/blood���Dec 1R��Studies have been performed to assess the effect of exercise on spontaneous platelet aggregation in shaken whole blood, and on agonist-induced platelet aggregation in whole blood and platelet rich plasma (PRP). Spontaneous platelet aggregation in shaken whole blood was increased following exercise compared to pre-exercise values. The increase in spontaneous aggregation after exercise correlated inversely with the increase in white cell count in whole blood. Platelet sensitivity in whole blood to adrenaline, collagen and adenosine diphosphate (ADP) was increased following exercise. Changes in platelet sensitivity to adrenaline following exercise correlated with increases in plasma noradrenaline levels but not with changes in blood cell counts. In PRP, platelet sensitivity to ADP and to collagen was increased following exercise when the pre and post-exercise PRP platelet counts were not corrected to allow for the increase in platelet count which occurred with exercise. When the PRP platelet counts were corrected, no changes in platelet sensitivity to any agonist after exercise were observed.+��https://www.ncbi.nlm.nih.gov/pubmed/3222784���Hendra, T J
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beta-Thromboglobulin/analysis���Jul(��The effect of 24 hours and 7 days treatment with nisoldipine (10 mg, twice daily) on platelet function was studied in 12 normotensive volunteers of whom six were insulin-dependent diabetics without clinical evidence of vascular complications. Platelet aggregation was assessed by platelet rich plasma (PRP) and whole blood (WB) techniques. In addition, the effect of nisoldipine on platelet hyperaggregability following exercise was assessed. After taking nisoldipine for 24 hours, in vitro platelet hypersensitivity to adenosine diphosphate was observed in PRP (p less than 0.01) and WB (p less than 0.01), to adrenaline in WB (p less than 0.03), and to collagen in PRP (p less than 0.02). After seven days treatment, platelet sensitivities to all agonists at rest in both PRP and WB showed no differences from pre-treatment values. Exercise-induced platelet hypersensitivity in WB to all three agonists was unchanged after nisoldipine treatment. Plasma noradrenaline and adrenaline concentrations increased after 24 hours treatment, although changes in agonist EC50s at 24 hours were not related to changes in plasma catecholamine levels. No effects of nisoldipine were observed on platelet thromboxane B2 release in PRP, or on plasma beta-thromboglobulin levels. No differences in the effects of nisoldipine were observed between diabetic and non-diabetic subjects. Nisoldipine treatment for seven days is not associated with altered platelet function, but platelet hypersensitivity is observed after treatment for 24 hours in both insulin-dependent diabetics and controls.+��https://www.ncbi.nlm.nih.gov/pubmed/2976336É��Hendra, T J
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beta-Thromboglobulin/analysis���Jul-Augk��There are conflicting reports of platelet function abnormalities in diabetic patients without vascular complications. We have studied in vitro platelet aggregation, using platelet rich plasma and whole blood techniques, in 18 patients with uncomplicated insulin-dependent diabetes and a matched group of 24 non-diabetic subjects. In addition we measured plasma beta-thromboglobulin levels in these groups, as an index of in vivo platelet activation, and compared the indices of in vitro and in vivo platelet function before and after maximal bicycle exercise. Before exercise plasma beta-thromboglobulin levels and platelet sensitivities to ADP, collagen or adrenaline, as assessed by both methods of platelet aggregation, were the same in diabetic and control subjects. Both groups showed similar increases in beta-thromboglobulin levels and in platelet sensitivity to all agonists in whole blood following exercise. Using platelet rich plasma there were no changes in platelet sensitivity in either group after exercise. In non-diabetic subjects, increases in noradrenaline levels after exercise correlated with increases in platelet sensitivity to adrenaline in whole blood. This was not observed in the diabetic group. Abnormalities of platelet function, using the techniques described here, are not present in diabetic patients who do not have clinical evidence of vascular disease.+��https://www.ncbi.nlm.nih.gov/pubmed/2970923¡��Hendra, T J
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Reference Values���May 19Ü��Mean platelet volume, platelet count and an estimate of platelet volume distribution were studied following acute myocardial infarction in 59 diabetics and 88 non-diabetics and were compared with values in 100 non-diabetic and 50 diabetic non-infarct subjects. In the non-diabetics mean platelet volume and platelet distribution width were similar in the non-infarcted patients and in the infarcted patients without severe cardiac failure. All diabetics with myocardial infarction had larger mean platelet volumes and platelet distribution width than the diabetic non-infarct controls. All myocardial infarction patients with severe cardiac failure had larger platelet volumes than patients with mild or no failure. Increased mean platelet volume may reflect either increased platelet activation or increased numbers of large, hyperaggregable platelets. Abnormalities of platelet function may contribute to the relatively poor prognosis of myocardial infarction in patients with diabetes.+��https://www.ncbi.nlm.nih.gov/pubmed/3402334£��Hendra, T J
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Polymorphism, Genetic���Jun 20P��The prevalence of an uncommon allelic variant (S2) of the apoprotein AI-CIII-AIV gene cluster was determined in non-insulin-dependent diabetics with or without evidence of coronary heart disease and in controls. Frequencies of the S2 allele were 14% for diabetics with coronary heart disease compared with 2% for non-diabetics with no clinical evidence of occlusive vascular disease. No subject with the S2 allele was detected among a further group of matched diabetics without clinical features of macrovascular disease. The results suggest that a genetic component contributes to the susceptibility to coronary heart disease in non-insulin-dependent diabetics. Whether the observed deoxyribonucleic acid variant is aetiological for atherosclerosis or in linkage disequilibrium with other atherogenic loci on chromosome 11 remains to be clarified.+��https://www.ncbi.nlm.nih.gov/pubmed/3113537±��Trembath, R C
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Terminology as Topic���Mar-AprH��Mobile X-ray generators vary widely in design, cost and radiographic performance and the new designs of recent years have led to the introduction of jargon. Such terms as 'capacitator discharge' and 'modicum frequency' can give rise to confusion regarding operating technique. This review classifies the mobiles into three distinct categories. Simple rules are presented to enable an operator to transfer exposure factors from one category to another, and an analysis of the relative merits of each category is provided. Part 1 provides a description of the categories available, a broad explanation of the principles involved and discusses the radiographic use. Throughout the text certain terms are given in italics when first used in that particular description and Part 2 gives full explanations of these terms in the context of Part 1.+��https://www.ncbi.nlm.nih.gov/pubmed/3991888u��Evans, S A
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Technetium���Nov¿��Twelve salivary gland scans, done preoperatively for evaluation of parotid masses, included nine cases of Warthin's tumor. In addition to Warthin's tumor showing an accumulation of pertechnetate, increased activity was also present in two cases of mixed tumors. Warthin's tumor may also show decreased activity, with or without a large cystic component. Therefore, the interpretation of preoperative salivary gland scans must be made with caution.*��https://www.ncbi.nlm.nih.gov/pubmed/171356]��Hendra, R
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Table 14.3. Henipavirus Cell Tropism and Receptor Expression  
 
   

Cell line/ 
Primary 

cells  

Species/Cell 
Type 

Virus EFNB2a EFNB3a 
Infection 

Permissiveb 
Referencesc 

HUMAN 

HeLa-
CCL2 

Human Cervical 
Cancer 

NiV 
HeV 

+ - + 
Bonaparte, 20051 
Yoneda, 20062 

HeLa-
USU 

Human Cervical 
Cancer 

NiV 
HeV 

- - - 
Bonaparte, 20051 

HeLa-
USU-

EFNB2 

HeLa-USU 
stably 

expressing 
EFNB2 

HeV 
CedV 

+ 
+ 

- 
- 

+ 
+ 

Marsh,  20123 
Laing, 20184  
 

HeLa-
USU-

EFNB3 

HeLa-USU 
stably 

expressing 
EFNB3 

HeV 
CedV 

- 
- 

+ 
+ 

+ 
- 

Marsh,  20123 
Laing, 20184 

Vero 
(various 

subclones) 

African green 
monke kidney 

epithelial 

NiV 
HeV 
CedV 
GhV 

++ + + 

Murray, 19955 
Chua, 20006 
Bossart,  20051  
Erbar,  20087 
Marsh, 20123 
Pernet, 20148 

293T 

Human 
embryonic 

kidney 
fibroblast 

 + + + 

Yoneda, 20069 
Talekar, 201110 
Sawatsky, 200711 
Martinez-Gil, 
201712 

A549 
Human lung 

adenocarcinoma 
NiV 
HeV 

+ + + 
Aljofan , 200913 
Bauer , 201414 
Dietzel ., 201515 

PCI 13 
Human head and 
neck carcinoma 

NiV 
HeV 

+ + + 
Bonaparte, 20051 
Bossart, 200516 

U373-MG 
Human 

astroglioma 
NiV 

 
+ ++ 

+ 
 

Bonaparte, 20051  
Bossart,  200516 
Mathieu, 201117 

U87-MG 
Human 

glioblastoma 
NiV 
GhV 

+ + + 

Bender, 201618 
Lee, 201519 
Pernet, 20148 
Khetawat, 201020 



HBMEC 
(Primary) 

Human brain 
microvascular 

endothelial  
NiV + - + 

Wong , 200221 
Erbar . 20087 

HUVEC 
(Primary) 

Human 
umbilical cord 

endothelial  

NiV 
HeV 

+ + + 
Mathieu , 2012 
Park , 2015 

HuNSC 
Neurons/ 

Astrocytes 
(Primary) 

Human neural 
stem cells 

derived neurons 
and astrovytes  

NiV,  
HeV 

+ + + 
Palomares, 201322 
Park, 201523 

NHBE 
(Primary) 

(Normal) 
Human 

bronchial 
epithelial   

NiV, 
HeV 

 
+ + + 

Escaffre , 201324 
Escaffre , 201625 
 

SAEC 
(Primary) 

Human small 
airway 

epithleilial  

NiV 
HeV 

+ + + 
Escaffre , 201324 
Escaffre , 201625 
 

Hu PBL 
(Primary)  

Human 
peripheral blood 

lymphocytes 
NiV (+/-)d (+/-)d - Mathieu , 201117 

HuMono/
Mac/DCs 
(Primary) 

Human 
monocytes, 

macrophages, 
dendritic cells 

NiV  
Mono/ 

Mac (+/-)d 
DC (+/-)d 

Mono/ 
Mac (+/-)d 

DC (-) 

Mono (-) 
Mac (-) 
DC (+/-) 

Mathieu , 201117 

HuOE 
(Primary) 

Human olfactory 
epithelial 

NiV 
HeV 

(?) + + 
Borisevich, 201726 
Tanos, 201727 

Cell line/ 
Primary 

cells 

Species/Cell 
Type 

Virus EFNB2a EFNB3a 
Infection 

Permissiveb 
Referencesc 

NON-HUMAN 

BHK-21 
Baby hamster 

kidney 
fibroblast 

NiV 
 

+ (?) + 
Yoneda . 20062 
Aljofan , 200913 
 

CHO 
Chinese 

Hamster Ovary 

NiV  
HeV - - - 

Negrete, 200528 
Negrete, 200629 
Yoneda, 20062 

CHO-B2 
CHO stably 
expressing 
ephrin-B2 

NiV  
HeV + - + 

Negrete, 200528 
Negrete, 200629 

CHO-B3 
CHO stably 
expressing 

NiV  
HeV 

- + + 
Negrete, 200528 
Negrete, 200629 



ephrin-B3 

CRFK 
Cat (Feline) 

kidney epithelial  
NiV 
HeV 

+ + + Sawatsky , 200711 

PBMEC 
(Primary) 

Porcine brain 
microvascular 

endothelial  
NiV + + + 

Erbar . 20087 
Erabar , 201030 

PAEC 
(Primary) 

Pig Aorta 
Endothelial 

NiV - - - Erbar . 20087 
 

PK13 Pig kidney 
fibroblast 

NiV - - - Negrete . 200528 
Chua , 200731 

Rat 
cortical 
neurons 

Rat cortical 
neurons 

(Primary) 

NiV + + + Negrete , 200528 
Talekar , 201110 

4/4RM4 
Rat pleural 
mesothelial 

NiV + ND + 
Yoneda . 20062 
Hudson , 201432 

L2 
Rat lung 
epithelial 

NiV + ND + 
Yoneda . 20062 
Yoneda , 200933 

208f Rat embryonic 
fibroblast 

NiV + ND - Yoneda . 20062 
Yoneda , 200933 

P815 Mouse mast cell NiV + ND - Yoneda . 20062 
Yoneda , 200933 

MyEnd 
Mouse 

myocardial 
endothelial 

NiV (?) (?) - 
Erbar  20087 
 

PaLuT02 
Immortalized P. 
alecto (fruit bat) 

lung cells 

NiV 
HeV 

+ + + 
Virtue, 201134 
Bossart, 200835 

PaKi 
Primary P. 

alecto (fruit bat) 
kidney cells 

HeV + + + 
Virtue, 201134 
Bossart, 200835 

PaBrH04 
Immortalized P. 
alecto (fruit bat) 

brain cells 

NiV 
HeV 

+ + + 
Crameri, 200936 
Bossart, 200835 

MMEC Mouse 
microvascular 
endothelium  

NiV 
HeV 

 

(?) (?) (+/-)d Aljofan , 200913 
 

BAEC Bovine Aoritc 
Endothelium 

NiV, 
HeV 

(?) (?) (+/-)d Aljofan , 200913 
 

 



a Expression inferred from (1) transcriptional data (microarray, next-generation sequencing, RT-
PCR, etc.) provided in the cited references, or (2) indepedently verified through the Gene 
Expression Omnibus (GEO) Database (https://www.ncbi.nlm.nih.gov/geo/), or (3) competition 
with soluble ephrinB ligands or interference with cognate henipavirus receptor binding proteins. 
b For clarity and uniformity, only infection-permissive (not fusion-permissive) data are indicated; 
infection includes use of live virus and/or pseudotyped virus. c References cited support 
expression, infection data, or cell-type origin where relevant, and are representative, not 
comprehensive.   d Indicates >10-100-fold below positive control when quantitative data is 
avialable. ND, not determined; (?), not specifically mentioned. 
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TABLE 14.5 Summary of Advanced Henipavirus Vaccination Development Initiatives 
Evaluated in Animal Challenge Models  

Platform Viral antigen target or 
immunogen  

Animal challenge model  

Active vaccination 

Recombinant vaccinia virus 

Recombinant canarypox virus 

Recombinant VSV 

 

Recombinant AAV 

Recombinant measles virus 

Recombinant subunit 

 

Nipah F and/or G glycoprotein 

Nipah F and/or G glycoprotein 

Nipah F and/or G glycoprotein 

 

Nipah G glycoprotein 

Nipah G glycoprotein 

Hendra soluble G glycoprotein 

 

 

Hamstera (NiV) 

Pigb (NiV) 

Ferretc (NiV), Hamsterd (NiV), nonhuman 

primatee (NiV) 

Hamsterf (NiV, HeV) 

Hamsterg, Nonhuman primate (NiV, HeV) 

Cath (NiV), Ferreti (HeV, NiV), nonhuman 

primatej (HeV, NiV) Horsek (HeV) 

Passive immunization 

Human monoclonal antibody 

m102.4 

 

Hendra / Nipah G glycoprotein 

 

Ferretl (NiV)  

Nonhuman primatem (HeV, NiV) 

 

aHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vaccinia viruses 
were protected against disease following intraperitoneal challenge with 103 PFU of NiV.1 
bPigs immunized with NiV F and/or G glycoprotein encoding recombinant canarypox viruses 
were protected against intranasal challenge with 2.5x105 PFU of NiV.2. 
cFerrets immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis 
virus (VSV) vectors were protected against lethal intranasal challenge with 5x103 PFU of NiV.3 
dHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vesicular 
stomatitis virus (VSV) vectors were protected against lethal intraperitoneal challenge with 105 
TCID50 of NiV;4 or 6.8x104 TCID50 of NiV.5 
eAfrican green monkeys immunized with a NiV G encoding recombinant VSV vector were 
protected against lethal intratracheal challenge with 105 TCID50 of NiV.6,7 
fHamsters immunized with a NiV G encoding recombinant adeno-associated virus (AAV) vector 
were protected against lethal intraperitoneal with 104 PFU of NiV.8 
gHamsters and African green monkeys immunized with a NiV G encoding recombinant measles 
virus vector were protected against lethal intraperitoneal challenge with 103 TCID50 of NiV 
(hamsters) or 105 TCID50 of NiV (AGMs).9 
hHendra virus soluble G glycoprotein (HeV-sG) used to immunize cats protects against lethal 
subcutaneous (500 TCID50)10 or oronasal (5x104 TCID50) NiV challenge.11 
iHeV-sG used to immunize ferrets protects against lethal oronasal challenge with 5x103 TCID50 
of HeV12 or 5x103 TCID50 of NiV challenge.13 
jHeV-sG used to immunize African green monkeys protects against lethal intratracheal challenge 
with 105 TCID50 of NiV14 or 5x105 PFU of HeV.15 
kHeV-sG used to immunize horses protects against lethal oronasal challenge with 2x106 TCID50 

of HeV16. 



lA NiV and HeV cross-reactive G glycoprotein specific neutralizing human mAb (m102.4) 
protects ferrets against lethal oronasal challenge with 5x103 TCID50 of NiV17 or 5x103 TCID50 of 
HeV (J. Pallister and C. Broder, unpublished) by post-exposure infusion. 
mHuman mAb m102.4 protects African green monkeys by post-exposure infusion following 
lethal intratracheal challenge with 4x105 TCID50 of HeV18 or lethal intratracheal challenge with 
5x105 PFU of NiV.19,20 
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		Cell line/

Primary cells 

		Species/Cell Type

		Virus

		EFNB2a

		EFNB3a

		Infection Permissiveb

		Referencesc



		HUMAN



		HeLa-CCL2

		Human Cervical Cancer

		NiV

HeV

		+

		-

		+

		Bonaparte, 20051

Yoneda, 20062



		HeLa-USU

		Human Cervical Cancer

		NiV

HeV

		-

		-

		-

		Bonaparte, 20051



		HeLa-USU-EFNB2

		HeLa-USU stably expressing EFNB2

		HeV

CedV

		+

+

		-

-

		+

+

		Marsh,  20123

Laing, 20184 





		HeLa-USU-EFNB3

		HeLa-USU stably expressing EFNB3

		HeV

CedV

		-

-

		+

+

		+

-

		Marsh,  20123

Laing, 20184



		Vero (various subclones)

		African green monke kidney epithelial

		NiV

HeV

CedV

GhV

		++

		+

		+

		Murray, 19955

Chua, 20006

Bossart,  20051 

Erbar,  20087

Marsh, 20123

Pernet, 20148



		293T

		Human embryonic kidney fibroblast

		

		+

		+

		+

		Yoneda, 20069

Talekar, 201110

Sawatsky, 200711

Martinez-Gil, 201712



		A549

		Human lung adenocarcinoma

		NiV

HeV

		+

		+

		+

		Aljofan , 200913

Bauer , 201414

Dietzel ., 201515



		PCI 13

		Human head and neck carcinoma

		NiV

HeV

		+

		+

		+

		Bonaparte, 20051

Bossart, 200516



		U373-MG

		Human astroglioma

		NiV



		+

		++

		+



		Bonaparte, 20051 

Bossart,  200516

Mathieu, 201117



		U87-MG

		Human glioblastoma

		NiV

GhV

		+

		+

		+

		Bender, 201618

Lee, 201519

Pernet, 20148

Khetawat, 201020



		HBMEC (Primary)

		Human brain microvascular endothelial 

		NiV

		+

		-

		+

		Wong , 200221

Erbar . 20087



		HUVEC (Primary)

		Human umbilical cord endothelial 

		NiV

HeV

		+

		+

		+

		Mathieu , 2012

Park , 2015



		HuNSC Neurons/ Astrocytes

(Primary)

		Human neural stem cells derived neurons and astrovytes 

		NiV, 

HeV

		+

		+

		+

		Palomares, 201322

Park, 201523



		NHBE

(Primary)

		(Normal) Human bronchial epithelial  

		NiV,

HeV



		+

		+

		+

		Escaffre , 201324

Escaffre , 201625





		SAEC

(Primary)

		Human small airway epithleilial 

		NiV

HeV

		+

		+

		+

		Escaffre , 201324

Escaffre , 201625





		Hu PBL

(Primary) 

		Human peripheral blood lymphocytes

		NiV

		(+/-)d

		(+/-)d

		-

		Mathieu , 201117



		HuMono/Mac/DCs

(Primary)

		Human monocytes, macrophages, dendritic cells

		NiV 

		Mono/

Mac (+/-)d

DC (+/-)d

		Mono/

Mac (+/-)d

DC (-)

		Mono (-)

Mac (-)

DC (+/-)

		Mathieu , 201117



		HuOE

(Primary)

		Human olfactory epithelial

		NiV

HeV

		(?)

		+

		+

		Borisevich, 201726

Tanos, 201727



		Cell line/

Primary cells

		Species/Cell Type

		Virus

		EFNB2a

		EFNB3a

		Infection Permissiveb

		Referencesc



		NON-HUMAN



		BHK-21

		Baby hamster kidney fibroblast

		NiV



		+

		(?)

		+

		Yoneda . 20062

Aljofan , 200913





		CHO

		Chinese Hamster Ovary

		NiV 

HeV

		-

		-

		-

		Negrete, 200528

Negrete, 200629

Yoneda, 20062



		CHO-B2

		CHO stably expressing ephrin-B2

		NiV 

HeV

		+

		-

		+

		Negrete, 200528

Negrete, 200629



		CHO-B3

		CHO stably expressing ephrin-B3

		NiV 

HeV

		-

		+

		+

		Negrete, 200528

Negrete, 200629



		CRFK

		Cat (Feline) kidney epithelial  

		NiV

HeV

		+

		+

		+

		Sawatsky , 200711



		PBMEC

(Primary)

		Porcine brain microvascular endothelial 

		NiV

		+

		+

		+

		Erbar . 20087

Erabar , 201030



		PAEC

(Primary)

		Pig Aorta Endothelial

		NiV

		-

		-

		-

		Erbar . 20087





		PK13

		Pig kidney fibroblast

		NiV

		-

		-

		-

		Negrete . 200528

Chua , 200731



		Rat cortical neurons

		Rat cortical neurons

(Primary)

		NiV

		+

		+

		+

		Negrete , 200528

Talekar , 201110



		4/4RM4

		Rat pleural mesothelial

		NiV

		+

		ND

		+

		Yoneda . 20062

Hudson , 201432



		L2

		Rat lung epithelial

		NiV

		+

		ND

		+

		Yoneda . 20062

Yoneda , 200933



		208f

		Rat embryonic fibroblast

		NiV

		+

		ND

		-

		Yoneda . 20062

Yoneda , 200933



		P815

		Mouse mast cell

		NiV

		+

		ND

		-

		Yoneda . 20062

Yoneda , 200933



		MyEnd

		Mouse myocardial endothelial

		NiV

		(?)

		(?)

		-

		Erbar  20087





		PaLuT02

		Immortalized P. alecto (fruit bat) lung cells

		NiV

HeV

		+

		+

		+

		Virtue, 201134

Bossart, 200835



		PaKi

		Primary P. alecto (fruit bat) kidney cells

		HeV

		+

		+

		+

		Virtue, 201134

Bossart, 200835



		PaBrH04

		Immortalized P. alecto (fruit bat) brain cells

		NiV

HeV

		+

		+

		+

		Crameri, 200936

Bossart, 200835



		MMEC

		Mouse microvascular endothelium 

		NiV

HeV



		(?)

		(?)

		(+/-)d

		Aljofan , 200913





		BAEC

		Bovine Aoritc Endothelium

		NiV,

HeV

		(?)

		(?)

		(+/-)d

		Aljofan , 200913









a Expression inferred from (1) transcriptional data (microarray, next-generation sequencing, RT-PCR, etc.) provided in the cited references, or (2) indepedently verified through the Gene Expression Omnibus (GEO) Database (https://www.ncbi.nlm.nih.gov/geo/), or (3) competition with soluble ephrinB ligands or interference with cognate henipavirus receptor binding proteins. b For clarity and uniformity, only infection-permissive (not fusion-permissive) data are indicated; infection includes use of live virus and/or pseudotyped virus. c References cited support expression, infection data, or cell-type origin where relevant, and are representative, not comprehensive.   d Indicates >10-100-fold below positive control when quantitative data is avialable. ND, not determined; (?), not specifically mentioned.
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TABLE 14.5 Summary of Advanced Henipavirus Vaccination Development Initiatives Evaluated in Animal Challenge Models 

		Platform

		Viral antigen target or immunogen 

		Animal challenge model 



		Active vaccination

Recombinant vaccinia virus

Recombinant canarypox virus

Recombinant VSV



Recombinant AAV

Recombinant measles virus

Recombinant subunit

		

Nipah F and/or G glycoprotein

Nipah F and/or G glycoprotein

Nipah F and/or G glycoprotein



Nipah G glycoprotein

Nipah G glycoprotein

Hendra soluble G glycoprotein



		

Hamstera (NiV)

Pigb (NiV)

Ferretc (NiV), Hamsterd (NiV), nonhuman primatee (NiV)

Hamsterf (NiV, HeV)

Hamsterg, Nonhuman primate (NiV, HeV)

Cath (NiV), Ferreti (HeV, NiV), nonhuman primatej (HeV, NiV) Horsek (HeV)



		Passive immunization

Human monoclonal antibody m102.4

		

Hendra / Nipah G glycoprotein

		

Ferretl (NiV) 

Nonhuman primatem (HeV, NiV)







aHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vaccinia viruses were protected against disease following intraperitoneal challenge with 103 PFU of NiV.1

bPigs immunized with NiV F and/or G glycoprotein encoding recombinant canarypox viruses were protected against intranasal challenge with 2.5x105 PFU of NiV.2.

cFerrets immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis virus (VSV) vectors were protected against lethal intranasal challenge with 5x103 PFU of NiV.3

dHamsters immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis virus (VSV) vectors were protected against lethal intraperitoneal challenge with 105 TCID50 of NiV;4 or 6.8x104 TCID50 of NiV.5

eAfrican green monkeys immunized with a NiV G encoding recombinant VSV vector were protected against lethal intratracheal challenge with 105 TCID50 of NiV.6,7

fHamsters immunized with a NiV G encoding recombinant adeno-associated virus (AAV) vector were protected against lethal intraperitoneal with 104 PFU of NiV.8

gHamsters and African green monkeys immunized with a NiV G encoding recombinant measles virus vector were protected against lethal intraperitoneal challenge with 103 TCID50 of NiV (hamsters) or 105 TCID50 of NiV (AGMs).9

hHendra virus soluble G glycoprotein (HeV-sG) used to immunize cats protects against lethal subcutaneous (500 TCID50)10 or oronasal (5x104 TCID50) NiV challenge.11

iHeV-sG used to immunize ferrets protects against lethal oronasal challenge with 5x103 TCID50 of HeV12 or 5x103 TCID50 of NiV challenge.13

jHeV-sG used to immunize African green monkeys protects against lethal intratracheal challenge with 105 TCID50 of NiV14 or 5x105 PFU of HeV.15

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]kHeV-sG used to immunize horses protects against lethal oronasal challenge with 2x106 TCID50 of HeV16.

[bookmark: _GoBack]lA NiV and HeV cross-reactive G glycoprotein specific neutralizing human mAb (m102.4) protects ferrets against lethal oronasal challenge with 5x103 TCID50 of NiV17 or 5x103 TCID50 of HeV (J. Pallister and C. Broder, unpublished) by post-exposure infusion.

mHuman mAb m102.4 protects African green monkeys by post-exposure infusion following lethal intratracheal challenge with 4x105 TCID50 of HeV18 or lethal intratracheal challenge with 5x105 PFU of NiV.19,20
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��Data Brief���21���DecL��This data article informs about Chiropteran diversity, new records, ecosystem services and possible pathogen carriers in fragmented forests (sub-divided by utility corridors, man-made structures, untouched and secondary plantations) within districts Setiu (Setiu Research Station), Hulu Terengganu (Saok and Lasir waterfalls) and Besut (Gunung Tebu Forest Reserve) of state Terengganu, Peninsular Malaysia. These bats were captured using harp traps and mist nets that were set 10m apart across flyways, streams and less cluttered trees in the 50m x 50m transect zones (identified at each site). All animals were distinguished by morphology and gender before their release at the site of capture. The data comprise of five bat family groups Hipposideridae, Megadermatidae, Pteropodidae, Rhinolophidae and Vespertilionidae. It is interesting to note that untouched Saok Waterfalls is home to wide variety of bats listed (68.8%), followed by secondary forests of Gunung Tebu Forest Reserve (24.8%), untouched Lasir Waterfalls (4.8%) and lastly, Setiu Research Station as least favored (1.6%). Chiroptera like Cynopterus brachyotis (n = 23, 37.7%), Hipposideros bicolor (n = 6, 9.8%) and Scotophilus kuhli (n = 6, 9.8%) were most dominant in the checklist whereas Hipposideros armiger, Murina suilla and Scotophilus kuhlii are new data records in the fragmented forests of Terengganu. The data were interpret into Shannon, Simpson, Margalef, Menhinik and Evenness indices to individually or collectively distinguish chiropteran variety in Terengganu State whereas weight-forearm length (W/FA) informs about chiropteran Body Condition Index (-0.25 to 0.25). The function of bats were also identified to distinguish service providers (pollination and forests regeneration) and zoonotic pathogen carriers (in particular to Leptospira bacteria, Nipah virus and Sindbis virus).,��https://www.ncbi.nlm.nih.gov/pubmed/30533456ú��Fakhrul-Hatta, Siti Nurfatiha Najihah
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transendothelial migration���Nipah virus (NiV) can infect multiple organs in humans with the central nervous system (CNS) being the most severely affected. Currently, it is not fully understood how NiV spreads throughout the body. NiV has been shown to infect certain leukocyte populations and we hypothesized that these infected cells could cross the blood-brain barrier (BBB), facilitating NiV entry into the CNS. Here, three leukocyte types, primary immature dendritic cells (iDC), primary monocytes (pMO), and monocytic cell line (THP-1), were evaluated for permissiveness to NiV. We found only iDC and THP-1 were permissive to NiV. Transendothelial migration of mock-infected and NiV-infected leukocytes was then evaluated using an in vitro BBB model established with human brain microvascular endothelial cells (HBMEC). There was approximately a threefold increase in migration of NiV-infected iDC across endothelial monolayer when compared to mock-infected iDC. In contrast, migration rates for pMO and THP-1 did not change upon NiV infection. Across TNF-alpha-treated endothelial monolayer, there was significant increase of almost twofold in migration of NiV-infected iDC and THP-1 over mock-infected cells. Immunofluorescence analysis showed the migrated NiV-infected leukocytes retained their ability to infect other cells. This study demonstrates for the first time that active NiV infection of iDC and THP-1 increased their transendothelial migration activity across HBMEC and activation of HBMEC by TNF-alpha further promoted migration. The findings suggest that NiV infection of leukocytes to disseminate the virus via the "Trojan horse" mechanism is a viable route of entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/30483242À��Tiong, Vunjia
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Respiratory Tract Infections/etiology/genetics/immunology/virology���Nov9��Nipah virus (NiV) infection can lead to severe respiratory or neurological disease in humans. Transmission of NiV has been shown to occur through contact with virus contaminated fomites or consumption of contaminated food. Previous results using the African green monkey (AGM) model of NiV infection identified aspects of infection that, while similar to humans, don't fully recapitulate disease. Previous studies also demonstrate near uniform lethality that is not consistent with human NiV infection. In these studies, aerosol exposure using an intermediate particle size (7mum) was used to mimic potential human exposure by facilitating virus deposition in the upper respiratory tract. Computed tomography evaluation found some animals developed pulmonary parenchymal disease including consolidations, ground-glass opacities, and reactive adenopathy. Despite the lack of neurological signs, magnetic resonance imaging identified distinct brain lesions in three animals, similar to those previously reported in NiV-infected patients. Immunological characterization of tissues collected at necropsy suggested a local pulmonary inflammatory response with increased levels of macrophages in the lung, but a limited neurologic response. These data provide the first clear evidence of neurological involvement in the AGM that recapitulates human disease. With the development of a disease model that is more representative of human disease, these data suggest that NiV infection in the AGM may be appropriate for evaluating therapeutic countermeasures directed at virus-induced neuropathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/30462637Ú��Hammoud, Dima A
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Parker, S. J.���2019F��Decision-Making in the Emergency Laparotomy: A Mixed Methodology Study���798-805���World J Surg���43���3���Marþ��INTRODUCTION: More than 30,000 emergency laparotomies take place annually in England and Wales (Symons et al. in Br J Surg 100(10):1318-1325, 2013; Shapter et al. in Anaesthesia 67(5):474-478, 2012). They are associated with high morbidity and an average inpatient 30-day mortality rate of 11%. Inextricably linked to outcomes is the decision-making process of whether or not to operate (NELA Project Team First patient report of the National Emergency Laparotomy Audit. RCoA, London, 2015; Crebbin et al. in Aust N Z J Surg 83(6):422-428, 2013). A mixed-methods study was undertaken to investigate decision-making in the emergency laparotomy and influencing factors. METHODS: Semi-structured interviews were undertaken amongst general surgeons, exploring the decision-making process. Results helped guide design of an online survey, consisting of vignettes and subsequent questions. Respondents were asked to decide whether or not they would perform a laparotomy for each vignette and the results compared to grade, risk attitudes and reflective practice. Responses were analysed for effect of previous positive and negative experiences and for consistency. RESULTS: Interviews revealed multiple important factors when considering whether or not to perform an emergency laparotomy, broadly categorised into patient-related, surgeon-related and external factors. A total of 116 general surgeons completed the survey: 12 SHOs, 79 registrars and 25 consultants. Non-consultants were 10.4% (95% CI +/-9.7%) more likely to perform an emergency laparotomy than consultants (p = 0.036) on multivariate analysis. No association was observed between operative practices and risk attitudes (p = 0.22), reflective practice (p = 0.7) or previous positive or negative experiences in univariate (p = 0.67) or multivariate analysis. Surgeons were not proven to be either consistent nor inconsistent in their decision-making. CONCLUSION: The decision to operate or not in an emergency laparotomy directly effects patient outcome. This study demonstrates a difference in decision-making and risk attitudes between consultants and their juniors. To address this, formal teaching of models of decision-making, influencing factors and vignette-based consultant-led discussions should be introduced into surgical training.,��https://www.ncbi.nlm.nih.gov/pubmed/30456483���Hendra, Louise
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�Ebola virus (EBOV) and Nipah virus (NiV) infection of humans can cause fatal disease and constitutes a public health threat. In contrast, EBOV and NiV infection of fruit bats, the putative (EBOV) or proven (NiV) natural reservoir, is not associated with disease, and it is currently unknown how these animals control the virus. The human interferon (IFN)-stimulated antiviral effector protein tetherin (CD317, BST-2) blocks release of EBOV- and NiV-like particles from cells and is counteracted by the EBOV glycoprotein (GP). In contrast, it is unknown whether fruit bat tetherin restricts virus infection and is susceptible to GP-driven antagonism. Here, we report the sequence of fruit bat tetherin and show that its expression is IFN stimulated and associated with strong antiviral activity. Moreover, we demonstrate that EBOV-GP antagonizes tetherin orthologues of diverse species but fails to efficiently counteract fruit bat tetherin in virus-like particle (VLP) release assays. However, unexpectedly, tetherin was dispensable for robust IFN-mediated inhibition of EBOV spread in fruit bat cells. Thus, the VLP-based model systems mimicking tetherin-mediated inhibition of EBOV release and its counteraction by GP seem not to adequately reflect all aspects of EBOV release from IFN-stimulated fruit bat cells, potentially due to differences in tetherin expression levels that could not be resolved by the present study. In contrast, tetherin expression was essential for IFN-dependent inhibition of NiV infection, demonstrating that IFN-induced fruit bat tetherin exerts antiviral activity and may critically contribute to control of NiV and potentially other highly virulent viruses in infected animals.IMPORTANCE Ebola virus and Nipah virus (EBOV and NiV) can cause fatal disease in humans. In contrast, infected fruit bats do not develop symptoms but can transmit the virus to humans. Why fruit bats but not humans control infection is largely unknown. Tetherin is an antiviral host cell protein and is counteracted by the EBOV glycoprotein in human cells. Here, employing model systems, we show that tetherin of fruit bats displays higher antiviral activity than human tetherin and is largely resistant against counteraction by the Ebola virus glycoprotein. Moreover, we demonstrate that induction of tetherin expression is critical for interferon-mediated inhibition of NiV but, for at present unknown reasons, not EBOV spread in fruit bat cells. Collectively, our findings identify tetherin as an antiviral effector of innate immune responses in fruit bats, which might allow these animals to control infection with NiV and potentially other viruses that cause severe disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30429347N��Hoffmann, Markus
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miRNA���Sep2��Current re-emergence of Nipah virus (NiV) in India caused 11 deaths so far and many patients were kept in quarantine. A thorough study of previous outbreaks occurred in Malaysia, Bangladesh and India represents cases with high rate of fatality due to acute encephalitis. Our work involves genome analysis of NiV for prediction of miRNAs and their targeted genes in human in order to understand encephalitis origin. Ab-intio program-VMir was used for initial screening of genome, obtained nine pre-miRNAs was analyzed by ViralMir to check for any pseudo pre-miRNAs. Eighteen functional mature miRNAs were extracted from pre-miRNAs by using Mature-Bayes tool, which targets 669 genes in human genome as retrieved by miRDB. Gene ontology terms by PANTHER provide important pathways in which target genes were involved like Axon guidance, T cell activation, and nicotinic acetylcholine receptor signaling. Significant outcome was obtained after NCBI Gene and OMIM database mining and literature search for predicted target genes. TLR3, TJP1, NOTCH2, FHL1, and GRIA3 target genes obtained showed their involvement in host defense, blood brain barrier, neurogenesis, mental retardation and encephalitis. To conclude, we predicted significant genes in human that can be inhibited by miRNAs of NiV and results in etiology of encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/30426028í��Saini, Sandeep
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Surface exposed conserved segments.Å��We briefly review the situations arising out of epidemics that erupt rather suddenly, threatening life and livelihoods of humans. Ebola, Zika and the Nipah virus outbreaks are recent examples where the viral epidemics have led to considerably high degree of fatalities or debilitating consequences. The problems are accentuated by a lack of drugs or vaccines effective against the new and emergent viruses, and the inordinate amount of temporal and financial resources that are required to combat the novel pathogens. Progress in computational, biological and informational sciences have made it possible to consider design of synthetic vaccines that can be rapidly developed and deployed to help stem the damages. In this review, we consider the pros and cons of this new paradigm and suggest a new system where the manufacturing process can be decentralized to provide more targeted vaccines to meet the urgent needs of protection in case of a rampaging epidemic.,��https://www.ncbi.nlm.nih.gov/pubmed/30417788µ��Nandy, Ashesh
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phosphoprotein and polymerase���Nov 11���Persistent outbreaks of Nipah virus (NiV) with severe case fatality throw a major challenge on researchers to develop a drug or vaccine to combat the disease. With little knowledge of its molecular mechanisms, we utilized the proteome data of NiV to evaluate the potency of three major proteins (phosphoprotein, polymerase, and nucleocapsid protein) in the RNA-dependent RNA polymerase complex to count as a possible candidate for epitope-based vaccine design. Profound computational analysis was used on the above proteins individually to explore the T-cell immune properties like antigenicity, immunogenicity, binding to major histocompatibility complex class I and class II alleles, conservancy, toxicity, and population coverage. Based on these predictions the peptide 'ELRSELIGY' of phosphoprotein and 'YPLLWSFAM' of nulceocapsid protein were identified as the best-predicted T-cell epitopes and molecular docking with human leukocyte antigen-C (HLA-C*12:03) molecule was effectuated followed by validation with molecular dynamics simulation. The B-cell epitope predictions suggest that the sequence positions 421 to 471 in phosphoprotein, 606 to 640 in polymerase and 496 to 517 in nucleocapsid protein are the best-predicted regions for B-cell immune response. However, the further experimental circumstance is required to test and validate the efficacy of the subunit peptide for potential candidacy against NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/30417438���Ravichandran, Lavanya
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Lohana, P.���2018'��The Killer Virus Called Nipah: A Review���e3168���Cureus���10���8���nipah virus���Aug 21���Nipah virus (NiV) is a deadly virus with a high mortality rate that has affected many developing countries in the past. According to the Centers for Disease Control and Prevention (CDC), many economically deprived countries such as Madagascar, Cambodia, and Thailand are also at high risk for future outbreaks. The first case of NiV was reported in 1998 and almost two decades later, little scientific progress has been made in finding a proper treatment and prevention vaccine. As many developing countries are not properly equipped to fight the infection, it is vital to properly educate the health systems. The aim of this review is to provide an epidemiological background as well as to understand the transmission routes, presentation, and the diagnosis and prevention of this deadly virus.,��https://www.ncbi.nlm.nih.gov/pubmed/30416895¼��Ramphul, Kamleshun
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Chen, P.���2018¢��Association between a Single Nucleotide Polymorphism in the 3'-UTR of ARHGEF18 and the Risk of Nonidiopathic Pulmonary Arterial Hypertension in Chinese Population���2461845���Dis Markers���2018y��ARHGEF18 has been identified as upregulated in the lung tissues of rat models of pulmonary artery hypertension introduced by hypoxia or monocrotaline (MCT). We used online SNP function prediction tools to screen the candidate SNPs that might be associated with the regulation of the ARHGEF18 expression. The result suggested that rs3745357 located in the 3'-untranslated region of ARHGEF18 is probably a genetic modifier in the process. In the present study, we aimed to investigate the association between ARHGEF18 rs3745357 polymorphism and nonidiopathic pulmonary arterial hypertension susceptibility (niPAH). A total of 293 participants were included in the case-control study (117 patients and 176 healthy controls). The rs3745357 variant was discriminated by using cleaved amplification polymorphism (CAP) sequence-tagged site technology. Although the overall allele and genotype frequencies of rs3745357 in niPAH patients were close to those of the control group, significant differences have been identified when we further divided the niPAH patients into subgroups with or without coronary heart disease (CHD). Rs3745357 C allele frequency was significantly higher in niPAH patients without CHD history (p = 0.001), while the frequency was significantly lower in niPAH patients with CHD history (p = 0.017) when compared to control subjects. The distribution of genotype frequencies was also quite different. After adjustment by gender and age, significant differences were found between patients with CHD history and controls. The results suggest that the ARHGEF18 rs3745357 variant may be used as a marker for the genetic susceptibility to niPAH.,��https://www.ncbi.nlm.nih.gov/pubmed/30405854º��Li, Ding
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�Introduction: Zoonotic diseases are the infectious diseases that can be transmitted to human beings and vice versa from animals either directly or indirectly. These diseases can be caused by a range of organisms including bacteria, parasites, viruses and fungi. Viral diseases are highly infectious and capable of causing pandemics as evidenced by outbreaks of diseases like Ebola, Middle East Respiratory Syndrome, West Nile, SARS-Corona, Nipah, Hendra, Avian influenza and Swine influenza. Expalantion: Many viruses affecting equines are also important human pathogens. Diseases like Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and Venezuelan-equine encephalitis (VEE) are highly infectious and can be disseminated as aerosols. A large number of horses and human cases of VEE with fatal encephalitis have continuously occurred in Venezuela and Colombia. Vesicular stomatitis (VS) is prevalent in horses in North America and has zoonotic potential causing encephalitis in children. Hendra virus (HeV) causes respiratory and neurological disease and death in man and horses. Since its first outbreak in 1994, 53 disease incidents have been reported in Australia. West Nile fever has spread to many newer territories across continents during recent years.It has been described in Africa, Europe, South Asia, Oceania and North America. Japanese encephalitis has expanded horizons from Asia to western Pacific region including the eastern Indonesian archipelago, Papua New Guinea and Australia. Rabies is rare in horses but still a public health concern being a fatal disease. Equine influenza is historically not known to affect humans but many scientists have mixed opinions. Equine viral diseases of zoonotic importance and their impact on animal and human health have been elaborated in this article. Conclusion: Equine viral diseases though restricted to certain geographical areas have huge impact on equine and human health. Diseases like West Nile fever, Hendra, VS, VEE, EEE, JE, Rabies have the potential for spread and ability to cause disease in human. Equine influenza is historically not known to affect humans but some experimental and observational evidence show that H3N8 influenza virus has infected man. Despite our pursuit of understanding the complexity of the vector-host-pathogen mediating disease transmission, it is not possible to make generalized predictions concerning the degree of impact of disease emergence. A targeted, multidisciplinary effort is required to understand the risk factors for zoonosis and apply the interventions necessary to control it.,��https://www.ncbi.nlm.nih.gov/pubmed/30288197Ï��Kumar, Balvinder
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risk mapping���May 30���Since 1998, Nipah virus (NiV) (genus: Henipavirus; family: Paramyxoviridae), an often-fatal and highly virulent zoonotic pathogen, has caused sporadic outbreak events. Fruit bats from the genus Pteropus are the wildlife reservoirs and have a broad distribution throughout South and Southeast Asia, and East Africa. Understanding the disease biogeography of NiV is critical to comprehending the potential geographic distribution of this dangerous zoonosis. This study implemented the R packages ENMeval and BIOMOD2 as a means of modeling regional disease transmission risk and additionally measured niche similarity between the reservoir Pteropus and the ecological characteristics of outbreak localities with the Schoener's D index and I statistic. Results indicate a relatively high degree of niche overlap between models in geographic and environmental space (D statistic, 0.64; and I statistic, 0.89), and a potential geographic distribution encompassing 19% (2,963,178 km(2)) of South and Southeast Asia. This study should contribute to current and future efforts to understand the critical ecological contributors and geography of NiV. Furthermore, this study can be used as a geospatial guide to identify areas of high disease transmission risk and to inform national public health surveillance programs.,��https://www.ncbi.nlm.nih.gov/pubmed/30274453���Deka, Mark A
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Severe emerging infectious diseases���Nov���The Research and Development (R&D) Blueprint is a World Health Organization initiative to reduce the time between the declaration of a public health emergency and the availability of effective diagnostic tests, vaccines, and treatments that can save lives and avert a public health crisis. The scope of the Blueprint extends to severe emerging diseases for which there are insufficient or no presently existing medical countermeasures or pipelines to produce them. In February 2018, WHO held an informal expert consultation to review and update the list of priority diseases, employing a prioritization methodology which uses the Delphi technique, questionnaires, multi-criteria decision analysis, and expert review to identify relevant diseases. The committee determined that, given their potential to cause a public health emergency and the absence of efficacious drugs and/or vaccines, there is an urgent need for accelerated R&D for (in no order of priority) Crimean-Congo haemorrhagic fever, Ebola virus and Marburg virus disease, Lassa fever, Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), Nipah and henipaviral diseases, Rift Valley fever and Zika virus disease. The experts also included "Disease X," representing the awareness that a previously unknown pathogen could cause a major public health emergency. This report describes the methods and results of the 2018 prioritization review.,��https://www.ncbi.nlm.nih.gov/pubmed/30261226Í��Mehand, Massinissa Si
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surgery���Oct���BACKGROUND: Cancellation of planned surgery impacts substantially on patients and health systems. This study describes the incidence and reasons for cancellation of inpatient surgery in the UK NHS. METHODS: We conducted a prospective observational cohort study over 7 consecutive days in March 2017 in 245 NHS hospitals. Occurrences and reasons for previous surgical cancellations were recorded. Using multilevel logistic regression, we identified patient- and hospital-level factors associated with cancellation due to inadequate bed capacity. RESULTS: We analysed data from 14 936 patients undergoing planned surgery. A total of 1499 patients (10.0%) reported previous cancellation for the same procedure; contemporaneous hospital census data indicated that 13.9% patients attending inpatient operations were cancelled on the day of surgery. Non-clinical reasons, predominantly inadequate bed capacity, accounted for a large proportion of previous cancellations. Independent risk factors for cancellation due to inadequate bed capacity included requirement for postoperative critical care [odds ratio (OR)=2.92; 95% confidence interval (CI), 2.12-4.02; P<0.001] and the presence of an emergency department in the treating hospital (OR=4.18; 95% CI, 2.22-7.89; P<0.001). Patients undergoing cancer surgery (OR=0.32; 95% CI, 0.22-0.46; P<0.001), obstetric procedures (OR=0.17; 95% CI, 0.08-0.32; P<0.001), and expedited surgery (OR=0.39; 95% CI, 0.27-0.56; P<0.001) were less likely to be cancelled. CONCLUSIONS: A significant proportion of patients presenting for surgery have experienced a previous cancellation for the same procedure. Cancer surgery is relatively protected, but bed capacity, including postoperative critical care requirements, are significant risk factors for previous cancellations.,��https://www.ncbi.nlm.nih.gov/pubmed/30236235±��Wong, D J N
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*survey methodology���Oct-Decû��BACKGROUND: The high costs of implementing surveys are increasingly leading research teams to either cut back on surveys or to rely on administrative records. Yet no policy should be based on a single set of estimates, and every approach has its weaknesses. A mixture of approaches, each with its own biases, should provide the analyst with a better understanding of the underlying phenomenon. This claim is illustrated with a comparison of employment effect estimates of two conditional cash transfer programs in New York City using survey and administrative unemployment insurance (UI) data. OBJECTIVES: This article explores whether using administrative data and survey data produce different impact estimates and investigates the source of differential effects between data sources. RESEARCH DESIGN: The results of a survey nonresponse bias analysis and an analysis of characteristics of non-UI-covered job characteristics using data collected on 6,000 families who enrolled in either the Family Rewards or Work Rewards evaluation are presented. RESULTS: In both evaluations, survey data showed positive employment effects, while administrative data showed no statistically significant employment effects. Family Rewards increased employment mostly in non-UI-covered jobs, while the positive survey impact estimates in Work Rewards were partially due to survey nonresponse bias. CONCLUSIONS: Despite cost pressures leading researchers to collect and analyze only administrative records, the results suggest that survey and administrative records data both suffer from different kinds of sample attrition, and researchers may need to triangulate data sources to draw accurate conclusions about program effects. Developing more economical data collection practices is a major priority.,��https://www.ncbi.nlm.nih.gov/pubmed/30223677ª��Yang, Edith
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alpha Karyopherins/genetics/*metabolism���Sep 12���Seven human isoforms of importin alpha mediate nuclear import of cargo in a tissue- and isoform-specific manner. How nuclear import adaptors differentially interact with cargo harbouring the same nuclear localisation signal (NLS) remains poorly understood, as the NLS recognition region is highly conserved. Here, we provide a structural basis for the nuclear import specificity of W proteins in Hendra and Nipah viruses. We determine the structural interfaces of these cargo bound to importin alpha1 and alpha3, identifying a 2.4-fold more extensive interface and > 50-fold higher binding affinity for importin alpha3. Through the design of importin alpha1 and alpha3 chimeric and mutant proteins, together with structures of cargo-free importin alpha1 and alpha3 isoforms, we establish that the molecular basis of specificity resides in the differential positioning of the armadillo repeats 7 and 8. Overall, our study provides mechanistic insights into a range of important nucleocytoplasmic transport processes reliant on isoform adaptor specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/30209309C��Smith, Kate M
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Zoonoses���Dec���While general medical practitioners (GPs) and veterinarians are often the first line responders in the face of a disease outbreak, pathways to improving the One Health efficacy of these clinicians remain unclear. A two-phase modified Delphi survey of professionals with known expertise in One Health ('expert panel') was used to 1) identify key knowledge, attitudes and practices (KAPs) of GPs and veterinarians that would be consistent with a One Health approach to zoonoses; and 2) determine priorities for future surveys with Australian GPs and veterinarians to identify important gaps that impede effective diagnosis and management of zoonoses. A list of 13 topics/sub-topics, as well as a list of 25 specific zoonotic diseases/agents emerged from the first phase of the survey. In the second phase the expert panel identified general knowledge of the clinical aspects and epidemiological aspects of zoonoses, as well as risk management practices, as the most important KAPs and research priorities for both GPs and veterinarians. In terms of diseases, the expert panel regarded knowledge of Hendra virus, Q fever, Australian bat lyssavirus (ABLV), anthrax and Brucella suis most important for veterinarians, whilst for GPs, Q fever, gastrointestinal/foodborne diseases, influenza, ABLV and local vector-borne diseases were found to be most important by the expert panel. Some differences were noted in terms of prioritization of topics/sub-topics and diseases/agents according to expert background (veterinary and non-veterinary). The Delphi survey technique enabled efficient collection of data from a diverse range of One Health 'experts'/specialists and provided clear priorities for proposed future research, and potentially for educational interventions to improve One Health efficacy of clinicians.,��https://www.ncbi.nlm.nih.gov/pubmed/30197925¦��Steele, Sandra G
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Virus ebola���Aug,
�The global community continues to incur the high costs of crisis mitigation and emergency response to outbreaks of emerging infectious diseases, such as those caused by the H5N1 highly pathogenic avian influenza virus, Ebola virus, Nipah virus, Zika virus or the Middle East respiratory syndrome coronavirus. These viruses are particularly dangerous in regions associated with poor development indicators and high vulnerability. The drivers of these disease crises include failures in the way that animal diseases are detected and reported and failures in the way in which disease response is implemented by animal health and public health systems. In addition, the lack of a coordinated response hampers disease control efforts. A comprehensive approach for disease prevention, detection and response, however, requires a coordinated and joint effort among governments, communities, donors and international networks to invest effectively in prevention systems that can identify early signals of the emergence, spillover and spread of animal pathogens at the local level. These signals include trade bans, market closures, civil unrest, heavy rains and droughts associated with climate change, and livestock intensification or changes in consumer behaviour. The global community needs to increase its investment in early warning and detection systems that can provide information that enables action to be taken at the national, regional and global levels in the event of an outbreak of a transboundary animal disease (TAD). Like any preventive measure, an early warning system requires financial resources, but these are insignificant when compared to the losses that are avoided. Building a global early warning and effective response system for outbreaks is value for money, as the benefits far outweigh the costs. The goal of the Food and Agriculture Organization of the United Nations (FAO) is to end hunger and poverty, which is a challenging and complex task. Building global capacity to prepare for and respond to TADs is an important element of the FAO's strategic objective to increase the resilience of livelihoods to threats and crises. Each year, livestock, and the people who rely upon them for their livelihoods, are confronted with animal disease and crises. They can strike suddenly, causing obvious illness and death, or emerge insidiously and become well established before becoming apparent. Animal disease emergencies threaten the production of, and access to, food; consequently, one of the FAO's missions is to help countries to prepare for and respond to animal health disasters.,��https://www.ncbi.nlm.nih.gov/pubmed/30152454���Tekola, B
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Surete biologique���AugÖ��With recent outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV), anthrax, Nipah and the highly pathogenic avian influenza virus, much emphasis has been placed on the rapid identification of infectious agents globally. As a result, laboratories are building capacity, conducting more advanced and sophisticated research, increasing their staff, and establishing reference collections of dangerous pathogens in an attempt to reduce the impact of infectious disease outbreaks and to characterise disease-causing agents. With this expansion, the global laboratory community has started to focus on laboratory biosafety and biosecurity in order to prevent the accidental and/or intentional release of these agents. Laboratory biosafety and biosecurity systems are used around the world to help to mitigate the risks posed by dangerous pathogens in the laboratory. Veterinary laboratories carry unique responsibilities with regard to workers and communities to handle disease-causing microorganisms safely and securely. Many microorganisms studied in veterinary laboratories not only infect animals, but also have the potential to infect humans. This paper will discuss the fundamentals of laboratory biosafety and biosecurity.,��https://www.ncbi.nlm.nih.gov/pubmed/30152450���Brass, V H
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spillover���Octj��Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, Asia, and Australia. In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses. The genus Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and Asia, and a suite of largely uncharacterized African henipaviruses. Rapid change in fruit bat habitat and associated shifts in their ecology and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing spillover risk of bat-borne viruses. We review the ways that changing resource landscapes affect the processes that culminate in cross-species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure. We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus spillover. When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and composition.,��https://www.ncbi.nlm.nih.gov/pubmed/30138535£��Kessler, Maureen K
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vaccinesV��The Indian subcontinent with its population density, climatic conditions, means of subsistence, socioeconomic factors as well as travel and tourism presents a fertile ground for thriving of RNA viruses. Despite being pathogens of huge significance, there is very little focus on research into the biology and pathogenesis of RNA viruses in India. Studies on epidemiology and disease burden, risk factors, the immune response to RNA viruses, circulating virus strains and virus evolution, animal models of disease, antivirals and vaccines are strikingly absent. Emerging RNA viruses such as Zika virus, Nipah virus and Crimean-Congo haemorrhagic fever virus are a matter of grave concern to India. Here we summarize the outcome of the India|EMBO symposium on "RNA viruses: immunology, pathogenesis and translational opportunities" organized at Faridabad, National Capital Region, India, on March 28-30, 2018. The meeting focused on RNA viruses (non-HIV), and both national and international experts on RNA viruses covered topics ranging from epidemiology, immune response, virus evolution and vaccine trials concerning RNA viruses. The aim of the symposium was to create a road map for RNA virus research in India. Both concrete and tentative ideas pointing towards short-term and long-term goals were presented with recommendations for follow-up at government level.,��https://www.ncbi.nlm.nih.gov/pubmed/30131779���Medigeshi, Guruprasad R
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paramyxovirus���Mar-AprU��Nipah virus (NiV) encephalitis first reported in "Sungai Nipah" in Malaysia in 1999 has emerged as a global public health threat in the Southeast Asia region. From 1998 to 2018, more than 630 cases of NiV human infections were reported. NiV is transmitted by zoonotic (from bats to humans, or from bats to pigs, and then to humans) as well as human-to-human routes. Deforestation and urbanization of some areas have contributed to greater overlap between human and bat habitats resulting in NiV outbreaks. Common symptoms of NiV infection in humans are similar to that of influenza such as fever and muscle pain and in some cases, the inflammation of the brain occurs leading to encephalitis. The recent epidemic in May 2018 in Kerala for the first time has killed over 17 people in 7 days with high case fatality and highlighted the importance of One Health approach. The diagnosis is often not suspected at the time of presentation and creates challenges in outbreak detection, timely control measures, and outbreak response activities. Currently, there are no drugs or vaccines specific for NiV infection although this is a priority disease on the World Health Organization's agenda. Antivirals (Ribavirin, HR2-based fusion inhibitor), biologicals (convalescent plasma, monoclonal antibodies), immunomodulators, and intensive supportive care are the mainstay to treat severe respiratory and neurologic complications. There is a great need for strengthening animal health surveillance system, using a One Health approach, to detect new cases and provide early warning for veterinary and human public health authorities.,��https://www.ncbi.nlm.nih.gov/pubmed/30090764Á��Chattu, Vijay K
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Keller, P. A.���2018���Cascade reactions of indigo with oxiranes and aziridines: efficient access to dihydropyrazinodiindoles and spiro-oxazocinodiindoles	��6006-6016���Org Biomol Chem���16���33���Aug 22E��The base-initiated alkylation of the abundant natural dye indigo 1 with ring-strained electrophiles results in the unprecedented, one-pot synthesis of functionalised dihydropyrazino[1,2-a:4,3-a']diindoles, dihydroepoxy[1,5]oxazocino[5,4-a:3,2-b']diindoles, and dihydrodiazepino[1,2-a:4,3-a']diindoles, resulting from intramolecular ring opening-expansion cyclisation processes of their parent oxiranes and aziridines. Regiochemical and stereochemical aspects of the reactions are reported together with integrated mechanistic proposals. This new indigo cascade chemistry should have broad applicability in the synthesis of chemical architectures, not readily-accessible by other means. The three-step synthesis of the useful synthetic precursor (R)-2-(chloromethyl)-1-tosylaziridine 14 is also described. Initial biological activity investigations into these new 2,2'-dindolyl-based heterocyclic derivatives revealed potent, selective antiplasmodial activity in vitro for several isolated structures, with IC50 values as low as 76.6 nM for (+/-)-8, while demonstrating low human cell toxicity.,��https://www.ncbi.nlm.nih.gov/pubmed/30083677Ø��Butler, Nicholas M
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*Virus Assembly���Aug 3o��Understanding virus assembly mechanisms is important for developing therapeutic interventions. Nipah virus (NiV) is of interest because of its high mortality rate and efficient human-human transmissions. The current model for most enveloped viruses suggests that matrix proteins (M) recruit attachment glycoproteins (G) and fusion glycoproteins (F) to the assembly site at the plasma membrane. Here we report an assembly model that differs in many aspects from the current one. Examining NiV proteins on the cell plasma membrane using super-resolution microscopy reveals that clusters of F and G are randomly distributed on the plasma membrane regardless of the presence or absence of M. Our data suggests a model in which the M molecules assemble at the plasma membrane to form virus-like particles (VLPs), while the incorporation of F and G into the nascent VLPs is stochastic.,��https://www.ncbi.nlm.nih.gov/pubmed/30076303³��Liu, Qian
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Viral Proteins/metabolism���Aug 3���Recent studies indicate that nucleoli play critical roles in the DNA-damage response (DDR) via interaction of DDR machinery including NBS1 with nucleolar Treacle protein, a key mediator of ribosomal RNA (rRNA) transcription and processing. Here, using proteomics, confocal and single molecule super-resolution imaging, and infection under biosafety level-4 containment, we show that this nucleolar DDR pathway is targeted by infectious pathogens. We find that the matrix proteins of Hendra virus and Nipah virus, highly pathogenic viruses of the Henipavirus genus in the order Mononegavirales, interact with Treacle and inhibit its function, thereby silencing rRNA biogenesis, consistent with mimicking NBS1-Treacle interaction during a DDR. Furthermore, inhibition of Treacle expression/function enhances henipavirus production. These data identify a mechanism for viral modulation of host cells by appropriating the nucleolar DDR and represent, to our knowledge, the first direct intranucleolar function for proteins of any mononegavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/30076298f��Rawlinson, Stephen M
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Small-angle X-ray scattering���Jul 17·��BACKGROUND: Recent theoretical and computational studies have shown that the charge content and, most importantly, the linear distribution of opposite charges are major determinants of conformational properties of intrinsically disordered proteins (IDPs). Charge segregation in a sequence can be measured through kappa, which represents a normalized measure of charge asymmetry. A strong inverse correlation between kappa and radius of gyration has been previously demonstrated for two independent sets of permutated IDP sequences. METHODS: We used two well-characterized IDPs, namely measles virus NTAIL and Hendra virus PNT4, sharing a very similar fraction of charged residues and net charge per residue, but differing in proline (Pro) content. For each protein, we have rationally designed a low- and a high-kappa variant endowed with the highest and the lowest kappa values compatible with their natural amino acid composition. Then, the conformational properties of wild-type and kappa-variants have been assessed by biochemical and biophysical techniques. RESULTS: We confirmed a direct correlation between kappa and protein compaction. The analysis of our original data along with those available from the literature suggests that Pro content may affects the responsiveness to charge clustering. CONCLUSIONS: Charge clustering promotes IDP compaction, but the extent of its effects depends on the sequence context. Proline residues seem to play a role contrasting compaction. GENERAL SIGNIFICANCE: These results contribute to the identification of sequence determinants of IDP conformational properties. They may also serve as an asset for rational design of non-natural IDPs with tunable degree of compactness.,��https://www.ncbi.nlm.nih.gov/pubmed/30025858è��Tedeschi, Giulia
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*paramyxovirus���Oct 1+	�Inflammasomes play a key role in host innate immune responses to viral infection by caspase-1 (Casp-1) activation to facilitate interleukin-1beta (IL-1beta) secretion, which contributes to the host antiviral defense. The NLRP3 inflammasome consists of the cytoplasmic sensor molecule NLRP3, adaptor protein ASC, and effector protein pro-caspase-1 (pro-Casp-1). NLRP3 and ASC promote pro-Casp-1 cleavage, leading to IL-1beta maturation and secretion. However, as a countermeasure, viral pathogens have evolved virulence factors to antagonize inflammasome pathways. Here we report that V gene knockout Sendai virus [SeV V(-)] induced markedly greater amounts of IL-1beta than wild-type SeV in infected THP1 macrophages. Deficiency of NLRP3 in cells inhibited SeV V(-)-induced IL-1beta secretion, indicating an essential role for NLRP3 in SeV V(-)-induced IL-1beta activation. Moreover, SeV V protein inhibited the assembly of NLRP3 inflammasomes, including NLRP3-dependent ASC oligomerization, NLRP3-ASC association, NLRP3 self-oligomerization, and intermolecular interactions between NLRP3 molecules. Furthermore, a high correlation between the NLRP3-binding capacity of V protein and the ability to block inflammasome complex assembly was observed. Therefore, SeV V protein likely inhibits NLRP3 self-oligomerization by interacting with NLRP3 and inhibiting subsequent recruitment of ASC to block NLRP3-dependent ASC oligomerization, in turn blocking full activation of the NLRP3 inflammasome and thus blocking IL-1beta secretion. Notably, the inhibitory action of SeV V protein on NLRP3 inflammasome activation is shared by other paramyxovirus V proteins, such as Nipah virus and human parainfluenza virus type 2. We thus reveal a mechanism by which paramyxovirus inhibits inflammatory responses by inhibiting NLRP3 inflammasome complex assembly and IL-1beta activation.IMPORTANCE The present study demonstrates that the V protein of SeV, Nipah virus, and human parainfluenza virus type 2 interacts with NLRP3 to inhibit NLRP3 inflammasome activation, potentially suggesting a novel strategy by which viruses evade the host innate immune response. As all members of the Paramyxovirinae subfamily carry similar V genes, this new finding may also lead to identification of novel therapeutic targets for paramyxovirus infection and related diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/30021903���Komatsu, Takayuki
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Transmission���Aug 1r��Highly pathogenic avian influenza virus (HPAIV) H5N1 has been reported in Asia, including Indonesia since 2003. Although several risk factors related to the HPAIV outbreaks in poultry in Indonesia have been identified, little is known of the contact structure of farms of different poultry production types (backyard chickens, broilers, layers, and ducks). This study aims to quantify the contact rates associated with the movement of people, and movements of live birds and products and equipment that affect the risk of HPAIV H5N1 transmission between poultry farms in Indonesia. On 124 poultry farms in 6 districts in West Java, logbooks were distributed to record the movements of farmers/staff and visitors and their poultry contacts. Most movements in backyard chicken, commercial native chicken, broiler and duck farms were visits to and from other poultry farms, whilst in layer farms visits to and from poultry companies, visits to egg collection houses and visit from other poultry farms were most frequent. Over 75% of persons visiting backyard chicken and duck farms had previously visited other poultry farms on the same day. Visitors of backyard chicken farms had the highest average contact rate, either direct contact with poultry on other farms before the visits (1.35 contact/day) or contact during their visits in the farms (10.03 contact/day). These results suggest that backyard chicken farms are most at risk for transmission of HPAIV compared to farms of the other poultry production types. Since visits of farm-to-farm were high, backyard farms could also a potential source for HPAIV transmission to commercial poultry farms.,��https://www.ncbi.nlm.nih.gov/pubmed/29891149B��Wibawa, Hendra
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One Health���Jul{��The Nipah virus has been transmitted from person-to-person via close contact in non-urban parts of India (including Kerala May 2018), Bangladesh, and the Philippines. It can cause encephalitis and pneumonia, and has a high case fatality rate. Nipah is a One Health zoonotic infectious disease linked to fruit bats, and sometimes pigs or horses. We advocate anticipating and preparing for urban and larger rural outbreaks of Nipah. Immediate enhanced preparations would include standardized guidance on infection prevention and control, and personal protective equipment, from the World Health Organization (WHO) on their OpenWHO website and 2018 "Managing Epidemics" handbook, along with adding best clinical practices by experts in countries with multiple outbreaks such as Bangladesh and India. Longer-term enhanced preparations include accelerating development of field diagnostics, antiviral drugs, immune-based therapies, and vaccines. WHO-coordinated multi-partner protocols to test investigational treatments, diagnostics, and vaccines are needed, by analogy to such protocols for Ebola during the unanticipated pan-epidemic in Guinea, Liberia, and Sierra Leone. Anticipating and preparing now for urban and rural Nipah outbreaks in nations with no experience with Nipah will help avoid the potential for what the United Nations 2016 report on Ebola in West Africa called a "preventable tragedy".,��https://www.ncbi.nlm.nih.gov/pubmed/29879523���Donaldson, Halsie
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Zinc���Junå��Absorbable metals, metals that corrode in physiological environment, constitute a new class of biomaterials intended for temporary medical implant applications. The introduction of these metals has shifted the established paradigm of metal implants from preventing corrosion to its direct application. Interest toward absorbable metals has been growing in the past decade. This is proved by the rapid increase in scientific publication, progressive development of standards, and launching the first commercial products. Iron, magnesium, zinc, and their alloys are the current three absorbable metals families. Magnesium-based metals are the most progressing family with a large data set obtained from both basic and translational research. Iron-based metals are still facing a major challenge of low in vivo corrosion rate despite the significant efforts that have been put to overcome its weakness. Zinc-based metals are the new alternative absorbable metals with moderate corrosion rates that fall between those of iron and magnesium. This manuscript provides a brief review on the latest progress in the research and development of absorbable metals, the most important findings, the remaining challenges, and the perspective on the future direction.,��https://www.ncbi.nlm.nih.gov/pubmed/29790132���Hermawan, Hendra
eng
Review
Germany
2018/05/24 06:00
Prog Biomater. 2018 Jun;7(2):93-110. doi: 10.1007/s40204-018-0091-4. Epub 2018 May 22.%��2194-0509 (Print)
2194-0517 (Linking)
��PMC6068061���29790132¯��Department of Mining, Metallurgical and Materials Engineering and CHU de Quebec Research Center, Laval University, Quebec City, G1V 0A6, Canada. hendra.hermawan@gmn.ulaval.ca.���10.1007/s40204-018-0091-4��7��üÓtÿî?H���0��Uchida, S.
Horie, R.
Sato, H.
Kai, C.
Yoneda, M.���2018���Possible role of the Nipah virus V protein in the regulation of the interferon beta induction by interacting with UBX domain-containing protein1���7682���Sci Rep���8���1���May 16¨��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes lethal encephalitis in humans. We previously reported that the V protein, one of the three accessory proteins encoded by the P gene, is one of the key determinants of the pathogenesis of NiV in a hamster infection model. Satterfield B.A. et al. have also revealed that V protein is required for the pathogenicity of henipavirus in a ferret infection model. However, the complete functions of NiV V have not been clarified. In this study, we identified UBX domain-containing protein 1 (UBXN1), a negative regulator of RIG-I-like receptor signaling, as a host protein that interacts with NiV V. NiV V interacted with the UBX domain of UBXN1 via its proximal zinc-finger motif in the C-terminal domain. NiV V increased the level of UBXN1 protein by suppressing its proteolysis. Furthermore, NiV V suppressed RIG-I and MDA5-dependent interferon signaling by stabilizing UBXN1 and increasing the interaction between MAVS and UBXN1 in addition to directly interrupting the activation of MDA5. Our results suggest a novel molecular mechanism by which the induction of interferon is potentially suppressed by NiV V protein via UBXN1.,��https://www.ncbi.nlm.nih.gov/pubmed/29769705 ��Uchida, Shotaro
Horie, Ryo
Sato, Hiroki
Kai, Chieko
Yoneda, Misako
eng
England
2018/05/18 06:00
Sci Rep. 2018 May 16;8(1):7682. doi: 10.1038/s41598-018-25815-9.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC5955904���29769705[��Laboratory Animal Research Center and International Research Center for Infectious Diseases, Institute of Medical Science, The University of Tokyo, Tokyo, Japan.
Laboratory Animal Research Center and International Research Center for Infectious Diseases, Institute of Medical Science, The University of Tokyo, Tokyo, Japan. yone@ims.u-tokyo.ac.jp.���10.1038/s41598-018-25815-9������üÓtÿî?I������Dawes, B. E.
Kalveram, B.
Ikegami, T.
Juelich, T.
Smith, J. K.
Zhang, L.
Park, A.
Lee, B.
Komeno, T.
Furuta, Y.
Freiberg, A. N.���2018O��Favipiravir (T-705) protects against Nipah virus infection in the hamster model���7604���Sci Rep���8���1���May 154��Nipah and Hendra viruses are recently emerged bat-borne paramyxoviruses (genus Henipavirus) causing severe encephalitis and respiratory disease in humans with fatality rates ranging from 40-75%. Despite the severe pathogenicity of these viruses and their pandemic potential, no therapeutics or vaccines are currently approved for use in humans. Favipiravir (T-705) is a purine analogue antiviral approved for use in Japan against emerging influenza strains; and several phase 2 and 3 clinical trials are ongoing in the United States and Europe. Favipiravir has demonstrated efficacy against a broad spectrum of RNA viruses, including members of the Paramyxoviridae, Filoviridae, Arenaviridae families, and the Bunyavirales order. We now demonstrate that favipiravir has potent antiviral activity against henipaviruses. In vitro, favipiravir inhibited Nipah and Hendra virus replication and transcription at micromolar concentrations. In the Syrian hamster model, either twice daily oral or once daily subcutaneous administration of favipiravir for 14 days fully protected animals challenged with a lethal dose of Nipah virus. This first successful treatment of henipavirus infection in vivo with a small molecule drug suggests that favipiravir should be further evaluated as an antiviral treatment option for henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/29765101h��Dawes, Brian E
Kalveram, Birte
Ikegami, Tetsuro
Juelich, Terry
Smith, Jennifer K
Zhang, Lihong
Park, Arnold
Lee, Benhur
Komeno, Takashi
Furuta, Yousuke
Freiberg, Alexander N
eng
R01 AI123449/AI/NIAID NIH HHS/
R33 AI102267/AI/NIAID NIH HHS/
T32 AI007526/AI/NIAID NIH HHS/
England
2018/05/17 06:00
Sci Rep. 2018 May 15;8(1):7604. doi: 10.1038/s41598-018-25780-3.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC5954062���29765101Ú��Department of Pathology, University of Texas Medical Branch, Galveston, USA.
Center for Biodefense and Emerging Infectious Diseases, University of Texas Medical Branch, Galveston, USA.
Sealy Center for Vaccine Development, University of Texas Medical Branch, Galveston, USA.
Department of Microbiology, Icahn School of Medicine at Mt. Sinai, New York, USA.
Toyama Chemical Co., Ltd., Toyama, Japan.
Department of Pathology, University of Texas Medical Branch, Galveston, USA. anfreibe@utmb.edu.
Center for Biodefense and Emerging Infectious Diseases, University of Texas Medical Branch, Galveston, USA. anfreibe@utmb.edu.
Sealy Center for Vaccine Development, University of Texas Medical Branch, Galveston, USA. anfreibe@utmb.edu.���10.1038/s41598-018-25780-3�
���üÖtÿî?J������Fischer, K.
Diederich, S.
Smith, G.
Reiche, S.
Pinho Dos Reis, V.
Stroh, E.
Groschup, M. H.
Weingartl, H. M.
Balkema-Buschmann, A.���2018t��Indirect ELISA based on Hendra and Nipah virus proteins for the detection of henipavirus specific antibodies in pigs���e0194385���PLoS One���13���4ì��Animals
Antibodies, Monoclonal/immunology
Antibodies, Viral/*blood/immunology
Enzyme-Linked Immunosorbent Assay
Female
Hendra Virus/*metabolism
Henipavirus Infections/immunology/pathology/veterinary
Leishmania/metabolism
Mice
Mice, Inbred BALB C
Microscopy, Fluorescence
Neutralization Tests
Nipah Virus/*metabolism
Nucleocapsid Proteins/genetics/*immunology/metabolism
Recombinant Proteins/biosynthesis/immunology/isolation & purification
Swine
Viral Proteins/genetics/*immunology/metabolism���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus in the family Paramyxoviridae. Henipavirus infections were first reported in the 1990's causing severe and often fatal outbreaks in domestic animals and humans in Southeast Asia and Australia. NiV infections were observed in humans in Bangladesh, India and in the first outbreak in Malaysia, where pigs were also infected. HeV infections occurred in horses in the North-Eastern regions of Australia, with singular transmission events to humans. Bats of the genus Pteropus have been identified as the reservoir hosts for henipaviruses. Molecular and serological indications for the presence of henipa-like viruses in African fruit bats, pigs and humans have been published recently. In our study, truncated forms of HeV and NiV attachment (G) proteins as well as the full-length NiV nucleocapsid (N) protein were expressed using different expression systems. Based on these recombinant proteins, Enzyme-linked Immunosorbent Assays (ELISA) were developed for the detection of HeV or NiV specific antibodies in porcine serum samples. We used the NiV N ELISA for initial serum screening considering the general reactivity against henipaviruses. The G protein based ELISAs enabled the differentiation between HeV and NiV infections, since as expected, the sera displayed higher reactivity with the respective homologous antigens. In the future, these assays will present valuable tools for serosurveillance of swine and possibly other livestock or wildlife species in affected areas. Such studies will help assessing the potential risk for human and animal health worldwide by elucidating the distribution of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29708971���Fischer, Kerstin
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*viral assembly���Jul 1Ý	�Hendra virus (HeV) is a zoonotic paramyxovirus belonging to the genus Henipavirus HeV is highly pathogenic, and it can cause severe neurological and respiratory illnesses in both humans and animals, with an extremely high mortality rate of up to 70%. Among the genes that HeV encodes, the matrix (M) protein forms an integral part of the virion structure and plays critical roles in coordinating viral assembly and budding. Nevertheless, the molecular mechanism of this process is not fully elucidated. Here, we determined the crystal structure of HeV M to 2.5-A resolution. The dimeric structural configuration of HeV M is similar to that of Newcastle disease virus (NDV) M and is fundamental to protein stability and effective virus-like-particle (VLP) formation. Analysis of the crystal packing revealed a notable interface between the alpha1 and alpha2 helices of neighboring HeV M dimers, with key residues sharing degrees of sequence conservation among henipavirus M proteins. Structurally, a network of electrostatic interactions dominates the alpha1-alpha2 interactions, involving residues Arg57 from the alpha1 helix and Asp105 and Glu108 from the alpha2 helix. The disruption of the alpha1-alpha2 interactions using engineered charge reversal substitutions (R57E, R57D, and E108R) resulted in significant reduction or abrogation of VLP production. This phenotype was reversible with an R57E E108R mutant that was designed to partly restore salt bridge contacts. Collectively, our results define and validate previously underappreciated regions of henipavirus M proteins that are crucial for productive VLP assembly.IMPORTANCE Hendra virus is a henipavirus associated with lethal infections in humans. It is classified as a biosafety level 4 (BSL4) agent, and there are currently no preventive or therapeutic treatments available against HeV. Vital to henipavirus pathogenesis, the structural protein M has been implicated in viral assembly and budding, as well as host-virus interactions. However, there is no structural information available for henipavirus M, and the basis of M-driven viral assembly is not fully elucidated. We demonstrate the first three-dimensional structure of a henipavirus M protein. We show the dimeric organization of HeV M as a basic unit for higher-order oligomerization. Additionally, we define key regions/residues of HeV M that are required for productive virus-like-particle formation. These findings provide the first insight into the mechanism of M-driven assembly in henipavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/29695428Á��Liu, Yu Chih
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virus-neutralising antibody titres���May���OBJECTIVE: To determine the antibody responses to a commercial Hendra virus vaccine (Equivac(R) HeV) in a field environment. METHODS: A group of 61 horses received a primary vaccination course comprising two doses administered 3-6 weeks apart (V1, V2) and a 3rd dose (V3) given 6 months after the second. This was followed by booster vaccinations at 12 monthly intervals (V4, V5). Antibody titres were assessed using a virus-neutralisation test. RESULTS: Neutralising antibodies against HeV were not detected prior to vaccination. Antibodies were detected in 54/57 horses at 3 weeks after V1 and 51/51 had titres >/= 32 at 8 weeks after V2. At 6 months after V2, antibody titres decreased in most (31/34) horses and were not detected in three horses. A rapid increase in antibody titres was recorded in 35/36 horses at 1 week following V3. By the first annual booster vaccination (V4), antibodies were still detectable in 29/29 horses, although titres had decreased; in 26/29 horses, titres remained >/= 32. All horses showed an increase in antibody titres after V4. There was no statistically significant increase in mean antibody titre after V5, compared with after V4. CONCLUSION: Horses administered Equivac(R) HeV, using a primary vaccination course followed by annual booster vaccinations, mounted an effective secondary immune response and acquired antibody responses that were consistent with protective immunity against HeV in the form of virus-neutralising antibodies. No adverse events were observed after vaccine administration.,��https://www.ncbi.nlm.nih.gov/pubmed/29691855¡��Tan, Rhh
Hodge, A
Klein, R
Edwards, N
Huang, J A
Middleton, D
Watts, S P
eng
England
2018/04/25 06:00
Aust Vet J. 2018 May;96(5):161-166. doi: 10.1111/avj.12694.*��1751-0813 (Electronic)
0005-0423 (Linking)���29691855Y��College of Public Health, Medicine and Veterinary Sciences, James Cook University, Townsville, Queensland, Australia.
Zoetis, Veterinary Medicine Research and Development, Parkville, Victoria, Australia.
CSIRO Australian Animal Health Laboratory, Geelong, Victoria, Australia.
Wellington Village Veterinary Clinic, Rowville, Victoria, Australia.���10.1111/avj.12694�
3��üÒ|ÿî?M���4��Shang, X.
Chu, W.
Chu, X.
Xu, L.
Longhi, S.
Wang, J.���2018W��Exploration of nucleoprotein alpha-MoRE and XD interactions of Nipah and Hendra viruses���113���J Mol Model���24���56��Hendra Virus/*chemistry/metabolism
*Molecular Dynamics Simulation
Nipah Virus/*chemistry/metabolism
Nucleoproteins/*chemistry/metabolism
Protein Domains
Protein Structure, Secondary
Viral Proteins/*chemistry/metabolism
Coupled binding-folding
Free energy landscapes
Hybrid structure-based model
Idp
alpha-MoREs���Apr 24���Henipavirus, including Hendra virus (HeV) and Nipah virus (NiV), is a newly discovered human pathogen genus. The nucleoprotein of Henipavirus contains an alpha-helical molecular recognition element (alpha-MoRE) that folds upon binding to the X domain (XD) of the phosphoprotein (P). In order to explore the conformational dynamics of free alpha-MoREs and the underlying binding-folding mechanism with XD, atomic force field-based and hybrid structure-based MD simulations were carried out. In our empirical force field-based simulations, characteristic structures and helicities of alpha-MoREs reveal the co-existence of partially structured and disordered conformations, as in the case of the well characterized cognate measles virus (MeV) alpha-MoRE. In spite of their overall similarity, the two alpha-MoREs display subtle helicity differences in their C-terminal region, but much different from that of MeV. For the alpha-MoRE/XD complexes, the results of our hybrid structure-based simulations provide the coupled binding-folding landscapes, and unveil a wide conformational selection mechanism at early binding stages, followed by a final induce-fit mechanism selection process. However, the HeV and NiV complexes have a lower binding barrier compared to that of MeV. Moreover, the HeV alpha-MoRE/XD complex shows much less coupling effects between binding and folding compared to that from both NiV and MeV. Our analysis revealed that contrary to NiV and MeV, the N- and C-terminal regions of the HeV alpha-MoRE maintains a low helicity also in the bound form.,��https://www.ncbi.nlm.nih.gov/pubmed/29691656­��Shang, Xu
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Surface expression���May}��Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can cause severe infections in livestock and humans. In recent years, also African bat henipaviruses were identified at the nucleic acid level. To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins required for virus entry and spread by cell-cell fusion. It has been shown that surface expression and fusion-helper function of the receptor-binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G proteins. Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER. As defects in oligomerization of viral glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern of KV G. In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively formed stable tetramers or higher oligomers. KV G also showed less stringent requirements for defined stalk cysteines to form dimers and tetramers. Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression and receptor binding was unchanged. This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/29685227Ã��Behner, Laura
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*outbreaks���Jun¹��Nipah virus, a paramyxovirus related to Hendra virus, first emerged in Malaysia in 1998. Clinical presentation ranges from asymptomatic infection to fatal encephalitis. Malaysia has had no more cases since 1999, but outbreaks continue to occur in Bangladesh and India. In the Malaysia-Singapore outbreak, transmission occurred primarily through contact with pigs, whereas in Bangladesh and India, it is associated with ingestion of contaminated date palm sap and human-to-human transmission. Bats are the main reservoir for this virus, which can cause disease in humans and animals. There are currently no effective therapeutics, and supportive care and prevention are the mainstays of management.,��https://www.ncbi.nlm.nih.gov/pubmed/29643201­��Ang, Brenda S P
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R1479���May���Ebolaviruses, marburgviruses, and henipaviruses are zoonotic pathogens belonging to the Filoviridae and Paramyxoviridae families. They exemplify viruses that continue to spill over into the human population, causing outbreaks characterized by high mortality and significant clinical sequelae in survivors of infection. There are currently no approved small molecule therapeutics for use in humans against these viruses. In this study, we evaluated the antiviral activity of the nucleoside analog 4'-azidocytidine (4'N3-C, R1479) and its 2'-monofluoro- and 2'-difluoro-modified analogs (2'F-4'N3-C and 2'diF-4'N3-C) against representative paramyxoviruses (Nipah virus, Hendra virus, measles virus, and human parainfluenza virus 3) and filoviruses (Ebola virus, Sudan virus, and Ravn virus). We observed enhanced antiviral activity against paramyxoviruses with both 2'diF-4'N3-C and 2'F-4'N3-C compared to R1479. On the other hand, while R1479 and 2'diF-4'N3-C inhibited filoviruses similarly to paramyxoviruses, we observed 10-fold lower filovirus inhibition by 2'F-4'N3-C. To our knowledge, this is the first study to compare the susceptibility of paramyxoviruses and filoviruses to R1479 and its 2'-fluoro-modified analogs. The activity of these compounds against negative-strand RNA viruses endorses the development of 4'-modified nucleoside analogs as broad-spectrum therapeutics against zoonotic viruses of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/29601894���Lo, Michael K
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789;��Laing, Eric D
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Moscona, A.���2018T��Fusion Inhibitory Lipopeptides Engineered for Prophylaxis of Nipah Virus in Primates���218-227���J Infect Dis���218���2���Jun 20K��Background: The emerging zoonotic paramyxovirus Nipah virus (NiV) causes severe respiratory and neurological disease in humans, with high fatality rates. Nipah virus can be transmitted via person-to-person contact, posing a high risk for epidemic outbreaks. However, a broadly applicable approach for human NiV outbreaks in field settings is lacking. Methods: We engineered new antiviral lipopeptides and analyzed in vitro fusion inhibition to identify an optimal candidate for prophylaxis of NiV infection in the lower respiratory tract, and we assessed antiviral efficiency in 2 different animal models. Results: We show that lethal NiV infection can be prevented with lipopeptides delivered via the respiratory route in both hamsters and nonhuman primates. By targeting retention of peptides for NiV prophylaxis in the respiratory tract, we avoid its systemic delivery in individuals who need only prevention, and thus we increase the safety of treatment and enhance utility of the intervention. Conclusions: The experiments provide a proof of concept for the use of antifusion lipopeptides for prophylaxis of lethal NiV. These results advance the goal of rational development of potent lipopeptide inhibitors with desirable pharmacokinetic and biodistribution properties and a safe effective delivery method to target NiV and other pathogenic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29566184&��Mathieu, Cyrille
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neurons���May 15 ��Horses are susceptible to a number of neurotropic viruses, including West Nile virus (WNV), which is a pathogen of global significance in both horses and humans. However, there are no in vitro models with which to study infectious neuropathic diseases in the horse. In an effort to redress this, we have generated neurons from equine induced pluripotent stem cells (equiPSCs) that express a range of cortical neuron-specific markers, in addition to the membrane-bound ligand ephrin B3, which plays an important role in axon guidance as well as functioning as the receptor through which henipaviruses, such as Hendra virus, enter mammalian neurons. EquiPSC-derived neurons spontaneously depolarize with waves of depolarization conducted unidirectionally to adjacent neurons. We sought to confirm that equiPSC-derived neurons are a possible in vitro model for viral neuropathic diseases in the horse by examining their susceptibility to infection with flaviviruses that are known to be neurotropic in horses, including WNV and Murray Valley encephalitis virus (MVEV), and to compare these to nonpathogenic flaviviruses such as Fitzroy River virus (FRV) and Bamaga virus (BgV). All three strains of WNV tested in this study grew to high titres in the equiPSC-derived neurons, inducing a strong cytopathic effect (cpe), as did MVEV. In contrast, FRV showed restricted replication, and no cpe, which is consistent with the observation that FRV infects, but does not cause disease, in horses. BgV, which is thought to infect only marsupials, did not replicate in the equiPSC-derived neurons. Hence, our equiPSC-derived neurons display virus-specific differences in terms of viral titre and cpe that are similar to observations made in vivo, thus supporting their use as an in vitro model for neurotropic viral infection in horses.,��https://www.ncbi.nlm.nih.gov/pubmed/29562867Ù��Fortuna, Patrick R J
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Virus Shedding���Mar¾��Henipavirus infection causes severe respiratory and neurological disease in humans that can be fatal. To characterize the pathogenic mechanisms of henipavirus infection in vivo, we performed experimental infections in ferrets followed by genome-wide gene expression analysis of lung and brain tissues. The Hendra, Nipah-Bangladesh, and Nipah-Malaysia strains caused severe respiratory and neurological disease with animals succumbing around 7 days post infection. Despite the presence of abundant viral shedding, animal-to-animal transmission did not occur. The host gene expression profiles of the lung tissue showed early activation of interferon responses and subsequent expression of inflammation-related genes that coincided with the clinical deterioration. Additionally, the lung tissue showed unchanged levels of lymphocyte markers and progressive downregulation of cell cycle genes and extracellular matrix components. Infection in the brain resulted in a limited breadth of the host responses, which is in accordance with the immunoprivileged status of this organ. Finally, we propose a model of the pathogenic mechanisms of henipavirus infection that integrates multiple components of the host responses.,��https://www.ncbi.nlm.nih.gov/pubmed/295383741��Leon, Alberto J
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Virus Replication/*drug effects���MarÎ��Sosuga virus (SOSV) is a recently discovered zoonotic paramyxovirus isolated from a single human case in 2012; it has been ecologically and epidemiologically associated with transmission by the Egyptian rousette bat (Rousettus aegyptiacus). Bats have long been recognized as sources of novel zoonotic pathogens, including highly lethal paramyxoviruses like Nipah virus (NiV) and Hendra virus (HeV). The ability of SOSV to cause severe human disease supports the need for studies on SOSV pathogenesis to better understand the potential impact of this virus and to identify effective treatments. Here we describe a reverse genetics system for SOSV comprising a minigenome-based assay and a replication-competent infectious recombinant reporter SOSV that expresses the fluorescent protein ZsGreen1 in infected cells. First, we used the minigenome assay to rapidly screen for compounds inhibiting SOSV replication at biosafety level 2 (BSL-2). The antiviral activity of candidate compounds was then tested against authentic viral replication using the reporter SOSV at BSL-3. We identified several compounds with anti-SOSV activity, several of which also inhibit NiV and HeV. Alongside its utility in screening for potential SOSV therapeutics, the reverse genetics system described here is a powerful tool for analyzing mechanisms of SOSV pathogenesis, which will facilitate our understanding of how to combat the potential public health threats posed by emerging bat-borne paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/295225285��Welch, Stephen R
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tight junction.}��The blood brain barrier consisting of astrocytes, pericytes and brain microvascular endothelial cells plays a vital role in the pathogenesis of neurotropic viruses by controlling the access of circulating molecules, immune cells or viruses into the central nervous system (CNS). However, this barrier is not impenetrable and neuroviruses have evolved to disrupt and evade it. This review aims to describe the underlying entry mechanisms of several neuroviruses such as (Japanese encephalitis virus (JEV), West Nile virus (WNV), Zika virus (ZIKV), Nipah virus (NiV), Rabies virus (RABV), Herpes simplex virus (HSV) and Human immunodeficiency virus (HIV)) into the CNS through BBB disruption. The mechanisms, through which neurotropic viruses enter the BBB, are being studied and are becoming clearer, however, some aspects still remain unknown. Some of these viruses are able to invade the brain parenchyma by a 'Trojan horse' mechanism, through diapedesis of infected immune cells that either cross the BBB paracellularly or transcellularly. Important mechanisms of BBB disruption associated with paracellular entry of viruses include alterations in expression or phosphorylation of tight junction proteins, disruption of the basal lamina and disruption of the actin cytoskeleton. In the absence of such mechanisms, indirect effects of viruses on the immune system are likely causes of barrier disruption.,��https://www.ncbi.nlm.nih.gov/pubmed/29521099«��Al-Obaidi, M M Jamil
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*Henipaviruses���Mar6��Bat-borne viruses carry undeniable risks to the health of human beings and animals, and there is growing recognition of the need for a 'One Health' approach to understand their frequently complex spill-over routes. While domesticated animals can play central roles in major spill-over events of zoonotic bat-borne viruses, for example during the pig-amplified Malaysian Nipah virus outbreak of 1998-1999, the extent of their potential to act as bridging or amplifying species for these viruses has not been characterised systematically. This review aims to compile current knowledge on the role of domesticated animals as hosts of two types of bat-borne viruses, henipaviruses and filoviruses. A systematic literature search of these virus-host interactions in domesticated animals identified 72 relevant studies, which were categorised by year, location, design and type of evidence generated. The review then focusses on Africa as a case study, comparing research efforts in domesticated animals and bats with the distributions of documented human cases. Major gaps remain in our knowledge of the potential ability of domesticated animals to contract or spread these zoonoses. Closing these gaps will be necessary to fully evaluate and mitigate spill-over risks of these viruses, especially with global agricultural intensification.,��https://www.ncbi.nlm.nih.gov/pubmed/29486875(��Glennon, Emma E
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validation���May���Obtaining statistically sound numbers of sera from Hendra virus (HeV)-infected horses is problematic because affected individuals usually die or are euthanized before developing a serum antibody response. As a consequence, test validation becomes a challenge. Our approach is an extension of OIE principles for provisional recognition and included 7 validation panels tested across multiple laboratories that provided estimates for test performance characteristics. At a 0.4 S/P cutoff, 16 of 19 sera from HeV-infected horses gave positive results in the HeV soluble G, indirect ELISA (HeVsG iELISA; DSe 84.2% [95% CI: 60.4-96.6%]); 463 of 477 non-infected horse sera tested negative (DSp 97.1% [95% CI: 95.1-98.4%]). The HeVsG iELISA eliminated almost all false-positive results from the previously used HeV iELISA, with marginally decreased relative sensitivity. Assay robustness was evaluated in inter-laboratory and proficiency testing panels. The HeVsG iELISA is considered to be fit for purpose for serosurveillance and international movement of horses when virus neutralization is used for follow-up testing of positive or inconclusive serum samples.,��https://www.ncbi.nlm.nih.gov/pubmed/29463198Þ��Colling, Axel
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�The paramyxovirus replication machinery comprises the viral large (L) protein and phosphoprotein (P-protein) in addition to the nucleocapsid (N) protein, which encapsidates the single-stranded RNA genome. Common to paramyxovirus N proteins is a C-terminal tail (Ntail). The mechanistic role and relevance for virus replication of the structurally disordered central Ntail section are unknown. Focusing initially on members of the Morbillivirus genus, a series of measles virus (MeV) and canine distemper virus (CDV) N proteins were generated with internal deletions in the unstructured tail section. N proteins with large tail truncations remained bioactive in mono- and polycistronic minireplicon assays and supported efficient replication of recombinant viruses. Bioactivity of Ntail mutants extended to N proteins derived from highly pathogenic Nipah virus. To probe an effect of Ntail truncations on viral pathogenesis, recombinant CDVs were analyzed in a lethal CDV/ferret model of morbillivirus disease. The recombinant viruses displayed different stages of attenuation ranging from ameliorated clinical symptoms to complete survival of infected animals, depending on the molecular nature of the Ntail truncation. Reinfection of surviving animals with pathogenic CDV revealed robust protection against a lethal challenge. The highly attenuated virus was genetically stable after ex vivo passaging and recovery from infected animals. Mechanistically, gradual viral attenuation coincided with stepwise altered viral transcriptase activity in infected cells. These results identify the central Ntail section as a determinant for viral pathogenesis and establish a novel platform to engineer gradual virus attenuation for next-generation paramyxovirus vaccine design.IMPORTANCE Investigating the role of the paramyxovirus N protein tail domain (Ntail) in virus replication, we demonstrated in this study that the structurally disordered central Ntail region is a determinant for viral pathogenesis. We show that internal deletions in this Ntail region of up to 55 amino acids in length are compatible with efficient replication of recombinant viruses in cell culture but result in gradual viral attenuation in a lethal canine distemper virus (CDV)/ferret model. Mechanistically, we demonstrate a role of the intact Ntail region in the regulation of viral transcriptase activity. Recombinant viruses with Ntail truncations induce protective immunity against lethal challenge of ferrets with pathogenic CDV. This identification of the unstructured central Ntail domain as a nonessential paramyxovirus pathogenesis factor establishes a foundation for harnessing Ntail truncations for vaccine engineering against emerging and reemerging members of the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/29437959���Thakkar, Vidhi D
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Virus Replication���Feb���Paramyxoviruses represent a family of RNA viruses causing significant human diseases. These include measles virus, the most infectious virus ever reported, in addition to parainfluenza virus, and other emerging viruses. Paramyxoviruses likely share common replication machinery but their mechanisms of RNA biosynthesis activities and details of their complex polymerase structures are unknown. Mechanistic and functional details of a paramyxovirus polymerase would have sweeping implications for understanding RNA virus replication and for the development of new antiviral medicines. To study paramyxovirus polymerase structure and function, we expressed an active recombinant Nipah virus (NiV) polymerase complex assembled from the multifunctional NiV L protein bound to its phosphoprotein cofactor. NiV is an emerging highly pathogenic virus that causes severe encephalitis and has been declared a global public health concern due to its high mortality rate. Using negative-stain electron microscopy, we demonstrated NiV polymerase forms ring-like particles resembling related RNA polymerases. We identified conserved sequence elements driving recognition of the 3'-terminal genomic promoter by NiV polymerase, and leading to initiation of RNA synthesis, primer extension, and transition to elongation mode. Polyadenylation resulting from NiV polymerase stuttering provides a mechanistic basis for transcription termination. It also suggests a divergent adaptation in promoter recognition between pneumo- and paramyxoviruses. The lack of available antiviral therapy for NiV prompted us to identify the triphosphate forms of R1479 and GS-5734, two clinically relevant nucleotide analogs, as substrates and inhibitors of NiV polymerase activity by delayed chain termination. Overall, these findings provide low-resolution structural details and the mechanism of an RNA polymerase from a previously uncharacterized virus family. This work illustrates important functional differences yet remarkable similarities between the polymerases of nonsegmented negative-strand RNA viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29425244���Jordan, Paul C
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Young Adult���Jan 1z��BACKGROUND: Ameloblastoma is a neoplasm classified as a benign epithelial odontogenic tumor of the jaws, grow slowly and are locally invasive. The aim of the present study was to investigate the incidence, treatment, and complication of patients with ameloblastoma in East-Indonesia during six years retrospective study. MATERIAL AND METHODS: This retrospective study included 84 patients who were diagnosed with ameloblastoma from 2011 to 2016. There were 56 patients with treatment data available. Data from each patient, including gender, age, histologic type, the size of the tumor, radiologic form, tumor location, type of treatment, and complication were reviewed and analyzed retrospectively. RESULTS: Fourteen patients were diagnosed with unicystic ameloblastoma (25%), thirty two patients with multicystic follicular ameloblastoma (57%) and ten patients with an unspecified multicystic ameloblastoma (18%). A total of about 35 patients were treated conservatively (62.5%) and 21 patients were treated radically (37.5%). Swelling was present as a pre-operative complication in all 56 cases (100%). There were no complaints concerning speech. CONCLUSIONS: The majority findings of the histologic type were multicystic ameloblastoma and their location were in the mandible. Most ameloblastoma were treated conservatively and reconstructions were made with only titanium plates and not bone graft.,��https://www.ncbi.nlm.nih.gov/pubmed/29274152ß��Ruslin, M
Hendra, F-N
Vojdani, A
Hardjosantoso, D
Gazali, M
Tajrin, A
Wolff, J
Forouzanfar, T
eng
Multicenter Study
Spain
2017/12/24 06:00
Med Oral Patol Oral Cir Bucal. 2018 Jan 1;23(1):e54-e58. doi: 10.4317/medoral.22185.*��1698-6946 (Electronic)
1698-4447 (Linking)
��PMC5822540���29274152Å��Department of Oral and Maxillofacial Surgery/Oral Pathology, VU University Medical Center, P.O. Box 7057, 1007 MB, Amsterdam, The Netherlands, De Boelelaan 1117 1081 HV Amsterdam, m.ruslin@vumc.nl.���10.4317/medoral.22185��
���þ×tÿî?h���^��Walpita, P.
Cong, Y.
Jahrling, P. B.
Rojas, O.
Postnikova, E.
Yu, S.
Johns, L.
Holbrook, M. R.���2017���A VLP-based vaccine provides complete protection against Nipah virus challenge following multiple-dose or single-dose vaccination schedules in a hamster model���21���NPJ Vaccines���2���Nipah virus is a highly lethal zoonotic paramyxovirus that was first recognized in Malaysia during an outbreak in 1998. During this outbreak, Nipah virus infection caused a severe febrile neurological disease in humans who worked in close contact with infected pigs. The case fatality rate in humans was approximately 40%. Since 2001, NiV has re-emerged in Bangladesh and India where fruit bats (Pteropus spp.) have been identified as the principal reservoir of the virus. Transmission to humans is considered to be bat-to-human via food contaminated with bat saliva, or consumption of contaminated raw date palm sap, although human-to-human transmission of Nipah virus has also been documented. To date, there are no approved prophylactic options or treatment for NiV infection. In this study, we produced mammalian cell-derived native Nipah virus-like particles composed of Nipah virus G, F and M proteins for use as a novel Nipah virus vaccine. Previous studies demonstrated that the virus-like particles were structurally similar to authentic virus, functionally assembled and immunoreactive. In the studies reported here, purified Nipah virus-like particles were utilized either alone or with adjuvant to vaccinate golden Syrian hamsters with either three-dose or one-dose vaccination regimens followed by virus challenge. These studies found that Nipah virus-like particle immunization of hamsters induced significant neutralizing antibody titers and provided complete protection to all vaccinated animals following either single or three-dose vaccine schedules. These studies prove the feasibility of a virus-like particle-based vaccine for protection against Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/29263876å��Walpita, Pramila
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Zoonotic diseases���Novò��Aim: Farms that are neighboring wildlife sanctuaries are at risk of spillover infection from wildlife, and the objective of this research is to examine the species diversity of Malaysian fruit bats in livestock farm in determining the possible risk of spill over infection to livestock. Materials and Methods: Fifty individual fruit bats were captured using six mists net, from May to July 2017. The nets were set at dusk (1830 h) as bats emerge for foraging and monitored at every 30-min intervals throughout the night until dawn when they returned to the roost. The nets were closed for the day until next night, and captured bats were identified to species levels. Results: All the captured bats were mega chiropterans, and Cynopterus brachyotis was the highest captured species, representing 40% of the total capture. Shannon-Weiner index is 2.80, and Simpson index is 0.2. Our result suggests that there is a degree of species dominance with low diversity in Lenggong Livestock Breeding Center. Conclusion: We concluded that fruit bats are indeed, encroaching livestock areas and the species identified could be a potential source of infection to susceptible livestock. Hence, an active surveillance should be embarked on farms that border wildlife sanctuaries.,��https://www.ncbi.nlm.nih.gov/pubmed/29263588Ø��Mikail, Muhammed
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Water/chemistry���Dec 19ÿ��Intrinsically disordered proteins (IDPs) lack stable secondary and tertiary structure under physiological conditions in the absence of their biological partners and thus exist as dynamic ensembles of interconverting conformers, often highly soluble in water. However, in some cases, IDPs such as the ones involved in neurodegenerative diseases can form protein aggregates and their aggregation process may be triggered by the interaction with membranes. Although the interfacial behavior of globular proteins has been extensively studied, experimental data on IDPs at the air/water (A/W) and water/lipid interfaces are scarce. We studied here the intrinsically disordered C-terminal domain of the Hendra virus nucleoprotein (NTAIL) and compared its interfacial properties to those of lysozyme that is taken as a model globular protein of similar molecular mass. Adsorption of NTAIL at the A/W interface was studied in the absence and presence of phospholipids using Langmuir films, polarization modulated-infrared reflection-absorption spectroscopy, and an automated drop tensiometer for interfacial tension and elastic modulus determination with oscillating bubbles. NTAIL showed a significant surface activity, with a higher adsorption capacity at the A/W interface and penetration into egg phosphatidylcholine monolayer compared to lysozyme. Whereas lysozyme remains folded upon compression of the protein layer at the A/W interface and shows a quasi-pure elastic behavior, NTAIL shows a much higher molecular area and forms a highly viscoelastic film with a high dilational modulus. To our knowledge, a new disorder-to-order transition is thus observed for the NTAIL protein that folds into an antiparallel beta-sheet at the A/W interface and presents strong intermolecular interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/29262365è��Benarouche, Anais
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*viruses���Jan®��Nipah virus (NiV) has been transmitted from patient to caregivers in Bangladesh presumably through oral secretions. We aimed to detect whether NiV-infected patients contaminate hospital surfaces with the virus. During December 2013-April 2014, we collected 1 swab sample from 5 surfaces near NiV-infected patients and tested surface and oral swab samples by real-time reverse transcription PCR for NiV RNA. We identified 16 Nipah patients; 12 cases were laboratory-confirmed and 4 probable. Of the 12 laboratory-confirmed cases, 10 showed NiV RNA in oral swab specimens. We obtained surface swab samples for 6 Nipah patients; 5 had evidence of NiV RNA on >1 surface: 4 patients contaminated towels, 3 bed sheets, and 1 the bed rail. Patients with NiV RNA in oral swab samples were significantly more likely than other Nipah patients to die. To reduce the risk for fomite transmission of NiV, infection control should target hospital surfaces.,��https://www.ncbi.nlm.nih.gov/pubmed/29260663%��Hassan, Md Zakiul
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Review of impact
Sick day rules���AugÀ��Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, pp 1-22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortality and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reactive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/29188454ª��Sykes, Lynne
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Questionnaire���Dec 1°��In recent years, outbreaks of exotic as well as newly emerging infectious diseases have highlighted the importance of biosecurity for the Australian horse industry. As the first potentially fatal zoonosis transmissible from horses to humans in Australia, Hendra virus has emphasised the need to incorporate sound hygiene and general biosecurity practices into day-to-day horse management. Recommended measures are widely publicised, but implementation is at the discretion of the individual owner. This cross-sectional study aimed to determine current levels of biosecurity of horse owners and to identify factors influencing the uptake of practices utilising data from an online survey. Level of biosecurity (low, medium, high), as determined by horse owners' responses to a set of questions on the frequency of various biosecurity practices performed around healthy (9 items) and sick horses (10 items), was used as a composite outcome variable in ordinal logistic regression analyses. The majority of horse owners surveyed were female (90%), from the states of Queensland (45%) or New South Wales (37%), and were involved in either mainly competitive/equestrian sports (37%) or recreational horse activities (35%). Seventy-five percent of owners indicated that they follow at least one-third of the recommended practices regularly when handling their horses, resulting in medium to high levels of biosecurity. Main factors associated with a higher level of biosecurity were high self-rated standard of biosecurity, access to personal protective equipment, absence of flying foxes in the local area, a good sense of control over Hendra virus risk, likelihood of discussing a sick horse with a veterinarian and likelihood of suspecting Hendra virus in a sick horse. Comparison of the outcome variable with the self-rated standard of biosecurity showed that over- as well as underestimation occurred. This highlights the need for continuous communication and education to enhance awareness and understanding of what biosecurity is and how it aligns with good horsemanship. Overall, strengthened biosecurity practices will help to improve animal as well as human health and increase preparedness for future disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/29157371%��Wiethoelter, Anke K
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tricarboxylic acid cycle���Nov���We present a case of a woman in her 70 s, on cyclophosphamide for multiple myeloma, who was admitted to critical care with grade III acute kidney injury. Renal replacement therapy with regional citrate anticoagulation was commenced. Shortly thereafter her systemic-ionised calcium levels fell and remained stubbornly low until post-filter calcium return was doubled. Her total-to-ionised calcium ratio gradually increased and so, to avoid further accumulation of citrate, anticoagulation was changed to heparin. Cyclophosphamide, which accumulates in renal failure, is known to interfere with key enzymes involved in the tricarboxylic acid cycle. We postulate that cyclophosphamide interfered with her citrate metabolism, resulting in persistent systemic chelation of calcium.,��https://www.ncbi.nlm.nih.gov/pubmed/29123570¦��Hendra, Tim
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*Virus-like particles���Feb 10´��Virions are often described as virus-only entities with no cellular components with the exception of the lipids in their membranes. However, advances in proteomics are revealing substantial amounts of host proteins in the viral particles. In the case of Nipah virus (NiV), the viral components in the virion have been known for some time. Nonetheless, no information has been obtained regarding the cellular proteins in the viral particles. To address this question, we produced Virus-Like Particles (VLPs) for NiV by expressing the F, G and M proteins in human-derived cells. Next, the proteomic content in these VLPs was analyzed by LC-MS/MS. We identified 67 human proteins including soluble and membrane-bound proteins involved in vesicle sorting and transport. Interestingly, many of them have been reported to interact with other viruses. Finally, thanks to the semi-quantitative nature of our data we were able to estimate the ratio among F, G and M proteins and also the ratio between cellular and viral proteins in the VLPs. We believe our data contribute to the better understanding of NiV life cycle and might facilitate future attempts for developing antiviral agents and the design of further experimental studies for this deadly infection. BIOLOGICAL SIGNIFICANCE: Traditionally viral particles have been described as pure entities carrying only viral-derived proteins. Advances in proteomics are changing this simplified view. Host proteins have been identified in many viruses (especially in enveloped viruses). These cell-derived proteins participate in multiple steps in the viral life cycle and might be as important for the survival of the virus as any other viral-encoded protein. In this work, we analyze utilizing LC-MS/MS the cellular proteins incorporated or bound to the virions of Nipah virus (NiV), an emerging, highly pathogenic, zoonotic virus from the Paramyxoviridiae family. Furthermore, we analyzed the ratio between cellular and viral proteins and among the viral F, G and M proteins in the viral particles. The characterization of the Nipah virus-human interactions occurring in the virion might facilitate the development of new therapeutic and prophylactic therapies for this viral illness.,��https://www.ncbi.nlm.nih.gov/pubmed/29092793���Vera-Velasco, Natalia Mara
Garcia-Murria, Maria Jesus
Sanchez Del Pino, Manuel M
Mingarro, Ismael
Martinez-Gil, Luis
eng
Research Support, Non-U.S. Gov't
Netherlands
2017/11/03 06:00
J Proteomics. 2018 Feb 10;172:190-200. doi: 10.1016/j.jprot.2017.10.012. Epub 2017 Oct 29.*��1876-7737 (Electronic)
1874-3919 (Linking)���29092793.��Department of Biochemistry and Molecular Biology, ERI BioTecMed, University of Valencia, Dr. Moliner 50, 46100 Burjassot, Spain.
Department of Biochemistry and Molecular Biology, ERI BioTecMed, University of Valencia, Dr. Moliner 50, 46100 Burjassot, Spain. Electronic address: luis.martinez-gil@uv.es.���10.1016/j.jprot.2017.10.012����¼��üÒtÿî?p���J��Ewer, K.
Sebastian, S.
Spencer, A. J.
Gilbert, S.
Hill, A. V. S.
Lambe, T.���2017@��Chimpanzee adenoviral vectors as vaccines for outbreak pathogens	��3020-3032���Hum Vaccin Immunother���13���12÷��Adenoviridae/*genetics/*isolation & purification
Animals
Betacoronavirus
*Drug Carriers
Drug Discovery/*methods
*Genetic Vectors
Humans
Pan troglodytes/*virology
Vaccines/genetics/*immunology
*Lassa fever
*MERS Co-V
*Nipah
*Vaccines
*viral vectors���Dec 2ý��The 2014-15 Ebola outbreak in West Africa highlighted the potential for large disease outbreaks caused by emerging pathogens and has generated considerable focus on preparedness for future epidemics. Here we discuss drivers, strategies and practical considerations for developing vaccines against outbreak pathogens. Chimpanzee adenoviral (ChAd) vectors have been developed as vaccine candidates for multiple infectious diseases and prostate cancer. ChAd vectors are safe and induce antigen-specific cellular and humoral immunity in all age groups, as well as circumventing the problem of pre-existing immunity encountered with human Ad vectors. For these reasons, such viral vectors provide an attractive platform for stockpiling vaccines for emergency deployment in response to a threatened outbreak of an emerging pathogen. Work is already underway to develop vaccines against a number of other outbreak pathogens and we will also review progress on these approaches here, particularly for Lassa fever, Nipah and MERS.,��https://www.ncbi.nlm.nih.gov/pubmed/29083948å��Ewer, Katie
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de Wit, E.���2018���Transmission of henipaviruses���7-11���Curr Opin Virol���28���FebÞ��The genus Henipavirus has expanded rapidly in geographic range, number of species, and host range. Hendra and Nipah virus are two henipaviruses known to cause severe disease in humans with a high case-fatality rate. Pteropid spp. bats are the natural reservoir of Hendra and Nipah virus. From these bats, virus can be transmitted to an amplifying host, horses and pigs, and from these hosts to humans, or the virus can be transmitted directly to humans. Although the main route of shedding varies between host species, close contact is required for transmission in all hosts. Understanding the transmission routes of Hendra and Nipah virus in their respective hosts is essential for devising strategies to block zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/29035743ô��Weatherman, Sarah
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bronchial epithelial cells
interferon lambda���Octj��Highly pathogenic Nipah virus (NiV) generally causes severe encephalitis in humans. Respiratory symptoms are infrequently observed, likely reflecting variations in infection kinetics in human airways. Supporting this idea, we recently identified individual differences in NiV replication kinetics in cultured airway epithelia from different human donors. As type III interferons (IFN-lambda) represent major players in the defence mechanism against viral infection of the respiratory mucosa, we studied IFN-lambda induction and antiviral activity in NiV-infected primary differentiated human bronchial epithelial cells (HBEpCs) cultured under air-liquid interface conditions. Our studies revealed that IFN-lambda was upregulated in airway epithelia upon NiV infection. We also show that IFN-lambda pretreatment efficiently inhibited NiV replication. Interestingly, the antiviral activity of IFN-lambda varied in HBEpCs from two different donors. Increased sensitivity to IFN-lambda was associated with higher expression levels of IFN-lambda receptors, enhanced phosphorylation of STAT1, as well as enhanced induction of interferon-stimulated gene expression. These findings suggest that individual variations in IFN-lambda receptor expression affecting IFN responsiveness can play a functional role for NiV replication kinetics in human respiratory epithelial cells of different donors.,��https://www.ncbi.nlm.nih.gov/pubmed/28984239ê��Sauerhering, Lucie
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superstructure���Oct 1,��A new superstructure of the mineral camerolaite, Cu6Al3(OH)18(H2O)2[Sb(OH)6](SO4), has been refined in space group P\bar 1 with unit-cell parameters aP = 7.7660 (16), bP = 8.759 (4), cP = 11.306 (2) A, alphaP = 108.67 (4), betaP = 83.41 (3), gammaP = 126.64 (2) degrees , V = 581.6 (3) A(3) and Z = 1, with R1 = 0.0951 (all data). This is the first refined example of a cyanotrichite-group mineral in which long-range order of interlayer anions produces a superstructure along b, although diffuse scattering has previously been reported that corresponds to short-range order. Though the structure shares with other members of the cyanotrichite group a structural unit in which ribbons of edge-sharing Cu and Al octahedra form layers || (001), the superstructure arises from regular alternation of [SO4] and [Sb(OH)6] polyhedra along rods that lie between the layers, and phase coupling between rods that maximizes the distance between [SO4] groups of adjacent rods along a and c directions. This arrangement suggests an alternative nearly orthogonal choice of unit cell in F\bar 1 with parameters aF = 12.473 (26), bF = 8.759 (4), cF = 21.476 (7) A, alphaF = 85.94 (4), betaF = 95.91 (5), gammaF = 92.34 (9) degrees , which is recommended for comparing this structural variety of camerolaite with other members of the group.,��https://www.ncbi.nlm.nih.gov/pubmed/28981001ã��Mills, Stuart J
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Viral Envelope Proteins/*metabolism���Oct 3E��Nipah virus is an emergent paramyxovirus that causes deadly encephalitis and respiratory infections in humans. Two glycoproteins coordinate the infection of host cells, an attachment protein (G), which binds to cell surface receptors, and a fusion (F) protein, which carries out the process of virus-cell membrane fusion. The G protein binds to ephrin B2/3 receptors, inducing G conformational changes that trigger F protein refolding. Using an optical approach based on second harmonic generation, we show that monomeric and dimeric receptors activate distinct conformational changes in G. The monomeric receptor-induced changes are not detected by conformation-sensitive monoclonal antibodies or through electron microscopy analysis of G:ephrinB2 complexes. However, hydrogen/deuterium exchange experiments confirm the second harmonic generation observations and reveal allosteric changes in the G receptor binding and F-activating stalk domains, providing insights into the pathway of receptor-activated virus entry.Nipah virus causes encephalitis in humans. Here the authors use a multidisciplinary approach to study the binding of the viral attachment protein G to its host receptor ephrinB2 and show that monomeric and dimeric receptors activate distinct conformational changes in G and discuss implications for receptor-activated virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/28974687«��Wong, Joyce J W
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*Zinc Fingers���Oct 24���Henipaviruses are severe human pathogens within the Paramyxoviridae family. Beyond the P protein, the Henipavirus P gene also encodes the V protein which shares with P its N-terminal, intrinsically disordered region (PNT) and possesses a unique C-terminal domain predicted to be folded and to bind zinc (ZnFD). Henipavirus V proteins antagonize IFN signaling through PNT-mediated binding to STAT1, and several paramyxoviral V proteins promote STAT1 degradation through binding to DDB1. Structural and molecular information on Henipavirus V proteins is lacking, and their ability to interact with DDB1 has not been documented yet. We cloned the V genes from Nipah and Hendra viruses and purified the V proteins from E. coli and DDB1 from insect cells. Using analytical size-exclusion chromatography, CD and SAXS we characterized the V proteins and their domains. Using pull-down and MST we assessed their binding abilities towards DDB1. We show that PNT remains disordered also in the context of the V protein, while the ZnFD adopts a predominant beta conformation. We also show that the V proteins interact with DDB1 predominantly via their ZnFD. This is the first experimental characterization of the Henipavirus V proteins and the first experimental evidence of their interaction with DDB1. The DDB1-ZnFD interaction constitutes a promising target for antiviral strategies. These studies provide a conceptual asset to design new antiviral strategies expected to reduce or abrogate the ability of these viruses to escape the innate immune response. They also contribute to illuminating the conformational behaviour of proteins encompassing large intrinsically disordered domains.,��https://www.ncbi.nlm.nih.gov/pubmed/28972216���Salladini, Edoardo
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*infectious disease epidemiology���NovL��Understanding infection dynamics in animal hosts is fundamental to managing spillover and emergence of zoonotic infections. Hendra virus is endemic in Australian pteropodid bat populations and can be lethal to horses and humans. However, we know little about the factors driving Hendra virus prevalence in resevoir bat populations, making spillover difficult to predict. We use Hendra virus prevalence data collected from 13 000 pooled bat urine samples across space and time to determine if pulses of prevalence are periodic and synchronized across sites. We also test whether site-specific precipitation and temperature affect the amplitude of the largest annual prevalence pulses. We found little evidence for a periodic signal in Hendra virus prevalence. Although the largest amplitude pulses tended to occur over winter, pulses could also occur in other seasons. We found that Hendra virus prevalence was weakly synchronized across sites over short distances, suggesting that prevalence is driven by local-scale effects. Finally, we found that drier conditions in previous seasons and the abundance of Pteropus alecto were positively correlated with the peak annual values of Hendra virus prevalence. Our results suggest that in addition to seasonal effects, bat density and local climatic conditions interact to drive Hendra virus infection dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/28942750t��Paez, D J
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*Nipah virus���Sep5��Human Nipah virus (NiV) infection, often fatal in Bangladesh, is primarily transmitted by drinking raw date palm sap contaminated by Pteropus bats. We assessed the impact of a behavior change communication intervention on reducing consumption of potentially NiV-contaminated raw sap. During the 2012-2014 sap harvesting seasons, we implemented interventions in two areas and compared results with a control area. In one area, we disseminated a "do not drink raw sap" message and, in the other area, encouraged only drinking sap if it had been protected from bat contamination by a barrier ("only safe sap"). Post-intervention, 40% more respondents in both intervention areas reported knowing about a disease contracted through raw sap consumption compared with control. Reported raw sap consumption decreased in all areas. The reductions in the intervention areas were not significantly greater compared to the control. Respondents directly exposed to the "only safe sap" message were more likely to report consuming raw sap from a protected source than those with no exposure (25 vs. 15%, OR 2.0, 95% CI 1.5-2.6, P < 0.001). While the intervention increased knowledge in both intervention areas, the "only safe sap" intervention reduced exposure to potentially NiV-contaminated sap and should be considered for future dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/28905152G��Nahar, Nazmun
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*virus-host interactions���Dec 1P��Nipah virus is an emerging, highly pathogenic, zoonotic virus of the Paramyxoviridae family. Human transmission occurs by close contact with infected animals, the consumption of contaminated food, or, occasionally, via other infected individuals. Currently, we lack therapeutic or prophylactic treatments for Nipah virus. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. This aim led us to perform the present work, in which we identified 101 human-Nipah virus protein-protein interactions (PPIs), most of which (88) are novel. This data set provides a comprehensive view of the host complexes that are manipulated by viral proteins. Host targets include the PRP19 complex and the microRNA (miRNA) processing machinery. Furthermore, we explored the biologic consequences of the interaction with the PRP19 complex and found that the Nipah virus W protein is capable of altering p53 control and gene expression. We anticipate that these data will help in guiding the development of novel interventional strategies to counter this emerging viral threat.IMPORTANCE Nipah virus is a recently discovered virus that infects a wide range of mammals, including humans. Since its discovery there have been yearly outbreaks, and in some of them the mortality rate has reached 100% of the confirmed cases. However, the study of Nipah virus has been largely neglected, and currently we lack treatments for this infection. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. In the present work, we identified 101 human-Nipah virus protein-protein interactions using an affinity purification approach coupled with mass spectrometry. Additionally, we explored the cellular consequences of some of these interactions. Globally, this data set offers a comprehensive and detailed view of the host machinery's contribution to the Nipah virus's life cycle. Furthermore, our data present a large number of putative drug targets that could be exploited for the treatment of this infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28904190Î��Martinez-Gil, Luis
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*nucleoprotein���Nov 1õ	�Henipaviruses, such as Nipah (NiV) and Hendra (HeV) viruses, are highly pathogenic zoonotic agents within the Paramyxoviridae family. The phosphoprotein (P) gene products of the paramyxoviruses have been well characterized for their interferon (IFN) antagonist activity and their contribution to viral pathogenicity. In this study, we demonstrated that the nucleoprotein (N) of henipaviruses also prevents the host IFN signaling response. Reporter assays demonstrated that the NiV and HeV N proteins (NiV-N and HeV-N, respectively) dose-dependently suppressed both type I and type II IFN responses and that the inhibitory effect was mediated by their core domains. Additionally, NiV-N prevented the nuclear transport of signal transducer and activator of transcription 1 (STAT1) and STAT2. However, NiV-N did not associate with Impalpha5, Impbeta1, or Ran, which are members of the nuclear transport system for STATs. Although P protein is known as a binding partner of N protein and actively retains N protein in the cytoplasm, the IFN antagonist activity of N protein was not abolished by the coexpression of P protein. This suggests that the IFN inhibition by N protein occurs in the cytoplasm. Furthermore, we demonstrated that the complex formation of STATs was hampered in the N protein-expressing cells. As a result, STAT nuclear accumulation was reduced, causing a subsequent downregulation of interferon-stimulated genes (ISGs) due to low promoter occupancy by STAT complexes. This novel route for preventing host IFN responses by henipavirus N proteins provides new insight into the pathogenesis of these viruses.IMPORTANCE Paramyxoviruses are well known for suppressing interferon (IFN)-mediated innate immunity with their phosphoprotein (P) gene products, and the henipaviruses also possess P, V, W, and C proteins for evading host antiviral responses. There are numerous studies providing evidence for the relationship between viral pathogenicity and antagonistic activities against IFN responses by P gene products. Meanwhile, little attention has been paid to the influence of nucleoprotein (N) on host innate immune responses. In this study, we demonstrated that both the NiV and HeV N proteins have antagonistic activity against the JAK/STAT signaling pathway by preventing the nucleocytoplasmic trafficking of STAT1 and STAT2. This inhibitory effect is due to an impairment of the ability of STATs to form complexes. These results provide new insight into the involvement of N protein in viral pathogenicity via its IFN antagonism.,��https://www.ncbi.nlm.nih.gov/pubmed/28835499Ù��Sugai, Akihiro
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*zoonoses���Sepé��Preventing emergence of new zoonotic viruses depends on understanding determinants for human risk. Nipah virus (NiV) is a lethal zoonotic pathogen that has spilled over from bats into human populations, with limited person-to-person transmission. We examined ecologic and human behavioral drivers of geographic variation for risk of NiV infection in Bangladesh. We visited 60 villages during 2011-2013 where cases of infection with NiV were identified and 147 control villages. We compared case villages with control villages for most likely drivers for risk of infection, including number of bats, persons, and date palm sap trees, and human date palm sap consumption behavior. Case villages were similar to control villages in many ways, including number of bats, persons, and date palm sap trees, but had a higher proportion of households in which someone drank sap. Reducing human consumption of sap could reduce virus transmission and risk for emergence of a more highly transmissible NiV strain.,��https://www.ncbi.nlm.nih.gov/pubmed/28820130f��Gurley, Emily S
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Haseeb, M. A.���2017v��The impact of human population pressure on flying fox niches and the potential consequences for Hendra virus spillover���8226���Sci Rep���7���1���Aug 15���Hendra virus (HeV) is an emerging pathogen of concern in Australia given its ability to spillover from its reservoir host, pteropid bats, to horses and further on to humans, and the severe clinical presentation typical in these latter incidental hosts. Specific human pressures over recent decades, such as expanding human populations, urbanization, and forest fragmentation, may have altered the ecological niche of Pteropus species acting as natural HeV reservoirs and may modulate spillover risk. This study explored the influence of inter-decadal net human local migration between 1970 and 2000 on changes in the habitat suitability to P. alecto and P. conspicillatus from 1980 to 2015 in eastern Australia. These ecological niches were modeled using boosted regression trees and subsequently fitted, along with additional landscape factors, to HeV spillovers to explore the spatial dependency of this zoonosis. The spatial model showed that the ecological niche of these two flying fox species, the human footprint, and proximity to woody savanna were each strongly associated with HeV spillover and together explained most of the spatial dependency exhibited by this zoonosis. These findings reinforce the potential for anthropogenic pressures to shape the landscape epidemiology of HeV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28811483���Walsh, Michael G
Wiethoelter, Anke
Haseeb, M A
eng
England
2017/08/16 06:00
Sci Rep. 2017 Aug 15;7(1):8226. doi: 10.1038/s41598-017-08065-z.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC5557840���28811483_��Marie Bashir Institute for Infectious Diseases and Biosecurity, Westmead Institute for Medical Research, University of Sydney, Westmead, New South Wales, Australia. michael.walsh1@sydney.edu.au.
Faculty of Veterinary and Agricultural Sciences, University of Melbourne, Melbourne, Victoria, Australia.
Department of Epidemiology and Biostatistics, School of Public Health, State University of New York, Downstate Medical Center, Brooklyn, New York, USA.
Departments of Cell Biology, Pathology and Medicine, College of Medicine, State University of New York, Downstate Medical Center, Brooklyn, New York, USA.���10.1038/s41598-017-08065-z����÷��üÓtÿî?}���z��Cowled, C.
Foo, C. H.
Deffrasnes, C.
Rootes, C. L.
Williams, D. T.
Middleton, D.
Wang, L. F.
Bean, A. G. D.
Stewart, C. R.���2017A��Circulating microRNA profiles of Hendra virus infection in horses���7431���Sci Rep���7���1���Aug 7I��Hendra virus (HeV) is an emerging zoonotic pathogen harbored by Australian mainland flying foxes. HeV infection can cause lethal disease in humans and horses, and to date all cases of human HeV disease have resulted from contact with infected horses. Currently, diagnosis of acute HeV infections in horses relies on the productive phase of infection when virus shedding may occur. An assay that identifies infected horses during the preclinical phase of infection would reduce the risk of zoonotic viral transmission during management of HeV outbreaks. Having previously shown that the host microRNA (miR)-146a is upregulated in the blood of HeV-infected horses days prior to the detection of viremia, we have profiled miRNAs at the transcriptome-wide level to comprehensively assess differences between infected and uninfected horses. Next-generation sequencing and the miRDeep2 algorithm identified 742 mature miRNA transcripts corresponding to 593 miRNAs in whole blood of six horses (three HeV-infected, three uninfected). Thirty seven miRNAs were differentially expressed in infected horses, two of which were validated by qRT-PCR. This study describes a methodology for the transcriptome-wide profiling of miRNAs in whole blood and supports the notion that measuring host miRNA expression levels may aid infectious disease diagnosis in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/28785041���Cowled, Christopher
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Ultraviolet Rays���Aug 25=��Ceratodon purpureus is a cosmopolitan moss that survives some of the harshest places on Earth: from frozen Antarctica to hot South Australian deserts. In a study on the survival mechanisms of the species, nine compounds were isolated from Australian and Antarctic C. purpureus. This included five biflavonoids, with complete structural elucidation of 1 and 2 reported here for the first time, as well as an additional four known phenolic compounds. Dispersion-corrected DFT calculations suggested a rotational barrier, leading to atropisomerism, resulting in the presence of diastereomers for compound 2. All isolates absorbed strongly in the ultraviolet (UV) spectrum, e.g., biflavone 1 (UV-A, 315-400 nm), which displayed the strongest radical-scavenging activity, 13% more efficient than the standard rutin; p-coumaric acid and trans-ferulic acid showed the highest UV-B (280-315 nm) absorption. The more complex and abundant 1 and 2 presumably have dual roles as both UV-screening and antioxidant compounds. They are strongly bound to Antarctic moss cell walls as well as located inside the cells of moss from both locations. The combined high stability and photoprotective abilities of these isolates may account for the known resilience of this species to UV-B radiation and its survival in some of the toughest locations in the world.,��https://www.ncbi.nlm.nih.gov/pubmed/28783339ó��Waterman, Melinda J
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Urine/virologyÿ��Pteropid bats (flying-foxes) are the natural reservoir of Hendra virus, an emergent paramyxovirus responsible for fatal infection in horses and humans in Australia. Pteropus alecto (the Black flying-fox) and the paraphyletic P. conspicillatus (the Spectacled flying-fox) appear to be the primary reservoir hosts. Previous studies have suggested that physiological and ecological factors may underpin infection dynamics in flying-foxes, and subsequent spillover to horses and in turn humans. We sought to examine temporal trends in urinary cortisol concentration in wild Australian flying-fox populations, to elucidate the putative relationship between Hendra virus infection and physiological stress. Pooled and individual urine samples were non-invasively collected from under roosting flying-foxes at two latitudinally disparate regions in the eastern Australian state of Queensland. Hendra virus detection, and (in individual urine samples) sex and species determination were PCR-based. Urinary cortisol measurement used a validated enzyme immunoassay. We found no direct correlation between increased urinary cortisol and Hendra virus excretion, but our findings do suggest a biologically plausible association between low winter temperatures and elevated cortisol levels in P. alecto in the lower latitude Southeast Queensland roosts. We hypothesize an indirect association between low winter temperatures and increased Hendra virus infection and excretion, mediated by the physiological cost of thermoregulation. Our findings and our approach are directly relevant to elaboration of the disease ecology of Nipah virus and other emerging henipaviruses in bats. More broadly, they inform investigation of emerging disease infection dynamics across the wildlife/livestock/human interface.,��https://www.ncbi.nlm.nih.gov/pubmed/28767708×��McMichael, Lee
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Nipah virus���JunA��OBJECTIVE: To explore a common B- and T-cell epitope-based vaccine that can elicit an immune response against encephalitis causing genus Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV). METHODS: Membrane proteins F, G and M of HeV and NiV were retrieved from the protein database and subjected to different bioinformatics tools to predict antigenic B-cell epitopes. Best B-cell epitopes were then analyzed to predict their T-cell antigenic potentiality. Antigenic B- and T-cell epitopes that shared maximum identity with HeV and NiV were selected. Stability of the selected epitopes was predicted. Finally, the selected epitopes were subjected to molecular docking simulation with HLA-DR to confirm their antigenic potentiality in silico. RESULTS: One epitope from G proteins, one from M proteins and none from F proteins were selected based on their antigenic potentiality. The epitope from the G proteins was stable whereas that from M was unstable. The M-epitope was made stable by adding flanking dipeptides. The 15-mer G-epitope (VDPLRVQWRNNSVIS) showed at least 66% identity with all NiV and HeV G protein sequences, while the 15-mer M-epitope (GKLEFRRNNAIAFKG) with the dipeptide flanking residues showed 73% identity with all NiV and HeV M protein sequences available in the database. Molecular docking simulation with most frequent MHC class-II (MHC II) and class-I (MHC I) molecules showed that these epitopes could bind within HLA binding grooves to elicit an immune response. CONCLUSIONS: Data in our present study revealed the notion that the epitopes from G and M proteins might be the target for peptide-based subunit vaccine design against HeV and NiV. However, the biochemical analysis is necessary to experimentally validate the interaction of epitopes individually with the MHC molecules through elucidation of immunity induction.,��https://www.ncbi.nlm.nih.gov/pubmed/28756915Õ��Saha, Chayan Kumar
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peptides���Jul 15¸��A set of lipopeptides was recently reported for their broad-spectrum antiviral activity against viruses belonging to the Paramyxoviridae family, including human parainfluenza virus type 3 and Nipah virus. Among them, the peptide with a 24-unit PEG linker connecting it to a cholesterol moiety (VG-PEG24-Chol) was found to be the best membrane fusion inhibitory peptide. Here, we evaluated the interaction of the same set of peptides with biomembrane model systems and isolated human peripheral blood mononuclear cells (PBMC). VG-PEG24-Chol showed the highest insertion rate and it was among the peptides that induced a larger change on the surface pressure of cholesterol rich membranes. This peptide also displayed a high affinity towards PBMC membranes. These data provide new information about the dynamics of peptide-membrane interactions of a specific group of antiviral peptides, known for their potential as multipotent paramyxovirus antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/28714870"��Augusto, Marcelo T
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*zoonotic infections���Sep 15é
�Several infectious disease outbreaks with high mortality in humans have been attributed to viruses that are thought to have evolved from bat viruses. In this study from Luxembourg, the genetic diversity and epidemiology of paramyxoviruses and coronaviruses shed by the bat species Rhinolophus ferrumequinum and Myotis emarginatus were evaluated. Feces collection (n = 624) was performed longitudinally in a mixed-species colony in 2015 and 2016. In addition, feces (n = 254) were collected cross-sectionally from six Myotis emarginatus colonies in 2016. By use of degenerate primers in a nested format, overall prevalences of 1.1% (10/878) and 4.9% (43/878) were determined for paramyxoviruses and coronaviruses. Sequences of the partial RNA-dependent RNA polymerase and spike glycoprotein genes of coronaviruses, as well as sequences of the partial L gene of paramyxoviruses, were obtained. Novel paramyxovirus and Alphacoronavirus strains were identified in different Myotis emarginatus colonies, and severe acute respiratory syndrome (SARS)-related Betacoronavirus strains were shed by Rhinolophus ferrumequinum Logistic regression revealed that the level of Alphacoronavirus shedding was highest in July (odds ratio, 2.8; P < 0.01), probably due to periparturient stress. Phylogenetic analyses point to close virus-host coevolution, and the high genetic similarity of the study strains suggests that the Myotis emarginatus colonies in Luxembourg are socially connected. Most interestingly, we show that bats also host Betacoronavirus1 strains. The high similarity of the spike gene sequences of these viruses with mammalian Betacoronavirus 1 strains may be of concern. Both the SARS-related and Betacoronavirus 1 strains detected in bats in Luxembourg may cross the species barrier after a host adaptation process.IMPORTANCE Bats are a natural reservoir of a number of zoonotic pathogens. Several severe outbreaks in humans (e.g., a Nipah virus outbreak in Malaysia in 1998, and the almost global spread of severe acute respiratory syndrome in 2003) have been caused by bat-borne viruses that were transmitted to humans mostly after virus adaptation (e.g., in intermediate animal hosts). Despite the indigenousness of bat species that host viruses with suspected zoonotic potential and despite the zoonotic transmission of European bat 1 lyssavirus in Luxembourg, knowledge about the diversity and epidemiology of bat viruses remains limited in this country. Moreover, in contrast to other European countries, bat viruses are currently not included in the national surveillance activities of this land-locked country. We suggest that this gap in disease surveillance should be addressed, since we show here that synanthropic bats host viruses that may be able to cross the species barrier.,��https://www.ncbi.nlm.nih.gov/pubmed/28710271���Pauly, Maude
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Rhabdoviridae Infections/*epidemiology/transmission/virology���Jul 13x��Bats are natural reservoir hosts of highly virulent pathogens such as Marburg virus, Nipah virus, and SARS coronavirus. However, little is known about the role of bat ectoparasites in transmitting and maintaining such viruses. The intricate relationship between bats and their ectoparasites suggests that ectoparasites might serve as viral vectors, but evidence to date is scant. Bat flies, in particular, are highly specialized obligate hematophagous ectoparasites that incidentally bite humans. Using next-generation sequencing, we discovered a novel ledantevirus (mononegaviral family Rhabdoviridae, genus Ledantevirus) in nycteribiid bat flies infesting pteropodid bats in western Uganda. Mitochondrial DNA analyses revealed that both the bat flies and their bat hosts belong to putative new species. The coding-complete genome of the new virus, named Kanyawara virus (KYAV), is only distantly related to that of its closest known relative, Mount Elgon bat virus, and was found at high titers in bat flies but not in blood or on mucosal surfaces of host bats. Viral genome analysis indicates unusually low CpG dinucleotide depletion in KYAV compared to other ledanteviruses and rhabdovirus groups, with KYAV displaying values similar to rhabdoviruses of arthropods. Our findings highlight the possibility of a yet-to-be-discovered diversity of potentially pathogenic viruses in bat ectoparasites.,��https://www.ncbi.nlm.nih.gov/pubmed/28706276{��Goldberg, Tony L
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Phytochemicals/chemistry/isolation & purification���Jul 28 ��Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5'-O-(4-O-p-coumaryl)-O-beta-d-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5-11, 13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 muM, respectively.,��https://www.ncbi.nlm.nih.gov/pubmed/28682615Ì��Hendra, Rudi
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olfactory epithelium���May-Jun���Henipaviruses are emerging zoonotic viruses and causative agents of encephalitis in humans. However, the mechanisms of entry into the central nervous system (CNS) in humans are not known. Here, we evaluated the possible role of olfactory epithelium in virus entry into the CNS. We characterized Hendra virus (HeV) and Nipah virus (NiV) infection of primary human olfactory epithelial cultures. We show that henipaviruses can infect mature olfactory sensory neurons. Henipaviruses replicated efficiently, resulting in cytopathic effect and limited induction of host responses. These results show that human olfactory epithelium is susceptible to infection with henipaviruses, suggesting that this could be a pathway for neuroinvasion in humans. IMPORTANCE Henipaviruses are emerging zoonotic pathogens that can cause acute and severe respiratory and neurological disease in humans. The pathways by which henipaviruses enter the central nervous system (CNS) in humans are still unknown. The observation that human olfactory neurons are highly susceptible to infection with henipaviruses demonstrates that the olfactory epithelium can serve as a site of Henipavirus entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/28680971Ä��Borisevich, Viktoriya
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Wang, L. F.���2018���A Functional Genomics Approach to Henipavirus Research: The Role of Nuclear Proteins, MicroRNAs and Immune Regulators in Infection and Disease���191-213���Curr Top Microbiol Immunol���419º��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are zoonotic RNA viruses that cause lethal disease in humans and are designated as Biosafety Level 4 (BSL4) agents. Moreover, henipaviruses belong to the same group of viruses that cause disease more commonly in humans such as measles, mumps and respiratory syncytial virus. Due to the relatively recent emergence of the henipaviruses and the practical constraints of performing functional genomics studies at high levels of containment, our understanding of the henipavirus infection cycle is incomplete. In this chapter we describe recent loss-of-function (i.e. RNAi) functional genomics screens that shed light on the henipavirus-host interface at a genome-wide level. Further to this, we cross-reference RNAi results with studies probing host proteins targeted by henipavirus proteins, such as nuclear proteins and immune modulators. These functional genomics studies join a growing body of evidence demonstrating that nuclear and nucleolar host proteins play a crucial role in henipavirus infection. Furthermore these studies will underpin future efforts to define the role of nucleolar host-virus interactions in infection and disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28674944·��Stewart, Cameron R
Deffrasnes, Celine
Foo, Chwan Hong
Bean, Andrew G D
Wang, Lin-Fa
eng
Germany
2017/07/05 06:00
Curr Top Microbiol Immunol. 2018;419:191-213. doi: 10.1007/82_2017_28.%��0070-217X (Print)
0070-217X (Linking)���28674944{��CSIRO Health and Biosecurity, Australian Animal Health Laboratory, Geelong, VIC, Australia. cameron.stewart@csiro.au.
Department of Microbiology, Monash University, Clayton, VIC, Australia.
CSIRO Health and Biosecurity, Australian Animal Health Laboratory, Geelong, VIC, Australia.
Programme in Emerging Infectious Diseases, Duke-NUS Medical School, Singapore, 169857, Singapore.���10.1007/82_2017_28���
��üÒtÿî?����}��Nahar, N.
Asaduzzaman, M.
Sultana, R.
Garcia, F.
Paul, R. C.
Abedin, J.
Sazzad, H. M. S.
Rahman, M.
Gurley, E. S.
Luby, S. P.���2017l��A large-scale behavior change intervention to prevent Nipah transmission in Bangladesh: components and costs���225
��BMC Res Notes���10���1ù��Animals
Bangladesh/epidemiology
*Behavior
*Costs and Cost Analysis
Geography
Henipavirus Infections/economics/*epidemiology/*transmission
Humans
Bangladesh
Behavior change communication intervention
Intervention cost
Nipah virus infection
Prevention���Jun 26"��BACKGROUND: Nipah virus infection (NiV) is a bat-borne zoonosis transmitted to humans through consumption of NiV-contaminated raw date palm sap in Bangladesh. The objective of this analysis was to measure the cost of an NiV prevention intervention and estimate the cost of scaling it up to districts where spillover had been identified. METHODS: We implemented a behavior change communication intervention in two districts, testing different approaches to reduce the risk of NiV transmission using community mobilization, interpersonal communication, posters and TV public service announcements on local television during the 2012-2014 sap harvesting seasons. In one district, we implemented a "no raw sap" approach recommending to stop drinking raw date palm sap. In another district, we implemented an "only safe sap" approach, recommending to stop drinking raw date palm sap but offering the option of drinking safe sap. This is sap covered with a barrier, locally called bana, to interrupt bats' access during collection. We conducted surveys among randomly selected respondents two months after the intervention to measure the proportion of people reached. We used an activity-based costing method to calculate the cost of the intervention. RESULTS: The implementation cost of the "no raw sap" intervention was $30,000 and the "only safe sap" intervention was $55,000. The highest cost was conducting meetings and interpersonal communication efforts. The lowest cost was broadcasting the public service announcements on local TV channels. To scale up a similar intervention in 30 districts where NiV spillover has occurred, would cost between $2.6 and $3.5 million for one season. Placing the posters would cost $96,000 and only broadcasting the public service announcement through local channels in 30 districts would cost $26,000. CONCLUSIONS: Broadcasting a TV public service announcement is a potential low cost option to advance NiV prevention. It could be supplemented with posters and targeted interpersonal communication, in districts with a high risk of NiV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28651646	��Nahar, Nazmun
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Veterinarians/economics/psychology���Hendra virus is a zoonotic paramyxovirus, which causes severe respiratory and neurological disease in horses and humans. Since 2012, the Hendra virus sub-unit G vaccine has been available for horse vaccination in Australia. Uptake of the vaccine has been limited and spill-over events of Hendra virus infection in horses continue to occur. We conducted an online, questionnaire-based cross-sectional study of 376 horse owners belonging to a variety of different equestrian clubs in Queensland, Australia, to identify risk factors for non-vaccination against Hendra virus. A total of 43.1% (N = 162) of horse owners indicated that they currently did not vaccinate against Hendra virus infection, while 56.9% (N = 214) currently vaccinated against Hendra virus infection. A total of 52 risk factors were evaluated relating to equestrian activities, horse management, perceived risk and severity of horse and human infection with Hendra virus, side effects of Hendra vaccination, other vaccinations conducted by horse owners and horse owners' attitudes towards veterinarians. The final multivariable logistics regression model identified the following risk factors associated with increased odds of non-vaccination against Hendra virus: 1) perceived low risk (compared to high) of Hendra virus infection to horses (considering the horse owners' location and management practices) or horse owners were unsure about the risk of infection, 2) perceived moderate severity (compared to very severe or severe) of Hendra virus infection in humans, 3) horse owners non-vaccination of their pets, 4) horse owners non-vaccination against strangles disease in horses, 5) handling of more than three horses per week (compared to one horse only) and 6) perceived attitude that veterinarians had a high motivation of making money from Hendra virus vaccination (compared to veterinarians having a low motivation of making money from Hendra virus vaccination). Horse owners were more likely to vaccinate against Hendra virus if horses were used for dressage, show jumping or eventing. The study also identified horse owners' concerns about side-effects and about the lack of evidence on vaccine efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/28636633»��Goyen, Kailiea Arianna
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vinegar���Janá��BACKGROUND: Vinegar is widely used as a food additive, in food preparation and as a food supplement. This study compared the phenolic acid profiles and in vivo toxicities, and antioxidant and immunomodulatory effects of coconut, nipah and pineapple juice vinegars, which were respectively prepared via a two-step fermentation using Saccharomyces cerevisiae 7013 INRA and Acetobacter aceti vat Europeans. RESULTS: Pineapple juice vinegar, which had the highest total phenolic acid content, also exhibited the greatest in vitro antioxidant capacity compared to coconut juice and nipah juice vinegars. Following acute and sub-chronic in vivo toxicity evaluation, no toxicity and mortality were evident and there were no significant differences in the serum biochemical profiles between mice administered the vinegars versus the control group. In the sub-chronic toxicity evaluation, the highest liver antioxidant levels were found in mice fed with pineapple juice vinegar, followed by coconut juice and nipah juice vinegars. However, compared to the pineapple juice and nipah juice vinegars, the mice fed with coconut juice vinegar, exhibited a higher population of CD4(+) and CD8(+) T-lymphocytes in the spleen, which was associated with greater levels of serum interleukin-2 and interferon-gamma cytokines. CONCLUSIONS: Overall, the data suggested that not all vinegar samples cause acute and sub-chronic toxicity in vivo. Moreover, the in vivo immunity and organ antioxidant levels were enhanced, to varying extents, by the phenolic acids present in the vinegars. The results obtained in this study provide appropriate guidelines for further in vivo bioactivity studies and pre-clinical assessments of vinegar consumption. (c) 2017 Society of Chemical Industry.,��https://www.ncbi.nlm.nih.gov/pubmed/28631270<��Mohamad, Nurul Elyani
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*Antiviral
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*Nucleoside analog���Augi��The henipaviruses Nipah virus and Hendra virus are highly pathogenic zoonotic paramyxoviruses which have caused fatal outbreaks of encephalitis and respiratory disease in humans. Despite the availability of a licensed equine Hendra virus vaccine and a neutralizing monoclonal antibody shown to be efficacious against henipavirus infections in non-human primates, there remains no approved therapeutics or vaccines for human use. To explore the possibility of developing small-molecule nucleoside inhibitors against henipaviruses, we evaluated the antiviral activity of 4'-azidocytidine (R1479), a drug previously identified to inhibit flaviviruses, against henipaviruses along with other representative members of the family Paramyxoviridae. We observed similar levels of R1479 antiviral activity across the family, regardless of virus genus. Our brief study expands the documented range of viruses susceptible to R1479, and provides the basis for future investigation and development of 4'-modified nucleoside analogs as potential broad-spectrum antiviral therapeutics across both positive and negative-sense RNA virus families.,��https://www.ncbi.nlm.nih.gov/pubmed/28629988ð��Hotard, Anne L
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Spillover���Dec|��Hendra virus is a paramyxovirus of Australian flying fox bats. It was first detected in August 1994, after the death of 20 horses and one human. Since then it has occurred regularly within a portion of the geographical distribution of all Australian flying fox (fruit bat) species. There is, however, little understanding about which species are most likely responsible for spillover, or why spillover does not occur in other areas occupied by reservoir and spillover hosts. Using ecological niche models of the four flying fox species we were able to identify which species are most likely linked to spillover events using the concept of distance to the niche centroid of each species. With this novel approach we found that 20 out of 27 events occur disproportionately closer to the niche centroid of two species (P. alecto and P. conspicillatus). With linear regressions we found a negative relationship between distance to the niche centroid and abundance of these two species. Thus, we suggest that the bioclimatic niche of these two species is likely driving the spatial pattern of spillover of Hendra virus into horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28616484ô��Martin, Gerardo A
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Virus Release���Jun¢��The paramyxovirus family comprises major human and animal pathogens such as measles virus (MeV), mumps virus (MuV), the parainfluenzaviruses, Newcastle disease virus (NDV), and the highly pathogenic zoonotic hendra (HeV) and nipah (NiV) viruses. Paramyxovirus particles are pleomorphic, with a lipid envelope, nonsegmented RNA genomes of negative polarity, and densely packed glycoproteins on the virion surface. A number of crystal structures of different paramyxovirus proteins and protein fragments were solved, but the available information concerning overall virion organization remains limited. However, recent studies have reported cryo-electron tomography-based reconstructions of Sendai virus (SeV), MeV, NDV, and human parainfluenza virus type 3 (HPIV3) particles and a surface assessment of NiV-derived virus-like particles (VLPs), which have yielded innovative hypotheses concerning paramyxovirus particle assembly, budding, and organization. Following a summary of the current insight into paramyxovirus virion morphology, this review will focus on discussing the implications of these particle reconstructions on the present models of paramyxovirus assembly and infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28601688ÿ��Cox, Robert M
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*Protein-protein interactions���SepË��In this review, we summarize computational and experimental data gathered so far showing that structural disorder is abundant within paramyxoviral nucleoproteins (N) and phosphoproteins (P). In particular, we focus on measles, Nipah, and Hendra viruses and highlight both commonalities and differences with respect to the closely related Sendai virus. The molecular mechanisms that control the disorder-to-order transition undergone by the intrinsically disordered C-terminal domain (NTAIL) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins are described in detail. By having a significant residual disorder, NTAIL-XD complexes are illustrative examples of "fuzziness", whose possible functional significance is discussed. Finally, the relevance of N-P interactions as promising targets for innovative antiviral approaches is underscored, and the functional advantages of structural disorder for paramyxoviruses are pinpointed.,��https://www.ncbi.nlm.nih.gov/pubmed/28600653è��Longhi, Sonia
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*virus replication���Aug 1!
�Nipah virus (NiV) is a zoonotic emerging paramyxovirus that can cause fatal respiratory illness or encephalitis in humans. Despite many efforts, the molecular mechanisms of NiV-induced acute lung injury (ALI) remain unclear. We previously showed that NiV replicates to high titers in human lung grafts in NOD-SCID/gamma mice, resulting in a robust inflammatory response. Interestingly, these mice can undergo human immune system reconstitution by the bone marrow, liver, and thymus (BLT) reconstitution method, in addition to lung tissue engraftment, giving altogether a realistic model to study human respiratory viral infections. Here, we characterized NiV Bangladesh strain (NiV-B) infection of human lung grafts from human immune system-reconstituted mice in order to identify the overall effect of immune cells on NiV pathogenesis of the lung. We show that NiV-B replicated to high titers in human lung grafts and caused similar cytopathic effects irrespective of the presence of human leukocytes in mice. However, the human immune system interfered with virus spread across lung grafts, responded to infection by leukocyte migration to small airways and alveoli of the lung grafts, and accelerated oxidative stress in lung grafts. In addition, the presence of human leukocytes increased the expression of cytokines and chemokines that regulate inflammatory influx to sites of infection and tissue damage. These results advance our understanding of how the immune system limits NiV dissemination and contributes to ALI and inform efforts to identify therapeutic targets.IMPORTANCE Nipah virus (NiV) is an emerging paramyxovirus that can cause a lethal respiratory and neurological disease in humans. Only limited data are available on NiV pathogenesis in the human lung, and the relative contribution of the innate immune response and NiV to acute lung injury (ALI) is still unknown. Using human lung grafts in a human immune system-reconstituted mouse model, we showed that the NiV Bangladesh strain induced cytopathic lesions in lung grafts similar to those described in patients irrespective of the donor origin or the presence of leukocytes. However, the human immune system interfered with virus spread, responded to infection by leukocyte infiltration in the small airways and alveolar area, induced oxidative stress, and triggered the production of cytokines and chemokines that regulate inflammatory influx by leukocytes in response to infection. Understanding how leukocytes interact with NiV and cause ALI in human lung xenografts is crucial for identifying therapeutic targets.,��https://www.ncbi.nlm.nih.gov/pubmed/28539439°��Escaffre, Olivier
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*Transcriptional gradient���Aug���The regulation of transcription during Nipah virus (NiV) replication is poorly understood. Using a bicistronic minigenome system, we investigated the involvement of non-coding regions (NCRs) in the transcriptional re-initiation efficiency of NiV RNA polymerase. Reporter assays revealed that attenuation of NiV gene expression was not constant at each gene junction, and that the attenuating property was controlled by the 3' NCR. However, this regulation was independent of the gene-end, gene-start and intergenic regions. Northern blot analysis indicated that regulation of viral gene expression by the phosphoprotein (P) and large protein (L) 3' NCRs occurred at the transcription level. We identified uridine-rich tracts within the L 3' NCR that are similar to gene-end signals. These gene-end-like sequences were recognized as weak transcription termination signals by the viral RNA polymerase, thereby reducing downstream gene transcription. Thus, we suggest that NiV has a unique mechanism of transcriptional regulation.,��https://www.ncbi.nlm.nih.gov/pubmed/28494343½��Sugai, Akihiro
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Qualitative study���May 1ø
�Hendra virus causes sporadic zoonotic disease in Australia following spill over from flying foxes to horses and from horses to people. Prevention and risk mitigation strategies such as vaccination of horses or biosecurity and property management measures are widely publicised, but hinge on initiative and action taken by horse owners as they mediate management, care and treatment of their animals. Hence, underlying beliefs, values and attitudes of horse owners influence their uptake of recommended risk mitigation measures. We used a qualitative approach to investigate attitudes, perceptions and self-reported practices of horse owners in response to Hendra virus to gain a deeper understanding of their decision-making around prevention measures. Data presented here derive from a series of in-depth interviews with 27 horse owners from Hendra virus 'hot spot' areas in New South Wales and Queensland. Interviews explored previous experience, perceptions and resulting behaviour as well as communication around Hendra virus. All interviews were recorded, transcribed verbatim and analysed in NVivo using thematic analysis. Analysis revealed four major themes: perception of Hendra virus as a risk and factors influencing this perception, Hendra virus risk mitigation strategies implemented by horse owners, perceived motivators and barriers of these strategies, and interaction of perceived risk, motivators and barriers in the decision-making process. Although Hendra virus disease was perceived as a serious threat to the health of horses and humans, individual risk perception diverged among horse owners. Perceived severity, likelihood and unpredictability as well as awareness and knowledge of Hendra virus, trust in information obtained and information pathways, demographic characteristics and personal experience were the main factors influencing Hendra virus risk perceptions. Other key determinants of horse owners' decision-making process were attitudes towards Hendra virus risk mitigation measures as well as perceived motivators and barriers thereof. Horse owners' awareness of the necessity to consider individual Hendra virus risk and adequate risk management strategies was described as a learning process, which changed over time. However, different perceptions of risk, barriers and motivators in combination with a weighing up of advantages and disadvantages resulted in different behaviours. These findings demonstrate the multifactorial determinants of cognitive mediating processes and facilitate a better understanding of horse owners' perspectives on preventive horse health measures. Furthermore, they provide valuable feedback to industry and government stakeholders on how to improve effective risk communication and encourage uptake of recommended risk mitigation measures.,��https://www.ncbi.nlm.nih.gov/pubmed/28460752%��Wiethoelter, Anke K
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ZoonoticÐ��The risk of spillover of enzootic paramyxoviruses and the susceptibility of recipient human and domestic animal populations are defined by a broad collection of ecological and molecular factors that interact in ways that are not yet fully understood. Nipah and Hendra viruses were the first highly lethal zoonotic paramyxoviruses discovered in modern times, but other paramyxoviruses from multiple genera are present in bats and other reservoirs that have unknown potential to spillover into humans. We outline our current understanding of paramyxovirus reservoir hosts and the ecological factors that may drive spillover, and we explore the molecular barriers to spillover that emergent paramyxoviruses may encounter. By outlining what is known about enzootic paramyxovirus receptor usage, mechanisms of innate immune evasion, and other host-specific interactions, we highlight the breadth of unexplored avenues that may be important in understanding paramyxovirus emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/28433050â��Thibault, Patricia A
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zoonosis���Apr 133��BACKGROUND: Hendra virus is a paramyxovirus that causes periodic serious disease and fatalities in horses and humans in Australia first identified in 1994. Pteropid bats (commonly known as flying-foxes) are the natural host of the virus, and the putative route of infection in horses is by ingestion or inhalation of material contaminated by flying-fox urine or other bodily fluids. Humans become infected after close contact with infected horses. Horse owners in Australia are encouraged to vaccinate their horses against Hendra virus to reduce the risk of Hendra virus infection, and to prevent potential transmission to humans. After the vaccine was released in 2012, uptake by horse owners was slow, with some estimated 11-17% of horses in Australia vaccinated. This study was commissioned to examine barriers to vaccine uptake and potential drivers to future adoption of vaccination by horse owners. METHODS: This study examined qualitative comments from respondents to an on-line survey, reporting reasons for not vaccinating their horses. The study also investigated scenarios in which respondents felt they might consider vaccinating their horses. RESULTS: Self-reported barriers to uptake of the Hendra virus vaccine by horse owners (N = 150) included concerns about vaccine safety, cost, and effectiveness. Reduction in vaccination costs and perception of immediacy of Hendra virus risk were reported as being likely to change future behaviour. However, the data also indicated that horse owners generally would not reconsider vaccinating their horses if advised by their veterinarian. CONCLUSION: While changes to vaccine costs and the availability data supporting vaccine safety and efficacy may encourage more horse owners to vaccinate, this study highlights the importance of protecting the relationship between veterinarians and horse owners within the risk management strategies around Hendra virus. Interactions and trust between veterinarians and animal owners has important implications for management of and communication around Hendra virus and other zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/28407738¢��Manyweathers, J
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*meningitis���Jul���Infections of the central nervous system (CNS) are often acute, with significant morbidity and mortality. Routine diagnosis of such infections is limited in developing countries and requires modern equipment in advanced laboratories that may be unavailable to a number of patients in sub-Saharan Africa. We developed a TaqMan array card (TAC) that detects multiple pathogens simultaneously from cerebrospinal fluid. The 21-pathogen CNS multiple-pathogen TAC (CNS-TAC) assay includes two parasites (Balamuthia mandrillaris and Acanthamoeba), six bacterial pathogens (Streptococcus pneumoniae, Haemophilus influenzae, Neisseria meningitidis, Mycoplasma pneumoniae, Mycobacterium tuberculosis, and Bartonella), and 13 viruses (parechovirus, dengue virus, Nipah virus, varicella-zoster virus, mumps virus, measles virus, lyssavirus, herpes simplex viruses 1 and 2, Epstein-Barr virus, enterovirus, cytomegalovirus, and chikungunya virus). The card also includes human RNase P as a nucleic acid extraction control and an internal manufacturer control, GAPDH (glyceraldehyde-3-phosphate dehydrogenase). This CNS-TAC assay can test up to eight samples for all 21 agents within 2.5 h following nucleic acid extraction. The assay was validated for linearity, limit of detection, sensitivity, and specificity by using either live viruses (dengue, mumps, and measles viruses) or nucleic acid material (Nipah and chikungunya viruses). Of 120 samples tested by individual real-time PCR, 35 were positive for eight different targets, whereas the CNS-TAC assay detected 37 positive samples across nine different targets. The CNS-TAC assays showed 85.6% sensitivity and 96.7% specificity. Therefore, the CNS-TAC assay may be useful for outbreak investigation and surveillance of suspected neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28404679Å��Onyango, Clayton O
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Tomography, X-Ray Computed���AprÈ��Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that emerged in the late 1990s in Malaysia and has since been identified as the cause of sporadic outbreaks of severe febrile disease in Bangladesh and India. NiV infection is frequently associated with severe respiratory or neurological disease in infected humans with transmission to humans through inhalation, contact or consumption of NiV contaminated foods. In the work presented here, the development of disease was investigated in the African Green Monkey (AGM) model following intratracheal (IT) and, for the first time, small-particle aerosol administration of NiV. This study utilized computed tomography (CT) and magnetic resonance imaging (MRI) to temporally assess disease progression. The host immune response and changes in immune cell populations over the course of disease were also evaluated. This study found that IT and small-particle administration of NiV caused similar disease progression, but that IT inoculation induced significant congestion in the lungs while disease following small-particle aerosol inoculation was largely confined to the lower respiratory tract. Quantitative assessment of changes in lung volume found up to a 45% loss in IT inoculated animals. None of the subjects in this study developed overt neurological disease, a finding that was supported by MRI analysis. The development of neutralizing antibodies was not apparent over the 8-10 day course of disease, but changes in cytokine response in all animals and activated CD8+ T cell numbers suggest the onset of cell-mediated immunity. These studies demonstrate that IT and small-particle aerosol infection with NiV in the AGM model leads to a severe respiratory disease devoid of neurological indications. This work also suggests that extending the disease course or minimizing the impact of the respiratory component is critical to developing a model that has a neurological component and more accurately reflects the human condition.,��https://www.ncbi.nlm.nih.gov/pubmed/28388650#��Cong, Yu
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*reassortment���Jun 15W	�Bats are natural reservoirs for many pathogenic viruses, and increasing evidence supports the notion that bats can also harbor group A rotaviruses (RVAs), important causative agents of diarrhea in children and young animals. Currently, 8 RVA strains possessing completely novel genotype constellations or genotypes possibly originating from other mammals have been identified from African and Chinese bats. However, all the data were mainly based on detection of RVA RNA, present only during acute infections, which does not permit assessment of the true exposure of a bat population to RVA. To systematically investigate the genetic diversity of RVAs, 547 bat anal swabs or gut samples along with 448 bat sera were collected from five South Chinese provinces. Specific reverse transcription-PCR (RT-PCR) screening found four RVA strains. Strain GLRL1 possessed a completely novel genotype constellation, whereas the other three possessed a constellation consistent with the MSLH14-like genotype, a newly characterized group of viruses widely prevalent in Chinese insectivorous bats. Among the latter, strain LZHP2 provided strong evidence of cross-species transmission of RVAs from bats to humans, whereas strains YSSK5 and BSTM70 were likely reassortants between typical MSLH14-like RVAs and human RVAs. RVA-specific antibodies were detected in 10.7% (48/448) of bat sera by an indirect immunofluorescence assay (IIFA). Bats in Guangxi and Yunnan had a higher RVA-specific antibody prevalence than those from Fujian and Zhejiang provinces. These observations provide evidence for cross-species transmission of MSLH14-like bat RVAs to humans, highlighting the impact of bats as reservoirs of RVAs on public health.IMPORTANCE Bat viruses, such as severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), Ebola, Hendra, and Nipah viruses, are important pathogens causing outbreaks of severe emerging infectious diseases. However, little is known about bat viruses capable of causing gastroenteritis in humans, even though 8 group A viruses (RVAs) have been identified from bats so far. In this study, another 4 RVA strains were identified, with one providing strong evidence for zoonotic transmission from bats to humans. Serological investigation has also indicated that RVA infection in bats is far more prevalent than expected based on the detection of viral RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/28381569M��He, Biao
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Viral Plaque Assay���Mar 8���Human paramyxoviruses include global causes of lower respiratory disease like the parainfluenza viruses, as well as agents of lethal encephalitis like Nipah virus. Infection is initiated by viral glycoprotein-mediated fusion between viral and host cell membranes. Paramyxovirus viral fusion proteins (F) insert into the target cell membrane, and form a transient intermediate that pulls the viral and cell membranes together as two heptad-repeat regions refold to form a six-helix bundle structure that can be specifically targeted by fusion-inhibitory peptides. Antiviral potency can be improved by sequence modification and lipid conjugation, and by adding linkers between the protein and lipid components. We exploit the uniquely broad spectrum antiviral activity of a parainfluenza F-derived peptide sequence that inhibits both parainfluenza and Nipah viruses, to investigate the influence of peptide orientation and intervening linker length on the peptides' interaction with transitional states of F, solubility, membrane insertion kinetics, and protease sensitivity. We assessed the impact of these features on biodistribution and antiviral efficacy in vitro and in vivo. The engineering approach based on biophysical parameters resulted in a peptide that is a highly effective inhibitor of both paramyxoviruses and a set of criteria to be used for engineering broad spectrum antivirals for emerging paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/28344321»��Mathieu, Cyrille
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*viral assembly���May 15�	�Nipah virus (NiV), a paramyxovirus in the genus Henipavirus, has a mortality rate in humans of approximately 75%. While several studies have begun our understanding of NiV particle formation, the mechanism of this process remains to be fully elucidated. For many paramyxoviruses, M proteins drive viral assembly and egress; however, some paramyxoviral glycoproteins have been reported as important or essential in budding. For NiV the matrix protein (M), the fusion glycoprotein (F) and, to a much lesser extent, the attachment glycoprotein (G) autonomously induce the formation of virus-like particles (VLPs). However, functional interactions between these proteins during assembly and egress remain to be fully understood. Moreover, if the F-driven formation of VLPs occurs through interactions with host cell machinery, the cytoplasmic tail (CT) of F is a likely interactive domain. Therefore, we analyzed NiV F CT deletion and alanine mutants and report that several but not all regions of the F CT are necessary for efficient VLP formation. Two of these regions contain YXXO or dityrosine motifs previously shown to interact with cellular machinery involved in F endocytosis and transport. Importantly, our results showed that F-driven, M-driven, and M/F-driven viral particle formation enhanced the recruitment of G into VLPs. By identifying key motifs, specific residues, and functional viral protein interactions important for VLP formation, we improve our understanding of the viral assembly/egress process and point to potential interactions with host cell machinery.IMPORTANCE Henipaviruses can cause deadly infections of medical, veterinary, and agricultural importance. With recent discoveries of new henipa-like viruses, understanding the mechanisms by which these viruses reproduce is paramount. We have focused this study on identifying the functional interactions of three Nipah virus proteins during viral assembly and particularly on the role of one of these proteins, the fusion glycoprotein, in the incorporation of other viral proteins into viral particles. By identifying several regions in the fusion glycoprotein that drive viral assembly, we further our understanding of how these viruses assemble and egress from infected cells. The results presented will likely be useful toward designing treatments targeting this aspect of the viral life cycle and for the production of new viral particle-based vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/28250132n��Johnston, Gunner P
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Veterinarians���Feb 18R
�BACKGROUND: Communication skills are essential for veterinarians who need to discuss animal health related matters with their clients. When dealing with an emerging zoonosis, such as Hendra virus (HeV), veterinarians also have a legal responsibility to inform their clients about the associated risks to human health. Here we report on part of a mixed methods study that examined the preparedness of, and difficulties experienced by, veterinarians communicating about HeV-related risks with their clients. METHODS: Phase 1 was an exploratory, qualitative study that consisted of a series of face-to-face, semi-structured interviews with veterinary personnel from Queensland, Australia (2009-10) to identify the barriers to HeV management in equine practices. Phase 2a was a quantitative study that surveyed veterinarians from the same region (2011) and explored the veterinarians' preparedness and willingness to communicate about HeV-related risks, and the reactions of their clients that they experienced. The second study included both multiple choice and open-ended questions. RESULTS: The majority of the participants from Phase 2a (83.1%) declared they had access to a HeV management plan and over half (58.6%) had ready-to-use HeV information available for clients within their practice. Most (87%) reported "always or sometimes" informing clients about HeV-related risks when a horse appeared sick. When HeV was suspected, 58.1% of participants reported their clients were receptive to their safety directives and 24.9% of clients were either initially unreceptive, overwhelmed by fear, or in denial of the associated risks. The thematic analysis of the qualitative data from Phases 1 and 2a uncovered similar themes in relation to HeV-related communication issues experienced by veterinarians: "clients' intent to adhere"; "adherence deemed redundant"; "misunderstanding or denial of risk"; "cost"; "rural culture"; "fear for reputation". The theme of "emotional state of clients" was only identified during Phase 1. CONCLUSION: Warning horse owners about health and safety issues that may affect them when present in a veterinary work environment is a legal requirement for veterinarians. However, emerging zoonoses are unpredictable events that may require a different communication approach. Future training programs addressing veterinary communication skills should take into account the particular issues inherent to managing an emerging zoonosis and emphasise the importance of maintaining human safety. Veterinary communication skills and approaches required when dealing with emerging zoonoses should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/28214468¶��Mendez, Diana H
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*virus���Apr 7ü��Enveloped viruses utilize fusion (F) proteins studding the surface of the virus to facilitate membrane fusion with a target cell membrane. Fusion of the viral envelope with a cellular membrane is required for release of viral genomic material, so the virus can ultimately reproduce and spread. To drive fusion, the F protein undergoes an irreversible conformational change, transitioning from a metastable pre-fusion conformation to a more thermodynamically stable post-fusion structure. Understanding the elements that control stability of the pre-fusion state and triggering to the post-fusion conformation is important for understanding F protein function. Mutations in F protein transmembrane (TM) domains implicated the TM domain in the fusion process, but the structural and molecular details in fusion remain unclear. Previously, analytical ultracentrifugation was utilized to demonstrate that isolated TM domains of Hendra virus F protein associate in a monomer-trimer equilibrium (Smith, E. C., Smith, S. E., Carter, J. R., Webb, S. R., Gibson, K. M., Hellman, L. M., Fried, M. G., and Dutch, R. E. (2013) J. Biol. Chem. 288, 35726-35735). To determine factors driving this association, 140 paramyxovirus F protein TM domain sequences were analyzed. A heptad repeat of beta-branched residues was found, and analysis of the Hendra virus F TM domain revealed a heptad repeat leucine-isoleucine zipper motif (LIZ). Replacement of the LIZ with alanine resulted in dramatically reduced TM-TM association. Mutation of the LIZ in the whole protein resulted in decreased protein stability, including pre-fusion conformation stability. Together, our data suggest that the heptad repeat LIZ contributed to TM-TM association and is important for F protein function and pre-fusion stability.,��https://www.ncbi.nlm.nih.gov/pubmed/282135157��Webb, Stacy
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*Who���Feb 8ò��BACKGROUND: On December 8(th), 2015, World Health Organization published a priority list of eight pathogens expected to cause severe outbreaks in the near future. To better understand global research trends and characteristics of publications on these emerging pathogens, we carried out this bibliometric study hoping to contribute to global awareness and preparedness toward this topic. METHOD: Scopus database was searched for the following pathogens/infectious diseases: Ebola, Marburg, Lassa, Rift valley, Crimean-Congo, Nipah, Middle Eastern Respiratory Syndrome (MERS), and Severe Respiratory Acute Syndrome (SARS). Retrieved articles were analyzed to obtain standard bibliometric indicators. RESULTS: A total of 8619 journal articles were retrieved. Authors from 154 different countries contributed to publishing these articles. Two peaks of publications, an early one for SARS and a late one for Ebola, were observed. Retrieved articles received a total of 221,606 citations with a mean +/- standard deviation of 25.7 +/- 65.4 citations per article and an h-index of 173. International collaboration was as high as 86.9%. The Centers for Disease Control and Prevention had the highest share (344; 5.0%) followed by the University of Hong Kong with 305 (4.5%). The top leading journal was Journal of Virology with 572 (6.6%) articles while Feldmann, Heinz R. was the most productive researcher with 197 (2.3%) articles. China ranked first on SARS, Turkey ranked first on Crimean-Congo fever, while the United States of America ranked first on the remaining six diseases. Of retrieved articles, 472 (5.5%) were on vaccine - related research with Ebola vaccine being most studied. CONCLUSION: Number of publications on studied pathogens showed sudden dramatic rise in the past two decades representing severe global outbreaks. Contribution of a large number of different countries and the relatively high h-index are indicative of how international collaboration can create common health agenda among distant different countries.,��https://www.ncbi.nlm.nih.gov/pubmed/28179007���Sweileh, Waleed M
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Bryce Henderson, Juana Zamora declare no conflicts of interest���Sep���The family Paramyxoviridae includes many viruses that significantly affect human and animal health. An essential step in the paramyxovirus life cycle is viral entry into host cells, mediated by virus-cell membrane fusion. Upon viral entry, infection results in expression of the paramyxoviral glycoproteins on the infected cell surface. This can lead to cell-cell fusion (syncytia formation), often linked to pathogenesis. Thus membrane fusion is essential for both viral entry and cell-cell fusion and an attractive target for therapeutic development. While there are important differences between viral-cell and cell-cell membrane fusion, many aspects are conserved. The paramyxoviruses generally utilize two envelope glycoproteins to orchestrate membrane fusion. Here, we discuss the roles of these glycoproteins in distinct steps of the membrane fusion process. These findings can offer insights into evolutionary relationships among Paramyxoviridae genera and offer future targets for prophylactic and therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/28138419ê��Aguilar, Hector C
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infections���Jan«��OBJECTIVE: Characterisation of experimental Hendra virus (HeV) infection in dogs and assessment of associated transmission risk. METHODS: Beagle dogs were exposed oronasally to Hendra virus/Australia/Horse/2008/Redlands or to blood collected from HeV-infected ferrets. Ferrets were exposed to oral fluids collected from dogs after canine exposure to HeV. Observations made and samples tested post-exposure were used to assess the clinical course and replication sites of HeV in dogs, the infectivity for ferrets of canine oral fluids and features of HeV infection in dogs following contact with infective blood. RESULTS: Dogs were reliably infected with HeV and were generally asymptomatic. HeV was re-isolated from the oral cavity and virus clearance was associated with development of virus neutralising antibody. Major sites of HeV replication in dogs were the tonsils, lower respiratory tract and associated lymph nodes. Virus replication was documented in canine kidney and spleen, confirming a viraemic phase for canine HeV infection and suggesting that urine may be a source of infectious virus. Infection was transmitted to ferrets via canine oral secretions, with copy numbers for the HeV N gene in canine oral swabs comparable to those reported for nasal swabs of experimentally infected horses. CONCLUSION: HeV is not highly pathogenic for dogs, but their oral secretions pose a potential transmission risk to people. The time-window for transmission risk is circumscribed and corresponds to the period of acute infection before establishment of an adaptive immune response. The likelihood of central nervous system involvement in canine HeV infection is unclear, as is any long-term consequence.,��https://www.ncbi.nlm.nih.gov/pubmed/28124415Ê��Middleton, D J
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*paramyxoviruses���Apr���Bats are reservoir hosts for many paramyxoviruses, some of which cause human and zoonotic diseases of public health importance. We developed a Nipah virus nucleoprotein enzyme-linked immunosorbent assay to detect cross-reactive antibodies in serum samples from several bat species in Brazil. Our results warrant further investigation of henipa-like virus reservoirs in the Western hemisphere.,��https://www.ncbi.nlm.nih.gov/pubmed/28103156~��de Araujo, Jansen
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*Survival���Jul¼��Infectious diseases are transmitted when susceptible hosts are exposed to pathogen particles that can replicate within them. Among factors that limit transmission, the environment is particularly important for indirectly transmitted parasites. To try and assess a pathogens' ability to be transmitted through the environment and mitigate risk, we need to quantify its decay where transmission occurs in space such as the microclimate harbouring the pathogen. Hendra virus, a Henipavirus from Australian Pteropid bats, spills-over to horses and humans, causing high mortality. While a vaccine is available, its limited uptake has reduced opportunities for adequate risk management to humans, hence the need to develop synergistic preventive measures, like disrupting its transmission pathways. Transmission likely occurs shortly after virus excretion in paddocks; however, no survival estimates to date have used real environmental conditions. Here, we recorded microclimate conditions and fitted models that predict temperatures and potential evaporation, which we used to simulate virus survival with a temperature-survival model and modification based on evaporation. Predicted survival was lower than previously estimated and likely to be even lower according to potential evaporation. Our results indicate that transmission should occur shortly after the virus is excreted, in a relatively direct way. When potential evaporation is low, and survival is more similar to temperature dependent estimates, transmission might be indirect because the virus can wait several hours until contact is made. We recommend restricting horses' access to trees during night time and reducing grass under trees to reduce virus survival.,��https://www.ncbi.nlm.nih.gov/pubmed/28091706Ù��Martin, Gerardo
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Zoonoses/epidemiology/*transmission���Feb­��Nipah virus is a recently-recognised, zoonotic paramyxovirus that causes severe disease and high fatality rates in people. Outbreaks have occurred in Malaysia, Singapore, India and Bangladesh, and a putative Nipah virus was also recently associated with human disease in the Philippines. Worryingly, human-to-human transmission is common in Bangladesh, where outbreaks occur with near-annual frequency. Onward human transmission of Nipah virus in Bangladesh is associated with close contact with clinically-unwell patients or their infectious secretions. While Nipah virus isolates associated with outbreaks of human infection have not resulted in sustained transmission to date, specific exposures carry a high risk of person-to-person transmission, an observation which is supported by recent findings in animal models. Novel paramyxoviruses continue to emerge from wildlife hosts, and represent an ongoing threat to human health globally.,��https://www.ncbi.nlm.nih.gov/pubmed/28088124¸��Clayton, Bronwyn Anne
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*Phage display���MayÔ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with unusual broad host tropism and is designated as a Category C pathogen by the U.S. National Institute of Allergy and Infectious Diseases. NiV infection is initiated after binding of the viral G glycoprotein to the host cell receptor. The aim of this study was to map the NiV G glycoprotein cell binding domain using a phage display system. The NiV G extracellular domain was truncated and displayed as attachment proteins on M13 phage g3p minor coat protein. The binding efficiency of recombinant phages displaying different regions of NiV G to mammalian cells was evaluated. Results showed that regions of NiV G consisting of amino acids 396-602 (recombinant phage G4) and 498-602 (recombinant phage G5) demonstrated the highest binding to both Vero (5.5x10(3) cfu/ml and 5.6x10(3) cfu/ml) and THP-1 cells (3.5x10(3) cfu/ml and 2.9x10(3) cfu/ml). However, the binding of both of these recombinant phages to THP-1 cells was significantly lower than to Vero cells, and this could be due to the lack of primary host cell receptor expression on THP-1 cells. Furthermore, the binding between these two recombinant phages was competitive suggesting that there was a common host cell attachment site. This study employed an approach that is suitable for use in a biosafety level 2 containment laboratory without the need to use live virus to show that NiV G amino acids 498-602 play an important role for attachment to host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/28082163Ç��Lam, Chui-Wan
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*viral vaccine���Mar 150
�Recombinant vesicular stomatitis virus (VSV)-based chimeric viruses that include genes from other viruses show promise as vaccines and oncolytic viruses. However, the critical safety concern is the neurotropic nature conveyed by the VSV glycoprotein. VSVs that include the VSV glycoprotein (G) gene, even in most recombinant attenuated strains, can still show substantial adverse or lethal actions in the brain. Here, we test 4 chimeric viruses in the brain, including those in which glycoprotein genes from Nipah, chikungunya (CHIKV), and influenza H5N1 viruses were substituted for the VSV glycoprotein gene. We also test a virus-like vesicle (VLV) in which the VSV glycoprotein gene is expressed from a replicon encoding the nonstructural proteins of Semliki Forest virus. VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV were all safe in the adult mouse brain, as were VSVDeltaG viruses expressing either the Nipah F or G glycoprotein. In contrast, a complementing pair of VSVDeltaG viruses expressing Nipah G and F glycoproteins were lethal within the brain within a surprisingly short time frame of 2 days. Intranasal inoculation in postnatal day 14 mice with VSVDeltaG-CHIKV or VLV evoked no adverse response, whereas VSVDeltaG-H5N1 by this route was lethal in most mice. A key immune mechanism underlying the safety of VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV in the adult brain was the type I interferon response; all three viruses were lethal in the brains of adult mice lacking the interferon receptor, suggesting that the viruses can infect and replicate and spread in brain cells if not blocked by interferon-stimulated genes within the brain.IMPORTANCE Vesicular stomatitis virus (VSV) shows considerable promise both as a vaccine vector and as an oncolytic virus. The greatest limitation of VSV is that it is highly neurotropic and can be lethal within the brain. The neurotropism can be mostly attributed to the VSV G glycoprotein. Here, we test 4 chimeric viruses of VSV with glycoprotein genes from Nipah, chikungunya, and influenza viruses and nonstructural genes from Semliki Forest virus. Two of the four, VSVDeltaG-CHIKV and VLV, show substantially attenuated neurotropism and were safe in the healthy adult mouse brain. VSVDeltaG-H5N1 was safe in the adult brain but lethal in the younger brain. VSVDeltaG Nipah F+G was even more neurotropic than wild-type VSV, evoking a rapid lethal response in the adult brain. These results suggest that while chimeric VSVs show promise, each must be tested with both intranasal and intracranial administration to ensure the absence of lethal neurotropism.,��https://www.ncbi.nlm.nih.gov/pubmed/28077641b��van den Pol, Anthony N
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Immunity
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*Fruit bats
*adaptive immunity
*emerging infections
*henipavirus
*innate immunity���Mar 4÷��Hendra virus and Nipah virus (NiV) are highly pathogenic zoonotic paramyxoviruses, from henipavirus genus, that have emerged in late 1990s in Australia and South-East Asia, respectively. Since their initial identification, numerous outbreaks have been reported, affecting both domestic animals and humans, and multiple rounds of person-to-person NiV transmission were observed. Widely distributed fruit bats from Pteropodidae family were found to be henipavirus natural reservoir. Numerous studies have reported henipavirus seropositivity in pteropid bats, including bats in Africa, thus expanding notably the geographic distribution of these viruses. Interestingly, henipavirus infection in bats seems to be asymptomatic, in contrast to severe disease induced in numerous other mammals. Unique among the mammals by their ability to fly, these intriguing animals are natural reservoir for many other emerging and remerging viruses highly pathogenic for humans. This feature, combined with absence of clinical symptoms, has attracted the interest of scientific community to virus-bat interactions. Therefore, several bat genomes were sequenced and particularities of the bat immune system have been intensively analyzed during the last decade to understand their coexistence with viruses in the absence of disease. The peculiarities in inflammasome activation, a constitutive expression of interferon alpha, and some differences in adaptive immunity have been recently reported in fruit bats. Studies on virus-bat interactions have thus emerged as an exciting novel area of research that should shed new light on the mechanisms that regulate viral infection and may allow development of novel therapeutic approaches to control this highly lethal emerging infectious disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28060559¾��Enchery, Francois
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Virosomes/genetics/metabolism���Aprw��Viruses of the genus Henipavirus of the family Paramyxoviridae are zoonotic pathogens, which have emerged in Southeast Asia, Australia and Africa. Nipah virus (NiV) and Hendra virus are highly virulent pathogens transmitted from bats to animals and humans, while the henipavirus Cedar virus seems to be non-pathogenic in infection studies. The full replication cycle of the Paramyxoviridae occurs in the host cell's cytoplasm, where viral assembly is orchestrated by the matrix (M) protein. Unexpectedly, the NiV-M protein traffics through the nucleus as an essential step to engage the plasma membrane in preparation for viral budding/release. Comparative studies were performed to assess whether M protein nuclear localization is a common feature of the henipaviruses, including the recently sequenced (although not yet isolated) Ghanaian bat henipavirus (Kumasi virus, GH-M74a virus) and Mojiang virus. Live-cell confocal microscopy revealed that nuclear translocation of GFP-fused M protein is conserved between henipaviruses in both human- and bat-derived cell lines. However, the efficiency of M protein nuclear localization and virus-like particle budding competency varied. Additionally, Cedar virus-, Kumasi virus- and Mojiang virus-M proteins were mutated in a bipartite nuclear localization signal, indicating that a key lysine residue is essential for nuclear import, export and induction of budding events, as previously reported for NiV-M. The results of this study suggest that the M proteins of henipaviruses may utilize a similar nucleocytoplasmic trafficking pathway as an essential step during viral replication in both humans and bats.,��https://www.ncbi.nlm.nih.gov/pubmed/28056216ý��McLinton, Elisabeth C
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Animals
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Zoonoses
Hendra virus
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protection motivation theory
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vaccination���Dec	��Hendra virus was identified in horses and humans in 1994, in Queensland, Australia. Flying foxes are the natural host. Horses are thought to acquire infection by direct or indirect contact with infected flying fox urine. Humans are infected from close contact with infected horses. To reduce risk of infection in horses and humans, Australian horse owners are encouraged to vaccinate horses against the virus and adopt property risk mitigation practices that focus on reducing flying fox horse contact and contamination of horses' environment with flying fox bodily fluids. This study investigates uptake of four Hendra virus risk mitigation practices in a sample of non- and partially vaccinating horse owners living close to previous Hendra virus cases. Protection motivation theory was used to develop a conceptual model to investigate risk perception and coping factors associated with uptake of risk mitigation practices. An online survey was administered via Facebook pages of veterinary clinics close to previous Hendra virus cases. Factors associated with uptake of risk mitigation practices were investigated using univariate and multivariate binary logistic regression. Belief that a risk mitigation practice would be effective in reducing Hendra virus risk was significantly associated with the uptake of that practice. Issues around the practicality of implementing risk mitigation practices were found to be the greatest barrier to uptake. Factors that relate to risk immediacy, such as nearby infection, were identified as more likely to trigger uptake of risk mitigation practices. The role of veterinarians in supporting Hendra risk mitigation was identified as more influential than that of respected others or friends. Findings from this study are being used to assist stakeholders in Australia responsible for promotion of risk mitigation practice in identifying additional pathways and reliable influencing factors that could be utilized for engaging and communicating with horse owners to promote Hendra virus risk mitigation behaviour.,��https://www.ncbi.nlm.nih.gov/pubmed/28054443Â��Manyweathers, J
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genetic diversity.#��Astroviruses are emerging RNA viruses that cause enteropathogenic infections in humans and in other mammals. The identification of astroviruses in a wide range of animals highlights the zoonotic importance of these viruses. Bats can harbor many different viruses, among which some are highly pathogenic for humans (for instance, Nipah, Ebola and SARS coronavirus), and also several astroviruses. As some RNA viruses can be directly transmitted from bats to humans, it is crucial to collect data about their frequency, genetic diversity and phylogenetic characterization. In this study, we report the molecular identification of 44 new astroviruses (with a detection rate of 4.5%) in 962 apparently healthy bats that belong to five different species and that were captured in different caves in North-East Gabon, Central Africa. Our results show that bat astroviruses form a group that is genetically distinct from astroviruses infecting other mammals. Moreover, these astroviruses showed an important genetic diversity and low host restriction in bat species.,��https://www.ncbi.nlm.nih.gov/pubmed/27928918Ú��Rougeron, V
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Hendra Virus/*immunology
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Immunoassay/instrumentation/*methods
Lab-On-A-Chip Devices
Magnetite Nanoparticles/*chemistry���Dec 20°��Current diagnosis of infectious diseases such as Hendra virus (HeV) relies mostly on laboratory-based tests. There is an urgent demand for rapid diagnosis technology to detect and identify these diseases in humans and animals so that disease spread can be controlled. In this study, an integrated lab-on-a-chip device using a magnetic nanoparticle immunoassay is developed. The key features of the device are the chaotic fluid mixing, achieved by magnetically driven motion of nanoparticles with the optimal mixing protocol developed using chaotic transport theory, and the automatic liquid handling system for loading reagents and samples. The device has been demonstrated to detect Hendra virus antibodies in dilute horse serum samples within a short time of 15 minutes and the limit of detection is about 0.48 ng ml(-1). The device platform can potentially be used for field detection of viruses and other biological and chemical substances.,��https://www.ncbi.nlm.nih.gov/pubmed/27921111���Petkovic, K
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��Yoneda, M.���2016*��Nipah and Hendra virus infectious diseases	��1973-1978���Nihon Rinsho���74���12���Decý��Nipah and Hendra virus were first identified in mid 1990s in Australia and Malaysia, caus- ing epidemics with high mortality rate in affected animals and humans. Since their first emer- gence, they continued to re-emerge in Australia and South East Asia almost every year. Nipah and Hendra virus were classified in the new genus Henipavirus because of their un- common features amongst Paramyxoviridae. Henipaviruses are zoonotic paramyxoviruses with a broad tropism, and cause severe acute respiratory disease and encephalitis. Their high virulence and wide host range make them to be given Biosecurity Level 4 status. This review summarizes details of Henipavirus emergence, reservoir hosts and pathology, and introduce recent progress in vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/30550652R��Yoneda, Misako
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Hendra virus
Pteropus
fruit bat
henipavirus
machine learning
population dynamics
spillover
viral prevalence���Octb��Fruit bats (Pteropodidae) have received increased attention after the recent emergence of notable viral pathogens of bat origin. Their vagility hinders data collection on abundance and distribution, which constrains modeling efforts and our understanding of bat ecology, viral dynamics, and spillover. We addressed this knowledge gap with models and data on the occurrence and abundance of nectarivorous fruit bat populations at 3 day roosts in southeast Queensland. We used environmental drivers of nectar production as predictors and explored relationships between bat abundance and virus spillover. Specifically, we developed several novel modeling tools motivated by complexities of fruit bat foraging ecology, including: (1) a dataset of spatial variables comprising Eucalypt-focused vegetation indices, cumulative precipitation, and temperature anomaly; (2) an algorithm that associated bat population response with spatial covariates in a spatially and temporally relevant way given our current understanding of bat foraging behavior; and (3) a thorough statistical learning approach to finding optimal covariate combinations. We identified covariates that classify fruit bat occupancy at each of our three study roosts with 86-93% accuracy. Negative binomial models explained 43-53% of the variation in observed abundance across roosts. Our models suggest that spatiotemporal heterogeneity in Eucalypt-based food resources could drive at least 50% of bat population behavior at the landscape scale. We found that 13 spillover events were observed within the foraging range of our study roosts, and they occurred during times when models predicted low population abundance. Our results suggest that, in southeast Queensland, spillover may not be driven by large aggregations of fruit bats attracted by nectar-based resources, but rather by behavior of smaller resident subpopulations. Our models and data integrated remote sensing and statistical learning to make inferences on bat ecology and disease dynamics. This work provides a foundation for further studies on landscape-scale population movement and spatiotemporal disease dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/27891217ü��Giles, John R
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*phosphoprotein���Jan 15d��Marburg virus (MARV) is a highly pathogenic filovirus that is classified in a genus distinct from that of Ebola virus (EBOV) (genera Marburgvirus and Ebolavirus, respectively). Both viruses produce a multifunctional protein termed VP35, which acts as a polymerase cofactor, a viral protein chaperone, and an antagonist of the innate immune response. VP35 contains a central oligomerization domain with a predicted coiled-coil motif. This domain has been shown to be essential for RNA polymerase function. Here we present crystal structures of the MARV VP35 oligomerization domain. These structures and accompanying biophysical characterization suggest that MARV VP35 is a trimer. In contrast, EBOV VP35 is likely a tetramer in solution. Differences in the oligomeric state of this protein may explain mechanistic differences in replication and immune evasion observed for MARV and EBOV. IMPORTANCE: Marburg virus can cause severe disease, with up to 90% human lethality. Its genome is concise, only producing seven proteins. One of the proteins, VP35, is essential for replication of the viral genome and for evasion of host immune responses. VP35 oligomerizes (self-assembles) in order to function, yet the structure by which it assembles has not been visualized. Here we present two crystal structures of this oligomerization domain. In both structures, three copies of VP35 twist about each other to form a coiled coil. This trimeric assembly is in contrast to tetrameric predictions for VP35 of Ebola virus and to known structures of homologous proteins in the measles, mumps, and Nipah viruses. Distinct oligomeric states of the Marburg and Ebola virus VP35 proteins may explain differences between them in polymerase function and immune evasion. These findings may provide a more accurate understanding of the mechanisms governing VP35's functions and inform the design of therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/27847355¡��Bruhn, Jessica F
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Virus Replication���Novì��BACKGROUND: Nipah virus causes respiratory and neurologic disease with case fatality rates up to 100% in individual outbreaks. End stage lesions have been described in the respiratory and nervous systems, vasculature and often lymphoid organs in fatal human cases; however, the initial target organs of Nipah virus infection have not been identified. Here, we detected the initial target tissues and cells of Nipah virus and tracked virus dissemination during the early phase of infection in Syrian hamsters inoculated with a Nipah virus isolate from Malaysia (NiV-M) or Bangladesh (NiV-B). METHODOLOGY/PRINCIPAL FINDINGS: Syrian hamsters were euthanized between 4 and 48 hours post intranasal inoculation and tissues were collected and analyzed for the presence of viral RNA, viral antigen and infectious virus. Virus replication was first detected at 8 hours post inoculation (hpi). Nipah virus initially targeted type I pneumocytes, bronchiolar respiratory epithelium and alveolar macrophages in the lung and respiratory and olfactory epithelium lining the nasal turbinates. By 16 hpi, virus disseminated to epithelial cells lining the larynx and trachea. Although the pattern of viral dissemination was similar for both virus isolates, the rate of spread was slower for NiV-B. Infectious virus was not detected in the nervous system or blood and widespread vascular infection and lesions within lymphoid organs were not observed, even at 48 hpi. CONCLUSIONS/SIGNIFICANCE: Nipah virus initially targets the respiratory system. Virus replication in the brain and infection of blood vessels in non-respiratory tissues does not occur during the early phase of infection. However, virus replicates early in olfactory epithelium and may serve as the first step towards nervous system dissemination, suggesting that development of vaccines that block virus dissemination or treatments that can access the brain and spinal cord and directly inhibit virus replication may be necessary for preventing central nervous system pathology.,��https://www.ncbi.nlm.nih.gov/pubmed/27812087���Baseler, Laura
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*Stent���Dec 30°��Active ingredients of ginsenoside, Rg1 and Re, are able to inhibit the proliferation of vascular smooth muscle cells and promote the growth of vascular endothelial cells. These capabilities are of interest for developing a novel drug-eluting stent to potentially solve the current problem of late-stent thrombosis and poor endotheliazation. Therefore, this study was aimed to incorporate ginsenoside into degradable coating of poly(lactic-co-glycolic acid) (PLGA). Drug mixture composed of ginseng extract and 10% to 50% of PLGA (xPLGA/g) was coated on electropolished stainless steel 316L substrate by using a dip coating technique. The coating was characterized principally by using attenuated total reflectance-Fourier transform infrared spectroscopy, scanning electron microscopy and contact angle analysis, while the drug release profile of ginsenosides Rg1 and Re was determined by using mass spectrometry at a one month immersion period. Full and homogenous coating coverage with acceptable wettability was found on the 30PLGA/g specimen. All specimens underwent initial burst release dependent on their composition. The 30PLGA/g and 50PLGA/g specimens demonstrated a controlled drug release profile having a combination of diffusion- and swelling-controlled mechanisms of PLGA. The study suggests that the 30PLGA/g coated specimen expresses an optimum composition which is seen as practicable for developing a controlled release drug-eluting stent.,��https://www.ncbi.nlm.nih.gov/pubmed/27793709ò��Miswan, Zulaika
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subtypesÞ��The olfactory epithelium (OE) is the only body site where neurons contact directly the environment and are therefore exposed to a broad variation of substances and insults. It can serve as portal of entry for neurotropic viruses which spread via the olfactory pathway to the central nervous system. For horses, it has been proposed and concluded mainly from rodent studies that different viruses, e.g., Borna disease virus, equine herpesvirus 1 (EHV-1), hendra virus, influenza virus, rabies virus, vesicular stomatitis virus can use this route. However, little is yet known about cytoarchitecture, protein expression and the intranasal location of the equine OE. Revealing differences in cytoarchitecture or protein expression pattern in comparison to rodents, canines, or humans might help to explain varying susceptibility to certain intranasal virus infections. On the other hand, disclosing similarities especially between rodents and other species, e.g., horses would help to underscore transferability of rodent models. Analysis of the complete noses of five adult horses revealed that in the equine OE two epithelial subtypes with distinct marker expression exist, designated as types a and b which resemble those previously described in dogs. Detailed statistical analysis was carried out to confirm the results obtained on the descriptive level. The equine OE was predominantly located in caudodorsal areas of the nasal turbinates with a significant decline in rostroventral direction, especially for type a. Immunohistochemically, olfactory marker protein and doublecortin (DCX) expression was found in more cells of OE type a, whereas expression of proliferating cell nuclear antigen and tropomyosin receptor kinase A was present in more cells of type b. Accordingly, type a resembles the mature epithelium, in contrast to the more juvenile type b. Protein expression profile was comparable to canine and rodent OE but equine types a and b were located differently within the nose and revealed differences in its cytoarchitecture when compared to canine OE. Equine OE type a closely resembles rat OE. Whether the observed differences contribute to species-specific susceptibility to intranasal insults such as virus infections has to be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/27790096¸��Kupke, Alexandra
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Uncertainty���Bat-borne viruses have been linked to a number of zoonotic diseases; in 2014 there have been human cases of Nipah virus (NiV) in Bangladesh and Ebola virus in West and Central Africa. Here we describe a model designed to provide initial quantitative predictions of the risk of entry of such viruses to European Union (EU) Member States (MSs) through four routes: human travel, legal trade (e.g. fruit and animal products), live animal movements and illegal importation of bushmeat. The model utilises available datasets to assess the movement via these routes between individual countries of the world and EU MSs. These data are combined with virus specific data to assess the relative risk of entry between EU MSs. As a case study, the model was parameterised for NiV. Scenario analyses showed that the selection of exporting countries with NiV and potentially contaminated trade products were essential to the accuracy of all model outputs. Uncertainty analyses of other model parameters identified that the model expected number of years to an introduction event within the EU was highly susceptible to the prevalence of NiV in bats. The relative rankings of the MSs and routes, however, were more robust. The UK, the Netherlands and Germany were consistently the most likely points of entry and the ranking of most MSs varied by no more than three places (maximum variation five places). Legal trade was consistently the most likely route of entry, only falling below human travel when the estimate of the prevalence of NiV in bats was particularly low. Any model-based calculation is dependent on the data available to feed into the model and there are distinct gaps in our knowledge, particularly in regard to various pathogen/virus as well as host/bat characteristics. However, the strengths of this model lie in the provision of relative comparisons of risk among routes and MSs. The potential for expansion of the model to include other routes and viruses and the possibility of rapid parameterisation demonstrates its potential for use in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/27788234Î��Simons, Robin R L
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*Virus Internalization���Oct|��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are bat-borne viruses that cause fatal disease in humans and a range of other mammalian species. Gaining a deeper understanding of host pathways exploited by henipaviruses for infection may identify targets for new anti-viral therapies. Here we have performed genome-wide high-throughput agonist and antagonist screens at biosafety level 4 to identify host-encoded microRNAs (miRNAs) impacting henipavirus infection in human cells. Members of the miR-181 and miR-17~93 families strongly promoted Hendra virus infection. miR-181 also promoted Nipah virus infection, but did not affect infection by paramyxoviruses from other genera, indicating specificity in the virus-host interaction. Infection promotion was primarily mediated via the ability of miR-181 to significantly enhance henipavirus-induced membrane fusion. Cell signalling receptors of ephrins, namely EphA5 and EphA7, were identified as novel negative regulators of henipavirus fusion. The expression of these receptors, as well as EphB4, were suppressed by miR-181 overexpression, suggesting that simultaneous inhibition of several Ephs by the miRNA contributes to enhanced infection and fusion. Immune-responsive miR-181 levels was also up-regulated in the biofluids of ferrets and horses infected with Hendra virus, suggesting that the host innate immune response may promote henipavirus spread and exacerbate disease severity. This study is the first genome-wide screen of miRNAs influencing infection by a clinically significant mononegavirus and nominates select miRNAs as targets for future anti-viral therapy development.,��https://www.ncbi.nlm.nih.gov/pubmed/27783670h��Foo, Chwan Hong
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*nonresponse���Oct-Dec���BACKGROUND: Even a well-designed randomized control trial (RCT) study can produce ambiguous results. This article highlights a case in which full sample results from a large-scale RCT in the United Kingdom differ from results for a subsample of survey respondents. OBJECTIVES: Our objective is to ascertain the source of the discrepancy in inferences across data sources and, in doing so, to highlight important threats to the reliability of the causal conclusions derived from even the strongest research designs. RESEARCH DESIGN: The study analyzes administrative data to shed light on the source of the differences between the estimates. We explore the extent to which heterogeneous treatment impacts and survey nonresponse might explain these differences. We suggest checks which assess the external validity of survey measured impacts, which in turn provides an opportunity to test the effectiveness of different weighting schemes to remove bias. The subjects included 6,787 individuals who participated in a large-scale social policy experiment. RESULTS: Our results were not definitive but suggest nonresponse bias is the main source of the inconsistent findings. CONCLUSIONS: The results caution against overconfidence in drawing conclusions from RCTs and highlight the need for great care to be taken in data collection and analysis. Particularly, given the modest size of impacts expected in most RCTs, small discrepancies in data sources can alter the results. Survey data remain important as a source of information on outcomes not recorded in administrative data. However, linking survey and administrative data is strongly recommended whenever possible.,��https://www.ncbi.nlm.nih.gov/pubmed/27780905À��Dorsett, Richard
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*flying-foxes���May¸��Hendra virus (HeV) causes potentially fatal respiratory and/or neurological disease in both horses and humans. Although Australian flying-foxes of the genus Pteropus have been identified as reservoir hosts, the precise mechanism of HeV transmission has yet to be elucidated. To date, there has been limited investigation into the role of haematophagous insects as vectors of HeV. This mode of transmission is particularly relevant because Australian flying-foxes host the bat-specific blood-feeding ectoparasites of the genus Cyclopodia (Diptera: Nycteribiidae), also known as bat flies. Using molecular detection methods, we screened for HeV RNA in 183 bat flies collected from flying-foxes inhabiting a roost in Boonah, Queensland, Australia. It was subsequently demonstrated that during the study period, Pteropus alecto in this roost had a HeV RNA prevalence between 2 and 15% (95% CI [1, 6] to [8, 26], respectively). We found no evidence of HeV in any bat flies tested, including 10 bat flies collected from P. alecto in which we detected HeV RNA. Our negative findings are consistent with previous findings and provide additional evidence that bat flies do not play a primary role in HeV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/27770493Ö��Vidgen, M E
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*Tioman virus���Nov)��Bat-borne viral diseases are a major public health concern among newly emerging infectious diseases which includes severe acute respiratory syndrome, Nipah, Marburg and Ebola virus disease. During the survey for Nipah virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and confirmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be susceptible to Tioman virus. Negative electron microscopy study revealed the "herringbone" morphology of the nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.,��https://www.ncbi.nlm.nih.gov/pubmed/27619056o��Yadav, Pragya
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Queensland���Oct 20È��Australian dinosaurs have played a rare but controversial role in the debate surrounding the effect of Gondwanan break-up on Cretaceous dinosaur distribution. Major spatiotemporal gaps in the Gondwanan Cretaceous fossil record, coupled with taxon incompleteness, have hindered research on this effect, especially in Australia. Here we report on two new sauropod specimens from the early Late Cretaceous of Queensland, Australia, that have important implications for Cretaceous dinosaur palaeobiogeography. Savannasaurus elliottorum gen. et sp. nov. comprises one of the most complete Cretaceous sauropod skeletons ever found in Australia, whereas a new specimen of Diamantinasaurus matildae includes the first ever cranial remains of an Australian sauropod. The results of a new phylogenetic analysis, in which both Savannasaurus and Diamantinasaurus are recovered within Titanosauria, were used as the basis for a quantitative palaeobiogeographical analysis of macronarian sauropods. Titanosaurs achieved a worldwide distribution by at least 125 million years ago, suggesting that mid-Cretaceous Australian sauropods represent remnants of clades which were widespread during the Early Cretaceous. These lineages would have entered Australasia via dispersal from South America, presumably across Antarctica. High latitude sauropod dispersal might have been facilitated by Albian-Turonian warming that lifted a palaeoclimatic dispersal barrier between Antarctica and South America.,��https://www.ncbi.nlm.nih.gov/pubmed/277635980��Poropat, Stephen F
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*Virus Internalization���Oct 18v��Nipah is an emerging paramyxovirus that is of serious concern to human health. It invades host cells using two of its membrane proteins-G and F. G binds to host ephrins and this stimulates G to activate F. Upon activation, F mediates virus-host membrane fusion. Here we focus on mechanisms that underlie the stimulation of G by ephrins. Experiments show that G interacts with ephrin and F through separate sites located on two different domains, the receptor binding domain (RBD) and the F activation domain (FAD). No models explain this allosteric coupling. In fact, the analogous mechanisms in other paramyxoviruses also remain undetermined. The structural organization of G is such that allosteric coupling must involve at least one of the two interfaces-the RBD-FAD interface and/or the RBD-RBD interface. Here we examine using molecular dynamics the effect of ephrin binding on the RBD-RBD interface. We find that despite inducing small changes in individual RBDs, ephrin reorients the RBD-RBD interface extensively, and in a manner that will enhance solvent exposure of the FAD. While this finding supports a proposed model of G stimulation, we also find from additional simulations that ephrin induces a similar RBD-RBD reorientation in a stimulation-deficient G mutant, V209 VG --> AAA. Together, our simulations suggest that while inter-RBD reorientation may be important, it is not, by itself, a sufficient condition for G stimulation. Additionally, we find that the mutation affects the conformational ensemble of RBD globally, including the RBD-FAD interface, suggesting the latter's role in G stimulation. Because ephrin induces small changes in individual RBDs, a proper analysis of conformational ensembles required that they are compared directly-we employ a method we developed recently, which we now release at SimTK, and show that it also performs excellently for non-Gaussian distributions.,��https://www.ncbi.nlm.nih.gov/pubmed/27760350���Dutta, Priyanka
Siddiqui, Ahnaf
Botlani, Mohsen
Varma, Sameer
eng
2016/10/21 06:00
Biophys J. 2016 Oct 18;111(8):1621-1630. doi: 10.1016/j.bpj.2016.09.002.*��1542-0086 (Electronic)
0006-3495 (Linking)
��PMC5071607���27760350ý��Department of Cell Biology, Microbiology and Molecular Biology, University of South Florida, Tampa, Florida.
Department of Cell Biology, Microbiology and Molecular Biology, University of South Florida, Tampa, Florida. Electronic address: svarma@usf.edu.���10.1016/j.bpj.2016.09.002���Þ��üÒtÿî?¹���z��Hegde, S. T.
Sazzad, H. M.
Hossain, M. J.
Alam, M. U.
Kenah, E.
Daszak, P.
Rollin, P.
Rahman, M.
Luby, S. P.
Gurley, E. S.���2016H��Investigating Rare Risk Factors for Nipah Virus in Bangladesh: 2001-2012���720-728	��Ecohealth���13���4¯��Bangladesh/epidemiology
Disease Outbreaks
Henipavirus Infections/*epidemiology
Humans
*Nipah Virus
Risk Factors
*Bangladesh
*prevention
*rare exposures
*risk factors
*zoonoses���DecF��Human Nipah encephalitis outbreaks have been identified almost yearly in Bangladesh since 2001. Though raw date palm sap consumption and person-to-person contact are recognized as major transmission pathways, alternative pathways of transmission are plausible and may not have been identified due to limited statistical power in each outbreak. We conducted a risk factor analysis using all 157 cases and 632 controls surveyed in previous investigations during 2004-2012 to identify exposures independently associated with Nipah, since date palm sap was first asked about as an exposure in 2004. To further explore possible rare exposures, we also conducted in-depth interviews with all cases, or proxies, since 2001 that reported no exposure to date palm sap or contact with another case. Cases were 4.9 (95% 3.2-7.7) times more likely to consume raw date palm sap and 7.3 (95% 4.0-13.4) times more likely to have contact with a Nipah case than controls. In-depth interviews revealed that 39/182 (21%) of Nipah cases reporting neither date palm sap consumption nor contact with another case were misclassified. Prevention efforts should be focused on interventions to interrupt transmission through date palm sap consumption and person-to-person contact. Furthermore, pooling outbreak investigation data is a good method for assessing rare exposures.,��https://www.ncbi.nlm.nih.gov/pubmed/27738775H��Hegde, Sonia T
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*risk factor���Janï��Bats of the genus Pteropus (Pteropodidae), colloquially known as flying foxes, are recognized as the natural reservoir of Hendra virus, a zoonotic paramyxovirus responsible for mortality in horses and humans. Some previous studies have suggested that physiologic and ecologic factors promote Hendra virus infection in flying foxes, and by extension, spillover to horses and humans. However, the impact of Hendra virus infection on relevant physiologic biomarkers in flying foxes has not been measured. Over 12 mo in eastern Australia, we captured and sampled 446 individual black flying foxes ( Pteropus alecto ), a putative primary reservoir host species, and measured a suite of hematologic, plasma biochemistry, and urinary biomarkers. All mean hematologic and biochemical values in both Hendra virus-positive and virus-negative cohorts were within the published reference ranges for black flying foxes. We found no association between Hendra virus infection (as indicated by PCR detection of Hendra virus RNA) and biomarkers for nutritional stress, reproductive stress, or extreme metabolic demand. However, we identified associations between several other biomarkers and Hendra virus infection, which may partly elucidate the physiologic effects of Hendra virus infection in flying foxes. Our findings highlight the need for critical evaluation of putative risk factors for infection in flying foxes and provide insights for future epidemiologic studies of Hendra virus and related viruses in the Pteropus species.,��https://www.ncbi.nlm.nih.gov/pubmed/27723384Ã��McMichael, Lee
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Pneumonia/drug therapy/virologyú��Host-derived proteases can augment or help to clear infections. This dichotomy is exemplified by cathepsin L (CTSL), which helps Hendra virus and SARS coronavirus to invade cells, but is essential for survival in mice with mycoplasma pneumonia. The present study tested the hypothesis that CTSL protects mice from serious consequences of infection by the orthomyxovirus influenza A, which is thought to be activated by host-supplied proteases other than CTSL. Ctsl-/- mice infected with influenza A/Puerto Rico/8/34(H1N1) had larger lung viral loads and higher mortality than infected Ctsl+/+ mice. Lung inflammation in surviving infected mice peaked 14 days after initial infection, accompanied marked focal distal airway bronchiolization and epithelial metaplasia followed by desquamation and fibrotic interstitial remodeling, and persisted for at least 6 weeks. Most deaths occurred during the second week of infection in both groups of mice. In contrast to mycoplasma pneumonia, infiltrating cells were predominantly mononuclear rather than polymorphonuclear. The histopathology of lung inflammation and remodeling in survivors was similar in Ctsl-/- and Ctsl+/+ mice, although Ctsl+/+ mice cleared immunoreactive virus sooner. Furthermore, Ctsl-/- mice had profound deficits in CD4+ lymphocytes before and after infection and weaker production of pathogen-specific IgG. Thus, CTSL appears to support innate as well as adaptive responses, which confer a survival advantage on mice infected with the orthomyxovirus influenza A.,��https://www.ncbi.nlm.nih.gov/pubmed/27716790ù��Xu, Xiang
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Virus Attachment
Virus Internalization���Dec 1�
�The paramyxoviral family contains many medically important viruses, including measles virus, mumps virus, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the deadly zoonotic henipaviruses Hendra and Nipah virus (NiV). To both enter host cells and spread from cell to cell within infected hosts, the vast majority of paramyxoviruses utilize two viral envelope glycoproteins: the attachment glycoprotein (G, H, or hemagglutinin-neuraminidase [HN]) and the fusion glycoprotein (F). Binding of G/H/HN to a host cell receptor triggers structural changes in G/H/HN that in turn trigger F to undergo a series of conformational changes that result in virus-cell (viral entry) or cell-cell (syncytium formation) membrane fusion. The actual regions of G/H/HN and F that interact during the membrane fusion process remain relatively unknown though it is generally thought that the paramyxoviral G/H/HN stalk region interacts with the F head region. Studies to determine such interactive regions have relied heavily on coimmunoprecipitation approaches, whose limitations include the use of detergents and the micelle-mediated association of proteins. Here, we developed a flow-cytometric strategy capable of detecting membrane protein-protein interactions by interchangeably using the full-length form of G and a soluble form of F, or vice versa. Using both coimmunoprecipitation and flow-cytometric strategies, we found a bidentate interaction between NiV G and F, where both the stalk and head regions of NiV G interact with F. This is a new structural-biological finding for the paramyxoviruses. Additionally, our studies disclosed regions of the NiV G and F glycoproteins dispensable for the G and F interactions. IMPORTANCE: Nipah virus (NiV) is a zoonotic paramyxovirus that causes high mortality rates in humans, with no approved treatment or vaccine available for human use. Viral entry into host cells relies on two viral envelope glycoproteins: the attachment (G) and fusion (F) glycoproteins. Binding of G to the ephrinB2 or ephrinB3 cell receptors triggers conformational changes in G that in turn cause F to undergo conformational changes that result in virus-host cell membrane fusion and viral entry. It is currently unknown, however, which specific regions of G and F interact during membrane fusion. Past efforts to determine the interacting regions have relied mainly on coimmunoprecipitation, a technique with some pitfalls. We developed a flow-cytometric assay to study membrane protein-protein interactions, and using this assay we report a bidentate interaction whereby both the head and stalk regions of NiV G interact with NiV F, a new finding for the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/27654290û��Stone, Jacquelyn A
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Viral Proteins/genetics/*immunology���Sep2��For efficient replication, viruses have developed mechanisms to evade innate immune responses, including the antiviral type-I interferon (IFN-I) system. Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae family (genus Henipavirus), is known to encode for four P gene-derived viral proteins (P/C/W/V) with IFN-I antagonist functions. Here we report that NiV matrix protein (NiV-M), which is important for virus assembly and budding, can also inhibit IFN-I responses. IFN-I production requires activation of multiple signaling components including the IkappaB kinase epsilon (IKKepsilon). We previously showed that the E3-ubiquitin ligase TRIM6 catalyzes the synthesis of unanchored K48-linked polyubiquitin chains, which are not covalently attached to any protein, and activate IKKepsilon for induction of IFN-I mediated antiviral responses. Using co-immunoprecipitation assays and confocal microscopy we show here that the NiV-M protein interacts with TRIM6 and promotes TRIM6 degradation. Consequently, NiV-M expression results in reduced levels of unanchored K48-linked polyubiquitin chains associated with IKKepsilon leading to impaired IKKepsilon oligomerization, IKKepsilon autophosphorylation and reduced IFN-mediated responses. This IFN antagonist function of NiV-M requires a conserved lysine residue (K258) in the bipartite nuclear localization signal that is found in divergent henipaviruses. Consistent with this, the matrix proteins of Ghana, Hendra and Cedar viruses were also able to inhibit IFNbeta induction. Live NiV infection, but not a recombinant NiV lacking the M protein, reduced the levels of endogenous TRIM6 protein expression. To our knowledge, matrix proteins of paramyxoviruses have never been reported to be involved in innate immune antagonism. We report here a novel mechanism of viral innate immune evasion by targeting TRIM6, IKKepsilon and unanchored polyubiquitin chains. These findings expand the universe of viral IFN antagonism strategies and provide a new potential target for development of therapeutic interventions against NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27622505���Bharaj, Preeti
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*W protein���Oct 21b��Paramyxoviruses replicate in the cytoplasm with no obvious requirement to interact with the nucleus. Nevertheless, the W protein of the highly lethal bat-borne paramyxovirus Nipah virus (NiV) is known to undergo specific targeting to the nucleus, mediated by a single nuclear localisation signal (NLS) within the C-terminal domain. Here, we report for the first time that additional sites modulate nucleocytoplasmic localisation of W. We show that the N-terminal domain interacts with importin alpha1 and contributes to nuclear accumulation of W, indicative of a novel N-terminal NLS. We also find that W undergoes exportin-1 mediated nuclear export, dependent on a leucine at position 174. Together, these data enable significant revision of the generally accepted model of W trafficking, with implications for understanding of the mechanisms of NiV immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/27622322´��Audsley, Michelle D
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*Swine���Sep 14s��Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus, within the family Paramyxoviridae. Nipah virus has caused outbreaks of human disease in Bangladesh, Malaysia, Singapore, India and Philippines, in addition to a large outbreak in swine in Malaysia in 1998/1999. Recently, NiV was suspected to be a causative agent of an outbreak in horses in 2014 in the Philippines, while HeV has caused multiple human and equine outbreaks in Australia since 1994. A swine vaccine able to prevent shedding of infectious virus is of veterinary and human health importance, and correlates of protection against henipavirus infection in swine need to be better understood. In the present study, three groups of animals were employed. Pigs vaccinated with adjuvanted recombinant soluble HeV G protein (sGHEV) and challenged with HeV, developed antibody levels considered to be protective prior to the challenge (titers of 320). However, activation of the cell-mediated immune response was not detected, and the animals were only partially protected against challenge with 5x10(5) PFU of HeV per animal. In the second group, cross-neutralizing antibody levels against NiV in the sGHEV vaccinated animals did not reach protective levels, and with no activation of cellular immune memory, these animals were not protected against NiV. Only pigs orally infected with 5x10(4) PFU of NiV per animal were protected against nasal challenge with 5x10(5) PFU of NiV per animal. This group of pigs developed protective antibody levels, as well as cell-mediated immune memory. Peripheral blood mononuclear cells restimulated with UV-inactivated NiV upregulated IFN-gamma, IL-10 and the CD25 activation marker on CD4(+)CD8(+) T memory helper cells and to lesser extent on CD4(-)CD8(+) T cells. In conclusion, both humoral and cellular immune responses were required for protection of swine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27544586¯��Pickering, Brad S
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Virus Assembly���Oct���Genome replication and virion production by most negative-sense RNA viruses (NSVs) occurs exclusively in the cytoplasm, but many NSV-expressed proteins undergo active nucleocytoplasmic trafficking via signals that exploit cellular nuclear transport pathways. Nuclear trafficking has been reported both for NSV accessory proteins (including isoforms of the rabies virus phosphoprotein, and V, W and C proteins of paramyxoviruses) and for structural proteins. Trafficking of the former is thought to enable accessory functions in viral modulation of antiviral responses including the type I IFN system, but the intranuclear roles of structural proteins such as nucleocapsid and matrix proteins, which have critical roles in extranuclear replication and viral assembly, are less clear. Nevertheless, nuclear trafficking of matrix protein has been reported to be critical for efficient production of Nipah virus and Respiratory syncytial virus, and nuclear localization of nucleocapsid protein of several morbilliviruses has been linked to mechanisms of immune evasion. Together, these data point to the nucleus as a significant host interface for viral proteins during infection by NSVs with otherwise cytoplasmic life cycles. Importantly, several lines of evidence now suggest that nuclear trafficking of these proteins may be critical to pathogenesis and thus could provide new targets for vaccine development and antiviral therapies.,��https://www.ncbi.nlm.nih.gov/pubmed/27498841Í��Audsley, Michelle D
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*Prevention messages���Aug 51��BACKGROUND: During a fatal Nipah virus (NiV) outbreak in Bangladesh, residents rejected biomedical explanations of NiV transmission and treatment and lost trust in the public healthcare system. Field anthropologists developed and communicated a prevention strategy to bridge the gap between the biomedical and local explanation of the outbreak. METHODS: We explored residents' beliefs and perceptions about the illness and care-seeking practices and explained prevention messages following an interactive strategy with the aid of photos showed the types of contact that can lead to NiV transmission from bats to humans by drinking raw date palm sap and from person-to-person. RESULTS: The residents initially believed that the outbreak was caused by supernatural forces and continued drinking raw date palm sap despite messages from local health authorities to stop. Participants in community meetings stated that the initial messages did not explain that bats were the source of this virus. After our intervention, participants responded that they now understood how NiV could be transmitted and would abstain from raw sap consumption and maintain safer behaviours while caring for patients. CONCLUSIONS: During outbreaks, one-way behaviour change communication without meaningful causal explanations is unlikely to be effective. Based on the cultural context, interactive communication strategies in lay language with supporting evidence can make biomedical prevention messages credible in affected communities, even among those who initially invoke supernatural causal explanations.,��https://www.ncbi.nlm.nih.gov/pubmed/27495927+��Parveen, Shahana
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Restif, O.���2016e��Transmission or Within-Host Dynamics Driving Pulses of Zoonotic Viruses in Reservoir-Host Populations���e0004796���PLoS Negl Trop Dis���10���8���Aug¤��Progress in combatting zoonoses that emerge from wildlife is often constrained by limited knowledge of the biology of pathogens within reservoir hosts. We focus on the host-pathogen dynamics of four emerging viruses associated with bats: Hendra, Nipah, Ebola, and Marburg viruses. Spillover of bat infections to humans and domestic animals often coincides with pulses of viral excretion within bat populations, but the mechanisms driving such pulses are unclear. Three hypotheses dominate current research on these emerging bat infections. First, pulses of viral excretion could reflect seasonal epidemic cycles driven by natural variations in population densities and contact rates among hosts. If lifelong immunity follows recovery, viruses may disappear locally but persist globally through migration; in either case, new outbreaks occur once births replenish the susceptible pool. Second, epidemic cycles could be the result of waning immunity within bats, allowing local circulation of viruses through oscillating herd immunity. Third, pulses could be generated by episodic shedding from persistently infected bats through a combination of physiological and ecological factors. The three scenarios can yield similar patterns in epidemiological surveys, but strategies to predict or manage spillover risk resulting from each scenario will be different. We outline an agenda for research on viruses emerging from bats that would allow for differentiation among the scenarios and inform development of evidence-based interventions to limit threats to human and animal health. These concepts and methods are applicable to a wide range of pathogens that affect humans, domestic animals, and wildlife.,��https://www.ncbi.nlm.nih.gov/pubmed/27489944,��Plowright, Raina K
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Nipah Virus/*classification/*pathogenicity���Aug 3���Nipah virus (NiV) is a paramyxovirus that causes severe disease in humans and animals. There are two distinct strains of NiV, Malaysia (NiVM) and Bangladesh (NiVB). Differences in transmission patterns and mortality rates suggest that NiVB may be more pathogenic than NiVM. To investigate pathogenic differences between strains, 4 African green monkeys (AGM) were exposed to NiVM and 4 AGMs were exposed to NiVB. While NiVB was uniformly lethal, only 50% of NiVM-infected animals succumbed to infection. Histopathology of lungs and spleens from NiVB-infected AGMs was significantly more severe than NiVM-infected animals. Importantly, a second study utilizing 11 AGMs showed that the therapeutic window for human monoclonal antibody m102.4, previously shown to rescue AGMs from NiVM infection, was much shorter in NiVB-infected AGMs. Together, these data show that NiVB is more pathogenic in AGMs under identical experimental conditions and suggests that postexposure treatments may need to be NiV strain specific for optimal efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/27484128»��Mire, Chad E
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Horvat, B.���2016I��Protection from Hendra virus infection with Canarypox recombinant vaccine���16003���NPJ Vaccines���1â��Hendra virus (HeV) is an emerging zoonotic pathogen, which causes severe respiratory illness and encephalitis in humans and horses. Since its first appearance in 1994, spillovers of HeV from its natural reservoir fruit bats occur on almost an annual basis. The high mortality rate in both humans and horses and the wide-ranging reservoir distribution are making HeV a serious public health problem, especially for people exposed to sick horses. This study has aimed to develop an efficient low-cost HeV vaccine for horses based on Canarypox recombinant vector expressing HeV glycoproteins, attachment glycoprotein (G) and fusion protein (F). This vaccine was used to immunise hamsters and then challenged intraperitoneally with HeV 3 weeks later. The higher tested dose of the vaccine efficiently prevented oropharyngeal virus shedding and protected animals from clinical disease and virus-induced mortality. Vaccine induced generation of seroneutralising antibodies and prevented virus-induced histopathological changes and a production of viral RNA and antigens in animal tissues. Interestingly, some vaccinated animals, including those immunised at a lower dose, were protected in the absence of detectable specific antibodies, suggesting the induction of an efficient virus-specific cellular immunity. Finally, ponies immunised using the same vaccination protocol as hamsters developed strong seroneutralising titres against both HeV and closely related Nipah virus, indicating that this vaccine may have the ability to induce cross-protection against Henipavirus infection. These data suggest that Canarypox-based vectors encoding for HeV glycoproteins present very promising new vaccine candidate to prevent infection and shedding of the highly lethal HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/29263849÷��Guillaume-Vasselin, Vanessa
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Phylogenetic analysis���JulÉ��Nipah virus (NiV) is a member of the genus Henipavirus of the family Paramyxoviridae, characterized by high pathogenicity and endemic in South Asia. It is classified as a Biosafety Level-4 (BSL-4) agent. The case-fatality varies from 40% to 70% depending on the severity of the disease and on the availability of adequate healthcare facilities. At present no antiviral drugs are available for NiV disease and the treatment is just supportive. Phylogenetic and evolutionary analyses can be used to help in understanding the epidemiology and the temporal origin of this virus. This review provides an overview of evolutionary studies performed on Nipah viruses circulating in different countries. Thirty phylogenetic studies have been published from 2000 to 2015 years, searching on pub-med using the key words 'Nipah virus AND phylogeny' and twenty-eight molecular epidemiological studies from 2006 to 2015 have been performed, typing the key words 'Nipah virus AND molecular epidemiology'. Overall data from the published study demonstrated as phylogenetic and evolutionary analysis represent promising tools to evidence NiV epidemics, to study their origin and evolution and finally to act with effective preventive measure.,��https://www.ncbi.nlm.nih.gov/pubmed/27393089Ê��Angeletti, Silvia
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*zoonosis���NovO��Hendra virus (HeV) was first described in 1994 in an outbreak of acute and highly lethal disease in horses and humans in Australia. Equine cases continue to be diagnosed periodically, yet the predisposing factors for infection remain unclear. We undertook an analysis of equine submissions tested for HeV by the Queensland government veterinary reference laboratory over a 20-year period to identify and investigate any patterns. We found a marked increase in testing from July 2008, primarily reflecting a broadening of the HeV clinical case definition. Peaks in submissions for testing, and visitations to the Government HeV website, were associated with reported equine incidents. Significantly differing between-year HeV detection rates in north and south Queensland suggest a fundamental difference in risk exposure between the two regions. The statistical association between HeV detection and stockhorse type may suggest that husbandry is a more important risk determinant than breed per se. The detection of HeV in horses with neither neurological nor respiratory signs poses a risk management challenge for attending veterinarians and laboratory staff, reinforcing animal health authority recommendations that appropriate risk management strategies be employed for all sick horses, and by anyone handling sick horses or associated biological samples.,��https://www.ncbi.nlm.nih.gov/pubmed/27357144ú��Smith, C S
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*paramyxovirus���Augt��Nipah virus (NiV, Henipavirus) is a highly lethal emergent zoonotic paramyxovirus responsible for repeated human outbreaks of encephalitis in South East Asia. There are no approved vaccines or treatments, thus improved understanding of NiV biology is imperative. NiV matrix protein recruits a plethora of cellular machinery to scaffold and coordinate virion budding. Intriguingly, matrix also hijacks cellular trafficking and ubiquitination pathways to facilitate transient nuclear localization. While the biological significance of matrix nuclear localization for an otherwise cytoplasmic virus remains enigmatic, the molecular details have begun to be characterized, and are conserved among matrix proteins from divergent paramyxoviruses. Matrix protein appropriation of cellular machinery will be discussed in terms of its early nuclear targeting and later role in virion assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/27350027¶��Watkinson, Ruth E
Lee, Benhur
eng
R01 AI125536/AI/NIAID NIH HHS/
Review
England
2016/06/29 06:00
FEBS Lett. 2016 Aug;590(15):2494-511. doi: 10.1002/1873-3468.12272. Epub 2016 Jul 12.*��1873-3468 (Electronic)
0014-5793 (Linking)
��PMC5503110���27350027W��Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, NY, USA.���10.1002/1873-3468.12272���Á�üÒtÿî?Ì���O��Clayton, B. A.
Middleton, D.
Arkinstall, R.
Frazer, L.
Wang, L. F.
Marsh, G. A.���2016c��The Nature of Exposure Drives Transmission of Nipah Viruses from Malaysia and Bangladesh in Ferrets���e0004775���PLoS Negl Trop Dis���10���6w��Animals
Antigens, Viral/isolation & purification
Bangladesh
Cercopithecus aethiops
Disease Models, Animal
Ferrets
Henipavirus Infections/*transmission/virology
Humans
Lung/pathology/virology
Malaysia
Nipah Virus/classification/*physiology
RNA, Viral/analysis/blood
Random Allocation
Respiratory Tract Infections/virology
Vero Cells
Viral Load
Virus Replication
Virus Shedding���Jun¨��Person-to-person transmission is a key feature of human Nipah virus outbreaks in Bangladesh. In contrast, in an outbreak of Nipah virus in Malaysia, people acquired infections from pigs. It is not known whether this important epidemiological difference is driven primarily by differences between NiV Bangladesh (NiV-BD) and Malaysia (NiV-MY) at a virus level, or by environmental or host factors. In a time course study, ferrets were oronasally exposed to equivalent doses of NiV-BD or NiV-MY. More rapid onset of productive infection and higher levels of virus replication in respiratory tract tissues were seen for NiV-BD compared to NiV-MY, corroborating our previous report of increased oral shedding of NiV-BD in ferrets and suggesting a contributory mechanism for increased NiV-BD transmission between people compared to NiV-MY. However, we recognize that transmission occurs within a social and environmental framework that may have an important and differentiating role in NiV transmission rates. With this in mind, ferret-to-ferret transmission of NiV-BD and NiV-MY was assessed under differing viral exposure conditions. Transmission was not identified for either virus when naive ferrets were cohoused with experimentally-infected animals. In contrast, all naive ferrets developed acute infection following assisted and direct exposure to oronasal fluid from animals that were shedding either NiV-BD or NiV-MY. Our findings for ferrets indicate that, although NiV-BD may be shed at higher levels than NiV-MY, transmission risk may be equivalently low under exposure conditions provided by cohabitation alone. In contrast, active transfer of infected bodily fluids consistently results in transmission, regardless of the virus strain. These observations suggest that the risk of NiV transmission is underpinned by social and environmental factors, and will have practical implications for managing transmission risk during outbreaks of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27341030���Clayton, Bronwyn A
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*respiratory failure���Jan 2°��INTRODUCTION: Status asthmaticus can develop into a life-threatening disorder that requires mechanical ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes. Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-pregnant patients with status asthmaticus. CASE STUDY: A 25-year-old woman, who was 5 weeks pregnant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the patient's clinical condition as well as the gas exchange improved within the next few days. ECMO was removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial hematoma; the patient was diagnosed with abortus imminens and successfully treated with magnesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation. CONCLUSIONS: This is the first case report on the successful use of ECMO in a pregnant woman with severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechanical ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby, who was born without any complications.,��https://www.ncbi.nlm.nih.gov/pubmed/27340744Á��Steinack, Carolin
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One Health
Zoonoses���Junc��The appearance of novel pathogens of humans with epidemic potential and high mortality rates have threatened global health security for centuries. Over the past few decades new zoonotic infectious diseases of humans caused by pathogens arising from animal reservoirs have included West Nile virus, Yellow fever virus, Ebola virus, Nipah virus, Lassa Fever virus, Hanta virus, Dengue fever virus, Rift Valley fever virus, Crimean-Congo haemorrhagic fever virus, severe acute respiratory syndrome coronavirus, highly pathogenic avian influenza viruses, Middle East Respiratory Syndrome Coronavirus, and Zika virus. The recent Ebola Virus Disease epidemic in West Africa and the ongoing Zika Virus outbreak in South America highlight the urgent need for local, regional and international public health systems to be be more coordinated and better prepared. The One Health concept focuses on the relationship and interconnectedness between Humans, Animals and the Environment, and recognizes that the health and wellbeing of humans is intimately connected to the health of animals and their environment (and vice versa). Critical to the establishment of a One Health platform is the creation of a multidisciplinary team with a range of expertise including public health officers, physicians, veterinarians, animal husbandry specialists, agriculturalists, ecologists, vector biologists, viral phylogeneticists, and researchers to co-operate, collaborate to learn more about zoonotic spread between animals, humans and the environment and to monitor, respond to and prevent major outbreaks. We discuss the unique opportunities for Middle Eastern and African stakeholders to take leadership in building equitable and effective partnerships with all stakeholders involved in human and health systems to take forward a 'One Health' approach to control such zoonotic pathogens with epidemic potential.,��https://www.ncbi.nlm.nih.gov/pubmed/27321961���Zumla, Alimuddin
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Zoonoses/virologyÀ��Hendra virus (HeV) is an important emergent virus in Australia known to infect horses and humans in certain regions of the east coast. Whilst pteropid bats ("flying foxes") are considered the natural reservoir of HeV, which of the four mainland species is the principal reservoir has been a source of ongoing debate, particularly as shared roosting is common. To help resolve this, we sampled a colony consisting of just one of these species, the grey-headed flying fox, (Pteropus poliocephalus), at the southernmost extent of its range. Using the pooled urine sampling technique at approximately weekly intervals over a two year period, we determined the prevalence of HeV and related paramyxoviruses using a novel multiplex (Luminex) platform. Whilst all the pooled urine samples were negative for HeV nucleic acid, we successfully identified four other paramyxoviruses, including Cedar virus; a henipavirus closely related to HeV. Collection of serum from individually caught bats from the colony showed that antibodies to HeV, as estimated by a serological Luminex assay, were present in between 14.6% and 44.5% of animals. The wide range of the estimate reflects uncertainties in interpreting intermediate results. Interpreting the study in the context of HeV studies from states to the north, we add support for an arising consensus that it is the black flying fox and not the grey-headed flying fox that is the principal source of HeV in spillover events to horses.,��https://www.ncbi.nlm.nih.gov/pubmed/27304985ê��Burroughs, A L
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*Virus Internalization���Jun���Receptor-targeted lentiviral vectors (LVs) can be an effective tool for selective transfer of genes into distinct cell types of choice. Moreover, they can be used to determine the molecular properties that cell surface proteins must fulfill to act as receptors for viral glycoproteins. Here we show that LVs pseudotyped with receptor-targeted Nipah virus (NiV) glycoproteins effectively enter into cells when they use cell surface proteins as receptors that bring them closely enough to the cell membrane (less than 100 A distance). Then, they were flexible in receptor usage as demonstrated by successful targeting of EpCAM, CD20, and CD8, and as selective as LVs pseudotyped with receptor-targeted measles virus (MV) glycoproteins, the current standard for cell-type specific gene delivery. Remarkably, NiV-LVs could be produced at up to two orders of magnitude higher titers compared to their MV-based counterparts and were at least 10,000-fold less effectively neutralized than MV glycoprotein pseudotyped LVs by pooled human intravenous immunoglobulin. An important finding for NiV-LVs targeted to Her2/neu was an about 100-fold higher gene transfer activity when particles were targeted to membrane-proximal regions as compared to particles binding to a more membrane-distal epitope. Likewise, the low gene transfer activity mediated by NiV-LV particles bound to the membrane distal domains of CD117 or the glutamate receptor subunit 4 (GluA4) was substantially enhanced by reducing receptor size to below 100 A. Overall, the data suggest that the NiV glycoproteins are optimally suited for cell-type specific gene delivery with LVs and, in addition, for the first time define which parts of a cell surface protein should be targeted to achieve optimal gene transfer rates with receptor-targeted LVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27281338!��Bender, Ruben R
Muth, Anke
Schneider, Irene C
Friedel, Thorsten
Hartmann, Jessica
Pluckthun, Andreas
Maisner, Andrea
Buchholz, Christian J
eng
Research Support, Non-U.S. Gov't
2016/06/10 06:00
PLoS Pathog. 2016 Jun 9;12(6):e1005641. doi: 10.1371/journal.ppat.1005641. eCollection 2016 Jun.*��1553-7374 (Electronic)
1553-7366 (Linking)
��PMC4900575���27281338æ��Molecular Biotechnology and Gene Therapy, Paul-Ehrlich-Institut, Langen, Germany.
Department of Biochemistry, University of Zurich, Zurich, Switzerland.
Institute for Virology (BMFZ), Philipps-University Marburg, Marburg, Germany.���10.1371/journal.ppat.1005641����C��üÒ|ÿî?Ñ���&��Uchida, S.
Sato, H.
Yoneda, M.
Kai, C.���2016���Eukaryotic elongation factor 1-beta interacts with the 5' untranslated region of the M gene of Nipah virus to promote mRNA translation���2361-8
��Arch Virol���161���9���5' Untranslated Regions
Electrophoretic Mobility Shift Assay
Gene Expression Regulation, Viral/*physiology
HeLa Cells
Humans
Nipah Virus/*genetics
Peptide Elongation Factor 1/genetics/*metabolism
RNA, Messenger/genetics/metabolism
RNA, Viral
Viral Proteins/genetics/*metabolism���SepÒ��Nipah virus belongs to the genus Henipavirus in the family Paramyxoviridae, and its RNA genome is larger than those of other paramyxoviruses because it has long untranslated regions (UTRs) in each gene. However, the functions of these UTRs are not fully understood. In this study, we investigated the functions of the 5' UTRs and found that the 5' UTR of the M gene upregulated the translation of a reporter gene. Using an RNA pull-down assay, we showed that eukaryotic elongation factor 1-beta (EEF1B2) interacts with nucleotides 81-100 of the M 5' UTR and specifically enhances its translation efficiency. Our results suggest that the M 5' UTR promotes the production of M protein and viral budding by recruiting EEF1B2.,��https://www.ncbi.nlm.nih.gov/pubmed/27236461ª��Uchida, Shotaro
Sato, Hiroki
Yoneda, Misako
Kai, Chieko
eng
Austria
2016/05/30 06:00
Arch Virol. 2016 Sep;161(9):2361-8. doi: 10.1007/s00705-016-2903-y. Epub 2016 May 28.*��1432-8798 (Electronic)
0304-8608 (Linking)���272364619��Laboratory Animal Research Center, Institute of Medical Science, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo, 108-8639, Japan.
Laboratory Animal Research Center, Institute of Medical Science, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo, 108-8639, Japan. ckai@ims.u-tokyo.ac.jp.���10.1007/s00705-016-2903-y��	T��üÒ|ÿî?Ò���x��Kim, H. K.
Yoon, S. W.
Kim, D. J.
Koo, B. S.
Noh, J. Y.
Kim, J. H.
Choi, Y. G.
Na, W.
Chang, K. T.
Song, D.
Jeong, D. G.���2016���Detection of Severe Acute Respiratory Syndrome-Like, Middle East Respiratory Syndrome-Like Bat Coronaviruses and Group H Rotavirus in Faeces of Korean Bats���365-72���Transbound Emerg Dis���63���4���Animals
Chiroptera/*virology
Coronavirus/*isolation & purification
Feces/*virology
Republic of Korea
Rotavirus/*isolation & purification
SARS Virus/*isolation & purification
Korea
Middle East respiratory syndrome
bat
coronavirus
group H rotavirus
severe acute respiratory syndrome���Aug£��Bat species around the world have recently been recognized as major reservoirs of several zoonotic viruses, such as severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), Nipah virus and Hendra virus. In this study, consensus primer-based reverse transcriptase polymerase chain reactions (RT-PCRs) and high-throughput sequencing were performed to investigate viruses in bat faecal samples collected at 11 natural bat habitat sites from July to December 2015 in Korea. Diverse coronaviruses were first detected in Korean bat faeces, including alphacoronaviruses, SARS-CoV-like and MERS-CoV-like betacoronaviruses. In addition, we identified a novel bat rotavirus belonging to group H rotavirus which has only been described in human and pigs until now. Therefore, our results suggest the need for continuing surveillance and additional virological studies in domestic bat.,��https://www.ncbi.nlm.nih.gov/pubmed/27213718Ù��Kim, H K
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Virus Release/*physiology���May���The budding of Nipah virus, a deadly member of the Henipavirus genus within the Paramyxoviridae, has been thought to be independent of the host ESCRT pathway, which is critical for the budding of many enveloped viruses. This conclusion was based on the budding properties of the virus matrix protein in the absence of other virus components. Here, we find that the virus C protein, which was previously investigated for its role in antagonism of innate immunity, recruits the ESCRT pathway to promote efficient virus release. Inhibition of ESCRT or depletion of the ESCRT factor Tsg101 abrogates the C enhancement of matrix budding and impairs live Nipah virus release. Further, despite the low sequence homology of the C proteins of known henipaviruses, they all enhance the budding of their cognate matrix proteins, suggesting a conserved and previously unknown function for the henipavirus C proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/27203423Æ��Park, Arnold
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Peptides/*immunology���Jun 1���Bats are a major reservoir of emerging and re-emerging infectious diseases, including severe acute respiratory syndrome-like coronaviruses, henipaviruses, and Ebola virus. Although highly pathogenic to their spillover hosts, bats harbor these viruses, and a large number of other viruses, with little or no clinical signs of disease. How bats asymptomatically coexist with these viruses is unknown. In particular, little is known about bat adaptive immunity, and the presence of functional MHC molecules is mostly inferred from recently described genomes. In this study, we used an affinity purification/mass spectrometry approach to demonstrate that a bat MHC class I molecule, Ptal-N*01:01, binds antigenic peptides and associates with peptide-loading complex components. We identified several bat MHC class I-binding partners, including calnexin, calreticulin, protein disulfide isomerase A3, tapasin, TAP1, and TAP2. Additionally, endogenous peptide ligands isolated from Ptal-N*01:01 displayed a relatively broad length distribution and an unusual preference for a C-terminal proline residue. Finally, we demonstrate that this preference for C-terminal proline residues was observed in Hendra virus-derived peptides presented by Ptal-N*01:01 on the surface of infected cells. To our knowledge, this is the first study to identify endogenous and viral MHC class I ligands for any bat species and, as such, provides an important avenue for monitoring and development of vaccines against major bat-borne viruses both in the reservoir and spillover hosts. Additionally, it will provide a foundation to understand the role of adaptive immunity in bat antiviral responses.,��https://www.ncbi.nlm.nih.gov/pubmed/27183594���Wynne, James W
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Virus Replication���Aug 1®	�UNLABELLED: Nonsegmented negative-stranded RNA viruses, or members of the order Mononegavirales, share a conserved gene order and the use of elaborate transcription and replication machinery made up of at least four molecular partners. These partners have coevolved with the acquisition of the permanent encapsidation of the entire genome by the nucleoprotein (N) and the use of this N-RNA complex as a template for the viral polymerase composed of the phosphoprotein (P) and the large enzymatic protein (L). Not only is P required for polymerase function, but it also stabilizes the L protein through an unknown underlying molecular mechanism. By using NVP-AUY922 and/or 17-dimethylaminoethylamino-17-demethoxygeldanamycin as specific inhibitors of cellular heat shock protein 90 (HSP90), we found that efficient chaperoning of L by HSP90 requires P in the measles, Nipah, and vesicular stomatitis viruses. While the production of P remains unchanged in the presence of HSP90 inhibitors, the production of soluble and functional L requires both P and HSP90 activity. Measles virus P can bind the N terminus of L in the absence of HSP90 activity. Both HSP90 and P are required for the folding of L, as evidenced by a luciferase reporter insert fused within measles virus L. HSP90 acts as a true chaperon; its activity is transient and dispensable for the activity of measles and Nipah virus polymerases of virion origin. That the cellular chaperoning of a viral polymerase into a soluble functional enzyme requires the assistance of another viral protein constitutes a new paradigm that seems to be conserved within the Mononegavirales order. IMPORTANCE: Viruses are obligate intracellular parasites that require a cellular environment for their replication. Some viruses particularly depend on the cellular chaperoning apparatus. We report here that for measles virus, successful chaperoning of the viral L polymerase mediated by heat shock protein 90 (HSP90) requires the presence of the viral phosphoprotein (P). Indeed, while P protein binds to the N terminus of L independently of HSP90 activity, both HSP90 and P are required to produce stable, soluble, folded, and functional L proteins. Once formed, the mature P+L complex no longer requires HSP90 to exert its polymerase functions. Such a new paradigm for the maturation of a viral polymerase appears to be conserved in several members of the Mononegavirales order, including the Nipah and vesicular stomatitis viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27170753"��Bloyet, Louis-Marie
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Viral Structural Proteins/genetics/*immunology/isolation & purification���Jan 24���The genes for Nipah virus (NiV) proteins were amplified from viral RNA, cloned into the plasmid pTriEx-3 Hygro, expressed, and purified using immobilized metal affinity chromatography. The recombinant N, F, and G NiV proteins (rNiV-N, rNiV-F, and rNiV-G), were successfully expressed in Escherichia coli and purified with a yield of 4, 16, and 4 mg/L, respectively. All 3 recombinant viral proteins reacted with all 19 samples of NiV-positive human sera. The rNiV-N and rNiV-G proteins were the most immunogenic. The recombinant viral proteins did not react with any of the 12 NiV-negative sera. However, serum from a patient with a late-onset relapsing NiV infection complication was found to be primarily reactive to rNiV-G only. Additionally, there is a distinctive variation in the profile of antigen-reactive bands between the sample from a case of relapsing NiV encephalitis and that of acute NiV infection. The overall findings of this study suggest that the recombinant viral proteins have the potential to be developed further for use in the detection of NiV infection, and continuous biosurveillance of NiV infection in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/27169942Ã��Tiong, Vunjia
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Viral Proteins/*immunology���Jul 15à��UNLABELLED: Nipah virus (NiV) is a highly lethal paramyxovirus that recently emerged as a causative agent of febrile encephalitis and severe respiratory disease in humans. The ferret model has emerged as the preferred small-animal model with which to study NiV disease, but much is still unknown about the viral determinants of NiV pathogenesis, including the contribution of the C protein in ferrets. Additionally, studies have yet to examine the synergistic effects of the various P gene products on pathogenesis in animal models. Using recombinant NiVs (rNiVs), we examine the sole contribution of the NiV C protein and the combined contributions of the C and W proteins in the ferret model of NiV pathogenesis. We show that an rNiV void of C expression resulted in 100% mortality, though with limited respiratory disease, like our previously reported rNiV void of W expression; this finding is in stark contrast to the attenuated phenotype observed in previous hamster studies utilizing rNiVs void of C expression. We also observed that an rNiV void of both C and W expression resulted in limited respiratory disease; however, there was severe neurological disease leading to 60% mortality, and the surviving ferrets demonstrated sequelae similar to those for human survivors of NiV encephalitis. IMPORTANCE: Nipah virus (NiV) is a human pathogen capable of causing lethal respiratory and neurological disease. Many human survivors have long-lasting neurological impairment. Using a ferret model, this study demonstrated the roles of the NiV C and W proteins in pathogenesis, where lack of either the C or the W protein independently decreased the severity of clinical respiratory disease but did not decrease lethality. Abolishing both C and W expression, however, dramatically decreased the severity of respiratory disease and the level of destruction of splenic germinal centers. These ferrets still suffered severe neurological disease: 60% succumbed to disease, and the survivors experienced long-term neurological impairment, such as that seen in human survivors. This new ferret NiV C and W knockout model may allow, for the first time, the examination of interventions to prevent or mitigate the neurological damage and sequelae experienced by human survivors.,��https://www.ncbi.nlm.nih.gov/pubmed/27147733���Satterfield, Benjamin A
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Vaccine���Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. aMPV belongs to the family Paramyxoviridae which includes many important human pathogens such as human respiratory syncytial virus (RSV), human metapneumovirus (hMPV), and human parainfluenza virus type 3 (PIV3). The family also includes highly lethal emerging pathogens such as Nipah virus and Hendra virus, as well as agriculturally important viruses such as Newcastle disease virus (NDV). For many of these viruses, there is no effective vaccine. Here, we describe a reverse genetics approach to develop live attenuated aMPV vaccines by inhibiting the viral mRNA cap methyltransferase. The viral mRNA cap methyltransferase is an excellent target for the attenuation of paramyxoviruses because it plays essential roles in mRNA stability, efficient viral protein translation and innate immunity. We have described in detail the materials and methods used to generate recombinant aMPVs that lack viral mRNA cap methyltransferase activity. We have also provided methods to evaluate the genetic stability, pathogenesis, and immunogenicity of live aMPV vaccine candidates in turkeys.,��https://www.ncbi.nlm.nih.gov/pubmed/270762932��Zhang, Yu
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urinalysis���MarÕ��Bats of the genus Pteropus (Pteropodidae) are recognised as the natural host of multiple emerging pathogenic viruses of animal and human health significance, including henipaviruses, lyssaviruses and ebolaviruses. Some studies have suggested that physiological and ecological factors may be associated with Hendra virus infection in flying-foxes in Australia; however, it is essential to understand the normal range and seasonal variability of physiological biomarkers before seeking physiological associations with infection status. We aimed to measure a suite of physiological biomarkers in P. alecto over time to identify any seasonal fluctuations and to examine possible associations with life-cycle and environmental stressors. We sampled 839 adult P. alecto in the Australian state of Queensland over a 12-month period. The adjusted population means of every assessed hematologic and biochemical parameter were within the reported reference range on every sampling occasion. However, within this range, we identified significant temporal variation in these parameters, in urinary parameters and body condition, which primarily reflected the normal annual life cycle. We found no evident effect of remarkable physiological demands or nutritional stress, and no indication of clinical disease driving any parameter values outside the normal species reference range. Our findings identify underlying temporal physiological changes at the population level that inform epidemiological studies and assessment of putative physiological risk factors driving Hendra virus infection in P. alecto. More broadly, the findings add to the knowledge of Pteropus populations in terms of their relative resistance and resilience to emerging infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27026357���McMichael, Lee
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Transmission���Mar 25m��BACKGROUND: Nipah virus (NiV) first emerged in Malaysia in 1998, with two bat species (Pteropus hypomelanus and P. vampyrus) as the putative natural reservoirs. In 2002, NiV IgG antibodies were detected in these species from Thailand, but viral RNA could not be detected for strain characterization. Two strains of NiV (Malaysia and Bangladesh) have been found in P. lylei in central Thailand, although Bangladesh strain, the causative strain for the outbreak in Bangladesh since 2001, was dominant. To understand the diversity of NiV in Thailand, this study identified NiV strain, using molecular characterizations, from P. hypomelanus in southern Thailand. FINDINGS: Pooled bat urine specimens were collected from plastic sheet underneath bat roosts in April 2010, and then monthly from December 2010 to May 2011 at an island in southern Thailand. Five in 184 specimens were positive for NiV, using duplex nested RT-PCR assay on partial nucleocapsid fragment (357 bp). Whole sequences of nucleocapsid gene from four bats were characterized. All 5 partial fragments and 4 whole nucleocapsid genes formed a monophyletic with NiV-MY. CONCLUSIONS: Our study showed that P. hypomelanus in southern Thailand and from Malaysia, a bordering country, harbored similar NiV. This finding indicates that NiV is not limited to central Thailand or P. lylei species, and it may be a source of inter-species transmission. This indicates a higher potential for a widespread NiV outbreak in Thailand. NiV surveillance in Pteropus bats, the major natural reservoirs, should be conducted continuously in countries or regions with high susceptibility to outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/270162376��Wacharapluesadee, Supaporn
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Viral Matrix Proteins/metabolism���Mar³��Hendra and Nipah viruses (genus Henipavirus, family Paramyxoviridae) are highly pathogenic bat-borne viruses. The need for high biocontainment when studying henipaviruses has hindered the development of therapeutics and knowledge of the viral infection cycle. We have performed a genome-wide siRNA screen at biosafety level 4 that identified 585 human proteins required for henipavirus infection. The host protein with the largest impact was fibrillarin, a nucleolar methyltransferase that was also required by measles, mumps and respiratory syncytial viruses for infection. While not required for cell entry, henipavirus RNA and protein syntheses were greatly impaired in cells lacking fibrillarin, indicating a crucial role in the RNA replication phase of infection. During infection, the Hendra virus matrix protein co-localized with fibrillarin in cell nucleoli, and co-associated as a complex in pulldown studies, while its nuclear import was unaffected in fibrillarin-depleted cells. Mutagenesis studies showed that the methyltransferase activity of fibrillarin was required for henipavirus infection, suggesting that this enzyme could be targeted therapeutically to combat henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27010548���Deffrasnes, Celine
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viruses���AprÆ��Nipah virus (NiV) is a paramyxovirus, and Pteropus spp. bats are the natural reservoir. From December 2010 through March 2014, hospital-based encephalitis surveillance in Bangladesh identified 18 clusters of NiV infection. The source of infection for case-patients in 3 clusters in 2 districts was unknown. A team of epidemiologists and anthropologists investigated these 3 clusters comprising 14 case-patients, 8 of whom died. Among the 14 case-patients, 8 drank fermented date palm sap (tari) regularly before their illness, and 6 provided care to a person infected with NiV. The process of preparing date palm trees for tari production was similar to the process of collecting date palm sap for fresh consumption. Bat excreta was reportedly found inside pots used to make tari. These findings suggest that drinking tari is a potential pathway of NiV transmission. Interventions that prevent bat access to date palm sap might prevent tari-associated NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26981928J��Islam, M Saiful
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Rig-i���MarS��The recognition of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRR) during viral infection initiates the induction of antiviral signaling pathways, including activation of the Interferon Regulator Factor 3 (IRF3). We identified small molecule compounds that activate IRF3 through MAVS, thereby inhibiting infection by viruses of the families Flaviviridae (West Nile virus, dengue virus and hepatitis C virus), Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus) and Paramyxoviridae (respiratory syncytial virus, Nipah virus) (1). In this study, we tested a lead compound along with medicinal chemistry-derived analogs to compare the gene transcriptional profiles induced by these molecules to that of other known MAVS-dependent IRF3 agonists. Transcriptional analysis of these small molecules revealed the induction of specific antiviral genes and identified a novel module of host driven immune regulated genes that suppress infection of a range of RNA viruses. Microarray data can be found in Gene Expression Omnibus (GSE74047).,��https://www.ncbi.nlm.nih.gov/pubmed/26981429æ��Green, R R
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Zoonoses/epidemiology/transmission/virology���FebO��Hendra virus causes acute and highly fatal infection in horses and humans. Pteropid bats (flying-foxes) are the natural host of the virus, with age and species being risk factors for infection. Urine is the primary route of excretion in flying-foxes, with viral RNA more frequently detected in Pteropus alecto and P. conspicillatus than other species. Infection prevalence in flying-foxes can vary between and within years, with a winter peak of excretion occurring in some regions. Vertical transmission and recrudescing infection has been reported in flying-foxes, but horizontal transmission is evidently the primary mode of transmission. The most parsimonious mode of flying-fox to horse transmission is equine contact (oro-nasal, conjunctival) with infected flying-fox urine, either directly, or via urine-contaminated pasture or surfaces. Horse to horse transmission is inefficient, requiring direct contact with infected body fluids. Flying-fox to human transmission has not been recorded; all human cases have been associated with close and direct contact with infected horses. Canine cases (subclinical) have also been limited to equine case properties. Notwithstanding the recent availability of an effective vaccine for horses, a comprehensive understanding of Hendra virus ecology and transmission is essential to limit inter-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26978066¹��Field, Hume E
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*Subunit vaccine���Jun 3·��Nipah virus (NiV) is a highly pathogenic, recently emerged paramyxovirus that has been responsible for sporadic outbreaks of respiratory and encephalitic disease in Southeast Asia. High case fatality rates have also been associated with recent outbreaks in Malaysia and Bangladesh. Although over two billion people currently live in regions in which NiV is endemic or in which the Pteropus fruit bat reservoir is commonly found, there is no approved vaccine to protect against NiV disease. This report examines the feasibility and current efforts to develop a NiV vaccine including potential hurdles for technical and regulatory assessment of candidate vaccines and the likelihood for financing.,��https://www.ncbi.nlm.nih.gov/pubmed/26973068µ��Satterfield, Benjamin A
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Universal vaccine���AprÚ��Nipah virus and Hendra virus, two members of the genus Henipavirus, are newly emerging zoonotic pathogens which cause acute respiratory illness and severe encephalitis in human. Lack of the effective antiviral therapy endorses the urgency for the development of vaccine against these deadly viruses. In this study, we employed various computational approaches to identify epitopes which has the potential for vaccine development. By analyzing the immune parameters of the conserved sequences of G glycoprotein using various databases and bioinformatics tools, we identified two potential epitopes which may be used as peptide vaccines. Using different B cell epitope prediction servers, four highly similar B cell epitopes were identified. Immunoinformatics analyses revealed that LAEDDTNAQKT is a highly flexible and accessible B-cell epitope to antibody. Highly similar putative CTL epitopes were analyzed for their binding with the HLA-C 12*03 molecule. Docking simulation assay revealed that LTDKIGTEI has significantly lower binding energy, which bolstered its potential as epitope-based vaccine design. Finally, cytotoxicity analysis has also justified their potential as promising epitope-based vaccine candidate. In sum, our computational analysis indicates that either LAEDDTNAQKT or LTDKIGTEI epitope holds a promise for the development of universal vaccine against all kinds of pathogenic Henipavirus. Further in vivo and in vitro studies are necessary to validate the obtained findings.,��https://www.ncbi.nlm.nih.gov/pubmed/26970211ï��Parvege, Md Masud
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��Nipah virus (NiV) is an emerging paramyxovirus that can cause lethal respiratory illness in humans. No vaccine/therapeutic is currently licensed for humans. Human-to-human transmission was previously reported during outbreaks and NiV could be isolated from respiratory secretions, but the proportion of cases in Malaysia exhibiting respiratory symptoms was significantly lower than that in Bangladesh. Previously, we showed that primary human basal respiratory epithelial cells are susceptible to both NiV-Malaysia (M) and -Bangladesh (B) strains causing robust pro-inflammatory responses. However, the cells of the human respiratory epithelium that NiV targets are unknown and their role in NiV transmission and NiV-related lung pathogenesis is still poorly understood. Here, we characterized NiV infection of the human respiratory epithelium using a model of the human tracheal/bronchial (B-ALI) and small airway (S-ALI) epithelium cultured at an air-liquid interface. We show that NiV-M and NiV-B infect ciliated and secretory cells in B/S-ALI, and that infection of S-ALI, but not B-ALI, results in disruption of the epithelium integrity and host responses recruiting human immune cells. Interestingly, NiV-B replicated more efficiently in B-ALI than did NiV-M. These results suggest that the human tracheal/bronchial epithelium is favourable to NiV replication and shedding, while inducing a limited host response. Our data suggest that the small airways epithelium is prone to inflammation and lesions as well as constituting a point of virus entry into the pulmonary vasculature. The use of relevant models of the human respiratory tract, such as B/S-ALI, is critical for understanding NiV-related lung pathogenesis and identifying the underlying mechanisms allowing human-to-human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/269325151��Escaffre, Olivier
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Virulenceæ��Although a globe box-type highly contained laboratory with the internationally-recognized biosafety level-4 standards has been constructed in the Murayama Annex, the National Institute of Infectious Diseases, Tokyo, Japan (NIID) in 1981, the laboratory has never been operated as BSL-4 laboratory since its construction. Furthermore, there are no other BSL-4 laboratories in operation in Japan. The evidence indicates that infectious BSL-4 pathogens such as Ebola and Marburg viruses cannot be manipulated in Japan, making it impossible to study the BSL-4 pathogens using the infectious viruses. A large-scale outbreak of ebolavirus disease (EVD) has occurred in the western Africa such as Guinea, Sierra Leone, and Liberia. Furthermore, the highly pathogenic pathogens' infectious diseases outbreaks such as SARS, Nipah encephalitis, Middle East respiratory syndrome (MERS) have emerged in the world. However, BSL-4 laboratories are not present in Japan, making it difficult to study these pathogens and infectious diseases. Because these emerging virus infections are caused by the zoonotic pathogens, the eradiation and the elimination of these infectious diseases are impossible. We need to develop the diagnostics, therapeutics, and preventive measures based on the studies of the highly pathogenic pathogens more in detail using the infectious microbes. Therefore, BSL-4 in operation in Japan is required to minimize the risk of and combat these emerging highly pathogenic pathogens' infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/26923962s��Saijo, Masayuki
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interferon���Mar 8Ú��Bats harbor many emerging and reemerging viruses, several of which are highly pathogenic in other mammals but cause no clinical signs of disease in bats. To determine the role of interferons (IFNs) in the ability of bats to coexist with viruses, we sequenced the type I IFN locus of the Australian black flying fox, Pteropus alecto, providing what is, to our knowledge, the first gene map of the IFN region of any bat species. Our results reveal a highly contracted type I IFN family consisting of only 10 IFNs, including three functional IFN-alpha loci. Furthermore, the three IFN-alpha genes are constitutively expressed in unstimulated bat tissues and cells and their expression is unaffected by viral infection. Constitutively expressed IFN-alpha results in the induction of a subset of IFN-stimulated genes associated with antiviral activity and resistance to DNA damage, providing evidence for a unique IFN system that may be linked to the ability of bats to coexist with viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26903655Ò��Zhou, Peng
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*Virus Internalization���FebÁ��O-linked glycosylation is a ubiquitous protein modification in organisms belonging to several kingdoms. Both microbial and host protein glycans are used by many pathogens for host invasion and immune evasion, yet little is known about the roles of O-glycans in viral pathogenesis. Reportedly, there is no single function attributed to O-glycans for the significant paramyxovirus family. The paramyxovirus family includes many important pathogens, such as measles, mumps, parainfluenza, metapneumo- and the deadly Henipaviruses Nipah (NiV) and Hendra (HeV) viruses. Paramyxoviral cell entry requires the coordinated actions of two viral membrane glycoproteins: the attachment (HN/H/G) and fusion (F) glycoproteins. O-glycan sites in HeV G were recently identified, facilitating use of the attachment protein of this deadly paramyxovirus as a model to study O-glycan functions. We mutated the identified HeV G O-glycosylation sites and found mutants with altered cell-cell fusion, G conformation, G/F association, viral entry in a pseudotyped viral system, and, quite unexpectedly, pseudotyped viral F protein incorporation and processing phenotypes. These are all important functions of viral glycoproteins. These phenotypes were broadly conserved for equivalent NiV mutants. Thus our results identify multiple novel and pathologically important functions of paramyxoviral O-glycans, paving the way to study O-glycan functions in other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26867212���Stone, Jacquelyn A
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*Virus Internalization���May���The amino-terminal cytoplasmic domains of paramyxovirus attachment glycoproteins include trafficking signals that influence protein processing and cell surface expression. To characterize the role of the cytoplasmic domain in protein expression, fusion support and particle assembly in more detail, we constructed chimeric Nipah virus (NiV) glycoprotein (G) and canine distemper virus (CDV) haemagglutinin (H) proteins carrying the respective heterologous cytoplasmic domain, as well as a series of mutants with progressive deletions in this domain. CDV H retained fusion function and was normally expressed on the cell surface with a heterologous cytoplasmic domain, while the expression and fusion support of NiV G was dramatically decreased when its cytoplasmic domain was replaced with that of CDV H. The cell surface expression and fusion support functions of CDV H were relatively insensitive to cytoplasmic domain deletions, while short deletions in the corresponding region of NiV G dramatically decreased both. In addition, the first 10 residues of the CDV H cytoplasmic domain strongly influence its incorporation into virus-like particles formed by the CDV matrix (M) protein, while the co-expression of NiV M with NiV G had no significant effect on incorporation of G into particles. The cytoplasmic domains of both the CDV H and NiV G proteins thus contribute differently to the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/26813519å��Sawatsky, Bevan
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Influenza���Feb 24ß��BACKGROUND: Passive immunotherapy using polyclonal antibodies (immunoglobulins) has been used for over a century in the treatment and post-exposure prophylaxis of various infections and toxins. Heterologous polyclonal antibodies are obtained from animals hyperimmunised with a pathogen or toxin. AIMS: The aims of this review are to examine the history of animal polyclonal antibody therapy use, their development into safe and effective products and the potential application to humans for emerging and neglected infectious diseases. METHODS: A literature search of OVID Medline and OVID Embase databases was undertaken to identify articles on the safety, efficacy and ongoing development of polyclonal antibodies. The search contained database-specific MeSH and EMTREE terms in combination with pertinent text-words: polyclonal antibodies and rare/neglected diseases, antivenins, immunoglobulins, serum sickness, anaphylaxis, drug safety, post marketing surveillance, rabies, human influenza, Dengue, West Nile, Nipah, Hendra, Marburg, MERS, Hemorrhagic Fever Virus, and Crimean-Congo. No language limits were applied. The final search was completed on 20.06.2015. Of 1960 articles, title searches excluded many irrelevant articles, yielding 303 articles read in full. Of these, 179 are referenced in this study. RESULTS: Serum therapy was first used in the 1890s against diphtheria. Early preparation techniques yielded products contaminated with reactogenic animal proteins. The introduction of enzymatic digestion, and purification techniques substantially improved their safety profile. The removal of the Fc fragment of antibodies further reduces hypersensitivity reactions. Clinical studies have demonstrated the efficacy of polyclonal antibodies against various infections, toxins and venoms. Products are being developed against infections for which prophylactic and therapeutic options are currently limited, such as avian influenza, Ebola and other zoonotic viruses. CONCLUSIONS: Polyclonal antibodies have been successfully applied to rabies, envenomation and intoxication. Polyclonal production provides an exciting opportunity to revolutionise the prognosis of both longstanding neglected tropical diseases as well as emerging infectious threats to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26802604Ë��Dixit, Rashmi
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*Virus Assembly
Virus Release���Jan 20Ô	�UNLABELLED: Paramyxovirus particles are formed by a budding process coordinated by viral matrix (M) proteins. M proteins coalesce at sites underlying infected cell membranes and induce other viral components, including viral glycoproteins and viral ribonucleoprotein complexes (vRNPs), to assemble at these locations from which particles bud. M proteins interact with the nucleocapsid (NP or N) components of vRNPs, and these interactions enable production of infectious, genome-containing virions. For the paramyxoviruses parainfluenza virus 5 (PIV5) and mumps virus, M-NP interaction also contributes to efficient production of virus-like particles (VLPs) in transfected cells. A DLD sequence near the C-terminal end of PIV5 NP protein was previously found to be necessary for M-NP interaction and efficient VLP production. Here, we demonstrate that 15-residue-long, DLD-containing sequences derived from either the PIV5 or Nipah virus nucleocapsid protein C-terminal ends are sufficient to direct packaging of a foreign protein, Renilla luciferase, into budding VLPs. Mumps virus NP protein harbors DWD in place of the DLD sequence found in PIV5 NP protein, and consequently, PIV5 NP protein is incompatible with mumps virus M protein. A single amino acid change converting DLD to DWD within PIV5 NP protein induced compatibility between these proteins and allowed efficient production of mumps VLPs. Our data suggest a model in which paramyxoviruses share an overall common strategy for directing M-NP interactions but with important variations contained within DLD-like sequences that play key roles in defining M/NP protein compatibilities. IMPORTANCE: Paramyxoviruses are responsible for a wide range of diseases that affect both humans and animals. Paramyxovirus pathogens include measles virus, mumps virus, human respiratory syncytial virus, and the zoonotic paramyxoviruses Nipah virus and Hendra virus. Infectivity of paramyxovirus particles depends on matrix-nucleocapsid protein interactions which enable efficient packaging of encapsidated viral RNA genomes into budding virions. In this study, we have defined regions near the C-terminal ends of paramyxovirus nucleocapsid proteins that are important for matrix protein interaction and that are sufficient to direct a foreign protein into budding particles. These results advance our basic understanding of paramyxovirus genome packaging interactions and also have implications for the potential use of virus-like particles as protein delivery tools.,��https://www.ncbi.nlm.nih.gov/pubmed/26792745ä��Ray, Greeshma
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Viral Vaccines©��Previously unidentified viruses, such as Middle East respiratory syndrome coronavirus, continue to emerge and threaten populations, while powerful new techniques have identified many new human and animal viruses. Similarly, existing viruses, from Ebola virus to chikungunya virus, are reemerging and spreading to new geographical regions. These viruses often pose a challenge for researchers to study due to their highly pathogenic nature. Lentiviral and rhabdoviral pseudotypes are excellent tools for studying enveloped viruses and have contributed to many recent advances in areas such as receptor usage, viral entry and serology. In particular, pseudotypes allow the safe study of unknown or highly pathogenic viruses. They also allow the initial characterization of aspects of infection such as cellular tropism for difficult to culture viruses. In this review we will introduce various pseudotyping systems for emerging viruses, including chikungunya virus, Ebola virus, SARS and MERS coronaviruses and Nipah virus, as well as their use in diverse studies including drug screening and antibody neutralization. We will also discuss the limitations and potential caveats using pseudotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/26785737p��Steffen, Imke
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Virus Replication/genetics���AprË��Incorporation of reporter genes within virus genomes is an indispensable tool for interrogation of virus biology and pathogenesis. In previous work, we incorporated a fluorophore into a viral ORF by attaching it to the viral gene via a P2A ribosomal skipping sequence. This recombinant Nipah virus, however, was attenuated in vitro relative to WT virus. In this work, we determined that inefficient ribosomal skipping was a major contributing factor to this attenuation. Inserting a GSG linker before the P2A sequence resulted in essentially complete skipping, significantly improved growth in vitro, and WT lethality in vivo. To the best of our knowledge, this represents the first time a recombinant virus of Mononegavirales with integration of a reporter into a viral ORF has been compared with the WT virus in vivo. Incorporating the GSG linker for improved skipping efficiency whenever functionally important is a critical consideration for recombinant virus design.,��https://www.ncbi.nlm.nih.gov/pubmed/26781134¹��Park, Arnold
Yun, Tatyana
Hill, Terence E
Ikegami, Tetsuro
Juelich, Terry L
Smith, Jennifer K
Zhang, Lihong
Freiberg, Alexander N
Lee, Benhur
eng
T32 GM007185/GM/NIGMS NIH HHS/
U54 AI057156/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
GM007185/GM/NIGMS NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2016/01/20 06:00
J Gen Virol. 2016 Apr;97(4):839-43. doi: 10.1099/jgv.0.000405. Epub 2016 Jan 18.*��1465-2099 (Electronic)
0022-1317 (Linking)
��PMC4854364���26781134G��1Department of Microbiology, Immunology and Molecular Genetics, University of California-Los Angeles, Los Angeles, CA, USA 2Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, NY, USA.
3Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA.
3Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA 4Center for Biodefense and Emerging Infectious Diseases, University of Texas Medical Branch, Galveston, TX, USA 5Institute for Human Infections and Immunity, University of Texas Medical Branch, Galveston, TX, USA.
3Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA 5Institute for Human Infections and Immunity, University of Texas Medical Branch, Galveston, TX, USA 4Center for Biodefense and Emerging Infectious Diseases, University of Texas Medical Branch, Galveston, TX, USA.
2Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, NY, USA 1Department of Microbiology, Immunology and Molecular Genetics, University of California-Los Angeles, Los Angeles, CA, USA.���10.1099/jgv.0.000405�	.�Fþ×tÿî?ó���A��DeBuysscher, B. L.
Scott, D.
Thomas, T.
Feldmann, H.
Prescott, J.���2016}��Peri-exposure protection against Nipah virus disease using a single-dose recombinant vesicular stomatitis virus-based vaccine���NPJ Vaccines���1���Nipah virus is a zoonotic paramyxovirus that causes severe disease in humans and animals. Due to almost yearly outbreaks in Bangladesh, and a large outbreak in Malaysia that lead to the shutdown of swine export, Nipah virus is both a threat to public health and the economy. Infection is associated with respiratory distress, encephalitis and human-to-human transmission, resulting in high case fatality rates during outbreaks. This study aims to address the amount of time needed until protection from a recombinant vesicular stomatitis virus-based vaccine candidate expressing the Nipah virus glycoprotein (G), which we have previously shown to protect hamsters and non-human primates when administered 28 days before challenge. We found that a single-dose vaccination, when administered 1 day before challenge, reduced viral load, limited pathology and fully protected hamsters from Nipah virus infection. The vaccine was even partially protective when administered at early time points following challenge with Nipah virus. These data indicate that a single administration of this vaccine to high-risk individuals, such as family members and health-care workers of infected patients, could be protective and useful for reducing human-to-human transmission and curbing an outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/28706736Ú��DeBuysscher, Blair L
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paramyxovirus F protein���Jan 26®��Hendra virus (HeV) is one of the two prototypical members of the Henipavirus genus of paramyxoviruses, which are designated biosafety level 4 (BSL-4) organisms due to the high mortality rate of Nipah virus (NiV) and HeV in humans. Paramyxovirus cell entry is mediated by the fusion protein, F, in response to binding of a host receptor by the attachment protein. During posttranslational processing, the fusion peptide of F is released and, upon receptor-induced triggering, inserts into the host cell membrane. As F undergoes a dramatic refolding from its prefusion to postfusion conformation, the fusion peptide brings the host and viral membranes together, allowing entry of the viral RNA. Here, we present the crystal structure of the prefusion form of the HeV F ectodomain. The structure shows very high similarity to the structure of prefusion parainfluenza virus 5 (PIV5) F, with the main structural differences in the membrane distal apical loops and the fusion peptide cleavage loop. Functional assays of mutants show that the apical loop can tolerate perturbation in length and surface residues without loss of function, except for residues involved in the stability and conservation of the F protein fold. Structure-based disulfide mutants were designed to anchor the fusion peptide to conformationally invariant residues of the F head. Two mutants were identified that inhibit F-mediated fusion by stabilizing F in its prefusion conformation.,��https://www.ncbi.nlm.nih.gov/pubmed/26712026¸��Wong, Joyce J W
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Signal Transduction
Viral Proteins/genetics/*immunology���Mar���IFN-antagonist function is a major determinant of pathogenicity and cross-species infection by viruses, but remains poorly defined for many potentially zoonotic viruses resident in animal species. The paramyxovirus family contains several zoonotic viruses, including highly pathogenic viruses such as Nipah virus and Hendra virus, and an increasing number of largely uncharacterized animal viruses. Here, we report the characterization of IFN antagonism by the rodent viruses J virus (JPV) and Beilong virus (BeiPV) of the proposed genus Jeilongvirus of the paramyxoviruses. Infection of cells by JPV and BeiPV was found to inhibit IFN-activated nuclear translocation of signal transducer and activator of transcription 1 (STAT1). However, in contrast to most other paramyxoviruses, the JPV and BeiPV V proteins did not interact with or inhibit signalling by STAT1 or STAT2, suggesting that JPV/BeiPV use an atypical V protein-independent strategy to target STATs, consistent with their inclusion in a separate genus. Nevertheless, the V proteins of both viruses interacted with melanoma differentiation-associated protein 5 (MDA5) and robustly inhibited MDA5-dependent activation of the IFN-beta promoter. This supports a growing body of evidence that MDA5 is a universal target of paramyxovirus V proteins, such that the V-MDA5 interaction represents a potential target for broad-spectrum antiviral approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/26703878 ��Audsley, Michelle D
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split-GFP���Feby��Despite the partial disorder-to-order transition that intrinsically disordered proteins often undergo upon binding to their partners, a considerable amount of residual disorder may be retained in the bound form, resulting in a fuzzy complex. Fuzzy regions flanking molecular recognition elements may enable partner fishing through non-specific, transient contacts, thereby facilitating binding, but may also disfavor binding through various mechanisms. So far, few computational or experimental studies have addressed the effect of fuzzy appendages on partner recognition by intrinsically disordered proteins. In order to shed light onto this issue, we used the interaction between the intrinsically disordered C-terminal domain of the measles virus (MeV) nucleoprotein (NTAIL ) and the X domain (XD) of the viral phosphoprotein as model system. After binding to XD, the N-terminal region of NTAIL remains conspicuously disordered, with alpha-helical folding taking place only within a short molecular recognition element. To study the effect of the N-terminal fuzzy region on NTAIL /XD binding, we generated N-terminal truncation variants of NTAIL , and assessed their binding abilities towards XD. The results revealed that binding increases with shortening of the N-terminal fuzzy region, with this also being observed with hsp70 (another MeV NTAIL binding partner), and for the homologous NTAIL /XD pairs from the Nipah and Hendra viruses. Finally, similar results were obtained when the MeV NTAIL fuzzy region was replaced with a highly dissimilar artificial disordered sequence, supporting a sequence-independent inhibitory effect of the fuzzy region.,��https://www.ncbi.nlm.nih.gov/pubmed/26684000h��Gruet, Antoine
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Virus Replication/*drug effects���Dec 16���UNLABELLED: The cellular response to virus infection is initiated when pathogen recognition receptors (PRR) engage viral pathogen-associated molecular patterns (PAMPs). This process results in induction of downstream signaling pathways that activate the transcription factor interferon regulatory factor 3 (IRF3). IRF3 plays a critical role in antiviral immunity to drive the expression of innate immune response genes, including those encoding antiviral factors, type 1 interferon, and immune modulatory cytokines, that act in concert to restrict virus replication. Thus, small molecule agonists that can promote IRF3 activation and induce innate immune gene expression could serve as antivirals to induce tissue-wide innate immunity for effective control of virus infection. We identified small molecule compounds that activate IRF3 to differentially induce discrete subsets of antiviral genes. We tested a lead compound and derivatives for the ability to suppress infections caused by a broad range of RNA viruses. Compound administration significantly decreased the viral RNA load in cultured cells that were infected with viruses of the family Flaviviridae, including West Nile virus, dengue virus, and hepatitis C virus, as well as viruses of the families Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus), and Paramyxoviridae (respiratory syncytial virus, Nipah virus) to suppress infectious virus production. Knockdown studies mapped this response to the RIG-I-like receptor pathway. This work identifies a novel class of host-directed immune modulatory molecules that activate IRF3 to promote host antiviral responses to broadly suppress infections caused by RNA viruses of distinct genera. IMPORTANCE: Incidences of emerging and reemerging RNA viruses highlight a desperate need for broad-spectrum antiviral agents that can effectively control infections caused by viruses of distinct genera. We identified small molecule compounds that can selectively activate IRF3 for the purpose of identifying drug-like molecules that can be developed for the treatment of viral infections. Here, we report the discovery of a hydroxyquinoline family of small molecules that can activate IRF3 to promote cellular antiviral responses. These molecules can prophylactically or therapeutically control infection in cell culture by pathogenic RNA viruses, including West Nile virus, dengue virus, hepatitis C virus, influenza A virus, respiratory syncytial virus, Nipah virus, Lassa virus, and Ebola virus. Our study thus identifies a class of small molecules with a novel mechanism to enhance host immune responses for antiviral activity against a variety of RNA viruses that pose a significant health care burden and/or that are known to cause infections with high case fatality rates.,��https://www.ncbi.nlm.nih.gov/pubmed/26676770>��Pattabhi, Sowmya
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slips���AugÁ��Slip-induced falls are among the most common cause of major occupational injuries in the UK as well as being a major public health concern in the elderly population. This study aimed to determine the optimal fall indicators for fall detection models which could be used to reduce the detrimental consequences of falls. A total of 264 kinematic variables covering three-dimensional full body model translation and rotational measures were analysed during normal walking, successful recovery from slips and falls on a cross-slope. Large effect sizes were found for three kinematic variables which were able to distinguish falls from normal walking and successful recovery. Further work should consider other types of daily living activities as results show that the optimal kinematic fall indicators can vary considerably between movement types. Practitioner Summary: Fall detection models are used to minimise the adverse consequences of slip-induced falls, a major public health concern. Optimal fall indicators were derived from a comprehensive set of kinematic variables for slips on a cross-slope. Results suggest robust detection of falls is possible on a cross-slope but may be more difficult than level walking.,��https://www.ncbi.nlm.nih.gov/pubmed/26666625É��Domone, Sarah
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856���Xu, Kai
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SeasonsÌ��Hendra virus (HeV) causes highly lethal disease in horses and humans in the eastern Australian states of Queensland (QLD) and New South Wales (NSW), with multiple equine cases now reported on an annual basis. Infection and excretion dynamics in pteropid bats (flying-foxes), the recognised natural reservoir, are incompletely understood. We sought to identify key spatial and temporal factors associated with excretion in flying-foxes over a 2300 km latitudinal gradient from northern QLD to southern NSW which encompassed all known equine case locations. The aim was to strengthen knowledge of Hendra virus ecology in flying-foxes to improve spillover risk prediction and exposure risk mitigation strategies, and thus better protect horses and humans. Monthly pooled urine samples were collected from under roosting flying-foxes over a three-year period and screened for HeV RNA by quantitative RT-PCR. A generalised linear model was employed to investigate spatiotemporal associations with HeV detection in 13,968 samples from 27 roosts. There was a non-linear relationship between mean HeV excretion prevalence and five latitudinal regions, with excretion moderate in northern and central QLD, highest in southern QLD/northern NSW, moderate in central NSW, and negligible in southern NSW. Highest HeV positivity occurred where black or spectacled flying-foxes were present; nil or very low positivity rates occurred in exclusive grey-headed flying-fox roosts. Similarly, little red flying-foxes are evidently not a significant source of virus, as their periodic extreme increase in numbers at some roosts was not associated with any concurrent increase in HeV detection. There was a consistent, strong winter seasonality to excretion in the southern QLD/northern NSW and central NSW regions. This new information allows risk management strategies to be refined and targeted, mindful of the potential for spatial risk profiles to shift over time with changes in flying-fox species distribution.,��https://www.ncbi.nlm.nih.gov/pubmed/26625128L��Field, Hume
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Protein expression���Feb���Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus that has caused severe morbidity and mortality in humans and horses in Australia since 1994. HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) glycoproteins, that are essential for receptor binding and fusion of viral and cellular membranes. The eukaryotic unicellular parasite Leishmania tarentolae has recently been established as a powerful tool to express recombinant proteins with mammalian-like glycosylation patterns, but only few viral proteins have been expressed in this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting the preserved antigenicity of the purified protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26585033P��Fischer, Kerstin
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viruses���Dec>��Hendra virus occasionally causes severe disease in horses and humans. In Australia in 2013, infection was detected in a dog that had been in contact with an infected horse. Abnormalities and viral RNA were found in the dog's kidney, brain, lymph nodes, spleen, and liver. Dogs should be kept away from infected horses.,��https://www.ncbi.nlm.nih.gov/pubmed/26583697���Kirkland, Peter D
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*equine���Aug¾��Hendra virus (HeV), a potentially fatal zoonotic disease spread by flying foxes, to date has always infected humans via a spillover event from equine HeV infection. In a theoretical case study, we compared the impacts of two different HeV prevention strategies - vaccination and flying fox roost removal - using a recently developed framework that considers different stakeholder group perspectives. The perspectives of the four selected stakeholder groups regarding intangibles were inferred from public discussions and coverage in the media. For all stakeholder groups, the option to vaccinate horses was found to add value to the economic results when the intangible impacts were included in the analysis, while the option for roost removal unanimously detracted from economic analysis value when the intangible impacts were included. Both the mean and median stakeholder-adjusted value ratios (2.25 and 2.12, respectively) for vaccination were inflated when intangible impacts were included, by value-adding to the results of a traditional economic analysis. In the roost removal strategy, these ratios (1.19 and 1.16, respectively) were deflated when intangible impacts were included. Results of this theoretical study suggest that the inclusion of intangible impacts promotes the value of a two-dose initial vaccination protocol using a subunit vaccination considered to offer complete protection for horses, as a strategy to control HeV, whereas roost removal becomes an even more costly strategy. Outcome of the analysis is particularly sensitive to the intangible value placed on human health. Further evaluation - via sociological methods - of values placed on intangibles by various stakeholder groups is warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/26558882¬��Wilson, S-J
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202]��Nahar, Nazmun
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*Zoonoses/prevention & control/transmission���Sep 30ô��Hendra virus (HeV) infection is a zoonosis of importance in Australia. An outbreak of HeV occurred on the mid-north coast region of New South Wales (NSW) in June and July 2013. Four unvaccinated horses on four separate properties were confirmed to have HeV infection. A pet dog that had close contact with one of the horses was also confirmed to be infected with HeV. This paper documents the response to the canine infection and the resulting change to the public health management of HeV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26536509Ë��Halim, Sherly
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Signal transducers and activators of transcription���Decï��Immune evasion by the lethal henipaviruses, Hendra (HeV) and Nipah virus, is mediated by its interferon (IFN) antagonist P gene products, phosphoprotein (P), and the related V and W proteins, which can target the signal transducer and activator of transcription 1 (STAT1) and STAT2 proteins to inhibit IFN/STAT signaling. However, it is not clear if the recently identified non-pathogenic Henipavirus, Cedar paramyxovirus (CedPV), is also able to antagonize the STAT proteins. We performed comparative studies between the HeV P gene products (P/V/W) and CedPV-P (CedPV does not encode V or W) and demonstrate that differences exist in their ability to engage the STAT proteins using immunoprecipitation and quantitative confocal microscopic analysis. In contrast to HeV-P gene encoded proteins, the ability of CedPV-P to interact with and relocalize STAT1 or STAT2 is compromised, correlating with a reduced capacity to inhibit the mRNA synthesis of IFN-inducible gene MxA. Furthermore, infection studies with HeV and CedPV demonstrate that HeV is more potent than CedPV in inhibiting the IFN-alpha-mediated nuclear accumulation of STAT1. These results strongly suggest that the ability of CedPV to counteract the IFN/STAT response is compromised compared to HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/26526590Ó��Lieu, Kim G
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zoonotic Infections¤��The Hendra virus (HeV) poses a significant challenge to public health in Australia. Expanding migratory patterns observed among bats and the mutation of the virus to seek and successfully infect new hosts is a significant departure from the generalized epidemiological trend. The recent discovery of equine-related infections and deaths in addition to a canine infection demonstrates the inadequacy of the current equine vaccine developed in 2012. Traditional models for controlling the spread of the vector are futile given the rapid pace at which bats' habitats are eroded. Recent ongoing zoonotic epidemics, for example, Ebola and Middle East respiratory syndrome coronavirus, demonstrate that human-to-human transmission is a distinct reality rather than an obscure possibility. The development of a human HeV vaccine is essential for the biosecurity of Australia, as part of a multipronged strategy to control HeV in Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/26519254���Zahoor, Bilal A
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022è��Masoomi Dezfooli, Seyedehsara
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Sensitivity and Specificity
Time Factors���JanÍ��Acute febrile illness (AFI) is associated with substantial morbidity and mortality worldwide, yet an etiologic agent is often not identified. Convalescent-phase serology is impractical, blood culture is slow, and many pathogens are fastidious or impossible to cultivate. We developed a real-time PCR-based TaqMan array card (TAC) that can test six to eight samples within 2.5 h from sample to results and can simultaneously detect 26 AFI-associated organisms, including 15 viruses (chikungunya, Crimean-Congo hemorrhagic fever [CCHF] virus, dengue, Ebola virus, Bundibugyo virus, Sudan virus, hantaviruses [Hantaan and Seoul], hepatitis E, Marburg, Nipah virus, o'nyong-nyong virus, Rift Valley fever virus, West Nile virus, and yellow fever virus), 8 bacteria (Bartonella spp., Brucella spp., Coxiella burnetii, Leptospira spp., Rickettsia spp., Salmonella enterica and Salmonella enterica serovar Typhi, and Yersinia pestis), and 3 protozoa (Leishmania spp., Plasmodium spp., and Trypanosoma brucei). Two extrinsic controls (phocine herpesvirus 1 and bacteriophage MS2) were included to ensure extraction and amplification efficiency. Analytical validation was performed on spiked specimens for linearity, intra-assay precision, interassay precision, limit of detection, and specificity. The performance of the card on clinical specimens was evaluated with 1,050 blood samples by comparison to the individual real-time PCR assays, and the TAC exhibited an overall 88% (278/315; 95% confidence interval [CI], 84% to 92%) sensitivity and a 99% (5,261/5,326, 98% to 99%) specificity. This TaqMan array card can be used in field settings as a rapid screen for outbreak investigation or for the surveillance of pathogens, including Ebola virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26491176Ò��Liu, Jie
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mRNA induction���Febe��While the ferret is a valuable animal model for a number of human viral infections, such as influenza, Hendra and Nipah, evaluating the cellular immune response following infection has been hampered by the lack of a number of species-specific immunological reagents. Interleukin 2 (IL-2) is one such key cytokine. Ferret recombinant IL-2 incorporating a C-terminal histidine tag was expressed and purified and the three-dimensional structure solved and refined at 1.89 A by X-ray crystallography, which represents the highest resolution and first non-human IL-2 structure. While ferret IL-2 displays the classic cytokine fold of the four-helix bundle structure, conformational flexibility was observed at the second helix and its neighbouring region in the bundle, which may result in the disruption of the spatial arrangement of residues involved in receptor binding interactions, implicating subtle differences between ferret and human IL-2 when initiating biological functions. Ferret recombinant IL-2 stimulated the proliferation of ferret lymph node cells and induced the expression of mRNA for IFN-gamma and Granzyme A.,��https://www.ncbi.nlm.nih.gov/pubmed/26472619*��Ren, Bin
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�Pteropid bats or flying-foxes (Chiroptera: Pteropodidae) are the natural host of Hendra virus (HeV) which sporadically causes fatal disease in horses and humans in eastern Australia. While there is strong evidence that urine is an important infectious medium that likely drives bat to bat transmission and bat to horse transmission, there is uncertainty about the relative importance of alternative routes of excretion such as nasal and oral secretions, and faeces. Identifying the potential routes of HeV excretion in flying-foxes is important to effectively mitigate equine exposure risk at the bat-horse interface, and in determining transmission rates in host-pathogen models. The aim of this study was to identify the major routes of HeV excretion in naturally infected flying-foxes, and secondarily, to identify between-species variation in excretion prevalence. A total of 2840 flying-foxes from three of the four Australian mainland species (Pteropus alecto, P. poliocephalus and P. scapulatus) were captured and sampled at multiple roost locations in the eastern states of Queensland and New South Wales between 2012 and 2014. A range of biological samples (urine and serum, and urogenital, nasal, oral and rectal swabs) were collected from anaesthetized bats, and tested for HeV RNA using a qRT-PCR assay targeting the M gene. Forty-two P. alecto (n = 1410) had HeV RNA detected in at least one sample, and yielded a total of 78 positive samples, at an overall detection rate of 1.76% across all samples tested in this species (78/4436). The rate of detection, and the amount of viral RNA, was highest in urine samples (>serum, packed haemocytes >faecal >nasal >oral), identifying urine as the most plausible source of infection for flying-foxes and for horses. Detection in a urine sample was more efficient than detection in urogenital swabs, identifying the former as the preferred diagnostic sample. The detection of HeV RNA in serum is consistent with haematogenous spread, and with hypothesised latency and recrudesence in flying-foxes. There were no detections in P. poliocephalus (n = 1168 animals; n = 2958 samples) or P. scapulatus (n = 262 animals; n = 985 samples), suggesting (consistent with other recent studies) that these species are epidemiologically less important than P. alecto in HeV infection dynamics. The study is unprecedented in terms of the individual animal approach, the large sample size, and the use of a molecular assay to directly determine infection status. These features provide a high level of confidence in the veracity of our findings, and a sound basis from which to more precisely target equine risk mitigation strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/26469523s��Edson, Daniel
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therapeutics���The lack of vaccines against several important viral diseases necessitates the development of therapeutics to save lives and control epidemics. In recent years, therapeutic antibodies have received considerable attention due to their good safety profiles and clinical success when used against viruses such as respiratory syncytial virus, Ebola virus and Hendra virus. The binding affinity of these antibodies can directly impact their therapeutic efficacy. However, we and others have also demonstrated that the subtype of Fc-gamma receptors (FcgammaRs) engaged influences the stoichiometric requirement for virus neutralization. Hence, the development of therapeutic antibodies against infectious diseases should consider the FcgammaRs engaged and Fc-effector functions involved. This review highlights the current state of knowledge about FcgammaRs and FcgammaR effector functions involved in virus neutralization, with emphasis on factors that can affect FcgammaR engagement. A better understanding of Fc-FcgammaR interactions during virus neutralization will allow development of therapeutic antibodies that are efficacious and can be administered with minimal side effects.,��https://www.ncbi.nlm.nih.gov/pubmed/26466016È��Chan, Kuan Rong
Ong, Eugenia Z
Mok, Darren Z L
Ooi, Eng Eong
eng
Review
England
2015/10/16 06:00
Expert Rev Anti Infect Ther. 2015;13(11):1351-60. doi: 10.1586/14787210.2015.1079127. Epub 2015 Aug 24.*��1744-8336 (Electronic)
1478-7210 (Linking)
��PMC4673539���26466016k��a 1 Program in Emerging Infectious Diseases, Duke-NUS Graduate Medical School, Singapore 169857, Singapore.
b 2 Experimental Therapeutics Centre, Agency for Science Technology and Research, 31 Biopolis Way, Singapore 138669, Singapore.
c 3 Department of Microbiology, Yong Loo Lin School of Medicine, National University of Singapore, Singapore 117597, Singapore.���10.1586/14787210.2015.1079127��Ò��üÒtÿî?	���T��Dennis, M.
Sandercock, P.
Graham, C.
Forbes, J.
Clots Trials Collaboration
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Venous Thrombosis/etiology/mortality/*prevention & control���Sep/��BACKGROUND: Venous thromboembolism (VTE) is a common cause of death and morbidity in stroke patients. There are few data concerning the effectiveness of intermittent pneumatic compression (IPC) in treating patients with stroke. OBJECTIVES: To establish whether or not the application of IPC to the legs of immobile stroke patients reduced their risk of deep vein thrombosis (DVT). DESIGN: Clots in Legs Or sTockings after Stroke (CLOTS) 3 was a multicentre, parallel-group, randomised controlled trial which allocated patients via a central randomisation system to IPC or no IPC. A technician blinded to treatment allocation performed compression duplex ultrasound (CDU) of both legs at 7-10 days and 25-30 days after enrolment. We followed up patients for 6 months to determine survival and later symptomatic VTE. Patients were analysed according to their treatment allocation. SETTING: We enrolled 2876 patients in 94 UK hospitals between 8 December 2008 and 6 September 2012. PARTICIPANTS: INCLUSION CRITERIA: patients admitted to hospital within 3 days of acute stroke and who were immobile on the day of admission (day 0) to day 3. EXCLUSION CRITERIA: age < 16 years; subarachnoid haemorrhage; and contra-indications to IPC including dermatitis, leg ulcers, severe oedema, severe peripheral vascular disease and congestive cardiac failure. INTERVENTIONS: Participants were allocated to routine care or routine care plus IPC for 30 days, or until earlier discharge or walking independently. MAIN OUTCOME MEASURES: The primary outcome was DVT in popliteal or femoral veins, detected on a screening CDU, or any symptomatic DVT in the proximal veins, confirmed by imaging, within 30 days of randomisation. The secondary outcomes included death, any DVTs, symptomatic DVTs, pulmonary emboli, skin breaks on the legs, falls with injury or fractures and duration of IPC use occurring within 30 days of randomisation and survival, symptomatic VTE, disability (as measured by the Oxford Handicap Scale), quality of life (as measured by the European Quality of Life-5 Dimensions 3 Level questionnaire) and length of initial hospital stay measured 6 months after randomisation. RESULTS: We allocated 1438 patients to IPC and 1438 to no IPC. The primary outcome occurred in 122 (8.5%) of 1438 patients allocated to IPC and 174 (12.1%) of 1438 patients allocated to no IPC, giving an absolute reduction in risk of 3.6% [95% confidence interval (CI) 1.4% to 5.8%] and a relative risk reduction of 0.69 (95% CI 0.55 to 0.86). After excluding 323 patients who died prior to any primary outcome and 41 who had no screening CDU, the primary outcome occurred in 122 of 1267 IPC participants compared with 174 of 1245 no-IPC participants, giving an adjusted odds ratio of 0.65 (95% CI 0.51 to 0.84; p = 0.001). Secondary outcomes in IPC compared with no-IPC participants were death in the treatment period in 156 (10.8%) versus 189 (13.1%) (p = 0.058); skin breaks in 44 (3.1%) versus 20 (1.4%) (p = 0.002); and falls with injury in 33 (2.3%) versus 24 (1.7%) (p = 0.221). Among patients treated with IPC, there was a statistically significant improvement in survival to 6 months (hazard ratio 0.86, 95% CI 0.73 to 0.99; p = 0.042), but no improvement in disability. The direct cost of preventing a DVT was pound1282 per event (95% CI pound785 to pound3077). CONCLUSIONS: IPC is an effective and inexpensive method of reducing the risk of DVT and improving survival in immobile stroke patients. FUTURE RESEARCH: Further research should test whether or not IPC improves survival in other groups of high-risk hospitalised medical patients. In addition, research into methods to improve adherence to IPC might increase the benefits of IPC in stroke patients. TRIAL REGISTRATION: Current Controlled Trials ISRCTN93529999. FUNDING: The start-up phase of the trial (December 2008-March 2010) was funded by the Chief Scientist Office of the Scottish Government (reference number CZH/4/417). The main phase of the trial was funded by the National Institute for Health Research Health Technology Assessment programme (reference number 08/14/03). Covidien Ltd (Mansfield, MA, USA) lent its Kendall SCD Express sequential compression system controllers to the 105 centres involved in the trial and donated supplies of its sleeves. It also provided logistical help in keeping our centres supplied with sleeves and training materials relevant to the use of their devices. Recruitment and follow-up were supported by the National Institute for Health Research-funded UK Stroke Research Network and by the Scottish Stroke Research Network, which was supported by NHS Research Scotland.,��https://www.ncbi.nlm.nih.gov/pubmed/26418530Q��Dennis, Martin
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Slips���Octc��Falls that occur as a result of a slip are one of the leading causes of injuries, particularly in the elderly population. Previous studies have focused on slips that occur on a flat surface. Slips on a laterally sloping surface are important and may be related to different mechanisms of balance recovery. This type of slip might result in different gait adaptations to those previously described on a flat surface, but these adaptations have not been investigated. The aim of this study was to assess whether, when walking on a cross-slope, young adults adapted their gait when made aware of a potential slip, and having experienced a slip. Gait parameters were compared for three conditions--(1) Normal walking; (2) Walking after being made aware of a potential slip (participants were told that a slip may occur); (3) Walking after experiencing a slip (Participants had already experienced at least one slip induced using a soapy contaminant). Gait parameters were only analysed for trials in which there was no slippery contaminant present on the walkway. Stride length and walking velocity were significantly reduced, and stance duration was significantly greater in the awareness and experience conditions compared to normal walking, with no significant differences in any gait parameters between the awareness and experience conditions. In addition, 46.7% of the slip trials resulted in a fall. This is higher than reported for slips induced on a flat surface, suggesting slips on a cross-slope are more hazardous. This would help explain the more cautious gait patterns observed in both the awareness and experience conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/26404081ì��Lawrence, Daniel
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Risk���MarÀ��Hendra virus causes sporadic fatal disease in horses and humans in eastern Australia. Pteropid bats (flying-foxes) are the natural host of the virus. The mode of flying-fox to horse transmission remains unclear, but oro-nasal contact with flying-fox urine, faeces or saliva is the most plausible. We used GPS data logger technology to explore the landscape utilisation of black flying-foxes and horses to gain new insight into equine exposure risk. Flying-fox foraging was repetitious, with individuals returning night after night to the same location. There was a preference for fragmented arboreal landscape and non-native plant species, resulting in increased flying-fox activity around rural infrastructure. Our preliminary equine data logger study identified significant variation between diurnal and nocturnal grazing behaviour that, combined with the observed flying-fox foraging behaviour, could contribute to Hendra virus exposure risk. While we found no significant risk-exposing difference in individual horse movement behaviour in this study, the prospect warrants further investigation, as does the broader role of animal behaviour and landscape utilisation on the transmission dynamics of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26403793ä��Field, H E
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Viral proteins���In this review we summarize available data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within NTAIL-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder for viral transcription and replication are discussed in light of the ability of disordered regions to establish a complex molecular partnership and to confer a considerable reach to the elements of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26387109���Erales, Jenny
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Viral Proteins/*metabolism���Dec���UNLABELLED: Paramyxoviruses include many important animal and human pathogens. The genome of parainfluenza virus 5 (PIV5), a prototypical paramyxovirus, encodes a V protein that inhibits viral RNA synthesis. In this work, the mechanism of inhibition was investigated. Using mutational analysis and a minigenome system, we identified regions in the N and C termini of the V protein that inhibit viral RNA synthesis: one at the very N terminus of V and the second at the C terminus of V. Furthermore, we determined that residues L16 and I17 are critical for the inhibitory function of the N-terminal region of the V protein. Both regions interact with the nucleocapsid protein (NP), an essential component of the viral RNA genome complex (RNP). Mutations at L16 and I17 abolished the interaction between NP and the N-terminal domain of V. This suggests that the interaction between NP and the N-terminal domain plays a critical role in V inhibition of viral RNA synthesis by the N-terminal domain. Both the N- and C-terminal regions inhibited viral RNA replication. The C terminus inhibited viral RNA transcription, while the N-terminal domain enhanced viral RNA transcription, suggesting that the two domains affect viral RNA through different mechanisms. Interestingly, V also inhibited the synthesis of the RNA of other paramyxoviruses, such as Nipah virus (NiV), human parainfluenza virus 3 (HPIV3), measles virus (MeV), mumps virus (MuV), and respiratory syncytial virus (RSV). This suggests that a common host factor may be involved in the replication of these paramyxoviruses. IMPORTANCE: We identified two regions of the V protein that interact with NP and determined that one of these regions enhances viral RNA transcription via its interaction with NP. Our data suggest that a common host factor may be involved in the regulation of paramyxovirus replication and could be a target for broad antiviral drug development. Understanding the regulation of paramyxovirus replication will enable the rational design of vaccines and potential antiviral drugs.,��https://www.ncbi.nlm.nih.gov/pubmed/26378167=��Yang, Yang
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Virus���Oct���With more than 1 200 species, bats and flying foxes (Order Chiroptera) constitute the most important and diverse order of Mammals after Rodents. Many species of bats are insectivorous while others are frugivorous and few of them are hematophagous. Some of these animals fly during the night, others are crepuscular or diurnal. Some fly long distances during seasonal migrations. Many species are colonial cave-dwelling, living in a rather small home range while others are relatively solitary. However, in spite of the importance of bats for terrestrial biotic communities and ecosystem ecology, the diversity in their biology and lifestyles remain poorly known and underappreciated. More than sixty viruses have been detected or isolated in bats; these animals are therefore involved in the natural cycles of many of them. This is the case, for instance, of rabies virus and other Lyssavirus (Family Rhabdoviridae), Nipah and Hendra viruses (Paramyxoviridae), Ebola and Marburg viruses (Filoviridae), SARS-CoV and MERS-CoV (Coronaviridae). For these zoonotic viruses, a number of bat species are considered as important reservoir hosts, efficient disseminators or even directly responsible of the transmission. Some of these bat-borne viruses cause highly pathogenic diseases while others are of potential significance for humans and domestic or wild animals; so, bats are an important risk in human and animal public health. Moreover, some groups of viruses developed through different phylogenetic mechanisms of coevolution between viruses and bats. The fact that most of these viral infections are asymptomatic in bats has been observed since a long time but the mechanisms of the viral persistence are not clearly understood. The various bioecology of the different bat populations allows exchange of virus between migrating and non-migrating conspecific species. For a better understanding of the role of bats in the circulation of these viral zoonoses, epidemiologists must pay attention to some of their biologic properties which are not fully documented, like their extreme longevity, their diet, the population size and the particular densities observed in species with crowded roosting behavior, the population structure and migrations, the hibernation permitting overwintering of viruses, their particular innate and acquired immune response, probably related at least partially to their ability to fly, allowing persistent virus infections and preventing immunopathological consequences, etc. It is also necessary to get a better knowledge of the interactions between bats and ecologic changes induced by man and to attentively follow bat populations and their viruses through surveillance networks involving human and veterinary physicians, specialists of wild fauna, ecologists, etc. in order to understand the mechanisms of disease emergence, to try to foresee and, perhaps, to prevent viral emergences beforehand. Finally, a more fundamental research about immune mechanisms developed in viral infections is essential to reveal the reasons why Chiroptera are so efficient reservoir hosts. Clearly, a great deal of additional work is needed to document the roles of bats in the natural history of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26330152���Rodhain, F
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recombinant nucleocapsid¼��The recombinant viral protein-based indirect enzyme-linked immunosorbent assay (ELISA) is a cost-effective, safe, specific, and rapid tool to diagnose the viral infection. Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. The N protein was selected based on its immuno dominance and conservation among different NiV strains. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for swine sera was optimized using the recombinant NiV-N protein as an antigen along with negative and positive controls. The background reading was blocked using skim milk powder and chicken serum. A total number of 1709 swine serum samples from various states of India were tested with indirect ELISA and Western blot. The test was considered positive only when its total reactivity reading was higher than 0.2 cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Since specificity is high for Western blotting it was used as standard test for comparison of results of indirect ELISA. Sensitivity and specificity of indirect ELISA was 100% and 98.7%, respectively, in comparison with Western blotting. Recombinant N protein-based ELISA can be used in screening large number of serum samples for epidemiological investigations in developing countries where high containment laboratories are not available to handle this zoonotic virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26327601���Kulkarni, Diwakar D
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489n��Escaffre, Olivier
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encephalitis
pathological���Sep���The genus Henipavirus within the family Paramyxoviridae includes the Hendra virus (HeV) and Nipah virus (NiV) which were discovered in the 1990s in Australia and Malaysia, respectively, after emerging to cause severe and often fatal outbreaks in humans and animals. While HeV is confined to Australia, more recent NiV outbreaks have been reported in Bangladesh, India and the Philippines. The clinical manifestations of both henipaviruses in humans appear similar, with a predominance of an acute encephalitic syndrome. Likewise, the pathological features are similar and characterized by disseminated, multi-organ vasculopathy comprising endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, kidney and other major organs. This unique dual pathogenetic mechanism of vasculitis-induced microinfarction and neuronal infection causes severe tissue damage in the CNS. Both viruses can also cause relapsing encephalitis months and years after the acute infection. Many animal models studied to date have largely confirmed the pathology of henipavirus infection, and provided the means to test new therapeutic agents and vaccines. As the bat is the natural host of henipaviruses and has worldwide distribution, spillover events into human populations are expected to occur in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/26276024¤��Ong, Kien Chai
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Nipah virus
evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523â��Lo Presti, Alessandra
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Wildlife���DecZ��The urban presence of flying-foxes (pteropid bats) in eastern Australia has increased in the last 20 years, putatively reflecting broader landscape change. The influx of large numbers often precipitates community angst, typically stemming from concerns about loss of social amenity, economic loss or negative health impacts from recently emerged bat-mediated zoonotic diseases such as Hendra virus and Australian bat lyssavirus. Local authorities and state wildlife authorities are increasingly asked to approve the dispersal or modification of flying-fox roosts to address expressed concerns, yet the scale of this concern within the community, and the veracity of the basis for concern are often unclear. We conducted an on-line survey to capture community attitudes and opinions on flying-foxes in the urban environment to inform management policy and decision-making. Analysis focused on awareness, concerns, and management options, and primarily compared responses from communities where flying-fox management was and was not topical at the time of the survey. While a majority of respondents indicated a moderate to high level of knowledge of both flying-foxes and Hendra virus, a substantial minority mistakenly believed that flying-foxes pose a direct infection risk to humans, suggesting miscommunication or misinformation, and the need for additional risk communication strategies. Secondly, a minority of community members indicated they were directly impacted by urban roosts, most plausibly those living in close proximity to the roost, suggesting that targeted management options are warranted. Thirdly, neither dispersal nor culling was seen as an appropriate management strategy by the majority of respondents, including those from postcodes where flying-fox management was topical. These findings usefully inform community debate and policy development and demonstrate the value of social analysis in defining the issues and options in this complex human-wildlife interaction. The mobile nature of flying-foxes underlines the need for a management strategy at a regional or larger scale, and independent of state borders.,��https://www.ncbi.nlm.nih.gov/pubmed/28616461Å��Kung, Nina Y
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Reservoir���Dec½��Hendra virus was first described in 1994 in Australia, causally associated with a cluster of fatal equine and human cases at a thoroughbred racing stable in the Brisbane suburb of Hendra. This year marks the twentieth anniversary of the identification of pteropid bats (flying-foxes) as the natural host of the virus, and it is timely to reflect on a pivotal meeting of an eclectic group of scientists in that process. They included animal and public health experts, environmental scientists, veterinary and horse industry representatives, and wildlife experts. The task was to review and prioritise wildlife surveillance seeking the origin of the previously unknown virus. The group determined that the likely reservoir must occur in disparate locations, and be capable of moving between locations, or exist in continuous, overlapping populations spanning multiple locations. Flying-foxes were considered to be a more probable source of the novel virus than birds. Within weeks, antibodies were detected in several species of flying-fox, and the virus was subsequently isolated. While the identification of the natural host of Hendra virus within 18 months of its description was remarkable in itself, a broader legacy followed. In the subsequent years, a suite of zoonotic viruses including Australian bat lyssavirus, Nipah virus, SARS coronavirus, and Ebola and Marburg viruses have been detected in bats. Bats are now the "go to" taxa for novel viruses. History has repeatedly demonstrated that knowledge begets knowledge. This simple notion of bringing a diverse group of people together in an environment of mutual respect reinforced this principle and proves that the sum is often so much more powerful than the parts.,��https://www.ncbi.nlm.nih.gov/pubmed/28616459���Black, Peter
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zoonoses¤	�Introduction: Zoonotic disease outbreaks have surged in the last two decades. These include severe acute respiratory syndrome (SARS), Hendra virus, Nipah virus, influenza viruses, Middle East Respiratory Syndrome (MERS) coronavirus, and ebola. One Health is the initiative of an inclusive collaboration linking human, animal, and environmental health. One Health is advocated through an intersectoral coordination to combat zoonoses, and the term has evolved over centuries. The primary aim of this literature review was to examine the change in the definition of the term One Health over time, particuarly following the the introduction of the latest definition in 2007 by the American Medical Association and the American Veterinary Medical Association. Methods: This review was conducted in four phases. The first phase consisted of a general PubMed search for the phrase "One Health" for every literature published up to December 2014. Then an advanced search was carried out using "One Health" in conjunction with the terms "zoonosis" and "zoonoses" in PubMed for the time period between January 2007 and December 2014. The articles found were then categorized based on the type of journals in which the articles were published. For the second phase, "One Health" was searched as a Medical subject heading (MeSH) term, which is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles. In the third phase, One Health advocate organizations were found using Google search engine. During the final phase, One Health was searched in Google scholar, examined by Google trends, and analyzed by Google ngram. Results: Before 2007, One Health had many connotations to health in the medical literature with an incomplete adherence to the usage of One Health linking zoonoses. The Google trends analysis shows an overal steady increase of the search of One Health from 2007 to 2014, which is consistent with the findings of articles from Pubmed. Discussion: Our results indicate that the linkage between the terms One Health and zoonoses started in 2007, which correlates with the joint declaration made by the American Medical Association and the American Veterinary Medical Association in 2007. We suggest creating a MeSH term for One Health in the PubMed database to support more specific research on zoonoses, and exploring the possibility of a patent of the term One Health to support global health and evidence based public health.,��https://www.ncbi.nlm.nih.gov/pubmed/29138713���Asokan, Govindaraj V
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Recombinant protein expression���DecE��Hendra virus (family Paramyxoviridae) is a negative sense single-stranded RNA virus (NSRV) which has been found to cause disease in humans, horses, and experimentally in other animals, e.g. pigs and cats. Pteropid bats commonly known as flying foxes have been identified as the natural host reservoir. The Hendra virus nucleocapsid protein (HeV N) represents the most abundant viral protein produced by the host cell, and is highly immunogenic with naturally infected humans and horses producing specific antibodies towards this protein. The purpose of this study was to express and purify soluble, functionally active recombinant HeV N, suitable for use as an immunodiagnostic reagent to detect antibodies against HeV. We expressed both full-length HeV N, (HeV NFL), and a C-terminal truncated form, (HeV NCORE), using a bacterial heterologous expression system. Both HeV N constructs were engineered with an N-terminal Hisx6 tag, and purified using a combination of immobilized metal affinity chromatography (IMAC) and size exclusion chromatography (SEC). Purified recombinant HeV N proteins self-assembled into soluble higher order oligomers as determined by SEC and negative-stain transmission electron microscopy. Both HeV N proteins were highly immuno-reactive with sera from animals and humans infected with either HeV or the closely related Nipah virus (NiV), but displayed no immuno-reactivity towards sera from animals infected with a non-pathogenic paramyxovirus (CedPV), or animals receiving Equivac(R) (HeV G glycoprotein subunit vaccine), using a Luminex-based multiplexed microsphere assay.,��https://www.ncbi.nlm.nih.gov/pubmed/26196500���Pearce, Lesley A
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protein-protein interactions���Jul 10¢��We herein review available computational and experimental data pointing to the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed molecular description of the mechanisms governing the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (PXD) of the homologous P proteins. We also show that NTAIL-PXD complexes are "fuzzy", i.e., they possess a significant residual disorder, and discuss the possible functional significance of this fuzziness. Finally, we emphasize the relevance of N-P interactions involving intrinsically disordered proteins as promising targets for new antiviral approaches, and end up summarizing the general functional advantages of disorder for viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26184170¦��Habchi, Johnny
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654���Walsh, Michael G
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zoonoses���AugR��Because some bats host viruses with zoonotic potential, we investigated human-bat interactions in rural Ghana during 2011-2012. Nearly half (46.6%) of respondents regularly visited bat caves; 37.4% had been bitten, scratched, or exposed to bat urine; and 45.6% ate bat meat. Human-bat interactions in rural Ghana are frequent and diverse.,��https://www.ncbi.nlm.nih.gov/pubmed/26177344+��Anti, Priscilla
Owusu, Michael
Agbenyega, Olivia
Annan, Augustina
Badu, Ebenezer Kofi
Nkrumah, Evans Ewald
Tschapka, Marco
Oppong, Samuel
Adu-Sarkodie, Yaw
Drosten, Christian
eng
Research Support, Non-U.S. Gov't
2015/07/16 06:00
Emerg Infect Dis. 2015 Aug;21(8):1418-21. doi: 10.3201/eid2108.142015.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC4517717���26177344���10.3201/eid2108.142015����üÓ|ÿî?����$��Ali, M. T.
Morshed, M. M.
Hassan, F.���2015d��A Computational Approach for Designing a Universal Epitope-Based Peptide Vaccine Against Nipah Virus���177-85���Interdiscip Sci���7���2���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209±��Ali, Mohammad Tuhin
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Phycoerythrin���Sep 15ó��Detection of Hendra viral IgG antibody in animal sera is useful for surveillance following a virus outbreak. The commonly used enzyme-linked immunosorbent assay and fluorescence-based Luminex assay typically consist of three steps and take at least several hours to complete. We have simplified the procedure to two steps in an effort to develop a rapid procedure for IgG antibody, but not IgM antibody, detection. This is achieved by conjugating the fluorescence label R-phycoerythrin directly onto the IgG binding protein Protein G. The use of magnetic nanoparticles, due to their large specific surface area, has helped reduce each of the binding steps to 20 min. As a result, the whole assay can be completed in 60 min. We also demonstrate a method to quickly estimate IgG antibody titres by assaying the sera at only two dilutions (i.e. 1:20 and 1:1000) and using the fluorescence ratio at these dilutions as an indicator of antibody titre. The results of this approach correlated well with the well-regarded serum neutralization test in virus antibody assays. This protocol reported here can be adopted in Luminex assays, fluorescence-linked immunosorbent assays and assays on microfluidics platforms for rapid antibody surveillance of Hendra and other viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26141730	��Gao, Yuan
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519���Satterfield, Benjamin A
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Protein-protein interaction���Sep 14g��In this review I summarize available data pointing to the abundance of structural disorder within the nucleoprotein (N) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. I provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous phosphoproteins. I also show that a significant flexibility persists within NTAIL-XD complexes, which makes them illustrative examples of "fuzziness". Finally, I discuss the functional implications of structural disorder for viral transcription and replication in light of the promiscuity of disordered regions and of the considerable reach they confer to the components of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26071376µ��Longhi, Sonia
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Zoonoses/*virology6��Hendra virus (HeV) is a lethal zoonotic agent that emerged in 1994 in Australia. Pteropid bats (flying-foxes) are the natural reservoir. To date, HeV has spilled over from flying-foxes to horses on 51 known occasions, and from infected horses to close-contact humans on seven occasions. We undertook screening of archived bat tissues for HeV by reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues were tested from 310 bats including 295 Pteropodiformes and 15 Vespertilioniformes. HeV was detected in 20 individual flying-foxes (6.4%) from various tissues including spleen, kidney, liver, lung, placenta and blood components. Detection was significantly higher in Pteropus Alecto and P. conspicillatus, identifying species as a risk factor for infection. Further, our findings indicate that HeV has a predilection for the spleen, suggesting this organ plays an important role in HeV infection. The lack of detections in the foetal tissues of HeV-positive females suggests that vertical transmission is not a regular mode of transmission in naturally infected flying-foxes, and that placental and foetal tissues are not a major source of infection for horses. A better understanding of HeV tissue tropism will strengthen management of the risk of spillover from flying-foxes to horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26060997ñ��Goldspink, Lauren K
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400¼��Weis, Michael
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nucleoside analogsÈ��The paramyxovirus family includes major human and animal pathogens, including measles virus, mumps virus, and human respiratory syncytial virus (RSV), as well as the emerging zoonotic Hendra and Nipah viruses. In the U.S., RSV is the leading cause of infant hospitalizations due to viral infectious disease. Despite their clinical significance, effective drugs for the improved management of paramyxovirus disease are lacking. The development of novel anti-paramyxovirus therapeutics is therefore urgently needed. Paramyxoviruses contain RNA genomes of negative polarity, necessitating a virus-encoded RNA-dependent RNA polymerase (RdRp) complex for replication and transcription. Since an equivalent enzymatic activity is absent in host cells, the RdRp complex represents an attractive druggable target, although structure-guided drug development campaigns are hampered by the lack of high-resolution RdRp crystal structures. Here, we review the current structural and functional insight into the paramyxovirus polymerase complex in conjunction with an evaluation of the mechanism of activity and developmental status of available experimental RdRp inhibitors. Our assessment spotlights the importance of the RdRp complex as a premier target for therapeutic intervention and examines how high-resolution insight into the organization of the complex will pave the path toward the structure-guided design and optimization of much-needed next-generation paramyxovirus RdRp blockers.,��https://www.ncbi.nlm.nih.gov/pubmed/26029193Ù��Cox, Robert
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Tooth/anatomy & histology«��BACKGROUND: Living gnathostomes (jawed vertebrates) comprise two divisions, Chondrichthyes (cartilaginous fishes, including euchondrichthyans with prismatic calcified cartilage, and extinct stem chondrichthyans) and Osteichthyes (bony fishes including tetrapods). Most of the early chondrichthyan ('shark') record is based upon isolated teeth, spines, and scales, with the oldest articulated sharks that exhibit major diagnostic characters of the group--prismatic calcified cartilage and pelvic claspers in males--being from the latest Devonian, c. 360 Mya. This paucity of information about early chondrichthyan anatomy is mainly due to their lack of endoskeletal bone and consequent low preservation potential. METHODOLOGY/PRINCIPAL FINDINGS: Here we present new data from the first well-preserved chondrichthyan fossil from the early Late Devonian (ca. 380-384 Mya) Gogo Formation Lagerstatte of Western Australia. The specimen is the first Devonian shark body fossil to be acid-prepared, revealing the endoskeletal elements as three-dimensional undistorted units: Meckel's cartilages, nasal, ceratohyal, basibranchial and possible epibranchial cartilages, plus left and right scapulocoracoids, as well as teeth and scales. This unique specimen is assigned to Gogoselachus lynnbeazleyae n. gen. n. sp. CONCLUSIONS/SIGNIFICANCE: The Meckel's cartilages show a jaw articulation surface dominated by an expansive cotylus, and a small mandibular knob, an unusual condition for chondrichthyans. The scapulocoracoid of the new specimen shows evidence of two pectoral fin basal articulation facets, differing from the standard condition for early gnathostomes which have either one or three articulations. The tooth structure is intermediate between the 'primitive' ctenacanthiform and symmoriiform condition, and more derived forms with a euselachian-type base. Of special interest is the highly distinctive type of calcified cartilage forming the endoskeleton, comprising multiple layers of nonprismatic subpolygonal tesserae separated by a cellular matrix, interpreted as a transitional step toward the tessellated prismatic calcified cartilage that is recognized as the main diagnostic character of the chondrichthyans.,��https://www.ncbi.nlm.nih.gov/pubmed/26020788���Long, John A
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SeasonsC��Bats of the genus Pteropus (flying-foxes) are the natural host of Hendra virus (HeV) which periodically causes fatal disease in horses and humans in Australia. The increased urban presence of flying-foxes often provokes negative community sentiments because of reduced social amenity and concerns of HeV exposure risk, and has resulted in calls for the dispersal of urban flying-fox roosts. However, it has been hypothesised that disturbance of urban roosts may result in a stress-mediated increase in HeV infection in flying-foxes, and an increased spillover risk. We sought to examine the impact of roost modification and dispersal on HeV infection dynamics and cortisol concentration dynamics in flying-foxes. The data were analysed in generalised linear mixed models using restricted maximum likelihood (REML). The difference in mean HeV prevalence in samples collected before (4.9%), during (4.7%) and after (3.4%) roost disturbance was small and non-significant (P = 0.440). Similarly, the difference in mean urine specific gravity-corrected urinary cortisol concentrations was small and non-significant (before = 22.71 ng/mL, during = 27.17, after = 18.39) (P= 0.550). We did find an underlying association between cortisol concentration and season, and cortisol concentration and region, suggesting that other (plausibly biological or environmental) variables play a role in cortisol concentration dynamics. The effect of roost disturbance on cortisol concentration approached statistical significance for region, suggesting that the relationship is not fixed, and plausibly reflecting the nature and timing of disturbance. We also found a small positive statistical association between HeV excretion status and urinary cortisol concentration. Finally, we found that the level of flying-fox distress associated with roost disturbance reflected the nature and timing of the activity, highlighting the need for a 'best practice' approach to dispersal or roost modification activities. The findings usefully inform public discussion and policy development in relation to Hendra virus and flying-fox management.,��https://www.ncbi.nlm.nih.gov/pubmed/26016629ì��Edson, Daniel
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Viruses���Jul 2Q��In recent years severe infectious diseases have been constantly emerging, causing panic in the world. Now we know that many of these terrible diseases are caused by viruses originated from bats (Table 1), such as Ebola virus, Marburg, SARS coronavirus (SARS-CoV), MERS coronavirus (MERS-CoV), Nipah virus (NiV) and Hendra virus (HeV). These viruses have co-evolved with bats due to bats' special social, biological and immunological features. Although bats are not in close contact with humans, spillover of viruses from bats to intermediate animal hosts, such as horses, pigs, civets, or non-human primates, is thought to be the most likely mode to cause human infection. Humans may also become infected with viruses through aerosol by intruding into bat roosting caves or via direct contact with bats, such as catching bats or been bitten by bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25997928ÿ��Han, Hui-Ju
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Lassa���Aug{��Host cell kinases are important for the replication of a number of hemorrhagic fever viruses. We tested a panel of kinase inhibitors for their ability to block the replication of multiple hemorrhagic fever viruses. OSU-03012 inhibited the replication of Lassa, Ebola, Marburg and Nipah viruses, whereas BIBX 1382 dihydrochloride inhibited Lassa, Ebola and Marburg viruses. BIBX 1382 blocked both Lassa and Ebola virus glycoprotein-dependent cell entry. These compounds may be used as tools to understand conserved virus-host interactions, and implicate host cell kinases that may be targets for broad spectrum therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/25986249?��Mohr, Emma L
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Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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Small angle X-ray scattering���Augz��The Hendra virus is a member of the Henipavirus genus within the Paramyxoviridae family. The nucleoprotein, which consists of a structured core and of a C-terminal intrinsically disordered domain (N(TAIL)), encapsidates the viral genome within a helical nucleocapsid. N(TAIL) partly protrudes from the surface of the nucleocapsid being thus capable of interacting with the C-terminal X domain (XD) of the viral phosphoprotein. Interaction with XD implies a molecular recognition element (MoRE) that is located within N(TAIL) residues 470-490, and that undergoes alpha-helical folding. The MoRE has been proposed to be embedded in the hydrophobic groove delimited by helices alpha2 and alpha3 of XD, although experimental data could not discriminate between a parallel and an antiparallel orientation of the MoRE. Previous studies also showed that if the binding interface is enriched in hydrophobic residues, charged residues located close to the interface might play a role in complex formation. Here, we targeted for site directed mutagenesis two acidic and two basic residues within XD and N(TAIL). ITC studies showed that electrostatics plays a crucial role in complex formation and pointed a parallel orientation of the MoRE as more likely. Further support for a parallel orientation was afforded by SAXS studies that made use of two chimeric constructs in which XD and the MoRE were covalently linked to each other. Altogether, these studies unveiled the multiparametric nature of the interactions established within this complex and contribute to shed light onto the molecular features of protein interfaces involving intrinsically disordered regions.,��https://www.ncbi.nlm.nih.gov/pubmed/25960280ð��Erales, Jenny
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sponge���Jul 3¥��All vertebrate inwardly rectifying potassium (Kir) channels are activated by phosphatidylinositol 4,5-bisphosphate (PIP2) (Logothetis, D. E., Petrou, V. I., Zhang, M., Mahajan, R., Meng, X. Y., Adney, S. K., Cui, M., and Baki, L. (2015) Annu. Rev. Physiol. 77, 81-104; Furst, O., Mondou, B., and D'Avanzo, N. (2014) Front. Physiol. 4, 404-404). Structural components of a PIP2-binding site are conserved in vertebrate Kir channels but not in distantly related animals such as sponges and sea anemones. To expand our understanding of the structure-function relationships of PIP2 regulation of Kir channels, we studied AqKir, which was cloned from the marine sponge Amphimedon queenslandica, an animal that represents the phylogenetically oldest metazoans. A requirement for PIP2 in the maintenance of AqKir activity was examined in intact oocytes by activation of a co-expressed voltage-sensing phosphatase, application of wortmannin (at micromolar concentrations), and activation of a co-expressed muscarinic acetylcholine receptor. All three mechanisms to reduce the availability of PIP2 resulted in inhibition of AqKir current. However, time-dependent rundown of AqKir currents in inside-out patches could not be re-activated by direct application to the inside membrane surface of water-soluble dioctanoyl PIP2, and the current was incompletely re-activated by the more hydrophobic arachidonyl stearyl PIP2. When we introduced mutations to AqKir to restore two positive charges within the vertebrate PIP2-binding site, both forms of PIP2 strongly re-activated the mutant sponge channels in inside-out patches. Molecular dynamics simulations validate the additional hydrogen bonding potential of the sponge channel mutants. Thus, nature's mutations conferred a high affinity activation of vertebrate Kir channels by PIP2, and this is a more recent evolutionary development than the structures that explain ion channel selectivity and inward rectification.,��https://www.ncbi.nlm.nih.gov/pubmed/25957411���Tang, Qiong-Yao
Larry, Trevor
Hendra, Kalen
Yamamoto, Erica
Bell, Jessica
Cui, Meng
Logothetis, Diomedes E
Boland, Linda M
eng
HL059949/HL/NHLBI NIH HHS/
HL090882/HL/NHLBI NIH HHS/
R01 HL059949/HL/NHLBI NIH HHS/
R15-GM096142/GM/NIGMS NIH HHS/
S10RR027411/RR/NCRR NIH HHS/
R01 HL090882/HL/NHLBI NIH HHS/
R15 GM096142/GM/NIGMS NIH HHS/
S10 RR027411/RR/NCRR NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2015/05/10 06:00
J Biol Chem. 2015 Jul 3;290(27):16517-29. doi: 10.1074/jbc.M115.640409. Epub 2015 May 8.*��1083-351X (Electronic)
0021-9258 (Linking)
��PMC4505406���25957411ç��From the Department of Physiology and Biophysics, Virginia Commonwealth University School of Medicine, Richmond, Virginia 23298, the Jiangsu Province Key Laboratory of Anesthesiology and Jiangsu Province Key Laboratory of Anesthesia and Analgesia Application Technology, XuZhou Medical College, Xuzhou, 221004 Jiangsu Province, China.
the Department of Biology, University of Richmond, Richmond, Virginia 23173.
the Department of Chemistry and Biochemistry, University of San Diego, San Diego, California 92110, and.
From the Department of Physiology and Biophysics, Virginia Commonwealth University School of Medicine, Richmond, Virginia 23298.
the Department of Biology, University of Richmond, Richmond, Virginia 23173 lboland@richmond.edu.���10.1074/jbc.M115.640409�
¼��üÒ|ÿî?,���
��Ruiz-Fons, F.���2017���A Review of the Current Status of Relevant Zoonotic Pathogens in Wild Swine (Sus scrofa) Populations: Changes Modulating the Risk of Transmission to Humans���68-88���Transbound Emerg Dis���64���1½��Animals
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zoonosis���Feb���Many wild swine populations in different parts of the World have experienced an unprecedented demographic explosion that may result in increased exposure of humans to wild swine zoonotic pathogens. Interactions between humans and wild swine leading to pathogen transmission could come from different ways, being hunters and game professionals the most exposed to acquiring infections from wild swine. However, increasing human settlements in semi-natural areas, outdoor activities, socio-economic changes and food habits may increase the rate of exposure to wild swine zoonotic pathogens and to potentially emerging pathogens from wild swine. Frequent and increasing contact rate between humans and wild swine points to an increasing chance of zoonotic pathogens arising from wild swine to be transmitted to humans. Whether this frequent contact could lead to new zoonotic pathogens emerging from wild swine to cause human epidemics or emerging disease outbreaks is difficult to predict, and assessment should be based on thorough epidemiologic surveillance. Additionally, several gaps in knowledge on wild swine global population dynamics trends and wild swine-zoonotic pathogen interactions should be addressed to correctly assess the potential role of wild swine in the emergence of diseases in humans. In this work, viruses such as hepatitis E virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. have been identified as the most prone to be transmitted from wild swine to humans on the basis of geographic spread in wild swine populations worldwide, pathogen circulation rates in wild swine populations, wild swine population trends in endemic areas, susceptibility of humans to infection, transmissibility from wild swine to humans and existing evidence of wild swine-human transmission events.,��https://www.ncbi.nlm.nih.gov/pubmed/25953392���Ruiz-Fons, F
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*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743=��Bradel-Tretheway, Birgit G
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Vertebrates/*anatomy & histologyÉ��The origin of terrestrial tetrapods was a key event in vertebrate evolution, yet how and when it occurred remains obscure, due to scarce fossil evidence. Here, we show that the study of palaeopathologies, such as broken and healed bones, can help elucidate poorly understood behavioural transitions such as this. Using high-resolution finite element analysis, we demonstrate that the oldest known broken tetrapod bone, a radius of the primitive stem tetrapod Ossinodus pueri from the mid-Visean (333 million years ago) of Australia, fractured under a high-force, impact-type loading scenario. The nature of the fracture suggests that it most plausibly occurred during a fall on land. Augmenting this are new osteological observations, including a preferred directionality to the trabecular architecture of cancellous bone. Together, these results suggest that Ossinodus, one of the first large (>2m length) tetrapods, spent a significant proportion of its life on land. Our findings have important implications for understanding the temporal, biogeographical and physiological contexts under which terrestriality in vertebrates evolved. They push the date for the origin of terrestrial tetrapods further back into the Carboniferous by at least two million years. Moreover, they raise the possibility that terrestriality in vertebrates first evolved in large tetrapods in Gondwana rather than in small European forms, warranting a re-evaluation of this important evolutionary event.,��https://www.ncbi.nlm.nih.gov/pubmed/25938463���Bishop, Peter J
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*Nipah Virus���Augà��Nipah virus (NiV) encephalitis is endemic in Bangladesh, with yearly seasonal outbreaks occurring since 2003. NiV has a notable case fatality rate, 75-100 per cent depending on the strain. In Bangladesh, primary transmission to humans is believed to be because of consumption of bat-contaminated date palm sap (DPS). Both the disease and the virus have been investigated extensively, however efforts to implement preventive strategies have met social and cultural challenges. Here we present a variety of community approaches to control the spread of Nipah encephalitis, along with advantages and disadvantages of each. This information may be useful to health workers and policymakers in potential NiV outbreak areas in Southeast Asia.,��https://www.ncbi.nlm.nih.gov/pubmed/25925087¼��Dhillon, Jasmine
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*Tropical Medicine���Apr)	�The ten member states of the Association of Southeast Asian Nations (ASEAN) constitute an economic powerhouse, yet these countries also harbor a mostly hidden burden of poverty and neglected tropical diseases (NTDs). Almost 200 million people live in extreme poverty in ASEAN countries, mostly in the low or lower middle-income countries of Indonesia, the Philippines, Myanmar, Viet Nam, and Cambodia, and many of them are affected by at least one NTD. However, NTDs are prevalent even among upper middle-income ASEAN countries such as Malaysia and Thailand, especially among the indigenous populations. The three major intestinal helminth infections are the most common NTDs; each helminthiasis is associated with approximately 100 million infections in the region. In addition, more than 10 million people suffer from either liver or intestinal fluke infections, as well as schistosomiasis and lymphatic filariasis (LF). Intestinal protozoan infections are widespread, while leishmaniasis has emerged in Thailand, and zoonotic malaria (Plasmodium knowlesi infection) causes severe morbidity in Malaysia. Melioidosis has emerged as an important bacterial NTD, as have selected rickettsial infections, and leptospirosis. Leprosy, yaws, and trachoma are still endemic in focal areas. Almost 70 million cases of dengue fever occur annually in ASEAN countries, such that this arboviral infection is now one of the most common and economically important NTDs in the region. A number of other arboviral and zoonotic viral infections have also emerged, including Japanese encephalitis; tick-borne viral infections; Nipah virus, a zoonosis present in fruit bats; and enterovirus 71 infection. There are urgent needs to expand surveillance activities in ASEAN countries, as well as to ensure mass drug administration is provided to populations at risk for intestinal helminth and fluke infections, LF, trachoma, and yaws. An ASEAN Network for Drugs, Diagnostics, Vaccines, and Traditional Medicines Innovation provides a policy framework for the development of new control and elimination tools. Together with prominent research institutions and universities, the World Health Organization (WHO), and its regional offices, these organizations could implement important public health improvements through NTD control and elimination in the coming decade.,��https://www.ncbi.nlm.nih.gov/pubmed/25880767ú��Hotez, Peter J
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385|��Thanapongtharm, Weerapong
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472T��Prescott, Joseph
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ribonucleoprotein���Apr 7½��Parainfluenza virus 5 (PIV5) is a member of the Paramyxoviridae family of membrane-enveloped viruses with a negative-sense RNA genome that is packaged and protected by long filamentous nucleocapsid-helix structures (RNPs). These RNPs, consisting of approximately 2,600 protomers of nucleocapsid (N) protein, form the template for viral transcription and replication. We have determined the 3D X-ray crystal structure of the nucleoprotein (N)-RNA complex from PIV5 to 3.11-A resolution. The structure reveals a 13-mer nucleocapsid ring whose diameter, cavity, and pitch/height dimensions agree with EM data from early studies on the Paramyxovirinae subfamily of native RNPs, indicating that it closely represents one-turn in the building block of the RNP helices. The PIV5-N nucleocapsid ring encapsidates a nuclease resistant 78-nt RNA strand in its positively charged groove formed between the N-terminal (NTD) and C-terminal (CTD) domains of its successive N protomers. Six nucleotides precisely are associated with each N protomer, with alternating three-base-in three-base-out conformation. The binding of six nucleotides per protomer is consistent with the "rule of six" that governs the genome packaging of the Paramyxovirinae subfamily of viruses. PIV5-N protomer subdomains are very similar in structure to the previously solved Nipah-N structure, but with a difference in the angle between NTD/CTD at the RNA hinge region. Based on the Nipah-N structure we modeled a PIV5-N open conformation in which the CTD rotates away from the RNA strand into the inner spacious nucleocapsid-ring cavity. This rotation would expose the RNA for the viral polymerase activity without major disruption of the nucleocapsid structure.,��https://www.ncbi.nlm.nih.gov/pubmed/25831513F��Alayyoubi, Maher
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viral attachment���Apr 28���The discovery of African henipaviruses (HNVs) related to pathogenic Hendra virus (HeV) and Nipah virus (NiV) from Southeast Asia and Australia presents an open-ended health risk. Cell receptor use by emerging African HNVs at the stage of host-cell entry is a key parameter when considering the potential for spillover and infection of human populations. The attachment glycoprotein from a Ghanaian bat isolate (GhV-G) exhibits <30% sequence identity with Asiatic NiV-G/HeV-G. Here, through functional and structural analysis of GhV-G, we show how this African HNV targets the same human cell-surface receptor (ephrinB2) as the Asiatic HNVs. We first characterized this virus-receptor interaction crystallographically. Compared with extant HNV-G-ephrinB2 structures, there was significant structural variation in the six-bladed beta-propeller scaffold of the GhV-G receptor-binding domain, but not the Greek key fold of the bound ephrinB2. Analysis revealed a surprisingly conserved mode of ephrinB2 interaction that reflects an ongoing evolutionary constraint among geographically distal and phylogenetically divergent HNVs to maintain the functionality of ephrinB2 recognition during virus-host entry. Interestingly, unlike NiV-G/HeV-G, we could not detect binding of GhV-G to ephrinB3. Comparative structure-function analysis further revealed several distinguishing features of HNV-G function: a secondary ephrinB2 interaction site that contributes to more efficient ephrinB2-mediated entry in NiV-G relative to GhV-G and cognate residues at the very C terminus of GhV-G (absent in Asiatic HNV-Gs) that are vital for efficient receptor-induced fusion, but not receptor binding per se. These data provide molecular-level details for evaluating the likelihood of African HNVs to spill over into human populations.,��https://www.ncbi.nlm.nih.gov/pubmed/25825759\��Lee, Benhur
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Viral Matrix Proteins/*metabolism���Mar=��The paramyxovirus matrix (M) protein is a molecular scaffold required for viral morphogenesis and budding at the plasma membrane. Transient nuclear residence of some M proteins hints at non-structural roles. However, little is known regarding the mechanisms that regulate the nuclear sojourn. Previously, we found that the nuclear-cytoplasmic trafficking of Nipah virus M (NiV-M) is a prerequisite for budding, and is regulated by a bipartite nuclear localization signal (NLSbp), a leucine-rich nuclear export signal (NES), and monoubiquitination of the K258 residue within the NLSbp itself (NLSbp-lysine). To define whether the sequence determinants of nuclear trafficking identified in NiV-M are common among other Paramyxovirinae M proteins, we generated the homologous NES and NLSbp-lysine mutations in M proteins from the five major Paramyxovirinae genera. Using quantitative 3D confocal microscopy, we determined that the NES and NLSbp-lysine are required for the efficient nuclear export of the M proteins of Nipah virus, Hendra virus, Sendai virus, and Mumps virus. Pharmacological depletion of free ubiquitin or mutation of the conserved NLSbp-lysine to an arginine, which inhibits M ubiquitination, also results in nuclear and nucleolar retention of these M proteins. Recombinant Sendai virus (rSeV-eGFP) bearing the NES or NLSbp-lysine M mutants rescued at similar efficiencies to wild type. However, foci of cells expressing the M mutants displayed marked fusogenicity in contrast to wild type, and infection did not spread. Recombinant Mumps virus (rMuV-eGFP) bearing the homologous mutations showed similar defects in viral morphogenesis. Finally, shotgun proteomics experiments indicated that the interactomes of Paramyxovirinae M proteins are significantly enriched for components of the nuclear pore complex, nuclear transport receptors, and nucleolar proteins. We then synthesize our functional and proteomics data to propose a working model for the ubiquitin-regulated nuclear-cytoplasmic trafficking of cognate paramyxovirus M proteins that show a consistent nuclear trafficking phenotype.,��https://www.ncbi.nlm.nih.gov/pubmed/25782006{��Pentecost, Mickey
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"gateway theory"�
�UNLABELLED: Viral cellular immune surveillance is a dynamic and fluid system that is driven by finely regulated cellular processes including cytokines and other factors locally in the microenvironment and systemically throughout the body. It is questionable as to what extent the central nervous system (CNS) is an immune-privileged organ protected by the blood-brain barrier (BBB). Recent evidence suggests converging pathways through which viral infection, and its associated immune surveillance processes, may alter the integrity of the blood-brain barrier, and lead to inflammation, swelling of the brain parenchyma and associated neurological syndromes. Here, we expand upon the recent "gateway theory", by which viral infection and other immune activation states may disrupt the specialized tight junctions of the BBB endothelium making it permeable to immune cells and factors. The model we outline here builds upon the proposition that this process may actually be initiated by cytokines of the IL-17 family, and recognizing the intimate balance between TH17 and TH9 cytokine profiles systemically. We argue that immune surveillance events, in response to viruses such as the Human Immunodeficiency Virus (HIV), cause a TH17/TH9 induced gateway through blood brain barrier, and thus lead to characteristic neuroimmune pathology. It is possible and even probable that the novel TH17/TH9 induced gateway, which we describe here, opens as a consequence of any state of immune activation and sustained chronic inflammation, whether associated with viral infection or any other cause of peripheral or central neuroinflammation. This view could lead to new, timely and critical patient-centered therapies for patients with neuroimmune pathologies across a variety of etiologies. ABBREVIATIONS: BBB - blood brain barrier, BDV - Borna disease virus, CARD - caspase activation and recruitment domains, CD - clusters of differentiation, CNS - central nervous system, DAMP - damage-associated molecular patterns, DENV - Dengue virus, EBOV - Ebola virus, ESCRT - endosomal sorting complex required for transport-I, HepC - Hepatitis C virus, HIV - human immunodeficiency virus, IFN - interferon, ILn - interleukin-n, IRF-n - interferon regulatory factor-n, MAVS - mitochondrial antiviral-signaling, MBGV - Marburg virus, M-CSF - macrophage colony-stimulating factor, MCP-1 - monocyte chemotactic protein 1 (aka CCL2), MHC - major histocompatibility complex, MIP-alpha beta - macrophage inflammatory protein-1 alpha beta (aka CCL3 & CCL4), MIF - macrophage migration inhibitory factor, NVE - Nipah virus encephalitis, NK - natural killer cell, NLR - NLR, NOD - like receptor, NOD - nucleotide oligomerization domain, PAMP - pathogen-associated molecular patterns, PtdIns - phosphoinositides, PV - Poliovirus, RIG-I - retinoic acid-inducible gene I, RIP - Receptor-interacting protein (RIP) kinase, RLR - RIG-I-like receptor, sICAM1 - soluble intracellular adhesion molecule 1, STAT-3 - signal tranducer and activator of transcription-3, sVCAM1 - soluble vascular cell adhesion molecule 1, TANK - TRAF family member-associated NF- . B activator, TBK1 - TANK-binding kinase 1, TLR - Toll-like receptor, TNF - tumor necrosis factor, TNFR - TNF receptor, TNFRSF21 - tumor necrosis factor receptor superfamily member 21, TRADD TNFR-SF1A - associated via death domain, TRAF TNFR - associated factor, Tregs - regulatory T cellsubpopulation (CD4/8+CD25+FoxP3+), VHF - viral hemorrhagic fever.,��https://www.ncbi.nlm.nih.gov/pubmed/257802816��Barkhordarian, Andre
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�UNLABELLED: Nipah virus and Hendra virus are emerging, highly pathogenic, zoonotic paramyxoviruses that belong to the genus Henipavirus. They infect humans as well as numerous mammalian species. Both viruses use ephrin-B2 and -B3 as cell entry receptors, and following initial entry into an organism, they are capable of rapid spread throughout the host. We have previously reported that Nipah virus can use another attachment receptor, different from its entry receptors, to bind to nonpermissive circulating leukocytes, thereby promoting viral dissemination within the host. Here, this attachment molecule was identified as heparan sulfate for both Nipah virus and Hendra virus. Cells devoid of heparan sulfate were not able to mediate henipavirus trans-infection and showed reduced permissivity to infection. Virus pseudotyped with Nipah virus glycoproteins bound heparan sulfate and heparin but no other glycosaminoglycans in a surface plasmon resonance assay. Furthermore, heparin was able to inhibit the interaction of the viruses with the heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin was shown to bind to ephrin-B3 and to restrain infection of permissive cells in vitro. Consequently, treatment with heparin devoid of anticoagulant activity improved the survival of Nipah virus-infected hamsters. Altogether, these results reveal heparan sulfate as a new attachment receptor for henipaviruses and as a potential therapeutic target for the development of novel approaches against these highly lethal infections. IMPORTANCE: The Henipavirus genus includes two closely related, highly pathogenic paramyxoviruses, Nipah virus and Hendra virus, which cause elevated morbidity and mortality in animals and humans. Pathogenesis of both Nipah virus and Hendra virus infection is poorly understood, and efficient antiviral treatment is still missing. Here, we identified heparan sulfate as a novel attachment receptor used by both viruses to bind host cells. We demonstrate that heparin was able to inhibit the interaction of the viruses with heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin also bound to the viral entry receptor and thereby restricted infection of permissive cells in vitro. Consequently, heparin treatment improved survival of Nipah virus-infected hamsters. These results uncover an important role of heparan sulfate in henipavirus infection and open novel perspectives for the development of heparan sulfate-targeting therapeutic approaches for these emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25759505���Mathieu, Cyrille
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Virus Replication/drug effects���Mayµ	�UNLABELLED: Hydrogen sulfide (H2S) is an endogenous gaseous mediator that has gained increasing recognition as an important player in modulating acute and chronic inflammatory diseases. However, its role in virus-induced lung inflammation is currently unknown. Respiratory syncytial virus (RSV) is a major cause of upper and lower respiratory tract infections in children for which no vaccine or effective treatment is available. Using the slow-releasing H2S donor GYY4137 and propargylglycin (PAG), an inhibitor of cystathionine-gamma-lyase (CSE), a key enzyme that produces intracellular H2S, we found that RSV infection led to a reduced ability to generate and maintain intracellular H2S levels in airway epithelial cells (AECs). Inhibition of CSE with PAG resulted in increased viral replication and chemokine secretion. On the other hand, treatment of AECs with the H2S donor GYY4137 reduced proinflammatory mediator production and significantly reduced viral replication, even when administered several hours after viral absorption. GYY4137 also significantly reduced replication and inflammatory chemokine production induced by human metapneumovirus (hMPV) and Nipah virus (NiV), suggesting a broad inhibitory effect of H2S on paramyxovirus infections. GYY4137 treatment had no effect on RSV genome replication or viral mRNA and protein synthesis, but it inhibited syncytium formation and virus assembly/release. GYY4137 inhibition of proinflammatory gene expression occurred by modulation of the activation of the key transcription factors nuclear factor kappaB (NF-kappaB) and interferon regulatory factor 3 (IRF-3) at a step subsequent to their nuclear translocation. H2S antiviral and immunoregulatory properties could represent a novel treatment strategy for paramyxovirus infections. IMPORTANCE: RSV is a global health concern, causing significant morbidity and economic losses as well as mortality in developing countries. After decades of intensive research, no vaccine or effective treatment, with the exception of immunoprophylaxis, is available for this infection as well as for other important respiratory mucosal viruses. This study identifies hydrogen sulfide as a novel cellular mediator that can modulate viral replication and proinflammatory gene expression, both important determinants of lung injury in respiratory viral infections, with potential for rapid translation of such findings into novel therapeutic approaches for viral bronchiolitis and pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/25740991r��Li, Hui
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Surface expression���Apr 2���Compared to the fusion proteins of pathogenic Nipah and Hendra viruses, the F protein of prototype African henipavirus GH-M74a displays a drastically reduced surface expression and fusion activity. A probable reason for limited F expression is the unusually long sequence located between the gene start and the signal peptide (SP) not present in other henipaviruses. Such a long pre-SP extension can prevent efficient ER translocation or protein maturation and processing. As its truncation can therefore enhance surface expression, the recent identification of a second in-frame start codon directly upstream of the SP in another African henipavirus F gene (GH-UP28) raised the question if such a naturally occurring minor sequence variation can lead to the synthesis of a pre-SP truncated translation product, thereby increasing the production of mature F proteins. To test this, we analyzed surface expression and biological activity of F genes carrying the second SP-proximal start codon of GH-UP28. Though we observed minor differences in the expression levels, introduction of the additional start codon did not result in an increased fusion activity, even if combined with further mutations in the pre-SP region. Thus, limited bioactivity of African henipavirus F protein is maintained even after sequence changes that alter the gene start allowing the production of F proteins without an unusually long pre-SP.,��https://www.ncbi.nlm.nih.gov/pubmed/25725148ù��Weis, Michael
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Technology, Pharmaceutical/*instrumentation���Jan-Feb´��High-throughput screening (HTS) has been integrated into the drug discovery process, and multiple assay formats have been widely used in many different disease areas but with limited focus on infectious agents. In recent years, there has been an increase in the number of HTS campaigns using infectious wild-type pathogens rather than surrogates or biochemical pathogen-derived targets. Concurrently, enhanced emerging pathogen surveillance and increased human mobility have resulted in an increase in the emergence and dissemination of infectious human pathogens with serious public health, economic, and social implications at global levels. Adapting the HTS drug discovery process to biocontainment laboratories to develop new drugs for these previously uncharacterized and highly pathogenic agents is now feasible, but HTS at higher biosafety levels (BSL) presents a number of unique challenges. HTS has been conducted with multiple bacterial and viral pathogens at both BSL-2 and BSL-3, and pilot screens have recently been extended to BSL-4 environments for both Nipah and Ebola viruses. These recent successful efforts demonstrate that HTS can be safely conducted at the highest levels of biological containment. This review outlines the specific issues that must be considered in the execution of an HTS drug discovery program for high-containment pathogens. We present an overview of the requirements for HTS in high-level biocontainment laboratories.,��https://www.ncbi.nlm.nih.gov/pubmed/25710545ë��Rasmussen, Lynn
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meningoencephalitis���Mar°��CASE REPORT: This report summarises the findings from a case of naturally-occurring Murray Valley encephalitis in a 2-year-old filly presenting with acute onset of depression and weakness. Serum samples tested at the onset of clinical signs were negative for Hendra and Kunjin virus antibodies, but positive for Murray Valley encephalitis virus (MVEV) using IgM-capture ELISA (1 : 300 dilution). A virus neutralisation assay performed 4 weeks later confirmed a titre of 1 : 160. Sera collected in the weeks preceding neurological signs returned a negative titre for MVEV 2 weeks prior followed by a titre of 1:80 in the week prior to illness. Serological surveillance conducted on 67 co-located horses returned a positive titre of 1 : 20 in one in-contact horse. There was no history of clinical disease in that horse. At 3 months after the onset of clinical signs in the index case, the filly continued to show mild facial paresis and hypermetria; the owners elected euthanasia and gave permission for necropsy. Histopathological analysis of the brain showed a mild meningoencephalitis. CONCLUSION: The progression of a naturally-occurring MVEV infection in a horse has been documented in this case.,��https://www.ncbi.nlm.nih.gov/pubmed/25708787���Barton, A J
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Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25706617C��Johnston, Sara C
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Viral Proteins/*metabolism ��Bats of different species play a major role in the emergence and transmission of highly pathogenic viruses including Ebola virus, SARS-like coronavirus and the henipaviruses. These viruses require proteolytic activation of surface envelope glycoproteins needed for entry, and cellular cathepsins have been shown to be involved in proteolysis of glycoproteins from these distinct virus families. Very little is currently known about the available proteases in bats. To determine whether the utilization of cathepsins by bat-borne viruses is related to the nature of proteases in their natural hosts, we examined proteolytic processing of several viral fusion proteins in cells derived from two fruit bat species, Pteropus alecto and Rousettus aegyptiacus. Our work shows that fruit bat cells have homologs of cathepsin and furin proteases capable of cleaving and activating both the cathepsin-dependent Hendra virus F and the furin-dependent parainfluenza virus 5 F proteins. Sequence analysis comparing Pteropus alecto furin and cathepsin L to proteases from other mammalian species showed a high degree of conservation; however significant amino acid variation occurs at the C-terminus of Pteropus alecto furin. Further analysis of furin-like proteases from fruit bats revealed that these proteases are catalytically active and resemble other mammalian furins in their response to a potent furin inhibitor. However, kinetic analysis suggests that differences may exist in the cellular localization of furin between different species. Collectively, these results indicate that the unusual role of cathepsin proteases in the life cycle of bat-borne viruses is not due to the lack of active furin-like proteases in these natural reservoir species; however, differences may exist between furin proteases present in fruit bats compared to furins in other mammalian species, and these differences may impact protease usage for viral glycoprotein processing.,��https://www.ncbi.nlm.nih.gov/pubmed/25706132���El Najjar, Farah
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Zinc���Aprr��The recent proposal of using Zn-based alloys for biodegradable implants was not supported with sufficient toxicity data. This work, for the first time, presents a thorough cytotoxicity evaluation of Zn-3Mg alloy for biodegradable bone implants. Normal human osteoblast cells were exposed to the alloy's extract and three main cell-material interaction parameters: cell health, functionality and inflammatory response, were evaluated. Results showed that at the concentration of 0.75mg/ml alloy extract, cell viability was reduced by ~50% through an induction of apoptosis at day 1; however, cells were able to recover at days 3 and 7. Cytoskeletal changes were observed but without any significant DNA damage. The downregulation of alkaline phosphatase protein levels did not significantly affect the mineralization process of the cells. Significant differences of cyclooxygenase-2 and prostaglandin E2 inflammatory biomarkers were noticed, but not interleukin 1-beta, indicating that the cells underwent a healing process after exposure to the alloy. Detailed analysis on the cell-material interaction is further discussed in this paper.,��https://www.ncbi.nlm.nih.gov/pubmed/25686984ê��Murni, N S
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Seasons���Jun§��Hendra virus (HeV) is lethal to humans and horses, and little is known about its epidemiology. Biosecurity restrictions impede advances, particularly on understanding pathways of transmission. Quantifying the environmental survival of HeV can be used for making decisions and to infer transmission pathways. We estimated HeV survival with a Weibull distribution and calculated parameters from data generated in laboratory experiments. HeV survival rates based on air temperatures 24 h after excretion ranged from 2 to 10 % in summer and from 12 to 33 % in winter. Simulated survival across the distribution of the black flying fox (Pteropus alecto), a key reservoir host, did not predict spillover events. Based on our analyses we concluded that the most likely pathways of transmission did not require long periods of virus survival and were likely to involve relatively direct contact with flying fox excreta shortly after excretion.,��https://www.ncbi.nlm.nih.gov/pubmed/25667321���Martin, Gerardo
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Rhinitis virus���Apr§��Many viral agents have been associated with respiratory disease of the horse. The most important viral causes of respiratory disease in horses are equine influenza and the equine alphaherpesviruses. Agents such as equine viral arteritis virus, African horse sickness virus, and Hendra virus establish systemic infections. Clinical signs of disease resulting from infection with these agents can manifest as respiratory disease, but the respiratory tract is not the major body system affected by these viruses. Treatment of viral respiratory disease is generally limited to supportive therapies, whereas targeted antimicrobial therapy is effective in cases of bacterial infection.,��https://www.ncbi.nlm.nih.gov/pubmed/25648568Ï��Gilkerson, James R
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Small-angle X-ray scattering���Mar���Nipah and Hendra viruses are recently emerged paramyxoviruses belonging to the Henipavirus genus. The Henipavirus phosphoprotein (P) consists of a large intrinsically disordered domain and a C-terminal domain (PCT) containing alternating disordered and ordered regions. Among these latter is the P multimerization domain (PMD). Using biochemical, analytical ultracentrifugation and small-angle X-ray scattering (SAXS) studies, we show that Hendra virus (HeV) PMD forms an elongated coiled-coil homotrimer in solution, in agreement with our previous findings on Nipah virus (NiV) PMD. However, the orientation of the N-terminal region differs from that observed in solution for NiV PMD, consistent with the ability of this region to adopt different conformations. SAXS studies provided evidence for a trimeric organization also in the case of PCT, thus extending and strengthening our findings on PMD. The present results are discussed in light of conflicting reports in the literature pointing to a tetrameric organization of paramyxoviral P proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/25637789Æ��Beltrandi, Matilde
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Multi-epitope peptide vaccination���Mar 3���BACKGROUND: Peptide vaccination based on multiple T-cell epitopes can be used to target well-defined ethnic populations. Because the response to T-cell epitopes is restricted by HLA proteins, the HLA specificity of T-cell epitopes becomes a major consideration for epitope-based vaccine design. We have previously shown that CD4+ T-cell epitopes restricted by 95% of human MHC class II proteins can be predicted with high-specificity. METHODS: We describe here the integration of epitope prediction with population coverage and epitope selection algorithms. The population coverage assessment makes use of the Allele Frequency Net Database. We present the computational platform Predivac-2.0 for HLA class II-restricted epitope-based vaccine design, which accounts comprehensively for human genetic diversity. RESULTS: We validated the performance of the tool on the identification of promiscuous and immunodominant CD4+ T-cell epitopes from the human immunodeficiency virus (HIV) protein Gag. We further describe an application for epitope-based vaccine design in the context of emerging infectious diseases associated with Lassa, Nipah and Hendra viruses. Putative CD4+ T-cell epitopes were mapped on the surface glycoproteins of these pathogens and are good candidates to be experimentally tested, as they hold potential to provide cognate help in vaccination settings in their respective target populations. CONCLUSION: Predivac-2.0 is a novel approach in epitope-based vaccine design, particularly suited to be applied to virus-related emerging infectious diseases, because the geographic distributions of the viruses are well defined and ethnic populations in need of vaccination can be determined ("ethnicity-oriented approach"). Predivac-2.0 is accessible through the website http://predivac.biosci.uq.edu.au/.,��https://www.ncbi.nlm.nih.gov/pubmed/25629524ö��Oyarzun, Patricio
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Young Adult���Feb)��Acute encephalitis is a severe neurologic syndrome. Determining etiology from among approximately 100 possible agents is difficult. To identify infectious etiologies of encephalitis in Thailand, we conducted surveillance in 7 hospitals during July 2003-August 2005 and selected patients with acute onset of brain dysfunction with fever or hypothermia and with abnormalities seen on neuroimages or electroencephalograms or with cerebrospinal fluid pleocytosis. Blood and cerebrospinal fluid were tested for >30 pathogens. Among 149 case-patients, median age was 12 (range 0-83) years, 84 (56%) were male, and 15 (10%) died. Etiology was confirmed or probable for 54 (36%) and possible or unknown for 95 (64%). Among confirmed or probable etiologies, the leading pathogens were Japanese encephalitis virus, enteroviruses, and Orientia tsutsugamushi. No samples were positive for chikungunya, Nipah, or West Nile viruses; Bartonella henselae; or malaria parasites. Although a broad range of infectious agents was identified, the etiology of most cases remains unknown.,��https://www.ncbi.nlm.nih.gov/pubmed/25627940"��Olsen, Sonja J
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Vaccine designing���Decø��Identification of Nipah virus (NiV) T-cell-specific antigen is urgently needed for appropriate diagnostic and vaccination. In the present study, prediction and modeling of T-cell epitopes of Nipah virus antigenic proteins nucleocapsid, phosphoprotein, matrix, fusion, glycoprotein, L protein, W protein, V protein and C protein followed by the binding simulation studies of predicted highest binding scorers with their corresponding MHC class I alleles were done. Immunoinformatic tool ProPred1 was used to predict the promiscuous MHC class I epitopes of viral antigenic proteins. The molecular modelings of the epitopes were done by PEPstr server. And alleles structure were predicted by MODELLER 9.10. Molecular dynamics (MD) simulation studies were performed through the NAMD graphical user interface embedded in visual molecular dynamics. Epitopes VPATNSPEL, NPTAVPFTL and LLFVFGPNL of Nucleocapsid, V protein and Fusion protein have considerable binding energy and score with HLA-B7, HLA-B*2705 and HLA-A2MHC class I allele, respectively. These three predicted peptides are highly potential to induce T-cell-mediated immune response and are expected to be useful in designing epitope-based vaccines against Nipah virus after further testing by wet laboratory studies.,��https://www.ncbi.nlm.nih.gov/pubmed/28324411���Kamthania, Mohit
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064���Garner, Omai B
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viral proteins���Jan 19÷��We provide an atomic-resolution description based on NMR spectroscopy, of the intrinsically disordered C-terminal domain of the Nipah virus nucleoprotein (NTAIL ), both in its isolated state and within the nucleocapsid (NC). Within the NC the second half of NTAIL retains conformational behavior similar to that of isolated NTAIL , whereas the first half of NTAIL becomes much more rigid. In spite of the mostly disordered nature of NTAIL , chemical shifts and relaxation measurements show a significant degree of alpha-helical sampling in the molecular recognition element (MoRE) involved in binding to the X domain (XD) of the phosphoprotein, with this preconfiguration being more pronounced than in the NTAIL domain from the cognate Hendra virus. Outside the MoRE, an additional region exhibiting reduced flexibility was identified within NTAIL and found to be involved in binding to the XD. (1) H- and (13) C-detected titration NMR experiments support a highly dynamic binding of NTAIL at the surface of the XD.,��https://www.ncbi.nlm.nih.gov/pubmed/25492314õ��Baronti, Lorenzo
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*Virus Attachment
*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
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*Virus Assembly���Nov 27u��BACKGROUND: Hendra virus (HeV) is a pleomorphic virus belonging to the Paramyxovirus family. Our long-term aim is to understand the process of assembly of HeV virions. As a first step, we sought to determine the most appropriate cell culture system with which to study this process, and then to use this model to define the morphology of the virus and identify the site of assembly by imaging key virus encoded proteins in infected cells. METHODS: A range of primary cells and immortalised cell lines were infected with HeV, fixed at various time points post-infection, labelled for HeV proteins and imaged by confocal, super-resolution and transmission electron microscopy. RESULTS: Significant differences were noted in viral protein distribution depending on the infected cell type. At 8 hpi HeV G protein was detected in the endoplasmic reticulum and M protein was seen predominantly in the nucleus in all cells tested. At 18 hpi, HeV-infected Vero cells showed M and G proteins throughout the cell and in transmission electron microscope (TEM) sections, in pleomorphic virus-like structures. In HeV infected MDBK, A549 and HeLa cells, HeV M protein was seen predominantly in the nucleus with G protein at the membrane. In HeV-infected primary bovine and porcine aortic endothelial cells and two bat-derived cell lines, HeV M protein was not seen at such high levels in the nucleus at any time point tested (8,12, 18, 24, 48 hpi) but was observed predominantly at the cell surface in a punctate pattern co-localised with G protein. These HeV M and G positive structures were confirmed as round HeV virions by TEM and super-resolution (SR) microscopy. SR imaging demonstrated for the first time sub-virion imaging of paramyxovirus proteins and the respective localisation of HeV G, M and N proteins within virions. CONCLUSION: These findings provide novel insights into the structure of HeV and show that for HeV imaging studies the choice of tissue culture cells may affect the experimental results. The results also indicate that HeV should be considered a predominantly round virus with a mean diameter of approximately 280 nm by TEM and 310 nm by SR imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/25428656ù��Monaghan, Paul
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hantavirus pulmonary syndromer��Emerging infectious diseases of zoonotic origin are shaping today's infectious disease field more than ever. In this article, we introduce and review three emerging zoonotic viruses. Novel hantaviruses emerged in the Americas in the mid-1990s as the cause of severe respiratory infections, designated hantavirus pulmonary syndrome, with case fatality rates of around 40%. Nipah virus emerged a few years later, causing respiratory infections and encephalitis in Southeast Asia, with case fatality rates ranging from 40% to more than 90%. A new coronavirus emerged in 2012 on the Arabian Peninsula with a clinical syndrome of acute respiratory infections, later designated as Middle East respiratory syndrome (MERS), and an initial case fatality rate of more than 40%. Our current state of knowledge on the pathogenicity of these three severe, emerging viral infections is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25423349á��Safronetz, David
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Water/*chemistry���Dec 26ë��The dynamical properties of water at protein-water interfaces are unlike those in the bulk. Here we utilize molecular dynamics simulations to study water dynamics in interstitial regions between two proteins. We consider two natural protein-protein complexes, one in which the Nipah virus G protein binds to cellular ephrin B2 and the other in which the same G protein binds to ephrin B3. While the two complexes are structurally similar, the two ephrins share only a modest sequence identity of approximately 50%. X-ray crystallography also suggests that these interfaces are fairly extensive and contain exceptionally large amounts of waters. We find that while the interstitial waters tend to occupy crystallographic sites, almost all waters exhibit residence times of less than hundred picoseconds in the interstitial region. We also find that while the differences in the sequence of the two ephrins result in quantitative differences in the dynamics of interstitial waters, the trends in the shifts with respect to bulk values are similar. Despite the high wetness of the protein-protein interfaces, the dynamics of interstitial waters are considerably slower compared to the bulk-the interstitial waters diffuse an order of magnitude slower and have 2-3 fold longer hydrogen bond lifetimes and 2-1000 fold slower dipole relaxation rates. To understand the role of interstitial waters, we examine how implicit solvent models compare against explicit solvent models in producing ephrin-induced shifts in the G conformational density. Ephrin-induced shifts in the G conformational density are critical to the allosteric activation of another viral protein that mediates fusion. We find that in comparison with the explicit solvent model, the implicit solvent model predicts a more compact G-B2 interface, presumably because of the absence of discrete waters at the G-B2 interface. Simultaneously, we find that the two models yield strikingly different induced changes in the G conformational density, even for those residues whose conformational densities in the apo state are unaffected by the treatment of the bulk solvent. Together, these results show that the explicit treatment of interstitial water molecules is necessary for a proper description of allosteric transitions.,��https://www.ncbi.nlm.nih.gov/pubmed/25420132»��Dutta, Priyanka
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��69 Suppl A���Augq��Between September 1998 to May 1999, Malaysia and Singapore were hit by an outbreak of fatal encephalitis caused by a novel virus from the paramyxovirus family. This virus was subsequently named as Nipah virus, after the Sungei Nipah village in Negeri Sembilan, where the virus was first isolated. The means of transmission was thought to be from bats-topigs and subsequently pigs-to-human. Since 2001, almost yearly outbreak of Nipah encephalitis has been reported from Bangladesh and West Bengal, India. These outbreaks were characterized by direct bats-to-human, and human-to-human spread of infection. Nipah virus shares many similar characteristics to Hendra virus, first isolated in an outbreak of respiratory illness involving horses in Australia in 1994. Because of their homology, a new genus called Henipavirus (Hendra + Nipah) was introduced. Henipavirus infection is a human disease manifesting most often as acute encephalitis (which may be relapsing or late-onset) or pneumonia, with a high mortality rate. Pteropus bats act as reservoir for the virus, which subsequently lead to human spread. Transmission may be from consumption of food contaminated by bats secretion, contact with infected animals, or human-to-human spread. With wide geographical distribution of Pteropus bats, Henipavirus infection has become an important emerging human infection with worldwide implication.,��https://www.ncbi.nlm.nih.gov/pubmed/25417957b��Sherrini, B A
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��69 Suppl A���AugO��This article describes the methodology of this bibliography. A search was conducted on the following: (1) bibliographic databases (PubMed, Scopus, and other databases) using search terms that maximize the retrieval of Malaysian publications; (2) Individual journal search of Malaysian healthrelated journals; (3) A targeted search of Google and Google Scholar; (4) Searching of Malaysian institutional repositories; (5) Searching of Ministry of Health and Clinical Research Centre website. The publication years were limited to 2000- 2013. The citations were imported or manually entered into bibliographic software Refworks. After removing duplicates, and correcting data entry errors, PubMed's Medical Subject Headings (MeSH terms) were added. Clinical research is coded using the definition "patient-oriented-research or research conducted with human subjects (or on material of human origin) for which the investigator directly interacts with the human subjects at some point during the study." A bibliography of citations [n=2056] that fit the criteria of clinical research in Malaysia in selected topics within five domains was generated: Cancers [589], Cardiovascular diseases [432], Infections [795], Injuries [142], and Mental Health [582]. This is done by retrieving citations with the appropriate MESH terms, as follow: For cancers (Breast Neoplasms; Colorectal Neoplasms; Uterine Cervical Neoplasms), for cardiovascular diseases (Coronary Disease; Hypertension; Stroke), for infections (Dengue; Enterovirus Infections, HIV Infections; Malaria; Nipah Virus; Tuberculosis), for injuries (Accidents, Occupational; Accidents, Traffic; Child Abuse; Occupational Injuries), for mental health (Depression; Depressive Disorder; Depressive Disorder, Major; Drug Users; Psychotic Disorders; Suicide; Suicide, Attempted; Suicidal Ideation; Substance- Related Disorders).,��https://www.ncbi.nlm.nih.gov/pubmed/25417946q��Teng, C L
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Swine Diseases/blood/*epidemiology/virology���Novî��BACKGROUND: Nipah virus (NiV) is an emerging disease that causes severe encephalitis and respiratory illness in humans. Pigs were identified as an intermediate host for NiV transmission in Malaysia. In Bangladesh, NiV has caused recognized human outbreaks since 2001 and three outbreak investigations identified an epidemiological association between close contact with sick or dead animals and human illness. METHODOLOGY: We examined cattle and goats reared around Pteropus bat roosts in human NiV outbreak areas. We also tested pig sera collected under another study focused on Japanese encephalitis. PRINCIPAL FINDINGS: We detected antibodies against NiV glycoprotein in 26 (6.5%) cattle, 17 (4.3%) goats and 138 (44.2%) pigs by a Luminex-based multiplexed microsphere assay; however, these antibodies did not neutralize NiV. Cattle and goats with NiVsG antibodies were more likely to have a history of feeding on fruits partially eaten by bats or birds (PR=3.1, 95% CI 1.6-5.7) and drinking palmyra palm juice (PR=3.9, 95% CI 1.5-10.2). CONCLUSIONS: This difference in test results may be due to the exposure of animals to one or more novel viruses with antigenic similarity to NiV. Further research may identify a novel organism of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/25412358r��Chowdhury, Sukanta
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Zoonoses/blood/immunology���Nov 18X��Zoonotic transmission of lethal henipaviruses (HNVs) from their natural fruit bat reservoirs to humans has only been reported in Australia and South/Southeast Asia. However, a recent study discovered numerous HNV clades in African bat samples. To determine the potential for HNV spillover events among humans in Africa, here we examine well-curated sets of bat (Eidolon helvum, n = 44) and human (n = 497) serum samples from Cameroon for Nipah virus (NiV) cross-neutralizing antibodies (NiV-X-Nabs). Using a vesicular stomatitis virus (VSV)-based pseudoparticle seroneutralization assay, we detect NiV-X-Nabs in 48% and 3-4% of the bat and human samples, respectively. Seropositive human samples are found almost exclusively in individuals who reported butchering bats for bushmeat. Seropositive human sera also neutralize Hendra virus and Gh-M74a (an African HNV) pseudoparticles, as well as live NiV. Butchering bat meat and living in areas undergoing deforestation are the most significant risk factors associated with seropositivity. Evidence for HNV spillover events warrants increased surveillance efforts.,��https://www.ncbi.nlm.nih.gov/pubmed/25405640í��Pernet, Olivier
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Virus Replication/genetics®��BACKGROUND: Bats are a major reservoir of emerging infectious viruses. Many of these viruses are highly pathogenic to humans however bats remain asymptomatic. The mechanism by which bats control viral replication is unknown. Here we utilize an integrated approach of proteomics informed by transcriptomics to compare the response of immortalized bat and human cells following infection with the highly pathogenic bat-borne Hendra virus (HeV). RESULTS: The host response between the cell lines was significantly different at both the mRNA and protein levels. Human cells demonstrated minimal response eight hours post infection, followed by a global suppression of mRNA and protein abundance. Bat cells demonstrated a robust immune response eight hours post infection, which led to the up-regulation of apoptosis pathways, mediated through the tumor necrosis factor-related apoptosis inducing ligand (TRAIL). HeV sensitized bat cells to TRAIL-mediated apoptosis, by up-regulating death receptor transcripts. At 48 and 72 hours post infection, bat cells demonstrated a significant increase in apoptotic cell death. CONCLUSIONS: This is the first study to comprehensively compare the response of bat and human cells to a highly pathogenic zoonotic virus. An early induction of innate immune processes followed by apoptosis of virally infected bat cells highlights the possible involvement of programmed cell death in the host response. Our study shows for the first time a side-by-side high-throughput analysis of a dangerous zoonotic virus in cell lines derived from humans and the natural bat host. This enables a way to search for divergent mechanisms at a molecular level that may influence host pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/25398248���Wynne, James W
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severe acute respiratory syndrome coronavirus���Jan 7ß��Viruses that originate in bats may be the most notorious emerging zoonoses that spill over from wildlife into domestic animals and humans. Understanding how these infections filter through ecological systems to cause disease in humans is of profound importance to public health. Transmission of viruses from bats to humans requires a hierarchy of enabling conditions that connect the distribution of reservoir hosts, viral infection within these hosts, and exposure and susceptibility of recipient hosts. For many emerging bat viruses, spillover also requires viral shedding from bats, and survival of the virus in the environment. Focusing on Hendra virus, but also addressing Nipah virus, Ebola virus, Marburg virus and coronaviruses, we delineate this cross-species spillover dynamic from the within-host processes that drive virus excretion to land-use changes that increase interaction among species. We describe how land-use changes may affect co-occurrence and contact between bats and recipient hosts. Two hypotheses may explain temporal and spatial pulses of virus shedding in bat populations: episodic shedding from persistently infected bats or transient epidemics that occur as virus is transmitted among bat populations. Management of livestock also may affect the probability of exposure and disease. Interventions to decrease the probability of virus spillover can be implemented at multiple levels from targeting the reservoir host to managing recipient host exposure and susceptibility.,��https://www.ncbi.nlm.nih.gov/pubmed/25392474���Plowright, Raina K
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*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218ì��Yun, Tatyana
Park, Arnold
Hill, Terence E
Pernet, Olivier
Beaty, Shannon M
Juelich, Terry L
Smith, Jennifer K
Zhang, Lihong
Wang, Yao E
Vigant, Frederic
Gao, Junling
Wu, Ping
Lee, Benhur
Freiberg, Alexander N
eng
T32 AI007647/AI/NIAID NIH HHS/
R01 AI060694/AI/NIAID NIH HHS/
U54 AI057156/AI/NIAID NIH HHS/
T32 AI007536/AI/NIAID NIH HHS/
R21 AI059051/AI/NIAID NIH HHS/
T32 AI007323/AI/NIAID NIH HHS/
GM007185/GM/NIGMS NIH HHS/
UC7 AI094660/AI/NIAID NIH HHS/
T32 AI07323/AI/NIAID NIH HHS/
T32 GM007185/GM/NIGMS NIH HHS/
T32 AI007647-15/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2014/11/14 06:00
J Virol. 2015 Jan 15;89(2):1242-53. doi: 10.1128/JVI.02583-14. Epub 2014 Nov 12.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4300668���25392218)��Department of Pathology, University of Texas Medical Branch, Galveston, Texas, USA Galveston National Laboratory, University of Texas Medical Branch, Galveston, Texas, USA.
Department of Microbiology, Immunology and Molecular Genetics, University of California-Los Angeles, Los Angeles, California, USA Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, USA.
Department of Microbiology, Immunology and Molecular Genetics, University of California-Los Angeles, Los Angeles, California, USA.
Department of Neuroscience and Cell Biology, University of Texas Medical Branch, Galveston, Texas, USA.
Department of Microbiology, Immunology and Molecular Genetics, University of California-Los Angeles, Los Angeles, California, USA Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, USA Benhur.Lee@mssm.edu anfreibe@utmb.edu.
Department of Pathology, University of Texas Medical Branch, Galveston, Texas, USA Galveston National Laboratory, University of Texas Medical Branch, Galveston, Texas, USA Center for Biodefense and Emerging Infectious Diseases, University of Texas Medical Branch, Galveston, Texas, USA Institute for Human Infections and Immunity, University of Texas Medical Branch, Galveston, Texas, USA Benhur.Lee@mssm.edu anfreibe@utmb.edu.���10.1128/JVI.02583-14�
«��üÒ|ÿî?[���-��Herrington, C. S.
Coates, P. J.
Duprex, W. P.���2015N��Viruses and disease: emerging concepts for prevention, diagnosis and treatment���149-52���J Pathol���235���2Ì��Animals
Cooperative Behavior
Host-Pathogen Interactions
Humans
Interdisciplinary Communication
Pathology, Molecular/*methods
Predictive Value of Tests
Prognosis
Risk Factors
Virology/*methods
Virulence
*Virus Diseases/pathology/prevention & control/therapy/virology
Viruses/*pathogenicity
Cmv
Ebv
Ebola virus
Hiv
Hpv
Kshv
Mers
Marburg virus
Nipah virus
Rsv
Sars
Vzv
coronavirus
enterovirus
hepatitis B virus
influenza
measles
mumps
norovirus
pathology
virology���Jan¶��Viruses cause a wide range of human diseases, ranging from acute self-resolving conditions to acute fatal diseases. Effects that arise long after the primary infection can also increase the propensity for chronic conditions or lead to the development of cancer. Recent advances in the fields of virology and pathology have been fundamental in improving our understanding of viral pathogenesis, in providing improved vaccination strategies and in developing newer, more effective treatments for patients worldwide. The reviews assembled here focus on the interface between virology and pathology and encompass aspects of both the clinical pathology of viral disease and the underlying disease mechanisms. Articles on emerging diseases caused by Ebola virus, Marburg virus, coronaviruses such as SARS and MERS, Nipah virus and noroviruses are followed by reviews of enteroviruses, HIV infection, measles, mumps, human respiratory syncytial virus (RSV), influenza, cytomegalovirus (CMV) and varicella zoster virus (VZV). The issue concludes with a series of articles reviewing the relationship between viruses and cancer, including the role played by Epstein-Barr virus (EBV) in the pathogenesis of lymphoma and carcinoma; how human papillomaviruses (HPVs) are involved in the development of skin cancer; the involvement of hepatitis B virus infection in hepatocellular carcinoma; and the mechanisms by which Kaposi's sarcoma-associated herpesvirus (KSHV) leads to Kaposi's sarcoma. We hope that this collection of articles will be of interest to a wide range of scientists and clinicians at a time when there is a renaissance in the appreciation of the power of pathology as virologists dissect the processes of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/25366544���Herrington, C S
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897{��Johnson, John B
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204~��Zumbrun, E E
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tropism���Jant��Nipah virus is a paramyxovirus in the genus Henipavirus, which has caused outbreaks in humans in Malaysia, India, Singapore, and Bangladesh. Whereas the human cases in Malaysia were characterized mainly by neurological symptoms and a case fatality rate of approximately 40%, cases in Bangladesh also exhibited respiratory disease and had a case fatality rate of approximately 70%. Here, we compared the histopathologic changes in the respiratory tract of Syrian hamsters, a well-established small animal disease model for Nipah virus, inoculated oronasally with Nipah virus isolates from human cases in Malaysia and Bangladesh. The Nipah virus isolate from Bangladesh caused slightly more severe rhinitis and bronchointerstitial pneumonia 2 days after inoculation in Syrian hamsters. By day 4, differences in lesion severity could no longer be detected. Immunohistochemistry demonstrated Nipah virus antigen in the nasal cavity and pulmonary lesions; the amount of Nipah virus antigen present correlated with lesion severity. Immunohistochemistry indicated that both Nipah virus isolates exhibited endotheliotropism in small- and medium-caliber arteries and arterioles, but not in veins, in the lung. This correlated with the location of ephrin B2, the main receptor for Nipah virus, in the vasculature. In conclusion, Nipah virus isolates from outbreaks in Malaysia and Bangladesh caused a similar type and severity of respiratory tract lesions in Syrian hamsters, suggesting that the differences in human disease reported in the outbreaks in Malaysia and Bangladesh are unlikely to have been caused by intrinsic differences in these 2 virus isolates.,��https://www.ncbi.nlm.nih.gov/pubmed/25352203$��Baseler, L
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Pediatrics���Encephalitis is caused by inflammation and/or infection of the brain. It is a important condition in Asian children in whom it is most frequently caused by Japanese encephalitis virus, associated with a considerable burden of disease. Other common causes in Asia include: enteroviruses (especially enterovirus 71), dengue, influenza, the herpesviruses, measles, mumps and rubella viruses. Rabies continues to result in high mortality mostly in Asian children, which represents missed opportunities for prevention. Asia has also seen a number of emerging viral encephalitides including: Nipah, chikungunya, Chandipura and Me Tri viruses. We review the aetiology, epidemiology and outcome of encephalitis in Asian children and identify priorities for public health practice and research.,��https://www.ncbi.nlm.nih.gov/pubmed/25336078���Britton, Philip N
Khandaker, Gulam
Booy, Robert
Jones, Cheryl A
eng
United Arab Emirates
2014/10/23 06:00
Infect Disord Drug Targets. 2014;14(2):78-88.*��2212-3989 (Electronic)
1871-5265 (Linking)���25336078ª��Department of Infectious Diseases and Microbiology, The Children's Hospital at Westmead, Locked Bag 4001, Westmead, NSW 2145, Australia. philip.britton@health.nsw.gov.au.��@��üÒtÿî?a���<��Kurup, D.
Wirblich, C.
Feldmann, H.
Marzi, A.
Schnell, M. J.���20159��Rhabdovirus-based vaccine platforms against henipaviruses���144-54���J Virol���89���1¼��Administration, Intranasal
Animals
Antibodies, Neutralizing/blood
Antibodies, Viral/blood
Drug Carriers/administration & dosage
Drug-Related Side Effects and Adverse Reactions
*Genetic Vectors
Hendra Virus/genetics/*immunology
Henipavirus Infections/immunology/*prevention & control
Injections, Intramuscular
Mice
Mice, Inbred BALB C
Rabies virus/*genetics
Vaccination/methods
Vaccines, Attenuated/administration & dosage/genetics/immunology
Vaccines, Inactivated/administration & dosage/genetics/immunology
Vaccines, Synthetic/administration & dosage/genetics/immunology
Vesiculovirus/*genetics
Viral Envelope Proteins/genetics/*immunology
Viral Vaccines/administration & dosage/genetics/*immunology���Jan�
�UNLABELLED: The emerging zoonotic pathogens Hendra virus (HeV) and Nipah virus (NiV) are in the genus Henipavirus in the family Paramyxoviridae. HeV and NiV infections can be highly fatal to humans and livestock. The goal of this study was to develop candidate vaccines against henipaviruses utilizing two well-established rhabdoviral vaccine vector platforms, recombinant rabies virus (RABV) and recombinant vesicular stomatitis virus (VSV), expressing either the codon-optimized or the wild-type (wt) HeV glycoprotein (G) gene. The RABV vector expressing the codon-optimized HeV G showed a 2- to 3-fold increase in incorporation compared to the RABV vector expressing wt HeV G. There was no significant difference in HeV G incorporation in the VSV vectors expressing either wt or codon-optimized HeV G. Mice inoculated intranasally with any of these live recombinant viruses showed no signs of disease, including weight loss, indicating that HeV G expression and incorporation did not increase the neurotropism of the vaccine vectors. To test the immunogenicity of the vaccine candidates, we immunized mice intramuscularly with either one dose of the live vaccines or 3 doses of 10 mug chemically inactivated viral particles. Increased codon-optimized HeV G incorporation into RABV virions resulted in higher antibody titers against HeV G compared to inactivated RABV virions expressing wt HeV G. The live VSV vectors induced more HeV G-specific antibodies as well as higher levels of HeV neutralizing antibodies than the RABV vectors. In the case of killed particles, HeV neutralizing serum titers were very similar between the two platforms. These results indicated that killed RABV with codon-optimized HeV G should be the vector of choice as a dual vaccine in areas where rabies is endemic. IMPORTANCE: Scientists have been tracking two new viruses carried by the Pteropid fruit bats: Hendra virus (HeV) and Nipah virus (NiV). Both viruses can be fatal to humans and also pose a serious risk to domestic animals. A recent escalation in the frequency of outbreaks has increased the need for a vaccine that prevents HeV and NiV infections. In this study, we performed an extensive comparison of live and killed particles of two recombinant rhabdoviral vectors, rabies virus and vesicular stomatitis virus (VSV), expressing wild-type or codon-optimized HeV glycoprotein, with the goal of developing a candidate vaccine against HeV. Based on our data from the presented mouse immunogenicity studies, we conclude that a killed RABV vaccine would be highly effective against HeV infections and would make an excellent vaccine candidate in areas where both RABV and henipaviruses pose a threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/25320306^��Kurup, Drishya
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*Virus Replication���DecÂ
�UNLABELLED: The multidomain polymerase protein (L) of nonsegmented negative-strand (NNS) RNA viruses catalyzes transcription and replication of the virus genome. The N-terminal half of the protein forms a ring-like polymerase structure, while the C-terminal half encoding viral mRNA transcript modifications consists of a flexible appendage with three distinct globular domains. To gain insight into putative transient interactions between L domains during viral RNA synthesis, we exchanged each of the four distinct regions encompassing the appendage region of vesicular stomatitis virus (VSV) Indiana serotype L protein with their counterparts from VSV New Jersey and analyzed effects on virus polymerase activity in a minigenome system. The methyltransferase domain exchange yielded a fully active polymerase protein, which functioned as well as wild-type L in the context of a recombinant virus. Exchange of the downstream C-terminal nonconserved region abolished activity, but coexchanging it with the methyltransferase domain generated a polymerase favoring replicase over transcriptase activity, providing strong evidence of interaction between these two regions. Exchange of the capping enzyme domain or the adjacent nonconserved region thought to function as an "unstructured" linker also abrogated polymerase activity even when either domain was coexchanged with other appendage domains. Further probing of the putative linker segment using in-frame enhanced green fluorescent protein (EGFP) insertions similarly abrogated activity. We discuss the implications of these findings with regard to L protein appendage domain structure and putative domain-domain interactions required for polymerase function. IMPORTANCE: NNS viruses include many well-known human pathogens (e.g., rabies, measles, and Ebola viruses), as well as emerging viral threats (e.g., Nipah and Hendra viruses). These viruses all encode a large L polymerase protein similarly organized into multiple domains that work in concert to enable virus genome transcription and replication. But how the unique L protein carries out the multiplicity of individual steps in these two distinct processes is poorly understood. Using two different approaches, i.e., exchanging individual domains in the C-terminal appendage region of the protein between two closely related VSV serotypes and inserting unrelated protein domains, we shed light on requirements for domain-domain interactions and domain contiguity in polymerase function. These findings further our understanding of the conformational dynamics of NNS L polymerase proteins, which play an essential role in the pathogenic properties of these viruses and represent attractive targets for the development of antiviral measures.,��https://www.ncbi.nlm.nih.gov/pubmed/25297996¥��Ruedas, John B
Perrault, Jacques
eng
Research Support, Non-U.S. Gov't
2014/10/10 06:00
J Virol. 2014 Dec;88(24):14458-66. doi: 10.1128/JVI.02267-14. Epub 2014 Oct 8.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4249160���25297996ù��Department of Biology and Center for Microbial Sciences, San Diego State University, San Diego, California, USA.
Department of Biology and Center for Microbial Sciences, San Diego State University, San Diego, California, USA jperrault@mail.sdsu.edu.���10.1128/JVI.02267-14�����üÒtÿî?c���
��Middleton, D.���2014���Hendra virus���579-89���Vet Clin North Am Equine Pract���30���3,��Animals
Australia/epidemiology
Chiroptera/virology
Hendra Virus/*isolation & purification
Henipavirus Infections/epidemiology/*veterinary/virology
Horse Diseases/epidemiology/*virology
Horses
Humans
Zoonoses/epidemiology/virology
Disease
Emerging
Hendra
Horse
Infectious
Pathogenesis
Vaccine
Zoonotic���DecÑ��Hendra virus infection of horses occurred sporadically between 1994 and 2010 as a result of spill-over from the viral reservoir in Australian mainland flying-foxes, and occasional onward transmission to people also followed from exposure to affected horses. An unprecedented number of outbreaks were recorded in 2011 leading to heightened community concern. Release of an inactivated subunit vaccine for horses against Hendra virus represents the first commercially available product that is focused on mitigating the impact of a Biosafety Level 4 pathogen. Through preventing the development of acute Hendra virus disease in horses, vaccine use is also expected to reduce the risk of transmission of infection to people.,��https://www.ncbi.nlm.nih.gov/pubmed/25281398���Middleton, Deborah
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*Virus Internalization���DecÊ��UNLABELLED: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. Drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are notably cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. NiV's attachment (G) and fusion (F) envelope glycoproteins mediate viral binding to the ephrinB2/ephrinB3 cell receptors and virus-cell membrane fusion, respectively. The NiV matrix protein (M) can autonomously induce NiV assembly and budding. Using a beta-lactamase (betaLa) reporter/NiV-M chimeric protein, we produced NiVLPs expressing NiV-G and wild-type or mutant NiV-F on their surfaces. By preloading target cells with the betaLa fluorescent substrate CCF2-AM, we obtained viral entry kinetic curves that correlated with the NiV-F fusogenic phenotypes, validating NiVLPs as suitable viral entry kinetic tools and suggesting overall relatively slower viral entry than cell-cell fusion kinetics. Additionally, the proportions of F and G on individual NiVLPs and the extent of receptor-induced conformational changes in NiV-G were measured via flow virometry, allowing the proper interpretation of the viral entry kinetic phenotypes. The significance of these findings in the viral entry field extends beyond NiV to other paramyxoviruses and enveloped viruses. IMPORTANCE: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. For example, drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are especially cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. Our new tools allowed us the high-throughput measurement of viral entry kinetics, glycoprotein proportions on individual viral particles, and receptor-induced conformational changes in viral glycoproteins on viral surfaces. The significance of these findings extends beyond NiV to other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25275126O��Landowski, Matthew
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Animals
Health Policy
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Risk Assessment
*Risk Management
Socioeconomic Factors���Jul-Sepö��Risk analysis is now widely accepted amongst veterinary authorities and other stakeholders around the world as a conceptual framework for integrating scientific evidence into animal health decision making. The resulting risk management for most diseases primarily involves linking epidemiological understanding with diagnostics and/or vaccines. Recent disease outbreaks such as Nipah virus, SARS, avian influenza H5N1, bluetongue serotype 8 and Schmallenberg virus have led to realising that we need to explicitly take into account the underlying complex interactions between environmental, epidemiological and social factors which are often also spatially and temporally heterogeneous as well as interconnected across affected regions and beyond. A particular challenge is to obtain adequate understanding of the influence of human behaviour and to translate this into effective mechanisms leading to appropriate behaviour change where necessary. Both, the One Health and the ecohealth approaches reflect the need for such a holistic systems perspective, however the current implementation of risk analysis frameworks for animal health and food safety is still dominated by a natural or biomedical perspective of science as is the implementation of control and prevention policies. This article proposes to integrate the risk analysis approach with a risk governance framework which explicitly adds the socio-economic context to policy development and emphasizes the need for organisational change and stakeholder engagement.,��https://www.ncbi.nlm.nih.gov/pubmed/25273958p��Pfeiffer, Dirk U
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Zoonoses/epidemiology/*virology���Oct���More than 1 240 species of bats are known; many of them are insectivorous, others are frugivorous and some american species are haematophagous. More than 100 diferent viruses are associated with these mammals, particularly Rhabdoviridae (Lyssavirus like rabies virus), Paramyxoviridae (like Nipah and Hendra viruses), Filoviridae (Ebola and Marburg viruses) and Coronavirida (viruses causing SARS and MERS). These infections are usually asymptomatic in bats but the mechanism of this tolerance is not yet understood. For those viruses, bats are efficient reservoirs and disseminators. So, they represent a significative risk for human and animal public health, that justifies to set up surveillance of bat-associated viruses and research programs about the particular immunity mechanisms of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/27120912w��Rodhain, Francois
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Zoonoses/*epidemiology/etiology���Oct¶��Important preventive measures carried out in the herds of domestic animals have found improving the health status of farms, particularly for contagious diseases subject to mandatory declaration and accompanying drastic but necessary eradication measures in infected flocks. However it is more difficult to apply these same biosecurity measures on wildlife that may have been contaminated or not by domestic animals. The growing number of emerging infectious diseases of wildlife may reflect increased vigilance, but most often the result of a change in the ecology of the host, the causative agent or both. So, wildlife may be reservoirs of pathogens that can infect domestic herds again but mostly for the majority of them contaminating humans. This is the case, for example, of West Nile virus (WNV), avian influenza virus, rabies virus, Nipah virus, diseases transmitted by ticks, tuberculosis, brucellosis, hepatitis E or some parasitic zoonoses.,��https://www.ncbi.nlm.nih.gov/pubmed/27120911���Brugere-Picoux, Jeanne
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Virus Attachmentå��Recent reports suggest that some galectins bind to enveloped viruses. They include influenza virus, human immunodeficiency virus-1 (HIV-1), human T-cell leukemia virus-1 (HTLV-1), and Nipah virus. It is also suggested that the interaction between viruses and galectins influences viral attachment to their susceptible cells, affecting the viral infectivity. Our work suggests that galectin-1 increases the infectivity of HIV-1 and HTVL-1. Indeed, galectin-1 promotes the initial adsorption of HIV-1 to CD4(+) cells through its binding to viral envelope gp120 and facilitates HIV-1 infection in a manner that is dependent on its recognition of beta-galactoside residues. Thus, as galectin-1 can be considered as a pattern recognition receptor, HIV-1 exploits this host factor to promote its transmission or replication. In this chapter, we describe methods used to investigate this potential role of galectins in HIV-1 infection as a case in point for future studies on galectin-virus interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/25253155¢��Ouellet, Michel
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zoonotic transmission���JanV��Nipah virus is an emerging virus infection that causes yearly disease outbreaks with high case fatality rates in Bangladesh. Nipah virus causes encephalitis and systemic vasculitis, sometimes in combination with respiratory disease. Pteropus species fruit bats are the natural reservoir of Nipah virus and zoonotic transmission can occur directly or via an intermediate host; human-to-human transmission occurs regularly. In this review we discuss the current state of knowledge on the pathogenesis and transmission of Nipah virus, focusing on dissemination of the virus through its host, known determinants of pathogenicity and routes of zoonotic and human-to-human transmission. Since data from human cases are sparse, this knowledge is largely based on the results of studies performed in animal models that recapitulate Nipah virus disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25229234Ê��de Wit, Emmie
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Zoonoses/virology���Janc��Bats have been found to harbour a number of new emerging viruses with zoonotic potential, and there has been a great deal of interest in identifying novel bat pathogens to determine the risk to human and animal health. Many groups have identified novel viruses in bats by detection of viral nucleic acid; however, virus isolation is still a challenge, and there are few reports of viral isolates from bats. In recent years, our group has developed optimized procedures for virus isolation from bat urine, including the use of primary bat cells. In previous reports, we have described the isolation of Hendra virus, Menangle virus and Cedar virus in Queensland, Australia. Here, we report the isolation of four additional novel bat paramyxoviruses from urine collected from beneath pteropid bat (flying fox) colonies in Queensland and New South Wales during 2009-2011.,��https://www.ncbi.nlm.nih.gov/pubmed/25228492E��Barr, Jennifer
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Zoonoses���Sep 17.��BACKGROUND: Veterinary infection control for the management of Hendra virus (HeV), an emerging zoonosis in Australia, remained suboptimal until 2010 despite 71.4% (5/7) of humans infected with HeV being veterinary personnel or assisting a veterinarian, three of whom died before 2009. The aim of this study was to identify the perceived barriers to veterinary infection control and HeV management in private veterinary practice in Queensland, where the majority of HeV outbreaks have occurred in Australia. RESULTS: Most participants agreed that a number of key factors had contributed to the slow uptake of adequate infection control measures for the management of HeV amongst private veterinarians: a work culture characterised by suboptimal infection control standards and misconceptions about zoonotic risks; a lack of leadership and support from government authorities; the difficulties of managing biosecurity and public health issues from a private workforce perspective; and the slow pattern of emergence of HeV. By 2010, some infection control and HeV management changes had been implemented. Participants interviewed agreed that further improvements remained necessary; but also cautioned that this was a complex process which would require time. CONCLUSION: Private veterinarians and government authorities prior to 2009 were unprepared to handle new slowly emerging zoonoses, which may explain their mismanagement of HeV. Slowly emerging zoonoses may be of low public health significance but of high significance for specialised groups such as veterinarians. Private veterinarians, who are expected to fulfil an active biosecurity and public health role in the frontline management of such emerging zoonoses, need government agencies to better recognise their contribution, to consult with the veterinary profession when devising guidelines for the management of zoonoses and to provide them with greater leadership and support. We propose that specific infection control guidelines for the management of slowly emerging zoonoses in private veterinary settings need to be developed.,��https://www.ncbi.nlm.nih.gov/pubmed/25224910È��Mendez, Diana H
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*Virus Release���NovZ	�UNLABELLED: Paramyxoviruses and other negative-strand RNA viruses encode matrix proteins that coordinate the virus assembly process. The matrix proteins link the viral glycoproteins and the viral ribonucleoproteins at virus assembly sites and often recruit host machinery that facilitates the budding process. Using a co-affinity purification strategy, we have identified the beta subunit of the AP-3 adapter protein complex, AP3B1, as a binding partner for the M proteins of the zoonotic paramyxoviruses Nipah virus and Hendra virus. Binding function was localized to the serine-rich and acidic Hinge domain of AP3B1, and a 29-amino-acid Hinge-derived polypeptide was sufficient for M protein binding in coimmunoprecipitation assays. Virus-like particle (VLP) production assays were used to assess the relationship between AP3B1 binding and M protein function. We found that for both Nipah virus and Hendra virus, M protein expression in the absence of any other viral proteins led to the efficient production of VLPs in transfected cells, and this VLP production was potently inhibited upon overexpression of short M-binding polypeptides derived from the Hinge region of AP3B1. Both human and bat (Pteropus alecto) AP3B1-derived polypeptides were highly effective at inhibiting the production of VLPs. VLP production was also impaired through small interfering RNA (siRNA)-mediated depletion of AP3B1 from cells. These findings suggest that AP-3-directed trafficking processes are important for henipavirus particle production and identify a new host protein-virus protein binding interface that could become a useful target in future efforts to develop small molecule inhibitors to combat paramyxoviral infections. IMPORTANCE: Henipaviruses cause deadly infections in humans, with a mortality rate of about 40%. Hendra virus outbreaks in Australia, all involving horses and some involving transmission to humans, have been a continuing problem. Nipah virus caused a large outbreak in Malaysia in 1998, killing 109 people, and smaller outbreaks have since occurred in Bangladesh and India. In this study, we have defined, for the first time, host factors that interact with henipavirus M proteins and contribute to viral particle assembly. We have also defined a new host protein-viral protein binding interface that can potentially be targeted for the inhibition of paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25210190&��Sun, Weina
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Personal protective equipment���Nov 1¸��Following the emergence of Hendra virus (HeV), private veterinarians have had to adopt additional infection control strategies to manage this zoonosis. Between 1994 and 2010, seven people became infected with HeV, four fatally. All infected people were at a higher risk of exposure from contact with horses as they were either veterinary personnel, assisting veterinarians, or working in the horse industry. The management of emerging zoonoses is best approached from a One Health perspective as it benefits biosecurity as well as a public health, including the health of those most at risk, in this case private veterinarians. In 2011 we conducted a cross-sectional study of private veterinarians registered in Queensland and providing veterinary services to horses. The aim of this study was to gauge if participants had adopted recommendations for improved infection control, including the use of personal protective equipment (PPE), and the development of HeV specific management strategies during the winter of 2011. A majority of participants worked in practices that had a formal HeV management plan, mostly based on the perusal of official guidelines and an HeV field kit. The use of PPE increased as the health status of an equine patient decreased, demonstrating that many participants evaluated the risk of exposure to HeV appropriately; while others remained at risk of HeV infection by not using the appropriate PPE even when attending a sick horse. This study took place after Biosecurity Queensland had sent a comprehensive package about HeV management to all private veterinarians working in Queensland. However, those who had previous HeV experience through the management of suspected cases or had attended a HeV specific professional education programme in the previous 12 months were more likely to use PPE than those who had not. This may indicate that for private veterinarians in Queensland personal experience and face-to-face professional education sessions may be more effective in the improvement of HeV management than passive education via information packages. The role of different education pathways in the sustainable adoption of veterinary infection control measures should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/25175674Ê��Mendez, Diana
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Thermally induced phase separation���OctU��This paper discusses the successful fabrication of a novel triple-layered poly(lactic-co-glycolic acid) (PLGA)-based composite membrane using only a single step that combines the techniques of solvent casting and thermally induced phase separation/solvent leaching. The resulting graded membrane consists of a small pore size layer-1 containing 10 wt% non-stoichiometric nanoapatite (NAp)+1-3 wt% lauric acid (LA) for fibroblastic cell and bacterial inhibition, an intermediate layer-2 with 20-50 wt% NAp+1 wt% LA, and a large pore size layer-3 containing 30-100 wt% NAp without LA to allow bone cell growth. The synergic effects of 10-30 wt% NAp and 1 wt% LA in the membrane demonstrated higher tensile strength (0.61 MPa) and a more elastic behavior (16.1% elongation at break) in 3 wt% LA added membrane compared with the pure PLGA (0.49 MPa, 9.1%). The addition of LA resulted in a remarkable plasticizing effect on PLGA at 3 wt% due to weak intermolecular interactions in PLGA. The pure and composite PLGA membranes had good cell viability toward human skin fibroblast, regardless of LA and NAp contents.,��https://www.ncbi.nlm.nih.gov/pubmed/25175212���Jamuna-Thevi, Kalitheertha
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Nabi, A. H.���2014���Prediction of epitope-based peptides for the utility of vaccine development from fusion and glycoprotein of nipah virus using in silico approach���402492���Adv Bioinformatics���2014H��This study aims to design epitope-based peptides for the utility of vaccine development by targeting glycoprotein G and envelope protein F of Nipah virus (NiV) that, respectively, facilitate attachment and fusion of NiV with host cells. Using various databases and tools, immune parameters of conserved sequence(s) from G and F proteins of different isolates of NiV were tested to predict probable epitope(s). Binding analyses of the peptides with MHC class-I and class-II molecules, epitope conservancy, population coverage, and linear B cell epitope prediction were analyzed. Predicted peptides interacted with seven or more MHC alleles and illustrated population coverage of more than 99% and 95%, for G and F proteins, respectively. The predicted class-I nonamers, SLIDTSSTI and EWISIVPNF, superimposed on the putative decameric B cell epitopes, were also identified as core sequences of the most probable class-II 15-mer peptides GPKVSLIDTSSTITI and EWISIVPNFILVRNT. These peptides were further validated for their binding to specific HLA alleles using in silico docking technique. Our in silico analysis suggested that the predicted epitopes, either GPKVSLIDTSSTITI or EWISIVPNFILVRNT, could be a better choice as universal vaccine component against NiV irrespective of different isolates which may elicit both humoral and cell-mediated immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/25147564³��Sakib, M Sadman
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Sequence Homology, Nucleic Acid���Aug 15t��BACKGROUND: Bats are a major source of new and emerging viral diseases. Despite the fact that bats carry and shed highly pathogenic viruses including Ebola, Nipah and SARS, they rarely display clinical symptoms of infection. Host factors influencing viral replication are poorly understood in bats and are likely to include both pre- and post-transcriptional regulatory mechanisms. MicroRNAs are a major mechanism of post-transcriptional gene regulation, however very little is known about them in bats. RESULTS: This study describes 399 microRNAs identified by deep sequencing of small RNA isolated from tissues of the Black flying fox, Pteropus alecto, a confirmed natural reservoir of the human pathogens Hendra virus and Australian bat lyssavirus. Of the microRNAs identified, more than 100 are unique amongst vertebrates, including a subset containing mutations in critical seed regions. Clusters of rapidly-evolving microRNAs were identified, as well as microRNAs predicted to target genes involved in antiviral immunity, the DNA damage response, apoptosis and autophagy. Closer inspection of the predicted targets for several highly supported novel miRNA candidates suggests putative roles in host-virus interaction. CONCLUSIONS: MicroRNAs are likely to play major roles in regulating virus-host interaction in bats, via dampening of inflammatory responses (limiting the effects of immunopathology), and directly limiting the extent of viral replication, either through restricting the availability of essential factors or by controlling apoptosis. Characterisation of the bat microRNA repertoire is an essential step towards understanding transcriptional regulation during viral infection, and will assist in the identification of mechanisms that enable bats to act as natural virus reservoirs. This in turn will facilitate the development of antiviral strategies for use in humans and other species.,��https://www.ncbi.nlm.nih.gov/pubmed/25128405V��Cowled, Christopher
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Zoonoses/transmission/*virology���Aug 132��Bats are being increasingly recognized as reservoir hosts of highly pathogenic and zoonotic emerging viruses (Marburg virus, Nipah virus, Hendra virus, Rabies virus, and coronaviruses). While numerous studies have focused on the mentioned highly human-pathogenic bat viruses in tropical regions, little is known on similar human-pathogenic viruses that may be present in European bats. Although novel viruses are being detected, their zoonotic potential remains unclear unless further studies are conducted. At present, it is assumed that the risk posed by bats to the general public is rather low. In this review, selected viruses detected and isolated in Europe are discussed from our point of view in regard to their human-pathogenic potential. All European bat species and their roosts are legally protected and some European species are even endangered. Nevertheless, the increasing public fear of bats and their viruses is an obstacle to their protection. Educating the public regarding bat lyssaviruses might result in reduced threats to both the public and the bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25123684~��Kohl, Claudia
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�UNLABELLED: Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. Since its discovery in the 1970s, aMPV has been recognized as an economically important pathogen in the poultry industry worldwide. The conserved region VI (CR VI) of the large (L) polymerase proteins of paramyxoviruses catalyzes methyltransferase (MTase) activities that typically methylate viral mRNAs at guanine N-7 (G-N-7) and ribose 2'-O positions. In this study, we generated a panel of recombinant aMPV (raMPV) Colorado strains carrying mutations in the S-adenosyl methionine (SAM) binding site in the CR VI of L protein. These recombinant viruses were specifically defective in ribose 2'-O, but not G-N-7 methylation and were genetically stable and highly attenuated in cell culture and viral replication in the upper and lower respiratory tracts of specific-pathogen-free (SPF) young turkeys. Importantly, turkeys vaccinated with these MTase-defective raMPVs triggered a high level of neutralizing antibody and were completely protected from challenge with homologous aMPV Colorado strain and heterologous aMPV Minnesota strain. Collectively, our results indicate (i) that aMPV lacking 2'-O methylation is highly attenuated in vitro and in vivo and (ii) that inhibition of mRNA cap MTase can serve as a novel target to rationally design live attenuated vaccines for aMPV and perhaps other paramyxoviruses. IMPORTANCE: Paramyxoviruses include many economically and agriculturally important viruses such as avian metapneumovirus (aMPV), and Newcastle disease virus (NDV), human pathogens such as human respiratory syncytial virus, human metapneumovirus, human parainfluenza virus type 3, and measles virus, and highly lethal emerging pathogens such as Nipah virus and Hendra virus. For many of them, there is no effective vaccine or antiviral drug. These viruses share common strategies for viral gene expression and replication. During transcription, paramyxoviruses produce capped, methylated, and polyadenylated mRNAs. Using aMPV as a model, we found that viral ribose 2'-O methyltransferase (MTase) is a novel approach to rationally attenuate the virus for vaccine purpose. Recombinant aMPV (raMPV) lacking 2'-O MTase were not only highly attenuated in turkeys but also provided complete protection against the challenge of homologous and heterologous aMPV strains. This novel approach can be applicable to other animal and human paramyxoviruses for rationally designing live attenuated vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/25122790¤��Sun, Jing
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*Virus Replication���Sep���Nipah virus (NiV) is a highly pathogenic emergent paramyxovirus causing deadly encephalitis in humans. Its replication requires a constant supply of unassembled nucleoprotein (N(0)) in complex with its viral chaperone, the phosphoprotein (P). To elucidate the chaperone function of P, we reconstituted NiV the N(0)-P core complex and determined its crystal structure. The binding of the N-terminal region of P blocks the polymerization of N by interfering with subdomain exchange between N protomers and keeps N(0) in an open conformation, ready to grasp an RNA molecule. We found that a peptide derived from the N-binding region of P protects cells against viral infection and demonstrated by structure-based mutagenesis that this peptide acts by inhibiting N(0)-P formation. These results provide new insights about the assembly of N along genomic RNA and validate the N(0)-P complex as a target for drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/25108352C��Yabukarski, Filip
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Viral Envelope Proteins/*metabolism���Oct/	�Henipaviruses are associated with pteropodid reservoir hosts. The glycoproteins G and F of an African henipavirus (strain M74) have been reported to induce syncytium formation in kidney cells derived from a Hypsignathus monstrosus bat (HypNi/1.1) but not in nonchiropteran BHK-21 and Vero76 cells. Here, we show that syncytia are also induced in two other pteropodid cell lines from Hypsignathus monstrosus and Eidolon helvum bats upon coexpression of the M74 glycoproteins. The G protein was transported to the surface of transfected chiropteran cells, whereas surface expression in the nonchiropteran cells was detectable only in a fraction of cells. In contrast, the G protein of Nipah virus is transported efficiently to the surface of both chiropteran and nonchiropteran cells. Even in chiropteran cells, M74-G was predominantly expressed in the endoplasmic reticulum (ER), as indicated by colocalization with marker proteins. This result is consistent with the finding that all N-glycans of the M74-G proteins are of the mannose-rich type, as indicated by sensitivity to endo H treatment. These data indicate that the surface transport of M74-G is impaired in available cell culture systems, with larger amounts of viral glycoprotein present on chiropteran cells than on nonchiropteran cells. The restricted surface expression of M74-G explains the reduced fusion activity of the glycoproteins of the African henipavirus. Our results suggest strategies for the isolation of infectious viruses, which is necessary to assess the risk of zoonotic virus transmission. Importance: Henipaviruses are highly pathogenic zoonotic viruses associated with pteropodid bat hosts. Whether the recently described African bat henipaviruses have a zoonotic potential as high as that of their Asian and Australian relatives is unknown. We show that surface expression of the attachment protein G of an African henipavirus, M74, is restricted in comparison to the G protein expression of the highly pathogenic Nipah virus. Transport to the cell surface is more restricted in nonchiropteran cells than it is in chiropteran cells, explaining the differential fusion activity of the M74 surface proteins in these cells. Our results imply that surface expression of viral glycoproteins may serve as a major marker to assess the zoonotic risk of emerging henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25100832���Kruger, Nadine
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Tropical medicine���Aug 7°��The recent onset of epidemics caused by viruses such as Ebola, Marburg, Nipah, Lassa, coronavirus, West-Nile encephalitis, Saint Louis encephalitis, human immunodeficiency virus, dengue, yellow fever and Venezuelan hemorrhagic fever alerts about the risk these agents represent for the global health. Chikungunya virus represents a new threat. Surged from remote African regions, this virus has become endemic in the Indic ocean basin, the Indian subcontinent and the southeast of Asia, causing serious epidemics in Africa, Indic Ocean Islands, Asia and Europe. Due to their epidemiological and biological features and the global presence of their vectors, chikungunya represents a serious menace and could become endemic in the Americas. Although chikungunya infection has a low mortality rate, its high attack ratio may collapse the health system during epidemics affecting a sensitive population. In this paper, we review the clinical and epidemiological features of chikungunya fever as well as the risk of its introduction into the Americas. We remark the importance of the epidemiological control and mosquitoes fighting in order to prevent this disease from being introduced into the Americas.,��https://www.ncbi.nlm.nih.gov/pubmed/25087211£��Montero, Antonio
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Virus Replication���Jul 25���Containment level 4 (CL4) laboratories studying biosafety level 4 viruses are under strict regulations to conduct nonhuman primate (NHP) studies in compliance of both animal welfare and biosafety requirements. NHPs housed in open-barred cages raise concerns about cross-contamination between animals, and accidental exposure of personnel to infectious materials. To address these concerns, two NHP experiments were performed. One examined the simultaneous infection of 6 groups of NHPs with 6 different viruses (Machupo, Junin, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, Nipah and Hendra viruses). Washing personnel between handling each NHP group, floor to ceiling biobubble with HEPA filter, and plexiglass between cages were employed for partial primary containment. The second experiment employed no primary containment around open barred cages with Ebola virus infected NHPs 0.3 meters from naive NHPs. Viral antigen-specific ELISAs, qRT-PCR and TCID50 infectious assays were utilized to determine antibody levels and viral loads. No transmission of virus to neighbouring NHPs was observed suggesting limited containment protocols are sufficient for multi-viral CL4 experiments within one room. The results support the concept that Ebola virus infection is self-contained in NHPs infected intramuscularly, at least in the present experimental conditions, and is not transmitted to naive NHPs via an airborne route.,��https://www.ncbi.nlm.nih.gov/pubmed/250594780��Alimonti, Judie
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Viral Structural Proteins/metabolism���Jul 9ÿ��The cytosolic sensor MDA5 is crucial for antiviral innate immune defense against various RNA viruses including measles virus; as such, many viruses have evolved strategies to antagonize the antiviral activity of MDA5. Here, we show that measles virus escapes MDA5 detection by targeting the phosphatases PP1alpha and PP1gamma, which regulate MDA5 activity by removing an inhibitory phosphorylation mark. The V proteins of measles virus and the related paramyxovirus Nipah virus interact with PP1alpha/gamma, preventing PP1-mediated dephosphorylation of MDA5 and thereby its activation. The PP1 interaction with the measles V protein is mediated by a conserved PP1-binding motif in the C-terminal region of the V protein. A recombinant measles virus expressing a mutant V protein deficient in PP1 binding is unable to antagonize MDA5 and is growth impaired due to its inability to suppress interferon induction. This identifies PP1 antagonism as a mechanism employed by paramyxoviruses for evading innate immune recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/25011105'��Davis, Meredith E
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Urine Specimen Collection���Sep���Flying-foxes (pteropid bats) are the natural host of Hendra virus, a recently emerged zoonotic virus responsible for mortality or morbidity in horses and humans in Australia since 1994. Previous studies have suggested physiological and ecological risk factors for infection in flying-foxes, including physiological stress. However, little work has been done measuring and interpreting stress hormones in flying-foxes. Over a 12-month period, we collected pooled urine samples from underneath roosting flying-foxes, and urine and blood samples from captured individuals. Urine and plasma samples were assayed for cortisol using a commercially available enzyme immunoassay. We demonstrated a typical post-capture stress response in flying-foxes, established urine specific gravity as an attractive alternative to creatinine to correct urine concentration, and established population-level urinary cortisol ranges (and geometric means) for the four Australian species: Pteropus alecto 0.5-305.1 ng/mL (20.1 ng/mL); Pteropus conspicillatus 0.3-370.9 ng/mL (18.9 ng/mL); Pteropus poliocephalus 0.3-311.3 ng/mL (10.1 ng/mL); Pteropus scapulatus 5.2-205.4 ng/mL (40.7 ng/mL). Geometric means differed significantly except for P. alecto and P. conspicillatus. Our approach is methodologically robust, and has application both as a research or clinical tool for flying-foxes, and for other free-living colonial wildlife species.,��https://www.ncbi.nlm.nih.gov/pubmed/24990534²��McMichael, Lee A
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Zoonoses���Oct«��Evolving land use practices have led to an increase in interactions at the human/wildlife interface. The presence and poor knowledge of zoonotic pathogens in India's wildlife and the occurrence of enormous human populations interfacing with, and critically linked to, forest ecosystems warrant attention. Factors such as diverse migratory bird populations, climate change, expanding human population and shrinking wildlife habitats play a significant role in the emergence and re-emergence of zoonotic pathogens from India's wildlife. The introduction of a novel Kyasanur forest disease virus (family flaviviridae) into human populations in 1957 and subsequent occurrence of seasonal outbreaks illustrate the key role that India's wild animals play in the emergence and reemergence of zoonotic pathogens. Other high priority zoonotic diseases of wildlife origin which could affect both livestock and humans include influenza, Nipah, Japanese encephalitis, rabies, plague, leptospirosis, anthrax and leishmaniasis. Continuous monitoring of India's extensively diverse and dispersed wildlife is challenging, but their use as indicators should facilitate efficient and rapid disease-outbreak response across the region and occasionally the globe. Defining and prioritizing research on zoonotic pathogens in wildlife are essential, particularly in a multidisciplinary one-world one-health approach which includes human and veterinary medical studies at the wildlife-livestock-human interfaces. This review indicates that wild animals play an important role in the emergence and re-emergence of zoonotic pathogens and provides brief summaries of the zoonotic diseases that have occurred in wild animals in India.,��https://www.ncbi.nlm.nih.gov/pubmed/24983511���Singh, B B
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Treatment Outcome
Viral Load���Jun 25ù��Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes severe and often fatal disease in pigs and humans. There are currently no vaccines or treatments approved for human use. Studies in small-animal models of NiV infection suggest that antibody therapy may be a promising treatment. However, most studies have assessed treatment at times shortly after virus exposure before animals show signs of disease. We assessed the efficacy of a fully human monoclonal antibody, m102.4, at several time points after virus exposure including at the onset of clinical illness in a uniformly lethal nonhuman primate model of NiV disease. Sixteen African green monkeys (AGMs) were challenged intratracheally with a lethal dose of NiV, and 12 animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days after virus challenge and again about 2 days later. The presence of viral RNA, infectious virus, and/or NiV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 after infection. AGMs in the day 5 treatment group exhibited clinical signs of disease, but all animals recovered by day 16. These results represent the successful therapeutic in vivo efficacy by an investigational drug against NiV in a nonhuman primate and highlight the potential impact that a monoclonal antibody can have on a highly pathogenic zoonotic human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24964990n��Geisbert, Thomas W
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Risk Factors���Hendra virus causes sporadic but typically fatal infection in horses and humans in eastern Australia. Fruit-bats of the genus Pteropus (commonly known as flying-foxes) are the natural host of the virus, and the putative source of infection in horses; infected horses are the source of human infection. Effective treatment is lacking in both horses and humans, and notwithstanding the recent availability of a vaccine for horses, exposure risk mitigation remains an important infection control strategy. This study sought to inform risk mitigation by identifying spatial and environmental risk factors for equine infection using multiple analytical approaches to investigate the relationship between plausible variables and reported Hendra virus infection in horses. Spatial autocorrelation (Global Moran's I) showed significant clustering of equine cases at a distance of 40 km, a distance consistent with the foraging 'footprint' of a flying-fox roost, suggesting the latter as a biologically plausible basis for the clustering. Getis-Ord Gi* analysis identified multiple equine infection hot spots along the eastern Australia coast from far north Queensland to central New South Wales, with the largest extending for nearly 300 km from southern Queensland to northern New South Wales. Geographically weighted regression (GWR) showed the density of P. alecto and P. conspicillatus to have the strongest positive correlation with equine case locations, suggesting these species are more likely a source of infection of Hendra virus for horses than P. poliocephalus or P. scapulatus. The density of horses, climate variables and vegetation variables were not found to be a significant risk factors, but the residuals from the GWR suggest that additional unidentified risk factors exist at the property level. Further investigations and comparisons between case and control properties are needed to identify these local risk factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24936789Ï��Smith, Craig
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Social sciences���Marg��This article contributes to the literature on One Health and public health ethics by expanding the principle of solidarity. We conceptualise solidarity to encompass not only practices intended to assist other people, but also practices intended to assist non-human others, including animals, plants, or places. To illustrate how manifestations of humanist and more-than-human solidarity may selectively complement one another, or collide, recent responses to Hendra virus in Australia and Rabies virus in Canada serve as case examples. Given that caring relationships are foundational to health promotion, people's efforts to care for non-human others are highly relevant to public health, even when these efforts conflict with edicts issued in the name of public health. In its most optimistic explication, One Health aims to attain optimal health for humans, non-human animals and their shared environments. As a field, public health ethics needs to move beyond an exclusive preoccupation with humans, so as to account for moral complexity arising from people's diverse connections with places, plants, and non-human animals.,��https://www.ncbi.nlm.nih.gov/pubmed/24919648´��Rock, Melanie J
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Nipah Virus/*isolation & purification���Jun 2���BACKGROUND: Nipah virus and Hendra virus are closely related and following natural or experimental exposure induce similar clinical disease. In humans, encephalitis is the most serious outcome of infection and, hitherto, research into the pathogenesis of henipavirus encephalitis has been limited by the lack of a suitable model. Recently we reported a wild-type mouse model of Hendra virus (HeV) encephalitis that should facilitate detailed investigations of its neuropathogenesis, including mechanisms of disease recrudescence. In this study we investigated the possibility of developing a similar model of Nipah virus encephalitis. FINDINGS: Aged and young adult wild type mice did not develop clinical disease including encephalitis following intranasal exposure to either the Malaysia (NiV-MY) or Bangladesh (NiV-BD) strains of Nipah virus. However viral RNA was detected in lung tissue of mice at euthanasia (21 days following exposure) accompanied by a non-neutralizing antibody response. In a subsequent time course trial this viral RNA was shown to be reflective of an earlier self-limiting and subclinical lower respiratory tract infection through successful virus re-isolation and antigen detection in lung. There was no evidence for viremia or infection of other organs, including brain. CONCLUSIONS: Mice develop a subclinical self-limiting lower respiratory tract infection but not encephalitis following intranasal exposure to NiV-BD or NiV-MY. These results contrast with those reported for HeV under similar exposure conditions in mice, demonstrating a significant biological difference in host clinical response to exposure with these viruses. This finding provides a new platform from which to explore the viral and/or host factors that determine the neuroinvasive ability of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24890603Ö��Dups, Johanna
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gag Gene Products, Human Immunodeficiency Virus/immunology���Aug���UNLABELLED: Human immunodeficiency virus type 1 (HIV-1) exploits dendritic cells (DCs) to promote its transmission to T cells. We recently reported that the capture of HIV-1 by mature dendritic cells (MDCs) is mediated by an interaction between the glycosphingolipid (GSL) GM3 on virus particles and CD169/Siglec-1 on MDCs. Since HIV-1 preferentially buds from GSL-enriched lipid microdomains on the plasma membrane, we hypothesized that the virus assembly and budding site determines the ability of HIV-1 to interact with MDCs. In support of this hypothesis, mutations in the N-terminal basic domain (29/31KE) or deletion of the membrane-targeting domain of the HIV-1 matrix (MA) protein that altered the virus assembly and budding site to CD63(+)/Lamp-1-positive intracellular compartments resulted in lower levels of virion incorporation of GM3 and attenuation of virus capture by MDCs. Furthermore, MDC-mediated capture and transmission of MA mutant viruses to T cells were decreased, suggesting that HIV-1 acquires GSLs via budding from the plasma membrane to access the MDC-dependent trans infection pathway. Interestingly, MDC-mediated capture of Nipah and Hendra virus (recently emerged zoonotic paramyxoviruses) M (matrix) protein-derived virus-like particles that bud from GSL-enriched plasma membrane microdomains was also dependent on interactions between virion-incorporated GSLs and CD169. Moreover, capture and transfer of Nipah virus envelope glycoprotein-pseudotyped lentivirus particles by MDCs were severely attenuated upon depletion of GSLs from virus particles. These results suggest that GSL incorporation into virions is critical for the interaction of diverse enveloped RNA viruses with DCs and that the GSL-CD169 recognition nexus might be a conserved viral mechanism of parasitization of DC functions for systemic virus dissemination. IMPORTANCE: Dendritic cells (DCs) can capture HIV-1 particles and transfer captured virus particles to T cells without establishing productive infection in DCs, a mechanism of HIV-1 trans infection. We have recently identified CD169-mediated recognition of GM3, a host-derived glycosphingolipid (GSL) incorporated into the virus particle membrane, as the receptor and ligand for the DC-HIV trans infection pathway. In this study, we have identified the matrix (MA) domain of Gag to be the viral determinant that governs incorporation of GM3 into HIV-1 particles, a previously unappreciated function of the HIV-1 MA. In addition, we demonstrate that the GSL-CD169-dependent trans infection pathway is also utilized as a dissemination mechanism by henipaviruses. GSL incorporation in henipaviruses was also dependent on the viral capsid (M) protein-directed assembly and budding from GSL-enriched lipid microdomains. These findings provide evidence of a conserved mechanism of retrovirus and henipavirus parasitization of cell-to-cell recognition pathways for systemic virus dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/24872578¿��Akiyama, Hisashi
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Virus Assembly���May���Newly synthesized envelope glycoproteins of neuroinvasive viruses can be sorted in a polarized manner to the somatodendritic and/or axonal domains of neurons. Although critical for transneuronal spread of viruses, the molecular determinants and interregulation of this process are largely unknown. We studied the polarized sorting of the attachment (NiV-G) and fusion (NiV-F) glycoproteins of Nipah virus (NiV), a paramyxovirus that causes fatal human encephalitis, in rat hippocampal neurons. When expressed individually, NiV-G exhibited a non-polarized distribution, whereas NiV-F was specifically sorted to the somatodendritic domain. Polarized sorting of NiV-F was dependent on interaction of tyrosine-based signals in its cytosolic tail with the clathrin adaptor complex AP-1. Co-expression of NiV-G with NiV-F abolished somatodendritic sorting of NiV-F due to incorporation of NiV-G*NiV-F complexes into axonal transport carriers. We propose that faster biosynthetic transport of unassembled NiV-F allows for its proteolytic activation in the somatodendritic domain prior to association with NiV-G and axonal delivery of NiV-G*NiV-F complexes. Our study reveals how interactions of viral glycoproteins with the host's transport machinery and between themselves regulate their polarized sorting in neurons.,��https://www.ncbi.nlm.nih.gov/pubmed/24831812ö��Mattera, Rafael
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Viral Matrix Proteins/*metabolism���Membrane envelopment and budding of negative strand RNA viruses (NSVs) is mainly driven by viral matrix proteins (M). In addition, several M proteins are also known to be involved in host cell manipulation. Knowledge about the cellular targets and detailed molecular mechanisms, however, is poor for many M proteins. For instance, Nipah Virus (NiV) M protein trafficking through the nucleus is essential for virus release, but nuclear targets of NiV M remain unknown. To identify cellular interactors of henipavirus M proteins, tagged Hendra Virus (HeV) M proteins were expressed and M-containing protein complexes were isolated and analysed. Presence of acidic leucine-rich nuclear phosphoprotein 32 family member B (ANP32B) in the complex suggested that this protein represents a direct or indirect interactor of the viral matrix protein. Over-expression of ANP32B led to specific nuclear accumulation of HeV M, providing a functional link between ANP32B and M protein. ANP32B-dependent nuclear accumulation was observed after plasmid-driven expression of HeV and NiV matrix proteins and also in NiV infected cells. The latter indicated that an interaction of henipavirus M protein with ANP32B also occurs in the context of virus replication. From these data we conclude that ANP32B is a nuclear target of henipavirus M that may contribute to virus replication. Potential effects of ANP32B on HeV nuclear shuttling and host cell manipulation by HeV M affecting ANP32B functions in host cell survival and gene expression regulation are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/24823948B��Bauer, Anja
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zoonotic disease���Apr 1æ��1. Flying foxes Pteropus spp. play a key role in forest regeneration as seed dispersers and are also the reservoir of many viruses, including Nipah virus in Bangladesh. Little is known about their habitat requirements, particularly in South Asia. Identifying Pteropus habitat preferences could assist in understanding the risk of zoonotic disease transmission broadly, and in Bangladesh, could help explain the spatial distribution of human Nipah virus cases. 2. We analysed characteristics of Pteropus giganteus roosts and constructed an ecological niche model to identify suitable habitat in Bangladesh. We also assessed the distribution of suitable habitat in relation to the location of human Nipah virus cases. 3. Compared to non-roost trees, P. giganteus roost trees are taller with larger diameters, and are more frequently canopy trees. Colony size was larger in densely forested regions and smaller in flood-affected areas. Roosts were located in areas with lower annual precipitation and higher human population density than non-roost sites. 4. We predicted that 2-17% of Bangladesh's land area is suitable roosting habitat. Nipah virus outbreak villages were 2.6 times more likely to be located in areas predicted as highly suitable habitat for P. giganteus compared to non-outbreak villages. 5. Synthesis and applications. Habitat suitability modelling may help identify previously undocumented Nipah outbreak locations and improve our understanding of Nipah virus ecology by highlighting regions where there is suitable bat habitat but no reported human Nipah virus. Conservation and public health education is a key component of P. giganteus management in Bangladesh due to the general misunderstanding and fear of bats that are a reservoir of Nipah virus. Affiliation between Old World fruit bats (Pteropodidae) and people is common throughout their range, and in order to conserve these keystone bat species and prevent emergence of zoonotic viruses, it is imperative that we continue to improve our understanding of Pteropus resource requirements and routes of virus transmission from bats to people. Results presented here can be utilized to develop land management strategies and conservation policies that simultaneously protect fruit bats and public health.,��https://www.ncbi.nlm.nih.gov/pubmed/24778457ñ��Hahn, Micah B
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health behaviour���Decü��Drinking raw date palm sap contaminated with infected fruit bat saliva or urine is an important mode of Nipah virus transmission to humans in Bangladesh. Bamboo skirts are an effective way to interrupt bat access to the sap. We conducted a study from November 2008 to March 2009 to explore the effectiveness of higher- and lower-intensity interventions by promoting bamboo skirt preparation and use among sap harvesters (gachhis). We spent 280 person-hours in two villages for the higher-intensity intervention and half that amount of time in two other villages for the lower-intensity intervention. To evaluate the interventions we followed up all gachhis once a month for three months. A high percentage of gachhis (83% in higher-, 65% in lower-intensity interventions) prepared and used a skirt of bamboo or other materials - jute stalk, dhoincha (Sesbania aculeata), or polythene - at least once after intervention. In general, 15% of gachhis consistently used skirts throughout the sap collection season. The intensive nature of this intervention is very expensive for a large-scale programme. Future efforts should focus on developing a low-cost behaviour change intervention and evaluate if it reduces the human exposure to potentially contaminated fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/24755262y��Nahar, Nazmun
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West Nile Fever/*epidemiology���JunJ��PURPOSE OF REVIEW: This review aims to describe new features on the epidemiology of encephalitis world-wide. As this neurological presentation is most frequently related to transmitted viruses, surveillance of encephalitis is of major importance to detect their emergence or re-emergence. RECENT FINDINGS: Rabies causes one of the most severe types of encephalitis as it is lethal in all cases, and it is endemic in some countries. It was thought that the virus had been eradicated in Western Europe, but it re-emerged in Greece and Italy. Physicians should be aware of this diagnosis in the case of severe encephalitis. Some viruses (Powassan, Nipah, and Hendra) are becoming endemic in some new parts of the world (USA and Australia). Because of their severity, they are healthcare concerns in those countries and for travelers (e.g. in Asia). Finally, a concept is emerging: herpes simplex virus is suspected to be a trigger for autoimmune encephalitis. This is of major importance for the future management of patients (corticosteroids early in the course of the disease?), and the epidemiology of sequelae. SUMMARY: Encephalitis is a good marker for the detection of emerging infections. New findings about the relationship between herpes simplex virus encephalitis and autoimmune encephalitis open a new concept for a better management of patients.,��https://www.ncbi.nlm.nih.gov/pubmed/24751960���Stahl, Jean-Paul
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metabolic rate���May±��Bats are sources of high viral diversity and high-profile zoonotic viruses worldwide. Although apparently not pathogenic in their reservoir hosts, some viruses from bats severely affect other mammals, including humans. Examples include severe acute respiratory syndrome coronaviruses, Ebola and Marburg viruses, and Nipah and Hendra viruses. Factors underlying high viral diversity in bats are the subject of speculation. We hypothesize that flight, a factor common to all bats but to no other mammals, provides an intensive selective force for coexistence with viral parasites through a daily cycle that elevates metabolism and body temperature analogous to the febrile response in other mammals. On an evolutionary scale, this host-virus interaction might have resulted in the large diversity of zoonotic viruses in bats, possibly through bat viruses adapting to be more tolerant of the fever response and less virulent to their natural hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24750692���O'Shea, Thomas J
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Virus Replication/*drug effects/physiology���Apr´��Nipah virus is a biosafety level 4 (BSL-4) pathogen that causes severe respiratory illness and encephalitis in humans. To identify novel small molecules that target Nipah virus replication as potential therapeutics, Southern Research Institute and Galveston National Laboratory jointly developed an automated high-throughput screening platform that is capable of testing 10,000 compounds per day within BSL-4 biocontainment. Using this platform, we screened a 10,080-compound library using a cell-based, high-throughput screen for compounds that inhibited the virus-induced cytopathic effect. From this pilot effort, 23 compounds were identified with EC50 values ranging from 3.9 to 20.0 muM and selectivities >10. Three sulfonamide compounds with EC50 values <12 muM were further characterized for their point of intervention in the viral replication cycle and for broad antiviral efficacy. Development of HTS capability under BSL-4 containment changes the paradigm for drug discovery for highly pathogenic agents because this platform can be readily modified to identify prophylactic and postexposure therapeutic candidates against other BSL-4 pathogens, particularly Ebola, Marburg, and Lassa viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24735442,��Tigabu, Bersabeh
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flying foxes���Jun,��CASE SERIES: Between 2006 and 2012, there were 11 horses diagnosed with Hendra virus (HeV) on 9 independent premises in New South Wales (NSW). We defined a case of HeV as premises where one or more horses were confirmed to be infected with HeV by PCR. All the cases occurred in the north-eastern region of NSW. In 8 of the 9 cases, infection occurred within 2 months over the winter of 2011. With no exception, the affected horses were kept at pasture on properties visited by flying foxes. Of the 11 horses testing positive for HeV, 5 had an association with a fence, with the horses dead or dying on a fence line. In the majority of cases, disease was an acute illness leading to death within 48 h. When signs of disease were observed, neurological signs predominated. There was limited spread to in-contact horses, with only two properties having more than one horse affected. There was significant variation in the sampling strategies undertaken by veterinarians. CONCLUSION: Caution is needed to interpret a negative diagnosis when only swabs have been collected.,��https://www.ncbi.nlm.nih.gov/pubmed/24730376®��Ball, M C
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Zoonoses/virology���Apr 3���Poxviruses are important pathogens of man and numerous domestic and wild animal species. Cross species (including zoonotic) poxvirus infections can have drastic consequences for the recipient host. Bats are a diverse order of mammals known to carry lethal viral zoonoses such as Rabies, Hendra, Nipah, and SARS. Consequent targeted research is revealing bats to be infected with a rich diversity of novel viruses. Poxviruses were recently identified in bats and the settings in which they were found were dramatically different. Here, we review the natural history of poxviruses in bats and highlight the relationship of the viruses to each other and their context in the Poxviridae family. In addition to considering the zoonotic potential of these viruses, we reflect on the broader implications of these findings. Specifically, the potential to explore and exploit this newfound relationship to study coevolution and cross species transmission together with fundamental aspects of poxvirus host tropism as well as bat virology and immunology.,��https://www.ncbi.nlm.nih.gov/pubmed/24704730~��Baker, Kate S
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*Respiratory Mucosa/metabolism/pathology/virology���Apr ��Nipah virus (NiV) is a member of the genus Henipavirus (family Paramyxoviridae) that causes severe and often lethal respiratory illness and encephalitis in humans with high mortality rates (up to 92%). NiV can cause Acute Lung Injury (ALI) in humans, and human-to-human transmission has been observed in recent outbreaks of NiV. While the exact route of transmission to humans is not known, we have previously shown that NiV can efficiently infect human respiratory epithelial cells. The molecular mechanisms of NiV-associated ALI in the human respiratory tract are unknown. Thus, there is an urgent need for models of henipavirus infection of the human respiratory tract to study the pathogenesis and understand the host responses. Here, we describe a novel human lung xenograft model in mice to study the pathogenesis of NiV. Following transplantation, human fetal lung xenografts rapidly graft and develop mature structures of adult lungs including cartilage, vascular vessels, ciliated pseudostratified columnar epithelium, and primitive "air" spaces filled with mucus and lined by cuboidal to flat epithelium. Following infection, NiV grows to high titers (10(7) TCID50/gram lung tissue) as early as 3 days post infection (pi). NiV targets both the endothelium as well as respiratory epithelium in the human lung tissues, and results in syncytia formation. NiV infection in the human lung results in the production of several cytokines and chemokines including IL-6, IP-10, eotaxin, G-CSF and GM-CSF on days 5 and 7 pi. In conclusion, this study demonstrates that NiV can replicate to high titers in a novel in vivo model of the human respiratory tract, resulting in a robust inflammatory response, which is known to be associated with ALI. This model will facilitate progress in the fundamental understanding of henipavirus pathogenesis and virus-host interactions; it will also provide biologically relevant models for other respiratory viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24699832,��Valbuena, Gustavo
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Nipah virus���Jun���Nipah virus (NiV) outbreaks have occurred in Malaysia, India, and Bangladesh, and the virus continues to cause annual outbreaks of fatal human encephalitis in Bangladesh due to spillover from its bat host reservoir. Due to its high pathogenicity, its potential use for bio/agro-terrorism, and to the current lack of approved therapeutics, NiV is designated as an overlap select agent requiring biosafety level-4 containment. Although the development of therapeutic monoclonal antibodies and soluble protein subunit vaccines have shown great promise, the paucity of effective antiviral drugs against NiV merits further exploration of compound libraries using rapid quantitative antiviral assays. As a proof-of-concept study, we evaluated the use of fluorescent and luminescent reporter NiVs for antiviral screening. We constructed and rescued NiVs expressing either Renilla luciferase or green fluorescent protein, and characterized their reporter signal kinetics in different cell types as well as in the presence of several inhibitors. The 50% effective concentrations (EC50s) derived for inhibitors against both reporter viruses are within range of EC50s derived from virus yield-based dose-response assays against wild-type NiV (within 1Log10), thus demonstrating that both reporter NiVs can serve as robust antiviral screening tools. Utilizing these live NiV-based reporter assays requires modest instrumentation, and circumvents the time and labor-intensive steps associated with cytopathic effect or viral antigen-based assays. These reporter NiVs will not only facilitate antiviral screening, but also the study of host cell components that influence the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24680955Ð��Lo, Michael K
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Vero Cells/virology���Mar���Hendra virus (HeV), a highly pathogenic zoonotic paramyxovirus recently emerged from bats, is a major concern to the horse industry in Australia. Previous research has shown that higher temperatures led to lower virus survival rates in the laboratory. We develop a model of survival of HeV in the environment as influenced by temperature. We used 20 years of daily temperature at six locations spanning the geographic range of reported HeV incidents to simulate the temporal and spatial impacts of temperature on HeV survival. At any location, simulated virus survival was greater in winter than in summer, and in any month of the year, survival was higher in higher latitudes. At any location, year-to-year variation in virus survival 24 h post-excretion was substantial and was as large as the difference between locations. Survival was higher in microhabitats with lower than ambient temperature, and when environmental exposure was shorter. The within-year pattern of virus survival mirrored the cumulative within-year occurrence of reported HeV cases, although there were no overall differences in survival in HeV case years and non-case years. The model examines the effect of temperature in isolation; actual virus survivability will reflect the effect of additional environmental factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24643861¸��Scanlan, J C
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Vaccines���May 7���BACKGROUND: Nipah virus (NiV), a zoonotic pathogen causing severe respiratory illness and encephalitis in humans, emerged in Malaysia in 1998 with subsequent outbreaks on an almost annual basis since 2001 in parts of the Indian subcontinent. The high case fatality rate, human-to-human transmission, wide-ranging reservoir distribution and lack of licensed intervention options are making NiV a serious regional and potential global public health problem. The objective of this study was to develop a fast-acting, single-dose NiV vaccine that could be implemented in a ring vaccination approach during outbreaks. METHODS: In this study we have designed new live-attenuated vaccine vectors based on recombinant vesicular stomatitis viruses (rVSV) expressing NiV glycoproteins (G or F) or nucleoprotein (N) and evaluated their protective efficacy in Syrian hamsters, an established NiV animal disease model. We further characterized the humoral immune response to vaccination in hamsters using ELISA and neutralization assays and performed serum transfer studies. RESULTS: Vaccination of Syrian hamsters with a single dose of the rVSV vaccine vectors resulted in strong humoral immune responses with neutralizing activities found only in those animals vaccinated with rVSV expressing NiV G or F proteins. Vaccinated animals with neutralizing antibody responses were completely protected from lethal NiV disease, whereas animals vaccinated with rVSV expressing NiV N showed only partial protection. Protection of NiV G or F vaccinated animals was conferred by antibodies, most likely the neutralizing fraction, as demonstrated by serum transfer studies. Protection of N-vaccinated hamsters was not antibody-dependent indicating a role of adaptive cellular responses for protection. CONCLUSIONS: The rVSV vectors expressing Nipah virus G or F are prime candidates for new 'emergency vaccines' to be utilized for NiV outbreak management.,��https://www.ncbi.nlm.nih.gov/pubmed/24631094���DeBuysscher, Blair L
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Nipah Virus���Marô��Since 2001, outbreaks of Nipah virus have occurred almost every year in Bangladesh with high case-fatality rates. Epidemiological data suggest that in Bangladesh, Nipah virus is transmitted from the natural reservoir, fruit bats, to humans via consumption of date palm sap contaminated by bats, with subsequent human-to-human transmission. To experimentally investigate this epidemiological association between drinking of date palm sap and human cases of Nipah virus infection, we determined the viability of Nipah virus (strain Bangladesh/200401066) in artificial palm sap. At 22 degrees C virus titers remained stable for at least 7 days, thus potentially allowing food-borne transmission. Next, we modeled food-borne Nipah virus infection by supplying Syrian hamsters with artificial palm sap containing Nipah virus. Drinking of 5x10(8) TCID(5)(0) of Nipah virus resulted in neurological disease in 5 out of 8 hamsters, indicating that food-borne transmission of Nipah virus can indeed occur. In comparison, intranasal (i.n.) inoculation with the same dose of Nipah virus resulted in lethal respiratory disease in all animals. In animals infected with Nipah virus via drinking, virus was detected in respiratory tissues rather than in the intestinal tract. Using fluorescently labeled Nipah virus particles, we showed that during drinking, a substantial amount of virus is deposited in the lungs, explaining the replication of Nipah virus in the respiratory tract of these hamsters. Besides the ability of Nipah virus to infect hamsters via the drinking route, Syrian hamsters infected via that route transmitted the virus through direct contact with naive hamsters in 2 out of 24 transmission pairs. Although these findings do not directly prove that date palm sap contaminated with Nipah virus by bats is the origin of Nipah virus outbreaks in Bangladesh, they provide the first experimental support for this hypothesis. Understanding the Nipah virus transmission cycle is essential for preventing and mitigating future outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/24626480"��de Wit, Emmie
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viral fusion���DecÓ��The fusion of Nipah with host cells is facilitated by two of their glycoproteins, the G and the F proteins. The binding of cellular ephrins to the G head domain causes the G stalk domain to interact differently with F, which activates F to mediate virus-host fusion. To gain insight into how the ephrin-binding signal transduces from the head to the stalk domain of G, we examine quantitatively the differences between the conformational ensembles of the G head domain in its ephrin-bound and unbound states. We consider the human ephrins B2 and B3, and a double mutant of B2, all of which trigger fusion. The ensembles are generated using molecular dynamics, and the differences between them are quantified using a new machine learning method. We find that the portion of the G head domain whose conformational density is altered equivalently by the three ephrins is large, and comprises approximately 25% of the residues in the G head domain. This subspace also includes the residues that are known to be important to F activation, which suggests that it contains at least one common signaling pathway. The spatial distribution of the residues constituting this subspace supports the model of signal transduction in which the signal transduces via the G head dimer interface. This study also adds to the growing list of examples where signaling does not depend solely on backbone deviations. In general, this study provides an approach to filter out conserved patterns in protein dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/24615845Ä��Varma, Sameer
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Viral Proteins/*chemistry/genetics/*metabolism���The phosphoprotein (P) gene of most Paramyxovirinae encodes several proteins in overlapping frames: P and V, which share a common N-terminus (PNT), and C, which overlaps PNT. Overlapping genes are of particular interest because they encode proteins originated de novo, some of which have unknown structural folds, challenging the notion that nature utilizes only a limited, well-mapped area of fold space. The C proteins cluster in three groups, comprising measles, Nipah, and Sendai virus. We predicted that all C proteins have a similar organization: a variable, disordered N-terminus and a conserved, alpha-helical C-terminus. We confirmed this predicted organization by biophysically characterizing recombinant C proteins from Tupaia paramyxovirus (measles group) and human parainfluenza virus 1 (Sendai group). We also found that the C of the measles and Nipah groups have statistically significant sequence similarity, indicating a common origin. Although the C of the Sendai group lack sequence similarity with them, we speculate that they also have a common origin, given their similar genomic location and structural organization. Since C is dispensable for viral replication, unlike PNT, we hypothesize that C may have originated de novo by overprinting PNT in the ancestor of Paramyxovirinae. Intriguingly, in measles virus and Nipah virus, PNT encodes STAT1-binding sites that overlap different regions of the C-terminus of C, indicating they have probably originated independently. This arrangement, in which the same genetic region encodes simultaneously a crucial functional motif (a STAT1-binding site) and a highly constrained region (the C-terminus of C), seems paradoxical, since it should severely reduce the ability of the virus to adapt. The fact that it originated twice suggests that it must be balanced by an evolutionary advantage, perhaps from reducing the size of the genetic region vulnerable to mutations.,��https://www.ncbi.nlm.nih.gov/pubmed/24587180���Lo, Michael K
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962Ï��Roche, S E
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Staphylococcus kloosii���Augþ��Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with lambdamax at 426, 447 and 475 nm and lambdamax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.,��https://www.ncbi.nlm.nih.gov/pubmed/24575244¢��Kamarudin, Kamarul Rahim
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zoonotic paramyxovirus���Mar£��In recent years, the emergence of several highly pathogenic zoonotic diseases in humans has led to a renewed emphasis on the interconnectedness of human, animal, and environmental health, otherwise known as One Health. For example, Hendra virus (HeV), a zoonotic paramyxovirus, was discovered in 1994, and since then, infections have occurred in 7 humans, each of whom had a strong epidemiologic link to similarly affected horses. As a consequence of these outbreaks, eradication of bat populations was discussed, despite their crucial environmental roles in pollination and reduction of the insect population. We describe the development and evaluation of a vaccine for horses with the potential for breaking the chain of HeV transmission from bats to horses to humans, thereby protecting horse, human, and environmental health. The HeV vaccine for horses is a key example of a One Health approach to the control of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24572697M��Middleton, Deborah
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*Zoonoses/prevention & control/transmission���Feb 20®��BACKGROUND: After the 2011 cluster of Hendra virus cases in horses in Australia, public health targeted education initiatives at people in the equine industry to reduce human exposure to potentially infected horses. 'Horse owners and Hendra Virus: A Longitudinal cohort study To Evaluate Risk' aims to enhance public health measures through improved understanding of Hendra virus risk perception and risk mitigation strategies among horse owners and horse care providers. This paper describes the stakeholder consultation that was undertaken to ensure the cohort study outcomes were relevant to diverse groups who play a role in Hendra virus policy development and implementation. METHODS: A two-round modified Delphi study with online questionnaires was conducted. In round one, stakeholders identified priority research areas. In round two, stakeholders rated and ranked topics that emerged from thematic analysis of the round one responses. Round two data were analysed using logistic regression. RESULTS: Of the 255 stakeholders contacted, 101 responded to round one. Over 450 topics were proposed. These were organized into 18 themes. Approximately two thirds of the round one respondents participated in round two. 'Hendra virus-related risk awareness and perception', 'personal health and safety', 'emergency preparedness', 'risk prevention, mitigation, and biosecurity', and 'Hendra virus vaccination in horses--attitudes/uptake' were the top five areas identified according to probability of being ranked extremely important. CONCLUSIONS: In this study, a modified Delphi approach was effective in guiding research into Hendra virus, a zoonotic disease of animal and human health significance. The findings support the notion that stakeholders should be engaged in zoonotic disease research priority setting. Such consultation will help to ensure that research initiatives are relevant and useful to stakeholders in the position to make use of new findings.,��https://www.ncbi.nlm.nih.gov/pubmed/24552445Í��Sawford, Kate
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*Virus Internalization���Apr·��The paramyxoviruses represent a diverse virus family responsible for a wide range of human and animal diseases. In contrast to other viruses, such as HIV and influenza virus, which use a single glycoprotein to mediate host receptor binding and virus entry, the paramyxoviruses require two distinct proteins. One of these is an attachment glycoprotein that binds receptor, while the second is a fusion glycoprotein, which undergoes conformational changes that drive virus-cell membrane fusion and virus entry. The details of how receptor binding by one protein activates the second to undergo conformational changes have been poorly understood until recently. Over the past couple of years, structural and functional data have accumulated on representative members of this family, including parainfluenza virus 5, Newcastle disease virus, measles virus, Nipah virus and others, which suggest a mechanistic convergence of activation models. Here we review the data indicating that paramyxovirus attachment glycoproteins shield activating residues within their N-terminal stalk domains, which are then exposed upon receptor binding, leading to the activation of the fusion protein by a 'provocateur' mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/24530984���Jardetzky, Theodore S
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Viral Vaccines/administration & dosage/genetics/*immunology���Mayì��UNLABELLED: Hendra virus (HeV) is a zoonotic emerging virus belonging to the family Paramyxoviridae. HeV causes severe and often fatal respiratory and/or neurologic disease in both animals and humans. Currently, there are no licensed vaccines or antiviral drugs approved for human use. A number of animal models have been developed for studying HeV infection, with the African green monkey (AGM) appearing to most faithfully reproduce the human disease. Here, we assessed the utility of a newly developed recombinant subunit vaccine based on the HeV attachment (G) glycoprotein in the AGM model. Four AGMs were vaccinated with two doses of the HeV vaccine (sGHeV) containing Alhydrogel, four AGMs received the sGHeV with Alhydrogel and CpG, and four control animals did not receive the sGHeV vaccine. Animals were challenged with a high dose of infectious HeV 21 days after the boost vaccination. None of the eight specifically vaccinated animals showed any evidence of clinical illness and survived the challenge. All four controls became severely ill with symptoms consistent with HeV infection, and three of the four animals succumbed 8 days after exposure. Success of the recombinant subunit vaccine in AGMs provides pivotal data in supporting its further preclinical development for potential human use. IMPORTANCE: A Hendra virus attachment (G) glycoprotein subunit vaccine was tested in nonhuman primates to assess its ability to protect them from a lethal infection with Hendra virus. It was found that all vaccinated African green monkeys were completely protected against subsequent Hendra virus infection and disease. The success of this new subunit vaccine in nonhuman primates provides critical data in support of its further development for future human use.,��https://www.ncbi.nlm.nih.gov/pubmed/24522928S��Mire, Chad E
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Serology���May$��Hendra and Nipah viruses (HeV and NiV) are closely related zoonotic pathogens of the Paramyxoviridae family. Both viruses belong to the Henipavirus genus and cause fatal disease in animals and humans, though only HeV is endemic in Australia. In general and due to the acute nature of the disease, agent detection by PCR and virus isolation are the primary tools for diagnostic investigations. Assays for the detection of antibodies against HeV are fit more readily for the purpose of surveillance testing in disease epidemiology and to meet certification requirements in the international movement of horses. The first generation indirect ELISA has been affected by non-specific reactions which must be resolved using virus neutralisation serology conducted at laboratory bio-safety level 4 containment (PC4). Recent developments have enabled improvements in the available serology assays. The production of an expressed recombinant truncated HeV G protein has been utilised in ELISA and in Luminex-based multiplexed microsphere assays. In the latter format, two Luminex assays have been developed for use in henipavirus serology: a binding assay (designed for antibody detection and differentiation) and a blocking assay (designed as a surrogate for virus neutralisation). Equine and canine field sera were used to evaluate the two Luminex assays relative to ELISA and virus neutralisation serology. Results showed that Luminex assays can be effective as rapid, sensitive and specific tests for the detection of HeV antibody in horse and dog sera. The tests do not require PC4 containment and are appropriate for high throughput applications as might be required for disease investigations and other epidemiological surveillance. Also, the results show that the Luminex assays detect effectively HeV vaccine-induced antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/24508193ò��McNabb, Leanne
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Virus Diseases/enzymology/virology���AprÖ��UNLABELLED: Severe acute respiratory syndrome coronavirus (SARS-CoV) and Ebola, Hendra, and Nipah viruses are members of different viral families and are known causative agents of fatal viral diseases. These viruses depend on cathepsin L for entry into their target cells. The viral glycoproteins need to be primed by protease cleavage, rendering them active for fusion with the host cell membrane. In this study, we developed a novel high-throughput screening assay based on peptides, derived from the glycoproteins of the aforementioned viruses, which contain the cathepsin L cleavage site. We screened a library of 5,000 small molecules and discovered a small molecule that can inhibit the cathepsin L cleavage of all viral peptides with minimal inhibition of cleavage of a host protein-derived peptide (pro-neuropeptide Y). The small molecule inhibited the entry of all pseudotyped viruses in vitro and the cleavage of SARS-CoV spike glycoprotein in an in vitro cleavage assay. In addition, the Hendra and Nipah virus fusion glycoproteins were not cleaved in the presence of the small molecule in a cell-based cleavage assay. Furthermore, we demonstrate that the small molecule is a mixed inhibitor of cathepsin L. Our broad-spectrum antiviral small molecule appears to be an ideal candidate for future optimization and development into a potent antiviral against SARS-CoV and Ebola, Hendra, and Nipah viruses. IMPORTANCE: We developed a novel high-throughput screening assay to identify small molecules that can prevent cathepsin L cleavage of viral glycoproteins derived from SARS-CoV and Ebola, Hendra, and Nipah viruses that are required for their entry into the host cell. We identified a novel broad-spectrum small molecule that could block cathepsin L-mediated cleavage and thus inhibit the entry of pseudotypes bearing the glycoprotein derived from SARS-CoV or Ebola, Hendra, or Nipah virus. The small molecule can be further optimized and developed into a potent broad-spectrum antiviral drug.,��https://www.ncbi.nlm.nih.gov/pubmed/245013993��Elshabrawy, Hatem A
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pathogenesis���Jul²��Hendra (HeV) and Nipah (NiV) viruses (genus Henipavirus (HNV; family Paramyxoviridae) are emerging zoonotic agents that can cause severe respiratory distress and acute encephalitis in humans. Given the lack of effective therapeutics and vaccines for human use, these viruses are considered as public health concerns. Several experimental animal models of HNV infection have been developed in recent years. Here, we review the current status of four of the most promising experimental animal models (mice, hamsters, ferrets, and African green monkeys) and their suitability for modeling the clinical disease, transmission, pathogenesis, prevention, and treatment for HNV infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24488776���Rockx, Barry
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Zoonoses/*epidemiology/transmission���FebÑ��Zoonotic infections are important sources of human disease; most known emerging infections are zoonotic (e.g., HIV, Ebola virus, severe acute respiratory syndrome, Nipah virus, and enteropathogenic Escherichia coli) and originated as natural infections of other species that acquired opportunities to come in contact with humans. There are also serious infectious diseases classically considered zoonotic, such as influenza, rabies, bubonic plague, brucellosis, and leptospirosis. More recently, it has been recognized that wildlife constitutes a particularly important source of novel zoonoses. With all this microbial movement, surveillance is considered the first line of public health defense. The zoonotic origin of many human and livestock infections argues strongly for the synergistic value of a One Health approach, which provides the capability to identify pathogens crossing into new species and could provide earlier warning of potential epidemics. This article discusses public health surveillance and major recent surveillance initiatives and reviews progress toward implementing a One Health surveillance framework. Networks discussed include global intergovernmental organizations and recent combined efforts of these organizations; Web-based nongovernmental systems (e.g., ProMED, the Program for Monitoring Emerging Diseases); and networks of bilateral or multilateral government programs (e.g., the CDC's Global Disease Detection [GDD] platform; the U.S. Department of Defense's Global Emerging Infections Surveillance and Response System [GEIS]; regional and subregional networks; and the U.S. Agency for International Development's Emerging Pandemic Threats [EPT] program and its surveillance component, PREDICT). Syndromic surveillance also has potential to complement existing systems. New technologies are enabling revolutionary capabilities for global surveillance, but in addition to serious technical needs, both sustainability and data-sharing mechanisms remain challenges.,��https://www.ncbi.nlm.nih.gov/pubmed/26082122Æ��Morse, Stephen S
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Zoonoses���Mar 6È��The recent discovery of a wide range of henipavirus-like viruses circulating in Megabats in Africa raises the question as to the zoonotic potential of these pathogens given the high human mortality rates seen with their pathogenic relatives Nipah virus and Hendra virus. In the absence of cultured infectious African Henipavirus we have performed experiments with recombinant F and G glycoproteins from the representative African Henipavirus strain M74a aimed at estimating its cellular tropism and capacity to use similar receptors to its highly pathogenic counterparts. The ability of the M74a virus G surface protein to use the ubiquitous Ephrin B2 host cell receptor and its heterologous cross-compatibility with Nipah virus could be expected to impart upon this virus a reasonable potential for species spillover, although differences in fusion efficiency seen with the M74a virus F protein in certain cell lines could present a barrier for zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/24452140���Lawrence, Philip
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Iron���Mar 1���Biodegradable metals such as magnesium, iron and their alloys have been known as potential materials for temporary medical implants. However, most of the studies on biodegradable metals have been focusing on optimizing their mechanical properties and degradation behavior with no emphasis on improving their bioactivity behavior. We therefore investigated the possibility of improving iron biodegradation rate and bioactivity by incorporating various bioactive bioceramics. The iron-based bioceramic (hydroxyapatite, tricalcium phosphate and biphasic calcium phosphate) composites were prepared by mechanical mixing and sintering process. Degradation studies indicated that the addition of bioceramics lowered the corrosion potential of the composites and slightly increased their corrosion rate compared to that of pure iron. In vitro cytotoxicity results showed an increase of cellular activity when rat smooth muscle cells interacted with the degrading composites compared to pure iron. X-ray radiogram analysis showed a consistent degradation progress with that found in vivo and positive tissue response up to 70 days implantation in sheep animal model. Therefore, the iron-based bioceramic composites have the potential to be used for biodegradable bone implant applications.,��https://www.ncbi.nlm.nih.gov/pubmed/24433920���Ulum, M F
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Pigs���Decë��The emergence of Nipah virus (NiV) infection into the pig population and subsequently into the human population is believed to be due to changes in ecological conditions. In Malaysia, A major NiV outbreak occurred in pigs and humans from September 1998 to April 1999 that resulted in infection of 265 and death of 105 persons. About 1.1 million pigs had to be destroyed to control the outbreak. The disease was recorded in the form of a major outbreak in India in 2001 and then a small incidence in 2007, both the outbreaks in West Bengal only in humans without any involvement of pigs. There were series of human Nipah incidences in Bangladesh from 2001 till 2013 almost every year with mortality exceeding 70 %. The disease transmission from pigs acting as an intermediate host during Malaysian and Singapore outbreaks has changed in NIV outbreaks in India and Bangladesh, transmitting the disease directly from bats to human followed by human to human. The drinking of raw date palm sap contaminated with fruit bat urine or saliva containing NiV is the only known cause of outbreak of the disease in Bangladesh outbreaks. The virus is now known to exist in various fruit bats of Pteropus as well as bats of other genera in a wider belt from Asia to Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/24426305§��Kulkarni, D D
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Virus���Dec+��Emerging and reemerging viral diseases of livestock and human beings are in sharp rise in recent years. Importantly, many of these viruses, including influenza, Hendra, Nipah and corona are of zoonotic importance. Several viral diseases of livestock such as bluetongue, peste des petits ruminants, camel pox, equine infectious anaemia, chicken anaemia and sheep-associated malignant catarrhal fever are crossing their traditional boundaries. Emergence of new serotypes and variant forms of viruses as in the case of blue tongue virus, avian infectious bronchitis virus, Newcastle disease virus adds additional level of complexity. The increased incidence of emerging and reemerging viral diseases could be attributed to several factors including deforestation and surge in direct contact of livestock and humans with wild animals and birds. This special issue of "Indian Journal of Virology" is focused on diverse aspects of above diseases: isolation and characterization of viruses, epidemiology, pathogenesis, diagnosis, prevention measures and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/24426290���Bayry, Jagadeesh
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Virus Replication?��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans, and incurred a high fatality rate in humans. We established a system that enabled the rescue of replicating NiVs from a cloned DNA. Using the system, we analyzed the functions of accessory proteins in infected cells and the implications in in vivo pathogenicity. Further, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins, which appeared to be an appropriate to NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25765986u��Yoneda, Misako
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Viral Vaccines/administration & dosage/genetics/*immunology���Dec 13q��BACKGROUND: Nipah virus (NiV) is a highly pathogenic zoonotic agent in the family Paramyxoviridae that is maintained in nature by bats. Outbreaks have occurred in Malaysia, Singapore, India, and Bangladesh and have been associated with 40 to 75% case fatality rates. There are currently no vaccines or postexposure treatments licensed for combating human NiV infection. METHODS AND RESULTS: Four groups of ferrets received a single vaccination with different recombinant vesicular stomatitis virus vectors expressing: Group 1, control with no glycoprotein; Group 2, the NiV fusion protein (F); Group 3, the NiV attachment protein (G); and Group 4, a combination of the NiV F and G proteins. Animals were challenged intranasally with NiV 28 days after vaccination. Control ferrets in Group 1 showed characteristic clinical signs of NiV disease including respiratory distress, neurological disorders, viral load in blood and tissues, and gross lesions and antigen in target tissues; all animals in this group succumbed to infection by day 8. Importantly, all specifically vaccinated ferrets in Groups 2-4 showed no evidence of clinical illness and survived challenged. All animals in these groups developed anti-NiV F and/or G IgG and neutralizing antibody titers. While NiV RNA was detected in blood at day 6 post challenge in animals from Groups 2-4, the levels were orders of magnitude lower than animals from control Group 1. CONCLUSIONS: These data show protective efficacy against NiV in a relevant model of human infection. Further development of this technology has the potential to yield effective single injection vaccines for NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/24330654ì��Mire, Chad E
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Trees���FebN��Nipah virus has caused recurring outbreaks in central and northwest Bangladesh (the "Nipah Belt"). Little is known about roosting behavior of the fruit bat reservoir, Pteropus giganteus, or factors driving spillover. We compared human population density and ecological characteristics of case villages and control villages (no reported outbreaks) to understand their role in P. giganteus roosting ecology and Nipah virus spillover risk. Nipah Belt villages have a higher human population density (P < 0.0001), and forests that are more fragmented than elsewhere in Bangladesh (0.50 versus 0.32 patches/km(2), P < 0.0001). The number of roosts in a village correlates with forest fragmentation (r = 0.22, P = 0.03). Villages with a roost containing Polyalthia longifolia or Bombax ceiba trees were more likely case villages (odds ratio [OR] = 10.8, 95% confidence interval [CI] = 1.3-90.6). This study suggests that, in addition to human population density, composition and structure of the landscape shared by P. giganteus and humans may influence the geographic distribution of Nipah virus spillovers.,��https://www.ncbi.nlm.nih.gov/pubmed/24323516���Hahn, Micah B
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Zoonoses/*epidemiology/virology­��Zoonoses from wildlife threaten global public health. Hendra virus is one of several zoonotic viral diseases that have recently emerged from Pteropus species fruit-bats (flying-foxes). Most hypotheses regarding persistence of Hendra virus within flying-fox populations emphasize horizontal transmission within local populations (colonies) via urine and other secretions, and transmission among colonies via migration. As an alternative hypothesis, we explore the role of recrudescence in persistence of Hendra virus in flying-fox populations via computer simulation using a model that integrates published information on the ecology of flying-foxes, and the ecology and epidemiology of Hendra virus. Simulated infection patterns agree with infection patterns observed in the field and suggest that Hendra virus could be maintained in an isolated flying-fox population indefinitely via periodic recrudescence in a manner indistinguishable from maintenance via periodic immigration of infected individuals. Further, post-recrudescence pulses of infectious flying-foxes provide a plausible basis for the observed seasonal clustering of equine cases. Correct understanding of the infection dynamics of Hendra virus in flying-foxes is fundamental to effectively managing risk of infection in horses and humans. Given the lack of clear empirical evidence on how the virus is maintained within populations, the role of recrudescence merits increased attention.,��https://www.ncbi.nlm.nih.gov/pubmed/24312221Û��Wang, Hsiao-Hsuan
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Viral Proteins/genetics/*metabolism���Mar¨��In recent years, novel henipavirus-related sequences have been identified in bats in Africa. To evaluate the potential of African bat henipaviruses to spread in non-bat mammalian cells, we compared the biological functions of the surface glycoproteins G and F of the prototype African henipavirus GH-M74a with those of the glycoproteins of Nipah virus (NiV), a well-characterized pathogenic member of the henipavirus genus. Glycoproteins are central determinants for virus tropism, as efficient binding of henipavirus G proteins to cellular ephrin receptors and functional expression of fusion-competent F proteins are indispensable prerequisites for virus entry and cell-to-cell spread. In this study, we analysed the ability of the GH-M74a G and F proteins to cause cell-to-cell fusion in mammalian cell types readily permissive to NiV or Hendra virus infections. Except for limited syncytium formation in a bat cell line derived from Hypsignathus monstrosus, HypNi/1.1 cells, we did not observe any fusion. The highly restricted fusion activity was predominantly due to the F protein. Whilst GH-M74a G protein was found to interact with the main henipavirus receptor ephrin-B2 and induced syncytia upon co-expression with heterotypic NiV F protein, GH-M74a F protein did not cause evident fusion in the presence of heterotypic NiV G protein. Pulse-chase and surface biotinylation analyses revealed delayed F cleavage kinetics with a reduced expression of cleaved and fusion-active GH-M74a F protein on the cell surface. Thus, the F protein of GH-M74a showed a functional defect that is most likely caused by impaired trafficking leading to less efficient proteolytic activation and surface expression.,��https://www.ncbi.nlm.nih.gov/pubmed/24296468!��Weis, Michael
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Zoonoses/epidemiology/*transmission/virology���Dec���A large proportion of viral pathogens that have emerged during the last decades in humans are considered to have originated from various animal species. This is well exemplified by several recent epidemics such as those of Nipah, Severe Acute Respiratory Syndrome, Avian flu, Ebola, Monkeypox, and Hantaviruses. After the initial interspecies transmission per se, the viruses can disseminate into the human population through various and distinct mechanisms. Some of them are well characterized and understood, thus allowing a certain level of risk control and prevention. Surprisingly and in contrast, the initial steps that lead to the emergence of several viruses, and of their associated diseases, remain still poorly understood. Epidemiological field studies conducted in certain specific high-risk populations are thus necessary to obtain new insights into the early events of this emergence process. Human infections by simian viruses represent increasing public health concerns. Indeed, by virtue of their genetic andphysiological similarities, non-human primates (NHPs) are considered to be likely the sources of viruses that can infect humans and thus may pose a significant threat to human population. This is well illustrated by retroviruses, which have the ability to cross species, adapt to a new host and sometimes spread within these new species. Sequence comparison and phylogenetic studies have thus clearly showed that the emergence of human immunodeficiency virus type 1 (HIV-1) and HIV-2 in humans have resulted from several independent interspecies transmissions of different SIV types from Chimpanzees and African monkeys (including sooty mangabeys), respectively, probably during the first part of the last century. The situation for Human T cell Lymphotropic virus type 1 (HTLV-1) is, for certain aspects, quite comparable. Indeed, the origin of most HTLV-1 subtypes appears to be linked to interspecies transmission between STLV-1-infected monkeys and humans, followed by variable periods of evolution in the human host. In this review, after an introduction on emerging viruses, we will briefly present the results of a large epidemiological study performed in groups of Bantus and Pygmies living in villages and settlements located in the rain forest of the South region of Cameroon. These populations are living nearby the habitats of several monkeys and apes, often naturally infected by different retroviruses including SIV, STLV and simianfoamy virus. Most of the persons included in this study were hunters of such NHPs, thus at high risk of contact with infected body fluids (blood, saliva,...) during hunting activities. After reviewing the current available data on the discovery, cross-species transmission from monkeys and apes to humans of the simian foamy retroviruses, we will report the results of our study. Such infection is a unique natural model to study the different mechanisms of restriction of retroviral emergence in Humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26137812���Gessain, Antoine
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*Virus Internalization¥��Membrane fusion is essential for entry of the biomedically-important paramyxoviruses into their host cells (viral-cell fusion), and for syncytia formation (cell-cell fusion), often induced by paramyxoviral infections [e.g. those of the deadly Nipah virus (NiV)]. For most paramyxoviruses, membrane fusion requires two viral glycoproteins. Upon receptor binding, the attachment glycoprotein (HN/H/G) triggers the fusion glycoprotein (F) to undergo conformational changes that merge viral and/or cell membranes. However, a significant knowledge gap remains on how HN/H/G couples cell receptor binding to F-triggering. Via interdisciplinary approaches we report the first comprehensive mechanism of NiV membrane fusion triggering, involving three spatiotemporally sequential cell receptor-induced conformational steps in NiV-G: two in the head and one in the stalk. Interestingly, a headless NiV-G mutant was able to trigger NiV-F, and the two head conformational steps were required for the exposure of the stalk domain. Moreover, the headless NiV-G prematurely triggered NiV-F on virions, indicating that the NiV-G head prevents premature triggering of NiV-F on virions by concealing a F-triggering stalk domain until the correct time and place: receptor-binding. Based on these and recent paramyxovirus findings, we present a comprehensive and fundamentally conserved mechanistic model of paramyxovirus membrane fusion triggering and cell entry.,��https://www.ncbi.nlm.nih.gov/pubmed/24278018¾��Liu, Qian
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tumor necrosis factor receptor-associated 6���Jan 3±��Paramyxovirus C protein targets the host interferon (IFN) system for virus immune evasion. To identify its unknown anti-IFN activity, we examined the effect of Sendai virus C protein on activation of the IFN-alpha promoter via various signaling pathways. This study uncovers a novel ability of C protein to block Toll-like receptor (TLR) 7- and TLR9-dependent IFN-alpha induction, which is specific to plasmacytoid dendritic cells. C protein interacts with a serine/threonine kinase IKKalpha and inhibits phosphorylation of IRF7. This anti-IFN activity of C protein is shared across genera of the Paramyxovirinae, and thus appears to play an important role in paramyxovirus immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/24269682Ü��Yamaguchi, Mayu
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Surveys and QuestionnairesÈ��Hendra virus is a highly pathogenic novel paramyxovirus causing sporadic fatal infection in horses and humans in Australia. Species of fruit-bats (genus Pteropus), commonly known as flying-foxes, are the natural host of the virus. We undertook a survey of horse owners in the states of Queensland and New South Wales, Australia to assess the level of adoption of recommended risk management strategies and to identify impediments to adoption. Survey questionnaires were completed by 1431 respondents from the target states, and from a spectrum of industry sectors. Hendra virus knowledge varied with sector, but was generally limited, with only 13% of respondents rating their level of knowledge as high or very high. The majority of respondents (63%) had seen their state's Hendra virus information for horse owners, and a similar proportion found the information useful. Fifty-six percent of respondents thought it moderately, very or extremely likely that a Hendra virus case could occur in their area, yet only 37% said they would consider Hendra virus if their horse was sick. Only 13% of respondents stabled their horses overnight, although another 24% said it would be easy or very easy to do so, but hadn't done so. Only 13% and 15% of respondents respectively had horse feed bins and water points under solid cover. Responses varied significantly with state, likely reflecting different Hendra virus history. The survey identified inconsistent awareness and/or adoption of available knowledge, confusion in relation to Hendra virus risk perception, with both over-and under-estimation of true risk, and lag in the uptake of recommended risk minimisation strategies, even when these were readily implementable. However, we also identified frustration and potential alienation by horse owners who found the recommended strategies impractical, onerous and prohibitively expensive. The insights gained from this survey have broader application to other complex risk-management scenarios.,��https://www.ncbi.nlm.nih.gov/pubmed/24260503é��Kung, Nina
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Pigs���Jan 1þ��Diseases that are exotic to the pig industry in Australia were prioritised using a multi-criteria decision analysis framework that incorporated weights of importance for a range of criteria important to industry stakeholders. Measurements were collected for each disease for nine criteria that described potential disease impacts. A total score was calculated for each disease using a weighted sum value function that aggregated the nine disease criterion measurements and weights of importance for the criteria that were previously elicited from two groups of industry stakeholders. One stakeholder group placed most value on the impacts of disease on livestock, and one group placed more value on the zoonotic impacts of diseases. Prioritisation lists ordered by disease score were produced for both of these groups. Vesicular diseases were found to have the highest priority for the group valuing disease impacts on livestock, followed by acute forms of African and classical swine fever, then highly pathogenic porcine reproductive and respiratory syndrome. The group who valued zoonotic disease impacts prioritised rabies, followed by Japanese encephalitis, Eastern equine encephalitis and Nipah virus, interspersed with vesicular diseases. The multi-criteria framework used in this study systematically prioritised diseases using a multi-attribute theory based technique that provided transparency and repeatability in the process. Flexibility of the framework was demonstrated by aggregating the criterion weights from more than one stakeholder group with the disease measurements for the criteria. This technique allowed industry stakeholders to be active in resource allocation for their industry without the need to be disease experts. We believe it is the first prioritisation of livestock diseases using values provided by industry stakeholders. The prioritisation lists will be used by industry stakeholders to identify diseases for further risk analysis and disease spread modelling to understand biosecurity risks to this industry.,��https://www.ncbi.nlm.nih.gov/pubmed/24211032ã��Brookes, V J
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Vaccine���Jan���Nipah virus (NiV) continues to cause outbreaks of fatal human encephalitis due to spillover from its bat reservoir. We determined that a single dose of replication-defective vesicular stomatitis virus (VSV)-based vaccine vectors expressing either the NiV fusion (F) or attachment (G) glycoproteins protected hamsters from over 1000 times LD50 NiV challenge. This highly effective single-dose protection coupled with an enhanced safety profile makes these candidates ideal for potential use in livestock and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24184127´��Lo, Michael K
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Virus Entry���Dec 13¤��Paramyxovirus fusion (F) proteins promote membrane fusion between the viral envelope and host cell membranes, a critical early step in viral infection. Although mutational analyses have indicated that transmembrane (TM) domain residues can affect folding or function of viral fusion proteins, direct analysis of TM-TM interactions has proved challenging. To directly assess TM interactions, the oligomeric state of purified chimeric proteins containing the Staphylococcal nuclease (SN) protein linked to the TM segments from three paramyxovirus F proteins was analyzed by sedimentation equilibrium analysis in detergent and buffer conditions that allowed density matching. A monomer-trimer equilibrium best fit was found for all three SN-TM constructs tested, and similar fits were obtained with peptides corresponding to just the TM region of two different paramyxovirus F proteins. These findings demonstrate for the first time that class I viral fusion protein TM domains can self-associate as trimeric complexes in the absence of the rest of the protein. Glycine residues have been implicated in TM helix interactions, so the effect of mutations at Hendra F Gly-508 was assessed in the context of the whole F protein. Mutations G508I or G508L resulted in decreased cell surface expression of the fusogenic form, consistent with decreased stability of the prefusion form of the protein. Sedimentation equilibrium analysis of TM domains containing these mutations gave higher relative association constants, suggesting altered TM-TM interactions. Overall, these results suggest that trimeric TM interactions are important driving forces for protein folding, stability and membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/24178297ø��Smith, Everett Clinton
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Signal transducers and activators of transcription 2���May 12Ñ��The paramyxoviruses are a family of > 30 viruses that variously infect humans, other mammals and fish to cause diverse outcomes, ranging from asymptomatic to lethal disease, with the zoonotic paramyxoviruses Nipah and Hendra showing up to 70% case-fatality rate in humans. The capacity to evade host immunity is central to viral infection, and paramyxoviruses have evolved multiple strategies to overcome the host interferon (IFN)-mediated innate immune response through the activity of their IFN-antagonist proteins. Although paramyxovirus IFN antagonists generally target common factors of the IFN system, including melanoma differentiation associated factor 5, retinoic acid-inducible gene-I, signal transducers and activators of transcription (STAT)1 and STAT2, and IFN regulatory factor 3, the mechanisms of antagonism show remarkable diversity between different genera and even individual members of the same genus; the reasons for this diversity, however, are not currently understood. Here, we review the IFN antagonism strategies of paramyxoviruses, highlighting mechanistic differences observed between individual species and genera. We also discuss potential sources of this diversity, including biological differences in the host and/or tissue specificity of different paramyxoviruses, and potential effects of experimental approaches that have largely relied on in vitro systems. Importantly, recent studies using recombinant virus systems and animal infection models are beginning to clarify the importance of certain mechanisms of IFN antagonism to in vivo infections, providing important indications not only of their critical importance to virulence, but also of their potential targeting for new therapeutic/vaccine approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/24175230���Audsley, Michelle D
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Viral Fusion Proteins/*chemistry/genetics/immunologyJ��The henipaviruses, represented by Hendra (HeV) and Nipah (NiV) viruses are highly pathogenic zoonotic paramyxoviruses with uniquely broad host tropisms responsible for repeated outbreaks in Australia, Southeast Asia, India and Bangladesh. The high morbidity and mortality rates associated with infection and lack of licensed antiviral therapies make the henipaviruses a potential biological threat to humans and livestock. Henipavirus entry is initiated by the attachment of the G envelope glycoprotein to host cell membrane receptors. Previously, henipavirus-neutralizing human monoclonal antibodies (hmAb) have been isolated using the HeV-G glycoprotein and a human naive antibody library. One cross-reactive and receptor-blocking hmAb (m102.4) was recently demonstrated to be an effective post-exposure therapy in two animal models of NiV and HeV infection, has been used in several people on a compassionate use basis, and is currently in development for use in humans. Here, we report the crystal structure of the complex of HeV-G with m102.3, an m102.4 derivative, and describe NiV and HeV escape mutants. This structure provides detailed insight into the mechanism of HeV and NiV neutralization by m102.4, and serves as a blueprint for further optimization of m102.4 as a therapeutic agent and for the development of entry inhibitors and vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/241304863��Xu, Kai
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Viral dsRNA detection���Dec2��Double-stranded RNA (dsRNA) is synthesized during the course of infection by RNA viruses as a byproduct of replication and transcription and acts as a potent trigger of the host innate antiviral response. In the cytoplasm of the infected cell, recognition of the presence of viral dsRNA as a signature of "non-self" nucleic acid is carried out by RIG-I-like receptors (RLRs), a set of dedicated helicases whose activation leads to the production of type I interferon alpha/beta (IFN-alpha/beta). To overcome the innate antiviral response, RNA viruses encode suppressors of IFN-alpha/beta induction, which block RLRs recognition of dsRNA by means of different mechanisms that can be categorized into: (i) dsRNA binding and/or shielding ("hide"), (ii) dsRNA termini processing ("mask") and (iii) direct interaction with components of the RLRs pathway ("hit"). In light of recent functional, biochemical and structural findings, we review the inhibition mechanisms of RLRs recognition of dsRNA displayed by a number of highly pathogenic RNA viruses with different disease phenotypes such as haemorrhagic fever (Ebola, Marburg, Lassa fever, Lujo, Machupo, Junin, Guanarito, Crimean-Congo, Rift Valley fever, dengue), severe respiratory disease (influenza, SARS, Hendra, Hantaan, Sin Nombre, Andes) and encephalitis (Nipah, West Nile).,��https://www.ncbi.nlm.nih.gov/pubmed/24129118¥��Zinzula, Luca
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zoonosis���Marà��Bats host many viruses that are significant for human and domestic animal health, but the dynamics of these infections in their natural reservoir hosts remain poorly elucidated. In these, and other, systems, there is evidence that seasonal life-cycle events drive infection dynamics, directly impacting the risk of exposure to spillover hosts. Understanding these dynamics improves our ability to predict zoonotic spillover from the reservoir hosts. To this end, we followed henipavirus antibody levels of >100 individual E. helvum in a closed, captive, breeding population over a 30-month period, using a powerful novel antibody quantitation method. We demonstrate the presence of maternal antibodies in this system and accurately determine their longevity. We also present evidence of population-level persistence of viral infection and demonstrate periods of increased horizontal virus transmission associated with the pregnancy/lactation period. The novel findings of infection persistence and the effect of pregnancy on viral transmission, as well as an accurate quantitation of chiropteran maternal antiviral antibody half-life, provide fundamental baseline data for the continued study of viral infections in these important reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24111634¿��Baker, Kate S
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RNA Replicase/*drug effects/metabolism���Jan\��Australia is facing a major national medical challenge with the emergence of the Hendra virus (HeV) as a medically and economically important pathogen of humans and animals. Clinical symptoms of human HeV infection can include fever, hypotension, dizziness, encephalitis, respiratory haemorrhage and edema. The window of opportunity for successful patient treatment remains unknown, but is likely to be very narrow. Currently, very few effective therapeutic options are available for the case management of severe HeV infections or the rapid silencing of local outbreaks. This underscores the need for more activity in the drug discovery arena to develop much needed therapeutics that specifically targets this deadly disease. The structural analysis of HeV is very much in its infancy, which leaves many gaps in our understanding of the biology of HeV and makes structure-guided drug design difficult. Structural studies of the viral RNAdependent- RNA polymerase (RdRp), which is the heart of the viral replication machinery, will set the stage for rational drug design and fill a major gap in our understanding of the HeV replication machinery. This review examines the current knowledge based on the multi-domain architecture of the Hendra RdRp and highlights which essential domain functions represent tangible targets for drug development against this deadly disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24102407è��Velkov, Tony
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Protein Structure, Secondary
Protein Structure, Tertiary���Hendra virus (HeV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The HeV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid. Recruitment of the viral polymerase onto the nucleocapsid template relies on the interaction between the C-terminal domain, N(TAIL), of N and the C-terminal X domain, XD, of the polymerase co-factor phosphoprotein (P). Here, we provide an atomic resolution description of the intrinsically disordered N(TAIL) domain in its isolated state and in intact nucleocapsids using nuclear magnetic resonance (NMR) spectroscopy. Using electron microscopy, we show that HeV nucleocapsids form herringbone-like structures typical of paramyxoviruses. We also report the crystal structure of XD of P that consists of a three-helix bundle. We study the interaction between N(TAIL) and XD using NMR titration experiments and provide a detailed mapping of the reciprocal binding sites. We show that the interaction is accompanied by alpha-helical folding of the molecular recognition element of N(TAIL) upon binding to a hydrophobic patch on the surface of XD. Finally, using solution NMR, we investigate the interaction between intact nucleocapsids and XD. Our results indicate that monomeric XD binds to N(TAIL) without triggering an additional unwinding of the nucleocapsid template. The present results provide a structural description at the atomic level of the protein-protein interactions required for transcription and replication of HeV, and the first direct observation of the interaction between the X domain of P and intact nucleocapsids in Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/24086133f��Communie, Guillaume
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Zoonoses/epidemiology/transmission/virology���Oct 2æ	�BACKGROUND: On 31 March 2013, the first human infections with the novel influenza A/H7N9 virus were reported in Eastern China. The outbreak expanded rapidly in geographic scope and size, with a total of 132 laboratory-confirmed cases reported by 3 June 2013, in 10 Chinese provinces and Taiwan. The incidence of A/H7N9 cases has stalled in recent weeks, presumably as a consequence of live bird market closures in the most heavily affected areas. Here we compare the transmission potential of influenza A/H7N9 with that of other emerging pathogens and evaluate the impact of intervention measures in an effort to guide pandemic preparedness. METHODS: We used a Bayesian approach combined with a SEIR (Susceptible-Exposed-Infectious-Removed) transmission model fitted to daily case data to assess the reproduction number (R) of A/H7N9 by province and to evaluate the impact of live bird market closures in April and May 2013. Simulation studies helped quantify the performance of our approach in the context of an emerging pathogen, where human-to-human transmission is limited and most cases arise from spillover events. We also used alternative approaches to estimate R based on individual-level information on prior exposure and compared the transmission potential of influenza A/H7N9 with that of other recent zoonoses. RESULTS: Estimates of R for the A/H7N9 outbreak were below the epidemic threshold required for sustained human-to-human transmission and remained near 0.1 throughout the study period, with broad 95% credible intervals by the Bayesian method (0.01 to 0.49). The Bayesian estimation approach was dominated by the prior distribution, however, due to relatively little information contained in the case data. We observe a statistically significant deceleration in growth rate after 6 April 2013, which is consistent with a reduction in A/H7N9 transmission associated with the preemptive closure of live bird markets. Although confidence intervals are broad, the estimated transmission potential of A/H7N9 appears lower than that of recent zoonotic threats, including avian influenza A/H5N1, swine influenza H3N2sw and Nipah virus. CONCLUSION: Although uncertainty remains high in R estimates for H7N9 due to limited epidemiological information, all available evidence points to a low transmission potential. Continued monitoring of the transmission potential of A/H7N9 is critical in the coming months as intervention measures may be relaxed and seasonal factors could promote disease transmission in colder months.,��https://www.ncbi.nlm.nih.gov/pubmed/24083506ò��Chowell, Gerardo
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vesicular stomatitis virus���NovË��Nipah virus (NiV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The NiV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid that is the substrate used by the polymerase for transcription and replication. The polymerase is recruited onto the nucleocapsid via its cofactor, the phosphoprotein (P). The NiV P protein has a modular organization, with alternating disordered and ordered domains. Among these latter, is the P multimerization domain (PMD) that was predicted to adopt a coiled-coil conformation. Using both biochemical and biophysical approaches, we show that NiV PMD forms a highly stable and elongated coiled-coil trimer, a finding in striking contrast with respect to the PMDs of Paramyxoviridae members investigated so far that were all found to tetramerize. The present results therefore represent the first report of a paramyxoviral P protein forming trimers.,��https://www.ncbi.nlm.nih.gov/pubmed/24074578¼��Blocquel, David
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Viral Envelope Proteins/genetics/*metabolism���Decã��Serological screening and detection of genomic RNA indicates that members of the genus Henipavirus are present not only in Southeast Asia but also in African fruit bats. We demonstrate that the surface glycoproteins F and G of an African henipavirus (M74) induce syncytium formation in a kidney cell line derived from an African fruit bat, Hypsignathus monstrosus. Despite a less broad cell tropism, the M74 glycoproteins show functional similarities to glycoproteins of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/24067951C��Kruger, Nadine
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Vaccines
Zoonotic diseases���Nov 4���This review focuses on the immunization of animals as a means of preventing human diseases (zoonoses). Three frameworks for the use of vaccines in this context are described, and examples are provided of successes and failures. Framework I vaccines are used for protection of humans and economically valuable animals, where neither plays a role in the transmission cycle. The benefit of collaborations between animal health and human health industries and regulators in developing such products is discussed, and one example (West Nile vaccine) of a single product developed for use in animals and humans is described. Framework II vaccines are indicated for domesticated animals as a means of preventing disease in both animals and humans. The agents of concern are transmitted directly or indirectly (e.g. via arthropod vectors) from animals to humans. A number of examples of the use of Framework II vaccines are provided, e.g. against brucellosis, Escherichia coli O157, rabies, Rift Valley fever, Venezuelan equine encephalitis, and Hendra virus. Framework III vaccines are used to immunize wild animals as a means of preventing transmission of disease agents to humans and domesticated animals. Examples are reservoir-targeted, oral bait rabies, Mycobacterium bovis and Lyme disease vaccines. Given the speed and lost cost of veterinary vaccine development, some interventions based on the immunization of animals could lead to rapid and relatively inexpensive advances in public health. Opportunities for vaccine-based approaches to preventing zoonotic and emerging diseases that integrate veterinary and human medicine (the One Health paradigm) are emphasized.,��https://www.ncbi.nlm.nih.gov/pubmed/24060567���Monath, Thomas P
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Zoonosis���Nov 29é��The Henipavirus genus represents a group of paramyxoviruses that are some of the deadliest of known human and veterinary pathogens. Hendra and Nipah viruses are zoonotic pathogens that can cause respiratory and encephalitic illness in humans with mortality rates that exceed 70%. Over the past several years, we have seen an increase in the number of cases and an altered clinical presentation of Hendra virus in naturally infected horses. Recent increase in the number of cases has also been reported with human Nipah virus infections in Bangladesh. These factors, along with the recent discovery of henipa and henipa-like viruses in Africa, Asia and South and Central America adds, a truly global perspective to this group of emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/23993256¥��Croser, Emma L
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interferon���Nov 6ì��Since their first emergence in mid 1990s henipaviruses continued to re emerge in Australia and South East Asia almost every year. In total there has been more than 12 Nipah and 48 Hendra virus outbreaks reported in South East Asia and Australia, respectively. These outbreaks are associated with significant economic and health damages that most high risks countries (particularly in South East Asia) cannot bear the burden of such economical threats. Up until recently, there were no actual therapeutics available to treat or prevent these lethal infections. However, an international collaborative research has resulted in the identification of a potential equine Hendra vaccine capable of providing antibody protection against Hendra virus infections. Consequently, with the current findings and after nearly 2 decades since their first detection, are we there yet? This review recaps the chronicle of the henipavirus emergence and briefly evaluates potential anti-henipavirus vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/23954578®��Aljofan, Mohamad
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Zoonosis���OctÝ��Nipah virus, a paramyxovirus whose wildlife reservoir is Pteropus bats, was first discovered in a large outbreak of acute encephalitis in Malaysia in 1998 among persons who had contact with sick pigs. Apparently, one or more pigs was infected from bats, and the virus then spread efficiently from pig to pig, then from pigs to people. Nipah virus outbreaks have been recognized nearly every year in Bangladesh since 2001 and occasionally in neighboring India. Outbreaks in Bangladesh and India have been characterized by frequent person-to-person transmission and the death of over 70% of infected people. Characteristics of Nipah virus that increase its risk of becoming a global pandemic include: humans are already susceptible; many strains are capable of limited person-to-person transmission; as an RNA virus, it has an exceptionally high rate of mutation: and that if a human-adapted strain were to infect communities in South Asia, high population densities and global interconnectedness would rapidly spread the infection. Appropriate steps to estimate and manage this risk include studies to explore the molecular and genetic basis of respiratory transmission of henipaviruses, improved surveillance for human infections, support from high-income countries to reduce the risk of person-to-person transmission of infectious agents in low-income health care settings, and consideration of vaccination in communities at ongoing risk of exposure to the secretions and excretions of Pteropus bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23911335���Luby, Stephen P
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*Virus Internalization���Oct;��Paramyxoviruses, including the emerging lethal human Nipah virus (NiV) and the avian Newcastle disease virus (NDV), enter host cells through fusion of the viral and target cell membranes. For paramyxoviruses, membrane fusion is the result of the concerted action of two viral envelope glycoproteins: a receptor binding protein and a fusion protein (F). The NiV receptor binding protein (G) attaches to ephrin B2 or B3 on host cells, whereas the corresponding hemagglutinin-neuraminidase (HN) attachment protein of NDV interacts with sialic acid moieties on target cells through two regions of its globular domain. Receptor-bound G or HN via its stalk domain triggers F to undergo the conformational changes that render it competent to mediate fusion of the viral and cellular membranes. We show that chimeric proteins containing the NDV HN receptor binding regions and the NiV G stalk domain require a specific sequence at the connection between the head and the stalk to activate NiV F for fusion. Our findings are consistent with a general mechanism of paramyxovirus fusion activation in which the stalk domain of the receptor binding protein is responsible for F activation and a specific connecting region between the receptor binding globular head and the fusion-activating stalk domain is required for transmitting the fusion signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23903846N��Talekar, Aparna
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Sequence Analysis"��Nipah virus causes periodic livestock and human disease with high case fatality rate, and consequent major economic, social and psychological impacts. Fruit bats of the genus Pteropus are the natural reservoir. In this study, we used real time PCR to screen the saliva and urine of P. vampyrus from North Sumatera for Nipah virus genome. A conventional reverse transcriptase (RT-PCR) assay was used on provisionally positive samples to corroborate findings. This is the first report of Nipah virus detection in P. vampyrus in Sumatera, Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23894501���Sendow, Indrawati
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vaccines���AugÍ��DESIGN: A cross-sectional study of private veterinarians providing equine services in Queensland. RESULTS: The study revealed that a majority of veterinarians would support the introduction of a Hendra virus (HeV) vaccine. Moreover, almost half of the respondents intended to make vaccination a prerequisite to horse patient presentation. However, participants also responded that a vaccine would not reduce the risk sufficiently to cease or downgrade their HeV management plan and infection control measures. CONCLUSION: When devising promoting and marketing campaigns, government agencies and manufacturers should consider private veterinarians' intentions as a significant driver for the uptake of the HeV vaccine.,��https://www.ncbi.nlm.nih.gov/pubmed/23889099���Mendez, D
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qualitative research���Augæ��OBJECTIVE: To identify the perceived barriers to Hendra virus (HeV) management by private equine veterinarians in Queensland. DESIGN: An exploratory qualitative study of private equine veterinarians registered and working in coastal Queensland. METHODS: A questionnaire that included eight open-ended questions about the management of HeV was used in face-to-face in-depth interviews with 21 veterinary personnel working in equine or mixed private practice between Far North and South-East Queensland in 2009-10. The qualitative data was entered and analysed thematically using QSR's International's Nvivo 9 qualitative data analysis software. RESULTS: This study revealed key issues associated with HeV testing: (1) inadequate knowledge of testing procedures and laboratory diagnostic pathways; (2) difficulty in accessing laboratory services; (3) responsibility for cost of collection and transport of specimen; and (4) the role of government. Participants perceived these issues as reducing potential HeV case management efficiency. CONCLUSION: Although HeV management plans have been modified in part since 2009-10, this study highlights the importance of considering the perspectives of private veterinary practitioners in any biosecurity protocols.,��https://www.ncbi.nlm.nih.gov/pubmed/23889098���Mendez, D
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Viral Vaccines/administration & dosage/genetics/*immunology���Jul 16���BACKGROUND: Nipah virus (NiV) is a zoonotic virus belonging to the henipavirus genus in the family Paramyxoviridae. Since NiV was first identified in 1999, outbreaks have continued to occur in humans in Bangladesh and India on an almost annual basis with case fatality rates reported between 40% and 100%. METHODS: Ferrets were vaccinated with 4, 20 or 100 mug HeVsG formulated with the human use approved adjuvant, CpG, in a prime-boost regime. One half of the ferrets were exposed to NiV at 20 days post boost vaccination and the other at 434 days post vaccination. The presence of virus or viral genome was assessed in ferret fluids and tissues using real-time PCR, virus isolation, histopathology, and immunohistochemistry; serology was also carried out. Non-immunised ferrets were also exposed to virus to confirm the pathogenicity of the inoculum. RESULTS: Ferrets exposed to Nipah virus 20 days post vaccination remained clinically healthy. Virus or viral genome was not detected in any tissues or fluids of the vaccinated ferrets; lesions and antigen were not identified on immunohistological examination of tissues; and there was no increase in antibody titre during the observation period, consistent with failure of virus replication. Of the ferrets challenged 434 days post vaccination, all five remained well throughout the study period; viral genome - but not virus - was recovered from nasal secretions of one ferret given 20 mug HeVsG and bronchial lymph nodes of the other. There was no increase in antibody titre during the observation period, consistent with lack of stimulation of a humoral memory response. CONCLUSIONS: We have previously shown that ferrets vaccinated with 4, 20 or 100 mug HeVsG formulated with CpG adjuvant, which is currently in several human clinical trials, were protected from HeV disease. Here we show, under similar conditions of use, that the vaccine also provides protection against NiV-induced disease. Such protection persists for at least 12 months post-vaccination, with data supporting only localised and self-limiting virus replication in 2 of 5 animals. These results augur well for acceptability of the vaccine to industry.,��https://www.ncbi.nlm.nih.gov/pubmed/23867060r��Pallister, Jackie A
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Vaccine���Oct_��Hendra virus and Nipah virus are bat-borne paramyxoviruses that are the prototypic members of the genus Henipavirus. The henipaviruses emerged in the 1990s, spilling over from their natural bat hosts and causing serious disease outbreaks in humans and livestock. Hendra virus emerged in Australia and since 1994 there have been 7 human infections with 4 case fatalities. Nipah virus first appeared in Malaysia and subsequent outbreaks have occurred in Bangladesh and India. In total, there have been an estimated 582 human cases of Nipah virus and of these, 54% were fatal. Their broad species tropism and ability to cause fatal respiratory and/or neurologic disease in humans and animals make them important transboundary biological threats. Recent experimental findings in animals have demonstrated that a human monoclonal antibody targeting the viral G glycoprotein is an effective post-exposure treatment against Hendra and Nipah virus infection. In addition, a subunit vaccine based on the G glycoprotein of Hendra virus affords protection against Hendra and Nipah virus challenge. The vaccine has been developed for use in horses in Australia and is the first vaccine against a Biosafety Level-4 (BSL-4) agent to be licensed and commercially deployed. Together, these advances offer viable approaches to address Hendra and Nipah virus infection of livestock and people.,��https://www.ncbi.nlm.nih.gov/pubmed/23838047¦��Broder, Christopher C
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receiver operating characteristic���Nov°��Reservoir hosts of novel pathogens are often identified or suspected as such on the basis of serological assay results, prior to the isolation of the pathogen itself. Serological assays might therefore be used outside of their original, validated scope in order to infer seroprevalences in reservoir host populations, until such time that specific diagnostic assays can be developed. This is particularly the case in wildlife disease research. The absence of positive and negative control samples and gold standard diagnostic assays presents challenges in determining an appropriate threshold, or 'cutoff', for the assay that enables differentiation between seronegative and seropositive individuals. Here, multiple methods were explored to determine an appropriate cutoff for a multiplexed microsphere assay that is used to detect henipavirus antibody binding in fruit bat plasma. These methods included calculating multiples of 'negative' control assay values, receiver operating characteristic curve analyses, and Bayesian mixture models to assess the distribution of assay outputs for classifying seropositive and seronegative individuals within different age classes. As for any diagnostic assay, the most appropriate cutoff determination method and value selected must be made according to the aims of the study. This study is presented as an example for others where reference samples, and assays that have been characterised previously, are absent.,��https://www.ncbi.nlm.nih.gov/pubmed/23835034���Peel, Alison J
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Male���Old World frugivorous bats have been identified as natural hosts for emerging zoonotic viruses of significant public health concern, including henipaviruses (Nipah and Hendra virus), Ebola virus, and Marburg virus. Epidemiological studies of these viruses in bats often utilize serology to describe viral dynamics, with particular attention paid to juveniles, whose birth increases the overall susceptibility of the population to a viral outbreak once maternal immunity wanes. However, little is understood about bat immunology, including the duration of maternal antibodies in neonates. Understanding duration of maternally derived immunity is critical for characterizing viral dynamics in bat populations, which may help assess the risk of spillover to humans. We conducted two separate studies of pregnant Pteropus bat species and their offspring to measure the half-life and duration of antibodies to 1) canine distemper virus antigen in vaccinated captive Pteropus hypomelanus; and 2) Hendra virus in wild-caught, naturally infected Pteropus alecto. Both of these pteropid bat species are known reservoirs for henipaviruses. We found that in both species, antibodies were transferred from dam to pup. In P. hypomelanus pups, titers against CDV waned over a mean period of 228.6 days (95% CI: 185.4-271.8) and had a mean terminal phase half-life of 96.0 days (CI 95%: 30.7-299.7). In P. alecto pups, antibodies waned over 255.13 days (95% CI: 221.0-289.3) and had a mean terminal phase half-life of 52.24 days (CI 95%: 33.76-80.83). Each species showed a duration of transferred maternal immunity of between 7.5 and 8.5 months, which was longer than has been previously estimated. These data will allow for more accurate interpretation of age-related Henipavirus serological data collected from wild pteropid bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23826322ê��Epstein, Jonathan H
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Venous Thrombosis/etiology/*prevention & control���Aug 10���BACKGROUND: Venous thromboembolism is a common, potentially avoidable cause of death and morbidity in patients in hospital, including those with stroke. In surgical patients, intermittent pneumatic compression (IPC) reduces the risk of deep vein thrombosis (DVT), but no reliable evidence exists about its effectiveness in patients who have had a stroke. We assessed the effectiveness of IPC to reduce the risk of DVT in patients who have had a stroke. METHODS: The CLOTS 3 trial is a multicentre parallel group randomised trial assessing IPC in immobile patients (ie, who cannot walk to the toilet without the help of another person) with acute stroke. We enrolled patients from day 0 to day 3 of admission and allocated them via a central randomisation system (ratio 1:1) to receive either IPC or no IPC. A technician who was masked to treatment allocation did a compression duplex ultrasound (CDU) of both legs at 7-10 days and, wherever practical, at 25-30 days after enrolment. Caregivers and patients were not masked to treatment assignment. Patients were followed up for 6 months to determine survival and later symptomatic venous thromboembolism. The primary outcome was a DVT in the proximal veins detected on a screening CDU or any symptomatic DVT in the proximal veins, confirmed on imaging, within 30 days of randomisation. Patients were analysed according to their treatment allocation. TRIAL REGISTRATION: ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, 2876 patients were enrolled in 94 centres in the UK. The included patients were broadly representative of immobile stroke patients admitted to hospital and had a median age of 76 years (IQR 67-84). The primary outcome occurred in 122 (8.5%) of 1438 patients allocated IPC and 174 (12.1%) of 1438 patients allocated no IPC; an absolute reduction in risk of 3.6% (95% CI 1.4-5.8). Excluding the 323 patients who died before any primary outcome and 41 without any screening CDU, the adjusted OR for the comparison of 122 of 1267 patients vs 174 of 1245 patients was 0.65 (95% CI 0.51-0.84; p=0.001). Deaths in the treatment period occurred in 156 (11%) patients allocated IPC and 189 (13%) patients allocated no IPC died within the 30 days of treatment period (p=0.057); skin breaks on the legs were reported in 44 (3%) patients allocated IPC and in 20 (1%) patients allocated no IPC (p=0.002); falls with injury were reported in 33 (2%) patients in the IPC group and in 24 (2%) patients in the no-IPC group (p=0.221). INTERPRETATION: IPC is an effective method of reducing the risk of DVT and possibly improving survival in a wide variety of patients who are immobile after stroke. FUNDING: National Institute of Health Research (NIHR) Health Technology Assessment (HTA) programme, UK; Chief Scientist Office of Scottish Government; Covidien (MA, USA).,��https://www.ncbi.nlm.nih.gov/pubmed/23727163Ò��(Clots in Legs Or sTockings after Stroke)
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Viral Envelope Proteins/*genetics/metabolism���OctÌ��Lentiviruses are becoming progressively more popular as gene therapy vectors due to their ability to integrate into quiescent cells and recent clinical trial successes. Directing these vectors to specific cell types and limiting off-target transduction in vivo remains a challenge. Replacing the viral envelope proteins responsible for cellular binding, or pseudotyping, remains a common method to improve lentiviral targeting. Here, we describe the development of a high titer, third generation lentiviral vector pseudotyped with Nipah virus fusion protein (NiV-F) and attachment protein (NiV-G). Critical to high titers was truncation of the cytoplasmic domains of both NiV-F and NiV-G. As known targets of wild-type Nipah virus, primary endothelial cells are shown to be effectively transduced by the Nipah pseudotype. In contrast, human CD34+ hematopoietic progenitors were not significantly transduced. Additionally, the Nipah pseudotype has increased stability in human serum compared with vesicular stomatitis virus pseudotyped lentivirus. These findings suggest that the use of Nipah virus envelope proteins in third generation lentiviral vectors would be a valuable tool for gene delivery targeted to endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/23698741ö��Witting, S R
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Viral Load/genetics/immunology`��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus that causes fatal disease in a wide range of species, including humans. HeV was first described in Australia in 1994, and has continued to re-emerge with increasing frequency. HeV is of significant concern to human health due to its high mortality rate, increasing emergence, absence of vaccines and limited post exposure therapies. Here we investigate the use of RNA interference (RNAi) based therapeutics targeting HeV in conjunction with the TLR3 agonist Poly I:C and show that they are potent inhibitors of HeV infection in vitro. We found that short interfering RNAs (siRNAs) targeting the abundantly expressed N, P and M genes of HeV caused over 95% reduction of HeV virus titre, protein and mRNA. Furthermore, we found that the combination of HeV targeting siRNA and Poly I:C had an additive effect in suppressing HeV infection. Our results demonstrate for the first time that RNAi and type I interferon stimulation are effective inhibitors of HeV replication in vitro and may provide an effective therapy for this highly lethal, zoonotic pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/23691205ç��McCaskill, Jana L
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Swine Diseases/diagnosis/virology���Hendra virus (HeV) and Nipah virus (NiV) are the causative agents of emerging transboundary animal disease in pigs and horses. They also cause fatal disease in humans. NiV has a case fatality rate of 40 - 100%. In the initial NiV outbreak in Malaysia in 1999, about 1.1 million pigs had to be culled. The economic impact was estimated to be approximately US$450 million. Worldwide, HeV has caused more than 60 deaths in horses with 7 human cases and 4 deaths. Since the initial outbreak, HeV spillovers from Pteropus bats to horses and humans continue. This article presents a brief review on the currently available diagnostic methods for henipavirus infections, including advances achieved since the initial outbreak, and a gap analysis of areas needing improvement.,��https://www.ncbi.nlm.nih.gov/pubmed/23689891���Tamin, A
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ZoonosesÌ��Hendra virus and Nipah virus are viral zoonoses first recognized in the mid and late 1990's and are now categorized as the type species of the genus Henipavirus within the family Paramyxoviridae. Their broad species tropism together with their capacity to cause severe and often fatal disease in both humans and animals make Hendra and Nipah "overlap agents" and significant biosecurity threats. The development of effective vaccination strategies to prevent or treat henipavirus infection and disease has been an important area of research. Here, henipavirus active and passive vaccination strategies that have been examined in animal challenge models of Hendra and Nipah virus disease are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/23689890Ô��Broder, C C
eng
AI054715/AI/NIAID NIH HHS/
AI077995/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Switzerland
2013/05/22 06:00
Dev Biol (Basel). 2013;135:125-38. doi: 10.1159/000171017. Epub 2013 May 14.%��1424-6074 (Print)
1424-6074 (Linking)���23689890\��Department of Microbiology and Immunology, Uniformed Services University, Bethesda, MD, USA.���10.1159/000171017��Ø��üÒtÿî?Í���m��Motley, S. T.
Redden, C. L.
Sannes-Lowery, K. A.
Eshoo, M. W.
Hofstadler, S. A.
Burans, J. P.
Rosovitz, M. J.���2013p��Differentiating microbial forensic qPCR target and control products by electrospray ionization mass spectrometry���107-17���Biosecur Bioterror���11���2«��Bioterrorism/*prevention & control
Clostridium botulinum type F/genetics
DNA, Bacterial/*analysis
Forensic Sciences/*methods
Gram-Negative Bacteria/genetics
Hendra Virus/genetics
Nipah Virus/genetics
Polymorphism, Single Nucleotide
RNA, Viral/*analysis
Real-Time Polymerase Chain Reaction/*methods
Reverse Transcriptase Polymerase Chain Reaction/*methods
Sensitivity and Specificity
*Spectrometry, Mass, Electrospray Ionization���Junì��Molecular bioforensic research is dependent on rapid and sensitive methods such as real-time PCR (qPCR) for the identification of microorganisms. The use of synthetic positive control templates containing small modifications outside the primer and probe regions is essential to ensure all aspects of the assay are functioning properly, including the primers and probes. However, a typical qPCR or reverse transcriptase qPCR (qRT-PCR) assay is limited in differentiating products generated from positive controls and biological samples because the fluorescent probe signals generated from each type of amplicon are indistinguishable. Additional methods used to differentiate amplicons, including melt curves, secondary probes, and amplicon sequencing, require significant time to implement and validate and present technical challenges that limit their use for microbial forensic applications. To solve this problem, we have developed a novel application of electrospray ionization mass spectrometry (ESI-MS) to rapidly differentiate qPCR amplicons generated with positive biological samples from those generated with synthetic positive controls. The method has sensitivity equivalent to qPCR and supports the confident and timely determination of the presence of a biothreat agent that is crucial for policymakers and law enforcement. Additionally, it eliminates the need for time-consuming methods to confirm qPCR results, including development and validation of secondary probes or sequencing of small amplicons. In this study, we demonstrate the effectiveness of this approach with microbial forensic qPCR assays targeting multiple biodefense agents (bacterial, viral, and toxin) for the ability to rapidly discriminate between a positive control and a positive sample.,��https://www.ncbi.nlm.nih.gov/pubmed/23675878&��Motley, S Timothy
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Sensitivity and Specificity���OctÞ��A specific and sensitive two-step TaqMan real-time PCR has been developed for rapid diagnosis of caprine arthritis-encephalitis virus (CAEV) infection by using a set of specific primers and a TaqMan probe targeting a highly conserved region within the gene encoding the viral capsid protein (CA). The assay successfully detected CAEV proviral DNA in total DNA extracts originating from cell culture, whole blood samples and isolated PBMCs, with a lower detection limit of 10(2) copies and a linear dynamic range of 10(5) to 10(10) copies/ml. There was no cross-reaction with other animal viruses (e.g., goat pox virus, bovine leukemia virus, bovine mucosal disease virus, swine influenza virus and Nipah virus). When applied in parallel with serological AGID and conventional PCR for detection of CAEV in field samples, this assay exhibited a higher sensitivity than these traditional methods, and 7.8 % of the 308 specimens collected in the Shanxi and Tianjin regions of China from 1993 to 2011 were found to be positive. Thus, the TaqMan qPCR assay provides a fast, specific and sensitive means for detecting CAEV proviral DNA in goat specimens and should be useful for large-scale detection in eradication programs and epidemiological studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23670072ß��Li, Yi
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*Nipah Virus/genetics/immunologyE��Nipah virus (NiV) (Genus Henipavirus) is a recently emerged zoonotic virus that causes severe disease in humans and has been found in bats of the genus Pteropus. Whilst NiV has not been detected in Australia, evidence for NiV-infection has been found in pteropid bats in some of Australia's closest neighbours. The aim of this study was to determine the occurrence of henipaviruses in fruit bat (Family Pteropodidae) populations to the north of Australia. In particular we tested the hypothesis that Nipah virus is restricted to west of Wallace's Line. Fruit bats from Australia, Papua New Guinea, East Timor and Indonesia were tested for the presence of antibodies to Hendra virus (HeV) and Nipah virus, and tested for the presence of HeV, NiV or henipavirus RNA by PCR. Evidence was found for the presence of Nipah virus in both Pteropus vampyrus and Rousettus amplexicaudatus populations from East Timor. Serology and PCR also suggested the presence of a henipavirus that was neither HeV nor NiV in Pteropus alecto and Acerodon celebensis. The results demonstrate the presence of NiV in the fruit bat populations on the eastern side of Wallace's Line and within 500 km of Australia. They indicate the presence of non-NiV, non-HeV henipaviruses in fruit bat populations of Sulawesi and Sumba and possibly in Papua New Guinea. It appears that NiV is present where P. vampyrus occurs, such as in the fruit bat populations of Timor, but where this bat species is absent other henipaviruses may be present, as on Sulawesi and Sumba. Evidence was obtained for the presence henipaviruses in the non-Pteropid species R. amplexicaudatus and in A. celebensis. The findings of this work fill some gaps in knowledge in geographical and species distribution of henipaviruses in Australasia which will contribute to planning of risk management and surveillance activities.,��https://www.ncbi.nlm.nih.gov/pubmed/23637812=��Breed, Andrew C
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Virus Internalization���Apr 17w��Hendra virus (HeV) and Nipah virus (NiV) are emerging zoonotic viruses that cause severe and often lethal respiratory illness and encephalitis in humans. Henipaviruses can infect a wide range of species and human-to-human transmission has been observed for NiV. While the exact route of transmission in humans is not known, experimental infection in different animal species suggests that infection can be efficiently initiated after respiratory challenge. The limited data on histopathological changes in fatal human cases of HeV and NiV suggest that endothelial cells are an important target during the terminal stage of infection; however, it is unknown where these viruses initially establish infection and how the virus disseminates from the respiratory tract to the central nervous system and other organs. Here we review the current concepts in henipavirus pathogenesis in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23592639���Escaffre, Olivier
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West Nile virus/immunology/isolation & purification���Jun;��PURPOSE OF REVIEW: This review highlights research and development in the field of emerging viral causes of encephalitis over the past year. RECENT FINDINGS: There is new evidence for the presence of henipaviruses in African bats. There have also been promising advances in vaccine and neutralizing antibody research against Hendra and Nipah viruses. West Nile virus continues to cause large outbreaks in the United States, and long-term sequelae of the virus are increasingly appreciated. There is exciting new research regarding the variable susceptibility of different brain regions to neurotropic virus infection. Another cluster of solid organ transplant recipients developed encephalitis from organ donor-acquired lymphocytic choriomeningitis virus. The global epidemiology of Japanese encephalitis virus has been further clarified. Evidence continues to accumulate for the central nervous system involvement of dengue virus, and the recent deadly outbreak of enterovirus 71 in Cambodian children is discussed. SUMMARY: In response to complex ecological and societal dynamics, the worldwide epidemiology of viral encephalitis continues to evolve in surprising ways. The articles highlighted here include new research on virus epidemiology and spread, new outbreaks as well as progress in the development of vaccines and therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23591683���Wilson, Michael R
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Socioeconomic Factors���Nov-DecÝ��Malnutrition in elderly people is one of the major syndromes associated to greater prevalence of chronic diseases and increased morbidity, hospital staying, and mortality. On the other hand, malnutrition in the fourth world is associated to another important risk factor, which is the poor economic status. The aim of this study was to elaborate a balanced menu for the elderly adjusting its price to the mean expense that this population dedicates to its feeding needs. Taking into account the Household expense for 2010 of the National Institute of Statistics, we established that the average price for each menu ought to be less than 5.57 euro per day. Two type menus were elaborated, both adapted to this population and to the Mediterranean diet. The economic assessment was 5.02 euro and 5.06 euro, respectively. Given the prevalence of malnutrition in this population, it is essential being able to appropriately plan their feeding needs, at both the nutritional and economic levels.,��https://www.ncbi.nlm.nih.gov/pubmed/23588465 ��San Mauro, I
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Virus Replication���Jun 20ª��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pulmonary disease and encephalitis in humans with 40-70% fatality. Interactions between NiV and the human immune system remain poorly understood. Here, we demonstrate the effects of NiV infection on DC and T cell function. Using an in vitro system, we found that NiV infects and replicates at low levels in DCs and induces the expression of TNF-alpha, IL-1alpha, IL-1beta, IL-8, and IP-10. NiV infection activates DCs, and upregulates the expression of CD40, CD80, and CD86. Also have reduced levels of bcl2 and high levels of active caspase 3, suggesting the induction of apoptosis. DCs infected by NiV are unable to efficiently prime CD4 and CD8 T cells, but instead induce apoptosis in T cells. Interestingly, DCs treated with inactivated NiV also show signs of apoptosis. These findings indicate that NiV infected DCs could play an important role in NiV pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/23587249¢��Gupta, Manisha
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Virus Diseases/*drug therapy/immunology/*prevention & control���Apr���More than 40 monoclonal antibodies (mAbs) have been approved for a number of disease indications with only one of these (Synagis) - for a viral disease, and not for therapy but for prevention. However, in the last decade novel potent mAbs have been discovered and characterized with potential as therapeutics against viruses of major importance for public health and biosecurity including Hendra virus (HeV), Nipah virus (NiV), severe acute respiratory syndrome coronavirus (SARS-CoV), Ebola virus (EBOV), West Nile virus (WNV), influenza virus (IFV) and human immunodeficiency virus type 1 (HIV-1). Here, we review such mAbs with an emphasis on antibodies of human origin, and highlight recent results as well as technologies and mechanisms related to their potential as therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23575729P��Zhu, Zhongyu
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*Virus Internalizationq��Mannose-binding lectin (MBL) is a key soluble effector of the innate immune system that recognizes pathogen-specific surface glycans. Surprisingly, low-producing MBL genetic variants that may predispose children and immunocompromised individuals to infectious diseases are more common than would be expected in human populations. Since certain immune defense molecules, such as immunoglobulins, can be exploited by invasive pathogens, we hypothesized that MBL might also enhance infections in some circumstances. Consequently, the low and intermediate MBL levels commonly found in human populations might be the result of balancing selection. Using model infection systems with pseudotyped and authentic glycosylated viruses, we demonstrated that MBL indeed enhances infection of Ebola, Hendra, Nipah and West Nile viruses in low complement conditions. Mechanistic studies with Ebola virus (EBOV) glycoprotein pseudotyped lentiviruses confirmed that MBL binds to N-linked glycan epitopes on viral surfaces in a specific manner via the MBL carbohydrate recognition domain, which is necessary for enhanced infection. MBL mediates lipid-raft-dependent macropinocytosis of EBOV via a pathway that appears to require less actin or early endosomal processing compared with the filovirus canonical endocytic pathway. Using a validated RNA interference screen, we identified C1QBP (gC1qR) as a candidate surface receptor that mediates MBL-dependent enhancement of EBOV infection. We also identified dectin-2 (CLEC6A) as a potentially novel candidate attachment factor for EBOV. Our findings support the concept of an innate immune haplotype that represents critical interactions between MBL and complement component C4 genes and that may modify susceptibility or resistance to certain glycosylated pathogens. Therefore, higher levels of native or exogenous MBL could be deleterious in the setting of relative hypocomplementemia which can occur genetically or because of immunodepletion during active infections. Our findings confirm our hypothesis that the pressure of infectious diseases may have contributed in part to evolutionary selection of MBL mutant haplotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/23573288���Brudner, Matthew
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Zoonoses/transmission/virology���Aprõ��Hendra virus, a member of the family Paramyxoviridae, was first recognized following a devastating outbreak in Queensland, Australia, in 1994. The naturally acquired symptomatic infection, characterized by a rapidly progressive illness involving the respiratory system and/or CNS, has so far only been recognized in horses and humans. However, there is potential for other species to be infected, with significant consequences for animal and human health. Prevention of infection involves efforts to interrupt the bat-to-horse and horse-to-human transmission interfaces. Education and infection-control efforts remain the key to reducing risk of transmission, particularly as no effective antiviral treatment is currently available. The recent release of an equine Hendra G glycoprotein subunit vaccine is an exciting advance that offers the opportunity to curb the recent increase in equine transmission events occurring in endemic coastal regions of Australia and thereby reduce the risk of infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23534359���Hazelton, Briony
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Virulence���Mar 25¾��BACKGROUND: Hendra virus (HeV) is an Australian bat-borne zoonotic paramyxovirus that repeatedly spills-over to horses causing fatal disease. Human cases have all been associated with close contact with infected horses. METHODS: A full-length antigenome clone of HeV was assembled, a reporter gene (GFP or luciferase) inserted between the P and M genes and transfected to 293T cells to generate infectious reporter gene-encoding recombinant viruses. These viruses were then assessed in vitro for expression of the reporter genes. The GFP expressing recombinant HeV was used to challenge ferrets to assess the virulence and tissue distribution by monitoring GFP expression in infected cells. RESULTS: Three recombinant HeV constructs were successfully cloned and rescued; a wild-type virus, a GFP-expressing virus and a firefly luciferase-expressing virus. In vitro characterisation demonstrated expression of the reporter genes, with levels proportional to the initial inoculum levels. Challenge of ferrets with the GFP virus demonstrated maintenance of the fatal phenotype with disease progressing to death consistent with that observed previously with the parental wild-type isolate of HeV. GFP expression could be observed in infected tissues collected from animals at euthanasia. CONCLUSIONS: Here, we report on the first successful rescue of recombinant HeV, including wild-type virus and viruses expressing two different reporter genes encoded as an additional gene cassette inserted between the P and M genes. We further demonstrate that the GFP virus retained the ability to cause fatal disease in a well-characterized ferret model of henipavirus infection despite the genome being an extra 1290 nucleotides in length.,��https://www.ncbi.nlm.nih.gov/pubmed/23521919���Marsh, Glenn A
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Virus Replication%��Nipah virus (NiV) is a member of the genus Henipavirus, which emerged in Malaysia in 1998. In pigs, infection resulted in a predominantly non-lethal respiratory disease; however, infection in humans resulted in over 100 deaths. Nipah virus has continued to re-emerge in Bangladesh and India, and person-to-person transmission appeared in the outbreak. Although a number of NiV vaccine studies have been reported, there are currently no vaccines or treatments licensed for human use. In this study, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins (rMV-HL-G and rMV-Ed-G). Vaccinated hamsters were completely protected against NiV challenge, while the mortality of unvaccinated control hamsters was 90%. We trialed our vaccine in a non-human primate model, African green monkeys. Upon intraperitoneal infection with NiV, monkeys showed several clinical signs of disease including severe depression, reduced ability to move and decreased food ingestion and died at 7 days post infection (dpi). Intranasal and oral inoculation induced similar clinical illness in monkeys, evident around 9 dpi, and resulted in a moribund stage around 14 dpi. Two monkeys immunized subcutaneously with rMV-Ed-G showed no clinical illness prior to euthanasia after challenge with NiV. Viral RNA was not detected in any organ samples collected from vaccinated monkeys, and no pathological changes were found upon histopathological examination. From our findings, we propose that rMV-NiV-G is an appropriate NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23516477���Yoneda, Misako
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RNA, Messenger/genetics/metabolism���Junå��Nipah virus (NiV) is a nonsegmented, single-stranded, negative-sense RNA virus belonging to the genus Henipavirus, family Paramyxoviridae. NiV causes acute encephalitis and respiratory disease in humans, is associated with high mortality, and poses a threat in southern Asia. The genomes of henipaviruses are about 18,246 nucleotides (nt) long, which is longer than those of other paramyxoviruses (around 15,384 nt). This difference is caused by the noncoding RNA region, particularly the 3' untranslated region (UTR), which occupies more than half of the noncoding RNA region. To determine the function(s) of the NiV noncoding RNA region, we investigated the effects of NiV 3' UTRs on reporter gene expression. The NiV N 3' UTR (nt 1 to 100) demonstrated strong repressor activity associated with hnRNP D protein binding to that region. Mutation of the hnRNP D binding site or knockdown of hnRNP D resulted in increased expression of the NiV N 3' UTR reporter. Our findings suggest that NiV N expression is repressed by hnRNP D through the NiV N 3' UTR and demonstrate the involvement of posttranscriptional regulation in the NiV life cycle. To the best of our knowledge, this provides the first report of the functions of the NiV noncoding RNA region.,��https://www.ncbi.nlm.nih.gov/pubmed/23514888·��Hino, Kimihiro
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Viral Envelope Proteins/analysis?��Microsphere suspension array systems enable the simultaneous fluorescent identification of multiple separate nucleotide targets in a single reaction. We have utilized commercially available oligo-tagged microspheres (Luminex MagPlex-TAG) to construct and evaluate multiplexed assays for the detection and differentiation of Hendra virus (HeV) and Nipah virus (NiV). Both these agents are bat-borne zoonotic paramyxoviruses of increasing concern for veterinary and human health. Assays were developed targeting multiple sites within the nucleoprotein (N) and phosphoprotein (P) encoding genes. The relative specificities and sensitivities of the assays were determined using reference isolates of each virus type, samples from experimentally infected horses, and archival veterinary diagnostic submissions. Results were assessed in direct comparison with an established qPCR. The microsphere array assays achieved unequivocal differentiation of HeV and NiV and the sensitivity of HeV detection was comparable to qPCR, indicating high analytical and diagnostic specificity and sensitivity.,��https://www.ncbi.nlm.nih.gov/pubmed/23509705���Foord, Adam J
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Zoonoses/*epidemiology/transmission`��BACKGROUND: Prior to emergence in human populations, zoonoses such as SARS cause occasional infections in human populations exposed to reservoir species. The risk of widespread epidemics in humans can be assessed by monitoring the reproduction number R (average number of persons infected by a human case). However, until now, estimating R required detailed outbreak investigations of human clusters, for which resources and expertise are not always available. Additionally, existing methods do not correct for important selection and under-ascertainment biases. Here, we present simple estimation methods that overcome many of these limitations. METHODS AND FINDINGS: Our approach is based on a parsimonious mathematical model of disease transmission and only requires data collected through routine surveillance and standard case investigations. We apply it to assess the transmissibility of swine-origin influenza A H3N2v-M virus in the US, Nipah virus in Malaysia and Bangladesh, and also present a non-zoonotic example (cholera in the Dominican Republic). Estimation is based on two simple summary statistics, the proportion infected by the natural reservoir among detected cases (G) and among the subset of the first detected cases in each cluster (F). If detection of a case does not affect detection of other cases from the same cluster, we find that R can be estimated by 1-G; otherwise R can be estimated by 1-F when the case detection rate is low. In more general cases, bounds on R can still be derived. CONCLUSIONS: We have developed a simple approach with limited data requirements that enables robust assessment of the risks posed by emerging zoonoses. We illustrate this by deriving transmissibility estimates for the H3N2v-M virus, an important step in evaluating the possible pandemic threat posed by this virus. Please see later in the article for the Editors' Summary.,��https://www.ncbi.nlm.nih.gov/pubmed/23472057n��Cauchemez, Simon
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Plant Extracts/chemistry���Jan 30^��Citrus plants are known to possess beneficial biological activities for human health. In addition, ethnopharmacological application of plants is a good tool to explore their bioactivities and active compounds. This research was carried out to evaluate the phenolic and flavonoid analysis, antioxidant properties, anti inflammatory and anti cancer activity of Citrus aurantium bloom. The total phenolics and flavonoids results revealed that methanolic extract contained high total phenolics and flavonoids compared to ethanolic and boiling water extracts. The obtained total phenolics value for methanolic Citrus aurantium bloom extract was 4.55 +/- 0.05 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids it was 3.83 +/- 0.05 mg rutin equivalent/g DW. In addition, the RP-HPLC analyses of phenolics and flavonoids indicated the presence of gallic acid, pyrogallol, syringic acid, caffeic acid, rutin, quercetin and naringin as bioactive compounds. The antioxidant activity of Citrus aurantium bloom were examined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the ferric reducing/antioxidant potential (FRAP). The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of Citrus aurantium bloom at a concentration of 300 mug/mL, with values of 55.3% and 51.7%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. Furthermore, the anti-inflammatory result of methanolic extract showed appreciable reduction in nitric oxide production of stimulated RAW 264.7 cells at the presence of plant extract. Apart from that, the anticancer activity of the methanolic extract was investigated in vitro against human cancer cell lines (MCF-7; MDA-MB-231), human colon adenocarcinoma (HT-29) and Chang cell as a normal human hepatocyte. The obtained result demonstrated the moderate to appreciable activities against all cell line tested and the compounds present in the extracts are non-toxic which make them suitable as potential therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23442980Õ��Karimi, Ehsan
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Zoonoses/epidemiology/*prevention & control/transmission���Aug¦��The authors discuss 'One Health' approaches for controlling newly recognised and re-emerging diseases of animal origin and contributions towards pandemic preparedness based on enhanced collaboration between Veterinary Services, Human Health Services and Environmental Services. Improved veterinary governance and cooperation with public health managers, social scientists, ecologists and many other stakeholders are important for reducing the risks of potential zoonoses--including foodborne diseases--at their source. Two case studies are presented to illustrate how One Health approaches can make a difference--Hendra disease incidents in Australia and rabies management on the African continent. This article also includes an overview of collaboration at the international level between the Food and Agriculture Organization of the United Natiorfs, the World Organisation for Animal Health, and the World Health Organization. Environmental determinants for disease emergence, anthropogenic climate change and human encroachment on shrinking wildlife habitats are considered, using highly pathogenic avian influenza A (H5N1) and Nipah virus as examples. Finally, the authors discuss the effects of livestock production on environmental change--in the light of global population growth and increasing demand for livestock and aquaculture products--with the need for future policy decisions to be based on a multidisciplinary One Health approach.,��https://www.ncbi.nlm.nih.gov/pubmed/23413734T��Landford, J
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*Models, Theoretical���Apr 6���The identification of undiagnosed disease outbreaks is critical for mobilizing efforts to prevent widespread transmission of novel virulent pathogens. Recent developments in online surveillance systems allow for the rapid communication of the earliest reports of emerging infectious diseases and tracking of their spread. The efficacy of these programs, however, is inhibited by the anecdotal nature of informal reporting and uncertainty of pathogen identity in the early stages of emergence. We developed theory to connect disease outbreaks of known aetiology in a network using an array of properties including symptoms, seasonality and case-fatality ratio. We tested the method with 125 reports of outbreaks of 10 known infectious diseases causing encephalitis in South Asia, and showed that different diseases frequently form distinct clusters within the networks. The approach correctly identified unknown disease outbreaks with an average sensitivity of 76 per cent and specificity of 88 per cent. Outbreaks of some diseases, such as Nipah virus encephalitis, were well identified (sensitivity = 100%, positive predictive values = 80%), whereas others (e.g. Chandipura encephalitis) were more difficult to distinguish. These results suggest that unknown outbreaks in resource-poor settings could be evaluated in real time, potentially leading to more rapid responses and reducing the risk of an outbreak becoming a pandemic.,��https://www.ncbi.nlm.nih.gov/pubmed/23389893���Bogich, Tiffany L
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Zoonoses���MayÄ��Bats are reservoirs for a wide range of human pathogens including Nipah, Hendra, rabies, Ebola, Marburg and severe acute respiratory syndrome coronavirus (CoV). The recent implication of a novel beta (beta)-CoV as the cause of fatal respiratory disease in the Middle East emphasizes the importance of surveillance for CoVs that have potential to move from bats into the human population. In a screen of 606 bats from 42 different species in Campeche, Chiapas and Mexico City we identified 13 distinct CoVs. Nine were alpha (alpha)-CoVs; four were beta-CoVs. Twelve were novel. Analyses of these viruses in the context of their hosts and ecological habitat indicated that host species is a strong selective driver in CoV evolution, even in allopatric populations separated by significant geographical distance; and that a single species/genus of bat can contain multiple CoVs. A beta-CoV with 96.5 % amino acid identity to the beta-CoV associated with human disease in the Middle East was found in a Nyctinomops laticaudatus bat, suggesting that efforts to identify the viral reservoir should include surveillance of the bat families Molossidae/Vespertilionidae, or the closely related Nycteridae/Emballonuridae. While it is important to investigate unknown viral diversity in bats, it is also important to remember that the majority of viruses they carry will not pose any clinical risk, and bats should not be stigmatized ubiquitously as significant threats to public health.,��https://www.ncbi.nlm.nih.gov/pubmed/23364191/��Anthony, S J
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Young Adult���Febå��Active Nipah virus encephalitis surveillance identified an encephalitis cluster and sporadic cases in Faridpur, Bangladesh, in January 2010. We identified 16 case-patients; 14 of these patients died. For 1 case-patient, the only known exposure was hugging a deceased patient with a probable case, while another case-patient's exposure involved preparing the same corpse for burial by removing oral secretions and anogenital excreta with a cloth and bare hands. Among 7 persons with confirmed sporadic cases, 6 died, including a physician who had physically examined encephalitis patients without gloves or a mask. Nipah virus-infected patients were more likely than community-based controls to report drinking raw date palm sap and to have had physical contact with an encephalitis patient (29% vs. 4%, matched odds ratio undefined). Efforts to prevent transmission should focus on reducing caregivers' exposure to infected patients' bodily secretions during care and traditional burial practices.,��https://www.ncbi.nlm.nih.gov/pubmed/23347678_��Sazzad, Hossain M S
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Virus Replication/*physiology���Apr¦��Hendra virus is a highly pathogenic zoonotic paramyxovirus in the genus Henipavirus. Thirty-nine outbreaks of Hendra virus have been reported since its initial identification in Queensland, Australia, resulting in seven human infections and four fatalities. Little is known about cellular host factors impacting Hendra virus replication. In this work, we demonstrate that Hendra virus makes use of a microRNA (miRNA) designated miR-146a, an NF-kappaB-responsive miRNA upregulated by several innate immune ligands, to favor its replication. miR-146a is elevated in the blood of ferrets and horses infected with Hendra virus and is upregulated by Hendra virus in human cells in vitro. Blocking miR-146a reduces Hendra virus replication in vitro, suggesting a role for this miRNA in Hendra virus replication. In silico analysis of miR-146a targets identified ring finger protein (RNF)11, a member of the A20 ubiquitin editing complex that negatively regulates NF-kappaB activity, as a novel component of Hendra virus replication. RNA interference-mediated silencing of RNF11 promotes Hendra virus replication in vitro, suggesting that increased NF-kappaB activity aids Hendra virus replication. Furthermore, overexpression of the IkappaB superrepressor inhibits Hendra virus replication. These studies are the first to demonstrate a host miRNA response to Hendra virus infection and suggest an important role for host miRNAs in Hendra virus disease.,��https://www.ncbi.nlm.nih.gov/pubmed/23345523®��Stewart, Cameron R
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population health���MarÑ��Nipah virus is a highly pathogenic but poorly known paramyxovirus from South and Southeast Asia. In spite of the risks that it poses to human health, the geography and ecology of its occurrence remain little understood-the virus is basically known from Bangladesh and peninsular Malaysia, and little in between. In this contribution, I use documented occurrences of the virus to develop ecological niche-based maps summarizing its likely broader occurrence-although rangewide maps could not be developed that had significant predictive abilities, reflecting minimal sample sizes available, maps within Bangladesh were quite successful in identifying areas in which the virus is predictably present and likely transmitted.,��https://www.ncbi.nlm.nih.gov/pubmed/23343646���Peterson, A Townsend
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Virus CultivationÇ��Nipah virus is a zoonotic pathogen that causes severe disease in humans. The mechanisms of pathogenesis are not well described. The first Nipah virus outbreak occurred in Malaysia, where human disease had a strong neurological component. Subsequent outbreaks have occurred in Bangladesh and India and transmission and disease processes in these outbreaks appear to be different from those of the Malaysian outbreak. Until this point, virtually all Nipah virus studies in vitro and in vivo, including vaccine and pathogenesis studies, have utilized a virus isolate from the original Malaysian outbreak (NiV-M). To investigate potential differences between NiV-M and a Nipah virus isolate from Bangladesh (NiV-B), we compared NiV-M and NiV-B infection in vitro and in vivo. In hamster kidney cells, NiV-M-infection resulted in extensive syncytia formation and cytopathic effects, whereas NiV-B-infection resulted in little to no morphological changes. In vivo, NiV-M-infected Syrian hamsters had accelerated virus replication, pathology and death when compared to NiV-B-infected animals. NiV-M infection also resulted in the activation of host immune response genes at an earlier time point. Pathogenicity was not only a result of direct effects of virus replication, but likely also had an immunopathogenic component. The differences observed between NiV-M and NiV-B pathogeneis in hamsters may relate to differences observed in human cases. Characterization of the hamster model for NiV-B infection allows for further research of the strain of Nipah virus responsible for the more recent outbreaks in humans. This model can be used to study NiV-B pathogenesis, transmission, and countermeasures that could be used to control outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/23342177���DeBuysscher, Blair L
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Viral Proteins/*metabolism���The capacity of a virus to cross species barriers is determined by the development of bona fide interactions with cellular components of new hosts, and in particular its ability to block IFN-alpha/beta antiviral signaling. Tioman virus (TioV), a close relative of mumps virus (MuV), has been isolated in giant fruit bats in Southeast Asia. Nipah and Hendra viruses, which are present in the same bat colonies, are highly pathogenic in human. Despite serological evidences of close contacts between TioV and human populations, whether TioV is associated to some human pathology remains undetermined. Here we show that in contrast to the V protein of MuV, the V protein of TioV (TioV-V) hardly interacts with human STAT2, does not degrade STAT1, and cannot block IFN-alpha/beta signaling in human cells. In contrast, TioV-V properly binds to human STAT3 and MDA5, and thus interferes with IL-6 signaling and IFN-beta promoter induction in human cells. Because STAT2 binding was previously identified as a host restriction factor for some Paramyxoviridae, we established STAT2 sequence from giant fruit bats, and binding to TioV-V was tested. Surprisingly, TioV-V interaction with STAT2 from giant fruit bats is also extremely weak and barely detectable. Altogether, our observations question the capacity of TioV to appropriately control IFN-alpha/beta signaling in both human and giant fruit bats that are considered as its natural host.,��https://www.ncbi.nlm.nih.gov/pubmed/23342031-��Caignard, Gregory
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�INTRODUCTION: Bioterrorism is a terrorist action involving the intentional release or dissemination of a biological warfare agent (BWA), which includes some bacteria, viruses, rickettsiae, fungi or biological toxins. BWA is a naturally occurring or human-modified form that may kill or incapacitate humans, animals or plants as an act of war or terrorism. BWA is a weapon of choice for mass destruction and terrorism, because of the incubation period, less effective amount than chemical warfare agents, easily distribution, odorless, colorless, difficult to detect, no need of specialized equipment for production and naturally distribution which can easily be obtained. BWA may be disseminating as an aerosol, spray, explosive device, and by food or water. CLASSIFICATION: Based on the risk for human health, BWAs have been prioritized into three categories of A, B and C. Category A includes microorganisms or toxins that easily spread, leading to intoxication with high death rates such as Anthrax, Botulism, Plague, Smallpox, Tularemia and Viral hemorrhagic fevers. Category B has lower toxicity with wider range, including Staphylococcal Entrotoxin type B (SEB), Epsilon toxin of Clostridium perfringens, Ricin, Saxotoxins, Abrin and Trichothecene mycotoxins. The C category includes emerging pathogens that could also be engineered for mass spread such as Hanta viruses, multidrug-resistant tuberculosis, Nipah virus, the tick-borne encephalitis viruses, hemorrhagic fever viruses and yellow fever. CLINICAL MANIFESTATIONS OF BIOTOXINS IN HUMAN: Clinical features and severity of intoxication depend on the agent and exposed dose, route of entry, individual variation and environmental factors. Onset of symptoms varies from 2-24 h in Ricin to 24-96 h in Botulism. Clinical manifestations also vary from irritation of the eyes, skin and mucus membranes in T2 toxin to an acute flaccid paralysis of bilateral cranial nerve impairment of descending manner in botulism. Most of the pyrogenic toxins such as SEB produce the same signs and symptoms as toxic shock syndrome including a rapid drop in blood pressure, elevated temperature, and multiple organ failure. MANAGEMENT: There is no specific antidote or effective treatment for most of the biotoxins. The clinical management is thus more supportive and symptomatic. Fortunately vaccines are now available for most of BWA. Therefore, immunization of personnel at risk of exposure is recommended. CONCLUSION: Biotoxins are very wide and bioterrorism is a heath and security threat that may induce national and international problems. Therefore, the security authorities, health professional and even public should be aware of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23339855¢��Balali-Mood, Mahdi
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Respiratory Mucosa/cytology/virology���Mar.��Hendra virus (HeV) and Nipah virus (NiV) are deadly zoonotic viruses for which no vaccines or therapeutics are licensed for human use. Henipavirus infection causes severe respiratory illness and encephalitis. Although the exact route of transmission in human is unknown, epidemiological studies and in vivo studies suggest that the respiratory tract is important for virus replication. However, the target cells in the respiratory tract are unknown, as are the mechanisms by which henipaviruses can cause disease. In this study, we characterized henipavirus pathogenesis using primary cells derived from the human respiratory tract. The growth kinetics of NiV-Malaysia, NiV-Bangladesh, and HeV were determined in bronchial/tracheal epithelial cells (NHBE) and small airway epithelial cells (SAEC). In addition, host responses to infection were assessed by gene expression analysis and immunoassays. Viruses replicated efficiently in both cell types and induced large syncytia. The host response to henipavirus infection in NHBE and SAEC highlighted a difference in the inflammatory response between HeV and NiV strains as well as intrinsic differences in the ability to mount an inflammatory response between NHBE and SAEC. These responses were highest during HeV infection in SAEC, as characterized by the levels of key cytokines (interleukin 6 [IL-6], IL-8, IL-1alpha, monocyte chemoattractant protein 1 [MCP-1], and colony-stimulating factors) responsible for immune cell recruitment. Finally, we identified virus strain-dependent variability in type I interferon antagonism in NHBE and SAEC: NiV-Malaysia counteracted this pathway more efficiently than NiV-Bangladesh and HeV. These results provide crucial new information in the understanding of henipavirus pathogenesis in the human respiratory tract at an early stage of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23302882ù��Escaffre, Olivier
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Zoonoses/*virology���Apr���Public discourses have influence on policymaking for emerging health issues. Media representations of unfolding events, scientific uncertainty, and real and perceived risks shape public acceptance of health policy and therefore policy outcomes. To characterize and track views in popular circulation on the causes, consequences and appropriate policy responses to the emergence of Hendra virus as a zoonotic risk, this study examines coverage of this issue in Australian mass media for the period 2007-2011. Results demonstrate the predominant explanation for the emergence of Hendra became the encroachment of flying fox populations on human settlement. Depictions of scientific uncertainty as to whom and what was at risk from Hendra virus promoted the view that flying foxes were a direct risk to human health. Descriptions of the best strategy to address Hendra have become polarized between recognized health authorities advocating individualized behaviour changes to limit risk exposure; versus populist calls for flying fox control and eradication. Less than a quarter of news reports describe the ecological determinants of emerging infectious disease or upstream policy solutions. Because flying foxes rather than horses were increasingly represented as the proximal source of human infection, existing policies of flying fox protection became equated with government inaction; the plight of those affected by flying foxes representative of a moral failure. These findings illustrate the potential for health communications for emerging infectious disease risks to become entangled in other political agendas, with implications for the public's likelihood of supporting public policy and risk management strategies that require behavioural change or seek to address the ecological drivers of incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/23294874´��Degeling, Chris
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*Virus Internalization���Mary��The promotion of membrane fusion by most paramyxoviruses requires an interaction between the viral attachment and fusion (F) proteins to enable receptor binding by the former to trigger the activation of the latter for fusion. Numerous studies demonstrate that the F-interactive sites on the Newcastle disease virus (NDV) hemagglutinin-neuraminidase (HN) and measles virus (MV) hemagglutinin (H) proteins reside entirely within the stalk regions of those proteins. Indeed, stalk residues of NDV HN and MV H that likely mediate the F interaction have been identified. However, despite extensive efforts, the F-interactive site(s) on the Nipah virus (NiV) G attachment glycoprotein has not been identified. In this study, we have introduced individual N-linked glycosylation sites at several positions spaced at intervals along the stalk of the NiV G protein. Five of the seven introduced sites are utilized as established by a retardation of electrophoretic mobility. Despite surface expression, ephrinB2 binding, and oligomerization comparable to those of the wild-type protein, four of the five added N-glycans completely eliminate the ability of the G protein to complement the homologous F protein in the promotion of fusion. The most membrane-proximal added N-glycan reduces fusion by 80%. However, unlike similar NDV HN and MV H mutants, the NiV G glycosylation stalk mutants retain the ability to bind F, indicating that the fusion deficiency of these mutants is not due to prevention of the G-F interaction. These findings suggest that the G-F interaction is not mediated entirely by the stalk domain of G and may be more complex than that of HN/H-F.,��https://www.ncbi.nlm.nih.gov/pubmed/23283956¸��Zhu, Qiyun
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*Virus Attachment���Mar���Conformational changes in the glycoproteins of enveloped viruses are critical for membrane fusion, which enables viral entry into cells and the pathological cell-cell fusion (syncytia) associated with some viral infections. However, technological capabilities for identifying viral glycoproteins and their conformational changes on actual enveloped virus surfaces are generally scarce, challenging, and time-consuming. Our model, Nipah virus (NiV), is a syncytium-forming biosafety level 4 pathogen with a high mortality rate (40 to 75%) in humans. Once the NiV attachment glycoprotein (G) (NiV-G) binds the cell receptor ephrinB2 or -B3, G triggers conformational changes in the fusion glycoprotein (F) that result in membrane fusion and viral entry. We demonstrate that confocal micro-Raman spectroscopy can, within minutes, simultaneously identify specific G and F glycoprotein signals and receptor-induced conformational changes in NiV-F on NiV virus-like particles (VLPs). First, we identified reproducible G- and F-specific Raman spectral features on NiV VLPs containing M (assembly matrix protein), G, and/or F or on NiV/vesicular stomatitis virus (VSV) pseudotyped virions via second-derivative transformations and principal component analysis (PCA). Statistical analyses validated our PCA models. Dynamic temperature-induced conformational changes in F and G or receptor-induced target membrane-dependent conformational changes in F were monitored in NiV pseudovirions in situ in real time by confocal micro-Raman spectroscopy. Advantageously, Raman spectroscopy can identify specific protein signals in relatively impure samples. Thus, this proof-of-principle technological development has implications for the rapid identification and biostability characterization of viruses in medical, veterinary, and food samples and for the analysis of virion glycoprotein conformational changes in situ during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/23283947���Lu, Xiaonan
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*Virus Release���Mar���Highly pathogenic Nipah virus (NiV) infections are transmitted via airway secretions and urine, commonly via the respiratory route. Epithelial surfaces represent important replication sites in both primary and systemic infection phases. NiV entry and spread from polarized epithelial cells therefore determine virus entry and dissemination within a new host and influence virus shedding via mucosal surfaces in the respiratory and urinary tract. To date, there is no knowledge regarding the entry and exit sites of NiV in polarized epithelial cells. In this report, we show for the first time that NiV can infect polarized kidney epithelial cells (MDCK) from both cell surfaces, while virus release is primarily restricted to the apical plasma membrane. Substantial amounts of basolateral infectivity were detected only after infection with high virus doses, at time points when the integrity of the cell monolayer was largely disrupted as a result of cell-to-cell fusion. Confocal immunofluorescence analyses of envelope protein distribution at early and late infection stages suggested that apical virus budding is determined by the polarized sorting of the NiV matrix protein, M. Studies with stably M-expressing and with monensin-treated cells furthermore demonstrated that M protein transport is independent from the glycoproteins, implying that the M protein possesses an intrinsic apical targeting signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23283941õ��Lamp, Boris
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Virus Internalization/*drug effects���Jan 24R��Interferons (IFN) are essential antiviral cytokines that establish the cellular antiviral state through upregulation of hundreds of interferon-stimulated genes (ISGs), most of which have uncharacterized functions and mechanisms. We identified cholesterol-25-hydroxylase (CH25H) as a broadly antiviral ISG. CH25H converts cholesterol to a soluble antiviral factor, 25-hydroxycholesterol (25HC). 25HC treatment in cultured cells broadly inhibited growth of enveloped viruses including VSV, HSV, HIV, and MHV68 and acutely pathogenic EBOV, RVFV, RSSEV, and Nipah viruses under BSL4 conditions. It suppressed viral growth by blocking membrane fusion between virus and cell. In animal models, Ch25h-deficient mice were more susceptible to MHV68 lytic infection. Moreover, administration of 25HC in humanized mice suppressed HIV replication and reversed T cell depletion. Thus, our studies demonstrate a unique mechanism by which IFN achieves its antiviral state through the production of a natural oxysterol to inhibit viral entry and implicate membrane-modifying oxysterols as potential antiviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23273844���Liu, Su-Yang
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Horvat, B.���20132��Henipavirus infections: lessons from animal models���264-87	��Pathogens���2���2���Apr 9ê��The Henipavirus genus contains two highly lethal viruses, the Hendra and Nipah viruses and one, recently discovered, apparently nonpathogenic member; Cedar virus. These three, negative-sense single-stranded RNA viruses, are hosted by fruit bats and use EphrinB2 receptors for entry into cells. The Hendra and Nipah viruses are zoonotic pathogens that emerged in the middle of 90s and have caused severe, and often fatal, neurologic and/or respiratory diseases in both humans and different animals; including spillover into equine and porcine species. Development of relevant models is critical for a better understanding of viral pathogenesis, generating new diagnostic tools, and assessing anti-viral therapeutics and vaccines. This review summarizes available data on several animal models where natural and/or experimental infection has been demonstrated; including pteroid bats, horses, pigs, cats, hamsters, guinea pigs, ferrets, and nonhuman primates. It recapitulates the principal features of viral pathogenesis in these animals and current knowledge on anti-viral immune responses. Lastly it describes the recently characterized murine animal model, which provides the possibility to use numerous and powerful tools available for mice to further decipher henipaviruses immunopathogenesis, prophylaxis, and treatment. The utility of different models to analyze important aspects of henipaviruses-induced disease in humans, potential routes of transmission, and therapeutic approaches are equally discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25437037���Dhondt, Kevin P
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public protection¨��Infectious diseases-including emerging and re-emerging diseases such as Ebola and tuberculosis-continue to be important causes of morbidity and mortality in the globalizing, contemporary world. This article discusses the ethical issues associated with protecting the rights of individuals versus the protection of the health of populations in the case of infectious diseases. The discussion uses the traditional medical ethics approach together with the public health approach presented by Faden and Shebaya.3 Infectious diseases such as Ebola hemorrhagic fever, Nipah virus and HIV/AIDS (together with tuberculosis) will be used to illustrate particular points in the discussion.,��https://www.ncbi.nlm.nih.gov/pubmed/24847171|��Phua, Kai-Lit
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*Virus Diseases/epidemiology/virologyÿ��Institute of Tropical Medicine, Nagasaki University (NEKKEN) and National Institute of Hygiene and Epidemiology, Vietnam (NIHE) jointly conducted a project from 2006 on Emerging and Re-emerging Infectious Diseases (ERID) granted by the Ministry of Education, Science, Culture and Technology (MEXT) of Japan. Fifteen independent researches have been carried out by 7 scientists who stationed in the Vietnam Research Station (VRS), and by approximately 60 visiting scientists. A wide variety of viruses have been studied in the research activities in the VRS, of those, topics of'' Nipah virus infection in bats in Vietnam'', ''Nam Dinh virus, a newly discovered insect nidovirus'', and'' Risk factors of dengue fever in southern Vietnam'' were summarized. It is important to develop a mechanism to facilitate young scientists to use the VRS in their research works, and then a scope to establish the VRS as a gateway to a successful career path for young scientists in the field of the infectious diseases would be realized.,��https://www.ncbi.nlm.nih.gov/pubmed/24769580V��Yamashiro, Tetsu
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Zoonoses/*virology���Feb���Bats are being increasingly recognized as an important reservoir of zoonotic viruses of different families, including SARS coronavirus, Nipah virus, Hendra virus and Ebola virus. Several recent studies hypothesized that bats, an ancient group of flying mammals, are the major reservoir of several important RNA virus families from which other mammalian viruses of livestock and humans were derived. Although this hypothesis needs further investigation, the premise that bats carry a large number of viruses is commonly accepted. The question of whether bats have unique biological features making them ideal reservoir hosts has been the subject of several recent reviews. In this review, we will focus on the public health implications of bat derived zoonotic viral disease outbreaks, examine the drivers and risk factors of past disease outbreaks and outline research directions for better control of future disease events.,��https://www.ncbi.nlm.nih.gov/pubmed/23265969���Smith, Ina
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Virus Internalizationø��Hendra virus and Nipah virus, comprising the genus Henipavirus, are recently emerged, highly pathogenic and often lethal zoonotic agents against which there are no approved therapeutics. Two surface glycoproteins, the attachment (G) and fusion (F), mediate host cell entry. The crystal structures of the Hendra G glycoprotein alone and in complex with the ephrin-B2 receptor reveal that henipavirus uses Tryptophan 122 on ephrin-B2/B3 as a "latch" to facilitate the G-receptor association. Structural-based mutagenesis of residues in the Hendra G glycoprotein at the receptor binding interface document their importance for viral attachments and entry, and suggest that the stability of the Hendra-G-ephrin attachment complex does not strongly correlate with the efficiency of viral entry. In addition, our data indicates that conformational rearrangements of the G glycoprotein head domain upon receptor binding may be the trigger leading to the activation of the viral F fusion glycoprotein during virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23144952N��Xu, Kai
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Virus Replication���Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that causes fatal encephalitis in up to 75% of infected humans. Like other paramyxoviruses, NiV employs co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternative reading frame. There is evidence from both in vitro and in vivo studies to show that the P gene products play a role in NiV pathogenesis. We have developed a reverse genetic system to dissect the individual roles of the NiV P gene products in limiting the antiviral response in primary human microvascular lung endothelial cells, which represent important targets in human NiV infection. By characterizing growth curves and early antiviral responses against a number of recombinant NiVs with genetic modifications altering expression of the proteins encoded by the P gene, we observed that multiple elements encoded by the P gene have both distinct and overlapping roles in modulating virus replication as well as in limiting expression of antiviral mediators such as IFN-beta, CXCL10, and CCL5. Our findings corroborate observations from in vivo hamster infection studies, and provide molecular insights into the attenuation and the histopathology observed in hamsters infected with C, V, and W-deficient NiVs. The results of this study also provide an opportunity to verify the results of earlier artificial plasmid expression studies in the context of authentic viral infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23094089s��Lo, Michael K
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Virus Replication���Jan 1���Hendra virus (HeV) and Nipah virus (NiV) are closely related, recently emerged paramyxoviruses that form Henipavirus genus and are capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. However, in contrast to many other species and despite expression of functional virus entry receptors, mice are resistant to henipavirus infection. We report here the susceptibility of mice deleted for the type I interferon receptor (IFNAR-KO) to both HeV and NiV. Intraperitoneally infected mice developed fatal encephalitis, with pathology and immunohistochemical features similar to what was found in humans. Viral RNA was found in the majority of analyzed organs, and sublethally infected animals developed virus-specific neutralizing antibodies. Altogether, these results reveal IFNAR-KO mice as a new small animal model to study HeV and NiV pathogenesis, prophylaxis, and treatment and suggest the critical role of type I interferon signaling in the control of henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23089589û��Dhondt, Kevin P
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Zoonoses���Oct 19���BACKGROUND: Fruit bats are known to harbor zoonotic paramyxoviruses including Nipah, Hendra, and Menangle viruses. The aim of this study was to detect the presence of paramyxovirus RNA in fruit bats from Indonesia. METHODS: RNA samples were obtained from the spleens of 110 fruit bats collected from four locations in Indonesia. All samples were screened by semi-nested broad spectrum reverse transcription PCR targeting the paramyxovirus polymerase (L) genes. RESULTS: Semi-nested reverse transcription PCR detected five previously unidentified paramyxoviruses from six fruit bats. Phylogenetic analysis showed that these virus sequences were related to henipavirus or rubulavirus. CONCLUSIONS: This study indicates the presence of novel paramyxoviruses among fruit bat populations in Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23082748���Sasaki, Michihito
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Viral Regulatory and Accessory Proteins/metabolism���Sep���Tetherin (also known as BST-2 or CD317) has recently been identified as a potent IFN-induced anti-viral protein that inhibits the release of diverse enveloped virus particles from infected cells. The anti-viral activity of tetherin on a number of enveloped viruses, including retroviruses, filoviruses and arenaviruses, has been examined. Here, we show that tetherin is also capable of blocking the release of virus-like particles (VLPs) driven by the matrix protein of Sendai virus. Together with inhibition of Nipah virus VLP release by tetherin, these results indicate that paramyxoviruses are to be added to the list of viruses that are susceptible to tetherin inhibition. Tetherin co-localized with Nipah virus matrix proteins and accumulated in cells, indicating that it is present at, or recruited to, sites of particle assembly. It should be noted, however, that tetherin was not effective against the release of paramyxovirus mumps VLPs, indicating that certain enveloped viruses may not be sensitive to tetherin activity.,��https://www.ncbi.nlm.nih.gov/pubmed/23077864È��Kong, Weng-Sheng
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Virus Internalizationð��Encephalitis is a hallmark of Nipah virus (NiV) infection in humans. The exact route of entry of NiV into the central nervous system (CNS) is unknown. Here, we performed a spatio-temporal analysis of NiV entry into the CNS of hamsters. NiV initially predominantly targeted the olfactory epithelium in the nasal turbinates. From there, NiV infected neurons were visible extending through the cribriform plate into the olfactory bulb, providing direct evidence of rapid CNS entry. Subsequently, NiV disseminated to the olfactory tubercle and throughout the ventral cortex. Transmission electron microscopy on brain tissue showed extravasation of plasma cells, neuronal degeneration and nucleocapsid inclusions in affected tissue and axons, providing further evidence for axonal transport of NiV. NiV entry into the CNS coincided with the occurrence of respiratory disease, suggesting that the initial entry of NiV into the CNS occurs simultaneously with, rather than as a result of, systemic virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/230719004��Munster, Vincent J
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Zoonoses/*transmission���Oct 19]��Many serious emerging zoonotic infections have recently arisen from bats, including Ebola, Marburg, SARS-coronavirus, Hendra, Nipah, and a number of rabies and rabies-related viruses, consistent with the overall observation that wildlife are an important source of emerging zoonoses for the human population. Mechanisms underlying the recognized association between ecosystem health and human health remain poorly understood and responding appropriately to the ecological, social and economic conditions that facilitate disease emergence and transmission represents a substantial societal challenge. In the context of disease emergence from wildlife, wildlife and habitat should be conserved, which in turn will preserve vital ecosystem structure and function, which has broader implications for human wellbeing and environmental sustainability, while simultaneously minimizing the spillover of pathogens from wild animals into human beings. In this review, we propose a novel framework for the holistic and interdisciplinary investigation of zoonotic disease emergence and its drivers, using the spillover of bat pathogens as a case study. This study has been developed to gain a detailed interdisciplinary understanding, and it combines cutting-edge perspectives from both natural and social sciences, linked to policy impacts on public health, land use and conservation.,��https://www.ncbi.nlm.nih.gov/pubmed/22966143®��Wood, James L N
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Public Health���Feb 26ñ��Emerging infectious diseases (EIDs) pose a significant threat to human health, economic stability, and biodiversity. Despite this, the mechanisms underlying disease emergence are still not fully understood, and control measures rely heavily on mitigating the impact of EIDs after they have emerged. Here, we highlight the emergence of a zoonotic Henipavirus, Nipah virus, to demonstrate the interdisciplinary and macroecological approaches necessary to understand EID emergence. Previous work suggests that Nipah virus emerged due to the interaction of the wildlife reservoir (Pteropus spp. fruit bats) with intensively managed livestock. The emergence of this and other henipaviruses involves interactions among a suite of anthropogenic environmental changes, socioeconomic factors, and changes in demography that overlay and interact with the distribution of these pathogens in their wildlife reservoirs. Here, we demonstrate how ecological niche modeling may be used to investigate the potential role of a changing climate on the future risk for Henipavirus emergence. We show that the distribution of Henipavirus reservoirs, and therefore henipaviruses, will likely change under climate change scenarios, a fundamental precondition for disease emergence in humans. We assess the variation among climate models to estimate where Henipavirus host distribution is most likely to expand, contract, or remain stable, presenting new risks for human health. We conclude that there is substantial potential to use this modeling framework to explore the distribution of wildlife hosts under a changing climate. These approaches may directly inform current and future management and surveillance strategies aiming to improve pathogen detection and, ultimately, reduce emergence risk.,��https://www.ncbi.nlm.nih.gov/pubmed/22936052���Daszak, Peter
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Humans���OctK��Hendra virus, first identified in 1994 in Queensland, is an emerging zoonotic pathogen gaining importance in Australia because a growing number of infections are reported in horses and people. The virus, a member of the family Paramyxoviridae (genus Henipavirus), is transmitted to horses by pteropid bats (fruit bats or flying foxes), with human infection a result of direct contact with infected horses. Case-fatality rate is high in both horses and people, and so far, more than 60 horses and four people have died from Hendra virus infection in Australia. Human infection is characterised by an acute encephalitic syndrome or relapsing encephalitis, for which no effective treatment is currently available. Recent identification of Hendra virus infection in a domestic animal outside the laboratory setting, and the large range of pteropid bats in Australia, underpins the potential of this virus to cause greater morbidity and mortality in both rural and urban populations and its importance to both veterinary and human health. Attempts at treatment with ribavirin and chloroquine have been unsuccessful. Education, hygiene, and infection control measures have hitherto been the mainstay of prevention, while access to monoclonal antibody treatment and development of an animal vaccine offer further opportunities for disease prevention and control.,��https://www.ncbi.nlm.nih.gov/pubmed/22921953"��Mahalingam, Suresh
Herrero, Lara J
Playford, E Geoffrey
Spann, Kirsten
Herring, Belinda
Rolph, Michael S
Middleton, Deborah
McCall, Bradley
Field, Hume
Wang, Lin-Fa
eng
Review
2012/08/28 06:00
Lancet Infect Dis. 2012 Oct;12(10):799-807. doi: 10.1016/S1473-3099(12)70158-5. Epub 2012 Aug 24.*��1474-4457 (Electronic)
1473-3099 (Linking)���22921953���Emerging Viruses and Inflammation Research Group, Institute for Glycomics, Griffith University, Gold Coast, QLD, Australia. s.mahalingam@griffith.edu.au���10.1016/S1473-3099(12)70158-5��\��üÒtÿî?����g��Biering, S. B.
Huang, A.
Vu, A. T.
Robinson, L. R.
Bradel-Tretheway, B.
Choi, E.
Lee, B.
Aguilar, H. C.���2012���N-Glycans on the Nipah virus attachment glycoprotein modulate fusion and viral entry as they protect against antibody neutralization
��11991-2002���J Virol���86���22P��Animals
CHO Cells
Cell Membrane/virology
Cricetinae
Ephrin-B2/metabolism
Ephrin-B3/metabolism
Glycoproteins/*chemistry
Glycosylation
HEK293 Cells
Humans
Membrane Fusion/genetics
Molecular Conformation
Mutation
Nipah Virus/*metabolism
Phenotype
Polysaccharides/*chemistry
Protein Binding
Viral Fusion Proteins/chemistry
*Virus Attachment���NovH��Nipah virus (NiV) is the deadliest known paramyxovirus. Membrane fusion is essential for NiV entry into host cells and for the virus' pathological induction of cell-cell fusion (syncytia). The mechanism by which the attachment glycoprotein (G), upon binding to the cell receptors ephrinB2 or ephrinB3, triggers the fusion glycoprotein (F) to execute membrane fusion is largely unknown. N-glycans on paramyxovirus glycoproteins are generally required for proper protein conformational integrity, transport, and sometimes biological functions. We made conservative mutations (Asn to Gln) at the seven potential N-glycosylation sites in the NiV G ectodomain (G1 to G7) individually or in combination. Six of the seven N-glycosylation sites were found to be glycosylated. Moreover, pseudotyped virions carrying these N-glycan mutants had increased antibody neutralization sensitivities. Interestingly, our results revealed hyperfusogenic and hypofusogenic phenotypes for mutants that bound ephrinB2 at wild-type levels, and the mutant's cell-cell fusion phenotypes generally correlated to viral entry levels. In addition, when removing multiple N-glycans simultaneously, we observed synergistic or dominant-negative membrane fusion phenotypes. Interestingly, our data indicated that 4- to 6-fold increases in fusogenicity resulted from multiple mechanisms, including but not restricted to the increase of F triggering. Altogether, our results suggest that NiV-G N-glycans play a role in shielding virions against antibody neutralization, while modulating cell-cell fusion and viral entry via multiple mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/22915812���Biering, Scott B
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Viral Fusion Proteins/genetics/*immunology/metabolism/*ultrastructure���Noví��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are paramyxoviruses discovered in the mid- to late 1990s that possess a broad host tropism and are known to cause severe and often fatal disease in both humans and animals. HeV and NiV infect cells by a pH-independent membrane fusion mechanism facilitated by their attachment (G) and fusion (F) glycoproteins. Here, several soluble forms of henipavirus F (sF) were engineered and characterized. Recombinant sF was produced by deleting the transmembrane (TM) and cytoplasmic tail (CT) domains and appending a glycosylphosphatidylinositol (GPI) anchor signal sequence followed by GPI-phospholipase D digestion, appending a trimeric coiled-coil (GCNt) domain (sF(GCNt)), or deleting the TM, CT, and fusion peptide domain. These sF glycoproteins were produced as F(0) precursors, and all were apparent stable trimers recognized by NiV-specific antisera. Surprisingly, however, only the GCNt-appended constructs (sF(GCNt)) could elicit cross-reactive henipavirus-neutralizing antibody in mice. In addition, sF(GCNt) constructs could be triggered in vitro by protease cleavage and heat to transition from an apparent prefusion to postfusion conformation, transitioning through an intermediate that could be captured by a peptide corresponding to the C-terminal heptad repeat domain of F. The pre- and postfusion structures of sF(GCNt) and non-GCNt-appended sF could be revealed by electron microscopy and were distinguishable by F-specific monoclonal antibodies. These data suggest that only certain sF constructs could serve as potential subunit vaccine immunogens against henipaviruses and also establish important tools for further structural, functional, and diagnostic studies on these important emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22915804®��Chan, Yee-Peng
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TreesD��BACKGROUND: Drinking raw date palm sap is a risk factor for human Nipah virus (NiV) infection. Fruit bats, the natural reservoir of NiV, commonly contaminate raw sap with saliva by licking date palm's sap producing surface. We evaluated four types of physical barriers that may prevent bats from contacting sap. METHODS: During 2009, we used a crossover design and randomly selected 20 date palm sap producing trees and observed each tree for 2 nights: one night with a bamboo skirt intervention applied and one night without the intervention. During 2010, we selected 120 trees and randomly assigned four types of interventions to 15 trees each: bamboo, dhoincha (local plant), jute stick and polythene skirts covering the shaved part, sap stream, tap and collection pot. We enrolled the remaining 60 trees as controls. We used motion sensor activated infrared cameras to examine bat contact with sap. RESULTS: During 2009 bats contacted date palm sap in 85% of observation nights when no intervention was used compared with 35% of nights when the intervention was used [p<0.001]. Bats were able to contact the sap when the skirt did not entirely cover the sap producing surface. Therefore, in 2010 we requested the sap harvesters to use larger skirts. During 2010 bats contacted date palm sap [2% vs. 83%, p<0.001] less frequently in trees protected with skirts compared to control trees. No bats contacted sap in trees with bamboo (p<0.001 compared to control), dhoincha skirt (p<0.001) or polythene covering (p<0.001), but bats did contact sap during one night (7%) with the jute stick skirt (p<0.001). CONCLUSION: Bamboo, dhoincha, jute stick and polythene skirts covering the sap producing areas of a tree effectively prevented bat-sap contact. Community interventions should promote applying these skirts to prevent occasional Nipah spillovers to human.,��https://www.ncbi.nlm.nih.gov/pubmed/22905160S��Khan, Salah Uddin
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Zoonoses/*virology���Sepu��Unique disorders appear episodically in human populations and cause life-threatening systemic or neurological disease. Historical examples of such disorders include von Economo encephalitis, a disorder of presumed viral etiology; acquired immune deficiency syndrome, caused by the human immunodeficiency virus; and severe acute respiratory syndrome, caused by a member of the coronavirus family. This article describes the factors that contribute to the emergence of infectious diseases and focuses on selected recent examples of emerging viral infections that can affect the nervous system of infants, children, and adolescents.,��https://www.ncbi.nlm.nih.gov/pubmed/22889544y��Bale, James F Jr
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Viral Proteins/*chemistry/genetics���This work aims at characterizing structural transitions within the intrinsically disordered C-terminal domain of the nucleoprotein (NTAIL) from the Nipah and Hendra viruses, two recently emerged pathogens gathered within the Henipavirus genus. To this end, we used site-directed spin labeling combined with electron paramagnetic resonance spectroscopy to investigate the alpha-helical-induced folding that Henipavirus NTAIL domains undergo in the presence of the C-terminal X domain of the phosphoprotein (PXD). For each NTAIL protein, six positions located within four previously proposed molecular recognition elements (MoREs) were targeted for spin labeling, with three of these positions (475, 481, and 487) falling within the MoRE responsible for binding to PXD (Box3). A detailed analysis of the impact of the partner protein on the labeled NTAIL variants revealed a dramatic modification in the environment of the spin labels grafted within Box3, with the observed modifications supporting the formation of an induced alpha-helix within this region. In the free state, the slightly lower mobility of the spin labels grafted within Box3 as compared to the other positions suggests the existence of a transiently populated alpha-helix, as already reported for measles virus (MeV) NTAIL. Comparison with the well-characterized MeV NTAIL-PXD system, allowed us to validate the structural models of Henipavirus NTAIL-PXD complexes that we previously proposed. In addition, this study highlighted a few notable differences between the Nipah and Hendra viruses. In particular, the observation of composite spectra for the free form of the Nipah virus NTAIL variants spin labeled in Box3 supports conformational heterogeneity of this partly pre-configured alpha-helix, with the pre-existence of stable alpha-helical segments. Altogether these results provide insights into the molecular mechanisms of the Henipavirus NTAIL-PXD binding reaction.,��https://www.ncbi.nlm.nih.gov/pubmed/22881220���Martinho, Marlene
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*Immune Evasion
*Immunity, Innate���The genus Henipavirus in the family Paramyxoviridae contains two viruses, Hendra virus (HeV) and Nipah virus (NiV) for which pteropid bats act as the main natural reservoir. Each virus also causes serious and commonly lethal infection of people as well as various species of domestic animals, however little is known about the associated mechanisms of pathogenesis. Here, we report the isolation and characterization of a new paramyxovirus from pteropid bats, Cedar virus (CedPV), which shares significant features with the known henipaviruses. The genome size (18,162 nt) and organization of CedPV is very similar to that of HeV and NiV; its nucleocapsid protein displays antigenic cross-reactivity with henipaviruses; and it uses the same receptor molecule (ephrin-B2) for entry during infection. Preliminary challenge studies with CedPV in ferrets and guinea pigs, both susceptible to infection and disease with known henipaviruses, confirmed virus replication and production of neutralizing antibodies although clinical disease was not observed. In this context, it is interesting to note that the major genetic difference between CedPV and HeV or NiV lies within the coding strategy of the P gene, which is known to play an important role in evading the host innate immune system. Unlike HeV, NiV, and almost all known paramyxoviruses, the CedPV P gene lacks both RNA editing and also the coding capacity for the highly conserved V protein. Preliminary study indicated that CedPV infection of human cells induces a more robust IFN-beta response than HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/22879820n��Marsh, Glenn A
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vaccine¤��Our understanding of how antibodies are generated and function could help develop effective vaccines and antibody-based therapeutics against viruses such as HIV-1, SARS coronavirus (SARS CoV), and Hendra and Nipah viruses (henipaviruses). Although broadly neutralizing antibodies (bnAbs) against the HIV-1 were observed in patients, elicitation of such bnAbs remains a major challenge when compared to other viral targets. We previously hypothesized that HIV-1 could have evolved a strategy to evade the immune system due to absent or very weak binding of germline antibodies to the conserved epitopes that may not be sufficient to initiate and/or maintain an effective immune response. To further explore our hypothesis, we used the 454 sequence analysis of a large naive library of human IgM antibodies which had been used for selecting antibodies against SARS CoV receptor-binding domain (RBD), and soluble G proteins (sG) of henipaviruses. We found that the human IgM repertoires from the 454 sequencing have diverse germline usages, recombination patterns, junction diversity, and a lower extent of somatic mutation. In this study, we identified antibody maturation intermediates that are related to bnAbs against the HIV-1 and other viruses as observed in normal individuals, and compared their genetic diversity and somatic mutation level along with available structural and functional data. Further computational analysis will provide framework for understanding the underlying genetic and molecular determinants related to maturation pathways of antiviral bnAbs that could be useful for applying novel approaches to the design of effective vaccine immunogens and antibody-based therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/22876240õ��Prabakaran, Ponraj
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Nipah Virus/*immunology/pathogenicity���Aug 8'��In the 1990s, Hendra virus and Nipah virus (NiV), two closely related and previously unrecognized paramyxoviruses that cause severe disease and death in humans and a variety of animals, were discovered in Australia and Malaysia, respectively. Outbreaks of disease have occurred nearly every year since NiV was first discovered, with case fatality ranging from 10 to 100%. In the African green monkey (AGM), NiV causes a severe lethal respiratory and/or neurological disease that essentially mirrors fatal human disease. Thus, the AGM represents a reliable disease model for vaccine and therapeutic efficacy testing. We show that vaccination of AGMs with a recombinant subunit vaccine based on the henipavirus attachment G glycoprotein affords complete protection against subsequent NiV infection with no evidence of clinical disease, virus replication, or pathology observed in any challenged subjects. Success of the recombinant subunit vaccine in nonhuman primates provides crucial data in supporting its further preclinical development for potential human use.,��https://www.ncbi.nlm.nih.gov/pubmed/22875827���Bossart, Katharine N
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virus���Augÿ��A number of emerging and re-emerging viruses have caused epidemics or pandemics of infectious diseases leading to major devastations throughout human history. Therefore, developing effective and safe vaccines against these viruses is clearly important for the protection of at-risk populations. Our previous studies have shown that the receptor-binding domain (RBD) in the spike protein of severe acute respiratory syndrome (SARS)-associated coronavirus (SARS-CoV) is a key target for the development of SARS vaccines. In this review, we highlight some key advances in the development of antiviral vaccines targeting the RBDs of spike proteins of emerging and re-emerging viruses, using SARS-CoV, influenza virus, Hendra virus (HeV) and Nipah virus (NiV) as examples.,��https://www.ncbi.nlm.nih.gov/pubmed/26038424Ý��Jiang, Shibo
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Virulence���Oct­��Nipah virus (NiV) is a highly pathogenic, negative-strand RNA paramyxovirus that has recently emerged from flying foxes to cause serious human disease. We have analyzed the role of the nonstructural NiV C protein in viral immunopathogenesis using recombinant virus lacking the expression of NiV C (NiVDeltaC). While wild-type NiV was highly pathogenic in the hamster animal model, NiVDeltaC was strongly attenuated. Replication of NiVDeltaC was followed by the production of NiV-specific antibodies and associated with higher recruitment of inflammatory cells and less intensive histopathological lesions in different organs than in wild-type-NiV-infected animals. To analyze the molecular basis of NiVDeltaC attenuation, we studied early changes in gene expression in infected primary human endothelial cells, a major cellular target of NiV infection. The transcriptomic approach revealed the striking difference between wild-type and mutant NiV in the expression of genes involved in immunity, with the particularly interesting differential patterns of proinflammatory cytokines. Compared to wild-type virus, NiVDeltaC induced increased expression of interleukin 1 beta (IL-1beta), IL-8, CXCL2, CXCL3, CXCL6, CCL20, and beta interferon. Furthermore, the expression of NiV C in stably transfected cells decreased the production of the same panel of cytokines, revealing a role of the C protein in the regulation of cytokine balance. Together, these results suggest that NiV C regulates expression of proinflammatory cytokines, therefore providing a signal responsible for the coordination of leukocyte recruitment and the chemokine-induced immune response and controlling the lethal outcome of the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/22837207L��Mathieu, Cyrille
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Security Measures���Nov 1d��Australia is free of many diseases, pests and weeds found elsewhere in the world due to its geographical isolation and relatively good health security practices. However, its health security is under increasing pressure due to a number of ecological, climatic, demographic and behavioural changes occurring globally. North Queensland is a high risk area (a health security hot spot) for Australia, due in part to its connection to neighbouring countries via the Torres Strait and the Indo-Papuan conduit, its high diversity of wildlife reservoirs and its environmental characteristics. Major outbreaks of exotic diseases, pests and weeds in Australia can cost in excess of $1 billion; however, most expenditure on health security is reactive apart from preventive measures undertaken for a few high profile diseases, pests and weeds. Large gains in health security could therefore be made by spending more on pre-emptive approaches to reduce the risk of outbreaks, invasion/spread and establishment, despite these gains being difficult to quantify. Although biosecurity threats may initially have regional impacts (e.g. Hendra virus), a break down in security in health security hot spots can have national and international consequences, as has been seen recently in other regions with the emergence of SARS and pandemic avian influenza. Novel approaches should be driven by building research and management capacity, particularly in the regions where threats arise, a model that is applicable both in Australia and in other regions of the world that value and therefore aim to improve their strategies for maintaining health security.,��https://www.ncbi.nlm.nih.gov/pubmed/22836170ç��Murray, Kris A
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Humans"��The outbreaks of SARS, avian influenza, and Nipah virus in Asian countries clearly demonstrated that new highly infectious agents periodically emerge at the human-animal interface. The experiences of regional countries with prevention and control of avian influenza, SARS have reinforced the need for sustained, well-coordinated, multi-sector, multi-disciplinary, community-based actions to address emerging disease threats. 'One Health' is a cost-effective, sustainable, and practical approach to find solutions for problems which need holistic, multidisciplinary approaches, particularly in resource-constrained countries. While there is a growing recognition of One Health, it has to be translated from concept into actions through country level activities that are relevant for specific situations.,��https://www.ncbi.nlm.nih.gov/pubmed/22820705|��Gongal, Gyanendra
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and inform the development of improved treatment options for human patients.,��https://www.ncbi.nlm.nih.gov/pubmed/22808132���Dups, Johanna
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Sequence Analysis, RNA���Sep|��The study deals with the survey of different bat populations (Pteropus giganteus, Cynopterus sphinx, and Megaderma lyra) in India for highly pathogenic Nipah virus (NiV), Reston Ebola virus, and Marburg virus. Bats (n = 140) from two states in India (Maharashtra and West Bengal) were tested for IgG (serum samples) against these viruses and for virus RNAs. Only NiV RNA was detected in a liver homogenate of P. giganteus captured in Myanaguri, West Bengal. Partial sequence analysis of nucleocapsid, glycoprotein, fusion, and phosphoprotein genes showed similarity with the NiV sequences from earlier outbreaks in India. A serum sample of this bat was also positive by enzyme-linked immunosorbent assay for NiV-specific IgG. This is the first report on confirmation of Nipah viral RNA in Pteropus bat from India and suggests the possible role of this species in transmission of NiV in India.,��https://www.ncbi.nlm.nih.gov/pubmed/22802440ð��Yadav, Pragya D
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Vero Cells¿��Until the Nipah outbreak in Malaysia in 1999, knowledge of human infections with the henipaviruses was limited to the small number of cases associated with the emergence of Hendra virus in Australia in 1994. The Nipah outbreak in Malaysia alerted the global public health community to the severe pathogenic potential and widespread distribution of these unique paramyxoviruses. This chapter briefly describes the initial discovery of Nipah virus and the challenges encountered during the initial identification and characterisation of the aetiological agent responsible for the outbreak of febrile encephalitis. The initial attempts to isolate Nipah virus from the bat reservoir host are also described.,��https://www.ncbi.nlm.nih.gov/pubmed/22782307o��Chua, Kaw Bing
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*Viral Fusion Proteins/chemistry/genetics/metabolism���Aug 242��Viral fusion proteins are intriguing molecular machines that undergo drastic conformational changes to facilitate virus-cell membrane fusion. During fusion a hydrophobic region of the protein, termed the fusion peptide (FP), is inserted into the target host cell membrane, with subsequent conformational changes culminating in membrane merger. Class I fusion proteins contain FPs between 20 and 30 amino acids in length that are highly conserved within viral families but not between. To examine the sequence dependence of the Hendra virus (HeV) fusion (F) protein FP, the first eight amino acids were mutated first as double, then single, alanine mutants. Mutation of highly conserved glycine residues resulted in inefficient F protein expression and processing, whereas substitution of valine residues resulted in hypofusogenic F proteins despite wild-type surface expression levels. Synthetic peptides corresponding to a portion of the HeV F FP were shown to adopt an alpha-helical secondary structure in dodecylphosphocholine micelles and small unilamellar vesicles using circular dichroism spectroscopy. Interestingly, peptides containing point mutations that promote lower levels of cell-cell fusion within the context of the whole F protein were less alpha-helical and induced less membrane disorder in model membranes. These data represent the first extensive structure-function relationship of any paramyxovirus FP and demonstrate that the HeV F FP and potentially other paramyxovirus FPs likely require an alpha-helical structure for efficient membrane disordering and fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22761418ä��Smith, Everett Clinton
Gregory, Sonia M
Tamm, Lukas K
Creamer, Trevor P
Dutch, Rebecca Ellis
eng
P20 RR020171/RR/NCRR NIH HHS/
T32 GM080186/GM/NIGMS NIH HHS/
R37AI30557/AI/NIAID NIH HHS/
R01 AI051517/AI/NIAID NIH HHS/
R01AI051517/AI/NIAID NIH HHS/
R01 AI030557/AI/NIAID NIH HHS/
R37 AI030557/AI/NIAID NIH HHS/
2P20 RR020171/RR/NCRR NIH HHS/
Research Support, N.I.H., Extramural
2012/07/05 06:00
J Biol Chem. 2012 Aug 24;287(35):30035-48. doi: 10.1074/jbc.M112.367862. Epub 2012 Jul 3.*��1083-351X (Electronic)
0021-9258 (Linking)
��PMC3436143���22761418d��Department of Molecular and Cellular Biochemistry, University of Kentucky, Lexington, KY 40536, USA.���10.1074/jbc.M112.367862����Ø��þÖ|ÿî?�������Luby, S. P.
Gurley, E. S.���2012-��Epidemiology of henipavirus disease in humans���25-40���Curr Top Microbiol Immunol���359¥��Animals
Arecaceae/virology
Australia/epidemiology
Bangladesh/epidemiology
Chiroptera/virology
*Disease Outbreaks
Fruit/virology
Hendra Virus/*isolation & purification/pathogenicity
Henipavirus Infections/*epidemiology/transmission/virology
Horse Diseases/*epidemiology/transmission/virology
Horses/virology
Humans
India/epidemiology
Malaysia/epidemiology
Nipah Virus/*isolation & purification/pathogenicity
PhylogeographyO��All seven recognized human cases of Hendra virus (HeV) infection have occurred in Queensland, Australia. Recognized human infections have all resulted from a HeV infected horse that was unusually efficient in transmitting the virus and a person with a high exposure to infectious secretions. In the large outbreak in Malaysia where Nipah virus (NiV) was first identified, most human infections resulted from close contact with NiV infected pigs. Outbreak investigations in Bangladesh have identified drinking raw date palm sap as the most common pathway of NiV transmission from Pteropus bats to people, but person-to-person transmission of NiV has been repeatedly identified in Bangladesh and India. Although henipaviruses are not easily transmitted to people, these newly recognized, high mortality agents warrant continued scientific attention.,��https://www.ncbi.nlm.nih.gov/pubmed/22752412���Luby, Stephen P
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Species Specificityï��The zoonotic potential of paramyxoviruses is particularly demonstrated by their broad host range like the highly pathogenic Hendra and Nipah viruses originating from bats. But while so far all bat-borne paramyxoviruses have been identified in fruit bats across Africa, Australia, South America, and Asia, we describe the detection and characterization of the first paramyxoviruses in free-ranging European bats. Moreover, we examined the possible impact of paramyxovirus infection on individual animals by comparing histo-pathological findings and virological results. Organs from deceased insectivorous bats of various species were sampled in Germany and tested for paramyxovirus RNA in parallel to a histo-pathological examination. Nucleic acids of three novel paramyxoviruses were detected, two viruses in phylogenetic relationship to the recently proposed genus Jeilongvirus and one closely related to the genus Rubulavirus. Two infected animals revealed subclinical pathological changes within their kidneys, suggestive of a similar pathogenesis as the one described in fruit bats experimentally infected with Hendra virus.Our findings indicate the presence of bat-born paramyxoviruses in geographic areas free of fruit bat species and therefore emphasize a possible virus-host co-evolution in European bats. Since these novel viruses are related to the very distinct genera Rubulavirus and Jeilongvirus, a similarly broad genetic diversity among paramyxoviruses in other Microchiroptera compared to Megachiroptera can be assumed. Given that the infected bats were either found in close proximity to heavily populated human habitation or areas of intensive agricultural use, a potential risk of the emergence of zoonotic paramyxoviruses in Europe needs to be considered.,��https://www.ncbi.nlm.nih.gov/pubmed/22737217���Kurth, Andreas
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Viral Vaccines/genetics/*immunology���Oct 255��Nipah virus (NiV), a member of the Paramyxoviridae family, causes deadly encephalitis in humans and huge economic losses to the pig industry. Here, we generated recombinant avirulent Newcastle disease virus (NDV) LaSota strains expressing the NiV G and F proteins respectively (designated as rLa-NiVG and rLa-NiVF), and evaluated their immunogenicity in mice and pigs. Both rLa-NiVG and rLa-NiVF displayed growth properties similar to those of LaSota virus in chicken eggs. Co-infection of rLa-NiVG and rLa-NiVF caused marked syncytia formation, while intracerebral co-inoculation of these viruses in mice showed they were safe in at least one mammalian species. Animal immunization studies showed rLa-NiVG and rLa-NiVF induced NiV neutralizing antibody responses in mice and pigs, and F protein-specific CD8+ T cell responses in mice. Most importantly, rLa-NiVG and rLa-NiVF administered alone or together, induced a long-lasting neutralizing antibody response in pigs. Recombinant rLa-NiVG/F thus appear to be promising NiV vaccine candidates for pigs and potentially humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22726244���Kong, Dongni
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Zoonoses���FebÄ��The henipaviruses, Hendra virus and Nipah virus, are pathogens that have emerged from flying foxes in Australia and South-east Asia to infect both livestock and humans, often fatally. Since the emergence of Hendra virus in Australia in 1994 and the identification of Australian flying foxes as hosts to this virus, our appreciation of bats as reservoir hosts of henipaviruses has expanded globally to include much of Asia and areas of Africa. Despite this, little is currently known of the mechanisms by which bats harbour viruses capable of causing such severe disease in other terrestrial mammals. Pteropid bat ecology, henipavirus virology, therapeutic developments and features of henipavirus infection, pathology and disease in humans and other mammals are reviewed elsewhere in detail. This review focuses on bats as reservoir hosts to henipaviruses and features of transmission of Hendra virus and Nipah virus following spillover from these reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/22709528¬��Clayton, B A
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Virus Internalization2��Nipah (NiV) and Hendra (HeV) viruses are the deadliest human pathogens within the Paramyxoviridae family, which include human and animal pathogens of global biomedical importance. NiV and HeV infections cause respiratory and encephalitic illness with high mortality rates in humans. Henipaviruses (HNV) are the only Paramyxoviruses classified as biosafety level 4 (BSL4) pathogens due to their extreme pathogenicity, potential for bioterrorism, and lack of licensed vaccines and therapeutics. HNV use ephrin-B2 and ephrin-B3, highly conserved proteins, as viral entry receptors. This likely accounts for their unusually broad species tropism, and also provides opportunities to study how receptor usage, cellular tropism, and end-organ pathology relates to the pathobiology of HNV infections. The clinical and pathologic manifestations of NiV and HeV virus infections are reviewed in the chapters by Wong et al. and Geisbert et al. in this issue. Here, we will review the biology of the HNV receptors, and how receptor usage relates to HNV cell tropism in vitro and in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/22695915
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Bangladesh
community-based intervention
public health intervention development���Sepá��People in Bangladesh frequently drink fresh date palm sap. Fruit bats (Pteropus giganteus) also drink raw sap and may contaminate the sap by shedding Nipah virus through saliva and urine. In a previous study we identified two indigenous methods to prevent bats accessing the sap, bamboo skirts and lime (calcium carbonate). We conducted a pilot study to assess the acceptability of these two methods among sap harvesters. We used interactive community meetings and group discussions to encourage all the sap harvesters (n = 12) from a village to use either bamboo skirts or lime smear that some of them (n = 4) prepared and applied. We measured the preparation and application time and calculated the cost of bamboo skirts. We conducted interviews after the use of each method. The sap harvesters found skirts effective in preventing bats from accessing sap. They were sceptical that lime would be effective as the lime was washed away by the sap flow. Preparation of the skirt took approximately 105 min. The application of each method took approximately 1 min. The cost of the bamboo skirt is minimal because bamboo is widely available and they made the skirts with pieces of used bamboo. The bamboo skirt method appeared practical and affordable to the sap harvesters. Further studies should explore its ability to prevent bats from accessing date palm sap and assess if its use produces more or better quality sap, which would provide further incentives to make it more acceptable for its regular use.,��https://www.ncbi.nlm.nih.gov/pubmed/22669914L��Nahar, Nazmun
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Zoonoses/*virology���SepÜ��Nipah virus has recently emerged as a zoonotic agent that is highly pathogenic in humans. Outbreaks have occurred regularly over the last two decades in South and Southeast Asia, where mortality rates reach as high as 100 %. The natural reservoir of Nipah virus has been identified as bats from the Pteropus family, where infection is largely asymptomatic. Human disease is characterized by both respiratory and encephalitic components, and thus far, no effective vaccine or intervention strategies are available. Little is know about how the immune response of either the reservoir host or incidental hosts responds to infection, and how this immune response is either inadequate or might contribute to disease in the dead-end host. Experimental vaccines strategies have given us some insight into the immunological requirements for protection. This review summarizes our current understanding of the immune response to Nipah virus infection and emphasizes the need for further research.,��https://www.ncbi.nlm.nih.gov/pubmed/22669317���Prescott, Joseph
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Virus Replication/drug effects���Fusion between the viral and target cell membranes is an obligatory step for the infectivity of all enveloped virus, and blocking this process is a clinically validated therapeutic strategy.Viral fusion is driven by specialized proteins which, although specific to each virus, act through a common mechanism, the formation of a complex between two heptad repeat (HR) regions. The HR regions are initially separated in an intermediate termed "prehairpin", which bridges the viral and cell membranes, and then fold onto each other to form a 6-helical bundle (6HB), driving the two membranes to fuse. HR-derived peptides can inhibit viral infectivity by binding to the prehairpin intermediate and preventing its transition to the 6HB.The antiviral activity of HR-derived peptides differs considerably among enveloped viruses. For weak inhibitors, potency can be increased by peptide engineering strategies, but sequence-specific optimization is time-consuming. In seeking ways to increase potency without changing the native sequence, we previously reported that attachment to the HR peptide of a cholesterol group ("cholesterol-tagging") dramatically increases its antiviral potency, and simultaneously increases its half-life in vivo. We show here that antiviral potency may be increased by combining cholesterol-tagging with dimerization of the HR-derived sequence, using as examples human parainfluenza virus, Nipah virus, and HIV-1. Together, cholesterol-tagging and dimerization may represent strategies to boost HR peptide potency to levels that in some cases may be compatible with in vivo use, possibly contributing to emergency responses to outbreaks of existing or novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22666328¸��Pessi, Antonello
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Zoonoses/*virology���Junì��We conducted a serologic survey of four high-priority pig-associated viral zoonoses, Japanese encephalitis virus (JEV), hepatitis E virus (HEV), Nipah virus (NiV), and swine influenza virus (SIV), in Laos. We collected blood from pigs at slaughter during May 2008-January 2009 in four northern provinces. Japanese encephalitis virus hemagglutination inhibition seroprevalence was 74.7% (95% confidence interval [CI] = 71.5-77.9%), JEV IgM seroprevalence was 2.3% (95% CI = 1.2-3.2%), and HEV seroprevalence was 21.1% (95% CI = 18.1-24.0%). Antibodies to SIV were detected in 1.8% (95% CI = 0.8-2.8%) of pigs by screening enzyme-linked immunosorbent assay, and only subtype H3N2 was detected by hemagglutination inhibition in two animals with an inconclusive enzyme-linked immunosorbent assay result. No NiV antibody-positive pigs were detected. Our evidence indicates that peak JEV and HEV transmission coincides with the start of the monsoonal wet season and poses the greatest risk for human infection.,��https://www.ncbi.nlm.nih.gov/pubmed/226656229��Conlan, James V
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Zoonoses/epidemiology/virology���Aug���Nipah and Hendra virus are members of a newly identified genus of emerging paramyxoviruses, the henipaviruses. Both viruses have the ability to cause severe pulmonary infection and severe acute encephalitis. Following their discovery in the 1990s, outbreaks caused by these zoonotic paramyxoviruses have been associated with high public health and especially economic threat potential. Currently, only geographic groupings in Asia and Australia have been described for the henipaviruses. However, while few viral isolates are available and more detailed characterization is necessary, there has been recent evidence that divergent henipaviruses might be present on the African continent. This review endeavours to capture recent advances in the field of henipavirus research, with a focus on genome structure and replication mechanisms, reservoir hosts, genetic diversity, pathogenesis and animal models.,��https://www.ncbi.nlm.nih.gov/pubmed/22643730â��Rockx, Barry
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*viral entry���Apr=��The paramyxovirus family contains many common human pathogenic viruses, including measles, mumps, the parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the zoonotic henipaviruses, Hendra and Nipah. While the expression of a type 1 fusion protein and a type 2 attachment protein is common to all paramyxoviruses, there is considerable variation in viral attachment, the activation and triggering of the fusion protein, and the process of viral entry. In this review, we discuss recent advances in the understanding of paramyxovirus F protein-mediated membrane fusion, an essential process in viral infectivity. We also review the role of the other surface glycoproteins in receptor binding and viral entry, and the implications for viral infection. Throughout, we concentrate on the commonalities and differences in fusion triggering and viral entry among the members of the family. Finally, we highlight key unanswered questions and how further studies can identify novel targets for the development of therapeutic treatments against these human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22590688m��Chang, Andres
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Viral Envelope Proteins/analysis/immunology���AugÛ��A novel antigen-capture sandwich ELISA system targeting the glycoproteins of the henipaviruses Nipah virus (NiV) and Hendra virus (HeV) was developed. Utilizing purified polyclonal antibodies derived from NiV glycoprotein-encoding DNA-immunized rabbits, we established a system that can detect the native antigenic structures of the henipavirus surface glycoproteins using simplified and inexpensive methods. The lowest detection limit against live viruses was achieved for NiV Bangladesh strain, 2.5 x 10(4) TCID(50). Considering the recent emergence of genetic variants of henipaviruses and the resultant problems that arise for PCR-based detection, this system could serve as an alternative rapid diagnostic and detection assay.,��https://www.ncbi.nlm.nih.gov/pubmed/22585045X��Kaku, Yoshihiro
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RNA, Viral/geneticsr��Surveillance work was initiated to study the presence of highly infectious diseases like Ebola-Reston, Marburg, Nipah and other possible viruses that are known to be found in the bat species and responsible for causing diseases in humans. A novel adenovirus was isolated from a common species of fruit bat (Rousettus leschenaultii) captured in Maharashtra State, India. Partial sequence analysis of the DNA polymerase gene shows this isolate to be a newly recognized member of the genus Mastadenovirus (family Adenoviridae), approximately 20% divergent at the nucleotide level from Japanese BatAdV, its closest known relative.,��https://www.ncbi.nlm.nih.gov/pubmed/22572722è��Raut, C G
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Virus ReplicationÐ��Nipah (NiV) and Hendra (HeV) viruses comprise the genus Henipavirus and are highly pathogenic paramyxoviruses, which cause fatal encephalitis and respiratory disease in humans. Since their respective initial outbreaks in 1998 and 1994, they have continued to cause sporadic outbreaks resulting in fatal disease. Due to their designation as Biosafety Level 4 pathogens, the level of containment required to work with live henipaviruses is available only to select laboratories around the world. This chapter provides an overview of the molecular virology of NiV and HeV including comparisons to other, well-characterized paramyxoviruses. This chapter also describes the sequence diversity present among the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22552699���Rota, Paul A
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Virulence Factors/deficiency/immunology/*metabolism���Jul(��The V protein of Sendai virus (SeV) suppresses innate immunity, resulting in enhancement of viral growth in mouse lungs and viral pathogenicity. The innate immunity restricted by the V protein is induced through activation of interferon regulatory factor 3 (IRF3). The V protein has been shown to interact with melanoma differentiation-associated gene 5 (MDA5) and to inhibit beta interferon production. In the present study, we infected MDA5-knockout mice with V-deficient SeV and found that MDA5 was largely unrelated to the innate immunity that the V protein suppresses in vivo. We therefore investigated the target of the SeV V protein. We previously reported interaction of the V protein with IRF3. Here we extended the observation and showed that the V protein appeared to inhibit translocation of IRF3 into the nucleus. We also found that the V protein inhibited IRF3 activation when induced by a constitutive active form of IRF3. The V proteins of measles virus and Newcastle disease virus inhibited IRF3 transcriptional activation, as did the V protein of SeV, while the V proteins of mumps virus and Nipah virus did not, and inhibition by these proteins correlated with interaction of each V protein with IRF3. These results indicate that IRF3 is important as an alternative target of paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22532687Ú��Irie, Takashi
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Phylogeny���Apr 24���The large virus family Paramyxoviridae includes some of the most significant human and livestock viruses, such as measles-, distemper-, mumps-, parainfluenza-, Newcastle disease-, respiratory syncytial virus and metapneumoviruses. Here we identify an estimated 66 new paramyxoviruses in a worldwide sample of 119 bat and rodent species (9,278 individuals). Major discoveries include evidence of an origin of Hendra- and Nipah virus in Africa, identification of a bat virus conspecific with the human mumps virus, detection of close relatives of respiratory syncytial virus, mouse pneumonia- and canine distemper virus in bats, as well as direct evidence of Sendai virus in rodents. Phylogenetic reconstruction of host associations suggests a predominance of host switches from bats to other mammals and birds. Hypothesis tests in a maximum likelihood framework permit the phylogenetic placement of bats as tentative hosts at ancestral nodes to both the major Paramyxoviridae subfamilies (Paramyxovirinae and Pneumovirinae). Future attempts to predict the emergence of novel paramyxoviruses in humans and livestock will have to rely fundamentally on these data.,��https://www.ncbi.nlm.nih.gov/pubmed/22531181���Drexler, Jan Felix
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*Virus Internalization���Jun	��Paramyxoviruses initiate entry through the concerted action of the tetrameric attachment glycoprotein (HN, H, or G) and the trimeric fusion glycoprotein (F). The ectodomains of HN/H/G contain a stalk region important for oligomeric stability and for the F triggering resulting in membrane fusion. Paramyxovirus HN, H, and G form a dimer-of-dimers consisting of disulfide-linked dimers through their stalk domain cysteines. The G attachment protein stalk domain of the highly pathogenic Nipah virus (NiV) contains a distinct but uncharacterized cluster of three cysteine residues (C146, C158, C162). On the basis of a panoply of assays, we report that C158 and C162 of NiV-G likely mediate covalent subunit dimerization, while C146 mediates the stability of higher-order oligomers. For HN or H, mutation of stalk cysteines attenuates but does not abrogate the ability to trigger fusion. In contrast, the NiV-G stalk cysteine mutants were completely deficient in triggering fusion, even though they could still bind the ephrinB2 receptor and associate with F. Interestingly, all cysteine stalk mutants exhibited constitutive exposure of the Mab45 receptor binding-enhanced epitope, previously implicated in F triggering. The enhanced binding of Mab45 to the cysteine mutants relative to wild-type NiV-G, without the addition of the receptor, implicates the stalk cysteines in the stabilization of a pre-receptor-bound conformation and the regulation of F triggering. Sequence alignments revealed that the stalk cysteines were adjacent to a proline-rich microdomain unique to the Henipavirus genus. Our data propose that the cysteine cluster in the NiV-G stalk functions to maintain oligomeric stability but is more importantly involved in stabilizing a unique microdomain critical for triggering fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22496210���Maar, Dianna
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Viral Proteins/*immunology/pharmacology���Nipah virus and Hendra virus are related, highly pathogenic paramyxoviruses with unusually broad host ranges. Henipaviruses encode several proteins that block innate immune responses, and these are likely to serve as virulence factors. Specfically, four virus-encoded proteins, the phosphoprotein (P), the V protein, the W protein, and the C protein have each been demonstrated to counteract aspects of the interferon (IFN)-alpha/beta response, a key component of the innate immune response to virus infection. The available data indicate that V and W can inhibit the production of IFNalpha/beta in response to various stimuli, while the P, V, and W proteins also block the ability of IFNs to signal and induce an antiviral state in cells. The C protein also inhibits the antiviral effects of IFNalpha/beta by a poorly characterized mechanism. Reverse genetics systems, which allow the generation of recombinant viruses bearing specific mutations, have demonstrated the importance of the viral IFN-antagonists for replication. With these systems in hand, the field is now poised to define how specific viral IFN-antagonist functions influence viral pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/22491899���Basler, Christopher F
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Virulence Factors/metabolism���Junk��Henipavirus, including Hendra and Nipah viruses, is a group of emerging bat-borne paramyxoviruses which were responsible for severe disease outbreaks in humans, horses and pigs. The mortality rate of human infection varies between 50 and 100%, making them one of the most deadly viruses known to infect humans. Its use of highly conserved cell surface molecules (ephrin) as entry receptors and its highly effective replication and fusion strategies are believed to be important characteristics responsible for its high pathogenicity. Henipavirus also encodes multiple accessory proteins which play a key role in evasion of host innate immune responses. Our recent study on the mechanism of IFN antagonism by henipaviruses indicated that a better understanding of the virus-host interaction provides great potential to develop new therapeutic strategies against these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22483665���Marsh, Glenn A
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Humans���Apr°��The henipaviruses, Hendra virus and Nipah virus, are classic examples of recently emerged viral zoonoses. In a relatively short time since their discoveries in the mid and late 1990s, respectively, a great deal of new information has been accumulated detailing their biology and certain unique characteristics. Their broad species tropism and abilities to cause severe and often fatal respiratory and/or neurologic disease in both animals and humans has sparked considerable interest in developing effective antiviral strategies to prevent or treat henipavirus infection and disease. Here, recent findings on the few most advanced henipavirus countermeasures are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/224827142��Broder, Christopher C
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Real-Time Polymerase Chain Reaction¬��Since the last major review on diagnosis of henipavirus infection about a decade ago, significant progress has been made in many different areas of test development, especially in the development of molecular tests using real-time PCR and many novel serological test platforms. In addition to provide an updated review of the current test capabilities, this review also identifies key future challenges in henipavirus diagnosis.,��https://www.ncbi.nlm.nih.gov/pubmed/22481141���Wang, Lin-Fa
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Viral Vaccines/administration & dosage/biosynthesis/*immunologyz��Hendra virus and Nipah virus are recently discovered and closely related emerging viruses that now comprise the genus henipavirus within the sub-family Paramyxoviridae and are distinguished by their broad species tropism and in addition to bats can infect and cause fatal disease in a wide variety of mammalian hosts including humans. The high mortality associated with human and animal henipavirus infections has highlighted the importance and necessity of developing effective immunization strategies. The development of suitable animal models of henipavirus infection and pathogenesis has been critical for testing the efficacy of potential therapeutic approaches. Several henipavirus challenge models have been used and recent successes in both active and passive immunization strategies against henipaviruses have been reported which have all targeted the viral envelope glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22481140É��Broder, Christopher C
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Swine/virologyî��The henipaviruses, Hendra virus (HeV), and Nipah virus (NiV), are enigmatic emerging pathogens that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75% and there are no vaccines or treatments approved for human use. A number of species of animals including guinea pigs, hamsters, cats, ferrets, pigs, and African green monkeys have been employed as animal models of human henipavirus infection. Here, we review the development of animal models for henipavirus infection, discuss the pathology and pathogenesis of these models, and assess the utility of each model to recapitulate important aspects of henipavirus-mediated disease seen in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22476556£��Geisbert, Thomas W
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Swine Diseases/*pathology/virology¡��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level 4 pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the twentieth century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarizes our up to date understanding of pathology and pathogenesis in the natural reservoir species, the Pteropus bat, and in the equine and porcine spill over species.,��https://www.ncbi.nlm.nih.gov/pubmed/22476529���Middleton, D J
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Zoonoses/transmission/*virology���DecÍ��For the past 10-15 years, bats have attracted growing attention as reservoirs of emerging zoonotic viruses. This has been due to a combination of factors including the emergence of highly virulent zoonotic pathogens, such as Hendra, Nipah, SARS and Ebola viruses, and the high rate of detection of a large number of previously unknown viral sequences in bat specimens. As bats have ancient evolutionary origins and are the only flying mammals, it has been hypothesized that some of their unique biological features may have made them especially suitable hosts for different viruses. So the question 'Are bats different, special or exceptional?' has become a focal point in the field of virology, bat biology and virus-host co-evolution. In this brief review, we examine the topic in a relatively unconventional way, that is, our discussion will be based on both scientific discoveries and theoretical predictions. This approach was chosen partially because the data in this field are so limited that it is impossible to conduct a useful review based on published results only and also because we believe it is important to provoke original, speculative or even controversial ideas or theories in this important field of research.,��https://www.ncbi.nlm.nih.gov/pubmed/22440923­��Wang, Lin-Fa
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*Virus Internalization���Mayá��The hemagglutinin-neuraminidase (HN) protein of paramyxoviruses carries out three distinct activities contributing to the ability of HN to promote viral fusion and entry: receptor binding, receptor cleavage (neuraminidase), and activation of the fusion protein. The relationship between receptor binding and fusion triggering functions of HN are not fully understood. For Newcastle disease virus (NDV), one bifunctional site (site I) on HN's globular head can mediate both receptor binding and neuraminidase activities, and a second site (site II) in the globular head is also capable of mediating receptor binding. The receptor analog, zanamivir, blocks receptor binding and cleavage activities of NDV HN's site I while activating receptor binding by site II. Comparison of chimeric proteins in which the globular head of NDV HN is connected to the stalk region of either human parainfluenza virus type 3 (HPIV3) or Nipah virus receptor binding proteins indicates that receptor binding to NDV HN site II not only can activate its own fusion (F) protein but can also activate the heterotypic fusion proteins. We suggest a general model for paramyxovirus fusion activation in which receptor engagement at site II plays an active role in F activation.,��https://www.ncbi.nlm.nih.gov/pubmed/22438532É��Porotto, Matteo
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Survival Rate���The clinicopathological features of human Nipah virus and Hendra virus infections appear to be similar. The clinical manifestations may be mild, but if severe, includes acute encephalitic and pulmonary syndromes with a high mortality. The pathological features in human acute henipavirus infections comprise vasculopathy (vasculitis, endothelial multinucleated syncytia, thrombosis), microinfarcts and parenchymal cell infection in the central nervous system, lung, kidney and other major organs. Viral inclusions, antigens, nucleocapsids and RNA are readily demonstrated in blood vessel wall and numerous types of parenchymal cells. Relapsing henipavirus encephalitis is a rare complication reported in less than 10% of survivors of the acute infection and appears to be distinct from the acute encephalitic syndrome. Pathological evidence suggests viral recrudescence confined to the central nervous system as the cause.,��https://www.ncbi.nlm.nih.gov/pubmed/22427144���Wong, K T
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Virus Internalizationº��Nipah (NiV) and Hendra (HeV) viruses cause cell-cell fusion (syncytia) in brain, lung, heart, and kidney tissues, leading to encephalitis, pneumonia, and often death. Membrane fusion is essential to both viral entry and virus-induced cell-cell fusion, a hallmark of henipavirus infections. Elucidiation of the mechanism(s) of membrane fusion is critical to understanding henipavirus pathobiology and has the potential to identify novel strategies for the development of antiviral therapeutic agents. Henipavirus membrane fusion requires the coordinated actions of the viral attachment (G) and fusion (F) glycoproteins. Current henipavirus fusion models posit that attachment of NiV or HeV G to its cell surface receptors releases F from its metastable pre-fusion conformation to mediate membrane fusion. The identification of ephrinB2 and ephrinB3 as henipavirus receptors has paved the way for recent advances in our understanding of henipavirus membrane fusion. These advances highlight mechanistic similarities and differences between membrane fusion for the henipavirus and other genera within the Paramyxoviridae family. Here, we review these mechanisms and the current gaps in our knowledge in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/22427111ª��Aguilar, Hector C
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Virus Replicationµ��Emerging viruses including Nipah, Hendra, Lujo, and Junin viruses have enormous potential to spread rapidly. Nipah virus, after emerging as a zoonosis, has also evolved the capacity for human-to-human transmission. Most of the diseases caused by these pathogens are untreatable and require high biocontainment conditions. Universal methods for rapidly identifying and screening candidate antivirals are urgently needed. We have developed a modular antiviral platform strategy that relies on simple bioinformatic and genetic information about each pathogen. Central to this platform is the use of envelope glycoprotein cDNAs to establish multi-cycle replication systems under BSL2 conditions for viral pathogens that normally require BSL3 and BSL4 facilities. We generated monoclonal antibodies against Nipah G by cDNA immunization in rats, and we showed that these antibodies neutralize both Nipah and Hendra live viruses. We then used these effective Henipavirus inhibitors to validate our screening strategy. Our proposed strategy should contribute to the response capability for emerging infectious diseases, providing a way to initiate antiviral development immediately upon identifying novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22396728á��Talekar, Aparna
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Time Factors£��Nipah virus (NiV) is a recently emerged zoonotic Paramyxovirus that causes regular outbreaks in East Asia with mortality rate exceeding 75%. Major cellular targets of NiV infection are endothelial cells and neurons. To better understand virus-host interaction, we analyzed the transcriptome profile of NiV infection in primary human umbilical vein endothelial cells. We further assessed some of the obtained results by in vitro and in vivo methods in a hamster model and in brain samples from NiV-infected patients. We found that NiV infection strongly induces genes involved in interferon response in endothelial cells. Among the top ten upregulated genes, we identified the chemokine CXCL10 (interferon-induced protein 10, IP-10), an important chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. In NiV-infected hamsters, which develop pathology similar to what is seen in humans, expression of CXCL10 mRNA was induced in different organs with kinetics that followed NiV replication. Finally, we showed intense staining for CXCL10 in the brain of patients who succumbed to lethal NiV infection during the outbreak in Malaysia, confirming induction of this chemokine in fatal human infections. This study sheds new light on NiV pathogenesis, indicating the role of CXCL10 during the course of infection and suggests that this chemokine may serve as a potential new marker for lethal NiV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/22393386���Mathieu, Cyrille
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United KingdomW��The genus Henipavirus includes Hendra virus (HeV) and Nipah virus (NiV), for which fruit bats (particularly those of the genus Pteropus) are considered to be the wildlife reservoir. The recognition of henipaviruses occurring across a wider geographic and host range suggests the possibility of the virus entering the United Kingdom (UK). To estimate the likelihood of henipaviruses entering the UK, a qualitative release assessment was undertaken. To facilitate the release assessment, the world was divided into four zones according to location of outbreaks of henipaviruses, isolation of henipaviruses, proximity to other countries where incidents of henipaviruses have occurred and the distribution of Pteropus spp. fruit bats. From this release assessment, the key findings are that the importation of fruit from Zone 1 and 2 and bat bushmeat from Zone 1 each have a Low annual probability of release of henipaviruses into the UK. Similarly, the importation of bat meat from Zone 2, horses and companion animals from Zone 1 and people travelling from Zone 1 and entering the UK was estimated to pose a Very Low probability of release. The annual probability of release for all other release routes was assessed to be Negligible. It is recommended that the release assessment be periodically re-assessed to reflect changes in knowledge and circumstances over time.,��https://www.ncbi.nlm.nih.gov/pubmed/22328916.��Snary, Emma L
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Viral Proteins/chemistry/genetics���Febí��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes fatal encephalitis in humans. The initial outbreak of NiV infection occurred in Malaysia and Singapore in 1998-1999; relatively small, sporadic outbreaks among humans have occurred in Bangladesh since 2001. We characterized the complete genomic sequences of identical NiV isolates from 2 patients in 2008 and partial genomic sequences of throat swab samples from 3 patients in 2010, all from Bangladesh. All sequences from patients in Bangladesh comprised a distinct genetic group. However, the detection of 3 genetically distinct sequences from patients in the districts of Faridpur and Gopalganj indicated multiple co-circulating lineages in a localized region over a short time (January-March 2010). Sequence comparisons between the open reading frames of all available NiV genes led us to propose a standardized protocol for genotyping NiV; this protcol provides a simple and accurate way to classify current and future NiV sequences.,��https://www.ncbi.nlm.nih.gov/pubmed/22304936¤��Lo, Michael K
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Virus Replication/drug effects/physiology���Nipah virus (NiV), a zoonotic paramyxovirus, is highly contagious in swine, and can cause fatal infections in humans following transmission from the swine host. The main viral targets in both species are the respiratory and central nervous systems, with viremia implicated as a mode of dissemination of NiV throughout the host. The presented work focused on the role of peripheral blood mononuclear cells (PBMC) in the viremic spread of the virus in the swine host. B lymphocytes, CD4-CD8-, as well as CD4+CD8- T lymphocytes were not permissive to NiV, and expansion of the CD4+CD8- cells early post infection was consistent with functional humoral response to NiV infection observed in swine. In contrast, significant drop in the CD4+CD8- T cell frequency was observed in piglets which succumbed to the experimental infection, supporting the hypothesis that antibody development is the critical component of the protective immune response. Productive viral replication was detected in monocytes, CD6+CD8+ T lymphocytes and NK cells by recovery of infectious virus in the cell supernatants. Virus replication was supported by detection of the structural N and the non-structural C proteins or by detection of genomic RNA increase in the infected cells. Infection of T cells carrying CD6 marker, a strong ligand for the activated leukocyte cell adhesion molecule ALCAM (CD166) highly expressed on the microvascular endothelial cell of the blood-air and the blood-brain barrier may explain NiV preferential tropism for small blood vessels of the lung and brain.,��https://www.ncbi.nlm.nih.gov/pubmed/22303463ª��Stachowiak, Beata
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Viral Fusion Proteins/genetics/*metabolism���AprÝ��Proteolytic activation of the fusion protein of the highly pathogenic Nipah virus (NiV F) is a prerequisite for the production of infectious particles and for virus spread via cell-to-cell fusion. Unlike other paramyxoviral fusion proteins, functional NiV F activation requires endocytosis and pH-dependent cleavage at a monobasic cleavage site by endosomal proteases. Using prototype Vero cells, cathepsin L was previously identified to be a cleavage enzyme. Compared to Vero cells, MDCK cells showed substantially higher F cleavage rates in both NiV-infected and NiV F-transfected cells. Surprisingly, this could not be explained either by an increased F endocytosis rate or by elevated cathepsin L activities. On the contrary, MDCK cells did not display any detectable cathepsin L activity. Though we could confirm cathepsin L to be responsible for F activation in Vero cells, inhibitor studies revealed that in MDCK cells, cathepsin B was required for F-protein cleavage and productive replication of pathogenic NiV. Supporting the idea of an efficient F cleavage in early and recycling endosomes of MDCK cells, endocytosed F proteins and cathepsin B colocalized markedly with the endosomal marker proteins early endosomal antigen 1 (EEA-1), Rab4, and Rab11, while NiV F trafficking through late endosomal compartments was not needed for F activation. In summary, this study shows for the first time that endosomal cathepsin B can play a functional role in the activation of highly pathogenic NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/22278224���Diederich, Sandra
Sauerhering, Lucie
Weis, Michael
Altmeppen, Hermann
Schaschke, Norbert
Reinheckel, Thomas
Erbar, Stephanie
Maisner, Andrea
eng
Research Support, Non-U.S. Gov't
2012/01/27 06:00
J Virol. 2012 Apr;86(7):3736-45. doi: 10.1128/JVI.06628-11. Epub 2012 Jan 25.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3302499���22278224©��Institute of Virology, Philipps University of Marburg, Marburg, Germanya; Faculty of Chemistry, University of Bielefeld, Bielefeld, Germany. maisner@staff.uni-marburg.de���10.1128/JVI.06628-11�
º��üÖtÿî?B���0��Oskoueian, E.
Abdullah, N.
Hendra, R.
Karimi, E.���2011���Bioactive compounds, antioxidant, xanthine oxidase inhibitory, tyrosinase inhibitory and anti-inflammatory activities of selected agro-industrial by-products���8610-25
��Int J Mol Sci���12���12Ç��Animals
Anti-Inflammatory Agents/*analysis/pharmacology
Antioxidants/*analysis/pharmacology
Cell Line
Crops, Agricultural/*chemistry
Enzyme Inhibitors/*analysis/pharmacology
Flavonoids/analysis
Mice
Monophenol Monooxygenase/antagonists & inhibitors
Phenol/analysis
Plant Oils/chemistry
Xanthine Oxidase/antagonists & inhibitors
agro-industrial by-products
anti-inflammatory
antioxidant
bioactive compounds
tyrosinase inhibition
xanthine oxidase inhibitionÛ��Evaluation of abundantly available agro-industrial by-products for their bioactive compounds and biological activities is beneficial in particular for the food and pharmaceutical industries. In this study, rapeseed meal, cottonseed meal and soybean meal were investigated for the presence of bioactive compounds and antioxidant, anti-inflammatory, xanthine oxidase and tyrosinase inhibitory activities. Methanolic extracts of rapeseed meal showed significantly (P < 0.01) higher phenolics and flavonoids contents; and significantly (P < 0.01) higher DPPH and nitric oxide free radical scavenging activities when compared to that of cottonseed meal and soybean meal extracts. Ferric thiocyanate and thiobarbituric acid tests results showed rapeseed meal with the highest antioxidant activity (P < 0.01) followed by BHT, cotton seed meal and soybean meal. Rapeseed meal extract in xanthine oxidase and tyrosinase inhibitory assays showed the lowest IC(50) values followed by cottonseed and soybean meals. Anti-inflammatory assay using IFN-gamma/LPS stimulated RAW 264.7 cells indicated rapeseed meal is a potent source of anti-inflammatory agent. Correlation analysis showed that phenolics and flavonoids were highly correlated to both antioxidant and anti-inflammatory activities. Rapeseed meal was found to be promising as a natural source of bioactive compounds with high antioxidant, anti-inflammatory, xanthine oxidase and tyrosinase inhibitory activities in contrast to cotton and soybean meals.,��https://www.ncbi.nlm.nih.gov/pubmed/22272095Ð��Oskoueian, Ehsan
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Mar©��While work with viral fusion proteins has demonstrated that the transmembrane domain (TMD) can affect protein folding, stability, and membrane fusion promotion, the mechanism(s) remains poorly understood. TMDs could play a role in fusion promotion through direct TMD-TMD interactions, and we have recently shown that isolated TMDs from three paramyxovirus fusion (F) proteins interact as trimers using sedimentation equilibrium (SE) analysis (E. C. Smith, et al., submitted for publication). Immediately N-terminal to the TMD is heptad repeat B (HRB), which plays critical roles in fusion. Interestingly, addition of HRB decreased the stability of the trimeric TMD-TMD interactions. This result, combined with previous findings that HRB forms a trimeric coiled coil in the prefusion form of the whole protein though HRB peptides fail to stably associate in isolation, suggests that the trimeric TMD-TMD interactions work in concert with elements in the F ectodomain head to stabilize a weak HRB interaction. Thus, changes in TMD-TMD interactions could be important in regulating F triggering and refolding. Alanine insertions between the TMD and HRB demonstrated that spacing between these two regions is important for protein stability while not affecting TMD-TMD interactions. Additional mutagenesis of the C-terminal end of the TMD suggests that beta-branched residues within the TMD play a role in membrane fusion, potentially through modulation of TMD-TMD interactions. Our results support a model whereby the C-terminal end of the Hendra virus F TMD is an important regulator of TMD-TMD interactions and show that these interactions help hold HRB in place prior to the triggering of membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22238302Ì��Smith, Everett Clinton
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Marf��Hendra virus is a highly pathogenic paramyxovirus classified as a biosafety level four agent. The fusion (F) protein of Hendra virus is critical for promoting viral entry and cell-to-cell fusion. To be fusogenically active, Hendra virus F must undergo endocytic recycling and cleavage by the endosomal/lysosomal protease cathepsin L, but the route of Hendra virus F following internalization and the recycling signals involved are poorly understood. We examined the intracellular distribution of Hendra virus F following endocytosis and showed that it is primarily present in Rab5- and Rab4-positive endosomal compartments, suggesting that cathepsin L cleavage occurs in early endosomes. Hendra virus F transmembrane domain (TMD) residues S490 and Y498 were found to be important for correct Hendra virus F recycling, with the hydroxyl group of S490 and the aromatic ring of Y498 important for this process. In addition, changes in association of isolated Hendra virus F TMDs correlated with alterations to Hendra virus F recycling, suggesting that appropriate TMD interactions play an important role in endocytic trafficking.,��https://www.ncbi.nlm.nih.gov/pubmed/22238299Ý��Popa, Andreea
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*Virus Attachment���FebÅ��Members of the ephrin cell-surface protein family interact with the Eph receptors, the largest family of receptor tyrosine kinases, mediating bi-directional signaling during tumorogenesis and various developmental events. Surprisingly, ephrin-B2 and -B3 were recently identified as entry receptors for henipaviruses, emerging zoonotic paramyxoviruses responsible for repeated outbreaks in humans and animals in Australia, Southeast Asia, India and Bangladesh. Nipah virus (NiV) and Hendra virus (HeV) are the only two identified members in the henipavirus genus. While the initial human infection cases came from contact with infected pigs (NiV) or horses (HeV), in the more recent outbreaks of NiV both food-borne and human-to-human transmission were reported. These characteristics, together with high mortality and morbidity rates and lack of effective anti-viral therapies, make the henipaviruses a potential biological-agent threat. Viral entry is an important target for the development of anti-viral drugs. The entry of henipavirus is initiated by the attachment of the viral G envelope glycoprotein to the host cell receptors ephrin-B2 and/or -B3, followed by activation of the F fusion protein, which triggers fusion between the viral envelop and the host membrane. We review recent progress in the study of henipavirus entry, particularly the identification of ephrins as their entry receptors, and the structural characterization of the ephrin/Henipa-G interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/22227101r��Xu, Kai
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Viral Envelope Proteins/*immunology���Jan 27i��We have previously observed that all known HIV-1 broadly neutralizing antibodies (bnAbs) are highly divergent from germline antibodies in contrast to bnAbs against Hendra virus, Nipah virus and SARS coronavirus (SARS CoV). We have hypothesized that because the germline antibodies are so different from the mature HIV-1-specific bnAbs they may not bind the epitopes of the mature antibodies and provided the first evidence to support this hypothesis by using individual putative germline-like predecessor antibodies. To further validate the hypothesis and understand initial immune responses to different viruses, two phage-displayed human cord blood-derived IgM libraries were constructed which contained mostly germline antibodies or antibodies with very low level of somatic hypermutations. They were panned against different HIV-1 envelope glycoproteins (Envs), SARS CoV protein receptor-binding domain (RBD), and soluble Hendra virus G protein (sG). Despite a high sequence and combinatorial diversity observed in the cord blood-derived IgM antibody repertoire, no enrichment for binders of Envs was observed in contrast to considerable specific enrichments produced with panning against RBD and sG; one of the selected monoclonal antibodies (against the RBD) was of high (nM) affinity with only few somatic mutations. These results further support and expand our initial hypothesis for fundamental differences in immune responses leading to elicitation of bnAbs against HIV-1 compared to SARS CoV and Hendra virus. HIV-1 uses a strategy to minimize or eliminate strong binding of germline antibodies to its Env; in contrast, SARS CoV and Hendra virus, and perhaps other viruses causing acute infections, can bind germline antibody or minimally somatically mutated antibodies with relatively high affinity which could be one of the reasons for the success of sG and RBD as vaccine immunogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22226962ª��Chen, Weizao
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swine hepatitis E virus���Mar­��In the past two decades or so, a number of viruses have emerged in the global swine population. Some, such as porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2), cause economically important diseases in pigs, whereas others such as porcine torque teno virus (TTV), now known as Torque teno sus virus (TTSuV), porcine bocavirus (PBoV) and related novel parvoviruses, porcine kobuvirus, porcine toroviruses (PToV) and porcine lymphotropic herpesviruses (PLHV), are mostly subclinical in swine herds. Although some emerging swine viruses such as swine hepatitis E virus (swine HEV), porcine endogenous retrovirus (PERV) and porcine sapovirus (porcine SaV) may have a limited clinical implication in swine health, they do pose a potential public health concern in humans due to zoonotic (swine HEV) or potential zoonotic (porcine SaV) and xenozoonotic (PERV, PLHV) risks. Other emerging viruses such as Nipah virus, Bungowannah virus and Menangle virus not only cause diseases in pigs but some also pose important zoonotic threat to humans. This article focuses on emerging and re-emerging swine viruses that have a limited or uncertain clinical and economic impact on pig health. The transmission, epidemiology and pathogenic potential of these viruses are discussed. In addition, the two economically important emerging viruses, PRRSV and PCV2, are also briefly discussed to identify important knowledge gaps.,��https://www.ncbi.nlm.nih.gov/pubmed/22225855@��Meng, X J
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Viral Proteins/*chemistry/genetics���Feb 24z��All enzymatic activities required for genomic replication and transcription of nonsegmented negative strand RNA viruses (or Mononegavirales) are believed to be concentrated in the viral polymerase (L) protein. However, our insight into the organization of these different enzymatic activities into a bioactive tertiary structure remains rudimentary. Fragments of Mononegavirales polymerases analyzed to date cannot restore bioactivity through trans-complementation, unlike the related L proteins of segmented NSVs. We investigated the domain organization of phylogenetically diverse Paramyxovirus L proteins derived from measles virus (MeV), Nipah virus (NiV), and respiratory syncytial virus (RSV). Through a comprehensive in silico and experimental analysis of domain intersections, we defined MeV L position 615 as an interdomain candidate in addition to the previously reported residue 1708. Only position 1708 of MeV and the homologous positions in NiV and RSV L also tolerated the insertion of epitope tags. Splitting of MeV L at residue 1708 created fragments that were unable to physically interact and trans-complement, but strikingly, these activities were reconstituted by the addition of dimerization tags to the fragments. Equivalently split fragments of NiV, RSV, and MeV L oligomerized with comparable efficiency in all homo- and heterotypic combinations, but only the homotypic pairs were able to trans-complement. These results demonstrate that synthesis as a single polypeptide is not required for the Mononegavirales polymerases to adopt a proper tertiary conformation. Paramyxovirus polymerases are composed of at least two truly independent folding domains that lack a traditional interface but require molecular compatibility for bioactivity. The functional probing of the L domain architecture through trans-complementation is anticipated to be applicable to all Mononegavirales polymerases.,��https://www.ncbi.nlm.nih.gov/pubmed/22215662���Dochow, Melanie
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Time Factors���This study investigated the seroepidemiology of Hendra virus in a spectacled flying-fox (Pteropus conspicillatus) population in northern Australia, near the location of an equine and associated human Hendra virus infection in late 2004. The pattern of infection in the population was investigated using a serial cross-sectional serological study over a 25-month period, with blood sampled from 521 individuals over six sampling sessions. Antibody titres to the virus were determined by virus neutralisation test. In contrast to the expected episodic infection pattern, we observed that seroprevalence gradually increased over the two years suggesting infection was endemic in the population over the study period. Our results suggested age, pregnancy and lactation were significant risk factors for a detectable neutralizing antibody response. Antibody titres were significantly higher in females than males, with the highest titres occurring in pregnant animals. Temporal variation in antibody titres suggests that herd immunity to the virus may wax and wane on a seasonal basis. These findings support an endemic infection pattern of henipaviruses in bat populations suggesting their infection dynamics may differ significantly from the acute, self limiting episodic pattern observed with related viruses (e.g. measles virus, phocine distemper virus, rinderpest virus) hence requiring a much smaller critical host population size to sustain the virus. These findings help inform predictive modelling of henipavirus infection in bat populations, and indicate that the life cycle of the reservoir species should be taken into account when developing risk management strategies for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22194920!��Breed, Andrew C
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Virus Shedding���Dec'��Based on epidemiological data, it is believed that human-to-human transmission plays an important role in Nipah virus outbreaks. No experimental data are currently available on the potential routes of human-to-human transmission of Nipah virus. In a first dose-finding experiment in Syrian hamsters, it was shown that Nipah virus was predominantly shed via the respiratory tract within nasal and oropharyngeal secretions. Although Nipah viral RNA was detected in urogenital and rectal swabs, no infectious virus was recovered from these samples, suggesting no viable virus was shed via these routes. In addition, hamsters inoculated with high doses shed significantly higher amounts of viable Nipah virus particles in comparison with hamsters infected with lower inoculum doses. Using the highest inoculum dose, three potential routes of Nipah virus transmission were investigated in the hamster model: transmission via fomites, transmission via direct contact and transmission via aerosols. It was demonstrated that Nipah virus is transmitted efficiently via direct contact and inefficiently via fomites, but not via aerosols. These findings are in line with epidemiological data which suggest that direct contact with nasal and oropharyngeal secretions of Nipah virus infected individuals resulted in greater risk of Nipah virus infection. The data provide new and much-needed insights into the modes and efficiency of Nipah virus transmission and have important public health implications with regards to the risk assessment and management of future Nipah virus outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/22180802ü��de Wit, Emmie
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Virus Diseases/urine/*virologyY��Hendra virus is a recently emerged zoonotic agent in Australia. Since first described in 1994, the virus has spilled from its wildlife reservoir (pteropid fruit bats, or 'flying foxes') on multiple occasions causing equine and human fatalities. We undertook a three-year longitudinal study to detect virus in the urine of free-living flying foxes (a putative route of excretion) to investigate Hendra virus infection dynamics. Pooled urine samples collected off plastic sheets placed beneath roosting flying foxes were screened for Hendra virus genome by quantitative RT-PCR, using a set of primers and probe derived from the matrix protein gene. A total of 1672 pooled urine samples from 67 sampling events was collected and tested between 1 July 2008 and 30 June 2011, with 25% of sampling events and 2.5% of urine samples yielding detections. The proportion of positive samples was statistically associated with year and location. The findings indicate that Hendra virus excretion occurs periodically rather than continuously, and in geographically disparate flying fox populations in the state of Queensland. The lack of any detection in the Northern Territory suggests prevalence may vary across the range of flying foxes in Australia. Finally, our findings suggest that flying foxes can excrete virus at any time of year, and that the apparent seasonal clustering of Hendra virus incidents in horses and associated humans (70% have occurred June to October) reflects factors other than the presence of virus. Identification of these factors will strengthen risk minimization strategies for horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22174865	��Field, Hume
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Zoonoses/transmission/virology���Dec¿��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus harbored by Australian flying foxes with sporadic spillovers directly to horses. Although the mode and critical control points of HeV spillover to horses from flying foxes, and the risk for transmission from infected horses to other horses and humans, are poorly understood, we successfully established systemic HeV disease in 3 horses exposed to Hendra virus/Australia/Horse/2008/Redlands by the oronasal route, a plausible route for natural infection. In 2 of the 3 animals, HeV RNA was detected continually in nasal swabs from as early as 2 days postexposure, indicating that systemic spread of the virus may be preceded by local viral replication in the nasal cavity or nasopharynx. Our data suggest that a critical factor for reducing HeV exposure risk to humans includes early consideration of HeV in the differential diagnosis and institution of appropriate infection control procedures.,��https://www.ncbi.nlm.nih.gov/pubmed/22172152F��Marsh, Glenn A
Haining, Jessica
Hancock, Timothy J
Robinson, Rachel
Foord, Adam J
Barr, Jennifer A
Riddell, Shane
Heine, Hans G
White, John R
Crameri, Gary
Field, Hume E
Wang, Lin-Fa
Middleton, Deborah
eng
Research Support, Non-U.S. Gov't
2011/12/17 06:00
Emerg Infect Dis. 2011 Dec;17(12):2232-8. doi: 10.3201/eid1712.111162.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3311212���22172152���Commonwealth Scientific and Industrial Research Organization Livestock Industries, Geelong, Victoria, Australia. glenn.marsh@csiro.au���10.3201/eid1712.111162���
u�üÒtÿî?N������Zokarkar, A.
Lamb, R. A.���2012e��The paramyxovirus fusion protein C-terminal region: mutagenesis indicates an indivisible protein unit���2600-9���J Virol���86���5U��Amino Acid Motifs
Amino Acid Sequence
Animals
Cell Fusion
Cell Line
Humans
Molecular Sequence Data
Mutagenesis
Mutation
Paramyxoviridae Infections/veterinary/virology
Paramyxovirinae/*chemistry/*genetics/physiology
Rubulavirus/chemistry/*genetics/physiology
Sequence Alignment
Viral Fusion Proteins/*chemistry/*genetics/metabolism/physiology���MarV��Paramyxoviruses enter host cells by fusing the viral envelope with a host cell membrane. Fusion is mediated by the viral fusion (F) protein, and it undergoes large irreversible conformational changes to cause membrane merger. The C terminus of PIV5 F contains a membrane-proximal 7-residue external region (MPER), followed by the transmembrane (TM) domain and a 20-residue cytoplasmic tail. To study the sequence requirements of the F protein C terminus for fusion, we constructed chimeras containing the ectodomain of parainfluenza virus 5 F (PIV5 F) and either the MPER, the TM domain, or the cytoplasmic tail of the F proteins of the paramyxoviruses measles virus, mumps virus, Newcastle disease virus, human parainfluenza virus 3, and Nipah virus. The chimeras were expressed, and their ability to cause cell fusion was analyzed. The chimeric proteins were variably expressed at the cell surface. We found that chimeras containing the ectodomain of PIV5 F with the C terminus of other paramyxoviruses were unable to cause cell fusion. Fusion could be restored by decreasing the activation energy of refolding through introduction of a destabilizing mutation (S443P). Replacing individual regions, singly or doubly, in the chimeras with native PIV5 F sequences restored fusion to various degrees, but it did not have an additive effect in restoring activity. Thus, the F protein C terminus may be a specific structure that only functions with its cognate ectodomain. Alanine scanning mutagenesis of MPER indicates that it has a regulatory role in fusion since both hyperfusogenic and hypofusogenic mutations were found.,��https://www.ncbi.nlm.nih.gov/pubmed/22171273&��Zokarkar, Aarohi
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Viral Envelope Proteins/*chemistry���Apr*��Hendra virus (HeV) continues to cause morbidity and mortality in both humans and horses with a number of sporadic outbreaks. HeV has two structural membrane glycoproteins that mediate the infection of host cells: the attachment (G) and the fusion (F) glycoproteins that are essential for receptor binding and virion-host cell membrane fusion, respectively. N-linked glycosylation of viral envelope proteins are critical post-translation modifications that have been implicated in roles of structural integrity, virus replication and evasion of the host immune response. Deciphering the glycan composition and structure on these glycoproteins may assist in the development of glycan-targeted therapeutic intervention strategies. We examined the site occupancy and glycan composition of recombinant soluble G (sG) glycoproteins expressed in two different mammalian cell systems, transient human embryonic kidney 293 (HEK293) cells and vaccinia virus (VV)-HeLa cells, using a suite of biochemical and biophysical tools: electrophoresis, lectin binding and tandem mass spectrometry. The N-linked glycans of both VV and HEK293-derived sG glycoproteins carried predominantly mono- and disialylated complex-type N-glycans and a smaller population of high mannose-type glycans. All seven consensus sequences for N-linked glycosylation were definitively found to be occupied in the VV-derived protein, whereas only four sites were found and characterized in the HEK293-derived protein. We also report, for the first time, the existence of O-linked glycosylation sites in both proteins. The striking characteristic of both proteins was glycan heterogeneity in both N- and O-linked sites. The structural features of G protein glycosylation were also determined by X-ray crystallography and interactions with the ephrin-B2 receptor are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22171062���Colgrave, Michelle L
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Time Factors���Hendra virus is a recently emerged bat-borne zoonotic agent with high lethality in horses and humans in Australia. This is a rare disease and the determinants of bat to horse transmission, including the factors that bring these hosts together at critical times, are poorly understood. In this cross-disciplinary study climatic and vegetation primary productivity variables are compared for the dispersed and heterogenic 1994-2010 outbreak sites. The significant occurrence of spillover events within the dry season (p = 0.013, 95% CI (0.57-0.98)) suggests seasonal forcing of transmission across species, or seasonal forcing of virus excretion by the reservoir host. We explore the evidence for both. Preliminary investigations of the spatial determinants of Hendra disease locations are also presented. We find that postal areas in the Australian state of Queensland in which pteropid fruit bat (flying fox) roosts occur are approximately forty times more likely (OR = 40.5, (95% CI (5.16, 317.52)) to be the location of Hendra spillover events. This appears to be independent of density of horses at these locations. We consider issues of scale of host resource use, land use change and limitations of existing data that challenge analysis and limit further conclusive outcomes. This investigation of a broad range of potential climatic and environmental influences provides a good base for future investigations. Further understanding of cross-species Hendra virus transmission requires better understanding of flying fox resource use in the urban-rural landscape.,��https://www.ncbi.nlm.nih.gov/pubmed/22145039´��McFarlane, Rosemary
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Young Adult���MayÌ��AIM: To describe serial changes in brain magnetic resonance imaging (MRI) in acute human infection from two outbreaks of Hendra virus (HeV), relate these changes to disease prognosis, and compare HeV encephalitis to reported cases of Nipah virus encephalitis. MATERIALS AND METHODS: The MRI images of three human cases (two of which were fatal) of acute HeV meningoencephalitis were reviewed. RESULTS: Cortical selectivity early in the disease is evident in all three patients, while deep white matter involvement appears to be a late and possibly premorbid finding. This apparent early grey matter selectivity may be related to viral biology or ribavirin pharmacokinetics. Neuronal loss is evident at MRI, and the rate of progression of MRI abnormalities can predict the outcome of the infection. In both fatal cases, the serial changes in the MRI picture mirrored the clinical course. CONCLUSION: This is the first comprehensive report of serial MRI findings in acute human cerebral HeV infection from two outbreaks. The cortical selectivity appears to be an early finding while deep white matter involvement a late, and possibly premorbid, finding. In both fatal cases, the serial changes in MRI mirrored the clinical course.,��https://www.ncbi.nlm.nih.gov/pubmed/22133593¥��Nakka, P
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Virology/*methods���Jan���Nipah virus (NiV), Paramyxoviridae, Henipavirus, is classified as a biosafety level (BSL) 4 pathogen, along with the closely related Hendra virus (HeV). A novel serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing secreted alkaline phosphatase (SEAP) and pseudotyped with NiV F/G proteins (VSV-NiV-SEAP). A unique characteristic of this novel assay is the ability to obtain neutralization titers by measuring SEAP activity in supernatant using a common ELISA plate reader. This confers a remarkable advantage over the first generation of NiV-pseudotypes expressing green fluorescent protein or luciferase, which require expensive and specific measuring equipment. Using panels of NiV- and HeV-specific sera from various species, the VSV-NiV-SEAP assay demonstrated neutralizing antibody status (positive/negative) consistent with that obtained by conventional live NiV test, and gave higher antibody titers than the latter. Additionally, when screening sixty-six fruit bat sera at one dilution, the VSV-NiV-SEAP assay produced identical results to the live NiV test and only required a very small amount (2mul) of sera. The results suggest that this novel VSV-NiV-SEAP assay is safe, useful for high-throughput screening of sera using an ELISA plate reader, and has high sensitivity and specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/22115786V��Kaku, Yoshihiro
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T-Lymphocytes/immunology���MarÕ��Bats are natural reservoir hosts to a variety of viruses, many of which cause morbidity and mortality in other mammals. Currently there is a paucity of information regarding the nature of the immune response to viral infections in bats, partly due to a lack of appropriate bat specific reagents. IFNgamma plays a key role in controlling viral replication and coordinating a response for long term control of viral infection. Here we describe the cloning and expression of IFNgamma from the Australian flying fox, Pteropus alecto and the generation of mouse monoclonal and chicken egg yolk antibodies specific to bat IFNgamma. Our results demonstrate that P. alecto IFNgamma is conserved with IFNgamma from other species and is induced in bat splenocytes following stimulation with T cell mitogens. P. alecto IFNgamma has antiviral activity on Semliki forest virus in cell lines from P. alecto and the microbat, Tadarida brasiliensis. Additionally recombinant bat IFNgamma was able to mitigate Hendra virus infection in P. alecto cells. These results provide the first evidence for an antiviral role for bat IFNgammain vitro in addition to the application of important immunological reagents for further studies of bat antiviral immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/22093696í��Janardhana, Vijaya
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Thymelaeaceae/*chemistry���Nov 9Ù��BACKGROUND: Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) originates from Papua Island, Indonesia and grows in tropical areas. The different parts of the fruit of P. macrocarpa were evaluated for antioxidant, anti-inflammatory, and cytotoxic activities. METHODS: Phaleria macrocarpa fruit were divided into pericarp, mesocarp and seed. All parts of the fruit were reflux extracted with methanol. The antioxidant activity of the extracts were characterized in various in vitro model systems such as FTC, TBA, DPPH radical, reducing power and NO radical. Anti-inflammatory assays were done by using NO production by macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma and cytotoxic activities were determined by using several cancer cell lines and one normal cell line RESULTS: The results showed that different parts (pericarp, mesocarp, and seed) of Phaleria macrocarpa fruit contain various amount of total phenolic (59.2 +/- 0.04, 60.5 +/- 0.17, 47.7 +/- 1.04 mg gallic acid equivalent/g DW) and flavonoid compounds (161.3 +/- 1.58, 131.7 +/- 1.66, 35.9 +/- 2.47 mg rutin equivalent/g DW). Pericarp and mesocarp showed high antioxidant activities by using DPPH (71.97%, 62.41%), ferric reducing antioxidant power (92.35%, 78.78%) and NO scavenging activity (65.68%, 53.45%). Ferric thiocyanate and thiobarbituric acid tests showed appreciable antioxidant activity in the percentage hydroperoxides inhibitory activity from pericarp and mesocarp in the last day of the assay. Similarly, the pericarp and mesocarp inhibited inducible nitric oxide synthesis with values of 63.4 +/- 1.4% and 69.5 +/- 1.4% in macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma indicating their notable anti-inflammatory potential. Cytotoxic activities against HT-29, MCF-7, HeLa and Chang cell lines were observed in all parts. CONCLUSIONS: These results indicated the possible application of P. macrocarpa fruit as a source of bioactive compounds, potent as an antioxidant, anti inflammatory and cytotoxic agents.,��https://www.ncbi.nlm.nih.gov/pubmed/22070850·��Hendra, Rudi
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Pregnancy���Nov¶��Bats of the genus Pteropus have been identified as the reservoir hosts for the henipaviruses Hendra virus (HeV) and Nipah virus (NiV). The aim of these studies was to assess likely mechanisms for henipaviruses transmission from bats. In a series of experiments, Pteropus bats from Malaysia and Australia were inoculated with NiV and HeV, respectively, by natural routes of infection. Despite an intensive sampling strategy, no NiV was recovered from the Malaysian bats and HeV was reisolated from only one Australian bat; no disease was seen. These experiments suggest that opportunities for henipavirus transmission may be limited; therefore, the probability of a spillover event is low. For spillover to occur, a range of conditions and events must coincide. An alternate assessment framework is required if we are to fully understand how this reservoir host maintains and transmits not only these but all viruses with which it has been associated.,��https://www.ncbi.nlm.nih.gov/pubmed/22049055f��Halpin, Kim
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Vancomycin/*analysis/blood/*therapeutic use���May-JunÙ��BACKGROUND: For the treatment of peritoneal dialysis-associated peritonitis (PDP), it has been suggested that serum concentrations of vancomycin be kept above 12 mg/L-15 mg/L. However, studies correlating vancomycin concentrations in serum and peritoneal dialysate effluent (PDE) during active infection are sparse. We undertook the present study to investigate this issue and to determine whether achieving the recommended serum level of vancomycin results in therapeutic levels intraperitoneally. METHODS: We studied patients treated with intraperitoneal (i.p.) vancomycin for non-gram-negative PDP. We gave a single dose (approximately 30 mg/kg) at presentation, and we subsequently measured vancomycin levels in PDE on day 5; we wanted to determine if efflux of vancomycin from serum to PDE during a 4-hour dwell was consistent and resulted in therapeutic levels. RESULTS: Of the 48 episodes of PDP studied, serum vancomycin concentrations exceeding 12 mg/L were achieved in 98% of patients, but in 11 patients (23%), a PDE vancomycin level below 4 mg/L--the minimal inhibitory concentration (MIC) of many gram-positive organisms--was observed at the end of a 4-hour dwell on day 5. The correlation between the concentrations of vancomycin in serum and PDE (from efflux of antibiotic over 4 hours) was statistically significant, but poor (R(2) = 0.18). CONCLUSIONS: Our data support the International Society for Peritoneal Dialysis statement that adequate serum vancomycin concentrations can be achieved with intermittent dosing (single dose every 5 days), but cannot guarantee therapeutic PDE levels in the treatment of PDP. Intermittent dosing of vancomycin may not consistently result in PDE concentrations markedly greater than MIC of many important pathogens. Although the clinical significance of this finding remains to be determined, it may be preferable to give smaller but more frequent doses of PDE vancomycin (continuous dosing) for adults with PDP (as is currently recommended for children).,��https://www.ncbi.nlm.nih.gov/pubmed/22045102»��Fish, Richard
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West Nile Fever/diagnosis���Nov~��Viral infections of the central nervous system in the tropical countries of Asia and the Indian subcontinent are different from those of the Western and developed world. Many of the endemic and epidemic encephalitides that are prevalent in these regions, such as Japanese encephalitis, have characteristic findings on imaging, especially on magnetic resonance imaging, allowing a rapid diagnosis and differentiation from clinically similar syndromes. Other emerging viral infections in the region in recent years have posed new challenges. The contribution of neuroimaging to the management of these emerging infections is also discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22032499���Handique, Sanjeev Kumar
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Swine���Janz��The C-terminal domain of Nipah virus (NiV) nucleocapsid protein (NP(4)(0)(1)(-)(5)(3)(2)) was inserted at the N-terminus and the immunodominant loop of hepatitis B core antigen (HBc). The stability of NP(4)(0)(1)(-)(5)(3)(2) increased tremendously when displayed on the HBc particles. These particles reacted specifically with the swine anti-NiV and the human anti-HBc antisera.,��https://www.ncbi.nlm.nih.gov/pubmed/22024533â��Yap, Wei Boon
Tey, Beng Ti
Alitheen, Noorjahan Banu Mohamed
Tan, Wen Siang
eng
Research Support, Non-U.S. Gov't
Japan
2011/10/26 06:00
J Biosci Bioeng. 2012 Jan;113(1):26-9. doi: 10.1016/j.jbiosc.2011.09.007. Epub 2011 Oct 24.*��1347-4421 (Electronic)
1347-4421 (Linking)���22024533���Department of Microbiology, Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia.���10.1016/j.jbiosc.2011.09.007��ó��üÒtÿî?Y���â��Bossart, K. N.
Geisbert, T. W.
Feldmann, H.
Zhu, Z.
Feldmann, F.
Geisbert, J. B.
Yan, L.
Feng, Y. R.
Brining, D.
Scott, D.
Wang, Y.
Dimitrov, A. S.
Callison, J.
Chan, Y. P.
Hickey, A. C.
Dimitrov, D. S.
Broder, C. C.
Rockx, B.���2011c��A neutralizing human monoclonal antibody protects african green monkeys from hendra virus challenge���105ra103���Sci Transl Med���3���105Þ��Animals
Antibodies, Monoclonal/pharmacokinetics/*therapeutic use
Antibodies, Neutralizing/*therapeutic use
Cercopithecus aethiops
Hendra Virus/*pathogenicity
Henipavirus Infections/*drug therapy/prevention & control
Humans���Oct 19���Hendra virus (HeV) is a recently emerged zoonotic paramyxovirus that can cause a severe and often fatal disease in horses and humans. HeV is categorized as a biosafety level 4 agent, which has made the development of animal models and testing of potential therapeutics and vaccines challenging. Infection of African green monkeys (AGMs) with HeV was recently demonstrated, and disease mirrored fatal HeV infection in humans, manifesting as a multisystemic vasculitis with widespread virus replication in vascular tissues and severe pathologic manifestations in the lung, spleen, and brain. Here, we demonstrate that m102.4, a potent HeV-neutralizing human monoclonal antibody (hmAb), can protect AGMs from disease after infection with HeV. Fourteen AGMs were challenged intratracheally with a lethal dose of HeV, and 12 subjects were infused twice with a 100-mg dose of m102.4 beginning at either 10, 24, or 72 hours after infection and again about 48 hours later. The presence of viral RNA, infectious virus, and HeV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease on day 8 after infection. Animals in the 72-hour treatment group exhibited neurological signs of disease, but all animals started to recover by day 16 after infection. These results represent successful post-exposure in vivo efficacy by an investigational drug against HeV and highlight the potential impact a hmAb can have on human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/22013123z��Bossart, Katharine N
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Retrospective Studies���The unplanned transfer of patients from long-term acute care hospitals (LTACHs) back to acute facilities disrupts the continuity of care, delays recovery and increases the cost of care. This study was performed to better understand the unplanned transfer of patients with pulmonary disease. A retrospective analysis of data obtained for quality management in a cohort of patients admitted to an LTACH system over a 3-year period. Of the 3506 patients admitted with a pulmonary diagnosis studied, 414 (12%) underwent 526 unplanned transfers back to an acute facility after a median LTACH length of stay (LOS) of 45 days. Mechanical ventilation via tracheostomy was used in 259 (63%) patients admitted to the LTACH with a pulmonary diagnosis. The commonest reasons for unplanned transfers included acute respiratory failure, cardiac decompensation, gastrointestinal bleed and possible sepsis. Over 50% of patients had LOS at the LTACH between 4 and 30 days prior to the unplanned transfer. Patients with an LOS <3 days prior to transfer were more likely to be transferred around the weekend. In all, 32% of patients died within a median of 7 days of transfer back to the acute facility. Thirty-day mortality following unplanned transfer appeared independent of organ system involved, attending physician specialty/coverage status, nursing shift or transferring LTACH unit. Unplanned transfers disrupting continuity of care remain a significant problem in patients admitted to an LTACH with a pulmonary diagnosis and are associated with significant mortality. Strategies designed to reduce cardiopulmonary decompensation, gastrointestinal bleeding and possible sepsis in the LTACH along with additional strategies implemented throughout the health care continuum will be needed to reduce this problem.,��https://www.ncbi.nlm.nih.gov/pubmed/21990569���White, Alexander C
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Hendra Virus/classification/*genetics,��Hendra virus (HeV) causes a zoonotic disease with high mortality that is transmitted to humans from bats of the genus Pteropus (flying foxes) via an intermediary equine host. Factors promoting spillover from bats to horses are uncertain at this time, but plausibly encompass host and/or agent and/or environmental factors. There is a lack of HeV sequence information derived from the natural bat host, as previously sequences have only been obtained from horses or humans following spillover events. In order to obtain an insight into possible variants of HeV circulating in flying foxes, collection of urine was undertaken in multiple flying fox roosts in Queensland, Australia. HeV was found to be geographically widespread in flying foxes with a number of HeV variants circulating at the one time at multiple locations, while at times the same variant was found circulating at disparate locations. Sequence diversity within variants allowed differentiation on the basis of nucleotide changes, and hypervariable regions in the genome were identified that could be used to differentiate circulating variants. Further, during the study, HeV was isolated from the urine of flying foxes on four occasions from three different locations. The data indicates that spillover events do not correlate with particular HeV isolates, suggesting that host and/or environmental factors are the primary determinants of bat-horse spillover. Thus future spillover events are likely to occur, and there is an on-going need for effective risk management strategies for both human and animal health.,��https://www.ncbi.nlm.nih.gov/pubmed/21980413L��Smith, Ina
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Sus scrofa{��Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), have Pteropid bats as their known natural reservoirs. Antibodies against henipaviruses have been found in Eidolon helvum, an old world fruit bat species, and henipavirus-like nucleic acid has been detected in faecal samples from E. helvum in Ghana. The initial outbreak of NiV in Malaysia led to over 265 human encephalitis cases, including 105 deaths, with infected pigs acting as amplifier hosts for NiV during the outbreak. We detected non-neutralizing antibodies against viruses of the genus Henipavirus in approximately 5% of pig sera (N = 97) tested in Ghana, but not in a small sample of other domestic species sampled under a E. helvum roost. Although we did not detect neutralizing antibody, our results suggest prior exposure of the Ghana pig population to henipavirus(es). Because a wide diversity of henipavirus-like nucleic acid sequences have been found in Ghanaian E. helvum, we hypothesise that these pigs might have been infected by henipavirus(es) sufficiently divergent enough from HeVor NiV to produce cross-reactive, but not cross-neutralizing antibodies to HeV or NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/21966471å��Hayman, David T S
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History, 21st Century���Octó��At Federation in 1901, Australia retained separate State veterinary services responsible for the control of endemic animal diseases. By 2010 the Commonwealth, State and Territory Governments and the livestock industries had coordinated a structure with supporting activities and shared finances that provides Australia's veterinary services and its livestock industries with preparedness and control programs for nominated exotic and endemic animal diseases. Animal Health Australia operates as the coordinating body for these programs. Since 1901, contagious bovine pleuropneumonia, bovine brucellosis and bovine tuberculosis have been eradicated, providing considerable industry benefits. While the entry of exotic diseases has been restricted, tick fevers, tick infestation, bluetongue infection, avirulent and velogenic Newcastle disease, Hendra virus, lyssavirus infection and Menagle virus infection have arisen from either hosts within Australia or from insect incursion from neighbouring countries. The control of endemic livestock diseases has been accompanied by the development of veterinary laboratory services by the Commonwealth, State and Territory Governments. The Australian Animal Health Laboratory operating since 1985 in Geelong has ensured Australia remains at the forefront of technological advances in veterinary diagnostic techniques. From the 1970s animal welfare has become an important component of national initiatives that remain focussed on satisfying community and international expectations.,��https://www.ncbi.nlm.nih.gov/pubmed/21933170���Turner, Aj
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Young Adult���Jan���INTRODUCTION: We investigated a cluster of patients with encephalitis in the Manikgonj and Rajbari Districts of Bangladesh in February 2008 to determine the etiology and risk factors for disease. METHODS: We classified persons as confirmed Nipah cases by the presence of immunoglobulin M antibodies against Nipah virus (NiV), or by the presence of NiV RNA or by isolation of NiV from cerebrospinal fluid or throat swabs who had onset of symptoms between February 6 and March 10, 2008. We classified persons as probable cases if they reported fever with convulsions or altered mental status, who resided in the outbreak areas during that period, and who died before serum samples were collected. For the case-control study, we compared both confirmed and probable Nipah case-patients to controls, who were free from illness during the reference period. We used motion-sensor-infrared cameras to observe bat's contact of date palm sap. RESULTS: We identified four confirmed and six probable case-patients, nine (90%) of whom died. The median age of the cases was 10 years; eight were males. The outbreak occurred simultaneously in two communities that were 44 km apart and separated by a river. Drinking raw date palm sap 2-12 days before illness onset was the only risk factor most strongly associated with the illness (adjusted odds ratio 25, 95% confidence intervals 3.3-infinity, p<0.001). Case-patients reported no history of physical contact with bats, though community members often reported seeing bats. Infrared camera photographs showed that Pteropus bats frequently visited date palm trees in those communities where sap was collected for human consumption. CONCLUSION: This is the second Nipah outbreak in Bangladesh where date palm sap has been implicated as the vehicle of transmission. Fresh date palm sap should not be drunk, unless effective steps have been taken to prevent bat access to the sap during collection.,��https://www.ncbi.nlm.nih.gov/pubmed/21923274|��Rahman, Muhammad Aziz
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Poultry/immunology/*virology���Sep 7è��BACKGROUND: Indonesia is one of the countries most severely affected by H5N1 highly pathogenic avian influenza (HPAI) virus in terms of poultry and human health. However, there is little information on the diversity of H5N1 viruses circulating in backyard farms, where chickens and ducks often intermingle. In this study, H5N1 virus infection occurring in 96 smallholder duck farms in central Java, Indonesia from 2007-2008 was investigated and the molecular and antigenic characteristics of H5N1 viruses isolated from these farms were analysed. RESULTS: All 84 characterised viruses belonged to H5N1 clade 2.1 with three virus sublineages being identified: clade 2.1.1 (1), clade 2.1.3 (80), and IDN/6/05-like viruses (3) that did not belong to any of the present clades. All three clades were found in ducks, while only clade 2.1.3 was isolated from chickens. There were no significant amino acid mutations of the hemagglutinin (HA) and neuraminidase (NA) sites of the viruses, including the receptor binding, glycosylation, antigenic and catalytic sites and NA inhibitor targets. All the viruses had polybasic amino acids at the HA cleavage site. No evidence of major antigenic variants was detected. Based on the HA gene, identical virus variants could be found on different farms across the study sites and multiple genetic variants could be isolated from HPAI outbreaks simultaneously or at different time points from single farms. HPAI virus was isolated from both ducks and chickens; however, the proportion of surviving duck cases was considerably higher than in chickens. CONCLUSIONS: The 2.1.3 clade was the most common lineage found in this study. All the viruses had sequence characteristic of HPAI, but negligible variations in other recognized amino acids at the HA and NA proteins which determine virus phenotypes. Multiple genetic variants appeared to be circulating simultaneously within poultry communities. The high proportion of live duck cases compared to chickens over the study period suggests that ducks are more likely to survive infection and they may better suit the role of long-term maintenance host for H5N1. As some viruses were isolated from dead birds, there was no clear correlation between genetic variations and pathogenicity of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21896207é��Wibawa, Hendra
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Viral Proteins/metabolismñ��Bats are natural reservoirs for a spectrum of infectious zoonotic diseases including the recently emerged henipaviruses (Hendra and Nipah viruses). Henipaviruses have been observed both naturally and experimentally to cause serious and often fatal disease in many different mammal species, including humans. Interestingly, infection of the flying fox with henipaviruses occurs in the absence of clinical disease. The extreme variation in the disease pattern between humans and bats has led to an investigation into the effects of henipavirus infection on the innate immune response in bat cell lines. We report that henipavirus infection does not result in the induction of interferon expression, and the viruses also inhibit interferon signaling. We also confirm that the interferon production and signaling block in bat cells is not due to differing viral protein expression levels between human and bat hosts. This information, in addition to the known lack of clinical signs in bats following henipavirus infection, suggests that bats control henipavirus infection by an as yet unidentified mechanism, not via the interferon response. This is the first report of henipavirus infection in bat cells specifically investigating aspects of the innate immune system.,��https://www.ncbi.nlm.nih.gov/pubmed/21811620Ä��Virtue, Elena R
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Viral Proteins/*chemistry/metabolism���Janå��This review focuses on the experimental data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely Nipah (NiV), Hendra (HeV) and measles (MeV) viruses. We provide a detailed description of the molecular mechanisms governing the disorder-to-order transition of the intrinsically disordered C-terminal domains (N(TAIL)) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within N(TAIL)-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder are discussed in light of the ability of disordered regions to establish a complex molecular partnership, thereby leading to a variety of biological effects. Taking into account the promiscuity that typifies disordered regions, we propose that the main functional advantage of the abundance of disorder within viruses would reside in pleiotropy and genetic compaction, where a single gene would encode a single (regulatory) protein product able to establish multiple interactions via its disordered regions, and hence to exert multiple concomitant biological effects.,��https://www.ncbi.nlm.nih.gov/pubmed/21805002ö��Habchi, Johnny
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Zoonoses/transmission���Jul¢��Hendra virus infection is an emerging infectious disease that is not well understood. Most cases of Hendra virus infection have occurred in Queensland, with one case in a horse in NSW. Hendra virus infection has a high mortality rate in horses and humans and as cases could occur anywhere in Australia it is important to be ready for prompt action should an outbreak occur in NSW. This paper: reviews the current knowledge on Hendra virus infection including methods for preventing the disease; explains the animal health and human health response for an outbreak within NSW; and discusses possible future avenues for post-exposure prophylaxis and prevention by vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/21781619Æ��Hess, Isabel M R
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Zoonoses/epidemiology/transmission/*virology���Julª��From the emergence of Hendra virus and Menangle virus in Australia to the global pandemics of severe acute respiratory syndrome and influenza viruses (both H5N1 and H1N1), there has been a surge of zoonotic virus outbreaks in the last two decades. Although the drivers for virus emergence remain poorly understood, the rate of discovery of new viruses is accelerating. This is due to a combination of true emergence of new pathogens and the advance of new technologies making rapid detection and characterisation possible. While molecular approaches will continue to lead the way in virus discovery, other technological platforms are required to increase the chance of success. The lessons learnt in the last 20 years confirm that the One Health approach, involving inclusive collaborations between physicians, veterinarians and other health and environmental professionals, will be the key to combating future zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21781618���Wang, Lin-Fa
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Zoonoses/*epidemiology/virology���Jul���Human encephalitis in Australia causes substantial mortality and morbidity, with frequent severe neurological sequelae and long-term cognitive impairment. This review discusses a number of highly pathogenic zoonotic viruses which have recently emerged in Australia, including Hendra virus and Australian bat lyssavirus which present with an encephalitic syndrome in humans. Encephalitis surveillance currently focuses on animals at sentinel sites and animal disease or definitive diagnosis of notifiable conditions that may present with encephalitis. This is inadequate for detecting newly emerged viral encephalatides. Hospital-based sentinel surveillance may aid in identifying increases in known pathogens or emergence of new pathogens that require a prompt public health response.,��https://www.ncbi.nlm.nih.gov/pubmed/21781616´��Paterson, Beverley J
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antimicrobial activity
flavonoidÿ��Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) is commonly known as 'Crown of God', 'Mahkota Dewa', and 'Pau'. It originates from Papua Island, Indonesia and it grows in tropical areas. Empirically, it is potent in treating the hypertensive, diabetic, cancer and diuretic patients. It has a long history of ethnopharmacological usage, and the lack of information about its biological activities led us to investigate the possible biological activities by characterisation of flavonoids and antimicrobial activity of various part of P. macrocarpa against pathogenic bacteria and fungi. The results showed that kaempferol, myricetin, naringin, and rutin were the major flavonoids present in the pericarp while naringin and quercetin were found in the mesocarp and seed. Furthermore, the antibacterial activity of different parts of P. macrocarpa fruit showed a weak ability to moderate antibacterial activity against pathogenic tested bacteria (inhibition range: 0.93-2.17 cm) at concentration of 0.3 mg/disc. The anti fungi activity was only found in seed extract against Aspergillus niger (1.87 cm) at concentration of 0.3 mg/well. From the results obtained, P. macrocarpa fruit could be considered as a natural antimicrobial source due to the presence of flavonoid compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/21747685¾��Hendra, Rudi
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Socioeconomic Factors���SepC��OBJECTIVES: Cytochrome P450 2B6 (CYP2B6) is responsible for the metabolic clearance of efavirenz and single nucleotide polymorphisms (SNPs) in the CYP2B6 gene are associated with efavirenz pharmacokinetics. Since the constitutive androstane receptor (CAR) and the pregnane X receptor (PXR) correlate with CYP2B6 in liver, and a CAR polymorphism (rs2307424) and smoking correlate with efavirenz plasma concentrations, we investigated their association with early (<3 months) discontinuation of efavirenz therapy. METHODS: Three hundred and seventy-three patients initiating therapy with an efavirenz-based regimen were included (278 white patients and 95 black patients; 293 male). DNA was extracted from whole blood and genotyping for CYP2B6 (516G --> T, rs3745274), CAR (540C --> T, rs2307424) and PXR (44477T --> C, rs1523130; 63396C --> T, rs2472677; and 69789A --> G, rs763645) was conducted. Binary logistic regression using the backwards method was employed to assess the influence of SNPs and demographics on early discontinuation. RESULTS: Of the 373 patients, 131 withdrew from therapy within the first 3 months. Black ethnicity [odds ratio (OR) = 0.27; P = 0.0001], CYP2B6 516TT (OR = 2.81; P = 0.006), CAR rs2307424 CC (OR = 1.92; P = 0.007) and smoking status (OR = 0.45; P = 0.002) were associated with discontinuation within 3 months. CONCLUSIONS: These data indicate that genetic variability in CYP2B6 and CAR contributes to early treatment discontinuation for efavirenz-based antiretroviral regimens. Further studies are now required to define the clinical utility of these associations.,��https://www.ncbi.nlm.nih.gov/pubmed/21715435a��Wyen, Christoph
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Virus Shedding/immunology���Aug 5h��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are two deadly zoonotic viruses for which no vaccines or therapeutics have yet been approved for human or livestock use. In 14 outbreaks since 1994 HeV has been responsible for multiple fatalities in horses and humans, with all known human infections resulting from close contact with infected horses. A vaccine that prevents virus shedding in infected horses could interrupt the chain of transmission to humans and therefore prevent HeV disease in both. Here we characterise HeV infection in a ferret model and show that it closely mirrors the disease seen in humans and horses with induction of systemic vasculitis, including involvement of the pulmonary and central nervous systems. This model of HeV infection in the ferret was used to assess the immunogenicity and protective efficacy of a subunit vaccine based on a recombinant soluble version of the HeV attachment glycoprotein G (HeVsG), adjuvanted with CpG. We report that ferrets vaccinated with a 100 mug, 20 mug or 4 mug dose of HeVsG remained free of clinical signs of HeV infection following a challenge with 5000 TCID(5)(0) of HeV. In addition, and of considerable importance, no evidence of virus or viral genome was detected in any tissues or body fluids in any ferret in the 100 and 20 mug groups, while genome was detected in the nasal washes only of one animal in the 4 mug group. Together, our findings indicate that 100 mug or 20 mug doses of HeVsG vaccine can completely prevent a productive HeV infection in the ferret, suggesting that vaccination to prevent the infection and shedding of HeV is possible.,��https://www.ncbi.nlm.nih.gov/pubmed/21689706ï��Pallister, Jackie
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Virus Diseases/*epidemiology/*virology���MayA��Australia is a climatically diverse country varying from a tropical climate in the north to arid central desert and grassland regions, and to temperate climates in the south. There are many viral infections found in Australia that are common to developed countries worldwide, but this article will focus on those that pose a special risk for travellers to Australia, especially the mosquito-borne viruses. The commonest are the members of the alphavirus genus, particularly Ross River virus and Barmah Forest virus, which cause predominantly arthralgia with or without fever or rash. Less frequent but more serious illness is seen with the encephalitic flaviviruses, Murray Valley encephalitis virus, and the Kunjin strain of West Nile virus. In addition dengue occurs intermittently on the northern part of Queensland, and in recent years Japanese encephalitis virus has been found in the Torres Strait Islands and the tip of far north Queensland. Also of interest, but with a much lower risk, are the bat-borne viruses, Hendra virus and Australian bat lyssavirus, that have caused a small number of human infections. However, it is important to remember that most tourists pass through other countries in the Asia/Pacific region on their way to and from Australia and may therefore have acquired infections prior to or after leaving Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/21679887²��Smith, David W
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Trust���Jun 13�	�BACKGROUND: Post-mortem needle biopsies have been used in resource-poor settings to determine cause of death and there is interest in using them in Bangladesh. However, we did not know how families and communities would perceive this procedure or how they would decide whether or not to consent to a post-mortem needle biopsy. The goal of this study was to better understand family and community concerns and decision-making about post-mortem needle biopsies in this low-income, predominantly Muslim country in order to design an informed consent process. METHODS: We conducted 16 group discussions with family members of persons who died during an outbreak of Nipah virus illness during 2004-2008 and 11 key informant interviews with their community and religious leaders. Qualitative researchers first described the post-mortem needle biopsy procedure and asked participants whether they would have agreed to this procedure during the outbreak. Researchers probed participants about the circumstances under which the procedure would be acceptable, if any, their concerns about the procedure, and how they would decide whether or not to consent to the procedure. RESULTS: Overall, most participants agreed that post-mortem needle biopsies would be acceptable in some situations, particularly if they benefitted society. This procedure was deemed more acceptable than full autopsy because it would not require major delays in burial or remove organs, and did not require cutting or stitching of the body. It could be performed before the ritual bathing of the body in either the community or hospital setting. However, before consent would be granted for such a procedure, the research team must gain the trust of the family and community which could be difficult. Although consent may only be provided by the guardians of the body, decisions about consent for the procedure would involve extended family and community and religious leaders. CONCLUSIONS: The possible acceptability of this procedure during outbreaks represents an important opportunity to better characterize cause of death in Bangladesh which could lead to improved public health interventions to prevent these deaths. Obstacles for research teams will include engaging all major stakeholders in decision-making and quickly building a trusting relationship with the family and community, which will be difficult given the short window of time prior to the ritual bathing of the body.,��https://www.ncbi.nlm.nih.gov/pubmed/21668979J��Gurley, Emily S
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Viral Envelope Proteins/*metabolism���Aug���We have previously described heterotypic peptides from parainfluenza virus that potently inhibit Nipah virus in vitro but are not efficacious in vivo. In contrast, our second-generation inhibitors, featuring a cholesterol moiety, are also efficacious in vivo. The difference between in vitro and in vivo results led us to investigate the basis for this discrepancy. Here, we compare the activities of the compounds in standard laboratory cells and in cells relevant to the natural tropism of Nipah virus, i.e., primary neurons, and show that while our first-generation inhibitors are poorly active in primary neurons, the cholesterol-conjugated compounds are highly potent. These results highlight the advantage of evaluating antiviral potency in cells relevant to natural host target tissue.,��https://www.ncbi.nlm.nih.gov/pubmed/21653662¯��Talekar, Aparna
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Zoonoses/*epidemiology/transmission/virology���Jan 7£��Emerging zoonoses threaten global health, yet the processes by which they emerge are complex and poorly understood. Nipah virus (NiV) is an important threat owing to its broad host and geographical range, high case fatality, potential for human-to-human transmission and lack of effective prevention or therapies. Here, we investigate the origin of the first identified outbreak of NiV encephalitis in Malaysia and Singapore. We analyse data on livestock production from the index site (a commercial pig farm in Malaysia) prior to and during the outbreak, on Malaysian agricultural production, and from surveys of NiV's wildlife reservoir (flying foxes). Our analyses suggest that repeated introduction of NiV from wildlife changed infection dynamics in pigs. Initial viral introduction produced an explosive epizootic that drove itself to extinction but primed the population for enzootic persistence upon reintroduction of the virus. The resultant within-farm persistence permitted regional spread and increased the number of human infections. This study refutes an earlier hypothesis that anomalous El Nino Southern Oscillation-related climatic conditions drove emergence and suggests that priming for persistence drove the emergence of a novel zoonotic pathogen. Thus, we provide empirical evidence for a causative mechanism previously proposed as a precursor to widespread infection with H5N1 avian influenza and other emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/21632614Ð��Pulliam, Juliet R C
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*Virus Internalization���Sepí��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses classified in the genus Henipavirus of the family Paramyxoviridae. The entry of henipaviruses occurs through a pH-independent membrane-fusion mechanism mediated by the cooperation of the viral attachment (G) and fusion (F) envelope glycoproteins following virion binding to susceptible host cells. Virus attachment is mediated by the interaction of the G glycoprotein with ephrin-B2 or ephrin-B3, which were identified as the functional receptors of henipavirus. Several residues of the G glycoprotein that are important for receptor binding have been determined through mutagenesis and structural analyses; however, similar approaches have not been carried out for the viral receptor ephrin-B2. Here, an alanine-scanning mutagenesis analysis was performed to identify residues of ephrin-B2 which are critical for NiV binding and entry by using an NiV-F- and -G-glycoprotein pseudotyped lentivirus assay. Results indicated that the G-H loop of ephrin-B2 was indeed critical for the interaction between ephrin-B2 and NiV-G. Unexpectedly, however, some alanine-substitution mutants located in the G-H loop enhanced the infectivity of the NiV pseudotypes, in particular an L124A mutation enhanced entry >30-fold. Further analysis of the L124A ephrin-B2 mutant demonstrated that an increased binding affinity of the mutant receptor with NiV-G was responsible for the enhanced infectivity of both pseudovirus and infectious virus. In addition, cell lines that were stably expressing the L124A mutant receptor were able to support NiV infection more efficiently than the wild-type molecule, potentially providing a new target-cell platform for viral isolation or virus-entry inhibitor screening and discovery.,��https://www.ncbi.nlm.nih.gov/pubmed/21632558í��Yuan, Junfa
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*Virus Replication���Sep���Many viruses use their host's cellular machinery to regulate the functions of viral proteins. The phosphorylation of viral proteins is known to play a role in genome transcription and replication in paramyxoviruses. The paramyxovirus nucleoprotein (N), the most abundant protein in infected cells, is a component of the N-RNA complex and supports the transcription and replication of virus mRNA and genomic RNA. Recently, we reported that the phosphorylation of measles virus N is involved in the regulation of viral RNA synthesis. In this study, we report a rapid turnover of phosphorylation in the Nipah virus N (NiV-N). The phosphorylated NiV-N was hardly detectable in steady-state cells, but was detected after inhibition of cellular protein phosphatases. We identified a phosphorylated serine residue at Ser451 of NiV-N by peptide mass fingerprinting by electrospray ionization-quadrupole time-of-flight mass spectrometry. In the NiV minigenome assay, using luciferase as a reporter gene, the substitution of Ser451 for alanine in NiV-N resulted in a reduction in luciferase activity of approximately 45 % compared with the wild-type protein. Furthermore, the substitution of Ser451 for glutamic acid, which mimics a phosphoserine, led to a more significant decrease in luciferase activity - approximately 81 %. Northern blot analysis showed that both virus transcription and replication were reduced by these mutations. These results suggest that a rapid turnover of the phosphorylation of NiV-N plays an important role in virus transcription and replication.,��https://www.ncbi.nlm.nih.gov/pubmed/21613447+��Huang, Mingshu
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Virus Replication���AugÀ��Nipah virus (NiV) and Hendra virus (HeV) are emerging zoonotic viruses and the causative agents of severe respiratory disease and encephalitis in humans. Little is known about the mechanisms that govern the development of respiratory and neurological disease. Using a hamster model of lethal NiV and HeV infection, we describe the role of the route and dose of infection on the clinical outcome and determine virus tropism and host responses following infection. Infection of hamster with a high dose of NiV or HeV resulted in acute respiratory distress. NiV initially replicated in the upper respiratory tract epithelium, whereas HeV initiated infection primarily in the interstitium. In contrast, infection with a low dose of NiV or HeV resulted in the development of neurological signs and more systemic spread of the virus through involvement of the endothelium. The development of neurological signs coincided with disruption of the blood-brain barrier (BBB) and expression of tumor necrosis alpha (TNF-alpha) and interleukin 1 beta (IL-1beta). In addition, interferon-inducible protein 10 (IP-10) was identified as playing an important role in NiV and HeV pathogenesis. These studies reveal novel information on the development and progression of NiV and HeV clinical disease, provide a mechanism for the differences in transmission observed between NiV and HeV outbreaks, and identify specific cytokines and chemokines that serve as important targets for treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/21593160
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Virus Replication���Aug	��Nipah virus (NiV) is a recently emerged zoonotic paramyxovirus whose natural reservoirs are several species of Pteropus fruit bats. NiV provokes a widespread vasculitis often associated with severe encephalitis, with up to 75% mortality in humans. We have analyzed the pathogenesis of NiV infection, using human leukocyte cultures and the hamster animal model, which closely reproduces human NiV infection. We report that human lymphocytes and monocytes are not permissive for NiV and a low level of virus replication is detected only in dendritic cells. Interestingly, despite the absence of infection, lymphocytes could efficiently bind NiV and transfer infection to endothelial and Vero cells. This lymphocyte-mediated transinfection was inhibited after proteolytic digestion and neutralization by NiV-specific antibodies, suggesting that cells could transfer infectious virus to other permissive cells without the requirement for NiV internalization. In NiV-infected hamsters, leukocytes captured and carried NiV after intraperitoneal infection without themselves being productively infected. Such NiV-loaded mononuclear leukocytes transfer lethal NiV infection into naive animals, demonstrating efficient virus transinfection in vivo. Altogether, these results reveal a remarkable capacity of NiV to hijack leukocytes as vehicles to transinfect host cells and spread the virus throughout the organism. This mode of virus transmission represents a rapid and potent method of NiV dissemination, which may contribute to its high pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/215931452��Mathieu, Cyrille
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Viral Vaccines/*administration & dosage/blood/*genetics/immunology���May 2Æ��Based on their safety profile and ability to induce potent immune responses against infections, subunit vaccines have been used as candidates for a wide variety of pathogens. Since the mammalian cell system is capable of post-translational modification, thus forming properly folded and glycosylated proteins, recombinant proteins expressed in mammalian cells have shown the greatest potential to maintain high antigenicity and immunogenicity. Although no new cases of SARS have been reported since 2004, future outbreaks are a constant threat; therefore, the development of vaccines against SARS-CoV is a prudent preventive step and should be carried out. The RBD of SARS-CoV S protein plays important roles in receptor binding and induction of specific neutralizing antibodies against virus infection. Therefore, in this protocol, we describe novel methods for developing a RBD-based subunit vaccine against SARS. Briefly, the recombinant RBD protein (rRBD) was expressed in culture supernatant of mammalian 293T cells to obtain a correctly folded protein with proper conformation and high immunogenicity. The transfection of the recombinant plasmid encoding RBD to the cells was then performed using a calcium phosphate transfection method with some modifications. Compared with the lipid transfection method, this modified calcium phosphate transfection method is cheaper, easier to handle, and has the potential to reach high efficacy once a transfection complex with suitable size and shape is formed. Finally, a SARS pseudovirus neutralization assay was introduced in the protocol and used to detect the neutralizing activity of sera of mice vaccinated with rRBD protein. This assay is relatively safe, does not involve an infectious SARS-CoV, and can be performed without the requirement of a biosafety-3 laboratory. The protocol described here can also be used to design and study recombinant subunit vaccines against other viruses with class I fusion proteins, for example, HIV, respiratory syncytial virus (RSV), Ebola virus, influenza virus, as well as Nipah and Handra viruses. In addition, the methods for generating a pseudovirus and subsequently establishing a pseudovirus neutralization assay can be applied to all these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21587153÷��Du, Lanying
Zhang, Xiujuan
Liu, Jixiang
Jiang, Shibo
eng
R01 AI068002/AI/NIAID NIH HHS/
R01 AI68002/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Video-Audio Media
2011/05/19 06:00
J Vis Exp. 2011 May 2;(51). pii: 2444. doi: 10.3791/2444.*��1940-087X (Electronic)
1940-087X (Linking)
��PMC3197098���21587153C��Lindsley F. Kimball Research Institute, New York Blood Center, USA.���10.3791/2444�
Þ��üÒtÿî?x���U��Plowright, R. K.
Foley, P.
Field, H. E.
Dobson, A. P.
Foley, J. E.
Eby, P.
Daszak, P.���2011���Urban habituation, ecological connectivity and epidemic dampening: the emergence of Hendra virus from flying foxes (Pteropus spp.)���3703-12
��Proc Biol Sci���278���1725Ï��Animals
Australia
Bayes Theorem
Chiroptera/*virology
*Ecosystem
*Epidemics
*Hendra Virus
Henipavirus Infections/epidemiology/immunology/*transmission
Humans
Population Dynamics
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Virion/*immunology/ultrastructure���Apr 6x��Nipah virus (NiV) was first recognized in 1998 in a zoonotic disease outbreak associated with highly lethal febrile encephalitis in humans and a predominantly respiratory disease in pigs. Periodic deadly outbreaks, documentation of person-to-person transmission, and the potential of this virus as an agent of agroterror reinforce the need for effective means of therapy and prevention. In this report, we describe the vaccine potential of NiV virus-like particles (NiV VLPs) composed of three NiV proteins G, F and M. Co-expression of these proteins under optimized conditions resulted in quantifiable amounts of VLPs with many virus-like/vaccine desirable properties including some not previously described for VLPs of any paramyxovirus: The particles were fusogenic, inducing syncytia formation; PCR array analysis showed NiV VLP-induced activation of innate immune defense pathways; the surface structure of NiV VLPs imaged by cryoelectron microscopy was dense, ordered, and repetitive, and consistent with similarly derived structure of paramyxovirus measles virus. The VLPs were composed of all the three viral proteins as designed, and their intracellular processing also appeared similar to NiV virions. The size, morphology and surface composition of the VLPs were consistent with the parental virus, and importantly, they retained their antigenic potential. Finally, these particles, formulated without adjuvant, were able to induce neutralizing antibody response in Balb/c mice. These findings indicate vaccine potential of these particles and will be the basis for undertaking future protective efficacy studies in animal models of NiV disease.,��https://www.ncbi.nlm.nih.gov/pubmed/21494680���Walpita, Pramila
Barr, Jennifer
Sherman, Michael
Basler, Christopher F
Wang, Linfa
eng
U54 AI057156/AI/NIAID NIH HHS/
U54 AI057156-07/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2011/04/16 06:00
PLoS One. 2011 Apr 6;6(4):e18437. doi: 10.1371/journal.pone.0018437.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3071823���21494680´��Department of Microbiology, Center for Biodefense and Emerging Infectious Disease, University of Texas Medical Branch, Galveston, Texas, United States of America. prwalpit@utmb.edu���10.1371/journal.pone.0018437�
Ù�üÒtÿþ?}������Vigant, F.
Lee, B.���2011E��Hendra and nipah infection: pathology, models and potential therapies���315-36���Infect Disord Drug Targets���11���3à��Animals
Antiviral Agents/therapeutic use
Disease Models, Animal
Disease Outbreaks
Encephalitis, Viral/epidemiology/*pathology/*therapy
*Hendra Virus
Henipavirus Infections/epidemiology/*pathology/*therapy
Humans
*Nipah Virus���Jun³��The Paramyxoviridae family comprises of several genera that contain emerging or re-emerging threats for human and animal health with no real specific effective treatment available. Hendra and Nipah virus are members of a newly identified genus of emerging paramyxoviruses, Henipavirus. Since their discovery in the 1990s, henipaviruses outbreaks have been associated with high economic and public health threat potential. When compared to other paramyxoviruses, henipaviruses appear to have unique characteristics. Henipaviruses are zoonotic paramyxoviruses with a broader tropism than most other paramyxoviruses, and can cause severe acute encephalitis with unique features among viral encephalitides. There are currently no approved effective prophylactic or therapeutic treatments for henipavirus infections. Although ribavirin was empirically used and seemed beneficial during the biggest outbreak caused by one of these viruses, the Nipah virus, its efficacy is disputed in light of its lack of efficacy in several animal models of henipavirus infection. Nevertheless, because of its highly pathogenic nature, much effort has been spent in developing anti-henipavirus therapeutics. In this review we describe the unique features of henipavirus infections and the different strategies and animal models that have been developed so far in order to identify and test potential drugs to prevent or treat henipavirus infections. Some of these components have the potential to be broad-spectrum antivirals as they target effectors of viral pathogenecity common to other viruses. We will focus on small molecules or biologics, rather than vaccine strategies, that have been developed as anti-henipaviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/21488828Ç��Vigant, Frederic
Lee, Benhur
eng
U01 AI082100/AI/NIAID NIH HHS/
R01 AI060694/AI/NIAID NIH HHS/
R01 AI069317-04/AI/NIAID NIH HHS/
U01 AI082100-02/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
U01 AI070495-04/AI/NIAID NIH HHS/
U01 AI070495/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Review
United Arab Emirates
2011/04/15 06:00
Infect Disord Drug Targets. 2011 Jun;11(3):315-36.*��2212-3989 (Electronic)
1871-5265 (Linking)
��PMC3253017���21488828[��Department of Microbiology, Immunology, and Molecular Genetics, UCLA, Los Angeles, CA, USA.����üÒtÿî?~���Q��Mirza, A. M.
Aguilar, H. C.
Zhu, Q.
Mahon, P. J.
Rota, P. A.
Lee, B.
Iorio, R. M.���2011}��Triggering of the newcastle disease virus fusion protein by a chimeric attachment protein that binds to Nipah virus receptors���17851-60���J Biol Chem���286���20���Animals
Cercopithecus aethiops
Ephrin-B2/genetics/metabolism
Guinea Pigs
Newcastle disease virus/genetics/*metabolism
Nipah Virus/genetics/*metabolism
Protein Binding
Recombinant Fusion Proteins/genetics/*metabolism
Vero Cells
Viral Envelope Proteins/genetics/*metabolism���May 20K��The fusion (F) proteins of Newcastle disease virus (NDV) and Nipah virus (NiV) are both triggered by binding to receptors, mediated in both viruses by a second protein, the attachment protein. However, the hemagglutinin-neuraminidase (HN) attachment protein of NDV recognizes sialic acid receptors, whereas the NiV G attachment protein recognizes ephrinB2/B3 as receptors. Chimeric proteins composed of domains from the two attachment proteins have been evaluated for fusion-promoting activity with each F protein. Chimeras having NiV G-derived globular domains and NDV HN-derived stalks, transmembranes, and cytoplasmic tails are efficiently expressed, bind ephrinB2, and trigger NDV F to promote fusion in Vero cells. Thus, the NDV F protein can be triggered by binding to the NiV receptor, indicating that an aspect of the triggering cascade induced by the binding of HN to sialic acid is conserved in the binding of NiV G to ephrinB2. However, the fusion cascade for triggering NiV F by the G protein and that of triggering NDV F by the chimeras can be distinguished by differential exposure of a receptor-induced conformational epitope. The enhanced exposure of this epitope marks the triggering of NiV F by NiV G but not the triggering of NDV F by the chimeras. Thus, the triggering cascade for NiV G-F fusion may be more complex than that of NDV HN and F. This is consistent with the finding that reciprocal chimeras having NDV HN-derived heads and NiV G-derived stalks, transmembranes, and tails do not trigger either F protein for fusion, despite efficient cell surface expression and receptor binding.,��https://www.ncbi.nlm.nih.gov/pubmed/21460213���Mirza, Anne M
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Virion/immunology/*metabolism���Jun���Complement is an innate immune response system that most animal viruses encounter during natural infections. We have tested the role of human complement in the neutralization of virus particles harboring the Nipah virus (NiV) glycoproteins. A luciferase-expressing vesicular stomatitis virus (VSV) pseudotype that contained the NiV fusion (F) and attachment (G) glycoproteins (NiVpp) showed dose- and time-dependent activation of human complement through the alternative pathway. In contrast to our findings with other paramyxoviruses, normal human serum (NHS) alone did not neutralize NiVpp infectivity in vitro, and electron microscopy demonstrated no significant deposition of complement component C3 on particles. This lack of NiVpp neutralization by NHS was not due to a global inhibition of complement pathways, since complement was found to significantly enhance neutralization by antibodies specific for the NiV F and G glycoproteins. Complement components C4 and C1q were necessary but not sufficient by themselves for the enhancement of antibody neutralization. Human complement also enhanced NiVpp neutralization by a soluble version of the NiV receptor EphrinB2, and this depended on components in the classical pathway. The ability of complement to enhance neutralization fell into one of two profiles: (i) anti-F monoclonal antibodies showed enhancement only at high and not low antibody concentrations, and (ii) anti-G monoclonal antibodies and EphrinB2 showed enhancement at both high and very low levels of antibody (e.g., 3.1 ng) or EphrinB2 (e.g., 2.5 ng). Together, these data establish the importance of human complement in the neutralization of particles containing the NiV glycoproteins and will help guide the design of more effective therapeutics that harness the potency of complement pathways.,��https://www.ncbi.nlm.nih.gov/pubmed/21450814?��Johnson, John B
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Young Adult���Jun���BACKGROUND: Nevirapine is metabolized by CYP2B6 and polymorphisms within the CYP2B6 gene partly explain inter-patient variability in pharmacokinetics. The aim of this study was to model the complex relationship between nevirapine exposure, weight and genetics (based on combined analysis of CYP2B6 516G > T and 983T > C single nucleotide polymorphisms). METHODS: Non-linear mixed-effects modelling was used to estimate pharmacokinetic parameters from 275 patients. Simulations of the nevirapine concentration profile were performed with dosing regimens of 200 mg twice daily and 400 mg once daily for individuals with body weights of 50, 70 and 90 kg in combination with CYP2B6 genetic variation. RESULTS: A one-compartment model with first-order absorption best described the data. Population clearance was 3.5 L/h with inter-patient variability of 24.6%. 516T homozygosity and 983C heterozygosity were associated with 37% and 40% lower clearance, respectively. Body weight was the only significant demographic factor influencing clearance, which increased by 5% for every 10 kg increase. For individuals with higher body weight, once-daily nevirapine was associated with a greater risk of sub-therapeutic drug exposure than a twice-daily regimen. This risk was offset in individuals who were 516T homozygous or 983C heterozygous in which drug exposure was optimal for > 95% of patients with body weight of </= 70 kg. CONCLUSIONS: The data suggest that a 400 mg once-daily dose could be implemented in accordance with CYP2B6 polymorphism and body weight. However, the use of nevirapine once daily (immediate release; off-label) in the absence of therapeutic drug monitoring is not recommended due to the risk of inadequate exposure to nevirapine in a high proportion of patients. There are different considerations for the extended-release formulation (nevirapine XR) that demonstrate minimal peak-to-trough fluctuations in plasma nevirapine levels.,��https://www.ncbi.nlm.nih.gov/pubmed/21441248���Schipani, Alessandro
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*Virus Inactivation���Mar 1A��We present a new antiviral strategy and research tool that could be applied to a wide range of enveloped viruses that infect human beings via membrane fusion. We test this strategy on two emerging zoonotic henipaviruses that cause fatal encephalitis in humans, Nipah (NiV) and Hendra (HeV) viruses. In the new approach, artificial cell-like particles (protocells) presenting membrane receptors in a biomimetic manner were developed and found to attract and inactivate henipavirus envelope glycoprotein pseudovirus particles, preventing infection. The protocells do not accumulate virus during the inactivation process. The use of protocells that interact with, but do not accumulate, viruses may provide significant advantages over current antiviral drugs, and this general approach may have wide potential for antiviral development.,��https://www.ncbi.nlm.nih.gov/pubmed/21390296%��Porotto, Matteo
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Zoonoses/*epidemiology���Nov-Dec���Zoonoses are at the present time more important than ever due to their magnitude and impact. The international trade in animals, products and sub products, as well as the intense travel of people around the world, represent risks of dissemination of infectious diseases, and are the reason for a new age of emerging and reemerging zoonotic diseases. Under these conditions, public health and animal health authorities are obliged to work together in order to get more efficient control programs. In this paper the actual situation of some important emerging and reemerging zoonoses is analyzed, including: anthrax, rabies, tuberculosis, brucellosis, cysticercosis, echinococcosis, hanta virus, Hendra and Nipah virus. Particular attention is given to leptospirosis, due to the fact that it is considered by WHO and OIE as the widest spread zoonotic disease in the world. Zoonoses caused by ingestion of animal food products are discussed. They are responsible for the death of almost 2.2 million people. Bacteria of genus salmonella and campylobacter are considered. Some recommendations are given for the control and prevention of zoonoses, emphasizing the "One Health" concept.,��https://www.ncbi.nlm.nih.gov/pubmed/21384639k��Flores Castro, Ricardo
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Virus Attachment���Feb 24È��In recent years, several paramyxoviruses have emerged to infect humans, including previously unidentified zoonoses. Hendra and Nipah viruses (henipaviruses within this family) were first identified in the 1990s in Australia, Malaysia and Singapore, causing epidemics with high mortality and morbidity rates in affected animals and humans. Other paramyxoviruses, such as Menangle virus, Tioman virus, human metapneumovirus and avian paramyxovirus 1, which cause less morbidity in humans, have also been recently identified. Although the Paramyxoviridae family of viruses has been previously recognised as biomedically and veterinarily important, the recent emergence of these paramyxoviruses has focused our attention on this family. Antiviral drugs can be designed to target specific important determinants of the viral life cycle. Therefore, identifying and understanding the mechanistic underpinnings of viral entry, replication, assembly and budding will be critical in the development of antiviral therapeutic agents. This review focuses on the molecular mechanisms discovered and the antiviral strategies pursued in recent years for emerging paramyxoviruses, with particular emphasis on viral entry and exit mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/21345285S��Aguilar, Hector C
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Swine Diseases/epidemiology/*prevention & control/virology���DecÕ��An outbreak of acute febrile encephalitis affecting pig-farm workers and owners was recognized in peninsular Malaysia as early as September 1998. The outbreak was initially thought to be due to Japanese encephalitis (JE) virus and thus very intensive prevention, control and communication strategies directed at JE virus were undertaken by the Ministry of Health and Ministry of Agriculture of Malaysia. There was an immediate change in the prevention, control and communication strategies with focus and strategies on infected pigs as the source of infections for humans and other animals following the discovery of Nipah virus. Information and understanding the risks of Nipah virus infections and modes of transmission strengthened the directions of prevention, control and communication strategies. A number of epidemiological surveillances and field investigations which were broadly divided into 3 groups covering human health sector, animal health sector and reservoir hosts were carried out as forms of risk assessment to determine and assess the factors and degree of risk of infections by the virus. Data showed that there was significant association between Nipah virus infection and performing activities involving close contact with pigs, such as processing of piglets, administering injection or medication to pigs, assisting in the birth of piglets, assisting in pig breeding, and handling of dead pigs in the affected farms. A complex process of anthropogenic driven deforestation, climatic changes brought on by El Nino-related drought, forest fire and severe haze, and ecological factors of mixed agro-pig farming practices and design of pig-sties led to the spillovers of the virus from its wildlife reservoir into pig population.,��https://www.ncbi.nlm.nih.gov/pubmed/21329177U��Chua, K B
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Swine Diseases/*epidemiology/transmission/virology���DecÈ��The outbreak of Nipah virus, affecting pigs and pig-farm workers, was first noted in September 1998 in the north-western part of peninsular Malaysia. By March 1999, the outbreak had spread to other pig-farming areas of the country, inclusive of the neighbouring country, Singapore. A total of 283 human cases of viral encephalitis with 109 deaths were recorded in Malaysia from 29 September 1998 to December 1999. During the outbreak period, a number of surveillances under three broad groups; Surveillance in Human Health Sector, Surveillance in Animal Health Sector, and Surveillance for the Reservoir Hosts, were carried out to determine the prevalence, risk of virus infections and transmission in human and swine populations as well as the source and reservoir hosts of Nipah virus. Surveillance data showed that the virus spread rapidly among pigs within infected farms and transmission was attributed to direct contact with infective excretions and secretions. The spread of the virus among pig farms within and between states of peninsular Malaysia was due to movement of pigs. The transmission of the virus to humans was through close contact with infected pigs. Human to human transmission was considered a rare event though the Nipah virus could be isolated from saliva, urine, nasal and pharyngeal secretions of patients. Field investigations identified fruitbats of the Pteropid species as the natural reservoir hosts of the viruses. The outbreak was effectively brought under control following the discovery of the virus and institution of correct control measures through a combined effort of multi-ministerial and multidisciplinary teams working in close co-operation and collaboration with other international agencies.,��https://www.ncbi.nlm.nih.gov/pubmed/21329176U��Chua, K B
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Zoonoses/epidemiology/virology���Jana��Hendra virus (HeV) was first isolated in 1994, from a disease outbreak involving at least 21 horses and two humans in the Brisbane suburb of Hendra, Australia. The affected horses and humans all developed a severe but unidentified respiratory disease that resulted in the deaths of one of the human cases and the deaths or putting down of 14 of the horses. The virus, isolated by culture from a horse and the kidney of the fatal human case, was initially characterised as a new member of the genus Morbillivirus in the family Paramyxoviridae. Comparative sequence analysis of part of the matrix protein gene of the virus and the discovery that the virus had an exceptionally large genome subsequently led to HeV being assigned to a new genus, Henipavirus, along with Nipah virus (a newly emergent virus in pigs). The regular outbreaks of HeV-related disease that have occurred in Australia since 1994 have all been characterised by acute respiratory and neurological manifestations, with high levels of morbidity and mortality in the affected horses and humans. The modes of transmission of HeV remain largely unknown. Although fruit bats have been identified as natural hosts of the virus, direct bat-horse, bat-human or human-human transmission has not been reported. Human infection can occur via exposure to infectious urine, saliva or nasopharyngeal fluid from horses. The treatment options and efficacy are very limited and no vaccine exists. Reports on the outbreaks of HeV in Australia are collated in this review and the available data on the biology, transmission and detection of the pathogen are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/21294944à��Tulsiani, S M
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Public Health Practice
Seasons
Time Factors���Dec·��Pteropus bats are commonly infected with Nipah virus, but show no signs of illness. Human Nipah outbreaks in Bangladesh coincide with the date palm sap harvesting season. In epidemiologic studies, drinking raw date palm sap is a risk factor for human Nipah infection. We conducted a study to evaluate bats' access to date palm sap. We mounted infrared cameras that silently captured images upon detection of motion on date palm trees from 5:00 pm to 6:00 am. Additionally, we placed two locally used preventative techniques, bamboo skirts and lime (CaCO(3)) smeared on date palm trees to assess their effectiveness in preventing bats access to sap. Out of 20 camera-nights of observations, 14 identified 132 visits of bats around the tree, 91 to the shaved surface of the tree where the sap flow originates, 4 at the stream of sap moving toward the collection pot, and no bats at the tap or on the collection pots; the remaining 6 camera-nights recorded no visits. Of the preventative techniques, the bamboo skirt placed for four camera-nights prevented bats access to sap. This study confirmed that bats commonly visited date palm trees and physically contacted the sap collected for human consumption. This is further evidence that date palm sap is an important link between Nipah virus in bats and Nipah virus in humans. Efforts that prevent bat access to the shaved surface and the sap stream of the tree could reduce Nipah spillovers to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/212071053��Khan, M Salah Uddin
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Swine Diseases/*epidemiology/virology���Apr���The purpose of this study was to investigate the prevalence of hepatitis E virus (HEV) infection in swine and humans in different environments in Java and Bali, Indonesia. The prevalence of anti-HEV antibodies in people over 20 years old living in communities in Bali was significantly higher than that in Java. While 68.8% and 90.0% of swine in Bali were anti-HEV positive at 1 and 2 months of age, respectively, swine in Java were at significantly lower risk of HEV infection by the age of 2 months. Our present data suggest that substantial differences in swine-breeding conditions and human living environments affect the rate of HEV infection in humans and swine.,��https://www.ncbi.nlm.nih.gov/pubmed/21191625���Utsumi, Takako
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Virus Replication���MarÉ��Replication-defective vaccine vectors based on vesicular stomatitis virus (VSV) lacking its envelope glycoprotein gene (G) are highly effective in animal models. However, such DeltaG vectors are difficult to grow because they require complementation with the VSV G protein. In addition, the complementing G protein induces neutralizing antibodies in animals and thus limits multiple vector applications. In the process of generating an experimental Nipah virus (a paramyxovirus) vaccine, we generated two defective VSVDeltaG vectors, each expressing one of the two Nipah virus (NiV) glycoproteins (G and F) that are both required for virus entry to host cells. These replication-defective VSV vectors were effective at generating NiV neutralizing antibody in mice. Most interestingly, we found that these two defective viruses could be grown together and passaged in tissue culture cells in the absence of VSV G complementation. This mixture of complementing defective viruses was also highly effective at generating NiV neutralizing antibody in animals. This novel approach to growing and producing a vaccine from two defective viruses could be generally applicable to vaccine production for other paramyxoviruses or for other viruses where the expression of at least two different proteins is required for viral entry. Such an approach minimizes biosafety concerns that could apply to single, replication-competent VSV recombinants expressing all proteins required for infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21177820å��Chattopadhyay, Anasuya
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Virus Internalization���Feb 15L��The paramyxovirus family includes important human pathogens such as measles, mumps, respiratory syncytial virus, and the recently emerged, highly pathogenic Hendra and Nipah viruses. The viral fusion (F) protein plays critical roles in infection, promoting both the virus-cell membrane fusion events needed for viral entry as well as cell-cell fusion events leading to syncytia formation. We describe the surprising finding that addition of the short epitope HA tag to the cytoplasmic tail (CT) of the Hendra virus F protein leads to a significant increase in the extent of cell-cell membrane fusion. This increase was not due to alterations in surface expression, cleavage state, or association with lipid microdomains. Addition of a Myc tag of similar length did not alter Hendra F protein fusion activity, indicating that the observed stimulation was not solely a result of lengthening the CT. Three tyrosine residues within the HA tag were critical for the increase in the extent of fusion, suggesting C-terminal tyrosines may modulate Hendra fusion activity. The effects of addition of the HA tag varied with other fusion proteins, as parainfluenza virus 5 F-HA showed a decreased level of surface expression and no stimulation of fusion. These results indicate that additions to the C-terminal end of the F protein CT can modulate protein function in a sequence specific manner, reinforcing the need for careful analysis of epitope-tagged glycoproteins. In addition, our results implicate C-terminal tyrosine residues in the modulation of the membrane fusion reaction promoted by these viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/21175223_��Popa, Andreea
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Virus Diseases/*history���Dec 6-20J��Names are more than just labels used to identify diseases. They can be windows into the discovery, characteristics and attributes of the disease. Toponymous diseases are diseases that are named after places. Hendra, Ross River, Bairnsdale, Murray Valley and Barmah Forest are all examples of Australian places that have had diseases named after them. They all have unique and interesting stories that provide a glimpse into their discovery, history and culture. Because of perceived negative connotations, the association of diseases with placenames has sometimes generated controversy.,��https://www.ncbi.nlm.nih.gov/pubmed/21143049���Appuhamy, Ranil D
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Seroepidemiologic Studies���Dec`��To determine seroprevalence of viruses in bats in Papua New Guinea, we sampled 66 bats at 3 locations. We found a seroprevalence of 55% for henipavirus (Hendra or Nipah virus) and 56% for rubulavirus (Tioman or Menangle virus). Notably, 36% of bats surveyed contained antibodies to both types of viruses, indicating concurrent or consecutive infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21122242Õ��Breed, Andrew C
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Virus Shedding���Nov 11���Paramyxoviruses are known to replicate in the cytoplasm and bud from the plasma membrane. Matrix is the major structural protein in paramyxoviruses that mediates viral assembly and budding. Curiously, the matrix proteins of a few paramyxoviruses have been found in the nucleus, although the biological function associated with this nuclear localization remains obscure. We report here that the nuclear-cytoplasmic trafficking of the Nipah virus matrix (NiV-M) protein and associated post-translational modification play a critical role in matrix-mediated virus budding. Nipah virus (NiV) is a highly pathogenic emerging paramyxovirus that causes fatal encephalitis in humans, and is classified as a Biosafety Level 4 (BSL4) pathogen. During live NiV infection, NiV-M was first detected in the nucleus at early stages of infection before subsequent localization to the cytoplasm and the plasma membrane. Mutations in the putative bipartite nuclear localization signal (NLS) and the leucine-rich nuclear export signal (NES) found in NiV-M impaired its nuclear-cytoplasmic trafficking and also abolished NiV-M budding. A highly conserved lysine residue in the NLS served dual functions: its positive charge was important for mediating nuclear import, and it was also a potential site for monoubiquitination which regulates nuclear export of the protein. Concordantly, overexpression of ubiquitin enhanced NiV-M budding whereas depletion of free ubiquitin in the cell (via proteasome inhibitors) resulted in nuclear retention of NiV-M and blocked viral budding. Live Nipah virus budding was exquisitely sensitive to proteasome inhibitors: bortezomib, an FDA-approved proteasome inhibitor for treating multiple myeloma, reduced viral titers with an IC(50) of 2.7 nM, which is 100-fold less than the peak plasma concentration that can be achieved in humans. This opens up the possibility of using an "off-the-shelf" therapeutic against acute NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21085610���Wang, Yao E
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Virology/*methods���Nov 12�	�BACKGROUND: Hendra virus (HeV) and Nipah virus (NiV) are newly emerged zoonotic paramyxoviruses discovered during outbreaks in Queensland, Australia in 1994 and peninsular Malaysia in 1998/9 respectively and classified within the new Henipavirus genus. Both viruses can infect a broad range of mammalian species causing severe and often-lethal disease in humans and animals, and repeated outbreaks continue to occur. Extensive laboratory studies on the host cell infection stage of HeV and NiV and the roles of their envelope glycoproteins have been hampered by their highly pathogenic nature and restriction to biosafety level-4 (BSL-4) containment. To circumvent this problem, we have developed a henipavirus envelope glycoprotein pseudotyped lentivirus assay system using either a luciferase gene or green fluorescent protein (GFP) gene encoding human immunodeficiency virus type-1 (HIV-1) genome in conjunction with the HeV and NiV fusion (F) and attachment (G) glycoproteins. RESULTS: Functional retrovirus particles pseudotyped with henipavirus F and G glycoproteins displayed proper target cell tropism and entry and infection was dependent on the presence of the HeV and NiV receptors ephrinB2 or B3 on target cells. The functional specificity of the assay was confirmed by the lack of reporter-gene signals when particles bearing either only the F or only G glycoprotein were prepared and assayed. Virus entry could be specifically blocked when infection was carried out in the presence of a fusion inhibiting C-terminal heptad (HR-2) peptide, a well-characterized, cross-reactive, neutralizing human mAb specific for the henipavirus G glycoprotein, and soluble ephrinB2 and B3 receptors. In addition, the utility of the assay was also demonstrated by an examination of the influence of the cytoplasmic tail of F in its fusion activity and incorporation into pseudotyped virus particles by generating and testing a panel of truncation mutants of NiV and HeV F. CONCLUSIONS: Together, these results demonstrate that a specific henipavirus entry assay has been developed using NiV or HeV F and G glycoprotein pseudotyped reporter-gene encoding retrovirus particles. This assay can be conducted safely under BSL-2 conditions and will be a useful tool for measuring henipavirus entry and studying F and G glycoprotein function in the context of virus entry, as well as in assaying and characterizing neutralizing antibodies and virus entry inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/21073718½��Khetawat, Dimple
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Milk/*chemistry/*microbiology���Feb`��OBJECTIVES: To investigate the microbiological quality and the presence of antibiotic residues in raw cow milk and in some indigenous milk products produced and marketed by the informal sector in the coastal savannah zone of Ghana. METHODS: Milk samples were aseptically collected from 224 kraals and samples of 26 indigenous milk products were purchased from processors and retailers. Total plate counts, total coliform counts and the presence of Escherichia coli and E. coli O157:H7 were determined in all 250 samples. Milk samples were also tested for antibiotic residues. RESULTS: Total plate counts exceeded 10(5) CFU/ml in 45.2% of the samples while coliforms exceeded 10(3) CFU/ml in 66.0% and E. coli was detected in 11.2%. E. coli was present in raw cow milk but not in the indigenous products and all E. coli isolates were negative for E. coli O157:H7. Antibiotic residues were detected in 3.1% of the raw cow milk samples. CONCLUSION: Bulk milk contains unacceptable levels of hygiene indicators and antibiotic residues and is a potential source of milk-borne infections. The detection of E. coli and antibiotic residues raises public health concerns about the safety of fresh unpasteurized cow milk in the coastal savannah zone of Ghana and calls for improved farm hygiene, the need for milk pasteurization and the sensible use of antibiotics in the milk industry.,��https://www.ncbi.nlm.nih.gov/pubmed/21070512÷��Addo, K K
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*Virus Internalization���Oct 28g��In the paramyxovirus cell entry process, receptor binding triggers conformational changes in the fusion protein (F) leading to viral and cellular membrane fusion. Peptides derived from C-terminal heptad repeat (HRC) regions in F have been shown to inhibit fusion by preventing formation of the fusogenic six-helix bundle. We recently showed that the addition of a cholesterol group to HRC peptides active against Nipah virus targets these peptides to the membrane where fusion occurs, dramatically increasing their antiviral effect. In this work, we report that unlike the untagged HRC peptides, which bind to the postulated extended intermediate state bridging the viral and cell membranes, the cholesterol tagged HRC-derived peptides interact with F before the fusion peptide inserts into the target cell membrane, thus capturing an earlier stage in the F-activation process. Furthermore, we show that cholesterol tagging renders these peptides active in vivo: the cholesterol-tagged peptides cross the blood brain barrier, and effectively prevent and treat in an established animal model what would otherwise be fatal Nipah virus encephalitis. The in vivo efficacy of cholesterol-tagged peptides, and in particular their ability to penetrate the CNS, suggests that they are promising candidates for the prevention or therapy of infection by Nipah and other lethal paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21060819���Porotto, Matteo
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Viral Envelope Proteins/*metabolism���Nov 8k��BACKGROUND: The highly pathogenic Nipah virus (NiV) causes fatal respiratory and brain infections in animals and humans. The major hallmark of the infection is a systemic endothelial infection, predominantly in the CNS. Infection of brain endothelial cells allows the virus to overcome the blood-brain-barrier (BBB) and to subsequently infect the brain parenchyma. However, the mechanisms of NiV replication in endothelial cells are poorly elucidated. We have shown recently that the bipolar or basolateral expression of the NiV surface glycoproteins F and G in polarized epithelial cell layers is involved in lateral virus spread via cell-to-cell fusion and that correct sorting depends on tyrosine-dependent targeting signals in the cytoplasmic tails of the glycoproteins. Since endothelial cells share many characteristics with epithelial cells in terms of polarization and protein sorting, we wanted to elucidate the role of the NiV glycoprotein targeting signals in endothelial cells. RESULTS: As observed in vivo, NiV infection of endothelial cells induced syncytia formation. The further finding that infection increased the transendothelial permeability supports the idea of spread of infection via cell-to-cell fusion and endothelial cell damage as a mechanism to overcome the BBB. We then revealed that both glycoproteins are expressed at lateral cell junctions (bipolar), not only in NiV-infected primary endothelial cells but also upon stable expression in immortalized endothelial cells. Interestingly, mutation of tyrosines 525 and 542/543 in the cytoplasmic tail of the F protein led to an apical redistribution of the protein in endothelial cells whereas tyrosine mutations in the G protein had no effect at all. This fully contrasts the previous results in epithelial cells where tyrosine 525 in the F, and tyrosines 28/29 in the G protein were required for correct targeting. CONCLUSION: We conclude that the NiV glycoprotein distribution is responsible for lateral virus spread in both, epithelial and endothelial cell monolayers. However, the prerequisites for correct protein targeting differ markedly in the two polarized cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/21054904���Erbar, Stephanie
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Viral Proteins/genetics/immunology���Dec 16���The emergence of Hendra Virus (HeV) and Nipah Virus (NiV) which can cause fatal infections in both animals and humans has triggered a search for an effective vaccine. Here, we have explored the potential for generating an effective humoral immune response to these zoonotic pathogens using an alphavirus-based vaccine platform. Groups of mice were immunized with Venezuelan equine encephalitis virus replicon particles (VRPs) encoding the attachment or fusion glycoproteins of either HeV or NiV. We demonstrate the induction of highly potent cross-reactive neutralizing antibodies to both viruses using this approach. Preliminary study suggested early enhancement in the antibody response with use of a modified version of VRP. Overall, these data suggest that the use of an alphavirus-derived vaccine platform might serve as a viable approach for the development of an effective vaccine against the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21050901"��Defang, Gabriel N
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Nipah Virus/*isolation & purification���Oct 21���OBJECTIVE: In March 2007, we investigated a cluster of Nipah encephalitis to identify risk factors for Nipah infection in Bangladesh. METHODS: We defined confirmed Nipah cases by the presence of IgM and IgG antibodies against Nipah virus in serum. Case-patients, who resided in the same village during the outbreak period but died before serum could be collected, were classified as probable cases. RESULTS: We identified three confirmed and five probable Nipah cases. There was a single index case. Five of the secondary cases came in close physical contact to the index case when she was ill. Case-patients were more likely to have physical contact with the index case (71% cases versus 0% controls, p = <0.001). The index case, on her third day of illness, and all the subsequent cases attended the same religious gathering. For three probable cases including the index case, we could not identify any known risk factors for Nipah infection such as physical contact with Nipah case-patients, consumption of raw date palm juice, or contact with sick animals or fruit bats. CONCLUSION: Though person-to-person transmission remains an important mode of transmission for Nipah infection, we could not confirm the source of infection for three of the probable Nipah case-patients. Continued surveillance and outbreak investigations will help better understand the transmission of Nipah virus and develop preventive strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/21042407¦��Homaira, Nusrat
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Phylogeny���Nova��Bat-to-horse transmission of Hendra virus has occurred at least 14 times. Although clinical signs in horses have differed, genome sequencing has demonstrated little variation among the isolates. Our sequencing of 5 isolates from recent Hendra virus outbreaks in horses found no correlation between sequences and time or geographic location of outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21029540&��Marsh, Glenn A
Todd, Shawn
Foord, Adam
Hansson, Eric
Davies, Kelly
Wright, Lynda
Morrissy, Chris
Halpin, Kim
Middleton, Deborah
Field, Hume E
Daniels, Peter
Wang, Lin-Fa
eng
Research Support, Non-U.S. Gov't
2010/10/30 06:00
Emerg Infect Dis. 2010 Nov;16(11):1767-9. doi: 10.3201/eid1611.100501.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3294518���21029540W��Australian Animal Health Laboratory, Geelong, Victoria, Australia. glenn.marsh@csiro.au���10.3201/eid1611.100501�����üÒ|ÿî?����L��Almahli, H.
Hendra, F.
Troufflard, C.
Cave, C.
Joseph, D.
Delarue-Cochin, S.���2011n��Asymmetric reduction of beta-ketoesters and chiral beta-iminoesters: impact of a alpha-quaternary stereocenter���265-71	��Chirality���23���3���Catalysis
Esters/*chemistry
Imines/*chemistry
Ketones/*chemistry
*Organic Chemistry Phenomena
Oxidation-Reduction
Stereoisomerism���Mar²��Diastereomeric reduction of nonactivated, hindered beta-keto and chiral beta-iminoesters are described. The influence of a alpha-stereocontrolled center on the efficiency and stereoselectivity of the reduction was studied. Reaction conditions were optimized to synthesize beta-hydroxy- and beta-aminoesters in good yields. In the case of chiral beta-iminoesters, influence of matched/mismatched diastereomeric pairs has been assessed.,��https://www.ncbi.nlm.nih.gov/pubmed/20945440ï��Almahli, Hadia
Hendra, Frederic
Troufflard, Claire
Cave, Christian
Joseph, Delphine
Delarue-Cochin, Sandrine
eng
Research Support, Non-U.S. Gov't
2010/10/15 06:00
Chirality. 2011 Mar;23(3):265-71. doi: 10.1002/chir.20909. Epub 2010 Oct 13.*��1520-636X (Electronic)
0899-0042 (Linking)���20945440}��Universite Paris-Sud, Equipe de Synthese Organique et Pharmacochimie, UMR CNRS 8076 BioCIS, F-92296 Chatenay-Malabry, France.���10.1002/chir.20909��Î��þÚ|ÿþ?�������Kaku, Y.���2010���[Nipah virus (NiV)]���342-4���Nihon Rinsho
��68 Suppl 6g��Animals
Antibodies, Viral/analysis
Antigens, Viral/analysis
Biomarkers/analysis
Enzyme-Linked Immunosorbent Assay/methods
Fluorescent Antibody Technique, Indirect
Henipavirus Infections/*diagnosis/genetics/virology
Humans
Neutralization Tests/methods
*Nipah Virus
Reverse Transcriptase Polymerase Chain Reaction/methods
Specimen Handling
Zoonoses/transmission���Jun,��https://www.ncbi.nlm.nih.gov/pubmed/20942075S��Kaku, Yoshihiro
jpn
Japan
2010/10/15 06:00
Nihon Rinsho. 2010 Jun;68 Suppl 6:342-4.%��0047-1852 (Print)
0047-1852 (Linking)���20942075L��Department of Veterinary Science, National Institute of Infectious Diseases.���
E�üÒtÿî?����Q��Donaldson, E. F.
Haskew, A. N.
Gates, J. E.
Huynh, J.
Moore, C. J.
Frieman, M. B.���2010���Metagenomic analysis of the viromes of three North American bat species: viral diversity among different bat species that share a common habitat���13004-18���J Virol���84���24Z��Animals
Chiroptera/*genetics/*virology
Coronavirus/classification/genetics/*isolation & purification
Coronavirus Infections/epidemiology/*veterinary/virology
*Ecosystem
Feces/virology
*Genetic Variation
Insecta/virology
Maryland/epidemiology
*Metagenomics
Phylogeny
Plants/virology
Polymerase Chain Reaction
Saliva/virology
Sequence Analysis, DNA���Dec¾��Effective prediction of future viral zoonoses requires an in-depth understanding of the heterologous viral population in key animal species that will likely serve as reservoir hosts or intermediates during the next viral epidemic. The importance of bats as natural hosts for several important viral zoonoses, including Ebola, Marburg, Nipah, Hendra, and rabies viruses and severe acute respiratory syndrome-coronavirus (SARS-CoV), has been established; however, the large viral population diversity (virome) of bats has been partially determined for only a few of the approximately 1,200 bat species. To assess the virome of North American bats, we collected fecal, oral, urine, and tissue samples from individual bats captured at an abandoned railroad tunnel in Maryland that is cohabitated by 7 to 10 different bat species. Here, we present preliminary characterization of the virome of three common North American bat species, including big brown bats (Eptesicus fuscus), tricolored bats (Perimyotis subflavus), and little brown myotis (Myotis lucifugus). In samples derived from these bats, we identified viral sequences that were similar to at least three novel group 1 CoVs, large numbers of insect and plant virus sequences, and nearly full-length genomic sequences of two novel bacteriophages. These observations suggest that bats encounter and disseminate a large assortment of viruses capable of infecting many different animals, insects, and plants in nature.,��https://www.ncbi.nlm.nih.gov/pubmed/20926577���Donaldson, Eric F
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Plant Extracts
Solvents���Sep 6ß��Saffron (Crocus sativus L.) belongs to the Iridaceae family. The stigma of saffron has been widely used as spice, medicinal plant, and food additive in the Mediterranean and Subtropical countries. Recently, attention has been paid to the identification of new sources of safe natural antioxidants for the food industry. The antioxidant activities of spices are mainly attributed to their phenolic and flavonoid compounds. Saffron is one of the spices believed to possess antioxidant properties, but information on its antioxidant activity and phenolic, flavonoids compound are rather limited, therefore this research was carried out to evaluate the antioxidant activity of saffron stigmas extracted with different solvents. The phenolic and flavonoid compounds of saffron were also examined using reversed phase (RP)-HPLC. Results showed that saffron stigma possess antioxidant activity. The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of saffron stigma at a concentration of 300 mug/mL, with values of 68.2% and 78.9%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. The obtained total phenolics value for methanolic saffron extract was 6.54 +/- 0.02 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids, 5.88 +/- 0.12 mg rutin equivalent/g DW, which were also higher than values obtained from the ethanolic and boiling water extracts. In addition, the RP-HPLC analyses indicated the presence of gallic acid and pyrogallol as two bioactive compounds. In summary, saffron stigmas showed antioxidant activity and methanol appeared to be the best solvent to extract the active components, among which the presence of gallic acid and pyrogallol might contribute towards the stigma's antioxidant properties. Hence, saffron stigma could be applied as a natural antioxidant source for industrial purposes.,��https://www.ncbi.nlm.nih.gov/pubmed/20877220Ã��Karimi, Ehsan
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Viral Proteins/*chemistry/genetics/*metabolism���Octs��Members within the paramyxovirus subfamily Paramyxovirinae constitute a large number of highly virulent human and animal pathogens. The glycoproteins present on these viruses are responsible for mediating host cell attachment and fusion and are key targets for the design of antiviral entry inhibitors. In the present review, we discuss recent structural studies which have led to a better understanding of the various mechanisms by which different paramyxoviruses use their attachment glycoproteins to hijack specific protein and glycan cell-surface receptors to facilitate viral entry. It is observed that the paramyxovirus attachment glycoprotein consists of a conserved overall structure which includes an N-terminal six-bladed beta-propeller domain which is responsible for cell receptor binding. Crystal structures of this domain from different biomedically important paramyxoviruses, including measles, Nipah, Hendra, Newcastle disease and parainfluenza viruses, alone and in complex with their functional cell-surface receptors, demonstrate three contrasting mechanisms of receptor engagement that paramyxoviruses have evolved to confer discreet protein- and glycan-receptor specificity. This structural information highlights the adaptability of the paramyxovirus attachment glycoprotein surface and the potential for the emergence of new and potentially harmful viruses in human hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/20863312û��Bowden, Thomas A
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Viral Nonstructural Proteins/genetics/*metabolism���Sep 15ü��Nipah virus (NiV) P gene encodes P protein and three accessory proteins (V, C and W). It has been reported that all four P gene products have IFN antagonist activity when the proteins were transiently expressed. However, the role of those accessory proteins in natural infection with NiV remains unknown. We generated recombinant NiVs lacking V, C or W protein, rNiV(V-), rNiV(C-), and rNiV(W-), respectively, to analyze the functions of these proteins in infected cells and the implications in in vivo pathogenicity. All the recombinants grew well in cell culture, although the maximum titers of rNiV(V-) and rNiV(C-) were lower than the other recombinants. The rNiV(V-), rNiV(C-) and rNiV(W-) suppressed the IFN response as well as the parental rNiV, thereby indicating that the lack of each accessory protein does not significantly affect the inhibition of IFN signaling in infected cells. In experimentally infected golden hamsters, rNiV(V-) and rNiV(C-) but not the rNiV(W-) virus showed a significant reduction in virulence. These results suggest that V and C proteins play key roles in NiV pathogenicity, and the roles are independent of their IFN-antagonist activity. This is the first report that identifies the molecular determinants of NiV in pathogenicity in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/20856799���Yoneda, Misako
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Sex Offenses/prevention & control/*statistics & numerical data±��This paper discusses an innovative 3-step eHealth approach to translate research for target audiences' knowledge uptake in developing countries. The first step uses a knowledge transfer model for the identification and packaging of health content as well as the selection of appropriate Information and Communication Technologies (ICT) platforms; followed by consumer health informatics studies to evaluate the efficacy of addressing health consumers' information needs; and the final step recommends forming of strategic partnerships to strengthen and support knowledge transfer and sharing. The 3-step eHealth approach is based on a convergence of ICTs, and application of the practices and principles of informatics and knowledge management. It was refined during the development of AfroAIDSinfo, an AIDS information portal of the SA Medical Research Council (MRC). The approach was evaluated during the forming of a strategic partnership between the AfroAIDSinfo project of the MRC's Web and Media Technologies Platform and the Sexual Violence Research Initiative. The successful outcome of the eHealth approach served to collect evidence for good practice in informatics and knowledge management.,��https://www.ncbi.nlm.nih.gov/pubmed/20841731���van Zyl, Hendra
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Viral Structural Proteins/immunology���Novç��Nipah virus is an emerging pathogen that causes severe disease in humans. It expresses several antagonist proteins that subvert the immune response and that may contribute to its pathogenicity. Studies of its biology are difficult due to its high pathogenicity and requirement for biosafety level 4 containment. We integrated experimental and computational methods to elucidate the effects of Nipah virus immune antagonists. Individual Nipah virus immune antagonists (phosphoprotein and V and W proteins) were expressed from recombinant Newcastle disease viruses, and the responses of infected human monocyte-derived dendritic cells were determined. We developed an ordinary differential equation model of the infectious process that that produced results with a high degree of correlation with these experimental results. In order to simulate the effects of wild-type virus, the model was extended to incorporate published experimental data on the time trajectories of immune-antagonist production. These data showed that the RNA-editing mechanism utilized by the wild-type Nipah virus to produce immune antagonists leads to a delay in the production of the most effective immune antagonists, V and W. Model simulations indicated that this delay caused a disconnection between attenuation of the antiviral response and suppression of inflammation. While the antiviral cytokines were efficiently suppressed at early time points, some early inflammatory cytokine production occurred, which would be expected to increase vascular permeability and promote virus spread and pathogenesis. These results suggest that Nipah virus has evolved a unique immune-antagonist strategy that benefits from controlled expression of multiple antagonist proteins with various potencies.,��https://www.ncbi.nlm.nih.gov/pubmed/20739535���Seto, Jeremy
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Viral Proteins/*genetics���Novì��The V protein of the paramyxovirus subfamily Paramyxovirinae is an important virulence factor that can interfere with host innate immunity by inactivating the cytosolic pathogen recognition receptor MDA5. This interference is a result of a protein-protein interaction between the highly conserved carboxyl-terminal domain of the V protein and the helicase domain of MDA5. The V protein C-terminal domain (CTD) is an evolutionarily conserved 49- to 68-amino-acid region that coordinates two zinc atoms per protein chain. Site-directed mutagenesis of conserved residues in the V protein CTD has revealed both universal and virus-specific requirements for zinc coordination in MDA5 engagement and has also identified other conserved residues as critical for MDA5 interaction and interference. Mutation of these residues produces V proteins that are specifically defective for MDA5 interference and not impaired in targeting STAT1 for proteasomal degradation via the VDC ubiquitin ligase complex. Results demonstrate that mutation of conserved charged residues in the V proteins of Nipah virus, measles virus, and mumps virus also abolishes MDA5 interaction. These findings clearly define molecular determinants for MDA5 inhibition by the paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/20719949!��Ramachandran, Aparna
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Virus Internalization���Octº��Triggering of the Hendra virus fusion (F) protein is required to initiate the conformational changes which drive membrane fusion, but the factors which control triggering remain poorly understood. Mutation of a histidine predicted to lie near the fusion peptide to alanine greatly reduced fusion despite wild-type cell surface expression levels, while asparagine substitution resulted in a moderate restoration in fusion levels. Slowed kinetics of six-helix bundle formation, as judged by sensitivity to heptad repeat B-derived peptides, was observed for all H372 mutants. These data suggest that side chain packing beneath the fusion peptide is an important regulator of Hendra virus F triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/20702638���Smith, Everett Clinton
Dutch, Rebecca Ellis
eng
R01 AI051517/AI/NIAID NIH HHS/
U54 AI057157/AI/NIAID NIH HHS/
R01AI051517/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2010/08/13 06:00
J Virol. 2010 Oct;84(20):10928-32. doi: 10.1128/JVI.01108-10. Epub 2010 Aug 11.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2950584���20702638Å��Department of Molecular and Cellular Biochemistry, University of Kentucky, College of Medicine, Biomedical Biological Sciences Research Building, 741 South Limestone, Lexington, KY 40536-0509, USA.���10.1128/JVI.01108-10��Ï��üÒtÿî?¢���¸��Radoshitzky, S. R.
Dong, L.
Chi, X.
Clester, J. C.
Retterer, C.
Spurgers, K.
Kuhn, J. H.
Sandwick, S.
Ruthel, G.
Kota, K.
Boltz, D.
Warren, T.
Kranzusch, P. J.
Whelan, S. P.
Bavari, S.���2010L��Infectious Lassa virus, but not filoviruses, is restricted by BST-2/tetherin���10569-80���J Virol���84���20���Animals
Antigens, CD/genetics/*physiology
Arenaviruses, New World/genetics/pathogenicity/physiology
Base Sequence
Cell Line
DNA, Viral/genetics
Ebolavirus/genetics/pathogenicity/physiology
Filoviridae/genetics/*pathogenicity/physiology
GPI-Linked Proteins/antagonists & inhibitors/genetics/physiology
Gene Knockdown Techniques
HeLa Cells
Host-Pathogen Interactions/physiology
Humans
Lassa virus/genetics/*pathogenicity/physiology
Marburgvirus/genetics/pathogenicity/physiology
Membrane Glycoproteins/genetics/*physiology
Mice
Nipah Virus/genetics/pathogenicity/physiology
RNA, Small Interfering/genetics
Transfection
Virus Release/physiology���Oct���Bone marrow stromal antigen 2 (BST-2/tetherin) is a cellular membrane protein that inhibits the release of HIV-1. We show for the first time, using infectious viruses, that BST-2 also inhibits egress of arenaviruses but has no effect on filovirus replication and spread. Specifically, infectious Lassa virus (LASV) release significantly decreased or increased in human cells in which BST-2 was either stably expressed or knocked down, respectively. In contrast, replication and spread of infectious Zaire ebolavirus (ZEBOV) and Lake Victoria marburgvirus (MARV) were not affected by these conditions. Replication of infectious Rift Valley fever virus (RVFV) and cowpox virus (CPXV) was also not affected by BST-2 expression. Elevated cellular levels of human or murine BST-2 inhibited the release of virus-like particles (VLPs) consisting of the matrix proteins of multiple highly virulent NIAID Priority Pathogens, including arenaviruses (LASV and Machupo virus [MACV]), filoviruses (ZEBOV and MARV), and paramyxoviruses (Nipah virus). Although the glycoproteins of filoviruses counteracted the antiviral activity of BST-2 in the context of VLPs, they could not rescue arenaviral (LASV and MACV) VLP release upon BST-2 overexpression. Furthermore, we did not observe colocalization of filoviral glycoproteins with BST-2 during infection with authentic viruses. None of the arenavirus-encoded proteins rescued budding of VLPs in the presence of BST-2. Our results demonstrate that BST-2 might be a broad antiviral factor with the ability to restrict release of a wide variety of human pathogens. However, at least filoviruses, RVFV, and CPXV are immune to its inhibitory effect.,��https://www.ncbi.nlm.nih.gov/pubmed/20686043s��Radoshitzky, Sheli R
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Virus Internalization/*drug effects���NovZ��Based on the structural similarity of viral fusion proteins within the family Paramyxoviridae, we tested recently described and newly synthesized acetanilide derivatives for their capacity to inhibit measles virus (MV)-, canine distemper virus (CDV)- and Nipah virus (NiV)-induced membrane fusion. We found that N-(3-cyanophenyl)-2-phenylacetamide (compound 1) has a high capacity to inhibit MV- and CDV-induced (IC(50) muM), but not NiV-induced, membrane fusion. This compound is of outstanding interest because it can be easily synthesized and its cytotoxicity is low [50 % cytotoxic concentration (CC(50)) >/= 300 muM], leading to a CC(50)/IC(50) ratio of approximately 100. In addition, primary human peripheral blood lymphocytes and primary dog brain cell cultures (DBC) also tolerate high concentrations of compound 1. Infection of human PBMC with recombinant wild-type MV is inhibited by an IC(50) of approximately 20 muM. The cell-to-cell spread of recombinant wild-type CDV in persistently infected DBC can be nearly completely inhibited by compound 1 at 50 muM, indicating that the virus spread between brain cells is dependent on the activity of the viral fusion protein. Our findings demonstrate that this compound is a most applicable inhibitor of morbillivirus-induced membrane fusion in tissue culture experiments including highly sensitive primary cells.,��https://www.ncbi.nlm.nih.gov/pubmed/20685931÷��Singethan, K
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Zoonoses/transmission/*virology���SepÁ��The genus Henipavirus contains two members-Hendra virus (HeV) and Nipah virus (NiV)-and each can cause fatal disease in humans and animals. HeV and Niv are currently classified as biosafety level 4, and NiV is classified as a category C priority pathogen. The aim of this article is to discuss the pathology of laboratory animal models of henipavirus infection and to assess their suitability as animal models for the development and testing of human therapeutics and vaccines. There has been considerable progress in the development of animal models for henipavirus disease. Suitable animal models include the golden hamster, ferrets, cats, and pigs, which develop disease resembling that observed in humans. Guinea pigs are a less reliable model for henipavirus disease, but they do develop henipavirus-induced encephalitis. Because human efficacy studies with henipaviruses are not permitted, animal studies are critical for the development of antiviral therapeutics and vaccines. Current research indicates that passive immunotherapy using monoclonal antibodies is protective of ferrets against NiV infection and that passive immunotherapy using NiV antibodies protects hamsters from HeV. Recombinant vaccines have been used to protect cats and pigs against NiV infection. Ribavirin and 6-aza-uridine were able to delay but not prevent NiV-induced mortality in hamsters. Further research is needed to develop a model and therapy for late-onset henipavirus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/20682803���Williamson, M M
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Virus Replication/physiology���Oct���The interaction of Nipah virus (NiV) nucleocapsid (N) protein with phosphoprotein (P) during nucleocapsid assembly is the essential process in the viral life cycle, since only the encapsidated RNA genome can be used for replication. To identify the region responsible for N-P interaction, we utilized fluorescent protein tags to visualize NiV N and P proteins in live cells and analyzed their cellular localization. N protein fused to monomeric enhanced cyan fluorescence protein (N-ECFP) exhibited a dotted pattern in transfected cells, while P protein fused to monomeric red fluorescent protein (P-mRFP) showed diffuse distribution. When the two proteins were coexpressed, P-mRFP colocalized with N-ECFP dots. N-ECFP mutants with serial amino acid deletions were generated to search for the region(s) responsible for this N-P colocalization. We found that, in addition to the 467- to 496-amino-acid (aa) region reported previously, aa 135 to 146 were responsible for the N-P colocalization. The residues crucial for N-P interaction were further investigated by introducing alanine substitutions into the untagged N protein. Alanine scanning in the region of aa 135 to 146 has revealed that there are distinct regions essential for the interaction of N-P and the function of N. This is the first study to visualize Nipah viral proteins in live cells and to assess the essential domain of N protein for the interaction with P protein.,��https://www.ncbi.nlm.nih.gov/pubmed/20668089Î��Omi-Furutani, Mio
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*Yersinia pestis���Aug 10���Highly lethal pathogens (e.g., hantaviruses, hendra virus, anthrax, or plague) pose unique public-health problems, because they seem to periodically flare into outbreaks before disappearing into long quiescent phases. A key element to their possible control and eradication is being able to understand where they persist in the latent phase and how to identify the conditions that result in sporadic epidemics or epizootics. In American grasslands, plague, caused by Yersinia pestis, exemplifies this quiescent-outbreak pattern, because it sporadically erupts in epizootics that decimate prairie dog (Cynomys ludovicianus) colonies, yet the causes of outbreaks and mechanisms for interepizootic persistence of this disease are poorly understood. Using field data on prairie community ecology, flea behavior, and plague-transmission biology, we find that plague can persist in prairie-dog colonies for prolonged periods, because host movement is highly spatially constrained. The abundance of an alternate host for disease vectors, the grasshopper mouse (Onychomys leucogaster), drives plague outbreaks by increasing the connectivity of the prairie dog hosts and therefore, permitting percolation of the disease throughout the primary host population. These results offer an alternative perspective on plague's ecology (i.e., disease transmission exacerbated by alternative hosts) and may have ramifications for plague dynamics in Asia and Africa, where a single main host has traditionally been considered to drive Yersinia ecology. Furthermore, abundance thresholds of alternate hosts may be a key phenomenon determining outbreaks of disease in many multihost-disease systems.,��https://www.ncbi.nlm.nih.gov/pubmed/20660742k��Salkeld, Daniel J
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Virus Replication���Oct2��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are emerging zoonotic paramyxoviruses that can cause severe and often lethal neurologic and/or respiratory disease in a wide variety of mammalian hosts, including humans. There are presently no licensed vaccines or treatment options approved for human or veterinarian use. Guinea pigs, hamsters, cats, and ferrets, have been evaluated as animal models of human HeV infection, but studies in nonhuman primates (NHP) have not been reported, and the development and approval of any vaccine or antiviral for human use will likely require efficacy studies in an NHP model. Here, we examined the pathogenesis of HeV in the African green monkey (AGM) following intratracheal inoculation. Exposure of AGMs to HeV produced a uniformly lethal infection, and the observed clinical signs and pathology were highly consistent with HeV-mediated disease seen in humans. Ribavirin has been used to treat patients infected with either HeV or NiV; however, its utility in improving outcome remains, at best, uncertain. We examined the antiviral effect of ribavirin in a cohort of nine AGMs before or after exposure to HeV. Ribavirin treatment delayed disease onset by 1 to 2 days, with no significant benefit for disease progression and outcome. Together our findings introduce a new disease model of acute HeV infection suitable for testing antiviral strategies and also demonstrate that, while ribavirin may have some antiviral activity against the henipaviruses, its use as an effective standalone therapy for HeV infection is questionable.,��https://www.ncbi.nlm.nih.gov/pubmed/20660198���Rockx, Barry
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Virus Physiological Phenomena/*drug effects���Jul 15@��Nipah virus targets human endothelial cells via NiV-F and NiV-G envelope glycoproteins, resulting in endothelial syncytia formation and vascular compromise. Endothelial cells respond to viral infection by releasing innate immune effectors, including galectins, which are secreted proteins that bind to specific glycan ligands on cell surface glycoproteins. We demonstrate that galectin-1 reduces NiV-F mediated fusion of endothelial cells, and that endogenous galectin-1 in endothelial cells is sufficient to inhibit syncytia formation. Galectin-1 regulates NiV-F mediated cell fusion at three distinct points, including retarding maturation of nascent NiV-F, reducing NiV-F lateral mobility on the plasma membrane, and directly inhibiting the conformational change in NiV-F required for triggering fusion. Characterization of the NiV-F N-glycome showed that the critical site for galectin-1 inhibition is rich in glycan structures known to bind galectin-1. These studies identify a unique set of mechanisms for regulating pathophysiology of NiV infection at the level of the target cell.,��https://www.ncbi.nlm.nih.gov/pubmed/20657665¤��Garner, Omai B
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Humans���Sep���In the last few decades, there is an increasing emergence and re-emergence of viruses, such as West Nile virus, Enterovirus 71 and henipaviruses that cause epidemic viral encephalitis and other central nervous system (CNS) manifestations. The mortality and morbidity associated with these outbreaks are significant and frequently severe. While aspects of epidemiology, basic virology, etc., may be known, the pathology and pathogenesis are often less so, partly due to a lack of interest among pathologists or because many of these infections are considered "third world" diseases. In the study of epidemic viral encephalitis, the pathologist's role in unravelling the pathology and pathogenesis is critical. The novel henipavirus infection is a good example. The newly created genus Henipavirus within the family Paramyxoviridae consists of two viruses, viz., Hendra virus and Nipah virus. These two viruses emerged in Australia and Asia, respectively, to cause severe encephalitides in humans and animals. Studies show that the pathological features of the acute encephalitis caused by henipaviruses are similar and a unique dual pathogenetic mechanism of vasculitis-induced microinfarction and parenchymal cell infection in the CNS (mainly neurons) and other organs causes severe tissue damage. Both viruses can cause relapsing encephalitis months and years after the acute infection due to a true recurrent infection as evidenced by the presence of virus in infected cells. Future emerging viral encephalitides will no doubt continue to pose considerable challenges to the neuropathologist, and as the West Nile virus outbreak demonstrates, even economically advanced nations are not spared.,��https://www.ncbi.nlm.nih.gov/pubmed/20652579���Wong, Kum Thong
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Telemetry���Jun¯��Fruit bats of the genus Pteropus (commonly known as flying-foxes) are the natural hosts of several recently emerged zoonotic viruses of animal and human health significance in Australia and Asia, including Hendra and Nipah viruses. Satellite telemetry was used on nine flying-foxes of three species (Pteropus alecto n=5, P. vampyrus n=2, and P. neohibernicus n=2) to determine the scale and pattern of their long-distance movements and their potential to transfer these viruses between countries in the region. The animals were captured and released from six different locations in Australia, Papua New Guinea, Indonesia, and Timor-Leste. Their movements were recorded for a median of 120 (range, 47-342) days with a median total distance travelled of 393 (range, 76-3011) km per individual. Pteropus alecto individuals were observed to move between Australia and Papua New Guinea (Western Province) on four occasions, between Papua New Guinea (Western Province) and Indonesia (Papua) on ten occasions, and to traverse Torres Strait on two occasions. Pteropus vampyrus was observed to move between Timor-Leste and Indonesia (West Timor) on one occasion. These findings expand upon the current literature on the potential for transfer of zoonotic viruses by flying-foxes between countries and have implications for disease risk management and for the conservation management of flying-fox populations in Australia, New Guinea, and the Lesser Sunda Islands.,��https://www.ncbi.nlm.nih.gov/pubmed/20645122\��Breed, Andrew C
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Zoonoses/transmission���Junø��Nipah virus (NiV) infection is a seasonal disease in Bangladesh that coincides with the date palm sap collection season. Raw date palm sap is a delicacy to drink in Bengali culture. If fruit bats that are infected with NiV gain access to the sap for drinking, they might occasionally contaminate the sap through saliva and urine. In February 2007, we conducted a qualitative study in six villages, interviewing 27 date palm sap collectors (gachhis) within the geographical area where NiV outbreaks have occurred since 2001. Gachhis reported that bats pose a challenge to successful collection of quality sap, because bats drink and defecate into the sap which markedly reduces its value. They know some methods to prevent access by bats and other pests but do not use them consistently, because of lack of time and resources. Further studies to explore the effectiveness of these methods and to motivate gachhis to invest their time and money to use them could reduce the risk of human Nipah infection in Bangladesh.,��https://www.ncbi.nlm.nih.gov/pubmed/20617362���Nahar, Nazmun
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*Virus Replication���Aug 15,��Nipah virus (NiV) is a highly pathogenic paramyxovirus which causes fatal encephalitis in up to 75% of infected humans. Endothelial cells and neurons are important cellular targets in the pathogenesis of this disease. In this study, viral replication and the innate immune responses to NiV in these cell types were measured. NiV infected endothelial cells generated a functionally robust IFN-beta response, which correlated with localization of the NiV W protein to the cytoplasm. There was no antiviral response detected in infected neuronal cells. NiV infection of endothelial cells induced a significant increase in secreted inflammatory chemokines, which corresponded with the increased ability of infected cell supernatants to induce monocyte and T-lymphocyte chemotaxis. These results suggest that pro-inflammatory chemokines produced by NiV infected primary endothelial cells in vitro is consistent with the prominent vasculitis observed in infections, and provide initial molecular insights into the pathogenesis of NiV in physiologically relevant cells types.,��https://www.ncbi.nlm.nih.gov/pubmed/20552729���Lo, Michael K
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Swine Diseases/immunology/*virology���Jun 3ï��BACKGROUND: Outbreaks of Hendra (HeV) and Nipah (NiV) viruses have been reported starting in 1994 and 1998, respectively. Both viruses are capable of causing fatal disease in humans and effecting great economical loss in the livestock industry. RESULTS: Through screening of hybridomas derived from mice immunized with gamma-irradiated Nipah virus, we identified two secreted antibodies; one reactive with the nucleocapsid (N) protein and the other, the phosphoprotein (P) of henipaviruses. Epitope mapping and protein sequence alignments between NiV and HeV suggest the last 14 amino acids of the carboxyl terminus of the N protein is the target of the anti-N antibody. The anti-P antibody recognizes an epitope in the amino-terminal half of P protein. These monoclonal antibodies were used to develop two antigen capture ELISAs, one for virus detection and the other for differentiation between NiV and HeV. The lower limit of detection of the capture assay with both monoclonal antibodies was 400 pfu. The anti-N antibody was used to successfully detect NiV in a lung tissue suspension from an infected pig. CONCLUSION: The antigen capture ELISA developed is potentially affordable tool to provide rapid detection and differentiation between the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20525276á��Chiang, Cheng-Feng
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*Virus Internalization���AugT��The deadly paramyxovirus Nipah virus (NiV) contains a fusion glycoprotein (F) with canonical structural and functional features common to its class. Receptor binding to the NiV attachment glycoprotein (G) triggers F to undergo a two-phase conformational cascade: the first phase progresses from a metastable prefusion state to a prehairpin intermediate (PHI), while the second phase is marked by transition from the PHI to the six-helix-bundle hairpin. The PHI can be captured with peptides that mimic F's heptad repeat regions, and here we utilized a NiV heptad repeat peptide to quantify PHI formation and the half-lives (t(1/2)) of the first and second fusion cascade phases. We found that ephrinB2 receptor binding to G triggered approximately 2-fold more F than that triggered by ephrinB3, consistent with the increased rate and extent of fusion observed with ephrinB2- versus ephrinB3-expressing cells. In addition, for a series of hyper- and hypofusogenic F mutants, we quantified F-triggering capacities and measured the kinetics of their fusion cascade phases. Hyper- and hypofusogenicity can each be manifested through distinct stages of the fusion cascade, giving rise to vastly different half-lives for the first (t(1/2), 1.9 to 7.5 min) or second (t(1/2), 1.5 to 15.6 min) phase. While three mutants had a shorter first phase and a longer second phase than the wild-type protein, one mutant had the opposite phenotype. Thus, our results reveal multiple critical parameters that govern the paramyxovirus fusion cascade, and our assays should help efforts to elucidate other class I membrane fusion processes.,��https://www.ncbi.nlm.nih.gov/pubmed/205193837��Aguilar, Hector C
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Viral Tropism/immunology���May 18���Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21, providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat, hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans. Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for human use.,��https://www.ncbi.nlm.nih.gov/pubmed/20502528ç��Geisbert, Thomas W
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*Virus Replication���Aug^��The highly pathogenic Nipah virus (NiV) is aerially transmitted and causes a systemic infection after entering the respiratory tract. Airway epithelia are thus important targets in primary infection. Furthermore, virus replication in the mucosal surfaces of the respiratory or urinary tract in later phases of infection is essential for virus shedding and transmission. So far, the mechanisms of NiV replication in epithelial cells are poorly elucidated. In the present study, we provide evidence that bipolar targeting of the two NiV surface glycoproteins G and F is of biological importance for fusion in polarized epithelia. We demonstrate that infection of polarized cells induces focus formation, with both glycoproteins located at lateral membranes of infected cells adjacent to uninfected cells. Supporting the idea of a direct spread of infection via lateral cell-to-cell fusion, we could identify basolateral targeting signals in the cytoplasmic domains of both NiV glycoproteins. Tyrosine 525 in the F protein is part of an endocytosis signal and is also responsible for basolateral sorting. Surprisingly, we identified a dityrosine motif at position 28/29 in the G protein, which mediates polarized targeting. A dileucine motif predicted to function as sorting signal is not involved. Mutation of the targeting signal in one of the NiV glycoproteins prevented the fusion of polarized cells, suggesting that basolateral or bipolar F and G expression facilitates the spread of NiV within epithelial cell monolayers, thereby contributing to efficient virus spread in mucosal surfaces in early and late phases of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/20484517ß��Weise, Carolin
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*Zoonoses���Oct���Diseases transmitted from animals have assumed substantial public health importance. Avian influenza, severe acute respiratory syndrome, and Nipah virus infection are a few examples of growing number of diseases that humans can contract from animals. These diseases can cause huge economic losses in addition to mortality and morbidity. In developing countries of Asia, there is a continuous and close contact between animals and humans, especially in rural settings. The prevailing sociocultural practices and weak public health infrastructure further enhances the vulnerability of Asia as the epicenter of outbreaks due to zoonotic infections. There is a clear need of greater awareness and application of a multisectoral and multidisciplinary approach to prevent and control zoonotic infections.,��https://www.ncbi.nlm.nih.gov/pubmed/20462853 ��Bhatia, Rajesh
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Virus Release/genetics/*physiology���SepO��The paramyxoviruses define a diverse group of enveloped RNA viruses that includes a number of important human and animal pathogens. Examples include human respiratory syncytial virus and the human parainfluenza viruses, which cause respiratory illnesses in young children and the elderly; measles and mumps viruses, which have caused recent resurgences of disease in developed countries; the zoonotic Hendra and Nipah viruses, which have caused several outbreaks of fatal disease in Australia and Asia; and Newcastle disease virus, which infects chickens and other avian species. Like other enveloped viruses, paramyxoviruses form particles that assemble and bud from cellular membranes, allowing the transmission of infections to new cells and hosts. Here, we review recent advances that have improved our understanding of events involved in paramyxovirus particle formation. Contributions of viral matrix proteins, glycoproteins, nucleocapsid proteins, and accessory proteins to particle formation are discussed, as well as the importance of host factor recruitment for efficient virus budding. Trafficking of viral structural components within infected cells is described, together with mechanisms that allow for the selection of specific sites on cellular membranes for the coalescence of viral proteins in preparation of bud formation and virion release.,��https://www.ncbi.nlm.nih.gov/pubmed/20398786È��Harrison, Megan S
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Young Adult���Novq��In February 2007 an outbreak of Nipah virus (NiV) encephalitis in Thakurgaon District of northwest Bangladesh affected seven people, three of whom died. All subsequent cases developed illness 7-14 days after close physical contact with the index case while he was ill. Cases were more likely than controls to have been in the same room (100% vs. 9.5%, OR undefined, P<0.001) and to have touched him (83% vs. 0%, OR undefined, P<0.001). Although the source of infection for the index case was not identified, 50% of Pteropus bats sampled from near the outbreak area 1 month after the outbreak had antibodies to NiV confirming the presence of the virus in the area. The outbreak was spread by person-to-person transmission. Risk of NiV infection in family caregivers highlights the need for infection control practices to limit transmission of potentially infectious body secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/203807692��Homaira, N
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*Turkeys
Virginia���An avian influenza outbreak in 2002 affected 197 poultry farms in Virginia and cost an estimated $130 million in losses and cleanup. In 2004-2005, researchers initiated a project to investigate the feasibility and practicality of in-house composting of turkey mortalities (heavy hens and toms) as a method of disposal and disease containment. Occurrences of low pathogenic avian influenza (LPAI) in West Virginia and Virginia in 2007 provided an opportunity for first responders to verify composting as an effective carcass disposal method. Many lessons learned from these experiences have led to improvements in the application of this technology. Market-weight turkeys, once thought too large for effective composting, were composted sufficiently for land application within 4 to 6 weeks. Additionally, fire-fighting foam, a new method of mass depopulation, proved to be compatible with composting. Knowledge gained from these incidents will be valuable not only for future responses to LPAI but also for outbreaks of highly pathogenic avian influenza such as the H5N1 virus, which currently causes disease in both animals and humans in many parts of the world. Since three-quarters of all recent emerging infectious diseases (EIDs) have arisen from animals, control of disease in animals is the principal way to reduce human exposure and prevent EIDs. Many of the general approaches and specific techniques used to eradicate the avian influenza virus can also be used to control other EIDs such as H1N1, Nipah virus, Rift Valley Fever, and plague.,��https://www.ncbi.nlm.nih.gov/pubmed/20375437T��Flory, Gary A
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*Virus Assembly���Jun<��Hendra virus is a negative-sense single-stranded RNA virus within the Paramyxoviridae family which, together with Nipah virus, forms the Henipavirus genus. Infection with bat-borne Hendra virus leads to a disease with high mortality rates in humans. We determined the crystal structure of the unliganded six-bladed beta-propeller domain and compared it to the previously reported structure of Hendra virus attachment glycoprotein (HeV-G) in complex with its cellular receptor, ephrin-B2. As observed for the related unliganded Nipah virus structure, there is plasticity in the Glu579-Pro590 and Lys236-Ala245 ephrin-binding loops prior to receptor engagement. These data reveal that henipaviral attachment glycoproteins undergo common structural transitions upon receptor binding and further define the structural template for antihenipaviral drug design. Our analysis also provides experimental evidence for a dimeric arrangement of HeV-G that exhibits striking similarity to those observed in crystal structures of related paramyxovirus receptor-binding glycoproteins. The biological relevance of this dimer is further supported by the positional analysis of glycosylation sites from across the paramyxoviruses. In HeV-G, the sites lie away from the putative dimer interface and remain accessible to alpha-mannosidase processing on oligomerization. We therefore propose that the overall mode of dimer assembly is conserved for all paramyxoviruses; however, while the geometry of dimerization is rather closely similar for those viruses that bind flexible glycan receptors, significant (up to 60 degrees ) and different reconfigurations of the subunit packing (associated with a significant decrease in the size of the dimer interface) have accompanied the independent switching to high-affinity protein receptor binding in Hendra and measles viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20375167���Bowden, Thomas A
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Virus Internalization/*drug effects���JulÅ��The fusion of enveloped viruses with the host cell is driven by specialized fusion proteins to initiate infection. The "class I" fusion proteins harbor two regions, typically two heptad repeat (HR) domains, which are central to the complex conformational changes leading to fusion: the first heptad repeat (HRN) is adjacent to the fusion peptide, while the second (HRC) immediately precedes the transmembrane domain. Peptides derived from the HR regions can inhibit fusion, and one HR peptide, T20 (enfuvirtide), is in clinical use for HIV-1. For paramyxoviruses, the activities of two membrane proteins, the receptor-binding protein (hemagglutinin-neuraminidase [HN] or G) and the fusion protein (F), initiate viral entry. The binding of HN or G to its receptor on a target cell triggers the activation of F, which then inserts into the target cell and mediates the membrane fusion that initiates infection. We have shown that for paramyxoviruses, the inhibitory efficacy of HR peptides is inversely proportional to the rate of F activation. For HIV-1, the antiviral potency of an HRC-derived peptide can be dramatically increased by targeting it to the membrane microdomains where fusion occurs, via the addition of a cholesterol group. We report here that for three paramyxoviruses-human parainfluenza virus type 3 (HPIV3), a major cause of lower respiratory tract diseases in infants, and the emerging zoonotic viruses Hendra virus (HeV) and Nipah virus (NiV), which cause lethal central nervous system diseases-the addition of cholesterol to a paramyxovirus HRC-derived peptide increased antiviral potency by 2 log units. Our data suggest that this enhanced activity is indeed the result of the targeting of the peptide to the plasma membrane, where fusion occurs. The cholesterol-tagged peptides on the cell surface create a protective antiviral shield, target the F protein directly at its site of action, and expand the potential utility of inhibitory peptides for paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20357085���Porotto, Matteo
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Swine���Sepz��BACKGROUND: The severity of an outbreak is a priority in decision-making for human infection control. However, there have been no reports on how to quantify the severity of an outbreak. METHODS: We propose a simple method to measure the severity of an infectious disease outbreak. It involves scoring the severity of clinical signs, the transmission of the infection, the number of cases, and the infection source. RESULTS: The method was evaluated using the data available at the early stage of some recent outbreaks of infectious diseases, including the influenza A (H1N1) pandemic in 2009, and the evaluation supports the design idea. CONCLUSION: The method is practical for rating the severity of an infectious disease outbreak, though it should be optimized. It could also be used to judge whether an event constitutes a public health emergency of international concern (PHEIC) or not.,��https://www.ncbi.nlm.nih.gov/pubmed/20227902ç��Chen, Yue-Ying
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Slovenia/epidemiology���Apr���Bats have been identified as a natural reservoir for an increasing number of emerging zoonotic viruses, such as Hendra virus, Nipah virus, Ebola virus, Marburg virus, rabies and other lyssaviruses. Recently, a large number of viruses closely related to members of the genus Coronavirus have been associated with severe acute respiratory syndrome (SARS) and detected in bat species. In this study, samples were collected from 106 live bats of seven different bat species from 27 different locations in Slovenia. Coronaviruses were detected by RT-PCR in 14 out of 36 horseshoe bat (Rhinolophus hipposideros) fecal samples, with 38.8% virus prevalence. Sequence analysis of a 405-nucleotide region of the highly conserved RNA polymerase gene (pol) showed that all coronaviruses detected in this study are genetically closely related, with 99.5-100% nucleotide identity, and belong to group 2 of the coronaviruses. The most closely related virus sequence in GenBank was SARS bat isolate Rp3/2004 (DQ071615) within the SARS-like CoV cluster, sharing 85% nucleotide identity and 95.6% amino acid identity. The potential risk of a new group of bat coronaviruses as a reservoir for human infections is highly suspected, and further molecular epidemiologic studies of these bat coronaviruses are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/20217155»��Rihtaric, Danijela
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Saimiri/*virology���Mar}��We infected squirrel monkeys (Saimiri sciureus) with Nipah virus to determine the monkeys' suitability for use as primate models in preclinical testing of preventive and therapeutic treatments. Infection of squirrel monkeys through intravenous injection was followed by high death rates associated with acute neurologic and respiratory illness and viral RNA and antigen production.,��https://www.ncbi.nlm.nih.gov/pubmed/20202432>��Marianneau, Philippe
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Virus Internalization���MayÍ��Virus-like particles (VLPs) released from avian cells expressing the Newcastle disease virus (NDV) strain AV proteins NP, M, HN (hemagglutinin-neuraminidase), and F were characterized. The VLP-associated HN and F glycoproteins directed the attachment of VLPs to cell surfaces and fusion of VLP membranes with red blood cell membranes, indicating that they were assembled into VLPs in an authentic conformation. These particles were quantitatively prepared and used as an immunogen, without adjuvant, in BALB/c mice. The resulting immune responses, detected by enzyme-linked immunosorbent assay (ELISA), virus neutralization, and intracellular cytokine staining, were comparable to the responses to equivalent amounts of inactivated NDV vaccine virus. HN and F proteins from another strain of NDV, strain B1, could be incorporated into these VLPs. Foreign peptides were incorporated into these VLPs when fused to the NP or HN protein. The ectodomain of a foreign glycoprotein, the Nipah virus G protein, fused to the NDV HN protein cytoplasmic and transmembrane domains was incorporated into ND VLPs. Thus, ND VLPs are a potential NDV vaccine candidate. They may also serve as a platform to construct vaccines for other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/20181713 ��McGinnes, Lori W
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Virus Shedding���May-JunÃ��Hendra virus (HeV) is a zoonotic virus from the family Paramyxoviridae causing fatal disease in humans and horses. Five-week-old Landrace pigs and 5-month-old Gottingen minipigs were inoculated with approximately 10(7) plaque forming units per animal. In addition to fever and depression exhibited in all infected pigs, one of the two Landrace pigs developed respiratory signs at 5 days post-inoculation (dpi) and one of the Gottingen minipigs developed respiratory signs at 5 dpi and mild neurological signs at 7 dpi. Virus was detected in all infected pigs at 2-5 dpi from oral, nasal, and rectal swabs and at 3-5 dpi from ocular swabs by real-time RT-PCR targeting the HeV M gene. Virus titers in nasal swab samples were as high as 10(4.6) TCID(50)/mL. The viral RNA was mainly distributed in tissues from respiratory and lymphoid systems at an early stage of infection and the presence of virus was confirmed by virus isolation. Pathological changes and immunohistochemical staining for viral antigen were consistent with the tissue distribution of the virus. This new finding indicates that pigs are susceptible to HeV infections and could potentially play a role as an intermediate host in transmission to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/20167195���Li, Mingyi
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Mortality���Feb\��To determine the epidemiologic and clinical features of a 2008 outbreak of Hendra virus infection in a veterinary clinic in Australia, we investigated the equine case-series. Four of 5 infected horses died, as did 1 of 2 infected staff members. Clinical manifestation in horses was predominantly neurologic. Preclinical transmission appears likely.,��https://www.ncbi.nlm.nih.gov/pubmed/20113576&��Field, Hume
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Young Adult���Febù��A recent Hendra virus outbreak at a veterinary clinic in Brisbane, Queensland, Australia, involved 5 equine and 2 human infections. In contrast to previous outbreaks, infected horses had predominantly encephalitic, rather than respiratory, signs. After an incubation period of 9-16 days, influenza-like illnesses developed in the 2 persons before progressing to encephalitis; 1 died. Both patients were given ribavirin. Basal serum and cerebrospinal fluid levels were 10-13 mg/L after intravenous administration and 6 mg/L after oral administration (isolate 90% inhibitory concentration 64 mg/L). Both patients were exposed to infected horses, 1 during the late incubation period in a horse. The attack rate for veterinary clinic staff exposed to infected horses was 10%. An isolate from this outbreak showed genetic heterogeneity with isolates from a concurrent, but geographically remote, outbreak and from previous outbreaks. Emergence of Hendra virus is a serious medical, veterinary, and public health challenge.,��https://www.ncbi.nlm.nih.gov/pubmed/20113550õ��Playford, Elliott G
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Recombinant Proteins/*isolation & purification���Feb 19-��A direct recovery of recombinant nucleocapsid protein of Nipah virus (NCp-NiV) from crude Escherichia coli (E. coli) homogenate was developed successfully using a hydrophobic interaction expanded bed adsorption chromatography (HI-EBAC). The nucleic acids co-released with the recombinant protein have increased the viscosity of the E. coli homogenate, thus affected the axial mixing in the EBAC column. Hence, DNase was added to reduce the viscosity of feedstock prior to its loading into the EBAC column packed with the hydrophobic interaction chromatography (HIC) adsorbent. The addition of glycerol to the washing buffer has reduced the volume of washing buffer applied, and thus reduced the loss of the NCp-NiV during the washing stage. The influences of flow velocity, degree of bed expansion and viscosity of mobile phase on the adsorption efficiency of HI-EBAC were studied. The dynamic binding capacity at 10% breakthrough of 3.2mg/g adsorbent was achieved at a linear flow velocity of 178 cm/h, bed expansion of two and feedstock viscosity of 3.4 mPas. The adsorbed NCp-NiV was eluted with the buffer containing a step gradient of salt concentration. The purification of hydrophobic NCp-NiV using the HI-EBAC column has recovered 80% of NCp-NiV from unclarified E. coli homogenate with a purification factor of 12.5.,��https://www.ncbi.nlm.nih.gov/pubmed/20044094ø��Chong, Fui Chin
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Virus Replication���Jan@��Paramyxoviruses include many important human and animal pathogens such as measles virus, mumps virus, human parainfluenza viruses, and respiratory syncytial virus, as well as emerging viruses such as Nipah virus and Hendra virus. The paramyxovirus RNA-dependent RNA polymerase consists of the phosphoprotein (P) and the large protein. Both of these proteins are essential for viral RNA synthesis. The P protein is phosphorylated at multiple sites, probably by more than one host kinase. While it is thought that the phosphorylation of P is important for its role in viral RNA synthesis, the precise role of P protein phosphorylation remains an enigma. For instance, it was demonstrated that the putative CKII phosphorylation sites of the P protein of respiratory syncytial virus play a role in viral RNA synthesis using a minigenome replicon system; however, mutating these putative CKII phosphorylation sites within a viral genome had no effect on viral RNA synthesis, leading to the hypothesis that P protein phosphorylation, at least by CKII, does not play a role in viral RNA synthesis. Recently, it has been reported that the phosphorylation state of the P protein of parainfluenza virus 5, a prototypical paramyxovirus, correlates with the ability of P protein to synthesize viral RNA, indicating that P protein phosphorylation does in fact play a role in viral RNA synthesis. Furthermore, host kinases PLK1, as well as AKT1 have been found to play critical roles in paramyxovirus RNA synthesis through regulation of P protein phosphorylation status. Beyond furthering our understanding of paramyxovirus RNA replication, these recent discoveries may also result in a new paradigm in treating infections caused by these viruses, as host kinases that regulate paramyxovirus replication are investigated as potential targets of therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/20020826¼��Fuentes, Sandra M
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Simian virus 40/genetics���Dec 11l��BACKGROUND: Bats are the suspected natural reservoir hosts for a number of new and emerging zoonotic viruses including Nipah virus, Hendra virus, severe acute respiratory syndrome coronavirus and Ebola virus. Since the discovery of SARS-like coronaviruses in Chinese horseshoe bats, attempts to isolate a SL-CoV from bats have failed and attempts to isolate other bat-borne viruses in various mammalian cell lines have been similarly unsuccessful. New stable bat cell lines are needed to help with these investigations and as tools to assist in the study of bat immunology and virus-host interactions. METHODOLOGY/FINDINGS: Black flying foxes (Pteropus alecto) were captured from the wild and transported live to the laboratory for primary cell culture preparation using a variety of different methods and culture media. Primary cells were successfully cultured from 20 different organs. Cell immortalisation can occur spontaneously, however we used a retroviral system to immortalise cells via the transfer and stable production of the Simian virus 40 Large T antigen and the human telomerase reverse transcriptase protein. Initial infection experiments with both cloned and uncloned cell lines using Hendra and Nipah viruses demonstrated varying degrees of infection efficiency between the different cell lines, although it was possible to infect cells in all tissue types. CONCLUSIONS/SIGNIFICANCE: The approaches developed and optimised in this study should be applicable to bats of other species. We are in the process of generating further cell lines from a number of different bat species using the methodology established in this study.,��https://www.ncbi.nlm.nih.gov/pubmed/20011515q��Crameri, Gary
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Zoonoses���Jun´��Neurologic disease is a major cause of disability in resource-poor countries and a substantial portion of this disease is due to infections of the CNS. A wide variety of emerging and re-emerging viruses contribute to this disease burden. New emerging infections are commonly due to RNA viruses that have expanded their geographic range, spread from animal reservoirs or acquired new neurovirulence properties. Mosquito-borne viruses with expanding ranges include West Nile virus, Japanese encephalitis virus and Chikungunya virus. Zoonotic viruses that have recently crossed into humans to cause neurologic disease include the bat henipaviruses Nipah and Hendra, as well as the primate-derived human immunodeficiency virus. Viruses adapt to new hosts, or to cause more severe disease, by changing their genomes through reassortment (e.g. influenza virus), mutation (essentially all RNA viruses) and recombination (e.g. vaccine strains of poliovirus). Viruses that appear to have recently become more neurovirulent include West Nile virus, enterovirus 71 and possibly Chikungunya virus. In addition to these newer challenges, rabies, polio and measles all remain important causes of neurologic disease despite good vaccines and global efforts toward control. Control of human rabies depends on elimination of rabies in domestic dogs through regular vaccination. Poliovirus eradication is challenged by the ability of the live attenuated vaccine strains to revert to virulence during the prolonged period of gastrointestinal replication. Measles elimination depends on delivery of two doses of live virus vaccine to a high enough proportion of the population to maintain herd immunity for this highly infectious virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20004230Ã��Griffin, Diane E
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Virus Replication���DecÙ��Nipah virus (NiV) is a highly pathogenic paramyxovirus that was first isolated in 1999 during an outbreak in Malaysia. In contrast to other paramyxoviruses NiV infects many mammalian species. Because of its zoonotic potential, the high pathogenicity and the lack of therapeutic treatment, NiV was classified as a biosafety level 4 pathogen. In humans NiV causes a severe acute encephalitis whereas in some animal hosts respiratory symptoms are predominantly observed. Despite the differences in the clinical outcome, microvascular endothelial cell damage predominantly underlies the pathological changes in NiV infections in all susceptible host species. NiV generally induces a pronounced vasculitis which is primarily characterised by endothelial cell necrosis and inflammatory cell infiltration. For future developments of specific antiviral therapies or vaccines, a detailed understanding of the molecular basis of NiV pathogenesis is required. This article reviews the current knowledge about natural and experimental infections in different mammals, focusing on the main organ and cell tropism in vivo, and summarises some recent studies in cell culture on the role of ephrin-B2 and -B3 receptors in NiV infection of endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19967130���Maisner, Andrea
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*zoonotic virus���Dec{��Hendra and Nipah virus, which constitute the genus Henipavirus, are zoonotic paramyxoviruses that have been associated with sporadic outbreaks of severe disease and mortality in humans since their emergence in the late 1990s. Similar to other paramyxoviruses, their ability to evade the host interferon (IFN) response is conferred by the P gene. The henipavirus P gene encodes four proteins; the P, V, W and C proteins, which have all been described to inhibit the antiviral response. Further studies have revealed that these proteins have overlapping but unique properties which enable the virus to block multiple signaling pathways in the IFN response. The best characterized of these is the JAK-STAT signaling pathway which is targeted by the P, V and W proteins via an interaction with the transcription factor STAT1. In addition the V and W proteins can both limit virus-induced induction of IFN but they appear to do this via distinct mechanisms that rely on unique sequences in their C-terminal domains. The ability to generate recombinant Nipah viruses now gives us the opportunity to determine the precise role for each of these proteins and address their contribution to pathogenicity. Additionally, the question of whether these multiple anti-IFN strategies are all active in the different mammalian hosts for henipaviruses, particularly the fruit bat reservoir, warrants further exploration.,��https://www.ncbi.nlm.nih.gov/pubmed/21994589º��Shaw, Megan L
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*Virus Assembly���Feb 57��Paramyxovirus matrix (M) proteins organize virus assembly, functioning as adapters that link together viral ribonucleoprotein complexes and viral glycoproteins at infected cell plasma membranes. M proteins may also function to recruit and manipulate host factors to assist virus budding, similar to retroviral Gag proteins. By yeast two-hybrid screening, angiomotin-like 1 (AmotL1) was identified as a host factor that interacts with the M protein of parainfluenza virus 5 (PIV5). AmotL1-M protein interaction was observed in yeast, in transfected mammalian cells, and in virus-infected cells. Binding was mapped to a 83-amino acid region derived from the C-terminal portion of AmotL1. Overexpression of M-binding AmotL1-derived polypeptides potently inhibited production of PIV5 VLPs and impaired virus budding. Expression of these polypeptides moderately inhibited production of mumps VLPs, but had no effect on production of Nipah VLPs. siRNA-mediated depletion of AmotL1 protein reduced PIV5 budding, suggesting that this interaction is beneficial to paramyxovirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19932912���Pei, Zifei
Bai, Yuting
Schmitt, Anthony P
eng
AI070925/AI/NIAID NIH HHS/
U54 AI057168-065668/AI/NIAID NIH HHS/
R01 AI070925-03/AI/NIAID NIH HHS/
AI057168/AI/NIAID NIH HHS/
U54 AI057168/AI/NIAID NIH HHS/
R01 AI070925/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2009/11/26 06:00
Virology. 2010 Feb 5;397(1):155-66. doi: 10.1016/j.virol.2009.11.002. Epub 2009 Nov 24.*��1096-0341 (Electronic)
0042-6822 (Linking)
��PMC2813985���19932912t��Department of Veterinary and Biomedical Sciences, The Pennsylvania State University, University Park, PA 16802, USA.���10.1016/j.virol.2009.11.002��	»��üÒtÿî?È���5��Freiberg, A. N.
Worthy, M. N.
Lee, B.
Holbrook, M. R.���2010z��Combined chloroquine and ribavirin treatment does not prevent death in a hamster model of Nipah and Hendra virus infection���765-72���J Gen Virol���91���Pt 3R��Animals
Antiviral Agents/*therapeutic use
Chloroquine/pharmacology/*therapeutic use
Cricetinae
Disease Models, Animal
Drug Therapy, Combination
Hendra Virus/drug effects
Henipavirus Infections/*drug therapy/*mortality
Humans
Mesocricetus
Nipah Virus/drug effects
Ribavirin/pharmacology/*therapeutic use
Survival Analysis
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Virulence Factors/*metabolism���Sep���A number of paramyxoviruses are responsible for acute respiratory infections in children, elderly and immuno-compromised individuals, resulting in airway inflammation and exacerbation of chronic diseases like asthma. To understand the molecular pathogenesis of these infections, we searched for cellular targets of the virulence protein C of human parainfluenza virus type 3 (hPIV3-C). We found that hPIV3-C interacts directly through its C-terminal domain with STAT1 and GRB2, whereas C proteins from measles or Nipah viruses failed to do so. Binding to STAT1 explains the previously reported capacity of hPIV3-C to block type I interferon signaling, but the interaction with GRB2 was unexpected. This adaptor protein bridges Epidermal Growth Factor (EGF) receptor to MAPK/ERK pathway, a signaling cascade recently found to be involved in airway inflammatory response. We report that either hPIV3 infection or transient expression of hPIV3-C both increase cellular response to EGF, as assessed by Elk1 transactivation and phosphorylation levels of ERK1/2, 40S ribosomal subunit protein S6 and translation initiation factor 4E (eIF4E). Furthermore, inhibition of MAPK/ERK pathway with U0126 prevented viral protein expression in infected cells. Altogether, our data provide molecular basis to explain the role of hPIV3-C as a virulence factor and determinant of pathogenesis and demonstrate that Paramyxoviridae have evolved a single virulence factor to block type I interferon signaling and to boost simultaneous cellular response to growth factors.,��https://www.ncbi.nlm.nih.gov/pubmed/19806178L��Caignard, Gregory
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Viral Structural Proteins/genetics/*metabolism���AugÖ��The Nipah virus (NiV) phosphoprotein (P) gene encodes the C, P, V, and W proteins. P, V, and W, have in common an amino-terminal domain sufficient to bind STAT1, inhibiting its interferon (IFN)-induced tyrosine phosphorylation. P is also essential for RNA-dependent RNA polymerase function. C is encoded by an alternate open reading frame (ORF) within the common amino-terminal domain. Mutations within residues 81 to 113 of P impaired its polymerase cofactor function, as assessed by a minireplicon assay, but these mutants retained STAT1 inhibitory function. Mutations within the residue 114 to 140 region were identified that abrogated interaction with and inhibition of STAT1 by P, V, and W without disrupting P polymerase cofactor function. Recombinant NiVs were then generated. A G121E mutation, which abrogated inhibition of STAT1, was introduced into a C protein knockout background (C(ko)) because the mutation would otherwise also alter the overlapping C ORF. In cell culture, relative to the wild-type virus, the C(ko) mutation proved attenuating but the G121E mutant virus replicated identically to the C(ko) virus. In cells infected with the wild-type and C(ko) viruses, STAT1 was nuclear despite the absence of tyrosine phosphorylation. This latter observation mirrors what has been seen in cells expressing NiV W. In the G121E mutant virus-infected cells, STAT1 was not phosphorylated and was cytoplasmic in the absence of IFN stimulation but became tyrosine phosphorylated and nuclear following IFN addition. These data demonstrate that the gene for NiV P encodes functions that sequester inactive STAT1 in the nucleus, preventing its activation and suggest that the W protein is the dominant inhibitor of STAT1 in NiV-infected cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19515782F��Ciancanelli, Michael J
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*Zoonoses���Aug'��Nearly 75% of all emerging infectious diseases (EIDs) that impact or threaten human health are zoonotic. The majority have spilled from wildlife reservoirs, either directly to humans or via domestic animals. The emergence of many can be attributed to predisposing factors such as global travel, trade, agricultural expansion, deforestation/habitat fragmentation, and urbanization; such factors increase the interface and/or the rate of contact between human, domestic animal, and wildlife populations, thereby creating increased opportunities for spillover events to occur. Infectious disease emergence can be regarded as primarily an ecological process. The epidemiological investigation of EIDs associated with wildlife requires a trans-disciplinary approach that includes an understanding of the ecology of the wildlife species, and an understanding of human behaviours that increase risk of exposure. Investigations of the emergence of Nipah virus in Malaysia in 1999 and severe acute respiratory syndrome (SARS) in China in 2003 provide useful case studies. The emergence of Nipah virus was associated with the increased size and density of commercial pig farms and their encroachment into forested areas. The movement of pigs for sale and slaughter in turn led to the rapid spread of infection to southern peninsular Malaysia, where the high-density, largely urban pig populations facilitated transmission to humans. Identifying the factors associated with the emergence of SARS in southern China requires an understanding of the ecology of infection both in the natural reservoir and in secondary market reservoir species. A necessary extension of understanding the ecology of the reservoir is an understanding of the trade, and of the social and cultural context of wildlife consumption. Emerging infectious diseases originating from wildlife populations will continue to threaten public health. Mitigating and managing the risk requires an appreciation of the connectedness between human, livestock and wildlife health, and of the factors and processes that disrupt the balance.,��https://www.ncbi.nlm.nih.gov/pubmed/19497090���Field, H E
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Zoonoses/*epidemiology/*virology���Jun`��Prior to the emergence of Hendra virus in Australia in 1994, paramyxoviruses were considered to be a taxonomic group of ubiquitous pathogens, consisting primarily of Biosafety Level 2 agents, which possessed narrow host ranges and often caused only mild or preventable diseases in humans and animals. In recent years, a number of Paramyxoviridae members have emerged, including previously unrecognized human pathogens and highly pathogenic zoonoses. The recent emergence of paramyxoviruses in humans suggests that there is an increased incidence of zoonotic transmission between wildlife, livestock and human hosts. This article explores the current body of scientific knowledge, disease burden and knowledge of reservoirs of these emerging paramyxoviruses and provides a comparative review of both older and emerging viruses that have been shown to infect humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19492965���Virtue, Elena R
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Vasculitis/immunology/pathology/virology���Jun���AIM: To study the pathology of two cases of human Hendra virus infection, one with no clinical encephalitis and one with relapsing encephalitis. METHODS: Autopsy tissues were investigated by light microscopy, immunohistochemistry and in situ hybridization. RESULTS: In the patient with acute pulmonary syndrome but not clinical acute encephalitis, vasculitis was found in the brain, lung, heart and kidney. Occasionally, viral antigens were demonstrated in vascular walls but multinucleated endothelial syncytia were absent. In the lung, there was severe inflammation, necrosis and viral antigens in type II pneumocytes and macrophages. The rare kidney glomerulus showed inflammation and viral antigens in capillary walls and podocytes. Discrete necrotic/vacuolar plaques in the brain parenchyma were associated with antigens and viral RNA. Brain inflammation was mild although CD68(+) microglia/macrophages were significantly increased. Cytoplasmic viral inclusions and antigens and viral RNA in neurones and ependyma suggested viral replication. In the case of relapsing encephalitis, there was severe widespread meningoencephalitis characterized by neuronal loss, macrophages and other inflammatory cells, reactive blood vessels and perivascular cuffing. Antigens and viral RNA were mainly found in neurones. Vasculitis was absent in all the tissues examined. CONCLUSIONS: The case of acute Hendra virus infection demonstrated evidence of systemic infection and acute encephalitis. The case of relapsing Hendra virus encephalitis showed no signs of extraneural infection but in the brain, extensive inflammation and infected neurones were observed. Hendra virus can cause acute and relapsing encephalitis and the findings suggest that the pathology and pathogenesis are similar to Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19473296���Wong, K T
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��Neuroradiol J���22���2���May 15è��Systemic lupus erythematosus (SLE) has diverse imaging features. However, focal lesions in the corpus callosum are extremely rare in SLE with only few cases mentioned in the literature, with no mention of callosal holes in SLE. Callosal holes have been described as a characteristic finding in Susac syndrome and have been mentioned in Nipah virus encephalitis, Marchiafava Bignami disease and periventricular leukomalacia. We describe a case of SLE with callosal holes. The demonstration of callosal holes in this case brings the imaging appearance of SLE a step closer to that of Susac syndrome which is considered a clinically and radiologically close condition. It also adds to the list of imaging appearances of central nervous system SLE.,��https://www.ncbi.nlm.nih.gov/pubmed/24207034���Shaikh, R
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Viral Proteins/genetics���SepW��Nipah virus (NiV) is a new zoonotic paramyxovirus that emerged in 1998 and is now classified in the genus Henipavirus along with the closely related Hendra virus (HeV). NiV is highly pathogenic in several vertebrate species including humans, and the lack of available vaccines or specific treatment restricts it to biosafety level 4 (BSL4) containment. A serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing green fluorescent protein (GFP) and bearing the F and G proteins of NiV (VSV-NiV-GFP). The neutralization titers were obtained by counting GFP-expressing cells or by measuring fluorescence. The performance of this new assay was compared against the conventional test using live NiV with panels of sera from several mammalian species, including sera from NiV outbreaks, experimental infections, as well as HeV-specific sera. The results obtained with the VSV-NiV-GFP based test correlated with those obtained using live NiV. Using a 50% reduction in VSV-NiV-GFP infected cells as the cut-off for neutralization, this new assay demonstrated its potential as an effective tool for detecting NiV neutralizing antibodies under BSL2 containment with greater speed, sensitivity and safety as compared to the conventional NiV serum neutralization test.,��https://www.ncbi.nlm.nih.gov/pubmed/19433112���Kaku, Yoshihiro
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Virus Replication/*drug effects���Jun²��We have recently described the development and validation of a high throughput screening assay suitable for henipavirus antiviral identification. While we are confident this assay is robust and effective, we wished to investigate assay performance in a range of alternative cell lines to determine if assay sensitivity and specificity could be improved. We evaluated ten different cell lines for their susceptibility to Hendra and Nipah virus infection and their sensitivity of detection of the effects of the broad spectrum antiviral, ribavirin and nine novel antivirals identified using our initial screening approach. Cell lines were grouped into three categories with respect to viral replication. Virus replicated best in Vero and BSR cells, followed by Hep-2, HeLa, BHK-21 and M17 cells. The lowest levels of RNA replication and viral protein expression were observed in BAEC, MMEC, A549 and ECV304 cells. Eight cell lines appeared to be similarly effective at discriminating the antiviral effects of ribavirin (<2.7-fold difference). The two cells lines most sensitive to the effect of ribavirin (ECV304 and BAEC) also displayed the lowest levels of viral replication while Vero cells were the least sensitive suggesting excess viral replication may limit drug efficacy and cell lines which limit viral replication may result in enhanced antiviral efficacy. However, there was no consistent trend observed with the other nine antivirals tested. While improvements in antiviral sensitivity in other cell lines may indicate an important role in future HTS assays, the slightly lower sensitivity to antiviral detection in Vero cells has inherent advantages in reducing the number of partially effective lead molecules identified during initial screens. Comparison of a panel of 54 novel antiviral compounds identified during routine screening of an in-house compound library in Vero, BHK-21 and BSR cells suggests no clear advantage of screening in either cell type.,��https://www.ncbi.nlm.nih.gov/pubmed/19428741���Aljofan, Mohamad
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Viral Proteins/genetics/metabolism���Jul���Diverse members of the Paramyxovirus family of negative-strand RNA viruses effectively suppress host innate immune responses through the actions of their V proteins. The V protein mediates interference with the interferon regulatory RNA helicase MDA5 to avoid cellular antiviral responses. Analysis of the interaction interface revealed the MDA5 helicase C domain as necessary and sufficient for association with V proteins from human parainfluenza virus type 2, parainfluenza virus type 5, measles virus, mumps virus, Hendra virus, and Nipah virus. The identified approximately 130-residue region is highly homologous between MDA5 and the related antiviral helicase LGP2, but not RIG-I. Results indicate that the paramyxovirus V proteins can also associate with LGP2. The V protein interaction was found to disrupt ATP hydrolysis mediated by both MDA5 and LGP2. These findings provide a potential mechanistic basis for V protein-mediated helicase interference and identify LGP2 as a second cellular RNA helicase targeted by paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/19403670���Parisien, Jean-Patrick
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Time Factors���Mar���After 12 serial Nipah virus outbreaks in humans since 1998, it has been noted that all except the initial event in Malaysia occurred during the first 5 months of the year. Increasingly higher morbidity and mortality have been observed in subsequent outbreaks in India and Bangladesh. This may have been related to different virus strains and transmission capability from bat to human without the need for an amplifying host and direct human-to-human transmission. A survey of virus strains in Pteropus lylei and seasonal preference for spillover of these viruses was completed in seven provinces of Central Thailand between May 2005 and June 2007. Nipah virus RNA sequences, which belonged to those of the Malaysian and Bangladesh strains, were detected in the urine of these bats, with the Bangladesh strain being dominant. Highest recovery of Nipah virus RNA was observed in May. Of two provincial sites where monthly surveys were done, the Bangladesh strain was almost exclusively detected during April to June. The Malaysian strain was found dispersed during December to June. Although direct contact during breeding (in December to April) was believed to be an important transmission factor, our results may not entirely support the role of breeding activities in spillage of virus. Greater virus shedding over extended periods in the case of the Malaysian strain and the highest peak of virus detection in May in the case of the Bangladesh strain when offspring started to separate may suggest that there may be responsible mechanisms other than direct contact during breeding in the same roost. Knowledge of seasonal preferences of Nipah virus shedding in P. lylei will help us to better understand the dynamics of Nipah virus transmission and have implications for disease management.,��https://www.ncbi.nlm.nih.gov/pubmed/19402762"��Wacharapluesadee, Supaporn
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Recombinant Fusion Proteins/genetics/isolation & purification/metabolism���May 152��Nucleocapsid (N) protein of Nipah virus (NiV) is a potential serological marker used in the diagnosis of NiV infections. In this study, a rapid and efficient purification system, HisTrap 6 Fast Flow packed bed column was applied to purify recombinant histidine-tagged N protein of NiV from clarified feedstock. The optimizations of binding and elution conditions of N protein of NiV onto and from Nickel Sepharose 6 Fast Flow were investigated. The optimal binding was achieved at pH 7.5, superficial velocity of 1.25 cm/min. The bound N protein was successfully recovered by a stepwise elution with different concentration of imidazole (50, 150, 300 and 500 mM). The N protein of NiV was captured and eluted from an inlet N protein concentration of 0.4 mg/ml in a scale-up immobilized metal affinity chromatography (IMAC) packed bed column of Nickel Sepharose 6 Fast Flow with the optimized condition obtained from the method scouting. The purification of histidine-tagged N protein using IMAC packed bed column has resulted a 68.3% yield and a purification factor of 7.94.,��https://www.ncbi.nlm.nih.gov/pubmed/19395325-��Chong, Fui Chin
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Receptors, Virus/metabolismÊ��Enhanced green fluorescent protein (EGFP) is a useful marker protein which enables the tracing of virus infection. Recombinant viruses expressing EGFP are useful for the investigation of the underlying mechanism of viral infection in vitro and in vivo. Using EGFP-expressing recombinant Nipah virus (NiV) and canine distemper virus (CDV), we tested the susceptibility of a variety of cells to infection. Receptor usage in CDV infection was also investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/19378121³��Yoneda, Misako
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Viscera/blood supply/virology���May 10B��Hendra virus (HeV) and Nipah virus (NiV) are recently-emerged, closely related and highly pathogenic paramyxoviruses. We have analysed here the pathogenesis of the acute HeV infection using the new animal model, golden hamster (Mesocricetus auratus), which is highly susceptible to HeV infection. HeV-specific RNA and viral antigens were found in multiple organs and virus was isolated from different tissues. Dual pathogenic mechanism was observed: parenchymal infection in various organs, including the brain, with vasculitis and multinucleated syncytia in many blood vessels. Furthermore, monoclonal antibodies specific for the NiV fusion protein neutralized HeV in vitro and efficiently protected hamsters from HeV if given before infection. These results reveal the similarities between HeV and NiV pathogenesis, particularly in affecting both respiratory and neuronal system. They demonstrate that hamster presents a convenient novel animal model to study HeV infection, opening new perspectives to evaluate vaccine and therapeutic approaches against this emergent infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/19328514���Guillaume, Vanessa
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Respiratory Tract Infections/*epidemiology/mortality/virology
Taiwan/epidemiologyx��Human metapneumovirus (hMPV) is a paramyxovirus that is associated with respiratory tract infection (RTI) mostly in children, but these outbreaks have rarely been reported in adults. We encountered an outbreak of this disease involving 10 adults in a psychiatric ward in eastern Taiwan. The nasopharyngeal swab specimens from 13 patients with symptoms of RTI were obtained and analyzed. The RT-PCR tests were negative to influenza virus A/B, adenovirus, RSV, parainfluenza virus, coronavirus, Nipah virus and Legionella. The antigen tests were negative to Legionella, Chlamydia, and Mycoplasma. Blood culture was negative in all except patient no. 1, who was found positive for coagulase-negative staphylococci. The hMPV was identified in 10 of 13 adults (77%), but negative for the other virus. Cough was present in all (100%), fever in 90%, and X-ray evidence of pneumonia in 7 patients. One patient died of respiratory failure. We report this outbreak in a mental hospital to alert the medical profession that this unusual infection of hMPV can occur as an outbreak in an adult setting and is an occupational hazard for healthcare personnel.,��https://www.ncbi.nlm.nih.gov/pubmed/19308801ê��Tu, Chuan-Chou
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Time Factors
Unemployment���Mar���The authors examined the effects of Florida's Family Transition Program (FTP), one of the first welfare reform initiatives to include a time limit on the receipt of federal cash assistance with other welfare requirements, on single-mother welfare-receiving families. Using a regression-based subgroup approach, they identified a group of families who were at risk of reaching the welfare time limit and subsequently assessed the experimental effects of the time-limited welfare policy on this group as compared to an otherwise comparable group of single-mother welfare-recipient families. For the families who were at risk of reaching the welfare time limit, FTP had few effects. FTP decreased mothers' depressive symptoms, and mothers in the FTP group reported higher levels of children's school achievement. There were no effects on parenting behavior or mothers' reports of children's social-emotional outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/19271826"��Morris, Pamela A
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Virus Replication���Mayà��Nipah (NiV) and Hendra (HeV) viruses are emerging zoonotic paramyxoviruses that cause encephalitis in humans, with fatality rates of up to 75%. We designed a new high-throughput screening (HTS) assay for inhibitors of infection based on envelope glycoprotein pseudotypes. The assay simulates multicycle replication and thus identifies inhibitors that target several stages of the viral life cycle, but it still can be carried out under biosafety level 2 (BSL-2) conditions. These features permit a screen for antivirals for emerging viruses and select agents that otherwise would require BSL-4 HTS facilities. The screening of a small compound library identified several effective molecules, including the well-known compound chloroquine, as highly active inhibitors of pseudotyped virus infection. Chloroquine inhibited infection with live HeV and NiV at a concentration of 1 microM in vitro (50% inhibitory concentration, 2 microM), which is less than the plasma concentrations present in humans receiving chloroquine treatment for malaria. The mechanism for chloroquine's antiviral action likely is the inhibition of cathepsin L, a cellular enzyme that is essential for the processing of the viral fusion glycoprotein and the maturation of newly budding virions. Without this processing step, virions are not infectious. The identification of a compound that inhibits a known cellular target that is important for viral maturation but that had not previously been shown to have antiviral activity for henipaviruses highlights the validity of this new screening assay. Given the established safety profile and broad experience with chloroquine in humans, the results described here provide an option for treating individuals infected by these deadly viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19264786À��Porotto, Matteo
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Molecular Biology/*methodsV��Interest in the potential of monoclonal antibodies (mAbs) to serve as therapeutic agents has surged in the past decade with a major emphasis on human viral diseases. There has been much attention in this area directed towards the human immunodeficiency virus type-1 (HIV-1) and promising research developments have emerged on the inhibition of HIV-1 infection by mAbs and the identification of several highly conserved neutralizing epitopes. More recently, potent fully-human neutralizing mAbs have been developed against a variety of important human viral disease agents including the paramyxoviruses Hendra virus and Nipah virus, and human or humanized mAbs have been developed against severe acute respiratory syndrome coronavirus (SARS CoV), and West Nile virus, among others. Most of these more recently developed antiviral mAbs have come from the use of antibody phage-display technologies and the implementation of simplified, inexpensive yet efficient methods, for expressing and purifying the initially selected fragment antibodies is of prime importance in further facilitating this area of research.,��https://www.ncbi.nlm.nih.gov/pubmed/19252844å��Dimitrova, Dimana
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SARS Virus/*immunology���MarÁ��BACKGROUND: Recently, several potently neutralizing fully human monoclonal antibodies (hmAbs) targeting the severe acute respiratory syndrome-associated coronavirus (SARS CoV) S glycoprotein, and the G glycoprotein of the paramyxoviruses Hendra virus (HeV) and Nipah virus (NiV) have been discovered [corrected]. OBJECTIVE: To examine, compare and contrast the functional characteristics of hmAbs with the potential for prophylaxis and treatment of diseases caused by SARS CoV, HeV and NiV. METHODS: A review of relevant literature. RESULTS/CONCLUSIONS: Structural, functional and biochemical analyses [corrected] have provided insights into the molecular mechanisms of receptor recognition and antibody neutralization, and suggested that these antibodies alone or in combination could fight the viruses' heterogeneity and mutability, which is a major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/192166242��Prabakaran, Ponraj
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Viral Structural Proteins/*biosynthesis���Apri��Nipah virus (NiV) is predicted to encode four proteins from its P gene (P, V, W, and C) via mRNA editing and an alternate open reading frame. By use of specific antibodies, the expression of the V, W, and C proteins in NiV-infected cells has now been confirmed. Analysis of the P-gene transcripts shows a ratio of P:V:W mRNA of 1:1:1, but this differs over time, with greater proportions of V and W transcripts observed as the infection progresses. Eighty-two percent of transcripts are edited, with up to 11 G insertions observed. This exceptionally high editing frequency ensures expression of the V and W proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/192117542��Kulkarni, Sachin
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization���Aug 20V��Human defensins, which are small cationic peptides produced by neutrophils and epithelial cells, form two genetically distinct alpha and beta subfamilies. They are involved in innate immunity through killing microbial pathogens or neutralizing bacterial toxins and in adaptive immunity by serving as chemoattractants and activators of immune cells. alpha-defensins are mainly packaged in neutrophil granules (HNP1, HNP2, HNP3) or secreted by intestinal Paneth cells (HD5, HD6), while beta-defensins are expressed in mucosa and epithelial cells. Using surface enhanced laser desorption/ionisation time-of-flight (SELDI-TOF) mass spectrometry (MS), alpha-defensins were found to be expressed in a variety of human tumours, either in tumour cells or at their surface. HNP1-3 peptides are also secreted and their accumulation in biological fluids was proposed as a tumour biomarker. Conversely, beta-defensin-1 (HBD-1) is down-regulated in some tumour types in which it could behave as a tumour suppressor protein. Alpha-defensins promote tumour cell growth or, at higher concentration, provoke cell death. These peptides also inhibit angiogenesis, which, in addition to immunomodulation, indicates a complex role in tumour development. This review summarizes current knowledge of defensins to discuss their role in tumour growth, tumour monitoring and cancer treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/19186224è��Droin, Nathalie
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Interviews as Topic
Medicine, Traditional
*Nipah Virus
Rural Population���Jan���Continued Nipah encephalitis outbreaks in Bangladesh highlight the need for preventative and control measures to reduce transmission from bats to humans and human-to-human spread. Qualitative research was conducted at the end of an encephalitis outbreak in Faridpur, Bangladesh in May 2004 and continued through December 2004. Methods included in-depth interviews with caretakers of cases, case survivors, neighbors of cases, and health providers. Results show contrasts between local and biomedical views on causal explanations and appropriate care. Social norms demanded that family members maintain physical contact with sick patients, potentially increasing the risk of human-to-human transmission. Initial treatment strategies by community members involved home remedies, and public health officials encouraged patient hospitalization. Over time, communities linked the outbreak to supernatural powers and sought care with spiritual healers. Differing popular and medical views of illness caused conflict and rejection of biomedical recommendations. Future investigators should consider local perceptions of disease and treatment when developing outbreak strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/19141846���Blum, Lauren S
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Sequence Deletion���Feb���The nucleocapsid protein of Nipah virus produced in Escherichia coli assembled into herringbone-like particles. The amino- and carboxy-termini of the N protein were shortened progressively to define the minimum contiguous sequence involved in capsid assembly. The first 29 aa residues of the N protein are dispensable for capsid formation. The 128 carboxy-terminal residues do not play a role in the assembly of the herringbone-like particles. A region with amino acid residues 30-32 plays a crucial role in the formation of the capsid particle. Deletion of any of the four conserved hydrophobic regions in the N protein impaired capsid formation. Replacement of the central conserved regions with the respective sequences from the Newcastle disease virus restored capsid formation.,��https://www.ncbi.nlm.nih.gov/pubmed/19141448Ò��Ong, Swee Tin
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*Virus Internalization���Dec 24%��BACKGROUND: Cell entry and cell-to-cell spread of the highly pathogenic Nipah virus (NiV) requires binding of the NiV G protein to cellular ephrin receptors and subsequent NiV F-mediated fusion. Since expression levels of the main NiV entry receptor ephrin-B2 (EB2) are highly regulated in vivo to fulfill the physiological functions in axon guidance and angiogenesis, the goal of this study was to determine if changes in the EB2 expression influence NiV infection. RESULTS: Surprisingly, transfection of increasing EB2 plasmid concentrations reduced cell-to-cell fusion both in cells expressing the NiV glycoproteins and in cells infected with NiV. This effect was attributed to the downregulation of the NiV glycoproteins from the cell surface. In addition to the influence on cell-to-cell fusion, increased EB2 expression significantly reduced the total amount of NiV-infected cells, thus interfered with virus entry. To determine if the negative effect of elevated EB2 expression on virus entry is a result of an increased EB2 signaling, receptor function of a tail-truncated and therefore signaling-defective DeltacEB2 was tested. Interestingly, DeltacEB2 fully functioned as NiV entry and fusion receptor, and overexpression also interfered with virus replication. CONCLUSION: Our findings clearly show that EB2 signaling does not account for the striking negative impact of elevated receptor expression on NiV infection, but rather that the ratio between the NiV envelope glycoproteins and surface receptors critically influence cell-to-cell fusion and virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19108727Ø��Thiel, Lena
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Swine/virology���Decü��The Nipah virus outbreak in Malaysia (September 1998 to May 1999) resulted in 265 cases of acute encephalitis with 105 deaths, and near collapse of the billion-dollar pig-farming industry. Because it was initially attributed to Japanese encephalitis, early control measures were ineffective, and the outbreak spread to other parts of Malaysia and nearby Singapore. The isolation of the novel aetiological agent, the Nipah virus (NiV), from the cerebrospinal fluid of an outbreak victim was the turning point which led to outbreak control 2 months later. Together with the Hendra virus, NiV is now recognised as a new genus, Henipavirus (Hendra + Nipah), in the Paramyxoviridae family. Efforts of the local and international scientific community have since elucidated the epidemiology, clinico-pathophysiology and pathogenesis of this new disease. Humans contracted the infection from close contact with infected pigs, and formed the basis for pig-culling that eventually stopped the outbreak. NiV targeted medium-sized and small blood vessels resulting in endothelial multinucleated syncytia and fibrinoid necrosis. Autopsies revealed disseminated cerebral microinfarctions resulting from vasculitis-induced thrombosis and direct neuronal involvement. The discovery of NiV in the urine and saliva of Malaysian Island flying foxes (Pteropus hypomelanus and Petropus vampyrus) implicated these as natural reservoir hosts of NiV. It is probable that initial transmission of NiV from bats to pigs occurred in late 1997/early 1998 through contamination of pig swill by bat excretions, as a result of migration of these forest fruitbats to cultivated orchards and pig-farms, driven by fruiting failure of forest trees during the El Nino-related drought and anthropogenic fires in Indonesia in 1997-1998. This outbreak emphasizes the need for sharing information of any unusual illnesses in animals and humans, an open-minded approach and close collaboration and co-ordination between the medical profession, veterinarians and wildlife specialists in the investigation of such illnesses. Environmental mismanagement (such as deforestation and haze) has far-reaching effects, including encroachment of wildlife into human habitats and the introduction of zoonotic infections into domestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19108397h��Looi, Lai-Meng
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*Nipah Virus���SepT��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level four pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the 20th century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarises current published data relating to experimental infection of small and large animals, including the natural reservoir species, the Pteropus bat, with HeV or NiV. Susceptibility to infection and virus distribution in the individual species is discussed, along with the pathogenesis, pathological changes, and potential routes of transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/19084436¦��Weingartl, Hana M
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*Virus Internalization���Nov 26²��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes severe diseases in animals and humans. Endothelial cell (EC) infection is an established hallmark of NiV infection in vivo. Despite systemic virus spread via the vascular system, EC in brain and lung are preferentially infected whereas EC in other organs are less affected. As in vivo, we found differences in the infection of EC in cell culture. Only brain-derived primary or immortalized EC were found to be permissive to NiV infection. Using a replication-independent fusion assay, we could show that the lack of infection in non-brain EC was due to a lack of receptor expression. The NiV entry receptors ephrinB2 (EB2) or ephrinB3 were only expressed in brain endothelia. The finding that EB2 expression in previously non-permissive aortic EC rendered the cells permissive to infection then demonstrated that EB2 is not only necessary but also sufficient to allow the establishment of a productive NiV infection. This strongly suggests that limitations in receptor expression restrict virus entry in certain EC subsets in vivo, and are thus responsible for the differences in EC tropism observed in human and animal NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/19036148ª��Erbar, Stephanie
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*Virus Internalization/drug effects���Jan 16­��Cellular entry of paramyxoviruses requires the coordinated action of both the attachment (G/H/HN) and fusion (F) glycoproteins, but how receptor binding activates G to trigger F-mediated fusion during viral entry is not known. Here, we identify a receptor (ephrinB2)-induced allosteric activation site in Nipah virus (NiV) G involved in triggering F-mediated fusion. We first generated a conformational monoclonal antibody (monoclonal antibody 45 (Mab45)) whose binding to NiV-G was enhanced upon NiV-G-ephrinB2 binding. However, Mab45 also inhibited viral entry, and its receptor binding-enhanced (RBE) epitope was temperature-dependent, suggesting that the Mab45 RBE epitope on G may be involved in triggering F. The Mab45 RBE epitope was mapped to the base of the globular domain (beta6S4/beta1H1). Alanine scan mutants within this region that did not exhibit this RBE epitope were also non-fusogenic despite their ability to bind ephrinB2, oligomerize, and associate with F at wild-type (WT) levels. Although circular dichroism revealed conformational changes in the soluble ectodomain of WT NiV-G upon ephrinB2 addition, no such changes were detected with soluble RBE epitope mutants or short-stalk G mutants. Additionally, WT G, but not a RBE epitope mutant, could dissociate from F upon ephrinB2 engagement. Finally, using a biotinylated HR2 peptide to detect pre-hairpin intermediate formation, a cardinal feature of F-triggering, we showed that ephrinB2 binding to WT G, but not the RBE-epitope mutants, could trigger F. In sum, we implicate the coordinated interaction between the base of NiV-G globular head domain and the stalk domain in mediating receptor-induced F triggering during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19019819è��Aguilar, Hector C
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Zoonoses/epidemiology/transmission/*virology���May.��Over the past decade, a number of unique zoonotic and non-zoonotic viruses have emerged in Malaysia. Several of these viruses have resulted in significant morbidity and mortality to those affected and they have imposed a tremendous public health and economic burden on the state. Amongst the most devastating was the outbreak of Nipah virus encephalitis in 1998, which resulted in 109 deaths. The culling of more than a million pigs, identified as the amplifying host, ultimately brought the outbreak under control. A year prior to this, and subsequently again in 2000 and 2003, large outbreaks of hand-foot-and-mouth disease due to enterovirus 71, with rare cases of fatal neurological complications, were reported in young children. Three other new viruses - Tioman virus (1999), Pulau virus (1999), and Melaka virus (2006) - whose origins have all been linked to bats, have been added to the growing list of novel viruses being discovered in Malaysia. The highly pathogenic H5N1 avian influenza has also been detected in Malaysia with outbreaks in poultry in 2004, 2006, and 2007. Fortunately, no human infections were reported. Finally, the HIV/AIDS epidemic has seen the emergence of an HIV-1 recombinant form (CRF33_01B) in HIV-infected individuals from various risk groups, with evidence of ongoing and rapid expansion.,��https://www.ncbi.nlm.nih.gov/pubmed/19010076Ñ��Tee, Kok Keng
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*Virus Shedding���Nov 10�	�BACKGROUND: Nipah virus (NiV) is a recently emerged paramyxovirus capable of causing fatal disease in a broad range of mammalian hosts, including humans. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the family Paramyxoviridae. Recombinant expression systems have played a crucial role in studying the cell biology of these Biosafety Level-4 restricted viruses. Henipavirus assembly and budding occurs at the plasma membrane, although the details of this process remain poorly understood. Multivesicular body (MVB) proteins have been found to play a role in the budding of several enveloped viruses, including some paramyxoviruses, and the recruitment of MVB proteins by viral proteins possessing late budding domains (L-domains) has become an important concept in the viral budding process. Previously we developed a system for producing NiV virus-like particles (VLPs) and demonstrated that the matrix (M) protein possessed an intrinsic budding ability and played a major role in assembly. Here, we have used this system to further explore the budding process by analyzing elements within the M protein that are critical for particle release. RESULTS: Using rationally targeted site-directed mutagenesis we show that a NiV M sequence YPLGVG is required for M budding and that mutation or deletion of the sequence abrogates budding ability. Replacement of the native and overlapping Ebola VP40 L-domains with the NiV sequence failed to rescue VP40 budding; however, it did induce the cellular morphology of extensive filamentous projection consistent with wild-type VP40-expressing cells. Cells expressing wild-type NiV M also displayed this morphology, which was dependent on the YPLGVG sequence, and deletion of the sequence also resulted in nuclear localization of M. Dominant-negative VPS4 proteins had no effect on NiV M budding, suggesting that unlike other viruses such as Ebola, NiV M accomplishes budding independent of MVB cellular proteins. CONCLUSION: These data indicate that the YPLGVG motif within the NiV M protein plays an important role in M budding; however, involvement of any specific components of the cellular MVB sorting pathway in henipavirus budding remains to be demonstrated. Further investigation of henipavirus assembly and budding may yet reveal a novel mechanism(s) of viral assembly and release that could be applicable to other enveloped viruses or have therapeutic implications.,��https://www.ncbi.nlm.nih.gov/pubmed/19000317#��Patch, Jared R
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SARS Virus���Oct@��Acute respiratory viruses are a major cause of morbidity and mortality in humans worldwide and most acute respiratory infections are caused by viruses. Many of these viruses cause the highest burden of disease in specific risk groups such as young infants, the elderly, and immune-compromised individuals. Although the most important respiratory viruses of humans have been identified in the last century, in the past decade about a dozen "new" viruses have been discovered that may cause a high burden of acute respiratory disease in humans. Not only viruses were discovered that must have been with humans for many decades or centuries, such as human metapneumovirus and 2 different human coronaviruses, but also viruses that are truly new for humans and have emerged as a result of recent interspecies transmissions from other mammalian or avian reservoirs. The latter include highly pathogenic avian influenza viruses, severe acute respiratory syndrome (SARS) coronavirus, and Nipah virus. The discovery, etiologic role, and burden of disease caused by these infections are described.,��https://www.ncbi.nlm.nih.gov/pubmed/18820582£��Osterhaus, Albert D M E
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Singapore/epidemiology���Dec$��Nipah virus first emerged in Malaysia and Singapore between 1998 and 1999, causing severe febrile encephalitis in humans with a mortality rate of close to 40%. In addition, a significant portion of those recovering from acute infection had relapse encephalitis and long-term neurological defects. Since its initial outbreak, there have been numerous outbreaks in Bangladesh and India, in which the mortality rate rose to approximately 70%. These subsequent outbreaks were distinct from the initial outbreak, both in their epidemiology and in their clinical presentations. Recent developments in diagnostics may expedite disease diagnosis and outbreak containment, while progress in understanding the molecular biology of Nipah virus could lead to novel therapeutics and vaccines for this deadly pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/18835214���Lo, Michael K
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Viral Vaccines/*immunology���Dec[��Two members of the paramyxovirus family, Nipah virus (NiV) and Hendra virus (HeV), are recent additions to a growing number of agents of emergent diseases which use bats as a natural host. Identification of ephrin-B2 and ephrin-B3 as cellular receptors for these viruses has enabled the development of immunotherapeutic reagents which prevent virus attachment and subsequent fusion. Here we present the structural analysis of the protein and carbohydrate components of the unbound viral attachment glycoprotein of NiV glycoprotein (NiV-G) at a 2.2-A resolution. Comparison with its ephrin-B2-bound form reveals that conformational changes within the envelope glycoprotein are required to achieve viral attachment. Structural differences are particularly pronounced in the 579-590 loop, a major component of the ephrin binding surface. In addition, the 236-245 loop is rather disordered in the unbound structure. We extend our structural characterization of NiV-G with mass spectrometric analysis of the carbohydrate moieties. We demonstrate that NiV-G is largely devoid of the oligomannose-type glycans that in viruses such as human immunodeficiency virus type 1 and Ebola virus influence viral tropism and the host immune response. Nevertheless, we find putative ligands for the endothelial cell lectin, LSECtin. Finally, by mapping structural conservation and glycosylation site positions from other members of the paramyxovirus family, we suggest the molecular surface involved in oligomerization. These results suggest possible pathways of virus-host interaction and strategies for the optimization of recombinant vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/18815311Á��Bowden, Thomas A
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Recurrence���Augí��Viral encephalitis presents with seizures not only in the acute stage but also increases the risk of late unprovoked seizures and epilepsy. Acute symptomatic and late unprovoked seizures in different viral encephalitides are reviewed here. Among the sporadic viral encephalitides, Herpes simplex encephalitis (HSE) is perhaps most frequently associated with epilepsy, which may often be severe. Seizures may be the presenting feature in 50% patients with HSE because of involvement of the highly epileptogenic frontotemporal cortex. The occurrence of seizures in HSE is associated with poor prognosis. In addition, chronic and relapsing forms of HSE have been described and these may be associated with antiepileptic drug-resistant seizures. Among the epidemic (usually due to flaviviruses) viral encephalitides, Japanese encephalitis (JE) is most common and is associated with acute symptomatic seizures, especially in children. The reported frequency of acute symptomatic seizures in JE is 7-46%. Encephalitis due to other flaviviruses such as equine, St. Louis, and West Nile viruses may also manifest with acute symptomatic seizures. In Nipah virus encephalitis, seizures are more common in relapsed and late-onset encephalitis in comparison to acute encephalitis (4% vs. 1.8%). Other viruses like measles, varicella, mumps, influenza, and entero-viruses may cause seizures depending on the area of brain involved. There is no comprehensive data regarding late unprovoked seizures in different viral encephalitides. Prospective studies are required to document the risk of late unprovoked seizures and epilepsy following viral encephalitis due to different viruses as well as to determine the clinical characteristics, course, and outcome of post-encephalitic epilepsy.,��https://www.ncbi.nlm.nih.gov/pubmed/18754956���Misra, Usha Kant
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Ticlopidine/analogs & derivatives/therapeutic use���OctÙ	�BACKGROUND: The treatment of ischaemic stroke with neuroprotective drugs has been unsuccessful, and whether these compounds can be used to reduce disability after recurrent stroke is unknown. The putative neuroprotective effects of antiplatelet compounds and the angiotensin II receptor antagonist telmisartan were investigated in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial. METHODS: Patients who had had an ischaemic stroke were randomly assigned in a two by two factorial design to receive either 25 mg aspirin (ASA) and 200 mg extended-release dipyridamole (ER-DP) twice a day or 75 mg clopidogrel once a day, and either 80 mg telmisartan or placebo once per day. The predefined endpoints for this substudy were disability after a recurrent stroke, assessed with the modified Rankin scale (mRS) and Barthel index at 3 months, and cognitive function, assessed with the mini-mental state examination (MMSE) score at 4 weeks after randomisation and at the penultimate visit. Analysis was by intention to treat. The study was registered with ClinicalTrials.gov, number NCT00153062. FINDINGS: 20,332 patients (mean age 66 years) were randomised and followed-up for a median of 2.4 years. Recurrent strokes occurred in 916 (9%) patients randomly assigned to ASA with ER-DP and 898 (9%) patients randomly assigned to clopidogrel; 880 (9%) patients randomly assigned to telmisartan and 934 (9%) patients given placebo had recurrent strokes. mRS scores were not statistically different in patients with recurrent stroke who were treated with ASA and ER-DP versus clopidogrel (p=0.38), or with telmisartan versus placebo (p=0.61). There was no significant difference in the proportion of patients with recurrent stroke with a good outcome, as measured with the Barthel index, across all treatment groups. Additionally, there was no significant difference in the median MMSE scores, the percentage of patients with an MMSE score of 24 points or less, the percentage of patients with a drop in MMSE score of 3 points or more between 1 month and the penultimate visit, and the number of patients with dementia among the treatment groups. There were no significant differences in the proportion of patients with cognitive impairment or dementia among the treatment groups. INTERPRETATION: Disability due to recurrent stroke and cognitive decline in patients with ischaemic stroke were not different between the two antiplatelet regimens and were not affected by the preventive use of telmisartan.,��https://www.ncbi.nlm.nih.gov/pubmed/18757238H��Diener, Hans-Christoph
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Treatment Failure���Sep 18���BACKGROUND: Prolonged lowering of blood pressure after a stroke reduces the risk of recurrent stroke. In addition, inhibition of the renin-angiotensin system in high-risk patients reduces the rate of subsequent cardiovascular events, including stroke. However, the effect of lowering of blood pressure with a renin-angiotensin system inhibitor soon after a stroke has not been clearly established. We evaluated the effects of therapy with an angiotensin-receptor blocker, telmisartan, initiated early after a stroke. METHODS: In a multicenter trial involving 20,332 patients who recently had an ischemic stroke, we randomly assigned 10,146 to receive telmisartan (80 mg daily) and 10,186 to receive placebo. The primary outcome was recurrent stroke. Secondary outcomes were major cardiovascular events (death from cardiovascular causes, recurrent stroke, myocardial infarction, or new or worsening heart failure) and new-onset diabetes. RESULTS: The median interval from stroke to randomization was 15 days. During a mean follow-up of 2.5 years, the mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group than in the placebo group. A total of 880 patients (8.7%) in the telmisartan group and 934 patients (9.2%) in the placebo group had a subsequent stroke (hazard ratio in the telmisartan group, 0.95; 95% confidence interval [CI], 0.86 to 1.04; P=0.23). Major cardiovascular events occurred in 1367 patients (13.5%) in the telmisartan group and 1463 patients (14.4%) in the placebo group (hazard ratio, 0.94; 95% CI, 0.87 to 1.01; P=0.11). New-onset diabetes occurred in 1.7% of the telmisartan group and 2.1% of the placebo group (hazard ratio, 0.82; 95% CI, 0.65 to 1.04; P=0.10). CONCLUSIONS: Therapy with telmisartan initiated soon after an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753639$��Yusuf, Salim
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Vascular Diseases/mortality���Sep 18T��BACKGROUND: Recurrent stroke is a frequent, disabling event after ischemic stroke. This study compared the efficacy and safety of two antiplatelet regimens--aspirin plus extended-release dipyridamole (ASA-ERDP) versus clopidogrel. METHODS: In this double-blind, 2-by-2 factorial trial, we randomly assigned patients to receive 25 mg of aspirin plus 200 mg of extended-release dipyridamole twice daily or to receive 75 mg of clopidogrel daily. The primary outcome was first recurrence of stroke. The secondary outcome was a composite of stroke, myocardial infarction, or death from vascular causes. Sequential statistical testing of noninferiority (margin of 1.075), followed by superiority testing, was planned. RESULTS: A total of 20,332 patients were followed for a mean of 2.5 years. Recurrent stroke occurred in 916 patients (9.0%) receiving ASA-ERDP and in 898 patients (8.8%) receiving clopidogrel (hazard ratio, 1.01; 95% confidence interval [CI], 0.92 to 1.11). The secondary outcome occurred in 1333 patients (13.1%) in each group (hazard ratio for ASA-ERDP, 0.99; 95% CI, 0.92 to 1.07). There were more major hemorrhagic events among ASA-ERDP recipients (419 [4.1%]) than among clopidogrel recipients (365 [3.6%]) (hazard ratio, 1.15; 95% CI, 1.00 to 1.32), including intracranial hemorrhage (hazard ratio, 1.42; 95% CI, 1.11 to 1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups (1194 ASA-ERDP recipients [11.7%], vs. 1156 clopidogrel recipients [11.4%]; hazard ratio, 1.03; 95% CI, 0.95 to 1.11). CONCLUSIONS: The trial did not meet the predefined criteria for noninferiority but showed similar rates of recurrent stroke with ASA-ERDP and with clopidogrel. There is no evidence that either of the two treatments was superior to the other in the prevention of recurrent stroke. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753638���Sacco, Ralph L
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Vero Cells���Jun¯��In 1998, a novel paramyxovirus (order Mononegavirales, family Paramyxoviridae, subfamily Paramyxovirinae, genus Henipavirus) emerged in peninsular Malaysia causing fatal encephalitis in humans and severe respiratory illness with encephalitis in pigs. The virus was successfully isolated in cultured mammalian cells. Transmission electron microscopy of infected tissue culture cells played a crucial role in the early preliminary identification of the causative agent of the outbreak. This in turn was pivotal to determine the correct direction of control measures that subsequently brought the epidemic under control. In light of this investigation, and indeed identification of infectious agents associated with other disease episodes, electron microscopy will remain an important frontline method for rapid diagnostic virology and investigation of any future outbreak of new and unusual cases of illness suspected of an infectious aetiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18705447{��Chua, K B
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Virus Replication���Decw��Nipah virus (NiV) and Hendra virus (HeV) are recently emerged zoonotic paramyxoviruses exclusively grouped within a new genus, Henipavirus. These viruses cause fatal disease in a wide range of species, including humans. Both NiV and HeV have continued to re-emerge sporadically in Bangladesh and Australia, respectively. There are currently no therapeutics or vaccines available to treat Henipavirus infection and both are classified as BSL4 pathogens. RNA interference (RNAi) is a process by which double-stranded RNA directs sequence-specific degradation of messenger RNA in animal and plant cells. Small interfering RNAs (siRNAs) mediate RNAi by inhibiting gene expression of homologous mRNA and our preliminary studies suggest RNAi may be a useful approach to developing novel therapies for these highly lethal pathogens. Eight NiV siRNA molecules (four L and four N gene specific), two HeV N gene specific, and two non-specific control siRNA molecules were designed and tested for their ability to inhibit a henipavirus minigenome replication system (which does not require the use of live virus) in addition to live virus infections in vitro. In the minigenome assay three out of the four siRNAs that targeted the L gene of NiV effectively inhibited replication. In contrast, only NiV N gene siRNAs were effective in reducing live NiV replication, suggesting inhibition of early, abundantly expressed gene transcripts may be more effective than later, less abundant transcripts. Additionally, some of the siRNAs effective against NiV infection were only partially effective inhibitors of HeV infection. An inverse correlation between the number of nucleotide mismatches and the efficacy of siRNA inhibition was observed. The demonstration that RNAi effectively inhibits henipavirus replication in vitro, is a novel approach and may provide an effective therapy for these highly lethal, zoonotic pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/18687361ß��Mungall, Bruce A
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Male���Auga��We tested 41 bats for antibodies against Nipah and Hendra viruses to determine whether henipaviruses circulate in pteropid fruit bats (Pteropus giganteus) in northern India. Twenty bats were seropositive for Nipah virus, which suggests circulation in this species, thereby extending the known distribution of henipaviruses in Asia westward by >1,000 km.,��https://www.ncbi.nlm.nih.gov/pubmed/18680665Ì��Epstein, Jonathan H
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Virus Diseases/*epidemiology���Nov´��Emerging viral diseases are nothing new. Smallpox probably reached Europe from Asia in the 5th century, and yellow fever emerged in the Americas during the 16th century as a consequence of the African slave trade. Dengue fever arose simultaneously in South-East Asia, Africa, and North America during the 18th century. In 1918-1919 the so-called Spanish flu spread like wildfire through all five continents, killing between 25 and 40 million people. The second half of the 20th century saw the emergence of HIV/AIDS (1981), among other viral diseases. Even more worrying is the fact that emerging and re-emerging viral diseases have had a tendency to spread more quickly and more widely during the last decade, invading whole countries and continents; witness the recent outbreaks of Nipah virus, West Nile, Rift Valley fever, SARS, monkeypox, avian flu (H5N1) and Chikungunya. The complex factors underlying these new trends are briefly discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/18666456���Chastel, Claude
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Species Specificity���Jul 23*��Henipaviruses are emerging RNA viruses of fruit bat origin that can cause fatal encephalitis in man. Ghanaian fruit bats (megachiroptera) were tested for antibodies to henipaviruses. Using a Luminex multiplexed microsphere assay, antibodies were detected in sera of Eidolon helvum to both Nipah (39%, 95% confidence interval: 27-51%) and Hendra (22%, 95% CI: 11-33%) viruses. Virus neutralization tests further confirmed seropositivity for 30% (7/23) of Luminex positive serum samples. Our results indicate that henipavirus is present within West Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/18648649ô��Hayman, David T S
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Virulence/physiology���Jul 22I��Nipah virus (NiV) and Hendra virus are the type species of the highly pathogenic paramyxovirus genus Henipavirus, which can cause severe respiratory disease and fatal encephalitis infections in humans, with case fatality rates approaching 75%. NiV contains two envelope glycoproteins, the receptor-binding G glycoprotein (NiV-G) that facilitates attachment to host cells and the fusion (F) glycoprotein that mediates membrane merger. The henipavirus G glycoproteins lack both hemagglutinating and neuraminidase activities and, instead, engage the highly conserved ephrin-B2 and ephrin-B3 cell surface proteins as their entry receptors. Here, we report the crystal structures of the NiV-G both in its receptor-unbound state and in complex with ephrin-B3, providing, to our knowledge, the first view of a paramyxovirus attachment complex in which a cellular protein is used as the virus receptor. Complex formation generates an extensive protein-protein interface around a protruding ephrin loop, which is inserted in the central cavity of the NiV-G beta-propeller. Analysis of the structural data reveals the molecular basis for the highly specific interactions of the henipavirus G glycoproteins with only two members (ephrin-B2 and ephrin-B3) of the very large ephrin family and suggests how they mediate in a unique fashion both cell attachment and the initiation of membrane fusion during the virus infection processes. The structures further suggest that the NiV-G/ephrin interactions can be effectively targeted to disrupt viral entry and provide the foundation for structure-based antiviral drug design.,��https://www.ncbi.nlm.nih.gov/pubmed/18632560:��Xu, Kai
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Vasculitis/metabolism/pathology/*virology���Jul���Mortality rate in humans infected with Nipah virus (NiV) has been reported as high as 92%. Humans infected with NiV show a widespread multisystemic vasculitis with most severe clinical and pathologic manifestations in the brain, lungs, and spleen. The purpose of this study was to study pathologic and immunohistochemical findings in guinea pigs infected with NiV. Of 28 animals inoculated intraperitoneally, only 2 survived the infection, and most died between 4 and 8 days postinoculation (dpi). Viral antigen with minimal pathologic changes was first detected 2 dpi in lymph nodes and spleen. More severe changes were noted in these organs 4-8 dpi, where pathologic damage had a vasocentric distribution and viral antigen was abundant in vascular endothelium, tunica media, adventitia, as well as in macrophages lining sinuses. The urinary bladder, uterus, and ovaries were also affected with necrosis and acute inflammation. In these organs, immunohistochemical positive staining was intense in blood vessels, epithelial cells, and ovarian follicles. Approximately 50% of the animals that died or were euthanized in extremis had evidence of viral antigen and histopathologic changes in brain, especially involving meninges and ependymal cells, with lesser changes in the neural parenchyma. A unifying feature of the damage for all affected tissues was necrosis and inflammation of the vasculature, chiefly in arterioles, capillaries, and venules. Inoculation of guinea pigs intraperitoneally with NiV produces a disease with considerable resemblance to the disease in humans, but with reduced pulmonary involvement and marked infection of urinary bladder and the female reproductive tract.,��https://www.ncbi.nlm.nih.gov/pubmed/18587107ë��Torres-Velez, F J
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Polymerase Chain Reaction���Feb���Meningoencephalitis is a disease with many drawbacks: it is usually severe and its etiology will frequently remain unsolved even with thorough investigations. Pathogen diversities and the wide range of differential diagnosis are further limitations, while there are neither guidelines nor conferences consensus available, in France and elsewhere. However, there are many valuable data in the literature and major advances have already been obtained, the most striking being advances in imaging techniques and molecular biology, as illustrated by the significant impact of HSV PCR advent in patient management. On emergency settings, physicians have to recognize and initiate appropriate treatment for patients who may have herpes simplex meningoencephalitis, and to consider bacteria for which prompt treatment has a positive prognostic impact. At this stage, intravenous acyclovir and amoxicillin should be widely prescribed, even with limited suspicion. Then, physicians will have to collect pertinent information and diagnostic tests results, and may seek expertise from other specialties when needed. Continuous improvements in diagnostic tests should allow significant progress in pathogen identification in meningoencephalitis, thus leading to better patients management. We also have to be prepared for changes, as the recent emergence of four agents of encephalitis reminded us (West Nile, Nipah, Hendra and Japanese encephalitis).,��https://www.ncbi.nlm.nih.gov/pubmed/18585826���Tattevin, P
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Viral Envelope Proteins/genetics/*immunology���Jul 23¶��Nipah virus (NiV) and Hendra virus (HeV) are closely related deadly zoonotic paramyxoviruses that have emerged and re-emerged over the last 10 years. In this study, a subunit vaccine formulation containing only recombinant, soluble, attachment glycoprotein from HeV (sG(HeV)) and CpG adjuvant was evaluated as a potential NiV vaccine in the cat model. Different amounts of sG(HeV) were employed and sG-induced immunity was examined. Vaccinated animals demonstrated varying levels of NiV-specific Ig systemically and importantly, all vaccinated cats possessed antigen-specific IgA on the mucosa. Upon oronasal challenge with NiV (50,000TCID50), all vaccinated animals were protected from disease although virus was detected on day 21 post-challenge in one animal. The ability to elicit protective systemic and mucosal immunity in this animal model provides significant progress towards the development of a human subunit vaccine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18556094Á��McEachern, Jennifer A
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Zoonoses/transmission/virology���Sepi��Bats are increasingly recognized to harbor a wide range of viruses, and in most instances these viruses appear to establish long-term persistence in these animals. They are the reservoir of a number of human zoonotic diseases including Nipah, Ebola, and severe acute respiratory syndrome. We report the identification of novel groups of astroviruses in apparently healthy insectivorous bats found in Hong Kong, in particular, bats belonging to the genera Miniopterus and Myotis. Astroviruses are important causes of diarrhea in many animal species, including humans. Many of the bat astroviruses form distinct phylogenetic clusters in the genus Mamastrovirus within the family Astroviridae. Virus detection rates of 36% to 100% and 50% to 70% were found in Miniopterus magnater and Miniopterus pusillus bats, respectively, captured within a single bat habitat during four consecutive visits spanning 1 year. There was high genetic diversity of viruses in bats found within this single habitat. Some bat astroviruses may be phylogenetically related to human astroviruses, and further studies with a wider range of bat species in different geographic locations are warranted. These findings are likely to provide new insights into the ecology and evolution of astroviruses and reinforce the role of bats as a reservoir of viruses with potential to pose a zoonotic threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/18550669���Chu, D K W
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X-Ray Microtomography���Junt��BACKGROUND: Spark discharge anodic oxidation forms a porous TiO2 film on the surface of titanium oral implants, increasing surface roughness and concentrations of calcium and phosphate ions. In this study, anodic-treated oral implants were placed in an animal model and analysed using clinical, micro-computerized tomographic (micro-CT) and histometric techniques. METHODS: Pairs of 3.5 mm x 8.5 mm long titanium implants (Osstem Implant Co., Ltd. Seoul, Korea), with blasted (control) or blasted and oxidized surfaces (test), were placed into the right femoral condyles of 10 sheep. Animals were sacrificed after 1 month unloaded healing. Resonant frequency analysis (RFA) was measured in implant stability quotient (ISQ) using the Mentor II device. Specimens were scanned using medium resolution micro-CT (Skyscan 1172). Mean percent bone-to-implant contact (%BIC) was calculated from two images per implant by three different operators, using Image J software. Inter- and intra-examiner differences were calculated. Specimens were then embedded in methacrylate and undemineralized ground sections were digitized. Mean %BIC was measured using Image J at x 20 magnification for the best-three consecutive threads from the most central section. RESULTS: Mean micro-CT %BIC was similar for control and test (57.2 +/- 0.05% versus 56.4 +/- 0.03%, p = 0.5). There was considerable inter-examiner variability (interclass correlation coefficient = 0.44). RFA showed no clinically-detectable difference between the two groups (control ISQ: 75.2 +/- 4.2; test ISQ: 76.3 +/- 1.7; p = 0.48). However, histometric analysis found a marked and highly statistically-significant difference (%BIC Test 72.5 +/- 8.6%, Control 46.2 +/- 12.1%, p = 0.01). CONCLUSIONS: The novel anodic oxidation technique increased early ossointegration of rough-surfaced implants by 157%. Neither clinical testing with resonant frequency analysis nor radiographic analysis using micro-CT had sufficient resolution to detect this improvement. Whether this gain in early bone-implant contact is clinically significant in the context of early occlusal loading is the subject of subsequent experiments.,��https://www.ncbi.nlm.nih.gov/pubmed/22073469Î��Duncan, Warwick J
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Malaysia/epidemiology���Mar»��Paramyxoviruses have been implicated in both animal and human infections. Some viruses, such as Morbilliviruses are responsible for large-scale epidemics. However, there are limited observations of these viruses crossing the host species barrier in nature. In 1994, in Australia a fatal infection in horses and humans was identified to be caused by a new Paramyxovirus, Hendra virus (HeV), and in 1998 in Malaysia, a closely related virus, Nipah virus (NiV) was responsible for fatal infections in pigs and humans. These two viruses were sufficiently different from previously described Paramyxoviruses to create a new genus, Henipaviruses. The natural reservoir of these viruses was the fruit bat (Pteropus), which is found in regions extending from the western Pacific to the eastern coast of Africa. Serological studies have established that as many as half the fruit bats in colonies throughout these regions may have antibodies against this family of viruses. The availability of diagnostic reagents for Nipah virus in humans have identified infections in several countries including, Bangladesh, India and Indonesia. In some of these epidemics, mortality in humans exceeds 75%. Deforestation is probably responsible for fruit bats leaving their ecological niches and approaching farms and villages. The infection of humans and animals may occur via contaminated foods or in certain cases by animals to man. At present, only within close families has human-to-human transmission been proposed. Henipavirus infections are probably more widespread than it is at presently known and so it is important to have an intense monitoring for these diseases, especially in countries where large-scale deforestation is happening.,��https://www.ncbi.nlm.nih.gov/pubmed/18511217���Wild, T F
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*Swine Diseases/diagnosis/epidemiology/virology���Mar-Apr���Nipah encephalitis is a particular dangerous disease that affects animals and man. Fatal cases of the disease have been identified in the persons looking after pigs in the villages of Malaysia. The causative agent is presumably referred to as morbilliviruses of the Paramixoviridae family. Two hundred persons died among the ill patients with the signs of encephalitis. The principal hosts of the virus were fox-bats (Megaschiroptera) inhabiting in the surrounding forests. The present paper descries the epidemiological features of the disease, its clinical manifestations, abnormal anatomic changes, diagnosis, and implemented controlling measures.,��https://www.ncbi.nlm.nih.gov/pubmed/18450103¥��Kolomytsev, A A
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Virulence���Apr 306��Innate immunity is critically dependent on the rapid production of interferon in response to intruding viruses. The intracellular pathogen recognition receptors RIG-I and MDA5 are essential for interferon induction by viral RNAs containing 5' triphosphates or double-stranded structures, respectively. Viruses with a negative-stranded RNA genome are an important group of pathogens causing emerging and re-emerging diseases. We investigated the ability of genomic RNAs from substantial representatives of this virus group to induce interferon via RIG-I or MDA5. RNAs isolated from particles of Ebola virus, Nipah virus, Lassa virus, and Rift Valley fever virus strongly activated the interferon-beta promoter. Knockdown experiments demonstrated that interferon induction depended on RIG-I, but not MDA5, and phosphatase treatment revealed a requirement for the RNA 5' triphosphate group. In contrast, genomic RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus did not trigger interferon induction. Sensitivity of these RNAs to a 5' monophosphate-specific exonuclease indicates that the RIG-I-activating 5' triphosphate group was removed post-transcriptionally by a viral function. Consequently, RIG-I is unable to bind the RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus. These results establish RIG-I as a major intracellular recognition receptor for the genome of most negative-strand RNA viruses and define the cleavage of triphosphates at the RNA 5' end as a strategy of viruses to evade the innate immune response.,��https://www.ncbi.nlm.nih.gov/pubmed/18446221D��Habjan, Matthias
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Time Factors���Apr 1E��BACKGROUND: In Bangladesh, 4 outbreaks of Nipah virus infection were identified during the period 2001-2004. METHODS: We characterized the clinical features of Nipah virus-infected individuals affected by these outbreaks. We classified patients as having confirmed cases of Nipah virus infection if they had antibodies reactive with Nipah virus antigen. Patients were considered to have probable cases of Nipah virus infection if they had symptoms consistent with Nipah virus infection during the same time and in the same community as patients with confirmed cases. RESULTS: We identified 92 patients with Nipah virus infection, 67 (73%) of whom died. Although all age groups were affected, 2 outbreaks principally affected young persons (median age, 12 years); 62% of the affected persons were male. Fever, altered mental status, headache, cough, respiratory difficulty, vomiting, and convulsions were the most common signs and symptoms; clinical and radiographic features of acute respiratory distress syndrome of Nipah illness were identified during the fourth outbreak. Among those who died, death occurred a median of 6 days (range, 2-36 days) after the onset of illness. Patients who died were more likely than survivors to have a temperature >37.8 degrees C, altered mental status, difficulty breathing, and abnormal plantar reflexes. Among patients with Nipah virus infection who had well-defined exposure to another patient infected with Nipah virus, the median incubation period was 9 days (range, 6-11 days). CONCLUSIONS: Nipah virus infection produced rapidly progressive severe illness affecting the central nervous and respiratory systems. Clinical characteristics of Nipah virus infection in Bangladesh, including a severe respiratory component, appear distinct from clinical characteristics reported during earlier outbreaks in other countries.,��https://www.ncbi.nlm.nih.gov/pubmed/18444812Ã��Hossain, M Jahangir
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Polymerase Chain Reaction/veterinary���Jul 15Á��Bats are considered to be natural reservoirs for several viruses of clinical importance, including rabies virus, Nipah virus, and Hendra virus. Type I interferons (IFNs) is an important part of the immune system in the defense against viral infection. To investigate the function of type I IFNs upon viral infection in bats, the nucleic acid, and amino acid sequences of Egyptian Rousette (Rousettus aegyptiacus) IFN-alpha and -beta were characterized. Sequence data indicated that bat IFN-alpha consists of 562-bp encoded 187-aa, and IFN-beta consisted of 558-bp encoded 186-aa. Phylogenetic analysis of the overall identity of IFN-beta shared the highest sequence homology with pig IFN-beta in both nucleotide and amino acid level. Stimulation of bat primary kidney cells (BPKCs) and bat lung cell lines, Tb-1 Lu, with polyinosinic-polycytidylic acid (poly(I:C)) or exogenous bat type I IFNs resulted in increased type I IFNs mRNA expression in BPKCs, but not in Tb-1 Lu. Characterization of the bat IFN-alpha and -beta genes allows understanding of the immune responses upon stimulation in different tissues, thus providing practical strategies for control and treatment of clinically important diseases. These results are important especially for the virus infection, and suggest that future molecular studies on virus infection experiment of bats in vitro will require careful consideration of the differences of type I IFN expression patterns in different cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/18436311���Omatsu, Tsutomu
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Treatment Outcome���AprP��BACKGROUND: Telmisartan is an orally active angiotensin II receptor antagonist prescribed once daily. OBJECTIVE: To evaluate the efficacy of telmisartan on blood pressure control, and on other end points, when given as monotherapy or in combination. METHODS: Review of published literature. RESULTS: Telmisartan produces more effective control of blood pressure over 24 h, especially in the last 6 h of the dosing interval, compared with other antihypertensive agents. It also possesses pleiotrophic effects on lipid and glucose metabolism, but lacks evidence of efficacy in reducing vascular events. CONCLUSIONS: Clinical outcome trials expected to report in 2008 will provide hard end points that may demonstrate advantages of telmisartan as monotherapy, or in combination with angiotensin-converting enzyme inhibitors, for managing hypertension.,��https://www.ncbi.nlm.nih.gov/pubmed/18433350¢��Rosario, Barbara H
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Virus Replication/genetics/*physiology���MayÃ��Nipah virus (NiV) is a recently emergent, highly pathogenic, zoonotic paramyxovirus of the genus Henipavirus. Like the phosphoprotein (P) gene of other paramyxoviruses, the P gene of NiV is predicted to encode three additional proteins, C, V and W. When the C, V and W proteins of NiV were tested for their ability to inhibit expression of the chloramphenicol acetyltransferase (CAT) reporter gene in plasmid-based, minigenome replication assays, each protein inhibited CAT expression in a dose-dependent manner. The C, V and W proteins of NiV also inhibited expression of CAT from a measles virus (MV) minigenome, but not from a human parainfluenzavirus 3 (hPIV3) minigenome. Interestingly, the C and V proteins of MV, which have previously been shown to inhibit MV minigenome replication, also inhibited NiV minigenome replication; however, they were not able to inhibit hPIV3 minigenome replication. In contrast, the C protein of hPIV3 inhibited minigenome replication of hPIV3, NiV and MV. Although there is very limited amino acid sequence similarity between the C, V and W proteins within the paramyxoviruses, the heterotypic inhibition of replication suggests that these proteins may share functional properties.,��https://www.ncbi.nlm.nih.gov/pubmed/18420809ã��Sleeman, Katrina
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Viral Structural Proteins/genetics/*metabolism���Jul���Emerging viruses in the paramyxovirus genus Henipavirus evade host antiviral responses via protein interactions between the viral V and W proteins and cellular STAT1 and STAT2 and the cytosolic RNA sensor MDA5. Polo-like kinase (PLK1) is identified as being an additional cellular partner that can bind to Nipah virus P, V, and W proteins. For both Nipah virus and Hendra virus, contact between the V protein and the PLK1 polo box domain is required for V protein phosphorylation. Results indicate that PLK1 is engaged by Nipah virus V protein amino acids 100 to 160, previously identified as being the STAT1 binding domain responsible for host interferon (IFN) signaling evasion, via a Thr-Ser-Ser-Pro motif surrounding residue 130. A distinct Ser-Thr-Pro motif surrounding residue 199 mediates the PLK1 interaction with Hendra virus V protein. Select mutations in the motif surrounding residue 130 also influenced STAT1 binding and innate immune interference, and data indicate that the V:PLK1 and V:STAT complexes are V mediated yet independent of one another. The effects of STAT1/PLK1 binding motif mutations on the function the Nipah virus P protein in directing RNA synthesis were tested. Remarkably, mutations that selectively disrupt the STAT or PLK1 interaction site have no effects on Nipah virus P protein-mediated viral RNA synthesis. Therefore, mutations targeting V protein-mediated IFN evasion will not alter the RNA synthetic capacity of the virus, supporting an attenuation strategy based on disrupting host protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18417573���Ludlow, Louise E
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Virus Shedding���Mayä��Nipah virus (NiV; Paramyxoviridae) caused fatal encephalitis in humans during an outbreak in Malaysia in 1998/1999 after transmission from infected pigs. Our previous study demonstrated that the respiratory, lymphatic and central nervous systems are targets for virus replication in experimentally infected pigs. To continue the studies on pathogenesis of NiV in swine, six piglets were inoculated oronasally with 2.5 x 10(5) PFU per animal. Four pigs developed mild clinical signs, one exudative epidermitis, and one neurologic signs due to suppurative meningoencephalitis, and was euthanized at 11 days post-inoculation (dpi). Neutralizing antibodies reached in surviving animals titers around 1280 at 16 dpi. Nasal and oro-pharyngeal shedding of the NiV was detected between 2 and 17 dpi. Virus appeared to be cleared from the tissues of the infected animals by 23 dpi, with low amount of RNA detected in submandibular and bronchial lymph nodes of three pigs, and olfactory bulb of one animal. Despite the presence of neutralizing antibodies, virus was isolated from serum at 24 dpi, and the viral RNA was still detected in serum at 29 dpi. Our results indicate slower clearance of NiV from some of the infected pigs. Bacteria were detected in the cerebrospinal fluid of five NiV inoculated animals, with isolation of Streptococcus suis and Enterococcus faecalis. Staphylococcus hyicus was isolated from the skin lesions of the animal with exudative epidermitis. Along with the observed lymphoid depletion in the lymph nodes of all NiV-infected animals, and the demonstrated ability of NiV to infect porcine peripheral blood mononuclear cells in vitro, this finding warrants further investigation into a possible NiV-induced immunosuppression of the swine host.,��https://www.ncbi.nlm.nih.gov/pubmed/18405339ô��Berhane, Y
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Sequence Homology���May���The emergence of viruses such as severe acute respiratory syndrome coronavirus and Nipah virus has underscored the role of animal reservoirs in human disease and the need for reservoir surveillance. Here, we used a panviral DNA microarray to investigate the death of a captive beluga whale in an aquatic park. A highly divergent coronavirus, tentatively named coronavirus SW1, was identified in liver tissue from the deceased whale. Subsequently, the entire genome of SW1 was sequenced, yielding a genome of 31,686 nucleotides. Phylogenetic analysis revealed SW1 to be a novel virus distantly related to but most similar to group III coronaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18353961¸��Mihindukulasuriya, Kathie A
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Virus Internalization���Jun 5]��The recent discovery that the Nipah virus (NiV) fusion protein (F) is activated by endosomal cathepsin L raised the question if NiV utilize pH- and protease-dependent mechanisms of entry. We show here that the NiV receptor ephrin B2, virus-like particles and infectious NiV are internalized from the cell surface. However, endocytosis, acidic pH and cathepsin-mediated cleavage are not necessary for the initiation of infection of new host cells. Our data clearly demonstrate that proteolytic activation of the NiV F protein is required before incorporation into budding virions but not after virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/18342904¼��Diederich, Sandra
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Viral Vaccines/*immunology���JanF��The two mammalian codon optimized genes, F and G genes of Nipah virus, were generated by assembly PCR, and inserted into mammalian expression vector pCAGGS under chicken beta-actin promoter to construct pCAGG-NiV-F and pCAGG-NiV-G. Syncytium formation was induced in BHK cells by plasmid pCAGG-NiV-F and pCAGG-NiV-G transfection, which indicate recombination proteins F and G were expressed in BHK cell and possessed good biologic activity. Six-week-old female BALB/c mice were intramuscularly primed with 100 microg pCAGG-NiV-F, pCAGG-NiV-G or pCAGG-NiV-F+ pCAGG-NiV-G respectively, and boosted with same dose after 4 weeks. The sera were collected at 3 weeks post second boost. The serum IgG against Nipah virus F and G proteins was detected by indirect ELISA using recombinant Baculovirus expressed Nipah F and G glycoproteins. The results showed that specific antibodies possessed good sensitivity and specificity. Furthermore, the G and F proteins' specific antibodies could neutralize the infectivity of VSVdeltaG* F/G (the NiV F and G envelope glycoproteins psudotyped recombinant vesicular stomatitis virus expressing green fluorescence protein). And, pCAGG-NiV-G also induced higher titer of neutralizing antibody response than pCAGG-NiV-F did. The result indicates that DAN immunization is an efficient vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/18320822¿��Wang, Xi-Jun
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Vero Cells���AprÇ��There are currently no antiviral drugs approved for the highly lethal Biosafety Level 4 pathogens Nipah and Hendra virus. A number of researchers are developing surrogate assays amenable to Biosafety Level 2 biocontainment but ultimately, the development of a high throughput screening method for directly quantifying these viruses in a Biosafety Level 4 environment will be critical for final evaluation of antiviral drugs identified in surrogate assays, in addition to reducing the time required for effective antiviral drug development. By adapting an existing immunoplaque assay and using enzyme linked immunodetection in a microtitre plate format, the current experiments describe a simple two step assay protocol involving an overnight virus inoculation of Vero cell monolayers (with or without antiviral drug treatment) at Biosafety Level 4, followed by cell fixation and virus inactivation enabling removal of plates from the Biosafety Level 4 laboratory and a subsequent immunodetection assay using a chemiluminescent horse radish peroxidase substrate to be performed at Biosafety Level 2. The analytical sensitivity (limit of detection) of this assay is 100 tissue culture infectious dose50/ml of either Nipah or Hendra virus. In addition this assay enables linear quantitation of virus over three orders of magnitude and is unaffected by dimethyl sulfoxide concentrations of 1% or less. Intra-assay coefficients of variation are acceptable (less than 20%) when detecting a minimum of 1000 tissue culture infectious dose50/ml of either virus although inter-assay variation is considerably greater. By an assessment of efficacies of the broad spectrum antiviral Ribavirin and an experimental fusion inhibitory peptide, this assay reveals a good correlation with previously published fluorescent immunodetection assays. The current experiments describe for the first time, a high throughput screening method amenable for direct assessment of live henipavirus antiviral drug activity.,��https://www.ncbi.nlm.nih.gov/pubmed/18313148���Aljofan, Mohamad
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Reverse Transcriptase Inhibitors/*blood/pharmacokinetics/therapeutic use���Apr���OBJECTIVES: The aim of this study was to investigate the frequency of CYP2B6 polymorphisms (according to ethnicity) and the influence of heterozygosity and homozygosity on plasma concentrations of efavirenz and nevirapine. METHODS: Following written informed consent, 225 Caucasians and 146 Blacks were recruited from the German Competence Network for HIV/AIDS. Plasma concentrations of efavirenz and nevirapine were assessed by HPLC, and genotyping for 516G>T, 983T>C and 1459T>C polymorphisms in CYP2B6 was conducted by real-time PCR-based allelic discrimination. RESULTS: The minor allele frequency for 516G>T, 983T>C and 1459T>C was 0.29, 0 and 0.08 in Caucasians and 0.34, 0.07 and 0.02 in Blacks, respectively. Two Black patients with the 983C allele receiving efavirenz were identified and both were withdrawn from therapy within 1 week of sampling due to toxicity. In multivariate analyses, efavirenz and nevirapine plasma concentrations were significantly associated with 983T>C (P < 0.0001 and P = 0.02, respectively), 516G>T (P < 0.0001 and P = 0.002, respectively) and time of drug analysis post-dose (P < 0.0001 for both). Body mass index was independently related to efavirenz (P = 0.04) but not nevirapine concentrations, and age was related to nevirapine (P = 0.05) but not efavirenz concentrations. Consistent with other studies, 1459C>T was not associated with plasma concentrations of either drug (P > 0.05 for both drugs). CONCLUSIONS: This is the first report that the 983T>C genotype (part of the CYP2B6*18 haplotype) impacts on nevirapine plasma concentrations and the first study to assess the impact of 983C homozygosity on efavirenz concentrations. These data have implications for administration of non-nucleoside reverse transcriptase inhibitors to Black patients.,��https://www.ncbi.nlm.nih.gov/pubmed/182813053��Wyen, Christoph
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Viral Envelope Proteins/immunology���Mar 15A��We have previously identified neutralizing human monoclonal antibodies against Nipah virus (NiV) and Hendra virus (HeV) by panning a large nonimmune antibody library against a soluble form of the HeV attachment-envelope glycoprotein G (sG HeV). One of these antibodies, m102, which exhibited the highest level of cross-reactive neutralization of both NiV and HeV G, was affinity maturated by light-chain shuffling combined with random mutagenesis of its heavy-chain variable domain and panning against sGHeV. One of the selected antibody Fab clones, m102.4, had affinity of binding to sGHeV that was equal to or higher than that of the other Fabs; it was converted to IgG1 and tested against infectious NiV and HeV. It exhibited exceptionally potent and cross-reactive inhibitory activity with 50% inhibitory concentrations below 0.04 and 0.6 microg/mL, respectively. The virus-neutralizing activity correlated with the binding affinity of the antibody to sG HeV and sG NiV. m102.4 bound a soluble form of NiV G (sG NiV) better than it bound sG HeV, and it neutralized NiV better than HeV, despite being originally selected against sG HeV. These results suggest that m102.4 has potential as a therapeutic agent for the treatment of diseases caused by henipaviruses. It could be also used for prophylaxis and diagnosis, and as a research reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/18271743å��Zhu, Zhongyu
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Risk Factors���Jul7��An encephalitis outbreak was investigated in Faridpur District, Bangladesh, in April-May 2004 to determine the cause of the outbreak and risk factors for disease. Biologic specimens were tested for Nipah virus. Surfaces were evaluated for Nipah virus contamination by using reverse transcription-PCR (RT-PCR). Thirty-six cases of Nipah virus illness were identified; 75% of case-patients died. Multiple peaks of illness occurred, and 33 case-patients had close contact with another Nipah virus patient before their illness. Results from a case-control study showed that contact with 1 patient carried the highest risk for infection (odds ratio 6.7, 95% confidence interval 2.9-16.8, p < 0.001). RT-PCR testing of environmental samples confirmed Nipah virus contamination of hospital surfaces. This investigation provides evidence for person-to-person transmission of Nipah virus. Capacity for person-to-person transmission increases the potential for wider spread of this highly lethal pathogen and highlights the need for infection control strategies for resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/18214175å��Gurley, Emily S
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Zoonoses/epidemiology/virology���Apr 7���Hendra virus (HeV) is a lethal paramyxovirus which emerged in humans in 1994. Poor understanding of HeV dynamics in Pteropus spp. (flying fox or fruit bat) reservoir hosts has limited our ability to determine factors driving its emergence. We initiated a longitudinal field study of HeV in little red flying foxes (LRFF; Pteropus scapulatus) and examined individual and population risk factors for infection, to determine probable modes of intraspecific transmission. We also investigated whether seasonal changes in host behaviour, physiology and demography affect host-pathogen dynamics. Data showed that pregnant and lactating females had significantly higher risk of infection, which may explain previously observed temporal associations between HeV outbreaks and flying fox birthing periods. Age-specific seroprevalence curves generated from field data imply that HeV is transmitted horizontally via faeces, urine or saliva. Rapidly declining seroprevalence between two field seasons suggests that immunity wanes faster in LRFF than in other flying fox species, and highlights the potentially critical role of this species in interspecific viral persistence. The highest seroprevalence was observed when animals showed evidence of nutritional stress, suggesting that environmental processes that alter flying fox food sources, such as habitat loss and climate change, may increase HeV infection and transmission. These insights into the ecology of HeV in flying fox populations suggest causal links between anthropogenic environmental change and HeV emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/18198149���Plowright, Raina K
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Zoonoses���MarY��The routes of henipavirus transmission between hosts are poorly understood. The purpose of this study was to measure the persistence of henipaviruses under various environmental conditions and thereby gain an insight into likely mechanisms of transmission. Henipaviruses survived for more than 4 days at 22 degrees C in pH-neutral fruit bat urine but were sensitive to higher temperatures and pH changes. On mango flesh, survival time varied depending on temperature and fruit pH, ranging from 2h to more than 2 days. Desiccation of viruses substantially reduced survival time to less than 2h. The sensitivity of henipaviruses to pH, temperature and desiccation indicates a need for close contact between hosts for transmission to occur, although under ideal conditions henipaviruses can persist for extended periods facilitating vehicle-borne transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/18166242a��Fogarty, Rhys
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Species Specificity���Mar 15ø��Hendra virus (HeV) and Nipah virus (NiV) are closely related paramyxoviruses that infect and cause disease in a wide range of mammalian hosts. To determine whether host receptor molecules play a role in species-specific and/or virus-specific infection we have cloned and characterized ephrin-B2 and ephrin-B3 ligands from a range of species, including human, horse, pig, cat, dog, bats (Pteropus alecto and Pteropus vampyrus) and mouse. HeV and NiV were both able to infect cells expressing any of the ephrin-B2 and ephrin-B3 molecules. There did not appear to be significant differences in receptor function from different species or receptor usage by HeV and NiV. Soluble ephrin ligands, their receptors and G-specific human monoclonal antibodies differentially blocked henipavirus infections suggesting different receptor affinities, overlapping receptor binding domains of the henipavirus attachment glycoprotein (G) and that the functional domains of the ephrin ligands may be important for henipavirus binding.,��https://www.ncbi.nlm.nih.gov/pubmed/18054977±��Bossart, Katharine N
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Humans���Oct 10���For many centuries, man is fascinated by bats, the only flying mammals. Probably because of their particular immune system, bats can be considered an important reservoir for new emerging viral diseases like SARS-Coronavirus, Marburg fever, Ebola fever and Nipah virus encephalitis. During closer contact, they can transmit rabies and probably other nonviral infectious diseases. Bats get closer to man due to ecological modifications like deforestation, so that transmission of new infectious agents might provoke dramatic epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/17985603y��Genne, Daniel
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Recombinant Proteins/immunology#��Four monoclonal antibodies (mAbs) were generated by immunizing BALB/C mice with recombinant nucleocapsid protein (N) of Nipah virus (NiV) and Hendra virus (HeV) expressed in E. coli. Two mAbs each were obtained for the HeV N and NiV N, respectively. All four mAbs displayed specific reactivity with the recombinant N proteins of both viruses by western blot, which was further confirmed by immunofluorescent antibody assay using fixed insect cells infected with recombinant baculoviruses expressing either the HeV or NiV N protein. Epitope mapping using a 12-mer random peptide phage display library revealed two linear antigenic sites of the henipavirus N proteins, KLxR (aa 17-20) and FKREM (aa 446-450), which have not been reported previously. Two of the mAbs were able to specifically recognize HeV antigens by immunohistochemical staining of lung tissue sections of a horse experimentally infected with HeV. These reagents will be a useful addition to the collection of tools essential for further research and improvement in diagnosis of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17978885Û��Xiao, C
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Virus Replication/drug effects���Jan 5���In this study we report the development and optimization of two minigenome rescue systems for Nipah virus, a member of the Paramyxoviridae family. One is mediated by the T7 RNA polymerase supplied either by a constitutively expressing cell line or by transfection of expression plasmids and is thus independent from infection with a helper virus. The other approach is based on RNA polymerase I-driven transcription, a unique approach for paramyxovirus reverse genetics technology. Minigenome rescue was evaluated by reporter gene activities of (i) the two different minigenome transcription systems, (ii) genomic versus antigenomic-oriented minigenomes, (iii) different ratios of the viral protein expression plasmids, and (iv) time course experiments. The high efficiency and reliability of the established systems allowed for downscaling to 96-well plates. This served as a basis for the development of a high-throughput screening system for potential antivirals that target replication and transcription of Nipah virus without the need of high bio-containment. Using this system we were able to identify two compounds that reduced minigenome activity.,��https://www.ncbi.nlm.nih.gov/pubmed/17904180.��Freiberg, Alexander
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Zoonoses]��Two related, novel, zoonotic paramyxoviruses have been described recently. Hendra virus was first reported in horses and thence humans in Australia in 1994; Nipah virus was first reported in pigs and thence humans in Malaysia in 1998. Human cases of Nipah virus infection, apparently unassociated with infection in livestock, have been reported in Bangladesh since 2001. Species of fruit bats (genus Pteropus) have been identified as natural hosts of both agents. Anthropogenic changes (habitat loss, hunting) that have impacted the population dynamics of Pteropus species across much of their range are hypothesised to have facilitated emergence. Current strategies for the management of henipaviruses are directed at minimising contact with the natural hosts, monitoring identified intermediate hosts, improving biosecurity on farms, and better disease recognition and diagnosis. Investigation of the emergence and ecology of henipaviruses warrants a broad, cross-disciplinary ecosystem health approach that recognises the critical linkages between human activity, ecological change, and livestock and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/17848064ÿ��Field, H E
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Zoonoses/*transmission/virologyZ��Infection and disease in reservoir and spillover hosts determine patterns of infectious agent availability and opportunities for infection, which then govern the process of transmission between susceptible species. In this chapter, using the zoonotic agents Hendra virus and Nipah virus as examples, the pathogenesis of infection in various species including the wildlife reservoirs and domestic spillover hosts is reviewed with an emphasis on the aspects of pathogenesis which contribute to the dissemination of infection. Through these discussions, the emergence of these zoonotic agents is explored.,��https://www.ncbi.nlm.nih.gov/pubmed/17848063}��Daniels, P W
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Virus Shedding���Sep 15î��A female adult cat developed clinical disease 13 days after subcutaneous inoculation with Nipah virus (NiV) and was discovered to be pregnant at necropsy. Viral genome was detected in a variety of specimens, including blood, serum, tonsil swabs, and urine, up to 3 days before the onset of disease. Samples collected postmortem, including placenta, uterine fluid, and fetal tissues, were also positive for NiV genome, and the placenta and uterine fluid contained high levels of recoverable virus. The high levels of viral shedding in the adult combined with fetal viral replication suggests that both vertical and horizontal transmission of NiV could play a role in spillover events, an essential element in the epidemiology of Henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17703410/��Mungall, Bruce A
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Virus Replication���Sep(��Genome synthesis in paramyxoviruses, including Nipah virus (NiV), is controlled by sequence elements that reside in the non-coding nucleotides at the 5'-trailer (3'-antigenomic) end that make up the antigenomic promoter (AGP). Using a chloramphenicol acetyl transferase-based plasmid-driven minigenome system, the terminal 96 nt of NiV AGP were first mutagenized in blocks of three hexamers to enable broad mapping of the minigenome functional regions. This was followed by further dissection of these functional regions to define the cis-acting elements contained therein. Results based on RNA analysis and reporter gene activity identified a bipartite promoter structure similar to that seen in related viruses, but with some distinct differences: in NiV, each of the two discrete replication control elements was bimodal, characterized by a critical conserved region (nt 1-12 and 79-91) and a contiguous non-conserved region (nt 13-36 and 73-78), which appeared less important. The regulatory role of these less critical regions was underscored by the use of a two-step mutation strategy, which revealed the additive detrimental effect of substitutions in this part of the terminal element. The structure and sequence characteristics of the internal control element was also different: it involved four contiguous hexamers, and the region encompassing three of these (nt 79-96, corresponding to hexamers 14, 15 and 16), although analogous in position to the equivalent element in the Sendai virus AGP, was characterized by the distinct 5'-(GNNNUG)(14-15)(GNNNNN)(16) motif.,��https://www.ncbi.nlm.nih.gov/pubmed/17698665È��Walpita, Pramila
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Survivors���Sep6��OBJECTIVE: Nipah virus (NiV) is an emerging zoonosis. Central nervous system disease frequently results in high case-fatality. Long-term neurological assessments of survivors are limited. We assessed long-term neurologic and functional outcomes of 22 patients surviving NiV illness in Bangladesh. METHODS: During August 2005 and May 2006, we administered a questionnaire on persistent symptoms and functional difficulties to 22 previously identified NiV infection survivors. We performed neurologic evaluations and brain magnetic resonance imaging (MRI). RESULTS: Twelve (55%) subjects were male; median age was 14.5 years (range 6-50). Seventeen (77%) survived encephalitis, and 5 survived febrile illness. All but 1 subject had disabling fatigue, with a median duration of 5 months (range, 8 days-8 months). Seven encephalitis patients (32% overall), but none with febrile illness had persistent neurologic dysfunction, including static encephalopathy (n = 4), ocular motor palsies (2), cervical dystonia (2), focal weakness (2), and facial paralysis (1). Four cases had delayed-onset neurologic abnormalities months after acute illness. Behavioral abnormalities were reported by caregivers of over 50% of subjects under age 16. MRI abnormalities were present in 15, and included multifocal hyperintensities, cerebral atrophy, and confluent cortical and subcortical signal changes. INTERPRETATION: Although delayed progression to neurologic illness following Nipah fever was not observed, persistent fatigue and functional impairment was frequent. Neurologic sequelae were frequent following Nipah encephalitis. Neurologic dysfunction may persist for years after acute infection, and new neurologic dysfunction may develop after acute illness. Survivors of NiV infection may experience substantial long-term neurologic and functional morbidity.,��https://www.ncbi.nlm.nih.gov/pubmed/17696217z��Sejvar, James J
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization/instrumentation���Mar7��Proteins identified in biological fluids of cancer patients could be helpful for both diagnosis and prognosis. However, clinical proteomics based on analysis of protein profiles in biological fluids has demonstrated various flaws, most of them related to the difficulties met in reproducibility. These difficulties could be partly overcome by accurate standardisation of pre-analytical and analytical steps of these studies. The size of the patient cohort is one of the parameters that determine the powerfulness of the study. Recruitment of a cohort with a sufficient size often implies multicentric studies in which analysis of the reproducibility between centres and standardisation of pre-analytical and analytical steps are essential. Such a standardisation requires the use of calibrated samples as common references.,��https://www.ncbi.nlm.nih.gov/pubmed/17669348Í��Lucchi, Geraldine
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Viral Envelope Proteins/genetics/*immunology���Jun©��The fusion protein (F) and attachment glycoprotein (G) of Nipah virus (NiV) are important for the virus to infect cells and induce protective immunity. In this study, the NiV F1 and G gene fragments without the sequences of signal peptide and transmembrane domain were amplified by PCR, then cloned into E. coli expression vector pGEX-6P-1 and modified baculovirus vector, respectively. After induction by IPTG, NiV F1 and G proteins were efficiently expressed in E. coli when analyzed by SDS-PAGE, both showing good reactivity with the rabbit antiserum anti-NiV serum in Western blot. The expression of NiV F1 and G in baculovirus system were also detected by indirect immunofluorescent assay (IFA) of fixed Sf9 cells monolayer infected with the recombinant baculoviruses expressing F1 and G. Furthermore the anti-F1 and anti-G hyperimmune sera were prepared by immunization of rabbits respectively with purified E. coli-expressed F1 and G proteins. Western blot and IFA as well as ELISA showed that antisera against both protein had high titers with good reactivity and specificity. The present study has provided a base for development of diagnostic reagents for detection of NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17672307»��Liu, Yong-jun
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*Virus Internalization���Oct���The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are lethal emerging paramyxoviruses. EphrinB2 and ephrinB3 have been identified as receptors for henipavirus entry. NiV and HeV share similar cellular tropisms and likely use an identical receptor set, although a quantitative comparison of receptor usage by NiV and HeV has not been reported. Here we show that (i) soluble NiV attachment protein G (sNiV-G) bound to cell surface-expressed ephrinB3 with a 30-fold higher affinity than that of sHeV-G, (ii) NiV envelope pseudotyped reporter virus (NiVpp) entered ephrinB3-expressing cells much more efficiently than did HeV pseudotyped particles (HeVpp), and (iii) NiVpp but not HeVpp entry was inhibited efficiently by soluble ephrinB3. These data underscore the finding that NiV uses ephrinB3 more efficiently than does HeV. Henipavirus G chimeric protein analysis implicated residue 507 in the G ectodomain in efficient ephrinB3 usage. Curiously, alternative versions of published HeV-G sequences show variations at residue 507 that can clearly affect ephrinB3 but not ephrinB2 usage. We further defined surrounding mutations (W504A and E505A) that diminished ephrinB3-dependent binding and viral entry without compromising ephrinB2 receptor usage and another mutation (E533Q) that abrogated both ephrinB2 and -B3 usage. Our results suggest that ephrinB2 and -B3 binding determinants on henipavirus G are distinct and dissociable. Global expression analysis showed that ephrinB3, but not ephrinB2, is expressed in the brain stem. Thus, ephrinB3-mediated viral entry and pathology may underlie the severe brain stem neuronal dysfunction seen in fatal Nipah viral encephalitis. Characterizing the determinants of ephrinB2 versus -B3 usage will further our understanding of henipavirus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/17652392t��Negrete, Oscar A
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Virus Internalization/*drug effects���Oct���Hendra virus (HeV) and Nipah virus (NiV) constitute the Henipavirus genus of paramyxoviruses, both fatal in humans and with the potential for subversion as agents of bioterrorism. Binding of the HeV/NiV attachment protein (G) to its receptor triggers a series of conformational changes in the fusion protein (F), ultimately leading to formation of a postfusion six-helix bundle (6HB) structure and fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions, the first (the N-terminal heptad repeat [HRN]) adjacent to the fusion peptide and the second (the C-terminal heptad repeat [HRC]) immediately preceding the transmembrane domain. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing activated F molecules from forming the 6HB structure that is required for fusion. We previously reported that a human parainfluenza virus 3 (HPIV3) F peptide effectively inhibits infection mediated by the HeV glycoproteins in pseudotyped-HeV entry assays more effectively than the comparable HeV-derived peptide, and we now show that this peptide inhibits live-HeV and -NiV infection. HPIV3 F peptides were also effective in inhibiting HeV pseudotype virus entry in a new assay that mimics multicycle replication. This anti-HeV/NiV efficacy can be correlated with the greater potential of the HPIV3 C peptide to interact with the HeV F N peptide coiled-coil trimer, as evaluated by thermal unfolding experiments. Furthermore, replacement of a buried glutamic acid (glutamic acid 459) in the C peptide with valine enhances antiviral potency and stabilizes the 6HB conformation. Our results strongly suggest that conserved interhelical packing interactions in the F protein fusion core are important determinants of C peptide inhibitory activity and offer a strategy for the development of more-potent analogs of F peptide inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/17652384É��Porotto, M
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Virology/*trends���Sepù��Following the discovery of two new paramyxoviruses in the 1990s, much effort has been placed on rapidly finding the reservoir hosts, characterising the genomes, identifying the viral receptors and formulating potential vaccines and therapeutic options for these viruses, Hendra and Nipah viruses caused zoonotic disease on a scale not seen before with other paramyxoviruses. Nipah virus particularly caused high morbidity and mortality in humans and high morbidity in pig populations in the first outbreak in Malaysia. Both viruses continue to pose a threat with sporadic outbreaks continuing into the 21st century. Experimental and surveillance studies identified that pteropus bats are the reservoir hosts. Research continues in an attempt to understand events that precipitated spillover of these viruses. Discovered on the cusp of the molecular technology revolution, much progress has been made in understanding these new viruses. This review endeavours to capture the depth and breadth of these recent advances.,��https://www.ncbi.nlm.nih.gov/pubmed/17629946���Halpin, Kim
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Viral Fusion Proteins/*chemistry���May 1q��Paramyxoviruses are a diverse family that utilizes a fusion (F) protein to enter cells via fusion of the viral lipid bilayer with a target cell membrane. Although certain regions of the F protein are known to play critical roles in membrane fusion, the function of much of the protein remains unclear. Sequence alignment of a set of paramyxovirus F proteins and analysis utilizing Block Maker identified a region of conserved amino acid sequence in a large domain between the heptad repeats of F1, designated CBF1. We employed site-directed mutagenesis to analyze the function of completely conserved residues of CBF1 in both the simian virus 5 (SV5) and Hendra virus F proteins. The majority of CBF1 point mutants were deficient in homotrimer formation, proteolytic processing, and transport to the cell surface. For some SV5 F mutants, proteolytic cleavage and surface expression could be restored by expression at 30 degrees C, and varying levels of fusion promotion were observed at this temperature. In addition, the mutant SV5 F V402A displayed a hyperfusogenic phenotype at both 30 and 37 degrees C, indicating that this mutation allows for efficient fusion with only an extremely small amount of cleaved, active protein. The recently published prefusogenic structure of PIV5/SV5 F (Yin, H. S., et al. (2006) Nature 439, 38-44) indicates that residues within and flanking CBF1 interact with the fusion peptide domain. Together, these data suggest that CBF1-fusion peptide interactions are critical for the initial folding of paramyxovirus F proteins from this important viral family and can also modulate subsequent membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/17417875^��Gardner, Amanda E
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Vero Cells���Jul 20Å��J-virus (JPV), isolated from wild mice in Australia, and Beilong virus (BeiPV), originally isolated from human mesangial cells in China and subsequently detected in rat mesangial cells, represent a new group of paramyxoviruses which have exceptionally large genomes (>19 kb) and contain more than six transcriptional units. In this study, minireplicons were employed to assess the taxonomic status of JPV and BeiPV. Our results demonstrated that, whilst the genome replication machineries of JPV and BeiPV can be interchanged, they were not functional when exchanged with that of Nipah virus. These studies indicate that JPV and BeiPV are closely related to each other and support the classification of these two viruses into a separate genus. In addition, the minireplicons were also used to demonstrate that these large-genome viruses also comply with the 'rule of six' and that over-expression of the C protein has a detrimental effect on minigenome replication.,��https://www.ncbi.nlm.nih.gov/pubmed/17397895Â��Magoffin, Danielle E
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Jun¯��Hendra virus (HeV) is an emerging paramyxovirus capable of infecting and causing disease in a variety of mammalian species, including humans. The virus infects its host cells through the coordinated functions of its fusion (F) and attachment (G) glycoproteins, the latter of which is responsible for binding the virus receptors ephrinB2 and ephrinB3. In order to identify the receptor binding site, a panel of G glycoprotein constructs containing mutations was generated using an alanine-scanning mutagenesis strategy. Based on a predicted G structure, charged amino acids residing in regions that could be homologous to those in the measles virus H attachment glycoprotein known to be involved in its protein receptor interaction were targeted. Using a coprecipitation-based assay, seven single-amino-acid substitutions in HeV G were identified as having significantly impaired binding to both the ephrinB2 and ephrinB3 viral receptors: D257A, D260A, G439A, K443A, G449A, K465A, and D468A. The impairment of receptor interaction conferred a concomitant diminution in their abilities to promote membrane fusion when coexpressed with F. The G glycoprotein mutants were also recognized by three or more conformation-dependent monoclonal antibodies of a panel of five, were expressed on the cell surface, and retained their abilities to bind and coprecipitate F. Interestingly, some of these mutant G glycoproteins coprecipitated with F more efficiently than wild-type G. Taken together, these data provide strong biochemical and functional evidence that some of these residues could be part of a conformation-dependent, discontinuous, and overlapping ephrinB2 and -B3 binding domain within the HeV G glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/17376907���Bishop, Kimberly A
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Viral Fusion Proteins/*genetics���May®��The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms. Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where approximately 20% of wild-type F and the other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P = 0.007, r(2) = 0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can modulate its fusogenicity by multiple distinct mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/17301148?��Aguilar, Hector C
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Viral Envelope Proteins/genetics/immunology/metabolism���Juny��Hendra virus (HeV) and Nipah virus (NiV) are related emerging paramyxoviruses classified in the genus Henipavirus. Both cause fatal disease in animals and humans and are classified as biosafety level 4 pathogens. Here we detail two new multiplexed microsphere assays, one for antibody detection and differentiation and another designed as a surrogate for virus neutralization. Both assays utilize recombinant soluble attachment glycoproteins (sG) whereas the latter incorporates the cellular receptor, recombinant ephrin-B2. Spectrally distinct sG(HeV)- and sG(NiV)-coupled microspheres preferentially bound antibodies from HeV- and NiV-seropositive animals, demonstrating a simple procedure to differentiate antibodies to these closely related viruses. Soluble ephrin-B2 bound sG-coupled microspheres in a dose-dependent fashion. Specificity of binding was further evaluated with henipavirus G-specific sera and MAbs. Sera from henipavirus-seropositive animals differentially blocked ephrin-B2 binding, suggesting that detection and differentiation of HeV and NiV neutralizing antibodies can be done simultaneously in the absence of live virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17292974j��Bossart, Katharine N
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*Viral Interference���Feb<��Nipah virus (NiV) and Hendra virus (HeV) are newly identified members of the family Paramyxoviridae and have been classified in the new genus Henipavirus based on unique genetic characteristics distinct from other paramyxoviruses. Transgenic cell lines were generated that expressed either the attachment protein (G) or the fusion protein (F) of NiV. Functional expression of NiV F and G was verified by complementation with the corresponding glycoprotein, which resulted in the development of syncytia. When exposed to NiV and HeV, expression of NiV G in Crandall feline kidney cells resulted in a qualitative inhibition of both cytopathic effect (CPE) and cell death by both viruses. RT-PCR analysis of surviving exposed cells showed a complete absence of viral positive-sense mRNA and genomic negative-sense viral RNA. Cells expressing NiV G were also unable to fuse with cells co-expressing NiV F and G in a fluorescent fusion inhibition assay. Cell-surface staining for the cellular receptors for NiV and HeV (ephrin-B2 and ephrin-B3) indicated that they were located on the surface of cells, regardless of NiV G expression or infection by NiV. These results indicated that viral interference can be established for henipaviruses and requires only the expression of the attachment protein, G. Furthermore, it was found that this interference probably occurs at the level of virus entry, as fusion was not observed in cells expressing NiV G. Finally, expression of NiV G by either transient transfection or NiV infection did not alter the cell-surface levels of the two known viral receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/17251577É��Sawatsky, Bevan
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Virus Assembly���Jan 4×��BACKGROUND: Nipah virus (NiV) is an emerging paramyxovirus distinguished by its ability to cause fatal disease in both animal and human hosts. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the Paramyxoviridae family. NiV and HeV are also restricted to Biosafety Level-4 containment and this has hampered progress towards examining details of their replication and morphogenesis. Here, we have established recombinant expression systems to study NiV particle assembly and budding through the formation of virus-like particles (VLPs). RESULTS: When expressed by recombinant Modified Vaccinia virus Ankara (rMVA) or plasmid transfection, individual NiV matrix (M), fusion (F) and attachment (G) proteins were all released into culture supernatants in a membrane-associated state as determined by sucrose density gradient flotation and immunoprecipitation. However, co-expression of F and G along with M revealed a shift in their distribution across the gradient, indicating association with M in VLPs. Protein release was also altered depending on the context of viral proteins being expressed, with F, G and nucleocapsid (N) protein reducing M release, and N release dependent on the co-expression of M. Immunoelectron microscopy and density analysis revealed VLPs that were similar to authentic virus. Differences in the budding dynamics of NiV proteins were also noted between rMVA and plasmid based strategies, suggesting that over-expression by poxvirus may not be appropriate for studying the details of recombinant virus particle assembly and release. CONCLUSION: Taken together, the results indicate that NiV M, F, and G each possess some ability to bud from expressing cells, and that co-expression of these viral proteins results in a more organized budding process with M playing a central role. These findings will aid our understanding of paramyxovirus particle assembly in general and could help facilitate the development of a novel vaccine approach for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17204159b��Patch, Jared R
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*Zoonoses���Wintery��Bats classified in the order Chiroptera are the most abundant and widely distributed non-human mammalian species in the world. Several bat species are reservoir hosts of zoonotic viruses and therefore can be a public health hazard. Lyssaviruses of different genotypes have emerged from bats in America (Genotype 1 rabies virus; RABV), Europe (European bat lyssavirus; EBLV), and Australia (Australian bat lyssavirus; ABLV), whereas Nipah virus is the most important recent zoonosis of bat origin in Asia. Furthermore, some insectivorous bat species may be important reservoirs of SARS coronavirus, whereas Ebola virus has been detected in some megachiropteran fruit bats. Thus far, European bat lyssavirus (EBLV) is the only zoonotic virus that has been detected in bats in Europe. New zoonotic viruses may emerge from bat reservoirs and known ones may spread to a wider geographical range. To assess future threats posed by zoonotic viruses of bats, there is a need for accurate knowledge of the factors underlying disease emergence, for an effective surveillance programme, and for a rapid response system. In Europe, primary efforts should be focussed on the implementation of effective passive and active surveillance systems for EBLVs in the Serotine bat, Eptesicus serotinus, and Myotis species (i.e., M. daubentonii and M. dasycneme). Apart from that, detection methods for zoonotic viruses that may emerge from bats should be implemented. Analyses of data from surveillance studies can shed more light on the dynamics of bat viruses, (i.e., population persistence of viruses in bats). Subsequently, studies will have to be performed to assess the public health hazards of such viruses (i.e., infectivity and risk of infection to people). With the knowledge generated from this kind of research, a rapid response system can be set up to enhance public health awareness of emerging zoonotic viruses of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/17187565¥��van der Poel, Wim H M
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Reverse Transcriptase Polymerase Chain Reaction/*methods���Apr���A method for duplex nested RT-PCR (nRT-PCR) with internal control (IC) for the detection of Nipah virus RNA is described. Incorporation of IC RNA distinguished false and true negative results. The extrinsic RNA was added directly to the PCR master mix and co-amplified with virus specific RNA in a duplex reaction to determine the presence of PCR inhibitor. Limit of detection was affected minimally when IC was added. Of 53 pooled urine samples collected from fruit bats (Pteropus lylei), 16 were validated by the presence of IC band on gel electrophoresis. Seven of these were also Nipah virus RNA positive. The remaining 37 samples were considered invalid. Twenty-two urine samples became valid after dilution of 1:5 and re-examined; two were Nipah virus RNA positive. These nine positive results were confirmed by sequencing of heminested PCR products. The result indicated that at least two different Nipah strains circulated in this bat species from Thailand. This method should be useful for surveillance for Nipah virus infection in animals in a country where a biosecurity level (BSL) 4 laboratory is not available. PCR inhibitors were present in a significant number of bat urine samples. The technique described in this study should improve reliability of surveillance statistics.,��https://www.ncbi.nlm.nih.gov/pubmed/17184850Ñ��Wacharapluesadee, Supaporn
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Virus Replicationh��Nipah virus (NiV) is an emergent zoonotic paramyxovirus. The L proteins of most paramyxoviruses contain a GDNQ motif, thought to be part of the catalytic site for polymerase activity. Conversely, NiV L has GDNE in this position. We substituted the E residue with eight different amino acid residues and examined the effect on L function in an in vitro replication assay. Our results demonstrated that NiV L functioned with similar efficiency with either GDNE or GDNQ, but polymerase activity was severely reduced or abolished when a structurally destabilising residue (such as K, P or G) was introduced at this site.,��https://www.ncbi.nlm.nih.gov/pubmed/17143779º��Magoffin, D E
Halpin, K
Rota, P A
Wang, L-F
eng
Research Support, Non-U.S. Gov't
Austria
2006/12/05 09:00
Arch Virol. 2007;152(4):827-32. doi: 10.1007/s00705-006-0881-1. Epub 2006 Dec 4.%��0304-8608 (Print)
0304-8608 (Linking)���17143779Y��CSIRO Livestock Industries, Australian Animal Health Laboratory, Geelong, Vic, Australia.���10.1007/s00705-006-0881-1��§��þÒ|ÿî?Y���7��Wang, X.
Ge, J.
Hu, S.
Wang, Q.
Wen, Z.
Chen, H.
Bu, Z.���2006F��Efficacy of DNA immunization with F and G protein genes of Nipah virus���243-5���Ann N Y Acad Sci���1081Y��Animals
Antibodies, Viral/biosynthesis
Henipavirus Infections/prevention & control/transmission/*veterinary
Humans
Immunization/veterinary
Immunoglobulin G/biosynthesis
Mice
Nipah Virus/*immunology
Vaccines, DNA/*immunology
Viral Envelope Proteins/immunology
Viral Fusion Proteins/immunology
Viral Proteins/*immunology
Viral Vaccines/*immunology���Oct���We investigated the antibody response of DNA immunization with two mammalian codon optimized envelope glycoprotein genes, F and G, of Nipah virus in a mouse model. The results indicated that G gene immunization elicited more significant specific serum IgG response and neutralization antibody response than F gene did, suggesting that the G gene DNA immunization is a potential vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17135518Ì��Wang, Xijun
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Virosomes/ultrastructure���MarO��Hendra and Nipah viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the family Paramyxoviridae. Currently these viruses are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genes encoding HeV and NiV nucleocapsid proteins were cloned into the yeast Saccharomyces cerevisiae expression vector pFGG3 under control of GAL7 promoter. A high level of expression of these proteins (18-20 mg l(-1) of yeast culture) was obtained. Mass spectrometric analysis confirmed the primary structure of both proteins with 92% sequence coverage obtained using MS/MS analysis. Electron microscopy demonstrated the assembly of typical herring-bone structures of purified recombinant nucleocapsid proteins, characteristic for other paramyxoviruses. The nucleocapsid proteins revealed stability in yeast and can be easily purified by cesium chloride gradient ultracentrifugation. HeV nucleocapsid protein was detected by sera derived from fruit bats, humans, horses infected with HeV, and NiV nucleocapsid protein was immunodetected with sera from, fruit bats, humans and pigs. The development of an efficient and cost-effective system for generation of henipavirus nucleocapsid proteins might help to improve reagents for diagnosis of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17123657E��Juozapaitis, Mindaugas
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Zoonoses/transmission/virology���Nov 20Ï��A veterinarian became infected with Hendra virus (HeV) after managing a terminally ill horse and performing a limited autopsy with inadequate precautions. Although she was initially only mildly ill, serological tests suggested latent HeV infection. Nevertheless, she remains well 2 years after her initial illness. Recently emerged zoonotic viruses, such as HeV, necessitate appropriate working procedures and personal protective equipment in veterinary practice.,��https://www.ncbi.nlm.nih.gov/pubmed/17115969Ð��Hanna, Jeffrey N
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Viral Proteins/*genetics/metabolism/*physiology���Decï��The V protein of the paramyxovirus Nipah virus (NiV) has been shown to antagonize the interferon (IFN) response in human cells via sequestration of STAT1 and STAT2. This study describes a mutant of the NiV V protein, referred to as V(AAHL), that is unable to antagonize IFN signalling and demonstrates that a single amino acid substitution is responsible for its inactivity. The molecular basis for this was identified as a failure to interact with STAT1 and STAT2. It was also shown that NiV V, but not V(AAHL), was functional as an IFN antagonist in human, monkey, rabbit, dog, horse, pig and bat cells, which suggests that the ability of NiV to block IFN signalling is not a major constraint that prevents this virus from crossing species barriers.,��https://www.ncbi.nlm.nih.gov/pubmed/17098981Ñ��Hagmaier, Kathrin
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Virus Replication���Oct 31O��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans and incurred a high fatality rate in humans. Fruit bats, living in vast areas extending from India to the western Pacific, were identified as the natural reservoir of the virus. However, the mechanisms that resulted in severe pathogenicity in humans (up to 70% mortality) and that enabled crossing the species barrier were not known. In this study, we established a system that enabled the rescue of replicating NiVs from a cloned DNA by cotransfection of a constructed full-length cDNA clone and supporting plasmids coding virus nucleoprotein, phosphoprotein, and polymerase with the infection of the recombinant vaccinia virus, MVAGKT7, expressing T7 RNA polymerase. The rescued NiV (rNiV), by using the newly developed reverse genetics system, showed properties in vitro that were similar to the parent virus and retained the severe pathogenicity in a previously established animal model by experimental infection. A recombinant NiV was also developed, expressing enhanced green fluorescent protein (rNiV-EGFP). Using the virus, permissibility of NiV was compared with the presence of a known cellular receptor, ephrin B2, in a number of cell lines of different origins. Interestingly, two cell lines expressing ephrin B2 were not susceptible for rNiV-EGFP, indicating that additional factors are clearly required for full NiV replication. The reverse genetics for NiV will provide a powerful tool for the analysis of the molecular mechanisms of pathogenicity and cross-species infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17053073���Yoneda, Misako
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Zoonoses/epidemiology/transmission/*virology���Mar-Apr(��Amongst the 60 viral species reported to be associated with bats, 59 are RNA viruses, which are potentially important in the generation of emerging and re-emerging infections in humans. The prime examples of these are the lyssaviruses and Henipavirus. The transmission of Nipah, Hendra and perhaps SARS coronavirus and Ebola virus to humans may involve intermediate amplification hosts such as pigs, horses, civets and primates, respectively. Understanding of the natural reservoir or introductory host, the amplifying host, the epidemic centre and at-risk human populations are crucial in the control of emerging zoonosis. The association between the bat coronaviruses and certain lyssaviruses with particular bat species implies co-evolution between specific viruses and bat hosts. Cross-infection between the huge number of bat species may generate new viruses which are able to jump the trans-mammalian species barrier more efficiently. The currently known viruses that have been found in bats are reviewed and the risks of transmission to humans are highlighted. Certain families of bats including the Pteropodidae, Molossidae, Phyllostomidae, and Vespertilionidae are most frequently associated with known human pathogens. A systematic survey of bats is warranted to better understand the ecology of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17042030º��Wong, Samson
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Viral Envelope Proteins/*genetics/immunology/metabolism���Aug���The mammalian condon optimized G gene was synthesized by over-lapping PCR and used to generate recombinant vaccinia virus, rWR-NiV-G. The expression of Nipah virus G protein in rWR-NiV-G infected HeLa cells was confirmed by western-blot with NiV G protein specific mouse antiserum generated by DNA immunization.The recombinant G protein showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect florescence. Syncytium formation was induced in BHK cells by rWR-NiV-G infection following NiV F protein expressing plasmid pCAGG-NiV-F transfection. Immunization with rWR-NiV-G elicited G protein specific antibody responses in mice. The prokaryotic expressing G protein fragment showed sensitive and specific antigenic reaction to NiV G protein specific antibody from rWR-NiV-G immunized mice serum in indirect ELISA. Furthermore, the G protein specific antibodies could neutralize the infectivity of the recombinant Vesicular Stomatitis Virus pseudotype VSVAG * F/G, in which the VSV envelope protein G gene was replaced with the green fluorescent protein gene (VSVAG * G, Whitt MA) and complemented with Nipah virus F and G glycoprotein expressed in transient (VSVAG * F/G).The results here demonstrated the G protein expressed by rWR-NiV-G keeps native immunogenicity and biological activity. The recombinant virus could be promising vaccine strategy for the prevention of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17037071���Wang, Xi-jun
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Viral Vaccines/*immunology���Dece��Nipah virus (NiV) and Hendra virus (HeV) are paramyxoviruses capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. Case reports from outbreaks and previous challenge experiments have suggested that cats were highly susceptible to NiV infection, responding with a severe respiratory disease and systemic infection. Here we have assessed the cat as a model of experimental NiV infection and use it in the evaluation of a subunit vaccine comprised of soluble G glycoprotein (sG). Two groups of two adult cats each were inoculated subcutaneously with either 500 or 5,000 50% tissue culture infective dose(s) (TCID(50)) of NiV. Animals were monitored closely for disease onset, and extensive analysis was conducted on samples and tissues taken during infection and at necropsy to determine viral load and tissue tropism. All animals developed clinical disease 6 to 9 days postinfection, a finding consistent with previous observations. In a subsequent experiment, two cats were immunized with HeV sG and two were immunized with NiV sG. Homologous serum neutralizing titers were greater than 1:20,000, and heterologous titers were greater than 1:20,000 to 16-fold lower. Immunized animals and two additional naive controls were then challenged subcutaneously with 500 TCID(50) of NiV. Naive animals developed clinical disease 6 to 13 days postinfection, whereas none of the immunized animals showed any sign of disease. TaqMan PCR analysis of samples from naive animals revealed considerable levels of NiV genome in a wide range of tissues, whereas the genome was evident in only two immunized cats in only four samples and well below the limit of accurate detection. These results indicate that the cat provides a consistent model for acute NiV infection and associated pathogenesis and an effective subunit vaccine strategy appears achievable.,��https://www.ncbi.nlm.nih.gov/pubmed/17005664ã��Mungall, Bruce A
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Virion/genetics/*physiology���Decª��Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.,��https://www.ncbi.nlm.nih.gov/pubmed/17005661Å��Ciancanelli, Michael J
Basler, Christopher F
eng
T32 AI007647/AI/NIAID NIH HHS/
5R24 CA095823-04/CA/NCI NIH HHS/
U54 AI057158/AI/NIAID NIH HHS/
1 S10 RR0 9145-01/RR/NCRR NIH HHS/
AI057158/AI/NIAID NIH HHS/
R24 CA095823/CA/NCI NIH HHS/
AI 07647/AI/NIAID NIH HHS/
Comparative Study
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
2006/09/29 09:00
J Virol. 2006 Dec;80(24):12070-8. doi: 10.1128/JVI.01743-06. Epub 2006 Sep 27.%��0022-538X (Print)
0022-538X (Linking)
��PMC1676283���17005661w��Department of Microbiology, Box 1124, Mount Sinai School of Medicine, 1 Gustave L. Levy Place, New York, NY 10029, USA.���10.1128/JVI.01743-06��¼��üÒ|ÿî?c���%��Pejcic, B.
De Marco, R.
Parkinson, G.���2006G��The role of biosensors in the detection of emerging infectious diseases���1079-90���Analyst���131���10¿��Biosensing Techniques/*instrumentation/methods
Communicable Diseases, Emerging/*diagnosis
Electrochemistry/instrumentation/methods
Equipment Design
Humans
Optics and Photonics/instrumentation���Oct���Global biosecurity threats such as the spread of emerging infectious diseases (i.e., avian influenza, SARS, Hendra, Nipah, etc.) and bioterrorism have generated significant interest in recent years. There is considerable effort directed towards understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool which have the potential to detect the outbreak of a virus and/or disease. Although there is a host of technologies available, either commercially or in the scientific literature, the development of biosensors for the detection of emerging infectious diseases (EIDs) is still in its infancy. There is no doubt that the glucose biosensor, the gene chip, the protein chip, etc. have all played and are still playing a significant role in monitoring various biomolecules. Can biosensors play an important role for the detection of emerging infectious diseases? What does the future hold and which biosensor technology platform is suitable for the real-time detection of infectious diseases? These and many other questions will be addressed in this review. The purpose of this review is to present an overview of biosensors particularly in relation to EIDs. It provides a synopsis of the various types of biosensor technologies that have been used to detect EIDs, and describes some of the technologies behind them in terms of transduction and bioreceptor principles.,��https://www.ncbi.nlm.nih.gov/pubmed/17003853Á��Pejcic, Bobby
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cdc42 GTP-Binding Protein/chemistry���Dec 1Â��Many proteins expressed in Escherichia coli cells form inclusion bodies that are neither refoldable nor soluble in buffers. Very surprisingly, we recently discovered that all 11 buffer-insoluble protein fragments/domains we have, with a great diversity of cellular function, location, and molecular size, could be easily solubilized in salt-free water. The circular dichroism (CD) and NMR characterization led to classification of these proteins into three groups: group 1, with no secondary structure by CD and with narrowly-dispersed but sharp (1)H-(15)N heteronuclear single quantum correlation (HSQC) peaks; group 2, with secondary structure by CD but with HSQC peaks broadened and, consequently, only a small set of peaks detectable; and group 3, with secondary structure by CD and also well-separated HSQC peaks. Intriguingly, we failed to find any protein with a tight tertiary packing. Therefore, we propose that buffer-insoluble proteins may lack intrinsic ability to reach or/and to maintain a well-packed conformation, and thus are trapped in partially-folded states with many hydrophobic side chains exposed to the bulk solvent. As such, a very low ionic strength is sufficient to screen out intrinsic repulsive interactions and, consequently, allow the hydrophobic clustering/aggregation to occur. Marvelously enough, it appears that in pure water, proteins have the potential to manifest their full spectrum of structural states by utilizing intrinsic repulsive interactions to suppress the attractive hydrophobic clustering. Our discovery not only gives a novel insight into the properties of insoluble proteins, but also sheds the first light that we know of on previously unknown regimes associated with proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16980357ø��Li, Minfen
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Virion/metabolism���Octµ��Hendra virus (HeV) is a recently identified paramyxovirus that is fatal in humans and could be used as an agent of bioterrorism. The HeV receptor-binding protein (G) is required in order for the fusion protein (F) to mediate fusion, and analysis of the triggering/activation of HeV F by G should lead to strategies for interfering with this key step in viral entry. HeV F, once triggered by the receptor-bound G, by analogy with other paramyxovirus F proteins, undergoes multistep conformational changes leading to a six-helix bundle (6HB) structure that accomplishes fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions (HRN and HRC) near the fusion peptide and the transmembrane domains, respectively. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing F, after the initial triggering step, from forming the 6HB structure that is required for fusion. HeV peptides have previously been found to be effective at inhibiting HeV fusion. However, we found that a human parainfluenza virus 3 F-peptide is more effective at inhibiting HeV fusion than the comparable HeV-derived peptide.,��https://www.ncbi.nlm.nih.gov/pubmed/16973588v��Porotto, M
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Virulence���Oct´��Canine distemper virus (CDV), a member of the Morbillivirus genus that also includes measles virus, frequently causes neurologic complications, but the routes and timing of CDV invasion of the central nervous system (CNS) are poorly understood. To characterize these events, we cloned and sequenced the genome of a neurovirulent CDV (strain A75/17) and produced an infectious cDNA that expresses the green fluorescent protein. This virus fully retained its virulence in ferrets: the course and signs of disease were equivalent to those of the parental isolate. We observed CNS invasion through two distinct pathways: anterogradely via the olfactory nerve and hematogenously through the choroid plexus and cerebral blood vessels. CNS invasion only occurred after massive infection of the lymphatic system and spread to the epithelial cells throughout the body. While at early time points, mostly immune and endothelial cells were infected, the virus later spread to glial cells and neurons. Together, the results suggest similarities in the timing, target cells, and CNS invasion routes of CDV, members of the Morbillivirus genus, and even other neurovirulent paramyxoviruses like Nipah and mumps viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16973542©��Rudd, Penny A
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Viral Fusion Proteins/*chemistry���Oct`��The Nipah and Hendra viruses are highly pathogenic paramyxoviruses that recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These characteristics have led to their classification into the new genus Henpavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. The fusion protein, an enveloped glycoprotein essential for viral entry, belongs to the family of class I fusion proteins and is characterized by the presence of two heptad repeat (HR) regions, HR1 and HR2. These two regions associate to form a fusion-active hairpin conformation that juxtaposes the viral and cellular membranes to facilitate membrane fusion and enable subsequent viral entry. The Hendra and Nipah virus fusion core proteins were crystallized and their structures determined to 2.2 A resolution. The Nipah and Hendra fusion core structures are six-helix bundles with three HR2 helices packed against the hydrophobic grooves on the surface of a central coiled coil formed by three parallel HR1 helices in an oblique antiparallel manner. Because of the high level of conservation in core regions, it is proposed that the Nipah and Hendra virus fusion cores can provide a model for membrane fusion in all paramyxoviruses. The relatively deep grooves on the surface of the central coiled coil represent a good target site for drug discovery strategies aimed at inhibiting viral entry by blocking hairpin formation.,��https://www.ncbi.nlm.nih.gov/pubmed/16972940é��Lou, Zhiyong
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Yolk Sac/virology���Aug-Oct���An isolate of Nipah virus was injected into fertile eggs via the allantoic cavity or yolk sac. Allantoic inoculation resulted in considerable pathological variation and only partial mortality. Dead embryos showed severe necrosis in the brain and congestion in the kidney and the subcutis of limbs. In contrast, yolk sac inoculation led to uniform infection and mortality, the dead embryos exhibiting the same lesions as those described above but without the subcutaneous congestion. Histological lesions in dead embryos inoculated by either route were similar and particularly severe in the central nervous system. Viral antigens were detected mainly in the vasculature and neurons. The results indicated that Nipah virus is highly pathogenic to chicken embryos, and that the route of inoculation is an important determinant of the course of disease. The findings also suggested that yolk sac inoculation can be used for viral titration, and that the chicken embryo represents a useful model for studying the vascular and neuronal tropisms of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16956618Í��Tanimura, N
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Swine
Swine Diseases/diagnosis/immunology/virology���Sepx��Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for human and swine sera and an IgM capture ELISA for human sera were established using the recombinant NiV-N protein as an antigen. One hundred thirty-three suspected patient sera and 16 swine sera were used to evaluate the newly established ELISA systems in comparison with the CDC inactivated-virus-based ELISA systems. For the human sera, the NiV-N protein-based indirect IgG ELISA had a sensitivity of 98.6% and a specificity of 98.4%, and the NiV-N protein-based IgM capture ELISA had a sensitivity of 91.7% and a specificity of 91.8%, with reference to the CDC ELISA systems. The NiV-N-based IgM ELISA was found to be more sensitive than the inactivated-virus-based ELISA in that it captured eight additional cases. For the swine sera, the two test systems were in 100% concordance. Our data indicate that the Nipah virus nucleocapsid protein is a highly immunogenic protein in human and swine infections and a good target for serodiagnosis. Our NiV-N protein-based ELISA systems are useful, safe, and affordable tools for diagnosis of Nipah virus infection and are especially fit to be used in large-scale epidemiological investigations and to be applied in developing countries.,��https://www.ncbi.nlm.nih.gov/pubmed/16954238w��Yu, Fuxun
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Sensitivity and Specificity���Nov���Most RNA positive controls currently used for monitoring the quality of RT-PCR assays have some disadvantages, such as instability, inability to monitor the quality of the relevant primers and/or causing indifferentiable false positives. To avoid these disadvantages, a simple method to prepare stable and differentiable RNA positive controls is now demonstrated with a real-time RT-PCR assay for the detection of Nipah virus (NiV). A DNA sequence which was shorter than its counterpart in the NiV genome and contained the binding sites of the primers of the RT-PCR assay was designed, synthesized and inserted into a vector, and then amplified by PCR with two vector-specific primers both of which contained a T7 promoter at the 5' terminal. The RNA positive control was the dsRNA in vitro transcribed from the PCR amplicons flanked by two T7 promoters. The RNA positive control was stable and able to monitor the quality of the whole concerned RT-PCR assay. False positives caused by contaminations of the RNA positive control or its amplicons could be easily identified because the amplicons of the RNA positive control were obviously shorter than those of real positive samples. Thus, the RNA positive control reported in this study avoided some common disadvantages of current RNA positive controls.,��https://www.ncbi.nlm.nih.gov/pubmed/16912918?��Chen, Ji-Ming
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Ventilator Weaning/*methods���Oct£��OBJECTIVE: Weaning predictors are often incorporated in protocols to predict weaning outcome for patients on mechanical ventilation. The predictors are used as a decision point in protocols to determine whether a patient may advance to a spontaneous breathing trial. The impact of including predictors in a weaning protocol has not been previously studied. We designed a study to determine the effect of including a weaning predictor (frequency-tidal volume ratio, or f/Vt) in a weaning protocol. DESIGN: Randomized, blinded controlled trial. SETTING: Academic teaching hospitals. PATIENTS: Three hundred and four patients admitted to intensive care units at three academic teaching hospitals. INTERVENTIONS: Patients were screened daily for measures of oxygenation, cough and secretions, adequate mental status, and hemodynamic stability. Patients were randomized to two groups; in one group the f/Vt was measured but not used in the decision to wean (n = 151), but in the other group, f/Vt was measured and used, using a threshold of 105 breaths/min/L (n = 153). Patients passing the screen received a 2-hr spontaneous breathing trial. Patients passing the spontaneous breathing trial were eligible for an extubation attempt. MEASUREMENTS AND MAIN RESULTS: Groups were similar with regard to gender, age, and Acute Physiology and Chronic Health Evaluation II score. The median duration for weaning time was significantly shorter in the group where the weaning predictor was not used (2.0 vs. 3.0 days, p = .04). There was no difference with regard to the extubation failure, in-hospital mortality rate, tracheostomy, or unplanned extubation. CONCLUSIONS: Including a weaning predictor (f/Vt) in a protocol prolonged weaning time. In addition, the predictor did not confer survival benefit or reduce the incidence of extubation failure or tracheostomy. The results of this study indicate that f/Vt should not be used routinely in weaning decision making.,��https://www.ncbi.nlm.nih.gov/pubmed/16878032���Tanios, Maged A
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Virus Shedding���Aug���Nipah virus (NiV), of the family Paramyxoviridae, was isolated in 1999 in Malaysia from a human fatality in an outbreak of severe human encephalitis, when human infections were linked to transmission of the virus from pigs. Consequently, a swine vaccine able to abolish virus shedding is of veterinary and human health interest. Canarypox virus-based vaccine vectors carrying the gene for NiV glycoprotein (ALVAC-G) or the fusion protein (ALVAC-F) were used to intramuscularly immunize four pigs per group, either with 10(8) PFU each or in combination. Pigs were boosted 14 days postvaccination and challenged with 2.5 x 10(5) PFU of NiV two weeks later. The combined ALVAC-F/G vaccine induced the highest levels of neutralization antibodies (2,560); despite the low neutralizing antibody levels in the F vaccinees (160), all vaccinated animals appeared to be protected against challenge. Virus was not isolated from the tissues of any of the vaccinated pigs postchallenge, and a real-time reverse transcription (RT)-PCR assay detected only small amounts of viral RNA in several samples. In challenge control pigs, virus was isolated from a number of tissues (10(4.4) PFU/g) or detected by real-time RT-PCR. Vaccination of the ALVAC-F/G vaccinees appeared to stimulate both type 1 and type 2 cytokine responses. Histopathological findings indicated that there was no enhancement of lesions in the vaccinees. No virus shedding was detected in vaccinated animals, in contrast to challenge control pigs, from which virus was isolated from the throat and nose (10(2.9) PFU/ml). Based on the data presented, the combined ALVAC-F/G vaccine appears to be a very promising vaccine candidate for swine.,��https://www.ncbi.nlm.nih.gov/pubmed/16873250}��Weingartl, Hana M
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Aug§��As a preliminary to the localization of the receptor-binding site(s) on the Nipah virus (NiV) glycoprotein (NiV-G), we have undertaken the identification of NiV-G residues that play a role in fusion promotion. To achieve this, we have used two strategies. First, as NiV and Hendra virus (HeV) share a common receptor and their cellular tropism is similar, we hypothesized that residues functioning in receptor attachment could be conserved between their respective G proteins. Our initial strategy was to target charged residues (which can be expected to be at the surface of the protein) conserved between the NiV-G and HeV-G globular heads. Second, we generated NiV variants that escaped neutralization by anti-NiV-G monoclonal antibodies (MAbs) that neutralize NiV both in vitro and in vivo, likely by blocking receptor attachment. The sequencing of such "escape mutants" identified NiV-G residues present in the epitopes to which the neutralizing MAbs are directed. Residues identified via these two strategies whose mutation had an effect on fusion promotion were localized on a new structural model for the NiV-G protein. Our results suggest that seven NiV-G residues, including one (E533) that was identified using both strategies, form a contiguous site on the top of the globular head that is implicated in ephrinB2 binding. This site commences near the shallow depression in the center of the top surface of the globular head and extends to the rim of the barrel-like structure on the top loops of beta-sheet 5. The topology of this site is strikingly similar to that proposed to form the SLAM receptor site on another paramyxovirus attachment protein, that of the measles virus hemagglutinin.,��https://www.ncbi.nlm.nih.gov/pubmed/16840334ï��Guillaume, Vanessa
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Virus Replication/physiology���Augì��Nipah virus infection of porcine stable kidney cells (PS), human neuronal cells (SK-N-MC), human lung fibroblasts cells (MRC-5), and human monocytes (THP-1) were examined. Rapid progression of cytopathic effects (CPE) and cell death were noted in PS cell cultures treated with Nipah virus, followed by MRC-5, SK-N-MC, and THP-1 cell cultures, in descending order of rapidity. Significant increase in the intracellular Nipah virus RNA occurred beginning at 24 hr PI in all the infected cells. Whereas, the extracellular release of Nipah virus RNA increased significantly beginning at 48 and 72 hr PI for the infected MRC-5 cells and PS cells, respectively. No significant release of extracellular Nipah virus RNA was detected from the Nipah virus-infected SK-N-MC and THP-1 cells. At its peak, approximately 6.6 log PFU/microl of extracellular Nipah virus RNA was released from the Nipah virus-infected PS cells, with at least a 100-fold less virus RNA was recorded in the Nipah virus-infected SK-N-MC and THP-1. Approximately 15.2% (+/-0.1%) of the released virus from the infected PS cell cultures was infectious in contrast to approximately 5.5% (+/-0.7%) from the infected SK-N-MC cells. The findings suggest that there are no differences in the capacity to support Nipah virus replication between pigs and humans in fully susceptible PS and MRC-5 cells. However, there are differences between these cells and human neuronal cells and monocytes in the ability to support Nipah virus replication and virus release.,��https://www.ncbi.nlm.nih.gov/pubmed/16789019µ��Chang, Li-Yen
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*Virus Replication���Jun 19;��BACKGROUND: Nipah virus is a zoonotic virus isolated from an outbreak in Malaysia in 1998. The virus causes infections in humans, pigs, and several other domestic animals. It has also been isolated from fruit bats. The pathogenesis of Nipah virus infection is still not well described. In the present study, Nipah virus replication kinetics were estimated from infection of African green monkey kidney cells (Vero) using the one-step SYBR Green I-based quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) assay. RESULTS: The qRT-PCR had a dynamic range of at least seven orders of magnitude and can detect Nipah virus from as low as one PFU/microL. Following initiation of infection, it was estimated that Nipah virus RNA doubles at every approximately 40 minutes and attained peak intracellular virus RNA level of approximately 8.4 log PFU/microL at about 32 hours post-infection (PI). Significant extracellular Nipah virus RNA release occurred only after 8 hours PI and the level peaked at approximately 7.9 log PFU/microL at 64 hours PI. The estimated rate of Nipah virus RNA released into the cell culture medium was approximately 0.07 log PFU/muL per hour and less than 10% of the released Nipah virus RNA was infectious. CONCLUSION: The SYBR Green I-based qRT-PCR assay enabled quantitative assessment of Nipah virus RNA synthesis in Vero cells. A low rate of Nipah virus extracellular RNA release and low infectious virus yield together with extensive syncytial formation during the infection support a cell-to-cell spread mechanism for Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16784519¸��Chang, Li-Yen
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*Nipah Virus���Apr_��BACKGROUND & OBJECTIVE: The viral encephalitides caused by animal or human viruses are characterized by sudden outbreaks of neurological disease in both tropical and temperate regions. An outbreak of acute encephalitis occurred in Siliguri (West Bengal) town of India between January 31 and February 23, 2001. This outbreak was investigated by a team of scientists from four major institutions, and the findings are presented here. METHODS: Detailed information about the outbreak was collected with the help of local health authorities. Limited entomological investigations were also done. Samples collected from cases and contacts were sent for analysis. RESULTS: A total of 66 probable cases and 45 deaths were reported. Epidemiological linkages between cases point towards person-to-person transmission and incubation period of around 10 days. There was neither any concurrent illness in animals nor was there any exposure of cases to animals. Centres for Disease Control and Prevention, Atlanta, USA concluded on the basis of tests carried out on serum specimen from four cases and two contacts that the causative pathogen appears to be Nipah/ Hendra or closely related virus. INTERPRETATION & CONCLUSION: This outbreak highlights the importance and urgency of establishing a strong surveillance system supported by a network of state-of-the-art laboratories equipped to handle and diagnose new pathogens and including patient isolation techniques, use of personal protective equipment, barrier nursing and safe disposal of potentially infected material in the prevention and control measures for Nipah/Hendra virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16783047���Harit, A K
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*Zoonoses���Apr���Zoonosis is the cause of the vast majority of emerging diseases. Bats that occupy the second place in the mammal class play an important role. Whether they belong to the microchiroptera suborder or to the megachiroptera suborder, bats on all five continents have been implicated in transmission of numerous pathogens including not only viruses such as Lyssavirus (e.g. rabies), Hepanivirus (e.g. Hendra and Nipah virus) and recently coronavirus (e.g. SARS-like coronavirus and Ebola virus) but also fungus such as histoplasmosis. By modifying environmental conditions and encroaching on their biotope, human intervention has probably contributed to the introduction of chiropteras into an epidemiologic chain in which they previously had no place, thus promoting the emergence of new pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16775933|��Hance, P
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Sensitivity and Specificity���Sepü��The indirect ELISA is a simple and useful method for detection of pathogen-specific antibodies in animal sera. However, non-specific or background binding is often a problem, especially when recombinant proteins from Escherichia coli are used. In this study, a comparative indirect ELISA in which the total reactivity and the background binding were determined simultaneously on the same ELISA plate was reported. The background was determined by incubation of the test sera with excess free antigen to block specific binding. The sample was considered positive only when its total reactivity reading was higher than a pre-determined cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Using this approach, an antibody assay for henipaviruses using a recombinant Nipah virus nucleocapsid protein expressed in E. coli was developed. A total of 919 negative serum samples were tested in this assay and the specificity was 95.8%. In addition, eight positive experimental serum samples all tested positive. The use of recombinant protein as the ELISA antigen, instead of inactivated virus antigens, will be of significant advantage for countries where there is no facility of Biosafety level 4 to handle this group of zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16769130,��Chen, Ji-Ming
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Viral Envelope Proteins/*biosynthesis/genetics/immunology���Mayá��In this study, Recombinant baculoviruses rBac-NF and rBac-NG were generated for expressing F and G proteins Nipah virus (NiV) . The expression of recommbinant G (rNG) and F (rNF) protein in rBac-NF and rBac-NG infected cells were confirmed by western-blot. Both rNG and rNF showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect immunofluorescence detection and indirect ELISA. Immunization with rBac-NF and rBac-NG infected insect cells elicited G ad F protein specific antibody responses in mice. Furthermore, the G ad F specific antibodies could neutralize the infectivity of the VSVdeltaG* F/G, the NiV F and G envelope glycoproteins psudotyped recombinant Vesicular Stomatitis Virus expressing green fluorescence protein. The results demonstrated F and G protein expressed by the recombinant baculoviruses could be safe economic diagnostic antigens for the surveillance and monitoring of NiV and promising subunit vaccines for the prevention of NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16755921Ê��Wang, Xi-Jun
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Viral Load���May8��Clinical nonrandomized trials demonstrate some efficacy for ribavirin in the treatment of patients with severe Nipah virus-induced encephalitis. We report here that EICAR, the 5-ethynyl analogue of ribavirin, and the OMP-decarboxylase inhibitors 6-aza-uridine and pyrazofurin have strong antiviral activity against Nipah virus replication in vitro. Ribavirin and 6-aza-uridine were tested further in hamsters infected with a lethal dose of Nipah virus. The activity of these small-molecule inhibitors was compared with that of the interferon inducer poly(I)-poly(C(12)U). Both ribavirin and 6-aza-uridine were able to delay but not prevent Nipah virus-induced mortality. Poly(I)-poly(C(12)U), at 3 mg/kg of body weight daily from the day of infection to 10 days postinfection, prevented mortality in 5 of 6 infected animals.,��https://www.ncbi.nlm.nih.gov/pubmed/16641448Ú��Georges-Courbot, M C
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Viral Fusion Proteins/biosynthesis/genetics/metabolism/*physiology���Mayô��Nipah virus (NiV) is a deadly emerging paramyxovirus. The NiV attachment (NiV-G) and fusion (NiV-F) envelope glycoproteins mediate both syncytium formation and viral entry. Specific N-glycans on paramyxovirus fusion proteins are generally required for proper conformational integrity and biological function. However, removal of individual N-glycans on NiV-F had little negative effect on processing or fusogenicity and has even resulted in slightly increased fusogenicity. Here, we report that in both syncytium formation and viral entry assays, removal of multiple N-glycans on NiV-F resulted in marked increases in fusogenicity (>5-fold) but also resulted in increased sensitivity to neutralization by NiV-F-specific antisera. The mechanism underlying the hyperfusogenicity of these NiV-F N-glycan mutants is likely due to more-robust six-helix bundle formation, as these mutants showed increased fusion kinetics and were more resistant to neutralization by a fusion-inhibitory reagent based on the C-terminal heptad repeat region of NiV-F. Finally, we demonstrate that the fusogenicities of the NiV-F N-glycan mutants were inversely correlated with the relative avidities of NiV-F's interactions with NiV-G, providing support for the attachment protein "displacement" model of paramyxovirus fusion. Our results indicate that N-glycans on NiV-F protect NiV from antibody neutralization, suggest that this "shielding" role comes together with limiting cell-cell fusion and viral entry efficiencies, and point to the mechanisms underlying the hyperfusogenicity of these N-glycan mutants. These features underscore the varied roles that N-glycans on NiV-F play in the pathobiology of NiV entry but also shed light on the general mechanisms of paramyxovirus fusion with host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/166412790��Aguilar, Hector C
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Zoonoses/epidemiology/transmission���AprÑ��As international travel and human encroachment into previously isolated areas have increased, so too has the potential for the emergence of new infectious diseases. Populations likely to be susceptible to new infectious diseases have also increased in size. The past three decades have seen outbreaks of diseases caused by parvoviruses, Nipah virus, circoviruses, and prions. Infectious pathogens such as these are formidable opponents; they can adapt to new hosts or cause variant diseases within new hosts. Many are also resistant to current inactivation techniques. In order to prevent or contain outbreaks, pathogens that emerge must be identified quickly and efficiently; research and ongoing global surveillance are therefore of primary importance. To effectively protect the blood supply and blood-based therapies, this research should include investigations into improved techniques for detection, screening, and viral inactivation, as well as into ways to reduce patient exposure to infectious pathogens via therapeutic agents. The proactive devotion of appropriate resources to infectious disease containment and prevention prior to an epidemic should be perceived as both essential public health policy and cost effective.,��https://www.ncbi.nlm.nih.gov/pubmed/16631823���Stanley, Samuel L Jr
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0037-1963 (Linking)���16631823m��Department of Medicine, Washington University School of Medicine, St Louis, MO 63110, USA. sstanley@wustl.edu"��10.1053/j.seminhematol.2006.02.004��	ù�üÓ|ÿþ?y������Lawrence, R. H.���20058��The role of lumbar puncture as a diagnostic tool in 2005���213-20���Crit Care Resusc���7���3���Sep���Analysis of cerebrospinal fluid (CSF) obtained by lumbar puncture (LP) is fundamental to the management of inflammatory disease of the central nervous system (CNS), particularly that due to infection. This review summarises the role of lumbar puncture, anatomy and pathophysiology of CSF, techniques of obtaining CSF, indications, contraindications and complications of LP, methods of analysis and some of the implications of specific changes in CSF. The CNS is protected by unique immunological barriers, and has some unique responses to processes that breach these barriers. While clues in the epidemiology, history and clinical features of potential CNS inflammatory disease may be important in guiding early empirical treatment which may obviate adverse outcomes, many pathological processes cannot be distinguished or appropriately treated without analysis of CSF. When appropriate assessments are made of the indications, risks and potential to alter management, LP is a relatively safe procedure with a high diagnostic yield. Optimal performance and use of LP requires individual skill and judgment, and often benefits from close liaison with several disciplines, including emergency, intensive care, diagnostic laboratory, clinical imaging, neurology and infectious/ communicable diseases specialists. Understanding of the sensitivity, specificity and variation of CSF testing is critical to its effective use. Some CSF testing is sensitive, specific and timely, but other CNS disease processes will generate obscure and ambiguous results, and interpretation may benefit from liaison with experienced specialists in several fields. Polymerase chain reaction (PCR) testing has changed the practice of LP and is likely to generate further evolution. Some findings on CSF analysis may have implications beyond the individual patient - the consequences of the diagnosis of meningococcal meningitis, emerging pathogens such as West Nile virus or Nipah virus, and the identification of anthrax meningitis in the USA may be quite profound on both a local and global scale.,��https://www.ncbi.nlm.nih.gov/pubmed/16545048T��Lawrence, R H
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rho GTP-Binding Proteins/*metabolism���Jul 5c��The paramyxovirus fusion protein (F) promotes fusion of the viral envelope with the plasma membrane of target cells as well as cell-cell fusion. The plasma membrane is closely associated with the actin cytoskeleton, but the role of actin dynamics in paramyxovirus F-mediated membrane fusion is unclear. We examined cell-cell fusion promoted by two different paramyxovirus F proteins in three cell types in the presence of constitutively active Rho family GTPases, major cellular coordinators of actin dynamics. Reporter gene and syncytia assays demonstrated that expression of either Rac1(V12) or Cdc42(V12) could increase cell-cell fusion promoted by the Hendra or SV5 glycoproteins, though the effect was dependent on the cell type expressing the viral glycoproteins. In contrast, RhoA(L63) decreased cell-cell fusion promoted by Hendra glycoproteins but had little affect on SV5 F-mediated fusion. Also, data suggested that GTPase activation in the viral glycoprotein-containing cell was primarily responsible for changes in fusion. Additionally, we found that activated Cdc42 promoted nuclear rearrangement in syncytia.,��https://www.ncbi.nlm.nih.gov/pubmed/16500690V��Schowalter, Rachel M
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Tryptophan���Feb���EphrinB2 was recently discovered as a functional receptor for Nipah virus (NiV), a lethal emerging paramyxovirus. Ephrins constitute a class of homologous ligands for the Eph class of receptor tyrosine kinases and exhibit overlapping expression patterns. Thus, we examined whether other ephrins might serve as alternative receptors for NiV. Here, we show that of all known ephrins (ephrinA1-A5 and ephrinB1-B3), only the soluble Fc-fusion proteins of ephrinB3, in addition to ephrinB2, bound to soluble NiV attachment protein G (NiV-G). Soluble NiV-G bound to cell surface ephrinB3 and B2 with subnanomolar affinities (Kd = 0.58 nM and 0.06 nM for ephrinB3 and B2, respectively). Surface plasmon resonance analysis indicated that the relatively lower affinity of NiV-G for ephrinB3 was largely due to a faster off-rate (K(off) = 1.94 x 10(-3) s(-1) versus 1.06 x 10(-4) s(-1) for ephrinB3 and B2, respectively). EphrinB3 was sufficient to allow for viral entry of both pseudotype and live NiV. Soluble ephrinB2 and B3 were able to compete for NiV-envelope-mediated viral entry on both ephrinB2- and B3-expressing cells, suggesting that NiV-G interacts with both ephrinB2 and B3 via an overlapping site. Mutational analysis indicated that the Leu-Trp residues in the solvent exposed G-H loop of ephrinB2 and B3 were critical determinants of NiV binding and entry. Indeed, replacement of the Tyr-Met residues in the homologous positions in ephrinB1 with Leu-Trp conferred NiV receptor activity to ephrinB1. Thus, ephrinB3 is a bona fide alternate receptor for NiV entry, and two residues in the G-H loop of the ephrin B-class ligands are critical determinants of NiV receptor activity.,��https://www.ncbi.nlm.nih.gov/pubmed/16477309~��Negrete, Oscar A
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Viruses/genetics/*immunology���Febâ��Polyclonal antibodies have a century-old history of being effective against some viruses; recently, monoclonal antibodies (mAbs) have also shown success. The humanized mAb Synagis (palivizumab), which is still the only mAb against a viral disease approved by the US FDA, has been widely used as a prophylactic measure against respiratory syncytial virus infections in neonates and immunocompromised individuals. The first fully human mAbs against two other paramyxoviruses, Hendra and Nipah virus, which can cause high (up to 75%) mortality, were recently developed; one of them, m101, showed exceptional potency against infectious virus. In an amazing pace of research, several potent human mAbs targeting the severe acute respiratory syndrome coronavirus S glycoprotein that can affect infections in animal models have been developed months after the virus was identified in 2003. A potent humanized mAb with therapeutic potential was recently developed against the West Nile virus. The progress in developing neutralizing human mAbs against Ebola, Crimean-Congo hemorrhagic fever, vaccinia and other emerging and biodefense-related viruses is slow. A major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies, is the viruses' heterogeneity and mutability. A related problem is the low binding affinity of crossreactive antibodies able to neutralize a variety of primary isolates. Combinations of mAbs or mAbs with other drugs, and/or the identification of potent new mAbs and their derivatives that target highly conserved viral structures, which are critical for virus entry into cells, are some of the possible solutions to these problems, and will continue to be a major focus of antiviral research.,��https://www.ncbi.nlm.nih.gov/pubmed/16441209³��Zhu, Zhongyu
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Viral Envelope Proteins/immunology���Jan�	�Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae. Each has a broad species tropism and can cause disease with high mortality in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) envelope glycoproteins (Envs). Seven Fabs, m101 to -7, were selected for their significant binding to a soluble form of Hendra G (sG) which was used as the antigen for panning of a large naive human antibody library. The selected Fabs inhibited, to various degrees, cell fusion mediated by the HeV or NiV Envs and virus infection. The conversion of the most potent neutralizer of infectious HeV, Fab m101, to immunoglobulin G1 (IgG1) significantly increased its cell fusion inhibitory activity: the 50% inhibitory concentration was decreased more than 10-fold to approximately 1 microg/ml. The IgG1 m101 was also exceptionally potent in neutralizing infectious HeV; complete (100%) neutralization was achieved with 12.5 microg/ml, and 98% neutralization required only 1.6 microg/ml. The inhibition of fusion and infection correlated with binding of the Fabs to full-length G as measured by immunoprecipitation and less with binding to sG as measured by enzyme-linked immunosorbent assay and Biacore. m101 and m102 competed with the ephrin-B2, which we recently identified as a functional receptor for both HeV and NiV, indicating a possible mechanism of neutralization by these antibodies. The m101, m102, and m103 antibodies competed with each other, suggesting that they bind to overlapping epitopes which are distinct from the epitopes of m106 and m107. In an initial attempt to localize the epitopes of m101 and m102, we measured their binding to a panel of 11 G alanine-scanning mutants and identified two mutants, P185A and Q191 K192A, which significantly decreased binding to m101 and one, G183, which decreased binding of m102 to G. These results suggest that m101 to -7 are specific for HeV or NiV or both and exhibit various neutralizing activities; they are the first human monoclonal antibodies identified against these viruses and could be used for treatment, prophylaxis, and diagnosis and as research reagents and could aid in the development of vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/16378991T��Zhu, Zhongyu
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Zoonoses���Decí��Nipah virus (NiV) is a zoonotic paramyxovirus that was first recognized in 1999 as the causative agent of outbreaks of human encephalitis in Malaysia and Singapore, in association with severe respiratory and neurological disease in pigs. Since then, outbreaks of NiV encephalitis have also occurred in Bangladesh during 2001-2004, but without an association to infected swine or other animals. Although NiV infections typically result in acute encephalitis with high mortality, other clinical manifestations, including asymptomatic infection, relapsed encephalitis, and pulmonary disease, have been observed. The article will summarize the virology, epidemiology, clinical features, treatment, and control and prevention of NiV infections in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/16363687v��Kitsutani, Paul
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Virus Diseases/diagnosis/*psychology/therapy���Jul¾��The destruction made by nuclear, biological and chemical weapons used by governments and terrorist groups in the near history is posing anxiety and fear for human being. Rumour about the possible use of these agents leads to the development of serious negative effects on populations. Since there are no vaccine and therapy for most viral agents and cost of production as biological weapons is low, interest rate is rising for viruses. In this review, general characteristics, diagnosis, therapy and protective measures for viral agents such as variola virus, hemorrhagic fever viruses, encephalitis viruses, Hantaviruses and Nipah viruses, those can be used as biological weapon, have been summarized.,��https://www.ncbi.nlm.nih.gov/pubmed/16358499h��Akcali, Alper
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Virulence���Jan���Hendra virus and Nipah virus are highly pathogenic paramyxoviruses that have recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These features led to their classification into the new genus Henipavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. This review provides an overview of henipaviruses and the types of infection they cause, and describes how studies on the structure and function of henipavirus proteins expressed from cloned genes have provided insights into the unique biological properties of these emerging human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16357858���Eaton, Bryan T
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Zoonoses/epidemiology/etiology���JunÄ��In late 1998, a novel paramyxovirus named Nipah virus, emerged in Malaysia, causing fatal disease in domestic pigs and humans with substantial economic loss to the local pig industry. Pteropid fruitbats have since been identified as a natural reservoir host. Over the last two decades, the forest habitat of these bats in Southeast Asia has been substantially reduced by deforestation for pulpwood and industrial plantation. In 1997/1998, slash-and-burn deforestation resulted in the formation of a severe haze that blanketed much of Southeast Asia in the months directly preceding the Nipah virus disease outbreak. This was exacerbated by a drought driven by the severe 1997-1998 El Nino Southern Oscillation (ENSO) event. We present data suggesting that this series of events led to a reduction in the availability of flowering and fruiting forest trees for foraging by fruitbats and culminated in unprecedented encroachment of fruitbats into cultivated fruit orchards in 1997/1998. These anthropogenic events, coupled with the location of piggeries in orchards and the design of pigsties allowed transmission of a novel paramyxovirus from its reservoir host to the domestic pig and ultimately to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/16329551q��Chua, Kaw Bing
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Viral Proteins/genetics���Oct)��Until 2004, identification of Nipah virus (NV)-like outbreaks in Bangladesh was based on serology. We describe the genetic characterization of a new strain of NV isolated during outbreaks in Bangladesh (NV-B) in 2004, which confirms that NV was the etiologic agent responsible for these outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/16318702P��Harcourt, Brian H
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Swine���OctC��Nipah virus is a recently emergent paramyxovirus that is capable of causing severe disease in both humans and animals. The first outbreak of Nipah virus occurred in Malaysia and Singapore in 1999 and, more recently, outbreaks were detected in Bangladesh. In humans, Nipah virus causes febrile encephalitis with respiratory syndrome that has a high mortality rate. The reservoir for Nipah virus is believed to be fruit bats, and humans are infected by contact with infected bats or by contact with an intermediate animal host such as pigs. Person to person spread of the virus has also been described. Nipah virus retains many of the genetic and biologic properties found in other paramyxoviruses, though it also has several unique characteristics. However, the virologic characteristics that allow the virus to cause severe disease over a broad host range, and the epidemiologic, environmental and virologic features that favor transmission to humans are unknown. This review summarizes what is known about the virology, epidemiology, pathology, diagnosis and control of this novel pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/16287690 ��Bellini, William J
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Zoonoses/virology���Oct_��The authors review common themes in the ecology of emerging viruses that cause neurological disease. Three issues emerge. First, 49% of emerging viruses are characterized by encephalitis or serious neurological clinical symptoms. Second, all of these viruses are driven to emerge by ecological, environmental, or human demographic changes, some of which are poorly understood. Finally, the control of these viruses would be enhanced by collaborative multidisciplinary research into these drivers of emergence. The authors highlight this review with a case study of Nipah virus, which emerged in Malaysia due largely to shifts in livestock production and alterations to reservoir host habitat. Collaboration between virologists, ecologists, disease modelers and wildlife biologists has been instrumental in retracing the factors involved in this virus's emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/16287685}��Olival, Kevin J
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Zoonoses/*epidemiology/virology���Oct\��The last decade of the 20th Century saw the introduction of an unprecedented number of encephalitic viruses emerge or spread in the Southeast Asian and Western Pacific regions (Mackenzie et al, 2001; Solomon, 2003a). Most of these viruses are zoonotic, either being arthropod-borne viruses or bat-borne viruses. Thus Japanese encephalitis virus (JEV), a mosquito-borne flavivirus, has spread through the Indonesian archipelago to Papua New Guinea (PNG) and to the islands of the Torres Strait of northern Australia, to Pakistan, and to new areas in the Indian subcontinent; a strain of tick-borne encephalitis virus (TBEV) was described for the first time in Hokkaido, Japan; and a novel mosquito-borne alphavirus, Me Tri virus, was described from Vietnam. Three novel bat-borne viruses emerged in Australia and Malaysia; two, Hendra and Nipah viruses, represent the first examples of a new genus in the family Paramyxoviridae, the genus Henipaviruses, and the third, Australian bat lyssavirus (ABLV) is new lyssavirus closely related to classical rabies virus. These viruses will form the body of this brief review.,��https://www.ncbi.nlm.nih.gov/pubmed/16287684r��Mackenzie, John S
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*Virus Inactivation���Marò��Nipah virus, a zoonotic paramyxovirus which emerged recently was chemically inactivated using binary ethylenimine (BEI). The inactivated virus was concentrated and purified by sucrose gradient centrifugation. The gradient fractions were examined by electron microscopy and Western immunoblot, and gradient fraction containing mainly Nipah matrix (M) and nucleocapsid (N) proteins was used for immunizing BALB/c mice to generate hybridomas. Screening of the resultant hybridoma clones identified five strongly positive clones producing IgG monoclonal antibodies (mAbs) reactive to the Nipah virus antigen. The protein specificity of these mAbs was determined by Western immunoblot using Nipah virus and recombinant Nipah virus proteins expressed in mammalian cells. Four mAbs reacted with Nipah N protein and one reacted with Nipah M protein. None of the mAbs neutralized Nipah virus infectivity in vitro. However, all mAbs recognized Nipah virus in ELISA and immunofluorescence assay. F45G2 mAb was most suitable for immunohistochemistry on long term formalin-fixed Nipah virus infected swine tissues. Three of the anti-nucleocapsid mAbs (F45G2, F45G3 and F45G6) showed cross-reactivity with closely related Hendra virus N protein in both immunofluorescence and Western Immunoblot assays. Two of the mAbs were specific for the Nipah virus only, F45G4 (anti-N) and F45G5 (anti-M), and could be used in the primary identification of Nipah virus. The use of these immunoreagents to develop new diagnostic assays is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/16226320���Berhane, Yohannes
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RNA, Viral/genetics���Feb¤��After the outbreak of Nipah virus (NiV) in 1998-99, which resulted in 105 human deaths and the culling of more than one million pigs, a search was initiated for the natural host reservoir of NiV on Tioman Island off the east coast of Malaysia. Three different syncytia-forming viruses were isolated from fruit bats on the island. They were Nipah virus, Tioman virus (a novel paramyxovirus related to Menangle virus), and a reovirus, named Pulau virus (PuV), which is the subject of this study. PuV displayed the typical ultra structural morphology of a reovirus and was neutralised by serum against Nelson Bay reovirus (NBV), a reovirus isolated from a fruit bat (Pteropus poliocephalus) in Australia over 30 years ago. PuV was fusogenic and formed large syncytia in Vero cells. Comparison of dsRNA segments between PuV and NBV showed distinct mobility differences for the S1 and S2 segments. Complete sequence analysis of all four S segments revealed a close relationship between PuV and NBV, with nucleotide sequence identity varying from 88% for S3 segment to 56% for the S1 segment. Similarly phylogenetic analysis of deduced protein sequences confirmed that PuV is closely related to NBV. In this paper we discuss the similarities and differences between PuV and NBV which support the classification of PuV as a novel mammalian, fusogenic reovirus within the Nelson Bay orthoreovirus species, in the genus Orthoreovirus, family Reoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/16205863¾��Pritchard, L I
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Virus Replication���OctÜ��Proteolytic processing of paramyxovirus fusion (F) proteins is essential for the generation of a mature and fusogenic form of the F protein. Although many paramyxovirus F proteins are proteolytically processed by the cellular protease furin at a multibasic cleavage motif, cleavage of the newly emerged Hendra virus F protein occurs by a previously unidentified cellular protease following a single lysine at residue 109. We demonstrate here that the cellular protease cathepsin L is involved in converting the Hendra virus precursor F protein (F(0)) to the active F(1) + F(2) disulfide-linked heterodimer. To initially identify the class of protease involved in Hendra virus F protein cleavage, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F (known to be proteolytically processed by furin) were metabolically labeled and chased in the absence or presence of serine, cysteine, aspartyl, and metalloprotease inhibitors. Nonspecific and specific protease inhibitors known to decrease cathepsin activity inhibited proteolytic processing of Hendra virus F but had no effect on simian virus 5 F processing. We next designed shRNA oligonucleotides to cathepsin L which dramatically reduced cathepsin L protein expression and enzyme activity. Cathepsin L shRNA-expressing Vero cells transfected with pCAGGS-Hendra F demonstrated a nondetectable amount of cleavage of the Hendra virus F protein and significantly decreased membrane fusion activity. Additionally, we found that purified human cathepsin L processed immunopurified Hendra virus F(0) into F(1) and F(2) fragments. These studies introduce a novel mechanism for primary proteolytic processing of viral glycoproteins and also suggest a previously unreported biological role for cathepsin L.,��https://www.ncbi.nlm.nih.gov/pubmed/16188974 ��Pager, Cara Theresia
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Virus Replication���Octu��The Hendra virus fusion (F) protein is synthesized as a precursor protein, F(0), which is proteolytically processed to the mature form, F(1) + F(2). Unlike the case for the majority of paramyxovirus F proteins, the processing event is furin independent, does not require the addition of exogenous proteases, is not affected by reductions in intracellular Ca(2+), and is strongly affected by conditions that raise the intracellular pH (C. T. Pager, M. A. Wurth, and R. E. Dutch, J. Virol. 78:9154-9163, 2004). The Hendra virus F protein cytoplasmic tail contains a consensus motif for endocytosis, YXXPhi. To analyze the potential role of endocytosis in the processing and membrane fusion promotion of the Hendra virus F protein, mutation of tyrosine 525 to alanine (Hendra virus F Y525A) or phenylalanine (Hendra virus F Y525F) was performed. The rate of endocytosis of Hendra virus F Y525A was significantly reduced compared to that of the wild-type (wt) F protein, confirming the functional importance of the endocytosis motif. An intermediate level of endocytosis was observed for Hendra virus F Y525F. Surprisingly, dramatic reductions in the rate of proteolytic processing were observed for Hendra virus F Y525A, although initial transport to the cell surface was not affected. The levels of surface expression for both Hendra virus F Y525A and Hendra virus F Y525F were higher than that of the wt protein, and these mutants displayed enhanced syncytium formation. These results suggest that endocytosis is critically important for Hendra virus F protein cleavage, representing a new paradigm for proteolytic processing of paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16188966c��Meulendyke, Kelly Ann
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Viral Envelope Proteins/chemistry/*immunology���Octé��Epitopes involved in a protective immune response to Hendra virus (HeV) (Henipavirus, Paramxyoviridae) were investigated by generating five neutralizing monoclonal antibodies (mAbs) to the virus attachment protein (G) of HeV (HeV G) and sequencing of the G gene of groups of neutralization-escape variants selected with each mAb. Amino acid substitutions occurred at eight distinct sites on HeV G. Relationships between these sites were investigated in binding and neutralization assays using heterologous combinations of variants and mAbs. The sites were also mapped to a proposed structural model for the attachment proteins of Paramyxoviridae. Their specific locations and the nature of their interactions with the mAb panel provided the first functional evidence that HeV G in fact resembled the proposed structure. Four sites (aa 183-185, 417, 447 and 570) contributed to a major discontinuous epitope, on the base of the globular head, that was similar to immunodominant virus neutralization sites found in other paramyxoviruses. Amino acid similarity between HeV and Nipah virus was relatively highly conserved at these sites but decreased significantly at the other sites identified in this study. These included another discontinuous epitope on the base of the head region defined by sites aa 289 and 324 and well separated epitopes on the top of the head at sites aa 191-195 and 385-356. The latter epitope corresponded to immunodominant neutralization sites found in Rinderpest virus and Measles virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16186240Í��White, John R
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Viral Fusion Proteins/chemistry/*genetics/*metabolism���Oct 10¾��The Hendra virus fusion (HeV F) protein is synthesized as a precursor, F(0), and proteolytically cleaved into the mature F(1) and F(2) heterodimer, following an HDLVDGVK(109) motif. This cleavage event is required for fusogenic activity. To determine the amino acid requirements for processing of the HeV F protein, we constructed multiple mutants. Individual and simultaneous alanine substitutions of the eight residues immediately upstream of the cleavage site did not eliminate processing. A chimeric SV5 F protein in which the furin site was substituted for the VDGVK(109) motif of the HeV F protein was not processed but was expressed on the cell surface. Another chimeric SV5 F protein containing the HDLVDGVK(109) motif of the HeV F protein underwent partial cleavage. These data indicate that the upstream region can play a role in protease recognition, but is neither absolutely required nor sufficient for efficient processing of the HeV F protein.,��https://www.ncbi.nlm.nih.gov/pubmed/16083935H��Craft, Willie Warren Jr
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X-Rays���AugR��Measles virus is a negative-sense, single-stranded RNA virus within the Mononegavirales order,which includes several human pathogens, including rabies, Ebola, Nipah, and Hendra viruses. The measles virus nucleoprotein consists of a structured N-terminal domain, and of an intrinsically disordered C-terminal domain, N(TAIL) (aa 401-525), which undergoes induced folding in the presence of the C-terminal domain (XD, aa 459-507) of the viral phosphoprotein. With in N(TAIL), an alpha-helical molecular recognition element (alpha-MoRE, aa 488-499) involved in binding to P and in induced folding was identified and then observed in the crystal structure of XD. Using small-angle X-ray scattering, we have derived a low-resolution structural model of the complex between XD and N(TAIL), which shows that most of N(TAIL) remains disordered in the complex despite P-induced folding within the alpha-MoRE. The model consists of an extended shape accommodating the multiple conformations adopted by the disordered N-terminal region of N(TAIL), and of a bulky globular region, corresponding to XD and to the C terminus of N(TAIL) (aa 486-525). Using surface plasmon resonance, circular dichroism, fluorescence spectroscopy, and heteronuclear magnetic resonance, we show that N(TAIL) has an additional site (aa 517-525) involved in binding to XD but not in the unstructured-to-structured transition. This work provides evidence that intrinsically disordered domains can establish complex interactions with their partners, and can contact them through multiple sites that do not all necessarily gain regular secondary structure.,��https://www.ncbi.nlm.nih.gov/pubmed/16046624���Bourhis, Jean-Marie
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Virus Internalization/*drug effects���Jul 18¾��BACKGROUND: The recent emergence of four new members of the paramyxovirus family has heightened the awareness of and re-energized research on new and emerging diseases. In particular, the high mortality and person to person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance of developing effective therapeutic interventions. We have previously shown that peptides corresponding to the C-terminal heptad repeat (HR-2) of the fusion envelope glycoprotein of Hendra virus and Nipah virus were potent inhibitors of both Hendra virus and Nipah virus-mediated membrane fusion using recombinant expression systems. In the current study, we have developed shorter, second generation HR-2 peptides which include a capped peptide via amidation and acetylation and two poly(ethylene glycol)-linked (PEGylated) peptides, one with the PEG moity at the C-terminus and the other at the N-terminus. Here, we have evaluated these peptides as well as the corresponding scrambled peptide controls in Nipah virus and Hendra virus-mediated membrane fusion and against infection by live virus in vitro. RESULTS: Unlike their predecessors, the second generation HR-2 peptides exhibited high solubility and improved synthesis yields. Importantly, both Nipah virus and Hendra virus-mediated fusion as well as live virus infection were potently inhibited by both capped and PEGylated peptides with IC50 concentrations similar to the original HR-2 peptides, whereas the scrambled modified peptides had no inhibitory effect. These data also indicate that these chemical modifications did not alter the functional properties of the peptides as inhibitors. CONCLUSION: Nipah virus and Hendra virus infection in vitro can be potently blocked by specific HR-2 peptides. The improved synthesis and solubility characteristics of the second generation HR-2 peptides will facilitate peptide synthesis for pre-clinical trial application in an animal model of Henipavirus infection. The applied chemical modifications are also predicted to increase the serum half-life in vivo and should increase the chance of success in the development of an effective antiviral therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/16026621���Bossart, Katharine N
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Phylogeny���Jul���We conducted a survey in Cambodia in 2000 on henipavirus infection among several bat species, including flying foxes, and persons exposed to these animals. Among 1,072 bat serum samples tested by enzyme-linked immunosorbent assay, antibodies reactive to Nipah virus (NiV) antigen were detected only in Pteropus lylei species; Cynopterus sphinx, Hipposideros larvatus, Scotophilus kuhlii, Chaerephon plicata, Taphozous melanopogon, and T. theobaldi species were negative. Seroneutralization applied on a subset of 156 serum samples confirmed these results. None of the 8 human serum samples was NiV seropositive with the seroneutralization test. One virus isolate exhibiting cytopathic effect with syncytia was obtained from 769 urine samples collected at roosts of P. lylei specimens. Partial molecular characterization of this isolate demonstrated that it was closely related to NiV. These results strengthen the hypothesis that flying foxes could be the natural host of NiV. Surveillance of human cases should be implemented.,��https://www.ncbi.nlm.nih.gov/pubmed/16022778"��Reynes, Jean-Marc
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Viral Fusion Proteins/chemistry/genetics/metabolism���Jul 215��Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70 percent of infected patients, and there is evidence of human-to-human transmission. Endothelial syncytia, comprised of multinucleated giant-endothelial cells, are frequently found in NiV infections, and are mediated by the fusion (F) and attachment (G) envelope glycoproteins. Identification of the receptor for this virus will shed light on the pathobiology of NiV infection, and spur the rational development of effective therapeutics. Here we report that ephrinB2, the membrane-bound ligand for the EphB class of receptor tyrosine kinases (RTKs), specifically binds to the attachment (G) glycoprotein of NiV. Soluble Fc-fusion proteins of ephrinB2, but not ephrinB1, effectively block NiV fusion and entry into permissive cell types. Moreover, transfection of ephrinB2 into non-permissive cells renders them permissive for NiV fusion and entry. EphrinB2 is expressed on endothelial cells and neurons, which is consistent with the known cellular tropism for NiV. Significantly, we find that NiV-envelope-mediated infection of microvascular endothelial cells and primary cortical rat neurons is inhibited by soluble ephrinB2, but not by the related ephrinB1 protein. Cumulatively, our data show that ephrinB2 is a functional receptor for NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16007075���Negrete, Oscar A
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Swine Diseases/diagnosis/virology���JulÄ��The nucleocapsid (N) protein of Nipah virus (NiV) is a major constituent of the viral proteins which play a role in encapsidation, regulating the transcription and replication of the viral genome. To investigate the use of a fusion system to aid the purification of the recombinant N protein for structural studies and potential use as a diagnostic reagent, the NiV N gene was cloned into the pFastBacHT vector and the His-tagged fusion protein was expressed in Sf9 insect cells by recombinant baculovirus. Western blot analysis of the recombinant fusion protein with anti-NiV antibodies produced a band of approximately 62 kDa. A time course study showed that the highest level of expression was achieved after 3 days of incubation. Electron microscopic analysis of the NiV recombinant N fusion protein purified on a nickel-nitrilotriacetic acid resin column revealed different types of structures, including spherical, ring-like, and herringbone-like particles. The light-scattering measurements of the recombinant N protein also confirmed the polydispersity of the sample with hyrdrodynamic radii of small and large types. The optical density spectra of the purified recombinant fusion protein revealed a high A(260)/A(280) ratio, indicating the presence of nucleic acids. Western blotting and enzyme-linked immunosorbent assay results showed that the recombinant N protein exhibited the antigenic sites and conformation necessary for specific antigen-antibody recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/16000431Á��Eshaghi, Majid
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Viral Envelope Proteins/*metabolism���Jul 26���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus of the family Paramyxoviridae and are unique in that they exhibit a broad species tropism and cause fatal disease in both animals and humans. They infect cells through a pH-independent membrane fusion process mediated by their fusion and attachment glycoproteins. Previously, we demonstrated identical cell fusion tropisms for HeV and NiV and the protease-sensitive nature of their unknown cell receptor and identified a human cell line (HeLa-USU) that was nonpermissive for fusion and virus infection. Here, a microarray analysis was performed on the HeLa-USU cells, permissive HeLa-CCL2 cells, and two other permissive human cell lines. From this analysis, we identified a list of genes encoding known and predicted plasma membrane surface-expressed proteins that were highly expressed in all permissive cells and absent from the HeLa-USU cells and rank-ordered them based on their relative levels. Available expression vectors containing the first 10 genes were obtained and individually transfected into HeLa-USU cells. One clone, encoding human ephrin-B2 (EFNB2), was found capable of rendering HeLa-USU cells permissive for HeV- and NiV-mediated cell fusion as well as infection by live virus. A soluble recombinant EFNB2 could potently block fusion and infection and bind soluble recombinant HeV and NiV attachment glycoproteins with high affinity. Together, these data indicate that EFNB2 serves as a functional receptor for both HeV and NiV. The highly conserved nature of EFNB2 in humans and animals is consistent with the broad tropism exhibited by these emerging zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15998730Ö��Bonaparte, Matthew I
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Zoonoses/virology���Octg��All living organisms are continuously exposed to a plethora of viruses. In general, viruses tend to be restricted to the natural host species which they infect. From time to time viruses cross the host-range barrier expanding their host range. However, in very rare cases cross-species transfer is followed by the establishment and persistence of a virus in the new host species, which may result in disease. Recent examples of viruses that have crossed the species barrier from animal reservoirs to humans are hantavirus, haemorrhagic fever viruses, arboviruses, Nipah and Hendra viruses, avian influenza virus (AI), monkeypox virus, and the SARS-associated coronavirus (SARS-CoV). The opportunities for cross-species transfer of mammalian viruses have increased in recent years due to increased contact between humans and animal reservoirs. However, it is difficult to predict when such events will take place since the viral adaptation that is needed to accomplish this is multifactorial and stochastic. Against this background the intensified use of viruses and their genetically modified variants as viral gene transfer vectors for biomedical research, experimental gene therapy and for live-vector vaccines is a cause for concern. This review addresses a number of potential risk factors and their implications for activities with viral vectors from the perspective of cross-species transfer of viruses in nature, with emphasis on the occurrence of host-range mutants resulting from either cell culture or tropism engineering. The issues are raised with the intention to assist in risk assessments for activities with vector viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15986492���Louz, Derrick
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Viral Fusion Proteins/chemistry/physiology���Jul 1���Galectin-1 (gal-1), an endogenous lectin secreted by a variety of cell types, has pleiotropic immunomodulatory functions, including regulation of lymphocyte survival and cytokine secretion in autoimmune, transplant disease, and parasitic infection models. However, the role of gal-1 in viral infections is unknown. Nipah virus (NiV) is an emerging pathogen that causes severe, often fatal, febrile encephalitis. The primary targets of NiV are endothelial cells. NiV infection of endothelial cells results in cell-cell fusion and syncytia formation triggered by the fusion (F) and attachment (G) envelope glycoproteins of NiV that bear glycan structures recognized by gal-1. In the present study, we report that NiV envelope-mediated cell-cell fusion is blocked by gal-1. This inhibition is specific to the Paramyxoviridae family because gal-1 did not inhibit fusion triggered by envelope glycoproteins of other viruses, including two retroviruses and a pox virus, but inhibited fusion triggered by envelope glycoproteins of the related Hendra virus and another paramyxovirus. The physiologic dimeric form of gal-1 is required for fusion inhibition because a monomeric gal-1 mutant had no inhibitory effect on cell fusion. gal-1 binds to specific N-glycans on NiV glycoproteins and aberrantly oligomerizes NiV-F and NiV-G, indicating a mechanism for fusion inhibition. gal-1 also increases dendritic cell production of proinflammatory cytokines such as IL-6, known to be protective in the setting of other viral diseases such as Ebola infections. Thus, gal-1 may have direct antiviral effects and may also augment the innate immune response against this emerging pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/15972675P��Levroney, Ernest L
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Trigeminal Ganglion/virology���Junÿ��Nipah virus, a newly emerged zoonotic paramyxovirus, infects a number of species. Human infections were linked to direct contact with pigs, specifically with their body fluids. Clinical signs in human cases indicated primarily involvement of the central nervous system, while in pigs the respiratory system was considered the primary virus target, with only rare involvement of the central nervous system. Eleven 5-week-old piglets were infected intranasally, orally, and ocularly with 2.5 x 10(5) PFU of Nipah virus per animal and euthanized between 3 and 8 days postinoculation. Nipah virus caused neurological signs in two out of eleven inoculated pigs. The rest of the pigs remained clinically healthy. Virus was detected in the respiratory system (turbinates, nasopharynx, trachea, bronchus, and lung in titers up to 10(5.3) PFU/g) and in the lymphoreticular system (endothelial cells of blood and lymphatic vessels, submandibular and bronchiolar lymph nodes, tonsil, and spleen with titers up to 10(6) PFU/g). Virus presence was confirmed in the nervous system of both sick and apparently healthy animals (cranial nerves, trigeminal ganglion, brain, and cerebrospinal fluid, with titers up to 10(7.7) PFU/g of tissue). Nipah virus distribution was confirmed by immunohistochemistry. The study presents novel findings indicating that Nipah virus invaded the central nervous system of the porcine host via cranial nerves as well as by crossing the blood-brain barrier after initial virus replication in the upper respiratory tract.,��https://www.ncbi.nlm.nih.gov/pubmed/15919907 ��Weingartl, Hana
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Zoonoses/epidemiology���Apr���The microbes that cause infectious diseases are complex, dynamic, and constantly evolving. They reproduce rapidly, mutate frequently, breach species barriers, adapt with relative ease to new hosts and new environments, and develop resistance to the drugs used to treat them. In their article "Meeting the challenge of epidemic infectious diseases outbreaks: an agenda for research", Kai-Lit Phua and Lai Kah Lee clearly demonstrate how social, behavioural and environmental factors, linked to a host of human activities, have accelerated and amplified these natural phenomena. By reviewing published and non-published information about outbreaks of Nipah virus in Malaysia, severe acute respiratory syndrome (SARS) and avian influenza in Asia, and the HIV pandemic, they provide a series of examples that demonstrate the various social, behavioural and environmental factors of these recent infectious disease outbreaks. They then analyse some of these same determinants in important historical epidemics and pandemics such as plague in medieval Europe, and conclude that it is important to better understand the social conditions that facilitate the appearance of diseases outbreaks in order to determine why and how societies react to outbreaks and their impact on different population groups.,��https://www.ncbi.nlm.nih.gov/pubmed/15906882���Heymann, David L
eng
Comment
England
2005/05/24 09:00
J Public Health Policy. 2005 Apr;26(1):133-9. doi: 10.1057/palgrave.jphp.3200004.%��0197-5897 (Print)
0197-5897 (Linking)���159068828��World Health Organization, Switzerland. heymannd@who.int���10.1057/palgrave.jphp.3200004�
°��üÒ|ÿî?©������Phua, K. L.
Lee, L. K.���2005V��Meeting the challenge of epidemic infectious disease outbreaks: an agenda for research���122-32���J Public Health Policy���26���1���Attitude to Health/ethnology
*Communicable Disease Control
Communicable Diseases/*epidemiology/ethnology
Communicable Diseases, Emerging/prevention & control
Community Health Planning
Disasters
Disease Outbreaks/*prevention & control
*Global Health
Henipavirus Infections/epidemiology/ethnology/prevention & control
Humans
Nipah Virus
*Social Welfare
Socioeconomic Factors
*Sociology, Medical
Survivors/psychology���Apr»��Challenges arising from epidemic infectious disease outbreaks can be more effectively met if traditional public health is enhanced by sociology. The focus is normally on biomedical aspects, the surveillance and sentinel systems for infectious diseases, and what needs to be done to bring outbreaks under control quickly. Social factors associated with infectious disease outbreaks are often neglected and the aftermath is ignored. These factors can affect outbreak severity, its rate and extent of spread, influencing the welfare of victims, their families, and their communities. We propose an agenda for research to meet the challenges of infectious disease outbreaks. What social factors led to the outbreak? What social factors affected its severity and rate and extent of spread? How did individuals, social groups, and the state react to it? What are the short- and long-term effects on individuals, social groups, and the larger society? What programs can be put in place to help victims, their families, and affected communities to cope with the consequences--impaired mental and physical health, economic losses, and disrupted communities? Although current research on infectious disease outbreaks pays attention to social factors related to causation, severity, rate and extent of spread, those dealing with the "social chaos" arising from outbreaks are usually neglected. Inclusion, by combining traditional public health with sociological analysis, will enrich public health theory and understanding of infectious disease outbreaks. Our approach will help develop better programs to combat outbreaks and equally important, to help survivors, their families, and their communities cope better with the aftermath.,��https://www.ncbi.nlm.nih.gov/pubmed/15906881���Phua, Kai-Lit
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Viral Envelope Proteins/chemistry/genetics/*immunology/*physiology���Jun���Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae, which are distinguished by their ability to cause fatal disease in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) glycoproteins. Previously, we reported on HeV- and NiV-mediated fusion activities and detailed their host-cell tropism characteristics. These studies also suggested that a common cell surface receptor, which could be destroyed by protease, was utilized by both viruses. To further characterize the G glycoprotein and its unknown receptor, soluble forms of HeV G (sG) were constructed by replacing its cytoplasmic tail and transmembrane domains with an immunoglobulin kappa leader sequence coupled to either an S-peptide tag (sG(S-tag)) or myc-epitope tag (sG(myc-tag)) to facilitate purification and detection. Expression of sG was verified in cell lysates and culture supernatants by specific affinity precipitation. Analysis of sG by size exclusion chromatography and sucrose gradient centrifugation demonstrated tetrameric, dimeric, and monomeric species, with the majority of the sG released as a disulfide-linked dimer. Immunofluorescence staining revealed that sG specifically bound to HeV and NiV infection-permissive cells but not to a nonpermissive HeLa cell line clone, suggesting that it binds to virus receptor on host cells. Preincubation of host cells with sG resulted in dose-dependent inhibition of both HeV and NiV cell fusion as well as infection by live virus. Taken together, these data indicate that sG retains important native structural features, and we further demonstrate that administration of sG to rabbits can elicit a potent cross-reactive neutralizing antibody response against infectious HeV and NiV. This HeV sG glycoprotein will be exceedingly useful for structural studies, receptor identification strategies, and vaccine development goals for these important emerging viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/15890907°��Bossart, Katharine N
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alpha Karyopherins/metabolism���May���The Nipah virus V and W proteins, which are encoded by the P gene via RNA editing, have a common N-terminal domain but unique C-terminal domains. They localize to the cytoplasm and nucleus, respectively, and have both been shown to function as inhibitors of JAK/STAT signaling. Here we report that V and W proteins also block virus activation of the beta interferon (IFN-beta) promoter and the IFN regulatory factor 3 (IRF3)-responsive IFN-stimulated gene 54 promoter. Surprisingly, only W protein shows strong inhibition of promoter activation in response to stimulation of Toll-like receptor 3 (TLR3) by extracellular double-stranded RNA. This activity is dependent on the nuclear localization of W protein. Within the unique C-terminal domain of W protein, we have identified a nuclear localization signal (NLS) that requires basic residues at positions 439, 440, and 442. This NLS is responsible for mediating the preferential interaction of W protein with karyopherin-alpha 3 and karyopherin-alpha 4. Nuclear localization of W protein therefore enables it to target both virus and TLR3 pathways, whereas the cytoplasmic V protein is restricted to inhibiting the virus pathway. We propose that this discrepancy is in part due to the V protein being less able to block signaling in response to the kinase, TBK-1, whereas both V and W can prevent promoter activation in response to IKKepsilon. We demonstrate that, when the TLR3 pathway is stimulated, the levels of phosphorylated IRF3 are reduced in the presence of W protein but not V protein, confirming the differential effects of these proteins and illustrating that W protein-mediated inhibition is due to a loss of active IRF3.,��https://www.ncbi.nlm.nih.gov/pubmed/15857993ê��Shaw, Megan L
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Mar���Nipah virus (NiV), a highly pathogenic member of the family Paramyxoviridae, encodes the surface glycoproteins F and G. Since internalization of the NiV envelope proteins from the cell surface might be of functional importance for viral pathogenesis either by regulating cytopathogenicity or by modulating recognition of infected cells by the immune system, we analyzed the endocytosis of the NiV F and G proteins. Interestingly, we found both glycoproteins to be internalized in infected and transfected cells. As endocytosis is normally mediated by tyrosine- or dileucine-dependent signals in the cytoplasmic tails of transmembrane proteins, all potential internalization signals in the NiV glycoproteins were mutated. Whereas the G protein appeared to be constitutively internalized with the bulk flow during membrane turnover, uptake of the F protein was found to be signal mediated. F endocytosis clearly depended on a membrane-proximal YXXPhi motif and was found to be of functional importance for the biological activity of the protein.,��https://www.ncbi.nlm.nih.gov/pubmed/15731282É��Vogt, Carola
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Viral Fusion Proteins/chemistry/genetics/*immunology/isolation & purification���Mar 30x��The glycoprotein (G) of Nipah virus (NiV) is important for virus infectivity and induction of the protective immunity. In this study, the extra-cellular domain of NiV G protein was fused with hexahistidine residues at its N-terminal end and expressed in Escherichia coli. The expression under transcriptional regulation of T7 promoter yielded insoluble protein aggregates in the form of inclusion bodies. The inclusion bodies were solubilized with 8 M urea and the protein was purified to homogeneity under denaturing conditions using nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatography. The denatured protein was renatured by gradual removal of the urea. Light scattering analysis of the purified protein showed primarily monodispersity. The purified protein showed significant reactivity with the antibodies present in the sera of NiV-infected swine, as demonstrated in Western blot analysis and enzyme-linked immunosorbent assay (ELISA). Taken together, the data indicate the potential usefulness of the purified G protein for structural or functional studies and the development of immunoassay for detection of the NiV antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/15707682Û��Eshaghi, Majid
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Seasons���Dec���We retrospectively investigated two outbreaks of encephalitis in Meherpur and Naogaon, Bangladesh, which occurred in 2001 and 2003. We collected serum samples from persons who were ill, their household contacts, randomly selected residents, hospital workers, and various animals. Cases were classified as laboratory confirmed or probable. We identified 13 cases (4 confirmed, 9 probable) in Meherpur; 7 were in persons in two households. Patients were more likely than nonpatients to have close contact with other patients or have contact with a sick cow. In Naogaon, we identified 12 cases (4 confirmed, 8 probable); 7 were in persons clustered in 2 households. Two Pteropus bats had antibodies for Nipah virus. Samples from hospital workers were negative for Nipah virus antibodies. These outbreaks, the first since 1999, suggest that transmission may occur through close contact with other patients or from exposure to a common source. Surveillance and enhancement of diagnostic capacity to detect Nipah virus infection are recommended.,��https://www.ncbi.nlm.nih.gov/pubmed/15663842���Hsu, Vincent P
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Viruses/classification/*isolation & purification���Nov���Tropical Africa is not the only area where deadly viruses have recently emerged. In South-East Asia severe epidemics of dengue hemorrhagic fever started in 1954 and flu pandemics have originated from China such as the Asian flu (H2N2) in 1957, the Hong-Kong flu (H3N2) in 1968, and the Russian flu (H1N1) in 1977. However, it is especially during the last ten years that very dangerous viruses for mankind have repeatedly developed in Asia, with the occurrence of Alkhurma hemorrhagic fever in Saudi Arabia (1995), avian flu (H5N1) in Hong-Kong (1997), Nipah virus encephalitis in Malaysia (1998,) and, above all, the SARS pandemic fever from Southern China (2002). The evolution of these viral diseases was probably not directly affected by climate change. In fact, their emergential success may be better explained by the development of large industry poultry flocks increasing the risks of epizootics, dietary habits, economic and demographic constraints, and negligence in the surveillance and reporting of the first cases.,��https://www.ncbi.nlm.nih.gov/pubmed/15620053g��Chastel, C
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Zoonoses���Fall&��The authors followed nine patients with Nipah virus encephalitis over the course of 24 months. Eight of the nine developed psychiatric features assigned to the encephalitis. Three patients developed major depressive disorder immediately after recovering from the encephalitis, and two developed depression approximately 1 year after the outbreak. Two patients developed personality changes, and two suffered chronic fatigue syndrome. Neuropsychological testing was accomplished in eight of the nine patients. Deficits in attention, verbal, and/or visual memory were substantial in seven of the eight patients tested. Verbal memory was more impaired than visual memory in these patients. Comparison between psychiatric and cognitive impairment and total number of brain lesions showed no discernible trends.,��https://www.ncbi.nlm.nih.gov/pubmed/15616178­��Ng, Beng-Yeong
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*Zoonoses���Oct1��The last three decades have seen an alarming number of high-profile outbreaks of new viruses and other pathogens, many of them emerging from wildlife. Recent outbreaks of SARS, avian influenza, and others highlight emerging zoonotic diseases as one of the key threats to global health. Similar emerging diseases have been reported in wildlife populations, resulting in mass mortalities, population declines, and even extinctions. In this paper, we highlight three examples of emerging pathogens: Nipah and Hendra virus, which emerged in Malaysia and Australia in the 1990s respectively, with recent outbreaks caused by similar viruses in India in 2000 and Bangladesh in 2004; West Nile virus, which emerged in the New World in 1999; and amphibian chytridiomycosis, which has emerged globally as a threat to amphibian populations and a major cause of amphibian population declines. We discuss a new, conservation medicine approach to emerging diseases that integrates veterinary, medical, ecologic, and other sciences in interdisciplinary teams. These teams investigate the causes of emergence, analyze the underlying drivers, and attempt to define common rules governing emergence for human, wildlife, and plant EIDs. The ultimate goal is a risk analysis that allows us to predict future emergence of known and unknown pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/15604464¬��Daszak, Peter
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Time Factors���Decí��Fifty years ago, the age-old scourge of infectious disease was receding in the developed world in response to improved public health measures, while the advent of antibiotics, better vaccines, insecticides and improved surveillance held the promise of eradicating residual problems. By the late twentieth century, however, an increase in the emergence and re-emergence of infectious diseases was evident in many parts of the world. This upturn looms as the fourth major transition in human-microbe relationships since the advent of agriculture around 10,000 years ago. About 30 new diseases have been identified, including Legionnaires' disease, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), hepatitis C, bovine spongiform encephalopathy (BSE)/variant Creutzfeldt-Jakob disease (vCJD), Nipah virus, several viral hemorrhagic fevers and, most recently, severe acute respiratory syndrome (SARS) and avian influenza. The emergence of these diseases, and resurgence of old ones like tuberculosis and cholera, reflects various changes in human ecology: rural-to-urban migration resulting in high-density peri-urban slums; increasing long-distance mobility and trade; the social disruption of war and conflict; changes in personal behavior; and, increasingly, human-induced global changes, including widespread forest clearance and climate change. Political ignorance, denial and obduracy (as with HIV/AIDS) further compound the risks. The use and misuse of medical technology also pose risks, such as drug-resistant microbes and contaminated equipment or biological medicines. A better understanding of the evolving social dynamics of emerging infectious diseases ought to help us to anticipate and hopefully ameliorate current and future risks.,��https://www.ncbi.nlm.nih.gov/pubmed/15577934s��Weiss, Robin A
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Viral Proteins/genetics/*metabolism/pharmacology���Dec 7���Most paramyxoviruses circumvent the IFN response by blocking IFN signaling and limiting the production of IFN by virus-infected cells. Here we report that the highly conserved cysteine-rich C-terminal domain of the V proteins of a wide variety of paramyxoviruses binds melanoma differentiation-associated gene 5 (mda-5) product. mda-5 is an IFN-inducible host cell DExD/H box helicase that contains a caspase recruitment domain at its N terminus. Overexpression of mda-5 stimulated the basal activity of the IFN-beta promoter in reporter gene assays and significantly enhanced the activation of the IFN-beta promoter by intracellular dsRNA. Both these activities were repressed by coexpression of the V proteins of simian virus 5, human parainfluenza virus 2, mumps virus, Sendai virus, and Hendra virus. Similar results to the reporter assays were obtained by measuring IFN production. Inhibition of mda-5 by RNA interference or by dominant interfering forms of mda-5 significantly inhibited the activation of the IFN-beta promoter by dsRNA. It thus appears that mda-5 plays a central role in an intracellular signal transduction pathway that can lead to the activation of the IFN-beta promoter, and that the V proteins of paramyxoviruses interact with mda-5 to block its activity.,��https://www.ncbi.nlm.nih.gov/pubmed/15563593î��Andrejeva, J
Childs, K S
Young, D F
Carlos, T S
Stock, N
Goodbourn, S
Randall, R E
eng
Research Support, Non-U.S. Gov't
2004/11/26 09:00
Proc Natl Acad Sci U S A. 2004 Dec 7;101(49):17264-9. doi: 10.1073/pnas.0407639101. Epub 2004 Nov 24.%��0027-8424 (Print)
0027-8424 (Linking)	��PMC535396���15563593y��School of Biology, Biomolecular Sciences Building, North Haugh, University of St. Andrews, Fife KY16 9TS, United Kingdom.���10.1073/pnas.0407639101�������üÒ|ÿî?¼���!��Eshaghi, M.
Tan, W. S.
Yusoff, K.���2005{��Identification of epitopes in the nucleocapsid protein of Nipah virus using a linear phage-displayed random peptide library���147-52���J Med Virol���75���1���Amino Acid Sequence
Animals
Antibodies, Viral/blood/metabolism
Antigens, Viral
Bacteriophage M13/chemistry/metabolism
Binding Sites, Antibody
Clone Cells
Enzyme-Linked Immunosorbent Assay
*Epitope Mapping
Epitopes/*blood/chemistry/immunology
Humans
Molecular Sequence Data
Nipah Virus/*immunology
Nucleocapsid Proteins/chemistry/immunology
Oligopeptides/chemistry/genetics/immunology
*Peptide Library
Swine���Janÿ��A random peptide library of heptamers displayed on the surface of M13 bacteriophage was used to identify specific epitopes of antibodies in pooled sera of swine naturally infected by Nipah virus. The selected heptapeptides were aligned with protein sequences of Nipah virus and several putative epitopes were identified within the nucleocapsid protein. A total of 41 of 60 (68%) selected phage clones had inserts resembling a region with the sequence SNRTQGE, located at the C-terminal end (amino acids 503-509) of the nucleocapsid protein. The binding of antibodies in the swine and human antisera to the phage clone was inhibited by a synthetic peptide corresponding to this region. Epitopes identified by phage display are consistent with the predicted antigenic sites for the Nipah virus nucleocapsid protein. The selected phage clone used as a coating antigen discriminated swine and human Nipah virus sera-positive from sera-negative samples exhibiting characteristics, which might be attractive for diagnostic tests.,��https://www.ncbi.nlm.nih.gov/pubmed/15543570 ��Eshaghi, Majid
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Viral Fusion Proteins/chemistry/genetics/*physiology���Sepï��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes a systemic infection in vivo and is able to replicate in cultured cells of many species and organs. Such pantropic paramyxoviruses generally encode fusion (F) proteins with multibasic cleavage sites activated by furin or other ubiquitous intracellular host cell proteases. In contrast, NiV has an F protein with a single arginine (R109) at the cleavage site, as is the case with paramyxoviruses that are activated by trypsin-like proteases only present in specific cells or tissues and therefore only cause localized infections. Unlike these viruses, cleavage of the NiV F protein is ubiquitous and does not require the addition of exogenous proteases in cell culture. To determine the importance of the amino acid sequence at the NiV F protein cleavage site for ubiquitous activation, we generated NiV F proteins with mutations around R109. Surprisingly, neither the exchange of amino acids upstream of R109 nor replacement of the basic residue itself interfered with F cleavage. Thus, R109 is not essential for F cleavage and activation. Our data demonstrate that NiV F-protein activation depends on a novel type of proteolytic cleavage that has not yet been described for any other paramyxovirus F protein. NiV F activation is mediated by a ubiquitous protease that requires neither a monobasic nor a multibasic cleavage site and therefore differs from the furin- or trypsin-like proteases known to activate other ortho- and paramyxovirus fusion proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15331703ß��Moll, Markus
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Zoonoses/*epidemiology/transmission���Sep|��It is well recognized that most emerging diseases of humans are zoonotic, and that the forces working to create emerging diseases in humans are also operating in animal populations. However, what is often overlooked is that emerging human diseases are usually preceded by the emergence of the same pathogen in an animal population. In fact, the developing disease in animals acts as a link allowing the disease to take hold and wreck havoc in public health. Numerous examples--Rift Valley fever, monkeypox, Nipah, and Ebola--serve to underscore this linkage and to highlight the increasing interconnectedness of animal and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/15325066���Torres-Velez, Fernando
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Viral Fusion Proteins/*metabolism���Sep ��Proteolytic cleavage of the Hendra virus fusion (F) protein results in the formation of disulfide-linked F1 and F2 subunits, with cleavage occurring after residue K109 in the sequence GDVK/L. This unusual cleavage site and efficient propagation of Hendra virus in a furin-deficient cell line indicate that the Hendra F protein is not cleaved by furin, the protease responsible for proteolytic activation of many viral fusion proteins. To identify the subcellular site of Hendra F processing, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F were metabolically labeled and chased in the absence and presence of inhibitors of exocytosis. The addition of carbonyl-cyanide-3-chlorophenylhydrazone, monensin, brefeldin A, or NaF-AlCl3 or incubation of cells at 20 degrees C all inhibited processing of the Hendra F protein, suggesting that cleavage of Hendra F occurs either in secretory vesicles budding from the trans-Golgi network or at the cell surface. In contrast to proteolytic cleavage of the simian virus 5 (SV5) F protein by the Ca(2+)-dependent protease furin, proteolytic cleavage of the Hendra F protein was not significantly inhibited by decreases in Ca2+ levels following incubation with EGTA or A23187. However, in the presence of weak amines and H+ V-ATPase inhibitors, known to raise intracellular pH, cleavage of Hendra F protein was inhibited while processing of the SV5 F protein was not significantly affected. The subcellular location, sensitivity to pH changes, and decreased Ca2+ requirement suggest that the protease responsible for cleavage of Hendra F protein differs from proteases previously shown to be involved in the processing of other viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15308711ð��Pager, Cara Theresia
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Taq Polymerase���Sep 15���Nipah and Hendra viruses belong to the novel Henipavirus genus of the Paramyxoviridae family. Its zoonotic circulation in bats and recent emergence in Malaysia with fatal consequences for humans that were in close contact with infected pigs, has made the reinforcement of epidemiological and clinical surveillance systems a priority. In this study, TaqMan RT-PCR of the Nipah nucleoprotein has been developed so that Nipah virus RNA in field specimens or laboratory material can be characterized rapidly and specifically and quantitated. The linearity of the standard curve allowed quantification of 10(3) to 10(9) RNA transcripts. The sensitivity of the test was close to 1 pfu. The kinetics of Nipah virus production in Vero cells was monitored by the determination of infectious virus particles in the supernatant fluid and by quantitation of the viral RNA. Approximately, 1000 RNA molecules were detected per virion, suggesting the presence of many non-infectious particles, similar to other RNA viruses. TaqMan real-time RT-PCR failed to detect Hendra virus DNA. Importantly, the method was able to detect virus despite a similar ratio in viremic sera from hamsters infected with Nipah virus. This standardized technique is sensitive and reliable and allows rapid detection and quantitation of Nipah RNA in both field and experimental materials used for the surveillance and specific diagnosis of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/15288966-��Guillaume, Vanessa
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Signal Transduction/*drug effects/physiology,��Interferon (IFN) can activate Signal Transducer and Activator of Transcription (STAT) proteins to establish a cellular antiviral response and inhibit virus replication. Many viruses have evolved strategies to inhibit this antiviral mechanism, but paramyxoviruses are unique in their abilities to directly target the IFN-responsive STAT proteins. Hendra virus and Nipah virus (Henipaviruses) are recently emerged paramyxoviruses that are the causative agents of fatal disease outbreaks in Australia and peninsular Malaysia. Similar to other paramyxoviruses, Henipaviruses inhibit IFN signal transduction through a virus-encoded protein called V. Recent studies have shown that Henipavirus V proteins target STAT proteins by inducing the formation of cytoplasmically localized high molecular weight STAT-containing complexes. This sequestration of STAT1 and STAT2 prevents STAT activation and blocks antiviral IFN signaling. As the V proteins are important factors for host evasion, they represent logical targets for therapeutics directed against Henipavirus epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/15279700/��Rodriguez, Jason J
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Tissue Fixation���Aug-OctY��Formalin-fixed, paraffin wax-embedded tissues of three Malaysian farm pigs naturally infected with Nipah virus were used to investigate the value of anti-Nipah virus mouse monoclonal antibodies (Mabs) and rabbit polyclonal antibody for immunohistochemical diagnosis. Mabs 11F6 and 12A5 gave intense immunolabelling in lung tissue that had been fixed in 10% neutral buffered formalin for about 4 years, whereas the reactivity of Mabs 13A5 and 18C4 and polyclonal antibody was reduced significantly by long-term formalin fixation. Immunohistochemical examination of Malaysian farm pig samples with Mab 11F6 confirmed the affinity of Nipah virus for respiratory epithelium, renal glomerular and tubular epithelium, meningeal arachnoidal cells, and systemic vascular endothelium and smooth muscle. In addition, Nipah virus antigens were identified in laryngeal epithelial cells, Schwann cells of peripheral nerve fascicles in the spleen, and endothelial cells in the atrioventricular valve. The study demonstrated the value of Mabs 11F6 and 12A5 for the immunohistochemical diagnosis of Nipah virus infection in pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/15276859Ö��Tanimura, N
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Viral Fusion Proteins/chemistry/genetics/metabolism/*physiology���JulÏ��Nipah virus (NiV), a new member of the Paramyxoviridae, codes for a fusion (F) protein with five potential N-glycosylation sites. Because glycans are known to be important structural components affecting the conformation and function of viral glycoproteins, we analyzed the effect of the deletion of N-linked oligosaccharides on cell surface transport, proteolytic cleavage, and the biological activity of the NiV F protein. Each of the five potential glycosylation sites was removed either individually or in combination, revealing that four sites are actually utilized (g2 and g3 in the F(2) subunit and g4 and g5 in the F(1) subunit). While the removal of g2 and/or g3 had no or little effect on cleavage, surface transport, and fusion activity, the elimination of g4 or g5 reduced the surface expression by more than 80%. Similar to a mutant lacking all N-glycans, g4 deletion mutants in which the potential glycosylation site was destroyed by introducing a glycine residue were neither cleaved nor transported to the cell surface and consequently were not able to mediate cell-to-cell fusion. This finding indicates that in the absence of g4, the amino acid sequence around position 414 is important for folding and transport.,��https://www.ncbi.nlm.nih.gov/pubmed/15194804¬��Moll, Markus
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Viral Proteins/*chemistry���Jun#��Hendra virus (HeV) and Nipah virus (NiV) are members of a new genus, Henipavirus, in the family paramyxoviridae. Each virus encodes a phosphoprotein (P) that is significantly larger than its counterparts in other known paramyxoviruses. The interaction of this unusually large P with its nucleocapsid protein (N) was investigated in this study by using recombinant full-length and truncated proteins expressed in bacteria and a modified protein-blotting protein-overlay assay. Results from our group demonstrated that the N and P of both viruses were able to form not only homologous, but also heterologous, N-P complexes, i.e. HeV N was able to interact with NiV P and vice versa. Deletion analysis of the N and P revealed that there were at least two independent N-binding sites on P and they resided at the N and C termini, respectively. Similarly, more than one P-binding site was present on N and one of these was mapped to a 29 amino acid (aa) C-terminal region, which on its own was sufficient to interact with the extreme C-terminal 165 aa region of P.,��https://www.ncbi.nlm.nih.gov/pubmed/15166452§��Chan, Y P
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X-Ray Diffraction���Jun&��Highly conserved heptad-repeat (HR1 and HR2) regions in class I viral fusion (F) proteins, including the F protein from paramyxovirus, interact with each other post-fusion to form a six-helix bundle called a fusion core. Crystals of the fusion core of Nipah virus have been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.1 angstroms resolution at 100 K in-house. The crystals have unit-cell parameters a = 31.664, b = 31.725, c = 51.256 angstroms, alpha = 80.706, beta = 86.343, gamma = 65.812 degrees and belong to space group P1. Crystals of the fusion core of Hendra virus have also been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.0 angstroms resolution at 100 K in-house. A selenomethionine (SeMet) derivative of the HeV fusion core was overexpressed using the same Escherichia coli expression system and purified. The derivative crystals were obtained under similar conditions and three different wavelength data sets were collected to 2.0 angstroms resolution from the derivative crystal at BSRF (Beijing Synchrotron Radiation Facility). The crystals have unit-cell parameters a = 31.997, b = 31.970, c = 53.865 angstroms, alpha = 85.990, beta = 85.842, gamma = 68.245 degrees and belong to space group P1.,��https://www.ncbi.nlm.nih.gov/pubmed/15159588���Xu, Yanhui
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�Over the last decade, there was noted a large advancement of knowledge on living organisms and their products posing a potential occupational risk. Novel risk factors, often new to science, were identified, the role and significance of already known factors better comprehended, and occupational groups endangered by biological hazards more thoroughly recognized. Novel viruses and prions, emerging in different parts of the world, may pose a particular threat to health and life of health care workers, agriculture workers and veterinarians. A new coronavirus (SCoV) that evoked a rapid outbreak of disease described as severe acute respiratory syndrome (SARS) in the first half of 2003 may serve as an example. The disease was particularly common among health care workers. Previously discovered zoonotic viruses, Nipah virus in pigs and Hendra virus in horses, may be a cause of fatal encephalitis in animal farmers. Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and laboratory workers. Prions responsible for inducing a zoonotic variant of Creutzfeldt-Jakob disease (vCJD) are considered to be a potential cause of work-related infections in agricultural and health care workers, however, this assumption has not as yet been supported by any conclusive evidence. In many countries, blood-borne occupational infections with hepatitis C virus (HCV) is the major epidemiological problem among health care workers, mostly because no vaccine against this virus has been produced to date. Vaccinations effectively restricted the number of occupational infections with hepatitis B virus (HBV), and work-related infections with human immunodeficiency virus (HIV) causing acquired immunodeficiency syndrome (AIDS) are very rare. Hazardous bioserosols, occurring in many work environments, pose an occupational health hazard of particular importance. Many new biological factors present in organic dusts that may induce work-related allergic and immunotoxic diseases among farmers and workers of the agricultural and wood industries have been identified. Droplet aerosols, which are generated from water, oils, oil-water emulsions and other liquids in various work environments, may contain infectious agents (Legionella spp.) as well as allergic and/or toxic agents. It has been shown that allergens and endotoxins produced by Gram-negative bacteria occurring in oil mist from metalworking fluids may cause occupational respiratory diseases in workers of the metallurgic industry.,��https://www.ncbi.nlm.nih.gov/pubmed/15156765_��Dutkiewicz, Jacek
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United Kingdom���May-JunÐ��INTRODUCTION: Selected tablet-treated elderly type 2 subjects with very poor glycaemic control may experience improvements in well-being after starting twice-daily insulin. In this study, the health status, mood, and treatment satisfaction of diabetic subjects with poor control on oral medication were assessed before and after being randomised to one of two insulin regimens. METHODOLOGY: Fifty-seven type 2 subjects with poor glycaemic control (HBA(1c) 9.7%) were randomised to continue tablets (Group l), twice-daily isophane insulin (Group 2), or basal/bolus isophane/lispro insulin (Group 3). Health status, treatment satisfaction, and mood were measured at baseline, 1, 3, and 6 months. RESULTS: Mean HBA(1c) levels were lower in Groups 1 and 3 at 6 months (P<.02 and.03, respectively) but not Group 2 (P=.2). Mean health status scores did not differ between the groups at any time point. In Group 3, significant within-subject improvements occurred in six domains of the SF-36 at 1 month, four domains at 3 months, and six domains at 6 months. There were no significant within-subject changes in health status scores in the other groups. Mean anxiety scores improved in both Groups 1 and 3 over 6 months, and mean depression scores also improved in Group 3 during the study. CONCLUSIONS: Small improvements in health status and mood may be associated with basal/bolus, but not twice-daily, insulin in elderly type 2 subjects. These effects may be independent of glycaemic control.,��https://www.ncbi.nlm.nih.gov/pubmed/15145325ð��Hendra, Timothy J
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Viral Proteins/*physiology���Junc��In previous reports it was demonstrated that the Nipah virus V and W proteins have interferon (IFN) antagonist activity due to their ability to block signaling from the IFN-alpha/beta receptor (J. J. Rodriguez, J. P. Parisien, and C. M. Horvath, J. Virol. 76:11476-11483, 2002; M. S. Park et al., J. Virol. 77:1501-1511, 2003). The V, W, and P proteins are all encoded by the same viral gene and share an identical 407-amino-acid N-terminal region but have distinct C-terminal sequences. We now show that the P protein also has anti-IFN function, confirming that the common N-terminal domain is responsible for the antagonist activity. Truncation of this N-terminal domain revealed that amino acids 50 to 150 retain the ability to block IFN and to bind STAT1, a key component of the IFN signaling pathway. Subcellular localization studies demonstrate that the V and P proteins are predominantly cytoplasmic whereas the W protein is localized to the nucleus. In all cases, STAT1 colocalizes with the corresponding Nipah virus protein. These interactions are sufficient to inhibit STAT1 activation, as demonstrated by the lack of STAT1 phosphorylation on tyrosine 701 in IFN-stimulated cells expressing P, V, or W. Therefore, despite their common STAT1-binding domain, the Nipah virus V and P proteins act by retaining STAT1 in the cytoplasm while the W protein sequesters STAT1 in the nucleus, creating both a cytoplasmic and a nuclear block for STAT1. We also show that the IFN antagonist activity of the P protein is not as strong as that of V or W, perhaps explaining why Nipah virus has evolved to express these two edited products.,��https://www.ncbi.nlm.nih.gov/pubmed/15140960ë��Shaw, Megan L
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Transcription, Genetic+��Hendra virus (HENV) and Nipah virus (NIPV) are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genetic and biological characteristics that differentiate henipaviruses from other members of the subfamily are summarized. Although they do not display neuraminidase and hemagglutination activities and in that regard resemble viruses in the genus Morbillivirus, several recent observations highlight similarities between henipaviruses and respiroviruses (genus Respirovirus) in structure and replication strategy. First, three-dimensional modeling studies suggest that the external globular head domain of the HENV G protein resembles that of respiroviruses rather than morbilliviruses. Second, the pattern of transcriptional attenuation in HENV-infected cells resembles that observed with Sendai virus, a respirovirus, and differs from that found in cells infected with measles virus, a morbillivirus. Henipaviruses have a broad host range in vitro and in vivo, indicating wide distribution of cellular receptor molecules. The extensive host range has been confirmed in a quantitative in vitro cell-fusion assay using recombinant vaccinia viruses expressing the attachment and fusion proteins of HENV and NIPV. Cell lines of diverse origin and which are permissive in the in vitro cell fusion assay have been identified and the pattern of relative susceptibilities is the same for both HENV and NIPV, implying that both viruses use the same cell receptor. Protease treatment of permissive cells destroys their ability to fuse with cells expressing viral envelope glycoproteins. Virus overlay protein binding assay (VOPBA) and radio-immune precipitation assays confirm that both HENV and NIPV bind to membrane proteins in the 35-50 kD range. Treatment of cell membrane proteins with N-glycosidase eliminates HeV binding activity in VOPBA whereas treatment with neuraminidase has no effect on binding. Thus preliminary evidence suggests that NIPV and HENV bind to the same glycoprotein receptor via a non-sialic acid-dependant mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/15119767���Eaton, B T
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Paramyxoviridae/*isolation & purification/pathogenicityq��Several novel viruses recently described in bats of the genus Pteropus (sub-order Megachiroptera) in Australia and southeast Asia cause encephalitic disease in animals and humans. These viruses include Hendra virus and Nipah virus (genus Henipavirus, family Paramyxoviridae) and Australian bat lyssavirus (ABLV; genus Lyssavirus, family Rhabdoviridae). Broadly, strategies for disease prevention and control in the spillover host are directed at minimising direct or indirect contact with the natural host, improving farm-gate and on-farm biosecurity, and better disease recognition and diagnosis. Additional strategies for ABLV include the use of rabies vaccine for effective pre- and post-exposure prophylaxis in humans. Effective management strategies in the natural host are predicated on an understanding of the ecology of the disease in the natural host, and the identification and avoidance of factors putatively associated with emergence, such as habitat loss, land use change and demographic shifts. A possible future management strategy for ABLV in reservoir populations is immunisation using bait or plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/15119766g��Field, H
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Zoonoses±��Three newly recognized encephalitogenic zoonotic viruses spread from fruit bats of the genus Pteropus (order Chiroptera, suborder Megachiroptera) have been recognised over the past decade. These are: Hendra virus, formerly named equine morbillivirus, which was responsible for an outbreak of disease in horses and humans in Brisbane, Australia, in 1994; Australian bat lyssavirus, the cause of a severe acute encephalitis, in 1996; and Nipah virus, the cause of a major outbreak of encephalitis and pulmonary disease in domestic pigs and people in peninsula Malaysia in 1999. Hendra and Nipah viruses have been shown to be the first two members of a new genus, Henipavirus, in the family Paramyxoviridae, subfamily Paramyxovirinae, whereas Australian bat lyssavirus is closely related antigenically to classical rabies virus in the genus Lyssavirus, family Rhabdoviridae, although it can be distinguished on genetic grounds. Hendra and Nipah viruses have neurological and pneumonic tropisms. The first humans and equids with Hendra virus infections died from acute respiratory disease, whereas the second human patient died from an encephalitis. With Nipah virus, the predominant clinical syndrome in humans was encephalitic rather than respiratory, whereas in pigs, the infection was characterised by acute fever with respiratory involvement with or without neurological signs. Two human infections with Australian bat lyssavirus have been reported, the clinical signs of which were consistent with classical rabies infection and included a diffuse, non-suppurative encephalitis. Many important questions remain to be answered regarding modes of transmission, pathogenesis, and geographic range of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15119765���Mackenzie, J S
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*Zoonoses7��The emergence of zoonotic viruses maintained by wildlife reservoir hosts is poorly understood. Recent discoveries of Hendra (HENV) and Nipah (NIPV) viruses in Australasia and the emergence of epidemic West Nile virus (WNV) in the United States have added urgency to the study of cross-species transmission. The processes by which zoonotic viruses are transmitted and infect other species are examined as four transitions. Two of these, inter-species contact and cross-species virus transmission (spillover), are essential and sufficient to cause epidemic emergence. Sustained transmission and virus adaptation within the spillover host are transitions not required for virus emergence, but determine the magnitude and scope of subsequent disease outbreaks. Ecologic, anthropogenic, and evolutionary factors modify the probability that viruses complete or move through transitions. As surveillance for wildlife diseases is rare and often outbreak-driven, targeted studies are required to elucidate the means by which important zoonotic viruses are maintained and spillover occurs.,��https://www.ncbi.nlm.nih.gov/pubmed/15119758Q��Childs, J E
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Viral Fusion Proteins/*physiology%��The vaccinia virus-based expression of viral envelope glycoprotein genes-derived from enveloped viruses that infect their respective host cells through a pH-independent mechanism of membrane fusion-has been a powerful tool in helping to characterize these important attachment and fusion proteins. The cellular expression of these viral envelope glycoproteins has allowed for the measurement of membrane fusion events using cell-cell fusion or syncytia formation. This method has been enhanced by the addition of a reporter-gene system to the vaccinia virus-based cell-cell fusion assay. This improvement has provided a high-throughput and quantitative aspect to this assay, which can serve as a surrogate for virus entry and is therefore ideally suited in the characterization of numerous enveloped viruses, including biological safety level-4 (BSL-4) agents. This chapter will detail the methods of the vaccinia virus-based reporter-gene fusion assay and how it may be used to characterize the fusion mediated by the BSL-4-classified Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15114023®��Bossart, Katharine N
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Viral Proteins/*chemistry���Mayd��The V proteins of Nipah virus and Hendra virus have been demonstrated to bind to cellular STAT1 and STAT2 proteins to form high-molecular-weight complexes that inhibit interferon (IFN)-induced antiviral transcription by preventing STAT nuclear accumulation. Analysis of the Nipah virus V protein has revealed a region between amino acids 174 and 192 that functions as a CRM1-dependent nuclear export signal (NES). This peptide is sufficient to complement an export-defective human immunodeficiency virus Rev protein, and deletion and substitution mutagenesis revealed that this peptide is necessary for both V protein shuttling and cytoplasmic retention of STAT1 and STAT2 proteins. However, the NES is not required for V-dependent IFN signaling inhibition. IFN signaling is blocked primarily by interaction between Nipah virus V residues 100 to 160 and STAT1 residues 509 to 712. Interaction with STAT2 requires a larger Nipah virus V segment between amino acids 100 and 300, but deletion of residues 230 to 237 greatly reduced STAT2 coprecipitation. Further, V protein interactions with cellular STAT1 is a prerequisite for STAT2 binding, and sequential immunoprecipitations demonstrate that V, STAT1, and STAT2 can form a tripartite complex. These findings characterize essential regions for Henipavirus V proteins that represent potential targets for therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/15113915·��Rodriguez, Jason J
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Viral Structural Proteins/*chemistry/physiology���MayÅ��The paramyxovirus family includes many well-known human and animal pathogens as well as emerging viruses such as Hendra virus and Nipah virus. The V protein of simian virus 5 (SV5), a prototype of the paramyxoviruses, contains a cysteine-rich C-terminal domain which is conserved among all paramyxovirus V proteins. The V protein can block both interferon (IFN) signaling by causing degradation of STAT1 and IFN production by blocking IRF-3 nuclear import. Previously, it was reported that recombinant SV5 lacking the C terminus of the V protein (rSV5VDeltaC) induces a severe cytopathic effect (CPE) in tissue culture whereas wild-type (wt) SV5 infection does not induce CPE. In this study, the nature of the CPE and the mechanism of the induction of CPE were investigated. Through the use of DNA fragmentation, terminal deoxynucleotidyltransferase-mediated dUTP-biotin nick end labeling, and propidium iodide staining assays, it was shown that rSV5VDeltaC induced apoptosis. Expression of wt V protein prevented apoptosis induced by rSV5VDeltaC, suggesting that the V protein has an antiapoptotic function. Interestingly, rSV5VDeltaC induced apoptosis in U3A cells (a STAT1-deficient cell line) and in the presence of neutralizing antibody against IFN, suggesting that the induction of apoptosis by rSV5VDeltaC was independent of IFN and IFN-signaling pathways. Apoptosis induced by rSV5VDeltaC was blocked by a general caspase inhibitor, Z-VAD-FMK, but not by specific inhibitors against caspases 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 13, suggesting that rSV5VDeltaC-induced apoptosis can occur in a caspase 12-dependent manner. Endoplasmic reticulum stress can lead to activation of caspase 12; compared to the results seen with mock and wt SV5 infection, rSV5VDeltaC infection induced ER stress, as demonstrated by increased expression levels of known ER stress indicators GRP 78, GRP 94, and GADD153. These data suggest that rSV5VDeltaC can trigger cell death by inducing ER stress.,��https://www.ncbi.nlm.nih.gov/pubmed/15113888���Sun, Minghao
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Zoonoses���Mar¿��To study the replication of Nipah virus (NiV), a minigenome replication assay that does not require the use of infectious virus was developed. The minigenome was constructed to encode a NiV vRNA analogue containing the gene for chloramphenicol acetyltransferase (CAT) under the control of putative NiV transcription motifs and flanked by the NiV genomic termini. CAT protein was detected only when plasmids encoding the NiV minigenome, nucleocapsid protein (N), phosphoprotein (P) and polymerase protein (L) were transfected into CV1 cells. To determine whether NiV conforms to the rule of six, a series of plasmids encoding minigenomes that differed in length by a single nucleotide was tested in the replication assay. CAT production was detected only with the minigenome whose length was an even multiple of six. The replication assay was also used to show that the N, P and L proteins of NiV recognize cis-acting sequences in the genomic termini of Hendra virus (HeV) but not measles virus. While these results suggest that NiV uses a replication strategy that is similar to those of other paramyxoviruses, they also support the inclusion of NiV and HeV in a separate genus within the subfamily Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/14993656­��Halpin, Kim
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Viral Fusion Proteins/chemistry/*genetics/isolation & purification/*metabolism���Mar 12���Nipah virus (NiV) and Hendra virus (HeV) are novel zoonotic members of the Paramyxoviridae family and are the prototypes for a newly designated genus, Genus Henipavirus. Recent studies have shown that paramyxovirus might adopt a similar mechanism of virus fusion-entry. Under this mechanism, the two highly conserved heptad repeat (HR) regions, HR1 and HR2, in the fusion (F) protein, seem to show characteristic structure in the fusion core: the formation of a 6-helix coiled-coil bundle. The three HR1s form the alpha-helix coiled-coil surrounded by three HR2s. In this study, the two HR regions of NiV or HeV were expressed in an Escherichia coli system as a single chain and the results do show that HR1 and HR2 interact with each other in both NiV and HeV and form typical 6-helix coiled-coil bundles. This provides the molecular basis of HR2 inhibition to NiV and HeV fusion as observed in an earlier report.,��https://www.ncbi.nlm.nih.gov/pubmed/14975752æ��Xu, Yanhui
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West Nile Fever/*epidemiology/prevention & controlÿ��Severe acute respiratory syndrome (SARS) reminds us that sudden disease emergence is a permanent part of our world--and should be anticipated in our planning. Historically the emergence of new diseases has had little or no impact beyond a small, localized cluster of infections. However, given just the right conditions, a highly virulent pathogen can suddenly spread across time and space with massive consequences, as has occurred on several occasions in human history. In the wake of the SARS outbreak, we are now forced to confront the unpleasant fact that human activities are increasing the frequency and severity of these kinds of emergences. The idea of more frequent biological "invasions" with economic and societal impacts comparable to SARS, presents stakeholders in and the global economy with unprecedented new risks, challenges and even opportunities. As a major contributor to economic stability, the insurance industry must follow these trends very closely and develop scenarios to anticipate these events.,��https://www.ncbi.nlm.nih.gov/pubmed/14971089O��von Overbeck, Jan
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Viral Vaccines/*administration & dosage/immunology���JanÓ��Nipah virus, a member of the paramyxovirus family, was first isolated and identified in 1999 when the virus crossed the species barrier from fruit bats to pigs and then infected humans, inducing an encephalitis with up to 40% mortality. At present there is no prophylaxis for Nipah virus. We investigated the possibility of vaccination and passive transfer of antibodies as interventions against this disease. We show that both of the Nipah virus glycoproteins (G and F) when expressed as vaccinia virus recombinants induced an immune response in hamsters which protected against a lethal challenge by Nipah virus. Similarly, passive transfer of antibody induced by either of the glycoproteins protected the animals. In both the active and passive immunization studies, however, the challenge virus was capable of hyperimmunizing the vaccinated animals, suggesting that although the virus replicates under these conditions, the immune system can eventually control the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14694115Ø��Guillaume, V
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Zoonoses/virology���Nov@��A predominantly pig-to-human zoonotic infection caused by the novel Nipah virus emerged recently to cause severe morbidity and mortality in both animals and man. Human autopsy studies showed the pathogenesis to be related to systemic vasculitis that led to widespread thrombotic occlusion and microinfarction in most major organs especially in the central nervous system. There was also evidence of extravascular parenchymal infection, particularly near damaged vessels (Wong KT, Shieh WJ, Kumar S, Norain K, Abdullah W, Guarner J, Goldsmith CS, Chua KB, Lam SK, Tan CT, Goh KJ, Chong HT, Jusoh R, Rollin PE, Ksiazek TG, Zaki SR, Nipah Virus Pathology Working Group: Nipah virus infection: Pathology and pathogenesis of an emerging paramyxoviral zoonosis. Am J Pathol 2002, 161:2153-2167). We describe here a golden hamster (Mesocricetus auratus) model that appears to reproduce the pathology and pathogenesis of acute human Nipah infection. Hamsters infected by intranasal or intraperitoneal routes died within 9 to 29 days or 5 to 9 days, respectively. Pathological lesions were most severe and extensive in the hamster brain. Vasculitis, thrombosis, and more rarely, multinucleated endothelial syncytia, were found in blood vessels of multiple organs. Viral antigen and RNA were localized in both vascular and extravascular tissues including neurons, lung, kidney, and spleen, as demonstrated by immunohistochemistry and in situ hybridization, respectively. Paramyxoviral-type nucleocapsids were identified in neurons and in vessel walls. At the terminal stage of infection, virus and/or viral RNA could be recovered from most solid organs and urine, but not from serum. The golden hamster is proposed as a suitable model for further studies including pathogenesis studies, anti-viral drug testing, and vaccine development against acute Nipah infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14578210���Wong, K Thong
Grosjean, Isabelle
Brisson, Christine
Blanquier, Barissa
Fevre-Montange, Michelle
Bernard, Arlette
Loth, Philippe
Georges-Courbot, Marie-Claude
Chevallier, Michelle
Akaoka, Hideo
Marianneau, Philippe
Lam, Sai Kit
Wild, T Fabian
Deubel, Vincent
eng
Comparative Study
Research Support, Non-U.S. Gov't
2003/10/28 05:00
Am J Pathol. 2003 Nov;163(5):2127-37. doi: 10.1016/S0002-9440(10)63569-9.%��0002-9440 (Print)
0002-9440 (Linking)
��PMC1892425���14578210r��Department of Pathology, Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia. wongkt@um.edu.my���10.1016/S0002-9440(10)63569-9�����üÒtÿþ?å���+��Rodriguez, J. J.
Wang, L. F.
Horvath, C. M.���2003g��Hendra virus V protein inhibits interferon signaling by preventing STAT1 and STAT2 nuclear accumulation���11842-5���J Virol���77���21L��Amino Acid Sequence
Cell Line
Cell Nucleus/metabolism
DNA-Binding Proteins/*metabolism
Humans
Interferon-alpha/*metabolism
Interferon-gamma/*metabolism
Molecular Sequence Data
STAT1 Transcription Factor
STAT2 Transcription Factor
Signal Transduction/*drug effects
Trans-Activators/*metabolism
Viral Proteins/metabolism/*pharmacology���Nov.��The V protein of the recently emerged paramyxovirus, Nipah virus, has been shown to inhibit interferon (IFN) signal transduction through cytoplasmic sequestration of cellular STAT1 and STAT2 in high-molecular-weight complexes. Here we demonstrate that the closely related Hendra virus V protein also inhibits cellular responses to IFN through binding and cytoplasmic sequestration of both STAT1 and STAT2, but not STAT3. These findings demonstrate a V protein-mediated IFN signal evasion mechanism that is a general property of the known Henipavirus species.,��https://www.ncbi.nlm.nih.gov/pubmed/14557668y��Rodriguez, Jason J
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Viral Proteins/*chemistry/genetics���Nov 7s��Measles virus is a negative-sense, single-stranded RNA virus belonging to the Mononegavirales order which comprises several human pathogens such as Ebola, Nipah, and Hendra viruses. The phosphoprotein of measles virus is a modular protein consisting of an intrinsically disordered N-terminal domain (Karlin, D., Longhi, S., Receveur, V., and Canard, B. (2002) Virology 296, 251-262) and of a C-terminal moiety (PCT) composed of alternating disordered and globular regions. We report the crystal structure of the extreme C-terminal domain (XD) of measles virus phosphoprotein (aa 459-507) at 1.8 A resolution. We have previously reported that the C-terminal domain of measles virus nucleoprotein, NTAIL, is intrinsically unstructured and undergoes induced folding in the presence of PCT (Longhi, S., Receveur-Brechot, V., Karlin, D., Johansson, K., Darbon, H., Bhella, D., Yeo, R., Finet, S., and Canard, B. (2003) J. Biol. Chem. 278, 18638-18648). Using far-UV circular dichroism, we show that within PCT, XD is the region responsible for the induced folding of NTAIL. The crystal structure of XD consists of three helices, arranged in an anti-parallel triple-helix bundle. The surface of XD formed between helices alpha2 and alpha3 displays a long hydrophobic cleft that might provide a complementary hydrophobic surface to embed and promote folding of the predicted alpha-helix of NTAIL. We present a tentative model of the interaction between XD and NTAIL. These results, beyond presenting the first measles virus protein structure, shed light both on the function of the phosphoprotein at the molecular level and on the process of induced folding.,��https://www.ncbi.nlm.nih.gov/pubmed/12944395ø��Johansson, Kenth
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*Virus Diseases/drug therapy/genetics/prevention & control���Aug 15ð��Certain viruses, such as those that cause smallpox and hemorrhagic fevers, have been identified as possible bioterrorism agents by the Centers for Disease Control and Prevention. They have been designated as potential threats because large quantities can be propagated in cell culture, they are transmissible as aerosols and, for the most part, there are only limited vaccine and pharmaceutical strategies for either prevention or treatment of established infection. An additional concern is the potential to genetically modify these agents to enhance virulence or promote resistance to vaccines or identified antivirals. Although the major impact of these agents is human illness, the release of zoonotic agents, such as the Nipah virus, would have consequences for both humans and animals because infected and noninfected animals might need to be sacrificed to control the spread of infection. Continued research is necessary to develop effective strategies to limit the impact of these biological threats.,��https://www.ncbi.nlm.nih.gov/pubmed/12944096v��Bronze, Michael S
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Zoonoses/*transmissioné��Porcine organs, cells and tissues provide a viable source of transplants in humans, though there is some concern of public health risk from adaptation of swine infectious agents in humans. Limited information is available on the public health risk of many exogenous swine viruses, and reliable and rapid diagnostic tests are available for only a few of these. The ability of several porcine viruses to cause transplacental fetal infection (parvoviruses, circoviruses, and arteriviruses), emergence or recognition of several new porcine viruses during the last two decades (porcine circovirus, arterivirus, paramyxoviruses, herpesviruses, and porcine respiratory coronavirus) and the immunosuppressed state of the transplant recipients increases the xenozoonoses risk of humans to porcine viruses through transplantation. Much of this risk can be eliminated with vigilance and sustained monitoring along with a better understanding of pathogenesis and development of better diagnostic tests. In this review we present information on selected exogenous viruses, highlighting their characteristics, pathogenesis of viral infections in swine, methods for their detection, and the potential xenozoonoses risk they present. Emphasis has been given in this review to swine influenza virus, paramyxovirus (Nipah virus, Menagle virus, LaPiedad paramyxovirus, porcine paramyxovirus), arterivirus (porcine reproductive and respiratory syndrome virus) and circovirus as either they represent new swine viruses or present the greatest risk. We have also presented information on porcine parvovirus, Japanese encephalitis virus, encephalomyocarditis virus, herpesviruses (pseudorabies virus, porcine lymphotropic herpesvirus, porcine cytomegalovirus), coronaviruses (TGEV, PRCV, HEV, PEDV) and adenovirus. The potential of swine viruses to infect humans needs to be assessed in vitro and in vivo and rapid and more reliable diagnostic methods need to be developed to assure safe supply of porcine tissues and cells for xenotransplantation.,��https://www.ncbi.nlm.nih.gov/pubmed/12934944���Paul, P S
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Zoonoses���Jung��Paramyxoviruses are responsible for a wide variety of diseases both in humans and in animals. Common to many paramyxoviruses is the fact that they can cause neurological symptoms in their final host. Newly discovered paramyxoviruses, such as the Hendra and Nipah viruses, show the same pattern of pathogenesis as that of the paramyxoviruses already known. Canine distemper virus (CDV) is a well-studied member of the genus Morbillivirus. Study of the neuropathogenesis of CDV might give insight into disease mechanisms and suggest approaches for the prevention of other recently discovered paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/12885204º��Griot, Christian
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Zoonoses���JulÞ��BACKGROUND: Viral encephalitis occurs in epidemic settings or is sporadic. New encephalitis patterns reflect the roles that biologic reservoirs and vectors play in determining virus-human interactions. "New" viral encephalitis can also result from human host modifications that increase susceptibility to neuroinvasive viral infection. REVIEW SUMMARY: Three human viruses, Nipah virus, Human Herpesvirus-6, and West Nile virus, present examples of how "new" viral encephalitides emerge in a specific geographic region or clinical setting. Nipah virus encephalitis emerged after the molecular evolution of a new zoonotic viral genus within the Paramyxovirinae family. Human herpesvirus-6 encephalitis has emerged in the immune suppressed human host harboring this ubiquitous but typically benign herpesvirus. West Nile virus encephalitis has emerged in the Western hemisphere after apparent abrupt translocation of this mosquito-borne virus to a distant geographic region with immunologically naive avian and human hosts. CONCLUSION: While the clinical features of these viral encephalitides are somewhat distinct, they each emerged as the result of human-derived factors that altered the biologic dynamic between humans and their viral pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12864929{��McCarthy, Micheline
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West Nile virus/pathogenicity���Jun?��PURPOSE OF REVIEW: The exotic and emerging viral encephalitides are caused by animal or human viruses and characterised by sudden unexpected outbreaks of neurological disease, usually in tropical and sub-tropical regions, but sometimes spreading to temperate areas. Although a wide range of viruses come within this label, as this review highlights, there are common research questions as to the origin and spread of the viruses, the contribution of viral and host factors to the clinical presentations and outcome, and the possibilities for treatment and vaccination. RECENT FINDINGS: During 2002, North America experienced the largest ever outbreak of West Nile encephalitis; a poliomyelitis-like flaccid paralysis due to West Nile virus was recognised, and transfusion-related infections were documented. Globally, Japanese encephalitis virus is the most important emerging viral encephalitis; interferon alpha was not effective against Japanese encephalitis in a double-blind placebo-controlled trial, but new chimeric vaccines are in development. Recent work suggests Japanese encephalitis virus originated in the Indonesia-Malaysia region, and spread from there. The origin of Nipah virus, which caused an encephalitis outbreak in Malaysia in 1998, is not known, but flying foxes have been identified as a natural host. Enterovirus 71 continues to cause large outbreaks of hand foot and mouth disease across Asia, associated with neurological and systemic complications; recent work has focused on the pathogenesis of these complications. SUMMARY: Disease surveillance remains important for the early recognition and containment of encephalitis outbreaks. Detailed clinical and laboratory studies will help answer the key questions, but there is a need to ensure the results translate to real benefits for the communities affected by these diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/12858080���Solomon, Tom
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Time Factors���May-Juný��This study examined the effect of a time-limited welfare program on school-age children using data on almost 3,000 children (ages 5-17 at the four year follow up-point) from the random assignment evaluation of Florida's Family Transition Program (FTP). FTP was one of the first welfare reform initiatives to impose a time limit on the receipt of cash assistance, and it combined the time limit with a rich array of mandatory services. The effects of FTP on children were moderated by families' risk of long-term welfare dependency. Contrary to predictions laid out at the outset, there were few effects of FTP on middle childhood and adolescent children for children of parents most likely to be long-term welfare dependent (those most likely to hit the time limit). However, consistent negative effects on this same age group of children were found for children of parents least likely to be long-term welfare dependent--parents who had the largest employment gains--and effects of FTP were most strongly negative for the oldest adolescent children. The findings suggest a different theoretical model for movements into employment than the one suggested in the previous literature for job loss. The findings are discussed in terms of their contribution to research and policy.,��https://www.ncbi.nlm.nih.gov/pubmed/12795394r��Morris, Pamela
Bloom, Dan
Kemple, James
Hendra, Richard
eng
2003/06/11 05:00
Child Dev. 2003 May-Jun;74(3):851-74.%��0009-3920 (Print)
0009-3920 (Linking)���12795394\��Manpower Demonstration Research Corporation, New York, NY 10016, USA. Pamela_morris@mdrc.org��Ó��üÒ|ÿþ?í���8��Noah, D. L.
Ostroff, S. M.
Cropper, T. L.
Thacker, S. B.���2003���U.S. military officer participation in the Centers for Disease Control and Prevention's Epidemic Intelligence Service (1951-2001)���368-72���Mil Med���168���5N��Adult
Centers for Disease Control and Prevention (U.S.)/*organization & administration
Education, Graduate/statistics & numerical data
Education, Professional/statistics & numerical data
Epidemiology/*education
Female
Humans
Male
Middle Aged
Military Personnel/*education
Professional Competence
*Public Health
United States
Workforce���May���The Epidemic Intelligence Service (EIS) was created in 1951 to provide epidemiologists to investigate natural and intentional disease epidemics. From an initial class of 23 U.S. citizens, the program has evolved into a globally recognized, hands-on learning experience, accepting approximately 65 to 75 new officers each year. The first U.S. military epidemic intelligence service officer (EISO) was accepted into the program in 1994. Since that time, 12 such officers have completed, or have begun, EIS training. They have comprised 2.1% of all EISOs from 1994 to 2001 and 0.47% of all EISOs. This total has included nine Air Force veterinarians, one Army veterinarian, one Army physician, and one Navy physician. Each military EISO had the opportunity to lead investigations of significant public health events (e.g., Ebola, monkeypox, malaria, Nipah virus, West Nile fever, and anthrax outbreaks). All graduates from the military returned to active duty assignments in operational medical units, research institutes, or the intelligence community.,��https://www.ncbi.nlm.nih.gov/pubmed/12775171���Noah, Donald L
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Specimen Handling/*methods���May9��During the outbreak of Nipah virus encephalitis involving pigs and humans in peninsular Malaysia in 1998/1999, a conventional approach was initially undertaken to collect specimens from fruit bats by mist-netting and shooting, as an integral part of wildlife surveillance of the natural reservoir host of Nipah virus. This study describes a novel method of collecting fruit bats' urine samples using plastic sheets for isolation of Nipah virus. This novel approach resulted in the isolation of several other known and unidentified infectious agents besides Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12758277Q��Chua, Kaw Bing
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Zoonoses/virology���Apr^��New viral infections of the nervous system have been appearing with great regularity. Some result from the evolution of new agents and others from the entry of viruses into new hosts or environments. The emergence of neurovirulent enteroviruses causing a paralytic poliomyelitis syndrome and rhomboencephalitis represent the evolution of new human viruses. Most emerging viral infections represent movement of an agent into new geographic areas or across species barriers. The transport of neurovirulent strains of West Nile virus into the Western Hemisphere and the penetration of Nipah virus, a newly recognized paramyxovirus, across species barriers from bat to pig to man are examples that are highlighted in this review. The burgeoning human population and the speed and frequency of travel favor the evolution, preservation, and spread of new viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/12707845q��Johnson, Richard T
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*Respirovirus Infections/diagnosis/epidemiology/physiopathology���Apr6��Human parainfluenza viruses (HPIV) were first discovered in the late 1950s. Over the last decade, considerable knowledge about their molecular structure and function has been accumulated. This has led to significant changes in both the nomenclature and taxonomic relationships of these viruses. HPIV is genetically and antigenically divided into types 1 to 4. Further major subtypes of HPIV-4 (A and B) and subgroups/genotypes of HPIV-1 and HPIV-3 have been described. HPIV-1 to HPIV-3 are major causes of lower respiratory infections in infants, young children, the immunocompromised, the chronically ill, and the elderly. Each subtype can cause somewhat unique clinical diseases in different hosts. HPIV are enveloped and of medium size (150 to 250 nm), and their RNA genome is in the negative sense. These viruses belong to the Paramyxoviridae family, one of the largest and most rapidly growing groups of viruses causing significant human and veterinary disease. HPIV are closely related to recently discovered megamyxoviruses (Hendra and Nipah viruses) and metapneumovirus.,��https://www.ncbi.nlm.nih.gov/pubmed/12692097Z��Henrickson, Kelly J
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*Zoonoses���Since 1994, a number of novel viruses have been described from bats in Australia and Malaysia, particularly from fruit bats belonging to the genus Pteropus (flying foxes), and it is probable that related viruses will be found in other countries across the geographical range of other members of the genus. These viruses include Hendra and Nipah viruses, members of a new genus, Henipaviruses, within the family Paramyxoviridae; Menangle and Tioman viruses, new members of the Rubulavirus genus within the Paramyxoviridae; and Australian bat lyssavirus (ABLV), a member of the Lyssavirus genus in the family Rhabdoviridae. All but Tioman virus are known to be associated with human and/or livestock diseases. The isolation, disease associations and biological properties of the viruses are described, and are used as the basis for developing management strategies for disease prevention or control. These strategies are directed largely at disease minimization through good farm management practices, reducing the potential for exposure to flying foxes, and better disease recognition and diagnosis, and for ABLV specifically, the use of rabies vaccine for pre- and post-exposure prophylaxis. Finally, an intriguing and long-term strategy is that of wildlife immunization through plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/12675937r��Mackenzie, J S
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Swine Diseases/*epidemiology/transmission/virology���AprÔ��Nipah virus, a novel paramyxovirus, closely related to Hendra virus emerged in northern part of Peninsular Malaysia in 1998. The virus caused an outbreak of severe febrile encephalitis in humans with a high mortality rate, whereas, in pigs, encephalitis and respiratory diseases but with a relatively low mortality rate. The outbreak subsequently spread to various regions of the country and Singapore in the south due to the movement of infected pigs. Nipah virus caused systemic infections in humans, pigs and other mammals. Histopathological and radiological findings were characteristic of the disease. Fruitbats of Pteropid species were identified as the natural reservoir hosts. Evidence suggested that climatic and anthropogenic driven ecological changes coupled with the location of piggeries in orchard and the design of pigsties allowed the spill-over of this novel paramyxovirus from its reservoir host into the domestic pigs and ultimately to humans and other animals.,��https://www.ncbi.nlm.nih.gov/pubmed/12637075[��Chua, Kaw Bing
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Retrospective Studies
Swine���Jan=��INTRODUCTION: Between September 1998 and June 1999, there was a severe outbreak of viral encephalitis among the pig farm workers in Malaysia. METHODS: This is a review of the published literature related to the outbreak with the focus on human diseases. RESULTS: The encephalitis was caused by a newly discovered paramyxovirus related to Hendra virus, later named Nipah virus. There were 265 patients with acute encephalitis. The disease is thought to spread from pig to man through close contact. The risk of human-to-human spread is thought to below. The disease affected mainly adult Chinese males, half of whom had affected family members. The disease presented mainly as acute encephalitis with a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia. Initial cerebrospinal fluid was abnormal in 75% of patients. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging showed distinctive changes of multiple, discrete, and small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was high at 40% and death was probably due to severe brainstem involvement. The main necropsy finding in acute encephalitis was that of disseminated microinfarction associated with vasculitis and direct neuronal involvement. Ribavirin was able to reduce the mortality by 36%. Relapse encephalitis was seen in 7.5% of those who recovered from acute encephalitis, and late-onset encephalitis in 3.4% of those with initial non-encephalitic or asymptomatic diseases. The mean interval between initial illness and the onset of the complication was 8.4 months. The relapse and late-onset encephalitis which manifested as focal encephalitis arose from recurrent infection. CONCLUSION: Nipah virus, a recently discovered paramyxovirus, causes a unique encephalitis with high mortality as well as relapse and late-onset encephalitis. The infection is mainly spread from pigs to man.,��https://www.ncbi.nlm.nih.gov/pubmed/12625108_��Tan, C T
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Ticks/*virology���Apr¥��Hendra virus is a new virus of the family Paramyxoviridae. This virus was first detected in Queensland, Australia, in 1994; although, it seems that the virus has infected fruit-eating bats (flying-foxes) for a very long time. At least 2 humans and 15 horses have been killed by this virus since it first emerged as a virus that may infect mammals other than flying-foxes. Hendra virus is thought to have moved from flying-foxes to horses, and then from horses to people. There is a reasonably strong hypothesis for horse-to-human transmission: transmission of virus via nasal discharge, saliva and/or urine. In contrast, there is no strong hypothesis for flying-fox-to-human transmission. I present evidence that the Australian paralysis tick, Ixodes holocyclus, which has apparently only recently become a parasite of flying-foxes, may transmit Hendra virus and perhaps related viruses from flying-foxes to horses and other mammals.,��https://www.ncbi.nlm.nih.gov/pubmed/12615503F��Barker, S C
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Time���Jan���The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12486285Ý��Lim, C C T
Lee, W L
Leo, Y S
Lee, K E
Chan, K P
Ling, A E
Oh, H
Auchus, A P
Paton, N I
Hui, F
Tambyah, P A
eng
Research Support, Non-U.S. Gov't
England
2002/12/18 04:00
J Neurol Neurosurg Psychiatry. 2003 Jan;74(1):131-3.%��0022-3050 (Print)
0022-3050 (Linking)
��PMC1738187���12486285���Department of Neuroradiology, National Neuroscience Institute, 11 Jalan Tan Tock Seng, Singapore 308433, Republic of Singapore. tchoyoson_lim@ttsh.com.sg����üÒ|ÿþ?�������Hendra, K.
Celli, B.���2002.��Physiologic responses to long-term ventilation���447-62���Respir Care Clin N Am���8���3Í��Chronic Disease
Humans
Long-Term Care
Pulmonary Ventilation/*physiology
Respiration, Artificial/*methods
Respiratory Insufficiency/*physiopathology
Respiratory Mechanics/*physiology
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Tomography, Emission-Computed, Single-Photon���Jun£��An outbreak of infection with the Nipah virus, a novel paramyxovirus, occurred among pig farmers between September 1998 and June 1999 in Malaysia, involving 265 patients with 105 fatalities. This is a follow-up study 24 months after the outbreak. Twelve survivors (7.5%) of acute encephalitis had recurrent neurological disease (relapsed encephalitis). Of those who initially had acute nonencephalitic or asymptomatic infection, 10 patients (3.4%) had late-onset encephalitis. The mean interval between the first neurological episode and the time of initial infection was 8.4 months. Three patients had a second neurological episode. The onset of the relapsed or late-onset encephalitis was usually acute. Common clinical features were fever, headache, seizures, and focal neurological signs. Four of the 22 relapsed and late-onset encephalitis patients (18%) died. Magnetic resonance imaging typically showed patchy areas of confluent cortical lesions. Serial single-photon emission computed tomography showed the evolution of focal hyperperfusion to hypoperfusion in the corresponding areas. Necropsy of 2 patients showed changes of focal encephalitis with positive immunolocalization for Nipah virus antigens but no evidence of perivenous demyelination. We concluded that a unique relapsing and remitting encephalitis or late-onset encephalitis may result as a complication of persistent Nipah virus infection in the central nervous system.,��https://www.ncbi.nlm.nih.gov/pubmed/12112075D��Tan, Chong Tin
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Transcription Initiation Site���Jul*��A novel paramyxovirus in the genus Rubulavirus, named Tioman virus (TiV), was isolated in 1999 from a number of pooled urine samples of Island Flying Foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. TiV is antigenically related to Menangle virus (MenV) that was isolated in Australia in 1997 during disease outbreak in pigs. Sequence analysis of the full length genome indicated that TiV is a novel member of the genus Rubulavirus within the subfamily Paramyxovirinae, family Paramyxoviridae. However, there are several features of TiV which make it unique among known paramyxoviruses and rubulaviruses in particular: (1) TiV, like MenV, uses the nucleotide G as a transcriptional initiation site, rather than the A residue used by all other known paramyxoviruses; (2) TiV uses C as the +1 residue for all intergenic regions, a feature not seen for rubulaviruses but common for all other members within the subfamily Paramyxovirinae; (3) Although the attachment protein of TiV has structural features that are conserved in other rubulaviruses, it manifests no overall sequence homology with members of the genus, lacks the sialic acid-binding motif N-R-K-S-C-S and has only two out of the six highly conserved residues known to be important for the catalytic activity of neuraminidase.,��https://www.ncbi.nlm.nih.gov/pubmed/12111411ª��Chua, K B
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Swine Diseases/epidemiology/virology���Apr-Jun¾��In the interval 1994-1999, in Australia, Malaysia and Singapore, epizootic and epidemiological episodes of meningoencephalitis and severe acute respiratory syndromes were reported. Highly lethal in horses, swine and humans, the episodes were proved to be caused by the "new" viruses Hendra (HeV) and Nipah (NiV). At the same time three "new" viral agents have been isolated: Lyssavirus, Menanglevirus and Tupaia paramyxovirus. The intense contemporary circulation of people, animals and food products together with changes in human ecosystem favor new relations between humans and the "natural reservoirs" of biologic agents with a pathogenic potential for domestic and peridomestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/12089991z��Ivan, A
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Zoonoses���Jul 1s��Hendra virus infection should be suspected in someone with close association with horses or bats who presents acutely with pneumonia or encephalitis (potentially after a prolonged incubation period). Australian bat lyssavirus infection should be suspected in a patient with a progressive neurological illness and a history of exposure to a bat. Rabies vaccine and immunoglobulin should be strongly considered after a bite, scratch or mucous membrane exposure to a bat. Japanese encephalitis vaccine should be considered for people intending to reside in or visit endemic areas of southern or eastern Asia for more than 30 days.,��https://www.ncbi.nlm.nih.gov/pubmed/12088481~��McCormack, Joseph G
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Renal Dialysis/*adverse effects/instrumentation���Jun­��Patients on maintenance hemodialysis are vulnerable to chloramine toxicity if chloramines are inadequately removed. We report two critically ill patients with acute renal failure who developed methemoglobinemia during hemodialysis in the intensive care unit. During the same period, methemoglobin levels measured from 30 patients in the outpatient dialysis facility were undetectable. Methemoglobin levels normalized when the carbon filtration system of the portable dialysis machine was replaced with a larger unit to remove chloramines more effectively. Causes, treatment, and prevention of chloramine toxicity in patients receiving dialysis in the intensive care unit are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/12046046���de Torres, Juan P
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Viral Vaccines/administration & dosage���Apr 25×��Nipah virus (NV) and Hendra virus (HV) are recently emergent, related viruses that can cause severe disease in humans and animals. The goal of this study was to investigate the immunogenic and functional properties of the fusion (F) and attachment (G) glycoproteins of NV. Vaccination of mice with recombinant vaccinia viruses (rVVs) expressing either the F (rVV/NV-F) or G (rVV/NV-G) proteins of NV induced neutralizing antibody responses to NV, with higher titers produced after vaccination with rVV/NV-G. When the homologous pairs of F and G proteins from either HV or NV were coexpressed in a transient expression system, fusion was detected in less than 12 h. An equivalent amount of fusion was observed when the heterologous pairs of F and G proteins from HV and NV were coexpressed. Membrane fusion was inhibited by antiserum from mice vaccinated with rVV/NV-G and rVV/NV-F. Therefore, as with other paramyxoviruses, the membrane glycoproteins of NV are the targets of neutralizing antibodies and membrane fusion mediated by NV requires the presence of both the F and the G proteins. Data from these biological assays support the taxonomic grouping of both HV and NV in the new genus, Henipavirus, within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/12036330º��Tamin, Azaibi
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Vero Cells���FebÏ��In late 1998, Nipah virus emerged in peninsular Malaysia and caused fatal disease in domestic pigs and humans and substantial economic loss to the local pig industry. Surveillance of wildlife species during the outbreak showed neutralizing antibodies to Nipah virus mainly in Island flying-foxes (Pteropus hypomelanus) and Malayan flying-foxes (Pteropus vampyrus) but no virus reactive with anti-Nipah virus antibodies was isolated. We adopted a novel approach of collecting urine from these Island flying-foxes and swabs of their partially eaten fruits. Three viral isolates (two from urine and one from a partially eaten fruit swab) that caused Nipah virus-like syncytial cytopathic effect in Vero cells and stained strongly with Nipah- and Hendra-specific antibodies were isolated. Molecular sequencing and analysis of the 11,200-nucleotide fragment representing the beginning of the nucleocapsid gene to the end of the glycoprotein gene of one isolate confirmed the isolate to be Nipah virus with a sequence deviation of five to six nucleotides from Nipah virus isolated from humans. The isolation of Nipah virus from the Island flying-fox corroborates the serological evidence that it is one of the natural hosts of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11880045ç��Chua, Kaw Bing
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Risk���Feb¿��BACKGROUND: An outbreak of viral encephalitis occurred among pig industry workers in Malaysia in September 1998 to April 1999. The encephalitis was attributed to a new paramyxovirus, Nipah virus. This is a description of the clinical features of 103 patients treated in the Seremban Hospital with characterization of the prognostic factors. METHODS: Clinical case records and laboratory investigations were reviewed. The case definition was: patients from the outbreak area, direct contact or in close proximity with pigs, clinical or CSF features of encephalitis. RESULTS: The mean age was 38 years, 89% were male, 58% were ethnic Chinese, 78% were pig farm owners or hired workers. The mean incubation period was 10 days. The patients typically presented with nonspecific systemic symptoms of fever, headache, myalgia and sore throat. Seizures and focal neurological signs were seen in 16% and 5% respectively. In the more severe cases, this was followed by drowsiness and deteriorating consciousness requiring ventilation in 61%. Autonomic disturbances and myoclonic jerks were common features. The mortality was high at 41%. Systolic hypertension, tachycardia and high fever were associated with poor outcome. On the other hand, 40% recovered fully. As for the other 19%, the residual neurological signs were mostly mild. CONCLUSION: Nipah virus caused an encephalitis illness with short incubation period and high mortality. The prognosis for the survivors was good.,��https://www.ncbi.nlm.nih.gov/pubmed/11858542ø��Chong, Heng Thay
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Surveys and Questionnaires���Maré��The effects of insulin therapy on patient well-being, treatment satisfaction and mood, and on carer strain were studied in 30 elderly Type 2 diabetic patients (age 73 +/- 7 (SD) yr) in poor glycaemic control on tablet therapy. A comparison group of ten poorly controlled patients who remained on oral agents was also studied. After 4 weeks of insulin treatment, there were significant improvements in mental health, role-emotional, role-physical (all P<0.05) and vitality (P<0.01) domains of the short form health survey (SF-36), and also in the diabetes treatment and satisfaction questionnaire (DTSQ) and geriatric depression scale (both P<0.01) compared to baseline. After 12 weeks, the improvements in mental health, social functioning and vitality (P<0.01 for all domains), and in the DTSQ were sustained. Carer strain was lower at 4 weeks. No changes in outcomes were seen in the comparison group. In selected elderly Type 2 diabetic patients, insulin treatment is associated with significant improvements in well-being, treatment satisfaction and mood, even without significant improvements in glycaemic control and without increase in carer strain. The SF-36 and DTSQ are sensitive to the benefits of the changes in the treatment for these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11850096È��Reza, M
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Paramyxovirinae���Jan¸��PURPOSE: To report the serial magnetic resonance (MR) imaging findings of the Nipah virus. MATERIALS AND METHODS: Twelve patients underwent serial MR imaging. Eight patients were examined at the outbreak; 11, at 1 month; and seven, at 6 months. Contrast material-enhanced MR images, diffusion-weighted images, and single-voxel proton MR spectroscopic images were reviewed. Clinical and neurologic assessment, as well as analysis of the size, location, and appearance of brain lesions on MR images, were performed. RESULTS: During the outbreak, all eight patients had multiple small foci of high signal intensity within the white matter on T2-weighted images. In six patients, cortical and brain stem lesions were also detected, and five patients had diffusion-weighted MR imaging-depicted hyperintensities. One month after the outbreak, five patients had widespread tiny foci of high signal intensity on T1-weighted images, particularly in the cerebral cortex. Diffusion-weighted images showed decreased prominence or disappearance of lesions over time. There was no evidence of progression or relapse of the lesions at 6-month follow-up. MR spectroscopy depicted reduction in N-acetylaspartate-to-creatine ratio and elevation of choline-to-creatine ratios. CONCLUSION: The Nipah virus has findings unlike other viral encephalitides: small lesions that are primarily within the white matter, with transient punctate cortical hyperintensities on T1-weighted images.,��https://www.ncbi.nlm.nih.gov/pubmed/11756729���Lim, C C Tchoyoson
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Swine���Oct���BACKGROUND: An outbreak of encephalitis primarily affecting pig farmers occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah virus, which infected pigs, humans, dogs, and cats. Because five abattoir workers were also affected, a survey was conducted to assess the risk of Nipah infection among abattoir workers. METHODS: Workers from all 143 registered abattoirs in 11 of 13 states in Malaysia were invited to participate in this cross-sectional study. Participants were interviewed to ascertain information on illness and activities performed at the abattoir. A serum sample was obtained to test for Nipah virus antibody. RESULTS: Seven (1.6 %) of 435 abattoir workers who slaughtered pigs versus zero (0%) of 233 workers who slaughtered ruminants showed antibody to Nipah virus (P = 0.05). All antibody-positive workers were from abattoirs in the three states that reported outbreak cases among pig farmers. Workers in these three states were more likely than those in other states to have Nipah antibody (7/144 [4.86%] versus 0/291 [0%], P < 0.001) and report symptoms suggestive of Nipah disease in pigs admitted to the abattoirs (P = 0.001). CONCLUSIONS: Nipah infection was not widespread among abattoir workers in Malaysia and was linked to exposure to pigs. Since it may be difficult to identify Nipah-infected pigs capable of transmitting virus by clinical symptoms, using personal protective equipment, conducting surveillance for Nipah infection on pig farms which supply abattoirs, and avoiding handling and processing of potentially infected pigs are presently the best strategies to prevent transmission of Nipah virus in abattoirs.,��https://www.ncbi.nlm.nih.gov/pubmed/11689513£��Sahani, M
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*Viral Plaque Assay���Jan°��Rapid immune plaque assays have been developed to quantify biohazard level 4 agents Hendra and Nipah viruses and detect neutralising antibodies to both viruses. The methods rely on the fact that both viruses rapidly generate large syncytia in monolayers of Vero cells within 24 h and that monospecific antiserum to the Hendra virus phosphoprotein (P) detects that protein in both Hendra and Nipah virus-induced syncytia after methanol fixation of virus-infected cells. The P protein is a constituent of the ribonucleoprotein core of the viruses and a component of the viral RNA-dependent RNA polymerase and is made in significant amounts in infected cells. In the immune plaque assay, anti-P antibody is localised by an alkaline phosphatase-linked second antibody and the Western blot substrates 5-bromo-4-chloro-3-indolyl phosphate and p-nitro blue tetrazolium. A modification of the rapid immune plaque assay was also used to detect antibodies to Nipah virus in a panel of porcine field sera from Malaysia and the results showed good agreement between the immune plaque assay and a traditional serum neutralisation test. After methanol fixation, plates can be stored for up to 7 months and may be used in the immune plaque assay to complement the enzyme-linked immunosorbent assay screening of sera for antibodies to Nipah virus. At present, all enzyme-linked immunosorbent assay positive sera are subject to confirmatory serum neutralisation tests. Use of the immune plaque assay may reduce the number of sera requiring confirmatory neutralisation testing for Nipah virus antibodies under biohazard level 4 conditions by identifying those that generate false positive in the enzyme-linked immunosorbent assay.,��https://www.ncbi.nlm.nih.gov/pubmed/11684302¨��Crameri, Gary
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Zoonoses���Octf��Nipah virus is a newly discovered paramyxovirus transmitted directly from pigs to humans. During a large encephalitis outbreak in Malaysia and Singapore in 1998-9, most patients presented acutely. A 12 year old child is described who developed encephalitis 4 months after exposure to the virus. She was diagnosed by a new indirect IgG enzyme linked immunosorbent assay (ELISA), which is also described. The late presentation and IgG subclass responses had similarities to subacute sclerosing panencephalitis. Nipah virus should be considered in patients with encephalitis even months after their possible exposure.,��https://www.ncbi.nlm.nih.gov/pubmed/11561048½��Wong, S C
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Zoonoses/*virology���May-JunH��Based on the literature data, the outbreaks of new zoonoses caused by new members of the family Paramyxoviridae are briefly presented. Some characteristics of Hendra and Nipah virus, epidemiological aspects, clinical picture and pathology are described. Fruit bats are mentioned as the key to the epidemiology of Hendra virus. The virus was isolated from affected humans, horses, and from the uterine fluids of a grey-headed fruit bat (pteropus poliocephalus). New morbillivirus designated Nipah virus was isolated from pigs and humans. It caused encephalitis and pneumonia in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/11554115`��Madic, J
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Swine Diseases/*epidemiology/transmission���Aug���Traceback systems in most countries of Asia are not well developed, as indicated by responses to a questionnaire by veterinary officials in thirteen countries. Marking of animals for traceback is practised only in a limited number of countries in specific areas or zones and for specific purposes only. In Malaysia, traceback has been undertaken by marking farm code tattoos on pigs. This enables the identification of the farm of origin of pigs found to be infected by Nipah virus in sero-surveillance programmes. The origin of the foot and mouth disease (FMD) virus that surfaced in the Republic of Korea in March 2000 was investigated through several epidemiological studies of suspected sources of contamination such as imported hay, yellow sand, milk collection trucks and feed delivery trucks. None of these studies gave results that indicated the origin of the FMD virus. The origin of the FMD virus that was recorded in Japan in March 2000 was also investigated in epidemiological studies; in this case, imported wheat straw was incriminated as the most likely source of infection. Comparative studies of the pathogenicities of FMD (type O) viruses isolated in Taipei China, the Republic of Korea and Japan, suggest that these viruses might have originated as vaccine strains used in a third country.,��https://www.ncbi.nlm.nih.gov/pubmed/11548530a��Ozawa, Y
Ong, B L
An, S H
eng
Review
France
2001/09/11 10:00
Rev Sci Tech. 2001 Aug;20(2):605-13.%��0253-1933 (Print)
0253-1933 (Linking)���11548530£��Office International des Epizooties Representation for Asia and the Pacific, East 311, Shin Aoyama Building, 1-1-1 Minami-Aoyama, Minato-ku, Tokyo 107-0062, Japan.����üÒ|ÿþ?+���1��Smith, I. L.
Halpin, K.
Warrilow, D.
Smith, G. A.���2001T��Development of a fluorogenic RT-PCR assay (TaqMan) for the detection of Hendra virus���33-40���J Virol Methods���98���1ú��Animals
Chiroptera
Fluorescent Dyes
Horses
Paramyxovirinae/genetics/*isolation & purification
Polymerase Chain Reaction/methods
RNA, Viral/analysis
Reverse Transcriptase Polymerase Chain Reaction/*veterinary
Sensitivity and Specificity
Taq Polymerase���OctÙ��A rapid and sensitive one-tube RT-PCR assay using a fluorogenic (TaqMan) probe was developed to improve the diagnosis of Hendra virus (HeV) infection. The TaqMan assay was developed to rapidly and specifically identify Hendra virus. The sensitivity of the new TaqMan-based PCR assay compared favourably with conventional RT-PCR. The major advantage of the TaqMan-based assay was the speed of diagnosis with results available within minutes of completing the PCR, and within 4 h of receiving the specimen. This test greatly reduces the chance of false positives through the elimination of second-round PCR and the requirement for agarose gel. Recombinant primer controls consisting of the Hendra virus primer sequence flanking a rodent GADPH probe sequence and recombinant probe controls consisting of the rodent GADPH primer sequence flanking the Hendra virus probe sequence were designed, cloned and transcribed in vitro to generate RNA. This has alleviated the requirement for viral RNA to be used as positive controls, thus reducing the chance of producing a false positive, at the same time eliminating the biosafety risk associated with handling live virus. This assay will provide a rapid diagnosis of future outbreaks of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11543882s��Smith, I L
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Phylogeny���Sep���We have completely sequenced the genomes of two Nipah virus (NiV) isolates, one from the throat secretion and the other from the cerebrospinal fluid (CSF) of the sole surviving encephalitic patient with positive CSF virus isolation in Malaysia. The two genomes have 18246 nucleotides each and differ by only 4 nucleotides. The NiV genome is 12 nucleotides longer than the Hendra virus (HeV) genome and both genomes have identical leader and trailer sequence lengths and hexamer-phasing positions for all their genes. Both NiV and HeV are also very closely related with respect to their genomic end sequences, gene start and stop signals, P gene-editing signals and deduced amino acid sequences of nucleocapsid protein, phosphoprotein, matrix protein, fusion protein, glycoprotein and RNA polymerase. The existing evidence demonstrates a clear need for the creation of a new genus within the subfamily Paramyxovirinae to accommodate the close similarities between NiV and HeV and their significant differences from other members of the subfamily.,��https://www.ncbi.nlm.nih.gov/pubmed/11514724µ��Chan, Y P
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Viral Proteins/chemistry/*genetics���Aug 158��In 1998, Nipah virus (NV) emerged in peninsular Malaysia, causing fatal encephalitis in humans and a respiratory disease in swine. NV is most closely related to Hendra virus (HV), a paramyxovirus that was identified in Australia in 1994, and it has been proposed that HV and NV represent a new genus within the family Paramyxoviridae. This report describes the analysis of the sequences of the polymerase gene (L) and genomic termini of NV as well as a comparison of the full-length, genomic sequences of HV and NV. The L gene of NV is predicted to be 2244 amino acids in size and contains the six domains found within the L proteins of all nonsegmented, negative-stranded (NNS) RNA viruses. However, the GDNQ motif found in most NNS RNA viruses was replaced by GDNE in both NV and HV. The 3' and 5' termini of the NV genome are nearly identical to the genomic termini of HV and share sequence homology with the genomic termini of other members of the subfamily Paramyxovirinae. At 18,246 nucleotides, the genome of NV is 12 nucleotides longer than the genome of HV and they have the largest genomes within the family Paramyxoviridae. The comparison of the structures of the genomes of HV and NV is now complete and this information will help to establish the taxonomic position of these novel viruses within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11504554¨��Harcourt, B H
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Viral Proteins/chemistry/genetics���May 10P��Menangle virus (MenV), isolated in August 1997 following an outbreak of reproductive disease in a piggery in New South Wales, is the second previously unclassified member of the family Paramyxoviridae to be identified in Australia since 1994. Similar to Hendra virus (HeV), MenV appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. No serological cross-reactivity was detected between MenV and other known paramyxoviruses and to facilitate virus classification a cDNA subtraction method was used to obtain viral-specific cDNA from MenV-infected cells. Cloning and sequencing of the products enabled the entire sequences of the NP, P/V, M, F, and HN genes to be determined. Comparison of the nucleotide and deduced amino acid sequences for each gene with members of the family Paramyxoviridae, determination of the P gene mRNA editing strategy, and phylogenetic analyses confirmed that MenV is a new member of the genus Rubulavirus. However the deduced protein sequence of MenV HN exhibited only limited sequence homology when compared with attachment proteins of other paramyxoviruses. Key differences within the amino acid residues considered important determinants of neuraminidase activity suggest MenV HN is unlikely to possess the same degree of neuraminidase activity characteristic of other rubulavirus and respirovirus HN proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/11336561���Bowden, T R
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Viral Proteins/chemistry/genetics/immunology���May 10³��A search for the natural host of Nipah virus has led to the isolation of a previously unknown member of the family Paramyxoviridae. Tioman virus (TiV) was isolated from the urine of fruit bats (Pteropus hypomelanus) found on the island of the same name off the eastern coast of peninsular Malaysia. An electron microscopic study of TiV-infected cells revealed spherical and pleomorphic-enveloped viral particles (100--500 nm in size) with a single fringe of embedded peplomers. Virus morphogenesis occurred at the plasma membrane of infected cells and morphological features of negative-stained ribonucleoprotein complexes were compatible with that of viruses in the family Paramyxoviridae. Serological studies revealed no cross-reactivity with antibodies against a number of known Paramyxoviridae members except for the newly described Menangle virus (MenV), isolated in Australia in 1997. Failure of PCR amplification using MenV-specific primers suggested that this new virus is related to but different from MenV. For molecular characterization of the virus, a cDNA subtraction strategy was employed to isolate virus-specific cDNA from virus-infected cells. Complete gene sequences for the nucleocapsid protein (N) and phosphoprotein (P/V) have been determined and recombinant N and V proteins produced in baculovirus. The recombinant N and V proteins reacted with porcine anti-MenV sera in Western blot, confirming the serological cross-reactivity observed during initial virus characterization. The lack of a C protein-coding region in the P/V gene, the creation of P mRNA by insertion of 2-G residues, and the results of phylogenetic analyses all indicated that TiV is a novel member of the genus Rubulavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11336547Ì��Chua, K B
Wang, L F
Lam, S K
Crameri, G
Yu, M
Wise, T
Boyle, D
Hyatt, A D
Eaton, B T
eng
Research Support, Non-U.S. Gov't
2001/05/05 10:00
Virology. 2001 May 10;283(2):215-29. doi: 10.1006/viro.2000.0882.%��0042-6822 (Print)
0042-6822 (Linking)���11336547f��Department of Medical Microbiology, University of Malaya Medical Center, 50603 Kuala Lumpur, Malaysia.���10.1006/viro.2000.0882����}�üÒ|ÿþ?8���-��Hooper, P.
Zaki, S.
Daniels, P.
Middleton, D.���2001H��Comparative pathology of the diseases caused by Hendra and Nipah viruses���315-22���Microbes Infect���3���4Ñ��Animals
Brain/pathology
Cytopathogenic Effect, Viral
Giant Cells
Humans
Immunohistochemistry
Lung/pathology
Paramyxoviridae Infections/*pathology/transmission/veterinary/virology
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Virus Shedding���Janµ��OBJECTIVES: To study the excretion of Nipah virus in the upper respiratory secretions and urine of infected patients in relation to other clinical features. METHODS: Isolation of Nipah virus from the respiratory secretions and urine was made in Vero cells and identified by indirect immunofluorescence assay using anti-Hendra specific hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG. RESULTS: During the peak outbreak of Nipah virus encephalitis in Malaysia, Nipah virus was isolated from the upper respiratory secretions and urine in eight of 20 patients who were virologically and/or serologically confirmed to be infected with the virus. From these eight patients, Nipah virus was isolated from six throat swab specimens, three urine specimens and only one nasal swab specimen. The positive virus isolation rate was related to the collection of these specimens during the early phase of the illness (P = 0.068). The presence of serum anti-Nipah specific IgM appeared to reduce the chance of isolating the virus (P = 0.049). There was no significant difference in the isolation rate with respect to the age, gender, ethnic group and clinical features associated with grave prognosis and mortality outcome of the patients. CONCLUSION: This study shows that it is possible to be infected from secretions of infected patients, but epidemiological survey on close contacts so far did not suggest that human-to-human transmission is common.,��https://www.ncbi.nlm.nih.gov/pubmed/11243752Î��Chua, K B
Lam, S K
Goh, K J
Hooi, P S
Ksiazek, T G
Kamarulzaman, A
Olson, J
Tan, C T
eng
Research Support, Non-U.S. Gov't
England
2001/03/13 10:00
J Infect. 2001 Jan;42(1):40-3. doi: 10.1053/jinf.2000.0782.%��0163-4453 (Print)
0163-4453 (Linking)���11243752f��Department of Medical Microbiology, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia.���10.1053/jinf.2000.0782����«��üÒ|ÿþ?A���)��Daszak, P.
Cunningham, A. A.
Hyatt, A. D.���2001W��Anthropogenic environmental change and the emergence of infectious diseases in wildlife���103-16	��Acta Trop���78���2ï��Animal Diseases/epidemiology/*etiology/microbiology
Animals
Animals, Wild/*microbiology/parasitology
Communicable Diseases, Emerging/epidemiology/*etiology/microbiology
Ecology
Environment
Humans
Zoonoses/epidemiology/etiology/microbiology���Feb 23���By using the criteria that define emerging infectious diseases (EIDs) of humans, we can identify a similar group of EIDs in wildlife. In the current review we highlight an important series of wildlife EIDs: amphibian chytridiomycosis; diseases of marine invertebrates and vertebrates and two recently-emerged viral zoonoses, Nipah virus disease and West Nile virus disease. These exemplify the varied etiology, pathogenesis, zoonotic potential and ecological impact of wildlife EIDs. Strikingly similar underlying factors drive disease emergence in both human and wildlife populations. These are predominantly ecological and almost entirely the product of human environmental change. The implications of wildlife EIDs are twofold: emerging wildlife diseases cause direct and indirect loss of biodiversity and add to the threat of zoonotic disease emergence. Since human environmental changes are largely responsible for their emergence, the threats wildlife EIDs pose to biodiversity and human health represent yet another consequence of anthropogenic influence on ecosystems. We identify key areas where existing expertise in ecology, conservation biology, wildlife biology, veterinary medicine and the impact of environmental change would augment programs to investigate emerging diseases of humans, and we comment on the need for greater medical and microbiological input into the study of wildlife diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11230820»��Daszak, P
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Zoonoses/transmission���Dec9��The most important clinical and pathological manifestation of Hendra virus infection in horses and humans is that of severe interstitial pneumonia caused by viral infection of small blood vessels. The virus is also capable of causing nervous disease. Hendra virus is not contagious in horses and is spread by close contact with body fluids, such as froth from infected lungs. Diagnosis should be based on the laboratory examination of blood, lung, kidney, spleen, and, if nervous signs are present, also of the brain. Evidence of infection with the more recently identified and related Nipah virus was found in the brain of one horse in which there was inflammation of the meningeal blood vessels. Fruit bats, especially Pteropus s., have been incriminated as the natural and reservoir hosts of both Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/11219352s��Hooper, P T
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Zoonoses/transmission/virology&��A pig-borne virus causing viral encephalitis amongst human beings in Malaysia was detected in 1997 by the Ministry of Health. Initially, the disease was considered to be Japanese encephalitis. Subsequently, it was thought to be a Hendra-like viral encephalitis, but on 10th April, 1999 the Minister of Health announced this mysterious and deadly virus to be a new virus named Nipah virus. The virus was characterized at CDC, Atlanta, Georgia. The gene sequencing of the enveloped virus revealed that one of the genes had 21% difference in the nucleotide sequence with about 8% difference in the amino acid sequence from Hendra virus isolated from horses in Australia in 1994. The virus was named after the village Nipah. In all, the Ministry of Health declared 101 human casualties, and 900,000 pigs were culled by April, 1999. The worst affected area in Malaysia was Negri Sembilan. The symptoms, incubation period in human being and pigs, animal to human transmission, threat of disease to other livestock, and control program adopted in Malaysia is described.,��https://www.ncbi.nlm.nih.gov/pubmed/11193645A��Uppal, P K
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Zoonoses/*transmission���Dec���The risk of zoonotic disease transmission when handling livestock or animal products is substantial. In industrialized countries, the classical zoonotic diseases such as tuberculosis or brucellosis are no longer in the foreground. Latent zoonoses such as salmonellosis and campylobacteriosis can cause serious disease in humans and have become a major public health problem during the past years. Since animals infected with these pathogens show only mild transient disease or no clinical signs at all, new concepts in the entire production line ("stable to table") are necessary in order to avoid human infection. Two emerging viruses with zoonotic potential--avian influenza virus and Nipah virus--have been found in Asia in 1997 and 1999. Both diseases had a major impact on disease control and public health in the countries of origin. In order to cope threats from infectious diseases, in particular those of public health relevance, a combined effort among all institutions involved will be necessary. The proposed "European Center for Infectious Diseases" and the "Swiss center for zoonotic diseases" could be a potential approach in order to achieve this goal.,��https://www.ncbi.nlm.nih.gov/pubmed/11189834���Jemmi, T
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Zoonoses/*transmission���Apr¯��The ability of infectious disease agents to cross the species barrier has long been recognised for many zoonotic diseases. New viral zoonotic diseases, such as acquired immune deficiency syndrome (AIDS), caused by human immunodeficiency viruses 1 or 2, emerged in the 1980s and 1990s, and have become established in the human population. Influenza virus continues to find new ways to move from avian species into humans. The filoviruses and the newer paramyxoviruses, Hendra and Nipah, highlight the increasing proclivity of some animal viral agents to infect human populations with devastating results. A previously unknown transmissible spongiform encephalopathy, bovine spongiform encephalopathy, has emerged in cattle in Europe and spread to humans as well as other animal species. A novel toxicosis, caused by Pfiesteria spp. dinoflagellates, has become a secondary problem in some areas where large fish kills have occurred. The increasing proximity of human and animal populations has led to the emergence of, or increase in, bacterial zoonoses such as plague, leptospirosis and ehrlichiosis. The factors which influence the ability of each infectious agent to effectively across the species barrier and infect new cells and populations are poorly understood. However, for all of these diseases, the underlying theme is the growth of the human population, the mobility of that population, and the efforts expended to keep that population nourished.,��https://www.ncbi.nlm.nih.gov/pubmed/11189724[��Mahy, B W
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*Zoonoses/epidemiology/virology���Apre��Between late 1998 and 1999, the spread of a new disease of pigs, characterized by a pronounced respiratory and neurological syndrome, sometimes accompanied by the sudden death of sows and boars, was recorded in pig farms in peninsular Malaysia. The disease appeared to have a close association with an epidemic of viral encephalitis among workers on pig farms. A previously unrecognised paramyxovirus was later identified from this outbreak; this virus was related to, but distinct from, the Hendra virus discovered in Australia in 1994. The new virus was named 'Nipah' and was confirmed by molecular characterization to be the agent responsible for the disease in both humans and pigs. The name proposed for the new pig disease was 'porcine respiratory and neurological syndrome' (also known as 'porcine respiratory and encephalitis syndrome'), or, in peninsular Malaysia, 'barking pig syndrome'. The authors describe the new disease and provide the epidemiological findings recorded among infected pigs. In addition, the control programmes which were instituted to contain the virus in the national swine herd are outlined.,��https://www.ncbi.nlm.nih.gov/pubmed/11189713f��Mohd Nor, M N
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Zoonoses/epidemiology/transmission/*virology���Apr®��The author provides an account of the discovery of a previously undescribed disease of horses and a description of the studies involved in determining the aetiology of the disease. The causative virus, now named Hendra virus (HeV), is the reference virus for a proposed new genus within the virus family Paramyxoviridae. The virus is a lethal zoonotic agent able to cause natural disease in humans and horses and experimentally induced disease in cats, guinea-pigs and mice. The virus also naturally infects species of the family Megachiroptera, mainly subclinically, and such animals are the natural host of HeV. The virus appears to transmit readily between species of Megachiroptera, but not readily between horses under natural and experimental conditions, or from horses to humans. The method of transmission from bats to horses is not known. Three incidents of HeV disease in horses have been recorded in Australia--two in 1994 which caused the death of two humans and fifteen horses and one in 1999 which involved the death of a single horse. Hendra virus is related to Nipah virus, the virus that caused disease and mortality in humans, pigs, dogs and cats in Malaysia during 1998 and 1999.,��https://www.ncbi.nlm.nih.gov/pubmed/11189712T��Westbury, H A
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Surveys and Questionnaires���Mar 1ú��During 1998-1999, an outbreak of Nipah virus encephalitis occurred in Malaysia. To assess the possibility of nosocomial transmission, 338 health care workers (HCWs) exposed and 288 HCWs unexposed to outbreak-related patients were surveyed, and their serum samples were tested for anti-Nipah virus antibody. Needlestick injuries were reported by 12 (3%) HCWs, mucosal surface exposure to body fluids by 39 (11%), and skin exposure to body fluids by 89 (25%). No encephalitis occurred in either group. Three exposed and no unexposed HCWs tested positive by EIA for IgG antibodies. It is likely that these 3 were false positives; no IgM response occurred, and the serum samples were negative for anti-Nipah virus neutralizing antibodies. The risk of nosocomial transmission of Nipah virus appears to be low; however, given the high case-fatality rate and the presence of virus in respiratory secretions and urine of some patients, standard and droplet infection-control practices should be maintained with these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11181159Â��Mounts, A W
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*Swine���Jun���Between September 1998 and May 1999, 265 cases of encephalitis were reported from among those involved in pig rearing. A few cases were also reported among abattoir workers. This raised questions of the risk of transmission among those who handled raw pork. A serosurvey was conducted among pork sellers in Seremban town, which is about 20 km from one of the pig rearing areas which had reported cases of encephalitis. It was found that out of the 28 pork sellers tested, only one tested positive for Nipah virus antibodies and that this pork seller also worked in an abattoir in the same district, removing the urinary bladders from slaughtered pigs. Based on these findings, it was concluded that the risk of transmission of the virus from handling raw pork appeared to be low.,��https://www.ncbi.nlm.nih.gov/pubmed/11127331²��Premalatha, G D
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*Swine���Jun&��A hospital-based case-control study of viral encephalitis was carried out at Port Dickson Hospital, in the state of Negeri Sembilan, Malaysia. Between March and May 1999, 69 clinically diagnosed viral encephalitis cases and 31 controls were interviewed. Job histories on pig farming activities were assessed by a group of epidemiologists and veterinary surgeons. Results show that among clinical cases of viral encephalitis, 52 (75.4%) cases were diagnosed to have Nipah virus infection based on positive serology for antibodies to the cross-reacting Hendra virus antigen. The Nipah virus encephalitis was significantly associated with a history of working in pig farms (p < 0.001, OR = 196.0, 95% CI = 20.4-4741.6), history of contact with animals (p < 0.001, OR = 38.3, 95% CI = 8.2-209.0) and with history of direct contact with pigs (p = 0.002, OR = 34.4, 95% CI = 2.6-1,024.4). The Nipah virus infection was also significantly associated with history of feeding/cleaning pigs (p < 0.001, OR = 102, 95% CI = 11.9-2,271.5). These results provide evidence that involvement in pig farming activities is significantly associated with the risk of getting Nipah virus infection. They are potential risk factors for Nipah virus transmission in the major pig-producing area of Bukit Pelandok, Port Dickson Negeri Sembilan.,��https://www.ncbi.nlm.nih.gov/pubmed/11127330å��Amal, N M
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*Skin Diseases���Nov 30è��Infectious diseases remain a major cause of morbidity and mortality in the year 2000. 17 million deaths per year or roughly a third of all deaths are caused by infections. Infectious diseases also pose a serious economic threat. While many well-established pathogens have not been contained several new infectious agents have been discovered within the past 27 years which include rotavirus, legionella, HIV, ebola, campylobacter, helicobacter, nipah, HHV8, hepatitis C, and many others. Additionally many new pathogens have emerged as serious threats to the ever-growing number of immuno-compromised patients. Infectious etiologies have been found for many common diseases (certain leukemias, duodenal ulcers, etcetera). It is likely that infections are at least co-factors for many other diseases (transplant-associated atherosclerosis). Only specialized care and multi-disciplinary collaboration will enable us to cope with current problems and the inevitable emergence of new infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11121370W��eng
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Surveys and Questionnaires���SepR��OBJECTIVE: to investigate the prevalence of known diabetes mellitus in care homes and the patterns of diabetes care in these institutions. DESIGN: a postal questionnaire sent to all 98 care homes in Sheffield. RESULTS: 70 care homes (71%) returned the questionnaire, indicating that 233 (8.8%) of 2648 residents were known to have diabetes. Of these, 76 (33%) were treated with diet alone, 105 (45%) with diet plus oral medication and 52 (22%) with insulin. Only seven registered nurses (2%) in the homes had certified diabetes training. Forty-two homes (60%) did not carry out a structured, diabetes-related assessment of residents on entry and only 29 (42%) had regular review of diabetic residents by a general practitioner or practice nurse. Most homes (89%) were visited by an optician, 56 (80%) also had a regular chiropody service, although 32 (46%) of these charged their residents for this service. CONCLUSIONS: the known prevalence of diabetes is similar to that reported previously. This study highlights the need for structured care with defined standards for care-home residents with diabetes.,��https://www.ncbi.nlm.nih.gov/pubmed/11108418W��Taylor, C D
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Paramyxovirinae/immunology/*isolation & purification/ultrastructure���DecG��BACKGROUND: between 1998 and 1999, an outbreak of potentially fatal viral encephalitis erupted among pig farm workers in West Malaysia, and later spread to Singapore where abattoir workers were afflicted. Although Japanese encephalitis virus was initially suspected, the predominant aetiologic agent was subsequently confirmed to be Nipah virus, a novel paramyxovirus related to but distinct from Hendra virus. OBJECTIVE: to describe a case of Nipah virus encephalitis in a pig farm worker from Malaysia. STUDY DESIGN: the clinical, laboratory and radiological findings of this patient were scrutinized. Special emphasis was placed on the electron microscopic analysis of the cerebrospinal fluid (CSF) specimen from this patient. RESULTS: the neurological deficits indicative of cerebellar involvement were supported by the magnetic resonance imaging that showed prominent cerebellar and brainstem lesions. CSF examination provided further evidence of viral encephalitis. Complement fixation and/or RT-PCR assays were negative for Japanese encephalitis, herpes simplex, measles and mumps viruses. ELISA for detecting IgM and IgG antibodies against Hendra viral antigens were equivocal for the CSF specimen, and tested initially negative for the first serum sample but subsequently positive for the repeat serum sample. Transmission electron microscopy of negatively-stained preparations of CSF revealed enveloped virus-like structures fringed with surface projections as well as nucleocapsids with distinctive helical and herringbone patterns, features consistent with those of other paramyxoviruses, including Hendra virus. CONCLUSION: this case report reiterates the relevant and feasible role of diagnostic electron microscopy for identifying and/or classifying novel or emerging viral pathogens for which sufficiently specific and sensitive tests are lacking.,��https://www.ncbi.nlm.nih.gov/pubmed/11090749���Chow, V T
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Paramyxovirinae/*chemistry���NovA��During the outbreak of Nipah virus encephalitis in Malaysia, stored cerebrospinal fluid (CSF) samples from 84 patients (27 fatal and 57 nonfatal cases) were cultured for the virus. The virus was isolated from 17 fatal cases and 1 nonfatal case. There were significant associations between CSF virus isolation and mortality as well as clinical features associated with poor prognosis. In addition, there was a positive linear correlation of CSF virus isolation with age. There was no significant association between CSF virus isolation and the character of the CSF, presence of Nipah-specific antibody in the serum or CSF, duration of illness before collection of samples, or sex or ethnicity of the patients. This study suggests that high viral replication in the central nervous system may be an important factor for high mortality.,��https://www.ncbi.nlm.nih.gov/pubmed/11079547���Chua, K B
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Zoonoses/epidemiology/transmission���Nov?��Hendra has been recognized in Australia as a new zoonotic disease of horses since 1994/5 and subsequent work has shown that the viral agent is endemic in certain species of fruit bat. The Hendra virus is the type species of a new genus within the sub-family Paramyxovirinae, which also contains another newly identified zoonotic bat virus, namely Nipah. It is assumed that contact with bats has led to the Hendra virus being transferred to horses on each of the three separate incidents that have been reported in the last five years. No evidence has been found for widespread subclinical infection of horses. Infected horses can develop a severe and often fatal respiratory disease characterized by dyspnoea, vascular endothelial damage and pulmonary oedema. Nervous signs may also occur. Fatal respiratory disease has been seen in cats and guinea pigs following experimentally induced infections. Transmission of the virus from horses to other horses or man seems to have taken place, but very close contact was required. Three human cases have been recognized, all in association with equine cases. There have been two human fatalities, one due to respiratory failure and the other from a delayed-onset encephalitis. A number of diagnostic methods have been developed, but great care must be taken in obtaining samples from suspected cases.,��https://www.ncbi.nlm.nih.gov/pubmed/11061954w��Barclay, A J
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Viral Proteins/chemistry/*genetics���Nov#��An outbreak of acute respiratory disease in Hendra, a suburb of Brisbane, Australia, in September 1994 resulted in the deaths of 14 racing horses and a horse trainer. The causative agent was a new member of the family Paramyxoviridae. The virus was originally called Equine morbillivirus but was renamed Hendra virus (HeV) when molecular characterization highlighted differences between it and members of the genus Morbillivirus. Less than 5 years later, the closely related Nipah virus (NiV) emerged in Malaysia, spread rapidly through the pig population, and caused the deaths of over 100 people. We report the characterization of the HeV L gene and protein, the genome termini, and gene boundary sequences, thus completing the HeV genome sequence. In the highly conserved region of the L protein, the HeV sequence GDNE differs from the GDNQ found in almost all other nonsegmented negative-strand (NNS) RNA viruses. HeV has an absolutely conserved intergenic trinucleotide sequence, 3'-GAA-5', and highly conserved transcription initiation and termination sequences similar to those of respiroviruses and morbilliviruses. The large genome size (18,234 nucleotides), the unique complementary genome terminal sequences of HeV, and the limited homology with other members of the Paramyxoviridae suggest that HeV, together with NiV, should be classified in a new genus in this family. The large genome of HeV also fills a gap in the spectrum of genome sizes observed with NNS RNA virus genomes. As such, it provides a further piece in the puzzle of NNS RNA virus evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/11024125¤��Wang, L F
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Viral Fusion Proteins/*chemistry/genetics/isolation & purification���Sep 25Ã��Hendra virus (HeV) is an unclassified member of the Paramyxoviridae family that causes systemic infections in humans, horses, cats, guinea pigs and flying foxes. The fusion protein (F(0)) of members of the Paramyxoviridae family that cause systemic infections in vivo contains a basic amino acid-rich region at which the protein is activated by cleavage into two subunits (F(1) and F(2)). HeV F(0) lacks such a domain. We have determined the cleavage site in HeV F(0) by sequencing the amino terminus of the F(1) subunit and in view of the potential effect of glycosylation on the cleavage process have ascertained the sites at which F(0) is glycosylated. The results indicate that unlike other members of the family that replicate in cultured cells and cause systemic infections in vivo, cleavage of HeV F(0) occurs at a single lysine (reside 109) in the sequence Asp-Val-Lys- downward arrow-Leu. Although HeV genotypically resembles members of the Respirovirus and Rubulavirus genera in having potential N-linked glycosylation sites in both the F(1) and F(2) subunits, we show that phenotypically HeV may more closely resemble members of the Morbillivirus genus that contain N-linked glycans only in the F(2) subunit.,��https://www.ncbi.nlm.nih.gov/pubmed/11018278���Michalski, W P
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*Stroke Rehabilitation���Jul 20���PURPOSE: Patient mood and carer stress were assessed for stroke patients in the community following early hospital discharge. METHOD: Patients had low Barthel Indices (13.0 (mean) +/- 4.9 (SD)) with high anxiety and depression scores, and carers had high stress scores, on starting rehabilitation. On starting rehabilitation, patient Barthel Indices correlated inversely with patient depression (r = -0.33, p < 0.02) and carer stress scores (r = -0.48, p < 0.001). RESULTS: During rehabilitation improvements occurred in patient Barthel Indices, patient anxiety scores and carer stress scores, but not in patient depression scores. Incremental increases in patient Barthel Indices during rehabilitation correlated with reductions in carer stress scores (r = -0.55, R2 = 29.4%, p < 0.001). Following early hospital discharge stroke patients display mood abnormalities which do not resolve during rehabilitation. CONCLUSION: Carer stress and patients depression scores are related to the severity of stroke-related disability. Strategies to address patient mood and carer stress should be present in community services providing early stroke rehabilitation.,��https://www.ncbi.nlm.nih.gov/pubmed/10972352p��Jones, A L
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Zoonoses���Jul 28���Scientists are a step closer to unraveling a medical mystery that killed 105 people in Malaysia last year and destroyed the country's pig industry. The Nipah virus, which caused the disease, most likely originated in a native fruit bat species, Malaysian researchers reported here at a meeting last week. They say the findings will help Malaysian health authorities prevent future outbreaks of the Nipah virus. Others see the case as an argument for expanding research into infections that can leap the boundary between animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10939954K��Enserink, M
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Virus Diseases/*epidemiology/*virology���Jun 15²��A number of infectious agents has been newly detected in the last 10 years. Climatic changes and migration have been the most important factors in the emergence of new and old infections. Additionally, new methods for the detection of DNA and RNA have played an important role in the detection of agents difficult to culture. Relevant new bacterial pathogens are Bartonella henselae (cat scratch disease, bacillary angiomatosis), Tropheryma whippeli (Whipple's disease) and new Rickettsiae. Newly detected viral pathogens include Sin-nombre virus (pulmonary Hanta virus syndrome), Nipah- and Hendra virus and avian influenza. Bovine spongiform encephalopathy has been transmitted to humans causing the newly described syndrome of variant Creuzfeldt-Jakob disease. The extent of this new epidemic is not yet clear. These trends from the last years clearly indicate, that further new infections and infectious agents will be detected in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/10935415���Salzberger, B
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Virulence���Augõ��Two major epidemics of viral encephalitis occurred in Asia in 1997 and 1998. The first was a re-emergence of neurovirulent strains of enterovirus 71, which caused severe encephalomyelitis in children in Malaysia, Taiwan and Japan, on a background of hand, foot and mouth disease. Necropsy studies of patients who died of enterovirus 71 infection showed severe perivascular cuffing, parenchymal inflammation and neuronophagia in the spinal cord, brainstem and diencephalon, and in focal areas in the cerebellum and cerebrum. Although no viral inclusions were detected, immunohistochemistry showed viral antigen in the neuronal cytoplasm. Inflammation was often more extensive than neuronal infection, suggesting that other factors, in addition to direct viral cytolysis, may be involved in tissue damage. The second epidemic of viral encephalitis was the result of a novel paramyxovirus called Nipah, which mainly involved pig handlers in Malaysia and Singapore. Pathological evidence suggested that the endothelium of small blood vessels in the central nervous system was particularly susceptible to infection. This led to disseminated endothelial damage and syncytium formation, vasculitis, thrombosis, ischaemia and microinfarction. However, there was also evidence of neuronal infection by the virus and this may also have contributed to the neurological dysfunction in Nipah encephalitis. Some patients who seemed to recover from the acute symptoms have been re-admitted with clinical findings suggestive of relapsing encephalitis. As these two epidemics indicate, the emergence and re-emergence of viral encephalitides continue to pose considerable challenges to the neuropathologist, in establishing the diagnosis and unravelling the pathogenesis of the neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10931364X��Wong, K T
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*Paramyxovirinae���Augx��OBJECTIVE: The newly discovered Nipah virus causes an acute febrile encephalitic illness in humans that is associated with a high mortality. The purpose of this study is to describe the MR imaging findings of Nipah encephalitis. MATERIALS AND METHODS: MR imaging of the brain was performed in 31 patients with Nipah encephalitis divided into three groups. The first group (14 patients) underwent MR imaging during the acute phase of the illness and the second group (10 patients) during the later phase of the acute illness. The third group consisted of six patients who underwent MR imaging because they experienced neurologic relapse and one patient who had late-onset encephalitis. Spin-echo T1- and T2-weighted sequences and T2-weighted fluid attenuated inversion recovery (FLAIR) sequences were performed. Contrast-enhanced MR imaging was performed in four patients. RESULTS: The FLAIR sequences revealed abnormalities in all patients studied. MR imaging findings in both the acute and later phases of encephalitis were similar; the main feature of both phases was the presence of discrete high-signal-intensity lesions, measuring 2-7 mm, disseminated throughout the brain, mainly in the subcortical and deep white matter of the cerebral hemispheres. Neither mass effect nor cerebral edema was seen. There was no correlation with the focal neurologic signs, depth of coma, and outcome of the patients. The lesions were attributed to widespread microinfarctions from underlying vasculitis of cerebral small vessels. Features found on MR imaging in relapsed and late-onset encephalitis differed from the features in acute encephalitis in that confluent cortical involvement was the prominent finding in the former, as opposed to discrete focal lesions in the subcortical and deep white matter in the latter. CONCLUSION: MR imaging is a sensitive and specific diagnostic tool for evaluating Nipah encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/10915690���Sarji, S A
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RNA, Viral/analysis���Aug���Since it was first described in Australia in 1994, Hendra virus (HeV) has caused two outbreaks of fatal disease in horses and humans, and an isolated fatal horse case. Our preliminary studies revealed a high prevalence of neutralizing antibodies to HeV in bats of the genus PTEROPUS:, but it was unclear whether this was due to infection with HeV or a related virus. We developed the hypothesis that HeV excretion from bats might be related to the birthing process and we targeted the reproductive tract for virus isolation. Three virus isolates were obtained from the uterine fluid and a pool of foetal lung and liver from one grey-headed flying-fox (Pteropus poliocephalus), and from the foetal lung of one black flying-fox (P. alecto). Antigenically, these isolates appeared to be closely related to HeV, returning positive results on immunofluorescent antibody staining and constant-serum varying-virus neutralization tests. Using an HeV-specific oligonucleotide primer pair, genomic sequences of the isolates were amplified. Sequencing of 200 nucleotides in the matrix gene identified that these three isolates were identical to HeV. Isolations were confirmed after RNA extracted from original material was positive for HeV RNA when screened on an HeV Taqman assay. The isolation of HeV from pteropid bats corroborates our earlier serological and epidemiological evidence that they are a natural reservoir host of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/10900029���Halpin, K
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Viral Proteins/genetics���Jun 5���Recently, a new paramyxovirus, now known as Nipah virus (NV), emerged in Malaysia and Singapore, causing fatal encephalitis in humans and a respiratory syndrome in pigs. Initial studies had indicated that NV is antigenically and genetically related to Hendra virus (HV). We generated the sequences of the N, P/C/V, M, F, and G genes of NV and compared these sequences with those of HV and other members of the family Paramyxoviridae. The intergenic regions of NV were identical to those of HV, and the gene start and stop sequences of NV were nearly identical to those of HV. The open reading frames (ORFs) for the V and C proteins within the P gene were found in NV, but the ORF encoding a potential short basic protein found in the P gene of HV was not conserved in NV. The N, P, C, V, M, F, and G ORFs in NV have nucleotide homologies ranging from 88% to 70% and predicted amino acid homologies ranging from 92% to 67% in comparison with HV. The predicted fusion cleavage sequence of the F protein of NV had a single amino acid substitution (K to R) in comparison with HV. Phylogenetic analysis demonstrated that although HV and NV are closely related, they are clearly distinct from any of the established genera within the Paramyxoviridae and should be considered a new genus.,��https://www.ncbi.nlm.nih.gov/pubmed/10860887ª��Harcourt, B H
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Viral Proteins/genetics���May 26���A paramyxovirus virus termed Nipah virus has been identified as the etiologic agent of an outbreak of severe encephalitis in people with close contact exposure to pigs in Malaysia and Singapore. The outbreak was first noted in late September 1998 and by mid-June 1999, more than 265 encephalitis cases, including 105 deaths, had been reported in Malaysia, and 11 cases of encephalitis or respiratory illness with one death had been reported in Singapore. Electron microscopic, serologic, and genetic studies indicate that this virus belongs to the family Paramyxoviridae and is most closely related to the recently discovered Hendra virus. We suggest that these two viruses are representative of a new genus within the family Paramyxoviridae. Like Hendra virus, Nipah virus is unusual among the paramyxoviruses in its ability to infect and cause potentially fatal disease in a number of host species, including humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10827955/��Chua, K B
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Sunn, L M
Ong, F
Mounts, A W
Arif, M T
Ksiazek, T G
Kamaluddin, M A
Mustafa, A N
Kaur, H
Ding, L M
Othman, G
Radzi, H M
Kitsutani, P T
Stockton, P C
Arokiasamy, J
Gary, H E Jr
Anderson, L J
eng
Multicenter Study
2000/05/24 09:00
J Infect Dis. 2000 May;181(5):1755-9. doi: 10.1086/315457. Epub 2000 May 15.%��0022-1899 (Print)
0022-1899 (Linking)���10823779y��Respiratory and Enteric Viruses Branch, Centers for Disease Control and Prevention, Atlanta, GA 30333, USA. UAP2@CDC.GOV.���10.1086/315457���å�üÚ|ÿþ?b������McCormack, J. G.���2000"��Hendra, Menangle and Nipah viruses���9-10���Aust N Z J Med���30���1v��Australia
*Disease Outbreaks
Humans
Malaysia
*Paramyxoviridae
Paramyxoviridae Infections/*epidemiology
Paramyxovirinae���Feb,��https://www.ncbi.nlm.nih.gov/pubmed/10800871R��McCormack, J G
eng
Australia
2000/05/09 09:00
Aust N Z J Med. 2000 Feb;30(1):9-10.%��0004-8291 (Print)
0004-8291 (Linking)���10800871A��University of Queensland, Mater Misericordiae Hospital, Brisbane.��§��üÒ|ÿî?c���E��Renshaw, R. W.
Glaser, A. L.
Van Campen, H.
Weiland, F.
Dubovi, E. J.���2000Z��Identification and phylogenetic comparison of Salem virus, a novel paramyxovirus of horses���417-29���Virology���270���2Ï��Amino Acid Sequence
Animals
Base Sequence
Cloning, Molecular
*Genes, Viral
*Genome, Viral
Horses/*virology
Molecular Sequence Data
Phylogeny
Respirovirus/*genetics/isolation & purification
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Swine���Apr 27Ñ��BACKGROUND: Between September 1998 and June 1999, there was an outbreak of severe viral encephalitis due to Nipah virus, a newly discovered paramyxovirus, in Malaysia. METHODS: We studied the clinical features of the patients with Nipah virus encephalitis who were admitted to a medical center in Kuala Lumpur. The case definition was based on epidemiologic, clinical, cerebrospinal fluid, and neuroimaging findings. RESULTS: Ninety-four patients with Nipah virus infection were seen from February to June 1999 (mean age, 37 years; ratio of male patients to female patients, 4.5 to 1). Ninety-three percent had had direct contact with pigs, usually in the two weeks before the onset of illness, suggesting that there was direct viral transmission from pigs to humans and a short incubation period. The main presenting features were fever, headache, dizziness, and vomiting. Fifty-two patients (55 percent) had a reduced level of consciousness and prominent brain-stem dysfunction. Distinctive clinical signs included segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia and thus suggest the involvement of the brain stem and the upper cervical spinal cord. The initial cerebrospinal fluid findings were abnormal in 75 percent of patients. Antibodies against Hendra virus were detected in serum or cerebrospinal fluid in 76 percent of 83 patients tested. Thirty patients (32 percent) died after rapid deterioration in their condition. An abnormal doll's-eye reflex and tachycardia were factors associated with a poor prognosis. Death was probably due to severe brain-stem involvement. Neurologic relapse occurred after initially mild disease in three patients. Fifty patients (53 percent) recovered fully, and 14 (15 percent) had persistent neurologic deficits. CONCLUSIONS: Nipah virus causes a severe, rapidly progressive encephalitis with a high mortality rate and features that suggest involvement of the brain stem. The infection is associated with recent contact with pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/10781618Ì��Goh, K J
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*Zoonoses���Mar3��BACKGROUND AND PURPOSE: An epidemic of suspected Japanese encephalitis occurred in Malaysia in 1998-1999 among pig farmers. In neighboring Singapore, an outbreak occurred among pig slaughterhouse workers. It was subsequently established that the causative agent in the outbreak was not the Japanese encephalitis virus but a previously unknown Hendra-like paramyxovirus named Nipah virus. METHODS: The brain MR images of eight patients with Nipah virus infection were reviewed. All patients tested negative for acute Japanese encephalitis virus. Seven patients had contrast-enhanced studies and six had diffusion-weighted examinations. RESULTS: All patients had multiple small bilateral foci of T2 prolongation within the subcortical and deep white matter. The periventricular region and corpus callosum were also involved. In addition to white matter disease, five patients had cortical lesions, three had brain stem involvement, and a single thalamic lesion was detected in one patient. All lesions were less than 1 cm in maximum diameter. In five patients, diffusion-weighted images showed increased signal. Four patients had leptomeningeal enhancement and four had enhancement of parenchymal lesions. CONCLUSION: The brain MR findings in patients infected with the newly discovered Nipah paramyxovirus are different from those of patients with Japanese encephalitis. In a zoonotic epidemic, this striking difference in the appearance and distribution of lesions is useful in differentiating these diseases. Diffusion-weighted imaging was advantageous in increasing lesion conspicuity.,��https://www.ncbi.nlm.nih.gov/pubmed/10730635±��Lim, C C
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Warfarin/*administration & dosage/adverse effects���Jan¿��OBJECTIVES: To compare a new low-dose warfarin induction regimen with the Fennerty regimen in elderly inpatients. DESIGN: Age-stratified, randomized prospective study. SUBJECTS: 120 age-stratified elderly inpatients. INTERVENTIONS: Each patient was randomized to either the new induction regimen or to a modified Fennerty regimen. MAIN OUTCOMES MEASURES: Days to therapeutic International Normalized Ratio (INR >2); days in the therapeutic range (INR 2-3) during induction; number of patients with INR >4.5; ability of day 4 INR to predict day 8 warfarin dose. RESULTS: The mean time to therapeutic INR was longer for the new induction regimen than modified Fennerty regimen in patients aged 65-75 years [4.6 (mean) +/- 1.6 (SD) days vs 3.8 +/- 0.8 days; P = 0.03] and in patients aged >75 years (4.5 +/- 1.4 days vs 3.5 +/- 0.7 days; P = 0.003). Patients spent more time in the therapeutic INR range with the new induction regimen [3.0 +/- 1.3 days vs 2.7 +/- 1.3 days (P = 0.03) for those aged 65-75 years and 2.9 +/- 1.1 days vs 2.4 +/- 1.3 days (P = 0.04 for those aged >75 years]. Fewer patients using the new regimen had INRs >4.5 in the first 8 days [1 (3%) vs 6 (20%) for 65-75 years (P < 0.05) and 1 (3%) vs 11 (37%) for >75 years (P < 0.01)]. The ability to predict the maintenance dose to within 1 mg was 55% for both regimens. CONCLUSION: The low-dose regimen has important clinical advantages over the Fennerty regimen for anticoagulating elderly inpatients.,��https://www.ncbi.nlm.nih.gov/pubmed/10690692±��Gedge, J
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Vero Cells���Feb-Apry��Antibodies to Hendra virus (HeV) have been found in a high percentage of fruit bats (Pteropus spp.) in Australia, indicating a possible reservoir for the virus. The aim of the experiments reported here was to investigate transplacental infection as a possible mode of transmission of the virus in fruit bats and other animals. In a first experiment, 18 pregnant guinea-pigs in the mid-stage of gestation were inoculated with HeV, as an experimental model in a conventional laboratory animal. Nine developed HeV disease as confirmed by viral isolation, histopathology and immunohistochemistry. In five of the nine clinically affected guinea-pigs there was necrosis and strong positive immunostaining in the placentas in an indirect immunoperoxidase (IPX) test for HeV antigen. One of these five guinea-pigs aborted and HeV was isolated from its three fetuses, one of which was also positive to the IPX test. In three other sick guinea-pig dams, virus was isolated from fetuses, and there was positive immunostaining in two of the latter. In a second experiment, four fruit bats were inoculated with a similar dose of HeV. (A further four guinea-pigs inoculated at the same time developed severe disease, indicating adequate virulence.) Two bats were killed at 10 days post-inoculation and two were killed at 21 days. In these bats, no overt clinical disease was observed, but subclinical disease occurred, as indicated by viral isolation, seroconversion, vascular lesions and positive immunostaining. Transplacental transmission was indicated by positive immunostaining in two placentas and confirmed by isolation of virus from one of the associated fetuses.,��https://www.ncbi.nlm.nih.gov/pubmed/10684689Ë��Williamson, M M
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635Ù��Chua, K B
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Singapore/epidemiology���Oct 9«��BACKGROUND: In March 1999, an outbreak of encephalitis and pneumonia occurred in workers at an abattoir in Singapore. We describe the clinical presentation and the results of investigations in these patients. METHODS: Clinical and laboratory data were collected by systemic review of the case records. Serum and cerebrospinal fluid (CSF) samples were tested for IgM antibodies to Nipah virus with an IgM capture ELISA. Reverse-transcriptase PCR was done on the CSF and tissue samples from one patient who died. FINDINGS: Eleven patients were confirmed to have acute Nipah-virus infection based on raised IgM in serum. Nipah virus was identified by reverse transcriptase PCR in the CSF and tissue of the patient who died. The patients were all men, with a median age of 44 years. The commonest presenting symptoms were fever, headache, and drowsiness. Eight patients presented with signs of encephalitis (decreased level of consciousness or focal neurological signs). Three patients presented with atypical pneumonia, but one later developed hallucinations and had evidence of encephalitis on CSF examination. Abnormal laboratory findings included a low lymphocyte count (nine patients), low platelet count, low serum sodium, and high aspartate aminostransferase concentration (each observed in five patients). The CSF protein was high in eight patients and white-blood-cell count was high in seven. Chest radiography showed mild interstitial shadowing in eight patients. Magnetic resonance imaging (MRI) showed focal areas of increased signal intensity in the cortical white marker in all eight patients who were scanned. The nine patients with encephalitis received empirical treatment with intravenous aciclovir and eight survived. INTERPRETATION: Infection with Nipah virus caused an encephalitis illness with characteristic focal areas of increased intensity seen on MRI. Lung involvement was also common, and the disease may present as an atypical pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520634ü��Paton, N I
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Tyrosine/analogs & derivatives/metabolism���Oct1��Acute chest syndrome (ACS) is the most common form of acute pulmonary disease associated with sickle cell disease. To investigate the possibility that alterations in endothelial cell (EC) production and metabolism of nitric oxide (NO) products might be contributory, we measured NO products from cultured pulmonary EC exposed to red blood cells and/or plasma from sickle cell patients during crisis. Exposure to plasma from patients with ACS caused a 5- to 10-fold increase in S-nitrosothiol (RSNO) and a 7- to 14-fold increase in total nitrogen oxide (NO(x)) production by both pulmonary arterial and microvascular EC. Increases occurred within 2 h of exposure to plasma in a concentration-dependent manner and were associated with increases in endothelial nitric oxide synthase (eNOS) protein and eNOS enzymatic activity, but not with changes in nitric oxide synthase (NOS) III or NOS II transcripts, inducible NOS (iNOS) protein nor iNOS enzymatic activity. RSNO and NO(x) increased whether plasma was obtained from patients with ACS or other forms of vasoocclusive crisis. Furthermore, an oxidative state occurred and oxidative metabolites of NO, particularly peroxynitrite, were produced. These findings suggest that altered NO production and metabolism to damaging oxidative molecules contribute to the pathogenesis of ACS.,��https://www.ncbi.nlm.nih.gov/pubmed/10516198Â��Hammerman, S I
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Virus Diseases/diagnosis/*veterinary���Aug 16Ì��Immunohistochemistry plays an important part in the diagnosis of some viral diseases. Demonstration of viral antigen in a lesion is an important contribution to diagnosis, either at the time of investigation or retrospectively. At the CSIRO Australian Animal Health Laboratory, the most frequent use of immunohistochemistry has been in the diagnosis of the important avian diseases, highly pathogenic avian influenza and Newcastle disease. The technology took key roles in the diagnoses of Hendra virus infections, and, later, an immunoperoxidase test gave the first indication of the existence of Australian bat lyssavirus. The test can often confirm that a virus isolated in an animal is the actual virus causing disease and not a coincidental isolation. Good examples of that in some more new diseases were the association of Wallal virus with blindness in kangaroos, and of the new porcine Menangle virus in natural and experimental cerebral disease in foetal piglets.,��https://www.ncbi.nlm.nih.gov/pubmed/10501165ª��Hooper, P T
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Zoonoses/*virology���Aug 16���Flying foxes have been the focus of research into three newly described viruses from the order Mononegavirales, namely Hendra virus (HeV), Menangle virus and Australian Bat Lyssavirus (ABL). Early investigations indicate that flying foxes are the reservoir host for these viruses. In 1994, two outbreaks of a new zoonotic disease affecting horses and humans occurred in Queensland. The virus which was found to be responsible was called equine morbillivirus (EMV) and has since been renamed HeV. Investigation into the reservoir of HeV has produced evidence that antibodies capable of neutralising HeV have only been detected in flying foxes. Over 20% of flying foxes in eastern Australia have been identified as being seropositive. Additionally six species of flying foxes in Papua New Guinea have tested positive for antibodies to HeV. In 1996 a virus from the family Paramyxoviridae was isolated from the uterine fluid of a female flying fox. Sequencing of 10000 of the 18000 base pairs (bp) has shown that the sequence is identical to the HeV sequence. As part of investigations into HeV, a virus was isolated from a juvenile flying fox which presented with neurological signs in 1996. This virus was characterised as belonging to the family Rhabdoviridae, and was named ABL. Since then four flying fox species and one insectivorous species have tested positive for ABL. The third virus to be detected in flying foxes is Menangle virus, belonging to the family Paramyxoviridae. This virus was responsible for a zoonotic disease affecting pigs and humans in New South Wales in 1997. Antibodies capable of neutralising Menangle virus, were detected in flying foxes.,��https://www.ncbi.nlm.nih.gov/pubmed/10501164}��Halpin, K
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Zoonoses���MayV��Eleven abattoir workers in Singapore were infected in March 1999 by an outbreak caused by the Nipah virus. This newly discovered, Hendra-like paramyxovirus causes acute infection of the CNS. We present the magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (MRS) findings in a patient suffering from acute meningoencephalitis. Multiple small white matter lesions were detected on diffusion-weighted imaging (DWI) and T2-weighted images. There were no abnormalities detected on MRS. We believe this to be the first reported MRI findings in this novel zoonotic viral disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10489496���Lim, C C
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Respirovirus Infections/*pathology���Sep¥��A novel Hendra-like paramyxovirus named Nipah virus (NiV) was the cause of an outbreak among workers from one abattoir who had contact with pigs. Two patients had only respiratory symptoms, while 9 patients had encephalitis, 7 of whom are described in this report. Neurological involvement was diverse and multifocal, including aseptic meningitis, diffuse encephalitis, and focal brainstem involvement. Cerebellar signs were relatively common. Magnetic resonance imaging scans of the brain showed scattered lesions. IgM antibodies against Hendra virus (HeV) were present in the serum of all patients. Two patients recovered completely. Five had residual deficits 8 weeks later.,��https://www.ncbi.nlm.nih.gov/pubmed/10482278���Lee, K E
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*Ventilator Weaning/methods���Summerw��In this review, traditional weaning parameters, integrative indexes, and experimental methods of predicting weaning outcomes have been reviewed. All have limitations; however, judicious application of these parameters may guide clinical decisions regarding timing of weaning trials. Of the parameters reviewed, the RSBI has several advantages and may identify patients who are candidates for weaning. Likewise, application of tools such as the daily screen or implementation of multidisciplinary weaning teams may assist clinicians in weaning patients earlier in their ICU course. Most patients will be successfully extubated after a single SBT, and weaning methods that focus on sequential decrements in ventilator support appear to needlessly prolong ventilation. However, for patients who fail, identification of potential causes of continued ventilator dependence should focus on the various pathophysiological causes outlined. Although a number of patients will require prolonged ventilator support beyond the critical care setting, the growing experience with this population demonstrates that a large percentage have favorable outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/10445177b��Hendra, K P
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Viral Proteins/genetics���Jun 5»��A cytopathic infectious agent was isolated from the kidneys of an apparently healthy tree shrew (Tupaia belangeri) that had been captured in the area around Bangkok. The infectivity was propagated in Tupaia fibroblast and kidney cell cultures. Paramyxovirus-like pleomorphic enveloped particles and helical nucleocapsids were observed by electron microscopy and accordingly the infectious agent was termed Tupaia paramyxovirus (TPMV). However, no serological cross-reactions were detected between TPMV and known paramyxoviruses. For the molecular characterization of TPMV an experimental strategy that allows the random-primed synthesis of relatively large cDNA molecules from viral genomic RNA was applied. Nucleotide sequence analysis of a TPMV-specific cDNA fragment (1544 bp) revealed two nonoverlapping partial open reading frames corresponding to paramyxoviral N and P transcription units. Using modified rapid amplification of cDNA ends techniques, a substantial contiguous portion of the viral genome (4065 nt) was elucidated including the complete N and P/V/C genes. The coding strategy of TPMV as well as significant amino acid sequence homologies clearly indicates an evolutionary relationship between TPMV and members of the genus Morbillivirus. Highest homologies were detected between TPMV and Hendra virus (equine morbillivirus), which recently emerged in Australia, causing outbreaks of fatal respiratory and neurological disease in horses and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10366580¥��Tidona, C A
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Swine Diseases/transmission/virology���Apr 30!��During March 1999, health officials in Malaysia and Singapore, in collaboration with Australian researchers and CDC, investigated reports of febrile encephalitic and respiratory illnesses among workers who had exposure to pigs. A previously unrecognized paramyxovirus (formerly known as Hendra-like virus), now called Nipah virus, was implicated by laboratory testing in many of these cases. Febrile encephalitis continues to be reported in Malaysia but has decreased coincident with mass culling of pigs in outbreak areas. No new cases of febrile illness associated with Nipah virus infection have been identified in Singapore since March 19, 1999, when abattoirs were closed. This report summarizes interim findings from ongoing epidemiologic and laboratory investigations in Malaysia and Singapore.,��https://www.ncbi.nlm.nih.gov/pubmed/10366143O��(CDC)
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Swine Diseases/transmission���Apr 9���During September 29, 1998-April 4, 1999, 229 cases of febrile encephalitis (111 [48%] fatal) were reported to the Malaysian Ministry of Health (MOH). During March 13-19, 1999, nine cases of similar encephalitic illnesses (one fatal) and two cases of respiratory illness occurred among abattoir workers in Singapore. Tissue culture isolation identified a previously unknown infectious agent from ill patients. This report summarizes the preliminary epidemiologic and laboratory investigations of these cases, which indicate that a previously unrecognized paramyxovirus related to, but distinct from, the Australian Hendra virus is associated with this outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/10227800[��(CDC)
eng
Case Reports
1999/05/05 00:00
MMWR Morb Mortal Wkly Rep. 1999 Apr 9;48(13):265-9.%��0149-2195 (Print)
0149-2195 (Linking)���10227800������üÚtÿþ?y���5��Orme, S.
Underwood, J. C.
McCloskey, E.
Hendra, T. J.���1998B��An unusual cause of pulmonary hypertension and right heart failure���697-8���Postgrad Med J���74���877���Fatal Outcome
Female
Humans
Hypertension, Pulmonary/*etiology
Hypertrophy, Right Ventricular/*etiology
Middle Aged
Myositis Ossificans/complications/*diagnosis���Nov,��https://www.ncbi.nlm.nih.gov/pubmed/10197204���Orme, S
Underwood, J C
McCloskey, E
Hendra, T J
eng
Case Reports
England
1999/04/10 00:00
Postgrad Med J. 1998 Nov;74(877):697-8.%��0032-5473 (Print)
0032-5473 (Linking)
��PMC2431586���10197204L��Department of Geriatric Medicine, Royal Hallamshire Hospital, Sheffield, UK.����üÒ|ÿþ?z���j��Williamson, M. M.
Hooper, P. T.
Selleck, P. W.
Gleeson, L. J.
Daniels, P. W.
Westbury, H. A.
Murray, P. K.���1998Z��Transmission studies of Hendra virus (equine morbillivirus) in fruit bats, horses and cats���813-8
��Aust Vet J���76���12���Administration, Intranasal
Administration, Oral
Animals
Antibodies, Viral/blood
Antigens, Viral/analysis
Cat Diseases/immunology/*transmission
Cats
Cercopithecus aethiops
*Chiroptera
Disease Reservoirs/veterinary
Enzyme-Linked Immunosorbent Assay/veterinary
Female
Horse Diseases/immunology/*transmission
Horses
Injections, Subcutaneous/veterinary
Kidney/virology
Male
Morbillivirus/*immunology/pathogenicity
Morbillivirus Infections/immunology/transmission/*veterinary
Neutralization Tests/veterinary
Vero Cells���Dec1��OBJECTIVE: To determine the infectivity and transmissibility of Hendra virus (HeV). DESIGN: A disease transmission study using fruit bats, horses and cats. PROCEDURE: Eight grey-headed fruit bats (Pteropus poliocephalus) were inoculated and housed in contact with three uninfected bats and two uninfected horses. In a second experiment, four horses were inoculated by subcutaneous injection and intranasal inoculation and housed in contact with three uninfected horses and six uninfected cats. In a third experiment, 12 cats were inoculated and housed in contact with three uninfected horses. Two surviving horses were inoculated at the conclusion of the third experiment: the first orally and the second by nasal swabbing. All animals were necropsied and examined by gross and microscopic pathological methods, immunoperoxidase to detect viral antigen in formalin-fixed tissues, virus isolation was attempted on tissues and SNT and ELISA methods were used to detect HeV-specific antibody. RESULTS: Clinical disease was not observed in the fruit bats, although six of eight inoculated bats developed antibody against HeV, and two of six developed vascular lesions which contained viral antigen. The in-contact bats and horses did not seroconvert. Three of four horses that were inoculated developed acute disease, but in-contact horses and cats were not infected. In the third experiment, one of three in-contact horses contracted disease. At the time of necropsy, high titres of HeV were detected in the kidneys of six acutely infected horses, in the urine of four horses and the mouth of two, but not in the nasal cavities or tracheas. CONCLUSIONS: Grey-headed fruit bats seroconvert and develop subclinical disease when inoculated with HeV. Horses can be infected by oronasal routes and can excrete HeV in urine and saliva. It is possible to transmit HeV from cats to horses. Transmission from P poliocephalus to horses could not be proven and neither could transmission from horses to horses or horses to cats. Under the experimental conditions of the study the virus is not highly contagious.+��https://www.ncbi.nlm.nih.gov/pubmed/9972433½��Williamson, M M
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Viral Envelope Proteins���Nov 25���The complete nucleotide sequence of the attachment protein gene of Hendra virus, a new member of the subfamily Paramyxovirinae, has been determined from cDNA clones derived from viral genomic RNA. The deduced mRNA is 2565 nucleotides long with one open reading frame encoding a protein of 604 amino acids, which is similar in size to the attachment protein of the members of the subfamily. However, the mRNA transcript is >600 nucleotides longer than others in the subfamily due to the presence of long untranslated regions at both the 5' and 3' ends. The protein is designated G because it lacks both hemagglutination and neuraminidase activities. It contains a hydrophobic transmembrane domain close to the N terminus, eight potential N-linked glycosylation sites, and 18 cysteine residues. Although the HeV G protein had low sequence homology with Paramyxovirinae members, the predicted folding pattern of its extracellular globular head was very similar to that of members of the genus Paramyxovirus, with the location of seven potential pairs of sulfide bonds absolutely conserved. On the other hand, among the seven residues known to be critical for neuraminidase activity, only one was conserved in the Hendra virus G protein compared with at least six in HN proteins of paramyxoviruses and rubulaviruses and four in H proteins of morbilliviruses. The biological significance of this finding is discussed.+��https://www.ncbi.nlm.nih.gov/pubmed/9837786¾��Yu, M
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*Viral Proteins���Jul���The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3' untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58.5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.+��https://www.ncbi.nlm.nih.gov/pubmed/9680142Ø��Yu, M
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Spectrum Analysis, Raman/*standards���Nov���The reliability with which an external reference sample can be used to standardise the intensities of Raman scattering spectra is assessed. By comparing the ratios of single band intensities of Raman scatter in a two component liquid mixture with those between the mixture and an external standard it is shown that the latter is more than adequate for most quantitative Raman analysis. Coefficients of variance in repeated experiments on the same sample are approximately 1%, when comparing single band heights on spectra recorded with modest laser powers over 2 min. When using the whole spectrum, these coefficients are significantly lower.+��https://www.ncbi.nlm.nih.gov/pubmed/9477577���Paepe, A T
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Tablets���Nov]��It is customary to rotate samples in Raman spectroscopy to avoid absorption or sample heating. In FT-Raman experiments the rotation is always shown (typically 30-60 rpm) because higher speeds are thought to generate noise in the spectra. In this article we show that more rapid rotation is possible. A tablet containing maleic acid and one made up of sub-millimetre silica particles with metoprolol succinate as active ingredient were rotated at different speeds, up to 6760 rpm. The FT-Raman spectra were recorded and studied. We conclude that it is perfectly acceptable to rotate samples up to 1500 rpm.+��https://www.ncbi.nlm.nih.gov/pubmed/9477576²��De Paepe, A T
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Virulence/genetics���FebÎ��In 1994, a new member of the family Paramyxoviridae isolated from fatal cases of respiratory disease in horses and humans was shown to be distantly related to morbilliviruses and provisionally called equine morbillivirus (K. Murray et al., Science 268:94-97, 1995). To facilitate characterization and classification, the virus was purified, viral proteins were identified, and the P/V/C gene was cloned and sequenced. The coding strategy of the gene is similar to that of Sendai and measles viruses, members of the Paramyxovirus and Morbillivirus genera, respectively, in the subfamily Paramyxovirinae. The P/V/C gene contains four open reading frames, three of which, P, C, and V, have Paramyxovirinae counterparts. The P and C proteins are larger and smaller, respectively, than are cognate proteins in members of the subfamily, and the V protein is made as a result of a single G insertion during transcription. The P/V/C gene has two unique features. (i) A fourth open reading frame is located between those of the C and V proteins and potentially encodes a small basic protein similar to those found in some members of the Rhabdoviridae and Filoviridae families. (ii) There is also a long untranslated 3' sequence, a feature common in Filoviridae members. Sequence comparisons confirm that although the virus is a member of the Paramyxovirinae subfamily, it displays only low levels of homology with paramyxoviruses and morbilliviruses and negligible homologies with rubulaviruses.+��https://www.ncbi.nlm.nih.gov/pubmed/9445051¤��Wang, L F
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Stents/*adverse effects���SepÁ��Self-expanding metallic stents (SEMSs) are used to palliate malignant esophageal strictures. We describe a patient who had an extensive mediastinal tumor for which he was receiving irradiation therapy; chest pain, hemoptysis, and recurrent Gram-negative pneumonia developed in this patient after stent placement. Fiberoptic bronchoscopy revealed protrusion of the SEMS into the tracheobronchial tree, a novel complication for this new type of stent.+��https://www.ncbi.nlm.nih.gov/pubmed/8797444Z��Hendra, K P
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Rosman, A.���1995ª��Rural communities in nutritional transition: emergence of obesity, hypertension and hypercholesterolemia as public health problems in three kampungs in Bagan Datoh, Perak���129-39
��Malays J Nutr���1���2���Sepý��This paper highlights the marked presence of nutritional disorders in a sample (190 males, 237 females, aged 18-80 years) obtained from the adult population in three kampungs i.e. Pasang Api, Sungai Nipah Baroh and Sungai Balai Darat, in the Mukim of Bagan Datoh, Perak in 1992. All subjects (except pregnant females) were measured for blood pressure, weight, height, waist circumference, and hip circumference from which the body mass index (BMI) and waist-hip ratios (WHR) were calculated. A random blood sample was obtained by finger-prick from each subject and analysed for total cholesterol (TC) and glucose, using the Reflotron compact analyser. Elevated means for BMI and WHR indicated that obesity (BMI >/=30.0) was a serious public health problem in these three kampungs, affecting about 5% of males and 14% of females. Another 24% of males and 46% of females had an overweight problem (BMI 25.0-29.9), indicating that on the average, about half the adult population in these kampungs were either overweight or obese. This contrasted with the situation a decade ago in similar-type kampungs in the Peninsula where underweight was the major nutritional disorder in adults, especially males. Overall, there was a shift of an underweight problem to one of overweight, as exemplified by increments of 2.0 to 3.0 BMI units in the adult population, with the phenomenon being more marked in the females. Hypertension (21%) and hyperglycaemia (6.5%) affected the males and females approximately equally. Female adults had higher mean plasma TC compared to males (204 versus 199 mg/dl); these means were some 20 mg/dl (0.52 mmol/L) higher than the corresponding means for adults in similar rural communitites in the early eighties, and approximate the corresponding means for present-day urban adults. The above findings serve to emphasise the nutritional transition undergoing in the rural communities in the Peninsula, viz, the marked emergence in these rural communities of nutritional disorders normally associated with affluent populations.,��https://www.ncbi.nlm.nih.gov/pubmed/22692058`��Ng, T K Jr
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Serologic Tests���Jun 19���OBJECTIVE: To describe the clinical and epidemiological features of an outbreak of a viral infection affecting humans and horses. SETTING: Stables in Hendra, a suburb of Brisbane. SUBJECTS: Affected horses and humans, and at-risk human contacts. RESULTS: A pregnant mare died two days after arrival from a paddock elsewhere in Brisbane. Eight to 11 days later, illness (depression, anorexia, fever, dyspnoea, ataxia, tachycardia, tachypnoea and nasal discharge) was reported among 17 other horses from the same or an adjoining stable. Fourteen horses died or were put down. Five and six days after the index mare's death, a stable-hand and then a horse-trainer, both of whom had had close contact with the sick mare's mucous secretions, developed influenza-like illnesses. The stable-hand recovered but the trainer developed pneumonitis, respiratory failure, renal failure and arterial thrombosis, and died from a cardiac arrest seven days after admission to hospital. A morbillivirus cultured from his kidney was identical to one isolated from the lungs of five affected horses. The two affected humans and eight other horses were seropositive for the infection, which was reproduced in healthy horses following challenge by spleen/lung homogenates from infected horses. There was no serological evidence of infection in 157 humans who had had contact with the stables or the sick horses or humans. CONCLUSIONS: A previously undescribed morbillivirus infected a probable 21 horses and two humans; one human and 14 horses died. That no further cases were detected among humans suggests that the virus was of low infectivity. The source of infection remains undetermined.+��https://www.ncbi.nlm.nih.gov/pubmed/7603375Ä��Selvey, L A
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Survivors���Dec 20
��There is increasing evidence that platelet thrombi play an important role in the pathogenesis of acute myocardial infarction (AMI). We compared "spontaneous" platelet aggregation in whole blood in 17 non-diabetic and 12 diabetic subjects on admission with AMI. There was no significant difference in the fall in platelet count between the two groups, expressed as platelets remaining (75.2 +/- 7.9% vs 77.3 +/- 6.9% at 10 min, 66.6 +/- 8.9% vs 68.5 +/- 6.3% at 20 min, 63.5 +/- 8.2% vs 64.9 +/- 6.7% at 30 min and 59.4 +/- 10.3% vs 61.3 +/- 7.6% at 60 min). The rate of "spontaneous" aggregation was increased in subjects with evidence of heart failure on admission compared to those without (59.9 +/- 7.9% vs 66.2 +/- 6.6% at 30 min [p = 0.05] and 55.4 +/- 9.6% vs 63.1 +/- 7.7% at 60 min [p = 0.04]). There was no correlation between the fall in platelet count and admission plasma glucose, glycated haemoglobin or peak aspartate amino-transferase. The subjects studied on admission with AMI had greater rates of "spontaneous" aggregation than 8 subjects studied between 6 and 12 months after acute myocardial infarction (75.9 +/- 7.4% vs 85.8 +/- 5.4% at 10 min; p = 0.001 and 64.3 +/- 7.5% vs 75.0 +/- 7.8% at 30 min; p = 0.006) and compared to normal controls (90.7 +/- 4.4% at 10 min; p < 0.001 and 83.4 +/- 6.5 at 30 min; p < 0.001). This study provides evidence of increased "spontaneous" platelet aggregation in subjects admitted with acute myocardial infarction but no difference between diabetic and non-diabetic subjects was observed.+��https://www.ncbi.nlm.nih.gov/pubmed/8165614���Gray, R P
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Spectroscopy, Fourier Transform Infrared
Spectrum Analysis, Raman���Dec���We analyzed binary mixtures of polymorphs A and B of chlorpropamide ((1-[4-chlorobenzenesulphonyl]-3-propyl urea)) by near-infrared Fourier transform Raman spectroscopy (FTRS). The individual polymorphs were prepared and characterized by differential scanning calorimetry (DSC), Fourier transform infrared (FT-IR) microscopy, and physical appearance. The FTR spectra of the two polymorphs showed distinct differences which result from "crystal splitting" effects. A series of 13 different mixtures of polymorph A and B was prepared by geometric mixing and their FTR spectra statistically analysed by factor analysis programming. Predictions of the A/B polymorphic composition of mixtures were made and compared with the theoretical values. The results demonstrate that FTRS combined with factor analysis programming may be successfully applied to the in situ monitoring of the A/B polymorphic nature of a chlorpropamide sample.+��https://www.ncbi.nlm.nih.gov/pubmed/8302765���Tudor, A M
Church, S J
Hendra, P J
Davies, M C
Melia, C D
eng
Research Support, Non-U.S. Gov't
1993/12/01 00:00
Pharm Res. 1993 Dec;10(12):1772-6.%��0724-8741 (Print)
0724-8741 (Linking)���8302765E��Department of Pharmaceutical Sciences, University of Nottingham, U.K.��	���üÒ|ÿþ?�������Hendra, T. J.
Yudkin, J. S.���1992F��An algorithm for tight glycaemic control in diabetic infarct survivors���213-20���Diabetes Res Clin Pract���16���3���Algorithms
Blood Glucose/*metabolism
*Diabetes Complications
Diabetes Mellitus/blood/*drug therapy
Diabetes Mellitus, Type 1/blood/complications/drug therapy
Diabetes Mellitus, Type 2/blood/complications/drug therapy
Female
Glycated Hemoglobin A/analysis
Humans
Insulin/*therapeutic use
Insulin Infusion Systems
Insulin, Regular, Pork
Male
Myocardial Infarction/*blood/*complications/drug therapy
Obesity���June��An algorithm has been developed to provide predictable control of blood glucose for 48 h following acute myocardial infarction. In 29 diabetic patients intravenous infusion of soluble insulin was started upon admission to hospital and the rate adjusted hourly on the basis of bedside capillary glucose estimations. Insulin infusion rates related to glycaemia were higher in obese patients and those with severe cardiac failure. For all patients mean admission glucose levels were reduced from 18.3 +/- 5.9 mmol l-1 to 9.1 +/- 3.3 mmol l-1 at 4 h and to 8.8 +/- 2.5 mmol l-1 at 6 h. Mean glucose concentrations for 48 h after admission were 8.2 +/- 1.3 mmol l-1 for all patients. Admission glucose levels were slightly higher in patients with severe, compared to those without or mild, cardiac failure (P less than 0.1), but levels over the following 48 h were similar. Doubling insulin infusion rates before meals did not achieve tighter glycaemic control. Hypoglycaemia (glucose less than 3 mmol l-1) occurred on 11 occasions in six patients; only two episodes were symptomatic and only two episodes occurred when the insulin rates were doubled before meals. This algorithm produced tighter glycaemic control than previously published protocols, particularly in patients with severe cardiac failure. Hypoglycaemia is uncommon and the algorithm easy to administer by nursing staff.+��https://www.ncbi.nlm.nih.gov/pubmed/1425142���Hendra, T J
Yudkin, J S
eng
Research Support, Non-U.S. Gov't
Ireland
1992/06/01 00:00
Diabetes Res Clin Pract. 1992 Jun;16(3):213-20.%��0168-8227 (Print)
0168-8227 (Linking)���1425142q��Academic Unit of Diabetes and Endocrinology, University College and Middlesex School of Medicine, United Kingdom.����â��üÒ|ÿþ?�������Hendra, T. J.
Yudkin, J. S.���1992m��'Spontaneous' platelet aggregation in whole blood in diabetic patients with and without microvascular disease���247-51
��Diabet Med���9���3ç��Adult
Blood Glucose/analysis
Diabetes Mellitus, Type 1/*blood
Diabetic Angiopathies/*blood
Glycated Hemoglobin A/analysis
Hematocrit
Humans
Leukocyte Count
Multivariate Analysis
*Platelet Aggregation
Platelet Count
Reference Values���Apr¿��Consistent abnormalities of agonist-induced platelet aggregation, in either whole blood or platelet rich plasma, have not been demonstrated in diabetic patients without microvascular disease. In the present study platelet aggregation in the absence of exogenous agonists ('spontaneous' aggregation) was compared between 22 non-diabetic subjects and 23 Type 1 diabetic patients with (n = 12) and without (n = 11) microvascular disease. 'Spontaneous' aggregation was determined by measuring the percentage fall in single platelet number in aliquots of whole blood shaken for 60 min. Diabetic patients without microvascular disease had fewer single platelets remaining (greater aggregation) than non-diabetic subjects at all time-points (69.7 +/- 6.6 vs 82.3 +/- 7.3% at 60 min p less than 0.001), but more platelets remaining than in diabetic patients with microvascular disease at all time-points (69.7 +/- 6.6 vs 61.0 +/- 7.8% at 60 min p less than 0.02). No significant correlations were observed between platelet aggregation and plasma glucose, blood cell counts, or glycated haemoglobin levels. The study suggests that platelet abnormalities antedate the appearance of microvascular disease in diabetic patients.+��https://www.ncbi.nlm.nih.gov/pubmed/1576806���Hendra, T J
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Tissue Plasminogen Activator/adverse effects/therapeutic use���Feb 15»��OBJECTIVES: To assess prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction and the incidence of side effects. DESIGN: Retrospective analysis of prescriptions during five months (first audit) followed by prospective analysis of uptake of treatment during five months after interventions in clinical management; prospective assessment of adverse events during thrombolytic treatment. SETTING: Coronary care unit of large district general hospital. PATIENTS: 110 patients aged greater than or equal to 65 with subsequently proved acute myocardial infarction admitted in first audit and 119 admitted in the second. MAIN OUTCOME MEASURES: Site of infarct, prescription of thrombolysis treatment, reasons for nonprescription, complications. RESULTS: Before intervention thrombolytic treatment was prescribed to 13/110 (12%) patients with subsequently confirmed myocardial infarction and after intervention to 55/119 (46%) patients (p less than 0.01). In the first audit no patients with angina received thrombolytic treatment whereas 13/79 (16%) were treated in the second audit. Increased prescription of thrombolytic treatment in the second audit was associated with significantly fewer exclusions owing to dyspepsia (p less than 0.05) and unstated or unsatisfactory reasons (p less than 0.01) Streptokinase infusions were completed uneventfully in 75% (48/64) and 77% (10/13) of patients with infarction and angina respectively. Side effects of treatment were more common in patients with inferior than with anterior infarcts (16/42 (30%) v 3/24 (13%), p less than 0.05). CONCLUSIONS: Low rates of prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction were identified and corrected. Streptokinase treatment was associated with transient arrhythmias or hypotension in about a third of these patients with infarcts, particularly those with electrocardiographic changes in inferior leads.+��https://www.ncbi.nlm.nih.gov/pubmed/1547391X��Hendra, T J
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Sulfasalazine/administration & dosage/analysis/*chemistry���Octµ��FT-Raman spectroscopy (FTRS) has been used to characterize microspheres produced from the pharmaceutical polymer Eudragit RS containing a range of concentrations of the drug sulfasalazine. While pure sulfasalazine produced an intense and complex Raman spectrum, the spectrum of drug-free Eudragit RS microspheres was considerably weaker in intensity and contained only a few prominent Raman scattering peaks. In spectra of the drug-polymer microspheres, peaks arising from the individual components could be identified. This enabled a quantitative analysis to be undertaken by calculating the ratio between the area of a sulfasalazine peak and the area of a Eudragit RS peak for each microsphere spectrum. A correlation was shown between the peak area ratio and the microsphere sulfasalazine content. FTRS was then applied to a series of microsphere samples which had been dissoluted into pH 7 buffer for 1, 3, 6, 9, 12, or 24 hr. For each spectrum, the drug-polymer peak area ratio was determined and this in turn enabled calculation of the residual drug content of the microsphere sample. FTRS-calculated data showed good agreement with microsphere drug content values determined spectrophotometrically.+��https://www.ncbi.nlm.nih.gov/pubmed/1686649¤��Watts, P J
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Prognosis
beta-Thromboglobulin/analysis���Aug½��STUDY OBJECTIVE: The aim was to compare platelet function in diabetic and non-diabetic survivors of acute myocardial infarction and to relate it to an index of free radical activity in these patients. DESIGN: In vivo and in vitro indices of platelet function and diene conjugate molar ratios were measured in diabetic and non-diabetic infarct survivors on admission to hospital and sequentially for 72 h. PATIENTS: The patients were 17 diabetics (age 61.9 years, range 32-74) and 12 non-diabetics (60.8 years, range 39-75) admitted to hospital with acute myocardial infarction confirmed according to WHO criteria. MEASUREMENTS AND MAIN RESULTS: Agonist induced platelet aggregation, beta thromboglobulin levels, and linoleic acid 18:2(9,11)/18:2(9,12) molar ratios did not differ between diabetic and non-diabetic patients on admission. Concentrations of adrenaline producing 50% maximum platelet aggregation (EC50) in whole blood on admission were lower than non-infarct controls in both patient groups. The EC50 values in platelet rich plasma in both groups fell during the 72 h following admission (increases in platelet sensitivity). beta Thromboglobulin concentrations fell following admission in the diabetic group. Diene conjugate molar ratios were higher at 12 h and 24 h compared to admission in diabetic patients. Increases in diene conjugate ratios between admission and 24 h correlated with peak aspartate transaminase levels in both patient groups. No correlations were observed between platelet aggregation, beta thromboglobulin levels, or diene conjugate molar ratios. CONCLUSIONS: During 72 h following myocardial infarction there is a reduction in platelet activation in vivo and an increase in platelet sensitivity to exogenous agonists in vitro. Free radical generated isomers of linoleic acid increase in relation to infarct size, but are unrelated to platelet function. There were no differences in platelet function between diabetic and non-diabetic subjects.+��https://www.ncbi.nlm.nih.gov/pubmed/1833060©��Hendra, T J
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Triglycerides/blood���Sepj��Standard radioimmunoassay for insulin may substantially overestimate levels of insulin because of cross-reaction with other insulin-like molecules. We have measured concentrations of insulin, intact proinsulin and 32-33 split proinsulin using two-site monoclonal antibody based immunoradiometric assays, and of insulin by a standard radioimmunoassay ("immunoreactive insulin") in 51 Type 2 (non-insulin-dependent) diabetic subjects in the fasting state. The relationships of these concentrations were sought with those of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride, plasminogen activator inhibitor, blood pressure, and indices of body fat distribution. Significant relationships were apparent between concentrations of "immunoreactive insulin" as measured by standard radioimmunoassay and triglyceride (rs = 0.42, p less than 0.001), total cholesterol (rs = 0.25, p = 0.038), high density lipoprotein cholesterol (rs = -0.30, p = 0.018) and body mass index (rs = 0.30, p = 0.017), but only the relationships with triglyceride (rs = 0.36, p = 0.006) and body mass index (rs = 0.26, p = 0.34) remained significant when concentrations of immunoradiometrically measured insulin were employed. Concentrations of 32-33 split proinsulin, which comprises the major insulin-like molecule in these subjects, correlated positively with triglyceride (rs = 0.33, p = 0.009), total cholesterol (rs = 0.23, p = 0.050), and plasminogen activator inhibitor (rs = 0.26, p = 0.049), and negatively with high density lipoprotein cholesterol (rs = -0.29, p = 0.021).(ABSTRACT TRUNCATED AT 250 WORDS)+��https://www.ncbi.nlm.nih.gov/pubmed/2253829Ü��Nagi, D K
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Triglycerides/blood���Aug§��The aim of this study was to evaluate the effects of a fish oil preparation (MaxEPA) on hemostatic function and fasting lipid and glucose levels in non-insulin-dependent diabetic (NIDDM) subjects. Eighty NIDDM outpatients aged 55.9 yr (mean SD 11.5 yr) participated in a prospective double-blind placebo-controlled study of MaxEPA capsules (10 g/day) or olive oil (control) treatment over 6 wk. Patients received either MaxEPA or olive oil in addition to preexisting therapy. Metabolic and hemostatic variables were measured before treatment and after 3 and 6 wk. Platelet membrane eicosapentaenoic acid (EPA) content increased in the treatment group (P less than 0.001). MaxEPA supplementation was associated with a significant fall in total triglycerides (P less than 0.001) but did not affect total cholesterol (P = 0.7) compared with control treatment. Fasting plasma glucose increased after 3 wk (P = 0.01) but not after 6 wk (P = 0.17) treatment with MaxEPA. Spontaneous platelet aggregation in whole blood fell in the MaxEPA group (P less than 0.02) after 6 wk, but there were no changes in agonist-induced platelet aggregation, thromboxane generation in platelet-rich plasma, or plasma beta-thromboglobulin and platelet factor IV levels. An increase in clotting factor VII (P = 0.02), without changes in fibrinogen or factor X levels, occurred in the MaxEPA group. Similar reductions in blood pressure were observed in both groups. Dietary supplementation with MaxEPA capsules (10 g/day) in NIDDM subjects is associated with improvement in hypertriglyceridemia but with deleterious effects in factor VII and blood glucose levels. Most indices of platelet function are unaffected by this therapy.+��https://www.ncbi.nlm.nih.gov/pubmed/2209315ê��Hendra, T J
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Vasodilator Agents/*pharmacology���Jul#��1. Dopexamine is a novel analogue of dopamine which is free of alpha-adrenoceptor activity and is of therapeutic value in chronic heart failure. The effects of dopexamine on the in vitro function of platelets from 10 healthy subjects at rest, after exercise and after in vitro addition of adrenaline and noradrenaline were investigated. 2. Dopexamine in a wide range of concentrations (10(-9)M-10(-3)M) did not appear to function as an agonist on platelets either in whole blood or in PRP preparations. 3. Dopexamine caused a dose-dependent inhibition of agonist-induced platelet aggregation in both whole blood and PRP. The inhibitory effect of dopexamine was significantly greater in PRP than in whole blood, and significantly greater to adrenaline than to collagen or ADP as agonists in whole blood. 4. After exercise or after in vitro addition of adrenaline and noradrenaline at concentrations commonly seen in myocardial infarction, dopexamine produced similar levels of inhibition seen with platelets from resting subjects. 5. Dopexamine did not affect plasma catecholamine levels but caused an increase in intraplatelet noradrenaline levels. 6. This study suggests that dopexamine is unlikely adversely to affect the hyperaggregable state found in patients with cardiogenic shock after myocardial infarction.+��https://www.ncbi.nlm.nih.gov/pubmed/2390435���Wagaine-Twabwe, D
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Sympathomimetics/analysis���Near infrared Fourier-transform (FT) Raman spectroscopy is shown to be a useful spectroscopic tool for the molecular structural analysis of drugs and biomedical polymers. The technique has been applied to the non-invasive investigation of the hydrolytic degradation of a biodegradable polymer in water over a period of 15 days and to the analysis of a drug within a polymer vehicle over a wide drug concentration range. This work demonstrates the potential value of FT Raman spectroscopy in the field of pharmaceutical science.+��https://www.ncbi.nlm.nih.gov/pubmed/2100613ª��Tudor, A M
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Risk Factors���Mar¢��Moderate (greater than 20 units) and high (greater than 80 units) IgG anticardiolipin antibody (aCL) titres are strongly predictive for recurrent thrombosis and early myocardial infarction in non-diabetic subjects. We have tested the hypothesis that the excess risk of myocardial infarction in diabetic subjects relates to the presence of aCL by measuring the frequency and titre of aCL in two groups of diabetic subjects and in 2500 healthy controls. One non-diabetic subject (0.04%) had low (5-20 units) IgG aCL titres. Seven out of 126 diabetics without cardiovascular disease (5.6%) and 9 out of 79 diabetics who were either myocardial infarction survivors or who had angiographically-proven coronary artery disease (11.4%) had low aCL titres (P less than 0.01 for comparison of either diabetic group with controls, and P less than 0.1 for comparison between diabetic groups). One subject in each diabetic group, but no non-diabetics, had moderate IgM aCL titres. No subjects had high aCL titres. Diabetics have an increased frequency of low aCL titres which may relate to macrovascular disease. Macrovascular disease in diabetics is not associated with moderate or high aCL titres.+��https://www.ncbi.nlm.nih.gov/pubmed/2813232���Hendra, T J
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Stress, Physiological/blood���Dec 1R��Studies have been performed to assess the effect of exercise on spontaneous platelet aggregation in shaken whole blood, and on agonist-induced platelet aggregation in whole blood and platelet rich plasma (PRP). Spontaneous platelet aggregation in shaken whole blood was increased following exercise compared to pre-exercise values. The increase in spontaneous aggregation after exercise correlated inversely with the increase in white cell count in whole blood. Platelet sensitivity in whole blood to adrenaline, collagen and adenosine diphosphate (ADP) was increased following exercise. Changes in platelet sensitivity to adrenaline following exercise correlated with increases in plasma noradrenaline levels but not with changes in blood cell counts. In PRP, platelet sensitivity to ADP and to collagen was increased following exercise when the pre and post-exercise PRP platelet counts were not corrected to allow for the increase in platelet count which occurred with exercise. When the PRP platelet counts were corrected, no changes in platelet sensitivity to any agonist after exercise were observed.+��https://www.ncbi.nlm.nih.gov/pubmed/3222784���Hendra, T J
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beta-Thromboglobulin/analysis���Jul(��The effect of 24 hours and 7 days treatment with nisoldipine (10 mg, twice daily) on platelet function was studied in 12 normotensive volunteers of whom six were insulin-dependent diabetics without clinical evidence of vascular complications. Platelet aggregation was assessed by platelet rich plasma (PRP) and whole blood (WB) techniques. In addition, the effect of nisoldipine on platelet hyperaggregability following exercise was assessed. After taking nisoldipine for 24 hours, in vitro platelet hypersensitivity to adenosine diphosphate was observed in PRP (p less than 0.01) and WB (p less than 0.01), to adrenaline in WB (p less than 0.03), and to collagen in PRP (p less than 0.02). After seven days treatment, platelet sensitivities to all agonists at rest in both PRP and WB showed no differences from pre-treatment values. Exercise-induced platelet hypersensitivity in WB to all three agonists was unchanged after nisoldipine treatment. Plasma noradrenaline and adrenaline concentrations increased after 24 hours treatment, although changes in agonist EC50s at 24 hours were not related to changes in plasma catecholamine levels. No effects of nisoldipine were observed on platelet thromboxane B2 release in PRP, or on plasma beta-thromboglobulin levels. No differences in the effects of nisoldipine were observed between diabetic and non-diabetic subjects. Nisoldipine treatment for seven days is not associated with altered platelet function, but platelet hypersensitivity is observed after treatment for 24 hours in both insulin-dependent diabetics and controls.+��https://www.ncbi.nlm.nih.gov/pubmed/2976336É��Hendra, T J
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beta-Thromboglobulin/analysis���Jul-Augk��There are conflicting reports of platelet function abnormalities in diabetic patients without vascular complications. We have studied in vitro platelet aggregation, using platelet rich plasma and whole blood techniques, in 18 patients with uncomplicated insulin-dependent diabetes and a matched group of 24 non-diabetic subjects. In addition we measured plasma beta-thromboglobulin levels in these groups, as an index of in vivo platelet activation, and compared the indices of in vitro and in vivo platelet function before and after maximal bicycle exercise. Before exercise plasma beta-thromboglobulin levels and platelet sensitivities to ADP, collagen or adrenaline, as assessed by both methods of platelet aggregation, were the same in diabetic and control subjects. Both groups showed similar increases in beta-thromboglobulin levels and in platelet sensitivity to all agonists in whole blood following exercise. Using platelet rich plasma there were no changes in platelet sensitivity in either group after exercise. In non-diabetic subjects, increases in noradrenaline levels after exercise correlated with increases in platelet sensitivity to adrenaline in whole blood. This was not observed in the diabetic group. Abnormalities of platelet function, using the techniques described here, are not present in diabetic patients who do not have clinical evidence of vascular disease.+��https://www.ncbi.nlm.nih.gov/pubmed/2970923¡��Hendra, T J
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Reference Values���May 19Ü��Mean platelet volume, platelet count and an estimate of platelet volume distribution were studied following acute myocardial infarction in 59 diabetics and 88 non-diabetics and were compared with values in 100 non-diabetic and 50 diabetic non-infarct subjects. In the non-diabetics mean platelet volume and platelet distribution width were similar in the non-infarcted patients and in the infarcted patients without severe cardiac failure. All diabetics with myocardial infarction had larger mean platelet volumes and platelet distribution width than the diabetic non-infarct controls. All myocardial infarction patients with severe cardiac failure had larger platelet volumes than patients with mild or no failure. Increased mean platelet volume may reflect either increased platelet activation or increased numbers of large, hyperaggregable platelets. Abnormalities of platelet function may contribute to the relatively poor prognosis of myocardial infarction in patients with diabetes.+��https://www.ncbi.nlm.nih.gov/pubmed/3402334£��Hendra, T J
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Polymorphism, Genetic���Jun 20P��The prevalence of an uncommon allelic variant (S2) of the apoprotein AI-CIII-AIV gene cluster was determined in non-insulin-dependent diabetics with or without evidence of coronary heart disease and in controls. Frequencies of the S2 allele were 14% for diabetics with coronary heart disease compared with 2% for non-diabetics with no clinical evidence of occlusive vascular disease. No subject with the S2 allele was detected among a further group of matched diabetics without clinical features of macrovascular disease. The results suggest that a genetic component contributes to the susceptibility to coronary heart disease in non-insulin-dependent diabetics. Whether the observed deoxyribonucleic acid variant is aetiological for atherosclerosis or in linkage disequilibrium with other atherogenic loci on chromosome 11 remains to be clarified.+��https://www.ncbi.nlm.nih.gov/pubmed/3113537±��Trembath, R C
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202L��Nahar, Nazmun
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022×��Masoomi Dezfooli, Seyedehsara
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489]��Escaffre, Olivier
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evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523Ñ��Lo Presti, Alessandra
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654|��Walsh, Michael G
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��2015/07/15���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209 ��Ali, Mohammad Tuhin
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519~��Satterfield, Benjamin A
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400«��Weis, Michael
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Vero Cells���Mar 1»��Bats are known to harbor a number of emerging and re-emerging zoonotic viruses, many of which are highly pathogenic in other mammals but result in no clinical symptoms in bats. The ability of bats to coexist with viruses may be the result of rapid control of viral replication early in the immune response. IFNs provide the first line of defense against viral infection in vertebrates. Type III IFNs (IFN-lambdas) are a recently identified IFN family that share similar antiviral activities with type I IFNs. To our knowledge, we demonstrate the first functional analysis of type III IFNs from any species of bat, with the investigation of two IFN-lambda genes from the pteropid bat, Pteropus alecto. Our results demonstrate that bat type III IFN has similar antiviral activity to type I and III IFNs from other mammals. In addition, the two bat type III IFNs are differentially induced relative to each other and to type I IFNs after treatment or transfection with synthetic dsRNA. Infection with the bat paramyxovirus, Tioman virus, resulted in no upregulation of type I IFN production in bat splenocytes but was capable of inducing a type III IFN response in three of the four bats tested. To our knowledge, this is the first report to describe the simultaneous suppression of type I IFN and induction of type III IFN after virus infection. These results ���������+þ|�����+¯Ô7��Hendra and Nipah viruses: pathogenesis and therapeutics���805-16���Curr Mol Med���5���8���Dec���16375714y��Australian Animal Health Laboratory, CSIRO, 5 Portarlington Road, Geelong, Victoria 3220, Australia. bryan.eaton@csiro.au���������������¥�w�����+ö$�~ú5ÿî5Û���ß��Lo, M. K.
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204m��Zumbrun, E E
eng
Editorial
Vet Pathol. 2015 Jan;52(1):18-20. doi: 10.1177/0300985814556781. Epub 2014 Oct 28.*��1544-2217 (Electronic)
0300-9858 (Linking)���25352204���Department of Pathology, Microbiology and Immunology, University of South Carolina School of Medicine, Columbia, SC, USA Elizabeth.Zumbrun@uscmed.sc.edu.���10.1177/0300985814556781���´��|Òtÿî?Á������Yun, T.
Park, A.
Hill, T. E.
Pernet, O.
Beaty, S. M.
Juelich, T. L.
Smith, J. K.
Zhang, L.
Wang, Y. E.
Vigant, F.
Gao, J.
Wu, P.
Lee, B.
Freiberg, A. N.���2015Þ��Efficient reverse genetics reveals genetic determinants of budding and fusogenic differences between Nipah and Hendra viruses and enables real-time monitoring of viral spread in small animal models of henipavirus infection���1242-53���J Virol���89���2
��2014/11/14���Animals
*Disease Models, Animal
Genetic Complementation Test
Hendra Virus/*physiology
Henipavirus Infections/*virology
Humans
Mice, Knockout
Nipah Virus/*physiology
Recombination, Genetic
Reverse Genetics
Viral Tropism
*Virus Internalization
*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218Û��Yun, Tatyana
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400«��Weis, Michael
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654|��Walsh, Michael G
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385k��Thanapongtharm, Weerapong
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Serotyping���Feb���We measured the performance of exposure screening questions to identify Nipah virus encephalitis in hospitalized encephalitis patients during the 2012-13 Nipah virus season in Bangladesh. The sensitivity (93%), specificity (82%), positive predictive value (37%), and negative predictive value (99%) results suggested that screening questions could more quickly identify persons with Nipah virus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/25625615B��Sazzad, Hossain M S
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519~��Satterfield, Benjamin A
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962¾��Roche, S E
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743,��Bradel-Tretheway, Birgit G
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789*��Laing, Eric D
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*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218Û��Yun, Tatyana
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Viral Proteins/metabolismñ��Bats are natural reservoirs for a spectrum of infectious zoonotic diseases including the recently emerged henipaviruses (Hendra and Nipah viruses). Henipaviruses have been observed both naturally and experimentally to cause serious and often fatal disease in many different mammal species, including humans. Interestingly, infection of the flying fox with henipaviruses occurs in the absence of clinical disease. The extreme variation in the disease pattern between humans and bats has led to an investigation into the effects of henipavirus infection on the innate immune response in bat cell lines. We report that henipavirus infection does not result in the induction of interferon expression, and the viruses also inhibit interferon signaling. We also confirm that the interferon production and signaling block in bat cells is not due to differing viral protein expression levels between human and bat hosts. This information, in addition to the known lack of clinical signs in bats following henipavirus infection, suggests that bats control henipavirus infection by an as yet unidentified mechanism, not via the interferon response. This is the first report of henipavirus infection in bat cells specifically investigating aspects of the innate immune system.,��https://www.ncbi.nlm.nih.gov/pubmed/21811620³��Virtue, Elena R
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ureteral stent
zinc���Jan 18&��Absorbable metals have potential for making in-demand rigid temporary stents for the treatment of urinary tract obstruction, where polymers have reached their limits. In this work, in vitro degradation behavior of absorbable zinc alloys in artificial urine was studied using electrochemical methods and advanced surface characterization techniques with a comparison to a magnesium alloy. The results showed that pure zinc and its alloys (Zn(-)0.5Mg, Zn(-)1Mg, Zn(-)0.5Al) exhibited slower corrosion than pure magnesium and an Mg(-)2Zn(-)1Mn alloy. The corrosion layer was composed mostly of hydroxide, carbonate, and phosphate, without calcium content for the zinc group. Among all tested metals, the Zn(-)0.5Al alloy exhibited a uniform corrosion layer with low affinity with the ions in artificial urine.,��https://www.ncbi.nlm.nih.gov/pubmed/30669269���Champagne, Sebastien
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Anderson, D. E.���2019=��Viruses in bats and potential spillover to animals and humans���79-89���Curr Opin Virol���34���Jan 18ù��In the last two decades, several high impact zoonotic disease outbreaks have been linked to bat-borne viruses. These include SARS coronavirus, Hendra virus and Nipah virus. In addition, it has been suspected that ebolaviruses and MERS coronavirus are also linked to bats. It is being increasingly accepted that bats are potential reservoirs of a large number of known and unknown viruses, many of which could spillover into animal and human populations. However, our knowledge into basic bat biology and immunology is very limited and we have little understanding of major factors contributing to the risk of bat virus spillover events. Here we provide a brief review of the latest findings in bat viruses and their potential risk of cross-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/30665189���Wang, Lin-Fa
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Uddin, A.���2019G��Analysis of codon usage patterns and influencing factors in Nipah virus���129-138	��Virus Res���263@��Codon usage bias
Mutation pressure
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Nipah virus���Jan 18���Codon usage bias (CUB) is the unequal usage of synonymous codons of an amino acid in which some codons are used more often than others and is widely used in understanding molecular biology, genetics, and functional regulation of gene expression. Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes fatal disease in both humans and animals. NiV was first identified during an outbreak of a disease in Malaysia in 1998 and then occurred periodically since 2001 in India, Bangladesh, and the Philippines. We used bioinformatics tools to analyze the codon usage patterns in a genome-wide manner among 11 genomes of NiV as no work was reported yet. The compositional properties revealed that the overall GC and AT contents were 41.96 and 58.04%, respectively i.e. Nipah virus genes were AT-rich. Correlation analysis between overall nucleotide composition and its 3(rd) codon position suggested that both mutation pressure and natural selection might influence the CUB across Nipah genomes. Neutrality plot revealed natural selection might have played a major role while mutation pressure had a minor role in shaping the codon usage bias in NiV genomes.,��https://www.ncbi.nlm.nih.gov/pubmed/30664908«��Chakraborty, Supriyo
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Nichol, S. T.���2019a��Adaptive immune responses in humans during Nipah virus acute and convalescent phases of infection���Clin Infect Dis���Jan 7å��Background: Nipah virus (NiV) is one of ten potential causes of imminent public health emergencies of international concern. We investigated the NiV outbreak that occurred in May 2018 in Kerala, India. Here we describe the longitudinal characteristics of cell-mediated and humoral immune responses to NiV infection during the acute and convalescent phases in two human survivors. Methods: Serial blood samples were obtained from the only two survivors of the NiV outbreak in Kerala. We used flow cytometry to determine the absolute T lymphocyte and B lymphocyte counts and the phenotypes of both T and B cells. We also detected and quantitated the humoral immune response to NiV by virus-specific IgM and IgG ELISA. Results: Absolute numbers of T lymphocytes remained within normal limits throughout the period of illness studied in both survivors. However, a marked elevation of activated CD8 T cells was observed in both cases. Over 30% of total CD8 T cells expressed Ki67, indicating active proliferation. Proliferating (Ki-67+) CD8 T cells expressed high levels of granzyme B and PD-1, consistent with the profile of acute effector cells. Total B lymphocyte, activated B cell, and plasmablast counts were also elevated in NiV survivors. These individuals developed detectable NiV-specific IgM and IgG antibodies within a week of disease onset. Clearance of NiV RNA from blood preceded the appearance of virus-specific IgG and coincided with the peak of activated CD8 T cells. Conclusion: We describe for the first time longitudinal kinetic data on the activation status of human B and T cell populations during acute Nipah virus infection. While marked CD8 T cell activation was observed with effector characteristics, activated CD4 T cells were less prominent.,��https://www.ncbi.nlm.nih.gov/pubmed/30615097ñ��Arunkumar, Govindakarnavar
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profile���Jan 6,��OBJECTIVES: To evaluate the global incidence of ameloblastoma and to provide a profile of ameloblastoma patients. MATERIAL AND METHODS: A systematic review and meta-analysis was conducted. Searches were performed in PubMed, EMBASE, SCOPUS, and Web of Science for articles published from 1969 to 2018 for the global incidence and from 1995 to 2018 for the profile of ameloblastoma patients. RESULTS: Seven studies on the incidence rate of ameloblastoma were included in the meta-analysis. These studies only covered Europe, Africa, and Australia. The pooled incidence rate was 0.92 per million person-years (95% CI: 0.57-1.49), with significant heterogeneity between studies. Forty-two articles provided profile data of 6,446 ameloblastoma patients. Mean age was 34 years and the peak age incidence in the third decade of life. In Europe and North America, ameloblastoma mostly occurred at an older age when compared to Africa and South America. A slight male preference (53%) was found, and the mandible appeared to be the preferred site. The most common type of ameloblastoma was multicystic. The histopathologic patterns were mostly follicular and plexiform. CONCLUSIONS: This is the first study assessing the global incidence of ameloblastoma. The pooled incidence rate was determined to be 0.92 per million person-years.,��https://www.ncbi.nlm.nih.gov/pubmed/306141542��Hendra, Faqi Nurdiansyah
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Johnson, J.���2018x��Managing the risk of Hendra virus spillover in Australia using ecological approaches: A report on three community juries���e0209798���PLoS One���13���12±��BACKGROUND: Hendra virus (HeV) infection is endemic in Australian flying-fox populations. Habitat loss has increased the peri-urban presence of flying-foxes, increasing the risk of contact and therefore viral 'spillovers' into horse and human populations. An equine vaccine is available and horse-husbandry practices that minimize HeV exposure are encouraged, but their adoption is suboptimal. Ecological approaches-such as habitat creation and conservation-could complement vaccination and behavioural strategies by reducing spillover risks, but these are controversial. METHODS: We convened three community juries (two regional; one metropolitan) to elicit the views of well-informed citizens on the acceptability of adding ecological approaches to current interventions for HeV risk. Thirty-one participants of diverse backgrounds, mixed genders and ages were recruited using random-digit-dialling. Each jury was presented with balanced factual evidence, given time to ask questions of expert presenters and, after deliberation, come to well-reasoned conclusions. RESULTS: All juries voted unanimously that ecological strategies should be included in HeV risk management strategies but concluded that current interventions-including vaccination and changing horse-husbandry practices-must remain the priority. The key reasons given for adopting ecological approaches were: (i) they address underlying drivers of disease emergence, (ii) the potential to prevent spillover of other bat-borne pathogens, and (iii) there would be broader community benefits. Juries differed regarding the best mechanism to create/conserve flying-fox habitat: participants in regional centres favoured direct government action, whereas the metropolitan jury preferred to place the burden on landholders. CONCLUSIONS: Informed citizens acknowledge the value of addressing the drivers of bat-borne infectious risks but differ substantially as to the best implementation strategies. Ecological approaches to securing bat habitat could find broad social support in Australia, but disagreement about how best to achieve them indicates the need for negotiation with affected communities to co-develop fair, effective and locally appropriate policies.,��https://www.ncbi.nlm.nih.gov/pubmed/30596719ò��Degeling, Chris
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methodology
survey methodology���Dec 23Ï��BACKGROUND:: Federally funded evaluation research projects typically strive for an 80% survey response rate, but the increasing difficulty and expense in reaching survey respondents raises the question of whether such a threshold is necessary for reducing bias and increasing the accuracy of survey estimates. OBJECTIVES:: This analysis focuses on a particular component of survey methodology: the survey response rate and its relationship to nonresponse bias. Following a review of the literature, new analysis of data from a large, multisite random assignment experiment explores the relationship between survey response rates and measured nonresponse bias. RESEARCH DESIGN:: With detailed survey disposition data, the analysis simulates nonresponse bias at lower response rates. The subjects included 12,000 individuals who were fielded for 16 identical surveys as part of the Employment Retention and Advancement evaluation. RESULTS:: The results suggest scant relationship between survey nonresponse bias and response rates. The results also indicate that the pursuit of high response rates lengthens the fielding period, which can create other measurement problems. CONCLUSIONS:: The costly pursuit of a high response rate may offer little or no reduction of nonresponse bias. Achieving such a high rate of response requires considerable financial resources that might be better applied to methods and techniques shown to have a greater effect on the reduction of nonresponse bias.,��https://www.ncbi.nlm.nih.gov/pubmed/30580577v��Hendra, Richard
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quality improvementP��Acute kidney injury (AKI) is a common syndrome that is associated with significant mortality and cost. The Quality Improvement AKI Collaborative at Salford Royal Foundation Trust was established to review and improve both the recognition and management of AKI. This was a whole-system intervention to tackle AKI implemented as an alternative to employing separate AKI nurses. Our aims were to reduce the overall incidence of AKI by 10%, to reduce hospital-acquired AKI by 25% and to reduce the progression of AKI from stage 1 to stage 2 or 3 by 50%. From 2014 to 2016, several multifaceted changes were introduced. These included system changes, such as inserting an e-alert for AKI into the electronic patient record, an online educational package and face-to-face teaching for AKI, and AKI addition to daily safety huddles. On 10 Collaborative wards, development of an AKI care bundle via multidisciplinary team (MDT) plan, do, study, act testing occurred. Results showed a 15.6% reduction in hospital-wide-acquired AKI, with a 22.3% reduction on the collaborative wards. Trust-wide rates of progression of AKI 1 to AKI 2 or 3 showed normal variation, whereas there was a 48.5% reduction in AKI progression on the Collaborative wards. This implies that e-alerts were ineffective in isolation. The Collaborative wards' results were a product of the educational support, bundle and heightened awareness of AKI. A number of acute hospitals have demonstrated impactful successes in AKI reduction centred on a dedicated AKI nurse model plus e-alerting with supporting changes. This project adds value by highlighting another approach that does not require a new post with attendant rolling costs and risks. We believe that our approach increased our efficacy in acute care in our front-line teams by concentrating on embedding improved recognition and actions across the MDT.,��https://www.ncbi.nlm.nih.gov/pubmed/305559310��Sykes, Lynne
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transendothelial migration���Nipah virus (NiV) can infect multiple organs in humans with the central nervous system (CNS) being the most severely affected. Currently, it is not fully understood how NiV spreads throughout the body. NiV has been shown to infect certain leukocyte populations and we hypothesized that these infected cells could cross the blood-brain barrier (BBB), facilitating NiV entry into the CNS. Here, three leukocyte types, primary immature dendritic cells (iDC), primary monocytes (pMO), and monocytic cell line (THP-1), were evaluated for permissiveness to NiV. We found only iDC and THP-1 were permissive to NiV. Transendothelial migration of mock-infected and NiV-infected leukocytes was then evaluated using an in vitro BBB model established with human brain microvascular endothelial cells (HBMEC). There was approximately a threefold increase in migration of NiV-infected iDC across endothelial monolayer when compared to mock-infected iDC. In contrast, migration rates for pMO and THP-1 did not change upon NiV infection. Across TNF-alpha-treated endothelial monolayer, there was significant increase of almost twofold in migration of NiV-infected iDC and THP-1 over mock-infected cells. Immunofluorescence analysis showed the migrated NiV-infected leukocytes retained their ability to infect other cells. This study demonstrates for the first time that active NiV infection of iDC and THP-1 increased their transendothelial migration activity across HBMEC and activation of HBMEC by TNF-alpha further promoted migration. The findings suggest that NiV infection of leukocytes to disseminate the virus via the "Trojan horse" mechanism is a viable route of entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/30483242À��Tiong, Vunjia
Shu, Meng-Hooi
Wong, Won Fen
AbuBakar, Sazaly
Chang, Li-Yen
eng
Switzerland
2018/11/30 06:00
Front Microbiol. 2018 Nov 13;9:2747. doi: 10.3389/fmicb.2018.02747. eCollection 2018.%��1664-302X (Print)
1664-302X (Linking)
��PMC6244409���30483242Ð��Department of Medical Microbiology, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia.
Tropical Infectious Diseases Research and Education Centre, University of Malaya, Kuala Lumpur, Malaysia.���10.3389/fmicb.2018.02747�����üÒtÿî?����¼��Hammoud, D. A.
Lentz, M. R.
Lara, A.
Bohannon, J. K.
Feuerstein, I.
Huzella, L.
Jahrling, P. B.
Lackemeyer, M.
Laux, J.
Rojas, O.
Sayre, P.
Solomon, J.
Cong, Y.
Munster, V.
Holbrook, M. R.���2018q��Aerosol exposure to intermediate size Nipah virus particles induces neurological disease in African green monkeys���e0006978���PLoS Negl Trop Dis���12���11���Aerosols/*adverse effects/chemistry
Animals
Cercopithecus aethiops
Cytokines/genetics/immunology
Disease Models, Animal
Female
Henipavirus Infections/genetics/immunology/*virology
Humans
Lung/immunology/virology
Male
Nervous System Diseases/etiology/genetics/immunology/*virology
Nipah Virus/chemistry/*physiology
Particle Size
Respiratory Tract Infections/etiology/genetics/immunology/virology���Nov9��Nipah virus (NiV) infection can lead to severe respiratory or neurological disease in humans. Transmission of NiV has been shown to occur through contact with virus contaminated fomites or consumption of contaminated food. Previous results using the African green monkey (AGM) model of NiV infection identified aspects of infection that, while similar to humans, don't fully recapitulate disease. Previous studies also demonstrate near uniform lethality that is not consistent with human NiV infection. In these studies, aerosol exposure using an intermediate particle size (7mum) was used to mimic potential human exposure by facilitating virus deposition in the upper respiratory tract. Computed tomography evaluation found some animals developed pulmonary parenchymal disease including consolidations, ground-glass opacities, and reactive adenopathy. Despite the lack of neurological signs, magnetic resonance imaging identified distinct brain lesions in three animals, similar to those previously reported in NiV-infected patients. Immunological characterization of tissues collected at necropsy suggested a local pulmonary inflammatory response with increased levels of macrophages in the lung, but a limited neurologic response. These data provide the first clear evidence of neurological involvement in the AGM that recapitulates human disease. With the development of a disease model that is more representative of human disease, these data suggest that NiV infection in the AGM may be appropriate for evaluating therapeutic countermeasures directed at virus-induced neuropathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/30462637Ú��Hammoud, Dima A
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�Ebola virus (EBOV) and Nipah virus (NiV) infection of humans can cause fatal disease and constitutes a public health threat. In contrast, EBOV and NiV infection of fruit bats, the putative (EBOV) or proven (NiV) natural reservoir, is not associated with disease, and it is currently unknown how these animals control the virus. The human interferon (IFN)-stimulated antiviral effector protein tetherin (CD317, BST-2) blocks release of EBOV- and NiV-like particles from cells and is counteracted by the EBOV glycoprotein (GP). In contrast, it is unknown whether fruit bat tetherin restricts virus infection and is susceptible to GP-driven antagonism. Here, we report the sequence of fruit bat tetherin and show that its expression is IFN stimulated and associated with strong antiviral activity. Moreover, we demonstrate that EBOV-GP antagonizes tetherin orthologues of diverse species but fails to efficiently counteract fruit bat tetherin in virus-like particle (VLP) release assays. However, unexpectedly, tetherin was dispensable for robust IFN-mediated inhibition of EBOV spread in fruit bat cells. Thus, the VLP-based model systems mimicking tetherin-mediated inhibition of EBOV release and its counteraction by GP seem not to adequately reflect all aspects of EBOV release from IFN-stimulated fruit bat cells, potentially due to differences in tetherin expression levels that could not be resolved by the present study. In contrast, tetherin expression was essential for IFN-dependent inhibition of NiV infection, demonstrating that IFN-induced fruit bat tetherin exerts antiviral activity and may critically contribute to control of NiV and potentially other highly virulent viruses in infected animals.IMPORTANCE Ebola virus and Nipah virus (EBOV and NiV) can cause fatal disease in humans. In contrast, infected fruit bats do not develop symptoms but can transmit the virus to humans. Why fruit bats but not humans control infection is largely unknown. Tetherin is an antiviral host cell protein and is counteracted by the EBOV glycoprotein in human cells. Here, employing model systems, we show that tetherin of fruit bats displays higher antiviral activity than human tetherin and is largely resistant against counteraction by the Ebola virus glycoprotein. Moreover, we demonstrate that induction of tetherin expression is critical for interferon-mediated inhibition of NiV but, for at present unknown reasons, not EBOV spread in fruit bat cells. Collectively, our findings identify tetherin as an antiviral effector of innate immune responses in fruit bats, which might allow these animals to control infection with NiV and potentially other viruses that cause severe disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30429347N��Hoffmann, Markus
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Surface exposed conserved segments.Å��We briefly review the situations arising out of epidemics that erupt rather suddenly, threatening life and livelihoods of humans. Ebola, Zika and the Nipah virus outbreaks are recent examples where the viral epidemics have led to considerably high degree of fatalities or debilitating consequences. The problems are accentuated by a lack of drugs or vaccines effective against the new and emergent viruses, and the inordinate amount of temporal and financial resources that are required to combat the novel pathogens. Progress in computational, biological and informational sciences have made it possible to consider design of synthetic vaccines that can be rapidly developed and deployed to help stem the damages. In this review, we consider the pros and cons of this new paradigm and suggest a new system where the manufacturing process can be decentralized to provide more targeted vaccines to meet the urgent needs of protection in case of a rampaging epidemic.,��https://www.ncbi.nlm.nih.gov/pubmed/30417788µ��Nandy, Ashesh
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Health,���2018D��Outbreak investigation of Nipah Virus Disease in Kerala, India, 2018���J Infect Dis���Oct 26���Background: Nipah Virus (NiV) is a highly fatal emerging zoonotic virus with potential threat to global health security. Here we describe the characteristics of the NiV outbreak occurred in Kerala, India during May -June 2018. Methods: We used real-time RT PCR in throat swabs, blood, urine and CSF to detect NiV. Further, the viral genome was sequenced and subjected to phylogenetic analysis. We conducted an epidemiological investigation to describe the outbreak and to elucidate transmission dynamics. Results: During May 2 - 29, 2018, 23 cases were identified including the index case; 18 were lab-confirmed. This NiV was closer to the Bangladesh lineage. Median age of cases was 45; 15 (65%) were male. The median incubation period was 9.5 days (6 - 14 days). Of the 23 cases, 20 (87%) had respiratory symptoms. The case fatality rate (CFR) was 91%; two cases survived.. Risk factors for infection included close proximity (touching, feeding or nursing an NiV infected person) enabling exposure to droplet infection. The public health response included isolation of cases, contact tracing, and enforcing hospital infection control practices. Conclusion: This is the first recorded NiV outbreak in South India. Early laboratory confirmation and immediate public health response contained the outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/30364984È��Arunkumar, Govindakarnavar
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�Introduction: Zoonotic diseases are the infectious diseases that can be transmitted to human beings and vice versa from animals either directly or indirectly. These diseases can be caused by a range of organisms including bacteria, parasites, viruses and fungi. Viral diseases are highly infectious and capable of causing pandemics as evidenced by outbreaks of diseases like Ebola, Middle East Respiratory Syndrome, West Nile, SARS-Corona, Nipah, Hendra, Avian influenza and Swine influenza. Expalantion: Many viruses affecting equines are also important human pathogens. Diseases like Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and Venezuelan-equine encephalitis (VEE) are highly infectious and can be disseminated as aerosols. A large number of horses and human cases of VEE with fatal encephalitis have continuously occurred in Venezuela and Colombia. Vesicular stomatitis (VS) is prevalent in horses in North America and has zoonotic potential causing encephalitis in children. Hendra virus (HeV) causes respiratory and neurological disease and death in man and horses. Since its first outbreak in 1994, 53 disease incidents have been reported in Australia. West Nile fever has spread to many newer territories across continents during recent years.It has been described in Africa, Europe, South Asia, Oceania and North America. Japanese encephalitis has expanded horizons from Asia to western Pacific region including the eastern Indonesian archipelago, Papua New Guinea and Australia. Rabies is rare in horses but still a public health concern being a fatal disease. Equine influenza is historically not known to affect humans but many scientists have mixed opinions. Equine viral diseases of zoonotic importance and their impact on animal and human health have been elaborated in this article. Conclusion: Equine viral diseases though restricted to certain geographical areas have huge impact on equine and human health. Diseases like West Nile fever, Hendra, VS, VEE, EEE, JE, Rabies have the potential for spread and ability to cause disease in human. Equine influenza is historically not known to affect humans but some experimental and observational evidence show that H3N8 influenza virus has infected man. Despite our pursuit of understanding the complexity of the vector-host-pathogen mediating disease transmission, it is not possible to make generalized predictions concerning the degree of impact of disease emergence. A targeted, multidisciplinary effort is required to understand the risk factors for zoonosis and apply the interventions necessary to control it.,��https://www.ncbi.nlm.nih.gov/pubmed/30288197Ï��Kumar, Balvinder
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risk mapping���May 30���Since 1998, Nipah virus (NiV) (genus: Henipavirus; family: Paramyxoviridae), an often-fatal and highly virulent zoonotic pathogen, has caused sporadic outbreak events. Fruit bats from the genus Pteropus are the wildlife reservoirs and have a broad distribution throughout South and Southeast Asia, and East Africa. Understanding the disease biogeography of NiV is critical to comprehending the potential geographic distribution of this dangerous zoonosis. This study implemented the R packages ENMeval and BIOMOD2 as a means of modeling regional disease transmission risk and additionally measured niche similarity between the reservoir Pteropus and the ecological characteristics of outbreak localities with the Schoener's D index and I statistic. Results indicate a relatively high degree of niche overlap between models in geographic and environmental space (D statistic, 0.64; and I statistic, 0.89), and a potential geographic distribution encompassing 19% (2,963,178 km(2)) of South and Southeast Asia. This study should contribute to current and future efforts to understand the critical ecological contributors and geography of NiV. Furthermore, this study can be used as a geospatial guide to identify areas of high disease transmission risk and to inform national public health surveillance programs.,��https://www.ncbi.nlm.nih.gov/pubmed/30274453���Deka, Mark A
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Severe emerging infectious diseases���Nov���The Research and Development (R&D) Blueprint is a World Health Organization initiative to reduce the time between the declaration of a public health emergency and the availability of effective diagnostic tests, vaccines, and treatments that can save lives and avert a public health crisis. The scope of the Blueprint extends to severe emerging diseases for which there are insufficient or no presently existing medical countermeasures or pipelines to produce them. In February 2018, WHO held an informal expert consultation to review and update the list of priority diseases, employing a prioritization methodology which uses the Delphi technique, questionnaires, multi-criteria decision analysis, and expert review to identify relevant diseases. The committee determined that, given their potential to cause a public health emergency and the absence of efficacious drugs and/or vaccines, there is an urgent need for accelerated R&D for (in no order of priority) Crimean-Congo haemorrhagic fever, Ebola virus and Marburg virus disease, Lassa fever, Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), Nipah and henipaviral diseases, Rift Valley fever and Zika virus disease. The experts also included "Disease X," representing the awareness that a previously unknown pathogen could cause a major public health emergency. This report describes the methods and results of the 2018 prioritization review.,��https://www.ncbi.nlm.nih.gov/pubmed/30261226Í��Mehand, Massinissa Si
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viral outbreaks���JanF��Since emergence of the Nipah virus (NiV) in 1998 from Malaysia, the NiV virus has reappeared on different occasions causing severe infections in human population associated with high rate of mortality. NiV has been placed along with Hendra virus in genus Henipavirus of family Paramyxoviridae. Fruit bats (Genus Pteropus) are known to be natural host and reservoir of NiV. During the outbreaks from Malaysia and Singapore, the roles of pigs as intermediate host were confirmed. The infection transmitted from bats to pigs and subsequently from pigs to humans. Severe encephalitis was reported in NiV infection often associated with neurological disorders. First NiV outbreak in India occurred in Siliguri district of West Bengal in 2001, where direct transmission of the NiV virus from bats-to-human and human-to-human was reported in contrast to the role of pigs in the Malaysian NiV outbreak. Regular NiV outbreaks have been reported from Bangladesh since 2001 to 2015. The latest outbreak of NiV has been recorded in May, 2018 from Kerala, India which resulted in the death of 17 individuals. Due to lack of vaccines and effective antivirals, Nipah encephalitis poses a great threat to public health. Routine surveillance studies in the infected areas can be useful in detecting early signs of infection and help in containment of these outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/30251294È��Sharma, Vikrant
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surgery���Oct���BACKGROUND: Cancellation of planned surgery impacts substantially on patients and health systems. This study describes the incidence and reasons for cancellation of inpatient surgery in the UK NHS. METHODS: We conducted a prospective observational cohort study over 7 consecutive days in March 2017 in 245 NHS hospitals. Occurrences and reasons for previous surgical cancellations were recorded. Using multilevel logistic regression, we identified patient- and hospital-level factors associated with cancellation due to inadequate bed capacity. RESULTS: We analysed data from 14 936 patients undergoing planned surgery. A total of 1499 patients (10.0%) reported previous cancellation for the same procedure; contemporaneous hospital census data indicated that 13.9% patients attending inpatient operations were cancelled on the day of surgery. Non-clinical reasons, predominantly inadequate bed capacity, accounted for a large proportion of previous cancellations. Independent risk factors for cancellation due to inadequate bed capacity included requirement for postoperative critical care [odds ratio (OR)=2.92; 95% confidence interval (CI), 2.12-4.02; P<0.001] and the presence of an emergency department in the treating hospital (OR=4.18; 95% CI, 2.22-7.89; P<0.001). Patients undergoing cancer surgery (OR=0.32; 95% CI, 0.22-0.46; P<0.001), obstetric procedures (OR=0.17; 95% CI, 0.08-0.32; P<0.001), and expedited surgery (OR=0.39; 95% CI, 0.27-0.56; P<0.001) were less likely to be cancelled. CONCLUSIONS: A significant proportion of patients presenting for surgery have experienced a previous cancellation for the same procedure. Cancer surgery is relatively protected, but bed capacity, including postoperative critical care requirements, are significant risk factors for previous cancellations.,��https://www.ncbi.nlm.nih.gov/pubmed/30236235±��Wong, D J N
Harris, S K
Moonesinghe, S R
eng
Observational Study
England
2018/09/22 06:00
Br J Anaesth. 2018 Oct;121(4):730-738. doi: 10.1016/j.bja.2018.07.002. Epub 2018 Sep 7.*��1471-6771 (Electronic)
0007-0912 (Linking)���30236235���Health Services Research Centre, National Institute of Academic Anaesthesia, Royal College of Anaesthetists, London, UK; UCL/UCLH Surgical Outcomes Research Centre (SOuRCe), Centre for Perioperative Medicine, Department for Targeted Intervention, Division of Surgery and Interventional Science, University College London, London, UK. Electronic address: dwong@rcoa.ac.uk.
Bloomsbury Institute of Intensive Care Medicine, University College London, London, UK.
Health Services Research Centre, National Institute of Academic Anaesthesia, Royal College of Anaesthetists, London, UK; UCL/UCLH Surgical Outcomes Research Centre (SOuRCe), Centre for Perioperative Medicine, Department for Targeted Intervention, Division of Surgery and Interventional Science, University College London, London, UK.���10.1016/j.bja.2018.07.002��	���üÒ|ÿî?)������Yang, E.
Hendra, R.���2018���The Importance of Using Multiple Data Sources in Policy Assessments: Lessons From Two Conditional Cash Transfer Programs in New York City���550-574���Eval Rev���42���5-6\��*content area
*income support
*measurement
*methodology (if appropriate)
*survey methodology���Oct-Decû��BACKGROUND: The high costs of implementing surveys are increasingly leading research teams to either cut back on surveys or to rely on administrative records. Yet no policy should be based on a single set of estimates, and every approach has its weaknesses. A mixture of approaches, each with its own biases, should provide the analyst with a better understanding of the underlying phenomenon. This claim is illustrated with a comparison of employment effect estimates of two conditional cash transfer programs in New York City using survey and administrative unemployment insurance (UI) data. OBJECTIVES: This article explores whether using administrative data and survey data produce different impact estimates and investigates the source of differential effects between data sources. RESEARCH DESIGN: The results of a survey nonresponse bias analysis and an analysis of characteristics of non-UI-covered job characteristics using data collected on 6,000 families who enrolled in either the Family Rewards or Work Rewards evaluation are presented. RESULTS: In both evaluations, survey data showed positive employment effects, while administrative data showed no statistically significant employment effects. Family Rewards increased employment mostly in non-UI-covered jobs, while the positive survey impact estimates in Work Rewards were partially due to survey nonresponse bias. CONCLUSIONS: Despite cost pressures leading researchers to collect and analyze only administrative records, the results suggest that survey and administrative records data both suffer from different kinds of sample attrition, and researchers may need to triangulate data sources to draw accurate conclusions about program effects. Developing more economical data collection practices is a major priority.,��https://www.ncbi.nlm.nih.gov/pubmed/30223677ª��Yang, Edith
Hendra, Richard
eng
Research Support, Non-U.S. Gov't
2018/09/19 06:00
Eval Rev. 2018 Oct-Dec;42(5-6):550-574. doi: 10.1177/0193841X18799820. Epub 2018 Sep 17.*��1552-3926 (Electronic)
0193-841X (Linking)���30223677���1 MDRC, New York, NY, USA.���10.1177/0193841X18799820��
���üÒtÿî?*������Smith, K. M.
Tsimbalyuk, S.
Edwards, M. R.
Cross, E. M.
Batra, J.
Soares da Costa, T. P.
Aragao, D.
Basler, C. F.
Forwood, J. K.���2018[��Structural basis for importin alpha 3 specificity of W proteins in Hendra and Nipah viruses���3703
��Nat Commun���9���1¡��Hendra Virus/*metabolism
Humans
Protein Binding
Protein Isoforms/genetics/*metabolism
Viral Proteins/genetics/*metabolism
alpha Karyopherins/genetics/*metabolism���Sep 12���Seven human isoforms of importin alpha mediate nuclear import of cargo in a tissue- and isoform-specific manner. How nuclear import adaptors differentially interact with cargo harbouring the same nuclear localisation signal (NLS) remains poorly understood, as the NLS recognition region is highly conserved. Here, we provide a structural basis for the nuclear import specificity of W proteins in Hendra and Nipah viruses. We determine the structural interfaces of these cargo bound to importin alpha1 and alpha3, identifying a 2.4-fold more extensive interface and > 50-fold higher binding affinity for importin alpha3. Through the design of importin alpha1 and alpha3 chimeric and mutant proteins, together with structures of cargo-free importin alpha1 and alpha3 isoforms, we establish that the molecular basis of specificity resides in the differential positioning of the armadillo repeats 7 and 8. Overall, our study provides mechanistic insights into a range of important nucleocytoplasmic transport processes reliant on isoform adaptor specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/30209309C��Smith, Kate M
Tsimbalyuk, Sofiya
Edwards, Megan R
Cross, Emily M
Batra, Jyoti
Soares da Costa, Tatiana P
Aragao, David
Basler, Christopher F
Forwood, Jade K
eng
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
England
2018/09/14 06:00
Nat Commun. 2018 Sep 12;9(1):3703. doi: 10.1038/s41467-018-05928-5.*��2041-1723 (Electronic)
2041-1723 (Linking)
��PMC6135763���30209309Û��School of Biomedical Sciences, Charles Sturt University, Wagga Wagga, NSW, 2678, Australia.
Center for Microbial Pathogenesis, Institute for Biomedical Sciences, Georgia State University, Atlanta, GA, 30303, USA.
Department of Biochemistry and Genetics, La Trobe Institute for Molecular Science, La Trobe University, Melbourne, VIC, 3086, Australia.
Australian Synchrotron, Australian Nuclear Science and Technology Organisation, 800 Blackburn Road, Clayton, VIC, 3168, Australia.
Center for Microbial Pathogenesis, Institute for Biomedical Sciences, Georgia State University, Atlanta, GA, 30303, USA. cbasler@gsu.edu.
School of Biomedical Sciences, Charles Sturt University, Wagga Wagga, NSW, 2678, Australia. jforwood@csu.edu.au.���10.1038/s41467-018-05928-5����~��þÒtÿî?+���!��Steele, S. G.
Booy, R.
Mor, S. M.���2018«��Establishing research priorities to improve the One Health efficacy of Australian general practitioners and veterinarians with regard to zoonoses: A modified Delphi survey���7-15
��One Health���6���ABLV, Australian bat lyssavirus
Delphi survey
EID, Emerging infectious diseases
Emerging infectious diseases
GP, General medical practitioner
General practitioners
KAP, Knowledge, attitudes and practices
Knowledge, attitudes and practices
MERS, Middle East respiratory syndrome
One Health
PPE, Personal protective equipment
SARS, Severe acute respiratory disease
SIG, Special interest group
Veterinarians
Zoonoses���Dec���While general medical practitioners (GPs) and veterinarians are often the first line responders in the face of a disease outbreak, pathways to improving the One Health efficacy of these clinicians remain unclear. A two-phase modified Delphi survey of professionals with known expertise in One Health ('expert panel') was used to 1) identify key knowledge, attitudes and practices (KAPs) of GPs and veterinarians that would be consistent with a One Health approach to zoonoses; and 2) determine priorities for future surveys with Australian GPs and veterinarians to identify important gaps that impede effective diagnosis and management of zoonoses. A list of 13 topics/sub-topics, as well as a list of 25 specific zoonotic diseases/agents emerged from the first phase of the survey. In the second phase the expert panel identified general knowledge of the clinical aspects and epidemiological aspects of zoonoses, as well as risk management practices, as the most important KAPs and research priorities for both GPs and veterinarians. In terms of diseases, the expert panel regarded knowledge of Hendra virus, Q fever, Australian bat lyssavirus (ABLV), anthrax and Brucella suis most important for veterinarians, whilst for GPs, Q fever, gastrointestinal/foodborne diseases, influenza, ABLV and local vector-borne diseases were found to be most important by the expert panel. Some differences were noted in terms of prioritization of topics/sub-topics and diseases/agents according to expert background (veterinary and non-veterinary). The Delphi survey technique enabled efficient collection of data from a diverse range of One Health 'experts'/specialists and provided clear priorities for proposed future research, and potentially for educational interventions to improve One Health efficacy of clinicians.,��https://www.ncbi.nlm.nih.gov/pubmed/30197925¦��Steele, Sandra G
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Virus ebola���Aug,
�The global community continues to incur the high costs of crisis mitigation and emergency response to outbreaks of emerging infectious diseases, such as those caused by the H5N1 highly pathogenic avian influenza virus, Ebola virus, Nipah virus, Zika virus or the Middle East respiratory syndrome coronavirus. These viruses are particularly dangerous in regions associated with poor development indicators and high vulnerability. The drivers of these disease crises include failures in the way that animal diseases are detected and reported and failures in the way in which disease response is implemented by animal health and public health systems. In addition, the lack of a coordinated response hampers disease control efforts. A comprehensive approach for disease prevention, detection and response, however, requires a coordinated and joint effort among governments, communities, donors and international networks to invest effectively in prevention systems that can identify early signals of the emergence, spillover and spread of animal pathogens at the local level. These signals include trade bans, market closures, civil unrest, heavy rains and droughts associated with climate change, and livestock intensification or changes in consumer behaviour. The global community needs to increase its investment in early warning and detection systems that can provide information that enables action to be taken at the national, regional and global levels in the event of an outbreak of a transboundary animal disease (TAD). Like any preventive measure, an early warning system requires financial resources, but these are insignificant when compared to the losses that are avoided. Building a global early warning and effective response system for outbreaks is value for money, as the benefits far outweigh the costs. The goal of the Food and Agriculture Organization of the United Nations (FAO) is to end hunger and poverty, which is a challenging and complex task. Building global capacity to prepare for and respond to TADs is an important element of the FAO's strategic objective to increase the resilience of livelihoods to threats and crises. Each year, livestock, and the people who rely upon them for their livelihoods, are confronted with animal disease and crises. They can strike suddenly, causing obvious illness and death, or emerge insidiously and become well established before becoming apparent. Animal disease emergencies threaten the production of, and access to, food; consequently, one of the FAO's missions is to help countries to prepare for and respond to animal health disasters.,��https://www.ncbi.nlm.nih.gov/pubmed/30152454���Tekola, B
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Surete biologique���AugÖ��With recent outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV), anthrax, Nipah and the highly pathogenic avian influenza virus, much emphasis has been placed on the rapid identification of infectious agents globally. As a result, laboratories are building capacity, conducting more advanced and sophisticated research, increasing their staff, and establishing reference collections of dangerous pathogens in an attempt to reduce the impact of infectious disease outbreaks and to characterise disease-causing agents. With this expansion, the global laboratory community has started to focus on laboratory biosafety and biosecurity in order to prevent the accidental and/or intentional release of these agents. Laboratory biosafety and biosecurity systems are used around the world to help to mitigate the risks posed by dangerous pathogens in the laboratory. Veterinary laboratories carry unique responsibilities with regard to workers and communities to handle disease-causing microorganisms safely and securely. Many microorganisms studied in veterinary laboratories not only infect animals, but also have the potential to infect humans. This paper will discuss the fundamentals of laboratory biosafety and biosecurity.,��https://www.ncbi.nlm.nih.gov/pubmed/30152450���Brass, V H
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spillover���Octj��Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, Asia, and Australia. In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses. The genus Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and Asia, and a suite of largely uncharacterized African henipaviruses. Rapid change in fruit bat habitat and associated shifts in their ecology and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing spillover risk of bat-borne viruses. We review the ways that changing resource landscapes affect the processes that culminate in cross-species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure. We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus spillover. When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and composition.,��https://www.ncbi.nlm.nih.gov/pubmed/30138535£��Kessler, Maureen K
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vaccinesV��The Indian subcontinent with its population density, climatic conditions, means of subsistence, socioeconomic factors as well as travel and tourism presents a fertile ground for thriving of RNA viruses. Despite being pathogens of huge significance, there is very little focus on research into the biology and pathogenesis of RNA viruses in India. Studies on epidemiology and disease burden, risk factors, the immune response to RNA viruses, circulating virus strains and virus evolution, animal models of disease, antivirals and vaccines are strikingly absent. Emerging RNA viruses such as Zika virus, Nipah virus and Crimean-Congo haemorrhagic fever virus are a matter of grave concern to India. Here we summarize the outcome of the India|EMBO symposium on "RNA viruses: immunology, pathogenesis and translational opportunities" organized at Faridabad, National Capital Region, India, on March 28-30, 2018. The meeting focused on RNA viruses (non-HIV), and both national and international experts on RNA viruses covered topics ranging from epidemiology, immune response, virus evolution and vaccine trials concerning RNA viruses. The aim of the symposium was to create a road map for RNA virus research in India. Both concrete and tentative ideas pointing towards short-term and long-term goals were presented with recommendations for follow-up at government level.,��https://www.ncbi.nlm.nih.gov/pubmed/30131779���Medigeshi, Guruprasad R
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paramyxovirus���Mar-AprU��Nipah virus (NiV) encephalitis first reported in "Sungai Nipah" in Malaysia in 1999 has emerged as a global public health threat in the Southeast Asia region. From 1998 to 2018, more than 630 cases of NiV human infections were reported. NiV is transmitted by zoonotic (from bats to humans, or from bats to pigs, and then to humans) as well as human-to-human routes. Deforestation and urbanization of some areas have contributed to greater overlap between human and bat habitats resulting in NiV outbreaks. Common symptoms of NiV infection in humans are similar to that of influenza such as fever and muscle pain and in some cases, the inflammation of the brain occurs leading to encephalitis. The recent epidemic in May 2018 in Kerala for the first time has killed over 17 people in 7 days with high case fatality and highlighted the importance of One Health approach. The diagnosis is often not suspected at the time of presentation and creates challenges in outbreak detection, timely control measures, and outbreak response activities. Currently, there are no drugs or vaccines specific for NiV infection although this is a priority disease on the World Health Organization's agenda. Antivirals (Ribavirin, HR2-based fusion inhibitor), biologicals (convalescent plasma, monoclonal antibodies), immunomodulators, and intensive supportive care are the mainstay to treat severe respiratory and neurologic complications. There is a great need for strengthening animal health surveillance system, using a One Health approach, to detect new cases and provide early warning for veterinary and human public health authorities.,��https://www.ncbi.nlm.nih.gov/pubmed/30090764Á��Chattu, Vijay K
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Small-angle X-ray scattering���Jul 17·��BACKGROUND: Recent theoretical and computational studies have shown that the charge content and, most importantly, the linear distribution of opposite charges are major determinants of conformational properties of intrinsically disordered proteins (IDPs). Charge segregation in a sequence can be measured through kappa, which represents a normalized measure of charge asymmetry. A strong inverse correlation between kappa and radius of gyration has been previously demonstrated for two independent sets of permutated IDP sequences. METHODS: We used two well-characterized IDPs, namely measles virus NTAIL and Hendra virus PNT4, sharing a very similar fraction of charged residues and net charge per residue, but differing in proline (Pro) content. For each protein, we have rationally designed a low- and a high-kappa variant endowed with the highest and the lowest kappa values compatible with their natural amino acid composition. Then, the conformational properties of wild-type and kappa-variants have been assessed by biochemical and biophysical techniques. RESULTS: We confirmed a direct correlation between kappa and protein compaction. The analysis of our original data along with those available from the literature suggests that Pro content may affects the responsiveness to charge clustering. CONCLUSIONS: Charge clustering promotes IDP compaction, but the extent of its effects depends on the sequence context. Proline residues seem to play a role contrasting compaction. GENERAL SIGNIFICANCE: These results contribute to the identification of sequence determinants of IDP conformational properties. They may also serve as an asset for rational design of non-natural IDPs with tunable degree of compactness.,��https://www.ncbi.nlm.nih.gov/pubmed/30025858è��Tedeschi, Giulia
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*paramyxovirus���Oct 1+	�Inflammasomes play a key role in host innate immune responses to viral infection by caspase-1 (Casp-1) activation to facilitate interleukin-1beta (IL-1beta) secretion, which contributes to the host antiviral defense. The NLRP3 inflammasome consists of the cytoplasmic sensor molecule NLRP3, adaptor protein ASC, and effector protein pro-caspase-1 (pro-Casp-1). NLRP3 and ASC promote pro-Casp-1 cleavage, leading to IL-1beta maturation and secretion. However, as a countermeasure, viral pathogens have evolved virulence factors to antagonize inflammasome pathways. Here we report that V gene knockout Sendai virus [SeV V(-)] induced markedly greater amounts of IL-1beta than wild-type SeV in infected THP1 macrophages. Deficiency of NLRP3 in cells inhibited SeV V(-)-induced IL-1beta secretion, indicating an essential role for NLRP3 in SeV V(-)-induced IL-1beta activation. Moreover, SeV V protein inhibited the assembly of NLRP3 inflammasomes, including NLRP3-dependent ASC oligomerization, NLRP3-ASC association, NLRP3 self-oligomerization, and intermolecular interactions between NLRP3 molecules. Furthermore, a high correlation between the NLRP3-binding capacity of V protein and the ability to block inflammasome complex assembly was observed. Therefore, SeV V protein likely inhibits NLRP3 self-oligomerization by interacting with NLRP3 and inhibiting subsequent recruitment of ASC to block NLRP3-dependent ASC oligomerization, in turn blocking full activation of the NLRP3 inflammasome and thus blocking IL-1beta secretion. Notably, the inhibitory action of SeV V protein on NLRP3 inflammasome activation is shared by other paramyxovirus V proteins, such as Nipah virus and human parainfluenza virus type 2. We thus reveal a mechanism by which paramyxovirus inhibits inflammatory responses by inhibiting NLRP3 inflammasome complex assembly and IL-1beta activation.IMPORTANCE The present study demonstrates that the V protein of SeV, Nipah virus, and human parainfluenza virus type 2 interacts with NLRP3 to inhibit NLRP3 inflammasome activation, potentially suggesting a novel strategy by which viruses evade the host innate immune response. As all members of the Paramyxovirinae subfamily carry similar V genes, this new finding may also lead to identification of novel therapeutic targets for paramyxovirus infection and related diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/30021903���Komatsu, Takayuki
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vaccination���Jul 5¾��This study gained an understanding of dog demographics, owner behaviour, and knowledge, attitudes and practices relating to rabies in three villages in Sanur, Bali, providing insights for an intervention to improve responsible dog ownership. A combination of a census of all dogs, street surveys of roaming dogs, and a Knowledge, Attitude and Practices (KAP) survey was used to study both dogs and people. A total of 6009 dogs were recorded, of which only 3.3% appeared to be unowned; unowned dogs had poorer welfare and were more likely to be wary of attempted approaches by people. The source of dogs, method of confinement used by owners, and whether dogs were sterilised differed between three breed types; purebred dogs, mixed breed, and Bali dogs (native breed). Three variables were found to have significant effects on the chances of not being vaccinated: age, dog type, and confinement. A mean of 3.81 roaming dogs per km of street surveyed was recorded along 28 sub-village routes. Responses to attitude statements showed that most people had a positive attitude towards dogs and vaccination and did not agree with culling. Knowledge of appropriate bite treatment and symptoms of rabies in dogs was good.,��https://www.ncbi.nlm.nih.gov/pubmed/29976915���Hiby, Elly
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Freiberg, A. N.���2018F��Experimental Infection of Syrian Hamsters With Aerosolized Nipah Virus	��1602-1610���J Infect Dis���218���10���Oct 5Ñ��Background: Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that can cause severe respiratory illness and encephalitis in humans. Transmission occurs through consumption of NiV-contaminated foods, and contact with NiV-infected animals or human body fluids. However, it is unclear whether aerosols derived from aforesaid sources or others also contribute to transmission, and current knowledge on NiV-induced pathogenicity after small-particle aerosol exposure is still limited. Methods: Infectivity, pathogenicity, and real-time dissemination of aerosolized NiV in Syrian hamsters was evaluated using NiV-Malaysia (NiV-M) and/or its recombinant expressing firefly luciferase (rNiV-FlucNP). Results: Both viruses had an equivalent pathogenicity in hamsters, which developed respiratory and neurological symptoms of disease, similar to using intranasal route, with no direct correlations to the dose. We showed that virus replication was predominantly initiated in the lower respiratory tract and, although delayed, also intensely in the oronasal cavity and possibly the brain, with gradual increase of signal in these regions until at least day 5-6 postinfection. Conclusion: Hamsters infected with small-particle aerosolized NiV undergo similar clinical manifestations of the disease as previously described using liquid inoculum, and exhibit histopathological lesions consistent with NiV patient reports. NiV droplets could therefore play a role in transmission by close contact.,��https://www.ncbi.nlm.nih.gov/pubmed/29912426z��Escaffre, Olivier
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Transmission���Aug 1r��Highly pathogenic avian influenza virus (HPAIV) H5N1 has been reported in Asia, including Indonesia since 2003. Although several risk factors related to the HPAIV outbreaks in poultry in Indonesia have been identified, little is known of the contact structure of farms of different poultry production types (backyard chickens, broilers, layers, and ducks). This study aims to quantify the contact rates associated with the movement of people, and movements of live birds and products and equipment that affect the risk of HPAIV H5N1 transmission between poultry farms in Indonesia. On 124 poultry farms in 6 districts in West Java, logbooks were distributed to record the movements of farmers/staff and visitors and their poultry contacts. Most movements in backyard chicken, commercial native chicken, broiler and duck farms were visits to and from other poultry farms, whilst in layer farms visits to and from poultry companies, visits to egg collection houses and visit from other poultry farms were most frequent. Over 75% of persons visiting backyard chicken and duck farms had previously visited other poultry farms on the same day. Visitors of backyard chicken farms had the highest average contact rate, either direct contact with poultry on other farms before the visits (1.35 contact/day) or contact during their visits in the farms (10.03 contact/day). These results suggest that backyard chicken farms are most at risk for transmission of HPAIV compared to farms of the other poultry production types. Since visits of farm-to-farm were high, backyard farms could also a potential source for HPAIV transmission to commercial poultry farms.,��https://www.ncbi.nlm.nih.gov/pubmed/29891149B��Wibawa, Hendra
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One Health���Jul{��The Nipah virus has been transmitted from person-to-person via close contact in non-urban parts of India (including Kerala May 2018), Bangladesh, and the Philippines. It can cause encephalitis and pneumonia, and has a high case fatality rate. Nipah is a One Health zoonotic infectious disease linked to fruit bats, and sometimes pigs or horses. We advocate anticipating and preparing for urban and larger rural outbreaks of Nipah. Immediate enhanced preparations would include standardized guidance on infection prevention and control, and personal protective equipment, from the World Health Organization (WHO) on their OpenWHO website and 2018 "Managing Epidemics" handbook, along with adding best clinical practices by experts in countries with multiple outbreaks such as Bangladesh and India. Longer-term enhanced preparations include accelerating development of field diagnostics, antiviral drugs, immune-based therapies, and vaccines. WHO-coordinated multi-partner protocols to test investigational treatments, diagnostics, and vaccines are needed, by analogy to such protocols for Ebola during the unanticipated pan-epidemic in Guinea, Liberia, and Sierra Leone. Anticipating and preparing now for urban and rural Nipah outbreaks in nations with no experience with Nipah will help avoid the potential for what the United Nations 2016 report on Ebola in West Africa called a "preventable tragedy".,��https://www.ncbi.nlm.nih.gov/pubmed/29879523���Donaldson, Halsie
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Aguilar, H. C.���2019@��Addicted to sugar: roles of glycans in the order Mononegavirales���2-21���Glycobiology���29���1���Jan 1���Glycosylation is a biologically important protein modification process by which a carbohydrate chain is enzymatically added to a protein at a specific amino acid residue. This process plays roles in many cellular functions, including intracellular trafficking, cell-cell signaling, protein folding and receptor binding. While glycosylation is a common host cell process, it is utilized by many pathogens as well. Protein glycosylation is widely employed by viruses for both host invasion and evasion of host immune responses. Thus better understanding of viral glycosylation functions has potential applications for improved antiviral therapeutic and vaccine development. Here, we summarize our current knowledge on the broad biological functions of glycans for the Mononegavirales, an order of enveloped negative-sense single-stranded RNA viruses of high medical importance that includes Ebola, rabies, measles and Nipah viruses. We discuss glycobiological findings by genera in alphabetical order within each of eight Mononegavirales families, namely, the bornaviruses, filoviruses, mymonaviruses, nyamiviruses, paramyxoviruses, pneumoviruses, rhabdoviruses and sunviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29878112ù��Ortega, Victoria
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Zinc���Junå��Absorbable metals, metals that corrode in physiological environment, constitute a new class of biomaterials intended for temporary medical implant applications. The introduction of these metals has shifted the established paradigm of metal implants from preventing corrosion to its direct application. Interest toward absorbable metals has been growing in the past decade. This is proved by the rapid increase in scientific publication, progressive development of standards, and launching the first commercial products. Iron, magnesium, zinc, and their alloys are the current three absorbable metals families. Magnesium-based metals are the most progressing family with a large data set obtained from both basic and translational research. Iron-based metals are still facing a major challenge of low in vivo corrosion rate despite the significant efforts that have been put to overcome its weakness. Zinc-based metals are the new alternative absorbable metals with moderate corrosion rates that fall between those of iron and magnesium. This manuscript provides a brief review on the latest progress in the research and development of absorbable metals, the most important findings, the remaining challenges, and the perspective on the future direction.,��https://www.ncbi.nlm.nih.gov/pubmed/29790132���Hermawan, Hendra
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Yoneda, M.���2018���Possible role of the Nipah virus V protein in the regulation of the interferon beta induction by interacting with UBX domain-containing protein1���7682���Sci Rep���8���1���May 16¨��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes lethal encephalitis in humans. We previously reported that the V protein, one of the three accessory proteins encoded by the P gene, is one of the key determinants of the pathogenesis of NiV in a hamster infection model. Satterfield B.A. et al. have also revealed that V protein is required for the pathogenicity of henipavirus in a ferret infection model. However, the complete functions of NiV V have not been clarified. In this study, we identified UBX domain-containing protein 1 (UBXN1), a negative regulator of RIG-I-like receptor signaling, as a host protein that interacts with NiV V. NiV V interacted with the UBX domain of UBXN1 via its proximal zinc-finger motif in the C-terminal domain. NiV V increased the level of UBXN1 protein by suppressing its proteolysis. Furthermore, NiV V suppressed RIG-I and MDA5-dependent interferon signaling by stabilizing UBXN1 and increasing the interaction between MAVS and UBXN1 in addition to directly interrupting the activation of MDA5. Our results suggest a novel molecular mechanism by which the induction of interferon is potentially suppressed by NiV V protein via UBXN1.,��https://www.ncbi.nlm.nih.gov/pubmed/29769705 ��Uchida, Shotaro
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Freiberg, A. N.���2018O��Favipiravir (T-705) protects against Nipah virus infection in the hamster model���7604���Sci Rep���8���1���May 154��Nipah and Hendra viruses are recently emerged bat-borne paramyxoviruses (genus Henipavirus) causing severe encephalitis and respiratory disease in humans with fatality rates ranging from 40-75%. Despite the severe pathogenicity of these viruses and their pandemic potential, no therapeutics or vaccines are currently approved for use in humans. Favipiravir (T-705) is a purine analogue antiviral approved for use in Japan against emerging influenza strains; and several phase 2 and 3 clinical trials are ongoing in the United States and Europe. Favipiravir has demonstrated efficacy against a broad spectrum of RNA viruses, including members of the Paramyxoviridae, Filoviridae, Arenaviridae families, and the Bunyavirales order. We now demonstrate that favipiravir has potent antiviral activity against henipaviruses. In vitro, favipiravir inhibited Nipah and Hendra virus replication and transcription at micromolar concentrations. In the Syrian hamster model, either twice daily oral or once daily subcutaneous administration of favipiravir for 14 days fully protected animals challenged with a lethal dose of Nipah virus. This first successful treatment of henipavirus infection in vivo with a small molecule drug suggests that favipiravir should be further evaluated as an antiviral treatment option for henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/29765101h��Dawes, Brian E
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Viral Proteins/genetics/*immunology/metabolism���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus in the family Paramyxoviridae. Henipavirus infections were first reported in the 1990's causing severe and often fatal outbreaks in domestic animals and humans in Southeast Asia and Australia. NiV infections were observed in humans in Bangladesh, India and in the first outbreak in Malaysia, where pigs were also infected. HeV infections occurred in horses in the North-Eastern regions of Australia, with singular transmission events to humans. Bats of the genus Pteropus have been identified as the reservoir hosts for henipaviruses. Molecular and serological indications for the presence of henipa-like viruses in African fruit bats, pigs and humans have been published recently. In our study, truncated forms of HeV and NiV attachment (G) proteins as well as the full-length NiV nucleocapsid (N) protein were expressed using different expression systems. Based on these recombinant proteins, Enzyme-linked Immunosorbent Assays (ELISA) were developed for the detection of HeV or NiV specific antibodies in porcine serum samples. We used the NiV N ELISA for initial serum screening considering the general reactivity against henipaviruses. The G protein based ELISAs enabled the differentiation between HeV and NiV infections, since as expected, the sera displayed higher reactivity with the respective homologous antigens. In the future, these assays will present valuable tools for serosurveillance of swine and possibly other livestock or wildlife species in affected areas. Such studies will help assessing the potential risk for human and animal health worldwide by elucidating the distribution of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29708971���Fischer, Kerstin
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*Hendra
*Hendra virus
*matrix
*viral assembly���Jul 1Ý	�Hendra virus (HeV) is a zoonotic paramyxovirus belonging to the genus Henipavirus HeV is highly pathogenic, and it can cause severe neurological and respiratory illnesses in both humans and animals, with an extremely high mortality rate of up to 70%. Among the genes that HeV encodes, the matrix (M) protein forms an integral part of the virion structure and plays critical roles in coordinating viral assembly and budding. Nevertheless, the molecular mechanism of this process is not fully elucidated. Here, we determined the crystal structure of HeV M to 2.5-A resolution. The dimeric structural configuration of HeV M is similar to that of Newcastle disease virus (NDV) M and is fundamental to protein stability and effective virus-like-particle (VLP) formation. Analysis of the crystal packing revealed a notable interface between the alpha1 and alpha2 helices of neighboring HeV M dimers, with key residues sharing degrees of sequence conservation among henipavirus M proteins. Structurally, a network of electrostatic interactions dominates the alpha1-alpha2 interactions, involving residues Arg57 from the alpha1 helix and Asp105 and Glu108 from the alpha2 helix. The disruption of the alpha1-alpha2 interactions using engineered charge reversal substitutions (R57E, R57D, and E108R) resulted in significant reduction or abrogation of VLP production. This phenotype was reversible with an R57E E108R mutant that was designed to partly restore salt bridge contacts. Collectively, our results define and validate previously underappreciated regions of henipavirus M proteins that are crucial for productive VLP assembly.IMPORTANCE Hendra virus is a henipavirus associated with lethal infections in humans. It is classified as a biosafety level 4 (BSL4) agent, and there are currently no preventive or therapeutic treatments available against HeV. Vital to henipavirus pathogenesis, the structural protein M has been implicated in viral assembly and budding, as well as host-virus interactions. However, there is no structural information available for henipavirus M, and the basis of M-driven viral assembly is not fully elucidated. We demonstrate the first three-dimensional structure of a henipavirus M protein. We show the dimeric organization of HeV M as a basic unit for higher-order oligomerization. Additionally, we define key regions/residues of HeV M that are required for productive virus-like-particle formation. These findings provide the first insight into the mechanism of M-driven assembly in henipavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/29695428Á��Liu, Yu Chih
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virus-neutralising antibody titres���May���OBJECTIVE: To determine the antibody responses to a commercial Hendra virus vaccine (Equivac(R) HeV) in a field environment. METHODS: A group of 61 horses received a primary vaccination course comprising two doses administered 3-6 weeks apart (V1, V2) and a 3rd dose (V3) given 6 months after the second. This was followed by booster vaccinations at 12 monthly intervals (V4, V5). Antibody titres were assessed using a virus-neutralisation test. RESULTS: Neutralising antibodies against HeV were not detected prior to vaccination. Antibodies were detected in 54/57 horses at 3 weeks after V1 and 51/51 had titres >/= 32 at 8 weeks after V2. At 6 months after V2, antibody titres decreased in most (31/34) horses and were not detected in three horses. A rapid increase in antibody titres was recorded in 35/36 horses at 1 week following V3. By the first annual booster vaccination (V4), antibodies were still detectable in 29/29 horses, although titres had decreased; in 26/29 horses, titres remained >/= 32. All horses showed an increase in antibody titres after V4. There was no statistically significant increase in mean antibody titre after V5, compared with after V4. CONCLUSION: Horses administered Equivac(R) HeV, using a primary vaccination course followed by annual booster vaccinations, mounted an effective secondary immune response and acquired antibody responses that were consistent with protective immunity against HeV in the form of virus-neutralising antibodies. No adverse events were observed after vaccine administration.,��https://www.ncbi.nlm.nih.gov/pubmed/29691855¡��Tan, Rhh
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Idp
alpha-MoREs���Apr 24���Henipavirus, including Hendra virus (HeV) and Nipah virus (NiV), is a newly discovered human pathogen genus. The nucleoprotein of Henipavirus contains an alpha-helical molecular recognition element (alpha-MoRE) that folds upon binding to the X domain (XD) of the phosphoprotein (P). In order to explore the conformational dynamics of free alpha-MoREs and the underlying binding-folding mechanism with XD, atomic force field-based and hybrid structure-based MD simulations were carried out. In our empirical force field-based simulations, characteristic structures and helicities of alpha-MoREs reveal the co-existence of partially structured and disordered conformations, as in the case of the well characterized cognate measles virus (MeV) alpha-MoRE. In spite of their overall similarity, the two alpha-MoREs display subtle helicity differences in their C-terminal region, but much different from that of MeV. For the alpha-MoRE/XD complexes, the results of our hybrid structure-based simulations provide the coupled binding-folding landscapes, and unveil a wide conformational selection mechanism at early binding stages, followed by a final induce-fit mechanism selection process. However, the HeV and NiV complexes have a lower binding barrier compared to that of MeV. Moreover, the HeV alpha-MoRE/XD complex shows much less coupling effects between binding and folding compared to that from both NiV and MeV. Our analysis revealed that contrary to NiV and MeV, the N- and C-terminal regions of the HeV alpha-MoRE maintains a low helicity also in the bound form.,��https://www.ncbi.nlm.nih.gov/pubmed/29691656­��Shang, Xu
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Surface expression���May}��Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can cause severe infections in livestock and humans. In recent years, also African bat henipaviruses were identified at the nucleic acid level. To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins required for virus entry and spread by cell-cell fusion. It has been shown that surface expression and fusion-helper function of the receptor-binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G proteins. Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER. As defects in oligomerization of viral glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern of KV G. In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively formed stable tetramers or higher oligomers. KV G also showed less stringent requirements for defined stalk cysteines to form dimers and tetramers. Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression and receptor binding was unchanged. This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/29685227Ã��Behner, Laura
Zimmermann, Louisa
Ringel, Marc
Weis, Michael
Maisner, Andrea
eng
Netherlands
2018/04/25 06:00
Vet Microbiol. 2018 May;218:90-97. doi: 10.1016/j.vetmic.2018.03.031. Epub 2018 Apr 3.*��1873-2542 (Electronic)
0378-1135 (Linking)���29685227·��Institute of Virology, Philipps University Marburg, Marburg, Germany.
Institute of Virology, Philipps University Marburg, Marburg, Germany. Electronic address: maisner@uni-marburg.de.���10.1016/j.vetmic.2018.03.031���N�FüÒtÿî?O���$��Ang, B. S. P.
Lim, T. C. C.
Wang, L.���2018���Nipah Virus Infection���J Clin Microbiol���56���6���*Nipah
*encephalitis
*outbreaks���Jun¹��Nipah virus, a paramyxovirus related to Hendra virus, first emerged in Malaysia in 1998. Clinical presentation ranges from asymptomatic infection to fatal encephalitis. Malaysia has had no more cases since 1999, but outbreaks continue to occur in Bangladesh and India. In the Malaysia-Singapore outbreak, transmission occurred primarily through contact with pigs, whereas in Bangladesh and India, it is associated with ingestion of contaminated date palm sap and human-to-human transmission. Bats are the main reservoir for this virus, which can cause disease in humans and animals. There are currently no effective therapeutics, and supportive care and prevention are the mainstays of management.,��https://www.ncbi.nlm.nih.gov/pubmed/29643201­��Ang, Brenda S P
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R1479���May���Ebolaviruses, marburgviruses, and henipaviruses are zoonotic pathogens belonging to the Filoviridae and Paramyxoviridae families. They exemplify viruses that continue to spill over into the human population, causing outbreaks characterized by high mortality and significant clinical sequelae in survivors of infection. There are currently no approved small molecule therapeutics for use in humans against these viruses. In this study, we evaluated the antiviral activity of the nucleoside analog 4'-azidocytidine (4'N3-C, R1479) and its 2'-monofluoro- and 2'-difluoro-modified analogs (2'F-4'N3-C and 2'diF-4'N3-C) against representative paramyxoviruses (Nipah virus, Hendra virus, measles virus, and human parainfluenza virus 3) and filoviruses (Ebola virus, Sudan virus, and Ravn virus). We observed enhanced antiviral activity against paramyxoviruses with both 2'diF-4'N3-C and 2'F-4'N3-C compared to R1479. On the other hand, while R1479 and 2'diF-4'N3-C inhibited filoviruses similarly to paramyxoviruses, we observed 10-fold lower filovirus inhibition by 2'F-4'N3-C. To our knowledge, this is the first study to compare the susceptibility of paramyxoviruses and filoviruses to R1479 and its 2'-fluoro-modified analogs. The activity of these compounds against negative-strand RNA viruses endorses the development of 4'-modified nucleoside analogs as broad-spectrum therapeutics against zoonotic viruses of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/29601894���Lo, Michael K
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789;��Laing, Eric D
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Moscona, A.���2018T��Fusion Inhibitory Lipopeptides Engineered for Prophylaxis of Nipah Virus in Primates���218-227���J Infect Dis���218���2���Jun 20K��Background: The emerging zoonotic paramyxovirus Nipah virus (NiV) causes severe respiratory and neurological disease in humans, with high fatality rates. Nipah virus can be transmitted via person-to-person contact, posing a high risk for epidemic outbreaks. However, a broadly applicable approach for human NiV outbreaks in field settings is lacking. Methods: We engineered new antiviral lipopeptides and analyzed in vitro fusion inhibition to identify an optimal candidate for prophylaxis of NiV infection in the lower respiratory tract, and we assessed antiviral efficiency in 2 different animal models. Results: We show that lethal NiV infection can be prevented with lipopeptides delivered via the respiratory route in both hamsters and nonhuman primates. By targeting retention of peptides for NiV prophylaxis in the respiratory tract, we avoid its systemic delivery in individuals who need only prevention, and thus we increase the safety of treatment and enhance utility of the intervention. Conclusions: The experiments provide a proof of concept for the use of antifusion lipopeptides for prophylaxis of lethal NiV. These results advance the goal of rational development of potent lipopeptide inhibitors with desirable pharmacokinetic and biodistribution properties and a safe effective delivery method to target NiV and other pathogenic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29566184&��Mathieu, Cyrille
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neurons���May 15 ��Horses are susceptible to a number of neurotropic viruses, including West Nile virus (WNV), which is a pathogen of global significance in both horses and humans. However, there are no in vitro models with which to study infectious neuropathic diseases in the horse. In an effort to redress this, we have generated neurons from equine induced pluripotent stem cells (equiPSCs) that express a range of cortical neuron-specific markers, in addition to the membrane-bound ligand ephrin B3, which plays an important role in axon guidance as well as functioning as the receptor through which henipaviruses, such as Hendra virus, enter mammalian neurons. EquiPSC-derived neurons spontaneously depolarize with waves of depolarization conducted unidirectionally to adjacent neurons. We sought to confirm that equiPSC-derived neurons are a possible in vitro model for viral neuropathic diseases in the horse by examining their susceptibility to infection with flaviviruses that are known to be neurotropic in horses, including WNV and Murray Valley encephalitis virus (MVEV), and to compare these to nonpathogenic flaviviruses such as Fitzroy River virus (FRV) and Bamaga virus (BgV). All three strains of WNV tested in this study grew to high titres in the equiPSC-derived neurons, inducing a strong cytopathic effect (cpe), as did MVEV. In contrast, FRV showed restricted replication, and no cpe, which is consistent with the observation that FRV infects, but does not cause disease, in horses. BgV, which is thought to infect only marsupials, did not replicate in the equiPSC-derived neurons. Hence, our equiPSC-derived neurons display virus-specific differences in terms of viral titre and cpe that are similar to observations made in vivo, thus supporting their use as an in vitro model for neurotropic viral infection in horses.,��https://www.ncbi.nlm.nih.gov/pubmed/29562867Ù��Fortuna, Patrick R J
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Viruses/classification/*growth & developmentb��The goal of this study was to evaluate survival of important viral pathogens of livestock in animal feed ingredients imported daily into the United States under simulated transboundary conditions. Eleven viruses were selected based on global significance and impact to the livestock industry, including Foot and Mouth Disease Virus (FMDV), Classical Swine Fever Virus (CSFV), African Swine Fever Virus (ASFV), Influenza A Virus of Swine (IAV-S), Pseudorabies virus (PRV), Nipah Virus (NiV), Porcine Reproductive and Respiratory Syndrome Virus (PRRSV), Swine Vesicular Disease Virus (SVDV), Vesicular Stomatitis Virus (VSV), Porcine Circovirus Type 2 (PCV2) and Vesicular Exanthema of Swine Virus (VESV). Surrogate viruses with similar genetic and physical properties were used for 6 viruses. Surrogates belonged to the same virus families as target pathogens, and included Senecavirus A (SVA) for FMDV, Bovine Viral Diarrhea Virus (BVDV) for CSFV, Bovine Herpesvirus Type 1 (BHV-1) for PRV, Canine Distemper Virus (CDV) for NiV, Porcine Sapelovirus (PSV) for SVDV and Feline Calicivirus (FCV) for VESV. For the remaining target viruses, actual pathogens were used. Virus survival was evaluated using Trans-Pacific or Trans-Atlantic transboundary models involving representative feed ingredients, transport times and environmental conditions, with samples tested by PCR, VI and/or swine bioassay. SVA (representing FMDV), FCV (representing VESV), BHV-1 (representing PRV), PRRSV, PSV (representing SVDV), ASFV and PCV2 maintained infectivity during transport, while BVDV (representing CSFV), VSV, CDV (representing NiV) and IAV-S did not. Notably, more viruses survived in conventional soybean meal, lysine hydrochloride, choline chloride, vitamin D and pork sausage casings. These results support published data on transboundary risk of PEDV in feed, demonstrate survival of certain viruses in specific feed ingredients ("high-risk combinations") under conditions simulating transport between continents and provide further evidence that contaminated feed ingredients may represent a risk for transport of pathogens at domestic and global levels.,��https://www.ncbi.nlm.nih.gov/pubmed/29558524û��Dee, Scott A
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*spillover���Sep���Disease risk mapping is important for predicting and mitigating impacts of bat-borne viruses, including Hendra virus (Paramyxoviridae:Henipavirus), that can spillover to domestic animals and thence to humans. We produced two models to estimate areas at potential risk of HeV spillover explained by the climatic suitability for its flying fox reservoir hosts, Pteropus alecto and P. conspicillatus. We included additional climatic variables that might affect spillover risk through other biological processes (such as bat or horse behaviour, plant phenology and bat foraging habitat). Models were fit with a Poisson point process model and a log-Gaussian Cox process. In response to climate change, risk expanded southwards due to an expansion of P. alecto suitable habitat, which increased the number of horses at risk by 175-260% (110,000-165,000). In the northern limits of the current distribution, spillover risk was highly uncertain because of model extrapolation to novel climatic conditions. The extent of areas at risk of spillover from P. conspicillatus was predicted shrink. Due to a likely expansion of P. alecto into these areas, it could replace P. conspicillatus as the main HeV reservoir. We recommend: (1) HeV monitoring in bats, (2) enhancing HeV prevention in horses in areas predicted to be at risk, (3) investigate and develop mitigation strategies for areas that could experience reservoir host replacements.,��https://www.ncbi.nlm.nih.gov/pubmed/29556762=��Martin, Gerardo
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Virus Shedding���Mar¾��Henipavirus infection causes severe respiratory and neurological disease in humans that can be fatal. To characterize the pathogenic mechanisms of henipavirus infection in vivo, we performed experimental infections in ferrets followed by genome-wide gene expression analysis of lung and brain tissues. The Hendra, Nipah-Bangladesh, and Nipah-Malaysia strains caused severe respiratory and neurological disease with animals succumbing around 7 days post infection. Despite the presence of abundant viral shedding, animal-to-animal transmission did not occur. The host gene expression profiles of the lung tissue showed early activation of interferon responses and subsequent expression of inflammation-related genes that coincided with the clinical deterioration. Additionally, the lung tissue showed unchanged levels of lymphocyte markers and progressive downregulation of cell cycle genes and extracellular matrix components. Infection in the brain resulted in a limited breadth of the host responses, which is in accordance with the immunoprivileged status of this organ. Finally, we propose a model of the pathogenic mechanisms of henipavirus infection that integrates multiple components of the host responses.,��https://www.ncbi.nlm.nih.gov/pubmed/295383741��Leon, Alberto J
Borisevich, Viktoriya
Boroumand, Nahal
Seymour, Robert
Nusbaum, Rebecca
Escaffre, Olivier
Xu, Luoling
Kelvin, David J
Rockx, Barry
eng
Research Support, Non-U.S. Gov't
2018/03/15 06:00
PLoS Negl Trop Dis. 2018 Mar 14;12(3):e0006343. doi: 10.1371/journal.pntd.0006343. eCollection 2018 Mar.*��1935-2735 (Electronic)
1935-2727 (Linking)
��PMC5868854���29538374×��Division of Experimental Therapeutics, Toronto General Research Institute, University Health Network, Toronto, Ontario, Canada.
Department of Pathology, University of Texas Medical Branch, Galveston, TX, United States of America.
Microbiology & Immunology, University of Texas Medical Branch, Galveston, TX, United States of America.
Institute of Human Infections and Immunity, University of Texas Medical Branch, Galveston, TX, United States of America.
Department of Microbiology and Immunology, Dalhousie University, Halifax, Canada.
International Institute of Infection and Immunity, Shantou University Medical College, Shantou, PRC.
Department of Viroscience, Erasmus University Medical Center, Rotterdam, The Netherlands.���10.1371/journal.pntd.0006343��
���üÒtÿî?W���~��Welch, S. R.
Chakrabarti, A. K.
Wiggleton Guerrero, L.
Jenks, H. M.
Lo, M. K.
Nichol, S. T.
Spiropoulou, C. F.
Albarino, C. G.���2018g��Development of a reverse genetics system for Sosuga virus allows rapid screening of antiviral compounds���e0006326���PLoS Negl Trop Dis���12���3Î��Animals
Antiviral Agents/*pharmacology
Cell Line
Chiroptera/virology
Humans
Paramyxoviridae/*genetics/physiology
Paramyxoviridae Infections/virology
Reverse Genetics/*methods
Virus Replication/*drug effects���MarÎ��Sosuga virus (SOSV) is a recently discovered zoonotic paramyxovirus isolated from a single human case in 2012; it has been ecologically and epidemiologically associated with transmission by the Egyptian rousette bat (Rousettus aegyptiacus). Bats have long been recognized as sources of novel zoonotic pathogens, including highly lethal paramyxoviruses like Nipah virus (NiV) and Hendra virus (HeV). The ability of SOSV to cause severe human disease supports the need for studies on SOSV pathogenesis to better understand the potential impact of this virus and to identify effective treatments. Here we describe a reverse genetics system for SOSV comprising a minigenome-based assay and a replication-competent infectious recombinant reporter SOSV that expresses the fluorescent protein ZsGreen1 in infected cells. First, we used the minigenome assay to rapidly screen for compounds inhibiting SOSV replication at biosafety level 2 (BSL-2). The antiviral activity of candidate compounds was then tested against authentic viral replication using the reporter SOSV at BSL-3. We identified several compounds with anti-SOSV activity, several of which also inhibit NiV and HeV. Alongside its utility in screening for potential SOSV therapeutics, the reverse genetics system described here is a powerful tool for analyzing mechanisms of SOSV pathogenesis, which will facilitate our understanding of how to combat the potential public health threats posed by emerging bat-borne paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/295225285��Welch, Stephen R
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�The paramyxovirus replication machinery comprises the viral large (L) protein and phosphoprotein (P-protein) in addition to the nucleocapsid (N) protein, which encapsidates the single-stranded RNA genome. Common to paramyxovirus N proteins is a C-terminal tail (Ntail). The mechanistic role and relevance for virus replication of the structurally disordered central Ntail section are unknown. Focusing initially on members of the Morbillivirus genus, a series of measles virus (MeV) and canine distemper virus (CDV) N proteins were generated with internal deletions in the unstructured tail section. N proteins with large tail truncations remained bioactive in mono- and polycistronic minireplicon assays and supported efficient replication of recombinant viruses. Bioactivity of Ntail mutants extended to N proteins derived from highly pathogenic Nipah virus. To probe an effect of Ntail truncations on viral pathogenesis, recombinant CDVs were analyzed in a lethal CDV/ferret model of morbillivirus disease. The recombinant viruses displayed different stages of attenuation ranging from ameliorated clinical symptoms to complete survival of infected animals, depending on the molecular nature of the Ntail truncation. Reinfection of surviving animals with pathogenic CDV revealed robust protection against a lethal challenge. The highly attenuated virus was genetically stable after ex vivo passaging and recovery from infected animals. Mechanistically, gradual viral attenuation coincided with stepwise altered viral transcriptase activity in infected cells. These results identify the central Ntail section as a determinant for viral pathogenesis and establish a novel platform to engineer gradual virus attenuation for next-generation paramyxovirus vaccine design.IMPORTANCE Investigating the role of the paramyxovirus N protein tail domain (Ntail) in virus replication, we demonstrated in this study that the structurally disordered central Ntail region is a determinant for viral pathogenesis. We show that internal deletions in this Ntail region of up to 55 amino acids in length are compatible with efficient replication of recombinant viruses in cell culture but result in gradual viral attenuation in a lethal canine distemper virus (CDV)/ferret model. Mechanistically, we demonstrate a role of the intact Ntail region in the regulation of viral transcriptase activity. Recombinant viruses with Ntail truncations induce protective immunity against lethal challenge of ferrets with pathogenic CDV. This identification of the unstructured central Ntail domain as a nonessential paramyxovirus pathogenesis factor establishes a foundation for harnessing Ntail truncations for vaccine engineering against emerging and reemerging members of the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/29437959���Thakkar, Vidhi D
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Virus Replication���Feb���Paramyxoviruses represent a family of RNA viruses causing significant human diseases. These include measles virus, the most infectious virus ever reported, in addition to parainfluenza virus, and other emerging viruses. Paramyxoviruses likely share common replication machinery but their mechanisms of RNA biosynthesis activities and details of their complex polymerase structures are unknown. Mechanistic and functional details of a paramyxovirus polymerase would have sweeping implications for understanding RNA virus replication and for the development of new antiviral medicines. To study paramyxovirus polymerase structure and function, we expressed an active recombinant Nipah virus (NiV) polymerase complex assembled from the multifunctional NiV L protein bound to its phosphoprotein cofactor. NiV is an emerging highly pathogenic virus that causes severe encephalitis and has been declared a global public health concern due to its high mortality rate. Using negative-stain electron microscopy, we demonstrated NiV polymerase forms ring-like particles resembling related RNA polymerases. We identified conserved sequence elements driving recognition of the 3'-terminal genomic promoter by NiV polymerase, and leading to initiation of RNA synthesis, primer extension, and transition to elongation mode. Polyadenylation resulting from NiV polymerase stuttering provides a mechanistic basis for transcription termination. It also suggests a divergent adaptation in promoter recognition between pneumo- and paramyxoviruses. The lack of available antiviral therapy for NiV prompted us to identify the triphosphate forms of R1479 and GS-5734, two clinically relevant nucleotide analogs, as substrates and inhibitors of NiV polymerase activity by delayed chain termination. Overall, these findings provide low-resolution structural details and the mechanism of an RNA polymerase from a previously uncharacterized virus family. This work illustrates important functional differences yet remarkable similarities between the polymerases of nonsegmented negative-strand RNA viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29425244���Jordan, Paul C
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vaccination���AprO��OBJECTIVE: To evaluate the effect of Equivac(R) HeV Hendra virus vaccine on Thoroughbred racing performance. DESIGN: Retrospective pre-post intervention study. METHODS: Thoroughbreds with at least one start at one of six major south-eastern Queensland race tracks between 1 July 2012 and 31 December 2016 and with starts in the 3-month periods before and after Hendra virus vaccinations were identified. Piecewise linear mixed models compared the trends in 'Timeform rating' and 'margin to winner' before and after initial Hendra virus vaccination. Generalised linear mixed models similarly compared the odds of 'winning', 'placing' (1st-3rd) and 'winning any prize money'. Timeform rating trends were also compared before and after the second and subsequent vaccinations. RESULTS: Analysis of data from 4208 race starts by 755 horses revealed no significant difference in performance in the 3 months before versus 3 months after initial Hendra vaccination for Timeform rating (P = 0.32), 'Margin to winner' (P = 0.45), prize money won (P = 0.25), wins (P = 0.64) or placings (P = 0.77). Further analysis for Timeform rating for 7844 race starts by 928 horses failed to identify any significant change in Timeform rating trends before versus after the second and subsequent vaccinations (P = 0.16) or any evidence of a cumulative effect for the number of vaccines received (P = 0.22). CONCLUSION: No evidence of an effect of Hendra virus vaccination on racing performance was found. The findings allow owners, trainers, industry regulators and animal health authorities to make informed decisions about vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/29399777­��Schemann, K
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Viral Proteins/chemistry/metabolism���Jan 10ê��Hendra virus (HeV) is a paramyxovirus that causes lethal disease in humans, for which no vaccine or antiviral agent is available. HeV V protein is central to pathogenesis through its ability to interact with cytoplasmic host proteins, playing key antiviral roles. Here we use immunoprecipitation, siRNA knockdown and confocal laser scanning microscopy to show that HeV V shuttles to and from the nucleus through specific host nuclear transporters. Spectroscopic and small angle X-ray scattering studies reveal HeV V undergoes a disorder-to-order transition upon binding to either importin alpha/beta1 or exportin-1/Ran-GTP, dependent on the V N-terminus. Importantly, we show that specific inhibitors of nuclear transport prevent interaction with host transporters, and reduce HeV infection. These findings emphasize the critical role of host-virus interactions in HeV infection, and potential use of compounds targeting nuclear transport, such as the FDA-approved agent ivermectin, as anti-HeV agents.,��https://www.ncbi.nlm.nih.gov/pubmed/29321677C��Atkinson, Sarah C
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*paramyxovirus���Mar 15���Paramyxovirus V proteins are known antagonists of the RIG-I-like receptor (RLR)-mediated interferon induction pathway, interacting with and inhibiting the RLR MDA5. We report interactions between the Nipah virus V protein and both RIG-I regulatory protein TRIM25 and RIG-I. We also observed interactions between these host proteins and the V proteins of measles virus, Sendai virus, and parainfluenza virus. These interactions are mediated by the conserved C-terminal domain of the V protein, which binds to the tandem caspase activation and recruitment domains (CARDs) of RIG-I (the region of TRIM25 ubiquitination) and to the SPRY domain of TRIM25, which mediates TRIM25 interaction with the RIG-I CARDs. Furthermore, we show that V interaction with TRIM25 and RIG-I prevents TRIM25-mediated ubiquitination of RIG-I and disrupts downstream RIG-I signaling to the mitochondrial antiviral signaling protein. This is a novel mechanism for innate immune inhibition by paramyxovirus V proteins, distinct from other known V protein functions such as MDA5 and STAT1 antagonism.IMPORTANCE The host RIG-I signaling pathway is a key early obstacle to paramyxovirus infection, as it results in rapid induction of an antiviral response. This study shows that paramyxovirus V proteins interact with and inhibit the activation of RIG-I, thereby interrupting the antiviral signaling pathway and facilitating virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/29321315���Sanchez-Aparicio, Maria T
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Young Adult���Jan 1z��BACKGROUND: Ameloblastoma is a neoplasm classified as a benign epithelial odontogenic tumor of the jaws, grow slowly and are locally invasive. The aim of the present study was to investigate the incidence, treatment, and complication of patients with ameloblastoma in East-Indonesia during six years retrospective study. MATERIAL AND METHODS: This retrospective study included 84 patients who were diagnosed with ameloblastoma from 2011 to 2016. There were 56 patients with treatment data available. Data from each patient, including gender, age, histologic type, the size of the tumor, radiologic form, tumor location, type of treatment, and complication were reviewed and analyzed retrospectively. RESULTS: Fourteen patients were diagnosed with unicystic ameloblastoma (25%), thirty two patients with multicystic follicular ameloblastoma (57%) and ten patients with an unspecified multicystic ameloblastoma (18%). A total of about 35 patients were treated conservatively (62.5%) and 21 patients were treated radically (37.5%). Swelling was present as a pre-operative complication in all 56 cases (100%). There were no complaints concerning speech. CONCLUSIONS: The majority findings of the histologic type were multicystic ameloblastoma and their location were in the mandible. Most ameloblastoma were treated conservatively and reconstructions were made with only titanium plates and not bone graft.,��https://www.ncbi.nlm.nih.gov/pubmed/29274152ß��Ruslin, M
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Water/chemistry���Dec 19ÿ��Intrinsically disordered proteins (IDPs) lack stable secondary and tertiary structure under physiological conditions in the absence of their biological partners and thus exist as dynamic ensembles of interconverting conformers, often highly soluble in water. However, in some cases, IDPs such as the ones involved in neurodegenerative diseases can form protein aggregates and their aggregation process may be triggered by the interaction with membranes. Although the interfacial behavior of globular proteins has been extensively studied, experimental data on IDPs at the air/water (A/W) and water/lipid interfaces are scarce. We studied here the intrinsically disordered C-terminal domain of the Hendra virus nucleoprotein (NTAIL) and compared its interfacial properties to those of lysozyme that is taken as a model globular protein of similar molecular mass. Adsorption of NTAIL at the A/W interface was studied in the absence and presence of phospholipids using Langmuir films, polarization modulated-infrared reflection-absorption spectroscopy, and an automated drop tensiometer for interfacial tension and elastic modulus determination with oscillating bubbles. NTAIL showed a significant surface activity, with a higher adsorption capacity at the A/W interface and penetration into egg phosphatidylcholine monolayer compared to lysozyme. Whereas lysozyme remains folded upon compression of the protein layer at the A/W interface and shows a quasi-pure elastic behavior, NTAIL shows a much higher molecular area and forms a highly viscoelastic film with a high dilational modulus. To our knowledge, a new disorder-to-order transition is thus observed for the NTAIL protein that folds into an antiparallel beta-sheet at the A/W interface and presents strong intermolecular interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/29262365è��Benarouche, Anais
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*viruses���Jan®��Nipah virus (NiV) has been transmitted from patient to caregivers in Bangladesh presumably through oral secretions. We aimed to detect whether NiV-infected patients contaminate hospital surfaces with the virus. During December 2013-April 2014, we collected 1 swab sample from 5 surfaces near NiV-infected patients and tested surface and oral swab samples by real-time reverse transcription PCR for NiV RNA. We identified 16 Nipah patients; 12 cases were laboratory-confirmed and 4 probable. Of the 12 laboratory-confirmed cases, 10 showed NiV RNA in oral swab specimens. We obtained surface swab samples for 6 Nipah patients; 5 had evidence of NiV RNA on >1 surface: 4 patients contaminated towels, 3 bed sheets, and 1 the bed rail. Patients with NiV RNA in oral swab samples were significantly more likely than other Nipah patients to die. To reduce the risk for fomite transmission of NiV, infection control should target hospital surfaces.,��https://www.ncbi.nlm.nih.gov/pubmed/29260663%��Hassan, Md Zakiul
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Sick day rules���AugÀ��Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, pp 1-22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortality and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reactive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/29188454ª��Sykes, Lynne
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Questionnaire���Dec 1°��In recent years, outbreaks of exotic as well as newly emerging infectious diseases have highlighted the importance of biosecurity for the Australian horse industry. As the first potentially fatal zoonosis transmissible from horses to humans in Australia, Hendra virus has emphasised the need to incorporate sound hygiene and general biosecurity practices into day-to-day horse management. Recommended measures are widely publicised, but implementation is at the discretion of the individual owner. This cross-sectional study aimed to determine current levels of biosecurity of horse owners and to identify factors influencing the uptake of practices utilising data from an online survey. Level of biosecurity (low, medium, high), as determined by horse owners' responses to a set of questions on the frequency of various biosecurity practices performed around healthy (9 items) and sick horses (10 items), was used as a composite outcome variable in ordinal logistic regression analyses. The majority of horse owners surveyed were female (90%), from the states of Queensland (45%) or New South Wales (37%), and were involved in either mainly competitive/equestrian sports (37%) or recreational horse activities (35%). Seventy-five percent of owners indicated that they follow at least one-third of the recommended practices regularly when handling their horses, resulting in medium to high levels of biosecurity. Main factors associated with a higher level of biosecurity were high self-rated standard of biosecurity, access to personal protective equipment, absence of flying foxes in the local area, a good sense of control over Hendra virus risk, likelihood of discussing a sick horse with a veterinarian and likelihood of suspecting Hendra virus in a sick horse. Comparison of the outcome variable with the self-rated standard of biosecurity showed that over- as well as underestimation occurred. This highlights the need for continuous communication and education to enhance awareness and understanding of what biosecurity is and how it aligns with good horsemanship. Overall, strengthened biosecurity practices will help to improve animal as well as human health and increase preparedness for future disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/29157371%��Wiethoelter, Anke K
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tricarboxylic acid cycle���Nov���We present a case of a woman in her 70 s, on cyclophosphamide for multiple myeloma, who was admitted to critical care with grade III acute kidney injury. Renal replacement therapy with regional citrate anticoagulation was commenced. Shortly thereafter her systemic-ionised calcium levels fell and remained stubbornly low until post-filter calcium return was doubled. Her total-to-ionised calcium ratio gradually increased and so, to avoid further accumulation of citrate, anticoagulation was changed to heparin. Cyclophosphamide, which accumulates in renal failure, is known to interfere with key enzymes involved in the tricarboxylic acid cycle. We postulate that cyclophosphamide interfered with her citrate metabolism, resulting in persistent systemic chelation of calcium.,��https://www.ncbi.nlm.nih.gov/pubmed/29123570¦��Hendra, Tim
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*Virus-like particles���Feb 10´��Virions are often described as virus-only entities with no cellular components with the exception of the lipids in their membranes. However, advances in proteomics are revealing substantial amounts of host proteins in the viral particles. In the case of Nipah virus (NiV), the viral components in the virion have been known for some time. Nonetheless, no information has been obtained regarding the cellular proteins in the viral particles. To address this question, we produced Virus-Like Particles (VLPs) for NiV by expressing the F, G and M proteins in human-derived cells. Next, the proteomic content in these VLPs was analyzed by LC-MS/MS. We identified 67 human proteins including soluble and membrane-bound proteins involved in vesicle sorting and transport. Interestingly, many of them have been reported to interact with other viruses. Finally, thanks to the semi-quantitative nature of our data we were able to estimate the ratio among F, G and M proteins and also the ratio between cellular and viral proteins in the VLPs. We believe our data contribute to the better understanding of NiV life cycle and might facilitate future attempts for developing antiviral agents and the design of further experimental studies for this deadly infection. BIOLOGICAL SIGNIFICANCE: Traditionally viral particles have been described as pure entities carrying only viral-derived proteins. Advances in proteomics are changing this simplified view. Host proteins have been identified in many viruses (especially in enveloped viruses). These cell-derived proteins participate in multiple steps in the viral life cycle and might be as important for the survival of the virus as any other viral-encoded protein. In this work, we analyze utilizing LC-MS/MS the cellular proteins incorporated or bound to the virions of Nipah virus (NiV), an emerging, highly pathogenic, zoonotic virus from the Paramyxoviridiae family. Furthermore, we analyzed the ratio between cellular and viral proteins and among the viral F, G and M proteins in the viral particles. The characterization of the Nipah virus-human interactions occurring in the virion might facilitate the development of new therapeutic and prophylactic therapies for this viral illness.,��https://www.ncbi.nlm.nih.gov/pubmed/29092793���Vera-Velasco, Natalia Mara
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*viral vectors���Dec 2ý��The 2014-15 Ebola outbreak in West Africa highlighted the potential for large disease outbreaks caused by emerging pathogens and has generated considerable focus on preparedness for future epidemics. Here we discuss drivers, strategies and practical considerations for developing vaccines against outbreak pathogens. Chimpanzee adenoviral (ChAd) vectors have been developed as vaccine candidates for multiple infectious diseases and prostate cancer. ChAd vectors are safe and induce antigen-specific cellular and humoral immunity in all age groups, as well as circumventing the problem of pre-existing immunity encountered with human Ad vectors. For these reasons, such viral vectors provide an attractive platform for stockpiling vaccines for emergency deployment in response to a threatened outbreak of an emerging pathogen. Work is already underway to develop vaccines against a number of other outbreak pathogens and we will also review progress on these approaches here, particularly for Lassa fever, Nipah and MERS.,��https://www.ncbi.nlm.nih.gov/pubmed/29083948å��Ewer, Katie
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de Wit, E.���2018���Transmission of henipaviruses���7-11���Curr Opin Virol���28���FebÞ��The genus Henipavirus has expanded rapidly in geographic range, number of species, and host range. Hendra and Nipah virus are two henipaviruses known to cause severe disease in humans with a high case-fatality rate. Pteropid spp. bats are the natural reservoir of Hendra and Nipah virus. From these bats, virus can be transmitted to an amplifying host, horses and pigs, and from these hosts to humans, or the virus can be transmitted directly to humans. Although the main route of shedding varies between host species, close contact is required for transmission in all hosts. Understanding the transmission routes of Hendra and Nipah virus in their respective hosts is essential for devising strategies to block zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/29035743ô��Weatherman, Sarah
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interferon lambda���Octj��Highly pathogenic Nipah virus (NiV) generally causes severe encephalitis in humans. Respiratory symptoms are infrequently observed, likely reflecting variations in infection kinetics in human airways. Supporting this idea, we recently identified individual differences in NiV replication kinetics in cultured airway epithelia from different human donors. As type III interferons (IFN-lambda) represent major players in the defence mechanism against viral infection of the respiratory mucosa, we studied IFN-lambda induction and antiviral activity in NiV-infected primary differentiated human bronchial epithelial cells (HBEpCs) cultured under air-liquid interface conditions. Our studies revealed that IFN-lambda was upregulated in airway epithelia upon NiV infection. We also show that IFN-lambda pretreatment efficiently inhibited NiV replication. Interestingly, the antiviral activity of IFN-lambda varied in HBEpCs from two different donors. Increased sensitivity to IFN-lambda was associated with higher expression levels of IFN-lambda receptors, enhanced phosphorylation of STAT1, as well as enhanced induction of interferon-stimulated gene expression. These findings suggest that individual variations in IFN-lambda receptor expression affecting IFN responsiveness can play a functional role for NiV replication kinetics in human respiratory epithelial cells of different donors.,��https://www.ncbi.nlm.nih.gov/pubmed/28984239ê��Sauerhering, Lucie
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superstructure���Oct 1,��A new superstructure of the mineral camerolaite, Cu6Al3(OH)18(H2O)2[Sb(OH)6](SO4), has been refined in space group P\bar 1 with unit-cell parameters aP = 7.7660 (16), bP = 8.759 (4), cP = 11.306 (2) A, alphaP = 108.67 (4), betaP = 83.41 (3), gammaP = 126.64 (2) degrees , V = 581.6 (3) A(3) and Z = 1, with R1 = 0.0951 (all data). This is the first refined example of a cyanotrichite-group mineral in which long-range order of interlayer anions produces a superstructure along b, although diffuse scattering has previously been reported that corresponds to short-range order. Though the structure shares with other members of the cyanotrichite group a structural unit in which ribbons of edge-sharing Cu and Al octahedra form layers || (001), the superstructure arises from regular alternation of [SO4] and [Sb(OH)6] polyhedra along rods that lie between the layers, and phase coupling between rods that maximizes the distance between [SO4] groups of adjacent rods along a and c directions. This arrangement suggests an alternative nearly orthogonal choice of unit cell in F\bar 1 with parameters aF = 12.473 (26), bF = 8.759 (4), cF = 21.476 (7) A, alphaF = 85.94 (4), betaF = 95.91 (5), gammaF = 92.34 (9) degrees , which is recommended for comparing this structural variety of camerolaite with other members of the group.,��https://www.ncbi.nlm.nih.gov/pubmed/28981001ã��Mills, Stuart J
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Protein Binding
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Viral Envelope Proteins/*metabolism���Oct 3E��Nipah virus is an emergent paramyxovirus that causes deadly encephalitis and respiratory infections in humans. Two glycoproteins coordinate the infection of host cells, an attachment protein (G), which binds to cell surface receptors, and a fusion (F) protein, which carries out the process of virus-cell membrane fusion. The G protein binds to ephrin B2/3 receptors, inducing G conformational changes that trigger F protein refolding. Using an optical approach based on second harmonic generation, we show that monomeric and dimeric receptors activate distinct conformational changes in G. The monomeric receptor-induced changes are not detected by conformation-sensitive monoclonal antibodies or through electron microscopy analysis of G:ephrinB2 complexes. However, hydrogen/deuterium exchange experiments confirm the second harmonic generation observations and reveal allosteric changes in the G receptor binding and F-activating stalk domains, providing insights into the pathway of receptor-activated virus entry.Nipah virus causes encephalitis in humans. Here the authors use a multidisciplinary approach to study the binding of the viral attachment protein G to its host receptor ephrinB2 and show that monomeric and dimeric receptors activate distinct conformational changes in G and discuss implications for receptor-activated virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/28974687«��Wong, Joyce J W
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*Zinc Fingers���Oct 24���Henipaviruses are severe human pathogens within the Paramyxoviridae family. Beyond the P protein, the Henipavirus P gene also encodes the V protein which shares with P its N-terminal, intrinsically disordered region (PNT) and possesses a unique C-terminal domain predicted to be folded and to bind zinc (ZnFD). Henipavirus V proteins antagonize IFN signaling through PNT-mediated binding to STAT1, and several paramyxoviral V proteins promote STAT1 degradation through binding to DDB1. Structural and molecular information on Henipavirus V proteins is lacking, and their ability to interact with DDB1 has not been documented yet. We cloned the V genes from Nipah and Hendra viruses and purified the V proteins from E. coli and DDB1 from insect cells. Using analytical size-exclusion chromatography, CD and SAXS we characterized the V proteins and their domains. Using pull-down and MST we assessed their binding abilities towards DDB1. We show that PNT remains disordered also in the context of the V protein, while the ZnFD adopts a predominant beta conformation. We also show that the V proteins interact with DDB1 predominantly via their ZnFD. This is the first experimental characterization of the Henipavirus V proteins and the first experimental evidence of their interaction with DDB1. The DDB1-ZnFD interaction constitutes a promising target for antiviral strategies. These studies provide a conceptual asset to design new antiviral strategies expected to reduce or abrogate the ability of these viruses to escape the innate immune response. They also contribute to illuminating the conformational behaviour of proteins encompassing large intrinsically disordered domains.,��https://www.ncbi.nlm.nih.gov/pubmed/28972216���Salladini, Edoardo
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*infectious disease epidemiology���NovL��Understanding infection dynamics in animal hosts is fundamental to managing spillover and emergence of zoonotic infections. Hendra virus is endemic in Australian pteropodid bat populations and can be lethal to horses and humans. However, we know little about the factors driving Hendra virus prevalence in resevoir bat populations, making spillover difficult to predict. We use Hendra virus prevalence data collected from 13 000 pooled bat urine samples across space and time to determine if pulses of prevalence are periodic and synchronized across sites. We also test whether site-specific precipitation and temperature affect the amplitude of the largest annual prevalence pulses. We found little evidence for a periodic signal in Hendra virus prevalence. Although the largest amplitude pulses tended to occur over winter, pulses could also occur in other seasons. We found that Hendra virus prevalence was weakly synchronized across sites over short distances, suggesting that prevalence is driven by local-scale effects. Finally, we found that drier conditions in previous seasons and the abundance of Pteropus alecto were positively correlated with the peak annual values of Hendra virus prevalence. Our results suggest that in addition to seasonal effects, bat density and local climatic conditions interact to drive Hendra virus infection dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/28942750t��Paez, D J
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*virus-host interactions���Dec 1P��Nipah virus is an emerging, highly pathogenic, zoonotic virus of the Paramyxoviridae family. Human transmission occurs by close contact with infected animals, the consumption of contaminated food, or, occasionally, via other infected individuals. Currently, we lack therapeutic or prophylactic treatments for Nipah virus. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. This aim led us to perform the present work, in which we identified 101 human-Nipah virus protein-protein interactions (PPIs), most of which (88) are novel. This data set provides a comprehensive view of the host complexes that are manipulated by viral proteins. Host targets include the PRP19 complex and the microRNA (miRNA) processing machinery. Furthermore, we explored the biologic consequences of the interaction with the PRP19 complex and found that the Nipah virus W protein is capable of altering p53 control and gene expression. We anticipate that these data will help in guiding the development of novel interventional strategies to counter this emerging viral threat.IMPORTANCE Nipah virus is a recently discovered virus that infects a wide range of mammals, including humans. Since its discovery there have been yearly outbreaks, and in some of them the mortality rate has reached 100% of the confirmed cases. However, the study of Nipah virus has been largely neglected, and currently we lack treatments for this infection. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. In the present work, we identified 101 human-Nipah virus protein-protein interactions using an affinity purification approach coupled with mass spectrometry. Additionally, we explored the cellular consequences of some of these interactions. Globally, this data set offers a comprehensive and detailed view of the host machinery's contribution to the Nipah virus's life cycle. Furthermore, our data present a large number of putative drug targets that could be exploited for the treatment of this infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28904190Î��Martinez-Gil, Luis
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*nucleoprotein���Nov 1õ	�Henipaviruses, such as Nipah (NiV) and Hendra (HeV) viruses, are highly pathogenic zoonotic agents within the Paramyxoviridae family. The phosphoprotein (P) gene products of the paramyxoviruses have been well characterized for their interferon (IFN) antagonist activity and their contribution to viral pathogenicity. In this study, we demonstrated that the nucleoprotein (N) of henipaviruses also prevents the host IFN signaling response. Reporter assays demonstrated that the NiV and HeV N proteins (NiV-N and HeV-N, respectively) dose-dependently suppressed both type I and type II IFN responses and that the inhibitory effect was mediated by their core domains. Additionally, NiV-N prevented the nuclear transport of signal transducer and activator of transcription 1 (STAT1) and STAT2. However, NiV-N did not associate with Impalpha5, Impbeta1, or Ran, which are members of the nuclear transport system for STATs. Although P protein is known as a binding partner of N protein and actively retains N protein in the cytoplasm, the IFN antagonist activity of N protein was not abolished by the coexpression of P protein. This suggests that the IFN inhibition by N protein occurs in the cytoplasm. Furthermore, we demonstrated that the complex formation of STATs was hampered in the N protein-expressing cells. As a result, STAT nuclear accumulation was reduced, causing a subsequent downregulation of interferon-stimulated genes (ISGs) due to low promoter occupancy by STAT complexes. This novel route for preventing host IFN responses by henipavirus N proteins provides new insight into the pathogenesis of these viruses.IMPORTANCE Paramyxoviruses are well known for suppressing interferon (IFN)-mediated innate immunity with their phosphoprotein (P) gene products, and the henipaviruses also possess P, V, W, and C proteins for evading host antiviral responses. There are numerous studies providing evidence for the relationship between viral pathogenicity and antagonistic activities against IFN responses by P gene products. Meanwhile, little attention has been paid to the influence of nucleoprotein (N) on host innate immune responses. In this study, we demonstrated that both the NiV and HeV N proteins have antagonistic activity against the JAK/STAT signaling pathway by preventing the nucleocytoplasmic trafficking of STAT1 and STAT2. This inhibitory effect is due to an impairment of the ability of STATs to form complexes. These results provide new insight into the involvement of N protein in viral pathogenicity via its IFN antagonism.,��https://www.ncbi.nlm.nih.gov/pubmed/28835499Ù��Sugai, Akihiro
Sato, Hiroki
Takayama, Ikuyo
Yoneda, Misako
Kai, Chieko
eng
Research Support, Non-U.S. Gov't
2017/08/25 06:00
J Virol. 2017 Oct 13;91(21). pii: JVI.01136-17. doi: 10.1128/JVI.01136-17. Print 2017 Nov 1.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC5640859���28835499î��Laboratory Animal Research Center, The Institute of Medical Science, The University of Tokyo, Tokyo, Japan.
Laboratory Animal Research Center, The Institute of Medical Science, The University of Tokyo, Tokyo, Japan ckai@ims.u-tokyo.ac.jp.���10.1128/JVI.01136-17�	f��üÒtÿï?{���¾��Gurley, E. S.
Hegde, S. T.
Hossain, K.
Sazzad, H. M. S.
Hossain, M. J.
Rahman, M.
Sharker, M. A. Y.
Salje, H.
Islam, M. S.
Epstein, J. H.
Khan, S. U.
Kilpatrick, A. M.
Daszak, P.
Luby, S. P.���2017W��Convergence of Humans, Bats, Trees, and Culture in Nipah Virus Transmission, Bangladesh	��1446-1453���Emerg Infect Dis���23���9&��Animals
Bangladesh/epidemiology
Case-Control Studies
Chiroptera/*virology
*Disease Outbreaks
Feeding Behavior/ethnology
Henipavirus Infections/epidemiology/ethnology/*transmission/virology
Humans
Nipah Virus/*isolation & purification/pathogenicity/physiology
Phoeniceae
Risk
Rural Population
Zoonoses/epidemiology/*transmission/virology
*Bangladesh
*NiV
*Nipah virus
*bats
*case-control study
*convergence
*culture
*date palm sap
*epidemiology
*human behavior
*humans
*infections
*trees
*vector-borne infections
*virus transmission
*viruses
*zoonoses���Sepé��Preventing emergence of new zoonotic viruses depends on understanding determinants for human risk. Nipah virus (NiV) is a lethal zoonotic pathogen that has spilled over from bats into human populations, with limited person-to-person transmission. We examined ecologic and human behavioral drivers of geographic variation for risk of NiV infection in Bangladesh. We visited 60 villages during 2011-2013 where cases of infection with NiV were identified and 147 control villages. We compared case villages with control villages for most likely drivers for risk of infection, including number of bats, persons, and date palm sap trees, and human date palm sap consumption behavior. Case villages were similar to control villages in many ways, including number of bats, persons, and date palm sap trees, but had a higher proportion of households in which someone drank sap. Reducing human consumption of sap could reduce virus transmission and risk for emergence of a more highly transmissible NiV strain.,��https://www.ncbi.nlm.nih.gov/pubmed/28820130f��Gurley, Emily S
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Haseeb, M. A.���2017v��The impact of human population pressure on flying fox niches and the potential consequences for Hendra virus spillover���8226���Sci Rep���7���1���Aug 15���Hendra virus (HeV) is an emerging pathogen of concern in Australia given its ability to spillover from its reservoir host, pteropid bats, to horses and further on to humans, and the severe clinical presentation typical in these latter incidental hosts. Specific human pressures over recent decades, such as expanding human populations, urbanization, and forest fragmentation, may have altered the ecological niche of Pteropus species acting as natural HeV reservoirs and may modulate spillover risk. This study explored the influence of inter-decadal net human local migration between 1970 and 2000 on changes in the habitat suitability to P. alecto and P. conspicillatus from 1980 to 2015 in eastern Australia. These ecological niches were modeled using boosted regression trees and subsequently fitted, along with additional landscape factors, to HeV spillovers to explore the spatial dependency of this zoonosis. The spatial model showed that the ecological niche of these two flying fox species, the human footprint, and proximity to woody savanna were each strongly associated with HeV spillover and together explained most of the spatial dependency exhibited by this zoonosis. These findings reinforce the potential for anthropogenic pressures to shape the landscape epidemiology of HeV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28811483���Walsh, Michael G
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Foo, Chwan-Hong
Deffrasnes, Celine
Rootes, Christina L
Williams, David T
Middleton, Deborah
Wang, Lin-Fa
Bean, Andrew G D
Stewart, Cameron R
eng
Research Support, Non-U.S. Gov't
England
2017/08/09 06:00
Sci Rep. 2017 Aug 7;7(1):7431. doi: 10.1038/s41598-017-06939-w.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC5547158���28785041���CSIRO Australian Animal Health Laboratory, Geelong, Victoria, Australia. chris.cowled@csiro.au.
CSIRO Australian Animal Health Laboratory, Geelong, Victoria, Australia.
Programme in Emerging Infectious Diseases, Duke-NUS Medical School, Singapore, Singapore.���10.1038/s41598-017-06939-w���ç��üÒ|ÿî?~���S��Waterman, M. J.
Nugraha, A. S.
Hendra, R.
Ball, G. E.
Robinson, S. A.
Keller, P. A.���2017T��Antarctic Moss Biflavonoids Show High Antioxidant and Ultraviolet-Screening Activity	��2224-2231
��J Nat Prod���80���8���Antarctic Regions
Antioxidants/chemistry/*pharmacology
Australia
Biflavonoids/chemistry/*isolation & purification/*pharmacology
Bryophyta/*chemistry
Bryopsida/*chemistry
Coumaric Acids/*chemistry
Molecular Structure
Phenols/*blood
Propionates
Ultraviolet Rays���Aug 25=��Ceratodon purpureus is a cosmopolitan moss that survives some of the harshest places on Earth: from frozen Antarctica to hot South Australian deserts. In a study on the survival mechanisms of the species, nine compounds were isolated from Australian and Antarctic C. purpureus. This included five biflavonoids, with complete structural elucidation of 1 and 2 reported here for the first time, as well as an additional four known phenolic compounds. Dispersion-corrected DFT calculations suggested a rotational barrier, leading to atropisomerism, resulting in the presence of diastereomers for compound 2. All isolates absorbed strongly in the ultraviolet (UV) spectrum, e.g., biflavone 1 (UV-A, 315-400 nm), which displayed the strongest radical-scavenging activity, 13% more efficient than the standard rutin; p-coumaric acid and trans-ferulic acid showed the highest UV-B (280-315 nm) absorption. The more complex and abundant 1 and 2 presumably have dual roles as both UV-screening and antioxidant compounds. They are strongly bound to Antarctic moss cell walls as well as located inside the cells of moss from both locations. The combined high stability and photoprotective abilities of these isolates may account for the known resilience of this species to UV-B radiation and its survival in some of the toughest locations in the world.,��https://www.ncbi.nlm.nih.gov/pubmed/28783339ó��Waterman, Melinda J
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Urine/virologyÿ��Pteropid bats (flying-foxes) are the natural reservoir of Hendra virus, an emergent paramyxovirus responsible for fatal infection in horses and humans in Australia. Pteropus alecto (the Black flying-fox) and the paraphyletic P. conspicillatus (the Spectacled flying-fox) appear to be the primary reservoir hosts. Previous studies have suggested that physiological and ecological factors may underpin infection dynamics in flying-foxes, and subsequent spillover to horses and in turn humans. We sought to examine temporal trends in urinary cortisol concentration in wild Australian flying-fox populations, to elucidate the putative relationship between Hendra virus infection and physiological stress. Pooled and individual urine samples were non-invasively collected from under roosting flying-foxes at two latitudinally disparate regions in the eastern Australian state of Queensland. Hendra virus detection, and (in individual urine samples) sex and species determination were PCR-based. Urinary cortisol measurement used a validated enzyme immunoassay. We found no direct correlation between increased urinary cortisol and Hendra virus excretion, but our findings do suggest a biologically plausible association between low winter temperatures and elevated cortisol levels in P. alecto in the lower latitude Southeast Queensland roosts. We hypothesize an indirect association between low winter temperatures and increased Hendra virus infection and excretion, mediated by the physiological cost of thermoregulation. Our findings and our approach are directly relevant to elaboration of the disease ecology of Nipah virus and other emerging henipaviruses in bats. More broadly, they inform investigation of emerging disease infection dynamics across the wildlife/livestock/human interface.,��https://www.ncbi.nlm.nih.gov/pubmed/28767708×��McMichael, Lee
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Nipah virus���JunA��OBJECTIVE: To explore a common B- and T-cell epitope-based vaccine that can elicit an immune response against encephalitis causing genus Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV). METHODS: Membrane proteins F, G and M of HeV and NiV were retrieved from the protein database and subjected to different bioinformatics tools to predict antigenic B-cell epitopes. Best B-cell epitopes were then analyzed to predict their T-cell antigenic potentiality. Antigenic B- and T-cell epitopes that shared maximum identity with HeV and NiV were selected. Stability of the selected epitopes was predicted. Finally, the selected epitopes were subjected to molecular docking simulation with HLA-DR to confirm their antigenic potentiality in silico. RESULTS: One epitope from G proteins, one from M proteins and none from F proteins were selected based on their antigenic potentiality. The epitope from the G proteins was stable whereas that from M was unstable. The M-epitope was made stable by adding flanking dipeptides. The 15-mer G-epitope (VDPLRVQWRNNSVIS) showed at least 66% identity with all NiV and HeV G protein sequences, while the 15-mer M-epitope (GKLEFRRNNAIAFKG) with the dipeptide flanking residues showed 73% identity with all NiV and HeV M protein sequences available in the database. Molecular docking simulation with most frequent MHC class-II (MHC II) and class-I (MHC I) molecules showed that these epitopes could bind within HLA binding grooves to elicit an immune response. CONCLUSIONS: Data in our present study revealed the notion that the epitopes from G and M proteins might be the target for peptide-based subunit vaccine design against HeV and NiV. However, the biochemical analysis is necessary to experimentally validate the interaction of epitopes individually with the MHC molecules through elucidation of immunity induction.,��https://www.ncbi.nlm.nih.gov/pubmed/28756915Õ��Saha, Chayan Kumar
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*zoonotic infections���Sep 15é
�Several infectious disease outbreaks with high mortality in humans have been attributed to viruses that are thought to have evolved from bat viruses. In this study from Luxembourg, the genetic diversity and epidemiology of paramyxoviruses and coronaviruses shed by the bat species Rhinolophus ferrumequinum and Myotis emarginatus were evaluated. Feces collection (n = 624) was performed longitudinally in a mixed-species colony in 2015 and 2016. In addition, feces (n = 254) were collected cross-sectionally from six Myotis emarginatus colonies in 2016. By use of degenerate primers in a nested format, overall prevalences of 1.1% (10/878) and 4.9% (43/878) were determined for paramyxoviruses and coronaviruses. Sequences of the partial RNA-dependent RNA polymerase and spike glycoprotein genes of coronaviruses, as well as sequences of the partial L gene of paramyxoviruses, were obtained. Novel paramyxovirus and Alphacoronavirus strains were identified in different Myotis emarginatus colonies, and severe acute respiratory syndrome (SARS)-related Betacoronavirus strains were shed by Rhinolophus ferrumequinum Logistic regression revealed that the level of Alphacoronavirus shedding was highest in July (odds ratio, 2.8; P < 0.01), probably due to periparturient stress. Phylogenetic analyses point to close virus-host coevolution, and the high genetic similarity of the study strains suggests that the Myotis emarginatus colonies in Luxembourg are socially connected. Most interestingly, we show that bats also host Betacoronavirus1 strains. The high similarity of the spike gene sequences of these viruses with mammalian Betacoronavirus 1 strains may be of concern. Both the SARS-related and Betacoronavirus 1 strains detected in bats in Luxembourg may cross the species barrier after a host adaptation process.IMPORTANCE Bats are a natural reservoir of a number of zoonotic pathogens. Several severe outbreaks in humans (e.g., a Nipah virus outbreak in Malaysia in 1998, and the almost global spread of severe acute respiratory syndrome in 2003) have been caused by bat-borne viruses that were transmitted to humans mostly after virus adaptation (e.g., in intermediate animal hosts). Despite the indigenousness of bat species that host viruses with suspected zoonotic potential and despite the zoonotic transmission of European bat 1 lyssavirus in Luxembourg, knowledge about the diversity and epidemiology of bat viruses remains limited in this country. Moreover, in contrast to other European countries, bat viruses are currently not included in the national surveillance activities of this land-locked country. We suggest that this gap in disease surveillance should be addressed, since we show here that synanthropic bats host viruses that may be able to cross the species barrier.,��https://www.ncbi.nlm.nih.gov/pubmed/28710271���Pauly, Maude
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Rhabdoviridae Infections/*epidemiology/transmission/virology���Jul 13x��Bats are natural reservoir hosts of highly virulent pathogens such as Marburg virus, Nipah virus, and SARS coronavirus. However, little is known about the role of bat ectoparasites in transmitting and maintaining such viruses. The intricate relationship between bats and their ectoparasites suggests that ectoparasites might serve as viral vectors, but evidence to date is scant. Bat flies, in particular, are highly specialized obligate hematophagous ectoparasites that incidentally bite humans. Using next-generation sequencing, we discovered a novel ledantevirus (mononegaviral family Rhabdoviridae, genus Ledantevirus) in nycteribiid bat flies infesting pteropodid bats in western Uganda. Mitochondrial DNA analyses revealed that both the bat flies and their bat hosts belong to putative new species. The coding-complete genome of the new virus, named Kanyawara virus (KYAV), is only distantly related to that of its closest known relative, Mount Elgon bat virus, and was found at high titers in bat flies but not in blood or on mucosal surfaces of host bats. Viral genome analysis indicates unusually low CpG dinucleotide depletion in KYAV compared to other ledanteviruses and rhabdovirus groups, with KYAV displaying values similar to rhabdoviruses of arthropods. Our findings highlight the possibility of a yet-to-be-discovered diversity of potentially pathogenic viruses in bat ectoparasites.,��https://www.ncbi.nlm.nih.gov/pubmed/28706276{��Goldberg, Tony L
Bennett, Andrew J
Kityo, Robert
Kuhn, Jens H
Chapman, Colin A
eng
HHSN272200700016I/AO/NIAID NIH HHS/
R01 TW009237/TW/FIC NIH HHS/
T32 AI078985/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2017/07/15 06:00
Sci Rep. 2017 Jul 13;7(1):5287. doi: 10.1038/s41598-017-05236-w.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC5509700���28706276þ��Department of Pathobiological Sciences, University of Wisconsin-Madison, Madison, Wisconsin, 53706, USA. tony.goldberg@wisc.edu.
Global Health Institute, University of Wisconsin-Madison, Madison, Wisconsin, 53706, USA. tony.goldberg@wisc.edu.
Department of Zoology, Makerere University, Kampala, Uganda. tony.goldberg@wisc.edu.
Department of Pathobiological Sciences, University of Wisconsin-Madison, Madison, Wisconsin, 53706, USA.
Department of Zoology, Makerere University, Kampala, Uganda.
Integrated Research Facility at Fort Detrick, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Frederick, Maryland, 21702, USA.
Department of Anthropology and School of Environment, McGill University, Montreal, Quebec, H3A 2T7, Canada.���10.1038/s41598-017-05236-w��÷��üÒ|ÿî?�������Hendra, R.
Keller, P. A.���2017B��Phytochemical Studies on Two Australian Anigozanthos Plant Species	��2141-2145
��J Nat Prod���80���7���Acinetobacter baumannii/drug effects
Anthocyanins/chemistry/pharmacology
Anti-Bacterial Agents/chemistry/*isolation & purification/pharmacology
Australia
Chromatography, High Pressure Liquid
Dose-Response Relationship, Drug
Flavonoids/chemistry/*isolation & purification/pharmacology
Flowers/chemistry
Glycosides/chemistry/isolation & purification/pharmacology
Magnoliopsida/*chemistry
Microbial Sensitivity Tests
Molecular Structure
Nuclear Magnetic Resonance, Biomolecular
Phytochemicals/chemistry/isolation & purification���Jul 28 ��Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5'-O-(4-O-p-coumaryl)-O-beta-d-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5-11, 13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 muM, respectively.,��https://www.ncbi.nlm.nih.gov/pubmed/28682615Ì��Hendra, Rudi
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olfactory epithelium���May-Jun���Henipaviruses are emerging zoonotic viruses and causative agents of encephalitis in humans. However, the mechanisms of entry into the central nervous system (CNS) in humans are not known. Here, we evaluated the possible role of olfactory epithelium in virus entry into the CNS. We characterized Hendra virus (HeV) and Nipah virus (NiV) infection of primary human olfactory epithelial cultures. We show that henipaviruses can infect mature olfactory sensory neurons. Henipaviruses replicated efficiently, resulting in cytopathic effect and limited induction of host responses. These results show that human olfactory epithelium is susceptible to infection with henipaviruses, suggesting that this could be a pathway for neuroinvasion in humans. IMPORTANCE Henipaviruses are emerging zoonotic pathogens that can cause acute and severe respiratory and neurological disease in humans. The pathways by which henipaviruses enter the central nervous system (CNS) in humans are still unknown. The observation that human olfactory neurons are highly susceptible to infection with henipaviruses demonstrates that the olfactory epithelium can serve as a site of Henipavirus entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/28680971Ä��Borisevich, Viktoriya
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Wang, L. F.���2018���A Functional Genomics Approach to Henipavirus Research: The Role of Nuclear Proteins, MicroRNAs and Immune Regulators in Infection and Disease���191-213���Curr Top Microbiol Immunol���419º��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are zoonotic RNA viruses that cause lethal disease in humans and are designated as Biosafety Level 4 (BSL4) agents. Moreover, henipaviruses belong to the same group of viruses that cause disease more commonly in humans such as measles, mumps and respiratory syncytial virus. Due to the relatively recent emergence of the henipaviruses and the practical constraints of performing functional genomics studies at high levels of containment, our understanding of the henipavirus infection cycle is incomplete. In this chapter we describe recent loss-of-function (i.e. RNAi) functional genomics screens that shed light on the henipavirus-host interface at a genome-wide level. Further to this, we cross-reference RNAi results with studies probing host proteins targeted by henipavirus proteins, such as nuclear proteins and immune modulators. These functional genomics studies join a growing body of evidence demonstrating that nuclear and nucleolar host proteins play a crucial role in henipavirus infection. Furthermore these studies will underpin future efforts to define the role of nucleolar host-virus interactions in infection and disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28674944·��Stewart, Cameron R
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Prevention���Jun 26"��BACKGROUND: Nipah virus infection (NiV) is a bat-borne zoonosis transmitted to humans through consumption of NiV-contaminated raw date palm sap in Bangladesh. The objective of this analysis was to measure the cost of an NiV prevention intervention and estimate the cost of scaling it up to districts where spillover had been identified. METHODS: We implemented a behavior change communication intervention in two districts, testing different approaches to reduce the risk of NiV transmission using community mobilization, interpersonal communication, posters and TV public service announcements on local television during the 2012-2014 sap harvesting seasons. In one district, we implemented a "no raw sap" approach recommending to stop drinking raw date palm sap. In another district, we implemented an "only safe sap" approach, recommending to stop drinking raw date palm sap but offering the option of drinking safe sap. This is sap covered with a barrier, locally called bana, to interrupt bats' access during collection. We conducted surveys among randomly selected respondents two months after the intervention to measure the proportion of people reached. We used an activity-based costing method to calculate the cost of the intervention. RESULTS: The implementation cost of the "no raw sap" intervention was $30,000 and the "only safe sap" intervention was $55,000. The highest cost was conducting meetings and interpersonal communication efforts. The lowest cost was broadcasting the public service announcements on local TV channels. To scale up a similar intervention in 30 districts where NiV spillover has occurred, would cost between $2.6 and $3.5 million for one season. Placing the posters would cost $96,000 and only broadcasting the public service announcement through local channels in 30 districts would cost $26,000. CONCLUSIONS: Broadcasting a TV public service announcement is a potential low cost option to advance NiV prevention. It could be supplemented with posters and targeted interpersonal communication, in districts with a high risk of NiV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28651646	��Nahar, Nazmun
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Veterinarians/economics/psychology���Hendra virus is a zoonotic paramyxovirus, which causes severe respiratory and neurological disease in horses and humans. Since 2012, the Hendra virus sub-unit G vaccine has been available for horse vaccination in Australia. Uptake of the vaccine has been limited and spill-over events of Hendra virus infection in horses continue to occur. We conducted an online, questionnaire-based cross-sectional study of 376 horse owners belonging to a variety of different equestrian clubs in Queensland, Australia, to identify risk factors for non-vaccination against Hendra virus. A total of 43.1% (N = 162) of horse owners indicated that they currently did not vaccinate against Hendra virus infection, while 56.9% (N = 214) currently vaccinated against Hendra virus infection. A total of 52 risk factors were evaluated relating to equestrian activities, horse management, perceived risk and severity of horse and human infection with Hendra virus, side effects of Hendra vaccination, other vaccinations conducted by horse owners and horse owners' attitudes towards veterinarians. The final multivariable logistics regression model identified the following risk factors associated with increased odds of non-vaccination against Hendra virus: 1) perceived low risk (compared to high) of Hendra virus infection to horses (considering the horse owners' location and management practices) or horse owners were unsure about the risk of infection, 2) perceived moderate severity (compared to very severe or severe) of Hendra virus infection in humans, 3) horse owners non-vaccination of their pets, 4) horse owners non-vaccination against strangles disease in horses, 5) handling of more than three horses per week (compared to one horse only) and 6) perceived attitude that veterinarians had a high motivation of making money from Hendra virus vaccination (compared to veterinarians having a low motivation of making money from Hendra virus vaccination). Horse owners were more likely to vaccinate against Hendra virus if horses were used for dressage, show jumping or eventing. The study also identified horse owners' concerns about side-effects and about the lack of evidence on vaccine efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/28636633»��Goyen, Kailiea Arianna
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vinegar���Janá��BACKGROUND: Vinegar is widely used as a food additive, in food preparation and as a food supplement. This study compared the phenolic acid profiles and in vivo toxicities, and antioxidant and immunomodulatory effects of coconut, nipah and pineapple juice vinegars, which were respectively prepared via a two-step fermentation using Saccharomyces cerevisiae 7013 INRA and Acetobacter aceti vat Europeans. RESULTS: Pineapple juice vinegar, which had the highest total phenolic acid content, also exhibited the greatest in vitro antioxidant capacity compared to coconut juice and nipah juice vinegars. Following acute and sub-chronic in vivo toxicity evaluation, no toxicity and mortality were evident and there were no significant differences in the serum biochemical profiles between mice administered the vinegars versus the control group. In the sub-chronic toxicity evaluation, the highest liver antioxidant levels were found in mice fed with pineapple juice vinegar, followed by coconut juice and nipah juice vinegars. However, compared to the pineapple juice and nipah juice vinegars, the mice fed with coconut juice vinegar, exhibited a higher population of CD4(+) and CD8(+) T-lymphocytes in the spleen, which was associated with greater levels of serum interleukin-2 and interferon-gamma cytokines. CONCLUSIONS: Overall, the data suggested that not all vinegar samples cause acute and sub-chronic toxicity in vivo. Moreover, the in vivo immunity and organ antioxidant levels were enhanced, to varying extents, by the phenolic acids present in the vinegars. The results obtained in this study provide appropriate guidelines for further in vivo bioactivity studies and pre-clinical assessments of vinegar consumption. (c) 2017 Society of Chemical Industry.,��https://www.ncbi.nlm.nih.gov/pubmed/28631270<��Mohamad, Nurul Elyani
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*Antiviral
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*Nucleoside analog���Augi��The henipaviruses Nipah virus and Hendra virus are highly pathogenic zoonotic paramyxoviruses which have caused fatal outbreaks of encephalitis and respiratory disease in humans. Despite the availability of a licensed equine Hendra virus vaccine and a neutralizing monoclonal antibody shown to be efficacious against henipavirus infections in non-human primates, there remains no approved therapeutics or vaccines for human use. To explore the possibility of developing small-molecule nucleoside inhibitors against henipaviruses, we evaluated the antiviral activity of 4'-azidocytidine (R1479), a drug previously identified to inhibit flaviviruses, against henipaviruses along with other representative members of the family Paramyxoviridae. We observed similar levels of R1479 antiviral activity across the family, regardless of virus genus. Our brief study expands the documented range of viruses susceptible to R1479, and provides the basis for future investigation and development of 4'-modified nucleoside analogs as potential broad-spectrum antiviral therapeutics across both positive and negative-sense RNA virus families.,��https://www.ncbi.nlm.nih.gov/pubmed/28629988ð��Hotard, Anne L
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Spillover���Dec|��Hendra virus is a paramyxovirus of Australian flying fox bats. It was first detected in August 1994, after the death of 20 horses and one human. Since then it has occurred regularly within a portion of the geographical distribution of all Australian flying fox (fruit bat) species. There is, however, little understanding about which species are most likely responsible for spillover, or why spillover does not occur in other areas occupied by reservoir and spillover hosts. Using ecological niche models of the four flying fox species we were able to identify which species are most likely linked to spillover events using the concept of distance to the niche centroid of each species. With this novel approach we found that 20 out of 27 events occur disproportionately closer to the niche centroid of two species (P. alecto and P. conspicillatus). With linear regressions we found a negative relationship between distance to the niche centroid and abundance of these two species. Thus, we suggest that the bioclimatic niche of these two species is likely driving the spatial pattern of spillover of Hendra virus into horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28616484ô��Martin, Gerardo A
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Virus Release���Jun¢��The paramyxovirus family comprises major human and animal pathogens such as measles virus (MeV), mumps virus (MuV), the parainfluenzaviruses, Newcastle disease virus (NDV), and the highly pathogenic zoonotic hendra (HeV) and nipah (NiV) viruses. Paramyxovirus particles are pleomorphic, with a lipid envelope, nonsegmented RNA genomes of negative polarity, and densely packed glycoproteins on the virion surface. A number of crystal structures of different paramyxovirus proteins and protein fragments were solved, but the available information concerning overall virion organization remains limited. However, recent studies have reported cryo-electron tomography-based reconstructions of Sendai virus (SeV), MeV, NDV, and human parainfluenza virus type 3 (HPIV3) particles and a surface assessment of NiV-derived virus-like particles (VLPs), which have yielded innovative hypotheses concerning paramyxovirus particle assembly, budding, and organization. Following a summary of the current insight into paramyxovirus virion morphology, this review will focus on discussing the implications of these particle reconstructions on the present models of paramyxovirus assembly and infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28601688ÿ��Cox, Robert M
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*Protein-protein interactions���SepË��In this review, we summarize computational and experimental data gathered so far showing that structural disorder is abundant within paramyxoviral nucleoproteins (N) and phosphoproteins (P). In particular, we focus on measles, Nipah, and Hendra viruses and highlight both commonalities and differences with respect to the closely related Sendai virus. The molecular mechanisms that control the disorder-to-order transition undergone by the intrinsically disordered C-terminal domain (NTAIL) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins are described in detail. By having a significant residual disorder, NTAIL-XD complexes are illustrative examples of "fuzziness", whose possible functional significance is discussed. Finally, the relevance of N-P interactions as promising targets for innovative antiviral approaches is underscored, and the functional advantages of structural disorder for paramyxoviruses are pinpointed.,��https://www.ncbi.nlm.nih.gov/pubmed/28600653è��Longhi, Sonia
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�Nipah virus (NiV) is a zoonotic emerging paramyxovirus that can cause fatal respiratory illness or encephalitis in humans. Despite many efforts, the molecular mechanisms of NiV-induced acute lung injury (ALI) remain unclear. We previously showed that NiV replicates to high titers in human lung grafts in NOD-SCID/gamma mice, resulting in a robust inflammatory response. Interestingly, these mice can undergo human immune system reconstitution by the bone marrow, liver, and thymus (BLT) reconstitution method, in addition to lung tissue engraftment, giving altogether a realistic model to study human respiratory viral infections. Here, we characterized NiV Bangladesh strain (NiV-B) infection of human lung grafts from human immune system-reconstituted mice in order to identify the overall effect of immune cells on NiV pathogenesis of the lung. We show that NiV-B replicated to high titers in human lung grafts and caused similar cytopathic effects irrespective of the presence of human leukocytes in mice. However, the human immune system interfered with virus spread across lung grafts, responded to infection by leukocyte migration to small airways and alveoli of the lung grafts, and accelerated oxidative stress in lung grafts. In addition, the presence of human leukocytes increased the expression of cytokines and chemokines that regulate inflammatory influx to sites of infection and tissue damage. These results advance our understanding of how the immune system limits NiV dissemination and contributes to ALI and inform efforts to identify therapeutic targets.IMPORTANCE Nipah virus (NiV) is an emerging paramyxovirus that can cause a lethal respiratory and neurological disease in humans. Only limited data are available on NiV pathogenesis in the human lung, and the relative contribution of the innate immune response and NiV to acute lung injury (ALI) is still unknown. Using human lung grafts in a human immune system-reconstituted mouse model, we showed that the NiV Bangladesh strain induced cytopathic lesions in lung grafts similar to those described in patients irrespective of the donor origin or the presence of leukocytes. However, the human immune system interfered with virus spread, responded to infection by leukocyte infiltration in the small airways and alveolar area, induced oxidative stress, and triggered the production of cytokines and chemokines that regulate inflammatory influx by leukocytes in response to infection. Understanding how leukocytes interact with NiV and cause ALI in human lung xenografts is crucial for identifying therapeutic targets.,��https://www.ncbi.nlm.nih.gov/pubmed/28539439°��Escaffre, Olivier
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*Transcriptional gradient���Aug���The regulation of transcription during Nipah virus (NiV) replication is poorly understood. Using a bicistronic minigenome system, we investigated the involvement of non-coding regions (NCRs) in the transcriptional re-initiation efficiency of NiV RNA polymerase. Reporter assays revealed that attenuation of NiV gene expression was not constant at each gene junction, and that the attenuating property was controlled by the 3' NCR. However, this regulation was independent of the gene-end, gene-start and intergenic regions. Northern blot analysis indicated that regulation of viral gene expression by the phosphoprotein (P) and large protein (L) 3' NCRs occurred at the transcription level. We identified uridine-rich tracts within the L 3' NCR that are similar to gene-end signals. These gene-end-like sequences were recognized as weak transcription termination signals by the viral RNA polymerase, thereby reducing downstream gene transcription. Thus, we suggest that NiV has a unique mechanism of transcriptional regulation.,��https://www.ncbi.nlm.nih.gov/pubmed/28494343½��Sugai, Akihiro
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*virus assembly���Jul 15���Hendra virus (HeV) is a zoonotic paramyxovirus that causes deadly illness in horses and humans. An intriguing feature of HeV is the utilization of endosomal protease for activation of the viral fusion protein (F). Here we investigated how endosomal F trafficking affects HeV assembly. We found that the HeV matrix (M) and F proteins each induced particle release when they were expressed alone but that their coexpression led to coordinated assembly of virus-like particles (VLPs) that were morphologically and physically distinct from M-only or F-only VLPs. Mutations to the F protein transmembrane domain or cytoplasmic tail that disrupted endocytic trafficking led to failure of F to function with M for VLP assembly. Wild-type F functioned normally for VLP assembly even when its cleavage was prevented with a cathepsin inhibitor, indicating that it is endocytic F trafficking that is important for VLP assembly, not proteolytic F cleavage. Under specific conditions of reduced M expression, we found that M could no longer induce significant VLP release but retained the ability to be incorporated as a passenger into F-driven VLPs, provided that the F protein was competent for endocytic trafficking. The F and M proteins were both found to traffic through Rab11-positive recycling endosomes (REs), suggesting a model in which F and M trafficking pathways converge at REs, enabling these proteins to preassemble before arriving at plasma membrane budding sites.IMPORTANCE Hendra virus and Nipah virus are zoonotic paramyxoviruses that cause lethal infections in humans. Unlike that for most paramyxoviruses, activation of the henipavirus fusion protein occurs in recycling endosomal compartments. In this study, we demonstrate that the unique endocytic trafficking pathway of Hendra virus F protein is required for proper viral assembly and particle release. These results advance our basic understanding of the henipavirus assembly process and provide a novel model for the interplay between glycoprotein trafficking and paramyxovirus assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/28468881¨��Cifuentes-Munoz, Nicolas
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Qualitative study���May 1ø
�Hendra virus causes sporadic zoonotic disease in Australia following spill over from flying foxes to horses and from horses to people. Prevention and risk mitigation strategies such as vaccination of horses or biosecurity and property management measures are widely publicised, but hinge on initiative and action taken by horse owners as they mediate management, care and treatment of their animals. Hence, underlying beliefs, values and attitudes of horse owners influence their uptake of recommended risk mitigation measures. We used a qualitative approach to investigate attitudes, perceptions and self-reported practices of horse owners in response to Hendra virus to gain a deeper understanding of their decision-making around prevention measures. Data presented here derive from a series of in-depth interviews with 27 horse owners from Hendra virus 'hot spot' areas in New South Wales and Queensland. Interviews explored previous experience, perceptions and resulting behaviour as well as communication around Hendra virus. All interviews were recorded, transcribed verbatim and analysed in NVivo using thematic analysis. Analysis revealed four major themes: perception of Hendra virus as a risk and factors influencing this perception, Hendra virus risk mitigation strategies implemented by horse owners, perceived motivators and barriers of these strategies, and interaction of perceived risk, motivators and barriers in the decision-making process. Although Hendra virus disease was perceived as a serious threat to the health of horses and humans, individual risk perception diverged among horse owners. Perceived severity, likelihood and unpredictability as well as awareness and knowledge of Hendra virus, trust in information obtained and information pathways, demographic characteristics and personal experience were the main factors influencing Hendra virus risk perceptions. Other key determinants of horse owners' decision-making process were attitudes towards Hendra virus risk mitigation measures as well as perceived motivators and barriers thereof. Horse owners' awareness of the necessity to consider individual Hendra virus risk and adequate risk management strategies was described as a learning process, which changed over time. However, different perceptions of risk, barriers and motivators in combination with a weighing up of advantages and disadvantages resulted in different behaviours. These findings demonstrate the multifactorial determinants of cognitive mediating processes and facilitate a better understanding of horse owners' perspectives on preventive horse health measures. Furthermore, they provide valuable feedback to industry and government stakeholders on how to improve effective risk communication and encourage uptake of recommended risk mitigation measures.,��https://www.ncbi.nlm.nih.gov/pubmed/28460752%��Wiethoelter, Anke K
Sawford, Kate
Schembri, Nicole
Taylor, Melanie R
Dhand, Navneet K
Moloney, Barbara
Wright, Therese
Kung, Nina
Field, Hume E
Toribio, Jenny-Ann L M L
eng
Netherlands
2017/05/04 06:00
Prev Vet Med. 2017 May 1;140:67-77. doi: 10.1016/j.prevetmed.2017.03.003. Epub 2017 Mar 12.*��1873-1716 (Electronic)
0167-5877 (Linking)���28460752´��Farm Animal & Veterinary Public Health, The University of Sydney School of Veterinary Science, NSW 2006, Australia; Centre for Health Research, School of Medicine, Western Sydney University, Penrith, NSW 2751, Australia. Electronic address: anke.wiethoelter@unimelb.edu.au.
Farm Animal & Veterinary Public Health, The University of Sydney School of Veterinary Science, NSW 2006, Australia.
Centre for Health Research, School of Medicine, Western Sydney University, Penrith, NSW 2751, Australia.
Centre for Health Research, School of Medicine, Western Sydney University, Penrith, NSW 2751, Australia; Department of Psychology, Macquarie University, NSW 2109, Australia.
New South Wales Department of Primary Industries, Orange, NSW 2800, Australia.
Queensland Department of Agriculture and Fisheries, Brisbane, QLD 4001, Australia.
Queensland Department of Agriculture and Fisheries, Brisbane, QLD 4001, Australia; EcoHealth Alliance, NY 10001, USA.���10.1016/j.prevetmed.2017.03.003�	���þÖtÿî?����H��Thibault, P. A.
Watkinson, R. E.
Moreira-Soto, A.
Drexler, J. F.
Lee, B.���2017C��Zoonotic Potential of Emerging Paramyxoviruses: Knowns and Unknowns���1-55
��Adv Virus Res���98ã��Animals
Cats
Chiroptera/virology
Disease Resistance/*genetics
Disease Susceptibility/immunology
Disease Vectors
Dogs
Host-Pathogen Interactions
Humans
Paramyxoviridae Infections/*epidemiology/immunology/transmission/veterinary
Paramyxovirinae/classification/genetics/*pathogenicity
*Phylogeny
Rodentia/virology
Zoonoses/*epidemiology/immunology/transmission/virology
Ecology
Emerging viruses
Henipavirus
Morbillivirus
Paramyxovirus
Pathogenesis
Reservoir
Rubulavirus
Tropism
ZoonoticÐ��The risk of spillover of enzootic paramyxoviruses and the susceptibility of recipient human and domestic animal populations are defined by a broad collection of ecological and molecular factors that interact in ways that are not yet fully understood. Nipah and Hendra viruses were the first highly lethal zoonotic paramyxoviruses discovered in modern times, but other paramyxoviruses from multiple genera are present in bats and other reservoirs that have unknown potential to spillover into humans. We outline our current understanding of paramyxovirus reservoir hosts and the ecological factors that may drive spillover, and we explore the molecular barriers to spillover that emergent paramyxoviruses may encounter. By outlining what is known about enzootic paramyxovirus receptor usage, mechanisms of innate immune evasion, and other host-specific interactions, we highlight the breadth of unexplored avenues that may be important in understanding paramyxovirus emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/28433050â��Thibault, Patricia A
Watkinson, Ruth E
Moreira-Soto, Andres
Drexler, Jan F
Lee, Benhur
eng
R01 AI123449/AI/NIAID NIH HHS/
Review
2017/04/24 06:00
Adv Virus Res. 2017;98:1-55. doi: 10.1016/bs.aivir.2016.12.001. Epub 2017 Feb 2.*��1557-8399 (Electronic)
0065-3527 (Linking)
��PMC5894875���28433050���Icahn School of Medicine at Mount Sinai, New York, NY, United States.
Institute of Virology, University of Bonn Medical Centre, Bonn, Germany.
Institute of Virology, University of Bonn Medical Centre, Bonn, Germany; German Centre for Infection Research (DZIF), Partner Site Bonn-Cologne, Bonn, Germany.
Icahn School of Medicine at Mount Sinai, New York, NY, United States. Electronic address: benhur.lee@mssm.edu.���10.1016/bs.aivir.2016.12.001��H��üÒtÿî?����G��Manyweathers, J.
Field, H.
Longnecker, N.
Agho, K.
Smith, C.
Taylor, M.���2017c��"Why won't they just vaccinate?" Horse owner risk perception and uptake of the Hendra virus vaccine���103���BMC Vet Res���13���1¤��Animals
Australia
Chiroptera/virology
*Health Knowledge, Attitudes, Practice
Hendra Virus
Henipavirus Infections/prevention & control/*veterinary
Horse Diseases/*prevention & control
Horses/*virology
Humans
Risk
Surveys and Questionnaires
Vaccines/*adverse effects/economics
Veterinarians
Zoonoses/prevention & control
Biosecurity
Protection motivation theory
Risk mitigation
Trust
Vaccination
Vaccine hesitancy
zoonosis���Apr 133��BACKGROUND: Hendra virus is a paramyxovirus that causes periodic serious disease and fatalities in horses and humans in Australia first identified in 1994. Pteropid bats (commonly known as flying-foxes) are the natural host of the virus, and the putative route of infection in horses is by ingestion or inhalation of material contaminated by flying-fox urine or other bodily fluids. Humans become infected after close contact with infected horses. Horse owners in Australia are encouraged to vaccinate their horses against Hendra virus to reduce the risk of Hendra virus infection, and to prevent potential transmission to humans. After the vaccine was released in 2012, uptake by horse owners was slow, with some estimated 11-17% of horses in Australia vaccinated. This study was commissioned to examine barriers to vaccine uptake and potential drivers to future adoption of vaccination by horse owners. METHODS: This study examined qualitative comments from respondents to an on-line survey, reporting reasons for not vaccinating their horses. The study also investigated scenarios in which respondents felt they might consider vaccinating their horses. RESULTS: Self-reported barriers to uptake of the Hendra virus vaccine by horse owners (N = 150) included concerns about vaccine safety, cost, and effectiveness. Reduction in vaccination costs and perception of immediacy of Hendra virus risk were reported as being likely to change future behaviour. However, the data also indicated that horse owners generally would not reconsider vaccinating their horses if advised by their veterinarian. CONCLUSION: While changes to vaccine costs and the availability data supporting vaccine safety and efficacy may encourage more horse owners to vaccinate, this study highlights the importance of protecting the relationship between veterinarians and horse owners within the risk management strategies around Hendra virus. Interactions and trust between veterinarians and animal owners has important implications for management of and communication around Hendra virus and other zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/28407738¢��Manyweathers, J
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*meningitis���Jul���Infections of the central nervous system (CNS) are often acute, with significant morbidity and mortality. Routine diagnosis of such infections is limited in developing countries and requires modern equipment in advanced laboratories that may be unavailable to a number of patients in sub-Saharan Africa. We developed a TaqMan array card (TAC) that detects multiple pathogens simultaneously from cerebrospinal fluid. The 21-pathogen CNS multiple-pathogen TAC (CNS-TAC) assay includes two parasites (Balamuthia mandrillaris and Acanthamoeba), six bacterial pathogens (Streptococcus pneumoniae, Haemophilus influenzae, Neisseria meningitidis, Mycoplasma pneumoniae, Mycobacterium tuberculosis, and Bartonella), and 13 viruses (parechovirus, dengue virus, Nipah virus, varicella-zoster virus, mumps virus, measles virus, lyssavirus, herpes simplex viruses 1 and 2, Epstein-Barr virus, enterovirus, cytomegalovirus, and chikungunya virus). The card also includes human RNase P as a nucleic acid extraction control and an internal manufacturer control, GAPDH (glyceraldehyde-3-phosphate dehydrogenase). This CNS-TAC assay can test up to eight samples for all 21 agents within 2.5 h following nucleic acid extraction. The assay was validated for linearity, limit of detection, sensitivity, and specificity by using either live viruses (dengue, mumps, and measles viruses) or nucleic acid material (Nipah and chikungunya viruses). Of 120 samples tested by individual real-time PCR, 35 were positive for eight different targets, whereas the CNS-TAC assay detected 37 positive samples across nine different targets. The CNS-TAC assays showed 85.6% sensitivity and 96.7% specificity. Therefore, the CNS-TAC assay may be useful for outbreak investigation and surveillance of suspected neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28404679Å��Onyango, Clayton O
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Tomography, X-Ray Computed���AprÈ��Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that emerged in the late 1990s in Malaysia and has since been identified as the cause of sporadic outbreaks of severe febrile disease in Bangladesh and India. NiV infection is frequently associated with severe respiratory or neurological disease in infected humans with transmission to humans through inhalation, contact or consumption of NiV contaminated foods. In the work presented here, the development of disease was investigated in the African Green Monkey (AGM) model following intratracheal (IT) and, for the first time, small-particle aerosol administration of NiV. This study utilized computed tomography (CT) and magnetic resonance imaging (MRI) to temporally assess disease progression. The host immune response and changes in immune cell populations over the course of disease were also evaluated. This study found that IT and small-particle administration of NiV caused similar disease progression, but that IT inoculation induced significant congestion in the lungs while disease following small-particle aerosol inoculation was largely confined to the lower respiratory tract. Quantitative assessment of changes in lung volume found up to a 45% loss in IT inoculated animals. None of the subjects in this study developed overt neurological disease, a finding that was supported by MRI analysis. The development of neutralizing antibodies was not apparent over the 8-10 day course of disease, but changes in cytokine response in all animals and activated CD8+ T cell numbers suggest the onset of cell-mediated immunity. These studies demonstrate that IT and small-particle aerosol infection with NiV in the AGM model leads to a severe respiratory disease devoid of neurological indications. This work also suggests that extending the disease course or minimizing the impact of the respiratory component is critical to developing a model that has a neurological component and more accurately reflects the human condition.,��https://www.ncbi.nlm.nih.gov/pubmed/28388650#��Cong, Yu
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*reassortment���Jun 15W	�Bats are natural reservoirs for many pathogenic viruses, and increasing evidence supports the notion that bats can also harbor group A rotaviruses (RVAs), important causative agents of diarrhea in children and young animals. Currently, 8 RVA strains possessing completely novel genotype constellations or genotypes possibly originating from other mammals have been identified from African and Chinese bats. However, all the data were mainly based on detection of RVA RNA, present only during acute infections, which does not permit assessment of the true exposure of a bat population to RVA. To systematically investigate the genetic diversity of RVAs, 547 bat anal swabs or gut samples along with 448 bat sera were collected from five South Chinese provinces. Specific reverse transcription-PCR (RT-PCR) screening found four RVA strains. Strain GLRL1 possessed a completely novel genotype constellation, whereas the other three possessed a constellation consistent with the MSLH14-like genotype, a newly characterized group of viruses widely prevalent in Chinese insectivorous bats. Among the latter, strain LZHP2 provided strong evidence of cross-species transmission of RVAs from bats to humans, whereas strains YSSK5 and BSTM70 were likely reassortants between typical MSLH14-like RVAs and human RVAs. RVA-specific antibodies were detected in 10.7% (48/448) of bat sera by an indirect immunofluorescence assay (IIFA). Bats in Guangxi and Yunnan had a higher RVA-specific antibody prevalence than those from Fujian and Zhejiang provinces. These observations provide evidence for cross-species transmission of MSLH14-like bat RVAs to humans, highlighting the impact of bats as reservoirs of RVAs on public health.IMPORTANCE Bat viruses, such as severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), Ebola, Hendra, and Nipah viruses, are important pathogens causing outbreaks of severe emerging infectious diseases. However, little is known about bat viruses capable of causing gastroenteritis in humans, even though 8 group A viruses (RVAs) have been identified from bats so far. In this study, another 4 RVA strains were identified, with one providing strong evidence for zoonotic transmission from bats to humans. Serological investigation has also indicated that RVA infection in bats is far more prevalent than expected based on the detection of viral RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/28381569M��He, Biao
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Viral Plaque Assay���Mar 8���Human paramyxoviruses include global causes of lower respiratory disease like the parainfluenza viruses, as well as agents of lethal encephalitis like Nipah virus. Infection is initiated by viral glycoprotein-mediated fusion between viral and host cell membranes. Paramyxovirus viral fusion proteins (F) insert into the target cell membrane, and form a transient intermediate that pulls the viral and cell membranes together as two heptad-repeat regions refold to form a six-helix bundle structure that can be specifically targeted by fusion-inhibitory peptides. Antiviral potency can be improved by sequence modification and lipid conjugation, and by adding linkers between the protein and lipid components. We exploit the uniquely broad spectrum antiviral activity of a parainfluenza F-derived peptide sequence that inhibits both parainfluenza and Nipah viruses, to investigate the influence of peptide orientation and intervening linker length on the peptides' interaction with transitional states of F, solubility, membrane insertion kinetics, and protease sensitivity. We assessed the impact of these features on biodistribution and antiviral efficacy in vitro and in vivo. The engineering approach based on biophysical parameters resulted in a peptide that is a highly effective inhibitor of both paramyxoviruses and a set of criteria to be used for engineering broad spectrum antivirals for emerging paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/28344321»��Mathieu, Cyrille
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*viral assembly���May 15�	�Nipah virus (NiV), a paramyxovirus in the genus Henipavirus, has a mortality rate in humans of approximately 75%. While several studies have begun our understanding of NiV particle formation, the mechanism of this process remains to be fully elucidated. For many paramyxoviruses, M proteins drive viral assembly and egress; however, some paramyxoviral glycoproteins have been reported as important or essential in budding. For NiV the matrix protein (M), the fusion glycoprotein (F) and, to a much lesser extent, the attachment glycoprotein (G) autonomously induce the formation of virus-like particles (VLPs). However, functional interactions between these proteins during assembly and egress remain to be fully understood. Moreover, if the F-driven formation of VLPs occurs through interactions with host cell machinery, the cytoplasmic tail (CT) of F is a likely interactive domain. Therefore, we analyzed NiV F CT deletion and alanine mutants and report that several but not all regions of the F CT are necessary for efficient VLP formation. Two of these regions contain YXXO or dityrosine motifs previously shown to interact with cellular machinery involved in F endocytosis and transport. Importantly, our results showed that F-driven, M-driven, and M/F-driven viral particle formation enhanced the recruitment of G into VLPs. By identifying key motifs, specific residues, and functional viral protein interactions important for VLP formation, we improve our understanding of the viral assembly/egress process and point to potential interactions with host cell machinery.IMPORTANCE Henipaviruses can cause deadly infections of medical, veterinary, and agricultural importance. With recent discoveries of new henipa-like viruses, understanding the mechanisms by which these viruses reproduce is paramount. We have focused this study on identifying the functional interactions of three Nipah virus proteins during viral assembly and particularly on the role of one of these proteins, the fusion glycoprotein, in the incorporation of other viral proteins into viral particles. By identifying several regions in the fusion glycoprotein that drive viral assembly, we further our understanding of how these viruses assemble and egress from infected cells. The results presented will likely be useful toward designing treatments targeting this aspect of the viral life cycle and for the production of new viral particle-based vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/28250132n��Johnston, Gunner P
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Veterinarians���Feb 18R
�BACKGROUND: Communication skills are essential for veterinarians who need to discuss animal health related matters with their clients. When dealing with an emerging zoonosis, such as Hendra virus (HeV), veterinarians also have a legal responsibility to inform their clients about the associated risks to human health. Here we report on part of a mixed methods study that examined the preparedness of, and difficulties experienced by, veterinarians communicating about HeV-related risks with their clients. METHODS: Phase 1 was an exploratory, qualitative study that consisted of a series of face-to-face, semi-structured interviews with veterinary personnel from Queensland, Australia (2009-10) to identify the barriers to HeV management in equine practices. Phase 2a was a quantitative study that surveyed veterinarians from the same region (2011) and explored the veterinarians' preparedness and willingness to communicate about HeV-related risks, and the reactions of their clients that they experienced. The second study included both multiple choice and open-ended questions. RESULTS: The majority of the participants from Phase 2a (83.1%) declared they had access to a HeV management plan and over half (58.6%) had ready-to-use HeV information available for clients within their practice. Most (87%) reported "always or sometimes" informing clients about HeV-related risks when a horse appeared sick. When HeV was suspected, 58.1% of participants reported their clients were receptive to their safety directives and 24.9% of clients were either initially unreceptive, overwhelmed by fear, or in denial of the associated risks. The thematic analysis of the qualitative data from Phases 1 and 2a uncovered similar themes in relation to HeV-related communication issues experienced by veterinarians: "clients' intent to adhere"; "adherence deemed redundant"; "misunderstanding or denial of risk"; "cost"; "rural culture"; "fear for reputation". The theme of "emotional state of clients" was only identified during Phase 1. CONCLUSION: Warning horse owners about health and safety issues that may affect them when present in a veterinary work environment is a legal requirement for veterinarians. However, emerging zoonoses are unpredictable events that may require a different communication approach. Future training programs addressing veterinary communication skills should take into account the particular issues inherent to managing an emerging zoonosis and emphasise the importance of maintaining human safety. Veterinary communication skills and approaches required when dealing with emerging zoonoses should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/28214468¶��Mendez, Diana H
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*virus���Apr 7ü��Enveloped viruses utilize fusion (F) proteins studding the surface of the virus to facilitate membrane fusion with a target cell membrane. Fusion of the viral envelope with a cellular membrane is required for release of viral genomic material, so the virus can ultimately reproduce and spread. To drive fusion, the F protein undergoes an irreversible conformational change, transitioning from a metastable pre-fusion conformation to a more thermodynamically stable post-fusion structure. Understanding the elements that control stability of the pre-fusion state and triggering to the post-fusion conformation is important for understanding F protein function. Mutations in F protein transmembrane (TM) domains implicated the TM domain in the fusion process, but the structural and molecular details in fusion remain unclear. Previously, analytical ultracentrifugation was utilized to demonstrate that isolated TM domains of Hendra virus F protein associate in a monomer-trimer equilibrium (Smith, E. C., Smith, S. E., Carter, J. R., Webb, S. R., Gibson, K. M., Hellman, L. M., Fried, M. G., and Dutch, R. E. (2013) J. Biol. Chem. 288, 35726-35735). To determine factors driving this association, 140 paramyxovirus F protein TM domain sequences were analyzed. A heptad repeat of beta-branched residues was found, and analysis of the Hendra virus F TM domain revealed a heptad repeat leucine-isoleucine zipper motif (LIZ). Replacement of the LIZ with alanine resulted in dramatically reduced TM-TM association. Mutation of the LIZ in the whole protein resulted in decreased protein stability, including pre-fusion conformation stability. Together, our data suggest that the heptad repeat LIZ contributed to TM-TM association and is important for F protein function and pre-fusion stability.,��https://www.ncbi.nlm.nih.gov/pubmed/282135157��Webb, Stacy
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*Who���Feb 8ò��BACKGROUND: On December 8(th), 2015, World Health Organization published a priority list of eight pathogens expected to cause severe outbreaks in the near future. To better understand global research trends and characteristics of publications on these emerging pathogens, we carried out this bibliometric study hoping to contribute to global awareness and preparedness toward this topic. METHOD: Scopus database was searched for the following pathogens/infectious diseases: Ebola, Marburg, Lassa, Rift valley, Crimean-Congo, Nipah, Middle Eastern Respiratory Syndrome (MERS), and Severe Respiratory Acute Syndrome (SARS). Retrieved articles were analyzed to obtain standard bibliometric indicators. RESULTS: A total of 8619 journal articles were retrieved. Authors from 154 different countries contributed to publishing these articles. Two peaks of publications, an early one for SARS and a late one for Ebola, were observed. Retrieved articles received a total of 221,606 citations with a mean +/- standard deviation of 25.7 +/- 65.4 citations per article and an h-index of 173. International collaboration was as high as 86.9%. The Centers for Disease Control and Prevention had the highest share (344; 5.0%) followed by the University of Hong Kong with 305 (4.5%). The top leading journal was Journal of Virology with 572 (6.6%) articles while Feldmann, Heinz R. was the most productive researcher with 197 (2.3%) articles. China ranked first on SARS, Turkey ranked first on Crimean-Congo fever, while the United States of America ranked first on the remaining six diseases. Of retrieved articles, 472 (5.5%) were on vaccine - related research with Ebola vaccine being most studied. CONCLUSION: Number of publications on studied pathogens showed sudden dramatic rise in the past two decades representing severe global outbreaks. Contribution of a large number of different countries and the relatively high h-index are indicative of how international collaboration can create common health agenda among distant different countries.,��https://www.ncbi.nlm.nih.gov/pubmed/28179007���Sweileh, Waleed M
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Bryce Henderson, Juana Zamora declare no conflicts of interest���Sep���The family Paramyxoviridae includes many viruses that significantly affect human and animal health. An essential step in the paramyxovirus life cycle is viral entry into host cells, mediated by virus-cell membrane fusion. Upon viral entry, infection results in expression of the paramyxoviral glycoproteins on the infected cell surface. This can lead to cell-cell fusion (syncytia formation), often linked to pathogenesis. Thus membrane fusion is essential for both viral entry and cell-cell fusion and an attractive target for therapeutic development. While there are important differences between viral-cell and cell-cell membrane fusion, many aspects are conserved. The paramyxoviruses generally utilize two envelope glycoproteins to orchestrate membrane fusion. Here, we discuss the roles of these glycoproteins in distinct steps of the membrane fusion process. These findings can offer insights into evolutionary relationships among Paramyxoviridae genera and offer future targets for prophylactic and therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/28138419ê��Aguilar, Hector C
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dogs
ferrets
infections���Jan«��OBJECTIVE: Characterisation of experimental Hendra virus (HeV) infection in dogs and assessment of associated transmission risk. METHODS: Beagle dogs were exposed oronasally to Hendra virus/Australia/Horse/2008/Redlands or to blood collected from HeV-infected ferrets. Ferrets were exposed to oral fluids collected from dogs after canine exposure to HeV. Observations made and samples tested post-exposure were used to assess the clinical course and replication sites of HeV in dogs, the infectivity for ferrets of canine oral fluids and features of HeV infection in dogs following contact with infective blood. RESULTS: Dogs were reliably infected with HeV and were generally asymptomatic. HeV was re-isolated from the oral cavity and virus clearance was associated with development of virus neutralising antibody. Major sites of HeV replication in dogs were the tonsils, lower respiratory tract and associated lymph nodes. Virus replication was documented in canine kidney and spleen, confirming a viraemic phase for canine HeV infection and suggesting that urine may be a source of infectious virus. Infection was transmitted to ferrets via canine oral secretions, with copy numbers for the HeV N gene in canine oral swabs comparable to those reported for nasal swabs of experimentally infected horses. CONCLUSION: HeV is not highly pathogenic for dogs, but their oral secretions pose a potential transmission risk to people. The time-window for transmission risk is circumscribed and corresponds to the period of acute infection before establishment of an adaptive immune response. The likelihood of central nervous system involvement in canine HeV infection is unclear, as is any long-term consequence.,��https://www.ncbi.nlm.nih.gov/pubmed/28124415Ê��Middleton, D J
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*paramyxoviruses���Apr���Bats are reservoir hosts for many paramyxoviruses, some of which cause human and zoonotic diseases of public health importance. We developed a Nipah virus nucleoprotein enzyme-linked immunosorbent assay to detect cross-reactive antibodies in serum samples from several bat species in Brazil. Our results warrant further investigation of henipa-like virus reservoirs in the Western hemisphere.,��https://www.ncbi.nlm.nih.gov/pubmed/28103156~��de Araujo, Jansen
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*Survival���Jul¼��Infectious diseases are transmitted when susceptible hosts are exposed to pathogen particles that can replicate within them. Among factors that limit transmission, the environment is particularly important for indirectly transmitted parasites. To try and assess a pathogens' ability to be transmitted through the environment and mitigate risk, we need to quantify its decay where transmission occurs in space such as the microclimate harbouring the pathogen. Hendra virus, a Henipavirus from Australian Pteropid bats, spills-over to horses and humans, causing high mortality. While a vaccine is available, its limited uptake has reduced opportunities for adequate risk management to humans, hence the need to develop synergistic preventive measures, like disrupting its transmission pathways. Transmission likely occurs shortly after virus excretion in paddocks; however, no survival estimates to date have used real environmental conditions. Here, we recorded microclimate conditions and fitted models that predict temperatures and potential evaporation, which we used to simulate virus survival with a temperature-survival model and modification based on evaporation. Predicted survival was lower than previously estimated and likely to be even lower according to potential evaporation. Our results indicate that transmission should occur shortly after the virus is excreted, in a relatively direct way. When potential evaporation is low, and survival is more similar to temperature dependent estimates, transmission might be indirect because the virus can wait several hours until contact is made. We recommend restricting horses' access to trees during night time and reducing grass under trees to reduce virus survival.,��https://www.ncbi.nlm.nih.gov/pubmed/28091706Ù��Martin, Gerardo
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Zoonoses/epidemiology/*transmission���Feb­��Nipah virus is a recently-recognised, zoonotic paramyxovirus that causes severe disease and high fatality rates in people. Outbreaks have occurred in Malaysia, Singapore, India and Bangladesh, and a putative Nipah virus was also recently associated with human disease in the Philippines. Worryingly, human-to-human transmission is common in Bangladesh, where outbreaks occur with near-annual frequency. Onward human transmission of Nipah virus in Bangladesh is associated with close contact with clinically-unwell patients or their infectious secretions. While Nipah virus isolates associated with outbreaks of human infection have not resulted in sustained transmission to date, specific exposures carry a high risk of person-to-person transmission, an observation which is supported by recent findings in animal models. Novel paramyxoviruses continue to emerge from wildlife hosts, and represent an ongoing threat to human health globally.,��https://www.ncbi.nlm.nih.gov/pubmed/28088124¸��Clayton, Bronwyn Anne
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*Phage display���MayÔ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with unusual broad host tropism and is designated as a Category C pathogen by the U.S. National Institute of Allergy and Infectious Diseases. NiV infection is initiated after binding of the viral G glycoprotein to the host cell receptor. The aim of this study was to map the NiV G glycoprotein cell binding domain using a phage display system. The NiV G extracellular domain was truncated and displayed as attachment proteins on M13 phage g3p minor coat protein. The binding efficiency of recombinant phages displaying different regions of NiV G to mammalian cells was evaluated. Results showed that regions of NiV G consisting of amino acids 396-602 (recombinant phage G4) and 498-602 (recombinant phage G5) demonstrated the highest binding to both Vero (5.5x10(3) cfu/ml and 5.6x10(3) cfu/ml) and THP-1 cells (3.5x10(3) cfu/ml and 2.9x10(3) cfu/ml). However, the binding of both of these recombinant phages to THP-1 cells was significantly lower than to Vero cells, and this could be due to the lack of primary host cell receptor expression on THP-1 cells. Furthermore, the binding between these two recombinant phages was competitive suggesting that there was a common host cell attachment site. This study employed an approach that is suitable for use in a biosafety level 2 containment laboratory without the need to use live virus to show that NiV G amino acids 498-602 play an important role for attachment to host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/28082163Ç��Lam, Chui-Wan
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�Recombinant vesicular stomatitis virus (VSV)-based chimeric viruses that include genes from other viruses show promise as vaccines and oncolytic viruses. However, the critical safety concern is the neurotropic nature conveyed by the VSV glycoprotein. VSVs that include the VSV glycoprotein (G) gene, even in most recombinant attenuated strains, can still show substantial adverse or lethal actions in the brain. Here, we test 4 chimeric viruses in the brain, including those in which glycoprotein genes from Nipah, chikungunya (CHIKV), and influenza H5N1 viruses were substituted for the VSV glycoprotein gene. We also test a virus-like vesicle (VLV) in which the VSV glycoprotein gene is expressed from a replicon encoding the nonstructural proteins of Semliki Forest virus. VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV were all safe in the adult mouse brain, as were VSVDeltaG viruses expressing either the Nipah F or G glycoprotein. In contrast, a complementing pair of VSVDeltaG viruses expressing Nipah G and F glycoproteins were lethal within the brain within a surprisingly short time frame of 2 days. Intranasal inoculation in postnatal day 14 mice with VSVDeltaG-CHIKV or VLV evoked no adverse response, whereas VSVDeltaG-H5N1 by this route was lethal in most mice. A key immune mechanism underlying the safety of VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV in the adult brain was the type I interferon response; all three viruses were lethal in the brains of adult mice lacking the interferon receptor, suggesting that the viruses can infect and replicate and spread in brain cells if not blocked by interferon-stimulated genes within the brain.IMPORTANCE Vesicular stomatitis virus (VSV) shows considerable promise both as a vaccine vector and as an oncolytic virus. The greatest limitation of VSV is that it is highly neurotropic and can be lethal within the brain. The neurotropism can be mostly attributed to the VSV G glycoprotein. Here, we test 4 chimeric viruses of VSV with glycoprotein genes from Nipah, chikungunya, and influenza viruses and nonstructural genes from Semliki Forest virus. Two of the four, VSVDeltaG-CHIKV and VLV, show substantially attenuated neurotropism and were safe in the healthy adult mouse brain. VSVDeltaG-H5N1 was safe in the adult brain but lethal in the younger brain. VSVDeltaG Nipah F+G was even more neurotropic than wild-type VSV, evoking a rapid lethal response in the adult brain. These results suggest that while chimeric VSVs show promise, each must be tested with both intranasal and intracranial administration to ensure the absence of lethal neurotropism.,��https://www.ncbi.nlm.nih.gov/pubmed/28077641b��van den Pol, Anthony N
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*innate immunity���Mar 4÷��Hendra virus and Nipah virus (NiV) are highly pathogenic zoonotic paramyxoviruses, from henipavirus genus, that have emerged in late 1990s in Australia and South-East Asia, respectively. Since their initial identification, numerous outbreaks have been reported, affecting both domestic animals and humans, and multiple rounds of person-to-person NiV transmission were observed. Widely distributed fruit bats from Pteropodidae family were found to be henipavirus natural reservoir. Numerous studies have reported henipavirus seropositivity in pteropid bats, including bats in Africa, thus expanding notably the geographic distribution of these viruses. Interestingly, henipavirus infection in bats seems to be asymptomatic, in contrast to severe disease induced in numerous other mammals. Unique among the mammals by their ability to fly, these intriguing animals are natural reservoir for many other emerging and remerging viruses highly pathogenic for humans. This feature, combined with absence of clinical symptoms, has attracted the interest of scientific community to virus-bat interactions. Therefore, several bat genomes were sequenced and particularities of the bat immune system have been intensively analyzed during the last decade to understand their coexistence with viruses in the absence of disease. The peculiarities in inflammasome activation, a constitutive expression of interferon alpha, and some differences in adaptive immunity have been recently reported in fruit bats. Studies on virus-bat interactions have thus emerged as an exciting novel area of research that should shed new light on the mechanisms that regulate viral infection and may allow development of novel therapeutic approaches to control this highly lethal emerging infectious disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28060559¾��Enchery, Francois
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Virosomes/genetics/metabolism���Aprw��Viruses of the genus Henipavirus of the family Paramyxoviridae are zoonotic pathogens, which have emerged in Southeast Asia, Australia and Africa. Nipah virus (NiV) and Hendra virus are highly virulent pathogens transmitted from bats to animals and humans, while the henipavirus Cedar virus seems to be non-pathogenic in infection studies. The full replication cycle of the Paramyxoviridae occurs in the host cell's cytoplasm, where viral assembly is orchestrated by the matrix (M) protein. Unexpectedly, the NiV-M protein traffics through the nucleus as an essential step to engage the plasma membrane in preparation for viral budding/release. Comparative studies were performed to assess whether M protein nuclear localization is a common feature of the henipaviruses, including the recently sequenced (although not yet isolated) Ghanaian bat henipavirus (Kumasi virus, GH-M74a virus) and Mojiang virus. Live-cell confocal microscopy revealed that nuclear translocation of GFP-fused M protein is conserved between henipaviruses in both human- and bat-derived cell lines. However, the efficiency of M protein nuclear localization and virus-like particle budding competency varied. Additionally, Cedar virus-, Kumasi virus- and Mojiang virus-M proteins were mutated in a bipartite nuclear localization signal, indicating that a key lysine residue is essential for nuclear import, export and induction of budding events, as previously reported for NiV-M. The results of this study suggest that the M proteins of henipaviruses may utilize a similar nucleocytoplasmic trafficking pathway as an essential step during viral replication in both humans and bats.,��https://www.ncbi.nlm.nih.gov/pubmed/28056216ý��McLinton, Elisabeth C
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vaccination���Dec	��Hendra virus was identified in horses and humans in 1994, in Queensland, Australia. Flying foxes are the natural host. Horses are thought to acquire infection by direct or indirect contact with infected flying fox urine. Humans are infected from close contact with infected horses. To reduce risk of infection in horses and humans, Australian horse owners are encouraged to vaccinate horses against the virus and adopt property risk mitigation practices that focus on reducing flying fox horse contact and contamination of horses' environment with flying fox bodily fluids. This study investigates uptake of four Hendra virus risk mitigation practices in a sample of non- and partially vaccinating horse owners living close to previous Hendra virus cases. Protection motivation theory was used to develop a conceptual model to investigate risk perception and coping factors associated with uptake of risk mitigation practices. An online survey was administered via Facebook pages of veterinary clinics close to previous Hendra virus cases. Factors associated with uptake of risk mitigation practices were investigated using univariate and multivariate binary logistic regression. Belief that a risk mitigation practice would be effective in reducing Hendra virus risk was significantly associated with the uptake of that practice. Issues around the practicality of implementing risk mitigation practices were found to be the greatest barrier to uptake. Factors that relate to risk immediacy, such as nearby infection, were identified as more likely to trigger uptake of risk mitigation practices. The role of veterinarians in supporting Hendra risk mitigation was identified as more influential than that of respected others or friends. Findings from this study are being used to assist stakeholders in Australia responsible for promotion of risk mitigation practice in identifying additional pathways and reliable influencing factors that could be utilized for engaging and communicating with horse owners to promote Hendra virus risk mitigation behaviour.,��https://www.ncbi.nlm.nih.gov/pubmed/28054443Â��Manyweathers, J
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genetic diversity.#��Astroviruses are emerging RNA viruses that cause enteropathogenic infections in humans and in other mammals. The identification of astroviruses in a wide range of animals highlights the zoonotic importance of these viruses. Bats can harbor many different viruses, among which some are highly pathogenic for humans (for instance, Nipah, Ebola and SARS coronavirus), and also several astroviruses. As some RNA viruses can be directly transmitted from bats to humans, it is crucial to collect data about their frequency, genetic diversity and phylogenetic characterization. In this study, we report the molecular identification of 44 new astroviruses (with a detection rate of 4.5%) in 962 apparently healthy bats that belong to five different species and that were captured in different caves in North-East Gabon, Central Africa. Our results show that bat astroviruses form a group that is genetically distinct from astroviruses infecting other mammals. Moreover, these astroviruses showed an important genetic diversity and low host restriction in bat species.,��https://www.ncbi.nlm.nih.gov/pubmed/27928918Ú��Rougeron, V
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Lab-On-A-Chip Devices
Magnetite Nanoparticles/*chemistry���Dec 20°��Current diagnosis of infectious diseases such as Hendra virus (HeV) relies mostly on laboratory-based tests. There is an urgent demand for rapid diagnosis technology to detect and identify these diseases in humans and animals so that disease spread can be controlled. In this study, an integrated lab-on-a-chip device using a magnetic nanoparticle immunoassay is developed. The key features of the device are the chaotic fluid mixing, achieved by magnetically driven motion of nanoparticles with the optimal mixing protocol developed using chaotic transport theory, and the automatic liquid handling system for loading reagents and samples. The device has been demonstrated to detect Hendra virus antibodies in dilute horse serum samples within a short time of 15 minutes and the limit of detection is about 0.48 ng ml(-1). The device platform can potentially be used for field detection of viruses and other biological and chemical substances.,��https://www.ncbi.nlm.nih.gov/pubmed/27921111���Petkovic, K
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��Yoneda, M.���2016*��Nipah and Hendra virus infectious diseases	��1973-1978���Nihon Rinsho���74���12���Decý��Nipah and Hendra virus were first identified in mid 1990s in Australia and Malaysia, caus- ing epidemics with high mortality rate in affected animals and humans. Since their first emer- gence, they continued to re-emerge in Australia and South East Asia almost every year. Nipah and Hendra virus were classified in the new genus Henipavirus because of their un- common features amongst Paramyxoviridae. Henipaviruses are zoonotic paramyxoviruses with a broad tropism, and cause severe acute respiratory disease and encephalitis. Their high virulence and wide host range make them to be given Biosecurity Level 4 status. This review summarizes details of Henipavirus emergence, reservoir hosts and pathology, and introduce recent progress in vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/30550652R��Yoneda, Misako
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viral prevalence���Octb��Fruit bats (Pteropodidae) have received increased attention after the recent emergence of notable viral pathogens of bat origin. Their vagility hinders data collection on abundance and distribution, which constrains modeling efforts and our understanding of bat ecology, viral dynamics, and spillover. We addressed this knowledge gap with models and data on the occurrence and abundance of nectarivorous fruit bat populations at 3 day roosts in southeast Queensland. We used environmental drivers of nectar production as predictors and explored relationships between bat abundance and virus spillover. Specifically, we developed several novel modeling tools motivated by complexities of fruit bat foraging ecology, including: (1) a dataset of spatial variables comprising Eucalypt-focused vegetation indices, cumulative precipitation, and temperature anomaly; (2) an algorithm that associated bat population response with spatial covariates in a spatially and temporally relevant way given our current understanding of bat foraging behavior; and (3) a thorough statistical learning approach to finding optimal covariate combinations. We identified covariates that classify fruit bat occupancy at each of our three study roosts with 86-93% accuracy. Negative binomial models explained 43-53% of the variation in observed abundance across roosts. Our models suggest that spatiotemporal heterogeneity in Eucalypt-based food resources could drive at least 50% of bat population behavior at the landscape scale. We found that 13 spillover events were observed within the foraging range of our study roosts, and they occurred during times when models predicted low population abundance. Our results suggest that, in southeast Queensland, spillover may not be driven by large aggregations of fruit bats attracted by nectar-based resources, but rather by behavior of smaller resident subpopulations. Our models and data integrated remote sensing and statistical learning to make inferences on bat ecology and disease dynamics. This work provides a foundation for further studies on landscape-scale population movement and spatiotemporal disease dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/27891217ü��Giles, John R
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*X-ray crystallography
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*phosphoprotein���Jan 15d��Marburg virus (MARV) is a highly pathogenic filovirus that is classified in a genus distinct from that of Ebola virus (EBOV) (genera Marburgvirus and Ebolavirus, respectively). Both viruses produce a multifunctional protein termed VP35, which acts as a polymerase cofactor, a viral protein chaperone, and an antagonist of the innate immune response. VP35 contains a central oligomerization domain with a predicted coiled-coil motif. This domain has been shown to be essential for RNA polymerase function. Here we present crystal structures of the MARV VP35 oligomerization domain. These structures and accompanying biophysical characterization suggest that MARV VP35 is a trimer. In contrast, EBOV VP35 is likely a tetramer in solution. Differences in the oligomeric state of this protein may explain mechanistic differences in replication and immune evasion observed for MARV and EBOV. IMPORTANCE: Marburg virus can cause severe disease, with up to 90% human lethality. Its genome is concise, only producing seven proteins. One of the proteins, VP35, is essential for replication of the viral genome and for evasion of host immune responses. VP35 oligomerizes (self-assembles) in order to function, yet the structure by which it assembles has not been visualized. Here we present two crystal structures of this oligomerization domain. In both structures, three copies of VP35 twist about each other to form a coiled coil. This trimeric assembly is in contrast to tetrameric predictions for VP35 of Ebola virus and to known structures of homologous proteins in the measles, mumps, and Nipah viruses. Distinct oligomeric states of the Marburg and Ebola virus VP35 proteins may explain differences between them in polymerase function and immune evasion. These findings may provide a more accurate understanding of the mechanisms governing VP35's functions and inform the design of therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/27847355¡��Bruhn, Jessica F
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Virus Replication���Novì��BACKGROUND: Nipah virus causes respiratory and neurologic disease with case fatality rates up to 100% in individual outbreaks. End stage lesions have been described in the respiratory and nervous systems, vasculature and often lymphoid organs in fatal human cases; however, the initial target organs of Nipah virus infection have not been identified. Here, we detected the initial target tissues and cells of Nipah virus and tracked virus dissemination during the early phase of infection in Syrian hamsters inoculated with a Nipah virus isolate from Malaysia (NiV-M) or Bangladesh (NiV-B). METHODOLOGY/PRINCIPAL FINDINGS: Syrian hamsters were euthanized between 4 and 48 hours post intranasal inoculation and tissues were collected and analyzed for the presence of viral RNA, viral antigen and infectious virus. Virus replication was first detected at 8 hours post inoculation (hpi). Nipah virus initially targeted type I pneumocytes, bronchiolar respiratory epithelium and alveolar macrophages in the lung and respiratory and olfactory epithelium lining the nasal turbinates. By 16 hpi, virus disseminated to epithelial cells lining the larynx and trachea. Although the pattern of viral dissemination was similar for both virus isolates, the rate of spread was slower for NiV-B. Infectious virus was not detected in the nervous system or blood and widespread vascular infection and lesions within lymphoid organs were not observed, even at 48 hpi. CONCLUSIONS/SIGNIFICANCE: Nipah virus initially targets the respiratory system. Virus replication in the brain and infection of blood vessels in non-respiratory tissues does not occur during the early phase of infection. However, virus replicates early in olfactory epithelium and may serve as the first step towards nervous system dissemination, suggesting that development of vaccines that block virus dissemination or treatments that can access the brain and spinal cord and directly inhibit virus replication may be necessary for preventing central nervous system pathology.,��https://www.ncbi.nlm.nih.gov/pubmed/27812087���Baseler, Laura
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*Stent���Dec 30°��Active ingredients of ginsenoside, Rg1 and Re, are able to inhibit the proliferation of vascular smooth muscle cells and promote the growth of vascular endothelial cells. These capabilities are of interest for developing a novel drug-eluting stent to potentially solve the current problem of late-stent thrombosis and poor endotheliazation. Therefore, this study was aimed to incorporate ginsenoside into degradable coating of poly(lactic-co-glycolic acid) (PLGA). Drug mixture composed of ginseng extract and 10% to 50% of PLGA (xPLGA/g) was coated on electropolished stainless steel 316L substrate by using a dip coating technique. The coating was characterized principally by using attenuated total reflectance-Fourier transform infrared spectroscopy, scanning electron microscopy and contact angle analysis, while the drug release profile of ginsenosides Rg1 and Re was determined by using mass spectrometry at a one month immersion period. Full and homogenous coating coverage with acceptable wettability was found on the 30PLGA/g specimen. All specimens underwent initial burst release dependent on their composition. The 30PLGA/g and 50PLGA/g specimens demonstrated a controlled drug release profile having a combination of diffusion- and swelling-controlled mechanisms of PLGA. The study suggests that the 30PLGA/g coated specimen expresses an optimum composition which is seen as practicable for developing a controlled release drug-eluting stent.,��https://www.ncbi.nlm.nih.gov/pubmed/27793709ò��Miswan, Zulaika
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subtypesÞ��The olfactory epithelium (OE) is the only body site where neurons contact directly the environment and are therefore exposed to a broad variation of substances and insults. It can serve as portal of entry for neurotropic viruses which spread via the olfactory pathway to the central nervous system. For horses, it has been proposed and concluded mainly from rodent studies that different viruses, e.g., Borna disease virus, equine herpesvirus 1 (EHV-1), hendra virus, influenza virus, rabies virus, vesicular stomatitis virus can use this route. However, little is yet known about cytoarchitecture, protein expression and the intranasal location of the equine OE. Revealing differences in cytoarchitecture or protein expression pattern in comparison to rodents, canines, or humans might help to explain varying susceptibility to certain intranasal virus infections. On the other hand, disclosing similarities especially between rodents and other species, e.g., horses would help to underscore transferability of rodent models. Analysis of the complete noses of five adult horses revealed that in the equine OE two epithelial subtypes with distinct marker expression exist, designated as types a and b which resemble those previously described in dogs. Detailed statistical analysis was carried out to confirm the results obtained on the descriptive level. The equine OE was predominantly located in caudodorsal areas of the nasal turbinates with a significant decline in rostroventral direction, especially for type a. Immunohistochemically, olfactory marker protein and doublecortin (DCX) expression was found in more cells of OE type a, whereas expression of proliferating cell nuclear antigen and tropomyosin receptor kinase A was present in more cells of type b. Accordingly, type a resembles the mature epithelium, in contrast to the more juvenile type b. Protein expression profile was comparable to canine and rodent OE but equine types a and b were located differently within the nose and revealed differences in its cytoarchitecture when compared to canine OE. Equine OE type a closely resembles rat OE. Whether the observed differences contribute to species-specific susceptibility to intranasal insults such as virus infections has to be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/27790096¸��Kupke, Alexandra
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Uncertainty���Bat-borne viruses have been linked to a number of zoonotic diseases; in 2014 there have been human cases of Nipah virus (NiV) in Bangladesh and Ebola virus in West and Central Africa. Here we describe a model designed to provide initial quantitative predictions of the risk of entry of such viruses to European Union (EU) Member States (MSs) through four routes: human travel, legal trade (e.g. fruit and animal products), live animal movements and illegal importation of bushmeat. The model utilises available datasets to assess the movement via these routes between individual countries of the world and EU MSs. These data are combined with virus specific data to assess the relative risk of entry between EU MSs. As a case study, the model was parameterised for NiV. Scenario analyses showed that the selection of exporting countries with NiV and potentially contaminated trade products were essential to the accuracy of all model outputs. Uncertainty analyses of other model parameters identified that the model expected number of years to an introduction event within the EU was highly susceptible to the prevalence of NiV in bats. The relative rankings of the MSs and routes, however, were more robust. The UK, the Netherlands and Germany were consistently the most likely points of entry and the ranking of most MSs varied by no more than three places (maximum variation five places). Legal trade was consistently the most likely route of entry, only falling below human travel when the estimate of the prevalence of NiV in bats was particularly low. Any model-based calculation is dependent on the data available to feed into the model and there are distinct gaps in our knowledge, particularly in regard to various pathogen/virus as well as host/bat characteristics. However, the strengths of this model lie in the provision of relative comparisons of risk among routes and MSs. The potential for expansion of the model to include other routes and viruses and the possibility of rapid parameterisation demonstrates its potential for use in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/27788234Î��Simons, Robin R L
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*Virus Internalization���Oct|��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are bat-borne viruses that cause fatal disease in humans and a range of other mammalian species. Gaining a deeper understanding of host pathways exploited by henipaviruses for infection may identify targets for new anti-viral therapies. Here we have performed genome-wide high-throughput agonist and antagonist screens at biosafety level 4 to identify host-encoded microRNAs (miRNAs) impacting henipavirus infection in human cells. Members of the miR-181 and miR-17~93 families strongly promoted Hendra virus infection. miR-181 also promoted Nipah virus infection, but did not affect infection by paramyxoviruses from other genera, indicating specificity in the virus-host interaction. Infection promotion was primarily mediated via the ability of miR-181 to significantly enhance henipavirus-induced membrane fusion. Cell signalling receptors of ephrins, namely EphA5 and EphA7, were identified as novel negative regulators of henipavirus fusion. The expression of these receptors, as well as EphB4, were suppressed by miR-181 overexpression, suggesting that simultaneous inhibition of several Ephs by the miRNA contributes to enhanced infection and fusion. Immune-responsive miR-181 levels was also up-regulated in the biofluids of ferrets and horses infected with Hendra virus, suggesting that the host innate immune response may promote henipavirus spread and exacerbate disease severity. This study is the first genome-wide screen of miRNAs influencing infection by a clinically significant mononegavirus and nominates select miRNAs as targets for future anti-viral therapy development.,��https://www.ncbi.nlm.nih.gov/pubmed/27783670h��Foo, Chwan Hong
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*nonresponse���Oct-Dec���BACKGROUND: Even a well-designed randomized control trial (RCT) study can produce ambiguous results. This article highlights a case in which full sample results from a large-scale RCT in the United Kingdom differ from results for a subsample of survey respondents. OBJECTIVES: Our objective is to ascertain the source of the discrepancy in inferences across data sources and, in doing so, to highlight important threats to the reliability of the causal conclusions derived from even the strongest research designs. RESEARCH DESIGN: The study analyzes administrative data to shed light on the source of the differences between the estimates. We explore the extent to which heterogeneous treatment impacts and survey nonresponse might explain these differences. We suggest checks which assess the external validity of survey measured impacts, which in turn provides an opportunity to test the effectiveness of different weighting schemes to remove bias. The subjects included 6,787 individuals who participated in a large-scale social policy experiment. RESULTS: Our results were not definitive but suggest nonresponse bias is the main source of the inconsistent findings. CONCLUSIONS: The results caution against overconfidence in drawing conclusions from RCTs and highlight the need for great care to be taken in data collection and analysis. Particularly, given the modest size of impacts expected in most RCTs, small discrepancies in data sources can alter the results. Survey data remain important as a source of information on outcomes not recorded in administrative data. However, linking survey and administrative data is strongly recommended whenever possible.,��https://www.ncbi.nlm.nih.gov/pubmed/27780905À��Dorsett, Richard
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*flying-foxes���May¸��Hendra virus (HeV) causes potentially fatal respiratory and/or neurological disease in both horses and humans. Although Australian flying-foxes of the genus Pteropus have been identified as reservoir hosts, the precise mechanism of HeV transmission has yet to be elucidated. To date, there has been limited investigation into the role of haematophagous insects as vectors of HeV. This mode of transmission is particularly relevant because Australian flying-foxes host the bat-specific blood-feeding ectoparasites of the genus Cyclopodia (Diptera: Nycteribiidae), also known as bat flies. Using molecular detection methods, we screened for HeV RNA in 183 bat flies collected from flying-foxes inhabiting a roost in Boonah, Queensland, Australia. It was subsequently demonstrated that during the study period, Pteropus alecto in this roost had a HeV RNA prevalence between 2 and 15% (95% CI [1, 6] to [8, 26], respectively). We found no evidence of HeV in any bat flies tested, including 10 bat flies collected from P. alecto in which we detected HeV RNA. Our negative findings are consistent with previous findings and provide additional evidence that bat flies do not play a primary role in HeV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/27770493Ö��Vidgen, M E
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*Tioman virus���Nov)��Bat-borne viral diseases are a major public health concern among newly emerging infectious diseases which includes severe acute respiratory syndrome, Nipah, Marburg and Ebola virus disease. During the survey for Nipah virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and confirmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be susceptible to Tioman virus. Negative electron microscopy study revealed the "herringbone" morphology of the nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.,��https://www.ncbi.nlm.nih.gov/pubmed/27619056o��Yadav, Pragya
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Queensland���Oct 20È��Australian dinosaurs have played a rare but controversial role in the debate surrounding the effect of Gondwanan break-up on Cretaceous dinosaur distribution. Major spatiotemporal gaps in the Gondwanan Cretaceous fossil record, coupled with taxon incompleteness, have hindered research on this effect, especially in Australia. Here we report on two new sauropod specimens from the early Late Cretaceous of Queensland, Australia, that have important implications for Cretaceous dinosaur palaeobiogeography. Savannasaurus elliottorum gen. et sp. nov. comprises one of the most complete Cretaceous sauropod skeletons ever found in Australia, whereas a new specimen of Diamantinasaurus matildae includes the first ever cranial remains of an Australian sauropod. The results of a new phylogenetic analysis, in which both Savannasaurus and Diamantinasaurus are recovered within Titanosauria, were used as the basis for a quantitative palaeobiogeographical analysis of macronarian sauropods. Titanosaurs achieved a worldwide distribution by at least 125 million years ago, suggesting that mid-Cretaceous Australian sauropods represent remnants of clades which were widespread during the Early Cretaceous. These lineages would have entered Australasia via dispersal from South America, presumably across Antarctica. High latitude sauropod dispersal might have been facilitated by Albian-Turonian warming that lifted a palaeoclimatic dispersal barrier between Antarctica and South America.,��https://www.ncbi.nlm.nih.gov/pubmed/277635980��Poropat, Stephen F
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*Virus Internalization���Oct 18v��Nipah is an emerging paramyxovirus that is of serious concern to human health. It invades host cells using two of its membrane proteins-G and F. G binds to host ephrins and this stimulates G to activate F. Upon activation, F mediates virus-host membrane fusion. Here we focus on mechanisms that underlie the stimulation of G by ephrins. Experiments show that G interacts with ephrin and F through separate sites located on two different domains, the receptor binding domain (RBD) and the F activation domain (FAD). No models explain this allosteric coupling. In fact, the analogous mechanisms in other paramyxoviruses also remain undetermined. The structural organization of G is such that allosteric coupling must involve at least one of the two interfaces-the RBD-FAD interface and/or the RBD-RBD interface. Here we examine using molecular dynamics the effect of ephrin binding on the RBD-RBD interface. We find that despite inducing small changes in individual RBDs, ephrin reorients the RBD-RBD interface extensively, and in a manner that will enhance solvent exposure of the FAD. While this finding supports a proposed model of G stimulation, we also find from additional simulations that ephrin induces a similar RBD-RBD reorientation in a stimulation-deficient G mutant, V209 VG --> AAA. Together, our simulations suggest that while inter-RBD reorientation may be important, it is not, by itself, a sufficient condition for G stimulation. Additionally, we find that the mutation affects the conformational ensemble of RBD globally, including the RBD-FAD interface, suggesting the latter's role in G stimulation. Because ephrin induces small changes in individual RBDs, a proper analysis of conformational ensembles required that they are compared directly-we employ a method we developed recently, which we now release at SimTK, and show that it also performs excellently for non-Gaussian distributions.,��https://www.ncbi.nlm.nih.gov/pubmed/27760350���Dutta, Priyanka
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*zoonoses���DecF��Human Nipah encephalitis outbreaks have been identified almost yearly in Bangladesh since 2001. Though raw date palm sap consumption and person-to-person contact are recognized as major transmission pathways, alternative pathways of transmission are plausible and may not have been identified due to limited statistical power in each outbreak. We conducted a risk factor analysis using all 157 cases and 632 controls surveyed in previous investigations during 2004-2012 to identify exposures independently associated with Nipah, since date palm sap was first asked about as an exposure in 2004. To further explore possible rare exposures, we also conducted in-depth interviews with all cases, or proxies, since 2001 that reported no exposure to date palm sap or contact with another case. Cases were 4.9 (95% 3.2-7.7) times more likely to consume raw date palm sap and 7.3 (95% 4.0-13.4) times more likely to have contact with a Nipah case than controls. In-depth interviews revealed that 39/182 (21%) of Nipah cases reporting neither date palm sap consumption nor contact with another case were misclassified. Prevention efforts should be focused on interventions to interrupt transmission through date palm sap consumption and person-to-person contact. Furthermore, pooling outbreak investigation data is a good method for assessing rare exposures.,��https://www.ncbi.nlm.nih.gov/pubmed/27738775H��Hegde, Sonia T
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Zoonoses/*virology���Aug���Viruses rapidly evolve and can emerge in unpredictable ways. Transmission pathways by which foodborne viruses may enter human populations and evolutionary mechanisms by which viruses can become virulent are discussed in this chapter. A majority of viruses emerge from zoonotic animal reservoirs, often by adapting and infecting intermediate hosts, such as domestic animals and livestock. Viruses that are known foodborne threats include hepatitis E virus, tick-borne encephalitis virus, enteroviruses, adenovirus, and astroviruses, among others. Viruses may potentially evolve and emerge as a result of modern agricultural practices which can concentrate livestock and bring them into contact with wild animals. Examples of viruses that have emerged in this manner are influenza, coronaviruses such as severe acute respiratory syndrome and Middle East respiratory syndrome, and the Nipah virus. The role of bats, bush meat, rodents, pigs, cattle, and poultry as reservoirs from which infectious pathogenic viruses emerge are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/27726774x��Kingsley, David H
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*risk factor���Janï��Bats of the genus Pteropus (Pteropodidae), colloquially known as flying foxes, are recognized as the natural reservoir of Hendra virus, a zoonotic paramyxovirus responsible for mortality in horses and humans. Some previous studies have suggested that physiologic and ecologic factors promote Hendra virus infection in flying foxes, and by extension, spillover to horses and humans. However, the impact of Hendra virus infection on relevant physiologic biomarkers in flying foxes has not been measured. Over 12 mo in eastern Australia, we captured and sampled 446 individual black flying foxes ( Pteropus alecto ), a putative primary reservoir host species, and measured a suite of hematologic, plasma biochemistry, and urinary biomarkers. All mean hematologic and biochemical values in both Hendra virus-positive and virus-negative cohorts were within the published reference ranges for black flying foxes. We found no association between Hendra virus infection (as indicated by PCR detection of Hendra virus RNA) and biomarkers for nutritional stress, reproductive stress, or extreme metabolic demand. However, we identified associations between several other biomarkers and Hendra virus infection, which may partly elucidate the physiologic effects of Hendra virus infection in flying foxes. Our findings highlight the need for critical evaluation of putative risk factors for infection in flying foxes and provide insights for future epidemiologic studies of Hendra virus and related viruses in the Pteropus species.,��https://www.ncbi.nlm.nih.gov/pubmed/27723384Ã��McMichael, Lee
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Pneumonia/drug therapy/virologyú��Host-derived proteases can augment or help to clear infections. This dichotomy is exemplified by cathepsin L (CTSL), which helps Hendra virus and SARS coronavirus to invade cells, but is essential for survival in mice with mycoplasma pneumonia. The present study tested the hypothesis that CTSL protects mice from serious consequences of infection by the orthomyxovirus influenza A, which is thought to be activated by host-supplied proteases other than CTSL. Ctsl-/- mice infected with influenza A/Puerto Rico/8/34(H1N1) had larger lung viral loads and higher mortality than infected Ctsl+/+ mice. Lung inflammation in surviving infected mice peaked 14 days after initial infection, accompanied marked focal distal airway bronchiolization and epithelial metaplasia followed by desquamation and fibrotic interstitial remodeling, and persisted for at least 6 weeks. Most deaths occurred during the second week of infection in both groups of mice. In contrast to mycoplasma pneumonia, infiltrating cells were predominantly mononuclear rather than polymorphonuclear. The histopathology of lung inflammation and remodeling in survivors was similar in Ctsl-/- and Ctsl+/+ mice, although Ctsl+/+ mice cleared immunoreactive virus sooner. Furthermore, Ctsl-/- mice had profound deficits in CD4+ lymphocytes before and after infection and weaker production of pathogen-specific IgG. Thus, CTSL appears to support innate as well as adaptive responses, which confer a survival advantage on mice infected with the orthomyxovirus influenza A.,��https://www.ncbi.nlm.nih.gov/pubmed/27716790ù��Xu, Xiang
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�The paramyxoviral family contains many medically important viruses, including measles virus, mumps virus, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the deadly zoonotic henipaviruses Hendra and Nipah virus (NiV). To both enter host cells and spread from cell to cell within infected hosts, the vast majority of paramyxoviruses utilize two viral envelope glycoproteins: the attachment glycoprotein (G, H, or hemagglutinin-neuraminidase [HN]) and the fusion glycoprotein (F). Binding of G/H/HN to a host cell receptor triggers structural changes in G/H/HN that in turn trigger F to undergo a series of conformational changes that result in virus-cell (viral entry) or cell-cell (syncytium formation) membrane fusion. The actual regions of G/H/HN and F that interact during the membrane fusion process remain relatively unknown though it is generally thought that the paramyxoviral G/H/HN stalk region interacts with the F head region. Studies to determine such interactive regions have relied heavily on coimmunoprecipitation approaches, whose limitations include the use of detergents and the micelle-mediated association of proteins. Here, we developed a flow-cytometric strategy capable of detecting membrane protein-protein interactions by interchangeably using the full-length form of G and a soluble form of F, or vice versa. Using both coimmunoprecipitation and flow-cytometric strategies, we found a bidentate interaction between NiV G and F, where both the stalk and head regions of NiV G interact with F. This is a new structural-biological finding for the paramyxoviruses. Additionally, our studies disclosed regions of the NiV G and F glycoproteins dispensable for the G and F interactions. IMPORTANCE: Nipah virus (NiV) is a zoonotic paramyxovirus that causes high mortality rates in humans, with no approved treatment or vaccine available for human use. Viral entry into host cells relies on two viral envelope glycoproteins: the attachment (G) and fusion (F) glycoproteins. Binding of G to the ephrinB2 or ephrinB3 cell receptors triggers conformational changes in G that in turn cause F to undergo conformational changes that result in virus-host cell membrane fusion and viral entry. It is currently unknown, however, which specific regions of G and F interact during membrane fusion. Past efforts to determine the interacting regions have relied mainly on coimmunoprecipitation, a technique with some pitfalls. We developed a flow-cytometric assay to study membrane protein-protein interactions, and using this assay we report a bidentate interaction whereby both the head and stalk regions of NiV G interact with NiV F, a new finding for the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/27654290û��Stone, Jacquelyn A
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Viral Proteins/genetics/*immunology���Sep2��For efficient replication, viruses have developed mechanisms to evade innate immune responses, including the antiviral type-I interferon (IFN-I) system. Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae family (genus Henipavirus), is known to encode for four P gene-derived viral proteins (P/C/W/V) with IFN-I antagonist functions. Here we report that NiV matrix protein (NiV-M), which is important for virus assembly and budding, can also inhibit IFN-I responses. IFN-I production requires activation of multiple signaling components including the IkappaB kinase epsilon (IKKepsilon). We previously showed that the E3-ubiquitin ligase TRIM6 catalyzes the synthesis of unanchored K48-linked polyubiquitin chains, which are not covalently attached to any protein, and activate IKKepsilon for induction of IFN-I mediated antiviral responses. Using co-immunoprecipitation assays and confocal microscopy we show here that the NiV-M protein interacts with TRIM6 and promotes TRIM6 degradation. Consequently, NiV-M expression results in reduced levels of unanchored K48-linked polyubiquitin chains associated with IKKepsilon leading to impaired IKKepsilon oligomerization, IKKepsilon autophosphorylation and reduced IFN-mediated responses. This IFN antagonist function of NiV-M requires a conserved lysine residue (K258) in the bipartite nuclear localization signal that is found in divergent henipaviruses. Consistent with this, the matrix proteins of Ghana, Hendra and Cedar viruses were also able to inhibit IFNbeta induction. Live NiV infection, but not a recombinant NiV lacking the M protein, reduced the levels of endogenous TRIM6 protein expression. To our knowledge, matrix proteins of paramyxoviruses have never been reported to be involved in innate immune antagonism. We report here a novel mechanism of viral innate immune evasion by targeting TRIM6, IKKepsilon and unanchored polyubiquitin chains. These findings expand the universe of viral IFN antagonism strategies and provide a new potential target for development of therapeutic interventions against NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27622505���Bharaj, Preeti
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*W protein���Oct 21b��Paramyxoviruses replicate in the cytoplasm with no obvious requirement to interact with the nucleus. Nevertheless, the W protein of the highly lethal bat-borne paramyxovirus Nipah virus (NiV) is known to undergo specific targeting to the nucleus, mediated by a single nuclear localisation signal (NLS) within the C-terminal domain. Here, we report for the first time that additional sites modulate nucleocytoplasmic localisation of W. We show that the N-terminal domain interacts with importin alpha1 and contributes to nuclear accumulation of W, indicative of a novel N-terminal NLS. We also find that W undergoes exportin-1 mediated nuclear export, dependent on a leucine at position 174. Together, these data enable significant revision of the generally accepted model of W trafficking, with implications for understanding of the mechanisms of NiV immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/27622322´��Audsley, Michelle D
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*Swine���Sep 14s��Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus, within the family Paramyxoviridae. Nipah virus has caused outbreaks of human disease in Bangladesh, Malaysia, Singapore, India and Philippines, in addition to a large outbreak in swine in Malaysia in 1998/1999. Recently, NiV was suspected to be a causative agent of an outbreak in horses in 2014 in the Philippines, while HeV has caused multiple human and equine outbreaks in Australia since 1994. A swine vaccine able to prevent shedding of infectious virus is of veterinary and human health importance, and correlates of protection against henipavirus infection in swine need to be better understood. In the present study, three groups of animals were employed. Pigs vaccinated with adjuvanted recombinant soluble HeV G protein (sGHEV) and challenged with HeV, developed antibody levels considered to be protective prior to the challenge (titers of 320). However, activation of the cell-mediated immune response was not detected, and the animals were only partially protected against challenge with 5x10(5) PFU of HeV per animal. In the second group, cross-neutralizing antibody levels against NiV in the sGHEV vaccinated animals did not reach protective levels, and with no activation of cellular immune memory, these animals were not protected against NiV. Only pigs orally infected with 5x10(4) PFU of NiV per animal were protected against nasal challenge with 5x10(5) PFU of NiV per animal. This group of pigs developed protective antibody levels, as well as cell-mediated immune memory. Peripheral blood mononuclear cells restimulated with UV-inactivated NiV upregulated IFN-gamma, IL-10 and the CD25 activation marker on CD4(+)CD8(+) T memory helper cells and to lesser extent on CD4(-)CD8(+) T cells. In conclusion, both humoral and cellular immune responses were required for protection of swine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27544586¯��Pickering, Brad S
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*Subcellular localization���Oct ��Nipah virus (NiV) causes severe encephalitis in humans, with high mortality. NiV nonstructural C protein (NiV-C) is essential for its pathogenicity, but its functions are unclear. In this study, we focused on NiV-C trafficking in cells and found that it localizes predominantly in the cytoplasm but partly in the nucleus. An analysis of NiV-C mutants showed that amino acids 2, 21-24 and 110-139 of NiV-C are important for its localization in the cytoplasm. Inhibitor treatment indicates that the nuclear export determinant is not a classical CRM1-dependent nuclear export signal. We also determined that amino acids 60-75 and 72-75 were important for nuclear localization of NiV-C. Furthermore, NiV-C mutants that had lost their capacity for nuclear localization inhibited the interferon (IFN) response more strongly than complete NiV-C. These results indicate that the IFN-antagonist activity of NiV-C occurs in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/27501340Ë��Horie, Ryo
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Virus Assembly���Oct���Genome replication and virion production by most negative-sense RNA viruses (NSVs) occurs exclusively in the cytoplasm, but many NSV-expressed proteins undergo active nucleocytoplasmic trafficking via signals that exploit cellular nuclear transport pathways. Nuclear trafficking has been reported both for NSV accessory proteins (including isoforms of the rabies virus phosphoprotein, and V, W and C proteins of paramyxoviruses) and for structural proteins. Trafficking of the former is thought to enable accessory functions in viral modulation of antiviral responses including the type I IFN system, but the intranuclear roles of structural proteins such as nucleocapsid and matrix proteins, which have critical roles in extranuclear replication and viral assembly, are less clear. Nevertheless, nuclear trafficking of matrix protein has been reported to be critical for efficient production of Nipah virus and Respiratory syncytial virus, and nuclear localization of nucleocapsid protein of several morbilliviruses has been linked to mechanisms of immune evasion. Together, these data point to the nucleus as a significant host interface for viral proteins during infection by NSVs with otherwise cytoplasmic life cycles. Importantly, several lines of evidence now suggest that nuclear trafficking of these proteins may be critical to pathogenesis and thus could provide new targets for vaccine development and antiviral therapies.,��https://www.ncbi.nlm.nih.gov/pubmed/27498841Í��Audsley, Michelle D
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*Prevention messages���Aug 51��BACKGROUND: During a fatal Nipah virus (NiV) outbreak in Bangladesh, residents rejected biomedical explanations of NiV transmission and treatment and lost trust in the public healthcare system. Field anthropologists developed and communicated a prevention strategy to bridge the gap between the biomedical and local explanation of the outbreak. METHODS: We explored residents' beliefs and perceptions about the illness and care-seeking practices and explained prevention messages following an interactive strategy with the aid of photos showed the types of contact that can lead to NiV transmission from bats to humans by drinking raw date palm sap and from person-to-person. RESULTS: The residents initially believed that the outbreak was caused by supernatural forces and continued drinking raw date palm sap despite messages from local health authorities to stop. Participants in community meetings stated that the initial messages did not explain that bats were the source of this virus. After our intervention, participants responded that they now understood how NiV could be transmitted and would abstain from raw sap consumption and maintain safer behaviours while caring for patients. CONCLUSIONS: During outbreaks, one-way behaviour change communication without meaningful causal explanations is unlikely to be effective. Based on the cultural context, interactive communication strategies in lay language with supporting evidence can make biomedical prevention messages credible in affected communities, even among those who initially invoke supernatural causal explanations.,��https://www.ncbi.nlm.nih.gov/pubmed/27495927+��Parveen, Shahana
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Restif, O.���2016e��Transmission or Within-Host Dynamics Driving Pulses of Zoonotic Viruses in Reservoir-Host Populations���e0004796���PLoS Negl Trop Dis���10���8���Aug¤��Progress in combatting zoonoses that emerge from wildlife is often constrained by limited knowledge of the biology of pathogens within reservoir hosts. We focus on the host-pathogen dynamics of four emerging viruses associated with bats: Hendra, Nipah, Ebola, and Marburg viruses. Spillover of bat infections to humans and domestic animals often coincides with pulses of viral excretion within bat populations, but the mechanisms driving such pulses are unclear. Three hypotheses dominate current research on these emerging bat infections. First, pulses of viral excretion could reflect seasonal epidemic cycles driven by natural variations in population densities and contact rates among hosts. If lifelong immunity follows recovery, viruses may disappear locally but persist globally through migration; in either case, new outbreaks occur once births replenish the susceptible pool. Second, epidemic cycles could be the result of waning immunity within bats, allowing local circulation of viruses through oscillating herd immunity. Third, pulses could be generated by episodic shedding from persistently infected bats through a combination of physiological and ecological factors. The three scenarios can yield similar patterns in epidemiological surveys, but strategies to predict or manage spillover risk resulting from each scenario will be different. We outline an agenda for research on viruses emerging from bats that would allow for differentiation among the scenarios and inform development of evidence-based interventions to limit threats to human and animal health. These concepts and methods are applicable to a wide range of pathogens that affect humans, domestic animals, and wildlife.,��https://www.ncbi.nlm.nih.gov/pubmed/27489944,��Plowright, Raina K
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Nipah Virus/*classification/*pathogenicity���Aug 3���Nipah virus (NiV) is a paramyxovirus that causes severe disease in humans and animals. There are two distinct strains of NiV, Malaysia (NiVM) and Bangladesh (NiVB). Differences in transmission patterns and mortality rates suggest that NiVB may be more pathogenic than NiVM. To investigate pathogenic differences between strains, 4 African green monkeys (AGM) were exposed to NiVM and 4 AGMs were exposed to NiVB. While NiVB was uniformly lethal, only 50% of NiVM-infected animals succumbed to infection. Histopathology of lungs and spleens from NiVB-infected AGMs was significantly more severe than NiVM-infected animals. Importantly, a second study utilizing 11 AGMs showed that the therapeutic window for human monoclonal antibody m102.4, previously shown to rescue AGMs from NiVM infection, was much shorter in NiVB-infected AGMs. Together, these data show that NiVB is more pathogenic in AGMs under identical experimental conditions and suggests that postexposure treatments may need to be NiV strain specific for optimal efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/27484128»��Mire, Chad E
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Phylogenetic analysis���JulÉ��Nipah virus (NiV) is a member of the genus Henipavirus of the family Paramyxoviridae, characterized by high pathogenicity and endemic in South Asia. It is classified as a Biosafety Level-4 (BSL-4) agent. The case-fatality varies from 40% to 70% depending on the severity of the disease and on the availability of adequate healthcare facilities. At present no antiviral drugs are available for NiV disease and the treatment is just supportive. Phylogenetic and evolutionary analyses can be used to help in understanding the epidemiology and the temporal origin of this virus. This review provides an overview of evolutionary studies performed on Nipah viruses circulating in different countries. Thirty phylogenetic studies have been published from 2000 to 2015 years, searching on pub-med using the key words 'Nipah virus AND phylogeny' and twenty-eight molecular epidemiological studies from 2006 to 2015 have been performed, typing the key words 'Nipah virus AND molecular epidemiology'. Overall data from the published study demonstrated as phylogenetic and evolutionary analysis represent promising tools to evidence NiV epidemics, to study their origin and evolution and finally to act with effective preventive measure.,��https://www.ncbi.nlm.nih.gov/pubmed/27393089Ê��Angeletti, Silvia
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*zoonosis���NovO��Hendra virus (HeV) was first described in 1994 in an outbreak of acute and highly lethal disease in horses and humans in Australia. Equine cases continue to be diagnosed periodically, yet the predisposing factors for infection remain unclear. We undertook an analysis of equine submissions tested for HeV by the Queensland government veterinary reference laboratory over a 20-year period to identify and investigate any patterns. We found a marked increase in testing from July 2008, primarily reflecting a broadening of the HeV clinical case definition. Peaks in submissions for testing, and visitations to the Government HeV website, were associated with reported equine incidents. Significantly differing between-year HeV detection rates in north and south Queensland suggest a fundamental difference in risk exposure between the two regions. The statistical association between HeV detection and stockhorse type may suggest that husbandry is a more important risk determinant than breed per se. The detection of HeV in horses with neither neurological nor respiratory signs poses a risk management challenge for attending veterinarians and laboratory staff, reinforcing animal health authority recommendations that appropriate risk management strategies be employed for all sick horses, and by anyone handling sick horses or associated biological samples.,��https://www.ncbi.nlm.nih.gov/pubmed/27357144ú��Smith, C S
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*paramyxovirus���Augt��Nipah virus (NiV, Henipavirus) is a highly lethal emergent zoonotic paramyxovirus responsible for repeated human outbreaks of encephalitis in South East Asia. There are no approved vaccines or treatments, thus improved understanding of NiV biology is imperative. NiV matrix protein recruits a plethora of cellular machinery to scaffold and coordinate virion budding. Intriguingly, matrix also hijacks cellular trafficking and ubiquitination pathways to facilitate transient nuclear localization. While the biological significance of matrix nuclear localization for an otherwise cytoplasmic virus remains enigmatic, the molecular details have begun to be characterized, and are conserved among matrix proteins from divergent paramyxoviruses. Matrix protein appropriation of cellular machinery will be discussed in terms of its early nuclear targeting and later role in virion assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/27350027¶��Watkinson, Ruth E
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Virus Shedding���Jun¨��Person-to-person transmission is a key feature of human Nipah virus outbreaks in Bangladesh. In contrast, in an outbreak of Nipah virus in Malaysia, people acquired infections from pigs. It is not known whether this important epidemiological difference is driven primarily by differences between NiV Bangladesh (NiV-BD) and Malaysia (NiV-MY) at a virus level, or by environmental or host factors. In a time course study, ferrets were oronasally exposed to equivalent doses of NiV-BD or NiV-MY. More rapid onset of productive infection and higher levels of virus replication in respiratory tract tissues were seen for NiV-BD compared to NiV-MY, corroborating our previous report of increased oral shedding of NiV-BD in ferrets and suggesting a contributory mechanism for increased NiV-BD transmission between people compared to NiV-MY. However, we recognize that transmission occurs within a social and environmental framework that may have an important and differentiating role in NiV transmission rates. With this in mind, ferret-to-ferret transmission of NiV-BD and NiV-MY was assessed under differing viral exposure conditions. Transmission was not identified for either virus when naive ferrets were cohoused with experimentally-infected animals. In contrast, all naive ferrets developed acute infection following assisted and direct exposure to oronasal fluid from animals that were shedding either NiV-BD or NiV-MY. Our findings for ferrets indicate that, although NiV-BD may be shed at higher levels than NiV-MY, transmission risk may be equivalently low under exposure conditions provided by cohabitation alone. In contrast, active transfer of infected bodily fluids consistently results in transmission, regardless of the virus strain. These observations suggest that the risk of NiV transmission is underpinned by social and environmental factors, and will have practical implications for managing transmission risk during outbreaks of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27341030���Clayton, Bronwyn A
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*Status asthmaticus
*extracorporeal membrane oxygenation (ECMO)
*mechanical ventilation
*pregnancy
*respiratory failure���Jan 2°��INTRODUCTION: Status asthmaticus can develop into a life-threatening disorder that requires mechanical ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes. Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-pregnant patients with status asthmaticus. CASE STUDY: A 25-year-old woman, who was 5 weeks pregnant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the patient's clinical condition as well as the gas exchange improved within the next few days. ECMO was removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial hematoma; the patient was diagnosed with abortus imminens and successfully treated with magnesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation. CONCLUSIONS: This is the first case report on the successful use of ECMO in a pregnant woman with severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechanical ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby, who was born without any complications.,��https://www.ncbi.nlm.nih.gov/pubmed/27340744Á��Steinack, Carolin
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One Health
Zoonoses���Junc��The appearance of novel pathogens of humans with epidemic potential and high mortality rates have threatened global health security for centuries. Over the past few decades new zoonotic infectious diseases of humans caused by pathogens arising from animal reservoirs have included West Nile virus, Yellow fever virus, Ebola virus, Nipah virus, Lassa Fever virus, Hanta virus, Dengue fever virus, Rift Valley fever virus, Crimean-Congo haemorrhagic fever virus, severe acute respiratory syndrome coronavirus, highly pathogenic avian influenza viruses, Middle East Respiratory Syndrome Coronavirus, and Zika virus. The recent Ebola Virus Disease epidemic in West Africa and the ongoing Zika Virus outbreak in South America highlight the urgent need for local, regional and international public health systems to be be more coordinated and better prepared. The One Health concept focuses on the relationship and interconnectedness between Humans, Animals and the Environment, and recognizes that the health and wellbeing of humans is intimately connected to the health of animals and their environment (and vice versa). Critical to the establishment of a One Health platform is the creation of a multidisciplinary team with a range of expertise including public health officers, physicians, veterinarians, animal husbandry specialists, agriculturalists, ecologists, vector biologists, viral phylogeneticists, and researchers to co-operate, collaborate to learn more about zoonotic spread between animals, humans and the environment and to monitor, respond to and prevent major outbreaks. We discuss the unique opportunities for Middle Eastern and African stakeholders to take leadership in building equitable and effective partnerships with all stakeholders involved in human and health systems to take forward a 'One Health' approach to control such zoonotic pathogens with epidemic potential.,��https://www.ncbi.nlm.nih.gov/pubmed/27321961���Zumla, Alimuddin
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Zoonoses/virologyÀ��Hendra virus (HeV) is an important emergent virus in Australia known to infect horses and humans in certain regions of the east coast. Whilst pteropid bats ("flying foxes") are considered the natural reservoir of HeV, which of the four mainland species is the principal reservoir has been a source of ongoing debate, particularly as shared roosting is common. To help resolve this, we sampled a colony consisting of just one of these species, the grey-headed flying fox, (Pteropus poliocephalus), at the southernmost extent of its range. Using the pooled urine sampling technique at approximately weekly intervals over a two year period, we determined the prevalence of HeV and related paramyxoviruses using a novel multiplex (Luminex) platform. Whilst all the pooled urine samples were negative for HeV nucleic acid, we successfully identified four other paramyxoviruses, including Cedar virus; a henipavirus closely related to HeV. Collection of serum from individually caught bats from the colony showed that antibodies to HeV, as estimated by a serological Luminex assay, were present in between 14.6% and 44.5% of animals. The wide range of the estimate reflects uncertainties in interpreting intermediate results. Interpreting the study in the context of HeV studies from states to the north, we add support for an arising consensus that it is the black flying fox and not the grey-headed flying fox that is the principal source of HeV in spillover events to horses.,��https://www.ncbi.nlm.nih.gov/pubmed/27304985ê��Burroughs, A L
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*Virus Internalization���Jun���Receptor-targeted lentiviral vectors (LVs) can be an effective tool for selective transfer of genes into distinct cell types of choice. Moreover, they can be used to determine the molecular properties that cell surface proteins must fulfill to act as receptors for viral glycoproteins. Here we show that LVs pseudotyped with receptor-targeted Nipah virus (NiV) glycoproteins effectively enter into cells when they use cell surface proteins as receptors that bring them closely enough to the cell membrane (less than 100 A distance). Then, they were flexible in receptor usage as demonstrated by successful targeting of EpCAM, CD20, and CD8, and as selective as LVs pseudotyped with receptor-targeted measles virus (MV) glycoproteins, the current standard for cell-type specific gene delivery. Remarkably, NiV-LVs could be produced at up to two orders of magnitude higher titers compared to their MV-based counterparts and were at least 10,000-fold less effectively neutralized than MV glycoprotein pseudotyped LVs by pooled human intravenous immunoglobulin. An important finding for NiV-LVs targeted to Her2/neu was an about 100-fold higher gene transfer activity when particles were targeted to membrane-proximal regions as compared to particles binding to a more membrane-distal epitope. Likewise, the low gene transfer activity mediated by NiV-LV particles bound to the membrane distal domains of CD117 or the glutamate receptor subunit 4 (GluA4) was substantially enhanced by reducing receptor size to below 100 A. Overall, the data suggest that the NiV glycoproteins are optimally suited for cell-type specific gene delivery with LVs and, in addition, for the first time define which parts of a cell surface protein should be targeted to achieve optimal gene transfer rates with receptor-targeted LVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27281338!��Bender, Ruben R
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Viral Proteins/genetics/*metabolism���SepÒ��Nipah virus belongs to the genus Henipavirus in the family Paramyxoviridae, and its RNA genome is larger than those of other paramyxoviruses because it has long untranslated regions (UTRs) in each gene. However, the functions of these UTRs are not fully understood. In this study, we investigated the functions of the 5' UTRs and found that the 5' UTR of the M gene upregulated the translation of a reporter gene. Using an RNA pull-down assay, we showed that eukaryotic elongation factor 1-beta (EEF1B2) interacts with nucleotides 81-100 of the M 5' UTR and specifically enhances its translation efficiency. Our results suggest that the M 5' UTR promotes the production of M protein and viral budding by recruiting EEF1B2.,��https://www.ncbi.nlm.nih.gov/pubmed/27236461ª��Uchida, Shotaro
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viral replication���Jul 3���Nucleocapsid assembly is an essential process in the replication of the non-segmented, negative-sense RNA viruses (NNVs). Unassembled nucleoprotein (N(0)) is maintained in an RNA-free and monomeric form by its viral chaperone, the phosphoprotein (P), forming the N(0)-P complex. Our earlier work solved the structure of vesicular stomatitis virus complex formed between an N-terminally truncated N (NDelta21) and a peptide of P (P60) encompassing the N(0)-binding site, but how the full-length P interacts with N(0) remained unknown. Here, we combine several experimental biophysical methods including size exclusion chromatography with detection by light scattering and refractometry, small-angle X-ray and neutron scattering and nuclear magnetic resonance spectroscopy with molecular dynamics simulation and computational modeling to characterize the NDelta21(0)-PFL complex formed with dimeric full-length P. We show that for multi-molecular complexes, simultaneous multiple-curve fitting using small-angle neutron scattering data collected at varying contrast levels provides additional information and can help refine structural ensembles. We demonstrate that (a) vesicular stomatitis virus PFL conserves its high flexibility within the NDelta21(0)-PFL complex and interacts with NDelta21(0) only through its N-terminal extremity; (b) each protomer of P can chaperone one N(0) client protein, leading to the formation of complexes with stoichiometries 1N:P2 and 2N:P2; and (c) phosphorylation of residues Ser60, Thr62 and Ser64 provides no additional interactions with N(0) but creates a metal binding site in PNTR. A comparison with the structures of Nipah virus and Ebola virus N(0)-P core complex suggests a mechanism for the control of nucleocapsid assembly that is common to all NNVs.,��https://www.ncbi.nlm.nih.gov/pubmed/27107640a��Yabukarski, Filip
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*virus-like particles���Jul 8¼��The matrix (M) protein of Nipah virus (NiV) is a peripheral protein that plays a vital role in the envelopment of nucleocapsid protein and acts as a bridge between the viral surface and the nucleocapsid proteins. The M protein is also proven to play an important role in production of virus-like particles (VLPs) and is essential for assembly and budding of NiV particles. The recombinant M protein produced in Escherichia coli assembled into VLPs in the absence of the viral surface proteins. However, the E. coli produced VLPs are smaller than the native virus particles. Therefore, the aims of this study were to produce NiV M protein in Pichia pastoris, to examine the structure of the VLPs formed, and to assess the potential of the VLPs as a diagnostic reagent. The M protein was successfully expressed in P. pastoris and was detected with anti-myc antibody using Western blotting. The VLPs formed by the recombinant M protein were purified with sucrose density gradient ultracentrifugation, high-performance liquid chromatography (HPLC), and Immobilized Metal Affinity Chromatography (IMAC). Immunogold staining and transmission electron microscopy confirmed that the M protein assembled into VLPs as large as 200 nm. ELISA revealed that the NiV M protein produced in P. pastoris reacted strongly with positive NiV sera demonstrating its potential as a diagnostic reagent. (c) 2016 American Institute of Chemical Engineers Biotechnol. Prog., 32:1038-1045, 2016.,��https://www.ncbi.nlm.nih.gov/pubmed/27088434ç��Joseph, Narcisse Ms
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Vaccine���Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. aMPV belongs to the family Paramyxoviridae which includes many important human pathogens such as human respiratory syncytial virus (RSV), human metapneumovirus (hMPV), and human parainfluenza virus type 3 (PIV3). The family also includes highly lethal emerging pathogens such as Nipah virus and Hendra virus, as well as agriculturally important viruses such as Newcastle disease virus (NDV). For many of these viruses, there is no effective vaccine. Here, we describe a reverse genetics approach to develop live attenuated aMPV vaccines by inhibiting the viral mRNA cap methyltransferase. The viral mRNA cap methyltransferase is an excellent target for the attenuation of paramyxoviruses because it plays essential roles in mRNA stability, efficient viral protein translation and innate immunity. We have described in detail the materials and methods used to generate recombinant aMPVs that lack viral mRNA cap methyltransferase activity. We have also provided methods to evaluate the genetic stability, pathogenesis, and immunogenicity of live aMPV vaccine candidates in turkeys.,��https://www.ncbi.nlm.nih.gov/pubmed/270762932��Zhang, Yu
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Vesicular stomatitis virusß��There are many avenues for making an effective vaccine against viruses. Depending on the virus these can include one of the following: inactivation of whole virions; attenuation of viruses; recombinant viral proteins; non-replication-competent virus particles; or surrogate virus vector systems such as vesicular stomatitis virus (VSV). VSV is a prototypic enveloped animal virus that has been used for over four decades to study virus replication, entry, and assembly due to its ability to replicate to high titers in a wide variety of mammalian and insect cells. The use of reverse genetics to recover infectious and single-cycle replicating VSV from plasmid DNA transfected in cell culture began a revolution in the study of recombinant VSV (rVSV). This platform can be manipulated to study the viral genetic sequences and proteins important in the virus life cycle. Additionally, foreign genes can be inserted between naturally occurring or generated start/stop signals and polyadenylation sites within the VSV genome. VSV has a tolerance for foreign gene expression which has led to numerous rVSVs reported in the literature. Of particular interest are the very effective single-dose rVSV vaccine vectors against high-containment viruses such as filoviruses, henipaviruses, and arenaviruses. Herein we describe the methods for selecting foreign antigenic genes, selecting the location within the VSV genome for insertion, generation of rVSV using reverse genetics, and proper vaccine study designs.,��https://www.ncbi.nlm.nih.gov/pubmed/270761380��Whitt, Michael A
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Virus Replication/*physiology���JulX��Highly pathogenic Nipah virus (NiV) causes symptomatic infections in pigs and humans. The severity of respiratory symptoms is much more pronounced in pigs than in humans, suggesting species-specific differences of NiV replication in porcine and human airways. Here, we present a comparative study on productive NiV replication in primary airway epithelial cell cultures of the two species. We reveal that NiV growth substantially differs in primary cells between pigs and humans, with a more rapid spread of infection in human airway epithelia. Increased replication, correlated with higher endogenous expression levels of the main NiV entry receptor ephrin-B2, not only significantly differed between airway cells of the two species but also varied between cells from different human donors. To our knowledge, our study provides the first experimental evidence of species-specific and individual differences in NiV receptor expression and replication kinetics in primary airway epithelial cells. It remains to be determined whether and how these differences contribute to the viral host range and pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/27075405���Sauerhering, Lucie
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urinalysis���MarÕ��Bats of the genus Pteropus (Pteropodidae) are recognised as the natural host of multiple emerging pathogenic viruses of animal and human health significance, including henipaviruses, lyssaviruses and ebolaviruses. Some studies have suggested that physiological and ecological factors may be associated with Hendra virus infection in flying-foxes in Australia; however, it is essential to understand the normal range and seasonal variability of physiological biomarkers before seeking physiological associations with infection status. We aimed to measure a suite of physiological biomarkers in P. alecto over time to identify any seasonal fluctuations and to examine possible associations with life-cycle and environmental stressors. We sampled 839 adult P. alecto in the Australian state of Queensland over a 12-month period. The adjusted population means of every assessed hematologic and biochemical parameter were within the reported reference range on every sampling occasion. However, within this range, we identified significant temporal variation in these parameters, in urinary parameters and body condition, which primarily reflected the normal annual life cycle. We found no evident effect of remarkable physiological demands or nutritional stress, and no indication of clinical disease driving any parameter values outside the normal species reference range. Our findings identify underlying temporal physiological changes at the population level that inform epidemiological studies and assessment of putative physiological risk factors driving Hendra virus infection in P. alecto. More broadly, the findings add to the knowledge of Pteropus populations in terms of their relative resistance and resilience to emerging infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27026357���McMichael, Lee
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Transmission���Mar 25m��BACKGROUND: Nipah virus (NiV) first emerged in Malaysia in 1998, with two bat species (Pteropus hypomelanus and P. vampyrus) as the putative natural reservoirs. In 2002, NiV IgG antibodies were detected in these species from Thailand, but viral RNA could not be detected for strain characterization. Two strains of NiV (Malaysia and Bangladesh) have been found in P. lylei in central Thailand, although Bangladesh strain, the causative strain for the outbreak in Bangladesh since 2001, was dominant. To understand the diversity of NiV in Thailand, this study identified NiV strain, using molecular characterizations, from P. hypomelanus in southern Thailand. FINDINGS: Pooled bat urine specimens were collected from plastic sheet underneath bat roosts in April 2010, and then monthly from December 2010 to May 2011 at an island in southern Thailand. Five in 184 specimens were positive for NiV, using duplex nested RT-PCR assay on partial nucleocapsid fragment (357 bp). Whole sequences of nucleocapsid gene from four bats were characterized. All 5 partial fragments and 4 whole nucleocapsid genes formed a monophyletic with NiV-MY. CONCLUSIONS: Our study showed that P. hypomelanus in southern Thailand and from Malaysia, a bordering country, harbored similar NiV. This finding indicates that NiV is not limited to central Thailand or P. lylei species, and it may be a source of inter-species transmission. This indicates a higher potential for a widespread NiV outbreak in Thailand. NiV surveillance in Pteropus bats, the major natural reservoirs, should be conducted continuously in countries or regions with high susceptibility to outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/270162376��Wacharapluesadee, Supaporn
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Viral Matrix Proteins/metabolism���Mar³��Hendra and Nipah viruses (genus Henipavirus, family Paramyxoviridae) are highly pathogenic bat-borne viruses. The need for high biocontainment when studying henipaviruses has hindered the development of therapeutics and knowledge of the viral infection cycle. We have performed a genome-wide siRNA screen at biosafety level 4 that identified 585 human proteins required for henipavirus infection. The host protein with the largest impact was fibrillarin, a nucleolar methyltransferase that was also required by measles, mumps and respiratory syncytial viruses for infection. While not required for cell entry, henipavirus RNA and protein syntheses were greatly impaired in cells lacking fibrillarin, indicating a crucial role in the RNA replication phase of infection. During infection, the Hendra virus matrix protein co-localized with fibrillarin in cell nucleoli, and co-associated as a complex in pulldown studies, while its nuclear import was unaffected in fibrillarin-depleted cells. Mutagenesis studies showed that the methyltransferase activity of fibrillarin was required for henipavirus infection, suggesting that this enzyme could be targeted therapeutically to combat henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27010548���Deffrasnes, Celine
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viruses���AprÆ��Nipah virus (NiV) is a paramyxovirus, and Pteropus spp. bats are the natural reservoir. From December 2010 through March 2014, hospital-based encephalitis surveillance in Bangladesh identified 18 clusters of NiV infection. The source of infection for case-patients in 3 clusters in 2 districts was unknown. A team of epidemiologists and anthropologists investigated these 3 clusters comprising 14 case-patients, 8 of whom died. Among the 14 case-patients, 8 drank fermented date palm sap (tari) regularly before their illness, and 6 provided care to a person infected with NiV. The process of preparing date palm trees for tari production was similar to the process of collecting date palm sap for fresh consumption. Bat excreta was reportedly found inside pots used to make tari. These findings suggest that drinking tari is a potential pathway of NiV transmission. Interventions that prevent bat access to date palm sap might prevent tari-associated NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26981928J��Islam, M Saiful
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Rig-i���MarS��The recognition of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRR) during viral infection initiates the induction of antiviral signaling pathways, including activation of the Interferon Regulator Factor 3 (IRF3). We identified small molecule compounds that activate IRF3 through MAVS, thereby inhibiting infection by viruses of the families Flaviviridae (West Nile virus, dengue virus and hepatitis C virus), Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus) and Paramyxoviridae (respiratory syncytial virus, Nipah virus) (1). In this study, we tested a lead compound along with medicinal chemistry-derived analogs to compare the gene transcriptional profiles induced by these molecules to that of other known MAVS-dependent IRF3 agonists. Transcriptional analysis of these small molecules revealed the induction of specific antiviral genes and identified a novel module of host driven immune regulated genes that suppress infection of a range of RNA viruses. Microarray data can be found in Gene Expression Omnibus (GSE74047).,��https://www.ncbi.nlm.nih.gov/pubmed/26981429æ��Green, R R
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Zoonoses/epidemiology/transmission/virology���FebO��Hendra virus causes acute and highly fatal infection in horses and humans. Pteropid bats (flying-foxes) are the natural host of the virus, with age and species being risk factors for infection. Urine is the primary route of excretion in flying-foxes, with viral RNA more frequently detected in Pteropus alecto and P. conspicillatus than other species. Infection prevalence in flying-foxes can vary between and within years, with a winter peak of excretion occurring in some regions. Vertical transmission and recrudescing infection has been reported in flying-foxes, but horizontal transmission is evidently the primary mode of transmission. The most parsimonious mode of flying-fox to horse transmission is equine contact (oro-nasal, conjunctival) with infected flying-fox urine, either directly, or via urine-contaminated pasture or surfaces. Horse to horse transmission is inefficient, requiring direct contact with infected body fluids. Flying-fox to human transmission has not been recorded; all human cases have been associated with close and direct contact with infected horses. Canine cases (subclinical) have also been limited to equine case properties. Notwithstanding the recent availability of an effective vaccine for horses, a comprehensive understanding of Hendra virus ecology and transmission is essential to limit inter-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26978066¹��Field, Hume E
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*Subunit vaccine���Jun 3·��Nipah virus (NiV) is a highly pathogenic, recently emerged paramyxovirus that has been responsible for sporadic outbreaks of respiratory and encephalitic disease in Southeast Asia. High case fatality rates have also been associated with recent outbreaks in Malaysia and Bangladesh. Although over two billion people currently live in regions in which NiV is endemic or in which the Pteropus fruit bat reservoir is commonly found, there is no approved vaccine to protect against NiV disease. This report examines the feasibility and current efforts to develop a NiV vaccine including potential hurdles for technical and regulatory assessment of candidate vaccines and the likelihood for financing.,��https://www.ncbi.nlm.nih.gov/pubmed/26973068µ��Satterfield, Benjamin A
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Universal vaccine���AprÚ��Nipah virus and Hendra virus, two members of the genus Henipavirus, are newly emerging zoonotic pathogens which cause acute respiratory illness and severe encephalitis in human. Lack of the effective antiviral therapy endorses the urgency for the development of vaccine against these deadly viruses. In this study, we employed various computational approaches to identify epitopes which has the potential for vaccine development. By analyzing the immune parameters of the conserved sequences of G glycoprotein using various databases and bioinformatics tools, we identified two potential epitopes which may be used as peptide vaccines. Using different B cell epitope prediction servers, four highly similar B cell epitopes were identified. Immunoinformatics analyses revealed that LAEDDTNAQKT is a highly flexible and accessible B-cell epitope to antibody. Highly similar putative CTL epitopes were analyzed for their binding with the HLA-C 12*03 molecule. Docking simulation assay revealed that LTDKIGTEI has significantly lower binding energy, which bolstered its potential as epitope-based vaccine design. Finally, cytotoxicity analysis has also justified their potential as promising epitope-based vaccine candidate. In sum, our computational analysis indicates that either LAEDDTNAQKT or LTDKIGTEI epitope holds a promise for the development of universal vaccine against all kinds of pathogenic Henipavirus. Further in vivo and in vitro studies are necessary to validate the obtained findings.,��https://www.ncbi.nlm.nih.gov/pubmed/26970211ï��Parvege, Md Masud
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Virus Replication/physiology���May
��Nipah virus (NiV) is an emerging paramyxovirus that can cause lethal respiratory illness in humans. No vaccine/therapeutic is currently licensed for humans. Human-to-human transmission was previously reported during outbreaks and NiV could be isolated from respiratory secretions, but the proportion of cases in Malaysia exhibiting respiratory symptoms was significantly lower than that in Bangladesh. Previously, we showed that primary human basal respiratory epithelial cells are susceptible to both NiV-Malaysia (M) and -Bangladesh (B) strains causing robust pro-inflammatory responses. However, the cells of the human respiratory epithelium that NiV targets are unknown and their role in NiV transmission and NiV-related lung pathogenesis is still poorly understood. Here, we characterized NiV infection of the human respiratory epithelium using a model of the human tracheal/bronchial (B-ALI) and small airway (S-ALI) epithelium cultured at an air-liquid interface. We show that NiV-M and NiV-B infect ciliated and secretory cells in B/S-ALI, and that infection of S-ALI, but not B-ALI, results in disruption of the epithelium integrity and host responses recruiting human immune cells. Interestingly, NiV-B replicated more efficiently in B-ALI than did NiV-M. These results suggest that the human tracheal/bronchial epithelium is favourable to NiV replication and shedding, while inducing a limited host response. Our data suggest that the small airways epithelium is prone to inflammation and lesions as well as constituting a point of virus entry into the pulmonary vasculature. The use of relevant models of the human respiratory tract, such as B/S-ALI, is critical for understanding NiV-related lung pathogenesis and identifying the underlying mechanisms allowing human-to-human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/269325151��Escaffre, Olivier
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*Safety
Virulenceæ��Although a globe box-type highly contained laboratory with the internationally-recognized biosafety level-4 standards has been constructed in the Murayama Annex, the National Institute of Infectious Diseases, Tokyo, Japan (NIID) in 1981, the laboratory has never been operated as BSL-4 laboratory since its construction. Furthermore, there are no other BSL-4 laboratories in operation in Japan. The evidence indicates that infectious BSL-4 pathogens such as Ebola and Marburg viruses cannot be manipulated in Japan, making it impossible to study the BSL-4 pathogens using the infectious viruses. A large-scale outbreak of ebolavirus disease (EVD) has occurred in the western Africa such as Guinea, Sierra Leone, and Liberia. Furthermore, the highly pathogenic pathogens' infectious diseases outbreaks such as SARS, Nipah encephalitis, Middle East respiratory syndrome (MERS) have emerged in the world. However, BSL-4 laboratories are not present in Japan, making it difficult to study these pathogens and infectious diseases. Because these emerging virus infections are caused by the zoonotic pathogens, the eradiation and the elimination of these infectious diseases are impossible. We need to develop the diagnostics, therapeutics, and preventive measures based on the studies of the highly pathogenic pathogens more in detail using the infectious microbes. Therefore, BSL-4 in operation in Japan is required to minimize the risk of and combat these emerging highly pathogenic pathogens' infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/26923962s��Saijo, Masayuki
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interferon���Mar 8Ú��Bats harbor many emerging and reemerging viruses, several of which are highly pathogenic in other mammals but cause no clinical signs of disease in bats. To determine the role of interferons (IFNs) in the ability of bats to coexist with viruses, we sequenced the type I IFN locus of the Australian black flying fox, Pteropus alecto, providing what is, to our knowledge, the first gene map of the IFN region of any bat species. Our results reveal a highly contracted type I IFN family consisting of only 10 IFNs, including three functional IFN-alpha loci. Furthermore, the three IFN-alpha genes are constitutively expressed in unstimulated bat tissues and cells and their expression is unaffected by viral infection. Constitutively expressed IFN-alpha results in the induction of a subset of IFN-stimulated genes associated with antiviral activity and resistance to DNA damage, providing evidence for a unique IFN system that may be linked to the ability of bats to coexist with viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26903655Ò��Zhou, Peng
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*Virus Internalization���FebÁ��O-linked glycosylation is a ubiquitous protein modification in organisms belonging to several kingdoms. Both microbial and host protein glycans are used by many pathogens for host invasion and immune evasion, yet little is known about the roles of O-glycans in viral pathogenesis. Reportedly, there is no single function attributed to O-glycans for the significant paramyxovirus family. The paramyxovirus family includes many important pathogens, such as measles, mumps, parainfluenza, metapneumo- and the deadly Henipaviruses Nipah (NiV) and Hendra (HeV) viruses. Paramyxoviral cell entry requires the coordinated actions of two viral membrane glycoproteins: the attachment (HN/H/G) and fusion (F) glycoproteins. O-glycan sites in HeV G were recently identified, facilitating use of the attachment protein of this deadly paramyxovirus as a model to study O-glycan functions. We mutated the identified HeV G O-glycosylation sites and found mutants with altered cell-cell fusion, G conformation, G/F association, viral entry in a pseudotyped viral system, and, quite unexpectedly, pseudotyped viral F protein incorporation and processing phenotypes. These are all important functions of viral glycoproteins. These phenotypes were broadly conserved for equivalent NiV mutants. Thus our results identify multiple novel and pathologically important functions of paramyxoviral O-glycans, paving the way to study O-glycan functions in other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26867212���Stone, Jacquelyn A
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*Virus Internalization���May���The amino-terminal cytoplasmic domains of paramyxovirus attachment glycoproteins include trafficking signals that influence protein processing and cell surface expression. To characterize the role of the cytoplasmic domain in protein expression, fusion support and particle assembly in more detail, we constructed chimeric Nipah virus (NiV) glycoprotein (G) and canine distemper virus (CDV) haemagglutinin (H) proteins carrying the respective heterologous cytoplasmic domain, as well as a series of mutants with progressive deletions in this domain. CDV H retained fusion function and was normally expressed on the cell surface with a heterologous cytoplasmic domain, while the expression and fusion support of NiV G was dramatically decreased when its cytoplasmic domain was replaced with that of CDV H. The cell surface expression and fusion support functions of CDV H were relatively insensitive to cytoplasmic domain deletions, while short deletions in the corresponding region of NiV G dramatically decreased both. In addition, the first 10 residues of the CDV H cytoplasmic domain strongly influence its incorporation into virus-like particles formed by the CDV matrix (M) protein, while the co-expression of NiV M with NiV G had no significant effect on incorporation of G into particles. The cytoplasmic domains of both the CDV H and NiV G proteins thus contribute differently to the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/26813519å��Sawatsky, Bevan
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Immunotherapy
Influenza���Feb 24ß��BACKGROUND: Passive immunotherapy using polyclonal antibodies (immunoglobulins) has been used for over a century in the treatment and post-exposure prophylaxis of various infections and toxins. Heterologous polyclonal antibodies are obtained from animals hyperimmunised with a pathogen or toxin. AIMS: The aims of this review are to examine the history of animal polyclonal antibody therapy use, their development into safe and effective products and the potential application to humans for emerging and neglected infectious diseases. METHODS: A literature search of OVID Medline and OVID Embase databases was undertaken to identify articles on the safety, efficacy and ongoing development of polyclonal antibodies. The search contained database-specific MeSH and EMTREE terms in combination with pertinent text-words: polyclonal antibodies and rare/neglected diseases, antivenins, immunoglobulins, serum sickness, anaphylaxis, drug safety, post marketing surveillance, rabies, human influenza, Dengue, West Nile, Nipah, Hendra, Marburg, MERS, Hemorrhagic Fever Virus, and Crimean-Congo. No language limits were applied. The final search was completed on 20.06.2015. Of 1960 articles, title searches excluded many irrelevant articles, yielding 303 articles read in full. Of these, 179 are referenced in this study. RESULTS: Serum therapy was first used in the 1890s against diphtheria. Early preparation techniques yielded products contaminated with reactogenic animal proteins. The introduction of enzymatic digestion, and purification techniques substantially improved their safety profile. The removal of the Fc fragment of antibodies further reduces hypersensitivity reactions. Clinical studies have demonstrated the efficacy of polyclonal antibodies against various infections, toxins and venoms. Products are being developed against infections for which prophylactic and therapeutic options are currently limited, such as avian influenza, Ebola and other zoonotic viruses. CONCLUSIONS: Polyclonal antibodies have been successfully applied to rabies, envenomation and intoxication. Polyclonal production provides an exciting opportunity to revolutionise the prognosis of both longstanding neglected tropical diseases as well as emerging infectious threats to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26802604Ë��Dixit, Rashmi
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Virus Release���Jan 20Ô	�UNLABELLED: Paramyxovirus particles are formed by a budding process coordinated by viral matrix (M) proteins. M proteins coalesce at sites underlying infected cell membranes and induce other viral components, including viral glycoproteins and viral ribonucleoprotein complexes (vRNPs), to assemble at these locations from which particles bud. M proteins interact with the nucleocapsid (NP or N) components of vRNPs, and these interactions enable production of infectious, genome-containing virions. For the paramyxoviruses parainfluenza virus 5 (PIV5) and mumps virus, M-NP interaction also contributes to efficient production of virus-like particles (VLPs) in transfected cells. A DLD sequence near the C-terminal end of PIV5 NP protein was previously found to be necessary for M-NP interaction and efficient VLP production. Here, we demonstrate that 15-residue-long, DLD-containing sequences derived from either the PIV5 or Nipah virus nucleocapsid protein C-terminal ends are sufficient to direct packaging of a foreign protein, Renilla luciferase, into budding VLPs. Mumps virus NP protein harbors DWD in place of the DLD sequence found in PIV5 NP protein, and consequently, PIV5 NP protein is incompatible with mumps virus M protein. A single amino acid change converting DLD to DWD within PIV5 NP protein induced compatibility between these proteins and allowed efficient production of mumps VLPs. Our data suggest a model in which paramyxoviruses share an overall common strategy for directing M-NP interactions but with important variations contained within DLD-like sequences that play key roles in defining M/NP protein compatibilities. IMPORTANCE: Paramyxoviruses are responsible for a wide range of diseases that affect both humans and animals. Paramyxovirus pathogens include measles virus, mumps virus, human respiratory syncytial virus, and the zoonotic paramyxoviruses Nipah virus and Hendra virus. Infectivity of paramyxovirus particles depends on matrix-nucleocapsid protein interactions which enable efficient packaging of encapsidated viral RNA genomes into budding virions. In this study, we have defined regions near the C-terminal ends of paramyxovirus nucleocapsid proteins that are important for matrix protein interaction and that are sufficient to direct a foreign protein into budding particles. These results advance our basic understanding of paramyxovirus genome packaging interactions and also have implications for the potential use of virus-like particles as protein delivery tools.,��https://www.ncbi.nlm.nih.gov/pubmed/26792745ä��Ray, Greeshma
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Viral Vaccines©��Previously unidentified viruses, such as Middle East respiratory syndrome coronavirus, continue to emerge and threaten populations, while powerful new techniques have identified many new human and animal viruses. Similarly, existing viruses, from Ebola virus to chikungunya virus, are reemerging and spreading to new geographical regions. These viruses often pose a challenge for researchers to study due to their highly pathogenic nature. Lentiviral and rhabdoviral pseudotypes are excellent tools for studying enveloped viruses and have contributed to many recent advances in areas such as receptor usage, viral entry and serology. In particular, pseudotypes allow the safe study of unknown or highly pathogenic viruses. They also allow the initial characterization of aspects of infection such as cellular tropism for difficult to culture viruses. In this review we will introduce various pseudotyping systems for emerging viruses, including chikungunya virus, Ebola virus, SARS and MERS coronaviruses and Nipah virus, as well as their use in diverse studies including drug screening and antibody neutralization. We will also discuss the limitations and potential caveats using pseudotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/26785737p��Steffen, Imke
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Prescott, J.���2016}��Peri-exposure protection against Nipah virus disease using a single-dose recombinant vesicular stomatitis virus-based vaccine���NPJ Vaccines���1���Nipah virus is a zoonotic paramyxovirus that causes severe disease in humans and animals. Due to almost yearly outbreaks in Bangladesh, and a large outbreak in Malaysia that lead to the shutdown of swine export, Nipah virus is both a threat to public health and the economy. Infection is associated with respiratory distress, encephalitis and human-to-human transmission, resulting in high case fatality rates during outbreaks. This study aims to address the amount of time needed until protection from a recombinant vesicular stomatitis virus-based vaccine candidate expressing the Nipah virus glycoprotein (G), which we have previously shown to protect hamsters and non-human primates when administered 28 days before challenge. We found that a single-dose vaccination, when administered 1 day before challenge, reduced viral load, limited pathology and fully protected hamsters from Nipah virus infection. The vaccine was even partially protective when administered at early time points following challenge with Nipah virus. These data indicate that a single administration of this vaccine to high-risk individuals, such as family members and health-care workers of infected patients, could be protective and useful for reducing human-to-human transmission and curbing an outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/28706736Ú��DeBuysscher, Blair L
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paramyxovirus F protein���Jan 26®��Hendra virus (HeV) is one of the two prototypical members of the Henipavirus genus of paramyxoviruses, which are designated biosafety level 4 (BSL-4) organisms due to the high mortality rate of Nipah virus (NiV) and HeV in humans. Paramyxovirus cell entry is mediated by the fusion protein, F, in response to binding of a host receptor by the attachment protein. During posttranslational processing, the fusion peptide of F is released and, upon receptor-induced triggering, inserts into the host cell membrane. As F undergoes a dramatic refolding from its prefusion to postfusion conformation, the fusion peptide brings the host and viral membranes together, allowing entry of the viral RNA. Here, we present the crystal structure of the prefusion form of the HeV F ectodomain. The structure shows very high similarity to the structure of prefusion parainfluenza virus 5 (PIV5) F, with the main structural differences in the membrane distal apical loops and the fusion peptide cleavage loop. Functional assays of mutants show that the apical loop can tolerate perturbation in length and surface residues without loss of function, except for residues involved in the stability and conservation of the F protein fold. Structure-based disulfide mutants were designed to anchor the fusion peptide to conformationally invariant residues of the F head. Two mutants were identified that inhibit F-mediated fusion by stabilizing F in its prefusion conformation.,��https://www.ncbi.nlm.nih.gov/pubmed/26712026¸��Wong, Joyce J W
Paterson, Reay G
Lamb, Robert A
Jardetzky, Theodore S
eng
AI-23173/AI/NIAID NIH HHS/
R01 GM061050/GM/NIGMS NIH HHS/
P30 CA060553/CA/NCI NIH HHS/
R01 AI023173/AI/NIAID NIH HHS/
GM-61050/GM/NIGMS NIH HHS/
Howard Hughes Medical Institute/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2015/12/30 06:00
Proc Natl Acad Sci U S A. 2016 Jan 26;113(4):1056-61. doi: 10.1073/pnas.1523303113. Epub 2015 Dec 28.*��1091-6490 (Electronic)
0027-8424 (Linking)
��PMC4743799���26712026���Department of Structural Biology, Stanford University School of Medicine, Stanford, CA 94305;
Department of Molecular Biosciences, Northwestern University, Evanston, IL 60208-3500;
Department of Molecular Biosciences, Northwestern University, Evanston, IL 60208-3500; Howard Hughes Medical Institute, Northwestern University, Evanston, IL 60208-3500 ralamb@northwestern.edu tjardetz@stanford.edu.
Department of Structural Biology, Stanford University School of Medicine, Stanford, CA 94305; ralamb@northwestern.edu tjardetz@stanford.edu.���10.1073/pnas.1523303113��
n��üÒ|ÿî?õ���l��Audsley, M. D.
Marsh, G. A.
Lieu, K. G.
Tachedjian, M.
Joubert, D. A.
Wang, L. F.
Jans, D. A.
Moseley, G. W.���2016°��The immune evasion function of J and Beilong virus V proteins is distinct from that of other paramyxoviruses, consistent with their inclusion in the proposed genus Jeilongvirus���581-92���J Gen Virol���97���3¡��Animals
DEAD-box RNA Helicases/genetics/immunology
HEK293 Cells
Humans
*Immune Evasion
Interferon-Induced Helicase, IFIH1
Interferon-alpha/genetics/immunology
Paramyxoviridae Infections/genetics/*immunology/virology
Paramyxovirinae/classification/genetics/*immunology
STAT1 Transcription Factor/genetics/immunology
STAT2 Transcription Factor/genetics/immunology
Signal Transduction
Viral Proteins/genetics/*immunology���Mar���IFN-antagonist function is a major determinant of pathogenicity and cross-species infection by viruses, but remains poorly defined for many potentially zoonotic viruses resident in animal species. The paramyxovirus family contains several zoonotic viruses, including highly pathogenic viruses such as Nipah virus and Hendra virus, and an increasing number of largely uncharacterized animal viruses. Here, we report the characterization of IFN antagonism by the rodent viruses J virus (JPV) and Beilong virus (BeiPV) of the proposed genus Jeilongvirus of the paramyxoviruses. Infection of cells by JPV and BeiPV was found to inhibit IFN-activated nuclear translocation of signal transducer and activator of transcription 1 (STAT1). However, in contrast to most other paramyxoviruses, the JPV and BeiPV V proteins did not interact with or inhibit signalling by STAT1 or STAT2, suggesting that JPV/BeiPV use an atypical V protein-independent strategy to target STATs, consistent with their inclusion in a separate genus. Nevertheless, the V proteins of both viruses interacted with melanoma differentiation-associated protein 5 (MDA5) and robustly inhibited MDA5-dependent activation of the IFN-beta promoter. This supports a growing body of evidence that MDA5 is a universal target of paramyxovirus V proteins, such that the V-MDA5 interaction represents a potential target for broad-spectrum antiviral approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/26703878 ��Audsley, Michelle D
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split-GFP���Feby��Despite the partial disorder-to-order transition that intrinsically disordered proteins often undergo upon binding to their partners, a considerable amount of residual disorder may be retained in the bound form, resulting in a fuzzy complex. Fuzzy regions flanking molecular recognition elements may enable partner fishing through non-specific, transient contacts, thereby facilitating binding, but may also disfavor binding through various mechanisms. So far, few computational or experimental studies have addressed the effect of fuzzy appendages on partner recognition by intrinsically disordered proteins. In order to shed light onto this issue, we used the interaction between the intrinsically disordered C-terminal domain of the measles virus (MeV) nucleoprotein (NTAIL ) and the X domain (XD) of the viral phosphoprotein as model system. After binding to XD, the N-terminal region of NTAIL remains conspicuously disordered, with alpha-helical folding taking place only within a short molecular recognition element. To study the effect of the N-terminal fuzzy region on NTAIL /XD binding, we generated N-terminal truncation variants of NTAIL , and assessed their binding abilities towards XD. The results revealed that binding increases with shortening of the N-terminal fuzzy region, with this also being observed with hsp70 (another MeV NTAIL binding partner), and for the homologous NTAIL /XD pairs from the Nipah and Hendra viruses. Finally, similar results were obtained when the MeV NTAIL fuzzy region was replaced with a highly dissimilar artificial disordered sequence, supporting a sequence-independent inhibitory effect of the fuzzy region.,��https://www.ncbi.nlm.nih.gov/pubmed/26684000h��Gruet, Antoine
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Virosomes/*immunology���Dec 16'��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pronounced infection of brain endothelia and central nervous system (CNS) inflammation. Using primary porcine brain microvascular endothelial cells, we showed that upregulation of E-selectin precedes cytokine induction and is induced not only by infectious NiV but also by NiV-glycoprotein-containing virus-like particles. This demonstrates that very early events in NiV brain endothelial infection do not depend on NiV replication but can be triggered by the NiV glycoproteins alone.,��https://www.ncbi.nlm.nih.gov/pubmed/26676791���Freitag, Tanja C
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Virus Replication���Dec 16p��UNLABELLED: Nipah virus (NiV) causes fatal encephalitic infections in humans. To characterize the role of the matrix (M) protein in the viral life cycle, we generated a reverse genetics system based on NiV strain Malaysia. Using an enhanced green fluorescent protein (eGFP)-expressing M protein-deleted NiV, we observed a slightly increased cell-cell fusion, slow replication kinetics, and significantly reduced peak titers compared to the parental virus. While increased amounts of viral proteins were found in the supernatant of cells infected with M-deleted NiV, the infectivity-to-particle ratio was more than 100-fold reduced, and the particles were less thermostable and of more irregular morphology. Taken together, our data demonstrate that the M protein is not absolutely required for the production of cell-free NiV but is necessary for proper assembly and release of stable infectious NiV particles. IMPORTANCE: Henipaviruses cause a severe disease with high mortality in human patients. Therefore, these viruses can be studied only in biosafety level 4 (BSL-4) laboratories, making it more challenging to characterize their life cycle. Here we investigated the role of the Nipah virus matrix protein in virus-mediated cell-cell fusion and in the formation and release of newly produced particles. We found that even though low levels of infectious viruses are produced in the absence of the matrix protein, it is required for the release of highly infectious and stable particles. Fusogenicity of matrixless viruses was slightly enhanced, further demonstrating the critical role of this protein in different steps of Nipah virus spread.,��https://www.ncbi.nlm.nih.gov/pubmed/26676785A��Dietzel, Erik
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Virus Replication/*drug effects���Dec 16���UNLABELLED: The cellular response to virus infection is initiated when pathogen recognition receptors (PRR) engage viral pathogen-associated molecular patterns (PAMPs). This process results in induction of downstream signaling pathways that activate the transcription factor interferon regulatory factor 3 (IRF3). IRF3 plays a critical role in antiviral immunity to drive the expression of innate immune response genes, including those encoding antiviral factors, type 1 interferon, and immune modulatory cytokines, that act in concert to restrict virus replication. Thus, small molecule agonists that can promote IRF3 activation and induce innate immune gene expression could serve as antivirals to induce tissue-wide innate immunity for effective control of virus infection. We identified small molecule compounds that activate IRF3 to differentially induce discrete subsets of antiviral genes. We tested a lead compound and derivatives for the ability to suppress infections caused by a broad range of RNA viruses. Compound administration significantly decreased the viral RNA load in cultured cells that were infected with viruses of the family Flaviviridae, including West Nile virus, dengue virus, and hepatitis C virus, as well as viruses of the families Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus), and Paramyxoviridae (respiratory syncytial virus, Nipah virus) to suppress infectious virus production. Knockdown studies mapped this response to the RIG-I-like receptor pathway. This work identifies a novel class of host-directed immune modulatory molecules that activate IRF3 to promote host antiviral responses to broadly suppress infections caused by RNA viruses of distinct genera. IMPORTANCE: Incidences of emerging and reemerging RNA viruses highlight a desperate need for broad-spectrum antiviral agents that can effectively control infections caused by viruses of distinct genera. We identified small molecule compounds that can selectively activate IRF3 for the purpose of identifying drug-like molecules that can be developed for the treatment of viral infections. Here, we report the discovery of a hydroxyquinoline family of small molecules that can activate IRF3 to promote cellular antiviral responses. These molecules can prophylactically or therapeutically control infection in cell culture by pathogenic RNA viruses, including West Nile virus, dengue virus, hepatitis C virus, influenza A virus, respiratory syncytial virus, Nipah virus, Lassa virus, and Ebola virus. Our study thus identifies a class of small molecules with a novel mechanism to enhance host immune responses for antiviral activity against a variety of RNA viruses that pose a significant health care burden and/or that are known to cause infections with high case fatality rates.,��https://www.ncbi.nlm.nih.gov/pubmed/26676770>��Pattabhi, Sowmya
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856���Xu, Kai
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SeasonsÌ��Hendra virus (HeV) causes highly lethal disease in horses and humans in the eastern Australian states of Queensland (QLD) and New South Wales (NSW), with multiple equine cases now reported on an annual basis. Infection and excretion dynamics in pteropid bats (flying-foxes), the recognised natural reservoir, are incompletely understood. We sought to identify key spatial and temporal factors associated with excretion in flying-foxes over a 2300 km latitudinal gradient from northern QLD to southern NSW which encompassed all known equine case locations. The aim was to strengthen knowledge of Hendra virus ecology in flying-foxes to improve spillover risk prediction and exposure risk mitigation strategies, and thus better protect horses and humans. Monthly pooled urine samples were collected from under roosting flying-foxes over a three-year period and screened for HeV RNA by quantitative RT-PCR. A generalised linear model was employed to investigate spatiotemporal associations with HeV detection in 13,968 samples from 27 roosts. There was a non-linear relationship between mean HeV excretion prevalence and five latitudinal regions, with excretion moderate in northern and central QLD, highest in southern QLD/northern NSW, moderate in central NSW, and negligible in southern NSW. Highest HeV positivity occurred where black or spectacled flying-foxes were present; nil or very low positivity rates occurred in exclusive grey-headed flying-fox roosts. Similarly, little red flying-foxes are evidently not a significant source of virus, as their periodic extreme increase in numbers at some roosts was not associated with any concurrent increase in HeV detection. There was a consistent, strong winter seasonality to excretion in the southern QLD/northern NSW and central NSW regions. This new information allows risk management strategies to be refined and targeted, mindful of the potential for spatial risk profiles to shift over time with changes in flying-fox species distribution.,��https://www.ncbi.nlm.nih.gov/pubmed/26625128L��Field, Hume
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Protein expression���Feb���Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus that has caused severe morbidity and mortality in humans and horses in Australia since 1994. HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) glycoproteins, that are essential for receptor binding and fusion of viral and cellular membranes. The eukaryotic unicellular parasite Leishmania tarentolae has recently been established as a powerful tool to express recombinant proteins with mammalian-like glycosylation patterns, but only few viral proteins have been expressed in this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting the preserved antigenicity of the purified protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26585033P��Fischer, Kerstin
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viruses���Dec>��Hendra virus occasionally causes severe disease in horses and humans. In Australia in 2013, infection was detected in a dog that had been in contact with an infected horse. Abnormalities and viral RNA were found in the dog's kidney, brain, lymph nodes, spleen, and liver. Dogs should be kept away from infected horses.,��https://www.ncbi.nlm.nih.gov/pubmed/26583697���Kirkland, Peter D
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*equine���Aug¾��Hendra virus (HeV), a potentially fatal zoonotic disease spread by flying foxes, to date has always infected humans via a spillover event from equine HeV infection. In a theoretical case study, we compared the impacts of two different HeV prevention strategies - vaccination and flying fox roost removal - using a recently developed framework that considers different stakeholder group perspectives. The perspectives of the four selected stakeholder groups regarding intangibles were inferred from public discussions and coverage in the media. For all stakeholder groups, the option to vaccinate horses was found to add value to the economic results when the intangible impacts were included in the analysis, while the option for roost removal unanimously detracted from economic analysis value when the intangible impacts were included. Both the mean and median stakeholder-adjusted value ratios (2.25 and 2.12, respectively) for vaccination were inflated when intangible impacts were included, by value-adding to the results of a traditional economic analysis. In the roost removal strategy, these ratios (1.19 and 1.16, respectively) were deflated when intangible impacts were included. Results of this theoretical study suggest that the inclusion of intangible impacts promotes the value of a two-dose initial vaccination protocol using a subunit vaccination considered to offer complete protection for horses, as a strategy to control HeV, whereas roost removal becomes an even more costly strategy. Outcome of the analysis is particularly sensitive to the intangible value placed on human health. Further evaluation - via sociological methods - of values placed on intangibles by various stakeholder groups is warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/26558882¬��Wilson, S-J
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202]��Nahar, Nazmun
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*Zoonoses/prevention & control/transmission���Sep 30ô��Hendra virus (HeV) infection is a zoonosis of importance in Australia. An outbreak of HeV occurred on the mid-north coast region of New South Wales (NSW) in June and July 2013. Four unvaccinated horses on four separate properties were confirmed to have HeV infection. A pet dog that had close contact with one of the horses was also confirmed to be infected with HeV. This paper documents the response to the canine infection and the resulting change to the public health management of HeV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26536509Ë��Halim, Sherly
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Signal transducers and activators of transcription���Decï��Immune evasion by the lethal henipaviruses, Hendra (HeV) and Nipah virus, is mediated by its interferon (IFN) antagonist P gene products, phosphoprotein (P), and the related V and W proteins, which can target the signal transducer and activator of transcription 1 (STAT1) and STAT2 proteins to inhibit IFN/STAT signaling. However, it is not clear if the recently identified non-pathogenic Henipavirus, Cedar paramyxovirus (CedPV), is also able to antagonize the STAT proteins. We performed comparative studies between the HeV P gene products (P/V/W) and CedPV-P (CedPV does not encode V or W) and demonstrate that differences exist in their ability to engage the STAT proteins using immunoprecipitation and quantitative confocal microscopic analysis. In contrast to HeV-P gene encoded proteins, the ability of CedPV-P to interact with and relocalize STAT1 or STAT2 is compromised, correlating with a reduced capacity to inhibit the mRNA synthesis of IFN-inducible gene MxA. Furthermore, infection studies with HeV and CedPV demonstrate that HeV is more potent than CedPV in inhibiting the IFN-alpha-mediated nuclear accumulation of STAT1. These results strongly suggest that the ability of CedPV to counteract the IFN/STAT response is compromised compared to HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/26526590Ó��Lieu, Kim G
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zoonotic Infections¤��The Hendra virus (HeV) poses a significant challenge to public health in Australia. Expanding migratory patterns observed among bats and the mutation of the virus to seek and successfully infect new hosts is a significant departure from the generalized epidemiological trend. The recent discovery of equine-related infections and deaths in addition to a canine infection demonstrates the inadequacy of the current equine vaccine developed in 2012. Traditional models for controlling the spread of the vector are futile given the rapid pace at which bats' habitats are eroded. Recent ongoing zoonotic epidemics, for example, Ebola and Middle East respiratory syndrome coronavirus, demonstrate that human-to-human transmission is a distinct reality rather than an obscure possibility. The development of a human HeV vaccine is essential for the biosecurity of Australia, as part of a multipronged strategy to control HeV in Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/26519254���Zahoor, Bilal A
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022è��Masoomi Dezfooli, Seyedehsara
Tan, Wen Siang
Tey, Beng Ti
Ooi, Chien Wei
Hussain, Siti Aslina
eng
Research Support, Non-U.S. Gov't
2015/11/01 06:00
Biotechnol Prog. 2016 Jan-Feb;32(1):171-7. doi: 10.1002/btpr.2192. Epub 2015 Nov 17.*��1520-6033 (Electronic)
1520-6033 (Linking)���26519022Í��Laboratory of Vaccine and Immunotherapeutic, Institute of Bioscience, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia.
Department of Microbiology, Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia.
Chemical Engineering Discipline, School of Engineering, Monash University Malaysia, Jalan Lagoon Selatan, Bandar Sunway, 47500, Selangor, Malaysia.
Multidisciplinary Platform of Advanced Engineering, Monash University Malaysia, Jalan Lagoon Selatan, Bandar Sunway, 47500, Selangor, Malaysia.
Department of Chemical and Environmental Engineering, Faculty of Engineering, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia.���10.1002/btpr.2192���	�üÒtÿî?����@��Liu, J.
Ochieng, C.
Wiersma, S.
Stroher, U.
Towner, J. S.
Whitmer, S.
Nichol, S. T.
Moore, C. C.
Kersh, G. J.
Kato, C.
Sexton, C.
Petersen, J.
Massung, R.
Hercik, C.
Crump, J. A.
Kibiki, G.
Maro, A.
Mujaga, B.
Gratz, J.
Jacob, S. T.
Banura, P.
Scheld, W. M.
Juma, B.
Onyango, C. O.
Montgomery, J. M.
Houpt, E.
Fields, B.���2016���Development of a TaqMan Array Card for Acute-Febrile-Illness Outbreak Investigation and Surveillance of Emerging Pathogens, Including Ebola Virus���49-58���J Clin Microbiol���54���1A��Adult
Communicable Diseases/*diagnosis/*epidemiology
*Disease Outbreaks
Epidemiological Monitoring
Fever of Unknown Origin/*diagnosis/*epidemiology
Humans
Molecular Diagnostic Techniques/*methods/standards
Real-Time Polymerase Chain Reaction/*methods/standards
Reference Standards
Sensitivity and Specificity
Time Factors���JanÍ��Acute febrile illness (AFI) is associated with substantial morbidity and mortality worldwide, yet an etiologic agent is often not identified. Convalescent-phase serology is impractical, blood culture is slow, and many pathogens are fastidious or impossible to cultivate. We developed a real-time PCR-based TaqMan array card (TAC) that can test six to eight samples within 2.5 h from sample to results and can simultaneously detect 26 AFI-associated organisms, including 15 viruses (chikungunya, Crimean-Congo hemorrhagic fever [CCHF] virus, dengue, Ebola virus, Bundibugyo virus, Sudan virus, hantaviruses [Hantaan and Seoul], hepatitis E, Marburg, Nipah virus, o'nyong-nyong virus, Rift Valley fever virus, West Nile virus, and yellow fever virus), 8 bacteria (Bartonella spp., Brucella spp., Coxiella burnetii, Leptospira spp., Rickettsia spp., Salmonella enterica and Salmonella enterica serovar Typhi, and Yersinia pestis), and 3 protozoa (Leishmania spp., Plasmodium spp., and Trypanosoma brucei). Two extrinsic controls (phocine herpesvirus 1 and bacteriophage MS2) were included to ensure extraction and amplification efficiency. Analytical validation was performed on spiked specimens for linearity, intra-assay precision, interassay precision, limit of detection, and specificity. The performance of the card on clinical specimens was evaluated with 1,050 blood samples by comparison to the individual real-time PCR assays, and the TAC exhibited an overall 88% (278/315; 95% confidence interval [CI], 84% to 92%) sensitivity and a 99% (5,261/5,326, 98% to 99%) specificity. This TaqMan array card can be used in field settings as a rapid screen for outbreak investigation or for the surveillance of pathogens, including Ebola virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26491176Ò��Liu, Jie
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mRNA induction���Febe��While the ferret is a valuable animal model for a number of human viral infections, such as influenza, Hendra and Nipah, evaluating the cellular immune response following infection has been hampered by the lack of a number of species-specific immunological reagents. Interleukin 2 (IL-2) is one such key cytokine. Ferret recombinant IL-2 incorporating a C-terminal histidine tag was expressed and purified and the three-dimensional structure solved and refined at 1.89 A by X-ray crystallography, which represents the highest resolution and first non-human IL-2 structure. While ferret IL-2 displays the classic cytokine fold of the four-helix bundle structure, conformational flexibility was observed at the second helix and its neighbouring region in the bundle, which may result in the disruption of the spatial arrangement of residues involved in receptor binding interactions, implicating subtle differences between ferret and human IL-2 when initiating biological functions. Ferret recombinant IL-2 stimulated the proliferation of ferret lymph node cells and induced the expression of mRNA for IFN-gamma and Granzyme A.,��https://www.ncbi.nlm.nih.gov/pubmed/26472619*��Ren, Bin
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Urine/*virologyr
�Pteropid bats or flying-foxes (Chiroptera: Pteropodidae) are the natural host of Hendra virus (HeV) which sporadically causes fatal disease in horses and humans in eastern Australia. While there is strong evidence that urine is an important infectious medium that likely drives bat to bat transmission and bat to horse transmission, there is uncertainty about the relative importance of alternative routes of excretion such as nasal and oral secretions, and faeces. Identifying the potential routes of HeV excretion in flying-foxes is important to effectively mitigate equine exposure risk at the bat-horse interface, and in determining transmission rates in host-pathogen models. The aim of this study was to identify the major routes of HeV excretion in naturally infected flying-foxes, and secondarily, to identify between-species variation in excretion prevalence. A total of 2840 flying-foxes from three of the four Australian mainland species (Pteropus alecto, P. poliocephalus and P. scapulatus) were captured and sampled at multiple roost locations in the eastern states of Queensland and New South Wales between 2012 and 2014. A range of biological samples (urine and serum, and urogenital, nasal, oral and rectal swabs) were collected from anaesthetized bats, and tested for HeV RNA using a qRT-PCR assay targeting the M gene. Forty-two P. alecto (n = 1410) had HeV RNA detected in at least one sample, and yielded a total of 78 positive samples, at an overall detection rate of 1.76% across all samples tested in this species (78/4436). The rate of detection, and the amount of viral RNA, was highest in urine samples (>serum, packed haemocytes >faecal >nasal >oral), identifying urine as the most plausible source of infection for flying-foxes and for horses. Detection in a urine sample was more efficient than detection in urogenital swabs, identifying the former as the preferred diagnostic sample. The detection of HeV RNA in serum is consistent with haematogenous spread, and with hypothesised latency and recrudesence in flying-foxes. There were no detections in P. poliocephalus (n = 1168 animals; n = 2958 samples) or P. scapulatus (n = 262 animals; n = 985 samples), suggesting (consistent with other recent studies) that these species are epidemiologically less important than P. alecto in HeV infection dynamics. The study is unprecedented in terms of the individual animal approach, the large sample size, and the use of a molecular assay to directly determine infection status. These features provide a high level of confidence in the veracity of our findings, and a sound basis from which to more precisely target equine risk mitigation strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/26469523s��Edson, Daniel
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Fc-effector functions
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therapeutics���The lack of vaccines against several important viral diseases necessitates the development of therapeutics to save lives and control epidemics. In recent years, therapeutic antibodies have received considerable attention due to their good safety profiles and clinical success when used against viruses such as respiratory syncytial virus, Ebola virus and Hendra virus. The binding affinity of these antibodies can directly impact their therapeutic efficacy. However, we and others have also demonstrated that the subtype of Fc-gamma receptors (FcgammaRs) engaged influences the stoichiometric requirement for virus neutralization. Hence, the development of therapeutic antibodies against infectious diseases should consider the FcgammaRs engaged and Fc-effector functions involved. This review highlights the current state of knowledge about FcgammaRs and FcgammaR effector functions involved in virus neutralization, with emphasis on factors that can affect FcgammaR engagement. A better understanding of Fc-FcgammaR interactions during virus neutralization will allow development of therapeutic antibodies that are efficacious and can be administered with minimal side effects.,��https://www.ncbi.nlm.nih.gov/pubmed/26466016È��Chan, Kuan Rong
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Smith, J.���2015õ��The Clots in Legs Or sTockings after Stroke (CLOTS) 3 trial: a randomised controlled trial to determine whether or not intermittent pneumatic compression reduces the risk of post-stroke deep vein thrombosis and to estimate its cost-effectiveness���1-90���Health Technol Assess���19���76)��Aged
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Venous Thrombosis/etiology/mortality/*prevention & control���Sep/��BACKGROUND: Venous thromboembolism (VTE) is a common cause of death and morbidity in stroke patients. There are few data concerning the effectiveness of intermittent pneumatic compression (IPC) in treating patients with stroke. OBJECTIVES: To establish whether or not the application of IPC to the legs of immobile stroke patients reduced their risk of deep vein thrombosis (DVT). DESIGN: Clots in Legs Or sTockings after Stroke (CLOTS) 3 was a multicentre, parallel-group, randomised controlled trial which allocated patients via a central randomisation system to IPC or no IPC. A technician blinded to treatment allocation performed compression duplex ultrasound (CDU) of both legs at 7-10 days and 25-30 days after enrolment. We followed up patients for 6 months to determine survival and later symptomatic VTE. Patients were analysed according to their treatment allocation. SETTING: We enrolled 2876 patients in 94 UK hospitals between 8 December 2008 and 6 September 2012. PARTICIPANTS: INCLUSION CRITERIA: patients admitted to hospital within 3 days of acute stroke and who were immobile on the day of admission (day 0) to day 3. EXCLUSION CRITERIA: age < 16 years; subarachnoid haemorrhage; and contra-indications to IPC including dermatitis, leg ulcers, severe oedema, severe peripheral vascular disease and congestive cardiac failure. INTERVENTIONS: Participants were allocated to routine care or routine care plus IPC for 30 days, or until earlier discharge or walking independently. MAIN OUTCOME MEASURES: The primary outcome was DVT in popliteal or femoral veins, detected on a screening CDU, or any symptomatic DVT in the proximal veins, confirmed by imaging, within 30 days of randomisation. The secondary outcomes included death, any DVTs, symptomatic DVTs, pulmonary emboli, skin breaks on the legs, falls with injury or fractures and duration of IPC use occurring within 30 days of randomisation and survival, symptomatic VTE, disability (as measured by the Oxford Handicap Scale), quality of life (as measured by the European Quality of Life-5 Dimensions 3 Level questionnaire) and length of initial hospital stay measured 6 months after randomisation. RESULTS: We allocated 1438 patients to IPC and 1438 to no IPC. The primary outcome occurred in 122 (8.5%) of 1438 patients allocated to IPC and 174 (12.1%) of 1438 patients allocated to no IPC, giving an absolute reduction in risk of 3.6% [95% confidence interval (CI) 1.4% to 5.8%] and a relative risk reduction of 0.69 (95% CI 0.55 to 0.86). After excluding 323 patients who died prior to any primary outcome and 41 who had no screening CDU, the primary outcome occurred in 122 of 1267 IPC participants compared with 174 of 1245 no-IPC participants, giving an adjusted odds ratio of 0.65 (95% CI 0.51 to 0.84; p = 0.001). Secondary outcomes in IPC compared with no-IPC participants were death in the treatment period in 156 (10.8%) versus 189 (13.1%) (p = 0.058); skin breaks in 44 (3.1%) versus 20 (1.4%) (p = 0.002); and falls with injury in 33 (2.3%) versus 24 (1.7%) (p = 0.221). Among patients treated with IPC, there was a statistically significant improvement in survival to 6 months (hazard ratio 0.86, 95% CI 0.73 to 0.99; p = 0.042), but no improvement in disability. The direct cost of preventing a DVT was pound1282 per event (95% CI pound785 to pound3077). CONCLUSIONS: IPC is an effective and inexpensive method of reducing the risk of DVT and improving survival in immobile stroke patients. FUTURE RESEARCH: Further research should test whether or not IPC improves survival in other groups of high-risk hospitalised medical patients. In addition, research into methods to improve adherence to IPC might increase the benefits of IPC in stroke patients. TRIAL REGISTRATION: Current Controlled Trials ISRCTN93529999. FUNDING: The start-up phase of the trial (December 2008-March 2010) was funded by the Chief Scientist Office of the Scottish Government (reference number CZH/4/417). The main phase of the trial was funded by the National Institute for Health Research Health Technology Assessment programme (reference number 08/14/03). Covidien Ltd (Mansfield, MA, USA) lent its Kendall SCD Express sequential compression system controllers to the 105 centres involved in the trial and donated supplies of its sleeves. It also provided logistical help in keeping our centres supplied with sleeves and training materials relevant to the use of their devices. Recruitment and follow-up were supported by the National Institute for Health Research-funded UK Stroke Research Network and by the Scottish Stroke Research Network, which was supported by NHS Research Scotland.,��https://www.ncbi.nlm.nih.gov/pubmed/26418530Q��Dennis, Martin
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Slips���Octc��Falls that occur as a result of a slip are one of the leading causes of injuries, particularly in the elderly population. Previous studies have focused on slips that occur on a flat surface. Slips on a laterally sloping surface are important and may be related to different mechanisms of balance recovery. This type of slip might result in different gait adaptations to those previously described on a flat surface, but these adaptations have not been investigated. The aim of this study was to assess whether, when walking on a cross-slope, young adults adapted their gait when made aware of a potential slip, and having experienced a slip. Gait parameters were compared for three conditions--(1) Normal walking; (2) Walking after being made aware of a potential slip (participants were told that a slip may occur); (3) Walking after experiencing a slip (Participants had already experienced at least one slip induced using a soapy contaminant). Gait parameters were only analysed for trials in which there was no slippery contaminant present on the walkway. Stride length and walking velocity were significantly reduced, and stance duration was significantly greater in the awareness and experience conditions compared to normal walking, with no significant differences in any gait parameters between the awareness and experience conditions. In addition, 46.7% of the slip trials resulted in a fall. This is higher than reported for slips induced on a flat surface, suggesting slips on a cross-slope are more hazardous. This would help explain the more cautious gait patterns observed in both the awareness and experience conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/26404081ì��Lawrence, Daniel
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Landscape
Risk���MarÀ��Hendra virus causes sporadic fatal disease in horses and humans in eastern Australia. Pteropid bats (flying-foxes) are the natural host of the virus. The mode of flying-fox to horse transmission remains unclear, but oro-nasal contact with flying-fox urine, faeces or saliva is the most plausible. We used GPS data logger technology to explore the landscape utilisation of black flying-foxes and horses to gain new insight into equine exposure risk. Flying-fox foraging was repetitious, with individuals returning night after night to the same location. There was a preference for fragmented arboreal landscape and non-native plant species, resulting in increased flying-fox activity around rural infrastructure. Our preliminary equine data logger study identified significant variation between diurnal and nocturnal grazing behaviour that, combined with the observed flying-fox foraging behaviour, could contribute to Hendra virus exposure risk. While we found no significant risk-exposing difference in individual horse movement behaviour in this study, the prospect warrants further investigation, as does the broader role of animal behaviour and landscape utilisation on the transmission dynamics of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26403793ä��Field, H E
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Viral proteins���In this review we summarize available data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within NTAIL-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder for viral transcription and replication are discussed in light of the ability of disordered regions to establish a complex molecular partnership and to confer a considerable reach to the elements of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26387109���Erales, Jenny
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Viral Proteins/*metabolism���Dec���UNLABELLED: Paramyxoviruses include many important animal and human pathogens. The genome of parainfluenza virus 5 (PIV5), a prototypical paramyxovirus, encodes a V protein that inhibits viral RNA synthesis. In this work, the mechanism of inhibition was investigated. Using mutational analysis and a minigenome system, we identified regions in the N and C termini of the V protein that inhibit viral RNA synthesis: one at the very N terminus of V and the second at the C terminus of V. Furthermore, we determined that residues L16 and I17 are critical for the inhibitory function of the N-terminal region of the V protein. Both regions interact with the nucleocapsid protein (NP), an essential component of the viral RNA genome complex (RNP). Mutations at L16 and I17 abolished the interaction between NP and the N-terminal domain of V. This suggests that the interaction between NP and the N-terminal domain plays a critical role in V inhibition of viral RNA synthesis by the N-terminal domain. Both the N- and C-terminal regions inhibited viral RNA replication. The C terminus inhibited viral RNA transcription, while the N-terminal domain enhanced viral RNA transcription, suggesting that the two domains affect viral RNA through different mechanisms. Interestingly, V also inhibited the synthesis of the RNA of other paramyxoviruses, such as Nipah virus (NiV), human parainfluenza virus 3 (HPIV3), measles virus (MeV), mumps virus (MuV), and respiratory syncytial virus (RSV). This suggests that a common host factor may be involved in the replication of these paramyxoviruses. IMPORTANCE: We identified two regions of the V protein that interact with NP and determined that one of these regions enhances viral RNA transcription via its interaction with NP. Our data suggest that a common host factor may be involved in the regulation of paramyxovirus replication and could be a target for broad antiviral drug development. Understanding the regulation of paramyxovirus replication will enable the rational design of vaccines and potential antiviral drugs.,��https://www.ncbi.nlm.nih.gov/pubmed/26378167=��Yang, Yang
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Virus���Oct���With more than 1 200 species, bats and flying foxes (Order Chiroptera) constitute the most important and diverse order of Mammals after Rodents. Many species of bats are insectivorous while others are frugivorous and few of them are hematophagous. Some of these animals fly during the night, others are crepuscular or diurnal. Some fly long distances during seasonal migrations. Many species are colonial cave-dwelling, living in a rather small home range while others are relatively solitary. However, in spite of the importance of bats for terrestrial biotic communities and ecosystem ecology, the diversity in their biology and lifestyles remain poorly known and underappreciated. More than sixty viruses have been detected or isolated in bats; these animals are therefore involved in the natural cycles of many of them. This is the case, for instance, of rabies virus and other Lyssavirus (Family Rhabdoviridae), Nipah and Hendra viruses (Paramyxoviridae), Ebola and Marburg viruses (Filoviridae), SARS-CoV and MERS-CoV (Coronaviridae). For these zoonotic viruses, a number of bat species are considered as important reservoir hosts, efficient disseminators or even directly responsible of the transmission. Some of these bat-borne viruses cause highly pathogenic diseases while others are of potential significance for humans and domestic or wild animals; so, bats are an important risk in human and animal public health. Moreover, some groups of viruses developed through different phylogenetic mechanisms of coevolution between viruses and bats. The fact that most of these viral infections are asymptomatic in bats has been observed since a long time but the mechanisms of the viral persistence are not clearly understood. The various bioecology of the different bat populations allows exchange of virus between migrating and non-migrating conspecific species. For a better understanding of the role of bats in the circulation of these viral zoonoses, epidemiologists must pay attention to some of their biologic properties which are not fully documented, like their extreme longevity, their diet, the population size and the particular densities observed in species with crowded roosting behavior, the population structure and migrations, the hibernation permitting overwintering of viruses, their particular innate and acquired immune response, probably related at least partially to their ability to fly, allowing persistent virus infections and preventing immunopathological consequences, etc. It is also necessary to get a better knowledge of the interactions between bats and ecologic changes induced by man and to attentively follow bat populations and their viruses through surveillance networks involving human and veterinary physicians, specialists of wild fauna, ecologists, etc. in order to understand the mechanisms of disease emergence, to try to foresee and, perhaps, to prevent viral emergences beforehand. Finally, a more fundamental research about immune mechanisms developed in viral infections is essential to reveal the reasons why Chiroptera are so efficient reservoir hosts. Clearly, a great deal of additional work is needed to document the roles of bats in the natural history of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26330152���Rodhain, F
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recombinant nucleocapsid¼��The recombinant viral protein-based indirect enzyme-linked immunosorbent assay (ELISA) is a cost-effective, safe, specific, and rapid tool to diagnose the viral infection. Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. The N protein was selected based on its immuno dominance and conservation among different NiV strains. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for swine sera was optimized using the recombinant NiV-N protein as an antigen along with negative and positive controls. The background reading was blocked using skim milk powder and chicken serum. A total number of 1709 swine serum samples from various states of India were tested with indirect ELISA and Western blot. The test was considered positive only when its total reactivity reading was higher than 0.2 cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Since specificity is high for Western blotting it was used as standard test for comparison of results of indirect ELISA. Sensitivity and specificity of indirect ELISA was 100% and 98.7%, respectively, in comparison with Western blotting. Recombinant N protein-based ELISA can be used in screening large number of serum samples for epidemiological investigations in developing countries where high containment laboratories are not available to handle this zoonotic virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26327601���Kulkarni, Diwakar D
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489n��Escaffre, Olivier
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pathological���Sep���The genus Henipavirus within the family Paramyxoviridae includes the Hendra virus (HeV) and Nipah virus (NiV) which were discovered in the 1990s in Australia and Malaysia, respectively, after emerging to cause severe and often fatal outbreaks in humans and animals. While HeV is confined to Australia, more recent NiV outbreaks have been reported in Bangladesh, India and the Philippines. The clinical manifestations of both henipaviruses in humans appear similar, with a predominance of an acute encephalitic syndrome. Likewise, the pathological features are similar and characterized by disseminated, multi-organ vasculopathy comprising endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, kidney and other major organs. This unique dual pathogenetic mechanism of vasculitis-induced microinfarction and neuronal infection causes severe tissue damage in the CNS. Both viruses can also cause relapsing encephalitis months and years after the acute infection. Many animal models studied to date have largely confirmed the pathology of henipavirus infection, and provided the means to test new therapeutic agents and vaccines. As the bat is the natural host of henipaviruses and has worldwide distribution, spillover events into human populations are expected to occur in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/26276024¤��Ong, Kien Chai
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evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523â��Lo Presti, Alessandra
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Management
Urban
Wildlife���DecZ��The urban presence of flying-foxes (pteropid bats) in eastern Australia has increased in the last 20 years, putatively reflecting broader landscape change. The influx of large numbers often precipitates community angst, typically stemming from concerns about loss of social amenity, economic loss or negative health impacts from recently emerged bat-mediated zoonotic diseases such as Hendra virus and Australian bat lyssavirus. Local authorities and state wildlife authorities are increasingly asked to approve the dispersal or modification of flying-fox roosts to address expressed concerns, yet the scale of this concern within the community, and the veracity of the basis for concern are often unclear. We conducted an on-line survey to capture community attitudes and opinions on flying-foxes in the urban environment to inform management policy and decision-making. Analysis focused on awareness, concerns, and management options, and primarily compared responses from communities where flying-fox management was and was not topical at the time of the survey. While a majority of respondents indicated a moderate to high level of knowledge of both flying-foxes and Hendra virus, a substantial minority mistakenly believed that flying-foxes pose a direct infection risk to humans, suggesting miscommunication or misinformation, and the need for additional risk communication strategies. Secondly, a minority of community members indicated they were directly impacted by urban roosts, most plausibly those living in close proximity to the roost, suggesting that targeted management options are warranted. Thirdly, neither dispersal nor culling was seen as an appropriate management strategy by the majority of respondents, including those from postcodes where flying-fox management was topical. These findings usefully inform community debate and policy development and demonstrate the value of social analysis in defining the issues and options in this complex human-wildlife interaction. The mobile nature of flying-foxes underlines the need for a management strategy at a regional or larger scale, and independent of state borders.,��https://www.ncbi.nlm.nih.gov/pubmed/28616461Å��Kung, Nina Y
Field, Hume E
McLaughlin, Amanda
Edson, Daniel
Taylor, Melanie
eng
Netherlands
2015/08/07 00:00
One Health. 2015 Aug 7;1:24-30. doi: 10.1016/j.onehlt.2015.07.002. eCollection 2015 Dec.%��2352-7714 (Print)
2352-7714 (Linking)
��PMC5441369���28616461���Queensland Centre for Emerging Infectious Diseases, Biosecurity Queensland, Department of Agriculture and Fisheries, Brisbane, QLD, Australia.
EcoHealth Alliance, New York, NY, USA.
Centre for Health Research, School of Medicine, University of Western Sydney, Sydney, NSW, Australia.���10.1016/j.onehlt.2015.07.002�	ª��þÒtÿî?�������Black, P.
Douglas, I.
Field, H.���2015v��This could be the start of something big-20 years since the identification of bats as the natural host of Hendra virus���14-16
��One Health���1L��Bat
Emerging zoonosis
Equine morbillivirus
Flying-fox
Hendra virus
Reservoir���Dec½��Hendra virus was first described in 1994 in Australia, causally associated with a cluster of fatal equine and human cases at a thoroughbred racing stable in the Brisbane suburb of Hendra. This year marks the twentieth anniversary of the identification of pteropid bats (flying-foxes) as the natural host of the virus, and it is timely to reflect on a pivotal meeting of an eclectic group of scientists in that process. They included animal and public health experts, environmental scientists, veterinary and horse industry representatives, and wildlife experts. The task was to review and prioritise wildlife surveillance seeking the origin of the previously unknown virus. The group determined that the likely reservoir must occur in disparate locations, and be capable of moving between locations, or exist in continuous, overlapping populations spanning multiple locations. Flying-foxes were considered to be a more probable source of the novel virus than birds. Within weeks, antibodies were detected in several species of flying-fox, and the virus was subsequently isolated. While the identification of the natural host of Hendra virus within 18 months of its description was remarkable in itself, a broader legacy followed. In the subsequent years, a suite of zoonotic viruses including Australian bat lyssavirus, Nipah virus, SARS coronavirus, and Ebola and Marburg viruses have been detected in bats. Bats are now the "go to" taxa for novel viruses. History has repeatedly demonstrated that knowledge begets knowledge. This simple notion of bringing a diverse group of people together in an environment of mutual respect reinforced this principle and proves that the sum is often so much more powerful than the parts.,��https://www.ncbi.nlm.nih.gov/pubmed/28616459���Black, Peter
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One Health
global health
public health
zoonoses¤	�Introduction: Zoonotic disease outbreaks have surged in the last two decades. These include severe acute respiratory syndrome (SARS), Hendra virus, Nipah virus, influenza viruses, Middle East Respiratory Syndrome (MERS) coronavirus, and ebola. One Health is the initiative of an inclusive collaboration linking human, animal, and environmental health. One Health is advocated through an intersectoral coordination to combat zoonoses, and the term has evolved over centuries. The primary aim of this literature review was to examine the change in the definition of the term One Health over time, particuarly following the the introduction of the latest definition in 2007 by the American Medical Association and the American Veterinary Medical Association. Methods: This review was conducted in four phases. The first phase consisted of a general PubMed search for the phrase "One Health" for every literature published up to December 2014. Then an advanced search was carried out using "One Health" in conjunction with the terms "zoonosis" and "zoonoses" in PubMed for the time period between January 2007 and December 2014. The articles found were then categorized based on the type of journals in which the articles were published. For the second phase, "One Health" was searched as a Medical subject heading (MeSH) term, which is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles. In the third phase, One Health advocate organizations were found using Google search engine. During the final phase, One Health was searched in Google scholar, examined by Google trends, and analyzed by Google ngram. Results: Before 2007, One Health had many connotations to health in the medical literature with an incomplete adherence to the usage of One Health linking zoonoses. The Google trends analysis shows an overal steady increase of the search of One Health from 2007 to 2014, which is consistent with the findings of articles from Pubmed. Discussion: Our results indicate that the linkage between the terms One Health and zoonoses started in 2007, which correlates with the joint declaration made by the American Medical Association and the American Veterinary Medical Association in 2007. We suggest creating a MeSH term for One Health in the PubMed database to support more specific research on zoonoses, and exploring the possibility of a patent of the term One Health to support global health and evidence based public health.,��https://www.ncbi.nlm.nih.gov/pubmed/29138713���Asokan, Govindaraj V
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Recombinant protein expression���DecE��Hendra virus (family Paramyxoviridae) is a negative sense single-stranded RNA virus (NSRV) which has been found to cause disease in humans, horses, and experimentally in other animals, e.g. pigs and cats. Pteropid bats commonly known as flying foxes have been identified as the natural host reservoir. The Hendra virus nucleocapsid protein (HeV N) represents the most abundant viral protein produced by the host cell, and is highly immunogenic with naturally infected humans and horses producing specific antibodies towards this protein. The purpose of this study was to express and purify soluble, functionally active recombinant HeV N, suitable for use as an immunodiagnostic reagent to detect antibodies against HeV. We expressed both full-length HeV N, (HeV NFL), and a C-terminal truncated form, (HeV NCORE), using a bacterial heterologous expression system. Both HeV N constructs were engineered with an N-terminal Hisx6 tag, and purified using a combination of immobilized metal affinity chromatography (IMAC) and size exclusion chromatography (SEC). Purified recombinant HeV N proteins self-assembled into soluble higher order oligomers as determined by SEC and negative-stain transmission electron microscopy. Both HeV N proteins were highly immuno-reactive with sera from animals and humans infected with either HeV or the closely related Nipah virus (NiV), but displayed no immuno-reactivity towards sera from animals infected with a non-pathogenic paramyxovirus (CedPV), or animals receiving Equivac(R) (HeV G glycoprotein subunit vaccine), using a Luminex-based multiplexed microsphere assay.,��https://www.ncbi.nlm.nih.gov/pubmed/26196500���Pearce, Lesley A
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protein-protein interactions���Jul 10¢��We herein review available computational and experimental data pointing to the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed molecular description of the mechanisms governing the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (PXD) of the homologous P proteins. We also show that NTAIL-PXD complexes are "fuzzy", i.e., they possess a significant residual disorder, and discuss the possible functional significance of this fuzziness. Finally, we emphasize the relevance of N-P interactions involving intrinsically disordered proteins as promising targets for new antiviral approaches, and end up summarizing the general functional advantages of disorder for viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26184170¦��Habchi, Johnny
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654���Walsh, Michael G
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zoonoses���AugR��Because some bats host viruses with zoonotic potential, we investigated human-bat interactions in rural Ghana during 2011-2012. Nearly half (46.6%) of respondents regularly visited bat caves; 37.4% had been bitten, scratched, or exposed to bat urine; and 45.6% ate bat meat. Human-bat interactions in rural Ghana are frequent and diverse.,��https://www.ncbi.nlm.nih.gov/pubmed/26177344+��Anti, Priscilla
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Hassan, F.���2015d��A Computational Approach for Designing a Universal Epitope-Based Peptide Vaccine Against Nipah Virus���177-85���Interdiscip Sci���7���2���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209±��Ali, Mohammad Tuhin
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Phycoerythrin���Sep 15ó��Detection of Hendra viral IgG antibody in animal sera is useful for surveillance following a virus outbreak. The commonly used enzyme-linked immunosorbent assay and fluorescence-based Luminex assay typically consist of three steps and take at least several hours to complete. We have simplified the procedure to two steps in an effort to develop a rapid procedure for IgG antibody, but not IgM antibody, detection. This is achieved by conjugating the fluorescence label R-phycoerythrin directly onto the IgG binding protein Protein G. The use of magnetic nanoparticles, due to their large specific surface area, has helped reduce each of the binding steps to 20 min. As a result, the whole assay can be completed in 60 min. We also demonstrate a method to quickly estimate IgG antibody titres by assaying the sera at only two dilutions (i.e. 1:20 and 1:1000) and using the fluorescence ratio at these dilutions as an indicator of antibody titre. The results of this approach correlated well with the well-regarded serum neutralization test in virus antibody assays. This protocol reported here can be adopted in Luminex assays, fluorescence-linked immunosorbent assays and assays on microfluidics platforms for rapid antibody surveillance of Hendra and other viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26141730	��Gao, Yuan
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519���Satterfield, Benjamin A
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Protein-protein interaction���Sep 14g��In this review I summarize available data pointing to the abundance of structural disorder within the nucleoprotein (N) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. I provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous phosphoproteins. I also show that a significant flexibility persists within NTAIL-XD complexes, which makes them illustrative examples of "fuzziness". Finally, I discuss the functional implications of structural disorder for viral transcription and replication in light of the promiscuity of disordered regions and of the considerable reach they confer to the components of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26071376µ��Longhi, Sonia
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Zoonoses/*virology6��Hendra virus (HeV) is a lethal zoonotic agent that emerged in 1994 in Australia. Pteropid bats (flying-foxes) are the natural reservoir. To date, HeV has spilled over from flying-foxes to horses on 51 known occasions, and from infected horses to close-contact humans on seven occasions. We undertook screening of archived bat tissues for HeV by reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues were tested from 310 bats including 295 Pteropodiformes and 15 Vespertilioniformes. HeV was detected in 20 individual flying-foxes (6.4%) from various tissues including spleen, kidney, liver, lung, placenta and blood components. Detection was significantly higher in Pteropus Alecto and P. conspicillatus, identifying species as a risk factor for infection. Further, our findings indicate that HeV has a predilection for the spleen, suggesting this organ plays an important role in HeV infection. The lack of detections in the foetal tissues of HeV-positive females suggests that vertical transmission is not a regular mode of transmission in naturally infected flying-foxes, and that placental and foetal tissues are not a major source of infection for horses. A better understanding of HeV tissue tropism will strengthen management of the risk of spillover from flying-foxes to horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26060997ñ��Goldspink, Lauren K
Edson, Daniel W
Vidgen, Miranda E
Bingham, John
Field, Hume E
Smith, Craig S
eng
Research Support, Non-U.S. Gov't
2015/06/11 06:00
PLoS One. 2015 Jun 10;10(6):e0128835. doi: 10.1371/journal.pone.0128835. eCollection 2015.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC4465494���26060997ÿ��Queensland Centre for Emerging Infectious Diseases, Biosecurity Queensland, Department of Agriculture and Fisheries, Coopers Plains, Queensland, Australia.
Australian Animal Health Laboratory, Commonwealth Scientific and Industrial Research Organisation, East Geelong, Victoria, Australia.
Queensland Centre for Emerging Infectious Diseases, Biosecurity Queensland, Department of Agriculture and Fisheries, Coopers Plains, Queensland, Australia; EcoHealth Alliance, New York, New York, United States of America.���10.1371/journal.pone.0128835��
���üÒ|ÿî?#������Weis, M.
Maisner, A.���2015h��Nipah virus fusion protein: Importance of the cytoplasmic tail for endosomal trafficking and bioactivity���316-22���Eur J Cell Biol���94���7-9Ý��Animals
Cathepsins/metabolism
Cell Fusion
Cell Line
Cytoplasmic Vesicles/metabolism
Dogs
Endocytosis/*physiology
Endosomes/*metabolism
Enzyme Activation
Madin Darby Canine Kidney Cells
Nipah Virus/metabolism
Protein Transport/physiology
Proteolysis
Signal Transduction
Viral Envelope Proteins/*genetics/*metabolism
Viral Fusion Proteins/genetics/metabolism
Virus Attachment
*Virus Internalization
Cleavage
Cytoplasmic tail
Endocytosis
Fusion activity
Fusion protein
Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400¼��Weis, Michael
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nucleoside analogsÈ��The paramyxovirus family includes major human and animal pathogens, including measles virus, mumps virus, and human respiratory syncytial virus (RSV), as well as the emerging zoonotic Hendra and Nipah viruses. In the U.S., RSV is the leading cause of infant hospitalizations due to viral infectious disease. Despite their clinical significance, effective drugs for the improved management of paramyxovirus disease are lacking. The development of novel anti-paramyxovirus therapeutics is therefore urgently needed. Paramyxoviruses contain RNA genomes of negative polarity, necessitating a virus-encoded RNA-dependent RNA polymerase (RdRp) complex for replication and transcription. Since an equivalent enzymatic activity is absent in host cells, the RdRp complex represents an attractive druggable target, although structure-guided drug development campaigns are hampered by the lack of high-resolution RdRp crystal structures. Here, we review the current structural and functional insight into the paramyxovirus polymerase complex in conjunction with an evaluation of the mechanism of activity and developmental status of available experimental RdRp inhibitors. Our assessment spotlights the importance of the RdRp complex as a premier target for therapeutic intervention and examines how high-resolution insight into the organization of the complex will pave the path toward the structure-guided design and optimization of much-needed next-generation paramyxovirus RdRp blockers.,��https://www.ncbi.nlm.nih.gov/pubmed/26029193Ù��Cox, Robert
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Tooth/anatomy & histology«��BACKGROUND: Living gnathostomes (jawed vertebrates) comprise two divisions, Chondrichthyes (cartilaginous fishes, including euchondrichthyans with prismatic calcified cartilage, and extinct stem chondrichthyans) and Osteichthyes (bony fishes including tetrapods). Most of the early chondrichthyan ('shark') record is based upon isolated teeth, spines, and scales, with the oldest articulated sharks that exhibit major diagnostic characters of the group--prismatic calcified cartilage and pelvic claspers in males--being from the latest Devonian, c. 360 Mya. This paucity of information about early chondrichthyan anatomy is mainly due to their lack of endoskeletal bone and consequent low preservation potential. METHODOLOGY/PRINCIPAL FINDINGS: Here we present new data from the first well-preserved chondrichthyan fossil from the early Late Devonian (ca. 380-384 Mya) Gogo Formation Lagerstatte of Western Australia. The specimen is the first Devonian shark body fossil to be acid-prepared, revealing the endoskeletal elements as three-dimensional undistorted units: Meckel's cartilages, nasal, ceratohyal, basibranchial and possible epibranchial cartilages, plus left and right scapulocoracoids, as well as teeth and scales. This unique specimen is assigned to Gogoselachus lynnbeazleyae n. gen. n. sp. CONCLUSIONS/SIGNIFICANCE: The Meckel's cartilages show a jaw articulation surface dominated by an expansive cotylus, and a small mandibular knob, an unusual condition for chondrichthyans. The scapulocoracoid of the new specimen shows evidence of two pectoral fin basal articulation facets, differing from the standard condition for early gnathostomes which have either one or three articulations. The tooth structure is intermediate between the 'primitive' ctenacanthiform and symmoriiform condition, and more derived forms with a euselachian-type base. Of special interest is the highly distinctive type of calcified cartilage forming the endoskeleton, comprising multiple layers of nonprismatic subpolygonal tesserae separated by a cellular matrix, interpreted as a transitional step toward the tessellated prismatic calcified cartilage that is recognized as the main diagnostic character of the chondrichthyans.,��https://www.ncbi.nlm.nih.gov/pubmed/26020788���Long, John A
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SeasonsC��Bats of the genus Pteropus (flying-foxes) are the natural host of Hendra virus (HeV) which periodically causes fatal disease in horses and humans in Australia. The increased urban presence of flying-foxes often provokes negative community sentiments because of reduced social amenity and concerns of HeV exposure risk, and has resulted in calls for the dispersal of urban flying-fox roosts. However, it has been hypothesised that disturbance of urban roosts may result in a stress-mediated increase in HeV infection in flying-foxes, and an increased spillover risk. We sought to examine the impact of roost modification and dispersal on HeV infection dynamics and cortisol concentration dynamics in flying-foxes. The data were analysed in generalised linear mixed models using restricted maximum likelihood (REML). The difference in mean HeV prevalence in samples collected before (4.9%), during (4.7%) and after (3.4%) roost disturbance was small and non-significant (P = 0.440). Similarly, the difference in mean urine specific gravity-corrected urinary cortisol concentrations was small and non-significant (before = 22.71 ng/mL, during = 27.17, after = 18.39) (P= 0.550). We did find an underlying association between cortisol concentration and season, and cortisol concentration and region, suggesting that other (plausibly biological or environmental) variables play a role in cortisol concentration dynamics. The effect of roost disturbance on cortisol concentration approached statistical significance for region, suggesting that the relationship is not fixed, and plausibly reflecting the nature and timing of disturbance. We also found a small positive statistical association between HeV excretion status and urinary cortisol concentration. Finally, we found that the level of flying-fox distress associated with roost disturbance reflected the nature and timing of the activity, highlighting the need for a 'best practice' approach to dispersal or roost modification activities. The findings usefully inform public discussion and policy development in relation to Hendra virus and flying-fox management.,��https://www.ncbi.nlm.nih.gov/pubmed/26016629ì��Edson, Daniel
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Viruses���Jul 2Q��In recent years severe infectious diseases have been constantly emerging, causing panic in the world. Now we know that many of these terrible diseases are caused by viruses originated from bats (Table 1), such as Ebola virus, Marburg, SARS coronavirus (SARS-CoV), MERS coronavirus (MERS-CoV), Nipah virus (NiV) and Hendra virus (HeV). These viruses have co-evolved with bats due to bats' special social, biological and immunological features. Although bats are not in close contact with humans, spillover of viruses from bats to intermediate animal hosts, such as horses, pigs, civets, or non-human primates, is thought to be the most likely mode to cause human infection. Humans may also become infected with viruses through aerosol by intruding into bat roosting caves or via direct contact with bats, such as catching bats or been bitten by bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25997928ÿ��Han, Hui-Ju
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Antiviral
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Lassa���Aug{��Host cell kinases are important for the replication of a number of hemorrhagic fever viruses. We tested a panel of kinase inhibitors for their ability to block the replication of multiple hemorrhagic fever viruses. OSU-03012 inhibited the replication of Lassa, Ebola, Marburg and Nipah viruses, whereas BIBX 1382 dihydrochloride inhibited Lassa, Ebola and Marburg viruses. BIBX 1382 blocked both Lassa and Ebola virus glycoprotein-dependent cell entry. These compounds may be used as tools to understand conserved virus-host interactions, and implicate host cell kinases that may be targets for broad spectrum therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/25986249?��Mohr, Emma L
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Newcastle disease virus/genetics/immunology/physiology
Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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Small angle X-ray scattering���Augz��The Hendra virus is a member of the Henipavirus genus within the Paramyxoviridae family. The nucleoprotein, which consists of a structured core and of a C-terminal intrinsically disordered domain (N(TAIL)), encapsidates the viral genome within a helical nucleocapsid. N(TAIL) partly protrudes from the surface of the nucleocapsid being thus capable of interacting with the C-terminal X domain (XD) of the viral phosphoprotein. Interaction with XD implies a molecular recognition element (MoRE) that is located within N(TAIL) residues 470-490, and that undergoes alpha-helical folding. The MoRE has been proposed to be embedded in the hydrophobic groove delimited by helices alpha2 and alpha3 of XD, although experimental data could not discriminate between a parallel and an antiparallel orientation of the MoRE. Previous studies also showed that if the binding interface is enriched in hydrophobic residues, charged residues located close to the interface might play a role in complex formation. Here, we targeted for site directed mutagenesis two acidic and two basic residues within XD and N(TAIL). ITC studies showed that electrostatics plays a crucial role in complex formation and pointed a parallel orientation of the MoRE as more likely. Further support for a parallel orientation was afforded by SAXS studies that made use of two chimeric constructs in which XD and the MoRE were covalently linked to each other. Altogether, these studies unveiled the multiparametric nature of the interactions established within this complex and contribute to shed light onto the molecular features of protein interfaces involving intrinsically disordered regions.,��https://www.ncbi.nlm.nih.gov/pubmed/25960280ð��Erales, Jenny
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sponge���Jul 3¥��All vertebrate inwardly rectifying potassium (Kir) channels are activated by phosphatidylinositol 4,5-bisphosphate (PIP2) (Logothetis, D. E., Petrou, V. I., Zhang, M., Mahajan, R., Meng, X. Y., Adney, S. K., Cui, M., and Baki, L. (2015) Annu. Rev. Physiol. 77, 81-104; Furst, O., Mondou, B., and D'Avanzo, N. (2014) Front. Physiol. 4, 404-404). Structural components of a PIP2-binding site are conserved in vertebrate Kir channels but not in distantly related animals such as sponges and sea anemones. To expand our understanding of the structure-function relationships of PIP2 regulation of Kir channels, we studied AqKir, which was cloned from the marine sponge Amphimedon queenslandica, an animal that represents the phylogenetically oldest metazoans. A requirement for PIP2 in the maintenance of AqKir activity was examined in intact oocytes by activation of a co-expressed voltage-sensing phosphatase, application of wortmannin (at micromolar concentrations), and activation of a co-expressed muscarinic acetylcholine receptor. All three mechanisms to reduce the availability of PIP2 resulted in inhibition of AqKir current. However, time-dependent rundown of AqKir currents in inside-out patches could not be re-activated by direct application to the inside membrane surface of water-soluble dioctanoyl PIP2, and the current was incompletely re-activated by the more hydrophobic arachidonyl stearyl PIP2. When we introduced mutations to AqKir to restore two positive charges within the vertebrate PIP2-binding site, both forms of PIP2 strongly re-activated the mutant sponge channels in inside-out patches. Molecular dynamics simulations validate the additional hydrogen bonding potential of the sponge channel mutants. Thus, nature's mutations conferred a high affinity activation of vertebrate Kir channels by PIP2, and this is a more recent evolutionary development than the structures that explain ion channel selectivity and inward rectification.,��https://www.ncbi.nlm.nih.gov/pubmed/25957411���Tang, Qiong-Yao
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zoonosis���Feb���Many wild swine populations in different parts of the World have experienced an unprecedented demographic explosion that may result in increased exposure of humans to wild swine zoonotic pathogens. Interactions between humans and wild swine leading to pathogen transmission could come from different ways, being hunters and game professionals the most exposed to acquiring infections from wild swine. However, increasing human settlements in semi-natural areas, outdoor activities, socio-economic changes and food habits may increase the rate of exposure to wild swine zoonotic pathogens and to potentially emerging pathogens from wild swine. Frequent and increasing contact rate between humans and wild swine points to an increasing chance of zoonotic pathogens arising from wild swine to be transmitted to humans. Whether this frequent contact could lead to new zoonotic pathogens emerging from wild swine to cause human epidemics or emerging disease outbreaks is difficult to predict, and assessment should be based on thorough epidemiologic surveillance. Additionally, several gaps in knowledge on wild swine global population dynamics trends and wild swine-zoonotic pathogen interactions should be addressed to correctly assess the potential role of wild swine in the emergence of diseases in humans. In this work, viruses such as hepatitis E virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. have been identified as the most prone to be transmitted from wild swine to humans on the basis of geographic spread in wild swine populations worldwide, pathogen circulation rates in wild swine populations, wild swine population trends in endemic areas, susceptibility of humans to infection, transmissibility from wild swine to humans and existing evidence of wild swine-human transmission events.,��https://www.ncbi.nlm.nih.gov/pubmed/25953392���Ruiz-Fons, F
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*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743=��Bradel-Tretheway, Birgit G
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Vertebrates/*anatomy & histologyÉ��The origin of terrestrial tetrapods was a key event in vertebrate evolution, yet how and when it occurred remains obscure, due to scarce fossil evidence. Here, we show that the study of palaeopathologies, such as broken and healed bones, can help elucidate poorly understood behavioural transitions such as this. Using high-resolution finite element analysis, we demonstrate that the oldest known broken tetrapod bone, a radius of the primitive stem tetrapod Ossinodus pueri from the mid-Visean (333 million years ago) of Australia, fractured under a high-force, impact-type loading scenario. The nature of the fracture suggests that it most plausibly occurred during a fall on land. Augmenting this are new osteological observations, including a preferred directionality to the trabecular architecture of cancellous bone. Together, these results suggest that Ossinodus, one of the first large (>2m length) tetrapods, spent a significant proportion of its life on land. Our findings have important implications for understanding the temporal, biogeographical and physiological contexts under which terrestriality in vertebrates evolved. They push the date for the origin of terrestrial tetrapods further back into the Carboniferous by at least two million years. Moreover, they raise the possibility that terrestriality in vertebrates first evolved in large tetrapods in Gondwana rather than in small European forms, warranting a re-evaluation of this important evolutionary event.,��https://www.ncbi.nlm.nih.gov/pubmed/25938463���Bishop, Peter J
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*Nipah Virus���Augà��Nipah virus (NiV) encephalitis is endemic in Bangladesh, with yearly seasonal outbreaks occurring since 2003. NiV has a notable case fatality rate, 75-100 per cent depending on the strain. In Bangladesh, primary transmission to humans is believed to be because of consumption of bat-contaminated date palm sap (DPS). Both the disease and the virus have been investigated extensively, however efforts to implement preventive strategies have met social and cultural challenges. Here we present a variety of community approaches to control the spread of Nipah encephalitis, along with advantages and disadvantages of each. This information may be useful to health workers and policymakers in potential NiV outbreak areas in Southeast Asia.,��https://www.ncbi.nlm.nih.gov/pubmed/25925087¼��Dhillon, Jasmine
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*Tropical Medicine���Apr)	�The ten member states of the Association of Southeast Asian Nations (ASEAN) constitute an economic powerhouse, yet these countries also harbor a mostly hidden burden of poverty and neglected tropical diseases (NTDs). Almost 200 million people live in extreme poverty in ASEAN countries, mostly in the low or lower middle-income countries of Indonesia, the Philippines, Myanmar, Viet Nam, and Cambodia, and many of them are affected by at least one NTD. However, NTDs are prevalent even among upper middle-income ASEAN countries such as Malaysia and Thailand, especially among the indigenous populations. The three major intestinal helminth infections are the most common NTDs; each helminthiasis is associated with approximately 100 million infections in the region. In addition, more than 10 million people suffer from either liver or intestinal fluke infections, as well as schistosomiasis and lymphatic filariasis (LF). Intestinal protozoan infections are widespread, while leishmaniasis has emerged in Thailand, and zoonotic malaria (Plasmodium knowlesi infection) causes severe morbidity in Malaysia. Melioidosis has emerged as an important bacterial NTD, as have selected rickettsial infections, and leptospirosis. Leprosy, yaws, and trachoma are still endemic in focal areas. Almost 70 million cases of dengue fever occur annually in ASEAN countries, such that this arboviral infection is now one of the most common and economically important NTDs in the region. A number of other arboviral and zoonotic viral infections have also emerged, including Japanese encephalitis; tick-borne viral infections; Nipah virus, a zoonosis present in fruit bats; and enterovirus 71 infection. There are urgent needs to expand surveillance activities in ASEAN countries, as well as to ensure mass drug administration is provided to populations at risk for intestinal helminth and fluke infections, LF, trachoma, and yaws. An ASEAN Network for Drugs, Diagnostics, Vaccines, and Traditional Medicines Innovation provides a policy framework for the development of new control and elimination tools. Together with prominent research institutions and universities, the World Health Organization (WHO), and its regional offices, these organizations could implement important public health improvements through NTD control and elimination in the coming decade.,��https://www.ncbi.nlm.nih.gov/pubmed/25880767ú��Hotez, Peter J
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385|��Thanapongtharm, Weerapong
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472T��Prescott, Joseph
DeBuysscher, Blair L
Feldmann, Friederike
Gardner, Donald J
Haddock, Elaine
Martellaro, Cynthia
Scott, Dana
Feldmann, Heinz
eng
ZIA AI001089-06/NULL/Intramural NIH HHS/
Research Support, N.I.H., Intramural
Netherlands
2015/04/14 06:00
Vaccine. 2015 Jun 4;33(24):2823-9. doi: 10.1016/j.vaccine.2015.03.089. Epub 2015 Apr 10.*��1873-2518 (Electronic)
0264-410X (Linking)
��PMC4433813���25865472ì��National Institutes of Health, Hamilton, MT, USA.
National Institutes of Health, Hamilton, MT, USA; University of Montana, Missoula, MT, USA.
National Institutes of Health, Hamilton, MT, USA. Electronic address: feldmannh@niaid.nih.gov.���10.1016/j.vaccine.2015.03.089����lï�|ÿï73��������2015D��Emerging Viral Diseases: The One Health Connection: Workshop Summary���Washington (DC)õ��In the past half century, deadly disease outbreaks caused by novel viruses of animal origin - Nipah virus in Malaysia, Hendra virus in Australia, Hantavirus in the United States, Ebola virus in Africa, along with HIV (human immunodeficiency virus), several influenza subtypes, and the SARS (sudden acute respiratory syndrome) and MERS (Middle East respiratory syndrome) coronaviruses - have underscored the urgency of understanding factors influencing viral disease emergence and spread. Emerging Viral Diseases is the summary of a public workshop hosted in March 2014 to examine factors driving the appearance, establishment, and spread of emerging, re-emerging and novel viral diseases; the global health and economic impacts of recently emerging and novel viral diseases in humans; and the scientific and policy approaches to improving domestic and international capacity to detect and respond to global outbreaks of infectious disease. This report is a record of the presentations and discussion of the event.,��https://www.ncbi.nlm.nih.gov/pubmed/25834866R��The National Academies Collection: Reports funded by National Institutes of Healthn��Forum on Microbial Threats
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ribonucleoprotein���Apr 7½��Parainfluenza virus 5 (PIV5) is a member of the Paramyxoviridae family of membrane-enveloped viruses with a negative-sense RNA genome that is packaged and protected by long filamentous nucleocapsid-helix structures (RNPs). These RNPs, consisting of approximately 2,600 protomers of nucleocapsid (N) protein, form the template for viral transcription and replication. We have determined the 3D X-ray crystal structure of the nucleoprotein (N)-RNA complex from PIV5 to 3.11-A resolution. The structure reveals a 13-mer nucleocapsid ring whose diameter, cavity, and pitch/height dimensions agree with EM data from early studies on the Paramyxovirinae subfamily of native RNPs, indicating that it closely represents one-turn in the building block of the RNP helices. The PIV5-N nucleocapsid ring encapsidates a nuclease resistant 78-nt RNA strand in its positively charged groove formed between the N-terminal (NTD) and C-terminal (CTD) domains of its successive N protomers. Six nucleotides precisely are associated with each N protomer, with alternating three-base-in three-base-out conformation. The binding of six nucleotides per protomer is consistent with the "rule of six" that governs the genome packaging of the Paramyxovirinae subfamily of viruses. PIV5-N protomer subdomains are very similar in structure to the previously solved Nipah-N structure, but with a difference in the angle between NTD/CTD at the RNA hinge region. Based on the Nipah-N structure we modeled a PIV5-N open conformation in which the CTD rotates away from the RNA strand into the inner spacious nucleocapsid-ring cavity. This rotation would expose the RNA for the viral polymerase activity without major disruption of the nucleocapsid structure.,��https://www.ncbi.nlm.nih.gov/pubmed/25831513F��Alayyoubi, Maher
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viral attachment���Apr 28���The discovery of African henipaviruses (HNVs) related to pathogenic Hendra virus (HeV) and Nipah virus (NiV) from Southeast Asia and Australia presents an open-ended health risk. Cell receptor use by emerging African HNVs at the stage of host-cell entry is a key parameter when considering the potential for spillover and infection of human populations. The attachment glycoprotein from a Ghanaian bat isolate (GhV-G) exhibits <30% sequence identity with Asiatic NiV-G/HeV-G. Here, through functional and structural analysis of GhV-G, we show how this African HNV targets the same human cell-surface receptor (ephrinB2) as the Asiatic HNVs. We first characterized this virus-receptor interaction crystallographically. Compared with extant HNV-G-ephrinB2 structures, there was significant structural variation in the six-bladed beta-propeller scaffold of the GhV-G receptor-binding domain, but not the Greek key fold of the bound ephrinB2. Analysis revealed a surprisingly conserved mode of ephrinB2 interaction that reflects an ongoing evolutionary constraint among geographically distal and phylogenetically divergent HNVs to maintain the functionality of ephrinB2 recognition during virus-host entry. Interestingly, unlike NiV-G/HeV-G, we could not detect binding of GhV-G to ephrinB3. Comparative structure-function analysis further revealed several distinguishing features of HNV-G function: a secondary ephrinB2 interaction site that contributes to more efficient ephrinB2-mediated entry in NiV-G relative to GhV-G and cognate residues at the very C terminus of GhV-G (absent in Asiatic HNV-Gs) that are vital for efficient receptor-induced fusion, but not receptor binding per se. These data provide molecular-level details for evaluating the likelihood of African HNVs to spill over into human populations.,��https://www.ncbi.nlm.nih.gov/pubmed/25825759\��Lee, Benhur
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Viral Matrix Proteins/*metabolism���Mar=��The paramyxovirus matrix (M) protein is a molecular scaffold required for viral morphogenesis and budding at the plasma membrane. Transient nuclear residence of some M proteins hints at non-structural roles. However, little is known regarding the mechanisms that regulate the nuclear sojourn. Previously, we found that the nuclear-cytoplasmic trafficking of Nipah virus M (NiV-M) is a prerequisite for budding, and is regulated by a bipartite nuclear localization signal (NLSbp), a leucine-rich nuclear export signal (NES), and monoubiquitination of the K258 residue within the NLSbp itself (NLSbp-lysine). To define whether the sequence determinants of nuclear trafficking identified in NiV-M are common among other Paramyxovirinae M proteins, we generated the homologous NES and NLSbp-lysine mutations in M proteins from the five major Paramyxovirinae genera. Using quantitative 3D confocal microscopy, we determined that the NES and NLSbp-lysine are required for the efficient nuclear export of the M proteins of Nipah virus, Hendra virus, Sendai virus, and Mumps virus. Pharmacological depletion of free ubiquitin or mutation of the conserved NLSbp-lysine to an arginine, which inhibits M ubiquitination, also results in nuclear and nucleolar retention of these M proteins. Recombinant Sendai virus (rSeV-eGFP) bearing the NES or NLSbp-lysine M mutants rescued at similar efficiencies to wild type. However, foci of cells expressing the M mutants displayed marked fusogenicity in contrast to wild type, and infection did not spread. Recombinant Mumps virus (rMuV-eGFP) bearing the homologous mutations showed similar defects in viral morphogenesis. Finally, shotgun proteomics experiments indicated that the interactomes of Paramyxovirinae M proteins are significantly enriched for components of the nuclear pore complex, nuclear transport receptors, and nucleolar proteins. We then synthesize our functional and proteomics data to propose a working model for the ubiquitin-regulated nuclear-cytoplasmic trafficking of cognate paramyxovirus M proteins that show a consistent nuclear trafficking phenotype.,��https://www.ncbi.nlm.nih.gov/pubmed/25782006{��Pentecost, Mickey
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�UNLABELLED: Viral cellular immune surveillance is a dynamic and fluid system that is driven by finely regulated cellular processes including cytokines and other factors locally in the microenvironment and systemically throughout the body. It is questionable as to what extent the central nervous system (CNS) is an immune-privileged organ protected by the blood-brain barrier (BBB). Recent evidence suggests converging pathways through which viral infection, and its associated immune surveillance processes, may alter the integrity of the blood-brain barrier, and lead to inflammation, swelling of the brain parenchyma and associated neurological syndromes. Here, we expand upon the recent "gateway theory", by which viral infection and other immune activation states may disrupt the specialized tight junctions of the BBB endothelium making it permeable to immune cells and factors. The model we outline here builds upon the proposition that this process may actually be initiated by cytokines of the IL-17 family, and recognizing the intimate balance between TH17 and TH9 cytokine profiles systemically. We argue that immune surveillance events, in response to viruses such as the Human Immunodeficiency Virus (HIV), cause a TH17/TH9 induced gateway through blood brain barrier, and thus lead to characteristic neuroimmune pathology. It is possible and even probable that the novel TH17/TH9 induced gateway, which we describe here, opens as a consequence of any state of immune activation and sustained chronic inflammation, whether associated with viral infection or any other cause of peripheral or central neuroinflammation. This view could lead to new, timely and critical patient-centered therapies for patients with neuroimmune pathologies across a variety of etiologies. ABBREVIATIONS: BBB - blood brain barrier, BDV - Borna disease virus, CARD - caspase activation and recruitment domains, CD - clusters of differentiation, CNS - central nervous system, DAMP - damage-associated molecular patterns, DENV - Dengue virus, EBOV - Ebola virus, ESCRT - endosomal sorting complex required for transport-I, HepC - Hepatitis C virus, HIV - human immunodeficiency virus, IFN - interferon, ILn - interleukin-n, IRF-n - interferon regulatory factor-n, MAVS - mitochondrial antiviral-signaling, MBGV - Marburg virus, M-CSF - macrophage colony-stimulating factor, MCP-1 - monocyte chemotactic protein 1 (aka CCL2), MHC - major histocompatibility complex, MIP-alpha beta - macrophage inflammatory protein-1 alpha beta (aka CCL3 & CCL4), MIF - macrophage migration inhibitory factor, NVE - Nipah virus encephalitis, NK - natural killer cell, NLR - NLR, NOD - like receptor, NOD - nucleotide oligomerization domain, PAMP - pathogen-associated molecular patterns, PtdIns - phosphoinositides, PV - Poliovirus, RIG-I - retinoic acid-inducible gene I, RIP - Receptor-interacting protein (RIP) kinase, RLR - RIG-I-like receptor, sICAM1 - soluble intracellular adhesion molecule 1, STAT-3 - signal tranducer and activator of transcription-3, sVCAM1 - soluble vascular cell adhesion molecule 1, TANK - TRAF family member-associated NF- . B activator, TBK1 - TANK-binding kinase 1, TLR - Toll-like receptor, TNF - tumor necrosis factor, TNFR - TNF receptor, TNFRSF21 - tumor necrosis factor receptor superfamily member 21, TRADD TNFR-SF1A - associated via death domain, TRAF TNFR - associated factor, Tregs - regulatory T cellsubpopulation (CD4/8+CD25+FoxP3+), VHF - viral hemorrhagic fever.,��https://www.ncbi.nlm.nih.gov/pubmed/257802816��Barkhordarian, Andre
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�UNLABELLED: Nipah virus and Hendra virus are emerging, highly pathogenic, zoonotic paramyxoviruses that belong to the genus Henipavirus. They infect humans as well as numerous mammalian species. Both viruses use ephrin-B2 and -B3 as cell entry receptors, and following initial entry into an organism, they are capable of rapid spread throughout the host. We have previously reported that Nipah virus can use another attachment receptor, different from its entry receptors, to bind to nonpermissive circulating leukocytes, thereby promoting viral dissemination within the host. Here, this attachment molecule was identified as heparan sulfate for both Nipah virus and Hendra virus. Cells devoid of heparan sulfate were not able to mediate henipavirus trans-infection and showed reduced permissivity to infection. Virus pseudotyped with Nipah virus glycoproteins bound heparan sulfate and heparin but no other glycosaminoglycans in a surface plasmon resonance assay. Furthermore, heparin was able to inhibit the interaction of the viruses with the heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin was shown to bind to ephrin-B3 and to restrain infection of permissive cells in vitro. Consequently, treatment with heparin devoid of anticoagulant activity improved the survival of Nipah virus-infected hamsters. Altogether, these results reveal heparan sulfate as a new attachment receptor for henipaviruses and as a potential therapeutic target for the development of novel approaches against these highly lethal infections. IMPORTANCE: The Henipavirus genus includes two closely related, highly pathogenic paramyxoviruses, Nipah virus and Hendra virus, which cause elevated morbidity and mortality in animals and humans. Pathogenesis of both Nipah virus and Hendra virus infection is poorly understood, and efficient antiviral treatment is still missing. Here, we identified heparan sulfate as a novel attachment receptor used by both viruses to bind host cells. We demonstrate that heparin was able to inhibit the interaction of the viruses with heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin also bound to the viral entry receptor and thereby restricted infection of permissive cells in vitro. Consequently, heparin treatment improved survival of Nipah virus-infected hamsters. These results uncover an important role of heparan sulfate in henipavirus infection and open novel perspectives for the development of heparan sulfate-targeting therapeutic approaches for these emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25759505���Mathieu, Cyrille
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Virus Replication/drug effects���Mayµ	�UNLABELLED: Hydrogen sulfide (H2S) is an endogenous gaseous mediator that has gained increasing recognition as an important player in modulating acute and chronic inflammatory diseases. However, its role in virus-induced lung inflammation is currently unknown. Respiratory syncytial virus (RSV) is a major cause of upper and lower respiratory tract infections in children for which no vaccine or effective treatment is available. Using the slow-releasing H2S donor GYY4137 and propargylglycin (PAG), an inhibitor of cystathionine-gamma-lyase (CSE), a key enzyme that produces intracellular H2S, we found that RSV infection led to a reduced ability to generate and maintain intracellular H2S levels in airway epithelial cells (AECs). Inhibition of CSE with PAG resulted in increased viral replication and chemokine secretion. On the other hand, treatment of AECs with the H2S donor GYY4137 reduced proinflammatory mediator production and significantly reduced viral replication, even when administered several hours after viral absorption. GYY4137 also significantly reduced replication and inflammatory chemokine production induced by human metapneumovirus (hMPV) and Nipah virus (NiV), suggesting a broad inhibitory effect of H2S on paramyxovirus infections. GYY4137 treatment had no effect on RSV genome replication or viral mRNA and protein synthesis, but it inhibited syncytium formation and virus assembly/release. GYY4137 inhibition of proinflammatory gene expression occurred by modulation of the activation of the key transcription factors nuclear factor kappaB (NF-kappaB) and interferon regulatory factor 3 (IRF-3) at a step subsequent to their nuclear translocation. H2S antiviral and immunoregulatory properties could represent a novel treatment strategy for paramyxovirus infections. IMPORTANCE: RSV is a global health concern, causing significant morbidity and economic losses as well as mortality in developing countries. After decades of intensive research, no vaccine or effective treatment, with the exception of immunoprophylaxis, is available for this infection as well as for other important respiratory mucosal viruses. This study identifies hydrogen sulfide as a novel cellular mediator that can modulate viral replication and proinflammatory gene expression, both important determinants of lung injury in respiratory viral infections, with potential for rapid translation of such findings into novel therapeutic approaches for viral bronchiolitis and pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/25740991r��Li, Hui
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Surface expression���Apr 2���Compared to the fusion proteins of pathogenic Nipah and Hendra viruses, the F protein of prototype African henipavirus GH-M74a displays a drastically reduced surface expression and fusion activity. A probable reason for limited F expression is the unusually long sequence located between the gene start and the signal peptide (SP) not present in other henipaviruses. Such a long pre-SP extension can prevent efficient ER translocation or protein maturation and processing. As its truncation can therefore enhance surface expression, the recent identification of a second in-frame start codon directly upstream of the SP in another African henipavirus F gene (GH-UP28) raised the question if such a naturally occurring minor sequence variation can lead to the synthesis of a pre-SP truncated translation product, thereby increasing the production of mature F proteins. To test this, we analyzed surface expression and biological activity of F genes carrying the second SP-proximal start codon of GH-UP28. Though we observed minor differences in the expression levels, introduction of the additional start codon did not result in an increased fusion activity, even if combined with further mutations in the pre-SP region. Thus, limited bioactivity of African henipavirus F protein is maintained even after sequence changes that alter the gene start allowing the production of F proteins without an unusually long pre-SP.,��https://www.ncbi.nlm.nih.gov/pubmed/25725148ù��Weis, Michael
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Technology, Pharmaceutical/*instrumentation���Jan-Feb´��High-throughput screening (HTS) has been integrated into the drug discovery process, and multiple assay formats have been widely used in many different disease areas but with limited focus on infectious agents. In recent years, there has been an increase in the number of HTS campaigns using infectious wild-type pathogens rather than surrogates or biochemical pathogen-derived targets. Concurrently, enhanced emerging pathogen surveillance and increased human mobility have resulted in an increase in the emergence and dissemination of infectious human pathogens with serious public health, economic, and social implications at global levels. Adapting the HTS drug discovery process to biocontainment laboratories to develop new drugs for these previously uncharacterized and highly pathogenic agents is now feasible, but HTS at higher biosafety levels (BSL) presents a number of unique challenges. HTS has been conducted with multiple bacterial and viral pathogens at both BSL-2 and BSL-3, and pilot screens have recently been extended to BSL-4 environments for both Nipah and Ebola viruses. These recent successful efforts demonstrate that HTS can be safely conducted at the highest levels of biological containment. This review outlines the specific issues that must be considered in the execution of an HTS drug discovery program for high-containment pathogens. We present an overview of the requirements for HTS in high-level biocontainment laboratories.,��https://www.ncbi.nlm.nih.gov/pubmed/25710545ë��Rasmussen, Lynn
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meningoencephalitis���Mar°��CASE REPORT: This report summarises the findings from a case of naturally-occurring Murray Valley encephalitis in a 2-year-old filly presenting with acute onset of depression and weakness. Serum samples tested at the onset of clinical signs were negative for Hendra and Kunjin virus antibodies, but positive for Murray Valley encephalitis virus (MVEV) using IgM-capture ELISA (1 : 300 dilution). A virus neutralisation assay performed 4 weeks later confirmed a titre of 1 : 160. Sera collected in the weeks preceding neurological signs returned a negative titre for MVEV 2 weeks prior followed by a titre of 1:80 in the week prior to illness. Serological surveillance conducted on 67 co-located horses returned a positive titre of 1 : 20 in one in-contact horse. There was no history of clinical disease in that horse. At 3 months after the onset of clinical signs in the index case, the filly continued to show mild facial paresis and hypermetria; the owners elected euthanasia and gave permission for necropsy. Histopathological analysis of the brain showed a mild meningoencephalitis. CONCLUSION: The progression of a naturally-occurring MVEV infection in a horse has been documented in this case.,��https://www.ncbi.nlm.nih.gov/pubmed/25708787���Barton, A J
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Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25706617C��Johnston, Sara C
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Viral Proteins/*metabolism ��Bats of different species play a major role in the emergence and transmission of highly pathogenic viruses including Ebola virus, SARS-like coronavirus and the henipaviruses. These viruses require proteolytic activation of surface envelope glycoproteins needed for entry, and cellular cathepsins have been shown to be involved in proteolysis of glycoproteins from these distinct virus families. Very little is currently known about the available proteases in bats. To determine whether the utilization of cathepsins by bat-borne viruses is related to the nature of proteases in their natural hosts, we examined proteolytic processing of several viral fusion proteins in cells derived from two fruit bat species, Pteropus alecto and Rousettus aegyptiacus. Our work shows that fruit bat cells have homologs of cathepsin and furin proteases capable of cleaving and activating both the cathepsin-dependent Hendra virus F and the furin-dependent parainfluenza virus 5 F proteins. Sequence analysis comparing Pteropus alecto furin and cathepsin L to proteases from other mammalian species showed a high degree of conservation; however significant amino acid variation occurs at the C-terminus of Pteropus alecto furin. Further analysis of furin-like proteases from fruit bats revealed that these proteases are catalytically active and resemble other mammalian furins in their response to a potent furin inhibitor. However, kinetic analysis suggests that differences may exist in the cellular localization of furin between different species. Collectively, these results indicate that the unusual role of cathepsin proteases in the life cycle of bat-borne viruses is not due to the lack of active furin-like proteases in these natural reservoir species; however, differences may exist between furin proteases present in fruit bats compared to furins in other mammalian species, and these differences may impact protease usage for viral glycoprotein processing.,��https://www.ncbi.nlm.nih.gov/pubmed/25706132���El Najjar, Farah
Lampe, Levi
Baker, Michelle L
Wang, Lin-Fa
Dutch, Rebecca Ellis
eng
R01 AI051517/AI/NIAID NIH HHS/
R01AI051517/AI/NIAID NIH HHS/
U54 AI057157/AI/NIAID NIH HHS/
R56 AI051517/AI/NIAID NIH HHS/
2P20 RR020171/RR/NCRR NIH HHS/
Research Support, N.I.H., Extramural
2015/02/24 06:00
PLoS One. 2015 Feb 23;10(2):e0115736. doi: 10.1371/journal.pone.0115736. eCollection 2015.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC4338073���25706132���Department of Molecular and Cellular Biochemistry, University of Kentucky, Lexington, Kentucky, United States of America.
CSIRO Australian Animal Health Laboratory, East Geelong, Victoria, Australia.
CSIRO Australian Animal Health Laboratory, East Geelong, Victoria, Australia; Program in Emerging Infectious Diseases, Duke-National University of Singapore Graduate Medical School, Singapore, Singapore.���10.1371/journal.pone.0115736���O��þÒ|ÿî?@���I��Murni, N. S.
Dambatta, M. S.
Yeap, S. K.
Froemming, G. R. A.
Hermawan, H.���2015Z��Cytotoxicity evaluation of biodegradable Zn-3Mg alloy toward normal human osteoblast cells���560-566���Mater Sci Eng C Mater Biol Appl���49J��Absorbable Implants
Alkaline Phosphatase/metabolism
Alloys/*pharmacology
Apoptosis/drug effects
Biocompatible Materials/*pharmacology
Biomarkers/metabolism
Bone and Bones/drug effects/metabolism
Cell Line
Cell Survival/drug effects
Cyclooxygenase 2/metabolism
Cytoskeleton/drug effects/metabolism
DNA Damage/drug effects
Dinoprostone/metabolism
Down-Regulation/drug effects
Humans
Inflammation/metabolism
Magnesium/*pharmacology
Materials Testing/methods
Osteoblasts/*drug effects/metabolism
Zinc/*pharmacology
Biodegradable metals
Cell-material interaction
Cytotoxicity
Osteoblast
Zinc���Aprr��The recent proposal of using Zn-based alloys for biodegradable implants was not supported with sufficient toxicity data. This work, for the first time, presents a thorough cytotoxicity evaluation of Zn-3Mg alloy for biodegradable bone implants. Normal human osteoblast cells were exposed to the alloy's extract and three main cell-material interaction parameters: cell health, functionality and inflammatory response, were evaluated. Results showed that at the concentration of 0.75mg/ml alloy extract, cell viability was reduced by ~50% through an induction of apoptosis at day 1; however, cells were able to recover at days 3 and 7. Cytoskeletal changes were observed but without any significant DNA damage. The downregulation of alkaline phosphatase protein levels did not significantly affect the mineralization process of the cells. Significant differences of cyclooxygenase-2 and prostaglandin E2 inflammatory biomarkers were noticed, but not interleukin 1-beta, indicating that the cells underwent a healing process after exposure to the alloy. Detailed analysis on the cell-material interaction is further discussed in this paper.,��https://www.ncbi.nlm.nih.gov/pubmed/25686984ê��Murni, N S
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Seasons���Jun§��Hendra virus (HeV) is lethal to humans and horses, and little is known about its epidemiology. Biosecurity restrictions impede advances, particularly on understanding pathways of transmission. Quantifying the environmental survival of HeV can be used for making decisions and to infer transmission pathways. We estimated HeV survival with a Weibull distribution and calculated parameters from data generated in laboratory experiments. HeV survival rates based on air temperatures 24 h after excretion ranged from 2 to 10 % in summer and from 12 to 33 % in winter. Simulated survival across the distribution of the black flying fox (Pteropus alecto), a key reservoir host, did not predict spillover events. Based on our analyses we concluded that the most likely pathways of transmission did not require long periods of virus survival and were likely to involve relatively direct contact with flying fox excreta shortly after excretion.,��https://www.ncbi.nlm.nih.gov/pubmed/25667321���Martin, Gerardo
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Rhinitis virus���Apr§��Many viral agents have been associated with respiratory disease of the horse. The most important viral causes of respiratory disease in horses are equine influenza and the equine alphaherpesviruses. Agents such as equine viral arteritis virus, African horse sickness virus, and Hendra virus establish systemic infections. Clinical signs of disease resulting from infection with these agents can manifest as respiratory disease, but the respiratory tract is not the major body system affected by these viruses. Treatment of viral respiratory disease is generally limited to supportive therapies, whereas targeted antimicrobial therapy is effective in cases of bacterial infection.,��https://www.ncbi.nlm.nih.gov/pubmed/25648568Ï��Gilkerson, James R
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Small-angle X-ray scattering���Mar���Nipah and Hendra viruses are recently emerged paramyxoviruses belonging to the Henipavirus genus. The Henipavirus phosphoprotein (P) consists of a large intrinsically disordered domain and a C-terminal domain (PCT) containing alternating disordered and ordered regions. Among these latter is the P multimerization domain (PMD). Using biochemical, analytical ultracentrifugation and small-angle X-ray scattering (SAXS) studies, we show that Hendra virus (HeV) PMD forms an elongated coiled-coil homotrimer in solution, in agreement with our previous findings on Nipah virus (NiV) PMD. However, the orientation of the N-terminal region differs from that observed in solution for NiV PMD, consistent with the ability of this region to adopt different conformations. SAXS studies provided evidence for a trimeric organization also in the case of PCT, thus extending and strengthening our findings on PMD. The present results are discussed in light of conflicting reports in the literature pointing to a tetrameric organization of paramyxoviral P proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/25637789Æ��Beltrandi, Matilde
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emergent diseases
encephalitis���Mar���Hendra virus and Nipah virus are closely related, recently emerged zoonotic paramyxoviruses, belonging to the Henipavirus genus. Both viruses induce generalized vasculitis affecting particularly the respiratory tract and CNS. The exceptionally broad species tropism of Henipavirus, the high case fatality rate and person-to-person transmission associated with Nipah virus outbreaks emphasize the necessity of effective antiviral strategies for these intriguing threatening pathogens. Current therapeutic approaches, validated in animal models, target early steps in viral infection; they include the use of neutralizing virus-specific antibodies and blocking membrane fusion with peptides that bind the viral fusion protein. A better understanding of Henipavirus pathogenesis is critical for the further advancement of antiviral treatment, and we summarize here the recent progress in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/25634624Î��Mathieu, Cyrille
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Multi-epitope peptide vaccination���Mar 3���BACKGROUND: Peptide vaccination based on multiple T-cell epitopes can be used to target well-defined ethnic populations. Because the response to T-cell epitopes is restricted by HLA proteins, the HLA specificity of T-cell epitopes becomes a major consideration for epitope-based vaccine design. We have previously shown that CD4+ T-cell epitopes restricted by 95% of human MHC class II proteins can be predicted with high-specificity. METHODS: We describe here the integration of epitope prediction with population coverage and epitope selection algorithms. The population coverage assessment makes use of the Allele Frequency Net Database. We present the computational platform Predivac-2.0 for HLA class II-restricted epitope-based vaccine design, which accounts comprehensively for human genetic diversity. RESULTS: We validated the performance of the tool on the identification of promiscuous and immunodominant CD4+ T-cell epitopes from the human immunodeficiency virus (HIV) protein Gag. We further describe an application for epitope-based vaccine design in the context of emerging infectious diseases associated with Lassa, Nipah and Hendra viruses. Putative CD4+ T-cell epitopes were mapped on the surface glycoproteins of these pathogens and are good candidates to be experimentally tested, as they hold potential to provide cognate help in vaccination settings in their respective target populations. CONCLUSION: Predivac-2.0 is a novel approach in epitope-based vaccine design, particularly suited to be applied to virus-related emerging infectious diseases, because the geographic distributions of the viruses are well defined and ethnic populations in need of vaccination can be determined ("ethnicity-oriented approach"). Predivac-2.0 is accessible through the website http://predivac.biosci.uq.edu.au/.,��https://www.ncbi.nlm.nih.gov/pubmed/25629524ö��Oyarzun, Patricio
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Young Adult���Feb)��Acute encephalitis is a severe neurologic syndrome. Determining etiology from among approximately 100 possible agents is difficult. To identify infectious etiologies of encephalitis in Thailand, we conducted surveillance in 7 hospitals during July 2003-August 2005 and selected patients with acute onset of brain dysfunction with fever or hypothermia and with abnormalities seen on neuroimages or electroencephalograms or with cerebrospinal fluid pleocytosis. Blood and cerebrospinal fluid were tested for >30 pathogens. Among 149 case-patients, median age was 12 (range 0-83) years, 84 (56%) were male, and 15 (10%) died. Etiology was confirmed or probable for 54 (36%) and possible or unknown for 95 (64%). Among confirmed or probable etiologies, the leading pathogens were Japanese encephalitis virus, enteroviruses, and Orientia tsutsugamushi. No samples were positive for chikungunya, Nipah, or West Nile viruses; Bartonella henselae; or malaria parasites. Although a broad range of infectious agents was identified, the etiology of most cases remains unknown.,��https://www.ncbi.nlm.nih.gov/pubmed/25627940"��Olsen, Sonja J
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Serotyping���Feb���We measured the performance of exposure screening questions to identify Nipah virus encephalitis in hospitalized encephalitis patients during the 2012-13 Nipah virus season in Bangladesh. The sensitivity (93%), specificity (82%), positive predictive value (37%), and negative predictive value (99%) results suggested that screening questions could more quickly identify persons with Nipah virus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/25625615S��Sazzad, Hossain M S
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Vaccine designing���Decø��Identification of Nipah virus (NiV) T-cell-specific antigen is urgently needed for appropriate diagnostic and vaccination. In the present study, prediction and modeling of T-cell epitopes of Nipah virus antigenic proteins nucleocapsid, phosphoprotein, matrix, fusion, glycoprotein, L protein, W protein, V protein and C protein followed by the binding simulation studies of predicted highest binding scorers with their corresponding MHC class I alleles were done. Immunoinformatic tool ProPred1 was used to predict the promiscuous MHC class I epitopes of viral antigenic proteins. The molecular modelings of the epitopes were done by PEPstr server. And alleles structure were predicted by MODELLER 9.10. Molecular dynamics (MD) simulation studies were performed through the NAMD graphical user interface embedded in visual molecular dynamics. Epitopes VPATNSPEL, NPTAVPFTL and LLFVFGPNL of Nucleocapsid, V protein and Fusion protein have considerable binding energy and score with HLA-B7, HLA-B*2705 and HLA-A2MHC class I allele, respectively. These three predicted peptides are highly potential to induce T-cell-mediated immune response and are expected to be useful in designing epitope-based vaccines against Nipah virus after further testing by wet laboratory studies.,��https://www.ncbi.nlm.nih.gov/pubmed/28324411���Kamthania, Mohit
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064���Garner, Omai B
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Viruses/genetics/*isolation & purification���DecM��Bats are reservoir hosts of several high-impact viruses that cause significant human diseases, including Nipah virus, Marburg virus and rabies virus. They also harbor many other viruses that are thought to have caused disease in humans after spillover into intermediate hosts, including SARS and MERS coronaviruses. As is usual with reservoir hosts, these viruses apparently cause little or no pathology in bats. Despite the importance of bats as reservoir hosts of zoonotic and potentially zoonotic agents, virtually nothing is known about the host/virus relationships; principally because few colonies of bats are available for experimental infections, a lack of reagents, methods and expertise for studying bat antiviral responses and immunology, and the difficulty of conducting meaningful field work. These challenges can be addressed, in part, with new technologies that are species-independent that can provide insight into the interactions of bats and viruses, which should clarify how the viruses persist in nature, and what risk factors might facilitate transmission to humans and livestock.,��https://www.ncbi.nlm.nih.gov/pubmed/25494448o��Schountz, Tony
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viral proteins���Jan 19÷��We provide an atomic-resolution description based on NMR spectroscopy, of the intrinsically disordered C-terminal domain of the Nipah virus nucleoprotein (NTAIL ), both in its isolated state and within the nucleocapsid (NC). Within the NC the second half of NTAIL retains conformational behavior similar to that of isolated NTAIL , whereas the first half of NTAIL becomes much more rigid. In spite of the mostly disordered nature of NTAIL , chemical shifts and relaxation measurements show a significant degree of alpha-helical sampling in the molecular recognition element (MoRE) involved in binding to the X domain (XD) of the phosphoprotein, with this preconfiguration being more pronounced than in the NTAIL domain from the cognate Hendra virus. Outside the MoRE, an additional region exhibiting reduced flexibility was identified within NTAIL and found to be involved in binding to the XD. (1) H- and (13) C-detected titration NMR experiments support a highly dynamic binding of NTAIL at the surface of the XD.,��https://www.ncbi.nlm.nih.gov/pubmed/25492314õ��Baronti, Lorenzo
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Venous Thrombosis/economics/*prevention & control/psychology���Decº��BACKGROUND: The results of the CLOTS 3 trial showed that intermittent pneumatic compression (IPC) reduced the risk of deep vein thrombosis and improved survival in immobile patients with stroke. IPC is now being widely used in stroke units. Here we describe the disability, living circumstances, quality of life, and hospital costs of patients in CLOTS 3. METHODS: In CLOTS 3, a parallel group trial in 94 UK hospitals, immobile patients with stroke from days 0 to 3 of admission were assigned with a computer-generated allocation sequence in a 1:1 ratio to IPC or no IPC through a central randomisation system. We followed up patients at about 6 months with postal or telephone questionnaire to assess the secondary endpoints: disability (Oxford Handicap Scale [OHS]), living circumstances, health-related quality of life (EQ5D-3L), and hospital costs (based on use of IPC and length of hospital stay). Patients and carers who completed the postal questionnaires were not masked to treatment allocation, but telephone follow-up in non-responders was masked. All analyses were by intention to treat. This trial is registered, number ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, we enrolled 2876 patients, with 1438 in each group. Despite the previously reported reduction in the risk of proximal deep vein thrombosis at 30 days (primary endpoint), there were no significant differences in disability (OHS 0-2 vs 3-6, adjusted odds ratio [OR] 0.98, 95% CI 0.80 to 1.19, p=0.83; adjusted ordinal analysis common OR 0.97, 95% CI 0.86 to 1.11), living circumstances (institutional care vs not; adjusted OR 1.11, 95% CI 0.89 to 1.37; p=0.358), or health-related quality of life (median utility value 0.26, IQR -0.07 to 0.66 with IPC, and 0.27, -0.06 to 0.64, with no IPC; p=0.952). The estimated cost of IPC was pound64.10 per patient (SD 28.3). The direct costs of preventing a deep vein thrombosis and death were pound1282 (95% CI 785 to 3077) and pound2756 (1346 to not estimable), respectively, with IPC. Hospital costs increased by pound451 with IPC compared with no IPC because of a longer stay in hospital (mean 44.5 days [SD 37.6] vs 42.8 days [37.2]; mean difference 1.8 days, 95% CI -1.0 to 4.5). By 6 months, despite an increase in survival (IPC 152.5 days [SD 60.6] vs no IPC 148.1 days [64.3]; mean difference 4.5 days, 95% CI -0.2 to 9.1), there was a non-significant increase in quality-adjusted survival associated with IPC (IPC 27.6 days [SD 40.6] vs no IPC 26.7 days [39.6]; mean difference 0.9 days, 95% CI -2.1 to 3.9). INTERPRETATION: IPC is inexpensive, prevents deep vein thrombosis, improves survival but not functional outcomes, and does not lead to a significant gain in quality-adjusted survival. When deciding whether to treat patients with IPC, clinicians need to take into account all these potential effects. FUNDING: National Institute of Health Research Health Technology Assessment Programme, Chief Scientist Office of Scottish Government, and Covidien.,��https://www.ncbi.nlm.nih.gov/pubmed/25453458S��(Clots in Legs Or sTockings after Stroke)
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Sentinel Surveillance/*veterinary���Nov 293��Cases of Hendra virus infection in horses in Australia have been seen regularly since the virus was first isolated in 1994. Kristopher Hughes, associate professor of equine medicine at Charles Sturt University in Australia, gives an overview of how knowledge of the virus has developed in the past 20 years.,��https://www.ncbi.nlm.nih.gov/pubmed/25431383j��Hughes, Kristopher
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*Virus Attachment
*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
Bradel-Tretheway, Birgit
Monreal, Abrrey I
Saludes, Jonel P
Lu, Xiaonan
Nicola, Anthony V
Aguilar, Hector C
eng
R01 AI109022/AI/NIAID NIH HHS/
R21 AI096103/AI/NIAID NIH HHS/
AI096103/AI/NIAID NIH HHS/
AI109022/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2014/11/28 06:00
J Virol. 2015 Feb;89(3):1838-50. doi: 10.1128/JVI.02277-14. Epub 2014 Nov 26.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4300768���25428863Ü��Paul G. Allen School for Global Animal Health, Washington State University, Pullman, Washington, USA.
Department of Chemistry, Washington State University, Pullman, Washington, USA.
Food, Nutrition and Health Program, The University of British Columbia, Vancouver, British Columbia, Canada.
Paul G. Allen School for Global Animal Health, Washington State University, Pullman, Washington, USA Department of Veterinary Microbiology and Pathology, Washington State University, Pullman, Washington, USA.
Paul G. Allen School for Global Animal Health, Washington State University, Pullman, Washington, USA Department of Veterinary Microbiology and Pathology, Washington State University, Pullman, Washington, USA haguilar@vetmed.wsu.edu.���10.1128/JVI.02277-14���3��þÒtÿî?Q���}��Monaghan, P.
Green, D.
Pallister, J.
Klein, R.
White, J.
Williams, C.
McMillan, P.
Tilley, L.
Lampe, M.
Hawes, P.
Wang, L. F.���2014���Detailed morphological characterisation of Hendra virus infection of different cell types using super-resolution and conventional imaging���200���Virol J���11l��Animals
Cell Line
Hendra Virus/*physiology/*ultrastructure
Humans
Microscopy
Optical Imaging
*Virus Assembly���Nov 27u��BACKGROUND: Hendra virus (HeV) is a pleomorphic virus belonging to the Paramyxovirus family. Our long-term aim is to understand the process of assembly of HeV virions. As a first step, we sought to determine the most appropriate cell culture system with which to study this process, and then to use this model to define the morphology of the virus and identify the site of assembly by imaging key virus encoded proteins in infected cells. METHODS: A range of primary cells and immortalised cell lines were infected with HeV, fixed at various time points post-infection, labelled for HeV proteins and imaged by confocal, super-resolution and transmission electron microscopy. RESULTS: Significant differences were noted in viral protein distribution depending on the infected cell type. At 8 hpi HeV G protein was detected in the endoplasmic reticulum and M protein was seen predominantly in the nucleus in all cells tested. At 18 hpi, HeV-infected Vero cells showed M and G proteins throughout the cell and in transmission electron microscope (TEM) sections, in pleomorphic virus-like structures. In HeV infected MDBK, A549 and HeLa cells, HeV M protein was seen predominantly in the nucleus with G protein at the membrane. In HeV-infected primary bovine and porcine aortic endothelial cells and two bat-derived cell lines, HeV M protein was not seen at such high levels in the nucleus at any time point tested (8,12, 18, 24, 48 hpi) but was observed predominantly at the cell surface in a punctate pattern co-localised with G protein. These HeV M and G positive structures were confirmed as round HeV virions by TEM and super-resolution (SR) microscopy. SR imaging demonstrated for the first time sub-virion imaging of paramyxovirus proteins and the respective localisation of HeV G, M and N proteins within virions. CONCLUSION: These findings provide novel insights into the structure of HeV and show that for HeV imaging studies the choice of tissue culture cells may affect the experimental results. The results also indicate that HeV should be considered a predominantly round virus with a mean diameter of approximately 280 nm by TEM and 310 nm by SR imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/25428656ù��Monaghan, Paul
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emerging viruses
hantavirus pulmonary syndromer��Emerging infectious diseases of zoonotic origin are shaping today's infectious disease field more than ever. In this article, we introduce and review three emerging zoonotic viruses. Novel hantaviruses emerged in the Americas in the mid-1990s as the cause of severe respiratory infections, designated hantavirus pulmonary syndrome, with case fatality rates of around 40%. Nipah virus emerged a few years later, causing respiratory infections and encephalitis in Southeast Asia, with case fatality rates ranging from 40% to more than 90%. A new coronavirus emerged in 2012 on the Arabian Peninsula with a clinical syndrome of acute respiratory infections, later designated as Middle East respiratory syndrome (MERS), and an initial case fatality rate of more than 40%. Our current state of knowledge on the pathogenicity of these three severe, emerging viral infections is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25423349á��Safronetz, David
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Water/*chemistry���Dec 26ë��The dynamical properties of water at protein-water interfaces are unlike those in the bulk. Here we utilize molecular dynamics simulations to study water dynamics in interstitial regions between two proteins. We consider two natural protein-protein complexes, one in which the Nipah virus G protein binds to cellular ephrin B2 and the other in which the same G protein binds to ephrin B3. While the two complexes are structurally similar, the two ephrins share only a modest sequence identity of approximately 50%. X-ray crystallography also suggests that these interfaces are fairly extensive and contain exceptionally large amounts of waters. We find that while the interstitial waters tend to occupy crystallographic sites, almost all waters exhibit residence times of less than hundred picoseconds in the interstitial region. We also find that while the differences in the sequence of the two ephrins result in quantitative differences in the dynamics of interstitial waters, the trends in the shifts with respect to bulk values are similar. Despite the high wetness of the protein-protein interfaces, the dynamics of interstitial waters are considerably slower compared to the bulk-the interstitial waters diffuse an order of magnitude slower and have 2-3 fold longer hydrogen bond lifetimes and 2-1000 fold slower dipole relaxation rates. To understand the role of interstitial waters, we examine how implicit solvent models compare against explicit solvent models in producing ephrin-induced shifts in the G conformational density. Ephrin-induced shifts in the G conformational density are critical to the allosteric activation of another viral protein that mediates fusion. We find that in comparison with the explicit solvent model, the implicit solvent model predicts a more compact G-B2 interface, presumably because of the absence of discrete waters at the G-B2 interface. Simultaneously, we find that the two models yield strikingly different induced changes in the G conformational density, even for those residues whose conformational densities in the apo state are unaffected by the treatment of the bulk solvent. Together, these results show that the explicit treatment of interstitial water molecules is necessary for a proper description of allosteric transitions.,��https://www.ncbi.nlm.nih.gov/pubmed/25420132»��Dutta, Priyanka
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��69 Suppl A���Augq��Between September 1998 to May 1999, Malaysia and Singapore were hit by an outbreak of fatal encephalitis caused by a novel virus from the paramyxovirus family. This virus was subsequently named as Nipah virus, after the Sungei Nipah village in Negeri Sembilan, where the virus was first isolated. The means of transmission was thought to be from bats-topigs and subsequently pigs-to-human. Since 2001, almost yearly outbreak of Nipah encephalitis has been reported from Bangladesh and West Bengal, India. These outbreaks were characterized by direct bats-to-human, and human-to-human spread of infection. Nipah virus shares many similar characteristics to Hendra virus, first isolated in an outbreak of respiratory illness involving horses in Australia in 1994. Because of their homology, a new genus called Henipavirus (Hendra + Nipah) was introduced. Henipavirus infection is a human disease manifesting most often as acute encephalitis (which may be relapsing or late-onset) or pneumonia, with a high mortality rate. Pteropus bats act as reservoir for the virus, which subsequently lead to human spread. Transmission may be from consumption of food contaminated by bats secretion, contact with infected animals, or human-to-human spread. With wide geographical distribution of Pteropus bats, Henipavirus infection has become an important emerging human infection with worldwide implication.,��https://www.ncbi.nlm.nih.gov/pubmed/25417957b��Sherrini, B A
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Swine Diseases/blood/*epidemiology/virology���Novî��BACKGROUND: Nipah virus (NiV) is an emerging disease that causes severe encephalitis and respiratory illness in humans. Pigs were identified as an intermediate host for NiV transmission in Malaysia. In Bangladesh, NiV has caused recognized human outbreaks since 2001 and three outbreak investigations identified an epidemiological association between close contact with sick or dead animals and human illness. METHODOLOGY: We examined cattle and goats reared around Pteropus bat roosts in human NiV outbreak areas. We also tested pig sera collected under another study focused on Japanese encephalitis. PRINCIPAL FINDINGS: We detected antibodies against NiV glycoprotein in 26 (6.5%) cattle, 17 (4.3%) goats and 138 (44.2%) pigs by a Luminex-based multiplexed microsphere assay; however, these antibodies did not neutralize NiV. Cattle and goats with NiVsG antibodies were more likely to have a history of feeding on fruits partially eaten by bats or birds (PR=3.1, 95% CI 1.6-5.7) and drinking palmyra palm juice (PR=3.9, 95% CI 1.5-10.2). CONCLUSIONS: This difference in test results may be due to the exposure of animals to one or more novel viruses with antigenic similarity to NiV. Further research may identify a novel organism of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/25412358r��Chowdhury, Sukanta
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Zoonoses/blood/immunology���Nov 18X��Zoonotic transmission of lethal henipaviruses (HNVs) from their natural fruit bat reservoirs to humans has only been reported in Australia and South/Southeast Asia. However, a recent study discovered numerous HNV clades in African bat samples. To determine the potential for HNV spillover events among humans in Africa, here we examine well-curated sets of bat (Eidolon helvum, n = 44) and human (n = 497) serum samples from Cameroon for Nipah virus (NiV) cross-neutralizing antibodies (NiV-X-Nabs). Using a vesicular stomatitis virus (VSV)-based pseudoparticle seroneutralization assay, we detect NiV-X-Nabs in 48% and 3-4% of the bat and human samples, respectively. Seropositive human samples are found almost exclusively in individuals who reported butchering bats for bushmeat. Seropositive human sera also neutralize Hendra virus and Gh-M74a (an African HNV) pseudoparticles, as well as live NiV. Butchering bat meat and living in areas undergoing deforestation are the most significant risk factors associated with seropositivity. Evidence for HNV spillover events warrants increased surveillance efforts.,��https://www.ncbi.nlm.nih.gov/pubmed/25405640í��Pernet, Olivier
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Virus Replication/genetics®��BACKGROUND: Bats are a major reservoir of emerging infectious viruses. Many of these viruses are highly pathogenic to humans however bats remain asymptomatic. The mechanism by which bats control viral replication is unknown. Here we utilize an integrated approach of proteomics informed by transcriptomics to compare the response of immortalized bat and human cells following infection with the highly pathogenic bat-borne Hendra virus (HeV). RESULTS: The host response between the cell lines was significantly different at both the mRNA and protein levels. Human cells demonstrated minimal response eight hours post infection, followed by a global suppression of mRNA and protein abundance. Bat cells demonstrated a robust immune response eight hours post infection, which led to the up-regulation of apoptosis pathways, mediated through the tumor necrosis factor-related apoptosis inducing ligand (TRAIL). HeV sensitized bat cells to TRAIL-mediated apoptosis, by up-regulating death receptor transcripts. At 48 and 72 hours post infection, bat cells demonstrated a significant increase in apoptotic cell death. CONCLUSIONS: This is the first study to comprehensively compare the response of bat and human cells to a highly pathogenic zoonotic virus. An early induction of innate immune processes followed by apoptosis of virally infected bat cells highlights the possible involvement of programmed cell death in the host response. Our study shows for the first time a side-by-side high-throughput analysis of a dangerous zoonotic virus in cell lines derived from humans and the natural bat host. This enables a way to search for divergent mechanisms at a molecular level that may influence host pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/25398248���Wynne, James W
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emerging infectious diseases of bat origin
severe acute respiratory syndrome coronavirus���Jan 7ß��Viruses that originate in bats may be the most notorious emerging zoonoses that spill over from wildlife into domestic animals and humans. Understanding how these infections filter through ecological systems to cause disease in humans is of profound importance to public health. Transmission of viruses from bats to humans requires a hierarchy of enabling conditions that connect the distribution of reservoir hosts, viral infection within these hosts, and exposure and susceptibility of recipient hosts. For many emerging bat viruses, spillover also requires viral shedding from bats, and survival of the virus in the environment. Focusing on Hendra virus, but also addressing Nipah virus, Ebola virus, Marburg virus and coronaviruses, we delineate this cross-species spillover dynamic from the within-host processes that drive virus excretion to land-use changes that increase interaction among species. We describe how land-use changes may affect co-occurrence and contact between bats and recipient hosts. Two hypotheses may explain temporal and spatial pulses of virus shedding in bat populations: episodic shedding from persistently infected bats or transient epidemics that occur as virus is transmitted among bat populations. Management of livestock also may affect the probability of exposure and disease. Interventions to decrease the probability of virus spillover can be implemented at multiple levels from targeting the reservoir host to managing recipient host exposure and susceptibility.,��https://www.ncbi.nlm.nih.gov/pubmed/25392474���Plowright, Raina K
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*Virus Internalization
*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218ì��Yun, Tatyana
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pathology
virology���Jan¶��Viruses cause a wide range of human diseases, ranging from acute self-resolving conditions to acute fatal diseases. Effects that arise long after the primary infection can also increase the propensity for chronic conditions or lead to the development of cancer. Recent advances in the fields of virology and pathology have been fundamental in improving our understanding of viral pathogenesis, in providing improved vaccination strategies and in developing newer, more effective treatments for patients worldwide. The reviews assembled here focus on the interface between virology and pathology and encompass aspects of both the clinical pathology of viral disease and the underlying disease mechanisms. Articles on emerging diseases caused by Ebola virus, Marburg virus, coronaviruses such as SARS and MERS, Nipah virus and noroviruses are followed by reviews of enteroviruses, HIV infection, measles, mumps, human respiratory syncytial virus (RSV), influenza, cytomegalovirus (CMV) and varicella zoster virus (VZV). The issue concludes with a series of articles reviewing the relationship between viruses and cancer, including the role played by Epstein-Barr virus (EBV) in the pathogenesis of lymphoma and carcinoma; how human papillomaviruses (HPVs) are involved in the development of skin cancer; the involvement of hepatitis B virus infection in hepatocellular carcinoma; and the mechanisms by which Kaposi's sarcoma-associated herpesvirus (KSHV) leads to Kaposi's sarcoma. We hope that this collection of articles will be of interest to a wide range of scientists and clinicians at a time when there is a renaissance in the appreciation of the power of pathology as virologists dissect the processes of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/25366544���Herrington, C S
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897{��Johnson, John B
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204~��Zumbrun, E E
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tropism���Jant��Nipah virus is a paramyxovirus in the genus Henipavirus, which has caused outbreaks in humans in Malaysia, India, Singapore, and Bangladesh. Whereas the human cases in Malaysia were characterized mainly by neurological symptoms and a case fatality rate of approximately 40%, cases in Bangladesh also exhibited respiratory disease and had a case fatality rate of approximately 70%. Here, we compared the histopathologic changes in the respiratory tract of Syrian hamsters, a well-established small animal disease model for Nipah virus, inoculated oronasally with Nipah virus isolates from human cases in Malaysia and Bangladesh. The Nipah virus isolate from Bangladesh caused slightly more severe rhinitis and bronchointerstitial pneumonia 2 days after inoculation in Syrian hamsters. By day 4, differences in lesion severity could no longer be detected. Immunohistochemistry demonstrated Nipah virus antigen in the nasal cavity and pulmonary lesions; the amount of Nipah virus antigen present correlated with lesion severity. Immunohistochemistry indicated that both Nipah virus isolates exhibited endotheliotropism in small- and medium-caliber arteries and arterioles, but not in veins, in the lung. This correlated with the location of ephrin B2, the main receptor for Nipah virus, in the vasculature. In conclusion, Nipah virus isolates from outbreaks in Malaysia and Bangladesh caused a similar type and severity of respiratory tract lesions in Syrian hamsters, suggesting that the differences in human disease reported in the outbreaks in Malaysia and Bangladesh are unlikely to have been caused by intrinsic differences in these 2 virus isolates.,��https://www.ncbi.nlm.nih.gov/pubmed/25352203$��Baseler, L
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Pediatrics���Encephalitis is caused by inflammation and/or infection of the brain. It is a important condition in Asian children in whom it is most frequently caused by Japanese encephalitis virus, associated with a considerable burden of disease. Other common causes in Asia include: enteroviruses (especially enterovirus 71), dengue, influenza, the herpesviruses, measles, mumps and rubella viruses. Rabies continues to result in high mortality mostly in Asian children, which represents missed opportunities for prevention. Asia has also seen a number of emerging viral encephalitides including: Nipah, chikungunya, Chandipura and Me Tri viruses. We review the aetiology, epidemiology and outcome of encephalitis in Asian children and identify priorities for public health practice and research.,��https://www.ncbi.nlm.nih.gov/pubmed/25336078���Britton, Philip N
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�UNLABELLED: The emerging zoonotic pathogens Hendra virus (HeV) and Nipah virus (NiV) are in the genus Henipavirus in the family Paramyxoviridae. HeV and NiV infections can be highly fatal to humans and livestock. The goal of this study was to develop candidate vaccines against henipaviruses utilizing two well-established rhabdoviral vaccine vector platforms, recombinant rabies virus (RABV) and recombinant vesicular stomatitis virus (VSV), expressing either the codon-optimized or the wild-type (wt) HeV glycoprotein (G) gene. The RABV vector expressing the codon-optimized HeV G showed a 2- to 3-fold increase in incorporation compared to the RABV vector expressing wt HeV G. There was no significant difference in HeV G incorporation in the VSV vectors expressing either wt or codon-optimized HeV G. Mice inoculated intranasally with any of these live recombinant viruses showed no signs of disease, including weight loss, indicating that HeV G expression and incorporation did not increase the neurotropism of the vaccine vectors. To test the immunogenicity of the vaccine candidates, we immunized mice intramuscularly with either one dose of the live vaccines or 3 doses of 10 mug chemically inactivated viral particles. Increased codon-optimized HeV G incorporation into RABV virions resulted in higher antibody titers against HeV G compared to inactivated RABV virions expressing wt HeV G. The live VSV vectors induced more HeV G-specific antibodies as well as higher levels of HeV neutralizing antibodies than the RABV vectors. In the case of killed particles, HeV neutralizing serum titers were very similar between the two platforms. These results indicated that killed RABV with codon-optimized HeV G should be the vector of choice as a dual vaccine in areas where rabies is endemic. IMPORTANCE: Scientists have been tracking two new viruses carried by the Pteropid fruit bats: Hendra virus (HeV) and Nipah virus (NiV). Both viruses can be fatal to humans and also pose a serious risk to domestic animals. A recent escalation in the frequency of outbreaks has increased the need for a vaccine that prevents HeV and NiV infections. In this study, we performed an extensive comparison of live and killed particles of two recombinant rhabdoviral vectors, rabies virus and vesicular stomatitis virus (VSV), expressing wild-type or codon-optimized HeV glycoprotein, with the goal of developing a candidate vaccine against HeV. Based on our data from the presented mouse immunogenicity studies, we conclude that a killed RABV vaccine would be highly effective against HeV infections and would make an excellent vaccine candidate in areas where both RABV and henipaviruses pose a threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/25320306^��Kurup, Drishya
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�UNLABELLED: The multidomain polymerase protein (L) of nonsegmented negative-strand (NNS) RNA viruses catalyzes transcription and replication of the virus genome. The N-terminal half of the protein forms a ring-like polymerase structure, while the C-terminal half encoding viral mRNA transcript modifications consists of a flexible appendage with three distinct globular domains. To gain insight into putative transient interactions between L domains during viral RNA synthesis, we exchanged each of the four distinct regions encompassing the appendage region of vesicular stomatitis virus (VSV) Indiana serotype L protein with their counterparts from VSV New Jersey and analyzed effects on virus polymerase activity in a minigenome system. The methyltransferase domain exchange yielded a fully active polymerase protein, which functioned as well as wild-type L in the context of a recombinant virus. Exchange of the downstream C-terminal nonconserved region abolished activity, but coexchanging it with the methyltransferase domain generated a polymerase favoring replicase over transcriptase activity, providing strong evidence of interaction between these two regions. Exchange of the capping enzyme domain or the adjacent nonconserved region thought to function as an "unstructured" linker also abrogated polymerase activity even when either domain was coexchanged with other appendage domains. Further probing of the putative linker segment using in-frame enhanced green fluorescent protein (EGFP) insertions similarly abrogated activity. We discuss the implications of these findings with regard to L protein appendage domain structure and putative domain-domain interactions required for polymerase function. IMPORTANCE: NNS viruses include many well-known human pathogens (e.g., rabies, measles, and Ebola viruses), as well as emerging viral threats (e.g., Nipah and Hendra viruses). These viruses all encode a large L polymerase protein similarly organized into multiple domains that work in concert to enable virus genome transcription and replication. But how the unique L protein carries out the multiplicity of individual steps in these two distinct processes is poorly understood. Using two different approaches, i.e., exchanging individual domains in the C-terminal appendage region of the protein between two closely related VSV serotypes and inserting unrelated protein domains, we shed light on requirements for domain-domain interactions and domain contiguity in polymerase function. These findings further our understanding of the conformational dynamics of NNS L polymerase proteins, which play an essential role in the pathogenic properties of these viruses and represent attractive targets for the development of antiviral measures.,��https://www.ncbi.nlm.nih.gov/pubmed/25297996¥��Ruedas, John B
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Zoonotic���DecÑ��Hendra virus infection of horses occurred sporadically between 1994 and 2010 as a result of spill-over from the viral reservoir in Australian mainland flying-foxes, and occasional onward transmission to people also followed from exposure to affected horses. An unprecedented number of outbreaks were recorded in 2011 leading to heightened community concern. Release of an inactivated subunit vaccine for horses against Hendra virus represents the first commercially available product that is focused on mitigating the impact of a Biosafety Level 4 pathogen. Through preventing the development of acute Hendra virus disease in horses, vaccine use is also expected to reduce the risk of transmission of infection to people.,��https://www.ncbi.nlm.nih.gov/pubmed/25281398���Middleton, Deborah
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*Virus Internalization���DecÊ��UNLABELLED: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. Drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are notably cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. NiV's attachment (G) and fusion (F) envelope glycoproteins mediate viral binding to the ephrinB2/ephrinB3 cell receptors and virus-cell membrane fusion, respectively. The NiV matrix protein (M) can autonomously induce NiV assembly and budding. Using a beta-lactamase (betaLa) reporter/NiV-M chimeric protein, we produced NiVLPs expressing NiV-G and wild-type or mutant NiV-F on their surfaces. By preloading target cells with the betaLa fluorescent substrate CCF2-AM, we obtained viral entry kinetic curves that correlated with the NiV-F fusogenic phenotypes, validating NiVLPs as suitable viral entry kinetic tools and suggesting overall relatively slower viral entry than cell-cell fusion kinetics. Additionally, the proportions of F and G on individual NiVLPs and the extent of receptor-induced conformational changes in NiV-G were measured via flow virometry, allowing the proper interpretation of the viral entry kinetic phenotypes. The significance of these findings in the viral entry field extends beyond NiV to other paramyxoviruses and enveloped viruses. IMPORTANCE: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. For example, drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are especially cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. Our new tools allowed us the high-throughput measurement of viral entry kinetics, glycoprotein proportions on individual viral particles, and receptor-induced conformational changes in viral glycoproteins on viral surfaces. The significance of these findings extends beyond NiV to other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25275126O��Landowski, Matthew
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Socioeconomic Factors���Jul-Sepö��Risk analysis is now widely accepted amongst veterinary authorities and other stakeholders around the world as a conceptual framework for integrating scientific evidence into animal health decision making. The resulting risk management for most diseases primarily involves linking epidemiological understanding with diagnostics and/or vaccines. Recent disease outbreaks such as Nipah virus, SARS, avian influenza H5N1, bluetongue serotype 8 and Schmallenberg virus have led to realising that we need to explicitly take into account the underlying complex interactions between environmental, epidemiological and social factors which are often also spatially and temporally heterogeneous as well as interconnected across affected regions and beyond. A particular challenge is to obtain adequate understanding of the influence of human behaviour and to translate this into effective mechanisms leading to appropriate behaviour change where necessary. Both, the One Health and the ecohealth approaches reflect the need for such a holistic systems perspective, however the current implementation of risk analysis frameworks for animal health and food safety is still dominated by a natural or biomedical perspective of science as is the implementation of control and prevention policies. This article proposes to integrate the risk analysis approach with a risk governance framework which explicitly adds the socio-economic context to policy development and emphasizes the need for organisational change and stakeholder engagement.,��https://www.ncbi.nlm.nih.gov/pubmed/25273958p��Pfeiffer, Dirk U
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Zoonoses/epidemiology/*virology���Oct���More than 1 240 species of bats are known; many of them are insectivorous, others are frugivorous and some american species are haematophagous. More than 100 diferent viruses are associated with these mammals, particularly Rhabdoviridae (Lyssavirus like rabies virus), Paramyxoviridae (like Nipah and Hendra viruses), Filoviridae (Ebola and Marburg viruses) and Coronavirida (viruses causing SARS and MERS). These infections are usually asymptomatic in bats but the mechanism of this tolerance is not yet understood. For those viruses, bats are efficient reservoirs and disseminators. So, they represent a significative risk for human and animal public health, that justifies to set up surveillance of bat-associated viruses and research programs about the particular immunity mechanisms of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/27120912w��Rodhain, Francois
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Zoonoses/*epidemiology/etiology���Oct¶��Important preventive measures carried out in the herds of domestic animals have found improving the health status of farms, particularly for contagious diseases subject to mandatory declaration and accompanying drastic but necessary eradication measures in infected flocks. However it is more difficult to apply these same biosecurity measures on wildlife that may have been contaminated or not by domestic animals. The growing number of emerging infectious diseases of wildlife may reflect increased vigilance, but most often the result of a change in the ecology of the host, the causative agent or both. So, wildlife may be reservoirs of pathogens that can infect domestic herds again but mostly for the majority of them contaminating humans. This is the case, for example, of West Nile virus (WNV), avian influenza virus, rabies virus, Nipah virus, diseases transmitted by ticks, tuberculosis, brucellosis, hepatitis E or some parasitic zoonoses.,��https://www.ncbi.nlm.nih.gov/pubmed/27120911���Brugere-Picoux, Jeanne
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Virus Attachmentå��Recent reports suggest that some galectins bind to enveloped viruses. They include influenza virus, human immunodeficiency virus-1 (HIV-1), human T-cell leukemia virus-1 (HTLV-1), and Nipah virus. It is also suggested that the interaction between viruses and galectins influences viral attachment to their susceptible cells, affecting the viral infectivity. Our work suggests that galectin-1 increases the infectivity of HIV-1 and HTVL-1. Indeed, galectin-1 promotes the initial adsorption of HIV-1 to CD4(+) cells through its binding to viral envelope gp120 and facilitates HIV-1 infection in a manner that is dependent on its recognition of beta-galactoside residues. Thus, as galectin-1 can be considered as a pattern recognition receptor, HIV-1 exploits this host factor to promote its transmission or replication. In this chapter, we describe methods used to investigate this potential role of galectins in HIV-1 infection as a case in point for future studies on galectin-virus interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/25253155¢��Ouellet, Michel
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zoonotic transmission���JanV��Nipah virus is an emerging virus infection that causes yearly disease outbreaks with high case fatality rates in Bangladesh. Nipah virus causes encephalitis and systemic vasculitis, sometimes in combination with respiratory disease. Pteropus species fruit bats are the natural reservoir of Nipah virus and zoonotic transmission can occur directly or via an intermediate host; human-to-human transmission occurs regularly. In this review we discuss the current state of knowledge on the pathogenesis and transmission of Nipah virus, focusing on dissemination of the virus through its host, known determinants of pathogenicity and routes of zoonotic and human-to-human transmission. Since data from human cases are sparse, this knowledge is largely based on the results of studies performed in animal models that recapitulate Nipah virus disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25229234Ê��de Wit, Emmie
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Zoonoses/virology���Janc��Bats have been found to harbour a number of new emerging viruses with zoonotic potential, and there has been a great deal of interest in identifying novel bat pathogens to determine the risk to human and animal health. Many groups have identified novel viruses in bats by detection of viral nucleic acid; however, virus isolation is still a challenge, and there are few reports of viral isolates from bats. In recent years, our group has developed optimized procedures for virus isolation from bat urine, including the use of primary bat cells. In previous reports, we have described the isolation of Hendra virus, Menangle virus and Cedar virus in Queensland, Australia. Here, we report the isolation of four additional novel bat paramyxoviruses from urine collected from beneath pteropid bat (flying fox) colonies in Queensland and New South Wales during 2009-2011.,��https://www.ncbi.nlm.nih.gov/pubmed/25228492E��Barr, Jennifer
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Zoonoses���Sep 17.��BACKGROUND: Veterinary infection control for the management of Hendra virus (HeV), an emerging zoonosis in Australia, remained suboptimal until 2010 despite 71.4% (5/7) of humans infected with HeV being veterinary personnel or assisting a veterinarian, three of whom died before 2009. The aim of this study was to identify the perceived barriers to veterinary infection control and HeV management in private veterinary practice in Queensland, where the majority of HeV outbreaks have occurred in Australia. RESULTS: Most participants agreed that a number of key factors had contributed to the slow uptake of adequate infection control measures for the management of HeV amongst private veterinarians: a work culture characterised by suboptimal infection control standards and misconceptions about zoonotic risks; a lack of leadership and support from government authorities; the difficulties of managing biosecurity and public health issues from a private workforce perspective; and the slow pattern of emergence of HeV. By 2010, some infection control and HeV management changes had been implemented. Participants interviewed agreed that further improvements remained necessary; but also cautioned that this was a complex process which would require time. CONCLUSION: Private veterinarians and government authorities prior to 2009 were unprepared to handle new slowly emerging zoonoses, which may explain their mismanagement of HeV. Slowly emerging zoonoses may be of low public health significance but of high significance for specialised groups such as veterinarians. Private veterinarians, who are expected to fulfil an active biosecurity and public health role in the frontline management of such emerging zoonoses, need government agencies to better recognise their contribution, to consult with the veterinary profession when devising guidelines for the management of zoonoses and to provide them with greater leadership and support. We propose that specific infection control guidelines for the management of slowly emerging zoonoses in private veterinary settings need to be developed.,��https://www.ncbi.nlm.nih.gov/pubmed/25224910È��Mendez, Diana H
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*Virus Release���NovZ	�UNLABELLED: Paramyxoviruses and other negative-strand RNA viruses encode matrix proteins that coordinate the virus assembly process. The matrix proteins link the viral glycoproteins and the viral ribonucleoproteins at virus assembly sites and often recruit host machinery that facilitates the budding process. Using a co-affinity purification strategy, we have identified the beta subunit of the AP-3 adapter protein complex, AP3B1, as a binding partner for the M proteins of the zoonotic paramyxoviruses Nipah virus and Hendra virus. Binding function was localized to the serine-rich and acidic Hinge domain of AP3B1, and a 29-amino-acid Hinge-derived polypeptide was sufficient for M protein binding in coimmunoprecipitation assays. Virus-like particle (VLP) production assays were used to assess the relationship between AP3B1 binding and M protein function. We found that for both Nipah virus and Hendra virus, M protein expression in the absence of any other viral proteins led to the efficient production of VLPs in transfected cells, and this VLP production was potently inhibited upon overexpression of short M-binding polypeptides derived from the Hinge region of AP3B1. Both human and bat (Pteropus alecto) AP3B1-derived polypeptides were highly effective at inhibiting the production of VLPs. VLP production was also impaired through small interfering RNA (siRNA)-mediated depletion of AP3B1 from cells. These findings suggest that AP-3-directed trafficking processes are important for henipavirus particle production and identify a new host protein-virus protein binding interface that could become a useful target in future efforts to develop small molecule inhibitors to combat paramyxoviral infections. IMPORTANCE: Henipaviruses cause deadly infections in humans, with a mortality rate of about 40%. Hendra virus outbreaks in Australia, all involving horses and some involving transmission to humans, have been a continuing problem. Nipah virus caused a large outbreak in Malaysia in 1998, killing 109 people, and smaller outbreaks have since occurred in Bangladesh and India. In this study, we have defined, for the first time, host factors that interact with henipavirus M proteins and contribute to viral particle assembly. We have also defined a new host protein-viral protein binding interface that can potentially be targeted for the inhibition of paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25210190&��Sun, Weina
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Personal protective equipment���Nov 1¸��Following the emergence of Hendra virus (HeV), private veterinarians have had to adopt additional infection control strategies to manage this zoonosis. Between 1994 and 2010, seven people became infected with HeV, four fatally. All infected people were at a higher risk of exposure from contact with horses as they were either veterinary personnel, assisting veterinarians, or working in the horse industry. The management of emerging zoonoses is best approached from a One Health perspective as it benefits biosecurity as well as a public health, including the health of those most at risk, in this case private veterinarians. In 2011 we conducted a cross-sectional study of private veterinarians registered in Queensland and providing veterinary services to horses. The aim of this study was to gauge if participants had adopted recommendations for improved infection control, including the use of personal protective equipment (PPE), and the development of HeV specific management strategies during the winter of 2011. A majority of participants worked in practices that had a formal HeV management plan, mostly based on the perusal of official guidelines and an HeV field kit. The use of PPE increased as the health status of an equine patient decreased, demonstrating that many participants evaluated the risk of exposure to HeV appropriately; while others remained at risk of HeV infection by not using the appropriate PPE even when attending a sick horse. This study took place after Biosecurity Queensland had sent a comprehensive package about HeV management to all private veterinarians working in Queensland. However, those who had previous HeV experience through the management of suspected cases or had attended a HeV specific professional education programme in the previous 12 months were more likely to use PPE than those who had not. This may indicate that for private veterinarians in Queensland personal experience and face-to-face professional education sessions may be more effective in the improvement of HeV management than passive education via information packages. The role of different education pathways in the sustainable adoption of veterinary infection control measures should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/25175674Ê��Mendez, Diana
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Thermally induced phase separation���OctU��This paper discusses the successful fabrication of a novel triple-layered poly(lactic-co-glycolic acid) (PLGA)-based composite membrane using only a single step that combines the techniques of solvent casting and thermally induced phase separation/solvent leaching. The resulting graded membrane consists of a small pore size layer-1 containing 10 wt% non-stoichiometric nanoapatite (NAp)+1-3 wt% lauric acid (LA) for fibroblastic cell and bacterial inhibition, an intermediate layer-2 with 20-50 wt% NAp+1 wt% LA, and a large pore size layer-3 containing 30-100 wt% NAp without LA to allow bone cell growth. The synergic effects of 10-30 wt% NAp and 1 wt% LA in the membrane demonstrated higher tensile strength (0.61 MPa) and a more elastic behavior (16.1% elongation at break) in 3 wt% LA added membrane compared with the pure PLGA (0.49 MPa, 9.1%). The addition of LA resulted in a remarkable plasticizing effect on PLGA at 3 wt% due to weak intermolecular interactions in PLGA. The pure and composite PLGA membranes had good cell viability toward human skin fibroblast, regardless of LA and NAp contents.,��https://www.ncbi.nlm.nih.gov/pubmed/25175212���Jamuna-Thevi, Kalitheertha
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Nabi, A. H.���2014���Prediction of epitope-based peptides for the utility of vaccine development from fusion and glycoprotein of nipah virus using in silico approach���402492���Adv Bioinformatics���2014H��This study aims to design epitope-based peptides for the utility of vaccine development by targeting glycoprotein G and envelope protein F of Nipah virus (NiV) that, respectively, facilitate attachment and fusion of NiV with host cells. Using various databases and tools, immune parameters of conserved sequence(s) from G and F proteins of different isolates of NiV were tested to predict probable epitope(s). Binding analyses of the peptides with MHC class-I and class-II molecules, epitope conservancy, population coverage, and linear B cell epitope prediction were analyzed. Predicted peptides interacted with seven or more MHC alleles and illustrated population coverage of more than 99% and 95%, for G and F proteins, respectively. The predicted class-I nonamers, SLIDTSSTI and EWISIVPNF, superimposed on the putative decameric B cell epitopes, were also identified as core sequences of the most probable class-II 15-mer peptides GPKVSLIDTSSTITI and EWISIVPNFILVRNT. These peptides were further validated for their binding to specific HLA alleles using in silico docking technique. Our in silico analysis suggested that the predicted epitopes, either GPKVSLIDTSSTITI or EWISIVPNFILVRNT, could be a better choice as universal vaccine component against NiV irrespective of different isolates which may elicit both humoral and cell-mediated immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/25147564³��Sakib, M Sadman
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Sequence Homology, Nucleic Acid���Aug 15t��BACKGROUND: Bats are a major source of new and emerging viral diseases. Despite the fact that bats carry and shed highly pathogenic viruses including Ebola, Nipah and SARS, they rarely display clinical symptoms of infection. Host factors influencing viral replication are poorly understood in bats and are likely to include both pre- and post-transcriptional regulatory mechanisms. MicroRNAs are a major mechanism of post-transcriptional gene regulation, however very little is known about them in bats. RESULTS: This study describes 399 microRNAs identified by deep sequencing of small RNA isolated from tissues of the Black flying fox, Pteropus alecto, a confirmed natural reservoir of the human pathogens Hendra virus and Australian bat lyssavirus. Of the microRNAs identified, more than 100 are unique amongst vertebrates, including a subset containing mutations in critical seed regions. Clusters of rapidly-evolving microRNAs were identified, as well as microRNAs predicted to target genes involved in antiviral immunity, the DNA damage response, apoptosis and autophagy. Closer inspection of the predicted targets for several highly supported novel miRNA candidates suggests putative roles in host-virus interaction. CONCLUSIONS: MicroRNAs are likely to play major roles in regulating virus-host interaction in bats, via dampening of inflammatory responses (limiting the effects of immunopathology), and directly limiting the extent of viral replication, either through restricting the availability of essential factors or by controlling apoptosis. Characterisation of the bat microRNA repertoire is an essential step towards understanding transcriptional regulation during viral infection, and will assist in the identification of mechanisms that enable bats to act as natural virus reservoirs. This in turn will facilitate the development of antiviral strategies for use in humans and other species.,��https://www.ncbi.nlm.nih.gov/pubmed/25128405V��Cowled, Christopher
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Zoonoses/transmission/*virology���Aug 132��Bats are being increasingly recognized as reservoir hosts of highly pathogenic and zoonotic emerging viruses (Marburg virus, Nipah virus, Hendra virus, Rabies virus, and coronaviruses). While numerous studies have focused on the mentioned highly human-pathogenic bat viruses in tropical regions, little is known on similar human-pathogenic viruses that may be present in European bats. Although novel viruses are being detected, their zoonotic potential remains unclear unless further studies are conducted. At present, it is assumed that the risk posed by bats to the general public is rather low. In this review, selected viruses detected and isolated in Europe are discussed from our point of view in regard to their human-pathogenic potential. All European bat species and their roosts are legally protected and some European species are even endangered. Nevertheless, the increasing public fear of bats and their viruses is an obstacle to their protection. Educating the public regarding bat lyssaviruses might result in reduced threats to both the public and the bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25123684~��Kohl, Claudia
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�UNLABELLED: Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. Since its discovery in the 1970s, aMPV has been recognized as an economically important pathogen in the poultry industry worldwide. The conserved region VI (CR VI) of the large (L) polymerase proteins of paramyxoviruses catalyzes methyltransferase (MTase) activities that typically methylate viral mRNAs at guanine N-7 (G-N-7) and ribose 2'-O positions. In this study, we generated a panel of recombinant aMPV (raMPV) Colorado strains carrying mutations in the S-adenosyl methionine (SAM) binding site in the CR VI of L protein. These recombinant viruses were specifically defective in ribose 2'-O, but not G-N-7 methylation and were genetically stable and highly attenuated in cell culture and viral replication in the upper and lower respiratory tracts of specific-pathogen-free (SPF) young turkeys. Importantly, turkeys vaccinated with these MTase-defective raMPVs triggered a high level of neutralizing antibody and were completely protected from challenge with homologous aMPV Colorado strain and heterologous aMPV Minnesota strain. Collectively, our results indicate (i) that aMPV lacking 2'-O methylation is highly attenuated in vitro and in vivo and (ii) that inhibition of mRNA cap MTase can serve as a novel target to rationally design live attenuated vaccines for aMPV and perhaps other paramyxoviruses. IMPORTANCE: Paramyxoviruses include many economically and agriculturally important viruses such as avian metapneumovirus (aMPV), and Newcastle disease virus (NDV), human pathogens such as human respiratory syncytial virus, human metapneumovirus, human parainfluenza virus type 3, and measles virus, and highly lethal emerging pathogens such as Nipah virus and Hendra virus. For many of them, there is no effective vaccine or antiviral drug. These viruses share common strategies for viral gene expression and replication. During transcription, paramyxoviruses produce capped, methylated, and polyadenylated mRNAs. Using aMPV as a model, we found that viral ribose 2'-O methyltransferase (MTase) is a novel approach to rationally attenuate the virus for vaccine purpose. Recombinant aMPV (raMPV) lacking 2'-O MTase were not only highly attenuated in turkeys but also provided complete protection against the challenge of homologous and heterologous aMPV strains. This novel approach can be applicable to other animal and human paramyxoviruses for rationally designing live attenuated vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/25122790¤��Sun, Jing
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*Virus Replication���Sep���Nipah virus (NiV) is a highly pathogenic emergent paramyxovirus causing deadly encephalitis in humans. Its replication requires a constant supply of unassembled nucleoprotein (N(0)) in complex with its viral chaperone, the phosphoprotein (P). To elucidate the chaperone function of P, we reconstituted NiV the N(0)-P core complex and determined its crystal structure. The binding of the N-terminal region of P blocks the polymerization of N by interfering with subdomain exchange between N protomers and keeps N(0) in an open conformation, ready to grasp an RNA molecule. We found that a peptide derived from the N-binding region of P protects cells against viral infection and demonstrated by structure-based mutagenesis that this peptide acts by inhibiting N(0)-P formation. These results provide new insights about the assembly of N along genomic RNA and validate the N(0)-P complex as a target for drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/25108352C��Yabukarski, Filip
Lawrence, Philip
Tarbouriech, Nicolas
Bourhis, Jean-Marie
Delaforge, Elise
Jensen, Malene Ringkjobing
Ruigrok, Rob W H
Blackledge, Martin
Volchkov, Viktor
Jamin, Marc
eng
Research Support, Non-U.S. Gov't
2014/08/12 06:00
Nat Struct Mol Biol. 2014 Sep;21(9):754-9. doi: 10.1038/nsmb.2868. Epub 2014 Aug 10.*��1545-9985 (Electronic)
1545-9985 (Linking)���25108352 ��1] Universite Grenoble Alpes, Unit of Virus Host Cell Interactions, Grenoble, France. [2] CNRS, Unit of Virus Host Cell Interactions, Grenoble, France.
International Centre for Research in Infectiology (CIRI), INSERM U1111-CNRS UMR5308, Universite Lyon 1, Ecole Normale Superieure de Lyon, Lyon, France.
1] Universite Grenoble Alpes, Institut de Biologie Structurale, Grenoble, France. [2] CNRS, Institut de Biologie Structurale, Grenoble, France. [3] Commissariat a l'Energie Atomique (CEA), Institut de Biologie Structurale, Grenoble, France.���10.1038/nsmb.2868���
¥�üÒtÿî?t���Z��Kruger, N.
Hoffmann, M.
Drexler, J. F.
Muller, M. A.
Corman, V. M.
Drosten, C.
Herrler, G.���2014w��Attachment protein G of an African bat henipavirus is differentially restricted in chiropteran and nonchiropteran cells���11973-80���J Virol���88���20¹��Animals
Cell Compartmentation
Cell Line
Chiroptera/*virology
Cricetinae
Flow Cytometry
Giant Cells
Henipavirus/*metabolism
Humans
Species Specificity
Viral Envelope Proteins/*metabolism���Oct/	�Henipaviruses are associated with pteropodid reservoir hosts. The glycoproteins G and F of an African henipavirus (strain M74) have been reported to induce syncytium formation in kidney cells derived from a Hypsignathus monstrosus bat (HypNi/1.1) but not in nonchiropteran BHK-21 and Vero76 cells. Here, we show that syncytia are also induced in two other pteropodid cell lines from Hypsignathus monstrosus and Eidolon helvum bats upon coexpression of the M74 glycoproteins. The G protein was transported to the surface of transfected chiropteran cells, whereas surface expression in the nonchiropteran cells was detectable only in a fraction of cells. In contrast, the G protein of Nipah virus is transported efficiently to the surface of both chiropteran and nonchiropteran cells. Even in chiropteran cells, M74-G was predominantly expressed in the endoplasmic reticulum (ER), as indicated by colocalization with marker proteins. This result is consistent with the finding that all N-glycans of the M74-G proteins are of the mannose-rich type, as indicated by sensitivity to endo H treatment. These data indicate that the surface transport of M74-G is impaired in available cell culture systems, with larger amounts of viral glycoprotein present on chiropteran cells than on nonchiropteran cells. The restricted surface expression of M74-G explains the reduced fusion activity of the glycoproteins of the African henipavirus. Our results suggest strategies for the isolation of infectious viruses, which is necessary to assess the risk of zoonotic virus transmission. Importance: Henipaviruses are highly pathogenic zoonotic viruses associated with pteropodid bat hosts. Whether the recently described African bat henipaviruses have a zoonotic potential as high as that of their Asian and Australian relatives is unknown. We show that surface expression of the attachment protein G of an African henipavirus, M74, is restricted in comparison to the G protein expression of the highly pathogenic Nipah virus. Transport to the cell surface is more restricted in nonchiropteran cells than it is in chiropteran cells, explaining the differential fusion activity of the M74 surface proteins in these cells. Our results imply that surface expression of viral glycoproteins may serve as a major marker to assess the zoonotic risk of emerging henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25100832���Kruger, Nadine
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Tropical medicine���Aug 7°��The recent onset of epidemics caused by viruses such as Ebola, Marburg, Nipah, Lassa, coronavirus, West-Nile encephalitis, Saint Louis encephalitis, human immunodeficiency virus, dengue, yellow fever and Venezuelan hemorrhagic fever alerts about the risk these agents represent for the global health. Chikungunya virus represents a new threat. Surged from remote African regions, this virus has become endemic in the Indic ocean basin, the Indian subcontinent and the southeast of Asia, causing serious epidemics in Africa, Indic Ocean Islands, Asia and Europe. Due to their epidemiological and biological features and the global presence of their vectors, chikungunya represents a serious menace and could become endemic in the Americas. Although chikungunya infection has a low mortality rate, its high attack ratio may collapse the health system during epidemics affecting a sensitive population. In this paper, we review the clinical and epidemiological features of chikungunya fever as well as the risk of its introduction into the Americas. We remark the importance of the epidemiological control and mosquitoes fighting in order to prevent this disease from being introduced into the Americas.,��https://www.ncbi.nlm.nih.gov/pubmed/25087211£��Montero, Antonio
spa
English Abstract
Review
Spain
2014/08/05 06:00
Med Clin (Barc). 2015 Aug 7;145(3):118-23. doi: 10.1016/j.medcli.2014.05.031. Epub 2014 Jul 30.*��1578-8989 (Electronic)
0025-7753 (Linking)���25087211.��Fiebre chikungunya - Una nueva amenaza global.h��Miembro de la Carrera del Investigador Cientifico, Consejo de Investigaciones de la Universidad Nacional de Rosario (CIUNR), Rosario, Santa Fe, Argentina; Centro de Medicina Tropical y Enfermedades Infecciosas Emergentes, Facultad de Ciencias Medicas, Universidad Nacional de Rosario, Rosario, Santa Fe, Argentina. Electronic address: amontero@sede.unr.edu.ar.���10.1016/j.medcli.2014.05.031���?��þÒtÿî?w������Alimonti, J.
Leung, A.
Jones, S.
Gren, J.
Qiu, X.
Fernando, L.
Balcewich, B.
Wong, G.
Stroher, U.
Grolla, A.
Strong, J.
Kobinger, G.���2014���Evaluation of transmission risks associated with in vivo replication of several high containment pathogens in a biosafety level 4 laboratory���5824���Sci Rep���4¨��Air Filters/virology
Animals
Antigens, Viral/analysis
Arenavirus/physiology
Bunyaviridae/physiology
Containment of Biohazards/*standards
Ebolavirus/physiology
Enzyme-Linked Immunosorbent Assay
Equipment Contamination
Hemorrhagic Fevers, Viral/*transmission/virology
Henipavirus/physiology
Laboratories/*standards
Microbubbles/virology
RNA, Viral/analysis
Real-Time Polymerase Chain Reaction
Risk
Viral Load
Virus Replication���Jul 25���Containment level 4 (CL4) laboratories studying biosafety level 4 viruses are under strict regulations to conduct nonhuman primate (NHP) studies in compliance of both animal welfare and biosafety requirements. NHPs housed in open-barred cages raise concerns about cross-contamination between animals, and accidental exposure of personnel to infectious materials. To address these concerns, two NHP experiments were performed. One examined the simultaneous infection of 6 groups of NHPs with 6 different viruses (Machupo, Junin, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, Nipah and Hendra viruses). Washing personnel between handling each NHP group, floor to ceiling biobubble with HEPA filter, and plexiglass between cages were employed for partial primary containment. The second experiment employed no primary containment around open barred cages with Ebola virus infected NHPs 0.3 meters from naive NHPs. Viral antigen-specific ELISAs, qRT-PCR and TCID50 infectious assays were utilized to determine antibody levels and viral loads. No transmission of virus to neighbouring NHPs was observed suggesting limited containment protocols are sufficient for multi-viral CL4 experiments within one room. The results support the concept that Ebola virus infection is self-contained in NHPs infected intramuscularly, at least in the present experimental conditions, and is not transmitted to naive NHPs via an airborne route.,��https://www.ncbi.nlm.nih.gov/pubmed/250594780��Alimonti, Judie
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Viral Structural Proteins/metabolism���Jul 9ÿ��The cytosolic sensor MDA5 is crucial for antiviral innate immune defense against various RNA viruses including measles virus; as such, many viruses have evolved strategies to antagonize the antiviral activity of MDA5. Here, we show that measles virus escapes MDA5 detection by targeting the phosphatases PP1alpha and PP1gamma, which regulate MDA5 activity by removing an inhibitory phosphorylation mark. The V proteins of measles virus and the related paramyxovirus Nipah virus interact with PP1alpha/gamma, preventing PP1-mediated dephosphorylation of MDA5 and thereby its activation. The PP1 interaction with the measles V protein is mediated by a conserved PP1-binding motif in the C-terminal region of the V protein. A recombinant measles virus expressing a mutant V protein deficient in PP1 binding is unable to antagonize MDA5 and is growth impaired due to its inability to suppress interferon induction. This identifies PP1 antagonism as a mechanism employed by paramyxoviruses for evading innate immune recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/25011105'��Davis, Meredith E
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Urine Specimen Collection���Sep���Flying-foxes (pteropid bats) are the natural host of Hendra virus, a recently emerged zoonotic virus responsible for mortality or morbidity in horses and humans in Australia since 1994. Previous studies have suggested physiological and ecological risk factors for infection in flying-foxes, including physiological stress. However, little work has been done measuring and interpreting stress hormones in flying-foxes. Over a 12-month period, we collected pooled urine samples from underneath roosting flying-foxes, and urine and blood samples from captured individuals. Urine and plasma samples were assayed for cortisol using a commercially available enzyme immunoassay. We demonstrated a typical post-capture stress response in flying-foxes, established urine specific gravity as an attractive alternative to creatinine to correct urine concentration, and established population-level urinary cortisol ranges (and geometric means) for the four Australian species: Pteropus alecto 0.5-305.1 ng/mL (20.1 ng/mL); Pteropus conspicillatus 0.3-370.9 ng/mL (18.9 ng/mL); Pteropus poliocephalus 0.3-311.3 ng/mL (10.1 ng/mL); Pteropus scapulatus 5.2-205.4 ng/mL (40.7 ng/mL). Geometric means differed significantly except for P. alecto and P. conspicillatus. Our approach is methodologically robust, and has application both as a research or clinical tool for flying-foxes, and for other free-living colonial wildlife species.,��https://www.ncbi.nlm.nih.gov/pubmed/24990534²��McMichael, Lee A
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Zoonoses���Oct«��Evolving land use practices have led to an increase in interactions at the human/wildlife interface. The presence and poor knowledge of zoonotic pathogens in India's wildlife and the occurrence of enormous human populations interfacing with, and critically linked to, forest ecosystems warrant attention. Factors such as diverse migratory bird populations, climate change, expanding human population and shrinking wildlife habitats play a significant role in the emergence and re-emergence of zoonotic pathogens from India's wildlife. The introduction of a novel Kyasanur forest disease virus (family flaviviridae) into human populations in 1957 and subsequent occurrence of seasonal outbreaks illustrate the key role that India's wild animals play in the emergence and reemergence of zoonotic pathogens. Other high priority zoonotic diseases of wildlife origin which could affect both livestock and humans include influenza, Nipah, Japanese encephalitis, rabies, plague, leptospirosis, anthrax and leishmaniasis. Continuous monitoring of India's extensively diverse and dispersed wildlife is challenging, but their use as indicators should facilitate efficient and rapid disease-outbreak response across the region and occasionally the globe. Defining and prioritizing research on zoonotic pathogens in wildlife are essential, particularly in a multidisciplinary one-world one-health approach which includes human and veterinary medical studies at the wildlife-livestock-human interfaces. This review indicates that wild animals play an important role in the emergence and re-emergence of zoonotic pathogens and provides brief summaries of the zoonotic diseases that have occurred in wild animals in India.,��https://www.ncbi.nlm.nih.gov/pubmed/24983511���Singh, B B
Gajadhar, A A
eng
Review
Netherlands
2014/07/02 06:00
Acta Trop. 2014 Oct;138:67-77. doi: 10.1016/j.actatropica.2014.06.009. Epub 2014 Jun 28.*��1873-6254 (Electronic)
0001-706X (Linking)���24983511���School of Public Health and Zoonosis, Guru Angad Dev Veterinary & Animal Sciences University, Ludhiana, Punjab, India. Electronic address: bbsdhaliwal@gmail.com.
Canadian Food Inspection Agency, Centre for Foodborne and Animal Parasitology, Saskatoon, SK, Canada.!��10.1016/j.actatropica.2014.06.009����q�üÒtÿî?|���®��Geisbert, T. W.
Mire, C. E.
Geisbert, J. B.
Chan, Y. P.
Agans, K. N.
Feldmann, F.
Fenton, K. A.
Zhu, Z.
Dimitrov, D. S.
Scott, D. P.
Bossart, K. N.
Feldmann, H.
Broder, C. C.���2014q��Therapeutic treatment of Nipah virus infection in nonhuman primates with a neutralizing human monoclonal antibody���242ra82���Sci Transl Med���6���242`��Animals
Antibodies, Monoclonal/*immunology
Antibodies, Neutralizing/blood/*immunology
Antibodies, Viral/immunology
Antigens, Viral/immunology
Cercopithecus aethiops/*immunology
Henipavirus Infections/immunology/*prevention & control/*therapy/virology
Humans
Immunohistochemistry
Neutralization Tests
Nipah Virus/*immunology
Treatment Outcome
Viral Load���Jun 25ù��Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes severe and often fatal disease in pigs and humans. There are currently no vaccines or treatments approved for human use. Studies in small-animal models of NiV infection suggest that antibody therapy may be a promising treatment. However, most studies have assessed treatment at times shortly after virus exposure before animals show signs of disease. We assessed the efficacy of a fully human monoclonal antibody, m102.4, at several time points after virus exposure including at the onset of clinical illness in a uniformly lethal nonhuman primate model of NiV disease. Sixteen African green monkeys (AGMs) were challenged intratracheally with a lethal dose of NiV, and 12 animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days after virus challenge and again about 2 days later. The presence of viral RNA, infectious virus, and/or NiV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 after infection. AGMs in the day 5 treatment group exhibited clinical signs of disease, but all animals recovered by day 16. These results represent the successful therapeutic in vivo efficacy by an investigational drug against NiV in a nonhuman primate and highlight the potential impact that a monoclonal antibody can have on a highly pathogenic zoonotic human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24964990n��Geisbert, Thomas W
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Risk Factors���Hendra virus causes sporadic but typically fatal infection in horses and humans in eastern Australia. Fruit-bats of the genus Pteropus (commonly known as flying-foxes) are the natural host of the virus, and the putative source of infection in horses; infected horses are the source of human infection. Effective treatment is lacking in both horses and humans, and notwithstanding the recent availability of a vaccine for horses, exposure risk mitigation remains an important infection control strategy. This study sought to inform risk mitigation by identifying spatial and environmental risk factors for equine infection using multiple analytical approaches to investigate the relationship between plausible variables and reported Hendra virus infection in horses. Spatial autocorrelation (Global Moran's I) showed significant clustering of equine cases at a distance of 40 km, a distance consistent with the foraging 'footprint' of a flying-fox roost, suggesting the latter as a biologically plausible basis for the clustering. Getis-Ord Gi* analysis identified multiple equine infection hot spots along the eastern Australia coast from far north Queensland to central New South Wales, with the largest extending for nearly 300 km from southern Queensland to northern New South Wales. Geographically weighted regression (GWR) showed the density of P. alecto and P. conspicillatus to have the strongest positive correlation with equine case locations, suggesting these species are more likely a source of infection of Hendra virus for horses than P. poliocephalus or P. scapulatus. The density of horses, climate variables and vegetation variables were not found to be a significant risk factors, but the residuals from the GWR suggest that additional unidentified risk factors exist at the property level. Further investigations and comparisons between case and control properties are needed to identify these local risk factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24936789Ï��Smith, Craig
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Social sciences���Marg��This article contributes to the literature on One Health and public health ethics by expanding the principle of solidarity. We conceptualise solidarity to encompass not only practices intended to assist other people, but also practices intended to assist non-human others, including animals, plants, or places. To illustrate how manifestations of humanist and more-than-human solidarity may selectively complement one another, or collide, recent responses to Hendra virus in Australia and Rabies virus in Canada serve as case examples. Given that caring relationships are foundational to health promotion, people's efforts to care for non-human others are highly relevant to public health, even when these efforts conflict with edicts issued in the name of public health. In its most optimistic explication, One Health aims to attain optimal health for humans, non-human animals and their shared environments. As a field, public health ethics needs to move beyond an exclusive preoccupation with humans, so as to account for moral complexity arising from people's diverse connections with places, plants, and non-human animals.,��https://www.ncbi.nlm.nih.gov/pubmed/24919648´��Rock, Melanie J
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Nipah Virus/*isolation & purification���Jun 2���BACKGROUND: Nipah virus and Hendra virus are closely related and following natural or experimental exposure induce similar clinical disease. In humans, encephalitis is the most serious outcome of infection and, hitherto, research into the pathogenesis of henipavirus encephalitis has been limited by the lack of a suitable model. Recently we reported a wild-type mouse model of Hendra virus (HeV) encephalitis that should facilitate detailed investigations of its neuropathogenesis, including mechanisms of disease recrudescence. In this study we investigated the possibility of developing a similar model of Nipah virus encephalitis. FINDINGS: Aged and young adult wild type mice did not develop clinical disease including encephalitis following intranasal exposure to either the Malaysia (NiV-MY) or Bangladesh (NiV-BD) strains of Nipah virus. However viral RNA was detected in lung tissue of mice at euthanasia (21 days following exposure) accompanied by a non-neutralizing antibody response. In a subsequent time course trial this viral RNA was shown to be reflective of an earlier self-limiting and subclinical lower respiratory tract infection through successful virus re-isolation and antigen detection in lung. There was no evidence for viremia or infection of other organs, including brain. CONCLUSIONS: Mice develop a subclinical self-limiting lower respiratory tract infection but not encephalitis following intranasal exposure to NiV-BD or NiV-MY. These results contrast with those reported for HeV under similar exposure conditions in mice, demonstrating a significant biological difference in host clinical response to exposure with these viruses. This finding provides a new platform from which to explore the viral and/or host factors that determine the neuroinvasive ability of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24890603Ö��Dups, Johanna
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gag Gene Products, Human Immunodeficiency Virus/immunology���Aug���UNLABELLED: Human immunodeficiency virus type 1 (HIV-1) exploits dendritic cells (DCs) to promote its transmission to T cells. We recently reported that the capture of HIV-1 by mature dendritic cells (MDCs) is mediated by an interaction between the glycosphingolipid (GSL) GM3 on virus particles and CD169/Siglec-1 on MDCs. Since HIV-1 preferentially buds from GSL-enriched lipid microdomains on the plasma membrane, we hypothesized that the virus assembly and budding site determines the ability of HIV-1 to interact with MDCs. In support of this hypothesis, mutations in the N-terminal basic domain (29/31KE) or deletion of the membrane-targeting domain of the HIV-1 matrix (MA) protein that altered the virus assembly and budding site to CD63(+)/Lamp-1-positive intracellular compartments resulted in lower levels of virion incorporation of GM3 and attenuation of virus capture by MDCs. Furthermore, MDC-mediated capture and transmission of MA mutant viruses to T cells were decreased, suggesting that HIV-1 acquires GSLs via budding from the plasma membrane to access the MDC-dependent trans infection pathway. Interestingly, MDC-mediated capture of Nipah and Hendra virus (recently emerged zoonotic paramyxoviruses) M (matrix) protein-derived virus-like particles that bud from GSL-enriched plasma membrane microdomains was also dependent on interactions between virion-incorporated GSLs and CD169. Moreover, capture and transfer of Nipah virus envelope glycoprotein-pseudotyped lentivirus particles by MDCs were severely attenuated upon depletion of GSLs from virus particles. These results suggest that GSL incorporation into virions is critical for the interaction of diverse enveloped RNA viruses with DCs and that the GSL-CD169 recognition nexus might be a conserved viral mechanism of parasitization of DC functions for systemic virus dissemination. IMPORTANCE: Dendritic cells (DCs) can capture HIV-1 particles and transfer captured virus particles to T cells without establishing productive infection in DCs, a mechanism of HIV-1 trans infection. We have recently identified CD169-mediated recognition of GM3, a host-derived glycosphingolipid (GSL) incorporated into the virus particle membrane, as the receptor and ligand for the DC-HIV trans infection pathway. In this study, we have identified the matrix (MA) domain of Gag to be the viral determinant that governs incorporation of GM3 into HIV-1 particles, a previously unappreciated function of the HIV-1 MA. In addition, we demonstrate that the GSL-CD169-dependent trans infection pathway is also utilized as a dissemination mechanism by henipaviruses. GSL incorporation in henipaviruses was also dependent on the viral capsid (M) protein-directed assembly and budding from GSL-enriched lipid microdomains. These findings provide evidence of a conserved mechanism of retrovirus and henipavirus parasitization of cell-to-cell recognition pathways for systemic virus dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/24872578¿��Akiyama, Hisashi
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Risk Assessment
Zoonoses/epidemiology/*transmission/*virology���May 16Û��Bat-borne viruses can pose a serious threat to human health, with examples including Nipah virus (NiV) in Bangladesh and Malaysia, and Marburg virus (MARV) in Africa. To date, significant human outbreaks of such viruses have not been reported in the European Union (EU). However, EU countries have strong historical links with many of the countries where NiV and MARV are present and a corresponding high volume of commercial trade and human travel, which poses a potential risk of introduction of these viruses into the EU. In assessing the risks of introduction of these bat-borne zoonotic viruses to the EU, it is important to consider the location and range of bat species known to be susceptible to infection, together with the virus prevalence, seasonality of viral pulses, duration of infection and titre of virus in different bat tissues. In this paper, we review the current scientific knowledge of all these factors, in relation to the introduction of NiV and MARV into the EU.,��https://www.ncbi.nlm.nih.gov/pubmed/24841385Î��Simons, Robin R L
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Virus Assembly���May���Newly synthesized envelope glycoproteins of neuroinvasive viruses can be sorted in a polarized manner to the somatodendritic and/or axonal domains of neurons. Although critical for transneuronal spread of viruses, the molecular determinants and interregulation of this process are largely unknown. We studied the polarized sorting of the attachment (NiV-G) and fusion (NiV-F) glycoproteins of Nipah virus (NiV), a paramyxovirus that causes fatal human encephalitis, in rat hippocampal neurons. When expressed individually, NiV-G exhibited a non-polarized distribution, whereas NiV-F was specifically sorted to the somatodendritic domain. Polarized sorting of NiV-F was dependent on interaction of tyrosine-based signals in its cytosolic tail with the clathrin adaptor complex AP-1. Co-expression of NiV-G with NiV-F abolished somatodendritic sorting of NiV-F due to incorporation of NiV-G*NiV-F complexes into axonal transport carriers. We propose that faster biosynthetic transport of unassembled NiV-F allows for its proteolytic activation in the somatodendritic domain prior to association with NiV-G and axonal delivery of NiV-G*NiV-F complexes. Our study reveals how interactions of viral glycoproteins with the host's transport machinery and between themselves regulate their polarized sorting in neurons.,��https://www.ncbi.nlm.nih.gov/pubmed/24831812ö��Mattera, Rafael
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Viral Matrix Proteins/*metabolism���Membrane envelopment and budding of negative strand RNA viruses (NSVs) is mainly driven by viral matrix proteins (M). In addition, several M proteins are also known to be involved in host cell manipulation. Knowledge about the cellular targets and detailed molecular mechanisms, however, is poor for many M proteins. For instance, Nipah Virus (NiV) M protein trafficking through the nucleus is essential for virus release, but nuclear targets of NiV M remain unknown. To identify cellular interactors of henipavirus M proteins, tagged Hendra Virus (HeV) M proteins were expressed and M-containing protein complexes were isolated and analysed. Presence of acidic leucine-rich nuclear phosphoprotein 32 family member B (ANP32B) in the complex suggested that this protein represents a direct or indirect interactor of the viral matrix protein. Over-expression of ANP32B led to specific nuclear accumulation of HeV M, providing a functional link between ANP32B and M protein. ANP32B-dependent nuclear accumulation was observed after plasmid-driven expression of HeV and NiV matrix proteins and also in NiV infected cells. The latter indicated that an interaction of henipavirus M protein with ANP32B also occurs in the context of virus replication. From these data we conclude that ANP32B is a nuclear target of henipavirus M that may contribute to virus replication. Potential effects of ANP32B on HeV nuclear shuttling and host cell manipulation by HeV M affecting ANP32B functions in host cell survival and gene expression regulation are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/24823948B��Bauer, Anja
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zoonotic disease���Apr 1æ��1. Flying foxes Pteropus spp. play a key role in forest regeneration as seed dispersers and are also the reservoir of many viruses, including Nipah virus in Bangladesh. Little is known about their habitat requirements, particularly in South Asia. Identifying Pteropus habitat preferences could assist in understanding the risk of zoonotic disease transmission broadly, and in Bangladesh, could help explain the spatial distribution of human Nipah virus cases. 2. We analysed characteristics of Pteropus giganteus roosts and constructed an ecological niche model to identify suitable habitat in Bangladesh. We also assessed the distribution of suitable habitat in relation to the location of human Nipah virus cases. 3. Compared to non-roost trees, P. giganteus roost trees are taller with larger diameters, and are more frequently canopy trees. Colony size was larger in densely forested regions and smaller in flood-affected areas. Roosts were located in areas with lower annual precipitation and higher human population density than non-roost sites. 4. We predicted that 2-17% of Bangladesh's land area is suitable roosting habitat. Nipah virus outbreak villages were 2.6 times more likely to be located in areas predicted as highly suitable habitat for P. giganteus compared to non-outbreak villages. 5. Synthesis and applications. Habitat suitability modelling may help identify previously undocumented Nipah outbreak locations and improve our understanding of Nipah virus ecology by highlighting regions where there is suitable bat habitat but no reported human Nipah virus. Conservation and public health education is a key component of P. giganteus management in Bangladesh due to the general misunderstanding and fear of bats that are a reservoir of Nipah virus. Affiliation between Old World fruit bats (Pteropodidae) and people is common throughout their range, and in order to conserve these keystone bat species and prevent emergence of zoonotic viruses, it is imperative that we continue to improve our understanding of Pteropus resource requirements and routes of virus transmission from bats to people. Results presented here can be utilized to develop land management strategies and conservation policies that simultaneously protect fruit bats and public health.,��https://www.ncbi.nlm.nih.gov/pubmed/24778457ñ��Hahn, Micah B
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health behaviour���Decü��Drinking raw date palm sap contaminated with infected fruit bat saliva or urine is an important mode of Nipah virus transmission to humans in Bangladesh. Bamboo skirts are an effective way to interrupt bat access to the sap. We conducted a study from November 2008 to March 2009 to explore the effectiveness of higher- and lower-intensity interventions by promoting bamboo skirt preparation and use among sap harvesters (gachhis). We spent 280 person-hours in two villages for the higher-intensity intervention and half that amount of time in two other villages for the lower-intensity intervention. To evaluate the interventions we followed up all gachhis once a month for three months. A high percentage of gachhis (83% in higher-, 65% in lower-intensity interventions) prepared and used a skirt of bamboo or other materials - jute stalk, dhoincha (Sesbania aculeata), or polythene - at least once after intervention. In general, 15% of gachhis consistently used skirts throughout the sap collection season. The intensive nature of this intervention is very expensive for a large-scale programme. Future efforts should focus on developing a low-cost behaviour change intervention and evaluate if it reduces the human exposure to potentially contaminated fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/24755262y��Nahar, Nazmun
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West Nile Fever/*epidemiology���JunJ��PURPOSE OF REVIEW: This review aims to describe new features on the epidemiology of encephalitis world-wide. As this neurological presentation is most frequently related to transmitted viruses, surveillance of encephalitis is of major importance to detect their emergence or re-emergence. RECENT FINDINGS: Rabies causes one of the most severe types of encephalitis as it is lethal in all cases, and it is endemic in some countries. It was thought that the virus had been eradicated in Western Europe, but it re-emerged in Greece and Italy. Physicians should be aware of this diagnosis in the case of severe encephalitis. Some viruses (Powassan, Nipah, and Hendra) are becoming endemic in some new parts of the world (USA and Australia). Because of their severity, they are healthcare concerns in those countries and for travelers (e.g. in Asia). Finally, a concept is emerging: herpes simplex virus is suspected to be a trigger for autoimmune encephalitis. This is of major importance for the future management of patients (corticosteroids early in the course of the disease?), and the epidemiology of sequelae. SUMMARY: Encephalitis is a good marker for the detection of emerging infections. New findings about the relationship between herpes simplex virus encephalitis and autoimmune encephalitis open a new concept for a better management of patients.,��https://www.ncbi.nlm.nih.gov/pubmed/24751960���Stahl, Jean-Paul
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metabolic rate���May±��Bats are sources of high viral diversity and high-profile zoonotic viruses worldwide. Although apparently not pathogenic in their reservoir hosts, some viruses from bats severely affect other mammals, including humans. Examples include severe acute respiratory syndrome coronaviruses, Ebola and Marburg viruses, and Nipah and Hendra viruses. Factors underlying high viral diversity in bats are the subject of speculation. We hypothesize that flight, a factor common to all bats but to no other mammals, provides an intensive selective force for coexistence with viral parasites through a daily cycle that elevates metabolism and body temperature analogous to the febrile response in other mammals. On an evolutionary scale, this host-virus interaction might have resulted in the large diversity of zoonotic viruses in bats, possibly through bat viruses adapting to be more tolerant of the fever response and less virulent to their natural hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24750692���O'Shea, Thomas J
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Virus Replication/*drug effects/physiology���Apr´��Nipah virus is a biosafety level 4 (BSL-4) pathogen that causes severe respiratory illness and encephalitis in humans. To identify novel small molecules that target Nipah virus replication as potential therapeutics, Southern Research Institute and Galveston National Laboratory jointly developed an automated high-throughput screening platform that is capable of testing 10,000 compounds per day within BSL-4 biocontainment. Using this platform, we screened a 10,080-compound library using a cell-based, high-throughput screen for compounds that inhibited the virus-induced cytopathic effect. From this pilot effort, 23 compounds were identified with EC50 values ranging from 3.9 to 20.0 muM and selectivities >10. Three sulfonamide compounds with EC50 values <12 muM were further characterized for their point of intervention in the viral replication cycle and for broad antiviral efficacy. Development of HTS capability under BSL-4 containment changes the paradigm for drug discovery for highly pathogenic agents because this platform can be readily modified to identify prophylactic and postexposure therapeutic candidates against other BSL-4 pathogens, particularly Ebola, Marburg, and Lassa viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24735442,��Tigabu, Bersabeh
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flying foxes���Jun,��CASE SERIES: Between 2006 and 2012, there were 11 horses diagnosed with Hendra virus (HeV) on 9 independent premises in New South Wales (NSW). We defined a case of HeV as premises where one or more horses were confirmed to be infected with HeV by PCR. All the cases occurred in the north-eastern region of NSW. In 8 of the 9 cases, infection occurred within 2 months over the winter of 2011. With no exception, the affected horses were kept at pasture on properties visited by flying foxes. Of the 11 horses testing positive for HeV, 5 had an association with a fence, with the horses dead or dying on a fence line. In the majority of cases, disease was an acute illness leading to death within 48 h. When signs of disease were observed, neurological signs predominated. There was limited spread to in-contact horses, with only two properties having more than one horse affected. There was significant variation in the sampling strategies undertaken by veterinarians. CONCLUSION: Caution is needed to interpret a negative diagnosis when only swabs have been collected.,��https://www.ncbi.nlm.nih.gov/pubmed/24730376®��Ball, M C
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Zoonoses/virology���Apr 3���Poxviruses are important pathogens of man and numerous domestic and wild animal species. Cross species (including zoonotic) poxvirus infections can have drastic consequences for the recipient host. Bats are a diverse order of mammals known to carry lethal viral zoonoses such as Rabies, Hendra, Nipah, and SARS. Consequent targeted research is revealing bats to be infected with a rich diversity of novel viruses. Poxviruses were recently identified in bats and the settings in which they were found were dramatically different. Here, we review the natural history of poxviruses in bats and highlight the relationship of the viruses to each other and their context in the Poxviridae family. In addition to considering the zoonotic potential of these viruses, we reflect on the broader implications of these findings. Specifically, the potential to explore and exploit this newfound relationship to study coevolution and cross species transmission together with fundamental aspects of poxvirus host tropism as well as bat virology and immunology.,��https://www.ncbi.nlm.nih.gov/pubmed/24704730~��Baker, Kate S
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*Respiratory Mucosa/metabolism/pathology/virology���Apr ��Nipah virus (NiV) is a member of the genus Henipavirus (family Paramyxoviridae) that causes severe and often lethal respiratory illness and encephalitis in humans with high mortality rates (up to 92%). NiV can cause Acute Lung Injury (ALI) in humans, and human-to-human transmission has been observed in recent outbreaks of NiV. While the exact route of transmission to humans is not known, we have previously shown that NiV can efficiently infect human respiratory epithelial cells. The molecular mechanisms of NiV-associated ALI in the human respiratory tract are unknown. Thus, there is an urgent need for models of henipavirus infection of the human respiratory tract to study the pathogenesis and understand the host responses. Here, we describe a novel human lung xenograft model in mice to study the pathogenesis of NiV. Following transplantation, human fetal lung xenografts rapidly graft and develop mature structures of adult lungs including cartilage, vascular vessels, ciliated pseudostratified columnar epithelium, and primitive "air" spaces filled with mucus and lined by cuboidal to flat epithelium. Following infection, NiV grows to high titers (10(7) TCID50/gram lung tissue) as early as 3 days post infection (pi). NiV targets both the endothelium as well as respiratory epithelium in the human lung tissues, and results in syncytia formation. NiV infection in the human lung results in the production of several cytokines and chemokines including IL-6, IP-10, eotaxin, G-CSF and GM-CSF on days 5 and 7 pi. In conclusion, this study demonstrates that NiV can replicate to high titers in a novel in vivo model of the human respiratory tract, resulting in a robust inflammatory response, which is known to be associated with ALI. This model will facilitate progress in the fundamental understanding of henipavirus pathogenesis and virus-host interactions; it will also provide biologically relevant models for other respiratory viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24699832,��Valbuena, Gustavo
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Nipah virus���Jun���Nipah virus (NiV) outbreaks have occurred in Malaysia, India, and Bangladesh, and the virus continues to cause annual outbreaks of fatal human encephalitis in Bangladesh due to spillover from its bat host reservoir. Due to its high pathogenicity, its potential use for bio/agro-terrorism, and to the current lack of approved therapeutics, NiV is designated as an overlap select agent requiring biosafety level-4 containment. Although the development of therapeutic monoclonal antibodies and soluble protein subunit vaccines have shown great promise, the paucity of effective antiviral drugs against NiV merits further exploration of compound libraries using rapid quantitative antiviral assays. As a proof-of-concept study, we evaluated the use of fluorescent and luminescent reporter NiVs for antiviral screening. We constructed and rescued NiVs expressing either Renilla luciferase or green fluorescent protein, and characterized their reporter signal kinetics in different cell types as well as in the presence of several inhibitors. The 50% effective concentrations (EC50s) derived for inhibitors against both reporter viruses are within range of EC50s derived from virus yield-based dose-response assays against wild-type NiV (within 1Log10), thus demonstrating that both reporter NiVs can serve as robust antiviral screening tools. Utilizing these live NiV-based reporter assays requires modest instrumentation, and circumvents the time and labor-intensive steps associated with cytopathic effect or viral antigen-based assays. These reporter NiVs will not only facilitate antiviral screening, but also the study of host cell components that influence the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24680955Ð��Lo, Michael K
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Vero Cells/virology���Mar���Hendra virus (HeV), a highly pathogenic zoonotic paramyxovirus recently emerged from bats, is a major concern to the horse industry in Australia. Previous research has shown that higher temperatures led to lower virus survival rates in the laboratory. We develop a model of survival of HeV in the environment as influenced by temperature. We used 20 years of daily temperature at six locations spanning the geographic range of reported HeV incidents to simulate the temporal and spatial impacts of temperature on HeV survival. At any location, simulated virus survival was greater in winter than in summer, and in any month of the year, survival was higher in higher latitudes. At any location, year-to-year variation in virus survival 24 h post-excretion was substantial and was as large as the difference between locations. Survival was higher in microhabitats with lower than ambient temperature, and when environmental exposure was shorter. The within-year pattern of virus survival mirrored the cumulative within-year occurrence of reported HeV cases, although there were no overall differences in survival in HeV case years and non-case years. The model examines the effect of temperature in isolation; actual virus survivability will reflect the effect of additional environmental factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24643861¸��Scanlan, J C
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Vaccines���May 7���BACKGROUND: Nipah virus (NiV), a zoonotic pathogen causing severe respiratory illness and encephalitis in humans, emerged in Malaysia in 1998 with subsequent outbreaks on an almost annual basis since 2001 in parts of the Indian subcontinent. The high case fatality rate, human-to-human transmission, wide-ranging reservoir distribution and lack of licensed intervention options are making NiV a serious regional and potential global public health problem. The objective of this study was to develop a fast-acting, single-dose NiV vaccine that could be implemented in a ring vaccination approach during outbreaks. METHODS: In this study we have designed new live-attenuated vaccine vectors based on recombinant vesicular stomatitis viruses (rVSV) expressing NiV glycoproteins (G or F) or nucleoprotein (N) and evaluated their protective efficacy in Syrian hamsters, an established NiV animal disease model. We further characterized the humoral immune response to vaccination in hamsters using ELISA and neutralization assays and performed serum transfer studies. RESULTS: Vaccination of Syrian hamsters with a single dose of the rVSV vaccine vectors resulted in strong humoral immune responses with neutralizing activities found only in those animals vaccinated with rVSV expressing NiV G or F proteins. Vaccinated animals with neutralizing antibody responses were completely protected from lethal NiV disease, whereas animals vaccinated with rVSV expressing NiV N showed only partial protection. Protection of NiV G or F vaccinated animals was conferred by antibodies, most likely the neutralizing fraction, as demonstrated by serum transfer studies. Protection of N-vaccinated hamsters was not antibody-dependent indicating a role of adaptive cellular responses for protection. CONCLUSIONS: The rVSV vectors expressing Nipah virus G or F are prime candidates for new 'emergency vaccines' to be utilized for NiV outbreak management.,��https://www.ncbi.nlm.nih.gov/pubmed/24631094���DeBuysscher, Blair L
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Nipah Virus���Marô��Since 2001, outbreaks of Nipah virus have occurred almost every year in Bangladesh with high case-fatality rates. Epidemiological data suggest that in Bangladesh, Nipah virus is transmitted from the natural reservoir, fruit bats, to humans via consumption of date palm sap contaminated by bats, with subsequent human-to-human transmission. To experimentally investigate this epidemiological association between drinking of date palm sap and human cases of Nipah virus infection, we determined the viability of Nipah virus (strain Bangladesh/200401066) in artificial palm sap. At 22 degrees C virus titers remained stable for at least 7 days, thus potentially allowing food-borne transmission. Next, we modeled food-borne Nipah virus infection by supplying Syrian hamsters with artificial palm sap containing Nipah virus. Drinking of 5x10(8) TCID(5)(0) of Nipah virus resulted in neurological disease in 5 out of 8 hamsters, indicating that food-borne transmission of Nipah virus can indeed occur. In comparison, intranasal (i.n.) inoculation with the same dose of Nipah virus resulted in lethal respiratory disease in all animals. In animals infected with Nipah virus via drinking, virus was detected in respiratory tissues rather than in the intestinal tract. Using fluorescently labeled Nipah virus particles, we showed that during drinking, a substantial amount of virus is deposited in the lungs, explaining the replication of Nipah virus in the respiratory tract of these hamsters. Besides the ability of Nipah virus to infect hamsters via the drinking route, Syrian hamsters infected via that route transmitted the virus through direct contact with naive hamsters in 2 out of 24 transmission pairs. Although these findings do not directly prove that date palm sap contaminated with Nipah virus by bats is the origin of Nipah virus outbreaks in Bangladesh, they provide the first experimental support for this hypothesis. Understanding the Nipah virus transmission cycle is essential for preventing and mitigating future outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/24626480"��de Wit, Emmie
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viral fusion���DecÓ��The fusion of Nipah with host cells is facilitated by two of their glycoproteins, the G and the F proteins. The binding of cellular ephrins to the G head domain causes the G stalk domain to interact differently with F, which activates F to mediate virus-host fusion. To gain insight into how the ephrin-binding signal transduces from the head to the stalk domain of G, we examine quantitatively the differences between the conformational ensembles of the G head domain in its ephrin-bound and unbound states. We consider the human ephrins B2 and B3, and a double mutant of B2, all of which trigger fusion. The ensembles are generated using molecular dynamics, and the differences between them are quantified using a new machine learning method. We find that the portion of the G head domain whose conformational density is altered equivalently by the three ephrins is large, and comprises approximately 25% of the residues in the G head domain. This subspace also includes the residues that are known to be important to F activation, which suggests that it contains at least one common signaling pathway. The spatial distribution of the residues constituting this subspace supports the model of signal transduction in which the signal transduces via the G head dimer interface. This study also adds to the growing list of examples where signaling does not depend solely on backbone deviations. In general, this study provides an approach to filter out conserved patterns in protein dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/24615845Ä��Varma, Sameer
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Viral Proteins/*chemistry/genetics/*metabolism���The phosphoprotein (P) gene of most Paramyxovirinae encodes several proteins in overlapping frames: P and V, which share a common N-terminus (PNT), and C, which overlaps PNT. Overlapping genes are of particular interest because they encode proteins originated de novo, some of which have unknown structural folds, challenging the notion that nature utilizes only a limited, well-mapped area of fold space. The C proteins cluster in three groups, comprising measles, Nipah, and Sendai virus. We predicted that all C proteins have a similar organization: a variable, disordered N-terminus and a conserved, alpha-helical C-terminus. We confirmed this predicted organization by biophysically characterizing recombinant C proteins from Tupaia paramyxovirus (measles group) and human parainfluenza virus 1 (Sendai group). We also found that the C of the measles and Nipah groups have statistically significant sequence similarity, indicating a common origin. Although the C of the Sendai group lack sequence similarity with them, we speculate that they also have a common origin, given their similar genomic location and structural organization. Since C is dispensable for viral replication, unlike PNT, we hypothesize that C may have originated de novo by overprinting PNT in the ancestor of Paramyxovirinae. Intriguingly, in measles virus and Nipah virus, PNT encodes STAT1-binding sites that overlap different regions of the C-terminus of C, indicating they have probably originated independently. This arrangement, in which the same genetic region encodes simultaneously a crucial functional motif (a STAT1-binding site) and a highly constrained region (the C-terminus of C), seems paradoxical, since it should severely reduce the ability of the virus to adapt. The fact that it originated twice suggests that it must be balanced by an evolutionary advantage, perhaps from reducing the size of the genetic region vulnerable to mutations.,��https://www.ncbi.nlm.nih.gov/pubmed/24587180���Lo, Michael K
Sogaard, Teit Max
Karlin, David G
eng
T32 AI007610/AI/NIAID NIH HHS/
090005/Wellcome Trust/United Kingdom
Research Support, Non-U.S. Gov't
2014/03/04 06:00
PLoS One. 2014 Feb 25;9(2):e90003. doi: 10.1371/journal.pone.0090003. eCollection 2014.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3934983���24587180S��Centers for Disease Control and Prevention, Viral Special Pathogens Branch, Atlanta, Georgia, United States of America.
Division of Structural Biology, Oxford University, Oxford, United Kingdom.
Division of Structural Biology, Oxford University, Oxford, United Kingdom ; Department of Zoology, University of Oxford, Oxford, United Kingdom.���10.1371/journal.pone.0090003�	´��üÒ|ÿî?����<��Roche, S. E.
Costard, S.
Meers, J.
Field, H. E.
Breed, A. C.���2015J��Assessing the risk of Nipah virus establishment in Australian flying-foxes���2213-26���Epidemiol Infect���143���10ó��Animals
Australia/epidemiology
Chiroptera/*virology
Henipavirus Infections/epidemiology/*veterinary/virology
Nipah Virus/*isolation & purification
Risk Assessment
Statistics as Topic
Expert opinion
Nipah virus
flying-foxes
henipavirus
zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962Ï��Roche, S E
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Staphylococcus kloosii���Augþ��Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with lambdamax at 426, 447 and 475 nm and lambdamax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.,��https://www.ncbi.nlm.nih.gov/pubmed/24575244¢��Kamarudin, Kamarul Rahim
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zoonotic paramyxovirus���Mar£��In recent years, the emergence of several highly pathogenic zoonotic diseases in humans has led to a renewed emphasis on the interconnectedness of human, animal, and environmental health, otherwise known as One Health. For example, Hendra virus (HeV), a zoonotic paramyxovirus, was discovered in 1994, and since then, infections have occurred in 7 humans, each of whom had a strong epidemiologic link to similarly affected horses. As a consequence of these outbreaks, eradication of bat populations was discussed, despite their crucial environmental roles in pollination and reduction of the insect population. We describe the development and evaluation of a vaccine for horses with the potential for breaking the chain of HeV transmission from bats to horses to humans, thereby protecting horse, human, and environmental health. The HeV vaccine for horses is a key example of a One Health approach to the control of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24572697M��Middleton, Deborah
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*Zoonoses/prevention & control/transmission���Feb 20®��BACKGROUND: After the 2011 cluster of Hendra virus cases in horses in Australia, public health targeted education initiatives at people in the equine industry to reduce human exposure to potentially infected horses. 'Horse owners and Hendra Virus: A Longitudinal cohort study To Evaluate Risk' aims to enhance public health measures through improved understanding of Hendra virus risk perception and risk mitigation strategies among horse owners and horse care providers. This paper describes the stakeholder consultation that was undertaken to ensure the cohort study outcomes were relevant to diverse groups who play a role in Hendra virus policy development and implementation. METHODS: A two-round modified Delphi study with online questionnaires was conducted. In round one, stakeholders identified priority research areas. In round two, stakeholders rated and ranked topics that emerged from thematic analysis of the round one responses. Round two data were analysed using logistic regression. RESULTS: Of the 255 stakeholders contacted, 101 responded to round one. Over 450 topics were proposed. These were organized into 18 themes. Approximately two thirds of the round one respondents participated in round two. 'Hendra virus-related risk awareness and perception', 'personal health and safety', 'emergency preparedness', 'risk prevention, mitigation, and biosecurity', and 'Hendra virus vaccination in horses--attitudes/uptake' were the top five areas identified according to probability of being ranked extremely important. CONCLUSIONS: In this study, a modified Delphi approach was effective in guiding research into Hendra virus, a zoonotic disease of animal and human health significance. The findings support the notion that stakeholders should be engaged in zoonotic disease research priority setting. Such consultation will help to ensure that research initiatives are relevant and useful to stakeholders in the position to make use of new findings.,��https://www.ncbi.nlm.nih.gov/pubmed/24552445Í��Sawford, Kate
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*Virus Internalization���Apr·��The paramyxoviruses represent a diverse virus family responsible for a wide range of human and animal diseases. In contrast to other viruses, such as HIV and influenza virus, which use a single glycoprotein to mediate host receptor binding and virus entry, the paramyxoviruses require two distinct proteins. One of these is an attachment glycoprotein that binds receptor, while the second is a fusion glycoprotein, which undergoes conformational changes that drive virus-cell membrane fusion and virus entry. The details of how receptor binding by one protein activates the second to undergo conformational changes have been poorly understood until recently. Over the past couple of years, structural and functional data have accumulated on representative members of this family, including parainfluenza virus 5, Newcastle disease virus, measles virus, Nipah virus and others, which suggest a mechanistic convergence of activation models. Here we review the data indicating that paramyxovirus attachment glycoproteins shield activating residues within their N-terminal stalk domains, which are then exposed upon receptor binding, leading to the activation of the fusion protein by a 'provocateur' mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/24530984���Jardetzky, Theodore S
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Viral Vaccines/administration & dosage/genetics/*immunology���Mayì��UNLABELLED: Hendra virus (HeV) is a zoonotic emerging virus belonging to the family Paramyxoviridae. HeV causes severe and often fatal respiratory and/or neurologic disease in both animals and humans. Currently, there are no licensed vaccines or antiviral drugs approved for human use. A number of animal models have been developed for studying HeV infection, with the African green monkey (AGM) appearing to most faithfully reproduce the human disease. Here, we assessed the utility of a newly developed recombinant subunit vaccine based on the HeV attachment (G) glycoprotein in the AGM model. Four AGMs were vaccinated with two doses of the HeV vaccine (sGHeV) containing Alhydrogel, four AGMs received the sGHeV with Alhydrogel and CpG, and four control animals did not receive the sGHeV vaccine. Animals were challenged with a high dose of infectious HeV 21 days after the boost vaccination. None of the eight specifically vaccinated animals showed any evidence of clinical illness and survived the challenge. All four controls became severely ill with symptoms consistent with HeV infection, and three of the four animals succumbed 8 days after exposure. Success of the recombinant subunit vaccine in AGMs provides pivotal data in supporting its further preclinical development for potential human use. IMPORTANCE: A Hendra virus attachment (G) glycoprotein subunit vaccine was tested in nonhuman primates to assess its ability to protect them from a lethal infection with Hendra virus. It was found that all vaccinated African green monkeys were completely protected against subsequent Hendra virus infection and disease. The success of this new subunit vaccine in nonhuman primates provides critical data in support of its further development for future human use.,��https://www.ncbi.nlm.nih.gov/pubmed/24522928S��Mire, Chad E
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Serology���May$��Hendra and Nipah viruses (HeV and NiV) are closely related zoonotic pathogens of the Paramyxoviridae family. Both viruses belong to the Henipavirus genus and cause fatal disease in animals and humans, though only HeV is endemic in Australia. In general and due to the acute nature of the disease, agent detection by PCR and virus isolation are the primary tools for diagnostic investigations. Assays for the detection of antibodies against HeV are fit more readily for the purpose of surveillance testing in disease epidemiology and to meet certification requirements in the international movement of horses. The first generation indirect ELISA has been affected by non-specific reactions which must be resolved using virus neutralisation serology conducted at laboratory bio-safety level 4 containment (PC4). Recent developments have enabled improvements in the available serology assays. The production of an expressed recombinant truncated HeV G protein has been utilised in ELISA and in Luminex-based multiplexed microsphere assays. In the latter format, two Luminex assays have been developed for use in henipavirus serology: a binding assay (designed for antibody detection and differentiation) and a blocking assay (designed as a surrogate for virus neutralisation). Equine and canine field sera were used to evaluate the two Luminex assays relative to ELISA and virus neutralisation serology. Results showed that Luminex assays can be effective as rapid, sensitive and specific tests for the detection of HeV antibody in horse and dog sera. The tests do not require PC4 containment and are appropriate for high throughput applications as might be required for disease investigations and other epidemiological surveillance. Also, the results show that the Luminex assays detect effectively HeV vaccine-induced antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/24508193ò��McNabb, Leanne
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Virus Diseases/enzymology/virology���AprÖ��UNLABELLED: Severe acute respiratory syndrome coronavirus (SARS-CoV) and Ebola, Hendra, and Nipah viruses are members of different viral families and are known causative agents of fatal viral diseases. These viruses depend on cathepsin L for entry into their target cells. The viral glycoproteins need to be primed by protease cleavage, rendering them active for fusion with the host cell membrane. In this study, we developed a novel high-throughput screening assay based on peptides, derived from the glycoproteins of the aforementioned viruses, which contain the cathepsin L cleavage site. We screened a library of 5,000 small molecules and discovered a small molecule that can inhibit the cathepsin L cleavage of all viral peptides with minimal inhibition of cleavage of a host protein-derived peptide (pro-neuropeptide Y). The small molecule inhibited the entry of all pseudotyped viruses in vitro and the cleavage of SARS-CoV spike glycoprotein in an in vitro cleavage assay. In addition, the Hendra and Nipah virus fusion glycoproteins were not cleaved in the presence of the small molecule in a cell-based cleavage assay. Furthermore, we demonstrate that the small molecule is a mixed inhibitor of cathepsin L. Our broad-spectrum antiviral small molecule appears to be an ideal candidate for future optimization and development into a potent antiviral against SARS-CoV and Ebola, Hendra, and Nipah viruses. IMPORTANCE: We developed a novel high-throughput screening assay to identify small molecules that can prevent cathepsin L cleavage of viral glycoproteins derived from SARS-CoV and Ebola, Hendra, and Nipah viruses that are required for their entry into the host cell. We identified a novel broad-spectrum small molecule that could block cathepsin L-mediated cleavage and thus inhibit the entry of pseudotypes bearing the glycoprotein derived from SARS-CoV or Ebola, Hendra, or Nipah virus. The small molecule can be further optimized and developed into a potent broad-spectrum antiviral drug.,��https://www.ncbi.nlm.nih.gov/pubmed/245013993��Elshabrawy, Hatem A
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pathogenesis���Jul²��Hendra (HeV) and Nipah (NiV) viruses (genus Henipavirus (HNV; family Paramyxoviridae) are emerging zoonotic agents that can cause severe respiratory distress and acute encephalitis in humans. Given the lack of effective therapeutics and vaccines for human use, these viruses are considered as public health concerns. Several experimental animal models of HNV infection have been developed in recent years. Here, we review the current status of four of the most promising experimental animal models (mice, hamsters, ferrets, and African green monkeys) and their suitability for modeling the clinical disease, transmission, pathogenesis, prevention, and treatment for HNV infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24488776���Rockx, Barry
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Zoonoses/*epidemiology/transmission���FebÑ��Zoonotic infections are important sources of human disease; most known emerging infections are zoonotic (e.g., HIV, Ebola virus, severe acute respiratory syndrome, Nipah virus, and enteropathogenic Escherichia coli) and originated as natural infections of other species that acquired opportunities to come in contact with humans. There are also serious infectious diseases classically considered zoonotic, such as influenza, rabies, bubonic plague, brucellosis, and leptospirosis. More recently, it has been recognized that wildlife constitutes a particularly important source of novel zoonoses. With all this microbial movement, surveillance is considered the first line of public health defense. The zoonotic origin of many human and livestock infections argues strongly for the synergistic value of a One Health approach, which provides the capability to identify pathogens crossing into new species and could provide earlier warning of potential epidemics. This article discusses public health surveillance and major recent surveillance initiatives and reviews progress toward implementing a One Health surveillance framework. Networks discussed include global intergovernmental organizations and recent combined efforts of these organizations; Web-based nongovernmental systems (e.g., ProMED, the Program for Monitoring Emerging Diseases); and networks of bilateral or multilateral government programs (e.g., the CDC's Global Disease Detection [GDD] platform; the U.S. Department of Defense's Global Emerging Infections Surveillance and Response System [GEIS]; regional and subregional networks; and the U.S. Agency for International Development's Emerging Pandemic Threats [EPT] program and its surveillance component, PREDICT). Syndromic surveillance also has potential to complement existing systems. New technologies are enabling revolutionary capabilities for global surveillance, but in addition to serious technical needs, both sustainability and data-sharing mechanisms remain challenges.,��https://www.ncbi.nlm.nih.gov/pubmed/26082122Æ��Morse, Stephen S
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Zoonoses���Mar 6È��The recent discovery of a wide range of henipavirus-like viruses circulating in Megabats in Africa raises the question as to the zoonotic potential of these pathogens given the high human mortality rates seen with their pathogenic relatives Nipah virus and Hendra virus. In the absence of cultured infectious African Henipavirus we have performed experiments with recombinant F and G glycoproteins from the representative African Henipavirus strain M74a aimed at estimating its cellular tropism and capacity to use similar receptors to its highly pathogenic counterparts. The ability of the M74a virus G surface protein to use the ubiquitous Ephrin B2 host cell receptor and its heterologous cross-compatibility with Nipah virus could be expected to impart upon this virus a reasonable potential for species spillover, although differences in fusion efficiency seen with the M74a virus F protein in certain cell lines could present a barrier for zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/24452140���Lawrence, Philip
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Iron���Mar 1���Biodegradable metals such as magnesium, iron and their alloys have been known as potential materials for temporary medical implants. However, most of the studies on biodegradable metals have been focusing on optimizing their mechanical properties and degradation behavior with no emphasis on improving their bioactivity behavior. We therefore investigated the possibility of improving iron biodegradation rate and bioactivity by incorporating various bioactive bioceramics. The iron-based bioceramic (hydroxyapatite, tricalcium phosphate and biphasic calcium phosphate) composites were prepared by mechanical mixing and sintering process. Degradation studies indicated that the addition of bioceramics lowered the corrosion potential of the composites and slightly increased their corrosion rate compared to that of pure iron. In vitro cytotoxicity results showed an increase of cellular activity when rat smooth muscle cells interacted with the degrading composites compared to pure iron. X-ray radiogram analysis showed a consistent degradation progress with that found in vivo and positive tissue response up to 70 days implantation in sheep animal model. Therefore, the iron-based bioceramic composites have the potential to be used for biodegradable bone implant applications.,��https://www.ncbi.nlm.nih.gov/pubmed/24433920���Ulum, M F
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Pigs���Decë��The emergence of Nipah virus (NiV) infection into the pig population and subsequently into the human population is believed to be due to changes in ecological conditions. In Malaysia, A major NiV outbreak occurred in pigs and humans from September 1998 to April 1999 that resulted in infection of 265 and death of 105 persons. About 1.1 million pigs had to be destroyed to control the outbreak. The disease was recorded in the form of a major outbreak in India in 2001 and then a small incidence in 2007, both the outbreaks in West Bengal only in humans without any involvement of pigs. There were series of human Nipah incidences in Bangladesh from 2001 till 2013 almost every year with mortality exceeding 70 %. The disease transmission from pigs acting as an intermediate host during Malaysian and Singapore outbreaks has changed in NIV outbreaks in India and Bangladesh, transmitting the disease directly from bats to human followed by human to human. The drinking of raw date palm sap contaminated with fruit bat urine or saliva containing NiV is the only known cause of outbreak of the disease in Bangladesh outbreaks. The virus is now known to exist in various fruit bats of Pteropus as well as bats of other genera in a wider belt from Asia to Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/24426305§��Kulkarni, D D
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Virus���Dec+��Emerging and reemerging viral diseases of livestock and human beings are in sharp rise in recent years. Importantly, many of these viruses, including influenza, Hendra, Nipah and corona are of zoonotic importance. Several viral diseases of livestock such as bluetongue, peste des petits ruminants, camel pox, equine infectious anaemia, chicken anaemia and sheep-associated malignant catarrhal fever are crossing their traditional boundaries. Emergence of new serotypes and variant forms of viruses as in the case of blue tongue virus, avian infectious bronchitis virus, Newcastle disease virus adds additional level of complexity. The increased incidence of emerging and reemerging viral diseases could be attributed to several factors including deforestation and surge in direct contact of livestock and humans with wild animals and birds. This special issue of "Indian Journal of Virology" is focused on diverse aspects of above diseases: isolation and characterization of viruses, epidemiology, pathogenesis, diagnosis, prevention measures and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/24426290���Bayry, Jagadeesh
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Virus Replication?��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans, and incurred a high fatality rate in humans. We established a system that enabled the rescue of replicating NiVs from a cloned DNA. Using the system, we analyzed the functions of accessory proteins in infected cells and the implications in in vivo pathogenicity. Further, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins, which appeared to be an appropriate to NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25765986u��Yoneda, Misako
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Viral Vaccines/administration & dosage/genetics/*immunology���Dec 13q��BACKGROUND: Nipah virus (NiV) is a highly pathogenic zoonotic agent in the family Paramyxoviridae that is maintained in nature by bats. Outbreaks have occurred in Malaysia, Singapore, India, and Bangladesh and have been associated with 40 to 75% case fatality rates. There are currently no vaccines or postexposure treatments licensed for combating human NiV infection. METHODS AND RESULTS: Four groups of ferrets received a single vaccination with different recombinant vesicular stomatitis virus vectors expressing: Group 1, control with no glycoprotein; Group 2, the NiV fusion protein (F); Group 3, the NiV attachment protein (G); and Group 4, a combination of the NiV F and G proteins. Animals were challenged intranasally with NiV 28 days after vaccination. Control ferrets in Group 1 showed characteristic clinical signs of NiV disease including respiratory distress, neurological disorders, viral load in blood and tissues, and gross lesions and antigen in target tissues; all animals in this group succumbed to infection by day 8. Importantly, all specifically vaccinated ferrets in Groups 2-4 showed no evidence of clinical illness and survived challenged. All animals in these groups developed anti-NiV F and/or G IgG and neutralizing antibody titers. While NiV RNA was detected in blood at day 6 post challenge in animals from Groups 2-4, the levels were orders of magnitude lower than animals from control Group 1. CONCLUSIONS: These data show protective efficacy against NiV in a relevant model of human infection. Further development of this technology has the potential to yield effective single injection vaccines for NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/24330654ì��Mire, Chad E
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Trees���FebN��Nipah virus has caused recurring outbreaks in central and northwest Bangladesh (the "Nipah Belt"). Little is known about roosting behavior of the fruit bat reservoir, Pteropus giganteus, or factors driving spillover. We compared human population density and ecological characteristics of case villages and control villages (no reported outbreaks) to understand their role in P. giganteus roosting ecology and Nipah virus spillover risk. Nipah Belt villages have a higher human population density (P < 0.0001), and forests that are more fragmented than elsewhere in Bangladesh (0.50 versus 0.32 patches/km(2), P < 0.0001). The number of roosts in a village correlates with forest fragmentation (r = 0.22, P = 0.03). Villages with a roost containing Polyalthia longifolia or Bombax ceiba trees were more likely case villages (odds ratio [OR] = 10.8, 95% confidence interval [CI] = 1.3-90.6). This study suggests that, in addition to human population density, composition and structure of the landscape shared by P. giganteus and humans may influence the geographic distribution of Nipah virus spillovers.,��https://www.ncbi.nlm.nih.gov/pubmed/24323516���Hahn, Micah B
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Zoonoses/*epidemiology/virology­��Zoonoses from wildlife threaten global public health. Hendra virus is one of several zoonotic viral diseases that have recently emerged from Pteropus species fruit-bats (flying-foxes). Most hypotheses regarding persistence of Hendra virus within flying-fox populations emphasize horizontal transmission within local populations (colonies) via urine and other secretions, and transmission among colonies via migration. As an alternative hypothesis, we explore the role of recrudescence in persistence of Hendra virus in flying-fox populations via computer simulation using a model that integrates published information on the ecology of flying-foxes, and the ecology and epidemiology of Hendra virus. Simulated infection patterns agree with infection patterns observed in the field and suggest that Hendra virus could be maintained in an isolated flying-fox population indefinitely via periodic recrudescence in a manner indistinguishable from maintenance via periodic immigration of infected individuals. Further, post-recrudescence pulses of infectious flying-foxes provide a plausible basis for the observed seasonal clustering of equine cases. Correct understanding of the infection dynamics of Hendra virus in flying-foxes is fundamental to effectively managing risk of infection in horses and humans. Given the lack of clear empirical evidence on how the virus is maintained within populations, the role of recrudescence merits increased attention.,��https://www.ncbi.nlm.nih.gov/pubmed/24312221Û��Wang, Hsiao-Hsuan
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Viral Proteins/genetics/*metabolism���Mar¨��In recent years, novel henipavirus-related sequences have been identified in bats in Africa. To evaluate the potential of African bat henipaviruses to spread in non-bat mammalian cells, we compared the biological functions of the surface glycoproteins G and F of the prototype African henipavirus GH-M74a with those of the glycoproteins of Nipah virus (NiV), a well-characterized pathogenic member of the henipavirus genus. Glycoproteins are central determinants for virus tropism, as efficient binding of henipavirus G proteins to cellular ephrin receptors and functional expression of fusion-competent F proteins are indispensable prerequisites for virus entry and cell-to-cell spread. In this study, we analysed the ability of the GH-M74a G and F proteins to cause cell-to-cell fusion in mammalian cell types readily permissive to NiV or Hendra virus infections. Except for limited syncytium formation in a bat cell line derived from Hypsignathus monstrosus, HypNi/1.1 cells, we did not observe any fusion. The highly restricted fusion activity was predominantly due to the F protein. Whilst GH-M74a G protein was found to interact with the main henipavirus receptor ephrin-B2 and induced syncytia upon co-expression with heterotypic NiV F protein, GH-M74a F protein did not cause evident fusion in the presence of heterotypic NiV G protein. Pulse-chase and surface biotinylation analyses revealed delayed F cleavage kinetics with a reduced expression of cleaved and fusion-active GH-M74a F protein on the cell surface. Thus, the F protein of GH-M74a showed a functional defect that is most likely caused by impaired trafficking leading to less efficient proteolytic activation and surface expression.,��https://www.ncbi.nlm.nih.gov/pubmed/24296468!��Weis, Michael
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Zoonoses/epidemiology/*transmission/virology���Dec���A large proportion of viral pathogens that have emerged during the last decades in humans are considered to have originated from various animal species. This is well exemplified by several recent epidemics such as those of Nipah, Severe Acute Respiratory Syndrome, Avian flu, Ebola, Monkeypox, and Hantaviruses. After the initial interspecies transmission per se, the viruses can disseminate into the human population through various and distinct mechanisms. Some of them are well characterized and understood, thus allowing a certain level of risk control and prevention. Surprisingly and in contrast, the initial steps that lead to the emergence of several viruses, and of their associated diseases, remain still poorly understood. Epidemiological field studies conducted in certain specific high-risk populations are thus necessary to obtain new insights into the early events of this emergence process. Human infections by simian viruses represent increasing public health concerns. Indeed, by virtue of their genetic andphysiological similarities, non-human primates (NHPs) are considered to be likely the sources of viruses that can infect humans and thus may pose a significant threat to human population. This is well illustrated by retroviruses, which have the ability to cross species, adapt to a new host and sometimes spread within these new species. Sequence comparison and phylogenetic studies have thus clearly showed that the emergence of human immunodeficiency virus type 1 (HIV-1) and HIV-2 in humans have resulted from several independent interspecies transmissions of different SIV types from Chimpanzees and African monkeys (including sooty mangabeys), respectively, probably during the first part of the last century. The situation for Human T cell Lymphotropic virus type 1 (HTLV-1) is, for certain aspects, quite comparable. Indeed, the origin of most HTLV-1 subtypes appears to be linked to interspecies transmission between STLV-1-infected monkeys and humans, followed by variable periods of evolution in the human host. In this review, after an introduction on emerging viruses, we will briefly present the results of a large epidemiological study performed in groups of Bantus and Pygmies living in villages and settlements located in the rain forest of the South region of Cameroon. These populations are living nearby the habitats of several monkeys and apes, often naturally infected by different retroviruses including SIV, STLV and simianfoamy virus. Most of the persons included in this study were hunters of such NHPs, thus at high risk of contact with infected body fluids (blood, saliva,...) during hunting activities. After reviewing the current available data on the discovery, cross-species transmission from monkeys and apes to humans of the simian foamy retroviruses, we will report the results of our study. Such infection is a unique natural model to study the different mechanisms of restriction of retroviral emergence in Humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26137812���Gessain, Antoine
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*Virus Internalization¥��Membrane fusion is essential for entry of the biomedically-important paramyxoviruses into their host cells (viral-cell fusion), and for syncytia formation (cell-cell fusion), often induced by paramyxoviral infections [e.g. those of the deadly Nipah virus (NiV)]. For most paramyxoviruses, membrane fusion requires two viral glycoproteins. Upon receptor binding, the attachment glycoprotein (HN/H/G) triggers the fusion glycoprotein (F) to undergo conformational changes that merge viral and/or cell membranes. However, a significant knowledge gap remains on how HN/H/G couples cell receptor binding to F-triggering. Via interdisciplinary approaches we report the first comprehensive mechanism of NiV membrane fusion triggering, involving three spatiotemporally sequential cell receptor-induced conformational steps in NiV-G: two in the head and one in the stalk. Interestingly, a headless NiV-G mutant was able to trigger NiV-F, and the two head conformational steps were required for the exposure of the stalk domain. Moreover, the headless NiV-G prematurely triggered NiV-F on virions, indicating that the NiV-G head prevents premature triggering of NiV-F on virions by concealing a F-triggering stalk domain until the correct time and place: receptor-binding. Based on these and recent paramyxovirus findings, we present a comprehensive and fundamentally conserved mechanistic model of paramyxovirus membrane fusion triggering and cell entry.,��https://www.ncbi.nlm.nih.gov/pubmed/24278018¾��Liu, Qian
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tumor necrosis factor receptor-associated 6���Jan 3±��Paramyxovirus C protein targets the host interferon (IFN) system for virus immune evasion. To identify its unknown anti-IFN activity, we examined the effect of Sendai virus C protein on activation of the IFN-alpha promoter via various signaling pathways. This study uncovers a novel ability of C protein to block Toll-like receptor (TLR) 7- and TLR9-dependent IFN-alpha induction, which is specific to plasmacytoid dendritic cells. C protein interacts with a serine/threonine kinase IKKalpha and inhibits phosphorylation of IRF7. This anti-IFN activity of C protein is shared across genera of the Paramyxovirinae, and thus appears to play an important role in paramyxovirus immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/24269682Ü��Yamaguchi, Mayu
Kitagawa, Yoshinori
Zhou, Min
Itoh, Masae
Gotoh, Bin
eng
Research Support, Non-U.S. Gov't
England
2013/11/26 06:00
FEBS Lett. 2014 Jan 3;588(1):28-34. doi: 10.1016/j.febslet.2013.11.015. Epub 2013 Nov 20.*��1873-3468 (Electronic)
0014-5793 (Linking)���24269682	��Division of Microbiology and Infectious Diseases, Department of Pathology, Shiga University of Medical Science, Seta Tsukinowa-cho, Otsu, Shiga 520-2192, Japan.
Department of Microbiology, Faculty of Bio-Science, Nagahama Institute of Bio-Science and Technology, 1266 Tamura-cho, Nagahama, Shiga 526-0829, Japan.
Division of Microbiology and Infectious Diseases, Department of Pathology, Shiga University of Medical Science, Seta Tsukinowa-cho, Otsu, Shiga 520-2192, Japan. Electronic address: bing@belle.shiga-med.ac.jp.���10.1016/j.febslet.2013.11.015��§��üÖtÿî?¨���C��Kung, N.
McLaughlin, A.
Taylor, M.
Moloney, B.
Wright, T.
Field, H.���2013=��Hendra virus and horse owners--risk perception and management���e80897���PLoS One���8���11p��Adolescent
Adult
Aged
Animals
Chiroptera/virology
Disease Reservoirs/virology
Educational Status
Female
*Health Knowledge, Attitudes, Practice
Hendra Virus/pathogenicity
Henipavirus Infections/diagnosis/*prevention & control/*veterinary/virology
Horses/virology
Humans
Male
Middle Aged
New South Wales
Queensland
*Rejection (Psychology)
Risk
Surveys and QuestionnairesÈ��Hendra virus is a highly pathogenic novel paramyxovirus causing sporadic fatal infection in horses and humans in Australia. Species of fruit-bats (genus Pteropus), commonly known as flying-foxes, are the natural host of the virus. We undertook a survey of horse owners in the states of Queensland and New South Wales, Australia to assess the level of adoption of recommended risk management strategies and to identify impediments to adoption. Survey questionnaires were completed by 1431 respondents from the target states, and from a spectrum of industry sectors. Hendra virus knowledge varied with sector, but was generally limited, with only 13% of respondents rating their level of knowledge as high or very high. The majority of respondents (63%) had seen their state's Hendra virus information for horse owners, and a similar proportion found the information useful. Fifty-six percent of respondents thought it moderately, very or extremely likely that a Hendra virus case could occur in their area, yet only 37% said they would consider Hendra virus if their horse was sick. Only 13% of respondents stabled their horses overnight, although another 24% said it would be easy or very easy to do so, but hadn't done so. Only 13% and 15% of respondents respectively had horse feed bins and water points under solid cover. Responses varied significantly with state, likely reflecting different Hendra virus history. The survey identified inconsistent awareness and/or adoption of available knowledge, confusion in relation to Hendra virus risk perception, with both over-and under-estimation of true risk, and lag in the uptake of recommended risk minimisation strategies, even when these were readily implementable. However, we also identified frustration and potential alienation by horse owners who found the recommended strategies impractical, onerous and prohibitively expensive. The insights gained from this survey have broader application to other complex risk-management scenarios.,��https://www.ncbi.nlm.nih.gov/pubmed/24260503é��Kung, Nina
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Pigs���Jan 1þ��Diseases that are exotic to the pig industry in Australia were prioritised using a multi-criteria decision analysis framework that incorporated weights of importance for a range of criteria important to industry stakeholders. Measurements were collected for each disease for nine criteria that described potential disease impacts. A total score was calculated for each disease using a weighted sum value function that aggregated the nine disease criterion measurements and weights of importance for the criteria that were previously elicited from two groups of industry stakeholders. One stakeholder group placed most value on the impacts of disease on livestock, and one group placed more value on the zoonotic impacts of diseases. Prioritisation lists ordered by disease score were produced for both of these groups. Vesicular diseases were found to have the highest priority for the group valuing disease impacts on livestock, followed by acute forms of African and classical swine fever, then highly pathogenic porcine reproductive and respiratory syndrome. The group who valued zoonotic disease impacts prioritised rabies, followed by Japanese encephalitis, Eastern equine encephalitis and Nipah virus, interspersed with vesicular diseases. The multi-criteria framework used in this study systematically prioritised diseases using a multi-attribute theory based technique that provided transparency and repeatability in the process. Flexibility of the framework was demonstrated by aggregating the criterion weights from more than one stakeholder group with the disease measurements for the criteria. This technique allowed industry stakeholders to be active in resource allocation for their industry without the need to be disease experts. We believe it is the first prioritisation of livestock diseases using values provided by industry stakeholders. The prioritisation lists will be used by industry stakeholders to identify diseases for further risk analysis and disease spread modelling to understand biosecurity risks to this industry.,��https://www.ncbi.nlm.nih.gov/pubmed/24211032ã��Brookes, V J
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Vaccine���Jan���Nipah virus (NiV) continues to cause outbreaks of fatal human encephalitis due to spillover from its bat reservoir. We determined that a single dose of replication-defective vesicular stomatitis virus (VSV)-based vaccine vectors expressing either the NiV fusion (F) or attachment (G) glycoproteins protected hamsters from over 1000 times LD50 NiV challenge. This highly effective single-dose protection coupled with an enhanced safety profile makes these candidates ideal for potential use in livestock and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24184127´��Lo, Michael K
Bird, Brian H
Chattopadhyay, Anasuya
Drew, Clifton P
Martin, Brock E
Coleman, Joann D
Rose, John K
Nichol, Stuart T
Spiropoulou, Christina F
eng
CC999999/Intramural CDC HHS/
T32 AI007610/AI/NIAID NIH HHS/
U54 AI057158/AI/NIAID NIH HHS/
U54-AI057158/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Netherlands
2013/11/05 06:00
Antiviral Res. 2014 Jan;101:26-9. doi: 10.1016/j.antiviral.2013.10.012. Epub 2013 Oct 30.*��1872-9096 (Electronic)
0166-3542 (Linking)
��PMC3874889���24184127C��Viral Special Pathogens Branch, Centers for Disease Control and Prevention, Atlanta, GA, United States. Electronic address: mko2@cdc.gov.
Viral Special Pathogens Branch, Centers for Disease Control and Prevention, Atlanta, GA, United States.
Department of Pathology, Yale University School of Medicine, New Haven, CT, United States.
Infectious Disease Pathology Branch, Centers for Disease Control and Prevention, Atlanta, GA, United States.
Viral Special Pathogens Branch, Centers for Disease Control and Prevention, Atlanta, GA, United States. Electronic address: ccs8@cdc.gov.���10.1016/j.antiviral.2013.10.012��N��üÒtÿî?«���j��Smith, E. C.
Smith, S. E.
Carter, J. R.
Webb, S. R.
Gibson, K. M.
Hellman, L. M.
Fried, M. G.
Dutch, R. E.���2013~��Trimeric transmembrane domain interactions in paramyxovirus fusion proteins: roles in protein folding, stability, and function���35726-35���J Biol Chem���288���50}��Amino Acid Sequence
Animals
Cell Membrane/*metabolism/virology
Cercopithecus aethiops
Membrane Fusion
Molecular Sequence Data
*Protein Folding
*Protein Multimerization
Protein Stability
Protein Structure, Quaternary
Protein Structure, Tertiary
Vero Cells
Viral Fusion Proteins/*chemistry/*metabolism
Fusion Protein
Negative-strand RNA Viruses
Transmembrane Domain
Virus
Virus Entry���Dec 13¤��Paramyxovirus fusion (F) proteins promote membrane fusion between the viral envelope and host cell membranes, a critical early step in viral infection. Although mutational analyses have indicated that transmembrane (TM) domain residues can affect folding or function of viral fusion proteins, direct analysis of TM-TM interactions has proved challenging. To directly assess TM interactions, the oligomeric state of purified chimeric proteins containing the Staphylococcal nuclease (SN) protein linked to the TM segments from three paramyxovirus F proteins was analyzed by sedimentation equilibrium analysis in detergent and buffer conditions that allowed density matching. A monomer-trimer equilibrium best fit was found for all three SN-TM constructs tested, and similar fits were obtained with peptides corresponding to just the TM region of two different paramyxovirus F proteins. These findings demonstrate for the first time that class I viral fusion protein TM domains can self-associate as trimeric complexes in the absence of the rest of the protein. Glycine residues have been implicated in TM helix interactions, so the effect of mutations at Hendra F Gly-508 was assessed in the context of the whole F protein. Mutations G508I or G508L resulted in decreased cell surface expression of the fusogenic form, consistent with decreased stability of the prefusion form of the protein. Sedimentation equilibrium analysis of TM domains containing these mutations gave higher relative association constants, suggesting altered TM-TM interactions. Overall, these results suggest that trimeric TM interactions are important driving forces for protein folding, stability and membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/24178297ø��Smith, Everett Clinton
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Signal transducers and activators of transcription 2���May 12Ñ��The paramyxoviruses are a family of > 30 viruses that variously infect humans, other mammals and fish to cause diverse outcomes, ranging from asymptomatic to lethal disease, with the zoonotic paramyxoviruses Nipah and Hendra showing up to 70% case-fatality rate in humans. The capacity to evade host immunity is central to viral infection, and paramyxoviruses have evolved multiple strategies to overcome the host interferon (IFN)-mediated innate immune response through the activity of their IFN-antagonist proteins. Although paramyxovirus IFN antagonists generally target common factors of the IFN system, including melanoma differentiation associated factor 5, retinoic acid-inducible gene-I, signal transducers and activators of transcription (STAT)1 and STAT2, and IFN regulatory factor 3, the mechanisms of antagonism show remarkable diversity between different genera and even individual members of the same genus; the reasons for this diversity, however, are not currently understood. Here, we review the IFN antagonism strategies of paramyxoviruses, highlighting mechanistic differences observed between individual species and genera. We also discuss potential sources of this diversity, including biological differences in the host and/or tissue specificity of different paramyxoviruses, and potential effects of experimental approaches that have largely relied on in vitro systems. Importantly, recent studies using recombinant virus systems and animal infection models are beginning to clarify the importance of certain mechanisms of IFN antagonism to in vivo infections, providing important indications not only of their critical importance to virulence, but also of their potential targeting for new therapeutic/vaccine approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/24175230���Audsley, Michelle D
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Protein Conformation���Jan���The Nipah virus phosphoprotein (P) is multimeric and tethers the viral polymerase to the nucleocapsid. We present the crystal structure of the multimerization domain of Nipah virus P: a long, parallel, tetrameric, coiled coil with a small, alpha-helical cap structure. Across the paramyxoviruses, these domains share little sequence identity yet are similar in length and structural organization, suggesting a common requirement for scaffolding or spatial organization of the functions of P in the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24155387;��Bruhn, Jessica F
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Viral Fusion Proteins/*chemistry/genetics/immunologyJ��The henipaviruses, represented by Hendra (HeV) and Nipah (NiV) viruses are highly pathogenic zoonotic paramyxoviruses with uniquely broad host tropisms responsible for repeated outbreaks in Australia, Southeast Asia, India and Bangladesh. The high morbidity and mortality rates associated with infection and lack of licensed antiviral therapies make the henipaviruses a potential biological threat to humans and livestock. Henipavirus entry is initiated by the attachment of the G envelope glycoprotein to host cell membrane receptors. Previously, henipavirus-neutralizing human monoclonal antibodies (hmAb) have been isolated using the HeV-G glycoprotein and a human naive antibody library. One cross-reactive and receptor-blocking hmAb (m102.4) was recently demonstrated to be an effective post-exposure therapy in two animal models of NiV and HeV infection, has been used in several people on a compassionate use basis, and is currently in development for use in humans. Here, we report the crystal structure of the complex of HeV-G with m102.3, an m102.4 derivative, and describe NiV and HeV escape mutants. This structure provides detailed insight into the mechanism of HeV and NiV neutralization by m102.4, and serves as a blueprint for further optimization of m102.4 as a therapeutic agent and for the development of entry inhibitors and vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/241304863��Xu, Kai
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Viral dsRNA detection���Dec2��Double-stranded RNA (dsRNA) is synthesized during the course of infection by RNA viruses as a byproduct of replication and transcription and acts as a potent trigger of the host innate antiviral response. In the cytoplasm of the infected cell, recognition of the presence of viral dsRNA as a signature of "non-self" nucleic acid is carried out by RIG-I-like receptors (RLRs), a set of dedicated helicases whose activation leads to the production of type I interferon alpha/beta (IFN-alpha/beta). To overcome the innate antiviral response, RNA viruses encode suppressors of IFN-alpha/beta induction, which block RLRs recognition of dsRNA by means of different mechanisms that can be categorized into: (i) dsRNA binding and/or shielding ("hide"), (ii) dsRNA termini processing ("mask") and (iii) direct interaction with components of the RLRs pathway ("hit"). In light of recent functional, biochemical and structural findings, we review the inhibition mechanisms of RLRs recognition of dsRNA displayed by a number of highly pathogenic RNA viruses with different disease phenotypes such as haemorrhagic fever (Ebola, Marburg, Lassa fever, Lujo, Machupo, Junin, Guanarito, Crimean-Congo, Rift Valley fever, dengue), severe respiratory disease (influenza, SARS, Hendra, Hantaan, Sin Nombre, Andes) and encephalitis (Nipah, West Nile).,��https://www.ncbi.nlm.nih.gov/pubmed/24129118¥��Zinzula, Luca
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zoonosis���Marà��Bats host many viruses that are significant for human and domestic animal health, but the dynamics of these infections in their natural reservoir hosts remain poorly elucidated. In these, and other, systems, there is evidence that seasonal life-cycle events drive infection dynamics, directly impacting the risk of exposure to spillover hosts. Understanding these dynamics improves our ability to predict zoonotic spillover from the reservoir hosts. To this end, we followed henipavirus antibody levels of >100 individual E. helvum in a closed, captive, breeding population over a 30-month period, using a powerful novel antibody quantitation method. We demonstrate the presence of maternal antibodies in this system and accurately determine their longevity. We also present evidence of population-level persistence of viral infection and demonstrate periods of increased horizontal virus transmission associated with the pregnancy/lactation period. The novel findings of infection persistence and the effect of pregnancy on viral transmission, as well as an accurate quantitation of chiropteran maternal antiviral antibody half-life, provide fundamental baseline data for the continued study of viral infections in these important reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24111634¿��Baker, Kate S
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RNA Replicase/*drug effects/metabolism���Jan\��Australia is facing a major national medical challenge with the emergence of the Hendra virus (HeV) as a medically and economically important pathogen of humans and animals. Clinical symptoms of human HeV infection can include fever, hypotension, dizziness, encephalitis, respiratory haemorrhage and edema. The window of opportunity for successful patient treatment remains unknown, but is likely to be very narrow. Currently, very few effective therapeutic options are available for the case management of severe HeV infections or the rapid silencing of local outbreaks. This underscores the need for more activity in the drug discovery arena to develop much needed therapeutics that specifically targets this deadly disease. The structural analysis of HeV is very much in its infancy, which leaves many gaps in our understanding of the biology of HeV and makes structure-guided drug design difficult. Structural studies of the viral RNAdependent- RNA polymerase (RdRp), which is the heart of the viral replication machinery, will set the stage for rational drug design and fill a major gap in our understanding of the HeV replication machinery. This review examines the current knowledge based on the multi-domain architecture of the Hendra RdRp and highlights which essential domain functions represent tangible targets for drug development against this deadly disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24102407è��Velkov, Tony
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Protein Structure, Tertiary���Hendra virus (HeV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The HeV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid. Recruitment of the viral polymerase onto the nucleocapsid template relies on the interaction between the C-terminal domain, N(TAIL), of N and the C-terminal X domain, XD, of the polymerase co-factor phosphoprotein (P). Here, we provide an atomic resolution description of the intrinsically disordered N(TAIL) domain in its isolated state and in intact nucleocapsids using nuclear magnetic resonance (NMR) spectroscopy. Using electron microscopy, we show that HeV nucleocapsids form herringbone-like structures typical of paramyxoviruses. We also report the crystal structure of XD of P that consists of a three-helix bundle. We study the interaction between N(TAIL) and XD using NMR titration experiments and provide a detailed mapping of the reciprocal binding sites. We show that the interaction is accompanied by alpha-helical folding of the molecular recognition element of N(TAIL) upon binding to a hydrophobic patch on the surface of XD. Finally, using solution NMR, we investigate the interaction between intact nucleocapsids and XD. Our results indicate that monomeric XD binds to N(TAIL) without triggering an additional unwinding of the nucleocapsid template. The present results provide a structural description at the atomic level of the protein-protein interactions required for transcription and replication of HeV, and the first direct observation of the interaction between the X domain of P and intact nucleocapsids in Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/24086133f��Communie, Guillaume
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Zoonoses/epidemiology/transmission/virology���Oct 2æ	�BACKGROUND: On 31 March 2013, the first human infections with the novel influenza A/H7N9 virus were reported in Eastern China. The outbreak expanded rapidly in geographic scope and size, with a total of 132 laboratory-confirmed cases reported by 3 June 2013, in 10 Chinese provinces and Taiwan. The incidence of A/H7N9 cases has stalled in recent weeks, presumably as a consequence of live bird market closures in the most heavily affected areas. Here we compare the transmission potential of influenza A/H7N9 with that of other emerging pathogens and evaluate the impact of intervention measures in an effort to guide pandemic preparedness. METHODS: We used a Bayesian approach combined with a SEIR (Susceptible-Exposed-Infectious-Removed) transmission model fitted to daily case data to assess the reproduction number (R) of A/H7N9 by province and to evaluate the impact of live bird market closures in April and May 2013. Simulation studies helped quantify the performance of our approach in the context of an emerging pathogen, where human-to-human transmission is limited and most cases arise from spillover events. We also used alternative approaches to estimate R based on individual-level information on prior exposure and compared the transmission potential of influenza A/H7N9 with that of other recent zoonoses. RESULTS: Estimates of R for the A/H7N9 outbreak were below the epidemic threshold required for sustained human-to-human transmission and remained near 0.1 throughout the study period, with broad 95% credible intervals by the Bayesian method (0.01 to 0.49). The Bayesian estimation approach was dominated by the prior distribution, however, due to relatively little information contained in the case data. We observe a statistically significant deceleration in growth rate after 6 April 2013, which is consistent with a reduction in A/H7N9 transmission associated with the preemptive closure of live bird markets. Although confidence intervals are broad, the estimated transmission potential of A/H7N9 appears lower than that of recent zoonotic threats, including avian influenza A/H5N1, swine influenza H3N2sw and Nipah virus. CONCLUSION: Although uncertainty remains high in R estimates for H7N9 due to limited epidemiological information, all available evidence points to a low transmission potential. Continued monitoring of the transmission potential of A/H7N9 is critical in the coming months as intervention measures may be relaxed and seasonal factors could promote disease transmission in colder months.,��https://www.ncbi.nlm.nih.gov/pubmed/24083506ò��Chowell, Gerardo
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vesicular stomatitis virus���NovË��Nipah virus (NiV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The NiV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid that is the substrate used by the polymerase for transcription and replication. The polymerase is recruited onto the nucleocapsid via its cofactor, the phosphoprotein (P). The NiV P protein has a modular organization, with alternating disordered and ordered domains. Among these latter, is the P multimerization domain (PMD) that was predicted to adopt a coiled-coil conformation. Using both biochemical and biophysical approaches, we show that NiV PMD forms a highly stable and elongated coiled-coil trimer, a finding in striking contrast with respect to the PMDs of Paramyxoviridae members investigated so far that were all found to tetramerize. The present results therefore represent the first report of a paramyxoviral P protein forming trimers.,��https://www.ncbi.nlm.nih.gov/pubmed/24074578¼��Blocquel, David
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Viral Envelope Proteins/genetics/*metabolism���Decã��Serological screening and detection of genomic RNA indicates that members of the genus Henipavirus are present not only in Southeast Asia but also in African fruit bats. We demonstrate that the surface glycoproteins F and G of an African henipavirus (M74) induce syncytium formation in a kidney cell line derived from an African fruit bat, Hypsignathus monstrosus. Despite a less broad cell tropism, the M74 glycoproteins show functional similarities to glycoproteins of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/24067951C��Kruger, Nadine
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Zoonotic diseases���Nov 4���This review focuses on the immunization of animals as a means of preventing human diseases (zoonoses). Three frameworks for the use of vaccines in this context are described, and examples are provided of successes and failures. Framework I vaccines are used for protection of humans and economically valuable animals, where neither plays a role in the transmission cycle. The benefit of collaborations between animal health and human health industries and regulators in developing such products is discussed, and one example (West Nile vaccine) of a single product developed for use in animals and humans is described. Framework II vaccines are indicated for domesticated animals as a means of preventing disease in both animals and humans. The agents of concern are transmitted directly or indirectly (e.g. via arthropod vectors) from animals to humans. A number of examples of the use of Framework II vaccines are provided, e.g. against brucellosis, Escherichia coli O157, rabies, Rift Valley fever, Venezuelan equine encephalitis, and Hendra virus. Framework III vaccines are used to immunize wild animals as a means of preventing transmission of disease agents to humans and domesticated animals. Examples are reservoir-targeted, oral bait rabies, Mycobacterium bovis and Lyme disease vaccines. Given the speed and lost cost of veterinary vaccine development, some interventions based on the immunization of animals could lead to rapid and relatively inexpensive advances in public health. Opportunities for vaccine-based approaches to preventing zoonotic and emerging diseases that integrate veterinary and human medicine (the One Health paradigm) are emphasized.,��https://www.ncbi.nlm.nih.gov/pubmed/24060567���Monath, Thomas P
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Veterinary Medicine/*trends���Aug 31¿��Josh Slater looks back at the past 125 years of developments in equine infectious disease, including landmark discoveries in microbiology and genomics, and considers what the future may hold.,��https://www.ncbi.nlm.nih.gov/pubmed/23997164j��Slater, Josh
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Zoonosis���Nov 29é��The Henipavirus genus represents a group of paramyxoviruses that are some of the deadliest of known human and veterinary pathogens. Hendra and Nipah viruses are zoonotic pathogens that can cause respiratory and encephalitic illness in humans with mortality rates that exceed 70%. Over the past several years, we have seen an increase in the number of cases and an altered clinical presentation of Hendra virus in naturally infected horses. Recent increase in the number of cases has also been reported with human Nipah virus infections in Bangladesh. These factors, along with the recent discovery of henipa and henipa-like viruses in Africa, Asia and South and Central America adds, a truly global perspective to this group of emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/23993256¥��Croser, Emma L
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interferon���Nov 6ì��Since their first emergence in mid 1990s henipaviruses continued to re emerge in Australia and South East Asia almost every year. In total there has been more than 12 Nipah and 48 Hendra virus outbreaks reported in South East Asia and Australia, respectively. These outbreaks are associated with significant economic and health damages that most high risks countries (particularly in South East Asia) cannot bear the burden of such economical threats. Up until recently, there were no actual therapeutics available to treat or prevent these lethal infections. However, an international collaborative research has resulted in the identification of a potential equine Hendra vaccine capable of providing antibody protection against Hendra virus infections. Consequently, with the current findings and after nearly 2 decades since their first detection, are we there yet? This review recaps the chronicle of the henipavirus emergence and briefly evaluates potential anti-henipavirus vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/23954578®��Aljofan, Mohamad
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Zoonosis���OctÝ��Nipah virus, a paramyxovirus whose wildlife reservoir is Pteropus bats, was first discovered in a large outbreak of acute encephalitis in Malaysia in 1998 among persons who had contact with sick pigs. Apparently, one or more pigs was infected from bats, and the virus then spread efficiently from pig to pig, then from pigs to people. Nipah virus outbreaks have been recognized nearly every year in Bangladesh since 2001 and occasionally in neighboring India. Outbreaks in Bangladesh and India have been characterized by frequent person-to-person transmission and the death of over 70% of infected people. Characteristics of Nipah virus that increase its risk of becoming a global pandemic include: humans are already susceptible; many strains are capable of limited person-to-person transmission; as an RNA virus, it has an exceptionally high rate of mutation: and that if a human-adapted strain were to infect communities in South Asia, high population densities and global interconnectedness would rapidly spread the infection. Appropriate steps to estimate and manage this risk include studies to explore the molecular and genetic basis of respiratory transmission of henipaviruses, improved surveillance for human infections, support from high-income countries to reduce the risk of person-to-person transmission of infectious agents in low-income health care settings, and consideration of vaccination in communities at ongoing risk of exposure to the secretions and excretions of Pteropus bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23911335���Luby, Stephen P
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*Virus Internalization���Oct;��Paramyxoviruses, including the emerging lethal human Nipah virus (NiV) and the avian Newcastle disease virus (NDV), enter host cells through fusion of the viral and target cell membranes. For paramyxoviruses, membrane fusion is the result of the concerted action of two viral envelope glycoproteins: a receptor binding protein and a fusion protein (F). The NiV receptor binding protein (G) attaches to ephrin B2 or B3 on host cells, whereas the corresponding hemagglutinin-neuraminidase (HN) attachment protein of NDV interacts with sialic acid moieties on target cells through two regions of its globular domain. Receptor-bound G or HN via its stalk domain triggers F to undergo the conformational changes that render it competent to mediate fusion of the viral and cellular membranes. We show that chimeric proteins containing the NDV HN receptor binding regions and the NiV G stalk domain require a specific sequence at the connection between the head and the stalk to activate NiV F for fusion. Our findings are consistent with a general mechanism of paramyxovirus fusion activation in which the stalk domain of the receptor binding protein is responsible for F activation and a specific connecting region between the receptor binding globular head and the fusion-activating stalk domain is required for transmitting the fusion signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23903846N��Talekar, Aparna
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Venous Thrombosis/etiology/*prevention & control���Aug 10���BACKGROUND: Venous thromboembolism is a common, potentially avoidable cause of death and morbidity in patients in hospital, including those with stroke. In surgical patients, intermittent pneumatic compression (IPC) reduces the risk of deep vein thrombosis (DVT), but no reliable evidence exists about its effectiveness in patients who have had a stroke. We assessed the effectiveness of IPC to reduce the risk of DVT in patients who have had a stroke. METHODS: The CLOTS 3 trial is a multicentre parallel group randomised trial assessing IPC in immobile patients (ie, who cannot walk to the toilet without the help of another person) with acute stroke. We enrolled patients from day 0 to day 3 of admission and allocated them via a central randomisation system (ratio 1:1) to receive either IPC or no IPC. A technician who was masked to treatment allocation did a compression duplex ultrasound (CDU) of both legs at 7-10 days and, wherever practical, at 25-30 days after enrolment. Caregivers and patients were not masked to treatment assignment. Patients were followed up for 6 months to determine survival and later symptomatic venous thromboembolism. The primary outcome was a DVT in the proximal veins detected on a screening CDU or any symptomatic DVT in the proximal veins, confirmed on imaging, within 30 days of randomisation. Patients were analysed according to their treatment allocation. TRIAL REGISTRATION: ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, 2876 patients were enrolled in 94 centres in the UK. The included patients were broadly representative of immobile stroke patients admitted to hospital and had a median age of 76 years (IQR 67-84). The primary outcome occurred in 122 (8.5%) of 1438 patients allocated IPC and 174 (12.1%) of 1438 patients allocated no IPC; an absolute reduction in risk of 3.6% (95% CI 1.4-5.8). Excluding the 323 patients who died before any primary outcome and 41 without any screening CDU, the adjusted OR for the comparison of 122 of 1267 patients vs 174 of 1245 patients was 0.65 (95% CI 0.51-0.84; p=0.001). Deaths in the treatment period occurred in 156 (11%) patients allocated IPC and 189 (13%) patients allocated no IPC died within the 30 days of treatment period (p=0.057); skin breaks on the legs were reported in 44 (3%) patients allocated IPC and in 20 (1%) patients allocated no IPC (p=0.002); falls with injury were reported in 33 (2%) patients in the IPC group and in 24 (2%) patients in the no-IPC group (p=0.221). INTERPRETATION: IPC is an effective method of reducing the risk of DVT and possibly improving survival in a wide variety of patients who are immobile after stroke. FUNDING: National Institute of Health Research (NIHR) Health Technology Assessment (HTA) programme, UK; Chief Scientist Office of Scottish Government; Covidien (MA, USA).,��https://www.ncbi.nlm.nih.gov/pubmed/23727163Ò��(Clots in Legs Or sTockings after Stroke)
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Viral Envelope Proteins/*genetics/metabolism���OctÌ��Lentiviruses are becoming progressively more popular as gene therapy vectors due to their ability to integrate into quiescent cells and recent clinical trial successes. Directing these vectors to specific cell types and limiting off-target transduction in vivo remains a challenge. Replacing the viral envelope proteins responsible for cellular binding, or pseudotyping, remains a common method to improve lentiviral targeting. Here, we describe the development of a high titer, third generation lentiviral vector pseudotyped with Nipah virus fusion protein (NiV-F) and attachment protein (NiV-G). Critical to high titers was truncation of the cytoplasmic domains of both NiV-F and NiV-G. As known targets of wild-type Nipah virus, primary endothelial cells are shown to be effectively transduced by the Nipah pseudotype. In contrast, human CD34+ hematopoietic progenitors were not significantly transduced. Additionally, the Nipah pseudotype has increased stability in human serum compared with vesicular stomatitis virus pseudotyped lentivirus. These findings suggest that the use of Nipah virus envelope proteins in third generation lentiviral vectors would be a valuable tool for gene delivery targeted to endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/23698741ö��Witting, S R
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Viral Load/genetics/immunology`��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus that causes fatal disease in a wide range of species, including humans. HeV was first described in Australia in 1994, and has continued to re-emerge with increasing frequency. HeV is of significant concern to human health due to its high mortality rate, increasing emergence, absence of vaccines and limited post exposure therapies. Here we investigate the use of RNA interference (RNAi) based therapeutics targeting HeV in conjunction with the TLR3 agonist Poly I:C and show that they are potent inhibitors of HeV infection in vitro. We found that short interfering RNAs (siRNAs) targeting the abundantly expressed N, P and M genes of HeV caused over 95% reduction of HeV virus titre, protein and mRNA. Furthermore, we found that the combination of HeV targeting siRNA and Poly I:C had an additive effect in suppressing HeV infection. Our results demonstrate for the first time that RNAi and type I interferon stimulation are effective inhibitors of HeV replication in vitro and may provide an effective therapy for this highly lethal, zoonotic pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/23691205ç��McCaskill, Jana L
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Swine Diseases/diagnosis/virology���Hendra virus (HeV) and Nipah virus (NiV) are the causative agents of emerging transboundary animal disease in pigs and horses. They also cause fatal disease in humans. NiV has a case fatality rate of 40 - 100%. In the initial NiV outbreak in Malaysia in 1999, about 1.1 million pigs had to be culled. The economic impact was estimated to be approximately US$450 million. Worldwide, HeV has caused more than 60 deaths in horses with 7 human cases and 4 deaths. Since the initial outbreak, HeV spillovers from Pteropus bats to horses and humans continue. This article presents a brief review on the currently available diagnostic methods for henipavirus infections, including advances achieved since the initial outbreak, and a gap analysis of areas needing improvement.,��https://www.ncbi.nlm.nih.gov/pubmed/23689891���Tamin, A
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ZoonosesÌ��Hendra virus and Nipah virus are viral zoonoses first recognized in the mid and late 1990's and are now categorized as the type species of the genus Henipavirus within the family Paramyxoviridae. Their broad species tropism together with their capacity to cause severe and often fatal disease in both humans and animals make Hendra and Nipah "overlap agents" and significant biosecurity threats. The development of effective vaccination strategies to prevent or treat henipavirus infection and disease has been an important area of research. Here, henipavirus active and passive vaccination strategies that have been examined in animal challenge models of Hendra and Nipah virus disease are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/23689890Ô��Broder, C C
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Sensitivity and Specificity
*Spectrometry, Mass, Electrospray Ionization���Junì��Molecular bioforensic research is dependent on rapid and sensitive methods such as real-time PCR (qPCR) for the identification of microorganisms. The use of synthetic positive control templates containing small modifications outside the primer and probe regions is essential to ensure all aspects of the assay are functioning properly, including the primers and probes. However, a typical qPCR or reverse transcriptase qPCR (qRT-PCR) assay is limited in differentiating products generated from positive controls and biological samples because the fluorescent probe signals generated from each type of amplicon are indistinguishable. Additional methods used to differentiate amplicons, including melt curves, secondary probes, and amplicon sequencing, require significant time to implement and validate and present technical challenges that limit their use for microbial forensic applications. To solve this problem, we have developed a novel application of electrospray ionization mass spectrometry (ESI-MS) to rapidly differentiate qPCR amplicons generated with positive biological samples from those generated with synthetic positive controls. The method has sensitivity equivalent to qPCR and supports the confident and timely determination of the presence of a biothreat agent that is crucial for policymakers and law enforcement. Additionally, it eliminates the need for time-consuming methods to confirm qPCR results, including development and validation of secondary probes or sequencing of small amplicons. In this study, we demonstrate the effectiveness of this approach with microbial forensic qPCR assays targeting multiple biodefense agents (bacterial, viral, and toxin) for the ability to rapidly discriminate between a positive control and a positive sample.,��https://www.ncbi.nlm.nih.gov/pubmed/23675878&��Motley, S Timothy
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Sensitivity and Specificity���OctÞ��A specific and sensitive two-step TaqMan real-time PCR has been developed for rapid diagnosis of caprine arthritis-encephalitis virus (CAEV) infection by using a set of specific primers and a TaqMan probe targeting a highly conserved region within the gene encoding the viral capsid protein (CA). The assay successfully detected CAEV proviral DNA in total DNA extracts originating from cell culture, whole blood samples and isolated PBMCs, with a lower detection limit of 10(2) copies and a linear dynamic range of 10(5) to 10(10) copies/ml. There was no cross-reaction with other animal viruses (e.g., goat pox virus, bovine leukemia virus, bovine mucosal disease virus, swine influenza virus and Nipah virus). When applied in parallel with serological AGID and conventional PCR for detection of CAEV in field samples, this assay exhibited a higher sensitivity than these traditional methods, and 7.8 % of the 308 specimens collected in the Shanxi and Tianjin regions of China from 1993 to 2011 were found to be positive. Thus, the TaqMan qPCR assay provides a fast, specific and sensitive means for detecting CAEV proviral DNA in goat specimens and should be useful for large-scale detection in eradication programs and epidemiological studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23670072ß��Li, Yi
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*Nipah Virus/genetics/immunologyE��Nipah virus (NiV) (Genus Henipavirus) is a recently emerged zoonotic virus that causes severe disease in humans and has been found in bats of the genus Pteropus. Whilst NiV has not been detected in Australia, evidence for NiV-infection has been found in pteropid bats in some of Australia's closest neighbours. The aim of this study was to determine the occurrence of henipaviruses in fruit bat (Family Pteropodidae) populations to the north of Australia. In particular we tested the hypothesis that Nipah virus is restricted to west of Wallace's Line. Fruit bats from Australia, Papua New Guinea, East Timor and Indonesia were tested for the presence of antibodies to Hendra virus (HeV) and Nipah virus, and tested for the presence of HeV, NiV or henipavirus RNA by PCR. Evidence was found for the presence of Nipah virus in both Pteropus vampyrus and Rousettus amplexicaudatus populations from East Timor. Serology and PCR also suggested the presence of a henipavirus that was neither HeV nor NiV in Pteropus alecto and Acerodon celebensis. The results demonstrate the presence of NiV in the fruit bat populations on the eastern side of Wallace's Line and within 500 km of Australia. They indicate the presence of non-NiV, non-HeV henipaviruses in fruit bat populations of Sulawesi and Sumba and possibly in Papua New Guinea. It appears that NiV is present where P. vampyrus occurs, such as in the fruit bat populations of Timor, but where this bat species is absent other henipaviruses may be present, as on Sulawesi and Sumba. Evidence was obtained for the presence henipaviruses in the non-Pteropid species R. amplexicaudatus and in A. celebensis. The findings of this work fill some gaps in knowledge in geographical and species distribution of henipaviruses in Australasia which will contribute to planning of risk management and surveillance activities.,��https://www.ncbi.nlm.nih.gov/pubmed/23637812=��Breed, Andrew C
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Virus Internalization���Apr 17w��Hendra virus (HeV) and Nipah virus (NiV) are emerging zoonotic viruses that cause severe and often lethal respiratory illness and encephalitis in humans. Henipaviruses can infect a wide range of species and human-to-human transmission has been observed for NiV. While the exact route of transmission in humans is not known, experimental infection in different animal species suggests that infection can be efficiently initiated after respiratory challenge. The limited data on histopathological changes in fatal human cases of HeV and NiV suggest that endothelial cells are an important target during the terminal stage of infection; however, it is unknown where these viruses initially establish infection and how the virus disseminates from the respiratory tract to the central nervous system and other organs. Here we review the current concepts in henipavirus pathogenesis in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23592639���Escaffre, Olivier
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West Nile virus/immunology/isolation & purification���Jun;��PURPOSE OF REVIEW: This review highlights research and development in the field of emerging viral causes of encephalitis over the past year. RECENT FINDINGS: There is new evidence for the presence of henipaviruses in African bats. There have also been promising advances in vaccine and neutralizing antibody research against Hendra and Nipah viruses. West Nile virus continues to cause large outbreaks in the United States, and long-term sequelae of the virus are increasingly appreciated. There is exciting new research regarding the variable susceptibility of different brain regions to neurotropic virus infection. Another cluster of solid organ transplant recipients developed encephalitis from organ donor-acquired lymphocytic choriomeningitis virus. The global epidemiology of Japanese encephalitis virus has been further clarified. Evidence continues to accumulate for the central nervous system involvement of dengue virus, and the recent deadly outbreak of enterovirus 71 in Cambodian children is discussed. SUMMARY: In response to complex ecological and societal dynamics, the worldwide epidemiology of viral encephalitis continues to evolve in surprising ways. The articles highlighted here include new research on virus epidemiology and spread, new outbreaks as well as progress in the development of vaccines and therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23591683���Wilson, Michael R
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Socioeconomic Factors���Nov-DecÝ��Malnutrition in elderly people is one of the major syndromes associated to greater prevalence of chronic diseases and increased morbidity, hospital staying, and mortality. On the other hand, malnutrition in the fourth world is associated to another important risk factor, which is the poor economic status. The aim of this study was to elaborate a balanced menu for the elderly adjusting its price to the mean expense that this population dedicates to its feeding needs. Taking into account the Household expense for 2010 of the National Institute of Statistics, we established that the average price for each menu ought to be less than 5.57 euro per day. Two type menus were elaborated, both adapted to this population and to the Mediterranean diet. The economic assessment was 5.02 euro and 5.06 euro, respectively. Given the prevalence of malnutrition in this population, it is essential being able to appropriately plan their feeding needs, at both the nutritional and economic levels.,��https://www.ncbi.nlm.nih.gov/pubmed/23588465 ��San Mauro, I
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Virus Replication���Jun 20ª��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pulmonary disease and encephalitis in humans with 40-70% fatality. Interactions between NiV and the human immune system remain poorly understood. Here, we demonstrate the effects of NiV infection on DC and T cell function. Using an in vitro system, we found that NiV infects and replicates at low levels in DCs and induces the expression of TNF-alpha, IL-1alpha, IL-1beta, IL-8, and IP-10. NiV infection activates DCs, and upregulates the expression of CD40, CD80, and CD86. Also have reduced levels of bcl2 and high levels of active caspase 3, suggesting the induction of apoptosis. DCs infected by NiV are unable to efficiently prime CD4 and CD8 T cells, but instead induce apoptosis in T cells. Interestingly, DCs treated with inactivated NiV also show signs of apoptosis. These findings indicate that NiV infected DCs could play an important role in NiV pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/23587249¢��Gupta, Manisha
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Virus Diseases/*drug therapy/immunology/*prevention & control���Apr���More than 40 monoclonal antibodies (mAbs) have been approved for a number of disease indications with only one of these (Synagis) - for a viral disease, and not for therapy but for prevention. However, in the last decade novel potent mAbs have been discovered and characterized with potential as therapeutics against viruses of major importance for public health and biosecurity including Hendra virus (HeV), Nipah virus (NiV), severe acute respiratory syndrome coronavirus (SARS-CoV), Ebola virus (EBOV), West Nile virus (WNV), influenza virus (IFV) and human immunodeficiency virus type 1 (HIV-1). Here, we review such mAbs with an emphasis on antibodies of human origin, and highlight recent results as well as technologies and mechanisms related to their potential as therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23575729P��Zhu, Zhongyu
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*Virus Internalizationq��Mannose-binding lectin (MBL) is a key soluble effector of the innate immune system that recognizes pathogen-specific surface glycans. Surprisingly, low-producing MBL genetic variants that may predispose children and immunocompromised individuals to infectious diseases are more common than would be expected in human populations. Since certain immune defense molecules, such as immunoglobulins, can be exploited by invasive pathogens, we hypothesized that MBL might also enhance infections in some circumstances. Consequently, the low and intermediate MBL levels commonly found in human populations might be the result of balancing selection. Using model infection systems with pseudotyped and authentic glycosylated viruses, we demonstrated that MBL indeed enhances infection of Ebola, Hendra, Nipah and West Nile viruses in low complement conditions. Mechanistic studies with Ebola virus (EBOV) glycoprotein pseudotyped lentiviruses confirmed that MBL binds to N-linked glycan epitopes on viral surfaces in a specific manner via the MBL carbohydrate recognition domain, which is necessary for enhanced infection. MBL mediates lipid-raft-dependent macropinocytosis of EBOV via a pathway that appears to require less actin or early endosomal processing compared with the filovirus canonical endocytic pathway. Using a validated RNA interference screen, we identified C1QBP (gC1qR) as a candidate surface receptor that mediates MBL-dependent enhancement of EBOV infection. We also identified dectin-2 (CLEC6A) as a potentially novel candidate attachment factor for EBOV. Our findings support the concept of an innate immune haplotype that represents critical interactions between MBL and complement component C4 genes and that may modify susceptibility or resistance to certain glycosylated pathogens. Therefore, higher levels of native or exogenous MBL could be deleterious in the setting of relative hypocomplementemia which can occur genetically or because of immunodepletion during active infections. Our findings confirm our hypothesis that the pressure of infectious diseases may have contributed in part to evolutionary selection of MBL mutant haplotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/23573288���Brudner, Matthew
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Zoonoses/transmission/virology���Aprõ��Hendra virus, a member of the family Paramyxoviridae, was first recognized following a devastating outbreak in Queensland, Australia, in 1994. The naturally acquired symptomatic infection, characterized by a rapidly progressive illness involving the respiratory system and/or CNS, has so far only been recognized in horses and humans. However, there is potential for other species to be infected, with significant consequences for animal and human health. Prevention of infection involves efforts to interrupt the bat-to-horse and horse-to-human transmission interfaces. Education and infection-control efforts remain the key to reducing risk of transmission, particularly as no effective antiviral treatment is currently available. The recent release of an equine Hendra G glycoprotein subunit vaccine is an exciting advance that offers the opportunity to curb the recent increase in equine transmission events occurring in endemic coastal regions of Australia and thereby reduce the risk of infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23534359���Hazelton, Briony
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Virulence���Mar 25¾��BACKGROUND: Hendra virus (HeV) is an Australian bat-borne zoonotic paramyxovirus that repeatedly spills-over to horses causing fatal disease. Human cases have all been associated with close contact with infected horses. METHODS: A full-length antigenome clone of HeV was assembled, a reporter gene (GFP or luciferase) inserted between the P and M genes and transfected to 293T cells to generate infectious reporter gene-encoding recombinant viruses. These viruses were then assessed in vitro for expression of the reporter genes. The GFP expressing recombinant HeV was used to challenge ferrets to assess the virulence and tissue distribution by monitoring GFP expression in infected cells. RESULTS: Three recombinant HeV constructs were successfully cloned and rescued; a wild-type virus, a GFP-expressing virus and a firefly luciferase-expressing virus. In vitro characterisation demonstrated expression of the reporter genes, with levels proportional to the initial inoculum levels. Challenge of ferrets with the GFP virus demonstrated maintenance of the fatal phenotype with disease progressing to death consistent with that observed previously with the parental wild-type isolate of HeV. GFP expression could be observed in infected tissues collected from animals at euthanasia. CONCLUSIONS: Here, we report on the first successful rescue of recombinant HeV, including wild-type virus and viruses expressing two different reporter genes encoded as an additional gene cassette inserted between the P and M genes. We further demonstrate that the GFP virus retained the ability to cause fatal disease in a well-characterized ferret model of henipavirus infection despite the genome being an extra 1290 nucleotides in length.,��https://www.ncbi.nlm.nih.gov/pubmed/23521919���Marsh, Glenn A
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Virus Replication%��Nipah virus (NiV) is a member of the genus Henipavirus, which emerged in Malaysia in 1998. In pigs, infection resulted in a predominantly non-lethal respiratory disease; however, infection in humans resulted in over 100 deaths. Nipah virus has continued to re-emerge in Bangladesh and India, and person-to-person transmission appeared in the outbreak. Although a number of NiV vaccine studies have been reported, there are currently no vaccines or treatments licensed for human use. In this study, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins (rMV-HL-G and rMV-Ed-G). Vaccinated hamsters were completely protected against NiV challenge, while the mortality of unvaccinated control hamsters was 90%. We trialed our vaccine in a non-human primate model, African green monkeys. Upon intraperitoneal infection with NiV, monkeys showed several clinical signs of disease including severe depression, reduced ability to move and decreased food ingestion and died at 7 days post infection (dpi). Intranasal and oral inoculation induced similar clinical illness in monkeys, evident around 9 dpi, and resulted in a moribund stage around 14 dpi. Two monkeys immunized subcutaneously with rMV-Ed-G showed no clinical illness prior to euthanasia after challenge with NiV. Viral RNA was not detected in any organ samples collected from vaccinated monkeys, and no pathological changes were found upon histopathological examination. From our findings, we propose that rMV-NiV-G is an appropriate NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23516477���Yoneda, Misako
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RNA, Messenger/genetics/metabolism���Junå��Nipah virus (NiV) is a nonsegmented, single-stranded, negative-sense RNA virus belonging to the genus Henipavirus, family Paramyxoviridae. NiV causes acute encephalitis and respiratory disease in humans, is associated with high mortality, and poses a threat in southern Asia. The genomes of henipaviruses are about 18,246 nucleotides (nt) long, which is longer than those of other paramyxoviruses (around 15,384 nt). This difference is caused by the noncoding RNA region, particularly the 3' untranslated region (UTR), which occupies more than half of the noncoding RNA region. To determine the function(s) of the NiV noncoding RNA region, we investigated the effects of NiV 3' UTRs on reporter gene expression. The NiV N 3' UTR (nt 1 to 100) demonstrated strong repressor activity associated with hnRNP D protein binding to that region. Mutation of the hnRNP D binding site or knockdown of hnRNP D resulted in increased expression of the NiV N 3' UTR reporter. Our findings suggest that NiV N expression is repressed by hnRNP D through the NiV N 3' UTR and demonstrate the involvement of posttranscriptional regulation in the NiV life cycle. To the best of our knowledge, this provides the first report of the functions of the NiV noncoding RNA region.,��https://www.ncbi.nlm.nih.gov/pubmed/23514888·��Hino, Kimihiro
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Viral Envelope Proteins/analysis?��Microsphere suspension array systems enable the simultaneous fluorescent identification of multiple separate nucleotide targets in a single reaction. We have utilized commercially available oligo-tagged microspheres (Luminex MagPlex-TAG) to construct and evaluate multiplexed assays for the detection and differentiation of Hendra virus (HeV) and Nipah virus (NiV). Both these agents are bat-borne zoonotic paramyxoviruses of increasing concern for veterinary and human health. Assays were developed targeting multiple sites within the nucleoprotein (N) and phosphoprotein (P) encoding genes. The relative specificities and sensitivities of the assays were determined using reference isolates of each virus type, samples from experimentally infected horses, and archival veterinary diagnostic submissions. Results were assessed in direct comparison with an established qPCR. The microsphere array assays achieved unequivocal differentiation of HeV and NiV and the sensitivity of HeV detection was comparable to qPCR, indicating high analytical and diagnostic specificity and sensitivity.,��https://www.ncbi.nlm.nih.gov/pubmed/23509705���Foord, Adam J
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Zoonoses/*epidemiology/transmission`��BACKGROUND: Prior to emergence in human populations, zoonoses such as SARS cause occasional infections in human populations exposed to reservoir species. The risk of widespread epidemics in humans can be assessed by monitoring the reproduction number R (average number of persons infected by a human case). However, until now, estimating R required detailed outbreak investigations of human clusters, for which resources and expertise are not always available. Additionally, existing methods do not correct for important selection and under-ascertainment biases. Here, we present simple estimation methods that overcome many of these limitations. METHODS AND FINDINGS: Our approach is based on a parsimonious mathematical model of disease transmission and only requires data collected through routine surveillance and standard case investigations. We apply it to assess the transmissibility of swine-origin influenza A H3N2v-M virus in the US, Nipah virus in Malaysia and Bangladesh, and also present a non-zoonotic example (cholera in the Dominican Republic). Estimation is based on two simple summary statistics, the proportion infected by the natural reservoir among detected cases (G) and among the subset of the first detected cases in each cluster (F). If detection of a case does not affect detection of other cases from the same cluster, we find that R can be estimated by 1-G; otherwise R can be estimated by 1-F when the case detection rate is low. In more general cases, bounds on R can still be derived. CONCLUSIONS: We have developed a simple approach with limited data requirements that enables robust assessment of the risks posed by emerging zoonoses. We illustrate this by deriving transmissibility estimates for the H3N2v-M virus, an important step in evaluating the possible pandemic threat posed by this virus. Please see later in the article for the Editors' Summary.,��https://www.ncbi.nlm.nih.gov/pubmed/23472057n��Cauchemez, Simon
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Plant Extracts/chemistry���Jan 30^��Citrus plants are known to possess beneficial biological activities for human health. In addition, ethnopharmacological application of plants is a good tool to explore their bioactivities and active compounds. This research was carried out to evaluate the phenolic and flavonoid analysis, antioxidant properties, anti inflammatory and anti cancer activity of Citrus aurantium bloom. The total phenolics and flavonoids results revealed that methanolic extract contained high total phenolics and flavonoids compared to ethanolic and boiling water extracts. The obtained total phenolics value for methanolic Citrus aurantium bloom extract was 4.55 +/- 0.05 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids it was 3.83 +/- 0.05 mg rutin equivalent/g DW. In addition, the RP-HPLC analyses of phenolics and flavonoids indicated the presence of gallic acid, pyrogallol, syringic acid, caffeic acid, rutin, quercetin and naringin as bioactive compounds. The antioxidant activity of Citrus aurantium bloom were examined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the ferric reducing/antioxidant potential (FRAP). The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of Citrus aurantium bloom at a concentration of 300 mug/mL, with values of 55.3% and 51.7%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. Furthermore, the anti-inflammatory result of methanolic extract showed appreciable reduction in nitric oxide production of stimulated RAW 264.7 cells at the presence of plant extract. Apart from that, the anticancer activity of the methanolic extract was investigated in vitro against human cancer cell lines (MCF-7; MDA-MB-231), human colon adenocarcinoma (HT-29) and Chang cell as a normal human hepatocyte. The obtained result demonstrated the moderate to appreciable activities against all cell line tested and the compounds present in the extracts are non-toxic which make them suitable as potential therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23442980Õ��Karimi, Ehsan
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Zoonoses/epidemiology/*prevention & control/transmission���Aug¦��The authors discuss 'One Health' approaches for controlling newly recognised and re-emerging diseases of animal origin and contributions towards pandemic preparedness based on enhanced collaboration between Veterinary Services, Human Health Services and Environmental Services. Improved veterinary governance and cooperation with public health managers, social scientists, ecologists and many other stakeholders are important for reducing the risks of potential zoonoses--including foodborne diseases--at their source. Two case studies are presented to illustrate how One Health approaches can make a difference--Hendra disease incidents in Australia and rabies management on the African continent. This article also includes an overview of collaboration at the international level between the Food and Agriculture Organization of the United Natiorfs, the World Organisation for Animal Health, and the World Health Organization. Environmental determinants for disease emergence, anthropogenic climate change and human encroachment on shrinking wildlife habitats are considered, using highly pathogenic avian influenza A (H5N1) and Nipah virus as examples. Finally, the authors discuss the effects of livestock production on environmental change--in the light of global population growth and increasing demand for livestock and aquaculture products--with the need for future policy decisions to be based on a multidisciplinary One Health approach.,��https://www.ncbi.nlm.nih.gov/pubmed/23413734T��Landford, J
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*Models, Theoretical���Apr 6���The identification of undiagnosed disease outbreaks is critical for mobilizing efforts to prevent widespread transmission of novel virulent pathogens. Recent developments in online surveillance systems allow for the rapid communication of the earliest reports of emerging infectious diseases and tracking of their spread. The efficacy of these programs, however, is inhibited by the anecdotal nature of informal reporting and uncertainty of pathogen identity in the early stages of emergence. We developed theory to connect disease outbreaks of known aetiology in a network using an array of properties including symptoms, seasonality and case-fatality ratio. We tested the method with 125 reports of outbreaks of 10 known infectious diseases causing encephalitis in South Asia, and showed that different diseases frequently form distinct clusters within the networks. The approach correctly identified unknown disease outbreaks with an average sensitivity of 76 per cent and specificity of 88 per cent. Outbreaks of some diseases, such as Nipah virus encephalitis, were well identified (sensitivity = 100%, positive predictive values = 80%), whereas others (e.g. Chandipura encephalitis) were more difficult to distinguish. These results suggest that unknown outbreaks in resource-poor settings could be evaluated in real time, potentially leading to more rapid responses and reducing the risk of an outbreak becoming a pandemic.,��https://www.ncbi.nlm.nih.gov/pubmed/23389893���Bogich, Tiffany L
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Zoonoses���MayÄ��Bats are reservoirs for a wide range of human pathogens including Nipah, Hendra, rabies, Ebola, Marburg and severe acute respiratory syndrome coronavirus (CoV). The recent implication of a novel beta (beta)-CoV as the cause of fatal respiratory disease in the Middle East emphasizes the importance of surveillance for CoVs that have potential to move from bats into the human population. In a screen of 606 bats from 42 different species in Campeche, Chiapas and Mexico City we identified 13 distinct CoVs. Nine were alpha (alpha)-CoVs; four were beta-CoVs. Twelve were novel. Analyses of these viruses in the context of their hosts and ecological habitat indicated that host species is a strong selective driver in CoV evolution, even in allopatric populations separated by significant geographical distance; and that a single species/genus of bat can contain multiple CoVs. A beta-CoV with 96.5 % amino acid identity to the beta-CoV associated with human disease in the Middle East was found in a Nyctinomops laticaudatus bat, suggesting that efforts to identify the viral reservoir should include surveillance of the bat families Molossidae/Vespertilionidae, or the closely related Nycteridae/Emballonuridae. While it is important to investigate unknown viral diversity in bats, it is also important to remember that the majority of viruses they carry will not pose any clinical risk, and bats should not be stigmatized ubiquitously as significant threats to public health.,��https://www.ncbi.nlm.nih.gov/pubmed/23364191/��Anthony, S J
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Young Adult���Febå��Active Nipah virus encephalitis surveillance identified an encephalitis cluster and sporadic cases in Faridpur, Bangladesh, in January 2010. We identified 16 case-patients; 14 of these patients died. For 1 case-patient, the only known exposure was hugging a deceased patient with a probable case, while another case-patient's exposure involved preparing the same corpse for burial by removing oral secretions and anogenital excreta with a cloth and bare hands. Among 7 persons with confirmed sporadic cases, 6 died, including a physician who had physically examined encephalitis patients without gloves or a mask. Nipah virus-infected patients were more likely than community-based controls to report drinking raw date palm sap and to have had physical contact with an encephalitis patient (29% vs. 4%, matched odds ratio undefined). Efforts to prevent transmission should focus on reducing caregivers' exposure to infected patients' bodily secretions during care and traditional burial practices.,��https://www.ncbi.nlm.nih.gov/pubmed/23347678_��Sazzad, Hossain M S
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Virus Replication/*physiology���Apr¦��Hendra virus is a highly pathogenic zoonotic paramyxovirus in the genus Henipavirus. Thirty-nine outbreaks of Hendra virus have been reported since its initial identification in Queensland, Australia, resulting in seven human infections and four fatalities. Little is known about cellular host factors impacting Hendra virus replication. In this work, we demonstrate that Hendra virus makes use of a microRNA (miRNA) designated miR-146a, an NF-kappaB-responsive miRNA upregulated by several innate immune ligands, to favor its replication. miR-146a is elevated in the blood of ferrets and horses infected with Hendra virus and is upregulated by Hendra virus in human cells in vitro. Blocking miR-146a reduces Hendra virus replication in vitro, suggesting a role for this miRNA in Hendra virus replication. In silico analysis of miR-146a targets identified ring finger protein (RNF)11, a member of the A20 ubiquitin editing complex that negatively regulates NF-kappaB activity, as a novel component of Hendra virus replication. RNA interference-mediated silencing of RNF11 promotes Hendra virus replication in vitro, suggesting that increased NF-kappaB activity aids Hendra virus replication. Furthermore, overexpression of the IkappaB superrepressor inhibits Hendra virus replication. These studies are the first to demonstrate a host miRNA response to Hendra virus infection and suggest an important role for host miRNAs in Hendra virus disease.,��https://www.ncbi.nlm.nih.gov/pubmed/23345523®��Stewart, Cameron R
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Virus CultivationÇ��Nipah virus is a zoonotic pathogen that causes severe disease in humans. The mechanisms of pathogenesis are not well described. The first Nipah virus outbreak occurred in Malaysia, where human disease had a strong neurological component. Subsequent outbreaks have occurred in Bangladesh and India and transmission and disease processes in these outbreaks appear to be different from those of the Malaysian outbreak. Until this point, virtually all Nipah virus studies in vitro and in vivo, including vaccine and pathogenesis studies, have utilized a virus isolate from the original Malaysian outbreak (NiV-M). To investigate potential differences between NiV-M and a Nipah virus isolate from Bangladesh (NiV-B), we compared NiV-M and NiV-B infection in vitro and in vivo. In hamster kidney cells, NiV-M-infection resulted in extensive syncytia formation and cytopathic effects, whereas NiV-B-infection resulted in little to no morphological changes. In vivo, NiV-M-infected Syrian hamsters had accelerated virus replication, pathology and death when compared to NiV-B-infected animals. NiV-M infection also resulted in the activation of host immune response genes at an earlier time point. Pathogenicity was not only a result of direct effects of virus replication, but likely also had an immunopathogenic component. The differences observed between NiV-M and NiV-B pathogeneis in hamsters may relate to differences observed in human cases. Characterization of the hamster model for NiV-B infection allows for further research of the strain of Nipah virus responsible for the more recent outbreaks in humans. This model can be used to study NiV-B pathogenesis, transmission, and countermeasures that could be used to control outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/23342177���DeBuysscher, Blair L
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Viral Proteins/*metabolism���The capacity of a virus to cross species barriers is determined by the development of bona fide interactions with cellular components of new hosts, and in particular its ability to block IFN-alpha/beta antiviral signaling. Tioman virus (TioV), a close relative of mumps virus (MuV), has been isolated in giant fruit bats in Southeast Asia. Nipah and Hendra viruses, which are present in the same bat colonies, are highly pathogenic in human. Despite serological evidences of close contacts between TioV and human populations, whether TioV is associated to some human pathology remains undetermined. Here we show that in contrast to the V protein of MuV, the V protein of TioV (TioV-V) hardly interacts with human STAT2, does not degrade STAT1, and cannot block IFN-alpha/beta signaling in human cells. In contrast, TioV-V properly binds to human STAT3 and MDA5, and thus interferes with IL-6 signaling and IFN-beta promoter induction in human cells. Because STAT2 binding was previously identified as a host restriction factor for some Paramyxoviridae, we established STAT2 sequence from giant fruit bats, and binding to TioV-V was tested. Surprisingly, TioV-V interaction with STAT2 from giant fruit bats is also extremely weak and barely detectable. Altogether, our observations question the capacity of TioV to appropriately control IFN-alpha/beta signaling in both human and giant fruit bats that are considered as its natural host.,��https://www.ncbi.nlm.nih.gov/pubmed/23342031-��Caignard, Gregory
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�INTRODUCTION: Bioterrorism is a terrorist action involving the intentional release or dissemination of a biological warfare agent (BWA), which includes some bacteria, viruses, rickettsiae, fungi or biological toxins. BWA is a naturally occurring or human-modified form that may kill or incapacitate humans, animals or plants as an act of war or terrorism. BWA is a weapon of choice for mass destruction and terrorism, because of the incubation period, less effective amount than chemical warfare agents, easily distribution, odorless, colorless, difficult to detect, no need of specialized equipment for production and naturally distribution which can easily be obtained. BWA may be disseminating as an aerosol, spray, explosive device, and by food or water. CLASSIFICATION: Based on the risk for human health, BWAs have been prioritized into three categories of A, B and C. Category A includes microorganisms or toxins that easily spread, leading to intoxication with high death rates such as Anthrax, Botulism, Plague, Smallpox, Tularemia and Viral hemorrhagic fevers. Category B has lower toxicity with wider range, including Staphylococcal Entrotoxin type B (SEB), Epsilon toxin of Clostridium perfringens, Ricin, Saxotoxins, Abrin and Trichothecene mycotoxins. The C category includes emerging pathogens that could also be engineered for mass spread such as Hanta viruses, multidrug-resistant tuberculosis, Nipah virus, the tick-borne encephalitis viruses, hemorrhagic fever viruses and yellow fever. CLINICAL MANIFESTATIONS OF BIOTOXINS IN HUMAN: Clinical features and severity of intoxication depend on the agent and exposed dose, route of entry, individual variation and environmental factors. Onset of symptoms varies from 2-24 h in Ricin to 24-96 h in Botulism. Clinical manifestations also vary from irritation of the eyes, skin and mucus membranes in T2 toxin to an acute flaccid paralysis of bilateral cranial nerve impairment of descending manner in botulism. Most of the pyrogenic toxins such as SEB produce the same signs and symptoms as toxic shock syndrome including a rapid drop in blood pressure, elevated temperature, and multiple organ failure. MANAGEMENT: There is no specific antidote or effective treatment for most of the biotoxins. The clinical management is thus more supportive and symptomatic. Fortunately vaccines are now available for most of BWA. Therefore, immunization of personnel at risk of exposure is recommended. CONCLUSION: Biotoxins are very wide and bioterrorism is a heath and security threat that may induce national and international problems. Therefore, the security authorities, health professional and even public should be aware of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23339855¢��Balali-Mood, Mahdi
Moshiri, Mohammad
Etemad, Leila
eng
England
2013/01/24 06:00
Toxicon. 2013 Jul;69:131-42. doi: 10.1016/j.toxicon.2013.01.005. Epub 2013 Jan 20.*��1879-3150 (Electronic)
0041-0101 (Linking)���23339855©��Medical Toxicology Research Centre, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad 91735-348, Islamic Republic of Iran. Mahdi.Balali-Mood@ncl.ac.uk���10.1016/j.toxicon.2013.01.005���FþÚtÿî?æ���&��Hendra, L.
Alatsatianos, A.
Gandhi, P.���2013,��Extensive postoperative pyoderma gangrenosum���BMJ Case Rep���2013`��Female
Humans
Middle Aged
Postoperative Complications/*pathology
Pyoderma Gangrenosum/*pathology���Jan 10,��https://www.ncbi.nlm.nih.gov/pubmed/23314452¯��Hendra, Louise
Alatsatianos, Anton
Gandhi, Pankaj
eng
Case Reports
England
2013/01/15 06:00
BMJ Case Rep. 2013 Jan 10;2013. pii: bcr-2012-007914. doi: 10.1136/bcr-2012-007914.*��1757-790X (Electronic)
1757-790X (Linking)
��PMC3603540���23314452j��Department of Cardiothoracic Surgery, St George's Hospital NHS Trust, London, UK. louhendra@doctors.org.uk���10.1136/bcr-2012-007914�
ô��üÒtÿî?ç���Z��Escaffre, O.
Borisevich, V.
Carmical, J. R.
Prusak, D.
Prescott, J.
Feldmann, H.
Rockx, B.���2013>��Henipavirus pathogenesis in human respiratory epithelial cells���3284-94���J Virol���87���6���Cells, Cultured
Cytokines/biosynthesis
Epithelial Cells/*immunology/*virology
Gene Expression Profiling
Giant Cells/virology
Hendra Virus/*immunology/*pathogenicity
*Host-Pathogen Interactions
Humans
Nipah Virus/*immunology/*pathogenicity
Respiratory Mucosa/cytology/virology���Mar.��Hendra virus (HeV) and Nipah virus (NiV) are deadly zoonotic viruses for which no vaccines or therapeutics are licensed for human use. Henipavirus infection causes severe respiratory illness and encephalitis. Although the exact route of transmission in human is unknown, epidemiological studies and in vivo studies suggest that the respiratory tract is important for virus replication. However, the target cells in the respiratory tract are unknown, as are the mechanisms by which henipaviruses can cause disease. In this study, we characterized henipavirus pathogenesis using primary cells derived from the human respiratory tract. The growth kinetics of NiV-Malaysia, NiV-Bangladesh, and HeV were determined in bronchial/tracheal epithelial cells (NHBE) and small airway epithelial cells (SAEC). In addition, host responses to infection were assessed by gene expression analysis and immunoassays. Viruses replicated efficiently in both cell types and induced large syncytia. The host response to henipavirus infection in NHBE and SAEC highlighted a difference in the inflammatory response between HeV and NiV strains as well as intrinsic differences in the ability to mount an inflammatory response between NHBE and SAEC. These responses were highest during HeV infection in SAEC, as characterized by the levels of key cytokines (interleukin 6 [IL-6], IL-8, IL-1alpha, monocyte chemoattractant protein 1 [MCP-1], and colony-stimulating factors) responsible for immune cell recruitment. Finally, we identified virus strain-dependent variability in type I interferon antagonism in NHBE and SAEC: NiV-Malaysia counteracted this pathway more efficiently than NiV-Bangladesh and HeV. These results provide crucial new information in the understanding of henipavirus pathogenesis in the human respiratory tract at an early stage of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23302882ù��Escaffre, Olivier
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Zoonoses/*virology���Apr���Public discourses have influence on policymaking for emerging health issues. Media representations of unfolding events, scientific uncertainty, and real and perceived risks shape public acceptance of health policy and therefore policy outcomes. To characterize and track views in popular circulation on the causes, consequences and appropriate policy responses to the emergence of Hendra virus as a zoonotic risk, this study examines coverage of this issue in Australian mass media for the period 2007-2011. Results demonstrate the predominant explanation for the emergence of Hendra became the encroachment of flying fox populations on human settlement. Depictions of scientific uncertainty as to whom and what was at risk from Hendra virus promoted the view that flying foxes were a direct risk to human health. Descriptions of the best strategy to address Hendra have become polarized between recognized health authorities advocating individualized behaviour changes to limit risk exposure; versus populist calls for flying fox control and eradication. Less than a quarter of news reports describe the ecological determinants of emerging infectious disease or upstream policy solutions. Because flying foxes rather than horses were increasingly represented as the proximal source of human infection, existing policies of flying fox protection became equated with government inaction; the plight of those affected by flying foxes representative of a moral failure. These findings illustrate the potential for health communications for emerging infectious disease risks to become entangled in other political agendas, with implications for the public's likelihood of supporting public policy and risk management strategies that require behavioural change or seek to address the ecological drivers of incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/23294874´��Degeling, Chris
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*Virus Internalization���Mary��The promotion of membrane fusion by most paramyxoviruses requires an interaction between the viral attachment and fusion (F) proteins to enable receptor binding by the former to trigger the activation of the latter for fusion. Numerous studies demonstrate that the F-interactive sites on the Newcastle disease virus (NDV) hemagglutinin-neuraminidase (HN) and measles virus (MV) hemagglutinin (H) proteins reside entirely within the stalk regions of those proteins. Indeed, stalk residues of NDV HN and MV H that likely mediate the F interaction have been identified. However, despite extensive efforts, the F-interactive site(s) on the Nipah virus (NiV) G attachment glycoprotein has not been identified. In this study, we have introduced individual N-linked glycosylation sites at several positions spaced at intervals along the stalk of the NiV G protein. Five of the seven introduced sites are utilized as established by a retardation of electrophoretic mobility. Despite surface expression, ephrinB2 binding, and oligomerization comparable to those of the wild-type protein, four of the five added N-glycans completely eliminate the ability of the G protein to complement the homologous F protein in the promotion of fusion. The most membrane-proximal added N-glycan reduces fusion by 80%. However, unlike similar NDV HN and MV H mutants, the NiV G glycosylation stalk mutants retain the ability to bind F, indicating that the fusion deficiency of these mutants is not due to prevention of the G-F interaction. These findings suggest that the G-F interaction is not mediated entirely by the stalk domain of G and may be more complex than that of HN/H-F.,��https://www.ncbi.nlm.nih.gov/pubmed/23283956¸��Zhu, Qiyun
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*Virus Attachment���Mar���Conformational changes in the glycoproteins of enveloped viruses are critical for membrane fusion, which enables viral entry into cells and the pathological cell-cell fusion (syncytia) associated with some viral infections. However, technological capabilities for identifying viral glycoproteins and their conformational changes on actual enveloped virus surfaces are generally scarce, challenging, and time-consuming. Our model, Nipah virus (NiV), is a syncytium-forming biosafety level 4 pathogen with a high mortality rate (40 to 75%) in humans. Once the NiV attachment glycoprotein (G) (NiV-G) binds the cell receptor ephrinB2 or -B3, G triggers conformational changes in the fusion glycoprotein (F) that result in membrane fusion and viral entry. We demonstrate that confocal micro-Raman spectroscopy can, within minutes, simultaneously identify specific G and F glycoprotein signals and receptor-induced conformational changes in NiV-F on NiV virus-like particles (VLPs). First, we identified reproducible G- and F-specific Raman spectral features on NiV VLPs containing M (assembly matrix protein), G, and/or F or on NiV/vesicular stomatitis virus (VSV) pseudotyped virions via second-derivative transformations and principal component analysis (PCA). Statistical analyses validated our PCA models. Dynamic temperature-induced conformational changes in F and G or receptor-induced target membrane-dependent conformational changes in F were monitored in NiV pseudovirions in situ in real time by confocal micro-Raman spectroscopy. Advantageously, Raman spectroscopy can identify specific protein signals in relatively impure samples. Thus, this proof-of-principle technological development has implications for the rapid identification and biostability characterization of viruses in medical, veterinary, and food samples and for the analysis of virion glycoprotein conformational changes in situ during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/23283947���Lu, Xiaonan
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*Virus Internalization
*Virus Release���Mar���Highly pathogenic Nipah virus (NiV) infections are transmitted via airway secretions and urine, commonly via the respiratory route. Epithelial surfaces represent important replication sites in both primary and systemic infection phases. NiV entry and spread from polarized epithelial cells therefore determine virus entry and dissemination within a new host and influence virus shedding via mucosal surfaces in the respiratory and urinary tract. To date, there is no knowledge regarding the entry and exit sites of NiV in polarized epithelial cells. In this report, we show for the first time that NiV can infect polarized kidney epithelial cells (MDCK) from both cell surfaces, while virus release is primarily restricted to the apical plasma membrane. Substantial amounts of basolateral infectivity were detected only after infection with high virus doses, at time points when the integrity of the cell monolayer was largely disrupted as a result of cell-to-cell fusion. Confocal immunofluorescence analyses of envelope protein distribution at early and late infection stages suggested that apical virus budding is determined by the polarized sorting of the NiV matrix protein, M. Studies with stably M-expressing and with monensin-treated cells furthermore demonstrated that M protein transport is independent from the glycoproteins, implying that the M protein possesses an intrinsic apical targeting signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23283941õ��Lamp, Boris
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Virus Internalization/*drug effects���Jan 24R��Interferons (IFN) are essential antiviral cytokines that establish the cellular antiviral state through upregulation of hundreds of interferon-stimulated genes (ISGs), most of which have uncharacterized functions and mechanisms. We identified cholesterol-25-hydroxylase (CH25H) as a broadly antiviral ISG. CH25H converts cholesterol to a soluble antiviral factor, 25-hydroxycholesterol (25HC). 25HC treatment in cultured cells broadly inhibited growth of enveloped viruses including VSV, HSV, HIV, and MHV68 and acutely pathogenic EBOV, RVFV, RSSEV, and Nipah viruses under BSL4 conditions. It suppressed viral growth by blocking membrane fusion between virus and cell. In animal models, Ch25h-deficient mice were more susceptible to MHV68 lytic infection. Moreover, administration of 25HC in humanized mice suppressed HIV replication and reversed T cell depletion. Thus, our studies demonstrate a unique mechanism by which IFN achieves its antiviral state through the production of a natural oxysterol to inhibit viral entry and implicate membrane-modifying oxysterols as potential antiviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23273844���Liu, Su-Yang
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Horvat, B.���20132��Henipavirus infections: lessons from animal models���264-87	��Pathogens���2���2���Apr 9ê��The Henipavirus genus contains two highly lethal viruses, the Hendra and Nipah viruses and one, recently discovered, apparently nonpathogenic member; Cedar virus. These three, negative-sense single-stranded RNA viruses, are hosted by fruit bats and use EphrinB2 receptors for entry into cells. The Hendra and Nipah viruses are zoonotic pathogens that emerged in the middle of 90s and have caused severe, and often fatal, neurologic and/or respiratory diseases in both humans and different animals; including spillover into equine and porcine species. Development of relevant models is critical for a better understanding of viral pathogenesis, generating new diagnostic tools, and assessing anti-viral therapeutics and vaccines. This review summarizes available data on several animal models where natural and/or experimental infection has been demonstrated; including pteroid bats, horses, pigs, cats, hamsters, guinea pigs, ferrets, and nonhuman primates. It recapitulates the principal features of viral pathogenesis in these animals and current knowledge on anti-viral immune responses. Lastly it describes the recently characterized murine animal model, which provides the possibility to use numerous and powerful tools available for mice to further decipher henipaviruses immunopathogenesis, prophylaxis, and treatment. The utility of different models to analyze important aspects of henipaviruses-induced disease in humans, potential routes of transmission, and therapeutic approaches are equally discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25437037���Dhondt, Kevin P
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individual rights
infectious diseases
public protection¨��Infectious diseases-including emerging and re-emerging diseases such as Ebola and tuberculosis-continue to be important causes of morbidity and mortality in the globalizing, contemporary world. This article discusses the ethical issues associated with protecting the rights of individuals versus the protection of the health of populations in the case of infectious diseases. The discussion uses the traditional medical ethics approach together with the public health approach presented by Faden and Shebaya.3 Infectious diseases such as Ebola hemorrhagic fever, Nipah virus and HIV/AIDS (together with tuberculosis) will be used to illustrate particular points in the discussion.,��https://www.ncbi.nlm.nih.gov/pubmed/24847171|��Phua, Kai-Lit
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*Virus Diseases/epidemiology/virologyÿ��Institute of Tropical Medicine, Nagasaki University (NEKKEN) and National Institute of Hygiene and Epidemiology, Vietnam (NIHE) jointly conducted a project from 2006 on Emerging and Re-emerging Infectious Diseases (ERID) granted by the Ministry of Education, Science, Culture and Technology (MEXT) of Japan. Fifteen independent researches have been carried out by 7 scientists who stationed in the Vietnam Research Station (VRS), and by approximately 60 visiting scientists. A wide variety of viruses have been studied in the research activities in the VRS, of those, topics of'' Nipah virus infection in bats in Vietnam'', ''Nam Dinh virus, a newly discovered insect nidovirus'', and'' Risk factors of dengue fever in southern Vietnam'' were summarized. It is important to develop a mechanism to facilitate young scientists to use the VRS in their research works, and then a scope to establish the VRS as a gateway to a successful career path for young scientists in the field of the infectious diseases would be realized.,��https://www.ncbi.nlm.nih.gov/pubmed/24769580V��Yamashiro, Tetsu
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Zoonoses/*virology���Feb���Bats are being increasingly recognized as an important reservoir of zoonotic viruses of different families, including SARS coronavirus, Nipah virus, Hendra virus and Ebola virus. Several recent studies hypothesized that bats, an ancient group of flying mammals, are the major reservoir of several important RNA virus families from which other mammalian viruses of livestock and humans were derived. Although this hypothesis needs further investigation, the premise that bats carry a large number of viruses is commonly accepted. The question of whether bats have unique biological features making them ideal reservoir hosts has been the subject of several recent reviews. In this review, we will focus on the public health implications of bat derived zoonotic viral disease outbreaks, examine the drivers and risk factors of past disease outbreaks and outline research directions for better control of future disease events.,��https://www.ncbi.nlm.nih.gov/pubmed/23265969���Smith, Ina
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Seroepidemiologic Studies���JanÜ��We conducted cross-sectional and longitudinal studies to determine the distribution of and risk factors for seropositivity to Nipah virus (NiV) among Pteropus vampyrus and P. hypomelanus bats in Peninsular Malaysia. Neutralizing antibodies against NiV were detected at most locations surveyed. We observed a consistently higher NiV risk (odds ratio 3.9) and seroprevalence (32.8%) for P. vampyrus than P. hypomelanus (11.1%) bats. A 3-year longitudinal study of P. hypomelanus bats indicated nonseasonal temporal variation in seroprevalence, evidence for viral circulation within the study period, and an overall NiV seroprevalence of 9.8%. The seroprevalence fluctuated over the study duration between 1% and 20% and generally decreased during 2004-2006. Adult bats, particularly pregnant, with dependent pup and lactating bats, had a higher prevalence of NiV antibodies than juveniles. Antibodies in juveniles 6 months-2 years of age suggested viral circulation within the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/23261015Í��Rahman, Sohayati A
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Species Specificity���Jan 257��Bats are the only mammals capable of sustained flight and are notorious reservoir hosts for some of the world's most highly pathogenic viruses, including Nipah, Hendra, Ebola, and severe acute respiratory syndrome (SARS). To identify genetic changes associated with the development of bat-specific traits, we performed whole-genome sequencing and comparative analyses of two distantly related species, fruit bat Pteropus alecto and insectivorous bat Myotis davidii. We discovered an unexpected concentration of positively selected genes in the DNA damage checkpoint and nuclear factor kappaB pathways that may be related to the origin of flight, as well as expansion and contraction of important gene families. Comparison of bat genomes with other mammalian species has provided new insights into bat biology and evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/23258410U��Zhang, Guojie
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Palladium/*chemistry���Jan 48��We report the development of a heterogeneous catalyst system on continuous flow chemistry. A palladium (Pd) coated tubular reactor was placed in line with copper (Cu) tubing using a continuous flow platform, and a Sonogashira C-C coupling reaction was used to evaluate the performance. The reactions were favorably carried out in the Cu reactor, catalyzed by the traces of leached Pd from the Pd reactor. The leached Pd and Cu were trapped with a metal scavaging resin at the back-end of the continuous flow system, affording a genuine approach toward green chemistry.,��https://www.ncbi.nlm.nih.gov/pubmed/23248977Ü��Tan, Li-Min
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Virology/*methods���Feb*��Several haemorrhagic fevers are caused by highly pathogenic viruses that must be handled in Biosafety level 4 (BSL-4) containment. These zoonotic infections have an important impact on public health and the development of a rapid and differential diagnosis in case of outbreak in risk areas represents a critical priority. We have demonstrated the potential of a DNA resequencing microarray (PathogenID v2.0) for this purpose. The microarray was first validated in vitro using supernatants of cells infected with prototype strains from five different families of BSL-4 viruses (e.g. families Arenaviridae, Bunyaviridae, Filoviridae, Flaviviridae and Paramyxoviridae). RNA was amplified based on isothermal amplification by Phi29 polymerase before hybridization. We were able to detect and characterize Nipah virus and Crimean-Congo haemorrhagic fever virus (CCHFV) in the brains of experimentally infected animals. CCHFV was finally used as a paradigm for epidemics because of recent outbreaks in Turkey, Kosovo and Iran. Viral variants present in human sera were characterized by BLASTN analysis. Sensitivity was estimated to be 10(5) -10(6) PFU/mL of hybridized cDNA. Detection specificity was limited to viral sequences having ~13-14% of global divergence with the tiled sequence, or stretches of ~20 identical nucleotides. These results highlight the benefits of using the PathogenID v2.0 resequencing microarray to characterize geographical variants in the follow-up of haemorrhagic fever epidemics; to manage patients and protect communities; and in cases of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23240764p��Filippone, C
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*Virus Internalization���Feb���Sophisticated retargeting systems for lentiviral vectors have been developed in recent years. Most seek to suppress the viral envelope's natural tropism while modifying the receptor-binding domain such that its tropism is determined by the specificity of the engineered ligand-binding motif. Here we took advantage of the natural tropism of Nipah virus (NiV), whose attachment envelope glycoprotein has picomolar affinity for ephrinB2, a molecule proposed as a molecular marker of "stemness" (present on embryonic, hematopoietic, and neural stem cells) as well as being implicated in tumorigenesis of specific cancers. NiV entry requires both the fusion (F) and attachment (G) glycoproteins. Truncation of the NiV-F cytoplasmic tail (T5F) alone, combined with full-length NiV-G, resulted in optimal titers of NiV-pseudotyped particles (NiVpp) ( approximately 10(6) IU/ml), even without ultracentrifugation. To further enhance the infectivity of NiVpp, we engineered a hyperfusogenic NiV-F protein lacking an N-linked glycosylation site (T5FDeltaN3). T5FDeltaN3/wt G particles exhibited enhanced infectivity on less permissive cell lines and efficiently targeted ephrinB2(+) cells even in a 1,000-fold excess of ephrinB2-negative cells, all without any loss of specificity, as entry was abrogated by soluble ephrinB2. NiVpp also transduced human embryonic, hematopoietic, and neural stem cell populations in an ephrinB2-dependent manner. Finally, intravenous administration of the luciferase reporter NiVpp-T5FDeltaN3/G to mice resulted in signals being detected in the spleen and lung but not in the liver. Bypassing the liver sink is a critical barrier for targeted gene therapy. The extraordinary specificity of NiV-G for ephrinB2 holds promise for targeting specific ephrinB2(+) populations in vivo or in vitro.,��https://www.ncbi.nlm.nih.gov/pubmed/23192877!��Palomares, Karina
Vigant, Frederic
Van Handel, Ben
Pernet, Olivier
Chikere, Kelechi
Hong, Patrick
Sherman, Sean P
Patterson, Michaela
An, Dong Sung
Lowry, William E
Mikkola, Hanna K A
Morizono, Kouki
Pyle, April D
Lee, Benhur
eng
AI069317-06/AI/NIAID NIH HHS/
P30 AI028697/AI/NIAID NIH HHS/
AI028697/AI/NIAID NIH HHS/
R01 HL097766/HL/NHLBI NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2012/11/30 06:00
J Virol. 2013 Feb;87(4):2094-108. doi: 10.1128/JVI.02032-12. Epub 2012 Nov 28.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3571488���23192877���Department of Microbiology, Immunology and Molecular Genetics, David Geffen School of Medicine, University of California, Los Angeles, California, USA.���10.1128/JVI.02032-12����÷��üÚ|ÿï?ö������Richmond, R.���2012���The Hendra vaccine has arrived���N2
��Aust Vet J���90���12���Animals
Hendra Virus/*immunology
Henipavirus Infections/prevention & control/*veterinary
Horse Diseases/*prevention & control
Horses���Dec,��https://www.ncbi.nlm.nih.gov/pubmed/23186097{��Richmond, Rena
eng
News
England
2012/11/29 06:00
Aust Vet J. 2012 Dec;90(12):N2. doi: 10.1111/j.1751-0813.2012.00087.GRP.x.*��1751-0813 (Electronic)
0005-0423 (Linking)���23186097$��10.1111/j.1751-0813.2012.00087.GRP.x���#��üÒ|ÿî?÷���h��Lisi, F.
Falcaro, P.
Buso, D.
Hill, A. J.
Barr, J. A.
Crameri, G.
Nguyen, T. L.
Wang, L. F.
Mulvaney, P.���2012I��Rapid detection of hendra virus using magnetic particles and quantum dots���631-4���Adv Healthc Mater���1���5���Hendra Virus/*ultrastructure
Immunomagnetic Separation/*methods
*Quantum Dots
Spectrometry, Fluorescence/*methods
Viral Load/*methods���Sep���A proof-of-concept for the development of a fast and portable Hendra virus biosensor is presented. Hendra virus, a deadly emerging pathogen in Australia, can be co-localized, concentrated and revealed using simultaneously magnetic and luminescent functional particles. This method should be applicable for the early detection of any other virus by targeting the specific virus with the corresponding antibody.,��https://www.ncbi.nlm.nih.gov/pubmed/23184798ô��Lisi, Fabio
Falcaro, Paolo
Buso, Dario
Hill, Anita J
Barr, Jennifer A
Crameri, Gary
Nguyen, Tich-Lam
Wang, Lin-Fa
Mulvaney, Paul
eng
Germany
2012/11/28 06:00
Adv Healthc Mater. 2012 Sep;1(5):631-4. doi: 10.1002/adhm.201200072. Epub 2012 May 31.%��2192-2640 (Print)
2192-2640 (Linking)���23184798���CSIRO, Division of Materials Science and Engineering and Process Science and Engineering, Private Bag 33, Clayton South MDC, 3169, Victoria, Australia.���10.1002/adhm.201200072���í�üÒ|ÿî?ø���z��Ploquin, A.
Szecsi, J.
Mathieu, C.
Guillaume, V.
Barateau, V.
Ong, K. C.
Wong, K. T.
Cosset, F. L.
Horvat, B.
Salvetti, A.���2013e��Protection against henipavirus infection by use of recombinant adeno-associated virus-vector vaccines���469-78���J Infect Dis���207���3z��Animals
Antibodies, Neutralizing/immunology
Antibodies, Viral/immunology
Cell Line, Tumor
Cricetinae
Dependovirus/*genetics
Disease Models, Animal
Genetic Vectors/*genetics
Henipavirus Infections/*immunology/*prevention & control/virology
Humans
Immunity, Humoral
Immunoglobulin G/immunology
Male
Mice
Vaccines, Synthetic/genetics/*immunology
Viral Vaccines/genetics/*immunology���Feb 1U��Nipah virus (NiV) and Hendra virus (HeV) are closely related, recently emerged paramyxoviruses that are capable of causing considerable morbidity and mortality in several mammalian species, including humans. Henipavirus-specific vaccines are still commercially unavailable, and development of novel antiviral strategies to prevent lethal infections due to henipaviruses is highly desirable. Here we describe the development of adeno-associated virus (AAV) vaccines expressing the NiV G protein. Characterization of these vaccines in mice demonstrated that a single intramuscular AAV injection was sufficient to induce a potent and long-lasting antibody response. Translational studies in hamsters further demonstrated that all vaccinated animals were protected against lethal challenge with NiV. In addition, this vaccine induced a cross-protective immune response that was able to protect 50% of the animals against a challenge by HeV. This study presents a new efficient vaccination strategy against henipaviruses and opens novel perspectives on the use of AAV vectors as vaccines against emergent diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/231757625��Ploquin, Aurelie
Szecsi, Judit
Mathieu, Cyrille
Guillaume, Vanessa
Barateau, Veronique
Ong, Kien Chai
Wong, Kum Thong
Cosset, Francois-Loic
Horvat, Branka
Salvetti, Anna
eng
Research Support, Non-U.S. Gov't
2012/11/24 06:00
J Infect Dis. 2013 Feb 1;207(3):469-78. doi: 10.1093/infdis/jis699. Epub 2012 Nov 21.*��1537-6613 (Electronic)
0022-1899 (Linking)���23175762=��INSERM U758, 2Ecole Normale Superieure de Lyon, Lyon, France.���10.1093/infdis/jis699�����üÒtÿî?ù���Z��Clayton, B. A.
Middleton, D.
Bergfeld, J.
Haining, J.
Arkinstall, R.
Wang, L.
Marsh, G. A.���2012@��Transmission routes for nipah virus from Malaysia and Bangladesh���1983-93���Emerg Infect Dis���18���12®��Animals
Antigens, Viral/metabolism
Bangladesh
Choroid Plexus/metabolism/pathology
Disease Models, Animal
Endothelial Cells/metabolism/pathology
Endothelium/metabolism/pathology
Ependyma/metabolism/pathology
Ferrets/virology
Henipavirus Infections/pathology/*transmission/virology
Humans
Malaysia
Male
Neurons/metabolism/pathology
Nipah Virus/pathogenicity/*physiology
Palatine Tonsil/metabolism/pathology
Viral Load
Virus Shedding���Dec¨��Human infections with Nipah virus in Malaysia and Bangladesh are associated with markedly different patterns of transmission and pathogenicity. To compare the 2 strains, we conducted an in vivo study in which 2 groups of ferrets were oronasally exposed to either the Malaysia or Bangladesh strain of Nipah virus. Viral shedding and tissue tropism were compared between the 2 groups. Over the course of infection, significantly higher levels of viral RNA were recovered from oral secretions of ferrets infected with the Bangladesh strain. Higher levels of oral shedding of the Bangladesh strain of Nipah virus might be a key factor in onward transmission in outbreaks among humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23171621Ñ��Clayton, Bronwyn A
Middleton, Deborah
Bergfeld, Jemma
Haining, Jessica
Arkinstall, Rachel
Wang, Linfa
Marsh, Glenn A
eng
2012/11/23 06:00
Emerg Infect Dis. 2012 Dec;18(12):1983-93. doi: 10.3201/eid1812.120875.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3557903���23171621q��Commonwealth Scientifi c and Industrial Research Organisation Livestock Industries, Geelong, Victoria, Australia.���10.3201/eid1812.120875��Ê��üÒtÿî?ú���B��Taylor, C.
Playford, E. G.
McBride, W. J.
McMahon, J.
Warrilow, D.���2012G��No evidence of prolonged Hendra virus shedding by 2 patients, Australia���2025-7���Emerg Infect Dis���18���12���Adult
Antibodies, Viral/blood/immunology
Fatal Outcome
Female
Hendra Virus/*physiology
Henipavirus Infections/diagnosis/*virology
Humans
Immunoglobulin G/blood/immunology
Immunoglobulin M/blood/immunology
RNA, Viral/blood/cerebrospinal fluid/urine
*Virus Shedding
Young Adult���Dec:��To better understand the natural history of Hendra virus infection and its tendency to relapse, 2 humans infected with this virus were monitored after acute infection. Virus was not detected in blood samples when patients were followed-up at 2 and 6 years. Thus, no evidence was found for prolonged virus shedding.,��https://www.ncbi.nlm.nih.gov/pubmed/23171522¿��Taylor, Carmel
Playford, Elliott G
McBride, William J H
McMahon, Jamie
Warrilow, David
eng
Case Reports
2012/11/23 06:00
Emerg Infect Dis. 2012 Dec;18(12):2025-7. doi: 10.3201/eid1812.120722.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3557865���23171522X��Queensland Health Forensic and Scientific Services, Archerfi eld, Queensland, Australia.���10.3201/eid1812.120722����Ú��üÖtÿî?û���d��Xu, K.
Chan, Y. P.
Rajashankar, K. R.
Khetawat, D.
Yan, L.
Kolev, M. V.
Broder, C. C.
Nikolov, D. B.���2012���New insights into the Hendra virus attachment and entry process from structures of the virus G glycoprotein and its complex with Ephrin-B2���e48742���PLoS One���7���11a��Crystallography, X-Ray
Ephrin-B2/*chemistry/metabolism
Glycoproteins/*chemistry/genetics/metabolism
HEK293 Cells
HeLa Cells
Hendra Virus/genetics/*pathogenicity
Humans
Models, Biological
Mutagenesis, Site-Directed
Protein Structure, Tertiary
Receptors, Virus/chemistry
Viral Proteins/*chemistry/genetics/metabolism
Virus Attachment
Virus Internalizationø��Hendra virus and Nipah virus, comprising the genus Henipavirus, are recently emerged, highly pathogenic and often lethal zoonotic agents against which there are no approved therapeutics. Two surface glycoproteins, the attachment (G) and fusion (F), mediate host cell entry. The crystal structures of the Hendra G glycoprotein alone and in complex with the ephrin-B2 receptor reveal that henipavirus uses Tryptophan 122 on ephrin-B2/B3 as a "latch" to facilitate the G-receptor association. Structural-based mutagenesis of residues in the Hendra G glycoprotein at the receptor binding interface document their importance for viral attachments and entry, and suggest that the stability of the Hendra-G-ephrin attachment complex does not strongly correlate with the efficiency of viral entry. In addition, our data indicates that conformational rearrangements of the G glycoprotein head domain upon receptor binding may be the trigger leading to the activation of the viral F fusion glycoprotein during virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23144952N��Xu, Kai
Chan, Yee-Peng
Rajashankar, Kanagalaghatta R
Khetawat, Dimple
Yan, Lianying
Kolev, Momchil V
Broder, Christopher C
Nikolov, Dimitar B
eng
AI054715/AI/NIAID NIH HHS/
AI077995/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2012/11/13 06:00
PLoS One. 2012;7(11):e48742. doi: 10.1371/journal.pone.0048742. Epub 2012 Nov 5.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3489827���23144952q��Structural Biology Program, Memorial Sloan-Kettering Cancer Center, New York, New York, United States of America.���10.1371/journal.pone.0048742����1�üÒ|ÿþ?ü���0��Arif, S. M.
Basher, A.
Quddus, M. R.
Faiz, M. A.���2012���Re-emergence Nipah - a review���772-9���Mymensingh Med J���21���4p��Bangladesh/epidemiology
*Disease Outbreaks
Henipavirus Infections/*epidemiology/transmission
Humans
*Nipah Virus���Oct���There was an outbreak of new emergence viral encephalitis caused by Nipah virus among humans in some areas of Bangladesh during 2001 - till to date. The disease affected mainly the young, had increased suspicion to spread from bat to man through eating of the same fruits. The risk of human-to-human transmission is thought to be low though many of the affected individuals belonged to the same family. The disease presented mainly as acute encephalitis with usually a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include areflexia, hypotonia, hypertension, tachycardia and segmental myoclonus. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging (MRI) showed distinctive changes of multiple, discrete or confluent small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was as high as 32-92% and death was probably due to severe brainstem involvement. Relapse encephalitis was seen in those who recovered from acute encephalitis, and late-onset encephalitis was seen in those with initial non-encephalitic or asymptomatic diseases. Both these manifested as focal encephalitis arising from recurrent infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23134935x��Arif, S M
Basher, A
Quddus, M R
Faiz, M A
eng
Review
Bangladesh
2012/11/09 06:00
Mymensingh Med J. 2012 Oct;21(4):772-9.%��1022-4742 (Print)
1022-4742 (Linking)���23134935A��Department of Medicine, Dhaka Medical College, Dhaka, Bangladesh.��×��üÖtÿî?ý���T��Lo, M. K.
Peeples, M. E.
Bellini, W. J.
Nichol, S. T.
Rota, P. A.
Spiropoulou, C. F.���2012y��Distinct and overlapping roles of Nipah virus P gene products in modulating the human endothelial cell antiviral response���e47790���PLoS One���7���10)��Cell Line
Chemokine CCL5/biosynthesis/immunology
Chemokine CXCL10/biosynthesis/immunology
Endothelial Cells/pathology/*virology
Endothelium, Vascular/pathology/virology
*Gene Expression Regulation, Viral
Henipavirus Infections/immunology/virology
Host-Pathogen Interactions
Humans
Interferon-beta/biosynthesis/immunology
Nipah Virus/*genetics/metabolism/pathogenicity
Phosphoproteins/*genetics/metabolism
Primary Cell Culture
RNA, Messenger/*genetics/metabolism
RNA, Viral/*genetics
Reverse Genetics
Viral Proteins/*genetics/metabolism
Virus Replication���Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that causes fatal encephalitis in up to 75% of infected humans. Like other paramyxoviruses, NiV employs co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternative reading frame. There is evidence from both in vitro and in vivo studies to show that the P gene products play a role in NiV pathogenesis. We have developed a reverse genetic system to dissect the individual roles of the NiV P gene products in limiting the antiviral response in primary human microvascular lung endothelial cells, which represent important targets in human NiV infection. By characterizing growth curves and early antiviral responses against a number of recombinant NiVs with genetic modifications altering expression of the proteins encoded by the P gene, we observed that multiple elements encoded by the P gene have both distinct and overlapping roles in modulating virus replication as well as in limiting expression of antiviral mediators such as IFN-beta, CXCL10, and CCL5. Our findings corroborate observations from in vivo hamster infection studies, and provide molecular insights into the attenuation and the histopathology observed in hamsters infected with C, V, and W-deficient NiVs. The results of this study also provide an opportunity to verify the results of earlier artificial plasmid expression studies in the context of authentic viral infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23094089s��Lo, Michael K
Peeples, Mark E
Bellini, William J
Nichol, Stuart T
Rota, Paul A
Spiropoulou, Christina F
eng
R01 AI093848/AI/NIAID NIH HHS/
AI069014/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2012/10/25 06:00
PLoS One. 2012;7(10):e47790. doi: 10.1371/journal.pone.0047790. Epub 2012 Oct 19.*��1932-6203 (Electronic)
1932-6203 (Linking)
��PMC3477106���23094089���Centers for Disease Control & Prevention, Viral Special Pathogens Branch, Atlanta, Georgia, United States of America. mko2@cdc.gov���10.1371/journal.pone.0047790��	���üÒ|ÿî?þ���T��Dhondt, K. P.
Mathieu, C.
Chalons, M.
Reynaud, J. M.
Vallve, A.
Raoul, H.
Horvat, B.���2013K��Type I interferon signaling protects mice from lethal henipavirus infection���142-51���J Infect Dis���207���1i��Animals
Antibodies, Neutralizing
Antibodies, Viral/*immunology
Antibody Specificity
Brain/virology
Cells, Cultured
Disease Models, Animal
Encephalitis, Viral/immunology/mortality/*prevention & control/virology
Hendra Virus/genetics/immunology/pathogenicity
Henipavirus/genetics/*immunology/pathogenicity
Henipavirus Infections/immunology/mortality/*prevention & control/virology
Humans
Interferon Type I/*genetics/immunology
Mice
Mice, Knockout
Neuroglia/virology
Nipah Virus/genetics/immunology/pathogenicity
RNA, Viral/analysis
Signal Transduction
Survival Analysis
Virulence
Virus Internalization
Virus Replication���Jan 1���Hendra virus (HeV) and Nipah virus (NiV) are closely related, recently emerged paramyxoviruses that form Henipavirus genus and are capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. However, in contrast to many other species and despite expression of functional virus entry receptors, mice are resistant to henipavirus infection. We report here the susceptibility of mice deleted for the type I interferon receptor (IFNAR-KO) to both HeV and NiV. Intraperitoneally infected mice developed fatal encephalitis, with pathology and immunohistochemical features similar to what was found in humans. Viral RNA was found in the majority of analyzed organs, and sublethally infected animals developed virus-specific neutralizing antibodies. Altogether, these results reveal IFNAR-KO mice as a new small animal model to study HeV and NiV pathogenesis, prophylaxis, and treatment and suggest the critical role of type I interferon signaling in the control of henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23089589û��Dhondt, Kevin P
Mathieu, Cyrille
Chalons, Marie
Reynaud, Josephine M
Vallve, Audrey
Raoul, Herve
Horvat, Branka
eng
Research Support, Non-U.S. Gov't
2012/10/24 06:00
J Infect Dis. 2013 Jan 1;207(1):142-51. doi: 10.1093/infdis/jis653. Epub 2012 Oct 22.*��1537-6613 (Electronic)
0022-1899 (Linking)���23089589,��INSERM U758, Human Virology F-69365, France.���10.1093/infdis/jis653��§��þÒtÿî?ÿ���x��Sasaki, M.
Setiyono, A.
Handharyani, E.
Rahmadani, I.
Taha, S.
Adiani, S.
Subangkit, M.
Sawa, H.
Nakamura, I.
Kimura, T.���2012I��Molecular detection of a novel paramyxovirus in fruit bats from Indonesia���240���Virol J���9q��Amino Acid Motifs
Animals
Base Sequence
Cell Line
Cercopithecus aethiops
Chiroptera/*virology
Cytochromes b/genetics
DNA, Ribosomal/chemistry/genetics
Henipavirus/genetics/isolation & purification
Henipavirus Infections/veterinary/virology
Indonesia
Molecular Sequence Data
Paramyxoviridae Infections/*veterinary/virology
Paramyxovirinae/*genetics/*isolation & purification
Phylogeny
Polymerase Chain Reaction
RNA, Ribosomal, 16S/genetics
RNA, Viral/genetics/*isolation & purification
Rabbits
Rubulavirus/genetics/isolation & purification
Rubulavirus Infections/veterinary/virology
Sequence Alignment
Spleen/virology
Zoonoses���Oct 19���BACKGROUND: Fruit bats are known to harbor zoonotic paramyxoviruses including Nipah, Hendra, and Menangle viruses. The aim of this study was to detect the presence of paramyxovirus RNA in fruit bats from Indonesia. METHODS: RNA samples were obtained from the spleens of 110 fruit bats collected from four locations in Indonesia. All samples were screened by semi-nested broad spectrum reverse transcription PCR targeting the paramyxovirus polymerase (L) genes. RESULTS: Semi-nested reverse transcription PCR detected five previously unidentified paramyxoviruses from six fruit bats. Phylogenetic analysis showed that these virus sequences were related to henipavirus or rubulavirus. CONCLUSIONS: This study indicates the presence of novel paramyxoviruses among fruit bat populations in Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23082748���Sasaki, Michihito
Setiyono, Agus
Handharyani, Ekowati
Rahmadani, Ibenu
Taha, Siswatiana
Adiani, Sri
Subangkit, Mawar
Sawa, Hirofumi
Nakamura, Ichiro
Kimura, Takashi
eng
Research Support, Non-U.S. Gov't
England
2012/10/23 06:00
Virol J. 2012 Oct 19;9:240. doi: 10.1186/1743-422X-9-240.*��1743-422X (Electronic)
1743-422X (Linking)
��PMC3499202���23082748n��Division of Molecular Pathobiology, Research Center for Zoonosis Control, Hokkaido University, Sapporo, Japan.���10.1186/1743-422X-9-240���A�üÒ|ÿþ?����E��Kong, W. S.
Irie, T.
Yoshida, A.
Kawabata, R.
Kadoi, T.
Sakaguchi, T.���2012���Inhibition of virus-like particle release of Sendai virus and Nipah virus, but not that of mumps virus, by tetherin/CD317/BST-2���59-67���Hiroshima J Med Sci���61���3���Antigens, CD/*metabolism
GPI-Linked Proteins/metabolism
HEK293 Cells
Henipavirus Infections/*metabolism/virology
Human Immunodeficiency Virus Proteins/metabolism
Humans
Mumps/metabolism/virology
Mumps virus/growth & development
Nipah Virus/*growth & development
Respirovirus Infections/*metabolism/virology
Sendai virus/*growth & development
Viral Regulatory and Accessory Proteins/metabolism���Sep���Tetherin (also known as BST-2 or CD317) has recently been identified as a potent IFN-induced anti-viral protein that inhibits the release of diverse enveloped virus particles from infected cells. The anti-viral activity of tetherin on a number of enveloped viruses, including retroviruses, filoviruses and arenaviruses, has been examined. Here, we show that tetherin is also capable of blocking the release of virus-like particles (VLPs) driven by the matrix protein of Sendai virus. Together with inhibition of Nipah virus VLP release by tetherin, these results indicate that paramyxoviruses are to be added to the list of viruses that are susceptible to tetherin inhibition. Tetherin co-localized with Nipah virus matrix proteins and accumulated in cells, indicating that it is present at, or recruited to, sites of particle assembly. It should be noted, however, that tetherin was not effective against the release of paramyxovirus mumps VLPs, indicating that certain enveloped viruses may not be sensitive to tetherin activity.,��https://www.ncbi.nlm.nih.gov/pubmed/23077864È��Kong, Weng-Sheng
Irie, Takashi
Yoshida, Asuka
Kawabata, Ryoko
Kadoi, Takahiro
Sakaguchi, Takemasa
eng
Research Support, Non-U.S. Gov't
Japan
2012/10/20 06:00
Hiroshima J Med Sci. 2012 Sep;61(3):59-67.%��0018-2052 (Print)
0018-2052 (Linking)���23077864s��Department of Virology, Institute of Biomedical & Health Sciences, Hiroshima University, Hiroshima 734-8551, Japan.��¡�þÖtÿî?����}��Munster, V. J.
Prescott, J. B.
Bushmaker, T.
Long, D.
Rosenke, R.
Thomas, T.
Scott, D.
Fischer, E. R.
Feldmann, H.
de Wit, E.���2012[��Rapid Nipah virus entry into the central nervous system of hamsters via the olfactory route���736���Sci Rep���2���Animals
Central Nervous System/*virology
Cricetinae
Henipavirus Infections/virology
Immunohistochemistry
Microscopy, Electron, Transmission
Neurons/pathology/virology
Nipah Virus/*physiology
Olfactory Bulb/pathology/virology
Olfactory Mucosa/pathology/*virology
Virus Internalizationð��Encephalitis is a hallmark of Nipah virus (NiV) infection in humans. The exact route of entry of NiV into the central nervous system (CNS) is unknown. Here, we performed a spatio-temporal analysis of NiV entry into the CNS of hamsters. NiV initially predominantly targeted the olfactory epithelium in the nasal turbinates. From there, NiV infected neurons were visible extending through the cribriform plate into the olfactory bulb, providing direct evidence of rapid CNS entry. Subsequently, NiV disseminated to the olfactory tubercle and throughout the ventral cortex. Transmission electron microscopy on brain tissue showed extravasation of plasma cells, neuronal degeneration and nucleocapsid inclusions in affected tissue and axons, providing further evidence for axonal transport of NiV. NiV entry into the CNS coincided with the occurrence of respiratory disease, suggesting that the initial entry of NiV into the CNS occurs simultaneously with, rather than as a result of, systemic virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/230719004��Munster, Vincent J
Prescott, Joseph B
Bushmaker, Trenton
Long, Dan
Rosenke, Rebecca
Thomas, Tina
Scott, Dana
Fischer, Elizabeth R
Feldmann, Heinz
de Wit, Emmie
eng
Intramural NIH HHS/
Research Support, N.I.H., Intramural
England
2012/10/17 06:00
Sci Rep. 2012;2:736. doi: 10.1038/srep00736. Epub 2012 Oct 15.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC3471094���23071900Ê��Laboratory of Virology, Microscopy Unit, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Hamilton, MT, USA. vincent.munster@nih.gov���10.1038/srep00736��	�üÚ|ÿî?���� ��Crawford, B.
Roth, I.
Grillo, T.���2012^��Bug breakfast in the bulletin: One Health and Hendra virus: a collaborative approach in action���160���N S W Public Health Bull���23���7-8ã��Animals
Disease Notification
Environmental Monitoring
Government Programs
Hendra Virus/*isolation & purification
Henipavirus Infections/*epidemiology/prevention & control
Humans
New South Wales
Population Surveillance
*Zoonoses���Sep,��https://www.ncbi.nlm.nih.gov/pubmed/23043751���Crawford, Belinda
Roth, Ian
Grillo, Tiggy
eng
Australia
2012/10/10 06:00
N S W Public Health Bull. 2012 Sep;23(7-8):160. doi: 10.1071/NB12079.*��1839-4345 (Electronic)
1034-7674 (Linking)���23043751N��NSW Public Health Officer Training Program, NSW Ministry of Health, Australia.���10.1071/NB12079��G��üÚ|ÿÿ?����
��Balzer, M.���2012#��Insight into vet response to Hendra���N4
��Aust Vet J���90���8%��Animals
Communicable Disease Control
Disease Outbreaks/prevention & control/veterinary
*Hendra Virus
Henipavirus Infections/epidemiology/prevention &
control/*transmission/*veterinary
Horse Diseases/epidemiology/prevention & control/*transmission
Horses
Protective Devices
Queensland
*Zoonoses���Aug,��https://www.ncbi.nlm.nih.gov/pubmed/23012699O��Balzer, Marcia
eng
News
England
2012/09/27 06:00
Aust Vet J. 2012 Aug;90(8):N4.*��1751-0813 (Electronic)
0005-0423 (Linking)���23012699������üÒtÿî?����ú��Wood, J. L.
Leach, M.
Waldman, L.
Macgregor, H.
Fooks, A. R.
Jones, K. E.
Restif, O.
Dechmann, D.
Hayman, D. T.
Baker, K. S.
Peel, A. J.
Kamins, A. O.
Fahr, J.
Ntiamoa-Baidu, Y.
Suu-Ire, R.
Breiman, R. F.
Epstein, J. H.
Field, H. E.
Cunningham, A. A.���2012s��A framework for the study of zoonotic disease emergence and its drivers: spillover of bat pathogens as a case study���2881-92"��Philos Trans R Soc Lond B Biol Sci���367���1604;��Animal Migration
Animals
Chiroptera/*virology
Communicable Diseases, Emerging/*prevention &
control/transmission/veterinary/virology
Disease Vectors
Ecosystem
Environmental Policy
Feeding Behavior
Global Health/legislation & jurisprudence
Humans
Population Dynamics
RNA Viruses/*pathogenicity
Zoonoses/*transmission���Oct 19]��Many serious emerging zoonotic infections have recently arisen from bats, including Ebola, Marburg, SARS-coronavirus, Hendra, Nipah, and a number of rabies and rabies-related viruses, consistent with the overall observation that wildlife are an important source of emerging zoonoses for the human population. Mechanisms underlying the recognized association between ecosystem health and human health remain poorly understood and responding appropriately to the ecological, social and economic conditions that facilitate disease emergence and transmission represents a substantial societal challenge. In the context of disease emergence from wildlife, wildlife and habitat should be conserved, which in turn will preserve vital ecosystem structure and function, which has broader implications for human wellbeing and environmental sustainability, while simultaneously minimizing the spillover of pathogens from wild animals into human beings. In this review, we propose a novel framework for the holistic and interdisciplinary investigation of zoonotic disease emergence and its drivers, using the spillover of bat pathogens as a case study. This study has been developed to gain a detailed interdisciplinary understanding, and it combines cutting-edge perspectives from both natural and social sciences, linked to policy impacts on public health, land use and conservation.,��https://www.ncbi.nlm.nih.gov/pubmed/22966143®��Wood, James L N
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Public Health���Feb 26ñ��Emerging infectious diseases (EIDs) pose a significant threat to human health, economic stability, and biodiversity. Despite this, the mechanisms underlying disease emergence are still not fully understood, and control measures rely heavily on mitigating the impact of EIDs after they have emerged. Here, we highlight the emergence of a zoonotic Henipavirus, Nipah virus, to demonstrate the interdisciplinary and macroecological approaches necessary to understand EID emergence. Previous work suggests that Nipah virus emerged due to the interaction of the wildlife reservoir (Pteropus spp. fruit bats) with intensively managed livestock. The emergence of this and other henipaviruses involves interactions among a suite of anthropogenic environmental changes, socioeconomic factors, and changes in demography that overlay and interact with the distribution of these pathogens in their wildlife reservoirs. Here, we demonstrate how ecological niche modeling may be used to investigate the potential role of a changing climate on the future risk for Henipavirus emergence. We show that the distribution of Henipavirus reservoirs, and therefore henipaviruses, will likely change under climate change scenarios, a fundamental precondition for disease emergence in humans. We assess the variation among climate models to estimate where Henipavirus host distribution is most likely to expand, contract, or remain stable, presenting new risks for human health. We conclude that there is substantial potential to use this modeling framework to explore the distribution of wildlife hosts under a changing climate. These approaches may directly inform current and future management and surveillance strategies aiming to improve pathogen detection and, ultimately, reduce emergence risk.,��https://www.ncbi.nlm.nih.gov/pubmed/22936052���Daszak, Peter
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Humans���OctK��Hendra virus, first identified in 1994 in Queensland, is an emerging zoonotic pathogen gaining importance in Australia because a growing number of infections are reported in horses and people. The virus, a member of the family Paramyxoviridae (genus Henipavirus), is transmitted to horses by pteropid bats (fruit bats or flying foxes), with human infection a result of direct contact with infected horses. Case-fatality rate is high in both horses and people, and so far, more than 60 horses and four people have died from Hendra virus infection in Australia. Human infection is characterised by an acute encephalitic syndrome or relapsing encephalitis, for which no effective treatment is currently available. Recent identification of Hendra virus infection in a domestic animal outside the laboratory setting, and the large range of pteropid bats in Australia, underpins the potential of this virus to cause greater morbidity and mortality in both rural and urban populations and its importance to both veterinary and human health. Attempts at treatment with ribavirin and chloroquine have been unsuccessful. Education, hygiene, and infection control measures have hitherto been the mainstay of prevention, while access to monoclonal antibody treatment and development of an animal vaccine offer further opportunities for disease prevention and control.,��https://www.ncbi.nlm.nih.gov/pubmed/22921953"��Mahalingam, Suresh
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*Virus Attachment���NovH��Nipah virus (NiV) is the deadliest known paramyxovirus. Membrane fusion is essential for NiV entry into host cells and for the virus' pathological induction of cell-cell fusion (syncytia). The mechanism by which the attachment glycoprotein (G), upon binding to the cell receptors ephrinB2 or ephrinB3, triggers the fusion glycoprotein (F) to execute membrane fusion is largely unknown. N-glycans on paramyxovirus glycoproteins are generally required for proper protein conformational integrity, transport, and sometimes biological functions. We made conservative mutations (Asn to Gln) at the seven potential N-glycosylation sites in the NiV G ectodomain (G1 to G7) individually or in combination. Six of the seven N-glycosylation sites were found to be glycosylated. Moreover, pseudotyped virions carrying these N-glycan mutants had increased antibody neutralization sensitivities. Interestingly, our results revealed hyperfusogenic and hypofusogenic phenotypes for mutants that bound ephrinB2 at wild-type levels, and the mutant's cell-cell fusion phenotypes generally correlated to viral entry levels. In addition, when removing multiple N-glycans simultaneously, we observed synergistic or dominant-negative membrane fusion phenotypes. Interestingly, our data indicated that 4- to 6-fold increases in fusogenicity resulted from multiple mechanisms, including but not restricted to the increase of F triggering. Altogether, our results suggest that NiV-G N-glycans play a role in shielding virions against antibody neutralization, while modulating cell-cell fusion and viral entry via multiple mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/22915812���Biering, Scott B
Huang, Andrew
Vu, Andy T
Robinson, Lindsey R
Bradel-Tretheway, Birgit
Choi, Eric
Lee, Benhur
Aguilar, Hector C
eng
AI094329/AI/NIAID NIH HHS/
AI069317/AI/NIAID NIH HHS/
R21 AI094329/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
R01 AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2012/08/24 06:00
J Virol. 2012 Nov;86(22):11991-2002. doi: 10.1128/JVI.01304-12. Epub 2012 Aug 22.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3486489���22915812e��Paul G. Allen School for Global Animal Health, Washington State University, Pullman, Washington, USA.���10.1128/JVI.01304-12��0��üÒtÿî?�������Chan, Y. P.
Lu, M.
Dutta, S.
Yan, L.
Barr, J.
Flora, M.
Feng, Y. R.
Xu, K.
Nikolov, D. B.
Wang, L. F.
Skiniotis, G.
Broder, C. C.���2012s��Biochemical, conformational, and immunogenic analysis of soluble trimeric forms of henipavirus fusion glycoproteins���11457-71���J Virol���86���21k��Animals
Antibodies, Monoclonal/immunology
Antibodies, Neutralizing/blood
Antibodies, Viral/blood
Cross Reactions
HeLa Cells
Henipavirus/genetics/*immunology/*ultrastructure
Humans
Mice
Microscopy, Electron
Protein Conformation
Recombinant Proteins/genetics/immunology/metabolism/ultrastructure
Viral Fusion Proteins/genetics/*immunology/metabolism/*ultrastructure���Noví��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are paramyxoviruses discovered in the mid- to late 1990s that possess a broad host tropism and are known to cause severe and often fatal disease in both humans and animals. HeV and NiV infect cells by a pH-independent membrane fusion mechanism facilitated by their attachment (G) and fusion (F) glycoproteins. Here, several soluble forms of henipavirus F (sF) were engineered and characterized. Recombinant sF was produced by deleting the transmembrane (TM) and cytoplasmic tail (CT) domains and appending a glycosylphosphatidylinositol (GPI) anchor signal sequence followed by GPI-phospholipase D digestion, appending a trimeric coiled-coil (GCNt) domain (sF(GCNt)), or deleting the TM, CT, and fusion peptide domain. These sF glycoproteins were produced as F(0) precursors, and all were apparent stable trimers recognized by NiV-specific antisera. Surprisingly, however, only the GCNt-appended constructs (sF(GCNt)) could elicit cross-reactive henipavirus-neutralizing antibody in mice. In addition, sF(GCNt) constructs could be triggered in vitro by protease cleavage and heat to transition from an apparent prefusion to postfusion conformation, transitioning through an intermediate that could be captured by a peptide corresponding to the C-terminal heptad repeat domain of F. The pre- and postfusion structures of sF(GCNt) and non-GCNt-appended sF could be revealed by electron microscopy and were distinguishable by F-specific monoclonal antibodies. These data suggest that only certain sF constructs could serve as potential subunit vaccine immunogens against henipaviruses and also establish important tools for further structural, functional, and diagnostic studies on these important emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22915804®��Chan, Yee-Peng
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TreesD��BACKGROUND: Drinking raw date palm sap is a risk factor for human Nipah virus (NiV) infection. Fruit bats, the natural reservoir of NiV, commonly contaminate raw sap with saliva by licking date palm's sap producing surface. We evaluated four types of physical barriers that may prevent bats from contacting sap. METHODS: During 2009, we used a crossover design and randomly selected 20 date palm sap producing trees and observed each tree for 2 nights: one night with a bamboo skirt intervention applied and one night without the intervention. During 2010, we selected 120 trees and randomly assigned four types of interventions to 15 trees each: bamboo, dhoincha (local plant), jute stick and polythene skirts covering the shaved part, sap stream, tap and collection pot. We enrolled the remaining 60 trees as controls. We used motion sensor activated infrared cameras to examine bat contact with sap. RESULTS: During 2009 bats contacted date palm sap in 85% of observation nights when no intervention was used compared with 35% of nights when the intervention was used [p<0.001]. Bats were able to contact the sap when the skirt did not entirely cover the sap producing surface. Therefore, in 2010 we requested the sap harvesters to use larger skirts. During 2010 bats contacted date palm sap [2% vs. 83%, p<0.001] less frequently in trees protected with skirts compared to control trees. No bats contacted sap in trees with bamboo (p<0.001 compared to control), dhoincha skirt (p<0.001) or polythene covering (p<0.001), but bats did contact sap during one night (7%) with the jute stick skirt (p<0.001). CONCLUSION: Bamboo, dhoincha, jute stick and polythene skirts covering the sap producing areas of a tree effectively prevented bat-sap contact. Community interventions should promote applying these skirts to prevent occasional Nipah spillovers to human.,��https://www.ncbi.nlm.nih.gov/pubmed/22905160S��Khan, Salah Uddin
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Zoonoses/*virology���Sepu��Unique disorders appear episodically in human populations and cause life-threatening systemic or neurological disease. Historical examples of such disorders include von Economo encephalitis, a disorder of presumed viral etiology; acquired immune deficiency syndrome, caused by the human immunodeficiency virus; and severe acute respiratory syndrome, caused by a member of the coronavirus family. This article describes the factors that contribute to the emergence of infectious diseases and focuses on selected recent examples of emerging viral infections that can affect the nervous system of infants, children, and adolescents.,��https://www.ncbi.nlm.nih.gov/pubmed/22889544y��Bale, James F Jr
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Viral Proteins/*chemistry/genetics���This work aims at characterizing structural transitions within the intrinsically disordered C-terminal domain of the nucleoprotein (NTAIL) from the Nipah and Hendra viruses, two recently emerged pathogens gathered within the Henipavirus genus. To this end, we used site-directed spin labeling combined with electron paramagnetic resonance spectroscopy to investigate the alpha-helical-induced folding that Henipavirus NTAIL domains undergo in the presence of the C-terminal X domain of the phosphoprotein (PXD). For each NTAIL protein, six positions located within four previously proposed molecular recognition elements (MoREs) were targeted for spin labeling, with three of these positions (475, 481, and 487) falling within the MoRE responsible for binding to PXD (Box3). A detailed analysis of the impact of the partner protein on the labeled NTAIL variants revealed a dramatic modification in the environment of the spin labels grafted within Box3, with the observed modifications supporting the formation of an induced alpha-helix within this region. In the free state, the slightly lower mobility of the spin labels grafted within Box3 as compared to the other positions suggests the existence of a transiently populated alpha-helix, as already reported for measles virus (MeV) NTAIL. Comparison with the well-characterized MeV NTAIL-PXD system, allowed us to validate the structural models of Henipavirus NTAIL-PXD complexes that we previously proposed. In addition, this study highlighted a few notable differences between the Nipah and Hendra viruses. In particular, the observation of composite spectra for the free form of the Nipah virus NTAIL variants spin labeled in Box3 supports conformational heterogeneity of this partly pre-configured alpha-helix, with the pre-existence of stable alpha-helical segments. Altogether these results provide insights into the molecular mechanisms of the Henipavirus NTAIL-PXD binding reaction.,��https://www.ncbi.nlm.nih.gov/pubmed/22881220���Martinho, Marlene
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*Immunity, Innate���The genus Henipavirus in the family Paramyxoviridae contains two viruses, Hendra virus (HeV) and Nipah virus (NiV) for which pteropid bats act as the main natural reservoir. Each virus also causes serious and commonly lethal infection of people as well as various species of domestic animals, however little is known about the associated mechanisms of pathogenesis. Here, we report the isolation and characterization of a new paramyxovirus from pteropid bats, Cedar virus (CedPV), which shares significant features with the known henipaviruses. The genome size (18,162 nt) and organization of CedPV is very similar to that of HeV and NiV; its nucleocapsid protein displays antigenic cross-reactivity with henipaviruses; and it uses the same receptor molecule (ephrin-B2) for entry during infection. Preliminary challenge studies with CedPV in ferrets and guinea pigs, both susceptible to infection and disease with known henipaviruses, confirmed virus replication and production of neutralizing antibodies although clinical disease was not observed. In this context, it is interesting to note that the major genetic difference between CedPV and HeV or NiV lies within the coding strategy of the P gene, which is known to play an important role in evading the host innate immune system. Unlike HeV, NiV, and almost all known paramyxoviruses, the CedPV P gene lacks both RNA editing and also the coding capacity for the highly conserved V protein. Preliminary study indicated that CedPV infection of human cells induces a more robust IFN-beta response than HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/22879820n��Marsh, Glenn A
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vaccine¤��Our understanding of how antibodies are generated and function could help develop effective vaccines and antibody-based therapeutics against viruses such as HIV-1, SARS coronavirus (SARS CoV), and Hendra and Nipah viruses (henipaviruses). Although broadly neutralizing antibodies (bnAbs) against the HIV-1 were observed in patients, elicitation of such bnAbs remains a major challenge when compared to other viral targets. We previously hypothesized that HIV-1 could have evolved a strategy to evade the immune system due to absent or very weak binding of germline antibodies to the conserved epitopes that may not be sufficient to initiate and/or maintain an effective immune response. To further explore our hypothesis, we used the 454 sequence analysis of a large naive library of human IgM antibodies which had been used for selecting antibodies against SARS CoV receptor-binding domain (RBD), and soluble G proteins (sG) of henipaviruses. We found that the human IgM repertoires from the 454 sequencing have diverse germline usages, recombination patterns, junction diversity, and a lower extent of somatic mutation. In this study, we identified antibody maturation intermediates that are related to bnAbs against the HIV-1 and other viruses as observed in normal individuals, and compared their genetic diversity and somatic mutation level along with available structural and functional data. Further computational analysis will provide framework for understanding the underlying genetic and molecular determinants related to maturation pathways of antiviral bnAbs that could be useful for applying novel approaches to the design of effective vaccine immunogens and antibody-based therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/22876240õ��Prabakaran, Ponraj
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Nipah Virus/*immunology/pathogenicity���Aug 8'��In the 1990s, Hendra virus and Nipah virus (NiV), two closely related and previously unrecognized paramyxoviruses that cause severe disease and death in humans and a variety of animals, were discovered in Australia and Malaysia, respectively. Outbreaks of disease have occurred nearly every year since NiV was first discovered, with case fatality ranging from 10 to 100%. In the African green monkey (AGM), NiV causes a severe lethal respiratory and/or neurological disease that essentially mirrors fatal human disease. Thus, the AGM represents a reliable disease model for vaccine and therapeutic efficacy testing. We show that vaccination of AGMs with a recombinant subunit vaccine based on the henipavirus attachment G glycoprotein affords complete protection against subsequent NiV infection with no evidence of clinical disease, virus replication, or pathology observed in any challenged subjects. Success of the recombinant subunit vaccine in nonhuman primates provides crucial data in supporting its further preclinical development for potential human use.,��https://www.ncbi.nlm.nih.gov/pubmed/22875827���Bossart, Katharine N
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virus���Augÿ��A number of emerging and re-emerging viruses have caused epidemics or pandemics of infectious diseases leading to major devastations throughout human history. Therefore, developing effective and safe vaccines against these viruses is clearly important for the protection of at-risk populations. Our previous studies have shown that the receptor-binding domain (RBD) in the spike protein of severe acute respiratory syndrome (SARS)-associated coronavirus (SARS-CoV) is a key target for the development of SARS vaccines. In this review, we highlight some key advances in the development of antiviral vaccines targeting the RBDs of spike proteins of emerging and re-emerging viruses, using SARS-CoV, influenza virus, Hendra virus (HeV) and Nipah virus (NiV) as examples.,��https://www.ncbi.nlm.nih.gov/pubmed/26038424Ý��Jiang, Shibo
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Virulence���Oct­��Nipah virus (NiV) is a highly pathogenic, negative-strand RNA paramyxovirus that has recently emerged from flying foxes to cause serious human disease. We have analyzed the role of the nonstructural NiV C protein in viral immunopathogenesis using recombinant virus lacking the expression of NiV C (NiVDeltaC). While wild-type NiV was highly pathogenic in the hamster animal model, NiVDeltaC was strongly attenuated. Replication of NiVDeltaC was followed by the production of NiV-specific antibodies and associated with higher recruitment of inflammatory cells and less intensive histopathological lesions in different organs than in wild-type-NiV-infected animals. To analyze the molecular basis of NiVDeltaC attenuation, we studied early changes in gene expression in infected primary human endothelial cells, a major cellular target of NiV infection. The transcriptomic approach revealed the striking difference between wild-type and mutant NiV in the expression of genes involved in immunity, with the particularly interesting differential patterns of proinflammatory cytokines. Compared to wild-type virus, NiVDeltaC induced increased expression of interleukin 1 beta (IL-1beta), IL-8, CXCL2, CXCL3, CXCL6, CCL20, and beta interferon. Furthermore, the expression of NiV C in stably transfected cells decreased the production of the same panel of cytokines, revealing a role of the C protein in the regulation of cytokine balance. Together, these results suggest that NiV C regulates expression of proinflammatory cytokines, therefore providing a signal responsible for the coordination of leukocyte recruitment and the chemokine-induced immune response and controlling the lethal outcome of the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/22837207L��Mathieu, Cyrille
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Security Measures���Nov 1d��Australia is free of many diseases, pests and weeds found elsewhere in the world due to its geographical isolation and relatively good health security practices. However, its health security is under increasing pressure due to a number of ecological, climatic, demographic and behavioural changes occurring globally. North Queensland is a high risk area (a health security hot spot) for Australia, due in part to its connection to neighbouring countries via the Torres Strait and the Indo-Papuan conduit, its high diversity of wildlife reservoirs and its environmental characteristics. Major outbreaks of exotic diseases, pests and weeds in Australia can cost in excess of $1 billion; however, most expenditure on health security is reactive apart from preventive measures undertaken for a few high profile diseases, pests and weeds. Large gains in health security could therefore be made by spending more on pre-emptive approaches to reduce the risk of outbreaks, invasion/spread and establishment, despite these gains being difficult to quantify. Although biosecurity threats may initially have regional impacts (e.g. Hendra virus), a break down in security in health security hot spots can have national and international consequences, as has been seen recently in other regions with the emergence of SARS and pandemic avian influenza. Novel approaches should be driven by building research and management capacity, particularly in the regions where threats arise, a model that is applicable both in Australia and in other regions of the world that value and therefore aim to improve their strategies for maintaining health security.,��https://www.ncbi.nlm.nih.gov/pubmed/22836170ç��Murray, Kris A
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Humans"��The outbreaks of SARS, avian influenza, and Nipah virus in Asian countries clearly demonstrated that new highly infectious agents periodically emerge at the human-animal interface. The experiences of regional countries with prevention and control of avian influenza, SARS have reinforced the need for sustained, well-coordinated, multi-sector, multi-disciplinary, community-based actions to address emerging disease threats. 'One Health' is a cost-effective, sustainable, and practical approach to find solutions for problems which need holistic, multidisciplinary approaches, particularly in resource-constrained countries. While there is a growing recognition of One Health, it has to be translated from concept into actions through country level activities that are relevant for specific situations.,��https://www.ncbi.nlm.nih.gov/pubmed/22820705|��Gongal, Gyanendra
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and inform the development of improved treatment options for human patients.,��https://www.ncbi.nlm.nih.gov/pubmed/22808132���Dups, Johanna
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Sequence Analysis, RNA���Sep|��The study deals with the survey of different bat populations (Pteropus giganteus, Cynopterus sphinx, and Megaderma lyra) in India for highly pathogenic Nipah virus (NiV), Reston Ebola virus, and Marburg virus. Bats (n = 140) from two states in India (Maharashtra and West Bengal) were tested for IgG (serum samples) against these viruses and for virus RNAs. Only NiV RNA was detected in a liver homogenate of P. giganteus captured in Myanaguri, West Bengal. Partial sequence analysis of nucleocapsid, glycoprotein, fusion, and phosphoprotein genes showed similarity with the NiV sequences from earlier outbreaks in India. A serum sample of this bat was also positive by enzyme-linked immunosorbent assay for NiV-specific IgG. This is the first report on confirmation of Nipah viral RNA in Pteropus bat from India and suggests the possible role of this species in transmission of NiV in India.,��https://www.ncbi.nlm.nih.gov/pubmed/22802440ð��Yadav, Pragya D
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Vero Cells¿��Until the Nipah outbreak in Malaysia in 1999, knowledge of human infections with the henipaviruses was limited to the small number of cases associated with the emergence of Hendra virus in Australia in 1994. The Nipah outbreak in Malaysia alerted the global public health community to the severe pathogenic potential and widespread distribution of these unique paramyxoviruses. This chapter briefly describes the initial discovery of Nipah virus and the challenges encountered during the initial identification and characterisation of the aetiological agent responsible for the outbreak of febrile encephalitis. The initial attempts to isolate Nipah virus from the bat reservoir host are also described.,��https://www.ncbi.nlm.nih.gov/pubmed/22782307o��Chua, Kaw Bing
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*Viral Fusion Proteins/chemistry/genetics/metabolism���Aug 242��Viral fusion proteins are intriguing molecular machines that undergo drastic conformational changes to facilitate virus-cell membrane fusion. During fusion a hydrophobic region of the protein, termed the fusion peptide (FP), is inserted into the target host cell membrane, with subsequent conformational changes culminating in membrane merger. Class I fusion proteins contain FPs between 20 and 30 amino acids in length that are highly conserved within viral families but not between. To examine the sequence dependence of the Hendra virus (HeV) fusion (F) protein FP, the first eight amino acids were mutated first as double, then single, alanine mutants. Mutation of highly conserved glycine residues resulted in inefficient F protein expression and processing, whereas substitution of valine residues resulted in hypofusogenic F proteins despite wild-type surface expression levels. Synthetic peptides corresponding to a portion of the HeV F FP were shown to adopt an alpha-helical secondary structure in dodecylphosphocholine micelles and small unilamellar vesicles using circular dichroism spectroscopy. Interestingly, peptides containing point mutations that promote lower levels of cell-cell fusion within the context of the whole F protein were less alpha-helical and induced less membrane disorder in model membranes. These data represent the first extensive structure-function relationship of any paramyxovirus FP and demonstrate that the HeV F FP and potentially other paramyxovirus FPs likely require an alpha-helical structure for efficient membrane disordering and fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22761418ä��Smith, Everett Clinton
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PhylogeographyO��All seven recognized human cases of Hendra virus (HeV) infection have occurred in Queensland, Australia. Recognized human infections have all resulted from a HeV infected horse that was unusually efficient in transmitting the virus and a person with a high exposure to infectious secretions. In the large outbreak in Malaysia where Nipah virus (NiV) was first identified, most human infections resulted from close contact with NiV infected pigs. Outbreak investigations in Bangladesh have identified drinking raw date palm sap as the most common pathway of NiV transmission from Pteropus bats to people, but person-to-person transmission of NiV has been repeatedly identified in Bangladesh and India. Although henipaviruses are not easily transmitted to people, these newly recognized, high mortality agents warrant continued scientific attention.,��https://www.ncbi.nlm.nih.gov/pubmed/22752412���Luby, Stephen P
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Species Specificityï��The zoonotic potential of paramyxoviruses is particularly demonstrated by their broad host range like the highly pathogenic Hendra and Nipah viruses originating from bats. But while so far all bat-borne paramyxoviruses have been identified in fruit bats across Africa, Australia, South America, and Asia, we describe the detection and characterization of the first paramyxoviruses in free-ranging European bats. Moreover, we examined the possible impact of paramyxovirus infection on individual animals by comparing histo-pathological findings and virological results. Organs from deceased insectivorous bats of various species were sampled in Germany and tested for paramyxovirus RNA in parallel to a histo-pathological examination. Nucleic acids of three novel paramyxoviruses were detected, two viruses in phylogenetic relationship to the recently proposed genus Jeilongvirus and one closely related to the genus Rubulavirus. Two infected animals revealed subclinical pathological changes within their kidneys, suggestive of a similar pathogenesis as the one described in fruit bats experimentally infected with Hendra virus.Our findings indicate the presence of bat-born paramyxoviruses in geographic areas free of fruit bat species and therefore emphasize a possible virus-host co-evolution in European bats. Since these novel viruses are related to the very distinct genera Rubulavirus and Jeilongvirus, a similarly broad genetic diversity among paramyxoviruses in other Microchiroptera compared to Megachiroptera can be assumed. Given that the infected bats were either found in close proximity to heavily populated human habitation or areas of intensive agricultural use, a potential risk of the emergence of zoonotic paramyxoviruses in Europe needs to be considered.,��https://www.ncbi.nlm.nih.gov/pubmed/22737217���Kurth, Andreas
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Viral Vaccines/genetics/*immunology���Oct 255��Nipah virus (NiV), a member of the Paramyxoviridae family, causes deadly encephalitis in humans and huge economic losses to the pig industry. Here, we generated recombinant avirulent Newcastle disease virus (NDV) LaSota strains expressing the NiV G and F proteins respectively (designated as rLa-NiVG and rLa-NiVF), and evaluated their immunogenicity in mice and pigs. Both rLa-NiVG and rLa-NiVF displayed growth properties similar to those of LaSota virus in chicken eggs. Co-infection of rLa-NiVG and rLa-NiVF caused marked syncytia formation, while intracerebral co-inoculation of these viruses in mice showed they were safe in at least one mammalian species. Animal immunization studies showed rLa-NiVG and rLa-NiVF induced NiV neutralizing antibody responses in mice and pigs, and F protein-specific CD8+ T cell responses in mice. Most importantly, rLa-NiVG and rLa-NiVF administered alone or together, induced a long-lasting neutralizing antibody response in pigs. Recombinant rLa-NiVG/F thus appear to be promising NiV vaccine candidates for pigs and potentially humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22726244���Kong, Dongni
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Zoonoses���FebÄ��The henipaviruses, Hendra virus and Nipah virus, are pathogens that have emerged from flying foxes in Australia and South-east Asia to infect both livestock and humans, often fatally. Since the emergence of Hendra virus in Australia in 1994 and the identification of Australian flying foxes as hosts to this virus, our appreciation of bats as reservoir hosts of henipaviruses has expanded globally to include much of Asia and areas of Africa. Despite this, little is currently known of the mechanisms by which bats harbour viruses capable of causing such severe disease in other terrestrial mammals. Pteropid bat ecology, henipavirus virology, therapeutic developments and features of henipavirus infection, pathology and disease in humans and other mammals are reviewed elsewhere in detail. This review focuses on bats as reservoir hosts to henipaviruses and features of transmission of Hendra virus and Nipah virus following spillover from these reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/22709528¬��Clayton, B A
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Virus Internalization2��Nipah (NiV) and Hendra (HeV) viruses are the deadliest human pathogens within the Paramyxoviridae family, which include human and animal pathogens of global biomedical importance. NiV and HeV infections cause respiratory and encephalitic illness with high mortality rates in humans. Henipaviruses (HNV) are the only Paramyxoviruses classified as biosafety level 4 (BSL4) pathogens due to their extreme pathogenicity, potential for bioterrorism, and lack of licensed vaccines and therapeutics. HNV use ephrin-B2 and ephrin-B3, highly conserved proteins, as viral entry receptors. This likely accounts for their unusually broad species tropism, and also provides opportunities to study how receptor usage, cellular tropism, and end-organ pathology relates to the pathobiology of HNV infections. The clinical and pathologic manifestations of NiV and HeV virus infections are reviewed in the chapters by Wong et al. and Geisbert et al. in this issue. Here, we will review the biology of the HNV receptors, and how receptor usage relates to HNV cell tropism in vitro and in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/22695915
��Pernet, Olivier
Wang, Yao E
Lee, Benhur
eng
R01 AI069317/AI/NIAID NIH HHS/
U01 AI070495/AI/NIAID NIH HHS/
U01 AI082100/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
Review
Germany
2012/06/15 06:00
Curr Top Microbiol Immunol. 2012;359:59-78. doi: 10.1007/82_2012_222.%��0070-217X (Print)
0070-217X (Linking)
��PMC3587688���22695915���Department of Microbiology, Immunology and Molecular Genetics, David Geffen School of Medicine at UCLA, Los Angeles, CA 90095-1489, USA.���10.1007/82_2012_222�
µ�üÒ|ÿî?����e��Nahar, N.
Mondal, U. K.
Sultana, R.
Hossain, M. J.
Khan, M. S.
Gurley, E. S.
Oliveras, E.
Luby, S. P.���2013���Piloting the use of indigenous methods to prevent Nipah virus infection by interrupting bats' access to date palm sap in Bangladesh���378-86���Health Promot Int���28���3?��Adult
Animals
Arecaceae
Bangladesh/epidemiology
Chiroptera/*virology
Cost-Benefit Analysis
Disease Reservoirs/virology
Henipavirus Infections/*prevention & control/transmission
Humans
Middle Aged
Nipah Virus/*physiology
Pilot Projects
Trees
Bangladesh
community-based intervention
public health intervention development���Sepá��People in Bangladesh frequently drink fresh date palm sap. Fruit bats (Pteropus giganteus) also drink raw sap and may contaminate the sap by shedding Nipah virus through saliva and urine. In a previous study we identified two indigenous methods to prevent bats accessing the sap, bamboo skirts and lime (calcium carbonate). We conducted a pilot study to assess the acceptability of these two methods among sap harvesters. We used interactive community meetings and group discussions to encourage all the sap harvesters (n = 12) from a village to use either bamboo skirts or lime smear that some of them (n = 4) prepared and applied. We measured the preparation and application time and calculated the cost of bamboo skirts. We conducted interviews after the use of each method. The sap harvesters found skirts effective in preventing bats from accessing sap. They were sceptical that lime would be effective as the lime was washed away by the sap flow. Preparation of the skirt took approximately 105 min. The application of each method took approximately 1 min. The cost of the bamboo skirt is minimal because bamboo is widely available and they made the skirts with pieces of used bamboo. The bamboo skirt method appeared practical and affordable to the sap harvesters. Further studies should explore its ability to prevent bats from accessing date palm sap and assess if its use produces more or better quality sap, which would provide further incentives to make it more acceptable for its regular use.,��https://www.ncbi.nlm.nih.gov/pubmed/22669914L��Nahar, Nazmun
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Zoonoses/*virology���SepÜ��Nipah virus has recently emerged as a zoonotic agent that is highly pathogenic in humans. Outbreaks have occurred regularly over the last two decades in South and Southeast Asia, where mortality rates reach as high as 100 %. The natural reservoir of Nipah virus has been identified as bats from the Pteropus family, where infection is largely asymptomatic. Human disease is characterized by both respiratory and encephalitic components, and thus far, no effective vaccine or intervention strategies are available. Little is know about how the immune response of either the reservoir host or incidental hosts responds to infection, and how this immune response is either inadequate or might contribute to disease in the dead-end host. Experimental vaccines strategies have given us some insight into the immunological requirements for protection. This review summarizes our current understanding of the immune response to Nipah virus infection and emphasizes the need for further research.,��https://www.ncbi.nlm.nih.gov/pubmed/22669317���Prescott, Joseph
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Virus Replication/drug effects���Fusion between the viral and target cell membranes is an obligatory step for the infectivity of all enveloped virus, and blocking this process is a clinically validated therapeutic strategy.Viral fusion is driven by specialized proteins which, although specific to each virus, act through a common mechanism, the formation of a complex between two heptad repeat (HR) regions. The HR regions are initially separated in an intermediate termed "prehairpin", which bridges the viral and cell membranes, and then fold onto each other to form a 6-helical bundle (6HB), driving the two membranes to fuse. HR-derived peptides can inhibit viral infectivity by binding to the prehairpin intermediate and preventing its transition to the 6HB.The antiviral activity of HR-derived peptides differs considerably among enveloped viruses. For weak inhibitors, potency can be increased by peptide engineering strategies, but sequence-specific optimization is time-consuming. In seeking ways to increase potency without changing the native sequence, we previously reported that attachment to the HR peptide of a cholesterol group ("cholesterol-tagging") dramatically increases its antiviral potency, and simultaneously increases its half-life in vivo. We show here that antiviral potency may be increased by combining cholesterol-tagging with dimerization of the HR-derived sequence, using as examples human parainfluenza virus, Nipah virus, and HIV-1. Together, cholesterol-tagging and dimerization may represent strategies to boost HR peptide potency to levels that in some cases may be compatible with in vivo use, possibly contributing to emergency responses to outbreaks of existing or novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22666328¸��Pessi, Antonello
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Zoonoses/*virology���Junì��We conducted a serologic survey of four high-priority pig-associated viral zoonoses, Japanese encephalitis virus (JEV), hepatitis E virus (HEV), Nipah virus (NiV), and swine influenza virus (SIV), in Laos. We collected blood from pigs at slaughter during May 2008-January 2009 in four northern provinces. Japanese encephalitis virus hemagglutination inhibition seroprevalence was 74.7% (95% confidence interval [CI] = 71.5-77.9%), JEV IgM seroprevalence was 2.3% (95% CI = 1.2-3.2%), and HEV seroprevalence was 21.1% (95% CI = 18.1-24.0%). Antibodies to SIV were detected in 1.8% (95% CI = 0.8-2.8%) of pigs by screening enzyme-linked immunosorbent assay, and only subtype H3N2 was detected by hemagglutination inhibition in two animals with an inconclusive enzyme-linked immunosorbent assay result. No NiV antibody-positive pigs were detected. Our evidence indicates that peak JEV and HEV transmission coincides with the start of the monsoonal wet season and poses the greatest risk for human infection.,��https://www.ncbi.nlm.nih.gov/pubmed/226656229��Conlan, James V
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Zoonoses/epidemiology/virology���Aug���Nipah and Hendra virus are members of a newly identified genus of emerging paramyxoviruses, the henipaviruses. Both viruses have the ability to cause severe pulmonary infection and severe acute encephalitis. Following their discovery in the 1990s, outbreaks caused by these zoonotic paramyxoviruses have been associated with high public health and especially economic threat potential. Currently, only geographic groupings in Asia and Australia have been described for the henipaviruses. However, while few viral isolates are available and more detailed characterization is necessary, there has been recent evidence that divergent henipaviruses might be present on the African continent. This review endeavours to capture recent advances in the field of henipavirus research, with a focus on genome structure and replication mechanisms, reservoir hosts, genetic diversity, pathogenesis and animal models.,��https://www.ncbi.nlm.nih.gov/pubmed/22643730â��Rockx, Barry
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*viral entry���Apr=��The paramyxovirus family contains many common human pathogenic viruses, including measles, mumps, the parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the zoonotic henipaviruses, Hendra and Nipah. While the expression of a type 1 fusion protein and a type 2 attachment protein is common to all paramyxoviruses, there is considerable variation in viral attachment, the activation and triggering of the fusion protein, and the process of viral entry. In this review, we discuss recent advances in the understanding of paramyxovirus F protein-mediated membrane fusion, an essential process in viral infectivity. We also review the role of the other surface glycoproteins in receptor binding and viral entry, and the implications for viral infection. Throughout, we concentrate on the commonalities and differences in fusion triggering and viral entry among the members of the family. Finally, we highlight key unanswered questions and how further studies can identify novel targets for the development of therapeutic treatments against these human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22590688m��Chang, Andres
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Sensitivity and Specificity
Viral Envelope Proteins/analysis/immunology���AugÛ��A novel antigen-capture sandwich ELISA system targeting the glycoproteins of the henipaviruses Nipah virus (NiV) and Hendra virus (HeV) was developed. Utilizing purified polyclonal antibodies derived from NiV glycoprotein-encoding DNA-immunized rabbits, we established a system that can detect the native antigenic structures of the henipavirus surface glycoproteins using simplified and inexpensive methods. The lowest detection limit against live viruses was achieved for NiV Bangladesh strain, 2.5 x 10(4) TCID(50). Considering the recent emergence of genetic variants of henipaviruses and the resultant problems that arise for PCR-based detection, this system could serve as an alternative rapid diagnostic and detection assay.,��https://www.ncbi.nlm.nih.gov/pubmed/22585045X��Kaku, Yoshihiro
Noguchi, Akira
Marsh, Glenn A
Barr, Jennifer A
Okutani, Akiko
Hotta, Kozue
Bazartseren, Boldbaatar
Broder, Christopher C
Yamada, Akio
Inoue, Satoshi
Wang, Lin-Fa
eng
Evaluation Studies
Research Support, Non-U.S. Gov't
Austria
2012/05/16 06:00
Arch Virol. 2012 Aug;157(8):1605-9. doi: 10.1007/s00705-012-1338-3. Epub 2012 May 15.*��1432-8798 (Electronic)
0304-8608 (Linking)���22585045���Department of Veterinary Science, National Institute of Infectious Diseases, 1-23-1, Toyama, Shinjuku, Tokyo 162-8640, Japan. ykaku@nih.go.jp���10.1007/s00705-012-1338-3�����üÖ|ÿî?$������Raut, C. G.
Yadav, P. D.
Towner, J. S.
Amman, B. R.
Erickson, B. R.
Cannon, D. L.
Sivaram, A.
Basu, A.
Nichol, S. T.
Mishra, A. C.
Mourya, D. T.���2012L��Isolation of a novel adenovirus from Rousettus leschenaultii bats from India���488-90
��Intervirology���55���6Ü��Adenoviridae Infections/diagnosis/*veterinary/virology
Animals
Chiroptera/*virology
DNA-Directed DNA Polymerase/analysis/genetics
India
Mastadenovirus/classification/genetics/*isolation & purification
RNA, Viral/geneticsr��Surveillance work was initiated to study the presence of highly infectious diseases like Ebola-Reston, Marburg, Nipah and other possible viruses that are known to be found in the bat species and responsible for causing diseases in humans. A novel adenovirus was isolated from a common species of fruit bat (Rousettus leschenaultii) captured in Maharashtra State, India. Partial sequence analysis of the DNA polymerase gene shows this isolate to be a newly recognized member of the genus Mastadenovirus (family Adenoviridae), approximately 20% divergent at the nucleotide level from Japanese BatAdV, its closest known relative.,��https://www.ncbi.nlm.nih.gov/pubmed/22572722è��Raut, C G
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Virus ReplicationÐ��Nipah (NiV) and Hendra (HeV) viruses comprise the genus Henipavirus and are highly pathogenic paramyxoviruses, which cause fatal encephalitis and respiratory disease in humans. Since their respective initial outbreaks in 1998 and 1994, they have continued to cause sporadic outbreaks resulting in fatal disease. Due to their designation as Biosafety Level 4 pathogens, the level of containment required to work with live henipaviruses is available only to select laboratories around the world. This chapter provides an overview of the molecular virology of NiV and HeV including comparisons to other, well-characterized paramyxoviruses. This chapter also describes the sequence diversity present among the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22552699���Rota, Paul A
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Virulence Factors/deficiency/immunology/*metabolism���Jul(��The V protein of Sendai virus (SeV) suppresses innate immunity, resulting in enhancement of viral growth in mouse lungs and viral pathogenicity. The innate immunity restricted by the V protein is induced through activation of interferon regulatory factor 3 (IRF3). The V protein has been shown to interact with melanoma differentiation-associated gene 5 (MDA5) and to inhibit beta interferon production. In the present study, we infected MDA5-knockout mice with V-deficient SeV and found that MDA5 was largely unrelated to the innate immunity that the V protein suppresses in vivo. We therefore investigated the target of the SeV V protein. We previously reported interaction of the V protein with IRF3. Here we extended the observation and showed that the V protein appeared to inhibit translocation of IRF3 into the nucleus. We also found that the V protein inhibited IRF3 activation when induced by a constitutive active form of IRF3. The V proteins of measles virus and Newcastle disease virus inhibited IRF3 transcriptional activation, as did the V protein of SeV, while the V proteins of mumps virus and Nipah virus did not, and inhibition by these proteins correlated with interaction of each V protein with IRF3. These results indicate that IRF3 is important as an alternative target of paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22532687Ú��Irie, Takashi
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Paramyxoviridae Infections/*virology
Phylogeny���Apr 24���The large virus family Paramyxoviridae includes some of the most significant human and livestock viruses, such as measles-, distemper-, mumps-, parainfluenza-, Newcastle disease-, respiratory syncytial virus and metapneumoviruses. Here we identify an estimated 66 new paramyxoviruses in a worldwide sample of 119 bat and rodent species (9,278 individuals). Major discoveries include evidence of an origin of Hendra- and Nipah virus in Africa, identification of a bat virus conspecific with the human mumps virus, detection of close relatives of respiratory syncytial virus, mouse pneumonia- and canine distemper virus in bats, as well as direct evidence of Sendai virus in rodents. Phylogenetic reconstruction of host associations suggests a predominance of host switches from bats to other mammals and birds. Hypothesis tests in a maximum likelihood framework permit the phylogenetic placement of bats as tentative hosts at ancestral nodes to both the major Paramyxoviridae subfamilies (Paramyxovirinae and Pneumovirinae). Future attempts to predict the emergence of novel paramyxoviruses in humans and livestock will have to rely fundamentally on these data.,��https://www.ncbi.nlm.nih.gov/pubmed/22531181���Drexler, Jan Felix
Corman, Victor Max
Muller, Marcel Alexander
Maganga, Gael Darren
Vallo, Peter
Binger, Tabea
Gloza-Rausch, Florian
Cottontail, Veronika M
Rasche, Andrea
Yordanov, Stoian
Seebens, Antje
Knornschild, Mirjam
Oppong, Samuel
Adu Sarkodie, Yaw
Pongombo, Celestin
Lukashev, Alexander N
Schmidt-Chanasit, Jonas
Stocker, Andreas
Carneiro, Aroldo Jose Borges
Erbar, Stephanie
Maisner, Andrea
Fronhoffs, Florian
Buettner, Reinhard
Kalko, Elisabeth K V
Kruppa, Thomas
Franke, Carlos Roberto
Kallies, Rene
Yandoko, Emmanuel R N
Herrler, Georg
Reusken, Chantal
Hassanin, Alexandre
Kruger, Detlev H
Matthee, Sonja
Ulrich, Rainer G
Leroy, Eric M
Drosten, Christian
eng
Research Support, Non-U.S. Gov't
England
2012/04/26 06:00
Nat Commun. 2012 Apr 24;3:796. doi: 10.1038/ncomms1796.*��2041-1723 (Electronic)
2041-1723 (Linking)
��PMC3343228���22531181N��Institute of Virology, University of Bonn Medical Centre, Bonn 53127, Germany.���10.1038/ncomms1796��ï��üÒtÿî?(���L��Maar, D.
Harmon, B.
Chu, D.
Schulz, B.
Aguilar, H. C.
Lee, B.
Negrete, O. A.���2012{��Cysteines in the stalk of the nipah virus G glycoprotein are located in a distinct subdomain critical for fusion activation���6632-42���J Virol���86���12U��Amino Acid Motifs
Amino Acid Sequence
Animals
Cell Line
Cysteine/chemistry/genetics/*metabolism
Dimerization
Henipavirus Infections/*virology
Humans
Molecular Sequence Data
Nipah Virus/chemistry/genetics/*physiology
Protein Structure, Tertiary
Sequence Alignment
Viral Envelope Proteins/*chemistry/genetics/*metabolism
*Virus Internalization���Jun	��Paramyxoviruses initiate entry through the concerted action of the tetrameric attachment glycoprotein (HN, H, or G) and the trimeric fusion glycoprotein (F). The ectodomains of HN/H/G contain a stalk region important for oligomeric stability and for the F triggering resulting in membrane fusion. Paramyxovirus HN, H, and G form a dimer-of-dimers consisting of disulfide-linked dimers through their stalk domain cysteines. The G attachment protein stalk domain of the highly pathogenic Nipah virus (NiV) contains a distinct but uncharacterized cluster of three cysteine residues (C146, C158, C162). On the basis of a panoply of assays, we report that C158 and C162 of NiV-G likely mediate covalent subunit dimerization, while C146 mediates the stability of higher-order oligomers. For HN or H, mutation of stalk cysteines attenuates but does not abrogate the ability to trigger fusion. In contrast, the NiV-G stalk cysteine mutants were completely deficient in triggering fusion, even though they could still bind the ephrinB2 receptor and associate with F. Interestingly, all cysteine stalk mutants exhibited constitutive exposure of the Mab45 receptor binding-enhanced epitope, previously implicated in F triggering. The enhanced binding of Mab45 to the cysteine mutants relative to wild-type NiV-G, without the addition of the receptor, implicates the stalk cysteines in the stabilization of a pre-receptor-bound conformation and the regulation of F triggering. Sequence alignments revealed that the stalk cysteines were adjacent to a proline-rich microdomain unique to the Henipavirus genus. Our data propose that the cysteine cluster in the NiV-G stalk functions to maintain oligomeric stability but is more importantly involved in stabilizing a unique microdomain critical for triggering fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22496210���Maar, Dianna
Harmon, Brooke
Chu, David
Schulz, Belinda
Aguilar, Hector C
Lee, Benhur
Negrete, Oscar A
eng
R01 AI069317/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
2012/04/13 06:00
J Virol. 2012 Jun;86(12):6632-42. doi: 10.1128/JVI.00076-12. Epub 2012 Apr 11.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3393546���22496210f��Biotechnology and Bioengineering Department, Sandia National Laboratories, Livermore, California, USA.���10.1128/JVI.00076-12���a�þÖ|ÿî?)���
��Basler, C. F.���2012A��Nipah and hendra virus interactions with the innate immune system���123-52���Curr Top Microbiol Immunol���359¸��Animals
Hendra Virus/*immunology/pathogenicity
Henipavirus Infections/immunology/*pathology/virology
Host-Pathogen Interactions
Humans
Immune Evasion
Immunity, Innate/drug effects
Interferon-alpha/*antagonists & inhibitors/biosynthesis/immunology
Interferon-beta/*antagonists & inhibitors/biosynthesis/immunology
Nipah Virus/*immunology/pathogenicity
Reverse Genetics
Signal Transduction/drug effects
Viral Proteins/*immunology/pharmacology���Nipah virus and Hendra virus are related, highly pathogenic paramyxoviruses with unusually broad host ranges. Henipaviruses encode several proteins that block innate immune responses, and these are likely to serve as virulence factors. Specfically, four virus-encoded proteins, the phosphoprotein (P), the V protein, the W protein, and the C protein have each been demonstrated to counteract aspects of the interferon (IFN)-alpha/beta response, a key component of the innate immune response to virus infection. The available data indicate that V and W can inhibit the production of IFNalpha/beta in response to various stimuli, while the P, V, and W proteins also block the ability of IFNs to signal and induce an antiviral state in cells. The C protein also inhibits the antiviral effects of IFNalpha/beta by a poorly characterized mechanism. Reverse genetics systems, which allow the generation of recombinant viruses bearing specific mutations, have demonstrated the importance of the viral IFN-antagonists for replication. With these systems in hand, the field is now poised to define how specific viral IFN-antagonist functions influence viral pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/22491899���Basler, Christopher F
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Virulence Factors/metabolism���Junk��Henipavirus, including Hendra and Nipah viruses, is a group of emerging bat-borne paramyxoviruses which were responsible for severe disease outbreaks in humans, horses and pigs. The mortality rate of human infection varies between 50 and 100%, making them one of the most deadly viruses known to infect humans. Its use of highly conserved cell surface molecules (ephrin) as entry receptors and its highly effective replication and fusion strategies are believed to be important characteristics responsible for its high pathogenicity. Henipavirus also encodes multiple accessory proteins which play a key role in evasion of host innate immune responses. Our recent study on the mechanism of IFN antagonism by henipaviruses indicated that a better understanding of the virus-host interaction provides great potential to develop new therapeutic strategies against these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22483665���Marsh, Glenn A
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Humans���Apr°��The henipaviruses, Hendra virus and Nipah virus, are classic examples of recently emerged viral zoonoses. In a relatively short time since their discoveries in the mid and late 1990s, respectively, a great deal of new information has been accumulated detailing their biology and certain unique characteristics. Their broad species tropism and abilities to cause severe and often fatal respiratory and/or neurologic disease in both animals and humans has sparked considerable interest in developing effective antiviral strategies to prevent or treat henipavirus infection and disease. Here, recent findings on the few most advanced henipavirus countermeasures are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/224827142��Broder, Christopher C
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Real-Time Polymerase Chain Reaction¬��Since the last major review on diagnosis of henipavirus infection about a decade ago, significant progress has been made in many different areas of test development, especially in the development of molecular tests using real-time PCR and many novel serological test platforms. In addition to provide an updated review of the current test capabilities, this review also identifies key future challenges in henipavirus diagnosis.,��https://www.ncbi.nlm.nih.gov/pubmed/22481141���Wang, Lin-Fa
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Viral Vaccines/administration & dosage/biosynthesis/*immunologyz��Hendra virus and Nipah virus are recently discovered and closely related emerging viruses that now comprise the genus henipavirus within the sub-family Paramyxoviridae and are distinguished by their broad species tropism and in addition to bats can infect and cause fatal disease in a wide variety of mammalian hosts including humans. The high mortality associated with human and animal henipavirus infections has highlighted the importance and necessity of developing effective immunization strategies. The development of suitable animal models of henipavirus infection and pathogenesis has been critical for testing the efficacy of potential therapeutic approaches. Several henipavirus challenge models have been used and recent successes in both active and passive immunization strategies against henipaviruses have been reported which have all targeted the viral envelope glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22481140É��Broder, Christopher C
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Swine/virologyî��The henipaviruses, Hendra virus (HeV), and Nipah virus (NiV), are enigmatic emerging pathogens that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75% and there are no vaccines or treatments approved for human use. A number of species of animals including guinea pigs, hamsters, cats, ferrets, pigs, and African green monkeys have been employed as animal models of human henipavirus infection. Here, we review the development of animal models for henipavirus infection, discuss the pathology and pathogenesis of these models, and assess the utility of each model to recapitulate important aspects of henipavirus-mediated disease seen in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22476556£��Geisbert, Thomas W
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Zoonoses/*epidemiology/virology���Hendra virus, a novel and fatally zoonotic member of the family Paramyxoviridae, was first described in Australia in 1994. Periodic spillover from its natural host (fruit bats) results in catastrophic disease in horses and occasionally the subsequent infection of humans. Prior to 2011, 14 equine incidents involving seven human cases (four fatal) were recorded. The year 2011 saw a dramatic departure from the sporadic incidents of the previous 16 years, with a cluster of 18 incidents in a single 3-month period. The fundamental difference in 2011 was the total number of incidents, the geographic clustering, and the expanded geographic range. The 2011 cluster more than doubled the total number of incidents previously reported, and poses the possibility of a new HeV infection paradigm. Epidemiologic evidence suggests that compelling additional host and/or environmental factors were at play.,��https://www.ncbi.nlm.nih.gov/pubmed/22476530£��Field, Hume
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Swine Diseases/*pathology/virology¡��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level 4 pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the twentieth century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarizes our up to date understanding of pathology and pathogenesis in the natural reservoir species, the Pteropus bat, and in the equine and porcine spill over species.,��https://www.ncbi.nlm.nih.gov/pubmed/22476529���Middleton, D J
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*receptor���FebÁ��The Paramyxoviridae genus Henipavirus is presently represented by the type species Hendra and Nipah viruses which are both recently emerged zoonotic viral pathogens responsible for repeated outbreaks associated with high morbidity and mortality in Australia, Southeast Asia, India and Bangladesh. These enveloped viruses bind and enter host target cells through the coordinated activities of their attachment (G) and class I fusion (F) envelope glycoproteins. The henipavirus G glycoprotein interacts with host cellular B class ephrins, triggering conformational alterations in G that lead to the activation of the F glycoprotein, which facilitates the membrane fusion process. Using the recently published structures of HeV-G and NiV-G and other paramyxovirus glycoproteins, we review the features of the henipavirus envelope glycoproteins that appear essential for mediating the viral fusion process, including receptor binding, G-F interaction, F activation, with an emphasis on G and the mutations that disrupt viral infectivity. Finally, recent candidate therapeutics for henipavirus-mediated disease are summarized in light of their ability to inhibit HeV and NiV entry by targeting their G and F glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22470837M��Steffen, Deborah L
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Chakraborty, A.���2012@��Nipah virus outbreaks in Bangladesh: a deadly infectious disease���208-212#��WHO South East Asia J Public Health���1���2���Apr-Jun´��During 2001-2011, multidisciplinary teams from the Institute of Epidemiology, Disease Control and Research (IEDCR) and International Centre for Diarrhoeal Disease Research, Bangladesh(icddr,b) identified sporadic cases and 11 outbreaks of Nipah encephalitis. Three outbreaks were detected through sentinel surveillance; others were identified through event-based surveillance. A total of 196 cases of Nipah encephalitis, in outbreaks, clusters and as isolated cases were detected from 20 districts of Bangladesh; out of them 150 (77%) cases died. Drinking raw date palm sap and contact with a case were identified as the major risk factors for acquiring the disease. Combination of surveillance systems and multidisciplinary outbreak investigations can be an effective strategy not only for detection of emerging infectious diseases but also for identification of novel characteristics and risk factors for these diseases in resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/28612796¥��Rahman, Mahmudur
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Zoonoses/epidemiology/transmission/*virology���Dec¸��The highly lethal Hendra and Nipah viruses have been described for little more than a decade, yet within that time have been aetiologically associated with major livestock and human health impacts, albeit on a limited scale. Do these emerging pathogens pose a broader threat, or are they inconsequential 'viral chatter'. Given their lethality, and the evident multi-generational human-to-human transmission associated with Nipah virus in Bangladesh, it seems prudent to apply the precautionary principle. While much is known of their clinical, pathogenic and epidemiologic features in livestock species and humans, a number of fundamental questions regarding the relationship between the viruses, their natural fruit-bat host and the environment remain unanswered. In this paper, we pose and probe these questions in context, and offer perspectives based primarily on our experience with Hendra virus in Australia, augmented with Nipah virus parallels.,��https://www.ncbi.nlm.nih.gov/pubmed/22440924���Field, Hume
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Zoonoses/transmission/*virology���DecÍ��For the past 10-15 years, bats have attracted growing attention as reservoirs of emerging zoonotic viruses. This has been due to a combination of factors including the emergence of highly virulent zoonotic pathogens, such as Hendra, Nipah, SARS and Ebola viruses, and the high rate of detection of a large number of previously unknown viral sequences in bat specimens. As bats have ancient evolutionary origins and are the only flying mammals, it has been hypothesized that some of their unique biological features may have made them especially suitable hosts for different viruses. So the question 'Are bats different, special or exceptional?' has become a focal point in the field of virology, bat biology and virus-host co-evolution. In this brief review, we examine the topic in a relatively unconventional way, that is, our discussion will be based on both scientific discoveries and theoretical predictions. This approach was chosen partially because the data in this field are so limited that it is impossible to conduct a useful review based on published results only and also because we believe it is important to provoke original, speculative or even controversial ideas or theories in this important field of research.,��https://www.ncbi.nlm.nih.gov/pubmed/22440923­��Wang, Lin-Fa
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*Virus Internalization���Mayá��The hemagglutinin-neuraminidase (HN) protein of paramyxoviruses carries out three distinct activities contributing to the ability of HN to promote viral fusion and entry: receptor binding, receptor cleavage (neuraminidase), and activation of the fusion protein. The relationship between receptor binding and fusion triggering functions of HN are not fully understood. For Newcastle disease virus (NDV), one bifunctional site (site I) on HN's globular head can mediate both receptor binding and neuraminidase activities, and a second site (site II) in the globular head is also capable of mediating receptor binding. The receptor analog, zanamivir, blocks receptor binding and cleavage activities of NDV HN's site I while activating receptor binding by site II. Comparison of chimeric proteins in which the globular head of NDV HN is connected to the stalk region of either human parainfluenza virus type 3 (HPIV3) or Nipah virus receptor binding proteins indicates that receptor binding to NDV HN site II not only can activate its own fusion (F) protein but can also activate the heterotypic fusion proteins. We suggest a general model for paramyxovirus fusion activation in which receptor engagement at site II plays an active role in F activation.,��https://www.ncbi.nlm.nih.gov/pubmed/22438532É��Porotto, Matteo
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Survival Rate���The clinicopathological features of human Nipah virus and Hendra virus infections appear to be similar. The clinical manifestations may be mild, but if severe, includes acute encephalitic and pulmonary syndromes with a high mortality. The pathological features in human acute henipavirus infections comprise vasculopathy (vasculitis, endothelial multinucleated syncytia, thrombosis), microinfarcts and parenchymal cell infection in the central nervous system, lung, kidney and other major organs. Viral inclusions, antigens, nucleocapsids and RNA are readily demonstrated in blood vessel wall and numerous types of parenchymal cells. Relapsing henipavirus encephalitis is a rare complication reported in less than 10% of survivors of the acute infection and appears to be distinct from the acute encephalitic syndrome. Pathological evidence suggests viral recrudescence confined to the central nervous system as the cause.,��https://www.ncbi.nlm.nih.gov/pubmed/22427144���Wong, K T
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Virus Internalizationº��Nipah (NiV) and Hendra (HeV) viruses cause cell-cell fusion (syncytia) in brain, lung, heart, and kidney tissues, leading to encephalitis, pneumonia, and often death. Membrane fusion is essential to both viral entry and virus-induced cell-cell fusion, a hallmark of henipavirus infections. Elucidiation of the mechanism(s) of membrane fusion is critical to understanding henipavirus pathobiology and has the potential to identify novel strategies for the development of antiviral therapeutic agents. Henipavirus membrane fusion requires the coordinated actions of the viral attachment (G) and fusion (F) glycoproteins. Current henipavirus fusion models posit that attachment of NiV or HeV G to its cell surface receptors releases F from its metastable pre-fusion conformation to mediate membrane fusion. The identification of ephrinB2 and ephrinB3 as henipavirus receptors has paved the way for recent advances in our understanding of henipavirus membrane fusion. These advances highlight mechanistic similarities and differences between membrane fusion for the henipavirus and other genera within the Paramyxoviridae family. Here, we review these mechanisms and the current gaps in our knowledge in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/22427111ª��Aguilar, Hector C
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Virus Replicationµ��Emerging viruses including Nipah, Hendra, Lujo, and Junin viruses have enormous potential to spread rapidly. Nipah virus, after emerging as a zoonosis, has also evolved the capacity for human-to-human transmission. Most of the diseases caused by these pathogens are untreatable and require high biocontainment conditions. Universal methods for rapidly identifying and screening candidate antivirals are urgently needed. We have developed a modular antiviral platform strategy that relies on simple bioinformatic and genetic information about each pathogen. Central to this platform is the use of envelope glycoprotein cDNAs to establish multi-cycle replication systems under BSL2 conditions for viral pathogens that normally require BSL3 and BSL4 facilities. We generated monoclonal antibodies against Nipah G by cDNA immunization in rats, and we showed that these antibodies neutralize both Nipah and Hendra live viruses. We then used these effective Henipavirus inhibitors to validate our screening strategy. Our proposed strategy should contribute to the response capability for emerging infectious diseases, providing a way to initiate antiviral development immediately upon identifying novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22396728á��Talekar, Aparna
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Time Factors£��Nipah virus (NiV) is a recently emerged zoonotic Paramyxovirus that causes regular outbreaks in East Asia with mortality rate exceeding 75%. Major cellular targets of NiV infection are endothelial cells and neurons. To better understand virus-host interaction, we analyzed the transcriptome profile of NiV infection in primary human umbilical vein endothelial cells. We further assessed some of the obtained results by in vitro and in vivo methods in a hamster model and in brain samples from NiV-infected patients. We found that NiV infection strongly induces genes involved in interferon response in endothelial cells. Among the top ten upregulated genes, we identified the chemokine CXCL10 (interferon-induced protein 10, IP-10), an important chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. In NiV-infected hamsters, which develop pathology similar to what is seen in humans, expression of CXCL10 mRNA was induced in different organs with kinetics that followed NiV replication. Finally, we showed intense staining for CXCL10 in the brain of patients who succumbed to lethal NiV infection during the outbreak in Malaysia, confirming induction of this chemokine in fatal human infections. This study sheds new light on NiV pathogenesis, indicating the role of CXCL10 during the course of infection and suggests that this chemokine may serve as a potential new marker for lethal NiV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/22393386���Mathieu, Cyrille
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United KingdomW��The genus Henipavirus includes Hendra virus (HeV) and Nipah virus (NiV), for which fruit bats (particularly those of the genus Pteropus) are considered to be the wildlife reservoir. The recognition of henipaviruses occurring across a wider geographic and host range suggests the possibility of the virus entering the United Kingdom (UK). To estimate the likelihood of henipaviruses entering the UK, a qualitative release assessment was undertaken. To facilitate the release assessment, the world was divided into four zones according to location of outbreaks of henipaviruses, isolation of henipaviruses, proximity to other countries where incidents of henipaviruses have occurred and the distribution of Pteropus spp. fruit bats. From this release assessment, the key findings are that the importation of fruit from Zone 1 and 2 and bat bushmeat from Zone 1 each have a Low annual probability of release of henipaviruses into the UK. Similarly, the importation of bat meat from Zone 2, horses and companion animals from Zone 1 and people travelling from Zone 1 and entering the UK was estimated to pose a Very Low probability of release. The annual probability of release for all other release routes was assessed to be Negligible. It is recommended that the release assessment be periodically re-assessed to reflect changes in knowledge and circumstances over time.,��https://www.ncbi.nlm.nih.gov/pubmed/22328916.��Snary, Emma L
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Sensitivity and Specificity
Virology/*methods���AprF��Hendra virus (HeV) is a zoonotic paramyxovirus endemic in Australian Pteropus bats (fruit bats or flying foxes). Although bats appear to be unaffected by the virus, HeV can spread from fruit bats to horses, causing severe disease. Human infection results from close contact with the blood, body fluids and tissues of infected horses. HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. Current assays for HeV detection require complex instrumentation and are generally time consuming. The aim of this study was to develop a Loop-Mediated Isothermal Amplification (LAMP) assay to detect nucleic acid from all known HeV strains in horses without the requirement for complex laboratory equipment. A LAMP assay targeting a conserved region of the HeV P-gene was combined with a Lateral Flow Device (LFD) for detection of amplified product. All HeV isolates, the original HeV isolated in 1994 as well as the most recent isolates from 2011 were detected. Analytical sensitivity and specificity of the HeV-LAMP assay was equal to a TaqMan assay developed previously. Significantly, these assays detected HeV in horses before clinical signs were observed. The combined LAMP-LFD procedure is a sensitive method suitable for HeV diagnosis in a resource-limited situation or where rapid test results are critical.,��https://www.ncbi.nlm.nih.gov/pubmed/22327143¿��Foord, Adam J
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Species Specificity���Feb8��Leishmaniases are tropical and sub-tropical diseases for which classical drugs (i.e. antimonials) exhibit toxicity and drug resistance. Such a situation requires to find new chemical series with antileishmanial activity. This work consists in analyzing the structure of a validated target in Leishmania: the GDP-mannose pyrophosphorylase (GDP-MP), an enzyme involved in glycosylation and essential for amastigote survival. By comparing both human and L. infantum GDP-MP 3D homology models, we identified (i) a common motif of amino acids that binds to the mannose moiety of the substrate and, interestingly, (ii) a motif that is specific to the catalytic site of the parasite enzyme. This motif could then be used to design compounds that specifically inhibit the leishmanial GDP-MP, without any effect on the human homolog.,��https://www.ncbi.nlm.nih.gov/pubmed/22314241���Pomel, S
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Polysaccharides/*chemistry/pharmacology/toxicity���Junå��Self-assembly of amphiphilic polysaccharides provides a positive outlook for drug delivery systems without the need for solvents or surfactants. Various polymeric amphiphilic polysaccharides undergo intramolecular or intermolecular associations in water. This type of association, promoted by hydrophobic segments, led to the formation of various drug delivery systems such as micelles, nanoparticles, liposomes and hydrogels. Here, we review a selection of the most important amphiphilic polysaccharides used as drug delivery systems and their pharmaceutical applications. Attention focuses on amphiphilic chitosan owing to its unique properties such as excellent biocompatibility, non-toxicity and antimicrobial and bioadhesive properties.,��https://www.ncbi.nlm.nih.gov/pubmed/22305936»��Hassani, Leila N
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Viral Proteins/chemistry/genetics���Febí��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes fatal encephalitis in humans. The initial outbreak of NiV infection occurred in Malaysia and Singapore in 1998-1999; relatively small, sporadic outbreaks among humans have occurred in Bangladesh since 2001. We characterized the complete genomic sequences of identical NiV isolates from 2 patients in 2008 and partial genomic sequences of throat swab samples from 3 patients in 2010, all from Bangladesh. All sequences from patients in Bangladesh comprised a distinct genetic group. However, the detection of 3 genetically distinct sequences from patients in the districts of Faridpur and Gopalganj indicated multiple co-circulating lineages in a localized region over a short time (January-March 2010). Sequence comparisons between the open reading frames of all available NiV genes led us to propose a standardized protocol for genotyping NiV; this protcol provides a simple and accurate way to classify current and future NiV sequences.,��https://www.ncbi.nlm.nih.gov/pubmed/22304936¤��Lo, Michael K
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Virus Replication/drug effects/physiology���Nipah virus (NiV), a zoonotic paramyxovirus, is highly contagious in swine, and can cause fatal infections in humans following transmission from the swine host. The main viral targets in both species are the respiratory and central nervous systems, with viremia implicated as a mode of dissemination of NiV throughout the host. The presented work focused on the role of peripheral blood mononuclear cells (PBMC) in the viremic spread of the virus in the swine host. B lymphocytes, CD4-CD8-, as well as CD4+CD8- T lymphocytes were not permissive to NiV, and expansion of the CD4+CD8- cells early post infection was consistent with functional humoral response to NiV infection observed in swine. In contrast, significant drop in the CD4+CD8- T cell frequency was observed in piglets which succumbed to the experimental infection, supporting the hypothesis that antibody development is the critical component of the protective immune response. Productive viral replication was detected in monocytes, CD6+CD8+ T lymphocytes and NK cells by recovery of infectious virus in the cell supernatants. Virus replication was supported by detection of the structural N and the non-structural C proteins or by detection of genomic RNA increase in the infected cells. Infection of T cells carrying CD6 marker, a strong ligand for the activated leukocyte cell adhesion molecule ALCAM (CD166) highly expressed on the microvascular endothelial cell of the blood-air and the blood-brain barrier may explain NiV preferential tropism for small blood vessels of the lung and brain.,��https://www.ncbi.nlm.nih.gov/pubmed/22303463ª��Stachowiak, Beata
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Viral Fusion Proteins/genetics/*metabolism���AprÝ��Proteolytic activation of the fusion protein of the highly pathogenic Nipah virus (NiV F) is a prerequisite for the production of infectious particles and for virus spread via cell-to-cell fusion. Unlike other paramyxoviral fusion proteins, functional NiV F activation requires endocytosis and pH-dependent cleavage at a monobasic cleavage site by endosomal proteases. Using prototype Vero cells, cathepsin L was previously identified to be a cleavage enzyme. Compared to Vero cells, MDCK cells showed substantially higher F cleavage rates in both NiV-infected and NiV F-transfected cells. Surprisingly, this could not be explained either by an increased F endocytosis rate or by elevated cathepsin L activities. On the contrary, MDCK cells did not display any detectable cathepsin L activity. Though we could confirm cathepsin L to be responsible for F activation in Vero cells, inhibitor studies revealed that in MDCK cells, cathepsin B was required for F-protein cleavage and productive replication of pathogenic NiV. Supporting the idea of an efficient F cleavage in early and recycling endosomes of MDCK cells, endocytosed F proteins and cathepsin B colocalized markedly with the endosomal marker proteins early endosomal antigen 1 (EEA-1), Rab4, and Rab11, while NiV F trafficking through late endosomal compartments was not needed for F activation. In summary, this study shows for the first time that endosomal cathepsin B can play a functional role in the activation of highly pathogenic NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/22278224���Diederich, Sandra
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Mar©��While work with viral fusion proteins has demonstrated that the transmembrane domain (TMD) can affect protein folding, stability, and membrane fusion promotion, the mechanism(s) remains poorly understood. TMDs could play a role in fusion promotion through direct TMD-TMD interactions, and we have recently shown that isolated TMDs from three paramyxovirus fusion (F) proteins interact as trimers using sedimentation equilibrium (SE) analysis (E. C. Smith, et al., submitted for publication). Immediately N-terminal to the TMD is heptad repeat B (HRB), which plays critical roles in fusion. Interestingly, addition of HRB decreased the stability of the trimeric TMD-TMD interactions. This result, combined with previous findings that HRB forms a trimeric coiled coil in the prefusion form of the whole protein though HRB peptides fail to stably associate in isolation, suggests that the trimeric TMD-TMD interactions work in concert with elements in the F ectodomain head to stabilize a weak HRB interaction. Thus, changes in TMD-TMD interactions could be important in regulating F triggering and refolding. Alanine insertions between the TMD and HRB demonstrated that spacing between these two regions is important for protein stability while not affecting TMD-TMD interactions. Additional mutagenesis of the C-terminal end of the TMD suggests that beta-branched residues within the TMD play a role in membrane fusion, potentially through modulation of TMD-TMD interactions. Our results support a model whereby the C-terminal end of the Hendra virus F TMD is an important regulator of TMD-TMD interactions and show that these interactions help hold HRB in place prior to the triggering of membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22238302Ì��Smith, Everett Clinton
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*Virus Attachment���FebÅ��Members of the ephrin cell-surface protein family interact with the Eph receptors, the largest family of receptor tyrosine kinases, mediating bi-directional signaling during tumorogenesis and various developmental events. Surprisingly, ephrin-B2 and -B3 were recently identified as entry receptors for henipaviruses, emerging zoonotic paramyxoviruses responsible for repeated outbreaks in humans and animals in Australia, Southeast Asia, India and Bangladesh. Nipah virus (NiV) and Hendra virus (HeV) are the only two identified members in the henipavirus genus. While the initial human infection cases came from contact with infected pigs (NiV) or horses (HeV), in the more recent outbreaks of NiV both food-borne and human-to-human transmission were reported. These characteristics, together with high mortality and morbidity rates and lack of effective anti-viral therapies, make the henipaviruses a potential biological-agent threat. Viral entry is an important target for the development of anti-viral drugs. The entry of henipavirus is initiated by the attachment of the viral G envelope glycoprotein to the host cell receptors ephrin-B2 and/or -B3, followed by activation of the F fusion protein, which triggers fusion between the viral envelop and the host membrane. We review recent progress in the study of henipavirus entry, particularly the identification of ephrins as their entry receptors, and the structural characterization of the ephrin/Henipa-G interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/22227101r��Xu, Kai
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Viral Envelope Proteins/*immunology���Jan 27i��We have previously observed that all known HIV-1 broadly neutralizing antibodies (bnAbs) are highly divergent from germline antibodies in contrast to bnAbs against Hendra virus, Nipah virus and SARS coronavirus (SARS CoV). We have hypothesized that because the germline antibodies are so different from the mature HIV-1-specific bnAbs they may not bind the epitopes of the mature antibodies and provided the first evidence to support this hypothesis by using individual putative germline-like predecessor antibodies. To further validate the hypothesis and understand initial immune responses to different viruses, two phage-displayed human cord blood-derived IgM libraries were constructed which contained mostly germline antibodies or antibodies with very low level of somatic hypermutations. They were panned against different HIV-1 envelope glycoproteins (Envs), SARS CoV protein receptor-binding domain (RBD), and soluble Hendra virus G protein (sG). Despite a high sequence and combinatorial diversity observed in the cord blood-derived IgM antibody repertoire, no enrichment for binders of Envs was observed in contrast to considerable specific enrichments produced with panning against RBD and sG; one of the selected monoclonal antibodies (against the RBD) was of high (nM) affinity with only few somatic mutations. These results further support and expand our initial hypothesis for fundamental differences in immune responses leading to elicitation of bnAbs against HIV-1 compared to SARS CoV and Hendra virus. HIV-1 uses a strategy to minimize or eliminate strong binding of germline antibodies to its Env; in contrast, SARS CoV and Hendra virus, and perhaps other viruses causing acute infections, can bind germline antibody or minimally somatically mutated antibodies with relatively high affinity which could be one of the reasons for the success of sG and RBD as vaccine immunogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22226962ª��Chen, Weizao
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swine hepatitis E virus���Mar­��In the past two decades or so, a number of viruses have emerged in the global swine population. Some, such as porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2), cause economically important diseases in pigs, whereas others such as porcine torque teno virus (TTV), now known as Torque teno sus virus (TTSuV), porcine bocavirus (PBoV) and related novel parvoviruses, porcine kobuvirus, porcine toroviruses (PToV) and porcine lymphotropic herpesviruses (PLHV), are mostly subclinical in swine herds. Although some emerging swine viruses such as swine hepatitis E virus (swine HEV), porcine endogenous retrovirus (PERV) and porcine sapovirus (porcine SaV) may have a limited clinical implication in swine health, they do pose a potential public health concern in humans due to zoonotic (swine HEV) or potential zoonotic (porcine SaV) and xenozoonotic (PERV, PLHV) risks. Other emerging viruses such as Nipah virus, Bungowannah virus and Menangle virus not only cause diseases in pigs but some also pose important zoonotic threat to humans. This article focuses on emerging and re-emerging swine viruses that have a limited or uncertain clinical and economic impact on pig health. The transmission, epidemiology and pathogenic potential of these viruses are discussed. In addition, the two economically important emerging viruses, PRRSV and PCV2, are also briefly discussed to identify important knowledge gaps.,��https://www.ncbi.nlm.nih.gov/pubmed/22225855@��Meng, X J
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Viral Proteins/*chemistry/genetics���Feb 24z��All enzymatic activities required for genomic replication and transcription of nonsegmented negative strand RNA viruses (or Mononegavirales) are believed to be concentrated in the viral polymerase (L) protein. However, our insight into the organization of these different enzymatic activities into a bioactive tertiary structure remains rudimentary. Fragments of Mononegavirales polymerases analyzed to date cannot restore bioactivity through trans-complementation, unlike the related L proteins of segmented NSVs. We investigated the domain organization of phylogenetically diverse Paramyxovirus L proteins derived from measles virus (MeV), Nipah virus (NiV), and respiratory syncytial virus (RSV). Through a comprehensive in silico and experimental analysis of domain intersections, we defined MeV L position 615 as an interdomain candidate in addition to the previously reported residue 1708. Only position 1708 of MeV and the homologous positions in NiV and RSV L also tolerated the insertion of epitope tags. Splitting of MeV L at residue 1708 created fragments that were unable to physically interact and trans-complement, but strikingly, these activities were reconstituted by the addition of dimerization tags to the fragments. Equivalently split fragments of NiV, RSV, and MeV L oligomerized with comparable efficiency in all homo- and heterotypic combinations, but only the homotypic pairs were able to trans-complement. These results demonstrate that synthesis as a single polypeptide is not required for the Mononegavirales polymerases to adopt a proper tertiary conformation. Paramyxovirus polymerases are composed of at least two truly independent folding domains that lack a traditional interface but require molecular compatibility for bioactivity. The functional probing of the L domain architecture through trans-complementation is anticipated to be applicable to all Mononegavirales polymerases.,��https://www.ncbi.nlm.nih.gov/pubmed/22215662���Dochow, Melanie
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Time Factors���This study investigated the seroepidemiology of Hendra virus in a spectacled flying-fox (Pteropus conspicillatus) population in northern Australia, near the location of an equine and associated human Hendra virus infection in late 2004. The pattern of infection in the population was investigated using a serial cross-sectional serological study over a 25-month period, with blood sampled from 521 individuals over six sampling sessions. Antibody titres to the virus were determined by virus neutralisation test. In contrast to the expected episodic infection pattern, we observed that seroprevalence gradually increased over the two years suggesting infection was endemic in the population over the study period. Our results suggested age, pregnancy and lactation were significant risk factors for a detectable neutralizing antibody response. Antibody titres were significantly higher in females than males, with the highest titres occurring in pregnant animals. Temporal variation in antibody titres suggests that herd immunity to the virus may wax and wane on a seasonal basis. These findings support an endemic infection pattern of henipaviruses in bat populations suggesting their infection dynamics may differ significantly from the acute, self limiting episodic pattern observed with related viruses (e.g. measles virus, phocine distemper virus, rinderpest virus) hence requiring a much smaller critical host population size to sustain the virus. These findings help inform predictive modelling of henipavirus infection in bat populations, and indicate that the life cycle of the reservoir species should be taken into account when developing risk management strategies for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22194920!��Breed, Andrew C
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Virus Shedding���Dec'��Based on epidemiological data, it is believed that human-to-human transmission plays an important role in Nipah virus outbreaks. No experimental data are currently available on the potential routes of human-to-human transmission of Nipah virus. In a first dose-finding experiment in Syrian hamsters, it was shown that Nipah virus was predominantly shed via the respiratory tract within nasal and oropharyngeal secretions. Although Nipah viral RNA was detected in urogenital and rectal swabs, no infectious virus was recovered from these samples, suggesting no viable virus was shed via these routes. In addition, hamsters inoculated with high doses shed significantly higher amounts of viable Nipah virus particles in comparison with hamsters infected with lower inoculum doses. Using the highest inoculum dose, three potential routes of Nipah virus transmission were investigated in the hamster model: transmission via fomites, transmission via direct contact and transmission via aerosols. It was demonstrated that Nipah virus is transmitted efficiently via direct contact and inefficiently via fomites, but not via aerosols. These findings are in line with epidemiological data which suggest that direct contact with nasal and oropharyngeal secretions of Nipah virus infected individuals resulted in greater risk of Nipah virus infection. The data provide new and much-needed insights into the modes and efficiency of Nipah virus transmission and have important public health implications with regards to the risk assessment and management of future Nipah virus outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/22180802ü��de Wit, Emmie
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Virus Diseases/urine/*virologyY��Hendra virus is a recently emerged zoonotic agent in Australia. Since first described in 1994, the virus has spilled from its wildlife reservoir (pteropid fruit bats, or 'flying foxes') on multiple occasions causing equine and human fatalities. We undertook a three-year longitudinal study to detect virus in the urine of free-living flying foxes (a putative route of excretion) to investigate Hendra virus infection dynamics. Pooled urine samples collected off plastic sheets placed beneath roosting flying foxes were screened for Hendra virus genome by quantitative RT-PCR, using a set of primers and probe derived from the matrix protein gene. A total of 1672 pooled urine samples from 67 sampling events was collected and tested between 1 July 2008 and 30 June 2011, with 25% of sampling events and 2.5% of urine samples yielding detections. The proportion of positive samples was statistically associated with year and location. The findings indicate that Hendra virus excretion occurs periodically rather than continuously, and in geographically disparate flying fox populations in the state of Queensland. The lack of any detection in the Northern Territory suggests prevalence may vary across the range of flying foxes in Australia. Finally, our findings suggest that flying foxes can excrete virus at any time of year, and that the apparent seasonal clustering of Hendra virus incidents in horses and associated humans (70% have occurred June to October) reflects factors other than the presence of virus. Identification of these factors will strengthen risk minimization strategies for horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22174865	��Field, Hume
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Zoonoses/transmission/virology���Dec¿��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus harbored by Australian flying foxes with sporadic spillovers directly to horses. Although the mode and critical control points of HeV spillover to horses from flying foxes, and the risk for transmission from infected horses to other horses and humans, are poorly understood, we successfully established systemic HeV disease in 3 horses exposed to Hendra virus/Australia/Horse/2008/Redlands by the oronasal route, a plausible route for natural infection. In 2 of the 3 animals, HeV RNA was detected continually in nasal swabs from as early as 2 days postexposure, indicating that systemic spread of the virus may be preceded by local viral replication in the nasal cavity or nasopharynx. Our data suggest that a critical factor for reducing HeV exposure risk to humans includes early consideration of HeV in the differential diagnosis and institution of appropriate infection control procedures.,��https://www.ncbi.nlm.nih.gov/pubmed/22172152F��Marsh, Glenn A
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Viral Fusion Proteins/*chemistry/*genetics/metabolism/physiology���MarV��Paramyxoviruses enter host cells by fusing the viral envelope with a host cell membrane. Fusion is mediated by the viral fusion (F) protein, and it undergoes large irreversible conformational changes to cause membrane merger. The C terminus of PIV5 F contains a membrane-proximal 7-residue external region (MPER), followed by the transmembrane (TM) domain and a 20-residue cytoplasmic tail. To study the sequence requirements of the F protein C terminus for fusion, we constructed chimeras containing the ectodomain of parainfluenza virus 5 F (PIV5 F) and either the MPER, the TM domain, or the cytoplasmic tail of the F proteins of the paramyxoviruses measles virus, mumps virus, Newcastle disease virus, human parainfluenza virus 3, and Nipah virus. The chimeras were expressed, and their ability to cause cell fusion was analyzed. The chimeric proteins were variably expressed at the cell surface. We found that chimeras containing the ectodomain of PIV5 F with the C terminus of other paramyxoviruses were unable to cause cell fusion. Fusion could be restored by decreasing the activation energy of refolding through introduction of a destabilizing mutation (S443P). Replacing individual regions, singly or doubly, in the chimeras with native PIV5 F sequences restored fusion to various degrees, but it did not have an additive effect in restoring activity. Thus, the F protein C terminus may be a specific structure that only functions with its cognate ectodomain. Alanine scanning mutagenesis of MPER indicates that it has a regulatory role in fusion since both hyperfusogenic and hypofusogenic mutations were found.,��https://www.ncbi.nlm.nih.gov/pubmed/22171273&��Zokarkar, Aarohi
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Viral Envelope Proteins/*chemistry���Apr*��Hendra virus (HeV) continues to cause morbidity and mortality in both humans and horses with a number of sporadic outbreaks. HeV has two structural membrane glycoproteins that mediate the infection of host cells: the attachment (G) and the fusion (F) glycoproteins that are essential for receptor binding and virion-host cell membrane fusion, respectively. N-linked glycosylation of viral envelope proteins are critical post-translation modifications that have been implicated in roles of structural integrity, virus replication and evasion of the host immune response. Deciphering the glycan composition and structure on these glycoproteins may assist in the development of glycan-targeted therapeutic intervention strategies. We examined the site occupancy and glycan composition of recombinant soluble G (sG) glycoproteins expressed in two different mammalian cell systems, transient human embryonic kidney 293 (HEK293) cells and vaccinia virus (VV)-HeLa cells, using a suite of biochemical and biophysical tools: electrophoresis, lectin binding and tandem mass spectrometry. The N-linked glycans of both VV and HEK293-derived sG glycoproteins carried predominantly mono- and disialylated complex-type N-glycans and a smaller population of high mannose-type glycans. All seven consensus sequences for N-linked glycosylation were definitively found to be occupied in the VV-derived protein, whereas only four sites were found and characterized in the HEK293-derived protein. We also report, for the first time, the existence of O-linked glycosylation sites in both proteins. The striking characteristic of both proteins was glycan heterogeneity in both N- and O-linked sites. The structural features of G protein glycosylation were also determined by X-ray crystallography and interactions with the ephrin-B2 receptor are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22171062���Colgrave, Michelle L
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Time Factors���Hendra virus is a recently emerged bat-borne zoonotic agent with high lethality in horses and humans in Australia. This is a rare disease and the determinants of bat to horse transmission, including the factors that bring these hosts together at critical times, are poorly understood. In this cross-disciplinary study climatic and vegetation primary productivity variables are compared for the dispersed and heterogenic 1994-2010 outbreak sites. The significant occurrence of spillover events within the dry season (p = 0.013, 95% CI (0.57-0.98)) suggests seasonal forcing of transmission across species, or seasonal forcing of virus excretion by the reservoir host. We explore the evidence for both. Preliminary investigations of the spatial determinants of Hendra disease locations are also presented. We find that postal areas in the Australian state of Queensland in which pteropid fruit bat (flying fox) roosts occur are approximately forty times more likely (OR = 40.5, (95% CI (5.16, 317.52)) to be the location of Hendra spillover events. This appears to be independent of density of horses at these locations. We consider issues of scale of host resource use, land use change and limitations of existing data that challenge analysis and limit further conclusive outcomes. This investigation of a broad range of potential climatic and environmental influences provides a good base for future investigations. Further understanding of cross-species Hendra virus transmission requires better understanding of flying fox resource use in the urban-rural landscape.,��https://www.ncbi.nlm.nih.gov/pubmed/22145039´��McFarlane, Rosemary
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Young Adult���MayÌ��AIM: To describe serial changes in brain magnetic resonance imaging (MRI) in acute human infection from two outbreaks of Hendra virus (HeV), relate these changes to disease prognosis, and compare HeV encephalitis to reported cases of Nipah virus encephalitis. MATERIALS AND METHODS: The MRI images of three human cases (two of which were fatal) of acute HeV meningoencephalitis were reviewed. RESULTS: Cortical selectivity early in the disease is evident in all three patients, while deep white matter involvement appears to be a late and possibly premorbid finding. This apparent early grey matter selectivity may be related to viral biology or ribavirin pharmacokinetics. Neuronal loss is evident at MRI, and the rate of progression of MRI abnormalities can predict the outcome of the infection. In both fatal cases, the serial changes in the MRI picture mirrored the clinical course. CONCLUSION: This is the first comprehensive report of serial MRI findings in acute human cerebral HeV infection from two outbreaks. The cortical selectivity appears to be an early finding while deep white matter involvement a late, and possibly premorbid, finding. In both fatal cases, the serial changes in MRI mirrored the clinical course.,��https://www.ncbi.nlm.nih.gov/pubmed/22133593¥��Nakka, P
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Virology/*methods���Jan���Nipah virus (NiV), Paramyxoviridae, Henipavirus, is classified as a biosafety level (BSL) 4 pathogen, along with the closely related Hendra virus (HeV). A novel serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing secreted alkaline phosphatase (SEAP) and pseudotyped with NiV F/G proteins (VSV-NiV-SEAP). A unique characteristic of this novel assay is the ability to obtain neutralization titers by measuring SEAP activity in supernatant using a common ELISA plate reader. This confers a remarkable advantage over the first generation of NiV-pseudotypes expressing green fluorescent protein or luciferase, which require expensive and specific measuring equipment. Using panels of NiV- and HeV-specific sera from various species, the VSV-NiV-SEAP assay demonstrated neutralizing antibody status (positive/negative) consistent with that obtained by conventional live NiV test, and gave higher antibody titers than the latter. Additionally, when screening sixty-six fruit bat sera at one dilution, the VSV-NiV-SEAP assay produced identical results to the live NiV test and only required a very small amount (2mul) of sera. The results suggest that this novel VSV-NiV-SEAP assay is safe, useful for high-throughput screening of sera using an ELISA plate reader, and has high sensitivity and specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/22115786V��Kaku, Yoshihiro
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T-Lymphocytes/immunology���MarÕ��Bats are natural reservoir hosts to a variety of viruses, many of which cause morbidity and mortality in other mammals. Currently there is a paucity of information regarding the nature of the immune response to viral infections in bats, partly due to a lack of appropriate bat specific reagents. IFNgamma plays a key role in controlling viral replication and coordinating a response for long term control of viral infection. Here we describe the cloning and expression of IFNgamma from the Australian flying fox, Pteropus alecto and the generation of mouse monoclonal and chicken egg yolk antibodies specific to bat IFNgamma. Our results demonstrate that P. alecto IFNgamma is conserved with IFNgamma from other species and is induced in bat splenocytes following stimulation with T cell mitogens. P. alecto IFNgamma has antiviral activity on Semliki forest virus in cell lines from P. alecto and the microbat, Tadarida brasiliensis. Additionally recombinant bat IFNgamma was able to mitigate Hendra virus infection in P. alecto cells. These results provide the first evidence for an antiviral role for bat IFNgammain vitro in addition to the application of important immunological reagents for further studies of bat antiviral immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/22093696í��Janardhana, Vijaya
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Thymelaeaceae/*chemistry���Nov 9Ù��BACKGROUND: Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) originates from Papua Island, Indonesia and grows in tropical areas. The different parts of the fruit of P. macrocarpa were evaluated for antioxidant, anti-inflammatory, and cytotoxic activities. METHODS: Phaleria macrocarpa fruit were divided into pericarp, mesocarp and seed. All parts of the fruit were reflux extracted with methanol. The antioxidant activity of the extracts were characterized in various in vitro model systems such as FTC, TBA, DPPH radical, reducing power and NO radical. Anti-inflammatory assays were done by using NO production by macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma and cytotoxic activities were determined by using several cancer cell lines and one normal cell line RESULTS: The results showed that different parts (pericarp, mesocarp, and seed) of Phaleria macrocarpa fruit contain various amount of total phenolic (59.2 +/- 0.04, 60.5 +/- 0.17, 47.7 +/- 1.04 mg gallic acid equivalent/g DW) and flavonoid compounds (161.3 +/- 1.58, 131.7 +/- 1.66, 35.9 +/- 2.47 mg rutin equivalent/g DW). Pericarp and mesocarp showed high antioxidant activities by using DPPH (71.97%, 62.41%), ferric reducing antioxidant power (92.35%, 78.78%) and NO scavenging activity (65.68%, 53.45%). Ferric thiocyanate and thiobarbituric acid tests showed appreciable antioxidant activity in the percentage hydroperoxides inhibitory activity from pericarp and mesocarp in the last day of the assay. Similarly, the pericarp and mesocarp inhibited inducible nitric oxide synthesis with values of 63.4 +/- 1.4% and 69.5 +/- 1.4% in macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma indicating their notable anti-inflammatory potential. Cytotoxic activities against HT-29, MCF-7, HeLa and Chang cell lines were observed in all parts. CONCLUSIONS: These results indicated the possible application of P. macrocarpa fruit as a source of bioactive compounds, potent as an antioxidant, anti inflammatory and cytotoxic agents.,��https://www.ncbi.nlm.nih.gov/pubmed/22070850·��Hendra, Rudi
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Pregnancy���Nov¶��Bats of the genus Pteropus have been identified as the reservoir hosts for the henipaviruses Hendra virus (HeV) and Nipah virus (NiV). The aim of these studies was to assess likely mechanisms for henipaviruses transmission from bats. In a series of experiments, Pteropus bats from Malaysia and Australia were inoculated with NiV and HeV, respectively, by natural routes of infection. Despite an intensive sampling strategy, no NiV was recovered from the Malaysian bats and HeV was reisolated from only one Australian bat; no disease was seen. These experiments suggest that opportunities for henipavirus transmission may be limited; therefore, the probability of a spillover event is low. For spillover to occur, a range of conditions and events must coincide. An alternate assessment framework is required if we are to fully understand how this reservoir host maintains and transmits not only these but all viruses with which it has been associated.,��https://www.ncbi.nlm.nih.gov/pubmed/22049055f��Halpin, Kim
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Vancomycin/*analysis/blood/*therapeutic use���May-JunÙ��BACKGROUND: For the treatment of peritoneal dialysis-associated peritonitis (PDP), it has been suggested that serum concentrations of vancomycin be kept above 12 mg/L-15 mg/L. However, studies correlating vancomycin concentrations in serum and peritoneal dialysate effluent (PDE) during active infection are sparse. We undertook the present study to investigate this issue and to determine whether achieving the recommended serum level of vancomycin results in therapeutic levels intraperitoneally. METHODS: We studied patients treated with intraperitoneal (i.p.) vancomycin for non-gram-negative PDP. We gave a single dose (approximately 30 mg/kg) at presentation, and we subsequently measured vancomycin levels in PDE on day 5; we wanted to determine if efflux of vancomycin from serum to PDE during a 4-hour dwell was consistent and resulted in therapeutic levels. RESULTS: Of the 48 episodes of PDP studied, serum vancomycin concentrations exceeding 12 mg/L were achieved in 98% of patients, but in 11 patients (23%), a PDE vancomycin level below 4 mg/L--the minimal inhibitory concentration (MIC) of many gram-positive organisms--was observed at the end of a 4-hour dwell on day 5. The correlation between the concentrations of vancomycin in serum and PDE (from efflux of antibiotic over 4 hours) was statistically significant, but poor (R(2) = 0.18). CONCLUSIONS: Our data support the International Society for Peritoneal Dialysis statement that adequate serum vancomycin concentrations can be achieved with intermittent dosing (single dose every 5 days), but cannot guarantee therapeutic PDE levels in the treatment of PDP. Intermittent dosing of vancomycin may not consistently result in PDE concentrations markedly greater than MIC of many important pathogens. Although the clinical significance of this finding remains to be determined, it may be preferable to give smaller but more frequent doses of PDE vancomycin (continuous dosing) for adults with PDP (as is currently recommended for children).,��https://www.ncbi.nlm.nih.gov/pubmed/22045102»��Fish, Richard
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Retrospective Studies���The unplanned transfer of patients from long-term acute care hospitals (LTACHs) back to acute facilities disrupts the continuity of care, delays recovery and increases the cost of care. This study was performed to better understand the unplanned transfer of patients with pulmonary disease. A retrospective analysis of data obtained for quality management in a cohort of patients admitted to an LTACH system over a 3-year period. Of the 3506 patients admitted with a pulmonary diagnosis studied, 414 (12%) underwent 526 unplanned transfers back to an acute facility after a median LTACH length of stay (LOS) of 45 days. Mechanical ventilation via tracheostomy was used in 259 (63%) patients admitted to the LTACH with a pulmonary diagnosis. The commonest reasons for unplanned transfers included acute respiratory failure, cardiac decompensation, gastrointestinal bleed and possible sepsis. Over 50% of patients had LOS at the LTACH between 4 and 30 days prior to the unplanned transfer. Patients with an LOS <3 days prior to transfer were more likely to be transferred around the weekend. In all, 32% of patients died within a median of 7 days of transfer back to the acute facility. Thirty-day mortality following unplanned transfer appeared independent of organ system involved, attending physician specialty/coverage status, nursing shift or transferring LTACH unit. Unplanned transfers disrupting continuity of care remain a significant problem in patients admitted to an LTACH with a pulmonary diagnosis and are associated with significant mortality. Strategies designed to reduce cardiopulmonary decompensation, gastrointestinal bleeding and possible sepsis in the LTACH along with additional strategies implemented throughout the health care continuum will be needed to reduce this problem.,��https://www.ncbi.nlm.nih.gov/pubmed/21990569���White, Alexander C
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Hendra Virus/classification/*genetics,��Hendra virus (HeV) causes a zoonotic disease with high mortality that is transmitted to humans from bats of the genus Pteropus (flying foxes) via an intermediary equine host. Factors promoting spillover from bats to horses are uncertain at this time, but plausibly encompass host and/or agent and/or environmental factors. There is a lack of HeV sequence information derived from the natural bat host, as previously sequences have only been obtained from horses or humans following spillover events. In order to obtain an insight into possible variants of HeV circulating in flying foxes, collection of urine was undertaken in multiple flying fox roosts in Queensland, Australia. HeV was found to be geographically widespread in flying foxes with a number of HeV variants circulating at the one time at multiple locations, while at times the same variant was found circulating at disparate locations. Sequence diversity within variants allowed differentiation on the basis of nucleotide changes, and hypervariable regions in the genome were identified that could be used to differentiate circulating variants. Further, during the study, HeV was isolated from the urine of flying foxes on four occasions from three different locations. The data indicates that spillover events do not correlate with particular HeV isolates, suggesting that host and/or environmental factors are the primary determinants of bat-horse spillover. Thus future spillover events are likely to occur, and there is an on-going need for effective risk management strategies for both human and animal health.,��https://www.ncbi.nlm.nih.gov/pubmed/21980413L��Smith, Ina
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*Virus Internalization���Dec§��During paramyxovirus entry into a host cell, receptor engagement by a specialized binding protein triggers conformational changes in the adjacent fusion protein (F), leading to fusion between the viral and cell membranes. According to the existing paradigm of paramyxovirus membrane fusion, the initial activation of F by the receptor binding protein sets off a spring-loaded mechanism whereby the F protein progresses independently through the subsequent steps in the fusion process, ending in membrane merger. For human parainfluenza virus type 3 (HPIV3), the receptor binding protein (hemagglutinin-neuraminidase [HN]) has three functions: receptor binding, receptor cleaving, and activating F. We report that continuous receptor engagement by HN activates F to advance through the series of structural rearrangements required for fusion. In contrast to the prevailing model, the role of HN-receptor engagement in the fusion process is required beyond an initiating step, i.e., it is still required even after the insertion of the fusion peptide into the target cell membrane, enabling F to mediate membrane merger. We also report that for Nipah virus, whose receptor binding protein has no receptor-cleaving activity, the continuous stimulation of the F protein by a receptor-engaged binding protein is key for fusion. We suggest a general model for paramyxovirus fusion activation in which receptor engagement plays an active role in F activation, and the continued engagement of the receptor binding protein is essential to F protein function until the onset of membrane merger. This model has broad implications for the mechanism of paramyxovirus fusion and for strategies to prevent viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/21976650P��Porotto, Matteo
Devito, Ilaria
Palmer, Samantha G
Jurgens, Eric M
Yee, Jia L
Yokoyama, Christine C
Pessi, Antonello
Moscona, Anne
eng
R01AI31971/AI/NIAID NIH HHS/
U54AI057158/AI/NIAID NIH HHS/
R21 EB011707/EB/NIBIB NIH HHS/
R01 AI076335/AI/NIAID NIH HHS/
R21EBO11707/PHS HHS/
U54 AI057158/AI/NIAID NIH HHS/
R21 NS076385/NS/NINDS NIH HHS/
R21AI090354/AI/NIAID NIH HHS/
R01 AI031971/AI/NIAID NIH HHS/
R01AI076335/AI/NIAID NIH HHS/
R21 AI090354/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2011/10/07 06:00
J Virol. 2011 Dec;85(24):12867-80. doi: 10.1128/JVI.05873-11. Epub 2011 Oct 5.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3233114���21976650­��Departments of Pediatrics and of Microbiology and Immunology, Weill Medical College of Cornell University, 515 East 71st Street, 6th Floor, Box 309, New York, NY 10021, USA.���10.1128/JVI.05873-11����Ð��üÖtÿî?`���g��Hayman, D. T.
Wang, L. F.
Barr, J.
Baker, K. S.
Suu-Ire, R.
Broder, C. C.
Cunningham, A. A.
Wood, J. L.���2011W��Antibodies to henipavirus or henipa-like viruses in domestic pigs in Ghana, West Africa���e25256���PLoS One���6���9r��Animals
Antibodies, Viral/*immunology
Ghana
Goats
Henipavirus/*immunology
Nipah Virus/*immunology
Sheep
Sus scrofa{��Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), have Pteropid bats as their known natural reservoirs. Antibodies against henipaviruses have been found in Eidolon helvum, an old world fruit bat species, and henipavirus-like nucleic acid has been detected in faecal samples from E. helvum in Ghana. The initial outbreak of NiV in Malaysia led to over 265 human encephalitis cases, including 105 deaths, with infected pigs acting as amplifier hosts for NiV during the outbreak. We detected non-neutralizing antibodies against viruses of the genus Henipavirus in approximately 5% of pig sera (N = 97) tested in Ghana, but not in a small sample of other domestic species sampled under a E. helvum roost. Although we did not detect neutralizing antibody, our results suggest prior exposure of the Ghana pig population to henipavirus(es). Because a wide diversity of henipavirus-like nucleic acid sequences have been found in Ghanaian E. helvum, we hypothesise that these pigs might have been infected by henipavirus(es) sufficiently divergent enough from HeVor NiV to produce cross-reactive, but not cross-neutralizing antibodies to HeV or NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/21966471å��Hayman, David T S
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Virus Replication���Dec���The emergence of Hendra and Nipah viruses in the 1990s has been followed by the further emergence of these viruses in the tropical Old World. The history and current knowledge of the disease, the viruses and their epidemiology is reviewed in this article. A historical aside summarizes the role that Dr. Brian W.J. Mahy played at critical junctures in the early stories of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21963678³��Ksiazek, Thomas G
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History, 21st Century���Octó��At Federation in 1901, Australia retained separate State veterinary services responsible for the control of endemic animal diseases. By 2010 the Commonwealth, State and Territory Governments and the livestock industries had coordinated a structure with supporting activities and shared finances that provides Australia's veterinary services and its livestock industries with preparedness and control programs for nominated exotic and endemic animal diseases. Animal Health Australia operates as the coordinating body for these programs. Since 1901, contagious bovine pleuropneumonia, bovine brucellosis and bovine tuberculosis have been eradicated, providing considerable industry benefits. While the entry of exotic diseases has been restricted, tick fevers, tick infestation, bluetongue infection, avirulent and velogenic Newcastle disease, Hendra virus, lyssavirus infection and Menagle virus infection have arisen from either hosts within Australia or from insect incursion from neighbouring countries. The control of endemic livestock diseases has been accompanied by the development of veterinary laboratory services by the Commonwealth, State and Territory Governments. The Australian Animal Health Laboratory operating since 1985 in Geelong has ensured Australia remains at the forefront of technological advances in veterinary diagnostic techniques. From the 1970s animal welfare has become an important component of national initiatives that remain focussed on satisfying community and international expectations.,��https://www.ncbi.nlm.nih.gov/pubmed/21933170���Turner, Aj
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Young Adult���Jan���INTRODUCTION: We investigated a cluster of patients with encephalitis in the Manikgonj and Rajbari Districts of Bangladesh in February 2008 to determine the etiology and risk factors for disease. METHODS: We classified persons as confirmed Nipah cases by the presence of immunoglobulin M antibodies against Nipah virus (NiV), or by the presence of NiV RNA or by isolation of NiV from cerebrospinal fluid or throat swabs who had onset of symptoms between February 6 and March 10, 2008. We classified persons as probable cases if they reported fever with convulsions or altered mental status, who resided in the outbreak areas during that period, and who died before serum samples were collected. For the case-control study, we compared both confirmed and probable Nipah case-patients to controls, who were free from illness during the reference period. We used motion-sensor-infrared cameras to observe bat's contact of date palm sap. RESULTS: We identified four confirmed and six probable case-patients, nine (90%) of whom died. The median age of the cases was 10 years; eight were males. The outbreak occurred simultaneously in two communities that were 44 km apart and separated by a river. Drinking raw date palm sap 2-12 days before illness onset was the only risk factor most strongly associated with the illness (adjusted odds ratio 25, 95% confidence intervals 3.3-infinity, p<0.001). Case-patients reported no history of physical contact with bats, though community members often reported seeing bats. Infrared camera photographs showed that Pteropus bats frequently visited date palm trees in those communities where sap was collected for human consumption. CONCLUSION: This is the second Nipah outbreak in Bangladesh where date palm sap has been implicated as the vehicle of transmission. Fresh date palm sap should not be drunk, unless effective steps have been taken to prevent bat access to the sap during collection.,��https://www.ncbi.nlm.nih.gov/pubmed/21923274|��Rahman, Muhammad Aziz
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Poultry/immunology/*virology���Sep 7è��BACKGROUND: Indonesia is one of the countries most severely affected by H5N1 highly pathogenic avian influenza (HPAI) virus in terms of poultry and human health. However, there is little information on the diversity of H5N1 viruses circulating in backyard farms, where chickens and ducks often intermingle. In this study, H5N1 virus infection occurring in 96 smallholder duck farms in central Java, Indonesia from 2007-2008 was investigated and the molecular and antigenic characteristics of H5N1 viruses isolated from these farms were analysed. RESULTS: All 84 characterised viruses belonged to H5N1 clade 2.1 with three virus sublineages being identified: clade 2.1.1 (1), clade 2.1.3 (80), and IDN/6/05-like viruses (3) that did not belong to any of the present clades. All three clades were found in ducks, while only clade 2.1.3 was isolated from chickens. There were no significant amino acid mutations of the hemagglutinin (HA) and neuraminidase (NA) sites of the viruses, including the receptor binding, glycosylation, antigenic and catalytic sites and NA inhibitor targets. All the viruses had polybasic amino acids at the HA cleavage site. No evidence of major antigenic variants was detected. Based on the HA gene, identical virus variants could be found on different farms across the study sites and multiple genetic variants could be isolated from HPAI outbreaks simultaneously or at different time points from single farms. HPAI virus was isolated from both ducks and chickens; however, the proportion of surviving duck cases was considerably higher than in chickens. CONCLUSIONS: The 2.1.3 clade was the most common lineage found in this study. All the viruses had sequence characteristic of HPAI, but negligible variations in other recognized amino acids at the HA and NA proteins which determine virus phenotypes. Multiple genetic variants appeared to be circulating simultaneously within poultry communities. The high proportion of live duck cases compared to chickens over the study period suggests that ducks are more likely to survive infection and they may better suit the role of long-term maintenance host for H5N1. As some viruses were isolated from dead birds, there was no clear correlation between genetic variations and pathogenicity of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21896207é��Wibawa, Hendra
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Viral Proteins/metabolismñ��Bats are natural reservoirs for a spectrum of infectious zoonotic diseases including the recently emerged henipaviruses (Hendra and Nipah viruses). Henipaviruses have been observed both naturally and experimentally to cause serious and often fatal disease in many different mammal species, including humans. Interestingly, infection of the flying fox with henipaviruses occurs in the absence of clinical disease. The extreme variation in the disease pattern between humans and bats has led to an investigation into the effects of henipavirus infection on the innate immune response in bat cell lines. We report that henipavirus infection does not result in the induction of interferon expression, and the viruses also inhibit interferon signaling. We also confirm that the interferon production and signaling block in bat cells is not due to differing viral protein expression levels between human and bat hosts. This information, in addition to the known lack of clinical signs in bats following henipavirus infection, suggests that bats control henipavirus infection by an as yet unidentified mechanism, not via the interferon response. This is the first report of henipavirus infection in bat cells specifically investigating aspects of the innate immune system.,��https://www.ncbi.nlm.nih.gov/pubmed/21811620Ä��Virtue, Elena R
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Viral Proteins/*chemistry/metabolism���Janå��This review focuses on the experimental data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely Nipah (NiV), Hendra (HeV) and measles (MeV) viruses. We provide a detailed description of the molecular mechanisms governing the disorder-to-order transition of the intrinsically disordered C-terminal domains (N(TAIL)) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within N(TAIL)-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder are discussed in light of the ability of disordered regions to establish a complex molecular partnership, thereby leading to a variety of biological effects. Taking into account the promiscuity that typifies disordered regions, we propose that the main functional advantage of the abundance of disorder within viruses would reside in pleiotropy and genetic compaction, where a single gene would encode a single (regulatory) protein product able to establish multiple interactions via its disordered regions, and hence to exert multiple concomitant biological effects.,��https://www.ncbi.nlm.nih.gov/pubmed/21805002ö��Habchi, Johnny
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Zoonoses/transmission���Jul¢��Hendra virus infection is an emerging infectious disease that is not well understood. Most cases of Hendra virus infection have occurred in Queensland, with one case in a horse in NSW. Hendra virus infection has a high mortality rate in horses and humans and as cases could occur anywhere in Australia it is important to be ready for prompt action should an outbreak occur in NSW. This paper: reviews the current knowledge on Hendra virus infection including methods for preventing the disease; explains the animal health and human health response for an outbreak within NSW; and discusses possible future avenues for post-exposure prophylaxis and prevention by vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/21781619Æ��Hess, Isabel M R
Massey, Peter D
Walker, Belinda
Middleton, Deborah J
Wright, Therese M
eng
Review
Australia
2011/07/26 06:00
N S W Public Health Bull. 2011 Jul;22(5-6):118-22. doi: 10.1071/NB10077.*��1839-4345 (Electronic)
1034-7674 (Linking)���21781619E��NSW Public Health Officer Training Program, NSW Department of Health.���10.1071/NB10077����Ê��üÒ|ÿî?j������Wang, L. F.���2011"��Discovering novel zoonotic viruses���113-7���N S W Public Health Bull���22���5-6:��Animals
Chiroptera/virology
Communicable Diseases, Emerging/*diagnosis/epidemiology/*virology
Disease Outbreaks
Humans
Polymerase Chain Reaction/methods
Sentinel Surveillance
Virus Diseases/*diagnosis/epidemiology/transmission/virology
Viruses/*isolation & purification
Zoonoses/epidemiology/transmission/*virology���Julª��From the emergence of Hendra virus and Menangle virus in Australia to the global pandemics of severe acute respiratory syndrome and influenza viruses (both H5N1 and H1N1), there has been a surge of zoonotic virus outbreaks in the last two decades. Although the drivers for virus emergence remain poorly understood, the rate of discovery of new viruses is accelerating. This is due to a combination of true emergence of new pathogens and the advance of new technologies making rapid detection and characterisation possible. While molecular approaches will continue to lead the way in virus discovery, other technological platforms are required to increase the chance of success. The lessons learnt in the last 20 years confirm that the One Health approach, involving inclusive collaborations between physicians, veterinarians and other health and environmental professionals, will be the key to combating future zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21781618���Wang, Lin-Fa
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Zoonoses/*epidemiology/virology���Jul���Human encephalitis in Australia causes substantial mortality and morbidity, with frequent severe neurological sequelae and long-term cognitive impairment. This review discusses a number of highly pathogenic zoonotic viruses which have recently emerged in Australia, including Hendra virus and Australian bat lyssavirus which present with an encephalitic syndrome in humans. Encephalitis surveillance currently focuses on animals at sentinel sites and animal disease or definitive diagnosis of notifiable conditions that may present with encephalitis. This is inadequate for detecting newly emerged viral encephalatides. Hospital-based sentinel surveillance may aid in identifying increases in known pathogens or emergence of new pathogens that require a prompt public health response.,��https://www.ncbi.nlm.nih.gov/pubmed/21781616´��Paterson, Beverley J
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P. macrocarpa
antimicrobial activity
flavonoidÿ��Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) is commonly known as 'Crown of God', 'Mahkota Dewa', and 'Pau'. It originates from Papua Island, Indonesia and it grows in tropical areas. Empirically, it is potent in treating the hypertensive, diabetic, cancer and diuretic patients. It has a long history of ethnopharmacological usage, and the lack of information about its biological activities led us to investigate the possible biological activities by characterisation of flavonoids and antimicrobial activity of various part of P. macrocarpa against pathogenic bacteria and fungi. The results showed that kaempferol, myricetin, naringin, and rutin were the major flavonoids present in the pericarp while naringin and quercetin were found in the mesocarp and seed. Furthermore, the antibacterial activity of different parts of P. macrocarpa fruit showed a weak ability to moderate antibacterial activity against pathogenic tested bacteria (inhibition range: 0.93-2.17 cm) at concentration of 0.3 mg/disc. The anti fungi activity was only found in seed extract against Aspergillus niger (1.87 cm) at concentration of 0.3 mg/well. From the results obtained, P. macrocarpa fruit could be considered as a natural antimicrobial source due to the presence of flavonoid compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/21747685¾��Hendra, Rudi
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Socioeconomic Factors���SepC��OBJECTIVES: Cytochrome P450 2B6 (CYP2B6) is responsible for the metabolic clearance of efavirenz and single nucleotide polymorphisms (SNPs) in the CYP2B6 gene are associated with efavirenz pharmacokinetics. Since the constitutive androstane receptor (CAR) and the pregnane X receptor (PXR) correlate with CYP2B6 in liver, and a CAR polymorphism (rs2307424) and smoking correlate with efavirenz plasma concentrations, we investigated their association with early (<3 months) discontinuation of efavirenz therapy. METHODS: Three hundred and seventy-three patients initiating therapy with an efavirenz-based regimen were included (278 white patients and 95 black patients; 293 male). DNA was extracted from whole blood and genotyping for CYP2B6 (516G --> T, rs3745274), CAR (540C --> T, rs2307424) and PXR (44477T --> C, rs1523130; 63396C --> T, rs2472677; and 69789A --> G, rs763645) was conducted. Binary logistic regression using the backwards method was employed to assess the influence of SNPs and demographics on early discontinuation. RESULTS: Of the 373 patients, 131 withdrew from therapy within the first 3 months. Black ethnicity [odds ratio (OR) = 0.27; P = 0.0001], CYP2B6 516TT (OR = 2.81; P = 0.006), CAR rs2307424 CC (OR = 1.92; P = 0.007) and smoking status (OR = 0.45; P = 0.002) were associated with discontinuation within 3 months. CONCLUSIONS: These data indicate that genetic variability in CYP2B6 and CAR contributes to early treatment discontinuation for efavirenz-based antiretroviral regimens. Further studies are now required to define the clinical utility of these associations.,��https://www.ncbi.nlm.nih.gov/pubmed/21715435a��Wyen, Christoph
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Virus Shedding/immunology���Aug 5h��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are two deadly zoonotic viruses for which no vaccines or therapeutics have yet been approved for human or livestock use. In 14 outbreaks since 1994 HeV has been responsible for multiple fatalities in horses and humans, with all known human infections resulting from close contact with infected horses. A vaccine that prevents virus shedding in infected horses could interrupt the chain of transmission to humans and therefore prevent HeV disease in both. Here we characterise HeV infection in a ferret model and show that it closely mirrors the disease seen in humans and horses with induction of systemic vasculitis, including involvement of the pulmonary and central nervous systems. This model of HeV infection in the ferret was used to assess the immunogenicity and protective efficacy of a subunit vaccine based on a recombinant soluble version of the HeV attachment glycoprotein G (HeVsG), adjuvanted with CpG. We report that ferrets vaccinated with a 100 mug, 20 mug or 4 mug dose of HeVsG remained free of clinical signs of HeV infection following a challenge with 5000 TCID(5)(0) of HeV. In addition, and of considerable importance, no evidence of virus or viral genome was detected in any tissues or body fluids in any ferret in the 100 and 20 mug groups, while genome was detected in the nasal washes only of one animal in the 4 mug group. Together, our findings indicate that 100 mug or 20 mug doses of HeVsG vaccine can completely prevent a productive HeV infection in the ferret, suggesting that vaccination to prevent the infection and shedding of HeV is possible.,��https://www.ncbi.nlm.nih.gov/pubmed/21689706ï��Pallister, Jackie
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Virus Diseases/*epidemiology/*virology���MayA��Australia is a climatically diverse country varying from a tropical climate in the north to arid central desert and grassland regions, and to temperate climates in the south. There are many viral infections found in Australia that are common to developed countries worldwide, but this article will focus on those that pose a special risk for travellers to Australia, especially the mosquito-borne viruses. The commonest are the members of the alphavirus genus, particularly Ross River virus and Barmah Forest virus, which cause predominantly arthralgia with or without fever or rash. Less frequent but more serious illness is seen with the encephalitic flaviviruses, Murray Valley encephalitis virus, and the Kunjin strain of West Nile virus. In addition dengue occurs intermittently on the northern part of Queensland, and in recent years Japanese encephalitis virus has been found in the Torres Strait Islands and the tip of far north Queensland. Also of interest, but with a much lower risk, are the bat-borne viruses, Hendra virus and Australian bat lyssavirus, that have caused a small number of human infections. However, it is important to remember that most tourists pass through other countries in the Asia/Pacific region on their way to and from Australia and may therefore have acquired infections prior to or after leaving Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/21679887²��Smith, David W
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Trust���Jun 13�	�BACKGROUND: Post-mortem needle biopsies have been used in resource-poor settings to determine cause of death and there is interest in using them in Bangladesh. However, we did not know how families and communities would perceive this procedure or how they would decide whether or not to consent to a post-mortem needle biopsy. The goal of this study was to better understand family and community concerns and decision-making about post-mortem needle biopsies in this low-income, predominantly Muslim country in order to design an informed consent process. METHODS: We conducted 16 group discussions with family members of persons who died during an outbreak of Nipah virus illness during 2004-2008 and 11 key informant interviews with their community and religious leaders. Qualitative researchers first described the post-mortem needle biopsy procedure and asked participants whether they would have agreed to this procedure during the outbreak. Researchers probed participants about the circumstances under which the procedure would be acceptable, if any, their concerns about the procedure, and how they would decide whether or not to consent to the procedure. RESULTS: Overall, most participants agreed that post-mortem needle biopsies would be acceptable in some situations, particularly if they benefitted society. This procedure was deemed more acceptable than full autopsy because it would not require major delays in burial or remove organs, and did not require cutting or stitching of the body. It could be performed before the ritual bathing of the body in either the community or hospital setting. However, before consent would be granted for such a procedure, the research team must gain the trust of the family and community which could be difficult. Although consent may only be provided by the guardians of the body, decisions about consent for the procedure would involve extended family and community and religious leaders. CONCLUSIONS: The possible acceptability of this procedure during outbreaks represents an important opportunity to better characterize cause of death in Bangladesh which could lead to improved public health interventions to prevent these deaths. Obstacles for research teams will include engaging all major stakeholders in decision-making and quickly building a trusting relationship with the family and community, which will be difficult given the short window of time prior to the ritual bathing of the body.,��https://www.ncbi.nlm.nih.gov/pubmed/21668979J��Gurley, Emily S
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Zoonoses/*epidemiology/transmission/virology���Jan 7£��Emerging zoonoses threaten global health, yet the processes by which they emerge are complex and poorly understood. Nipah virus (NiV) is an important threat owing to its broad host and geographical range, high case fatality, potential for human-to-human transmission and lack of effective prevention or therapies. Here, we investigate the origin of the first identified outbreak of NiV encephalitis in Malaysia and Singapore. We analyse data on livestock production from the index site (a commercial pig farm in Malaysia) prior to and during the outbreak, on Malaysian agricultural production, and from surveys of NiV's wildlife reservoir (flying foxes). Our analyses suggest that repeated introduction of NiV from wildlife changed infection dynamics in pigs. Initial viral introduction produced an explosive epizootic that drove itself to extinction but primed the population for enzootic persistence upon reintroduction of the virus. The resultant within-farm persistence permitted regional spread and increased the number of human infections. This study refutes an earlier hypothesis that anomalous El Nino Southern Oscillation-related climatic conditions drove emergence and suggests that priming for persistence drove the emergence of a novel zoonotic pathogen. Thus, we provide empirical evidence for a causative mechanism previously proposed as a precursor to widespread infection with H5N1 avian influenza and other emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/21632614Ð��Pulliam, Juliet R C
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*Virus Internalization���Sepí��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses classified in the genus Henipavirus of the family Paramyxoviridae. The entry of henipaviruses occurs through a pH-independent membrane-fusion mechanism mediated by the cooperation of the viral attachment (G) and fusion (F) envelope glycoproteins following virion binding to susceptible host cells. Virus attachment is mediated by the interaction of the G glycoprotein with ephrin-B2 or ephrin-B3, which were identified as the functional receptors of henipavirus. Several residues of the G glycoprotein that are important for receptor binding have been determined through mutagenesis and structural analyses; however, similar approaches have not been carried out for the viral receptor ephrin-B2. Here, an alanine-scanning mutagenesis analysis was performed to identify residues of ephrin-B2 which are critical for NiV binding and entry by using an NiV-F- and -G-glycoprotein pseudotyped lentivirus assay. Results indicated that the G-H loop of ephrin-B2 was indeed critical for the interaction between ephrin-B2 and NiV-G. Unexpectedly, however, some alanine-substitution mutants located in the G-H loop enhanced the infectivity of the NiV pseudotypes, in particular an L124A mutation enhanced entry >30-fold. Further analysis of the L124A ephrin-B2 mutant demonstrated that an increased binding affinity of the mutant receptor with NiV-G was responsible for the enhanced infectivity of both pseudovirus and infectious virus. In addition, cell lines that were stably expressing the L124A mutant receptor were able to support NiV infection more efficiently than the wild-type molecule, potentially providing a new target-cell platform for viral isolation or virus-entry inhibitor screening and discovery.,��https://www.ncbi.nlm.nih.gov/pubmed/21632558í��Yuan, Junfa
Marsh, Glenn
Khetawat, Dimple
Broder, Christopher C
Wang, Lin-Fa
Shi, Zhengli
eng
Research Support, Non-U.S. Gov't
England
2011/06/03 06:00
J Gen Virol. 2011 Sep;92(Pt 9):2142-52. doi: 10.1099/vir.0.033787-0. Epub 2011 Jun 1.*��1465-2099 (Electronic)
0022-1317 (Linking)���21632558\��Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan, People's Republic of China.���10.1099/vir.0.033787-0���
t��üÒtÿî?t���m��Huang, M.
Sato, H.
Hagiwara, K.
Watanabe, A.
Sugai, A.
Ikeda, F.
Kozuka-Hata, H.
Oyama, M.
Yoneda, M.
Kai, C.���2011o��Determination of a phosphorylation site in Nipah virus nucleoprotein and its involvement in virus transcription���2133-41���J Gen Virol���92���Pt 9 ��Animals
Cell Line
Cercopithecus aethiops
Humans
Nipah Virus/*physiology
Nucleoproteins/*metabolism
Phosphorylation
RNA, Viral/metabolism
Serine/metabolism
Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization
*Transcription, Genetic
Viral Proteins/*metabolism
*Virus Replication���Sep���Many viruses use their host's cellular machinery to regulate the functions of viral proteins. The phosphorylation of viral proteins is known to play a role in genome transcription and replication in paramyxoviruses. The paramyxovirus nucleoprotein (N), the most abundant protein in infected cells, is a component of the N-RNA complex and supports the transcription and replication of virus mRNA and genomic RNA. Recently, we reported that the phosphorylation of measles virus N is involved in the regulation of viral RNA synthesis. In this study, we report a rapid turnover of phosphorylation in the Nipah virus N (NiV-N). The phosphorylated NiV-N was hardly detectable in steady-state cells, but was detected after inhibition of cellular protein phosphatases. We identified a phosphorylated serine residue at Ser451 of NiV-N by peptide mass fingerprinting by electrospray ionization-quadrupole time-of-flight mass spectrometry. In the NiV minigenome assay, using luciferase as a reporter gene, the substitution of Ser451 for alanine in NiV-N resulted in a reduction in luciferase activity of approximately 45 % compared with the wild-type protein. Furthermore, the substitution of Ser451 for glutamic acid, which mimics a phosphoserine, led to a more significant decrease in luciferase activity - approximately 81 %. Northern blot analysis showed that both virus transcription and replication were reduced by these mutations. These results suggest that a rapid turnover of the phosphorylation of NiV-N plays an important role in virus transcription and replication.,��https://www.ncbi.nlm.nih.gov/pubmed/21613447+��Huang, Mingshu
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Virus Replication���AugÀ��Nipah virus (NiV) and Hendra virus (HeV) are emerging zoonotic viruses and the causative agents of severe respiratory disease and encephalitis in humans. Little is known about the mechanisms that govern the development of respiratory and neurological disease. Using a hamster model of lethal NiV and HeV infection, we describe the role of the route and dose of infection on the clinical outcome and determine virus tropism and host responses following infection. Infection of hamster with a high dose of NiV or HeV resulted in acute respiratory distress. NiV initially replicated in the upper respiratory tract epithelium, whereas HeV initiated infection primarily in the interstitium. In contrast, infection with a low dose of NiV or HeV resulted in the development of neurological signs and more systemic spread of the virus through involvement of the endothelium. The development of neurological signs coincided with disruption of the blood-brain barrier (BBB) and expression of tumor necrosis alpha (TNF-alpha) and interleukin 1 beta (IL-1beta). In addition, interferon-inducible protein 10 (IP-10) was identified as playing an important role in NiV and HeV pathogenesis. These studies reveal novel information on the development and progression of NiV and HeV clinical disease, provide a mechanism for the differences in transmission observed between NiV and HeV outbreaks, and identify specific cytokines and chemokines that serve as important targets for treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/21593160
��Rockx, Barry
Brining, Douglas
Kramer, Joshua
Callison, Julie
Ebihara, Hideki
Mansfield, Keith
Feldmann, Heinz
eng
Intramural NIH HHS/
Research Support, N.I.H., Intramural
2011/05/20 06:00
J Virol. 2011 Aug;85(15):7658-71. doi: 10.1128/JVI.00473-11. Epub 2011 May 18.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3147900���21593160»��Laboratory of Virology, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Hamilton, Montana, USA. barry.rockx@utmb.edu���10.1128/JVI.00473-11�

��üÒtÿî?v������Mathieu, C.
Pohl, C.
Szecsi, J.
Trajkovic-Bodennec, S.
Devergnas, S.
Raoul, H.
Cosset, F. L.
Gerlier, D.
Wild, T. F.
Horvat, B.���2011E��Nipah virus uses leukocytes for efficient dissemination within a host���7863-71���J Virol���85���15ó��Animals
Base Sequence
Cell Line
Cercopithecus aethiops
Cricetinae
DNA Primers
Humans
Leukocytes/*virology
Mesocricetus
Nipah Virus/*physiology
RNA, Viral/biosynthesis
Reverse Transcriptase Polymerase Chain Reaction
Vero Cells
Virus Replication���Aug	��Nipah virus (NiV) is a recently emerged zoonotic paramyxovirus whose natural reservoirs are several species of Pteropus fruit bats. NiV provokes a widespread vasculitis often associated with severe encephalitis, with up to 75% mortality in humans. We have analyzed the pathogenesis of NiV infection, using human leukocyte cultures and the hamster animal model, which closely reproduces human NiV infection. We report that human lymphocytes and monocytes are not permissive for NiV and a low level of virus replication is detected only in dendritic cells. Interestingly, despite the absence of infection, lymphocytes could efficiently bind NiV and transfer infection to endothelial and Vero cells. This lymphocyte-mediated transinfection was inhibited after proteolytic digestion and neutralization by NiV-specific antibodies, suggesting that cells could transfer infectious virus to other permissive cells without the requirement for NiV internalization. In NiV-infected hamsters, leukocytes captured and carried NiV after intraperitoneal infection without themselves being productively infected. Such NiV-loaded mononuclear leukocytes transfer lethal NiV infection into naive animals, demonstrating efficient virus transinfection in vivo. Altogether, these results reveal a remarkable capacity of NiV to hijack leukocytes as vehicles to transinfect host cells and spread the virus throughout the organism. This mode of virus transmission represents a rapid and potent method of NiV dissemination, which may contribute to its high pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/215931452��Mathieu, Cyrille
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Viral Vaccines/*administration & dosage/blood/*genetics/immunology���May 2Æ��Based on their safety profile and ability to induce potent immune responses against infections, subunit vaccines have been used as candidates for a wide variety of pathogens. Since the mammalian cell system is capable of post-translational modification, thus forming properly folded and glycosylated proteins, recombinant proteins expressed in mammalian cells have shown the greatest potential to maintain high antigenicity and immunogenicity. Although no new cases of SARS have been reported since 2004, future outbreaks are a constant threat; therefore, the development of vaccines against SARS-CoV is a prudent preventive step and should be carried out. The RBD of SARS-CoV S protein plays important roles in receptor binding and induction of specific neutralizing antibodies against virus infection. Therefore, in this protocol, we describe novel methods for developing a RBD-based subunit vaccine against SARS. Briefly, the recombinant RBD protein (rRBD) was expressed in culture supernatant of mammalian 293T cells to obtain a correctly folded protein with proper conformation and high immunogenicity. The transfection of the recombinant plasmid encoding RBD to the cells was then performed using a calcium phosphate transfection method with some modifications. Compared with the lipid transfection method, this modified calcium phosphate transfection method is cheaper, easier to handle, and has the potential to reach high efficacy once a transfection complex with suitable size and shape is formed. Finally, a SARS pseudovirus neutralization assay was introduced in the protocol and used to detect the neutralizing activity of sera of mice vaccinated with rRBD protein. This assay is relatively safe, does not involve an infectious SARS-CoV, and can be performed without the requirement of a biosafety-3 laboratory. The protocol described here can also be used to design and study recombinant subunit vaccines against other viruses with class I fusion proteins, for example, HIV, respiratory syncytial virus (RSV), Ebola virus, influenza virus, as well as Nipah and Handra viruses. In addition, the methods for generating a pseudovirus and subsequently establishing a pseudovirus neutralization assay can be applied to all these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21587153÷��Du, Lanying
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Zoonoses/epidemiology/virology���Dec 22P��Anthropogenic environmental change is often implicated in the emergence of new zoonoses from wildlife; however, there is little mechanistic understanding of these causal links. Here, we examine the transmission dynamics of an emerging zoonotic paramyxovirus, Hendra virus (HeV), in its endemic host, Australian Pteropus bats (fruit bats or flying foxes). HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. With models parametrized from field and laboratory data, we explore a set of probable contributory mechanisms that explain the spatial and temporal pattern of HeV emergence; including urban habituation and decreased migration-two widely observed changes in flying fox ecology that result from anthropogenic transformation of bat habitat in Australia. Urban habituation increases the number of flying foxes in contact with human and domestic animal populations, and our models suggest that, in addition, decreased bat migratory behaviour could lead to a decline in population immunity, giving rise to more intense outbreaks after local viral reintroduction. Ten of the 14 known HeV outbreaks occurred near urbanized or sedentary flying fox populations, supporting these predictions. We also demonstrate that by incorporating waning maternal immunity into our models, the peak modelled prevalence coincides with the peak annual spill-over hazard for HeV. These results provide the first detailed mechanistic framework for understanding the sporadic temporal pattern of HeV emergence, and of the urban/peri-urban distribution of HeV outbreaks in horses and people.,��https://www.ncbi.nlm.nih.gov/pubmed/21561971���Plowright, Raina K
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Viral Proteins/genetics���May@��An intrafamilial outbreak in West Bengal, India, involving 5 deaths and person-to-person transmission was attributed to Nipah virus. Full-genome sequence of Nipah virus (18,252 nt) amplified from lung tissue showed 99.2% nt and 99.8% aa identity with the Bangladesh-2004 isolate, suggesting a common source of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/21529409h��Arankalle, Vidya A
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Recurrence���Octø��This study aimed to describe the transmission dynamics, the serological and virus excretion patterns of Nipah virus (NiV) in Pteropus vampyrus bats. Bats in captivity were sampled every 7-21 days over a 1-year period. The data revealed five NiV serological patterns categorized as high and low positives, waning, decreasing and increasing, and negative in these individuals. The findings strongly suggest that NiV circulates in wild bat populations and that antibody could be maintained for long periods. The study also found that pup and juvenile bats from seropositive dams tested seropositive, indicating that maternal antibodies against NiV are transmitted passively, and in this study population may last up to 14 months. NiV was isolated from the urine of one bat, and within a few weeks, two other seronegative bats seroconverted. Based on the temporal cluster of seroconversion, we strongly believe that the NiV isolated was recrudesced and then transmitted horizontally between bats during the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/21524339���Sohayati, A R
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Virus Internalization���Augë��Henipavirus is a new genus of Paramyxoviridae that uses protein-based receptors (ephrinB2 and ephrinB3) for virus entry. Paramyxovirus entry requires the coordinated action of the fusion (F) and attachment viral envelope glycoproteins. Receptor binding to the attachment protein triggers F to undergo a conformational cascade that results in membrane fusion. The accumulation of structural and functional studies on many paramyxoviral fusion and attachment proteins, including the recent elucidation of structures of Nipah virus (NiV) and Hendra virus (HeV) G glycoproteins bound and unbound to cognate ephrinB receptors, indicate that henipavirus entry and fusion could differ mechanistically from paramyxoviruses that use glycan-based receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/21511478j��Lee, Benhur
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Virion/*immunology/ultrastructure���Apr 6x��Nipah virus (NiV) was first recognized in 1998 in a zoonotic disease outbreak associated with highly lethal febrile encephalitis in humans and a predominantly respiratory disease in pigs. Periodic deadly outbreaks, documentation of person-to-person transmission, and the potential of this virus as an agent of agroterror reinforce the need for effective means of therapy and prevention. In this report, we describe the vaccine potential of NiV virus-like particles (NiV VLPs) composed of three NiV proteins G, F and M. Co-expression of these proteins under optimized conditions resulted in quantifiable amounts of VLPs with many virus-like/vaccine desirable properties including some not previously described for VLPs of any paramyxovirus: The particles were fusogenic, inducing syncytia formation; PCR array analysis showed NiV VLP-induced activation of innate immune defense pathways; the surface structure of NiV VLPs imaged by cryoelectron microscopy was dense, ordered, and repetitive, and consistent with similarly derived structure of paramyxovirus measles virus. The VLPs were composed of all the three viral proteins as designed, and their intracellular processing also appeared similar to NiV virions. The size, morphology and surface composition of the VLPs were consistent with the parental virus, and importantly, they retained their antigenic potential. Finally, these particles, formulated without adjuvant, were able to induce neutralizing antibody response in Balb/c mice. These findings indicate vaccine potential of these particles and will be the basis for undertaking future protective efficacy studies in animal models of NiV disease.,��https://www.ncbi.nlm.nih.gov/pubmed/21494680���Walpita, Pramila
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*Nipah Virus���Jun³��The Paramyxoviridae family comprises of several genera that contain emerging or re-emerging threats for human and animal health with no real specific effective treatment available. Hendra and Nipah virus are members of a newly identified genus of emerging paramyxoviruses, Henipavirus. Since their discovery in the 1990s, henipaviruses outbreaks have been associated with high economic and public health threat potential. When compared to other paramyxoviruses, henipaviruses appear to have unique characteristics. Henipaviruses are zoonotic paramyxoviruses with a broader tropism than most other paramyxoviruses, and can cause severe acute encephalitis with unique features among viral encephalitides. There are currently no approved effective prophylactic or therapeutic treatments for henipavirus infections. Although ribavirin was empirically used and seemed beneficial during the biggest outbreak caused by one of these viruses, the Nipah virus, its efficacy is disputed in light of its lack of efficacy in several animal models of henipavirus infection. Nevertheless, because of its highly pathogenic nature, much effort has been spent in developing anti-henipavirus therapeutics. In this review we describe the unique features of henipavirus infections and the different strategies and animal models that have been developed so far in order to identify and test potential drugs to prevent or treat henipavirus infections. Some of these components have the potential to be broad-spectrum antivirals as they target effectors of viral pathogenecity common to other viruses. We will focus on small molecules or biologics, rather than vaccine strategies, that have been developed as anti-henipaviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/21488828Ç��Vigant, Frederic
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Viral Envelope Proteins/genetics/*metabolism���May 20K��The fusion (F) proteins of Newcastle disease virus (NDV) and Nipah virus (NiV) are both triggered by binding to receptors, mediated in both viruses by a second protein, the attachment protein. However, the hemagglutinin-neuraminidase (HN) attachment protein of NDV recognizes sialic acid receptors, whereas the NiV G attachment protein recognizes ephrinB2/B3 as receptors. Chimeric proteins composed of domains from the two attachment proteins have been evaluated for fusion-promoting activity with each F protein. Chimeras having NiV G-derived globular domains and NDV HN-derived stalks, transmembranes, and cytoplasmic tails are efficiently expressed, bind ephrinB2, and trigger NDV F to promote fusion in Vero cells. Thus, the NDV F protein can be triggered by binding to the NiV receptor, indicating that an aspect of the triggering cascade induced by the binding of HN to sialic acid is conserved in the binding of NiV G to ephrinB2. However, the fusion cascade for triggering NiV F by the G protein and that of triggering NDV F by the chimeras can be distinguished by differential exposure of a receptor-induced conformational epitope. The enhanced exposure of this epitope marks the triggering of NiV F by NiV G but not the triggering of NDV F by the chimeras. Thus, the triggering cascade for NiV G-F fusion may be more complex than that of NDV HN and F. This is consistent with the finding that reciprocal chimeras having NDV HN-derived heads and NiV G-derived stalks, transmembranes, and tails do not trigger either F protein for fusion, despite efficient cell surface expression and receptor binding.,��https://www.ncbi.nlm.nih.gov/pubmed/21460213���Mirza, Anne M
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Virion/immunology/*metabolism���Jun���Complement is an innate immune response system that most animal viruses encounter during natural infections. We have tested the role of human complement in the neutralization of virus particles harboring the Nipah virus (NiV) glycoproteins. A luciferase-expressing vesicular stomatitis virus (VSV) pseudotype that contained the NiV fusion (F) and attachment (G) glycoproteins (NiVpp) showed dose- and time-dependent activation of human complement through the alternative pathway. In contrast to our findings with other paramyxoviruses, normal human serum (NHS) alone did not neutralize NiVpp infectivity in vitro, and electron microscopy demonstrated no significant deposition of complement component C3 on particles. This lack of NiVpp neutralization by NHS was not due to a global inhibition of complement pathways, since complement was found to significantly enhance neutralization by antibodies specific for the NiV F and G glycoproteins. Complement components C4 and C1q were necessary but not sufficient by themselves for the enhancement of antibody neutralization. Human complement also enhanced NiVpp neutralization by a soluble version of the NiV receptor EphrinB2, and this depended on components in the classical pathway. The ability of complement to enhance neutralization fell into one of two profiles: (i) anti-F monoclonal antibodies showed enhancement only at high and not low antibody concentrations, and (ii) anti-G monoclonal antibodies and EphrinB2 showed enhancement at both high and very low levels of antibody (e.g., 3.1 ng) or EphrinB2 (e.g., 2.5 ng). Together, these data establish the importance of human complement in the neutralization of particles containing the NiV glycoproteins and will help guide the design of more effective therapeutics that harness the potency of complement pathways.,��https://www.ncbi.nlm.nih.gov/pubmed/21450814?��Johnson, John B
Aguilar, Hector C
Lee, Benhur
Parks, Griffith D
eng
R01 AI069317/AI/NIAID NIH HHS/
R21 AI081022/AI/NIAID NIH HHS/
U54 AI057157/AI/NIAID NIH HHS/
AI081022/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2011/04/01 06:00
J Virol. 2011 Jun;85(12):5940-8. doi: 10.1128/JVI.00193-11. Epub 2011 Mar 30.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3126306���21450814���Department of Microbiology and Immunology, Wake Forest University School of Medicine, Medical Center Blvd., Winston-Salem, NC 27157-1064, USA.���10.1128/JVI.00193-11�������üÒtÿî?����Ü��Schipani, A.
Wyen, C.
Mahungu, T.
Hendra, H.
Egan, D.
Siccardi, M.
Davies, G.
Khoo, S.
Fatkenheuer, G.
Youle, M.
Rockstroh, J.
Brockmeyer, N. H.
Johnson, M. A.
Owen, A.
Back, D. J.
German Competence Network for, Hiv Aids���2011���Integration of population pharmacokinetics and pharmacogenetics: an aid to optimal nevirapine dose selection in HIV-infected individuals���1332-9���J Antimicrob Chemother���66���6¡��Adolescent
Adult
Aged
Aged, 80 and over
Anti-HIV Agents/*administration & dosage/*pharmacokinetics
Aryl Hydrocarbon Hydroxylases/*genetics
Body Weight
Cytochrome P-450 CYP2B6
Female
Gene Frequency
Genetics, Population
HIV Infections/*drug therapy
Humans
Male
Middle Aged
Models, Statistical
Nevirapine/*administration & dosage/*pharmacokinetics
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*Pharmacogenetics
Young Adult���Jun���BACKGROUND: Nevirapine is metabolized by CYP2B6 and polymorphisms within the CYP2B6 gene partly explain inter-patient variability in pharmacokinetics. The aim of this study was to model the complex relationship between nevirapine exposure, weight and genetics (based on combined analysis of CYP2B6 516G > T and 983T > C single nucleotide polymorphisms). METHODS: Non-linear mixed-effects modelling was used to estimate pharmacokinetic parameters from 275 patients. Simulations of the nevirapine concentration profile were performed with dosing regimens of 200 mg twice daily and 400 mg once daily for individuals with body weights of 50, 70 and 90 kg in combination with CYP2B6 genetic variation. RESULTS: A one-compartment model with first-order absorption best described the data. Population clearance was 3.5 L/h with inter-patient variability of 24.6%. 516T homozygosity and 983C heterozygosity were associated with 37% and 40% lower clearance, respectively. Body weight was the only significant demographic factor influencing clearance, which increased by 5% for every 10 kg increase. For individuals with higher body weight, once-daily nevirapine was associated with a greater risk of sub-therapeutic drug exposure than a twice-daily regimen. This risk was offset in individuals who were 516T homozygous or 983C heterozygous in which drug exposure was optimal for > 95% of patients with body weight of </= 70 kg. CONCLUSIONS: The data suggest that a 400 mg once-daily dose could be implemented in accordance with CYP2B6 polymorphism and body weight. However, the use of nevirapine once daily (immediate release; off-label) in the absence of therapeutic drug monitoring is not recommended due to the risk of inadequate exposure to nevirapine in a high proportion of patients. There are different considerations for the extended-release formulation (nevirapine XR) that demonstrate minimal peak-to-trough fluctuations in plasma nevirapine levels.,��https://www.ncbi.nlm.nih.gov/pubmed/21441248���Schipani, Alessandro
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*Virus Inactivation���Mar 1A��We present a new antiviral strategy and research tool that could be applied to a wide range of enveloped viruses that infect human beings via membrane fusion. We test this strategy on two emerging zoonotic henipaviruses that cause fatal encephalitis in humans, Nipah (NiV) and Hendra (HeV) viruses. In the new approach, artificial cell-like particles (protocells) presenting membrane receptors in a biomimetic manner were developed and found to attract and inactivate henipavirus envelope glycoprotein pseudovirus particles, preventing infection. The protocells do not accumulate virus during the inactivation process. The use of protocells that interact with, but do not accumulate, viruses may provide significant advantages over current antiviral drugs, and this general approach may have wide potential for antiviral development.,��https://www.ncbi.nlm.nih.gov/pubmed/21390296%��Porotto, Matteo
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Zoonoses/*epidemiology���Nov-Dec���Zoonoses are at the present time more important than ever due to their magnitude and impact. The international trade in animals, products and sub products, as well as the intense travel of people around the world, represent risks of dissemination of infectious diseases, and are the reason for a new age of emerging and reemerging zoonotic diseases. Under these conditions, public health and animal health authorities are obliged to work together in order to get more efficient control programs. In this paper the actual situation of some important emerging and reemerging zoonoses is analyzed, including: anthrax, rabies, tuberculosis, brucellosis, cysticercosis, echinococcosis, hanta virus, Hendra and Nipah virus. Particular attention is given to leptospirosis, due to the fact that it is considered by WHO and OIE as the widest spread zoonotic disease in the world. Zoonoses caused by ingestion of animal food products are discussed. They are responsible for the death of almost 2.2 million people. Bacteria of genus salmonella and campylobacter are considered. Some recommendations are given for the control and prevention of zoonoses, emphasizing the "One Health" concept.,��https://www.ncbi.nlm.nih.gov/pubmed/21384639k��Flores Castro, Ricardo
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Virus Attachment���Feb 24È��In recent years, several paramyxoviruses have emerged to infect humans, including previously unidentified zoonoses. Hendra and Nipah viruses (henipaviruses within this family) were first identified in the 1990s in Australia, Malaysia and Singapore, causing epidemics with high mortality and morbidity rates in affected animals and humans. Other paramyxoviruses, such as Menangle virus, Tioman virus, human metapneumovirus and avian paramyxovirus 1, which cause less morbidity in humans, have also been recently identified. Although the Paramyxoviridae family of viruses has been previously recognised as biomedically and veterinarily important, the recent emergence of these paramyxoviruses has focused our attention on this family. Antiviral drugs can be designed to target specific important determinants of the viral life cycle. Therefore, identifying and understanding the mechanistic underpinnings of viral entry, replication, assembly and budding will be critical in the development of antiviral therapeutic agents. This review focuses on the molecular mechanisms discovered and the antiviral strategies pursued in recent years for emerging paramyxoviruses, with particular emphasis on viral entry and exit mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/21345285S��Aguilar, Hector C
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Swine Diseases/epidemiology/*prevention & control/virology���DecÕ��An outbreak of acute febrile encephalitis affecting pig-farm workers and owners was recognized in peninsular Malaysia as early as September 1998. The outbreak was initially thought to be due to Japanese encephalitis (JE) virus and thus very intensive prevention, control and communication strategies directed at JE virus were undertaken by the Ministry of Health and Ministry of Agriculture of Malaysia. There was an immediate change in the prevention, control and communication strategies with focus and strategies on infected pigs as the source of infections for humans and other animals following the discovery of Nipah virus. Information and understanding the risks of Nipah virus infections and modes of transmission strengthened the directions of prevention, control and communication strategies. A number of epidemiological surveillances and field investigations which were broadly divided into 3 groups covering human health sector, animal health sector and reservoir hosts were carried out as forms of risk assessment to determine and assess the factors and degree of risk of infections by the virus. Data showed that there was significant association between Nipah virus infection and performing activities involving close contact with pigs, such as processing of piglets, administering injection or medication to pigs, assisting in the birth of piglets, assisting in pig breeding, and handling of dead pigs in the affected farms. A complex process of anthropogenic driven deforestation, climatic changes brought on by El Nino-related drought, forest fire and severe haze, and ecological factors of mixed agro-pig farming practices and design of pig-sties led to the spillovers of the virus from its wildlife reservoir into pig population.,��https://www.ncbi.nlm.nih.gov/pubmed/21329177U��Chua, K B
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Swine Diseases/*epidemiology/transmission/virology���DecÈ��The outbreak of Nipah virus, affecting pigs and pig-farm workers, was first noted in September 1998 in the north-western part of peninsular Malaysia. By March 1999, the outbreak had spread to other pig-farming areas of the country, inclusive of the neighbouring country, Singapore. A total of 283 human cases of viral encephalitis with 109 deaths were recorded in Malaysia from 29 September 1998 to December 1999. During the outbreak period, a number of surveillances under three broad groups; Surveillance in Human Health Sector, Surveillance in Animal Health Sector, and Surveillance for the Reservoir Hosts, were carried out to determine the prevalence, risk of virus infections and transmission in human and swine populations as well as the source and reservoir hosts of Nipah virus. Surveillance data showed that the virus spread rapidly among pigs within infected farms and transmission was attributed to direct contact with infective excretions and secretions. The spread of the virus among pig farms within and between states of peninsular Malaysia was due to movement of pigs. The transmission of the virus to humans was through close contact with infected pigs. Human to human transmission was considered a rare event though the Nipah virus could be isolated from saliva, urine, nasal and pharyngeal secretions of patients. Field investigations identified fruitbats of the Pteropid species as the natural reservoir hosts of the viruses. The outbreak was effectively brought under control following the discovery of the virus and institution of correct control measures through a combined effort of multi-ministerial and multidisciplinary teams working in close co-operation and collaboration with other international agencies.,��https://www.ncbi.nlm.nih.gov/pubmed/21329176U��Chua, K B
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Zoonoses/epidemiology/virology���Jana��Hendra virus (HeV) was first isolated in 1994, from a disease outbreak involving at least 21 horses and two humans in the Brisbane suburb of Hendra, Australia. The affected horses and humans all developed a severe but unidentified respiratory disease that resulted in the deaths of one of the human cases and the deaths or putting down of 14 of the horses. The virus, isolated by culture from a horse and the kidney of the fatal human case, was initially characterised as a new member of the genus Morbillivirus in the family Paramyxoviridae. Comparative sequence analysis of part of the matrix protein gene of the virus and the discovery that the virus had an exceptionally large genome subsequently led to HeV being assigned to a new genus, Henipavirus, along with Nipah virus (a newly emergent virus in pigs). The regular outbreaks of HeV-related disease that have occurred in Australia since 1994 have all been characterised by acute respiratory and neurological manifestations, with high levels of morbidity and mortality in the affected horses and humans. The modes of transmission of HeV remain largely unknown. Although fruit bats have been identified as natural hosts of the virus, direct bat-horse, bat-human or human-human transmission has not been reported. Human infection can occur via exposure to infectious urine, saliva or nasopharyngeal fluid from horses. The treatment options and efficacy are very limited and no vaccine exists. Reports on the outbreaks of HeV in Australia are collated in this review and the available data on the biology, transmission and detection of the pathogen are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/21294944à��Tulsiani, S M
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Public Health Practice
Seasons
Time Factors���Dec·��Pteropus bats are commonly infected with Nipah virus, but show no signs of illness. Human Nipah outbreaks in Bangladesh coincide with the date palm sap harvesting season. In epidemiologic studies, drinking raw date palm sap is a risk factor for human Nipah infection. We conducted a study to evaluate bats' access to date palm sap. We mounted infrared cameras that silently captured images upon detection of motion on date palm trees from 5:00 pm to 6:00 am. Additionally, we placed two locally used preventative techniques, bamboo skirts and lime (CaCO(3)) smeared on date palm trees to assess their effectiveness in preventing bats access to sap. Out of 20 camera-nights of observations, 14 identified 132 visits of bats around the tree, 91 to the shaved surface of the tree where the sap flow originates, 4 at the stream of sap moving toward the collection pot, and no bats at the tap or on the collection pots; the remaining 6 camera-nights recorded no visits. Of the preventative techniques, the bamboo skirt placed for four camera-nights prevented bats access to sap. This study confirmed that bats commonly visited date palm trees and physically contacted the sap collected for human consumption. This is further evidence that date palm sap is an important link between Nipah virus in bats and Nipah virus in humans. Efforts that prevent bat access to the shaved surface and the sap stream of the tree could reduce Nipah spillovers to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/212071053��Khan, M Salah Uddin
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Swine Diseases/*epidemiology/virology���Apr���The purpose of this study was to investigate the prevalence of hepatitis E virus (HEV) infection in swine and humans in different environments in Java and Bali, Indonesia. The prevalence of anti-HEV antibodies in people over 20 years old living in communities in Bali was significantly higher than that in Java. While 68.8% and 90.0% of swine in Bali were anti-HEV positive at 1 and 2 months of age, respectively, swine in Java were at significantly lower risk of HEV infection by the age of 2 months. Our present data suggest that substantial differences in swine-breeding conditions and human living environments affect the rate of HEV infection in humans and swine.,��https://www.ncbi.nlm.nih.gov/pubmed/21191625���Utsumi, Takako
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Virus Replication���MarÉ��Replication-defective vaccine vectors based on vesicular stomatitis virus (VSV) lacking its envelope glycoprotein gene (G) are highly effective in animal models. However, such DeltaG vectors are difficult to grow because they require complementation with the VSV G protein. In addition, the complementing G protein induces neutralizing antibodies in animals and thus limits multiple vector applications. In the process of generating an experimental Nipah virus (a paramyxovirus) vaccine, we generated two defective VSVDeltaG vectors, each expressing one of the two Nipah virus (NiV) glycoproteins (G and F) that are both required for virus entry to host cells. These replication-defective VSV vectors were effective at generating NiV neutralizing antibody in mice. Most interestingly, we found that these two defective viruses could be grown together and passaged in tissue culture cells in the absence of VSV G complementation. This mixture of complementing defective viruses was also highly effective at generating NiV neutralizing antibody in animals. This novel approach to growing and producing a vaccine from two defective viruses could be generally applicable to vaccine production for other paramyxoviruses or for other viruses where the expression of at least two different proteins is required for viral entry. Such an approach minimizes biosafety concerns that could apply to single, replication-competent VSV recombinants expressing all proteins required for infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21177820å��Chattopadhyay, Anasuya
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Virus Internalization���Feb 15L��The paramyxovirus family includes important human pathogens such as measles, mumps, respiratory syncytial virus, and the recently emerged, highly pathogenic Hendra and Nipah viruses. The viral fusion (F) protein plays critical roles in infection, promoting both the virus-cell membrane fusion events needed for viral entry as well as cell-cell fusion events leading to syncytia formation. We describe the surprising finding that addition of the short epitope HA tag to the cytoplasmic tail (CT) of the Hendra virus F protein leads to a significant increase in the extent of cell-cell membrane fusion. This increase was not due to alterations in surface expression, cleavage state, or association with lipid microdomains. Addition of a Myc tag of similar length did not alter Hendra F protein fusion activity, indicating that the observed stimulation was not solely a result of lengthening the CT. Three tyrosine residues within the HA tag were critical for the increase in the extent of fusion, suggesting C-terminal tyrosines may modulate Hendra fusion activity. The effects of addition of the HA tag varied with other fusion proteins, as parainfluenza virus 5 F-HA showed a decreased level of surface expression and no stimulation of fusion. These results indicate that additions to the C-terminal end of the F protein CT can modulate protein function in a sequence specific manner, reinforcing the need for careful analysis of epitope-tagged glycoproteins. In addition, our results implicate C-terminal tyrosine residues in the modulation of the membrane fusion reaction promoted by these viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/21175223_��Popa, Andreea
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Virus Diseases/*history���Dec 6-20J��Names are more than just labels used to identify diseases. They can be windows into the discovery, characteristics and attributes of the disease. Toponymous diseases are diseases that are named after places. Hendra, Ross River, Bairnsdale, Murray Valley and Barmah Forest are all examples of Australian places that have had diseases named after them. They all have unique and interesting stories that provide a glimpse into their discovery, history and culture. Because of perceived negative connotations, the association of diseases with placenames has sometimes generated controversy.,��https://www.ncbi.nlm.nih.gov/pubmed/21143049���Appuhamy, Ranil D
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Seroepidemiologic Studies���Dec`��To determine seroprevalence of viruses in bats in Papua New Guinea, we sampled 66 bats at 3 locations. We found a seroprevalence of 55% for henipavirus (Hendra or Nipah virus) and 56% for rubulavirus (Tioman or Menangle virus). Notably, 36% of bats surveyed contained antibodies to both types of viruses, indicating concurrent or consecutive infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21122242Õ��Breed, Andrew C
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Swine/virology���Dec&��We isolated and characterized Nipah virus (NiV) from Pteropus vampyrus bats, the putative reservoir for the 1998 outbreak in Malaysia, and provide evidence of viral recrudescence. This isolate is monophyletic with previous NiVs in combined analysis, and the nucleocapsid gene phylogeny species.,��https://www.ncbi.nlm.nih.gov/pubmed/21122240ê��Rahman, Sohayati A
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Virus Shedding���Nov 11���Paramyxoviruses are known to replicate in the cytoplasm and bud from the plasma membrane. Matrix is the major structural protein in paramyxoviruses that mediates viral assembly and budding. Curiously, the matrix proteins of a few paramyxoviruses have been found in the nucleus, although the biological function associated with this nuclear localization remains obscure. We report here that the nuclear-cytoplasmic trafficking of the Nipah virus matrix (NiV-M) protein and associated post-translational modification play a critical role in matrix-mediated virus budding. Nipah virus (NiV) is a highly pathogenic emerging paramyxovirus that causes fatal encephalitis in humans, and is classified as a Biosafety Level 4 (BSL4) pathogen. During live NiV infection, NiV-M was first detected in the nucleus at early stages of infection before subsequent localization to the cytoplasm and the plasma membrane. Mutations in the putative bipartite nuclear localization signal (NLS) and the leucine-rich nuclear export signal (NES) found in NiV-M impaired its nuclear-cytoplasmic trafficking and also abolished NiV-M budding. A highly conserved lysine residue in the NLS served dual functions: its positive charge was important for mediating nuclear import, and it was also a potential site for monoubiquitination which regulates nuclear export of the protein. Concordantly, overexpression of ubiquitin enhanced NiV-M budding whereas depletion of free ubiquitin in the cell (via proteasome inhibitors) resulted in nuclear retention of NiV-M and blocked viral budding. Live Nipah virus budding was exquisitely sensitive to proteasome inhibitors: bortezomib, an FDA-approved proteasome inhibitor for treating multiple myeloma, reduced viral titers with an IC(50) of 2.7 nM, which is 100-fold less than the peak plasma concentration that can be achieved in humans. This opens up the possibility of using an "off-the-shelf" therapeutic against acute NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21085610���Wang, Yao E
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Virology/*methods���Nov 12�	�BACKGROUND: Hendra virus (HeV) and Nipah virus (NiV) are newly emerged zoonotic paramyxoviruses discovered during outbreaks in Queensland, Australia in 1994 and peninsular Malaysia in 1998/9 respectively and classified within the new Henipavirus genus. Both viruses can infect a broad range of mammalian species causing severe and often-lethal disease in humans and animals, and repeated outbreaks continue to occur. Extensive laboratory studies on the host cell infection stage of HeV and NiV and the roles of their envelope glycoproteins have been hampered by their highly pathogenic nature and restriction to biosafety level-4 (BSL-4) containment. To circumvent this problem, we have developed a henipavirus envelope glycoprotein pseudotyped lentivirus assay system using either a luciferase gene or green fluorescent protein (GFP) gene encoding human immunodeficiency virus type-1 (HIV-1) genome in conjunction with the HeV and NiV fusion (F) and attachment (G) glycoproteins. RESULTS: Functional retrovirus particles pseudotyped with henipavirus F and G glycoproteins displayed proper target cell tropism and entry and infection was dependent on the presence of the HeV and NiV receptors ephrinB2 or B3 on target cells. The functional specificity of the assay was confirmed by the lack of reporter-gene signals when particles bearing either only the F or only G glycoprotein were prepared and assayed. Virus entry could be specifically blocked when infection was carried out in the presence of a fusion inhibiting C-terminal heptad (HR-2) peptide, a well-characterized, cross-reactive, neutralizing human mAb specific for the henipavirus G glycoprotein, and soluble ephrinB2 and B3 receptors. In addition, the utility of the assay was also demonstrated by an examination of the influence of the cytoplasmic tail of F in its fusion activity and incorporation into pseudotyped virus particles by generating and testing a panel of truncation mutants of NiV and HeV F. CONCLUSIONS: Together, these results demonstrate that a specific henipavirus entry assay has been developed using NiV or HeV F and G glycoprotein pseudotyped reporter-gene encoding retrovirus particles. This assay can be conducted safely under BSL-2 conditions and will be a useful tool for measuring henipavirus entry and studying F and G glycoprotein function in the context of virus entry, as well as in assaying and characterizing neutralizing antibodies and virus entry inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/21073718½��Khetawat, Dimple
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Milk/*chemistry/*microbiology���Feb`��OBJECTIVES: To investigate the microbiological quality and the presence of antibiotic residues in raw cow milk and in some indigenous milk products produced and marketed by the informal sector in the coastal savannah zone of Ghana. METHODS: Milk samples were aseptically collected from 224 kraals and samples of 26 indigenous milk products were purchased from processors and retailers. Total plate counts, total coliform counts and the presence of Escherichia coli and E. coli O157:H7 were determined in all 250 samples. Milk samples were also tested for antibiotic residues. RESULTS: Total plate counts exceeded 10(5) CFU/ml in 45.2% of the samples while coliforms exceeded 10(3) CFU/ml in 66.0% and E. coli was detected in 11.2%. E. coli was present in raw cow milk but not in the indigenous products and all E. coli isolates were negative for E. coli O157:H7. Antibiotic residues were detected in 3.1% of the raw cow milk samples. CONCLUSION: Bulk milk contains unacceptable levels of hygiene indicators and antibiotic residues and is a potential source of milk-borne infections. The detection of E. coli and antibiotic residues raises public health concerns about the safety of fresh unpasteurized cow milk in the coastal savannah zone of Ghana and calls for improved farm hygiene, the need for milk pasteurization and the sensible use of antibiotics in the milk industry.,��https://www.ncbi.nlm.nih.gov/pubmed/21070512÷��Addo, K K
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Viral Envelope Proteins/*metabolism���Nov 8k��BACKGROUND: The highly pathogenic Nipah virus (NiV) causes fatal respiratory and brain infections in animals and humans. The major hallmark of the infection is a systemic endothelial infection, predominantly in the CNS. Infection of brain endothelial cells allows the virus to overcome the blood-brain-barrier (BBB) and to subsequently infect the brain parenchyma. However, the mechanisms of NiV replication in endothelial cells are poorly elucidated. We have shown recently that the bipolar or basolateral expression of the NiV surface glycoproteins F and G in polarized epithelial cell layers is involved in lateral virus spread via cell-to-cell fusion and that correct sorting depends on tyrosine-dependent targeting signals in the cytoplasmic tails of the glycoproteins. Since endothelial cells share many characteristics with epithelial cells in terms of polarization and protein sorting, we wanted to elucidate the role of the NiV glycoprotein targeting signals in endothelial cells. RESULTS: As observed in vivo, NiV infection of endothelial cells induced syncytia formation. The further finding that infection increased the transendothelial permeability supports the idea of spread of infection via cell-to-cell fusion and endothelial cell damage as a mechanism to overcome the BBB. We then revealed that both glycoproteins are expressed at lateral cell junctions (bipolar), not only in NiV-infected primary endothelial cells but also upon stable expression in immortalized endothelial cells. Interestingly, mutation of tyrosines 525 and 542/543 in the cytoplasmic tail of the F protein led to an apical redistribution of the protein in endothelial cells whereas tyrosine mutations in the G protein had no effect at all. This fully contrasts the previous results in epithelial cells where tyrosine 525 in the F, and tyrosines 28/29 in the G protein were required for correct targeting. CONCLUSION: We conclude that the NiV glycoprotein distribution is responsible for lateral virus spread in both, epithelial and endothelial cell monolayers. However, the prerequisites for correct protein targeting differ markedly in the two polarized cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/21054904���Erbar, Stephanie
Maisner, Andrea
eng
Research Support, Non-U.S. Gov't
England
2010/11/09 06:00
Virol J. 2010 Nov 8;7:305. doi: 10.1186/1743-422X-7-305.*��1743-422X (Electronic)
1743-422X (Linking)
��PMC2991316���21054904?��Institute of Virology, Philipps University of Marburg, Germany.���10.1186/1743-422X-7-305��	��üÒtÿî?����<��Defang, G. N.
Khetawat, D.
Broder, C. C.
Quinnan, G. V., Jr.���2010���Induction of neutralizing antibodies to Hendra and Nipah glycoproteins using a Venezuelan equine encephalitis virus in vivo expression system���212-20���Vaccine���29���2s��Animals
Antibodies, Neutralizing/*blood
Antibodies, Viral/*blood
Encephalitis Virus, Venezuelan Equine/*genetics
Female
Gene Expression
Genetic Vectors
Hendra Virus/genetics/*immunology
Henipavirus Infections/immunology/*prevention & control
Mice
Mice, Inbred C3H
Nipah Virus/genetics/*immunology
Vaccines, Synthetic/genetics/immunology
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Sequence Analysis, DNA���Dec¾��Effective prediction of future viral zoonoses requires an in-depth understanding of the heterologous viral population in key animal species that will likely serve as reservoir hosts or intermediates during the next viral epidemic. The importance of bats as natural hosts for several important viral zoonoses, including Ebola, Marburg, Nipah, Hendra, and rabies viruses and severe acute respiratory syndrome-coronavirus (SARS-CoV), has been established; however, the large viral population diversity (virome) of bats has been partially determined for only a few of the approximately 1,200 bat species. To assess the virome of North American bats, we collected fecal, oral, urine, and tissue samples from individual bats captured at an abandoned railroad tunnel in Maryland that is cohabitated by 7 to 10 different bat species. Here, we present preliminary characterization of the virome of three common North American bat species, including big brown bats (Eptesicus fuscus), tricolored bats (Perimyotis subflavus), and little brown myotis (Myotis lucifugus). In samples derived from these bats, we identified viral sequences that were similar to at least three novel group 1 CoVs, large numbers of insect and plant virus sequences, and nearly full-length genomic sequences of two novel bacteriophages. These observations suggest that bats encounter and disseminate a large assortment of viruses capable of infecting many different animals, insects, and plants in nature.,��https://www.ncbi.nlm.nih.gov/pubmed/20926577���Donaldson, Eric F
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Plant Extracts
Solvents���Sep 6ß��Saffron (Crocus sativus L.) belongs to the Iridaceae family. The stigma of saffron has been widely used as spice, medicinal plant, and food additive in the Mediterranean and Subtropical countries. Recently, attention has been paid to the identification of new sources of safe natural antioxidants for the food industry. The antioxidant activities of spices are mainly attributed to their phenolic and flavonoid compounds. Saffron is one of the spices believed to possess antioxidant properties, but information on its antioxidant activity and phenolic, flavonoids compound are rather limited, therefore this research was carried out to evaluate the antioxidant activity of saffron stigmas extracted with different solvents. The phenolic and flavonoid compounds of saffron were also examined using reversed phase (RP)-HPLC. Results showed that saffron stigma possess antioxidant activity. The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of saffron stigma at a concentration of 300 mug/mL, with values of 68.2% and 78.9%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. The obtained total phenolics value for methanolic saffron extract was 6.54 +/- 0.02 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids, 5.88 +/- 0.12 mg rutin equivalent/g DW, which were also higher than values obtained from the ethanolic and boiling water extracts. In addition, the RP-HPLC analyses indicated the presence of gallic acid and pyrogallol as two bioactive compounds. In summary, saffron stigmas showed antioxidant activity and methanol appeared to be the best solvent to extract the active components, among which the presence of gallic acid and pyrogallol might contribute towards the stigma's antioxidant properties. Hence, saffron stigma could be applied as a natural antioxidant source for industrial purposes.,��https://www.ncbi.nlm.nih.gov/pubmed/20877220Ã��Karimi, Ehsan
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Viral Proteins/*chemistry/genetics/*metabolism���Octs��Members within the paramyxovirus subfamily Paramyxovirinae constitute a large number of highly virulent human and animal pathogens. The glycoproteins present on these viruses are responsible for mediating host cell attachment and fusion and are key targets for the design of antiviral entry inhibitors. In the present review, we discuss recent structural studies which have led to a better understanding of the various mechanisms by which different paramyxoviruses use their attachment glycoproteins to hijack specific protein and glycan cell-surface receptors to facilitate viral entry. It is observed that the paramyxovirus attachment glycoprotein consists of a conserved overall structure which includes an N-terminal six-bladed beta-propeller domain which is responsible for cell receptor binding. Crystal structures of this domain from different biomedically important paramyxoviruses, including measles, Nipah, Hendra, Newcastle disease and parainfluenza viruses, alone and in complex with their functional cell-surface receptors, demonstrate three contrasting mechanisms of receptor engagement that paramyxoviruses have evolved to confer discreet protein- and glycan-receptor specificity. This structural information highlights the adaptability of the paramyxovirus attachment glycoprotein surface and the potential for the emergence of new and potentially harmful viruses in human hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/20863312û��Bowden, Thomas A
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Viral Nonstructural Proteins/genetics/*metabolism���Sep 15ü��Nipah virus (NiV) P gene encodes P protein and three accessory proteins (V, C and W). It has been reported that all four P gene products have IFN antagonist activity when the proteins were transiently expressed. However, the role of those accessory proteins in natural infection with NiV remains unknown. We generated recombinant NiVs lacking V, C or W protein, rNiV(V-), rNiV(C-), and rNiV(W-), respectively, to analyze the functions of these proteins in infected cells and the implications in in vivo pathogenicity. All the recombinants grew well in cell culture, although the maximum titers of rNiV(V-) and rNiV(C-) were lower than the other recombinants. The rNiV(V-), rNiV(C-) and rNiV(W-) suppressed the IFN response as well as the parental rNiV, thereby indicating that the lack of each accessory protein does not significantly affect the inhibition of IFN signaling in infected cells. In experimentally infected golden hamsters, rNiV(V-) and rNiV(C-) but not the rNiV(W-) virus showed a significant reduction in virulence. These results suggest that V and C proteins play key roles in NiV pathogenicity, and the roles are independent of their IFN-antagonist activity. This is the first report that identifies the molecular determinants of NiV in pathogenicity in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/20856799���Yoneda, Misako
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Viral Structural Proteins/immunology���Novç��Nipah virus is an emerging pathogen that causes severe disease in humans. It expresses several antagonist proteins that subvert the immune response and that may contribute to its pathogenicity. Studies of its biology are difficult due to its high pathogenicity and requirement for biosafety level 4 containment. We integrated experimental and computational methods to elucidate the effects of Nipah virus immune antagonists. Individual Nipah virus immune antagonists (phosphoprotein and V and W proteins) were expressed from recombinant Newcastle disease viruses, and the responses of infected human monocyte-derived dendritic cells were determined. We developed an ordinary differential equation model of the infectious process that that produced results with a high degree of correlation with these experimental results. In order to simulate the effects of wild-type virus, the model was extended to incorporate published experimental data on the time trajectories of immune-antagonist production. These data showed that the RNA-editing mechanism utilized by the wild-type Nipah virus to produce immune antagonists leads to a delay in the production of the most effective immune antagonists, V and W. Model simulations indicated that this delay caused a disconnection between attenuation of the antiviral response and suppression of inflammation. While the antiviral cytokines were efficiently suppressed at early time points, some early inflammatory cytokine production occurred, which would be expected to increase vascular permeability and promote virus spread and pathogenesis. These results suggest that Nipah virus has evolved a unique immune-antagonist strategy that benefits from controlled expression of multiple antagonist proteins with various potencies.,��https://www.ncbi.nlm.nih.gov/pubmed/20739535���Seto, Jeremy
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Viral Proteins/*genetics���Novì��The V protein of the paramyxovirus subfamily Paramyxovirinae is an important virulence factor that can interfere with host innate immunity by inactivating the cytosolic pathogen recognition receptor MDA5. This interference is a result of a protein-protein interaction between the highly conserved carboxyl-terminal domain of the V protein and the helicase domain of MDA5. The V protein C-terminal domain (CTD) is an evolutionarily conserved 49- to 68-amino-acid region that coordinates two zinc atoms per protein chain. Site-directed mutagenesis of conserved residues in the V protein CTD has revealed both universal and virus-specific requirements for zinc coordination in MDA5 engagement and has also identified other conserved residues as critical for MDA5 interaction and interference. Mutation of these residues produces V proteins that are specifically defective for MDA5 interference and not impaired in targeting STAT1 for proteasomal degradation via the VDC ubiquitin ligase complex. Results demonstrate that mutation of conserved charged residues in the V proteins of Nipah virus, measles virus, and mumps virus also abolishes MDA5 interaction. These findings clearly define molecular determinants for MDA5 inhibition by the paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/20719949!��Ramachandran, Aparna
Horvath, Curt M
eng
R01 AI050707/AI/NIAID NIH HHS/
R01 AI073919/AI/NIAID NIH HHS/
AI073919/AI/NIAID NIH HHS/
AI50707/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2010/08/20 06:00
J Virol. 2010 Nov;84(21):11152-63. doi: 10.1128/JVI.01375-10. Epub 2010 Aug 18.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2953164���20719949F��Pancoe Pavilion, Rm. 4401, 2200 Campus Drive, Evanston, IL 60208, USA.���10.1128/JVI.01375-10���� ��üÒtÿî?¡������Smith, E. C.
Dutch, R. E.���2010g��Side chain packing below the fusion peptide strongly modulates triggering of the Hendra virus F protein���10928-32���J Virol���84���20¼��Amino Acid Substitution
Animals
Cercopithecus aethiops
Crystallography, X-Ray
Hendra Virus/genetics/pathogenicity/*physiology
Humans
In Vitro Techniques
Models, Molecular
Mutagenesis, Site-Directed
Mutant Proteins/chemistry/genetics/physiology
Protein Conformation
Recombinant Proteins/chemistry/genetics/metabolism
Structural Homology, Protein
Transfection
Vero Cells
Viral Fusion Proteins/*chemistry/genetics/*physiology
Virus Internalization���Octº��Triggering of the Hendra virus fusion (F) protein is required to initiate the conformational changes which drive membrane fusion, but the factors which control triggering remain poorly understood. Mutation of a histidine predicted to lie near the fusion peptide to alanine greatly reduced fusion despite wild-type cell surface expression levels, while asparagine substitution resulted in a moderate restoration in fusion levels. Slowed kinetics of six-helix bundle formation, as judged by sensitivity to heptad repeat B-derived peptides, was observed for all H372 mutants. These data suggest that side chain packing beneath the fusion peptide is an important regulator of Hendra virus F triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/20702638���Smith, Everett Clinton
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Virus Release/physiology���Oct���Bone marrow stromal antigen 2 (BST-2/tetherin) is a cellular membrane protein that inhibits the release of HIV-1. We show for the first time, using infectious viruses, that BST-2 also inhibits egress of arenaviruses but has no effect on filovirus replication and spread. Specifically, infectious Lassa virus (LASV) release significantly decreased or increased in human cells in which BST-2 was either stably expressed or knocked down, respectively. In contrast, replication and spread of infectious Zaire ebolavirus (ZEBOV) and Lake Victoria marburgvirus (MARV) were not affected by these conditions. Replication of infectious Rift Valley fever virus (RVFV) and cowpox virus (CPXV) was also not affected by BST-2 expression. Elevated cellular levels of human or murine BST-2 inhibited the release of virus-like particles (VLPs) consisting of the matrix proteins of multiple highly virulent NIAID Priority Pathogens, including arenaviruses (LASV and Machupo virus [MACV]), filoviruses (ZEBOV and MARV), and paramyxoviruses (Nipah virus). Although the glycoproteins of filoviruses counteracted the antiviral activity of BST-2 in the context of VLPs, they could not rescue arenaviral (LASV and MACV) VLP release upon BST-2 overexpression. Furthermore, we did not observe colocalization of filoviral glycoproteins with BST-2 during infection with authentic viruses. None of the arenavirus-encoded proteins rescued budding of VLPs in the presence of BST-2. Our results demonstrate that BST-2 might be a broad antiviral factor with the ability to restrict release of a wide variety of human pathogens. However, at least filoviruses, RVFV, and CPXV are immune to its inhibitory effect.,��https://www.ncbi.nlm.nih.gov/pubmed/20686043s��Radoshitzky, Sheli R
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Virus Internalization/*drug effects���NovZ��Based on the structural similarity of viral fusion proteins within the family Paramyxoviridae, we tested recently described and newly synthesized acetanilide derivatives for their capacity to inhibit measles virus (MV)-, canine distemper virus (CDV)- and Nipah virus (NiV)-induced membrane fusion. We found that N-(3-cyanophenyl)-2-phenylacetamide (compound 1) has a high capacity to inhibit MV- and CDV-induced (IC(50) muM), but not NiV-induced, membrane fusion. This compound is of outstanding interest because it can be easily synthesized and its cytotoxicity is low [50 % cytotoxic concentration (CC(50)) >/= 300 muM], leading to a CC(50)/IC(50) ratio of approximately 100. In addition, primary human peripheral blood lymphocytes and primary dog brain cell cultures (DBC) also tolerate high concentrations of compound 1. Infection of human PBMC with recombinant wild-type MV is inhibited by an IC(50) of approximately 20 muM. The cell-to-cell spread of recombinant wild-type CDV in persistently infected DBC can be nearly completely inhibited by compound 1 at 50 muM, indicating that the virus spread between brain cells is dependent on the activity of the viral fusion protein. Our findings demonstrate that this compound is a most applicable inhibitor of morbillivirus-induced membrane fusion in tissue culture experiments including highly sensitive primary cells.,��https://www.ncbi.nlm.nih.gov/pubmed/20685931÷��Singethan, K
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Zoonoses/transmission/*virology���SepÁ��The genus Henipavirus contains two members-Hendra virus (HeV) and Nipah virus (NiV)-and each can cause fatal disease in humans and animals. HeV and Niv are currently classified as biosafety level 4, and NiV is classified as a category C priority pathogen. The aim of this article is to discuss the pathology of laboratory animal models of henipavirus infection and to assess their suitability as animal models for the development and testing of human therapeutics and vaccines. There has been considerable progress in the development of animal models for henipavirus disease. Suitable animal models include the golden hamster, ferrets, cats, and pigs, which develop disease resembling that observed in humans. Guinea pigs are a less reliable model for henipavirus disease, but they do develop henipavirus-induced encephalitis. Because human efficacy studies with henipaviruses are not permitted, animal studies are critical for the development of antiviral therapeutics and vaccines. Current research indicates that passive immunotherapy using monoclonal antibodies is protective of ferrets against NiV infection and that passive immunotherapy using NiV antibodies protects hamsters from HeV. Recombinant vaccines have been used to protect cats and pigs against NiV infection. Ribavirin and 6-aza-uridine were able to delay but not prevent NiV-induced mortality in hamsters. Further research is needed to develop a model and therapy for late-onset henipavirus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/20682803���Williamson, M M
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Mungall, B. A.���2010Q��Off Label Antiviral Therapeutics for Henipaviruses: New Light Through Old Windows���1-10���J Antivir Antiretrovir���2���1���Jan 1Î��Hendra and Nipah viruses are recently emerged zoonotic paramyxoviruses for which there is no vaccine or protective therapy available. While a number of experimental therapeutics and vaccines have recently been reported, all of these will require lengthy approval processes, limiting their usefulness in the short term. To address the urgent need for henipavirus therapeutics, a number of currently licensed pharmaceuticals have been evaluated for off label efficacy against henipavirus replication in vitro. Initially it was observed that compounds which released intracellular calcium stores induced a potent inhibition of henipaviruses replication, prompting the evaluation of known drugs with a similar effect on calcium mobilisation. Of the eight compounds randomly selected based on existing literature, seven inhibited virus replication in the micromolar range while the remaining compound also inhibited virus replication but only at millimolar concentrations. Pretreatment experiments with various calcium chelators, channel antagonists or endoplasmic reticulum release inhibitors supported a calcium mediated mechanism of action for five of these compounds. The mechanism of antiviral action for the remaining three compounds is currently unknown. Additionally, a number of other modulators of calcium flux, including calcium channel and calmodulin antagonists also exhibited potent antiviral activity in vitro providing a broad range of potential therapeutic options for the treatment of henipavirus infections. Importantly, as many of these compounds are currently licensed drugs, regulatory approval should be a much more streamlined process, with the caveat that appropriate in vivo efficacy can be demonstrated in animal models.,��https://www.ncbi.nlm.nih.gov/pubmed/20668647ð��Aljofan, Mohamad
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Virus Replication/physiology���Oct���The interaction of Nipah virus (NiV) nucleocapsid (N) protein with phosphoprotein (P) during nucleocapsid assembly is the essential process in the viral life cycle, since only the encapsidated RNA genome can be used for replication. To identify the region responsible for N-P interaction, we utilized fluorescent protein tags to visualize NiV N and P proteins in live cells and analyzed their cellular localization. N protein fused to monomeric enhanced cyan fluorescence protein (N-ECFP) exhibited a dotted pattern in transfected cells, while P protein fused to monomeric red fluorescent protein (P-mRFP) showed diffuse distribution. When the two proteins were coexpressed, P-mRFP colocalized with N-ECFP dots. N-ECFP mutants with serial amino acid deletions were generated to search for the region(s) responsible for this N-P colocalization. We found that, in addition to the 467- to 496-amino-acid (aa) region reported previously, aa 135 to 146 were responsible for the N-P colocalization. The residues crucial for N-P interaction were further investigated by introducing alanine substitutions into the untagged N protein. Alanine scanning in the region of aa 135 to 146 has revealed that there are distinct regions essential for the interaction of N-P and the function of N. This is the first study to visualize Nipah viral proteins in live cells and to assess the essential domain of N protein for the interaction with P protein.,��https://www.ncbi.nlm.nih.gov/pubmed/20668089Î��Omi-Furutani, Mio
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*Yersinia pestis���Aug 10���Highly lethal pathogens (e.g., hantaviruses, hendra virus, anthrax, or plague) pose unique public-health problems, because they seem to periodically flare into outbreaks before disappearing into long quiescent phases. A key element to their possible control and eradication is being able to understand where they persist in the latent phase and how to identify the conditions that result in sporadic epidemics or epizootics. In American grasslands, plague, caused by Yersinia pestis, exemplifies this quiescent-outbreak pattern, because it sporadically erupts in epizootics that decimate prairie dog (Cynomys ludovicianus) colonies, yet the causes of outbreaks and mechanisms for interepizootic persistence of this disease are poorly understood. Using field data on prairie community ecology, flea behavior, and plague-transmission biology, we find that plague can persist in prairie-dog colonies for prolonged periods, because host movement is highly spatially constrained. The abundance of an alternate host for disease vectors, the grasshopper mouse (Onychomys leucogaster), drives plague outbreaks by increasing the connectivity of the prairie dog hosts and therefore, permitting percolation of the disease throughout the primary host population. These results offer an alternative perspective on plague's ecology (i.e., disease transmission exacerbated by alternative hosts) and may have ramifications for plague dynamics in Asia and Africa, where a single main host has traditionally been considered to drive Yersinia ecology. Furthermore, abundance thresholds of alternate hosts may be a key phenomenon determining outbreaks of disease in many multihost-disease systems.,��https://www.ncbi.nlm.nih.gov/pubmed/20660742k��Salkeld, Daniel J
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Virus Replication���Oct2��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are emerging zoonotic paramyxoviruses that can cause severe and often lethal neurologic and/or respiratory disease in a wide variety of mammalian hosts, including humans. There are presently no licensed vaccines or treatment options approved for human or veterinarian use. Guinea pigs, hamsters, cats, and ferrets, have been evaluated as animal models of human HeV infection, but studies in nonhuman primates (NHP) have not been reported, and the development and approval of any vaccine or antiviral for human use will likely require efficacy studies in an NHP model. Here, we examined the pathogenesis of HeV in the African green monkey (AGM) following intratracheal inoculation. Exposure of AGMs to HeV produced a uniformly lethal infection, and the observed clinical signs and pathology were highly consistent with HeV-mediated disease seen in humans. Ribavirin has been used to treat patients infected with either HeV or NiV; however, its utility in improving outcome remains, at best, uncertain. We examined the antiviral effect of ribavirin in a cohort of nine AGMs before or after exposure to HeV. Ribavirin treatment delayed disease onset by 1 to 2 days, with no significant benefit for disease progression and outcome. Together our findings introduce a new disease model of acute HeV infection suitable for testing antiviral strategies and also demonstrate that, while ribavirin may have some antiviral activity against the henipaviruses, its use as an effective standalone therapy for HeV infection is questionable.,��https://www.ncbi.nlm.nih.gov/pubmed/20660198���Rockx, Barry
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Virus Physiological Phenomena/*drug effects���Jul 15@��Nipah virus targets human endothelial cells via NiV-F and NiV-G envelope glycoproteins, resulting in endothelial syncytia formation and vascular compromise. Endothelial cells respond to viral infection by releasing innate immune effectors, including galectins, which are secreted proteins that bind to specific glycan ligands on cell surface glycoproteins. We demonstrate that galectin-1 reduces NiV-F mediated fusion of endothelial cells, and that endogenous galectin-1 in endothelial cells is sufficient to inhibit syncytia formation. Galectin-1 regulates NiV-F mediated cell fusion at three distinct points, including retarding maturation of nascent NiV-F, reducing NiV-F lateral mobility on the plasma membrane, and directly inhibiting the conformational change in NiV-F required for triggering fusion. Characterization of the NiV-F N-glycome showed that the critical site for galectin-1 inhibition is rich in glycan structures known to bind galectin-1. These studies identify a unique set of mechanisms for regulating pathophysiology of NiV infection at the level of the target cell.,��https://www.ncbi.nlm.nih.gov/pubmed/20657665¤��Garner, Omai B
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Telemetry���Jun¯��Fruit bats of the genus Pteropus (commonly known as flying-foxes) are the natural hosts of several recently emerged zoonotic viruses of animal and human health significance in Australia and Asia, including Hendra and Nipah viruses. Satellite telemetry was used on nine flying-foxes of three species (Pteropus alecto n=5, P. vampyrus n=2, and P. neohibernicus n=2) to determine the scale and pattern of their long-distance movements and their potential to transfer these viruses between countries in the region. The animals were captured and released from six different locations in Australia, Papua New Guinea, Indonesia, and Timor-Leste. Their movements were recorded for a median of 120 (range, 47-342) days with a median total distance travelled of 393 (range, 76-3011) km per individual. Pteropus alecto individuals were observed to move between Australia and Papua New Guinea (Western Province) on four occasions, between Papua New Guinea (Western Province) and Indonesia (Papua) on ten occasions, and to traverse Torres Strait on two occasions. Pteropus vampyrus was observed to move between Timor-Leste and Indonesia (West Timor) on one occasion. These findings expand upon the current literature on the potential for transfer of zoonotic viruses by flying-foxes between countries and have implications for disease risk management and for the conservation management of flying-fox populations in Australia, New Guinea, and the Lesser Sunda Islands.,��https://www.ncbi.nlm.nih.gov/pubmed/20645122\��Breed, Andrew C
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Zoonoses/transmission���Junø��Nipah virus (NiV) infection is a seasonal disease in Bangladesh that coincides with the date palm sap collection season. Raw date palm sap is a delicacy to drink in Bengali culture. If fruit bats that are infected with NiV gain access to the sap for drinking, they might occasionally contaminate the sap through saliva and urine. In February 2007, we conducted a qualitative study in six villages, interviewing 27 date palm sap collectors (gachhis) within the geographical area where NiV outbreaks have occurred since 2001. Gachhis reported that bats pose a challenge to successful collection of quality sap, because bats drink and defecate into the sap which markedly reduces its value. They know some methods to prevent access by bats and other pests but do not use them consistently, because of lack of time and resources. Further studies to explore the effectiveness of these methods and to motivate gachhis to invest their time and money to use them could reduce the risk of human Nipah infection in Bangladesh.,��https://www.ncbi.nlm.nih.gov/pubmed/20617362���Nahar, Nazmun
Sultana, Rebeca
Gurley, Emily S
Hossain, M Jahangir
Luby, Stephen P
eng
5-U01-CI000298-03/CI/NCPDCID CDC HHS/
Research Support, U.S. Gov't, P.H.S.
2010/07/10 06:00
Ecohealth. 2010 Jun;7(2):196-203. doi: 10.1007/s10393-010-0320-3. Epub 2010 Jul 9.*��1612-9210 (Electronic)
1612-9202 (Linking)���20617362ü��Programme on Infectious Diseases and Vaccine Sciences (PIDVS), Health Systems and Infectious Diseases Division (HSID), International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B), Mohakhali, Dhaka 1212, Bangladesh. nahar.nazmun@yahoo.com���10.1007/s10393-010-0320-3����I�üÒ|ÿî?­���X��Lo, M. K.
Miller, D.
Aljofan, M.
Mungall, B. A.
Rollin, P. E.
Bellini, W. J.
Rota, P. A.���2010q��Characterization of the antiviral and inflammatory responses against Nipah virus in endothelial cells and neurons���78-88���Virology���404���1å��Cells, Cultured
Chemokines/metabolism
Chemotaxis
Endothelial Cells/*virology
Humans
Interferon-beta/immunology
Monocytes/immunology
Neurons/*virology
Nipah Virus/*immunology/*physiology
T-Lymphocytes/immunology
*Virus Replication���Aug 15,��Nipah virus (NiV) is a highly pathogenic paramyxovirus which causes fatal encephalitis in up to 75% of infected humans. Endothelial cells and neurons are important cellular targets in the pathogenesis of this disease. In this study, viral replication and the innate immune responses to NiV in these cell types were measured. NiV infected endothelial cells generated a functionally robust IFN-beta response, which correlated with localization of the NiV W protein to the cytoplasm. There was no antiviral response detected in infected neuronal cells. NiV infection of endothelial cells induced a significant increase in secreted inflammatory chemokines, which corresponded with the increased ability of infected cell supernatants to induce monocyte and T-lymphocyte chemotaxis. These results suggest that pro-inflammatory chemokines produced by NiV infected primary endothelial cells in vitro is consistent with the prominent vasculitis observed in infections, and provide initial molecular insights into the pathogenesis of NiV in physiologically relevant cells types.,��https://www.ncbi.nlm.nih.gov/pubmed/20552729���Lo, Michael K
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Swine Diseases/immunology/*virology���Jun 3ï��BACKGROUND: Outbreaks of Hendra (HeV) and Nipah (NiV) viruses have been reported starting in 1994 and 1998, respectively. Both viruses are capable of causing fatal disease in humans and effecting great economical loss in the livestock industry. RESULTS: Through screening of hybridomas derived from mice immunized with gamma-irradiated Nipah virus, we identified two secreted antibodies; one reactive with the nucleocapsid (N) protein and the other, the phosphoprotein (P) of henipaviruses. Epitope mapping and protein sequence alignments between NiV and HeV suggest the last 14 amino acids of the carboxyl terminus of the N protein is the target of the anti-N antibody. The anti-P antibody recognizes an epitope in the amino-terminal half of P protein. These monoclonal antibodies were used to develop two antigen capture ELISAs, one for virus detection and the other for differentiation between NiV and HeV. The lower limit of detection of the capture assay with both monoclonal antibodies was 400 pfu. The anti-N antibody was used to successfully detect NiV in a lung tissue suspension from an infected pig. CONCLUSION: The antigen capture ELISA developed is potentially affordable tool to provide rapid detection and differentiation between the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20525276á��Chiang, Cheng-Feng
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*Virus Internalization���AugT��The deadly paramyxovirus Nipah virus (NiV) contains a fusion glycoprotein (F) with canonical structural and functional features common to its class. Receptor binding to the NiV attachment glycoprotein (G) triggers F to undergo a two-phase conformational cascade: the first phase progresses from a metastable prefusion state to a prehairpin intermediate (PHI), while the second phase is marked by transition from the PHI to the six-helix-bundle hairpin. The PHI can be captured with peptides that mimic F's heptad repeat regions, and here we utilized a NiV heptad repeat peptide to quantify PHI formation and the half-lives (t(1/2)) of the first and second fusion cascade phases. We found that ephrinB2 receptor binding to G triggered approximately 2-fold more F than that triggered by ephrinB3, consistent with the increased rate and extent of fusion observed with ephrinB2- versus ephrinB3-expressing cells. In addition, for a series of hyper- and hypofusogenic F mutants, we quantified F-triggering capacities and measured the kinetics of their fusion cascade phases. Hyper- and hypofusogenicity can each be manifested through distinct stages of the fusion cascade, giving rise to vastly different half-lives for the first (t(1/2), 1.9 to 7.5 min) or second (t(1/2), 1.5 to 15.6 min) phase. While three mutants had a shorter first phase and a longer second phase than the wild-type protein, one mutant had the opposite phenotype. Thus, our results reveal multiple critical parameters that govern the paramyxovirus fusion cascade, and our assays should help efforts to elucidate other class I membrane fusion processes.,��https://www.ncbi.nlm.nih.gov/pubmed/205193837��Aguilar, Hector C
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Viral Tropism/immunology���May 18���Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21, providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat, hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans. Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for human use.,��https://www.ncbi.nlm.nih.gov/pubmed/20502528ç��Geisbert, Thomas W
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*Virus Replication���Aug^��The highly pathogenic Nipah virus (NiV) is aerially transmitted and causes a systemic infection after entering the respiratory tract. Airway epithelia are thus important targets in primary infection. Furthermore, virus replication in the mucosal surfaces of the respiratory or urinary tract in later phases of infection is essential for virus shedding and transmission. So far, the mechanisms of NiV replication in epithelial cells are poorly elucidated. In the present study, we provide evidence that bipolar targeting of the two NiV surface glycoproteins G and F is of biological importance for fusion in polarized epithelia. We demonstrate that infection of polarized cells induces focus formation, with both glycoproteins located at lateral membranes of infected cells adjacent to uninfected cells. Supporting the idea of a direct spread of infection via lateral cell-to-cell fusion, we could identify basolateral targeting signals in the cytoplasmic domains of both NiV glycoproteins. Tyrosine 525 in the F protein is part of an endocytosis signal and is also responsible for basolateral sorting. Surprisingly, we identified a dityrosine motif at position 28/29 in the G protein, which mediates polarized targeting. A dileucine motif predicted to function as sorting signal is not involved. Mutation of the targeting signal in one of the NiV glycoproteins prevented the fusion of polarized cells, suggesting that basolateral or bipolar F and G expression facilitates the spread of NiV within epithelial cell monolayers, thereby contributing to efficient virus spread in mucosal surfaces in early and late phases of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/20484517ß��Weise, Carolin
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*Zoonoses���Oct���Diseases transmitted from animals have assumed substantial public health importance. Avian influenza, severe acute respiratory syndrome, and Nipah virus infection are a few examples of growing number of diseases that humans can contract from animals. These diseases can cause huge economic losses in addition to mortality and morbidity. In developing countries of Asia, there is a continuous and close contact between animals and humans, especially in rural settings. The prevailing sociocultural practices and weak public health infrastructure further enhances the vulnerability of Asia as the epicenter of outbreaks due to zoonotic infections. There is a clear need of greater awareness and application of a multisectoral and multidisciplinary approach to prevent and control zoonotic infections.,��https://www.ncbi.nlm.nih.gov/pubmed/20462853 ��Bhatia, Rajesh
Narain, Jai P
eng
Review
China
2010/05/14 06:00
Asia Pac J Public Health. 2010 Oct;22(4):388-94. doi: 10.1177/1010539510370908. Epub 2010 May 11.*��1941-2479 (Electronic)
1010-5395 (Linking)���20462853R��WHO Regional Office for South-East Asia, New Delhi, India. bhatiaraj@searo.who.int���10.1177/1010539510370908���	Ö��üÒtÿî?´���,��Harrison, M. S.
Sakaguchi, T.
Schmitt, A. P.���2010O��Paramyxovirus assembly and budding: building particles that transmit infections���1416-29���Int J Biochem Cell Biol���42���9 ��Animals
Humans
Paramyxovirinae/metabolism/*physiology
Viral Proteins/genetics/*metabolism
Virus Assembly/genetics/*physiology
Virus Release/genetics/*physiology���SepO��The paramyxoviruses define a diverse group of enveloped RNA viruses that includes a number of important human and animal pathogens. Examples include human respiratory syncytial virus and the human parainfluenza viruses, which cause respiratory illnesses in young children and the elderly; measles and mumps viruses, which have caused recent resurgences of disease in developed countries; the zoonotic Hendra and Nipah viruses, which have caused several outbreaks of fatal disease in Australia and Asia; and Newcastle disease virus, which infects chickens and other avian species. Like other enveloped viruses, paramyxoviruses form particles that assemble and bud from cellular membranes, allowing the transmission of infections to new cells and hosts. Here, we review recent advances that have improved our understanding of events involved in paramyxovirus particle formation. Contributions of viral matrix proteins, glycoproteins, nucleocapsid proteins, and accessory proteins to particle formation are discussed, as well as the importance of host factor recruitment for efficient virus budding. Trafficking of viral structural components within infected cells is described, together with mechanisms that allow for the selection of specific sites on cellular membranes for the coalescence of viral proteins in preparation of bud formation and virion release.,��https://www.ncbi.nlm.nih.gov/pubmed/20398786È��Harrison, Megan S
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Virginia���An avian influenza outbreak in 2002 affected 197 poultry farms in Virginia and cost an estimated $130 million in losses and cleanup. In 2004-2005, researchers initiated a project to investigate the feasibility and practicality of in-house composting of turkey mortalities (heavy hens and toms) as a method of disposal and disease containment. Occurrences of low pathogenic avian influenza (LPAI) in West Virginia and Virginia in 2007 provided an opportunity for first responders to verify composting as an effective carcass disposal method. Many lessons learned from these experiences have led to improvements in the application of this technology. Market-weight turkeys, once thought too large for effective composting, were composted sufficiently for land application within 4 to 6 weeks. Additionally, fire-fighting foam, a new method of mass depopulation, proved to be compatible with composting. Knowledge gained from these incidents will be valuable not only for future responses to LPAI but also for outbreaks of highly pathogenic avian influenza such as the H5N1 virus, which currently causes disease in both animals and humans in many parts of the world. Since three-quarters of all recent emerging infectious diseases (EIDs) have arisen from animals, control of disease in animals is the principal way to reduce human exposure and prevent EIDs. Many of the general approaches and specific techniques used to eradicate the avian influenza virus can also be used to control other EIDs such as H1N1, Nipah virus, Rift Valley Fever, and plague.,��https://www.ncbi.nlm.nih.gov/pubmed/20375437T��Flory, Gary A
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*Virus Assembly���Jun<��Hendra virus is a negative-sense single-stranded RNA virus within the Paramyxoviridae family which, together with Nipah virus, forms the Henipavirus genus. Infection with bat-borne Hendra virus leads to a disease with high mortality rates in humans. We determined the crystal structure of the unliganded six-bladed beta-propeller domain and compared it to the previously reported structure of Hendra virus attachment glycoprotein (HeV-G) in complex with its cellular receptor, ephrin-B2. As observed for the related unliganded Nipah virus structure, there is plasticity in the Glu579-Pro590 and Lys236-Ala245 ephrin-binding loops prior to receptor engagement. These data reveal that henipaviral attachment glycoproteins undergo common structural transitions upon receptor binding and further define the structural template for antihenipaviral drug design. Our analysis also provides experimental evidence for a dimeric arrangement of HeV-G that exhibits striking similarity to those observed in crystal structures of related paramyxovirus receptor-binding glycoproteins. The biological relevance of this dimer is further supported by the positional analysis of glycosylation sites from across the paramyxoviruses. In HeV-G, the sites lie away from the putative dimer interface and remain accessible to alpha-mannosidase processing on oligomerization. We therefore propose that the overall mode of dimer assembly is conserved for all paramyxoviruses; however, while the geometry of dimerization is rather closely similar for those viruses that bind flexible glycan receptors, significant (up to 60 degrees ) and different reconfigurations of the subunit packing (associated with a significant decrease in the size of the dimer interface) have accompanied the independent switching to high-affinity protein receptor binding in Hendra and measles viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20375167���Bowden, Thomas A
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Virus Internalization/*drug effects���JulÅ��The fusion of enveloped viruses with the host cell is driven by specialized fusion proteins to initiate infection. The "class I" fusion proteins harbor two regions, typically two heptad repeat (HR) domains, which are central to the complex conformational changes leading to fusion: the first heptad repeat (HRN) is adjacent to the fusion peptide, while the second (HRC) immediately precedes the transmembrane domain. Peptides derived from the HR regions can inhibit fusion, and one HR peptide, T20 (enfuvirtide), is in clinical use for HIV-1. For paramyxoviruses, the activities of two membrane proteins, the receptor-binding protein (hemagglutinin-neuraminidase [HN] or G) and the fusion protein (F), initiate viral entry. The binding of HN or G to its receptor on a target cell triggers the activation of F, which then inserts into the target cell and mediates the membrane fusion that initiates infection. We have shown that for paramyxoviruses, the inhibitory efficacy of HR peptides is inversely proportional to the rate of F activation. For HIV-1, the antiviral potency of an HRC-derived peptide can be dramatically increased by targeting it to the membrane microdomains where fusion occurs, via the addition of a cholesterol group. We report here that for three paramyxoviruses-human parainfluenza virus type 3 (HPIV3), a major cause of lower respiratory tract diseases in infants, and the emerging zoonotic viruses Hendra virus (HeV) and Nipah virus (NiV), which cause lethal central nervous system diseases-the addition of cholesterol to a paramyxovirus HRC-derived peptide increased antiviral potency by 2 log units. Our data suggest that this enhanced activity is indeed the result of the targeting of the peptide to the plasma membrane, where fusion occurs. The cholesterol-tagged peptides on the cell surface create a protective antiviral shield, target the F protein directly at its site of action, and expand the potential utility of inhibitory peptides for paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20357085���Porotto, Matteo
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Swine���Sepz��BACKGROUND: The severity of an outbreak is a priority in decision-making for human infection control. However, there have been no reports on how to quantify the severity of an outbreak. METHODS: We propose a simple method to measure the severity of an infectious disease outbreak. It involves scoring the severity of clinical signs, the transmission of the infection, the number of cases, and the infection source. RESULTS: The method was evaluated using the data available at the early stage of some recent outbreaks of infectious diseases, including the influenza A (H1N1) pandemic in 2009, and the evaluation supports the design idea. CONCLUSION: The method is practical for rating the severity of an infectious disease outbreak, though it should be optimized. It could also be used to judge whether an event constitutes a public health emergency of international concern (PHEIC) or not.,��https://www.ncbi.nlm.nih.gov/pubmed/20227902ç��Chen, Yue-Ying
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Slovenia/epidemiology���Apr���Bats have been identified as a natural reservoir for an increasing number of emerging zoonotic viruses, such as Hendra virus, Nipah virus, Ebola virus, Marburg virus, rabies and other lyssaviruses. Recently, a large number of viruses closely related to members of the genus Coronavirus have been associated with severe acute respiratory syndrome (SARS) and detected in bat species. In this study, samples were collected from 106 live bats of seven different bat species from 27 different locations in Slovenia. Coronaviruses were detected by RT-PCR in 14 out of 36 horseshoe bat (Rhinolophus hipposideros) fecal samples, with 38.8% virus prevalence. Sequence analysis of a 405-nucleotide region of the highly conserved RNA polymerase gene (pol) showed that all coronaviruses detected in this study are genetically closely related, with 99.5-100% nucleotide identity, and belong to group 2 of the coronaviruses. The most closely related virus sequence in GenBank was SARS bat isolate Rp3/2004 (DQ071615) within the SARS-like CoV cluster, sharing 85% nucleotide identity and 95.6% amino acid identity. The potential risk of a new group of bat coronaviruses as a reservoir for human infections is highly suspected, and further molecular epidemiologic studies of these bat coronaviruses are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/20217155»��Rihtaric, Danijela
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Guillaume, Vanessa
Wong, Thong
Badmanathan, Munisamy
Looi, Ren Yih
Murri, Severine
Loth, Philippe
Tordo, Noel
Wild, Fabian
Horvat, Branka
Contamin, Hugues
eng
Evaluation Studies
Research Support, Non-U.S. Gov't
2010/03/06 06:00
Emerg Infect Dis. 2010 Mar;16(3):507-10. doi: 10.3201/eid1603.091346.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3322034���20202432���Institut Pasteur, Lyon, France.���10.3201/eid1603.091346��
���üÒtÿî?½���R��McGinnes, L. W.
Pantua, H.
Laliberte, J. P.
Gravel, K. A.
Jain, S.
Morrison, T. G.���2010^��Assembly and biological and immunological properties of Newcastle disease virus-like particles���4513-23���J Virol���84���9���Animals
Antibodies, Neutralizing/blood
Antibodies, Viral/blood
Cytokines/biosynthesis
HN Protein/genetics/metabolism
Male
Mice
Mice, Inbred BALB C
Newcastle disease virus/*genetics/*immunology
Nipah Virus
Nucleoproteins/genetics/metabolism
Vaccines, Virosome/administration & dosage/immunology
Viral Fusion Proteins/genetics/metabolism
Viral Matrix Proteins/genetics/metabolism
Viral Proteins/genetics/metabolism
Virion/*immunology/*metabolism/pathogenicity
Virosomes/immunology/metabolism
Virus Assembly
Virus Attachment
Virus Internalization���MayÍ��Virus-like particles (VLPs) released from avian cells expressing the Newcastle disease virus (NDV) strain AV proteins NP, M, HN (hemagglutinin-neuraminidase), and F were characterized. The VLP-associated HN and F glycoproteins directed the attachment of VLPs to cell surfaces and fusion of VLP membranes with red blood cell membranes, indicating that they were assembled into VLPs in an authentic conformation. These particles were quantitatively prepared and used as an immunogen, without adjuvant, in BALB/c mice. The resulting immune responses, detected by enzyme-linked immunosorbent assay (ELISA), virus neutralization, and intracellular cytokine staining, were comparable to the responses to equivalent amounts of inactivated NDV vaccine virus. HN and F proteins from another strain of NDV, strain B1, could be incorporated into these VLPs. Foreign peptides were incorporated into these VLPs when fused to the NP or HN protein. The ectodomain of a foreign glycoprotein, the Nipah virus G protein, fused to the NDV HN protein cytoplasmic and transmembrane domains was incorporated into ND VLPs. Thus, ND VLPs are a potential NDV vaccine candidate. They may also serve as a platform to construct vaccines for other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/20181713 ��McGinnes, Lori W
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Virus Shedding���May-JunÃ��Hendra virus (HeV) is a zoonotic virus from the family Paramyxoviridae causing fatal disease in humans and horses. Five-week-old Landrace pigs and 5-month-old Gottingen minipigs were inoculated with approximately 10(7) plaque forming units per animal. In addition to fever and depression exhibited in all infected pigs, one of the two Landrace pigs developed respiratory signs at 5 days post-inoculation (dpi) and one of the Gottingen minipigs developed respiratory signs at 5 dpi and mild neurological signs at 7 dpi. Virus was detected in all infected pigs at 2-5 dpi from oral, nasal, and rectal swabs and at 3-5 dpi from ocular swabs by real-time RT-PCR targeting the HeV M gene. Virus titers in nasal swab samples were as high as 10(4.6) TCID(50)/mL. The viral RNA was mainly distributed in tissues from respiratory and lymphoid systems at an early stage of infection and the presence of virus was confirmed by virus isolation. Pathological changes and immunohistochemical staining for viral antigen were consistent with the tissue distribution of the virus. This new finding indicates that pigs are susceptible to HeV infections and could potentially play a role as an intermediate host in transmission to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/20167195���Li, Mingyi
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Mortality���Feb\��To determine the epidemiologic and clinical features of a 2008 outbreak of Hendra virus infection in a veterinary clinic in Australia, we investigated the equine case-series. Four of 5 infected horses died, as did 1 of 2 infected staff members. Clinical manifestation in horses was predominantly neurologic. Preclinical transmission appears likely.,��https://www.ncbi.nlm.nih.gov/pubmed/20113576&��Field, Hume
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Young Adult���Febù��A recent Hendra virus outbreak at a veterinary clinic in Brisbane, Queensland, Australia, involved 5 equine and 2 human infections. In contrast to previous outbreaks, infected horses had predominantly encephalitic, rather than respiratory, signs. After an incubation period of 9-16 days, influenza-like illnesses developed in the 2 persons before progressing to encephalitis; 1 died. Both patients were given ribavirin. Basal serum and cerebrospinal fluid levels were 10-13 mg/L after intravenous administration and 6 mg/L after oral administration (isolate 90% inhibitory concentration 64 mg/L). Both patients were exposed to infected horses, 1 during the late incubation period in a horse. The attack rate for veterinary clinic staff exposed to infected horses was 10%. An isolate from this outbreak showed genetic heterogeneity with isolates from a concurrent, but geographically remote, outbreak and from previous outbreaks. Emergence of Hendra virus is a serious medical, veterinary, and public health challenge.,��https://www.ncbi.nlm.nih.gov/pubmed/20113550õ��Playford, Elliott G
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Virus Replication���Jan@��Paramyxoviruses include many important human and animal pathogens such as measles virus, mumps virus, human parainfluenza viruses, and respiratory syncytial virus, as well as emerging viruses such as Nipah virus and Hendra virus. The paramyxovirus RNA-dependent RNA polymerase consists of the phosphoprotein (P) and the large protein. Both of these proteins are essential for viral RNA synthesis. The P protein is phosphorylated at multiple sites, probably by more than one host kinase. While it is thought that the phosphorylation of P is important for its role in viral RNA synthesis, the precise role of P protein phosphorylation remains an enigma. For instance, it was demonstrated that the putative CKII phosphorylation sites of the P protein of respiratory syncytial virus play a role in viral RNA synthesis using a minigenome replicon system; however, mutating these putative CKII phosphorylation sites within a viral genome had no effect on viral RNA synthesis, leading to the hypothesis that P protein phosphorylation, at least by CKII, does not play a role in viral RNA synthesis. Recently, it has been reported that the phosphorylation state of the P protein of parainfluenza virus 5, a prototypical paramyxovirus, correlates with the ability of P protein to synthesize viral RNA, indicating that P protein phosphorylation does in fact play a role in viral RNA synthesis. Furthermore, host kinases PLK1, as well as AKT1 have been found to play critical roles in paramyxovirus RNA synthesis through regulation of P protein phosphorylation status. Beyond furthering our understanding of paramyxovirus RNA replication, these recent discoveries may also result in a new paradigm in treating infections caused by these viruses, as host kinases that regulate paramyxovirus replication are investigated as potential targets of therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/20020826¼��Fuentes, Sandra M
Sun, Dengyun
Schmitt, Anthony P
He, Biao
eng
R01 AI070847-02/AI/NIAID NIH HHS/
R01 AI070847/AI/NIAID NIH HHS/
AI065795/AI/NIAID NIH HHS/
R01 AI051372/AI/NIAID NIH HHS/
K02 AI065795-04/AI/NIAID NIH HHS/
R01 AI051372-03S1/AI/NIAID NIH HHS/
AI070847/AI/NIAID NIH HHS/
K02 AI065795/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Review
England
2009/12/22 06:00
Future Microbiol. 2010 Jan;5(1):9-13. doi: 10.2217/fmb.09.93.*��1746-0921 (Electronic)
1746-0913 (Linking)
��PMC2839240���20020826���Department of Veterinary & Biomedical Sciences, The Pennsylvania State University, University Park, PA 16802, USA. smf284@psu.edu���10.2217/fmb.09.93��~��üÒtÿî?Ã���Æ��Crameri, G.
Todd, S.
Grimley, S.
McEachern, J. A.
Marsh, G. A.
Smith, C.
Tachedjian, M.
De Jong, C.
Virtue, E. R.
Yu, M.
Bulach, D.
Liu, J. P.
Michalski, W. P.
Middleton, D.
Field, H. E.
Wang, L. F.���2009N��Establishment, immortalisation and characterisation of pteropid bat cell lines���e8266���PLoS One���4���12]��Animals
Cell Culture Techniques/*methods
Cell Line, Transformed/*cytology
Cell Shape/drug effects
*Chiroptera
Cloning, Molecular
Hendra Virus/drug effects/physiology
Henipavirus Infections/virology
Humans
Immunity, Innate/drug effects/immunology
Interferons/genetics
Nipah Virus/drug effects/physiology
Poly I-C/pharmacology
Simian virus 40/genetics���Dec 11l��BACKGROUND: Bats are the suspected natural reservoir hosts for a number of new and emerging zoonotic viruses including Nipah virus, Hendra virus, severe acute respiratory syndrome coronavirus and Ebola virus. Since the discovery of SARS-like coronaviruses in Chinese horseshoe bats, attempts to isolate a SL-CoV from bats have failed and attempts to isolate other bat-borne viruses in various mammalian cell lines have been similarly unsuccessful. New stable bat cell lines are needed to help with these investigations and as tools to assist in the study of bat immunology and virus-host interactions. METHODOLOGY/FINDINGS: Black flying foxes (Pteropus alecto) were captured from the wild and transported live to the laboratory for primary cell culture preparation using a variety of different methods and culture media. Primary cells were successfully cultured from 20 different organs. Cell immortalisation can occur spontaneously, however we used a retroviral system to immortalise cells via the transfer and stable production of the Simian virus 40 Large T antigen and the human telomerase reverse transcriptase protein. Initial infection experiments with both cloned and uncloned cell lines using Hendra and Nipah viruses demonstrated varying degrees of infection efficiency between the different cell lines, although it was possible to infect cells in all tissue types. CONCLUSIONS/SIGNIFICANCE: The approaches developed and optimised in this study should be applicable to bats of other species. We are in the process of generating further cell lines from a number of different bat species using the methodology established in this study.,��https://www.ncbi.nlm.nih.gov/pubmed/20011515q��Crameri, Gary
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Zoonoses���Jun´��Neurologic disease is a major cause of disability in resource-poor countries and a substantial portion of this disease is due to infections of the CNS. A wide variety of emerging and re-emerging viruses contribute to this disease burden. New emerging infections are commonly due to RNA viruses that have expanded their geographic range, spread from animal reservoirs or acquired new neurovirulence properties. Mosquito-borne viruses with expanding ranges include West Nile virus, Japanese encephalitis virus and Chikungunya virus. Zoonotic viruses that have recently crossed into humans to cause neurologic disease include the bat henipaviruses Nipah and Hendra, as well as the primate-derived human immunodeficiency virus. Viruses adapt to new hosts, or to cause more severe disease, by changing their genomes through reassortment (e.g. influenza virus), mutation (essentially all RNA viruses) and recombination (e.g. vaccine strains of poliovirus). Viruses that appear to have recently become more neurovirulent include West Nile virus, enterovirus 71 and possibly Chikungunya virus. In addition to these newer challenges, rabies, polio and measles all remain important causes of neurologic disease despite good vaccines and global efforts toward control. Control of human rabies depends on elimination of rabies in domestic dogs through regular vaccination. Poliovirus eradication is challenged by the ability of the live attenuated vaccine strains to revert to virulence during the prolonged period of gastrointestinal replication. Measles elimination depends on delivery of two doses of live virus vaccine to a high enough proportion of the population to maintain herd immunity for this highly infectious virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20004230Ã��Griffin, Diane E
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Virus Replication���DecÙ��Nipah virus (NiV) is a highly pathogenic paramyxovirus that was first isolated in 1999 during an outbreak in Malaysia. In contrast to other paramyxoviruses NiV infects many mammalian species. Because of its zoonotic potential, the high pathogenicity and the lack of therapeutic treatment, NiV was classified as a biosafety level 4 pathogen. In humans NiV causes a severe acute encephalitis whereas in some animal hosts respiratory symptoms are predominantly observed. Despite the differences in the clinical outcome, microvascular endothelial cell damage predominantly underlies the pathological changes in NiV infections in all susceptible host species. NiV generally induces a pronounced vasculitis which is primarily characterised by endothelial cell necrosis and inflammatory cell infiltration. For future developments of specific antiviral therapies or vaccines, a detailed understanding of the molecular basis of NiV pathogenesis is required. This article reviews the current knowledge about natural and experimental infections in different mammals, focusing on the main organ and cell tropism in vivo, and summarises some recent studies in cell culture on the role of ephrin-B2 and -B3 receptors in NiV infection of endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19967130���Maisner, Andrea
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*zoonotic virus���Dec{��Hendra and Nipah virus, which constitute the genus Henipavirus, are zoonotic paramyxoviruses that have been associated with sporadic outbreaks of severe disease and mortality in humans since their emergence in the late 1990s. Similar to other paramyxoviruses, their ability to evade the host interferon (IFN) response is conferred by the P gene. The henipavirus P gene encodes four proteins; the P, V, W and C proteins, which have all been described to inhibit the antiviral response. Further studies have revealed that these proteins have overlapping but unique properties which enable the virus to block multiple signaling pathways in the IFN response. The best characterized of these is the JAK-STAT signaling pathway which is targeted by the P, V and W proteins via an interaction with the transcription factor STAT1. In addition the V and W proteins can both limit virus-induced induction of IFN but they appear to do this via distinct mechanisms that rely on unique sequences in their C-terminal domains. The ability to generate recombinant Nipah viruses now gives us the opportunity to determine the precise role for each of these proteins and address their contribution to pathogenicity. Additionally, the question of whether these multiple anti-IFN strategies are all active in the different mammalian hosts for henipaviruses, particularly the fruit bat reservoir, warrants further exploration.,��https://www.ncbi.nlm.nih.gov/pubmed/21994589º��Shaw, Megan L
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*Virus Assembly���Feb 57��Paramyxovirus matrix (M) proteins organize virus assembly, functioning as adapters that link together viral ribonucleoprotein complexes and viral glycoproteins at infected cell plasma membranes. M proteins may also function to recruit and manipulate host factors to assist virus budding, similar to retroviral Gag proteins. By yeast two-hybrid screening, angiomotin-like 1 (AmotL1) was identified as a host factor that interacts with the M protein of parainfluenza virus 5 (PIV5). AmotL1-M protein interaction was observed in yeast, in transfected mammalian cells, and in virus-infected cells. Binding was mapped to a 83-amino acid region derived from the C-terminal portion of AmotL1. Overexpression of M-binding AmotL1-derived polypeptides potently inhibited production of PIV5 VLPs and impaired virus budding. Expression of these polypeptides moderately inhibited production of mumps VLPs, but had no effect on production of Nipah VLPs. siRNA-mediated depletion of AmotL1 protein reduced PIV5 budding, suggesting that this interaction is beneficial to paramyxovirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19932912���Pei, Zifei
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Survival Analysis
Treatment Outcome���Marî��Hendra virus (HeV) and Nipah virus (NiV) are recently emerged, closely related and highly pathogenic paramyxoviruses that cause severe disease such as encephalitis in animals and humans with fatality rates of up to 75 %. Due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy, they are classified as Biosafety Level 4 pathogens. A recent study reported that chloroquine, an anti-malarial drug, was effective in preventing NiV and HeV infection in cell culture experiments. In the present study, the antiviral efficacy of chloroquine was analysed, individually and in combination with ribavirin, in the treatment of NiV and HeV infection in in vivo experiments, using a golden hamster model. Although the results confirmed the strong antiviral activity of both drugs in inhibiting viral spread in vitro, they did not prove to be protective in the in vivo model. Ribavirin delayed death from viral disease in NiV-infected hamsters by approximately 5 days, but no significant effect in HeV-infected hamsters was observed. Chloroquine did not protect hamsters when administered either individually or in combination with ribavirin, the latter indicating the lack of a favourable drug-drug interaction.,��https://www.ncbi.nlm.nih.gov/pubmed/19889926���Freiberg, Alexander N
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Vero Cells���Nov 4þ��BACKGROUND: Using a recently described monolayer assay amenable to high throughput screening format for the identification of potential Nipah virus and Hendra virus antivirals, we have partially screened a low molecular weight compound library (>8,000 compounds) directly against live virus infection and identified twenty eight promising lead molecules. Initial single blind screens were conducted with 10 microM compound in triplicate with a minimum efficacy of 90% required for lead selection. Lead compounds were then further characterised to determine the median efficacy (IC50), cytotoxicity (CC50) and the in vitro therapeutic index in live virus and pseudotype assay formats. RESULTS: While a number of leads were identified, the current work describes three commercially available compounds: brilliant green, gentian violet and gliotoxin, identified as having potent antiviral activity against Nipah and Hendra virus. Similar efficacy was observed against pseudotyped Nipah and Hendra virus, vesicular stomatitis virus and human parainfluenza virus type 3 while only gliotoxin inhibited an influenza A virus suggesting a non-specific, broad spectrum activity for this compound. CONCLUSION: All three of these compounds have been used previously for various aspects of anti-bacterial and anti-fungal therapy and the current results suggest that while unsuitable for internal administration, they may be amenable to topical antiviral applications, or as disinfectants and provide excellent positive controls for future studies.,��https://www.ncbi.nlm.nih.gov/pubmed/19889218���Aljofan, Mohamad
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Viral Load���Oct!��Nipah virus is a broadly tropic and highly pathogenic zoonotic paramyxovirus in the genus Henipavirus whose natural reservoirs are several species of Pteropus fruit bats. Nipah virus has repeatedly caused outbreaks over the past decade associated with a severe and often fatal disease in humans and animals. Here, a new ferret model of Nipah virus pathogenesis is described where both respiratory and neurological disease are present in infected animals. Severe disease occurs with viral doses as low as 500 TCID(50) within 6 to 10 days following infection. The underlying pathology seen in the ferret closely resembles that seen in Nipah virus infected humans, characterized as a widespread multisystemic vasculitis, with virus replicating in highly vascular tissues including lung, spleen and brain, with recoverable virus from a variety of tissues. Using this ferret model a cross-reactive neutralizing human monoclonal antibody, m102.4, targeting the henipavirus G glycoprotein was evaluated in vivo as a potential therapeutic agent. All ferrets that received m102.4 ten hours following a high dose oral-nasal Nipah virus challenge were protected from disease while all controls died. This study is the first successful post-exposure passive antibody therapy for Nipah virus using a human monoclonal antibody.,��https://www.ncbi.nlm.nih.gov/pubmed/19888339R��Bossart, Katharine N
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Nipah Virus/*physiology���Dec 1÷��Nipah virus (NiV) is a paramyxovirus whose reservoir host is fruit bats of the genus Pteropus. Occasionally the virus is introduced into human populations and causes severe illness characterized by encephalitis or respiratory disease. The first outbreak of NiV was recognized in Malaysia, but 8 outbreaks have been reported from Bangladesh since 2001. The primary pathways of transmission from bats to people in Bangladesh are through contamination of raw date palm sap by bats with subsequent consumption by humans and through infection of domestic animals (cattle, pigs, and goats), presumably from consumption of food contaminated with bat saliva or urine with subsequent transmission to people. Approximately one-half of recognized Nipah case patients in Bangladesh developed their disease following person-to-person transmission of the virus. Efforts to prevent transmission should focus on decreasing bat access to date palm sap and reducing family members' and friends' exposure to infected patients' saliva.,��https://www.ncbi.nlm.nih.gov/pubmed/19886791æ��Luby, Stephen P
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Virus Attachment
*Virus Internalization���Dec´��The paramyxovirus family contains established human pathogens such as the measles virus and human respiratory syncytial virus, as well as emerging pathogens including the Hendra and Nipah viruses and the recently identified human metapneumovirus. Two major envelope glycoproteins, the attachment protein and the fusion protein, promote the processes of viral attachment and virus-cell membrane fusion required for entry. Although common mechanisms of fusion protein proteolytic activation and the mechanism of membrane fusion promotion have been shown in recent years, considerable diversity exists in the family relating to receptor binding and the potential mechanisms of fusion triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/19878307¤��Smith, Everett C
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Zoonoses/*epidemiology/*transmission���Aug8��Human Nipah outbreaks recur in a specific region and time of year in Bangladesh. Fruit bats are the reservoir host for Nipah virus. We identified 23 introductions of Nipah virus into human populations in central and northwestern Bangladesh from 2001 through 2007. Ten introductions affected multiple persons (median 10). Illness onset occurred from December through May but not every year. We identified 122 cases of human Nipah infection. The mean age of case-patients was 27 years; 87 (71%) died. In 62 (51%) Nipah virus-infected patients, illness developed 5-15 days after close contact with another Nipah case-patient. Nine (7%) Nipah case-patients transmitted virus to others. Nipah case-patients who had difficulty breathing were more likely than those without respiratory difficulty to transmit Nipah (12% vs. 0%, p = 0.03). Although a small minority of infected patients transmit Nipah virus, more than half of identified cases result from person-to-person transmission. Interventions to prevent virus transmission from bats to humans and from person to person are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/19751584Ó��Luby, Stephen P
Hossain, M Jahangir
Gurley, Emily S
Ahmed, Be Nazir
Banu, Shakila
Khan, Salah Uddin
Homaira, Nusrat
Rota, Paul A
Rollin, Pierre E
Comer, James A
Kenah, Eben
Ksiazek, Thomas G
Rahman, Mahmudur
eng
F32 GM085945/GM/NIGMS NIH HHS/
F32GM085945/GM/NIGMS NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2009/09/16 06:00
Emerg Infect Dis. 2009 Aug;15(8):1229-35. doi: 10.3201/eid1508.081237.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC2815955���19751584Y��International Centre for Diarrheal Diseases Research, Dhaka, Bangladesh. sluby@icddrb.org���10.3201/eid1508.081237����-�üÖ|ßþ?Õ������Tordo, N.
Marianneau, M. P.���2009)��[Viruses and bats: rabies and Lyssavirus]���7-15; discussion 15-6���Bull Mem Acad R Med Belg���164���1-2ó��Animals
Chiroptera
Disease Reservoirs/veterinary
Dogs
Humans
Lyssavirus
Male
Public Health
Rabies/*transmission
Rhabdoviridae Infections/prevention & control/*transmission
Virus Diseases/prevention & control/*transmission
Zoonoses/transmissionS��Recent emerging zoonoses (hemorrhagic fevers due to Ebola or Marburg virus, encephalitis due to Nipah virus, severe acute respiratory syndrome due to SRAS virus...) outline the potential of bats as vectors for transmission of infectious disease to humans. Such a potential is already known for rabies encephalitis since seven out of the eight genotypes of Lyssavirus are transmitted by bats. In addition, phylogenetic reconstructions indicate that Lyssavirus have evolved in chiropters before their emergence in carnivores. Nevertheless, carnivores remain the most critical vectors for public health, in particular dogs that are originating 55.000 rabies deaths per year, essentially in developing countries. Rabies control in carnivores by parenteral (dog) or oral (wild carnivores) vaccination is efficacious and campaigns start to be more widely applied. On the other hand, rabies control in bat still remains non realistic, particularly as the pathogenicity of bat Lyssavirus for bats is still under debate, suggesting that a "diplomatic relationship" between partners would have arisen from a long term cohabitation. While comparing the interactions that humans and bats establish with Lyssavirus, scientists try to understand the molecular basis ofpathogenicity in man, a indispensable prerequisite to identify antiviral targets in a perspective of therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/19718950���Tordo, N
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Zoonoses/epidemiology/*transmission/virology���AugË��In this 2-part review, I will focus on emerging virus infections of the central nervous system (CNS). Part 1 will introduce the basic features of emerging infections, including their definition, epidemiology, and the frequency of CNS involvement. Important mechanisms of emergence will be reviewed, including viruses spreading into new host ranges as exemplified by West Nile virus (WNV), Japanese encephalitis (JE) virus, Toscana virus, and enterovirus 71 (EV71). Emerging infections also result from opportunistic spread of viruses into known niches, often resulting from attenuated host resistance to infection. This process is exemplified by transplant-associated cases of viral CNS infection caused by WNV, rabies virus, lymphocytic choriomeningitis, and lymphocytic choriomeningitis-like viruses and by the syndrome of human herpesvirus 6 (HHV6)-associated posttransplantation acute limbic encephalitis. The second part of this review begins with a discussion of JC virus and the occurrence of progressive multifocal leukoencephalopathy in association with novel immunomodulatory therapies and then continues with an overview of the risk of infection introduced by imported animals (eg, monkeypox virus) and examples of emerging diseases caused by enhanced competence of viruses for vectors and the spread of vectors (eg, chikungunya virus) and then concludes with examples of novel viruses causing CNS infection as exemplified by Nipah and Hendra viruses and bat lyssaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19667214f��Tyler, Kenneth L
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RNA, Viral/*genetics���Jul 28���BACKGROUND: Henipaviruses (Hendra and Nipah virus) are highly pathogenic members of the family Paramyxoviridae. Fruit-eating bats of the Pteropus genus have been suggested as their natural reservoir. Human Henipavirus infections have been reported in a region extending from Australia via Malaysia into Bangladesh, compatible with the geographic range of Pteropus. These bats do not occur in continental Africa, but a whole range of other fruit bats is encountered. One of the most abundant is Eidolon helvum, the African Straw-coloured fruit bat. METHODOLOGY/PRINCIPAL FINDINGS: Feces from E. helvum roosting in an urban setting in Kumasi/Ghana were tested for Henipavirus RNA. Sequences of three novel viruses in phylogenetic relationship to known Henipaviruses were detected. Virus RNA concentrations in feces were low. CONCLUSIONS/SIGNIFICANCE: The finding of novel putative Henipaviruses outside Australia and Asia contributes a significant extension of the region of potential endemicity of one of the most pathogenic virus genera known in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19636378K��Drexler, Jan Felix
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Queensland���Jul 3Ð��BACKGROUND: Australia's dinosaurian fossil record is exceptionally poor compared to that of other similar-sized continents. Most taxa are known from fragmentary isolated remains with uncertain taxonomic and phylogenetic placement. A better understanding of the Australian dinosaurian record is crucial to understanding the global palaeobiogeography of dinosaurian groups, including groups previously considered to have had Gondwanan origins, such as the titanosaurs and carcharodontosaurids. METHODOLOGY/PRINCIPAL FINDINGS: We describe three new dinosaurs from the late Early Cretaceous (latest Albian) Winton Formation of eastern Australia, including; Wintonotitan wattsi gen. et sp. nov., a basal titanosauriform; Diamantinasaurus matildae gen. et sp. nov., a derived lithostrotian titanosaur; and Australovenator wintonensis gen. et sp. nov., an allosauroid. We compare an isolated astragalus from the Early Cretaceous of southern Australia; formerly identified as Allosaurus sp., and conclude that it most-likely represents Australovenator sp. CONCLUSION/SIGNIFICANCE: The occurrence of Australovenator from the Aptian to latest Albian confirms the presence in Australia of allosauroids basal to the Carcharodontosauridae. These new taxa, along with the fragmentary remains of other taxa, indicate a diverse Early Cretaceous sauropod and theropod fauna in Australia, including plesiomorphic forms (e.g. Wintonotitan and Australovenator) and more derived forms (e.g. Diamantinasaurus).,��https://www.ncbi.nlm.nih.gov/pubmed/19584929è��Hocknull, Scott A
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Swine���Oct¤��Tioman virus (TioV) was isolated from a number of pooled urine samples of Tioman Island flying foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. Studies have established TioV as a new virus in the family Paramyxoviridae. This novel paramyxovirus is antigenically related to Menangle virus that was isolated in Australia in 1997 during disease outbreak in pigs. TioV causes mild disease in pigs and has a predilection for lymphoid tissues. Recent serosurvey showed that 1.8% of Tioman Islanders had neutralizing antibodies against TioV, indicating probable past infection. For the development of convenient serological tests for this virus, recombinant TioV nucleocapsid (N) protein was expressed in the yeast Saccharomyces cerevisiae. High yields of recombinant TioV N protein were obtained. Electron microscopy demonstrated that purified recombinant N protein self-assembled into nucleocapsid-like particles which were identical in density and morphology to authentic nucleocapsids from paramyxovirus-infected cells. Different size nucleocapsid-like particles were stable and readily purified by CsCl gradient ultracentrifugation. Polyclonal sera raised in rabbits after immunization with recombinant TioV N protein reacted reliably with TioV infected tissues in immunohistochemistry tests. It confirmed that the antigenic properties of yeast derived TioV N protein are identical to authentic viral protein.,��https://www.ncbi.nlm.nih.gov/pubmed/19559738?��Petraityte, Rasa
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Viral Structural Proteins/genetics/*metabolism���AugÖ��The Nipah virus (NiV) phosphoprotein (P) gene encodes the C, P, V, and W proteins. P, V, and W, have in common an amino-terminal domain sufficient to bind STAT1, inhibiting its interferon (IFN)-induced tyrosine phosphorylation. P is also essential for RNA-dependent RNA polymerase function. C is encoded by an alternate open reading frame (ORF) within the common amino-terminal domain. Mutations within residues 81 to 113 of P impaired its polymerase cofactor function, as assessed by a minireplicon assay, but these mutants retained STAT1 inhibitory function. Mutations within the residue 114 to 140 region were identified that abrogated interaction with and inhibition of STAT1 by P, V, and W without disrupting P polymerase cofactor function. Recombinant NiVs were then generated. A G121E mutation, which abrogated inhibition of STAT1, was introduced into a C protein knockout background (C(ko)) because the mutation would otherwise also alter the overlapping C ORF. In cell culture, relative to the wild-type virus, the C(ko) mutation proved attenuating but the G121E mutant virus replicated identically to the C(ko) virus. In cells infected with the wild-type and C(ko) viruses, STAT1 was nuclear despite the absence of tyrosine phosphorylation. This latter observation mirrors what has been seen in cells expressing NiV W. In the G121E mutant virus-infected cells, STAT1 was not phosphorylated and was cytoplasmic in the absence of IFN stimulation but became tyrosine phosphorylated and nuclear following IFN addition. These data demonstrate that the gene for NiV P encodes functions that sequester inactive STAT1 in the nucleus, preventing its activation and suggest that the W protein is the dominant inhibitor of STAT1 in NiV-infected cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19515782F��Ciancanelli, Michael J
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Virus Internalization/*drug effects���Jul 23m��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes respiratory disease in pigs and severe febrile encephalitis in humans with high mortality rates. On the basis of the structural similarity of viral fusion (F) proteins within the family Paramyxoviridae, we designed and tested 18 quinolone derivatives in a NiV and measles virus (MV) envelope protein-based fusion assay beside evaluation of cytotoxicity. We found five compounds successfully inhibiting NiV envelope protein-induced cell fusion. The most active molecules (19 and 20), which also inhibit the syncytium formation induced by infectious NiV and show a low cytotoxicity in Vero cells, represent a promising lead quinolone-type compound structure. Molecular modeling indicated that compound 19 fits well into a particular protein cavity present on the NiV F protein that is important for the fusion process.,��https://www.ncbi.nlm.nih.gov/pubmed/19499921M��Niedermeier, Sabine
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*Zoonoses���Aug'��Nearly 75% of all emerging infectious diseases (EIDs) that impact or threaten human health are zoonotic. The majority have spilled from wildlife reservoirs, either directly to humans or via domestic animals. The emergence of many can be attributed to predisposing factors such as global travel, trade, agricultural expansion, deforestation/habitat fragmentation, and urbanization; such factors increase the interface and/or the rate of contact between human, domestic animal, and wildlife populations, thereby creating increased opportunities for spillover events to occur. Infectious disease emergence can be regarded as primarily an ecological process. The epidemiological investigation of EIDs associated with wildlife requires a trans-disciplinary approach that includes an understanding of the ecology of the wildlife species, and an understanding of human behaviours that increase risk of exposure. Investigations of the emergence of Nipah virus in Malaysia in 1999 and severe acute respiratory syndrome (SARS) in China in 2003 provide useful case studies. The emergence of Nipah virus was associated with the increased size and density of commercial pig farms and their encroachment into forested areas. The movement of pigs for sale and slaughter in turn led to the rapid spread of infection to southern peninsular Malaysia, where the high-density, largely urban pig populations facilitated transmission to humans. Identifying the factors associated with the emergence of SARS in southern China requires an understanding of the ecology of infection both in the natural reservoir and in secondary market reservoir species. A necessary extension of understanding the ecology of the reservoir is an understanding of the trade, and of the social and cultural context of wildlife consumption. Emerging infectious diseases originating from wildlife populations will continue to threaten public health. Mitigating and managing the risk requires an appreciation of the connectedness between human, livestock and wildlife health, and of the factors and processes that disrupt the balance.,��https://www.ncbi.nlm.nih.gov/pubmed/19497090���Field, H E
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Vasculitis/immunology/pathology/virology���Jun���AIM: To study the pathology of two cases of human Hendra virus infection, one with no clinical encephalitis and one with relapsing encephalitis. METHODS: Autopsy tissues were investigated by light microscopy, immunohistochemistry and in situ hybridization. RESULTS: In the patient with acute pulmonary syndrome but not clinical acute encephalitis, vasculitis was found in the brain, lung, heart and kidney. Occasionally, viral antigens were demonstrated in vascular walls but multinucleated endothelial syncytia were absent. In the lung, there was severe inflammation, necrosis and viral antigens in type II pneumocytes and macrophages. The rare kidney glomerulus showed inflammation and viral antigens in capillary walls and podocytes. Discrete necrotic/vacuolar plaques in the brain parenchyma were associated with antigens and viral RNA. Brain inflammation was mild although CD68(+) microglia/macrophages were significantly increased. Cytoplasmic viral inclusions and antigens and viral RNA in neurones and ependyma suggested viral replication. In the case of relapsing encephalitis, there was severe widespread meningoencephalitis characterized by neuronal loss, macrophages and other inflammatory cells, reactive blood vessels and perivascular cuffing. Antigens and viral RNA were mainly found in neurones. Vasculitis was absent in all the tissues examined. CONCLUSIONS: The case of acute Hendra virus infection demonstrated evidence of systemic infection and acute encephalitis. The case of relapsing Hendra virus encephalitis showed no signs of extraneural infection but in the brain, extensive inflammation and infected neurones were observed. Hendra virus can cause acute and relapsing encephalitis and the findings suggest that the pathology and pathogenesis are similar to Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19473296���Wong, K T
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��Neuroradiol J���22���2���May 15è��Systemic lupus erythematosus (SLE) has diverse imaging features. However, focal lesions in the corpus callosum are extremely rare in SLE with only few cases mentioned in the literature, with no mention of callosal holes in SLE. Callosal holes have been described as a characteristic finding in Susac syndrome and have been mentioned in Nipah virus encephalitis, Marchiafava Bignami disease and periventricular leukomalacia. We describe a case of SLE with callosal holes. The demonstration of callosal holes in this case brings the imaging appearance of SLE a step closer to that of Susac syndrome which is considered a clinically and radiologically close condition. It also adds to the list of imaging appearances of central nervous system SLE.,��https://www.ncbi.nlm.nih.gov/pubmed/24207034���Shaikh, R
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Viral Proteins/genetics���SepW��Nipah virus (NiV) is a new zoonotic paramyxovirus that emerged in 1998 and is now classified in the genus Henipavirus along with the closely related Hendra virus (HeV). NiV is highly pathogenic in several vertebrate species including humans, and the lack of available vaccines or specific treatment restricts it to biosafety level 4 (BSL4) containment. A serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing green fluorescent protein (GFP) and bearing the F and G proteins of NiV (VSV-NiV-GFP). The neutralization titers were obtained by counting GFP-expressing cells or by measuring fluorescence. The performance of this new assay was compared against the conventional test using live NiV with panels of sera from several mammalian species, including sera from NiV outbreaks, experimental infections, as well as HeV-specific sera. The results obtained with the VSV-NiV-GFP based test correlated with those obtained using live NiV. Using a 50% reduction in VSV-NiV-GFP infected cells as the cut-off for neutralization, this new assay demonstrated its potential as an effective tool for detecting NiV neutralizing antibodies under BSL2 containment with greater speed, sensitivity and safety as compared to the conventional NiV serum neutralization test.,��https://www.ncbi.nlm.nih.gov/pubmed/19433112���Kaku, Yoshihiro
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Virus Replication/*drug effects���Jun²��We have recently described the development and validation of a high throughput screening assay suitable for henipavirus antiviral identification. While we are confident this assay is robust and effective, we wished to investigate assay performance in a range of alternative cell lines to determine if assay sensitivity and specificity could be improved. We evaluated ten different cell lines for their susceptibility to Hendra and Nipah virus infection and their sensitivity of detection of the effects of the broad spectrum antiviral, ribavirin and nine novel antivirals identified using our initial screening approach. Cell lines were grouped into three categories with respect to viral replication. Virus replicated best in Vero and BSR cells, followed by Hep-2, HeLa, BHK-21 and M17 cells. The lowest levels of RNA replication and viral protein expression were observed in BAEC, MMEC, A549 and ECV304 cells. Eight cell lines appeared to be similarly effective at discriminating the antiviral effects of ribavirin (<2.7-fold difference). The two cells lines most sensitive to the effect of ribavirin (ECV304 and BAEC) also displayed the lowest levels of viral replication while Vero cells were the least sensitive suggesting excess viral replication may limit drug efficacy and cell lines which limit viral replication may result in enhanced antiviral efficacy. However, there was no consistent trend observed with the other nine antivirals tested. While improvements in antiviral sensitivity in other cell lines may indicate an important role in future HTS assays, the slightly lower sensitivity to antiviral detection in Vero cells has inherent advantages in reducing the number of partially effective lead molecules identified during initial screens. Comparison of a panel of 54 novel antiviral compounds identified during routine screening of an in-house compound library in Vero, BHK-21 and BSR cells suggests no clear advantage of screening in either cell type.,��https://www.ncbi.nlm.nih.gov/pubmed/19428741���Aljofan, Mohamad
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Viral Proteins/genetics/metabolism���Jul���Diverse members of the Paramyxovirus family of negative-strand RNA viruses effectively suppress host innate immune responses through the actions of their V proteins. The V protein mediates interference with the interferon regulatory RNA helicase MDA5 to avoid cellular antiviral responses. Analysis of the interaction interface revealed the MDA5 helicase C domain as necessary and sufficient for association with V proteins from human parainfluenza virus type 2, parainfluenza virus type 5, measles virus, mumps virus, Hendra virus, and Nipah virus. The identified approximately 130-residue region is highly homologous between MDA5 and the related antiviral helicase LGP2, but not RIG-I. Results indicate that the paramyxovirus V proteins can also associate with LGP2. The V protein interaction was found to disrupt ATP hydrolysis mediated by both MDA5 and LGP2. These findings provide a potential mechanistic basis for V protein-mediated helicase interference and identify LGP2 as a second cellular RNA helicase targeted by paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/19403670���Parisien, Jean-Patrick
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Time Factors���Mar���After 12 serial Nipah virus outbreaks in humans since 1998, it has been noted that all except the initial event in Malaysia occurred during the first 5 months of the year. Increasingly higher morbidity and mortality have been observed in subsequent outbreaks in India and Bangladesh. This may have been related to different virus strains and transmission capability from bat to human without the need for an amplifying host and direct human-to-human transmission. A survey of virus strains in Pteropus lylei and seasonal preference for spillover of these viruses was completed in seven provinces of Central Thailand between May 2005 and June 2007. Nipah virus RNA sequences, which belonged to those of the Malaysian and Bangladesh strains, were detected in the urine of these bats, with the Bangladesh strain being dominant. Highest recovery of Nipah virus RNA was observed in May. Of two provincial sites where monthly surveys were done, the Bangladesh strain was almost exclusively detected during April to June. The Malaysian strain was found dispersed during December to June. Although direct contact during breeding (in December to April) was believed to be an important transmission factor, our results may not entirely support the role of breeding activities in spillage of virus. Greater virus shedding over extended periods in the case of the Malaysian strain and the highest peak of virus detection in May in the case of the Bangladesh strain when offspring started to separate may suggest that there may be responsible mechanisms other than direct contact during breeding in the same roost. Knowledge of seasonal preferences of Nipah virus shedding in P. lylei will help us to better understand the dynamics of Nipah virus transmission and have implications for disease management.,��https://www.ncbi.nlm.nih.gov/pubmed/19402762"��Wacharapluesadee, Supaporn
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Recombinant Fusion Proteins/genetics/isolation & purification/metabolism���May 152��Nucleocapsid (N) protein of Nipah virus (NiV) is a potential serological marker used in the diagnosis of NiV infections. In this study, a rapid and efficient purification system, HisTrap 6 Fast Flow packed bed column was applied to purify recombinant histidine-tagged N protein of NiV from clarified feedstock. The optimizations of binding and elution conditions of N protein of NiV onto and from Nickel Sepharose 6 Fast Flow were investigated. The optimal binding was achieved at pH 7.5, superficial velocity of 1.25 cm/min. The bound N protein was successfully recovered by a stepwise elution with different concentration of imidazole (50, 150, 300 and 500 mM). The N protein of NiV was captured and eluted from an inlet N protein concentration of 0.4 mg/ml in a scale-up immobilized metal affinity chromatography (IMAC) packed bed column of Nickel Sepharose 6 Fast Flow with the optimized condition obtained from the method scouting. The purification of histidine-tagged N protein using IMAC packed bed column has resulted a 68.3% yield and a purification factor of 7.94.,��https://www.ncbi.nlm.nih.gov/pubmed/19395325-��Chong, Fui Chin
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Receptors, Virus/metabolismÊ��Enhanced green fluorescent protein (EGFP) is a useful marker protein which enables the tracing of virus infection. Recombinant viruses expressing EGFP are useful for the investigation of the underlying mechanism of viral infection in vitro and in vivo. Using EGFP-expressing recombinant Nipah virus (NiV) and canine distemper virus (CDV), we tested the susceptibility of a variety of cells to infection. Receptor usage in CDV infection was also investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/19378121³��Yoneda, Misako
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Viscera/blood supply/virology���May 10B��Hendra virus (HeV) and Nipah virus (NiV) are recently-emerged, closely related and highly pathogenic paramyxoviruses. We have analysed here the pathogenesis of the acute HeV infection using the new animal model, golden hamster (Mesocricetus auratus), which is highly susceptible to HeV infection. HeV-specific RNA and viral antigens were found in multiple organs and virus was isolated from different tissues. Dual pathogenic mechanism was observed: parenchymal infection in various organs, including the brain, with vasculitis and multinucleated syncytia in many blood vessels. Furthermore, monoclonal antibodies specific for the NiV fusion protein neutralized HeV in vitro and efficiently protected hamsters from HeV if given before infection. These results reveal the similarities between HeV and NiV pathogenesis, particularly in affecting both respiratory and neuronal system. They demonstrate that hamster presents a convenient novel animal model to study HeV infection, opening new perspectives to evaluate vaccine and therapeutic approaches against this emergent infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/19328514���Guillaume, Vanessa
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Taiwan/epidemiologyx��Human metapneumovirus (hMPV) is a paramyxovirus that is associated with respiratory tract infection (RTI) mostly in children, but these outbreaks have rarely been reported in adults. We encountered an outbreak of this disease involving 10 adults in a psychiatric ward in eastern Taiwan. The nasopharyngeal swab specimens from 13 patients with symptoms of RTI were obtained and analyzed. The RT-PCR tests were negative to influenza virus A/B, adenovirus, RSV, parainfluenza virus, coronavirus, Nipah virus and Legionella. The antigen tests were negative to Legionella, Chlamydia, and Mycoplasma. Blood culture was negative in all except patient no. 1, who was found positive for coagulase-negative staphylococci. The hMPV was identified in 10 of 13 adults (77%), but negative for the other virus. Cough was present in all (100%), fever in 90%, and X-ray evidence of pneumonia in 7 patients. One patient died of respiratory failure. We report this outbreak in a mental hospital to alert the medical profession that this unusual infection of hMPV can occur as an outbreak in an adult setting and is an occupational hazard for healthcare personnel.,��https://www.ncbi.nlm.nih.gov/pubmed/19308801ê��Tu, Chuan-Chou
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Unemployment���Mar���The authors examined the effects of Florida's Family Transition Program (FTP), one of the first welfare reform initiatives to include a time limit on the receipt of federal cash assistance with other welfare requirements, on single-mother welfare-receiving families. Using a regression-based subgroup approach, they identified a group of families who were at risk of reaching the welfare time limit and subsequently assessed the experimental effects of the time-limited welfare policy on this group as compared to an otherwise comparable group of single-mother welfare-recipient families. For the families who were at risk of reaching the welfare time limit, FTP had few effects. FTP decreased mothers' depressive symptoms, and mothers in the FTP group reported higher levels of children's school achievement. There were no effects on parenting behavior or mothers' reports of children's social-emotional outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/19271826"��Morris, Pamela A
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Virus Replication���Mayà��Nipah (NiV) and Hendra (HeV) viruses are emerging zoonotic paramyxoviruses that cause encephalitis in humans, with fatality rates of up to 75%. We designed a new high-throughput screening (HTS) assay for inhibitors of infection based on envelope glycoprotein pseudotypes. The assay simulates multicycle replication and thus identifies inhibitors that target several stages of the viral life cycle, but it still can be carried out under biosafety level 2 (BSL-2) conditions. These features permit a screen for antivirals for emerging viruses and select agents that otherwise would require BSL-4 HTS facilities. The screening of a small compound library identified several effective molecules, including the well-known compound chloroquine, as highly active inhibitors of pseudotyped virus infection. Chloroquine inhibited infection with live HeV and NiV at a concentration of 1 microM in vitro (50% inhibitory concentration, 2 microM), which is less than the plasma concentrations present in humans receiving chloroquine treatment for malaria. The mechanism for chloroquine's antiviral action likely is the inhibition of cathepsin L, a cellular enzyme that is essential for the processing of the viral fusion glycoprotein and the maturation of newly budding virions. Without this processing step, virions are not infectious. The identification of a compound that inhibits a known cellular target that is important for viral maturation but that had not previously been shown to have antiviral activity for henipaviruses highlights the validity of this new screening assay. Given the established safety profile and broad experience with chloroquine in humans, the results described here provide an option for treating individuals infected by these deadly viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19264786À��Porotto, Matteo
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Molecular Biology/*methodsV��Interest in the potential of monoclonal antibodies (mAbs) to serve as therapeutic agents has surged in the past decade with a major emphasis on human viral diseases. There has been much attention in this area directed towards the human immunodeficiency virus type-1 (HIV-1) and promising research developments have emerged on the inhibition of HIV-1 infection by mAbs and the identification of several highly conserved neutralizing epitopes. More recently, potent fully-human neutralizing mAbs have been developed against a variety of important human viral disease agents including the paramyxoviruses Hendra virus and Nipah virus, and human or humanized mAbs have been developed against severe acute respiratory syndrome coronavirus (SARS CoV), and West Nile virus, among others. Most of these more recently developed antiviral mAbs have come from the use of antibody phage-display technologies and the implementation of simplified, inexpensive yet efficient methods, for expressing and purifying the initially selected fragment antibodies is of prime importance in further facilitating this area of research.,��https://www.ncbi.nlm.nih.gov/pubmed/19252844å��Dimitrova, Dimana
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SARS Virus/*immunology���MarÁ��BACKGROUND: Recently, several potently neutralizing fully human monoclonal antibodies (hmAbs) targeting the severe acute respiratory syndrome-associated coronavirus (SARS CoV) S glycoprotein, and the G glycoprotein of the paramyxoviruses Hendra virus (HeV) and Nipah virus (NiV) have been discovered [corrected]. OBJECTIVE: To examine, compare and contrast the functional characteristics of hmAbs with the potential for prophylaxis and treatment of diseases caused by SARS CoV, HeV and NiV. METHODS: A review of relevant literature. RESULTS/CONCLUSIONS: Structural, functional and biochemical analyses [corrected] have provided insights into the molecular mechanisms of receptor recognition and antibody neutralization, and suggested that these antibodies alone or in combination could fight the viruses' heterogeneity and mutability, which is a major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/192166242��Prabakaran, Ponraj
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Viral Structural Proteins/*biosynthesis���Apri��Nipah virus (NiV) is predicted to encode four proteins from its P gene (P, V, W, and C) via mRNA editing and an alternate open reading frame. By use of specific antibodies, the expression of the V, W, and C proteins in NiV-infected cells has now been confirmed. Analysis of the P-gene transcripts shows a ratio of P:V:W mRNA of 1:1:1, but this differs over time, with greater proportions of V and W transcripts observed as the infection progresses. Eighty-two percent of transcripts are edited, with up to 11 G insertions observed. This exceptionally high editing frequency ensures expression of the V and W proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/192117542��Kulkarni, Sachin
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization���Aug 20V��Human defensins, which are small cationic peptides produced by neutrophils and epithelial cells, form two genetically distinct alpha and beta subfamilies. They are involved in innate immunity through killing microbial pathogens or neutralizing bacterial toxins and in adaptive immunity by serving as chemoattractants and activators of immune cells. alpha-defensins are mainly packaged in neutrophil granules (HNP1, HNP2, HNP3) or secreted by intestinal Paneth cells (HD5, HD6), while beta-defensins are expressed in mucosa and epithelial cells. Using surface enhanced laser desorption/ionisation time-of-flight (SELDI-TOF) mass spectrometry (MS), alpha-defensins were found to be expressed in a variety of human tumours, either in tumour cells or at their surface. HNP1-3 peptides are also secreted and their accumulation in biological fluids was proposed as a tumour biomarker. Conversely, beta-defensin-1 (HBD-1) is down-regulated in some tumour types in which it could behave as a tumour suppressor protein. Alpha-defensins promote tumour cell growth or, at higher concentration, provoke cell death. These peptides also inhibit angiogenesis, which, in addition to immunomodulation, indicates a complex role in tumour development. This review summarizes current knowledge of defensins to discuss their role in tumour growth, tumour monitoring and cancer treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/19186224è��Droin, Nathalie
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*Nipah Virus
Rural Population���Jan���Continued Nipah encephalitis outbreaks in Bangladesh highlight the need for preventative and control measures to reduce transmission from bats to humans and human-to-human spread. Qualitative research was conducted at the end of an encephalitis outbreak in Faridpur, Bangladesh in May 2004 and continued through December 2004. Methods included in-depth interviews with caretakers of cases, case survivors, neighbors of cases, and health providers. Results show contrasts between local and biomedical views on causal explanations and appropriate care. Social norms demanded that family members maintain physical contact with sick patients, potentially increasing the risk of human-to-human transmission. Initial treatment strategies by community members involved home remedies, and public health officials encouraged patient hospitalization. Over time, communities linked the outbreak to supernatural powers and sought care with spiritual healers. Differing popular and medical views of illness caused conflict and rejection of biomedical recommendations. Future investigators should consider local perceptions of disease and treatment when developing outbreak strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/19141846���Blum, Lauren S
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Viral Proteins/analysis/*genetics���Febw��The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are highly pathogenic zoonotic paramyxoviruses. Like many other paramyxoviruses, henipaviruses employ a process of co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternate reading frame. Sequence analysis of multiple, cloned mRNAs showed that the mRNA editing frequencies of the P genes of the henipaviruses are higher than those reported for other paramyxoviruses. Antisera to synthetic peptides from the P, V, W and C proteins of NiV were generated to study their expression in infected cells. All proteins were detected in both infected cells and purified virions. In infected cells, the W protein was detected in the nucleus while P, V and C were found in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/19141449���Lo, Michael K
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Sequence Deletion���Feb���The nucleocapsid protein of Nipah virus produced in Escherichia coli assembled into herringbone-like particles. The amino- and carboxy-termini of the N protein were shortened progressively to define the minimum contiguous sequence involved in capsid assembly. The first 29 aa residues of the N protein are dispensable for capsid formation. The 128 carboxy-terminal residues do not play a role in the assembly of the herringbone-like particles. A region with amino acid residues 30-32 plays a crucial role in the formation of the capsid particle. Deletion of any of the four conserved hydrophobic regions in the N protein impaired capsid formation. Replacement of the central conserved regions with the respective sequences from the Newcastle disease virus restored capsid formation.,��https://www.ncbi.nlm.nih.gov/pubmed/19141448Ò��Ong, Swee Tin
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Field, H.���2009X��Strategies for enhancing Australia's capacity to respond to emerging infectious diseases���67-78���Vet Ital���45���1���Jan-Mar���Along with many other countries, Australia faces significant threats from emerging infectious diseases that emanate from wildlife or involve a wildlife vector. A salient example of such a disease is Hendra virus. The outbreaks of Hendra virus in 2008 highlight the critical need for a 'One Health' approach to the management of emerging infectious diseases. In Australia, cross-sectoral and cross jurisdictional 'One Health' approaches to the improved management of emerging infectious disease are being undertaken. These include improved management and sharing of biosecurity information, the joint cross-sectoral development of laboratory infrastructure, 'One Health' policy initiatives and 'One Health' approaches to disease research. These initiatives are enhancing Australia's disease response capacity and capability as well as supporting efforts to better control emerging infectious disease in the region.,��https://www.ncbi.nlm.nih.gov/pubmed/20391391k��Prowse, Stephen J
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Virus Attachment
*Virus Internalization���Dec 24%��BACKGROUND: Cell entry and cell-to-cell spread of the highly pathogenic Nipah virus (NiV) requires binding of the NiV G protein to cellular ephrin receptors and subsequent NiV F-mediated fusion. Since expression levels of the main NiV entry receptor ephrin-B2 (EB2) are highly regulated in vivo to fulfill the physiological functions in axon guidance and angiogenesis, the goal of this study was to determine if changes in the EB2 expression influence NiV infection. RESULTS: Surprisingly, transfection of increasing EB2 plasmid concentrations reduced cell-to-cell fusion both in cells expressing the NiV glycoproteins and in cells infected with NiV. This effect was attributed to the downregulation of the NiV glycoproteins from the cell surface. In addition to the influence on cell-to-cell fusion, increased EB2 expression significantly reduced the total amount of NiV-infected cells, thus interfered with virus entry. To determine if the negative effect of elevated EB2 expression on virus entry is a result of an increased EB2 signaling, receptor function of a tail-truncated and therefore signaling-defective DeltacEB2 was tested. Interestingly, DeltacEB2 fully functioned as NiV entry and fusion receptor, and overexpression also interfered with virus replication. CONCLUSION: Our findings clearly show that EB2 signaling does not account for the striking negative impact of elevated receptor expression on NiV infection, but rather that the ratio between the NiV envelope glycoproteins and surface receptors critically influence cell-to-cell fusion and virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19108727Ø��Thiel, Lena
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Swine/virology���Decü��The Nipah virus outbreak in Malaysia (September 1998 to May 1999) resulted in 265 cases of acute encephalitis with 105 deaths, and near collapse of the billion-dollar pig-farming industry. Because it was initially attributed to Japanese encephalitis, early control measures were ineffective, and the outbreak spread to other parts of Malaysia and nearby Singapore. The isolation of the novel aetiological agent, the Nipah virus (NiV), from the cerebrospinal fluid of an outbreak victim was the turning point which led to outbreak control 2 months later. Together with the Hendra virus, NiV is now recognised as a new genus, Henipavirus (Hendra + Nipah), in the Paramyxoviridae family. Efforts of the local and international scientific community have since elucidated the epidemiology, clinico-pathophysiology and pathogenesis of this new disease. Humans contracted the infection from close contact with infected pigs, and formed the basis for pig-culling that eventually stopped the outbreak. NiV targeted medium-sized and small blood vessels resulting in endothelial multinucleated syncytia and fibrinoid necrosis. Autopsies revealed disseminated cerebral microinfarctions resulting from vasculitis-induced thrombosis and direct neuronal involvement. The discovery of NiV in the urine and saliva of Malaysian Island flying foxes (Pteropus hypomelanus and Petropus vampyrus) implicated these as natural reservoir hosts of NiV. It is probable that initial transmission of NiV from bats to pigs occurred in late 1997/early 1998 through contamination of pig swill by bat excretions, as a result of migration of these forest fruitbats to cultivated orchards and pig-farms, driven by fruiting failure of forest trees during the El Nino-related drought and anthropogenic fires in Indonesia in 1997-1998. This outbreak emphasizes the need for sharing information of any unusual illnesses in animals and humans, an open-minded approach and close collaboration and co-ordination between the medical profession, veterinarians and wildlife specialists in the investigation of such illnesses. Environmental mismanagement (such as deforestation and haze) has far-reaching effects, including encroachment of wildlife into human habitats and the introduction of zoonotic infections into domestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19108397h��Looi, Lai-Meng
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*Nipah Virus���SepT��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level four pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the 20th century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarises current published data relating to experimental infection of small and large animals, including the natural reservoir species, the Pteropus bat, with HeV or NiV. Susceptibility to infection and virus distribution in the individual species is discussed, along with the pathogenesis, pathological changes, and potential routes of transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/19084436¦��Weingartl, Hana M
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*Virus Internalization���Nov 26²��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes severe diseases in animals and humans. Endothelial cell (EC) infection is an established hallmark of NiV infection in vivo. Despite systemic virus spread via the vascular system, EC in brain and lung are preferentially infected whereas EC in other organs are less affected. As in vivo, we found differences in the infection of EC in cell culture. Only brain-derived primary or immortalized EC were found to be permissive to NiV infection. Using a replication-independent fusion assay, we could show that the lack of infection in non-brain EC was due to a lack of receptor expression. The NiV entry receptors ephrinB2 (EB2) or ephrinB3 were only expressed in brain endothelia. The finding that EB2 expression in previously non-permissive aortic EC rendered the cells permissive to infection then demonstrated that EB2 is not only necessary but also sufficient to allow the establishment of a productive NiV infection. This strongly suggests that limitations in receptor expression restrict virus entry in certain EC subsets in vivo, and are thus responsible for the differences in EC tropism observed in human and animal NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/19036148ª��Erbar, Stephanie
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*Virus Internalization/drug effects���Jan 16­��Cellular entry of paramyxoviruses requires the coordinated action of both the attachment (G/H/HN) and fusion (F) glycoproteins, but how receptor binding activates G to trigger F-mediated fusion during viral entry is not known. Here, we identify a receptor (ephrinB2)-induced allosteric activation site in Nipah virus (NiV) G involved in triggering F-mediated fusion. We first generated a conformational monoclonal antibody (monoclonal antibody 45 (Mab45)) whose binding to NiV-G was enhanced upon NiV-G-ephrinB2 binding. However, Mab45 also inhibited viral entry, and its receptor binding-enhanced (RBE) epitope was temperature-dependent, suggesting that the Mab45 RBE epitope on G may be involved in triggering F. The Mab45 RBE epitope was mapped to the base of the globular domain (beta6S4/beta1H1). Alanine scan mutants within this region that did not exhibit this RBE epitope were also non-fusogenic despite their ability to bind ephrinB2, oligomerize, and associate with F at wild-type (WT) levels. Although circular dichroism revealed conformational changes in the soluble ectodomain of WT NiV-G upon ephrinB2 addition, no such changes were detected with soluble RBE epitope mutants or short-stalk G mutants. Additionally, WT G, but not a RBE epitope mutant, could dissociate from F upon ephrinB2 engagement. Finally, using a biotinylated HR2 peptide to detect pre-hairpin intermediate formation, a cardinal feature of F-triggering, we showed that ephrinB2 binding to WT G, but not the RBE-epitope mutants, could trigger F. In sum, we implicate the coordinated interaction between the base of NiV-G globular head domain and the stalk domain in mediating receptor-induced F triggering during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19019819è��Aguilar, Hector C
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Zoonoses/epidemiology/transmission/*virology���May.��Over the past decade, a number of unique zoonotic and non-zoonotic viruses have emerged in Malaysia. Several of these viruses have resulted in significant morbidity and mortality to those affected and they have imposed a tremendous public health and economic burden on the state. Amongst the most devastating was the outbreak of Nipah virus encephalitis in 1998, which resulted in 109 deaths. The culling of more than a million pigs, identified as the amplifying host, ultimately brought the outbreak under control. A year prior to this, and subsequently again in 2000 and 2003, large outbreaks of hand-foot-and-mouth disease due to enterovirus 71, with rare cases of fatal neurological complications, were reported in young children. Three other new viruses - Tioman virus (1999), Pulau virus (1999), and Melaka virus (2006) - whose origins have all been linked to bats, have been added to the growing list of novel viruses being discovered in Malaysia. The highly pathogenic H5N1 avian influenza has also been detected in Malaysia with outbreaks in poultry in 2004, 2006, and 2007. Fortunately, no human infections were reported. Finally, the HIV/AIDS epidemic has seen the emergence of an HIV-1 recombinant form (CRF33_01B) in HIV-infected individuals from various risk groups, with evidence of ongoing and rapid expansion.,��https://www.ncbi.nlm.nih.gov/pubmed/19010076Ñ��Tee, Kok Keng
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*Virus Shedding���Nov 10�	�BACKGROUND: Nipah virus (NiV) is a recently emerged paramyxovirus capable of causing fatal disease in a broad range of mammalian hosts, including humans. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the family Paramyxoviridae. Recombinant expression systems have played a crucial role in studying the cell biology of these Biosafety Level-4 restricted viruses. Henipavirus assembly and budding occurs at the plasma membrane, although the details of this process remain poorly understood. Multivesicular body (MVB) proteins have been found to play a role in the budding of several enveloped viruses, including some paramyxoviruses, and the recruitment of MVB proteins by viral proteins possessing late budding domains (L-domains) has become an important concept in the viral budding process. Previously we developed a system for producing NiV virus-like particles (VLPs) and demonstrated that the matrix (M) protein possessed an intrinsic budding ability and played a major role in assembly. Here, we have used this system to further explore the budding process by analyzing elements within the M protein that are critical for particle release. RESULTS: Using rationally targeted site-directed mutagenesis we show that a NiV M sequence YPLGVG is required for M budding and that mutation or deletion of the sequence abrogates budding ability. Replacement of the native and overlapping Ebola VP40 L-domains with the NiV sequence failed to rescue VP40 budding; however, it did induce the cellular morphology of extensive filamentous projection consistent with wild-type VP40-expressing cells. Cells expressing wild-type NiV M also displayed this morphology, which was dependent on the YPLGVG sequence, and deletion of the sequence also resulted in nuclear localization of M. Dominant-negative VPS4 proteins had no effect on NiV M budding, suggesting that unlike other viruses such as Ebola, NiV M accomplishes budding independent of MVB cellular proteins. CONCLUSION: These data indicate that the YPLGVG motif within the NiV M protein plays an important role in M budding; however, involvement of any specific components of the cellular MVB sorting pathway in henipavirus budding remains to be demonstrated. Further investigation of henipavirus assembly and budding may yet reveal a novel mechanism(s) of viral assembly and release that could be applicable to other enveloped viruses or have therapeutic implications.,��https://www.ncbi.nlm.nih.gov/pubmed/19000317#��Patch, Jared R
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SARS Virus���Oct@��Acute respiratory viruses are a major cause of morbidity and mortality in humans worldwide and most acute respiratory infections are caused by viruses. Many of these viruses cause the highest burden of disease in specific risk groups such as young infants, the elderly, and immune-compromised individuals. Although the most important respiratory viruses of humans have been identified in the last century, in the past decade about a dozen "new" viruses have been discovered that may cause a high burden of acute respiratory disease in humans. Not only viruses were discovered that must have been with humans for many decades or centuries, such as human metapneumovirus and 2 different human coronaviruses, but also viruses that are truly new for humans and have emerged as a result of recent interspecies transmissions from other mammalian or avian reservoirs. The latter include highly pathogenic avian influenza viruses, severe acute respiratory syndrome (SARS) coronavirus, and Nipah virus. The discovery, etiologic role, and burden of disease caused by these infections are described.,��https://www.ncbi.nlm.nih.gov/pubmed/18820582£��Osterhaus, Albert D M E
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Singapore/epidemiology���Dec$��Nipah virus first emerged in Malaysia and Singapore between 1998 and 1999, causing severe febrile encephalitis in humans with a mortality rate of close to 40%. In addition, a significant portion of those recovering from acute infection had relapse encephalitis and long-term neurological defects. Since its initial outbreak, there have been numerous outbreaks in Bangladesh and India, in which the mortality rate rose to approximately 70%. These subsequent outbreaks were distinct from the initial outbreak, both in their epidemiology and in their clinical presentations. Recent developments in diagnostics may expedite disease diagnosis and outbreak containment, while progress in understanding the molecular biology of Nipah virus could lead to novel therapeutics and vaccines for this deadly pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/18835214���Lo, Michael K
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*Nipah Virus
Odds Ratio
Risk Factors���Oct¨��Nipah virus (NiV) is a paramyxovirus that causes severe encephalitis in humans. During January 2004, twelve patients with NiV encephalitis (NiVE) were identified in west-central Bangladesh. A case-control study was conducted to identify factors associated with NiV infection. NiVE patients from the outbreak were enrolled in a matched case-control study. Exact odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using a matched analysis. Climbing trees (83% of cases vs. 51% of controls, OR 8.2, 95% CI 1.25-infinity) and contact with another NiVE patient (67% of cases vs. 9% of controls, OR 21.4, 95% CI 2.78-966.1) were associated with infection. We did not identify an increased risk for NiV infection among persons who had contact with a potential intermediate host. Although we cannot rule out person-to-person transmission, case-patients were likely infected from contact with fruit bats or their secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/18826814{��Montgomery, Joel M
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Viral Vaccines/*immunology���Dec[��Two members of the paramyxovirus family, Nipah virus (NiV) and Hendra virus (HeV), are recent additions to a growing number of agents of emergent diseases which use bats as a natural host. Identification of ephrin-B2 and ephrin-B3 as cellular receptors for these viruses has enabled the development of immunotherapeutic reagents which prevent virus attachment and subsequent fusion. Here we present the structural analysis of the protein and carbohydrate components of the unbound viral attachment glycoprotein of NiV glycoprotein (NiV-G) at a 2.2-A resolution. Comparison with its ephrin-B2-bound form reveals that conformational changes within the envelope glycoprotein are required to achieve viral attachment. Structural differences are particularly pronounced in the 579-590 loop, a major component of the ephrin binding surface. In addition, the 236-245 loop is rather disordered in the unbound structure. We extend our structural characterization of NiV-G with mass spectrometric analysis of the carbohydrate moieties. We demonstrate that NiV-G is largely devoid of the oligomannose-type glycans that in viruses such as human immunodeficiency virus type 1 and Ebola virus influence viral tropism and the host immune response. Nevertheless, we find putative ligands for the endothelial cell lectin, LSECtin. Finally, by mapping structural conservation and glycosylation site positions from other members of the paramyxovirus family, we suggest the molecular surface involved in oligomerization. These results suggest possible pathways of virus-host interaction and strategies for the optimization of recombinant vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/18815311Á��Bowden, Thomas A
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Viral Envelope Proteins/*chemistry/genetics/*metabolism���Novk��Hendra virus (HeV) is a member of the broadly tropic and highly pathogenic paramyxovirus genus Henipavirus. HeV is enveloped and infects cells by using membrane-anchored attachment (G) and fusion (F) glycoproteins. G possesses an N-terminal cytoplasmic tail, an external membrane-proximal stalk domain, and a C-terminal globular head that binds the recently identified receptors ephrinB2 and ephrinB3. Receptor binding is presumed to induce conformational changes in G that subsequently trigger F-mediated fusion. The stalk domains of other attachment glycoproteins appear important for oligomerization and F interaction and specificity. However, this region of G has not been functionally characterized. Here we performed a mutagenesis analysis of the HeV G stalk, targeting a series of isoleucine residues within a hydrophobic alpha-helical domain that is well conserved across several attachment glycoproteins. Nine of 12 individual HeV G alanine substitution mutants possessed a complete defect in fusion-promotion activity yet were cell surface expressed and recognized by a panel of conformation-dependent monoclonal antibodies (MAbs) and maintained their oligomeric structure. Interestingly, these G mutations also resulted in the appearance of an additional electrophoretic species corresponding to a slightly altered glycosylated form. Analysis revealed that these G mutants appeared to adopt a receptor-bound conformation in the absence of receptor, as measured with a panel of MAbs that preferentially recognize G in a receptor-bound state. Further, this phenotype also correlated with an inability to associate with F and in triggering fusion even after receptor engagement. Together, these data suggest the stalk domain of G plays an important role in the conformational stability and receptor binding-triggered changes leading to productive fusion, such as the dissociation of G and F.,��https://www.ncbi.nlm.nih.gov/pubmed/18799571<��Bishop, Kimberly A
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Recurrence���Augí��Viral encephalitis presents with seizures not only in the acute stage but also increases the risk of late unprovoked seizures and epilepsy. Acute symptomatic and late unprovoked seizures in different viral encephalitides are reviewed here. Among the sporadic viral encephalitides, Herpes simplex encephalitis (HSE) is perhaps most frequently associated with epilepsy, which may often be severe. Seizures may be the presenting feature in 50% patients with HSE because of involvement of the highly epileptogenic frontotemporal cortex. The occurrence of seizures in HSE is associated with poor prognosis. In addition, chronic and relapsing forms of HSE have been described and these may be associated with antiepileptic drug-resistant seizures. Among the epidemic (usually due to flaviviruses) viral encephalitides, Japanese encephalitis (JE) is most common and is associated with acute symptomatic seizures, especially in children. The reported frequency of acute symptomatic seizures in JE is 7-46%. Encephalitis due to other flaviviruses such as equine, St. Louis, and West Nile viruses may also manifest with acute symptomatic seizures. In Nipah virus encephalitis, seizures are more common in relapsed and late-onset encephalitis in comparison to acute encephalitis (4% vs. 1.8%). Other viruses like measles, varicella, mumps, influenza, and entero-viruses may cause seizures depending on the area of brain involved. There is no comprehensive data regarding late unprovoked seizures in different viral encephalitides. Prospective studies are required to document the risk of late unprovoked seizures and epilepsy following viral encephalitis due to different viruses as well as to determine the clinical characteristics, course, and outcome of post-encephalitic epilepsy.,��https://www.ncbi.nlm.nih.gov/pubmed/18754956���Misra, Usha Kant
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Virus Diseases/*epidemiology���Oct°��The epidemiology of several viral diseases underwent profound changes in South-East Asia and Oceania over the past decades. This was due to several factors, including the geographical distribution of vectors and the viruses they transmit; increasing traveling and trade; increasing ecological and demographic pressure. We reviewed the current state of knowledge based on published sources and available epidemiological data. The review was limited to potentially emerging viruses in Southeast Asia and the Pacific reported in human cases. Dengue, Chikungunya, and Japanese Encephalitis viruses have recurred on a yearly basis with a steady increase in these regions. Ross River and Barmah viruses now appear regularly in Australia, in an increasing number of cases. Nipah virus strikes regularly with limited but deadly epidemics in Southeast Asia. Finally, infections by lyssaviruses, Kunjin, Murray Valley, or Zika viruses were also reviewed.,��https://www.ncbi.nlm.nih.gov/pubmed/18771865Â��Barboza, P
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Treatment Failure���Sep 18���BACKGROUND: Prolonged lowering of blood pressure after a stroke reduces the risk of recurrent stroke. In addition, inhibition of the renin-angiotensin system in high-risk patients reduces the rate of subsequent cardiovascular events, including stroke. However, the effect of lowering of blood pressure with a renin-angiotensin system inhibitor soon after a stroke has not been clearly established. We evaluated the effects of therapy with an angiotensin-receptor blocker, telmisartan, initiated early after a stroke. METHODS: In a multicenter trial involving 20,332 patients who recently had an ischemic stroke, we randomly assigned 10,146 to receive telmisartan (80 mg daily) and 10,186 to receive placebo. The primary outcome was recurrent stroke. Secondary outcomes were major cardiovascular events (death from cardiovascular causes, recurrent stroke, myocardial infarction, or new or worsening heart failure) and new-onset diabetes. RESULTS: The median interval from stroke to randomization was 15 days. During a mean follow-up of 2.5 years, the mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group than in the placebo group. A total of 880 patients (8.7%) in the telmisartan group and 934 patients (9.2%) in the placebo group had a subsequent stroke (hazard ratio in the telmisartan group, 0.95; 95% confidence interval [CI], 0.86 to 1.04; P=0.23). Major cardiovascular events occurred in 1367 patients (13.5%) in the telmisartan group and 1463 patients (14.4%) in the placebo group (hazard ratio, 0.94; 95% CI, 0.87 to 1.01; P=0.11). New-onset diabetes occurred in 1.7% of the telmisartan group and 2.1% of the placebo group (hazard ratio, 0.82; 95% CI, 0.65 to 1.04; P=0.10). CONCLUSIONS: Therapy with telmisartan initiated soon after an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753639$��Yusuf, Salim
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Vascular Diseases/mortality���Sep 18T��BACKGROUND: Recurrent stroke is a frequent, disabling event after ischemic stroke. This study compared the efficacy and safety of two antiplatelet regimens--aspirin plus extended-release dipyridamole (ASA-ERDP) versus clopidogrel. METHODS: In this double-blind, 2-by-2 factorial trial, we randomly assigned patients to receive 25 mg of aspirin plus 200 mg of extended-release dipyridamole twice daily or to receive 75 mg of clopidogrel daily. The primary outcome was first recurrence of stroke. The secondary outcome was a composite of stroke, myocardial infarction, or death from vascular causes. Sequential statistical testing of noninferiority (margin of 1.075), followed by superiority testing, was planned. RESULTS: A total of 20,332 patients were followed for a mean of 2.5 years. Recurrent stroke occurred in 916 patients (9.0%) receiving ASA-ERDP and in 898 patients (8.8%) receiving clopidogrel (hazard ratio, 1.01; 95% confidence interval [CI], 0.92 to 1.11). The secondary outcome occurred in 1333 patients (13.1%) in each group (hazard ratio for ASA-ERDP, 0.99; 95% CI, 0.92 to 1.07). There were more major hemorrhagic events among ASA-ERDP recipients (419 [4.1%]) than among clopidogrel recipients (365 [3.6%]) (hazard ratio, 1.15; 95% CI, 1.00 to 1.32), including intracranial hemorrhage (hazard ratio, 1.42; 95% CI, 1.11 to 1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups (1194 ASA-ERDP recipients [11.7%], vs. 1156 clopidogrel recipients [11.4%]; hazard ratio, 1.03; 95% CI, 0.95 to 1.11). CONCLUSIONS: The trial did not meet the predefined criteria for noninferiority but showed similar rates of recurrent stroke with ASA-ERDP and with clopidogrel. There is no evidence that either of the two treatments was superior to the other in the prevention of recurrent stroke. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753638���Sacco, Ralph L
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Vero Cells���Jun¯��In 1998, a novel paramyxovirus (order Mononegavirales, family Paramyxoviridae, subfamily Paramyxovirinae, genus Henipavirus) emerged in peninsular Malaysia causing fatal encephalitis in humans and severe respiratory illness with encephalitis in pigs. The virus was successfully isolated in cultured mammalian cells. Transmission electron microscopy of infected tissue culture cells played a crucial role in the early preliminary identification of the causative agent of the outbreak. This in turn was pivotal to determine the correct direction of control measures that subsequently brought the epidemic under control. In light of this investigation, and indeed identification of infectious agents associated with other disease episodes, electron microscopy will remain an important frontline method for rapid diagnostic virology and investigation of any future outbreak of new and unusual cases of illness suspected of an infectious aetiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18705447{��Chua, K B
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Virus Replication���Decw��Nipah virus (NiV) and Hendra virus (HeV) are recently emerged zoonotic paramyxoviruses exclusively grouped within a new genus, Henipavirus. These viruses cause fatal disease in a wide range of species, including humans. Both NiV and HeV have continued to re-emerge sporadically in Bangladesh and Australia, respectively. There are currently no therapeutics or vaccines available to treat Henipavirus infection and both are classified as BSL4 pathogens. RNA interference (RNAi) is a process by which double-stranded RNA directs sequence-specific degradation of messenger RNA in animal and plant cells. Small interfering RNAs (siRNAs) mediate RNAi by inhibiting gene expression of homologous mRNA and our preliminary studies suggest RNAi may be a useful approach to developing novel therapies for these highly lethal pathogens. Eight NiV siRNA molecules (four L and four N gene specific), two HeV N gene specific, and two non-specific control siRNA molecules were designed and tested for their ability to inhibit a henipavirus minigenome replication system (which does not require the use of live virus) in addition to live virus infections in vitro. In the minigenome assay three out of the four siRNAs that targeted the L gene of NiV effectively inhibited replication. In contrast, only NiV N gene siRNAs were effective in reducing live NiV replication, suggesting inhibition of early, abundantly expressed gene transcripts may be more effective than later, less abundant transcripts. Additionally, some of the siRNAs effective against NiV infection were only partially effective inhibitors of HeV infection. An inverse correlation between the number of nucleotide mismatches and the efficacy of siRNA inhibition was observed. The demonstration that RNAi effectively inhibits henipavirus replication in vitro, is a novel approach and may provide an effective therapy for these highly lethal, zoonotic pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/18687361ß��Mungall, Bruce A
Schopman, Nick C T
Lambeth, Luke S
Doran, Tim J
eng
Research Support, Non-U.S. Gov't
Netherlands
2008/08/09 09:00
Antiviral Res. 2008 Dec;80(3):324-31. doi: 10.1016/j.antiviral.2008.07.004. Epub 2008 Aug 5.*��1872-9096 (Electronic)
0166-3542 (Linking)���18687361k��Australian Animal Health Laboratory, CSIRO Livestock Industries, Geelong, Australia. Bruce.Mungall@csiro.au���10.1016/j.antiviral.2008.07.004����²��üÒtÿî?����n��Epstein, J. H.
Prakash, V.
Smith, C. S.
Daszak, P.
McLaughlin, A. B.
Meehan, G.
Field, H. E.
Cunningham, A. A.���2008?��Henipavirus infection in fruit bats (Pteropus giganteus), India���1309-11���Emerg Infect Dis���14���8���Animals
Antibodies, Viral/blood
Chiroptera/*virology
Female
Henipavirus Infections/blood/epidemiology/*veterinary/virology
India/epidemiology
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Virus Diseases/*epidemiology���Nov´��Emerging viral diseases are nothing new. Smallpox probably reached Europe from Asia in the 5th century, and yellow fever emerged in the Americas during the 16th century as a consequence of the African slave trade. Dengue fever arose simultaneously in South-East Asia, Africa, and North America during the 18th century. In 1918-1919 the so-called Spanish flu spread like wildfire through all five continents, killing between 25 and 40 million people. The second half of the 20th century saw the emergence of HIV/AIDS (1981), among other viral diseases. Even more worrying is the fact that emerging and re-emerging viral diseases have had a tendency to spread more quickly and more widely during the last decade, invading whole countries and continents; witness the recent outbreaks of Nipah virus, West Nile, Rift Valley fever, SARS, monkeypox, avian flu (H5N1) and Chikungunya. The complex factors underlying these new trends are briefly discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/18666456���Chastel, Claude
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Species Specificity���Jul 23*��Henipaviruses are emerging RNA viruses of fruit bat origin that can cause fatal encephalitis in man. Ghanaian fruit bats (megachiroptera) were tested for antibodies to henipaviruses. Using a Luminex multiplexed microsphere assay, antibodies were detected in sera of Eidolon helvum to both Nipah (39%, 95% confidence interval: 27-51%) and Hendra (22%, 95% CI: 11-33%) viruses. Virus neutralization tests further confirmed seropositivity for 30% (7/23) of Luminex positive serum samples. Our results indicate that henipavirus is present within West Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/18648649ô��Hayman, David T S
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Virulence/physiology���Jul 22I��Nipah virus (NiV) and Hendra virus are the type species of the highly pathogenic paramyxovirus genus Henipavirus, which can cause severe respiratory disease and fatal encephalitis infections in humans, with case fatality rates approaching 75%. NiV contains two envelope glycoproteins, the receptor-binding G glycoprotein (NiV-G) that facilitates attachment to host cells and the fusion (F) glycoprotein that mediates membrane merger. The henipavirus G glycoproteins lack both hemagglutinating and neuraminidase activities and, instead, engage the highly conserved ephrin-B2 and ephrin-B3 cell surface proteins as their entry receptors. Here, we report the crystal structures of the NiV-G both in its receptor-unbound state and in complex with ephrin-B3, providing, to our knowledge, the first view of a paramyxovirus attachment complex in which a cellular protein is used as the virus receptor. Complex formation generates an extensive protein-protein interface around a protruding ephrin loop, which is inserted in the central cavity of the NiV-G beta-propeller. Analysis of the structural data reveals the molecular basis for the highly specific interactions of the henipavirus G glycoproteins with only two members (ephrin-B2 and ephrin-B3) of the very large ephrin family and suggests how they mediate in a unique fashion both cell attachment and the initiation of membrane fusion during the virus infection processes. The structures further suggest that the NiV-G/ephrin interactions can be effectively targeted to disrupt viral entry and provide the foundation for structure-based antiviral drug design.,��https://www.ncbi.nlm.nih.gov/pubmed/18632560:��Xu, Kai
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Vasculitis/metabolism/pathology/*virology���Jul���Mortality rate in humans infected with Nipah virus (NiV) has been reported as high as 92%. Humans infected with NiV show a widespread multisystemic vasculitis with most severe clinical and pathologic manifestations in the brain, lungs, and spleen. The purpose of this study was to study pathologic and immunohistochemical findings in guinea pigs infected with NiV. Of 28 animals inoculated intraperitoneally, only 2 survived the infection, and most died between 4 and 8 days postinoculation (dpi). Viral antigen with minimal pathologic changes was first detected 2 dpi in lymph nodes and spleen. More severe changes were noted in these organs 4-8 dpi, where pathologic damage had a vasocentric distribution and viral antigen was abundant in vascular endothelium, tunica media, adventitia, as well as in macrophages lining sinuses. The urinary bladder, uterus, and ovaries were also affected with necrosis and acute inflammation. In these organs, immunohistochemical positive staining was intense in blood vessels, epithelial cells, and ovarian follicles. Approximately 50% of the animals that died or were euthanized in extremis had evidence of viral antigen and histopathologic changes in brain, especially involving meninges and ependymal cells, with lesser changes in the neural parenchyma. A unifying feature of the damage for all affected tissues was necrosis and inflammation of the vasculature, chiefly in arterioles, capillaries, and venules. Inoculation of guinea pigs intraperitoneally with NiV produces a disease with considerable resemblance to the disease in humans, but with reduced pulmonary involvement and marked infection of urinary bladder and the female reproductive tract.,��https://www.ncbi.nlm.nih.gov/pubmed/18587107ë��Torres-Velez, F J
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Polymerase Chain Reaction���Feb���Meningoencephalitis is a disease with many drawbacks: it is usually severe and its etiology will frequently remain unsolved even with thorough investigations. Pathogen diversities and the wide range of differential diagnosis are further limitations, while there are neither guidelines nor conferences consensus available, in France and elsewhere. However, there are many valuable data in the literature and major advances have already been obtained, the most striking being advances in imaging techniques and molecular biology, as illustrated by the significant impact of HSV PCR advent in patient management. On emergency settings, physicians have to recognize and initiate appropriate treatment for patients who may have herpes simplex meningoencephalitis, and to consider bacteria for which prompt treatment has a positive prognostic impact. At this stage, intravenous acyclovir and amoxicillin should be widely prescribed, even with limited suspicion. Then, physicians will have to collect pertinent information and diagnostic tests results, and may seek expertise from other specialties when needed. Continuous improvements in diagnostic tests should allow significant progress in pathogen identification in meningoencephalitis, thus leading to better patients management. We also have to be prepared for changes, as the recent emergence of four agents of encephalitis reminded us (West Nile, Nipah, Hendra and Japanese encephalitis).,��https://www.ncbi.nlm.nih.gov/pubmed/18585826���Tattevin, P
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Viral Envelope Proteins/genetics/*immunology���Jul 23¶��Nipah virus (NiV) and Hendra virus (HeV) are closely related deadly zoonotic paramyxoviruses that have emerged and re-emerged over the last 10 years. In this study, a subunit vaccine formulation containing only recombinant, soluble, attachment glycoprotein from HeV (sG(HeV)) and CpG adjuvant was evaluated as a potential NiV vaccine in the cat model. Different amounts of sG(HeV) were employed and sG-induced immunity was examined. Vaccinated animals demonstrated varying levels of NiV-specific Ig systemically and importantly, all vaccinated cats possessed antigen-specific IgA on the mucosa. Upon oronasal challenge with NiV (50,000TCID50), all vaccinated animals were protected from disease although virus was detected on day 21 post-challenge in one animal. The ability to elicit protective systemic and mucosal immunity in this animal model provides significant progress towards the development of a human subunit vaccine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18556094Á��McEachern, Jennifer A
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Zoonoses/transmission/virology���Sepi��Bats are increasingly recognized to harbor a wide range of viruses, and in most instances these viruses appear to establish long-term persistence in these animals. They are the reservoir of a number of human zoonotic diseases including Nipah, Ebola, and severe acute respiratory syndrome. We report the identification of novel groups of astroviruses in apparently healthy insectivorous bats found in Hong Kong, in particular, bats belonging to the genera Miniopterus and Myotis. Astroviruses are important causes of diarrhea in many animal species, including humans. Many of the bat astroviruses form distinct phylogenetic clusters in the genus Mamastrovirus within the family Astroviridae. Virus detection rates of 36% to 100% and 50% to 70% were found in Miniopterus magnater and Miniopterus pusillus bats, respectively, captured within a single bat habitat during four consecutive visits spanning 1 year. There was high genetic diversity of viruses in bats found within this single habitat. Some bat astroviruses may be phylogenetically related to human astroviruses, and further studies with a wider range of bat species in different geographic locations are warranted. These findings are likely to provide new insights into the ecology and evolution of astroviruses and reinforce the role of bats as a reservoir of viruses with potential to pose a zoonotic threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/18550669���Chu, D K W
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X-Ray Microtomography���Junt��BACKGROUND: Spark discharge anodic oxidation forms a porous TiO2 film on the surface of titanium oral implants, increasing surface roughness and concentrations of calcium and phosphate ions. In this study, anodic-treated oral implants were placed in an animal model and analysed using clinical, micro-computerized tomographic (micro-CT) and histometric techniques. METHODS: Pairs of 3.5 mm x 8.5 mm long titanium implants (Osstem Implant Co., Ltd. Seoul, Korea), with blasted (control) or blasted and oxidized surfaces (test), were placed into the right femoral condyles of 10 sheep. Animals were sacrificed after 1 month unloaded healing. Resonant frequency analysis (RFA) was measured in implant stability quotient (ISQ) using the Mentor II device. Specimens were scanned using medium resolution micro-CT (Skyscan 1172). Mean percent bone-to-implant contact (%BIC) was calculated from two images per implant by three different operators, using Image J software. Inter- and intra-examiner differences were calculated. Specimens were then embedded in methacrylate and undemineralized ground sections were digitized. Mean %BIC was measured using Image J at x 20 magnification for the best-three consecutive threads from the most central section. RESULTS: Mean micro-CT %BIC was similar for control and test (57.2 +/- 0.05% versus 56.4 +/- 0.03%, p = 0.5). There was considerable inter-examiner variability (interclass correlation coefficient = 0.44). RFA showed no clinically-detectable difference between the two groups (control ISQ: 75.2 +/- 4.2; test ISQ: 76.3 +/- 1.7; p = 0.48). However, histometric analysis found a marked and highly statistically-significant difference (%BIC Test 72.5 +/- 8.6%, Control 46.2 +/- 12.1%, p = 0.01). CONCLUSIONS: The novel anodic oxidation technique increased early ossointegration of rough-surfaced implants by 157%. Neither clinical testing with resonant frequency analysis nor radiographic analysis using micro-CT had sufficient resolution to detect this improvement. Whether this gain in early bone-implant contact is clinically significant in the context of early occlusal loading is the subject of subsequent experiments.,��https://www.ncbi.nlm.nih.gov/pubmed/22073469Î��Duncan, Warwick J
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Malaysia/epidemiology���Mar»��Paramyxoviruses have been implicated in both animal and human infections. Some viruses, such as Morbilliviruses are responsible for large-scale epidemics. However, there are limited observations of these viruses crossing the host species barrier in nature. In 1994, in Australia a fatal infection in horses and humans was identified to be caused by a new Paramyxovirus, Hendra virus (HeV), and in 1998 in Malaysia, a closely related virus, Nipah virus (NiV) was responsible for fatal infections in pigs and humans. These two viruses were sufficiently different from previously described Paramyxoviruses to create a new genus, Henipaviruses. The natural reservoir of these viruses was the fruit bat (Pteropus), which is found in regions extending from the western Pacific to the eastern coast of Africa. Serological studies have established that as many as half the fruit bats in colonies throughout these regions may have antibodies against this family of viruses. The availability of diagnostic reagents for Nipah virus in humans have identified infections in several countries including, Bangladesh, India and Indonesia. In some of these epidemics, mortality in humans exceeds 75%. Deforestation is probably responsible for fruit bats leaving their ecological niches and approaching farms and villages. The infection of humans and animals may occur via contaminated foods or in certain cases by animals to man. At present, only within close families has human-to-human transmission been proposed. Henipavirus infections are probably more widespread than it is at presently known and so it is important to have an intense monitoring for these diseases, especially in countries where large-scale deforestation is happening.,��https://www.ncbi.nlm.nih.gov/pubmed/18511217���Wild, T F
eng
Review
France
2008/05/31 09:00
Pathol Biol (Paris). 2009 Mar;57(2):188-96. doi: 10.1016/j.patbio.2008.04.006. Epub 2008 Jun 3.%��0369-8114 (Print)
0369-8114 (Linking)���18511217^��Inserm U758, Immunobiology of viral infections, 69365 Lyon, France. fabian.wild@btinternet.com���10.1016/j.patbio.2008.04.006��l��üÒ|ÿî?����U��Bowden, T. A.
Aricescu, A. R.
Gilbert, R. J.
Grimes, J. M.
Jones, E. Y.
Stuart, D. I.���2008^��Structural basis of Nipah and Hendra virus attachment to their cell-surface receptor ephrin-B2���567-72���Nat Struct Mol Biol���15���6ë��Crystallography, X-Ray
Ephrin-B2/*chemistry/metabolism
Hendra Virus
Humans
Nipah Virus
Paramyxoviridae/*pathogenicity
Protein Binding
Protein Conformation
Receptors, Virus
Viral Envelope Proteins/*chemistry/metabolism
*Virus Attachment���Jun¼��Nipah and Hendra viruses are emergent paramyxoviruses, causing disease characterized by rapid onset and high mortality rates, resulting in their classification as Biosafety Level 4 pathogens. Their attachment glycoproteins are essential for the recognition of the cell-surface receptors ephrin-B2 (EFNB2) and ephrin-B3 (EFNB3). Here we report crystal structures of both Nipah and Hendra attachment glycoproteins in complex with human EFNB2. In contrast to previously solved paramyxovirus attachment complexes, which are mediated by sialic acid interactions, the Nipah and Hendra complexes are maintained by an extensive protein-protein interface, including a crucial phenylalanine side chain on EFNB2 that fits snugly into a hydrophobic pocket on the viral protein. By analogy with the development of antivirals against sialic acid binding viruses, these results provide a structural template to target antiviral inhibition of protein-protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18488039¾��Bowden, Thomas A
Aricescu, A Radu
Gilbert, Robert J C
Grimes, Jonathan M
Jones, E Yvonne
Stuart, David I
eng
Medical Research Council/United Kingdom
Cancer Research UK/United Kingdom
G0700232/Medical Research Council/United Kingdom
G0500365/Medical Research Council/United Kingdom
Wellcome Trust/United Kingdom
Research Support, Non-U.S. Gov't
2008/05/20 09:00
Nat Struct Mol Biol. 2008 Jun;15(6):567-72. doi: 10.1038/nsmb.1435. Epub 2008 May 18.*��1545-9985 (Electronic)
1545-9985 (Linking)���18488039���Division of Structural Biology, University of Oxford, Henry Wellcome Building of Genomic Medicine, Roosevelt Drive, Oxford OX3 7BN, UK.���10.1038/nsmb.1435��z��üÚ|ÿï?�������Ramanath, R.
Hendra, T. J.���2008���How safe are our hospitals?���243-5
��Age Ageing���37���3���Accidental Falls/statistics & numerical data
Aged
Cross Infection/epidemiology
Disabled Persons
Drug Interactions
Drug-Related Side Effects and Adverse Reactions
*Hospitals
Humans
Mortality
Pressure Ulcer/epidemiology
Risk Assessment
*Safety
United Kingdom���May,��https://www.ncbi.nlm.nih.gov/pubmed/18456788���Ramanath, R
Hendra, T J
eng
Editorial
Comment
England
2008/05/06 09:00
Age Ageing. 2008 May;37(3):243-5. doi: 10.1093/ageing/afn087.*��1468-2834 (Electronic)
0002-0729 (Linking)���18456788���10.1093/ageing/afn087����Ä��üÒ|ÿÿ?����E��Kolomytsev, A. A.
Kurinnov, V. V.
Mikolaichuk, S. V.
Zakutskii, N. I.���2008���[Nipah encephalitis]���10-3���Vopr Virusol���53���2���Animals
Antibodies, Viral/blood
Chiroptera/virology
*Disease Outbreaks
Disease Reservoirs/*veterinary/virology
Encephalitis, Viral/pathology
Environmental Monitoring
Epidemiological Monitoring
*Henipavirus Infections/diagnosis/epidemiology/virology
Humans
Malaysia/epidemiology
*Nipah Virus/classification/immunology/isolation & purification
Sus scrofa
*Swine Diseases/diagnosis/epidemiology/virology���Mar-Apr���Nipah encephalitis is a particular dangerous disease that affects animals and man. Fatal cases of the disease have been identified in the persons looking after pigs in the villages of Malaysia. The causative agent is presumably referred to as morbilliviruses of the Paramixoviridae family. Two hundred persons died among the ill patients with the signs of encephalitis. The principal hosts of the virus were fox-bats (Megaschiroptera) inhabiting in the surrounding forests. The present paper descries the epidemiological features of the disease, its clinical manifestations, abnormal anatomic changes, diagnosis, and implemented controlling measures.,��https://www.ncbi.nlm.nih.gov/pubmed/18450103¥��Kolomytsev, A A
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Virulence���Apr 306��Innate immunity is critically dependent on the rapid production of interferon in response to intruding viruses. The intracellular pathogen recognition receptors RIG-I and MDA5 are essential for interferon induction by viral RNAs containing 5' triphosphates or double-stranded structures, respectively. Viruses with a negative-stranded RNA genome are an important group of pathogens causing emerging and re-emerging diseases. We investigated the ability of genomic RNAs from substantial representatives of this virus group to induce interferon via RIG-I or MDA5. RNAs isolated from particles of Ebola virus, Nipah virus, Lassa virus, and Rift Valley fever virus strongly activated the interferon-beta promoter. Knockdown experiments demonstrated that interferon induction depended on RIG-I, but not MDA5, and phosphatase treatment revealed a requirement for the RNA 5' triphosphate group. In contrast, genomic RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus did not trigger interferon induction. Sensitivity of these RNAs to a 5' monophosphate-specific exonuclease indicates that the RIG-I-activating 5' triphosphate group was removed post-transcriptionally by a viral function. Consequently, RIG-I is unable to bind the RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus. These results establish RIG-I as a major intracellular recognition receptor for the genome of most negative-strand RNA viruses and define the cleavage of triphosphates at the RNA 5' end as a strategy of viruses to evade the innate immune response.,��https://www.ncbi.nlm.nih.gov/pubmed/18446221D��Habjan, Matthias
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Time Factors���Apr 1E��BACKGROUND: In Bangladesh, 4 outbreaks of Nipah virus infection were identified during the period 2001-2004. METHODS: We characterized the clinical features of Nipah virus-infected individuals affected by these outbreaks. We classified patients as having confirmed cases of Nipah virus infection if they had antibodies reactive with Nipah virus antigen. Patients were considered to have probable cases of Nipah virus infection if they had symptoms consistent with Nipah virus infection during the same time and in the same community as patients with confirmed cases. RESULTS: We identified 92 patients with Nipah virus infection, 67 (73%) of whom died. Although all age groups were affected, 2 outbreaks principally affected young persons (median age, 12 years); 62% of the affected persons were male. Fever, altered mental status, headache, cough, respiratory difficulty, vomiting, and convulsions were the most common signs and symptoms; clinical and radiographic features of acute respiratory distress syndrome of Nipah illness were identified during the fourth outbreak. Among those who died, death occurred a median of 6 days (range, 2-36 days) after the onset of illness. Patients who died were more likely than survivors to have a temperature >37.8 degrees C, altered mental status, difficulty breathing, and abnormal plantar reflexes. Among patients with Nipah virus infection who had well-defined exposure to another patient infected with Nipah virus, the median incubation period was 9 days (range, 6-11 days). CONCLUSIONS: Nipah virus infection produced rapidly progressive severe illness affecting the central nervous and respiratory systems. Clinical characteristics of Nipah virus infection in Bangladesh, including a severe respiratory component, appear distinct from clinical characteristics reported during earlier outbreaks in other countries.,��https://www.ncbi.nlm.nih.gov/pubmed/18444812Ã��Hossain, M Jahangir
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Polymerase Chain Reaction/veterinary���Jul 15Á��Bats are considered to be natural reservoirs for several viruses of clinical importance, including rabies virus, Nipah virus, and Hendra virus. Type I interferons (IFNs) is an important part of the immune system in the defense against viral infection. To investigate the function of type I IFNs upon viral infection in bats, the nucleic acid, and amino acid sequences of Egyptian Rousette (Rousettus aegyptiacus) IFN-alpha and -beta were characterized. Sequence data indicated that bat IFN-alpha consists of 562-bp encoded 187-aa, and IFN-beta consisted of 558-bp encoded 186-aa. Phylogenetic analysis of the overall identity of IFN-beta shared the highest sequence homology with pig IFN-beta in both nucleotide and amino acid level. Stimulation of bat primary kidney cells (BPKCs) and bat lung cell lines, Tb-1 Lu, with polyinosinic-polycytidylic acid (poly(I:C)) or exogenous bat type I IFNs resulted in increased type I IFNs mRNA expression in BPKCs, but not in Tb-1 Lu. Characterization of the bat IFN-alpha and -beta genes allows understanding of the immune responses upon stimulation in different tissues, thus providing practical strategies for control and treatment of clinically important diseases. These results are important especially for the virus infection, and suggest that future molecular studies on virus infection experiment of bats in vitro will require careful consideration of the differences of type I IFN expression patterns in different cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/18436311���Omatsu, Tsutomu
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Treatment Outcome���AprP��BACKGROUND: Telmisartan is an orally active angiotensin II receptor antagonist prescribed once daily. OBJECTIVE: To evaluate the efficacy of telmisartan on blood pressure control, and on other end points, when given as monotherapy or in combination. METHODS: Review of published literature. RESULTS: Telmisartan produces more effective control of blood pressure over 24 h, especially in the last 6 h of the dosing interval, compared with other antihypertensive agents. It also possesses pleiotrophic effects on lipid and glucose metabolism, but lacks evidence of efficacy in reducing vascular events. CONCLUSIONS: Clinical outcome trials expected to report in 2008 will provide hard end points that may demonstrate advantages of telmisartan as monotherapy, or in combination with angiotensin-converting enzyme inhibitors, for managing hypertension.,��https://www.ncbi.nlm.nih.gov/pubmed/18433350¢��Rosario, Barbara H
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Virus Replication/genetics/*physiology���MayÃ��Nipah virus (NiV) is a recently emergent, highly pathogenic, zoonotic paramyxovirus of the genus Henipavirus. Like the phosphoprotein (P) gene of other paramyxoviruses, the P gene of NiV is predicted to encode three additional proteins, C, V and W. When the C, V and W proteins of NiV were tested for their ability to inhibit expression of the chloramphenicol acetyltransferase (CAT) reporter gene in plasmid-based, minigenome replication assays, each protein inhibited CAT expression in a dose-dependent manner. The C, V and W proteins of NiV also inhibited expression of CAT from a measles virus (MV) minigenome, but not from a human parainfluenzavirus 3 (hPIV3) minigenome. Interestingly, the C and V proteins of MV, which have previously been shown to inhibit MV minigenome replication, also inhibited NiV minigenome replication; however, they were not able to inhibit hPIV3 minigenome replication. In contrast, the C protein of hPIV3 inhibited minigenome replication of hPIV3, NiV and MV. Although there is very limited amino acid sequence similarity between the C, V and W proteins within the paramyxoviruses, the heterotypic inhibition of replication suggests that these proteins may share functional properties.,��https://www.ncbi.nlm.nih.gov/pubmed/18420809ã��Sleeman, Katrina
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Viral Structural Proteins/genetics/*metabolism���Jul���Emerging viruses in the paramyxovirus genus Henipavirus evade host antiviral responses via protein interactions between the viral V and W proteins and cellular STAT1 and STAT2 and the cytosolic RNA sensor MDA5. Polo-like kinase (PLK1) is identified as being an additional cellular partner that can bind to Nipah virus P, V, and W proteins. For both Nipah virus and Hendra virus, contact between the V protein and the PLK1 polo box domain is required for V protein phosphorylation. Results indicate that PLK1 is engaged by Nipah virus V protein amino acids 100 to 160, previously identified as being the STAT1 binding domain responsible for host interferon (IFN) signaling evasion, via a Thr-Ser-Ser-Pro motif surrounding residue 130. A distinct Ser-Thr-Pro motif surrounding residue 199 mediates the PLK1 interaction with Hendra virus V protein. Select mutations in the motif surrounding residue 130 also influenced STAT1 binding and innate immune interference, and data indicate that the V:PLK1 and V:STAT complexes are V mediated yet independent of one another. The effects of STAT1/PLK1 binding motif mutations on the function the Nipah virus P protein in directing RNA synthesis were tested. Remarkably, mutations that selectively disrupt the STAT or PLK1 interaction site have no effects on Nipah virus P protein-mediated viral RNA synthesis. Therefore, mutations targeting V protein-mediated IFN evasion will not alter the RNA synthetic capacity of the virus, supporting an attenuation strategy based on disrupting host protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18417573���Ludlow, Louise E
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Virus Shedding���Mayä��Nipah virus (NiV; Paramyxoviridae) caused fatal encephalitis in humans during an outbreak in Malaysia in 1998/1999 after transmission from infected pigs. Our previous study demonstrated that the respiratory, lymphatic and central nervous systems are targets for virus replication in experimentally infected pigs. To continue the studies on pathogenesis of NiV in swine, six piglets were inoculated oronasally with 2.5 x 10(5) PFU per animal. Four pigs developed mild clinical signs, one exudative epidermitis, and one neurologic signs due to suppurative meningoencephalitis, and was euthanized at 11 days post-inoculation (dpi). Neutralizing antibodies reached in surviving animals titers around 1280 at 16 dpi. Nasal and oro-pharyngeal shedding of the NiV was detected between 2 and 17 dpi. Virus appeared to be cleared from the tissues of the infected animals by 23 dpi, with low amount of RNA detected in submandibular and bronchial lymph nodes of three pigs, and olfactory bulb of one animal. Despite the presence of neutralizing antibodies, virus was isolated from serum at 24 dpi, and the viral RNA was still detected in serum at 29 dpi. Our results indicate slower clearance of NiV from some of the infected pigs. Bacteria were detected in the cerebrospinal fluid of five NiV inoculated animals, with isolation of Streptococcus suis and Enterococcus faecalis. Staphylococcus hyicus was isolated from the skin lesions of the animal with exudative epidermitis. Along with the observed lymphoid depletion in the lymph nodes of all NiV-infected animals, and the demonstrated ability of NiV to infect porcine peripheral blood mononuclear cells in vitro, this finding warrants further investigation into a possible NiV-induced immunosuppression of the swine host.,��https://www.ncbi.nlm.nih.gov/pubmed/18405339ô��Berhane, Y
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Sequence Homology���May���The emergence of viruses such as severe acute respiratory syndrome coronavirus and Nipah virus has underscored the role of animal reservoirs in human disease and the need for reservoir surveillance. Here, we used a panviral DNA microarray to investigate the death of a captive beluga whale in an aquatic park. A highly divergent coronavirus, tentatively named coronavirus SW1, was identified in liver tissue from the deceased whale. Subsequently, the entire genome of SW1 was sequenced, yielding a genome of 31,686 nucleotides. Phylogenetic analysis revealed SW1 to be a novel virus distantly related to but most similar to group III coronaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18353961¸��Mihindukulasuriya, Kathie A
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Virus Internalization���Jun 5]��The recent discovery that the Nipah virus (NiV) fusion protein (F) is activated by endosomal cathepsin L raised the question if NiV utilize pH- and protease-dependent mechanisms of entry. We show here that the NiV receptor ephrin B2, virus-like particles and infectious NiV are internalized from the cell surface. However, endocytosis, acidic pH and cathepsin-mediated cleavage are not necessary for the initiation of infection of new host cells. Our data clearly demonstrate that proteolytic activation of the NiV F protein is required before incorporation into budding virions but not after virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/18342904¼��Diederich, Sandra
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Viral Vaccines/*immunology���JanF��The two mammalian codon optimized genes, F and G genes of Nipah virus, were generated by assembly PCR, and inserted into mammalian expression vector pCAGGS under chicken beta-actin promoter to construct pCAGG-NiV-F and pCAGG-NiV-G. Syncytium formation was induced in BHK cells by plasmid pCAGG-NiV-F and pCAGG-NiV-G transfection, which indicate recombination proteins F and G were expressed in BHK cell and possessed good biologic activity. Six-week-old female BALB/c mice were intramuscularly primed with 100 microg pCAGG-NiV-F, pCAGG-NiV-G or pCAGG-NiV-F+ pCAGG-NiV-G respectively, and boosted with same dose after 4 weeks. The sera were collected at 3 weeks post second boost. The serum IgG against Nipah virus F and G proteins was detected by indirect ELISA using recombinant Baculovirus expressed Nipah F and G glycoproteins. The results showed that specific antibodies possessed good sensitivity and specificity. Furthermore, the G and F proteins' specific antibodies could neutralize the infectivity of VSVdeltaG* F/G (the NiV F and G envelope glycoproteins psudotyped recombinant vesicular stomatitis virus expressing green fluorescence protein). And, pCAGG-NiV-G also induced higher titer of neutralizing antibody response than pCAGG-NiV-F did. The result indicates that DAN immunization is an efficient vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/18320822¿��Wang, Xi-Jun
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Tomography, X-Ray Computed���Feb���Infections caused by enteroviruses, rabies, adenoviruses, and Nipah and Hanta viruses are discussed. Several studies defined the pattern of MR imaging findings in these disease processes that reflect parenchymal infiltration with inflammatory cells, typically visualized as areas of low attenuation on CT, as well as of low T1 and high T2 signal intensity on MR imaging. Diffusion-weighted MR imaging has been shown to be superior to conventional magnetic resonance imaging for the detection of early signal abnormalities in encephalitis. Focal unilateral hyperperfusion as visualized by SPECT appears to be an indicator of severe inflammation of the brain tissue and was found to be an independent predictor of poor prognosis, whereas clinical outcome variables, CSF, or EEG findings are not.,��https://www.ncbi.nlm.nih.gov/pubmed/18319156���Rumboldt, Zoran
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Sensitivity and Specificity
Vero Cells���AprÇ��There are currently no antiviral drugs approved for the highly lethal Biosafety Level 4 pathogens Nipah and Hendra virus. A number of researchers are developing surrogate assays amenable to Biosafety Level 2 biocontainment but ultimately, the development of a high throughput screening method for directly quantifying these viruses in a Biosafety Level 4 environment will be critical for final evaluation of antiviral drugs identified in surrogate assays, in addition to reducing the time required for effective antiviral drug development. By adapting an existing immunoplaque assay and using enzyme linked immunodetection in a microtitre plate format, the current experiments describe a simple two step assay protocol involving an overnight virus inoculation of Vero cell monolayers (with or without antiviral drug treatment) at Biosafety Level 4, followed by cell fixation and virus inactivation enabling removal of plates from the Biosafety Level 4 laboratory and a subsequent immunodetection assay using a chemiluminescent horse radish peroxidase substrate to be performed at Biosafety Level 2. The analytical sensitivity (limit of detection) of this assay is 100 tissue culture infectious dose50/ml of either Nipah or Hendra virus. In addition this assay enables linear quantitation of virus over three orders of magnitude and is unaffected by dimethyl sulfoxide concentrations of 1% or less. Intra-assay coefficients of variation are acceptable (less than 20%) when detecting a minimum of 1000 tissue culture infectious dose50/ml of either virus although inter-assay variation is considerably greater. By an assessment of efficacies of the broad spectrum antiviral Ribavirin and an experimental fusion inhibitory peptide, this assay reveals a good correlation with previously published fluorescent immunodetection assays. The current experiments describe for the first time, a high throughput screening method amenable for direct assessment of live henipavirus antiviral drug activity.,��https://www.ncbi.nlm.nih.gov/pubmed/18313148���Aljofan, Mohamad
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Reverse Transcriptase Inhibitors/*blood/pharmacokinetics/therapeutic use���Apr���OBJECTIVES: The aim of this study was to investigate the frequency of CYP2B6 polymorphisms (according to ethnicity) and the influence of heterozygosity and homozygosity on plasma concentrations of efavirenz and nevirapine. METHODS: Following written informed consent, 225 Caucasians and 146 Blacks were recruited from the German Competence Network for HIV/AIDS. Plasma concentrations of efavirenz and nevirapine were assessed by HPLC, and genotyping for 516G>T, 983T>C and 1459T>C polymorphisms in CYP2B6 was conducted by real-time PCR-based allelic discrimination. RESULTS: The minor allele frequency for 516G>T, 983T>C and 1459T>C was 0.29, 0 and 0.08 in Caucasians and 0.34, 0.07 and 0.02 in Blacks, respectively. Two Black patients with the 983C allele receiving efavirenz were identified and both were withdrawn from therapy within 1 week of sampling due to toxicity. In multivariate analyses, efavirenz and nevirapine plasma concentrations were significantly associated with 983T>C (P < 0.0001 and P = 0.02, respectively), 516G>T (P < 0.0001 and P = 0.002, respectively) and time of drug analysis post-dose (P < 0.0001 for both). Body mass index was independently related to efavirenz (P = 0.04) but not nevirapine concentrations, and age was related to nevirapine (P = 0.05) but not efavirenz concentrations. Consistent with other studies, 1459C>T was not associated with plasma concentrations of either drug (P > 0.05 for both drugs). CONCLUSIONS: This is the first report that the 983T>C genotype (part of the CYP2B6*18 haplotype) impacts on nevirapine plasma concentrations and the first study to assess the impact of 983C homozygosity on efavirenz concentrations. These data have implications for administration of non-nucleoside reverse transcriptase inhibitors to Black patients.,��https://www.ncbi.nlm.nih.gov/pubmed/182813053��Wyen, Christoph
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Viral Envelope Proteins/immunology���Mar 15A��We have previously identified neutralizing human monoclonal antibodies against Nipah virus (NiV) and Hendra virus (HeV) by panning a large nonimmune antibody library against a soluble form of the HeV attachment-envelope glycoprotein G (sG HeV). One of these antibodies, m102, which exhibited the highest level of cross-reactive neutralization of both NiV and HeV G, was affinity maturated by light-chain shuffling combined with random mutagenesis of its heavy-chain variable domain and panning against sGHeV. One of the selected antibody Fab clones, m102.4, had affinity of binding to sGHeV that was equal to or higher than that of the other Fabs; it was converted to IgG1 and tested against infectious NiV and HeV. It exhibited exceptionally potent and cross-reactive inhibitory activity with 50% inhibitory concentrations below 0.04 and 0.6 microg/mL, respectively. The virus-neutralizing activity correlated with the binding affinity of the antibody to sG HeV and sG NiV. m102.4 bound a soluble form of NiV G (sG NiV) better than it bound sG HeV, and it neutralized NiV better than HeV, despite being originally selected against sG HeV. These results suggest that m102.4 has potential as a therapeutic agent for the treatment of diseases caused by henipaviruses. It could be also used for prophylaxis and diagnosis, and as a research reagent.,��https://www.ncbi.nlm.nih.gov/pubmed/18271743å��Zhu, Zhongyu
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Zoonoses/epidemiology/virology���Apr 7���Hendra virus (HeV) is a lethal paramyxovirus which emerged in humans in 1994. Poor understanding of HeV dynamics in Pteropus spp. (flying fox or fruit bat) reservoir hosts has limited our ability to determine factors driving its emergence. We initiated a longitudinal field study of HeV in little red flying foxes (LRFF; Pteropus scapulatus) and examined individual and population risk factors for infection, to determine probable modes of intraspecific transmission. We also investigated whether seasonal changes in host behaviour, physiology and demography affect host-pathogen dynamics. Data showed that pregnant and lactating females had significantly higher risk of infection, which may explain previously observed temporal associations between HeV outbreaks and flying fox birthing periods. Age-specific seroprevalence curves generated from field data imply that HeV is transmitted horizontally via faeces, urine or saliva. Rapidly declining seroprevalence between two field seasons suggests that immunity wanes faster in LRFF than in other flying fox species, and highlights the potentially critical role of this species in interspecific viral persistence. The highest seroprevalence was observed when animals showed evidence of nutritional stress, suggesting that environmental processes that alter flying fox food sources, such as habitat loss and climate change, may increase HeV infection and transmission. These insights into the ecology of HeV in flying fox populations suggest causal links between anthropogenic environmental change and HeV emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/18198149���Plowright, Raina K
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Humans���Oct 10���For many centuries, man is fascinated by bats, the only flying mammals. Probably because of their particular immune system, bats can be considered an important reservoir for new emerging viral diseases like SARS-Coronavirus, Marburg fever, Ebola fever and Nipah virus encephalitis. During closer contact, they can transmit rabies and probably other nonviral infectious diseases. Bats get closer to man due to ecological modifications like deforestation, so that transmission of new infectious agents might provoke dramatic epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/17985603y��Genne, Daniel
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Recombinant Proteins/immunology#��Four monoclonal antibodies (mAbs) were generated by immunizing BALB/C mice with recombinant nucleocapsid protein (N) of Nipah virus (NiV) and Hendra virus (HeV) expressed in E. coli. Two mAbs each were obtained for the HeV N and NiV N, respectively. All four mAbs displayed specific reactivity with the recombinant N proteins of both viruses by western blot, which was further confirmed by immunofluorescent antibody assay using fixed insect cells infected with recombinant baculoviruses expressing either the HeV or NiV N protein. Epitope mapping using a 12-mer random peptide phage display library revealed two linear antigenic sites of the henipavirus N proteins, KLxR (aa 17-20) and FKREM (aa 446-450), which have not been reported previously. Two of the mAbs were able to specifically recognize HeV antigens by immunohistochemical staining of lung tissue sections of a horse experimentally infected with HeV. These reagents will be a useful addition to the collection of tools essential for further research and improvement in diagnosis of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17978885Û��Xiao, C
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Virus Replication/drug effects���Jan 5���In this study we report the development and optimization of two minigenome rescue systems for Nipah virus, a member of the Paramyxoviridae family. One is mediated by the T7 RNA polymerase supplied either by a constitutively expressing cell line or by transfection of expression plasmids and is thus independent from infection with a helper virus. The other approach is based on RNA polymerase I-driven transcription, a unique approach for paramyxovirus reverse genetics technology. Minigenome rescue was evaluated by reporter gene activities of (i) the two different minigenome transcription systems, (ii) genomic versus antigenomic-oriented minigenomes, (iii) different ratios of the viral protein expression plasmids, and (iv) time course experiments. The high efficiency and reliability of the established systems allowed for downscaling to 96-well plates. This served as a basis for the development of a high-throughput screening system for potential antivirals that target replication and transcription of Nipah virus without the need of high bio-containment. Using this system we were able to identify two compounds that reduced minigenome activity.,��https://www.ncbi.nlm.nih.gov/pubmed/17904180.��Freiberg, Alexander
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Zoonoses]��Two related, novel, zoonotic paramyxoviruses have been described recently. Hendra virus was first reported in horses and thence humans in Australia in 1994; Nipah virus was first reported in pigs and thence humans in Malaysia in 1998. Human cases of Nipah virus infection, apparently unassociated with infection in livestock, have been reported in Bangladesh since 2001. Species of fruit bats (genus Pteropus) have been identified as natural hosts of both agents. Anthropogenic changes (habitat loss, hunting) that have impacted the population dynamics of Pteropus species across much of their range are hypothesised to have facilitated emergence. Current strategies for the management of henipaviruses are directed at minimising contact with the natural hosts, monitoring identified intermediate hosts, improving biosecurity on farms, and better disease recognition and diagnosis. Investigation of the emergence and ecology of henipaviruses warrants a broad, cross-disciplinary ecosystem health approach that recognises the critical linkages between human activity, ecological change, and livestock and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/17848064ÿ��Field, H E
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Zoonoses/*transmission/virologyZ��Infection and disease in reservoir and spillover hosts determine patterns of infectious agent availability and opportunities for infection, which then govern the process of transmission between susceptible species. In this chapter, using the zoonotic agents Hendra virus and Nipah virus as examples, the pathogenesis of infection in various species including the wildlife reservoirs and domestic spillover hosts is reviewed with an emphasis on the aspects of pathogenesis which contribute to the dissemination of infection. Through these discussions, the emergence of these zoonotic agents is explored.,��https://www.ncbi.nlm.nih.gov/pubmed/17848063}��Daniels, P W
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Virus Shedding���Sep 15î��A female adult cat developed clinical disease 13 days after subcutaneous inoculation with Nipah virus (NiV) and was discovered to be pregnant at necropsy. Viral genome was detected in a variety of specimens, including blood, serum, tonsil swabs, and urine, up to 3 days before the onset of disease. Samples collected postmortem, including placenta, uterine fluid, and fetal tissues, were also positive for NiV genome, and the placenta and uterine fluid contained high levels of recoverable virus. The high levels of viral shedding in the adult combined with fetal viral replication suggests that both vertical and horizontal transmission of NiV could play a role in spillover events, an essential element in the epidemiology of Henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17703410/��Mungall, Bruce A
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Virus Replication���Sep(��Genome synthesis in paramyxoviruses, including Nipah virus (NiV), is controlled by sequence elements that reside in the non-coding nucleotides at the 5'-trailer (3'-antigenomic) end that make up the antigenomic promoter (AGP). Using a chloramphenicol acetyl transferase-based plasmid-driven minigenome system, the terminal 96 nt of NiV AGP were first mutagenized in blocks of three hexamers to enable broad mapping of the minigenome functional regions. This was followed by further dissection of these functional regions to define the cis-acting elements contained therein. Results based on RNA analysis and reporter gene activity identified a bipartite promoter structure similar to that seen in related viruses, but with some distinct differences: in NiV, each of the two discrete replication control elements was bimodal, characterized by a critical conserved region (nt 1-12 and 79-91) and a contiguous non-conserved region (nt 13-36 and 73-78), which appeared less important. The regulatory role of these less critical regions was underscored by the use of a two-step mutation strategy, which revealed the additive detrimental effect of substitutions in this part of the terminal element. The structure and sequence characteristics of the internal control element was also different: it involved four contiguous hexamers, and the region encompassing three of these (nt 79-96, corresponding to hexamers 14, 15 and 16), although analogous in position to the equivalent element in the Sendai virus AGP, was characterized by the distinct 5'-(GNNNUG)(14-15)(GNNNNN)(16) motif.,��https://www.ncbi.nlm.nih.gov/pubmed/17698665È��Walpita, Pramila
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Survivors���Sep6��OBJECTIVE: Nipah virus (NiV) is an emerging zoonosis. Central nervous system disease frequently results in high case-fatality. Long-term neurological assessments of survivors are limited. We assessed long-term neurologic and functional outcomes of 22 patients surviving NiV illness in Bangladesh. METHODS: During August 2005 and May 2006, we administered a questionnaire on persistent symptoms and functional difficulties to 22 previously identified NiV infection survivors. We performed neurologic evaluations and brain magnetic resonance imaging (MRI). RESULTS: Twelve (55%) subjects were male; median age was 14.5 years (range 6-50). Seventeen (77%) survived encephalitis, and 5 survived febrile illness. All but 1 subject had disabling fatigue, with a median duration of 5 months (range, 8 days-8 months). Seven encephalitis patients (32% overall), but none with febrile illness had persistent neurologic dysfunction, including static encephalopathy (n = 4), ocular motor palsies (2), cervical dystonia (2), focal weakness (2), and facial paralysis (1). Four cases had delayed-onset neurologic abnormalities months after acute illness. Behavioral abnormalities were reported by caregivers of over 50% of subjects under age 16. MRI abnormalities were present in 15, and included multifocal hyperintensities, cerebral atrophy, and confluent cortical and subcortical signal changes. INTERPRETATION: Although delayed progression to neurologic illness following Nipah fever was not observed, persistent fatigue and functional impairment was frequent. Neurologic sequelae were frequent following Nipah encephalitis. Neurologic dysfunction may persist for years after acute infection, and new neurologic dysfunction may develop after acute illness. Survivors of NiV infection may experience substantial long-term neurologic and functional morbidity.,��https://www.ncbi.nlm.nih.gov/pubmed/17696217z��Sejvar, James J
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Viral Envelope Proteins/genetics/*immunology���Jun©��The fusion protein (F) and attachment glycoprotein (G) of Nipah virus (NiV) are important for the virus to infect cells and induce protective immunity. In this study, the NiV F1 and G gene fragments without the sequences of signal peptide and transmembrane domain were amplified by PCR, then cloned into E. coli expression vector pGEX-6P-1 and modified baculovirus vector, respectively. After induction by IPTG, NiV F1 and G proteins were efficiently expressed in E. coli when analyzed by SDS-PAGE, both showing good reactivity with the rabbit antiserum anti-NiV serum in Western blot. The expression of NiV F1 and G in baculovirus system were also detected by indirect immunofluorescent assay (IFA) of fixed Sf9 cells monolayer infected with the recombinant baculoviruses expressing F1 and G. Furthermore the anti-F1 and anti-G hyperimmune sera were prepared by immunization of rabbits respectively with purified E. coli-expressed F1 and G proteins. Western blot and IFA as well as ELISA showed that antisera against both protein had high titers with good reactivity and specificity. The present study has provided a base for development of diagnostic reagents for detection of NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17672307»��Liu, Yong-jun
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*Virus Internalization���Oct���The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are lethal emerging paramyxoviruses. EphrinB2 and ephrinB3 have been identified as receptors for henipavirus entry. NiV and HeV share similar cellular tropisms and likely use an identical receptor set, although a quantitative comparison of receptor usage by NiV and HeV has not been reported. Here we show that (i) soluble NiV attachment protein G (sNiV-G) bound to cell surface-expressed ephrinB3 with a 30-fold higher affinity than that of sHeV-G, (ii) NiV envelope pseudotyped reporter virus (NiVpp) entered ephrinB3-expressing cells much more efficiently than did HeV pseudotyped particles (HeVpp), and (iii) NiVpp but not HeVpp entry was inhibited efficiently by soluble ephrinB3. These data underscore the finding that NiV uses ephrinB3 more efficiently than does HeV. Henipavirus G chimeric protein analysis implicated residue 507 in the G ectodomain in efficient ephrinB3 usage. Curiously, alternative versions of published HeV-G sequences show variations at residue 507 that can clearly affect ephrinB3 but not ephrinB2 usage. We further defined surrounding mutations (W504A and E505A) that diminished ephrinB3-dependent binding and viral entry without compromising ephrinB2 receptor usage and another mutation (E533Q) that abrogated both ephrinB2 and -B3 usage. Our results suggest that ephrinB2 and -B3 binding determinants on henipavirus G are distinct and dissociable. Global expression analysis showed that ephrinB3, but not ephrinB2, is expressed in the brain stem. Thus, ephrinB3-mediated viral entry and pathology may underlie the severe brain stem neuronal dysfunction seen in fatal Nipah viral encephalitis. Characterizing the determinants of ephrinB2 versus -B3 usage will further our understanding of henipavirus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/17652392t��Negrete, Oscar A
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Virus Internalization/*drug effects���Oct���Hendra virus (HeV) and Nipah virus (NiV) constitute the Henipavirus genus of paramyxoviruses, both fatal in humans and with the potential for subversion as agents of bioterrorism. Binding of the HeV/NiV attachment protein (G) to its receptor triggers a series of conformational changes in the fusion protein (F), ultimately leading to formation of a postfusion six-helix bundle (6HB) structure and fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions, the first (the N-terminal heptad repeat [HRN]) adjacent to the fusion peptide and the second (the C-terminal heptad repeat [HRC]) immediately preceding the transmembrane domain. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing activated F molecules from forming the 6HB structure that is required for fusion. We previously reported that a human parainfluenza virus 3 (HPIV3) F peptide effectively inhibits infection mediated by the HeV glycoproteins in pseudotyped-HeV entry assays more effectively than the comparable HeV-derived peptide, and we now show that this peptide inhibits live-HeV and -NiV infection. HPIV3 F peptides were also effective in inhibiting HeV pseudotype virus entry in a new assay that mimics multicycle replication. This anti-HeV/NiV efficacy can be correlated with the greater potential of the HPIV3 C peptide to interact with the HeV F N peptide coiled-coil trimer, as evaluated by thermal unfolding experiments. Furthermore, replacement of a buried glutamic acid (glutamic acid 459) in the C peptide with valine enhances antiviral potency and stabilizes the 6HB conformation. Our results strongly suggest that conserved interhelical packing interactions in the F protein fusion core are important determinants of C peptide inhibitory activity and offer a strategy for the development of more-potent analogs of F peptide inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/17652384É��Porotto, M
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Virology/*trends���Sepù��Following the discovery of two new paramyxoviruses in the 1990s, much effort has been placed on rapidly finding the reservoir hosts, characterising the genomes, identifying the viral receptors and formulating potential vaccines and therapeutic options for these viruses, Hendra and Nipah viruses caused zoonotic disease on a scale not seen before with other paramyxoviruses. Nipah virus particularly caused high morbidity and mortality in humans and high morbidity in pig populations in the first outbreak in Malaysia. Both viruses continue to pose a threat with sporadic outbreaks continuing into the 21st century. Experimental and surveillance studies identified that pteropus bats are the reservoir hosts. Research continues in an attempt to understand events that precipitated spillover of these viruses. Discovered on the cusp of the molecular technology revolution, much progress has been made in understanding these new viruses. This review endeavours to capture the depth and breadth of these recent advances.,��https://www.ncbi.nlm.nih.gov/pubmed/17629946���Halpin, Kim
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Voltage-Dependent Anion Channel 2/metabolism���Jun 7d��BACKGROUND: Nipah virus (NiV), a recently discovered zoonotic virus infects and replicates in several human cell types. Its replication in human neuronal cells, however, is less efficient in comparison to other fully susceptible cells. In the present study, the SK-N-MC human neuronal cell protein response to NiV infection is examined using proteomic approaches. RESULTS: Method for separation of the NiV-infected human neuronal cell proteins using two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) was established. At least 800 protein spots were resolved of which seven were unique, six were significantly up-regulated and eight were significantly down-regulated. Six of these altered proteins were identified using mass spectrometry (MS) and confirmed using MS/MS. The heterogenous nuclear ribonucleoprotein (hnRNP) F, guanine nucleotide binding protein (G protein), voltage-dependent anion channel 2 (VDAC2) and cytochrome bc1 were present in abundance in the NiV-infected SK-N-MC cells in contrast to hnRNPs H and H2 that were significantly down-regulated. CONCLUSION: Several human neuronal cell proteins that are differentially expressed following NiV infection are identified. The proteins are associated with various cellular functions and their abundance reflects their significance in the cytopathologic responses to the infection and the regulation of NiV replication. The potential importance of the ratio of hnRNP F, and hnRNPs H and H2 in regulation of NiV replication, the association of the mitochondrial protein with the cytopathologic responses to the infection and induction of apoptosis are highlighted.,��https://www.ncbi.nlm.nih.gov/pubmed/17553172·��Chang, Li-Yen
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*Virus Internalization���AugÌ��Paramyxoviruses utilize both an attachment protein and a fusion (F) protein to drive virus-cell and cell-cell fusion. F exists functionally as a trimer of two disulfide-linked subunits: F(1) and F(2). Alignment and analysis of a set of paramyxovirus F protein sequences identified three conserved blocks (CB): one in the fusion peptide/heptad repeat A domain, known to play important roles in fusion promotion, one in the region between the heptad repeats of F(1) (CBF(1)) (A. E. Gardner, K. L. Martin, and R. E. Dutch, Biochemistry 46:5094-5105, 2007), and one in the F(2) subunit (CBF(2)). To analyze the functions of CBF(2), alanine substitutions at conserved positions were created in both the simian virus 5 (SV5) and Hendra virus F proteins. A number of the CBF(2) mutations resulted in folding and expression defects. However, the CBF(2) mutants that were properly expressed and trafficked had altered fusion promotion activity. The Hendra virus CBF(2) Y79A and P89A mutants showed significantly decreased levels of fusion, whereas the SV5 CBF(2) I49A mutant exhibited greatly increased cell-cell fusion relative to that for wild-type F. Additional substitutions at SV5 F I49 suggest that both side chain volume and hydrophobicity at this position are important in the folding of the metastable, prefusion state and the subsequent triggering of membrane fusion. The recently published prefusogenic structure of parainfluenza virus 5/SV5 F (H. S. Yin et al., Nature 439:38-44, 2006) places CBF(2) in direct contact with heptad repeat A. Our data therefore indicate that this conserved region plays a critical role in stabilizing the prefusion state, likely through interactions with heptad repeat A, and in triggering membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/17507474%��Gardner, Amanda E
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Urine/*virology���Mayí��Seventeen grey-headed fruit bats (Pteropus poliocephalus) were inoculated subcutaneously with an isolate of Nipah virus derived from a fatally infected human. A control group of eight guinea-pigs was inoculated intraperitoneally with the same isolate in order to confirm virulence. Three of eight infected guinea-pigs developed clinical signs 7-9 days post-inoculation. Infected fruit bats developed a subclinical infection characterized by the transient presence of virus within selected viscera, episodic viral excretion and seroconversion. A range of histopathological changes was observed within the tissues of infected bats. Nipah virus was excreted in bat urine while neutralizing antibody was present in serum. This intermittent, low-level excretion of Nipah virus in the urine of bats may be sufficient to sustain the net reproductive value of the virus in a species where there is regular urine contamination of the fur, mutual grooming, and where urine droplets are a feature of the environment.,��https://www.ncbi.nlm.nih.gov/pubmed/17498518Ñ��Middleton, D J
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Viruses/*isolation & purification���Apr���Newly emergent infectious diseases are a global public health problem. The population dense regions of Southeast Asia are the epicenter of many emerging diseases, as evidenced by the outbreak of Nipah, SARS, avian influenza (H5N1), Dengue, and enterovirus 71 in this region in the past decade. Rapid identification, epidemiologic surveillance, and mitigation of transmission are major challenges in ensuring public health safety. Here we describe a powerful new approach for infectious disease surveillance that is based on polymerase chain reaction (PCR) to amplify nucleic acid targets from large groupings of organisms, electrospray ionization mass spectrometry (ESI-MS) for accurate mass measurements of the PCR products, and base composition signature analysis to identify organisms in a sample. This approach is capable of automated analysis of more than 1,500 PCR reactions a day. It is applicable to the surveillance of bacterial, viral, fungal, or protozoal pathogens and will facilitate rapid characterization of known and emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/174709151��Sampath, Rangarajan
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Viral Envelope Proteins/*physiology���Apr���Nipah (NiV) and Hendra (HeV) viruses are members of the newly defined Henipavirus genus of the Paramyxoviridae. Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70% of infected patients, and there is increasing evidence of human-to-human transmission. NiV is designated a priority pathogen in the NIAID Biodefense Research Agenda, and could be a devastating agent of agrobioterrorism if used against the pig farming industry. Endothelial syncytium is a pathognomonic feature of NiV infections, and is mediated by the fusion (F) and attachment (G) envelope glycoproteins. This review summarizes what is known about the pathophysiology of NiV infections, and documents the identification of the NiV receptor. EphrinB2, the NiV and HeV receptor, is expressed on endothelial cells and neurons, consistent with the known cellular tropism for NiV. We discuss how the identification of the henipahvirus receptor sheds light on the pathobiology of NiV infection, and how it will spur the rational development of effective therapeutics. In addition, ephrinB3, a related protein, can serve as an alternative receptor, and we suggest that differential usage of ephrinB2 versus B3 may explain the variant pathogenic profiles observed between NiV and HeV. Thus, identifying the NiV receptors opens the door for a more comprehensive analysis of the envelope-receptor interactions in NiV pathobiology. Finally, we also describe how galectin-1 (an innate immune defense lectin) can interact with specific N-glycans on the Nipah envelope fusion protein, underscoring the potential role that innate immune defense mechanisms may play against emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/17470911h��Lee, Benhur
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Viral Fusion Proteins/*chemistry���May 1q��Paramyxoviruses are a diverse family that utilizes a fusion (F) protein to enter cells via fusion of the viral lipid bilayer with a target cell membrane. Although certain regions of the F protein are known to play critical roles in membrane fusion, the function of much of the protein remains unclear. Sequence alignment of a set of paramyxovirus F proteins and analysis utilizing Block Maker identified a region of conserved amino acid sequence in a large domain between the heptad repeats of F1, designated CBF1. We employed site-directed mutagenesis to analyze the function of completely conserved residues of CBF1 in both the simian virus 5 (SV5) and Hendra virus F proteins. The majority of CBF1 point mutants were deficient in homotrimer formation, proteolytic processing, and transport to the cell surface. For some SV5 F mutants, proteolytic cleavage and surface expression could be restored by expression at 30 degrees C, and varying levels of fusion promotion were observed at this temperature. In addition, the mutant SV5 F V402A displayed a hyperfusogenic phenotype at both 30 and 37 degrees C, indicating that this mutation allows for efficient fusion with only an extremely small amount of cleaved, active protein. The recently published prefusogenic structure of PIV5/SV5 F (Yin, H. S., et al. (2006) Nature 439, 38-44) indicates that residues within and flanking CBF1 interact with the fusion peptide domain. Together, these data suggest that CBF1-fusion peptide interactions are critical for the initial folding of paramyxovirus F proteins from this important viral family and can also modulate subsequent membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/17417875^��Gardner, Amanda E
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Vero Cells���Jul 20Å��J-virus (JPV), isolated from wild mice in Australia, and Beilong virus (BeiPV), originally isolated from human mesangial cells in China and subsequently detected in rat mesangial cells, represent a new group of paramyxoviruses which have exceptionally large genomes (>19 kb) and contain more than six transcriptional units. In this study, minireplicons were employed to assess the taxonomic status of JPV and BeiPV. Our results demonstrated that, whilst the genome replication machineries of JPV and BeiPV can be interchanged, they were not functional when exchanged with that of Nipah virus. These studies indicate that JPV and BeiPV are closely related to each other and support the classification of these two viruses into a separate genus. In addition, the minireplicons were also used to demonstrate that these large-genome viruses also comply with the 'rule of six' and that over-expression of the C protein has a detrimental effect on minigenome replication.,��https://www.ncbi.nlm.nih.gov/pubmed/17397895Â��Magoffin, Danielle E
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Jun¯��Hendra virus (HeV) is an emerging paramyxovirus capable of infecting and causing disease in a variety of mammalian species, including humans. The virus infects its host cells through the coordinated functions of its fusion (F) and attachment (G) glycoproteins, the latter of which is responsible for binding the virus receptors ephrinB2 and ephrinB3. In order to identify the receptor binding site, a panel of G glycoprotein constructs containing mutations was generated using an alanine-scanning mutagenesis strategy. Based on a predicted G structure, charged amino acids residing in regions that could be homologous to those in the measles virus H attachment glycoprotein known to be involved in its protein receptor interaction were targeted. Using a coprecipitation-based assay, seven single-amino-acid substitutions in HeV G were identified as having significantly impaired binding to both the ephrinB2 and ephrinB3 viral receptors: D257A, D260A, G439A, K443A, G449A, K465A, and D468A. The impairment of receptor interaction conferred a concomitant diminution in their abilities to promote membrane fusion when coexpressed with F. The G glycoprotein mutants were also recognized by three or more conformation-dependent monoclonal antibodies of a panel of five, were expressed on the cell surface, and retained their abilities to bind and coprecipitate F. Interestingly, some of these mutant G glycoproteins coprecipitated with F more efficiently than wild-type G. Taken together, these data provide strong biochemical and functional evidence that some of these residues could be part of a conformation-dependent, discontinuous, and overlapping ephrinB2 and -B3 binding domain within the HeV G glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/17376907���Bishop, Kimberly A
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Nipah Virus/immunology/*isolation & purification���DecÅ��We investigated an outbreak of encephalitis in Tangail District, Bangladesh. We defined case-patients as persons from the outbreak area in whom fever developed with new onset of seizures or altered mental status from December 15, 2004, through January 31, 2005. Twelve persons met the definition; 11 (92%) died. Serum specimens were available from 3; 2 had immunoglobulin M antibodies against Nipah virus by capture enzyme immunoassay. We enrolled 11 case-patients and 33 neighborhood controls in a case-control study. The only exposure significantly associated with illness was drinking raw date palm sap (64% among case-patients vs. 18% among controls, odds ratio [OR] 7.9, p = 0.01). Fruit bats (Pteropus giganteus) are a nuisance to date palm sap collectors because the bats drink from the clay pots used to collect the sap at night. This investigation suggests that Nipah virus was transmitted from P. giganteus to persons through drinking fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/17326940¿��Luby, Stephen P
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Viral Proteins/genetics/immunology/*metabolism���Jun$��The genus Henipavirus in the family Paramyxoviridae compromises two newly identified dangerous pathogens, Nipah virus and Hendra virus. Phosphoprotein of the two viruses is one of the major immunodominant antigens and the most divergent protein in the viral genomes. We have now expressed two pairs of truncated phosphoproteins of the two viruses in Escherichia coli in a soluble form using a vector tailored from pET32a. The truncated recombinant phosphoproteins were purified with His-Tag affinity chromatography and their antigenicity was determined by western blotting and ELISA. The longer pair of truncated recombinant phosphoproteins, covering amino acid residues 4-550, was more antigenic than the shorter one and of potential utility in the serological differentiation of henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/17322967ú��Chen, Ji-Ming
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Viral Fusion Proteins/*genetics���May®��The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms. Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where approximately 20% of wild-type F and the other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P = 0.007, r(2) = 0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can modulate its fusogenicity by multiple distinct mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/17301148?��Aguilar, Hector C
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Viral Envelope Proteins/genetics/immunology/metabolism���Juny��Hendra virus (HeV) and Nipah virus (NiV) are related emerging paramyxoviruses classified in the genus Henipavirus. Both cause fatal disease in animals and humans and are classified as biosafety level 4 pathogens. Here we detail two new multiplexed microsphere assays, one for antibody detection and differentiation and another designed as a surrogate for virus neutralization. Both assays utilize recombinant soluble attachment glycoproteins (sG) whereas the latter incorporates the cellular receptor, recombinant ephrin-B2. Spectrally distinct sG(HeV)- and sG(NiV)-coupled microspheres preferentially bound antibodies from HeV- and NiV-seropositive animals, demonstrating a simple procedure to differentiate antibodies to these closely related viruses. Soluble ephrin-B2 bound sG-coupled microspheres in a dose-dependent fashion. Specificity of binding was further evaluated with henipavirus G-specific sera and MAbs. Sera from henipavirus-seropositive animals differentially blocked ephrin-B2 binding, suggesting that detection and differentiation of HeV and NiV neutralizing antibodies can be done simultaneously in the absence of live virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17292974j��Bossart, Katharine N
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Viruses/*classification/genetics���Mar 1¸��The role that bats have played in the emergence of several new infectious diseases has been under review. Bats have been identified as the reservoir hosts of newly emergent viruses such as Nipah virus, Hendra virus, and severe acute respiratory syndrome-like coronaviruses. This article expands on recent findings about bats and viruses and their relevance to human infections. It briefly reviews the history of chiropteran viruses and discusses their emergence in the context of geography, phylogeny, and ecology. The public health and trade impacts of several outbreaks are also discussed. Finally, we attempt to predict where, when, and why we may see the emergence of new chiropteran viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17278066L��Halpin, Kim
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*Viral Interference���Feb<��Nipah virus (NiV) and Hendra virus (HeV) are newly identified members of the family Paramyxoviridae and have been classified in the new genus Henipavirus based on unique genetic characteristics distinct from other paramyxoviruses. Transgenic cell lines were generated that expressed either the attachment protein (G) or the fusion protein (F) of NiV. Functional expression of NiV F and G was verified by complementation with the corresponding glycoprotein, which resulted in the development of syncytia. When exposed to NiV and HeV, expression of NiV G in Crandall feline kidney cells resulted in a qualitative inhibition of both cytopathic effect (CPE) and cell death by both viruses. RT-PCR analysis of surviving exposed cells showed a complete absence of viral positive-sense mRNA and genomic negative-sense viral RNA. Cells expressing NiV G were also unable to fuse with cells co-expressing NiV F and G in a fluorescent fusion inhibition assay. Cell-surface staining for the cellular receptors for NiV and HeV (ephrin-B2 and ephrin-B3) indicated that they were located on the surface of cells, regardless of NiV G expression or infection by NiV. These results indicated that viral interference can be established for henipaviruses and requires only the expression of the attachment protein, G. Furthermore, it was found that this interference probably occurs at the level of virus entry, as fusion was not observed in cells expressing NiV G. Finally, expression of NiV G by either transient transfection or NiV infection did not alter the cell-surface levels of the two known viral receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/17251577É��Sawatsky, Bevan
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Virus Assembly���Jan 4×��BACKGROUND: Nipah virus (NiV) is an emerging paramyxovirus distinguished by its ability to cause fatal disease in both animal and human hosts. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the Paramyxoviridae family. NiV and HeV are also restricted to Biosafety Level-4 containment and this has hampered progress towards examining details of their replication and morphogenesis. Here, we have established recombinant expression systems to study NiV particle assembly and budding through the formation of virus-like particles (VLPs). RESULTS: When expressed by recombinant Modified Vaccinia virus Ankara (rMVA) or plasmid transfection, individual NiV matrix (M), fusion (F) and attachment (G) proteins were all released into culture supernatants in a membrane-associated state as determined by sucrose density gradient flotation and immunoprecipitation. However, co-expression of F and G along with M revealed a shift in their distribution across the gradient, indicating association with M in VLPs. Protein release was also altered depending on the context of viral proteins being expressed, with F, G and nucleocapsid (N) protein reducing M release, and N release dependent on the co-expression of M. Immunoelectron microscopy and density analysis revealed VLPs that were similar to authentic virus. Differences in the budding dynamics of NiV proteins were also noted between rMVA and plasmid based strategies, suggesting that over-expression by poxvirus may not be appropriate for studying the details of recombinant virus particle assembly and release. CONCLUSION: Taken together, the results indicate that NiV M, F, and G each possess some ability to bud from expressing cells, and that co-expression of these viral proteins results in a more organized budding process with M playing a central role. These findings will aid our understanding of paramyxovirus particle assembly in general and could help facilitate the development of a novel vaccine approach for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17204159b��Patch, Jared R
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Middleton, D.���20070��Targeted strategies for henipavirus therapeutics���14-25���Open Virol J���1"��Hendra and Nipah viruses are related emergent paramyxoviruses that infect and cause disease in animals and humans. Disease manifests as a generalized vasculitis affecting multiple organs, but is the most severe in the respiratory and central nervous systems. The high case fatality and person-to-person transmission associated with the most recent NiV outbreaks, and the recent re-emergence of HeV, emphasize the importance and necessity of effective therapeutics for these novel agents. In recent years henipavirus research has revealed a more complete understanding of pathogenesis and, as a consequence, viable approaches towards vaccines and therapeutics have emerged. All strategies target early steps in viral replication including receptor binding and membrane fusion. Animal models have been developed, some of which may prove more valuable than others for evaluating the efficacy of therapeutic agents and regimes. Assessments of protective host immunity and drug pharmacokinetics will be crucial to the further advancement of therapeutic compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/19440455¯��Bossart, Katharine N
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*Zoonoses���Wintery��Bats classified in the order Chiroptera are the most abundant and widely distributed non-human mammalian species in the world. Several bat species are reservoir hosts of zoonotic viruses and therefore can be a public health hazard. Lyssaviruses of different genotypes have emerged from bats in America (Genotype 1 rabies virus; RABV), Europe (European bat lyssavirus; EBLV), and Australia (Australian bat lyssavirus; ABLV), whereas Nipah virus is the most important recent zoonosis of bat origin in Asia. Furthermore, some insectivorous bat species may be important reservoirs of SARS coronavirus, whereas Ebola virus has been detected in some megachiropteran fruit bats. Thus far, European bat lyssavirus (EBLV) is the only zoonotic virus that has been detected in bats in Europe. New zoonotic viruses may emerge from bat reservoirs and known ones may spread to a wider geographical range. To assess future threats posed by zoonotic viruses of bats, there is a need for accurate knowledge of the factors underlying disease emergence, for an effective surveillance programme, and for a rapid response system. In Europe, primary efforts should be focussed on the implementation of effective passive and active surveillance systems for EBLVs in the Serotine bat, Eptesicus serotinus, and Myotis species (i.e., M. daubentonii and M. dasycneme). Apart from that, detection methods for zoonotic viruses that may emerge from bats should be implemented. Analyses of data from surveillance studies can shed more light on the dynamics of bat viruses, (i.e., population persistence of viruses in bats). Subsequently, studies will have to be performed to assess the public health hazards of such viruses (i.e., infectivity and risk of infection to people). With the knowledge generated from this kind of research, a rapid response system can be set up to enhance public health awareness of emerging zoonotic viruses of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/17187565¥��van der Poel, Wim H M
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Reverse Transcriptase Polymerase Chain Reaction/*methods���Apr���A method for duplex nested RT-PCR (nRT-PCR) with internal control (IC) for the detection of Nipah virus RNA is described. Incorporation of IC RNA distinguished false and true negative results. The extrinsic RNA was added directly to the PCR master mix and co-amplified with virus specific RNA in a duplex reaction to determine the presence of PCR inhibitor. Limit of detection was affected minimally when IC was added. Of 53 pooled urine samples collected from fruit bats (Pteropus lylei), 16 were validated by the presence of IC band on gel electrophoresis. Seven of these were also Nipah virus RNA positive. The remaining 37 samples were considered invalid. Twenty-two urine samples became valid after dilution of 1:5 and re-examined; two were Nipah virus RNA positive. These nine positive results were confirmed by sequencing of heminested PCR products. The result indicated that at least two different Nipah strains circulated in this bat species from Thailand. This method should be useful for surveillance for Nipah virus infection in animals in a country where a biosecurity level (BSL) 4 laboratory is not available. PCR inhibitors were present in a significant number of bat urine samples. The technique described in this study should improve reliability of surveillance statistics.,��https://www.ncbi.nlm.nih.gov/pubmed/17184850Ñ��Wacharapluesadee, Supaporn
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Virus Replicationh��Nipah virus (NiV) is an emergent zoonotic paramyxovirus. The L proteins of most paramyxoviruses contain a GDNQ motif, thought to be part of the catalytic site for polymerase activity. Conversely, NiV L has GDNE in this position. We substituted the E residue with eight different amino acid residues and examined the effect on L function in an in vitro replication assay. Our results demonstrated that NiV L functioned with similar efficiency with either GDNE or GDNQ, but polymerase activity was severely reduced or abolished when a structurally destabilising residue (such as K, P or G) was introduced at this site.,��https://www.ncbi.nlm.nih.gov/pubmed/17143779º��Magoffin, D E
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Viral Vaccines/*immunology���Oct���We investigated the antibody response of DNA immunization with two mammalian codon optimized envelope glycoprotein genes, F and G, of Nipah virus in a mouse model. The results indicated that G gene immunization elicited more significant specific serum IgG response and neutralization antibody response than F gene did, suggesting that the G gene DNA immunization is a potential vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17135518Ì��Wang, Xijun
Ge, Jinying
Hu, Sen
Wang, Qinghua
Wen, Zhiyun
Chen, Hualan
Bu, Zhigao
eng
Research Support, Non-U.S. Gov't
2006/12/01 09:00
Ann N Y Acad Sci. 2006 Oct;1081:243-5. doi: 10.1196/annals.1373.029.%��0077-8923 (Print)
0077-8923 (Linking)���17135518���National Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural Science, Harbin 150001, P.R. China.���10.1196/annals.1373.029���6��üÚtÿï?Z���	��Nipah, R.���2006I��Statins and outcomes in patients with pneumonia: not the best combination���1124���BMJ���333���7578���Community-Acquired Infections/*drug therapy
Humans
Hydroxymethylglutaryl-CoA Reductase Inhibitors/*therapeutic use
Pneumonia, Bacterial/*drug therapy���Nov 25,��https://www.ncbi.nlm.nih.gov/pubmed/17124238|��Nipah, Robert
eng
Comment
Letter
England
2006/11/25 09:00
BMJ. 2006 Nov 25;333(7578):1124. doi: 10.1136/bmj.39038.505012.1F.*��1756-1833 (Electronic)
0959-8138 (Linking)
��PMC1661768���17124238���10.1136/bmj.39038.505012.1F���
��üÒ|ÿî?[������Juozapaitis, M.
Serva, A.
Zvirbliene, A.
Slibinskas, R.
Staniulis, J.
Sasnauskas, K.
Shiell, B. J.
Wang, L. F.
Michalski, W. P.���2007Q��Generation of henipavirus nucleocapsid proteins in yeast Saccharomyces cerevisiae���95-102	��Virus Res���124���1-2���Amino Acid Sequence
Animals
Antibodies, Viral/blood
Centrifugation, Density Gradient
Chiroptera
Cloning, Molecular
Gene Expression
Genes, Viral
Genetic Vectors
Henipavirus/*genetics/immunology
Henipavirus Infections/immunology
Horses
Humans
Mass Spectrometry
Microscopy, Electron, Transmission
Nucleocapsid Proteins/*biosynthesis/genetics/isolation & purification
Recombinant Proteins/biosynthesis/genetics/isolation & purification
Saccharomyces cerevisiae/genetics/*metabolism
Sequence Alignment
Swine
Virosomes/ultrastructure���MarO��Hendra and Nipah viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the family Paramyxoviridae. Currently these viruses are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genes encoding HeV and NiV nucleocapsid proteins were cloned into the yeast Saccharomyces cerevisiae expression vector pFGG3 under control of GAL7 promoter. A high level of expression of these proteins (18-20 mg l(-1) of yeast culture) was obtained. Mass spectrometric analysis confirmed the primary structure of both proteins with 92% sequence coverage obtained using MS/MS analysis. Electron microscopy demonstrated the assembly of typical herring-bone structures of purified recombinant nucleocapsid proteins, characteristic for other paramyxoviruses. The nucleocapsid proteins revealed stability in yeast and can be easily purified by cesium chloride gradient ultracentrifugation. HeV nucleocapsid protein was detected by sera derived from fruit bats, humans, horses infected with HeV, and NiV nucleocapsid protein was immunodetected with sera from, fruit bats, humans and pigs. The development of an efficient and cost-effective system for generation of henipavirus nucleocapsid proteins might help to improve reagents for diagnosis of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17123657E��Juozapaitis, Mindaugas
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Zoonoses/transmission/virology���Nov 20Ï��A veterinarian became infected with Hendra virus (HeV) after managing a terminally ill horse and performing a limited autopsy with inadequate precautions. Although she was initially only mildly ill, serological tests suggested latent HeV infection. Nevertheless, she remains well 2 years after her initial illness. Recently emerged zoonotic viruses, such as HeV, necessitate appropriate working procedures and personal protective equipment in veterinary practice.,��https://www.ncbi.nlm.nih.gov/pubmed/17115969Ð��Hanna, Jeffrey N
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Viral Proteins/*genetics/metabolism/*physiology���Decï��The V protein of the paramyxovirus Nipah virus (NiV) has been shown to antagonize the interferon (IFN) response in human cells via sequestration of STAT1 and STAT2. This study describes a mutant of the NiV V protein, referred to as V(AAHL), that is unable to antagonize IFN signalling and demonstrates that a single amino acid substitution is responsible for its inactivity. The molecular basis for this was identified as a failure to interact with STAT1 and STAT2. It was also shown that NiV V, but not V(AAHL), was functional as an IFN antagonist in human, monkey, rabbit, dog, horse, pig and bat cells, which suggests that the ability of NiV to block IFN signalling is not a major constraint that prevents this virus from crossing species barriers.,��https://www.ncbi.nlm.nih.gov/pubmed/17098981Ñ��Hagmaier, Kathrin
Stock, Nicola
Goodbourn, Steve
Wang, Lin-Fa
Randall, Richard
eng
Research Support, Non-U.S. Gov't
England
2006/11/14 09:00
J Gen Virol. 2006 Dec;87(Pt 12):3649-53. doi: 10.1099/vir.0.82261-0.%��0022-1317 (Print)
0022-1317 (Linking)
��PMC2884973���17098981e��Centre for Biomolecular Sciences, University of St Andrews, The North Haugh, St Andrews KY16 9ST, UK.���10.1099/vir.0.82261-0��
��üÒtÿî?^���J��Yoneda, M.
Guillaume, V.
Ikeda, F.
Sakuma, Y.
Sato, H.
Wild, T. F.
Kai, C.���2006,��Establishment of a Nipah virus rescue system���16508-13���Proc Natl Acad Sci U S A���103���44���Animals
Cell Line
Cercopithecus aethiops
Cricetinae
Ephrin-B2/genetics/metabolism
Henipavirus Infections/genetics/metabolism/*pathology/*virology
Humans
Nipah Virus/pathogenicity/*physiology
Plasmids/genetics
Rats
Recombinant Proteins/genetics/metabolism
Survival Rate
Virus Replication���Oct 31O��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans and incurred a high fatality rate in humans. Fruit bats, living in vast areas extending from India to the western Pacific, were identified as the natural reservoir of the virus. However, the mechanisms that resulted in severe pathogenicity in humans (up to 70% mortality) and that enabled crossing the species barrier were not known. In this study, we established a system that enabled the rescue of replicating NiVs from a cloned DNA by cotransfection of a constructed full-length cDNA clone and supporting plasmids coding virus nucleoprotein, phosphoprotein, and polymerase with the infection of the recombinant vaccinia virus, MVAGKT7, expressing T7 RNA polymerase. The rescued NiV (rNiV), by using the newly developed reverse genetics system, showed properties in vitro that were similar to the parent virus and retained the severe pathogenicity in a previously established animal model by experimental infection. A recombinant NiV was also developed, expressing enhanced green fluorescent protein (rNiV-EGFP). Using the virus, permissibility of NiV was compared with the presence of a known cellular receptor, ephrin B2, in a number of cell lines of different origins. Interestingly, two cell lines expressing ephrin B2 were not susceptible for rNiV-EGFP, indicating that additional factors are clearly required for full NiV replication. The reverse genetics for NiV will provide a powerful tool for the analysis of the molecular mechanisms of pathogenicity and cross-species infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17053073���Yoneda, Misako
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Zoonoses/epidemiology/transmission/*virology���Mar-Apr(��Amongst the 60 viral species reported to be associated with bats, 59 are RNA viruses, which are potentially important in the generation of emerging and re-emerging infections in humans. The prime examples of these are the lyssaviruses and Henipavirus. The transmission of Nipah, Hendra and perhaps SARS coronavirus and Ebola virus to humans may involve intermediate amplification hosts such as pigs, horses, civets and primates, respectively. Understanding of the natural reservoir or introductory host, the amplifying host, the epidemic centre and at-risk human populations are crucial in the control of emerging zoonosis. The association between the bat coronaviruses and certain lyssaviruses with particular bat species implies co-evolution between specific viruses and bat hosts. Cross-infection between the huge number of bat species may generate new viruses which are able to jump the trans-mammalian species barrier more efficiently. The currently known viruses that have been found in bats are reviewed and the risks of transmission to humans are highlighted. Certain families of bats including the Pteropodidae, Molossidae, Phyllostomidae, and Vespertilionidae are most frequently associated with known human pathogens. A systematic survey of bats is warranted to better understand the ecology of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17042030º��Wong, Samson
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Viral Envelope Proteins/*genetics/immunology/metabolism���Aug���The mammalian condon optimized G gene was synthesized by over-lapping PCR and used to generate recombinant vaccinia virus, rWR-NiV-G. The expression of Nipah virus G protein in rWR-NiV-G infected HeLa cells was confirmed by western-blot with NiV G protein specific mouse antiserum generated by DNA immunization.The recombinant G protein showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect florescence. Syncytium formation was induced in BHK cells by rWR-NiV-G infection following NiV F protein expressing plasmid pCAGG-NiV-F transfection. Immunization with rWR-NiV-G elicited G protein specific antibody responses in mice. The prokaryotic expressing G protein fragment showed sensitive and specific antigenic reaction to NiV G protein specific antibody from rWR-NiV-G immunized mice serum in indirect ELISA. Furthermore, the G protein specific antibodies could neutralize the infectivity of the recombinant Vesicular Stomatitis Virus pseudotype VSVAG * F/G, in which the VSV envelope protein G gene was replaced with the green fluorescent protein gene (VSVAG * G, Whitt MA) and complemented with Nipah virus F and G glycoprotein expressed in transient (VSVAG * F/G).The results here demonstrated the G protein expressed by rWR-NiV-G keeps native immunogenicity and biological activity. The recombinant virus could be promising vaccine strategy for the prevention of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17037071���Wang, Xi-jun
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Viral Vaccines/*immunology���Dece��Nipah virus (NiV) and Hendra virus (HeV) are paramyxoviruses capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. Case reports from outbreaks and previous challenge experiments have suggested that cats were highly susceptible to NiV infection, responding with a severe respiratory disease and systemic infection. Here we have assessed the cat as a model of experimental NiV infection and use it in the evaluation of a subunit vaccine comprised of soluble G glycoprotein (sG). Two groups of two adult cats each were inoculated subcutaneously with either 500 or 5,000 50% tissue culture infective dose(s) (TCID(50)) of NiV. Animals were monitored closely for disease onset, and extensive analysis was conducted on samples and tissues taken during infection and at necropsy to determine viral load and tissue tropism. All animals developed clinical disease 6 to 9 days postinfection, a finding consistent with previous observations. In a subsequent experiment, two cats were immunized with HeV sG and two were immunized with NiV sG. Homologous serum neutralizing titers were greater than 1:20,000, and heterologous titers were greater than 1:20,000 to 16-fold lower. Immunized animals and two additional naive controls were then challenged subcutaneously with 500 TCID(50) of NiV. Naive animals developed clinical disease 6 to 13 days postinfection, whereas none of the immunized animals showed any sign of disease. TaqMan PCR analysis of samples from naive animals revealed considerable levels of NiV genome in a wide range of tissues, whereas the genome was evident in only two immunized cats in only four samples and well below the limit of accurate detection. These results indicate that the cat provides a consistent model for acute NiV infection and associated pathogenesis and an effective subunit vaccine strategy appears achievable.,��https://www.ncbi.nlm.nih.gov/pubmed/17005664ã��Mungall, Bruce A
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Virion/genetics/*physiology���Decª��Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.,��https://www.ncbi.nlm.nih.gov/pubmed/17005661Å��Ciancanelli, Michael J
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Optics and Photonics/instrumentation���Oct���Global biosecurity threats such as the spread of emerging infectious diseases (i.e., avian influenza, SARS, Hendra, Nipah, etc.) and bioterrorism have generated significant interest in recent years. There is considerable effort directed towards understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool which have the potential to detect the outbreak of a virus and/or disease. Although there is a host of technologies available, either commercially or in the scientific literature, the development of biosensors for the detection of emerging infectious diseases (EIDs) is still in its infancy. There is no doubt that the glucose biosensor, the gene chip, the protein chip, etc. have all played and are still playing a significant role in monitoring various biomolecules. Can biosensors play an important role for the detection of emerging infectious diseases? What does the future hold and which biosensor technology platform is suitable for the real-time detection of infectious diseases? These and many other questions will be addressed in this review. The purpose of this review is to present an overview of biosensors particularly in relation to EIDs. It provides a synopsis of the various types of biosensor technologies that have been used to detect EIDs, and describes some of the technologies behind them in terms of transduction and bioreceptor principles.,��https://www.ncbi.nlm.nih.gov/pubmed/17003853Á��Pejcic, Bobby
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cdc42 GTP-Binding Protein/chemistry���Dec 1Â��Many proteins expressed in Escherichia coli cells form inclusion bodies that are neither refoldable nor soluble in buffers. Very surprisingly, we recently discovered that all 11 buffer-insoluble protein fragments/domains we have, with a great diversity of cellular function, location, and molecular size, could be easily solubilized in salt-free water. The circular dichroism (CD) and NMR characterization led to classification of these proteins into three groups: group 1, with no secondary structure by CD and with narrowly-dispersed but sharp (1)H-(15)N heteronuclear single quantum correlation (HSQC) peaks; group 2, with secondary structure by CD but with HSQC peaks broadened and, consequently, only a small set of peaks detectable; and group 3, with secondary structure by CD and also well-separated HSQC peaks. Intriguingly, we failed to find any protein with a tight tertiary packing. Therefore, we propose that buffer-insoluble proteins may lack intrinsic ability to reach or/and to maintain a well-packed conformation, and thus are trapped in partially-folded states with many hydrophobic side chains exposed to the bulk solvent. As such, a very low ionic strength is sufficient to screen out intrinsic repulsive interactions and, consequently, allow the hydrophobic clustering/aggregation to occur. Marvelously enough, it appears that in pure water, proteins have the potential to manifest their full spectrum of structural states by utilizing intrinsic repulsive interactions to suppress the attractive hydrophobic clustering. Our discovery not only gives a novel insight into the properties of insoluble proteins, but also sheds the first light that we know of on previously unknown regimes associated with proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16980357ø��Li, Minfen
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Virion/metabolism���Octµ��Hendra virus (HeV) is a recently identified paramyxovirus that is fatal in humans and could be used as an agent of bioterrorism. The HeV receptor-binding protein (G) is required in order for the fusion protein (F) to mediate fusion, and analysis of the triggering/activation of HeV F by G should lead to strategies for interfering with this key step in viral entry. HeV F, once triggered by the receptor-bound G, by analogy with other paramyxovirus F proteins, undergoes multistep conformational changes leading to a six-helix bundle (6HB) structure that accomplishes fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions (HRN and HRC) near the fusion peptide and the transmembrane domains, respectively. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing F, after the initial triggering step, from forming the 6HB structure that is required for fusion. HeV peptides have previously been found to be effective at inhibiting HeV fusion. However, we found that a human parainfluenza virus 3 F-peptide is more effective at inhibiting HeV fusion than the comparable HeV-derived peptide.,��https://www.ncbi.nlm.nih.gov/pubmed/16973588v��Porotto, M
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Time Factors
Virulence���Oct´��Canine distemper virus (CDV), a member of the Morbillivirus genus that also includes measles virus, frequently causes neurologic complications, but the routes and timing of CDV invasion of the central nervous system (CNS) are poorly understood. To characterize these events, we cloned and sequenced the genome of a neurovirulent CDV (strain A75/17) and produced an infectious cDNA that expresses the green fluorescent protein. This virus fully retained its virulence in ferrets: the course and signs of disease were equivalent to those of the parental isolate. We observed CNS invasion through two distinct pathways: anterogradely via the olfactory nerve and hematogenously through the choroid plexus and cerebral blood vessels. CNS invasion only occurred after massive infection of the lymphatic system and spread to the epithelial cells throughout the body. While at early time points, mostly immune and endothelial cells were infected, the virus later spread to glial cells and neurons. Together, the results suggest similarities in the timing, target cells, and CNS invasion routes of CDV, members of the Morbillivirus genus, and even other neurovirulent paramyxoviruses like Nipah and mumps viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16973542©��Rudd, Penny A
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Viral Fusion Proteins/*chemistry���Oct`��The Nipah and Hendra viruses are highly pathogenic paramyxoviruses that recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These characteristics have led to their classification into the new genus Henpavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. The fusion protein, an enveloped glycoprotein essential for viral entry, belongs to the family of class I fusion proteins and is characterized by the presence of two heptad repeat (HR) regions, HR1 and HR2. These two regions associate to form a fusion-active hairpin conformation that juxtaposes the viral and cellular membranes to facilitate membrane fusion and enable subsequent viral entry. The Hendra and Nipah virus fusion core proteins were crystallized and their structures determined to 2.2 A resolution. The Nipah and Hendra fusion core structures are six-helix bundles with three HR2 helices packed against the hydrophobic grooves on the surface of a central coiled coil formed by three parallel HR1 helices in an oblique antiparallel manner. Because of the high level of conservation in core regions, it is proposed that the Nipah and Hendra virus fusion cores can provide a model for membrane fusion in all paramyxoviruses. The relatively deep grooves on the surface of the central coiled coil represent a good target site for drug discovery strategies aimed at inhibiting viral entry by blocking hairpin formation.,��https://www.ncbi.nlm.nih.gov/pubmed/16972940é��Lou, Zhiyong
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Yolk Sac/virology���Aug-Oct���An isolate of Nipah virus was injected into fertile eggs via the allantoic cavity or yolk sac. Allantoic inoculation resulted in considerable pathological variation and only partial mortality. Dead embryos showed severe necrosis in the brain and congestion in the kidney and the subcutis of limbs. In contrast, yolk sac inoculation led to uniform infection and mortality, the dead embryos exhibiting the same lesions as those described above but without the subcutaneous congestion. Histological lesions in dead embryos inoculated by either route were similar and particularly severe in the central nervous system. Viral antigens were detected mainly in the vasculature and neurons. The results indicated that Nipah virus is highly pathogenic to chicken embryos, and that the route of inoculation is an important determinant of the course of disease. The findings also suggested that yolk sac inoculation can be used for viral titration, and that the chicken embryo represents a useful model for studying the vascular and neuronal tropisms of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16956618Í��Tanimura, N
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Swine
Swine Diseases/diagnosis/immunology/virology���Sepx��Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for human and swine sera and an IgM capture ELISA for human sera were established using the recombinant NiV-N protein as an antigen. One hundred thirty-three suspected patient sera and 16 swine sera were used to evaluate the newly established ELISA systems in comparison with the CDC inactivated-virus-based ELISA systems. For the human sera, the NiV-N protein-based indirect IgG ELISA had a sensitivity of 98.6% and a specificity of 98.4%, and the NiV-N protein-based IgM capture ELISA had a sensitivity of 91.7% and a specificity of 91.8%, with reference to the CDC ELISA systems. The NiV-N-based IgM ELISA was found to be more sensitive than the inactivated-virus-based ELISA in that it captured eight additional cases. For the swine sera, the two test systems were in 100% concordance. Our data indicate that the Nipah virus nucleocapsid protein is a highly immunogenic protein in human and swine infections and a good target for serodiagnosis. Our NiV-N protein-based ELISA systems are useful, safe, and affordable tools for diagnosis of Nipah virus infection and are especially fit to be used in large-scale epidemiological investigations and to be applied in developing countries.,��https://www.ncbi.nlm.nih.gov/pubmed/16954238w��Yu, Fuxun
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Sensitivity and Specificity���Nov���Most RNA positive controls currently used for monitoring the quality of RT-PCR assays have some disadvantages, such as instability, inability to monitor the quality of the relevant primers and/or causing indifferentiable false positives. To avoid these disadvantages, a simple method to prepare stable and differentiable RNA positive controls is now demonstrated with a real-time RT-PCR assay for the detection of Nipah virus (NiV). A DNA sequence which was shorter than its counterpart in the NiV genome and contained the binding sites of the primers of the RT-PCR assay was designed, synthesized and inserted into a vector, and then amplified by PCR with two vector-specific primers both of which contained a T7 promoter at the 5' terminal. The RNA positive control was the dsRNA in vitro transcribed from the PCR amplicons flanked by two T7 promoters. The RNA positive control was stable and able to monitor the quality of the whole concerned RT-PCR assay. False positives caused by contaminations of the RNA positive control or its amplicons could be easily identified because the amplicons of the RNA positive control were obviously shorter than those of real positive samples. Thus, the RNA positive control reported in this study avoided some common disadvantages of current RNA positive controls.,��https://www.ncbi.nlm.nih.gov/pubmed/16912918?��Chen, Ji-Ming
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Ventilator Weaning/*methods���Oct£��OBJECTIVE: Weaning predictors are often incorporated in protocols to predict weaning outcome for patients on mechanical ventilation. The predictors are used as a decision point in protocols to determine whether a patient may advance to a spontaneous breathing trial. The impact of including predictors in a weaning protocol has not been previously studied. We designed a study to determine the effect of including a weaning predictor (frequency-tidal volume ratio, or f/Vt) in a weaning protocol. DESIGN: Randomized, blinded controlled trial. SETTING: Academic teaching hospitals. PATIENTS: Three hundred and four patients admitted to intensive care units at three academic teaching hospitals. INTERVENTIONS: Patients were screened daily for measures of oxygenation, cough and secretions, adequate mental status, and hemodynamic stability. Patients were randomized to two groups; in one group the f/Vt was measured but not used in the decision to wean (n = 151), but in the other group, f/Vt was measured and used, using a threshold of 105 breaths/min/L (n = 153). Patients passing the screen received a 2-hr spontaneous breathing trial. Patients passing the spontaneous breathing trial were eligible for an extubation attempt. MEASUREMENTS AND MAIN RESULTS: Groups were similar with regard to gender, age, and Acute Physiology and Chronic Health Evaluation II score. The median duration for weaning time was significantly shorter in the group where the weaning predictor was not used (2.0 vs. 3.0 days, p = .04). There was no difference with regard to the extubation failure, in-hospital mortality rate, tracheostomy, or unplanned extubation. CONCLUSIONS: Including a weaning predictor (f/Vt) in a protocol prolonged weaning time. In addition, the predictor did not confer survival benefit or reduce the incidence of extubation failure or tracheostomy. The results of this study indicate that f/Vt should not be used routinely in weaning decision making.,��https://www.ncbi.nlm.nih.gov/pubmed/16878032���Tanios, Maged A
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Virus Shedding���Aug���Nipah virus (NiV), of the family Paramyxoviridae, was isolated in 1999 in Malaysia from a human fatality in an outbreak of severe human encephalitis, when human infections were linked to transmission of the virus from pigs. Consequently, a swine vaccine able to abolish virus shedding is of veterinary and human health interest. Canarypox virus-based vaccine vectors carrying the gene for NiV glycoprotein (ALVAC-G) or the fusion protein (ALVAC-F) were used to intramuscularly immunize four pigs per group, either with 10(8) PFU each or in combination. Pigs were boosted 14 days postvaccination and challenged with 2.5 x 10(5) PFU of NiV two weeks later. The combined ALVAC-F/G vaccine induced the highest levels of neutralization antibodies (2,560); despite the low neutralizing antibody levels in the F vaccinees (160), all vaccinated animals appeared to be protected against challenge. Virus was not isolated from the tissues of any of the vaccinated pigs postchallenge, and a real-time reverse transcription (RT)-PCR assay detected only small amounts of viral RNA in several samples. In challenge control pigs, virus was isolated from a number of tissues (10(4.4) PFU/g) or detected by real-time RT-PCR. Vaccination of the ALVAC-F/G vaccinees appeared to stimulate both type 1 and type 2 cytokine responses. Histopathological findings indicated that there was no enhancement of lesions in the vaccinees. No virus shedding was detected in vaccinated animals, in contrast to challenge control pigs, from which virus was isolated from the throat and nose (10(2.9) PFU/ml). Based on the data presented, the combined ALVAC-F/G vaccine appears to be a very promising vaccine candidate for swine.,��https://www.ncbi.nlm.nih.gov/pubmed/16873250}��Weingartl, Hana M
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Henipavirus Ecology Research, Group���20060��Feral cats and risk for Nipah virus transmission���1178-9���Emerg Infect Dis���12���7���Animals
Cats/*virology
Chiroptera/virology
Henipavirus Infections/*transmission/*virology
Malaysia
Nipah Virus/*isolation & purification���Jul,��https://www.ncbi.nlm.nih.gov/pubmed/16848051���Epstein, Jonathan H
Abdul Rahman, Sohayati
Zambriski, Jennifer A
Halpin, Kim
Meehan, Greer
Jamaluddin, Abdul Aziz
Hassan, Sharifah Syed
Field, Hume E
Hyatt, Alex D
Daszak, Peter
eng
R01 TW005869/TW/FIC NIH HHS/
R01-TW05869/TW/FIC NIH HHS/
Letter
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2006/07/20 09:00
Emerg Infect Dis. 2006 Jul;12(7):1178-9. doi: 10.3201/eid1207.050799.%��1080-6040 (Print)
1080-6040 (Linking)
��PMC3291044���16848051���10.3201/eid1207.050799�������üÒtÿî?n���Z��Guillaume, V.
Aslan, H.
Ainouze, M.
Guerbois, M.
Wild, T. F.
Buckland, R.
Langedijk, J. P.���2006Ð��Evidence of a potential receptor-binding site on the Nipah virus G protein (NiV-G): identification of globular head residues with a role in fusion promotion and their localization on an NiV-G structural model���7546-54���J Virol���80���15¯��Amino Acid Sequence
Animals
Antibodies, Monoclonal/metabolism
Binding Sites
CHO Cells
Cercopithecus aethiops
Cricetinae
Cricetulus
Ephrin-B2/genetics/metabolism
Humans
Membrane Fusion/*physiology
*Models, Molecular
Molecular Sequence Data
Mutation/genetics
Nipah Virus/*physiology
Receptors, Cell Surface/chemistry/genetics/*metabolism
Sequence Homology, Amino Acid
Vero Cells
Viral Envelope Proteins/chemistry/genetics/*metabolism���Aug§��As a preliminary to the localization of the receptor-binding site(s) on the Nipah virus (NiV) glycoprotein (NiV-G), we have undertaken the identification of NiV-G residues that play a role in fusion promotion. To achieve this, we have used two strategies. First, as NiV and Hendra virus (HeV) share a common receptor and their cellular tropism is similar, we hypothesized that residues functioning in receptor attachment could be conserved between their respective G proteins. Our initial strategy was to target charged residues (which can be expected to be at the surface of the protein) conserved between the NiV-G and HeV-G globular heads. Second, we generated NiV variants that escaped neutralization by anti-NiV-G monoclonal antibodies (MAbs) that neutralize NiV both in vitro and in vivo, likely by blocking receptor attachment. The sequencing of such "escape mutants" identified NiV-G residues present in the epitopes to which the neutralizing MAbs are directed. Residues identified via these two strategies whose mutation had an effect on fusion promotion were localized on a new structural model for the NiV-G protein. Our results suggest that seven NiV-G residues, including one (E533) that was identified using both strategies, form a contiguous site on the top of the globular head that is implicated in ephrinB2 binding. This site commences near the shallow depression in the center of the top surface of the globular head and extends to the rim of the barrel-like structure on the top loops of beta-sheet 5. The topology of this site is strikingly similar to that proposed to form the SLAM receptor site on another paramyxovirus attachment protein, that of the measles virus hemagglutinin.,��https://www.ncbi.nlm.nih.gov/pubmed/16840334ï��Guillaume, Vanessa
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Virus Replication/physiology���Augì��Nipah virus infection of porcine stable kidney cells (PS), human neuronal cells (SK-N-MC), human lung fibroblasts cells (MRC-5), and human monocytes (THP-1) were examined. Rapid progression of cytopathic effects (CPE) and cell death were noted in PS cell cultures treated with Nipah virus, followed by MRC-5, SK-N-MC, and THP-1 cell cultures, in descending order of rapidity. Significant increase in the intracellular Nipah virus RNA occurred beginning at 24 hr PI in all the infected cells. Whereas, the extracellular release of Nipah virus RNA increased significantly beginning at 48 and 72 hr PI for the infected MRC-5 cells and PS cells, respectively. No significant release of extracellular Nipah virus RNA was detected from the Nipah virus-infected SK-N-MC and THP-1 cells. At its peak, approximately 6.6 log PFU/microl of extracellular Nipah virus RNA was released from the Nipah virus-infected PS cells, with at least a 100-fold less virus RNA was recorded in the Nipah virus-infected SK-N-MC and THP-1. Approximately 15.2% (+/-0.1%) of the released virus from the infected PS cell cultures was infectious in contrast to approximately 5.5% (+/-0.7%) from the infected SK-N-MC cells. The findings suggest that there are no differences in the capacity to support Nipah virus replication between pigs and humans in fully susceptible PS and MRC-5 cells. However, there are differences between these cells and human neuronal cells and monocytes in the ability to support Nipah virus replication and virus release.,��https://www.ncbi.nlm.nih.gov/pubmed/16789019µ��Chang, Li-Yen
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*Virus Replication���Jun 19;��BACKGROUND: Nipah virus is a zoonotic virus isolated from an outbreak in Malaysia in 1998. The virus causes infections in humans, pigs, and several other domestic animals. It has also been isolated from fruit bats. The pathogenesis of Nipah virus infection is still not well described. In the present study, Nipah virus replication kinetics were estimated from infection of African green monkey kidney cells (Vero) using the one-step SYBR Green I-based quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) assay. RESULTS: The qRT-PCR had a dynamic range of at least seven orders of magnitude and can detect Nipah virus from as low as one PFU/microL. Following initiation of infection, it was estimated that Nipah virus RNA doubles at every approximately 40 minutes and attained peak intracellular virus RNA level of approximately 8.4 log PFU/microL at about 32 hours post-infection (PI). Significant extracellular Nipah virus RNA release occurred only after 8 hours PI and the level peaked at approximately 7.9 log PFU/microL at 64 hours PI. The estimated rate of Nipah virus RNA released into the cell culture medium was approximately 0.07 log PFU/muL per hour and less than 10% of the released Nipah virus RNA was infectious. CONCLUSION: The SYBR Green I-based qRT-PCR assay enabled quantitative assessment of Nipah virus RNA synthesis in Vero cells. A low rate of Nipah virus extracellular RNA release and low infectious virus yield together with extensive syncytial formation during the infection support a cell-to-cell spread mechanism for Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16784519¸��Chang, Li-Yen
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*Nipah Virus���Apr_��BACKGROUND & OBJECTIVE: The viral encephalitides caused by animal or human viruses are characterized by sudden outbreaks of neurological disease in both tropical and temperate regions. An outbreak of acute encephalitis occurred in Siliguri (West Bengal) town of India between January 31 and February 23, 2001. This outbreak was investigated by a team of scientists from four major institutions, and the findings are presented here. METHODS: Detailed information about the outbreak was collected with the help of local health authorities. Limited entomological investigations were also done. Samples collected from cases and contacts were sent for analysis. RESULTS: A total of 66 probable cases and 45 deaths were reported. Epidemiological linkages between cases point towards person-to-person transmission and incubation period of around 10 days. There was neither any concurrent illness in animals nor was there any exposure of cases to animals. Centres for Disease Control and Prevention, Atlanta, USA concluded on the basis of tests carried out on serum specimen from four cases and two contacts that the causative pathogen appears to be Nipah/ Hendra or closely related virus. INTERPRETATION & CONCLUSION: This outbreak highlights the importance and urgency of establishing a strong surveillance system supported by a network of state-of-the-art laboratories equipped to handle and diagnose new pathogens and including patient isolation techniques, use of personal protective equipment, barrier nursing and safe disposal of potentially infected material in the prevention and control measures for Nipah/Hendra virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16783047���Harit, A K
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*Zoonoses���Apr���Zoonosis is the cause of the vast majority of emerging diseases. Bats that occupy the second place in the mammal class play an important role. Whether they belong to the microchiroptera suborder or to the megachiroptera suborder, bats on all five continents have been implicated in transmission of numerous pathogens including not only viruses such as Lyssavirus (e.g. rabies), Hepanivirus (e.g. Hendra and Nipah virus) and recently coronavirus (e.g. SARS-like coronavirus and Ebola virus) but also fungus such as histoplasmosis. By modifying environmental conditions and encroaching on their biotope, human intervention has probably contributed to the introduction of chiropteras into an epidemiologic chain in which they previously had no place, thus promoting the emergence of new pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16775933|��Hance, P
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Sensitivity and Specificity���Sepü��The indirect ELISA is a simple and useful method for detection of pathogen-specific antibodies in animal sera. However, non-specific or background binding is often a problem, especially when recombinant proteins from Escherichia coli are used. In this study, a comparative indirect ELISA in which the total reactivity and the background binding were determined simultaneously on the same ELISA plate was reported. The background was determined by incubation of the test sera with excess free antigen to block specific binding. The sample was considered positive only when its total reactivity reading was higher than a pre-determined cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Using this approach, an antibody assay for henipaviruses using a recombinant Nipah virus nucleocapsid protein expressed in E. coli was developed. A total of 919 negative serum samples were tested in this assay and the specificity was 95.8%. In addition, eight positive experimental serum samples all tested positive. The use of recombinant protein as the ELISA antigen, instead of inactivated virus antigens, will be of significant advantage for countries where there is no facility of Biosafety level 4 to handle this group of zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16769130,��Chen, Ji-Ming
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0037-1963 (Linking)���16631823m��Department of Medicine, Washington University School of Medicine, St Louis, MO 63110, USA. sstanley@wustl.edu"��10.1053/j.seminhematol.2006.02.004��	ù�üÓ|ÿþ?y������Lawrence, R. H.���20058��The role of lumbar puncture as a diagnostic tool in 2005���213-20���Crit Care Resusc���7���3���Sep���Analysis of cerebrospinal fluid (CSF) obtained by lumbar puncture (LP) is fundamental to the management of inflammatory disease of the central nervous system (CNS), particularly that due to infection. This review summarises the role of lumbar puncture, anatomy and pathophysiology of CSF, techniques of obtaining CSF, indications, contraindications and complications of LP, methods of analysis and some of the implications of specific changes in CSF. The CNS is protected by unique immunological barriers, and has some unique responses to processes that breach these barriers. While clues in the epidemiology, history and clinical features of potential CNS inflammatory disease may be important in guiding early empirical treatment which may obviate adverse outcomes, many pathological processes cannot be distinguished or appropriately treated without analysis of CSF. When appropriate assessments are made of the indications, risks and potential to alter management, LP is a relatively safe procedure with a high diagnostic yield. Optimal performance and use of LP requires individual skill and judgment, and often benefits from close liaison with several disciplines, including emergency, intensive care, diagnostic laboratory, clinical imaging, neurology and infectious/ communicable diseases specialists. Understanding of the sensitivity, specificity and variation of CSF testing is critical to its effective use. Some CSF testing is sensitive, specific and timely, but other CNS disease processes will generate obscure and ambiguous results, and interpretation may benefit from liaison with experienced specialists in several fields. Polymerase chain reaction (PCR) testing has changed the practice of LP and is likely to generate further evolution. Some findings on CSF analysis may have implications beyond the individual patient - the consequences of the diagnosis of meningococcal meningitis, emerging pathogens such as West Nile virus or Nipah virus, and the identification of anthrax meningitis in the USA may be quite profound on both a local and global scale.,��https://www.ncbi.nlm.nih.gov/pubmed/16545048T��Lawrence, R H
eng
Australia
2006/03/21 09:00
Crit Care Resusc. 2005 Sep;7(3):213-20.%��1441-2772 (Print)
1441-2772 (Linking)���16545048���Department of Immunology, Allergy and Infectious Diseases, St George Hospital and University of NSW, Sydney, NSW 2217, Australia r.Lawrence@unsw.edu.au.��
��üÚ|ÿÿ?z������Choi, C. Q.���2006���Going to bat���24, 24B���Sci Am���294���3���Animals
Chiroptera/*virology
*Disease Reservoirs
Hemorrhagic Fever, Ebola/transmission
Hendra Virus
Henipavirus Infections/transmission
Humans
Nipah Virus
SARS Virus
Severe Acute Respiratory Syndrome/transmission
Virus Diseases/prevention & control/*transmission���Mar,��https://www.ncbi.nlm.nih.gov/pubmed/16502604J��Choi, Charles Q
eng
News
2006/03/01 09:00
Sci Am. 2006 Mar;294(3):24, 24B.%��0036-8733 (Print)
0036-8733 (Linking)���16502604�������üÒ|ÿî?{���_��Schowalter, R. M.
Wurth, M. A.
Aguilar, H. C.
Lee, B.
Moncman, C. L.
McCann, R. O.
Dutch, R. E.���2006T��Rho GTPase activity modulates paramyxovirus fusion protein-mediated cell-cell fusion���323-34���Virology���350���2Þ��Animals
Cell Fusion
Cercopithecus aethiops
Gene Fusion
Genes, Reporter
Paramyxoviridae/genetics/*physiology
Plasmids
Vero Cells
Viral Fusion Proteins/*physiology
Viral Proteins/genetics
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Tryptophan���Feb���EphrinB2 was recently discovered as a functional receptor for Nipah virus (NiV), a lethal emerging paramyxovirus. Ephrins constitute a class of homologous ligands for the Eph class of receptor tyrosine kinases and exhibit overlapping expression patterns. Thus, we examined whether other ephrins might serve as alternative receptors for NiV. Here, we show that of all known ephrins (ephrinA1-A5 and ephrinB1-B3), only the soluble Fc-fusion proteins of ephrinB3, in addition to ephrinB2, bound to soluble NiV attachment protein G (NiV-G). Soluble NiV-G bound to cell surface ephrinB3 and B2 with subnanomolar affinities (Kd = 0.58 nM and 0.06 nM for ephrinB3 and B2, respectively). Surface plasmon resonance analysis indicated that the relatively lower affinity of NiV-G for ephrinB3 was largely due to a faster off-rate (K(off) = 1.94 x 10(-3) s(-1) versus 1.06 x 10(-4) s(-1) for ephrinB3 and B2, respectively). EphrinB3 was sufficient to allow for viral entry of both pseudotype and live NiV. Soluble ephrinB2 and B3 were able to compete for NiV-envelope-mediated viral entry on both ephrinB2- and B3-expressing cells, suggesting that NiV-G interacts with both ephrinB2 and B3 via an overlapping site. Mutational analysis indicated that the Leu-Trp residues in the solvent exposed G-H loop of ephrinB2 and B3 were critical determinants of NiV binding and entry. Indeed, replacement of the Tyr-Met residues in the homologous positions in ephrinB1 with Leu-Trp conferred NiV receptor activity to ephrinB1. Thus, ephrinB3 is a bona fide alternate receptor for NiV entry, and two residues in the G-H loop of the ephrin B-class ligands are critical determinants of NiV receptor activity.,��https://www.ncbi.nlm.nih.gov/pubmed/16477309~��Negrete, Oscar A
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Viral Fusion Proteins/*metabolism���Mar 15���The Nipah virus fusion (F) protein is proteolytically processed to F1 + F2 subunits. We demonstrate here that cathepsin L is involved in this important maturation event. Cathepsin inhibitors ablated cleavage of Nipah F. Proteolytic processing of Nipah F and fusion activity was dramatically reduced in cathepsin L shRNA-expressing Vero cells. Additionally, Nipah virus F-mediated fusion was inhibited in cathepsin L-deficient cells, but coexpression of cathepsin L restored fusion activity. Both purified cathepsin L and B could cleave immunopurified Nipah F protein, but only cathepsin L produced products of the correct size. Our results suggest that endosomal cathepsins can cleave Nipah F, but that cathepsin L specifically converts Nipah F to a mature and fusogenic form.,��https://www.ncbi.nlm.nih.gov/pubmed/16460775Y��Pager, Cara Theresia
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Viral Fusion Proteins/immunology���FebØ��Nipah virus (NiV), a member of the Paramyxoviridae family, causes a zoonotic infection in which the reservoir, the fruit bat, may pass the infection to pigs and eventually to humans. In humans, the infection leads to encephalitis with >40 to 70% mortality. We have previously shown that polyclonal antibody directed to either one of two glycoproteins, G (attachment protein) or F (fusion protein), can protect hamsters from a lethal infection. In the present study, we have developed monoclonal antibodies (MAbs) to both glycoproteins and assessed their ability to protect animals against lethal NiV infection. We show that as little as 1.2 mug of an anti-G MAb protected animals, whereas more than 1.8 mug of anti-F MAb was required to completely protect the hamsters. High levels of either anti-G or anti-F MAbs gave a sterilizing immunity, whereas lower levels could protect against a fatal infection but resulted in an increase in anti-NiV antibodies starting 18 days after the viral challenge. Using reverse transcriptase PCR, the presence of NiV in the different organs could not be observed in MAb-protected animals. When the MAbs were given after infection, partial protection (50%) was observed with the anti-G MAbs when the animals were inoculated up to 24 h after infection, but administration of the anti-F MAbs protected some animals (25 to 50%) inoculated later during the infection. Our studies suggest that immunotherapy could be used for people who are exposed to NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/16439553Ý��Guillaume, V
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Viral Envelope Proteins/immunology���Jan�	�Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae. Each has a broad species tropism and can cause disease with high mortality in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) envelope glycoproteins (Envs). Seven Fabs, m101 to -7, were selected for their significant binding to a soluble form of Hendra G (sG) which was used as the antigen for panning of a large naive human antibody library. The selected Fabs inhibited, to various degrees, cell fusion mediated by the HeV or NiV Envs and virus infection. The conversion of the most potent neutralizer of infectious HeV, Fab m101, to immunoglobulin G1 (IgG1) significantly increased its cell fusion inhibitory activity: the 50% inhibitory concentration was decreased more than 10-fold to approximately 1 microg/ml. The IgG1 m101 was also exceptionally potent in neutralizing infectious HeV; complete (100%) neutralization was achieved with 12.5 microg/ml, and 98% neutralization required only 1.6 microg/ml. The inhibition of fusion and infection correlated with binding of the Fabs to full-length G as measured by immunoprecipitation and less with binding to sG as measured by enzyme-linked immunosorbent assay and Biacore. m101 and m102 competed with the ephrin-B2, which we recently identified as a functional receptor for both HeV and NiV, indicating a possible mechanism of neutralization by these antibodies. The m101, m102, and m103 antibodies competed with each other, suggesting that they bind to overlapping epitopes which are distinct from the epitopes of m106 and m107. In an initial attempt to localize the epitopes of m101 and m102, we measured their binding to a panel of 11 G alanine-scanning mutants and identified two mutants, P185A and Q191 K192A, which significantly decreased binding to m101 and one, G183, which decreased binding of m102 to G. These results suggest that m101 to -7 are specific for HeV or NiV or both and exhibit various neutralizing activities; they are the first human monoclonal antibodies identified against these viruses and could be used for treatment, prophylaxis, and diagnosis and as research reagents and could aid in the development of vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/16378991T��Zhu, Zhongyu
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Virulence���Dec&��Within the past decade a number of new zoonotic paramyxoviruses emerged from flying foxes to cause serious disease outbreaks in man and livestock. Hendra virus was the cause of fatal infections of horses and man in Australia in 1994, 1999 and 2004. Nipah virus caused encephalitis in humans both in Malaysia in 1998/99, following silent spread of the virus in the pig population, and in Bangladesh from 2001 to 2004 probably as a result of direct bat to human transmission and spread within the human population. Hendra and Nipah viruses are highly pathogenic in humans with case fatality rates of 40% to 70%. Their genetic constitution, virulence and wide host range make them unique paramyxoviruses and they have been given Biosecurity Level 4 status in a new genus Henipavirus within the family Paramyxoviridae. Recent studies on the virulence, host range and cell tropisms of henipaviruses provide insights into the unique biological properties of these emerging human pathogens and suggest approaches for vaccine development and therapeutic countermeasures.,��https://www.ncbi.nlm.nih.gov/pubmed/16375714}��Eaton, Bryan T
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Swine���OctC��Nipah virus is a recently emergent paramyxovirus that is capable of causing severe disease in both humans and animals. The first outbreak of Nipah virus occurred in Malaysia and Singapore in 1999 and, more recently, outbreaks were detected in Bangladesh. In humans, Nipah virus causes febrile encephalitis with respiratory syndrome that has a high mortality rate. The reservoir for Nipah virus is believed to be fruit bats, and humans are infected by contact with infected bats or by contact with an intermediate animal host such as pigs. Person to person spread of the virus has also been described. Nipah virus retains many of the genetic and biologic properties found in other paramyxoviruses, though it also has several unique characteristics. However, the virologic characteristics that allow the virus to cause severe disease over a broad host range, and the epidemiologic, environmental and virologic features that favor transmission to humans are unknown. This review summarizes what is known about the virology, epidemiology, pathology, diagnosis and control of this novel pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/16287690 ��Bellini, William J
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Zoonoses/*epidemiology/virology���Oct\��The last decade of the 20th Century saw the introduction of an unprecedented number of encephalitic viruses emerge or spread in the Southeast Asian and Western Pacific regions (Mackenzie et al, 2001; Solomon, 2003a). Most of these viruses are zoonotic, either being arthropod-borne viruses or bat-borne viruses. Thus Japanese encephalitis virus (JEV), a mosquito-borne flavivirus, has spread through the Indonesian archipelago to Papua New Guinea (PNG) and to the islands of the Torres Strait of northern Australia, to Pakistan, and to new areas in the Indian subcontinent; a strain of tick-borne encephalitis virus (TBEV) was described for the first time in Hokkaido, Japan; and a novel mosquito-borne alphavirus, Me Tri virus, was described from Vietnam. Three novel bat-borne viruses emerged in Australia and Malaysia; two, Hendra and Nipah viruses, represent the first examples of a new genus in the family Paramyxoviridae, the genus Henipaviruses, and the third, Australian bat lyssavirus (ABLV) is new lyssavirus closely related to classical rabies virus. These viruses will form the body of this brief review.,��https://www.ncbi.nlm.nih.gov/pubmed/16287684r��Mackenzie, John S
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*Virus Inactivation���Marò��Nipah virus, a zoonotic paramyxovirus which emerged recently was chemically inactivated using binary ethylenimine (BEI). The inactivated virus was concentrated and purified by sucrose gradient centrifugation. The gradient fractions were examined by electron microscopy and Western immunoblot, and gradient fraction containing mainly Nipah matrix (M) and nucleocapsid (N) proteins was used for immunizing BALB/c mice to generate hybridomas. Screening of the resultant hybridoma clones identified five strongly positive clones producing IgG monoclonal antibodies (mAbs) reactive to the Nipah virus antigen. The protein specificity of these mAbs was determined by Western immunoblot using Nipah virus and recombinant Nipah virus proteins expressed in mammalian cells. Four mAbs reacted with Nipah N protein and one reacted with Nipah M protein. None of the mAbs neutralized Nipah virus infectivity in vitro. However, all mAbs recognized Nipah virus in ELISA and immunofluorescence assay. F45G2 mAb was most suitable for immunohistochemistry on long term formalin-fixed Nipah virus infected swine tissues. Three of the anti-nucleocapsid mAbs (F45G2, F45G3 and F45G6) showed cross-reactivity with closely related Hendra virus N protein in both immunofluorescence and Western Immunoblot assays. Two of the mAbs were specific for the Nipah virus only, F45G4 (anti-N) and F45G5 (anti-M), and could be used in the primary identification of Nipah virus. The use of these immunoreagents to develop new diagnostic assays is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/16226320���Berhane, Yohannes
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RNA, Viral/genetics���Feb¤��After the outbreak of Nipah virus (NiV) in 1998-99, which resulted in 105 human deaths and the culling of more than one million pigs, a search was initiated for the natural host reservoir of NiV on Tioman Island off the east coast of Malaysia. Three different syncytia-forming viruses were isolated from fruit bats on the island. They were Nipah virus, Tioman virus (a novel paramyxovirus related to Menangle virus), and a reovirus, named Pulau virus (PuV), which is the subject of this study. PuV displayed the typical ultra structural morphology of a reovirus and was neutralised by serum against Nelson Bay reovirus (NBV), a reovirus isolated from a fruit bat (Pteropus poliocephalus) in Australia over 30 years ago. PuV was fusogenic and formed large syncytia in Vero cells. Comparison of dsRNA segments between PuV and NBV showed distinct mobility differences for the S1 and S2 segments. Complete sequence analysis of all four S segments revealed a close relationship between PuV and NBV, with nucleotide sequence identity varying from 88% for S3 segment to 56% for the S1 segment. Similarly phylogenetic analysis of deduced protein sequences confirmed that PuV is closely related to NBV. In this paper we discuss the similarities and differences between PuV and NBV which support the classification of PuV as a novel mammalian, fusogenic reovirus within the Nelson Bay orthoreovirus species, in the genus Orthoreovirus, family Reoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/16205863¾��Pritchard, L I
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Virus Replication���OctÜ��Proteolytic processing of paramyxovirus fusion (F) proteins is essential for the generation of a mature and fusogenic form of the F protein. Although many paramyxovirus F proteins are proteolytically processed by the cellular protease furin at a multibasic cleavage motif, cleavage of the newly emerged Hendra virus F protein occurs by a previously unidentified cellular protease following a single lysine at residue 109. We demonstrate here that the cellular protease cathepsin L is involved in converting the Hendra virus precursor F protein (F(0)) to the active F(1) + F(2) disulfide-linked heterodimer. To initially identify the class of protease involved in Hendra virus F protein cleavage, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F (known to be proteolytically processed by furin) were metabolically labeled and chased in the absence or presence of serine, cysteine, aspartyl, and metalloprotease inhibitors. Nonspecific and specific protease inhibitors known to decrease cathepsin activity inhibited proteolytic processing of Hendra virus F but had no effect on simian virus 5 F processing. We next designed shRNA oligonucleotides to cathepsin L which dramatically reduced cathepsin L protein expression and enzyme activity. Cathepsin L shRNA-expressing Vero cells transfected with pCAGGS-Hendra F demonstrated a nondetectable amount of cleavage of the Hendra virus F protein and significantly decreased membrane fusion activity. Additionally, we found that purified human cathepsin L processed immunopurified Hendra virus F(0) into F(1) and F(2) fragments. These studies introduce a novel mechanism for primary proteolytic processing of viral glycoproteins and also suggest a previously unreported biological role for cathepsin L.,��https://www.ncbi.nlm.nih.gov/pubmed/16188974 ��Pager, Cara Theresia
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Virus Replication���Octu��The Hendra virus fusion (F) protein is synthesized as a precursor protein, F(0), which is proteolytically processed to the mature form, F(1) + F(2). Unlike the case for the majority of paramyxovirus F proteins, the processing event is furin independent, does not require the addition of exogenous proteases, is not affected by reductions in intracellular Ca(2+), and is strongly affected by conditions that raise the intracellular pH (C. T. Pager, M. A. Wurth, and R. E. Dutch, J. Virol. 78:9154-9163, 2004). The Hendra virus F protein cytoplasmic tail contains a consensus motif for endocytosis, YXXPhi. To analyze the potential role of endocytosis in the processing and membrane fusion promotion of the Hendra virus F protein, mutation of tyrosine 525 to alanine (Hendra virus F Y525A) or phenylalanine (Hendra virus F Y525F) was performed. The rate of endocytosis of Hendra virus F Y525A was significantly reduced compared to that of the wild-type (wt) F protein, confirming the functional importance of the endocytosis motif. An intermediate level of endocytosis was observed for Hendra virus F Y525F. Surprisingly, dramatic reductions in the rate of proteolytic processing were observed for Hendra virus F Y525A, although initial transport to the cell surface was not affected. The levels of surface expression for both Hendra virus F Y525A and Hendra virus F Y525F were higher than that of the wt protein, and these mutants displayed enhanced syncytium formation. These results suggest that endocytosis is critically important for Hendra virus F protein cleavage, representing a new paradigm for proteolytic processing of paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16188966c��Meulendyke, Kelly Ann
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Viral Envelope Proteins/chemistry/*immunology���Octé��Epitopes involved in a protective immune response to Hendra virus (HeV) (Henipavirus, Paramxyoviridae) were investigated by generating five neutralizing monoclonal antibodies (mAbs) to the virus attachment protein (G) of HeV (HeV G) and sequencing of the G gene of groups of neutralization-escape variants selected with each mAb. Amino acid substitutions occurred at eight distinct sites on HeV G. Relationships between these sites were investigated in binding and neutralization assays using heterologous combinations of variants and mAbs. The sites were also mapped to a proposed structural model for the attachment proteins of Paramyxoviridae. Their specific locations and the nature of their interactions with the mAb panel provided the first functional evidence that HeV G in fact resembled the proposed structure. Four sites (aa 183-185, 417, 447 and 570) contributed to a major discontinuous epitope, on the base of the globular head, that was similar to immunodominant virus neutralization sites found in other paramyxoviruses. Amino acid similarity between HeV and Nipah virus was relatively highly conserved at these sites but decreased significantly at the other sites identified in this study. These included another discontinuous epitope on the base of the head region defined by sites aa 289 and 324 and well separated epitopes on the top of the head at sites aa 191-195 and 385-356. The latter epitope corresponded to immunodominant neutralization sites found in Rinderpest virus and Measles virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16186240Í��White, John R
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Viral Fusion Proteins/chemistry/*genetics/*metabolism���Oct 10¾��The Hendra virus fusion (HeV F) protein is synthesized as a precursor, F(0), and proteolytically cleaved into the mature F(1) and F(2) heterodimer, following an HDLVDGVK(109) motif. This cleavage event is required for fusogenic activity. To determine the amino acid requirements for processing of the HeV F protein, we constructed multiple mutants. Individual and simultaneous alanine substitutions of the eight residues immediately upstream of the cleavage site did not eliminate processing. A chimeric SV5 F protein in which the furin site was substituted for the VDGVK(109) motif of the HeV F protein was not processed but was expressed on the cell surface. Another chimeric SV5 F protein containing the HDLVDGVK(109) motif of the HeV F protein underwent partial cleavage. These data indicate that the upstream region can play a role in protease recognition, but is neither absolutely required nor sufficient for efficient processing of the HeV F protein.,��https://www.ncbi.nlm.nih.gov/pubmed/16083935H��Craft, Willie Warren Jr
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X-Rays���AugR��Measles virus is a negative-sense, single-stranded RNA virus within the Mononegavirales order,which includes several human pathogens, including rabies, Ebola, Nipah, and Hendra viruses. The measles virus nucleoprotein consists of a structured N-terminal domain, and of an intrinsically disordered C-terminal domain, N(TAIL) (aa 401-525), which undergoes induced folding in the presence of the C-terminal domain (XD, aa 459-507) of the viral phosphoprotein. With in N(TAIL), an alpha-helical molecular recognition element (alpha-MoRE, aa 488-499) involved in binding to P and in induced folding was identified and then observed in the crystal structure of XD. Using small-angle X-ray scattering, we have derived a low-resolution structural model of the complex between XD and N(TAIL), which shows that most of N(TAIL) remains disordered in the complex despite P-induced folding within the alpha-MoRE. The model consists of an extended shape accommodating the multiple conformations adopted by the disordered N-terminal region of N(TAIL), and of a bulky globular region, corresponding to XD and to the C terminus of N(TAIL) (aa 486-525). Using surface plasmon resonance, circular dichroism, fluorescence spectroscopy, and heteronuclear magnetic resonance, we show that N(TAIL) has an additional site (aa 517-525) involved in binding to XD but not in the unstructured-to-structured transition. This work provides evidence that intrinsically disordered domains can establish complex interactions with their partners, and can contact them through multiple sites that do not all necessarily gain regular secondary structure.,��https://www.ncbi.nlm.nih.gov/pubmed/16046624���Bourhis, Jean-Marie
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Virus Internalization/*drug effects���Jul 18¾��BACKGROUND: The recent emergence of four new members of the paramyxovirus family has heightened the awareness of and re-energized research on new and emerging diseases. In particular, the high mortality and person to person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance of developing effective therapeutic interventions. We have previously shown that peptides corresponding to the C-terminal heptad repeat (HR-2) of the fusion envelope glycoprotein of Hendra virus and Nipah virus were potent inhibitors of both Hendra virus and Nipah virus-mediated membrane fusion using recombinant expression systems. In the current study, we have developed shorter, second generation HR-2 peptides which include a capped peptide via amidation and acetylation and two poly(ethylene glycol)-linked (PEGylated) peptides, one with the PEG moity at the C-terminus and the other at the N-terminus. Here, we have evaluated these peptides as well as the corresponding scrambled peptide controls in Nipah virus and Hendra virus-mediated membrane fusion and against infection by live virus in vitro. RESULTS: Unlike their predecessors, the second generation HR-2 peptides exhibited high solubility and improved synthesis yields. Importantly, both Nipah virus and Hendra virus-mediated fusion as well as live virus infection were potently inhibited by both capped and PEGylated peptides with IC50 concentrations similar to the original HR-2 peptides, whereas the scrambled modified peptides had no inhibitory effect. These data also indicate that these chemical modifications did not alter the functional properties of the peptides as inhibitors. CONCLUSION: Nipah virus and Hendra virus infection in vitro can be potently blocked by specific HR-2 peptides. The improved synthesis and solubility characteristics of the second generation HR-2 peptides will facilitate peptide synthesis for pre-clinical trial application in an animal model of Henipavirus infection. The applied chemical modifications are also predicted to increase the serum half-life in vivo and should increase the chance of success in the development of an effective antiviral therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/16026621���Bossart, Katharine N
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Viral Fusion Proteins/chemistry/genetics/metabolism���Jul 215��Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70 percent of infected patients, and there is evidence of human-to-human transmission. Endothelial syncytia, comprised of multinucleated giant-endothelial cells, are frequently found in NiV infections, and are mediated by the fusion (F) and attachment (G) envelope glycoproteins. Identification of the receptor for this virus will shed light on the pathobiology of NiV infection, and spur the rational development of effective therapeutics. Here we report that ephrinB2, the membrane-bound ligand for the EphB class of receptor tyrosine kinases (RTKs), specifically binds to the attachment (G) glycoprotein of NiV. Soluble Fc-fusion proteins of ephrinB2, but not ephrinB1, effectively block NiV fusion and entry into permissive cell types. Moreover, transfection of ephrinB2 into non-permissive cells renders them permissive for NiV fusion and entry. EphrinB2 is expressed on endothelial cells and neurons, which is consistent with the known cellular tropism for NiV. Significantly, we find that NiV-envelope-mediated infection of microvascular endothelial cells and primary cortical rat neurons is inhibited by soluble ephrinB2, but not by the related ephrinB1 protein. Cumulatively, our data show that ephrinB2 is a functional receptor for NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16007075���Negrete, Oscar A
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Swine Diseases/diagnosis/virology���JulÄ��The nucleocapsid (N) protein of Nipah virus (NiV) is a major constituent of the viral proteins which play a role in encapsidation, regulating the transcription and replication of the viral genome. To investigate the use of a fusion system to aid the purification of the recombinant N protein for structural studies and potential use as a diagnostic reagent, the NiV N gene was cloned into the pFastBacHT vector and the His-tagged fusion protein was expressed in Sf9 insect cells by recombinant baculovirus. Western blot analysis of the recombinant fusion protein with anti-NiV antibodies produced a band of approximately 62 kDa. A time course study showed that the highest level of expression was achieved after 3 days of incubation. Electron microscopic analysis of the NiV recombinant N fusion protein purified on a nickel-nitrilotriacetic acid resin column revealed different types of structures, including spherical, ring-like, and herringbone-like particles. The light-scattering measurements of the recombinant N protein also confirmed the polydispersity of the sample with hyrdrodynamic radii of small and large types. The optical density spectra of the purified recombinant fusion protein revealed a high A(260)/A(280) ratio, indicating the presence of nucleic acids. Western blotting and enzyme-linked immunosorbent assay results showed that the recombinant N protein exhibited the antigenic sites and conformation necessary for specific antigen-antibody recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/16000431Á��Eshaghi, Majid
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Viral Envelope Proteins/*metabolism���Jul 26���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus of the family Paramyxoviridae and are unique in that they exhibit a broad species tropism and cause fatal disease in both animals and humans. They infect cells through a pH-independent membrane fusion process mediated by their fusion and attachment glycoproteins. Previously, we demonstrated identical cell fusion tropisms for HeV and NiV and the protease-sensitive nature of their unknown cell receptor and identified a human cell line (HeLa-USU) that was nonpermissive for fusion and virus infection. Here, a microarray analysis was performed on the HeLa-USU cells, permissive HeLa-CCL2 cells, and two other permissive human cell lines. From this analysis, we identified a list of genes encoding known and predicted plasma membrane surface-expressed proteins that were highly expressed in all permissive cells and absent from the HeLa-USU cells and rank-ordered them based on their relative levels. Available expression vectors containing the first 10 genes were obtained and individually transfected into HeLa-USU cells. One clone, encoding human ephrin-B2 (EFNB2), was found capable of rendering HeLa-USU cells permissive for HeV- and NiV-mediated cell fusion as well as infection by live virus. A soluble recombinant EFNB2 could potently block fusion and infection and bind soluble recombinant HeV and NiV attachment glycoproteins with high affinity. Together, these data indicate that EFNB2 serves as a functional receptor for both HeV and NiV. The highly conserved nature of EFNB2 in humans and animals is consistent with the broad tropism exhibited by these emerging zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15998730Ö��Bonaparte, Matthew I
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Zoonoses/virology���Octg��All living organisms are continuously exposed to a plethora of viruses. In general, viruses tend to be restricted to the natural host species which they infect. From time to time viruses cross the host-range barrier expanding their host range. However, in very rare cases cross-species transfer is followed by the establishment and persistence of a virus in the new host species, which may result in disease. Recent examples of viruses that have crossed the species barrier from animal reservoirs to humans are hantavirus, haemorrhagic fever viruses, arboviruses, Nipah and Hendra viruses, avian influenza virus (AI), monkeypox virus, and the SARS-associated coronavirus (SARS-CoV). The opportunities for cross-species transfer of mammalian viruses have increased in recent years due to increased contact between humans and animal reservoirs. However, it is difficult to predict when such events will take place since the viral adaptation that is needed to accomplish this is multifactorial and stochastic. Against this background the intensified use of viruses and their genetically modified variants as viral gene transfer vectors for biomedical research, experimental gene therapy and for live-vector vaccines is a cause for concern. This review addresses a number of potential risk factors and their implications for activities with viral vectors from the perspective of cross-species transfer of viruses in nature, with emphasis on the occurrence of host-range mutants resulting from either cell culture or tropism engineering. The issues are raised with the intention to assist in risk assessments for activities with vector viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15986492���Louz, Derrick
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Viral Fusion Proteins/chemistry/physiology���Jul 1���Galectin-1 (gal-1), an endogenous lectin secreted by a variety of cell types, has pleiotropic immunomodulatory functions, including regulation of lymphocyte survival and cytokine secretion in autoimmune, transplant disease, and parasitic infection models. However, the role of gal-1 in viral infections is unknown. Nipah virus (NiV) is an emerging pathogen that causes severe, often fatal, febrile encephalitis. The primary targets of NiV are endothelial cells. NiV infection of endothelial cells results in cell-cell fusion and syncytia formation triggered by the fusion (F) and attachment (G) envelope glycoproteins of NiV that bear glycan structures recognized by gal-1. In the present study, we report that NiV envelope-mediated cell-cell fusion is blocked by gal-1. This inhibition is specific to the Paramyxoviridae family because gal-1 did not inhibit fusion triggered by envelope glycoproteins of other viruses, including two retroviruses and a pox virus, but inhibited fusion triggered by envelope glycoproteins of the related Hendra virus and another paramyxovirus. The physiologic dimeric form of gal-1 is required for fusion inhibition because a monomeric gal-1 mutant had no inhibitory effect on cell fusion. gal-1 binds to specific N-glycans on NiV glycoproteins and aberrantly oligomerizes NiV-F and NiV-G, indicating a mechanism for fusion inhibition. gal-1 also increases dendritic cell production of proinflammatory cytokines such as IL-6, known to be protective in the setting of other viral diseases such as Ebola infections. Thus, gal-1 may have direct antiviral effects and may also augment the innate immune response against this emerging pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/15972675P��Levroney, Ernest L
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Viral Fusion Proteins/metabolism���Aug 19���Nipah virus (NiV) is a recently emerged and highly pathogenic paramyxovirus that causes a systemic infection in animals and humans and can infect a wide range of cultured cells. Interestingly, the NiV fusion (F) protein has a single arginine at the cleavage site similar to paramyxoviruses that are activated by exogenous trypsin-like enzymes only present in specific cells and tissues and therefore only cause localized infections. We show here that NiV F activation is not mediated by an exogenous serum protease but by an endogenous ubiquitous cellular protease after endocytosis of the protein. In addition to endocytosis, acidification of the endosome is a prerequisite for F cleavage. These results show that activation of the NiV F protein depends on a type of proteolytic cleavage that is clearly different from what is known for other paramyxoviral and orthomyxoviral fusion proteins. To our knowledge, this is the first example of a viral class I fusion protein whose activation depends on clathrin-mediated constitutive endocytosis.,��https://www.ncbi.nlm.nih.gov/pubmed/15961384Ò��Diederich, Sandra
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Junl��The Hendra virus fusion (F) protein contains five potential sites for N-linked glycosylation in the ectodomain. Examination of F protein mutants with single asparagine-to-alanine mutations indicated that two sites in the F(2) subunit (N67 and N99) and two sites in the F(1) subunit (N414 and N464) normally undergo N-linked glycosylation. While N-linked modification at N414 is critical for protein folding and transport, F proteins lacking carbohydrates at N67, N99, or N464 remained fusogenically active. As N464 lies within heptad repeat B, these results contrast with those seen for several paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15919949.��Carter, James Richard
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Trigeminal Ganglion/virology���Junÿ��Nipah virus, a newly emerged zoonotic paramyxovirus, infects a number of species. Human infections were linked to direct contact with pigs, specifically with their body fluids. Clinical signs in human cases indicated primarily involvement of the central nervous system, while in pigs the respiratory system was considered the primary virus target, with only rare involvement of the central nervous system. Eleven 5-week-old piglets were infected intranasally, orally, and ocularly with 2.5 x 10(5) PFU of Nipah virus per animal and euthanized between 3 and 8 days postinoculation. Nipah virus caused neurological signs in two out of eleven inoculated pigs. The rest of the pigs remained clinically healthy. Virus was detected in the respiratory system (turbinates, nasopharynx, trachea, bronchus, and lung in titers up to 10(5.3) PFU/g) and in the lymphoreticular system (endothelial cells of blood and lymphatic vessels, submandibular and bronchiolar lymph nodes, tonsil, and spleen with titers up to 10(6) PFU/g). Virus presence was confirmed in the nervous system of both sick and apparently healthy animals (cranial nerves, trigeminal ganglion, brain, and cerebrospinal fluid, with titers up to 10(7.7) PFU/g of tissue). Nipah virus distribution was confirmed by immunohistochemistry. The study presents novel findings indicating that Nipah virus invaded the central nervous system of the porcine host via cranial nerves as well as by crossing the blood-brain barrier after initial virus replication in the upper respiratory tract.,��https://www.ncbi.nlm.nih.gov/pubmed/15919907 ��Weingartl, Hana
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Zoonoses/epidemiology���Apr���The microbes that cause infectious diseases are complex, dynamic, and constantly evolving. They reproduce rapidly, mutate frequently, breach species barriers, adapt with relative ease to new hosts and new environments, and develop resistance to the drugs used to treat them. In their article "Meeting the challenge of epidemic infectious diseases outbreaks: an agenda for research", Kai-Lit Phua and Lai Kah Lee clearly demonstrate how social, behavioural and environmental factors, linked to a host of human activities, have accelerated and amplified these natural phenomena. By reviewing published and non-published information about outbreaks of Nipah virus in Malaysia, severe acute respiratory syndrome (SARS) and avian influenza in Asia, and the HIV pandemic, they provide a series of examples that demonstrate the various social, behavioural and environmental factors of these recent infectious disease outbreaks. They then analyse some of these same determinants in important historical epidemics and pandemics such as plague in medieval Europe, and conclude that it is important to better understand the social conditions that facilitate the appearance of diseases outbreaks in order to determine why and how societies react to outbreaks and their impact on different population groups.,��https://www.ncbi.nlm.nih.gov/pubmed/15906882���Heymann, David L
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Survivors/psychology���Apr»��Challenges arising from epidemic infectious disease outbreaks can be more effectively met if traditional public health is enhanced by sociology. The focus is normally on biomedical aspects, the surveillance and sentinel systems for infectious diseases, and what needs to be done to bring outbreaks under control quickly. Social factors associated with infectious disease outbreaks are often neglected and the aftermath is ignored. These factors can affect outbreak severity, its rate and extent of spread, influencing the welfare of victims, their families, and their communities. We propose an agenda for research to meet the challenges of infectious disease outbreaks. What social factors led to the outbreak? What social factors affected its severity and rate and extent of spread? How did individuals, social groups, and the state react to it? What are the short- and long-term effects on individuals, social groups, and the larger society? What programs can be put in place to help victims, their families, and affected communities to cope with the consequences--impaired mental and physical health, economic losses, and disrupted communities? Although current research on infectious disease outbreaks pays attention to social factors related to causation, severity, rate and extent of spread, those dealing with the "social chaos" arising from outbreaks are usually neglected. Inclusion, by combining traditional public health with sociological analysis, will enrich public health theory and understanding of infectious disease outbreaks. Our approach will help develop better programs to combat outbreaks and equally important, to help survivors, their families, and their communities cope better with the aftermath.,��https://www.ncbi.nlm.nih.gov/pubmed/15906881���Phua, Kai-Lit
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Viral Proteins/genetics���Oct���Menangle virus (MenV), isolated in 1997 from stillborn piglets during an outbreak of reproductive disease at a large commercial piggery, is the only new paramyxovirus to be identified in Australia since Hendra virus in 1994. Following partial characterisation of the MenV genome, we previously showed that MenV is a novel member of the genus Rubulavirus. Here we report the characterisation of the large (L) polymerase gene and the adjacent 5' trailer region of MenV, which completes the full-length genome sequence of this novel paramyxovirus (15,516 nucleotides), and thereby confirm its taxonomic position within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/15906105���Bowden, T R
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Viral Envelope Proteins/chemistry/genetics/*immunology/*physiology���Jun���Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae, which are distinguished by their ability to cause fatal disease in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) glycoproteins. Previously, we reported on HeV- and NiV-mediated fusion activities and detailed their host-cell tropism characteristics. These studies also suggested that a common cell surface receptor, which could be destroyed by protease, was utilized by both viruses. To further characterize the G glycoprotein and its unknown receptor, soluble forms of HeV G (sG) were constructed by replacing its cytoplasmic tail and transmembrane domains with an immunoglobulin kappa leader sequence coupled to either an S-peptide tag (sG(S-tag)) or myc-epitope tag (sG(myc-tag)) to facilitate purification and detection. Expression of sG was verified in cell lysates and culture supernatants by specific affinity precipitation. Analysis of sG by size exclusion chromatography and sucrose gradient centrifugation demonstrated tetrameric, dimeric, and monomeric species, with the majority of the sG released as a disulfide-linked dimer. Immunofluorescence staining revealed that sG specifically bound to HeV and NiV infection-permissive cells but not to a nonpermissive HeLa cell line clone, suggesting that it binds to virus receptor on host cells. Preincubation of host cells with sG resulted in dose-dependent inhibition of both HeV and NiV cell fusion as well as infection by live virus. Taken together, these data indicate that sG retains important native structural features, and we further demonstrate that administration of sG to rabbits can elicit a potent cross-reactive neutralizing antibody response against infectious HeV and NiV. This HeV sG glycoprotein will be exceedingly useful for structural studies, receptor identification strategies, and vaccine development goals for these important emerging viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/15890907°��Bossart, Katharine N
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alpha Karyopherins/metabolism���May���The Nipah virus V and W proteins, which are encoded by the P gene via RNA editing, have a common N-terminal domain but unique C-terminal domains. They localize to the cytoplasm and nucleus, respectively, and have both been shown to function as inhibitors of JAK/STAT signaling. Here we report that V and W proteins also block virus activation of the beta interferon (IFN-beta) promoter and the IFN regulatory factor 3 (IRF3)-responsive IFN-stimulated gene 54 promoter. Surprisingly, only W protein shows strong inhibition of promoter activation in response to stimulation of Toll-like receptor 3 (TLR3) by extracellular double-stranded RNA. This activity is dependent on the nuclear localization of W protein. Within the unique C-terminal domain of W protein, we have identified a nuclear localization signal (NLS) that requires basic residues at positions 439, 440, and 442. This NLS is responsible for mediating the preferential interaction of W protein with karyopherin-alpha 3 and karyopherin-alpha 4. Nuclear localization of W protein therefore enables it to target both virus and TLR3 pathways, whereas the cytoplasmic V protein is restricted to inhibiting the virus pathway. We propose that this discrepancy is in part due to the V protein being less able to block signaling in response to the kinase, TBK-1, whereas both V and W can prevent promoter activation in response to IKKepsilon. We demonstrate that, when the TLR3 pathway is stimulated, the levels of phosphorylated IRF3 are reduced in the presence of W protein but not V protein, confirming the differential effects of these proteins and illustrating that W protein-mediated inhibition is due to a loss of active IRF3.,��https://www.ncbi.nlm.nih.gov/pubmed/15857993ê��Shaw, Megan L
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Zoonoses/transmission���Mar*��Some of the key features of Hendra and Nipah viruses are summarized in Table 1. The appearance of these new viruses over the last 10 years emphasizes a number of issues. (1) Epidemics of human infectious diseases can occur unexpectedly and with high impact in terms of morbidity and mortality. (2) We do not know what epidemiologic factors conspire to allow these viruses to stray out of their bat reservoirs into the two different intermediate hosts (horses and pigs) and then into humans. (3) We do not know how long these viruses have been present in the bat population, where they originated from, or if they are present in other parts of the world. (4)There may be other viruses waiting for similar opportunities to cross species.(5) It is unlikely that we have seen the last of these and related viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15763222���McCormack, Joseph G
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Zoonoses/*epidemiology/*transmission/virology���Dec¢��Nipah virus (NiV), emerged in Peninsular Malaysia, caused an outbreak of severe febrile encephalitis in humans and respiratory diseases in pigs between 1998 and 1999. By May of 1999, the death of 105 humans and the culling of about 1.1 million pigs were reported. Fruitbats of Pteropid species were identified as the natural reservoir hosts. The epidemiological studies suggested that NiV was introduced into pig farms by fruitbats, and was than transmitted to humans (mainly pig farmers) and other animals such as dogs, cats and horses. In 2004, NiV reappeared in Bangladesh with greater lethality. In contrast to the Malaysia case, epidemiologic characteristics of this outbreak suggested the possibility of fruitbats-to-person, or person-to-person transmission. In this article, the epidemiological comparison between two outbreaks in Malaysia and Bangladesh, and the new-trends of virological studies of NiV will be discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/15745162a��Kaku, Yoshihiro
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Mar���Nipah virus (NiV), a highly pathogenic member of the family Paramyxoviridae, encodes the surface glycoproteins F and G. Since internalization of the NiV envelope proteins from the cell surface might be of functional importance for viral pathogenesis either by regulating cytopathogenicity or by modulating recognition of infected cells by the immune system, we analyzed the endocytosis of the NiV F and G proteins. Interestingly, we found both glycoproteins to be internalized in infected and transfected cells. As endocytosis is normally mediated by tyrosine- or dileucine-dependent signals in the cytoplasmic tails of transmembrane proteins, all potential internalization signals in the NiV glycoproteins were mutated. Whereas the G protein appeared to be constitutively internalized with the bulk flow during membrane turnover, uptake of the F protein was found to be signal mediated. F endocytosis clearly depended on a membrane-proximal YXXPhi motif and was found to be of functional importance for the biological activity of the protein.,��https://www.ncbi.nlm.nih.gov/pubmed/15731282É��Vogt, Carola
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Viral Fusion Proteins/chemistry/genetics/*immunology/isolation & purification���Mar 30x��The glycoprotein (G) of Nipah virus (NiV) is important for virus infectivity and induction of the protective immunity. In this study, the extra-cellular domain of NiV G protein was fused with hexahistidine residues at its N-terminal end and expressed in Escherichia coli. The expression under transcriptional regulation of T7 promoter yielded insoluble protein aggregates in the form of inclusion bodies. The inclusion bodies were solubilized with 8 M urea and the protein was purified to homogeneity under denaturing conditions using nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatography. The denatured protein was renatured by gradual removal of the urea. Light scattering analysis of the purified protein showed primarily monodispersity. The purified protein showed significant reactivity with the antibodies present in the sera of NiV-infected swine, as demonstrated in Western blot analysis and enzyme-linked immunosorbent assay (ELISA). Taken together, the data indicate the potential usefulness of the purified G protein for structural or functional studies and the development of immunoassay for detection of the NiV antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/15707682Û��Eshaghi, Majid
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*Zoonoses���AugW
�There are huge numbers of wild animals distributed throughout the world and the diversity of wildlife species is immense. Each landscape and habitat has a kaleidoscope of niches supporting an enormous variety of vertebrate and invertebrate species, and each species or taxon supports an even more impressive array of macro- and micro-parasites. Infectious pathogens that originate in wild animals have become increasingly important throughout the world in recent decades, as they have had substantial impacts on human health, agricultural production, wildlife-based economies and wildlife conservation. The emergence of these pathogens as significant health issues is associated with a range of causal factors, most of them linked to the sharp and exponential rise of global human activity. Among these causal factors are the burgeoning human population, the increased frequency and speed of local and international travel, the increase in human-assisted movement of animals and animal products, changing agricultural practices that favour the transfer of pathogens between wild and domestic animals, and a range of environmental changes that alter the distribution of wild hosts and vectors and thus facilitate the transmission of infectious agents. Two different patterns of transmission of pathogens from wild animals to humans are evident among these emerging zoonotic diseases. In one pattern, actual transmission of the pathogen to humans is a rare event but, once it has occurred, human-to-human transmission maintains the infection for some period of time or permanently. Some examples of pathogens with this pattern of transmission are human immunodeficiency virus/acquired immune deficiency syndrome, influenza A, Ebola virus and severe acute respiratory syndrome. In the second pattern, direct or vector-mediated animal-to-human transmission is the usual source of human infection. Wild animal populations are the principal reservoirs of the pathogen and human-to-human disease transmission is rare. Examples of pathogens with this pattern of transmission include rabies and other lyssaviruses, Nipah virus, West Nile virus, Hantavirus, and the agents of Lyme borreliosis, plague, tularemia, leptospirosis and ehrlichiosis. These zoonotic diseases from wild animal sources all have trends that are rising sharply upwards. In this paper, the authors discuss the causal factors associated with the emergence or re-emergence of these zoonoses, and highlight a selection to provide a composite view of their range, variety and origins. However, most of these diseases are covered in more detail in dedicated papers elsewhere in this Review.,��https://www.ncbi.nlm.nih.gov/pubmed/15702716���Bengis, R G
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Seasons���Dec���We retrospectively investigated two outbreaks of encephalitis in Meherpur and Naogaon, Bangladesh, which occurred in 2001 and 2003. We collected serum samples from persons who were ill, their household contacts, randomly selected residents, hospital workers, and various animals. Cases were classified as laboratory confirmed or probable. We identified 13 cases (4 confirmed, 9 probable) in Meherpur; 7 were in persons in two households. Patients were more likely than nonpatients to have close contact with other patients or have contact with a sick cow. In Naogaon, we identified 12 cases (4 confirmed, 8 probable); 7 were in persons clustered in 2 households. Two Pteropus bats had antibodies for Nipah virus. Samples from hospital workers were negative for Nipah virus antibodies. These outbreaks, the first since 1999, suggest that transmission may occur through close contact with other patients or from exposure to a common source. Surveillance and enhancement of diagnostic capacity to detect Nipah virus infection are recommended.,��https://www.ncbi.nlm.nih.gov/pubmed/15663842���Hsu, Vincent P
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Viruses/classification/*isolation & purification���Nov���Tropical Africa is not the only area where deadly viruses have recently emerged. In South-East Asia severe epidemics of dengue hemorrhagic fever started in 1954 and flu pandemics have originated from China such as the Asian flu (H2N2) in 1957, the Hong-Kong flu (H3N2) in 1968, and the Russian flu (H1N1) in 1977. However, it is especially during the last ten years that very dangerous viruses for mankind have repeatedly developed in Asia, with the occurrence of Alkhurma hemorrhagic fever in Saudi Arabia (1995), avian flu (H5N1) in Hong-Kong (1997), Nipah virus encephalitis in Malaysia (1998,) and, above all, the SARS pandemic fever from Southern China (2002). The evolution of these viral diseases was probably not directly affected by climate change. In fact, their emergential success may be better explained by the development of large industry poultry flocks increasing the risks of epizootics, dietary habits, economic and demographic constraints, and negligence in the surveillance and reporting of the first cases.,��https://www.ncbi.nlm.nih.gov/pubmed/15620053g��Chastel, C
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*Zoonoses���Oct1��The last three decades have seen an alarming number of high-profile outbreaks of new viruses and other pathogens, many of them emerging from wildlife. Recent outbreaks of SARS, avian influenza, and others highlight emerging zoonotic diseases as one of the key threats to global health. Similar emerging diseases have been reported in wildlife populations, resulting in mass mortalities, population declines, and even extinctions. In this paper, we highlight three examples of emerging pathogens: Nipah and Hendra virus, which emerged in Malaysia and Australia in the 1990s respectively, with recent outbreaks caused by similar viruses in India in 2000 and Bangladesh in 2004; West Nile virus, which emerged in the New World in 1999; and amphibian chytridiomycosis, which has emerged globally as a threat to amphibian populations and a major cause of amphibian population declines. We discuss a new, conservation medicine approach to emerging diseases that integrates veterinary, medical, ecologic, and other sciences in interdisciplinary teams. These teams investigate the causes of emergence, analyze the underlying drivers, and attempt to define common rules governing emergence for human, wildlife, and plant EIDs. The ultimate goal is a risk analysis that allows us to predict future emergence of known and unknown pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/15604464¬��Daszak, Peter
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Time Factors���Decí��Fifty years ago, the age-old scourge of infectious disease was receding in the developed world in response to improved public health measures, while the advent of antibiotics, better vaccines, insecticides and improved surveillance held the promise of eradicating residual problems. By the late twentieth century, however, an increase in the emergence and re-emergence of infectious diseases was evident in many parts of the world. This upturn looms as the fourth major transition in human-microbe relationships since the advent of agriculture around 10,000 years ago. About 30 new diseases have been identified, including Legionnaires' disease, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), hepatitis C, bovine spongiform encephalopathy (BSE)/variant Creutzfeldt-Jakob disease (vCJD), Nipah virus, several viral hemorrhagic fevers and, most recently, severe acute respiratory syndrome (SARS) and avian influenza. The emergence of these diseases, and resurgence of old ones like tuberculosis and cholera, reflects various changes in human ecology: rural-to-urban migration resulting in high-density peri-urban slums; increasing long-distance mobility and trade; the social disruption of war and conflict; changes in personal behavior; and, increasingly, human-induced global changes, including widespread forest clearance and climate change. Political ignorance, denial and obduracy (as with HIV/AIDS) further compound the risks. The use and misuse of medical technology also pose risks, such as drug-resistant microbes and contaminated equipment or biological medicines. A better understanding of the evolving social dynamics of emerging infectious diseases ought to help us to anticipate and hopefully ameliorate current and future risks.,��https://www.ncbi.nlm.nih.gov/pubmed/15577934s��Weiss, Robin A
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Viral Proteins/genetics/*metabolism/pharmacology���Dec 7���Most paramyxoviruses circumvent the IFN response by blocking IFN signaling and limiting the production of IFN by virus-infected cells. Here we report that the highly conserved cysteine-rich C-terminal domain of the V proteins of a wide variety of paramyxoviruses binds melanoma differentiation-associated gene 5 (mda-5) product. mda-5 is an IFN-inducible host cell DExD/H box helicase that contains a caspase recruitment domain at its N terminus. Overexpression of mda-5 stimulated the basal activity of the IFN-beta promoter in reporter gene assays and significantly enhanced the activation of the IFN-beta promoter by intracellular dsRNA. Both these activities were repressed by coexpression of the V proteins of simian virus 5, human parainfluenza virus 2, mumps virus, Sendai virus, and Hendra virus. Similar results to the reporter assays were obtained by measuring IFN production. Inhibition of mda-5 by RNA interference or by dominant interfering forms of mda-5 significantly inhibited the activation of the IFN-beta promoter by dsRNA. It thus appears that mda-5 plays a central role in an intracellular signal transduction pathway that can lead to the activation of the IFN-beta promoter, and that the V proteins of paramyxoviruses interact with mda-5 to block its activity.,��https://www.ncbi.nlm.nih.gov/pubmed/15563593î��Andrejeva, J
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Swine���Janÿ��A random peptide library of heptamers displayed on the surface of M13 bacteriophage was used to identify specific epitopes of antibodies in pooled sera of swine naturally infected by Nipah virus. The selected heptapeptides were aligned with protein sequences of Nipah virus and several putative epitopes were identified within the nucleocapsid protein. A total of 41 of 60 (68%) selected phage clones had inserts resembling a region with the sequence SNRTQGE, located at the C-terminal end (amino acids 503-509) of the nucleocapsid protein. The binding of antibodies in the swine and human antisera to the phage clone was inhibited by a synthetic peptide corresponding to this region. Epitopes identified by phage display are consistent with the predicted antigenic sites for the Nipah virus nucleocapsid protein. The selected phage clone used as a coating antigen discriminated swine and human Nipah virus sera-positive from sera-negative samples exhibiting characteristics, which might be attractive for diagnostic tests.,��https://www.ncbi.nlm.nih.gov/pubmed/15543570 ��Eshaghi, Majid
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Swine���Octd��The immunohistochemical reactivity of seven clones of mouse monoclonal antibodies raised to Nipah virus antigens were investigated using formalin-fixed, paraffin embedded porcine and equine lung tissues from experimental Nipah and Hendra virus infection, respectively. Either microwave irradiation or enzymatic digestion effectively unmasked the viral antigens in formalin-fixed, paraffin-embedded tissue sections. Four clones showed positive reaction to both Nipah virus-infected porcine lung tissue and Hendra virus-infected equine lung tissue. Two clones (11F6 and 13A5) reacted with Nipah virus-infected porcine lung tissue, but not with Hendra virus-infected equine lung tissue. These Nipah virus-specific monoclonal antibodies may therefore be useful for immunohistological diagnosis of Nipah virus infection and for further research on Nipah virus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/15528861���Tanimura, Nobuhiko
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Sequence Homology, Amino Acid���Dec 5é��A database search for genes encoding paramyxoviral proteins revealed sequences that were designated as human but presented strong evidence of being of viral origin. The two cDNA-derived sequences designated AngRem104 and AngRem52 were originally described as human gene products that were upregulated by angiotensin II in primary mesangial kidney cells. However, their high degree of sequence relatedness to known viral proteins suggests that they represent the P/C/V, M, and F genes of a putative new member of family Paramyxoviridae. Comparison of deduced amino acid sequences and nucleotide motifs suggests that this putative virus is a divergent relative of the Hendra and Nipah viruses; hence, we suggest henipa-like virus or HNLV as a provisional name. Compared to Nipah virus, the percentage of identical (similar) amino acids varied from 19% (42%) for the C protein to 51% (75%) for the M protein. The presence and conservation of presumptive viral transcription start and stop signals and an apparent P editing motif also indicate a relationship of this putative virus to the henipaviruses. Given the highly pathogenic nature of the henipaviruses, the origin of these sequences is enigmatic, and attempts to identify and isolate HNLV are warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/15527844µ��Schomacker, Henrick
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Virus Replication���Mar[��Hendra virus is one of two virus species within the newly-formed genus Henipavirus, subfamily Paramxyovirinae. It is a designated select agent with potential biosecurity threat to both human and animal health. Quantitative real-time PCR was used to measure viral RNA synthesis in Vero cells infected by Hendra virus, and to examine the inhibitory effect of ribavirin. It was also used to determine the points of attenuation during transcription of the six viral genes N, P, M, F, G and L by targeting amplicons located towards the 3' end of each gene. Major increases in viral RNA and virus yield occurred between 4 to 8 h and 8 to 10 h post infection, respectively. The effect of ribavirin was examined at a range of concentrations up to 400 microm. At 50 microm, RNA synthesis was reduced 9 fold, and virus yield 58 fold. As expected for a member of the order Mononegavirales, a gradient of transcription was observed in Hendra virus-infected cells. There was significant attenuation at the M-F and G-L junctions, more closely resembling Sendai virus (genus Respirovirus) than measles virus (genus Morbillivirus).,��https://www.ncbi.nlm.nih.gov/pubmed/15526144���Wright, P J
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Recombinant Proteins/biosynthesis���NovÆ��A method for serological diagnosis of Nipah virus (NiV) is described. DNA encoding truncated G protein of NiV was cloned into the pFastBac HT vector, and the fusion protein to His-tag was expressed in insect cells by recombinant baculovirus. The resulting His-G recombinant fusion protein was purified by affinity chromatography and used as the coating antigen for serological testing by indirect enzyme-linked immunosorbant assay (ELISA). When tested against a panel of swine serum samples, the recombinant G protein-based ELISA successfully discriminated all 40 samples previously determined to be serum neutralizing test (SNT) positive from 11 SNT negatives samples. The data show that the recombinant G protein exhibits the antigenic epitopes and conformation necessary for specific antigen-antibody recognition. The main advantage of the recombinant G protein-based NiV ELISA compared to an ELISA using whole virus antigen is the use of a single antigenic protein instead of inactivated whole virus which is required to be prepared under high risk and cost. This test is suitable for routine diagnosis of NiV and also for epidemiological surveys as it allows highly reliable testing of a large number of sera rapidly.,��https://www.ncbi.nlm.nih.gov/pubmed/15522449´��Eshaghi, M
Tan, W S
Mohidin, T B M
Yusoff, K
eng
Research Support, Non-U.S. Gov't
Netherlands
2004/11/04 09:00
Virus Res. 2004 Nov;106(1):71-6. doi: 10.1016/j.virusres.2004.06.011.%��0168-1702 (Print)
0168-1702 (Linking)���15522449���Department of Biochemistry and Microbiology, Faculty of Science and Environmental Studies, Universiti Putra Malaysia, UPM, 43400 Serdang, Selangor, Malaysia.���10.1016/j.virusres.2004.06.011��*��üÒ|ÿþ?Á������Snell, N. J.���2004,��Novel and re-emerging respiratory infections���405-12���Expert Rev Anti Infect Ther���2���3D��Animals
Clinical Trials as Topic
Hantavirus Pulmonary Syndrome/drug therapy/epidemiology/microbiology
Hendra Virus
Humans
Influenza, Human
Metapneumovirus
Paramyxoviridae Infections/drug therapy/epidemiology/microbiology
Respiratory Tract Infections/*drug therapy/epidemiology/*microbiology
Severe Acute Respiratory Syndrome���Jun���Over the last decade a number of novel viral respiratory pathogens have appeared or been recognized. Most of these are zoonoses, which have the capacity to infect humans directly or via an intermediate host. All but metapneumovirus are known to have caused epidemics of severe disease and at least two (the severe acute respiratory syndrome-coronavirus and influenza H5N1) have the potential to cause global pandemics. Possible preventive measures and treatment options against these new diseases are discussed in this review.,��https://www.ncbi.nlm.nih.gov/pubmed/15482205e��Snell, Noel Jc
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Viral Fusion Proteins/chemistry/genetics/*physiology���Sepï��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes a systemic infection in vivo and is able to replicate in cultured cells of many species and organs. Such pantropic paramyxoviruses generally encode fusion (F) proteins with multibasic cleavage sites activated by furin or other ubiquitous intracellular host cell proteases. In contrast, NiV has an F protein with a single arginine (R109) at the cleavage site, as is the case with paramyxoviruses that are activated by trypsin-like proteases only present in specific cells or tissues and therefore only cause localized infections. Unlike these viruses, cleavage of the NiV F protein is ubiquitous and does not require the addition of exogenous proteases in cell culture. To determine the importance of the amino acid sequence at the NiV F protein cleavage site for ubiquitous activation, we generated NiV F proteins with mutations around R109. Surprisingly, neither the exchange of amino acids upstream of R109 nor replacement of the basic residue itself interfered with F cleavage. Thus, R109 is not essential for F cleavage and activation. Our data demonstrate that NiV F-protein activation depends on a novel type of proteolytic cleavage that has not yet been described for any other paramyxovirus F protein. NiV F activation is mediated by a ubiquitous protease that requires neither a monobasic nor a multibasic cleavage site and therefore differs from the furin- or trypsin-like proteases known to activate other ortho- and paramyxovirus fusion proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15331703ß��Moll, Markus
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Zoonoses/*epidemiology/transmission���Sep|��It is well recognized that most emerging diseases of humans are zoonotic, and that the forces working to create emerging diseases in humans are also operating in animal populations. However, what is often overlooked is that emerging human diseases are usually preceded by the emergence of the same pathogen in an animal population. In fact, the developing disease in animals acts as a link allowing the disease to take hold and wreck havoc in public health. Numerous examples--Rift Valley fever, monkeypox, Nipah, and Ebola--serve to underscore this linkage and to highlight the increasing interconnectedness of animal and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/15325066���Torres-Velez, Fernando
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Viral Fusion Proteins/*metabolism���Sep ��Proteolytic cleavage of the Hendra virus fusion (F) protein results in the formation of disulfide-linked F1 and F2 subunits, with cleavage occurring after residue K109 in the sequence GDVK/L. This unusual cleavage site and efficient propagation of Hendra virus in a furin-deficient cell line indicate that the Hendra F protein is not cleaved by furin, the protease responsible for proteolytic activation of many viral fusion proteins. To identify the subcellular site of Hendra F processing, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F were metabolically labeled and chased in the absence and presence of inhibitors of exocytosis. The addition of carbonyl-cyanide-3-chlorophenylhydrazone, monensin, brefeldin A, or NaF-AlCl3 or incubation of cells at 20 degrees C all inhibited processing of the Hendra F protein, suggesting that cleavage of Hendra F occurs either in secretory vesicles budding from the trans-Golgi network or at the cell surface. In contrast to proteolytic cleavage of the simian virus 5 (SV5) F protein by the Ca(2+)-dependent protease furin, proteolytic cleavage of the Hendra F protein was not significantly inhibited by decreases in Ca2+ levels following incubation with EGTA or A23187. However, in the presence of weak amines and H+ V-ATPase inhibitors, known to raise intracellular pH, cleavage of Hendra F protein was inhibited while processing of the SV5 F protein was not significantly affected. The subcellular location, sensitivity to pH changes, and decreased Ca2+ requirement suggest that the protease responsible for cleavage of Hendra F protein differs from proteases previously shown to be involved in the processing of other viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15308711ð��Pager, Cara Theresia
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Taq Polymerase���Sep 15���Nipah and Hendra viruses belong to the novel Henipavirus genus of the Paramyxoviridae family. Its zoonotic circulation in bats and recent emergence in Malaysia with fatal consequences for humans that were in close contact with infected pigs, has made the reinforcement of epidemiological and clinical surveillance systems a priority. In this study, TaqMan RT-PCR of the Nipah nucleoprotein has been developed so that Nipah virus RNA in field specimens or laboratory material can be characterized rapidly and specifically and quantitated. The linearity of the standard curve allowed quantification of 10(3) to 10(9) RNA transcripts. The sensitivity of the test was close to 1 pfu. The kinetics of Nipah virus production in Vero cells was monitored by the determination of infectious virus particles in the supernatant fluid and by quantitation of the viral RNA. Approximately, 1000 RNA molecules were detected per virion, suggesting the presence of many non-infectious particles, similar to other RNA viruses. TaqMan real-time RT-PCR failed to detect Hendra virus DNA. Importantly, the method was able to detect virus despite a similar ratio in viremic sera from hamsters infected with Nipah virus. This standardized technique is sensitive and reliable and allows rapid detection and quantitation of Nipah RNA in both field and experimental materials used for the surveillance and specific diagnosis of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/15288966-��Guillaume, Vanessa
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Signal Transduction/*drug effects/physiology,��Interferon (IFN) can activate Signal Transducer and Activator of Transcription (STAT) proteins to establish a cellular antiviral response and inhibit virus replication. Many viruses have evolved strategies to inhibit this antiviral mechanism, but paramyxoviruses are unique in their abilities to directly target the IFN-responsive STAT proteins. Hendra virus and Nipah virus (Henipaviruses) are recently emerged paramyxoviruses that are the causative agents of fatal disease outbreaks in Australia and peninsular Malaysia. Similar to other paramyxoviruses, Henipaviruses inhibit IFN signal transduction through a virus-encoded protein called V. Recent studies have shown that Henipavirus V proteins target STAT proteins by inducing the formation of cytoplasmically localized high molecular weight STAT-containing complexes. This sequestration of STAT1 and STAT2 prevents STAT activation and blocks antiviral IFN signaling. As the V proteins are important factors for host evasion, they represent logical targets for therapeutics directed against Henipavirus epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/15279700/��Rodriguez, Jason J
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Tissue Fixation���Aug-OctY��Formalin-fixed, paraffin wax-embedded tissues of three Malaysian farm pigs naturally infected with Nipah virus were used to investigate the value of anti-Nipah virus mouse monoclonal antibodies (Mabs) and rabbit polyclonal antibody for immunohistochemical diagnosis. Mabs 11F6 and 12A5 gave intense immunolabelling in lung tissue that had been fixed in 10% neutral buffered formalin for about 4 years, whereas the reactivity of Mabs 13A5 and 18C4 and polyclonal antibody was reduced significantly by long-term formalin fixation. Immunohistochemical examination of Malaysian farm pig samples with Mab 11F6 confirmed the affinity of Nipah virus for respiratory epithelium, renal glomerular and tubular epithelium, meningeal arachnoidal cells, and systemic vascular endothelium and smooth muscle. In addition, Nipah virus antigens were identified in laryngeal epithelial cells, Schwann cells of peripheral nerve fascicles in the spleen, and endothelial cells in the atrioventricular valve. The study demonstrated the value of Mabs 11F6 and 12A5 for the immunohistochemical diagnosis of Nipah virus infection in pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/15276859Ö��Tanimura, N
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Viral Fusion Proteins/chemistry/genetics/metabolism/*physiology���JulÏ��Nipah virus (NiV), a new member of the Paramyxoviridae, codes for a fusion (F) protein with five potential N-glycosylation sites. Because glycans are known to be important structural components affecting the conformation and function of viral glycoproteins, we analyzed the effect of the deletion of N-linked oligosaccharides on cell surface transport, proteolytic cleavage, and the biological activity of the NiV F protein. Each of the five potential glycosylation sites was removed either individually or in combination, revealing that four sites are actually utilized (g2 and g3 in the F(2) subunit and g4 and g5 in the F(1) subunit). While the removal of g2 and/or g3 had no or little effect on cleavage, surface transport, and fusion activity, the elimination of g4 or g5 reduced the surface expression by more than 80%. Similar to a mutant lacking all N-glycans, g4 deletion mutants in which the potential glycosylation site was destroyed by introducing a glycine residue were neither cleaved nor transported to the cell surface and consequently were not able to mediate cell-to-cell fusion. This finding indicates that in the absence of g4, the amino acid sequence around position 414 is important for folding and transport.,��https://www.ncbi.nlm.nih.gov/pubmed/15194804¬��Moll, Markus
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Viral Proteins/*chemistry���Jun#��Hendra virus (HeV) and Nipah virus (NiV) are members of a new genus, Henipavirus, in the family paramyxoviridae. Each virus encodes a phosphoprotein (P) that is significantly larger than its counterparts in other known paramyxoviruses. The interaction of this unusually large P with its nucleocapsid protein (N) was investigated in this study by using recombinant full-length and truncated proteins expressed in bacteria and a modified protein-blotting protein-overlay assay. Results from our group demonstrated that the N and P of both viruses were able to form not only homologous, but also heterologous, N-P complexes, i.e. HeV N was able to interact with NiV P and vice versa. Deletion analysis of the N and P revealed that there were at least two independent N-binding sites on P and they resided at the N and C termini, respectively. Similarly, more than one P-binding site was present on N and one of these was mapped to a 29 amino acid (aa) C-terminal region, which on its own was sufficient to interact with the extreme C-terminal 165 aa region of P.,��https://www.ncbi.nlm.nih.gov/pubmed/15166452§��Chan, Y P
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X-Ray Diffraction���Jun&��Highly conserved heptad-repeat (HR1 and HR2) regions in class I viral fusion (F) proteins, including the F protein from paramyxovirus, interact with each other post-fusion to form a six-helix bundle called a fusion core. Crystals of the fusion core of Nipah virus have been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.1 angstroms resolution at 100 K in-house. The crystals have unit-cell parameters a = 31.664, b = 31.725, c = 51.256 angstroms, alpha = 80.706, beta = 86.343, gamma = 65.812 degrees and belong to space group P1. Crystals of the fusion core of Hendra virus have also been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.0 angstroms resolution at 100 K in-house. A selenomethionine (SeMet) derivative of the HeV fusion core was overexpressed using the same Escherichia coli expression system and purified. The derivative crystals were obtained under similar conditions and three different wavelength data sets were collected to 2.0 angstroms resolution from the derivative crystal at BSRF (Beijing Synchrotron Radiation Facility). The crystals have unit-cell parameters a = 31.997, b = 31.970, c = 53.865 angstroms, alpha = 85.990, beta = 85.842, gamma = 68.245 degrees and belong to space group P1.,��https://www.ncbi.nlm.nih.gov/pubmed/15159588���Xu, Yanhui
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�Over the last decade, there was noted a large advancement of knowledge on living organisms and their products posing a potential occupational risk. Novel risk factors, often new to science, were identified, the role and significance of already known factors better comprehended, and occupational groups endangered by biological hazards more thoroughly recognized. Novel viruses and prions, emerging in different parts of the world, may pose a particular threat to health and life of health care workers, agriculture workers and veterinarians. A new coronavirus (SCoV) that evoked a rapid outbreak of disease described as severe acute respiratory syndrome (SARS) in the first half of 2003 may serve as an example. The disease was particularly common among health care workers. Previously discovered zoonotic viruses, Nipah virus in pigs and Hendra virus in horses, may be a cause of fatal encephalitis in animal farmers. Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and laboratory workers. Prions responsible for inducing a zoonotic variant of Creutzfeldt-Jakob disease (vCJD) are considered to be a potential cause of work-related infections in agricultural and health care workers, however, this assumption has not as yet been supported by any conclusive evidence. In many countries, blood-borne occupational infections with hepatitis C virus (HCV) is the major epidemiological problem among health care workers, mostly because no vaccine against this virus has been produced to date. Vaccinations effectively restricted the number of occupational infections with hepatitis B virus (HBV), and work-related infections with human immunodeficiency virus (HIV) causing acquired immunodeficiency syndrome (AIDS) are very rare. Hazardous bioserosols, occurring in many work environments, pose an occupational health hazard of particular importance. Many new biological factors present in organic dusts that may induce work-related allergic and immunotoxic diseases among farmers and workers of the agricultural and wood industries have been identified. Droplet aerosols, which are generated from water, oils, oil-water emulsions and other liquids in various work environments, may contain infectious agents (Legionella spp.) as well as allergic and/or toxic agents. It has been shown that allergens and endotoxins produced by Gram-negative bacteria occurring in oil mist from metalworking fluids may cause occupational respiratory diseases in workers of the metallurgic industry.,��https://www.ncbi.nlm.nih.gov/pubmed/15156765_��Dutkiewicz, Jacek
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United Kingdom���May-JunÐ��INTRODUCTION: Selected tablet-treated elderly type 2 subjects with very poor glycaemic control may experience improvements in well-being after starting twice-daily insulin. In this study, the health status, mood, and treatment satisfaction of diabetic subjects with poor control on oral medication were assessed before and after being randomised to one of two insulin regimens. METHODOLOGY: Fifty-seven type 2 subjects with poor glycaemic control (HBA(1c) 9.7%) were randomised to continue tablets (Group l), twice-daily isophane insulin (Group 2), or basal/bolus isophane/lispro insulin (Group 3). Health status, treatment satisfaction, and mood were measured at baseline, 1, 3, and 6 months. RESULTS: Mean HBA(1c) levels were lower in Groups 1 and 3 at 6 months (P<.02 and.03, respectively) but not Group 2 (P=.2). Mean health status scores did not differ between the groups at any time point. In Group 3, significant within-subject improvements occurred in six domains of the SF-36 at 1 month, four domains at 3 months, and six domains at 6 months. There were no significant within-subject changes in health status scores in the other groups. Mean anxiety scores improved in both Groups 1 and 3 over 6 months, and mean depression scores also improved in Group 3 during the study. CONCLUSIONS: Small improvements in health status and mood may be associated with basal/bolus, but not twice-daily, insulin in elderly type 2 subjects. These effects may be independent of glycaemic control.,��https://www.ncbi.nlm.nih.gov/pubmed/15145325ð��Hendra, Timothy J
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Viral Proteins/*physiology���Junc��In previous reports it was demonstrated that the Nipah virus V and W proteins have interferon (IFN) antagonist activity due to their ability to block signaling from the IFN-alpha/beta receptor (J. J. Rodriguez, J. P. Parisien, and C. M. Horvath, J. Virol. 76:11476-11483, 2002; M. S. Park et al., J. Virol. 77:1501-1511, 2003). The V, W, and P proteins are all encoded by the same viral gene and share an identical 407-amino-acid N-terminal region but have distinct C-terminal sequences. We now show that the P protein also has anti-IFN function, confirming that the common N-terminal domain is responsible for the antagonist activity. Truncation of this N-terminal domain revealed that amino acids 50 to 150 retain the ability to block IFN and to bind STAT1, a key component of the IFN signaling pathway. Subcellular localization studies demonstrate that the V and P proteins are predominantly cytoplasmic whereas the W protein is localized to the nucleus. In all cases, STAT1 colocalizes with the corresponding Nipah virus protein. These interactions are sufficient to inhibit STAT1 activation, as demonstrated by the lack of STAT1 phosphorylation on tyrosine 701 in IFN-stimulated cells expressing P, V, or W. Therefore, despite their common STAT1-binding domain, the Nipah virus V and P proteins act by retaining STAT1 in the cytoplasm while the W protein sequesters STAT1 in the nucleus, creating both a cytoplasmic and a nuclear block for STAT1. We also show that the IFN antagonist activity of the P protein is not as strong as that of V or W, perhaps explaining why Nipah virus has evolved to express these two edited products.,��https://www.ncbi.nlm.nih.gov/pubmed/15140960ë��Shaw, Megan L
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Zoonoses±��Three newly recognized encephalitogenic zoonotic viruses spread from fruit bats of the genus Pteropus (order Chiroptera, suborder Megachiroptera) have been recognised over the past decade. These are: Hendra virus, formerly named equine morbillivirus, which was responsible for an outbreak of disease in horses and humans in Brisbane, Australia, in 1994; Australian bat lyssavirus, the cause of a severe acute encephalitis, in 1996; and Nipah virus, the cause of a major outbreak of encephalitis and pulmonary disease in domestic pigs and people in peninsula Malaysia in 1999. Hendra and Nipah viruses have been shown to be the first two members of a new genus, Henipavirus, in the family Paramyxoviridae, subfamily Paramyxovirinae, whereas Australian bat lyssavirus is closely related antigenically to classical rabies virus in the genus Lyssavirus, family Rhabdoviridae, although it can be distinguished on genetic grounds. Hendra and Nipah viruses have neurological and pneumonic tropisms. The first humans and equids with Hendra virus infections died from acute respiratory disease, whereas the second human patient died from an encephalitis. With Nipah virus, the predominant clinical syndrome in humans was encephalitic rather than respiratory, whereas in pigs, the infection was characterised by acute fever with respiratory involvement with or without neurological signs. Two human infections with Australian bat lyssavirus have been reported, the clinical signs of which were consistent with classical rabies infection and included a diffuse, non-suppurative encephalitis. Many important questions remain to be answered regarding modes of transmission, pathogenesis, and geographic range of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15119765���Mackenzie, J S
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Viral Proteins/*chemistry���Mayd��The V proteins of Nipah virus and Hendra virus have been demonstrated to bind to cellular STAT1 and STAT2 proteins to form high-molecular-weight complexes that inhibit interferon (IFN)-induced antiviral transcription by preventing STAT nuclear accumulation. Analysis of the Nipah virus V protein has revealed a region between amino acids 174 and 192 that functions as a CRM1-dependent nuclear export signal (NES). This peptide is sufficient to complement an export-defective human immunodeficiency virus Rev protein, and deletion and substitution mutagenesis revealed that this peptide is necessary for both V protein shuttling and cytoplasmic retention of STAT1 and STAT2 proteins. However, the NES is not required for V-dependent IFN signaling inhibition. IFN signaling is blocked primarily by interaction between Nipah virus V residues 100 to 160 and STAT1 residues 509 to 712. Interaction with STAT2 requires a larger Nipah virus V segment between amino acids 100 and 300, but deletion of residues 230 to 237 greatly reduced STAT2 coprecipitation. Further, V protein interactions with cellular STAT1 is a prerequisite for STAT2 binding, and sequential immunoprecipitations demonstrate that V, STAT1, and STAT2 can form a tripartite complex. These findings characterize essential regions for Henipavirus V proteins that represent potential targets for therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/15113915·��Rodriguez, Jason J
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Viral Structural Proteins/*chemistry/physiology���MayÅ��The paramyxovirus family includes many well-known human and animal pathogens as well as emerging viruses such as Hendra virus and Nipah virus. The V protein of simian virus 5 (SV5), a prototype of the paramyxoviruses, contains a cysteine-rich C-terminal domain which is conserved among all paramyxovirus V proteins. The V protein can block both interferon (IFN) signaling by causing degradation of STAT1 and IFN production by blocking IRF-3 nuclear import. Previously, it was reported that recombinant SV5 lacking the C terminus of the V protein (rSV5VDeltaC) induces a severe cytopathic effect (CPE) in tissue culture whereas wild-type (wt) SV5 infection does not induce CPE. In this study, the nature of the CPE and the mechanism of the induction of CPE were investigated. Through the use of DNA fragmentation, terminal deoxynucleotidyltransferase-mediated dUTP-biotin nick end labeling, and propidium iodide staining assays, it was shown that rSV5VDeltaC induced apoptosis. Expression of wt V protein prevented apoptosis induced by rSV5VDeltaC, suggesting that the V protein has an antiapoptotic function. Interestingly, rSV5VDeltaC induced apoptosis in U3A cells (a STAT1-deficient cell line) and in the presence of neutralizing antibody against IFN, suggesting that the induction of apoptosis by rSV5VDeltaC was independent of IFN and IFN-signaling pathways. Apoptosis induced by rSV5VDeltaC was blocked by a general caspase inhibitor, Z-VAD-FMK, but not by specific inhibitors against caspases 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 13, suggesting that rSV5VDeltaC-induced apoptosis can occur in a caspase 12-dependent manner. Endoplasmic reticulum stress can lead to activation of caspase 12; compared to the results seen with mock and wt SV5 infection, rSV5VDeltaC infection induced ER stress, as demonstrated by increased expression levels of known ER stress indicators GRP 78, GRP 94, and GADD153. These data suggest that rSV5VDeltaC can trigger cell death by inducing ER stress.,��https://www.ncbi.nlm.nih.gov/pubmed/15113888���Sun, Minghao
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Viral Fusion Proteins/chemistry/*genetics/isolation & purification/*metabolism���Mar 12���Nipah virus (NiV) and Hendra virus (HeV) are novel zoonotic members of the Paramyxoviridae family and are the prototypes for a newly designated genus, Genus Henipavirus. Recent studies have shown that paramyxovirus might adopt a similar mechanism of virus fusion-entry. Under this mechanism, the two highly conserved heptad repeat (HR) regions, HR1 and HR2, in the fusion (F) protein, seem to show characteristic structure in the fusion core: the formation of a 6-helix coiled-coil bundle. The three HR1s form the alpha-helix coiled-coil surrounded by three HR2s. In this study, the two HR regions of NiV or HeV were expressed in an Escherichia coli system as a single chain and the results do show that HR1 and HR2 interact with each other in both NiV and HeV and form typical 6-helix coiled-coil bundles. This provides the molecular basis of HR2 inhibition to NiV and HeV fusion as observed in an earlier report.,��https://www.ncbi.nlm.nih.gov/pubmed/14975752æ��Xu, Yanhui
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Vero Cells���Janß��Eight clones of monoclonal antibodies (Mabs) to Nipah virus (NV) were produced against formalin-inactivated NV antigens. They reacted positive by indirect immunofluorescent antibody test, and one of them also demonstrated virus neutralizing activity. They were classified into six different types based on their biological properties. These Mabs will be useful for immunodiagnosis of NV infections in animals and further research studies involving the genomes and proteins of NV.,��https://www.ncbi.nlm.nih.gov/pubmed/14960818Ô��Imada, Tadao
Abdul Rahman, Mohd Ali
Kashiwazaki, Yoshihito
Tanimura, Nobuhiko
Syed Hassan, Sharifah
Jamaluddin, Aziz
eng
Research Support, Non-U.S. Gov't
Japan
2004/02/13 05:00
J Vet Med Sci. 2004 Jan;66(1):81-3.%��0916-7250 (Print)
0916-7250 (Linking)���14960818W��National Institute of Animal Health, 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856, Japan.�������üÒtÿþ?â������Guillaume, V.
Contamin, H.
Loth, P.
Georges-Courbot, M. C.
Lefeuvre, A.
Marianneau, P.
Chua, K. B.
Lam, S. K.
Buckland, R.
Deubel, V.
Wild, T. F.���2004J��Nipah virus: vaccination and passive protection studies in a hamster model���834-40���J Virol���78���2���Animals
Antibodies, Viral/blood/*immunology
Cricetinae
Disease Models, Animal
HeLa Cells
Henipavirus Infections/immunology/*prevention & control
Humans
Immunization, Passive/*methods
Mesocricetus
Nipah Virus/*immunology
Vaccination/methods
Vaccinia virus/genetics
Viral Envelope Proteins/genetics/immunology
Viral Fusion Proteins/genetics/immunology
Viral Vaccines/*administration & dosage/immunology���JanÓ��Nipah virus, a member of the paramyxovirus family, was first isolated and identified in 1999 when the virus crossed the species barrier from fruit bats to pigs and then infected humans, inducing an encephalitis with up to 40% mortality. At present there is no prophylaxis for Nipah virus. We investigated the possibility of vaccination and passive transfer of antibodies as interventions against this disease. We show that both of the Nipah virus glycoproteins (G and F) when expressed as vaccinia virus recombinants induced an immune response in hamsters which protected against a lethal challenge by Nipah virus. Similarly, passive transfer of antibody induced by either of the glycoproteins protected the animals. In both the active and passive immunization studies, however, the challenge virus was capable of hyperimmunizing the vaccinated animals, suggesting that although the virus replicates under these conditions, the immune system can eventually control the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14694115Ø��Guillaume, V
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Joyce-Brady, M.���2003q��Development and prospective validation of a model for predicting weaning in chronic ventilator dependent patients���3���BMC Pulm Med���3���Nov 13 ��BACKGROUND: Approximately ten percent of patients placed on mechanical ventilation during acute illness will require long-term ventilator support. Unfortunately, despite rehabilitation, some will never be liberated from the ventilator. A method of predicting weaning outcomes for these patients could help conserve resources and minimize frustrating failed weaning attempts for this population. The objective of this investigation was to identify predictors of weaning outcome for patients admitted to a chronic ventilator unit (CVU). METHODS: This was a retrospective analysis with prospective validation. The study setting was a 25 bed CVU within a rehabilitation hospital. The training group consisted of 43 patients referred to our facility for weaning after > 3 weeks of mechanical ventilation. A multivariate model to predict weaning outcome was constructed in this group and applied to a prospective group of 31 patients followed during an 18-month period. RESULTS: A modified Glasgow Coma Scale (GCS) and the presence of sustained spontaneous respirations (SSR), defined as the presence of 2 breaths recorded above the ventilator settings on four occasions, were highly predictive of weaning success within six months of CVU admission. Patients with a modified GCS > or = 8 were 6.5 times more likely to wean than those with a modified GCS < 8 (95% confidence interval 1.6-26.3) and those with SSR were 25.5 times more likely to wean than those without SSR (95% confidence interval 4.3-51.9). CONCLUSIONS: In our population of CVU patients, simple parameters that were available on admission and did not directly reflect cardiopulmonary function were useful predictors of weaning outcome.,��https://www.ncbi.nlm.nih.gov/pubmed/14614783���Hendra, Katherine P
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Zoonoses/virology���Nov@��A predominantly pig-to-human zoonotic infection caused by the novel Nipah virus emerged recently to cause severe morbidity and mortality in both animals and man. Human autopsy studies showed the pathogenesis to be related to systemic vasculitis that led to widespread thrombotic occlusion and microinfarction in most major organs especially in the central nervous system. There was also evidence of extravascular parenchymal infection, particularly near damaged vessels (Wong KT, Shieh WJ, Kumar S, Norain K, Abdullah W, Guarner J, Goldsmith CS, Chua KB, Lam SK, Tan CT, Goh KJ, Chong HT, Jusoh R, Rollin PE, Ksiazek TG, Zaki SR, Nipah Virus Pathology Working Group: Nipah virus infection: Pathology and pathogenesis of an emerging paramyxoviral zoonosis. Am J Pathol 2002, 161:2153-2167). We describe here a golden hamster (Mesocricetus auratus) model that appears to reproduce the pathology and pathogenesis of acute human Nipah infection. Hamsters infected by intranasal or intraperitoneal routes died within 9 to 29 days or 5 to 9 days, respectively. Pathological lesions were most severe and extensive in the hamster brain. Vasculitis, thrombosis, and more rarely, multinucleated endothelial syncytia, were found in blood vessels of multiple organs. Viral antigen and RNA were localized in both vascular and extravascular tissues including neurons, lung, kidney, and spleen, as demonstrated by immunohistochemistry and in situ hybridization, respectively. Paramyxoviral-type nucleocapsids were identified in neurons and in vessel walls. At the terminal stage of infection, virus and/or viral RNA could be recovered from most solid organs and urine, but not from serum. The golden hamster is proposed as a suitable model for further studies including pathogenesis studies, anti-viral drug testing, and vaccine development against acute Nipah infection.,��https://www.ncbi.nlm.nih.gov/pubmed/14578210���Wong, K Thong
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Viral Proteins/metabolism/*pharmacology���Nov.��The V protein of the recently emerged paramyxovirus, Nipah virus, has been shown to inhibit interferon (IFN) signal transduction through cytoplasmic sequestration of cellular STAT1 and STAT2 in high-molecular-weight complexes. Here we demonstrate that the closely related Hendra virus V protein also inhibits cellular responses to IFN through binding and cytoplasmic sequestration of both STAT1 and STAT2, but not STAT3. These findings demonstrate a V protein-mediated IFN signal evasion mechanism that is a general property of the known Henipavirus species.,��https://www.ncbi.nlm.nih.gov/pubmed/14557668y��Rodriguez, Jason J
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Viral Proteins/*chemistry/genetics���Nov 7s��Measles virus is a negative-sense, single-stranded RNA virus belonging to the Mononegavirales order which comprises several human pathogens such as Ebola, Nipah, and Hendra viruses. The phosphoprotein of measles virus is a modular protein consisting of an intrinsically disordered N-terminal domain (Karlin, D., Longhi, S., Receveur, V., and Canard, B. (2002) Virology 296, 251-262) and of a C-terminal moiety (PCT) composed of alternating disordered and globular regions. We report the crystal structure of the extreme C-terminal domain (XD) of measles virus phosphoprotein (aa 459-507) at 1.8 A resolution. We have previously reported that the C-terminal domain of measles virus nucleoprotein, NTAIL, is intrinsically unstructured and undergoes induced folding in the presence of PCT (Longhi, S., Receveur-Brechot, V., Karlin, D., Johansson, K., Darbon, H., Bhella, D., Yeo, R., Finet, S., and Canard, B. (2003) J. Biol. Chem. 278, 18638-18648). Using far-UV circular dichroism, we show that within PCT, XD is the region responsible for the induced folding of NTAIL. The crystal structure of XD consists of three helices, arranged in an anti-parallel triple-helix bundle. The surface of XD formed between helices alpha2 and alpha3 displays a long hydrophobic cleft that might provide a complementary hydrophobic surface to embed and promote folding of the predicted alpha-helix of NTAIL. We present a tentative model of the interaction between XD and NTAIL. These results, beyond presenting the first measles virus protein structure, shed light both on the function of the phosphoprotein at the molecular level and on the process of induced folding.,��https://www.ncbi.nlm.nih.gov/pubmed/12944395ø��Johansson, Kenth
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*Virus Diseases/drug therapy/genetics/prevention & control���Aug 15ð��Certain viruses, such as those that cause smallpox and hemorrhagic fevers, have been identified as possible bioterrorism agents by the Centers for Disease Control and Prevention. They have been designated as potential threats because large quantities can be propagated in cell culture, they are transmissible as aerosols and, for the most part, there are only limited vaccine and pharmaceutical strategies for either prevention or treatment of established infection. An additional concern is the potential to genetically modify these agents to enhance virulence or promote resistance to vaccines or identified antivirals. Although the major impact of these agents is human illness, the release of zoonotic agents, such as the Nipah virus, would have consequences for both humans and animals because infected and noninfected animals might need to be sacrificed to control the spread of infection. Continued research is necessary to develop effective strategies to limit the impact of these biological threats.,��https://www.ncbi.nlm.nih.gov/pubmed/12944096v��Bronze, Michael S
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Zoonoses/*transmissioné��Porcine organs, cells and tissues provide a viable source of transplants in humans, though there is some concern of public health risk from adaptation of swine infectious agents in humans. Limited information is available on the public health risk of many exogenous swine viruses, and reliable and rapid diagnostic tests are available for only a few of these. The ability of several porcine viruses to cause transplacental fetal infection (parvoviruses, circoviruses, and arteriviruses), emergence or recognition of several new porcine viruses during the last two decades (porcine circovirus, arterivirus, paramyxoviruses, herpesviruses, and porcine respiratory coronavirus) and the immunosuppressed state of the transplant recipients increases the xenozoonoses risk of humans to porcine viruses through transplantation. Much of this risk can be eliminated with vigilance and sustained monitoring along with a better understanding of pathogenesis and development of better diagnostic tests. In this review we present information on selected exogenous viruses, highlighting their characteristics, pathogenesis of viral infections in swine, methods for their detection, and the potential xenozoonoses risk they present. Emphasis has been given in this review to swine influenza virus, paramyxovirus (Nipah virus, Menagle virus, LaPiedad paramyxovirus, porcine paramyxovirus), arterivirus (porcine reproductive and respiratory syndrome virus) and circovirus as either they represent new swine viruses or present the greatest risk. We have also presented information on porcine parvovirus, Japanese encephalitis virus, encephalomyocarditis virus, herpesviruses (pseudorabies virus, porcine lymphotropic herpesvirus, porcine cytomegalovirus), coronaviruses (TGEV, PRCV, HEV, PEDV) and adenovirus. The potential of swine viruses to infect humans needs to be assessed in vitro and in vivo and rapid and more reliable diagnostic methods need to be developed to assure safe supply of porcine tissues and cells for xenotransplantation.,��https://www.ncbi.nlm.nih.gov/pubmed/12934944���Paul, P S
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Zoonoses���Jung��Paramyxoviruses are responsible for a wide variety of diseases both in humans and in animals. Common to many paramyxoviruses is the fact that they can cause neurological symptoms in their final host. Newly discovered paramyxoviruses, such as the Hendra and Nipah viruses, show the same pattern of pathogenesis as that of the paramyxoviruses already known. Canine distemper virus (CDV) is a well-studied member of the genus Morbillivirus. Study of the neuropathogenesis of CDV might give insight into disease mechanisms and suggest approaches for the prevention of other recently discovered paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/12885204º��Griot, Christian
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Zoonoses���JulÞ��BACKGROUND: Viral encephalitis occurs in epidemic settings or is sporadic. New encephalitis patterns reflect the roles that biologic reservoirs and vectors play in determining virus-human interactions. "New" viral encephalitis can also result from human host modifications that increase susceptibility to neuroinvasive viral infection. REVIEW SUMMARY: Three human viruses, Nipah virus, Human Herpesvirus-6, and West Nile virus, present examples of how "new" viral encephalitides emerge in a specific geographic region or clinical setting. Nipah virus encephalitis emerged after the molecular evolution of a new zoonotic viral genus within the Paramyxovirinae family. Human herpesvirus-6 encephalitis has emerged in the immune suppressed human host harboring this ubiquitous but typically benign herpesvirus. West Nile virus encephalitis has emerged in the Western hemisphere after apparent abrupt translocation of this mosquito-borne virus to a distant geographic region with immunologically naive avian and human hosts. CONCLUSION: While the clinical features of these viral encephalitides are somewhat distinct, they each emerged as the result of human-derived factors that altered the biologic dynamic between humans and their viral pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12864929{��McCarthy, Micheline
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West Nile virus/pathogenicity���Jun?��PURPOSE OF REVIEW: The exotic and emerging viral encephalitides are caused by animal or human viruses and characterised by sudden unexpected outbreaks of neurological disease, usually in tropical and sub-tropical regions, but sometimes spreading to temperate areas. Although a wide range of viruses come within this label, as this review highlights, there are common research questions as to the origin and spread of the viruses, the contribution of viral and host factors to the clinical presentations and outcome, and the possibilities for treatment and vaccination. RECENT FINDINGS: During 2002, North America experienced the largest ever outbreak of West Nile encephalitis; a poliomyelitis-like flaccid paralysis due to West Nile virus was recognised, and transfusion-related infections were documented. Globally, Japanese encephalitis virus is the most important emerging viral encephalitis; interferon alpha was not effective against Japanese encephalitis in a double-blind placebo-controlled trial, but new chimeric vaccines are in development. Recent work suggests Japanese encephalitis virus originated in the Indonesia-Malaysia region, and spread from there. The origin of Nipah virus, which caused an encephalitis outbreak in Malaysia in 1998, is not known, but flying foxes have been identified as a natural host. Enterovirus 71 continues to cause large outbreaks of hand foot and mouth disease across Asia, associated with neurological and systemic complications; recent work has focused on the pathogenesis of these complications. SUMMARY: Disease surveillance remains important for the early recognition and containment of encephalitis outbreaks. Detailed clinical and laboratory studies will help answer the key questions, but there is a need to ensure the results translate to real benefits for the communities affected by these diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/12858080���Solomon, Tom
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Time Factors���May-Juný��This study examined the effect of a time-limited welfare program on school-age children using data on almost 3,000 children (ages 5-17 at the four year follow up-point) from the random assignment evaluation of Florida's Family Transition Program (FTP). FTP was one of the first welfare reform initiatives to impose a time limit on the receipt of cash assistance, and it combined the time limit with a rich array of mandatory services. The effects of FTP on children were moderated by families' risk of long-term welfare dependency. Contrary to predictions laid out at the outset, there were few effects of FTP on middle childhood and adolescent children for children of parents most likely to be long-term welfare dependent (those most likely to hit the time limit). However, consistent negative effects on this same age group of children were found for children of parents least likely to be long-term welfare dependent--parents who had the largest employment gains--and effects of FTP were most strongly negative for the oldest adolescent children. The findings suggest a different theoretical model for movements into employment than the one suggested in the previous literature for job loss. The findings are discussed in terms of their contribution to research and policy.,��https://www.ncbi.nlm.nih.gov/pubmed/12795394r��Morris, Pamela
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Workforce���May���The Epidemic Intelligence Service (EIS) was created in 1951 to provide epidemiologists to investigate natural and intentional disease epidemics. From an initial class of 23 U.S. citizens, the program has evolved into a globally recognized, hands-on learning experience, accepting approximately 65 to 75 new officers each year. The first U.S. military epidemic intelligence service officer (EISO) was accepted into the program in 1994. Since that time, 12 such officers have completed, or have begun, EIS training. They have comprised 2.1% of all EISOs from 1994 to 2001 and 0.47% of all EISOs. This total has included nine Air Force veterinarians, one Army veterinarian, one Army physician, and one Navy physician. Each military EISO had the opportunity to lead investigations of significant public health events (e.g., Ebola, monkeypox, malaria, Nipah virus, West Nile fever, and anthrax outbreaks). All graduates from the military returned to active duty assignments in operational medical units, research institutes, or the intelligence community.,��https://www.ncbi.nlm.nih.gov/pubmed/12775171���Noah, Donald L
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Swine Diseases/*epidemiology/transmission/virology���AprÔ��Nipah virus, a novel paramyxovirus, closely related to Hendra virus emerged in northern part of Peninsular Malaysia in 1998. The virus caused an outbreak of severe febrile encephalitis in humans with a high mortality rate, whereas, in pigs, encephalitis and respiratory diseases but with a relatively low mortality rate. The outbreak subsequently spread to various regions of the country and Singapore in the south due to the movement of infected pigs. Nipah virus caused systemic infections in humans, pigs and other mammals. Histopathological and radiological findings were characteristic of the disease. Fruitbats of Pteropid species were identified as the natural reservoir hosts. Evidence suggested that climatic and anthropogenic driven ecological changes coupled with the location of piggeries in orchard and the design of pigsties allowed the spill-over of this novel paramyxovirus from its reservoir host into the domestic pigs and ultimately to humans and other animals.,��https://www.ncbi.nlm.nih.gov/pubmed/12637075[��Chua, Kaw Bing
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Swine���Jan=��INTRODUCTION: Between September 1998 and June 1999, there was a severe outbreak of viral encephalitis among the pig farm workers in Malaysia. METHODS: This is a review of the published literature related to the outbreak with the focus on human diseases. RESULTS: The encephalitis was caused by a newly discovered paramyxovirus related to Hendra virus, later named Nipah virus. There were 265 patients with acute encephalitis. The disease is thought to spread from pig to man through close contact. The risk of human-to-human spread is thought to below. The disease affected mainly adult Chinese males, half of whom had affected family members. The disease presented mainly as acute encephalitis with a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia. Initial cerebrospinal fluid was abnormal in 75% of patients. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging showed distinctive changes of multiple, discrete, and small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was high at 40% and death was probably due to severe brainstem involvement. The main necropsy finding in acute encephalitis was that of disseminated microinfarction associated with vasculitis and direct neuronal involvement. Ribavirin was able to reduce the mortality by 36%. Relapse encephalitis was seen in 7.5% of those who recovered from acute encephalitis, and late-onset encephalitis in 3.4% of those with initial non-encephalitic or asymptomatic diseases. The mean interval between initial illness and the onset of the complication was 8.4 months. The relapse and late-onset encephalitis which manifested as focal encephalitis arose from recurrent infection. CONCLUSION: Nipah virus, a recently discovered paramyxovirus, causes a unique encephalitis with high mortality as well as relapse and late-onset encephalitis. The infection is mainly spread from pigs to man.,��https://www.ncbi.nlm.nih.gov/pubmed/12625108_��Tan, C T
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Ticks/*virology���Apr¥��Hendra virus is a new virus of the family Paramyxoviridae. This virus was first detected in Queensland, Australia, in 1994; although, it seems that the virus has infected fruit-eating bats (flying-foxes) for a very long time. At least 2 humans and 15 horses have been killed by this virus since it first emerged as a virus that may infect mammals other than flying-foxes. Hendra virus is thought to have moved from flying-foxes to horses, and then from horses to people. There is a reasonably strong hypothesis for horse-to-human transmission: transmission of virus via nasal discharge, saliva and/or urine. In contrast, there is no strong hypothesis for flying-fox-to-human transmission. I present evidence that the Australian paralysis tick, Ixodes holocyclus, which has apparently only recently become a parasite of flying-foxes, may transmit Hendra virus and perhaps related viruses from flying-foxes to horses and other mammals.,��https://www.ncbi.nlm.nih.gov/pubmed/12615503F��Barker, S C
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Zoonoses/epidemiology/virology���Jan���Nipah virus, a newly emerging deadly paramyxovirus isolated during a large outbreak of viral encephalitis in Malaysia, has many of the physical attributes to serve as a potential agent of bioterrorism. The outbreak caused widespread panic and fear because of its high mortality and the inability to control the disease initially. There were considerable social disruptions and tremendous economic loss to an important pig-rearing industry. This highly virulent virus, believed to be introduced into pig farms by fruit bats, spread easily among pigs and was transmitted to humans who came into close contact with infected animals. From pigs, the virus was also transmitted to other animals such as dogs, cats, and horses. The Nipah virus has the potential to be considered an agent of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/12615307|��Lam, Sai-Kit
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Tumor Necrosis Factor-alpha/*metabolism���Marí��Simian virus 5 (SV5) is a member of the paramyxovirus family, which includes emerging viruses such as Hendra virus and Nipah virus as well as many important human and animal pathogens that have been known for years. SV5 encodes eight known viral proteins, including a small hydrophobic integral membrane protein (SH) of 44 amino acids. SV5 without the SH gene (rSV5deltaSH) is viable, and growth of rSV5deltaSH in tissue culture cells and viral protein and mRNA production in rSV5deltaSH-infected cells are indistinguishable from those of the wild-type SV5 virus. However, rSV5deltaSH causes increased cytopathic effect (CPE) and apoptosis in MDBK cells and is attenuated in vivo, suggesting the SH protein plays an important role in SV5 pathogenesis. How rSV5deltaSH induces apoptosis in infected cells has been examined in this report. Tumor necrosis factor alpha (TNF-alpha), a proinflammatory cytokine, was detected in culture media of rSV5deltaSH-infected cells. Apoptosis induced by rSV5deltaSH was inhibited by neutralizing antibodies against TNF-alpha and TNF-alpha receptor 1 (TNF-R1), suggesting that TNF-alpha played an essential role in rSV5deltaSH-induced apoptosis in a TNF-R1-dependent manner. Examination of important proteins in the TNF-alpha signaling pathway showed that p65, a major NF-kappaB subunit whose activation can lead to transcription of TNF-alpha, was first translocated to the nucleus and was capable of binding to DNA and then was targeted for degradation in rSV5deltaSH-infected cells while expression levels of TNF-R1 remained relatively constant. Thus, rSV5deltaSH induced cell death by activating TNF-alpha expression, possibly through activation of the NF-kappaB subunit p65 and then targeting p65 for degradation, leading to apoptosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12610112���Lin, Yuan
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Virus Replication���Mar?��Nipah virus, which was first recognized during an outbreak of encephalitis with high mortality in Peninsular Malaysia during 1998-1999, is most closely related to Hendra virus, another emergent paramyxovirus first recognized in Australia in 1994. We have studied the morphologic features of Nipah virus in infected Vero E6 cells and human brain by using standard and immunogold electron microscopy and ultrastructural in situ hybridization. Nipah virions are enveloped particles composed of a tangle of filamentous nucleocapsids and measured as large as 1900 nm in diameter. The nucleocapsids measured up to 1.67 microm in length and had the herringbone structure characteristic for paramyxoviruses. Cellular infection was associated with multinucleation, intracytoplasmic nucleocapsid inclusions (NCIs), and long cytoplasmic tubules. Previously undescribed for other members of the family Paramyxoviridae, infected cells also contained an inclusion formed of reticular structures. Ultrastructural ISH studies suggest these inclusions play an important role in the transcription process.,��https://www.ncbi.nlm.nih.gov/pubmed/12606080Ý��Goldsmith, Cynthia S
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Viral Proteins/chemistry/genetics/*metabolism���MarS��Hendra (HeV) and Nipah (NiV) viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the subfamily Paramyxoviridae. The polymerase-associated phosphoproteins (P proteins) of paramyxoviruses have been shown, by direct and indirect methods, to be highly phosphorylated. In this study, a comprehensive comparison of in vivo phosphorylation of HeV and NiV P proteins, derived from virus particles, was achieved by a direct approach using electrospray ionization ion trap mass spectrometry (ESI-IT-MS). Phosphorylation sites for the P proteins were determined at Ser-224 and Thr-239 in HeV and at Ser-240 and Ser-472 in NiV. These phosphorylation patterns do not appear to be consistent with those reported for other paramyxoviruses. Protein V, a product of a frame shift in the P protein gene, was identified by specific antibodies in HeV preparations but not in NiV. HeV V protein was found to contain phosphoserine but not phosphothreonine. In addition, P proteins from both viruses were found to be modified by N-terminal acetylation.,��https://www.ncbi.nlm.nih.gov/pubmed/12606076���Shiell, Brian J
Gardner, Dale R
Crameri, Gary
Eaton, Bryan T
Michalski, Wojtek P
eng
Netherlands
2003/02/28 04:00
Virus Res. 2003 Mar;92(1):55-65.%��0168-1702 (Print)
0168-1702 (Linking)���12606076���CSIRO Livestock Industries, Australian Animal Health Laboratory, Protein Biochemistry and Proteomics Group, PO Bag 24, Geelong, Victoria 3220, Australia.��°��üÖ|ÿî?û���
��Kit, L. S.���2002-��Emerging and re-emerging diseases in Malaysia���6-8���Asia Pac J Public Health���14���1���Alphavirus Infections/epidemiology
Arthritis, Infectious/epidemiology/virology
Chikungunya virus/isolation & purification
Communicable Diseases, Emerging/*epidemiology
*Disease Outbreaks
Encephalitis, Viral/epidemiology
Humans
Leptospirosis/epidemiology
Malaysia/epidemiology¼��Emerging and re-emerging infectious diseases have become a major global problem. Malaysia appears to be an epicenter for such infections and in recent years, several outbreaks have occurred resulting in loss of lives and economic hardships. In this paper, we discussed the outbreaks of leptospirosis, enterovirus 71 encephalitis, chikungunya polyarthritis and Nipah encephalitis and how a developing country such as Malaysia managed the situation with the help of international agencies and organisations. Many valuable lessons were learned and by sharing our experience, it is hoped that we will be in a better position to handle future outbreaks and prevent their spread to countries in the region.,��https://www.ncbi.nlm.nih.gov/pubmed/12597511r��Kit, Lam Sai
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Virulence���Mar���Since it emerged in Japan in the 1870s, Japanese encephalitis has spread across Asia and has become the most important cause of epidemic encephalitis worldwide. Four genotypes of Japanese encephalitis virus (JEV) are presently recognized (representatives of genotypes I to III have been fully sequenced), but its origin is not known. We have determined the complete nucleotide and amino acid sequence of a genotype IV Indonesian isolate (JKT6468) which represents the oldest lineage, compared it with other fully sequenced genomes, and examined the geographical distribution of all known isolates. JKT6468 was the least similar, with nucleotide divergence ranging from 17.4 to 19.6% and amino acid divergence ranging from 4.7 to 6.5%. It included an unusual series of amino acids at the carboxy terminus of the core protein unlike that seen in other JEV strains. Three signature amino acids in the envelope protein (including E327 Leu-->Thr/Ser on the exposed lateral surface of the putative receptor binding domain) distinguished genotype IV strains from more recent genotypes. Analysis of all 290 JEV isolates for which sequence data are available showed that the Indonesia-Malaysia region has all genotypes of JEV circulating, whereas only more recent genotypes circulate in other areas (P < 0.0001). These results suggest that JEV originated from its ancestral virus in the Indonesia-Malaysia region and evolved there into the different genotypes which then spread across Asia. Our data, together with recent evidence on the origins of other emerging viruses, including dengue virus and Nipah virus, imply that tropical southeast Asia may be an important zone for emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12584335���Solomon, Tom
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Viruses/isolation & purification/*pathogenicity���Jan 1i��In the past 30 years, more than 30 new aetiological agents of infectious disease have been identified. Some of these are responsible for entirely novel and life-threatening disorders, such as AIDS, Ebola fever, hantavirus pulmonary syndrome and Nipah virus encephalitis. During the same period, some longstanding infectious diseases (such as tuberculosis) have became resurgent, as a result of a combination of complacency, increased travel and social dislocation, and also increasing drug resistance. This review looks at some of the key unmet needs in this therapeutic area and discusses strategies to address them.,��https://www.ncbi.nlm.nih.gov/pubmed/12546988]��Snell, Noel J C
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Zoonoses/*virology?��The Nipah virus outbreak represented one of several bat-derived paramyxoviruses that has emerged during the last decade to cause severe human and animal disease. The pathogenesis of Nipah infection is associated with its ability to infect blood vessels and extravascular parenchyma in many organs, particularly in the central nervous system. The clinical manifestations of acute Nipah infection range from fever and mild headache to a severe acute encephalitic syndrome in which there is a high mortality. Much remains to be understood about this new disease, including its intriguing ability to cause relapsing encephalitis in some survivors. This review provides an overview of the Nipah outbreak, focussing on what is presently known about it as an infectious disease, including the clinical aspects, pathology and pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/12503066¼��Wong, K T
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Viral Proteins/genetics/*physiology���Janí��We have generated a recombinant Newcastle disease virus (NDV) that expresses the green fluorescence protein (GFP) in infected chicken embryo fibroblasts (CEFs). This virus is interferon (IFN) sensitive, and pretreatment of cells with chicken alpha/beta IFN (IFN-alpha/beta) completely blocks viral GFP expression. Prior transfection of plasmid DNA induces an IFN response in CEFs and blocks NDV-GFP replication. However, transfection of known inhibitors of the IFN-alpha/beta system, including the influenza A virus NS1 protein and the Ebola virus VP35 protein, restores NDV-GFP replication. We therefore conclude that the NDV-GFP virus could be used to screen proteins expressed from plasmids for the ability to counteract the host cell IFN response. Using this system, we show that expression of the NDV V protein or the Nipah virus V, W, or C proteins rescues NDV-GFP replication in the face of the transfection-induced IFN response. The V and W proteins of Nipah virus, a highly lethal pathogen in humans, also block activation of an IFN-inducible promoter in primate cells. Interestingly, the amino-terminal region of the Nipah virus V protein, which is identical to the amino terminus of Nipah virus W, is sufficient to exert the IFN-antagonist activity. In contrast, the anti-IFN activity of the NDV V protein appears to be located in the carboxy-terminal region of the protein, a region implicated in the IFN-antagonist activity exhibited by the V proteins of mumps virus and human parainfluenza virus type 2.,��https://www.ncbi.nlm.nih.gov/pubmed/12502864õ��Park, Man-Seong
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Time���Jan���The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12486285Ý��Lim, C C T
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Ventilators, Mechanical���SepÃ��Long-term MV, delivered by way of a tracheostomy or noninvasive mask, often is indicated in patients with restrictive or neuromuscular pulmonary diseases and occasionally in patients with severe obstructive hypercapnic respiratory failure. Regardless of the mode of ventilation, respiratory physiology seems to be significantly impacted in these patients. Although the effects of ventilation can be unpredictable, they often seem to be favorable. Selected patients can develop increased sensitivity to hypercapnia, with subsequent improvements in blood gas tensions and decreased pulmonary artery pressures, which result in augmented cardiac function and greater tolerance to exercise. The patient-ventilator interaction, mode of ventilation, and degree of support should be considered when managing these patients. For some patients, particularly patients with fibrotic lung disease or COPD, chronic MV likely does not alter pathophysiology or improve prognosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12481966k��Hendra, Katherine
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*Zoonoses���Dec8��In 1998, an outbreak of acute encephalitis with high mortality rates among pig handlers in Malaysia led to the discovery of a novel paramyxovirus named Nipah virus. A multidisciplinary investigation that included epidemiology, microbiology, molecular biology, and pathology was pivotal in the discovery of this new human infection. Clinical and autopsy findings were derived from a series of 32 fatal human cases of Nipah virus infection. Diagnosis was established in all cases by a combination of immunohistochemistry (IHC) and serology. Routine histological stains, IHC, and electron microscopy were used to examine autopsy tissues. The main histopathological findings included a systemic vasculitis with extensive thrombosis and parenchymal necrosis, particularly in the central nervous system. Endothelial cell damage, necrosis, and syncytial giant cell formation were seen in affected vessels. Characteristic viral inclusions were seen by light and electron microscopy. IHC analysis showed widespread presence of Nipah virus antigens in endothelial and smooth muscle cells of blood vessels. Abundant viral antigens were also seen in various parenchymal cells, particularly in neurons. Infection of endothelial cells and neurons as well as vasculitis and thrombosis seem to be critical to the pathogenesis of this new human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/12466131\��Wong, Kum Thong
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Swine Diseases/diagnosis/*epidemiology/*prevention & control���Nov���Viruses belonging to the family Paramyxoviridae generally have not been recognized as a significant cause of disease in pigs until recently. Between 1997 and 1999, there were large outbreaks of disease in pigs in Australia and Malaysia due to infection with viruses that have been shown to be new members of the Paramyxoviridae family. This article reviews current knowledge of Menangle and Nipah virus infections in pigs, the only major species of domestic animals to experience serious disease after infection with these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12442583Ç��Kirkland, Peter D
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Viral Structural Proteins/*metabolism���NovC��Characterization of recent outbreaks of fatal encephalitis in southeast Asia identified the causative agent to be a previously unrecognized enveloped negative-strand RNA virus of the Paramyxoviridae family, Nipah virus. One feature linking Nipah virus to this family is a conserved cysteine-rich domain that is the hallmark of paramyxovirus V proteins. The V proteins of other paramyxovirus species have been linked with evasion of host cell interferon (IFN) signal transduction and subsequent antiviral responses by inducing proteasomal degradation of the IFN-responsive transcription factors, STAT1 or STAT2. Here we demonstrate that Nipah virus V protein escapes IFN by a distinct mechanism involving direct inhibition of STAT protein function. Nipah virus V protein differs from other paramyxovirus V proteins in its subcellular distribution but not in its ability to inhibit cellular IFN responses. Nipah virus V protein does not induce STAT degradation but instead inhibits IFN responses by forming high-molecular-weight complexes with both STAT1 and STAT2. We demonstrate that Nipah virus V protein accumulates in the cytoplasm by a Crm1-dependent mechanism, alters the STAT protein subcellular distribution in the steady state, and prevents IFN-stimulated STAT redistribution. Consistent with the formation of complexes, STAT protein tyrosine phosphorylation is inhibited in cells expressing the Nipah virus V protein. As a result, Nipah virus V protein efficiently prevents STAT1 and STAT2 nuclear translocation in response to IFN, inhibiting cellular responses to both IFN-alpha and IFN-gamma.,��https://www.ncbi.nlm.nih.gov/pubmed/12388709Í��Rodriguez, Jason J
Parisien, Jean-Patrick
Horvath, Curt M
eng
R01 AI048722/AI/NIAID NIH HHS/
AI-50707/AI/NIAID NIH HHS/
T32 GM062754/GM/NIGMS NIH HHS/
AI-48722/AI/NIAID NIH HHS/
R21 AI048722/AI/NIAID NIH HHS/
1 S10 RR0 9145/RR/NCRR NIH HHS/
R01 AI050707/AI/NIAID NIH HHS/
GM-62754/GM/NIGMS NIH HHS/
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
Research Support, U.S. Gov't, P.H.S.
2002/10/22 04:00
J Virol. 2002 Nov;76(22):11476-83.%��0022-538X (Print)
0022-538X (Linking)	��PMC136769���12388709T��Immunobiology Center, Mount Sinai School of Medicine, New York, New York 10029, USA.�
H��üÒtÿþ?����Y��Bossart, K. N.
Wang, L. F.
Flora, M. N.
Chua, K. B.
Lam, S. K.
Eaton, B. T.
Broder, C. C.���2002x��Membrane fusion tropism and heterotypic functional activities of the Nipah virus and Hendra virus envelope glycoproteins���11186-98���J Virol���76���22Ú��Animals
Cats
Cell Line
Chick Embryo
Cricetinae
Giant Cells
HeLa Cells
Humans
*Membrane Fusion
Paramyxovirinae/*pathogenicity
Rabbits
Recombinant Proteins/genetics/metabolism
Viral Envelope Proteins/genetics/*metabolism���Novª��Nipah virus (NiV) and Hendra virus (HeV) are novel paramyxoviruses from pigs and horses, respectively, that are responsible for fatal zoonotic infections of humans. The unique genetic and biological characteristics of these emerging agents has led to their classification as the prototypic members of a new genus within the Paramyxovirinae subfamily called HENIPAVIRUS: These viruses are most closely related to members of the genus Morbillivirus and infect cells through a pH-independent membrane fusion event mediated by the actions of their attachment (G) and fusion (F) glycoproteins. Understanding their cell biological features and exploring the functional characteristics of the NiV and HeV glycoproteins will help define important properties of these emerging viruses and may provide new insights into paramyxovirus membrane fusion mechanisms. Using a recombinant vaccinia virus system and a quantitative assay for fusion, we demonstrate NiV glycoprotein function and the same pattern of cellular tropism recently reported for HeV-mediated fusion, suggesting that NiV likely uses the same cellular receptor for infection. Fusion specificity was verified by inhibition with a specific antiserum or peptides derived from the alpha-helical heptads of NiV or HeV F. Like that of HeV, NiV-mediated fusion also requires both F and G. Finally, interactions between the glycoproteins of the paramyxoviruses have not been well defined, but here we show that the NiV and HeV glycoproteins are capable of highly efficient heterotypic functional activity with each other. However, no heterotypic activity was observed with envelope glycoproteins of the morbilliviruses Measles virus and Canine distemper virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12388678Ô��Bossart, Katharine N
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Viral Structural Proteins/genetics���Oct���The coding region of the nucleocapsid (N) gene was amplified from the viral RNA and inserted into the bacterial expression vector, pTrcHis2, for intracellular expression in three Escherichia coli strains: TOP 10, BL 21 and SG 935. The N protein was expressed as a fusion protein containing the myc epitope and His-tag at its C-terminal end. The amount of the fusion protein expressed in strain SG 935 was significantly higher than the other two strains, and was detected by the anti-myc antibody, anti-His and swine anti-NiV serum. Hence, the N(fus) protein produced in E. coli could serve as an alternative antigen for the detection of anti-NiV in swine.,��https://www.ncbi.nlm.nih.gov/pubmed/12385971É��Ong, Swee Tin
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Virus Diseases/prevention & control/transmission���Oct 31ä��The reconstitution of blood and its components is hampered by factors of compatibility, availability, and the risk of transmission of infectious diseases. Protozoal agents such as plasmodium malariae and trypanosoma cruzi are only regionally relevant. Bacterial transmissions are easy to prevent and treat. Antibody, antigen, and nucleic acid screening have been implemented to prevent transmission of blood-borne viruses. Transfusion-relevant viruses include hepatitis B and C virus (HBV and HCV), human immunodeficiency virus (HIV), human T leukemia virus (HTLV-I), and in certain circumstances, parvovirus B19, hepatitis A virus (HAV), and cytomegalovirus (CMV). Of great concern is the possible transmission of prion protein causing transmissible spongiform encephalopathy. Of future interest will be whether other viruses such as Nipah and Hendra virus are blood-borne and whether viruses such as TT, SEN, and GBV-C are involved in diseases or their progression, while not causing hepatitis.,��https://www.ncbi.nlm.nih.gov/pubmed/12379292V��Guertler, Lutz
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Paramyxovirinae/immunology/*isolation & purification���Sep[��Serum specimens from fruit bats were obtained at restaurants in Cambodia. We detected antibodies cross-reactive to Nipah virus by enzyme immunoassay in 11 (11.5%) of 96 Lyle's flying foxes (Pteropus lylei). Our study suggests that viruses closely related to Nipah or Hendra viruses are more widespread in Southeast Asia than previously documented.,��https://www.ncbi.nlm.nih.gov/pubmed/12194780Ø��Olson, James G
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Sequence Homology, Nucleic Acid���Jun���Ty1-copia-like retrotransposons have been identified and investigated in several plant species. Here, the internal region of the reverse transcriptase (RT) gene of Ty1-copia-like retrotransposons was amplified by PCR from total genomic DNA of 10 varieties of banana. Two to four clones from each variety were sequenced. Extreme heterogeneity in the sequences of Ty1-copia-like retrotransposons from all the varieties was revealed following sequence analysis of the reverse transcriptase (RT) fragments. The size of the individual RT gene fragments varied between 213 and 309 bp. Southern blots of genomic DNA digested from Musa acuminata and other banana varieties probed with W8 clone from M. acuminata and A4 clone from Pisang Abu Nipah showed similar strong, multiple restriction fragments together with other faint hybridization band patterns with variable intensities indicating the presence of many copies of the Ty1-copia-like retrotransposons in the genomes. There was no correlation between retroelement sequence and the banana species (with A or B genomes) from which it arose, suggesting that the probes are not useful for tracking genomes through breeding populations.,��https://www.ncbi.nlm.nih.gov/pubmed/12186754���Teo, C H
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Tomography, Emission-Computed, Single-Photon���Jun£��An outbreak of infection with the Nipah virus, a novel paramyxovirus, occurred among pig farmers between September 1998 and June 1999 in Malaysia, involving 265 patients with 105 fatalities. This is a follow-up study 24 months after the outbreak. Twelve survivors (7.5%) of acute encephalitis had recurrent neurological disease (relapsed encephalitis). Of those who initially had acute nonencephalitic or asymptomatic infection, 10 patients (3.4%) had late-onset encephalitis. The mean interval between the first neurological episode and the time of initial infection was 8.4 months. Three patients had a second neurological episode. The onset of the relapsed or late-onset encephalitis was usually acute. Common clinical features were fever, headache, seizures, and focal neurological signs. Four of the 22 relapsed and late-onset encephalitis patients (18%) died. Magnetic resonance imaging typically showed patchy areas of confluent cortical lesions. Serial single-photon emission computed tomography showed the evolution of focal hyperperfusion to hypoperfusion in the corresponding areas. Necropsy of 2 patients showed changes of focal encephalitis with positive immunolocalization for Nipah virus antigens but no evidence of perivenous demyelination. We concluded that a unique relapsing and remitting encephalitis or late-onset encephalitis may result as a complication of persistent Nipah virus infection in the central nervous system.,��https://www.ncbi.nlm.nih.gov/pubmed/12112075D��Tan, Chong Tin
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Transcription Initiation Site���Jul*��A novel paramyxovirus in the genus Rubulavirus, named Tioman virus (TiV), was isolated in 1999 from a number of pooled urine samples of Island Flying Foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. TiV is antigenically related to Menangle virus (MenV) that was isolated in Australia in 1997 during disease outbreak in pigs. Sequence analysis of the full length genome indicated that TiV is a novel member of the genus Rubulavirus within the subfamily Paramyxovirinae, family Paramyxoviridae. However, there are several features of TiV which make it unique among known paramyxoviruses and rubulaviruses in particular: (1) TiV, like MenV, uses the nucleotide G as a transcriptional initiation site, rather than the A residue used by all other known paramyxoviruses; (2) TiV uses C as the +1 residue for all intergenic regions, a feature not seen for rubulaviruses but common for all other members within the subfamily Paramyxovirinae; (3) Although the attachment protein of TiV has structural features that are conserved in other rubulaviruses, it manifests no overall sequence homology with members of the genus, lacks the sialic acid-binding motif N-R-K-S-C-S and has only two out of the six highly conserved residues known to be important for the catalytic activity of neuraminidase.,��https://www.ncbi.nlm.nih.gov/pubmed/12111411ª��Chua, K B
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Swine Diseases/epidemiology/virology���Apr-Jun¾��In the interval 1994-1999, in Australia, Malaysia and Singapore, epizootic and epidemiological episodes of meningoencephalitis and severe acute respiratory syndromes were reported. Highly lethal in horses, swine and humans, the episodes were proved to be caused by the "new" viruses Hendra (HeV) and Nipah (NiV). At the same time three "new" viral agents have been isolated: Lyssavirus, Menanglevirus and Tupaia paramyxovirus. The intense contemporary circulation of people, animals and food products together with changes in human ecosystem favor new relations between humans and the "natural reservoirs" of biologic agents with a pathogenic potential for domestic and peridomestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/12089991z��Ivan, A
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Zoonoses���Jul 1s��Hendra virus infection should be suspected in someone with close association with horses or bats who presents acutely with pneumonia or encephalitis (potentially after a prolonged incubation period). Australian bat lyssavirus infection should be suspected in a patient with a progressive neurological illness and a history of exposure to a bat. Rabies vaccine and immunoglobulin should be strongly considered after a bite, scratch or mucous membrane exposure to a bat. Japanese encephalitis vaccine should be considered for people intending to reside in or visit endemic areas of southern or eastern Asia for more than 30 days.,��https://www.ncbi.nlm.nih.gov/pubmed/12088481~��McCormack, Joseph G
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Renal Dialysis/*adverse effects/instrumentation���Jun­��Patients on maintenance hemodialysis are vulnerable to chloramine toxicity if chloramines are inadequately removed. We report two critically ill patients with acute renal failure who developed methemoglobinemia during hemodialysis in the intensive care unit. During the same period, methemoglobin levels measured from 30 patients in the outpatient dialysis facility were undetectable. Methemoglobin levels normalized when the carbon filtration system of the portable dialysis machine was replaced with a larger unit to remove chloramines more effectively. Causes, treatment, and prevention of chloramine toxicity in patients receiving dialysis in the intensive care unit are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/12046046���de Torres, Juan P
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Viral Vaccines/administration & dosage���Apr 25×��Nipah virus (NV) and Hendra virus (HV) are recently emergent, related viruses that can cause severe disease in humans and animals. The goal of this study was to investigate the immunogenic and functional properties of the fusion (F) and attachment (G) glycoproteins of NV. Vaccination of mice with recombinant vaccinia viruses (rVVs) expressing either the F (rVV/NV-F) or G (rVV/NV-G) proteins of NV induced neutralizing antibody responses to NV, with higher titers produced after vaccination with rVV/NV-G. When the homologous pairs of F and G proteins from either HV or NV were coexpressed in a transient expression system, fusion was detected in less than 12 h. An equivalent amount of fusion was observed when the heterologous pairs of F and G proteins from HV and NV were coexpressed. Membrane fusion was inhibited by antiserum from mice vaccinated with rVV/NV-G and rVV/NV-F. Therefore, as with other paramyxoviruses, the membrane glycoproteins of NV are the targets of neutralizing antibodies and membrane fusion mediated by NV requires the presence of both the F and the G proteins. Data from these biological assays support the taxonomic grouping of both HV and NV in the new genus, Henipavirus, within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/12036330º��Tamin, Azaibi
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Trachea/pathology/virology���Feb-Apr°��A human isolate of Nipah virus from an outbreak of febrile encephalitis in Malaysia that coincided with a field outbreak of disease in pigs was used to infect eight 6-week-old pigs orally or subcutaneously and two cats oronasally. In pigs, the virus induced a respiratory and neurological syndrome consistent with that observed in the Malaysian pigs. Not all the pigs showed clinical signs, but Nipah virus was recovered from the nose and oropharynx of both clinically and sub-clinically infected animals. Natural infection of in-contact pigs, which was readily demonstrated, appeared to be acute and self-limiting. Subclinical infections occurred in both inoculated and in-contact pigs. Respiratory and neurological disease was also produced in the cats, with recovery of virus from urine as well as from the oropharynx. The clinical and pathological syndrome induced by Nipah virus in cats was comparable with that associated with Hendra virus infection in this species, except that in fatal infection with Nipah virus there was extensive inflammation of the respiratory epithelium, associated with the presence of viral antigen. Viral shedding via the nasopharynx, as observed in pigs and cats in the present study, was not a regular feature of earlier reports of experimental Hendra virus infection in cats and horses. The findings indicate the possibility of field transmission of Nipah virus between pigs via respiratory and oropharyngeal secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/11945001Ç��Middleton, D J
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Vero Cells���May 1Ù��Emerging infectious diseases involving zoonosis have become important global health problems. The 1998 outbreak of severe febrile encephalitis among pig farmers in Malaysia caused by a newly emergent paramyxovirus, Nipah virus, is a good example. This disease has the potential to spread to other countries through infected animals and can cause considerable economic loss. The clinical presentation includes segmental myoclonus, areflexia, hypertension, and tachycardia, and histologic evidence includes endothelial damage and vasculitis of the brain and other major organs. Magnetic resonance imaging has demonstrated the presence of discrete high-signal-intensity lesions disseminated throughout the brain. Nipah virus causes syncytial formation in Vero cells and is antigenically related to Hendra virus. The Island flying fox (Pteropus hypomelanus; the fruit bat) is a likely reservoir of this virus. The outbreak in Malaysia was controlled through the culling of >1 million pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/11938496t��Lam, Sai Kit
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Zoonoses���Febï��Following the Nipah virus (NV) outbreak in March 1999 in Singapore, a serological survey was undertaken to screen individuals potentially exposed to NV. Blood samples were tested for NV IgM, IgG and neutralizing antibodies. Twenty-two (1.5%) of 1469 people tested had antibodies suggesting NV infection. Although 12 of the 22 infected people (54.6%) were symptomatic, the remaining 10 (45.4%) were clinically well and had no past history of compatible pulmonary or neurological disease. Clinical and serological findings suggested three people had been infected with NV before the outbreak was recognized. All those who were infected were male abattoir workers. None of the people who had contact with horses, and no healthcare workers exposed to infected patients and their specimens had detectable antibodies. This study provides evidence that NV causes asymptomatic infection. All of the antibody positive individuals had direct contact with pigs and there was no evidence of human to human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/11895096���Chan, K P
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Viral Fusion Proteins/biosynthesis/*physiology���Nov 10è��Hendra virus (HeV) is an emerging paramyxovirus first isolated from cases of severe respiratory disease that fatally affected both horses and humans. Understanding the mechanisms of host cell infection and cross-species transmission is an important step in addressing the risk posed by such emerging pathogens. We have initiated studies to characterize the biological properties of the HeV envelope glycoproteins. Recombinant vaccinia viruses encoding the HeV F and G open reading frames were generated and glycoprotein expression was verified by metabolic labeling and detection using specific antisera. Glycoprotein function and cellular tropism were examined with a quantitative assay for HeV-mediated membrane fusion. Fusion specificity was verified through specific inhibition by anti-HeV antiserum and a peptide corresponding to one of the alpha-helical heptad repeats of F. HeV requires both F and G to mediate fusion. Permissive target cells have been identified, including cell lines derived from cat, bat, horse, human, monkey, mouse, and rabbit. Fusion negative cell types have also been identified. Protease treatments of the target cells abolished fusion activity, suggesting that the virus is employing a cell-surface protein as its receptor.,��https://www.ncbi.nlm.nih.gov/pubmed/11882997­��Bossart, K N
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Vero Cells���FebÏ��In late 1998, Nipah virus emerged in peninsular Malaysia and caused fatal disease in domestic pigs and humans and substantial economic loss to the local pig industry. Surveillance of wildlife species during the outbreak showed neutralizing antibodies to Nipah virus mainly in Island flying-foxes (Pteropus hypomelanus) and Malayan flying-foxes (Pteropus vampyrus) but no virus reactive with anti-Nipah virus antibodies was isolated. We adopted a novel approach of collecting urine from these Island flying-foxes and swabs of their partially eaten fruits. Three viral isolates (two from urine and one from a partially eaten fruit swab) that caused Nipah virus-like syncytial cytopathic effect in Vero cells and stained strongly with Nipah- and Hendra-specific antibodies were isolated. Molecular sequencing and analysis of the 11,200-nucleotide fragment representing the beginning of the nucleocapsid gene to the end of the glycoprotein gene of one isolate confirmed the isolate to be Nipah virus with a sequence deviation of five to six nucleotides from Nipah virus isolated from humans. The isolation of Nipah virus from the Island flying-fox corroborates the serological evidence that it is one of the natural hosts of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11880045ç��Chua, Kaw Bing
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Vero Cells���Aprª��The recent emergence of novel viruses requires reliable methodology for their identification and confirmation both on a cellular and molecular level. Mass spectrometry offers a suitable approach for the identification and characterisation of viral proteins and its application is demonstrated in this study. Menangle virus is a previously unclassified member of the family Paramyxoviridae isolated in Australia in 1997. Menangle virus caused disease in pregnant pigs, and like the other newly emergent Hendra, Nipah and Tioman viruses, appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. The 61 kDa gel-purified protein isolated from cell-associated Menangle virus ribonucleoprotein (RNP) was identified as the nucleocapsid protein (NP) by peptide mapping, mass spectrometry and amino acid sequencing. Over 69% of the amino acid sequence was obtained and found to be identical with that derived from gene analysis (Virology, 283 (2001), 358). The first residue of the mature NP was found to be serine (second residue in the gene derived amino acid sequence). The NP was found to be acetylated at the N-terminus (at Ser-2) and appears to be not modified by phosphorylation.,��https://www.ncbi.nlm.nih.gov/pubmed/11879690|��Shiell, Brian J
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Risk���Feb¿��BACKGROUND: An outbreak of viral encephalitis occurred among pig industry workers in Malaysia in September 1998 to April 1999. The encephalitis was attributed to a new paramyxovirus, Nipah virus. This is a description of the clinical features of 103 patients treated in the Seremban Hospital with characterization of the prognostic factors. METHODS: Clinical case records and laboratory investigations were reviewed. The case definition was: patients from the outbreak area, direct contact or in close proximity with pigs, clinical or CSF features of encephalitis. RESULTS: The mean age was 38 years, 89% were male, 58% were ethnic Chinese, 78% were pig farm owners or hired workers. The mean incubation period was 10 days. The patients typically presented with nonspecific systemic symptoms of fever, headache, myalgia and sore throat. Seizures and focal neurological signs were seen in 16% and 5% respectively. In the more severe cases, this was followed by drowsiness and deteriorating consciousness requiring ventilation in 61%. Autonomic disturbances and myoclonic jerks were common features. The mortality was high at 41%. Systolic hypertension, tachycardia and high fever were associated with poor outcome. On the other hand, 40% recovered fully. As for the other 19%, the residual neurological signs were mostly mild. CONCLUSION: Nipah virus caused an encephalitis illness with short incubation period and high mortality. The prognosis for the survivors was good.,��https://www.ncbi.nlm.nih.gov/pubmed/11858542ø��Chong, Heng Thay
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Surveys and Questionnaires���Maré��The effects of insulin therapy on patient well-being, treatment satisfaction and mood, and on carer strain were studied in 30 elderly Type 2 diabetic patients (age 73 +/- 7 (SD) yr) in poor glycaemic control on tablet therapy. A comparison group of ten poorly controlled patients who remained on oral agents was also studied. After 4 weeks of insulin treatment, there were significant improvements in mental health, role-emotional, role-physical (all P<0.05) and vitality (P<0.01) domains of the short form health survey (SF-36), and also in the diabetes treatment and satisfaction questionnaire (DTSQ) and geriatric depression scale (both P<0.01) compared to baseline. After 12 weeks, the improvements in mental health, social functioning and vitality (P<0.01 for all domains), and in the DTSQ were sustained. Carer strain was lower at 4 weeks. No changes in outcomes were seen in the comparison group. In selected elderly Type 2 diabetic patients, insulin treatment is associated with significant improvements in well-being, treatment satisfaction and mood, even without significant improvements in glycaemic control and without increase in carer strain. The SF-36 and DTSQ are sensitive to the benefits of the changes in the treatment for these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11850096È��Reza, M
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Paramyxovirinae���Jan¸��PURPOSE: To report the serial magnetic resonance (MR) imaging findings of the Nipah virus. MATERIALS AND METHODS: Twelve patients underwent serial MR imaging. Eight patients were examined at the outbreak; 11, at 1 month; and seven, at 6 months. Contrast material-enhanced MR images, diffusion-weighted images, and single-voxel proton MR spectroscopic images were reviewed. Clinical and neurologic assessment, as well as analysis of the size, location, and appearance of brain lesions on MR images, were performed. RESULTS: During the outbreak, all eight patients had multiple small foci of high signal intensity within the white matter on T2-weighted images. In six patients, cortical and brain stem lesions were also detected, and five patients had diffusion-weighted MR imaging-depicted hyperintensities. One month after the outbreak, five patients had widespread tiny foci of high signal intensity on T1-weighted images, particularly in the cerebral cortex. Diffusion-weighted images showed decreased prominence or disappearance of lesions over time. There was no evidence of progression or relapse of the lesions at 6-month follow-up. MR spectroscopy depicted reduction in N-acetylaspartate-to-creatine ratio and elevation of choline-to-creatine ratios. CONCLUSION: The Nipah virus has findings unlike other viral encephalitides: small lesions that are primarily within the white matter, with transient punctate cortical hyperintensities on T1-weighted images.,��https://www.ncbi.nlm.nih.gov/pubmed/11756729���Lim, C C Tchoyoson
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��The authors assess the expected economic impact of three exotic diseases on the pig industry of Australia. An integrated epidemiological/economic approach was used to assess the effects of classical swine fever, Nipah virus and porcine reproductive and respiratory syndrome. Scenarios involving either an epidemic event, in which the outbreaks were confined to selected regions and were eradicated, or an endemic situation, in which the diseases became established in Australia, were studied. Based only on loss of sales and disposal costs, epidemics resulted in regional losses in income of the order of AUS$10 million-AUS$30 million (16%-37%) depending on disease and region. If any of these diseases became established, opportunity losses in gross national pig income of 5%-11% per year would occur, with classical swine fever the most serious of the three diseases. Establishment of any of the diseases would lead to rapid structural change in the pig industry, with concomitant social and economic dislocation in regional Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/11732410���Garner, M G
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Swine���Oct���BACKGROUND: An outbreak of encephalitis primarily affecting pig farmers occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah virus, which infected pigs, humans, dogs, and cats. Because five abattoir workers were also affected, a survey was conducted to assess the risk of Nipah infection among abattoir workers. METHODS: Workers from all 143 registered abattoirs in 11 of 13 states in Malaysia were invited to participate in this cross-sectional study. Participants were interviewed to ascertain information on illness and activities performed at the abattoir. A serum sample was obtained to test for Nipah virus antibody. RESULTS: Seven (1.6 %) of 435 abattoir workers who slaughtered pigs versus zero (0%) of 233 workers who slaughtered ruminants showed antibody to Nipah virus (P = 0.05). All antibody-positive workers were from abattoirs in the three states that reported outbreak cases among pig farmers. Workers in these three states were more likely than those in other states to have Nipah antibody (7/144 [4.86%] versus 0/291 [0%], P < 0.001) and report symptoms suggestive of Nipah disease in pigs admitted to the abattoirs (P = 0.001). CONCLUSIONS: Nipah infection was not widespread among abattoir workers in Malaysia and was linked to exposure to pigs. Since it may be difficult to identify Nipah-infected pigs capable of transmitting virus by clinical symptoms, using personal protective equipment, conducting surveillance for Nipah infection on pig farms which supply abattoirs, and avoiding handling and processing of potentially infected pigs are presently the best strategies to prevent transmission of Nipah virus in abattoirs.,��https://www.ncbi.nlm.nih.gov/pubmed/11689513£��Sahani, M
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*Viral Plaque Assay���Jan°��Rapid immune plaque assays have been developed to quantify biohazard level 4 agents Hendra and Nipah viruses and detect neutralising antibodies to both viruses. The methods rely on the fact that both viruses rapidly generate large syncytia in monolayers of Vero cells within 24 h and that monospecific antiserum to the Hendra virus phosphoprotein (P) detects that protein in both Hendra and Nipah virus-induced syncytia after methanol fixation of virus-infected cells. The P protein is a constituent of the ribonucleoprotein core of the viruses and a component of the viral RNA-dependent RNA polymerase and is made in significant amounts in infected cells. In the immune plaque assay, anti-P antibody is localised by an alkaline phosphatase-linked second antibody and the Western blot substrates 5-bromo-4-chloro-3-indolyl phosphate and p-nitro blue tetrazolium. A modification of the rapid immune plaque assay was also used to detect antibodies to Nipah virus in a panel of porcine field sera from Malaysia and the results showed good agreement between the immune plaque assay and a traditional serum neutralisation test. After methanol fixation, plates can be stored for up to 7 months and may be used in the immune plaque assay to complement the enzyme-linked immunosorbent assay screening of sera for antibodies to Nipah virus. At present, all enzyme-linked immunosorbent assay positive sera are subject to confirmatory serum neutralisation tests. Use of the immune plaque assay may reduce the number of sera requiring confirmatory neutralisation testing for Nipah virus antibodies under biohazard level 4 conditions by identifying those that generate false positive in the enzyme-linked immunosorbent assay.,��https://www.ncbi.nlm.nih.gov/pubmed/11684302¨��Crameri, Gary
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Viral Matrix Proteins/*genetics���Oct���Phylogenetic relationships among the Paramyxoviridae, a broad family of viruses whose members cause devastating diseases of wildlife, livestock, and humans, were examined with both fusion (F) and matrix (M) protein-coding sequences. Neighbor-joining trees of F and M protein sequences showed that the Paramyxoviridae was divided into the two traditionally recognized subfamilies, the Paramyxovirinae and the Pneumovirinae. Within the Paramyxovirinae, the results also showed groups corresponding to three currently recognized genera: Respirovirus, Morbillivirus, and Rubulavirus. The relationships among the three genera of the Paramyxovirinae were resolved with M protein sequences and there was significant bootstrap support (100%) showing that members of the genus Respirovirus and the genus Morbillivirus were more closely related to each other than to members of the genus Rubulavirus. Both F and M phylogenies showed that Newcastle disease virus (NDV) was more closely related to the genus Rubulavirus than to the other two genera but were consistent with the proposal (B. S. Seal et al., 2000, Virus Res. 66, 1-11) that NDV be classified as a separate genus within the Paramyxovirinae. Both F and M phylogenies were also consistent with the proposal (L. Wang et al., 2000, J. Virol 74, 9972-9979) that Hendra virus be classified as a new genus closely related and basal to the genus Morbillivirus. Rinderpest was most closely related to measles and a more derived virus than to canine distemper virus, phocine distemper virus, or dolphin morbillivirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11603943×��Westover, K M
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Viral Proteins/genetics���Nov 28Í��Viral agents from 18 different snake species (families Colubridae, Viperidae, and Crotalidae) showing respiratory symptoms and neuronal disease were identified as paramyxoviruses by typical cytopathogenic effect (CPE), electron microscopy, and hemagglutination inhibition. Detailed molecular characterization of the viruses was performed by partial L- and F-gene-specific reverse transcription polymerase chain reaction (RT-PCR) and sequencing, nucleotide and amino acid sequence alignment, and phylogenetic analysis (PHYLIP). RT-PCR of the partial L-gene (566 nt) was successful for all 18 viruses; amplicons of the partial F-gene (918 nt) could be obtained in 16 cases. F- and L-sequence alignment revealed similarities to Fer de Lance virus (FDLV) ranging from 79 to 88% on a nucleotide basis, and 94 to 99% on an amino acid basis. Phylogenetic analysis of the ophidian paramyxoviruses resulted in three clusters for the L-gene sequence and corresponding clusters for the F-gene sequence, indicating no species specificity. We analyzed the F-protein of the snake paramyxoviruses, which proved to have an identical conserved motif of heptad repeat A and predicted a furin cleavage site. This uniformity distinguishes the snake virus group from the other type species of the subfamily Paramyxovirinae. For further classification, we aligned the sequences of the ophidian paramyxoviruses and members of the Paramyxoviridae, such as Sendai virus (genus Respirovirus), mumps virus (genus Rubulavirus), measles virus (genus Morbillivirus), human respiratory syncytial virus (genus Pneumovirus) (Van Regenmortel and 10 co-authors, 2000) and Hendra virus, which have recently been suggested as type species of the genus Henipavirus (Wang et al., 2000). Maximum sequence similarity was found to the partial L-gene of Sendai virus, with 56% nucleotide and 61% amino acid identity. The FDLV and Sendai virus cluster in the phylogenetic analysis of L- and F-protein regarding the Paramyxovirus type species and Hendra virus and show the closest relationship. Regarding the biological properties, the antigenic distance, and particularly the low homology of available sequences, we propose a new genus for the reptilian paramyxoviruses within the Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11597749¡��Franke, J
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Ribavirin/pharmacokinetics/*therapeutic use���Augö��Ribavirin is a very broad-spectrum virustatic antiviral agent, first synthesised in 1972. It is characterised by low toxicity apart from reversible anaemia, usually mild. Its multiple mechanisms of action mean that viral resistance rarely develops. It can be administered orally, intravenously, or via a nebuliser. It has shown varying degrees of clinical efficacy in a variety of human diseases including respiratory tract infections due to respiratory syncytial virus and influenza, measles, herpesvirus infections, HIV infection, Lassa fever, haemorrhagic fever with renal syndrome, and (in combination with IFN-alpha) chronic hepatitis C infection. It may well prove of value against other emerging exotic infections (e.g., West Nile virus, Nipah virus).,��https://www.ncbi.nlm.nih.gov/pubmed/11585000���Snell, N J
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Zoonoses���Octf��Nipah virus is a newly discovered paramyxovirus transmitted directly from pigs to humans. During a large encephalitis outbreak in Malaysia and Singapore in 1998-9, most patients presented acutely. A 12 year old child is described who developed encephalitis 4 months after exposure to the virus. She was diagnosed by a new indirect IgG enzyme linked immunosorbent assay (ELISA), which is also described. The late presentation and IgG subclass responses had similarities to subacute sclerosing panencephalitis. Nipah virus should be considered in patients with encephalitis even months after their possible exposure.,��https://www.ncbi.nlm.nih.gov/pubmed/11561048½��Wong, S C
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Urinary Bladder/pathology/virology���May���Subcutaneous inoculation, but not intradermal (footpad) or intranasal inoculation, with high doses of Hendra virus (HeV) consistently produced disease in guinea-pigs. Of 15 subcutaneously inoculated animals, 14 developed vascular disease with positive HeV immunohistochemical labelling in a range of tissues. A new observation was the presence of lesions, including syncytial cells, with immunolabelling in the transitional epithelium of the bladder. Virus isolation from the urine rather than from nasal, oral, rectal or conjunctival swabs, the other external sites, was consistent with previous epidemiological work in horses, indicating a limited possibility of transmission. The dose used (30 000 to 50 000 TCID(50)), which was higher than in previous studies, produced microscopical lesions of encephalitis in eight of the 15 subcutaneously inoculated guinea-pigs, with positive immunolabelling in blood vessels and neurons, especially in the medulla, cerebellum and thalamus. The virus was recovered from six of the encephalitic brains. Severe vascular degeneration in the centres of encephalitic lesions in six of the eight encephalitic guinea-pigs and positive immunolabelling in the choroid plexus of a further animal indicated that the virus entered the brain following virus-induced vascular injury and choroid plexus invasion. Guinea-pigs would appear to be suitable for the study of HeV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/11437503¶��Williamson, M M
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Treatment Refusal���JunC��Nipah virus, a newly identified paramyxovirus caused a severe outbreak of encephalitis in Malaysia with high fatalities. We report an open-label trial of ribavirin in 140 patients, with 54 patients who were managed prior to the availability of ribavirin or refused treatment as control. There were 45 deaths (32%) in the ribavirin arm; 29 deaths (54%) occurred in the control arm. This represents a 36% reduction in mortality (p = 0.011). There was no associated serious side effect. This study suggests that ribavirin is able to reduce the mortality of acute Nipah encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/11409437���Chong, H T
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Seroepidemiologic Studies���May-Junú��Nipah virus, family Paramyxoviridae, caused disease in pigs and humans in peninsular Malaysia in 1998-99. Because Nipah virus appears closely related to Hendra virus, wildlife surveillance focused primarily on pteropid bats (suborder Megachiroptera), a natural host of Hendra virus in Australia. We collected 324 bats from 14 species on peninsular Malaysia. Neutralizing antibodies to Nipah virus were demonstrated in five species, suggesting widespread infection in bat populations in peninsular Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/11384522ü��Yob, J M
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West Nile Fever/diagnosis/virology���Jun���Over 100 viruses have been associated with acute central nervous system infections. The present review focuses on some of the most common agents of viral encephalitis, as well as important emerging viral encephalitides. In this context, the initial detection of West Nile virus in the Western Hemisphere during the 1999 New York City outbreak, the first description of Nipah virus in Malaysia, and the appearance in Asia of a new neurovirulent enterovirus 71 strain that causes severe neurologic disease are highlighted. In addition, advances regarding diagnosis, neuroimaging and treatment of Japanese and herpes simplex encephalitis are presented.,��https://www.ncbi.nlm.nih.gov/pubmed/11371762b��Hinson, V K
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Viral Proteins/chemistry/genetics���May 10P��Menangle virus (MenV), isolated in August 1997 following an outbreak of reproductive disease in a piggery in New South Wales, is the second previously unclassified member of the family Paramyxoviridae to be identified in Australia since 1994. Similar to Hendra virus (HeV), MenV appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. No serological cross-reactivity was detected between MenV and other known paramyxoviruses and to facilitate virus classification a cDNA subtraction method was used to obtain viral-specific cDNA from MenV-infected cells. Cloning and sequencing of the products enabled the entire sequences of the NP, P/V, M, F, and HN genes to be determined. Comparison of the nucleotide and deduced amino acid sequences for each gene with members of the family Paramyxoviridae, determination of the P gene mRNA editing strategy, and phylogenetic analyses confirmed that MenV is a new member of the genus Rubulavirus. However the deduced protein sequence of MenV HN exhibited only limited sequence homology when compared with attachment proteins of other paramyxoviruses. Key differences within the amino acid residues considered important determinants of neuraminidase activity suggest MenV HN is unlikely to possess the same degree of neuraminidase activity characteristic of other rubulavirus and respirovirus HN proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/11336561���Bowden, T R
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Viral Proteins/chemistry/genetics/immunology���May 10³��A search for the natural host of Nipah virus has led to the isolation of a previously unknown member of the family Paramyxoviridae. Tioman virus (TiV) was isolated from the urine of fruit bats (Pteropus hypomelanus) found on the island of the same name off the eastern coast of peninsular Malaysia. An electron microscopic study of TiV-infected cells revealed spherical and pleomorphic-enveloped viral particles (100--500 nm in size) with a single fringe of embedded peplomers. Virus morphogenesis occurred at the plasma membrane of infected cells and morphological features of negative-stained ribonucleoprotein complexes were compatible with that of viruses in the family Paramyxoviridae. Serological studies revealed no cross-reactivity with antibodies against a number of known Paramyxoviridae members except for the newly described Menangle virus (MenV), isolated in Australia in 1997. Failure of PCR amplification using MenV-specific primers suggested that this new virus is related to but different from MenV. For molecular characterization of the virus, a cDNA subtraction strategy was employed to isolate virus-specific cDNA from virus-infected cells. Complete gene sequences for the nucleocapsid protein (N) and phosphoprotein (P/V) have been determined and recombinant N and V proteins produced in baculovirus. The recombinant N and V proteins reacted with porcine anti-MenV sera in Western blot, confirming the serological cross-reactivity observed during initial virus characterization. The lack of a C protein-coding region in the P/V gene, the creation of P mRNA by insertion of 2-G residues, and the results of phylogenetic analyses all indicated that TiV is a novel member of the genus Rubulavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11336547Ì��Chua, K B
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Virus Shedding���Janµ��OBJECTIVES: To study the excretion of Nipah virus in the upper respiratory secretions and urine of infected patients in relation to other clinical features. METHODS: Isolation of Nipah virus from the respiratory secretions and urine was made in Vero cells and identified by indirect immunofluorescence assay using anti-Hendra specific hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG. RESULTS: During the peak outbreak of Nipah virus encephalitis in Malaysia, Nipah virus was isolated from the upper respiratory secretions and urine in eight of 20 patients who were virologically and/or serologically confirmed to be infected with the virus. From these eight patients, Nipah virus was isolated from six throat swab specimens, three urine specimens and only one nasal swab specimen. The positive virus isolation rate was related to the collection of these specimens during the early phase of the illness (P = 0.068). The presence of serum anti-Nipah specific IgM appeared to reduce the chance of isolating the virus (P = 0.049). There was no significant difference in the isolation rate with respect to the age, gender, ethnic group and clinical features associated with grave prognosis and mortality outcome of the patients. CONCLUSION: This study shows that it is possible to be infected from secretions of infected patients, but epidemiological survey on close contacts so far did not suggest that human-to-human transmission is common.,��https://www.ncbi.nlm.nih.gov/pubmed/11243752Î��Chua, K B
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Zoonoses/epidemiology/etiology/microbiology���Feb 23���By using the criteria that define emerging infectious diseases (EIDs) of humans, we can identify a similar group of EIDs in wildlife. In the current review we highlight an important series of wildlife EIDs: amphibian chytridiomycosis; diseases of marine invertebrates and vertebrates and two recently-emerged viral zoonoses, Nipah virus disease and West Nile virus disease. These exemplify the varied etiology, pathogenesis, zoonotic potential and ecological impact of wildlife EIDs. Strikingly similar underlying factors drive disease emergence in both human and wildlife populations. These are predominantly ecological and almost entirely the product of human environmental change. The implications of wildlife EIDs are twofold: emerging wildlife diseases cause direct and indirect loss of biodiversity and add to the threat of zoonotic disease emergence. Since human environmental changes are largely responsible for their emergence, the threats wildlife EIDs pose to biodiversity and human health represent yet another consequence of anthropogenic influence on ecosystems. We identify key areas where existing expertise in ecology, conservation biology, wildlife biology, veterinary medicine and the impact of environmental change would augment programs to investigate emerging diseases of humans, and we comment on the need for greater medical and microbiological input into the study of wildlife diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11230820»��Daszak, P
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Zoonoses/transmission���Dec9��The most important clinical and pathological manifestation of Hendra virus infection in horses and humans is that of severe interstitial pneumonia caused by viral infection of small blood vessels. The virus is also capable of causing nervous disease. Hendra virus is not contagious in horses and is spread by close contact with body fluids, such as froth from infected lungs. Diagnosis should be based on the laboratory examination of blood, lung, kidney, spleen, and, if nervous signs are present, also of the brain. Evidence of infection with the more recently identified and related Nipah virus was found in the brain of one horse in which there was inflammation of the meningeal blood vessels. Fruit bats, especially Pteropus s., have been incriminated as the natural and reservoir hosts of both Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/11219352s��Hooper, P T
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Zoonoses/transmission/virology&��A pig-borne virus causing viral encephalitis amongst human beings in Malaysia was detected in 1997 by the Ministry of Health. Initially, the disease was considered to be Japanese encephalitis. Subsequently, it was thought to be a Hendra-like viral encephalitis, but on 10th April, 1999 the Minister of Health announced this mysterious and deadly virus to be a new virus named Nipah virus. The virus was characterized at CDC, Atlanta, Georgia. The gene sequencing of the enveloped virus revealed that one of the genes had 21% difference in the nucleotide sequence with about 8% difference in the amino acid sequence from Hendra virus isolated from horses in Australia in 1994. The virus was named after the village Nipah. In all, the Ministry of Health declared 101 human casualties, and 900,000 pigs were culled by April, 1999. The worst affected area in Malaysia was Negri Sembilan. The symptoms, incubation period in human being and pigs, animal to human transmission, threat of disease to other livestock, and control program adopted in Malaysia is described.,��https://www.ncbi.nlm.nih.gov/pubmed/11193645A��Uppal, P K
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Zoonoses/*transmission���Dec���The risk of zoonotic disease transmission when handling livestock or animal products is substantial. In industrialized countries, the classical zoonotic diseases such as tuberculosis or brucellosis are no longer in the foreground. Latent zoonoses such as salmonellosis and campylobacteriosis can cause serious disease in humans and have become a major public health problem during the past years. Since animals infected with these pathogens show only mild transient disease or no clinical signs at all, new concepts in the entire production line ("stable to table") are necessary in order to avoid human infection. Two emerging viruses with zoonotic potential--avian influenza virus and Nipah virus--have been found in Asia in 1997 and 1999. Both diseases had a major impact on disease control and public health in the countries of origin. In order to cope threats from infectious diseases, in particular those of public health relevance, a combined effort among all institutions involved will be necessary. The proposed "European Center for Infectious Diseases" and the "Swiss center for zoonotic diseases" could be a potential approach in order to achieve this goal.,��https://www.ncbi.nlm.nih.gov/pubmed/11189834���Jemmi, T
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Zoonoses/*transmission���Apr¯��The ability of infectious disease agents to cross the species barrier has long been recognised for many zoonotic diseases. New viral zoonotic diseases, such as acquired immune deficiency syndrome (AIDS), caused by human immunodeficiency viruses 1 or 2, emerged in the 1980s and 1990s, and have become established in the human population. Influenza virus continues to find new ways to move from avian species into humans. The filoviruses and the newer paramyxoviruses, Hendra and Nipah, highlight the increasing proclivity of some animal viral agents to infect human populations with devastating results. A previously unknown transmissible spongiform encephalopathy, bovine spongiform encephalopathy, has emerged in cattle in Europe and spread to humans as well as other animal species. A novel toxicosis, caused by Pfiesteria spp. dinoflagellates, has become a secondary problem in some areas where large fish kills have occurred. The increasing proximity of human and animal populations has led to the emergence of, or increase in, bacterial zoonoses such as plague, leptospirosis and ehrlichiosis. The factors which influence the ability of each infectious agent to effectively across the species barrier and infect new cells and populations are poorly understood. However, for all of these diseases, the underlying theme is the growth of the human population, the mobility of that population, and the efforts expended to keep that population nourished.,��https://www.ncbi.nlm.nih.gov/pubmed/11189724[��Mahy, B W
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*Zoonoses/epidemiology/virology���Apre��Between late 1998 and 1999, the spread of a new disease of pigs, characterized by a pronounced respiratory and neurological syndrome, sometimes accompanied by the sudden death of sows and boars, was recorded in pig farms in peninsular Malaysia. The disease appeared to have a close association with an epidemic of viral encephalitis among workers on pig farms. A previously unrecognised paramyxovirus was later identified from this outbreak; this virus was related to, but distinct from, the Hendra virus discovered in Australia in 1994. The new virus was named 'Nipah' and was confirmed by molecular characterization to be the agent responsible for the disease in both humans and pigs. The name proposed for the new pig disease was 'porcine respiratory and neurological syndrome' (also known as 'porcine respiratory and encephalitis syndrome'), or, in peninsular Malaysia, 'barking pig syndrome'. The authors describe the new disease and provide the epidemiological findings recorded among infected pigs. In addition, the control programmes which were instituted to contain the virus in the national swine herd are outlined.,��https://www.ncbi.nlm.nih.gov/pubmed/11189713f��Mohd Nor, M N
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Zoonoses/epidemiology/transmission/*virology���Apr®��The author provides an account of the discovery of a previously undescribed disease of horses and a description of the studies involved in determining the aetiology of the disease. The causative virus, now named Hendra virus (HeV), is the reference virus for a proposed new genus within the virus family Paramyxoviridae. The virus is a lethal zoonotic agent able to cause natural disease in humans and horses and experimentally induced disease in cats, guinea-pigs and mice. The virus also naturally infects species of the family Megachiroptera, mainly subclinically, and such animals are the natural host of HeV. The virus appears to transmit readily between species of Megachiroptera, but not readily between horses under natural and experimental conditions, or from horses to humans. The method of transmission from bats to horses is not known. Three incidents of HeV disease in horses have been recorded in Australia--two in 1994 which caused the death of two humans and fifteen horses and one in 1999 which involved the death of a single horse. Hendra virus is related to Nipah virus, the virus that caused disease and mortality in humans, pigs, dogs and cats in Malaysia during 1998 and 1999.,��https://www.ncbi.nlm.nih.gov/pubmed/11189712T��Westbury, H A
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Surveys and Questionnaires���Mar 1ú��During 1998-1999, an outbreak of Nipah virus encephalitis occurred in Malaysia. To assess the possibility of nosocomial transmission, 338 health care workers (HCWs) exposed and 288 HCWs unexposed to outbreak-related patients were surveyed, and their serum samples were tested for anti-Nipah virus antibody. Needlestick injuries were reported by 12 (3%) HCWs, mucosal surface exposure to body fluids by 39 (11%), and skin exposure to body fluids by 89 (25%). No encephalitis occurred in either group. Three exposed and no unexposed HCWs tested positive by EIA for IgG antibodies. It is likely that these 3 were false positives; no IgM response occurred, and the serum samples were negative for anti-Nipah virus neutralizing antibodies. The risk of nosocomial transmission of Nipah virus appears to be low; however, given the high case-fatality rate and the presence of virus in respiratory secretions and urine of some patients, standard and droplet infection-control practices should be maintained with these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11181159Â��Mounts, A W
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*Swine���Jun���Between September 1998 and May 1999, 265 cases of encephalitis were reported from among those involved in pig rearing. A few cases were also reported among abattoir workers. This raised questions of the risk of transmission among those who handled raw pork. A serosurvey was conducted among pork sellers in Seremban town, which is about 20 km from one of the pig rearing areas which had reported cases of encephalitis. It was found that out of the 28 pork sellers tested, only one tested positive for Nipah virus antibodies and that this pork seller also worked in an abattoir in the same district, removing the urinary bladders from slaughtered pigs. Based on these findings, it was concluded that the risk of transmission of the virus from handling raw pork appeared to be low.,��https://www.ncbi.nlm.nih.gov/pubmed/11127331²��Premalatha, G D
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*Swine���Jun&��A hospital-based case-control study of viral encephalitis was carried out at Port Dickson Hospital, in the state of Negeri Sembilan, Malaysia. Between March and May 1999, 69 clinically diagnosed viral encephalitis cases and 31 controls were interviewed. Job histories on pig farming activities were assessed by a group of epidemiologists and veterinary surgeons. Results show that among clinical cases of viral encephalitis, 52 (75.4%) cases were diagnosed to have Nipah virus infection based on positive serology for antibodies to the cross-reacting Hendra virus antigen. The Nipah virus encephalitis was significantly associated with a history of working in pig farms (p < 0.001, OR = 196.0, 95% CI = 20.4-4741.6), history of contact with animals (p < 0.001, OR = 38.3, 95% CI = 8.2-209.0) and with history of direct contact with pigs (p = 0.002, OR = 34.4, 95% CI = 2.6-1,024.4). The Nipah virus infection was also significantly associated with history of feeding/cleaning pigs (p < 0.001, OR = 102, 95% CI = 11.9-2,271.5). These results provide evidence that involvement in pig farming activities is significantly associated with the risk of getting Nipah virus infection. They are potential risk factors for Nipah virus transmission in the major pig-producing area of Bukit Pelandok, Port Dickson Negeri Sembilan.,��https://www.ncbi.nlm.nih.gov/pubmed/11127330å��Amal, N M
Lye, M S
Ksiazek, T G
Kitsutani, P D
Hanjeet, K S
Kamaluddin, M A
Ong, F
Devi, S
Stockton, P C
Ghazali, O
Zainab, R
Taha, M A
eng
Thailand
2000/12/29 11:00
Southeast Asian J Trop Med Public Health. 2000 Jun;31(2):301-6.%��0125-1562 (Print)
0125-1562 (Linking)���11127330h��Division of Epidemiology Research, Institute for Medical Research, Jalan Pahang, Kuala Lumpur, Malaysia.��y�üÒ|ÿÿ?K������2000d��Dermatological infectiology--Quo vadis? Symposium, Ruhr-University, September 29-30, 2000. Abstracts���491-505
��Eur J Med Res���5���11*��Animals
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*Skin Diseases���Nov 30è��Infectious diseases remain a major cause of morbidity and mortality in the year 2000. 17 million deaths per year or roughly a third of all deaths are caused by infections. Infectious diseases also pose a serious economic threat. While many well-established pathogens have not been contained several new infectious agents have been discovered within the past 27 years which include rotavirus, legionella, HIV, ebola, campylobacter, helicobacter, nipah, HHV8, hepatitis C, and many others. Additionally many new pathogens have emerged as serious threats to the ever-growing number of immuno-compromised patients. Infectious etiologies have been found for many common diseases (certain leukemias, duodenal ulcers, etcetera). It is likely that infections are at least co-factors for many other diseases (transplant-associated atherosclerosis). Only specialized care and multi-disciplinary collaboration will enable us to cope with current problems and the inevitable emergence of new infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11121370W��eng
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Surveys and Questionnaires���SepR��OBJECTIVE: to investigate the prevalence of known diabetes mellitus in care homes and the patterns of diabetes care in these institutions. DESIGN: a postal questionnaire sent to all 98 care homes in Sheffield. RESULTS: 70 care homes (71%) returned the questionnaire, indicating that 233 (8.8%) of 2648 residents were known to have diabetes. Of these, 76 (33%) were treated with diet alone, 105 (45%) with diet plus oral medication and 52 (22%) with insulin. Only seven registered nurses (2%) in the homes had certified diabetes training. Forty-two homes (60%) did not carry out a structured, diabetes-related assessment of residents on entry and only 29 (42%) had regular review of diabetic residents by a general practitioner or practice nurse. Most homes (89%) were visited by an optician, 56 (80%) also had a regular chiropody service, although 32 (46%) of these charged their residents for this service. CONCLUSIONS: the known prevalence of diabetes is similar to that reported previously. This study highlights the need for structured care with defined standards for care-home residents with diabetes.,��https://www.ncbi.nlm.nih.gov/pubmed/11108418W��Taylor, C D
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Paramyxovirinae/immunology/*isolation & purification/ultrastructure���DecG��BACKGROUND: between 1998 and 1999, an outbreak of potentially fatal viral encephalitis erupted among pig farm workers in West Malaysia, and later spread to Singapore where abattoir workers were afflicted. Although Japanese encephalitis virus was initially suspected, the predominant aetiologic agent was subsequently confirmed to be Nipah virus, a novel paramyxovirus related to but distinct from Hendra virus. OBJECTIVE: to describe a case of Nipah virus encephalitis in a pig farm worker from Malaysia. STUDY DESIGN: the clinical, laboratory and radiological findings of this patient were scrutinized. Special emphasis was placed on the electron microscopic analysis of the cerebrospinal fluid (CSF) specimen from this patient. RESULTS: the neurological deficits indicative of cerebellar involvement were supported by the magnetic resonance imaging that showed prominent cerebellar and brainstem lesions. CSF examination provided further evidence of viral encephalitis. Complement fixation and/or RT-PCR assays were negative for Japanese encephalitis, herpes simplex, measles and mumps viruses. ELISA for detecting IgM and IgG antibodies against Hendra viral antigens were equivocal for the CSF specimen, and tested initially negative for the first serum sample but subsequently positive for the repeat serum sample. Transmission electron microscopy of negatively-stained preparations of CSF revealed enveloped virus-like structures fringed with surface projections as well as nucleocapsids with distinctive helical and herringbone patterns, features consistent with those of other paramyxoviruses, including Hendra virus. CONCLUSION: this case report reiterates the relevant and feasible role of diagnostic electron microscopy for identifying and/or classifying novel or emerging viral pathogens for which sufficiently specific and sensitive tests are lacking.,��https://www.ncbi.nlm.nih.gov/pubmed/11090749���Chow, V T
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Paramyxovirinae/*chemistry���NovA��During the outbreak of Nipah virus encephalitis in Malaysia, stored cerebrospinal fluid (CSF) samples from 84 patients (27 fatal and 57 nonfatal cases) were cultured for the virus. The virus was isolated from 17 fatal cases and 1 nonfatal case. There were significant associations between CSF virus isolation and mortality as well as clinical features associated with poor prognosis. In addition, there was a positive linear correlation of CSF virus isolation with age. There was no significant association between CSF virus isolation and the character of the CSF, presence of Nipah-specific antibody in the serum or CSF, duration of illness before collection of samples, or sex or ethnicity of the patients. This study suggests that high viral replication in the central nervous system may be an important factor for high mortality.,��https://www.ncbi.nlm.nih.gov/pubmed/11079547���Chua, K B
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Zoonoses/epidemiology/transmission���Nov?��Hendra has been recognized in Australia as a new zoonotic disease of horses since 1994/5 and subsequent work has shown that the viral agent is endemic in certain species of fruit bat. The Hendra virus is the type species of a new genus within the sub-family Paramyxovirinae, which also contains another newly identified zoonotic bat virus, namely Nipah. It is assumed that contact with bats has led to the Hendra virus being transferred to horses on each of the three separate incidents that have been reported in the last five years. No evidence has been found for widespread subclinical infection of horses. Infected horses can develop a severe and often fatal respiratory disease characterized by dyspnoea, vascular endothelial damage and pulmonary oedema. Nervous signs may also occur. Fatal respiratory disease has been seen in cats and guinea pigs following experimentally induced infections. Transmission of the virus from horses to other horses or man seems to have taken place, but very close contact was required. Three human cases have been recognized, all in association with equine cases. There have been two human fatalities, one due to respiratory failure and the other from a delayed-onset encephalitis. A number of diagnostic methods have been developed, but great care must be taken in obtaining samples from suspected cases.,��https://www.ncbi.nlm.nih.gov/pubmed/11061954w��Barclay, A J
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West Nile virus/pathogenicityC��As the 21st century begins, several outbreaks of encephalitis have been reported. An examination of these outbreaks brings into focus important epidemiological developments. Specifically, urbanization and encroachment on natural environments, the ease of world travel, and global trade can lead to spread of vectors and viruses from the developing world to the developed world. This review focuses on two recent epidemics of encephalitis: West Nile virus encephalitis in the eastern United States and Nipah virus encephalitis in Malaysia and Singapore. These examples demonstrate spread of a known viral agent from an endemic area to an area in which it had not previously been found and identification of a new viral agent. Infectious diseases in the developed world once considered "exotic" are now potential threats to all patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11051296?��Marra, C M
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Viral Proteins/chemistry/*genetics���Nov#��An outbreak of acute respiratory disease in Hendra, a suburb of Brisbane, Australia, in September 1994 resulted in the deaths of 14 racing horses and a horse trainer. The causative agent was a new member of the family Paramyxoviridae. The virus was originally called Equine morbillivirus but was renamed Hendra virus (HeV) when molecular characterization highlighted differences between it and members of the genus Morbillivirus. Less than 5 years later, the closely related Nipah virus (NiV) emerged in Malaysia, spread rapidly through the pig population, and caused the deaths of over 100 people. We report the characterization of the HeV L gene and protein, the genome termini, and gene boundary sequences, thus completing the HeV genome sequence. In the highly conserved region of the L protein, the HeV sequence GDNE differs from the GDNQ found in almost all other nonsegmented negative-strand (NNS) RNA viruses. HeV has an absolutely conserved intergenic trinucleotide sequence, 3'-GAA-5', and highly conserved transcription initiation and termination sequences similar to those of respiroviruses and morbilliviruses. The large genome size (18,234 nucleotides), the unique complementary genome terminal sequences of HeV, and the limited homology with other members of the Paramyxoviridae suggest that HeV, together with NiV, should be classified in a new genus in this family. The large genome of HeV also fills a gap in the spectrum of genome sizes observed with NNS RNA virus genomes. As such, it provides a further piece in the puzzle of NNS RNA virus evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/11024125¤��Wang, L F
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Viral Fusion Proteins/*chemistry/genetics/isolation & purification���Sep 25Ã��Hendra virus (HeV) is an unclassified member of the Paramyxoviridae family that causes systemic infections in humans, horses, cats, guinea pigs and flying foxes. The fusion protein (F(0)) of members of the Paramyxoviridae family that cause systemic infections in vivo contains a basic amino acid-rich region at which the protein is activated by cleavage into two subunits (F(1) and F(2)). HeV F(0) lacks such a domain. We have determined the cleavage site in HeV F(0) by sequencing the amino terminus of the F(1) subunit and in view of the potential effect of glycosylation on the cleavage process have ascertained the sites at which F(0) is glycosylated. The results indicate that unlike other members of the family that replicate in cultured cells and cause systemic infections in vivo, cleavage of HeV F(0) occurs at a single lysine (reside 109) in the sequence Asp-Val-Lys- downward arrow-Leu. Although HeV genotypically resembles members of the Respirovirus and Rubulavirus genera in having potential N-linked glycosylation sites in both the F(1) and F(2) subunits, we show that phenotypically HeV may more closely resemble members of the Morbillivirus genus that contain N-linked glycans only in the F(2) subunit.,��https://www.ncbi.nlm.nih.gov/pubmed/11018278���Michalski, W P
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*Stroke Rehabilitation���Jul 20���PURPOSE: Patient mood and carer stress were assessed for stroke patients in the community following early hospital discharge. METHOD: Patients had low Barthel Indices (13.0 (mean) +/- 4.9 (SD)) with high anxiety and depression scores, and carers had high stress scores, on starting rehabilitation. On starting rehabilitation, patient Barthel Indices correlated inversely with patient depression (r = -0.33, p < 0.02) and carer stress scores (r = -0.48, p < 0.001). RESULTS: During rehabilitation improvements occurred in patient Barthel Indices, patient anxiety scores and carer stress scores, but not in patient depression scores. Incremental increases in patient Barthel Indices during rehabilitation correlated with reductions in carer stress scores (r = -0.55, R2 = 29.4%, p < 0.001). Following early hospital discharge stroke patients display mood abnormalities which do not resolve during rehabilitation. CONCLUSION: Carer stress and patients depression scores are related to the severity of stroke-related disability. Strategies to address patient mood and carer stress should be present in community services providing early stroke rehabilitation.,��https://www.ncbi.nlm.nih.gov/pubmed/10972352p��Jones, A L
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Zoonoses���Jul 28���Scientists are a step closer to unraveling a medical mystery that killed 105 people in Malaysia last year and destroyed the country's pig industry. The Nipah virus, which caused the disease, most likely originated in a native fruit bat species, Malaysian researchers reported here at a meeting last week. They say the findings will help Malaysian health authorities prevent future outbreaks of the Nipah virus. Others see the case as an argument for expanding research into infections that can leap the boundary between animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10939954K��Enserink, M
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Virus Diseases/*epidemiology/*virology���Jun 15²��A number of infectious agents has been newly detected in the last 10 years. Climatic changes and migration have been the most important factors in the emergence of new and old infections. Additionally, new methods for the detection of DNA and RNA have played an important role in the detection of agents difficult to culture. Relevant new bacterial pathogens are Bartonella henselae (cat scratch disease, bacillary angiomatosis), Tropheryma whippeli (Whipple's disease) and new Rickettsiae. Newly detected viral pathogens include Sin-nombre virus (pulmonary Hanta virus syndrome), Nipah- and Hendra virus and avian influenza. Bovine spongiform encephalopathy has been transmitted to humans causing the newly described syndrome of variant Creuzfeldt-Jakob disease. The extent of this new epidemic is not yet clear. These trends from the last years clearly indicate, that further new infections and infectious agents will be detected in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/10935415���Salzberger, B
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Swine���Apr 27Ñ��BACKGROUND: Between September 1998 and June 1999, there was an outbreak of severe viral encephalitis due to Nipah virus, a newly discovered paramyxovirus, in Malaysia. METHODS: We studied the clinical features of the patients with Nipah virus encephalitis who were admitted to a medical center in Kuala Lumpur. The case definition was based on epidemiologic, clinical, cerebrospinal fluid, and neuroimaging findings. RESULTS: Ninety-four patients with Nipah virus infection were seen from February to June 1999 (mean age, 37 years; ratio of male patients to female patients, 4.5 to 1). Ninety-three percent had had direct contact with pigs, usually in the two weeks before the onset of illness, suggesting that there was direct viral transmission from pigs to humans and a short incubation period. The main presenting features were fever, headache, dizziness, and vomiting. Fifty-two patients (55 percent) had a reduced level of consciousness and prominent brain-stem dysfunction. Distinctive clinical signs included segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia and thus suggest the involvement of the brain stem and the upper cervical spinal cord. The initial cerebrospinal fluid findings were abnormal in 75 percent of patients. Antibodies against Hendra virus were detected in serum or cerebrospinal fluid in 76 percent of 83 patients tested. Thirty patients (32 percent) died after rapid deterioration in their condition. An abnormal doll's-eye reflex and tachycardia were factors associated with a poor prognosis. Death was probably due to severe brain-stem involvement. Neurologic relapse occurred after initially mild disease in three patients. Fifty patients (53 percent) recovered fully, and 14 (15 percent) had persistent neurologic deficits. CONCLUSIONS: Nipah virus causes a severe, rapidly progressive encephalitis with a high mortality rate and features that suggest involvement of the brain stem. The infection is associated with recent contact with pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/10781618Ì��Goh, K J
Tan, C T
Chew, N K
Tan, P S
Kamarulzaman, A
Sarji, S A
Wong, K T
Abdullah, B J
Chua, K B
Lam, S K
eng
2000/04/27 09:00
N Engl J Med. 2000 Apr 27;342(17):1229-35. doi: 10.1056/NEJM200004273421701.%��0028-4793 (Print)
0028-4793 (Linking)���10781618E��Department of Medicine, University of Malaya, Kuala Lumpur, Malaysia.���10.1056/NEJM200004273421701�
~��üÒ|ÿþ?e������Lim, C. C.
Sitoh, Y. Y.
Hui, F.
Lee, K. E.
Ang, B. S.
Lim, E.
Lim, W. E.
Oh, H. M.
Tambyah, P. A.
Wong, J. S.
Tan, C. B.
Chee, T. S.���2000X��Nipah viral encephalitis or Japanese encephalitis? MR findings in a new zoonotic disease���455-61���AJNR Am J Neuroradiol���21���3¿��Abattoirs
Adult
Aged
Agricultural Workers' Diseases/diagnosis/epidemiology
Animals
Brain/pathology
Diagnosis, Differential
Disease Outbreaks
Encephalitis, Japanese/*diagnosis
Encephalitis, Viral/*diagnosis/epidemiology
Female
Humans
*Magnetic Resonance Imaging
Malaysia/epidemiology
Male
Middle Aged
Paramyxoviridae Infections/*diagnosis/epidemiology/transmission
*Paramyxovirinae
Singapore/epidemiology
Swine
Swine Diseases/transmission
*Zoonoses���Mar3��BACKGROUND AND PURPOSE: An epidemic of suspected Japanese encephalitis occurred in Malaysia in 1998-1999 among pig farmers. In neighboring Singapore, an outbreak occurred among pig slaughterhouse workers. It was subsequently established that the causative agent in the outbreak was not the Japanese encephalitis virus but a previously unknown Hendra-like paramyxovirus named Nipah virus. METHODS: The brain MR images of eight patients with Nipah virus infection were reviewed. All patients tested negative for acute Japanese encephalitis virus. Seven patients had contrast-enhanced studies and six had diffusion-weighted examinations. RESULTS: All patients had multiple small bilateral foci of T2 prolongation within the subcortical and deep white matter. The periventricular region and corpus callosum were also involved. In addition to white matter disease, five patients had cortical lesions, three had brain stem involvement, and a single thalamic lesion was detected in one patient. All lesions were less than 1 cm in maximum diameter. In five patients, diffusion-weighted images showed increased signal. Four patients had leptomeningeal enhancement and four had enhancement of parenchymal lesions. CONCLUSION: The brain MR findings in patients infected with the newly discovered Nipah paramyxovirus are different from those of patients with Japanese encephalitis. In a zoonotic epidemic, this striking difference in the appearance and distribution of lesions is useful in differentiating these diseases. Diffusion-weighted imaging was advantageous in increasing lesion conspicuity.,��https://www.ncbi.nlm.nih.gov/pubmed/10730635±��Lim, C C
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Warfarin/*administration & dosage/adverse effects���Jan¿��OBJECTIVES: To compare a new low-dose warfarin induction regimen with the Fennerty regimen in elderly inpatients. DESIGN: Age-stratified, randomized prospective study. SUBJECTS: 120 age-stratified elderly inpatients. INTERVENTIONS: Each patient was randomized to either the new induction regimen or to a modified Fennerty regimen. MAIN OUTCOMES MEASURES: Days to therapeutic International Normalized Ratio (INR >2); days in the therapeutic range (INR 2-3) during induction; number of patients with INR >4.5; ability of day 4 INR to predict day 8 warfarin dose. RESULTS: The mean time to therapeutic INR was longer for the new induction regimen than modified Fennerty regimen in patients aged 65-75 years [4.6 (mean) +/- 1.6 (SD) days vs 3.8 +/- 0.8 days; P = 0.03] and in patients aged >75 years (4.5 +/- 1.4 days vs 3.5 +/- 0.7 days; P = 0.003). Patients spent more time in the therapeutic INR range with the new induction regimen [3.0 +/- 1.3 days vs 2.7 +/- 1.3 days (P = 0.03) for those aged 65-75 years and 2.9 +/- 1.1 days vs 2.4 +/- 1.3 days (P = 0.04 for those aged >75 years]. Fewer patients using the new regimen had INRs >4.5 in the first 8 days [1 (3%) vs 6 (20%) for 65-75 years (P < 0.05) and 1 (3%) vs 11 (37%) for >75 years (P < 0.01)]. The ability to predict the maintenance dose to within 1 mg was 55% for both regimens. CONCLUSION: The low-dose regimen has important clinical advantages over the Fennerty regimen for anticoagulating elderly inpatients.,��https://www.ncbi.nlm.nih.gov/pubmed/10690692±��Gedge, J
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Vero Cells���Feb-Apry��Antibodies to Hendra virus (HeV) have been found in a high percentage of fruit bats (Pteropus spp.) in Australia, indicating a possible reservoir for the virus. The aim of the experiments reported here was to investigate transplacental infection as a possible mode of transmission of the virus in fruit bats and other animals. In a first experiment, 18 pregnant guinea-pigs in the mid-stage of gestation were inoculated with HeV, as an experimental model in a conventional laboratory animal. Nine developed HeV disease as confirmed by viral isolation, histopathology and immunohistochemistry. In five of the nine clinically affected guinea-pigs there was necrosis and strong positive immunostaining in the placentas in an indirect immunoperoxidase (IPX) test for HeV antigen. One of these five guinea-pigs aborted and HeV was isolated from its three fetuses, one of which was also positive to the IPX test. In three other sick guinea-pig dams, virus was isolated from fetuses, and there was positive immunostaining in two of the latter. In a second experiment, four fruit bats were inoculated with a similar dose of HeV. (A further four guinea-pigs inoculated at the same time developed severe disease, indicating adequate virulence.) Two bats were killed at 10 days post-inoculation and two were killed at 21 days. In these bats, no overt clinical disease was observed, but subclinical disease occurred, as indicated by viral isolation, seroconversion, vascular lesions and positive immunostaining. Transplacental transmission was indicated by positive immunostaining in two placentas and confirmed by isolation of virus from one of the associated fetuses.,��https://www.ncbi.nlm.nih.gov/pubmed/10684689Ë��Williamson, M M
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635Ù��Chua, K B
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Singapore/epidemiology���Oct 9«��BACKGROUND: In March 1999, an outbreak of encephalitis and pneumonia occurred in workers at an abattoir in Singapore. We describe the clinical presentation and the results of investigations in these patients. METHODS: Clinical and laboratory data were collected by systemic review of the case records. Serum and cerebrospinal fluid (CSF) samples were tested for IgM antibodies to Nipah virus with an IgM capture ELISA. Reverse-transcriptase PCR was done on the CSF and tissue samples from one patient who died. FINDINGS: Eleven patients were confirmed to have acute Nipah-virus infection based on raised IgM in serum. Nipah virus was identified by reverse transcriptase PCR in the CSF and tissue of the patient who died. The patients were all men, with a median age of 44 years. The commonest presenting symptoms were fever, headache, and drowsiness. Eight patients presented with signs of encephalitis (decreased level of consciousness or focal neurological signs). Three patients presented with atypical pneumonia, but one later developed hallucinations and had evidence of encephalitis on CSF examination. Abnormal laboratory findings included a low lymphocyte count (nine patients), low platelet count, low serum sodium, and high aspartate aminostransferase concentration (each observed in five patients). The CSF protein was high in eight patients and white-blood-cell count was high in seven. Chest radiography showed mild interstitial shadowing in eight patients. Magnetic resonance imaging (MRI) showed focal areas of increased signal intensity in the cortical white marker in all eight patients who were scanned. The nine patients with encephalitis received empirical treatment with intravenous aciclovir and eight survived. INTERPRETATION: Infection with Nipah virus caused an encephalitis illness with characteristic focal areas of increased intensity seen on MRI. Lung involvement was also common, and the disease may present as an atypical pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520634ü��Paton, N I
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Tyrosine/analogs & derivatives/metabolism���Oct1��Acute chest syndrome (ACS) is the most common form of acute pulmonary disease associated with sickle cell disease. To investigate the possibility that alterations in endothelial cell (EC) production and metabolism of nitric oxide (NO) products might be contributory, we measured NO products from cultured pulmonary EC exposed to red blood cells and/or plasma from sickle cell patients during crisis. Exposure to plasma from patients with ACS caused a 5- to 10-fold increase in S-nitrosothiol (RSNO) and a 7- to 14-fold increase in total nitrogen oxide (NO(x)) production by both pulmonary arterial and microvascular EC. Increases occurred within 2 h of exposure to plasma in a concentration-dependent manner and were associated with increases in endothelial nitric oxide synthase (eNOS) protein and eNOS enzymatic activity, but not with changes in nitric oxide synthase (NOS) III or NOS II transcripts, inducible NOS (iNOS) protein nor iNOS enzymatic activity. RSNO and NO(x) increased whether plasma was obtained from patients with ACS or other forms of vasoocclusive crisis. Furthermore, an oxidative state occurred and oxidative metabolites of NO, particularly peroxynitrite, were produced. These findings suggest that altered NO production and metabolism to damaging oxidative molecules contribute to the pathogenesis of ACS.,��https://www.ncbi.nlm.nih.gov/pubmed/10516198Â��Hammerman, S I
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Virus Diseases/diagnosis/*veterinary���Aug 16Ì��Immunohistochemistry plays an important part in the diagnosis of some viral diseases. Demonstration of viral antigen in a lesion is an important contribution to diagnosis, either at the time of investigation or retrospectively. At the CSIRO Australian Animal Health Laboratory, the most frequent use of immunohistochemistry has been in the diagnosis of the important avian diseases, highly pathogenic avian influenza and Newcastle disease. The technology took key roles in the diagnoses of Hendra virus infections, and, later, an immunoperoxidase test gave the first indication of the existence of Australian bat lyssavirus. The test can often confirm that a virus isolated in an animal is the actual virus causing disease and not a coincidental isolation. Good examples of that in some more new diseases were the association of Wallal virus with blindness in kangaroos, and of the new porcine Menangle virus in natural and experimental cerebral disease in foetal piglets.,��https://www.ncbi.nlm.nih.gov/pubmed/10501165ª��Hooper, P T
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Zoonoses/*virology���Aug 16���Flying foxes have been the focus of research into three newly described viruses from the order Mononegavirales, namely Hendra virus (HeV), Menangle virus and Australian Bat Lyssavirus (ABL). Early investigations indicate that flying foxes are the reservoir host for these viruses. In 1994, two outbreaks of a new zoonotic disease affecting horses and humans occurred in Queensland. The virus which was found to be responsible was called equine morbillivirus (EMV) and has since been renamed HeV. Investigation into the reservoir of HeV has produced evidence that antibodies capable of neutralising HeV have only been detected in flying foxes. Over 20% of flying foxes in eastern Australia have been identified as being seropositive. Additionally six species of flying foxes in Papua New Guinea have tested positive for antibodies to HeV. In 1996 a virus from the family Paramyxoviridae was isolated from the uterine fluid of a female flying fox. Sequencing of 10000 of the 18000 base pairs (bp) has shown that the sequence is identical to the HeV sequence. As part of investigations into HeV, a virus was isolated from a juvenile flying fox which presented with neurological signs in 1996. This virus was characterised as belonging to the family Rhabdoviridae, and was named ABL. Since then four flying fox species and one insectivorous species have tested positive for ABL. The third virus to be detected in flying foxes is Menangle virus, belonging to the family Paramyxoviridae. This virus was responsible for a zoonotic disease affecting pigs and humans in New South Wales in 1997. Antibodies capable of neutralising Menangle virus, were detected in flying foxes.,��https://www.ncbi.nlm.nih.gov/pubmed/10501164}��Halpin, K
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Zoonoses���MayV��Eleven abattoir workers in Singapore were infected in March 1999 by an outbreak caused by the Nipah virus. This newly discovered, Hendra-like paramyxovirus causes acute infection of the CNS. We present the magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (MRS) findings in a patient suffering from acute meningoencephalitis. Multiple small white matter lesions were detected on diffusion-weighted imaging (DWI) and T2-weighted images. There were no abnormalities detected on MRS. We believe this to be the first reported MRI findings in this novel zoonotic viral disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10489496���Lim, C C
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Respirovirus Infections/*pathology���Sep¥��A novel Hendra-like paramyxovirus named Nipah virus (NiV) was the cause of an outbreak among workers from one abattoir who had contact with pigs. Two patients had only respiratory symptoms, while 9 patients had encephalitis, 7 of whom are described in this report. Neurological involvement was diverse and multifocal, including aseptic meningitis, diffuse encephalitis, and focal brainstem involvement. Cerebellar signs were relatively common. Magnetic resonance imaging scans of the brain showed scattered lesions. IgM antibodies against Hendra virus (HeV) were present in the serum of all patients. Two patients recovered completely. Five had residual deficits 8 weeks later.,��https://www.ncbi.nlm.nih.gov/pubmed/10482278���Lee, K E
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*Ventilator Weaning/methods���Summerw��In this review, traditional weaning parameters, integrative indexes, and experimental methods of predicting weaning outcomes have been reviewed. All have limitations; however, judicious application of these parameters may guide clinical decisions regarding timing of weaning trials. Of the parameters reviewed, the RSBI has several advantages and may identify patients who are candidates for weaning. Likewise, application of tools such as the daily screen or implementation of multidisciplinary weaning teams may assist clinicians in weaning patients earlier in their ICU course. Most patients will be successfully extubated after a single SBT, and weaning methods that focus on sequential decrements in ventilator support appear to needlessly prolong ventilation. However, for patients who fail, identification of potential causes of continued ventilator dependence should focus on the various pathophysiological causes outlined. Although a number of patients will require prolonged ventilator support beyond the critical care setting, the growing experience with this population demonstrates that a large percentage have favorable outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/10445177b��Hendra, K P
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Viral Proteins/genetics���Jun 5»��A cytopathic infectious agent was isolated from the kidneys of an apparently healthy tree shrew (Tupaia belangeri) that had been captured in the area around Bangkok. The infectivity was propagated in Tupaia fibroblast and kidney cell cultures. Paramyxovirus-like pleomorphic enveloped particles and helical nucleocapsids were observed by electron microscopy and accordingly the infectious agent was termed Tupaia paramyxovirus (TPMV). However, no serological cross-reactions were detected between TPMV and known paramyxoviruses. For the molecular characterization of TPMV an experimental strategy that allows the random-primed synthesis of relatively large cDNA molecules from viral genomic RNA was applied. Nucleotide sequence analysis of a TPMV-specific cDNA fragment (1544 bp) revealed two nonoverlapping partial open reading frames corresponding to paramyxoviral N and P transcription units. Using modified rapid amplification of cDNA ends techniques, a substantial contiguous portion of the viral genome (4065 nt) was elucidated including the complete N and P/V/C genes. The coding strategy of TPMV as well as significant amino acid sequence homologies clearly indicates an evolutionary relationship between TPMV and members of the genus Morbillivirus. Highest homologies were detected between TPMV and Hendra virus (equine morbillivirus), which recently emerged in Australia, causing outbreaks of fatal respiratory and neurological disease in horses and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10366580¥��Tidona, C A
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Swine Diseases/transmission/virology���Apr 30!��During March 1999, health officials in Malaysia and Singapore, in collaboration with Australian researchers and CDC, investigated reports of febrile encephalitic and respiratory illnesses among workers who had exposure to pigs. A previously unrecognized paramyxovirus (formerly known as Hendra-like virus), now called Nipah virus, was implicated by laboratory testing in many of these cases. Febrile encephalitis continues to be reported in Malaysia but has decreased coincident with mass culling of pigs in outbreak areas. No new cases of febrile illness associated with Nipah virus infection have been identified in Singapore since March 19, 1999, when abattoirs were closed. This report summarizes interim findings from ongoing epidemiologic and laboratory investigations in Malaysia and Singapore.,��https://www.ncbi.nlm.nih.gov/pubmed/10366143O��(CDC)
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Swine Diseases/transmission���Apr 9���During September 29, 1998-April 4, 1999, 229 cases of febrile encephalitis (111 [48%] fatal) were reported to the Malaysian Ministry of Health (MOH). During March 13-19, 1999, nine cases of similar encephalitic illnesses (one fatal) and two cases of respiratory illness occurred among abattoir workers in Singapore. Tissue culture isolation identified a previously unknown infectious agent from ill patients. This report summarizes the preliminary epidemiologic and laboratory investigations of these cases, which indicate that a previously unrecognized paramyxovirus related to, but distinct from, the Australian Hendra virus is associated with this outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/10227800[��(CDC)
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Vero Cells���Dec1��OBJECTIVE: To determine the infectivity and transmissibility of Hendra virus (HeV). DESIGN: A disease transmission study using fruit bats, horses and cats. PROCEDURE: Eight grey-headed fruit bats (Pteropus poliocephalus) were inoculated and housed in contact with three uninfected bats and two uninfected horses. In a second experiment, four horses were inoculated by subcutaneous injection and intranasal inoculation and housed in contact with three uninfected horses and six uninfected cats. In a third experiment, 12 cats were inoculated and housed in contact with three uninfected horses. Two surviving horses were inoculated at the conclusion of the third experiment: the first orally and the second by nasal swabbing. All animals were necropsied and examined by gross and microscopic pathological methods, immunoperoxidase to detect viral antigen in formalin-fixed tissues, virus isolation was attempted on tissues and SNT and ELISA methods were used to detect HeV-specific antibody. RESULTS: Clinical disease was not observed in the fruit bats, although six of eight inoculated bats developed antibody against HeV, and two of six developed vascular lesions which contained viral antigen. The in-contact bats and horses did not seroconvert. Three of four horses that were inoculated developed acute disease, but in-contact horses and cats were not infected. In the third experiment, one of three in-contact horses contracted disease. At the time of necropsy, high titres of HeV were detected in the kidneys of six acutely infected horses, in the urine of four horses and the mouth of two, but not in the nasal cavities or tracheas. CONCLUSIONS: Grey-headed fruit bats seroconvert and develop subclinical disease when inoculated with HeV. Horses can be infected by oronasal routes and can excrete HeV in urine and saliva. It is possible to transmit HeV from cats to horses. Transmission from P poliocephalus to horses could not be proven and neither could transmission from horses to horses or horses to cats. Under the experimental conditions of the study the virus is not highly contagious.+��https://www.ncbi.nlm.nih.gov/pubmed/9972433½��Williamson, M M
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Viral Envelope Proteins���Nov 25���The complete nucleotide sequence of the attachment protein gene of Hendra virus, a new member of the subfamily Paramyxovirinae, has been determined from cDNA clones derived from viral genomic RNA. The deduced mRNA is 2565 nucleotides long with one open reading frame encoding a protein of 604 amino acids, which is similar in size to the attachment protein of the members of the subfamily. However, the mRNA transcript is >600 nucleotides longer than others in the subfamily due to the presence of long untranslated regions at both the 5' and 3' ends. The protein is designated G because it lacks both hemagglutination and neuraminidase activities. It contains a hydrophobic transmembrane domain close to the N terminus, eight potential N-linked glycosylation sites, and 18 cysteine residues. Although the HeV G protein had low sequence homology with Paramyxovirinae members, the predicted folding pattern of its extracellular globular head was very similar to that of members of the genus Paramyxovirus, with the location of seven potential pairs of sulfide bonds absolutely conserved. On the other hand, among the seven residues known to be critical for neuraminidase activity, only one was conserved in the Hendra virus G protein compared with at least six in HN proteins of paramyxoviruses and rubulaviruses and four in H proteins of morbilliviruses. The biological significance of this finding is discussed.+��https://www.ncbi.nlm.nih.gov/pubmed/9837786¾��Yu, M
Hansson, E
Langedijk, J P
Eaton, B T
Wang, L F
eng
Comparative Study
Research Support, Non-U.S. Gov't
1998/12/05 00:00
Virology. 1998 Nov 25;251(2):227-33. doi: 10.1006/viro.1998.9302.%��0042-6822 (Print)
0042-6822 (Linking)���9837786i��CSIRO Division of Animal Health, Australian Animal Health Laboratory, Geelong, Victoria, 3220, Australia.���10.1006/viro.1998.9302����â��þÒ|ÿî?|���D��Yu, M.
Hansson, E.
Shiell, B.
Michalski, W.
Eaton, B. T.
Wang, L. F.���1998x��Sequence analysis of the Hendra virus nucleoprotein gene: comparison with other members of the subfamily Paramyxovirinae���1775-80���J Gen Virol
��79 ( Pt 7)"��Amino Acid Sequence
Base Sequence
*DNA, Viral
*Genes, Viral
Humans
Molecular Sequence Data
Morbillivirus/genetics
Nucleoproteins/*genetics
Paramyxovirinae/*classification/genetics
Respirovirus/genetics
Sequence Analysis, DNA
Sequence Homology, Amino Acid
Species Specificity
*Viral Proteins���Jul���The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3' untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58.5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.+��https://www.ncbi.nlm.nih.gov/pubmed/9680142Ø��Yu, M
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Spectrum Analysis, Raman/*standards���Nov���The reliability with which an external reference sample can be used to standardise the intensities of Raman scattering spectra is assessed. By comparing the ratios of single band intensities of Raman scatter in a two component liquid mixture with those between the mixture and an external standard it is shown that the latter is more than adequate for most quantitative Raman analysis. Coefficients of variance in repeated experiments on the same sample are approximately 1%, when comparing single band heights on spectra recorded with modest laser powers over 2 min. When using the whole spectrum, these coefficients are significantly lower.+��https://www.ncbi.nlm.nih.gov/pubmed/9477577���Paepe, A T
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Tablets���Nov]��It is customary to rotate samples in Raman spectroscopy to avoid absorption or sample heating. In FT-Raman experiments the rotation is always shown (typically 30-60 rpm) because higher speeds are thought to generate noise in the spectra. In this article we show that more rapid rotation is possible. A tablet containing maleic acid and one made up of sub-millimetre silica particles with metoprolol succinate as active ingredient were rotated at different speeds, up to 6760 rpm. The FT-Raman spectra were recorded and studied. We conclude that it is perfectly acceptable to rotate samples up to 1500 rpm.+��https://www.ncbi.nlm.nih.gov/pubmed/9477576²��De Paepe, A T
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Virulence/genetics���FebÎ��In 1994, a new member of the family Paramyxoviridae isolated from fatal cases of respiratory disease in horses and humans was shown to be distantly related to morbilliviruses and provisionally called equine morbillivirus (K. Murray et al., Science 268:94-97, 1995). To facilitate characterization and classification, the virus was purified, viral proteins were identified, and the P/V/C gene was cloned and sequenced. The coding strategy of the gene is similar to that of Sendai and measles viruses, members of the Paramyxovirus and Morbillivirus genera, respectively, in the subfamily Paramyxovirinae. The P/V/C gene contains four open reading frames, three of which, P, C, and V, have Paramyxovirinae counterparts. The P and C proteins are larger and smaller, respectively, than are cognate proteins in members of the subfamily, and the V protein is made as a result of a single G insertion during transcription. The P/V/C gene has two unique features. (i) A fourth open reading frame is located between those of the C and V proteins and potentially encodes a small basic protein similar to those found in some members of the Rhabdoviridae and Filoviridae families. (ii) There is also a long untranslated 3' sequence, a feature common in Filoviridae members. Sequence comparisons confirm that although the virus is a member of the Paramyxovirinae subfamily, it displays only low levels of homology with paramyxoviruses and morbilliviruses and negligible homologies with rubulaviruses.+��https://www.ncbi.nlm.nih.gov/pubmed/9445051¤��Wang, L F
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Stents/*adverse effects���SepÁ��Self-expanding metallic stents (SEMSs) are used to palliate malignant esophageal strictures. We describe a patient who had an extensive mediastinal tumor for which he was receiving irradiation therapy; chest pain, hemoptysis, and recurrent Gram-negative pneumonia developed in this patient after stent placement. Fiberoptic bronchoscopy revealed protrusion of the SEMS into the tracheobronchial tree, a novel complication for this new type of stent.+��https://www.ncbi.nlm.nih.gov/pubmed/8797444Z��Hendra, K P
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Rosman, A.���1995ª��Rural communities in nutritional transition: emergence of obesity, hypertension and hypercholesterolemia as public health problems in three kampungs in Bagan Datoh, Perak���129-39
��Malays J Nutr���1���2���Sepý��This paper highlights the marked presence of nutritional disorders in a sample (190 males, 237 females, aged 18-80 years) obtained from the adult population in three kampungs i.e. Pasang Api, Sungai Nipah Baroh and Sungai Balai Darat, in the Mukim of Bagan Datoh, Perak in 1992. All subjects (except pregnant females) were measured for blood pressure, weight, height, waist circumference, and hip circumference from which the body mass index (BMI) and waist-hip ratios (WHR) were calculated. A random blood sample was obtained by finger-prick from each subject and analysed for total cholesterol (TC) and glucose, using the Reflotron compact analyser. Elevated means for BMI and WHR indicated that obesity (BMI >/=30.0) was a serious public health problem in these three kampungs, affecting about 5% of males and 14% of females. Another 24% of males and 46% of females had an overweight problem (BMI 25.0-29.9), indicating that on the average, about half the adult population in these kampungs were either overweight or obese. This contrasted with the situation a decade ago in similar-type kampungs in the Peninsula where underweight was the major nutritional disorder in adults, especially males. Overall, there was a shift of an underweight problem to one of overweight, as exemplified by increments of 2.0 to 3.0 BMI units in the adult population, with the phenomenon being more marked in the females. Hypertension (21%) and hyperglycaemia (6.5%) affected the males and females approximately equally. Female adults had higher mean plasma TC compared to males (204 versus 199 mg/dl); these means were some 20 mg/dl (0.52 mmol/L) higher than the corresponding means for adults in similar rural communitites in the early eighties, and approximate the corresponding means for present-day urban adults. The above findings serve to emphasise the nutritional transition undergoing in the rural communities in the Peninsula, viz, the marked emergence in these rural communities of nutritional disorders normally associated with affluent populations.,��https://www.ncbi.nlm.nih.gov/pubmed/22692058`��Ng, T K Jr
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Serologic Tests���Jun 19���OBJECTIVE: To describe the clinical and epidemiological features of an outbreak of a viral infection affecting humans and horses. SETTING: Stables in Hendra, a suburb of Brisbane. SUBJECTS: Affected horses and humans, and at-risk human contacts. RESULTS: A pregnant mare died two days after arrival from a paddock elsewhere in Brisbane. Eight to 11 days later, illness (depression, anorexia, fever, dyspnoea, ataxia, tachycardia, tachypnoea and nasal discharge) was reported among 17 other horses from the same or an adjoining stable. Fourteen horses died or were put down. Five and six days after the index mare's death, a stable-hand and then a horse-trainer, both of whom had had close contact with the sick mare's mucous secretions, developed influenza-like illnesses. The stable-hand recovered but the trainer developed pneumonitis, respiratory failure, renal failure and arterial thrombosis, and died from a cardiac arrest seven days after admission to hospital. A morbillivirus cultured from his kidney was identical to one isolated from the lungs of five affected horses. The two affected humans and eight other horses were seropositive for the infection, which was reproduced in healthy horses following challenge by spleen/lung homogenates from infected horses. There was no serological evidence of infection in 157 humans who had had contact with the stables or the sick horses or humans. CONCLUSIONS: A previously undescribed morbillivirus infected a probable 21 horses and two humans; one human and 14 horses died. That no further cases were detected among humans suggests that the virus was of low infectivity. The source of infection remains undetermined.+��https://www.ncbi.nlm.nih.gov/pubmed/7603375Ä��Selvey, L A
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Survivors���Dec 20
��There is increasing evidence that platelet thrombi play an important role in the pathogenesis of acute myocardial infarction (AMI). We compared "spontaneous" platelet aggregation in whole blood in 17 non-diabetic and 12 diabetic subjects on admission with AMI. There was no significant difference in the fall in platelet count between the two groups, expressed as platelets remaining (75.2 +/- 7.9% vs 77.3 +/- 6.9% at 10 min, 66.6 +/- 8.9% vs 68.5 +/- 6.3% at 20 min, 63.5 +/- 8.2% vs 64.9 +/- 6.7% at 30 min and 59.4 +/- 10.3% vs 61.3 +/- 7.6% at 60 min). The rate of "spontaneous" aggregation was increased in subjects with evidence of heart failure on admission compared to those without (59.9 +/- 7.9% vs 66.2 +/- 6.6% at 30 min [p = 0.05] and 55.4 +/- 9.6% vs 63.1 +/- 7.7% at 60 min [p = 0.04]). There was no correlation between the fall in platelet count and admission plasma glucose, glycated haemoglobin or peak aspartate amino-transferase. The subjects studied on admission with AMI had greater rates of "spontaneous" aggregation than 8 subjects studied between 6 and 12 months after acute myocardial infarction (75.9 +/- 7.4% vs 85.8 +/- 5.4% at 10 min; p = 0.001 and 64.3 +/- 7.5% vs 75.0 +/- 7.8% at 30 min; p = 0.006) and compared to normal controls (90.7 +/- 4.4% at 10 min; p < 0.001 and 83.4 +/- 6.5 at 30 min; p < 0.001). This study provides evidence of increased "spontaneous" platelet aggregation in subjects admitted with acute myocardial infarction but no difference between diabetic and non-diabetic subjects was observed.+��https://www.ncbi.nlm.nih.gov/pubmed/8165614���Gray, R P
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Obesity���June��An algorithm has been developed to provide predictable control of blood glucose for 48 h following acute myocardial infarction. In 29 diabetic patients intravenous infusion of soluble insulin was started upon admission to hospital and the rate adjusted hourly on the basis of bedside capillary glucose estimations. Insulin infusion rates related to glycaemia were higher in obese patients and those with severe cardiac failure. For all patients mean admission glucose levels were reduced from 18.3 +/- 5.9 mmol l-1 to 9.1 +/- 3.3 mmol l-1 at 4 h and to 8.8 +/- 2.5 mmol l-1 at 6 h. Mean glucose concentrations for 48 h after admission were 8.2 +/- 1.3 mmol l-1 for all patients. Admission glucose levels were slightly higher in patients with severe, compared to those without or mild, cardiac failure (P less than 0.1), but levels over the following 48 h were similar. Doubling insulin infusion rates before meals did not achieve tighter glycaemic control. Hypoglycaemia (glucose less than 3 mmol l-1) occurred on 11 occasions in six patients; only two episodes were symptomatic and only two episodes occurred when the insulin rates were doubled before meals. This algorithm produced tighter glycaemic control than previously published protocols, particularly in patients with severe cardiac failure. Hypoglycaemia is uncommon and the algorithm easy to administer by nursing staff.+��https://www.ncbi.nlm.nih.gov/pubmed/1425142���Hendra, T J
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Reference Values���Apr¿��Consistent abnormalities of agonist-induced platelet aggregation, in either whole blood or platelet rich plasma, have not been demonstrated in diabetic patients without microvascular disease. In the present study platelet aggregation in the absence of exogenous agonists ('spontaneous' aggregation) was compared between 22 non-diabetic subjects and 23 Type 1 diabetic patients with (n = 12) and without (n = 11) microvascular disease. 'Spontaneous' aggregation was determined by measuring the percentage fall in single platelet number in aliquots of whole blood shaken for 60 min. Diabetic patients without microvascular disease had fewer single platelets remaining (greater aggregation) than non-diabetic subjects at all time-points (69.7 +/- 6.6 vs 82.3 +/- 7.3% at 60 min p less than 0.001), but more platelets remaining than in diabetic patients with microvascular disease at all time-points (69.7 +/- 6.6 vs 61.0 +/- 7.8% at 60 min p less than 0.02). No significant correlations were observed between platelet aggregation and plasma glucose, blood cell counts, or glycated haemoglobin levels. The study suggests that platelet abnormalities antedate the appearance of microvascular disease in diabetic patients.+��https://www.ncbi.nlm.nih.gov/pubmed/1576806���Hendra, T J
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Tissue Plasminogen Activator/adverse effects/therapeutic use���Feb 15»��OBJECTIVES: To assess prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction and the incidence of side effects. DESIGN: Retrospective analysis of prescriptions during five months (first audit) followed by prospective analysis of uptake of treatment during five months after interventions in clinical management; prospective assessment of adverse events during thrombolytic treatment. SETTING: Coronary care unit of large district general hospital. PATIENTS: 110 patients aged greater than or equal to 65 with subsequently proved acute myocardial infarction admitted in first audit and 119 admitted in the second. MAIN OUTCOME MEASURES: Site of infarct, prescription of thrombolysis treatment, reasons for nonprescription, complications. RESULTS: Before intervention thrombolytic treatment was prescribed to 13/110 (12%) patients with subsequently confirmed myocardial infarction and after intervention to 55/119 (46%) patients (p less than 0.01). In the first audit no patients with angina received thrombolytic treatment whereas 13/79 (16%) were treated in the second audit. Increased prescription of thrombolytic treatment in the second audit was associated with significantly fewer exclusions owing to dyspepsia (p less than 0.05) and unstated or unsatisfactory reasons (p less than 0.01) Streptokinase infusions were completed uneventfully in 75% (48/64) and 77% (10/13) of patients with infarction and angina respectively. Side effects of treatment were more common in patients with inferior than with anterior infarcts (16/42 (30%) v 3/24 (13%), p less than 0.05). CONCLUSIONS: Low rates of prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction were identified and corrected. Streptokinase treatment was associated with transient arrhythmias or hypotension in about a third of these patients with infarcts, particularly those with electrocardiographic changes in inferior leads.+��https://www.ncbi.nlm.nih.gov/pubmed/1547391X��Hendra, T J
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Sulfasalazine/administration & dosage/analysis/*chemistry���Octµ��FT-Raman spectroscopy (FTRS) has been used to characterize microspheres produced from the pharmaceutical polymer Eudragit RS containing a range of concentrations of the drug sulfasalazine. While pure sulfasalazine produced an intense and complex Raman spectrum, the spectrum of drug-free Eudragit RS microspheres was considerably weaker in intensity and contained only a few prominent Raman scattering peaks. In spectra of the drug-polymer microspheres, peaks arising from the individual components could be identified. This enabled a quantitative analysis to be undertaken by calculating the ratio between the area of a sulfasalazine peak and the area of a Eudragit RS peak for each microsphere spectrum. A correlation was shown between the peak area ratio and the microsphere sulfasalazine content. FTRS was then applied to a series of microsphere samples which had been dissoluted into pH 7 buffer for 1, 3, 6, 9, 12, or 24 hr. For each spectrum, the drug-polymer peak area ratio was determined and this in turn enabled calculation of the residual drug content of the microsphere sample. FTRS-calculated data showed good agreement with microsphere drug content values determined spectrophotometrically.+��https://www.ncbi.nlm.nih.gov/pubmed/1686649¤��Watts, P J
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Prognosis
beta-Thromboglobulin/analysis���Aug½��STUDY OBJECTIVE: The aim was to compare platelet function in diabetic and non-diabetic survivors of acute myocardial infarction and to relate it to an index of free radical activity in these patients. DESIGN: In vivo and in vitro indices of platelet function and diene conjugate molar ratios were measured in diabetic and non-diabetic infarct survivors on admission to hospital and sequentially for 72 h. PATIENTS: The patients were 17 diabetics (age 61.9 years, range 32-74) and 12 non-diabetics (60.8 years, range 39-75) admitted to hospital with acute myocardial infarction confirmed according to WHO criteria. MEASUREMENTS AND MAIN RESULTS: Agonist induced platelet aggregation, beta thromboglobulin levels, and linoleic acid 18:2(9,11)/18:2(9,12) molar ratios did not differ between diabetic and non-diabetic patients on admission. Concentrations of adrenaline producing 50% maximum platelet aggregation (EC50) in whole blood on admission were lower than non-infarct controls in both patient groups. The EC50 values in platelet rich plasma in both groups fell during the 72 h following admission (increases in platelet sensitivity). beta Thromboglobulin concentrations fell following admission in the diabetic group. Diene conjugate molar ratios were higher at 12 h and 24 h compared to admission in diabetic patients. Increases in diene conjugate ratios between admission and 24 h correlated with peak aspartate transaminase levels in both patient groups. No correlations were observed between platelet aggregation, beta thromboglobulin levels, or diene conjugate molar ratios. CONCLUSIONS: During 72 h following myocardial infarction there is a reduction in platelet activation in vivo and an increase in platelet sensitivity to exogenous agonists in vitro. Free radical generated isomers of linoleic acid increase in relation to infarct size, but are unrelated to platelet function. There were no differences in platelet function between diabetic and non-diabetic subjects.+��https://www.ncbi.nlm.nih.gov/pubmed/1833060©��Hendra, T J
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��Over the last decade or so, medical device manufacturers with customers in the United States and the United Kingdom should have discovered the benefits of using quality systems in their manufacturing process. Both the American GMP Regulations (21 CFR-820)--enforced by the U.S. Food and Drug Administration (FDA)--and the U.K. Department of Health Guides to Good Manufacturing Practice based upon BS 5750: Part I (1979)--enforced through the National Health Service supply chain-- have been applied with the objective of ensuring the availability of safe and effective medical devices. This article examines the design control aspects of a quality system and asks whether the medical device industry should be suspicious of third-party assessments of confidential documentation.,��https://www.ncbi.nlm.nih.gov/pubmed/10149435H��Hendra, I R
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Triglycerides/blood���Sepj��Standard radioimmunoassay for insulin may substantially overestimate levels of insulin because of cross-reaction with other insulin-like molecules. We have measured concentrations of insulin, intact proinsulin and 32-33 split proinsulin using two-site monoclonal antibody based immunoradiometric assays, and of insulin by a standard radioimmunoassay ("immunoreactive insulin") in 51 Type 2 (non-insulin-dependent) diabetic subjects in the fasting state. The relationships of these concentrations were sought with those of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride, plasminogen activator inhibitor, blood pressure, and indices of body fat distribution. Significant relationships were apparent between concentrations of "immunoreactive insulin" as measured by standard radioimmunoassay and triglyceride (rs = 0.42, p less than 0.001), total cholesterol (rs = 0.25, p = 0.038), high density lipoprotein cholesterol (rs = -0.30, p = 0.018) and body mass index (rs = 0.30, p = 0.017), but only the relationships with triglyceride (rs = 0.36, p = 0.006) and body mass index (rs = 0.26, p = 0.34) remained significant when concentrations of immunoradiometrically measured insulin were employed. Concentrations of 32-33 split proinsulin, which comprises the major insulin-like molecule in these subjects, correlated positively with triglyceride (rs = 0.33, p = 0.009), total cholesterol (rs = 0.23, p = 0.050), and plasminogen activator inhibitor (rs = 0.26, p = 0.049), and negatively with high density lipoprotein cholesterol (rs = -0.29, p = 0.021).(ABSTRACT TRUNCATED AT 250 WORDS)+��https://www.ncbi.nlm.nih.gov/pubmed/2253829Ü��Nagi, D K
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Triglycerides/blood���Aug§��The aim of this study was to evaluate the effects of a fish oil preparation (MaxEPA) on hemostatic function and fasting lipid and glucose levels in non-insulin-dependent diabetic (NIDDM) subjects. Eighty NIDDM outpatients aged 55.9 yr (mean SD 11.5 yr) participated in a prospective double-blind placebo-controlled study of MaxEPA capsules (10 g/day) or olive oil (control) treatment over 6 wk. Patients received either MaxEPA or olive oil in addition to preexisting therapy. Metabolic and hemostatic variables were measured before treatment and after 3 and 6 wk. Platelet membrane eicosapentaenoic acid (EPA) content increased in the treatment group (P less than 0.001). MaxEPA supplementation was associated with a significant fall in total triglycerides (P less than 0.001) but did not affect total cholesterol (P = 0.7) compared with control treatment. Fasting plasma glucose increased after 3 wk (P = 0.01) but not after 6 wk (P = 0.17) treatment with MaxEPA. Spontaneous platelet aggregation in whole blood fell in the MaxEPA group (P less than 0.02) after 6 wk, but there were no changes in agonist-induced platelet aggregation, thromboxane generation in platelet-rich plasma, or plasma beta-thromboglobulin and platelet factor IV levels. An increase in clotting factor VII (P = 0.02), without changes in fibrinogen or factor X levels, occurred in the MaxEPA group. Similar reductions in blood pressure were observed in both groups. Dietary supplementation with MaxEPA capsules (10 g/day) in NIDDM subjects is associated with improvement in hypertriglyceridemia but with deleterious effects in factor VII and blood glucose levels. Most indices of platelet function are unaffected by this therapy.+��https://www.ncbi.nlm.nih.gov/pubmed/2209315ê��Hendra, T J
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Vasodilator Agents/*pharmacology���Jul#��1. Dopexamine is a novel analogue of dopamine which is free of alpha-adrenoceptor activity and is of therapeutic value in chronic heart failure. The effects of dopexamine on the in vitro function of platelets from 10 healthy subjects at rest, after exercise and after in vitro addition of adrenaline and noradrenaline were investigated. 2. Dopexamine in a wide range of concentrations (10(-9)M-10(-3)M) did not appear to function as an agonist on platelets either in whole blood or in PRP preparations. 3. Dopexamine caused a dose-dependent inhibition of agonist-induced platelet aggregation in both whole blood and PRP. The inhibitory effect of dopexamine was significantly greater in PRP than in whole blood, and significantly greater to adrenaline than to collagen or ADP as agonists in whole blood. 4. After exercise or after in vitro addition of adrenaline and noradrenaline at concentrations commonly seen in myocardial infarction, dopexamine produced similar levels of inhibition seen with platelets from resting subjects. 5. Dopexamine did not affect plasma catecholamine levels but caused an increase in intraplatelet noradrenaline levels. 6. This study suggests that dopexamine is unlikely adversely to affect the hyperaggregable state found in patients with cardiogenic shock after myocardial infarction.+��https://www.ncbi.nlm.nih.gov/pubmed/2390435���Wagaine-Twabwe, D
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Sympathomimetics/analysis���Near infrared Fourier-transform (FT) Raman spectroscopy is shown to be a useful spectroscopic tool for the molecular structural analysis of drugs and biomedical polymers. The technique has been applied to the non-invasive investigation of the hydrolytic degradation of a biodegradable polymer in water over a period of 15 days and to the analysis of a drug within a polymer vehicle over a wide drug concentration range. This work demonstrates the potential value of FT Raman spectroscopy in the field of pharmaceutical science.+��https://www.ncbi.nlm.nih.gov/pubmed/2100613ª��Tudor, A M
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Risk Factors���Mar¢��Moderate (greater than 20 units) and high (greater than 80 units) IgG anticardiolipin antibody (aCL) titres are strongly predictive for recurrent thrombosis and early myocardial infarction in non-diabetic subjects. We have tested the hypothesis that the excess risk of myocardial infarction in diabetic subjects relates to the presence of aCL by measuring the frequency and titre of aCL in two groups of diabetic subjects and in 2500 healthy controls. One non-diabetic subject (0.04%) had low (5-20 units) IgG aCL titres. Seven out of 126 diabetics without cardiovascular disease (5.6%) and 9 out of 79 diabetics who were either myocardial infarction survivors or who had angiographically-proven coronary artery disease (11.4%) had low aCL titres (P less than 0.01 for comparison of either diabetic group with controls, and P less than 0.1 for comparison between diabetic groups). One subject in each diabetic group, but no non-diabetics, had moderate IgM aCL titres. No subjects had high aCL titres. Diabetics have an increased frequency of low aCL titres which may relate to macrovascular disease. Macrovascular disease in diabetics is not associated with moderate or high aCL titres.+��https://www.ncbi.nlm.nih.gov/pubmed/2813232���Hendra, T J
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Stress, Physiological/blood���Dec 1R��Studies have been performed to assess the effect of exercise on spontaneous platelet aggregation in shaken whole blood, and on agonist-induced platelet aggregation in whole blood and platelet rich plasma (PRP). Spontaneous platelet aggregation in shaken whole blood was increased following exercise compared to pre-exercise values. The increase in spontaneous aggregation after exercise correlated inversely with the increase in white cell count in whole blood. Platelet sensitivity in whole blood to adrenaline, collagen and adenosine diphosphate (ADP) was increased following exercise. Changes in platelet sensitivity to adrenaline following exercise correlated with increases in plasma noradrenaline levels but not with changes in blood cell counts. In PRP, platelet sensitivity to ADP and to collagen was increased following exercise when the pre and post-exercise PRP platelet counts were not corrected to allow for the increase in platelet count which occurred with exercise. When the PRP platelet counts were corrected, no changes in platelet sensitivity to any agonist after exercise were observed.+��https://www.ncbi.nlm.nih.gov/pubmed/3222784���Hendra, T J
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beta-Thromboglobulin/analysis���Jul(��The effect of 24 hours and 7 days treatment with nisoldipine (10 mg, twice daily) on platelet function was studied in 12 normotensive volunteers of whom six were insulin-dependent diabetics without clinical evidence of vascular complications. Platelet aggregation was assessed by platelet rich plasma (PRP) and whole blood (WB) techniques. In addition, the effect of nisoldipine on platelet hyperaggregability following exercise was assessed. After taking nisoldipine for 24 hours, in vitro platelet hypersensitivity to adenosine diphosphate was observed in PRP (p less than 0.01) and WB (p less than 0.01), to adrenaline in WB (p less than 0.03), and to collagen in PRP (p less than 0.02). After seven days treatment, platelet sensitivities to all agonists at rest in both PRP and WB showed no differences from pre-treatment values. Exercise-induced platelet hypersensitivity in WB to all three agonists was unchanged after nisoldipine treatment. Plasma noradrenaline and adrenaline concentrations increased after 24 hours treatment, although changes in agonist EC50s at 24 hours were not related to changes in plasma catecholamine levels. No effects of nisoldipine were observed on platelet thromboxane B2 release in PRP, or on plasma beta-thromboglobulin levels. No differences in the effects of nisoldipine were observed between diabetic and non-diabetic subjects. Nisoldipine treatment for seven days is not associated with altered platelet function, but platelet hypersensitivity is observed after treatment for 24 hours in both insulin-dependent diabetics and controls.+��https://www.ncbi.nlm.nih.gov/pubmed/2976336É��Hendra, T J
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beta-Thromboglobulin/analysis���Jul-Augk��There are conflicting reports of platelet function abnormalities in diabetic patients without vascular complications. We have studied in vitro platelet aggregation, using platelet rich plasma and whole blood techniques, in 18 patients with uncomplicated insulin-dependent diabetes and a matched group of 24 non-diabetic subjects. In addition we measured plasma beta-thromboglobulin levels in these groups, as an index of in vivo platelet activation, and compared the indices of in vitro and in vivo platelet function before and after maximal bicycle exercise. Before exercise plasma beta-thromboglobulin levels and platelet sensitivities to ADP, collagen or adrenaline, as assessed by both methods of platelet aggregation, were the same in diabetic and control subjects. Both groups showed similar increases in beta-thromboglobulin levels and in platelet sensitivity to all agonists in whole blood following exercise. Using platelet rich plasma there were no changes in platelet sensitivity in either group after exercise. In non-diabetic subjects, increases in noradrenaline levels after exercise correlated with increases in platelet sensitivity to adrenaline in whole blood. This was not observed in the diabetic group. Abnormalities of platelet function, using the techniques described here, are not present in diabetic patients who do not have clinical evidence of vascular disease.+��https://www.ncbi.nlm.nih.gov/pubmed/2970923¡��Hendra, T J
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Reference Values���May 19Ü��Mean platelet volume, platelet count and an estimate of platelet volume distribution were studied following acute myocardial infarction in 59 diabetics and 88 non-diabetics and were compared with values in 100 non-diabetic and 50 diabetic non-infarct subjects. In the non-diabetics mean platelet volume and platelet distribution width were similar in the non-infarcted patients and in the infarcted patients without severe cardiac failure. All diabetics with myocardial infarction had larger mean platelet volumes and platelet distribution width than the diabetic non-infarct controls. All myocardial infarction patients with severe cardiac failure had larger platelet volumes than patients with mild or no failure. Increased mean platelet volume may reflect either increased platelet activation or increased numbers of large, hyperaggregable platelets. Abnormalities of platelet function may contribute to the relatively poor prognosis of myocardial infarction in patients with diabetes.+��https://www.ncbi.nlm.nih.gov/pubmed/3402334£��Hendra, T J
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Polymorphism, Genetic���Jun 20P��The prevalence of an uncommon allelic variant (S2) of the apoprotein AI-CIII-AIV gene cluster was determined in non-insulin-dependent diabetics with or without evidence of coronary heart disease and in controls. Frequencies of the S2 allele were 14% for diabetics with coronary heart disease compared with 2% for non-diabetics with no clinical evidence of occlusive vascular disease. No subject with the S2 allele was detected among a further group of matched diabetics without clinical features of macrovascular disease. The results suggest that a genetic component contributes to the susceptibility to coronary heart disease in non-insulin-dependent diabetics. Whether the observed deoxyribonucleic acid variant is aetiological for atherosclerosis or in linkage disequilibrium with other atherogenic loci on chromosome 11 remains to be clarified.+��https://www.ncbi.nlm.nih.gov/pubmed/3113537±��Trembath, R C
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Terminology as Topic���Mar-AprH��Mobile X-ray generators vary widely in design, cost and radiographic performance and the new designs of recent years have led to the introduction of jargon. Such terms as 'capacitator discharge' and 'modicum frequency' can give rise to confusion regarding operating technique. This review classifies the mobiles into three distinct categories. Simple rules are presented to enable an operator to transfer exposure factors from one category to another, and an analysis of the relative merits of each category is provided. Part 1 provides a description of the categories available, a broad explanation of the principles involved and discusses the radiographic use. Throughout the text certain terms are given in italics when first used in that particular description and Part 2 gives full explanations of these terms in the context of Part 1.+��https://www.ncbi.nlm.nih.gov/pubmed/3991888u��Evans, S A
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Thromboxane-A Synthase/*antagonists & inhibitors���MarØ��We report the results of a double-blind study of dazoxiben in which treatment was continued for 3 weeks in patients with angiographically proven coronary artery disease who were receiving no other antiplatelet drugs.+��https://www.ncbi.nlm.nih.gov/pubmed/6538553���Hendra, T
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Technetium���Nov¿��Twelve salivary gland scans, done preoperatively for evaluation of parotid masses, included nine cases of Warthin's tumor. In addition to Warthin's tumor showing an accumulation of pertechnetate, increased activity was also present in two cases of mixed tumors. Warthin's tumor may also show decreased activity, with or without a large cystic component. Therefore, the interpretation of preoperative salivary gland scans must be made with caution.*��https://www.ncbi.nlm.nih.gov/pubmed/171356]��Hendra, R
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Virosomes/*immunology���Dec 16'��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pronounced infection of brain endothelia and central nervous system (CNS) inflammation. Using primary porcine brain microvascular endothelial cells, we showed that upregulation of E-selectin precedes cytokine induction and is induced not only by infectious NiV but also by NiV-glycoprotein-containing virus-like particles. This demonstrates that very early events in NiV brain endothelial infection do not depend on NiV replication but can be triggered by the NiV glycoproteins alone.,��https://www.ncbi.nlm.nih.gov/pubmed/26676791���Freitag, Tanja C
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202L��Nahar, Nazmun
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022×��Masoomi Dezfooli, Seyedehsara
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489]��Escaffre, Olivier
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evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523Ñ��Lo Presti, Alessandra
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654|��Walsh, Michael G
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��2015/07/15���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209 ��Ali, Mohammad Tuhin
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519~��Satterfield, Benjamin A
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400«��Weis, Michael
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Vero Cells���Mar 1»��Bats are known to harbor a number of emerging and re-emerging zoonotic viruses, many of which are highly pathogenic in other mammals but result in no clinical symptoms in bats. The ability of bats to coexist with viruses may be the result of rapid control of viral replication early in the immune response. IFNs provide the first line of defense against viral infection in vertebrates. Type III IFNs (IFN-lambdas) are a recently identified IFN family that share similar antiviral activities with type I IFNs. To our knowledge, we demonstrate the first functional analysis of type III IFNs from any species of bat, with the investigation of two IFN-lambda genes from the pteropid bat, Pteropus alecto. Our results demonstrate that bat type III IFN has similar antiviral activity to type I and III IFNs from other mammals. In addition, the two bat type III IFNs are differentially induced relative to each other and to type I IFNs after treatment or transfection with synthetic dsRNA. Infection with the bat paramyxovirus, Tioman virus, resulted in no upregulation of type I IFN production in bat splenocytes but was capable of inducing a type III IFN response in three of the four bats tested. To our knowledge, this is the first report to describe the simultaneous suppression of type I IFN and induction of type III IFN after virus infection. These results ���������+þ|�����+¯Ô7��Hendra and Nipah viruses: pathogenesis and therapeutics���805-16���Curr Mol Med���5���8���Dec���16375714y��Australian Animal Health Laboratory, CSIRO, 5 Portarlington Road, Geelong, Victoria 3220, Australia. bryan.eaton@csiro.au���������������¥�w�����+ö$�~ú5ÿî5Û���ß��Lo, M. K.
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Virus Cultivation���Apr 7���A morbillivirus has been isolated and added to an increasing list of emerging viral diseases. This virus caused an outbreak of fatal respiratory disease in horses and humans. Genetic analyses show it to be only distantly related to the classic morbilliviruses rinderpest, measles, and canine distemper. When seen by electron microscopy, viruses had 10- and 18-nanometer surface projections that gave them a "double-fringed" appearance. The virus induced syncytia that developed in the endothelium of blood vessels, particularly the lungs.+��https://www.ncbi.nlm.nih.gov/pubmed/7701348���Murray, K
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ribozymes���Mar-Apr&	�The notoriously low efficiency of Paramyxoviridae reverse genetics systems has posed a limiting barrier to the study of viruses in this family. Previous approaches to reverse genetics have utilized a wide variety of techniques to overcome the technical hurdles. Although robustness (i.e., the number of attempts that result in successful rescue) has been improved in some systems with the use of stable cell lines, the efficiency of rescue (i.e., the proportion of transfected cells that yield at least one successful rescue event) has remained low. We have substantially increased rescue efficiency for representative viruses from all five major Paramyxoviridae genera (from ~1 in 10(6)-10(7) to ~1 in 10(2)-10(3) transfected cells) by the addition of a self-cleaving hammerhead ribozyme (Hh-Rbz) sequence immediately preceding the start of the recombinant viral antigenome and the use of a codon-optimized T7 polymerase (T7opt) gene to drive paramyxovirus rescue. Here, we report a strategy for robust, reliable, and high-efficiency rescue of paramyxovirus reverse genetics systems, featuring several major improvements: (i) a vaccinia virus-free method, (ii) freedom to use any transfectable cell type for viral rescue, (iii) a single-step transfection protocol, and (iv) use of the optimal T7 promoter sequence for high transcription levels from the antigenomic plasmid without incorporation of nontemplated G residues. The robustness of our T7opt-HhRbz system also allows for greater latitude in the ratios of transfected accessory plasmids used that result in successful rescue. Thus, our system may facilitate the rescue and interrogation of the increasing number of emerging paramyxoviruses. IMPORTANCE The ability to manipulate the genome of paramyxoviruses and evaluate the effects of these changes at the phenotypic level is a powerful tool for the investigation of specific aspects of the viral life cycle and viral pathogenesis. However, reverse genetics systems for paramyxoviruses are notoriously inefficient, when successful. The ability to efficiently and robustly rescue paramyxovirus reverse genetics systems can be used to answer basic questions about the biology of paramyxoviruses, as well as to facilitate the considerable translational efforts being devoted to developing live attenuated paramyxovirus vaccine vectors.,��https://www.ncbi.nlm.nih.gov/pubmed/28405630+��Beaty, Shannon M
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Young Adultä��The olfactory mucosa (OM) has the unique characteristic of performing an almost continuous and lifelong neurogenesis in response to external injuries, due to the presence of olfactory stem cells that guarantee the maintenance of the olfactory function. The easy accessibility of the OM in humans makes these stem cells feasible candidates for the development of regenerative therapies. In this report we present a detailed characterization of a patient-derived OM, together with a description of cell cultures obtained from the OM. In addition, we present a method for the enrichment and isolation of OM stem cells that might be used for future translational studies dealing with neuronal plasticity, neuro-regeneration or disease modeling.,��https://www.ncbi.nlm.nih.gov/pubmed/28719644Æ��Tanos, Tamara
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Rats���Aug4��Mesothelial cells are the putative progenitors of mesotheliomas and cell lines have been used as tools to study the responses of these cells to various stimuli, including growth factors. The present study was undertaken to develop a rat mesothelial cell line capable of sustained growth under serum-free conditions with the object of avoiding the possible confounding effects of undefined serum components. Responses of mesothelial cells to epidermal growth factor were shown to differ under serum-free versus low-serum culture conditions. In contrast, a cell line, SFM1, adapted to growth in serum-free medium was characterized and found to exhibit responses to growth factors similar to the responses reported for human cell lines. This new line should prove to be a useful model for the study of these cells in vitro.+��https://www.ncbi.nlm.nih.gov/pubmed/9733279[��Bermudez, E
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Rats���Aug 21U��Mesothelioma is inherently chemo-resistant with only 50% of patients responding to the standard of care treatments, and consequently it has a very grim prognosis. The aim of this study was to establish a panel of chemo-resistant mesothelioma models with clinically relevant levels of resistance as tools for investigating chemo-resistance and identifying new treatments for mesothelioma. Chemo-resistant cell lines were established in vitro and characterized in vivo using syngeneic Fischer rats. Tumors derived from all chemo-resistant cell lines were immunohistochemically classified as mesothelioma. Homozygous deletion of p16(INK4A)/p14(ARF) and increased expression of several ATP-binding cassette transporters were demonstrated, consistent with findings in human mesothelioma. Further, the acquisition of chemo-resistance in vitro resulted in changes to tumor morphology and overall survival. In conclusion, these models display many features corresponding with the human disease, and provide the first series of matched parental and chemo-resistant models for in vitro and in vivo mesothelioma studies.,��https://www.ncbi.nlm.nih.gov/pubmed/25141917»��Hudson, Amanda L
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From: Lee, Benhur on behalf of Lee, Benhur <benhur.lee@mssm.edu>
To: Broder, Christopher
Cc: LinFa Wang Linfa
Subject: Master Endnote file
Date: Friday, February 15, 2019 4:17:30 PM
Attachments: HNV_Fields Ref.enlp.zip

O.K, I hope this is what you are asking for. 

This is the Endnote “Package” file (i.e. it is self-contained “.enlp” that does not require
accompanying “Endnote Library.Data Folders", rdg, tdb, etc.).  It is NOT the default
“,enl” endnote file which Endnote generates. 

Feel free to search directly from this .enlp file to add anything that is not here. Right now, it
has 1,193 ref with no duplications and contains PubMed Refs with Nipah OR Hendra in any
field.  

Thanks! 

benhur 

_____________________________________

Benhur Lee, M.D. | benhur.lee@mssm.edu 
Professor, Department of Microbiology 
Ward-Coleman Chair in Microbiology
Icahn School of Medicine at Mount Sinai, 
1468 Madison Ave, Annenberg Bldg 17-24
New York, NY 10029-6508
212 241 2552  (office) | 212 241 9960 (lab)  

" . . . all progress, both theoretical and practical, has resulted from a single human activity:
the quest for what I call good explanations."
--David Deutsch, The Beginning of Infinity (2012)

On Feb 15, 2019, at 10:21 AM, Broder, Christopher
<christopher.broder@usuhs.edu> wrote:

Do we need to add edits to the WORD file they sent us?  As you (LF) have
done?  

I was under the impression that we need to make a new WORD file of the Text
body,  there
will be so many edits and sections and reff changes.

My sections are considerably re-written.  As soon as I get a master Endnote file
from you
I will start putting in all the correct reffs to the sections i am writing now/.

On Thu, Feb 14, 2019 at 9:18 PM Wang Linfa <linfa.wang@duke-nus.edu.sg>
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zinc���Jan 18&��Absorbable metals have potential for making in-demand rigid temporary stents for the treatment of urinary tract obstruction, where polymers have reached their limits. In this work, in vitro degradation behavior of absorbable zinc alloys in artificial urine was studied using electrochemical methods and advanced surface characterization techniques with a comparison to a magnesium alloy. The results showed that pure zinc and its alloys (Zn(-)0.5Mg, Zn(-)1Mg, Zn(-)0.5Al) exhibited slower corrosion than pure magnesium and an Mg(-)2Zn(-)1Mn alloy. The corrosion layer was composed mostly of hydroxide, carbonate, and phosphate, without calcium content for the zinc group. Among all tested metals, the Zn(-)0.5Al alloy exhibited a uniform corrosion layer with low affinity with the ions in artificial urine.,��https://www.ncbi.nlm.nih.gov/pubmed/30669269���Champagne, Sebastien
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Anderson, D. E.���2019=��Viruses in bats and potential spillover to animals and humans���79-89���Curr Opin Virol���34���Jan 18ù��In the last two decades, several high impact zoonotic disease outbreaks have been linked to bat-borne viruses. These include SARS coronavirus, Hendra virus and Nipah virus. In addition, it has been suspected that ebolaviruses and MERS coronavirus are also linked to bats. It is being increasingly accepted that bats are potential reservoirs of a large number of known and unknown viruses, many of which could spillover into animal and human populations. However, our knowledge into basic bat biology and immunology is very limited and we have little understanding of major factors contributing to the risk of bat virus spillover events. Here we provide a brief review of the latest findings in bat viruses and their potential risk of cross-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/30665189���Wang, Lin-Fa
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Nipah virus���Jan 18���Codon usage bias (CUB) is the unequal usage of synonymous codons of an amino acid in which some codons are used more often than others and is widely used in understanding molecular biology, genetics, and functional regulation of gene expression. Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes fatal disease in both humans and animals. NiV was first identified during an outbreak of a disease in Malaysia in 1998 and then occurred periodically since 2001 in India, Bangladesh, and the Philippines. We used bioinformatics tools to analyze the codon usage patterns in a genome-wide manner among 11 genomes of NiV as no work was reported yet. The compositional properties revealed that the overall GC and AT contents were 41.96 and 58.04%, respectively i.e. Nipah virus genes were AT-rich. Correlation analysis between overall nucleotide composition and its 3(rd) codon position suggested that both mutation pressure and natural selection might influence the CUB across Nipah genomes. Neutrality plot revealed natural selection might have played a major role while mutation pressure had a minor role in shaping the codon usage bias in NiV genomes.,��https://www.ncbi.nlm.nih.gov/pubmed/30664908«��Chakraborty, Supriyo
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Nichol, S. T.���2019a��Adaptive immune responses in humans during Nipah virus acute and convalescent phases of infection���Clin Infect Dis���Jan 7å��Background: Nipah virus (NiV) is one of ten potential causes of imminent public health emergencies of international concern. We investigated the NiV outbreak that occurred in May 2018 in Kerala, India. Here we describe the longitudinal characteristics of cell-mediated and humoral immune responses to NiV infection during the acute and convalescent phases in two human survivors. Methods: Serial blood samples were obtained from the only two survivors of the NiV outbreak in Kerala. We used flow cytometry to determine the absolute T lymphocyte and B lymphocyte counts and the phenotypes of both T and B cells. We also detected and quantitated the humoral immune response to NiV by virus-specific IgM and IgG ELISA. Results: Absolute numbers of T lymphocytes remained within normal limits throughout the period of illness studied in both survivors. However, a marked elevation of activated CD8 T cells was observed in both cases. Over 30% of total CD8 T cells expressed Ki67, indicating active proliferation. Proliferating (Ki-67+) CD8 T cells expressed high levels of granzyme B and PD-1, consistent with the profile of acute effector cells. Total B lymphocyte, activated B cell, and plasmablast counts were also elevated in NiV survivors. These individuals developed detectable NiV-specific IgM and IgG antibodies within a week of disease onset. Clearance of NiV RNA from blood preceded the appearance of virus-specific IgG and coincided with the peak of activated CD8 T cells. Conclusion: We describe for the first time longitudinal kinetic data on the activation status of human B and T cell populations during acute Nipah virus infection. While marked CD8 T cell activation was observed with effector characteristics, activated CD4 T cells were less prominent.,��https://www.ncbi.nlm.nih.gov/pubmed/30615097ñ��Arunkumar, Govindakarnavar
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profile���Jan 6,��OBJECTIVES: To evaluate the global incidence of ameloblastoma and to provide a profile of ameloblastoma patients. MATERIAL AND METHODS: A systematic review and meta-analysis was conducted. Searches were performed in PubMed, EMBASE, SCOPUS, and Web of Science for articles published from 1969 to 2018 for the global incidence and from 1995 to 2018 for the profile of ameloblastoma patients. RESULTS: Seven studies on the incidence rate of ameloblastoma were included in the meta-analysis. These studies only covered Europe, Africa, and Australia. The pooled incidence rate was 0.92 per million person-years (95% CI: 0.57-1.49), with significant heterogeneity between studies. Forty-two articles provided profile data of 6,446 ameloblastoma patients. Mean age was 34 years and the peak age incidence in the third decade of life. In Europe and North America, ameloblastoma mostly occurred at an older age when compared to Africa and South America. A slight male preference (53%) was found, and the mandible appeared to be the preferred site. The most common type of ameloblastoma was multicystic. The histopathologic patterns were mostly follicular and plexiform. CONCLUSIONS: This is the first study assessing the global incidence of ameloblastoma. The pooled incidence rate was determined to be 0.92 per million person-years.,��https://www.ncbi.nlm.nih.gov/pubmed/306141542��Hendra, Faqi Nurdiansyah
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transendothelial migration���Nipah virus (NiV) can infect multiple organs in humans with the central nervous system (CNS) being the most severely affected. Currently, it is not fully understood how NiV spreads throughout the body. NiV has been shown to infect certain leukocyte populations and we hypothesized that these infected cells could cross the blood-brain barrier (BBB), facilitating NiV entry into the CNS. Here, three leukocyte types, primary immature dendritic cells (iDC), primary monocytes (pMO), and monocytic cell line (THP-1), were evaluated for permissiveness to NiV. We found only iDC and THP-1 were permissive to NiV. Transendothelial migration of mock-infected and NiV-infected leukocytes was then evaluated using an in vitro BBB model established with human brain microvascular endothelial cells (HBMEC). There was approximately a threefold increase in migration of NiV-infected iDC across endothelial monolayer when compared to mock-infected iDC. In contrast, migration rates for pMO and THP-1 did not change upon NiV infection. Across TNF-alpha-treated endothelial monolayer, there was significant increase of almost twofold in migration of NiV-infected iDC and THP-1 over mock-infected cells. Immunofluorescence analysis showed the migrated NiV-infected leukocytes retained their ability to infect other cells. This study demonstrates for the first time that active NiV infection of iDC and THP-1 increased their transendothelial migration activity across HBMEC and activation of HBMEC by TNF-alpha further promoted migration. The findings suggest that NiV infection of leukocytes to disseminate the virus via the "Trojan horse" mechanism is a viable route of entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/30483242À��Tiong, Vunjia
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Respiratory Tract Infections/etiology/genetics/immunology/virology���Nov9��Nipah virus (NiV) infection can lead to severe respiratory or neurological disease in humans. Transmission of NiV has been shown to occur through contact with virus contaminated fomites or consumption of contaminated food. Previous results using the African green monkey (AGM) model of NiV infection identified aspects of infection that, while similar to humans, don't fully recapitulate disease. Previous studies also demonstrate near uniform lethality that is not consistent with human NiV infection. In these studies, aerosol exposure using an intermediate particle size (7mum) was used to mimic potential human exposure by facilitating virus deposition in the upper respiratory tract. Computed tomography evaluation found some animals developed pulmonary parenchymal disease including consolidations, ground-glass opacities, and reactive adenopathy. Despite the lack of neurological signs, magnetic resonance imaging identified distinct brain lesions in three animals, similar to those previously reported in NiV-infected patients. Immunological characterization of tissues collected at necropsy suggested a local pulmonary inflammatory response with increased levels of macrophages in the lung, but a limited neurologic response. These data provide the first clear evidence of neurological involvement in the AGM that recapitulates human disease. With the development of a disease model that is more representative of human disease, these data suggest that NiV infection in the AGM may be appropriate for evaluating therapeutic countermeasures directed at virus-induced neuropathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/30462637Ú��Hammoud, Dima A
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�Ebola virus (EBOV) and Nipah virus (NiV) infection of humans can cause fatal disease and constitutes a public health threat. In contrast, EBOV and NiV infection of fruit bats, the putative (EBOV) or proven (NiV) natural reservoir, is not associated with disease, and it is currently unknown how these animals control the virus. The human interferon (IFN)-stimulated antiviral effector protein tetherin (CD317, BST-2) blocks release of EBOV- and NiV-like particles from cells and is counteracted by the EBOV glycoprotein (GP). In contrast, it is unknown whether fruit bat tetherin restricts virus infection and is susceptible to GP-driven antagonism. Here, we report the sequence of fruit bat tetherin and show that its expression is IFN stimulated and associated with strong antiviral activity. Moreover, we demonstrate that EBOV-GP antagonizes tetherin orthologues of diverse species but fails to efficiently counteract fruit bat tetherin in virus-like particle (VLP) release assays. However, unexpectedly, tetherin was dispensable for robust IFN-mediated inhibition of EBOV spread in fruit bat cells. Thus, the VLP-based model systems mimicking tetherin-mediated inhibition of EBOV release and its counteraction by GP seem not to adequately reflect all aspects of EBOV release from IFN-stimulated fruit bat cells, potentially due to differences in tetherin expression levels that could not be resolved by the present study. In contrast, tetherin expression was essential for IFN-dependent inhibition of NiV infection, demonstrating that IFN-induced fruit bat tetherin exerts antiviral activity and may critically contribute to control of NiV and potentially other highly virulent viruses in infected animals.IMPORTANCE Ebola virus and Nipah virus (EBOV and NiV) can cause fatal disease in humans. In contrast, infected fruit bats do not develop symptoms but can transmit the virus to humans. Why fruit bats but not humans control infection is largely unknown. Tetherin is an antiviral host cell protein and is counteracted by the EBOV glycoprotein in human cells. Here, employing model systems, we show that tetherin of fruit bats displays higher antiviral activity than human tetherin and is largely resistant against counteraction by the Ebola virus glycoprotein. Moreover, we demonstrate that induction of tetherin expression is critical for interferon-mediated inhibition of NiV but, for at present unknown reasons, not EBOV spread in fruit bat cells. Collectively, our findings identify tetherin as an antiviral effector of innate immune responses in fruit bats, which might allow these animals to control infection with NiV and potentially other viruses that cause severe disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/30429347N��Hoffmann, Markus
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Surface exposed conserved segments.Å��We briefly review the situations arising out of epidemics that erupt rather suddenly, threatening life and livelihoods of humans. Ebola, Zika and the Nipah virus outbreaks are recent examples where the viral epidemics have led to considerably high degree of fatalities or debilitating consequences. The problems are accentuated by a lack of drugs or vaccines effective against the new and emergent viruses, and the inordinate amount of temporal and financial resources that are required to combat the novel pathogens. Progress in computational, biological and informational sciences have made it possible to consider design of synthetic vaccines that can be rapidly developed and deployed to help stem the damages. In this review, we consider the pros and cons of this new paradigm and suggest a new system where the manufacturing process can be decentralized to provide more targeted vaccines to meet the urgent needs of protection in case of a rampaging epidemic.,��https://www.ncbi.nlm.nih.gov/pubmed/30417788µ��Nandy, Ashesh
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phosphoprotein and polymerase���Nov 11���Persistent outbreaks of Nipah virus (NiV) with severe case fatality throw a major challenge on researchers to develop a drug or vaccine to combat the disease. With little knowledge of its molecular mechanisms, we utilized the proteome data of NiV to evaluate the potency of three major proteins (phosphoprotein, polymerase, and nucleocapsid protein) in the RNA-dependent RNA polymerase complex to count as a possible candidate for epitope-based vaccine design. Profound computational analysis was used on the above proteins individually to explore the T-cell immune properties like antigenicity, immunogenicity, binding to major histocompatibility complex class I and class II alleles, conservancy, toxicity, and population coverage. Based on these predictions the peptide 'ELRSELIGY' of phosphoprotein and 'YPLLWSFAM' of nulceocapsid protein were identified as the best-predicted T-cell epitopes and molecular docking with human leukocyte antigen-C (HLA-C*12:03) molecule was effectuated followed by validation with molecular dynamics simulation. The B-cell epitope predictions suggest that the sequence positions 421 to 471 in phosphoprotein, 606 to 640 in polymerase and 496 to 517 in nucleocapsid protein are the best-predicted regions for B-cell immune response. However, the further experimental circumstance is required to test and validate the efficacy of the subunit peptide for potential candidacy against NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/30417438���Ravichandran, Lavanya
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Mejias, Stephanie G
Agumadu, Vivian C
Sombans, Shaheen
Sonaye, Ruhi
Lohana, Petras
eng
Review
2018/11/13 06:00
Cureus. 2018 Aug 21;10(8):e3168. doi: 10.7759/cureus.3168.%��2168-8184 (Print)
2168-8184 (Linking)
��PMC6223664���30416895H��Pediatrics, Shanghai Jiao Tong University School of Medicine/Shanghai Xin Hua Hospital, Shanghai, CHN.
Pediatrics, The University Iberoamericana Unibe School of Medicine/Robert Reid Cabral Children's Hospital, Santo Domingo, DOM.
Medicine, International University of the Health Sciences School of Medicine, Basseterre, KNA.
Internal Medicine, Bharati Vidyapeeth Deemed University Medical College and Hospital, Pune, IND.
Bharati Vidyapeeth Deemed University Medical College and Hospital, Thane, IND.
Medicine, Liaquat University of Medical and Health Sciences Hospital, Karachi, PAK.���10.7759/cureus.3168��	ü��þ×tÿî?����9��Li, D.
Sun, Y.
Kong, X.
Luan, C.
Yu, Y.
Chen, F.
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*natural selection���Nov 1¬��Hendra virus (HeV) and Nipah virus (NiV) are among a group of emerging bat-borne paramyxoviruses that have crossed their species-barrier several times by infecting several hosts with a high fatality rate in human beings. Despite the fatal nature of their infection, a comprehensive study to explore their evolution and adaptation in different hosts is lacking. A study of codon usage patterns in henipaviruses may provide some fruitful insight into their evolutionary processes of synonymous codon usage and host-adapted evolution. Here, we performed a systematic evolutionary and codon usage bias analysis of henipaviruses. We found a low codon usage bias in the coding sequences of henipaviruses and that natural selection, mutation pressure, and nucleotide compositions shapes the codon usage patterns of henipaviruses, with natural selection being more important than the others. Also, henipaviruses showed the highest level of adaptation to bats of the genus Pteropus in the codon adaptation index (CAI), relative to the codon de-optimization index (RCDI), and similarity index (SiD) analyses. Furthermore, a comparison to recently identified henipa-like viruses indicated a high tRNA adaptation index of henipaviruses for human beings, mainly due to F, G and L proteins. Consequently, the study concedes the substantial emergence of henipaviruses in human beings, particularly when paired with frequent exposure to direct/indirect bat excretions.,��https://www.ncbi.nlm.nih.gov/pubmed/30388838���Kumar, Naveen
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Czub, M.���2018k��The interaction between the Nipah virus nucleocapsid protein and phosphoprotein regulates virus replication���15994���Sci Rep���8���1���Oct 30���Continued outbreaks of Henipaviruses in South Asia and Australia cause severe and lethal disease in both humans and animals. Together, with evidence of human to human transmission for Nipah virus and the lack of preventative or therapeutic measures, its threat to cause a widespread outbreak and its potential for weaponization has increased. In this study we demonstrate how overexpression of the Nipah virus nucleocapsid protein regulates viral polymerase activity and viral RNA production. By overexpressing the Nipah virus nucleocapsid protein in trans viral transcription was inhibited; however, an increase in viral genome synthesis was observed. Together, the bias of polymerase activity towards genome production led to the severe inhibition of viral progeny. We identified two domains within the nucleocapsid protein, which were each independently capable of binding the viral phosphoprotein. Evident by our data, we propose that the nucleocapsid protein's ability to interact with the phosphoprotein of the polymerase complex causes a change in polymerase activity and subsequent deficiency in viral replication. This study not only provides insights into the dynamics of Henipavirus RNA synthesis and replication, but also provides insight into potential targets for antiviral drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/30375468ü��Ranadheera, Charlene
Proulx, Roxanne
Chaiyakul, Mark
Jones, Shane
Grolla, Allen
Leung, Anders
Rutherford, John
Kobasa, Darwyn
Carpenter, Michael
Czub, Markus
eng
England
2018/10/31 06:00
Sci Rep. 2018 Oct 30;8(1):15994. doi: 10.1038/s41598-018-34484-7.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC6207681���30375468õ��Department of Medical Microbiology and Infectious Diseases, University of Manitoba, Winnipeg, Manitoba, Canada. charlene.ranadheera@canada.ca.
Zoonotic Diseases and Special Pathogens, National Microbiology Laboratory, Public Health Agency of Canada, Winnipeg, Manitoba, Canada. charlene.ranadheera@canada.ca.
Zoonotic Diseases and Special Pathogens, National Microbiology Laboratory, Public Health Agency of Canada, Winnipeg, Manitoba, Canada.
Department of Medical Microbiology and Infectious Diseases, University of Manitoba, Winnipeg, Manitoba, Canada.
Blood Borne Pathogens and Hepatitis, National Microbiology Laboratory, Public Health Agency of Canada, Winnipeg, Canada.
Faculty of Veterinary Medicine, University of Calgary, Calgary, Alberta, Canada.���10.1038/s41598-018-34484-7��mFÿÛ|ÿï?�������Spiropoulou, C. F.���20187��Nipah virus outbreaks: still small but extremely lethal���J Infect Dis���Oct 26,��https://www.ncbi.nlm.nih.gov/pubmed/30365002r��Spiropoulou, Christina F
eng
2018/10/27 06:00
J Infect Dis. 2018 Oct 26. pii: 5144923. doi: 10.1093/infdis/jiy611.*��1537-6613 (Electronic)
0022-1899 (Linking)���30365002���10.1093/infdis/jiy611����FÿÓ|ÿî?�������Arunkumar, G.
Chandni, R.
Mourya, D. T.
Singh, S. K.
Sadanandan, R.
Sudan, P.
Bhargava, B.
Nipah Nipah Investigators People
Health,���2018D��Outbreak investigation of Nipah Virus Disease in Kerala, India, 2018���J Infect Dis���Oct 26���Background: Nipah Virus (NiV) is a highly fatal emerging zoonotic virus with potential threat to global health security. Here we describe the characteristics of the NiV outbreak occurred in Kerala, India during May -June 2018. Methods: We used real-time RT PCR in throat swabs, blood, urine and CSF to detect NiV. Further, the viral genome was sequenced and subjected to phylogenetic analysis. We conducted an epidemiological investigation to describe the outbreak and to elucidate transmission dynamics. Results: During May 2 - 29, 2018, 23 cases were identified including the index case; 18 were lab-confirmed. This NiV was closer to the Bangladesh lineage. Median age of cases was 45; 15 (65%) were male. The median incubation period was 9.5 days (6 - 14 days). Of the 23 cases, 20 (87%) had respiratory symptoms. The case fatality rate (CFR) was 91%; two cases survived.. Risk factors for infection included close proximity (touching, feeding or nursing an NiV infected person) enabling exposure to droplet infection. The public health response included isolation of cases, contact tracing, and enforcing hospital infection control practices. Conclusion: This is the first recorded NiV outbreak in South India. Early laboratory confirmation and immediate public health response contained the outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/30364984È��Arunkumar, Govindakarnavar
Chandni, R
Mourya, D T
Singh, S K
Sadanandan, Rajeev
Sudan, Preeti
Bhargava, Balram
eng
2018/10/27 06:00
J Infect Dis. 2018 Oct 26. pii: 5144922. doi: 10.1093/infdis/jiy612.*��1537-6613 (Electronic)
0022-1899 (Linking)���30364984 ��Department of Health Research, Ministry of Health & Family Welfare, Govt. of India.
Govt. of Kerala, India.
Ministry of Health & Family Welfare, Govt. of India.���10.1093/infdis/jiy612����FüÒtÿî?����4��Yu, J.
Lv, X.
Yang, Z.
Gao, S.
Li, C.
Cai, Y.
Li, J.���2018E��The Main Risk Factors of Nipah Disease and Its Risk Analysis in China���Viruses���10���10���Animals
China/epidemiology
Henipavirus Infections/*epidemiology/*virology
Humans
Nipah Virus/genetics/*isolation & purification/physiology
Risk Factors
Swine
Swine Diseases/epidemiology/*virology
Zoonoses/epidemiology/virology
*Nipah virus
*fruit bat
*risk analysis
*transmission route���Oct 19���Nipah disease is a highly fatal zoonosis which is caused by the Nipah virus. The Nipah virus is a BSL-4 virus with fruit bats being its natural host. It is mainly prevalent in Southeast Asia. The virus was first discovered in 1997 in Negeri Sembilan, Malaysia. Currently, it is mainly harmful to pigs and humans with a high mortality rate. This study describes the route of transmission of the Nipah virus in different countries and analyzes the possibility of the primary disease being in China and the method of its transmission to China. The risk factors are analyzed for different susceptible populations to Nipah disease. The aim is to improve people's risk awareness and prevention and control of the disease and reduce its risk of occurring and spreading in China.,��https://www.ncbi.nlm.nih.gov/pubmed/30347642â��Yu, Jiarong
Lv, Xinbo
Yang, Zijun
Gao, Shengbin
Li, Changming
Cai, Yumei
Li, Jinming
eng
Research Support, Non-U.S. Gov't
Review
Switzerland
2018/10/24 06:00
Viruses. 2018 Oct 19;10(10). pii: v10100572. doi: 10.3390/v10100572.*��1999-4915 (Electronic)
1999-4915 (Linking)
��PMC6213763���30347642Ø��Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Shandong Agricultural University, 61 Daizong Street, Taian 271018, China. yujiarong19930921@163.com.
Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Shandong Agricultural University, 61 Daizong Street, Taian 271018, China. xinbo-1122@163.com.
Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Shandong Agricultural University, 61 Daizong Street, Taian 271018, China. 15165853927@163.com.
Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Shandong Agricultural University, 61 Daizong Street, Taian 271018, China. gaoshengbin930106@163.com.
Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Shandong Agricultural University, 61 Daizong Street, Taian 271018, China. lcm614678030@gmail.com.
Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Shandong Agricultural University, 61 Daizong Street, Taian 271018, China. caiyum@163.com.
China Center for Animal Health and Epidemiology, Qingdao 266000, China. lijinming@cahec.cn.���10.3390/v10100572�	~��þ×tÿî? ���{��Schmidt, R.
Beltzig, L. C.
Sawatsky, B.
Dolnik, O.
Dietzel, E.
Krahling, V.
Volz, A.
Sutter, G.
Becker, S.
von Messling, V.���2018@��Generation of therapeutic antisera for emerging viral infections���42���NPJ Vaccines���3���The recent Ebola virus outbreak has highlighted the therapeutic potential of antisera and renewed interest in this treatment approach. While human convalescent sera may not be readily available in the early stages of an outbreak, antisera of animal origin can be produced in a short time frame. Here, we compared adjuvanted virus-like particles (VLP) with recombinant modified vaccinia virus Ankara and vesicular stomatitis virus (VSV), both expressing the Ebola virus antigens. The neutralizing antibody titers of rabbits immunized with adjuvanted VLPs were similar to those immunized with the replication-competent VSV, indicating that presentation of the antigen in its native conformation rather than de novo antigen expression is essential for production of functional antibodies. This approach also yielded high-titer antisera against Nipah virus glycoproteins, illustrating that it is transferable to other virus families. Multiple-step immunoglobulin G purification using a two-step 20-40% ammonium sulfate precipitation followed by protein A affinity chromatography resulted in 90% recovery of functionality and sustained in vivo stability. Adjuvanted VLP-based immunization strategies are thus a promising approach for the rapid generation of therapeutic antisera against emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/30323953	��Schmidt, Rebecca
Beltzig, Lea C
Sawatsky, Bevan
Dolnik, Olga
Dietzel, Erik
Krahling, Verena
Volz, Asisa
Sutter, Gerd
Becker, Stephan
von Messling, Veronika
eng
England
2018/10/17 06:00
NPJ Vaccines. 2018 Oct 5;3:42. doi: 10.1038/s41541-018-0082-4. eCollection 2018.*��2059-0105 (Electronic)
2059-0105 (Linking)
��PMC6173733���30323953Û��1Veterinary Medicine Division, Paul-Ehrlich-Institut, Langen, Germany.0000 0001 1019 0926grid.425396.f
2Thematic Translational Unit Emerging Infections, German Center of Infection Research (DZIF), Marburg - Langen - Munich, Germany.grid.452463.2
3Institute of Virology, Philipps University Marburg, Marburg, Germany.0000 0004 1936 9756grid.10253.35
4Institute for Infectious Diseases and Zoonoses, Ludwig-Maximilians-University, Munich, Germany.0000 0004 1936 973Xgrid.5252.0���10.1038/s41541-018-0082-4����ß��üÒtÿî?!���*��Sun, B.
Jia, L.
Liang, B.
Chen, Q.
Liu, D.���2018?��Phylogeography, Transmission, and Viral Proteins of Nipah Virus���385-393	��Virol Sin���33���5J��Geographical distribution
Nipah virus
Protein structure
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�Introduction: Zoonotic diseases are the infectious diseases that can be transmitted to human beings and vice versa from animals either directly or indirectly. These diseases can be caused by a range of organisms including bacteria, parasites, viruses and fungi. Viral diseases are highly infectious and capable of causing pandemics as evidenced by outbreaks of diseases like Ebola, Middle East Respiratory Syndrome, West Nile, SARS-Corona, Nipah, Hendra, Avian influenza and Swine influenza. Expalantion: Many viruses affecting equines are also important human pathogens. Diseases like Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and Venezuelan-equine encephalitis (VEE) are highly infectious and can be disseminated as aerosols. A large number of horses and human cases of VEE with fatal encephalitis have continuously occurred in Venezuela and Colombia. Vesicular stomatitis (VS) is prevalent in horses in North America and has zoonotic potential causing encephalitis in children. Hendra virus (HeV) causes respiratory and neurological disease and death in man and horses. Since its first outbreak in 1994, 53 disease incidents have been reported in Australia. West Nile fever has spread to many newer territories across continents during recent years.It has been described in Africa, Europe, South Asia, Oceania and North America. Japanese encephalitis has expanded horizons from Asia to western Pacific region including the eastern Indonesian archipelago, Papua New Guinea and Australia. Rabies is rare in horses but still a public health concern being a fatal disease. Equine influenza is historically not known to affect humans but many scientists have mixed opinions. Equine viral diseases of zoonotic importance and their impact on animal and human health have been elaborated in this article. Conclusion: Equine viral diseases though restricted to certain geographical areas have huge impact on equine and human health. Diseases like West Nile fever, Hendra, VS, VEE, EEE, JE, Rabies have the potential for spread and ability to cause disease in human. Equine influenza is historically not known to affect humans but some experimental and observational evidence show that H3N8 influenza virus has infected man. Despite our pursuit of understanding the complexity of the vector-host-pathogen mediating disease transmission, it is not possible to make generalized predictions concerning the degree of impact of disease emergence. A targeted, multidisciplinary effort is required to understand the risk factors for zoonosis and apply the interventions necessary to control it.,��https://www.ncbi.nlm.nih.gov/pubmed/30288197Ï��Kumar, Balvinder
Manuja, Anju
Gulati, B R
Virmani, Nitin
Tripathi, B N
eng
Review
United Arab Emirates
2018/10/06 06:00
Open Virol J. 2018 Aug 31;12:80-98. doi: 10.2174/1874357901812010080. eCollection 2018.%��1874-3579 (Print)
1874-3579 (Linking)
��PMC6142672���30288197>��ICAR-National Research Centre on Equines, Hisar-125001, India.���10.2174/1874357901812010080��Z�FüÒtÿî?$������Deka, M. A.
Morshed, N.���2018L��Mapping Disease Transmission Risk of Nipah Virus in South and Southeast Asia���Trop Med Infect Dis���3���2v��Biomod2
ENMeval
Nipah virus
disease biogeography
ecological niche modeling
infectious disease cartography
risk mapping���May 30���Since 1998, Nipah virus (NiV) (genus: Henipavirus; family: Paramyxoviridae), an often-fatal and highly virulent zoonotic pathogen, has caused sporadic outbreak events. Fruit bats from the genus Pteropus are the wildlife reservoirs and have a broad distribution throughout South and Southeast Asia, and East Africa. Understanding the disease biogeography of NiV is critical to comprehending the potential geographic distribution of this dangerous zoonosis. This study implemented the R packages ENMeval and BIOMOD2 as a means of modeling regional disease transmission risk and additionally measured niche similarity between the reservoir Pteropus and the ecological characteristics of outbreak localities with the Schoener's D index and I statistic. Results indicate a relatively high degree of niche overlap between models in geographic and environmental space (D statistic, 0.64; and I statistic, 0.89), and a potential geographic distribution encompassing 19% (2,963,178 km(2)) of South and Southeast Asia. This study should contribute to current and future efforts to understand the critical ecological contributors and geography of NiV. Furthermore, this study can be used as a geospatial guide to identify areas of high disease transmission risk and to inform national public health surveillance programs.,��https://www.ncbi.nlm.nih.gov/pubmed/30274453���Deka, Mark A
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surgery���Oct���BACKGROUND: Cancellation of planned surgery impacts substantially on patients and health systems. This study describes the incidence and reasons for cancellation of inpatient surgery in the UK NHS. METHODS: We conducted a prospective observational cohort study over 7 consecutive days in March 2017 in 245 NHS hospitals. Occurrences and reasons for previous surgical cancellations were recorded. Using multilevel logistic regression, we identified patient- and hospital-level factors associated with cancellation due to inadequate bed capacity. RESULTS: We analysed data from 14 936 patients undergoing planned surgery. A total of 1499 patients (10.0%) reported previous cancellation for the same procedure; contemporaneous hospital census data indicated that 13.9% patients attending inpatient operations were cancelled on the day of surgery. Non-clinical reasons, predominantly inadequate bed capacity, accounted for a large proportion of previous cancellations. Independent risk factors for cancellation due to inadequate bed capacity included requirement for postoperative critical care [odds ratio (OR)=2.92; 95% confidence interval (CI), 2.12-4.02; P<0.001] and the presence of an emergency department in the treating hospital (OR=4.18; 95% CI, 2.22-7.89; P<0.001). Patients undergoing cancer surgery (OR=0.32; 95% CI, 0.22-0.46; P<0.001), obstetric procedures (OR=0.17; 95% CI, 0.08-0.32; P<0.001), and expedited surgery (OR=0.39; 95% CI, 0.27-0.56; P<0.001) were less likely to be cancelled. CONCLUSIONS: A significant proportion of patients presenting for surgery have experienced a previous cancellation for the same procedure. Cancer surgery is relatively protected, but bed capacity, including postoperative critical care requirements, are significant risk factors for previous cancellations.,��https://www.ncbi.nlm.nih.gov/pubmed/30236235±��Wong, D J N
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Zoonoses���Dec���While general medical practitioners (GPs) and veterinarians are often the first line responders in the face of a disease outbreak, pathways to improving the One Health efficacy of these clinicians remain unclear. A two-phase modified Delphi survey of professionals with known expertise in One Health ('expert panel') was used to 1) identify key knowledge, attitudes and practices (KAPs) of GPs and veterinarians that would be consistent with a One Health approach to zoonoses; and 2) determine priorities for future surveys with Australian GPs and veterinarians to identify important gaps that impede effective diagnosis and management of zoonoses. A list of 13 topics/sub-topics, as well as a list of 25 specific zoonotic diseases/agents emerged from the first phase of the survey. In the second phase the expert panel identified general knowledge of the clinical aspects and epidemiological aspects of zoonoses, as well as risk management practices, as the most important KAPs and research priorities for both GPs and veterinarians. In terms of diseases, the expert panel regarded knowledge of Hendra virus, Q fever, Australian bat lyssavirus (ABLV), anthrax and Brucella suis most important for veterinarians, whilst for GPs, Q fever, gastrointestinal/foodborne diseases, influenza, ABLV and local vector-borne diseases were found to be most important by the expert panel. Some differences were noted in terms of prioritization of topics/sub-topics and diseases/agents according to expert background (veterinary and non-veterinary). The Delphi survey technique enabled efficient collection of data from a diverse range of One Health 'experts'/specialists and provided clear priorities for proposed future research, and potentially for educational interventions to improve One Health efficacy of clinicians.,��https://www.ncbi.nlm.nih.gov/pubmed/30197925¦��Steele, Sandra G
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Virus ebola���Aug,
�The global community continues to incur the high costs of crisis mitigation and emergency response to outbreaks of emerging infectious diseases, such as those caused by the H5N1 highly pathogenic avian influenza virus, Ebola virus, Nipah virus, Zika virus or the Middle East respiratory syndrome coronavirus. These viruses are particularly dangerous in regions associated with poor development indicators and high vulnerability. The drivers of these disease crises include failures in the way that animal diseases are detected and reported and failures in the way in which disease response is implemented by animal health and public health systems. In addition, the lack of a coordinated response hampers disease control efforts. A comprehensive approach for disease prevention, detection and response, however, requires a coordinated and joint effort among governments, communities, donors and international networks to invest effectively in prevention systems that can identify early signals of the emergence, spillover and spread of animal pathogens at the local level. These signals include trade bans, market closures, civil unrest, heavy rains and droughts associated with climate change, and livestock intensification or changes in consumer behaviour. The global community needs to increase its investment in early warning and detection systems that can provide information that enables action to be taken at the national, regional and global levels in the event of an outbreak of a transboundary animal disease (TAD). Like any preventive measure, an early warning system requires financial resources, but these are insignificant when compared to the losses that are avoided. Building a global early warning and effective response system for outbreaks is value for money, as the benefits far outweigh the costs. The goal of the Food and Agriculture Organization of the United Nations (FAO) is to end hunger and poverty, which is a challenging and complex task. Building global capacity to prepare for and respond to TADs is an important element of the FAO's strategic objective to increase the resilience of livelihoods to threats and crises. Each year, livestock, and the people who rely upon them for their livelihoods, are confronted with animal disease and crises. They can strike suddenly, causing obvious illness and death, or emerge insidiously and become well established before becoming apparent. Animal disease emergencies threaten the production of, and access to, food; consequently, one of the FAO's missions is to help countries to prepare for and respond to animal health disasters.,��https://www.ncbi.nlm.nih.gov/pubmed/30152454���Tekola, B
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Surete biologique���AugÖ��With recent outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV), anthrax, Nipah and the highly pathogenic avian influenza virus, much emphasis has been placed on the rapid identification of infectious agents globally. As a result, laboratories are building capacity, conducting more advanced and sophisticated research, increasing their staff, and establishing reference collections of dangerous pathogens in an attempt to reduce the impact of infectious disease outbreaks and to characterise disease-causing agents. With this expansion, the global laboratory community has started to focus on laboratory biosafety and biosecurity in order to prevent the accidental and/or intentional release of these agents. Laboratory biosafety and biosecurity systems are used around the world to help to mitigate the risks posed by dangerous pathogens in the laboratory. Veterinary laboratories carry unique responsibilities with regard to workers and communities to handle disease-causing microorganisms safely and securely. Many microorganisms studied in veterinary laboratories not only infect animals, but also have the potential to infect humans. This paper will discuss the fundamentals of laboratory biosafety and biosecurity.,��https://www.ncbi.nlm.nih.gov/pubmed/30152450���Brass, V H
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spillover���Octj��Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, Asia, and Australia. In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses. The genus Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and Asia, and a suite of largely uncharacterized African henipaviruses. Rapid change in fruit bat habitat and associated shifts in their ecology and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing spillover risk of bat-borne viruses. We review the ways that changing resource landscapes affect the processes that culminate in cross-species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure. We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus spillover. When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and composition.,��https://www.ncbi.nlm.nih.gov/pubmed/30138535£��Kessler, Maureen K
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vaccinesV��The Indian subcontinent with its population density, climatic conditions, means of subsistence, socioeconomic factors as well as travel and tourism presents a fertile ground for thriving of RNA viruses. Despite being pathogens of huge significance, there is very little focus on research into the biology and pathogenesis of RNA viruses in India. Studies on epidemiology and disease burden, risk factors, the immune response to RNA viruses, circulating virus strains and virus evolution, animal models of disease, antivirals and vaccines are strikingly absent. Emerging RNA viruses such as Zika virus, Nipah virus and Crimean-Congo haemorrhagic fever virus are a matter of grave concern to India. Here we summarize the outcome of the India|EMBO symposium on "RNA viruses: immunology, pathogenesis and translational opportunities" organized at Faridabad, National Capital Region, India, on March 28-30, 2018. The meeting focused on RNA viruses (non-HIV), and both national and international experts on RNA viruses covered topics ranging from epidemiology, immune response, virus evolution and vaccine trials concerning RNA viruses. The aim of the symposium was to create a road map for RNA virus research in India. Both concrete and tentative ideas pointing towards short-term and long-term goals were presented with recommendations for follow-up at government level.,��https://www.ncbi.nlm.nih.gov/pubmed/30131779���Medigeshi, Guruprasad R
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*viruses���SepA��The World Health Organization R&D Blueprint aims to accelerate the availability of medical technologies during epidemics by focusing on a list of prioritized emerging diseases for which medical countermeasures are insufficient or nonexistent. The prioritization process has 3 components: a Delphi process to narrow down a list of potential priority diseases, a multicriteria decision analysis to rank the short list of diseases, and a final Delphi round to arrive at a final list of 10 diseases. A group of international experts applied this process in January 2017, resulting in a list of 10 priority diseases. The robustness of the list was tested by performing a sensitivity analysis. The new process corrected major shortcomings in the pre-R&D Blueprint approach to disease prioritization and increased confidence in the results.,��https://www.ncbi.nlm.nih.gov/pubmed/30124424Þ��Mehand, Massinissa Si
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Kerala
Nipah virus
One Health
Pteropus bat species
paramyxovirus���Mar-AprU��Nipah virus (NiV) encephalitis first reported in "Sungai Nipah" in Malaysia in 1999 has emerged as a global public health threat in the Southeast Asia region. From 1998 to 2018, more than 630 cases of NiV human infections were reported. NiV is transmitted by zoonotic (from bats to humans, or from bats to pigs, and then to humans) as well as human-to-human routes. Deforestation and urbanization of some areas have contributed to greater overlap between human and bat habitats resulting in NiV outbreaks. Common symptoms of NiV infection in humans are similar to that of influenza such as fever and muscle pain and in some cases, the inflammation of the brain occurs leading to encephalitis. The recent epidemic in May 2018 in Kerala for the first time has killed over 17 people in 7 days with high case fatality and highlighted the importance of One Health approach. The diagnosis is often not suspected at the time of presentation and creates challenges in outbreak detection, timely control measures, and outbreak response activities. Currently, there are no drugs or vaccines specific for NiV infection although this is a priority disease on the World Health Organization's agenda. Antivirals (Ribavirin, HR2-based fusion inhibitor), biologicals (convalescent plasma, monoclonal antibodies), immunomodulators, and intensive supportive care are the mainstay to treat severe respiratory and neurologic complications. There is a great need for strengthening animal health surveillance system, using a One Health approach, to detect new cases and provide early warning for veterinary and human public health authorities.,��https://www.ncbi.nlm.nih.gov/pubmed/30090764Á��Chattu, Vijay K
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Viral Proteins/geneticsâ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that can result in severe pulmonary disease and fatal encephalitis in humans and is responsible for outbreaks in Bangladesh, Malaysia, Singapore, India and possibly the Philippines. NiV has a negative-sense RNA genome that contains six genes and serves as a template for production of viral mRNA transcripts. NiV mRNA transcripts are subsequently translated into viral proteins. Traditionally, NiV quantitative real-time reverse transcriptase polymerase chain reaction (qRT-PCR) assays have relied on using primer sets that amplify a target (N that encodes the nucleocapsid) within the coding region of the viral gene that also amplifies viral mRNA. Here we describe a novel one-step qRT-PCR assay targeting the intergenic region separating the viral F and G proteins, thereby eliminating amplification of the viral mRNA. This assay is more accurate than the traditional qRT-PCR in quantifying concentrations of viral genomic RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/29920552���Jensen, Kenneth S
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Freiberg, A. N.���2018F��Experimental Infection of Syrian Hamsters With Aerosolized Nipah Virus	��1602-1610���J Infect Dis���218���10���Oct 5Ñ��Background: Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that can cause severe respiratory illness and encephalitis in humans. Transmission occurs through consumption of NiV-contaminated foods, and contact with NiV-infected animals or human body fluids. However, it is unclear whether aerosols derived from aforesaid sources or others also contribute to transmission, and current knowledge on NiV-induced pathogenicity after small-particle aerosol exposure is still limited. Methods: Infectivity, pathogenicity, and real-time dissemination of aerosolized NiV in Syrian hamsters was evaluated using NiV-Malaysia (NiV-M) and/or its recombinant expressing firefly luciferase (rNiV-FlucNP). Results: Both viruses had an equivalent pathogenicity in hamsters, which developed respiratory and neurological symptoms of disease, similar to using intranasal route, with no direct correlations to the dose. We showed that virus replication was predominantly initiated in the lower respiratory tract and, although delayed, also intensely in the oronasal cavity and possibly the brain, with gradual increase of signal in these regions until at least day 5-6 postinfection. Conclusion: Hamsters infected with small-particle aerosolized NiV undergo similar clinical manifestations of the disease as previously described using liquid inoculum, and exhibit histopathological lesions consistent with NiV patient reports. NiV droplets could therefore play a role in transmission by close contact.,��https://www.ncbi.nlm.nih.gov/pubmed/29912426z��Escaffre, Olivier
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Transmission���Aug 1r��Highly pathogenic avian influenza virus (HPAIV) H5N1 has been reported in Asia, including Indonesia since 2003. Although several risk factors related to the HPAIV outbreaks in poultry in Indonesia have been identified, little is known of the contact structure of farms of different poultry production types (backyard chickens, broilers, layers, and ducks). This study aims to quantify the contact rates associated with the movement of people, and movements of live birds and products and equipment that affect the risk of HPAIV H5N1 transmission between poultry farms in Indonesia. On 124 poultry farms in 6 districts in West Java, logbooks were distributed to record the movements of farmers/staff and visitors and their poultry contacts. Most movements in backyard chicken, commercial native chicken, broiler and duck farms were visits to and from other poultry farms, whilst in layer farms visits to and from poultry companies, visits to egg collection houses and visit from other poultry farms were most frequent. Over 75% of persons visiting backyard chicken and duck farms had previously visited other poultry farms on the same day. Visitors of backyard chicken farms had the highest average contact rate, either direct contact with poultry on other farms before the visits (1.35 contact/day) or contact during their visits in the farms (10.03 contact/day). These results suggest that backyard chicken farms are most at risk for transmission of HPAIV compared to farms of the other poultry production types. Since visits of farm-to-farm were high, backyard farms could also a potential source for HPAIV transmission to commercial poultry farms.,��https://www.ncbi.nlm.nih.gov/pubmed/29891149B��Wibawa, Hendra
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phenylethanoid���Jun 11?��In ongoing investigations into colours in Nature, the chemical constituents from the flowers of Acacia pycnantha and Jacaranda mimosifolia D.Don grown in Australia are reported. Eight known secondary metabolites were isolated from the A. pycnantha flower including isosalipurposide (7) which may be responsible for their distinctive colouration. Nine secondary metabolites were isolated from the J. mimosifolia D.Don flower including the new phenylethanoid beta-D-glucopyranose (10). All isolated compounds were inactive against bacteria tested at concentration of 32 mug/mL.,��https://www.ncbi.nlm.nih.gov/pubmed/29888976���Hendra, Rudi
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One Health���Jul{��The Nipah virus has been transmitted from person-to-person via close contact in non-urban parts of India (including Kerala May 2018), Bangladesh, and the Philippines. It can cause encephalitis and pneumonia, and has a high case fatality rate. Nipah is a One Health zoonotic infectious disease linked to fruit bats, and sometimes pigs or horses. We advocate anticipating and preparing for urban and larger rural outbreaks of Nipah. Immediate enhanced preparations would include standardized guidance on infection prevention and control, and personal protective equipment, from the World Health Organization (WHO) on their OpenWHO website and 2018 "Managing Epidemics" handbook, along with adding best clinical practices by experts in countries with multiple outbreaks such as Bangladesh and India. Longer-term enhanced preparations include accelerating development of field diagnostics, antiviral drugs, immune-based therapies, and vaccines. WHO-coordinated multi-partner protocols to test investigational treatments, diagnostics, and vaccines are needed, by analogy to such protocols for Ebola during the unanticipated pan-epidemic in Guinea, Liberia, and Sierra Leone. Anticipating and preparing now for urban and rural Nipah outbreaks in nations with no experience with Nipah will help avoid the potential for what the United Nations 2016 report on Ebola in West Africa called a "preventable tragedy".,��https://www.ncbi.nlm.nih.gov/pubmed/29879523���Donaldson, Halsie
Lucey, Daniel
eng
Review
Canada
2018/06/08 06:00
Int J Infect Dis. 2018 Jul;72:69-72. doi: 10.1016/j.ijid.2018.05.015. Epub 2018 Jun 4.*��1878-3511 (Electronic)
1201-9712 (Linking)���29879523/��Department of Medicine-Infectious Diseases, Georgetown University School of Medicine, 3800 Reservoir Road NW, Washington, DC, USA.
Department of Medicine-Infectious Diseases, Georgetown University School of Medicine, 3800 Reservoir Road NW, Washington, DC, USA. Electronic address: DRL23@Georgetown.edu.���10.1016/j.ijid.2018.05.015����V��üÓtÿî?E���D��Ortega, V.
Stone, J. A.
Contreras, E. M.
Iorio, R. M.
Aguilar, H. C.���2019@��Addicted to sugar: roles of glycans in the order Mononegavirales���2-21���Glycobiology���29���1���Jan 1���Glycosylation is a biologically important protein modification process by which a carbohydrate chain is enzymatically added to a protein at a specific amino acid residue. This process plays roles in many cellular functions, including intracellular trafficking, cell-cell signaling, protein folding and receptor binding. While glycosylation is a common host cell process, it is utilized by many pathogens as well. Protein glycosylation is widely employed by viruses for both host invasion and evasion of host immune responses. Thus better understanding of viral glycosylation functions has potential applications for improved antiviral therapeutic and vaccine development. Here, we summarize our current knowledge on the broad biological functions of glycans for the Mononegavirales, an order of enveloped negative-sense single-stranded RNA viruses of high medical importance that includes Ebola, rabies, measles and Nipah viruses. We discuss glycobiological findings by genera in alphabetical order within each of eight Mononegavirales families, namely, the bornaviruses, filoviruses, mymonaviruses, nyamiviruses, paramyxoviruses, pneumoviruses, rhabdoviruses and sunviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29878112ù��Ortega, Victoria
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Zinc���Junå��Absorbable metals, metals that corrode in physiological environment, constitute a new class of biomaterials intended for temporary medical implant applications. The introduction of these metals has shifted the established paradigm of metal implants from preventing corrosion to its direct application. Interest toward absorbable metals has been growing in the past decade. This is proved by the rapid increase in scientific publication, progressive development of standards, and launching the first commercial products. Iron, magnesium, zinc, and their alloys are the current three absorbable metals families. Magnesium-based metals are the most progressing family with a large data set obtained from both basic and translational research. Iron-based metals are still facing a major challenge of low in vivo corrosion rate despite the significant efforts that have been put to overcome its weakness. Zinc-based metals are the new alternative absorbable metals with moderate corrosion rates that fall between those of iron and magnesium. This manuscript provides a brief review on the latest progress in the research and development of absorbable metals, the most important findings, the remaining challenges, and the perspective on the future direction.,��https://www.ncbi.nlm.nih.gov/pubmed/29790132���Hermawan, Hendra
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Yoneda, M.���2018���Possible role of the Nipah virus V protein in the regulation of the interferon beta induction by interacting with UBX domain-containing protein1���7682���Sci Rep���8���1���May 16¨��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes lethal encephalitis in humans. We previously reported that the V protein, one of the three accessory proteins encoded by the P gene, is one of the key determinants of the pathogenesis of NiV in a hamster infection model. Satterfield B.A. et al. have also revealed that V protein is required for the pathogenicity of henipavirus in a ferret infection model. However, the complete functions of NiV V have not been clarified. In this study, we identified UBX domain-containing protein 1 (UBXN1), a negative regulator of RIG-I-like receptor signaling, as a host protein that interacts with NiV V. NiV V interacted with the UBX domain of UBXN1 via its proximal zinc-finger motif in the C-terminal domain. NiV V increased the level of UBXN1 protein by suppressing its proteolysis. Furthermore, NiV V suppressed RIG-I and MDA5-dependent interferon signaling by stabilizing UBXN1 and increasing the interaction between MAVS and UBXN1 in addition to directly interrupting the activation of MDA5. Our results suggest a novel molecular mechanism by which the induction of interferon is potentially suppressed by NiV V protein via UBXN1.,��https://www.ncbi.nlm.nih.gov/pubmed/29769705 ��Uchida, Shotaro
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Freiberg, A. N.���2018O��Favipiravir (T-705) protects against Nipah virus infection in the hamster model���7604���Sci Rep���8���1���May 154��Nipah and Hendra viruses are recently emerged bat-borne paramyxoviruses (genus Henipavirus) causing severe encephalitis and respiratory disease in humans with fatality rates ranging from 40-75%. Despite the severe pathogenicity of these viruses and their pandemic potential, no therapeutics or vaccines are currently approved for use in humans. Favipiravir (T-705) is a purine analogue antiviral approved for use in Japan against emerging influenza strains; and several phase 2 and 3 clinical trials are ongoing in the United States and Europe. Favipiravir has demonstrated efficacy against a broad spectrum of RNA viruses, including members of the Paramyxoviridae, Filoviridae, Arenaviridae families, and the Bunyavirales order. We now demonstrate that favipiravir has potent antiviral activity against henipaviruses. In vitro, favipiravir inhibited Nipah and Hendra virus replication and transcription at micromolar concentrations. In the Syrian hamster model, either twice daily oral or once daily subcutaneous administration of favipiravir for 14 days fully protected animals challenged with a lethal dose of Nipah virus. This first successful treatment of henipavirus infection in vivo with a small molecule drug suggests that favipiravir should be further evaluated as an antiviral treatment option for henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/29765101h��Dawes, Brian E
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Viral Proteins/genetics/*immunology/metabolism���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus in the family Paramyxoviridae. Henipavirus infections were first reported in the 1990's causing severe and often fatal outbreaks in domestic animals and humans in Southeast Asia and Australia. NiV infections were observed in humans in Bangladesh, India and in the first outbreak in Malaysia, where pigs were also infected. HeV infections occurred in horses in the North-Eastern regions of Australia, with singular transmission events to humans. Bats of the genus Pteropus have been identified as the reservoir hosts for henipaviruses. Molecular and serological indications for the presence of henipa-like viruses in African fruit bats, pigs and humans have been published recently. In our study, truncated forms of HeV and NiV attachment (G) proteins as well as the full-length NiV nucleocapsid (N) protein were expressed using different expression systems. Based on these recombinant proteins, Enzyme-linked Immunosorbent Assays (ELISA) were developed for the detection of HeV or NiV specific antibodies in porcine serum samples. We used the NiV N ELISA for initial serum screening considering the general reactivity against henipaviruses. The G protein based ELISAs enabled the differentiation between HeV and NiV infections, since as expected, the sera displayed higher reactivity with the respective homologous antigens. In the future, these assays will present valuable tools for serosurveillance of swine and possibly other livestock or wildlife species in affected areas. Such studies will help assessing the potential risk for human and animal health worldwide by elucidating the distribution of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29708971���Fischer, Kerstin
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*Hendra
*Hendra virus
*matrix
*viral assembly���Jul 1Ý	�Hendra virus (HeV) is a zoonotic paramyxovirus belonging to the genus Henipavirus HeV is highly pathogenic, and it can cause severe neurological and respiratory illnesses in both humans and animals, with an extremely high mortality rate of up to 70%. Among the genes that HeV encodes, the matrix (M) protein forms an integral part of the virion structure and plays critical roles in coordinating viral assembly and budding. Nevertheless, the molecular mechanism of this process is not fully elucidated. Here, we determined the crystal structure of HeV M to 2.5-A resolution. The dimeric structural configuration of HeV M is similar to that of Newcastle disease virus (NDV) M and is fundamental to protein stability and effective virus-like-particle (VLP) formation. Analysis of the crystal packing revealed a notable interface between the alpha1 and alpha2 helices of neighboring HeV M dimers, with key residues sharing degrees of sequence conservation among henipavirus M proteins. Structurally, a network of electrostatic interactions dominates the alpha1-alpha2 interactions, involving residues Arg57 from the alpha1 helix and Asp105 and Glu108 from the alpha2 helix. The disruption of the alpha1-alpha2 interactions using engineered charge reversal substitutions (R57E, R57D, and E108R) resulted in significant reduction or abrogation of VLP production. This phenotype was reversible with an R57E E108R mutant that was designed to partly restore salt bridge contacts. Collectively, our results define and validate previously underappreciated regions of henipavirus M proteins that are crucial for productive VLP assembly.IMPORTANCE Hendra virus is a henipavirus associated with lethal infections in humans. It is classified as a biosafety level 4 (BSL4) agent, and there are currently no preventive or therapeutic treatments available against HeV. Vital to henipavirus pathogenesis, the structural protein M has been implicated in viral assembly and budding, as well as host-virus interactions. However, there is no structural information available for henipavirus M, and the basis of M-driven viral assembly is not fully elucidated. We demonstrate the first three-dimensional structure of a henipavirus M protein. We show the dimeric organization of HeV M as a basic unit for higher-order oligomerization. Additionally, we define key regions/residues of HeV M that are required for productive virus-like-particle formation. These findings provide the first insight into the mechanism of M-driven assembly in henipavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/29695428Á��Liu, Yu Chih
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virus-neutralising antibody titres���May���OBJECTIVE: To determine the antibody responses to a commercial Hendra virus vaccine (Equivac(R) HeV) in a field environment. METHODS: A group of 61 horses received a primary vaccination course comprising two doses administered 3-6 weeks apart (V1, V2) and a 3rd dose (V3) given 6 months after the second. This was followed by booster vaccinations at 12 monthly intervals (V4, V5). Antibody titres were assessed using a virus-neutralisation test. RESULTS: Neutralising antibodies against HeV were not detected prior to vaccination. Antibodies were detected in 54/57 horses at 3 weeks after V1 and 51/51 had titres >/= 32 at 8 weeks after V2. At 6 months after V2, antibody titres decreased in most (31/34) horses and were not detected in three horses. A rapid increase in antibody titres was recorded in 35/36 horses at 1 week following V3. By the first annual booster vaccination (V4), antibodies were still detectable in 29/29 horses, although titres had decreased; in 26/29 horses, titres remained >/= 32. All horses showed an increase in antibody titres after V4. There was no statistically significant increase in mean antibody titre after V5, compared with after V4. CONCLUSION: Horses administered Equivac(R) HeV, using a primary vaccination course followed by annual booster vaccinations, mounted an effective secondary immune response and acquired antibody responses that were consistent with protective immunity against HeV in the form of virus-neutralising antibodies. No adverse events were observed after vaccine administration.,��https://www.ncbi.nlm.nih.gov/pubmed/29691855¡��Tan, Rhh
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alpha-MoREs���Apr 24���Henipavirus, including Hendra virus (HeV) and Nipah virus (NiV), is a newly discovered human pathogen genus. The nucleoprotein of Henipavirus contains an alpha-helical molecular recognition element (alpha-MoRE) that folds upon binding to the X domain (XD) of the phosphoprotein (P). In order to explore the conformational dynamics of free alpha-MoREs and the underlying binding-folding mechanism with XD, atomic force field-based and hybrid structure-based MD simulations were carried out. In our empirical force field-based simulations, characteristic structures and helicities of alpha-MoREs reveal the co-existence of partially structured and disordered conformations, as in the case of the well characterized cognate measles virus (MeV) alpha-MoRE. In spite of their overall similarity, the two alpha-MoREs display subtle helicity differences in their C-terminal region, but much different from that of MeV. For the alpha-MoRE/XD complexes, the results of our hybrid structure-based simulations provide the coupled binding-folding landscapes, and unveil a wide conformational selection mechanism at early binding stages, followed by a final induce-fit mechanism selection process. However, the HeV and NiV complexes have a lower binding barrier compared to that of MeV. Moreover, the HeV alpha-MoRE/XD complex shows much less coupling effects between binding and folding compared to that from both NiV and MeV. Our analysis revealed that contrary to NiV and MeV, the N- and C-terminal regions of the HeV alpha-MoRE maintains a low helicity also in the bound form.,��https://www.ncbi.nlm.nih.gov/pubmed/29691656­��Shang, Xu
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Surface expression���May}��Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can cause severe infections in livestock and humans. In recent years, also African bat henipaviruses were identified at the nucleic acid level. To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins required for virus entry and spread by cell-cell fusion. It has been shown that surface expression and fusion-helper function of the receptor-binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G proteins. Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER. As defects in oligomerization of viral glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern of KV G. In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively formed stable tetramers or higher oligomers. KV G also showed less stringent requirements for defined stalk cysteines to form dimers and tetramers. Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression and receptor binding was unchanged. This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/29685227Ã��Behner, Laura
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*outbreaks���Jun¹��Nipah virus, a paramyxovirus related to Hendra virus, first emerged in Malaysia in 1998. Clinical presentation ranges from asymptomatic infection to fatal encephalitis. Malaysia has had no more cases since 1999, but outbreaks continue to occur in Bangladesh and India. In the Malaysia-Singapore outbreak, transmission occurred primarily through contact with pigs, whereas in Bangladesh and India, it is associated with ingestion of contaminated date palm sap and human-to-human transmission. Bats are the main reservoir for this virus, which can cause disease in humans and animals. There are currently no effective therapeutics, and supportive care and prevention are the mainstays of management.,��https://www.ncbi.nlm.nih.gov/pubmed/29643201­��Ang, Brenda S P
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R1479���May���Ebolaviruses, marburgviruses, and henipaviruses are zoonotic pathogens belonging to the Filoviridae and Paramyxoviridae families. They exemplify viruses that continue to spill over into the human population, causing outbreaks characterized by high mortality and significant clinical sequelae in survivors of infection. There are currently no approved small molecule therapeutics for use in humans against these viruses. In this study, we evaluated the antiviral activity of the nucleoside analog 4'-azidocytidine (4'N3-C, R1479) and its 2'-monofluoro- and 2'-difluoro-modified analogs (2'F-4'N3-C and 2'diF-4'N3-C) against representative paramyxoviruses (Nipah virus, Hendra virus, measles virus, and human parainfluenza virus 3) and filoviruses (Ebola virus, Sudan virus, and Ravn virus). We observed enhanced antiviral activity against paramyxoviruses with both 2'diF-4'N3-C and 2'F-4'N3-C compared to R1479. On the other hand, while R1479 and 2'diF-4'N3-C inhibited filoviruses similarly to paramyxoviruses, we observed 10-fold lower filovirus inhibition by 2'F-4'N3-C. To our knowledge, this is the first study to compare the susceptibility of paramyxoviruses and filoviruses to R1479 and its 2'-fluoro-modified analogs. The activity of these compounds against negative-strand RNA viruses endorses the development of 4'-modified nucleoside analogs as broad-spectrum therapeutics against zoonotic viruses of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/29601894���Lo, Michael K
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789;��Laing, Eric D
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neurons���May 15 ��Horses are susceptible to a number of neurotropic viruses, including West Nile virus (WNV), which is a pathogen of global significance in both horses and humans. However, there are no in vitro models with which to study infectious neuropathic diseases in the horse. In an effort to redress this, we have generated neurons from equine induced pluripotent stem cells (equiPSCs) that express a range of cortical neuron-specific markers, in addition to the membrane-bound ligand ephrin B3, which plays an important role in axon guidance as well as functioning as the receptor through which henipaviruses, such as Hendra virus, enter mammalian neurons. EquiPSC-derived neurons spontaneously depolarize with waves of depolarization conducted unidirectionally to adjacent neurons. We sought to confirm that equiPSC-derived neurons are a possible in vitro model for viral neuropathic diseases in the horse by examining their susceptibility to infection with flaviviruses that are known to be neurotropic in horses, including WNV and Murray Valley encephalitis virus (MVEV), and to compare these to nonpathogenic flaviviruses such as Fitzroy River virus (FRV) and Bamaga virus (BgV). All three strains of WNV tested in this study grew to high titres in the equiPSC-derived neurons, inducing a strong cytopathic effect (cpe), as did MVEV. In contrast, FRV showed restricted replication, and no cpe, which is consistent with the observation that FRV infects, but does not cause disease, in horses. BgV, which is thought to infect only marsupials, did not replicate in the equiPSC-derived neurons. Hence, our equiPSC-derived neurons display virus-specific differences in terms of viral titre and cpe that are similar to observations made in vivo, thus supporting their use as an in vitro model for neurotropic viral infection in horses.,��https://www.ncbi.nlm.nih.gov/pubmed/29562867Ù��Fortuna, Patrick R J
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Viruses/classification/*growth & developmentb��The goal of this study was to evaluate survival of important viral pathogens of livestock in animal feed ingredients imported daily into the United States under simulated transboundary conditions. Eleven viruses were selected based on global significance and impact to the livestock industry, including Foot and Mouth Disease Virus (FMDV), Classical Swine Fever Virus (CSFV), African Swine Fever Virus (ASFV), Influenza A Virus of Swine (IAV-S), Pseudorabies virus (PRV), Nipah Virus (NiV), Porcine Reproductive and Respiratory Syndrome Virus (PRRSV), Swine Vesicular Disease Virus (SVDV), Vesicular Stomatitis Virus (VSV), Porcine Circovirus Type 2 (PCV2) and Vesicular Exanthema of Swine Virus (VESV). Surrogate viruses with similar genetic and physical properties were used for 6 viruses. Surrogates belonged to the same virus families as target pathogens, and included Senecavirus A (SVA) for FMDV, Bovine Viral Diarrhea Virus (BVDV) for CSFV, Bovine Herpesvirus Type 1 (BHV-1) for PRV, Canine Distemper Virus (CDV) for NiV, Porcine Sapelovirus (PSV) for SVDV and Feline Calicivirus (FCV) for VESV. For the remaining target viruses, actual pathogens were used. Virus survival was evaluated using Trans-Pacific or Trans-Atlantic transboundary models involving representative feed ingredients, transport times and environmental conditions, with samples tested by PCR, VI and/or swine bioassay. SVA (representing FMDV), FCV (representing VESV), BHV-1 (representing PRV), PRRSV, PSV (representing SVDV), ASFV and PCV2 maintained infectivity during transport, while BVDV (representing CSFV), VSV, CDV (representing NiV) and IAV-S did not. Notably, more viruses survived in conventional soybean meal, lysine hydrochloride, choline chloride, vitamin D and pork sausage casings. These results support published data on transboundary risk of PEDV in feed, demonstrate survival of certain viruses in specific feed ingredients ("high-risk combinations") under conditions simulating transport between continents and provide further evidence that contaminated feed ingredients may represent a risk for transport of pathogens at domestic and global levels.,��https://www.ncbi.nlm.nih.gov/pubmed/29558524û��Dee, Scott A
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Virus Shedding���Mar¾��Henipavirus infection causes severe respiratory and neurological disease in humans that can be fatal. To characterize the pathogenic mechanisms of henipavirus infection in vivo, we performed experimental infections in ferrets followed by genome-wide gene expression analysis of lung and brain tissues. The Hendra, Nipah-Bangladesh, and Nipah-Malaysia strains caused severe respiratory and neurological disease with animals succumbing around 7 days post infection. Despite the presence of abundant viral shedding, animal-to-animal transmission did not occur. The host gene expression profiles of the lung tissue showed early activation of interferon responses and subsequent expression of inflammation-related genes that coincided with the clinical deterioration. Additionally, the lung tissue showed unchanged levels of lymphocyte markers and progressive downregulation of cell cycle genes and extracellular matrix components. Infection in the brain resulted in a limited breadth of the host responses, which is in accordance with the immunoprivileged status of this organ. Finally, we propose a model of the pathogenic mechanisms of henipavirus infection that integrates multiple components of the host responses.,��https://www.ncbi.nlm.nih.gov/pubmed/295383741��Leon, Alberto J
Borisevich, Viktoriya
Boroumand, Nahal
Seymour, Robert
Nusbaum, Rebecca
Escaffre, Olivier
Xu, Luoling
Kelvin, David J
Rockx, Barry
eng
Research Support, Non-U.S. Gov't
2018/03/15 06:00
PLoS Negl Trop Dis. 2018 Mar 14;12(3):e0006343. doi: 10.1371/journal.pntd.0006343. eCollection 2018 Mar.*��1935-2735 (Electronic)
1935-2727 (Linking)
��PMC5868854���29538374×��Division of Experimental Therapeutics, Toronto General Research Institute, University Health Network, Toronto, Ontario, Canada.
Department of Pathology, University of Texas Medical Branch, Galveston, TX, United States of America.
Microbiology & Immunology, University of Texas Medical Branch, Galveston, TX, United States of America.
Institute of Human Infections and Immunity, University of Texas Medical Branch, Galveston, TX, United States of America.
Department of Microbiology and Immunology, Dalhousie University, Halifax, Canada.
International Institute of Infection and Immunity, Shantou University Medical College, Shantou, PRC.
Department of Viroscience, Erasmus University Medical Center, Rotterdam, The Netherlands.���10.1371/journal.pntd.0006343��
���üÒtÿî?W���~��Welch, S. R.
Chakrabarti, A. K.
Wiggleton Guerrero, L.
Jenks, H. M.
Lo, M. K.
Nichol, S. T.
Spiropoulou, C. F.
Albarino, C. G.���2018g��Development of a reverse genetics system for Sosuga virus allows rapid screening of antiviral compounds���e0006326���PLoS Negl Trop Dis���12���3Î��Animals
Antiviral Agents/*pharmacology
Cell Line
Chiroptera/virology
Humans
Paramyxoviridae/*genetics/physiology
Paramyxoviridae Infections/virology
Reverse Genetics/*methods
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tight junction.}��The blood brain barrier consisting of astrocytes, pericytes and brain microvascular endothelial cells plays a vital role in the pathogenesis of neurotropic viruses by controlling the access of circulating molecules, immune cells or viruses into the central nervous system (CNS). However, this barrier is not impenetrable and neuroviruses have evolved to disrupt and evade it. This review aims to describe the underlying entry mechanisms of several neuroviruses such as (Japanese encephalitis virus (JEV), West Nile virus (WNV), Zika virus (ZIKV), Nipah virus (NiV), Rabies virus (RABV), Herpes simplex virus (HSV) and Human immunodeficiency virus (HIV)) into the CNS through BBB disruption. The mechanisms, through which neurotropic viruses enter the BBB, are being studied and are becoming clearer, however, some aspects still remain unknown. Some of these viruses are able to invade the brain parenchyma by a 'Trojan horse' mechanism, through diapedesis of infected immune cells that either cross the BBB paracellularly or transcellularly. Important mechanisms of BBB disruption associated with paracellular entry of viruses include alterations in expression or phosphorylation of tight junction proteins, disruption of the basal lamina and disruption of the actin cytoskeleton. In the absence of such mechanisms, indirect effects of viruses on the immune system are likely causes of barrier disruption.,��https://www.ncbi.nlm.nih.gov/pubmed/29521099«��Al-Obaidi, M M Jamil
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*Henipaviruses���Mar6��Bat-borne viruses carry undeniable risks to the health of human beings and animals, and there is growing recognition of the need for a 'One Health' approach to understand their frequently complex spill-over routes. While domesticated animals can play central roles in major spill-over events of zoonotic bat-borne viruses, for example during the pig-amplified Malaysian Nipah virus outbreak of 1998-1999, the extent of their potential to act as bridging or amplifying species for these viruses has not been characterised systematically. This review aims to compile current knowledge on the role of domesticated animals as hosts of two types of bat-borne viruses, henipaviruses and filoviruses. A systematic literature search of these virus-host interactions in domesticated animals identified 72 relevant studies, which were categorised by year, location, design and type of evidence generated. The review then focusses on Africa as a case study, comparing research efforts in domesticated animals and bats with the distributions of documented human cases. Major gaps remain in our knowledge of the potential ability of domesticated animals to contract or spread these zoonoses. Closing these gaps will be necessary to fully evaluate and mitigate spill-over risks of these viruses, especially with global agricultural intensification.,��https://www.ncbi.nlm.nih.gov/pubmed/29486875(��Glennon, Emma E
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validation���May���Obtaining statistically sound numbers of sera from Hendra virus (HeV)-infected horses is problematic because affected individuals usually die or are euthanized before developing a serum antibody response. As a consequence, test validation becomes a challenge. Our approach is an extension of OIE principles for provisional recognition and included 7 validation panels tested across multiple laboratories that provided estimates for test performance characteristics. At a 0.4 S/P cutoff, 16 of 19 sera from HeV-infected horses gave positive results in the HeV soluble G, indirect ELISA (HeVsG iELISA; DSe 84.2% [95% CI: 60.4-96.6%]); 463 of 477 non-infected horse sera tested negative (DSp 97.1% [95% CI: 95.1-98.4%]). The HeVsG iELISA eliminated almost all false-positive results from the previously used HeV iELISA, with marginally decreased relative sensitivity. Assay robustness was evaluated in inter-laboratory and proficiency testing panels. The HeVsG iELISA is considered to be fit for purpose for serosurveillance and international movement of horses when virus neutralization is used for follow-up testing of positive or inconclusive serum samples.,��https://www.ncbi.nlm.nih.gov/pubmed/29463198Þ��Colling, Axel
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�The paramyxovirus replication machinery comprises the viral large (L) protein and phosphoprotein (P-protein) in addition to the nucleocapsid (N) protein, which encapsidates the single-stranded RNA genome. Common to paramyxovirus N proteins is a C-terminal tail (Ntail). The mechanistic role and relevance for virus replication of the structurally disordered central Ntail section are unknown. Focusing initially on members of the Morbillivirus genus, a series of measles virus (MeV) and canine distemper virus (CDV) N proteins were generated with internal deletions in the unstructured tail section. N proteins with large tail truncations remained bioactive in mono- and polycistronic minireplicon assays and supported efficient replication of recombinant viruses. Bioactivity of Ntail mutants extended to N proteins derived from highly pathogenic Nipah virus. To probe an effect of Ntail truncations on viral pathogenesis, recombinant CDVs were analyzed in a lethal CDV/ferret model of morbillivirus disease. The recombinant viruses displayed different stages of attenuation ranging from ameliorated clinical symptoms to complete survival of infected animals, depending on the molecular nature of the Ntail truncation. Reinfection of surviving animals with pathogenic CDV revealed robust protection against a lethal challenge. The highly attenuated virus was genetically stable after ex vivo passaging and recovery from infected animals. Mechanistically, gradual viral attenuation coincided with stepwise altered viral transcriptase activity in infected cells. These results identify the central Ntail section as a determinant for viral pathogenesis and establish a novel platform to engineer gradual virus attenuation for next-generation paramyxovirus vaccine design.IMPORTANCE Investigating the role of the paramyxovirus N protein tail domain (Ntail) in virus replication, we demonstrated in this study that the structurally disordered central Ntail region is a determinant for viral pathogenesis. We show that internal deletions in this Ntail region of up to 55 amino acids in length are compatible with efficient replication of recombinant viruses in cell culture but result in gradual viral attenuation in a lethal canine distemper virus (CDV)/ferret model. Mechanistically, we demonstrate a role of the intact Ntail region in the regulation of viral transcriptase activity. Recombinant viruses with Ntail truncations induce protective immunity against lethal challenge of ferrets with pathogenic CDV. This identification of the unstructured central Ntail domain as a nonessential paramyxovirus pathogenesis factor establishes a foundation for harnessing Ntail truncations for vaccine engineering against emerging and reemerging members of the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/29437959���Thakkar, Vidhi D
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Virus Replication���Feb���Paramyxoviruses represent a family of RNA viruses causing significant human diseases. These include measles virus, the most infectious virus ever reported, in addition to parainfluenza virus, and other emerging viruses. Paramyxoviruses likely share common replication machinery but their mechanisms of RNA biosynthesis activities and details of their complex polymerase structures are unknown. Mechanistic and functional details of a paramyxovirus polymerase would have sweeping implications for understanding RNA virus replication and for the development of new antiviral medicines. To study paramyxovirus polymerase structure and function, we expressed an active recombinant Nipah virus (NiV) polymerase complex assembled from the multifunctional NiV L protein bound to its phosphoprotein cofactor. NiV is an emerging highly pathogenic virus that causes severe encephalitis and has been declared a global public health concern due to its high mortality rate. Using negative-stain electron microscopy, we demonstrated NiV polymerase forms ring-like particles resembling related RNA polymerases. We identified conserved sequence elements driving recognition of the 3'-terminal genomic promoter by NiV polymerase, and leading to initiation of RNA synthesis, primer extension, and transition to elongation mode. Polyadenylation resulting from NiV polymerase stuttering provides a mechanistic basis for transcription termination. It also suggests a divergent adaptation in promoter recognition between pneumo- and paramyxoviruses. The lack of available antiviral therapy for NiV prompted us to identify the triphosphate forms of R1479 and GS-5734, two clinically relevant nucleotide analogs, as substrates and inhibitors of NiV polymerase activity by delayed chain termination. Overall, these findings provide low-resolution structural details and the mechanism of an RNA polymerase from a previously uncharacterized virus family. This work illustrates important functional differences yet remarkable similarities between the polymerases of nonsegmented negative-strand RNA viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29425244���Jordan, Paul C
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vaccination���AprO��OBJECTIVE: To evaluate the effect of Equivac(R) HeV Hendra virus vaccine on Thoroughbred racing performance. DESIGN: Retrospective pre-post intervention study. METHODS: Thoroughbreds with at least one start at one of six major south-eastern Queensland race tracks between 1 July 2012 and 31 December 2016 and with starts in the 3-month periods before and after Hendra virus vaccinations were identified. Piecewise linear mixed models compared the trends in 'Timeform rating' and 'margin to winner' before and after initial Hendra virus vaccination. Generalised linear mixed models similarly compared the odds of 'winning', 'placing' (1st-3rd) and 'winning any prize money'. Timeform rating trends were also compared before and after the second and subsequent vaccinations. RESULTS: Analysis of data from 4208 race starts by 755 horses revealed no significant difference in performance in the 3 months before versus 3 months after initial Hendra vaccination for Timeform rating (P = 0.32), 'Margin to winner' (P = 0.45), prize money won (P = 0.25), wins (P = 0.64) or placings (P = 0.77). Further analysis for Timeform rating for 7844 race starts by 928 horses failed to identify any significant change in Timeform rating trends before versus after the second and subsequent vaccinations (P = 0.16) or any evidence of a cumulative effect for the number of vaccines received (P = 0.22). CONCLUSION: No evidence of an effect of Hendra virus vaccination on racing performance was found. The findings allow owners, trainers, industry regulators and animal health authorities to make informed decisions about vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/29399777­��Schemann, K
Annand, E J
Reid, P A
Lenz, M F
Thomson, P C
Dhand, N K
eng
England
2018/02/06 06:00
Aust Vet J. 2018 Apr;96(4):132-141. doi: 10.1111/avj.12679. Epub 2018 Feb 4.*��1751-0813 (Electronic)
0005-0423 (Linking)���29399777Æ��Sydney School of Veterinary Science, The University of Sydney, 425 Werombi Road, Camden, New South Wales 2570, Australia.
Marie Bashir Institute for Emerging Infectious Diseases, The University of Sydney, Sydney, NSW, Australia.
Equine veterinary surgeon, Brisbane, Queensland, Australia.
Queensland Racing Integrity Commission, Brisbane, Queensland, Australia.
School of Life and Environmental Sciences, The University of Sydney, Sydney, NSW, Australia.���10.1111/avj.12679��\��üÒtÿî?^������Kumar, R.
Patil, R. D.���2017d��Cryptic etiopathological conditions of equine nervous system with special emphasis on viral diseases	��1427-1438	��Vet World���10���126��diagnosis
encephalitis
equine
nervous system
pathology���Decw��The importance of horse (Equus caballus) to equine practitioners and researchers cannot be ignored. An unevenly distributed population of equids harbors numerous diseases, which can affect horses of any age and breed. Among these, the affections of nervous system are potent reason for death and euthanasia in equids. Many episodes associated with the emergence of equine encephalitic conditions have also pose a threat to human population as well, which signifies their pathogenic zoonotic potential. Intensification of most of the arboviruses is associated with sophisticated interaction between vectors and hosts, which supports their transmission. The alphaviruses, bunyaviruses, and flaviviruses are the major implicated groups of viruses involved with equines/humans epizootic/epidemic. In recent years, many outbreaks of deadly zoonotic diseases such as Nipah virus, Hendra virus, and Japanese encephalitis in many parts of the globe addresses their alarming significance. The equine encephalitic viruses differ in their global distribution, transmission and main vector species involved, as discussed in this article. The current review summarizes the status, pathogenesis, pathology, and impact of equine neuro-invasive conditions of viral origin. A greater understanding of these aspects might be able to provide development of advances in neuro-protective strategies in equine population.,��https://www.ncbi.nlm.nih.gov/pubmed/29391683 ��Kumar, Rakesh
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Zoonotic diseases���Novò��Aim: Farms that are neighboring wildlife sanctuaries are at risk of spillover infection from wildlife, and the objective of this research is to examine the species diversity of Malaysian fruit bats in livestock farm in determining the possible risk of spill over infection to livestock. Materials and Methods: Fifty individual fruit bats were captured using six mists net, from May to July 2017. The nets were set at dusk (1830 h) as bats emerge for foraging and monitored at every 30-min intervals throughout the night until dawn when they returned to the roost. The nets were closed for the day until next night, and captured bats were identified to species levels. Results: All the captured bats were mega chiropterans, and Cynopterus brachyotis was the highest captured species, representing 40% of the total capture. Shannon-Weiner index is 2.80, and Simpson index is 0.2. Our result suggests that there is a degree of species dominance with low diversity in Lenggong Livestock Breeding Center. Conclusion: We concluded that fruit bats are indeed, encroaching livestock areas and the species identified could be a potential source of infection to susceptible livestock. Hence, an active surveillance should be embarked on farms that border wildlife sanctuaries.,��https://www.ncbi.nlm.nih.gov/pubmed/29263588Ø��Mikail, Muhammed
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Water/chemistry���Dec 19ÿ��Intrinsically disordered proteins (IDPs) lack stable secondary and tertiary structure under physiological conditions in the absence of their biological partners and thus exist as dynamic ensembles of interconverting conformers, often highly soluble in water. However, in some cases, IDPs such as the ones involved in neurodegenerative diseases can form protein aggregates and their aggregation process may be triggered by the interaction with membranes. Although the interfacial behavior of globular proteins has been extensively studied, experimental data on IDPs at the air/water (A/W) and water/lipid interfaces are scarce. We studied here the intrinsically disordered C-terminal domain of the Hendra virus nucleoprotein (NTAIL) and compared its interfacial properties to those of lysozyme that is taken as a model globular protein of similar molecular mass. Adsorption of NTAIL at the A/W interface was studied in the absence and presence of phospholipids using Langmuir films, polarization modulated-infrared reflection-absorption spectroscopy, and an automated drop tensiometer for interfacial tension and elastic modulus determination with oscillating bubbles. NTAIL showed a significant surface activity, with a higher adsorption capacity at the A/W interface and penetration into egg phosphatidylcholine monolayer compared to lysozyme. Whereas lysozyme remains folded upon compression of the protein layer at the A/W interface and shows a quasi-pure elastic behavior, NTAIL shows a much higher molecular area and forms a highly viscoelastic film with a high dilational modulus. To our knowledge, a new disorder-to-order transition is thus observed for the NTAIL protein that folds into an antiparallel beta-sheet at the A/W interface and presents strong intermolecular interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/29262365è��Benarouche, Anais
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*viruses���Jan®��Nipah virus (NiV) has been transmitted from patient to caregivers in Bangladesh presumably through oral secretions. We aimed to detect whether NiV-infected patients contaminate hospital surfaces with the virus. During December 2013-April 2014, we collected 1 swab sample from 5 surfaces near NiV-infected patients and tested surface and oral swab samples by real-time reverse transcription PCR for NiV RNA. We identified 16 Nipah patients; 12 cases were laboratory-confirmed and 4 probable. Of the 12 laboratory-confirmed cases, 10 showed NiV RNA in oral swab specimens. We obtained surface swab samples for 6 Nipah patients; 5 had evidence of NiV RNA on >1 surface: 4 patients contaminated towels, 3 bed sheets, and 1 the bed rail. Patients with NiV RNA in oral swab samples were significantly more likely than other Nipah patients to die. To reduce the risk for fomite transmission of NiV, infection control should target hospital surfaces.,��https://www.ncbi.nlm.nih.gov/pubmed/29260663%��Hassan, Md Zakiul
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Review of impact
Sick day rules���AugÀ��Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, pp 1-22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortality and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reactive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/29188454ª��Sykes, Lynne
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Questionnaire���Dec 1°��In recent years, outbreaks of exotic as well as newly emerging infectious diseases have highlighted the importance of biosecurity for the Australian horse industry. As the first potentially fatal zoonosis transmissible from horses to humans in Australia, Hendra virus has emphasised the need to incorporate sound hygiene and general biosecurity practices into day-to-day horse management. Recommended measures are widely publicised, but implementation is at the discretion of the individual owner. This cross-sectional study aimed to determine current levels of biosecurity of horse owners and to identify factors influencing the uptake of practices utilising data from an online survey. Level of biosecurity (low, medium, high), as determined by horse owners' responses to a set of questions on the frequency of various biosecurity practices performed around healthy (9 items) and sick horses (10 items), was used as a composite outcome variable in ordinal logistic regression analyses. The majority of horse owners surveyed were female (90%), from the states of Queensland (45%) or New South Wales (37%), and were involved in either mainly competitive/equestrian sports (37%) or recreational horse activities (35%). Seventy-five percent of owners indicated that they follow at least one-third of the recommended practices regularly when handling their horses, resulting in medium to high levels of biosecurity. Main factors associated with a higher level of biosecurity were high self-rated standard of biosecurity, access to personal protective equipment, absence of flying foxes in the local area, a good sense of control over Hendra virus risk, likelihood of discussing a sick horse with a veterinarian and likelihood of suspecting Hendra virus in a sick horse. Comparison of the outcome variable with the self-rated standard of biosecurity showed that over- as well as underestimation occurred. This highlights the need for continuous communication and education to enhance awareness and understanding of what biosecurity is and how it aligns with good horsemanship. Overall, strengthened biosecurity practices will help to improve animal as well as human health and increase preparedness for future disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/29157371%��Wiethoelter, Anke K
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tricarboxylic acid cycle���Nov���We present a case of a woman in her 70 s, on cyclophosphamide for multiple myeloma, who was admitted to critical care with grade III acute kidney injury. Renal replacement therapy with regional citrate anticoagulation was commenced. Shortly thereafter her systemic-ionised calcium levels fell and remained stubbornly low until post-filter calcium return was doubled. Her total-to-ionised calcium ratio gradually increased and so, to avoid further accumulation of citrate, anticoagulation was changed to heparin. Cyclophosphamide, which accumulates in renal failure, is known to interfere with key enzymes involved in the tricarboxylic acid cycle. We postulate that cyclophosphamide interfered with her citrate metabolism, resulting in persistent systemic chelation of calcium.,��https://www.ncbi.nlm.nih.gov/pubmed/29123570¦��Hendra, Tim
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*Virus-like particles���Feb 10´��Virions are often described as virus-only entities with no cellular components with the exception of the lipids in their membranes. However, advances in proteomics are revealing substantial amounts of host proteins in the viral particles. In the case of Nipah virus (NiV), the viral components in the virion have been known for some time. Nonetheless, no information has been obtained regarding the cellular proteins in the viral particles. To address this question, we produced Virus-Like Particles (VLPs) for NiV by expressing the F, G and M proteins in human-derived cells. Next, the proteomic content in these VLPs was analyzed by LC-MS/MS. We identified 67 human proteins including soluble and membrane-bound proteins involved in vesicle sorting and transport. Interestingly, many of them have been reported to interact with other viruses. Finally, thanks to the semi-quantitative nature of our data we were able to estimate the ratio among F, G and M proteins and also the ratio between cellular and viral proteins in the VLPs. We believe our data contribute to the better understanding of NiV life cycle and might facilitate future attempts for developing antiviral agents and the design of further experimental studies for this deadly infection. BIOLOGICAL SIGNIFICANCE: Traditionally viral particles have been described as pure entities carrying only viral-derived proteins. Advances in proteomics are changing this simplified view. Host proteins have been identified in many viruses (especially in enveloped viruses). These cell-derived proteins participate in multiple steps in the viral life cycle and might be as important for the survival of the virus as any other viral-encoded protein. In this work, we analyze utilizing LC-MS/MS the cellular proteins incorporated or bound to the virions of Nipah virus (NiV), an emerging, highly pathogenic, zoonotic virus from the Paramyxoviridiae family. Furthermore, we analyzed the ratio between cellular and viral proteins and among the viral F, G and M proteins in the viral particles. The characterization of the Nipah virus-human interactions occurring in the virion might facilitate the development of new therapeutic and prophylactic therapies for this viral illness.,��https://www.ncbi.nlm.nih.gov/pubmed/29092793���Vera-Velasco, Natalia Mara
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*viral vectors���Dec 2ý��The 2014-15 Ebola outbreak in West Africa highlighted the potential for large disease outbreaks caused by emerging pathogens and has generated considerable focus on preparedness for future epidemics. Here we discuss drivers, strategies and practical considerations for developing vaccines against outbreak pathogens. Chimpanzee adenoviral (ChAd) vectors have been developed as vaccine candidates for multiple infectious diseases and prostate cancer. ChAd vectors are safe and induce antigen-specific cellular and humoral immunity in all age groups, as well as circumventing the problem of pre-existing immunity encountered with human Ad vectors. For these reasons, such viral vectors provide an attractive platform for stockpiling vaccines for emergency deployment in response to a threatened outbreak of an emerging pathogen. Work is already underway to develop vaccines against a number of other outbreak pathogens and we will also review progress on these approaches here, particularly for Lassa fever, Nipah and MERS.,��https://www.ncbi.nlm.nih.gov/pubmed/29083948å��Ewer, Katie
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de Wit, E.���2018���Transmission of henipaviruses���7-11���Curr Opin Virol���28���FebÞ��The genus Henipavirus has expanded rapidly in geographic range, number of species, and host range. Hendra and Nipah virus are two henipaviruses known to cause severe disease in humans with a high case-fatality rate. Pteropid spp. bats are the natural reservoir of Hendra and Nipah virus. From these bats, virus can be transmitted to an amplifying host, horses and pigs, and from these hosts to humans, or the virus can be transmitted directly to humans. Although the main route of shedding varies between host species, close contact is required for transmission in all hosts. Understanding the transmission routes of Hendra and Nipah virus in their respective hosts is essential for devising strategies to block zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/29035743ô��Weatherman, Sarah
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interferon lambda���Octj��Highly pathogenic Nipah virus (NiV) generally causes severe encephalitis in humans. Respiratory symptoms are infrequently observed, likely reflecting variations in infection kinetics in human airways. Supporting this idea, we recently identified individual differences in NiV replication kinetics in cultured airway epithelia from different human donors. As type III interferons (IFN-lambda) represent major players in the defence mechanism against viral infection of the respiratory mucosa, we studied IFN-lambda induction and antiviral activity in NiV-infected primary differentiated human bronchial epithelial cells (HBEpCs) cultured under air-liquid interface conditions. Our studies revealed that IFN-lambda was upregulated in airway epithelia upon NiV infection. We also show that IFN-lambda pretreatment efficiently inhibited NiV replication. Interestingly, the antiviral activity of IFN-lambda varied in HBEpCs from two different donors. Increased sensitivity to IFN-lambda was associated with higher expression levels of IFN-lambda receptors, enhanced phosphorylation of STAT1, as well as enhanced induction of interferon-stimulated gene expression. These findings suggest that individual variations in IFN-lambda receptor expression affecting IFN responsiveness can play a functional role for NiV replication kinetics in human respiratory epithelial cells of different donors.,��https://www.ncbi.nlm.nih.gov/pubmed/28984239ê��Sauerhering, Lucie
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superstructure���Oct 1,��A new superstructure of the mineral camerolaite, Cu6Al3(OH)18(H2O)2[Sb(OH)6](SO4), has been refined in space group P\bar 1 with unit-cell parameters aP = 7.7660 (16), bP = 8.759 (4), cP = 11.306 (2) A, alphaP = 108.67 (4), betaP = 83.41 (3), gammaP = 126.64 (2) degrees , V = 581.6 (3) A(3) and Z = 1, with R1 = 0.0951 (all data). This is the first refined example of a cyanotrichite-group mineral in which long-range order of interlayer anions produces a superstructure along b, although diffuse scattering has previously been reported that corresponds to short-range order. Though the structure shares with other members of the cyanotrichite group a structural unit in which ribbons of edge-sharing Cu and Al octahedra form layers || (001), the superstructure arises from regular alternation of [SO4] and [Sb(OH)6] polyhedra along rods that lie between the layers, and phase coupling between rods that maximizes the distance between [SO4] groups of adjacent rods along a and c directions. This arrangement suggests an alternative nearly orthogonal choice of unit cell in F\bar 1 with parameters aF = 12.473 (26), bF = 8.759 (4), cF = 21.476 (7) A, alphaF = 85.94 (4), betaF = 95.91 (5), gammaF = 92.34 (9) degrees , which is recommended for comparing this structural variety of camerolaite with other members of the group.,��https://www.ncbi.nlm.nih.gov/pubmed/28981001ã��Mills, Stuart J
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Viral Envelope Proteins/*metabolism���Oct 3E��Nipah virus is an emergent paramyxovirus that causes deadly encephalitis and respiratory infections in humans. Two glycoproteins coordinate the infection of host cells, an attachment protein (G), which binds to cell surface receptors, and a fusion (F) protein, which carries out the process of virus-cell membrane fusion. The G protein binds to ephrin B2/3 receptors, inducing G conformational changes that trigger F protein refolding. Using an optical approach based on second harmonic generation, we show that monomeric and dimeric receptors activate distinct conformational changes in G. The monomeric receptor-induced changes are not detected by conformation-sensitive monoclonal antibodies or through electron microscopy analysis of G:ephrinB2 complexes. However, hydrogen/deuterium exchange experiments confirm the second harmonic generation observations and reveal allosteric changes in the G receptor binding and F-activating stalk domains, providing insights into the pathway of receptor-activated virus entry.Nipah virus causes encephalitis in humans. Here the authors use a multidisciplinary approach to study the binding of the viral attachment protein G to its host receptor ephrinB2 and show that monomeric and dimeric receptors activate distinct conformational changes in G and discuss implications for receptor-activated virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/28974687«��Wong, Joyce J W
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*Zinc Fingers���Oct 24���Henipaviruses are severe human pathogens within the Paramyxoviridae family. Beyond the P protein, the Henipavirus P gene also encodes the V protein which shares with P its N-terminal, intrinsically disordered region (PNT) and possesses a unique C-terminal domain predicted to be folded and to bind zinc (ZnFD). Henipavirus V proteins antagonize IFN signaling through PNT-mediated binding to STAT1, and several paramyxoviral V proteins promote STAT1 degradation through binding to DDB1. Structural and molecular information on Henipavirus V proteins is lacking, and their ability to interact with DDB1 has not been documented yet. We cloned the V genes from Nipah and Hendra viruses and purified the V proteins from E. coli and DDB1 from insect cells. Using analytical size-exclusion chromatography, CD and SAXS we characterized the V proteins and their domains. Using pull-down and MST we assessed their binding abilities towards DDB1. We show that PNT remains disordered also in the context of the V protein, while the ZnFD adopts a predominant beta conformation. We also show that the V proteins interact with DDB1 predominantly via their ZnFD. This is the first experimental characterization of the Henipavirus V proteins and the first experimental evidence of their interaction with DDB1. The DDB1-ZnFD interaction constitutes a promising target for antiviral strategies. These studies provide a conceptual asset to design new antiviral strategies expected to reduce or abrogate the ability of these viruses to escape the innate immune response. They also contribute to illuminating the conformational behaviour of proteins encompassing large intrinsically disordered domains.,��https://www.ncbi.nlm.nih.gov/pubmed/28972216���Salladini, Edoardo
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*infectious disease epidemiology���NovL��Understanding infection dynamics in animal hosts is fundamental to managing spillover and emergence of zoonotic infections. Hendra virus is endemic in Australian pteropodid bat populations and can be lethal to horses and humans. However, we know little about the factors driving Hendra virus prevalence in resevoir bat populations, making spillover difficult to predict. We use Hendra virus prevalence data collected from 13 000 pooled bat urine samples across space and time to determine if pulses of prevalence are periodic and synchronized across sites. We also test whether site-specific precipitation and temperature affect the amplitude of the largest annual prevalence pulses. We found little evidence for a periodic signal in Hendra virus prevalence. Although the largest amplitude pulses tended to occur over winter, pulses could also occur in other seasons. We found that Hendra virus prevalence was weakly synchronized across sites over short distances, suggesting that prevalence is driven by local-scale effects. Finally, we found that drier conditions in previous seasons and the abundance of Pteropus alecto were positively correlated with the peak annual values of Hendra virus prevalence. Our results suggest that in addition to seasonal effects, bat density and local climatic conditions interact to drive Hendra virus infection dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/28942750t��Paez, D J
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*Nipah virus���Sep5��Human Nipah virus (NiV) infection, often fatal in Bangladesh, is primarily transmitted by drinking raw date palm sap contaminated by Pteropus bats. We assessed the impact of a behavior change communication intervention on reducing consumption of potentially NiV-contaminated raw sap. During the 2012-2014 sap harvesting seasons, we implemented interventions in two areas and compared results with a control area. In one area, we disseminated a "do not drink raw sap" message and, in the other area, encouraged only drinking sap if it had been protected from bat contamination by a barrier ("only safe sap"). Post-intervention, 40% more respondents in both intervention areas reported knowing about a disease contracted through raw sap consumption compared with control. Reported raw sap consumption decreased in all areas. The reductions in the intervention areas were not significantly greater compared to the control. Respondents directly exposed to the "only safe sap" message were more likely to report consuming raw sap from a protected source than those with no exposure (25 vs. 15%, OR 2.0, 95% CI 1.5-2.6, P < 0.001). While the intervention increased knowledge in both intervention areas, the "only safe sap" intervention reduced exposure to potentially NiV-contaminated sap and should be considered for future dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/28905152G��Nahar, Nazmun
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*virus-host interactions���Dec 1P��Nipah virus is an emerging, highly pathogenic, zoonotic virus of the Paramyxoviridae family. Human transmission occurs by close contact with infected animals, the consumption of contaminated food, or, occasionally, via other infected individuals. Currently, we lack therapeutic or prophylactic treatments for Nipah virus. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. This aim led us to perform the present work, in which we identified 101 human-Nipah virus protein-protein interactions (PPIs), most of which (88) are novel. This data set provides a comprehensive view of the host complexes that are manipulated by viral proteins. Host targets include the PRP19 complex and the microRNA (miRNA) processing machinery. Furthermore, we explored the biologic consequences of the interaction with the PRP19 complex and found that the Nipah virus W protein is capable of altering p53 control and gene expression. We anticipate that these data will help in guiding the development of novel interventional strategies to counter this emerging viral threat.IMPORTANCE Nipah virus is a recently discovered virus that infects a wide range of mammals, including humans. Since its discovery there have been yearly outbreaks, and in some of them the mortality rate has reached 100% of the confirmed cases. However, the study of Nipah virus has been largely neglected, and currently we lack treatments for this infection. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. In the present work, we identified 101 human-Nipah virus protein-protein interactions using an affinity purification approach coupled with mass spectrometry. Additionally, we explored the cellular consequences of some of these interactions. Globally, this data set offers a comprehensive and detailed view of the host machinery's contribution to the Nipah virus's life cycle. Furthermore, our data present a large number of putative drug targets that could be exploited for the treatment of this infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28904190Î��Martinez-Gil, Luis
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*nucleoprotein���Nov 1õ	�Henipaviruses, such as Nipah (NiV) and Hendra (HeV) viruses, are highly pathogenic zoonotic agents within the Paramyxoviridae family. The phosphoprotein (P) gene products of the paramyxoviruses have been well characterized for their interferon (IFN) antagonist activity and their contribution to viral pathogenicity. In this study, we demonstrated that the nucleoprotein (N) of henipaviruses also prevents the host IFN signaling response. Reporter assays demonstrated that the NiV and HeV N proteins (NiV-N and HeV-N, respectively) dose-dependently suppressed both type I and type II IFN responses and that the inhibitory effect was mediated by their core domains. Additionally, NiV-N prevented the nuclear transport of signal transducer and activator of transcription 1 (STAT1) and STAT2. However, NiV-N did not associate with Impalpha5, Impbeta1, or Ran, which are members of the nuclear transport system for STATs. Although P protein is known as a binding partner of N protein and actively retains N protein in the cytoplasm, the IFN antagonist activity of N protein was not abolished by the coexpression of P protein. This suggests that the IFN inhibition by N protein occurs in the cytoplasm. Furthermore, we demonstrated that the complex formation of STATs was hampered in the N protein-expressing cells. As a result, STAT nuclear accumulation was reduced, causing a subsequent downregulation of interferon-stimulated genes (ISGs) due to low promoter occupancy by STAT complexes. This novel route for preventing host IFN responses by henipavirus N proteins provides new insight into the pathogenesis of these viruses.IMPORTANCE Paramyxoviruses are well known for suppressing interferon (IFN)-mediated innate immunity with their phosphoprotein (P) gene products, and the henipaviruses also possess P, V, W, and C proteins for evading host antiviral responses. There are numerous studies providing evidence for the relationship between viral pathogenicity and antagonistic activities against IFN responses by P gene products. Meanwhile, little attention has been paid to the influence of nucleoprotein (N) on host innate immune responses. In this study, we demonstrated that both the NiV and HeV N proteins have antagonistic activity against the JAK/STAT signaling pathway by preventing the nucleocytoplasmic trafficking of STAT1 and STAT2. This inhibitory effect is due to an impairment of the ability of STATs to form complexes. These results provide new insight into the involvement of N protein in viral pathogenicity via its IFN antagonism.,��https://www.ncbi.nlm.nih.gov/pubmed/28835499Ù��Sugai, Akihiro
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*zoonoses���Sepé��Preventing emergence of new zoonotic viruses depends on understanding determinants for human risk. Nipah virus (NiV) is a lethal zoonotic pathogen that has spilled over from bats into human populations, with limited person-to-person transmission. We examined ecologic and human behavioral drivers of geographic variation for risk of NiV infection in Bangladesh. We visited 60 villages during 2011-2013 where cases of infection with NiV were identified and 147 control villages. We compared case villages with control villages for most likely drivers for risk of infection, including number of bats, persons, and date palm sap trees, and human date palm sap consumption behavior. Case villages were similar to control villages in many ways, including number of bats, persons, and date palm sap trees, but had a higher proportion of households in which someone drank sap. Reducing human consumption of sap could reduce virus transmission and risk for emergence of a more highly transmissible NiV strain.,��https://www.ncbi.nlm.nih.gov/pubmed/28820130f��Gurley, Emily S
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Haseeb, M. A.���2017v��The impact of human population pressure on flying fox niches and the potential consequences for Hendra virus spillover���8226���Sci Rep���7���1���Aug 15���Hendra virus (HeV) is an emerging pathogen of concern in Australia given its ability to spillover from its reservoir host, pteropid bats, to horses and further on to humans, and the severe clinical presentation typical in these latter incidental hosts. Specific human pressures over recent decades, such as expanding human populations, urbanization, and forest fragmentation, may have altered the ecological niche of Pteropus species acting as natural HeV reservoirs and may modulate spillover risk. This study explored the influence of inter-decadal net human local migration between 1970 and 2000 on changes in the habitat suitability to P. alecto and P. conspicillatus from 1980 to 2015 in eastern Australia. These ecological niches were modeled using boosted regression trees and subsequently fitted, along with additional landscape factors, to HeV spillovers to explore the spatial dependency of this zoonosis. The spatial model showed that the ecological niche of these two flying fox species, the human footprint, and proximity to woody savanna were each strongly associated with HeV spillover and together explained most of the spatial dependency exhibited by this zoonosis. These findings reinforce the potential for anthropogenic pressures to shape the landscape epidemiology of HeV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28811483���Walsh, Michael G
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Stewart, C. R.���2017A��Circulating microRNA profiles of Hendra virus infection in horses���7431���Sci Rep���7���1���Aug 7I��Hendra virus (HeV) is an emerging zoonotic pathogen harbored by Australian mainland flying foxes. HeV infection can cause lethal disease in humans and horses, and to date all cases of human HeV disease have resulted from contact with infected horses. Currently, diagnosis of acute HeV infections in horses relies on the productive phase of infection when virus shedding may occur. An assay that identifies infected horses during the preclinical phase of infection would reduce the risk of zoonotic viral transmission during management of HeV outbreaks. Having previously shown that the host microRNA (miR)-146a is upregulated in the blood of HeV-infected horses days prior to the detection of viremia, we have profiled miRNAs at the transcriptome-wide level to comprehensively assess differences between infected and uninfected horses. Next-generation sequencing and the miRDeep2 algorithm identified 742 mature miRNA transcripts corresponding to 593 miRNAs in whole blood of six horses (three HeV-infected, three uninfected). Thirty seven miRNAs were differentially expressed in infected horses, two of which were validated by qRT-PCR. This study describes a methodology for the transcriptome-wide profiling of miRNAs in whole blood and supports the notion that measuring host miRNA expression levels may aid infectious disease diagnosis in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/28785041���Cowled, Christopher
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Ultraviolet Rays���Aug 25=��Ceratodon purpureus is a cosmopolitan moss that survives some of the harshest places on Earth: from frozen Antarctica to hot South Australian deserts. In a study on the survival mechanisms of the species, nine compounds were isolated from Australian and Antarctic C. purpureus. This included five biflavonoids, with complete structural elucidation of 1 and 2 reported here for the first time, as well as an additional four known phenolic compounds. Dispersion-corrected DFT calculations suggested a rotational barrier, leading to atropisomerism, resulting in the presence of diastereomers for compound 2. All isolates absorbed strongly in the ultraviolet (UV) spectrum, e.g., biflavone 1 (UV-A, 315-400 nm), which displayed the strongest radical-scavenging activity, 13% more efficient than the standard rutin; p-coumaric acid and trans-ferulic acid showed the highest UV-B (280-315 nm) absorption. The more complex and abundant 1 and 2 presumably have dual roles as both UV-screening and antioxidant compounds. They are strongly bound to Antarctic moss cell walls as well as located inside the cells of moss from both locations. The combined high stability and photoprotective abilities of these isolates may account for the known resilience of this species to UV-B radiation and its survival in some of the toughest locations in the world.,��https://www.ncbi.nlm.nih.gov/pubmed/28783339ó��Waterman, Melinda J
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Urine/virologyÿ��Pteropid bats (flying-foxes) are the natural reservoir of Hendra virus, an emergent paramyxovirus responsible for fatal infection in horses and humans in Australia. Pteropus alecto (the Black flying-fox) and the paraphyletic P. conspicillatus (the Spectacled flying-fox) appear to be the primary reservoir hosts. Previous studies have suggested that physiological and ecological factors may underpin infection dynamics in flying-foxes, and subsequent spillover to horses and in turn humans. We sought to examine temporal trends in urinary cortisol concentration in wild Australian flying-fox populations, to elucidate the putative relationship between Hendra virus infection and physiological stress. Pooled and individual urine samples were non-invasively collected from under roosting flying-foxes at two latitudinally disparate regions in the eastern Australian state of Queensland. Hendra virus detection, and (in individual urine samples) sex and species determination were PCR-based. Urinary cortisol measurement used a validated enzyme immunoassay. We found no direct correlation between increased urinary cortisol and Hendra virus excretion, but our findings do suggest a biologically plausible association between low winter temperatures and elevated cortisol levels in P. alecto in the lower latitude Southeast Queensland roosts. We hypothesize an indirect association between low winter temperatures and increased Hendra virus infection and excretion, mediated by the physiological cost of thermoregulation. Our findings and our approach are directly relevant to elaboration of the disease ecology of Nipah virus and other emerging henipaviruses in bats. More broadly, they inform investigation of emerging disease infection dynamics across the wildlife/livestock/human interface.,��https://www.ncbi.nlm.nih.gov/pubmed/28767708×��McMichael, Lee
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Hendra virus
Nipah virus���JunA��OBJECTIVE: To explore a common B- and T-cell epitope-based vaccine that can elicit an immune response against encephalitis causing genus Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV). METHODS: Membrane proteins F, G and M of HeV and NiV were retrieved from the protein database and subjected to different bioinformatics tools to predict antigenic B-cell epitopes. Best B-cell epitopes were then analyzed to predict their T-cell antigenic potentiality. Antigenic B- and T-cell epitopes that shared maximum identity with HeV and NiV were selected. Stability of the selected epitopes was predicted. Finally, the selected epitopes were subjected to molecular docking simulation with HLA-DR to confirm their antigenic potentiality in silico. RESULTS: One epitope from G proteins, one from M proteins and none from F proteins were selected based on their antigenic potentiality. The epitope from the G proteins was stable whereas that from M was unstable. The M-epitope was made stable by adding flanking dipeptides. The 15-mer G-epitope (VDPLRVQWRNNSVIS) showed at least 66% identity with all NiV and HeV G protein sequences, while the 15-mer M-epitope (GKLEFRRNNAIAFKG) with the dipeptide flanking residues showed 73% identity with all NiV and HeV M protein sequences available in the database. Molecular docking simulation with most frequent MHC class-II (MHC II) and class-I (MHC I) molecules showed that these epitopes could bind within HLA binding grooves to elicit an immune response. CONCLUSIONS: Data in our present study revealed the notion that the epitopes from G and M proteins might be the target for peptide-based subunit vaccine design against HeV and NiV. However, the biochemical analysis is necessary to experimentally validate the interaction of epitopes individually with the MHC molecules through elucidation of immunity induction.,��https://www.ncbi.nlm.nih.gov/pubmed/28756915Õ��Saha, Chayan Kumar
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peptides���Jul 15¸��A set of lipopeptides was recently reported for their broad-spectrum antiviral activity against viruses belonging to the Paramyxoviridae family, including human parainfluenza virus type 3 and Nipah virus. Among them, the peptide with a 24-unit PEG linker connecting it to a cholesterol moiety (VG-PEG24-Chol) was found to be the best membrane fusion inhibitory peptide. Here, we evaluated the interaction of the same set of peptides with biomembrane model systems and isolated human peripheral blood mononuclear cells (PBMC). VG-PEG24-Chol showed the highest insertion rate and it was among the peptides that induced a larger change on the surface pressure of cholesterol rich membranes. This peptide also displayed a high affinity towards PBMC membranes. These data provide new information about the dynamics of peptide-membrane interactions of a specific group of antiviral peptides, known for their potential as multipotent paramyxovirus antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/28714870"��Augusto, Marcelo T
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*zoonotic infections���Sep 15é
�Several infectious disease outbreaks with high mortality in humans have been attributed to viruses that are thought to have evolved from bat viruses. In this study from Luxembourg, the genetic diversity and epidemiology of paramyxoviruses and coronaviruses shed by the bat species Rhinolophus ferrumequinum and Myotis emarginatus were evaluated. Feces collection (n = 624) was performed longitudinally in a mixed-species colony in 2015 and 2016. In addition, feces (n = 254) were collected cross-sectionally from six Myotis emarginatus colonies in 2016. By use of degenerate primers in a nested format, overall prevalences of 1.1% (10/878) and 4.9% (43/878) were determined for paramyxoviruses and coronaviruses. Sequences of the partial RNA-dependent RNA polymerase and spike glycoprotein genes of coronaviruses, as well as sequences of the partial L gene of paramyxoviruses, were obtained. Novel paramyxovirus and Alphacoronavirus strains were identified in different Myotis emarginatus colonies, and severe acute respiratory syndrome (SARS)-related Betacoronavirus strains were shed by Rhinolophus ferrumequinum Logistic regression revealed that the level of Alphacoronavirus shedding was highest in July (odds ratio, 2.8; P < 0.01), probably due to periparturient stress. Phylogenetic analyses point to close virus-host coevolution, and the high genetic similarity of the study strains suggests that the Myotis emarginatus colonies in Luxembourg are socially connected. Most interestingly, we show that bats also host Betacoronavirus1 strains. The high similarity of the spike gene sequences of these viruses with mammalian Betacoronavirus 1 strains may be of concern. Both the SARS-related and Betacoronavirus 1 strains detected in bats in Luxembourg may cross the species barrier after a host adaptation process.IMPORTANCE Bats are a natural reservoir of a number of zoonotic pathogens. Several severe outbreaks in humans (e.g., a Nipah virus outbreak in Malaysia in 1998, and the almost global spread of severe acute respiratory syndrome in 2003) have been caused by bat-borne viruses that were transmitted to humans mostly after virus adaptation (e.g., in intermediate animal hosts). Despite the indigenousness of bat species that host viruses with suspected zoonotic potential and despite the zoonotic transmission of European bat 1 lyssavirus in Luxembourg, knowledge about the diversity and epidemiology of bat viruses remains limited in this country. Moreover, in contrast to other European countries, bat viruses are currently not included in the national surveillance activities of this land-locked country. We suggest that this gap in disease surveillance should be addressed, since we show here that synanthropic bats host viruses that may be able to cross the species barrier.,��https://www.ncbi.nlm.nih.gov/pubmed/28710271���Pauly, Maude
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Rhabdoviridae Infections/*epidemiology/transmission/virology���Jul 13x��Bats are natural reservoir hosts of highly virulent pathogens such as Marburg virus, Nipah virus, and SARS coronavirus. However, little is known about the role of bat ectoparasites in transmitting and maintaining such viruses. The intricate relationship between bats and their ectoparasites suggests that ectoparasites might serve as viral vectors, but evidence to date is scant. Bat flies, in particular, are highly specialized obligate hematophagous ectoparasites that incidentally bite humans. Using next-generation sequencing, we discovered a novel ledantevirus (mononegaviral family Rhabdoviridae, genus Ledantevirus) in nycteribiid bat flies infesting pteropodid bats in western Uganda. Mitochondrial DNA analyses revealed that both the bat flies and their bat hosts belong to putative new species. The coding-complete genome of the new virus, named Kanyawara virus (KYAV), is only distantly related to that of its closest known relative, Mount Elgon bat virus, and was found at high titers in bat flies but not in blood or on mucosal surfaces of host bats. Viral genome analysis indicates unusually low CpG dinucleotide depletion in KYAV compared to other ledanteviruses and rhabdovirus groups, with KYAV displaying values similar to rhabdoviruses of arthropods. Our findings highlight the possibility of a yet-to-be-discovered diversity of potentially pathogenic viruses in bat ectoparasites.,��https://www.ncbi.nlm.nih.gov/pubmed/28706276{��Goldberg, Tony L
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Phytochemicals/chemistry/isolation & purification���Jul 28 ��Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5'-O-(4-O-p-coumaryl)-O-beta-d-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5-11, 13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 muM, respectively.,��https://www.ncbi.nlm.nih.gov/pubmed/28682615Ì��Hendra, Rudi
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olfactory epithelium���May-Jun���Henipaviruses are emerging zoonotic viruses and causative agents of encephalitis in humans. However, the mechanisms of entry into the central nervous system (CNS) in humans are not known. Here, we evaluated the possible role of olfactory epithelium in virus entry into the CNS. We characterized Hendra virus (HeV) and Nipah virus (NiV) infection of primary human olfactory epithelial cultures. We show that henipaviruses can infect mature olfactory sensory neurons. Henipaviruses replicated efficiently, resulting in cytopathic effect and limited induction of host responses. These results show that human olfactory epithelium is susceptible to infection with henipaviruses, suggesting that this could be a pathway for neuroinvasion in humans. IMPORTANCE Henipaviruses are emerging zoonotic pathogens that can cause acute and severe respiratory and neurological disease in humans. The pathways by which henipaviruses enter the central nervous system (CNS) in humans are still unknown. The observation that human olfactory neurons are highly susceptible to infection with henipaviruses demonstrates that the olfactory epithelium can serve as a site of Henipavirus entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/28680971Ä��Borisevich, Viktoriya
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Wang, L. F.���2018���A Functional Genomics Approach to Henipavirus Research: The Role of Nuclear Proteins, MicroRNAs and Immune Regulators in Infection and Disease���191-213���Curr Top Microbiol Immunol���419º��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are zoonotic RNA viruses that cause lethal disease in humans and are designated as Biosafety Level 4 (BSL4) agents. Moreover, henipaviruses belong to the same group of viruses that cause disease more commonly in humans such as measles, mumps and respiratory syncytial virus. Due to the relatively recent emergence of the henipaviruses and the practical constraints of performing functional genomics studies at high levels of containment, our understanding of the henipavirus infection cycle is incomplete. In this chapter we describe recent loss-of-function (i.e. RNAi) functional genomics screens that shed light on the henipavirus-host interface at a genome-wide level. Further to this, we cross-reference RNAi results with studies probing host proteins targeted by henipavirus proteins, such as nuclear proteins and immune modulators. These functional genomics studies join a growing body of evidence demonstrating that nuclear and nucleolar host proteins play a crucial role in henipavirus infection. Furthermore these studies will underpin future efforts to define the role of nucleolar host-virus interactions in infection and disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28674944·��Stewart, Cameron R
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Prevention���Jun 26"��BACKGROUND: Nipah virus infection (NiV) is a bat-borne zoonosis transmitted to humans through consumption of NiV-contaminated raw date palm sap in Bangladesh. The objective of this analysis was to measure the cost of an NiV prevention intervention and estimate the cost of scaling it up to districts where spillover had been identified. METHODS: We implemented a behavior change communication intervention in two districts, testing different approaches to reduce the risk of NiV transmission using community mobilization, interpersonal communication, posters and TV public service announcements on local television during the 2012-2014 sap harvesting seasons. In one district, we implemented a "no raw sap" approach recommending to stop drinking raw date palm sap. In another district, we implemented an "only safe sap" approach, recommending to stop drinking raw date palm sap but offering the option of drinking safe sap. This is sap covered with a barrier, locally called bana, to interrupt bats' access during collection. We conducted surveys among randomly selected respondents two months after the intervention to measure the proportion of people reached. We used an activity-based costing method to calculate the cost of the intervention. RESULTS: The implementation cost of the "no raw sap" intervention was $30,000 and the "only safe sap" intervention was $55,000. The highest cost was conducting meetings and interpersonal communication efforts. The lowest cost was broadcasting the public service announcements on local TV channels. To scale up a similar intervention in 30 districts where NiV spillover has occurred, would cost between $2.6 and $3.5 million for one season. Placing the posters would cost $96,000 and only broadcasting the public service announcement through local channels in 30 districts would cost $26,000. CONCLUSIONS: Broadcasting a TV public service announcement is a potential low cost option to advance NiV prevention. It could be supplemented with posters and targeted interpersonal communication, in districts with a high risk of NiV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28651646	��Nahar, Nazmun
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Veterinarians/economics/psychology���Hendra virus is a zoonotic paramyxovirus, which causes severe respiratory and neurological disease in horses and humans. Since 2012, the Hendra virus sub-unit G vaccine has been available for horse vaccination in Australia. Uptake of the vaccine has been limited and spill-over events of Hendra virus infection in horses continue to occur. We conducted an online, questionnaire-based cross-sectional study of 376 horse owners belonging to a variety of different equestrian clubs in Queensland, Australia, to identify risk factors for non-vaccination against Hendra virus. A total of 43.1% (N = 162) of horse owners indicated that they currently did not vaccinate against Hendra virus infection, while 56.9% (N = 214) currently vaccinated against Hendra virus infection. A total of 52 risk factors were evaluated relating to equestrian activities, horse management, perceived risk and severity of horse and human infection with Hendra virus, side effects of Hendra vaccination, other vaccinations conducted by horse owners and horse owners' attitudes towards veterinarians. The final multivariable logistics regression model identified the following risk factors associated with increased odds of non-vaccination against Hendra virus: 1) perceived low risk (compared to high) of Hendra virus infection to horses (considering the horse owners' location and management practices) or horse owners were unsure about the risk of infection, 2) perceived moderate severity (compared to very severe or severe) of Hendra virus infection in humans, 3) horse owners non-vaccination of their pets, 4) horse owners non-vaccination against strangles disease in horses, 5) handling of more than three horses per week (compared to one horse only) and 6) perceived attitude that veterinarians had a high motivation of making money from Hendra virus vaccination (compared to veterinarians having a low motivation of making money from Hendra virus vaccination). Horse owners were more likely to vaccinate against Hendra virus if horses were used for dressage, show jumping or eventing. The study also identified horse owners' concerns about side-effects and about the lack of evidence on vaccine efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/28636633»��Goyen, Kailiea Arianna
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vinegar���Janá��BACKGROUND: Vinegar is widely used as a food additive, in food preparation and as a food supplement. This study compared the phenolic acid profiles and in vivo toxicities, and antioxidant and immunomodulatory effects of coconut, nipah and pineapple juice vinegars, which were respectively prepared via a two-step fermentation using Saccharomyces cerevisiae 7013 INRA and Acetobacter aceti vat Europeans. RESULTS: Pineapple juice vinegar, which had the highest total phenolic acid content, also exhibited the greatest in vitro antioxidant capacity compared to coconut juice and nipah juice vinegars. Following acute and sub-chronic in vivo toxicity evaluation, no toxicity and mortality were evident and there were no significant differences in the serum biochemical profiles between mice administered the vinegars versus the control group. In the sub-chronic toxicity evaluation, the highest liver antioxidant levels were found in mice fed with pineapple juice vinegar, followed by coconut juice and nipah juice vinegars. However, compared to the pineapple juice and nipah juice vinegars, the mice fed with coconut juice vinegar, exhibited a higher population of CD4(+) and CD8(+) T-lymphocytes in the spleen, which was associated with greater levels of serum interleukin-2 and interferon-gamma cytokines. CONCLUSIONS: Overall, the data suggested that not all vinegar samples cause acute and sub-chronic toxicity in vivo. Moreover, the in vivo immunity and organ antioxidant levels were enhanced, to varying extents, by the phenolic acids present in the vinegars. The results obtained in this study provide appropriate guidelines for further in vivo bioactivity studies and pre-clinical assessments of vinegar consumption. (c) 2017 Society of Chemical Industry.,��https://www.ncbi.nlm.nih.gov/pubmed/28631270<��Mohamad, Nurul Elyani
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*Antiviral
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*Nucleoside analog���Augi��The henipaviruses Nipah virus and Hendra virus are highly pathogenic zoonotic paramyxoviruses which have caused fatal outbreaks of encephalitis and respiratory disease in humans. Despite the availability of a licensed equine Hendra virus vaccine and a neutralizing monoclonal antibody shown to be efficacious against henipavirus infections in non-human primates, there remains no approved therapeutics or vaccines for human use. To explore the possibility of developing small-molecule nucleoside inhibitors against henipaviruses, we evaluated the antiviral activity of 4'-azidocytidine (R1479), a drug previously identified to inhibit flaviviruses, against henipaviruses along with other representative members of the family Paramyxoviridae. We observed similar levels of R1479 antiviral activity across the family, regardless of virus genus. Our brief study expands the documented range of viruses susceptible to R1479, and provides the basis for future investigation and development of 4'-modified nucleoside analogs as potential broad-spectrum antiviral therapeutics across both positive and negative-sense RNA virus families.,��https://www.ncbi.nlm.nih.gov/pubmed/28629988ð��Hotard, Anne L
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Spillover���Dec|��Hendra virus is a paramyxovirus of Australian flying fox bats. It was first detected in August 1994, after the death of 20 horses and one human. Since then it has occurred regularly within a portion of the geographical distribution of all Australian flying fox (fruit bat) species. There is, however, little understanding about which species are most likely responsible for spillover, or why spillover does not occur in other areas occupied by reservoir and spillover hosts. Using ecological niche models of the four flying fox species we were able to identify which species are most likely linked to spillover events using the concept of distance to the niche centroid of each species. With this novel approach we found that 20 out of 27 events occur disproportionately closer to the niche centroid of two species (P. alecto and P. conspicillatus). With linear regressions we found a negative relationship between distance to the niche centroid and abundance of these two species. Thus, we suggest that the bioclimatic niche of these two species is likely driving the spatial pattern of spillover of Hendra virus into horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28616484ô��Martin, Gerardo A
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Virus Assembly
Virus Release���Jun¢��The paramyxovirus family comprises major human and animal pathogens such as measles virus (MeV), mumps virus (MuV), the parainfluenzaviruses, Newcastle disease virus (NDV), and the highly pathogenic zoonotic hendra (HeV) and nipah (NiV) viruses. Paramyxovirus particles are pleomorphic, with a lipid envelope, nonsegmented RNA genomes of negative polarity, and densely packed glycoproteins on the virion surface. A number of crystal structures of different paramyxovirus proteins and protein fragments were solved, but the available information concerning overall virion organization remains limited. However, recent studies have reported cryo-electron tomography-based reconstructions of Sendai virus (SeV), MeV, NDV, and human parainfluenza virus type 3 (HPIV3) particles and a surface assessment of NiV-derived virus-like particles (VLPs), which have yielded innovative hypotheses concerning paramyxovirus particle assembly, budding, and organization. Following a summary of the current insight into paramyxovirus virion morphology, this review will focus on discussing the implications of these particle reconstructions on the present models of paramyxovirus assembly and infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28601688ÿ��Cox, Robert M
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*Protein-protein interactions���SepË��In this review, we summarize computational and experimental data gathered so far showing that structural disorder is abundant within paramyxoviral nucleoproteins (N) and phosphoproteins (P). In particular, we focus on measles, Nipah, and Hendra viruses and highlight both commonalities and differences with respect to the closely related Sendai virus. The molecular mechanisms that control the disorder-to-order transition undergone by the intrinsically disordered C-terminal domain (NTAIL) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins are described in detail. By having a significant residual disorder, NTAIL-XD complexes are illustrative examples of "fuzziness", whose possible functional significance is discussed. Finally, the relevance of N-P interactions as promising targets for innovative antiviral approaches is underscored, and the functional advantages of structural disorder for paramyxoviruses are pinpointed.,��https://www.ncbi.nlm.nih.gov/pubmed/28600653è��Longhi, Sonia
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*Oxidative Stress
*antioxidant therapies
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*inflammatory response
*virus replication���Aug 1!
�Nipah virus (NiV) is a zoonotic emerging paramyxovirus that can cause fatal respiratory illness or encephalitis in humans. Despite many efforts, the molecular mechanisms of NiV-induced acute lung injury (ALI) remain unclear. We previously showed that NiV replicates to high titers in human lung grafts in NOD-SCID/gamma mice, resulting in a robust inflammatory response. Interestingly, these mice can undergo human immune system reconstitution by the bone marrow, liver, and thymus (BLT) reconstitution method, in addition to lung tissue engraftment, giving altogether a realistic model to study human respiratory viral infections. Here, we characterized NiV Bangladesh strain (NiV-B) infection of human lung grafts from human immune system-reconstituted mice in order to identify the overall effect of immune cells on NiV pathogenesis of the lung. We show that NiV-B replicated to high titers in human lung grafts and caused similar cytopathic effects irrespective of the presence of human leukocytes in mice. However, the human immune system interfered with virus spread across lung grafts, responded to infection by leukocyte migration to small airways and alveoli of the lung grafts, and accelerated oxidative stress in lung grafts. In addition, the presence of human leukocytes increased the expression of cytokines and chemokines that regulate inflammatory influx to sites of infection and tissue damage. These results advance our understanding of how the immune system limits NiV dissemination and contributes to ALI and inform efforts to identify therapeutic targets.IMPORTANCE Nipah virus (NiV) is an emerging paramyxovirus that can cause a lethal respiratory and neurological disease in humans. Only limited data are available on NiV pathogenesis in the human lung, and the relative contribution of the innate immune response and NiV to acute lung injury (ALI) is still unknown. Using human lung grafts in a human immune system-reconstituted mouse model, we showed that the NiV Bangladesh strain induced cytopathic lesions in lung grafts similar to those described in patients irrespective of the donor origin or the presence of leukocytes. However, the human immune system interfered with virus spread, responded to infection by leukocyte infiltration in the small airways and alveolar area, induced oxidative stress, and triggered the production of cytokines and chemokines that regulate inflammatory influx by leukocytes in response to infection. Understanding how leukocytes interact with NiV and cause ALI in human lung xenografts is crucial for identifying therapeutic targets.,��https://www.ncbi.nlm.nih.gov/pubmed/28539439°��Escaffre, Olivier
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*Transcriptional gradient���Aug���The regulation of transcription during Nipah virus (NiV) replication is poorly understood. Using a bicistronic minigenome system, we investigated the involvement of non-coding regions (NCRs) in the transcriptional re-initiation efficiency of NiV RNA polymerase. Reporter assays revealed that attenuation of NiV gene expression was not constant at each gene junction, and that the attenuating property was controlled by the 3' NCR. However, this regulation was independent of the gene-end, gene-start and intergenic regions. Northern blot analysis indicated that regulation of viral gene expression by the phosphoprotein (P) and large protein (L) 3' NCRs occurred at the transcription level. We identified uridine-rich tracts within the L 3' NCR that are similar to gene-end signals. These gene-end-like sequences were recognized as weak transcription termination signals by the viral RNA polymerase, thereby reducing downstream gene transcription. Thus, we suggest that NiV has a unique mechanism of transcriptional regulation.,��https://www.ncbi.nlm.nih.gov/pubmed/28494343½��Sugai, Akihiro
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*virus assembly���Jul 15���Hendra virus (HeV) is a zoonotic paramyxovirus that causes deadly illness in horses and humans. An intriguing feature of HeV is the utilization of endosomal protease for activation of the viral fusion protein (F). Here we investigated how endosomal F trafficking affects HeV assembly. We found that the HeV matrix (M) and F proteins each induced particle release when they were expressed alone but that their coexpression led to coordinated assembly of virus-like particles (VLPs) that were morphologically and physically distinct from M-only or F-only VLPs. Mutations to the F protein transmembrane domain or cytoplasmic tail that disrupted endocytic trafficking led to failure of F to function with M for VLP assembly. Wild-type F functioned normally for VLP assembly even when its cleavage was prevented with a cathepsin inhibitor, indicating that it is endocytic F trafficking that is important for VLP assembly, not proteolytic F cleavage. Under specific conditions of reduced M expression, we found that M could no longer induce significant VLP release but retained the ability to be incorporated as a passenger into F-driven VLPs, provided that the F protein was competent for endocytic trafficking. The F and M proteins were both found to traffic through Rab11-positive recycling endosomes (REs), suggesting a model in which F and M trafficking pathways converge at REs, enabling these proteins to preassemble before arriving at plasma membrane budding sites.IMPORTANCE Hendra virus and Nipah virus are zoonotic paramyxoviruses that cause lethal infections in humans. Unlike that for most paramyxoviruses, activation of the henipavirus fusion protein occurs in recycling endosomal compartments. In this study, we demonstrate that the unique endocytic trafficking pathway of Hendra virus F protein is required for proper viral assembly and particle release. These results advance our basic understanding of the henipavirus assembly process and provide a novel model for the interplay between glycoprotein trafficking and paramyxovirus assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/28468881¨��Cifuentes-Munoz, Nicolas
Sun, Weina
Ray, Greeshma
Schmitt, Phuong Tieu
Webb, Stacy
Gibson, Kathleen
Dutch, Rebecca Ellis
Schmitt, Anthony P
eng
P20 RR020171/RR/NCRR NIH HHS/
R21 AI108260/AI/NIAID NIH HHS/
U54 AI057168/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
2017/05/05 06:00
J Virol. 2017 Jun 26;91(14). pii: JVI.00152-17. doi: 10.1128/JVI.00152-17. Print 2017 Jul 15.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC5487568���28468881x��Department of Molecular and Cellular Biochemistry, University of Kentucky College of Medicine, Lexington, Kentucky, USA.
Department of Veterinary and Biomedical Sciences, The Pennsylvania State University, University Park, Pennsylvania, USA.
Department of Veterinary and Biomedical Sciences, The Pennsylvania State University, University Park, Pennsylvania, USA aps13@psu.edu.���10.1128/JVI.00152-17��©�þÒ|ÿî?�������Wiethoelter, A. K.
Sawford, K.
Schembri, N.
Taylor, M. R.
Dhand, N. K.
Moloney, B.
Wright, T.
Kung, N.
Field, H. E.
Toribio, Jlml���2017���"We've learned to live with it"-A qualitative study of Australian horse owners' attitudes, perceptions and practices in response to Hendra virus���67-77���Prev Vet Med���140õ��Adult
Aged
Animal Husbandry
Animals
Australia
Chiroptera/virology
Decision Making
Female
*Health Knowledge, Attitudes, Practice
Hendra Virus
Henipavirus Infections/prevention & control/psychology/*veterinary
Horse Diseases/*prevention & control/*psychology/virology
Horses
Humans
Interviews as Topic
Male
Middle Aged
New South Wales/epidemiology
Queensland/epidemiology
Risk Factors
Vaccination/psychology
Young Adult
Behavioural change
Decision-making
Disease prevention
Horse owner
Qualitative study���May 1ø
�Hendra virus causes sporadic zoonotic disease in Australia following spill over from flying foxes to horses and from horses to people. Prevention and risk mitigation strategies such as vaccination of horses or biosecurity and property management measures are widely publicised, but hinge on initiative and action taken by horse owners as they mediate management, care and treatment of their animals. Hence, underlying beliefs, values and attitudes of horse owners influence their uptake of recommended risk mitigation measures. We used a qualitative approach to investigate attitudes, perceptions and self-reported practices of horse owners in response to Hendra virus to gain a deeper understanding of their decision-making around prevention measures. Data presented here derive from a series of in-depth interviews with 27 horse owners from Hendra virus 'hot spot' areas in New South Wales and Queensland. Interviews explored previous experience, perceptions and resulting behaviour as well as communication around Hendra virus. All interviews were recorded, transcribed verbatim and analysed in NVivo using thematic analysis. Analysis revealed four major themes: perception of Hendra virus as a risk and factors influencing this perception, Hendra virus risk mitigation strategies implemented by horse owners, perceived motivators and barriers of these strategies, and interaction of perceived risk, motivators and barriers in the decision-making process. Although Hendra virus disease was perceived as a serious threat to the health of horses and humans, individual risk perception diverged among horse owners. Perceived severity, likelihood and unpredictability as well as awareness and knowledge of Hendra virus, trust in information obtained and information pathways, demographic characteristics and personal experience were the main factors influencing Hendra virus risk perceptions. Other key determinants of horse owners' decision-making process were attitudes towards Hendra virus risk mitigation measures as well as perceived motivators and barriers thereof. Horse owners' awareness of the necessity to consider individual Hendra virus risk and adequate risk management strategies was described as a learning process, which changed over time. However, different perceptions of risk, barriers and motivators in combination with a weighing up of advantages and disadvantages resulted in different behaviours. These findings demonstrate the multifactorial determinants of cognitive mediating processes and facilitate a better understanding of horse owners' perspectives on preventive horse health measures. Furthermore, they provide valuable feedback to industry and government stakeholders on how to improve effective risk communication and encourage uptake of recommended risk mitigation measures.,��https://www.ncbi.nlm.nih.gov/pubmed/28460752%��Wiethoelter, Anke K
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ZoonoticÐ��The risk of spillover of enzootic paramyxoviruses and the susceptibility of recipient human and domestic animal populations are defined by a broad collection of ecological and molecular factors that interact in ways that are not yet fully understood. Nipah and Hendra viruses were the first highly lethal zoonotic paramyxoviruses discovered in modern times, but other paramyxoviruses from multiple genera are present in bats and other reservoirs that have unknown potential to spillover into humans. We outline our current understanding of paramyxovirus reservoir hosts and the ecological factors that may drive spillover, and we explore the molecular barriers to spillover that emergent paramyxoviruses may encounter. By outlining what is known about enzootic paramyxovirus receptor usage, mechanisms of innate immune evasion, and other host-specific interactions, we highlight the breadth of unexplored avenues that may be important in understanding paramyxovirus emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/28433050â��Thibault, Patricia A
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zoonosis���Apr 133��BACKGROUND: Hendra virus is a paramyxovirus that causes periodic serious disease and fatalities in horses and humans in Australia first identified in 1994. Pteropid bats (commonly known as flying-foxes) are the natural host of the virus, and the putative route of infection in horses is by ingestion or inhalation of material contaminated by flying-fox urine or other bodily fluids. Humans become infected after close contact with infected horses. Horse owners in Australia are encouraged to vaccinate their horses against Hendra virus to reduce the risk of Hendra virus infection, and to prevent potential transmission to humans. After the vaccine was released in 2012, uptake by horse owners was slow, with some estimated 11-17% of horses in Australia vaccinated. This study was commissioned to examine barriers to vaccine uptake and potential drivers to future adoption of vaccination by horse owners. METHODS: This study examined qualitative comments from respondents to an on-line survey, reporting reasons for not vaccinating their horses. The study also investigated scenarios in which respondents felt they might consider vaccinating their horses. RESULTS: Self-reported barriers to uptake of the Hendra virus vaccine by horse owners (N = 150) included concerns about vaccine safety, cost, and effectiveness. Reduction in vaccination costs and perception of immediacy of Hendra virus risk were reported as being likely to change future behaviour. However, the data also indicated that horse owners generally would not reconsider vaccinating their horses if advised by their veterinarian. CONCLUSION: While changes to vaccine costs and the availability data supporting vaccine safety and efficacy may encourage more horse owners to vaccinate, this study highlights the importance of protecting the relationship between veterinarians and horse owners within the risk management strategies around Hendra virus. Interactions and trust between veterinarians and animal owners has important implications for management of and communication around Hendra virus and other zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/28407738¢��Manyweathers, J
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*meningitis���Jul���Infections of the central nervous system (CNS) are often acute, with significant morbidity and mortality. Routine diagnosis of such infections is limited in developing countries and requires modern equipment in advanced laboratories that may be unavailable to a number of patients in sub-Saharan Africa. We developed a TaqMan array card (TAC) that detects multiple pathogens simultaneously from cerebrospinal fluid. The 21-pathogen CNS multiple-pathogen TAC (CNS-TAC) assay includes two parasites (Balamuthia mandrillaris and Acanthamoeba), six bacterial pathogens (Streptococcus pneumoniae, Haemophilus influenzae, Neisseria meningitidis, Mycoplasma pneumoniae, Mycobacterium tuberculosis, and Bartonella), and 13 viruses (parechovirus, dengue virus, Nipah virus, varicella-zoster virus, mumps virus, measles virus, lyssavirus, herpes simplex viruses 1 and 2, Epstein-Barr virus, enterovirus, cytomegalovirus, and chikungunya virus). The card also includes human RNase P as a nucleic acid extraction control and an internal manufacturer control, GAPDH (glyceraldehyde-3-phosphate dehydrogenase). This CNS-TAC assay can test up to eight samples for all 21 agents within 2.5 h following nucleic acid extraction. The assay was validated for linearity, limit of detection, sensitivity, and specificity by using either live viruses (dengue, mumps, and measles viruses) or nucleic acid material (Nipah and chikungunya viruses). Of 120 samples tested by individual real-time PCR, 35 were positive for eight different targets, whereas the CNS-TAC assay detected 37 positive samples across nine different targets. The CNS-TAC assays showed 85.6% sensitivity and 96.7% specificity. Therefore, the CNS-TAC assay may be useful for outbreak investigation and surveillance of suspected neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28404679Å��Onyango, Clayton O
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viral haemorrhagic fever���May 26ó��Although, after an epidemic of over 28 000 cases, there are still no licensed treatments for Ebola virus disease (EVD), significant progress was made during the West Africa outbreak. The pace of pre-clinical development was exceptional and a number of therapeutic clinical trials were conducted in the face of considerable challenges. Given the on-going risk of emerging infectious disease outbreaks in an era of unprecedented population density, international travel and human impact on the environment it is pertinent to focus on improving the research and development landscape for treatments of emerging and epidemic-prone infections. This is especially the case since there are no licensed therapeutics for some of the diseases considered by the World Health Organization as most likely to cause severe outbreaks-including Middle East respiratory syndrome coronavirus, Marburg virus, Crimean Congo haemorrhagic fever and Nipah virus. EVD, therefore, provides a timely exemplar to discuss the barriers, enablers and incentives needed to find effective treatments in advance of health emergencies caused by emerging infectious diseases.This article is part of the themed issue 'The 2013-2016 West African Ebola epidemic: data, decision-making and disease control'.,��https://www.ncbi.nlm.nih.gov/pubmed/28396467¯��Rojek, Amanda M
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Tomography, X-Ray Computed���AprÈ��Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that emerged in the late 1990s in Malaysia and has since been identified as the cause of sporadic outbreaks of severe febrile disease in Bangladesh and India. NiV infection is frequently associated with severe respiratory or neurological disease in infected humans with transmission to humans through inhalation, contact or consumption of NiV contaminated foods. In the work presented here, the development of disease was investigated in the African Green Monkey (AGM) model following intratracheal (IT) and, for the first time, small-particle aerosol administration of NiV. This study utilized computed tomography (CT) and magnetic resonance imaging (MRI) to temporally assess disease progression. The host immune response and changes in immune cell populations over the course of disease were also evaluated. This study found that IT and small-particle administration of NiV caused similar disease progression, but that IT inoculation induced significant congestion in the lungs while disease following small-particle aerosol inoculation was largely confined to the lower respiratory tract. Quantitative assessment of changes in lung volume found up to a 45% loss in IT inoculated animals. None of the subjects in this study developed overt neurological disease, a finding that was supported by MRI analysis. The development of neutralizing antibodies was not apparent over the 8-10 day course of disease, but changes in cytokine response in all animals and activated CD8+ T cell numbers suggest the onset of cell-mediated immunity. These studies demonstrate that IT and small-particle aerosol infection with NiV in the AGM model leads to a severe respiratory disease devoid of neurological indications. This work also suggests that extending the disease course or minimizing the impact of the respiratory component is critical to developing a model that has a neurological component and more accurately reflects the human condition.,��https://www.ncbi.nlm.nih.gov/pubmed/28388650#��Cong, Yu
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*reassortment���Jun 15W	�Bats are natural reservoirs for many pathogenic viruses, and increasing evidence supports the notion that bats can also harbor group A rotaviruses (RVAs), important causative agents of diarrhea in children and young animals. Currently, 8 RVA strains possessing completely novel genotype constellations or genotypes possibly originating from other mammals have been identified from African and Chinese bats. However, all the data were mainly based on detection of RVA RNA, present only during acute infections, which does not permit assessment of the true exposure of a bat population to RVA. To systematically investigate the genetic diversity of RVAs, 547 bat anal swabs or gut samples along with 448 bat sera were collected from five South Chinese provinces. Specific reverse transcription-PCR (RT-PCR) screening found four RVA strains. Strain GLRL1 possessed a completely novel genotype constellation, whereas the other three possessed a constellation consistent with the MSLH14-like genotype, a newly characterized group of viruses widely prevalent in Chinese insectivorous bats. Among the latter, strain LZHP2 provided strong evidence of cross-species transmission of RVAs from bats to humans, whereas strains YSSK5 and BSTM70 were likely reassortants between typical MSLH14-like RVAs and human RVAs. RVA-specific antibodies were detected in 10.7% (48/448) of bat sera by an indirect immunofluorescence assay (IIFA). Bats in Guangxi and Yunnan had a higher RVA-specific antibody prevalence than those from Fujian and Zhejiang provinces. These observations provide evidence for cross-species transmission of MSLH14-like bat RVAs to humans, highlighting the impact of bats as reservoirs of RVAs on public health.IMPORTANCE Bat viruses, such as severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), Ebola, Hendra, and Nipah viruses, are important pathogens causing outbreaks of severe emerging infectious diseases. However, little is known about bat viruses capable of causing gastroenteritis in humans, even though 8 group A viruses (RVAs) have been identified from bats so far. In this study, another 4 RVA strains were identified, with one providing strong evidence for zoonotic transmission from bats to humans. Serological investigation has also indicated that RVA infection in bats is far more prevalent than expected based on the detection of viral RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/28381569M��He, Biao
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Viral Plaque Assay���Mar 8���Human paramyxoviruses include global causes of lower respiratory disease like the parainfluenza viruses, as well as agents of lethal encephalitis like Nipah virus. Infection is initiated by viral glycoprotein-mediated fusion between viral and host cell membranes. Paramyxovirus viral fusion proteins (F) insert into the target cell membrane, and form a transient intermediate that pulls the viral and cell membranes together as two heptad-repeat regions refold to form a six-helix bundle structure that can be specifically targeted by fusion-inhibitory peptides. Antiviral potency can be improved by sequence modification and lipid conjugation, and by adding linkers between the protein and lipid components. We exploit the uniquely broad spectrum antiviral activity of a parainfluenza F-derived peptide sequence that inhibits both parainfluenza and Nipah viruses, to investigate the influence of peptide orientation and intervening linker length on the peptides' interaction with transitional states of F, solubility, membrane insertion kinetics, and protease sensitivity. We assessed the impact of these features on biodistribution and antiviral efficacy in vitro and in vivo. The engineering approach based on biophysical parameters resulted in a peptide that is a highly effective inhibitor of both paramyxoviruses and a set of criteria to be used for engineering broad spectrum antivirals for emerging paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/28344321»��Mathieu, Cyrille
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*viral assembly���May 15�	�Nipah virus (NiV), a paramyxovirus in the genus Henipavirus, has a mortality rate in humans of approximately 75%. While several studies have begun our understanding of NiV particle formation, the mechanism of this process remains to be fully elucidated. For many paramyxoviruses, M proteins drive viral assembly and egress; however, some paramyxoviral glycoproteins have been reported as important or essential in budding. For NiV the matrix protein (M), the fusion glycoprotein (F) and, to a much lesser extent, the attachment glycoprotein (G) autonomously induce the formation of virus-like particles (VLPs). However, functional interactions between these proteins during assembly and egress remain to be fully understood. Moreover, if the F-driven formation of VLPs occurs through interactions with host cell machinery, the cytoplasmic tail (CT) of F is a likely interactive domain. Therefore, we analyzed NiV F CT deletion and alanine mutants and report that several but not all regions of the F CT are necessary for efficient VLP formation. Two of these regions contain YXXO or dityrosine motifs previously shown to interact with cellular machinery involved in F endocytosis and transport. Importantly, our results showed that F-driven, M-driven, and M/F-driven viral particle formation enhanced the recruitment of G into VLPs. By identifying key motifs, specific residues, and functional viral protein interactions important for VLP formation, we improve our understanding of the viral assembly/egress process and point to potential interactions with host cell machinery.IMPORTANCE Henipaviruses can cause deadly infections of medical, veterinary, and agricultural importance. With recent discoveries of new henipa-like viruses, understanding the mechanisms by which these viruses reproduce is paramount. We have focused this study on identifying the functional interactions of three Nipah virus proteins during viral assembly and particularly on the role of one of these proteins, the fusion glycoprotein, in the incorporation of other viral proteins into viral particles. By identifying several regions in the fusion glycoprotein that drive viral assembly, we further our understanding of how these viruses assemble and egress from infected cells. The results presented will likely be useful toward designing treatments targeting this aspect of the viral life cycle and for the production of new viral particle-based vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/28250132n��Johnston, Gunner P
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Veterinarians���Feb 18R
�BACKGROUND: Communication skills are essential for veterinarians who need to discuss animal health related matters with their clients. When dealing with an emerging zoonosis, such as Hendra virus (HeV), veterinarians also have a legal responsibility to inform their clients about the associated risks to human health. Here we report on part of a mixed methods study that examined the preparedness of, and difficulties experienced by, veterinarians communicating about HeV-related risks with their clients. METHODS: Phase 1 was an exploratory, qualitative study that consisted of a series of face-to-face, semi-structured interviews with veterinary personnel from Queensland, Australia (2009-10) to identify the barriers to HeV management in equine practices. Phase 2a was a quantitative study that surveyed veterinarians from the same region (2011) and explored the veterinarians' preparedness and willingness to communicate about HeV-related risks, and the reactions of their clients that they experienced. The second study included both multiple choice and open-ended questions. RESULTS: The majority of the participants from Phase 2a (83.1%) declared they had access to a HeV management plan and over half (58.6%) had ready-to-use HeV information available for clients within their practice. Most (87%) reported "always or sometimes" informing clients about HeV-related risks when a horse appeared sick. When HeV was suspected, 58.1% of participants reported their clients were receptive to their safety directives and 24.9% of clients were either initially unreceptive, overwhelmed by fear, or in denial of the associated risks. The thematic analysis of the qualitative data from Phases 1 and 2a uncovered similar themes in relation to HeV-related communication issues experienced by veterinarians: "clients' intent to adhere"; "adherence deemed redundant"; "misunderstanding or denial of risk"; "cost"; "rural culture"; "fear for reputation". The theme of "emotional state of clients" was only identified during Phase 1. CONCLUSION: Warning horse owners about health and safety issues that may affect them when present in a veterinary work environment is a legal requirement for veterinarians. However, emerging zoonoses are unpredictable events that may require a different communication approach. Future training programs addressing veterinary communication skills should take into account the particular issues inherent to managing an emerging zoonosis and emphasise the importance of maintaining human safety. Veterinary communication skills and approaches required when dealing with emerging zoonoses should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/28214468¶��Mendez, Diana H
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*virus���Apr 7ü��Enveloped viruses utilize fusion (F) proteins studding the surface of the virus to facilitate membrane fusion with a target cell membrane. Fusion of the viral envelope with a cellular membrane is required for release of viral genomic material, so the virus can ultimately reproduce and spread. To drive fusion, the F protein undergoes an irreversible conformational change, transitioning from a metastable pre-fusion conformation to a more thermodynamically stable post-fusion structure. Understanding the elements that control stability of the pre-fusion state and triggering to the post-fusion conformation is important for understanding F protein function. Mutations in F protein transmembrane (TM) domains implicated the TM domain in the fusion process, but the structural and molecular details in fusion remain unclear. Previously, analytical ultracentrifugation was utilized to demonstrate that isolated TM domains of Hendra virus F protein associate in a monomer-trimer equilibrium (Smith, E. C., Smith, S. E., Carter, J. R., Webb, S. R., Gibson, K. M., Hellman, L. M., Fried, M. G., and Dutch, R. E. (2013) J. Biol. Chem. 288, 35726-35735). To determine factors driving this association, 140 paramyxovirus F protein TM domain sequences were analyzed. A heptad repeat of beta-branched residues was found, and analysis of the Hendra virus F TM domain revealed a heptad repeat leucine-isoleucine zipper motif (LIZ). Replacement of the LIZ with alanine resulted in dramatically reduced TM-TM association. Mutation of the LIZ in the whole protein resulted in decreased protein stability, including pre-fusion conformation stability. Together, our data suggest that the heptad repeat LIZ contributed to TM-TM association and is important for F protein function and pre-fusion stability.,��https://www.ncbi.nlm.nih.gov/pubmed/282135157��Webb, Stacy
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*Who���Feb 8ò��BACKGROUND: On December 8(th), 2015, World Health Organization published a priority list of eight pathogens expected to cause severe outbreaks in the near future. To better understand global research trends and characteristics of publications on these emerging pathogens, we carried out this bibliometric study hoping to contribute to global awareness and preparedness toward this topic. METHOD: Scopus database was searched for the following pathogens/infectious diseases: Ebola, Marburg, Lassa, Rift valley, Crimean-Congo, Nipah, Middle Eastern Respiratory Syndrome (MERS), and Severe Respiratory Acute Syndrome (SARS). Retrieved articles were analyzed to obtain standard bibliometric indicators. RESULTS: A total of 8619 journal articles were retrieved. Authors from 154 different countries contributed to publishing these articles. Two peaks of publications, an early one for SARS and a late one for Ebola, were observed. Retrieved articles received a total of 221,606 citations with a mean +/- standard deviation of 25.7 +/- 65.4 citations per article and an h-index of 173. International collaboration was as high as 86.9%. The Centers for Disease Control and Prevention had the highest share (344; 5.0%) followed by the University of Hong Kong with 305 (4.5%). The top leading journal was Journal of Virology with 572 (6.6%) articles while Feldmann, Heinz R. was the most productive researcher with 197 (2.3%) articles. China ranked first on SARS, Turkey ranked first on Crimean-Congo fever, while the United States of America ranked first on the remaining six diseases. Of retrieved articles, 472 (5.5%) were on vaccine - related research with Ebola vaccine being most studied. CONCLUSION: Number of publications on studied pathogens showed sudden dramatic rise in the past two decades representing severe global outbreaks. Contribution of a large number of different countries and the relatively high h-index are indicative of how international collaboration can create common health agenda among distant different countries.,��https://www.ncbi.nlm.nih.gov/pubmed/28179007���Sweileh, Waleed M
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Bryce Henderson, Juana Zamora declare no conflicts of interest���Sep���The family Paramyxoviridae includes many viruses that significantly affect human and animal health. An essential step in the paramyxovirus life cycle is viral entry into host cells, mediated by virus-cell membrane fusion. Upon viral entry, infection results in expression of the paramyxoviral glycoproteins on the infected cell surface. This can lead to cell-cell fusion (syncytia formation), often linked to pathogenesis. Thus membrane fusion is essential for both viral entry and cell-cell fusion and an attractive target for therapeutic development. While there are important differences between viral-cell and cell-cell membrane fusion, many aspects are conserved. The paramyxoviruses generally utilize two envelope glycoproteins to orchestrate membrane fusion. Here, we discuss the roles of these glycoproteins in distinct steps of the membrane fusion process. These findings can offer insights into evolutionary relationships among Paramyxoviridae genera and offer future targets for prophylactic and therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/28138419ê��Aguilar, Hector C
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infections���Jan«��OBJECTIVE: Characterisation of experimental Hendra virus (HeV) infection in dogs and assessment of associated transmission risk. METHODS: Beagle dogs were exposed oronasally to Hendra virus/Australia/Horse/2008/Redlands or to blood collected from HeV-infected ferrets. Ferrets were exposed to oral fluids collected from dogs after canine exposure to HeV. Observations made and samples tested post-exposure were used to assess the clinical course and replication sites of HeV in dogs, the infectivity for ferrets of canine oral fluids and features of HeV infection in dogs following contact with infective blood. RESULTS: Dogs were reliably infected with HeV and were generally asymptomatic. HeV was re-isolated from the oral cavity and virus clearance was associated with development of virus neutralising antibody. Major sites of HeV replication in dogs were the tonsils, lower respiratory tract and associated lymph nodes. Virus replication was documented in canine kidney and spleen, confirming a viraemic phase for canine HeV infection and suggesting that urine may be a source of infectious virus. Infection was transmitted to ferrets via canine oral secretions, with copy numbers for the HeV N gene in canine oral swabs comparable to those reported for nasal swabs of experimentally infected horses. CONCLUSION: HeV is not highly pathogenic for dogs, but their oral secretions pose a potential transmission risk to people. The time-window for transmission risk is circumscribed and corresponds to the period of acute infection before establishment of an adaptive immune response. The likelihood of central nervous system involvement in canine HeV infection is unclear, as is any long-term consequence.,��https://www.ncbi.nlm.nih.gov/pubmed/28124415Ê��Middleton, D J
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*paramyxoviruses���Apr���Bats are reservoir hosts for many paramyxoviruses, some of which cause human and zoonotic diseases of public health importance. We developed a Nipah virus nucleoprotein enzyme-linked immunosorbent assay to detect cross-reactive antibodies in serum samples from several bat species in Brazil. Our results warrant further investigation of henipa-like virus reservoirs in the Western hemisphere.,��https://www.ncbi.nlm.nih.gov/pubmed/28103156~��de Araujo, Jansen
Lo, Michael K
Tamin, Azaibi
Ometto, Tatiana L
Thomazelli, Luciano M
Nardi, Marcello S
Hurtado, Renata F
Nava, Alessandra
Spiropoulou, Christina F
Rota, Paul A
Durigon, Edison L
eng
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2017/01/20 06:00
Vector Borne Zoonotic Dis. 2017 Apr;17(4):271-274. doi: 10.1089/vbz.2016.2051. Epub 2017 Jan 19.*��1557-7759 (Electronic)
1530-3667 (Linking)���28103156���1 Institute of Biomedical Sciences, University of Sao Paulo , Sao Paulo, Brazil .
2 Centers for Disease Control and Prevention , Atlanta, Georgia .
3 Wildlife Department, Sao Paulo Municipality , Sao Paulo, Brazil .
4 FIOCRUZ ILMD Amazon , Manaus, Brazil .���10.1089/vbz.2016.2051��Ð��üÒtÿî?¢���@��Martin, G.
Webb, R. J.
Chen, C.
Plowright, R. K.
Skerratt, L. F.���2017S��Microclimates Might Limit Indirect Spillover of the Bat Borne Zoonotic Hendra Virus���106-115���Microb Ecol���74���1é��Animals
Australia
Chiroptera/*virology
*Hendra Virus
Henipavirus Infections/*transmission/veterinary
Horses
Humans
*Microclimate
Zoonoses/*virology
*Environmental transmission
*Flying foxes
*Horses
*Microclimates
*Spillover
*Survival���Jul¼��Infectious diseases are transmitted when susceptible hosts are exposed to pathogen particles that can replicate within them. Among factors that limit transmission, the environment is particularly important for indirectly transmitted parasites. To try and assess a pathogens' ability to be transmitted through the environment and mitigate risk, we need to quantify its decay where transmission occurs in space such as the microclimate harbouring the pathogen. Hendra virus, a Henipavirus from Australian Pteropid bats, spills-over to horses and humans, causing high mortality. While a vaccine is available, its limited uptake has reduced opportunities for adequate risk management to humans, hence the need to develop synergistic preventive measures, like disrupting its transmission pathways. Transmission likely occurs shortly after virus excretion in paddocks; however, no survival estimates to date have used real environmental conditions. Here, we recorded microclimate conditions and fitted models that predict temperatures and potential evaporation, which we used to simulate virus survival with a temperature-survival model and modification based on evaporation. Predicted survival was lower than previously estimated and likely to be even lower according to potential evaporation. Our results indicate that transmission should occur shortly after the virus is excreted, in a relatively direct way. When potential evaporation is low, and survival is more similar to temperature dependent estimates, transmission might be indirect because the virus can wait several hours until contact is made. We recommend restricting horses' access to trees during night time and reducing grass under trees to reduce virus survival.,��https://www.ncbi.nlm.nih.gov/pubmed/28091706Ù��Martin, Gerardo
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Zoonoses/epidemiology/*transmission���Feb­��Nipah virus is a recently-recognised, zoonotic paramyxovirus that causes severe disease and high fatality rates in people. Outbreaks have occurred in Malaysia, Singapore, India and Bangladesh, and a putative Nipah virus was also recently associated with human disease in the Philippines. Worryingly, human-to-human transmission is common in Bangladesh, where outbreaks occur with near-annual frequency. Onward human transmission of Nipah virus in Bangladesh is associated with close contact with clinically-unwell patients or their infectious secretions. While Nipah virus isolates associated with outbreaks of human infection have not resulted in sustained transmission to date, specific exposures carry a high risk of person-to-person transmission, an observation which is supported by recent findings in animal models. Novel paramyxoviruses continue to emerge from wildlife hosts, and represent an ongoing threat to human health globally.,��https://www.ncbi.nlm.nih.gov/pubmed/28088124¸��Clayton, Bronwyn Anne
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*Phage display���MayÔ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with unusual broad host tropism and is designated as a Category C pathogen by the U.S. National Institute of Allergy and Infectious Diseases. NiV infection is initiated after binding of the viral G glycoprotein to the host cell receptor. The aim of this study was to map the NiV G glycoprotein cell binding domain using a phage display system. The NiV G extracellular domain was truncated and displayed as attachment proteins on M13 phage g3p minor coat protein. The binding efficiency of recombinant phages displaying different regions of NiV G to mammalian cells was evaluated. Results showed that regions of NiV G consisting of amino acids 396-602 (recombinant phage G4) and 498-602 (recombinant phage G5) demonstrated the highest binding to both Vero (5.5x10(3) cfu/ml and 5.6x10(3) cfu/ml) and THP-1 cells (3.5x10(3) cfu/ml and 2.9x10(3) cfu/ml). However, the binding of both of these recombinant phages to THP-1 cells was significantly lower than to Vero cells, and this could be due to the lack of primary host cell receptor expression on THP-1 cells. Furthermore, the binding between these two recombinant phages was competitive suggesting that there was a common host cell attachment site. This study employed an approach that is suitable for use in a biosafety level 2 containment laboratory without the need to use live virus to show that NiV G amino acids 498-602 play an important role for attachment to host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/28082163Ç��Lam, Chui-Wan
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�Recombinant vesicular stomatitis virus (VSV)-based chimeric viruses that include genes from other viruses show promise as vaccines and oncolytic viruses. However, the critical safety concern is the neurotropic nature conveyed by the VSV glycoprotein. VSVs that include the VSV glycoprotein (G) gene, even in most recombinant attenuated strains, can still show substantial adverse or lethal actions in the brain. Here, we test 4 chimeric viruses in the brain, including those in which glycoprotein genes from Nipah, chikungunya (CHIKV), and influenza H5N1 viruses were substituted for the VSV glycoprotein gene. We also test a virus-like vesicle (VLV) in which the VSV glycoprotein gene is expressed from a replicon encoding the nonstructural proteins of Semliki Forest virus. VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV were all safe in the adult mouse brain, as were VSVDeltaG viruses expressing either the Nipah F or G glycoprotein. In contrast, a complementing pair of VSVDeltaG viruses expressing Nipah G and F glycoproteins were lethal within the brain within a surprisingly short time frame of 2 days. Intranasal inoculation in postnatal day 14 mice with VSVDeltaG-CHIKV or VLV evoked no adverse response, whereas VSVDeltaG-H5N1 by this route was lethal in most mice. A key immune mechanism underlying the safety of VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV in the adult brain was the type I interferon response; all three viruses were lethal in the brains of adult mice lacking the interferon receptor, suggesting that the viruses can infect and replicate and spread in brain cells if not blocked by interferon-stimulated genes within the brain.IMPORTANCE Vesicular stomatitis virus (VSV) shows considerable promise both as a vaccine vector and as an oncolytic virus. The greatest limitation of VSV is that it is highly neurotropic and can be lethal within the brain. The neurotropism can be mostly attributed to the VSV G glycoprotein. Here, we test 4 chimeric viruses of VSV with glycoprotein genes from Nipah, chikungunya, and influenza viruses and nonstructural genes from Semliki Forest virus. Two of the four, VSVDeltaG-CHIKV and VLV, show substantially attenuated neurotropism and were safe in the healthy adult mouse brain. VSVDeltaG-H5N1 was safe in the adult brain but lethal in the younger brain. VSVDeltaG Nipah F+G was even more neurotropic than wild-type VSV, evoking a rapid lethal response in the adult brain. These results suggest that while chimeric VSVs show promise, each must be tested with both intranasal and intracranial administration to ensure the absence of lethal neurotropism.,��https://www.ncbi.nlm.nih.gov/pubmed/28077641b��van den Pol, Anthony N
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*innate immunity���Mar 4÷��Hendra virus and Nipah virus (NiV) are highly pathogenic zoonotic paramyxoviruses, from henipavirus genus, that have emerged in late 1990s in Australia and South-East Asia, respectively. Since their initial identification, numerous outbreaks have been reported, affecting both domestic animals and humans, and multiple rounds of person-to-person NiV transmission were observed. Widely distributed fruit bats from Pteropodidae family were found to be henipavirus natural reservoir. Numerous studies have reported henipavirus seropositivity in pteropid bats, including bats in Africa, thus expanding notably the geographic distribution of these viruses. Interestingly, henipavirus infection in bats seems to be asymptomatic, in contrast to severe disease induced in numerous other mammals. Unique among the mammals by their ability to fly, these intriguing animals are natural reservoir for many other emerging and remerging viruses highly pathogenic for humans. This feature, combined with absence of clinical symptoms, has attracted the interest of scientific community to virus-bat interactions. Therefore, several bat genomes were sequenced and particularities of the bat immune system have been intensively analyzed during the last decade to understand their coexistence with viruses in the absence of disease. The peculiarities in inflammasome activation, a constitutive expression of interferon alpha, and some differences in adaptive immunity have been recently reported in fruit bats. Studies on virus-bat interactions have thus emerged as an exciting novel area of research that should shed new light on the mechanisms that regulate viral infection and may allow development of novel therapeutic approaches to control this highly lethal emerging infectious disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28060559¾��Enchery, Francois
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Virosomes/genetics/metabolism���Aprw��Viruses of the genus Henipavirus of the family Paramyxoviridae are zoonotic pathogens, which have emerged in Southeast Asia, Australia and Africa. Nipah virus (NiV) and Hendra virus are highly virulent pathogens transmitted from bats to animals and humans, while the henipavirus Cedar virus seems to be non-pathogenic in infection studies. The full replication cycle of the Paramyxoviridae occurs in the host cell's cytoplasm, where viral assembly is orchestrated by the matrix (M) protein. Unexpectedly, the NiV-M protein traffics through the nucleus as an essential step to engage the plasma membrane in preparation for viral budding/release. Comparative studies were performed to assess whether M protein nuclear localization is a common feature of the henipaviruses, including the recently sequenced (although not yet isolated) Ghanaian bat henipavirus (Kumasi virus, GH-M74a virus) and Mojiang virus. Live-cell confocal microscopy revealed that nuclear translocation of GFP-fused M protein is conserved between henipaviruses in both human- and bat-derived cell lines. However, the efficiency of M protein nuclear localization and virus-like particle budding competency varied. Additionally, Cedar virus-, Kumasi virus- and Mojiang virus-M proteins were mutated in a bipartite nuclear localization signal, indicating that a key lysine residue is essential for nuclear import, export and induction of budding events, as previously reported for NiV-M. The results of this study suggest that the M proteins of henipaviruses may utilize a similar nucleocytoplasmic trafficking pathway as an essential step during viral replication in both humans and bats.,��https://www.ncbi.nlm.nih.gov/pubmed/28056216ý��McLinton, Elisabeth C
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vaccination���Dec	��Hendra virus was identified in horses and humans in 1994, in Queensland, Australia. Flying foxes are the natural host. Horses are thought to acquire infection by direct or indirect contact with infected flying fox urine. Humans are infected from close contact with infected horses. To reduce risk of infection in horses and humans, Australian horse owners are encouraged to vaccinate horses against the virus and adopt property risk mitigation practices that focus on reducing flying fox horse contact and contamination of horses' environment with flying fox bodily fluids. This study investigates uptake of four Hendra virus risk mitigation practices in a sample of non- and partially vaccinating horse owners living close to previous Hendra virus cases. Protection motivation theory was used to develop a conceptual model to investigate risk perception and coping factors associated with uptake of risk mitigation practices. An online survey was administered via Facebook pages of veterinary clinics close to previous Hendra virus cases. Factors associated with uptake of risk mitigation practices were investigated using univariate and multivariate binary logistic regression. Belief that a risk mitigation practice would be effective in reducing Hendra virus risk was significantly associated with the uptake of that practice. Issues around the practicality of implementing risk mitigation practices were found to be the greatest barrier to uptake. Factors that relate to risk immediacy, such as nearby infection, were identified as more likely to trigger uptake of risk mitigation practices. The role of veterinarians in supporting Hendra risk mitigation was identified as more influential than that of respected others or friends. Findings from this study are being used to assist stakeholders in Australia responsible for promotion of risk mitigation practice in identifying additional pathways and reliable influencing factors that could be utilized for engaging and communicating with horse owners to promote Hendra virus risk mitigation behaviour.,��https://www.ncbi.nlm.nih.gov/pubmed/28054443Â��Manyweathers, J
Field, H
Jordan, D
Longnecker, N
Agho, K
Smith, C
Taylor, M
eng
Germany
2017/01/06 06:00
Transbound Emerg Dis. 2017 Dec;64(6):1898-1911. doi: 10.1111/tbed.12588. Epub 2017 Jan 4.*��1865-1682 (Electronic)
1865-1674 (Linking)���28054443>��Centre for Health Research, Western Sydney University, Sydney, NSW, Australia.
School of Animal Biology, University of Western Australia, Perth, WA, Australia.
EcoHealth Alliance, New York, NY, USA.
New South Wales Department of Primary Industries, Wollongbar, NSW, Australia.
Centre for Science Communication, University of Otago, Dunedin, New Zealand.
Department of Agriculture and Fisheries, Biosecurity Queensland, Queensland Centre for Emerging Infectious Diseases, Coopers Plains, Qld, Australia.
Department of Psychology, Macquarie University, Sydney, NSW, Australia.���10.1111/tbed.12588����¯��üÖ|ÿÿ?©���­��Rougeron, V.
Suquet, E.
Maganga, G. D.
Jiolle, D.
Mombo, I. M.
Bourgarel, M.
Motsch, P.
Arnathau, C.
Durand, P.
Drexler, F.
Drosten, C.
Renaud, F.
Prugnolle, F.
Leroy, E. M.���2016d��Characterization and phylogenetic analysis of new bat astroviruses detected in Gabon, Central Africa���386-392
��Acta Virol���60���4þ��Animals
Astroviridae/classification/*genetics/isolation & purification
Astroviridae Infections/*veterinary/virology
Chiroptera/*virology
Gabon
Genetic Variation
Humans
Mammals/virology
*Phylogeny
bat
astroviruses
Gabon
host restriction
genetic diversity.#��Astroviruses are emerging RNA viruses that cause enteropathogenic infections in humans and in other mammals. The identification of astroviruses in a wide range of animals highlights the zoonotic importance of these viruses. Bats can harbor many different viruses, among which some are highly pathogenic for humans (for instance, Nipah, Ebola and SARS coronavirus), and also several astroviruses. As some RNA viruses can be directly transmitted from bats to humans, it is crucial to collect data about their frequency, genetic diversity and phylogenetic characterization. In this study, we report the molecular identification of 44 new astroviruses (with a detection rate of 4.5%) in 962 apparently healthy bats that belong to five different species and that were captured in different caves in North-East Gabon, Central Africa. Our results show that bat astroviruses form a group that is genetically distinct from astroviruses infecting other mammals. Moreover, these astroviruses showed an important genetic diversity and low host restriction in bat species.,��https://www.ncbi.nlm.nih.gov/pubmed/27928918Ú��Rougeron, V
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Lab-On-A-Chip Devices
Magnetite Nanoparticles/*chemistry���Dec 20°��Current diagnosis of infectious diseases such as Hendra virus (HeV) relies mostly on laboratory-based tests. There is an urgent demand for rapid diagnosis technology to detect and identify these diseases in humans and animals so that disease spread can be controlled. In this study, an integrated lab-on-a-chip device using a magnetic nanoparticle immunoassay is developed. The key features of the device are the chaotic fluid mixing, achieved by magnetically driven motion of nanoparticles with the optimal mixing protocol developed using chaotic transport theory, and the automatic liquid handling system for loading reagents and samples. The device has been demonstrated to detect Hendra virus antibodies in dilute horse serum samples within a short time of 15 minutes and the limit of detection is about 0.48 ng ml(-1). The device platform can potentially be used for field detection of viruses and other biological and chemical substances.,��https://www.ncbi.nlm.nih.gov/pubmed/27921111���Petkovic, K
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��Yoneda, M.���2016*��Nipah and Hendra virus infectious diseases	��1973-1978���Nihon Rinsho���74���12���Decý��Nipah and Hendra virus were first identified in mid 1990s in Australia and Malaysia, caus- ing epidemics with high mortality rate in affected animals and humans. Since their first emer- gence, they continued to re-emerge in Australia and South East Asia almost every year. Nipah and Hendra virus were classified in the new genus Henipavirus because of their un- common features amongst Paramyxoviridae. Henipaviruses are zoonotic paramyxoviruses with a broad tropism, and cause severe acute respiratory disease and encephalitis. Their high virulence and wide host range make them to be given Biosecurity Level 4 status. This review summarizes details of Henipavirus emergence, reservoir hosts and pathology, and introduce recent progress in vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/30550652R��Yoneda, Misako
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viral prevalence���Octb��Fruit bats (Pteropodidae) have received increased attention after the recent emergence of notable viral pathogens of bat origin. Their vagility hinders data collection on abundance and distribution, which constrains modeling efforts and our understanding of bat ecology, viral dynamics, and spillover. We addressed this knowledge gap with models and data on the occurrence and abundance of nectarivorous fruit bat populations at 3 day roosts in southeast Queensland. We used environmental drivers of nectar production as predictors and explored relationships between bat abundance and virus spillover. Specifically, we developed several novel modeling tools motivated by complexities of fruit bat foraging ecology, including: (1) a dataset of spatial variables comprising Eucalypt-focused vegetation indices, cumulative precipitation, and temperature anomaly; (2) an algorithm that associated bat population response with spatial covariates in a spatially and temporally relevant way given our current understanding of bat foraging behavior; and (3) a thorough statistical learning approach to finding optimal covariate combinations. We identified covariates that classify fruit bat occupancy at each of our three study roosts with 86-93% accuracy. Negative binomial models explained 43-53% of the variation in observed abundance across roosts. Our models suggest that spatiotemporal heterogeneity in Eucalypt-based food resources could drive at least 50% of bat population behavior at the landscape scale. We found that 13 spillover events were observed within the foraging range of our study roosts, and they occurred during times when models predicted low population abundance. Our results suggest that, in southeast Queensland, spillover may not be driven by large aggregations of fruit bats attracted by nectar-based resources, but rather by behavior of smaller resident subpopulations. Our models and data integrated remote sensing and statistical learning to make inferences on bat ecology and disease dynamics. This work provides a foundation for further studies on landscape-scale population movement and spatiotemporal disease dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/27891217ü��Giles, John R
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*phosphoprotein���Jan 15d��Marburg virus (MARV) is a highly pathogenic filovirus that is classified in a genus distinct from that of Ebola virus (EBOV) (genera Marburgvirus and Ebolavirus, respectively). Both viruses produce a multifunctional protein termed VP35, which acts as a polymerase cofactor, a viral protein chaperone, and an antagonist of the innate immune response. VP35 contains a central oligomerization domain with a predicted coiled-coil motif. This domain has been shown to be essential for RNA polymerase function. Here we present crystal structures of the MARV VP35 oligomerization domain. These structures and accompanying biophysical characterization suggest that MARV VP35 is a trimer. In contrast, EBOV VP35 is likely a tetramer in solution. Differences in the oligomeric state of this protein may explain mechanistic differences in replication and immune evasion observed for MARV and EBOV. IMPORTANCE: Marburg virus can cause severe disease, with up to 90% human lethality. Its genome is concise, only producing seven proteins. One of the proteins, VP35, is essential for replication of the viral genome and for evasion of host immune responses. VP35 oligomerizes (self-assembles) in order to function, yet the structure by which it assembles has not been visualized. Here we present two crystal structures of this oligomerization domain. In both structures, three copies of VP35 twist about each other to form a coiled coil. This trimeric assembly is in contrast to tetrameric predictions for VP35 of Ebola virus and to known structures of homologous proteins in the measles, mumps, and Nipah viruses. Distinct oligomeric states of the Marburg and Ebola virus VP35 proteins may explain differences between them in polymerase function and immune evasion. These findings may provide a more accurate understanding of the mechanisms governing VP35's functions and inform the design of therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/27847355¡��Bruhn, Jessica F
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Virus Replication���Novì��BACKGROUND: Nipah virus causes respiratory and neurologic disease with case fatality rates up to 100% in individual outbreaks. End stage lesions have been described in the respiratory and nervous systems, vasculature and often lymphoid organs in fatal human cases; however, the initial target organs of Nipah virus infection have not been identified. Here, we detected the initial target tissues and cells of Nipah virus and tracked virus dissemination during the early phase of infection in Syrian hamsters inoculated with a Nipah virus isolate from Malaysia (NiV-M) or Bangladesh (NiV-B). METHODOLOGY/PRINCIPAL FINDINGS: Syrian hamsters were euthanized between 4 and 48 hours post intranasal inoculation and tissues were collected and analyzed for the presence of viral RNA, viral antigen and infectious virus. Virus replication was first detected at 8 hours post inoculation (hpi). Nipah virus initially targeted type I pneumocytes, bronchiolar respiratory epithelium and alveolar macrophages in the lung and respiratory and olfactory epithelium lining the nasal turbinates. By 16 hpi, virus disseminated to epithelial cells lining the larynx and trachea. Although the pattern of viral dissemination was similar for both virus isolates, the rate of spread was slower for NiV-B. Infectious virus was not detected in the nervous system or blood and widespread vascular infection and lesions within lymphoid organs were not observed, even at 48 hpi. CONCLUSIONS/SIGNIFICANCE: Nipah virus initially targets the respiratory system. Virus replication in the brain and infection of blood vessels in non-respiratory tissues does not occur during the early phase of infection. However, virus replicates early in olfactory epithelium and may serve as the first step towards nervous system dissemination, suggesting that development of vaccines that block virus dissemination or treatments that can access the brain and spinal cord and directly inhibit virus replication may be necessary for preventing central nervous system pathology.,��https://www.ncbi.nlm.nih.gov/pubmed/27812087���Baseler, Laura
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*Stent���Dec 30°��Active ingredients of ginsenoside, Rg1 and Re, are able to inhibit the proliferation of vascular smooth muscle cells and promote the growth of vascular endothelial cells. These capabilities are of interest for developing a novel drug-eluting stent to potentially solve the current problem of late-stent thrombosis and poor endotheliazation. Therefore, this study was aimed to incorporate ginsenoside into degradable coating of poly(lactic-co-glycolic acid) (PLGA). Drug mixture composed of ginseng extract and 10% to 50% of PLGA (xPLGA/g) was coated on electropolished stainless steel 316L substrate by using a dip coating technique. The coating was characterized principally by using attenuated total reflectance-Fourier transform infrared spectroscopy, scanning electron microscopy and contact angle analysis, while the drug release profile of ginsenosides Rg1 and Re was determined by using mass spectrometry at a one month immersion period. Full and homogenous coating coverage with acceptable wettability was found on the 30PLGA/g specimen. All specimens underwent initial burst release dependent on their composition. The 30PLGA/g and 50PLGA/g specimens demonstrated a controlled drug release profile having a combination of diffusion- and swelling-controlled mechanisms of PLGA. The study suggests that the 30PLGA/g coated specimen expresses an optimum composition which is seen as practicable for developing a controlled release drug-eluting stent.,��https://www.ncbi.nlm.nih.gov/pubmed/27793709ò��Miswan, Zulaika
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immunohistochemistry
olfactory epithelium
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subtypesÞ��The olfactory epithelium (OE) is the only body site where neurons contact directly the environment and are therefore exposed to a broad variation of substances and insults. It can serve as portal of entry for neurotropic viruses which spread via the olfactory pathway to the central nervous system. For horses, it has been proposed and concluded mainly from rodent studies that different viruses, e.g., Borna disease virus, equine herpesvirus 1 (EHV-1), hendra virus, influenza virus, rabies virus, vesicular stomatitis virus can use this route. However, little is yet known about cytoarchitecture, protein expression and the intranasal location of the equine OE. Revealing differences in cytoarchitecture or protein expression pattern in comparison to rodents, canines, or humans might help to explain varying susceptibility to certain intranasal virus infections. On the other hand, disclosing similarities especially between rodents and other species, e.g., horses would help to underscore transferability of rodent models. Analysis of the complete noses of five adult horses revealed that in the equine OE two epithelial subtypes with distinct marker expression exist, designated as types a and b which resemble those previously described in dogs. Detailed statistical analysis was carried out to confirm the results obtained on the descriptive level. The equine OE was predominantly located in caudodorsal areas of the nasal turbinates with a significant decline in rostroventral direction, especially for type a. Immunohistochemically, olfactory marker protein and doublecortin (DCX) expression was found in more cells of OE type a, whereas expression of proliferating cell nuclear antigen and tropomyosin receptor kinase A was present in more cells of type b. Accordingly, type a resembles the mature epithelium, in contrast to the more juvenile type b. Protein expression profile was comparable to canine and rodent OE but equine types a and b were located differently within the nose and revealed differences in its cytoarchitecture when compared to canine OE. Equine OE type a closely resembles rat OE. Whether the observed differences contribute to species-specific susceptibility to intranasal insults such as virus infections has to be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/27790096¸��Kupke, Alexandra
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Nipah Virus/*physiology
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Species Specificity
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Uncertainty���Bat-borne viruses have been linked to a number of zoonotic diseases; in 2014 there have been human cases of Nipah virus (NiV) in Bangladesh and Ebola virus in West and Central Africa. Here we describe a model designed to provide initial quantitative predictions of the risk of entry of such viruses to European Union (EU) Member States (MSs) through four routes: human travel, legal trade (e.g. fruit and animal products), live animal movements and illegal importation of bushmeat. The model utilises available datasets to assess the movement via these routes between individual countries of the world and EU MSs. These data are combined with virus specific data to assess the relative risk of entry between EU MSs. As a case study, the model was parameterised for NiV. Scenario analyses showed that the selection of exporting countries with NiV and potentially contaminated trade products were essential to the accuracy of all model outputs. Uncertainty analyses of other model parameters identified that the model expected number of years to an introduction event within the EU was highly susceptible to the prevalence of NiV in bats. The relative rankings of the MSs and routes, however, were more robust. The UK, the Netherlands and Germany were consistently the most likely points of entry and the ranking of most MSs varied by no more than three places (maximum variation five places). Legal trade was consistently the most likely route of entry, only falling below human travel when the estimate of the prevalence of NiV in bats was particularly low. Any model-based calculation is dependent on the data available to feed into the model and there are distinct gaps in our knowledge, particularly in regard to various pathogen/virus as well as host/bat characteristics. However, the strengths of this model lie in the provision of relative comparisons of risk among routes and MSs. The potential for expansion of the model to include other routes and viruses and the possibility of rapid parameterisation demonstrates its potential for use in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/27788234Î��Simons, Robin R L
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*Virus Internalization���Oct|��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are bat-borne viruses that cause fatal disease in humans and a range of other mammalian species. Gaining a deeper understanding of host pathways exploited by henipaviruses for infection may identify targets for new anti-viral therapies. Here we have performed genome-wide high-throughput agonist and antagonist screens at biosafety level 4 to identify host-encoded microRNAs (miRNAs) impacting henipavirus infection in human cells. Members of the miR-181 and miR-17~93 families strongly promoted Hendra virus infection. miR-181 also promoted Nipah virus infection, but did not affect infection by paramyxoviruses from other genera, indicating specificity in the virus-host interaction. Infection promotion was primarily mediated via the ability of miR-181 to significantly enhance henipavirus-induced membrane fusion. Cell signalling receptors of ephrins, namely EphA5 and EphA7, were identified as novel negative regulators of henipavirus fusion. The expression of these receptors, as well as EphB4, were suppressed by miR-181 overexpression, suggesting that simultaneous inhibition of several Ephs by the miRNA contributes to enhanced infection and fusion. Immune-responsive miR-181 levels was also up-regulated in the biofluids of ferrets and horses infected with Hendra virus, suggesting that the host innate immune response may promote henipavirus spread and exacerbate disease severity. This study is the first genome-wide screen of miRNAs influencing infection by a clinically significant mononegavirus and nominates select miRNAs as targets for future anti-viral therapy development.,��https://www.ncbi.nlm.nih.gov/pubmed/27783670h��Foo, Chwan Hong
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*nonresponse���Oct-Dec���BACKGROUND: Even a well-designed randomized control trial (RCT) study can produce ambiguous results. This article highlights a case in which full sample results from a large-scale RCT in the United Kingdom differ from results for a subsample of survey respondents. OBJECTIVES: Our objective is to ascertain the source of the discrepancy in inferences across data sources and, in doing so, to highlight important threats to the reliability of the causal conclusions derived from even the strongest research designs. RESEARCH DESIGN: The study analyzes administrative data to shed light on the source of the differences between the estimates. We explore the extent to which heterogeneous treatment impacts and survey nonresponse might explain these differences. We suggest checks which assess the external validity of survey measured impacts, which in turn provides an opportunity to test the effectiveness of different weighting schemes to remove bias. The subjects included 6,787 individuals who participated in a large-scale social policy experiment. RESULTS: Our results were not definitive but suggest nonresponse bias is the main source of the inconsistent findings. CONCLUSIONS: The results caution against overconfidence in drawing conclusions from RCTs and highlight the need for great care to be taken in data collection and analysis. Particularly, given the modest size of impacts expected in most RCTs, small discrepancies in data sources can alter the results. Survey data remain important as a source of information on outcomes not recorded in administrative data. However, linking survey and administrative data is strongly recommended whenever possible.,��https://www.ncbi.nlm.nih.gov/pubmed/27780905À��Dorsett, Richard
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*flying-foxes���May¸��Hendra virus (HeV) causes potentially fatal respiratory and/or neurological disease in both horses and humans. Although Australian flying-foxes of the genus Pteropus have been identified as reservoir hosts, the precise mechanism of HeV transmission has yet to be elucidated. To date, there has been limited investigation into the role of haematophagous insects as vectors of HeV. This mode of transmission is particularly relevant because Australian flying-foxes host the bat-specific blood-feeding ectoparasites of the genus Cyclopodia (Diptera: Nycteribiidae), also known as bat flies. Using molecular detection methods, we screened for HeV RNA in 183 bat flies collected from flying-foxes inhabiting a roost in Boonah, Queensland, Australia. It was subsequently demonstrated that during the study period, Pteropus alecto in this roost had a HeV RNA prevalence between 2 and 15% (95% CI [1, 6] to [8, 26], respectively). We found no evidence of HeV in any bat flies tested, including 10 bat flies collected from P. alecto in which we detected HeV RNA. Our negative findings are consistent with previous findings and provide additional evidence that bat flies do not play a primary role in HeV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/27770493Ö��Vidgen, M E
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*Tioman virus���Nov)��Bat-borne viral diseases are a major public health concern among newly emerging infectious diseases which includes severe acute respiratory syndrome, Nipah, Marburg and Ebola virus disease. During the survey for Nipah virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and confirmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be susceptible to Tioman virus. Negative electron microscopy study revealed the "herringbone" morphology of the nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.,��https://www.ncbi.nlm.nih.gov/pubmed/27619056o��Yadav, Pragya
Sarkale, Prasad
Patil, Deepak
Shete, Anita
Kokate, Prasad
Kumar, Vimal
Jain, Rajlaxmi
Jadhav, Santosh
Basu, Atanu
Pawar, Shailesh
Sudeep, Anakkathil
Gokhale, Mangesh
Lakra, Rajen
Mourya, Devendra
eng
Research Support, Non-U.S. Gov't
Netherlands
2016/10/23 06:00
Infect Genet Evol. 2016 Nov;45:224-229. doi: 10.1016/j.meegid.2016.09.010. Epub 2016 Sep 9.*��1567-7257 (Electronic)
1567-1348 (Linking)���27619056ï��National Institute of Virology, Pune, 20-A, Dr. Ambedkar Road, Pune, Maharashtra Pin 411001, India.
National Institute of Virology, Pune, 20-A, Dr. Ambedkar Road, Pune, Maharashtra Pin 411001, India. Electronic address: dtmourya@gmail.com.���10.1016/j.meegid.2016.09.010��5�þÒtÿî?·������Poropat, S. F.
Mannion, P. D.
Upchurch, P.
Hocknull, S. A.
Kear, B. P.
Kundrat, M.
Tischler, T. R.
Sloan, T.
Sinapius, G. H.
Elliott, J. A.
Elliott, D. A.���2016M��New Australian sauropods shed light on Cretaceous dinosaur palaeobiogeography���34467���Sci Rep���6`��*Animal Distribution
Animals
*Dinosaurs/genetics
Fossils
Paleontology
*Phylogeography
Queensland���Oct 20È��Australian dinosaurs have played a rare but controversial role in the debate surrounding the effect of Gondwanan break-up on Cretaceous dinosaur distribution. Major spatiotemporal gaps in the Gondwanan Cretaceous fossil record, coupled with taxon incompleteness, have hindered research on this effect, especially in Australia. Here we report on two new sauropod specimens from the early Late Cretaceous of Queensland, Australia, that have important implications for Cretaceous dinosaur palaeobiogeography. Savannasaurus elliottorum gen. et sp. nov. comprises one of the most complete Cretaceous sauropod skeletons ever found in Australia, whereas a new specimen of Diamantinasaurus matildae includes the first ever cranial remains of an Australian sauropod. The results of a new phylogenetic analysis, in which both Savannasaurus and Diamantinasaurus are recovered within Titanosauria, were used as the basis for a quantitative palaeobiogeographical analysis of macronarian sauropods. Titanosaurs achieved a worldwide distribution by at least 125 million years ago, suggesting that mid-Cretaceous Australian sauropods represent remnants of clades which were widespread during the Early Cretaceous. These lineages would have entered Australasia via dispersal from South America, presumably across Antarctica. High latitude sauropod dispersal might have been facilitated by Albian-Turonian warming that lifted a palaeoclimatic dispersal barrier between Antarctica and South America.,��https://www.ncbi.nlm.nih.gov/pubmed/277635980��Poropat, Stephen F
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*Virus Internalization���Oct 18v��Nipah is an emerging paramyxovirus that is of serious concern to human health. It invades host cells using two of its membrane proteins-G and F. G binds to host ephrins and this stimulates G to activate F. Upon activation, F mediates virus-host membrane fusion. Here we focus on mechanisms that underlie the stimulation of G by ephrins. Experiments show that G interacts with ephrin and F through separate sites located on two different domains, the receptor binding domain (RBD) and the F activation domain (FAD). No models explain this allosteric coupling. In fact, the analogous mechanisms in other paramyxoviruses also remain undetermined. The structural organization of G is such that allosteric coupling must involve at least one of the two interfaces-the RBD-FAD interface and/or the RBD-RBD interface. Here we examine using molecular dynamics the effect of ephrin binding on the RBD-RBD interface. We find that despite inducing small changes in individual RBDs, ephrin reorients the RBD-RBD interface extensively, and in a manner that will enhance solvent exposure of the FAD. While this finding supports a proposed model of G stimulation, we also find from additional simulations that ephrin induces a similar RBD-RBD reorientation in a stimulation-deficient G mutant, V209 VG --> AAA. Together, our simulations suggest that while inter-RBD reorientation may be important, it is not, by itself, a sufficient condition for G stimulation. Additionally, we find that the mutation affects the conformational ensemble of RBD globally, including the RBD-FAD interface, suggesting the latter's role in G stimulation. Because ephrin induces small changes in individual RBDs, a proper analysis of conformational ensembles required that they are compared directly-we employ a method we developed recently, which we now release at SimTK, and show that it also performs excellently for non-Gaussian distributions.,��https://www.ncbi.nlm.nih.gov/pubmed/27760350���Dutta, Priyanka
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*zoonoses���DecF��Human Nipah encephalitis outbreaks have been identified almost yearly in Bangladesh since 2001. Though raw date palm sap consumption and person-to-person contact are recognized as major transmission pathways, alternative pathways of transmission are plausible and may not have been identified due to limited statistical power in each outbreak. We conducted a risk factor analysis using all 157 cases and 632 controls surveyed in previous investigations during 2004-2012 to identify exposures independently associated with Nipah, since date palm sap was first asked about as an exposure in 2004. To further explore possible rare exposures, we also conducted in-depth interviews with all cases, or proxies, since 2001 that reported no exposure to date palm sap or contact with another case. Cases were 4.9 (95% 3.2-7.7) times more likely to consume raw date palm sap and 7.3 (95% 4.0-13.4) times more likely to have contact with a Nipah case than controls. In-depth interviews revealed that 39/182 (21%) of Nipah cases reporting neither date palm sap consumption nor contact with another case were misclassified. Prevention efforts should be focused on interventions to interrupt transmission through date palm sap consumption and person-to-person contact. Furthermore, pooling outbreak investigation data is a good method for assessing rare exposures.,��https://www.ncbi.nlm.nih.gov/pubmed/27738775H��Hegde, Sonia T
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Zoonoses/*virology���Aug���Viruses rapidly evolve and can emerge in unpredictable ways. Transmission pathways by which foodborne viruses may enter human populations and evolutionary mechanisms by which viruses can become virulent are discussed in this chapter. A majority of viruses emerge from zoonotic animal reservoirs, often by adapting and infecting intermediate hosts, such as domestic animals and livestock. Viruses that are known foodborne threats include hepatitis E virus, tick-borne encephalitis virus, enteroviruses, adenovirus, and astroviruses, among others. Viruses may potentially evolve and emerge as a result of modern agricultural practices which can concentrate livestock and bring them into contact with wild animals. Examples of viruses that have emerged in this manner are influenza, coronaviruses such as severe acute respiratory syndrome and Middle East respiratory syndrome, and the Nipah virus. The role of bats, bush meat, rodents, pigs, cattle, and poultry as reservoirs from which infectious pathogenic viruses emerge are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/27726774x��Kingsley, David H
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*risk factor���Janï��Bats of the genus Pteropus (Pteropodidae), colloquially known as flying foxes, are recognized as the natural reservoir of Hendra virus, a zoonotic paramyxovirus responsible for mortality in horses and humans. Some previous studies have suggested that physiologic and ecologic factors promote Hendra virus infection in flying foxes, and by extension, spillover to horses and humans. However, the impact of Hendra virus infection on relevant physiologic biomarkers in flying foxes has not been measured. Over 12 mo in eastern Australia, we captured and sampled 446 individual black flying foxes ( Pteropus alecto ), a putative primary reservoir host species, and measured a suite of hematologic, plasma biochemistry, and urinary biomarkers. All mean hematologic and biochemical values in both Hendra virus-positive and virus-negative cohorts were within the published reference ranges for black flying foxes. We found no association between Hendra virus infection (as indicated by PCR detection of Hendra virus RNA) and biomarkers for nutritional stress, reproductive stress, or extreme metabolic demand. However, we identified associations between several other biomarkers and Hendra virus infection, which may partly elucidate the physiologic effects of Hendra virus infection in flying foxes. Our findings highlight the need for critical evaluation of putative risk factors for infection in flying foxes and provide insights for future epidemiologic studies of Hendra virus and related viruses in the Pteropus species.,��https://www.ncbi.nlm.nih.gov/pubmed/27723384Ã��McMichael, Lee
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Pneumonia/drug therapy/virologyú��Host-derived proteases can augment or help to clear infections. This dichotomy is exemplified by cathepsin L (CTSL), which helps Hendra virus and SARS coronavirus to invade cells, but is essential for survival in mice with mycoplasma pneumonia. The present study tested the hypothesis that CTSL protects mice from serious consequences of infection by the orthomyxovirus influenza A, which is thought to be activated by host-supplied proteases other than CTSL. Ctsl-/- mice infected with influenza A/Puerto Rico/8/34(H1N1) had larger lung viral loads and higher mortality than infected Ctsl+/+ mice. Lung inflammation in surviving infected mice peaked 14 days after initial infection, accompanied marked focal distal airway bronchiolization and epithelial metaplasia followed by desquamation and fibrotic interstitial remodeling, and persisted for at least 6 weeks. Most deaths occurred during the second week of infection in both groups of mice. In contrast to mycoplasma pneumonia, infiltrating cells were predominantly mononuclear rather than polymorphonuclear. The histopathology of lung inflammation and remodeling in survivors was similar in Ctsl-/- and Ctsl+/+ mice, although Ctsl+/+ mice cleared immunoreactive virus sooner. Furthermore, Ctsl-/- mice had profound deficits in CD4+ lymphocytes before and after infection and weaker production of pathogen-specific IgG. Thus, CTSL appears to support innate as well as adaptive responses, which confer a survival advantage on mice infected with the orthomyxovirus influenza A.,��https://www.ncbi.nlm.nih.gov/pubmed/27716790ù��Xu, Xiang
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Virus Attachment
Virus Internalization���Dec 1�
�The paramyxoviral family contains many medically important viruses, including measles virus, mumps virus, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the deadly zoonotic henipaviruses Hendra and Nipah virus (NiV). To both enter host cells and spread from cell to cell within infected hosts, the vast majority of paramyxoviruses utilize two viral envelope glycoproteins: the attachment glycoprotein (G, H, or hemagglutinin-neuraminidase [HN]) and the fusion glycoprotein (F). Binding of G/H/HN to a host cell receptor triggers structural changes in G/H/HN that in turn trigger F to undergo a series of conformational changes that result in virus-cell (viral entry) or cell-cell (syncytium formation) membrane fusion. The actual regions of G/H/HN and F that interact during the membrane fusion process remain relatively unknown though it is generally thought that the paramyxoviral G/H/HN stalk region interacts with the F head region. Studies to determine such interactive regions have relied heavily on coimmunoprecipitation approaches, whose limitations include the use of detergents and the micelle-mediated association of proteins. Here, we developed a flow-cytometric strategy capable of detecting membrane protein-protein interactions by interchangeably using the full-length form of G and a soluble form of F, or vice versa. Using both coimmunoprecipitation and flow-cytometric strategies, we found a bidentate interaction between NiV G and F, where both the stalk and head regions of NiV G interact with F. This is a new structural-biological finding for the paramyxoviruses. Additionally, our studies disclosed regions of the NiV G and F glycoproteins dispensable for the G and F interactions. IMPORTANCE: Nipah virus (NiV) is a zoonotic paramyxovirus that causes high mortality rates in humans, with no approved treatment or vaccine available for human use. Viral entry into host cells relies on two viral envelope glycoproteins: the attachment (G) and fusion (F) glycoproteins. Binding of G to the ephrinB2 or ephrinB3 cell receptors triggers conformational changes in G that in turn cause F to undergo conformational changes that result in virus-host cell membrane fusion and viral entry. It is currently unknown, however, which specific regions of G and F interact during membrane fusion. Past efforts to determine the interacting regions have relied mainly on coimmunoprecipitation, a technique with some pitfalls. We developed a flow-cytometric assay to study membrane protein-protein interactions, and using this assay we report a bidentate interaction whereby both the head and stalk regions of NiV G interact with NiV F, a new finding for the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/27654290û��Stone, Jacquelyn A
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Viral Proteins/genetics/*immunology���Sep2��For efficient replication, viruses have developed mechanisms to evade innate immune responses, including the antiviral type-I interferon (IFN-I) system. Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae family (genus Henipavirus), is known to encode for four P gene-derived viral proteins (P/C/W/V) with IFN-I antagonist functions. Here we report that NiV matrix protein (NiV-M), which is important for virus assembly and budding, can also inhibit IFN-I responses. IFN-I production requires activation of multiple signaling components including the IkappaB kinase epsilon (IKKepsilon). We previously showed that the E3-ubiquitin ligase TRIM6 catalyzes the synthesis of unanchored K48-linked polyubiquitin chains, which are not covalently attached to any protein, and activate IKKepsilon for induction of IFN-I mediated antiviral responses. Using co-immunoprecipitation assays and confocal microscopy we show here that the NiV-M protein interacts with TRIM6 and promotes TRIM6 degradation. Consequently, NiV-M expression results in reduced levels of unanchored K48-linked polyubiquitin chains associated with IKKepsilon leading to impaired IKKepsilon oligomerization, IKKepsilon autophosphorylation and reduced IFN-mediated responses. This IFN antagonist function of NiV-M requires a conserved lysine residue (K258) in the bipartite nuclear localization signal that is found in divergent henipaviruses. Consistent with this, the matrix proteins of Ghana, Hendra and Cedar viruses were also able to inhibit IFNbeta induction. Live NiV infection, but not a recombinant NiV lacking the M protein, reduced the levels of endogenous TRIM6 protein expression. To our knowledge, matrix proteins of paramyxoviruses have never been reported to be involved in innate immune antagonism. We report here a novel mechanism of viral innate immune evasion by targeting TRIM6, IKKepsilon and unanchored polyubiquitin chains. These findings expand the universe of viral IFN antagonism strategies and provide a new potential target for development of therapeutic interventions against NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27622505���Bharaj, Preeti
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*W protein���Oct 21b��Paramyxoviruses replicate in the cytoplasm with no obvious requirement to interact with the nucleus. Nevertheless, the W protein of the highly lethal bat-borne paramyxovirus Nipah virus (NiV) is known to undergo specific targeting to the nucleus, mediated by a single nuclear localisation signal (NLS) within the C-terminal domain. Here, we report for the first time that additional sites modulate nucleocytoplasmic localisation of W. We show that the N-terminal domain interacts with importin alpha1 and contributes to nuclear accumulation of W, indicative of a novel N-terminal NLS. We also find that W undergoes exportin-1 mediated nuclear export, dependent on a leucine at position 174. Together, these data enable significant revision of the generally accepted model of W trafficking, with implications for understanding of the mechanisms of NiV immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/27622322´��Audsley, Michelle D
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*Swine���Sep 14s��Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus, within the family Paramyxoviridae. Nipah virus has caused outbreaks of human disease in Bangladesh, Malaysia, Singapore, India and Philippines, in addition to a large outbreak in swine in Malaysia in 1998/1999. Recently, NiV was suspected to be a causative agent of an outbreak in horses in 2014 in the Philippines, while HeV has caused multiple human and equine outbreaks in Australia since 1994. A swine vaccine able to prevent shedding of infectious virus is of veterinary and human health importance, and correlates of protection against henipavirus infection in swine need to be better understood. In the present study, three groups of animals were employed. Pigs vaccinated with adjuvanted recombinant soluble HeV G protein (sGHEV) and challenged with HeV, developed antibody levels considered to be protective prior to the challenge (titers of 320). However, activation of the cell-mediated immune response was not detected, and the animals were only partially protected against challenge with 5x10(5) PFU of HeV per animal. In the second group, cross-neutralizing antibody levels against NiV in the sGHEV vaccinated animals did not reach protective levels, and with no activation of cellular immune memory, these animals were not protected against NiV. Only pigs orally infected with 5x10(4) PFU of NiV per animal were protected against nasal challenge with 5x10(5) PFU of NiV per animal. This group of pigs developed protective antibody levels, as well as cell-mediated immune memory. Peripheral blood mononuclear cells restimulated with UV-inactivated NiV upregulated IFN-gamma, IL-10 and the CD25 activation marker on CD4(+)CD8(+) T memory helper cells and to lesser extent on CD4(-)CD8(+) T cells. In conclusion, both humoral and cellular immune responses were required for protection of swine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27544586¯��Pickering, Brad S
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*Subcellular localization���Oct ��Nipah virus (NiV) causes severe encephalitis in humans, with high mortality. NiV nonstructural C protein (NiV-C) is essential for its pathogenicity, but its functions are unclear. In this study, we focused on NiV-C trafficking in cells and found that it localizes predominantly in the cytoplasm but partly in the nucleus. An analysis of NiV-C mutants showed that amino acids 2, 21-24 and 110-139 of NiV-C are important for its localization in the cytoplasm. Inhibitor treatment indicates that the nuclear export determinant is not a classical CRM1-dependent nuclear export signal. We also determined that amino acids 60-75 and 72-75 were important for nuclear localization of NiV-C. Furthermore, NiV-C mutants that had lost their capacity for nuclear localization inhibited the interferon (IFN) response more strongly than complete NiV-C. These results indicate that the IFN-antagonist activity of NiV-C occurs in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/27501340Ë��Horie, Ryo
Yoneda, Misako
Uchida, Shotaro
Sato, Hiroki
Kai, Chieko
eng
Research Support, Non-U.S. Gov't
2016/08/09 06:00
Virology. 2016 Oct;497:294-304. doi: 10.1016/j.virol.2016.07.013. Epub 2016 Aug 5.*��1096-0341 (Electronic)
0042-6822 (Linking)���27501340­��Laboratory Animal Research Center and International Research Center for Infectious Diseases, Institute of Medical Science, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo, Japan.
Laboratory Animal Research Center and International Research Center for Infectious Diseases, Institute of Medical Science, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo, Japan. Electronic address: yone@ims.u-tokyo.ac.jp.���10.1016/j.virol.2016.07.013�	V��üÒ|ÿî?Ã���)��Audsley, M. D.
Jans, D. A.
Moseley, G. W.���2016p��Roles of nuclear trafficking in infection by cytoplasmic negative-strand RNA viruses: paramyxoviruses and beyond	��2463-2481���J Gen Virol���97���10���Animals
Cell Nucleus/*virology
Cytoplasm/*virology
Humans
Paramyxoviridae Infections/*virology
Paramyxovirinae/genetics/*physiology
Virus Assembly���Oct���Genome replication and virion production by most negative-sense RNA viruses (NSVs) occurs exclusively in the cytoplasm, but many NSV-expressed proteins undergo active nucleocytoplasmic trafficking via signals that exploit cellular nuclear transport pathways. Nuclear trafficking has been reported both for NSV accessory proteins (including isoforms of the rabies virus phosphoprotein, and V, W and C proteins of paramyxoviruses) and for structural proteins. Trafficking of the former is thought to enable accessory functions in viral modulation of antiviral responses including the type I IFN system, but the intranuclear roles of structural proteins such as nucleocapsid and matrix proteins, which have critical roles in extranuclear replication and viral assembly, are less clear. Nevertheless, nuclear trafficking of matrix protein has been reported to be critical for efficient production of Nipah virus and Respiratory syncytial virus, and nuclear localization of nucleocapsid protein of several morbilliviruses has been linked to mechanisms of immune evasion. Together, these data point to the nucleus as a significant host interface for viral proteins during infection by NSVs with otherwise cytoplasmic life cycles. Importantly, several lines of evidence now suggest that nuclear trafficking of these proteins may be critical to pathogenesis and thus could provide new targets for vaccine development and antiviral therapies.,��https://www.ncbi.nlm.nih.gov/pubmed/27498841Í��Audsley, Michelle D
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Virus Shedding���Jun¨��Person-to-person transmission is a key feature of human Nipah virus outbreaks in Bangladesh. In contrast, in an outbreak of Nipah virus in Malaysia, people acquired infections from pigs. It is not known whether this important epidemiological difference is driven primarily by differences between NiV Bangladesh (NiV-BD) and Malaysia (NiV-MY) at a virus level, or by environmental or host factors. In a time course study, ferrets were oronasally exposed to equivalent doses of NiV-BD or NiV-MY. More rapid onset of productive infection and higher levels of virus replication in respiratory tract tissues were seen for NiV-BD compared to NiV-MY, corroborating our previous report of increased oral shedding of NiV-BD in ferrets and suggesting a contributory mechanism for increased NiV-BD transmission between people compared to NiV-MY. However, we recognize that transmission occurs within a social and environmental framework that may have an important and differentiating role in NiV transmission rates. With this in mind, ferret-to-ferret transmission of NiV-BD and NiV-MY was assessed under differing viral exposure conditions. Transmission was not identified for either virus when naive ferrets were cohoused with experimentally-infected animals. In contrast, all naive ferrets developed acute infection following assisted and direct exposure to oronasal fluid from animals that were shedding either NiV-BD or NiV-MY. Our findings for ferrets indicate that, although NiV-BD may be shed at higher levels than NiV-MY, transmission risk may be equivalently low under exposure conditions provided by cohabitation alone. In contrast, active transfer of infected bodily fluids consistently results in transmission, regardless of the virus strain. These observations suggest that the risk of NiV transmission is underpinned by social and environmental factors, and will have practical implications for managing transmission risk during outbreaks of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27341030���Clayton, Bronwyn A
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*respiratory failure���Jan 2°��INTRODUCTION: Status asthmaticus can develop into a life-threatening disorder that requires mechanical ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes. Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-pregnant patients with status asthmaticus. CASE STUDY: A 25-year-old woman, who was 5 weeks pregnant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the patient's clinical condition as well as the gas exchange improved within the next few days. ECMO was removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial hematoma; the patient was diagnosed with abortus imminens and successfully treated with magnesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation. CONCLUSIONS: This is the first case report on the successful use of ECMO in a pregnant woman with severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechanical ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby, who was born without any complications.,��https://www.ncbi.nlm.nih.gov/pubmed/27340744Á��Steinack, Carolin
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One Health
Zoonoses���Junc��The appearance of novel pathogens of humans with epidemic potential and high mortality rates have threatened global health security for centuries. Over the past few decades new zoonotic infectious diseases of humans caused by pathogens arising from animal reservoirs have included West Nile virus, Yellow fever virus, Ebola virus, Nipah virus, Lassa Fever virus, Hanta virus, Dengue fever virus, Rift Valley fever virus, Crimean-Congo haemorrhagic fever virus, severe acute respiratory syndrome coronavirus, highly pathogenic avian influenza viruses, Middle East Respiratory Syndrome Coronavirus, and Zika virus. The recent Ebola Virus Disease epidemic in West Africa and the ongoing Zika Virus outbreak in South America highlight the urgent need for local, regional and international public health systems to be be more coordinated and better prepared. The One Health concept focuses on the relationship and interconnectedness between Humans, Animals and the Environment, and recognizes that the health and wellbeing of humans is intimately connected to the health of animals and their environment (and vice versa). Critical to the establishment of a One Health platform is the creation of a multidisciplinary team with a range of expertise including public health officers, physicians, veterinarians, animal husbandry specialists, agriculturalists, ecologists, vector biologists, viral phylogeneticists, and researchers to co-operate, collaborate to learn more about zoonotic spread between animals, humans and the environment and to monitor, respond to and prevent major outbreaks. We discuss the unique opportunities for Middle Eastern and African stakeholders to take leadership in building equitable and effective partnerships with all stakeholders involved in human and health systems to take forward a 'One Health' approach to control such zoonotic pathogens with epidemic potential.,��https://www.ncbi.nlm.nih.gov/pubmed/27321961���Zumla, Alimuddin
Dar, Osman
Kock, Richard
Muturi, Matthew
Ntoumi, Francine
Kaleebu, Pontiano
Eusebio, Macete
Mfinanga, Sayoki
Bates, Matthew
Mwaba, Peter
Ansumana, Rashid
Khan, Mishal
Alagaili, Abdulaziz N
Cotten, Matthew
Azhar, Esam I
Maeurer, Markus
Ippolito, Giuseppe
Petersen, Eskild
eng
Editorial
Canada
2016/06/21 06:00
Int J Infect Dis. 2016 Jun;47:5-9. doi: 10.1016/j.ijid.2016.06.012. Epub 2016 Jun 15.*��1878-3511 (Electronic)
1201-9712 (Linking)���273219618��Division of Infection and Immunity, University College London and NIHR Biomedical Research Centre, UCL Hospitals NHS Foundation Trust, London, UK.
Public Health England, London, Chatham House Centre on Global Health Security, Royal Institute of International Affairs, London, UK.
Department of Pathology and Pathogen Biology, The Royal Veterinary College, Hertfordshire, UK.
Kenya Zoonotic Diseases Unit, Nairobi, Kenya.
Fondation Congolaise pour la Recherche Medicale, Brazzaville, Republic of Congo; Institute for Tropical Medicine, University of Tubingen, Tubingen, Germany.
Medical Research Council/Uganda Virus Research Institute Research Unit on AIDS, Entebbe, Uganda.
Centro de Investigacao em Saude de Manhica, and National Directorate of Public Health, Ministry of Health, Maputo, Mozambique.
Muhimbili Medical Research Centre, National Institute for Medical Research, Dar es Salaam, Tanzania.
UNZA-UCLMS Project, University Teaching Hospital, Lusaka, Zambia.
Mercy Hospital Research Laboratory, Kulanda Town, Bo, Sierra Leone.
London School of Hygiene and Tropical Medicine, London, UK; Saw Swee Hock School of Public Health, National University of Singapore, Singapore.
KSU Mammals Research Chair, Zoology Department, College of Science, King Saud University, Saudi Arabia.
The Wellcome Trust Sanger Institute, Cambridge, UK.
Special Infectious Agents Unit, King Fahd Medical Research Centre, and Medical Laboratory Technology Department, Faculty of Applied Medical Sciences, King Abdulaziz University, Jeddah, Saudi Arabia.
Division of Therapeutic Immunology, Department of Laboratory Medicine, Karolinska Institutet, Stockholm, Sweden.
"Lazzaro Spallanzani" National Institute for Infectious Diseases - IRCCS, Rome, Italy.
University of Aarhus, Aarhus, Denmark; The Royal Hospital, Muscat, Oman. Electronic address: eskildp@dadlnet.dk.���10.1016/j.ijid.2016.06.012����ô��üÖtÿî?Ï������Burroughs, A. L.
Durr, P. A.
Boyd, V.
Graham, K.
White, J. R.
Todd, S.
Barr, J.
Smith, I.
Baverstock, G.
Meers, J.
Crameri, G.
Wang, L. F.���2016Ì��Hendra Virus Infection Dynamics in the Grey-Headed Flying Fox (Pteropus poliocephalus) at the Southern-Most Extent of Its Range: Further Evidence This Species Does Not Readily Transmit the Virus to Horses���e0155252���PLoS One���11���6Ã��Animals
Antibodies, Viral/blood/immunology/urine
Australia/epidemiology
Chiroptera/*virology
Disease Reservoirs/virology
Geography
Hendra Virus/immunology/*physiology
Henipavirus Infections/epidemiology/transmission/*virology
Horse Diseases/*virology
Horses/*virology
Host-Pathogen Interactions
Humans
Paramyxoviridae Infections/epidemiology/transmission/virology
Paramyxovirinae/immunology/physiology
Prevalence
Seasons
Time Factors
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urinalysis���MarÕ��Bats of the genus Pteropus (Pteropodidae) are recognised as the natural host of multiple emerging pathogenic viruses of animal and human health significance, including henipaviruses, lyssaviruses and ebolaviruses. Some studies have suggested that physiological and ecological factors may be associated with Hendra virus infection in flying-foxes in Australia; however, it is essential to understand the normal range and seasonal variability of physiological biomarkers before seeking physiological associations with infection status. We aimed to measure a suite of physiological biomarkers in P. alecto over time to identify any seasonal fluctuations and to examine possible associations with life-cycle and environmental stressors. We sampled 839 adult P. alecto in the Australian state of Queensland over a 12-month period. The adjusted population means of every assessed hematologic and biochemical parameter were within the reported reference range on every sampling occasion. However, within this range, we identified significant temporal variation in these parameters, in urinary parameters and body condition, which primarily reflected the normal annual life cycle. We found no evident effect of remarkable physiological demands or nutritional stress, and no indication of clinical disease driving any parameter values outside the normal species reference range. Our findings identify underlying temporal physiological changes at the population level that inform epidemiological studies and assessment of putative physiological risk factors driving Hendra virus infection in P. alecto. More broadly, the findings add to the knowledge of Pteropus populations in terms of their relative resistance and resilience to emerging infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27026357���McMichael, Lee
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Transmission���Mar 25m��BACKGROUND: Nipah virus (NiV) first emerged in Malaysia in 1998, with two bat species (Pteropus hypomelanus and P. vampyrus) as the putative natural reservoirs. In 2002, NiV IgG antibodies were detected in these species from Thailand, but viral RNA could not be detected for strain characterization. Two strains of NiV (Malaysia and Bangladesh) have been found in P. lylei in central Thailand, although Bangladesh strain, the causative strain for the outbreak in Bangladesh since 2001, was dominant. To understand the diversity of NiV in Thailand, this study identified NiV strain, using molecular characterizations, from P. hypomelanus in southern Thailand. FINDINGS: Pooled bat urine specimens were collected from plastic sheet underneath bat roosts in April 2010, and then monthly from December 2010 to May 2011 at an island in southern Thailand. Five in 184 specimens were positive for NiV, using duplex nested RT-PCR assay on partial nucleocapsid fragment (357 bp). Whole sequences of nucleocapsid gene from four bats were characterized. All 5 partial fragments and 4 whole nucleocapsid genes formed a monophyletic with NiV-MY. CONCLUSIONS: Our study showed that P. hypomelanus in southern Thailand and from Malaysia, a bordering country, harbored similar NiV. This finding indicates that NiV is not limited to central Thailand or P. lylei species, and it may be a source of inter-species transmission. This indicates a higher potential for a widespread NiV outbreak in Thailand. NiV surveillance in Pteropus bats, the major natural reservoirs, should be conducted continuously in countries or regions with high susceptibility to outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/270162376��Wacharapluesadee, Supaporn
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viruses���AprÆ��Nipah virus (NiV) is a paramyxovirus, and Pteropus spp. bats are the natural reservoir. From December 2010 through March 2014, hospital-based encephalitis surveillance in Bangladesh identified 18 clusters of NiV infection. The source of infection for case-patients in 3 clusters in 2 districts was unknown. A team of epidemiologists and anthropologists investigated these 3 clusters comprising 14 case-patients, 8 of whom died. Among the 14 case-patients, 8 drank fermented date palm sap (tari) regularly before their illness, and 6 provided care to a person infected with NiV. The process of preparing date palm trees for tari production was similar to the process of collecting date palm sap for fresh consumption. Bat excreta was reportedly found inside pots used to make tari. These findings suggest that drinking tari is a potential pathway of NiV transmission. Interventions that prevent bat access to date palm sap might prevent tari-associated NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26981928J��Islam, M Saiful
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Zoonoses/epidemiology/transmission/virology���FebO��Hendra virus causes acute and highly fatal infection in horses and humans. Pteropid bats (flying-foxes) are the natural host of the virus, with age and species being risk factors for infection. Urine is the primary route of excretion in flying-foxes, with viral RNA more frequently detected in Pteropus alecto and P. conspicillatus than other species. Infection prevalence in flying-foxes can vary between and within years, with a winter peak of excretion occurring in some regions. Vertical transmission and recrudescing infection has been reported in flying-foxes, but horizontal transmission is evidently the primary mode of transmission. The most parsimonious mode of flying-fox to horse transmission is equine contact (oro-nasal, conjunctival) with infected flying-fox urine, either directly, or via urine-contaminated pasture or surfaces. Horse to horse transmission is inefficient, requiring direct contact with infected body fluids. Flying-fox to human transmission has not been recorded; all human cases have been associated with close and direct contact with infected horses. Canine cases (subclinical) have also been limited to equine case properties. Notwithstanding the recent availability of an effective vaccine for horses, a comprehensive understanding of Hendra virus ecology and transmission is essential to limit inter-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26978066¹��Field, Hume E
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*Subunit vaccine���Jun 3·��Nipah virus (NiV) is a highly pathogenic, recently emerged paramyxovirus that has been responsible for sporadic outbreaks of respiratory and encephalitic disease in Southeast Asia. High case fatality rates have also been associated with recent outbreaks in Malaysia and Bangladesh. Although over two billion people currently live in regions in which NiV is endemic or in which the Pteropus fruit bat reservoir is commonly found, there is no approved vaccine to protect against NiV disease. This report examines the feasibility and current efforts to develop a NiV vaccine including potential hurdles for technical and regulatory assessment of candidate vaccines and the likelihood for financing.,��https://www.ncbi.nlm.nih.gov/pubmed/26973068µ��Satterfield, Benjamin A
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Universal vaccine���AprÚ��Nipah virus and Hendra virus, two members of the genus Henipavirus, are newly emerging zoonotic pathogens which cause acute respiratory illness and severe encephalitis in human. Lack of the effective antiviral therapy endorses the urgency for the development of vaccine against these deadly viruses. In this study, we employed various computational approaches to identify epitopes which has the potential for vaccine development. By analyzing the immune parameters of the conserved sequences of G glycoprotein using various databases and bioinformatics tools, we identified two potential epitopes which may be used as peptide vaccines. Using different B cell epitope prediction servers, four highly similar B cell epitopes were identified. Immunoinformatics analyses revealed that LAEDDTNAQKT is a highly flexible and accessible B-cell epitope to antibody. Highly similar putative CTL epitopes were analyzed for their binding with the HLA-C 12*03 molecule. Docking simulation assay revealed that LTDKIGTEI has significantly lower binding energy, which bolstered its potential as epitope-based vaccine design. Finally, cytotoxicity analysis has also justified their potential as promising epitope-based vaccine candidate. In sum, our computational analysis indicates that either LAEDDTNAQKT or LTDKIGTEI epitope holds a promise for the development of universal vaccine against all kinds of pathogenic Henipavirus. Further in vivo and in vitro studies are necessary to validate the obtained findings.,��https://www.ncbi.nlm.nih.gov/pubmed/26970211ï��Parvege, Md Masud
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��Nipah virus (NiV) is an emerging paramyxovirus that can cause lethal respiratory illness in humans. No vaccine/therapeutic is currently licensed for humans. Human-to-human transmission was previously reported during outbreaks and NiV could be isolated from respiratory secretions, but the proportion of cases in Malaysia exhibiting respiratory symptoms was significantly lower than that in Bangladesh. Previously, we showed that primary human basal respiratory epithelial cells are susceptible to both NiV-Malaysia (M) and -Bangladesh (B) strains causing robust pro-inflammatory responses. However, the cells of the human respiratory epithelium that NiV targets are unknown and their role in NiV transmission and NiV-related lung pathogenesis is still poorly understood. Here, we characterized NiV infection of the human respiratory epithelium using a model of the human tracheal/bronchial (B-ALI) and small airway (S-ALI) epithelium cultured at an air-liquid interface. We show that NiV-M and NiV-B infect ciliated and secretory cells in B/S-ALI, and that infection of S-ALI, but not B-ALI, results in disruption of the epithelium integrity and host responses recruiting human immune cells. Interestingly, NiV-B replicated more efficiently in B-ALI than did NiV-M. These results suggest that the human tracheal/bronchial epithelium is favourable to NiV replication and shedding, while inducing a limited host response. Our data suggest that the small airways epithelium is prone to inflammation and lesions as well as constituting a point of virus entry into the pulmonary vasculature. The use of relevant models of the human respiratory tract, such as B/S-ALI, is critical for understanding NiV-related lung pathogenesis and identifying the underlying mechanisms allowing human-to-human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/269325151��Escaffre, Olivier
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Virulenceæ��Although a globe box-type highly contained laboratory with the internationally-recognized biosafety level-4 standards has been constructed in the Murayama Annex, the National Institute of Infectious Diseases, Tokyo, Japan (NIID) in 1981, the laboratory has never been operated as BSL-4 laboratory since its construction. Furthermore, there are no other BSL-4 laboratories in operation in Japan. The evidence indicates that infectious BSL-4 pathogens such as Ebola and Marburg viruses cannot be manipulated in Japan, making it impossible to study the BSL-4 pathogens using the infectious viruses. A large-scale outbreak of ebolavirus disease (EVD) has occurred in the western Africa such as Guinea, Sierra Leone, and Liberia. Furthermore, the highly pathogenic pathogens' infectious diseases outbreaks such as SARS, Nipah encephalitis, Middle East respiratory syndrome (MERS) have emerged in the world. However, BSL-4 laboratories are not present in Japan, making it difficult to study these pathogens and infectious diseases. Because these emerging virus infections are caused by the zoonotic pathogens, the eradiation and the elimination of these infectious diseases are impossible. We need to develop the diagnostics, therapeutics, and preventive measures based on the studies of the highly pathogenic pathogens more in detail using the infectious microbes. Therefore, BSL-4 in operation in Japan is required to minimize the risk of and combat these emerging highly pathogenic pathogens' infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/26923962s��Saijo, Masayuki
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interferon���Mar 8Ú��Bats harbor many emerging and reemerging viruses, several of which are highly pathogenic in other mammals but cause no clinical signs of disease in bats. To determine the role of interferons (IFNs) in the ability of bats to coexist with viruses, we sequenced the type I IFN locus of the Australian black flying fox, Pteropus alecto, providing what is, to our knowledge, the first gene map of the IFN region of any bat species. Our results reveal a highly contracted type I IFN family consisting of only 10 IFNs, including three functional IFN-alpha loci. Furthermore, the three IFN-alpha genes are constitutively expressed in unstimulated bat tissues and cells and their expression is unaffected by viral infection. Constitutively expressed IFN-alpha results in the induction of a subset of IFN-stimulated genes associated with antiviral activity and resistance to DNA damage, providing evidence for a unique IFN system that may be linked to the ability of bats to coexist with viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26903655Ò��Zhou, Peng
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*Virus Internalization���FebÁ��O-linked glycosylation is a ubiquitous protein modification in organisms belonging to several kingdoms. Both microbial and host protein glycans are used by many pathogens for host invasion and immune evasion, yet little is known about the roles of O-glycans in viral pathogenesis. Reportedly, there is no single function attributed to O-glycans for the significant paramyxovirus family. The paramyxovirus family includes many important pathogens, such as measles, mumps, parainfluenza, metapneumo- and the deadly Henipaviruses Nipah (NiV) and Hendra (HeV) viruses. Paramyxoviral cell entry requires the coordinated actions of two viral membrane glycoproteins: the attachment (HN/H/G) and fusion (F) glycoproteins. O-glycan sites in HeV G were recently identified, facilitating use of the attachment protein of this deadly paramyxovirus as a model to study O-glycan functions. We mutated the identified HeV G O-glycosylation sites and found mutants with altered cell-cell fusion, G conformation, G/F association, viral entry in a pseudotyped viral system, and, quite unexpectedly, pseudotyped viral F protein incorporation and processing phenotypes. These are all important functions of viral glycoproteins. These phenotypes were broadly conserved for equivalent NiV mutants. Thus our results identify multiple novel and pathologically important functions of paramyxoviral O-glycans, paving the way to study O-glycan functions in other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26867212���Stone, Jacquelyn A
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*Virus Internalization���May���The amino-terminal cytoplasmic domains of paramyxovirus attachment glycoproteins include trafficking signals that influence protein processing and cell surface expression. To characterize the role of the cytoplasmic domain in protein expression, fusion support and particle assembly in more detail, we constructed chimeric Nipah virus (NiV) glycoprotein (G) and canine distemper virus (CDV) haemagglutinin (H) proteins carrying the respective heterologous cytoplasmic domain, as well as a series of mutants with progressive deletions in this domain. CDV H retained fusion function and was normally expressed on the cell surface with a heterologous cytoplasmic domain, while the expression and fusion support of NiV G was dramatically decreased when its cytoplasmic domain was replaced with that of CDV H. The cell surface expression and fusion support functions of CDV H were relatively insensitive to cytoplasmic domain deletions, while short deletions in the corresponding region of NiV G dramatically decreased both. In addition, the first 10 residues of the CDV H cytoplasmic domain strongly influence its incorporation into virus-like particles formed by the CDV matrix (M) protein, while the co-expression of NiV M with NiV G had no significant effect on incorporation of G into particles. The cytoplasmic domains of both the CDV H and NiV G proteins thus contribute differently to the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/26813519å��Sawatsky, Bevan
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Influenza���Feb 24ß��BACKGROUND: Passive immunotherapy using polyclonal antibodies (immunoglobulins) has been used for over a century in the treatment and post-exposure prophylaxis of various infections and toxins. Heterologous polyclonal antibodies are obtained from animals hyperimmunised with a pathogen or toxin. AIMS: The aims of this review are to examine the history of animal polyclonal antibody therapy use, their development into safe and effective products and the potential application to humans for emerging and neglected infectious diseases. METHODS: A literature search of OVID Medline and OVID Embase databases was undertaken to identify articles on the safety, efficacy and ongoing development of polyclonal antibodies. The search contained database-specific MeSH and EMTREE terms in combination with pertinent text-words: polyclonal antibodies and rare/neglected diseases, antivenins, immunoglobulins, serum sickness, anaphylaxis, drug safety, post marketing surveillance, rabies, human influenza, Dengue, West Nile, Nipah, Hendra, Marburg, MERS, Hemorrhagic Fever Virus, and Crimean-Congo. No language limits were applied. The final search was completed on 20.06.2015. Of 1960 articles, title searches excluded many irrelevant articles, yielding 303 articles read in full. Of these, 179 are referenced in this study. RESULTS: Serum therapy was first used in the 1890s against diphtheria. Early preparation techniques yielded products contaminated with reactogenic animal proteins. The introduction of enzymatic digestion, and purification techniques substantially improved their safety profile. The removal of the Fc fragment of antibodies further reduces hypersensitivity reactions. Clinical studies have demonstrated the efficacy of polyclonal antibodies against various infections, toxins and venoms. Products are being developed against infections for which prophylactic and therapeutic options are currently limited, such as avian influenza, Ebola and other zoonotic viruses. CONCLUSIONS: Polyclonal antibodies have been successfully applied to rabies, envenomation and intoxication. Polyclonal production provides an exciting opportunity to revolutionise the prognosis of both longstanding neglected tropical diseases as well as emerging infectious threats to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26802604Ë��Dixit, Rashmi
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Virus Release���Jan 20Ô	�UNLABELLED: Paramyxovirus particles are formed by a budding process coordinated by viral matrix (M) proteins. M proteins coalesce at sites underlying infected cell membranes and induce other viral components, including viral glycoproteins and viral ribonucleoprotein complexes (vRNPs), to assemble at these locations from which particles bud. M proteins interact with the nucleocapsid (NP or N) components of vRNPs, and these interactions enable production of infectious, genome-containing virions. For the paramyxoviruses parainfluenza virus 5 (PIV5) and mumps virus, M-NP interaction also contributes to efficient production of virus-like particles (VLPs) in transfected cells. A DLD sequence near the C-terminal end of PIV5 NP protein was previously found to be necessary for M-NP interaction and efficient VLP production. Here, we demonstrate that 15-residue-long, DLD-containing sequences derived from either the PIV5 or Nipah virus nucleocapsid protein C-terminal ends are sufficient to direct packaging of a foreign protein, Renilla luciferase, into budding VLPs. Mumps virus NP protein harbors DWD in place of the DLD sequence found in PIV5 NP protein, and consequently, PIV5 NP protein is incompatible with mumps virus M protein. A single amino acid change converting DLD to DWD within PIV5 NP protein induced compatibility between these proteins and allowed efficient production of mumps VLPs. Our data suggest a model in which paramyxoviruses share an overall common strategy for directing M-NP interactions but with important variations contained within DLD-like sequences that play key roles in defining M/NP protein compatibilities. IMPORTANCE: Paramyxoviruses are responsible for a wide range of diseases that affect both humans and animals. Paramyxovirus pathogens include measles virus, mumps virus, human respiratory syncytial virus, and the zoonotic paramyxoviruses Nipah virus and Hendra virus. Infectivity of paramyxovirus particles depends on matrix-nucleocapsid protein interactions which enable efficient packaging of encapsidated viral RNA genomes into budding virions. In this study, we have defined regions near the C-terminal ends of paramyxovirus nucleocapsid proteins that are important for matrix protein interaction and that are sufficient to direct a foreign protein into budding particles. These results advance our basic understanding of paramyxovirus genome packaging interactions and also have implications for the potential use of virus-like particles as protein delivery tools.,��https://www.ncbi.nlm.nih.gov/pubmed/26792745ä��Ray, Greeshma
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Viral Vaccines©��Previously unidentified viruses, such as Middle East respiratory syndrome coronavirus, continue to emerge and threaten populations, while powerful new techniques have identified many new human and animal viruses. Similarly, existing viruses, from Ebola virus to chikungunya virus, are reemerging and spreading to new geographical regions. These viruses often pose a challenge for researchers to study due to their highly pathogenic nature. Lentiviral and rhabdoviral pseudotypes are excellent tools for studying enveloped viruses and have contributed to many recent advances in areas such as receptor usage, viral entry and serology. In particular, pseudotypes allow the safe study of unknown or highly pathogenic viruses. They also allow the initial characterization of aspects of infection such as cellular tropism for difficult to culture viruses. In this review we will introduce various pseudotyping systems for emerging viruses, including chikungunya virus, Ebola virus, SARS and MERS coronaviruses and Nipah virus, as well as their use in diverse studies including drug screening and antibody neutralization. We will also discuss the limitations and potential caveats using pseudotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/26785737p��Steffen, Imke
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Virus Replication/genetics���AprË��Incorporation of reporter genes within virus genomes is an indispensable tool for interrogation of virus biology and pathogenesis. In previous work, we incorporated a fluorophore into a viral ORF by attaching it to the viral gene via a P2A ribosomal skipping sequence. This recombinant Nipah virus, however, was attenuated in vitro relative to WT virus. In this work, we determined that inefficient ribosomal skipping was a major contributing factor to this attenuation. Inserting a GSG linker before the P2A sequence resulted in essentially complete skipping, significantly improved growth in vitro, and WT lethality in vivo. To the best of our knowledge, this represents the first time a recombinant virus of Mononegavirales with integration of a reporter into a viral ORF has been compared with the WT virus in vivo. Incorporating the GSG linker for improved skipping efficiency whenever functionally important is a critical consideration for recombinant virus design.,��https://www.ncbi.nlm.nih.gov/pubmed/26781134¹��Park, Arnold
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Prescott, J.���2016}��Peri-exposure protection against Nipah virus disease using a single-dose recombinant vesicular stomatitis virus-based vaccine���NPJ Vaccines���1���Nipah virus is a zoonotic paramyxovirus that causes severe disease in humans and animals. Due to almost yearly outbreaks in Bangladesh, and a large outbreak in Malaysia that lead to the shutdown of swine export, Nipah virus is both a threat to public health and the economy. Infection is associated with respiratory distress, encephalitis and human-to-human transmission, resulting in high case fatality rates during outbreaks. This study aims to address the amount of time needed until protection from a recombinant vesicular stomatitis virus-based vaccine candidate expressing the Nipah virus glycoprotein (G), which we have previously shown to protect hamsters and non-human primates when administered 28 days before challenge. We found that a single-dose vaccination, when administered 1 day before challenge, reduced viral load, limited pathology and fully protected hamsters from Nipah virus infection. The vaccine was even partially protective when administered at early time points following challenge with Nipah virus. These data indicate that a single administration of this vaccine to high-risk individuals, such as family members and health-care workers of infected patients, could be protective and useful for reducing human-to-human transmission and curbing an outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/28706736Ú��DeBuysscher, Blair L
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paramyxovirus F protein���Jan 26®��Hendra virus (HeV) is one of the two prototypical members of the Henipavirus genus of paramyxoviruses, which are designated biosafety level 4 (BSL-4) organisms due to the high mortality rate of Nipah virus (NiV) and HeV in humans. Paramyxovirus cell entry is mediated by the fusion protein, F, in response to binding of a host receptor by the attachment protein. During posttranslational processing, the fusion peptide of F is released and, upon receptor-induced triggering, inserts into the host cell membrane. As F undergoes a dramatic refolding from its prefusion to postfusion conformation, the fusion peptide brings the host and viral membranes together, allowing entry of the viral RNA. Here, we present the crystal structure of the prefusion form of the HeV F ectodomain. The structure shows very high similarity to the structure of prefusion parainfluenza virus 5 (PIV5) F, with the main structural differences in the membrane distal apical loops and the fusion peptide cleavage loop. Functional assays of mutants show that the apical loop can tolerate perturbation in length and surface residues without loss of function, except for residues involved in the stability and conservation of the F protein fold. Structure-based disulfide mutants were designed to anchor the fusion peptide to conformationally invariant residues of the F head. Two mutants were identified that inhibit F-mediated fusion by stabilizing F in its prefusion conformation.,��https://www.ncbi.nlm.nih.gov/pubmed/26712026¸��Wong, Joyce J W
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Viral Proteins/genetics/*immunology���Mar���IFN-antagonist function is a major determinant of pathogenicity and cross-species infection by viruses, but remains poorly defined for many potentially zoonotic viruses resident in animal species. The paramyxovirus family contains several zoonotic viruses, including highly pathogenic viruses such as Nipah virus and Hendra virus, and an increasing number of largely uncharacterized animal viruses. Here, we report the characterization of IFN antagonism by the rodent viruses J virus (JPV) and Beilong virus (BeiPV) of the proposed genus Jeilongvirus of the paramyxoviruses. Infection of cells by JPV and BeiPV was found to inhibit IFN-activated nuclear translocation of signal transducer and activator of transcription 1 (STAT1). However, in contrast to most other paramyxoviruses, the JPV and BeiPV V proteins did not interact with or inhibit signalling by STAT1 or STAT2, suggesting that JPV/BeiPV use an atypical V protein-independent strategy to target STATs, consistent with their inclusion in a separate genus. Nevertheless, the V proteins of both viruses interacted with melanoma differentiation-associated protein 5 (MDA5) and robustly inhibited MDA5-dependent activation of the IFN-beta promoter. This supports a growing body of evidence that MDA5 is a universal target of paramyxovirus V proteins, such that the V-MDA5 interaction represents a potential target for broad-spectrum antiviral approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/26703878 ��Audsley, Michelle D
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split-GFP���Feby��Despite the partial disorder-to-order transition that intrinsically disordered proteins often undergo upon binding to their partners, a considerable amount of residual disorder may be retained in the bound form, resulting in a fuzzy complex. Fuzzy regions flanking molecular recognition elements may enable partner fishing through non-specific, transient contacts, thereby facilitating binding, but may also disfavor binding through various mechanisms. So far, few computational or experimental studies have addressed the effect of fuzzy appendages on partner recognition by intrinsically disordered proteins. In order to shed light onto this issue, we used the interaction between the intrinsically disordered C-terminal domain of the measles virus (MeV) nucleoprotein (NTAIL ) and the X domain (XD) of the viral phosphoprotein as model system. After binding to XD, the N-terminal region of NTAIL remains conspicuously disordered, with alpha-helical folding taking place only within a short molecular recognition element. To study the effect of the N-terminal fuzzy region on NTAIL /XD binding, we generated N-terminal truncation variants of NTAIL , and assessed their binding abilities towards XD. The results revealed that binding increases with shortening of the N-terminal fuzzy region, with this also being observed with hsp70 (another MeV NTAIL binding partner), and for the homologous NTAIL /XD pairs from the Nipah and Hendra viruses. Finally, similar results were obtained when the MeV NTAIL fuzzy region was replaced with a highly dissimilar artificial disordered sequence, supporting a sequence-independent inhibitory effect of the fuzzy region.,��https://www.ncbi.nlm.nih.gov/pubmed/26684000h��Gruet, Antoine
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Virosomes/*immunology���Dec 16'��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pronounced infection of brain endothelia and central nervous system (CNS) inflammation. Using primary porcine brain microvascular endothelial cells, we showed that upregulation of E-selectin precedes cytokine induction and is induced not only by infectious NiV but also by NiV-glycoprotein-containing virus-like particles. This demonstrates that very early events in NiV brain endothelial infection do not depend on NiV replication but can be triggered by the NiV glycoproteins alone.,��https://www.ncbi.nlm.nih.gov/pubmed/26676791���Freitag, Tanja C
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SeasonsÌ��Hendra virus (HeV) causes highly lethal disease in horses and humans in the eastern Australian states of Queensland (QLD) and New South Wales (NSW), with multiple equine cases now reported on an annual basis. Infection and excretion dynamics in pteropid bats (flying-foxes), the recognised natural reservoir, are incompletely understood. We sought to identify key spatial and temporal factors associated with excretion in flying-foxes over a 2300 km latitudinal gradient from northern QLD to southern NSW which encompassed all known equine case locations. The aim was to strengthen knowledge of Hendra virus ecology in flying-foxes to improve spillover risk prediction and exposure risk mitigation strategies, and thus better protect horses and humans. Monthly pooled urine samples were collected from under roosting flying-foxes over a three-year period and screened for HeV RNA by quantitative RT-PCR. A generalised linear model was employed to investigate spatiotemporal associations with HeV detection in 13,968 samples from 27 roosts. There was a non-linear relationship between mean HeV excretion prevalence and five latitudinal regions, with excretion moderate in northern and central QLD, highest in southern QLD/northern NSW, moderate in central NSW, and negligible in southern NSW. Highest HeV positivity occurred where black or spectacled flying-foxes were present; nil or very low positivity rates occurred in exclusive grey-headed flying-fox roosts. Similarly, little red flying-foxes are evidently not a significant source of virus, as their periodic extreme increase in numbers at some roosts was not associated with any concurrent increase in HeV detection. There was a consistent, strong winter seasonality to excretion in the southern QLD/northern NSW and central NSW regions. This new information allows risk management strategies to be refined and targeted, mindful of the potential for spatial risk profiles to shift over time with changes in flying-fox species distribution.,��https://www.ncbi.nlm.nih.gov/pubmed/26625128L��Field, Hume
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Protein expression���Feb���Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus that has caused severe morbidity and mortality in humans and horses in Australia since 1994. HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) glycoproteins, that are essential for receptor binding and fusion of viral and cellular membranes. The eukaryotic unicellular parasite Leishmania tarentolae has recently been established as a powerful tool to express recombinant proteins with mammalian-like glycosylation patterns, but only few viral proteins have been expressed in this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting the preserved antigenicity of the purified protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26585033P��Fischer, Kerstin
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viruses���Dec>��Hendra virus occasionally causes severe disease in horses and humans. In Australia in 2013, infection was detected in a dog that had been in contact with an infected horse. Abnormalities and viral RNA were found in the dog's kidney, brain, lymph nodes, spleen, and liver. Dogs should be kept away from infected horses.,��https://www.ncbi.nlm.nih.gov/pubmed/26583697���Kirkland, Peter D
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*equine���Aug¾��Hendra virus (HeV), a potentially fatal zoonotic disease spread by flying foxes, to date has always infected humans via a spillover event from equine HeV infection. In a theoretical case study, we compared the impacts of two different HeV prevention strategies - vaccination and flying fox roost removal - using a recently developed framework that considers different stakeholder group perspectives. The perspectives of the four selected stakeholder groups regarding intangibles were inferred from public discussions and coverage in the media. For all stakeholder groups, the option to vaccinate horses was found to add value to the economic results when the intangible impacts were included in the analysis, while the option for roost removal unanimously detracted from economic analysis value when the intangible impacts were included. Both the mean and median stakeholder-adjusted value ratios (2.25 and 2.12, respectively) for vaccination were inflated when intangible impacts were included, by value-adding to the results of a traditional economic analysis. In the roost removal strategy, these ratios (1.19 and 1.16, respectively) were deflated when intangible impacts were included. Results of this theoretical study suggest that the inclusion of intangible impacts promotes the value of a two-dose initial vaccination protocol using a subunit vaccination considered to offer complete protection for horses, as a strategy to control HeV, whereas roost removal becomes an even more costly strategy. Outcome of the analysis is particularly sensitive to the intangible value placed on human health. Further evaluation - via sociological methods - of values placed on intangibles by various stakeholder groups is warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/26558882¬��Wilson, S-J
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202]��Nahar, Nazmun
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*Zoonoses/prevention & control/transmission���Sep 30ô��Hendra virus (HeV) infection is a zoonosis of importance in Australia. An outbreak of HeV occurred on the mid-north coast region of New South Wales (NSW) in June and July 2013. Four unvaccinated horses on four separate properties were confirmed to have HeV infection. A pet dog that had close contact with one of the horses was also confirmed to be infected with HeV. This paper documents the response to the canine infection and the resulting change to the public health management of HeV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26536509Ë��Halim, Sherly
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Signal transducers and activators of transcription���Decï��Immune evasion by the lethal henipaviruses, Hendra (HeV) and Nipah virus, is mediated by its interferon (IFN) antagonist P gene products, phosphoprotein (P), and the related V and W proteins, which can target the signal transducer and activator of transcription 1 (STAT1) and STAT2 proteins to inhibit IFN/STAT signaling. However, it is not clear if the recently identified non-pathogenic Henipavirus, Cedar paramyxovirus (CedPV), is also able to antagonize the STAT proteins. We performed comparative studies between the HeV P gene products (P/V/W) and CedPV-P (CedPV does not encode V or W) and demonstrate that differences exist in their ability to engage the STAT proteins using immunoprecipitation and quantitative confocal microscopic analysis. In contrast to HeV-P gene encoded proteins, the ability of CedPV-P to interact with and relocalize STAT1 or STAT2 is compromised, correlating with a reduced capacity to inhibit the mRNA synthesis of IFN-inducible gene MxA. Furthermore, infection studies with HeV and CedPV demonstrate that HeV is more potent than CedPV in inhibiting the IFN-alpha-mediated nuclear accumulation of STAT1. These results strongly suggest that the ability of CedPV to counteract the IFN/STAT response is compromised compared to HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/26526590Ó��Lieu, Kim G
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zoonotic Infections¤��The Hendra virus (HeV) poses a significant challenge to public health in Australia. Expanding migratory patterns observed among bats and the mutation of the virus to seek and successfully infect new hosts is a significant departure from the generalized epidemiological trend. The recent discovery of equine-related infections and deaths in addition to a canine infection demonstrates the inadequacy of the current equine vaccine developed in 2012. Traditional models for controlling the spread of the vector are futile given the rapid pace at which bats' habitats are eroded. Recent ongoing zoonotic epidemics, for example, Ebola and Middle East respiratory syndrome coronavirus, demonstrate that human-to-human transmission is a distinct reality rather than an obscure possibility. The development of a human HeV vaccine is essential for the biosecurity of Australia, as part of a multipronged strategy to control HeV in Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/26519254���Zahoor, Bilal A
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022è��Masoomi Dezfooli, Seyedehsara
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Sensitivity and Specificity
Time Factors���JanÍ��Acute febrile illness (AFI) is associated with substantial morbidity and mortality worldwide, yet an etiologic agent is often not identified. Convalescent-phase serology is impractical, blood culture is slow, and many pathogens are fastidious or impossible to cultivate. We developed a real-time PCR-based TaqMan array card (TAC) that can test six to eight samples within 2.5 h from sample to results and can simultaneously detect 26 AFI-associated organisms, including 15 viruses (chikungunya, Crimean-Congo hemorrhagic fever [CCHF] virus, dengue, Ebola virus, Bundibugyo virus, Sudan virus, hantaviruses [Hantaan and Seoul], hepatitis E, Marburg, Nipah virus, o'nyong-nyong virus, Rift Valley fever virus, West Nile virus, and yellow fever virus), 8 bacteria (Bartonella spp., Brucella spp., Coxiella burnetii, Leptospira spp., Rickettsia spp., Salmonella enterica and Salmonella enterica serovar Typhi, and Yersinia pestis), and 3 protozoa (Leishmania spp., Plasmodium spp., and Trypanosoma brucei). Two extrinsic controls (phocine herpesvirus 1 and bacteriophage MS2) were included to ensure extraction and amplification efficiency. Analytical validation was performed on spiked specimens for linearity, intra-assay precision, interassay precision, limit of detection, and specificity. The performance of the card on clinical specimens was evaluated with 1,050 blood samples by comparison to the individual real-time PCR assays, and the TAC exhibited an overall 88% (278/315; 95% confidence interval [CI], 84% to 92%) sensitivity and a 99% (5,261/5,326, 98% to 99%) specificity. This TaqMan array card can be used in field settings as a rapid screen for outbreak investigation or for the surveillance of pathogens, including Ebola virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26491176Ò��Liu, Jie
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mRNA induction���Febe��While the ferret is a valuable animal model for a number of human viral infections, such as influenza, Hendra and Nipah, evaluating the cellular immune response following infection has been hampered by the lack of a number of species-specific immunological reagents. Interleukin 2 (IL-2) is one such key cytokine. Ferret recombinant IL-2 incorporating a C-terminal histidine tag was expressed and purified and the three-dimensional structure solved and refined at 1.89 A by X-ray crystallography, which represents the highest resolution and first non-human IL-2 structure. While ferret IL-2 displays the classic cytokine fold of the four-helix bundle structure, conformational flexibility was observed at the second helix and its neighbouring region in the bundle, which may result in the disruption of the spatial arrangement of residues involved in receptor binding interactions, implicating subtle differences between ferret and human IL-2 when initiating biological functions. Ferret recombinant IL-2 stimulated the proliferation of ferret lymph node cells and induced the expression of mRNA for IFN-gamma and Granzyme A.,��https://www.ncbi.nlm.nih.gov/pubmed/26472619*��Ren, Bin
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Urine/*virologyr
�Pteropid bats or flying-foxes (Chiroptera: Pteropodidae) are the natural host of Hendra virus (HeV) which sporadically causes fatal disease in horses and humans in eastern Australia. While there is strong evidence that urine is an important infectious medium that likely drives bat to bat transmission and bat to horse transmission, there is uncertainty about the relative importance of alternative routes of excretion such as nasal and oral secretions, and faeces. Identifying the potential routes of HeV excretion in flying-foxes is important to effectively mitigate equine exposure risk at the bat-horse interface, and in determining transmission rates in host-pathogen models. The aim of this study was to identify the major routes of HeV excretion in naturally infected flying-foxes, and secondarily, to identify between-species variation in excretion prevalence. A total of 2840 flying-foxes from three of the four Australian mainland species (Pteropus alecto, P. poliocephalus and P. scapulatus) were captured and sampled at multiple roost locations in the eastern states of Queensland and New South Wales between 2012 and 2014. A range of biological samples (urine and serum, and urogenital, nasal, oral and rectal swabs) were collected from anaesthetized bats, and tested for HeV RNA using a qRT-PCR assay targeting the M gene. Forty-two P. alecto (n = 1410) had HeV RNA detected in at least one sample, and yielded a total of 78 positive samples, at an overall detection rate of 1.76% across all samples tested in this species (78/4436). The rate of detection, and the amount of viral RNA, was highest in urine samples (>serum, packed haemocytes >faecal >nasal >oral), identifying urine as the most plausible source of infection for flying-foxes and for horses. Detection in a urine sample was more efficient than detection in urogenital swabs, identifying the former as the preferred diagnostic sample. The detection of HeV RNA in serum is consistent with haematogenous spread, and with hypothesised latency and recrudesence in flying-foxes. There were no detections in P. poliocephalus (n = 1168 animals; n = 2958 samples) or P. scapulatus (n = 262 animals; n = 985 samples), suggesting (consistent with other recent studies) that these species are epidemiologically less important than P. alecto in HeV infection dynamics. The study is unprecedented in terms of the individual animal approach, the large sample size, and the use of a molecular assay to directly determine infection status. These features provide a high level of confidence in the veracity of our findings, and a sound basis from which to more precisely target equine risk mitigation strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/26469523s��Edson, Daniel
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therapeutics���The lack of vaccines against several important viral diseases necessitates the development of therapeutics to save lives and control epidemics. In recent years, therapeutic antibodies have received considerable attention due to their good safety profiles and clinical success when used against viruses such as respiratory syncytial virus, Ebola virus and Hendra virus. The binding affinity of these antibodies can directly impact their therapeutic efficacy. However, we and others have also demonstrated that the subtype of Fc-gamma receptors (FcgammaRs) engaged influences the stoichiometric requirement for virus neutralization. Hence, the development of therapeutic antibodies against infectious diseases should consider the FcgammaRs engaged and Fc-effector functions involved. This review highlights the current state of knowledge about FcgammaRs and FcgammaR effector functions involved in virus neutralization, with emphasis on factors that can affect FcgammaR engagement. A better understanding of Fc-FcgammaR interactions during virus neutralization will allow development of therapeutic antibodies that are efficacious and can be administered with minimal side effects.,��https://www.ncbi.nlm.nih.gov/pubmed/26466016È��Chan, Kuan Rong
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Smith, J.���2015õ��The Clots in Legs Or sTockings after Stroke (CLOTS) 3 trial: a randomised controlled trial to determine whether or not intermittent pneumatic compression reduces the risk of post-stroke deep vein thrombosis and to estimate its cost-effectiveness���1-90���Health Technol Assess���19���76)��Aged
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Venous Thrombosis/etiology/mortality/*prevention & control���Sep/��BACKGROUND: Venous thromboembolism (VTE) is a common cause of death and morbidity in stroke patients. There are few data concerning the effectiveness of intermittent pneumatic compression (IPC) in treating patients with stroke. OBJECTIVES: To establish whether or not the application of IPC to the legs of immobile stroke patients reduced their risk of deep vein thrombosis (DVT). DESIGN: Clots in Legs Or sTockings after Stroke (CLOTS) 3 was a multicentre, parallel-group, randomised controlled trial which allocated patients via a central randomisation system to IPC or no IPC. A technician blinded to treatment allocation performed compression duplex ultrasound (CDU) of both legs at 7-10 days and 25-30 days after enrolment. We followed up patients for 6 months to determine survival and later symptomatic VTE. Patients were analysed according to their treatment allocation. SETTING: We enrolled 2876 patients in 94 UK hospitals between 8 December 2008 and 6 September 2012. PARTICIPANTS: INCLUSION CRITERIA: patients admitted to hospital within 3 days of acute stroke and who were immobile on the day of admission (day 0) to day 3. EXCLUSION CRITERIA: age < 16 years; subarachnoid haemorrhage; and contra-indications to IPC including dermatitis, leg ulcers, severe oedema, severe peripheral vascular disease and congestive cardiac failure. INTERVENTIONS: Participants were allocated to routine care or routine care plus IPC for 30 days, or until earlier discharge or walking independently. MAIN OUTCOME MEASURES: The primary outcome was DVT in popliteal or femoral veins, detected on a screening CDU, or any symptomatic DVT in the proximal veins, confirmed by imaging, within 30 days of randomisation. The secondary outcomes included death, any DVTs, symptomatic DVTs, pulmonary emboli, skin breaks on the legs, falls with injury or fractures and duration of IPC use occurring within 30 days of randomisation and survival, symptomatic VTE, disability (as measured by the Oxford Handicap Scale), quality of life (as measured by the European Quality of Life-5 Dimensions 3 Level questionnaire) and length of initial hospital stay measured 6 months after randomisation. RESULTS: We allocated 1438 patients to IPC and 1438 to no IPC. The primary outcome occurred in 122 (8.5%) of 1438 patients allocated to IPC and 174 (12.1%) of 1438 patients allocated to no IPC, giving an absolute reduction in risk of 3.6% [95% confidence interval (CI) 1.4% to 5.8%] and a relative risk reduction of 0.69 (95% CI 0.55 to 0.86). After excluding 323 patients who died prior to any primary outcome and 41 who had no screening CDU, the primary outcome occurred in 122 of 1267 IPC participants compared with 174 of 1245 no-IPC participants, giving an adjusted odds ratio of 0.65 (95% CI 0.51 to 0.84; p = 0.001). Secondary outcomes in IPC compared with no-IPC participants were death in the treatment period in 156 (10.8%) versus 189 (13.1%) (p = 0.058); skin breaks in 44 (3.1%) versus 20 (1.4%) (p = 0.002); and falls with injury in 33 (2.3%) versus 24 (1.7%) (p = 0.221). Among patients treated with IPC, there was a statistically significant improvement in survival to 6 months (hazard ratio 0.86, 95% CI 0.73 to 0.99; p = 0.042), but no improvement in disability. The direct cost of preventing a DVT was pound1282 per event (95% CI pound785 to pound3077). CONCLUSIONS: IPC is an effective and inexpensive method of reducing the risk of DVT and improving survival in immobile stroke patients. FUTURE RESEARCH: Further research should test whether or not IPC improves survival in other groups of high-risk hospitalised medical patients. In addition, research into methods to improve adherence to IPC might increase the benefits of IPC in stroke patients. TRIAL REGISTRATION: Current Controlled Trials ISRCTN93529999. FUNDING: The start-up phase of the trial (December 2008-March 2010) was funded by the Chief Scientist Office of the Scottish Government (reference number CZH/4/417). The main phase of the trial was funded by the National Institute for Health Research Health Technology Assessment programme (reference number 08/14/03). Covidien Ltd (Mansfield, MA, USA) lent its Kendall SCD Express sequential compression system controllers to the 105 centres involved in the trial and donated supplies of its sleeves. It also provided logistical help in keeping our centres supplied with sleeves and training materials relevant to the use of their devices. Recruitment and follow-up were supported by the National Institute for Health Research-funded UK Stroke Research Network and by the Scottish Stroke Research Network, which was supported by NHS Research Scotland.,��https://www.ncbi.nlm.nih.gov/pubmed/26418530Q��Dennis, Martin
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Slips���Octc��Falls that occur as a result of a slip are one of the leading causes of injuries, particularly in the elderly population. Previous studies have focused on slips that occur on a flat surface. Slips on a laterally sloping surface are important and may be related to different mechanisms of balance recovery. This type of slip might result in different gait adaptations to those previously described on a flat surface, but these adaptations have not been investigated. The aim of this study was to assess whether, when walking on a cross-slope, young adults adapted their gait when made aware of a potential slip, and having experienced a slip. Gait parameters were compared for three conditions--(1) Normal walking; (2) Walking after being made aware of a potential slip (participants were told that a slip may occur); (3) Walking after experiencing a slip (Participants had already experienced at least one slip induced using a soapy contaminant). Gait parameters were only analysed for trials in which there was no slippery contaminant present on the walkway. Stride length and walking velocity were significantly reduced, and stance duration was significantly greater in the awareness and experience conditions compared to normal walking, with no significant differences in any gait parameters between the awareness and experience conditions. In addition, 46.7% of the slip trials resulted in a fall. This is higher than reported for slips induced on a flat surface, suggesting slips on a cross-slope are more hazardous. This would help explain the more cautious gait patterns observed in both the awareness and experience conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/26404081ì��Lawrence, Daniel
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Risk���MarÀ��Hendra virus causes sporadic fatal disease in horses and humans in eastern Australia. Pteropid bats (flying-foxes) are the natural host of the virus. The mode of flying-fox to horse transmission remains unclear, but oro-nasal contact with flying-fox urine, faeces or saliva is the most plausible. We used GPS data logger technology to explore the landscape utilisation of black flying-foxes and horses to gain new insight into equine exposure risk. Flying-fox foraging was repetitious, with individuals returning night after night to the same location. There was a preference for fragmented arboreal landscape and non-native plant species, resulting in increased flying-fox activity around rural infrastructure. Our preliminary equine data logger study identified significant variation between diurnal and nocturnal grazing behaviour that, combined with the observed flying-fox foraging behaviour, could contribute to Hendra virus exposure risk. While we found no significant risk-exposing difference in individual horse movement behaviour in this study, the prospect warrants further investigation, as does the broader role of animal behaviour and landscape utilisation on the transmission dynamics of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26403793ä��Field, H E
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Viral proteins���In this review we summarize available data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within NTAIL-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder for viral transcription and replication are discussed in light of the ability of disordered regions to establish a complex molecular partnership and to confer a considerable reach to the elements of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26387109���Erales, Jenny
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Viral Proteins/*metabolism���Dec���UNLABELLED: Paramyxoviruses include many important animal and human pathogens. The genome of parainfluenza virus 5 (PIV5), a prototypical paramyxovirus, encodes a V protein that inhibits viral RNA synthesis. In this work, the mechanism of inhibition was investigated. Using mutational analysis and a minigenome system, we identified regions in the N and C termini of the V protein that inhibit viral RNA synthesis: one at the very N terminus of V and the second at the C terminus of V. Furthermore, we determined that residues L16 and I17 are critical for the inhibitory function of the N-terminal region of the V protein. Both regions interact with the nucleocapsid protein (NP), an essential component of the viral RNA genome complex (RNP). Mutations at L16 and I17 abolished the interaction between NP and the N-terminal domain of V. This suggests that the interaction between NP and the N-terminal domain plays a critical role in V inhibition of viral RNA synthesis by the N-terminal domain. Both the N- and C-terminal regions inhibited viral RNA replication. The C terminus inhibited viral RNA transcription, while the N-terminal domain enhanced viral RNA transcription, suggesting that the two domains affect viral RNA through different mechanisms. Interestingly, V also inhibited the synthesis of the RNA of other paramyxoviruses, such as Nipah virus (NiV), human parainfluenza virus 3 (HPIV3), measles virus (MeV), mumps virus (MuV), and respiratory syncytial virus (RSV). This suggests that a common host factor may be involved in the replication of these paramyxoviruses. IMPORTANCE: We identified two regions of the V protein that interact with NP and determined that one of these regions enhances viral RNA transcription via its interaction with NP. Our data suggest that a common host factor may be involved in the regulation of paramyxovirus replication and could be a target for broad antiviral drug development. Understanding the regulation of paramyxovirus replication will enable the rational design of vaccines and potential antiviral drugs.,��https://www.ncbi.nlm.nih.gov/pubmed/26378167=��Yang, Yang
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Virus���Oct���With more than 1 200 species, bats and flying foxes (Order Chiroptera) constitute the most important and diverse order of Mammals after Rodents. Many species of bats are insectivorous while others are frugivorous and few of them are hematophagous. Some of these animals fly during the night, others are crepuscular or diurnal. Some fly long distances during seasonal migrations. Many species are colonial cave-dwelling, living in a rather small home range while others are relatively solitary. However, in spite of the importance of bats for terrestrial biotic communities and ecosystem ecology, the diversity in their biology and lifestyles remain poorly known and underappreciated. More than sixty viruses have been detected or isolated in bats; these animals are therefore involved in the natural cycles of many of them. This is the case, for instance, of rabies virus and other Lyssavirus (Family Rhabdoviridae), Nipah and Hendra viruses (Paramyxoviridae), Ebola and Marburg viruses (Filoviridae), SARS-CoV and MERS-CoV (Coronaviridae). For these zoonotic viruses, a number of bat species are considered as important reservoir hosts, efficient disseminators or even directly responsible of the transmission. Some of these bat-borne viruses cause highly pathogenic diseases while others are of potential significance for humans and domestic or wild animals; so, bats are an important risk in human and animal public health. Moreover, some groups of viruses developed through different phylogenetic mechanisms of coevolution between viruses and bats. The fact that most of these viral infections are asymptomatic in bats has been observed since a long time but the mechanisms of the viral persistence are not clearly understood. The various bioecology of the different bat populations allows exchange of virus between migrating and non-migrating conspecific species. For a better understanding of the role of bats in the circulation of these viral zoonoses, epidemiologists must pay attention to some of their biologic properties which are not fully documented, like their extreme longevity, their diet, the population size and the particular densities observed in species with crowded roosting behavior, the population structure and migrations, the hibernation permitting overwintering of viruses, their particular innate and acquired immune response, probably related at least partially to their ability to fly, allowing persistent virus infections and preventing immunopathological consequences, etc. It is also necessary to get a better knowledge of the interactions between bats and ecologic changes induced by man and to attentively follow bat populations and their viruses through surveillance networks involving human and veterinary physicians, specialists of wild fauna, ecologists, etc. in order to understand the mechanisms of disease emergence, to try to foresee and, perhaps, to prevent viral emergences beforehand. Finally, a more fundamental research about immune mechanisms developed in viral infections is essential to reveal the reasons why Chiroptera are so efficient reservoir hosts. Clearly, a great deal of additional work is needed to document the roles of bats in the natural history of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26330152���Rodhain, F
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recombinant nucleocapsid¼��The recombinant viral protein-based indirect enzyme-linked immunosorbent assay (ELISA) is a cost-effective, safe, specific, and rapid tool to diagnose the viral infection. Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. The N protein was selected based on its immuno dominance and conservation among different NiV strains. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for swine sera was optimized using the recombinant NiV-N protein as an antigen along with negative and positive controls. The background reading was blocked using skim milk powder and chicken serum. A total number of 1709 swine serum samples from various states of India were tested with indirect ELISA and Western blot. The test was considered positive only when its total reactivity reading was higher than 0.2 cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Since specificity is high for Western blotting it was used as standard test for comparison of results of indirect ELISA. Sensitivity and specificity of indirect ELISA was 100% and 98.7%, respectively, in comparison with Western blotting. Recombinant N protein-based ELISA can be used in screening large number of serum samples for epidemiological investigations in developing countries where high containment laboratories are not available to handle this zoonotic virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26327601���Kulkarni, Diwakar D
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489n��Escaffre, Olivier
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encephalitis
pathological���Sep���The genus Henipavirus within the family Paramyxoviridae includes the Hendra virus (HeV) and Nipah virus (NiV) which were discovered in the 1990s in Australia and Malaysia, respectively, after emerging to cause severe and often fatal outbreaks in humans and animals. While HeV is confined to Australia, more recent NiV outbreaks have been reported in Bangladesh, India and the Philippines. The clinical manifestations of both henipaviruses in humans appear similar, with a predominance of an acute encephalitic syndrome. Likewise, the pathological features are similar and characterized by disseminated, multi-organ vasculopathy comprising endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, kidney and other major organs. This unique dual pathogenetic mechanism of vasculitis-induced microinfarction and neuronal infection causes severe tissue damage in the CNS. Both viruses can also cause relapsing encephalitis months and years after the acute infection. Many animal models studied to date have largely confirmed the pathology of henipavirus infection, and provided the means to test new therapeutic agents and vaccines. As the bat is the natural host of henipaviruses and has worldwide distribution, spillover events into human populations are expected to occur in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/26276024¤��Ong, Kien Chai
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evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523â��Lo Presti, Alessandra
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Wildlife���DecZ��The urban presence of flying-foxes (pteropid bats) in eastern Australia has increased in the last 20 years, putatively reflecting broader landscape change. The influx of large numbers often precipitates community angst, typically stemming from concerns about loss of social amenity, economic loss or negative health impacts from recently emerged bat-mediated zoonotic diseases such as Hendra virus and Australian bat lyssavirus. Local authorities and state wildlife authorities are increasingly asked to approve the dispersal or modification of flying-fox roosts to address expressed concerns, yet the scale of this concern within the community, and the veracity of the basis for concern are often unclear. We conducted an on-line survey to capture community attitudes and opinions on flying-foxes in the urban environment to inform management policy and decision-making. Analysis focused on awareness, concerns, and management options, and primarily compared responses from communities where flying-fox management was and was not topical at the time of the survey. While a majority of respondents indicated a moderate to high level of knowledge of both flying-foxes and Hendra virus, a substantial minority mistakenly believed that flying-foxes pose a direct infection risk to humans, suggesting miscommunication or misinformation, and the need for additional risk communication strategies. Secondly, a minority of community members indicated they were directly impacted by urban roosts, most plausibly those living in close proximity to the roost, suggesting that targeted management options are warranted. Thirdly, neither dispersal nor culling was seen as an appropriate management strategy by the majority of respondents, including those from postcodes where flying-fox management was topical. These findings usefully inform community debate and policy development and demonstrate the value of social analysis in defining the issues and options in this complex human-wildlife interaction. The mobile nature of flying-foxes underlines the need for a management strategy at a regional or larger scale, and independent of state borders.,��https://www.ncbi.nlm.nih.gov/pubmed/28616461Å��Kung, Nina Y
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Reservoir���Dec½��Hendra virus was first described in 1994 in Australia, causally associated with a cluster of fatal equine and human cases at a thoroughbred racing stable in the Brisbane suburb of Hendra. This year marks the twentieth anniversary of the identification of pteropid bats (flying-foxes) as the natural host of the virus, and it is timely to reflect on a pivotal meeting of an eclectic group of scientists in that process. They included animal and public health experts, environmental scientists, veterinary and horse industry representatives, and wildlife experts. The task was to review and prioritise wildlife surveillance seeking the origin of the previously unknown virus. The group determined that the likely reservoir must occur in disparate locations, and be capable of moving between locations, or exist in continuous, overlapping populations spanning multiple locations. Flying-foxes were considered to be a more probable source of the novel virus than birds. Within weeks, antibodies were detected in several species of flying-fox, and the virus was subsequently isolated. While the identification of the natural host of Hendra virus within 18 months of its description was remarkable in itself, a broader legacy followed. In the subsequent years, a suite of zoonotic viruses including Australian bat lyssavirus, Nipah virus, SARS coronavirus, and Ebola and Marburg viruses have been detected in bats. Bats are now the "go to" taxa for novel viruses. History has repeatedly demonstrated that knowledge begets knowledge. This simple notion of bringing a diverse group of people together in an environment of mutual respect reinforced this principle and proves that the sum is often so much more powerful than the parts.,��https://www.ncbi.nlm.nih.gov/pubmed/28616459���Black, Peter
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One Health
global health
public health
zoonoses¤	�Introduction: Zoonotic disease outbreaks have surged in the last two decades. These include severe acute respiratory syndrome (SARS), Hendra virus, Nipah virus, influenza viruses, Middle East Respiratory Syndrome (MERS) coronavirus, and ebola. One Health is the initiative of an inclusive collaboration linking human, animal, and environmental health. One Health is advocated through an intersectoral coordination to combat zoonoses, and the term has evolved over centuries. The primary aim of this literature review was to examine the change in the definition of the term One Health over time, particuarly following the the introduction of the latest definition in 2007 by the American Medical Association and the American Veterinary Medical Association. Methods: This review was conducted in four phases. The first phase consisted of a general PubMed search for the phrase "One Health" for every literature published up to December 2014. Then an advanced search was carried out using "One Health" in conjunction with the terms "zoonosis" and "zoonoses" in PubMed for the time period between January 2007 and December 2014. The articles found were then categorized based on the type of journals in which the articles were published. For the second phase, "One Health" was searched as a Medical subject heading (MeSH) term, which is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles. In the third phase, One Health advocate organizations were found using Google search engine. During the final phase, One Health was searched in Google scholar, examined by Google trends, and analyzed by Google ngram. Results: Before 2007, One Health had many connotations to health in the medical literature with an incomplete adherence to the usage of One Health linking zoonoses. The Google trends analysis shows an overal steady increase of the search of One Health from 2007 to 2014, which is consistent with the findings of articles from Pubmed. Discussion: Our results indicate that the linkage between the terms One Health and zoonoses started in 2007, which correlates with the joint declaration made by the American Medical Association and the American Veterinary Medical Association in 2007. We suggest creating a MeSH term for One Health in the PubMed database to support more specific research on zoonoses, and exploring the possibility of a patent of the term One Health to support global health and evidence based public health.,��https://www.ncbi.nlm.nih.gov/pubmed/29138713���Asokan, Govindaraj V
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Recombinant protein expression���DecE��Hendra virus (family Paramyxoviridae) is a negative sense single-stranded RNA virus (NSRV) which has been found to cause disease in humans, horses, and experimentally in other animals, e.g. pigs and cats. Pteropid bats commonly known as flying foxes have been identified as the natural host reservoir. The Hendra virus nucleocapsid protein (HeV N) represents the most abundant viral protein produced by the host cell, and is highly immunogenic with naturally infected humans and horses producing specific antibodies towards this protein. The purpose of this study was to express and purify soluble, functionally active recombinant HeV N, suitable for use as an immunodiagnostic reagent to detect antibodies against HeV. We expressed both full-length HeV N, (HeV NFL), and a C-terminal truncated form, (HeV NCORE), using a bacterial heterologous expression system. Both HeV N constructs were engineered with an N-terminal Hisx6 tag, and purified using a combination of immobilized metal affinity chromatography (IMAC) and size exclusion chromatography (SEC). Purified recombinant HeV N proteins self-assembled into soluble higher order oligomers as determined by SEC and negative-stain transmission electron microscopy. Both HeV N proteins were highly immuno-reactive with sera from animals and humans infected with either HeV or the closely related Nipah virus (NiV), but displayed no immuno-reactivity towards sera from animals infected with a non-pathogenic paramyxovirus (CedPV), or animals receiving Equivac(R) (HeV G glycoprotein subunit vaccine), using a Luminex-based multiplexed microsphere assay.,��https://www.ncbi.nlm.nih.gov/pubmed/26196500���Pearce, Lesley A
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protein-protein interactions���Jul 10¢��We herein review available computational and experimental data pointing to the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed molecular description of the mechanisms governing the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (PXD) of the homologous P proteins. We also show that NTAIL-PXD complexes are "fuzzy", i.e., they possess a significant residual disorder, and discuss the possible functional significance of this fuzziness. Finally, we emphasize the relevance of N-P interactions involving intrinsically disordered proteins as promising targets for new antiviral approaches, and end up summarizing the general functional advantages of disorder for viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26184170¦��Habchi, Johnny
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654���Walsh, Michael G
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zoonoses���AugR��Because some bats host viruses with zoonotic potential, we investigated human-bat interactions in rural Ghana during 2011-2012. Nearly half (46.6%) of respondents regularly visited bat caves; 37.4% had been bitten, scratched, or exposed to bat urine; and 45.6% ate bat meat. Human-bat interactions in rural Ghana are frequent and diverse.,��https://www.ncbi.nlm.nih.gov/pubmed/26177344+��Anti, Priscilla
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Hassan, F.���2015d��A Computational Approach for Designing a Universal Epitope-Based Peptide Vaccine Against Nipah Virus���177-85���Interdiscip Sci���7���2���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209±��Ali, Mohammad Tuhin
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Phycoerythrin���Sep 15ó��Detection of Hendra viral IgG antibody in animal sera is useful for surveillance following a virus outbreak. The commonly used enzyme-linked immunosorbent assay and fluorescence-based Luminex assay typically consist of three steps and take at least several hours to complete. We have simplified the procedure to two steps in an effort to develop a rapid procedure for IgG antibody, but not IgM antibody, detection. This is achieved by conjugating the fluorescence label R-phycoerythrin directly onto the IgG binding protein Protein G. The use of magnetic nanoparticles, due to their large specific surface area, has helped reduce each of the binding steps to 20 min. As a result, the whole assay can be completed in 60 min. We also demonstrate a method to quickly estimate IgG antibody titres by assaying the sera at only two dilutions (i.e. 1:20 and 1:1000) and using the fluorescence ratio at these dilutions as an indicator of antibody titre. The results of this approach correlated well with the well-regarded serum neutralization test in virus antibody assays. This protocol reported here can be adopted in Luminex assays, fluorescence-linked immunosorbent assays and assays on microfluidics platforms for rapid antibody surveillance of Hendra and other viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26141730	��Gao, Yuan
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outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519���Satterfield, Benjamin A
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Protein-protein interaction���Sep 14g��In this review I summarize available data pointing to the abundance of structural disorder within the nucleoprotein (N) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. I provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous phosphoproteins. I also show that a significant flexibility persists within NTAIL-XD complexes, which makes them illustrative examples of "fuzziness". Finally, I discuss the functional implications of structural disorder for viral transcription and replication in light of the promiscuity of disordered regions and of the considerable reach they confer to the components of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26071376µ��Longhi, Sonia
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Zoonoses/*virology6��Hendra virus (HeV) is a lethal zoonotic agent that emerged in 1994 in Australia. Pteropid bats (flying-foxes) are the natural reservoir. To date, HeV has spilled over from flying-foxes to horses on 51 known occasions, and from infected horses to close-contact humans on seven occasions. We undertook screening of archived bat tissues for HeV by reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues were tested from 310 bats including 295 Pteropodiformes and 15 Vespertilioniformes. HeV was detected in 20 individual flying-foxes (6.4%) from various tissues including spleen, kidney, liver, lung, placenta and blood components. Detection was significantly higher in Pteropus Alecto and P. conspicillatus, identifying species as a risk factor for infection. Further, our findings indicate that HeV has a predilection for the spleen, suggesting this organ plays an important role in HeV infection. The lack of detections in the foetal tissues of HeV-positive females suggests that vertical transmission is not a regular mode of transmission in naturally infected flying-foxes, and that placental and foetal tissues are not a major source of infection for horses. A better understanding of HeV tissue tropism will strengthen management of the risk of spillover from flying-foxes to horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26060997ñ��Goldspink, Lauren K
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400¼��Weis, Michael
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Plemper, R. K.���2015d��The paramyxovirus polymerase complex as a target for next-generation anti-paramyxovirus therapeutics���459���Front Microbiol���6d��Paramyxovirus
RNA-dependent RNA polymerase
allosteric inhibitor
antiviral therapy
nucleoside analogsÈ��The paramyxovirus family includes major human and animal pathogens, including measles virus, mumps virus, and human respiratory syncytial virus (RSV), as well as the emerging zoonotic Hendra and Nipah viruses. In the U.S., RSV is the leading cause of infant hospitalizations due to viral infectious disease. Despite their clinical significance, effective drugs for the improved management of paramyxovirus disease are lacking. The development of novel anti-paramyxovirus therapeutics is therefore urgently needed. Paramyxoviruses contain RNA genomes of negative polarity, necessitating a virus-encoded RNA-dependent RNA polymerase (RdRp) complex for replication and transcription. Since an equivalent enzymatic activity is absent in host cells, the RdRp complex represents an attractive druggable target, although structure-guided drug development campaigns are hampered by the lack of high-resolution RdRp crystal structures. Here, we review the current structural and functional insight into the paramyxovirus polymerase complex in conjunction with an evaluation of the mechanism of activity and developmental status of available experimental RdRp inhibitors. Our assessment spotlights the importance of the RdRp complex as a premier target for therapeutic intervention and examines how high-resolution insight into the organization of the complex will pave the path toward the structure-guided design and optimization of much-needed next-generation paramyxovirus RdRp blockers.,��https://www.ncbi.nlm.nih.gov/pubmed/26029193Ù��Cox, Robert
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Tooth/anatomy & histology«��BACKGROUND: Living gnathostomes (jawed vertebrates) comprise two divisions, Chondrichthyes (cartilaginous fishes, including euchondrichthyans with prismatic calcified cartilage, and extinct stem chondrichthyans) and Osteichthyes (bony fishes including tetrapods). Most of the early chondrichthyan ('shark') record is based upon isolated teeth, spines, and scales, with the oldest articulated sharks that exhibit major diagnostic characters of the group--prismatic calcified cartilage and pelvic claspers in males--being from the latest Devonian, c. 360 Mya. This paucity of information about early chondrichthyan anatomy is mainly due to their lack of endoskeletal bone and consequent low preservation potential. METHODOLOGY/PRINCIPAL FINDINGS: Here we present new data from the first well-preserved chondrichthyan fossil from the early Late Devonian (ca. 380-384 Mya) Gogo Formation Lagerstatte of Western Australia. The specimen is the first Devonian shark body fossil to be acid-prepared, revealing the endoskeletal elements as three-dimensional undistorted units: Meckel's cartilages, nasal, ceratohyal, basibranchial and possible epibranchial cartilages, plus left and right scapulocoracoids, as well as teeth and scales. This unique specimen is assigned to Gogoselachus lynnbeazleyae n. gen. n. sp. CONCLUSIONS/SIGNIFICANCE: The Meckel's cartilages show a jaw articulation surface dominated by an expansive cotylus, and a small mandibular knob, an unusual condition for chondrichthyans. The scapulocoracoid of the new specimen shows evidence of two pectoral fin basal articulation facets, differing from the standard condition for early gnathostomes which have either one or three articulations. The tooth structure is intermediate between the 'primitive' ctenacanthiform and symmoriiform condition, and more derived forms with a euselachian-type base. Of special interest is the highly distinctive type of calcified cartilage forming the endoskeleton, comprising multiple layers of nonprismatic subpolygonal tesserae separated by a cellular matrix, interpreted as a transitional step toward the tessellated prismatic calcified cartilage that is recognized as the main diagnostic character of the chondrichthyans.,��https://www.ncbi.nlm.nih.gov/pubmed/26020788���Long, John A
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SeasonsC��Bats of the genus Pteropus (flying-foxes) are the natural host of Hendra virus (HeV) which periodically causes fatal disease in horses and humans in Australia. The increased urban presence of flying-foxes often provokes negative community sentiments because of reduced social amenity and concerns of HeV exposure risk, and has resulted in calls for the dispersal of urban flying-fox roosts. However, it has been hypothesised that disturbance of urban roosts may result in a stress-mediated increase in HeV infection in flying-foxes, and an increased spillover risk. We sought to examine the impact of roost modification and dispersal on HeV infection dynamics and cortisol concentration dynamics in flying-foxes. The data were analysed in generalised linear mixed models using restricted maximum likelihood (REML). The difference in mean HeV prevalence in samples collected before (4.9%), during (4.7%) and after (3.4%) roost disturbance was small and non-significant (P = 0.440). Similarly, the difference in mean urine specific gravity-corrected urinary cortisol concentrations was small and non-significant (before = 22.71 ng/mL, during = 27.17, after = 18.39) (P= 0.550). We did find an underlying association between cortisol concentration and season, and cortisol concentration and region, suggesting that other (plausibly biological or environmental) variables play a role in cortisol concentration dynamics. The effect of roost disturbance on cortisol concentration approached statistical significance for region, suggesting that the relationship is not fixed, and plausibly reflecting the nature and timing of disturbance. We also found a small positive statistical association between HeV excretion status and urinary cortisol concentration. Finally, we found that the level of flying-fox distress associated with roost disturbance reflected the nature and timing of the activity, highlighting the need for a 'best practice' approach to dispersal or roost modification activities. The findings usefully inform public discussion and policy development in relation to Hendra virus and flying-fox management.,��https://www.ncbi.nlm.nih.gov/pubmed/26016629ì��Edson, Daniel
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Viruses���Jul 2Q��In recent years severe infectious diseases have been constantly emerging, causing panic in the world. Now we know that many of these terrible diseases are caused by viruses originated from bats (Table 1), such as Ebola virus, Marburg, SARS coronavirus (SARS-CoV), MERS coronavirus (MERS-CoV), Nipah virus (NiV) and Hendra virus (HeV). These viruses have co-evolved with bats due to bats' special social, biological and immunological features. Although bats are not in close contact with humans, spillover of viruses from bats to intermediate animal hosts, such as horses, pigs, civets, or non-human primates, is thought to be the most likely mode to cause human infection. Humans may also become infected with viruses through aerosol by intruding into bat roosting caves or via direct contact with bats, such as catching bats or been bitten by bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25997928ÿ��Han, Hui-Ju
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Lassa���Aug{��Host cell kinases are important for the replication of a number of hemorrhagic fever viruses. We tested a panel of kinase inhibitors for their ability to block the replication of multiple hemorrhagic fever viruses. OSU-03012 inhibited the replication of Lassa, Ebola, Marburg and Nipah viruses, whereas BIBX 1382 dihydrochloride inhibited Lassa, Ebola and Marburg viruses. BIBX 1382 blocked both Lassa and Ebola virus glycoprotein-dependent cell entry. These compounds may be used as tools to understand conserved virus-host interactions, and implicate host cell kinases that may be targets for broad spectrum therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/25986249?��Mohr, Emma L
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Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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Small angle X-ray scattering���Augz��The Hendra virus is a member of the Henipavirus genus within the Paramyxoviridae family. The nucleoprotein, which consists of a structured core and of a C-terminal intrinsically disordered domain (N(TAIL)), encapsidates the viral genome within a helical nucleocapsid. N(TAIL) partly protrudes from the surface of the nucleocapsid being thus capable of interacting with the C-terminal X domain (XD) of the viral phosphoprotein. Interaction with XD implies a molecular recognition element (MoRE) that is located within N(TAIL) residues 470-490, and that undergoes alpha-helical folding. The MoRE has been proposed to be embedded in the hydrophobic groove delimited by helices alpha2 and alpha3 of XD, although experimental data could not discriminate between a parallel and an antiparallel orientation of the MoRE. Previous studies also showed that if the binding interface is enriched in hydrophobic residues, charged residues located close to the interface might play a role in complex formation. Here, we targeted for site directed mutagenesis two acidic and two basic residues within XD and N(TAIL). ITC studies showed that electrostatics plays a crucial role in complex formation and pointed a parallel orientation of the MoRE as more likely. Further support for a parallel orientation was afforded by SAXS studies that made use of two chimeric constructs in which XD and the MoRE were covalently linked to each other. Altogether, these studies unveiled the multiparametric nature of the interactions established within this complex and contribute to shed light onto the molecular features of protein interfaces involving intrinsically disordered regions.,��https://www.ncbi.nlm.nih.gov/pubmed/25960280ð��Erales, Jenny
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sponge���Jul 3¥��All vertebrate inwardly rectifying potassium (Kir) channels are activated by phosphatidylinositol 4,5-bisphosphate (PIP2) (Logothetis, D. E., Petrou, V. I., Zhang, M., Mahajan, R., Meng, X. Y., Adney, S. K., Cui, M., and Baki, L. (2015) Annu. Rev. Physiol. 77, 81-104; Furst, O., Mondou, B., and D'Avanzo, N. (2014) Front. Physiol. 4, 404-404). Structural components of a PIP2-binding site are conserved in vertebrate Kir channels but not in distantly related animals such as sponges and sea anemones. To expand our understanding of the structure-function relationships of PIP2 regulation of Kir channels, we studied AqKir, which was cloned from the marine sponge Amphimedon queenslandica, an animal that represents the phylogenetically oldest metazoans. A requirement for PIP2 in the maintenance of AqKir activity was examined in intact oocytes by activation of a co-expressed voltage-sensing phosphatase, application of wortmannin (at micromolar concentrations), and activation of a co-expressed muscarinic acetylcholine receptor. All three mechanisms to reduce the availability of PIP2 resulted in inhibition of AqKir current. However, time-dependent rundown of AqKir currents in inside-out patches could not be re-activated by direct application to the inside membrane surface of water-soluble dioctanoyl PIP2, and the current was incompletely re-activated by the more hydrophobic arachidonyl stearyl PIP2. When we introduced mutations to AqKir to restore two positive charges within the vertebrate PIP2-binding site, both forms of PIP2 strongly re-activated the mutant sponge channels in inside-out patches. Molecular dynamics simulations validate the additional hydrogen bonding potential of the sponge channel mutants. Thus, nature's mutations conferred a high affinity activation of vertebrate Kir channels by PIP2, and this is a more recent evolutionary development than the structures that explain ion channel selectivity and inward rectification.,��https://www.ncbi.nlm.nih.gov/pubmed/25957411���Tang, Qiong-Yao
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��Ruiz-Fons, F.���2017���A Review of the Current Status of Relevant Zoonotic Pathogens in Wild Swine (Sus scrofa) Populations: Changes Modulating the Risk of Transmission to Humans���68-88���Transbound Emerg Dis���64���1½��Animals
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zoonosis���Feb���Many wild swine populations in different parts of the World have experienced an unprecedented demographic explosion that may result in increased exposure of humans to wild swine zoonotic pathogens. Interactions between humans and wild swine leading to pathogen transmission could come from different ways, being hunters and game professionals the most exposed to acquiring infections from wild swine. However, increasing human settlements in semi-natural areas, outdoor activities, socio-economic changes and food habits may increase the rate of exposure to wild swine zoonotic pathogens and to potentially emerging pathogens from wild swine. Frequent and increasing contact rate between humans and wild swine points to an increasing chance of zoonotic pathogens arising from wild swine to be transmitted to humans. Whether this frequent contact could lead to new zoonotic pathogens emerging from wild swine to cause human epidemics or emerging disease outbreaks is difficult to predict, and assessment should be based on thorough epidemiologic surveillance. Additionally, several gaps in knowledge on wild swine global population dynamics trends and wild swine-zoonotic pathogen interactions should be addressed to correctly assess the potential role of wild swine in the emergence of diseases in humans. In this work, viruses such as hepatitis E virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. have been identified as the most prone to be transmitted from wild swine to humans on the basis of geographic spread in wild swine populations worldwide, pathogen circulation rates in wild swine populations, wild swine population trends in endemic areas, susceptibility of humans to infection, transmissibility from wild swine to humans and existing evidence of wild swine-human transmission events.,��https://www.ncbi.nlm.nih.gov/pubmed/25953392���Ruiz-Fons, F
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*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743=��Bradel-Tretheway, Birgit G
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Vertebrates/*anatomy & histologyÉ��The origin of terrestrial tetrapods was a key event in vertebrate evolution, yet how and when it occurred remains obscure, due to scarce fossil evidence. Here, we show that the study of palaeopathologies, such as broken and healed bones, can help elucidate poorly understood behavioural transitions such as this. Using high-resolution finite element analysis, we demonstrate that the oldest known broken tetrapod bone, a radius of the primitive stem tetrapod Ossinodus pueri from the mid-Visean (333 million years ago) of Australia, fractured under a high-force, impact-type loading scenario. The nature of the fracture suggests that it most plausibly occurred during a fall on land. Augmenting this are new osteological observations, including a preferred directionality to the trabecular architecture of cancellous bone. Together, these results suggest that Ossinodus, one of the first large (>2m length) tetrapods, spent a significant proportion of its life on land. Our findings have important implications for understanding the temporal, biogeographical and physiological contexts under which terrestriality in vertebrates evolved. They push the date for the origin of terrestrial tetrapods further back into the Carboniferous by at least two million years. Moreover, they raise the possibility that terrestriality in vertebrates first evolved in large tetrapods in Gondwana rather than in small European forms, warranting a re-evaluation of this important evolutionary event.,��https://www.ncbi.nlm.nih.gov/pubmed/25938463���Bishop, Peter J
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*Nipah Virus���Augà��Nipah virus (NiV) encephalitis is endemic in Bangladesh, with yearly seasonal outbreaks occurring since 2003. NiV has a notable case fatality rate, 75-100 per cent depending on the strain. In Bangladesh, primary transmission to humans is believed to be because of consumption of bat-contaminated date palm sap (DPS). Both the disease and the virus have been investigated extensively, however efforts to implement preventive strategies have met social and cultural challenges. Here we present a variety of community approaches to control the spread of Nipah encephalitis, along with advantages and disadvantages of each. This information may be useful to health workers and policymakers in potential NiV outbreak areas in Southeast Asia.,��https://www.ncbi.nlm.nih.gov/pubmed/25925087¼��Dhillon, Jasmine
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*Tropical Medicine���Apr)	�The ten member states of the Association of Southeast Asian Nations (ASEAN) constitute an economic powerhouse, yet these countries also harbor a mostly hidden burden of poverty and neglected tropical diseases (NTDs). Almost 200 million people live in extreme poverty in ASEAN countries, mostly in the low or lower middle-income countries of Indonesia, the Philippines, Myanmar, Viet Nam, and Cambodia, and many of them are affected by at least one NTD. However, NTDs are prevalent even among upper middle-income ASEAN countries such as Malaysia and Thailand, especially among the indigenous populations. The three major intestinal helminth infections are the most common NTDs; each helminthiasis is associated with approximately 100 million infections in the region. In addition, more than 10 million people suffer from either liver or intestinal fluke infections, as well as schistosomiasis and lymphatic filariasis (LF). Intestinal protozoan infections are widespread, while leishmaniasis has emerged in Thailand, and zoonotic malaria (Plasmodium knowlesi infection) causes severe morbidity in Malaysia. Melioidosis has emerged as an important bacterial NTD, as have selected rickettsial infections, and leptospirosis. Leprosy, yaws, and trachoma are still endemic in focal areas. Almost 70 million cases of dengue fever occur annually in ASEAN countries, such that this arboviral infection is now one of the most common and economically important NTDs in the region. A number of other arboviral and zoonotic viral infections have also emerged, including Japanese encephalitis; tick-borne viral infections; Nipah virus, a zoonosis present in fruit bats; and enterovirus 71 infection. There are urgent needs to expand surveillance activities in ASEAN countries, as well as to ensure mass drug administration is provided to populations at risk for intestinal helminth and fluke infections, LF, trachoma, and yaws. An ASEAN Network for Drugs, Diagnostics, Vaccines, and Traditional Medicines Innovation provides a policy framework for the development of new control and elimination tools. Together with prominent research institutions and universities, the World Health Organization (WHO), and its regional offices, these organizations could implement important public health improvements through NTD control and elimination in the coming decade.,��https://www.ncbi.nlm.nih.gov/pubmed/25880767ú��Hotez, Peter J
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385|��Thanapongtharm, Weerapong
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472T��Prescott, Joseph
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ribonucleoprotein���Apr 7½��Parainfluenza virus 5 (PIV5) is a member of the Paramyxoviridae family of membrane-enveloped viruses with a negative-sense RNA genome that is packaged and protected by long filamentous nucleocapsid-helix structures (RNPs). These RNPs, consisting of approximately 2,600 protomers of nucleocapsid (N) protein, form the template for viral transcription and replication. We have determined the 3D X-ray crystal structure of the nucleoprotein (N)-RNA complex from PIV5 to 3.11-A resolution. The structure reveals a 13-mer nucleocapsid ring whose diameter, cavity, and pitch/height dimensions agree with EM data from early studies on the Paramyxovirinae subfamily of native RNPs, indicating that it closely represents one-turn in the building block of the RNP helices. The PIV5-N nucleocapsid ring encapsidates a nuclease resistant 78-nt RNA strand in its positively charged groove formed between the N-terminal (NTD) and C-terminal (CTD) domains of its successive N protomers. Six nucleotides precisely are associated with each N protomer, with alternating three-base-in three-base-out conformation. The binding of six nucleotides per protomer is consistent with the "rule of six" that governs the genome packaging of the Paramyxovirinae subfamily of viruses. PIV5-N protomer subdomains are very similar in structure to the previously solved Nipah-N structure, but with a difference in the angle between NTD/CTD at the RNA hinge region. Based on the Nipah-N structure we modeled a PIV5-N open conformation in which the CTD rotates away from the RNA strand into the inner spacious nucleocapsid-ring cavity. This rotation would expose the RNA for the viral polymerase activity without major disruption of the nucleocapsid structure.,��https://www.ncbi.nlm.nih.gov/pubmed/25831513F��Alayyoubi, Maher
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viral attachment���Apr 28���The discovery of African henipaviruses (HNVs) related to pathogenic Hendra virus (HeV) and Nipah virus (NiV) from Southeast Asia and Australia presents an open-ended health risk. Cell receptor use by emerging African HNVs at the stage of host-cell entry is a key parameter when considering the potential for spillover and infection of human populations. The attachment glycoprotein from a Ghanaian bat isolate (GhV-G) exhibits <30% sequence identity with Asiatic NiV-G/HeV-G. Here, through functional and structural analysis of GhV-G, we show how this African HNV targets the same human cell-surface receptor (ephrinB2) as the Asiatic HNVs. We first characterized this virus-receptor interaction crystallographically. Compared with extant HNV-G-ephrinB2 structures, there was significant structural variation in the six-bladed beta-propeller scaffold of the GhV-G receptor-binding domain, but not the Greek key fold of the bound ephrinB2. Analysis revealed a surprisingly conserved mode of ephrinB2 interaction that reflects an ongoing evolutionary constraint among geographically distal and phylogenetically divergent HNVs to maintain the functionality of ephrinB2 recognition during virus-host entry. Interestingly, unlike NiV-G/HeV-G, we could not detect binding of GhV-G to ephrinB3. Comparative structure-function analysis further revealed several distinguishing features of HNV-G function: a secondary ephrinB2 interaction site that contributes to more efficient ephrinB2-mediated entry in NiV-G relative to GhV-G and cognate residues at the very C terminus of GhV-G (absent in Asiatic HNV-Gs) that are vital for efficient receptor-induced fusion, but not receptor binding per se. These data provide molecular-level details for evaluating the likelihood of African HNVs to spill over into human populations.,��https://www.ncbi.nlm.nih.gov/pubmed/25825759\��Lee, Benhur
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RNA Viruses/*physiology���Marë��Viral hemorrhagic fevers (VHFs) are major public health problems in the South-East Asia Regional (SEAR) countries. VHFs are a group of illnesses; that are caused by four families of viruses, viz. Arenaviridae, Bunyaviridae, Filoviridae and Flaviviridae. All VHFs have common features: they affect several organs and damage the blood vessels. These symptoms are often accompanied by hemorrhage. To understand pathogenesis, genetic and environmental influence that increase the risk of VHFs, efficacy and safety studies on candidate vaccines and testing of various therapeutic agents, appropriate animal models are essential tools in public and animals health. In the current review, the suitable animal models for Flavivirus [Dengue hemorhagic fever (DHF), Kyasanur forest disease (KFD)]; Bunyavirus [Crimean-Congo hemorrhagic fever (CCHF), Hantavirus fever (HF)]; and Paramyxovirus [Nipah virus fever (NiV)] have been reviewed with specific emphasis on emerging and reemerging viruses in SEAR countries.,��https://www.ncbi.nlm.nih.gov/pubmed/25815861���Badole, Sachin L
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Viral Matrix Proteins/*metabolism���Mar=��The paramyxovirus matrix (M) protein is a molecular scaffold required for viral morphogenesis and budding at the plasma membrane. Transient nuclear residence of some M proteins hints at non-structural roles. However, little is known regarding the mechanisms that regulate the nuclear sojourn. Previously, we found that the nuclear-cytoplasmic trafficking of Nipah virus M (NiV-M) is a prerequisite for budding, and is regulated by a bipartite nuclear localization signal (NLSbp), a leucine-rich nuclear export signal (NES), and monoubiquitination of the K258 residue within the NLSbp itself (NLSbp-lysine). To define whether the sequence determinants of nuclear trafficking identified in NiV-M are common among other Paramyxovirinae M proteins, we generated the homologous NES and NLSbp-lysine mutations in M proteins from the five major Paramyxovirinae genera. Using quantitative 3D confocal microscopy, we determined that the NES and NLSbp-lysine are required for the efficient nuclear export of the M proteins of Nipah virus, Hendra virus, Sendai virus, and Mumps virus. Pharmacological depletion of free ubiquitin or mutation of the conserved NLSbp-lysine to an arginine, which inhibits M ubiquitination, also results in nuclear and nucleolar retention of these M proteins. Recombinant Sendai virus (rSeV-eGFP) bearing the NES or NLSbp-lysine M mutants rescued at similar efficiencies to wild type. However, foci of cells expressing the M mutants displayed marked fusogenicity in contrast to wild type, and infection did not spread. Recombinant Mumps virus (rMuV-eGFP) bearing the homologous mutations showed similar defects in viral morphogenesis. Finally, shotgun proteomics experiments indicated that the interactomes of Paramyxovirinae M proteins are significantly enriched for components of the nuclear pore complex, nuclear transport receptors, and nucleolar proteins. We then synthesize our functional and proteomics data to propose a working model for the ubiquitin-regulated nuclear-cytoplasmic trafficking of cognate paramyxovirus M proteins that show a consistent nuclear trafficking phenotype.,��https://www.ncbi.nlm.nih.gov/pubmed/25782006{��Pentecost, Mickey
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"gateway theory"�
�UNLABELLED: Viral cellular immune surveillance is a dynamic and fluid system that is driven by finely regulated cellular processes including cytokines and other factors locally in the microenvironment and systemically throughout the body. It is questionable as to what extent the central nervous system (CNS) is an immune-privileged organ protected by the blood-brain barrier (BBB). Recent evidence suggests converging pathways through which viral infection, and its associated immune surveillance processes, may alter the integrity of the blood-brain barrier, and lead to inflammation, swelling of the brain parenchyma and associated neurological syndromes. Here, we expand upon the recent "gateway theory", by which viral infection and other immune activation states may disrupt the specialized tight junctions of the BBB endothelium making it permeable to immune cells and factors. The model we outline here builds upon the proposition that this process may actually be initiated by cytokines of the IL-17 family, and recognizing the intimate balance between TH17 and TH9 cytokine profiles systemically. We argue that immune surveillance events, in response to viruses such as the Human Immunodeficiency Virus (HIV), cause a TH17/TH9 induced gateway through blood brain barrier, and thus lead to characteristic neuroimmune pathology. It is possible and even probable that the novel TH17/TH9 induced gateway, which we describe here, opens as a consequence of any state of immune activation and sustained chronic inflammation, whether associated with viral infection or any other cause of peripheral or central neuroinflammation. This view could lead to new, timely and critical patient-centered therapies for patients with neuroimmune pathologies across a variety of etiologies. ABBREVIATIONS: BBB - blood brain barrier, BDV - Borna disease virus, CARD - caspase activation and recruitment domains, CD - clusters of differentiation, CNS - central nervous system, DAMP - damage-associated molecular patterns, DENV - Dengue virus, EBOV - Ebola virus, ESCRT - endosomal sorting complex required for transport-I, HepC - Hepatitis C virus, HIV - human immunodeficiency virus, IFN - interferon, ILn - interleukin-n, IRF-n - interferon regulatory factor-n, MAVS - mitochondrial antiviral-signaling, MBGV - Marburg virus, M-CSF - macrophage colony-stimulating factor, MCP-1 - monocyte chemotactic protein 1 (aka CCL2), MHC - major histocompatibility complex, MIP-alpha beta - macrophage inflammatory protein-1 alpha beta (aka CCL3 & CCL4), MIF - macrophage migration inhibitory factor, NVE - Nipah virus encephalitis, NK - natural killer cell, NLR - NLR, NOD - like receptor, NOD - nucleotide oligomerization domain, PAMP - pathogen-associated molecular patterns, PtdIns - phosphoinositides, PV - Poliovirus, RIG-I - retinoic acid-inducible gene I, RIP - Receptor-interacting protein (RIP) kinase, RLR - RIG-I-like receptor, sICAM1 - soluble intracellular adhesion molecule 1, STAT-3 - signal tranducer and activator of transcription-3, sVCAM1 - soluble vascular cell adhesion molecule 1, TANK - TRAF family member-associated NF- . B activator, TBK1 - TANK-binding kinase 1, TLR - Toll-like receptor, TNF - tumor necrosis factor, TNFR - TNF receptor, TNFRSF21 - tumor necrosis factor receptor superfamily member 21, TRADD TNFR-SF1A - associated via death domain, TRAF TNFR - associated factor, Tregs - regulatory T cellsubpopulation (CD4/8+CD25+FoxP3+), VHF - viral hemorrhagic fever.,��https://www.ncbi.nlm.nih.gov/pubmed/257802816��Barkhordarian, Andre
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*Virus Attachment���Mar 10�
�UNLABELLED: Nipah virus and Hendra virus are emerging, highly pathogenic, zoonotic paramyxoviruses that belong to the genus Henipavirus. They infect humans as well as numerous mammalian species. Both viruses use ephrin-B2 and -B3 as cell entry receptors, and following initial entry into an organism, they are capable of rapid spread throughout the host. We have previously reported that Nipah virus can use another attachment receptor, different from its entry receptors, to bind to nonpermissive circulating leukocytes, thereby promoting viral dissemination within the host. Here, this attachment molecule was identified as heparan sulfate for both Nipah virus and Hendra virus. Cells devoid of heparan sulfate were not able to mediate henipavirus trans-infection and showed reduced permissivity to infection. Virus pseudotyped with Nipah virus glycoproteins bound heparan sulfate and heparin but no other glycosaminoglycans in a surface plasmon resonance assay. Furthermore, heparin was able to inhibit the interaction of the viruses with the heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin was shown to bind to ephrin-B3 and to restrain infection of permissive cells in vitro. Consequently, treatment with heparin devoid of anticoagulant activity improved the survival of Nipah virus-infected hamsters. Altogether, these results reveal heparan sulfate as a new attachment receptor for henipaviruses and as a potential therapeutic target for the development of novel approaches against these highly lethal infections. IMPORTANCE: The Henipavirus genus includes two closely related, highly pathogenic paramyxoviruses, Nipah virus and Hendra virus, which cause elevated morbidity and mortality in animals and humans. Pathogenesis of both Nipah virus and Hendra virus infection is poorly understood, and efficient antiviral treatment is still missing. Here, we identified heparan sulfate as a novel attachment receptor used by both viruses to bind host cells. We demonstrate that heparin was able to inhibit the interaction of the viruses with heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin also bound to the viral entry receptor and thereby restricted infection of permissive cells in vitro. Consequently, heparin treatment improved survival of Nipah virus-infected hamsters. These results uncover an important role of heparan sulfate in henipavirus infection and open novel perspectives for the development of heparan sulfate-targeting therapeutic approaches for these emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25759505���Mathieu, Cyrille
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Virus Replication/drug effects���Mayµ	�UNLABELLED: Hydrogen sulfide (H2S) is an endogenous gaseous mediator that has gained increasing recognition as an important player in modulating acute and chronic inflammatory diseases. However, its role in virus-induced lung inflammation is currently unknown. Respiratory syncytial virus (RSV) is a major cause of upper and lower respiratory tract infections in children for which no vaccine or effective treatment is available. Using the slow-releasing H2S donor GYY4137 and propargylglycin (PAG), an inhibitor of cystathionine-gamma-lyase (CSE), a key enzyme that produces intracellular H2S, we found that RSV infection led to a reduced ability to generate and maintain intracellular H2S levels in airway epithelial cells (AECs). Inhibition of CSE with PAG resulted in increased viral replication and chemokine secretion. On the other hand, treatment of AECs with the H2S donor GYY4137 reduced proinflammatory mediator production and significantly reduced viral replication, even when administered several hours after viral absorption. GYY4137 also significantly reduced replication and inflammatory chemokine production induced by human metapneumovirus (hMPV) and Nipah virus (NiV), suggesting a broad inhibitory effect of H2S on paramyxovirus infections. GYY4137 treatment had no effect on RSV genome replication or viral mRNA and protein synthesis, but it inhibited syncytium formation and virus assembly/release. GYY4137 inhibition of proinflammatory gene expression occurred by modulation of the activation of the key transcription factors nuclear factor kappaB (NF-kappaB) and interferon regulatory factor 3 (IRF-3) at a step subsequent to their nuclear translocation. H2S antiviral and immunoregulatory properties could represent a novel treatment strategy for paramyxovirus infections. IMPORTANCE: RSV is a global health concern, causing significant morbidity and economic losses as well as mortality in developing countries. After decades of intensive research, no vaccine or effective treatment, with the exception of immunoprophylaxis, is available for this infection as well as for other important respiratory mucosal viruses. This study identifies hydrogen sulfide as a novel cellular mediator that can modulate viral replication and proinflammatory gene expression, both important determinants of lung injury in respiratory viral infections, with potential for rapid translation of such findings into novel therapeutic approaches for viral bronchiolitis and pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/25740991r��Li, Hui
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Surface expression���Apr 2���Compared to the fusion proteins of pathogenic Nipah and Hendra viruses, the F protein of prototype African henipavirus GH-M74a displays a drastically reduced surface expression and fusion activity. A probable reason for limited F expression is the unusually long sequence located between the gene start and the signal peptide (SP) not present in other henipaviruses. Such a long pre-SP extension can prevent efficient ER translocation or protein maturation and processing. As its truncation can therefore enhance surface expression, the recent identification of a second in-frame start codon directly upstream of the SP in another African henipavirus F gene (GH-UP28) raised the question if such a naturally occurring minor sequence variation can lead to the synthesis of a pre-SP truncated translation product, thereby increasing the production of mature F proteins. To test this, we analyzed surface expression and biological activity of F genes carrying the second SP-proximal start codon of GH-UP28. Though we observed minor differences in the expression levels, introduction of the additional start codon did not result in an increased fusion activity, even if combined with further mutations in the pre-SP region. Thus, limited bioactivity of African henipavirus F protein is maintained even after sequence changes that alter the gene start allowing the production of F proteins without an unusually long pre-SP.,��https://www.ncbi.nlm.nih.gov/pubmed/25725148ù��Weis, Michael
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Technology, Pharmaceutical/*instrumentation���Jan-Feb´��High-throughput screening (HTS) has been integrated into the drug discovery process, and multiple assay formats have been widely used in many different disease areas but with limited focus on infectious agents. In recent years, there has been an increase in the number of HTS campaigns using infectious wild-type pathogens rather than surrogates or biochemical pathogen-derived targets. Concurrently, enhanced emerging pathogen surveillance and increased human mobility have resulted in an increase in the emergence and dissemination of infectious human pathogens with serious public health, economic, and social implications at global levels. Adapting the HTS drug discovery process to biocontainment laboratories to develop new drugs for these previously uncharacterized and highly pathogenic agents is now feasible, but HTS at higher biosafety levels (BSL) presents a number of unique challenges. HTS has been conducted with multiple bacterial and viral pathogens at both BSL-2 and BSL-3, and pilot screens have recently been extended to BSL-4 environments for both Nipah and Ebola viruses. These recent successful efforts demonstrate that HTS can be safely conducted at the highest levels of biological containment. This review outlines the specific issues that must be considered in the execution of an HTS drug discovery program for high-containment pathogens. We present an overview of the requirements for HTS in high-level biocontainment laboratories.,��https://www.ncbi.nlm.nih.gov/pubmed/25710545ë��Rasmussen, Lynn
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meningoencephalitis���Mar°��CASE REPORT: This report summarises the findings from a case of naturally-occurring Murray Valley encephalitis in a 2-year-old filly presenting with acute onset of depression and weakness. Serum samples tested at the onset of clinical signs were negative for Hendra and Kunjin virus antibodies, but positive for Murray Valley encephalitis virus (MVEV) using IgM-capture ELISA (1 : 300 dilution). A virus neutralisation assay performed 4 weeks later confirmed a titre of 1 : 160. Sera collected in the weeks preceding neurological signs returned a negative titre for MVEV 2 weeks prior followed by a titre of 1:80 in the week prior to illness. Serological surveillance conducted on 67 co-located horses returned a positive titre of 1 : 20 in one in-contact horse. There was no history of clinical disease in that horse. At 3 months after the onset of clinical signs in the index case, the filly continued to show mild facial paresis and hypermetria; the owners elected euthanasia and gave permission for necropsy. Histopathological analysis of the brain showed a mild meningoencephalitis. CONCLUSION: The progression of a naturally-occurring MVEV infection in a horse has been documented in this case.,��https://www.ncbi.nlm.nih.gov/pubmed/25708787���Barton, A J
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Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25706617C��Johnston, Sara C
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Viral Proteins/*metabolism ��Bats of different species play a major role in the emergence and transmission of highly pathogenic viruses including Ebola virus, SARS-like coronavirus and the henipaviruses. These viruses require proteolytic activation of surface envelope glycoproteins needed for entry, and cellular cathepsins have been shown to be involved in proteolysis of glycoproteins from these distinct virus families. Very little is currently known about the available proteases in bats. To determine whether the utilization of cathepsins by bat-borne viruses is related to the nature of proteases in their natural hosts, we examined proteolytic processing of several viral fusion proteins in cells derived from two fruit bat species, Pteropus alecto and Rousettus aegyptiacus. Our work shows that fruit bat cells have homologs of cathepsin and furin proteases capable of cleaving and activating both the cathepsin-dependent Hendra virus F and the furin-dependent parainfluenza virus 5 F proteins. Sequence analysis comparing Pteropus alecto furin and cathepsin L to proteases from other mammalian species showed a high degree of conservation; however significant amino acid variation occurs at the C-terminus of Pteropus alecto furin. Further analysis of furin-like proteases from fruit bats revealed that these proteases are catalytically active and resemble other mammalian furins in their response to a potent furin inhibitor. However, kinetic analysis suggests that differences may exist in the cellular localization of furin between different species. Collectively, these results indicate that the unusual role of cathepsin proteases in the life cycle of bat-borne viruses is not due to the lack of active furin-like proteases in these natural reservoir species; however, differences may exist between furin proteases present in fruit bats compared to furins in other mammalian species, and these differences may impact protease usage for viral glycoprotein processing.,��https://www.ncbi.nlm.nih.gov/pubmed/25706132���El Najjar, Farah
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Zinc���Aprr��The recent proposal of using Zn-based alloys for biodegradable implants was not supported with sufficient toxicity data. This work, for the first time, presents a thorough cytotoxicity evaluation of Zn-3Mg alloy for biodegradable bone implants. Normal human osteoblast cells were exposed to the alloy's extract and three main cell-material interaction parameters: cell health, functionality and inflammatory response, were evaluated. Results showed that at the concentration of 0.75mg/ml alloy extract, cell viability was reduced by ~50% through an induction of apoptosis at day 1; however, cells were able to recover at days 3 and 7. Cytoskeletal changes were observed but without any significant DNA damage. The downregulation of alkaline phosphatase protein levels did not significantly affect the mineralization process of the cells. Significant differences of cyclooxygenase-2 and prostaglandin E2 inflammatory biomarkers were noticed, but not interleukin 1-beta, indicating that the cells underwent a healing process after exposure to the alloy. Detailed analysis on the cell-material interaction is further discussed in this paper.,��https://www.ncbi.nlm.nih.gov/pubmed/25686984ê��Murni, N S
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Seasons���Jun§��Hendra virus (HeV) is lethal to humans and horses, and little is known about its epidemiology. Biosecurity restrictions impede advances, particularly on understanding pathways of transmission. Quantifying the environmental survival of HeV can be used for making decisions and to infer transmission pathways. We estimated HeV survival with a Weibull distribution and calculated parameters from data generated in laboratory experiments. HeV survival rates based on air temperatures 24 h after excretion ranged from 2 to 10 % in summer and from 12 to 33 % in winter. Simulated survival across the distribution of the black flying fox (Pteropus alecto), a key reservoir host, did not predict spillover events. Based on our analyses we concluded that the most likely pathways of transmission did not require long periods of virus survival and were likely to involve relatively direct contact with flying fox excreta shortly after excretion.,��https://www.ncbi.nlm.nih.gov/pubmed/25667321���Martin, Gerardo
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Rhinitis virus���Apr§��Many viral agents have been associated with respiratory disease of the horse. The most important viral causes of respiratory disease in horses are equine influenza and the equine alphaherpesviruses. Agents such as equine viral arteritis virus, African horse sickness virus, and Hendra virus establish systemic infections. Clinical signs of disease resulting from infection with these agents can manifest as respiratory disease, but the respiratory tract is not the major body system affected by these viruses. Treatment of viral respiratory disease is generally limited to supportive therapies, whereas targeted antimicrobial therapy is effective in cases of bacterial infection.,��https://www.ncbi.nlm.nih.gov/pubmed/25648568Ï��Gilkerson, James R
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Small-angle X-ray scattering���Mar���Nipah and Hendra viruses are recently emerged paramyxoviruses belonging to the Henipavirus genus. The Henipavirus phosphoprotein (P) consists of a large intrinsically disordered domain and a C-terminal domain (PCT) containing alternating disordered and ordered regions. Among these latter is the P multimerization domain (PMD). Using biochemical, analytical ultracentrifugation and small-angle X-ray scattering (SAXS) studies, we show that Hendra virus (HeV) PMD forms an elongated coiled-coil homotrimer in solution, in agreement with our previous findings on Nipah virus (NiV) PMD. However, the orientation of the N-terminal region differs from that observed in solution for NiV PMD, consistent with the ability of this region to adopt different conformations. SAXS studies provided evidence for a trimeric organization also in the case of PCT, thus extending and strengthening our findings on PMD. The present results are discussed in light of conflicting reports in the literature pointing to a tetrameric organization of paramyxoviral P proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/25637789Æ��Beltrandi, Matilde
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emergent diseases
encephalitis���Mar���Hendra virus and Nipah virus are closely related, recently emerged zoonotic paramyxoviruses, belonging to the Henipavirus genus. Both viruses induce generalized vasculitis affecting particularly the respiratory tract and CNS. The exceptionally broad species tropism of Henipavirus, the high case fatality rate and person-to-person transmission associated with Nipah virus outbreaks emphasize the necessity of effective antiviral strategies for these intriguing threatening pathogens. Current therapeutic approaches, validated in animal models, target early steps in viral infection; they include the use of neutralizing virus-specific antibodies and blocking membrane fusion with peptides that bind the viral fusion protein. A better understanding of Henipavirus pathogenesis is critical for the further advancement of antiviral treatment, and we summarize here the recent progress in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/25634624Î��Mathieu, Cyrille
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Multi-epitope peptide vaccination���Mar 3���BACKGROUND: Peptide vaccination based on multiple T-cell epitopes can be used to target well-defined ethnic populations. Because the response to T-cell epitopes is restricted by HLA proteins, the HLA specificity of T-cell epitopes becomes a major consideration for epitope-based vaccine design. We have previously shown that CD4+ T-cell epitopes restricted by 95% of human MHC class II proteins can be predicted with high-specificity. METHODS: We describe here the integration of epitope prediction with population coverage and epitope selection algorithms. The population coverage assessment makes use of the Allele Frequency Net Database. We present the computational platform Predivac-2.0 for HLA class II-restricted epitope-based vaccine design, which accounts comprehensively for human genetic diversity. RESULTS: We validated the performance of the tool on the identification of promiscuous and immunodominant CD4+ T-cell epitopes from the human immunodeficiency virus (HIV) protein Gag. We further describe an application for epitope-based vaccine design in the context of emerging infectious diseases associated with Lassa, Nipah and Hendra viruses. Putative CD4+ T-cell epitopes were mapped on the surface glycoproteins of these pathogens and are good candidates to be experimentally tested, as they hold potential to provide cognate help in vaccination settings in their respective target populations. CONCLUSION: Predivac-2.0 is a novel approach in epitope-based vaccine design, particularly suited to be applied to virus-related emerging infectious diseases, because the geographic distributions of the viruses are well defined and ethnic populations in need of vaccination can be determined ("ethnicity-oriented approach"). Predivac-2.0 is accessible through the website http://predivac.biosci.uq.edu.au/.,��https://www.ncbi.nlm.nih.gov/pubmed/25629524ö��Oyarzun, Patricio
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Vaccine designing���Decø��Identification of Nipah virus (NiV) T-cell-specific antigen is urgently needed for appropriate diagnostic and vaccination. In the present study, prediction and modeling of T-cell epitopes of Nipah virus antigenic proteins nucleocapsid, phosphoprotein, matrix, fusion, glycoprotein, L protein, W protein, V protein and C protein followed by the binding simulation studies of predicted highest binding scorers with their corresponding MHC class I alleles were done. Immunoinformatic tool ProPred1 was used to predict the promiscuous MHC class I epitopes of viral antigenic proteins. The molecular modelings of the epitopes were done by PEPstr server. And alleles structure were predicted by MODELLER 9.10. Molecular dynamics (MD) simulation studies were performed through the NAMD graphical user interface embedded in visual molecular dynamics. Epitopes VPATNSPEL, NPTAVPFTL and LLFVFGPNL of Nucleocapsid, V protein and Fusion protein have considerable binding energy and score with HLA-B7, HLA-B*2705 and HLA-A2MHC class I allele, respectively. These three predicted peptides are highly potential to induce T-cell-mediated immune response and are expected to be useful in designing epitope-based vaccines against Nipah virus after further testing by wet laboratory studies.,��https://www.ncbi.nlm.nih.gov/pubmed/28324411���Kamthania, Mohit
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064���Garner, Omai B
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viral proteins���Jan 19÷��We provide an atomic-resolution description based on NMR spectroscopy, of the intrinsically disordered C-terminal domain of the Nipah virus nucleoprotein (NTAIL ), both in its isolated state and within the nucleocapsid (NC). Within the NC the second half of NTAIL retains conformational behavior similar to that of isolated NTAIL , whereas the first half of NTAIL becomes much more rigid. In spite of the mostly disordered nature of NTAIL , chemical shifts and relaxation measurements show a significant degree of alpha-helical sampling in the molecular recognition element (MoRE) involved in binding to the X domain (XD) of the phosphoprotein, with this preconfiguration being more pronounced than in the NTAIL domain from the cognate Hendra virus. Outside the MoRE, an additional region exhibiting reduced flexibility was identified within NTAIL and found to be involved in binding to the XD. (1) H- and (13) C-detected titration NMR experiments support a highly dynamic binding of NTAIL at the surface of the XD.,��https://www.ncbi.nlm.nih.gov/pubmed/25492314õ��Baronti, Lorenzo
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*Virus Attachment
*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
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*Virus Assembly���Nov 27u��BACKGROUND: Hendra virus (HeV) is a pleomorphic virus belonging to the Paramyxovirus family. Our long-term aim is to understand the process of assembly of HeV virions. As a first step, we sought to determine the most appropriate cell culture system with which to study this process, and then to use this model to define the morphology of the virus and identify the site of assembly by imaging key virus encoded proteins in infected cells. METHODS: A range of primary cells and immortalised cell lines were infected with HeV, fixed at various time points post-infection, labelled for HeV proteins and imaged by confocal, super-resolution and transmission electron microscopy. RESULTS: Significant differences were noted in viral protein distribution depending on the infected cell type. At 8 hpi HeV G protein was detected in the endoplasmic reticulum and M protein was seen predominantly in the nucleus in all cells tested. At 18 hpi, HeV-infected Vero cells showed M and G proteins throughout the cell and in transmission electron microscope (TEM) sections, in pleomorphic virus-like structures. In HeV infected MDBK, A549 and HeLa cells, HeV M protein was seen predominantly in the nucleus with G protein at the membrane. In HeV-infected primary bovine and porcine aortic endothelial cells and two bat-derived cell lines, HeV M protein was not seen at such high levels in the nucleus at any time point tested (8,12, 18, 24, 48 hpi) but was observed predominantly at the cell surface in a punctate pattern co-localised with G protein. These HeV M and G positive structures were confirmed as round HeV virions by TEM and super-resolution (SR) microscopy. SR imaging demonstrated for the first time sub-virion imaging of paramyxovirus proteins and the respective localisation of HeV G, M and N proteins within virions. CONCLUSION: These findings provide novel insights into the structure of HeV and show that for HeV imaging studies the choice of tissue culture cells may affect the experimental results. The results also indicate that HeV should be considered a predominantly round virus with a mean diameter of approximately 280 nm by TEM and 310 nm by SR imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/25428656ù��Monaghan, Paul
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emerging viruses
hantavirus pulmonary syndromer��Emerging infectious diseases of zoonotic origin are shaping today's infectious disease field more than ever. In this article, we introduce and review three emerging zoonotic viruses. Novel hantaviruses emerged in the Americas in the mid-1990s as the cause of severe respiratory infections, designated hantavirus pulmonary syndrome, with case fatality rates of around 40%. Nipah virus emerged a few years later, causing respiratory infections and encephalitis in Southeast Asia, with case fatality rates ranging from 40% to more than 90%. A new coronavirus emerged in 2012 on the Arabian Peninsula with a clinical syndrome of acute respiratory infections, later designated as Middle East respiratory syndrome (MERS), and an initial case fatality rate of more than 40%. Our current state of knowledge on the pathogenicity of these three severe, emerging viral infections is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25423349á��Safronetz, David
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Water/*chemistry���Dec 26ë��The dynamical properties of water at protein-water interfaces are unlike those in the bulk. Here we utilize molecular dynamics simulations to study water dynamics in interstitial regions between two proteins. We consider two natural protein-protein complexes, one in which the Nipah virus G protein binds to cellular ephrin B2 and the other in which the same G protein binds to ephrin B3. While the two complexes are structurally similar, the two ephrins share only a modest sequence identity of approximately 50%. X-ray crystallography also suggests that these interfaces are fairly extensive and contain exceptionally large amounts of waters. We find that while the interstitial waters tend to occupy crystallographic sites, almost all waters exhibit residence times of less than hundred picoseconds in the interstitial region. We also find that while the differences in the sequence of the two ephrins result in quantitative differences in the dynamics of interstitial waters, the trends in the shifts with respect to bulk values are similar. Despite the high wetness of the protein-protein interfaces, the dynamics of interstitial waters are considerably slower compared to the bulk-the interstitial waters diffuse an order of magnitude slower and have 2-3 fold longer hydrogen bond lifetimes and 2-1000 fold slower dipole relaxation rates. To understand the role of interstitial waters, we examine how implicit solvent models compare against explicit solvent models in producing ephrin-induced shifts in the G conformational density. Ephrin-induced shifts in the G conformational density are critical to the allosteric activation of another viral protein that mediates fusion. We find that in comparison with the explicit solvent model, the implicit solvent model predicts a more compact G-B2 interface, presumably because of the absence of discrete waters at the G-B2 interface. Simultaneously, we find that the two models yield strikingly different induced changes in the G conformational density, even for those residues whose conformational densities in the apo state are unaffected by the treatment of the bulk solvent. Together, these results show that the explicit treatment of interstitial water molecules is necessary for a proper description of allosteric transitions.,��https://www.ncbi.nlm.nih.gov/pubmed/25420132»��Dutta, Priyanka
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��69 Suppl A���Augq��Between September 1998 to May 1999, Malaysia and Singapore were hit by an outbreak of fatal encephalitis caused by a novel virus from the paramyxovirus family. This virus was subsequently named as Nipah virus, after the Sungei Nipah village in Negeri Sembilan, where the virus was first isolated. The means of transmission was thought to be from bats-topigs and subsequently pigs-to-human. Since 2001, almost yearly outbreak of Nipah encephalitis has been reported from Bangladesh and West Bengal, India. These outbreaks were characterized by direct bats-to-human, and human-to-human spread of infection. Nipah virus shares many similar characteristics to Hendra virus, first isolated in an outbreak of respiratory illness involving horses in Australia in 1994. Because of their homology, a new genus called Henipavirus (Hendra + Nipah) was introduced. Henipavirus infection is a human disease manifesting most often as acute encephalitis (which may be relapsing or late-onset) or pneumonia, with a high mortality rate. Pteropus bats act as reservoir for the virus, which subsequently lead to human spread. Transmission may be from consumption of food contaminated by bats secretion, contact with infected animals, or human-to-human spread. With wide geographical distribution of Pteropus bats, Henipavirus infection has become an important emerging human infection with worldwide implication.,��https://www.ncbi.nlm.nih.gov/pubmed/25417957b��Sherrini, B A
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��69 Suppl A���AugO��This article describes the methodology of this bibliography. A search was conducted on the following: (1) bibliographic databases (PubMed, Scopus, and other databases) using search terms that maximize the retrieval of Malaysian publications; (2) Individual journal search of Malaysian healthrelated journals; (3) A targeted search of Google and Google Scholar; (4) Searching of Malaysian institutional repositories; (5) Searching of Ministry of Health and Clinical Research Centre website. The publication years were limited to 2000- 2013. The citations were imported or manually entered into bibliographic software Refworks. After removing duplicates, and correcting data entry errors, PubMed's Medical Subject Headings (MeSH terms) were added. Clinical research is coded using the definition "patient-oriented-research or research conducted with human subjects (or on material of human origin) for which the investigator directly interacts with the human subjects at some point during the study." A bibliography of citations [n=2056] that fit the criteria of clinical research in Malaysia in selected topics within five domains was generated: Cancers [589], Cardiovascular diseases [432], Infections [795], Injuries [142], and Mental Health [582]. This is done by retrieving citations with the appropriate MESH terms, as follow: For cancers (Breast Neoplasms; Colorectal Neoplasms; Uterine Cervical Neoplasms), for cardiovascular diseases (Coronary Disease; Hypertension; Stroke), for infections (Dengue; Enterovirus Infections, HIV Infections; Malaria; Nipah Virus; Tuberculosis), for injuries (Accidents, Occupational; Accidents, Traffic; Child Abuse; Occupational Injuries), for mental health (Depression; Depressive Disorder; Depressive Disorder, Major; Drug Users; Psychotic Disorders; Suicide; Suicide, Attempted; Suicidal Ideation; Substance- Related Disorders).,��https://www.ncbi.nlm.nih.gov/pubmed/25417946q��Teng, C L
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Swine Diseases/blood/*epidemiology/virology���Novî��BACKGROUND: Nipah virus (NiV) is an emerging disease that causes severe encephalitis and respiratory illness in humans. Pigs were identified as an intermediate host for NiV transmission in Malaysia. In Bangladesh, NiV has caused recognized human outbreaks since 2001 and three outbreak investigations identified an epidemiological association between close contact with sick or dead animals and human illness. METHODOLOGY: We examined cattle and goats reared around Pteropus bat roosts in human NiV outbreak areas. We also tested pig sera collected under another study focused on Japanese encephalitis. PRINCIPAL FINDINGS: We detected antibodies against NiV glycoprotein in 26 (6.5%) cattle, 17 (4.3%) goats and 138 (44.2%) pigs by a Luminex-based multiplexed microsphere assay; however, these antibodies did not neutralize NiV. Cattle and goats with NiVsG antibodies were more likely to have a history of feeding on fruits partially eaten by bats or birds (PR=3.1, 95% CI 1.6-5.7) and drinking palmyra palm juice (PR=3.9, 95% CI 1.5-10.2). CONCLUSIONS: This difference in test results may be due to the exposure of animals to one or more novel viruses with antigenic similarity to NiV. Further research may identify a novel organism of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/25412358r��Chowdhury, Sukanta
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Zoonoses/blood/immunology���Nov 18X��Zoonotic transmission of lethal henipaviruses (HNVs) from their natural fruit bat reservoirs to humans has only been reported in Australia and South/Southeast Asia. However, a recent study discovered numerous HNV clades in African bat samples. To determine the potential for HNV spillover events among humans in Africa, here we examine well-curated sets of bat (Eidolon helvum, n = 44) and human (n = 497) serum samples from Cameroon for Nipah virus (NiV) cross-neutralizing antibodies (NiV-X-Nabs). Using a vesicular stomatitis virus (VSV)-based pseudoparticle seroneutralization assay, we detect NiV-X-Nabs in 48% and 3-4% of the bat and human samples, respectively. Seropositive human samples are found almost exclusively in individuals who reported butchering bats for bushmeat. Seropositive human sera also neutralize Hendra virus and Gh-M74a (an African HNV) pseudoparticles, as well as live NiV. Butchering bat meat and living in areas undergoing deforestation are the most significant risk factors associated with seropositivity. Evidence for HNV spillover events warrants increased surveillance efforts.,��https://www.ncbi.nlm.nih.gov/pubmed/25405640í��Pernet, Olivier
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Virus Replication/genetics®��BACKGROUND: Bats are a major reservoir of emerging infectious viruses. Many of these viruses are highly pathogenic to humans however bats remain asymptomatic. The mechanism by which bats control viral replication is unknown. Here we utilize an integrated approach of proteomics informed by transcriptomics to compare the response of immortalized bat and human cells following infection with the highly pathogenic bat-borne Hendra virus (HeV). RESULTS: The host response between the cell lines was significantly different at both the mRNA and protein levels. Human cells demonstrated minimal response eight hours post infection, followed by a global suppression of mRNA and protein abundance. Bat cells demonstrated a robust immune response eight hours post infection, which led to the up-regulation of apoptosis pathways, mediated through the tumor necrosis factor-related apoptosis inducing ligand (TRAIL). HeV sensitized bat cells to TRAIL-mediated apoptosis, by up-regulating death receptor transcripts. At 48 and 72 hours post infection, bat cells demonstrated a significant increase in apoptotic cell death. CONCLUSIONS: This is the first study to comprehensively compare the response of bat and human cells to a highly pathogenic zoonotic virus. An early induction of innate immune processes followed by apoptosis of virally infected bat cells highlights the possible involvement of programmed cell death in the host response. Our study shows for the first time a side-by-side high-throughput analysis of a dangerous zoonotic virus in cell lines derived from humans and the natural bat host. This enables a way to search for divergent mechanisms at a molecular level that may influence host pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/25398248���Wynne, James W
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emerging infectious diseases of bat origin
severe acute respiratory syndrome coronavirus���Jan 7ß��Viruses that originate in bats may be the most notorious emerging zoonoses that spill over from wildlife into domestic animals and humans. Understanding how these infections filter through ecological systems to cause disease in humans is of profound importance to public health. Transmission of viruses from bats to humans requires a hierarchy of enabling conditions that connect the distribution of reservoir hosts, viral infection within these hosts, and exposure and susceptibility of recipient hosts. For many emerging bat viruses, spillover also requires viral shedding from bats, and survival of the virus in the environment. Focusing on Hendra virus, but also addressing Nipah virus, Ebola virus, Marburg virus and coronaviruses, we delineate this cross-species spillover dynamic from the within-host processes that drive virus excretion to land-use changes that increase interaction among species. We describe how land-use changes may affect co-occurrence and contact between bats and recipient hosts. Two hypotheses may explain temporal and spatial pulses of virus shedding in bat populations: episodic shedding from persistently infected bats or transient epidemics that occur as virus is transmitted among bat populations. Management of livestock also may affect the probability of exposure and disease. Interventions to decrease the probability of virus spillover can be implemented at multiple levels from targeting the reservoir host to managing recipient host exposure and susceptibility.,��https://www.ncbi.nlm.nih.gov/pubmed/25392474���Plowright, Raina K
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*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218ì��Yun, Tatyana
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virology���Jan¶��Viruses cause a wide range of human diseases, ranging from acute self-resolving conditions to acute fatal diseases. Effects that arise long after the primary infection can also increase the propensity for chronic conditions or lead to the development of cancer. Recent advances in the fields of virology and pathology have been fundamental in improving our understanding of viral pathogenesis, in providing improved vaccination strategies and in developing newer, more effective treatments for patients worldwide. The reviews assembled here focus on the interface between virology and pathology and encompass aspects of both the clinical pathology of viral disease and the underlying disease mechanisms. Articles on emerging diseases caused by Ebola virus, Marburg virus, coronaviruses such as SARS and MERS, Nipah virus and noroviruses are followed by reviews of enteroviruses, HIV infection, measles, mumps, human respiratory syncytial virus (RSV), influenza, cytomegalovirus (CMV) and varicella zoster virus (VZV). The issue concludes with a series of articles reviewing the relationship between viruses and cancer, including the role played by Epstein-Barr virus (EBV) in the pathogenesis of lymphoma and carcinoma; how human papillomaviruses (HPVs) are involved in the development of skin cancer; the involvement of hepatitis B virus infection in hepatocellular carcinoma; and the mechanisms by which Kaposi's sarcoma-associated herpesvirus (KSHV) leads to Kaposi's sarcoma. We hope that this collection of articles will be of interest to a wide range of scientists and clinicians at a time when there is a renaissance in the appreciation of the power of pathology as virologists dissect the processes of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/25366544���Herrington, C S
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897{��Johnson, John B
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204~��Zumbrun, E E
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tropism���Jant��Nipah virus is a paramyxovirus in the genus Henipavirus, which has caused outbreaks in humans in Malaysia, India, Singapore, and Bangladesh. Whereas the human cases in Malaysia were characterized mainly by neurological symptoms and a case fatality rate of approximately 40%, cases in Bangladesh also exhibited respiratory disease and had a case fatality rate of approximately 70%. Here, we compared the histopathologic changes in the respiratory tract of Syrian hamsters, a well-established small animal disease model for Nipah virus, inoculated oronasally with Nipah virus isolates from human cases in Malaysia and Bangladesh. The Nipah virus isolate from Bangladesh caused slightly more severe rhinitis and bronchointerstitial pneumonia 2 days after inoculation in Syrian hamsters. By day 4, differences in lesion severity could no longer be detected. Immunohistochemistry demonstrated Nipah virus antigen in the nasal cavity and pulmonary lesions; the amount of Nipah virus antigen present correlated with lesion severity. Immunohistochemistry indicated that both Nipah virus isolates exhibited endotheliotropism in small- and medium-caliber arteries and arterioles, but not in veins, in the lung. This correlated with the location of ephrin B2, the main receptor for Nipah virus, in the vasculature. In conclusion, Nipah virus isolates from outbreaks in Malaysia and Bangladesh caused a similar type and severity of respiratory tract lesions in Syrian hamsters, suggesting that the differences in human disease reported in the outbreaks in Malaysia and Bangladesh are unlikely to have been caused by intrinsic differences in these 2 virus isolates.,��https://www.ncbi.nlm.nih.gov/pubmed/25352203$��Baseler, L
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Pediatrics���Encephalitis is caused by inflammation and/or infection of the brain. It is a important condition in Asian children in whom it is most frequently caused by Japanese encephalitis virus, associated with a considerable burden of disease. Other common causes in Asia include: enteroviruses (especially enterovirus 71), dengue, influenza, the herpesviruses, measles, mumps and rubella viruses. Rabies continues to result in high mortality mostly in Asian children, which represents missed opportunities for prevention. Asia has also seen a number of emerging viral encephalitides including: Nipah, chikungunya, Chandipura and Me Tri viruses. We review the aetiology, epidemiology and outcome of encephalitis in Asian children and identify priorities for public health practice and research.,��https://www.ncbi.nlm.nih.gov/pubmed/25336078���Britton, Philip N
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�UNLABELLED: The emerging zoonotic pathogens Hendra virus (HeV) and Nipah virus (NiV) are in the genus Henipavirus in the family Paramyxoviridae. HeV and NiV infections can be highly fatal to humans and livestock. The goal of this study was to develop candidate vaccines against henipaviruses utilizing two well-established rhabdoviral vaccine vector platforms, recombinant rabies virus (RABV) and recombinant vesicular stomatitis virus (VSV), expressing either the codon-optimized or the wild-type (wt) HeV glycoprotein (G) gene. The RABV vector expressing the codon-optimized HeV G showed a 2- to 3-fold increase in incorporation compared to the RABV vector expressing wt HeV G. There was no significant difference in HeV G incorporation in the VSV vectors expressing either wt or codon-optimized HeV G. Mice inoculated intranasally with any of these live recombinant viruses showed no signs of disease, including weight loss, indicating that HeV G expression and incorporation did not increase the neurotropism of the vaccine vectors. To test the immunogenicity of the vaccine candidates, we immunized mice intramuscularly with either one dose of the live vaccines or 3 doses of 10 mug chemically inactivated viral particles. Increased codon-optimized HeV G incorporation into RABV virions resulted in higher antibody titers against HeV G compared to inactivated RABV virions expressing wt HeV G. The live VSV vectors induced more HeV G-specific antibodies as well as higher levels of HeV neutralizing antibodies than the RABV vectors. In the case of killed particles, HeV neutralizing serum titers were very similar between the two platforms. These results indicated that killed RABV with codon-optimized HeV G should be the vector of choice as a dual vaccine in areas where rabies is endemic. IMPORTANCE: Scientists have been tracking two new viruses carried by the Pteropid fruit bats: Hendra virus (HeV) and Nipah virus (NiV). Both viruses can be fatal to humans and also pose a serious risk to domestic animals. A recent escalation in the frequency of outbreaks has increased the need for a vaccine that prevents HeV and NiV infections. In this study, we performed an extensive comparison of live and killed particles of two recombinant rhabdoviral vectors, rabies virus and vesicular stomatitis virus (VSV), expressing wild-type or codon-optimized HeV glycoprotein, with the goal of developing a candidate vaccine against HeV. Based on our data from the presented mouse immunogenicity studies, we conclude that a killed RABV vaccine would be highly effective against HeV infections and would make an excellent vaccine candidate in areas where both RABV and henipaviruses pose a threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/25320306^��Kurup, Drishya
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�UNLABELLED: The multidomain polymerase protein (L) of nonsegmented negative-strand (NNS) RNA viruses catalyzes transcription and replication of the virus genome. The N-terminal half of the protein forms a ring-like polymerase structure, while the C-terminal half encoding viral mRNA transcript modifications consists of a flexible appendage with three distinct globular domains. To gain insight into putative transient interactions between L domains during viral RNA synthesis, we exchanged each of the four distinct regions encompassing the appendage region of vesicular stomatitis virus (VSV) Indiana serotype L protein with their counterparts from VSV New Jersey and analyzed effects on virus polymerase activity in a minigenome system. The methyltransferase domain exchange yielded a fully active polymerase protein, which functioned as well as wild-type L in the context of a recombinant virus. Exchange of the downstream C-terminal nonconserved region abolished activity, but coexchanging it with the methyltransferase domain generated a polymerase favoring replicase over transcriptase activity, providing strong evidence of interaction between these two regions. Exchange of the capping enzyme domain or the adjacent nonconserved region thought to function as an "unstructured" linker also abrogated polymerase activity even when either domain was coexchanged with other appendage domains. Further probing of the putative linker segment using in-frame enhanced green fluorescent protein (EGFP) insertions similarly abrogated activity. We discuss the implications of these findings with regard to L protein appendage domain structure and putative domain-domain interactions required for polymerase function. IMPORTANCE: NNS viruses include many well-known human pathogens (e.g., rabies, measles, and Ebola viruses), as well as emerging viral threats (e.g., Nipah and Hendra viruses). These viruses all encode a large L polymerase protein similarly organized into multiple domains that work in concert to enable virus genome transcription and replication. But how the unique L protein carries out the multiplicity of individual steps in these two distinct processes is poorly understood. Using two different approaches, i.e., exchanging individual domains in the C-terminal appendage region of the protein between two closely related VSV serotypes and inserting unrelated protein domains, we shed light on requirements for domain-domain interactions and domain contiguity in polymerase function. These findings further our understanding of the conformational dynamics of NNS L polymerase proteins, which play an essential role in the pathogenic properties of these viruses and represent attractive targets for the development of antiviral measures.,��https://www.ncbi.nlm.nih.gov/pubmed/25297996¥��Ruedas, John B
Perrault, Jacques
eng
Research Support, Non-U.S. Gov't
2014/10/10 06:00
J Virol. 2014 Dec;88(24):14458-66. doi: 10.1128/JVI.02267-14. Epub 2014 Oct 8.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4249160���25297996ù��Department of Biology and Center for Microbial Sciences, San Diego State University, San Diego, California, USA.
Department of Biology and Center for Microbial Sciences, San Diego State University, San Diego, California, USA jperrault@mail.sdsu.edu.���10.1128/JVI.02267-14�����üÒtÿî?c���
��Middleton, D.���2014���Hendra virus���579-89���Vet Clin North Am Equine Pract���30���3,��Animals
Australia/epidemiology
Chiroptera/virology
Hendra Virus/*isolation & purification
Henipavirus Infections/epidemiology/*veterinary/virology
Horse Diseases/epidemiology/*virology
Horses
Humans
Zoonoses/epidemiology/virology
Disease
Emerging
Hendra
Horse
Infectious
Pathogenesis
Vaccine
Zoonotic���DecÑ��Hendra virus infection of horses occurred sporadically between 1994 and 2010 as a result of spill-over from the viral reservoir in Australian mainland flying-foxes, and occasional onward transmission to people also followed from exposure to affected horses. An unprecedented number of outbreaks were recorded in 2011 leading to heightened community concern. Release of an inactivated subunit vaccine for horses against Hendra virus represents the first commercially available product that is focused on mitigating the impact of a Biosafety Level 4 pathogen. Through preventing the development of acute Hendra virus disease in horses, vaccine use is also expected to reduce the risk of transmission of infection to people.,��https://www.ncbi.nlm.nih.gov/pubmed/25281398���Middleton, Deborah
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*Virus Internalization���DecÊ��UNLABELLED: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. Drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are notably cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. NiV's attachment (G) and fusion (F) envelope glycoproteins mediate viral binding to the ephrinB2/ephrinB3 cell receptors and virus-cell membrane fusion, respectively. The NiV matrix protein (M) can autonomously induce NiV assembly and budding. Using a beta-lactamase (betaLa) reporter/NiV-M chimeric protein, we produced NiVLPs expressing NiV-G and wild-type or mutant NiV-F on their surfaces. By preloading target cells with the betaLa fluorescent substrate CCF2-AM, we obtained viral entry kinetic curves that correlated with the NiV-F fusogenic phenotypes, validating NiVLPs as suitable viral entry kinetic tools and suggesting overall relatively slower viral entry than cell-cell fusion kinetics. Additionally, the proportions of F and G on individual NiVLPs and the extent of receptor-induced conformational changes in NiV-G were measured via flow virometry, allowing the proper interpretation of the viral entry kinetic phenotypes. The significance of these findings in the viral entry field extends beyond NiV to other paramyxoviruses and enveloped viruses. IMPORTANCE: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. For example, drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are especially cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. Our new tools allowed us the high-throughput measurement of viral entry kinetics, glycoprotein proportions on individual viral particles, and receptor-induced conformational changes in viral glycoproteins on viral surfaces. The significance of these findings extends beyond NiV to other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25275126O��Landowski, Matthew
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*Risk Management
Socioeconomic Factors���Jul-Sepö��Risk analysis is now widely accepted amongst veterinary authorities and other stakeholders around the world as a conceptual framework for integrating scientific evidence into animal health decision making. The resulting risk management for most diseases primarily involves linking epidemiological understanding with diagnostics and/or vaccines. Recent disease outbreaks such as Nipah virus, SARS, avian influenza H5N1, bluetongue serotype 8 and Schmallenberg virus have led to realising that we need to explicitly take into account the underlying complex interactions between environmental, epidemiological and social factors which are often also spatially and temporally heterogeneous as well as interconnected across affected regions and beyond. A particular challenge is to obtain adequate understanding of the influence of human behaviour and to translate this into effective mechanisms leading to appropriate behaviour change where necessary. Both, the One Health and the ecohealth approaches reflect the need for such a holistic systems perspective, however the current implementation of risk analysis frameworks for animal health and food safety is still dominated by a natural or biomedical perspective of science as is the implementation of control and prevention policies. This article proposes to integrate the risk analysis approach with a risk governance framework which explicitly adds the socio-economic context to policy development and emphasizes the need for organisational change and stakeholder engagement.,��https://www.ncbi.nlm.nih.gov/pubmed/25273958p��Pfeiffer, Dirk U
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Zoonoses/epidemiology/*virology���Oct���More than 1 240 species of bats are known; many of them are insectivorous, others are frugivorous and some american species are haematophagous. More than 100 diferent viruses are associated with these mammals, particularly Rhabdoviridae (Lyssavirus like rabies virus), Paramyxoviridae (like Nipah and Hendra viruses), Filoviridae (Ebola and Marburg viruses) and Coronavirida (viruses causing SARS and MERS). These infections are usually asymptomatic in bats but the mechanism of this tolerance is not yet understood. For those viruses, bats are efficient reservoirs and disseminators. So, they represent a significative risk for human and animal public health, that justifies to set up surveillance of bat-associated viruses and research programs about the particular immunity mechanisms of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/27120912w��Rodhain, Francois
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Zoonoses/*epidemiology/etiology���Oct¶��Important preventive measures carried out in the herds of domestic animals have found improving the health status of farms, particularly for contagious diseases subject to mandatory declaration and accompanying drastic but necessary eradication measures in infected flocks. However it is more difficult to apply these same biosecurity measures on wildlife that may have been contaminated or not by domestic animals. The growing number of emerging infectious diseases of wildlife may reflect increased vigilance, but most often the result of a change in the ecology of the host, the causative agent or both. So, wildlife may be reservoirs of pathogens that can infect domestic herds again but mostly for the majority of them contaminating humans. This is the case, for example, of West Nile virus (WNV), avian influenza virus, rabies virus, Nipah virus, diseases transmitted by ticks, tuberculosis, brucellosis, hepatitis E or some parasitic zoonoses.,��https://www.ncbi.nlm.nih.gov/pubmed/27120911���Brugere-Picoux, Jeanne
Le Floc'h Soye, Yves
fre
English Abstract
Netherlands
2014/10/01 00:00
Bull Acad Natl Med. 2014 Oct;198(7):1411-22.%��0001-4079 (Print)
0001-4079 (Linking)���27120911\��Importance de l'implication de la faune sauvage dans les zoonoses emergentes ou resurgentes.�����þÖ|ÿî?h���2��Ouellet, M.
St-Pierre, C.
Tremblay, M. J.
Sato, S.���2015)��Effect of galectins on viral transmission���397-420���Methods Mol Biol���1207I��CD4-Positive T-Lymphocytes/cytology/virology
Enzyme-Linked Immunosorbent Assay
Galectins/*metabolism
HEK293 Cells
HIV Core Protein p24/metabolism
HIV-1/metabolism/*physiology
Humans
Luciferases/genetics/metabolism
Macrophages/cytology/virology
Polysaccharides/metabolism
Substrate Specificity
Ultracentrifugation
Virus Attachmentå��Recent reports suggest that some galectins bind to enveloped viruses. They include influenza virus, human immunodeficiency virus-1 (HIV-1), human T-cell leukemia virus-1 (HTLV-1), and Nipah virus. It is also suggested that the interaction between viruses and galectins influences viral attachment to their susceptible cells, affecting the viral infectivity. Our work suggests that galectin-1 increases the infectivity of HIV-1 and HTVL-1. Indeed, galectin-1 promotes the initial adsorption of HIV-1 to CD4(+) cells through its binding to viral envelope gp120 and facilitates HIV-1 infection in a manner that is dependent on its recognition of beta-galactoside residues. Thus, as galectin-1 can be considered as a pattern recognition receptor, HIV-1 exploits this host factor to promote its transmission or replication. In this chapter, we describe methods used to investigate this potential role of galectins in HIV-1 infection as a case in point for future studies on galectin-virus interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/25253155¢��Ouellet, Michel
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zoonotic transmission���JanV��Nipah virus is an emerging virus infection that causes yearly disease outbreaks with high case fatality rates in Bangladesh. Nipah virus causes encephalitis and systemic vasculitis, sometimes in combination with respiratory disease. Pteropus species fruit bats are the natural reservoir of Nipah virus and zoonotic transmission can occur directly or via an intermediate host; human-to-human transmission occurs regularly. In this review we discuss the current state of knowledge on the pathogenesis and transmission of Nipah virus, focusing on dissemination of the virus through its host, known determinants of pathogenicity and routes of zoonotic and human-to-human transmission. Since data from human cases are sparse, this knowledge is largely based on the results of studies performed in animal models that recapitulate Nipah virus disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25229234Ê��de Wit, Emmie
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Zoonoses/virology���Janc��Bats have been found to harbour a number of new emerging viruses with zoonotic potential, and there has been a great deal of interest in identifying novel bat pathogens to determine the risk to human and animal health. Many groups have identified novel viruses in bats by detection of viral nucleic acid; however, virus isolation is still a challenge, and there are few reports of viral isolates from bats. In recent years, our group has developed optimized procedures for virus isolation from bat urine, including the use of primary bat cells. In previous reports, we have described the isolation of Hendra virus, Menangle virus and Cedar virus in Queensland, Australia. Here, we report the isolation of four additional novel bat paramyxoviruses from urine collected from beneath pteropid bat (flying fox) colonies in Queensland and New South Wales during 2009-2011.,��https://www.ncbi.nlm.nih.gov/pubmed/25228492E��Barr, Jennifer
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Zoonoses���Sep 17.��BACKGROUND: Veterinary infection control for the management of Hendra virus (HeV), an emerging zoonosis in Australia, remained suboptimal until 2010 despite 71.4% (5/7) of humans infected with HeV being veterinary personnel or assisting a veterinarian, three of whom died before 2009. The aim of this study was to identify the perceived barriers to veterinary infection control and HeV management in private veterinary practice in Queensland, where the majority of HeV outbreaks have occurred in Australia. RESULTS: Most participants agreed that a number of key factors had contributed to the slow uptake of adequate infection control measures for the management of HeV amongst private veterinarians: a work culture characterised by suboptimal infection control standards and misconceptions about zoonotic risks; a lack of leadership and support from government authorities; the difficulties of managing biosecurity and public health issues from a private workforce perspective; and the slow pattern of emergence of HeV. By 2010, some infection control and HeV management changes had been implemented. Participants interviewed agreed that further improvements remained necessary; but also cautioned that this was a complex process which would require time. CONCLUSION: Private veterinarians and government authorities prior to 2009 were unprepared to handle new slowly emerging zoonoses, which may explain their mismanagement of HeV. Slowly emerging zoonoses may be of low public health significance but of high significance for specialised groups such as veterinarians. Private veterinarians, who are expected to fulfil an active biosecurity and public health role in the frontline management of such emerging zoonoses, need government agencies to better recognise their contribution, to consult with the veterinary profession when devising guidelines for the management of zoonoses and to provide them with greater leadership and support. We propose that specific infection control guidelines for the management of slowly emerging zoonoses in private veterinary settings need to be developed.,��https://www.ncbi.nlm.nih.gov/pubmed/25224910È��Mendez, Diana H
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*Virus Release���NovZ	�UNLABELLED: Paramyxoviruses and other negative-strand RNA viruses encode matrix proteins that coordinate the virus assembly process. The matrix proteins link the viral glycoproteins and the viral ribonucleoproteins at virus assembly sites and often recruit host machinery that facilitates the budding process. Using a co-affinity purification strategy, we have identified the beta subunit of the AP-3 adapter protein complex, AP3B1, as a binding partner for the M proteins of the zoonotic paramyxoviruses Nipah virus and Hendra virus. Binding function was localized to the serine-rich and acidic Hinge domain of AP3B1, and a 29-amino-acid Hinge-derived polypeptide was sufficient for M protein binding in coimmunoprecipitation assays. Virus-like particle (VLP) production assays were used to assess the relationship between AP3B1 binding and M protein function. We found that for both Nipah virus and Hendra virus, M protein expression in the absence of any other viral proteins led to the efficient production of VLPs in transfected cells, and this VLP production was potently inhibited upon overexpression of short M-binding polypeptides derived from the Hinge region of AP3B1. Both human and bat (Pteropus alecto) AP3B1-derived polypeptides were highly effective at inhibiting the production of VLPs. VLP production was also impaired through small interfering RNA (siRNA)-mediated depletion of AP3B1 from cells. These findings suggest that AP-3-directed trafficking processes are important for henipavirus particle production and identify a new host protein-virus protein binding interface that could become a useful target in future efforts to develop small molecule inhibitors to combat paramyxoviral infections. IMPORTANCE: Henipaviruses cause deadly infections in humans, with a mortality rate of about 40%. Hendra virus outbreaks in Australia, all involving horses and some involving transmission to humans, have been a continuing problem. Nipah virus caused a large outbreak in Malaysia in 1998, killing 109 people, and smaller outbreaks have since occurred in Bangladesh and India. In this study, we have defined, for the first time, host factors that interact with henipavirus M proteins and contribute to viral particle assembly. We have also defined a new host protein-viral protein binding interface that can potentially be targeted for the inhibition of paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25210190&��Sun, Weina
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Personal protective equipment���Nov 1¸��Following the emergence of Hendra virus (HeV), private veterinarians have had to adopt additional infection control strategies to manage this zoonosis. Between 1994 and 2010, seven people became infected with HeV, four fatally. All infected people were at a higher risk of exposure from contact with horses as they were either veterinary personnel, assisting veterinarians, or working in the horse industry. The management of emerging zoonoses is best approached from a One Health perspective as it benefits biosecurity as well as a public health, including the health of those most at risk, in this case private veterinarians. In 2011 we conducted a cross-sectional study of private veterinarians registered in Queensland and providing veterinary services to horses. The aim of this study was to gauge if participants had adopted recommendations for improved infection control, including the use of personal protective equipment (PPE), and the development of HeV specific management strategies during the winter of 2011. A majority of participants worked in practices that had a formal HeV management plan, mostly based on the perusal of official guidelines and an HeV field kit. The use of PPE increased as the health status of an equine patient decreased, demonstrating that many participants evaluated the risk of exposure to HeV appropriately; while others remained at risk of HeV infection by not using the appropriate PPE even when attending a sick horse. This study took place after Biosecurity Queensland had sent a comprehensive package about HeV management to all private veterinarians working in Queensland. However, those who had previous HeV experience through the management of suspected cases or had attended a HeV specific professional education programme in the previous 12 months were more likely to use PPE than those who had not. This may indicate that for private veterinarians in Queensland personal experience and face-to-face professional education sessions may be more effective in the improvement of HeV management than passive education via information packages. The role of different education pathways in the sustainable adoption of veterinary infection control measures should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/25175674Ê��Mendez, Diana
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Thermally induced phase separation���OctU��This paper discusses the successful fabrication of a novel triple-layered poly(lactic-co-glycolic acid) (PLGA)-based composite membrane using only a single step that combines the techniques of solvent casting and thermally induced phase separation/solvent leaching. The resulting graded membrane consists of a small pore size layer-1 containing 10 wt% non-stoichiometric nanoapatite (NAp)+1-3 wt% lauric acid (LA) for fibroblastic cell and bacterial inhibition, an intermediate layer-2 with 20-50 wt% NAp+1 wt% LA, and a large pore size layer-3 containing 30-100 wt% NAp without LA to allow bone cell growth. The synergic effects of 10-30 wt% NAp and 1 wt% LA in the membrane demonstrated higher tensile strength (0.61 MPa) and a more elastic behavior (16.1% elongation at break) in 3 wt% LA added membrane compared with the pure PLGA (0.49 MPa, 9.1%). The addition of LA resulted in a remarkable plasticizing effect on PLGA at 3 wt% due to weak intermolecular interactions in PLGA. The pure and composite PLGA membranes had good cell viability toward human skin fibroblast, regardless of LA and NAp contents.,��https://www.ncbi.nlm.nih.gov/pubmed/25175212���Jamuna-Thevi, Kalitheertha
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Nabi, A. H.���2014���Prediction of epitope-based peptides for the utility of vaccine development from fusion and glycoprotein of nipah virus using in silico approach���402492���Adv Bioinformatics���2014H��This study aims to design epitope-based peptides for the utility of vaccine development by targeting glycoprotein G and envelope protein F of Nipah virus (NiV) that, respectively, facilitate attachment and fusion of NiV with host cells. Using various databases and tools, immune parameters of conserved sequence(s) from G and F proteins of different isolates of NiV were tested to predict probable epitope(s). Binding analyses of the peptides with MHC class-I and class-II molecules, epitope conservancy, population coverage, and linear B cell epitope prediction were analyzed. Predicted peptides interacted with seven or more MHC alleles and illustrated population coverage of more than 99% and 95%, for G and F proteins, respectively. The predicted class-I nonamers, SLIDTSSTI and EWISIVPNF, superimposed on the putative decameric B cell epitopes, were also identified as core sequences of the most probable class-II 15-mer peptides GPKVSLIDTSSTITI and EWISIVPNFILVRNT. These peptides were further validated for their binding to specific HLA alleles using in silico docking technique. Our in silico analysis suggested that the predicted epitopes, either GPKVSLIDTSSTITI or EWISIVPNFILVRNT, could be a better choice as universal vaccine component against NiV irrespective of different isolates which may elicit both humoral and cell-mediated immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/25147564³��Sakib, M Sadman
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Sequence Homology, Nucleic Acid���Aug 15t��BACKGROUND: Bats are a major source of new and emerging viral diseases. Despite the fact that bats carry and shed highly pathogenic viruses including Ebola, Nipah and SARS, they rarely display clinical symptoms of infection. Host factors influencing viral replication are poorly understood in bats and are likely to include both pre- and post-transcriptional regulatory mechanisms. MicroRNAs are a major mechanism of post-transcriptional gene regulation, however very little is known about them in bats. RESULTS: This study describes 399 microRNAs identified by deep sequencing of small RNA isolated from tissues of the Black flying fox, Pteropus alecto, a confirmed natural reservoir of the human pathogens Hendra virus and Australian bat lyssavirus. Of the microRNAs identified, more than 100 are unique amongst vertebrates, including a subset containing mutations in critical seed regions. Clusters of rapidly-evolving microRNAs were identified, as well as microRNAs predicted to target genes involved in antiviral immunity, the DNA damage response, apoptosis and autophagy. Closer inspection of the predicted targets for several highly supported novel miRNA candidates suggests putative roles in host-virus interaction. CONCLUSIONS: MicroRNAs are likely to play major roles in regulating virus-host interaction in bats, via dampening of inflammatory responses (limiting the effects of immunopathology), and directly limiting the extent of viral replication, either through restricting the availability of essential factors or by controlling apoptosis. Characterisation of the bat microRNA repertoire is an essential step towards understanding transcriptional regulation during viral infection, and will assist in the identification of mechanisms that enable bats to act as natural virus reservoirs. This in turn will facilitate the development of antiviral strategies for use in humans and other species.,��https://www.ncbi.nlm.nih.gov/pubmed/25128405V��Cowled, Christopher
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Zoonoses/transmission/*virology���Aug 132��Bats are being increasingly recognized as reservoir hosts of highly pathogenic and zoonotic emerging viruses (Marburg virus, Nipah virus, Hendra virus, Rabies virus, and coronaviruses). While numerous studies have focused on the mentioned highly human-pathogenic bat viruses in tropical regions, little is known on similar human-pathogenic viruses that may be present in European bats. Although novel viruses are being detected, their zoonotic potential remains unclear unless further studies are conducted. At present, it is assumed that the risk posed by bats to the general public is rather low. In this review, selected viruses detected and isolated in Europe are discussed from our point of view in regard to their human-pathogenic potential. All European bat species and their roosts are legally protected and some European species are even endangered. Nevertheless, the increasing public fear of bats and their viruses is an obstacle to their protection. Educating the public regarding bat lyssaviruses might result in reduced threats to both the public and the bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25123684~��Kohl, Claudia
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�UNLABELLED: Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. Since its discovery in the 1970s, aMPV has been recognized as an economically important pathogen in the poultry industry worldwide. The conserved region VI (CR VI) of the large (L) polymerase proteins of paramyxoviruses catalyzes methyltransferase (MTase) activities that typically methylate viral mRNAs at guanine N-7 (G-N-7) and ribose 2'-O positions. In this study, we generated a panel of recombinant aMPV (raMPV) Colorado strains carrying mutations in the S-adenosyl methionine (SAM) binding site in the CR VI of L protein. These recombinant viruses were specifically defective in ribose 2'-O, but not G-N-7 methylation and were genetically stable and highly attenuated in cell culture and viral replication in the upper and lower respiratory tracts of specific-pathogen-free (SPF) young turkeys. Importantly, turkeys vaccinated with these MTase-defective raMPVs triggered a high level of neutralizing antibody and were completely protected from challenge with homologous aMPV Colorado strain and heterologous aMPV Minnesota strain. Collectively, our results indicate (i) that aMPV lacking 2'-O methylation is highly attenuated in vitro and in vivo and (ii) that inhibition of mRNA cap MTase can serve as a novel target to rationally design live attenuated vaccines for aMPV and perhaps other paramyxoviruses. IMPORTANCE: Paramyxoviruses include many economically and agriculturally important viruses such as avian metapneumovirus (aMPV), and Newcastle disease virus (NDV), human pathogens such as human respiratory syncytial virus, human metapneumovirus, human parainfluenza virus type 3, and measles virus, and highly lethal emerging pathogens such as Nipah virus and Hendra virus. For many of them, there is no effective vaccine or antiviral drug. These viruses share common strategies for viral gene expression and replication. During transcription, paramyxoviruses produce capped, methylated, and polyadenylated mRNAs. Using aMPV as a model, we found that viral ribose 2'-O methyltransferase (MTase) is a novel approach to rationally attenuate the virus for vaccine purpose. Recombinant aMPV (raMPV) lacking 2'-O MTase were not only highly attenuated in turkeys but also provided complete protection against the challenge of homologous and heterologous aMPV strains. This novel approach can be applicable to other animal and human paramyxoviruses for rationally designing live attenuated vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/25122790¤��Sun, Jing
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*Virus Replication���Sep���Nipah virus (NiV) is a highly pathogenic emergent paramyxovirus causing deadly encephalitis in humans. Its replication requires a constant supply of unassembled nucleoprotein (N(0)) in complex with its viral chaperone, the phosphoprotein (P). To elucidate the chaperone function of P, we reconstituted NiV the N(0)-P core complex and determined its crystal structure. The binding of the N-terminal region of P blocks the polymerization of N by interfering with subdomain exchange between N protomers and keeps N(0) in an open conformation, ready to grasp an RNA molecule. We found that a peptide derived from the N-binding region of P protects cells against viral infection and demonstrated by structure-based mutagenesis that this peptide acts by inhibiting N(0)-P formation. These results provide new insights about the assembly of N along genomic RNA and validate the N(0)-P complex as a target for drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/25108352C��Yabukarski, Filip
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Viral Envelope Proteins/*metabolism���Oct/	�Henipaviruses are associated with pteropodid reservoir hosts. The glycoproteins G and F of an African henipavirus (strain M74) have been reported to induce syncytium formation in kidney cells derived from a Hypsignathus monstrosus bat (HypNi/1.1) but not in nonchiropteran BHK-21 and Vero76 cells. Here, we show that syncytia are also induced in two other pteropodid cell lines from Hypsignathus monstrosus and Eidolon helvum bats upon coexpression of the M74 glycoproteins. The G protein was transported to the surface of transfected chiropteran cells, whereas surface expression in the nonchiropteran cells was detectable only in a fraction of cells. In contrast, the G protein of Nipah virus is transported efficiently to the surface of both chiropteran and nonchiropteran cells. Even in chiropteran cells, M74-G was predominantly expressed in the endoplasmic reticulum (ER), as indicated by colocalization with marker proteins. This result is consistent with the finding that all N-glycans of the M74-G proteins are of the mannose-rich type, as indicated by sensitivity to endo H treatment. These data indicate that the surface transport of M74-G is impaired in available cell culture systems, with larger amounts of viral glycoprotein present on chiropteran cells than on nonchiropteran cells. The restricted surface expression of M74-G explains the reduced fusion activity of the glycoproteins of the African henipavirus. Our results suggest strategies for the isolation of infectious viruses, which is necessary to assess the risk of zoonotic virus transmission. Importance: Henipaviruses are highly pathogenic zoonotic viruses associated with pteropodid bat hosts. Whether the recently described African bat henipaviruses have a zoonotic potential as high as that of their Asian and Australian relatives is unknown. We show that surface expression of the attachment protein G of an African henipavirus, M74, is restricted in comparison to the G protein expression of the highly pathogenic Nipah virus. Transport to the cell surface is more restricted in nonchiropteran cells than it is in chiropteran cells, explaining the differential fusion activity of the M74 surface proteins in these cells. Our results imply that surface expression of viral glycoproteins may serve as a major marker to assess the zoonotic risk of emerging henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25100832���Kruger, Nadine
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Tropical medicine���Aug 7°��The recent onset of epidemics caused by viruses such as Ebola, Marburg, Nipah, Lassa, coronavirus, West-Nile encephalitis, Saint Louis encephalitis, human immunodeficiency virus, dengue, yellow fever and Venezuelan hemorrhagic fever alerts about the risk these agents represent for the global health. Chikungunya virus represents a new threat. Surged from remote African regions, this virus has become endemic in the Indic ocean basin, the Indian subcontinent and the southeast of Asia, causing serious epidemics in Africa, Indic Ocean Islands, Asia and Europe. Due to their epidemiological and biological features and the global presence of their vectors, chikungunya represents a serious menace and could become endemic in the Americas. Although chikungunya infection has a low mortality rate, its high attack ratio may collapse the health system during epidemics affecting a sensitive population. In this paper, we review the clinical and epidemiological features of chikungunya fever as well as the risk of its introduction into the Americas. We remark the importance of the epidemiological control and mosquitoes fighting in order to prevent this disease from being introduced into the Americas.,��https://www.ncbi.nlm.nih.gov/pubmed/25087211£��Montero, Antonio
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Virus Replication���Jul 25���Containment level 4 (CL4) laboratories studying biosafety level 4 viruses are under strict regulations to conduct nonhuman primate (NHP) studies in compliance of both animal welfare and biosafety requirements. NHPs housed in open-barred cages raise concerns about cross-contamination between animals, and accidental exposure of personnel to infectious materials. To address these concerns, two NHP experiments were performed. One examined the simultaneous infection of 6 groups of NHPs with 6 different viruses (Machupo, Junin, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, Nipah and Hendra viruses). Washing personnel between handling each NHP group, floor to ceiling biobubble with HEPA filter, and plexiglass between cages were employed for partial primary containment. The second experiment employed no primary containment around open barred cages with Ebola virus infected NHPs 0.3 meters from naive NHPs. Viral antigen-specific ELISAs, qRT-PCR and TCID50 infectious assays were utilized to determine antibody levels and viral loads. No transmission of virus to neighbouring NHPs was observed suggesting limited containment protocols are sufficient for multi-viral CL4 experiments within one room. The results support the concept that Ebola virus infection is self-contained in NHPs infected intramuscularly, at least in the present experimental conditions, and is not transmitted to naive NHPs via an airborne route.,��https://www.ncbi.nlm.nih.gov/pubmed/250594780��Alimonti, Judie
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Viral Structural Proteins/metabolism���Jul 9ÿ��The cytosolic sensor MDA5 is crucial for antiviral innate immune defense against various RNA viruses including measles virus; as such, many viruses have evolved strategies to antagonize the antiviral activity of MDA5. Here, we show that measles virus escapes MDA5 detection by targeting the phosphatases PP1alpha and PP1gamma, which regulate MDA5 activity by removing an inhibitory phosphorylation mark. The V proteins of measles virus and the related paramyxovirus Nipah virus interact with PP1alpha/gamma, preventing PP1-mediated dephosphorylation of MDA5 and thereby its activation. The PP1 interaction with the measles V protein is mediated by a conserved PP1-binding motif in the C-terminal region of the V protein. A recombinant measles virus expressing a mutant V protein deficient in PP1 binding is unable to antagonize MDA5 and is growth impaired due to its inability to suppress interferon induction. This identifies PP1 antagonism as a mechanism employed by paramyxoviruses for evading innate immune recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/25011105'��Davis, Meredith E
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Urine Specimen Collection���Sep���Flying-foxes (pteropid bats) are the natural host of Hendra virus, a recently emerged zoonotic virus responsible for mortality or morbidity in horses and humans in Australia since 1994. Previous studies have suggested physiological and ecological risk factors for infection in flying-foxes, including physiological stress. However, little work has been done measuring and interpreting stress hormones in flying-foxes. Over a 12-month period, we collected pooled urine samples from underneath roosting flying-foxes, and urine and blood samples from captured individuals. Urine and plasma samples were assayed for cortisol using a commercially available enzyme immunoassay. We demonstrated a typical post-capture stress response in flying-foxes, established urine specific gravity as an attractive alternative to creatinine to correct urine concentration, and established population-level urinary cortisol ranges (and geometric means) for the four Australian species: Pteropus alecto 0.5-305.1 ng/mL (20.1 ng/mL); Pteropus conspicillatus 0.3-370.9 ng/mL (18.9 ng/mL); Pteropus poliocephalus 0.3-311.3 ng/mL (10.1 ng/mL); Pteropus scapulatus 5.2-205.4 ng/mL (40.7 ng/mL). Geometric means differed significantly except for P. alecto and P. conspicillatus. Our approach is methodologically robust, and has application both as a research or clinical tool for flying-foxes, and for other free-living colonial wildlife species.,��https://www.ncbi.nlm.nih.gov/pubmed/24990534²��McMichael, Lee A
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Zoonoses���Oct«��Evolving land use practices have led to an increase in interactions at the human/wildlife interface. The presence and poor knowledge of zoonotic pathogens in India's wildlife and the occurrence of enormous human populations interfacing with, and critically linked to, forest ecosystems warrant attention. Factors such as diverse migratory bird populations, climate change, expanding human population and shrinking wildlife habitats play a significant role in the emergence and re-emergence of zoonotic pathogens from India's wildlife. The introduction of a novel Kyasanur forest disease virus (family flaviviridae) into human populations in 1957 and subsequent occurrence of seasonal outbreaks illustrate the key role that India's wild animals play in the emergence and reemergence of zoonotic pathogens. Other high priority zoonotic diseases of wildlife origin which could affect both livestock and humans include influenza, Nipah, Japanese encephalitis, rabies, plague, leptospirosis, anthrax and leishmaniasis. Continuous monitoring of India's extensively diverse and dispersed wildlife is challenging, but their use as indicators should facilitate efficient and rapid disease-outbreak response across the region and occasionally the globe. Defining and prioritizing research on zoonotic pathogens in wildlife are essential, particularly in a multidisciplinary one-world one-health approach which includes human and veterinary medical studies at the wildlife-livestock-human interfaces. This review indicates that wild animals play an important role in the emergence and re-emergence of zoonotic pathogens and provides brief summaries of the zoonotic diseases that have occurred in wild animals in India.,��https://www.ncbi.nlm.nih.gov/pubmed/24983511���Singh, B B
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Treatment Outcome
Viral Load���Jun 25ù��Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes severe and often fatal disease in pigs and humans. There are currently no vaccines or treatments approved for human use. Studies in small-animal models of NiV infection suggest that antibody therapy may be a promising treatment. However, most studies have assessed treatment at times shortly after virus exposure before animals show signs of disease. We assessed the efficacy of a fully human monoclonal antibody, m102.4, at several time points after virus exposure including at the onset of clinical illness in a uniformly lethal nonhuman primate model of NiV disease. Sixteen African green monkeys (AGMs) were challenged intratracheally with a lethal dose of NiV, and 12 animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days after virus challenge and again about 2 days later. The presence of viral RNA, infectious virus, and/or NiV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 after infection. AGMs in the day 5 treatment group exhibited clinical signs of disease, but all animals recovered by day 16. These results represent the successful therapeutic in vivo efficacy by an investigational drug against NiV in a nonhuman primate and highlight the potential impact that a monoclonal antibody can have on a highly pathogenic zoonotic human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24964990n��Geisbert, Thomas W
Mire, Chad E
Geisbert, Joan B
Chan, Yee-Peng
Agans, Krystle N
Feldmann, Friederike
Fenton, Karla A
Zhu, Zhongyu
Dimitrov, Dimiter S
Scott, Dana P
Bossart, Katharine N
Feldmann, Heinz
Broder, Christopher C
eng
AI054715/AI/NIAID NIH HHS/
R01 AI054715/AI/NIAID NIH HHS/
AI082121/AI/NIAID NIH HHS/
Intramural NIH HHS/
U01 AI082121/AI/NIAID NIH HHS/
UC7 AI070083/AI/NIAID NIH HHS/
AI077995/AI/NIAID NIH HHS/
U01 AI077995/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, N.I.H., Intramural
2014/06/27 06:00
Sci Transl Med. 2014 Jun 25;6(242):242ra82. doi: 10.1126/scitranslmed.3008929.*��1946-6242 (Electronic)
1946-6234 (Linking)
��PMC4467163���24964990¦��Galveston National Laboratory, University of Texas Medical Branch, Galveston, TX 77550, USA. Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, TX 77550, USA. twgeisbe@utmb.edu christopher.broder@usuhs.edu.
Galveston National Laboratory, University of Texas Medical Branch, Galveston, TX 77550, USA. Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, TX 77550, USA.
Department of Microbiology and Immunology, Uniformed Services University of the Health Sciences, Bethesda, MD 20814, USA.
Rocky Mountain Veterinary Branch, National Institutes of Health (NIH), Hamilton, MT 59840, USA.
Laboratory of Experimental Immunology, Cancer and Inflammation Program, National Cancer Institute, NIH, Frederick, MD 21702, USA.
Department of Pathology, University of Texas Medical Branch, Galveston, TX 77550, USA.
Laboratory of Virology, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, NIH, Hamilton, MT 59840, USA.
Department of Microbiology and Immunology, Uniformed Services University of the Health Sciences, Bethesda, MD 20814, USA. twgeisbe@utmb.edu christopher.broder@usuhs.edu.���10.1126/scitranslmed.3008929�
��üÖtÿî?}���3��Smith, C.
Skelly, C.
Kung, N.
Roberts, B.
Field, H.���2014k��Flying-fox species density--a spatial risk factor for Hendra virus infection in horses in eastern Australia���e99965���PLoS One���9���6ÿ��Animals
Chiroptera/*virology
Disease Reservoirs/virology
*Hendra Virus
Henipavirus Infections/epidemiology/transmission/*veterinary
Horse Diseases/epidemiology/transmission/*virology
Horses
New South Wales/epidemiology
Queensland/epidemiology
Risk Factors���Hendra virus causes sporadic but typically fatal infection in horses and humans in eastern Australia. Fruit-bats of the genus Pteropus (commonly known as flying-foxes) are the natural host of the virus, and the putative source of infection in horses; infected horses are the source of human infection. Effective treatment is lacking in both horses and humans, and notwithstanding the recent availability of a vaccine for horses, exposure risk mitigation remains an important infection control strategy. This study sought to inform risk mitigation by identifying spatial and environmental risk factors for equine infection using multiple analytical approaches to investigate the relationship between plausible variables and reported Hendra virus infection in horses. Spatial autocorrelation (Global Moran's I) showed significant clustering of equine cases at a distance of 40 km, a distance consistent with the foraging 'footprint' of a flying-fox roost, suggesting the latter as a biologically plausible basis for the clustering. Getis-Ord Gi* analysis identified multiple equine infection hot spots along the eastern Australia coast from far north Queensland to central New South Wales, with the largest extending for nearly 300 km from southern Queensland to northern New South Wales. Geographically weighted regression (GWR) showed the density of P. alecto and P. conspicillatus to have the strongest positive correlation with equine case locations, suggesting these species are more likely a source of infection of Hendra virus for horses than P. poliocephalus or P. scapulatus. The density of horses, climate variables and vegetation variables were not found to be a significant risk factors, but the residuals from the GWR suggest that additional unidentified risk factors exist at the property level. Further investigations and comparisons between case and control properties are needed to identify these local risk factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24936789Ï��Smith, Craig
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Social sciences���Marg��This article contributes to the literature on One Health and public health ethics by expanding the principle of solidarity. We conceptualise solidarity to encompass not only practices intended to assist other people, but also practices intended to assist non-human others, including animals, plants, or places. To illustrate how manifestations of humanist and more-than-human solidarity may selectively complement one another, or collide, recent responses to Hendra virus in Australia and Rabies virus in Canada serve as case examples. Given that caring relationships are foundational to health promotion, people's efforts to care for non-human others are highly relevant to public health, even when these efforts conflict with edicts issued in the name of public health. In its most optimistic explication, One Health aims to attain optimal health for humans, non-human animals and their shared environments. As a field, public health ethics needs to move beyond an exclusive preoccupation with humans, so as to account for moral complexity arising from people's diverse connections with places, plants, and non-human animals.,��https://www.ncbi.nlm.nih.gov/pubmed/24919648´��Rock, Melanie J
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Nipah Virus/*isolation & purification���Jun 2���BACKGROUND: Nipah virus and Hendra virus are closely related and following natural or experimental exposure induce similar clinical disease. In humans, encephalitis is the most serious outcome of infection and, hitherto, research into the pathogenesis of henipavirus encephalitis has been limited by the lack of a suitable model. Recently we reported a wild-type mouse model of Hendra virus (HeV) encephalitis that should facilitate detailed investigations of its neuropathogenesis, including mechanisms of disease recrudescence. In this study we investigated the possibility of developing a similar model of Nipah virus encephalitis. FINDINGS: Aged and young adult wild type mice did not develop clinical disease including encephalitis following intranasal exposure to either the Malaysia (NiV-MY) or Bangladesh (NiV-BD) strains of Nipah virus. However viral RNA was detected in lung tissue of mice at euthanasia (21 days following exposure) accompanied by a non-neutralizing antibody response. In a subsequent time course trial this viral RNA was shown to be reflective of an earlier self-limiting and subclinical lower respiratory tract infection through successful virus re-isolation and antigen detection in lung. There was no evidence for viremia or infection of other organs, including brain. CONCLUSIONS: Mice develop a subclinical self-limiting lower respiratory tract infection but not encephalitis following intranasal exposure to NiV-BD or NiV-MY. These results contrast with those reported for HeV under similar exposure conditions in mice, demonstrating a significant biological difference in host clinical response to exposure with these viruses. This finding provides a new platform from which to explore the viral and/or host factors that determine the neuroinvasive ability of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24890603Ö��Dups, Johanna
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gag Gene Products, Human Immunodeficiency Virus/immunology���Aug���UNLABELLED: Human immunodeficiency virus type 1 (HIV-1) exploits dendritic cells (DCs) to promote its transmission to T cells. We recently reported that the capture of HIV-1 by mature dendritic cells (MDCs) is mediated by an interaction between the glycosphingolipid (GSL) GM3 on virus particles and CD169/Siglec-1 on MDCs. Since HIV-1 preferentially buds from GSL-enriched lipid microdomains on the plasma membrane, we hypothesized that the virus assembly and budding site determines the ability of HIV-1 to interact with MDCs. In support of this hypothesis, mutations in the N-terminal basic domain (29/31KE) or deletion of the membrane-targeting domain of the HIV-1 matrix (MA) protein that altered the virus assembly and budding site to CD63(+)/Lamp-1-positive intracellular compartments resulted in lower levels of virion incorporation of GM3 and attenuation of virus capture by MDCs. Furthermore, MDC-mediated capture and transmission of MA mutant viruses to T cells were decreased, suggesting that HIV-1 acquires GSLs via budding from the plasma membrane to access the MDC-dependent trans infection pathway. Interestingly, MDC-mediated capture of Nipah and Hendra virus (recently emerged zoonotic paramyxoviruses) M (matrix) protein-derived virus-like particles that bud from GSL-enriched plasma membrane microdomains was also dependent on interactions between virion-incorporated GSLs and CD169. Moreover, capture and transfer of Nipah virus envelope glycoprotein-pseudotyped lentivirus particles by MDCs were severely attenuated upon depletion of GSLs from virus particles. These results suggest that GSL incorporation into virions is critical for the interaction of diverse enveloped RNA viruses with DCs and that the GSL-CD169 recognition nexus might be a conserved viral mechanism of parasitization of DC functions for systemic virus dissemination. IMPORTANCE: Dendritic cells (DCs) can capture HIV-1 particles and transfer captured virus particles to T cells without establishing productive infection in DCs, a mechanism of HIV-1 trans infection. We have recently identified CD169-mediated recognition of GM3, a host-derived glycosphingolipid (GSL) incorporated into the virus particle membrane, as the receptor and ligand for the DC-HIV trans infection pathway. In this study, we have identified the matrix (MA) domain of Gag to be the viral determinant that governs incorporation of GM3 into HIV-1 particles, a previously unappreciated function of the HIV-1 MA. In addition, we demonstrate that the GSL-CD169-dependent trans infection pathway is also utilized as a dissemination mechanism by henipaviruses. GSL incorporation in henipaviruses was also dependent on the viral capsid (M) protein-directed assembly and budding from GSL-enriched lipid microdomains. These findings provide evidence of a conserved mechanism of retrovirus and henipavirus parasitization of cell-to-cell recognition pathways for systemic virus dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/24872578¿��Akiyama, Hisashi
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Risk Assessment
Zoonoses/epidemiology/*transmission/*virology���May 16Û��Bat-borne viruses can pose a serious threat to human health, with examples including Nipah virus (NiV) in Bangladesh and Malaysia, and Marburg virus (MARV) in Africa. To date, significant human outbreaks of such viruses have not been reported in the European Union (EU). However, EU countries have strong historical links with many of the countries where NiV and MARV are present and a corresponding high volume of commercial trade and human travel, which poses a potential risk of introduction of these viruses into the EU. In assessing the risks of introduction of these bat-borne zoonotic viruses to the EU, it is important to consider the location and range of bat species known to be susceptible to infection, together with the virus prevalence, seasonality of viral pulses, duration of infection and titre of virus in different bat tissues. In this paper, we review the current scientific knowledge of all these factors, in relation to the introduction of NiV and MARV into the EU.,��https://www.ncbi.nlm.nih.gov/pubmed/24841385Î��Simons, Robin R L
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Virus Assembly���May���Newly synthesized envelope glycoproteins of neuroinvasive viruses can be sorted in a polarized manner to the somatodendritic and/or axonal domains of neurons. Although critical for transneuronal spread of viruses, the molecular determinants and interregulation of this process are largely unknown. We studied the polarized sorting of the attachment (NiV-G) and fusion (NiV-F) glycoproteins of Nipah virus (NiV), a paramyxovirus that causes fatal human encephalitis, in rat hippocampal neurons. When expressed individually, NiV-G exhibited a non-polarized distribution, whereas NiV-F was specifically sorted to the somatodendritic domain. Polarized sorting of NiV-F was dependent on interaction of tyrosine-based signals in its cytosolic tail with the clathrin adaptor complex AP-1. Co-expression of NiV-G with NiV-F abolished somatodendritic sorting of NiV-F due to incorporation of NiV-G*NiV-F complexes into axonal transport carriers. We propose that faster biosynthetic transport of unassembled NiV-F allows for its proteolytic activation in the somatodendritic domain prior to association with NiV-G and axonal delivery of NiV-G*NiV-F complexes. Our study reveals how interactions of viral glycoproteins with the host's transport machinery and between themselves regulate their polarized sorting in neurons.,��https://www.ncbi.nlm.nih.gov/pubmed/24831812ö��Mattera, Rafael
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Viral Matrix Proteins/*metabolism���Membrane envelopment and budding of negative strand RNA viruses (NSVs) is mainly driven by viral matrix proteins (M). In addition, several M proteins are also known to be involved in host cell manipulation. Knowledge about the cellular targets and detailed molecular mechanisms, however, is poor for many M proteins. For instance, Nipah Virus (NiV) M protein trafficking through the nucleus is essential for virus release, but nuclear targets of NiV M remain unknown. To identify cellular interactors of henipavirus M proteins, tagged Hendra Virus (HeV) M proteins were expressed and M-containing protein complexes were isolated and analysed. Presence of acidic leucine-rich nuclear phosphoprotein 32 family member B (ANP32B) in the complex suggested that this protein represents a direct or indirect interactor of the viral matrix protein. Over-expression of ANP32B led to specific nuclear accumulation of HeV M, providing a functional link between ANP32B and M protein. ANP32B-dependent nuclear accumulation was observed after plasmid-driven expression of HeV and NiV matrix proteins and also in NiV infected cells. The latter indicated that an interaction of henipavirus M protein with ANP32B also occurs in the context of virus replication. From these data we conclude that ANP32B is a nuclear target of henipavirus M that may contribute to virus replication. Potential effects of ANP32B on HeV nuclear shuttling and host cell manipulation by HeV M affecting ANP32B functions in host cell survival and gene expression regulation are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/24823948B��Bauer, Anja
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zoonotic disease���Apr 1æ��1. Flying foxes Pteropus spp. play a key role in forest regeneration as seed dispersers and are also the reservoir of many viruses, including Nipah virus in Bangladesh. Little is known about their habitat requirements, particularly in South Asia. Identifying Pteropus habitat preferences could assist in understanding the risk of zoonotic disease transmission broadly, and in Bangladesh, could help explain the spatial distribution of human Nipah virus cases. 2. We analysed characteristics of Pteropus giganteus roosts and constructed an ecological niche model to identify suitable habitat in Bangladesh. We also assessed the distribution of suitable habitat in relation to the location of human Nipah virus cases. 3. Compared to non-roost trees, P. giganteus roost trees are taller with larger diameters, and are more frequently canopy trees. Colony size was larger in densely forested regions and smaller in flood-affected areas. Roosts were located in areas with lower annual precipitation and higher human population density than non-roost sites. 4. We predicted that 2-17% of Bangladesh's land area is suitable roosting habitat. Nipah virus outbreak villages were 2.6 times more likely to be located in areas predicted as highly suitable habitat for P. giganteus compared to non-outbreak villages. 5. Synthesis and applications. Habitat suitability modelling may help identify previously undocumented Nipah outbreak locations and improve our understanding of Nipah virus ecology by highlighting regions where there is suitable bat habitat but no reported human Nipah virus. Conservation and public health education is a key component of P. giganteus management in Bangladesh due to the general misunderstanding and fear of bats that are a reservoir of Nipah virus. Affiliation between Old World fruit bats (Pteropodidae) and people is common throughout their range, and in order to conserve these keystone bat species and prevent emergence of zoonotic viruses, it is imperative that we continue to improve our understanding of Pteropus resource requirements and routes of virus transmission from bats to people. Results presented here can be utilized to develop land management strategies and conservation policies that simultaneously protect fruit bats and public health.,��https://www.ncbi.nlm.nih.gov/pubmed/24778457ñ��Hahn, Micah B
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health behaviour���Decü��Drinking raw date palm sap contaminated with infected fruit bat saliva or urine is an important mode of Nipah virus transmission to humans in Bangladesh. Bamboo skirts are an effective way to interrupt bat access to the sap. We conducted a study from November 2008 to March 2009 to explore the effectiveness of higher- and lower-intensity interventions by promoting bamboo skirt preparation and use among sap harvesters (gachhis). We spent 280 person-hours in two villages for the higher-intensity intervention and half that amount of time in two other villages for the lower-intensity intervention. To evaluate the interventions we followed up all gachhis once a month for three months. A high percentage of gachhis (83% in higher-, 65% in lower-intensity interventions) prepared and used a skirt of bamboo or other materials - jute stalk, dhoincha (Sesbania aculeata), or polythene - at least once after intervention. In general, 15% of gachhis consistently used skirts throughout the sap collection season. The intensive nature of this intervention is very expensive for a large-scale programme. Future efforts should focus on developing a low-cost behaviour change intervention and evaluate if it reduces the human exposure to potentially contaminated fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/24755262y��Nahar, Nazmun
Mondal, Utpal Kumar
Hossain, M Jahangir
Khan, M Salah Uddin
Sultana, Rebeca
Gurley, Emily S
Luby, Stephen P
eng
CC999999/Intramural CDC HHS/
U01 CI000298/CI/NCPDCID CDC HHS/
5-U01-CI000298-03/CI/NCPDCID CDC HHS/
Research Support, U.S. Gov't, P.H.S.
England
2014/04/24 06:00
Glob Health Promot. 2014 Dec;21(4):7-15. doi: 10.1177/1757975914528249. Epub 2014 Apr 22.*��1757-9767 (Electronic)
1757-9759 (Linking)
��PMC4666517���24755262r��International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), Dhaka, Bangladesh nahar.nazmun@yahoo.com.
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), Dhaka, Bangladesh.
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), Dhaka, Bangladesh Centers for Disease Control and Prevention (CDC), Atlanta, USA.���10.1177/1757975914528249��	��üÒ|ÿî?�������Stahl, J. P.
Mailles, A.���2014@��What is new about epidemiology of acute infectious encephalitis?���337-41���Curr Opin Neurol���27���3z��Brain Diseases/epidemiology/etiology
Encephalitis/epidemiology
Encephalitis, Herpes Simplex/complications/*epidemiology
Encephalitis, Tick-Borne/*epidemiology
Hashimoto Disease/epidemiology/etiology
Henipavirus Infections/*epidemiology
Humans
Immunosuppressive Agents/therapeutic use
Influenza, Human/*epidemiology
Rabies/*epidemiology
Risk Factors
West Nile Fever/*epidemiology���JunJ��PURPOSE OF REVIEW: This review aims to describe new features on the epidemiology of encephalitis world-wide. As this neurological presentation is most frequently related to transmitted viruses, surveillance of encephalitis is of major importance to detect their emergence or re-emergence. RECENT FINDINGS: Rabies causes one of the most severe types of encephalitis as it is lethal in all cases, and it is endemic in some countries. It was thought that the virus had been eradicated in Western Europe, but it re-emerged in Greece and Italy. Physicians should be aware of this diagnosis in the case of severe encephalitis. Some viruses (Powassan, Nipah, and Hendra) are becoming endemic in some new parts of the world (USA and Australia). Because of their severity, they are healthcare concerns in those countries and for travelers (e.g. in Asia). Finally, a concept is emerging: herpes simplex virus is suspected to be a trigger for autoimmune encephalitis. This is of major importance for the future management of patients (corticosteroids early in the course of the disease?), and the epidemiology of sequelae. SUMMARY: Encephalitis is a good marker for the detection of emerging infections. New findings about the relationship between herpes simplex virus encephalitis and autoimmune encephalitis open a new concept for a better management of patients.,��https://www.ncbi.nlm.nih.gov/pubmed/24751960���Stahl, Jean-Paul
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metabolic rate���May±��Bats are sources of high viral diversity and high-profile zoonotic viruses worldwide. Although apparently not pathogenic in their reservoir hosts, some viruses from bats severely affect other mammals, including humans. Examples include severe acute respiratory syndrome coronaviruses, Ebola and Marburg viruses, and Nipah and Hendra viruses. Factors underlying high viral diversity in bats are the subject of speculation. We hypothesize that flight, a factor common to all bats but to no other mammals, provides an intensive selective force for coexistence with viral parasites through a daily cycle that elevates metabolism and body temperature analogous to the febrile response in other mammals. On an evolutionary scale, this host-virus interaction might have resulted in the large diversity of zoonotic viruses in bats, possibly through bat viruses adapting to be more tolerant of the fever response and less virulent to their natural hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24750692���O'Shea, Thomas J
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Virus Replication/*drug effects/physiology���Apr´��Nipah virus is a biosafety level 4 (BSL-4) pathogen that causes severe respiratory illness and encephalitis in humans. To identify novel small molecules that target Nipah virus replication as potential therapeutics, Southern Research Institute and Galveston National Laboratory jointly developed an automated high-throughput screening platform that is capable of testing 10,000 compounds per day within BSL-4 biocontainment. Using this platform, we screened a 10,080-compound library using a cell-based, high-throughput screen for compounds that inhibited the virus-induced cytopathic effect. From this pilot effort, 23 compounds were identified with EC50 values ranging from 3.9 to 20.0 muM and selectivities >10. Three sulfonamide compounds with EC50 values <12 muM were further characterized for their point of intervention in the viral replication cycle and for broad antiviral efficacy. Development of HTS capability under BSL-4 containment changes the paradigm for drug discovery for highly pathogenic agents because this platform can be readily modified to identify prophylactic and postexposure therapeutic candidates against other BSL-4 pathogens, particularly Ebola, Marburg, and Lassa viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24735442,��Tigabu, Bersabeh
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flying foxes���Jun,��CASE SERIES: Between 2006 and 2012, there were 11 horses diagnosed with Hendra virus (HeV) on 9 independent premises in New South Wales (NSW). We defined a case of HeV as premises where one or more horses were confirmed to be infected with HeV by PCR. All the cases occurred in the north-eastern region of NSW. In 8 of the 9 cases, infection occurred within 2 months over the winter of 2011. With no exception, the affected horses were kept at pasture on properties visited by flying foxes. Of the 11 horses testing positive for HeV, 5 had an association with a fence, with the horses dead or dying on a fence line. In the majority of cases, disease was an acute illness leading to death within 48 h. When signs of disease were observed, neurological signs predominated. There was limited spread to in-contact horses, with only two properties having more than one horse affected. There was significant variation in the sampling strategies undertaken by veterinarians. CONCLUSION: Caution is needed to interpret a negative diagnosis when only swabs have been collected.,��https://www.ncbi.nlm.nih.gov/pubmed/24730376®��Ball, M C
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Zoonoses/virology���Apr 3���Poxviruses are important pathogens of man and numerous domestic and wild animal species. Cross species (including zoonotic) poxvirus infections can have drastic consequences for the recipient host. Bats are a diverse order of mammals known to carry lethal viral zoonoses such as Rabies, Hendra, Nipah, and SARS. Consequent targeted research is revealing bats to be infected with a rich diversity of novel viruses. Poxviruses were recently identified in bats and the settings in which they were found were dramatically different. Here, we review the natural history of poxviruses in bats and highlight the relationship of the viruses to each other and their context in the Poxviridae family. In addition to considering the zoonotic potential of these viruses, we reflect on the broader implications of these findings. Specifically, the potential to explore and exploit this newfound relationship to study coevolution and cross species transmission together with fundamental aspects of poxvirus host tropism as well as bat virology and immunology.,��https://www.ncbi.nlm.nih.gov/pubmed/24704730~��Baker, Kate S
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*Respiratory Mucosa/metabolism/pathology/virology���Apr ��Nipah virus (NiV) is a member of the genus Henipavirus (family Paramyxoviridae) that causes severe and often lethal respiratory illness and encephalitis in humans with high mortality rates (up to 92%). NiV can cause Acute Lung Injury (ALI) in humans, and human-to-human transmission has been observed in recent outbreaks of NiV. While the exact route of transmission to humans is not known, we have previously shown that NiV can efficiently infect human respiratory epithelial cells. The molecular mechanisms of NiV-associated ALI in the human respiratory tract are unknown. Thus, there is an urgent need for models of henipavirus infection of the human respiratory tract to study the pathogenesis and understand the host responses. Here, we describe a novel human lung xenograft model in mice to study the pathogenesis of NiV. Following transplantation, human fetal lung xenografts rapidly graft and develop mature structures of adult lungs including cartilage, vascular vessels, ciliated pseudostratified columnar epithelium, and primitive "air" spaces filled with mucus and lined by cuboidal to flat epithelium. Following infection, NiV grows to high titers (10(7) TCID50/gram lung tissue) as early as 3 days post infection (pi). NiV targets both the endothelium as well as respiratory epithelium in the human lung tissues, and results in syncytia formation. NiV infection in the human lung results in the production of several cytokines and chemokines including IL-6, IP-10, eotaxin, G-CSF and GM-CSF on days 5 and 7 pi. In conclusion, this study demonstrates that NiV can replicate to high titers in a novel in vivo model of the human respiratory tract, resulting in a robust inflammatory response, which is known to be associated with ALI. This model will facilitate progress in the fundamental understanding of henipavirus pathogenesis and virus-host interactions; it will also provide biologically relevant models for other respiratory viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24699832,��Valbuena, Gustavo
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Nipah virus���Jun���Nipah virus (NiV) outbreaks have occurred in Malaysia, India, and Bangladesh, and the virus continues to cause annual outbreaks of fatal human encephalitis in Bangladesh due to spillover from its bat host reservoir. Due to its high pathogenicity, its potential use for bio/agro-terrorism, and to the current lack of approved therapeutics, NiV is designated as an overlap select agent requiring biosafety level-4 containment. Although the development of therapeutic monoclonal antibodies and soluble protein subunit vaccines have shown great promise, the paucity of effective antiviral drugs against NiV merits further exploration of compound libraries using rapid quantitative antiviral assays. As a proof-of-concept study, we evaluated the use of fluorescent and luminescent reporter NiVs for antiviral screening. We constructed and rescued NiVs expressing either Renilla luciferase or green fluorescent protein, and characterized their reporter signal kinetics in different cell types as well as in the presence of several inhibitors. The 50% effective concentrations (EC50s) derived for inhibitors against both reporter viruses are within range of EC50s derived from virus yield-based dose-response assays against wild-type NiV (within 1Log10), thus demonstrating that both reporter NiVs can serve as robust antiviral screening tools. Utilizing these live NiV-based reporter assays requires modest instrumentation, and circumvents the time and labor-intensive steps associated with cytopathic effect or viral antigen-based assays. These reporter NiVs will not only facilitate antiviral screening, but also the study of host cell components that influence the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24680955Ð��Lo, Michael K
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Vero Cells/virology���Mar���Hendra virus (HeV), a highly pathogenic zoonotic paramyxovirus recently emerged from bats, is a major concern to the horse industry in Australia. Previous research has shown that higher temperatures led to lower virus survival rates in the laboratory. We develop a model of survival of HeV in the environment as influenced by temperature. We used 20 years of daily temperature at six locations spanning the geographic range of reported HeV incidents to simulate the temporal and spatial impacts of temperature on HeV survival. At any location, simulated virus survival was greater in winter than in summer, and in any month of the year, survival was higher in higher latitudes. At any location, year-to-year variation in virus survival 24 h post-excretion was substantial and was as large as the difference between locations. Survival was higher in microhabitats with lower than ambient temperature, and when environmental exposure was shorter. The within-year pattern of virus survival mirrored the cumulative within-year occurrence of reported HeV cases, although there were no overall differences in survival in HeV case years and non-case years. The model examines the effect of temperature in isolation; actual virus survivability will reflect the effect of additional environmental factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24643861¸��Scanlan, J C
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Vaccines���May 7���BACKGROUND: Nipah virus (NiV), a zoonotic pathogen causing severe respiratory illness and encephalitis in humans, emerged in Malaysia in 1998 with subsequent outbreaks on an almost annual basis since 2001 in parts of the Indian subcontinent. The high case fatality rate, human-to-human transmission, wide-ranging reservoir distribution and lack of licensed intervention options are making NiV a serious regional and potential global public health problem. The objective of this study was to develop a fast-acting, single-dose NiV vaccine that could be implemented in a ring vaccination approach during outbreaks. METHODS: In this study we have designed new live-attenuated vaccine vectors based on recombinant vesicular stomatitis viruses (rVSV) expressing NiV glycoproteins (G or F) or nucleoprotein (N) and evaluated their protective efficacy in Syrian hamsters, an established NiV animal disease model. We further characterized the humoral immune response to vaccination in hamsters using ELISA and neutralization assays and performed serum transfer studies. RESULTS: Vaccination of Syrian hamsters with a single dose of the rVSV vaccine vectors resulted in strong humoral immune responses with neutralizing activities found only in those animals vaccinated with rVSV expressing NiV G or F proteins. Vaccinated animals with neutralizing antibody responses were completely protected from lethal NiV disease, whereas animals vaccinated with rVSV expressing NiV N showed only partial protection. Protection of NiV G or F vaccinated animals was conferred by antibodies, most likely the neutralizing fraction, as demonstrated by serum transfer studies. Protection of N-vaccinated hamsters was not antibody-dependent indicating a role of adaptive cellular responses for protection. CONCLUSIONS: The rVSV vectors expressing Nipah virus G or F are prime candidates for new 'emergency vaccines' to be utilized for NiV outbreak management.,��https://www.ncbi.nlm.nih.gov/pubmed/24631094���DeBuysscher, Blair L
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Nipah Virus���Marô��Since 2001, outbreaks of Nipah virus have occurred almost every year in Bangladesh with high case-fatality rates. Epidemiological data suggest that in Bangladesh, Nipah virus is transmitted from the natural reservoir, fruit bats, to humans via consumption of date palm sap contaminated by bats, with subsequent human-to-human transmission. To experimentally investigate this epidemiological association between drinking of date palm sap and human cases of Nipah virus infection, we determined the viability of Nipah virus (strain Bangladesh/200401066) in artificial palm sap. At 22 degrees C virus titers remained stable for at least 7 days, thus potentially allowing food-borne transmission. Next, we modeled food-borne Nipah virus infection by supplying Syrian hamsters with artificial palm sap containing Nipah virus. Drinking of 5x10(8) TCID(5)(0) of Nipah virus resulted in neurological disease in 5 out of 8 hamsters, indicating that food-borne transmission of Nipah virus can indeed occur. In comparison, intranasal (i.n.) inoculation with the same dose of Nipah virus resulted in lethal respiratory disease in all animals. In animals infected with Nipah virus via drinking, virus was detected in respiratory tissues rather than in the intestinal tract. Using fluorescently labeled Nipah virus particles, we showed that during drinking, a substantial amount of virus is deposited in the lungs, explaining the replication of Nipah virus in the respiratory tract of these hamsters. Besides the ability of Nipah virus to infect hamsters via the drinking route, Syrian hamsters infected via that route transmitted the virus through direct contact with naive hamsters in 2 out of 24 transmission pairs. Although these findings do not directly prove that date palm sap contaminated with Nipah virus by bats is the origin of Nipah virus outbreaks in Bangladesh, they provide the first experimental support for this hypothesis. Understanding the Nipah virus transmission cycle is essential for preventing and mitigating future outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/24626480"��de Wit, Emmie
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viral fusion���DecÓ��The fusion of Nipah with host cells is facilitated by two of their glycoproteins, the G and the F proteins. The binding of cellular ephrins to the G head domain causes the G stalk domain to interact differently with F, which activates F to mediate virus-host fusion. To gain insight into how the ephrin-binding signal transduces from the head to the stalk domain of G, we examine quantitatively the differences between the conformational ensembles of the G head domain in its ephrin-bound and unbound states. We consider the human ephrins B2 and B3, and a double mutant of B2, all of which trigger fusion. The ensembles are generated using molecular dynamics, and the differences between them are quantified using a new machine learning method. We find that the portion of the G head domain whose conformational density is altered equivalently by the three ephrins is large, and comprises approximately 25% of the residues in the G head domain. This subspace also includes the residues that are known to be important to F activation, which suggests that it contains at least one common signaling pathway. The spatial distribution of the residues constituting this subspace supports the model of signal transduction in which the signal transduces via the G head dimer interface. This study also adds to the growing list of examples where signaling does not depend solely on backbone deviations. In general, this study provides an approach to filter out conserved patterns in protein dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/24615845Ä��Varma, Sameer
Botlani, Mohsen
Leighty, Ralph E
eng
Comparative Study
Research Support, Non-U.S. Gov't
2014/03/13 06:00
Proteins. 2014 Dec;82(12):3241-54. doi: 10.1002/prot.24541. Epub 2014 Oct 10.*��1097-0134 (Electronic)
0887-3585 (Linking)���24615845s��Department of Cell Biology, Microbiology and Molecular Biology, University of South Florida, Tampa, Florida, 33620.���10.1002/prot.24541���x��üÖtÿî?����&��Lo, M. K.
Sogaard, T. M.
Karlin, D. G.���2014J��Evolution and structural organization of the C proteins of paramyxovirinae���e90003���PLoS One���9���2R��Amino Acid Sequence
Binding Sites
*Evolution, Molecular
Molecular Sequence Data
Paramyxovirinae/genetics/*metabolism
Phosphoproteins/*chemistry/genetics/*metabolism
STAT1 Transcription Factor/metabolism
Sequence Alignment
Sequence Analysis
Sequence Homology, Nucleic Acid
Species Specificity
Viral Proteins/*chemistry/genetics/*metabolism���The phosphoprotein (P) gene of most Paramyxovirinae encodes several proteins in overlapping frames: P and V, which share a common N-terminus (PNT), and C, which overlaps PNT. Overlapping genes are of particular interest because they encode proteins originated de novo, some of which have unknown structural folds, challenging the notion that nature utilizes only a limited, well-mapped area of fold space. The C proteins cluster in three groups, comprising measles, Nipah, and Sendai virus. We predicted that all C proteins have a similar organization: a variable, disordered N-terminus and a conserved, alpha-helical C-terminus. We confirmed this predicted organization by biophysically characterizing recombinant C proteins from Tupaia paramyxovirus (measles group) and human parainfluenza virus 1 (Sendai group). We also found that the C of the measles and Nipah groups have statistically significant sequence similarity, indicating a common origin. Although the C of the Sendai group lack sequence similarity with them, we speculate that they also have a common origin, given their similar genomic location and structural organization. Since C is dispensable for viral replication, unlike PNT, we hypothesize that C may have originated de novo by overprinting PNT in the ancestor of Paramyxovirinae. Intriguingly, in measles virus and Nipah virus, PNT encodes STAT1-binding sites that overlap different regions of the C-terminus of C, indicating they have probably originated independently. This arrangement, in which the same genetic region encodes simultaneously a crucial functional motif (a STAT1-binding site) and a highly constrained region (the C-terminus of C), seems paradoxical, since it should severely reduce the ability of the virus to adapt. The fact that it originated twice suggests that it must be balanced by an evolutionary advantage, perhaps from reducing the size of the genetic region vulnerable to mutations.,��https://www.ncbi.nlm.nih.gov/pubmed/24587180���Lo, Michael K
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962Ï��Roche, S E
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Staphylococcus kloosii���Augþ��Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with lambdamax at 426, 447 and 475 nm and lambdamax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.,��https://www.ncbi.nlm.nih.gov/pubmed/24575244¢��Kamarudin, Kamarul Rahim
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zoonotic paramyxovirus���Mar£��In recent years, the emergence of several highly pathogenic zoonotic diseases in humans has led to a renewed emphasis on the interconnectedness of human, animal, and environmental health, otherwise known as One Health. For example, Hendra virus (HeV), a zoonotic paramyxovirus, was discovered in 1994, and since then, infections have occurred in 7 humans, each of whom had a strong epidemiologic link to similarly affected horses. As a consequence of these outbreaks, eradication of bat populations was discussed, despite their crucial environmental roles in pollination and reduction of the insect population. We describe the development and evaluation of a vaccine for horses with the potential for breaking the chain of HeV transmission from bats to horses to humans, thereby protecting horse, human, and environmental health. The HeV vaccine for horses is a key example of a One Health approach to the control of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24572697M��Middleton, Deborah
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*Zoonoses/prevention & control/transmission���Feb 20®��BACKGROUND: After the 2011 cluster of Hendra virus cases in horses in Australia, public health targeted education initiatives at people in the equine industry to reduce human exposure to potentially infected horses. 'Horse owners and Hendra Virus: A Longitudinal cohort study To Evaluate Risk' aims to enhance public health measures through improved understanding of Hendra virus risk perception and risk mitigation strategies among horse owners and horse care providers. This paper describes the stakeholder consultation that was undertaken to ensure the cohort study outcomes were relevant to diverse groups who play a role in Hendra virus policy development and implementation. METHODS: A two-round modified Delphi study with online questionnaires was conducted. In round one, stakeholders identified priority research areas. In round two, stakeholders rated and ranked topics that emerged from thematic analysis of the round one responses. Round two data were analysed using logistic regression. RESULTS: Of the 255 stakeholders contacted, 101 responded to round one. Over 450 topics were proposed. These were organized into 18 themes. Approximately two thirds of the round one respondents participated in round two. 'Hendra virus-related risk awareness and perception', 'personal health and safety', 'emergency preparedness', 'risk prevention, mitigation, and biosecurity', and 'Hendra virus vaccination in horses--attitudes/uptake' were the top five areas identified according to probability of being ranked extremely important. CONCLUSIONS: In this study, a modified Delphi approach was effective in guiding research into Hendra virus, a zoonotic disease of animal and human health significance. The findings support the notion that stakeholders should be engaged in zoonotic disease research priority setting. Such consultation will help to ensure that research initiatives are relevant and useful to stakeholders in the position to make use of new findings.,��https://www.ncbi.nlm.nih.gov/pubmed/24552445Í��Sawford, Kate
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*Virus Internalization���Apr·��The paramyxoviruses represent a diverse virus family responsible for a wide range of human and animal diseases. In contrast to other viruses, such as HIV and influenza virus, which use a single glycoprotein to mediate host receptor binding and virus entry, the paramyxoviruses require two distinct proteins. One of these is an attachment glycoprotein that binds receptor, while the second is a fusion glycoprotein, which undergoes conformational changes that drive virus-cell membrane fusion and virus entry. The details of how receptor binding by one protein activates the second to undergo conformational changes have been poorly understood until recently. Over the past couple of years, structural and functional data have accumulated on representative members of this family, including parainfluenza virus 5, Newcastle disease virus, measles virus, Nipah virus and others, which suggest a mechanistic convergence of activation models. Here we review the data indicating that paramyxovirus attachment glycoproteins shield activating residues within their N-terminal stalk domains, which are then exposed upon receptor binding, leading to the activation of the fusion protein by a 'provocateur' mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/24530984���Jardetzky, Theodore S
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Viral Vaccines/administration & dosage/genetics/*immunology���Mayì��UNLABELLED: Hendra virus (HeV) is a zoonotic emerging virus belonging to the family Paramyxoviridae. HeV causes severe and often fatal respiratory and/or neurologic disease in both animals and humans. Currently, there are no licensed vaccines or antiviral drugs approved for human use. A number of animal models have been developed for studying HeV infection, with the African green monkey (AGM) appearing to most faithfully reproduce the human disease. Here, we assessed the utility of a newly developed recombinant subunit vaccine based on the HeV attachment (G) glycoprotein in the AGM model. Four AGMs were vaccinated with two doses of the HeV vaccine (sGHeV) containing Alhydrogel, four AGMs received the sGHeV with Alhydrogel and CpG, and four control animals did not receive the sGHeV vaccine. Animals were challenged with a high dose of infectious HeV 21 days after the boost vaccination. None of the eight specifically vaccinated animals showed any evidence of clinical illness and survived the challenge. All four controls became severely ill with symptoms consistent with HeV infection, and three of the four animals succumbed 8 days after exposure. Success of the recombinant subunit vaccine in AGMs provides pivotal data in supporting its further preclinical development for potential human use. IMPORTANCE: A Hendra virus attachment (G) glycoprotein subunit vaccine was tested in nonhuman primates to assess its ability to protect them from a lethal infection with Hendra virus. It was found that all vaccinated African green monkeys were completely protected against subsequent Hendra virus infection and disease. The success of this new subunit vaccine in nonhuman primates provides critical data in support of its further development for future human use.,��https://www.ncbi.nlm.nih.gov/pubmed/24522928S��Mire, Chad E
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Serology���May$��Hendra and Nipah viruses (HeV and NiV) are closely related zoonotic pathogens of the Paramyxoviridae family. Both viruses belong to the Henipavirus genus and cause fatal disease in animals and humans, though only HeV is endemic in Australia. In general and due to the acute nature of the disease, agent detection by PCR and virus isolation are the primary tools for diagnostic investigations. Assays for the detection of antibodies against HeV are fit more readily for the purpose of surveillance testing in disease epidemiology and to meet certification requirements in the international movement of horses. The first generation indirect ELISA has been affected by non-specific reactions which must be resolved using virus neutralisation serology conducted at laboratory bio-safety level 4 containment (PC4). Recent developments have enabled improvements in the available serology assays. The production of an expressed recombinant truncated HeV G protein has been utilised in ELISA and in Luminex-based multiplexed microsphere assays. In the latter format, two Luminex assays have been developed for use in henipavirus serology: a binding assay (designed for antibody detection and differentiation) and a blocking assay (designed as a surrogate for virus neutralisation). Equine and canine field sera were used to evaluate the two Luminex assays relative to ELISA and virus neutralisation serology. Results showed that Luminex assays can be effective as rapid, sensitive and specific tests for the detection of HeV antibody in horse and dog sera. The tests do not require PC4 containment and are appropriate for high throughput applications as might be required for disease investigations and other epidemiological surveillance. Also, the results show that the Luminex assays detect effectively HeV vaccine-induced antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/24508193ò��McNabb, Leanne
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Virus Diseases/enzymology/virology���AprÖ��UNLABELLED: Severe acute respiratory syndrome coronavirus (SARS-CoV) and Ebola, Hendra, and Nipah viruses are members of different viral families and are known causative agents of fatal viral diseases. These viruses depend on cathepsin L for entry into their target cells. The viral glycoproteins need to be primed by protease cleavage, rendering them active for fusion with the host cell membrane. In this study, we developed a novel high-throughput screening assay based on peptides, derived from the glycoproteins of the aforementioned viruses, which contain the cathepsin L cleavage site. We screened a library of 5,000 small molecules and discovered a small molecule that can inhibit the cathepsin L cleavage of all viral peptides with minimal inhibition of cleavage of a host protein-derived peptide (pro-neuropeptide Y). The small molecule inhibited the entry of all pseudotyped viruses in vitro and the cleavage of SARS-CoV spike glycoprotein in an in vitro cleavage assay. In addition, the Hendra and Nipah virus fusion glycoproteins were not cleaved in the presence of the small molecule in a cell-based cleavage assay. Furthermore, we demonstrate that the small molecule is a mixed inhibitor of cathepsin L. Our broad-spectrum antiviral small molecule appears to be an ideal candidate for future optimization and development into a potent antiviral against SARS-CoV and Ebola, Hendra, and Nipah viruses. IMPORTANCE: We developed a novel high-throughput screening assay to identify small molecules that can prevent cathepsin L cleavage of viral glycoproteins derived from SARS-CoV and Ebola, Hendra, and Nipah viruses that are required for their entry into the host cell. We identified a novel broad-spectrum small molecule that could block cathepsin L-mediated cleavage and thus inhibit the entry of pseudotypes bearing the glycoprotein derived from SARS-CoV or Ebola, Hendra, or Nipah virus. The small molecule can be further optimized and developed into a potent broad-spectrum antiviral drug.,��https://www.ncbi.nlm.nih.gov/pubmed/245013993��Elshabrawy, Hatem A
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pathogenesis���Jul²��Hendra (HeV) and Nipah (NiV) viruses (genus Henipavirus (HNV; family Paramyxoviridae) are emerging zoonotic agents that can cause severe respiratory distress and acute encephalitis in humans. Given the lack of effective therapeutics and vaccines for human use, these viruses are considered as public health concerns. Several experimental animal models of HNV infection have been developed in recent years. Here, we review the current status of four of the most promising experimental animal models (mice, hamsters, ferrets, and African green monkeys) and their suitability for modeling the clinical disease, transmission, pathogenesis, prevention, and treatment for HNV infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24488776���Rockx, Barry
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Zoonoses/*epidemiology/transmission���FebÑ��Zoonotic infections are important sources of human disease; most known emerging infections are zoonotic (e.g., HIV, Ebola virus, severe acute respiratory syndrome, Nipah virus, and enteropathogenic Escherichia coli) and originated as natural infections of other species that acquired opportunities to come in contact with humans. There are also serious infectious diseases classically considered zoonotic, such as influenza, rabies, bubonic plague, brucellosis, and leptospirosis. More recently, it has been recognized that wildlife constitutes a particularly important source of novel zoonoses. With all this microbial movement, surveillance is considered the first line of public health defense. The zoonotic origin of many human and livestock infections argues strongly for the synergistic value of a One Health approach, which provides the capability to identify pathogens crossing into new species and could provide earlier warning of potential epidemics. This article discusses public health surveillance and major recent surveillance initiatives and reviews progress toward implementing a One Health surveillance framework. Networks discussed include global intergovernmental organizations and recent combined efforts of these organizations; Web-based nongovernmental systems (e.g., ProMED, the Program for Monitoring Emerging Diseases); and networks of bilateral or multilateral government programs (e.g., the CDC's Global Disease Detection [GDD] platform; the U.S. Department of Defense's Global Emerging Infections Surveillance and Response System [GEIS]; regional and subregional networks; and the U.S. Agency for International Development's Emerging Pandemic Threats [EPT] program and its surveillance component, PREDICT). Syndromic surveillance also has potential to complement existing systems. New technologies are enabling revolutionary capabilities for global surveillance, but in addition to serious technical needs, both sustainability and data-sharing mechanisms remain challenges.,��https://www.ncbi.nlm.nih.gov/pubmed/26082122Æ��Morse, Stephen S
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Zoonoses���Mar 6È��The recent discovery of a wide range of henipavirus-like viruses circulating in Megabats in Africa raises the question as to the zoonotic potential of these pathogens given the high human mortality rates seen with their pathogenic relatives Nipah virus and Hendra virus. In the absence of cultured infectious African Henipavirus we have performed experiments with recombinant F and G glycoproteins from the representative African Henipavirus strain M74a aimed at estimating its cellular tropism and capacity to use similar receptors to its highly pathogenic counterparts. The ability of the M74a virus G surface protein to use the ubiquitous Ephrin B2 host cell receptor and its heterologous cross-compatibility with Nipah virus could be expected to impart upon this virus a reasonable potential for species spillover, although differences in fusion efficiency seen with the M74a virus F protein in certain cell lines could present a barrier for zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/24452140���Lawrence, Philip
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Iron���Mar 1���Biodegradable metals such as magnesium, iron and their alloys have been known as potential materials for temporary medical implants. However, most of the studies on biodegradable metals have been focusing on optimizing their mechanical properties and degradation behavior with no emphasis on improving their bioactivity behavior. We therefore investigated the possibility of improving iron biodegradation rate and bioactivity by incorporating various bioactive bioceramics. The iron-based bioceramic (hydroxyapatite, tricalcium phosphate and biphasic calcium phosphate) composites were prepared by mechanical mixing and sintering process. Degradation studies indicated that the addition of bioceramics lowered the corrosion potential of the composites and slightly increased their corrosion rate compared to that of pure iron. In vitro cytotoxicity results showed an increase of cellular activity when rat smooth muscle cells interacted with the degrading composites compared to pure iron. X-ray radiogram analysis showed a consistent degradation progress with that found in vivo and positive tissue response up to 70 days implantation in sheep animal model. Therefore, the iron-based bioceramic composites have the potential to be used for biodegradable bone implant applications.,��https://www.ncbi.nlm.nih.gov/pubmed/24433920���Ulum, M F
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Pigs���Decë��The emergence of Nipah virus (NiV) infection into the pig population and subsequently into the human population is believed to be due to changes in ecological conditions. In Malaysia, A major NiV outbreak occurred in pigs and humans from September 1998 to April 1999 that resulted in infection of 265 and death of 105 persons. About 1.1 million pigs had to be destroyed to control the outbreak. The disease was recorded in the form of a major outbreak in India in 2001 and then a small incidence in 2007, both the outbreaks in West Bengal only in humans without any involvement of pigs. There were series of human Nipah incidences in Bangladesh from 2001 till 2013 almost every year with mortality exceeding 70 %. The disease transmission from pigs acting as an intermediate host during Malaysian and Singapore outbreaks has changed in NIV outbreaks in India and Bangladesh, transmitting the disease directly from bats to human followed by human to human. The drinking of raw date palm sap contaminated with fruit bat urine or saliva containing NiV is the only known cause of outbreak of the disease in Bangladesh outbreaks. The virus is now known to exist in various fruit bats of Pteropus as well as bats of other genera in a wider belt from Asia to Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/24426305§��Kulkarni, D D
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Virus���Dec+��Emerging and reemerging viral diseases of livestock and human beings are in sharp rise in recent years. Importantly, many of these viruses, including influenza, Hendra, Nipah and corona are of zoonotic importance. Several viral diseases of livestock such as bluetongue, peste des petits ruminants, camel pox, equine infectious anaemia, chicken anaemia and sheep-associated malignant catarrhal fever are crossing their traditional boundaries. Emergence of new serotypes and variant forms of viruses as in the case of blue tongue virus, avian infectious bronchitis virus, Newcastle disease virus adds additional level of complexity. The increased incidence of emerging and reemerging viral diseases could be attributed to several factors including deforestation and surge in direct contact of livestock and humans with wild animals and birds. This special issue of "Indian Journal of Virology" is focused on diverse aspects of above diseases: isolation and characterization of viruses, epidemiology, pathogenesis, diagnosis, prevention measures and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/24426290���Bayry, Jagadeesh
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Virus Replication?��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans, and incurred a high fatality rate in humans. We established a system that enabled the rescue of replicating NiVs from a cloned DNA. Using the system, we analyzed the functions of accessory proteins in infected cells and the implications in in vivo pathogenicity. Further, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins, which appeared to be an appropriate to NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25765986u��Yoneda, Misako
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Viral Vaccines/administration & dosage/genetics/*immunology���Dec 13q��BACKGROUND: Nipah virus (NiV) is a highly pathogenic zoonotic agent in the family Paramyxoviridae that is maintained in nature by bats. Outbreaks have occurred in Malaysia, Singapore, India, and Bangladesh and have been associated with 40 to 75% case fatality rates. There are currently no vaccines or postexposure treatments licensed for combating human NiV infection. METHODS AND RESULTS: Four groups of ferrets received a single vaccination with different recombinant vesicular stomatitis virus vectors expressing: Group 1, control with no glycoprotein; Group 2, the NiV fusion protein (F); Group 3, the NiV attachment protein (G); and Group 4, a combination of the NiV F and G proteins. Animals were challenged intranasally with NiV 28 days after vaccination. Control ferrets in Group 1 showed characteristic clinical signs of NiV disease including respiratory distress, neurological disorders, viral load in blood and tissues, and gross lesions and antigen in target tissues; all animals in this group succumbed to infection by day 8. Importantly, all specifically vaccinated ferrets in Groups 2-4 showed no evidence of clinical illness and survived challenged. All animals in these groups developed anti-NiV F and/or G IgG and neutralizing antibody titers. While NiV RNA was detected in blood at day 6 post challenge in animals from Groups 2-4, the levels were orders of magnitude lower than animals from control Group 1. CONCLUSIONS: These data show protective efficacy against NiV in a relevant model of human infection. Further development of this technology has the potential to yield effective single injection vaccines for NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/24330654ì��Mire, Chad E
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Trees���FebN��Nipah virus has caused recurring outbreaks in central and northwest Bangladesh (the "Nipah Belt"). Little is known about roosting behavior of the fruit bat reservoir, Pteropus giganteus, or factors driving spillover. We compared human population density and ecological characteristics of case villages and control villages (no reported outbreaks) to understand their role in P. giganteus roosting ecology and Nipah virus spillover risk. Nipah Belt villages have a higher human population density (P < 0.0001), and forests that are more fragmented than elsewhere in Bangladesh (0.50 versus 0.32 patches/km(2), P < 0.0001). The number of roosts in a village correlates with forest fragmentation (r = 0.22, P = 0.03). Villages with a roost containing Polyalthia longifolia or Bombax ceiba trees were more likely case villages (odds ratio [OR] = 10.8, 95% confidence interval [CI] = 1.3-90.6). This study suggests that, in addition to human population density, composition and structure of the landscape shared by P. giganteus and humans may influence the geographic distribution of Nipah virus spillovers.,��https://www.ncbi.nlm.nih.gov/pubmed/24323516���Hahn, Micah B
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Zoonoses/*epidemiology/virology­��Zoonoses from wildlife threaten global public health. Hendra virus is one of several zoonotic viral diseases that have recently emerged from Pteropus species fruit-bats (flying-foxes). Most hypotheses regarding persistence of Hendra virus within flying-fox populations emphasize horizontal transmission within local populations (colonies) via urine and other secretions, and transmission among colonies via migration. As an alternative hypothesis, we explore the role of recrudescence in persistence of Hendra virus in flying-fox populations via computer simulation using a model that integrates published information on the ecology of flying-foxes, and the ecology and epidemiology of Hendra virus. Simulated infection patterns agree with infection patterns observed in the field and suggest that Hendra virus could be maintained in an isolated flying-fox population indefinitely via periodic recrudescence in a manner indistinguishable from maintenance via periodic immigration of infected individuals. Further, post-recrudescence pulses of infectious flying-foxes provide a plausible basis for the observed seasonal clustering of equine cases. Correct understanding of the infection dynamics of Hendra virus in flying-foxes is fundamental to effectively managing risk of infection in horses and humans. Given the lack of clear empirical evidence on how the virus is maintained within populations, the role of recrudescence merits increased attention.,��https://www.ncbi.nlm.nih.gov/pubmed/24312221Û��Wang, Hsiao-Hsuan
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Viral Proteins/genetics/*metabolism���Mar¨��In recent years, novel henipavirus-related sequences have been identified in bats in Africa. To evaluate the potential of African bat henipaviruses to spread in non-bat mammalian cells, we compared the biological functions of the surface glycoproteins G and F of the prototype African henipavirus GH-M74a with those of the glycoproteins of Nipah virus (NiV), a well-characterized pathogenic member of the henipavirus genus. Glycoproteins are central determinants for virus tropism, as efficient binding of henipavirus G proteins to cellular ephrin receptors and functional expression of fusion-competent F proteins are indispensable prerequisites for virus entry and cell-to-cell spread. In this study, we analysed the ability of the GH-M74a G and F proteins to cause cell-to-cell fusion in mammalian cell types readily permissive to NiV or Hendra virus infections. Except for limited syncytium formation in a bat cell line derived from Hypsignathus monstrosus, HypNi/1.1 cells, we did not observe any fusion. The highly restricted fusion activity was predominantly due to the F protein. Whilst GH-M74a G protein was found to interact with the main henipavirus receptor ephrin-B2 and induced syncytia upon co-expression with heterotypic NiV F protein, GH-M74a F protein did not cause evident fusion in the presence of heterotypic NiV G protein. Pulse-chase and surface biotinylation analyses revealed delayed F cleavage kinetics with a reduced expression of cleaved and fusion-active GH-M74a F protein on the cell surface. Thus, the F protein of GH-M74a showed a functional defect that is most likely caused by impaired trafficking leading to less efficient proteolytic activation and surface expression.,��https://www.ncbi.nlm.nih.gov/pubmed/24296468!��Weis, Michael
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Zoonoses/epidemiology/*transmission/virology���Dec���A large proportion of viral pathogens that have emerged during the last decades in humans are considered to have originated from various animal species. This is well exemplified by several recent epidemics such as those of Nipah, Severe Acute Respiratory Syndrome, Avian flu, Ebola, Monkeypox, and Hantaviruses. After the initial interspecies transmission per se, the viruses can disseminate into the human population through various and distinct mechanisms. Some of them are well characterized and understood, thus allowing a certain level of risk control and prevention. Surprisingly and in contrast, the initial steps that lead to the emergence of several viruses, and of their associated diseases, remain still poorly understood. Epidemiological field studies conducted in certain specific high-risk populations are thus necessary to obtain new insights into the early events of this emergence process. Human infections by simian viruses represent increasing public health concerns. Indeed, by virtue of their genetic andphysiological similarities, non-human primates (NHPs) are considered to be likely the sources of viruses that can infect humans and thus may pose a significant threat to human population. This is well illustrated by retroviruses, which have the ability to cross species, adapt to a new host and sometimes spread within these new species. Sequence comparison and phylogenetic studies have thus clearly showed that the emergence of human immunodeficiency virus type 1 (HIV-1) and HIV-2 in humans have resulted from several independent interspecies transmissions of different SIV types from Chimpanzees and African monkeys (including sooty mangabeys), respectively, probably during the first part of the last century. The situation for Human T cell Lymphotropic virus type 1 (HTLV-1) is, for certain aspects, quite comparable. Indeed, the origin of most HTLV-1 subtypes appears to be linked to interspecies transmission between STLV-1-infected monkeys and humans, followed by variable periods of evolution in the human host. In this review, after an introduction on emerging viruses, we will briefly present the results of a large epidemiological study performed in groups of Bantus and Pygmies living in villages and settlements located in the rain forest of the South region of Cameroon. These populations are living nearby the habitats of several monkeys and apes, often naturally infected by different retroviruses including SIV, STLV and simianfoamy virus. Most of the persons included in this study were hunters of such NHPs, thus at high risk of contact with infected body fluids (blood, saliva,...) during hunting activities. After reviewing the current available data on the discovery, cross-species transmission from monkeys and apes to humans of the simian foamy retroviruses, we will report the results of our study. Such infection is a unique natural model to study the different mechanisms of restriction of retroviral emergence in Humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26137812���Gessain, Antoine
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*Virus Internalization¥��Membrane fusion is essential for entry of the biomedically-important paramyxoviruses into their host cells (viral-cell fusion), and for syncytia formation (cell-cell fusion), often induced by paramyxoviral infections [e.g. those of the deadly Nipah virus (NiV)]. For most paramyxoviruses, membrane fusion requires two viral glycoproteins. Upon receptor binding, the attachment glycoprotein (HN/H/G) triggers the fusion glycoprotein (F) to undergo conformational changes that merge viral and/or cell membranes. However, a significant knowledge gap remains on how HN/H/G couples cell receptor binding to F-triggering. Via interdisciplinary approaches we report the first comprehensive mechanism of NiV membrane fusion triggering, involving three spatiotemporally sequential cell receptor-induced conformational steps in NiV-G: two in the head and one in the stalk. Interestingly, a headless NiV-G mutant was able to trigger NiV-F, and the two head conformational steps were required for the exposure of the stalk domain. Moreover, the headless NiV-G prematurely triggered NiV-F on virions, indicating that the NiV-G head prevents premature triggering of NiV-F on virions by concealing a F-triggering stalk domain until the correct time and place: receptor-binding. Based on these and recent paramyxovirus findings, we present a comprehensive and fundamentally conserved mechanistic model of paramyxovirus membrane fusion triggering and cell entry.,��https://www.ncbi.nlm.nih.gov/pubmed/24278018¾��Liu, Qian
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tumor necrosis factor receptor-associated 6���Jan 3±��Paramyxovirus C protein targets the host interferon (IFN) system for virus immune evasion. To identify its unknown anti-IFN activity, we examined the effect of Sendai virus C protein on activation of the IFN-alpha promoter via various signaling pathways. This study uncovers a novel ability of C protein to block Toll-like receptor (TLR) 7- and TLR9-dependent IFN-alpha induction, which is specific to plasmacytoid dendritic cells. C protein interacts with a serine/threonine kinase IKKalpha and inhibits phosphorylation of IRF7. This anti-IFN activity of C protein is shared across genera of the Paramyxovirinae, and thus appears to play an important role in paramyxovirus immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/24269682Ü��Yamaguchi, Mayu
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Surveys and QuestionnairesÈ��Hendra virus is a highly pathogenic novel paramyxovirus causing sporadic fatal infection in horses and humans in Australia. Species of fruit-bats (genus Pteropus), commonly known as flying-foxes, are the natural host of the virus. We undertook a survey of horse owners in the states of Queensland and New South Wales, Australia to assess the level of adoption of recommended risk management strategies and to identify impediments to adoption. Survey questionnaires were completed by 1431 respondents from the target states, and from a spectrum of industry sectors. Hendra virus knowledge varied with sector, but was generally limited, with only 13% of respondents rating their level of knowledge as high or very high. The majority of respondents (63%) had seen their state's Hendra virus information for horse owners, and a similar proportion found the information useful. Fifty-six percent of respondents thought it moderately, very or extremely likely that a Hendra virus case could occur in their area, yet only 37% said they would consider Hendra virus if their horse was sick. Only 13% of respondents stabled their horses overnight, although another 24% said it would be easy or very easy to do so, but hadn't done so. Only 13% and 15% of respondents respectively had horse feed bins and water points under solid cover. Responses varied significantly with state, likely reflecting different Hendra virus history. The survey identified inconsistent awareness and/or adoption of available knowledge, confusion in relation to Hendra virus risk perception, with both over-and under-estimation of true risk, and lag in the uptake of recommended risk minimisation strategies, even when these were readily implementable. However, we also identified frustration and potential alienation by horse owners who found the recommended strategies impractical, onerous and prohibitively expensive. The insights gained from this survey have broader application to other complex risk-management scenarios.,��https://www.ncbi.nlm.nih.gov/pubmed/24260503é��Kung, Nina
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Pigs���Jan 1þ��Diseases that are exotic to the pig industry in Australia were prioritised using a multi-criteria decision analysis framework that incorporated weights of importance for a range of criteria important to industry stakeholders. Measurements were collected for each disease for nine criteria that described potential disease impacts. A total score was calculated for each disease using a weighted sum value function that aggregated the nine disease criterion measurements and weights of importance for the criteria that were previously elicited from two groups of industry stakeholders. One stakeholder group placed most value on the impacts of disease on livestock, and one group placed more value on the zoonotic impacts of diseases. Prioritisation lists ordered by disease score were produced for both of these groups. Vesicular diseases were found to have the highest priority for the group valuing disease impacts on livestock, followed by acute forms of African and classical swine fever, then highly pathogenic porcine reproductive and respiratory syndrome. The group who valued zoonotic disease impacts prioritised rabies, followed by Japanese encephalitis, Eastern equine encephalitis and Nipah virus, interspersed with vesicular diseases. The multi-criteria framework used in this study systematically prioritised diseases using a multi-attribute theory based technique that provided transparency and repeatability in the process. Flexibility of the framework was demonstrated by aggregating the criterion weights from more than one stakeholder group with the disease measurements for the criteria. This technique allowed industry stakeholders to be active in resource allocation for their industry without the need to be disease experts. We believe it is the first prioritisation of livestock diseases using values provided by industry stakeholders. The prioritisation lists will be used by industry stakeholders to identify diseases for further risk analysis and disease spread modelling to understand biosecurity risks to this industry.,��https://www.ncbi.nlm.nih.gov/pubmed/24211032ã��Brookes, V J
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Vaccine���Jan���Nipah virus (NiV) continues to cause outbreaks of fatal human encephalitis due to spillover from its bat reservoir. We determined that a single dose of replication-defective vesicular stomatitis virus (VSV)-based vaccine vectors expressing either the NiV fusion (F) or attachment (G) glycoproteins protected hamsters from over 1000 times LD50 NiV challenge. This highly effective single-dose protection coupled with an enhanced safety profile makes these candidates ideal for potential use in livestock and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24184127´��Lo, Michael K
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Virus Entry���Dec 13¤��Paramyxovirus fusion (F) proteins promote membrane fusion between the viral envelope and host cell membranes, a critical early step in viral infection. Although mutational analyses have indicated that transmembrane (TM) domain residues can affect folding or function of viral fusion proteins, direct analysis of TM-TM interactions has proved challenging. To directly assess TM interactions, the oligomeric state of purified chimeric proteins containing the Staphylococcal nuclease (SN) protein linked to the TM segments from three paramyxovirus F proteins was analyzed by sedimentation equilibrium analysis in detergent and buffer conditions that allowed density matching. A monomer-trimer equilibrium best fit was found for all three SN-TM constructs tested, and similar fits were obtained with peptides corresponding to just the TM region of two different paramyxovirus F proteins. These findings demonstrate for the first time that class I viral fusion protein TM domains can self-associate as trimeric complexes in the absence of the rest of the protein. Glycine residues have been implicated in TM helix interactions, so the effect of mutations at Hendra F Gly-508 was assessed in the context of the whole F protein. Mutations G508I or G508L resulted in decreased cell surface expression of the fusogenic form, consistent with decreased stability of the prefusion form of the protein. Sedimentation equilibrium analysis of TM domains containing these mutations gave higher relative association constants, suggesting altered TM-TM interactions. Overall, these results suggest that trimeric TM interactions are important driving forces for protein folding, stability and membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/24178297ø��Smith, Everett Clinton
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Signal transducers and activators of transcription 2���May 12Ñ��The paramyxoviruses are a family of > 30 viruses that variously infect humans, other mammals and fish to cause diverse outcomes, ranging from asymptomatic to lethal disease, with the zoonotic paramyxoviruses Nipah and Hendra showing up to 70% case-fatality rate in humans. The capacity to evade host immunity is central to viral infection, and paramyxoviruses have evolved multiple strategies to overcome the host interferon (IFN)-mediated innate immune response through the activity of their IFN-antagonist proteins. Although paramyxovirus IFN antagonists generally target common factors of the IFN system, including melanoma differentiation associated factor 5, retinoic acid-inducible gene-I, signal transducers and activators of transcription (STAT)1 and STAT2, and IFN regulatory factor 3, the mechanisms of antagonism show remarkable diversity between different genera and even individual members of the same genus; the reasons for this diversity, however, are not currently understood. Here, we review the IFN antagonism strategies of paramyxoviruses, highlighting mechanistic differences observed between individual species and genera. We also discuss potential sources of this diversity, including biological differences in the host and/or tissue specificity of different paramyxoviruses, and potential effects of experimental approaches that have largely relied on in vitro systems. Importantly, recent studies using recombinant virus systems and animal infection models are beginning to clarify the importance of certain mechanisms of IFN antagonism to in vivo infections, providing important indications not only of their critical importance to virulence, but also of their potential targeting for new therapeutic/vaccine approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/24175230���Audsley, Michelle D
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Protein Conformation���Jan���The Nipah virus phosphoprotein (P) is multimeric and tethers the viral polymerase to the nucleocapsid. We present the crystal structure of the multimerization domain of Nipah virus P: a long, parallel, tetrameric, coiled coil with a small, alpha-helical cap structure. Across the paramyxoviruses, these domains share little sequence identity yet are similar in length and structural organization, suggesting a common requirement for scaffolding or spatial organization of the functions of P in the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24155387;��Bruhn, Jessica F
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Viral Fusion Proteins/*chemistry/genetics/immunologyJ��The henipaviruses, represented by Hendra (HeV) and Nipah (NiV) viruses are highly pathogenic zoonotic paramyxoviruses with uniquely broad host tropisms responsible for repeated outbreaks in Australia, Southeast Asia, India and Bangladesh. The high morbidity and mortality rates associated with infection and lack of licensed antiviral therapies make the henipaviruses a potential biological threat to humans and livestock. Henipavirus entry is initiated by the attachment of the G envelope glycoprotein to host cell membrane receptors. Previously, henipavirus-neutralizing human monoclonal antibodies (hmAb) have been isolated using the HeV-G glycoprotein and a human naive antibody library. One cross-reactive and receptor-blocking hmAb (m102.4) was recently demonstrated to be an effective post-exposure therapy in two animal models of NiV and HeV infection, has been used in several people on a compassionate use basis, and is currently in development for use in humans. Here, we report the crystal structure of the complex of HeV-G with m102.3, an m102.4 derivative, and describe NiV and HeV escape mutants. This structure provides detailed insight into the mechanism of HeV and NiV neutralization by m102.4, and serves as a blueprint for further optimization of m102.4 as a therapeutic agent and for the development of entry inhibitors and vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/241304863��Xu, Kai
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Viral dsRNA detection���Dec2��Double-stranded RNA (dsRNA) is synthesized during the course of infection by RNA viruses as a byproduct of replication and transcription and acts as a potent trigger of the host innate antiviral response. In the cytoplasm of the infected cell, recognition of the presence of viral dsRNA as a signature of "non-self" nucleic acid is carried out by RIG-I-like receptors (RLRs), a set of dedicated helicases whose activation leads to the production of type I interferon alpha/beta (IFN-alpha/beta). To overcome the innate antiviral response, RNA viruses encode suppressors of IFN-alpha/beta induction, which block RLRs recognition of dsRNA by means of different mechanisms that can be categorized into: (i) dsRNA binding and/or shielding ("hide"), (ii) dsRNA termini processing ("mask") and (iii) direct interaction with components of the RLRs pathway ("hit"). In light of recent functional, biochemical and structural findings, we review the inhibition mechanisms of RLRs recognition of dsRNA displayed by a number of highly pathogenic RNA viruses with different disease phenotypes such as haemorrhagic fever (Ebola, Marburg, Lassa fever, Lujo, Machupo, Junin, Guanarito, Crimean-Congo, Rift Valley fever, dengue), severe respiratory disease (influenza, SARS, Hendra, Hantaan, Sin Nombre, Andes) and encephalitis (Nipah, West Nile).,��https://www.ncbi.nlm.nih.gov/pubmed/24129118¥��Zinzula, Luca
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zoonosis���Marà��Bats host many viruses that are significant for human and domestic animal health, but the dynamics of these infections in their natural reservoir hosts remain poorly elucidated. In these, and other, systems, there is evidence that seasonal life-cycle events drive infection dynamics, directly impacting the risk of exposure to spillover hosts. Understanding these dynamics improves our ability to predict zoonotic spillover from the reservoir hosts. To this end, we followed henipavirus antibody levels of >100 individual E. helvum in a closed, captive, breeding population over a 30-month period, using a powerful novel antibody quantitation method. We demonstrate the presence of maternal antibodies in this system and accurately determine their longevity. We also present evidence of population-level persistence of viral infection and demonstrate periods of increased horizontal virus transmission associated with the pregnancy/lactation period. The novel findings of infection persistence and the effect of pregnancy on viral transmission, as well as an accurate quantitation of chiropteran maternal antiviral antibody half-life, provide fundamental baseline data for the continued study of viral infections in these important reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24111634¿��Baker, Kate S
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RNA Replicase/*drug effects/metabolism���Jan\��Australia is facing a major national medical challenge with the emergence of the Hendra virus (HeV) as a medically and economically important pathogen of humans and animals. Clinical symptoms of human HeV infection can include fever, hypotension, dizziness, encephalitis, respiratory haemorrhage and edema. The window of opportunity for successful patient treatment remains unknown, but is likely to be very narrow. Currently, very few effective therapeutic options are available for the case management of severe HeV infections or the rapid silencing of local outbreaks. This underscores the need for more activity in the drug discovery arena to develop much needed therapeutics that specifically targets this deadly disease. The structural analysis of HeV is very much in its infancy, which leaves many gaps in our understanding of the biology of HeV and makes structure-guided drug design difficult. Structural studies of the viral RNAdependent- RNA polymerase (RdRp), which is the heart of the viral replication machinery, will set the stage for rational drug design and fill a major gap in our understanding of the HeV replication machinery. This review examines the current knowledge based on the multi-domain architecture of the Hendra RdRp and highlights which essential domain functions represent tangible targets for drug development against this deadly disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24102407è��Velkov, Tony
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Protein Structure, Tertiary���Hendra virus (HeV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The HeV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid. Recruitment of the viral polymerase onto the nucleocapsid template relies on the interaction between the C-terminal domain, N(TAIL), of N and the C-terminal X domain, XD, of the polymerase co-factor phosphoprotein (P). Here, we provide an atomic resolution description of the intrinsically disordered N(TAIL) domain in its isolated state and in intact nucleocapsids using nuclear magnetic resonance (NMR) spectroscopy. Using electron microscopy, we show that HeV nucleocapsids form herringbone-like structures typical of paramyxoviruses. We also report the crystal structure of XD of P that consists of a three-helix bundle. We study the interaction between N(TAIL) and XD using NMR titration experiments and provide a detailed mapping of the reciprocal binding sites. We show that the interaction is accompanied by alpha-helical folding of the molecular recognition element of N(TAIL) upon binding to a hydrophobic patch on the surface of XD. Finally, using solution NMR, we investigate the interaction between intact nucleocapsids and XD. Our results indicate that monomeric XD binds to N(TAIL) without triggering an additional unwinding of the nucleocapsid template. The present results provide a structural description at the atomic level of the protein-protein interactions required for transcription and replication of HeV, and the first direct observation of the interaction between the X domain of P and intact nucleocapsids in Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/24086133f��Communie, Guillaume
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Zoonoses/epidemiology/transmission/virology���Oct 2æ	�BACKGROUND: On 31 March 2013, the first human infections with the novel influenza A/H7N9 virus were reported in Eastern China. The outbreak expanded rapidly in geographic scope and size, with a total of 132 laboratory-confirmed cases reported by 3 June 2013, in 10 Chinese provinces and Taiwan. The incidence of A/H7N9 cases has stalled in recent weeks, presumably as a consequence of live bird market closures in the most heavily affected areas. Here we compare the transmission potential of influenza A/H7N9 with that of other emerging pathogens and evaluate the impact of intervention measures in an effort to guide pandemic preparedness. METHODS: We used a Bayesian approach combined with a SEIR (Susceptible-Exposed-Infectious-Removed) transmission model fitted to daily case data to assess the reproduction number (R) of A/H7N9 by province and to evaluate the impact of live bird market closures in April and May 2013. Simulation studies helped quantify the performance of our approach in the context of an emerging pathogen, where human-to-human transmission is limited and most cases arise from spillover events. We also used alternative approaches to estimate R based on individual-level information on prior exposure and compared the transmission potential of influenza A/H7N9 with that of other recent zoonoses. RESULTS: Estimates of R for the A/H7N9 outbreak were below the epidemic threshold required for sustained human-to-human transmission and remained near 0.1 throughout the study period, with broad 95% credible intervals by the Bayesian method (0.01 to 0.49). The Bayesian estimation approach was dominated by the prior distribution, however, due to relatively little information contained in the case data. We observe a statistically significant deceleration in growth rate after 6 April 2013, which is consistent with a reduction in A/H7N9 transmission associated with the preemptive closure of live bird markets. Although confidence intervals are broad, the estimated transmission potential of A/H7N9 appears lower than that of recent zoonotic threats, including avian influenza A/H5N1, swine influenza H3N2sw and Nipah virus. CONCLUSION: Although uncertainty remains high in R estimates for H7N9 due to limited epidemiological information, all available evidence points to a low transmission potential. Continued monitoring of the transmission potential of A/H7N9 is critical in the coming months as intervention measures may be relaxed and seasonal factors could promote disease transmission in colder months.,��https://www.ncbi.nlm.nih.gov/pubmed/24083506ò��Chowell, Gerardo
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vesicular stomatitis virus���NovË��Nipah virus (NiV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The NiV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid that is the substrate used by the polymerase for transcription and replication. The polymerase is recruited onto the nucleocapsid via its cofactor, the phosphoprotein (P). The NiV P protein has a modular organization, with alternating disordered and ordered domains. Among these latter, is the P multimerization domain (PMD) that was predicted to adopt a coiled-coil conformation. Using both biochemical and biophysical approaches, we show that NiV PMD forms a highly stable and elongated coiled-coil trimer, a finding in striking contrast with respect to the PMDs of Paramyxoviridae members investigated so far that were all found to tetramerize. The present results therefore represent the first report of a paramyxoviral P protein forming trimers.,��https://www.ncbi.nlm.nih.gov/pubmed/24074578¼��Blocquel, David
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Viral Envelope Proteins/genetics/*metabolism���Decã��Serological screening and detection of genomic RNA indicates that members of the genus Henipavirus are present not only in Southeast Asia but also in African fruit bats. We demonstrate that the surface glycoproteins F and G of an African henipavirus (M74) induce syncytium formation in a kidney cell line derived from an African fruit bat, Hypsignathus monstrosus. Despite a less broad cell tropism, the M74 glycoproteins show functional similarities to glycoproteins of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/24067951C��Kruger, Nadine
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Vaccines
Zoonotic diseases���Nov 4���This review focuses on the immunization of animals as a means of preventing human diseases (zoonoses). Three frameworks for the use of vaccines in this context are described, and examples are provided of successes and failures. Framework I vaccines are used for protection of humans and economically valuable animals, where neither plays a role in the transmission cycle. The benefit of collaborations between animal health and human health industries and regulators in developing such products is discussed, and one example (West Nile vaccine) of a single product developed for use in animals and humans is described. Framework II vaccines are indicated for domesticated animals as a means of preventing disease in both animals and humans. The agents of concern are transmitted directly or indirectly (e.g. via arthropod vectors) from animals to humans. A number of examples of the use of Framework II vaccines are provided, e.g. against brucellosis, Escherichia coli O157, rabies, Rift Valley fever, Venezuelan equine encephalitis, and Hendra virus. Framework III vaccines are used to immunize wild animals as a means of preventing transmission of disease agents to humans and domesticated animals. Examples are reservoir-targeted, oral bait rabies, Mycobacterium bovis and Lyme disease vaccines. Given the speed and lost cost of veterinary vaccine development, some interventions based on the immunization of animals could lead to rapid and relatively inexpensive advances in public health. Opportunities for vaccine-based approaches to preventing zoonotic and emerging diseases that integrate veterinary and human medicine (the One Health paradigm) are emphasized.,��https://www.ncbi.nlm.nih.gov/pubmed/24060567���Monath, Thomas P
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Zoonosis���Nov 29é��The Henipavirus genus represents a group of paramyxoviruses that are some of the deadliest of known human and veterinary pathogens. Hendra and Nipah viruses are zoonotic pathogens that can cause respiratory and encephalitic illness in humans with mortality rates that exceed 70%. Over the past several years, we have seen an increase in the number of cases and an altered clinical presentation of Hendra virus in naturally infected horses. Recent increase in the number of cases has also been reported with human Nipah virus infections in Bangladesh. These factors, along with the recent discovery of henipa and henipa-like viruses in Africa, Asia and South and Central America adds, a truly global perspective to this group of emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/23993256¥��Croser, Emma L
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vaccines���AugÍ��DESIGN: A cross-sectional study of private veterinarians providing equine services in Queensland. RESULTS: The study revealed that a majority of veterinarians would support the introduction of a Hendra virus (HeV) vaccine. Moreover, almost half of the respondents intended to make vaccination a prerequisite to horse patient presentation. However, participants also responded that a vaccine would not reduce the risk sufficiently to cease or downgrade their HeV management plan and infection control measures. CONCLUSION: When devising promoting and marketing campaigns, government agencies and manufacturers should consider private veterinarians' intentions as a significant driver for the uptake of the HeV vaccine.,��https://www.ncbi.nlm.nih.gov/pubmed/23889099���Mendez, D
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qualitative research���Augæ��OBJECTIVE: To identify the perceived barriers to Hendra virus (HeV) management by private equine veterinarians in Queensland. DESIGN: An exploratory qualitative study of private equine veterinarians registered and working in coastal Queensland. METHODS: A questionnaire that included eight open-ended questions about the management of HeV was used in face-to-face in-depth interviews with 21 veterinary personnel working in equine or mixed private practice between Far North and South-East Queensland in 2009-10. The qualitative data was entered and analysed thematically using QSR's International's Nvivo 9 qualitative data analysis software. RESULTS: This study revealed key issues associated with HeV testing: (1) inadequate knowledge of testing procedures and laboratory diagnostic pathways; (2) difficulty in accessing laboratory services; (3) responsibility for cost of collection and transport of specimen; and (4) the role of government. Participants perceived these issues as reducing potential HeV case management efficiency. CONCLUSION: Although HeV management plans have been modified in part since 2009-10, this study highlights the importance of considering the perspectives of private veterinary practitioners in any biosecurity protocols.,��https://www.ncbi.nlm.nih.gov/pubmed/23889098���Mendez, D
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Male���Old World frugivorous bats have been identified as natural hosts for emerging zoonotic viruses of significant public health concern, including henipaviruses (Nipah and Hendra virus), Ebola virus, and Marburg virus. Epidemiological studies of these viruses in bats often utilize serology to describe viral dynamics, with particular attention paid to juveniles, whose birth increases the overall susceptibility of the population to a viral outbreak once maternal immunity wanes. However, little is understood about bat immunology, including the duration of maternal antibodies in neonates. Understanding duration of maternally derived immunity is critical for characterizing viral dynamics in bat populations, which may help assess the risk of spillover to humans. We conducted two separate studies of pregnant Pteropus bat species and their offspring to measure the half-life and duration of antibodies to 1) canine distemper virus antigen in vaccinated captive Pteropus hypomelanus; and 2) Hendra virus in wild-caught, naturally infected Pteropus alecto. Both of these pteropid bat species are known reservoirs for henipaviruses. We found that in both species, antibodies were transferred from dam to pup. In P. hypomelanus pups, titers against CDV waned over a mean period of 228.6 days (95% CI: 185.4-271.8) and had a mean terminal phase half-life of 96.0 days (CI 95%: 30.7-299.7). In P. alecto pups, antibodies waned over 255.13 days (95% CI: 221.0-289.3) and had a mean terminal phase half-life of 52.24 days (CI 95%: 33.76-80.83). Each species showed a duration of transferred maternal immunity of between 7.5 and 8.5 months, which was longer than has been previously estimated. These data will allow for more accurate interpretation of age-related Henipavirus serological data collected from wild pteropid bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23826322ê��Epstein, Jonathan H
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lymphocytic choriomeningitis virus���Jun¥��During outbreaks of infectious diseases or in cases of severely ill patients, it is imperative to identify the causative agent. This report describes several events in which virus isolation and identification by electron microscopy were critical to initial recognition of the etiologic agent, which was further analyzed by additional laboratory diagnostic assays. Examples include severe acute respiratory syndrome coronavirus, and Nipah, lymphocytic choriomeningitis, West Nile, Cache Valley, and Heartland viruses. These cases illustrate the importance of the techniques of cell culture and electron microscopy in pathogen identification and recognition of emerging diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/23731788���Goldsmith, Cynthia S
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Venous Thrombosis/etiology/*prevention & control���Aug 10���BACKGROUND: Venous thromboembolism is a common, potentially avoidable cause of death and morbidity in patients in hospital, including those with stroke. In surgical patients, intermittent pneumatic compression (IPC) reduces the risk of deep vein thrombosis (DVT), but no reliable evidence exists about its effectiveness in patients who have had a stroke. We assessed the effectiveness of IPC to reduce the risk of DVT in patients who have had a stroke. METHODS: The CLOTS 3 trial is a multicentre parallel group randomised trial assessing IPC in immobile patients (ie, who cannot walk to the toilet without the help of another person) with acute stroke. We enrolled patients from day 0 to day 3 of admission and allocated them via a central randomisation system (ratio 1:1) to receive either IPC or no IPC. A technician who was masked to treatment allocation did a compression duplex ultrasound (CDU) of both legs at 7-10 days and, wherever practical, at 25-30 days after enrolment. Caregivers and patients were not masked to treatment assignment. Patients were followed up for 6 months to determine survival and later symptomatic venous thromboembolism. The primary outcome was a DVT in the proximal veins detected on a screening CDU or any symptomatic DVT in the proximal veins, confirmed on imaging, within 30 days of randomisation. Patients were analysed according to their treatment allocation. TRIAL REGISTRATION: ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, 2876 patients were enrolled in 94 centres in the UK. The included patients were broadly representative of immobile stroke patients admitted to hospital and had a median age of 76 years (IQR 67-84). The primary outcome occurred in 122 (8.5%) of 1438 patients allocated IPC and 174 (12.1%) of 1438 patients allocated no IPC; an absolute reduction in risk of 3.6% (95% CI 1.4-5.8). Excluding the 323 patients who died before any primary outcome and 41 without any screening CDU, the adjusted OR for the comparison of 122 of 1267 patients vs 174 of 1245 patients was 0.65 (95% CI 0.51-0.84; p=0.001). Deaths in the treatment period occurred in 156 (11%) patients allocated IPC and 189 (13%) patients allocated no IPC died within the 30 days of treatment period (p=0.057); skin breaks on the legs were reported in 44 (3%) patients allocated IPC and in 20 (1%) patients allocated no IPC (p=0.002); falls with injury were reported in 33 (2%) patients in the IPC group and in 24 (2%) patients in the no-IPC group (p=0.221). INTERPRETATION: IPC is an effective method of reducing the risk of DVT and possibly improving survival in a wide variety of patients who are immobile after stroke. FUNDING: National Institute of Health Research (NIHR) Health Technology Assessment (HTA) programme, UK; Chief Scientist Office of Scottish Government; Covidien (MA, USA).,��https://www.ncbi.nlm.nih.gov/pubmed/23727163Ò��(Clots in Legs Or sTockings after Stroke)
Dennis, M
Sandercock, P
Reid, J
Graham, C
Forbes, J
Murray, G
eng
CZG/2/378/Chief Scientist Office/United Kingdom
G0800803/Medical Research Council/United Kingdom
CZH/4/417/Chief Scientist Office/United Kingdom
Comparative Study
Multicenter Study
Randomized Controlled Trial
Research Support, Non-U.S. Gov't
England
2013/06/04 06:00
Lancet. 2013 Aug 10;382(9891):516-24. doi: 10.1016/S0140-6736(13)61050-8. Epub 2013 May 31.*��1474-547X (Electronic)
0140-6736 (Linking)���23727163���10.1016/S0140-6736(13)61050-8��ô��üÒtÿî?É���)��Witting, S. R.
Vallanda, P.
Gamble, A. L.���2013���Characterization of a third generation lentiviral vector pseudotyped with Nipah virus envelope proteins for endothelial cell transduction���997-1005	��Gene Ther���20���10A��Animals
Cells, Cultured
Endothelial Cells/*metabolism
Genetic Therapy/*methods
*Genetic Vectors
HEK293 Cells
Human Umbilical Vein Endothelial Cells
Humans
Lentivirus/classification/*genetics
Mice
Molecular Typing
Nipah Virus/*genetics/metabolism
Transduction, Genetic/*methods
Viral Envelope Proteins/*genetics/metabolism���OctÌ��Lentiviruses are becoming progressively more popular as gene therapy vectors due to their ability to integrate into quiescent cells and recent clinical trial successes. Directing these vectors to specific cell types and limiting off-target transduction in vivo remains a challenge. Replacing the viral envelope proteins responsible for cellular binding, or pseudotyping, remains a common method to improve lentiviral targeting. Here, we describe the development of a high titer, third generation lentiviral vector pseudotyped with Nipah virus fusion protein (NiV-F) and attachment protein (NiV-G). Critical to high titers was truncation of the cytoplasmic domains of both NiV-F and NiV-G. As known targets of wild-type Nipah virus, primary endothelial cells are shown to be effectively transduced by the Nipah pseudotype. In contrast, human CD34+ hematopoietic progenitors were not significantly transduced. Additionally, the Nipah pseudotype has increased stability in human serum compared with vesicular stomatitis virus pseudotyped lentivirus. These findings suggest that the use of Nipah virus envelope proteins in third generation lentiviral vectors would be a valuable tool for gene delivery targeted to endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/23698741ö��Witting, S R
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Viral Load/genetics/immunology`��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus that causes fatal disease in a wide range of species, including humans. HeV was first described in Australia in 1994, and has continued to re-emerge with increasing frequency. HeV is of significant concern to human health due to its high mortality rate, increasing emergence, absence of vaccines and limited post exposure therapies. Here we investigate the use of RNA interference (RNAi) based therapeutics targeting HeV in conjunction with the TLR3 agonist Poly I:C and show that they are potent inhibitors of HeV infection in vitro. We found that short interfering RNAs (siRNAs) targeting the abundantly expressed N, P and M genes of HeV caused over 95% reduction of HeV virus titre, protein and mRNA. Furthermore, we found that the combination of HeV targeting siRNA and Poly I:C had an additive effect in suppressing HeV infection. Our results demonstrate for the first time that RNAi and type I interferon stimulation are effective inhibitors of HeV replication in vitro and may provide an effective therapy for this highly lethal, zoonotic pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/23691205ç��McCaskill, Jana L
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Swine Diseases/diagnosis/virology���Hendra virus (HeV) and Nipah virus (NiV) are the causative agents of emerging transboundary animal disease in pigs and horses. They also cause fatal disease in humans. NiV has a case fatality rate of 40 - 100%. In the initial NiV outbreak in Malaysia in 1999, about 1.1 million pigs had to be culled. The economic impact was estimated to be approximately US$450 million. Worldwide, HeV has caused more than 60 deaths in horses with 7 human cases and 4 deaths. Since the initial outbreak, HeV spillovers from Pteropus bats to horses and humans continue. This article presents a brief review on the currently available diagnostic methods for henipavirus infections, including advances achieved since the initial outbreak, and a gap analysis of areas needing improvement.,��https://www.ncbi.nlm.nih.gov/pubmed/23689891���Tamin, A
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ZoonosesÌ��Hendra virus and Nipah virus are viral zoonoses first recognized in the mid and late 1990's and are now categorized as the type species of the genus Henipavirus within the family Paramyxoviridae. Their broad species tropism together with their capacity to cause severe and often fatal disease in both humans and animals make Hendra and Nipah "overlap agents" and significant biosecurity threats. The development of effective vaccination strategies to prevent or treat henipavirus infection and disease has been an important area of research. Here, henipavirus active and passive vaccination strategies that have been examined in animal challenge models of Hendra and Nipah virus disease are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/23689890Ô��Broder, C C
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Sensitivity and Specificity
*Spectrometry, Mass, Electrospray Ionization���Junì��Molecular bioforensic research is dependent on rapid and sensitive methods such as real-time PCR (qPCR) for the identification of microorganisms. The use of synthetic positive control templates containing small modifications outside the primer and probe regions is essential to ensure all aspects of the assay are functioning properly, including the primers and probes. However, a typical qPCR or reverse transcriptase qPCR (qRT-PCR) assay is limited in differentiating products generated from positive controls and biological samples because the fluorescent probe signals generated from each type of amplicon are indistinguishable. Additional methods used to differentiate amplicons, including melt curves, secondary probes, and amplicon sequencing, require significant time to implement and validate and present technical challenges that limit their use for microbial forensic applications. To solve this problem, we have developed a novel application of electrospray ionization mass spectrometry (ESI-MS) to rapidly differentiate qPCR amplicons generated with positive biological samples from those generated with synthetic positive controls. The method has sensitivity equivalent to qPCR and supports the confident and timely determination of the presence of a biothreat agent that is crucial for policymakers and law enforcement. Additionally, it eliminates the need for time-consuming methods to confirm qPCR results, including development and validation of secondary probes or sequencing of small amplicons. In this study, we demonstrate the effectiveness of this approach with microbial forensic qPCR assays targeting multiple biodefense agents (bacterial, viral, and toxin) for the ability to rapidly discriminate between a positive control and a positive sample.,��https://www.ncbi.nlm.nih.gov/pubmed/23675878&��Motley, S Timothy
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Sensitivity and Specificity���OctÞ��A specific and sensitive two-step TaqMan real-time PCR has been developed for rapid diagnosis of caprine arthritis-encephalitis virus (CAEV) infection by using a set of specific primers and a TaqMan probe targeting a highly conserved region within the gene encoding the viral capsid protein (CA). The assay successfully detected CAEV proviral DNA in total DNA extracts originating from cell culture, whole blood samples and isolated PBMCs, with a lower detection limit of 10(2) copies and a linear dynamic range of 10(5) to 10(10) copies/ml. There was no cross-reaction with other animal viruses (e.g., goat pox virus, bovine leukemia virus, bovine mucosal disease virus, swine influenza virus and Nipah virus). When applied in parallel with serological AGID and conventional PCR for detection of CAEV in field samples, this assay exhibited a higher sensitivity than these traditional methods, and 7.8 % of the 308 specimens collected in the Shanxi and Tianjin regions of China from 1993 to 2011 were found to be positive. Thus, the TaqMan qPCR assay provides a fast, specific and sensitive means for detecting CAEV proviral DNA in goat specimens and should be useful for large-scale detection in eradication programs and epidemiological studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23670072ß��Li, Yi
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*Nipah Virus/genetics/immunologyE��Nipah virus (NiV) (Genus Henipavirus) is a recently emerged zoonotic virus that causes severe disease in humans and has been found in bats of the genus Pteropus. Whilst NiV has not been detected in Australia, evidence for NiV-infection has been found in pteropid bats in some of Australia's closest neighbours. The aim of this study was to determine the occurrence of henipaviruses in fruit bat (Family Pteropodidae) populations to the north of Australia. In particular we tested the hypothesis that Nipah virus is restricted to west of Wallace's Line. Fruit bats from Australia, Papua New Guinea, East Timor and Indonesia were tested for the presence of antibodies to Hendra virus (HeV) and Nipah virus, and tested for the presence of HeV, NiV or henipavirus RNA by PCR. Evidence was found for the presence of Nipah virus in both Pteropus vampyrus and Rousettus amplexicaudatus populations from East Timor. Serology and PCR also suggested the presence of a henipavirus that was neither HeV nor NiV in Pteropus alecto and Acerodon celebensis. The results demonstrate the presence of NiV in the fruit bat populations on the eastern side of Wallace's Line and within 500 km of Australia. They indicate the presence of non-NiV, non-HeV henipaviruses in fruit bat populations of Sulawesi and Sumba and possibly in Papua New Guinea. It appears that NiV is present where P. vampyrus occurs, such as in the fruit bat populations of Timor, but where this bat species is absent other henipaviruses may be present, as on Sulawesi and Sumba. Evidence was obtained for the presence henipaviruses in the non-Pteropid species R. amplexicaudatus and in A. celebensis. The findings of this work fill some gaps in knowledge in geographical and species distribution of henipaviruses in Australasia which will contribute to planning of risk management and surveillance activities.,��https://www.ncbi.nlm.nih.gov/pubmed/23637812=��Breed, Andrew C
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Virus Internalization���Apr 17w��Hendra virus (HeV) and Nipah virus (NiV) are emerging zoonotic viruses that cause severe and often lethal respiratory illness and encephalitis in humans. Henipaviruses can infect a wide range of species and human-to-human transmission has been observed for NiV. While the exact route of transmission in humans is not known, experimental infection in different animal species suggests that infection can be efficiently initiated after respiratory challenge. The limited data on histopathological changes in fatal human cases of HeV and NiV suggest that endothelial cells are an important target during the terminal stage of infection; however, it is unknown where these viruses initially establish infection and how the virus disseminates from the respiratory tract to the central nervous system and other organs. Here we review the current concepts in henipavirus pathogenesis in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23592639���Escaffre, Olivier
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West Nile virus/immunology/isolation & purification���Jun;��PURPOSE OF REVIEW: This review highlights research and development in the field of emerging viral causes of encephalitis over the past year. RECENT FINDINGS: There is new evidence for the presence of henipaviruses in African bats. There have also been promising advances in vaccine and neutralizing antibody research against Hendra and Nipah viruses. West Nile virus continues to cause large outbreaks in the United States, and long-term sequelae of the virus are increasingly appreciated. There is exciting new research regarding the variable susceptibility of different brain regions to neurotropic virus infection. Another cluster of solid organ transplant recipients developed encephalitis from organ donor-acquired lymphocytic choriomeningitis virus. The global epidemiology of Japanese encephalitis virus has been further clarified. Evidence continues to accumulate for the central nervous system involvement of dengue virus, and the recent deadly outbreak of enterovirus 71 in Cambodian children is discussed. SUMMARY: In response to complex ecological and societal dynamics, the worldwide epidemiology of viral encephalitis continues to evolve in surprising ways. The articles highlighted here include new research on virus epidemiology and spread, new outbreaks as well as progress in the development of vaccines and therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23591683���Wilson, Michael R
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Socioeconomic Factors���Nov-DecÝ��Malnutrition in elderly people is one of the major syndromes associated to greater prevalence of chronic diseases and increased morbidity, hospital staying, and mortality. On the other hand, malnutrition in the fourth world is associated to another important risk factor, which is the poor economic status. The aim of this study was to elaborate a balanced menu for the elderly adjusting its price to the mean expense that this population dedicates to its feeding needs. Taking into account the Household expense for 2010 of the National Institute of Statistics, we established that the average price for each menu ought to be less than 5.57 euro per day. Two type menus were elaborated, both adapted to this population and to the Mediterranean diet. The economic assessment was 5.02 euro and 5.06 euro, respectively. Given the prevalence of malnutrition in this population, it is essential being able to appropriately plan their feeding needs, at both the nutritional and economic levels.,��https://www.ncbi.nlm.nih.gov/pubmed/23588465 ��San Mauro, I
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Virus Replication���Jun 20ª��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pulmonary disease and encephalitis in humans with 40-70% fatality. Interactions between NiV and the human immune system remain poorly understood. Here, we demonstrate the effects of NiV infection on DC and T cell function. Using an in vitro system, we found that NiV infects and replicates at low levels in DCs and induces the expression of TNF-alpha, IL-1alpha, IL-1beta, IL-8, and IP-10. NiV infection activates DCs, and upregulates the expression of CD40, CD80, and CD86. Also have reduced levels of bcl2 and high levels of active caspase 3, suggesting the induction of apoptosis. DCs infected by NiV are unable to efficiently prime CD4 and CD8 T cells, but instead induce apoptosis in T cells. Interestingly, DCs treated with inactivated NiV also show signs of apoptosis. These findings indicate that NiV infected DCs could play an important role in NiV pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/23587249¢��Gupta, Manisha
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Virus Diseases/*drug therapy/immunology/*prevention & control���Apr���More than 40 monoclonal antibodies (mAbs) have been approved for a number of disease indications with only one of these (Synagis) - for a viral disease, and not for therapy but for prevention. However, in the last decade novel potent mAbs have been discovered and characterized with potential as therapeutics against viruses of major importance for public health and biosecurity including Hendra virus (HeV), Nipah virus (NiV), severe acute respiratory syndrome coronavirus (SARS-CoV), Ebola virus (EBOV), West Nile virus (WNV), influenza virus (IFV) and human immunodeficiency virus type 1 (HIV-1). Here, we review such mAbs with an emphasis on antibodies of human origin, and highlight recent results as well as technologies and mechanisms related to their potential as therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23575729P��Zhu, Zhongyu
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*Virus Internalizationq��Mannose-binding lectin (MBL) is a key soluble effector of the innate immune system that recognizes pathogen-specific surface glycans. Surprisingly, low-producing MBL genetic variants that may predispose children and immunocompromised individuals to infectious diseases are more common than would be expected in human populations. Since certain immune defense molecules, such as immunoglobulins, can be exploited by invasive pathogens, we hypothesized that MBL might also enhance infections in some circumstances. Consequently, the low and intermediate MBL levels commonly found in human populations might be the result of balancing selection. Using model infection systems with pseudotyped and authentic glycosylated viruses, we demonstrated that MBL indeed enhances infection of Ebola, Hendra, Nipah and West Nile viruses in low complement conditions. Mechanistic studies with Ebola virus (EBOV) glycoprotein pseudotyped lentiviruses confirmed that MBL binds to N-linked glycan epitopes on viral surfaces in a specific manner via the MBL carbohydrate recognition domain, which is necessary for enhanced infection. MBL mediates lipid-raft-dependent macropinocytosis of EBOV via a pathway that appears to require less actin or early endosomal processing compared with the filovirus canonical endocytic pathway. Using a validated RNA interference screen, we identified C1QBP (gC1qR) as a candidate surface receptor that mediates MBL-dependent enhancement of EBOV infection. We also identified dectin-2 (CLEC6A) as a potentially novel candidate attachment factor for EBOV. Our findings support the concept of an innate immune haplotype that represents critical interactions between MBL and complement component C4 genes and that may modify susceptibility or resistance to certain glycosylated pathogens. Therefore, higher levels of native or exogenous MBL could be deleterious in the setting of relative hypocomplementemia which can occur genetically or because of immunodepletion during active infections. Our findings confirm our hypothesis that the pressure of infectious diseases may have contributed in part to evolutionary selection of MBL mutant haplotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/23573288���Brudner, Matthew
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Zoonoses/transmission/virology���Aprõ��Hendra virus, a member of the family Paramyxoviridae, was first recognized following a devastating outbreak in Queensland, Australia, in 1994. The naturally acquired symptomatic infection, characterized by a rapidly progressive illness involving the respiratory system and/or CNS, has so far only been recognized in horses and humans. However, there is potential for other species to be infected, with significant consequences for animal and human health. Prevention of infection involves efforts to interrupt the bat-to-horse and horse-to-human transmission interfaces. Education and infection-control efforts remain the key to reducing risk of transmission, particularly as no effective antiviral treatment is currently available. The recent release of an equine Hendra G glycoprotein subunit vaccine is an exciting advance that offers the opportunity to curb the recent increase in equine transmission events occurring in endemic coastal regions of Australia and thereby reduce the risk of infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23534359���Hazelton, Briony
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Virulence���Mar 25¾��BACKGROUND: Hendra virus (HeV) is an Australian bat-borne zoonotic paramyxovirus that repeatedly spills-over to horses causing fatal disease. Human cases have all been associated with close contact with infected horses. METHODS: A full-length antigenome clone of HeV was assembled, a reporter gene (GFP or luciferase) inserted between the P and M genes and transfected to 293T cells to generate infectious reporter gene-encoding recombinant viruses. These viruses were then assessed in vitro for expression of the reporter genes. The GFP expressing recombinant HeV was used to challenge ferrets to assess the virulence and tissue distribution by monitoring GFP expression in infected cells. RESULTS: Three recombinant HeV constructs were successfully cloned and rescued; a wild-type virus, a GFP-expressing virus and a firefly luciferase-expressing virus. In vitro characterisation demonstrated expression of the reporter genes, with levels proportional to the initial inoculum levels. Challenge of ferrets with the GFP virus demonstrated maintenance of the fatal phenotype with disease progressing to death consistent with that observed previously with the parental wild-type isolate of HeV. GFP expression could be observed in infected tissues collected from animals at euthanasia. CONCLUSIONS: Here, we report on the first successful rescue of recombinant HeV, including wild-type virus and viruses expressing two different reporter genes encoded as an additional gene cassette inserted between the P and M genes. We further demonstrate that the GFP virus retained the ability to cause fatal disease in a well-characterized ferret model of henipavirus infection despite the genome being an extra 1290 nucleotides in length.,��https://www.ncbi.nlm.nih.gov/pubmed/23521919���Marsh, Glenn A
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Virus Replication%��Nipah virus (NiV) is a member of the genus Henipavirus, which emerged in Malaysia in 1998. In pigs, infection resulted in a predominantly non-lethal respiratory disease; however, infection in humans resulted in over 100 deaths. Nipah virus has continued to re-emerge in Bangladesh and India, and person-to-person transmission appeared in the outbreak. Although a number of NiV vaccine studies have been reported, there are currently no vaccines or treatments licensed for human use. In this study, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins (rMV-HL-G and rMV-Ed-G). Vaccinated hamsters were completely protected against NiV challenge, while the mortality of unvaccinated control hamsters was 90%. We trialed our vaccine in a non-human primate model, African green monkeys. Upon intraperitoneal infection with NiV, monkeys showed several clinical signs of disease including severe depression, reduced ability to move and decreased food ingestion and died at 7 days post infection (dpi). Intranasal and oral inoculation induced similar clinical illness in monkeys, evident around 9 dpi, and resulted in a moribund stage around 14 dpi. Two monkeys immunized subcutaneously with rMV-Ed-G showed no clinical illness prior to euthanasia after challenge with NiV. Viral RNA was not detected in any organ samples collected from vaccinated monkeys, and no pathological changes were found upon histopathological examination. From our findings, we propose that rMV-NiV-G is an appropriate NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23516477���Yoneda, Misako
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RNA, Messenger/genetics/metabolism���Junå��Nipah virus (NiV) is a nonsegmented, single-stranded, negative-sense RNA virus belonging to the genus Henipavirus, family Paramyxoviridae. NiV causes acute encephalitis and respiratory disease in humans, is associated with high mortality, and poses a threat in southern Asia. The genomes of henipaviruses are about 18,246 nucleotides (nt) long, which is longer than those of other paramyxoviruses (around 15,384 nt). This difference is caused by the noncoding RNA region, particularly the 3' untranslated region (UTR), which occupies more than half of the noncoding RNA region. To determine the function(s) of the NiV noncoding RNA region, we investigated the effects of NiV 3' UTRs on reporter gene expression. The NiV N 3' UTR (nt 1 to 100) demonstrated strong repressor activity associated with hnRNP D protein binding to that region. Mutation of the hnRNP D binding site or knockdown of hnRNP D resulted in increased expression of the NiV N 3' UTR reporter. Our findings suggest that NiV N expression is repressed by hnRNP D through the NiV N 3' UTR and demonstrate the involvement of posttranscriptional regulation in the NiV life cycle. To the best of our knowledge, this provides the first report of the functions of the NiV noncoding RNA region.,��https://www.ncbi.nlm.nih.gov/pubmed/23514888·��Hino, Kimihiro
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Viral Envelope Proteins/analysis?��Microsphere suspension array systems enable the simultaneous fluorescent identification of multiple separate nucleotide targets in a single reaction. We have utilized commercially available oligo-tagged microspheres (Luminex MagPlex-TAG) to construct and evaluate multiplexed assays for the detection and differentiation of Hendra virus (HeV) and Nipah virus (NiV). Both these agents are bat-borne zoonotic paramyxoviruses of increasing concern for veterinary and human health. Assays were developed targeting multiple sites within the nucleoprotein (N) and phosphoprotein (P) encoding genes. The relative specificities and sensitivities of the assays were determined using reference isolates of each virus type, samples from experimentally infected horses, and archival veterinary diagnostic submissions. Results were assessed in direct comparison with an established qPCR. The microsphere array assays achieved unequivocal differentiation of HeV and NiV and the sensitivity of HeV detection was comparable to qPCR, indicating high analytical and diagnostic specificity and sensitivity.,��https://www.ncbi.nlm.nih.gov/pubmed/23509705���Foord, Adam J
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Zoonoses/*epidemiology/transmission`��BACKGROUND: Prior to emergence in human populations, zoonoses such as SARS cause occasional infections in human populations exposed to reservoir species. The risk of widespread epidemics in humans can be assessed by monitoring the reproduction number R (average number of persons infected by a human case). However, until now, estimating R required detailed outbreak investigations of human clusters, for which resources and expertise are not always available. Additionally, existing methods do not correct for important selection and under-ascertainment biases. Here, we present simple estimation methods that overcome many of these limitations. METHODS AND FINDINGS: Our approach is based on a parsimonious mathematical model of disease transmission and only requires data collected through routine surveillance and standard case investigations. We apply it to assess the transmissibility of swine-origin influenza A H3N2v-M virus in the US, Nipah virus in Malaysia and Bangladesh, and also present a non-zoonotic example (cholera in the Dominican Republic). Estimation is based on two simple summary statistics, the proportion infected by the natural reservoir among detected cases (G) and among the subset of the first detected cases in each cluster (F). If detection of a case does not affect detection of other cases from the same cluster, we find that R can be estimated by 1-G; otherwise R can be estimated by 1-F when the case detection rate is low. In more general cases, bounds on R can still be derived. CONCLUSIONS: We have developed a simple approach with limited data requirements that enables robust assessment of the risks posed by emerging zoonoses. We illustrate this by deriving transmissibility estimates for the H3N2v-M virus, an important step in evaluating the possible pandemic threat posed by this virus. Please see later in the article for the Editors' Summary.,��https://www.ncbi.nlm.nih.gov/pubmed/23472057n��Cauchemez, Simon
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Plant Extracts/chemistry���Jan 30^��Citrus plants are known to possess beneficial biological activities for human health. In addition, ethnopharmacological application of plants is a good tool to explore their bioactivities and active compounds. This research was carried out to evaluate the phenolic and flavonoid analysis, antioxidant properties, anti inflammatory and anti cancer activity of Citrus aurantium bloom. The total phenolics and flavonoids results revealed that methanolic extract contained high total phenolics and flavonoids compared to ethanolic and boiling water extracts. The obtained total phenolics value for methanolic Citrus aurantium bloom extract was 4.55 +/- 0.05 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids it was 3.83 +/- 0.05 mg rutin equivalent/g DW. In addition, the RP-HPLC analyses of phenolics and flavonoids indicated the presence of gallic acid, pyrogallol, syringic acid, caffeic acid, rutin, quercetin and naringin as bioactive compounds. The antioxidant activity of Citrus aurantium bloom were examined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the ferric reducing/antioxidant potential (FRAP). The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of Citrus aurantium bloom at a concentration of 300 mug/mL, with values of 55.3% and 51.7%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. Furthermore, the anti-inflammatory result of methanolic extract showed appreciable reduction in nitric oxide production of stimulated RAW 264.7 cells at the presence of plant extract. Apart from that, the anticancer activity of the methanolic extract was investigated in vitro against human cancer cell lines (MCF-7; MDA-MB-231), human colon adenocarcinoma (HT-29) and Chang cell as a normal human hepatocyte. The obtained result demonstrated the moderate to appreciable activities against all cell line tested and the compounds present in the extracts are non-toxic which make them suitable as potential therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23442980Õ��Karimi, Ehsan
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Zoonoses/epidemiology/*prevention & control/transmission���Aug¦��The authors discuss 'One Health' approaches for controlling newly recognised and re-emerging diseases of animal origin and contributions towards pandemic preparedness based on enhanced collaboration between Veterinary Services, Human Health Services and Environmental Services. Improved veterinary governance and cooperation with public health managers, social scientists, ecologists and many other stakeholders are important for reducing the risks of potential zoonoses--including foodborne diseases--at their source. Two case studies are presented to illustrate how One Health approaches can make a difference--Hendra disease incidents in Australia and rabies management on the African continent. This article also includes an overview of collaboration at the international level between the Food and Agriculture Organization of the United Natiorfs, the World Organisation for Animal Health, and the World Health Organization. Environmental determinants for disease emergence, anthropogenic climate change and human encroachment on shrinking wildlife habitats are considered, using highly pathogenic avian influenza A (H5N1) and Nipah virus as examples. Finally, the authors discuss the effects of livestock production on environmental change--in the light of global population growth and increasing demand for livestock and aquaculture products--with the need for future policy decisions to be based on a multidisciplinary One Health approach.,��https://www.ncbi.nlm.nih.gov/pubmed/23413734T��Landford, J
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Zoonoses���MayÄ��Bats are reservoirs for a wide range of human pathogens including Nipah, Hendra, rabies, Ebola, Marburg and severe acute respiratory syndrome coronavirus (CoV). The recent implication of a novel beta (beta)-CoV as the cause of fatal respiratory disease in the Middle East emphasizes the importance of surveillance for CoVs that have potential to move from bats into the human population. In a screen of 606 bats from 42 different species in Campeche, Chiapas and Mexico City we identified 13 distinct CoVs. Nine were alpha (alpha)-CoVs; four were beta-CoVs. Twelve were novel. Analyses of these viruses in the context of their hosts and ecological habitat indicated that host species is a strong selective driver in CoV evolution, even in allopatric populations separated by significant geographical distance; and that a single species/genus of bat can contain multiple CoVs. A beta-CoV with 96.5 % amino acid identity to the beta-CoV associated with human disease in the Middle East was found in a Nyctinomops laticaudatus bat, suggesting that efforts to identify the viral reservoir should include surveillance of the bat families Molossidae/Vespertilionidae, or the closely related Nycteridae/Emballonuridae. While it is important to investigate unknown viral diversity in bats, it is also important to remember that the majority of viruses they carry will not pose any clinical risk, and bats should not be stigmatized ubiquitously as significant threats to public health.,��https://www.ncbi.nlm.nih.gov/pubmed/23364191/��Anthony, S J
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Young Adult���Febå��Active Nipah virus encephalitis surveillance identified an encephalitis cluster and sporadic cases in Faridpur, Bangladesh, in January 2010. We identified 16 case-patients; 14 of these patients died. For 1 case-patient, the only known exposure was hugging a deceased patient with a probable case, while another case-patient's exposure involved preparing the same corpse for burial by removing oral secretions and anogenital excreta with a cloth and bare hands. Among 7 persons with confirmed sporadic cases, 6 died, including a physician who had physically examined encephalitis patients without gloves or a mask. Nipah virus-infected patients were more likely than community-based controls to report drinking raw date palm sap and to have had physical contact with an encephalitis patient (29% vs. 4%, matched odds ratio undefined). Efforts to prevent transmission should focus on reducing caregivers' exposure to infected patients' bodily secretions during care and traditional burial practices.,��https://www.ncbi.nlm.nih.gov/pubmed/23347678_��Sazzad, Hossain M S
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Virus Replication/*physiology���Apr¦��Hendra virus is a highly pathogenic zoonotic paramyxovirus in the genus Henipavirus. Thirty-nine outbreaks of Hendra virus have been reported since its initial identification in Queensland, Australia, resulting in seven human infections and four fatalities. Little is known about cellular host factors impacting Hendra virus replication. In this work, we demonstrate that Hendra virus makes use of a microRNA (miRNA) designated miR-146a, an NF-kappaB-responsive miRNA upregulated by several innate immune ligands, to favor its replication. miR-146a is elevated in the blood of ferrets and horses infected with Hendra virus and is upregulated by Hendra virus in human cells in vitro. Blocking miR-146a reduces Hendra virus replication in vitro, suggesting a role for this miRNA in Hendra virus replication. In silico analysis of miR-146a targets identified ring finger protein (RNF)11, a member of the A20 ubiquitin editing complex that negatively regulates NF-kappaB activity, as a novel component of Hendra virus replication. RNA interference-mediated silencing of RNF11 promotes Hendra virus replication in vitro, suggesting that increased NF-kappaB activity aids Hendra virus replication. Furthermore, overexpression of the IkappaB superrepressor inhibits Hendra virus replication. These studies are the first to demonstrate a host miRNA response to Hendra virus infection and suggest an important role for host miRNAs in Hendra virus disease.,��https://www.ncbi.nlm.nih.gov/pubmed/23345523®��Stewart, Cameron R
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population health���MarÑ��Nipah virus is a highly pathogenic but poorly known paramyxovirus from South and Southeast Asia. In spite of the risks that it poses to human health, the geography and ecology of its occurrence remain little understood-the virus is basically known from Bangladesh and peninsular Malaysia, and little in between. In this contribution, I use documented occurrences of the virus to develop ecological niche-based maps summarizing its likely broader occurrence-although rangewide maps could not be developed that had significant predictive abilities, reflecting minimal sample sizes available, maps within Bangladesh were quite successful in identifying areas in which the virus is predictably present and likely transmitted.,��https://www.ncbi.nlm.nih.gov/pubmed/23343646���Peterson, A Townsend
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Virus CultivationÇ��Nipah virus is a zoonotic pathogen that causes severe disease in humans. The mechanisms of pathogenesis are not well described. The first Nipah virus outbreak occurred in Malaysia, where human disease had a strong neurological component. Subsequent outbreaks have occurred in Bangladesh and India and transmission and disease processes in these outbreaks appear to be different from those of the Malaysian outbreak. Until this point, virtually all Nipah virus studies in vitro and in vivo, including vaccine and pathogenesis studies, have utilized a virus isolate from the original Malaysian outbreak (NiV-M). To investigate potential differences between NiV-M and a Nipah virus isolate from Bangladesh (NiV-B), we compared NiV-M and NiV-B infection in vitro and in vivo. In hamster kidney cells, NiV-M-infection resulted in extensive syncytia formation and cytopathic effects, whereas NiV-B-infection resulted in little to no morphological changes. In vivo, NiV-M-infected Syrian hamsters had accelerated virus replication, pathology and death when compared to NiV-B-infected animals. NiV-M infection also resulted in the activation of host immune response genes at an earlier time point. Pathogenicity was not only a result of direct effects of virus replication, but likely also had an immunopathogenic component. The differences observed between NiV-M and NiV-B pathogeneis in hamsters may relate to differences observed in human cases. Characterization of the hamster model for NiV-B infection allows for further research of the strain of Nipah virus responsible for the more recent outbreaks in humans. This model can be used to study NiV-B pathogenesis, transmission, and countermeasures that could be used to control outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/23342177���DeBuysscher, Blair L
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Viral Proteins/*metabolism���The capacity of a virus to cross species barriers is determined by the development of bona fide interactions with cellular components of new hosts, and in particular its ability to block IFN-alpha/beta antiviral signaling. Tioman virus (TioV), a close relative of mumps virus (MuV), has been isolated in giant fruit bats in Southeast Asia. Nipah and Hendra viruses, which are present in the same bat colonies, are highly pathogenic in human. Despite serological evidences of close contacts between TioV and human populations, whether TioV is associated to some human pathology remains undetermined. Here we show that in contrast to the V protein of MuV, the V protein of TioV (TioV-V) hardly interacts with human STAT2, does not degrade STAT1, and cannot block IFN-alpha/beta signaling in human cells. In contrast, TioV-V properly binds to human STAT3 and MDA5, and thus interferes with IL-6 signaling and IFN-beta promoter induction in human cells. Because STAT2 binding was previously identified as a host restriction factor for some Paramyxoviridae, we established STAT2 sequence from giant fruit bats, and binding to TioV-V was tested. Surprisingly, TioV-V interaction with STAT2 from giant fruit bats is also extremely weak and barely detectable. Altogether, our observations question the capacity of TioV to appropriately control IFN-alpha/beta signaling in both human and giant fruit bats that are considered as its natural host.,��https://www.ncbi.nlm.nih.gov/pubmed/23342031-��Caignard, Gregory
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Vaccination/methods���Jul�
�INTRODUCTION: Bioterrorism is a terrorist action involving the intentional release or dissemination of a biological warfare agent (BWA), which includes some bacteria, viruses, rickettsiae, fungi or biological toxins. BWA is a naturally occurring or human-modified form that may kill or incapacitate humans, animals or plants as an act of war or terrorism. BWA is a weapon of choice for mass destruction and terrorism, because of the incubation period, less effective amount than chemical warfare agents, easily distribution, odorless, colorless, difficult to detect, no need of specialized equipment for production and naturally distribution which can easily be obtained. BWA may be disseminating as an aerosol, spray, explosive device, and by food or water. CLASSIFICATION: Based on the risk for human health, BWAs have been prioritized into three categories of A, B and C. Category A includes microorganisms or toxins that easily spread, leading to intoxication with high death rates such as Anthrax, Botulism, Plague, Smallpox, Tularemia and Viral hemorrhagic fevers. Category B has lower toxicity with wider range, including Staphylococcal Entrotoxin type B (SEB), Epsilon toxin of Clostridium perfringens, Ricin, Saxotoxins, Abrin and Trichothecene mycotoxins. The C category includes emerging pathogens that could also be engineered for mass spread such as Hanta viruses, multidrug-resistant tuberculosis, Nipah virus, the tick-borne encephalitis viruses, hemorrhagic fever viruses and yellow fever. CLINICAL MANIFESTATIONS OF BIOTOXINS IN HUMAN: Clinical features and severity of intoxication depend on the agent and exposed dose, route of entry, individual variation and environmental factors. Onset of symptoms varies from 2-24 h in Ricin to 24-96 h in Botulism. Clinical manifestations also vary from irritation of the eyes, skin and mucus membranes in T2 toxin to an acute flaccid paralysis of bilateral cranial nerve impairment of descending manner in botulism. Most of the pyrogenic toxins such as SEB produce the same signs and symptoms as toxic shock syndrome including a rapid drop in blood pressure, elevated temperature, and multiple organ failure. MANAGEMENT: There is no specific antidote or effective treatment for most of the biotoxins. The clinical management is thus more supportive and symptomatic. Fortunately vaccines are now available for most of BWA. Therefore, immunization of personnel at risk of exposure is recommended. CONCLUSION: Biotoxins are very wide and bioterrorism is a heath and security threat that may induce national and international problems. Therefore, the security authorities, health professional and even public should be aware of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23339855¢��Balali-Mood, Mahdi
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Respiratory Mucosa/cytology/virology���Mar.��Hendra virus (HeV) and Nipah virus (NiV) are deadly zoonotic viruses for which no vaccines or therapeutics are licensed for human use. Henipavirus infection causes severe respiratory illness and encephalitis. Although the exact route of transmission in human is unknown, epidemiological studies and in vivo studies suggest that the respiratory tract is important for virus replication. However, the target cells in the respiratory tract are unknown, as are the mechanisms by which henipaviruses can cause disease. In this study, we characterized henipavirus pathogenesis using primary cells derived from the human respiratory tract. The growth kinetics of NiV-Malaysia, NiV-Bangladesh, and HeV were determined in bronchial/tracheal epithelial cells (NHBE) and small airway epithelial cells (SAEC). In addition, host responses to infection were assessed by gene expression analysis and immunoassays. Viruses replicated efficiently in both cell types and induced large syncytia. The host response to henipavirus infection in NHBE and SAEC highlighted a difference in the inflammatory response between HeV and NiV strains as well as intrinsic differences in the ability to mount an inflammatory response between NHBE and SAEC. These responses were highest during HeV infection in SAEC, as characterized by the levels of key cytokines (interleukin 6 [IL-6], IL-8, IL-1alpha, monocyte chemoattractant protein 1 [MCP-1], and colony-stimulating factors) responsible for immune cell recruitment. Finally, we identified virus strain-dependent variability in type I interferon antagonism in NHBE and SAEC: NiV-Malaysia counteracted this pathway more efficiently than NiV-Bangladesh and HeV. These results provide crucial new information in the understanding of henipavirus pathogenesis in the human respiratory tract at an early stage of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23302882ù��Escaffre, Olivier
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Zoonoses/*virology���Apr���Public discourses have influence on policymaking for emerging health issues. Media representations of unfolding events, scientific uncertainty, and real and perceived risks shape public acceptance of health policy and therefore policy outcomes. To characterize and track views in popular circulation on the causes, consequences and appropriate policy responses to the emergence of Hendra virus as a zoonotic risk, this study examines coverage of this issue in Australian mass media for the period 2007-2011. Results demonstrate the predominant explanation for the emergence of Hendra became the encroachment of flying fox populations on human settlement. Depictions of scientific uncertainty as to whom and what was at risk from Hendra virus promoted the view that flying foxes were a direct risk to human health. Descriptions of the best strategy to address Hendra have become polarized between recognized health authorities advocating individualized behaviour changes to limit risk exposure; versus populist calls for flying fox control and eradication. Less than a quarter of news reports describe the ecological determinants of emerging infectious disease or upstream policy solutions. Because flying foxes rather than horses were increasingly represented as the proximal source of human infection, existing policies of flying fox protection became equated with government inaction; the plight of those affected by flying foxes representative of a moral failure. These findings illustrate the potential for health communications for emerging infectious disease risks to become entangled in other political agendas, with implications for the public's likelihood of supporting public policy and risk management strategies that require behavioural change or seek to address the ecological drivers of incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/23294874´��Degeling, Chris
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*Virus Internalization���Mary��The promotion of membrane fusion by most paramyxoviruses requires an interaction between the viral attachment and fusion (F) proteins to enable receptor binding by the former to trigger the activation of the latter for fusion. Numerous studies demonstrate that the F-interactive sites on the Newcastle disease virus (NDV) hemagglutinin-neuraminidase (HN) and measles virus (MV) hemagglutinin (H) proteins reside entirely within the stalk regions of those proteins. Indeed, stalk residues of NDV HN and MV H that likely mediate the F interaction have been identified. However, despite extensive efforts, the F-interactive site(s) on the Nipah virus (NiV) G attachment glycoprotein has not been identified. In this study, we have introduced individual N-linked glycosylation sites at several positions spaced at intervals along the stalk of the NiV G protein. Five of the seven introduced sites are utilized as established by a retardation of electrophoretic mobility. Despite surface expression, ephrinB2 binding, and oligomerization comparable to those of the wild-type protein, four of the five added N-glycans completely eliminate the ability of the G protein to complement the homologous F protein in the promotion of fusion. The most membrane-proximal added N-glycan reduces fusion by 80%. However, unlike similar NDV HN and MV H mutants, the NiV G glycosylation stalk mutants retain the ability to bind F, indicating that the fusion deficiency of these mutants is not due to prevention of the G-F interaction. These findings suggest that the G-F interaction is not mediated entirely by the stalk domain of G and may be more complex than that of HN/H-F.,��https://www.ncbi.nlm.nih.gov/pubmed/23283956¸��Zhu, Qiyun
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*Virus Attachment���Mar���Conformational changes in the glycoproteins of enveloped viruses are critical for membrane fusion, which enables viral entry into cells and the pathological cell-cell fusion (syncytia) associated with some viral infections. However, technological capabilities for identifying viral glycoproteins and their conformational changes on actual enveloped virus surfaces are generally scarce, challenging, and time-consuming. Our model, Nipah virus (NiV), is a syncytium-forming biosafety level 4 pathogen with a high mortality rate (40 to 75%) in humans. Once the NiV attachment glycoprotein (G) (NiV-G) binds the cell receptor ephrinB2 or -B3, G triggers conformational changes in the fusion glycoprotein (F) that result in membrane fusion and viral entry. We demonstrate that confocal micro-Raman spectroscopy can, within minutes, simultaneously identify specific G and F glycoprotein signals and receptor-induced conformational changes in NiV-F on NiV virus-like particles (VLPs). First, we identified reproducible G- and F-specific Raman spectral features on NiV VLPs containing M (assembly matrix protein), G, and/or F or on NiV/vesicular stomatitis virus (VSV) pseudotyped virions via second-derivative transformations and principal component analysis (PCA). Statistical analyses validated our PCA models. Dynamic temperature-induced conformational changes in F and G or receptor-induced target membrane-dependent conformational changes in F were monitored in NiV pseudovirions in situ in real time by confocal micro-Raman spectroscopy. Advantageously, Raman spectroscopy can identify specific protein signals in relatively impure samples. Thus, this proof-of-principle technological development has implications for the rapid identification and biostability characterization of viruses in medical, veterinary, and food samples and for the analysis of virion glycoprotein conformational changes in situ during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/23283947���Lu, Xiaonan
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*Virus Release���Mar���Highly pathogenic Nipah virus (NiV) infections are transmitted via airway secretions and urine, commonly via the respiratory route. Epithelial surfaces represent important replication sites in both primary and systemic infection phases. NiV entry and spread from polarized epithelial cells therefore determine virus entry and dissemination within a new host and influence virus shedding via mucosal surfaces in the respiratory and urinary tract. To date, there is no knowledge regarding the entry and exit sites of NiV in polarized epithelial cells. In this report, we show for the first time that NiV can infect polarized kidney epithelial cells (MDCK) from both cell surfaces, while virus release is primarily restricted to the apical plasma membrane. Substantial amounts of basolateral infectivity were detected only after infection with high virus doses, at time points when the integrity of the cell monolayer was largely disrupted as a result of cell-to-cell fusion. Confocal immunofluorescence analyses of envelope protein distribution at early and late infection stages suggested that apical virus budding is determined by the polarized sorting of the NiV matrix protein, M. Studies with stably M-expressing and with monensin-treated cells furthermore demonstrated that M protein transport is independent from the glycoproteins, implying that the M protein possesses an intrinsic apical targeting signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23283941õ��Lamp, Boris
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Virus Internalization/*drug effects���Jan 24R��Interferons (IFN) are essential antiviral cytokines that establish the cellular antiviral state through upregulation of hundreds of interferon-stimulated genes (ISGs), most of which have uncharacterized functions and mechanisms. We identified cholesterol-25-hydroxylase (CH25H) as a broadly antiviral ISG. CH25H converts cholesterol to a soluble antiviral factor, 25-hydroxycholesterol (25HC). 25HC treatment in cultured cells broadly inhibited growth of enveloped viruses including VSV, HSV, HIV, and MHV68 and acutely pathogenic EBOV, RVFV, RSSEV, and Nipah viruses under BSL4 conditions. It suppressed viral growth by blocking membrane fusion between virus and cell. In animal models, Ch25h-deficient mice were more susceptible to MHV68 lytic infection. Moreover, administration of 25HC in humanized mice suppressed HIV replication and reversed T cell depletion. Thus, our studies demonstrate a unique mechanism by which IFN achieves its antiviral state through the production of a natural oxysterol to inhibit viral entry and implicate membrane-modifying oxysterols as potential antiviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23273844���Liu, Su-Yang
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Horvat, B.���20132��Henipavirus infections: lessons from animal models���264-87	��Pathogens���2���2���Apr 9ê��The Henipavirus genus contains two highly lethal viruses, the Hendra and Nipah viruses and one, recently discovered, apparently nonpathogenic member; Cedar virus. These three, negative-sense single-stranded RNA viruses, are hosted by fruit bats and use EphrinB2 receptors for entry into cells. The Hendra and Nipah viruses are zoonotic pathogens that emerged in the middle of 90s and have caused severe, and often fatal, neurologic and/or respiratory diseases in both humans and different animals; including spillover into equine and porcine species. Development of relevant models is critical for a better understanding of viral pathogenesis, generating new diagnostic tools, and assessing anti-viral therapeutics and vaccines. This review summarizes available data on several animal models where natural and/or experimental infection has been demonstrated; including pteroid bats, horses, pigs, cats, hamsters, guinea pigs, ferrets, and nonhuman primates. It recapitulates the principal features of viral pathogenesis in these animals and current knowledge on anti-viral immune responses. Lastly it describes the recently characterized murine animal model, which provides the possibility to use numerous and powerful tools available for mice to further decipher henipaviruses immunopathogenesis, prophylaxis, and treatment. The utility of different models to analyze important aspects of henipaviruses-induced disease in humans, potential routes of transmission, and therapeutic approaches are equally discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25437037���Dhondt, Kevin P
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public protection¨��Infectious diseases-including emerging and re-emerging diseases such as Ebola and tuberculosis-continue to be important causes of morbidity and mortality in the globalizing, contemporary world. This article discusses the ethical issues associated with protecting the rights of individuals versus the protection of the health of populations in the case of infectious diseases. The discussion uses the traditional medical ethics approach together with the public health approach presented by Faden and Shebaya.3 Infectious diseases such as Ebola hemorrhagic fever, Nipah virus and HIV/AIDS (together with tuberculosis) will be used to illustrate particular points in the discussion.,��https://www.ncbi.nlm.nih.gov/pubmed/24847171|��Phua, Kai-Lit
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*Virus Diseases/epidemiology/virologyÿ��Institute of Tropical Medicine, Nagasaki University (NEKKEN) and National Institute of Hygiene and Epidemiology, Vietnam (NIHE) jointly conducted a project from 2006 on Emerging and Re-emerging Infectious Diseases (ERID) granted by the Ministry of Education, Science, Culture and Technology (MEXT) of Japan. Fifteen independent researches have been carried out by 7 scientists who stationed in the Vietnam Research Station (VRS), and by approximately 60 visiting scientists. A wide variety of viruses have been studied in the research activities in the VRS, of those, topics of'' Nipah virus infection in bats in Vietnam'', ''Nam Dinh virus, a newly discovered insect nidovirus'', and'' Risk factors of dengue fever in southern Vietnam'' were summarized. It is important to develop a mechanism to facilitate young scientists to use the VRS in their research works, and then a scope to establish the VRS as a gateway to a successful career path for young scientists in the field of the infectious diseases would be realized.,��https://www.ncbi.nlm.nih.gov/pubmed/24769580V��Yamashiro, Tetsu
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Zoonoses/*virology���Feb���Bats are being increasingly recognized as an important reservoir of zoonotic viruses of different families, including SARS coronavirus, Nipah virus, Hendra virus and Ebola virus. Several recent studies hypothesized that bats, an ancient group of flying mammals, are the major reservoir of several important RNA virus families from which other mammalian viruses of livestock and humans were derived. Although this hypothesis needs further investigation, the premise that bats carry a large number of viruses is commonly accepted. The question of whether bats have unique biological features making them ideal reservoir hosts has been the subject of several recent reviews. In this review, we will focus on the public health implications of bat derived zoonotic viral disease outbreaks, examine the drivers and risk factors of past disease outbreaks and outline research directions for better control of future disease events.,��https://www.ncbi.nlm.nih.gov/pubmed/23265969���Smith, Ina
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Seroepidemiologic Studies���JanÜ��We conducted cross-sectional and longitudinal studies to determine the distribution of and risk factors for seropositivity to Nipah virus (NiV) among Pteropus vampyrus and P. hypomelanus bats in Peninsular Malaysia. Neutralizing antibodies against NiV were detected at most locations surveyed. We observed a consistently higher NiV risk (odds ratio 3.9) and seroprevalence (32.8%) for P. vampyrus than P. hypomelanus (11.1%) bats. A 3-year longitudinal study of P. hypomelanus bats indicated nonseasonal temporal variation in seroprevalence, evidence for viral circulation within the study period, and an overall NiV seroprevalence of 9.8%. The seroprevalence fluctuated over the study duration between 1% and 20% and generally decreased during 2004-2006. Adult bats, particularly pregnant, with dependent pup and lactating bats, had a higher prevalence of NiV antibodies than juveniles. Antibodies in juveniles 6 months-2 years of age suggested viral circulation within the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/23261015Í��Rahman, Sohayati A
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Species Specificity���Jan 257��Bats are the only mammals capable of sustained flight and are notorious reservoir hosts for some of the world's most highly pathogenic viruses, including Nipah, Hendra, Ebola, and severe acute respiratory syndrome (SARS). To identify genetic changes associated with the development of bat-specific traits, we performed whole-genome sequencing and comparative analyses of two distantly related species, fruit bat Pteropus alecto and insectivorous bat Myotis davidii. We discovered an unexpected concentration of positively selected genes in the DNA damage checkpoint and nuclear factor kappaB pathways that may be related to the origin of flight, as well as expansion and contraction of important gene families. Comparison of bat genomes with other mammalian species has provided new insights into bat biology and evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/23258410U��Zhang, Guojie
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Virus Replication���Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that causes fatal encephalitis in up to 75% of infected humans. Like other paramyxoviruses, NiV employs co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternative reading frame. There is evidence from both in vitro and in vivo studies to show that the P gene products play a role in NiV pathogenesis. We have developed a reverse genetic system to dissect the individual roles of the NiV P gene products in limiting the antiviral response in primary human microvascular lung endothelial cells, which represent important targets in human NiV infection. By characterizing growth curves and early antiviral responses against a number of recombinant NiVs with genetic modifications altering expression of the proteins encoded by the P gene, we observed that multiple elements encoded by the P gene have both distinct and overlapping roles in modulating virus replication as well as in limiting expression of antiviral mediators such as IFN-beta, CXCL10, and CCL5. Our findings corroborate observations from in vivo hamster infection studies, and provide molecular insights into the attenuation and the histopathology observed in hamsters infected with C, V, and W-deficient NiVs. The results of this study also provide an opportunity to verify the results of earlier artificial plasmid expression studies in the context of authentic viral infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23094089s��Lo, Michael K
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Virus Replication���Jan 1���Hendra virus (HeV) and Nipah virus (NiV) are closely related, recently emerged paramyxoviruses that form Henipavirus genus and are capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. However, in contrast to many other species and despite expression of functional virus entry receptors, mice are resistant to henipavirus infection. We report here the susceptibility of mice deleted for the type I interferon receptor (IFNAR-KO) to both HeV and NiV. Intraperitoneally infected mice developed fatal encephalitis, with pathology and immunohistochemical features similar to what was found in humans. Viral RNA was found in the majority of analyzed organs, and sublethally infected animals developed virus-specific neutralizing antibodies. Altogether, these results reveal IFNAR-KO mice as a new small animal model to study HeV and NiV pathogenesis, prophylaxis, and treatment and suggest the critical role of type I interferon signaling in the control of henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23089589û��Dhondt, Kevin P
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Zoonoses���Oct 19���BACKGROUND: Fruit bats are known to harbor zoonotic paramyxoviruses including Nipah, Hendra, and Menangle viruses. The aim of this study was to detect the presence of paramyxovirus RNA in fruit bats from Indonesia. METHODS: RNA samples were obtained from the spleens of 110 fruit bats collected from four locations in Indonesia. All samples were screened by semi-nested broad spectrum reverse transcription PCR targeting the paramyxovirus polymerase (L) genes. RESULTS: Semi-nested reverse transcription PCR detected five previously unidentified paramyxoviruses from six fruit bats. Phylogenetic analysis showed that these virus sequences were related to henipavirus or rubulavirus. CONCLUSIONS: This study indicates the presence of novel paramyxoviruses among fruit bat populations in Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23082748���Sasaki, Michihito
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Viral Regulatory and Accessory Proteins/metabolism���Sep���Tetherin (also known as BST-2 or CD317) has recently been identified as a potent IFN-induced anti-viral protein that inhibits the release of diverse enveloped virus particles from infected cells. The anti-viral activity of tetherin on a number of enveloped viruses, including retroviruses, filoviruses and arenaviruses, has been examined. Here, we show that tetherin is also capable of blocking the release of virus-like particles (VLPs) driven by the matrix protein of Sendai virus. Together with inhibition of Nipah virus VLP release by tetherin, these results indicate that paramyxoviruses are to be added to the list of viruses that are susceptible to tetherin inhibition. Tetherin co-localized with Nipah virus matrix proteins and accumulated in cells, indicating that it is present at, or recruited to, sites of particle assembly. It should be noted, however, that tetherin was not effective against the release of paramyxovirus mumps VLPs, indicating that certain enveloped viruses may not be sensitive to tetherin activity.,��https://www.ncbi.nlm.nih.gov/pubmed/23077864È��Kong, Weng-Sheng
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Virus Internalizationð��Encephalitis is a hallmark of Nipah virus (NiV) infection in humans. The exact route of entry of NiV into the central nervous system (CNS) is unknown. Here, we performed a spatio-temporal analysis of NiV entry into the CNS of hamsters. NiV initially predominantly targeted the olfactory epithelium in the nasal turbinates. From there, NiV infected neurons were visible extending through the cribriform plate into the olfactory bulb, providing direct evidence of rapid CNS entry. Subsequently, NiV disseminated to the olfactory tubercle and throughout the ventral cortex. Transmission electron microscopy on brain tissue showed extravasation of plasma cells, neuronal degeneration and nucleocapsid inclusions in affected tissue and axons, providing further evidence for axonal transport of NiV. NiV entry into the CNS coincided with the occurrence of respiratory disease, suggesting that the initial entry of NiV into the CNS occurs simultaneously with, rather than as a result of, systemic virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/230719004��Munster, Vincent J
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Zoonoses/*transmission���Oct 19]��Many serious emerging zoonotic infections have recently arisen from bats, including Ebola, Marburg, SARS-coronavirus, Hendra, Nipah, and a number of rabies and rabies-related viruses, consistent with the overall observation that wildlife are an important source of emerging zoonoses for the human population. Mechanisms underlying the recognized association between ecosystem health and human health remain poorly understood and responding appropriately to the ecological, social and economic conditions that facilitate disease emergence and transmission represents a substantial societal challenge. In the context of disease emergence from wildlife, wildlife and habitat should be conserved, which in turn will preserve vital ecosystem structure and function, which has broader implications for human wellbeing and environmental sustainability, while simultaneously minimizing the spillover of pathogens from wild animals into human beings. In this review, we propose a novel framework for the holistic and interdisciplinary investigation of zoonotic disease emergence and its drivers, using the spillover of bat pathogens as a case study. This study has been developed to gain a detailed interdisciplinary understanding, and it combines cutting-edge perspectives from both natural and social sciences, linked to policy impacts on public health, land use and conservation.,��https://www.ncbi.nlm.nih.gov/pubmed/22966143®��Wood, James L N
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Public Health���Feb 26ñ��Emerging infectious diseases (EIDs) pose a significant threat to human health, economic stability, and biodiversity. Despite this, the mechanisms underlying disease emergence are still not fully understood, and control measures rely heavily on mitigating the impact of EIDs after they have emerged. Here, we highlight the emergence of a zoonotic Henipavirus, Nipah virus, to demonstrate the interdisciplinary and macroecological approaches necessary to understand EID emergence. Previous work suggests that Nipah virus emerged due to the interaction of the wildlife reservoir (Pteropus spp. fruit bats) with intensively managed livestock. The emergence of this and other henipaviruses involves interactions among a suite of anthropogenic environmental changes, socioeconomic factors, and changes in demography that overlay and interact with the distribution of these pathogens in their wildlife reservoirs. Here, we demonstrate how ecological niche modeling may be used to investigate the potential role of a changing climate on the future risk for Henipavirus emergence. We show that the distribution of Henipavirus reservoirs, and therefore henipaviruses, will likely change under climate change scenarios, a fundamental precondition for disease emergence in humans. We assess the variation among climate models to estimate where Henipavirus host distribution is most likely to expand, contract, or remain stable, presenting new risks for human health. We conclude that there is substantial potential to use this modeling framework to explore the distribution of wildlife hosts under a changing climate. These approaches may directly inform current and future management and surveillance strategies aiming to improve pathogen detection and, ultimately, reduce emergence risk.,��https://www.ncbi.nlm.nih.gov/pubmed/22936052���Daszak, Peter
Zambrana-Torrelio, Carlos
Bogich, Tiffany L
Fernandez, Miguel
Epstein, Jonathan H
Murray, Kris A
Hamilton, Healy
eng
1 R01 AI079231/AI/NIAID NIH HHS/
R01 AI079231/AI/NIAID NIH HHS/
K08 AI067549/AI/NIAID NIH HHS/
K08AI067549/AI/NIAID NIH HHS/
2R01-TW005869/TW/FIC NIH HHS/
R01 TW005869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
2012/09/01 06:00
Proc Natl Acad Sci U S A. 2013 Feb 26;110 Suppl 1:3681-8. doi: 10.1073/pnas.1201243109. Epub 2012 Aug 30.*��1091-6490 (Electronic)
0027-8424 (Linking)
��PMC3586606���22936052I��EcoHealth Alliance, New York, NY 10001, USA. daszak@ecohealthalliance.org���10.1073/pnas.1201243109���	��üÒ|ÿî?�������Mahalingam, S.
Herrero, L. J.
Playford, E. G.
Spann, K.
Herring, B.
Rolph, M. S.
Middleton, D.
McCall, B.
Field, H.
Wang, L. F.���20124��Hendra virus: an emerging paramyxovirus in Australia���799-807���Lancet Infect Dis���12���10ø��Animals
Australia/epidemiology
Chiroptera
Communicable Diseases, Emerging/*drug therapy/epidemiology/*prevention &
control/transmission
*Hendra Virus
Henipavirus Infections/*drug therapy/epidemiology/*prevention &
control/transmission
Horses
Humans���OctK��Hendra virus, first identified in 1994 in Queensland, is an emerging zoonotic pathogen gaining importance in Australia because a growing number of infections are reported in horses and people. The virus, a member of the family Paramyxoviridae (genus Henipavirus), is transmitted to horses by pteropid bats (fruit bats or flying foxes), with human infection a result of direct contact with infected horses. Case-fatality rate is high in both horses and people, and so far, more than 60 horses and four people have died from Hendra virus infection in Australia. Human infection is characterised by an acute encephalitic syndrome or relapsing encephalitis, for which no effective treatment is currently available. Recent identification of Hendra virus infection in a domestic animal outside the laboratory setting, and the large range of pteropid bats in Australia, underpins the potential of this virus to cause greater morbidity and mortality in both rural and urban populations and its importance to both veterinary and human health. Attempts at treatment with ribavirin and chloroquine have been unsuccessful. Education, hygiene, and infection control measures have hitherto been the mainstay of prevention, while access to monoclonal antibody treatment and development of an animal vaccine offer further opportunities for disease prevention and control.,��https://www.ncbi.nlm.nih.gov/pubmed/22921953"��Mahalingam, Suresh
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*Virus Attachment���NovH��Nipah virus (NiV) is the deadliest known paramyxovirus. Membrane fusion is essential for NiV entry into host cells and for the virus' pathological induction of cell-cell fusion (syncytia). The mechanism by which the attachment glycoprotein (G), upon binding to the cell receptors ephrinB2 or ephrinB3, triggers the fusion glycoprotein (F) to execute membrane fusion is largely unknown. N-glycans on paramyxovirus glycoproteins are generally required for proper protein conformational integrity, transport, and sometimes biological functions. We made conservative mutations (Asn to Gln) at the seven potential N-glycosylation sites in the NiV G ectodomain (G1 to G7) individually or in combination. Six of the seven N-glycosylation sites were found to be glycosylated. Moreover, pseudotyped virions carrying these N-glycan mutants had increased antibody neutralization sensitivities. Interestingly, our results revealed hyperfusogenic and hypofusogenic phenotypes for mutants that bound ephrinB2 at wild-type levels, and the mutant's cell-cell fusion phenotypes generally correlated to viral entry levels. In addition, when removing multiple N-glycans simultaneously, we observed synergistic or dominant-negative membrane fusion phenotypes. Interestingly, our data indicated that 4- to 6-fold increases in fusogenicity resulted from multiple mechanisms, including but not restricted to the increase of F triggering. Altogether, our results suggest that NiV-G N-glycans play a role in shielding virions against antibody neutralization, while modulating cell-cell fusion and viral entry via multiple mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/22915812���Biering, Scott B
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Viral Fusion Proteins/genetics/*immunology/metabolism/*ultrastructure���Noví��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are paramyxoviruses discovered in the mid- to late 1990s that possess a broad host tropism and are known to cause severe and often fatal disease in both humans and animals. HeV and NiV infect cells by a pH-independent membrane fusion mechanism facilitated by their attachment (G) and fusion (F) glycoproteins. Here, several soluble forms of henipavirus F (sF) were engineered and characterized. Recombinant sF was produced by deleting the transmembrane (TM) and cytoplasmic tail (CT) domains and appending a glycosylphosphatidylinositol (GPI) anchor signal sequence followed by GPI-phospholipase D digestion, appending a trimeric coiled-coil (GCNt) domain (sF(GCNt)), or deleting the TM, CT, and fusion peptide domain. These sF glycoproteins were produced as F(0) precursors, and all were apparent stable trimers recognized by NiV-specific antisera. Surprisingly, however, only the GCNt-appended constructs (sF(GCNt)) could elicit cross-reactive henipavirus-neutralizing antibody in mice. In addition, sF(GCNt) constructs could be triggered in vitro by protease cleavage and heat to transition from an apparent prefusion to postfusion conformation, transitioning through an intermediate that could be captured by a peptide corresponding to the C-terminal heptad repeat domain of F. The pre- and postfusion structures of sF(GCNt) and non-GCNt-appended sF could be revealed by electron microscopy and were distinguishable by F-specific monoclonal antibodies. These data suggest that only certain sF constructs could serve as potential subunit vaccine immunogens against henipaviruses and also establish important tools for further structural, functional, and diagnostic studies on these important emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22915804®��Chan, Yee-Peng
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TreesD��BACKGROUND: Drinking raw date palm sap is a risk factor for human Nipah virus (NiV) infection. Fruit bats, the natural reservoir of NiV, commonly contaminate raw sap with saliva by licking date palm's sap producing surface. We evaluated four types of physical barriers that may prevent bats from contacting sap. METHODS: During 2009, we used a crossover design and randomly selected 20 date palm sap producing trees and observed each tree for 2 nights: one night with a bamboo skirt intervention applied and one night without the intervention. During 2010, we selected 120 trees and randomly assigned four types of interventions to 15 trees each: bamboo, dhoincha (local plant), jute stick and polythene skirts covering the shaved part, sap stream, tap and collection pot. We enrolled the remaining 60 trees as controls. We used motion sensor activated infrared cameras to examine bat contact with sap. RESULTS: During 2009 bats contacted date palm sap in 85% of observation nights when no intervention was used compared with 35% of nights when the intervention was used [p<0.001]. Bats were able to contact the sap when the skirt did not entirely cover the sap producing surface. Therefore, in 2010 we requested the sap harvesters to use larger skirts. During 2010 bats contacted date palm sap [2% vs. 83%, p<0.001] less frequently in trees protected with skirts compared to control trees. No bats contacted sap in trees with bamboo (p<0.001 compared to control), dhoincha skirt (p<0.001) or polythene covering (p<0.001), but bats did contact sap during one night (7%) with the jute stick skirt (p<0.001). CONCLUSION: Bamboo, dhoincha, jute stick and polythene skirts covering the sap producing areas of a tree effectively prevented bat-sap contact. Community interventions should promote applying these skirts to prevent occasional Nipah spillovers to human.,��https://www.ncbi.nlm.nih.gov/pubmed/22905160S��Khan, Salah Uddin
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Zoonoses/*virology���Sepu��Unique disorders appear episodically in human populations and cause life-threatening systemic or neurological disease. Historical examples of such disorders include von Economo encephalitis, a disorder of presumed viral etiology; acquired immune deficiency syndrome, caused by the human immunodeficiency virus; and severe acute respiratory syndrome, caused by a member of the coronavirus family. This article describes the factors that contribute to the emergence of infectious diseases and focuses on selected recent examples of emerging viral infections that can affect the nervous system of infants, children, and adolescents.,��https://www.ncbi.nlm.nih.gov/pubmed/22889544y��Bale, James F Jr
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Viral Proteins/*chemistry/genetics���This work aims at characterizing structural transitions within the intrinsically disordered C-terminal domain of the nucleoprotein (NTAIL) from the Nipah and Hendra viruses, two recently emerged pathogens gathered within the Henipavirus genus. To this end, we used site-directed spin labeling combined with electron paramagnetic resonance spectroscopy to investigate the alpha-helical-induced folding that Henipavirus NTAIL domains undergo in the presence of the C-terminal X domain of the phosphoprotein (PXD). For each NTAIL protein, six positions located within four previously proposed molecular recognition elements (MoREs) were targeted for spin labeling, with three of these positions (475, 481, and 487) falling within the MoRE responsible for binding to PXD (Box3). A detailed analysis of the impact of the partner protein on the labeled NTAIL variants revealed a dramatic modification in the environment of the spin labels grafted within Box3, with the observed modifications supporting the formation of an induced alpha-helix within this region. In the free state, the slightly lower mobility of the spin labels grafted within Box3 as compared to the other positions suggests the existence of a transiently populated alpha-helix, as already reported for measles virus (MeV) NTAIL. Comparison with the well-characterized MeV NTAIL-PXD system, allowed us to validate the structural models of Henipavirus NTAIL-PXD complexes that we previously proposed. In addition, this study highlighted a few notable differences between the Nipah and Hendra viruses. In particular, the observation of composite spectra for the free form of the Nipah virus NTAIL variants spin labeled in Box3 supports conformational heterogeneity of this partly pre-configured alpha-helix, with the pre-existence of stable alpha-helical segments. Altogether these results provide insights into the molecular mechanisms of the Henipavirus NTAIL-PXD binding reaction.,��https://www.ncbi.nlm.nih.gov/pubmed/22881220���Martinho, Marlene
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Security Measures���Nov 1d��Australia is free of many diseases, pests and weeds found elsewhere in the world due to its geographical isolation and relatively good health security practices. However, its health security is under increasing pressure due to a number of ecological, climatic, demographic and behavioural changes occurring globally. North Queensland is a high risk area (a health security hot spot) for Australia, due in part to its connection to neighbouring countries via the Torres Strait and the Indo-Papuan conduit, its high diversity of wildlife reservoirs and its environmental characteristics. Major outbreaks of exotic diseases, pests and weeds in Australia can cost in excess of $1 billion; however, most expenditure on health security is reactive apart from preventive measures undertaken for a few high profile diseases, pests and weeds. Large gains in health security could therefore be made by spending more on pre-emptive approaches to reduce the risk of outbreaks, invasion/spread and establishment, despite these gains being difficult to quantify. Although biosecurity threats may initially have regional impacts (e.g. Hendra virus), a break down in security in health security hot spots can have national and international consequences, as has been seen recently in other regions with the emergence of SARS and pandemic avian influenza. Novel approaches should be driven by building research and management capacity, particularly in the regions where threats arise, a model that is applicable both in Australia and in other regions of the world that value and therefore aim to improve their strategies for maintaining health security.,��https://www.ncbi.nlm.nih.gov/pubmed/22836170ç��Murray, Kris A
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and inform the development of improved treatment options for human patients.,��https://www.ncbi.nlm.nih.gov/pubmed/22808132���Dups, Johanna
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Sequence Analysis, RNA���Sep|��The study deals with the survey of different bat populations (Pteropus giganteus, Cynopterus sphinx, and Megaderma lyra) in India for highly pathogenic Nipah virus (NiV), Reston Ebola virus, and Marburg virus. Bats (n = 140) from two states in India (Maharashtra and West Bengal) were tested for IgG (serum samples) against these viruses and for virus RNAs. Only NiV RNA was detected in a liver homogenate of P. giganteus captured in Myanaguri, West Bengal. Partial sequence analysis of nucleocapsid, glycoprotein, fusion, and phosphoprotein genes showed similarity with the NiV sequences from earlier outbreaks in India. A serum sample of this bat was also positive by enzyme-linked immunosorbent assay for NiV-specific IgG. This is the first report on confirmation of Nipah viral RNA in Pteropus bat from India and suggests the possible role of this species in transmission of NiV in India.,��https://www.ncbi.nlm.nih.gov/pubmed/22802440ð��Yadav, Pragya D
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*Viral Fusion Proteins/chemistry/genetics/metabolism���Aug 242��Viral fusion proteins are intriguing molecular machines that undergo drastic conformational changes to facilitate virus-cell membrane fusion. During fusion a hydrophobic region of the protein, termed the fusion peptide (FP), is inserted into the target host cell membrane, with subsequent conformational changes culminating in membrane merger. Class I fusion proteins contain FPs between 20 and 30 amino acids in length that are highly conserved within viral families but not between. To examine the sequence dependence of the Hendra virus (HeV) fusion (F) protein FP, the first eight amino acids were mutated first as double, then single, alanine mutants. Mutation of highly conserved glycine residues resulted in inefficient F protein expression and processing, whereas substitution of valine residues resulted in hypofusogenic F proteins despite wild-type surface expression levels. Synthetic peptides corresponding to a portion of the HeV F FP were shown to adopt an alpha-helical secondary structure in dodecylphosphocholine micelles and small unilamellar vesicles using circular dichroism spectroscopy. Interestingly, peptides containing point mutations that promote lower levels of cell-cell fusion within the context of the whole F protein were less alpha-helical and induced less membrane disorder in model membranes. These data represent the first extensive structure-function relationship of any paramyxovirus FP and demonstrate that the HeV F FP and potentially other paramyxovirus FPs likely require an alpha-helical structure for efficient membrane disordering and fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22761418ä��Smith, Everett Clinton
Gregory, Sonia M
Tamm, Lukas K
Creamer, Trevor P
Dutch, Rebecca Ellis
eng
P20 RR020171/RR/NCRR NIH HHS/
T32 GM080186/GM/NIGMS NIH HHS/
R37AI30557/AI/NIAID NIH HHS/
R01 AI051517/AI/NIAID NIH HHS/
R01AI051517/AI/NIAID NIH HHS/
R01 AI030557/AI/NIAID NIH HHS/
R37 AI030557/AI/NIAID NIH HHS/
2P20 RR020171/RR/NCRR NIH HHS/
Research Support, N.I.H., Extramural
2012/07/05 06:00
J Biol Chem. 2012 Aug 24;287(35):30035-48. doi: 10.1074/jbc.M112.367862. Epub 2012 Jul 3.*��1083-351X (Electronic)
0021-9258 (Linking)
��PMC3436143���22761418d��Department of Molecular and Cellular Biochemistry, University of Kentucky, Lexington, KY 40536, USA.���10.1074/jbc.M112.367862����Ø��þÖ|ÿî?�������Luby, S. P.
Gurley, E. S.���2012-��Epidemiology of henipavirus disease in humans���25-40���Curr Top Microbiol Immunol���359¥��Animals
Arecaceae/virology
Australia/epidemiology
Bangladesh/epidemiology
Chiroptera/virology
*Disease Outbreaks
Fruit/virology
Hendra Virus/*isolation & purification/pathogenicity
Henipavirus Infections/*epidemiology/transmission/virology
Horse Diseases/*epidemiology/transmission/virology
Horses/virology
Humans
India/epidemiology
Malaysia/epidemiology
Nipah Virus/*isolation & purification/pathogenicity
PhylogeographyO��All seven recognized human cases of Hendra virus (HeV) infection have occurred in Queensland, Australia. Recognized human infections have all resulted from a HeV infected horse that was unusually efficient in transmitting the virus and a person with a high exposure to infectious secretions. In the large outbreak in Malaysia where Nipah virus (NiV) was first identified, most human infections resulted from close contact with NiV infected pigs. Outbreak investigations in Bangladesh have identified drinking raw date palm sap as the most common pathway of NiV transmission from Pteropus bats to people, but person-to-person transmission of NiV has been repeatedly identified in Bangladesh and India. Although henipaviruses are not easily transmitted to people, these newly recognized, high mortality agents warrant continued scientific attention.,��https://www.ncbi.nlm.nih.gov/pubmed/22752412���Luby, Stephen P
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Species Specificityï��The zoonotic potential of paramyxoviruses is particularly demonstrated by their broad host range like the highly pathogenic Hendra and Nipah viruses originating from bats. But while so far all bat-borne paramyxoviruses have been identified in fruit bats across Africa, Australia, South America, and Asia, we describe the detection and characterization of the first paramyxoviruses in free-ranging European bats. Moreover, we examined the possible impact of paramyxovirus infection on individual animals by comparing histo-pathological findings and virological results. Organs from deceased insectivorous bats of various species were sampled in Germany and tested for paramyxovirus RNA in parallel to a histo-pathological examination. Nucleic acids of three novel paramyxoviruses were detected, two viruses in phylogenetic relationship to the recently proposed genus Jeilongvirus and one closely related to the genus Rubulavirus. Two infected animals revealed subclinical pathological changes within their kidneys, suggestive of a similar pathogenesis as the one described in fruit bats experimentally infected with Hendra virus.Our findings indicate the presence of bat-born paramyxoviruses in geographic areas free of fruit bat species and therefore emphasize a possible virus-host co-evolution in European bats. Since these novel viruses are related to the very distinct genera Rubulavirus and Jeilongvirus, a similarly broad genetic diversity among paramyxoviruses in other Microchiroptera compared to Megachiroptera can be assumed. Given that the infected bats were either found in close proximity to heavily populated human habitation or areas of intensive agricultural use, a potential risk of the emergence of zoonotic paramyxoviruses in Europe needs to be considered.,��https://www.ncbi.nlm.nih.gov/pubmed/22737217���Kurth, Andreas
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Viral Vaccines/genetics/*immunology���Oct 255��Nipah virus (NiV), a member of the Paramyxoviridae family, causes deadly encephalitis in humans and huge economic losses to the pig industry. Here, we generated recombinant avirulent Newcastle disease virus (NDV) LaSota strains expressing the NiV G and F proteins respectively (designated as rLa-NiVG and rLa-NiVF), and evaluated their immunogenicity in mice and pigs. Both rLa-NiVG and rLa-NiVF displayed growth properties similar to those of LaSota virus in chicken eggs. Co-infection of rLa-NiVG and rLa-NiVF caused marked syncytia formation, while intracerebral co-inoculation of these viruses in mice showed they were safe in at least one mammalian species. Animal immunization studies showed rLa-NiVG and rLa-NiVF induced NiV neutralizing antibody responses in mice and pigs, and F protein-specific CD8+ T cell responses in mice. Most importantly, rLa-NiVG and rLa-NiVF administered alone or together, induced a long-lasting neutralizing antibody response in pigs. Recombinant rLa-NiVG/F thus appear to be promising NiV vaccine candidates for pigs and potentially humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22726244���Kong, Dongni
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Zoonoses���FebÄ��The henipaviruses, Hendra virus and Nipah virus, are pathogens that have emerged from flying foxes in Australia and South-east Asia to infect both livestock and humans, often fatally. Since the emergence of Hendra virus in Australia in 1994 and the identification of Australian flying foxes as hosts to this virus, our appreciation of bats as reservoir hosts of henipaviruses has expanded globally to include much of Asia and areas of Africa. Despite this, little is currently known of the mechanisms by which bats harbour viruses capable of causing such severe disease in other terrestrial mammals. Pteropid bat ecology, henipavirus virology, therapeutic developments and features of henipavirus infection, pathology and disease in humans and other mammals are reviewed elsewhere in detail. This review focuses on bats as reservoir hosts to henipaviruses and features of transmission of Hendra virus and Nipah virus following spillover from these reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/22709528¬��Clayton, B A
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Virus Internalization2��Nipah (NiV) and Hendra (HeV) viruses are the deadliest human pathogens within the Paramyxoviridae family, which include human and animal pathogens of global biomedical importance. NiV and HeV infections cause respiratory and encephalitic illness with high mortality rates in humans. Henipaviruses (HNV) are the only Paramyxoviruses classified as biosafety level 4 (BSL4) pathogens due to their extreme pathogenicity, potential for bioterrorism, and lack of licensed vaccines and therapeutics. HNV use ephrin-B2 and ephrin-B3, highly conserved proteins, as viral entry receptors. This likely accounts for their unusually broad species tropism, and also provides opportunities to study how receptor usage, cellular tropism, and end-organ pathology relates to the pathobiology of HNV infections. The clinical and pathologic manifestations of NiV and HeV virus infections are reviewed in the chapters by Wong et al. and Geisbert et al. in this issue. Here, we will review the biology of the HNV receptors, and how receptor usage relates to HNV cell tropism in vitro and in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/22695915
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Bangladesh
community-based intervention
public health intervention development���Sepá��People in Bangladesh frequently drink fresh date palm sap. Fruit bats (Pteropus giganteus) also drink raw sap and may contaminate the sap by shedding Nipah virus through saliva and urine. In a previous study we identified two indigenous methods to prevent bats accessing the sap, bamboo skirts and lime (calcium carbonate). We conducted a pilot study to assess the acceptability of these two methods among sap harvesters. We used interactive community meetings and group discussions to encourage all the sap harvesters (n = 12) from a village to use either bamboo skirts or lime smear that some of them (n = 4) prepared and applied. We measured the preparation and application time and calculated the cost of bamboo skirts. We conducted interviews after the use of each method. The sap harvesters found skirts effective in preventing bats from accessing sap. They were sceptical that lime would be effective as the lime was washed away by the sap flow. Preparation of the skirt took approximately 105 min. The application of each method took approximately 1 min. The cost of the bamboo skirt is minimal because bamboo is widely available and they made the skirts with pieces of used bamboo. The bamboo skirt method appeared practical and affordable to the sap harvesters. Further studies should explore its ability to prevent bats from accessing date palm sap and assess if its use produces more or better quality sap, which would provide further incentives to make it more acceptable for its regular use.,��https://www.ncbi.nlm.nih.gov/pubmed/22669914L��Nahar, Nazmun
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Zoonoses/*virology���SepÜ��Nipah virus has recently emerged as a zoonotic agent that is highly pathogenic in humans. Outbreaks have occurred regularly over the last two decades in South and Southeast Asia, where mortality rates reach as high as 100 %. The natural reservoir of Nipah virus has been identified as bats from the Pteropus family, where infection is largely asymptomatic. Human disease is characterized by both respiratory and encephalitic components, and thus far, no effective vaccine or intervention strategies are available. Little is know about how the immune response of either the reservoir host or incidental hosts responds to infection, and how this immune response is either inadequate or might contribute to disease in the dead-end host. Experimental vaccines strategies have given us some insight into the immunological requirements for protection. This review summarizes our current understanding of the immune response to Nipah virus infection and emphasizes the need for further research.,��https://www.ncbi.nlm.nih.gov/pubmed/22669317���Prescott, Joseph
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Virus Replication/drug effects���Fusion between the viral and target cell membranes is an obligatory step for the infectivity of all enveloped virus, and blocking this process is a clinically validated therapeutic strategy.Viral fusion is driven by specialized proteins which, although specific to each virus, act through a common mechanism, the formation of a complex between two heptad repeat (HR) regions. The HR regions are initially separated in an intermediate termed "prehairpin", which bridges the viral and cell membranes, and then fold onto each other to form a 6-helical bundle (6HB), driving the two membranes to fuse. HR-derived peptides can inhibit viral infectivity by binding to the prehairpin intermediate and preventing its transition to the 6HB.The antiviral activity of HR-derived peptides differs considerably among enveloped viruses. For weak inhibitors, potency can be increased by peptide engineering strategies, but sequence-specific optimization is time-consuming. In seeking ways to increase potency without changing the native sequence, we previously reported that attachment to the HR peptide of a cholesterol group ("cholesterol-tagging") dramatically increases its antiviral potency, and simultaneously increases its half-life in vivo. We show here that antiviral potency may be increased by combining cholesterol-tagging with dimerization of the HR-derived sequence, using as examples human parainfluenza virus, Nipah virus, and HIV-1. Together, cholesterol-tagging and dimerization may represent strategies to boost HR peptide potency to levels that in some cases may be compatible with in vivo use, possibly contributing to emergency responses to outbreaks of existing or novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22666328¸��Pessi, Antonello
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Zoonoses/*virology���Junì��We conducted a serologic survey of four high-priority pig-associated viral zoonoses, Japanese encephalitis virus (JEV), hepatitis E virus (HEV), Nipah virus (NiV), and swine influenza virus (SIV), in Laos. We collected blood from pigs at slaughter during May 2008-January 2009 in four northern provinces. Japanese encephalitis virus hemagglutination inhibition seroprevalence was 74.7% (95% confidence interval [CI] = 71.5-77.9%), JEV IgM seroprevalence was 2.3% (95% CI = 1.2-3.2%), and HEV seroprevalence was 21.1% (95% CI = 18.1-24.0%). Antibodies to SIV were detected in 1.8% (95% CI = 0.8-2.8%) of pigs by screening enzyme-linked immunosorbent assay, and only subtype H3N2 was detected by hemagglutination inhibition in two animals with an inconclusive enzyme-linked immunosorbent assay result. No NiV antibody-positive pigs were detected. Our evidence indicates that peak JEV and HEV transmission coincides with the start of the monsoonal wet season and poses the greatest risk for human infection.,��https://www.ncbi.nlm.nih.gov/pubmed/226656229��Conlan, James V
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Zoonoses/epidemiology/virology���Aug���Nipah and Hendra virus are members of a newly identified genus of emerging paramyxoviruses, the henipaviruses. Both viruses have the ability to cause severe pulmonary infection and severe acute encephalitis. Following their discovery in the 1990s, outbreaks caused by these zoonotic paramyxoviruses have been associated with high public health and especially economic threat potential. Currently, only geographic groupings in Asia and Australia have been described for the henipaviruses. However, while few viral isolates are available and more detailed characterization is necessary, there has been recent evidence that divergent henipaviruses might be present on the African continent. This review endeavours to capture recent advances in the field of henipavirus research, with a focus on genome structure and replication mechanisms, reservoir hosts, genetic diversity, pathogenesis and animal models.,��https://www.ncbi.nlm.nih.gov/pubmed/22643730â��Rockx, Barry
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*viral entry���Apr=��The paramyxovirus family contains many common human pathogenic viruses, including measles, mumps, the parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the zoonotic henipaviruses, Hendra and Nipah. While the expression of a type 1 fusion protein and a type 2 attachment protein is common to all paramyxoviruses, there is considerable variation in viral attachment, the activation and triggering of the fusion protein, and the process of viral entry. In this review, we discuss recent advances in the understanding of paramyxovirus F protein-mediated membrane fusion, an essential process in viral infectivity. We also review the role of the other surface glycoproteins in receptor binding and viral entry, and the implications for viral infection. Throughout, we concentrate on the commonalities and differences in fusion triggering and viral entry among the members of the family. Finally, we highlight key unanswered questions and how further studies can identify novel targets for the development of therapeutic treatments against these human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22590688m��Chang, Andres
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Viral Envelope Proteins/analysis/immunology���AugÛ��A novel antigen-capture sandwich ELISA system targeting the glycoproteins of the henipaviruses Nipah virus (NiV) and Hendra virus (HeV) was developed. Utilizing purified polyclonal antibodies derived from NiV glycoprotein-encoding DNA-immunized rabbits, we established a system that can detect the native antigenic structures of the henipavirus surface glycoproteins using simplified and inexpensive methods. The lowest detection limit against live viruses was achieved for NiV Bangladesh strain, 2.5 x 10(4) TCID(50). Considering the recent emergence of genetic variants of henipaviruses and the resultant problems that arise for PCR-based detection, this system could serve as an alternative rapid diagnostic and detection assay.,��https://www.ncbi.nlm.nih.gov/pubmed/22585045X��Kaku, Yoshihiro
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*Virus Internalization���Jun	��Paramyxoviruses initiate entry through the concerted action of the tetrameric attachment glycoprotein (HN, H, or G) and the trimeric fusion glycoprotein (F). The ectodomains of HN/H/G contain a stalk region important for oligomeric stability and for the F triggering resulting in membrane fusion. Paramyxovirus HN, H, and G form a dimer-of-dimers consisting of disulfide-linked dimers through their stalk domain cysteines. The G attachment protein stalk domain of the highly pathogenic Nipah virus (NiV) contains a distinct but uncharacterized cluster of three cysteine residues (C146, C158, C162). On the basis of a panoply of assays, we report that C158 and C162 of NiV-G likely mediate covalent subunit dimerization, while C146 mediates the stability of higher-order oligomers. For HN or H, mutation of stalk cysteines attenuates but does not abrogate the ability to trigger fusion. In contrast, the NiV-G stalk cysteine mutants were completely deficient in triggering fusion, even though they could still bind the ephrinB2 receptor and associate with F. Interestingly, all cysteine stalk mutants exhibited constitutive exposure of the Mab45 receptor binding-enhanced epitope, previously implicated in F triggering. The enhanced binding of Mab45 to the cysteine mutants relative to wild-type NiV-G, without the addition of the receptor, implicates the stalk cysteines in the stabilization of a pre-receptor-bound conformation and the regulation of F triggering. Sequence alignments revealed that the stalk cysteines were adjacent to a proline-rich microdomain unique to the Henipavirus genus. Our data propose that the cysteine cluster in the NiV-G stalk functions to maintain oligomeric stability but is more importantly involved in stabilizing a unique microdomain critical for triggering fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22496210���Maar, Dianna
Harmon, Brooke
Chu, David
Schulz, Belinda
Aguilar, Hector C
Lee, Benhur
Negrete, Oscar A
eng
R01 AI069317/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
AI069317/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
2012/04/13 06:00
J Virol. 2012 Jun;86(12):6632-42. doi: 10.1128/JVI.00076-12. Epub 2012 Apr 11.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3393546���22496210f��Biotechnology and Bioengineering Department, Sandia National Laboratories, Livermore, California, USA.���10.1128/JVI.00076-12���a�þÖ|ÿî?)���
��Basler, C. F.���2012A��Nipah and hendra virus interactions with the innate immune system���123-52���Curr Top Microbiol Immunol���359¸��Animals
Hendra Virus/*immunology/pathogenicity
Henipavirus Infections/immunology/*pathology/virology
Host-Pathogen Interactions
Humans
Immune Evasion
Immunity, Innate/drug effects
Interferon-alpha/*antagonists & inhibitors/biosynthesis/immunology
Interferon-beta/*antagonists & inhibitors/biosynthesis/immunology
Nipah Virus/*immunology/pathogenicity
Reverse Genetics
Signal Transduction/drug effects
Viral Proteins/*immunology/pharmacology���Nipah virus and Hendra virus are related, highly pathogenic paramyxoviruses with unusually broad host ranges. Henipaviruses encode several proteins that block innate immune responses, and these are likely to serve as virulence factors. Specfically, four virus-encoded proteins, the phosphoprotein (P), the V protein, the W protein, and the C protein have each been demonstrated to counteract aspects of the interferon (IFN)-alpha/beta response, a key component of the innate immune response to virus infection. The available data indicate that V and W can inhibit the production of IFNalpha/beta in response to various stimuli, while the P, V, and W proteins also block the ability of IFNs to signal and induce an antiviral state in cells. The C protein also inhibits the antiviral effects of IFNalpha/beta by a poorly characterized mechanism. Reverse genetics systems, which allow the generation of recombinant viruses bearing specific mutations, have demonstrated the importance of the viral IFN-antagonists for replication. With these systems in hand, the field is now poised to define how specific viral IFN-antagonist functions influence viral pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/22491899���Basler, Christopher F
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Real-Time Polymerase Chain Reaction¬��Since the last major review on diagnosis of henipavirus infection about a decade ago, significant progress has been made in many different areas of test development, especially in the development of molecular tests using real-time PCR and many novel serological test platforms. In addition to provide an updated review of the current test capabilities, this review also identifies key future challenges in henipavirus diagnosis.,��https://www.ncbi.nlm.nih.gov/pubmed/22481141���Wang, Lin-Fa
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Viral Vaccines/administration & dosage/biosynthesis/*immunologyz��Hendra virus and Nipah virus are recently discovered and closely related emerging viruses that now comprise the genus henipavirus within the sub-family Paramyxoviridae and are distinguished by their broad species tropism and in addition to bats can infect and cause fatal disease in a wide variety of mammalian hosts including humans. The high mortality associated with human and animal henipavirus infections has highlighted the importance and necessity of developing effective immunization strategies. The development of suitable animal models of henipavirus infection and pathogenesis has been critical for testing the efficacy of potential therapeutic approaches. Several henipavirus challenge models have been used and recent successes in both active and passive immunization strategies against henipaviruses have been reported which have all targeted the viral envelope glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22481140É��Broder, Christopher C
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Swine/virologyî��The henipaviruses, Hendra virus (HeV), and Nipah virus (NiV), are enigmatic emerging pathogens that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75% and there are no vaccines or treatments approved for human use. A number of species of animals including guinea pigs, hamsters, cats, ferrets, pigs, and African green monkeys have been employed as animal models of human henipavirus infection. Here, we review the development of animal models for henipavirus infection, discuss the pathology and pathogenesis of these models, and assess the utility of each model to recapitulate important aspects of henipavirus-mediated disease seen in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22476556£��Geisbert, Thomas W
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Zoonoses/*epidemiology/virology���Hendra virus, a novel and fatally zoonotic member of the family Paramyxoviridae, was first described in Australia in 1994. Periodic spillover from its natural host (fruit bats) results in catastrophic disease in horses and occasionally the subsequent infection of humans. Prior to 2011, 14 equine incidents involving seven human cases (four fatal) were recorded. The year 2011 saw a dramatic departure from the sporadic incidents of the previous 16 years, with a cluster of 18 incidents in a single 3-month period. The fundamental difference in 2011 was the total number of incidents, the geographic clustering, and the expanded geographic range. The 2011 cluster more than doubled the total number of incidents previously reported, and poses the possibility of a new HeV infection paradigm. Epidemiologic evidence suggests that compelling additional host and/or environmental factors were at play.,��https://www.ncbi.nlm.nih.gov/pubmed/22476530£��Field, Hume
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Swine Diseases/*pathology/virology¡��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level 4 pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the twentieth century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarizes our up to date understanding of pathology and pathogenesis in the natural reservoir species, the Pteropus bat, and in the equine and porcine spill over species.,��https://www.ncbi.nlm.nih.gov/pubmed/22476529���Middleton, D J
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*receptor���FebÁ��The Paramyxoviridae genus Henipavirus is presently represented by the type species Hendra and Nipah viruses which are both recently emerged zoonotic viral pathogens responsible for repeated outbreaks associated with high morbidity and mortality in Australia, Southeast Asia, India and Bangladesh. These enveloped viruses bind and enter host target cells through the coordinated activities of their attachment (G) and class I fusion (F) envelope glycoproteins. The henipavirus G glycoprotein interacts with host cellular B class ephrins, triggering conformational alterations in G that lead to the activation of the F glycoprotein, which facilitates the membrane fusion process. Using the recently published structures of HeV-G and NiV-G and other paramyxovirus glycoproteins, we review the features of the henipavirus envelope glycoproteins that appear essential for mediating the viral fusion process, including receptor binding, G-F interaction, F activation, with an emphasis on G and the mutations that disrupt viral infectivity. Finally, recent candidate therapeutics for henipavirus-mediated disease are summarized in light of their ability to inhibit HeV and NiV entry by targeting their G and F glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22470837M��Steffen, Deborah L
Xu, Kai
Nikolov, Dimitar B
Broder, Christopher C
eng
R01 AI054715/AI/NIAID NIH HHS/
U01 AI077995/AI/NIAID NIH HHS/
AI054715/AI/NIAID NIH HHS/
AI077995/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Review
Switzerland
2012/04/04 06:00
Viruses. 2012 Feb;4(2):280-308. doi: 10.3390/v4020280. Epub 2012 Feb 13.*��1999-4915 (Electronic)
1999-4915 (Linking)
��PMC3315217���22470837|��Department of Microbiology and Immunology, Uniformed Services University, Bethesda, MD 20814, USA. Deborah.Steffen@usuhs.mil���10.3390/v4020280��ó��üÓ|ÿî?2������Rahman, M.
Chakraborty, A.���2012@��Nipah virus outbreaks in Bangladesh: a deadly infectious disease���208-212#��WHO South East Asia J Public Health���1���2���Apr-Jun´��During 2001-2011, multidisciplinary teams from the Institute of Epidemiology, Disease Control and Research (IEDCR) and International Centre for Diarrhoeal Disease Research, Bangladesh(icddr,b) identified sporadic cases and 11 outbreaks of Nipah encephalitis. Three outbreaks were detected through sentinel surveillance; others were identified through event-based surveillance. A total of 196 cases of Nipah encephalitis, in outbreaks, clusters and as isolated cases were detected from 20 districts of Bangladesh; out of them 150 (77%) cases died. Drinking raw date palm sap and contact with a case were identified as the major risk factors for acquiring the disease. Combination of surveillance systems and multidisciplinary outbreak investigations can be an effective strategy not only for detection of emerging infectious diseases but also for identification of novel characteristics and risk factors for these diseases in resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/28612796¥��Rahman, Mahmudur
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Zoonoses/epidemiology/transmission/*virology���Dec¸��The highly lethal Hendra and Nipah viruses have been described for little more than a decade, yet within that time have been aetiologically associated with major livestock and human health impacts, albeit on a limited scale. Do these emerging pathogens pose a broader threat, or are they inconsequential 'viral chatter'. Given their lethality, and the evident multi-generational human-to-human transmission associated with Nipah virus in Bangladesh, it seems prudent to apply the precautionary principle. While much is known of their clinical, pathogenic and epidemiologic features in livestock species and humans, a number of fundamental questions regarding the relationship between the viruses, their natural fruit-bat host and the environment remain unanswered. In this paper, we pose and probe these questions in context, and offer perspectives based primarily on our experience with Hendra virus in Australia, augmented with Nipah virus parallels.,��https://www.ncbi.nlm.nih.gov/pubmed/22440924���Field, Hume
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Zoonoses/transmission/*virology���DecÍ��For the past 10-15 years, bats have attracted growing attention as reservoirs of emerging zoonotic viruses. This has been due to a combination of factors including the emergence of highly virulent zoonotic pathogens, such as Hendra, Nipah, SARS and Ebola viruses, and the high rate of detection of a large number of previously unknown viral sequences in bat specimens. As bats have ancient evolutionary origins and are the only flying mammals, it has been hypothesized that some of their unique biological features may have made them especially suitable hosts for different viruses. So the question 'Are bats different, special or exceptional?' has become a focal point in the field of virology, bat biology and virus-host co-evolution. In this brief review, we examine the topic in a relatively unconventional way, that is, our discussion will be based on both scientific discoveries and theoretical predictions. This approach was chosen partially because the data in this field are so limited that it is impossible to conduct a useful review based on published results only and also because we believe it is important to provoke original, speculative or even controversial ideas or theories in this important field of research.,��https://www.ncbi.nlm.nih.gov/pubmed/22440923­��Wang, Lin-Fa
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*Virus Internalization���Mayá��The hemagglutinin-neuraminidase (HN) protein of paramyxoviruses carries out three distinct activities contributing to the ability of HN to promote viral fusion and entry: receptor binding, receptor cleavage (neuraminidase), and activation of the fusion protein. The relationship between receptor binding and fusion triggering functions of HN are not fully understood. For Newcastle disease virus (NDV), one bifunctional site (site I) on HN's globular head can mediate both receptor binding and neuraminidase activities, and a second site (site II) in the globular head is also capable of mediating receptor binding. The receptor analog, zanamivir, blocks receptor binding and cleavage activities of NDV HN's site I while activating receptor binding by site II. Comparison of chimeric proteins in which the globular head of NDV HN is connected to the stalk region of either human parainfluenza virus type 3 (HPIV3) or Nipah virus receptor binding proteins indicates that receptor binding to NDV HN site II not only can activate its own fusion (F) protein but can also activate the heterotypic fusion proteins. We suggest a general model for paramyxovirus fusion activation in which receptor engagement at site II plays an active role in F activation.,��https://www.ncbi.nlm.nih.gov/pubmed/22438532É��Porotto, Matteo
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Survival Rate���The clinicopathological features of human Nipah virus and Hendra virus infections appear to be similar. The clinical manifestations may be mild, but if severe, includes acute encephalitic and pulmonary syndromes with a high mortality. The pathological features in human acute henipavirus infections comprise vasculopathy (vasculitis, endothelial multinucleated syncytia, thrombosis), microinfarcts and parenchymal cell infection in the central nervous system, lung, kidney and other major organs. Viral inclusions, antigens, nucleocapsids and RNA are readily demonstrated in blood vessel wall and numerous types of parenchymal cells. Relapsing henipavirus encephalitis is a rare complication reported in less than 10% of survivors of the acute infection and appears to be distinct from the acute encephalitic syndrome. Pathological evidence suggests viral recrudescence confined to the central nervous system as the cause.,��https://www.ncbi.nlm.nih.gov/pubmed/22427144���Wong, K T
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Virus Internalizationº��Nipah (NiV) and Hendra (HeV) viruses cause cell-cell fusion (syncytia) in brain, lung, heart, and kidney tissues, leading to encephalitis, pneumonia, and often death. Membrane fusion is essential to both viral entry and virus-induced cell-cell fusion, a hallmark of henipavirus infections. Elucidiation of the mechanism(s) of membrane fusion is critical to understanding henipavirus pathobiology and has the potential to identify novel strategies for the development of antiviral therapeutic agents. Henipavirus membrane fusion requires the coordinated actions of the viral attachment (G) and fusion (F) glycoproteins. Current henipavirus fusion models posit that attachment of NiV or HeV G to its cell surface receptors releases F from its metastable pre-fusion conformation to mediate membrane fusion. The identification of ephrinB2 and ephrinB3 as henipavirus receptors has paved the way for recent advances in our understanding of henipavirus membrane fusion. These advances highlight mechanistic similarities and differences between membrane fusion for the henipavirus and other genera within the Paramyxoviridae family. Here, we review these mechanisms and the current gaps in our knowledge in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/22427111ª��Aguilar, Hector C
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Virus Replicationµ��Emerging viruses including Nipah, Hendra, Lujo, and Junin viruses have enormous potential to spread rapidly. Nipah virus, after emerging as a zoonosis, has also evolved the capacity for human-to-human transmission. Most of the diseases caused by these pathogens are untreatable and require high biocontainment conditions. Universal methods for rapidly identifying and screening candidate antivirals are urgently needed. We have developed a modular antiviral platform strategy that relies on simple bioinformatic and genetic information about each pathogen. Central to this platform is the use of envelope glycoprotein cDNAs to establish multi-cycle replication systems under BSL2 conditions for viral pathogens that normally require BSL3 and BSL4 facilities. We generated monoclonal antibodies against Nipah G by cDNA immunization in rats, and we showed that these antibodies neutralize both Nipah and Hendra live viruses. We then used these effective Henipavirus inhibitors to validate our screening strategy. Our proposed strategy should contribute to the response capability for emerging infectious diseases, providing a way to initiate antiviral development immediately upon identifying novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22396728á��Talekar, Aparna
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Time Factors£��Nipah virus (NiV) is a recently emerged zoonotic Paramyxovirus that causes regular outbreaks in East Asia with mortality rate exceeding 75%. Major cellular targets of NiV infection are endothelial cells and neurons. To better understand virus-host interaction, we analyzed the transcriptome profile of NiV infection in primary human umbilical vein endothelial cells. We further assessed some of the obtained results by in vitro and in vivo methods in a hamster model and in brain samples from NiV-infected patients. We found that NiV infection strongly induces genes involved in interferon response in endothelial cells. Among the top ten upregulated genes, we identified the chemokine CXCL10 (interferon-induced protein 10, IP-10), an important chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. In NiV-infected hamsters, which develop pathology similar to what is seen in humans, expression of CXCL10 mRNA was induced in different organs with kinetics that followed NiV replication. Finally, we showed intense staining for CXCL10 in the brain of patients who succumbed to lethal NiV infection during the outbreak in Malaysia, confirming induction of this chemokine in fatal human infections. This study sheds new light on NiV pathogenesis, indicating the role of CXCL10 during the course of infection and suggests that this chemokine may serve as a potential new marker for lethal NiV encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/22393386���Mathieu, Cyrille
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United KingdomW��The genus Henipavirus includes Hendra virus (HeV) and Nipah virus (NiV), for which fruit bats (particularly those of the genus Pteropus) are considered to be the wildlife reservoir. The recognition of henipaviruses occurring across a wider geographic and host range suggests the possibility of the virus entering the United Kingdom (UK). To estimate the likelihood of henipaviruses entering the UK, a qualitative release assessment was undertaken. To facilitate the release assessment, the world was divided into four zones according to location of outbreaks of henipaviruses, isolation of henipaviruses, proximity to other countries where incidents of henipaviruses have occurred and the distribution of Pteropus spp. fruit bats. From this release assessment, the key findings are that the importation of fruit from Zone 1 and 2 and bat bushmeat from Zone 1 each have a Low annual probability of release of henipaviruses into the UK. Similarly, the importation of bat meat from Zone 2, horses and companion animals from Zone 1 and people travelling from Zone 1 and entering the UK was estimated to pose a Very Low probability of release. The annual probability of release for all other release routes was assessed to be Negligible. It is recommended that the release assessment be periodically re-assessed to reflect changes in knowledge and circumstances over time.,��https://www.ncbi.nlm.nih.gov/pubmed/22328916.��Snary, Emma L
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Virology/*methods���AprF��Hendra virus (HeV) is a zoonotic paramyxovirus endemic in Australian Pteropus bats (fruit bats or flying foxes). Although bats appear to be unaffected by the virus, HeV can spread from fruit bats to horses, causing severe disease. Human infection results from close contact with the blood, body fluids and tissues of infected horses. HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. Current assays for HeV detection require complex instrumentation and are generally time consuming. The aim of this study was to develop a Loop-Mediated Isothermal Amplification (LAMP) assay to detect nucleic acid from all known HeV strains in horses without the requirement for complex laboratory equipment. A LAMP assay targeting a conserved region of the HeV P-gene was combined with a Lateral Flow Device (LFD) for detection of amplified product. All HeV isolates, the original HeV isolated in 1994 as well as the most recent isolates from 2011 were detected. Analytical sensitivity and specificity of the HeV-LAMP assay was equal to a TaqMan assay developed previously. Significantly, these assays detected HeV in horses before clinical signs were observed. The combined LAMP-LFD procedure is a sensitive method suitable for HeV diagnosis in a resource-limited situation or where rapid test results are critical.,��https://www.ncbi.nlm.nih.gov/pubmed/22327143¿��Foord, Adam J
Middleton, Deborah
Heine, Hans G
eng
Evaluation Studies
Netherlands
2012/02/14 06:00
J Virol Methods. 2012 Apr;181(1):93-6. doi: 10.1016/j.jviromet.2012.01.020. Epub 2012 Feb 2.*��1879-0984 (Electronic)
0166-0934 (Linking)���22327143^��CSIRO Australian Animal Health Laboratory, 5 Portarlington Road, Geelong, VIC 3220, Australia.���10.1016/j.jviromet.2012.01.020��©�üÒtÿî?=���8��Pomel, S.
Rodrigo, J.
Hendra, F.
Cave, C.
Loiseau, P. M.���2012v��In silico analysis of a therapeutic target in Leishmania infantum: the guanosine-diphospho-D-mannose pyrophosphorylase���63-70���Parasite���19���1Û��Amino Acid Motifs
Amino Acid Sequence
Animals
Antiprotozoal Agents/chemistry/*pharmacology/therapeutic use
Consensus Sequence
Dogs
*Drug Design
Glycosylation
Guanosine Diphosphate Mannose/chemistry/metabolism
Host-Parasite Interactions
Humans
Leishmania infantum/drug effects/*enzymology
Leishmaniasis, Visceral/drug therapy
Models, Molecular
Molecular Conformation
Nucleotidyltransferases/antagonists & inhibitors/*chemistry/metabolism
Sequence Alignment
Species Specificity���Feb8��Leishmaniases are tropical and sub-tropical diseases for which classical drugs (i.e. antimonials) exhibit toxicity and drug resistance. Such a situation requires to find new chemical series with antileishmanial activity. This work consists in analyzing the structure of a validated target in Leishmania: the GDP-mannose pyrophosphorylase (GDP-MP), an enzyme involved in glycosylation and essential for amastigote survival. By comparing both human and L. infantum GDP-MP 3D homology models, we identified (i) a common motif of amino acids that binds to the mannose moiety of the substrate and, interestingly, (ii) a motif that is specific to the catalytic site of the parasite enzyme. This motif could then be used to design compounds that specifically inhibit the leishmanial GDP-MP, without any effect on the human homolog.,��https://www.ncbi.nlm.nih.gov/pubmed/22314241���Pomel, S
Rodrigo, J
Hendra, F
Cave, C
Loiseau, P M
eng
France
2012/02/09 06:00
Parasite. 2012 Feb;19(1):63-70. doi: 10.1051/parasite/2012191063.%��1252-607X (Print)
1252-607X (Linking)
��PMC3671423���22314241���Universite Paris-Sud 11, UMR 8076 CNRS, Chimiotherapie Antiparasitaire, 5, rue Jean-Baptiste Clement, 92296 Chatenay-Malabry, France.���10.1051/parasite/2012191063��¬��üÒ|ÿî?>���'��Hassani, L. N.
Hendra, F.
Bouchemal, K.���2012E��Auto-associative amphiphilic polysaccharides as drug delivery systems���608-14���Drug Discov Today���17���11-12G��Biocompatible Materials/chemistry/pharmacology/toxicity
Chitosan/chemistry/pharmacology/toxicity
Drug Carriers/*chemistry/pharmacology/toxicity
Drug Delivery Systems
Hydrogels
Hydrophobic and Hydrophilic Interactions
Micelles
Molecular Medicine
Molecular Structure
Nanoparticles
Polysaccharides/*chemistry/pharmacology/toxicity���Junå��Self-assembly of amphiphilic polysaccharides provides a positive outlook for drug delivery systems without the need for solvents or surfactants. Various polymeric amphiphilic polysaccharides undergo intramolecular or intermolecular associations in water. This type of association, promoted by hydrophobic segments, led to the formation of various drug delivery systems such as micelles, nanoparticles, liposomes and hydrogels. Here, we review a selection of the most important amphiphilic polysaccharides used as drug delivery systems and their pharmaceutical applications. Attention focuses on amphiphilic chitosan owing to its unique properties such as excellent biocompatibility, non-toxicity and antimicrobial and bioadhesive properties.,��https://www.ncbi.nlm.nih.gov/pubmed/22305936»��Hassani, Leila N
Hendra, Frederic
Bouchemal, Kawthar
eng
Review
England
2012/02/07 06:00
Drug Discov Today. 2012 Jun;17(11-12):608-14. doi: 10.1016/j.drudis.2012.01.016. Epub 2012 Jan 25.*��1878-5832 (Electronic)
1359-6446 (Linking)���22305936���UMR CNRS Physico-chemistry, Pharmacotechny and Biopharmacy, Universite Paris-Sud, School of Pharmacy, Chatenay Malabry, France.���10.1016/j.drudis.2012.01.016�	$��üÒtÿî??������Lo, M. K.
Lowe, L.
Hummel, K. B.
Sazzad, H. M.
Gurley, E. S.
Hossain, M. J.
Luby, S. P.
Miller, D. M.
Comer, J. A.
Rollin, P. E.
Bellini, W. J.
Rota, P. A.���2012G��Characterization of Nipah virus from outbreaks in Bangladesh, 2008-2010���248-55���Emerg Infect Dis���18���2���Amino Acid Sequence
Amino Acid Substitution
Bangladesh/epidemiology
Child
Conserved Sequence
*Disease Outbreaks
Female
Genetic Variation
Genome, Viral
Henipavirus Infections/*epidemiology/virology
Humans
Molecular Sequence Data
Molecular Typing
Nipah Virus/*genetics/isolation & purification
Phylogeny
Sequence Analysis, DNA
Seroepidemiologic Studies
Viral Proteins/chemistry/genetics���Febí��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes fatal encephalitis in humans. The initial outbreak of NiV infection occurred in Malaysia and Singapore in 1998-1999; relatively small, sporadic outbreaks among humans have occurred in Bangladesh since 2001. We characterized the complete genomic sequences of identical NiV isolates from 2 patients in 2008 and partial genomic sequences of throat swab samples from 3 patients in 2010, all from Bangladesh. All sequences from patients in Bangladesh comprised a distinct genetic group. However, the detection of 3 genetically distinct sequences from patients in the districts of Faridpur and Gopalganj indicated multiple co-circulating lineages in a localized region over a short time (January-March 2010). Sequence comparisons between the open reading frames of all available NiV genes led us to propose a standardized protocol for genotyping NiV; this protcol provides a simple and accurate way to classify current and future NiV sequences.,��https://www.ncbi.nlm.nih.gov/pubmed/22304936¤��Lo, Michael K
Lowe, Luis
Hummel, Kimberly B
Sazzad, Hossain M S
Gurley, Emily S
Hossain, M Jahangir
Luby, Stephen P
Miller, David M
Comer, James A
Rollin, Pierre E
Bellini, William J
Rota, Paul A
eng
07-015-0712-52200/PHS HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.
2012/02/07 06:00
Emerg Infect Dis. 2012 Feb;18(2):248-55. doi: 10.3201/eid1802.111492.*��1080-6059 (Electronic)
1080-6040 (Linking)
��PMC3310473���22304936U��Centers for Disease Control and Prevention, Atlanta, Georgia 30333, USA. mko2@cdc.gov���10.3201/eid1802.111492��#��üÖtÿî?@������Stachowiak, B.
Weingartl, H. M.���2012R��Nipah virus infects specific subsets of porcine peripheral blood mononuclear cells���e30855���PLoS One���7���1¼��Animals
Antigens, CD/metabolism
Antigens, Differentiation, T-Lymphocyte/metabolism
Antigens, Viral/metabolism
CD4-Positive T-Lymphocytes/drug effects/virology
CD8-Positive T-Lymphocytes/drug effects/virology
Ephrin-B2/genetics/metabolism
Gene Expression Regulation/drug effects
Henipavirus Infections/*blood/immunology/*virology
Intracellular Space/drug effects/virology
Ionomycin/pharmacology
Lymphocyte Subsets/drug effects/*virology
Microvessels/drug effects/virology
Nipah Virus/drug effects/*physiology
Nucleocapsid/metabolism
RNA, Messenger/genetics/metabolism
Staining and Labeling
Sus scrofa/*blood/*virology
Tetradecanoylphorbol Acetate/pharmacology
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Mar©��While work with viral fusion proteins has demonstrated that the transmembrane domain (TMD) can affect protein folding, stability, and membrane fusion promotion, the mechanism(s) remains poorly understood. TMDs could play a role in fusion promotion through direct TMD-TMD interactions, and we have recently shown that isolated TMDs from three paramyxovirus fusion (F) proteins interact as trimers using sedimentation equilibrium (SE) analysis (E. C. Smith, et al., submitted for publication). Immediately N-terminal to the TMD is heptad repeat B (HRB), which plays critical roles in fusion. Interestingly, addition of HRB decreased the stability of the trimeric TMD-TMD interactions. This result, combined with previous findings that HRB forms a trimeric coiled coil in the prefusion form of the whole protein though HRB peptides fail to stably associate in isolation, suggests that the trimeric TMD-TMD interactions work in concert with elements in the F ectodomain head to stabilize a weak HRB interaction. Thus, changes in TMD-TMD interactions could be important in regulating F triggering and refolding. Alanine insertions between the TMD and HRB demonstrated that spacing between these two regions is important for protein stability while not affecting TMD-TMD interactions. Additional mutagenesis of the C-terminal end of the TMD suggests that beta-branched residues within the TMD play a role in membrane fusion, potentially through modulation of TMD-TMD interactions. Our results support a model whereby the C-terminal end of the Hendra virus F TMD is an important regulator of TMD-TMD interactions and show that these interactions help hold HRB in place prior to the triggering of membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22238302Ì��Smith, Everett Clinton
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Marf��Hendra virus is a highly pathogenic paramyxovirus classified as a biosafety level four agent. The fusion (F) protein of Hendra virus is critical for promoting viral entry and cell-to-cell fusion. To be fusogenically active, Hendra virus F must undergo endocytic recycling and cleavage by the endosomal/lysosomal protease cathepsin L, but the route of Hendra virus F following internalization and the recycling signals involved are poorly understood. We examined the intracellular distribution of Hendra virus F following endocytosis and showed that it is primarily present in Rab5- and Rab4-positive endosomal compartments, suggesting that cathepsin L cleavage occurs in early endosomes. Hendra virus F transmembrane domain (TMD) residues S490 and Y498 were found to be important for correct Hendra virus F recycling, with the hydroxyl group of S490 and the aromatic ring of Y498 important for this process. In addition, changes in association of isolated Hendra virus F TMDs correlated with alterations to Hendra virus F recycling, suggesting that appropriate TMD interactions play an important role in endocytic trafficking.,��https://www.ncbi.nlm.nih.gov/pubmed/22238299Ý��Popa, Andreea
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*Virus Attachment���FebÅ��Members of the ephrin cell-surface protein family interact with the Eph receptors, the largest family of receptor tyrosine kinases, mediating bi-directional signaling during tumorogenesis and various developmental events. Surprisingly, ephrin-B2 and -B3 were recently identified as entry receptors for henipaviruses, emerging zoonotic paramyxoviruses responsible for repeated outbreaks in humans and animals in Australia, Southeast Asia, India and Bangladesh. Nipah virus (NiV) and Hendra virus (HeV) are the only two identified members in the henipavirus genus. While the initial human infection cases came from contact with infected pigs (NiV) or horses (HeV), in the more recent outbreaks of NiV both food-borne and human-to-human transmission were reported. These characteristics, together with high mortality and morbidity rates and lack of effective anti-viral therapies, make the henipaviruses a potential biological-agent threat. Viral entry is an important target for the development of anti-viral drugs. The entry of henipavirus is initiated by the attachment of the viral G envelope glycoprotein to the host cell receptors ephrin-B2 and/or -B3, followed by activation of the F fusion protein, which triggers fusion between the viral envelop and the host membrane. We review recent progress in the study of henipavirus entry, particularly the identification of ephrins as their entry receptors, and the structural characterization of the ephrin/Henipa-G interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/22227101r��Xu, Kai
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Viral Envelope Proteins/*immunology���Jan 27i��We have previously observed that all known HIV-1 broadly neutralizing antibodies (bnAbs) are highly divergent from germline antibodies in contrast to bnAbs against Hendra virus, Nipah virus and SARS coronavirus (SARS CoV). We have hypothesized that because the germline antibodies are so different from the mature HIV-1-specific bnAbs they may not bind the epitopes of the mature antibodies and provided the first evidence to support this hypothesis by using individual putative germline-like predecessor antibodies. To further validate the hypothesis and understand initial immune responses to different viruses, two phage-displayed human cord blood-derived IgM libraries were constructed which contained mostly germline antibodies or antibodies with very low level of somatic hypermutations. They were panned against different HIV-1 envelope glycoproteins (Envs), SARS CoV protein receptor-binding domain (RBD), and soluble Hendra virus G protein (sG). Despite a high sequence and combinatorial diversity observed in the cord blood-derived IgM antibody repertoire, no enrichment for binders of Envs was observed in contrast to considerable specific enrichments produced with panning against RBD and sG; one of the selected monoclonal antibodies (against the RBD) was of high (nM) affinity with only few somatic mutations. These results further support and expand our initial hypothesis for fundamental differences in immune responses leading to elicitation of bnAbs against HIV-1 compared to SARS CoV and Hendra virus. HIV-1 uses a strategy to minimize or eliminate strong binding of germline antibodies to its Env; in contrast, SARS CoV and Hendra virus, and perhaps other viruses causing acute infections, can bind germline antibody or minimally somatically mutated antibodies with relatively high affinity which could be one of the reasons for the success of sG and RBD as vaccine immunogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22226962ª��Chen, Weizao
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swine hepatitis E virus���Mar­��In the past two decades or so, a number of viruses have emerged in the global swine population. Some, such as porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2), cause economically important diseases in pigs, whereas others such as porcine torque teno virus (TTV), now known as Torque teno sus virus (TTSuV), porcine bocavirus (PBoV) and related novel parvoviruses, porcine kobuvirus, porcine toroviruses (PToV) and porcine lymphotropic herpesviruses (PLHV), are mostly subclinical in swine herds. Although some emerging swine viruses such as swine hepatitis E virus (swine HEV), porcine endogenous retrovirus (PERV) and porcine sapovirus (porcine SaV) may have a limited clinical implication in swine health, they do pose a potential public health concern in humans due to zoonotic (swine HEV) or potential zoonotic (porcine SaV) and xenozoonotic (PERV, PLHV) risks. Other emerging viruses such as Nipah virus, Bungowannah virus and Menangle virus not only cause diseases in pigs but some also pose important zoonotic threat to humans. This article focuses on emerging and re-emerging swine viruses that have a limited or uncertain clinical and economic impact on pig health. The transmission, epidemiology and pathogenic potential of these viruses are discussed. In addition, the two economically important emerging viruses, PRRSV and PCV2, are also briefly discussed to identify important knowledge gaps.,��https://www.ncbi.nlm.nih.gov/pubmed/22225855@��Meng, X J
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Viral Proteins/*chemistry/genetics���Feb 24z��All enzymatic activities required for genomic replication and transcription of nonsegmented negative strand RNA viruses (or Mononegavirales) are believed to be concentrated in the viral polymerase (L) protein. However, our insight into the organization of these different enzymatic activities into a bioactive tertiary structure remains rudimentary. Fragments of Mononegavirales polymerases analyzed to date cannot restore bioactivity through trans-complementation, unlike the related L proteins of segmented NSVs. We investigated the domain organization of phylogenetically diverse Paramyxovirus L proteins derived from measles virus (MeV), Nipah virus (NiV), and respiratory syncytial virus (RSV). Through a comprehensive in silico and experimental analysis of domain intersections, we defined MeV L position 615 as an interdomain candidate in addition to the previously reported residue 1708. Only position 1708 of MeV and the homologous positions in NiV and RSV L also tolerated the insertion of epitope tags. Splitting of MeV L at residue 1708 created fragments that were unable to physically interact and trans-complement, but strikingly, these activities were reconstituted by the addition of dimerization tags to the fragments. Equivalently split fragments of NiV, RSV, and MeV L oligomerized with comparable efficiency in all homo- and heterotypic combinations, but only the homotypic pairs were able to trans-complement. These results demonstrate that synthesis as a single polypeptide is not required for the Mononegavirales polymerases to adopt a proper tertiary conformation. Paramyxovirus polymerases are composed of at least two truly independent folding domains that lack a traditional interface but require molecular compatibility for bioactivity. The functional probing of the L domain architecture through trans-complementation is anticipated to be applicable to all Mononegavirales polymerases.,��https://www.ncbi.nlm.nih.gov/pubmed/22215662���Dochow, Melanie
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Time Factors���This study investigated the seroepidemiology of Hendra virus in a spectacled flying-fox (Pteropus conspicillatus) population in northern Australia, near the location of an equine and associated human Hendra virus infection in late 2004. The pattern of infection in the population was investigated using a serial cross-sectional serological study over a 25-month period, with blood sampled from 521 individuals over six sampling sessions. Antibody titres to the virus were determined by virus neutralisation test. In contrast to the expected episodic infection pattern, we observed that seroprevalence gradually increased over the two years suggesting infection was endemic in the population over the study period. Our results suggested age, pregnancy and lactation were significant risk factors for a detectable neutralizing antibody response. Antibody titres were significantly higher in females than males, with the highest titres occurring in pregnant animals. Temporal variation in antibody titres suggests that herd immunity to the virus may wax and wane on a seasonal basis. These findings support an endemic infection pattern of henipaviruses in bat populations suggesting their infection dynamics may differ significantly from the acute, self limiting episodic pattern observed with related viruses (e.g. measles virus, phocine distemper virus, rinderpest virus) hence requiring a much smaller critical host population size to sustain the virus. These findings help inform predictive modelling of henipavirus infection in bat populations, and indicate that the life cycle of the reservoir species should be taken into account when developing risk management strategies for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22194920!��Breed, Andrew C
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Vero Cells
Virus Shedding���Dec'��Based on epidemiological data, it is believed that human-to-human transmission plays an important role in Nipah virus outbreaks. No experimental data are currently available on the potential routes of human-to-human transmission of Nipah virus. In a first dose-finding experiment in Syrian hamsters, it was shown that Nipah virus was predominantly shed via the respiratory tract within nasal and oropharyngeal secretions. Although Nipah viral RNA was detected in urogenital and rectal swabs, no infectious virus was recovered from these samples, suggesting no viable virus was shed via these routes. In addition, hamsters inoculated with high doses shed significantly higher amounts of viable Nipah virus particles in comparison with hamsters infected with lower inoculum doses. Using the highest inoculum dose, three potential routes of Nipah virus transmission were investigated in the hamster model: transmission via fomites, transmission via direct contact and transmission via aerosols. It was demonstrated that Nipah virus is transmitted efficiently via direct contact and inefficiently via fomites, but not via aerosols. These findings are in line with epidemiological data which suggest that direct contact with nasal and oropharyngeal secretions of Nipah virus infected individuals resulted in greater risk of Nipah virus infection. The data provide new and much-needed insights into the modes and efficiency of Nipah virus transmission and have important public health implications with regards to the risk assessment and management of future Nipah virus outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/22180802ü��de Wit, Emmie
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Seasons
Virus Diseases/urine/*virologyY��Hendra virus is a recently emerged zoonotic agent in Australia. Since first described in 1994, the virus has spilled from its wildlife reservoir (pteropid fruit bats, or 'flying foxes') on multiple occasions causing equine and human fatalities. We undertook a three-year longitudinal study to detect virus in the urine of free-living flying foxes (a putative route of excretion) to investigate Hendra virus infection dynamics. Pooled urine samples collected off plastic sheets placed beneath roosting flying foxes were screened for Hendra virus genome by quantitative RT-PCR, using a set of primers and probe derived from the matrix protein gene. A total of 1672 pooled urine samples from 67 sampling events was collected and tested between 1 July 2008 and 30 June 2011, with 25% of sampling events and 2.5% of urine samples yielding detections. The proportion of positive samples was statistically associated with year and location. The findings indicate that Hendra virus excretion occurs periodically rather than continuously, and in geographically disparate flying fox populations in the state of Queensland. The lack of any detection in the Northern Territory suggests prevalence may vary across the range of flying foxes in Australia. Finally, our findings suggest that flying foxes can excrete virus at any time of year, and that the apparent seasonal clustering of Hendra virus incidents in horses and associated humans (70% have occurred June to October) reflects factors other than the presence of virus. Identification of these factors will strengthen risk minimization strategies for horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22174865	��Field, Hume
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Zoonoses/transmission/virology���Dec¿��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus harbored by Australian flying foxes with sporadic spillovers directly to horses. Although the mode and critical control points of HeV spillover to horses from flying foxes, and the risk for transmission from infected horses to other horses and humans, are poorly understood, we successfully established systemic HeV disease in 3 horses exposed to Hendra virus/Australia/Horse/2008/Redlands by the oronasal route, a plausible route for natural infection. In 2 of the 3 animals, HeV RNA was detected continually in nasal swabs from as early as 2 days postexposure, indicating that systemic spread of the virus may be preceded by local viral replication in the nasal cavity or nasopharynx. Our data suggest that a critical factor for reducing HeV exposure risk to humans includes early consideration of HeV in the differential diagnosis and institution of appropriate infection control procedures.,��https://www.ncbi.nlm.nih.gov/pubmed/22172152F��Marsh, Glenn A
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Viral Fusion Proteins/*chemistry/*genetics/metabolism/physiology���MarV��Paramyxoviruses enter host cells by fusing the viral envelope with a host cell membrane. Fusion is mediated by the viral fusion (F) protein, and it undergoes large irreversible conformational changes to cause membrane merger. The C terminus of PIV5 F contains a membrane-proximal 7-residue external region (MPER), followed by the transmembrane (TM) domain and a 20-residue cytoplasmic tail. To study the sequence requirements of the F protein C terminus for fusion, we constructed chimeras containing the ectodomain of parainfluenza virus 5 F (PIV5 F) and either the MPER, the TM domain, or the cytoplasmic tail of the F proteins of the paramyxoviruses measles virus, mumps virus, Newcastle disease virus, human parainfluenza virus 3, and Nipah virus. The chimeras were expressed, and their ability to cause cell fusion was analyzed. The chimeric proteins were variably expressed at the cell surface. We found that chimeras containing the ectodomain of PIV5 F with the C terminus of other paramyxoviruses were unable to cause cell fusion. Fusion could be restored by decreasing the activation energy of refolding through introduction of a destabilizing mutation (S443P). Replacing individual regions, singly or doubly, in the chimeras with native PIV5 F sequences restored fusion to various degrees, but it did not have an additive effect in restoring activity. Thus, the F protein C terminus may be a specific structure that only functions with its cognate ectodomain. Alanine scanning mutagenesis of MPER indicates that it has a regulatory role in fusion since both hyperfusogenic and hypofusogenic mutations were found.,��https://www.ncbi.nlm.nih.gov/pubmed/22171273&��Zokarkar, Aarohi
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Viral Envelope Proteins/*chemistry���Apr*��Hendra virus (HeV) continues to cause morbidity and mortality in both humans and horses with a number of sporadic outbreaks. HeV has two structural membrane glycoproteins that mediate the infection of host cells: the attachment (G) and the fusion (F) glycoproteins that are essential for receptor binding and virion-host cell membrane fusion, respectively. N-linked glycosylation of viral envelope proteins are critical post-translation modifications that have been implicated in roles of structural integrity, virus replication and evasion of the host immune response. Deciphering the glycan composition and structure on these glycoproteins may assist in the development of glycan-targeted therapeutic intervention strategies. We examined the site occupancy and glycan composition of recombinant soluble G (sG) glycoproteins expressed in two different mammalian cell systems, transient human embryonic kidney 293 (HEK293) cells and vaccinia virus (VV)-HeLa cells, using a suite of biochemical and biophysical tools: electrophoresis, lectin binding and tandem mass spectrometry. The N-linked glycans of both VV and HEK293-derived sG glycoproteins carried predominantly mono- and disialylated complex-type N-glycans and a smaller population of high mannose-type glycans. All seven consensus sequences for N-linked glycosylation were definitively found to be occupied in the VV-derived protein, whereas only four sites were found and characterized in the HEK293-derived protein. We also report, for the first time, the existence of O-linked glycosylation sites in both proteins. The striking characteristic of both proteins was glycan heterogeneity in both N- and O-linked sites. The structural features of G protein glycosylation were also determined by X-ray crystallography and interactions with the ephrin-B2 receptor are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22171062���Colgrave, Michelle L
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Time Factors���Hendra virus is a recently emerged bat-borne zoonotic agent with high lethality in horses and humans in Australia. This is a rare disease and the determinants of bat to horse transmission, including the factors that bring these hosts together at critical times, are poorly understood. In this cross-disciplinary study climatic and vegetation primary productivity variables are compared for the dispersed and heterogenic 1994-2010 outbreak sites. The significant occurrence of spillover events within the dry season (p = 0.013, 95% CI (0.57-0.98)) suggests seasonal forcing of transmission across species, or seasonal forcing of virus excretion by the reservoir host. We explore the evidence for both. Preliminary investigations of the spatial determinants of Hendra disease locations are also presented. We find that postal areas in the Australian state of Queensland in which pteropid fruit bat (flying fox) roosts occur are approximately forty times more likely (OR = 40.5, (95% CI (5.16, 317.52)) to be the location of Hendra spillover events. This appears to be independent of density of horses at these locations. We consider issues of scale of host resource use, land use change and limitations of existing data that challenge analysis and limit further conclusive outcomes. This investigation of a broad range of potential climatic and environmental influences provides a good base for future investigations. Further understanding of cross-species Hendra virus transmission requires better understanding of flying fox resource use in the urban-rural landscape.,��https://www.ncbi.nlm.nih.gov/pubmed/22145039´��McFarlane, Rosemary
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Young Adult���MayÌ��AIM: To describe serial changes in brain magnetic resonance imaging (MRI) in acute human infection from two outbreaks of Hendra virus (HeV), relate these changes to disease prognosis, and compare HeV encephalitis to reported cases of Nipah virus encephalitis. MATERIALS AND METHODS: The MRI images of three human cases (two of which were fatal) of acute HeV meningoencephalitis were reviewed. RESULTS: Cortical selectivity early in the disease is evident in all three patients, while deep white matter involvement appears to be a late and possibly premorbid finding. This apparent early grey matter selectivity may be related to viral biology or ribavirin pharmacokinetics. Neuronal loss is evident at MRI, and the rate of progression of MRI abnormalities can predict the outcome of the infection. In both fatal cases, the serial changes in the MRI picture mirrored the clinical course. CONCLUSION: This is the first comprehensive report of serial MRI findings in acute human cerebral HeV infection from two outbreaks. The cortical selectivity appears to be an early finding while deep white matter involvement a late, and possibly premorbid, finding. In both fatal cases, the serial changes in MRI mirrored the clinical course.,��https://www.ncbi.nlm.nih.gov/pubmed/22133593¥��Nakka, P
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Virology/*methods���Jan���Nipah virus (NiV), Paramyxoviridae, Henipavirus, is classified as a biosafety level (BSL) 4 pathogen, along with the closely related Hendra virus (HeV). A novel serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing secreted alkaline phosphatase (SEAP) and pseudotyped with NiV F/G proteins (VSV-NiV-SEAP). A unique characteristic of this novel assay is the ability to obtain neutralization titers by measuring SEAP activity in supernatant using a common ELISA plate reader. This confers a remarkable advantage over the first generation of NiV-pseudotypes expressing green fluorescent protein or luciferase, which require expensive and specific measuring equipment. Using panels of NiV- and HeV-specific sera from various species, the VSV-NiV-SEAP assay demonstrated neutralizing antibody status (positive/negative) consistent with that obtained by conventional live NiV test, and gave higher antibody titers than the latter. Additionally, when screening sixty-six fruit bat sera at one dilution, the VSV-NiV-SEAP assay produced identical results to the live NiV test and only required a very small amount (2mul) of sera. The results suggest that this novel VSV-NiV-SEAP assay is safe, useful for high-throughput screening of sera using an ELISA plate reader, and has high sensitivity and specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/22115786V��Kaku, Yoshihiro
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T-Lymphocytes/immunology���MarÕ��Bats are natural reservoir hosts to a variety of viruses, many of which cause morbidity and mortality in other mammals. Currently there is a paucity of information regarding the nature of the immune response to viral infections in bats, partly due to a lack of appropriate bat specific reagents. IFNgamma plays a key role in controlling viral replication and coordinating a response for long term control of viral infection. Here we describe the cloning and expression of IFNgamma from the Australian flying fox, Pteropus alecto and the generation of mouse monoclonal and chicken egg yolk antibodies specific to bat IFNgamma. Our results demonstrate that P. alecto IFNgamma is conserved with IFNgamma from other species and is induced in bat splenocytes following stimulation with T cell mitogens. P. alecto IFNgamma has antiviral activity on Semliki forest virus in cell lines from P. alecto and the microbat, Tadarida brasiliensis. Additionally recombinant bat IFNgamma was able to mitigate Hendra virus infection in P. alecto cells. These results provide the first evidence for an antiviral role for bat IFNgammain vitro in addition to the application of important immunological reagents for further studies of bat antiviral immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/22093696í��Janardhana, Vijaya
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Thymelaeaceae/*chemistry���Nov 9Ù��BACKGROUND: Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) originates from Papua Island, Indonesia and grows in tropical areas. The different parts of the fruit of P. macrocarpa were evaluated for antioxidant, anti-inflammatory, and cytotoxic activities. METHODS: Phaleria macrocarpa fruit were divided into pericarp, mesocarp and seed. All parts of the fruit were reflux extracted with methanol. The antioxidant activity of the extracts were characterized in various in vitro model systems such as FTC, TBA, DPPH radical, reducing power and NO radical. Anti-inflammatory assays were done by using NO production by macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma and cytotoxic activities were determined by using several cancer cell lines and one normal cell line RESULTS: The results showed that different parts (pericarp, mesocarp, and seed) of Phaleria macrocarpa fruit contain various amount of total phenolic (59.2 +/- 0.04, 60.5 +/- 0.17, 47.7 +/- 1.04 mg gallic acid equivalent/g DW) and flavonoid compounds (161.3 +/- 1.58, 131.7 +/- 1.66, 35.9 +/- 2.47 mg rutin equivalent/g DW). Pericarp and mesocarp showed high antioxidant activities by using DPPH (71.97%, 62.41%), ferric reducing antioxidant power (92.35%, 78.78%) and NO scavenging activity (65.68%, 53.45%). Ferric thiocyanate and thiobarbituric acid tests showed appreciable antioxidant activity in the percentage hydroperoxides inhibitory activity from pericarp and mesocarp in the last day of the assay. Similarly, the pericarp and mesocarp inhibited inducible nitric oxide synthesis with values of 63.4 +/- 1.4% and 69.5 +/- 1.4% in macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma indicating their notable anti-inflammatory potential. Cytotoxic activities against HT-29, MCF-7, HeLa and Chang cell lines were observed in all parts. CONCLUSIONS: These results indicated the possible application of P. macrocarpa fruit as a source of bioactive compounds, potent as an antioxidant, anti inflammatory and cytotoxic agents.,��https://www.ncbi.nlm.nih.gov/pubmed/22070850·��Hendra, Rudi
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Pregnancy���Nov¶��Bats of the genus Pteropus have been identified as the reservoir hosts for the henipaviruses Hendra virus (HeV) and Nipah virus (NiV). The aim of these studies was to assess likely mechanisms for henipaviruses transmission from bats. In a series of experiments, Pteropus bats from Malaysia and Australia were inoculated with NiV and HeV, respectively, by natural routes of infection. Despite an intensive sampling strategy, no NiV was recovered from the Malaysian bats and HeV was reisolated from only one Australian bat; no disease was seen. These experiments suggest that opportunities for henipavirus transmission may be limited; therefore, the probability of a spillover event is low. For spillover to occur, a range of conditions and events must coincide. An alternate assessment framework is required if we are to fully understand how this reservoir host maintains and transmits not only these but all viruses with which it has been associated.,��https://www.ncbi.nlm.nih.gov/pubmed/22049055f��Halpin, Kim
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Vancomycin/*analysis/blood/*therapeutic use���May-JunÙ��BACKGROUND: For the treatment of peritoneal dialysis-associated peritonitis (PDP), it has been suggested that serum concentrations of vancomycin be kept above 12 mg/L-15 mg/L. However, studies correlating vancomycin concentrations in serum and peritoneal dialysate effluent (PDE) during active infection are sparse. We undertook the present study to investigate this issue and to determine whether achieving the recommended serum level of vancomycin results in therapeutic levels intraperitoneally. METHODS: We studied patients treated with intraperitoneal (i.p.) vancomycin for non-gram-negative PDP. We gave a single dose (approximately 30 mg/kg) at presentation, and we subsequently measured vancomycin levels in PDE on day 5; we wanted to determine if efflux of vancomycin from serum to PDE during a 4-hour dwell was consistent and resulted in therapeutic levels. RESULTS: Of the 48 episodes of PDP studied, serum vancomycin concentrations exceeding 12 mg/L were achieved in 98% of patients, but in 11 patients (23%), a PDE vancomycin level below 4 mg/L--the minimal inhibitory concentration (MIC) of many gram-positive organisms--was observed at the end of a 4-hour dwell on day 5. The correlation between the concentrations of vancomycin in serum and PDE (from efflux of antibiotic over 4 hours) was statistically significant, but poor (R(2) = 0.18). CONCLUSIONS: Our data support the International Society for Peritoneal Dialysis statement that adequate serum vancomycin concentrations can be achieved with intermittent dosing (single dose every 5 days), but cannot guarantee therapeutic PDE levels in the treatment of PDP. Intermittent dosing of vancomycin may not consistently result in PDE concentrations markedly greater than MIC of many important pathogens. Although the clinical significance of this finding remains to be determined, it may be preferable to give smaller but more frequent doses of PDE vancomycin (continuous dosing) for adults with PDP (as is currently recommended for children).,��https://www.ncbi.nlm.nih.gov/pubmed/22045102»��Fish, Richard
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West Nile Fever/diagnosis���Nov~��Viral infections of the central nervous system in the tropical countries of Asia and the Indian subcontinent are different from those of the Western and developed world. Many of the endemic and epidemic encephalitides that are prevalent in these regions, such as Japanese encephalitis, have characteristic findings on imaging, especially on magnetic resonance imaging, allowing a rapid diagnosis and differentiation from clinically similar syndromes. Other emerging viral infections in the region in recent years have posed new challenges. The contribution of neuroimaging to the management of these emerging infections is also discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22032499���Handique, Sanjeev Kumar
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Swine���Janz��The C-terminal domain of Nipah virus (NiV) nucleocapsid protein (NP(4)(0)(1)(-)(5)(3)(2)) was inserted at the N-terminus and the immunodominant loop of hepatitis B core antigen (HBc). The stability of NP(4)(0)(1)(-)(5)(3)(2) increased tremendously when displayed on the HBc particles. These particles reacted specifically with the swine anti-NiV and the human anti-HBc antisera.,��https://www.ncbi.nlm.nih.gov/pubmed/22024533â��Yap, Wei Boon
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Humans���Oct 19���Hendra virus (HeV) is a recently emerged zoonotic paramyxovirus that can cause a severe and often fatal disease in horses and humans. HeV is categorized as a biosafety level 4 agent, which has made the development of animal models and testing of potential therapeutics and vaccines challenging. Infection of African green monkeys (AGMs) with HeV was recently demonstrated, and disease mirrored fatal HeV infection in humans, manifesting as a multisystemic vasculitis with widespread virus replication in vascular tissues and severe pathologic manifestations in the lung, spleen, and brain. Here, we demonstrate that m102.4, a potent HeV-neutralizing human monoclonal antibody (hmAb), can protect AGMs from disease after infection with HeV. Fourteen AGMs were challenged intratracheally with a lethal dose of HeV, and 12 subjects were infused twice with a 100-mg dose of m102.4 beginning at either 10, 24, or 72 hours after infection and again about 48 hours later. The presence of viral RNA, infectious virus, and HeV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease on day 8 after infection. Animals in the 72-hour treatment group exhibited neurological signs of disease, but all animals started to recover by day 16 after infection. These results represent successful post-exposure in vivo efficacy by an investigational drug against HeV and highlight the potential impact a hmAb can have on human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/22013123z��Bossart, Katharine N
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Retrospective Studies���The unplanned transfer of patients from long-term acute care hospitals (LTACHs) back to acute facilities disrupts the continuity of care, delays recovery and increases the cost of care. This study was performed to better understand the unplanned transfer of patients with pulmonary disease. A retrospective analysis of data obtained for quality management in a cohort of patients admitted to an LTACH system over a 3-year period. Of the 3506 patients admitted with a pulmonary diagnosis studied, 414 (12%) underwent 526 unplanned transfers back to an acute facility after a median LTACH length of stay (LOS) of 45 days. Mechanical ventilation via tracheostomy was used in 259 (63%) patients admitted to the LTACH with a pulmonary diagnosis. The commonest reasons for unplanned transfers included acute respiratory failure, cardiac decompensation, gastrointestinal bleed and possible sepsis. Over 50% of patients had LOS at the LTACH between 4 and 30 days prior to the unplanned transfer. Patients with an LOS <3 days prior to transfer were more likely to be transferred around the weekend. In all, 32% of patients died within a median of 7 days of transfer back to the acute facility. Thirty-day mortality following unplanned transfer appeared independent of organ system involved, attending physician specialty/coverage status, nursing shift or transferring LTACH unit. Unplanned transfers disrupting continuity of care remain a significant problem in patients admitted to an LTACH with a pulmonary diagnosis and are associated with significant mortality. Strategies designed to reduce cardiopulmonary decompensation, gastrointestinal bleeding and possible sepsis in the LTACH along with additional strategies implemented throughout the health care continuum will be needed to reduce this problem.,��https://www.ncbi.nlm.nih.gov/pubmed/21990569���White, Alexander C
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Hendra Virus/classification/*genetics,��Hendra virus (HeV) causes a zoonotic disease with high mortality that is transmitted to humans from bats of the genus Pteropus (flying foxes) via an intermediary equine host. Factors promoting spillover from bats to horses are uncertain at this time, but plausibly encompass host and/or agent and/or environmental factors. There is a lack of HeV sequence information derived from the natural bat host, as previously sequences have only been obtained from horses or humans following spillover events. In order to obtain an insight into possible variants of HeV circulating in flying foxes, collection of urine was undertaken in multiple flying fox roosts in Queensland, Australia. HeV was found to be geographically widespread in flying foxes with a number of HeV variants circulating at the one time at multiple locations, while at times the same variant was found circulating at disparate locations. Sequence diversity within variants allowed differentiation on the basis of nucleotide changes, and hypervariable regions in the genome were identified that could be used to differentiate circulating variants. Further, during the study, HeV was isolated from the urine of flying foxes on four occasions from three different locations. The data indicates that spillover events do not correlate with particular HeV isolates, suggesting that host and/or environmental factors are the primary determinants of bat-horse spillover. Thus future spillover events are likely to occur, and there is an on-going need for effective risk management strategies for both human and animal health.,��https://www.ncbi.nlm.nih.gov/pubmed/21980413L��Smith, Ina
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*Virus Internalization���Dec§��During paramyxovirus entry into a host cell, receptor engagement by a specialized binding protein triggers conformational changes in the adjacent fusion protein (F), leading to fusion between the viral and cell membranes. According to the existing paradigm of paramyxovirus membrane fusion, the initial activation of F by the receptor binding protein sets off a spring-loaded mechanism whereby the F protein progresses independently through the subsequent steps in the fusion process, ending in membrane merger. For human parainfluenza virus type 3 (HPIV3), the receptor binding protein (hemagglutinin-neuraminidase [HN]) has three functions: receptor binding, receptor cleaving, and activating F. We report that continuous receptor engagement by HN activates F to advance through the series of structural rearrangements required for fusion. In contrast to the prevailing model, the role of HN-receptor engagement in the fusion process is required beyond an initiating step, i.e., it is still required even after the insertion of the fusion peptide into the target cell membrane, enabling F to mediate membrane merger. We also report that for Nipah virus, whose receptor binding protein has no receptor-cleaving activity, the continuous stimulation of the F protein by a receptor-engaged binding protein is key for fusion. We suggest a general model for paramyxovirus fusion activation in which receptor engagement plays an active role in F activation, and the continued engagement of the receptor binding protein is essential to F protein function until the onset of membrane merger. This model has broad implications for the mechanism of paramyxovirus fusion and for strategies to prevent viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/21976650P��Porotto, Matteo
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Sus scrofa{��Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), have Pteropid bats as their known natural reservoirs. Antibodies against henipaviruses have been found in Eidolon helvum, an old world fruit bat species, and henipavirus-like nucleic acid has been detected in faecal samples from E. helvum in Ghana. The initial outbreak of NiV in Malaysia led to over 265 human encephalitis cases, including 105 deaths, with infected pigs acting as amplifier hosts for NiV during the outbreak. We detected non-neutralizing antibodies against viruses of the genus Henipavirus in approximately 5% of pig sera (N = 97) tested in Ghana, but not in a small sample of other domestic species sampled under a E. helvum roost. Although we did not detect neutralizing antibody, our results suggest prior exposure of the Ghana pig population to henipavirus(es). Because a wide diversity of henipavirus-like nucleic acid sequences have been found in Ghanaian E. helvum, we hypothesise that these pigs might have been infected by henipavirus(es) sufficiently divergent enough from HeVor NiV to produce cross-reactive, but not cross-neutralizing antibodies to HeV or NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/21966471å��Hayman, David T S
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Young Adult���Jan���INTRODUCTION: We investigated a cluster of patients with encephalitis in the Manikgonj and Rajbari Districts of Bangladesh in February 2008 to determine the etiology and risk factors for disease. METHODS: We classified persons as confirmed Nipah cases by the presence of immunoglobulin M antibodies against Nipah virus (NiV), or by the presence of NiV RNA or by isolation of NiV from cerebrospinal fluid or throat swabs who had onset of symptoms between February 6 and March 10, 2008. We classified persons as probable cases if they reported fever with convulsions or altered mental status, who resided in the outbreak areas during that period, and who died before serum samples were collected. For the case-control study, we compared both confirmed and probable Nipah case-patients to controls, who were free from illness during the reference period. We used motion-sensor-infrared cameras to observe bat's contact of date palm sap. RESULTS: We identified four confirmed and six probable case-patients, nine (90%) of whom died. The median age of the cases was 10 years; eight were males. The outbreak occurred simultaneously in two communities that were 44 km apart and separated by a river. Drinking raw date palm sap 2-12 days before illness onset was the only risk factor most strongly associated with the illness (adjusted odds ratio 25, 95% confidence intervals 3.3-infinity, p<0.001). Case-patients reported no history of physical contact with bats, though community members often reported seeing bats. Infrared camera photographs showed that Pteropus bats frequently visited date palm trees in those communities where sap was collected for human consumption. CONCLUSION: This is the second Nipah outbreak in Bangladesh where date palm sap has been implicated as the vehicle of transmission. Fresh date palm sap should not be drunk, unless effective steps have been taken to prevent bat access to the sap during collection.,��https://www.ncbi.nlm.nih.gov/pubmed/21923274|��Rahman, Muhammad Aziz
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Poultry/immunology/*virology���Sep 7è��BACKGROUND: Indonesia is one of the countries most severely affected by H5N1 highly pathogenic avian influenza (HPAI) virus in terms of poultry and human health. However, there is little information on the diversity of H5N1 viruses circulating in backyard farms, where chickens and ducks often intermingle. In this study, H5N1 virus infection occurring in 96 smallholder duck farms in central Java, Indonesia from 2007-2008 was investigated and the molecular and antigenic characteristics of H5N1 viruses isolated from these farms were analysed. RESULTS: All 84 characterised viruses belonged to H5N1 clade 2.1 with three virus sublineages being identified: clade 2.1.1 (1), clade 2.1.3 (80), and IDN/6/05-like viruses (3) that did not belong to any of the present clades. All three clades were found in ducks, while only clade 2.1.3 was isolated from chickens. There were no significant amino acid mutations of the hemagglutinin (HA) and neuraminidase (NA) sites of the viruses, including the receptor binding, glycosylation, antigenic and catalytic sites and NA inhibitor targets. All the viruses had polybasic amino acids at the HA cleavage site. No evidence of major antigenic variants was detected. Based on the HA gene, identical virus variants could be found on different farms across the study sites and multiple genetic variants could be isolated from HPAI outbreaks simultaneously or at different time points from single farms. HPAI virus was isolated from both ducks and chickens; however, the proportion of surviving duck cases was considerably higher than in chickens. CONCLUSIONS: The 2.1.3 clade was the most common lineage found in this study. All the viruses had sequence characteristic of HPAI, but negligible variations in other recognized amino acids at the HA and NA proteins which determine virus phenotypes. Multiple genetic variants appeared to be circulating simultaneously within poultry communities. The high proportion of live duck cases compared to chickens over the study period suggests that ducks are more likely to survive infection and they may better suit the role of long-term maintenance host for H5N1. As some viruses were isolated from dead birds, there was no clear correlation between genetic variations and pathogenicity of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21896207é��Wibawa, Hendra
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Viral Proteins/metabolismñ��Bats are natural reservoirs for a spectrum of infectious zoonotic diseases including the recently emerged henipaviruses (Hendra and Nipah viruses). Henipaviruses have been observed both naturally and experimentally to cause serious and often fatal disease in many different mammal species, including humans. Interestingly, infection of the flying fox with henipaviruses occurs in the absence of clinical disease. The extreme variation in the disease pattern between humans and bats has led to an investigation into the effects of henipavirus infection on the innate immune response in bat cell lines. We report that henipavirus infection does not result in the induction of interferon expression, and the viruses also inhibit interferon signaling. We also confirm that the interferon production and signaling block in bat cells is not due to differing viral protein expression levels between human and bat hosts. This information, in addition to the known lack of clinical signs in bats following henipavirus infection, suggests that bats control henipavirus infection by an as yet unidentified mechanism, not via the interferon response. This is the first report of henipavirus infection in bat cells specifically investigating aspects of the innate immune system.,��https://www.ncbi.nlm.nih.gov/pubmed/21811620Ä��Virtue, Elena R
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Viral Proteins/*chemistry/metabolism���Janå��This review focuses on the experimental data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely Nipah (NiV), Hendra (HeV) and measles (MeV) viruses. We provide a detailed description of the molecular mechanisms governing the disorder-to-order transition of the intrinsically disordered C-terminal domains (N(TAIL)) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within N(TAIL)-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder are discussed in light of the ability of disordered regions to establish a complex molecular partnership, thereby leading to a variety of biological effects. Taking into account the promiscuity that typifies disordered regions, we propose that the main functional advantage of the abundance of disorder within viruses would reside in pleiotropy and genetic compaction, where a single gene would encode a single (regulatory) protein product able to establish multiple interactions via its disordered regions, and hence to exert multiple concomitant biological effects.,��https://www.ncbi.nlm.nih.gov/pubmed/21805002ö��Habchi, Johnny
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Zoonoses/transmission���Jul¢��Hendra virus infection is an emerging infectious disease that is not well understood. Most cases of Hendra virus infection have occurred in Queensland, with one case in a horse in NSW. Hendra virus infection has a high mortality rate in horses and humans and as cases could occur anywhere in Australia it is important to be ready for prompt action should an outbreak occur in NSW. This paper: reviews the current knowledge on Hendra virus infection including methods for preventing the disease; explains the animal health and human health response for an outbreak within NSW; and discusses possible future avenues for post-exposure prophylaxis and prevention by vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/21781619Æ��Hess, Isabel M R
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flavonoidÿ��Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) is commonly known as 'Crown of God', 'Mahkota Dewa', and 'Pau'. It originates from Papua Island, Indonesia and it grows in tropical areas. Empirically, it is potent in treating the hypertensive, diabetic, cancer and diuretic patients. It has a long history of ethnopharmacological usage, and the lack of information about its biological activities led us to investigate the possible biological activities by characterisation of flavonoids and antimicrobial activity of various part of P. macrocarpa against pathogenic bacteria and fungi. The results showed that kaempferol, myricetin, naringin, and rutin were the major flavonoids present in the pericarp while naringin and quercetin were found in the mesocarp and seed. Furthermore, the antibacterial activity of different parts of P. macrocarpa fruit showed a weak ability to moderate antibacterial activity against pathogenic tested bacteria (inhibition range: 0.93-2.17 cm) at concentration of 0.3 mg/disc. The anti fungi activity was only found in seed extract against Aspergillus niger (1.87 cm) at concentration of 0.3 mg/well. From the results obtained, P. macrocarpa fruit could be considered as a natural antimicrobial source due to the presence of flavonoid compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/21747685¾��Hendra, Rudi
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Socioeconomic Factors���SepC��OBJECTIVES: Cytochrome P450 2B6 (CYP2B6) is responsible for the metabolic clearance of efavirenz and single nucleotide polymorphisms (SNPs) in the CYP2B6 gene are associated with efavirenz pharmacokinetics. Since the constitutive androstane receptor (CAR) and the pregnane X receptor (PXR) correlate with CYP2B6 in liver, and a CAR polymorphism (rs2307424) and smoking correlate with efavirenz plasma concentrations, we investigated their association with early (<3 months) discontinuation of efavirenz therapy. METHODS: Three hundred and seventy-three patients initiating therapy with an efavirenz-based regimen were included (278 white patients and 95 black patients; 293 male). DNA was extracted from whole blood and genotyping for CYP2B6 (516G --> T, rs3745274), CAR (540C --> T, rs2307424) and PXR (44477T --> C, rs1523130; 63396C --> T, rs2472677; and 69789A --> G, rs763645) was conducted. Binary logistic regression using the backwards method was employed to assess the influence of SNPs and demographics on early discontinuation. RESULTS: Of the 373 patients, 131 withdrew from therapy within the first 3 months. Black ethnicity [odds ratio (OR) = 0.27; P = 0.0001], CYP2B6 516TT (OR = 2.81; P = 0.006), CAR rs2307424 CC (OR = 1.92; P = 0.007) and smoking status (OR = 0.45; P = 0.002) were associated with discontinuation within 3 months. CONCLUSIONS: These data indicate that genetic variability in CYP2B6 and CAR contributes to early treatment discontinuation for efavirenz-based antiretroviral regimens. Further studies are now required to define the clinical utility of these associations.,��https://www.ncbi.nlm.nih.gov/pubmed/21715435a��Wyen, Christoph
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Virus Shedding/immunology���Aug 5h��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are two deadly zoonotic viruses for which no vaccines or therapeutics have yet been approved for human or livestock use. In 14 outbreaks since 1994 HeV has been responsible for multiple fatalities in horses and humans, with all known human infections resulting from close contact with infected horses. A vaccine that prevents virus shedding in infected horses could interrupt the chain of transmission to humans and therefore prevent HeV disease in both. Here we characterise HeV infection in a ferret model and show that it closely mirrors the disease seen in humans and horses with induction of systemic vasculitis, including involvement of the pulmonary and central nervous systems. This model of HeV infection in the ferret was used to assess the immunogenicity and protective efficacy of a subunit vaccine based on a recombinant soluble version of the HeV attachment glycoprotein G (HeVsG), adjuvanted with CpG. We report that ferrets vaccinated with a 100 mug, 20 mug or 4 mug dose of HeVsG remained free of clinical signs of HeV infection following a challenge with 5000 TCID(5)(0) of HeV. In addition, and of considerable importance, no evidence of virus or viral genome was detected in any tissues or body fluids in any ferret in the 100 and 20 mug groups, while genome was detected in the nasal washes only of one animal in the 4 mug group. Together, our findings indicate that 100 mug or 20 mug doses of HeVsG vaccine can completely prevent a productive HeV infection in the ferret, suggesting that vaccination to prevent the infection and shedding of HeV is possible.,��https://www.ncbi.nlm.nih.gov/pubmed/21689706ï��Pallister, Jackie
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Virus Diseases/*epidemiology/*virology���MayA��Australia is a climatically diverse country varying from a tropical climate in the north to arid central desert and grassland regions, and to temperate climates in the south. There are many viral infections found in Australia that are common to developed countries worldwide, but this article will focus on those that pose a special risk for travellers to Australia, especially the mosquito-borne viruses. The commonest are the members of the alphavirus genus, particularly Ross River virus and Barmah Forest virus, which cause predominantly arthralgia with or without fever or rash. Less frequent but more serious illness is seen with the encephalitic flaviviruses, Murray Valley encephalitis virus, and the Kunjin strain of West Nile virus. In addition dengue occurs intermittently on the northern part of Queensland, and in recent years Japanese encephalitis virus has been found in the Torres Strait Islands and the tip of far north Queensland. Also of interest, but with a much lower risk, are the bat-borne viruses, Hendra virus and Australian bat lyssavirus, that have caused a small number of human infections. However, it is important to remember that most tourists pass through other countries in the Asia/Pacific region on their way to and from Australia and may therefore have acquired infections prior to or after leaving Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/21679887²��Smith, David W
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Trust���Jun 13�	�BACKGROUND: Post-mortem needle biopsies have been used in resource-poor settings to determine cause of death and there is interest in using them in Bangladesh. However, we did not know how families and communities would perceive this procedure or how they would decide whether or not to consent to a post-mortem needle biopsy. The goal of this study was to better understand family and community concerns and decision-making about post-mortem needle biopsies in this low-income, predominantly Muslim country in order to design an informed consent process. METHODS: We conducted 16 group discussions with family members of persons who died during an outbreak of Nipah virus illness during 2004-2008 and 11 key informant interviews with their community and religious leaders. Qualitative researchers first described the post-mortem needle biopsy procedure and asked participants whether they would have agreed to this procedure during the outbreak. Researchers probed participants about the circumstances under which the procedure would be acceptable, if any, their concerns about the procedure, and how they would decide whether or not to consent to the procedure. RESULTS: Overall, most participants agreed that post-mortem needle biopsies would be acceptable in some situations, particularly if they benefitted society. This procedure was deemed more acceptable than full autopsy because it would not require major delays in burial or remove organs, and did not require cutting or stitching of the body. It could be performed before the ritual bathing of the body in either the community or hospital setting. However, before consent would be granted for such a procedure, the research team must gain the trust of the family and community which could be difficult. Although consent may only be provided by the guardians of the body, decisions about consent for the procedure would involve extended family and community and religious leaders. CONCLUSIONS: The possible acceptability of this procedure during outbreaks represents an important opportunity to better characterize cause of death in Bangladesh which could lead to improved public health interventions to prevent these deaths. Obstacles for research teams will include engaging all major stakeholders in decision-making and quickly building a trusting relationship with the family and community, which will be difficult given the short window of time prior to the ritual bathing of the body.,��https://www.ncbi.nlm.nih.gov/pubmed/21668979J��Gurley, Emily S
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Viral Envelope Proteins/*metabolism���Aug���We have previously described heterotypic peptides from parainfluenza virus that potently inhibit Nipah virus in vitro but are not efficacious in vivo. In contrast, our second-generation inhibitors, featuring a cholesterol moiety, are also efficacious in vivo. The difference between in vitro and in vivo results led us to investigate the basis for this discrepancy. Here, we compare the activities of the compounds in standard laboratory cells and in cells relevant to the natural tropism of Nipah virus, i.e., primary neurons, and show that while our first-generation inhibitors are poorly active in primary neurons, the cholesterol-conjugated compounds are highly potent. These results highlight the advantage of evaluating antiviral potency in cells relevant to natural host target tissue.,��https://www.ncbi.nlm.nih.gov/pubmed/21653662¯��Talekar, Aparna
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Zoonoses/*epidemiology/transmission/virology���Jan 7£��Emerging zoonoses threaten global health, yet the processes by which they emerge are complex and poorly understood. Nipah virus (NiV) is an important threat owing to its broad host and geographical range, high case fatality, potential for human-to-human transmission and lack of effective prevention or therapies. Here, we investigate the origin of the first identified outbreak of NiV encephalitis in Malaysia and Singapore. We analyse data on livestock production from the index site (a commercial pig farm in Malaysia) prior to and during the outbreak, on Malaysian agricultural production, and from surveys of NiV's wildlife reservoir (flying foxes). Our analyses suggest that repeated introduction of NiV from wildlife changed infection dynamics in pigs. Initial viral introduction produced an explosive epizootic that drove itself to extinction but primed the population for enzootic persistence upon reintroduction of the virus. The resultant within-farm persistence permitted regional spread and increased the number of human infections. This study refutes an earlier hypothesis that anomalous El Nino Southern Oscillation-related climatic conditions drove emergence and suggests that priming for persistence drove the emergence of a novel zoonotic pathogen. Thus, we provide empirical evidence for a causative mechanism previously proposed as a precursor to widespread infection with H5N1 avian influenza and other emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/21632614Ð��Pulliam, Juliet R C
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*Virus Internalization���Sepí��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses classified in the genus Henipavirus of the family Paramyxoviridae. The entry of henipaviruses occurs through a pH-independent membrane-fusion mechanism mediated by the cooperation of the viral attachment (G) and fusion (F) envelope glycoproteins following virion binding to susceptible host cells. Virus attachment is mediated by the interaction of the G glycoprotein with ephrin-B2 or ephrin-B3, which were identified as the functional receptors of henipavirus. Several residues of the G glycoprotein that are important for receptor binding have been determined through mutagenesis and structural analyses; however, similar approaches have not been carried out for the viral receptor ephrin-B2. Here, an alanine-scanning mutagenesis analysis was performed to identify residues of ephrin-B2 which are critical for NiV binding and entry by using an NiV-F- and -G-glycoprotein pseudotyped lentivirus assay. Results indicated that the G-H loop of ephrin-B2 was indeed critical for the interaction between ephrin-B2 and NiV-G. Unexpectedly, however, some alanine-substitution mutants located in the G-H loop enhanced the infectivity of the NiV pseudotypes, in particular an L124A mutation enhanced entry >30-fold. Further analysis of the L124A ephrin-B2 mutant demonstrated that an increased binding affinity of the mutant receptor with NiV-G was responsible for the enhanced infectivity of both pseudovirus and infectious virus. In addition, cell lines that were stably expressing the L124A mutant receptor were able to support NiV infection more efficiently than the wild-type molecule, potentially providing a new target-cell platform for viral isolation or virus-entry inhibitor screening and discovery.,��https://www.ncbi.nlm.nih.gov/pubmed/21632558í��Yuan, Junfa
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*Virus Replication���Sep���Many viruses use their host's cellular machinery to regulate the functions of viral proteins. The phosphorylation of viral proteins is known to play a role in genome transcription and replication in paramyxoviruses. The paramyxovirus nucleoprotein (N), the most abundant protein in infected cells, is a component of the N-RNA complex and supports the transcription and replication of virus mRNA and genomic RNA. Recently, we reported that the phosphorylation of measles virus N is involved in the regulation of viral RNA synthesis. In this study, we report a rapid turnover of phosphorylation in the Nipah virus N (NiV-N). The phosphorylated NiV-N was hardly detectable in steady-state cells, but was detected after inhibition of cellular protein phosphatases. We identified a phosphorylated serine residue at Ser451 of NiV-N by peptide mass fingerprinting by electrospray ionization-quadrupole time-of-flight mass spectrometry. In the NiV minigenome assay, using luciferase as a reporter gene, the substitution of Ser451 for alanine in NiV-N resulted in a reduction in luciferase activity of approximately 45 % compared with the wild-type protein. Furthermore, the substitution of Ser451 for glutamic acid, which mimics a phosphoserine, led to a more significant decrease in luciferase activity - approximately 81 %. Northern blot analysis showed that both virus transcription and replication were reduced by these mutations. These results suggest that a rapid turnover of the phosphorylation of NiV-N plays an important role in virus transcription and replication.,��https://www.ncbi.nlm.nih.gov/pubmed/21613447+��Huang, Mingshu
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Virus Replication���AugÀ��Nipah virus (NiV) and Hendra virus (HeV) are emerging zoonotic viruses and the causative agents of severe respiratory disease and encephalitis in humans. Little is known about the mechanisms that govern the development of respiratory and neurological disease. Using a hamster model of lethal NiV and HeV infection, we describe the role of the route and dose of infection on the clinical outcome and determine virus tropism and host responses following infection. Infection of hamster with a high dose of NiV or HeV resulted in acute respiratory distress. NiV initially replicated in the upper respiratory tract epithelium, whereas HeV initiated infection primarily in the interstitium. In contrast, infection with a low dose of NiV or HeV resulted in the development of neurological signs and more systemic spread of the virus through involvement of the endothelium. The development of neurological signs coincided with disruption of the blood-brain barrier (BBB) and expression of tumor necrosis alpha (TNF-alpha) and interleukin 1 beta (IL-1beta). In addition, interferon-inducible protein 10 (IP-10) was identified as playing an important role in NiV and HeV pathogenesis. These studies reveal novel information on the development and progression of NiV and HeV clinical disease, provide a mechanism for the differences in transmission observed between NiV and HeV outbreaks, and identify specific cytokines and chemokines that serve as important targets for treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/21593160
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Virus Replication���Aug	��Nipah virus (NiV) is a recently emerged zoonotic paramyxovirus whose natural reservoirs are several species of Pteropus fruit bats. NiV provokes a widespread vasculitis often associated with severe encephalitis, with up to 75% mortality in humans. We have analyzed the pathogenesis of NiV infection, using human leukocyte cultures and the hamster animal model, which closely reproduces human NiV infection. We report that human lymphocytes and monocytes are not permissive for NiV and a low level of virus replication is detected only in dendritic cells. Interestingly, despite the absence of infection, lymphocytes could efficiently bind NiV and transfer infection to endothelial and Vero cells. This lymphocyte-mediated transinfection was inhibited after proteolytic digestion and neutralization by NiV-specific antibodies, suggesting that cells could transfer infectious virus to other permissive cells without the requirement for NiV internalization. In NiV-infected hamsters, leukocytes captured and carried NiV after intraperitoneal infection without themselves being productively infected. Such NiV-loaded mononuclear leukocytes transfer lethal NiV infection into naive animals, demonstrating efficient virus transinfection in vivo. Altogether, these results reveal a remarkable capacity of NiV to hijack leukocytes as vehicles to transinfect host cells and spread the virus throughout the organism. This mode of virus transmission represents a rapid and potent method of NiV dissemination, which may contribute to its high pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/215931452��Mathieu, Cyrille
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Viral Vaccines/*administration & dosage/blood/*genetics/immunology���May 2Æ��Based on their safety profile and ability to induce potent immune responses against infections, subunit vaccines have been used as candidates for a wide variety of pathogens. Since the mammalian cell system is capable of post-translational modification, thus forming properly folded and glycosylated proteins, recombinant proteins expressed in mammalian cells have shown the greatest potential to maintain high antigenicity and immunogenicity. Although no new cases of SARS have been reported since 2004, future outbreaks are a constant threat; therefore, the development of vaccines against SARS-CoV is a prudent preventive step and should be carried out. The RBD of SARS-CoV S protein plays important roles in receptor binding and induction of specific neutralizing antibodies against virus infection. Therefore, in this protocol, we describe novel methods for developing a RBD-based subunit vaccine against SARS. Briefly, the recombinant RBD protein (rRBD) was expressed in culture supernatant of mammalian 293T cells to obtain a correctly folded protein with proper conformation and high immunogenicity. The transfection of the recombinant plasmid encoding RBD to the cells was then performed using a calcium phosphate transfection method with some modifications. Compared with the lipid transfection method, this modified calcium phosphate transfection method is cheaper, easier to handle, and has the potential to reach high efficacy once a transfection complex with suitable size and shape is formed. Finally, a SARS pseudovirus neutralization assay was introduced in the protocol and used to detect the neutralizing activity of sera of mice vaccinated with rRBD protein. This assay is relatively safe, does not involve an infectious SARS-CoV, and can be performed without the requirement of a biosafety-3 laboratory. The protocol described here can also be used to design and study recombinant subunit vaccines against other viruses with class I fusion proteins, for example, HIV, respiratory syncytial virus (RSV), Ebola virus, influenza virus, as well as Nipah and Handra viruses. In addition, the methods for generating a pseudovirus and subsequently establishing a pseudovirus neutralization assay can be applied to all these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21587153÷��Du, Lanying
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Zoonoses/epidemiology/virology���Dec 22P��Anthropogenic environmental change is often implicated in the emergence of new zoonoses from wildlife; however, there is little mechanistic understanding of these causal links. Here, we examine the transmission dynamics of an emerging zoonotic paramyxovirus, Hendra virus (HeV), in its endemic host, Australian Pteropus bats (fruit bats or flying foxes). HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. With models parametrized from field and laboratory data, we explore a set of probable contributory mechanisms that explain the spatial and temporal pattern of HeV emergence; including urban habituation and decreased migration-two widely observed changes in flying fox ecology that result from anthropogenic transformation of bat habitat in Australia. Urban habituation increases the number of flying foxes in contact with human and domestic animal populations, and our models suggest that, in addition, decreased bat migratory behaviour could lead to a decline in population immunity, giving rise to more intense outbreaks after local viral reintroduction. Ten of the 14 known HeV outbreaks occurred near urbanized or sedentary flying fox populations, supporting these predictions. We also demonstrate that by incorporating waning maternal immunity into our models, the peak modelled prevalence coincides with the peak annual spill-over hazard for HeV. These results provide the first detailed mechanistic framework for understanding the sporadic temporal pattern of HeV emergence, and of the urban/peri-urban distribution of HeV outbreaks in horses and people.,��https://www.ncbi.nlm.nih.gov/pubmed/21561971���Plowright, Raina K
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Recurrence���Octø��This study aimed to describe the transmission dynamics, the serological and virus excretion patterns of Nipah virus (NiV) in Pteropus vampyrus bats. Bats in captivity were sampled every 7-21 days over a 1-year period. The data revealed five NiV serological patterns categorized as high and low positives, waning, decreasing and increasing, and negative in these individuals. The findings strongly suggest that NiV circulates in wild bat populations and that antibody could be maintained for long periods. The study also found that pup and juvenile bats from seropositive dams tested seropositive, indicating that maternal antibodies against NiV are transmitted passively, and in this study population may last up to 14 months. NiV was isolated from the urine of one bat, and within a few weeks, two other seronegative bats seroconverted. Based on the temporal cluster of seroconversion, we strongly believe that the NiV isolated was recrudesced and then transmitted horizontally between bats during the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/21524339���Sohayati, A R
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Virus Internalization���Augë��Henipavirus is a new genus of Paramyxoviridae that uses protein-based receptors (ephrinB2 and ephrinB3) for virus entry. Paramyxovirus entry requires the coordinated action of the fusion (F) and attachment viral envelope glycoproteins. Receptor binding to the attachment protein triggers F to undergo a conformational cascade that results in membrane fusion. The accumulation of structural and functional studies on many paramyxoviral fusion and attachment proteins, including the recent elucidation of structures of Nipah virus (NiV) and Hendra virus (HeV) G glycoproteins bound and unbound to cognate ephrinB receptors, indicate that henipavirus entry and fusion could differ mechanistically from paramyxoviruses that use glycan-based receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/21511478j��Lee, Benhur
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Virion/*immunology/ultrastructure���Apr 6x��Nipah virus (NiV) was first recognized in 1998 in a zoonotic disease outbreak associated with highly lethal febrile encephalitis in humans and a predominantly respiratory disease in pigs. Periodic deadly outbreaks, documentation of person-to-person transmission, and the potential of this virus as an agent of agroterror reinforce the need for effective means of therapy and prevention. In this report, we describe the vaccine potential of NiV virus-like particles (NiV VLPs) composed of three NiV proteins G, F and M. Co-expression of these proteins under optimized conditions resulted in quantifiable amounts of VLPs with many virus-like/vaccine desirable properties including some not previously described for VLPs of any paramyxovirus: The particles were fusogenic, inducing syncytia formation; PCR array analysis showed NiV VLP-induced activation of innate immune defense pathways; the surface structure of NiV VLPs imaged by cryoelectron microscopy was dense, ordered, and repetitive, and consistent with similarly derived structure of paramyxovirus measles virus. The VLPs were composed of all the three viral proteins as designed, and their intracellular processing also appeared similar to NiV virions. The size, morphology and surface composition of the VLPs were consistent with the parental virus, and importantly, they retained their antigenic potential. Finally, these particles, formulated without adjuvant, were able to induce neutralizing antibody response in Balb/c mice. These findings indicate vaccine potential of these particles and will be the basis for undertaking future protective efficacy studies in animal models of NiV disease.,��https://www.ncbi.nlm.nih.gov/pubmed/21494680���Walpita, Pramila
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*Nipah Virus���Jun³��The Paramyxoviridae family comprises of several genera that contain emerging or re-emerging threats for human and animal health with no real specific effective treatment available. Hendra and Nipah virus are members of a newly identified genus of emerging paramyxoviruses, Henipavirus. Since their discovery in the 1990s, henipaviruses outbreaks have been associated with high economic and public health threat potential. When compared to other paramyxoviruses, henipaviruses appear to have unique characteristics. Henipaviruses are zoonotic paramyxoviruses with a broader tropism than most other paramyxoviruses, and can cause severe acute encephalitis with unique features among viral encephalitides. There are currently no approved effective prophylactic or therapeutic treatments for henipavirus infections. Although ribavirin was empirically used and seemed beneficial during the biggest outbreak caused by one of these viruses, the Nipah virus, its efficacy is disputed in light of its lack of efficacy in several animal models of henipavirus infection. Nevertheless, because of its highly pathogenic nature, much effort has been spent in developing anti-henipavirus therapeutics. In this review we describe the unique features of henipavirus infections and the different strategies and animal models that have been developed so far in order to identify and test potential drugs to prevent or treat henipavirus infections. Some of these components have the potential to be broad-spectrum antivirals as they target effectors of viral pathogenecity common to other viruses. We will focus on small molecules or biologics, rather than vaccine strategies, that have been developed as anti-henipaviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/21488828Ç��Vigant, Frederic
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Viral Envelope Proteins/genetics/*metabolism���May 20K��The fusion (F) proteins of Newcastle disease virus (NDV) and Nipah virus (NiV) are both triggered by binding to receptors, mediated in both viruses by a second protein, the attachment protein. However, the hemagglutinin-neuraminidase (HN) attachment protein of NDV recognizes sialic acid receptors, whereas the NiV G attachment protein recognizes ephrinB2/B3 as receptors. Chimeric proteins composed of domains from the two attachment proteins have been evaluated for fusion-promoting activity with each F protein. Chimeras having NiV G-derived globular domains and NDV HN-derived stalks, transmembranes, and cytoplasmic tails are efficiently expressed, bind ephrinB2, and trigger NDV F to promote fusion in Vero cells. Thus, the NDV F protein can be triggered by binding to the NiV receptor, indicating that an aspect of the triggering cascade induced by the binding of HN to sialic acid is conserved in the binding of NiV G to ephrinB2. However, the fusion cascade for triggering NiV F by the G protein and that of triggering NDV F by the chimeras can be distinguished by differential exposure of a receptor-induced conformational epitope. The enhanced exposure of this epitope marks the triggering of NiV F by NiV G but not the triggering of NDV F by the chimeras. Thus, the triggering cascade for NiV G-F fusion may be more complex than that of NDV HN and F. This is consistent with the finding that reciprocal chimeras having NDV HN-derived heads and NiV G-derived stalks, transmembranes, and tails do not trigger either F protein for fusion, despite efficient cell surface expression and receptor binding.,��https://www.ncbi.nlm.nih.gov/pubmed/21460213���Mirza, Anne M
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Virion/immunology/*metabolism���Jun���Complement is an innate immune response system that most animal viruses encounter during natural infections. We have tested the role of human complement in the neutralization of virus particles harboring the Nipah virus (NiV) glycoproteins. A luciferase-expressing vesicular stomatitis virus (VSV) pseudotype that contained the NiV fusion (F) and attachment (G) glycoproteins (NiVpp) showed dose- and time-dependent activation of human complement through the alternative pathway. In contrast to our findings with other paramyxoviruses, normal human serum (NHS) alone did not neutralize NiVpp infectivity in vitro, and electron microscopy demonstrated no significant deposition of complement component C3 on particles. This lack of NiVpp neutralization by NHS was not due to a global inhibition of complement pathways, since complement was found to significantly enhance neutralization by antibodies specific for the NiV F and G glycoproteins. Complement components C4 and C1q were necessary but not sufficient by themselves for the enhancement of antibody neutralization. Human complement also enhanced NiVpp neutralization by a soluble version of the NiV receptor EphrinB2, and this depended on components in the classical pathway. The ability of complement to enhance neutralization fell into one of two profiles: (i) anti-F monoclonal antibodies showed enhancement only at high and not low antibody concentrations, and (ii) anti-G monoclonal antibodies and EphrinB2 showed enhancement at both high and very low levels of antibody (e.g., 3.1 ng) or EphrinB2 (e.g., 2.5 ng). Together, these data establish the importance of human complement in the neutralization of particles containing the NiV glycoproteins and will help guide the design of more effective therapeutics that harness the potency of complement pathways.,��https://www.ncbi.nlm.nih.gov/pubmed/21450814?��Johnson, John B
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Young Adult���Jun���BACKGROUND: Nevirapine is metabolized by CYP2B6 and polymorphisms within the CYP2B6 gene partly explain inter-patient variability in pharmacokinetics. The aim of this study was to model the complex relationship between nevirapine exposure, weight and genetics (based on combined analysis of CYP2B6 516G > T and 983T > C single nucleotide polymorphisms). METHODS: Non-linear mixed-effects modelling was used to estimate pharmacokinetic parameters from 275 patients. Simulations of the nevirapine concentration profile were performed with dosing regimens of 200 mg twice daily and 400 mg once daily for individuals with body weights of 50, 70 and 90 kg in combination with CYP2B6 genetic variation. RESULTS: A one-compartment model with first-order absorption best described the data. Population clearance was 3.5 L/h with inter-patient variability of 24.6%. 516T homozygosity and 983C heterozygosity were associated with 37% and 40% lower clearance, respectively. Body weight was the only significant demographic factor influencing clearance, which increased by 5% for every 10 kg increase. For individuals with higher body weight, once-daily nevirapine was associated with a greater risk of sub-therapeutic drug exposure than a twice-daily regimen. This risk was offset in individuals who were 516T homozygous or 983C heterozygous in which drug exposure was optimal for > 95% of patients with body weight of </= 70 kg. CONCLUSIONS: The data suggest that a 400 mg once-daily dose could be implemented in accordance with CYP2B6 polymorphism and body weight. However, the use of nevirapine once daily (immediate release; off-label) in the absence of therapeutic drug monitoring is not recommended due to the risk of inadequate exposure to nevirapine in a high proportion of patients. There are different considerations for the extended-release formulation (nevirapine XR) that demonstrate minimal peak-to-trough fluctuations in plasma nevirapine levels.,��https://www.ncbi.nlm.nih.gov/pubmed/21441248���Schipani, Alessandro
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*Virus Inactivation���Mar 1A��We present a new antiviral strategy and research tool that could be applied to a wide range of enveloped viruses that infect human beings via membrane fusion. We test this strategy on two emerging zoonotic henipaviruses that cause fatal encephalitis in humans, Nipah (NiV) and Hendra (HeV) viruses. In the new approach, artificial cell-like particles (protocells) presenting membrane receptors in a biomimetic manner were developed and found to attract and inactivate henipavirus envelope glycoprotein pseudovirus particles, preventing infection. The protocells do not accumulate virus during the inactivation process. The use of protocells that interact with, but do not accumulate, viruses may provide significant advantages over current antiviral drugs, and this general approach may have wide potential for antiviral development.,��https://www.ncbi.nlm.nih.gov/pubmed/21390296%��Porotto, Matteo
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Zoonoses/*epidemiology���Nov-Dec���Zoonoses are at the present time more important than ever due to their magnitude and impact. The international trade in animals, products and sub products, as well as the intense travel of people around the world, represent risks of dissemination of infectious diseases, and are the reason for a new age of emerging and reemerging zoonotic diseases. Under these conditions, public health and animal health authorities are obliged to work together in order to get more efficient control programs. In this paper the actual situation of some important emerging and reemerging zoonoses is analyzed, including: anthrax, rabies, tuberculosis, brucellosis, cysticercosis, echinococcosis, hanta virus, Hendra and Nipah virus. Particular attention is given to leptospirosis, due to the fact that it is considered by WHO and OIE as the widest spread zoonotic disease in the world. Zoonoses caused by ingestion of animal food products are discussed. They are responsible for the death of almost 2.2 million people. Bacteria of genus salmonella and campylobacter are considered. Some recommendations are given for the control and prevention of zoonoses, emphasizing the "One Health" concept.,��https://www.ncbi.nlm.nih.gov/pubmed/21384639k��Flores Castro, Ricardo
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Virus Attachment���Feb 24È��In recent years, several paramyxoviruses have emerged to infect humans, including previously unidentified zoonoses. Hendra and Nipah viruses (henipaviruses within this family) were first identified in the 1990s in Australia, Malaysia and Singapore, causing epidemics with high mortality and morbidity rates in affected animals and humans. Other paramyxoviruses, such as Menangle virus, Tioman virus, human metapneumovirus and avian paramyxovirus 1, which cause less morbidity in humans, have also been recently identified. Although the Paramyxoviridae family of viruses has been previously recognised as biomedically and veterinarily important, the recent emergence of these paramyxoviruses has focused our attention on this family. Antiviral drugs can be designed to target specific important determinants of the viral life cycle. Therefore, identifying and understanding the mechanistic underpinnings of viral entry, replication, assembly and budding will be critical in the development of antiviral therapeutic agents. This review focuses on the molecular mechanisms discovered and the antiviral strategies pursued in recent years for emerging paramyxoviruses, with particular emphasis on viral entry and exit mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/21345285S��Aguilar, Hector C
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Swine Diseases/epidemiology/*prevention & control/virology���DecÕ��An outbreak of acute febrile encephalitis affecting pig-farm workers and owners was recognized in peninsular Malaysia as early as September 1998. The outbreak was initially thought to be due to Japanese encephalitis (JE) virus and thus very intensive prevention, control and communication strategies directed at JE virus were undertaken by the Ministry of Health and Ministry of Agriculture of Malaysia. There was an immediate change in the prevention, control and communication strategies with focus and strategies on infected pigs as the source of infections for humans and other animals following the discovery of Nipah virus. Information and understanding the risks of Nipah virus infections and modes of transmission strengthened the directions of prevention, control and communication strategies. A number of epidemiological surveillances and field investigations which were broadly divided into 3 groups covering human health sector, animal health sector and reservoir hosts were carried out as forms of risk assessment to determine and assess the factors and degree of risk of infections by the virus. Data showed that there was significant association between Nipah virus infection and performing activities involving close contact with pigs, such as processing of piglets, administering injection or medication to pigs, assisting in the birth of piglets, assisting in pig breeding, and handling of dead pigs in the affected farms. A complex process of anthropogenic driven deforestation, climatic changes brought on by El Nino-related drought, forest fire and severe haze, and ecological factors of mixed agro-pig farming practices and design of pig-sties led to the spillovers of the virus from its wildlife reservoir into pig population.,��https://www.ncbi.nlm.nih.gov/pubmed/21329177U��Chua, K B
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Swine Diseases/*epidemiology/transmission/virology���DecÈ��The outbreak of Nipah virus, affecting pigs and pig-farm workers, was first noted in September 1998 in the north-western part of peninsular Malaysia. By March 1999, the outbreak had spread to other pig-farming areas of the country, inclusive of the neighbouring country, Singapore. A total of 283 human cases of viral encephalitis with 109 deaths were recorded in Malaysia from 29 September 1998 to December 1999. During the outbreak period, a number of surveillances under three broad groups; Surveillance in Human Health Sector, Surveillance in Animal Health Sector, and Surveillance for the Reservoir Hosts, were carried out to determine the prevalence, risk of virus infections and transmission in human and swine populations as well as the source and reservoir hosts of Nipah virus. Surveillance data showed that the virus spread rapidly among pigs within infected farms and transmission was attributed to direct contact with infective excretions and secretions. The spread of the virus among pig farms within and between states of peninsular Malaysia was due to movement of pigs. The transmission of the virus to humans was through close contact with infected pigs. Human to human transmission was considered a rare event though the Nipah virus could be isolated from saliva, urine, nasal and pharyngeal secretions of patients. Field investigations identified fruitbats of the Pteropid species as the natural reservoir hosts of the viruses. The outbreak was effectively brought under control following the discovery of the virus and institution of correct control measures through a combined effort of multi-ministerial and multidisciplinary teams working in close co-operation and collaboration with other international agencies.,��https://www.ncbi.nlm.nih.gov/pubmed/21329176U��Chua, K B
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Zoonoses/epidemiology/virology���Jana��Hendra virus (HeV) was first isolated in 1994, from a disease outbreak involving at least 21 horses and two humans in the Brisbane suburb of Hendra, Australia. The affected horses and humans all developed a severe but unidentified respiratory disease that resulted in the deaths of one of the human cases and the deaths or putting down of 14 of the horses. The virus, isolated by culture from a horse and the kidney of the fatal human case, was initially characterised as a new member of the genus Morbillivirus in the family Paramyxoviridae. Comparative sequence analysis of part of the matrix protein gene of the virus and the discovery that the virus had an exceptionally large genome subsequently led to HeV being assigned to a new genus, Henipavirus, along with Nipah virus (a newly emergent virus in pigs). The regular outbreaks of HeV-related disease that have occurred in Australia since 1994 have all been characterised by acute respiratory and neurological manifestations, with high levels of morbidity and mortality in the affected horses and humans. The modes of transmission of HeV remain largely unknown. Although fruit bats have been identified as natural hosts of the virus, direct bat-horse, bat-human or human-human transmission has not been reported. Human infection can occur via exposure to infectious urine, saliva or nasopharyngeal fluid from horses. The treatment options and efficacy are very limited and no vaccine exists. Reports on the outbreaks of HeV in Australia are collated in this review and the available data on the biology, transmission and detection of the pathogen are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/21294944à��Tulsiani, S M
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Public Health Practice
Seasons
Time Factors���Dec·��Pteropus bats are commonly infected with Nipah virus, but show no signs of illness. Human Nipah outbreaks in Bangladesh coincide with the date palm sap harvesting season. In epidemiologic studies, drinking raw date palm sap is a risk factor for human Nipah infection. We conducted a study to evaluate bats' access to date palm sap. We mounted infrared cameras that silently captured images upon detection of motion on date palm trees from 5:00 pm to 6:00 am. Additionally, we placed two locally used preventative techniques, bamboo skirts and lime (CaCO(3)) smeared on date palm trees to assess their effectiveness in preventing bats access to sap. Out of 20 camera-nights of observations, 14 identified 132 visits of bats around the tree, 91 to the shaved surface of the tree where the sap flow originates, 4 at the stream of sap moving toward the collection pot, and no bats at the tap or on the collection pots; the remaining 6 camera-nights recorded no visits. Of the preventative techniques, the bamboo skirt placed for four camera-nights prevented bats access to sap. This study confirmed that bats commonly visited date palm trees and physically contacted the sap collected for human consumption. This is further evidence that date palm sap is an important link between Nipah virus in bats and Nipah virus in humans. Efforts that prevent bat access to the shaved surface and the sap stream of the tree could reduce Nipah spillovers to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/212071053��Khan, M Salah Uddin
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Swine Diseases/*epidemiology/virology���Apr���The purpose of this study was to investigate the prevalence of hepatitis E virus (HEV) infection in swine and humans in different environments in Java and Bali, Indonesia. The prevalence of anti-HEV antibodies in people over 20 years old living in communities in Bali was significantly higher than that in Java. While 68.8% and 90.0% of swine in Bali were anti-HEV positive at 1 and 2 months of age, respectively, swine in Java were at significantly lower risk of HEV infection by the age of 2 months. Our present data suggest that substantial differences in swine-breeding conditions and human living environments affect the rate of HEV infection in humans and swine.,��https://www.ncbi.nlm.nih.gov/pubmed/21191625���Utsumi, Takako
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Virus Replication���MarÉ��Replication-defective vaccine vectors based on vesicular stomatitis virus (VSV) lacking its envelope glycoprotein gene (G) are highly effective in animal models. However, such DeltaG vectors are difficult to grow because they require complementation with the VSV G protein. In addition, the complementing G protein induces neutralizing antibodies in animals and thus limits multiple vector applications. In the process of generating an experimental Nipah virus (a paramyxovirus) vaccine, we generated two defective VSVDeltaG vectors, each expressing one of the two Nipah virus (NiV) glycoproteins (G and F) that are both required for virus entry to host cells. These replication-defective VSV vectors were effective at generating NiV neutralizing antibody in mice. Most interestingly, we found that these two defective viruses could be grown together and passaged in tissue culture cells in the absence of VSV G complementation. This mixture of complementing defective viruses was also highly effective at generating NiV neutralizing antibody in animals. This novel approach to growing and producing a vaccine from two defective viruses could be generally applicable to vaccine production for other paramyxoviruses or for other viruses where the expression of at least two different proteins is required for viral entry. Such an approach minimizes biosafety concerns that could apply to single, replication-competent VSV recombinants expressing all proteins required for infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21177820å��Chattopadhyay, Anasuya
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Virus Internalization���Feb 15L��The paramyxovirus family includes important human pathogens such as measles, mumps, respiratory syncytial virus, and the recently emerged, highly pathogenic Hendra and Nipah viruses. The viral fusion (F) protein plays critical roles in infection, promoting both the virus-cell membrane fusion events needed for viral entry as well as cell-cell fusion events leading to syncytia formation. We describe the surprising finding that addition of the short epitope HA tag to the cytoplasmic tail (CT) of the Hendra virus F protein leads to a significant increase in the extent of cell-cell membrane fusion. This increase was not due to alterations in surface expression, cleavage state, or association with lipid microdomains. Addition of a Myc tag of similar length did not alter Hendra F protein fusion activity, indicating that the observed stimulation was not solely a result of lengthening the CT. Three tyrosine residues within the HA tag were critical for the increase in the extent of fusion, suggesting C-terminal tyrosines may modulate Hendra fusion activity. The effects of addition of the HA tag varied with other fusion proteins, as parainfluenza virus 5 F-HA showed a decreased level of surface expression and no stimulation of fusion. These results indicate that additions to the C-terminal end of the F protein CT can modulate protein function in a sequence specific manner, reinforcing the need for careful analysis of epitope-tagged glycoproteins. In addition, our results implicate C-terminal tyrosine residues in the modulation of the membrane fusion reaction promoted by these viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/21175223_��Popa, Andreea
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Virus Diseases/*history���Dec 6-20J��Names are more than just labels used to identify diseases. They can be windows into the discovery, characteristics and attributes of the disease. Toponymous diseases are diseases that are named after places. Hendra, Ross River, Bairnsdale, Murray Valley and Barmah Forest are all examples of Australian places that have had diseases named after them. They all have unique and interesting stories that provide a glimpse into their discovery, history and culture. Because of perceived negative connotations, the association of diseases with placenames has sometimes generated controversy.,��https://www.ncbi.nlm.nih.gov/pubmed/21143049���Appuhamy, Ranil D
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Seroepidemiologic Studies���Dec`��To determine seroprevalence of viruses in bats in Papua New Guinea, we sampled 66 bats at 3 locations. We found a seroprevalence of 55% for henipavirus (Hendra or Nipah virus) and 56% for rubulavirus (Tioman or Menangle virus). Notably, 36% of bats surveyed contained antibodies to both types of viruses, indicating concurrent or consecutive infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21122242Õ��Breed, Andrew C
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Swine/virology���Dec&��We isolated and characterized Nipah virus (NiV) from Pteropus vampyrus bats, the putative reservoir for the 1998 outbreak in Malaysia, and provide evidence of viral recrudescence. This isolate is monophyletic with previous NiVs in combined analysis, and the nucleocapsid gene phylogeny species.,��https://www.ncbi.nlm.nih.gov/pubmed/21122240ê��Rahman, Sohayati A
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Virus Shedding���Nov 11���Paramyxoviruses are known to replicate in the cytoplasm and bud from the plasma membrane. Matrix is the major structural protein in paramyxoviruses that mediates viral assembly and budding. Curiously, the matrix proteins of a few paramyxoviruses have been found in the nucleus, although the biological function associated with this nuclear localization remains obscure. We report here that the nuclear-cytoplasmic trafficking of the Nipah virus matrix (NiV-M) protein and associated post-translational modification play a critical role in matrix-mediated virus budding. Nipah virus (NiV) is a highly pathogenic emerging paramyxovirus that causes fatal encephalitis in humans, and is classified as a Biosafety Level 4 (BSL4) pathogen. During live NiV infection, NiV-M was first detected in the nucleus at early stages of infection before subsequent localization to the cytoplasm and the plasma membrane. Mutations in the putative bipartite nuclear localization signal (NLS) and the leucine-rich nuclear export signal (NES) found in NiV-M impaired its nuclear-cytoplasmic trafficking and also abolished NiV-M budding. A highly conserved lysine residue in the NLS served dual functions: its positive charge was important for mediating nuclear import, and it was also a potential site for monoubiquitination which regulates nuclear export of the protein. Concordantly, overexpression of ubiquitin enhanced NiV-M budding whereas depletion of free ubiquitin in the cell (via proteasome inhibitors) resulted in nuclear retention of NiV-M and blocked viral budding. Live Nipah virus budding was exquisitely sensitive to proteasome inhibitors: bortezomib, an FDA-approved proteasome inhibitor for treating multiple myeloma, reduced viral titers with an IC(50) of 2.7 nM, which is 100-fold less than the peak plasma concentration that can be achieved in humans. This opens up the possibility of using an "off-the-shelf" therapeutic against acute NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21085610���Wang, Yao E
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Virology/*methods���Nov 12�	�BACKGROUND: Hendra virus (HeV) and Nipah virus (NiV) are newly emerged zoonotic paramyxoviruses discovered during outbreaks in Queensland, Australia in 1994 and peninsular Malaysia in 1998/9 respectively and classified within the new Henipavirus genus. Both viruses can infect a broad range of mammalian species causing severe and often-lethal disease in humans and animals, and repeated outbreaks continue to occur. Extensive laboratory studies on the host cell infection stage of HeV and NiV and the roles of their envelope glycoproteins have been hampered by their highly pathogenic nature and restriction to biosafety level-4 (BSL-4) containment. To circumvent this problem, we have developed a henipavirus envelope glycoprotein pseudotyped lentivirus assay system using either a luciferase gene or green fluorescent protein (GFP) gene encoding human immunodeficiency virus type-1 (HIV-1) genome in conjunction with the HeV and NiV fusion (F) and attachment (G) glycoproteins. RESULTS: Functional retrovirus particles pseudotyped with henipavirus F and G glycoproteins displayed proper target cell tropism and entry and infection was dependent on the presence of the HeV and NiV receptors ephrinB2 or B3 on target cells. The functional specificity of the assay was confirmed by the lack of reporter-gene signals when particles bearing either only the F or only G glycoprotein were prepared and assayed. Virus entry could be specifically blocked when infection was carried out in the presence of a fusion inhibiting C-terminal heptad (HR-2) peptide, a well-characterized, cross-reactive, neutralizing human mAb specific for the henipavirus G glycoprotein, and soluble ephrinB2 and B3 receptors. In addition, the utility of the assay was also demonstrated by an examination of the influence of the cytoplasmic tail of F in its fusion activity and incorporation into pseudotyped virus particles by generating and testing a panel of truncation mutants of NiV and HeV F. CONCLUSIONS: Together, these results demonstrate that a specific henipavirus entry assay has been developed using NiV or HeV F and G glycoprotein pseudotyped reporter-gene encoding retrovirus particles. This assay can be conducted safely under BSL-2 conditions and will be a useful tool for measuring henipavirus entry and studying F and G glycoprotein function in the context of virus entry, as well as in assaying and characterizing neutralizing antibodies and virus entry inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/21073718½��Khetawat, Dimple
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Milk/*chemistry/*microbiology���Feb`��OBJECTIVES: To investigate the microbiological quality and the presence of antibiotic residues in raw cow milk and in some indigenous milk products produced and marketed by the informal sector in the coastal savannah zone of Ghana. METHODS: Milk samples were aseptically collected from 224 kraals and samples of 26 indigenous milk products were purchased from processors and retailers. Total plate counts, total coliform counts and the presence of Escherichia coli and E. coli O157:H7 were determined in all 250 samples. Milk samples were also tested for antibiotic residues. RESULTS: Total plate counts exceeded 10(5) CFU/ml in 45.2% of the samples while coliforms exceeded 10(3) CFU/ml in 66.0% and E. coli was detected in 11.2%. E. coli was present in raw cow milk but not in the indigenous products and all E. coli isolates were negative for E. coli O157:H7. Antibiotic residues were detected in 3.1% of the raw cow milk samples. CONCLUSION: Bulk milk contains unacceptable levels of hygiene indicators and antibiotic residues and is a potential source of milk-borne infections. The detection of E. coli and antibiotic residues raises public health concerns about the safety of fresh unpasteurized cow milk in the coastal savannah zone of Ghana and calls for improved farm hygiene, the need for milk pasteurization and the sensible use of antibiotics in the milk industry.,��https://www.ncbi.nlm.nih.gov/pubmed/21070512÷��Addo, K K
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*Virus Internalization���Oct 28g��In the paramyxovirus cell entry process, receptor binding triggers conformational changes in the fusion protein (F) leading to viral and cellular membrane fusion. Peptides derived from C-terminal heptad repeat (HRC) regions in F have been shown to inhibit fusion by preventing formation of the fusogenic six-helix bundle. We recently showed that the addition of a cholesterol group to HRC peptides active against Nipah virus targets these peptides to the membrane where fusion occurs, dramatically increasing their antiviral effect. In this work, we report that unlike the untagged HRC peptides, which bind to the postulated extended intermediate state bridging the viral and cell membranes, the cholesterol tagged HRC-derived peptides interact with F before the fusion peptide inserts into the target cell membrane, thus capturing an earlier stage in the F-activation process. Furthermore, we show that cholesterol tagging renders these peptides active in vivo: the cholesterol-tagged peptides cross the blood brain barrier, and effectively prevent and treat in an established animal model what would otherwise be fatal Nipah virus encephalitis. The in vivo efficacy of cholesterol-tagged peptides, and in particular their ability to penetrate the CNS, suggests that they are promising candidates for the prevention or therapy of infection by Nipah and other lethal paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21060819���Porotto, Matteo
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Viral Envelope Proteins/*metabolism���Nov 8k��BACKGROUND: The highly pathogenic Nipah virus (NiV) causes fatal respiratory and brain infections in animals and humans. The major hallmark of the infection is a systemic endothelial infection, predominantly in the CNS. Infection of brain endothelial cells allows the virus to overcome the blood-brain-barrier (BBB) and to subsequently infect the brain parenchyma. However, the mechanisms of NiV replication in endothelial cells are poorly elucidated. We have shown recently that the bipolar or basolateral expression of the NiV surface glycoproteins F and G in polarized epithelial cell layers is involved in lateral virus spread via cell-to-cell fusion and that correct sorting depends on tyrosine-dependent targeting signals in the cytoplasmic tails of the glycoproteins. Since endothelial cells share many characteristics with epithelial cells in terms of polarization and protein sorting, we wanted to elucidate the role of the NiV glycoprotein targeting signals in endothelial cells. RESULTS: As observed in vivo, NiV infection of endothelial cells induced syncytia formation. The further finding that infection increased the transendothelial permeability supports the idea of spread of infection via cell-to-cell fusion and endothelial cell damage as a mechanism to overcome the BBB. We then revealed that both glycoproteins are expressed at lateral cell junctions (bipolar), not only in NiV-infected primary endothelial cells but also upon stable expression in immortalized endothelial cells. Interestingly, mutation of tyrosines 525 and 542/543 in the cytoplasmic tail of the F protein led to an apical redistribution of the protein in endothelial cells whereas tyrosine mutations in the G protein had no effect at all. This fully contrasts the previous results in epithelial cells where tyrosine 525 in the F, and tyrosines 28/29 in the G protein were required for correct targeting. CONCLUSION: We conclude that the NiV glycoprotein distribution is responsible for lateral virus spread in both, epithelial and endothelial cell monolayers. However, the prerequisites for correct protein targeting differ markedly in the two polarized cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/21054904���Erbar, Stephanie
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Viral Proteins/genetics/immunology���Dec 16���The emergence of Hendra Virus (HeV) and Nipah Virus (NiV) which can cause fatal infections in both animals and humans has triggered a search for an effective vaccine. Here, we have explored the potential for generating an effective humoral immune response to these zoonotic pathogens using an alphavirus-based vaccine platform. Groups of mice were immunized with Venezuelan equine encephalitis virus replicon particles (VRPs) encoding the attachment or fusion glycoproteins of either HeV or NiV. We demonstrate the induction of highly potent cross-reactive neutralizing antibodies to both viruses using this approach. Preliminary study suggested early enhancement in the antibody response with use of a modified version of VRP. Overall, these data suggest that the use of an alphavirus-derived vaccine platform might serve as a viable approach for the development of an effective vaccine against the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21050901"��Defang, Gabriel N
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Nipah Virus/*isolation & purification���Oct 21���OBJECTIVE: In March 2007, we investigated a cluster of Nipah encephalitis to identify risk factors for Nipah infection in Bangladesh. METHODS: We defined confirmed Nipah cases by the presence of IgM and IgG antibodies against Nipah virus in serum. Case-patients, who resided in the same village during the outbreak period but died before serum could be collected, were classified as probable cases. RESULTS: We identified three confirmed and five probable Nipah cases. There was a single index case. Five of the secondary cases came in close physical contact to the index case when she was ill. Case-patients were more likely to have physical contact with the index case (71% cases versus 0% controls, p = <0.001). The index case, on her third day of illness, and all the subsequent cases attended the same religious gathering. For three probable cases including the index case, we could not identify any known risk factors for Nipah infection such as physical contact with Nipah case-patients, consumption of raw date palm juice, or contact with sick animals or fruit bats. CONCLUSION: Though person-to-person transmission remains an important mode of transmission for Nipah infection, we could not confirm the source of infection for three of the probable Nipah case-patients. Continued surveillance and outbreak investigations will help better understand the transmission of Nipah virus and develop preventive strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/21042407¦��Homaira, Nusrat
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Phylogeny���Nova��Bat-to-horse transmission of Hendra virus has occurred at least 14 times. Although clinical signs in horses have differed, genome sequencing has demonstrated little variation among the isolates. Our sequencing of 5 isolates from recent Hendra virus outbreaks in horses found no correlation between sequences and time or geographic location of outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/21029540&��Marsh, Glenn A
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Sequence Analysis, DNA���Dec¾��Effective prediction of future viral zoonoses requires an in-depth understanding of the heterologous viral population in key animal species that will likely serve as reservoir hosts or intermediates during the next viral epidemic. The importance of bats as natural hosts for several important viral zoonoses, including Ebola, Marburg, Nipah, Hendra, and rabies viruses and severe acute respiratory syndrome-coronavirus (SARS-CoV), has been established; however, the large viral population diversity (virome) of bats has been partially determined for only a few of the approximately 1,200 bat species. To assess the virome of North American bats, we collected fecal, oral, urine, and tissue samples from individual bats captured at an abandoned railroad tunnel in Maryland that is cohabitated by 7 to 10 different bat species. Here, we present preliminary characterization of the virome of three common North American bat species, including big brown bats (Eptesicus fuscus), tricolored bats (Perimyotis subflavus), and little brown myotis (Myotis lucifugus). In samples derived from these bats, we identified viral sequences that were similar to at least three novel group 1 CoVs, large numbers of insect and plant virus sequences, and nearly full-length genomic sequences of two novel bacteriophages. These observations suggest that bats encounter and disseminate a large assortment of viruses capable of infecting many different animals, insects, and plants in nature.,��https://www.ncbi.nlm.nih.gov/pubmed/20926577���Donaldson, Eric F
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*Zoonoses/epidemiology/transmission/virology���OctÍ��The World Congress of Virus and Infections, held in Busan, South Korea, included topics reviewing the field of zoonoses. This conference report highlights selected presentations on surveillance, epidemiology and measures for the control and prevention of zoonotic diseases. Topics discussed include human factors influencing zoonoses, the molecular epidemiology of Crimean-Congo hemorrhagic fever, the emerging Nipah virus, and the re-emergence of cowpox virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20878585U��Garkavenko, Olga
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Plant Extracts
Solvents���Sep 6ß��Saffron (Crocus sativus L.) belongs to the Iridaceae family. The stigma of saffron has been widely used as spice, medicinal plant, and food additive in the Mediterranean and Subtropical countries. Recently, attention has been paid to the identification of new sources of safe natural antioxidants for the food industry. The antioxidant activities of spices are mainly attributed to their phenolic and flavonoid compounds. Saffron is one of the spices believed to possess antioxidant properties, but information on its antioxidant activity and phenolic, flavonoids compound are rather limited, therefore this research was carried out to evaluate the antioxidant activity of saffron stigmas extracted with different solvents. The phenolic and flavonoid compounds of saffron were also examined using reversed phase (RP)-HPLC. Results showed that saffron stigma possess antioxidant activity. The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of saffron stigma at a concentration of 300 mug/mL, with values of 68.2% and 78.9%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. The obtained total phenolics value for methanolic saffron extract was 6.54 +/- 0.02 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids, 5.88 +/- 0.12 mg rutin equivalent/g DW, which were also higher than values obtained from the ethanolic and boiling water extracts. In addition, the RP-HPLC analyses indicated the presence of gallic acid and pyrogallol as two bioactive compounds. In summary, saffron stigmas showed antioxidant activity and methanol appeared to be the best solvent to extract the active components, among which the presence of gallic acid and pyrogallol might contribute towards the stigma's antioxidant properties. Hence, saffron stigma could be applied as a natural antioxidant source for industrial purposes.,��https://www.ncbi.nlm.nih.gov/pubmed/20877220Ã��Karimi, Ehsan
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*Yersinia pestis���Aug 10���Highly lethal pathogens (e.g., hantaviruses, hendra virus, anthrax, or plague) pose unique public-health problems, because they seem to periodically flare into outbreaks before disappearing into long quiescent phases. A key element to their possible control and eradication is being able to understand where they persist in the latent phase and how to identify the conditions that result in sporadic epidemics or epizootics. In American grasslands, plague, caused by Yersinia pestis, exemplifies this quiescent-outbreak pattern, because it sporadically erupts in epizootics that decimate prairie dog (Cynomys ludovicianus) colonies, yet the causes of outbreaks and mechanisms for interepizootic persistence of this disease are poorly understood. Using field data on prairie community ecology, flea behavior, and plague-transmission biology, we find that plague can persist in prairie-dog colonies for prolonged periods, because host movement is highly spatially constrained. The abundance of an alternate host for disease vectors, the grasshopper mouse (Onychomys leucogaster), drives plague outbreaks by increasing the connectivity of the prairie dog hosts and therefore, permitting percolation of the disease throughout the primary host population. These results offer an alternative perspective on plague's ecology (i.e., disease transmission exacerbated by alternative hosts) and may have ramifications for plague dynamics in Asia and Africa, where a single main host has traditionally been considered to drive Yersinia ecology. Furthermore, abundance thresholds of alternate hosts may be a key phenomenon determining outbreaks of disease in many multihost-disease systems.,��https://www.ncbi.nlm.nih.gov/pubmed/20660742k��Salkeld, Daniel J
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Virus Replication���Oct2��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are emerging zoonotic paramyxoviruses that can cause severe and often lethal neurologic and/or respiratory disease in a wide variety of mammalian hosts, including humans. There are presently no licensed vaccines or treatment options approved for human or veterinarian use. Guinea pigs, hamsters, cats, and ferrets, have been evaluated as animal models of human HeV infection, but studies in nonhuman primates (NHP) have not been reported, and the development and approval of any vaccine or antiviral for human use will likely require efficacy studies in an NHP model. Here, we examined the pathogenesis of HeV in the African green monkey (AGM) following intratracheal inoculation. Exposure of AGMs to HeV produced a uniformly lethal infection, and the observed clinical signs and pathology were highly consistent with HeV-mediated disease seen in humans. Ribavirin has been used to treat patients infected with either HeV or NiV; however, its utility in improving outcome remains, at best, uncertain. We examined the antiviral effect of ribavirin in a cohort of nine AGMs before or after exposure to HeV. Ribavirin treatment delayed disease onset by 1 to 2 days, with no significant benefit for disease progression and outcome. Together our findings introduce a new disease model of acute HeV infection suitable for testing antiviral strategies and also demonstrate that, while ribavirin may have some antiviral activity against the henipaviruses, its use as an effective standalone therapy for HeV infection is questionable.,��https://www.ncbi.nlm.nih.gov/pubmed/20660198���Rockx, Barry
Bossart, Katharine N
Feldmann, Friederike
Geisbert, Joan B
Hickey, Andrew C
Brining, Douglas
Callison, Julie
Safronetz, David
Marzi, Andrea
Kercher, Lisa
Long, Dan
Broder, Christopher C
Feldmann, Heinz
Geisbert, Thomas W
eng
U54 AI057159/AI/NIAID NIH HHS/
AI082121/AI/NIAID NIH HHS/
U01 AI082121/AI/NIAID NIH HHS/
AI057159/AI/NIAID NIH HHS/
U01 AI077995/AI/NIAID NIH HHS/
Research Support, U.S. Gov't, P.H.S.
2010/07/28 06:00
J Virol. 2010 Oct;84(19):9831-9. doi: 10.1128/JVI.01163-10. Epub 2010 Jul 21.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2937751���20660198¹��Laboratory of Virology, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health, 903 S. 4th Street, Hamilton, Montana, USA.���10.1128/JVI.01163-10��×��üÒtÿî?©���·��Garner, O. B.
Aguilar, H. C.
Fulcher, J. A.
Levroney, E. L.
Harrison, R.
Wright, L.
Robinson, L. R.
Aspericueta, V.
Panico, M.
Haslam, S. M.
Morris, H. R.
Dell, A.
Lee, B.
Baum, L. G.���2010���Endothelial galectin-1 binds to specific glycans on nipah virus fusion protein and inhibits maturation, mobility, and function to block syncytia formation���e1000993���PLoS Pathog���6���75��Cells, Cultured
Endothelial Cells/virology
Galectin 1/*metabolism/*pharmacology
Giant Cells/*drug effects
Henipavirus Infections
Humans
Membrane Fusion/drug effects
Nipah Virus/*chemistry
Polysaccharides/*metabolism
Protein Binding
Viral Fusion Proteins/*metabolism
Virus Physiological Phenomena/*drug effects���Jul 15@��Nipah virus targets human endothelial cells via NiV-F and NiV-G envelope glycoproteins, resulting in endothelial syncytia formation and vascular compromise. Endothelial cells respond to viral infection by releasing innate immune effectors, including galectins, which are secreted proteins that bind to specific glycan ligands on cell surface glycoproteins. We demonstrate that galectin-1 reduces NiV-F mediated fusion of endothelial cells, and that endogenous galectin-1 in endothelial cells is sufficient to inhibit syncytia formation. Galectin-1 regulates NiV-F mediated cell fusion at three distinct points, including retarding maturation of nascent NiV-F, reducing NiV-F lateral mobility on the plasma membrane, and directly inhibiting the conformational change in NiV-F required for triggering fusion. Characterization of the NiV-F N-glycome showed that the critical site for galectin-1 inhibition is rich in glycan structures known to bind galectin-1. These studies identify a unique set of mechanisms for regulating pathophysiology of NiV infection at the level of the target cell.,��https://www.ncbi.nlm.nih.gov/pubmed/20657665¤��Garner, Omai B
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Humans���Sep���In the last few decades, there is an increasing emergence and re-emergence of viruses, such as West Nile virus, Enterovirus 71 and henipaviruses that cause epidemic viral encephalitis and other central nervous system (CNS) manifestations. The mortality and morbidity associated with these outbreaks are significant and frequently severe. While aspects of epidemiology, basic virology, etc., may be known, the pathology and pathogenesis are often less so, partly due to a lack of interest among pathologists or because many of these infections are considered "third world" diseases. In the study of epidemic viral encephalitis, the pathologist's role in unravelling the pathology and pathogenesis is critical. The novel henipavirus infection is a good example. The newly created genus Henipavirus within the family Paramyxoviridae consists of two viruses, viz., Hendra virus and Nipah virus. These two viruses emerged in Australia and Asia, respectively, to cause severe encephalitides in humans and animals. Studies show that the pathological features of the acute encephalitis caused by henipaviruses are similar and a unique dual pathogenetic mechanism of vasculitis-induced microinfarction and parenchymal cell infection in the CNS (mainly neurons) and other organs causes severe tissue damage. Both viruses can cause relapsing encephalitis months and years after the acute infection due to a true recurrent infection as evidenced by the presence of virus in infected cells. Future emerging viral encephalitides will no doubt continue to pose considerable challenges to the neuropathologist, and as the West Nile virus outbreak demonstrates, even economically advanced nations are not spared.,��https://www.ncbi.nlm.nih.gov/pubmed/20652579���Wong, Kum Thong
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Telemetry���Jun¯��Fruit bats of the genus Pteropus (commonly known as flying-foxes) are the natural hosts of several recently emerged zoonotic viruses of animal and human health significance in Australia and Asia, including Hendra and Nipah viruses. Satellite telemetry was used on nine flying-foxes of three species (Pteropus alecto n=5, P. vampyrus n=2, and P. neohibernicus n=2) to determine the scale and pattern of their long-distance movements and their potential to transfer these viruses between countries in the region. The animals were captured and released from six different locations in Australia, Papua New Guinea, Indonesia, and Timor-Leste. Their movements were recorded for a median of 120 (range, 47-342) days with a median total distance travelled of 393 (range, 76-3011) km per individual. Pteropus alecto individuals were observed to move between Australia and Papua New Guinea (Western Province) on four occasions, between Papua New Guinea (Western Province) and Indonesia (Papua) on ten occasions, and to traverse Torres Strait on two occasions. Pteropus vampyrus was observed to move between Timor-Leste and Indonesia (West Timor) on one occasion. These findings expand upon the current literature on the potential for transfer of zoonotic viruses by flying-foxes between countries and have implications for disease risk management and for the conservation management of flying-fox populations in Australia, New Guinea, and the Lesser Sunda Islands.,��https://www.ncbi.nlm.nih.gov/pubmed/20645122\��Breed, Andrew C
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Zoonoses/transmission���Junø��Nipah virus (NiV) infection is a seasonal disease in Bangladesh that coincides with the date palm sap collection season. Raw date palm sap is a delicacy to drink in Bengali culture. If fruit bats that are infected with NiV gain access to the sap for drinking, they might occasionally contaminate the sap through saliva and urine. In February 2007, we conducted a qualitative study in six villages, interviewing 27 date palm sap collectors (gachhis) within the geographical area where NiV outbreaks have occurred since 2001. Gachhis reported that bats pose a challenge to successful collection of quality sap, because bats drink and defecate into the sap which markedly reduces its value. They know some methods to prevent access by bats and other pests but do not use them consistently, because of lack of time and resources. Further studies to explore the effectiveness of these methods and to motivate gachhis to invest their time and money to use them could reduce the risk of human Nipah infection in Bangladesh.,��https://www.ncbi.nlm.nih.gov/pubmed/20617362���Nahar, Nazmun
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*Virus Replication���Aug 15,��Nipah virus (NiV) is a highly pathogenic paramyxovirus which causes fatal encephalitis in up to 75% of infected humans. Endothelial cells and neurons are important cellular targets in the pathogenesis of this disease. In this study, viral replication and the innate immune responses to NiV in these cell types were measured. NiV infected endothelial cells generated a functionally robust IFN-beta response, which correlated with localization of the NiV W protein to the cytoplasm. There was no antiviral response detected in infected neuronal cells. NiV infection of endothelial cells induced a significant increase in secreted inflammatory chemokines, which corresponded with the increased ability of infected cell supernatants to induce monocyte and T-lymphocyte chemotaxis. These results suggest that pro-inflammatory chemokines produced by NiV infected primary endothelial cells in vitro is consistent with the prominent vasculitis observed in infections, and provide initial molecular insights into the pathogenesis of NiV in physiologically relevant cells types.,��https://www.ncbi.nlm.nih.gov/pubmed/20552729���Lo, Michael K
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Swine Diseases/immunology/*virology���Jun 3ï��BACKGROUND: Outbreaks of Hendra (HeV) and Nipah (NiV) viruses have been reported starting in 1994 and 1998, respectively. Both viruses are capable of causing fatal disease in humans and effecting great economical loss in the livestock industry. RESULTS: Through screening of hybridomas derived from mice immunized with gamma-irradiated Nipah virus, we identified two secreted antibodies; one reactive with the nucleocapsid (N) protein and the other, the phosphoprotein (P) of henipaviruses. Epitope mapping and protein sequence alignments between NiV and HeV suggest the last 14 amino acids of the carboxyl terminus of the N protein is the target of the anti-N antibody. The anti-P antibody recognizes an epitope in the amino-terminal half of P protein. These monoclonal antibodies were used to develop two antigen capture ELISAs, one for virus detection and the other for differentiation between NiV and HeV. The lower limit of detection of the capture assay with both monoclonal antibodies was 400 pfu. The anti-N antibody was used to successfully detect NiV in a lung tissue suspension from an infected pig. CONCLUSION: The antigen capture ELISA developed is potentially affordable tool to provide rapid detection and differentiation between the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20525276á��Chiang, Cheng-Feng
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*Virus Internalization���AugT��The deadly paramyxovirus Nipah virus (NiV) contains a fusion glycoprotein (F) with canonical structural and functional features common to its class. Receptor binding to the NiV attachment glycoprotein (G) triggers F to undergo a two-phase conformational cascade: the first phase progresses from a metastable prefusion state to a prehairpin intermediate (PHI), while the second phase is marked by transition from the PHI to the six-helix-bundle hairpin. The PHI can be captured with peptides that mimic F's heptad repeat regions, and here we utilized a NiV heptad repeat peptide to quantify PHI formation and the half-lives (t(1/2)) of the first and second fusion cascade phases. We found that ephrinB2 receptor binding to G triggered approximately 2-fold more F than that triggered by ephrinB3, consistent with the increased rate and extent of fusion observed with ephrinB2- versus ephrinB3-expressing cells. In addition, for a series of hyper- and hypofusogenic F mutants, we quantified F-triggering capacities and measured the kinetics of their fusion cascade phases. Hyper- and hypofusogenicity can each be manifested through distinct stages of the fusion cascade, giving rise to vastly different half-lives for the first (t(1/2), 1.9 to 7.5 min) or second (t(1/2), 1.5 to 15.6 min) phase. While three mutants had a shorter first phase and a longer second phase than the wild-type protein, one mutant had the opposite phenotype. Thus, our results reveal multiple critical parameters that govern the paramyxovirus fusion cascade, and our assays should help efforts to elucidate other class I membrane fusion processes.,��https://www.ncbi.nlm.nih.gov/pubmed/205193837��Aguilar, Hector C
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Viral Tropism/immunology���May 18���Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21, providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat, hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans. Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for human use.,��https://www.ncbi.nlm.nih.gov/pubmed/20502528ç��Geisbert, Thomas W
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*Virus Replication���Aug^��The highly pathogenic Nipah virus (NiV) is aerially transmitted and causes a systemic infection after entering the respiratory tract. Airway epithelia are thus important targets in primary infection. Furthermore, virus replication in the mucosal surfaces of the respiratory or urinary tract in later phases of infection is essential for virus shedding and transmission. So far, the mechanisms of NiV replication in epithelial cells are poorly elucidated. In the present study, we provide evidence that bipolar targeting of the two NiV surface glycoproteins G and F is of biological importance for fusion in polarized epithelia. We demonstrate that infection of polarized cells induces focus formation, with both glycoproteins located at lateral membranes of infected cells adjacent to uninfected cells. Supporting the idea of a direct spread of infection via lateral cell-to-cell fusion, we could identify basolateral targeting signals in the cytoplasmic domains of both NiV glycoproteins. Tyrosine 525 in the F protein is part of an endocytosis signal and is also responsible for basolateral sorting. Surprisingly, we identified a dityrosine motif at position 28/29 in the G protein, which mediates polarized targeting. A dileucine motif predicted to function as sorting signal is not involved. Mutation of the targeting signal in one of the NiV glycoproteins prevented the fusion of polarized cells, suggesting that basolateral or bipolar F and G expression facilitates the spread of NiV within epithelial cell monolayers, thereby contributing to efficient virus spread in mucosal surfaces in early and late phases of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/20484517ß��Weise, Carolin
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*Zoonoses���Oct���Diseases transmitted from animals have assumed substantial public health importance. Avian influenza, severe acute respiratory syndrome, and Nipah virus infection are a few examples of growing number of diseases that humans can contract from animals. These diseases can cause huge economic losses in addition to mortality and morbidity. In developing countries of Asia, there is a continuous and close contact between animals and humans, especially in rural settings. The prevailing sociocultural practices and weak public health infrastructure further enhances the vulnerability of Asia as the epicenter of outbreaks due to zoonotic infections. There is a clear need of greater awareness and application of a multisectoral and multidisciplinary approach to prevent and control zoonotic infections.,��https://www.ncbi.nlm.nih.gov/pubmed/20462853 ��Bhatia, Rajesh
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Virus Release/genetics/*physiology���SepO��The paramyxoviruses define a diverse group of enveloped RNA viruses that includes a number of important human and animal pathogens. Examples include human respiratory syncytial virus and the human parainfluenza viruses, which cause respiratory illnesses in young children and the elderly; measles and mumps viruses, which have caused recent resurgences of disease in developed countries; the zoonotic Hendra and Nipah viruses, which have caused several outbreaks of fatal disease in Australia and Asia; and Newcastle disease virus, which infects chickens and other avian species. Like other enveloped viruses, paramyxoviruses form particles that assemble and bud from cellular membranes, allowing the transmission of infections to new cells and hosts. Here, we review recent advances that have improved our understanding of events involved in paramyxovirus particle formation. Contributions of viral matrix proteins, glycoproteins, nucleocapsid proteins, and accessory proteins to particle formation are discussed, as well as the importance of host factor recruitment for efficient virus budding. Trafficking of viral structural components within infected cells is described, together with mechanisms that allow for the selection of specific sites on cellular membranes for the coalescence of viral proteins in preparation of bud formation and virion release.,��https://www.ncbi.nlm.nih.gov/pubmed/20398786È��Harrison, Megan S
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Young Adult���Novq��In February 2007 an outbreak of Nipah virus (NiV) encephalitis in Thakurgaon District of northwest Bangladesh affected seven people, three of whom died. All subsequent cases developed illness 7-14 days after close physical contact with the index case while he was ill. Cases were more likely than controls to have been in the same room (100% vs. 9.5%, OR undefined, P<0.001) and to have touched him (83% vs. 0%, OR undefined, P<0.001). Although the source of infection for the index case was not identified, 50% of Pteropus bats sampled from near the outbreak area 1 month after the outbreak had antibodies to NiV confirming the presence of the virus in the area. The outbreak was spread by person-to-person transmission. Risk of NiV infection in family caregivers highlights the need for infection control practices to limit transmission of potentially infectious body secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/203807692��Homaira, N
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Virginia���An avian influenza outbreak in 2002 affected 197 poultry farms in Virginia and cost an estimated $130 million in losses and cleanup. In 2004-2005, researchers initiated a project to investigate the feasibility and practicality of in-house composting of turkey mortalities (heavy hens and toms) as a method of disposal and disease containment. Occurrences of low pathogenic avian influenza (LPAI) in West Virginia and Virginia in 2007 provided an opportunity for first responders to verify composting as an effective carcass disposal method. Many lessons learned from these experiences have led to improvements in the application of this technology. Market-weight turkeys, once thought too large for effective composting, were composted sufficiently for land application within 4 to 6 weeks. Additionally, fire-fighting foam, a new method of mass depopulation, proved to be compatible with composting. Knowledge gained from these incidents will be valuable not only for future responses to LPAI but also for outbreaks of highly pathogenic avian influenza such as the H5N1 virus, which currently causes disease in both animals and humans in many parts of the world. Since three-quarters of all recent emerging infectious diseases (EIDs) have arisen from animals, control of disease in animals is the principal way to reduce human exposure and prevent EIDs. Many of the general approaches and specific techniques used to eradicate the avian influenza virus can also be used to control other EIDs such as H1N1, Nipah virus, Rift Valley Fever, and plague.,��https://www.ncbi.nlm.nih.gov/pubmed/20375437T��Flory, Gary A
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*Virus Assembly���Jun<��Hendra virus is a negative-sense single-stranded RNA virus within the Paramyxoviridae family which, together with Nipah virus, forms the Henipavirus genus. Infection with bat-borne Hendra virus leads to a disease with high mortality rates in humans. We determined the crystal structure of the unliganded six-bladed beta-propeller domain and compared it to the previously reported structure of Hendra virus attachment glycoprotein (HeV-G) in complex with its cellular receptor, ephrin-B2. As observed for the related unliganded Nipah virus structure, there is plasticity in the Glu579-Pro590 and Lys236-Ala245 ephrin-binding loops prior to receptor engagement. These data reveal that henipaviral attachment glycoproteins undergo common structural transitions upon receptor binding and further define the structural template for antihenipaviral drug design. Our analysis also provides experimental evidence for a dimeric arrangement of HeV-G that exhibits striking similarity to those observed in crystal structures of related paramyxovirus receptor-binding glycoproteins. The biological relevance of this dimer is further supported by the positional analysis of glycosylation sites from across the paramyxoviruses. In HeV-G, the sites lie away from the putative dimer interface and remain accessible to alpha-mannosidase processing on oligomerization. We therefore propose that the overall mode of dimer assembly is conserved for all paramyxoviruses; however, while the geometry of dimerization is rather closely similar for those viruses that bind flexible glycan receptors, significant (up to 60 degrees ) and different reconfigurations of the subunit packing (associated with a significant decrease in the size of the dimer interface) have accompanied the independent switching to high-affinity protein receptor binding in Hendra and measles viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20375167���Bowden, Thomas A
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Nipah Virus/drug effects/*physiology
Parainfluenza Virus 3, Human/drug effects/*physiology
Virus Internalization/*drug effects���JulÅ��The fusion of enveloped viruses with the host cell is driven by specialized fusion proteins to initiate infection. The "class I" fusion proteins harbor two regions, typically two heptad repeat (HR) domains, which are central to the complex conformational changes leading to fusion: the first heptad repeat (HRN) is adjacent to the fusion peptide, while the second (HRC) immediately precedes the transmembrane domain. Peptides derived from the HR regions can inhibit fusion, and one HR peptide, T20 (enfuvirtide), is in clinical use for HIV-1. For paramyxoviruses, the activities of two membrane proteins, the receptor-binding protein (hemagglutinin-neuraminidase [HN] or G) and the fusion protein (F), initiate viral entry. The binding of HN or G to its receptor on a target cell triggers the activation of F, which then inserts into the target cell and mediates the membrane fusion that initiates infection. We have shown that for paramyxoviruses, the inhibitory efficacy of HR peptides is inversely proportional to the rate of F activation. For HIV-1, the antiviral potency of an HRC-derived peptide can be dramatically increased by targeting it to the membrane microdomains where fusion occurs, via the addition of a cholesterol group. We report here that for three paramyxoviruses-human parainfluenza virus type 3 (HPIV3), a major cause of lower respiratory tract diseases in infants, and the emerging zoonotic viruses Hendra virus (HeV) and Nipah virus (NiV), which cause lethal central nervous system diseases-the addition of cholesterol to a paramyxovirus HRC-derived peptide increased antiviral potency by 2 log units. Our data suggest that this enhanced activity is indeed the result of the targeting of the peptide to the plasma membrane, where fusion occurs. The cholesterol-tagged peptides on the cell surface create a protective antiviral shield, target the F protein directly at its site of action, and expand the potential utility of inhibitory peptides for paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20357085���Porotto, Matteo
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Swine���Sepz��BACKGROUND: The severity of an outbreak is a priority in decision-making for human infection control. However, there have been no reports on how to quantify the severity of an outbreak. METHODS: We propose a simple method to measure the severity of an infectious disease outbreak. It involves scoring the severity of clinical signs, the transmission of the infection, the number of cases, and the infection source. RESULTS: The method was evaluated using the data available at the early stage of some recent outbreaks of infectious diseases, including the influenza A (H1N1) pandemic in 2009, and the evaluation supports the design idea. CONCLUSION: The method is practical for rating the severity of an infectious disease outbreak, though it should be optimized. It could also be used to judge whether an event constitutes a public health emergency of international concern (PHEIC) or not.,��https://www.ncbi.nlm.nih.gov/pubmed/20227902ç��Chen, Yue-Ying
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Slovenia/epidemiology���Apr���Bats have been identified as a natural reservoir for an increasing number of emerging zoonotic viruses, such as Hendra virus, Nipah virus, Ebola virus, Marburg virus, rabies and other lyssaviruses. Recently, a large number of viruses closely related to members of the genus Coronavirus have been associated with severe acute respiratory syndrome (SARS) and detected in bat species. In this study, samples were collected from 106 live bats of seven different bat species from 27 different locations in Slovenia. Coronaviruses were detected by RT-PCR in 14 out of 36 horseshoe bat (Rhinolophus hipposideros) fecal samples, with 38.8% virus prevalence. Sequence analysis of a 405-nucleotide region of the highly conserved RNA polymerase gene (pol) showed that all coronaviruses detected in this study are genetically closely related, with 99.5-100% nucleotide identity, and belong to group 2 of the coronaviruses. The most closely related virus sequence in GenBank was SARS bat isolate Rp3/2004 (DQ071615) within the SARS-like CoV cluster, sharing 85% nucleotide identity and 95.6% amino acid identity. The potential risk of a new group of bat coronaviruses as a reservoir for human infections is highly suspected, and further molecular epidemiologic studies of these bat coronaviruses are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/20217155»��Rihtaric, Danijela
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Saimiri/*virology���Mar}��We infected squirrel monkeys (Saimiri sciureus) with Nipah virus to determine the monkeys' suitability for use as primate models in preclinical testing of preventive and therapeutic treatments. Infection of squirrel monkeys through intravenous injection was followed by high death rates associated with acute neurologic and respiratory illness and viral RNA and antigen production.,��https://www.ncbi.nlm.nih.gov/pubmed/20202432>��Marianneau, Philippe
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Virus Internalization���MayÍ��Virus-like particles (VLPs) released from avian cells expressing the Newcastle disease virus (NDV) strain AV proteins NP, M, HN (hemagglutinin-neuraminidase), and F were characterized. The VLP-associated HN and F glycoproteins directed the attachment of VLPs to cell surfaces and fusion of VLP membranes with red blood cell membranes, indicating that they were assembled into VLPs in an authentic conformation. These particles were quantitatively prepared and used as an immunogen, without adjuvant, in BALB/c mice. The resulting immune responses, detected by enzyme-linked immunosorbent assay (ELISA), virus neutralization, and intracellular cytokine staining, were comparable to the responses to equivalent amounts of inactivated NDV vaccine virus. HN and F proteins from another strain of NDV, strain B1, could be incorporated into these VLPs. Foreign peptides were incorporated into these VLPs when fused to the NP or HN protein. The ectodomain of a foreign glycoprotein, the Nipah virus G protein, fused to the NDV HN protein cytoplasmic and transmembrane domains was incorporated into ND VLPs. Thus, ND VLPs are a potential NDV vaccine candidate. They may also serve as a platform to construct vaccines for other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/20181713 ��McGinnes, Lori W
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Virus Shedding���May-JunÃ��Hendra virus (HeV) is a zoonotic virus from the family Paramyxoviridae causing fatal disease in humans and horses. Five-week-old Landrace pigs and 5-month-old Gottingen minipigs were inoculated with approximately 10(7) plaque forming units per animal. In addition to fever and depression exhibited in all infected pigs, one of the two Landrace pigs developed respiratory signs at 5 days post-inoculation (dpi) and one of the Gottingen minipigs developed respiratory signs at 5 dpi and mild neurological signs at 7 dpi. Virus was detected in all infected pigs at 2-5 dpi from oral, nasal, and rectal swabs and at 3-5 dpi from ocular swabs by real-time RT-PCR targeting the HeV M gene. Virus titers in nasal swab samples were as high as 10(4.6) TCID(50)/mL. The viral RNA was mainly distributed in tissues from respiratory and lymphoid systems at an early stage of infection and the presence of virus was confirmed by virus isolation. Pathological changes and immunohistochemical staining for viral antigen were consistent with the tissue distribution of the virus. This new finding indicates that pigs are susceptible to HeV infections and could potentially play a role as an intermediate host in transmission to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/20167195���Li, Mingyi
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Mortality���Feb\��To determine the epidemiologic and clinical features of a 2008 outbreak of Hendra virus infection in a veterinary clinic in Australia, we investigated the equine case-series. Four of 5 infected horses died, as did 1 of 2 infected staff members. Clinical manifestation in horses was predominantly neurologic. Preclinical transmission appears likely.,��https://www.ncbi.nlm.nih.gov/pubmed/20113576&��Field, Hume
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Young Adult���Febù��A recent Hendra virus outbreak at a veterinary clinic in Brisbane, Queensland, Australia, involved 5 equine and 2 human infections. In contrast to previous outbreaks, infected horses had predominantly encephalitic, rather than respiratory, signs. After an incubation period of 9-16 days, influenza-like illnesses developed in the 2 persons before progressing to encephalitis; 1 died. Both patients were given ribavirin. Basal serum and cerebrospinal fluid levels were 10-13 mg/L after intravenous administration and 6 mg/L after oral administration (isolate 90% inhibitory concentration 64 mg/L). Both patients were exposed to infected horses, 1 during the late incubation period in a horse. The attack rate for veterinary clinic staff exposed to infected horses was 10%. An isolate from this outbreak showed genetic heterogeneity with isolates from a concurrent, but geographically remote, outbreak and from previous outbreaks. Emergence of Hendra virus is a serious medical, veterinary, and public health challenge.,��https://www.ncbi.nlm.nih.gov/pubmed/20113550õ��Playford, Elliott G
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Recombinant Proteins/*isolation & purification���Feb 19-��A direct recovery of recombinant nucleocapsid protein of Nipah virus (NCp-NiV) from crude Escherichia coli (E. coli) homogenate was developed successfully using a hydrophobic interaction expanded bed adsorption chromatography (HI-EBAC). The nucleic acids co-released with the recombinant protein have increased the viscosity of the E. coli homogenate, thus affected the axial mixing in the EBAC column. Hence, DNase was added to reduce the viscosity of feedstock prior to its loading into the EBAC column packed with the hydrophobic interaction chromatography (HIC) adsorbent. The addition of glycerol to the washing buffer has reduced the volume of washing buffer applied, and thus reduced the loss of the NCp-NiV during the washing stage. The influences of flow velocity, degree of bed expansion and viscosity of mobile phase on the adsorption efficiency of HI-EBAC were studied. The dynamic binding capacity at 10% breakthrough of 3.2mg/g adsorbent was achieved at a linear flow velocity of 178 cm/h, bed expansion of two and feedstock viscosity of 3.4 mPas. The adsorbed NCp-NiV was eluted with the buffer containing a step gradient of salt concentration. The purification of hydrophobic NCp-NiV using the HI-EBAC column has recovered 80% of NCp-NiV from unclarified E. coli homogenate with a purification factor of 12.5.,��https://www.ncbi.nlm.nih.gov/pubmed/20044094ø��Chong, Fui Chin
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Virus Replication���Jan@��Paramyxoviruses include many important human and animal pathogens such as measles virus, mumps virus, human parainfluenza viruses, and respiratory syncytial virus, as well as emerging viruses such as Nipah virus and Hendra virus. The paramyxovirus RNA-dependent RNA polymerase consists of the phosphoprotein (P) and the large protein. Both of these proteins are essential for viral RNA synthesis. The P protein is phosphorylated at multiple sites, probably by more than one host kinase. While it is thought that the phosphorylation of P is important for its role in viral RNA synthesis, the precise role of P protein phosphorylation remains an enigma. For instance, it was demonstrated that the putative CKII phosphorylation sites of the P protein of respiratory syncytial virus play a role in viral RNA synthesis using a minigenome replicon system; however, mutating these putative CKII phosphorylation sites within a viral genome had no effect on viral RNA synthesis, leading to the hypothesis that P protein phosphorylation, at least by CKII, does not play a role in viral RNA synthesis. Recently, it has been reported that the phosphorylation state of the P protein of parainfluenza virus 5, a prototypical paramyxovirus, correlates with the ability of P protein to synthesize viral RNA, indicating that P protein phosphorylation does in fact play a role in viral RNA synthesis. Furthermore, host kinases PLK1, as well as AKT1 have been found to play critical roles in paramyxovirus RNA synthesis through regulation of P protein phosphorylation status. Beyond furthering our understanding of paramyxovirus RNA replication, these recent discoveries may also result in a new paradigm in treating infections caused by these viruses, as host kinases that regulate paramyxovirus replication are investigated as potential targets of therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/20020826¼��Fuentes, Sandra M
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Simian virus 40/genetics���Dec 11l��BACKGROUND: Bats are the suspected natural reservoir hosts for a number of new and emerging zoonotic viruses including Nipah virus, Hendra virus, severe acute respiratory syndrome coronavirus and Ebola virus. Since the discovery of SARS-like coronaviruses in Chinese horseshoe bats, attempts to isolate a SL-CoV from bats have failed and attempts to isolate other bat-borne viruses in various mammalian cell lines have been similarly unsuccessful. New stable bat cell lines are needed to help with these investigations and as tools to assist in the study of bat immunology and virus-host interactions. METHODOLOGY/FINDINGS: Black flying foxes (Pteropus alecto) were captured from the wild and transported live to the laboratory for primary cell culture preparation using a variety of different methods and culture media. Primary cells were successfully cultured from 20 different organs. Cell immortalisation can occur spontaneously, however we used a retroviral system to immortalise cells via the transfer and stable production of the Simian virus 40 Large T antigen and the human telomerase reverse transcriptase protein. Initial infection experiments with both cloned and uncloned cell lines using Hendra and Nipah viruses demonstrated varying degrees of infection efficiency between the different cell lines, although it was possible to infect cells in all tissue types. CONCLUSIONS/SIGNIFICANCE: The approaches developed and optimised in this study should be applicable to bats of other species. We are in the process of generating further cell lines from a number of different bat species using the methodology established in this study.,��https://www.ncbi.nlm.nih.gov/pubmed/20011515q��Crameri, Gary
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Zoonoses���Jun´��Neurologic disease is a major cause of disability in resource-poor countries and a substantial portion of this disease is due to infections of the CNS. A wide variety of emerging and re-emerging viruses contribute to this disease burden. New emerging infections are commonly due to RNA viruses that have expanded their geographic range, spread from animal reservoirs or acquired new neurovirulence properties. Mosquito-borne viruses with expanding ranges include West Nile virus, Japanese encephalitis virus and Chikungunya virus. Zoonotic viruses that have recently crossed into humans to cause neurologic disease include the bat henipaviruses Nipah and Hendra, as well as the primate-derived human immunodeficiency virus. Viruses adapt to new hosts, or to cause more severe disease, by changing their genomes through reassortment (e.g. influenza virus), mutation (essentially all RNA viruses) and recombination (e.g. vaccine strains of poliovirus). Viruses that appear to have recently become more neurovirulent include West Nile virus, enterovirus 71 and possibly Chikungunya virus. In addition to these newer challenges, rabies, polio and measles all remain important causes of neurologic disease despite good vaccines and global efforts toward control. Control of human rabies depends on elimination of rabies in domestic dogs through regular vaccination. Poliovirus eradication is challenged by the ability of the live attenuated vaccine strains to revert to virulence during the prolonged period of gastrointestinal replication. Measles elimination depends on delivery of two doses of live virus vaccine to a high enough proportion of the population to maintain herd immunity for this highly infectious virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20004230Ã��Griffin, Diane E
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Virus Replication���DecÙ��Nipah virus (NiV) is a highly pathogenic paramyxovirus that was first isolated in 1999 during an outbreak in Malaysia. In contrast to other paramyxoviruses NiV infects many mammalian species. Because of its zoonotic potential, the high pathogenicity and the lack of therapeutic treatment, NiV was classified as a biosafety level 4 pathogen. In humans NiV causes a severe acute encephalitis whereas in some animal hosts respiratory symptoms are predominantly observed. Despite the differences in the clinical outcome, microvascular endothelial cell damage predominantly underlies the pathological changes in NiV infections in all susceptible host species. NiV generally induces a pronounced vasculitis which is primarily characterised by endothelial cell necrosis and inflammatory cell infiltration. For future developments of specific antiviral therapies or vaccines, a detailed understanding of the molecular basis of NiV pathogenesis is required. This article reviews the current knowledge about natural and experimental infections in different mammals, focusing on the main organ and cell tropism in vivo, and summarises some recent studies in cell culture on the role of ephrin-B2 and -B3 receptors in NiV infection of endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19967130���Maisner, Andrea
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*zoonotic virus���Dec{��Hendra and Nipah virus, which constitute the genus Henipavirus, are zoonotic paramyxoviruses that have been associated with sporadic outbreaks of severe disease and mortality in humans since their emergence in the late 1990s. Similar to other paramyxoviruses, their ability to evade the host interferon (IFN) response is conferred by the P gene. The henipavirus P gene encodes four proteins; the P, V, W and C proteins, which have all been described to inhibit the antiviral response. Further studies have revealed that these proteins have overlapping but unique properties which enable the virus to block multiple signaling pathways in the IFN response. The best characterized of these is the JAK-STAT signaling pathway which is targeted by the P, V and W proteins via an interaction with the transcription factor STAT1. In addition the V and W proteins can both limit virus-induced induction of IFN but they appear to do this via distinct mechanisms that rely on unique sequences in their C-terminal domains. The ability to generate recombinant Nipah viruses now gives us the opportunity to determine the precise role for each of these proteins and address their contribution to pathogenicity. Additionally, the question of whether these multiple anti-IFN strategies are all active in the different mammalian hosts for henipaviruses, particularly the fruit bat reservoir, warrants further exploration.,��https://www.ncbi.nlm.nih.gov/pubmed/21994589º��Shaw, Megan L
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*Virus Assembly���Feb 57��Paramyxovirus matrix (M) proteins organize virus assembly, functioning as adapters that link together viral ribonucleoprotein complexes and viral glycoproteins at infected cell plasma membranes. M proteins may also function to recruit and manipulate host factors to assist virus budding, similar to retroviral Gag proteins. By yeast two-hybrid screening, angiomotin-like 1 (AmotL1) was identified as a host factor that interacts with the M protein of parainfluenza virus 5 (PIV5). AmotL1-M protein interaction was observed in yeast, in transfected mammalian cells, and in virus-infected cells. Binding was mapped to a 83-amino acid region derived from the C-terminal portion of AmotL1. Overexpression of M-binding AmotL1-derived polypeptides potently inhibited production of PIV5 VLPs and impaired virus budding. Expression of these polypeptides moderately inhibited production of mumps VLPs, but had no effect on production of Nipah VLPs. siRNA-mediated depletion of AmotL1 protein reduced PIV5 budding, suggesting that this interaction is beneficial to paramyxovirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19932912���Pei, Zifei
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Survival Analysis
Treatment Outcome���Marî��Hendra virus (HeV) and Nipah virus (NiV) are recently emerged, closely related and highly pathogenic paramyxoviruses that cause severe disease such as encephalitis in animals and humans with fatality rates of up to 75 %. Due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy, they are classified as Biosafety Level 4 pathogens. A recent study reported that chloroquine, an anti-malarial drug, was effective in preventing NiV and HeV infection in cell culture experiments. In the present study, the antiviral efficacy of chloroquine was analysed, individually and in combination with ribavirin, in the treatment of NiV and HeV infection in in vivo experiments, using a golden hamster model. Although the results confirmed the strong antiviral activity of both drugs in inhibiting viral spread in vitro, they did not prove to be protective in the in vivo model. Ribavirin delayed death from viral disease in NiV-infected hamsters by approximately 5 days, but no significant effect in HeV-infected hamsters was observed. Chloroquine did not protect hamsters when administered either individually or in combination with ribavirin, the latter indicating the lack of a favourable drug-drug interaction.,��https://www.ncbi.nlm.nih.gov/pubmed/19889926���Freiberg, Alexander N
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Vero Cells���Nov 4þ��BACKGROUND: Using a recently described monolayer assay amenable to high throughput screening format for the identification of potential Nipah virus and Hendra virus antivirals, we have partially screened a low molecular weight compound library (>8,000 compounds) directly against live virus infection and identified twenty eight promising lead molecules. Initial single blind screens were conducted with 10 microM compound in triplicate with a minimum efficacy of 90% required for lead selection. Lead compounds were then further characterised to determine the median efficacy (IC50), cytotoxicity (CC50) and the in vitro therapeutic index in live virus and pseudotype assay formats. RESULTS: While a number of leads were identified, the current work describes three commercially available compounds: brilliant green, gentian violet and gliotoxin, identified as having potent antiviral activity against Nipah and Hendra virus. Similar efficacy was observed against pseudotyped Nipah and Hendra virus, vesicular stomatitis virus and human parainfluenza virus type 3 while only gliotoxin inhibited an influenza A virus suggesting a non-specific, broad spectrum activity for this compound. CONCLUSION: All three of these compounds have been used previously for various aspects of anti-bacterial and anti-fungal therapy and the current results suggest that while unsuitable for internal administration, they may be amenable to topical antiviral applications, or as disinfectants and provide excellent positive controls for future studies.,��https://www.ncbi.nlm.nih.gov/pubmed/19889218���Aljofan, Mohamad
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Virus Internalization/*drug effects���Dec 20Ç��Nipah virus (NiV) is a zoonotic biosafety level 4 paramyxovirus that emerged recently in Asia with high mortality in man. NiV is a member, with Hendra virus (HeV), of the Henipavirus genus in the Paramyxoviridae family. Although NiV entry, like that of other paramyxoviruses, is believed to occur via pH-independent fusion with the host cell's plasma membrane we present evidence that entry can occur by an endocytic pathway. The NiV receptor ephrinB2 has receptor kinase activity and we find that ephrinB2's cytoplasmic domain is required for entry but is dispensable for post-entry viral spread. The mutation of a single tyrosine residue (Y304F) in ephrinB2's cytoplasmic tail abrogates NiV entry. Moreover, our results show that NiV entry is inhibited by constructions and drugs specific for the endocytic pathway of macropinocytosis. Our findings could potentially permit the rapid development of novel low-cost antiviral treatments not only for NiV but also HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/19854459ß��Pernet, Olivier
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Virulence Factors/*metabolism���Sep���A number of paramyxoviruses are responsible for acute respiratory infections in children, elderly and immuno-compromised individuals, resulting in airway inflammation and exacerbation of chronic diseases like asthma. To understand the molecular pathogenesis of these infections, we searched for cellular targets of the virulence protein C of human parainfluenza virus type 3 (hPIV3-C). We found that hPIV3-C interacts directly through its C-terminal domain with STAT1 and GRB2, whereas C proteins from measles or Nipah viruses failed to do so. Binding to STAT1 explains the previously reported capacity of hPIV3-C to block type I interferon signaling, but the interaction with GRB2 was unexpected. This adaptor protein bridges Epidermal Growth Factor (EGF) receptor to MAPK/ERK pathway, a signaling cascade recently found to be involved in airway inflammatory response. We report that either hPIV3 infection or transient expression of hPIV3-C both increase cellular response to EGF, as assessed by Elk1 transactivation and phosphorylation levels of ERK1/2, 40S ribosomal subunit protein S6 and translation initiation factor 4E (eIF4E). Furthermore, inhibition of MAPK/ERK pathway with U0126 prevented viral protein expression in infected cells. Altogether, our data provide molecular basis to explain the role of hPIV3-C as a virulence factor and determinant of pathogenesis and demonstrate that Paramyxoviridae have evolved a single virulence factor to block type I interferon signaling and to boost simultaneous cellular response to growth factors.,��https://www.ncbi.nlm.nih.gov/pubmed/19806178L��Caignard, Gregory
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Zoonoses/*epidemiology/*transmission���Aug8��Human Nipah outbreaks recur in a specific region and time of year in Bangladesh. Fruit bats are the reservoir host for Nipah virus. We identified 23 introductions of Nipah virus into human populations in central and northwestern Bangladesh from 2001 through 2007. Ten introductions affected multiple persons (median 10). Illness onset occurred from December through May but not every year. We identified 122 cases of human Nipah infection. The mean age of case-patients was 27 years; 87 (71%) died. In 62 (51%) Nipah virus-infected patients, illness developed 5-15 days after close contact with another Nipah case-patient. Nine (7%) Nipah case-patients transmitted virus to others. Nipah case-patients who had difficulty breathing were more likely than those without respiratory difficulty to transmit Nipah (12% vs. 0%, p = 0.03). Although a small minority of infected patients transmit Nipah virus, more than half of identified cases result from person-to-person transmission. Interventions to prevent virus transmission from bats to humans and from person to person are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/19751584Ó��Luby, Stephen P
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Zoonoses/transmissionS��Recent emerging zoonoses (hemorrhagic fevers due to Ebola or Marburg virus, encephalitis due to Nipah virus, severe acute respiratory syndrome due to SRAS virus...) outline the potential of bats as vectors for transmission of infectious disease to humans. Such a potential is already known for rabies encephalitis since seven out of the eight genotypes of Lyssavirus are transmitted by bats. In addition, phylogenetic reconstructions indicate that Lyssavirus have evolved in chiropters before their emergence in carnivores. Nevertheless, carnivores remain the most critical vectors for public health, in particular dogs that are originating 55.000 rabies deaths per year, essentially in developing countries. Rabies control in carnivores by parenteral (dog) or oral (wild carnivores) vaccination is efficacious and campaigns start to be more widely applied. On the other hand, rabies control in bat still remains non realistic, particularly as the pathogenicity of bat Lyssavirus for bats is still under debate, suggesting that a "diplomatic relationship" between partners would have arisen from a long term cohabitation. While comparing the interactions that humans and bats establish with Lyssavirus, scientists try to understand the molecular basis ofpathogenicity in man, a indispensable prerequisite to identify antiviral targets in a perspective of therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/19718950���Tordo, N
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Zoonoses/epidemiology/*transmission/virology���AugË��In this 2-part review, I will focus on emerging virus infections of the central nervous system (CNS). Part 1 will introduce the basic features of emerging infections, including their definition, epidemiology, and the frequency of CNS involvement. Important mechanisms of emergence will be reviewed, including viruses spreading into new host ranges as exemplified by West Nile virus (WNV), Japanese encephalitis (JE) virus, Toscana virus, and enterovirus 71 (EV71). Emerging infections also result from opportunistic spread of viruses into known niches, often resulting from attenuated host resistance to infection. This process is exemplified by transplant-associated cases of viral CNS infection caused by WNV, rabies virus, lymphocytic choriomeningitis, and lymphocytic choriomeningitis-like viruses and by the syndrome of human herpesvirus 6 (HHV6)-associated posttransplantation acute limbic encephalitis. The second part of this review begins with a discussion of JC virus and the occurrence of progressive multifocal leukoencephalopathy in association with novel immunomodulatory therapies and then continues with an overview of the risk of infection introduced by imported animals (eg, monkeypox virus) and examples of emerging diseases caused by enhanced competence of viruses for vectors and the spread of vectors (eg, chikungunya virus) and then concludes with examples of novel viruses causing CNS infection as exemplified by Nipah and Hendra viruses and bat lyssaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19667214f��Tyler, Kenneth L
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Virus Internalization/*drug effects���Jul 23m��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes respiratory disease in pigs and severe febrile encephalitis in humans with high mortality rates. On the basis of the structural similarity of viral fusion (F) proteins within the family Paramyxoviridae, we designed and tested 18 quinolone derivatives in a NiV and measles virus (MV) envelope protein-based fusion assay beside evaluation of cytotoxicity. We found five compounds successfully inhibiting NiV envelope protein-induced cell fusion. The most active molecules (19 and 20), which also inhibit the syncytium formation induced by infectious NiV and show a low cytotoxicity in Vero cells, represent a promising lead quinolone-type compound structure. Molecular modeling indicated that compound 19 fits well into a particular protein cavity present on the NiV F protein that is important for the fusion process.,��https://www.ncbi.nlm.nih.gov/pubmed/19499921M��Niedermeier, Sabine
Singethan, Katrin
Rohrer, Sebastian G
Matz, Magnus
Kossner, Markus
Diederich, Sandra
Maisner, Andrea
Schmitz, Jens
Hiltensperger, Georg
Baumann, Knut
Holzgrabe, Ulrike
Schneider-Schaulies, Jurgen
eng
Research Support, Non-U.S. Gov't
2009/06/09 09:00
J Med Chem. 2009 Jul 23;52(14):4257-65. doi: 10.1021/jm900411s.*��1520-4804 (Electronic)
0022-2623 (Linking)���19499921f��Institute of Pharmacy and Food Chemistry, University of Wurzburg, Am Hubland, 97080 Wurzburg, Germany.���10.1021/jm900411s�����üÒ|ÿî?ä������Field, H. E.���20092��Bats and emerging zoonoses: henipaviruses and SARS���278-84���Zoonoses Public Health���56���6-7æ��Animals
Animals, Domestic
Animals, Wild/virology
Chiroptera/*virology
Commerce
Communicable Diseases, Emerging/*transmission/*veterinary/virology
Disease Reservoirs/veterinary
*Global Health
Henipavirus
Humans
SARS Virus
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Marsh, Glenn A
Wang, Lin-Fa
eng
Review
England
2009/06/06 09:00
Future Microbiol. 2009 Jun;4(5):537-54. doi: 10.2217/fmb.09.26.*��1746-0921 (Electronic)
1746-0913 (Linking)���19492965u��CSIRO Livestock Industries, Australian Animal Health Laboratory (AAHL), Geelong, VIC, Australia. elena.vitue@csiro.au���10.2217/fmb.09.26�����üÒ|ÿî?æ���g��Wong, K. T.
Robertson, T.
Ong, B. B.
Chong, J. W.
Yaiw, K. C.
Wang, L. F.
Ansford, A. J.
Tannenberg, A.���2009D��Human Hendra virus infection causes acute and relapsing encephalitis���296-305���Neuropathol Appl Neurobiol���35���3���Adult
Antigens, Viral/analysis
Brain/blood supply/immunology/*pathology/virology
Coronary Vessels/pathology
Encephalitis, Viral/immunology/*pathology/virology
Ependyma/pathology/virology
Female
*Hendra Virus/isolation & purification
Henipavirus Infections/immunology/*pathology/virology
Humans
Kidney/blood supply/pathology/virology
Lung/blood supply/pathology/virology
Macrophages
Male
Microglia
Middle Aged
Myocardium/pathology
Neurons/pathology/virology
RNA, Viral/metabolism
Recurrence
Vasculitis/immunology/pathology/virology���Jun���AIM: To study the pathology of two cases of human Hendra virus infection, one with no clinical encephalitis and one with relapsing encephalitis. METHODS: Autopsy tissues were investigated by light microscopy, immunohistochemistry and in situ hybridization. RESULTS: In the patient with acute pulmonary syndrome but not clinical acute encephalitis, vasculitis was found in the brain, lung, heart and kidney. Occasionally, viral antigens were demonstrated in vascular walls but multinucleated endothelial syncytia were absent. In the lung, there was severe inflammation, necrosis and viral antigens in type II pneumocytes and macrophages. The rare kidney glomerulus showed inflammation and viral antigens in capillary walls and podocytes. Discrete necrotic/vacuolar plaques in the brain parenchyma were associated with antigens and viral RNA. Brain inflammation was mild although CD68(+) microglia/macrophages were significantly increased. Cytoplasmic viral inclusions and antigens and viral RNA in neurones and ependyma suggested viral replication. In the case of relapsing encephalitis, there was severe widespread meningoencephalitis characterized by neuronal loss, macrophages and other inflammatory cells, reactive blood vessels and perivascular cuffing. Antigens and viral RNA were mainly found in neurones. Vasculitis was absent in all the tissues examined. CONCLUSIONS: The case of acute Hendra virus infection demonstrated evidence of systemic infection and acute encephalitis. The case of relapsing Hendra virus encephalitis showed no signs of extraneural infection but in the brain, extensive inflammation and infected neurones were observed. Hendra virus can cause acute and relapsing encephalitis and the findings suggest that the pathology and pathogenesis are similar to Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19473296���Wong, K T
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��Neuroradiol J���22���2���May 15è��Systemic lupus erythematosus (SLE) has diverse imaging features. However, focal lesions in the corpus callosum are extremely rare in SLE with only few cases mentioned in the literature, with no mention of callosal holes in SLE. Callosal holes have been described as a characteristic finding in Susac syndrome and have been mentioned in Nipah virus encephalitis, Marchiafava Bignami disease and periventricular leukomalacia. We describe a case of SLE with callosal holes. The demonstration of callosal holes in this case brings the imaging appearance of SLE a step closer to that of Susac syndrome which is considered a clinically and radiologically close condition. It also adds to the list of imaging appearances of central nervous system SLE.,��https://www.ncbi.nlm.nih.gov/pubmed/24207034���Shaikh, R
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Viral Proteins/genetics���SepW��Nipah virus (NiV) is a new zoonotic paramyxovirus that emerged in 1998 and is now classified in the genus Henipavirus along with the closely related Hendra virus (HeV). NiV is highly pathogenic in several vertebrate species including humans, and the lack of available vaccines or specific treatment restricts it to biosafety level 4 (BSL4) containment. A serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing green fluorescent protein (GFP) and bearing the F and G proteins of NiV (VSV-NiV-GFP). The neutralization titers were obtained by counting GFP-expressing cells or by measuring fluorescence. The performance of this new assay was compared against the conventional test using live NiV with panels of sera from several mammalian species, including sera from NiV outbreaks, experimental infections, as well as HeV-specific sera. The results obtained with the VSV-NiV-GFP based test correlated with those obtained using live NiV. Using a 50% reduction in VSV-NiV-GFP infected cells as the cut-off for neutralization, this new assay demonstrated its potential as an effective tool for detecting NiV neutralizing antibodies under BSL2 containment with greater speed, sensitivity and safety as compared to the conventional NiV serum neutralization test.,��https://www.ncbi.nlm.nih.gov/pubmed/19433112���Kaku, Yoshihiro
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Virus Replication/*drug effects���Jun²��We have recently described the development and validation of a high throughput screening assay suitable for henipavirus antiviral identification. While we are confident this assay is robust and effective, we wished to investigate assay performance in a range of alternative cell lines to determine if assay sensitivity and specificity could be improved. We evaluated ten different cell lines for their susceptibility to Hendra and Nipah virus infection and their sensitivity of detection of the effects of the broad spectrum antiviral, ribavirin and nine novel antivirals identified using our initial screening approach. Cell lines were grouped into three categories with respect to viral replication. Virus replicated best in Vero and BSR cells, followed by Hep-2, HeLa, BHK-21 and M17 cells. The lowest levels of RNA replication and viral protein expression were observed in BAEC, MMEC, A549 and ECV304 cells. Eight cell lines appeared to be similarly effective at discriminating the antiviral effects of ribavirin (<2.7-fold difference). The two cells lines most sensitive to the effect of ribavirin (ECV304 and BAEC) also displayed the lowest levels of viral replication while Vero cells were the least sensitive suggesting excess viral replication may limit drug efficacy and cell lines which limit viral replication may result in enhanced antiviral efficacy. However, there was no consistent trend observed with the other nine antivirals tested. While improvements in antiviral sensitivity in other cell lines may indicate an important role in future HTS assays, the slightly lower sensitivity to antiviral detection in Vero cells has inherent advantages in reducing the number of partially effective lead molecules identified during initial screens. Comparison of a panel of 54 novel antiviral compounds identified during routine screening of an in-house compound library in Vero, BHK-21 and BSR cells suggests no clear advantage of screening in either cell type.,��https://www.ncbi.nlm.nih.gov/pubmed/19428741���Aljofan, Mohamad
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Viral Proteins/genetics/metabolism���Jul���Diverse members of the Paramyxovirus family of negative-strand RNA viruses effectively suppress host innate immune responses through the actions of their V proteins. The V protein mediates interference with the interferon regulatory RNA helicase MDA5 to avoid cellular antiviral responses. Analysis of the interaction interface revealed the MDA5 helicase C domain as necessary and sufficient for association with V proteins from human parainfluenza virus type 2, parainfluenza virus type 5, measles virus, mumps virus, Hendra virus, and Nipah virus. The identified approximately 130-residue region is highly homologous between MDA5 and the related antiviral helicase LGP2, but not RIG-I. Results indicate that the paramyxovirus V proteins can also associate with LGP2. The V protein interaction was found to disrupt ATP hydrolysis mediated by both MDA5 and LGP2. These findings provide a potential mechanistic basis for V protein-mediated helicase interference and identify LGP2 as a second cellular RNA helicase targeted by paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/19403670���Parisien, Jean-Patrick
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Time Factors���Mar���After 12 serial Nipah virus outbreaks in humans since 1998, it has been noted that all except the initial event in Malaysia occurred during the first 5 months of the year. Increasingly higher morbidity and mortality have been observed in subsequent outbreaks in India and Bangladesh. This may have been related to different virus strains and transmission capability from bat to human without the need for an amplifying host and direct human-to-human transmission. A survey of virus strains in Pteropus lylei and seasonal preference for spillover of these viruses was completed in seven provinces of Central Thailand between May 2005 and June 2007. Nipah virus RNA sequences, which belonged to those of the Malaysian and Bangladesh strains, were detected in the urine of these bats, with the Bangladesh strain being dominant. Highest recovery of Nipah virus RNA was observed in May. Of two provincial sites where monthly surveys were done, the Bangladesh strain was almost exclusively detected during April to June. The Malaysian strain was found dispersed during December to June. Although direct contact during breeding (in December to April) was believed to be an important transmission factor, our results may not entirely support the role of breeding activities in spillage of virus. Greater virus shedding over extended periods in the case of the Malaysian strain and the highest peak of virus detection in May in the case of the Bangladesh strain when offspring started to separate may suggest that there may be responsible mechanisms other than direct contact during breeding in the same roost. Knowledge of seasonal preferences of Nipah virus shedding in P. lylei will help us to better understand the dynamics of Nipah virus transmission and have implications for disease management.,��https://www.ncbi.nlm.nih.gov/pubmed/19402762"��Wacharapluesadee, Supaporn
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Recombinant Fusion Proteins/genetics/isolation & purification/metabolism���May 152��Nucleocapsid (N) protein of Nipah virus (NiV) is a potential serological marker used in the diagnosis of NiV infections. In this study, a rapid and efficient purification system, HisTrap 6 Fast Flow packed bed column was applied to purify recombinant histidine-tagged N protein of NiV from clarified feedstock. The optimizations of binding and elution conditions of N protein of NiV onto and from Nickel Sepharose 6 Fast Flow were investigated. The optimal binding was achieved at pH 7.5, superficial velocity of 1.25 cm/min. The bound N protein was successfully recovered by a stepwise elution with different concentration of imidazole (50, 150, 300 and 500 mM). The N protein of NiV was captured and eluted from an inlet N protein concentration of 0.4 mg/ml in a scale-up immobilized metal affinity chromatography (IMAC) packed bed column of Nickel Sepharose 6 Fast Flow with the optimized condition obtained from the method scouting. The purification of histidine-tagged N protein using IMAC packed bed column has resulted a 68.3% yield and a purification factor of 7.94.,��https://www.ncbi.nlm.nih.gov/pubmed/19395325-��Chong, Fui Chin
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Viscera/blood supply/virology���May 10B��Hendra virus (HeV) and Nipah virus (NiV) are recently-emerged, closely related and highly pathogenic paramyxoviruses. We have analysed here the pathogenesis of the acute HeV infection using the new animal model, golden hamster (Mesocricetus auratus), which is highly susceptible to HeV infection. HeV-specific RNA and viral antigens were found in multiple organs and virus was isolated from different tissues. Dual pathogenic mechanism was observed: parenchymal infection in various organs, including the brain, with vasculitis and multinucleated syncytia in many blood vessels. Furthermore, monoclonal antibodies specific for the NiV fusion protein neutralized HeV in vitro and efficiently protected hamsters from HeV if given before infection. These results reveal the similarities between HeV and NiV pathogenesis, particularly in affecting both respiratory and neuronal system. They demonstrate that hamster presents a convenient novel animal model to study HeV infection, opening new perspectives to evaluate vaccine and therapeutic approaches against this emergent infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/19328514���Guillaume, Vanessa
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Taiwan/epidemiologyx��Human metapneumovirus (hMPV) is a paramyxovirus that is associated with respiratory tract infection (RTI) mostly in children, but these outbreaks have rarely been reported in adults. We encountered an outbreak of this disease involving 10 adults in a psychiatric ward in eastern Taiwan. The nasopharyngeal swab specimens from 13 patients with symptoms of RTI were obtained and analyzed. The RT-PCR tests were negative to influenza virus A/B, adenovirus, RSV, parainfluenza virus, coronavirus, Nipah virus and Legionella. The antigen tests were negative to Legionella, Chlamydia, and Mycoplasma. Blood culture was negative in all except patient no. 1, who was found positive for coagulase-negative staphylococci. The hMPV was identified in 10 of 13 adults (77%), but negative for the other virus. Cough was present in all (100%), fever in 90%, and X-ray evidence of pneumonia in 7 patients. One patient died of respiratory failure. We report this outbreak in a mental hospital to alert the medical profession that this unusual infection of hMPV can occur as an outbreak in an adult setting and is an occupational hazard for healthcare personnel.,��https://www.ncbi.nlm.nih.gov/pubmed/19308801ê��Tu, Chuan-Chou
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Unemployment���Mar���The authors examined the effects of Florida's Family Transition Program (FTP), one of the first welfare reform initiatives to include a time limit on the receipt of federal cash assistance with other welfare requirements, on single-mother welfare-receiving families. Using a regression-based subgroup approach, they identified a group of families who were at risk of reaching the welfare time limit and subsequently assessed the experimental effects of the time-limited welfare policy on this group as compared to an otherwise comparable group of single-mother welfare-recipient families. For the families who were at risk of reaching the welfare time limit, FTP had few effects. FTP decreased mothers' depressive symptoms, and mothers in the FTP group reported higher levels of children's school achievement. There were no effects on parenting behavior or mothers' reports of children's social-emotional outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/19271826"��Morris, Pamela A
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Virus Replication���Mayà��Nipah (NiV) and Hendra (HeV) viruses are emerging zoonotic paramyxoviruses that cause encephalitis in humans, with fatality rates of up to 75%. We designed a new high-throughput screening (HTS) assay for inhibitors of infection based on envelope glycoprotein pseudotypes. The assay simulates multicycle replication and thus identifies inhibitors that target several stages of the viral life cycle, but it still can be carried out under biosafety level 2 (BSL-2) conditions. These features permit a screen for antivirals for emerging viruses and select agents that otherwise would require BSL-4 HTS facilities. The screening of a small compound library identified several effective molecules, including the well-known compound chloroquine, as highly active inhibitors of pseudotyped virus infection. Chloroquine inhibited infection with live HeV and NiV at a concentration of 1 microM in vitro (50% inhibitory concentration, 2 microM), which is less than the plasma concentrations present in humans receiving chloroquine treatment for malaria. The mechanism for chloroquine's antiviral action likely is the inhibition of cathepsin L, a cellular enzyme that is essential for the processing of the viral fusion glycoprotein and the maturation of newly budding virions. Without this processing step, virions are not infectious. The identification of a compound that inhibits a known cellular target that is important for viral maturation but that had not previously been shown to have antiviral activity for henipaviruses highlights the validity of this new screening assay. Given the established safety profile and broad experience with chloroquine in humans, the results described here provide an option for treating individuals infected by these deadly viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19264786À��Porotto, Matteo
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Molecular Biology/*methodsV��Interest in the potential of monoclonal antibodies (mAbs) to serve as therapeutic agents has surged in the past decade with a major emphasis on human viral diseases. There has been much attention in this area directed towards the human immunodeficiency virus type-1 (HIV-1) and promising research developments have emerged on the inhibition of HIV-1 infection by mAbs and the identification of several highly conserved neutralizing epitopes. More recently, potent fully-human neutralizing mAbs have been developed against a variety of important human viral disease agents including the paramyxoviruses Hendra virus and Nipah virus, and human or humanized mAbs have been developed against severe acute respiratory syndrome coronavirus (SARS CoV), and West Nile virus, among others. Most of these more recently developed antiviral mAbs have come from the use of antibody phage-display technologies and the implementation of simplified, inexpensive yet efficient methods, for expressing and purifying the initially selected fragment antibodies is of prime importance in further facilitating this area of research.,��https://www.ncbi.nlm.nih.gov/pubmed/19252844å��Dimitrova, Dimana
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SARS Virus/*immunology���MarÁ��BACKGROUND: Recently, several potently neutralizing fully human monoclonal antibodies (hmAbs) targeting the severe acute respiratory syndrome-associated coronavirus (SARS CoV) S glycoprotein, and the G glycoprotein of the paramyxoviruses Hendra virus (HeV) and Nipah virus (NiV) have been discovered [corrected]. OBJECTIVE: To examine, compare and contrast the functional characteristics of hmAbs with the potential for prophylaxis and treatment of diseases caused by SARS CoV, HeV and NiV. METHODS: A review of relevant literature. RESULTS/CONCLUSIONS: Structural, functional and biochemical analyses [corrected] have provided insights into the molecular mechanisms of receptor recognition and antibody neutralization, and suggested that these antibodies alone or in combination could fight the viruses' heterogeneity and mutability, which is a major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/192166242��Prabakaran, Ponraj
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Viral Structural Proteins/*biosynthesis���Apri��Nipah virus (NiV) is predicted to encode four proteins from its P gene (P, V, W, and C) via mRNA editing and an alternate open reading frame. By use of specific antibodies, the expression of the V, W, and C proteins in NiV-infected cells has now been confirmed. Analysis of the P-gene transcripts shows a ratio of P:V:W mRNA of 1:1:1, but this differs over time, with greater proportions of V and W transcripts observed as the infection progresses. Eighty-two percent of transcripts are edited, with up to 11 G insertions observed. This exceptionally high editing frequency ensures expression of the V and W proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/192117542��Kulkarni, Sachin
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization���Aug 20V��Human defensins, which are small cationic peptides produced by neutrophils and epithelial cells, form two genetically distinct alpha and beta subfamilies. They are involved in innate immunity through killing microbial pathogens or neutralizing bacterial toxins and in adaptive immunity by serving as chemoattractants and activators of immune cells. alpha-defensins are mainly packaged in neutrophil granules (HNP1, HNP2, HNP3) or secreted by intestinal Paneth cells (HD5, HD6), while beta-defensins are expressed in mucosa and epithelial cells. Using surface enhanced laser desorption/ionisation time-of-flight (SELDI-TOF) mass spectrometry (MS), alpha-defensins were found to be expressed in a variety of human tumours, either in tumour cells or at their surface. HNP1-3 peptides are also secreted and their accumulation in biological fluids was proposed as a tumour biomarker. Conversely, beta-defensin-1 (HBD-1) is down-regulated in some tumour types in which it could behave as a tumour suppressor protein. Alpha-defensins promote tumour cell growth or, at higher concentration, provoke cell death. These peptides also inhibit angiogenesis, which, in addition to immunomodulation, indicates a complex role in tumour development. This review summarizes current knowledge of defensins to discuss their role in tumour growth, tumour monitoring and cancer treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/19186224è��Droin, Nathalie
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Rural Population���Jan���Continued Nipah encephalitis outbreaks in Bangladesh highlight the need for preventative and control measures to reduce transmission from bats to humans and human-to-human spread. Qualitative research was conducted at the end of an encephalitis outbreak in Faridpur, Bangladesh in May 2004 and continued through December 2004. Methods included in-depth interviews with caretakers of cases, case survivors, neighbors of cases, and health providers. Results show contrasts between local and biomedical views on causal explanations and appropriate care. Social norms demanded that family members maintain physical contact with sick patients, potentially increasing the risk of human-to-human transmission. Initial treatment strategies by community members involved home remedies, and public health officials encouraged patient hospitalization. Over time, communities linked the outbreak to supernatural powers and sought care with spiritual healers. Differing popular and medical views of illness caused conflict and rejection of biomedical recommendations. Future investigators should consider local perceptions of disease and treatment when developing outbreak strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/19141846���Blum, Lauren S
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Viral Proteins/analysis/*genetics���Febw��The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are highly pathogenic zoonotic paramyxoviruses. Like many other paramyxoviruses, henipaviruses employ a process of co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternate reading frame. Sequence analysis of multiple, cloned mRNAs showed that the mRNA editing frequencies of the P genes of the henipaviruses are higher than those reported for other paramyxoviruses. Antisera to synthetic peptides from the P, V, W and C proteins of NiV were generated to study their expression in infected cells. All proteins were detected in both infected cells and purified virions. In infected cells, the W protein was detected in the nucleus while P, V and C were found in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/19141449���Lo, Michael K
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Sequence Deletion���Feb���The nucleocapsid protein of Nipah virus produced in Escherichia coli assembled into herringbone-like particles. The amino- and carboxy-termini of the N protein were shortened progressively to define the minimum contiguous sequence involved in capsid assembly. The first 29 aa residues of the N protein are dispensable for capsid formation. The 128 carboxy-terminal residues do not play a role in the assembly of the herringbone-like particles. A region with amino acid residues 30-32 plays a crucial role in the formation of the capsid particle. Deletion of any of the four conserved hydrophobic regions in the N protein impaired capsid formation. Replacement of the central conserved regions with the respective sequences from the Newcastle disease virus restored capsid formation.,��https://www.ncbi.nlm.nih.gov/pubmed/19141448Ò��Ong, Swee Tin
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*Virus Internalization���Dec 24%��BACKGROUND: Cell entry and cell-to-cell spread of the highly pathogenic Nipah virus (NiV) requires binding of the NiV G protein to cellular ephrin receptors and subsequent NiV F-mediated fusion. Since expression levels of the main NiV entry receptor ephrin-B2 (EB2) are highly regulated in vivo to fulfill the physiological functions in axon guidance and angiogenesis, the goal of this study was to determine if changes in the EB2 expression influence NiV infection. RESULTS: Surprisingly, transfection of increasing EB2 plasmid concentrations reduced cell-to-cell fusion both in cells expressing the NiV glycoproteins and in cells infected with NiV. This effect was attributed to the downregulation of the NiV glycoproteins from the cell surface. In addition to the influence on cell-to-cell fusion, increased EB2 expression significantly reduced the total amount of NiV-infected cells, thus interfered with virus entry. To determine if the negative effect of elevated EB2 expression on virus entry is a result of an increased EB2 signaling, receptor function of a tail-truncated and therefore signaling-defective DeltacEB2 was tested. Interestingly, DeltacEB2 fully functioned as NiV entry and fusion receptor, and overexpression also interfered with virus replication. CONCLUSION: Our findings clearly show that EB2 signaling does not account for the striking negative impact of elevated receptor expression on NiV infection, but rather that the ratio between the NiV envelope glycoproteins and surface receptors critically influence cell-to-cell fusion and virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19108727Ø��Thiel, Lena
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Swine/virology���Decü��The Nipah virus outbreak in Malaysia (September 1998 to May 1999) resulted in 265 cases of acute encephalitis with 105 deaths, and near collapse of the billion-dollar pig-farming industry. Because it was initially attributed to Japanese encephalitis, early control measures were ineffective, and the outbreak spread to other parts of Malaysia and nearby Singapore. The isolation of the novel aetiological agent, the Nipah virus (NiV), from the cerebrospinal fluid of an outbreak victim was the turning point which led to outbreak control 2 months later. Together with the Hendra virus, NiV is now recognised as a new genus, Henipavirus (Hendra + Nipah), in the Paramyxoviridae family. Efforts of the local and international scientific community have since elucidated the epidemiology, clinico-pathophysiology and pathogenesis of this new disease. Humans contracted the infection from close contact with infected pigs, and formed the basis for pig-culling that eventually stopped the outbreak. NiV targeted medium-sized and small blood vessels resulting in endothelial multinucleated syncytia and fibrinoid necrosis. Autopsies revealed disseminated cerebral microinfarctions resulting from vasculitis-induced thrombosis and direct neuronal involvement. The discovery of NiV in the urine and saliva of Malaysian Island flying foxes (Pteropus hypomelanus and Petropus vampyrus) implicated these as natural reservoir hosts of NiV. It is probable that initial transmission of NiV from bats to pigs occurred in late 1997/early 1998 through contamination of pig swill by bat excretions, as a result of migration of these forest fruitbats to cultivated orchards and pig-farms, driven by fruiting failure of forest trees during the El Nino-related drought and anthropogenic fires in Indonesia in 1997-1998. This outbreak emphasizes the need for sharing information of any unusual illnesses in animals and humans, an open-minded approach and close collaboration and co-ordination between the medical profession, veterinarians and wildlife specialists in the investigation of such illnesses. Environmental mismanagement (such as deforestation and haze) has far-reaching effects, including encroachment of wildlife into human habitats and the introduction of zoonotic infections into domestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19108397h��Looi, Lai-Meng
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*Nipah Virus���SepT��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level four pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the 20th century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarises current published data relating to experimental infection of small and large animals, including the natural reservoir species, the Pteropus bat, with HeV or NiV. Susceptibility to infection and virus distribution in the individual species is discussed, along with the pathogenesis, pathological changes, and potential routes of transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/19084436¦��Weingartl, Hana M
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*Virus Internalization���Nov 26²��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes severe diseases in animals and humans. Endothelial cell (EC) infection is an established hallmark of NiV infection in vivo. Despite systemic virus spread via the vascular system, EC in brain and lung are preferentially infected whereas EC in other organs are less affected. As in vivo, we found differences in the infection of EC in cell culture. Only brain-derived primary or immortalized EC were found to be permissive to NiV infection. Using a replication-independent fusion assay, we could show that the lack of infection in non-brain EC was due to a lack of receptor expression. The NiV entry receptors ephrinB2 (EB2) or ephrinB3 were only expressed in brain endothelia. The finding that EB2 expression in previously non-permissive aortic EC rendered the cells permissive to infection then demonstrated that EB2 is not only necessary but also sufficient to allow the establishment of a productive NiV infection. This strongly suggests that limitations in receptor expression restrict virus entry in certain EC subsets in vivo, and are thus responsible for the differences in EC tropism observed in human and animal NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/19036148ª��Erbar, Stephanie
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*Virus Internalization/drug effects���Jan 16­��Cellular entry of paramyxoviruses requires the coordinated action of both the attachment (G/H/HN) and fusion (F) glycoproteins, but how receptor binding activates G to trigger F-mediated fusion during viral entry is not known. Here, we identify a receptor (ephrinB2)-induced allosteric activation site in Nipah virus (NiV) G involved in triggering F-mediated fusion. We first generated a conformational monoclonal antibody (monoclonal antibody 45 (Mab45)) whose binding to NiV-G was enhanced upon NiV-G-ephrinB2 binding. However, Mab45 also inhibited viral entry, and its receptor binding-enhanced (RBE) epitope was temperature-dependent, suggesting that the Mab45 RBE epitope on G may be involved in triggering F. The Mab45 RBE epitope was mapped to the base of the globular domain (beta6S4/beta1H1). Alanine scan mutants within this region that did not exhibit this RBE epitope were also non-fusogenic despite their ability to bind ephrinB2, oligomerize, and associate with F at wild-type (WT) levels. Although circular dichroism revealed conformational changes in the soluble ectodomain of WT NiV-G upon ephrinB2 addition, no such changes were detected with soluble RBE epitope mutants or short-stalk G mutants. Additionally, WT G, but not a RBE epitope mutant, could dissociate from F upon ephrinB2 engagement. Finally, using a biotinylated HR2 peptide to detect pre-hairpin intermediate formation, a cardinal feature of F-triggering, we showed that ephrinB2 binding to WT G, but not the RBE-epitope mutants, could trigger F. In sum, we implicate the coordinated interaction between the base of NiV-G globular head domain and the stalk domain in mediating receptor-induced F triggering during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19019819è��Aguilar, Hector C
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Zoonoses/epidemiology/transmission/*virology���May.��Over the past decade, a number of unique zoonotic and non-zoonotic viruses have emerged in Malaysia. Several of these viruses have resulted in significant morbidity and mortality to those affected and they have imposed a tremendous public health and economic burden on the state. Amongst the most devastating was the outbreak of Nipah virus encephalitis in 1998, which resulted in 109 deaths. The culling of more than a million pigs, identified as the amplifying host, ultimately brought the outbreak under control. A year prior to this, and subsequently again in 2000 and 2003, large outbreaks of hand-foot-and-mouth disease due to enterovirus 71, with rare cases of fatal neurological complications, were reported in young children. Three other new viruses - Tioman virus (1999), Pulau virus (1999), and Melaka virus (2006) - whose origins have all been linked to bats, have been added to the growing list of novel viruses being discovered in Malaysia. The highly pathogenic H5N1 avian influenza has also been detected in Malaysia with outbreaks in poultry in 2004, 2006, and 2007. Fortunately, no human infections were reported. Finally, the HIV/AIDS epidemic has seen the emergence of an HIV-1 recombinant form (CRF33_01B) in HIV-infected individuals from various risk groups, with evidence of ongoing and rapid expansion.,��https://www.ncbi.nlm.nih.gov/pubmed/19010076Ñ��Tee, Kok Keng
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*Virus Shedding���Nov 10�	�BACKGROUND: Nipah virus (NiV) is a recently emerged paramyxovirus capable of causing fatal disease in a broad range of mammalian hosts, including humans. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the family Paramyxoviridae. Recombinant expression systems have played a crucial role in studying the cell biology of these Biosafety Level-4 restricted viruses. Henipavirus assembly and budding occurs at the plasma membrane, although the details of this process remain poorly understood. Multivesicular body (MVB) proteins have been found to play a role in the budding of several enveloped viruses, including some paramyxoviruses, and the recruitment of MVB proteins by viral proteins possessing late budding domains (L-domains) has become an important concept in the viral budding process. Previously we developed a system for producing NiV virus-like particles (VLPs) and demonstrated that the matrix (M) protein possessed an intrinsic budding ability and played a major role in assembly. Here, we have used this system to further explore the budding process by analyzing elements within the M protein that are critical for particle release. RESULTS: Using rationally targeted site-directed mutagenesis we show that a NiV M sequence YPLGVG is required for M budding and that mutation or deletion of the sequence abrogates budding ability. Replacement of the native and overlapping Ebola VP40 L-domains with the NiV sequence failed to rescue VP40 budding; however, it did induce the cellular morphology of extensive filamentous projection consistent with wild-type VP40-expressing cells. Cells expressing wild-type NiV M also displayed this morphology, which was dependent on the YPLGVG sequence, and deletion of the sequence also resulted in nuclear localization of M. Dominant-negative VPS4 proteins had no effect on NiV M budding, suggesting that unlike other viruses such as Ebola, NiV M accomplishes budding independent of MVB cellular proteins. CONCLUSION: These data indicate that the YPLGVG motif within the NiV M protein plays an important role in M budding; however, involvement of any specific components of the cellular MVB sorting pathway in henipavirus budding remains to be demonstrated. Further investigation of henipavirus assembly and budding may yet reveal a novel mechanism(s) of viral assembly and release that could be applicable to other enveloped viruses or have therapeutic implications.,��https://www.ncbi.nlm.nih.gov/pubmed/19000317#��Patch, Jared R
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SARS Virus���Oct@��Acute respiratory viruses are a major cause of morbidity and mortality in humans worldwide and most acute respiratory infections are caused by viruses. Many of these viruses cause the highest burden of disease in specific risk groups such as young infants, the elderly, and immune-compromised individuals. Although the most important respiratory viruses of humans have been identified in the last century, in the past decade about a dozen "new" viruses have been discovered that may cause a high burden of acute respiratory disease in humans. Not only viruses were discovered that must have been with humans for many decades or centuries, such as human metapneumovirus and 2 different human coronaviruses, but also viruses that are truly new for humans and have emerged as a result of recent interspecies transmissions from other mammalian or avian reservoirs. The latter include highly pathogenic avian influenza viruses, severe acute respiratory syndrome (SARS) coronavirus, and Nipah virus. The discovery, etiologic role, and burden of disease caused by these infections are described.,��https://www.ncbi.nlm.nih.gov/pubmed/18820582£��Osterhaus, Albert D M E
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Singapore/epidemiology���Dec$��Nipah virus first emerged in Malaysia and Singapore between 1998 and 1999, causing severe febrile encephalitis in humans with a mortality rate of close to 40%. In addition, a significant portion of those recovering from acute infection had relapse encephalitis and long-term neurological defects. Since its initial outbreak, there have been numerous outbreaks in Bangladesh and India, in which the mortality rate rose to approximately 70%. These subsequent outbreaks were distinct from the initial outbreak, both in their epidemiology and in their clinical presentations. Recent developments in diagnostics may expedite disease diagnosis and outbreak containment, while progress in understanding the molecular biology of Nipah virus could lead to novel therapeutics and vaccines for this deadly pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/18835214���Lo, Michael K
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Odds Ratio
Risk Factors���Oct¨��Nipah virus (NiV) is a paramyxovirus that causes severe encephalitis in humans. During January 2004, twelve patients with NiV encephalitis (NiVE) were identified in west-central Bangladesh. A case-control study was conducted to identify factors associated with NiV infection. NiVE patients from the outbreak were enrolled in a matched case-control study. Exact odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using a matched analysis. Climbing trees (83% of cases vs. 51% of controls, OR 8.2, 95% CI 1.25-infinity) and contact with another NiVE patient (67% of cases vs. 9% of controls, OR 21.4, 95% CI 2.78-966.1) were associated with infection. We did not identify an increased risk for NiV infection among persons who had contact with a potential intermediate host. Although we cannot rule out person-to-person transmission, case-patients were likely infected from contact with fruit bats or their secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/18826814{��Montgomery, Joel M
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Viral Vaccines/*immunology���Dec[��Two members of the paramyxovirus family, Nipah virus (NiV) and Hendra virus (HeV), are recent additions to a growing number of agents of emergent diseases which use bats as a natural host. Identification of ephrin-B2 and ephrin-B3 as cellular receptors for these viruses has enabled the development of immunotherapeutic reagents which prevent virus attachment and subsequent fusion. Here we present the structural analysis of the protein and carbohydrate components of the unbound viral attachment glycoprotein of NiV glycoprotein (NiV-G) at a 2.2-A resolution. Comparison with its ephrin-B2-bound form reveals that conformational changes within the envelope glycoprotein are required to achieve viral attachment. Structural differences are particularly pronounced in the 579-590 loop, a major component of the ephrin binding surface. In addition, the 236-245 loop is rather disordered in the unbound structure. We extend our structural characterization of NiV-G with mass spectrometric analysis of the carbohydrate moieties. We demonstrate that NiV-G is largely devoid of the oligomannose-type glycans that in viruses such as human immunodeficiency virus type 1 and Ebola virus influence viral tropism and the host immune response. Nevertheless, we find putative ligands for the endothelial cell lectin, LSECtin. Finally, by mapping structural conservation and glycosylation site positions from other members of the paramyxovirus family, we suggest the molecular surface involved in oligomerization. These results suggest possible pathways of virus-host interaction and strategies for the optimization of recombinant vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/18815311Á��Bowden, Thomas A
Crispin, Max
Harvey, David J
Aricescu, A Radu
Grimes, Jonathan M
Jones, E Yvonne
Stuart, David I
eng
Medical Research Council/United Kingdom
Cancer Research UK/United Kingdom
G0700232/Medical Research Council/United Kingdom
Wellcome Trust/United Kingdom
G0500365/Medical Research Council/United Kingdom
Research Support, Non-U.S. Gov't
2008/09/26 09:00
J Virol. 2008 Dec;82(23):11628-36. doi: 10.1128/JVI.01344-08. Epub 2008 Sep 24.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2583688���18815311���Division of Structural Biology, University of Oxford, Henry Wellcome Building of Genomic Medicine, Roosevelt Drive, Oxford OX3 7BN, United Kingdom.���10.1128/JVI.01344-08��U�üÒtÿî?����v��Bishop, K. A.
Hickey, A. C.
Khetawat, D.
Patch, J. R.
Bossart, K. N.
Zhu, Z.
Wang, L. F.
Dimitrov, D. S.
Broder, C. C.���2008���Residues in the stalk domain of the hendra virus g glycoprotein modulate conformational changes associated with receptor binding	��11398-409���J Virol���82���22o��Amino Acid Sequence
Amino Acid Substitution
Antibodies, Monoclonal/immunology
Antibodies, Viral/immunology
Cell Fusion
Cell Line
Ephrin-B2/*metabolism
Ephrin-B3/*metabolism
Hendra Virus/*physiology
Humans
Molecular Sequence Data
Mutagenesis, Site-Directed
Protein Binding
Protein Conformation
Sequence Alignment
Viral Envelope Proteins/*chemistry/genetics/*metabolism���Novk��Hendra virus (HeV) is a member of the broadly tropic and highly pathogenic paramyxovirus genus Henipavirus. HeV is enveloped and infects cells by using membrane-anchored attachment (G) and fusion (F) glycoproteins. G possesses an N-terminal cytoplasmic tail, an external membrane-proximal stalk domain, and a C-terminal globular head that binds the recently identified receptors ephrinB2 and ephrinB3. Receptor binding is presumed to induce conformational changes in G that subsequently trigger F-mediated fusion. The stalk domains of other attachment glycoproteins appear important for oligomerization and F interaction and specificity. However, this region of G has not been functionally characterized. Here we performed a mutagenesis analysis of the HeV G stalk, targeting a series of isoleucine residues within a hydrophobic alpha-helical domain that is well conserved across several attachment glycoproteins. Nine of 12 individual HeV G alanine substitution mutants possessed a complete defect in fusion-promotion activity yet were cell surface expressed and recognized by a panel of conformation-dependent monoclonal antibodies (MAbs) and maintained their oligomeric structure. Interestingly, these G mutations also resulted in the appearance of an additional electrophoretic species corresponding to a slightly altered glycosylated form. Analysis revealed that these G mutants appeared to adopt a receptor-bound conformation in the absence of receptor, as measured with a panel of MAbs that preferentially recognize G in a receptor-bound state. Further, this phenotype also correlated with an inability to associate with F and in triggering fusion even after receptor engagement. Together, these data suggest the stalk domain of G plays an important role in the conformational stability and receptor binding-triggered changes leading to productive fusion, such as the dissociation of G and F.,��https://www.ncbi.nlm.nih.gov/pubmed/18799571<��Bishop, Kimberly A
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Recurrence���Augí��Viral encephalitis presents with seizures not only in the acute stage but also increases the risk of late unprovoked seizures and epilepsy. Acute symptomatic and late unprovoked seizures in different viral encephalitides are reviewed here. Among the sporadic viral encephalitides, Herpes simplex encephalitis (HSE) is perhaps most frequently associated with epilepsy, which may often be severe. Seizures may be the presenting feature in 50% patients with HSE because of involvement of the highly epileptogenic frontotemporal cortex. The occurrence of seizures in HSE is associated with poor prognosis. In addition, chronic and relapsing forms of HSE have been described and these may be associated with antiepileptic drug-resistant seizures. Among the epidemic (usually due to flaviviruses) viral encephalitides, Japanese encephalitis (JE) is most common and is associated with acute symptomatic seizures, especially in children. The reported frequency of acute symptomatic seizures in JE is 7-46%. Encephalitis due to other flaviviruses such as equine, St. Louis, and West Nile viruses may also manifest with acute symptomatic seizures. In Nipah virus encephalitis, seizures are more common in relapsed and late-onset encephalitis in comparison to acute encephalitis (4% vs. 1.8%). Other viruses like measles, varicella, mumps, influenza, and entero-viruses may cause seizures depending on the area of brain involved. There is no comprehensive data regarding late unprovoked seizures in different viral encephalitides. Prospective studies are required to document the risk of late unprovoked seizures and epilepsy following viral encephalitis due to different viruses as well as to determine the clinical characteristics, course, and outcome of post-encephalitic epilepsy.,��https://www.ncbi.nlm.nih.gov/pubmed/18754956���Misra, Usha Kant
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Virus Diseases/*epidemiology���Oct°��The epidemiology of several viral diseases underwent profound changes in South-East Asia and Oceania over the past decades. This was due to several factors, including the geographical distribution of vectors and the viruses they transmit; increasing traveling and trade; increasing ecological and demographic pressure. We reviewed the current state of knowledge based on published sources and available epidemiological data. The review was limited to potentially emerging viruses in Southeast Asia and the Pacific reported in human cases. Dengue, Chikungunya, and Japanese Encephalitis viruses have recurred on a yearly basis with a steady increase in these regions. Ross River and Barmah viruses now appear regularly in Australia, in an increasing number of cases. Nipah virus strikes regularly with limited but deadly epidemics in Southeast Asia. Finally, infections by lyssaviruses, Kunjin, Murray Valley, or Zika viruses were also reviewed.,��https://www.ncbi.nlm.nih.gov/pubmed/18771865Â��Barboza, P
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Chua, K. B.���2008���Nipah virus encephalitis���315-20���Curr Infect Dis Rep���10���4���Jul���Nipah virus was first discovered in 1999, after a severe outbreak of viral encephalitis among pig farm workers in Malaysia. The disease is thought to spread from Pteropus bats to pigs and then to humans following close contact. The reported mortality rate in this outbreak was 40%. The main necropsy finding in patients with Nipah virus encephalitis was disseminated microinfarction associated with vasculitis and direct neuronal involvement. Relapse of encephalitis was seen in 10% of those who survived the initial illness. Since that initial report, recurrent outbreaks of Nipah virus encephalitis have been seen in Bangladesh and West Bengal, India. These outbreaks occurred between January and May, with Pteropus giganteus as a reservoir of the virus. In Bangladesh, the virus probably spread directly from bats to humans-with human to human spread as another important mode of infection-and the mortality rate was 70%.,��https://www.ncbi.nlm.nih.gov/pubmed/18765105^��Tan, Chong-Tin
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Prevention Regimen for Effectively Avoiding Second Strokes study, group���2008=��Effects of aspirin plus extended-release dipyridamole versus clopidogrel and telmisartan on disability and cognitive function after recurrent stroke in patients with ischaemic stroke in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial: a double-blind, active and placebo-controlled study���875-84
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Ticlopidine/analogs & derivatives/therapeutic use���OctÙ	�BACKGROUND: The treatment of ischaemic stroke with neuroprotective drugs has been unsuccessful, and whether these compounds can be used to reduce disability after recurrent stroke is unknown. The putative neuroprotective effects of antiplatelet compounds and the angiotensin II receptor antagonist telmisartan were investigated in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial. METHODS: Patients who had had an ischaemic stroke were randomly assigned in a two by two factorial design to receive either 25 mg aspirin (ASA) and 200 mg extended-release dipyridamole (ER-DP) twice a day or 75 mg clopidogrel once a day, and either 80 mg telmisartan or placebo once per day. The predefined endpoints for this substudy were disability after a recurrent stroke, assessed with the modified Rankin scale (mRS) and Barthel index at 3 months, and cognitive function, assessed with the mini-mental state examination (MMSE) score at 4 weeks after randomisation and at the penultimate visit. Analysis was by intention to treat. The study was registered with ClinicalTrials.gov, number NCT00153062. FINDINGS: 20,332 patients (mean age 66 years) were randomised and followed-up for a median of 2.4 years. Recurrent strokes occurred in 916 (9%) patients randomly assigned to ASA with ER-DP and 898 (9%) patients randomly assigned to clopidogrel; 880 (9%) patients randomly assigned to telmisartan and 934 (9%) patients given placebo had recurrent strokes. mRS scores were not statistically different in patients with recurrent stroke who were treated with ASA and ER-DP versus clopidogrel (p=0.38), or with telmisartan versus placebo (p=0.61). There was no significant difference in the proportion of patients with recurrent stroke with a good outcome, as measured with the Barthel index, across all treatment groups. Additionally, there was no significant difference in the median MMSE scores, the percentage of patients with an MMSE score of 24 points or less, the percentage of patients with a drop in MMSE score of 3 points or more between 1 month and the penultimate visit, and the number of patients with dementia among the treatment groups. There were no significant differences in the proportion of patients with cognitive impairment or dementia among the treatment groups. INTERPRETATION: Disability due to recurrent stroke and cognitive decline in patients with ischaemic stroke were not different between the two antiplatelet regimens and were not affected by the preventive use of telmisartan.,��https://www.ncbi.nlm.nih.gov/pubmed/18757238H��Diener, Hans-Christoph
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Treatment Failure���Sep 18���BACKGROUND: Prolonged lowering of blood pressure after a stroke reduces the risk of recurrent stroke. In addition, inhibition of the renin-angiotensin system in high-risk patients reduces the rate of subsequent cardiovascular events, including stroke. However, the effect of lowering of blood pressure with a renin-angiotensin system inhibitor soon after a stroke has not been clearly established. We evaluated the effects of therapy with an angiotensin-receptor blocker, telmisartan, initiated early after a stroke. METHODS: In a multicenter trial involving 20,332 patients who recently had an ischemic stroke, we randomly assigned 10,146 to receive telmisartan (80 mg daily) and 10,186 to receive placebo. The primary outcome was recurrent stroke. Secondary outcomes were major cardiovascular events (death from cardiovascular causes, recurrent stroke, myocardial infarction, or new or worsening heart failure) and new-onset diabetes. RESULTS: The median interval from stroke to randomization was 15 days. During a mean follow-up of 2.5 years, the mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group than in the placebo group. A total of 880 patients (8.7%) in the telmisartan group and 934 patients (9.2%) in the placebo group had a subsequent stroke (hazard ratio in the telmisartan group, 0.95; 95% confidence interval [CI], 0.86 to 1.04; P=0.23). Major cardiovascular events occurred in 1367 patients (13.5%) in the telmisartan group and 1463 patients (14.4%) in the placebo group (hazard ratio, 0.94; 95% CI, 0.87 to 1.01; P=0.11). New-onset diabetes occurred in 1.7% of the telmisartan group and 2.1% of the placebo group (hazard ratio, 0.82; 95% CI, 0.65 to 1.04; P=0.10). CONCLUSIONS: Therapy with telmisartan initiated soon after an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753639$��Yusuf, Salim
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Vascular Diseases/mortality���Sep 18T��BACKGROUND: Recurrent stroke is a frequent, disabling event after ischemic stroke. This study compared the efficacy and safety of two antiplatelet regimens--aspirin plus extended-release dipyridamole (ASA-ERDP) versus clopidogrel. METHODS: In this double-blind, 2-by-2 factorial trial, we randomly assigned patients to receive 25 mg of aspirin plus 200 mg of extended-release dipyridamole twice daily or to receive 75 mg of clopidogrel daily. The primary outcome was first recurrence of stroke. The secondary outcome was a composite of stroke, myocardial infarction, or death from vascular causes. Sequential statistical testing of noninferiority (margin of 1.075), followed by superiority testing, was planned. RESULTS: A total of 20,332 patients were followed for a mean of 2.5 years. Recurrent stroke occurred in 916 patients (9.0%) receiving ASA-ERDP and in 898 patients (8.8%) receiving clopidogrel (hazard ratio, 1.01; 95% confidence interval [CI], 0.92 to 1.11). The secondary outcome occurred in 1333 patients (13.1%) in each group (hazard ratio for ASA-ERDP, 0.99; 95% CI, 0.92 to 1.07). There were more major hemorrhagic events among ASA-ERDP recipients (419 [4.1%]) than among clopidogrel recipients (365 [3.6%]) (hazard ratio, 1.15; 95% CI, 1.00 to 1.32), including intracranial hemorrhage (hazard ratio, 1.42; 95% CI, 1.11 to 1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups (1194 ASA-ERDP recipients [11.7%], vs. 1156 clopidogrel recipients [11.4%]; hazard ratio, 1.03; 95% CI, 0.95 to 1.11). CONCLUSIONS: The trial did not meet the predefined criteria for noninferiority but showed similar rates of recurrent stroke with ASA-ERDP and with clopidogrel. There is no evidence that either of the two treatments was superior to the other in the prevention of recurrent stroke. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753638���Sacco, Ralph L
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Vero Cells���Jun¯��In 1998, a novel paramyxovirus (order Mononegavirales, family Paramyxoviridae, subfamily Paramyxovirinae, genus Henipavirus) emerged in peninsular Malaysia causing fatal encephalitis in humans and severe respiratory illness with encephalitis in pigs. The virus was successfully isolated in cultured mammalian cells. Transmission electron microscopy of infected tissue culture cells played a crucial role in the early preliminary identification of the causative agent of the outbreak. This in turn was pivotal to determine the correct direction of control measures that subsequently brought the epidemic under control. In light of this investigation, and indeed identification of infectious agents associated with other disease episodes, electron microscopy will remain an important frontline method for rapid diagnostic virology and investigation of any future outbreak of new and unusual cases of illness suspected of an infectious aetiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18705447{��Chua, K B
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Virus Replication���Decw��Nipah virus (NiV) and Hendra virus (HeV) are recently emerged zoonotic paramyxoviruses exclusively grouped within a new genus, Henipavirus. These viruses cause fatal disease in a wide range of species, including humans. Both NiV and HeV have continued to re-emerge sporadically in Bangladesh and Australia, respectively. There are currently no therapeutics or vaccines available to treat Henipavirus infection and both are classified as BSL4 pathogens. RNA interference (RNAi) is a process by which double-stranded RNA directs sequence-specific degradation of messenger RNA in animal and plant cells. Small interfering RNAs (siRNAs) mediate RNAi by inhibiting gene expression of homologous mRNA and our preliminary studies suggest RNAi may be a useful approach to developing novel therapies for these highly lethal pathogens. Eight NiV siRNA molecules (four L and four N gene specific), two HeV N gene specific, and two non-specific control siRNA molecules were designed and tested for their ability to inhibit a henipavirus minigenome replication system (which does not require the use of live virus) in addition to live virus infections in vitro. In the minigenome assay three out of the four siRNAs that targeted the L gene of NiV effectively inhibited replication. In contrast, only NiV N gene siRNAs were effective in reducing live NiV replication, suggesting inhibition of early, abundantly expressed gene transcripts may be more effective than later, less abundant transcripts. Additionally, some of the siRNAs effective against NiV infection were only partially effective inhibitors of HeV infection. An inverse correlation between the number of nucleotide mismatches and the efficacy of siRNA inhibition was observed. The demonstration that RNAi effectively inhibits henipavirus replication in vitro, is a novel approach and may provide an effective therapy for these highly lethal, zoonotic pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/18687361ß��Mungall, Bruce A
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Virulence/physiology���Jul 22I��Nipah virus (NiV) and Hendra virus are the type species of the highly pathogenic paramyxovirus genus Henipavirus, which can cause severe respiratory disease and fatal encephalitis infections in humans, with case fatality rates approaching 75%. NiV contains two envelope glycoproteins, the receptor-binding G glycoprotein (NiV-G) that facilitates attachment to host cells and the fusion (F) glycoprotein that mediates membrane merger. The henipavirus G glycoproteins lack both hemagglutinating and neuraminidase activities and, instead, engage the highly conserved ephrin-B2 and ephrin-B3 cell surface proteins as their entry receptors. Here, we report the crystal structures of the NiV-G both in its receptor-unbound state and in complex with ephrin-B3, providing, to our knowledge, the first view of a paramyxovirus attachment complex in which a cellular protein is used as the virus receptor. Complex formation generates an extensive protein-protein interface around a protruding ephrin loop, which is inserted in the central cavity of the NiV-G beta-propeller. Analysis of the structural data reveals the molecular basis for the highly specific interactions of the henipavirus G glycoproteins with only two members (ephrin-B2 and ephrin-B3) of the very large ephrin family and suggests how they mediate in a unique fashion both cell attachment and the initiation of membrane fusion during the virus infection processes. The structures further suggest that the NiV-G/ephrin interactions can be effectively targeted to disrupt viral entry and provide the foundation for structure-based antiviral drug design.,��https://www.ncbi.nlm.nih.gov/pubmed/18632560:��Xu, Kai
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Vasculitis/metabolism/pathology/*virology���Jul���Mortality rate in humans infected with Nipah virus (NiV) has been reported as high as 92%. Humans infected with NiV show a widespread multisystemic vasculitis with most severe clinical and pathologic manifestations in the brain, lungs, and spleen. The purpose of this study was to study pathologic and immunohistochemical findings in guinea pigs infected with NiV. Of 28 animals inoculated intraperitoneally, only 2 survived the infection, and most died between 4 and 8 days postinoculation (dpi). Viral antigen with minimal pathologic changes was first detected 2 dpi in lymph nodes and spleen. More severe changes were noted in these organs 4-8 dpi, where pathologic damage had a vasocentric distribution and viral antigen was abundant in vascular endothelium, tunica media, adventitia, as well as in macrophages lining sinuses. The urinary bladder, uterus, and ovaries were also affected with necrosis and acute inflammation. In these organs, immunohistochemical positive staining was intense in blood vessels, epithelial cells, and ovarian follicles. Approximately 50% of the animals that died or were euthanized in extremis had evidence of viral antigen and histopathologic changes in brain, especially involving meninges and ependymal cells, with lesser changes in the neural parenchyma. A unifying feature of the damage for all affected tissues was necrosis and inflammation of the vasculature, chiefly in arterioles, capillaries, and venules. Inoculation of guinea pigs intraperitoneally with NiV produces a disease with considerable resemblance to the disease in humans, but with reduced pulmonary involvement and marked infection of urinary bladder and the female reproductive tract.,��https://www.ncbi.nlm.nih.gov/pubmed/18587107ë��Torres-Velez, F J
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Polymerase Chain Reaction���Feb���Meningoencephalitis is a disease with many drawbacks: it is usually severe and its etiology will frequently remain unsolved even with thorough investigations. Pathogen diversities and the wide range of differential diagnosis are further limitations, while there are neither guidelines nor conferences consensus available, in France and elsewhere. However, there are many valuable data in the literature and major advances have already been obtained, the most striking being advances in imaging techniques and molecular biology, as illustrated by the significant impact of HSV PCR advent in patient management. On emergency settings, physicians have to recognize and initiate appropriate treatment for patients who may have herpes simplex meningoencephalitis, and to consider bacteria for which prompt treatment has a positive prognostic impact. At this stage, intravenous acyclovir and amoxicillin should be widely prescribed, even with limited suspicion. Then, physicians will have to collect pertinent information and diagnostic tests results, and may seek expertise from other specialties when needed. Continuous improvements in diagnostic tests should allow significant progress in pathogen identification in meningoencephalitis, thus leading to better patients management. We also have to be prepared for changes, as the recent emergence of four agents of encephalitis reminded us (West Nile, Nipah, Hendra and Japanese encephalitis).,��https://www.ncbi.nlm.nih.gov/pubmed/18585826���Tattevin, P
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Viral Envelope Proteins/genetics/*immunology���Jul 23¶��Nipah virus (NiV) and Hendra virus (HeV) are closely related deadly zoonotic paramyxoviruses that have emerged and re-emerged over the last 10 years. In this study, a subunit vaccine formulation containing only recombinant, soluble, attachment glycoprotein from HeV (sG(HeV)) and CpG adjuvant was evaluated as a potential NiV vaccine in the cat model. Different amounts of sG(HeV) were employed and sG-induced immunity was examined. Vaccinated animals demonstrated varying levels of NiV-specific Ig systemically and importantly, all vaccinated cats possessed antigen-specific IgA on the mucosa. Upon oronasal challenge with NiV (50,000TCID50), all vaccinated animals were protected from disease although virus was detected on day 21 post-challenge in one animal. The ability to elicit protective systemic and mucosal immunity in this animal model provides significant progress towards the development of a human subunit vaccine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18556094Á��McEachern, Jennifer A
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Zoonoses/transmission/virology���Sepi��Bats are increasingly recognized to harbor a wide range of viruses, and in most instances these viruses appear to establish long-term persistence in these animals. They are the reservoir of a number of human zoonotic diseases including Nipah, Ebola, and severe acute respiratory syndrome. We report the identification of novel groups of astroviruses in apparently healthy insectivorous bats found in Hong Kong, in particular, bats belonging to the genera Miniopterus and Myotis. Astroviruses are important causes of diarrhea in many animal species, including humans. Many of the bat astroviruses form distinct phylogenetic clusters in the genus Mamastrovirus within the family Astroviridae. Virus detection rates of 36% to 100% and 50% to 70% were found in Miniopterus magnater and Miniopterus pusillus bats, respectively, captured within a single bat habitat during four consecutive visits spanning 1 year. There was high genetic diversity of viruses in bats found within this single habitat. Some bat astroviruses may be phylogenetically related to human astroviruses, and further studies with a wider range of bat species in different geographic locations are warranted. These findings are likely to provide new insights into the ecology and evolution of astroviruses and reinforce the role of bats as a reservoir of viruses with potential to pose a zoonotic threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/18550669���Chu, D K W
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X-Ray Microtomography���Junt��BACKGROUND: Spark discharge anodic oxidation forms a porous TiO2 film on the surface of titanium oral implants, increasing surface roughness and concentrations of calcium and phosphate ions. In this study, anodic-treated oral implants were placed in an animal model and analysed using clinical, micro-computerized tomographic (micro-CT) and histometric techniques. METHODS: Pairs of 3.5 mm x 8.5 mm long titanium implants (Osstem Implant Co., Ltd. Seoul, Korea), with blasted (control) or blasted and oxidized surfaces (test), were placed into the right femoral condyles of 10 sheep. Animals were sacrificed after 1 month unloaded healing. Resonant frequency analysis (RFA) was measured in implant stability quotient (ISQ) using the Mentor II device. Specimens were scanned using medium resolution micro-CT (Skyscan 1172). Mean percent bone-to-implant contact (%BIC) was calculated from two images per implant by three different operators, using Image J software. Inter- and intra-examiner differences were calculated. Specimens were then embedded in methacrylate and undemineralized ground sections were digitized. Mean %BIC was measured using Image J at x 20 magnification for the best-three consecutive threads from the most central section. RESULTS: Mean micro-CT %BIC was similar for control and test (57.2 +/- 0.05% versus 56.4 +/- 0.03%, p = 0.5). There was considerable inter-examiner variability (interclass correlation coefficient = 0.44). RFA showed no clinically-detectable difference between the two groups (control ISQ: 75.2 +/- 4.2; test ISQ: 76.3 +/- 1.7; p = 0.48). However, histometric analysis found a marked and highly statistically-significant difference (%BIC Test 72.5 +/- 8.6%, Control 46.2 +/- 12.1%, p = 0.01). CONCLUSIONS: The novel anodic oxidation technique increased early ossointegration of rough-surfaced implants by 157%. Neither clinical testing with resonant frequency analysis nor radiographic analysis using micro-CT had sufficient resolution to detect this improvement. Whether this gain in early bone-implant contact is clinically significant in the context of early occlusal loading is the subject of subsequent experiments.,��https://www.ncbi.nlm.nih.gov/pubmed/22073469Î��Duncan, Warwick J
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Malaysia/epidemiology���Mar»��Paramyxoviruses have been implicated in both animal and human infections. Some viruses, such as Morbilliviruses are responsible for large-scale epidemics. However, there are limited observations of these viruses crossing the host species barrier in nature. In 1994, in Australia a fatal infection in horses and humans was identified to be caused by a new Paramyxovirus, Hendra virus (HeV), and in 1998 in Malaysia, a closely related virus, Nipah virus (NiV) was responsible for fatal infections in pigs and humans. These two viruses were sufficiently different from previously described Paramyxoviruses to create a new genus, Henipaviruses. The natural reservoir of these viruses was the fruit bat (Pteropus), which is found in regions extending from the western Pacific to the eastern coast of Africa. Serological studies have established that as many as half the fruit bats in colonies throughout these regions may have antibodies against this family of viruses. The availability of diagnostic reagents for Nipah virus in humans have identified infections in several countries including, Bangladesh, India and Indonesia. In some of these epidemics, mortality in humans exceeds 75%. Deforestation is probably responsible for fruit bats leaving their ecological niches and approaching farms and villages. The infection of humans and animals may occur via contaminated foods or in certain cases by animals to man. At present, only within close families has human-to-human transmission been proposed. Henipavirus infections are probably more widespread than it is at presently known and so it is important to have an intense monitoring for these diseases, especially in countries where large-scale deforestation is happening.,��https://www.ncbi.nlm.nih.gov/pubmed/18511217���Wild, T F
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*Virus Attachment���Jun¼��Nipah and Hendra viruses are emergent paramyxoviruses, causing disease characterized by rapid onset and high mortality rates, resulting in their classification as Biosafety Level 4 pathogens. Their attachment glycoproteins are essential for the recognition of the cell-surface receptors ephrin-B2 (EFNB2) and ephrin-B3 (EFNB3). Here we report crystal structures of both Nipah and Hendra attachment glycoproteins in complex with human EFNB2. In contrast to previously solved paramyxovirus attachment complexes, which are mediated by sialic acid interactions, the Nipah and Hendra complexes are maintained by an extensive protein-protein interface, including a crucial phenylalanine side chain on EFNB2 that fits snugly into a hydrophobic pocket on the viral protein. By analogy with the development of antivirals against sialic acid binding viruses, these results provide a structural template to target antiviral inhibition of protein-protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18488039¾��Bowden, Thomas A
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Virulence���Apr 306��Innate immunity is critically dependent on the rapid production of interferon in response to intruding viruses. The intracellular pathogen recognition receptors RIG-I and MDA5 are essential for interferon induction by viral RNAs containing 5' triphosphates or double-stranded structures, respectively. Viruses with a negative-stranded RNA genome are an important group of pathogens causing emerging and re-emerging diseases. We investigated the ability of genomic RNAs from substantial representatives of this virus group to induce interferon via RIG-I or MDA5. RNAs isolated from particles of Ebola virus, Nipah virus, Lassa virus, and Rift Valley fever virus strongly activated the interferon-beta promoter. Knockdown experiments demonstrated that interferon induction depended on RIG-I, but not MDA5, and phosphatase treatment revealed a requirement for the RNA 5' triphosphate group. In contrast, genomic RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus did not trigger interferon induction. Sensitivity of these RNAs to a 5' monophosphate-specific exonuclease indicates that the RIG-I-activating 5' triphosphate group was removed post-transcriptionally by a viral function. Consequently, RIG-I is unable to bind the RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus. These results establish RIG-I as a major intracellular recognition receptor for the genome of most negative-strand RNA viruses and define the cleavage of triphosphates at the RNA 5' end as a strategy of viruses to evade the innate immune response.,��https://www.ncbi.nlm.nih.gov/pubmed/18446221D��Habjan, Matthias
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Time Factors���Apr 1E��BACKGROUND: In Bangladesh, 4 outbreaks of Nipah virus infection were identified during the period 2001-2004. METHODS: We characterized the clinical features of Nipah virus-infected individuals affected by these outbreaks. We classified patients as having confirmed cases of Nipah virus infection if they had antibodies reactive with Nipah virus antigen. Patients were considered to have probable cases of Nipah virus infection if they had symptoms consistent with Nipah virus infection during the same time and in the same community as patients with confirmed cases. RESULTS: We identified 92 patients with Nipah virus infection, 67 (73%) of whom died. Although all age groups were affected, 2 outbreaks principally affected young persons (median age, 12 years); 62% of the affected persons were male. Fever, altered mental status, headache, cough, respiratory difficulty, vomiting, and convulsions were the most common signs and symptoms; clinical and radiographic features of acute respiratory distress syndrome of Nipah illness were identified during the fourth outbreak. Among those who died, death occurred a median of 6 days (range, 2-36 days) after the onset of illness. Patients who died were more likely than survivors to have a temperature >37.8 degrees C, altered mental status, difficulty breathing, and abnormal plantar reflexes. Among patients with Nipah virus infection who had well-defined exposure to another patient infected with Nipah virus, the median incubation period was 9 days (range, 6-11 days). CONCLUSIONS: Nipah virus infection produced rapidly progressive severe illness affecting the central nervous and respiratory systems. Clinical characteristics of Nipah virus infection in Bangladesh, including a severe respiratory component, appear distinct from clinical characteristics reported during earlier outbreaks in other countries.,��https://www.ncbi.nlm.nih.gov/pubmed/18444812Ã��Hossain, M Jahangir
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Polymerase Chain Reaction/veterinary���Jul 15Á��Bats are considered to be natural reservoirs for several viruses of clinical importance, including rabies virus, Nipah virus, and Hendra virus. Type I interferons (IFNs) is an important part of the immune system in the defense against viral infection. To investigate the function of type I IFNs upon viral infection in bats, the nucleic acid, and amino acid sequences of Egyptian Rousette (Rousettus aegyptiacus) IFN-alpha and -beta were characterized. Sequence data indicated that bat IFN-alpha consists of 562-bp encoded 187-aa, and IFN-beta consisted of 558-bp encoded 186-aa. Phylogenetic analysis of the overall identity of IFN-beta shared the highest sequence homology with pig IFN-beta in both nucleotide and amino acid level. Stimulation of bat primary kidney cells (BPKCs) and bat lung cell lines, Tb-1 Lu, with polyinosinic-polycytidylic acid (poly(I:C)) or exogenous bat type I IFNs resulted in increased type I IFNs mRNA expression in BPKCs, but not in Tb-1 Lu. Characterization of the bat IFN-alpha and -beta genes allows understanding of the immune responses upon stimulation in different tissues, thus providing practical strategies for control and treatment of clinically important diseases. These results are important especially for the virus infection, and suggest that future molecular studies on virus infection experiment of bats in vitro will require careful consideration of the differences of type I IFN expression patterns in different cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/18436311���Omatsu, Tsutomu
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Treatment Outcome���AprP��BACKGROUND: Telmisartan is an orally active angiotensin II receptor antagonist prescribed once daily. OBJECTIVE: To evaluate the efficacy of telmisartan on blood pressure control, and on other end points, when given as monotherapy or in combination. METHODS: Review of published literature. RESULTS: Telmisartan produces more effective control of blood pressure over 24 h, especially in the last 6 h of the dosing interval, compared with other antihypertensive agents. It also possesses pleiotrophic effects on lipid and glucose metabolism, but lacks evidence of efficacy in reducing vascular events. CONCLUSIONS: Clinical outcome trials expected to report in 2008 will provide hard end points that may demonstrate advantages of telmisartan as monotherapy, or in combination with angiotensin-converting enzyme inhibitors, for managing hypertension.,��https://www.ncbi.nlm.nih.gov/pubmed/18433350¢��Rosario, Barbara H
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Virus Replication/genetics/*physiology���MayÃ��Nipah virus (NiV) is a recently emergent, highly pathogenic, zoonotic paramyxovirus of the genus Henipavirus. Like the phosphoprotein (P) gene of other paramyxoviruses, the P gene of NiV is predicted to encode three additional proteins, C, V and W. When the C, V and W proteins of NiV were tested for their ability to inhibit expression of the chloramphenicol acetyltransferase (CAT) reporter gene in plasmid-based, minigenome replication assays, each protein inhibited CAT expression in a dose-dependent manner. The C, V and W proteins of NiV also inhibited expression of CAT from a measles virus (MV) minigenome, but not from a human parainfluenzavirus 3 (hPIV3) minigenome. Interestingly, the C and V proteins of MV, which have previously been shown to inhibit MV minigenome replication, also inhibited NiV minigenome replication; however, they were not able to inhibit hPIV3 minigenome replication. In contrast, the C protein of hPIV3 inhibited minigenome replication of hPIV3, NiV and MV. Although there is very limited amino acid sequence similarity between the C, V and W proteins within the paramyxoviruses, the heterotypic inhibition of replication suggests that these proteins may share functional properties.,��https://www.ncbi.nlm.nih.gov/pubmed/18420809ã��Sleeman, Katrina
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Virus Shedding���Mayä��Nipah virus (NiV; Paramyxoviridae) caused fatal encephalitis in humans during an outbreak in Malaysia in 1998/1999 after transmission from infected pigs. Our previous study demonstrated that the respiratory, lymphatic and central nervous systems are targets for virus replication in experimentally infected pigs. To continue the studies on pathogenesis of NiV in swine, six piglets were inoculated oronasally with 2.5 x 10(5) PFU per animal. Four pigs developed mild clinical signs, one exudative epidermitis, and one neurologic signs due to suppurative meningoencephalitis, and was euthanized at 11 days post-inoculation (dpi). Neutralizing antibodies reached in surviving animals titers around 1280 at 16 dpi. Nasal and oro-pharyngeal shedding of the NiV was detected between 2 and 17 dpi. Virus appeared to be cleared from the tissues of the infected animals by 23 dpi, with low amount of RNA detected in submandibular and bronchial lymph nodes of three pigs, and olfactory bulb of one animal. Despite the presence of neutralizing antibodies, virus was isolated from serum at 24 dpi, and the viral RNA was still detected in serum at 29 dpi. Our results indicate slower clearance of NiV from some of the infected pigs. Bacteria were detected in the cerebrospinal fluid of five NiV inoculated animals, with isolation of Streptococcus suis and Enterococcus faecalis. Staphylococcus hyicus was isolated from the skin lesions of the animal with exudative epidermitis. Along with the observed lymphoid depletion in the lymph nodes of all NiV-infected animals, and the demonstrated ability of NiV to infect porcine peripheral blood mononuclear cells in vitro, this finding warrants further investigation into a possible NiV-induced immunosuppression of the swine host.,��https://www.ncbi.nlm.nih.gov/pubmed/18405339ô��Berhane, Y
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Sequence Homology���May���The emergence of viruses such as severe acute respiratory syndrome coronavirus and Nipah virus has underscored the role of animal reservoirs in human disease and the need for reservoir surveillance. Here, we used a panviral DNA microarray to investigate the death of a captive beluga whale in an aquatic park. A highly divergent coronavirus, tentatively named coronavirus SW1, was identified in liver tissue from the deceased whale. Subsequently, the entire genome of SW1 was sequenced, yielding a genome of 31,686 nucleotides. Phylogenetic analysis revealed SW1 to be a novel virus distantly related to but most similar to group III coronaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18353961¸��Mihindukulasuriya, Kathie A
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Virus Internalization���Jun 5]��The recent discovery that the Nipah virus (NiV) fusion protein (F) is activated by endosomal cathepsin L raised the question if NiV utilize pH- and protease-dependent mechanisms of entry. We show here that the NiV receptor ephrin B2, virus-like particles and infectious NiV are internalized from the cell surface. However, endocytosis, acidic pH and cathepsin-mediated cleavage are not necessary for the initiation of infection of new host cells. Our data clearly demonstrate that proteolytic activation of the NiV F protein is required before incorporation into budding virions but not after virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/18342904¼��Diederich, Sandra
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Viral Vaccines/*immunology���JanF��The two mammalian codon optimized genes, F and G genes of Nipah virus, were generated by assembly PCR, and inserted into mammalian expression vector pCAGGS under chicken beta-actin promoter to construct pCAGG-NiV-F and pCAGG-NiV-G. Syncytium formation was induced in BHK cells by plasmid pCAGG-NiV-F and pCAGG-NiV-G transfection, which indicate recombination proteins F and G were expressed in BHK cell and possessed good biologic activity. Six-week-old female BALB/c mice were intramuscularly primed with 100 microg pCAGG-NiV-F, pCAGG-NiV-G or pCAGG-NiV-F+ pCAGG-NiV-G respectively, and boosted with same dose after 4 weeks. The sera were collected at 3 weeks post second boost. The serum IgG against Nipah virus F and G proteins was detected by indirect ELISA using recombinant Baculovirus expressed Nipah F and G glycoproteins. The results showed that specific antibodies possessed good sensitivity and specificity. Furthermore, the G and F proteins' specific antibodies could neutralize the infectivity of VSVdeltaG* F/G (the NiV F and G envelope glycoproteins psudotyped recombinant vesicular stomatitis virus expressing green fluorescence protein). And, pCAGG-NiV-G also induced higher titer of neutralizing antibody response than pCAGG-NiV-F did. The result indicates that DAN immunization is an efficient vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/18320822¿��Wang, Xi-Jun
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Vero Cells���AprÇ��There are currently no antiviral drugs approved for the highly lethal Biosafety Level 4 pathogens Nipah and Hendra virus. A number of researchers are developing surrogate assays amenable to Biosafety Level 2 biocontainment but ultimately, the development of a high throughput screening method for directly quantifying these viruses in a Biosafety Level 4 environment will be critical for final evaluation of antiviral drugs identified in surrogate assays, in addition to reducing the time required for effective antiviral drug development. By adapting an existing immunoplaque assay and using enzyme linked immunodetection in a microtitre plate format, the current experiments describe a simple two step assay protocol involving an overnight virus inoculation of Vero cell monolayers (with or without antiviral drug treatment) at Biosafety Level 4, followed by cell fixation and virus inactivation enabling removal of plates from the Biosafety Level 4 laboratory and a subsequent immunodetection assay using a chemiluminescent horse radish peroxidase substrate to be performed at Biosafety Level 2. The analytical sensitivity (limit of detection) of this assay is 100 tissue culture infectious dose50/ml of either Nipah or Hendra virus. In addition this assay enables linear quantitation of virus over three orders of magnitude and is unaffected by dimethyl sulfoxide concentrations of 1% or less. Intra-assay coefficients of variation are acceptable (less than 20%) when detecting a minimum of 1000 tissue culture infectious dose50/ml of either virus although inter-assay variation is considerably greater. By an assessment of efficacies of the broad spectrum antiviral Ribavirin and an experimental fusion inhibitory peptide, this assay reveals a good correlation with previously published fluorescent immunodetection assays. The current experiments describe for the first time, a high throughput screening method amenable for direct assessment of live henipavirus antiviral drug activity.,��https://www.ncbi.nlm.nih.gov/pubmed/18313148���Aljofan, Mohamad
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Reverse Transcriptase Inhibitors/*blood/pharmacokinetics/therapeutic use���Apr���OBJECTIVES: The aim of this study was to investigate the frequency of CYP2B6 polymorphisms (according to ethnicity) and the influence of heterozygosity and homozygosity on plasma concentrations of efavirenz and nevirapine. METHODS: Following written informed consent, 225 Caucasians and 146 Blacks were recruited from the German Competence Network for HIV/AIDS. Plasma concentrations of efavirenz and nevirapine were assessed by HPLC, and genotyping for 516G>T, 983T>C and 1459T>C polymorphisms in CYP2B6 was conducted by real-time PCR-based allelic discrimination. RESULTS: The minor allele frequency for 516G>T, 983T>C and 1459T>C was 0.29, 0 and 0.08 in Caucasians and 0.34, 0.07 and 0.02 in Blacks, respectively. Two Black patients with the 983C allele receiving efavirenz were identified and both were withdrawn from therapy within 1 week of sampling due to toxicity. In multivariate analyses, efavirenz and nevirapine plasma concentrations were significantly associated with 983T>C (P < 0.0001 and P = 0.02, respectively), 516G>T (P < 0.0001 and P = 0.002, respectively) and time of drug analysis post-dose (P < 0.0001 for both). Body mass index was independently related to efavirenz (P = 0.04) but not nevirapine concentrations, and age was related to nevirapine (P = 0.05) but not efavirenz concentrations. Consistent with other studies, 1459C>T was not associated with plasma concentrations of either drug (P > 0.05 for both drugs). CONCLUSIONS: This is the first report that the 983T>C genotype (part of the CYP2B6*18 haplotype) impacts on nevirapine plasma concentrations and the first study to assess the impact of 983C homozygosity on efavirenz concentrations. These data have implications for administration of non-nucleoside reverse transcriptase inhibitors to Black patients.,��https://www.ncbi.nlm.nih.gov/pubmed/182813053��Wyen, Christoph
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Risk Factors���Jul7��An encephalitis outbreak was investigated in Faridpur District, Bangladesh, in April-May 2004 to determine the cause of the outbreak and risk factors for disease. Biologic specimens were tested for Nipah virus. Surfaces were evaluated for Nipah virus contamination by using reverse transcription-PCR (RT-PCR). Thirty-six cases of Nipah virus illness were identified; 75% of case-patients died. Multiple peaks of illness occurred, and 33 case-patients had close contact with another Nipah virus patient before their illness. Results from a case-control study showed that contact with 1 patient carried the highest risk for infection (odds ratio 6.7, 95% confidence interval 2.9-16.8, p < 0.001). RT-PCR testing of environmental samples confirmed Nipah virus contamination of hospital surfaces. This investigation provides evidence for person-to-person transmission of Nipah virus. Capacity for person-to-person transmission increases the potential for wider spread of this highly lethal pathogen and highlights the need for infection control strategies for resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/18214175å��Gurley, Emily S
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Zoonoses/epidemiology/virology���Apr 7���Hendra virus (HeV) is a lethal paramyxovirus which emerged in humans in 1994. Poor understanding of HeV dynamics in Pteropus spp. (flying fox or fruit bat) reservoir hosts has limited our ability to determine factors driving its emergence. We initiated a longitudinal field study of HeV in little red flying foxes (LRFF; Pteropus scapulatus) and examined individual and population risk factors for infection, to determine probable modes of intraspecific transmission. We also investigated whether seasonal changes in host behaviour, physiology and demography affect host-pathogen dynamics. Data showed that pregnant and lactating females had significantly higher risk of infection, which may explain previously observed temporal associations between HeV outbreaks and flying fox birthing periods. Age-specific seroprevalence curves generated from field data imply that HeV is transmitted horizontally via faeces, urine or saliva. Rapidly declining seroprevalence between two field seasons suggests that immunity wanes faster in LRFF than in other flying fox species, and highlights the potentially critical role of this species in interspecific viral persistence. The highest seroprevalence was observed when animals showed evidence of nutritional stress, suggesting that environmental processes that alter flying fox food sources, such as habitat loss and climate change, may increase HeV infection and transmission. These insights into the ecology of HeV in flying fox populations suggest causal links between anthropogenic environmental change and HeV emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/18198149���Plowright, Raina K
Field, Hume E
Smith, Craig
Divljan, Anja
Palmer, Carol
Tabor, Gary
Daszak, Peter
Foley, Janet E
eng
R01 TW005869/TW/FIC NIH HHS/
R01-TW05869/TW/FIC NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2008/01/17 09:00
Proc Biol Sci. 2008 Apr 7;275(1636):861-9. doi: 10.1098/rspb.2007.1260.%��0962-8452 (Print)
0962-8452 (Linking)
��PMC2596896���18198149���Department of Medicine and Epidemiology, School of Veterinary Medicine, University of California, Davis, CA 95616, USA. plowright@conservationmedicine.org���10.1098/rspb.2007.1260��Û��üÒtÿî?-���=��Fogarty, R.
Halpin, K.
Hyatt, A. D.
Daszak, P.
Mungall, B. A.���20085��Henipavirus susceptibility to environmental variables���140-4	��Virus Res���132���1-2���Animals
Cercopithecus aethiops
Chiroptera/virology
Desiccation
Fruit/chemistry/virology
Half-Life
Hendra Virus/growth & development/*physiology
Henipavirus Infections/transmission/*veterinary/*virology
Horse Diseases/virology
Horses/virology
Humans
Hydrogen-Ion Concentration
Nipah Virus/growth & development/*physiology
Temperature
Urine/chemistry/virology
Vero Cells
Virus Cultivation
Zoonoses���MarY��The routes of henipavirus transmission between hosts are poorly understood. The purpose of this study was to measure the persistence of henipaviruses under various environmental conditions and thereby gain an insight into likely mechanisms of transmission. Henipaviruses survived for more than 4 days at 22 degrees C in pH-neutral fruit bat urine but were sensitive to higher temperatures and pH changes. On mango flesh, survival time varied depending on temperature and fruit pH, ranging from 2h to more than 2 days. Desiccation of viruses substantially reduced survival time to less than 2h. The sensitivity of henipaviruses to pH, temperature and desiccation indicates a need for close contact between hosts for transmission to occur, although under ideal conditions henipaviruses can persist for extended periods facilitating vehicle-borne transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/18166242a��Fogarty, Rhys
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Species Specificity���Mar 15ø��Hendra virus (HeV) and Nipah virus (NiV) are closely related paramyxoviruses that infect and cause disease in a wide range of mammalian hosts. To determine whether host receptor molecules play a role in species-specific and/or virus-specific infection we have cloned and characterized ephrin-B2 and ephrin-B3 ligands from a range of species, including human, horse, pig, cat, dog, bats (Pteropus alecto and Pteropus vampyrus) and mouse. HeV and NiV were both able to infect cells expressing any of the ephrin-B2 and ephrin-B3 molecules. There did not appear to be significant differences in receptor function from different species or receptor usage by HeV and NiV. Soluble ephrin ligands, their receptors and G-specific human monoclonal antibodies differentially blocked henipavirus infections suggesting different receptor affinities, overlapping receptor binding domains of the henipavirus attachment glycoprotein (G) and that the functional domains of the ephrin ligands may be important for henipavirus binding.,��https://www.ncbi.nlm.nih.gov/pubmed/18054977±��Bossart, Katharine N
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Humans���Oct 10���For many centuries, man is fascinated by bats, the only flying mammals. Probably because of their particular immune system, bats can be considered an important reservoir for new emerging viral diseases like SARS-Coronavirus, Marburg fever, Ebola fever and Nipah virus encephalitis. During closer contact, they can transmit rabies and probably other nonviral infectious diseases. Bats get closer to man due to ecological modifications like deforestation, so that transmission of new infectious agents might provoke dramatic epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/17985603y��Genne, Daniel
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Recombinant Proteins/immunology#��Four monoclonal antibodies (mAbs) were generated by immunizing BALB/C mice with recombinant nucleocapsid protein (N) of Nipah virus (NiV) and Hendra virus (HeV) expressed in E. coli. Two mAbs each were obtained for the HeV N and NiV N, respectively. All four mAbs displayed specific reactivity with the recombinant N proteins of both viruses by western blot, which was further confirmed by immunofluorescent antibody assay using fixed insect cells infected with recombinant baculoviruses expressing either the HeV or NiV N protein. Epitope mapping using a 12-mer random peptide phage display library revealed two linear antigenic sites of the henipavirus N proteins, KLxR (aa 17-20) and FKREM (aa 446-450), which have not been reported previously. Two of the mAbs were able to specifically recognize HeV antigens by immunohistochemical staining of lung tissue sections of a horse experimentally infected with HeV. These reagents will be a useful addition to the collection of tools essential for further research and improvement in diagnosis of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17978885Û��Xiao, C
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Virus Replication/drug effects���Jan 5���In this study we report the development and optimization of two minigenome rescue systems for Nipah virus, a member of the Paramyxoviridae family. One is mediated by the T7 RNA polymerase supplied either by a constitutively expressing cell line or by transfection of expression plasmids and is thus independent from infection with a helper virus. The other approach is based on RNA polymerase I-driven transcription, a unique approach for paramyxovirus reverse genetics technology. Minigenome rescue was evaluated by reporter gene activities of (i) the two different minigenome transcription systems, (ii) genomic versus antigenomic-oriented minigenomes, (iii) different ratios of the viral protein expression plasmids, and (iv) time course experiments. The high efficiency and reliability of the established systems allowed for downscaling to 96-well plates. This served as a basis for the development of a high-throughput screening system for potential antivirals that target replication and transcription of Nipah virus without the need of high bio-containment. Using this system we were able to identify two compounds that reduced minigenome activity.,��https://www.ncbi.nlm.nih.gov/pubmed/17904180.��Freiberg, Alexander
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Zoonoses]��Two related, novel, zoonotic paramyxoviruses have been described recently. Hendra virus was first reported in horses and thence humans in Australia in 1994; Nipah virus was first reported in pigs and thence humans in Malaysia in 1998. Human cases of Nipah virus infection, apparently unassociated with infection in livestock, have been reported in Bangladesh since 2001. Species of fruit bats (genus Pteropus) have been identified as natural hosts of both agents. Anthropogenic changes (habitat loss, hunting) that have impacted the population dynamics of Pteropus species across much of their range are hypothesised to have facilitated emergence. Current strategies for the management of henipaviruses are directed at minimising contact with the natural hosts, monitoring identified intermediate hosts, improving biosecurity on farms, and better disease recognition and diagnosis. Investigation of the emergence and ecology of henipaviruses warrants a broad, cross-disciplinary ecosystem health approach that recognises the critical linkages between human activity, ecological change, and livestock and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/17848064ÿ��Field, H E
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Zoonoses/*transmission/virologyZ��Infection and disease in reservoir and spillover hosts determine patterns of infectious agent availability and opportunities for infection, which then govern the process of transmission between susceptible species. In this chapter, using the zoonotic agents Hendra virus and Nipah virus as examples, the pathogenesis of infection in various species including the wildlife reservoirs and domestic spillover hosts is reviewed with an emphasis on the aspects of pathogenesis which contribute to the dissemination of infection. Through these discussions, the emergence of these zoonotic agents is explored.,��https://www.ncbi.nlm.nih.gov/pubmed/17848063}��Daniels, P W
Halpin, K
Hyatt, A
Middleton, D
eng
Review
Germany
2007/09/13 09:00
Curr Top Microbiol Immunol. 2007;315:113-31.%��0070-217X (Print)
0070-217X (Linking)���17848063k��CSIRO Livestock Industries, Australian Animal Health Laboratory, Geelong, Australia. Peter.Daniels@csiro.au��m�üÒ|ÿî?4���Z��Mungall, B. A.
Middleton, D.
Crameri, G.
Halpin, K.
Bingham, J.
Eaton, B. T.
Broder, C. C.���2007\��Vertical transmission and fetal replication of Nipah virus in an experimentally infected cat���812-6���J Infect Dis���196���6C��Animals
Cats
DNA, Viral/genetics
Female
Fetus/virology
Henipavirus Infections/*transmission
*Infectious Disease Transmission, Vertical
Nipah Virus/*isolation & purification
Palatine Tonsil/virology
Placenta/virology
Pregnancy
*Pregnancy Complications, Infectious
Serum/virology
Urine/virology
Uterus/virology
Virus Shedding���Sep 15î��A female adult cat developed clinical disease 13 days after subcutaneous inoculation with Nipah virus (NiV) and was discovered to be pregnant at necropsy. Viral genome was detected in a variety of specimens, including blood, serum, tonsil swabs, and urine, up to 3 days before the onset of disease. Samples collected postmortem, including placenta, uterine fluid, and fetal tissues, were also positive for NiV genome, and the placenta and uterine fluid contained high levels of recoverable virus. The high levels of viral shedding in the adult combined with fetal viral replication suggests that both vertical and horizontal transmission of NiV could play a role in spillover events, an essential element in the epidemiology of Henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17703410/��Mungall, Bruce A
Middleton, Deborah
Crameri, Gary
Halpin, Kim
Bingham, John
Eaton, Bryan T
Broder, Christopher C
eng
AI056423/AI/NIAID NIH HHS/
AI057168/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2007/08/19 09:00
J Infect Dis. 2007 Sep 15;196(6):812-6. doi: 10.1086/520818. Epub 2007 Aug 14.%��0022-1899 (Print)
0022-1899 (Linking)���17703410���Commonwealth Scientific and Industrial Research Organisation, Livestock Industries, Australian Animal Health Laboratory, Geelong, Victoria, Australia.���10.1086/520818�����üÚ|ÿï?5������Dimitrov, D. S.
Wang, L. F.���2007t��In utero transmission of Nipah virus: role played by pregnancy and vertical transmission in Henipavirus epidemiology���807-9���J Infect Dis���196���6���Animals
Cat Diseases/*transmission
Cats
Chiroptera
Female
Henipavirus Infections/epidemiology/*transmission
Humans
*Infectious Disease Transmission, Vertical
*Nipah Virus
Pregnancy
*Pregnancy Complications, Infectious/epidemiology
Zoonoses/transmission/virology���Sep 15,��https://www.ncbi.nlm.nih.gov/pubmed/17703408Ï��Dimitrov, Dimiter S
Wang, Lin-Fa
eng
Intramural NIH HHS/
Comment
Editorial
Research Support, N.I.H., Intramural
2007/08/19 09:00
J Infect Dis. 2007 Sep 15;196(6):807-9. doi: 10.1086/520822. Epub 2007 Aug 14.%��0022-1899 (Print)
0022-1899 (Linking)���17703408���10.1086/520822���	«��üÒ|ÿî?6������Walpita, P.
Peters, C. J.���2007>��Cis-acting elements in the antigenomic promoter of Nipah virus���2542-51���J Gen Virol���88���Pt 9���Animals
Base Sequence
Cell Line
Cricetinae
DNA Mutational Analysis
*Genome, Viral
Kidney
Molecular Sequence Data
Nipah Virus/*genetics/physiology
*Promoter Regions, Genetic
RNA, Viral/genetics
Reverse Transcriptase Polymerase Chain Reaction
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Survivors���Sep6��OBJECTIVE: Nipah virus (NiV) is an emerging zoonosis. Central nervous system disease frequently results in high case-fatality. Long-term neurological assessments of survivors are limited. We assessed long-term neurologic and functional outcomes of 22 patients surviving NiV illness in Bangladesh. METHODS: During August 2005 and May 2006, we administered a questionnaire on persistent symptoms and functional difficulties to 22 previously identified NiV infection survivors. We performed neurologic evaluations and brain magnetic resonance imaging (MRI). RESULTS: Twelve (55%) subjects were male; median age was 14.5 years (range 6-50). Seventeen (77%) survived encephalitis, and 5 survived febrile illness. All but 1 subject had disabling fatigue, with a median duration of 5 months (range, 8 days-8 months). Seven encephalitis patients (32% overall), but none with febrile illness had persistent neurologic dysfunction, including static encephalopathy (n = 4), ocular motor palsies (2), cervical dystonia (2), focal weakness (2), and facial paralysis (1). Four cases had delayed-onset neurologic abnormalities months after acute illness. Behavioral abnormalities were reported by caregivers of over 50% of subjects under age 16. MRI abnormalities were present in 15, and included multifocal hyperintensities, cerebral atrophy, and confluent cortical and subcortical signal changes. INTERPRETATION: Although delayed progression to neurologic illness following Nipah fever was not observed, persistent fatigue and functional impairment was frequent. Neurologic sequelae were frequent following Nipah encephalitis. Neurologic dysfunction may persist for years after acute infection, and new neurologic dysfunction may develop after acute illness. Survivors of NiV infection may experience substantial long-term neurologic and functional morbidity.,��https://www.ncbi.nlm.nih.gov/pubmed/17696217z��Sejvar, James J
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Viral Envelope Proteins/genetics/*immunology���Jun©��The fusion protein (F) and attachment glycoprotein (G) of Nipah virus (NiV) are important for the virus to infect cells and induce protective immunity. In this study, the NiV F1 and G gene fragments without the sequences of signal peptide and transmembrane domain were amplified by PCR, then cloned into E. coli expression vector pGEX-6P-1 and modified baculovirus vector, respectively. After induction by IPTG, NiV F1 and G proteins were efficiently expressed in E. coli when analyzed by SDS-PAGE, both showing good reactivity with the rabbit antiserum anti-NiV serum in Western blot. The expression of NiV F1 and G in baculovirus system were also detected by indirect immunofluorescent assay (IFA) of fixed Sf9 cells monolayer infected with the recombinant baculoviruses expressing F1 and G. Furthermore the anti-F1 and anti-G hyperimmune sera were prepared by immunization of rabbits respectively with purified E. coli-expressed F1 and G proteins. Western blot and IFA as well as ELISA showed that antisera against both protein had high titers with good reactivity and specificity. The present study has provided a base for development of diagnostic reagents for detection of NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17672307»��Liu, Yong-jun
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*Virus Internalization���Oct���The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are lethal emerging paramyxoviruses. EphrinB2 and ephrinB3 have been identified as receptors for henipavirus entry. NiV and HeV share similar cellular tropisms and likely use an identical receptor set, although a quantitative comparison of receptor usage by NiV and HeV has not been reported. Here we show that (i) soluble NiV attachment protein G (sNiV-G) bound to cell surface-expressed ephrinB3 with a 30-fold higher affinity than that of sHeV-G, (ii) NiV envelope pseudotyped reporter virus (NiVpp) entered ephrinB3-expressing cells much more efficiently than did HeV pseudotyped particles (HeVpp), and (iii) NiVpp but not HeVpp entry was inhibited efficiently by soluble ephrinB3. These data underscore the finding that NiV uses ephrinB3 more efficiently than does HeV. Henipavirus G chimeric protein analysis implicated residue 507 in the G ectodomain in efficient ephrinB3 usage. Curiously, alternative versions of published HeV-G sequences show variations at residue 507 that can clearly affect ephrinB3 but not ephrinB2 usage. We further defined surrounding mutations (W504A and E505A) that diminished ephrinB3-dependent binding and viral entry without compromising ephrinB2 receptor usage and another mutation (E533Q) that abrogated both ephrinB2 and -B3 usage. Our results suggest that ephrinB2 and -B3 binding determinants on henipavirus G are distinct and dissociable. Global expression analysis showed that ephrinB3, but not ephrinB2, is expressed in the brain stem. Thus, ephrinB3-mediated viral entry and pathology may underlie the severe brain stem neuronal dysfunction seen in fatal Nipah viral encephalitis. Characterizing the determinants of ephrinB2 versus -B3 usage will further our understanding of henipavirus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/17652392t��Negrete, Oscar A
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Virus Internalization/*drug effects���Oct���Hendra virus (HeV) and Nipah virus (NiV) constitute the Henipavirus genus of paramyxoviruses, both fatal in humans and with the potential for subversion as agents of bioterrorism. Binding of the HeV/NiV attachment protein (G) to its receptor triggers a series of conformational changes in the fusion protein (F), ultimately leading to formation of a postfusion six-helix bundle (6HB) structure and fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions, the first (the N-terminal heptad repeat [HRN]) adjacent to the fusion peptide and the second (the C-terminal heptad repeat [HRC]) immediately preceding the transmembrane domain. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing activated F molecules from forming the 6HB structure that is required for fusion. We previously reported that a human parainfluenza virus 3 (HPIV3) F peptide effectively inhibits infection mediated by the HeV glycoproteins in pseudotyped-HeV entry assays more effectively than the comparable HeV-derived peptide, and we now show that this peptide inhibits live-HeV and -NiV infection. HPIV3 F peptides were also effective in inhibiting HeV pseudotype virus entry in a new assay that mimics multicycle replication. This anti-HeV/NiV efficacy can be correlated with the greater potential of the HPIV3 C peptide to interact with the HeV F N peptide coiled-coil trimer, as evaluated by thermal unfolding experiments. Furthermore, replacement of a buried glutamic acid (glutamic acid 459) in the C peptide with valine enhances antiviral potency and stabilizes the 6HB conformation. Our results strongly suggest that conserved interhelical packing interactions in the F protein fusion core are important determinants of C peptide inhibitory activity and offer a strategy for the development of more-potent analogs of F peptide inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/17652384É��Porotto, M
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Virology/*trends���Sepù��Following the discovery of two new paramyxoviruses in the 1990s, much effort has been placed on rapidly finding the reservoir hosts, characterising the genomes, identifying the viral receptors and formulating potential vaccines and therapeutic options for these viruses, Hendra and Nipah viruses caused zoonotic disease on a scale not seen before with other paramyxoviruses. Nipah virus particularly caused high morbidity and mortality in humans and high morbidity in pig populations in the first outbreak in Malaysia. Both viruses continue to pose a threat with sporadic outbreaks continuing into the 21st century. Experimental and surveillance studies identified that pteropus bats are the reservoir hosts. Research continues in an attempt to understand events that precipitated spillover of these viruses. Discovered on the cusp of the molecular technology revolution, much progress has been made in understanding these new viruses. This review endeavours to capture the depth and breadth of these recent advances.,��https://www.ncbi.nlm.nih.gov/pubmed/17629946���Halpin, Kim
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Voltage-Dependent Anion Channel 2/metabolism���Jun 7d��BACKGROUND: Nipah virus (NiV), a recently discovered zoonotic virus infects and replicates in several human cell types. Its replication in human neuronal cells, however, is less efficient in comparison to other fully susceptible cells. In the present study, the SK-N-MC human neuronal cell protein response to NiV infection is examined using proteomic approaches. RESULTS: Method for separation of the NiV-infected human neuronal cell proteins using two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) was established. At least 800 protein spots were resolved of which seven were unique, six were significantly up-regulated and eight were significantly down-regulated. Six of these altered proteins were identified using mass spectrometry (MS) and confirmed using MS/MS. The heterogenous nuclear ribonucleoprotein (hnRNP) F, guanine nucleotide binding protein (G protein), voltage-dependent anion channel 2 (VDAC2) and cytochrome bc1 were present in abundance in the NiV-infected SK-N-MC cells in contrast to hnRNPs H and H2 that were significantly down-regulated. CONCLUSION: Several human neuronal cell proteins that are differentially expressed following NiV infection are identified. The proteins are associated with various cellular functions and their abundance reflects their significance in the cytopathologic responses to the infection and the regulation of NiV replication. The potential importance of the ratio of hnRNP F, and hnRNPs H and H2 in regulation of NiV replication, the association of the mitochondrial protein with the cytopathologic responses to the infection and induction of apoptosis are highlighted.,��https://www.ncbi.nlm.nih.gov/pubmed/17553172·��Chang, Li-Yen
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*Virus Internalization���AugÌ��Paramyxoviruses utilize both an attachment protein and a fusion (F) protein to drive virus-cell and cell-cell fusion. F exists functionally as a trimer of two disulfide-linked subunits: F(1) and F(2). Alignment and analysis of a set of paramyxovirus F protein sequences identified three conserved blocks (CB): one in the fusion peptide/heptad repeat A domain, known to play important roles in fusion promotion, one in the region between the heptad repeats of F(1) (CBF(1)) (A. E. Gardner, K. L. Martin, and R. E. Dutch, Biochemistry 46:5094-5105, 2007), and one in the F(2) subunit (CBF(2)). To analyze the functions of CBF(2), alanine substitutions at conserved positions were created in both the simian virus 5 (SV5) and Hendra virus F proteins. A number of the CBF(2) mutations resulted in folding and expression defects. However, the CBF(2) mutants that were properly expressed and trafficked had altered fusion promotion activity. The Hendra virus CBF(2) Y79A and P89A mutants showed significantly decreased levels of fusion, whereas the SV5 CBF(2) I49A mutant exhibited greatly increased cell-cell fusion relative to that for wild-type F. Additional substitutions at SV5 F I49 suggest that both side chain volume and hydrophobicity at this position are important in the folding of the metastable, prefusion state and the subsequent triggering of membrane fusion. The recently published prefusogenic structure of parainfluenza virus 5/SV5 F (H. S. Yin et al., Nature 439:38-44, 2006) places CBF(2) in direct contact with heptad repeat A. Our data therefore indicate that this conserved region plays a critical role in stabilizing the prefusion state, likely through interactions with heptad repeat A, and in triggering membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/17507474%��Gardner, Amanda E
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Urine/*virology���Mayí��Seventeen grey-headed fruit bats (Pteropus poliocephalus) were inoculated subcutaneously with an isolate of Nipah virus derived from a fatally infected human. A control group of eight guinea-pigs was inoculated intraperitoneally with the same isolate in order to confirm virulence. Three of eight infected guinea-pigs developed clinical signs 7-9 days post-inoculation. Infected fruit bats developed a subclinical infection characterized by the transient presence of virus within selected viscera, episodic viral excretion and seroconversion. A range of histopathological changes was observed within the tissues of infected bats. Nipah virus was excreted in bat urine while neutralizing antibody was present in serum. This intermittent, low-level excretion of Nipah virus in the urine of bats may be sufficient to sustain the net reproductive value of the virus in a species where there is regular urine contamination of the fur, mutual grooming, and where urine droplets are a feature of the environment.,��https://www.ncbi.nlm.nih.gov/pubmed/17498518Ñ��Middleton, D J
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Viruses/*isolation & purification���Apr���Newly emergent infectious diseases are a global public health problem. The population dense regions of Southeast Asia are the epicenter of many emerging diseases, as evidenced by the outbreak of Nipah, SARS, avian influenza (H5N1), Dengue, and enterovirus 71 in this region in the past decade. Rapid identification, epidemiologic surveillance, and mitigation of transmission are major challenges in ensuring public health safety. Here we describe a powerful new approach for infectious disease surveillance that is based on polymerase chain reaction (PCR) to amplify nucleic acid targets from large groupings of organisms, electrospray ionization mass spectrometry (ESI-MS) for accurate mass measurements of the PCR products, and base composition signature analysis to identify organisms in a sample. This approach is capable of automated analysis of more than 1,500 PCR reactions a day. It is applicable to the surveillance of bacterial, viral, fungal, or protozoal pathogens and will facilitate rapid characterization of known and emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/174709151��Sampath, Rangarajan
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Viral Envelope Proteins/*physiology���Apr���Nipah (NiV) and Hendra (HeV) viruses are members of the newly defined Henipavirus genus of the Paramyxoviridae. Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70% of infected patients, and there is increasing evidence of human-to-human transmission. NiV is designated a priority pathogen in the NIAID Biodefense Research Agenda, and could be a devastating agent of agrobioterrorism if used against the pig farming industry. Endothelial syncytium is a pathognomonic feature of NiV infections, and is mediated by the fusion (F) and attachment (G) envelope glycoproteins. This review summarizes what is known about the pathophysiology of NiV infections, and documents the identification of the NiV receptor. EphrinB2, the NiV and HeV receptor, is expressed on endothelial cells and neurons, consistent with the known cellular tropism for NiV. We discuss how the identification of the henipahvirus receptor sheds light on the pathobiology of NiV infection, and how it will spur the rational development of effective therapeutics. In addition, ephrinB3, a related protein, can serve as an alternative receptor, and we suggest that differential usage of ephrinB2 versus B3 may explain the variant pathogenic profiles observed between NiV and HeV. Thus, identifying the NiV receptors opens the door for a more comprehensive analysis of the envelope-receptor interactions in NiV pathobiology. Finally, we also describe how galectin-1 (an innate immune defense lectin) can interact with specific N-glycans on the Nipah envelope fusion protein, underscoring the potential role that innate immune defense mechanisms may play against emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/17470911h��Lee, Benhur
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Virus Replication���Apr¬��Nipah virus (NiV) is a highly pathogenic paramyxovirus, which emerged in 1998 from fruit bats in Malaysia and caused an outbreak of severe respiratory disease in pigs and fatal encephalitis in humans with high mortality rates. In contrast to most paramyxoviruses, NiV can infect a large variety of mammalian species. Due to this broad host range, its zoonotic potential, its high pathogenicity for humans, and the lack of effective vaccines or therapeutics, NiV was classified as a biosafety level 4 pathogen. This article provides an overview of the molecular characteristics of NiV focusing on the structure, functions, and unique biological properties of the two NiV surface glycoproteins, the receptor-binding G protein, and the fusion protein F. Since viral glycoproteins are major determinants for cell tropism and virus spread, a detailed knowledge of these proteins can help to understand the molecular basis of viral pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/17470910���Diederich, Sandra
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Viral Fusion Proteins/*chemistry���May 1q��Paramyxoviruses are a diverse family that utilizes a fusion (F) protein to enter cells via fusion of the viral lipid bilayer with a target cell membrane. Although certain regions of the F protein are known to play critical roles in membrane fusion, the function of much of the protein remains unclear. Sequence alignment of a set of paramyxovirus F proteins and analysis utilizing Block Maker identified a region of conserved amino acid sequence in a large domain between the heptad repeats of F1, designated CBF1. We employed site-directed mutagenesis to analyze the function of completely conserved residues of CBF1 in both the simian virus 5 (SV5) and Hendra virus F proteins. The majority of CBF1 point mutants were deficient in homotrimer formation, proteolytic processing, and transport to the cell surface. For some SV5 F mutants, proteolytic cleavage and surface expression could be restored by expression at 30 degrees C, and varying levels of fusion promotion were observed at this temperature. In addition, the mutant SV5 F V402A displayed a hyperfusogenic phenotype at both 30 and 37 degrees C, indicating that this mutation allows for efficient fusion with only an extremely small amount of cleaved, active protein. The recently published prefusogenic structure of PIV5/SV5 F (Yin, H. S., et al. (2006) Nature 439, 38-44) indicates that residues within and flanking CBF1 interact with the fusion peptide domain. Together, these data suggest that CBF1-fusion peptide interactions are critical for the initial folding of paramyxovirus F proteins from this important viral family and can also modulate subsequent membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/17417875^��Gardner, Amanda E
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West Nile virus/metabolism/pathogenicity���Mayå��The study of N-linked glycosylation as it relates to virus biology has become an area of intense interest in recent years due to its ability to impart various advantages to virus survival and virulence. HIV and influenza, two clear threats to human health, have been shown to rely on expression of specific oligosaccharides to evade detection by the host immune system. Additionally, other viruses such as Hendra, SARS-CoV, influenza, hepatitis and West Nile rely on N-linked glycosylation for crucial functions such as entry into host cells, proteolytic processing and protein trafficking. This review focuses on recent findings on the importance of glycosylation to viral virulence and immune evasion for several prominent human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/17398101¤��Vigerust, David J
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Vero Cells���Jul 20Å��J-virus (JPV), isolated from wild mice in Australia, and Beilong virus (BeiPV), originally isolated from human mesangial cells in China and subsequently detected in rat mesangial cells, represent a new group of paramyxoviruses which have exceptionally large genomes (>19 kb) and contain more than six transcriptional units. In this study, minireplicons were employed to assess the taxonomic status of JPV and BeiPV. Our results demonstrated that, whilst the genome replication machineries of JPV and BeiPV can be interchanged, they were not functional when exchanged with that of Nipah virus. These studies indicate that JPV and BeiPV are closely related to each other and support the classification of these two viruses into a separate genus. In addition, the minireplicons were also used to demonstrate that these large-genome viruses also comply with the 'rule of six' and that over-expression of the C protein has a detrimental effect on minigenome replication.,��https://www.ncbi.nlm.nih.gov/pubmed/17397895Â��Magoffin, Danielle E
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Jun¯��Hendra virus (HeV) is an emerging paramyxovirus capable of infecting and causing disease in a variety of mammalian species, including humans. The virus infects its host cells through the coordinated functions of its fusion (F) and attachment (G) glycoproteins, the latter of which is responsible for binding the virus receptors ephrinB2 and ephrinB3. In order to identify the receptor binding site, a panel of G glycoprotein constructs containing mutations was generated using an alanine-scanning mutagenesis strategy. Based on a predicted G structure, charged amino acids residing in regions that could be homologous to those in the measles virus H attachment glycoprotein known to be involved in its protein receptor interaction were targeted. Using a coprecipitation-based assay, seven single-amino-acid substitutions in HeV G were identified as having significantly impaired binding to both the ephrinB2 and ephrinB3 viral receptors: D257A, D260A, G439A, K443A, G449A, K465A, and D468A. The impairment of receptor interaction conferred a concomitant diminution in their abilities to promote membrane fusion when coexpressed with F. The G glycoprotein mutants were also recognized by three or more conformation-dependent monoclonal antibodies of a panel of five, were expressed on the cell surface, and retained their abilities to bind and coprecipitate F. Interestingly, some of these mutant G glycoproteins coprecipitated with F more efficiently than wild-type G. Taken together, these data provide strong biochemical and functional evidence that some of these residues could be part of a conformation-dependent, discontinuous, and overlapping ephrinB2 and -B3 binding domain within the HeV G glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/17376907���Bishop, Kimberly A
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Nipah Virus/immunology/*isolation & purification���DecÅ��We investigated an outbreak of encephalitis in Tangail District, Bangladesh. We defined case-patients as persons from the outbreak area in whom fever developed with new onset of seizures or altered mental status from December 15, 2004, through January 31, 2005. Twelve persons met the definition; 11 (92%) died. Serum specimens were available from 3; 2 had immunoglobulin M antibodies against Nipah virus by capture enzyme immunoassay. We enrolled 11 case-patients and 33 neighborhood controls in a case-control study. The only exposure significantly associated with illness was drinking raw date palm sap (64% among case-patients vs. 18% among controls, odds ratio [OR] 7.9, p = 0.01). Fruit bats (Pteropus giganteus) are a nuisance to date palm sap collectors because the bats drink from the clay pots used to collect the sap at night. This investigation suggests that Nipah virus was transmitted from P. giganteus to persons through drinking fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/17326940¿��Luby, Stephen P
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Viral Proteins/genetics/immunology/*metabolism���Jun$��The genus Henipavirus in the family Paramyxoviridae compromises two newly identified dangerous pathogens, Nipah virus and Hendra virus. Phosphoprotein of the two viruses is one of the major immunodominant antigens and the most divergent protein in the viral genomes. We have now expressed two pairs of truncated phosphoproteins of the two viruses in Escherichia coli in a soluble form using a vector tailored from pET32a. The truncated recombinant phosphoproteins were purified with His-Tag affinity chromatography and their antigenicity was determined by western blotting and ELISA. The longer pair of truncated recombinant phosphoproteins, covering amino acid residues 4-550, was more antigenic than the shorter one and of potential utility in the serological differentiation of henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/17322967ú��Chen, Ji-Ming
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Viral Fusion Proteins/*genetics���May®��The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms. Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where approximately 20% of wild-type F and the other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P = 0.007, r(2) = 0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can modulate its fusogenicity by multiple distinct mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/17301148?��Aguilar, Hector C
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Viral Envelope Proteins/genetics/immunology/metabolism���Juny��Hendra virus (HeV) and Nipah virus (NiV) are related emerging paramyxoviruses classified in the genus Henipavirus. Both cause fatal disease in animals and humans and are classified as biosafety level 4 pathogens. Here we detail two new multiplexed microsphere assays, one for antibody detection and differentiation and another designed as a surrogate for virus neutralization. Both assays utilize recombinant soluble attachment glycoproteins (sG) whereas the latter incorporates the cellular receptor, recombinant ephrin-B2. Spectrally distinct sG(HeV)- and sG(NiV)-coupled microspheres preferentially bound antibodies from HeV- and NiV-seropositive animals, demonstrating a simple procedure to differentiate antibodies to these closely related viruses. Soluble ephrin-B2 bound sG-coupled microspheres in a dose-dependent fashion. Specificity of binding was further evaluated with henipavirus G-specific sera and MAbs. Sera from henipavirus-seropositive animals differentially blocked ephrin-B2 binding, suggesting that detection and differentiation of HeV and NiV neutralizing antibodies can be done simultaneously in the absence of live virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17292974j��Bossart, Katharine N
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Viruses/*classification/genetics���Mar 1¸��The role that bats have played in the emergence of several new infectious diseases has been under review. Bats have been identified as the reservoir hosts of newly emergent viruses such as Nipah virus, Hendra virus, and severe acute respiratory syndrome-like coronaviruses. This article expands on recent findings about bats and viruses and their relevance to human infections. It briefly reviews the history of chiropteran viruses and discusses their emergence in the context of geography, phylogeny, and ecology. The public health and trade impacts of several outbreaks are also discussed. Finally, we attempt to predict where, when, and why we may see the emergence of new chiropteran viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17278066L��Halpin, Kim
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*Viral Interference���Feb<��Nipah virus (NiV) and Hendra virus (HeV) are newly identified members of the family Paramyxoviridae and have been classified in the new genus Henipavirus based on unique genetic characteristics distinct from other paramyxoviruses. Transgenic cell lines were generated that expressed either the attachment protein (G) or the fusion protein (F) of NiV. Functional expression of NiV F and G was verified by complementation with the corresponding glycoprotein, which resulted in the development of syncytia. When exposed to NiV and HeV, expression of NiV G in Crandall feline kidney cells resulted in a qualitative inhibition of both cytopathic effect (CPE) and cell death by both viruses. RT-PCR analysis of surviving exposed cells showed a complete absence of viral positive-sense mRNA and genomic negative-sense viral RNA. Cells expressing NiV G were also unable to fuse with cells co-expressing NiV F and G in a fluorescent fusion inhibition assay. Cell-surface staining for the cellular receptors for NiV and HeV (ephrin-B2 and ephrin-B3) indicated that they were located on the surface of cells, regardless of NiV G expression or infection by NiV. These results indicated that viral interference can be established for henipaviruses and requires only the expression of the attachment protein, G. Furthermore, it was found that this interference probably occurs at the level of virus entry, as fusion was not observed in cells expressing NiV G. Finally, expression of NiV G by either transient transfection or NiV infection did not alter the cell-surface levels of the two known viral receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/17251577É��Sawatsky, Bevan
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Virus Assembly���Jan 4×��BACKGROUND: Nipah virus (NiV) is an emerging paramyxovirus distinguished by its ability to cause fatal disease in both animal and human hosts. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the Paramyxoviridae family. NiV and HeV are also restricted to Biosafety Level-4 containment and this has hampered progress towards examining details of their replication and morphogenesis. Here, we have established recombinant expression systems to study NiV particle assembly and budding through the formation of virus-like particles (VLPs). RESULTS: When expressed by recombinant Modified Vaccinia virus Ankara (rMVA) or plasmid transfection, individual NiV matrix (M), fusion (F) and attachment (G) proteins were all released into culture supernatants in a membrane-associated state as determined by sucrose density gradient flotation and immunoprecipitation. However, co-expression of F and G along with M revealed a shift in their distribution across the gradient, indicating association with M in VLPs. Protein release was also altered depending on the context of viral proteins being expressed, with F, G and nucleocapsid (N) protein reducing M release, and N release dependent on the co-expression of M. Immunoelectron microscopy and density analysis revealed VLPs that were similar to authentic virus. Differences in the budding dynamics of NiV proteins were also noted between rMVA and plasmid based strategies, suggesting that over-expression by poxvirus may not be appropriate for studying the details of recombinant virus particle assembly and release. CONCLUSION: Taken together, the results indicate that NiV M, F, and G each possess some ability to bud from expressing cells, and that co-expression of these viral proteins results in a more organized budding process with M playing a central role. These findings will aid our understanding of paramyxovirus particle assembly in general and could help facilitate the development of a novel vaccine approach for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17204159b��Patch, Jared R
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Middleton, D.���20070��Targeted strategies for henipavirus therapeutics���14-25���Open Virol J���1"��Hendra and Nipah viruses are related emergent paramyxoviruses that infect and cause disease in animals and humans. Disease manifests as a generalized vasculitis affecting multiple organs, but is the most severe in the respiratory and central nervous systems. The high case fatality and person-to-person transmission associated with the most recent NiV outbreaks, and the recent re-emergence of HeV, emphasize the importance and necessity of effective therapeutics for these novel agents. In recent years henipavirus research has revealed a more complete understanding of pathogenesis and, as a consequence, viable approaches towards vaccines and therapeutics have emerged. All strategies target early steps in viral replication including receptor binding and membrane fusion. Animal models have been developed, some of which may prove more valuable than others for evaluating the efficacy of therapeutic agents and regimes. Assessments of protective host immunity and drug pharmacokinetics will be crucial to the further advancement of therapeutic compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/19440455¯��Bossart, Katharine N
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*Zoonoses���Wintery��Bats classified in the order Chiroptera are the most abundant and widely distributed non-human mammalian species in the world. Several bat species are reservoir hosts of zoonotic viruses and therefore can be a public health hazard. Lyssaviruses of different genotypes have emerged from bats in America (Genotype 1 rabies virus; RABV), Europe (European bat lyssavirus; EBLV), and Australia (Australian bat lyssavirus; ABLV), whereas Nipah virus is the most important recent zoonosis of bat origin in Asia. Furthermore, some insectivorous bat species may be important reservoirs of SARS coronavirus, whereas Ebola virus has been detected in some megachiropteran fruit bats. Thus far, European bat lyssavirus (EBLV) is the only zoonotic virus that has been detected in bats in Europe. New zoonotic viruses may emerge from bat reservoirs and known ones may spread to a wider geographical range. To assess future threats posed by zoonotic viruses of bats, there is a need for accurate knowledge of the factors underlying disease emergence, for an effective surveillance programme, and for a rapid response system. In Europe, primary efforts should be focussed on the implementation of effective passive and active surveillance systems for EBLVs in the Serotine bat, Eptesicus serotinus, and Myotis species (i.e., M. daubentonii and M. dasycneme). Apart from that, detection methods for zoonotic viruses that may emerge from bats should be implemented. Analyses of data from surveillance studies can shed more light on the dynamics of bat viruses, (i.e., population persistence of viruses in bats). Subsequently, studies will have to be performed to assess the public health hazards of such viruses (i.e., infectivity and risk of infection to people). With the knowledge generated from this kind of research, a rapid response system can be set up to enhance public health awareness of emerging zoonotic viruses of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/17187565¥��van der Poel, Wim H M
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Reverse Transcriptase Polymerase Chain Reaction/*methods���Apr���A method for duplex nested RT-PCR (nRT-PCR) with internal control (IC) for the detection of Nipah virus RNA is described. Incorporation of IC RNA distinguished false and true negative results. The extrinsic RNA was added directly to the PCR master mix and co-amplified with virus specific RNA in a duplex reaction to determine the presence of PCR inhibitor. Limit of detection was affected minimally when IC was added. Of 53 pooled urine samples collected from fruit bats (Pteropus lylei), 16 were validated by the presence of IC band on gel electrophoresis. Seven of these were also Nipah virus RNA positive. The remaining 37 samples were considered invalid. Twenty-two urine samples became valid after dilution of 1:5 and re-examined; two were Nipah virus RNA positive. These nine positive results were confirmed by sequencing of heminested PCR products. The result indicated that at least two different Nipah strains circulated in this bat species from Thailand. This method should be useful for surveillance for Nipah virus infection in animals in a country where a biosecurity level (BSL) 4 laboratory is not available. PCR inhibitors were present in a significant number of bat urine samples. The technique described in this study should improve reliability of surveillance statistics.,��https://www.ncbi.nlm.nih.gov/pubmed/17184850Ñ��Wacharapluesadee, Supaporn
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Virus Replicationh��Nipah virus (NiV) is an emergent zoonotic paramyxovirus. The L proteins of most paramyxoviruses contain a GDNQ motif, thought to be part of the catalytic site for polymerase activity. Conversely, NiV L has GDNE in this position. We substituted the E residue with eight different amino acid residues and examined the effect on L function in an in vitro replication assay. Our results demonstrated that NiV L functioned with similar efficiency with either GDNE or GDNQ, but polymerase activity was severely reduced or abolished when a structurally destabilising residue (such as K, P or G) was introduced at this site.,��https://www.ncbi.nlm.nih.gov/pubmed/17143779º��Magoffin, D E
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Virosomes/ultrastructure���MarO��Hendra and Nipah viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the family Paramyxoviridae. Currently these viruses are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genes encoding HeV and NiV nucleocapsid proteins were cloned into the yeast Saccharomyces cerevisiae expression vector pFGG3 under control of GAL7 promoter. A high level of expression of these proteins (18-20 mg l(-1) of yeast culture) was obtained. Mass spectrometric analysis confirmed the primary structure of both proteins with 92% sequence coverage obtained using MS/MS analysis. Electron microscopy demonstrated the assembly of typical herring-bone structures of purified recombinant nucleocapsid proteins, characteristic for other paramyxoviruses. The nucleocapsid proteins revealed stability in yeast and can be easily purified by cesium chloride gradient ultracentrifugation. HeV nucleocapsid protein was detected by sera derived from fruit bats, humans, horses infected with HeV, and NiV nucleocapsid protein was immunodetected with sera from, fruit bats, humans and pigs. The development of an efficient and cost-effective system for generation of henipavirus nucleocapsid proteins might help to improve reagents for diagnosis of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17123657E��Juozapaitis, Mindaugas
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Zoonoses/transmission/virology���Nov 20Ï��A veterinarian became infected with Hendra virus (HeV) after managing a terminally ill horse and performing a limited autopsy with inadequate precautions. Although she was initially only mildly ill, serological tests suggested latent HeV infection. Nevertheless, she remains well 2 years after her initial illness. Recently emerged zoonotic viruses, such as HeV, necessitate appropriate working procedures and personal protective equipment in veterinary practice.,��https://www.ncbi.nlm.nih.gov/pubmed/17115969Ð��Hanna, Jeffrey N
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Viral Proteins/*genetics/metabolism/*physiology���Decï��The V protein of the paramyxovirus Nipah virus (NiV) has been shown to antagonize the interferon (IFN) response in human cells via sequestration of STAT1 and STAT2. This study describes a mutant of the NiV V protein, referred to as V(AAHL), that is unable to antagonize IFN signalling and demonstrates that a single amino acid substitution is responsible for its inactivity. The molecular basis for this was identified as a failure to interact with STAT1 and STAT2. It was also shown that NiV V, but not V(AAHL), was functional as an IFN antagonist in human, monkey, rabbit, dog, horse, pig and bat cells, which suggests that the ability of NiV to block IFN signalling is not a major constraint that prevents this virus from crossing species barriers.,��https://www.ncbi.nlm.nih.gov/pubmed/17098981Ñ��Hagmaier, Kathrin
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Virus Replication���Oct 31O��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans and incurred a high fatality rate in humans. Fruit bats, living in vast areas extending from India to the western Pacific, were identified as the natural reservoir of the virus. However, the mechanisms that resulted in severe pathogenicity in humans (up to 70% mortality) and that enabled crossing the species barrier were not known. In this study, we established a system that enabled the rescue of replicating NiVs from a cloned DNA by cotransfection of a constructed full-length cDNA clone and supporting plasmids coding virus nucleoprotein, phosphoprotein, and polymerase with the infection of the recombinant vaccinia virus, MVAGKT7, expressing T7 RNA polymerase. The rescued NiV (rNiV), by using the newly developed reverse genetics system, showed properties in vitro that were similar to the parent virus and retained the severe pathogenicity in a previously established animal model by experimental infection. A recombinant NiV was also developed, expressing enhanced green fluorescent protein (rNiV-EGFP). Using the virus, permissibility of NiV was compared with the presence of a known cellular receptor, ephrin B2, in a number of cell lines of different origins. Interestingly, two cell lines expressing ephrin B2 were not susceptible for rNiV-EGFP, indicating that additional factors are clearly required for full NiV replication. The reverse genetics for NiV will provide a powerful tool for the analysis of the molecular mechanisms of pathogenicity and cross-species infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17053073���Yoneda, Misako
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Zoonoses/epidemiology/transmission/*virology���Mar-Apr(��Amongst the 60 viral species reported to be associated with bats, 59 are RNA viruses, which are potentially important in the generation of emerging and re-emerging infections in humans. The prime examples of these are the lyssaviruses and Henipavirus. The transmission of Nipah, Hendra and perhaps SARS coronavirus and Ebola virus to humans may involve intermediate amplification hosts such as pigs, horses, civets and primates, respectively. Understanding of the natural reservoir or introductory host, the amplifying host, the epidemic centre and at-risk human populations are crucial in the control of emerging zoonosis. The association between the bat coronaviruses and certain lyssaviruses with particular bat species implies co-evolution between specific viruses and bat hosts. Cross-infection between the huge number of bat species may generate new viruses which are able to jump the trans-mammalian species barrier more efficiently. The currently known viruses that have been found in bats are reviewed and the risks of transmission to humans are highlighted. Certain families of bats including the Pteropodidae, Molossidae, Phyllostomidae, and Vespertilionidae are most frequently associated with known human pathogens. A systematic survey of bats is warranted to better understand the ecology of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17042030º��Wong, Samson
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Viral Envelope Proteins/*genetics/immunology/metabolism���Aug���The mammalian condon optimized G gene was synthesized by over-lapping PCR and used to generate recombinant vaccinia virus, rWR-NiV-G. The expression of Nipah virus G protein in rWR-NiV-G infected HeLa cells was confirmed by western-blot with NiV G protein specific mouse antiserum generated by DNA immunization.The recombinant G protein showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect florescence. Syncytium formation was induced in BHK cells by rWR-NiV-G infection following NiV F protein expressing plasmid pCAGG-NiV-F transfection. Immunization with rWR-NiV-G elicited G protein specific antibody responses in mice. The prokaryotic expressing G protein fragment showed sensitive and specific antigenic reaction to NiV G protein specific antibody from rWR-NiV-G immunized mice serum in indirect ELISA. Furthermore, the G protein specific antibodies could neutralize the infectivity of the recombinant Vesicular Stomatitis Virus pseudotype VSVAG * F/G, in which the VSV envelope protein G gene was replaced with the green fluorescent protein gene (VSVAG * G, Whitt MA) and complemented with Nipah virus F and G glycoprotein expressed in transient (VSVAG * F/G).The results here demonstrated the G protein expressed by rWR-NiV-G keeps native immunogenicity and biological activity. The recombinant virus could be promising vaccine strategy for the prevention of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17037071���Wang, Xi-jun
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Viral Vaccines/*immunology���Dece��Nipah virus (NiV) and Hendra virus (HeV) are paramyxoviruses capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. Case reports from outbreaks and previous challenge experiments have suggested that cats were highly susceptible to NiV infection, responding with a severe respiratory disease and systemic infection. Here we have assessed the cat as a model of experimental NiV infection and use it in the evaluation of a subunit vaccine comprised of soluble G glycoprotein (sG). Two groups of two adult cats each were inoculated subcutaneously with either 500 or 5,000 50% tissue culture infective dose(s) (TCID(50)) of NiV. Animals were monitored closely for disease onset, and extensive analysis was conducted on samples and tissues taken during infection and at necropsy to determine viral load and tissue tropism. All animals developed clinical disease 6 to 9 days postinfection, a finding consistent with previous observations. In a subsequent experiment, two cats were immunized with HeV sG and two were immunized with NiV sG. Homologous serum neutralizing titers were greater than 1:20,000, and heterologous titers were greater than 1:20,000 to 16-fold lower. Immunized animals and two additional naive controls were then challenged subcutaneously with 500 TCID(50) of NiV. Naive animals developed clinical disease 6 to 13 days postinfection, whereas none of the immunized animals showed any sign of disease. TaqMan PCR analysis of samples from naive animals revealed considerable levels of NiV genome in a wide range of tissues, whereas the genome was evident in only two immunized cats in only four samples and well below the limit of accurate detection. These results indicate that the cat provides a consistent model for acute NiV infection and associated pathogenesis and an effective subunit vaccine strategy appears achievable.,��https://www.ncbi.nlm.nih.gov/pubmed/17005664ã��Mungall, Bruce A
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Virion/genetics/*physiology���Decª��Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.,��https://www.ncbi.nlm.nih.gov/pubmed/17005661Å��Ciancanelli, Michael J
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Optics and Photonics/instrumentation���Oct���Global biosecurity threats such as the spread of emerging infectious diseases (i.e., avian influenza, SARS, Hendra, Nipah, etc.) and bioterrorism have generated significant interest in recent years. There is considerable effort directed towards understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool which have the potential to detect the outbreak of a virus and/or disease. Although there is a host of technologies available, either commercially or in the scientific literature, the development of biosensors for the detection of emerging infectious diseases (EIDs) is still in its infancy. There is no doubt that the glucose biosensor, the gene chip, the protein chip, etc. have all played and are still playing a significant role in monitoring various biomolecules. Can biosensors play an important role for the detection of emerging infectious diseases? What does the future hold and which biosensor technology platform is suitable for the real-time detection of infectious diseases? These and many other questions will be addressed in this review. The purpose of this review is to present an overview of biosensors particularly in relation to EIDs. It provides a synopsis of the various types of biosensor technologies that have been used to detect EIDs, and describes some of the technologies behind them in terms of transduction and bioreceptor principles.,��https://www.ncbi.nlm.nih.gov/pubmed/17003853Á��Pejcic, Bobby
De Marco, Roland
Parkinson, Gordon
eng
Research Support, Non-U.S. Gov't
Review
England
2006/09/28 09:00
Analyst. 2006 Oct;131(10):1079-90. doi: 10.1039/b603402k. Epub 2006 Jul 11.%��0003-2654 (Print)
0003-2654 (Linking)���17003853���Nanochemistry Research Institute, Department of Applied Chemistry, Curtin University of Technology, GPO Box U 1987, Perth, WA, 6845, Australia.���10.1039/b603402k��~��üÒtÿî?d���C��Li, M.
Liu, J.
Ran, X.
Fang, M.
Shi, J.
Qin, H.
Goh, J. M.
Song, J.���2006w��Resurrecting abandoned proteins with pure water: CD and NMR studies of protein fragments solubilized in salt-free water���4201-9	��Biophys J���91���11­��Biophysics/*methods
Circular Dichroism/*methods
Claudin-1
Escherichia coli/metabolism
GPI-Linked Proteins
Humans
Magnetic Resonance Spectroscopy/*methods
Membrane Proteins/chemistry
Myelin Proteins/chemistry
Nipah Virus/metabolism
Nogo Receptor 1
Protein Conformation
Protein Structure, Tertiary
Proteins/*chemistry
Receptors, Cell Surface/chemistry
Salts/chemistry
Solubility
Water/*chemistry
cdc42 GTP-Binding Protein/chemistry���Dec 1Â��Many proteins expressed in Escherichia coli cells form inclusion bodies that are neither refoldable nor soluble in buffers. Very surprisingly, we recently discovered that all 11 buffer-insoluble protein fragments/domains we have, with a great diversity of cellular function, location, and molecular size, could be easily solubilized in salt-free water. The circular dichroism (CD) and NMR characterization led to classification of these proteins into three groups: group 1, with no secondary structure by CD and with narrowly-dispersed but sharp (1)H-(15)N heteronuclear single quantum correlation (HSQC) peaks; group 2, with secondary structure by CD but with HSQC peaks broadened and, consequently, only a small set of peaks detectable; and group 3, with secondary structure by CD and also well-separated HSQC peaks. Intriguingly, we failed to find any protein with a tight tertiary packing. Therefore, we propose that buffer-insoluble proteins may lack intrinsic ability to reach or/and to maintain a well-packed conformation, and thus are trapped in partially-folded states with many hydrophobic side chains exposed to the bulk solvent. As such, a very low ionic strength is sufficient to screen out intrinsic repulsive interactions and, consequently, allow the hydrophobic clustering/aggregation to occur. Marvelously enough, it appears that in pure water, proteins have the potential to manifest their full spectrum of structural states by utilizing intrinsic repulsive interactions to suppress the attractive hydrophobic clustering. Our discovery not only gives a novel insight into the properties of insoluble proteins, but also sheds the first light that we know of on previously unknown regimes associated with proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16980357ø��Li, Minfen
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Virion/metabolism���Octµ��Hendra virus (HeV) is a recently identified paramyxovirus that is fatal in humans and could be used as an agent of bioterrorism. The HeV receptor-binding protein (G) is required in order for the fusion protein (F) to mediate fusion, and analysis of the triggering/activation of HeV F by G should lead to strategies for interfering with this key step in viral entry. HeV F, once triggered by the receptor-bound G, by analogy with other paramyxovirus F proteins, undergoes multistep conformational changes leading to a six-helix bundle (6HB) structure that accomplishes fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions (HRN and HRC) near the fusion peptide and the transmembrane domains, respectively. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing F, after the initial triggering step, from forming the 6HB structure that is required for fusion. HeV peptides have previously been found to be effective at inhibiting HeV fusion. However, we found that a human parainfluenza virus 3 F-peptide is more effective at inhibiting HeV fusion than the comparable HeV-derived peptide.,��https://www.ncbi.nlm.nih.gov/pubmed/16973588v��Porotto, M
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Virulence���Oct´��Canine distemper virus (CDV), a member of the Morbillivirus genus that also includes measles virus, frequently causes neurologic complications, but the routes and timing of CDV invasion of the central nervous system (CNS) are poorly understood. To characterize these events, we cloned and sequenced the genome of a neurovirulent CDV (strain A75/17) and produced an infectious cDNA that expresses the green fluorescent protein. This virus fully retained its virulence in ferrets: the course and signs of disease were equivalent to those of the parental isolate. We observed CNS invasion through two distinct pathways: anterogradely via the olfactory nerve and hematogenously through the choroid plexus and cerebral blood vessels. CNS invasion only occurred after massive infection of the lymphatic system and spread to the epithelial cells throughout the body. While at early time points, mostly immune and endothelial cells were infected, the virus later spread to glial cells and neurons. Together, the results suggest similarities in the timing, target cells, and CNS invasion routes of CDV, members of the Morbillivirus genus, and even other neurovirulent paramyxoviruses like Nipah and mumps viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16973542©��Rudd, Penny A
Cattaneo, Roberto
von Messling, Veronika
eng
Research Support, Non-U.S. Gov't
2006/09/16 09:00
J Virol. 2006 Oct;80(19):9361-70. doi: 10.1128/JVI.01034-06.%��0022-538X (Print)
0022-538X (Linking)
��PMC1617229���16973542l��INRS-Institut Armand-Frappier, University of Quebec, 531, Boul. des Prairies, Laval, Quebec H7V 1B7, Canada.���10.1128/JVI.01034-06�	ß��üÒ|ÿî?g���M��Lou, Z.
Xu, Y.
Xiang, K.
Su, N.
Qin, L.
Li, X.
Gao, G. F.
Bartlam, M.
Rao, Z.���2006A��Crystal structures of Nipah and Hendra virus fusion core proteins���4538-47���FEBS J���273���19Ö��Amino Acid Sequence
Crystallization
Hendra Virus/*chemistry
Membrane Fusion
Models, Molecular
Molecular Sequence Data
Protein Structure, Secondary
Viral Envelope Proteins/*chemistry
Viral Fusion Proteins/*chemistry���Oct`��The Nipah and Hendra viruses are highly pathogenic paramyxoviruses that recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These characteristics have led to their classification into the new genus Henpavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. The fusion protein, an enveloped glycoprotein essential for viral entry, belongs to the family of class I fusion proteins and is characterized by the presence of two heptad repeat (HR) regions, HR1 and HR2. These two regions associate to form a fusion-active hairpin conformation that juxtaposes the viral and cellular membranes to facilitate membrane fusion and enable subsequent viral entry. The Hendra and Nipah virus fusion core proteins were crystallized and their structures determined to 2.2 A resolution. The Nipah and Hendra fusion core structures are six-helix bundles with three HR2 helices packed against the hydrophobic grooves on the surface of a central coiled coil formed by three parallel HR1 helices in an oblique antiparallel manner. Because of the high level of conservation in core regions, it is proposed that the Nipah and Hendra virus fusion cores can provide a model for membrane fusion in all paramyxoviruses. The relatively deep grooves on the surface of the central coiled coil represent a good target site for drug discovery strategies aimed at inhibiting viral entry by blocking hairpin formation.,��https://www.ncbi.nlm.nih.gov/pubmed/16972940é��Lou, Zhiyong
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Yolk Sac/virology���Aug-Oct���An isolate of Nipah virus was injected into fertile eggs via the allantoic cavity or yolk sac. Allantoic inoculation resulted in considerable pathological variation and only partial mortality. Dead embryos showed severe necrosis in the brain and congestion in the kidney and the subcutis of limbs. In contrast, yolk sac inoculation led to uniform infection and mortality, the dead embryos exhibiting the same lesions as those described above but without the subcutaneous congestion. Histological lesions in dead embryos inoculated by either route were similar and particularly severe in the central nervous system. Viral antigens were detected mainly in the vasculature and neurons. The results indicated that Nipah virus is highly pathogenic to chicken embryos, and that the route of inoculation is an important determinant of the course of disease. The findings also suggested that yolk sac inoculation can be used for viral titration, and that the chicken embryo represents a useful model for studying the vascular and neuronal tropisms of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16956618Í��Tanimura, N
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Swine Diseases/diagnosis/immunology/virology���Sepx��Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for human and swine sera and an IgM capture ELISA for human sera were established using the recombinant NiV-N protein as an antigen. One hundred thirty-three suspected patient sera and 16 swine sera were used to evaluate the newly established ELISA systems in comparison with the CDC inactivated-virus-based ELISA systems. For the human sera, the NiV-N protein-based indirect IgG ELISA had a sensitivity of 98.6% and a specificity of 98.4%, and the NiV-N protein-based IgM capture ELISA had a sensitivity of 91.7% and a specificity of 91.8%, with reference to the CDC ELISA systems. The NiV-N-based IgM ELISA was found to be more sensitive than the inactivated-virus-based ELISA in that it captured eight additional cases. For the swine sera, the two test systems were in 100% concordance. Our data indicate that the Nipah virus nucleocapsid protein is a highly immunogenic protein in human and swine infections and a good target for serodiagnosis. Our NiV-N protein-based ELISA systems are useful, safe, and affordable tools for diagnosis of Nipah virus infection and are especially fit to be used in large-scale epidemiological investigations and to be applied in developing countries.,��https://www.ncbi.nlm.nih.gov/pubmed/16954238w��Yu, Fuxun
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Sensitivity and Specificity���Nov���Most RNA positive controls currently used for monitoring the quality of RT-PCR assays have some disadvantages, such as instability, inability to monitor the quality of the relevant primers and/or causing indifferentiable false positives. To avoid these disadvantages, a simple method to prepare stable and differentiable RNA positive controls is now demonstrated with a real-time RT-PCR assay for the detection of Nipah virus (NiV). A DNA sequence which was shorter than its counterpart in the NiV genome and contained the binding sites of the primers of the RT-PCR assay was designed, synthesized and inserted into a vector, and then amplified by PCR with two vector-specific primers both of which contained a T7 promoter at the 5' terminal. The RNA positive control was the dsRNA in vitro transcribed from the PCR amplicons flanked by two T7 promoters. The RNA positive control was stable and able to monitor the quality of the whole concerned RT-PCR assay. False positives caused by contaminations of the RNA positive control or its amplicons could be easily identified because the amplicons of the RNA positive control were obviously shorter than those of real positive samples. Thus, the RNA positive control reported in this study avoided some common disadvantages of current RNA positive controls.,��https://www.ncbi.nlm.nih.gov/pubmed/16912918?��Chen, Ji-Ming
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Ventilator Weaning/*methods���Oct£��OBJECTIVE: Weaning predictors are often incorporated in protocols to predict weaning outcome for patients on mechanical ventilation. The predictors are used as a decision point in protocols to determine whether a patient may advance to a spontaneous breathing trial. The impact of including predictors in a weaning protocol has not been previously studied. We designed a study to determine the effect of including a weaning predictor (frequency-tidal volume ratio, or f/Vt) in a weaning protocol. DESIGN: Randomized, blinded controlled trial. SETTING: Academic teaching hospitals. PATIENTS: Three hundred and four patients admitted to intensive care units at three academic teaching hospitals. INTERVENTIONS: Patients were screened daily for measures of oxygenation, cough and secretions, adequate mental status, and hemodynamic stability. Patients were randomized to two groups; in one group the f/Vt was measured but not used in the decision to wean (n = 151), but in the other group, f/Vt was measured and used, using a threshold of 105 breaths/min/L (n = 153). Patients passing the screen received a 2-hr spontaneous breathing trial. Patients passing the spontaneous breathing trial were eligible for an extubation attempt. MEASUREMENTS AND MAIN RESULTS: Groups were similar with regard to gender, age, and Acute Physiology and Chronic Health Evaluation II score. The median duration for weaning time was significantly shorter in the group where the weaning predictor was not used (2.0 vs. 3.0 days, p = .04). There was no difference with regard to the extubation failure, in-hospital mortality rate, tracheostomy, or unplanned extubation. CONCLUSIONS: Including a weaning predictor (f/Vt) in a protocol prolonged weaning time. In addition, the predictor did not confer survival benefit or reduce the incidence of extubation failure or tracheostomy. The results of this study indicate that f/Vt should not be used routinely in weaning decision making.,��https://www.ncbi.nlm.nih.gov/pubmed/16878032���Tanios, Maged A
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Virus Shedding���Aug���Nipah virus (NiV), of the family Paramyxoviridae, was isolated in 1999 in Malaysia from a human fatality in an outbreak of severe human encephalitis, when human infections were linked to transmission of the virus from pigs. Consequently, a swine vaccine able to abolish virus shedding is of veterinary and human health interest. Canarypox virus-based vaccine vectors carrying the gene for NiV glycoprotein (ALVAC-G) or the fusion protein (ALVAC-F) were used to intramuscularly immunize four pigs per group, either with 10(8) PFU each or in combination. Pigs were boosted 14 days postvaccination and challenged with 2.5 x 10(5) PFU of NiV two weeks later. The combined ALVAC-F/G vaccine induced the highest levels of neutralization antibodies (2,560); despite the low neutralizing antibody levels in the F vaccinees (160), all vaccinated animals appeared to be protected against challenge. Virus was not isolated from the tissues of any of the vaccinated pigs postchallenge, and a real-time reverse transcription (RT)-PCR assay detected only small amounts of viral RNA in several samples. In challenge control pigs, virus was isolated from a number of tissues (10(4.4) PFU/g) or detected by real-time RT-PCR. Vaccination of the ALVAC-F/G vaccinees appeared to stimulate both type 1 and type 2 cytokine responses. Histopathological findings indicated that there was no enhancement of lesions in the vaccinees. No virus shedding was detected in vaccinated animals, in contrast to challenge control pigs, from which virus was isolated from the throat and nose (10(2.9) PFU/ml). Based on the data presented, the combined ALVAC-F/G vaccine appears to be a very promising vaccine candidate for swine.,��https://www.ncbi.nlm.nih.gov/pubmed/16873250}��Weingartl, Hana M
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Aug§��As a preliminary to the localization of the receptor-binding site(s) on the Nipah virus (NiV) glycoprotein (NiV-G), we have undertaken the identification of NiV-G residues that play a role in fusion promotion. To achieve this, we have used two strategies. First, as NiV and Hendra virus (HeV) share a common receptor and their cellular tropism is similar, we hypothesized that residues functioning in receptor attachment could be conserved between their respective G proteins. Our initial strategy was to target charged residues (which can be expected to be at the surface of the protein) conserved between the NiV-G and HeV-G globular heads. Second, we generated NiV variants that escaped neutralization by anti-NiV-G monoclonal antibodies (MAbs) that neutralize NiV both in vitro and in vivo, likely by blocking receptor attachment. The sequencing of such "escape mutants" identified NiV-G residues present in the epitopes to which the neutralizing MAbs are directed. Residues identified via these two strategies whose mutation had an effect on fusion promotion were localized on a new structural model for the NiV-G protein. Our results suggest that seven NiV-G residues, including one (E533) that was identified using both strategies, form a contiguous site on the top of the globular head that is implicated in ephrinB2 binding. This site commences near the shallow depression in the center of the top surface of the globular head and extends to the rim of the barrel-like structure on the top loops of beta-sheet 5. The topology of this site is strikingly similar to that proposed to form the SLAM receptor site on another paramyxovirus attachment protein, that of the measles virus hemagglutinin.,��https://www.ncbi.nlm.nih.gov/pubmed/16840334ï��Guillaume, Vanessa
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Virus Replication/physiology���Augì��Nipah virus infection of porcine stable kidney cells (PS), human neuronal cells (SK-N-MC), human lung fibroblasts cells (MRC-5), and human monocytes (THP-1) were examined. Rapid progression of cytopathic effects (CPE) and cell death were noted in PS cell cultures treated with Nipah virus, followed by MRC-5, SK-N-MC, and THP-1 cell cultures, in descending order of rapidity. Significant increase in the intracellular Nipah virus RNA occurred beginning at 24 hr PI in all the infected cells. Whereas, the extracellular release of Nipah virus RNA increased significantly beginning at 48 and 72 hr PI for the infected MRC-5 cells and PS cells, respectively. No significant release of extracellular Nipah virus RNA was detected from the Nipah virus-infected SK-N-MC and THP-1 cells. At its peak, approximately 6.6 log PFU/microl of extracellular Nipah virus RNA was released from the Nipah virus-infected PS cells, with at least a 100-fold less virus RNA was recorded in the Nipah virus-infected SK-N-MC and THP-1. Approximately 15.2% (+/-0.1%) of the released virus from the infected PS cell cultures was infectious in contrast to approximately 5.5% (+/-0.7%) from the infected SK-N-MC cells. The findings suggest that there are no differences in the capacity to support Nipah virus replication between pigs and humans in fully susceptible PS and MRC-5 cells. However, there are differences between these cells and human neuronal cells and monocytes in the ability to support Nipah virus replication and virus release.,��https://www.ncbi.nlm.nih.gov/pubmed/16789019µ��Chang, Li-Yen
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*Virus Replication���Jun 19;��BACKGROUND: Nipah virus is a zoonotic virus isolated from an outbreak in Malaysia in 1998. The virus causes infections in humans, pigs, and several other domestic animals. It has also been isolated from fruit bats. The pathogenesis of Nipah virus infection is still not well described. In the present study, Nipah virus replication kinetics were estimated from infection of African green monkey kidney cells (Vero) using the one-step SYBR Green I-based quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) assay. RESULTS: The qRT-PCR had a dynamic range of at least seven orders of magnitude and can detect Nipah virus from as low as one PFU/microL. Following initiation of infection, it was estimated that Nipah virus RNA doubles at every approximately 40 minutes and attained peak intracellular virus RNA level of approximately 8.4 log PFU/microL at about 32 hours post-infection (PI). Significant extracellular Nipah virus RNA release occurred only after 8 hours PI and the level peaked at approximately 7.9 log PFU/microL at 64 hours PI. The estimated rate of Nipah virus RNA released into the cell culture medium was approximately 0.07 log PFU/muL per hour and less than 10% of the released Nipah virus RNA was infectious. CONCLUSION: The SYBR Green I-based qRT-PCR assay enabled quantitative assessment of Nipah virus RNA synthesis in Vero cells. A low rate of Nipah virus extracellular RNA release and low infectious virus yield together with extensive syncytial formation during the infection support a cell-to-cell spread mechanism for Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16784519¸��Chang, Li-Yen
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*Nipah Virus���Apr_��BACKGROUND & OBJECTIVE: The viral encephalitides caused by animal or human viruses are characterized by sudden outbreaks of neurological disease in both tropical and temperate regions. An outbreak of acute encephalitis occurred in Siliguri (West Bengal) town of India between January 31 and February 23, 2001. This outbreak was investigated by a team of scientists from four major institutions, and the findings are presented here. METHODS: Detailed information about the outbreak was collected with the help of local health authorities. Limited entomological investigations were also done. Samples collected from cases and contacts were sent for analysis. RESULTS: A total of 66 probable cases and 45 deaths were reported. Epidemiological linkages between cases point towards person-to-person transmission and incubation period of around 10 days. There was neither any concurrent illness in animals nor was there any exposure of cases to animals. Centres for Disease Control and Prevention, Atlanta, USA concluded on the basis of tests carried out on serum specimen from four cases and two contacts that the causative pathogen appears to be Nipah/ Hendra or closely related virus. INTERPRETATION & CONCLUSION: This outbreak highlights the importance and urgency of establishing a strong surveillance system supported by a network of state-of-the-art laboratories equipped to handle and diagnose new pathogens and including patient isolation techniques, use of personal protective equipment, barrier nursing and safe disposal of potentially infected material in the prevention and control measures for Nipah/Hendra virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16783047���Harit, A K
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Tryptophan���Feb���EphrinB2 was recently discovered as a functional receptor for Nipah virus (NiV), a lethal emerging paramyxovirus. Ephrins constitute a class of homologous ligands for the Eph class of receptor tyrosine kinases and exhibit overlapping expression patterns. Thus, we examined whether other ephrins might serve as alternative receptors for NiV. Here, we show that of all known ephrins (ephrinA1-A5 and ephrinB1-B3), only the soluble Fc-fusion proteins of ephrinB3, in addition to ephrinB2, bound to soluble NiV attachment protein G (NiV-G). Soluble NiV-G bound to cell surface ephrinB3 and B2 with subnanomolar affinities (Kd = 0.58 nM and 0.06 nM for ephrinB3 and B2, respectively). Surface plasmon resonance analysis indicated that the relatively lower affinity of NiV-G for ephrinB3 was largely due to a faster off-rate (K(off) = 1.94 x 10(-3) s(-1) versus 1.06 x 10(-4) s(-1) for ephrinB3 and B2, respectively). EphrinB3 was sufficient to allow for viral entry of both pseudotype and live NiV. Soluble ephrinB2 and B3 were able to compete for NiV-envelope-mediated viral entry on both ephrinB2- and B3-expressing cells, suggesting that NiV-G interacts with both ephrinB2 and B3 via an overlapping site. Mutational analysis indicated that the Leu-Trp residues in the solvent exposed G-H loop of ephrinB2 and B3 were critical determinants of NiV binding and entry. Indeed, replacement of the Tyr-Met residues in the homologous positions in ephrinB1 with Leu-Trp conferred NiV receptor activity to ephrinB1. Thus, ephrinB3 is a bona fide alternate receptor for NiV entry, and two residues in the G-H loop of the ephrin B-class ligands are critical determinants of NiV receptor activity.,��https://www.ncbi.nlm.nih.gov/pubmed/16477309~��Negrete, Oscar A
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Viral Fusion Proteins/*metabolism���Mar 15���The Nipah virus fusion (F) protein is proteolytically processed to F1 + F2 subunits. We demonstrate here that cathepsin L is involved in this important maturation event. Cathepsin inhibitors ablated cleavage of Nipah F. Proteolytic processing of Nipah F and fusion activity was dramatically reduced in cathepsin L shRNA-expressing Vero cells. Additionally, Nipah virus F-mediated fusion was inhibited in cathepsin L-deficient cells, but coexpression of cathepsin L restored fusion activity. Both purified cathepsin L and B could cleave immunopurified Nipah F protein, but only cathepsin L produced products of the correct size. Our results suggest that endosomal cathepsins can cleave Nipah F, but that cathepsin L specifically converts Nipah F to a mature and fusogenic form.,��https://www.ncbi.nlm.nih.gov/pubmed/16460775Y��Pager, Cara Theresia
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Daszak, P.���20065��Nipah virus: impact, origins, and causes of emergence���59-65���Curr Infect Dis Rep���8���1���Jan���Nipah virus is an emerging zoonotic pathogen that causes severe febrile encephalitis resulting in death in 40% to 75% of human cases. Nipah virus is considered a biosafety level-4 pathogen and is listed as a select agent with high risk for public health and security due to its high mortality rate in people and the lack of effective vaccines or therapies. The natural reservoir for Nipah virus and related members of the genus Henipavirus are fruit bats of the genus Pteropus. Nipah virus emerged in Malaysia in 1998 as a porcine neurologic and respiratory disease that spread to humans who had contact with live, infected pigs. Research reviewed in this paper suggests that anthropogenic factors, including agricultural expansion and intensification, were the underlying causes of its emergence. Nipah virus has caused five subsequent outbreaks between 2001 and 2005 in Bangladesh. Here, it appears to have spilled over directly from bats to humans, and person-to-person transmission is evident suggesting a heightened public health risk.,��https://www.ncbi.nlm.nih.gov/pubmed/16448602���Epstein, Jonathan H
Field, Hume E
Luby, Stephen
Pulliam, Juliet R C
Daszak, Peter
eng
2006/02/02 09:00
Curr Infect Dis Rep. 2006 Jan;8(1):59-65.%��1523-3847 (Print)
1523-3847 (Linking)���16448602���The Consortium for Conservation Medicine, 460 West 34th Street, 17th Floor, New York, NY 10001, USA. epstein@conservationmedicine.org��
¦��üÒ|ÿî?����J��Lemaire, R.
Tabet, J. C.
Ducoroy, P.
Hendra, J. B.
Salzet, M.
Fournier, I.���2006A��Solid ionic matrixes for direct tissue analysis and MALDI imaging���809-19	��Anal Chem���78���3���Animals
Benzene Derivatives/*chemistry
Brain Chemistry
Ionic Liquids/chemistry
Male
*Membranes, Artificial
Rats
Rats, Wistar
Sensitivity and Specificity
Spectrometry, Mass, Matrix-Assisted Laser
Desorption-Ionization/instrumentation/*methods
Surface Properties���Feb 1ô��Direct analysis of tissue by MALDI-MS allows the acquisition of its biomolecular profile while maintaining the integrity of the tissue, giving cellular localization, and avoiding tedious extraction and purification steps. However, direct tissue analysis generally leads to some extent to a lowered spectral quality due to variation in thickness, freezing tissue date, and nature of the tissue. We present here new technical developments for the direct tissue analysis of peptides with ionic liquid made of matrix mixtures (alpha-cyano-4-hydroxycinnamic acid (CHCA)/2-amino-4-methyl-5-nitropyridine and alpha-cyano-4-hydroxycinnamic acid/N,N-dimethylaniline (CHCA/DANI)). The properties of these direct tissue analysis matrixes, especially CHCA/aniline when compared to CHCA, 2,5-dihydroxybenzoic acid, and sinapinic acid, are as follows: (1) better spectral quality in terms of resolution, sensitivity, intensity, noise, number of compounds detected, and contaminant tolerance, (2) better crystallization on tissues, i.e., coverage capacity, homogeneity of crystallization, homogeneity of crystal sizes, and time of crystallization, (3) better analysis duration in term of vacuum stability, (4) better resistance to laser irradiation especially for high-frequency lasers, (5) better ionic yield in negative mode, and (6) enough fragmentation yield to use the PSD mode on sections to get structural information. Applied to MALDI imaging on a MALDI LIFT-TOF with a 50-Hz laser frequency, these ionic matrixes have allowed the realization of a new type of image in both polarities and reflector mode using the same tissue section. These results give a new outlook on peptide tissue profiling by MS, characterization of compounds from tissue slices, and MALDI-MS high-quality imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/16448055´��Lemaire, R
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Viruses/genetics/*immunology���Febâ��Polyclonal antibodies have a century-old history of being effective against some viruses; recently, monoclonal antibodies (mAbs) have also shown success. The humanized mAb Synagis (palivizumab), which is still the only mAb against a viral disease approved by the US FDA, has been widely used as a prophylactic measure against respiratory syncytial virus infections in neonates and immunocompromised individuals. The first fully human mAbs against two other paramyxoviruses, Hendra and Nipah virus, which can cause high (up to 75%) mortality, were recently developed; one of them, m101, showed exceptional potency against infectious virus. In an amazing pace of research, several potent human mAbs targeting the severe acute respiratory syndrome coronavirus S glycoprotein that can affect infections in animal models have been developed months after the virus was identified in 2003. A potent humanized mAb with therapeutic potential was recently developed against the West Nile virus. The progress in developing neutralizing human mAbs against Ebola, Crimean-Congo hemorrhagic fever, vaccinia and other emerging and biodefense-related viruses is slow. A major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies, is the viruses' heterogeneity and mutability. A related problem is the low binding affinity of crossreactive antibodies able to neutralize a variety of primary isolates. Combinations of mAbs or mAbs with other drugs, and/or the identification of potent new mAbs and their derivatives that target highly conserved viral structures, which are critical for virus entry into cells, are some of the possible solutions to these problems, and will continue to be a major focus of antiviral research.,��https://www.ncbi.nlm.nih.gov/pubmed/16441209³��Zhu, Zhongyu
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Viral Vaccines/chemistry/therapeutic use���Feb���Hendra and Nipah virus are closely related emerging viruses comprising the Henipavirus genus of the subfamily Paramyxovirinae and are distinguished by their ability to cause fatal disease in both animal and human hosts. In particular, the high mortality and person-to-person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance and necessity of developing effective therapeutic interventions. Much research conducted on the henipaviruses over the past several years has focused on virus entry, including the attachment of virus to the host cell, the identification of the virus receptor and the membrane fusion process between the viral and host cell membranes. These findings have led to the development of possible vaccine candidates, as well as potential antiviral therapeutics. The common link among all of the possible antiviral agents discussed here, which have also been developed and tested, is that they target very early stages of the infection process. The establishment and validation of suitable animal models of Henipavirus infection and pathogenesis are also discussed as they will be crucial in the assessment of the effectiveness of any treatments for Hendra and Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16441208ù��Bossart, Katharine N
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Viral Fusion Proteins/immunology���FebØ��Nipah virus (NiV), a member of the Paramyxoviridae family, causes a zoonotic infection in which the reservoir, the fruit bat, may pass the infection to pigs and eventually to humans. In humans, the infection leads to encephalitis with >40 to 70% mortality. We have previously shown that polyclonal antibody directed to either one of two glycoproteins, G (attachment protein) or F (fusion protein), can protect hamsters from a lethal infection. In the present study, we have developed monoclonal antibodies (MAbs) to both glycoproteins and assessed their ability to protect animals against lethal NiV infection. We show that as little as 1.2 mug of an anti-G MAb protected animals, whereas more than 1.8 mug of anti-F MAb was required to completely protect the hamsters. High levels of either anti-G or anti-F MAbs gave a sterilizing immunity, whereas lower levels could protect against a fatal infection but resulted in an increase in anti-NiV antibodies starting 18 days after the viral challenge. Using reverse transcriptase PCR, the presence of NiV in the different organs could not be observed in MAb-protected animals. When the MAbs were given after infection, partial protection (50%) was observed with the anti-G MAbs when the animals were inoculated up to 24 h after infection, but administration of the anti-F MAbs protected some animals (25 to 50%) inoculated later during the infection. Our studies suggest that immunotherapy could be used for people who are exposed to NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/16439553Ý��Guillaume, V
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Viral Envelope Proteins/immunology���Jan�	�Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae. Each has a broad species tropism and can cause disease with high mortality in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) envelope glycoproteins (Envs). Seven Fabs, m101 to -7, were selected for their significant binding to a soluble form of Hendra G (sG) which was used as the antigen for panning of a large naive human antibody library. The selected Fabs inhibited, to various degrees, cell fusion mediated by the HeV or NiV Envs and virus infection. The conversion of the most potent neutralizer of infectious HeV, Fab m101, to immunoglobulin G1 (IgG1) significantly increased its cell fusion inhibitory activity: the 50% inhibitory concentration was decreased more than 10-fold to approximately 1 microg/ml. The IgG1 m101 was also exceptionally potent in neutralizing infectious HeV; complete (100%) neutralization was achieved with 12.5 microg/ml, and 98% neutralization required only 1.6 microg/ml. The inhibition of fusion and infection correlated with binding of the Fabs to full-length G as measured by immunoprecipitation and less with binding to sG as measured by enzyme-linked immunosorbent assay and Biacore. m101 and m102 competed with the ephrin-B2, which we recently identified as a functional receptor for both HeV and NiV, indicating a possible mechanism of neutralization by these antibodies. The m101, m102, and m103 antibodies competed with each other, suggesting that they bind to overlapping epitopes which are distinct from the epitopes of m106 and m107. In an initial attempt to localize the epitopes of m101 and m102, we measured their binding to a panel of 11 G alanine-scanning mutants and identified two mutants, P185A and Q191 K192A, which significantly decreased binding to m101 and one, G183, which decreased binding of m102 to G. These results suggest that m101 to -7 are specific for HeV or NiV or both and exhibit various neutralizing activities; they are the first human monoclonal antibodies identified against these viruses and could be used for treatment, prophylaxis, and diagnosis and as research reagents and could aid in the development of vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/16378991T��Zhu, Zhongyu
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Virulence���Dec&��Within the past decade a number of new zoonotic paramyxoviruses emerged from flying foxes to cause serious disease outbreaks in man and livestock. Hendra virus was the cause of fatal infections of horses and man in Australia in 1994, 1999 and 2004. Nipah virus caused encephalitis in humans both in Malaysia in 1998/99, following silent spread of the virus in the pig population, and in Bangladesh from 2001 to 2004 probably as a result of direct bat to human transmission and spread within the human population. Hendra and Nipah viruses are highly pathogenic in humans with case fatality rates of 40% to 70%. Their genetic constitution, virulence and wide host range make them unique paramyxoviruses and they have been given Biosecurity Level 4 status in a new genus Henipavirus within the family Paramyxoviridae. Recent studies on the virulence, host range and cell tropisms of henipaviruses provide insights into the unique biological properties of these emerging human pathogens and suggest approaches for vaccine development and therapeutic countermeasures.,��https://www.ncbi.nlm.nih.gov/pubmed/16375714}��Eaton, Bryan T
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Zoonoses���Decí��Nipah virus (NiV) is a zoonotic paramyxovirus that was first recognized in 1999 as the causative agent of outbreaks of human encephalitis in Malaysia and Singapore, in association with severe respiratory and neurological disease in pigs. Since then, outbreaks of NiV encephalitis have also occurred in Bangladesh during 2001-2004, but without an association to infected swine or other animals. Although NiV infections typically result in acute encephalitis with high mortality, other clinical manifestations, including asymptomatic infection, relapsed encephalitis, and pulmonary disease, have been observed. The article will summarize the virology, epidemiology, clinical features, treatment, and control and prevention of NiV infections in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/16363687v��Kitsutani, Paul
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Virus Diseases/diagnosis/*psychology/therapy���Jul¾��The destruction made by nuclear, biological and chemical weapons used by governments and terrorist groups in the near history is posing anxiety and fear for human being. Rumour about the possible use of these agents leads to the development of serious negative effects on populations. Since there are no vaccine and therapy for most viral agents and cost of production as biological weapons is low, interest rate is rising for viruses. In this review, general characteristics, diagnosis, therapy and protective measures for viral agents such as variola virus, hemorrhagic fever viruses, encephalitis viruses, Hantaviruses and Nipah viruses, those can be used as biological weapon, have been summarized.,��https://www.ncbi.nlm.nih.gov/pubmed/16358499h��Akcali, Alper
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Virulence���Jan���Hendra virus and Nipah virus are highly pathogenic paramyxoviruses that have recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These features led to their classification into the new genus Henipavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. This review provides an overview of henipaviruses and the types of infection they cause, and describes how studies on the structure and function of henipavirus proteins expressed from cloned genes have provided insights into the unique biological properties of these emerging human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16357858���Eaton, Bryan T
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Swine���OctC��Nipah virus is a recently emergent paramyxovirus that is capable of causing severe disease in both humans and animals. The first outbreak of Nipah virus occurred in Malaysia and Singapore in 1999 and, more recently, outbreaks were detected in Bangladesh. In humans, Nipah virus causes febrile encephalitis with respiratory syndrome that has a high mortality rate. The reservoir for Nipah virus is believed to be fruit bats, and humans are infected by contact with infected bats or by contact with an intermediate animal host such as pigs. Person to person spread of the virus has also been described. Nipah virus retains many of the genetic and biologic properties found in other paramyxoviruses, though it also has several unique characteristics. However, the virologic characteristics that allow the virus to cause severe disease over a broad host range, and the epidemiologic, environmental and virologic features that favor transmission to humans are unknown. This review summarizes what is known about the virology, epidemiology, pathology, diagnosis and control of this novel pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/16287690 ��Bellini, William J
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Zoonoses/virology���Oct_��The authors review common themes in the ecology of emerging viruses that cause neurological disease. Three issues emerge. First, 49% of emerging viruses are characterized by encephalitis or serious neurological clinical symptoms. Second, all of these viruses are driven to emerge by ecological, environmental, or human demographic changes, some of which are poorly understood. Finally, the control of these viruses would be enhanced by collaborative multidisciplinary research into these drivers of emergence. The authors highlight this review with a case study of Nipah virus, which emerged in Malaysia due largely to shifts in livestock production and alterations to reservoir host habitat. Collaboration between virologists, ecologists, disease modelers and wildlife biologists has been instrumental in retracing the factors involved in this virus's emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/16287685}��Olival, Kevin J
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Zoonoses/*epidemiology/virology���Oct\��The last decade of the 20th Century saw the introduction of an unprecedented number of encephalitic viruses emerge or spread in the Southeast Asian and Western Pacific regions (Mackenzie et al, 2001; Solomon, 2003a). Most of these viruses are zoonotic, either being arthropod-borne viruses or bat-borne viruses. Thus Japanese encephalitis virus (JEV), a mosquito-borne flavivirus, has spread through the Indonesian archipelago to Papua New Guinea (PNG) and to the islands of the Torres Strait of northern Australia, to Pakistan, and to new areas in the Indian subcontinent; a strain of tick-borne encephalitis virus (TBEV) was described for the first time in Hokkaido, Japan; and a novel mosquito-borne alphavirus, Me Tri virus, was described from Vietnam. Three novel bat-borne viruses emerged in Australia and Malaysia; two, Hendra and Nipah viruses, represent the first examples of a new genus in the family Paramyxoviridae, the genus Henipaviruses, and the third, Australian bat lyssavirus (ABLV) is new lyssavirus closely related to classical rabies virus. These viruses will form the body of this brief review.,��https://www.ncbi.nlm.nih.gov/pubmed/16287684r��Mackenzie, John S
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*Virus Inactivation���Marò��Nipah virus, a zoonotic paramyxovirus which emerged recently was chemically inactivated using binary ethylenimine (BEI). The inactivated virus was concentrated and purified by sucrose gradient centrifugation. The gradient fractions were examined by electron microscopy and Western immunoblot, and gradient fraction containing mainly Nipah matrix (M) and nucleocapsid (N) proteins was used for immunizing BALB/c mice to generate hybridomas. Screening of the resultant hybridoma clones identified five strongly positive clones producing IgG monoclonal antibodies (mAbs) reactive to the Nipah virus antigen. The protein specificity of these mAbs was determined by Western immunoblot using Nipah virus and recombinant Nipah virus proteins expressed in mammalian cells. Four mAbs reacted with Nipah N protein and one reacted with Nipah M protein. None of the mAbs neutralized Nipah virus infectivity in vitro. However, all mAbs recognized Nipah virus in ELISA and immunofluorescence assay. F45G2 mAb was most suitable for immunohistochemistry on long term formalin-fixed Nipah virus infected swine tissues. Three of the anti-nucleocapsid mAbs (F45G2, F45G3 and F45G6) showed cross-reactivity with closely related Hendra virus N protein in both immunofluorescence and Western Immunoblot assays. Two of the mAbs were specific for the Nipah virus only, F45G4 (anti-N) and F45G5 (anti-M), and could be used in the primary identification of Nipah virus. The use of these immunoreagents to develop new diagnostic assays is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/16226320���Berhane, Yohannes
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RNA, Viral/genetics���Feb¤��After the outbreak of Nipah virus (NiV) in 1998-99, which resulted in 105 human deaths and the culling of more than one million pigs, a search was initiated for the natural host reservoir of NiV on Tioman Island off the east coast of Malaysia. Three different syncytia-forming viruses were isolated from fruit bats on the island. They were Nipah virus, Tioman virus (a novel paramyxovirus related to Menangle virus), and a reovirus, named Pulau virus (PuV), which is the subject of this study. PuV displayed the typical ultra structural morphology of a reovirus and was neutralised by serum against Nelson Bay reovirus (NBV), a reovirus isolated from a fruit bat (Pteropus poliocephalus) in Australia over 30 years ago. PuV was fusogenic and formed large syncytia in Vero cells. Comparison of dsRNA segments between PuV and NBV showed distinct mobility differences for the S1 and S2 segments. Complete sequence analysis of all four S segments revealed a close relationship between PuV and NBV, with nucleotide sequence identity varying from 88% for S3 segment to 56% for the S1 segment. Similarly phylogenetic analysis of deduced protein sequences confirmed that PuV is closely related to NBV. In this paper we discuss the similarities and differences between PuV and NBV which support the classification of PuV as a novel mammalian, fusogenic reovirus within the Nelson Bay orthoreovirus species, in the genus Orthoreovirus, family Reoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/16205863¾��Pritchard, L I
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Virus Replication���OctÜ��Proteolytic processing of paramyxovirus fusion (F) proteins is essential for the generation of a mature and fusogenic form of the F protein. Although many paramyxovirus F proteins are proteolytically processed by the cellular protease furin at a multibasic cleavage motif, cleavage of the newly emerged Hendra virus F protein occurs by a previously unidentified cellular protease following a single lysine at residue 109. We demonstrate here that the cellular protease cathepsin L is involved in converting the Hendra virus precursor F protein (F(0)) to the active F(1) + F(2) disulfide-linked heterodimer. To initially identify the class of protease involved in Hendra virus F protein cleavage, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F (known to be proteolytically processed by furin) were metabolically labeled and chased in the absence or presence of serine, cysteine, aspartyl, and metalloprotease inhibitors. Nonspecific and specific protease inhibitors known to decrease cathepsin activity inhibited proteolytic processing of Hendra virus F but had no effect on simian virus 5 F processing. We next designed shRNA oligonucleotides to cathepsin L which dramatically reduced cathepsin L protein expression and enzyme activity. Cathepsin L shRNA-expressing Vero cells transfected with pCAGGS-Hendra F demonstrated a nondetectable amount of cleavage of the Hendra virus F protein and significantly decreased membrane fusion activity. Additionally, we found that purified human cathepsin L processed immunopurified Hendra virus F(0) into F(1) and F(2) fragments. These studies introduce a novel mechanism for primary proteolytic processing of viral glycoproteins and also suggest a previously unreported biological role for cathepsin L.,��https://www.ncbi.nlm.nih.gov/pubmed/16188974 ��Pager, Cara Theresia
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Virus Replication���Octu��The Hendra virus fusion (F) protein is synthesized as a precursor protein, F(0), which is proteolytically processed to the mature form, F(1) + F(2). Unlike the case for the majority of paramyxovirus F proteins, the processing event is furin independent, does not require the addition of exogenous proteases, is not affected by reductions in intracellular Ca(2+), and is strongly affected by conditions that raise the intracellular pH (C. T. Pager, M. A. Wurth, and R. E. Dutch, J. Virol. 78:9154-9163, 2004). The Hendra virus F protein cytoplasmic tail contains a consensus motif for endocytosis, YXXPhi. To analyze the potential role of endocytosis in the processing and membrane fusion promotion of the Hendra virus F protein, mutation of tyrosine 525 to alanine (Hendra virus F Y525A) or phenylalanine (Hendra virus F Y525F) was performed. The rate of endocytosis of Hendra virus F Y525A was significantly reduced compared to that of the wild-type (wt) F protein, confirming the functional importance of the endocytosis motif. An intermediate level of endocytosis was observed for Hendra virus F Y525F. Surprisingly, dramatic reductions in the rate of proteolytic processing were observed for Hendra virus F Y525A, although initial transport to the cell surface was not affected. The levels of surface expression for both Hendra virus F Y525A and Hendra virus F Y525F were higher than that of the wt protein, and these mutants displayed enhanced syncytium formation. These results suggest that endocytosis is critically important for Hendra virus F protein cleavage, representing a new paradigm for proteolytic processing of paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16188966c��Meulendyke, Kelly Ann
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Viral Envelope Proteins/chemistry/*immunology���Octé��Epitopes involved in a protective immune response to Hendra virus (HeV) (Henipavirus, Paramxyoviridae) were investigated by generating five neutralizing monoclonal antibodies (mAbs) to the virus attachment protein (G) of HeV (HeV G) and sequencing of the G gene of groups of neutralization-escape variants selected with each mAb. Amino acid substitutions occurred at eight distinct sites on HeV G. Relationships between these sites were investigated in binding and neutralization assays using heterologous combinations of variants and mAbs. The sites were also mapped to a proposed structural model for the attachment proteins of Paramyxoviridae. Their specific locations and the nature of their interactions with the mAb panel provided the first functional evidence that HeV G in fact resembled the proposed structure. Four sites (aa 183-185, 417, 447 and 570) contributed to a major discontinuous epitope, on the base of the globular head, that was similar to immunodominant virus neutralization sites found in other paramyxoviruses. Amino acid similarity between HeV and Nipah virus was relatively highly conserved at these sites but decreased significantly at the other sites identified in this study. These included another discontinuous epitope on the base of the head region defined by sites aa 289 and 324 and well separated epitopes on the top of the head at sites aa 191-195 and 385-356. The latter epitope corresponded to immunodominant neutralization sites found in Rinderpest virus and Measles virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16186240Í��White, John R
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*Virus Diseases/epidemiology/pathology/physiopathology/virology���Seph��Numerous emerging respiratory tract viruses have been identified as significant causes of acute upper and lower respiratory tract illness in children. Human metapneumovirus is a paramyxovirus discovered in 2001 in the Netherlands, with a seasonal occurrence and spectrum of clinical illness most similar to the closely related respiratory syncytial virus. Several new members of the corona-virus family have been identified, including the truly novel agent of severe acute respiratory syndrome and others that probably have been circulating undetected. Avian influenza strains have caused numerous outbreaks with high mortality, including children, and are potential causes of pandemic influenza. Several zoonotic paramyxoviruses, including Nipah and Hendra viruses, have emerged as occasional causes of sever outbreaks of respiratory tract illness in children and adults.,��https://www.ncbi.nlm.nih.gov/pubmed/16102649���Williams, John V
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Viral Fusion Proteins/chemistry/*genetics/*metabolism���Oct 10¾��The Hendra virus fusion (HeV F) protein is synthesized as a precursor, F(0), and proteolytically cleaved into the mature F(1) and F(2) heterodimer, following an HDLVDGVK(109) motif. This cleavage event is required for fusogenic activity. To determine the amino acid requirements for processing of the HeV F protein, we constructed multiple mutants. Individual and simultaneous alanine substitutions of the eight residues immediately upstream of the cleavage site did not eliminate processing. A chimeric SV5 F protein in which the furin site was substituted for the VDGVK(109) motif of the HeV F protein was not processed but was expressed on the cell surface. Another chimeric SV5 F protein containing the HDLVDGVK(109) motif of the HeV F protein underwent partial cleavage. These data indicate that the upstream region can play a role in protease recognition, but is neither absolutely required nor sufficient for efficient processing of the HeV F protein.,��https://www.ncbi.nlm.nih.gov/pubmed/16083935H��Craft, Willie Warren Jr
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X-Rays���AugR��Measles virus is a negative-sense, single-stranded RNA virus within the Mononegavirales order,which includes several human pathogens, including rabies, Ebola, Nipah, and Hendra viruses. The measles virus nucleoprotein consists of a structured N-terminal domain, and of an intrinsically disordered C-terminal domain, N(TAIL) (aa 401-525), which undergoes induced folding in the presence of the C-terminal domain (XD, aa 459-507) of the viral phosphoprotein. With in N(TAIL), an alpha-helical molecular recognition element (alpha-MoRE, aa 488-499) involved in binding to P and in induced folding was identified and then observed in the crystal structure of XD. Using small-angle X-ray scattering, we have derived a low-resolution structural model of the complex between XD and N(TAIL), which shows that most of N(TAIL) remains disordered in the complex despite P-induced folding within the alpha-MoRE. The model consists of an extended shape accommodating the multiple conformations adopted by the disordered N-terminal region of N(TAIL), and of a bulky globular region, corresponding to XD and to the C terminus of N(TAIL) (aa 486-525). Using surface plasmon resonance, circular dichroism, fluorescence spectroscopy, and heteronuclear magnetic resonance, we show that N(TAIL) has an additional site (aa 517-525) involved in binding to XD but not in the unstructured-to-structured transition. This work provides evidence that intrinsically disordered domains can establish complex interactions with their partners, and can contact them through multiple sites that do not all necessarily gain regular secondary structure.,��https://www.ncbi.nlm.nih.gov/pubmed/16046624���Bourhis, Jean-Marie
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Virus Internalization/*drug effects���Jul 18¾��BACKGROUND: The recent emergence of four new members of the paramyxovirus family has heightened the awareness of and re-energized research on new and emerging diseases. In particular, the high mortality and person to person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance of developing effective therapeutic interventions. We have previously shown that peptides corresponding to the C-terminal heptad repeat (HR-2) of the fusion envelope glycoprotein of Hendra virus and Nipah virus were potent inhibitors of both Hendra virus and Nipah virus-mediated membrane fusion using recombinant expression systems. In the current study, we have developed shorter, second generation HR-2 peptides which include a capped peptide via amidation and acetylation and two poly(ethylene glycol)-linked (PEGylated) peptides, one with the PEG moity at the C-terminus and the other at the N-terminus. Here, we have evaluated these peptides as well as the corresponding scrambled peptide controls in Nipah virus and Hendra virus-mediated membrane fusion and against infection by live virus in vitro. RESULTS: Unlike their predecessors, the second generation HR-2 peptides exhibited high solubility and improved synthesis yields. Importantly, both Nipah virus and Hendra virus-mediated fusion as well as live virus infection were potently inhibited by both capped and PEGylated peptides with IC50 concentrations similar to the original HR-2 peptides, whereas the scrambled modified peptides had no inhibitory effect. These data also indicate that these chemical modifications did not alter the functional properties of the peptides as inhibitors. CONCLUSION: Nipah virus and Hendra virus infection in vitro can be potently blocked by specific HR-2 peptides. The improved synthesis and solubility characteristics of the second generation HR-2 peptides will facilitate peptide synthesis for pre-clinical trial application in an animal model of Henipavirus infection. The applied chemical modifications are also predicted to increase the serum half-life in vivo and should increase the chance of success in the development of an effective antiviral therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/16026621���Bossart, Katharine N
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Phylogeny���Jul���We conducted a survey in Cambodia in 2000 on henipavirus infection among several bat species, including flying foxes, and persons exposed to these animals. Among 1,072 bat serum samples tested by enzyme-linked immunosorbent assay, antibodies reactive to Nipah virus (NiV) antigen were detected only in Pteropus lylei species; Cynopterus sphinx, Hipposideros larvatus, Scotophilus kuhlii, Chaerephon plicata, Taphozous melanopogon, and T. theobaldi species were negative. Seroneutralization applied on a subset of 156 serum samples confirmed these results. None of the 8 human serum samples was NiV seropositive with the seroneutralization test. One virus isolate exhibiting cytopathic effect with syncytia was obtained from 769 urine samples collected at roosts of P. lylei specimens. Partial molecular characterization of this isolate demonstrated that it was closely related to NiV. These results strengthen the hypothesis that flying foxes could be the natural host of NiV. Surveillance of human cases should be implemented.,��https://www.ncbi.nlm.nih.gov/pubmed/16022778"��Reynes, Jean-Marc
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Viral Fusion Proteins/chemistry/genetics/metabolism���Jul 215��Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70 percent of infected patients, and there is evidence of human-to-human transmission. Endothelial syncytia, comprised of multinucleated giant-endothelial cells, are frequently found in NiV infections, and are mediated by the fusion (F) and attachment (G) envelope glycoproteins. Identification of the receptor for this virus will shed light on the pathobiology of NiV infection, and spur the rational development of effective therapeutics. Here we report that ephrinB2, the membrane-bound ligand for the EphB class of receptor tyrosine kinases (RTKs), specifically binds to the attachment (G) glycoprotein of NiV. Soluble Fc-fusion proteins of ephrinB2, but not ephrinB1, effectively block NiV fusion and entry into permissive cell types. Moreover, transfection of ephrinB2 into non-permissive cells renders them permissive for NiV fusion and entry. EphrinB2 is expressed on endothelial cells and neurons, which is consistent with the known cellular tropism for NiV. Significantly, we find that NiV-envelope-mediated infection of microvascular endothelial cells and primary cortical rat neurons is inhibited by soluble ephrinB2, but not by the related ephrinB1 protein. Cumulatively, our data show that ephrinB2 is a functional receptor for NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16007075���Negrete, Oscar A
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Swine Diseases/diagnosis/virology���JulÄ��The nucleocapsid (N) protein of Nipah virus (NiV) is a major constituent of the viral proteins which play a role in encapsidation, regulating the transcription and replication of the viral genome. To investigate the use of a fusion system to aid the purification of the recombinant N protein for structural studies and potential use as a diagnostic reagent, the NiV N gene was cloned into the pFastBacHT vector and the His-tagged fusion protein was expressed in Sf9 insect cells by recombinant baculovirus. Western blot analysis of the recombinant fusion protein with anti-NiV antibodies produced a band of approximately 62 kDa. A time course study showed that the highest level of expression was achieved after 3 days of incubation. Electron microscopic analysis of the NiV recombinant N fusion protein purified on a nickel-nitrilotriacetic acid resin column revealed different types of structures, including spherical, ring-like, and herringbone-like particles. The light-scattering measurements of the recombinant N protein also confirmed the polydispersity of the sample with hyrdrodynamic radii of small and large types. The optical density spectra of the purified recombinant fusion protein revealed a high A(260)/A(280) ratio, indicating the presence of nucleic acids. Western blotting and enzyme-linked immunosorbent assay results showed that the recombinant N protein exhibited the antigenic sites and conformation necessary for specific antigen-antibody recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/16000431Á��Eshaghi, Majid
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Viral Envelope Proteins/*metabolism���Jul 26���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus of the family Paramyxoviridae and are unique in that they exhibit a broad species tropism and cause fatal disease in both animals and humans. They infect cells through a pH-independent membrane fusion process mediated by their fusion and attachment glycoproteins. Previously, we demonstrated identical cell fusion tropisms for HeV and NiV and the protease-sensitive nature of their unknown cell receptor and identified a human cell line (HeLa-USU) that was nonpermissive for fusion and virus infection. Here, a microarray analysis was performed on the HeLa-USU cells, permissive HeLa-CCL2 cells, and two other permissive human cell lines. From this analysis, we identified a list of genes encoding known and predicted plasma membrane surface-expressed proteins that were highly expressed in all permissive cells and absent from the HeLa-USU cells and rank-ordered them based on their relative levels. Available expression vectors containing the first 10 genes were obtained and individually transfected into HeLa-USU cells. One clone, encoding human ephrin-B2 (EFNB2), was found capable of rendering HeLa-USU cells permissive for HeV- and NiV-mediated cell fusion as well as infection by live virus. A soluble recombinant EFNB2 could potently block fusion and infection and bind soluble recombinant HeV and NiV attachment glycoproteins with high affinity. Together, these data indicate that EFNB2 serves as a functional receptor for both HeV and NiV. The highly conserved nature of EFNB2 in humans and animals is consistent with the broad tropism exhibited by these emerging zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15998730Ö��Bonaparte, Matthew I
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Zoonoses/virology���Octg��All living organisms are continuously exposed to a plethora of viruses. In general, viruses tend to be restricted to the natural host species which they infect. From time to time viruses cross the host-range barrier expanding their host range. However, in very rare cases cross-species transfer is followed by the establishment and persistence of a virus in the new host species, which may result in disease. Recent examples of viruses that have crossed the species barrier from animal reservoirs to humans are hantavirus, haemorrhagic fever viruses, arboviruses, Nipah and Hendra viruses, avian influenza virus (AI), monkeypox virus, and the SARS-associated coronavirus (SARS-CoV). The opportunities for cross-species transfer of mammalian viruses have increased in recent years due to increased contact between humans and animal reservoirs. However, it is difficult to predict when such events will take place since the viral adaptation that is needed to accomplish this is multifactorial and stochastic. Against this background the intensified use of viruses and their genetically modified variants as viral gene transfer vectors for biomedical research, experimental gene therapy and for live-vector vaccines is a cause for concern. This review addresses a number of potential risk factors and their implications for activities with viral vectors from the perspective of cross-species transfer of viruses in nature, with emphasis on the occurrence of host-range mutants resulting from either cell culture or tropism engineering. The issues are raised with the intention to assist in risk assessments for activities with vector viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15986492���Louz, Derrick
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Viral Fusion Proteins/chemistry/physiology���Jul 1���Galectin-1 (gal-1), an endogenous lectin secreted by a variety of cell types, has pleiotropic immunomodulatory functions, including regulation of lymphocyte survival and cytokine secretion in autoimmune, transplant disease, and parasitic infection models. However, the role of gal-1 in viral infections is unknown. Nipah virus (NiV) is an emerging pathogen that causes severe, often fatal, febrile encephalitis. The primary targets of NiV are endothelial cells. NiV infection of endothelial cells results in cell-cell fusion and syncytia formation triggered by the fusion (F) and attachment (G) envelope glycoproteins of NiV that bear glycan structures recognized by gal-1. In the present study, we report that NiV envelope-mediated cell-cell fusion is blocked by gal-1. This inhibition is specific to the Paramyxoviridae family because gal-1 did not inhibit fusion triggered by envelope glycoproteins of other viruses, including two retroviruses and a pox virus, but inhibited fusion triggered by envelope glycoproteins of the related Hendra virus and another paramyxovirus. The physiologic dimeric form of gal-1 is required for fusion inhibition because a monomeric gal-1 mutant had no inhibitory effect on cell fusion. gal-1 binds to specific N-glycans on NiV glycoproteins and aberrantly oligomerizes NiV-F and NiV-G, indicating a mechanism for fusion inhibition. gal-1 also increases dendritic cell production of proinflammatory cytokines such as IL-6, known to be protective in the setting of other viral diseases such as Ebola infections. Thus, gal-1 may have direct antiviral effects and may also augment the innate immune response against this emerging pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/15972675P��Levroney, Ernest L
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Viral Fusion Proteins/metabolism���Aug 19���Nipah virus (NiV) is a recently emerged and highly pathogenic paramyxovirus that causes a systemic infection in animals and humans and can infect a wide range of cultured cells. Interestingly, the NiV fusion (F) protein has a single arginine at the cleavage site similar to paramyxoviruses that are activated by exogenous trypsin-like enzymes only present in specific cells and tissues and therefore only cause localized infections. We show here that NiV F activation is not mediated by an exogenous serum protease but by an endogenous ubiquitous cellular protease after endocytosis of the protein. In addition to endocytosis, acidification of the endosome is a prerequisite for F cleavage. These results show that activation of the NiV F protein depends on a type of proteolytic cleavage that is clearly different from what is known for other paramyxoviral and orthomyxoviral fusion proteins. To our knowledge, this is the first example of a viral class I fusion protein whose activation depends on clathrin-mediated constitutive endocytosis.,��https://www.ncbi.nlm.nih.gov/pubmed/15961384Ò��Diederich, Sandra
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Junl��The Hendra virus fusion (F) protein contains five potential sites for N-linked glycosylation in the ectodomain. Examination of F protein mutants with single asparagine-to-alanine mutations indicated that two sites in the F(2) subunit (N67 and N99) and two sites in the F(1) subunit (N414 and N464) normally undergo N-linked glycosylation. While N-linked modification at N414 is critical for protein folding and transport, F proteins lacking carbohydrates at N67, N99, or N464 remained fusogenically active. As N464 lies within heptad repeat B, these results contrast with those seen for several paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15919949.��Carter, James Richard
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Trigeminal Ganglion/virology���Junÿ��Nipah virus, a newly emerged zoonotic paramyxovirus, infects a number of species. Human infections were linked to direct contact with pigs, specifically with their body fluids. Clinical signs in human cases indicated primarily involvement of the central nervous system, while in pigs the respiratory system was considered the primary virus target, with only rare involvement of the central nervous system. Eleven 5-week-old piglets were infected intranasally, orally, and ocularly with 2.5 x 10(5) PFU of Nipah virus per animal and euthanized between 3 and 8 days postinoculation. Nipah virus caused neurological signs in two out of eleven inoculated pigs. The rest of the pigs remained clinically healthy. Virus was detected in the respiratory system (turbinates, nasopharynx, trachea, bronchus, and lung in titers up to 10(5.3) PFU/g) and in the lymphoreticular system (endothelial cells of blood and lymphatic vessels, submandibular and bronchiolar lymph nodes, tonsil, and spleen with titers up to 10(6) PFU/g). Virus presence was confirmed in the nervous system of both sick and apparently healthy animals (cranial nerves, trigeminal ganglion, brain, and cerebrospinal fluid, with titers up to 10(7.7) PFU/g of tissue). Nipah virus distribution was confirmed by immunohistochemistry. The study presents novel findings indicating that Nipah virus invaded the central nervous system of the porcine host via cranial nerves as well as by crossing the blood-brain barrier after initial virus replication in the upper respiratory tract.,��https://www.ncbi.nlm.nih.gov/pubmed/15919907 ��Weingartl, Hana
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Zoonoses/epidemiology���Apr���The microbes that cause infectious diseases are complex, dynamic, and constantly evolving. They reproduce rapidly, mutate frequently, breach species barriers, adapt with relative ease to new hosts and new environments, and develop resistance to the drugs used to treat them. In their article "Meeting the challenge of epidemic infectious diseases outbreaks: an agenda for research", Kai-Lit Phua and Lai Kah Lee clearly demonstrate how social, behavioural and environmental factors, linked to a host of human activities, have accelerated and amplified these natural phenomena. By reviewing published and non-published information about outbreaks of Nipah virus in Malaysia, severe acute respiratory syndrome (SARS) and avian influenza in Asia, and the HIV pandemic, they provide a series of examples that demonstrate the various social, behavioural and environmental factors of these recent infectious disease outbreaks. They then analyse some of these same determinants in important historical epidemics and pandemics such as plague in medieval Europe, and conclude that it is important to better understand the social conditions that facilitate the appearance of diseases outbreaks in order to determine why and how societies react to outbreaks and their impact on different population groups.,��https://www.ncbi.nlm.nih.gov/pubmed/15906882���Heymann, David L
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Survivors/psychology���Apr»��Challenges arising from epidemic infectious disease outbreaks can be more effectively met if traditional public health is enhanced by sociology. The focus is normally on biomedical aspects, the surveillance and sentinel systems for infectious diseases, and what needs to be done to bring outbreaks under control quickly. Social factors associated with infectious disease outbreaks are often neglected and the aftermath is ignored. These factors can affect outbreak severity, its rate and extent of spread, influencing the welfare of victims, their families, and their communities. We propose an agenda for research to meet the challenges of infectious disease outbreaks. What social factors led to the outbreak? What social factors affected its severity and rate and extent of spread? How did individuals, social groups, and the state react to it? What are the short- and long-term effects on individuals, social groups, and the larger society? What programs can be put in place to help victims, their families, and affected communities to cope with the consequences--impaired mental and physical health, economic losses, and disrupted communities? Although current research on infectious disease outbreaks pays attention to social factors related to causation, severity, rate and extent of spread, those dealing with the "social chaos" arising from outbreaks are usually neglected. Inclusion, by combining traditional public health with sociological analysis, will enrich public health theory and understanding of infectious disease outbreaks. Our approach will help develop better programs to combat outbreaks and equally important, to help survivors, their families, and their communities cope better with the aftermath.,��https://www.ncbi.nlm.nih.gov/pubmed/15906881���Phua, Kai-Lit
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Viral Proteins/genetics���Oct���Menangle virus (MenV), isolated in 1997 from stillborn piglets during an outbreak of reproductive disease at a large commercial piggery, is the only new paramyxovirus to be identified in Australia since Hendra virus in 1994. Following partial characterisation of the MenV genome, we previously showed that MenV is a novel member of the genus Rubulavirus. Here we report the characterisation of the large (L) polymerase gene and the adjacent 5' trailer region of MenV, which completes the full-length genome sequence of this novel paramyxovirus (15,516 nucleotides), and thereby confirm its taxonomic position within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/15906105���Bowden, T R
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Viral Envelope Proteins/chemistry/genetics/*immunology/*physiology���Jun���Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae, which are distinguished by their ability to cause fatal disease in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) glycoproteins. Previously, we reported on HeV- and NiV-mediated fusion activities and detailed their host-cell tropism characteristics. These studies also suggested that a common cell surface receptor, which could be destroyed by protease, was utilized by both viruses. To further characterize the G glycoprotein and its unknown receptor, soluble forms of HeV G (sG) were constructed by replacing its cytoplasmic tail and transmembrane domains with an immunoglobulin kappa leader sequence coupled to either an S-peptide tag (sG(S-tag)) or myc-epitope tag (sG(myc-tag)) to facilitate purification and detection. Expression of sG was verified in cell lysates and culture supernatants by specific affinity precipitation. Analysis of sG by size exclusion chromatography and sucrose gradient centrifugation demonstrated tetrameric, dimeric, and monomeric species, with the majority of the sG released as a disulfide-linked dimer. Immunofluorescence staining revealed that sG specifically bound to HeV and NiV infection-permissive cells but not to a nonpermissive HeLa cell line clone, suggesting that it binds to virus receptor on host cells. Preincubation of host cells with sG resulted in dose-dependent inhibition of both HeV and NiV cell fusion as well as infection by live virus. Taken together, these data indicate that sG retains important native structural features, and we further demonstrate that administration of sG to rabbits can elicit a potent cross-reactive neutralizing antibody response against infectious HeV and NiV. This HeV sG glycoprotein will be exceedingly useful for structural studies, receptor identification strategies, and vaccine development goals for these important emerging viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/15890907°��Bossart, Katharine N
Crameri, Gary
Dimitrov, Antony S
Mungall, Bruce A
Feng, Yan-Ru
Patch, Jared R
Choudhary, Anil
Wang, Lin-Fa
Eaton, Bryan T
Broder, Christopher C
eng
U54 AI057168/AI/NIAID NIH HHS/
AI057168/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
Research Support, U.S. Gov't, P.H.S.
2005/05/14 09:00
J Virol. 2005 Jun;79(11):6690-702. doi: 10.1128/JVI.79.11.6690-6702.2005.%��0022-538X (Print)
0022-538X (Linking)
��PMC1112112���15890907»��Department of Microbiology and Immunology, F. Edward Hebert School of Medicine, Uniformed Services University of the Health Sciences, 4301 Jones Bridge Road, Bethesda, MD 20814-4799, USA. ��10.1128/JVI.79.11.6690-6702.2005��i�üÒtÿî?­���@��Shaw, M. L.
Cardenas, W. B.
Zamarin, D.
Palese, P.
Basler, C. F.���2005���Nuclear localization of the Nipah virus W protein allows for inhibition of both virus- and toll-like receptor 3-triggered signaling pathways���6078-88���J Virol���79���10¸��Amino Acid Sequence
Binding Sites
Cell Nucleus/virology
DNA-Binding Proteins/metabolism
HeLa Cells
Humans
I-kappa B Kinase
Interferon Regulatory Factor-3
Membrane Glycoproteins/antagonists & inhibitors/*metabolism
Molecular Sequence Data
Nipah Virus/genetics/*metabolism
Phosphorylation
Promoter Regions, Genetic
Protein-Serine-Threonine Kinases/antagonists & inhibitors
Receptors, Cell Surface/antagonists & inhibitors/*metabolism
Receptors, Virus/antagonists & inhibitors/*metabolism
Sequence Alignment
*Signal Transduction
Toll-Like Receptor 3
Toll-Like Receptors
Transcription Factors/metabolism
Viral Proteins/biosynthesis/genetics/*metabolism
Virus Replication
alpha Karyopherins/metabolism���May���The Nipah virus V and W proteins, which are encoded by the P gene via RNA editing, have a common N-terminal domain but unique C-terminal domains. They localize to the cytoplasm and nucleus, respectively, and have both been shown to function as inhibitors of JAK/STAT signaling. Here we report that V and W proteins also block virus activation of the beta interferon (IFN-beta) promoter and the IFN regulatory factor 3 (IRF3)-responsive IFN-stimulated gene 54 promoter. Surprisingly, only W protein shows strong inhibition of promoter activation in response to stimulation of Toll-like receptor 3 (TLR3) by extracellular double-stranded RNA. This activity is dependent on the nuclear localization of W protein. Within the unique C-terminal domain of W protein, we have identified a nuclear localization signal (NLS) that requires basic residues at positions 439, 440, and 442. This NLS is responsible for mediating the preferential interaction of W protein with karyopherin-alpha 3 and karyopherin-alpha 4. Nuclear localization of W protein therefore enables it to target both virus and TLR3 pathways, whereas the cytoplasmic V protein is restricted to inhibiting the virus pathway. We propose that this discrepancy is in part due to the V protein being less able to block signaling in response to the kinase, TBK-1, whereas both V and W can prevent promoter activation in response to IKKepsilon. We demonstrate that, when the TLR3 pathway is stimulated, the levels of phosphorylated IRF3 are reduced in the presence of W protein but not V protein, confirming the differential effects of these proteins and illustrating that W protein-mediated inhibition is due to a loss of active IRF3.,��https://www.ncbi.nlm.nih.gov/pubmed/15857993ê��Shaw, Megan L
Cardenas, Washington B
Zamarin, Dmitriy
Palese, Peter
Basler, Christopher F
eng
Comparative Study
Research Support, Non-U.S. Gov't
2005/04/29 09:00
J Virol. 2005 May;79(10):6078-88. doi: 10.1128/JVI.79.10.6078-6088.2005.%��0022-538X (Print)
0022-538X (Linking)
��PMC1091709���15857993���Department of Microbiology, Box 1124, Mount Sinai School of Medicine, One Gustave L. Levy Pl., New York, NY 10029, USA. megan.shaw@mssm.edu ��10.1128/JVI.79.10.6078-6088.2005��ë��üÒ|ÿî?®������McCormack, J. G.���2005C��Hendra and Nipah viruses: new zoonotically-acquired human pathogens���59-66���Respir Care Clin N Am���11���1`��Animals
Australia/epidemiology
Chiroptera
Communicable Diseases, Emerging/*epidemiology/virology
*Disease Outbreaks
Follow-Up Studies
Hendra Virus/*isolation & purification
Henipavirus Infections/diagnosis/*epidemiology/*transmission
Humans
Incidence
Infection Control/methods
Nipah Virus/*isolation & purification
Risk Assessment
Zoonoses/transmission���Mar*��Some of the key features of Hendra and Nipah viruses are summarized in Table 1. The appearance of these new viruses over the last 10 years emphasizes a number of issues. (1) Epidemics of human infectious diseases can occur unexpectedly and with high impact in terms of morbidity and mortality. (2) We do not know what epidemiologic factors conspire to allow these viruses to stray out of their bat reservoirs into the two different intermediate hosts (horses and pigs) and then into humans. (3) We do not know how long these viruses have been present in the bat population, where they originated from, or if they are present in other parts of the world. (4)There may be other viruses waiting for similar opportunities to cross species.(5) It is unlikely that we have seen the last of these and related viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15763222���McCormack, Joseph G
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Zoonoses/*epidemiology/*transmission/virology���Dec¢��Nipah virus (NiV), emerged in Peninsular Malaysia, caused an outbreak of severe febrile encephalitis in humans and respiratory diseases in pigs between 1998 and 1999. By May of 1999, the death of 105 humans and the culling of about 1.1 million pigs were reported. Fruitbats of Pteropid species were identified as the natural reservoir hosts. The epidemiological studies suggested that NiV was introduced into pig farms by fruitbats, and was than transmitted to humans (mainly pig farmers) and other animals such as dogs, cats and horses. In 2004, NiV reappeared in Bangladesh with greater lethality. In contrast to the Malaysia case, epidemiologic characteristics of this outbreak suggested the possibility of fruitbats-to-person, or person-to-person transmission. In this article, the epidemiological comparison between two outbreaks in Malaysia and Bangladesh, and the new-trends of virological studies of NiV will be discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/15745162a��Kaku, Yoshihiro
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Mar���Nipah virus (NiV), a highly pathogenic member of the family Paramyxoviridae, encodes the surface glycoproteins F and G. Since internalization of the NiV envelope proteins from the cell surface might be of functional importance for viral pathogenesis either by regulating cytopathogenicity or by modulating recognition of infected cells by the immune system, we analyzed the endocytosis of the NiV F and G proteins. Interestingly, we found both glycoproteins to be internalized in infected and transfected cells. As endocytosis is normally mediated by tyrosine- or dileucine-dependent signals in the cytoplasmic tails of transmembrane proteins, all potential internalization signals in the NiV glycoproteins were mutated. Whereas the G protein appeared to be constitutively internalized with the bulk flow during membrane turnover, uptake of the F protein was found to be signal mediated. F endocytosis clearly depended on a membrane-proximal YXXPhi motif and was found to be of functional importance for the biological activity of the protein.,��https://www.ncbi.nlm.nih.gov/pubmed/15731282É��Vogt, Carola
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fre
English Abstract
Review
France
2004/12/29 09:00
Med Mal Infect. 2004 Nov;34(11):499-505.%��0399-077X (Print)
0399-077X (Linking)���15620053S��Emergence de virus nouveaux en Asie: les changements climatiques sont-ils en cause?T��Laboratoire de virologie, faculte de medecine, 29200 Brest, France. chastelc@aol.com������üÒ|ÿî?¸���(��Ng, B. Y.
Lim, C. C.
Yeoh, A.
Lee, W. L.���20045��Neuropsychiatric sequelae of Nipah virus encephalitis���500-4���J Neuropsychiatry Clin Neurosci���16���4§��Adult
Attention Deficit Disorder with Hyperactivity/etiology/psychology
Brain/pathology
Depressive Disorder, Major/etiology/psychology
Employment
Encephalitis, Viral/epidemiology/*pathology/*psychology
Fatigue Syndrome, Chronic/etiology/psychology
Female
Humans
Magnetic Resonance Imaging
Male
Neuropsychological Tests
*Nipah Virus
Paramyxoviridae Infections/epidemiology/*pathology/*psychology
Prospective Studies
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*Zoonoses���Oct1��The last three decades have seen an alarming number of high-profile outbreaks of new viruses and other pathogens, many of them emerging from wildlife. Recent outbreaks of SARS, avian influenza, and others highlight emerging zoonotic diseases as one of the key threats to global health. Similar emerging diseases have been reported in wildlife populations, resulting in mass mortalities, population declines, and even extinctions. In this paper, we highlight three examples of emerging pathogens: Nipah and Hendra virus, which emerged in Malaysia and Australia in the 1990s respectively, with recent outbreaks caused by similar viruses in India in 2000 and Bangladesh in 2004; West Nile virus, which emerged in the New World in 1999; and amphibian chytridiomycosis, which has emerged globally as a threat to amphibian populations and a major cause of amphibian population declines. We discuss a new, conservation medicine approach to emerging diseases that integrates veterinary, medical, ecologic, and other sciences in interdisciplinary teams. These teams investigate the causes of emergence, analyze the underlying drivers, and attempt to define common rules governing emergence for human, wildlife, and plant EIDs. The ultimate goal is a risk analysis that allows us to predict future emergence of known and unknown pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/15604464¬��Daszak, Peter
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Time Factors���Decí��Fifty years ago, the age-old scourge of infectious disease was receding in the developed world in response to improved public health measures, while the advent of antibiotics, better vaccines, insecticides and improved surveillance held the promise of eradicating residual problems. By the late twentieth century, however, an increase in the emergence and re-emergence of infectious diseases was evident in many parts of the world. This upturn looms as the fourth major transition in human-microbe relationships since the advent of agriculture around 10,000 years ago. About 30 new diseases have been identified, including Legionnaires' disease, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), hepatitis C, bovine spongiform encephalopathy (BSE)/variant Creutzfeldt-Jakob disease (vCJD), Nipah virus, several viral hemorrhagic fevers and, most recently, severe acute respiratory syndrome (SARS) and avian influenza. The emergence of these diseases, and resurgence of old ones like tuberculosis and cholera, reflects various changes in human ecology: rural-to-urban migration resulting in high-density peri-urban slums; increasing long-distance mobility and trade; the social disruption of war and conflict; changes in personal behavior; and, increasingly, human-induced global changes, including widespread forest clearance and climate change. Political ignorance, denial and obduracy (as with HIV/AIDS) further compound the risks. The use and misuse of medical technology also pose risks, such as drug-resistant microbes and contaminated equipment or biological medicines. A better understanding of the evolving social dynamics of emerging infectious diseases ought to help us to anticipate and hopefully ameliorate current and future risks.,��https://www.ncbi.nlm.nih.gov/pubmed/15577934s��Weiss, Robin A
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Swine���Octd��The immunohistochemical reactivity of seven clones of mouse monoclonal antibodies raised to Nipah virus antigens were investigated using formalin-fixed, paraffin embedded porcine and equine lung tissues from experimental Nipah and Hendra virus infection, respectively. Either microwave irradiation or enzymatic digestion effectively unmasked the viral antigens in formalin-fixed, paraffin-embedded tissue sections. Four clones showed positive reaction to both Nipah virus-infected porcine lung tissue and Hendra virus-infected equine lung tissue. Two clones (11F6 and 13A5) reacted with Nipah virus-infected porcine lung tissue, but not with Hendra virus-infected equine lung tissue. These Nipah virus-specific monoclonal antibodies may therefore be useful for immunohistological diagnosis of Nipah virus infection and for further research on Nipah virus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/15528861���Tanimura, Nobuhiko
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Sequence Homology, Amino Acid���Dec 5é��A database search for genes encoding paramyxoviral proteins revealed sequences that were designated as human but presented strong evidence of being of viral origin. The two cDNA-derived sequences designated AngRem104 and AngRem52 were originally described as human gene products that were upregulated by angiotensin II in primary mesangial kidney cells. However, their high degree of sequence relatedness to known viral proteins suggests that they represent the P/C/V, M, and F genes of a putative new member of family Paramyxoviridae. Comparison of deduced amino acid sequences and nucleotide motifs suggests that this putative virus is a divergent relative of the Hendra and Nipah viruses; hence, we suggest henipa-like virus or HNLV as a provisional name. Compared to Nipah virus, the percentage of identical (similar) amino acids varied from 19% (42%) for the C protein to 51% (75%) for the M protein. The presence and conservation of presumptive viral transcription start and stop signals and an apparent P editing motif also indicate a relationship of this putative virus to the henipaviruses. Given the highly pathogenic nature of the henipaviruses, the origin of these sequences is enigmatic, and attempts to identify and isolate HNLV are warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/15527844µ��Schomacker, Henrick
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Virus Replication���Mar[��Hendra virus is one of two virus species within the newly-formed genus Henipavirus, subfamily Paramxyovirinae. It is a designated select agent with potential biosecurity threat to both human and animal health. Quantitative real-time PCR was used to measure viral RNA synthesis in Vero cells infected by Hendra virus, and to examine the inhibitory effect of ribavirin. It was also used to determine the points of attenuation during transcription of the six viral genes N, P, M, F, G and L by targeting amplicons located towards the 3' end of each gene. Major increases in viral RNA and virus yield occurred between 4 to 8 h and 8 to 10 h post infection, respectively. The effect of ribavirin was examined at a range of concentrations up to 400 microm. At 50 microm, RNA synthesis was reduced 9 fold, and virus yield 58 fold. As expected for a member of the order Mononegavirales, a gradient of transcription was observed in Hendra virus-infected cells. There was significant attenuation at the M-F and G-L junctions, more closely resembling Sendai virus (genus Respirovirus) than measles virus (genus Morbillivirus).,��https://www.ncbi.nlm.nih.gov/pubmed/15526144���Wright, P J
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Tan, W S
Mohidin, T B M
Yusoff, K
eng
Research Support, Non-U.S. Gov't
Netherlands
2004/11/04 09:00
Virus Res. 2004 Nov;106(1):71-6. doi: 10.1016/j.virusres.2004.06.011.%��0168-1702 (Print)
0168-1702 (Linking)���15522449���Department of Biochemistry and Microbiology, Faculty of Science and Environmental Studies, Universiti Putra Malaysia, UPM, 43400 Serdang, Selangor, Malaysia.���10.1016/j.virusres.2004.06.011��*��üÒ|ÿþ?Á������Snell, N. J.���2004,��Novel and re-emerging respiratory infections���405-12���Expert Rev Anti Infect Ther���2���3D��Animals
Clinical Trials as Topic
Hantavirus Pulmonary Syndrome/drug therapy/epidemiology/microbiology
Hendra Virus
Humans
Influenza, Human
Metapneumovirus
Paramyxoviridae Infections/drug therapy/epidemiology/microbiology
Respiratory Tract Infections/*drug therapy/epidemiology/*microbiology
Severe Acute Respiratory Syndrome���Jun���Over the last decade a number of novel viral respiratory pathogens have appeared or been recognized. Most of these are zoonoses, which have the capacity to infect humans directly or via an intermediate host. All but metapneumovirus are known to have caused epidemics of severe disease and at least two (the severe acute respiratory syndrome-coronavirus and influenza H5N1) have the potential to cause global pandemics. Possible preventive measures and treatment options against these new diseases are discussed in this review.,��https://www.ncbi.nlm.nih.gov/pubmed/15482205e��Snell, Noel Jc
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Viral Fusion Proteins/chemistry/genetics/*physiology���Sepï��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes a systemic infection in vivo and is able to replicate in cultured cells of many species and organs. Such pantropic paramyxoviruses generally encode fusion (F) proteins with multibasic cleavage sites activated by furin or other ubiquitous intracellular host cell proteases. In contrast, NiV has an F protein with a single arginine (R109) at the cleavage site, as is the case with paramyxoviruses that are activated by trypsin-like proteases only present in specific cells or tissues and therefore only cause localized infections. Unlike these viruses, cleavage of the NiV F protein is ubiquitous and does not require the addition of exogenous proteases in cell culture. To determine the importance of the amino acid sequence at the NiV F protein cleavage site for ubiquitous activation, we generated NiV F proteins with mutations around R109. Surprisingly, neither the exchange of amino acids upstream of R109 nor replacement of the basic residue itself interfered with F cleavage. Thus, R109 is not essential for F cleavage and activation. Our data demonstrate that NiV F-protein activation depends on a novel type of proteolytic cleavage that has not yet been described for any other paramyxovirus F protein. NiV F activation is mediated by a ubiquitous protease that requires neither a monobasic nor a multibasic cleavage site and therefore differs from the furin- or trypsin-like proteases known to activate other ortho- and paramyxovirus fusion proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15331703ß��Moll, Markus
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Zoonoses/*epidemiology/transmission���Sep|��It is well recognized that most emerging diseases of humans are zoonotic, and that the forces working to create emerging diseases in humans are also operating in animal populations. However, what is often overlooked is that emerging human diseases are usually preceded by the emergence of the same pathogen in an animal population. In fact, the developing disease in animals acts as a link allowing the disease to take hold and wreck havoc in public health. Numerous examples--Rift Valley fever, monkeypox, Nipah, and Ebola--serve to underscore this linkage and to highlight the increasing interconnectedness of animal and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/15325066���Torres-Velez, Fernando
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Viral Fusion Proteins/*metabolism���Sep ��Proteolytic cleavage of the Hendra virus fusion (F) protein results in the formation of disulfide-linked F1 and F2 subunits, with cleavage occurring after residue K109 in the sequence GDVK/L. This unusual cleavage site and efficient propagation of Hendra virus in a furin-deficient cell line indicate that the Hendra F protein is not cleaved by furin, the protease responsible for proteolytic activation of many viral fusion proteins. To identify the subcellular site of Hendra F processing, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F were metabolically labeled and chased in the absence and presence of inhibitors of exocytosis. The addition of carbonyl-cyanide-3-chlorophenylhydrazone, monensin, brefeldin A, or NaF-AlCl3 or incubation of cells at 20 degrees C all inhibited processing of the Hendra F protein, suggesting that cleavage of Hendra F occurs either in secretory vesicles budding from the trans-Golgi network or at the cell surface. In contrast to proteolytic cleavage of the simian virus 5 (SV5) F protein by the Ca(2+)-dependent protease furin, proteolytic cleavage of the Hendra F protein was not significantly inhibited by decreases in Ca2+ levels following incubation with EGTA or A23187. However, in the presence of weak amines and H+ V-ATPase inhibitors, known to raise intracellular pH, cleavage of Hendra F protein was inhibited while processing of the SV5 F protein was not significantly affected. The subcellular location, sensitivity to pH changes, and decreased Ca2+ requirement suggest that the protease responsible for cleavage of Hendra F protein differs from proteases previously shown to be involved in the processing of other viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15308711ð��Pager, Cara Theresia
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Taq Polymerase���Sep 15���Nipah and Hendra viruses belong to the novel Henipavirus genus of the Paramyxoviridae family. Its zoonotic circulation in bats and recent emergence in Malaysia with fatal consequences for humans that were in close contact with infected pigs, has made the reinforcement of epidemiological and clinical surveillance systems a priority. In this study, TaqMan RT-PCR of the Nipah nucleoprotein has been developed so that Nipah virus RNA in field specimens or laboratory material can be characterized rapidly and specifically and quantitated. The linearity of the standard curve allowed quantification of 10(3) to 10(9) RNA transcripts. The sensitivity of the test was close to 1 pfu. The kinetics of Nipah virus production in Vero cells was monitored by the determination of infectious virus particles in the supernatant fluid and by quantitation of the viral RNA. Approximately, 1000 RNA molecules were detected per virion, suggesting the presence of many non-infectious particles, similar to other RNA viruses. TaqMan real-time RT-PCR failed to detect Hendra virus DNA. Importantly, the method was able to detect virus despite a similar ratio in viremic sera from hamsters infected with Nipah virus. This standardized technique is sensitive and reliable and allows rapid detection and quantitation of Nipah RNA in both field and experimental materials used for the surveillance and specific diagnosis of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/15288966-��Guillaume, Vanessa
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Tissue Fixation���Aug-OctY��Formalin-fixed, paraffin wax-embedded tissues of three Malaysian farm pigs naturally infected with Nipah virus were used to investigate the value of anti-Nipah virus mouse monoclonal antibodies (Mabs) and rabbit polyclonal antibody for immunohistochemical diagnosis. Mabs 11F6 and 12A5 gave intense immunolabelling in lung tissue that had been fixed in 10% neutral buffered formalin for about 4 years, whereas the reactivity of Mabs 13A5 and 18C4 and polyclonal antibody was reduced significantly by long-term formalin fixation. Immunohistochemical examination of Malaysian farm pig samples with Mab 11F6 confirmed the affinity of Nipah virus for respiratory epithelium, renal glomerular and tubular epithelium, meningeal arachnoidal cells, and systemic vascular endothelium and smooth muscle. In addition, Nipah virus antigens were identified in laryngeal epithelial cells, Schwann cells of peripheral nerve fascicles in the spleen, and endothelial cells in the atrioventricular valve. The study demonstrated the value of Mabs 11F6 and 12A5 for the immunohistochemical diagnosis of Nipah virus infection in pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/15276859Ö��Tanimura, N
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Viral Fusion Proteins/chemistry/genetics/metabolism/*physiology���JulÏ��Nipah virus (NiV), a new member of the Paramyxoviridae, codes for a fusion (F) protein with five potential N-glycosylation sites. Because glycans are known to be important structural components affecting the conformation and function of viral glycoproteins, we analyzed the effect of the deletion of N-linked oligosaccharides on cell surface transport, proteolytic cleavage, and the biological activity of the NiV F protein. Each of the five potential glycosylation sites was removed either individually or in combination, revealing that four sites are actually utilized (g2 and g3 in the F(2) subunit and g4 and g5 in the F(1) subunit). While the removal of g2 and/or g3 had no or little effect on cleavage, surface transport, and fusion activity, the elimination of g4 or g5 reduced the surface expression by more than 80%. Similar to a mutant lacking all N-glycans, g4 deletion mutants in which the potential glycosylation site was destroyed by introducing a glycine residue were neither cleaved nor transported to the cell surface and consequently were not able to mediate cell-to-cell fusion. This finding indicates that in the absence of g4, the amino acid sequence around position 414 is important for folding and transport.,��https://www.ncbi.nlm.nih.gov/pubmed/15194804¬��Moll, Markus
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Viral Proteins/*chemistry���Jun#��Hendra virus (HeV) and Nipah virus (NiV) are members of a new genus, Henipavirus, in the family paramyxoviridae. Each virus encodes a phosphoprotein (P) that is significantly larger than its counterparts in other known paramyxoviruses. The interaction of this unusually large P with its nucleocapsid protein (N) was investigated in this study by using recombinant full-length and truncated proteins expressed in bacteria and a modified protein-blotting protein-overlay assay. Results from our group demonstrated that the N and P of both viruses were able to form not only homologous, but also heterologous, N-P complexes, i.e. HeV N was able to interact with NiV P and vice versa. Deletion analysis of the N and P revealed that there were at least two independent N-binding sites on P and they resided at the N and C termini, respectively. Similarly, more than one P-binding site was present on N and one of these was mapped to a 29 amino acid (aa) C-terminal region, which on its own was sufficient to interact with the extreme C-terminal 165 aa region of P.,��https://www.ncbi.nlm.nih.gov/pubmed/15166452§��Chan, Y P
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X-Ray Diffraction���Jun&��Highly conserved heptad-repeat (HR1 and HR2) regions in class I viral fusion (F) proteins, including the F protein from paramyxovirus, interact with each other post-fusion to form a six-helix bundle called a fusion core. Crystals of the fusion core of Nipah virus have been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.1 angstroms resolution at 100 K in-house. The crystals have unit-cell parameters a = 31.664, b = 31.725, c = 51.256 angstroms, alpha = 80.706, beta = 86.343, gamma = 65.812 degrees and belong to space group P1. Crystals of the fusion core of Hendra virus have also been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.0 angstroms resolution at 100 K in-house. A selenomethionine (SeMet) derivative of the HeV fusion core was overexpressed using the same Escherichia coli expression system and purified. The derivative crystals were obtained under similar conditions and three different wavelength data sets were collected to 2.0 angstroms resolution from the derivative crystal at BSRF (Beijing Synchrotron Radiation Facility). The crystals have unit-cell parameters a = 31.997, b = 31.970, c = 53.865 angstroms, alpha = 85.990, beta = 85.842, gamma = 68.245 degrees and belong to space group P1.,��https://www.ncbi.nlm.nih.gov/pubmed/15159588���Xu, Yanhui
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�Over the last decade, there was noted a large advancement of knowledge on living organisms and their products posing a potential occupational risk. Novel risk factors, often new to science, were identified, the role and significance of already known factors better comprehended, and occupational groups endangered by biological hazards more thoroughly recognized. Novel viruses and prions, emerging in different parts of the world, may pose a particular threat to health and life of health care workers, agriculture workers and veterinarians. A new coronavirus (SCoV) that evoked a rapid outbreak of disease described as severe acute respiratory syndrome (SARS) in the first half of 2003 may serve as an example. The disease was particularly common among health care workers. Previously discovered zoonotic viruses, Nipah virus in pigs and Hendra virus in horses, may be a cause of fatal encephalitis in animal farmers. Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and laboratory workers. Prions responsible for inducing a zoonotic variant of Creutzfeldt-Jakob disease (vCJD) are considered to be a potential cause of work-related infections in agricultural and health care workers, however, this assumption has not as yet been supported by any conclusive evidence. In many countries, blood-borne occupational infections with hepatitis C virus (HCV) is the major epidemiological problem among health care workers, mostly because no vaccine against this virus has been produced to date. Vaccinations effectively restricted the number of occupational infections with hepatitis B virus (HBV), and work-related infections with human immunodeficiency virus (HIV) causing acquired immunodeficiency syndrome (AIDS) are very rare. Hazardous bioserosols, occurring in many work environments, pose an occupational health hazard of particular importance. Many new biological factors present in organic dusts that may induce work-related allergic and immunotoxic diseases among farmers and workers of the agricultural and wood industries have been identified. Droplet aerosols, which are generated from water, oils, oil-water emulsions and other liquids in various work environments, may contain infectious agents (Legionella spp.) as well as allergic and/or toxic agents. It has been shown that allergens and endotoxins produced by Gram-negative bacteria occurring in oil mist from metalworking fluids may cause occupational respiratory diseases in workers of the metallurgic industry.,��https://www.ncbi.nlm.nih.gov/pubmed/15156765_��Dutkiewicz, Jacek
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United Kingdom���May-JunÐ��INTRODUCTION: Selected tablet-treated elderly type 2 subjects with very poor glycaemic control may experience improvements in well-being after starting twice-daily insulin. In this study, the health status, mood, and treatment satisfaction of diabetic subjects with poor control on oral medication were assessed before and after being randomised to one of two insulin regimens. METHODOLOGY: Fifty-seven type 2 subjects with poor glycaemic control (HBA(1c) 9.7%) were randomised to continue tablets (Group l), twice-daily isophane insulin (Group 2), or basal/bolus isophane/lispro insulin (Group 3). Health status, treatment satisfaction, and mood were measured at baseline, 1, 3, and 6 months. RESULTS: Mean HBA(1c) levels were lower in Groups 1 and 3 at 6 months (P<.02 and.03, respectively) but not Group 2 (P=.2). Mean health status scores did not differ between the groups at any time point. In Group 3, significant within-subject improvements occurred in six domains of the SF-36 at 1 month, four domains at 3 months, and six domains at 6 months. There were no significant within-subject changes in health status scores in the other groups. Mean anxiety scores improved in both Groups 1 and 3 over 6 months, and mean depression scores also improved in Group 3 during the study. CONCLUSIONS: Small improvements in health status and mood may be associated with basal/bolus, but not twice-daily, insulin in elderly type 2 subjects. These effects may be independent of glycaemic control.,��https://www.ncbi.nlm.nih.gov/pubmed/15145325ð��Hendra, Timothy J
Taylor, Carolin D
eng
Clinical Trial
Comparative Study
Randomized Controlled Trial
Research Support, Non-U.S. Gov't
2004/05/18 05:00
J Diabetes Complications. 2004 May-Jun;18(3):148-54. doi: 10.1016/j.jdiacomp.2003.11.001.%��1056-8727 (Print)
1056-8727 (Linking)���15145325Q��Diabetes Centre, Royal Hallamshire Hospital, Sheffield, UK. Tim.Hendra@sth.nhs.uk���10.1016/j.jdiacomp.2003.11.001�
ã��üÒtÿî?Ñ���6��Shaw, M. L.
Garcia-Sastre, A.
Palese, P.
Basler, C. F.���2004���Nipah virus V and W proteins have a common STAT1-binding domain yet inhibit STAT1 activation from the cytoplasmic and nuclear compartments, respectively���5633-41���J Virol���78���11w��Animals
Binding Sites
Cell Nucleus/*chemistry
Cercopithecus aethiops
Cytoplasm/*chemistry
DNA-Binding Proteins/*metabolism
HeLa Cells
Humans
Interferons/*antagonists & inhibitors
Nipah Virus/*chemistry
Phosphorylation
Promoter Regions, Genetic
Response Elements
STAT1 Transcription Factor
Signal Transduction
Trans-Activators/*metabolism
Vero Cells
Viral Proteins/*physiology���Junc��In previous reports it was demonstrated that the Nipah virus V and W proteins have interferon (IFN) antagonist activity due to their ability to block signaling from the IFN-alpha/beta receptor (J. J. Rodriguez, J. P. Parisien, and C. M. Horvath, J. Virol. 76:11476-11483, 2002; M. S. Park et al., J. Virol. 77:1501-1511, 2003). The V, W, and P proteins are all encoded by the same viral gene and share an identical 407-amino-acid N-terminal region but have distinct C-terminal sequences. We now show that the P protein also has anti-IFN function, confirming that the common N-terminal domain is responsible for the antagonist activity. Truncation of this N-terminal domain revealed that amino acids 50 to 150 retain the ability to block IFN and to bind STAT1, a key component of the IFN signaling pathway. Subcellular localization studies demonstrate that the V and P proteins are predominantly cytoplasmic whereas the W protein is localized to the nucleus. In all cases, STAT1 colocalizes with the corresponding Nipah virus protein. These interactions are sufficient to inhibit STAT1 activation, as demonstrated by the lack of STAT1 phosphorylation on tyrosine 701 in IFN-stimulated cells expressing P, V, or W. Therefore, despite their common STAT1-binding domain, the Nipah virus V and P proteins act by retaining STAT1 in the cytoplasm while the W protein sequesters STAT1 in the nucleus, creating both a cytoplasmic and a nuclear block for STAT1. We also show that the IFN antagonist activity of the P protein is not as strong as that of V or W, perhaps explaining why Nipah virus has evolved to express these two edited products.,��https://www.ncbi.nlm.nih.gov/pubmed/15140960ë��Shaw, Megan L
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Transcription, Genetic+��Hendra virus (HENV) and Nipah virus (NIPV) are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genetic and biological characteristics that differentiate henipaviruses from other members of the subfamily are summarized. Although they do not display neuraminidase and hemagglutination activities and in that regard resemble viruses in the genus Morbillivirus, several recent observations highlight similarities between henipaviruses and respiroviruses (genus Respirovirus) in structure and replication strategy. First, three-dimensional modeling studies suggest that the external globular head domain of the HENV G protein resembles that of respiroviruses rather than morbilliviruses. Second, the pattern of transcriptional attenuation in HENV-infected cells resembles that observed with Sendai virus, a respirovirus, and differs from that found in cells infected with measles virus, a morbillivirus. Henipaviruses have a broad host range in vitro and in vivo, indicating wide distribution of cellular receptor molecules. The extensive host range has been confirmed in a quantitative in vitro cell-fusion assay using recombinant vaccinia viruses expressing the attachment and fusion proteins of HENV and NIPV. Cell lines of diverse origin and which are permissive in the in vitro cell fusion assay have been identified and the pattern of relative susceptibilities is the same for both HENV and NIPV, implying that both viruses use the same cell receptor. Protease treatment of permissive cells destroys their ability to fuse with cells expressing viral envelope glycoproteins. Virus overlay protein binding assay (VOPBA) and radio-immune precipitation assays confirm that both HENV and NIPV bind to membrane proteins in the 35-50 kD range. Treatment of cell membrane proteins with N-glycosidase eliminates HeV binding activity in VOPBA whereas treatment with neuraminidase has no effect on binding. Thus preliminary evidence suggests that NIPV and HENV bind to the same glycoprotein receptor via a non-sialic acid-dependant mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/15119767���Eaton, B T
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Paramyxoviridae/*isolation & purification/pathogenicityq��Several novel viruses recently described in bats of the genus Pteropus (sub-order Megachiroptera) in Australia and southeast Asia cause encephalitic disease in animals and humans. These viruses include Hendra virus and Nipah virus (genus Henipavirus, family Paramyxoviridae) and Australian bat lyssavirus (ABLV; genus Lyssavirus, family Rhabdoviridae). Broadly, strategies for disease prevention and control in the spillover host are directed at minimising direct or indirect contact with the natural host, improving farm-gate and on-farm biosecurity, and better disease recognition and diagnosis. Additional strategies for ABLV include the use of rabies vaccine for effective pre- and post-exposure prophylaxis in humans. Effective management strategies in the natural host are predicated on an understanding of the ecology of the disease in the natural host, and the identification and avoidance of factors putatively associated with emergence, such as habitat loss, land use change and demographic shifts. A possible future management strategy for ABLV in reservoir populations is immunisation using bait or plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/15119766g��Field, H
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Zoonoses±��Three newly recognized encephalitogenic zoonotic viruses spread from fruit bats of the genus Pteropus (order Chiroptera, suborder Megachiroptera) have been recognised over the past decade. These are: Hendra virus, formerly named equine morbillivirus, which was responsible for an outbreak of disease in horses and humans in Brisbane, Australia, in 1994; Australian bat lyssavirus, the cause of a severe acute encephalitis, in 1996; and Nipah virus, the cause of a major outbreak of encephalitis and pulmonary disease in domestic pigs and people in peninsula Malaysia in 1999. Hendra and Nipah viruses have been shown to be the first two members of a new genus, Henipavirus, in the family Paramyxoviridae, subfamily Paramyxovirinae, whereas Australian bat lyssavirus is closely related antigenically to classical rabies virus in the genus Lyssavirus, family Rhabdoviridae, although it can be distinguished on genetic grounds. Hendra and Nipah viruses have neurological and pneumonic tropisms. The first humans and equids with Hendra virus infections died from acute respiratory disease, whereas the second human patient died from an encephalitis. With Nipah virus, the predominant clinical syndrome in humans was encephalitic rather than respiratory, whereas in pigs, the infection was characterised by acute fever with respiratory involvement with or without neurological signs. Two human infections with Australian bat lyssavirus have been reported, the clinical signs of which were consistent with classical rabies infection and included a diffuse, non-suppurative encephalitis. Many important questions remain to be answered regarding modes of transmission, pathogenesis, and geographic range of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15119765���Mackenzie, J S
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*Zoonoses7��The emergence of zoonotic viruses maintained by wildlife reservoir hosts is poorly understood. Recent discoveries of Hendra (HENV) and Nipah (NIPV) viruses in Australasia and the emergence of epidemic West Nile virus (WNV) in the United States have added urgency to the study of cross-species transmission. The processes by which zoonotic viruses are transmitted and infect other species are examined as four transitions. Two of these, inter-species contact and cross-species virus transmission (spillover), are essential and sufficient to cause epidemic emergence. Sustained transmission and virus adaptation within the spillover host are transitions not required for virus emergence, but determine the magnitude and scope of subsequent disease outbreaks. Ecologic, anthropogenic, and evolutionary factors modify the probability that viruses complete or move through transitions. As surveillance for wildlife diseases is rare and often outbreak-driven, targeted studies are required to elucidate the means by which important zoonotic viruses are maintained and spillover occurs.,��https://www.ncbi.nlm.nih.gov/pubmed/15119758Q��Childs, J E
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Viral Fusion Proteins/*physiology%��The vaccinia virus-based expression of viral envelope glycoprotein genes-derived from enveloped viruses that infect their respective host cells through a pH-independent mechanism of membrane fusion-has been a powerful tool in helping to characterize these important attachment and fusion proteins. The cellular expression of these viral envelope glycoproteins has allowed for the measurement of membrane fusion events using cell-cell fusion or syncytia formation. This method has been enhanced by the addition of a reporter-gene system to the vaccinia virus-based cell-cell fusion assay. This improvement has provided a high-throughput and quantitative aspect to this assay, which can serve as a surrogate for virus entry and is therefore ideally suited in the characterization of numerous enveloped viruses, including biological safety level-4 (BSL-4) agents. This chapter will detail the methods of the vaccinia virus-based reporter-gene fusion assay and how it may be used to characterize the fusion mediated by the BSL-4-classified Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15114023®��Bossart, Katharine N
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Viral Proteins/*chemistry���Mayd��The V proteins of Nipah virus and Hendra virus have been demonstrated to bind to cellular STAT1 and STAT2 proteins to form high-molecular-weight complexes that inhibit interferon (IFN)-induced antiviral transcription by preventing STAT nuclear accumulation. Analysis of the Nipah virus V protein has revealed a region between amino acids 174 and 192 that functions as a CRM1-dependent nuclear export signal (NES). This peptide is sufficient to complement an export-defective human immunodeficiency virus Rev protein, and deletion and substitution mutagenesis revealed that this peptide is necessary for both V protein shuttling and cytoplasmic retention of STAT1 and STAT2 proteins. However, the NES is not required for V-dependent IFN signaling inhibition. IFN signaling is blocked primarily by interaction between Nipah virus V residues 100 to 160 and STAT1 residues 509 to 712. Interaction with STAT2 requires a larger Nipah virus V segment between amino acids 100 and 300, but deletion of residues 230 to 237 greatly reduced STAT2 coprecipitation. Further, V protein interactions with cellular STAT1 is a prerequisite for STAT2 binding, and sequential immunoprecipitations demonstrate that V, STAT1, and STAT2 can form a tripartite complex. These findings characterize essential regions for Henipavirus V proteins that represent potential targets for therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/15113915·��Rodriguez, Jason J
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Viral Structural Proteins/*chemistry/physiology���MayÅ��The paramyxovirus family includes many well-known human and animal pathogens as well as emerging viruses such as Hendra virus and Nipah virus. The V protein of simian virus 5 (SV5), a prototype of the paramyxoviruses, contains a cysteine-rich C-terminal domain which is conserved among all paramyxovirus V proteins. The V protein can block both interferon (IFN) signaling by causing degradation of STAT1 and IFN production by blocking IRF-3 nuclear import. Previously, it was reported that recombinant SV5 lacking the C terminus of the V protein (rSV5VDeltaC) induces a severe cytopathic effect (CPE) in tissue culture whereas wild-type (wt) SV5 infection does not induce CPE. In this study, the nature of the CPE and the mechanism of the induction of CPE were investigated. Through the use of DNA fragmentation, terminal deoxynucleotidyltransferase-mediated dUTP-biotin nick end labeling, and propidium iodide staining assays, it was shown that rSV5VDeltaC induced apoptosis. Expression of wt V protein prevented apoptosis induced by rSV5VDeltaC, suggesting that the V protein has an antiapoptotic function. Interestingly, rSV5VDeltaC induced apoptosis in U3A cells (a STAT1-deficient cell line) and in the presence of neutralizing antibody against IFN, suggesting that the induction of apoptosis by rSV5VDeltaC was independent of IFN and IFN-signaling pathways. Apoptosis induced by rSV5VDeltaC was blocked by a general caspase inhibitor, Z-VAD-FMK, but not by specific inhibitors against caspases 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 13, suggesting that rSV5VDeltaC-induced apoptosis can occur in a caspase 12-dependent manner. Endoplasmic reticulum stress can lead to activation of caspase 12; compared to the results seen with mock and wt SV5 infection, rSV5VDeltaC infection induced ER stress, as demonstrated by increased expression levels of known ER stress indicators GRP 78, GRP 94, and GADD153. These data suggest that rSV5VDeltaC can trigger cell death by inducing ER stress.,��https://www.ncbi.nlm.nih.gov/pubmed/15113888���Sun, Minghao
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Solubility���May���The nucleocapsid (N) protein of Nipah virus (NiV) can be produced in three Escherichia coli strains [TOP10, BL21(DE3) and SG935] under the control of trc promoter. However, most of the product existed in the form of insoluble inclusion bodies. There was no improvement in the solubility of the product when this protein was placed under the control of T7 promoter. However, the solubility of the N protein was significantly improved by lowering the growth temperature of E. coli BL21(DE3) cell cultures. Solubility analysis of N- and C-terminally deleted mutants revealed that the full-length N protein has the highest solubility. The soluble N protein could be purified efficiently by sucrose gradient centrifugation and nickel affinity chromatography. Electron microscopic analysis of the purified product revealed that the N protein assembled into herringbone-like particles of different lengths. The C-terminal end of the N protein contains the major antigenic region when probed with antisera from humans and pigs infected naturally.,��https://www.ncbi.nlm.nih.gov/pubmed/15042656¼��Tan, Wen Siang
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Viral Proteins/*chemistry/genetics���Nov 7s��Measles virus is a negative-sense, single-stranded RNA virus belonging to the Mononegavirales order which comprises several human pathogens such as Ebola, Nipah, and Hendra viruses. The phosphoprotein of measles virus is a modular protein consisting of an intrinsically disordered N-terminal domain (Karlin, D., Longhi, S., Receveur, V., and Canard, B. (2002) Virology 296, 251-262) and of a C-terminal moiety (PCT) composed of alternating disordered and globular regions. We report the crystal structure of the extreme C-terminal domain (XD) of measles virus phosphoprotein (aa 459-507) at 1.8 A resolution. We have previously reported that the C-terminal domain of measles virus nucleoprotein, NTAIL, is intrinsically unstructured and undergoes induced folding in the presence of PCT (Longhi, S., Receveur-Brechot, V., Karlin, D., Johansson, K., Darbon, H., Bhella, D., Yeo, R., Finet, S., and Canard, B. (2003) J. Biol. Chem. 278, 18638-18648). Using far-UV circular dichroism, we show that within PCT, XD is the region responsible for the induced folding of NTAIL. The crystal structure of XD consists of three helices, arranged in an anti-parallel triple-helix bundle. The surface of XD formed between helices alpha2 and alpha3 displays a long hydrophobic cleft that might provide a complementary hydrophobic surface to embed and promote folding of the predicted alpha-helix of NTAIL. We present a tentative model of the interaction between XD and NTAIL. These results, beyond presenting the first measles virus protein structure, shed light both on the function of the phosphoprotein at the molecular level and on the process of induced folding.,��https://www.ncbi.nlm.nih.gov/pubmed/12944395ø��Johansson, Kenth
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Zoonoses/*transmissioné��Porcine organs, cells and tissues provide a viable source of transplants in humans, though there is some concern of public health risk from adaptation of swine infectious agents in humans. Limited information is available on the public health risk of many exogenous swine viruses, and reliable and rapid diagnostic tests are available for only a few of these. The ability of several porcine viruses to cause transplacental fetal infection (parvoviruses, circoviruses, and arteriviruses), emergence or recognition of several new porcine viruses during the last two decades (porcine circovirus, arterivirus, paramyxoviruses, herpesviruses, and porcine respiratory coronavirus) and the immunosuppressed state of the transplant recipients increases the xenozoonoses risk of humans to porcine viruses through transplantation. Much of this risk can be eliminated with vigilance and sustained monitoring along with a better understanding of pathogenesis and development of better diagnostic tests. In this review we present information on selected exogenous viruses, highlighting their characteristics, pathogenesis of viral infections in swine, methods for their detection, and the potential xenozoonoses risk they present. Emphasis has been given in this review to swine influenza virus, paramyxovirus (Nipah virus, Menagle virus, LaPiedad paramyxovirus, porcine paramyxovirus), arterivirus (porcine reproductive and respiratory syndrome virus) and circovirus as either they represent new swine viruses or present the greatest risk. We have also presented information on porcine parvovirus, Japanese encephalitis virus, encephalomyocarditis virus, herpesviruses (pseudorabies virus, porcine lymphotropic herpesvirus, porcine cytomegalovirus), coronaviruses (TGEV, PRCV, HEV, PEDV) and adenovirus. The potential of swine viruses to infect humans needs to be assessed in vitro and in vivo and rapid and more reliable diagnostic methods need to be developed to assure safe supply of porcine tissues and cells for xenotransplantation.,��https://www.ncbi.nlm.nih.gov/pubmed/12934944���Paul, P S
Halbur, P
Janke, B
Joo, H
Nawagitgul, P
Singh, J
Sorden, S
eng
Review
Germany
2003/08/26 05:00
Curr Top Microbiol Immunol. 2003;278:125-83.%��0070-217X (Print)
0070-217X (Linking)���12934944x��Department of Veterinary and Biomedical Sciences, University of Nebraska-Lincoln, Lincoln, NE 68588, USA. ppaul2@unl.edu���p��üÒ|ÿþ?é���9��Griot, C.
Vandevelde, M.
Schobesberger, M.
Zurbriggen, A.���2003U��Canine distemper, a re-emerging morbillivirus with complex neuropathogenic mechanisms���1-10���Anim Health Res Rev���4���1���Animals
Cerebellum/pathology/virology
Communicable Diseases, Emerging/pathology/*veterinary/virology
Demyelinating Diseases/pathology/veterinary/virology
Distemper/pathology/virology
Distemper Virus, Canine/pathogenicity
Dog Diseases/pathology/*virology
Dogs
Myelin Sheath/pathology/virology
Paramyxoviridae Infections/pathology/*veterinary/virology
Paramyxovirinae/*pathogenicity
Zoonoses���Jung��Paramyxoviruses are responsible for a wide variety of diseases both in humans and in animals. Common to many paramyxoviruses is the fact that they can cause neurological symptoms in their final host. Newly discovered paramyxoviruses, such as the Hendra and Nipah viruses, show the same pattern of pathogenesis as that of the paramyxoviruses already known. Canine distemper virus (CDV) is a well-studied member of the genus Morbillivirus. Study of the neuropathogenesis of CDV might give insight into disease mechanisms and suggest approaches for the prevention of other recently discovered paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/12885204º��Griot, Christian
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Zoonoses���JulÞ��BACKGROUND: Viral encephalitis occurs in epidemic settings or is sporadic. New encephalitis patterns reflect the roles that biologic reservoirs and vectors play in determining virus-human interactions. "New" viral encephalitis can also result from human host modifications that increase susceptibility to neuroinvasive viral infection. REVIEW SUMMARY: Three human viruses, Nipah virus, Human Herpesvirus-6, and West Nile virus, present examples of how "new" viral encephalitides emerge in a specific geographic region or clinical setting. Nipah virus encephalitis emerged after the molecular evolution of a new zoonotic viral genus within the Paramyxovirinae family. Human herpesvirus-6 encephalitis has emerged in the immune suppressed human host harboring this ubiquitous but typically benign herpesvirus. West Nile virus encephalitis has emerged in the Western hemisphere after apparent abrupt translocation of this mosquito-borne virus to a distant geographic region with immunologically naive avian and human hosts. CONCLUSION: While the clinical features of these viral encephalitides are somewhat distinct, they each emerged as the result of human-derived factors that altered the biologic dynamic between humans and their viral pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12864929{��McCarthy, Micheline
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West Nile virus/pathogenicity���Jun?��PURPOSE OF REVIEW: The exotic and emerging viral encephalitides are caused by animal or human viruses and characterised by sudden unexpected outbreaks of neurological disease, usually in tropical and sub-tropical regions, but sometimes spreading to temperate areas. Although a wide range of viruses come within this label, as this review highlights, there are common research questions as to the origin and spread of the viruses, the contribution of viral and host factors to the clinical presentations and outcome, and the possibilities for treatment and vaccination. RECENT FINDINGS: During 2002, North America experienced the largest ever outbreak of West Nile encephalitis; a poliomyelitis-like flaccid paralysis due to West Nile virus was recognised, and transfusion-related infections were documented. Globally, Japanese encephalitis virus is the most important emerging viral encephalitis; interferon alpha was not effective against Japanese encephalitis in a double-blind placebo-controlled trial, but new chimeric vaccines are in development. Recent work suggests Japanese encephalitis virus originated in the Indonesia-Malaysia region, and spread from there. The origin of Nipah virus, which caused an encephalitis outbreak in Malaysia in 1998, is not known, but flying foxes have been identified as a natural host. Enterovirus 71 continues to cause large outbreaks of hand foot and mouth disease across Asia, associated with neurological and systemic complications; recent work has focused on the pathogenesis of these complications. SUMMARY: Disease surveillance remains important for the early recognition and containment of encephalitis outbreaks. Detailed clinical and laboratory studies will help answer the key questions, but there is a need to ensure the results translate to real benefits for the communities affected by these diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/12858080���Solomon, Tom
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Time Factors���May-Juný��This study examined the effect of a time-limited welfare program on school-age children using data on almost 3,000 children (ages 5-17 at the four year follow up-point) from the random assignment evaluation of Florida's Family Transition Program (FTP). FTP was one of the first welfare reform initiatives to impose a time limit on the receipt of cash assistance, and it combined the time limit with a rich array of mandatory services. The effects of FTP on children were moderated by families' risk of long-term welfare dependency. Contrary to predictions laid out at the outset, there were few effects of FTP on middle childhood and adolescent children for children of parents most likely to be long-term welfare dependent (those most likely to hit the time limit). However, consistent negative effects on this same age group of children were found for children of parents least likely to be long-term welfare dependent--parents who had the largest employment gains--and effects of FTP were most strongly negative for the oldest adolescent children. The findings suggest a different theoretical model for movements into employment than the one suggested in the previous literature for job loss. The findings are discussed in terms of their contribution to research and policy.,��https://www.ncbi.nlm.nih.gov/pubmed/12795394r��Morris, Pamela
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Workforce���May���The Epidemic Intelligence Service (EIS) was created in 1951 to provide epidemiologists to investigate natural and intentional disease epidemics. From an initial class of 23 U.S. citizens, the program has evolved into a globally recognized, hands-on learning experience, accepting approximately 65 to 75 new officers each year. The first U.S. military epidemic intelligence service officer (EISO) was accepted into the program in 1994. Since that time, 12 such officers have completed, or have begun, EIS training. They have comprised 2.1% of all EISOs from 1994 to 2001 and 0.47% of all EISOs. This total has included nine Air Force veterinarians, one Army veterinarian, one Army physician, and one Navy physician. Each military EISO had the opportunity to lead investigations of significant public health events (e.g., Ebola, monkeypox, malaria, Nipah virus, West Nile fever, and anthrax outbreaks). All graduates from the military returned to active duty assignments in operational medical units, research institutes, or the intelligence community.,��https://www.ncbi.nlm.nih.gov/pubmed/12775171���Noah, Donald L
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Specimen Handling/*methods���May9��During the outbreak of Nipah virus encephalitis involving pigs and humans in peninsular Malaysia in 1998/1999, a conventional approach was initially undertaken to collect specimens from fruit bats by mist-netting and shooting, as an integral part of wildlife surveillance of the natural reservoir host of Nipah virus. This study describes a novel method of collecting fruit bats' urine samples using plastic sheets for isolation of Nipah virus. This novel approach resulted in the isolation of several other known and unidentified infectious agents besides Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12758277Q��Chua, Kaw Bing
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Zoonoses/virology���Apr^��New viral infections of the nervous system have been appearing with great regularity. Some result from the evolution of new agents and others from the entry of viruses into new hosts or environments. The emergence of neurovirulent enteroviruses causing a paralytic poliomyelitis syndrome and rhomboencephalitis represent the evolution of new human viruses. Most emerging viral infections represent movement of an agent into new geographic areas or across species barriers. The transport of neurovirulent strains of West Nile virus into the Western Hemisphere and the penetration of Nipah virus, a newly recognized paramyxovirus, across species barriers from bat to pig to man are examples that are highlighted in this review. The burgeoning human population and the speed and frequency of travel favor the evolution, preservation, and spread of new viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/12707845q��Johnson, Richard T
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*Respirovirus Infections/diagnosis/epidemiology/physiopathology���Apr6��Human parainfluenza viruses (HPIV) were first discovered in the late 1950s. Over the last decade, considerable knowledge about their molecular structure and function has been accumulated. This has led to significant changes in both the nomenclature and taxonomic relationships of these viruses. HPIV is genetically and antigenically divided into types 1 to 4. Further major subtypes of HPIV-4 (A and B) and subgroups/genotypes of HPIV-1 and HPIV-3 have been described. HPIV-1 to HPIV-3 are major causes of lower respiratory infections in infants, young children, the immunocompromised, the chronically ill, and the elderly. Each subtype can cause somewhat unique clinical diseases in different hosts. HPIV are enveloped and of medium size (150 to 250 nm), and their RNA genome is in the negative sense. These viruses belong to the Paramyxoviridae family, one of the largest and most rapidly growing groups of viruses causing significant human and veterinary disease. HPIV are closely related to recently discovered megamyxoviruses (Hendra and Nipah viruses) and metapneumovirus.,��https://www.ncbi.nlm.nih.gov/pubmed/12692097Z��Henrickson, Kelly J
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*Zoonoses���Since 1994, a number of novel viruses have been described from bats in Australia and Malaysia, particularly from fruit bats belonging to the genus Pteropus (flying foxes), and it is probable that related viruses will be found in other countries across the geographical range of other members of the genus. These viruses include Hendra and Nipah viruses, members of a new genus, Henipaviruses, within the family Paramyxoviridae; Menangle and Tioman viruses, new members of the Rubulavirus genus within the Paramyxoviridae; and Australian bat lyssavirus (ABLV), a member of the Lyssavirus genus in the family Rhabdoviridae. All but Tioman virus are known to be associated with human and/or livestock diseases. The isolation, disease associations and biological properties of the viruses are described, and are used as the basis for developing management strategies for disease prevention or control. These strategies are directed largely at disease minimization through good farm management practices, reducing the potential for exposure to flying foxes, and better disease recognition and diagnosis, and for ABLV specifically, the use of rabies vaccine for pre- and post-exposure prophylaxis. Finally, an intriguing and long-term strategy is that of wildlife immunization through plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/12675937r��Mackenzie, J S
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Swine Diseases/*epidemiology/transmission/virology���AprÔ��Nipah virus, a novel paramyxovirus, closely related to Hendra virus emerged in northern part of Peninsular Malaysia in 1998. The virus caused an outbreak of severe febrile encephalitis in humans with a high mortality rate, whereas, in pigs, encephalitis and respiratory diseases but with a relatively low mortality rate. The outbreak subsequently spread to various regions of the country and Singapore in the south due to the movement of infected pigs. Nipah virus caused systemic infections in humans, pigs and other mammals. Histopathological and radiological findings were characteristic of the disease. Fruitbats of Pteropid species were identified as the natural reservoir hosts. Evidence suggested that climatic and anthropogenic driven ecological changes coupled with the location of piggeries in orchard and the design of pigsties allowed the spill-over of this novel paramyxovirus from its reservoir host into the domestic pigs and ultimately to humans and other animals.,��https://www.ncbi.nlm.nih.gov/pubmed/12637075[��Chua, Kaw Bing
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Retrospective Studies
Swine���Jan=��INTRODUCTION: Between September 1998 and June 1999, there was a severe outbreak of viral encephalitis among the pig farm workers in Malaysia. METHODS: This is a review of the published literature related to the outbreak with the focus on human diseases. RESULTS: The encephalitis was caused by a newly discovered paramyxovirus related to Hendra virus, later named Nipah virus. There were 265 patients with acute encephalitis. The disease is thought to spread from pig to man through close contact. The risk of human-to-human spread is thought to below. The disease affected mainly adult Chinese males, half of whom had affected family members. The disease presented mainly as acute encephalitis with a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia. Initial cerebrospinal fluid was abnormal in 75% of patients. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging showed distinctive changes of multiple, discrete, and small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was high at 40% and death was probably due to severe brainstem involvement. The main necropsy finding in acute encephalitis was that of disseminated microinfarction associated with vasculitis and direct neuronal involvement. Ribavirin was able to reduce the mortality by 36%. Relapse encephalitis was seen in 7.5% of those who recovered from acute encephalitis, and late-onset encephalitis in 3.4% of those with initial non-encephalitic or asymptomatic diseases. The mean interval between initial illness and the onset of the complication was 8.4 months. The relapse and late-onset encephalitis which manifested as focal encephalitis arose from recurrent infection. CONCLUSION: Nipah virus, a recently discovered paramyxovirus, causes a unique encephalitis with high mortality as well as relapse and late-onset encephalitis. The infection is mainly spread from pigs to man.,��https://www.ncbi.nlm.nih.gov/pubmed/12625108_��Tan, C T
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Ticks/*virology���Apr¥��Hendra virus is a new virus of the family Paramyxoviridae. This virus was first detected in Queensland, Australia, in 1994; although, it seems that the virus has infected fruit-eating bats (flying-foxes) for a very long time. At least 2 humans and 15 horses have been killed by this virus since it first emerged as a virus that may infect mammals other than flying-foxes. Hendra virus is thought to have moved from flying-foxes to horses, and then from horses to people. There is a reasonably strong hypothesis for horse-to-human transmission: transmission of virus via nasal discharge, saliva and/or urine. In contrast, there is no strong hypothesis for flying-fox-to-human transmission. I present evidence that the Australian paralysis tick, Ixodes holocyclus, which has apparently only recently become a parasite of flying-foxes, may transmit Hendra virus and perhaps related viruses from flying-foxes to horses and other mammals.,��https://www.ncbi.nlm.nih.gov/pubmed/12615503F��Barker, S C
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Zoonoses/epidemiology/virology���Jan���Nipah virus, a newly emerging deadly paramyxovirus isolated during a large outbreak of viral encephalitis in Malaysia, has many of the physical attributes to serve as a potential agent of bioterrorism. The outbreak caused widespread panic and fear because of its high mortality and the inability to control the disease initially. There were considerable social disruptions and tremendous economic loss to an important pig-rearing industry. This highly virulent virus, believed to be introduced into pig farms by fruit bats, spread easily among pigs and was transmitted to humans who came into close contact with infected animals. From pigs, the virus was also transmitted to other animals such as dogs, cats, and horses. The Nipah virus has the potential to be considered an agent of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/12615307|��Lam, Sai-Kit
eng
Research Support, Non-U.S. Gov't
Review
Netherlands
2003/03/05 04:00
Antiviral Res. 2003 Jan;57(1-2):113-9.%��0166-3542 (Print)
0166-3542 (Linking)���12615307���Department of Medical Microbiology, Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia. lamsk@niphavirus.org�
���üÒtÿþ?ø���-��Lin, Y.
Bright, A. C.
Rothermel, T. A.
He, B.���2003W��Induction of apoptosis by paramyxovirus simian virus 5 lacking a small hydrophobic gene���3371-83���J Virol���77���6g��Animals
*Apoptosis
Cattle
Cell Line
Cell Nucleus/metabolism
Culture Media, Conditioned/radiation effects
Cytopathogenic Effect, Viral
DNA-Binding Proteins/metabolism
Mice
NF-kappa B/metabolism
Retroviridae Proteins, Oncogenic/*genetics/metabolism
Rubulavirus/genetics/*pathogenicity/physiology
Transcription Factor RelA
Tumor Necrosis Factor-alpha/*metabolism���Marí��Simian virus 5 (SV5) is a member of the paramyxovirus family, which includes emerging viruses such as Hendra virus and Nipah virus as well as many important human and animal pathogens that have been known for years. SV5 encodes eight known viral proteins, including a small hydrophobic integral membrane protein (SH) of 44 amino acids. SV5 without the SH gene (rSV5deltaSH) is viable, and growth of rSV5deltaSH in tissue culture cells and viral protein and mRNA production in rSV5deltaSH-infected cells are indistinguishable from those of the wild-type SV5 virus. However, rSV5deltaSH causes increased cytopathic effect (CPE) and apoptosis in MDBK cells and is attenuated in vivo, suggesting the SH protein plays an important role in SV5 pathogenesis. How rSV5deltaSH induces apoptosis in infected cells has been examined in this report. Tumor necrosis factor alpha (TNF-alpha), a proinflammatory cytokine, was detected in culture media of rSV5deltaSH-infected cells. Apoptosis induced by rSV5deltaSH was inhibited by neutralizing antibodies against TNF-alpha and TNF-alpha receptor 1 (TNF-R1), suggesting that TNF-alpha played an essential role in rSV5deltaSH-induced apoptosis in a TNF-R1-dependent manner. Examination of important proteins in the TNF-alpha signaling pathway showed that p65, a major NF-kappaB subunit whose activation can lead to transcription of TNF-alpha, was first translocated to the nucleus and was capable of binding to DNA and then was targeted for degradation in rSV5deltaSH-infected cells while expression levels of TNF-R1 remained relatively constant. Thus, rSV5deltaSH induced cell death by activating TNF-alpha expression, possibly through activation of the NF-kappaB subunit p65 and then targeting p65 for degradation, leading to apoptosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12610112���Lin, Yuan
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Virus Replication���Mar?��Nipah virus, which was first recognized during an outbreak of encephalitis with high mortality in Peninsular Malaysia during 1998-1999, is most closely related to Hendra virus, another emergent paramyxovirus first recognized in Australia in 1994. We have studied the morphologic features of Nipah virus in infected Vero E6 cells and human brain by using standard and immunogold electron microscopy and ultrastructural in situ hybridization. Nipah virions are enveloped particles composed of a tangle of filamentous nucleocapsids and measured as large as 1900 nm in diameter. The nucleocapsids measured up to 1.67 microm in length and had the herringbone structure characteristic for paramyxoviruses. Cellular infection was associated with multinucleation, intracytoplasmic nucleocapsid inclusions (NCIs), and long cytoplasmic tubules. Previously undescribed for other members of the family Paramyxoviridae, infected cells also contained an inclusion formed of reticular structures. Ultrastructural ISH studies suggest these inclusions play an important role in the transcription process.,��https://www.ncbi.nlm.nih.gov/pubmed/12606080Ý��Goldsmith, Cynthia S
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Viral Proteins/genetics/*physiology���Janí��We have generated a recombinant Newcastle disease virus (NDV) that expresses the green fluorescence protein (GFP) in infected chicken embryo fibroblasts (CEFs). This virus is interferon (IFN) sensitive, and pretreatment of cells with chicken alpha/beta IFN (IFN-alpha/beta) completely blocks viral GFP expression. Prior transfection of plasmid DNA induces an IFN response in CEFs and blocks NDV-GFP replication. However, transfection of known inhibitors of the IFN-alpha/beta system, including the influenza A virus NS1 protein and the Ebola virus VP35 protein, restores NDV-GFP replication. We therefore conclude that the NDV-GFP virus could be used to screen proteins expressed from plasmids for the ability to counteract the host cell IFN response. Using this system, we show that expression of the NDV V protein or the Nipah virus V, W, or C proteins rescues NDV-GFP replication in the face of the transfection-induced IFN response. The V and W proteins of Nipah virus, a highly lethal pathogen in humans, also block activation of an IFN-inducible promoter in primate cells. Interestingly, the amino-terminal region of the Nipah virus V protein, which is identical to the amino terminus of Nipah virus W, is sufficient to exert the IFN-antagonist activity. In contrast, the anti-IFN activity of the NDV V protein appears to be located in the carboxy-terminal region of the protein, a region implicated in the IFN-antagonist activity exhibited by the V proteins of mumps virus and human parainfluenza virus type 2.,��https://www.ncbi.nlm.nih.gov/pubmed/12502864õ��Park, Man-Seong
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Time���Jan���The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12486285Ý��Lim, C C T
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Ventilators, Mechanical���SepÃ��Long-term MV, delivered by way of a tracheostomy or noninvasive mask, often is indicated in patients with restrictive or neuromuscular pulmonary diseases and occasionally in patients with severe obstructive hypercapnic respiratory failure. Regardless of the mode of ventilation, respiratory physiology seems to be significantly impacted in these patients. Although the effects of ventilation can be unpredictable, they often seem to be favorable. Selected patients can develop increased sensitivity to hypercapnia, with subsequent improvements in blood gas tensions and decreased pulmonary artery pressures, which result in augmented cardiac function and greater tolerance to exercise. The patient-ventilator interaction, mode of ventilation, and degree of support should be considered when managing these patients. For some patients, particularly patients with fibrotic lung disease or COPD, chronic MV likely does not alter pathophysiology or improve prognosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12481966k��Hendra, Katherine
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*Zoonoses���Dec8��In 1998, an outbreak of acute encephalitis with high mortality rates among pig handlers in Malaysia led to the discovery of a novel paramyxovirus named Nipah virus. A multidisciplinary investigation that included epidemiology, microbiology, molecular biology, and pathology was pivotal in the discovery of this new human infection. Clinical and autopsy findings were derived from a series of 32 fatal human cases of Nipah virus infection. Diagnosis was established in all cases by a combination of immunohistochemistry (IHC) and serology. Routine histological stains, IHC, and electron microscopy were used to examine autopsy tissues. The main histopathological findings included a systemic vasculitis with extensive thrombosis and parenchymal necrosis, particularly in the central nervous system. Endothelial cell damage, necrosis, and syncytial giant cell formation were seen in affected vessels. Characteristic viral inclusions were seen by light and electron microscopy. IHC analysis showed widespread presence of Nipah virus antigens in endothelial and smooth muscle cells of blood vessels. Abundant viral antigens were also seen in various parenchymal cells, particularly in neurons. Infection of endothelial cells and neurons as well as vasculitis and thrombosis seem to be critical to the pathogenesis of this new human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/12466131\��Wong, Kum Thong
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Viral Envelope Proteins/genetics/*metabolism���Novª��Nipah virus (NiV) and Hendra virus (HeV) are novel paramyxoviruses from pigs and horses, respectively, that are responsible for fatal zoonotic infections of humans. The unique genetic and biological characteristics of these emerging agents has led to their classification as the prototypic members of a new genus within the Paramyxovirinae subfamily called HENIPAVIRUS: These viruses are most closely related to members of the genus Morbillivirus and infect cells through a pH-independent membrane fusion event mediated by the actions of their attachment (G) and fusion (F) glycoproteins. Understanding their cell biological features and exploring the functional characteristics of the NiV and HeV glycoproteins will help define important properties of these emerging viruses and may provide new insights into paramyxovirus membrane fusion mechanisms. Using a recombinant vaccinia virus system and a quantitative assay for fusion, we demonstrate NiV glycoprotein function and the same pattern of cellular tropism recently reported for HeV-mediated fusion, suggesting that NiV likely uses the same cellular receptor for infection. Fusion specificity was verified by inhibition with a specific antiserum or peptides derived from the alpha-helical heptads of NiV or HeV F. Like that of HeV, NiV-mediated fusion also requires both F and G. Finally, interactions between the glycoproteins of the paramyxoviruses have not been well defined, but here we show that the NiV and HeV glycoproteins are capable of highly efficient heterotypic functional activity with each other. However, no heterotypic activity was observed with envelope glycoproteins of the morbilliviruses Measles virus and Canine distemper virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12388678Ô��Bossart, Katharine N
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Viral Structural Proteins/genetics���Oct���The coding region of the nucleocapsid (N) gene was amplified from the viral RNA and inserted into the bacterial expression vector, pTrcHis2, for intracellular expression in three Escherichia coli strains: TOP 10, BL 21 and SG 935. The N protein was expressed as a fusion protein containing the myc epitope and His-tag at its C-terminal end. The amount of the fusion protein expressed in strain SG 935 was significantly higher than the other two strains, and was detected by the anti-myc antibody, anti-His and swine anti-NiV serum. Hence, the N(fus) protein produced in E. coli could serve as an alternative antigen for the detection of anti-NiV in swine.,��https://www.ncbi.nlm.nih.gov/pubmed/12385971É��Ong, Swee Tin
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Virus Diseases/prevention & control/transmission���Oct 31ä��The reconstitution of blood and its components is hampered by factors of compatibility, availability, and the risk of transmission of infectious diseases. Protozoal agents such as plasmodium malariae and trypanosoma cruzi are only regionally relevant. Bacterial transmissions are easy to prevent and treat. Antibody, antigen, and nucleic acid screening have been implemented to prevent transmission of blood-borne viruses. Transfusion-relevant viruses include hepatitis B and C virus (HBV and HCV), human immunodeficiency virus (HIV), human T leukemia virus (HTLV-I), and in certain circumstances, parvovirus B19, hepatitis A virus (HAV), and cytomegalovirus (CMV). Of great concern is the possible transmission of prion protein causing transmissible spongiform encephalopathy. Of future interest will be whether other viruses such as Nipah and Hendra virus are blood-borne and whether viruses such as TT, SEN, and GBV-C are involved in diseases or their progression, while not causing hepatitis.,��https://www.ncbi.nlm.nih.gov/pubmed/12379292V��Guertler, Lutz
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Sequence Homology, Nucleic Acid���Jun���Ty1-copia-like retrotransposons have been identified and investigated in several plant species. Here, the internal region of the reverse transcriptase (RT) gene of Ty1-copia-like retrotransposons was amplified by PCR from total genomic DNA of 10 varieties of banana. Two to four clones from each variety were sequenced. Extreme heterogeneity in the sequences of Ty1-copia-like retrotransposons from all the varieties was revealed following sequence analysis of the reverse transcriptase (RT) fragments. The size of the individual RT gene fragments varied between 213 and 309 bp. Southern blots of genomic DNA digested from Musa acuminata and other banana varieties probed with W8 clone from M. acuminata and A4 clone from Pisang Abu Nipah showed similar strong, multiple restriction fragments together with other faint hybridization band patterns with variable intensities indicating the presence of many copies of the Ty1-copia-like retrotransposons in the genomes. There was no correlation between retroelement sequence and the banana species (with A or B genomes) from which it arose, suggesting that the probes are not useful for tracking genomes through breeding populations.,��https://www.ncbi.nlm.nih.gov/pubmed/12186754���Teo, C H
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Vero Cells���Aug;��A virus, named Oya virus, was isolated in Vero cell cultures from the lungs of a pig suspected of Nipah virus infection. The virus was revealed as a spherical enveloped RNA virus with a diameter of 79 nm. For identification of Oya virus, RT-PCR was performed. A common primer set for S-RNA of the Simbu serogroup of the genus Bunyavirus was able to amplify a cDNA from Oya virus RNA. The sequence data of the product revealed that the partial gene of Oya virus S-RNA segment had 65-70% homology with published cDNA sequences of Simbu serogroup viruses. The phylogenetic analysis of the data showed that the Oya virus is grouped in Simbu serogroup, but is genetically distinct from the serogroup viruses that have been analyzed molecularly. Serological surveys revealed that the virus distributed widely and densely in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/12181680¶��Kono, Y
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Tomography, Emission-Computed, Single-Photon���Jun£��An outbreak of infection with the Nipah virus, a novel paramyxovirus, occurred among pig farmers between September 1998 and June 1999 in Malaysia, involving 265 patients with 105 fatalities. This is a follow-up study 24 months after the outbreak. Twelve survivors (7.5%) of acute encephalitis had recurrent neurological disease (relapsed encephalitis). Of those who initially had acute nonencephalitic or asymptomatic infection, 10 patients (3.4%) had late-onset encephalitis. The mean interval between the first neurological episode and the time of initial infection was 8.4 months. Three patients had a second neurological episode. The onset of the relapsed or late-onset encephalitis was usually acute. Common clinical features were fever, headache, seizures, and focal neurological signs. Four of the 22 relapsed and late-onset encephalitis patients (18%) died. Magnetic resonance imaging typically showed patchy areas of confluent cortical lesions. Serial single-photon emission computed tomography showed the evolution of focal hyperperfusion to hypoperfusion in the corresponding areas. Necropsy of 2 patients showed changes of focal encephalitis with positive immunolocalization for Nipah virus antigens but no evidence of perivenous demyelination. We concluded that a unique relapsing and remitting encephalitis or late-onset encephalitis may result as a complication of persistent Nipah virus infection in the central nervous system.,��https://www.ncbi.nlm.nih.gov/pubmed/12112075D��Tan, Chong Tin
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Transcription Initiation Site���Jul*��A novel paramyxovirus in the genus Rubulavirus, named Tioman virus (TiV), was isolated in 1999 from a number of pooled urine samples of Island Flying Foxes (Pteropus hypomelanus) during the search for the reservoir host of Nipah virus. TiV is antigenically related to Menangle virus (MenV) that was isolated in Australia in 1997 during disease outbreak in pigs. Sequence analysis of the full length genome indicated that TiV is a novel member of the genus Rubulavirus within the subfamily Paramyxovirinae, family Paramyxoviridae. However, there are several features of TiV which make it unique among known paramyxoviruses and rubulaviruses in particular: (1) TiV, like MenV, uses the nucleotide G as a transcriptional initiation site, rather than the A residue used by all other known paramyxoviruses; (2) TiV uses C as the +1 residue for all intergenic regions, a feature not seen for rubulaviruses but common for all other members within the subfamily Paramyxovirinae; (3) Although the attachment protein of TiV has structural features that are conserved in other rubulaviruses, it manifests no overall sequence homology with members of the genus, lacks the sialic acid-binding motif N-R-K-S-C-S and has only two out of the six highly conserved residues known to be important for the catalytic activity of neuraminidase.,��https://www.ncbi.nlm.nih.gov/pubmed/12111411ª��Chua, K B
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Swine Diseases/epidemiology/virology���Apr-Jun¾��In the interval 1994-1999, in Australia, Malaysia and Singapore, epizootic and epidemiological episodes of meningoencephalitis and severe acute respiratory syndromes were reported. Highly lethal in horses, swine and humans, the episodes were proved to be caused by the "new" viruses Hendra (HeV) and Nipah (NiV). At the same time three "new" viral agents have been isolated: Lyssavirus, Menanglevirus and Tupaia paramyxovirus. The intense contemporary circulation of people, animals and food products together with changes in human ecosystem favor new relations between humans and the "natural reservoirs" of biologic agents with a pathogenic potential for domestic and peridomestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/12089991z��Ivan, A
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Zoonoses���Jul 1s��Hendra virus infection should be suspected in someone with close association with horses or bats who presents acutely with pneumonia or encephalitis (potentially after a prolonged incubation period). Australian bat lyssavirus infection should be suspected in a patient with a progressive neurological illness and a history of exposure to a bat. Rabies vaccine and immunoglobulin should be strongly considered after a bite, scratch or mucous membrane exposure to a bat. Japanese encephalitis vaccine should be considered for people intending to reside in or visit endemic areas of southern or eastern Asia for more than 30 days.,��https://www.ncbi.nlm.nih.gov/pubmed/12088481~��McCormack, Joseph G
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Renal Dialysis/*adverse effects/instrumentation���Jun­��Patients on maintenance hemodialysis are vulnerable to chloramine toxicity if chloramines are inadequately removed. We report two critically ill patients with acute renal failure who developed methemoglobinemia during hemodialysis in the intensive care unit. During the same period, methemoglobin levels measured from 30 patients in the outpatient dialysis facility were undetectable. Methemoglobin levels normalized when the carbon filtration system of the portable dialysis machine was replaced with a larger unit to remove chloramines more effectively. Causes, treatment, and prevention of chloramine toxicity in patients receiving dialysis in the intensive care unit are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/12046046���de Torres, Juan P
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Viral Vaccines/administration & dosage���Apr 25×��Nipah virus (NV) and Hendra virus (HV) are recently emergent, related viruses that can cause severe disease in humans and animals. The goal of this study was to investigate the immunogenic and functional properties of the fusion (F) and attachment (G) glycoproteins of NV. Vaccination of mice with recombinant vaccinia viruses (rVVs) expressing either the F (rVV/NV-F) or G (rVV/NV-G) proteins of NV induced neutralizing antibody responses to NV, with higher titers produced after vaccination with rVV/NV-G. When the homologous pairs of F and G proteins from either HV or NV were coexpressed in a transient expression system, fusion was detected in less than 12 h. An equivalent amount of fusion was observed when the heterologous pairs of F and G proteins from HV and NV were coexpressed. Membrane fusion was inhibited by antiserum from mice vaccinated with rVV/NV-G and rVV/NV-F. Therefore, as with other paramyxoviruses, the membrane glycoproteins of NV are the targets of neutralizing antibodies and membrane fusion mediated by NV requires the presence of both the F and the G proteins. Data from these biological assays support the taxonomic grouping of both HV and NV in the new genus, Henipavirus, within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/12036330º��Tamin, Azaibi
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Trachea/pathology/virology���Feb-Apr°��A human isolate of Nipah virus from an outbreak of febrile encephalitis in Malaysia that coincided with a field outbreak of disease in pigs was used to infect eight 6-week-old pigs orally or subcutaneously and two cats oronasally. In pigs, the virus induced a respiratory and neurological syndrome consistent with that observed in the Malaysian pigs. Not all the pigs showed clinical signs, but Nipah virus was recovered from the nose and oropharynx of both clinically and sub-clinically infected animals. Natural infection of in-contact pigs, which was readily demonstrated, appeared to be acute and self-limiting. Subclinical infections occurred in both inoculated and in-contact pigs. Respiratory and neurological disease was also produced in the cats, with recovery of virus from urine as well as from the oropharynx. The clinical and pathological syndrome induced by Nipah virus in cats was comparable with that associated with Hendra virus infection in this species, except that in fatal infection with Nipah virus there was extensive inflammation of the respiratory epithelium, associated with the presence of viral antigen. Viral shedding via the nasopharynx, as observed in pigs and cats in the present study, was not a regular feature of earlier reports of experimental Hendra virus infection in cats and horses. The findings indicate the possibility of field transmission of Nipah virus between pigs via respiratory and oropharyngeal secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/11945001Ç��Middleton, D J
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Vero Cells���May 1Ù��Emerging infectious diseases involving zoonosis have become important global health problems. The 1998 outbreak of severe febrile encephalitis among pig farmers in Malaysia caused by a newly emergent paramyxovirus, Nipah virus, is a good example. This disease has the potential to spread to other countries through infected animals and can cause considerable economic loss. The clinical presentation includes segmental myoclonus, areflexia, hypertension, and tachycardia, and histologic evidence includes endothelial damage and vasculitis of the brain and other major organs. Magnetic resonance imaging has demonstrated the presence of discrete high-signal-intensity lesions disseminated throughout the brain. Nipah virus causes syncytial formation in Vero cells and is antigenically related to Hendra virus. The Island flying fox (Pteropus hypomelanus; the fruit bat) is a likely reservoir of this virus. The outbreak in Malaysia was controlled through the culling of >1 million pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/11938496t��Lam, Sai Kit
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Zoonoses���Febï��Following the Nipah virus (NV) outbreak in March 1999 in Singapore, a serological survey was undertaken to screen individuals potentially exposed to NV. Blood samples were tested for NV IgM, IgG and neutralizing antibodies. Twenty-two (1.5%) of 1469 people tested had antibodies suggesting NV infection. Although 12 of the 22 infected people (54.6%) were symptomatic, the remaining 10 (45.4%) were clinically well and had no past history of compatible pulmonary or neurological disease. Clinical and serological findings suggested three people had been infected with NV before the outbreak was recognized. All those who were infected were male abattoir workers. None of the people who had contact with horses, and no healthcare workers exposed to infected patients and their specimens had detectable antibodies. This study provides evidence that NV causes asymptomatic infection. All of the antibody positive individuals had direct contact with pigs and there was no evidence of human to human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/11895096���Chan, K P
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Viral Fusion Proteins/biosynthesis/*physiology���Nov 10è��Hendra virus (HeV) is an emerging paramyxovirus first isolated from cases of severe respiratory disease that fatally affected both horses and humans. Understanding the mechanisms of host cell infection and cross-species transmission is an important step in addressing the risk posed by such emerging pathogens. We have initiated studies to characterize the biological properties of the HeV envelope glycoproteins. Recombinant vaccinia viruses encoding the HeV F and G open reading frames were generated and glycoprotein expression was verified by metabolic labeling and detection using specific antisera. Glycoprotein function and cellular tropism were examined with a quantitative assay for HeV-mediated membrane fusion. Fusion specificity was verified through specific inhibition by anti-HeV antiserum and a peptide corresponding to one of the alpha-helical heptad repeats of F. HeV requires both F and G to mediate fusion. Permissive target cells have been identified, including cell lines derived from cat, bat, horse, human, monkey, mouse, and rabbit. Fusion negative cell types have also been identified. Protease treatments of the target cells abolished fusion activity, suggesting that the virus is employing a cell-surface protein as its receptor.,��https://www.ncbi.nlm.nih.gov/pubmed/11882997­��Bossart, K N
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Vero Cells���FebÏ��In late 1998, Nipah virus emerged in peninsular Malaysia and caused fatal disease in domestic pigs and humans and substantial economic loss to the local pig industry. Surveillance of wildlife species during the outbreak showed neutralizing antibodies to Nipah virus mainly in Island flying-foxes (Pteropus hypomelanus) and Malayan flying-foxes (Pteropus vampyrus) but no virus reactive with anti-Nipah virus antibodies was isolated. We adopted a novel approach of collecting urine from these Island flying-foxes and swabs of their partially eaten fruits. Three viral isolates (two from urine and one from a partially eaten fruit swab) that caused Nipah virus-like syncytial cytopathic effect in Vero cells and stained strongly with Nipah- and Hendra-specific antibodies were isolated. Molecular sequencing and analysis of the 11,200-nucleotide fragment representing the beginning of the nucleocapsid gene to the end of the glycoprotein gene of one isolate confirmed the isolate to be Nipah virus with a sequence deviation of five to six nucleotides from Nipah virus isolated from humans. The isolation of Nipah virus from the Island flying-fox corroborates the serological evidence that it is one of the natural hosts of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11880045ç��Chua, Kaw Bing
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Vero Cells���Aprª��The recent emergence of novel viruses requires reliable methodology for their identification and confirmation both on a cellular and molecular level. Mass spectrometry offers a suitable approach for the identification and characterisation of viral proteins and its application is demonstrated in this study. Menangle virus is a previously unclassified member of the family Paramyxoviridae isolated in Australia in 1997. Menangle virus caused disease in pregnant pigs, and like the other newly emergent Hendra, Nipah and Tioman viruses, appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. The 61 kDa gel-purified protein isolated from cell-associated Menangle virus ribonucleoprotein (RNP) was identified as the nucleocapsid protein (NP) by peptide mapping, mass spectrometry and amino acid sequencing. Over 69% of the amino acid sequence was obtained and found to be identical with that derived from gene analysis (Virology, 283 (2001), 358). The first residue of the mature NP was found to be serine (second residue in the gene derived amino acid sequence). The NP was found to be acetylated at the N-terminus (at Ser-2) and appears to be not modified by phosphorylation.,��https://www.ncbi.nlm.nih.gov/pubmed/11879690|��Shiell, Brian J
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Virus Diseases/*epidemiology/therapy/transmission���Febè��Emerging viruses include known viruses that have increased in incidence or geographic range (such as enteroviruses and Japanese encephalitis virus), new viruses associated with known diseases (Australian bat lyssavirus) and new viruses associated with previously unrecognized diseases (Hendra and Nipah viruses). Some may have a predilection for children (Japanese encephalitis, influenza viruses and enterovirus 71) and vigilance is essential to ensure early recognition of these agents.,��https://www.ncbi.nlm.nih.gov/pubmed/11869391a��Daley, A J
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Risk���Feb¿��BACKGROUND: An outbreak of viral encephalitis occurred among pig industry workers in Malaysia in September 1998 to April 1999. The encephalitis was attributed to a new paramyxovirus, Nipah virus. This is a description of the clinical features of 103 patients treated in the Seremban Hospital with characterization of the prognostic factors. METHODS: Clinical case records and laboratory investigations were reviewed. The case definition was: patients from the outbreak area, direct contact or in close proximity with pigs, clinical or CSF features of encephalitis. RESULTS: The mean age was 38 years, 89% were male, 58% were ethnic Chinese, 78% were pig farm owners or hired workers. The mean incubation period was 10 days. The patients typically presented with nonspecific systemic symptoms of fever, headache, myalgia and sore throat. Seizures and focal neurological signs were seen in 16% and 5% respectively. In the more severe cases, this was followed by drowsiness and deteriorating consciousness requiring ventilation in 61%. Autonomic disturbances and myoclonic jerks were common features. The mortality was high at 41%. Systolic hypertension, tachycardia and high fever were associated with poor outcome. On the other hand, 40% recovered fully. As for the other 19%, the residual neurological signs were mostly mild. CONCLUSION: Nipah virus caused an encephalitis illness with short incubation period and high mortality. The prognosis for the survivors was good.,��https://www.ncbi.nlm.nih.gov/pubmed/11858542ø��Chong, Heng Thay
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Surveys and Questionnaires���Maré��The effects of insulin therapy on patient well-being, treatment satisfaction and mood, and on carer strain were studied in 30 elderly Type 2 diabetic patients (age 73 +/- 7 (SD) yr) in poor glycaemic control on tablet therapy. A comparison group of ten poorly controlled patients who remained on oral agents was also studied. After 4 weeks of insulin treatment, there were significant improvements in mental health, role-emotional, role-physical (all P<0.05) and vitality (P<0.01) domains of the short form health survey (SF-36), and also in the diabetes treatment and satisfaction questionnaire (DTSQ) and geriatric depression scale (both P<0.01) compared to baseline. After 12 weeks, the improvements in mental health, social functioning and vitality (P<0.01 for all domains), and in the DTSQ were sustained. Carer strain was lower at 4 weeks. No changes in outcomes were seen in the comparison group. In selected elderly Type 2 diabetic patients, insulin treatment is associated with significant improvements in well-being, treatment satisfaction and mood, even without significant improvements in glycaemic control and without increase in carer strain. The SF-36 and DTSQ are sensitive to the benefits of the changes in the treatment for these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11850096È��Reza, M
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Paramyxovirinae���Jan¸��PURPOSE: To report the serial magnetic resonance (MR) imaging findings of the Nipah virus. MATERIALS AND METHODS: Twelve patients underwent serial MR imaging. Eight patients were examined at the outbreak; 11, at 1 month; and seven, at 6 months. Contrast material-enhanced MR images, diffusion-weighted images, and single-voxel proton MR spectroscopic images were reviewed. Clinical and neurologic assessment, as well as analysis of the size, location, and appearance of brain lesions on MR images, were performed. RESULTS: During the outbreak, all eight patients had multiple small foci of high signal intensity within the white matter on T2-weighted images. In six patients, cortical and brain stem lesions were also detected, and five patients had diffusion-weighted MR imaging-depicted hyperintensities. One month after the outbreak, five patients had widespread tiny foci of high signal intensity on T1-weighted images, particularly in the cerebral cortex. Diffusion-weighted images showed decreased prominence or disappearance of lesions over time. There was no evidence of progression or relapse of the lesions at 6-month follow-up. MR spectroscopy depicted reduction in N-acetylaspartate-to-creatine ratio and elevation of choline-to-creatine ratios. CONCLUSION: The Nipah virus has findings unlike other viral encephalitides: small lesions that are primarily within the white matter, with transient punctate cortical hyperintensities on T1-weighted images.,��https://www.ncbi.nlm.nih.gov/pubmed/11756729���Lim, C C Tchoyoson
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��The authors assess the expected economic impact of three exotic diseases on the pig industry of Australia. An integrated epidemiological/economic approach was used to assess the effects of classical swine fever, Nipah virus and porcine reproductive and respiratory syndrome. Scenarios involving either an epidemic event, in which the outbreaks were confined to selected regions and were eradicated, or an endemic situation, in which the diseases became established in Australia, were studied. Based only on loss of sales and disposal costs, epidemics resulted in regional losses in income of the order of AUS$10 million-AUS$30 million (16%-37%) depending on disease and region. If any of these diseases became established, opportunity losses in gross national pig income of 5%-11% per year would occur, with classical swine fever the most serious of the three diseases. Establishment of any of the diseases would lead to rapid structural change in the pig industry, with concomitant social and economic dislocation in regional Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/11732410���Garner, M G
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Swine���Oct���BACKGROUND: An outbreak of encephalitis primarily affecting pig farmers occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah virus, which infected pigs, humans, dogs, and cats. Because five abattoir workers were also affected, a survey was conducted to assess the risk of Nipah infection among abattoir workers. METHODS: Workers from all 143 registered abattoirs in 11 of 13 states in Malaysia were invited to participate in this cross-sectional study. Participants were interviewed to ascertain information on illness and activities performed at the abattoir. A serum sample was obtained to test for Nipah virus antibody. RESULTS: Seven (1.6 %) of 435 abattoir workers who slaughtered pigs versus zero (0%) of 233 workers who slaughtered ruminants showed antibody to Nipah virus (P = 0.05). All antibody-positive workers were from abattoirs in the three states that reported outbreak cases among pig farmers. Workers in these three states were more likely than those in other states to have Nipah antibody (7/144 [4.86%] versus 0/291 [0%], P < 0.001) and report symptoms suggestive of Nipah disease in pigs admitted to the abattoirs (P = 0.001). CONCLUSIONS: Nipah infection was not widespread among abattoir workers in Malaysia and was linked to exposure to pigs. Since it may be difficult to identify Nipah-infected pigs capable of transmitting virus by clinical symptoms, using personal protective equipment, conducting surveillance for Nipah infection on pig farms which supply abattoirs, and avoiding handling and processing of potentially infected pigs are presently the best strategies to prevent transmission of Nipah virus in abattoirs.,��https://www.ncbi.nlm.nih.gov/pubmed/11689513£��Sahani, M
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*Viral Plaque Assay���Jan°��Rapid immune plaque assays have been developed to quantify biohazard level 4 agents Hendra and Nipah viruses and detect neutralising antibodies to both viruses. The methods rely on the fact that both viruses rapidly generate large syncytia in monolayers of Vero cells within 24 h and that monospecific antiserum to the Hendra virus phosphoprotein (P) detects that protein in both Hendra and Nipah virus-induced syncytia after methanol fixation of virus-infected cells. The P protein is a constituent of the ribonucleoprotein core of the viruses and a component of the viral RNA-dependent RNA polymerase and is made in significant amounts in infected cells. In the immune plaque assay, anti-P antibody is localised by an alkaline phosphatase-linked second antibody and the Western blot substrates 5-bromo-4-chloro-3-indolyl phosphate and p-nitro blue tetrazolium. A modification of the rapid immune plaque assay was also used to detect antibodies to Nipah virus in a panel of porcine field sera from Malaysia and the results showed good agreement between the immune plaque assay and a traditional serum neutralisation test. After methanol fixation, plates can be stored for up to 7 months and may be used in the immune plaque assay to complement the enzyme-linked immunosorbent assay screening of sera for antibodies to Nipah virus. At present, all enzyme-linked immunosorbent assay positive sera are subject to confirmatory serum neutralisation tests. Use of the immune plaque assay may reduce the number of sera requiring confirmatory neutralisation testing for Nipah virus antibodies under biohazard level 4 conditions by identifying those that generate false positive in the enzyme-linked immunosorbent assay.,��https://www.ncbi.nlm.nih.gov/pubmed/11684302¨��Crameri, Gary
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Viral Matrix Proteins/*genetics���Oct���Phylogenetic relationships among the Paramyxoviridae, a broad family of viruses whose members cause devastating diseases of wildlife, livestock, and humans, were examined with both fusion (F) and matrix (M) protein-coding sequences. Neighbor-joining trees of F and M protein sequences showed that the Paramyxoviridae was divided into the two traditionally recognized subfamilies, the Paramyxovirinae and the Pneumovirinae. Within the Paramyxovirinae, the results also showed groups corresponding to three currently recognized genera: Respirovirus, Morbillivirus, and Rubulavirus. The relationships among the three genera of the Paramyxovirinae were resolved with M protein sequences and there was significant bootstrap support (100%) showing that members of the genus Respirovirus and the genus Morbillivirus were more closely related to each other than to members of the genus Rubulavirus. Both F and M phylogenies showed that Newcastle disease virus (NDV) was more closely related to the genus Rubulavirus than to the other two genera but were consistent with the proposal (B. S. Seal et al., 2000, Virus Res. 66, 1-11) that NDV be classified as a separate genus within the Paramyxovirinae. Both F and M phylogenies were also consistent with the proposal (L. Wang et al., 2000, J. Virol 74, 9972-9979) that Hendra virus be classified as a new genus closely related and basal to the genus Morbillivirus. Rinderpest was most closely related to measles and a more derived virus than to canine distemper virus, phocine distemper virus, or dolphin morbillivirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11603943×��Westover, K M
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Viral Proteins/genetics���Nov 28Í��Viral agents from 18 different snake species (families Colubridae, Viperidae, and Crotalidae) showing respiratory symptoms and neuronal disease were identified as paramyxoviruses by typical cytopathogenic effect (CPE), electron microscopy, and hemagglutination inhibition. Detailed molecular characterization of the viruses was performed by partial L- and F-gene-specific reverse transcription polymerase chain reaction (RT-PCR) and sequencing, nucleotide and amino acid sequence alignment, and phylogenetic analysis (PHYLIP). RT-PCR of the partial L-gene (566 nt) was successful for all 18 viruses; amplicons of the partial F-gene (918 nt) could be obtained in 16 cases. F- and L-sequence alignment revealed similarities to Fer de Lance virus (FDLV) ranging from 79 to 88% on a nucleotide basis, and 94 to 99% on an amino acid basis. Phylogenetic analysis of the ophidian paramyxoviruses resulted in three clusters for the L-gene sequence and corresponding clusters for the F-gene sequence, indicating no species specificity. We analyzed the F-protein of the snake paramyxoviruses, which proved to have an identical conserved motif of heptad repeat A and predicted a furin cleavage site. This uniformity distinguishes the snake virus group from the other type species of the subfamily Paramyxovirinae. For further classification, we aligned the sequences of the ophidian paramyxoviruses and members of the Paramyxoviridae, such as Sendai virus (genus Respirovirus), mumps virus (genus Rubulavirus), measles virus (genus Morbillivirus), human respiratory syncytial virus (genus Pneumovirus) (Van Regenmortel and 10 co-authors, 2000) and Hendra virus, which have recently been suggested as type species of the genus Henipavirus (Wang et al., 2000). Maximum sequence similarity was found to the partial L-gene of Sendai virus, with 56% nucleotide and 61% amino acid identity. The FDLV and Sendai virus cluster in the phylogenetic analysis of L- and F-protein regarding the Paramyxovirus type species and Hendra virus and show the closest relationship. Regarding the biological properties, the antigenic distance, and particularly the low homology of available sequences, we propose a new genus for the reptilian paramyxoviruses within the Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11597749¡��Franke, J
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Seroepidemiologic Studies���May-Junú��Nipah virus, family Paramyxoviridae, caused disease in pigs and humans in peninsular Malaysia in 1998-99. Because Nipah virus appears closely related to Hendra virus, wildlife surveillance focused primarily on pteropid bats (suborder Megachiroptera), a natural host of Hendra virus in Australia. We collected 324 bats from 14 species on peninsular Malaysia. Neutralizing antibodies to Nipah virus were demonstrated in five species, suggesting widespread infection in bat populations in peninsular Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/11384522ü��Yob, J M
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West Nile Fever/diagnosis/virology���Jun���Over 100 viruses have been associated with acute central nervous system infections. The present review focuses on some of the most common agents of viral encephalitis, as well as important emerging viral encephalitides. In this context, the initial detection of West Nile virus in the Western Hemisphere during the 1999 New York City outbreak, the first description of Nipah virus in Malaysia, and the appearance in Asia of a new neurovirulent enterovirus 71 strain that causes severe neurologic disease are highlighted. In addition, advances regarding diagnosis, neuroimaging and treatment of Japanese and herpes simplex encephalitis are presented.,��https://www.ncbi.nlm.nih.gov/pubmed/11371762b��Hinson, V K
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Viral Proteins/chemistry/genetics���May 10P��Menangle virus (MenV), isolated in August 1997 following an outbreak of reproductive disease in a piggery in New South Wales, is the second previously unclassified member of the family Paramyxoviridae to be identified in Australia since 1994. Similar to Hendra virus (HeV), MenV appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. No serological cross-reactivity was detected between MenV and other known paramyxoviruses and to facilitate virus classification a cDNA subtraction method was used to obtain viral-specific cDNA from MenV-infected cells. Cloning and sequencing of the products enabled the entire sequences of the NP, P/V, M, F, and HN genes to be determined. Comparison of the nucleotide and deduced amino acid sequences for each gene with members of the family Paramyxoviridae, determination of the P gene mRNA editing strategy, and phylogenetic analyses confirmed that MenV is a new member of the genus Rubulavirus. However the deduced protein sequence of MenV HN exhibited only limited sequence homology when compared with attachment proteins of other paramyxoviruses. Key differences within the amino acid residues considered important determinants of neuraminidase activity suggest MenV HN is unlikely to possess the same degree of neuraminidase activity characteristic of other rubulavirus and respirovirus HN proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/11336561���Bowden, T R
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Viral Proteins/chemistry/genetics/immunology���May 10³��A search for the natural host of Nipah virus has led to the isolation of a previously unknown member of the family Paramyxoviridae. Tioman virus (TiV) was isolated from the urine of fruit bats (Pteropus hypomelanus) found on the island of the same name off the eastern coast of peninsular Malaysia. An electron microscopic study of TiV-infected cells revealed spherical and pleomorphic-enveloped viral particles (100--500 nm in size) with a single fringe of embedded peplomers. Virus morphogenesis occurred at the plasma membrane of infected cells and morphological features of negative-stained ribonucleoprotein complexes were compatible with that of viruses in the family Paramyxoviridae. Serological studies revealed no cross-reactivity with antibodies against a number of known Paramyxoviridae members except for the newly described Menangle virus (MenV), isolated in Australia in 1997. Failure of PCR amplification using MenV-specific primers suggested that this new virus is related to but different from MenV. For molecular characterization of the virus, a cDNA subtraction strategy was employed to isolate virus-specific cDNA from virus-infected cells. Complete gene sequences for the nucleocapsid protein (N) and phosphoprotein (P/V) have been determined and recombinant N and V proteins produced in baculovirus. The recombinant N and V proteins reacted with porcine anti-MenV sera in Western blot, confirming the serological cross-reactivity observed during initial virus characterization. The lack of a C protein-coding region in the P/V gene, the creation of P mRNA by insertion of 2-G residues, and the results of phylogenetic analyses all indicated that TiV is a novel member of the genus Rubulavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11336547Ì��Chua, K B
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Paramyxovirinae/*pathogenicity���Apr���Information on the pathogenesis and transmissibility of Hendra and Nipah viruses was obtained by comparing their histopathology. Both viruses induced syncytial cells in vascular tissues and they were primarily vasotropic and/or neurotropic, generating interstitial pneumonia or encephalitis. Nipah virus in pigs was also epitheliotropic in respiratory epithelium and thus contagious.,��https://www.ncbi.nlm.nih.gov/pubmed/11334749���Hooper, P
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Paramyxovirinae/pathogenicity/*physiology���AprD��Pteropid bats (flying foxes), species of which are the probable natural host of both Hendra and Nipah viruses, occur in overlapping populations from India to Australia. Ecological changes associated with land use and with animal husbandry practices appear most likely to be associated with the emergence of these two agents.,��https://www.ncbi.nlm.nih.gov/pubmed/11334748���Field, H
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Swine Diseases/virology���Aprg��The ultrastructure of Hendra and Nipah viruses is described in cultured cells, pigs, horses and humans. Differences in ultrastructure between the viruses are evident within infected cell cultures and lungs from infected amplifier hosts. These differences are important in viral identification and differentiation and understanding the pathogenesis of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/11334747���Hyatt, A D
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Viral Proteins/chemistry/*genetics/metabolism���AprF��The structure and genetic organization of Hendra and Nipah viruses places them in the subfamily Paramyxovirinae. However, low homology with other subfamily members and several novel biological and molecular features such as genome length and F(0 )cleavage site suggest classification in a new genus within the Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/11334745���Wang, L
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West Nile virus/pathogenicity���Mar 31¼��The emergence and re-emergence of viral infections is an ongoing process. Large-scale vaccination programmes led to the eradication or control of some viral infections in the last century, but new viruses are always emerging. Increased travel is leading to a rise in the importation of exotic infections such as dengue and hepatitis E, but also of hepatitis A, which is no longer endemic. Apart from import diseases new viruses have appeared (Nipah-virus and transfusion-transmitted virus). Existing viruses may suddenly cause more severe diseases, e.g. infection by enterovirus 71. The distribution area of a virus may change, e.g. in case of West Nile virus, an Egyptian encephalitis virus that appears to have established itself in the USA. Furthermore, there is no such thing as a completely new virus; it is always an existing virus that has adapted itself to another host or that was already present in humans but has only recently been discovered. A number of factors facilitate the emergence of new infectious diseases. These include intensive animal husbandry and the transport of animals. The unexpected appearance of West Nile virus in the western hemisphere was possibly due to animal transportation.,��https://www.ncbi.nlm.nih.gov/pubmed/11305210v��Galama, J M
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Viral Fusion Proteins/*immunologyµ��The Paramyxovirinae sub-family contains viruses of major importance for humans (measles and mumps viruses) and animals (Newcastle disease virus, canine distemper virus, rinderpest virus) but also zoonotic viruses (Hendra and Nipah viruses). Newcastle disease virus, a Rubulavirus, which is specific of birds, can be used as a model for understanding the pathogenicity mechanisms of Paramyxovirinae and for the study of vaccination against the diseases they cause. The F protein of pathogenic strains of Newcastle disease virus have a polybasic cleavage site (K/R-Q-K/R-R) which is specific of furine, a cellular enzyme present in all cellular types, what allows viral multiplication in all cells of the host. Such cleavage site is also present in the F protein of measles and mumps viruses. Antibodies against the F protein are the most effective in the immune response against Newcastle disease virus. The major role played by the F protein in the immunity against Paramyxovirinae arises also from the research performed on other animal (rinderpest and canine distemper viruses) and human (measles virus) viruses. Recombinant and sub-unit vaccines as well as DNA vaccination based on the expression of viral glycoproteins allow effective vaccination of chickens against Newcastle disease. The use of a similar approach could lead to the development of new vaccines against measles or mumps and if necessary to produce vaccines against zoonotic Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/11268674���Meulemans, G
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Virus Shedding���Janµ��OBJECTIVES: To study the excretion of Nipah virus in the upper respiratory secretions and urine of infected patients in relation to other clinical features. METHODS: Isolation of Nipah virus from the respiratory secretions and urine was made in Vero cells and identified by indirect immunofluorescence assay using anti-Hendra specific hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG. RESULTS: During the peak outbreak of Nipah virus encephalitis in Malaysia, Nipah virus was isolated from the upper respiratory secretions and urine in eight of 20 patients who were virologically and/or serologically confirmed to be infected with the virus. From these eight patients, Nipah virus was isolated from six throat swab specimens, three urine specimens and only one nasal swab specimen. The positive virus isolation rate was related to the collection of these specimens during the early phase of the illness (P = 0.068). The presence of serum anti-Nipah specific IgM appeared to reduce the chance of isolating the virus (P = 0.049). There was no significant difference in the isolation rate with respect to the age, gender, ethnic group and clinical features associated with grave prognosis and mortality outcome of the patients. CONCLUSION: This study shows that it is possible to be infected from secretions of infected patients, but epidemiological survey on close contacts so far did not suggest that human-to-human transmission is common.,��https://www.ncbi.nlm.nih.gov/pubmed/11243752Î��Chua, K B
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Zoonoses/epidemiology/etiology/microbiology���Feb 23���By using the criteria that define emerging infectious diseases (EIDs) of humans, we can identify a similar group of EIDs in wildlife. In the current review we highlight an important series of wildlife EIDs: amphibian chytridiomycosis; diseases of marine invertebrates and vertebrates and two recently-emerged viral zoonoses, Nipah virus disease and West Nile virus disease. These exemplify the varied etiology, pathogenesis, zoonotic potential and ecological impact of wildlife EIDs. Strikingly similar underlying factors drive disease emergence in both human and wildlife populations. These are predominantly ecological and almost entirely the product of human environmental change. The implications of wildlife EIDs are twofold: emerging wildlife diseases cause direct and indirect loss of biodiversity and add to the threat of zoonotic disease emergence. Since human environmental changes are largely responsible for their emergence, the threats wildlife EIDs pose to biodiversity and human health represent yet another consequence of anthropogenic influence on ecosystems. We identify key areas where existing expertise in ecology, conservation biology, wildlife biology, veterinary medicine and the impact of environmental change would augment programs to investigate emerging diseases of humans, and we comment on the need for greater medical and microbiological input into the study of wildlife diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11230820»��Daszak, P
Cunningham, A A
Hyatt, A D
eng
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
Review
Netherlands
2001/03/07 10:00
Acta Trop. 2001 Feb 23;78(2):103-16.%��0001-706X (Print)
0001-706X (Linking)���11230820Q��Institute of Ecology, University of Georgia, Athens GA 30602, USA. daszak@aol.com������üÒ|ÿþ?B������Hooper, P. T.
Williamson, M. M.���2000!��Hendra and Nipah virus infections���597-603, xi���Vet Clin North Am Equine Pract���16���3ò��Animals
Diagnosis, Differential
Disease Outbreaks/prevention & control/*veterinary
Horse Diseases/*epidemiology/virology
Horses
Paramyxoviridae Infections/diagnosis/epidemiology/*veterinary
*Paramyxovirinae/pathogenicity
Zoonoses/transmission���Dec9��The most important clinical and pathological manifestation of Hendra virus infection in horses and humans is that of severe interstitial pneumonia caused by viral infection of small blood vessels. The virus is also capable of causing nervous disease. Hendra virus is not contagious in horses and is spread by close contact with body fluids, such as froth from infected lungs. Diagnosis should be based on the laboratory examination of blood, lung, kidney, spleen, and, if nervous signs are present, also of the brain. Evidence of infection with the more recently identified and related Nipah virus was found in the brain of one horse in which there was inflammation of the meningeal blood vessels. Fruit bats, especially Pteropus s., have been incriminated as the natural and reservoir hosts of both Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/11219352s��Hooper, P T
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Zoonoses/transmission/virology&��A pig-borne virus causing viral encephalitis amongst human beings in Malaysia was detected in 1997 by the Ministry of Health. Initially, the disease was considered to be Japanese encephalitis. Subsequently, it was thought to be a Hendra-like viral encephalitis, but on 10th April, 1999 the Minister of Health announced this mysterious and deadly virus to be a new virus named Nipah virus. The virus was characterized at CDC, Atlanta, Georgia. The gene sequencing of the enveloped virus revealed that one of the genes had 21% difference in the nucleotide sequence with about 8% difference in the amino acid sequence from Hendra virus isolated from horses in Australia in 1994. The virus was named after the village Nipah. In all, the Ministry of Health declared 101 human casualties, and 900,000 pigs were culled by April, 1999. The worst affected area in Malaysia was Negri Sembilan. The symptoms, incubation period in human being and pigs, animal to human transmission, threat of disease to other livestock, and control program adopted in Malaysia is described.,��https://www.ncbi.nlm.nih.gov/pubmed/11193645A��Uppal, P K
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Zoonoses/*transmission���Dec���The risk of zoonotic disease transmission when handling livestock or animal products is substantial. In industrialized countries, the classical zoonotic diseases such as tuberculosis or brucellosis are no longer in the foreground. Latent zoonoses such as salmonellosis and campylobacteriosis can cause serious disease in humans and have become a major public health problem during the past years. Since animals infected with these pathogens show only mild transient disease or no clinical signs at all, new concepts in the entire production line ("stable to table") are necessary in order to avoid human infection. Two emerging viruses with zoonotic potential--avian influenza virus and Nipah virus--have been found in Asia in 1997 and 1999. Both diseases had a major impact on disease control and public health in the countries of origin. In order to cope threats from infectious diseases, in particular those of public health relevance, a combined effort among all institutions involved will be necessary. The proposed "European Center for Infectious Diseases" and the "Swiss center for zoonotic diseases" could be a potential approach in order to achieve this goal.,��https://www.ncbi.nlm.nih.gov/pubmed/11189834���Jemmi, T
Danuser, J
Griot, C
ger
English Abstract
Switzerland
2001/02/24 12:00
Schweiz Arch Tierheilkd. 2000 Dec;142(12):665-71.%��0036-7281 (Print)
0036-7281 (Linking)���11189834B��Zoonosen als Risiko im Umgang mit Tieren und tierischen Produkten.>��Bundesamt fur Veterinarwesen, Bern. thomas.jemmi@bvet.admin.ch���	X��üÒ|ÿþ?E������Mahy, B. W.
Brown, C. C.���2000/��Emerging zoonoses: crossing the species barrier���33-40���Rev Sci Tech���19���1«��Animals
Cattle
Communicable Diseases, Emerging/*transmission
Ehrlichiosis/transmission
Encephalopathy, Bovine Spongiform/transmission
Filoviridae Infections/transmission
HIV Infections/transmission
Hiv-1
Hiv-2
Humans
Influenza, Human/transmission
Leptospirosis/transmission
Paramyxoviridae Infections/transmission
Paramyxovirinae
Pfiesteria piscicida
Plague/transmission
Protozoan Infections/transmission
Zoonoses/*transmission���Apr¯��The ability of infectious disease agents to cross the species barrier has long been recognised for many zoonotic diseases. New viral zoonotic diseases, such as acquired immune deficiency syndrome (AIDS), caused by human immunodeficiency viruses 1 or 2, emerged in the 1980s and 1990s, and have become established in the human population. Influenza virus continues to find new ways to move from avian species into humans. The filoviruses and the newer paramyxoviruses, Hendra and Nipah, highlight the increasing proclivity of some animal viral agents to infect human populations with devastating results. A previously unknown transmissible spongiform encephalopathy, bovine spongiform encephalopathy, has emerged in cattle in Europe and spread to humans as well as other animal species. A novel toxicosis, caused by Pfiesteria spp. dinoflagellates, has become a secondary problem in some areas where large fish kills have occurred. The increasing proximity of human and animal populations has led to the emergence of, or increase in, bacterial zoonoses such as plague, leptospirosis and ehrlichiosis. The factors which influence the ability of each infectious agent to effectively across the species barrier and infect new cells and populations are poorly understood. However, for all of these diseases, the underlying theme is the growth of the human population, the mobility of that population, and the efforts expended to keep that population nourished.,��https://www.ncbi.nlm.nih.gov/pubmed/11189724[��Mahy, B W
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*Zoonoses/epidemiology/virology���Apre��Between late 1998 and 1999, the spread of a new disease of pigs, characterized by a pronounced respiratory and neurological syndrome, sometimes accompanied by the sudden death of sows and boars, was recorded in pig farms in peninsular Malaysia. The disease appeared to have a close association with an epidemic of viral encephalitis among workers on pig farms. A previously unrecognised paramyxovirus was later identified from this outbreak; this virus was related to, but distinct from, the Hendra virus discovered in Australia in 1994. The new virus was named 'Nipah' and was confirmed by molecular characterization to be the agent responsible for the disease in both humans and pigs. The name proposed for the new pig disease was 'porcine respiratory and neurological syndrome' (also known as 'porcine respiratory and encephalitis syndrome'), or, in peninsular Malaysia, 'barking pig syndrome'. The authors describe the new disease and provide the epidemiological findings recorded among infected pigs. In addition, the control programmes which were instituted to contain the virus in the national swine herd are outlined.,��https://www.ncbi.nlm.nih.gov/pubmed/11189713f��Mohd Nor, M N
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Zoonoses/epidemiology/transmission/*virology���Apr®��The author provides an account of the discovery of a previously undescribed disease of horses and a description of the studies involved in determining the aetiology of the disease. The causative virus, now named Hendra virus (HeV), is the reference virus for a proposed new genus within the virus family Paramyxoviridae. The virus is a lethal zoonotic agent able to cause natural disease in humans and horses and experimentally induced disease in cats, guinea-pigs and mice. The virus also naturally infects species of the family Megachiroptera, mainly subclinically, and such animals are the natural host of HeV. The virus appears to transmit readily between species of Megachiroptera, but not readily between horses under natural and experimental conditions, or from horses to humans. The method of transmission from bats to horses is not known. Three incidents of HeV disease in horses have been recorded in Australia--two in 1994 which caused the death of two humans and fifteen horses and one in 1999 which involved the death of a single horse. Hendra virus is related to Nipah virus, the virus that caused disease and mortality in humans, pigs, dogs and cats in Malaysia during 1998 and 1999.,��https://www.ncbi.nlm.nih.gov/pubmed/11189712T��Westbury, H A
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Surveys and Questionnaires���Mar 1ú��During 1998-1999, an outbreak of Nipah virus encephalitis occurred in Malaysia. To assess the possibility of nosocomial transmission, 338 health care workers (HCWs) exposed and 288 HCWs unexposed to outbreak-related patients were surveyed, and their serum samples were tested for anti-Nipah virus antibody. Needlestick injuries were reported by 12 (3%) HCWs, mucosal surface exposure to body fluids by 39 (11%), and skin exposure to body fluids by 89 (25%). No encephalitis occurred in either group. Three exposed and no unexposed HCWs tested positive by EIA for IgG antibodies. It is likely that these 3 were false positives; no IgM response occurred, and the serum samples were negative for anti-Nipah virus neutralizing antibodies. The risk of nosocomial transmission of Nipah virus appears to be low; however, given the high case-fatality rate and the presence of virus in respiratory secretions and urine of some patients, standard and droplet infection-control practices should be maintained with these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11181159Â��Mounts, A W
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*Swine���Jun���Between September 1998 and May 1999, 265 cases of encephalitis were reported from among those involved in pig rearing. A few cases were also reported among abattoir workers. This raised questions of the risk of transmission among those who handled raw pork. A serosurvey was conducted among pork sellers in Seremban town, which is about 20 km from one of the pig rearing areas which had reported cases of encephalitis. It was found that out of the 28 pork sellers tested, only one tested positive for Nipah virus antibodies and that this pork seller also worked in an abattoir in the same district, removing the urinary bladders from slaughtered pigs. Based on these findings, it was concluded that the risk of transmission of the virus from handling raw pork appeared to be low.,��https://www.ncbi.nlm.nih.gov/pubmed/11127331²��Premalatha, G D
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*Swine���Jun&��A hospital-based case-control study of viral encephalitis was carried out at Port Dickson Hospital, in the state of Negeri Sembilan, Malaysia. Between March and May 1999, 69 clinically diagnosed viral encephalitis cases and 31 controls were interviewed. Job histories on pig farming activities were assessed by a group of epidemiologists and veterinary surgeons. Results show that among clinical cases of viral encephalitis, 52 (75.4%) cases were diagnosed to have Nipah virus infection based on positive serology for antibodies to the cross-reacting Hendra virus antigen. The Nipah virus encephalitis was significantly associated with a history of working in pig farms (p < 0.001, OR = 196.0, 95% CI = 20.4-4741.6), history of contact with animals (p < 0.001, OR = 38.3, 95% CI = 8.2-209.0) and with history of direct contact with pigs (p = 0.002, OR = 34.4, 95% CI = 2.6-1,024.4). The Nipah virus infection was also significantly associated with history of feeding/cleaning pigs (p < 0.001, OR = 102, 95% CI = 11.9-2,271.5). These results provide evidence that involvement in pig farming activities is significantly associated with the risk of getting Nipah virus infection. They are potential risk factors for Nipah virus transmission in the major pig-producing area of Bukit Pelandok, Port Dickson Negeri Sembilan.,��https://www.ncbi.nlm.nih.gov/pubmed/11127330å��Amal, N M
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*Skin Diseases���Nov 30è��Infectious diseases remain a major cause of morbidity and mortality in the year 2000. 17 million deaths per year or roughly a third of all deaths are caused by infections. Infectious diseases also pose a serious economic threat. While many well-established pathogens have not been contained several new infectious agents have been discovered within the past 27 years which include rotavirus, legionella, HIV, ebola, campylobacter, helicobacter, nipah, HHV8, hepatitis C, and many others. Additionally many new pathogens have emerged as serious threats to the ever-growing number of immuno-compromised patients. Infectious etiologies have been found for many common diseases (certain leukemias, duodenal ulcers, etcetera). It is likely that infections are at least co-factors for many other diseases (transplant-associated atherosclerosis). Only specialized care and multi-disciplinary collaboration will enable us to cope with current problems and the inevitable emergence of new infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11121370W��eng
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Surveys and Questionnaires���SepR��OBJECTIVE: to investigate the prevalence of known diabetes mellitus in care homes and the patterns of diabetes care in these institutions. DESIGN: a postal questionnaire sent to all 98 care homes in Sheffield. RESULTS: 70 care homes (71%) returned the questionnaire, indicating that 233 (8.8%) of 2648 residents were known to have diabetes. Of these, 76 (33%) were treated with diet alone, 105 (45%) with diet plus oral medication and 52 (22%) with insulin. Only seven registered nurses (2%) in the homes had certified diabetes training. Forty-two homes (60%) did not carry out a structured, diabetes-related assessment of residents on entry and only 29 (42%) had regular review of diabetic residents by a general practitioner or practice nurse. Most homes (89%) were visited by an optician, 56 (80%) also had a regular chiropody service, although 32 (46%) of these charged their residents for this service. CONCLUSIONS: the known prevalence of diabetes is similar to that reported previously. This study highlights the need for structured care with defined standards for care-home residents with diabetes.,��https://www.ncbi.nlm.nih.gov/pubmed/11108418W��Taylor, C D
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Paramyxovirinae/immunology/*isolation & purification/ultrastructure���DecG��BACKGROUND: between 1998 and 1999, an outbreak of potentially fatal viral encephalitis erupted among pig farm workers in West Malaysia, and later spread to Singapore where abattoir workers were afflicted. Although Japanese encephalitis virus was initially suspected, the predominant aetiologic agent was subsequently confirmed to be Nipah virus, a novel paramyxovirus related to but distinct from Hendra virus. OBJECTIVE: to describe a case of Nipah virus encephalitis in a pig farm worker from Malaysia. STUDY DESIGN: the clinical, laboratory and radiological findings of this patient were scrutinized. Special emphasis was placed on the electron microscopic analysis of the cerebrospinal fluid (CSF) specimen from this patient. RESULTS: the neurological deficits indicative of cerebellar involvement were supported by the magnetic resonance imaging that showed prominent cerebellar and brainstem lesions. CSF examination provided further evidence of viral encephalitis. Complement fixation and/or RT-PCR assays were negative for Japanese encephalitis, herpes simplex, measles and mumps viruses. ELISA for detecting IgM and IgG antibodies against Hendra viral antigens were equivocal for the CSF specimen, and tested initially negative for the first serum sample but subsequently positive for the repeat serum sample. Transmission electron microscopy of negatively-stained preparations of CSF revealed enveloped virus-like structures fringed with surface projections as well as nucleocapsids with distinctive helical and herringbone patterns, features consistent with those of other paramyxoviruses, including Hendra virus. CONCLUSION: this case report reiterates the relevant and feasible role of diagnostic electron microscopy for identifying and/or classifying novel or emerging viral pathogens for which sufficiently specific and sensitive tests are lacking.,��https://www.ncbi.nlm.nih.gov/pubmed/11090749���Chow, V T
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Paramyxovirinae/*chemistry���NovA��During the outbreak of Nipah virus encephalitis in Malaysia, stored cerebrospinal fluid (CSF) samples from 84 patients (27 fatal and 57 nonfatal cases) were cultured for the virus. The virus was isolated from 17 fatal cases and 1 nonfatal case. There were significant associations between CSF virus isolation and mortality as well as clinical features associated with poor prognosis. In addition, there was a positive linear correlation of CSF virus isolation with age. There was no significant association between CSF virus isolation and the character of the CSF, presence of Nipah-specific antibody in the serum or CSF, duration of illness before collection of samples, or sex or ethnicity of the patients. This study suggests that high viral replication in the central nervous system may be an important factor for high mortality.,��https://www.ncbi.nlm.nih.gov/pubmed/11079547���Chua, K B
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Zoonoses/epidemiology/transmission���Nov?��Hendra has been recognized in Australia as a new zoonotic disease of horses since 1994/5 and subsequent work has shown that the viral agent is endemic in certain species of fruit bat. The Hendra virus is the type species of a new genus within the sub-family Paramyxovirinae, which also contains another newly identified zoonotic bat virus, namely Nipah. It is assumed that contact with bats has led to the Hendra virus being transferred to horses on each of the three separate incidents that have been reported in the last five years. No evidence has been found for widespread subclinical infection of horses. Infected horses can develop a severe and often fatal respiratory disease characterized by dyspnoea, vascular endothelial damage and pulmonary oedema. Nervous signs may also occur. Fatal respiratory disease has been seen in cats and guinea pigs following experimentally induced infections. Transmission of the virus from horses to other horses or man seems to have taken place, but very close contact was required. Three human cases have been recognized, all in association with equine cases. There have been two human fatalities, one due to respiratory failure and the other from a delayed-onset encephalitis. A number of diagnostic methods have been developed, but great care must be taken in obtaining samples from suspected cases.,��https://www.ncbi.nlm.nih.gov/pubmed/11061954w��Barclay, A J
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West Nile virus/pathogenicityC��As the 21st century begins, several outbreaks of encephalitis have been reported. An examination of these outbreaks brings into focus important epidemiological developments. Specifically, urbanization and encroachment on natural environments, the ease of world travel, and global trade can lead to spread of vectors and viruses from the developing world to the developed world. This review focuses on two recent epidemics of encephalitis: West Nile virus encephalitis in the eastern United States and Nipah virus encephalitis in Malaysia and Singapore. These examples demonstrate spread of a known viral agent from an endemic area to an area in which it had not previously been found and identification of a new viral agent. Infectious diseases in the developed world once considered "exotic" are now potential threats to all patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11051296?��Marra, C M
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Viral Proteins/chemistry/*genetics���Nov#��An outbreak of acute respiratory disease in Hendra, a suburb of Brisbane, Australia, in September 1994 resulted in the deaths of 14 racing horses and a horse trainer. The causative agent was a new member of the family Paramyxoviridae. The virus was originally called Equine morbillivirus but was renamed Hendra virus (HeV) when molecular characterization highlighted differences between it and members of the genus Morbillivirus. Less than 5 years later, the closely related Nipah virus (NiV) emerged in Malaysia, spread rapidly through the pig population, and caused the deaths of over 100 people. We report the characterization of the HeV L gene and protein, the genome termini, and gene boundary sequences, thus completing the HeV genome sequence. In the highly conserved region of the L protein, the HeV sequence GDNE differs from the GDNQ found in almost all other nonsegmented negative-strand (NNS) RNA viruses. HeV has an absolutely conserved intergenic trinucleotide sequence, 3'-GAA-5', and highly conserved transcription initiation and termination sequences similar to those of respiroviruses and morbilliviruses. The large genome size (18,234 nucleotides), the unique complementary genome terminal sequences of HeV, and the limited homology with other members of the Paramyxoviridae suggest that HeV, together with NiV, should be classified in a new genus in this family. The large genome of HeV also fills a gap in the spectrum of genome sizes observed with NNS RNA virus genomes. As such, it provides a further piece in the puzzle of NNS RNA virus evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/11024125¤��Wang, L F
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Viral Fusion Proteins/*chemistry/genetics/isolation & purification���Sep 25Ã��Hendra virus (HeV) is an unclassified member of the Paramyxoviridae family that causes systemic infections in humans, horses, cats, guinea pigs and flying foxes. The fusion protein (F(0)) of members of the Paramyxoviridae family that cause systemic infections in vivo contains a basic amino acid-rich region at which the protein is activated by cleavage into two subunits (F(1) and F(2)). HeV F(0) lacks such a domain. We have determined the cleavage site in HeV F(0) by sequencing the amino terminus of the F(1) subunit and in view of the potential effect of glycosylation on the cleavage process have ascertained the sites at which F(0) is glycosylated. The results indicate that unlike other members of the family that replicate in cultured cells and cause systemic infections in vivo, cleavage of HeV F(0) occurs at a single lysine (reside 109) in the sequence Asp-Val-Lys- downward arrow-Leu. Although HeV genotypically resembles members of the Respirovirus and Rubulavirus genera in having potential N-linked glycosylation sites in both the F(1) and F(2) subunits, we show that phenotypically HeV may more closely resemble members of the Morbillivirus genus that contain N-linked glycans only in the F(2) subunit.,��https://www.ncbi.nlm.nih.gov/pubmed/11018278���Michalski, W P
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*Stroke Rehabilitation���Jul 20���PURPOSE: Patient mood and carer stress were assessed for stroke patients in the community following early hospital discharge. METHOD: Patients had low Barthel Indices (13.0 (mean) +/- 4.9 (SD)) with high anxiety and depression scores, and carers had high stress scores, on starting rehabilitation. On starting rehabilitation, patient Barthel Indices correlated inversely with patient depression (r = -0.33, p < 0.02) and carer stress scores (r = -0.48, p < 0.001). RESULTS: During rehabilitation improvements occurred in patient Barthel Indices, patient anxiety scores and carer stress scores, but not in patient depression scores. Incremental increases in patient Barthel Indices during rehabilitation correlated with reductions in carer stress scores (r = -0.55, R2 = 29.4%, p < 0.001). Following early hospital discharge stroke patients display mood abnormalities which do not resolve during rehabilitation. CONCLUSION: Carer stress and patients depression scores are related to the severity of stroke-related disability. Strategies to address patient mood and carer stress should be present in community services providing early stroke rehabilitation.,��https://www.ncbi.nlm.nih.gov/pubmed/10972352p��Jones, A L
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Zoonoses���Jul 28���Scientists are a step closer to unraveling a medical mystery that killed 105 people in Malaysia last year and destroyed the country's pig industry. The Nipah virus, which caused the disease, most likely originated in a native fruit bat species, Malaysian researchers reported here at a meeting last week. They say the findings will help Malaysian health authorities prevent future outbreaks of the Nipah virus. Others see the case as an argument for expanding research into infections that can leap the boundary between animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10939954K��Enserink, M
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Virus Diseases/*epidemiology/*virology���Jun 15²��A number of infectious agents has been newly detected in the last 10 years. Climatic changes and migration have been the most important factors in the emergence of new and old infections. Additionally, new methods for the detection of DNA and RNA have played an important role in the detection of agents difficult to culture. Relevant new bacterial pathogens are Bartonella henselae (cat scratch disease, bacillary angiomatosis), Tropheryma whippeli (Whipple's disease) and new Rickettsiae. Newly detected viral pathogens include Sin-nombre virus (pulmonary Hanta virus syndrome), Nipah- and Hendra virus and avian influenza. Bovine spongiform encephalopathy has been transmitted to humans causing the newly described syndrome of variant Creuzfeldt-Jakob disease. The extent of this new epidemic is not yet clear. These trends from the last years clearly indicate, that further new infections and infectious agents will be detected in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/10935415���Salzberger, B
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Virulence���Augõ��Two major epidemics of viral encephalitis occurred in Asia in 1997 and 1998. The first was a re-emergence of neurovirulent strains of enterovirus 71, which caused severe encephalomyelitis in children in Malaysia, Taiwan and Japan, on a background of hand, foot and mouth disease. Necropsy studies of patients who died of enterovirus 71 infection showed severe perivascular cuffing, parenchymal inflammation and neuronophagia in the spinal cord, brainstem and diencephalon, and in focal areas in the cerebellum and cerebrum. Although no viral inclusions were detected, immunohistochemistry showed viral antigen in the neuronal cytoplasm. Inflammation was often more extensive than neuronal infection, suggesting that other factors, in addition to direct viral cytolysis, may be involved in tissue damage. The second epidemic of viral encephalitis was the result of a novel paramyxovirus called Nipah, which mainly involved pig handlers in Malaysia and Singapore. Pathological evidence suggested that the endothelium of small blood vessels in the central nervous system was particularly susceptible to infection. This led to disseminated endothelial damage and syncytium formation, vasculitis, thrombosis, ischaemia and microinfarction. However, there was also evidence of neuronal infection by the virus and this may also have contributed to the neurological dysfunction in Nipah encephalitis. Some patients who seemed to recover from the acute symptoms have been re-admitted with clinical findings suggestive of relapsing encephalitis. As these two epidemics indicate, the emergence and re-emergence of viral encephalitides continue to pose considerable challenges to the neuropathologist, in establishing the diagnosis and unravelling the pathogenesis of the neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10931364X��Wong, K T
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*Paramyxovirinae���Augx��OBJECTIVE: The newly discovered Nipah virus causes an acute febrile encephalitic illness in humans that is associated with a high mortality. The purpose of this study is to describe the MR imaging findings of Nipah encephalitis. MATERIALS AND METHODS: MR imaging of the brain was performed in 31 patients with Nipah encephalitis divided into three groups. The first group (14 patients) underwent MR imaging during the acute phase of the illness and the second group (10 patients) during the later phase of the acute illness. The third group consisted of six patients who underwent MR imaging because they experienced neurologic relapse and one patient who had late-onset encephalitis. Spin-echo T1- and T2-weighted sequences and T2-weighted fluid attenuated inversion recovery (FLAIR) sequences were performed. Contrast-enhanced MR imaging was performed in four patients. RESULTS: The FLAIR sequences revealed abnormalities in all patients studied. MR imaging findings in both the acute and later phases of encephalitis were similar; the main feature of both phases was the presence of discrete high-signal-intensity lesions, measuring 2-7 mm, disseminated throughout the brain, mainly in the subcortical and deep white matter of the cerebral hemispheres. Neither mass effect nor cerebral edema was seen. There was no correlation with the focal neurologic signs, depth of coma, and outcome of the patients. The lesions were attributed to widespread microinfarctions from underlying vasculitis of cerebral small vessels. Features found on MR imaging in relapsed and late-onset encephalitis differed from the features in acute encephalitis in that confluent cortical involvement was the prominent finding in the former, as opposed to discrete focal lesions in the subcortical and deep white matter in the latter. CONCLUSION: MR imaging is a sensitive and specific diagnostic tool for evaluating Nipah encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/10915690���Sarji, S A
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RNA, Viral/analysis���Aug���Since it was first described in Australia in 1994, Hendra virus (HeV) has caused two outbreaks of fatal disease in horses and humans, and an isolated fatal horse case. Our preliminary studies revealed a high prevalence of neutralizing antibodies to HeV in bats of the genus PTEROPUS:, but it was unclear whether this was due to infection with HeV or a related virus. We developed the hypothesis that HeV excretion from bats might be related to the birthing process and we targeted the reproductive tract for virus isolation. Three virus isolates were obtained from the uterine fluid and a pool of foetal lung and liver from one grey-headed flying-fox (Pteropus poliocephalus), and from the foetal lung of one black flying-fox (P. alecto). Antigenically, these isolates appeared to be closely related to HeV, returning positive results on immunofluorescent antibody staining and constant-serum varying-virus neutralization tests. Using an HeV-specific oligonucleotide primer pair, genomic sequences of the isolates were amplified. Sequencing of 200 nucleotides in the matrix gene identified that these three isolates were identical to HeV. Isolations were confirmed after RNA extracted from original material was positive for HeV RNA when screened on an HeV Taqman assay. The isolation of HeV from pteropid bats corroborates our earlier serological and epidemiological evidence that they are a natural reservoir host of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/10900029���Halpin, K
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Viral Proteins/genetics���Jun 5���Recently, a new paramyxovirus, now known as Nipah virus (NV), emerged in Malaysia and Singapore, causing fatal encephalitis in humans and a respiratory syndrome in pigs. Initial studies had indicated that NV is antigenically and genetically related to Hendra virus (HV). We generated the sequences of the N, P/C/V, M, F, and G genes of NV and compared these sequences with those of HV and other members of the family Paramyxoviridae. The intergenic regions of NV were identical to those of HV, and the gene start and stop sequences of NV were nearly identical to those of HV. The open reading frames (ORFs) for the V and C proteins within the P gene were found in NV, but the ORF encoding a potential short basic protein found in the P gene of HV was not conserved in NV. The N, P, C, V, M, F, and G ORFs in NV have nucleotide homologies ranging from 88% to 70% and predicted amino acid homologies ranging from 92% to 67% in comparison with HV. The predicted fusion cleavage sequence of the F protein of NV had a single amino acid substitution (K to R) in comparison with HV. Phylogenetic analysis demonstrated that although HV and NV are closely related, they are clearly distinct from any of the established genera within the Paramyxoviridae and should be considered a new genus.,��https://www.ncbi.nlm.nih.gov/pubmed/10860887ª��Harcourt, B H
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Viral Proteins/genetics���May 26���A paramyxovirus virus termed Nipah virus has been identified as the etiologic agent of an outbreak of severe encephalitis in people with close contact exposure to pigs in Malaysia and Singapore. The outbreak was first noted in late September 1998 and by mid-June 1999, more than 265 encephalitis cases, including 105 deaths, had been reported in Malaysia, and 11 cases of encephalitis or respiratory illness with one death had been reported in Singapore. Electron microscopic, serologic, and genetic studies indicate that this virus belongs to the family Paramyxoviridae and is most closely related to the recently discovered Hendra virus. We suggest that these two viruses are representative of a new genus within the family Paramyxoviridae. Like Hendra virus, Nipah virus is unusual among the paramyxoviruses in its ability to infect and cause potentially fatal disease in a number of host species, including humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10827955/��Chua, K B
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Zoonoses/*transmission���May���During 10-19 March 1999, 11 workers in 1 of 2 Singaporean abattoirs developed Nipah-virus associated encephalitis or pneumonia, resulting in 1 fatality. A case-control study was conducted to determine occupational risk factors for infection. Case patients were abattoir A workers who had anti-Nipah IgM antibodies; control subjects were randomly selected abattoir A workers who tested negative for anti-Nipah IgM. All 13 case patients versus 26 (63%) of 41 control subjects reported contact with live pigs (P=.01). Swine importation from Malaysian states concurrently experiencing a Nipah virus outbreak was banned on 3 March 1999; on 19 March 1999, importation of Malaysian pigs was banned, and abattoirs were closed. No unusual illnesses among pigs processed during February-March were reported. Contact with live pigs appeared to be the most important risk factor for human Nipah virus infection. Direct contact with live, potentially infected pigs should be minimized to prevent transmission of this potentially fatal zoonosis to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10823780ã��Chew, M H
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Zoonoses/*epidemiology���May���An outbreak of encephalitis affecting 265 patients (105 fatally) occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah, that infected pigs, humans, dogs, and cats. Most patients were pig farmers. Clinically undetected Nipah infection was noted in 10 (6%) of 166 community-farm controls (persons from farms without reported encephalitis patients) and 20 (11%) of 178 case-farm controls (persons from farms with encephalitis patients). Case patients (persons with Nipah infection) were more likely than community-farm controls to report increased numbers of sick/dying pigs on the farm (59% vs. 24%, P=.001) and were more likely than case-farm controls to perform activities requiring direct contact with pigs (86% vs. 50%, P=.005). Only 8% of case patients reported no contact with pigs. The outbreak stopped after pigs in the affected areas were slaughtered and buried. Direct, close contact with pigs was the primary source of human Nipah infection, but other sources, such as infected dogs and cats, cannot be excluded.,��https://www.ncbi.nlm.nih.gov/pubmed/10823779?��Parashar, U D
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Sequence Alignment���May 10R��A virus that could not be identified as a previously known equine virus was isolated from the mononuclear cells of a horse. Electron microscopy revealed enveloped virions with nucleocapsid structures characteristic of viruses in the Paramyxoviridae family. The virus failed to hemabsorb chicken or guinea pig red blood cells and lacked neuraminidase activity. Two viral genes were isolated from a cDNA expression library. Multiple sequence alignments of one gene indicated an average identity of 45% as compared to Morbillivirus N protein sequences. A weaker relationship was found with Tupaia paramyxovirus (TPMV) and Hendra virus (HeV) N proteins. In the second gene, multiple open reading frames (ORFs) were identified, corresponding to the arrangement of the P, V, and C ORFs in the Morbillivirus and Respirovirus viruses. Short stretches in the C-terminal regions of the P and C proteins showed limited homologies to viruses in the Morbillivirus genus but no obvious relationship to viruses in other genera. The V ORF translation product contained a highly conserved, cysteine-rich domain that is common to most viruses in the Paramyxovirinae subfamily. Sequencing of P gene cDNA clones confirmed the use of a cotranscriptional editing mechanism for the regulation of P/V expression. Based on the location of its origin it has been named Salem virus (SalV).,��https://www.ncbi.nlm.nih.gov/pubmed/10793001¦��Renshaw, R W
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Swine���Apr 27Ñ��BACKGROUND: Between September 1998 and June 1999, there was an outbreak of severe viral encephalitis due to Nipah virus, a newly discovered paramyxovirus, in Malaysia. METHODS: We studied the clinical features of the patients with Nipah virus encephalitis who were admitted to a medical center in Kuala Lumpur. The case definition was based on epidemiologic, clinical, cerebrospinal fluid, and neuroimaging findings. RESULTS: Ninety-four patients with Nipah virus infection were seen from February to June 1999 (mean age, 37 years; ratio of male patients to female patients, 4.5 to 1). Ninety-three percent had had direct contact with pigs, usually in the two weeks before the onset of illness, suggesting that there was direct viral transmission from pigs to humans and a short incubation period. The main presenting features were fever, headache, dizziness, and vomiting. Fifty-two patients (55 percent) had a reduced level of consciousness and prominent brain-stem dysfunction. Distinctive clinical signs included segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia and thus suggest the involvement of the brain stem and the upper cervical spinal cord. The initial cerebrospinal fluid findings were abnormal in 75 percent of patients. Antibodies against Hendra virus were detected in serum or cerebrospinal fluid in 76 percent of 83 patients tested. Thirty patients (32 percent) died after rapid deterioration in their condition. An abnormal doll's-eye reflex and tachycardia were factors associated with a poor prognosis. Death was probably due to severe brain-stem involvement. Neurologic relapse occurred after initially mild disease in three patients. Fifty patients (53 percent) recovered fully, and 14 (15 percent) had persistent neurologic deficits. CONCLUSIONS: Nipah virus causes a severe, rapidly progressive encephalitis with a high mortality rate and features that suggest involvement of the brain stem. The infection is associated with recent contact with pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/10781618Ì��Goh, K J
Tan, C T
Chew, N K
Tan, P S
Kamarulzaman, A
Sarji, S A
Wong, K T
Abdullah, B J
Chua, K B
Lam, S K
eng
2000/04/27 09:00
N Engl J Med. 2000 Apr 27;342(17):1229-35. doi: 10.1056/NEJM200004273421701.%��0028-4793 (Print)
0028-4793 (Linking)���10781618E��Department of Medicine, University of Malaya, Kuala Lumpur, Malaysia.���10.1056/NEJM200004273421701�
~��üÒ|ÿþ?e������Lim, C. C.
Sitoh, Y. Y.
Hui, F.
Lee, K. E.
Ang, B. S.
Lim, E.
Lim, W. E.
Oh, H. M.
Tambyah, P. A.
Wong, J. S.
Tan, C. B.
Chee, T. S.���2000X��Nipah viral encephalitis or Japanese encephalitis? MR findings in a new zoonotic disease���455-61���AJNR Am J Neuroradiol���21���3¿��Abattoirs
Adult
Aged
Agricultural Workers' Diseases/diagnosis/epidemiology
Animals
Brain/pathology
Diagnosis, Differential
Disease Outbreaks
Encephalitis, Japanese/*diagnosis
Encephalitis, Viral/*diagnosis/epidemiology
Female
Humans
*Magnetic Resonance Imaging
Malaysia/epidemiology
Male
Middle Aged
Paramyxoviridae Infections/*diagnosis/epidemiology/transmission
*Paramyxovirinae
Singapore/epidemiology
Swine
Swine Diseases/transmission
*Zoonoses���Mar3��BACKGROUND AND PURPOSE: An epidemic of suspected Japanese encephalitis occurred in Malaysia in 1998-1999 among pig farmers. In neighboring Singapore, an outbreak occurred among pig slaughterhouse workers. It was subsequently established that the causative agent in the outbreak was not the Japanese encephalitis virus but a previously unknown Hendra-like paramyxovirus named Nipah virus. METHODS: The brain MR images of eight patients with Nipah virus infection were reviewed. All patients tested negative for acute Japanese encephalitis virus. Seven patients had contrast-enhanced studies and six had diffusion-weighted examinations. RESULTS: All patients had multiple small bilateral foci of T2 prolongation within the subcortical and deep white matter. The periventricular region and corpus callosum were also involved. In addition to white matter disease, five patients had cortical lesions, three had brain stem involvement, and a single thalamic lesion was detected in one patient. All lesions were less than 1 cm in maximum diameter. In five patients, diffusion-weighted images showed increased signal. Four patients had leptomeningeal enhancement and four had enhancement of parenchymal lesions. CONCLUSION: The brain MR findings in patients infected with the newly discovered Nipah paramyxovirus are different from those of patients with Japanese encephalitis. In a zoonotic epidemic, this striking difference in the appearance and distribution of lesions is useful in differentiating these diseases. Diffusion-weighted imaging was advantageous in increasing lesion conspicuity.,��https://www.ncbi.nlm.nih.gov/pubmed/10730635±��Lim, C C
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Warfarin/*administration & dosage/adverse effects���Jan¿��OBJECTIVES: To compare a new low-dose warfarin induction regimen with the Fennerty regimen in elderly inpatients. DESIGN: Age-stratified, randomized prospective study. SUBJECTS: 120 age-stratified elderly inpatients. INTERVENTIONS: Each patient was randomized to either the new induction regimen or to a modified Fennerty regimen. MAIN OUTCOMES MEASURES: Days to therapeutic International Normalized Ratio (INR >2); days in the therapeutic range (INR 2-3) during induction; number of patients with INR >4.5; ability of day 4 INR to predict day 8 warfarin dose. RESULTS: The mean time to therapeutic INR was longer for the new induction regimen than modified Fennerty regimen in patients aged 65-75 years [4.6 (mean) +/- 1.6 (SD) days vs 3.8 +/- 0.8 days; P = 0.03] and in patients aged >75 years (4.5 +/- 1.4 days vs 3.5 +/- 0.7 days; P = 0.003). Patients spent more time in the therapeutic INR range with the new induction regimen [3.0 +/- 1.3 days vs 2.7 +/- 1.3 days (P = 0.03) for those aged 65-75 years and 2.9 +/- 1.1 days vs 2.4 +/- 1.3 days (P = 0.04 for those aged >75 years]. Fewer patients using the new regimen had INRs >4.5 in the first 8 days [1 (3%) vs 6 (20%) for 65-75 years (P < 0.05) and 1 (3%) vs 11 (37%) for >75 years (P < 0.01)]. The ability to predict the maintenance dose to within 1 mg was 55% for both regimens. CONCLUSION: The low-dose regimen has important clinical advantages over the Fennerty regimen for anticoagulating elderly inpatients.,��https://www.ncbi.nlm.nih.gov/pubmed/10690692±��Gedge, J
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Vero Cells���Feb-Apry��Antibodies to Hendra virus (HeV) have been found in a high percentage of fruit bats (Pteropus spp.) in Australia, indicating a possible reservoir for the virus. The aim of the experiments reported here was to investigate transplacental infection as a possible mode of transmission of the virus in fruit bats and other animals. In a first experiment, 18 pregnant guinea-pigs in the mid-stage of gestation were inoculated with HeV, as an experimental model in a conventional laboratory animal. Nine developed HeV disease as confirmed by viral isolation, histopathology and immunohistochemistry. In five of the nine clinically affected guinea-pigs there was necrosis and strong positive immunostaining in the placentas in an indirect immunoperoxidase (IPX) test for HeV antigen. One of these five guinea-pigs aborted and HeV was isolated from its three fetuses, one of which was also positive to the IPX test. In three other sick guinea-pig dams, virus was isolated from fetuses, and there was positive immunostaining in two of the latter. In a second experiment, four fruit bats were inoculated with a similar dose of HeV. (A further four guinea-pigs inoculated at the same time developed severe disease, indicating adequate virulence.) Two bats were killed at 10 days post-inoculation and two were killed at 21 days. In these bats, no overt clinical disease was observed, but subclinical disease occurred, as indicated by viral isolation, seroconversion, vascular lesions and positive immunostaining. Transplacental transmission was indicated by positive immunostaining in two placentas and confirmed by isolation of virus from one of the associated fetuses.,��https://www.ncbi.nlm.nih.gov/pubmed/10684689Ë��Williamson, M M
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635Ù��Chua, K B
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Singapore/epidemiology���Oct 9«��BACKGROUND: In March 1999, an outbreak of encephalitis and pneumonia occurred in workers at an abattoir in Singapore. We describe the clinical presentation and the results of investigations in these patients. METHODS: Clinical and laboratory data were collected by systemic review of the case records. Serum and cerebrospinal fluid (CSF) samples were tested for IgM antibodies to Nipah virus with an IgM capture ELISA. Reverse-transcriptase PCR was done on the CSF and tissue samples from one patient who died. FINDINGS: Eleven patients were confirmed to have acute Nipah-virus infection based on raised IgM in serum. Nipah virus was identified by reverse transcriptase PCR in the CSF and tissue of the patient who died. The patients were all men, with a median age of 44 years. The commonest presenting symptoms were fever, headache, and drowsiness. Eight patients presented with signs of encephalitis (decreased level of consciousness or focal neurological signs). Three patients presented with atypical pneumonia, but one later developed hallucinations and had evidence of encephalitis on CSF examination. Abnormal laboratory findings included a low lymphocyte count (nine patients), low platelet count, low serum sodium, and high aspartate aminostransferase concentration (each observed in five patients). The CSF protein was high in eight patients and white-blood-cell count was high in seven. Chest radiography showed mild interstitial shadowing in eight patients. Magnetic resonance imaging (MRI) showed focal areas of increased signal intensity in the cortical white marker in all eight patients who were scanned. The nine patients with encephalitis received empirical treatment with intravenous aciclovir and eight survived. INTERPRETATION: Infection with Nipah virus caused an encephalitis illness with characteristic focal areas of increased intensity seen on MRI. Lung involvement was also common, and the disease may present as an atypical pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520634ü��Paton, N I
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Tyrosine/analogs & derivatives/metabolism���Oct1��Acute chest syndrome (ACS) is the most common form of acute pulmonary disease associated with sickle cell disease. To investigate the possibility that alterations in endothelial cell (EC) production and metabolism of nitric oxide (NO) products might be contributory, we measured NO products from cultured pulmonary EC exposed to red blood cells and/or plasma from sickle cell patients during crisis. Exposure to plasma from patients with ACS caused a 5- to 10-fold increase in S-nitrosothiol (RSNO) and a 7- to 14-fold increase in total nitrogen oxide (NO(x)) production by both pulmonary arterial and microvascular EC. Increases occurred within 2 h of exposure to plasma in a concentration-dependent manner and were associated with increases in endothelial nitric oxide synthase (eNOS) protein and eNOS enzymatic activity, but not with changes in nitric oxide synthase (NOS) III or NOS II transcripts, inducible NOS (iNOS) protein nor iNOS enzymatic activity. RSNO and NO(x) increased whether plasma was obtained from patients with ACS or other forms of vasoocclusive crisis. Furthermore, an oxidative state occurred and oxidative metabolites of NO, particularly peroxynitrite, were produced. These findings suggest that altered NO production and metabolism to damaging oxidative molecules contribute to the pathogenesis of ACS.,��https://www.ncbi.nlm.nih.gov/pubmed/10516198Â��Hammerman, S I
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Virus Diseases/diagnosis/*veterinary���Aug 16Ì��Immunohistochemistry plays an important part in the diagnosis of some viral diseases. Demonstration of viral antigen in a lesion is an important contribution to diagnosis, either at the time of investigation or retrospectively. At the CSIRO Australian Animal Health Laboratory, the most frequent use of immunohistochemistry has been in the diagnosis of the important avian diseases, highly pathogenic avian influenza and Newcastle disease. The technology took key roles in the diagnoses of Hendra virus infections, and, later, an immunoperoxidase test gave the first indication of the existence of Australian bat lyssavirus. The test can often confirm that a virus isolated in an animal is the actual virus causing disease and not a coincidental isolation. Good examples of that in some more new diseases were the association of Wallal virus with blindness in kangaroos, and of the new porcine Menangle virus in natural and experimental cerebral disease in foetal piglets.,��https://www.ncbi.nlm.nih.gov/pubmed/10501165ª��Hooper, P T
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Zoonoses/*virology���Aug 16���Flying foxes have been the focus of research into three newly described viruses from the order Mononegavirales, namely Hendra virus (HeV), Menangle virus and Australian Bat Lyssavirus (ABL). Early investigations indicate that flying foxes are the reservoir host for these viruses. In 1994, two outbreaks of a new zoonotic disease affecting horses and humans occurred in Queensland. The virus which was found to be responsible was called equine morbillivirus (EMV) and has since been renamed HeV. Investigation into the reservoir of HeV has produced evidence that antibodies capable of neutralising HeV have only been detected in flying foxes. Over 20% of flying foxes in eastern Australia have been identified as being seropositive. Additionally six species of flying foxes in Papua New Guinea have tested positive for antibodies to HeV. In 1996 a virus from the family Paramyxoviridae was isolated from the uterine fluid of a female flying fox. Sequencing of 10000 of the 18000 base pairs (bp) has shown that the sequence is identical to the HeV sequence. As part of investigations into HeV, a virus was isolated from a juvenile flying fox which presented with neurological signs in 1996. This virus was characterised as belonging to the family Rhabdoviridae, and was named ABL. Since then four flying fox species and one insectivorous species have tested positive for ABL. The third virus to be detected in flying foxes is Menangle virus, belonging to the family Paramyxoviridae. This virus was responsible for a zoonotic disease affecting pigs and humans in New South Wales in 1997. Antibodies capable of neutralising Menangle virus, were detected in flying foxes.,��https://www.ncbi.nlm.nih.gov/pubmed/10501164}��Halpin, K
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Zoonoses���MayV��Eleven abattoir workers in Singapore were infected in March 1999 by an outbreak caused by the Nipah virus. This newly discovered, Hendra-like paramyxovirus causes acute infection of the CNS. We present the magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (MRS) findings in a patient suffering from acute meningoencephalitis. Multiple small white matter lesions were detected on diffusion-weighted imaging (DWI) and T2-weighted images. There were no abnormalities detected on MRS. We believe this to be the first reported MRI findings in this novel zoonotic viral disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10489496���Lim, C C
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Respirovirus Infections/*pathology���Sep¥��A novel Hendra-like paramyxovirus named Nipah virus (NiV) was the cause of an outbreak among workers from one abattoir who had contact with pigs. Two patients had only respiratory symptoms, while 9 patients had encephalitis, 7 of whom are described in this report. Neurological involvement was diverse and multifocal, including aseptic meningitis, diffuse encephalitis, and focal brainstem involvement. Cerebellar signs were relatively common. Magnetic resonance imaging scans of the brain showed scattered lesions. IgM antibodies against Hendra virus (HeV) were present in the serum of all patients. Two patients recovered completely. Five had residual deficits 8 weeks later.,��https://www.ncbi.nlm.nih.gov/pubmed/10482278���Lee, K E
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*Ventilator Weaning/methods���Summerw��In this review, traditional weaning parameters, integrative indexes, and experimental methods of predicting weaning outcomes have been reviewed. All have limitations; however, judicious application of these parameters may guide clinical decisions regarding timing of weaning trials. Of the parameters reviewed, the RSBI has several advantages and may identify patients who are candidates for weaning. Likewise, application of tools such as the daily screen or implementation of multidisciplinary weaning teams may assist clinicians in weaning patients earlier in their ICU course. Most patients will be successfully extubated after a single SBT, and weaning methods that focus on sequential decrements in ventilator support appear to needlessly prolong ventilation. However, for patients who fail, identification of potential causes of continued ventilator dependence should focus on the various pathophysiological causes outlined. Although a number of patients will require prolonged ventilator support beyond the critical care setting, the growing experience with this population demonstrates that a large percentage have favorable outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/10445177b��Hendra, K P
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Viral Proteins/genetics���Jun 5»��A cytopathic infectious agent was isolated from the kidneys of an apparently healthy tree shrew (Tupaia belangeri) that had been captured in the area around Bangkok. The infectivity was propagated in Tupaia fibroblast and kidney cell cultures. Paramyxovirus-like pleomorphic enveloped particles and helical nucleocapsids were observed by electron microscopy and accordingly the infectious agent was termed Tupaia paramyxovirus (TPMV). However, no serological cross-reactions were detected between TPMV and known paramyxoviruses. For the molecular characterization of TPMV an experimental strategy that allows the random-primed synthesis of relatively large cDNA molecules from viral genomic RNA was applied. Nucleotide sequence analysis of a TPMV-specific cDNA fragment (1544 bp) revealed two nonoverlapping partial open reading frames corresponding to paramyxoviral N and P transcription units. Using modified rapid amplification of cDNA ends techniques, a substantial contiguous portion of the viral genome (4065 nt) was elucidated including the complete N and P/V/C genes. The coding strategy of TPMV as well as significant amino acid sequence homologies clearly indicates an evolutionary relationship between TPMV and members of the genus Morbillivirus. Highest homologies were detected between TPMV and Hendra virus (equine morbillivirus), which recently emerged in Australia, causing outbreaks of fatal respiratory and neurological disease in horses and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10366580¥��Tidona, C A
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Swine Diseases/transmission/virology���Apr 30!��During March 1999, health officials in Malaysia and Singapore, in collaboration with Australian researchers and CDC, investigated reports of febrile encephalitic and respiratory illnesses among workers who had exposure to pigs. A previously unrecognized paramyxovirus (formerly known as Hendra-like virus), now called Nipah virus, was implicated by laboratory testing in many of these cases. Febrile encephalitis continues to be reported in Malaysia but has decreased coincident with mass culling of pigs in outbreak areas. No new cases of febrile illness associated with Nipah virus infection have been identified in Singapore since March 19, 1999, when abattoirs were closed. This report summarizes interim findings from ongoing epidemiologic and laboratory investigations in Malaysia and Singapore.,��https://www.ncbi.nlm.nih.gov/pubmed/10366143O��(CDC)
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Swine Diseases/transmission���Apr 9���During September 29, 1998-April 4, 1999, 229 cases of febrile encephalitis (111 [48%] fatal) were reported to the Malaysian Ministry of Health (MOH). During March 13-19, 1999, nine cases of similar encephalitic illnesses (one fatal) and two cases of respiratory illness occurred among abattoir workers in Singapore. Tissue culture isolation identified a previously unknown infectious agent from ill patients. This report summarizes the preliminary epidemiologic and laboratory investigations of these cases, which indicate that a previously unrecognized paramyxovirus related to, but distinct from, the Australian Hendra virus is associated with this outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/10227800[��(CDC)
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Vero Cells���Dec1��OBJECTIVE: To determine the infectivity and transmissibility of Hendra virus (HeV). DESIGN: A disease transmission study using fruit bats, horses and cats. PROCEDURE: Eight grey-headed fruit bats (Pteropus poliocephalus) were inoculated and housed in contact with three uninfected bats and two uninfected horses. In a second experiment, four horses were inoculated by subcutaneous injection and intranasal inoculation and housed in contact with three uninfected horses and six uninfected cats. In a third experiment, 12 cats were inoculated and housed in contact with three uninfected horses. Two surviving horses were inoculated at the conclusion of the third experiment: the first orally and the second by nasal swabbing. All animals were necropsied and examined by gross and microscopic pathological methods, immunoperoxidase to detect viral antigen in formalin-fixed tissues, virus isolation was attempted on tissues and SNT and ELISA methods were used to detect HeV-specific antibody. RESULTS: Clinical disease was not observed in the fruit bats, although six of eight inoculated bats developed antibody against HeV, and two of six developed vascular lesions which contained viral antigen. The in-contact bats and horses did not seroconvert. Three of four horses that were inoculated developed acute disease, but in-contact horses and cats were not infected. In the third experiment, one of three in-contact horses contracted disease. At the time of necropsy, high titres of HeV were detected in the kidneys of six acutely infected horses, in the urine of four horses and the mouth of two, but not in the nasal cavities or tracheas. CONCLUSIONS: Grey-headed fruit bats seroconvert and develop subclinical disease when inoculated with HeV. Horses can be infected by oronasal routes and can excrete HeV in urine and saliva. It is possible to transmit HeV from cats to horses. Transmission from P poliocephalus to horses could not be proven and neither could transmission from horses to horses or horses to cats. Under the experimental conditions of the study the virus is not highly contagious.+��https://www.ncbi.nlm.nih.gov/pubmed/9972433½��Williamson, M M
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Viral Envelope Proteins���Nov 25���The complete nucleotide sequence of the attachment protein gene of Hendra virus, a new member of the subfamily Paramyxovirinae, has been determined from cDNA clones derived from viral genomic RNA. The deduced mRNA is 2565 nucleotides long with one open reading frame encoding a protein of 604 amino acids, which is similar in size to the attachment protein of the members of the subfamily. However, the mRNA transcript is >600 nucleotides longer than others in the subfamily due to the presence of long untranslated regions at both the 5' and 3' ends. The protein is designated G because it lacks both hemagglutination and neuraminidase activities. It contains a hydrophobic transmembrane domain close to the N terminus, eight potential N-linked glycosylation sites, and 18 cysteine residues. Although the HeV G protein had low sequence homology with Paramyxovirinae members, the predicted folding pattern of its extracellular globular head was very similar to that of members of the genus Paramyxovirus, with the location of seven potential pairs of sulfide bonds absolutely conserved. On the other hand, among the seven residues known to be critical for neuraminidase activity, only one was conserved in the Hendra virus G protein compared with at least six in HN proteins of paramyxoviruses and rubulaviruses and four in H proteins of morbilliviruses. The biological significance of this finding is discussed.+��https://www.ncbi.nlm.nih.gov/pubmed/9837786¾��Yu, M
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*Viral Proteins���Jul���The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3' untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58.5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.+��https://www.ncbi.nlm.nih.gov/pubmed/9680142Ø��Yu, M
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Spectrum Analysis, Raman/*standards���Nov���The reliability with which an external reference sample can be used to standardise the intensities of Raman scattering spectra is assessed. By comparing the ratios of single band intensities of Raman scatter in a two component liquid mixture with those between the mixture and an external standard it is shown that the latter is more than adequate for most quantitative Raman analysis. Coefficients of variance in repeated experiments on the same sample are approximately 1%, when comparing single band heights on spectra recorded with modest laser powers over 2 min. When using the whole spectrum, these coefficients are significantly lower.+��https://www.ncbi.nlm.nih.gov/pubmed/9477577���Paepe, A T
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Tablets���Nov]��It is customary to rotate samples in Raman spectroscopy to avoid absorption or sample heating. In FT-Raman experiments the rotation is always shown (typically 30-60 rpm) because higher speeds are thought to generate noise in the spectra. In this article we show that more rapid rotation is possible. A tablet containing maleic acid and one made up of sub-millimetre silica particles with metoprolol succinate as active ingredient were rotated at different speeds, up to 6760 rpm. The FT-Raman spectra were recorded and studied. We conclude that it is perfectly acceptable to rotate samples up to 1500 rpm.+��https://www.ncbi.nlm.nih.gov/pubmed/9477576²��De Paepe, A T
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Virulence/genetics���FebÎ��In 1994, a new member of the family Paramyxoviridae isolated from fatal cases of respiratory disease in horses and humans was shown to be distantly related to morbilliviruses and provisionally called equine morbillivirus (K. Murray et al., Science 268:94-97, 1995). To facilitate characterization and classification, the virus was purified, viral proteins were identified, and the P/V/C gene was cloned and sequenced. The coding strategy of the gene is similar to that of Sendai and measles viruses, members of the Paramyxovirus and Morbillivirus genera, respectively, in the subfamily Paramyxovirinae. The P/V/C gene contains four open reading frames, three of which, P, C, and V, have Paramyxovirinae counterparts. The P and C proteins are larger and smaller, respectively, than are cognate proteins in members of the subfamily, and the V protein is made as a result of a single G insertion during transcription. The P/V/C gene has two unique features. (i) A fourth open reading frame is located between those of the C and V proteins and potentially encodes a small basic protein similar to those found in some members of the Rhabdoviridae and Filoviridae families. (ii) There is also a long untranslated 3' sequence, a feature common in Filoviridae members. Sequence comparisons confirm that although the virus is a member of the Paramyxovirinae subfamily, it displays only low levels of homology with paramyxoviruses and morbilliviruses and negligible homologies with rubulaviruses.+��https://www.ncbi.nlm.nih.gov/pubmed/9445051¤��Wang, L F
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Stents/*adverse effects���SepÁ��Self-expanding metallic stents (SEMSs) are used to palliate malignant esophageal strictures. We describe a patient who had an extensive mediastinal tumor for which he was receiving irradiation therapy; chest pain, hemoptysis, and recurrent Gram-negative pneumonia developed in this patient after stent placement. Fiberoptic bronchoscopy revealed protrusion of the SEMS into the tracheobronchial tree, a novel complication for this new type of stent.+��https://www.ncbi.nlm.nih.gov/pubmed/8797444Z��Hendra, K P
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Rosman, A.���1995ª��Rural communities in nutritional transition: emergence of obesity, hypertension and hypercholesterolemia as public health problems in three kampungs in Bagan Datoh, Perak���129-39
��Malays J Nutr���1���2���Sepý��This paper highlights the marked presence of nutritional disorders in a sample (190 males, 237 females, aged 18-80 years) obtained from the adult population in three kampungs i.e. Pasang Api, Sungai Nipah Baroh and Sungai Balai Darat, in the Mukim of Bagan Datoh, Perak in 1992. All subjects (except pregnant females) were measured for blood pressure, weight, height, waist circumference, and hip circumference from which the body mass index (BMI) and waist-hip ratios (WHR) were calculated. A random blood sample was obtained by finger-prick from each subject and analysed for total cholesterol (TC) and glucose, using the Reflotron compact analyser. Elevated means for BMI and WHR indicated that obesity (BMI >/=30.0) was a serious public health problem in these three kampungs, affecting about 5% of males and 14% of females. Another 24% of males and 46% of females had an overweight problem (BMI 25.0-29.9), indicating that on the average, about half the adult population in these kampungs were either overweight or obese. This contrasted with the situation a decade ago in similar-type kampungs in the Peninsula where underweight was the major nutritional disorder in adults, especially males. Overall, there was a shift of an underweight problem to one of overweight, as exemplified by increments of 2.0 to 3.0 BMI units in the adult population, with the phenomenon being more marked in the females. Hypertension (21%) and hyperglycaemia (6.5%) affected the males and females approximately equally. Female adults had higher mean plasma TC compared to males (204 versus 199 mg/dl); these means were some 20 mg/dl (0.52 mmol/L) higher than the corresponding means for adults in similar rural communitites in the early eighties, and approximate the corresponding means for present-day urban adults. The above findings serve to emphasise the nutritional transition undergoing in the rural communities in the Peninsula, viz, the marked emergence in these rural communities of nutritional disorders normally associated with affluent populations.,��https://www.ncbi.nlm.nih.gov/pubmed/22692058`��Ng, T K Jr
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Serologic Tests���Jun 19���OBJECTIVE: To describe the clinical and epidemiological features of an outbreak of a viral infection affecting humans and horses. SETTING: Stables in Hendra, a suburb of Brisbane. SUBJECTS: Affected horses and humans, and at-risk human contacts. RESULTS: A pregnant mare died two days after arrival from a paddock elsewhere in Brisbane. Eight to 11 days later, illness (depression, anorexia, fever, dyspnoea, ataxia, tachycardia, tachypnoea and nasal discharge) was reported among 17 other horses from the same or an adjoining stable. Fourteen horses died or were put down. Five and six days after the index mare's death, a stable-hand and then a horse-trainer, both of whom had had close contact with the sick mare's mucous secretions, developed influenza-like illnesses. The stable-hand recovered but the trainer developed pneumonitis, respiratory failure, renal failure and arterial thrombosis, and died from a cardiac arrest seven days after admission to hospital. A morbillivirus cultured from his kidney was identical to one isolated from the lungs of five affected horses. The two affected humans and eight other horses were seropositive for the infection, which was reproduced in healthy horses following challenge by spleen/lung homogenates from infected horses. There was no serological evidence of infection in 157 humans who had had contact with the stables or the sick horses or humans. CONCLUSIONS: A previously undescribed morbillivirus infected a probable 21 horses and two humans; one human and 14 horses died. That no further cases were detected among humans suggests that the virus was of low infectivity. The source of infection remains undetermined.+��https://www.ncbi.nlm.nih.gov/pubmed/7603375Ä��Selvey, L A
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Survivors���Dec 20
��There is increasing evidence that platelet thrombi play an important role in the pathogenesis of acute myocardial infarction (AMI). We compared "spontaneous" platelet aggregation in whole blood in 17 non-diabetic and 12 diabetic subjects on admission with AMI. There was no significant difference in the fall in platelet count between the two groups, expressed as platelets remaining (75.2 +/- 7.9% vs 77.3 +/- 6.9% at 10 min, 66.6 +/- 8.9% vs 68.5 +/- 6.3% at 20 min, 63.5 +/- 8.2% vs 64.9 +/- 6.7% at 30 min and 59.4 +/- 10.3% vs 61.3 +/- 7.6% at 60 min). The rate of "spontaneous" aggregation was increased in subjects with evidence of heart failure on admission compared to those without (59.9 +/- 7.9% vs 66.2 +/- 6.6% at 30 min [p = 0.05] and 55.4 +/- 9.6% vs 63.1 +/- 7.7% at 60 min [p = 0.04]). There was no correlation between the fall in platelet count and admission plasma glucose, glycated haemoglobin or peak aspartate amino-transferase. The subjects studied on admission with AMI had greater rates of "spontaneous" aggregation than 8 subjects studied between 6 and 12 months after acute myocardial infarction (75.9 +/- 7.4% vs 85.8 +/- 5.4% at 10 min; p = 0.001 and 64.3 +/- 7.5% vs 75.0 +/- 7.8% at 30 min; p = 0.006) and compared to normal controls (90.7 +/- 4.4% at 10 min; p < 0.001 and 83.4 +/- 6.5 at 30 min; p < 0.001). This study provides evidence of increased "spontaneous" platelet aggregation in subjects admitted with acute myocardial infarction but no difference between diabetic and non-diabetic subjects was observed.+��https://www.ncbi.nlm.nih.gov/pubmed/8165614���Gray, R P
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Spectrum Analysis, Raman���Dec���We analyzed binary mixtures of polymorphs A and B of chlorpropamide ((1-[4-chlorobenzenesulphonyl]-3-propyl urea)) by near-infrared Fourier transform Raman spectroscopy (FTRS). The individual polymorphs were prepared and characterized by differential scanning calorimetry (DSC), Fourier transform infrared (FT-IR) microscopy, and physical appearance. The FTR spectra of the two polymorphs showed distinct differences which result from "crystal splitting" effects. A series of 13 different mixtures of polymorph A and B was prepared by geometric mixing and their FTR spectra statistically analysed by factor analysis programming. Predictions of the A/B polymorphic composition of mixtures were made and compared with the theoretical values. The results demonstrate that FTRS combined with factor analysis programming may be successfully applied to the in situ monitoring of the A/B polymorphic nature of a chlorpropamide sample.+��https://www.ncbi.nlm.nih.gov/pubmed/8302765���Tudor, A M
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Obesity���June��An algorithm has been developed to provide predictable control of blood glucose for 48 h following acute myocardial infarction. In 29 diabetic patients intravenous infusion of soluble insulin was started upon admission to hospital and the rate adjusted hourly on the basis of bedside capillary glucose estimations. Insulin infusion rates related to glycaemia were higher in obese patients and those with severe cardiac failure. For all patients mean admission glucose levels were reduced from 18.3 +/- 5.9 mmol l-1 to 9.1 +/- 3.3 mmol l-1 at 4 h and to 8.8 +/- 2.5 mmol l-1 at 6 h. Mean glucose concentrations for 48 h after admission were 8.2 +/- 1.3 mmol l-1 for all patients. Admission glucose levels were slightly higher in patients with severe, compared to those without or mild, cardiac failure (P less than 0.1), but levels over the following 48 h were similar. Doubling insulin infusion rates before meals did not achieve tighter glycaemic control. Hypoglycaemia (glucose less than 3 mmol l-1) occurred on 11 occasions in six patients; only two episodes were symptomatic and only two episodes occurred when the insulin rates were doubled before meals. This algorithm produced tighter glycaemic control than previously published protocols, particularly in patients with severe cardiac failure. Hypoglycaemia is uncommon and the algorithm easy to administer by nursing staff.+��https://www.ncbi.nlm.nih.gov/pubmed/1425142���Hendra, T J
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Reference Values���Apr¿��Consistent abnormalities of agonist-induced platelet aggregation, in either whole blood or platelet rich plasma, have not been demonstrated in diabetic patients without microvascular disease. In the present study platelet aggregation in the absence of exogenous agonists ('spontaneous' aggregation) was compared between 22 non-diabetic subjects and 23 Type 1 diabetic patients with (n = 12) and without (n = 11) microvascular disease. 'Spontaneous' aggregation was determined by measuring the percentage fall in single platelet number in aliquots of whole blood shaken for 60 min. Diabetic patients without microvascular disease had fewer single platelets remaining (greater aggregation) than non-diabetic subjects at all time-points (69.7 +/- 6.6 vs 82.3 +/- 7.3% at 60 min p less than 0.001), but more platelets remaining than in diabetic patients with microvascular disease at all time-points (69.7 +/- 6.6 vs 61.0 +/- 7.8% at 60 min p less than 0.02). No significant correlations were observed between platelet aggregation and plasma glucose, blood cell counts, or glycated haemoglobin levels. The study suggests that platelet abnormalities antedate the appearance of microvascular disease in diabetic patients.+��https://www.ncbi.nlm.nih.gov/pubmed/1576806���Hendra, T J
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Tissue Plasminogen Activator/adverse effects/therapeutic use���Feb 15»��OBJECTIVES: To assess prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction and the incidence of side effects. DESIGN: Retrospective analysis of prescriptions during five months (first audit) followed by prospective analysis of uptake of treatment during five months after interventions in clinical management; prospective assessment of adverse events during thrombolytic treatment. SETTING: Coronary care unit of large district general hospital. PATIENTS: 110 patients aged greater than or equal to 65 with subsequently proved acute myocardial infarction admitted in first audit and 119 admitted in the second. MAIN OUTCOME MEASURES: Site of infarct, prescription of thrombolysis treatment, reasons for nonprescription, complications. RESULTS: Before intervention thrombolytic treatment was prescribed to 13/110 (12%) patients with subsequently confirmed myocardial infarction and after intervention to 55/119 (46%) patients (p less than 0.01). In the first audit no patients with angina received thrombolytic treatment whereas 13/79 (16%) were treated in the second audit. Increased prescription of thrombolytic treatment in the second audit was associated with significantly fewer exclusions owing to dyspepsia (p less than 0.05) and unstated or unsatisfactory reasons (p less than 0.01) Streptokinase infusions were completed uneventfully in 75% (48/64) and 77% (10/13) of patients with infarction and angina respectively. Side effects of treatment were more common in patients with inferior than with anterior infarcts (16/42 (30%) v 3/24 (13%), p less than 0.05). CONCLUSIONS: Low rates of prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction were identified and corrected. Streptokinase treatment was associated with transient arrhythmias or hypotension in about a third of these patients with infarcts, particularly those with electrocardiographic changes in inferior leads.+��https://www.ncbi.nlm.nih.gov/pubmed/1547391X��Hendra, T J
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Sulfasalazine/administration & dosage/analysis/*chemistry���Octµ��FT-Raman spectroscopy (FTRS) has been used to characterize microspheres produced from the pharmaceutical polymer Eudragit RS containing a range of concentrations of the drug sulfasalazine. While pure sulfasalazine produced an intense and complex Raman spectrum, the spectrum of drug-free Eudragit RS microspheres was considerably weaker in intensity and contained only a few prominent Raman scattering peaks. In spectra of the drug-polymer microspheres, peaks arising from the individual components could be identified. This enabled a quantitative analysis to be undertaken by calculating the ratio between the area of a sulfasalazine peak and the area of a Eudragit RS peak for each microsphere spectrum. A correlation was shown between the peak area ratio and the microsphere sulfasalazine content. FTRS was then applied to a series of microsphere samples which had been dissoluted into pH 7 buffer for 1, 3, 6, 9, 12, or 24 hr. For each spectrum, the drug-polymer peak area ratio was determined and this in turn enabled calculation of the residual drug content of the microsphere sample. FTRS-calculated data showed good agreement with microsphere drug content values determined spectrophotometrically.+��https://www.ncbi.nlm.nih.gov/pubmed/1686649¤��Watts, P J
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Prognosis
beta-Thromboglobulin/analysis���Aug½��STUDY OBJECTIVE: The aim was to compare platelet function in diabetic and non-diabetic survivors of acute myocardial infarction and to relate it to an index of free radical activity in these patients. DESIGN: In vivo and in vitro indices of platelet function and diene conjugate molar ratios were measured in diabetic and non-diabetic infarct survivors on admission to hospital and sequentially for 72 h. PATIENTS: The patients were 17 diabetics (age 61.9 years, range 32-74) and 12 non-diabetics (60.8 years, range 39-75) admitted to hospital with acute myocardial infarction confirmed according to WHO criteria. MEASUREMENTS AND MAIN RESULTS: Agonist induced platelet aggregation, beta thromboglobulin levels, and linoleic acid 18:2(9,11)/18:2(9,12) molar ratios did not differ between diabetic and non-diabetic patients on admission. Concentrations of adrenaline producing 50% maximum platelet aggregation (EC50) in whole blood on admission were lower than non-infarct controls in both patient groups. The EC50 values in platelet rich plasma in both groups fell during the 72 h following admission (increases in platelet sensitivity). beta Thromboglobulin concentrations fell following admission in the diabetic group. Diene conjugate molar ratios were higher at 12 h and 24 h compared to admission in diabetic patients. Increases in diene conjugate ratios between admission and 24 h correlated with peak aspartate transaminase levels in both patient groups. No correlations were observed between platelet aggregation, beta thromboglobulin levels, or diene conjugate molar ratios. CONCLUSIONS: During 72 h following myocardial infarction there is a reduction in platelet activation in vivo and an increase in platelet sensitivity to exogenous agonists in vitro. Free radical generated isomers of linoleic acid increase in relation to infarct size, but are unrelated to platelet function. There were no differences in platelet function between diabetic and non-diabetic subjects.+��https://www.ncbi.nlm.nih.gov/pubmed/1833060©��Hendra, T J
Wickens, D G
Dormandy, T L
Yudkin, J S
eng
Comparative Study
Research Support, Non-U.S. Gov't
England
1991/08/01 00:00
Cardiovasc Res. 1991 Aug;25(8):676-83.%��0008-6363 (Print)
0008-6363 (Linking)���1833060-��Whittington Hospital, London, United Kingdom.���ì��üÒ|ÿþ?����
��Hendra, I. R.���1991(��Design control--the ultimate protection?���20-7���Med Device Technol���2���3s��Certification
Consumer Product Safety/standards
Equipment Design/*standards
Equipment Safety
Humans
Quality Control���Apr
��Over the last decade or so, medical device manufacturers with customers in the United States and the United Kingdom should have discovered the benefits of using quality systems in their manufacturing process. Both the American GMP Regulations (21 CFR-820)--enforced by the U.S. Food and Drug Administration (FDA)--and the U.K. Department of Health Guides to Good Manufacturing Practice based upon BS 5750: Part I (1979)--enforced through the National Health Service supply chain-- have been applied with the objective of ensuring the availability of safe and effective medical devices. This article examines the design control aspects of a quality system and asks whether the medical device industry should be suspicious of third-party assessments of confidential documentation.,��https://www.ncbi.nlm.nih.gov/pubmed/10149435H��Hendra, I R
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Regression Analysis
Risk Factors
Triglycerides/blood���Sepj��Standard radioimmunoassay for insulin may substantially overestimate levels of insulin because of cross-reaction with other insulin-like molecules. We have measured concentrations of insulin, intact proinsulin and 32-33 split proinsulin using two-site monoclonal antibody based immunoradiometric assays, and of insulin by a standard radioimmunoassay ("immunoreactive insulin") in 51 Type 2 (non-insulin-dependent) diabetic subjects in the fasting state. The relationships of these concentrations were sought with those of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride, plasminogen activator inhibitor, blood pressure, and indices of body fat distribution. Significant relationships were apparent between concentrations of "immunoreactive insulin" as measured by standard radioimmunoassay and triglyceride (rs = 0.42, p less than 0.001), total cholesterol (rs = 0.25, p = 0.038), high density lipoprotein cholesterol (rs = -0.30, p = 0.018) and body mass index (rs = 0.30, p = 0.017), but only the relationships with triglyceride (rs = 0.36, p = 0.006) and body mass index (rs = 0.26, p = 0.34) remained significant when concentrations of immunoradiometrically measured insulin were employed. Concentrations of 32-33 split proinsulin, which comprises the major insulin-like molecule in these subjects, correlated positively with triglyceride (rs = 0.33, p = 0.009), total cholesterol (rs = 0.23, p = 0.050), and plasminogen activator inhibitor (rs = 0.26, p = 0.049), and negatively with high density lipoprotein cholesterol (rs = -0.29, p = 0.021).(ABSTRACT TRUNCATED AT 250 WORDS)+��https://www.ncbi.nlm.nih.gov/pubmed/2253829Ü��Nagi, D K
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Triglycerides/blood���Aug§��The aim of this study was to evaluate the effects of a fish oil preparation (MaxEPA) on hemostatic function and fasting lipid and glucose levels in non-insulin-dependent diabetic (NIDDM) subjects. Eighty NIDDM outpatients aged 55.9 yr (mean SD 11.5 yr) participated in a prospective double-blind placebo-controlled study of MaxEPA capsules (10 g/day) or olive oil (control) treatment over 6 wk. Patients received either MaxEPA or olive oil in addition to preexisting therapy. Metabolic and hemostatic variables were measured before treatment and after 3 and 6 wk. Platelet membrane eicosapentaenoic acid (EPA) content increased in the treatment group (P less than 0.001). MaxEPA supplementation was associated with a significant fall in total triglycerides (P less than 0.001) but did not affect total cholesterol (P = 0.7) compared with control treatment. Fasting plasma glucose increased after 3 wk (P = 0.01) but not after 6 wk (P = 0.17) treatment with MaxEPA. Spontaneous platelet aggregation in whole blood fell in the MaxEPA group (P less than 0.02) after 6 wk, but there were no changes in agonist-induced platelet aggregation, thromboxane generation in platelet-rich plasma, or plasma beta-thromboglobulin and platelet factor IV levels. An increase in clotting factor VII (P = 0.02), without changes in fibrinogen or factor X levels, occurred in the MaxEPA group. Similar reductions in blood pressure were observed in both groups. Dietary supplementation with MaxEPA capsules (10 g/day) in NIDDM subjects is associated with improvement in hypertriglyceridemia but with deleterious effects in factor VII and blood glucose levels. Most indices of platelet function are unaffected by this therapy.+��https://www.ncbi.nlm.nih.gov/pubmed/2209315ê��Hendra, T J
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Risk Factors���Mar¢��Moderate (greater than 20 units) and high (greater than 80 units) IgG anticardiolipin antibody (aCL) titres are strongly predictive for recurrent thrombosis and early myocardial infarction in non-diabetic subjects. We have tested the hypothesis that the excess risk of myocardial infarction in diabetic subjects relates to the presence of aCL by measuring the frequency and titre of aCL in two groups of diabetic subjects and in 2500 healthy controls. One non-diabetic subject (0.04%) had low (5-20 units) IgG aCL titres. Seven out of 126 diabetics without cardiovascular disease (5.6%) and 9 out of 79 diabetics who were either myocardial infarction survivors or who had angiographically-proven coronary artery disease (11.4%) had low aCL titres (P less than 0.01 for comparison of either diabetic group with controls, and P less than 0.1 for comparison between diabetic groups). One subject in each diabetic group, but no non-diabetics, had moderate IgM aCL titres. No subjects had high aCL titres. Diabetics have an increased frequency of low aCL titres which may relate to macrovascular disease. Macrovascular disease in diabetics is not associated with moderate or high aCL titres.+��https://www.ncbi.nlm.nih.gov/pubmed/2813232���Hendra, T J
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Stress, Physiological/blood���Dec 1R��Studies have been performed to assess the effect of exercise on spontaneous platelet aggregation in shaken whole blood, and on agonist-induced platelet aggregation in whole blood and platelet rich plasma (PRP). Spontaneous platelet aggregation in shaken whole blood was increased following exercise compared to pre-exercise values. The increase in spontaneous aggregation after exercise correlated inversely with the increase in white cell count in whole blood. Platelet sensitivity in whole blood to adrenaline, collagen and adenosine diphosphate (ADP) was increased following exercise. Changes in platelet sensitivity to adrenaline following exercise correlated with increases in plasma noradrenaline levels but not with changes in blood cell counts. In PRP, platelet sensitivity to ADP and to collagen was increased following exercise when the pre and post-exercise PRP platelet counts were not corrected to allow for the increase in platelet count which occurred with exercise. When the PRP platelet counts were corrected, no changes in platelet sensitivity to any agonist after exercise were observed.+��https://www.ncbi.nlm.nih.gov/pubmed/3222784���Hendra, T J
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beta-Thromboglobulin/analysis���Jul(��The effect of 24 hours and 7 days treatment with nisoldipine (10 mg, twice daily) on platelet function was studied in 12 normotensive volunteers of whom six were insulin-dependent diabetics without clinical evidence of vascular complications. Platelet aggregation was assessed by platelet rich plasma (PRP) and whole blood (WB) techniques. In addition, the effect of nisoldipine on platelet hyperaggregability following exercise was assessed. After taking nisoldipine for 24 hours, in vitro platelet hypersensitivity to adenosine diphosphate was observed in PRP (p less than 0.01) and WB (p less than 0.01), to adrenaline in WB (p less than 0.03), and to collagen in PRP (p less than 0.02). After seven days treatment, platelet sensitivities to all agonists at rest in both PRP and WB showed no differences from pre-treatment values. Exercise-induced platelet hypersensitivity in WB to all three agonists was unchanged after nisoldipine treatment. Plasma noradrenaline and adrenaline concentrations increased after 24 hours treatment, although changes in agonist EC50s at 24 hours were not related to changes in plasma catecholamine levels. No effects of nisoldipine were observed on platelet thromboxane B2 release in PRP, or on plasma beta-thromboglobulin levels. No differences in the effects of nisoldipine were observed between diabetic and non-diabetic subjects. Nisoldipine treatment for seven days is not associated with altered platelet function, but platelet hypersensitivity is observed after treatment for 24 hours in both insulin-dependent diabetics and controls.+��https://www.ncbi.nlm.nih.gov/pubmed/2976336É��Hendra, T J
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beta-Thromboglobulin/analysis���Jul-Augk��There are conflicting reports of platelet function abnormalities in diabetic patients without vascular complications. We have studied in vitro platelet aggregation, using platelet rich plasma and whole blood techniques, in 18 patients with uncomplicated insulin-dependent diabetes and a matched group of 24 non-diabetic subjects. In addition we measured plasma beta-thromboglobulin levels in these groups, as an index of in vivo platelet activation, and compared the indices of in vitro and in vivo platelet function before and after maximal bicycle exercise. Before exercise plasma beta-thromboglobulin levels and platelet sensitivities to ADP, collagen or adrenaline, as assessed by both methods of platelet aggregation, were the same in diabetic and control subjects. Both groups showed similar increases in beta-thromboglobulin levels and in platelet sensitivity to all agonists in whole blood following exercise. Using platelet rich plasma there were no changes in platelet sensitivity in either group after exercise. In non-diabetic subjects, increases in noradrenaline levels after exercise correlated with increases in platelet sensitivity to adrenaline in whole blood. This was not observed in the diabetic group. Abnormalities of platelet function, using the techniques described here, are not present in diabetic patients who do not have clinical evidence of vascular disease.+��https://www.ncbi.nlm.nih.gov/pubmed/2970923¡��Hendra, T J
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Reference Values���May 19Ü��Mean platelet volume, platelet count and an estimate of platelet volume distribution were studied following acute myocardial infarction in 59 diabetics and 88 non-diabetics and were compared with values in 100 non-diabetic and 50 diabetic non-infarct subjects. In the non-diabetics mean platelet volume and platelet distribution width were similar in the non-infarcted patients and in the infarcted patients without severe cardiac failure. All diabetics with myocardial infarction had larger mean platelet volumes and platelet distribution width than the diabetic non-infarct controls. All myocardial infarction patients with severe cardiac failure had larger platelet volumes than patients with mild or no failure. Increased mean platelet volume may reflect either increased platelet activation or increased numbers of large, hyperaggregable platelets. Abnormalities of platelet function may contribute to the relatively poor prognosis of myocardial infarction in patients with diabetes.+��https://www.ncbi.nlm.nih.gov/pubmed/3402334£��Hendra, T J
Oswald, G A
Yudkin, J S
eng
Comparative Study
Research Support, Non-U.S. Gov't
Ireland
1988/05/19 00:00
Diabetes Res Clin Pract. 1988 May 19;5(1):63-9.%��0168-8227 (Print)
0168-8227 (Linking)���34023348��Department of Medicine, University College, London, U.K.��q�üÒtÿÿ?����G��Trembath, R. C.
Thomas, D. J.
Hendra, T. J.
Yudkin, J. S.
Galton, D. J.���1987���Deoxyribonucleic acid polymorphism of the apoprotein AI-CIII-AIV gene cluster and coronary heart disease in non-insulin-dependent diabetes���1577-8���Br Med J (Clin Res Ed)���294���6587Ù��Alleles
Apolipoproteins C/*genetics
Autoradiography
Coronary Disease/*genetics
DNA/*genetics
Diabetes Mellitus, Type 2/*genetics
Female
Gene Frequency
Genetic Markers
Humans
Male
Multigene Family
Polymorphism, Genetic���Jun 20P��The prevalence of an uncommon allelic variant (S2) of the apoprotein AI-CIII-AIV gene cluster was determined in non-insulin-dependent diabetics with or without evidence of coronary heart disease and in controls. Frequencies of the S2 allele were 14% for diabetics with coronary heart disease compared with 2% for non-diabetics with no clinical evidence of occlusive vascular disease. No subject with the S2 allele was detected among a further group of matched diabetics without clinical features of macrovascular disease. The results suggest that a genetic component contributes to the susceptibility to coronary heart disease in non-insulin-dependent diabetics. Whether the observed deoxyribonucleic acid variant is aetiological for atherosclerosis or in linkage disequilibrium with other atherogenic loci on chromosome 11 remains to be clarified.+��https://www.ncbi.nlm.nih.gov/pubmed/3113537±��Trembath, R C
Thomas, D J
Hendra, T J
Yudkin, J S
Galton, D J
eng
Research Support, Non-U.S. Gov't
England
1987/06/20 00:00
Br Med J (Clin Res Ed). 1987 Jun 20;294(6587):1577-8.%��0267-0623 (Print)
0267-0623 (Linking)
��PMC1246727���3113537�����üÚ|ÿÿ?����
��Hendra, N.���1986!��Merital withdrawn by manufacturer���533	��Am J Nurs���86���5v��Anemia, Hemolytic/chemically induced
Drug Hypersensitivity/etiology
*Drug Industry
Humans
Nomifensine/*adverse effects���May+��https://www.ncbi.nlm.nih.gov/pubmed/3635357D��Hendra, N
eng
Letter
1986/05/01 00:00
Am J Nurs. 1986 May;86(5):533.%��0002-936X (Print)
0002-936X (Linking)���3635357��Y�üÒ|ÿÿ?����5��Evans, S. A.
Harris, L.
Lawinski, C. P.
Hendra, I. R.���1985!��Mobile X-ray generators: a review���89-108���Radiography���51���596���Electric Wiring
Electronics, Medical/instrumentation
Equipment Design
Radiation
Radiography/*instrumentation
*Technology, Radiologic
Terminology as Topic���Mar-AprH��Mobile X-ray generators vary widely in design, cost and radiographic performance and the new designs of recent years have led to the introduction of jargon. Such terms as 'capacitator discharge' and 'modicum frequency' can give rise to confusion regarding operating technique. This review classifies the mobiles into three distinct categories. Simple rules are presented to enable an operator to transfer exposure factors from one category to another, and an analysis of the relative merits of each category is provided. Part 1 provides a description of the categories available, a broad explanation of the principles involved and discusses the radiographic use. Throughout the text certain terms are given in italics when first used in that particular description and Part 2 gives full explanations of these terms in the context of Part 1.+��https://www.ncbi.nlm.nih.gov/pubmed/3991888u��Evans, S A
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Hermawan, H.���2019B��In Vitro Degradation of Absorbable Zinc Alloys in Artificial Urine���Materials (Basel)���12���2>��absorbable
corrosion
degradation
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ureteral stent
zinc���Jan 18&��Absorbable metals have potential for making in-demand rigid temporary stents for the treatment of urinary tract obstruction, where polymers have reached their limits. In this work, in vitro degradation behavior of absorbable zinc alloys in artificial urine was studied using electrochemical methods and advanced surface characterization techniques with a comparison to a magnesium alloy. The results showed that pure zinc and its alloys (Zn(-)0.5Mg, Zn(-)1Mg, Zn(-)0.5Al) exhibited slower corrosion than pure magnesium and an Mg(-)2Zn(-)1Mn alloy. The corrosion layer was composed mostly of hydroxide, carbonate, and phosphate, without calcium content for the zinc group. Among all tested metals, the Zn(-)0.5Al alloy exhibited a uniform corrosion layer with low affinity with the ions in artificial urine.,��https://www.ncbi.nlm.nih.gov/pubmed/30669269���Champagne, Sebastien
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Anderson, D. E.���2019=��Viruses in bats and potential spillover to animals and humans���79-89���Curr Opin Virol���34���Jan 18ù��In the last two decades, several high impact zoonotic disease outbreaks have been linked to bat-borne viruses. These include SARS coronavirus, Hendra virus and Nipah virus. In addition, it has been suspected that ebolaviruses and MERS coronavirus are also linked to bats. It is being increasingly accepted that bats are potential reservoirs of a large number of known and unknown viruses, many of which could spillover into animal and human populations. However, our knowledge into basic bat biology and immunology is very limited and we have little understanding of major factors contributing to the risk of bat virus spillover events. Here we provide a brief review of the latest findings in bat viruses and their potential risk of cross-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/30665189���Wang, Lin-Fa
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Nipah virus���Jan 18���Codon usage bias (CUB) is the unequal usage of synonymous codons of an amino acid in which some codons are used more often than others and is widely used in understanding molecular biology, genetics, and functional regulation of gene expression. Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes fatal disease in both humans and animals. NiV was first identified during an outbreak of a disease in Malaysia in 1998 and then occurred periodically since 2001 in India, Bangladesh, and the Philippines. We used bioinformatics tools to analyze the codon usage patterns in a genome-wide manner among 11 genomes of NiV as no work was reported yet. The compositional properties revealed that the overall GC and AT contents were 41.96 and 58.04%, respectively i.e. Nipah virus genes were AT-rich. Correlation analysis between overall nucleotide composition and its 3(rd) codon position suggested that both mutation pressure and natural selection might influence the CUB across Nipah genomes. Neutrality plot revealed natural selection might have played a major role while mutation pressure had a minor role in shaping the codon usage bias in NiV genomes.,��https://www.ncbi.nlm.nih.gov/pubmed/30664908«��Chakraborty, Supriyo
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Nichol, S. T.���2019a��Adaptive immune responses in humans during Nipah virus acute and convalescent phases of infection���Clin Infect Dis���Jan 7å��Background: Nipah virus (NiV) is one of ten potential causes of imminent public health emergencies of international concern. We investigated the NiV outbreak that occurred in May 2018 in Kerala, India. Here we describe the longitudinal characteristics of cell-mediated and humoral immune responses to NiV infection during the acute and convalescent phases in two human survivors. Methods: Serial blood samples were obtained from the only two survivors of the NiV outbreak in Kerala. We used flow cytometry to determine the absolute T lymphocyte and B lymphocyte counts and the phenotypes of both T and B cells. We also detected and quantitated the humoral immune response to NiV by virus-specific IgM and IgG ELISA. Results: Absolute numbers of T lymphocytes remained within normal limits throughout the period of illness studied in both survivors. However, a marked elevation of activated CD8 T cells was observed in both cases. Over 30% of total CD8 T cells expressed Ki67, indicating active proliferation. Proliferating (Ki-67+) CD8 T cells expressed high levels of granzyme B and PD-1, consistent with the profile of acute effector cells. Total B lymphocyte, activated B cell, and plasmablast counts were also elevated in NiV survivors. These individuals developed detectable NiV-specific IgM and IgG antibodies within a week of disease onset. Clearance of NiV RNA from blood preceded the appearance of virus-specific IgG and coincided with the peak of activated CD8 T cells. Conclusion: We describe for the first time longitudinal kinetic data on the activation status of human B and T cell populations during acute Nipah virus infection. While marked CD8 T cell activation was observed with effector characteristics, activated CD4 T cells were less prominent.,��https://www.ncbi.nlm.nih.gov/pubmed/30615097ñ��Arunkumar, Govindakarnavar
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de Vet, H. C. W.���2019T��Global incidence and profile of ameloblastoma: A systematic review and meta-analysis���Oral Dis1��ameloblastoma
incidence
odontogenic tumor
profile���Jan 6,��OBJECTIVES: To evaluate the global incidence of ameloblastoma and to provide a profile of ameloblastoma patients. MATERIAL AND METHODS: A systematic review and meta-analysis was conducted. Searches were performed in PubMed, EMBASE, SCOPUS, and Web of Science for articles published from 1969 to 2018 for the global incidence and from 1995 to 2018 for the profile of ameloblastoma patients. RESULTS: Seven studies on the incidence rate of ameloblastoma were included in the meta-analysis. These studies only covered Europe, Africa, and Australia. The pooled incidence rate was 0.92 per million person-years (95% CI: 0.57-1.49), with significant heterogeneity between studies. Forty-two articles provided profile data of 6,446 ameloblastoma patients. Mean age was 34 years and the peak age incidence in the third decade of life. In Europe and North America, ameloblastoma mostly occurred at an older age when compared to Africa and South America. A slight male preference (53%) was found, and the mandible appeared to be the preferred site. The most common type of ameloblastoma was multicystic. The histopathologic patterns were mostly follicular and plexiform. CONCLUSIONS: This is the first study assessing the global incidence of ameloblastoma. The pooled incidence rate was determined to be 0.92 per million person-years.,��https://www.ncbi.nlm.nih.gov/pubmed/306141542��Hendra, Faqi Nurdiansyah
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Johnson, J.���2018x��Managing the risk of Hendra virus spillover in Australia using ecological approaches: A report on three community juries���e0209798���PLoS One���13���12±��BACKGROUND: Hendra virus (HeV) infection is endemic in Australian flying-fox populations. Habitat loss has increased the peri-urban presence of flying-foxes, increasing the risk of contact and therefore viral 'spillovers' into horse and human populations. An equine vaccine is available and horse-husbandry practices that minimize HeV exposure are encouraged, but their adoption is suboptimal. Ecological approaches-such as habitat creation and conservation-could complement vaccination and behavioural strategies by reducing spillover risks, but these are controversial. METHODS: We convened three community juries (two regional; one metropolitan) to elicit the views of well-informed citizens on the acceptability of adding ecological approaches to current interventions for HeV risk. Thirty-one participants of diverse backgrounds, mixed genders and ages were recruited using random-digit-dialling. Each jury was presented with balanced factual evidence, given time to ask questions of expert presenters and, after deliberation, come to well-reasoned conclusions. RESULTS: All juries voted unanimously that ecological strategies should be included in HeV risk management strategies but concluded that current interventions-including vaccination and changing horse-husbandry practices-must remain the priority. The key reasons given for adopting ecological approaches were: (i) they address underlying drivers of disease emergence, (ii) the potential to prevent spillover of other bat-borne pathogens, and (iii) there would be broader community benefits. Juries differed regarding the best mechanism to create/conserve flying-fox habitat: participants in regional centres favoured direct government action, whereas the metropolitan jury preferred to place the burden on landholders. CONCLUSIONS: Informed citizens acknowledge the value of addressing the drivers of bat-borne infectious risks but differ substantially as to the best implementation strategies. Ecological approaches to securing bat habitat could find broad social support in Australia, but disagreement about how best to achieve them indicates the need for negotiation with affected communities to co-develop fair, effective and locally appropriate policies.,��https://www.ncbi.nlm.nih.gov/pubmed/30596719ò��Degeling, Chris
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Venkatesan, Arthi
Febin Prabhu Dass, J
eng
2018/11/13 06:00
J Cell Biochem. 2018 Nov 11. doi: 10.1002/jcb.27979.*��1097-4644 (Electronic)
0730-2312 (Linking)���30417438d��Department of Integrative Biology, School of BioSciences and Technology (SBST), VIT, Vellore, India.���10.1002/jcb.27979��g��üÒtÿî?����J��Ramphul, K.
Mejias, S. G.
Agumadu, V. C.
Sombans, S.
Sonaye, R.
Lohana, P.���2018'��The Killer Virus Called Nipah: A Review���e3168���Cureus���10���8���nipah virus���Aug 21���Nipah virus (NiV) is a deadly virus with a high mortality rate that has affected many developing countries in the past. According to the Centers for Disease Control and Prevention (CDC), many economically deprived countries such as Madagascar, Cambodia, and Thailand are also at high risk for future outbreaks. The first case of NiV was reported in 1998 and almost two decades later, little scientific progress has been made in finding a proper treatment and prevention vaccine. As many developing countries are not properly equipped to fight the infection, it is vital to properly educate the health systems. The aim of this review is to provide an epidemiological background as well as to understand the transmission routes, presentation, and the diagnosis and prevention of this deadly virus.,��https://www.ncbi.nlm.nih.gov/pubmed/30416895¼��Ramphul, Kamleshun
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Czub, M.���2018k��The interaction between the Nipah virus nucleocapsid protein and phosphoprotein regulates virus replication���15994���Sci Rep���8���1���Oct 30���Continued outbreaks of Henipaviruses in South Asia and Australia cause severe and lethal disease in both humans and animals. Together, with evidence of human to human transmission for Nipah virus and the lack of preventative or therapeutic measures, its threat to cause a widespread outbreak and its potential for weaponization has increased. In this study we demonstrate how overexpression of the Nipah virus nucleocapsid protein regulates viral polymerase activity and viral RNA production. By overexpressing the Nipah virus nucleocapsid protein in trans viral transcription was inhibited; however, an increase in viral genome synthesis was observed. Together, the bias of polymerase activity towards genome production led to the severe inhibition of viral progeny. We identified two domains within the nucleocapsid protein, which were each independently capable of binding the viral phosphoprotein. Evident by our data, we propose that the nucleocapsid protein's ability to interact with the phosphoprotein of the polymerase complex causes a change in polymerase activity and subsequent deficiency in viral replication. This study not only provides insights into the dynamics of Henipavirus RNA synthesis and replication, but also provides insight into potential targets for antiviral drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/30375468ü��Ranadheera, Charlene
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Health,���2018D��Outbreak investigation of Nipah Virus Disease in Kerala, India, 2018���J Infect Dis���Oct 26���Background: Nipah Virus (NiV) is a highly fatal emerging zoonotic virus with potential threat to global health security. Here we describe the characteristics of the NiV outbreak occurred in Kerala, India during May -June 2018. Methods: We used real-time RT PCR in throat swabs, blood, urine and CSF to detect NiV. Further, the viral genome was sequenced and subjected to phylogenetic analysis. We conducted an epidemiological investigation to describe the outbreak and to elucidate transmission dynamics. Results: During May 2 - 29, 2018, 23 cases were identified including the index case; 18 were lab-confirmed. This NiV was closer to the Bangladesh lineage. Median age of cases was 45; 15 (65%) were male. The median incubation period was 9.5 days (6 - 14 days). Of the 23 cases, 20 (87%) had respiratory symptoms. The case fatality rate (CFR) was 91%; two cases survived.. Risk factors for infection included close proximity (touching, feeding or nursing an NiV infected person) enabling exposure to droplet infection. The public health response included isolation of cases, contact tracing, and enforcing hospital infection control practices. Conclusion: This is the first recorded NiV outbreak in South India. Early laboratory confirmation and immediate public health response contained the outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/30364984È��Arunkumar, Govindakarnavar
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�Introduction: Zoonotic diseases are the infectious diseases that can be transmitted to human beings and vice versa from animals either directly or indirectly. These diseases can be caused by a range of organisms including bacteria, parasites, viruses and fungi. Viral diseases are highly infectious and capable of causing pandemics as evidenced by outbreaks of diseases like Ebola, Middle East Respiratory Syndrome, West Nile, SARS-Corona, Nipah, Hendra, Avian influenza and Swine influenza. Expalantion: Many viruses affecting equines are also important human pathogens. Diseases like Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and Venezuelan-equine encephalitis (VEE) are highly infectious and can be disseminated as aerosols. A large number of horses and human cases of VEE with fatal encephalitis have continuously occurred in Venezuela and Colombia. Vesicular stomatitis (VS) is prevalent in horses in North America and has zoonotic potential causing encephalitis in children. Hendra virus (HeV) causes respiratory and neurological disease and death in man and horses. Since its first outbreak in 1994, 53 disease incidents have been reported in Australia. West Nile fever has spread to many newer territories across continents during recent years.It has been described in Africa, Europe, South Asia, Oceania and North America. Japanese encephalitis has expanded horizons from Asia to western Pacific region including the eastern Indonesian archipelago, Papua New Guinea and Australia. Rabies is rare in horses but still a public health concern being a fatal disease. Equine influenza is historically not known to affect humans but many scientists have mixed opinions. Equine viral diseases of zoonotic importance and their impact on animal and human health have been elaborated in this article. Conclusion: Equine viral diseases though restricted to certain geographical areas have huge impact on equine and human health. Diseases like West Nile fever, Hendra, VS, VEE, EEE, JE, Rabies have the potential for spread and ability to cause disease in human. Equine influenza is historically not known to affect humans but some experimental and observational evidence show that H3N8 influenza virus has infected man. Despite our pursuit of understanding the complexity of the vector-host-pathogen mediating disease transmission, it is not possible to make generalized predictions concerning the degree of impact of disease emergence. A targeted, multidisciplinary effort is required to understand the risk factors for zoonosis and apply the interventions necessary to control it.,��https://www.ncbi.nlm.nih.gov/pubmed/30288197Ï��Kumar, Balvinder
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risk mapping���May 30���Since 1998, Nipah virus (NiV) (genus: Henipavirus; family: Paramyxoviridae), an often-fatal and highly virulent zoonotic pathogen, has caused sporadic outbreak events. Fruit bats from the genus Pteropus are the wildlife reservoirs and have a broad distribution throughout South and Southeast Asia, and East Africa. Understanding the disease biogeography of NiV is critical to comprehending the potential geographic distribution of this dangerous zoonosis. This study implemented the R packages ENMeval and BIOMOD2 as a means of modeling regional disease transmission risk and additionally measured niche similarity between the reservoir Pteropus and the ecological characteristics of outbreak localities with the Schoener's D index and I statistic. Results indicate a relatively high degree of niche overlap between models in geographic and environmental space (D statistic, 0.64; and I statistic, 0.89), and a potential geographic distribution encompassing 19% (2,963,178 km(2)) of South and Southeast Asia. This study should contribute to current and future efforts to understand the critical ecological contributors and geography of NiV. Furthermore, this study can be used as a geospatial guide to identify areas of high disease transmission risk and to inform national public health surveillance programs.,��https://www.ncbi.nlm.nih.gov/pubmed/30274453���Deka, Mark A
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Severe emerging infectious diseases���Nov���The Research and Development (R&D) Blueprint is a World Health Organization initiative to reduce the time between the declaration of a public health emergency and the availability of effective diagnostic tests, vaccines, and treatments that can save lives and avert a public health crisis. The scope of the Blueprint extends to severe emerging diseases for which there are insufficient or no presently existing medical countermeasures or pipelines to produce them. In February 2018, WHO held an informal expert consultation to review and update the list of priority diseases, employing a prioritization methodology which uses the Delphi technique, questionnaires, multi-criteria decision analysis, and expert review to identify relevant diseases. The committee determined that, given their potential to cause a public health emergency and the absence of efficacious drugs and/or vaccines, there is an urgent need for accelerated R&D for (in no order of priority) Crimean-Congo haemorrhagic fever, Ebola virus and Marburg virus disease, Lassa fever, Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), Nipah and henipaviral diseases, Rift Valley fever and Zika virus disease. The experts also included "Disease X," representing the awareness that a previously unknown pathogen could cause a major public health emergency. This report describes the methods and results of the 2018 prioritization review.,��https://www.ncbi.nlm.nih.gov/pubmed/30261226Í��Mehand, Massinissa Si
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viral outbreaks���JanF��Since emergence of the Nipah virus (NiV) in 1998 from Malaysia, the NiV virus has reappeared on different occasions causing severe infections in human population associated with high rate of mortality. NiV has been placed along with Hendra virus in genus Henipavirus of family Paramyxoviridae. Fruit bats (Genus Pteropus) are known to be natural host and reservoir of NiV. During the outbreaks from Malaysia and Singapore, the roles of pigs as intermediate host were confirmed. The infection transmitted from bats to pigs and subsequently from pigs to humans. Severe encephalitis was reported in NiV infection often associated with neurological disorders. First NiV outbreak in India occurred in Siliguri district of West Bengal in 2001, where direct transmission of the NiV virus from bats-to-human and human-to-human was reported in contrast to the role of pigs in the Malaysian NiV outbreak. Regular NiV outbreaks have been reported from Bangladesh since 2001 to 2015. The latest outbreak of NiV has been recorded in May, 2018 from Kerala, India which resulted in the death of 17 individuals. Due to lack of vaccines and effective antivirals, Nipah encephalitis poses a great threat to public health. Routine surveillance studies in the infected areas can be useful in detecting early signs of infection and help in containment of these outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/30251294È��Sharma, Vikrant
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surgery���Oct���BACKGROUND: Cancellation of planned surgery impacts substantially on patients and health systems. This study describes the incidence and reasons for cancellation of inpatient surgery in the UK NHS. METHODS: We conducted a prospective observational cohort study over 7 consecutive days in March 2017 in 245 NHS hospitals. Occurrences and reasons for previous surgical cancellations were recorded. Using multilevel logistic regression, we identified patient- and hospital-level factors associated with cancellation due to inadequate bed capacity. RESULTS: We analysed data from 14 936 patients undergoing planned surgery. A total of 1499 patients (10.0%) reported previous cancellation for the same procedure; contemporaneous hospital census data indicated that 13.9% patients attending inpatient operations were cancelled on the day of surgery. Non-clinical reasons, predominantly inadequate bed capacity, accounted for a large proportion of previous cancellations. Independent risk factors for cancellation due to inadequate bed capacity included requirement for postoperative critical care [odds ratio (OR)=2.92; 95% confidence interval (CI), 2.12-4.02; P<0.001] and the presence of an emergency department in the treating hospital (OR=4.18; 95% CI, 2.22-7.89; P<0.001). Patients undergoing cancer surgery (OR=0.32; 95% CI, 0.22-0.46; P<0.001), obstetric procedures (OR=0.17; 95% CI, 0.08-0.32; P<0.001), and expedited surgery (OR=0.39; 95% CI, 0.27-0.56; P<0.001) were less likely to be cancelled. CONCLUSIONS: A significant proportion of patients presenting for surgery have experienced a previous cancellation for the same procedure. Cancer surgery is relatively protected, but bed capacity, including postoperative critical care requirements, are significant risk factors for previous cancellations.,��https://www.ncbi.nlm.nih.gov/pubmed/30236235±��Wong, D J N
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Zoonoses���Dec���While general medical practitioners (GPs) and veterinarians are often the first line responders in the face of a disease outbreak, pathways to improving the One Health efficacy of these clinicians remain unclear. A two-phase modified Delphi survey of professionals with known expertise in One Health ('expert panel') was used to 1) identify key knowledge, attitudes and practices (KAPs) of GPs and veterinarians that would be consistent with a One Health approach to zoonoses; and 2) determine priorities for future surveys with Australian GPs and veterinarians to identify important gaps that impede effective diagnosis and management of zoonoses. A list of 13 topics/sub-topics, as well as a list of 25 specific zoonotic diseases/agents emerged from the first phase of the survey. In the second phase the expert panel identified general knowledge of the clinical aspects and epidemiological aspects of zoonoses, as well as risk management practices, as the most important KAPs and research priorities for both GPs and veterinarians. In terms of diseases, the expert panel regarded knowledge of Hendra virus, Q fever, Australian bat lyssavirus (ABLV), anthrax and Brucella suis most important for veterinarians, whilst for GPs, Q fever, gastrointestinal/foodborne diseases, influenza, ABLV and local vector-borne diseases were found to be most important by the expert panel. Some differences were noted in terms of prioritization of topics/sub-topics and diseases/agents according to expert background (veterinary and non-veterinary). The Delphi survey technique enabled efficient collection of data from a diverse range of One Health 'experts'/specialists and provided clear priorities for proposed future research, and potentially for educational interventions to improve One Health efficacy of clinicians.,��https://www.ncbi.nlm.nih.gov/pubmed/30197925¦��Steele, Sandra G
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Virus ebola���Aug,
�The global community continues to incur the high costs of crisis mitigation and emergency response to outbreaks of emerging infectious diseases, such as those caused by the H5N1 highly pathogenic avian influenza virus, Ebola virus, Nipah virus, Zika virus or the Middle East respiratory syndrome coronavirus. These viruses are particularly dangerous in regions associated with poor development indicators and high vulnerability. The drivers of these disease crises include failures in the way that animal diseases are detected and reported and failures in the way in which disease response is implemented by animal health and public health systems. In addition, the lack of a coordinated response hampers disease control efforts. A comprehensive approach for disease prevention, detection and response, however, requires a coordinated and joint effort among governments, communities, donors and international networks to invest effectively in prevention systems that can identify early signals of the emergence, spillover and spread of animal pathogens at the local level. These signals include trade bans, market closures, civil unrest, heavy rains and droughts associated with climate change, and livestock intensification or changes in consumer behaviour. The global community needs to increase its investment in early warning and detection systems that can provide information that enables action to be taken at the national, regional and global levels in the event of an outbreak of a transboundary animal disease (TAD). Like any preventive measure, an early warning system requires financial resources, but these are insignificant when compared to the losses that are avoided. Building a global early warning and effective response system for outbreaks is value for money, as the benefits far outweigh the costs. The goal of the Food and Agriculture Organization of the United Nations (FAO) is to end hunger and poverty, which is a challenging and complex task. Building global capacity to prepare for and respond to TADs is an important element of the FAO's strategic objective to increase the resilience of livelihoods to threats and crises. Each year, livestock, and the people who rely upon them for their livelihoods, are confronted with animal disease and crises. They can strike suddenly, causing obvious illness and death, or emerge insidiously and become well established before becoming apparent. Animal disease emergencies threaten the production of, and access to, food; consequently, one of the FAO's missions is to help countries to prepare for and respond to animal health disasters.,��https://www.ncbi.nlm.nih.gov/pubmed/30152454���Tekola, B
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Surete biologique���AugÖ��With recent outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV), anthrax, Nipah and the highly pathogenic avian influenza virus, much emphasis has been placed on the rapid identification of infectious agents globally. As a result, laboratories are building capacity, conducting more advanced and sophisticated research, increasing their staff, and establishing reference collections of dangerous pathogens in an attempt to reduce the impact of infectious disease outbreaks and to characterise disease-causing agents. With this expansion, the global laboratory community has started to focus on laboratory biosafety and biosecurity in order to prevent the accidental and/or intentional release of these agents. Laboratory biosafety and biosecurity systems are used around the world to help to mitigate the risks posed by dangerous pathogens in the laboratory. Veterinary laboratories carry unique responsibilities with regard to workers and communities to handle disease-causing microorganisms safely and securely. Many microorganisms studied in veterinary laboratories not only infect animals, but also have the potential to infect humans. This paper will discuss the fundamentals of laboratory biosafety and biosecurity.,��https://www.ncbi.nlm.nih.gov/pubmed/30152450���Brass, V H
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spillover���Octj��Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, Asia, and Australia. In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses. The genus Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and Asia, and a suite of largely uncharacterized African henipaviruses. Rapid change in fruit bat habitat and associated shifts in their ecology and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing spillover risk of bat-borne viruses. We review the ways that changing resource landscapes affect the processes that culminate in cross-species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure. We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus spillover. When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and composition.,��https://www.ncbi.nlm.nih.gov/pubmed/30138535£��Kessler, Maureen K
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vaccinesV��The Indian subcontinent with its population density, climatic conditions, means of subsistence, socioeconomic factors as well as travel and tourism presents a fertile ground for thriving of RNA viruses. Despite being pathogens of huge significance, there is very little focus on research into the biology and pathogenesis of RNA viruses in India. Studies on epidemiology and disease burden, risk factors, the immune response to RNA viruses, circulating virus strains and virus evolution, animal models of disease, antivirals and vaccines are strikingly absent. Emerging RNA viruses such as Zika virus, Nipah virus and Crimean-Congo haemorrhagic fever virus are a matter of grave concern to India. Here we summarize the outcome of the India|EMBO symposium on "RNA viruses: immunology, pathogenesis and translational opportunities" organized at Faridabad, National Capital Region, India, on March 28-30, 2018. The meeting focused on RNA viruses (non-HIV), and both national and international experts on RNA viruses covered topics ranging from epidemiology, immune response, virus evolution and vaccine trials concerning RNA viruses. The aim of the symposium was to create a road map for RNA virus research in India. Both concrete and tentative ideas pointing towards short-term and long-term goals were presented with recommendations for follow-up at government level.,��https://www.ncbi.nlm.nih.gov/pubmed/30131779���Medigeshi, Guruprasad R
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paramyxovirus���Mar-AprU��Nipah virus (NiV) encephalitis first reported in "Sungai Nipah" in Malaysia in 1999 has emerged as a global public health threat in the Southeast Asia region. From 1998 to 2018, more than 630 cases of NiV human infections were reported. NiV is transmitted by zoonotic (from bats to humans, or from bats to pigs, and then to humans) as well as human-to-human routes. Deforestation and urbanization of some areas have contributed to greater overlap between human and bat habitats resulting in NiV outbreaks. Common symptoms of NiV infection in humans are similar to that of influenza such as fever and muscle pain and in some cases, the inflammation of the brain occurs leading to encephalitis. The recent epidemic in May 2018 in Kerala for the first time has killed over 17 people in 7 days with high case fatality and highlighted the importance of One Health approach. The diagnosis is often not suspected at the time of presentation and creates challenges in outbreak detection, timely control measures, and outbreak response activities. Currently, there are no drugs or vaccines specific for NiV infection although this is a priority disease on the World Health Organization's agenda. Antivirals (Ribavirin, HR2-based fusion inhibitor), biologicals (convalescent plasma, monoclonal antibodies), immunomodulators, and intensive supportive care are the mainstay to treat severe respiratory and neurologic complications. There is a great need for strengthening animal health surveillance system, using a One Health approach, to detect new cases and provide early warning for veterinary and human public health authorities.,��https://www.ncbi.nlm.nih.gov/pubmed/30090764Á��Chattu, Vijay K
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Transmission���Aug 1r��Highly pathogenic avian influenza virus (HPAIV) H5N1 has been reported in Asia, including Indonesia since 2003. Although several risk factors related to the HPAIV outbreaks in poultry in Indonesia have been identified, little is known of the contact structure of farms of different poultry production types (backyard chickens, broilers, layers, and ducks). This study aims to quantify the contact rates associated with the movement of people, and movements of live birds and products and equipment that affect the risk of HPAIV H5N1 transmission between poultry farms in Indonesia. On 124 poultry farms in 6 districts in West Java, logbooks were distributed to record the movements of farmers/staff and visitors and their poultry contacts. Most movements in backyard chicken, commercial native chicken, broiler and duck farms were visits to and from other poultry farms, whilst in layer farms visits to and from poultry companies, visits to egg collection houses and visit from other poultry farms were most frequent. Over 75% of persons visiting backyard chicken and duck farms had previously visited other poultry farms on the same day. Visitors of backyard chicken farms had the highest average contact rate, either direct contact with poultry on other farms before the visits (1.35 contact/day) or contact during their visits in the farms (10.03 contact/day). These results suggest that backyard chicken farms are most at risk for transmission of HPAIV compared to farms of the other poultry production types. Since visits of farm-to-farm were high, backyard farms could also a potential source for HPAIV transmission to commercial poultry farms.,��https://www.ncbi.nlm.nih.gov/pubmed/29891149B��Wibawa, Hendra
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One Health���Jul{��The Nipah virus has been transmitted from person-to-person via close contact in non-urban parts of India (including Kerala May 2018), Bangladesh, and the Philippines. It can cause encephalitis and pneumonia, and has a high case fatality rate. Nipah is a One Health zoonotic infectious disease linked to fruit bats, and sometimes pigs or horses. We advocate anticipating and preparing for urban and larger rural outbreaks of Nipah. Immediate enhanced preparations would include standardized guidance on infection prevention and control, and personal protective equipment, from the World Health Organization (WHO) on their OpenWHO website and 2018 "Managing Epidemics" handbook, along with adding best clinical practices by experts in countries with multiple outbreaks such as Bangladesh and India. Longer-term enhanced preparations include accelerating development of field diagnostics, antiviral drugs, immune-based therapies, and vaccines. WHO-coordinated multi-partner protocols to test investigational treatments, diagnostics, and vaccines are needed, by analogy to such protocols for Ebola during the unanticipated pan-epidemic in Guinea, Liberia, and Sierra Leone. Anticipating and preparing now for urban and rural Nipah outbreaks in nations with no experience with Nipah will help avoid the potential for what the United Nations 2016 report on Ebola in West Africa called a "preventable tragedy".,��https://www.ncbi.nlm.nih.gov/pubmed/29879523���Donaldson, Halsie
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Aguilar, H. C.���2019@��Addicted to sugar: roles of glycans in the order Mononegavirales���2-21���Glycobiology���29���1���Jan 1���Glycosylation is a biologically important protein modification process by which a carbohydrate chain is enzymatically added to a protein at a specific amino acid residue. This process plays roles in many cellular functions, including intracellular trafficking, cell-cell signaling, protein folding and receptor binding. While glycosylation is a common host cell process, it is utilized by many pathogens as well. Protein glycosylation is widely employed by viruses for both host invasion and evasion of host immune responses. Thus better understanding of viral glycosylation functions has potential applications for improved antiviral therapeutic and vaccine development. Here, we summarize our current knowledge on the broad biological functions of glycans for the Mononegavirales, an order of enveloped negative-sense single-stranded RNA viruses of high medical importance that includes Ebola, rabies, measles and Nipah viruses. We discuss glycobiological findings by genera in alphabetical order within each of eight Mononegavirales families, namely, the bornaviruses, filoviruses, mymonaviruses, nyamiviruses, paramyxoviruses, pneumoviruses, rhabdoviruses and sunviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29878112ù��Ortega, Victoria
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Zinc���Junå��Absorbable metals, metals that corrode in physiological environment, constitute a new class of biomaterials intended for temporary medical implant applications. The introduction of these metals has shifted the established paradigm of metal implants from preventing corrosion to its direct application. Interest toward absorbable metals has been growing in the past decade. This is proved by the rapid increase in scientific publication, progressive development of standards, and launching the first commercial products. Iron, magnesium, zinc, and their alloys are the current three absorbable metals families. Magnesium-based metals are the most progressing family with a large data set obtained from both basic and translational research. Iron-based metals are still facing a major challenge of low in vivo corrosion rate despite the significant efforts that have been put to overcome its weakness. Zinc-based metals are the new alternative absorbable metals with moderate corrosion rates that fall between those of iron and magnesium. This manuscript provides a brief review on the latest progress in the research and development of absorbable metals, the most important findings, the remaining challenges, and the perspective on the future direction.,��https://www.ncbi.nlm.nih.gov/pubmed/29790132���Hermawan, Hendra
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Yoneda, M.���2018���Possible role of the Nipah virus V protein in the regulation of the interferon beta induction by interacting with UBX domain-containing protein1���7682���Sci Rep���8���1���May 16¨��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes lethal encephalitis in humans. We previously reported that the V protein, one of the three accessory proteins encoded by the P gene, is one of the key determinants of the pathogenesis of NiV in a hamster infection model. Satterfield B.A. et al. have also revealed that V protein is required for the pathogenicity of henipavirus in a ferret infection model. However, the complete functions of NiV V have not been clarified. In this study, we identified UBX domain-containing protein 1 (UBXN1), a negative regulator of RIG-I-like receptor signaling, as a host protein that interacts with NiV V. NiV V interacted with the UBX domain of UBXN1 via its proximal zinc-finger motif in the C-terminal domain. NiV V increased the level of UBXN1 protein by suppressing its proteolysis. Furthermore, NiV V suppressed RIG-I and MDA5-dependent interferon signaling by stabilizing UBXN1 and increasing the interaction between MAVS and UBXN1 in addition to directly interrupting the activation of MDA5. Our results suggest a novel molecular mechanism by which the induction of interferon is potentially suppressed by NiV V protein via UBXN1.,��https://www.ncbi.nlm.nih.gov/pubmed/29769705 ��Uchida, Shotaro
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Freiberg, A. N.���2018O��Favipiravir (T-705) protects against Nipah virus infection in the hamster model���7604���Sci Rep���8���1���May 154��Nipah and Hendra viruses are recently emerged bat-borne paramyxoviruses (genus Henipavirus) causing severe encephalitis and respiratory disease in humans with fatality rates ranging from 40-75%. Despite the severe pathogenicity of these viruses and their pandemic potential, no therapeutics or vaccines are currently approved for use in humans. Favipiravir (T-705) is a purine analogue antiviral approved for use in Japan against emerging influenza strains; and several phase 2 and 3 clinical trials are ongoing in the United States and Europe. Favipiravir has demonstrated efficacy against a broad spectrum of RNA viruses, including members of the Paramyxoviridae, Filoviridae, Arenaviridae families, and the Bunyavirales order. We now demonstrate that favipiravir has potent antiviral activity against henipaviruses. In vitro, favipiravir inhibited Nipah and Hendra virus replication and transcription at micromolar concentrations. In the Syrian hamster model, either twice daily oral or once daily subcutaneous administration of favipiravir for 14 days fully protected animals challenged with a lethal dose of Nipah virus. This first successful treatment of henipavirus infection in vivo with a small molecule drug suggests that favipiravir should be further evaluated as an antiviral treatment option for henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/29765101h��Dawes, Brian E
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Viral Proteins/genetics/*immunology/metabolism���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus in the family Paramyxoviridae. Henipavirus infections were first reported in the 1990's causing severe and often fatal outbreaks in domestic animals and humans in Southeast Asia and Australia. NiV infections were observed in humans in Bangladesh, India and in the first outbreak in Malaysia, where pigs were also infected. HeV infections occurred in horses in the North-Eastern regions of Australia, with singular transmission events to humans. Bats of the genus Pteropus have been identified as the reservoir hosts for henipaviruses. Molecular and serological indications for the presence of henipa-like viruses in African fruit bats, pigs and humans have been published recently. In our study, truncated forms of HeV and NiV attachment (G) proteins as well as the full-length NiV nucleocapsid (N) protein were expressed using different expression systems. Based on these recombinant proteins, Enzyme-linked Immunosorbent Assays (ELISA) were developed for the detection of HeV or NiV specific antibodies in porcine serum samples. We used the NiV N ELISA for initial serum screening considering the general reactivity against henipaviruses. The G protein based ELISAs enabled the differentiation between HeV and NiV infections, since as expected, the sera displayed higher reactivity with the respective homologous antigens. In the future, these assays will present valuable tools for serosurveillance of swine and possibly other livestock or wildlife species in affected areas. Such studies will help assessing the potential risk for human and animal health worldwide by elucidating the distribution of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29708971���Fischer, Kerstin
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*Hendra
*Hendra virus
*matrix
*viral assembly���Jul 1Ý	�Hendra virus (HeV) is a zoonotic paramyxovirus belonging to the genus Henipavirus HeV is highly pathogenic, and it can cause severe neurological and respiratory illnesses in both humans and animals, with an extremely high mortality rate of up to 70%. Among the genes that HeV encodes, the matrix (M) protein forms an integral part of the virion structure and plays critical roles in coordinating viral assembly and budding. Nevertheless, the molecular mechanism of this process is not fully elucidated. Here, we determined the crystal structure of HeV M to 2.5-A resolution. The dimeric structural configuration of HeV M is similar to that of Newcastle disease virus (NDV) M and is fundamental to protein stability and effective virus-like-particle (VLP) formation. Analysis of the crystal packing revealed a notable interface between the alpha1 and alpha2 helices of neighboring HeV M dimers, with key residues sharing degrees of sequence conservation among henipavirus M proteins. Structurally, a network of electrostatic interactions dominates the alpha1-alpha2 interactions, involving residues Arg57 from the alpha1 helix and Asp105 and Glu108 from the alpha2 helix. The disruption of the alpha1-alpha2 interactions using engineered charge reversal substitutions (R57E, R57D, and E108R) resulted in significant reduction or abrogation of VLP production. This phenotype was reversible with an R57E E108R mutant that was designed to partly restore salt bridge contacts. Collectively, our results define and validate previously underappreciated regions of henipavirus M proteins that are crucial for productive VLP assembly.IMPORTANCE Hendra virus is a henipavirus associated with lethal infections in humans. It is classified as a biosafety level 4 (BSL4) agent, and there are currently no preventive or therapeutic treatments available against HeV. Vital to henipavirus pathogenesis, the structural protein M has been implicated in viral assembly and budding, as well as host-virus interactions. However, there is no structural information available for henipavirus M, and the basis of M-driven viral assembly is not fully elucidated. We demonstrate the first three-dimensional structure of a henipavirus M protein. We show the dimeric organization of HeV M as a basic unit for higher-order oligomerization. Additionally, we define key regions/residues of HeV M that are required for productive virus-like-particle formation. These findings provide the first insight into the mechanism of M-driven assembly in henipavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/29695428Á��Liu, Yu Chih
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virus-neutralising antibody titres���May���OBJECTIVE: To determine the antibody responses to a commercial Hendra virus vaccine (Equivac(R) HeV) in a field environment. METHODS: A group of 61 horses received a primary vaccination course comprising two doses administered 3-6 weeks apart (V1, V2) and a 3rd dose (V3) given 6 months after the second. This was followed by booster vaccinations at 12 monthly intervals (V4, V5). Antibody titres were assessed using a virus-neutralisation test. RESULTS: Neutralising antibodies against HeV were not detected prior to vaccination. Antibodies were detected in 54/57 horses at 3 weeks after V1 and 51/51 had titres >/= 32 at 8 weeks after V2. At 6 months after V2, antibody titres decreased in most (31/34) horses and were not detected in three horses. A rapid increase in antibody titres was recorded in 35/36 horses at 1 week following V3. By the first annual booster vaccination (V4), antibodies were still detectable in 29/29 horses, although titres had decreased; in 26/29 horses, titres remained >/= 32. All horses showed an increase in antibody titres after V4. There was no statistically significant increase in mean antibody titre after V5, compared with after V4. CONCLUSION: Horses administered Equivac(R) HeV, using a primary vaccination course followed by annual booster vaccinations, mounted an effective secondary immune response and acquired antibody responses that were consistent with protective immunity against HeV in the form of virus-neutralising antibodies. No adverse events were observed after vaccine administration.,��https://www.ncbi.nlm.nih.gov/pubmed/29691855¡��Tan, Rhh
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alpha-MoREs���Apr 24���Henipavirus, including Hendra virus (HeV) and Nipah virus (NiV), is a newly discovered human pathogen genus. The nucleoprotein of Henipavirus contains an alpha-helical molecular recognition element (alpha-MoRE) that folds upon binding to the X domain (XD) of the phosphoprotein (P). In order to explore the conformational dynamics of free alpha-MoREs and the underlying binding-folding mechanism with XD, atomic force field-based and hybrid structure-based MD simulations were carried out. In our empirical force field-based simulations, characteristic structures and helicities of alpha-MoREs reveal the co-existence of partially structured and disordered conformations, as in the case of the well characterized cognate measles virus (MeV) alpha-MoRE. In spite of their overall similarity, the two alpha-MoREs display subtle helicity differences in their C-terminal region, but much different from that of MeV. For the alpha-MoRE/XD complexes, the results of our hybrid structure-based simulations provide the coupled binding-folding landscapes, and unveil a wide conformational selection mechanism at early binding stages, followed by a final induce-fit mechanism selection process. However, the HeV and NiV complexes have a lower binding barrier compared to that of MeV. Moreover, the HeV alpha-MoRE/XD complex shows much less coupling effects between binding and folding compared to that from both NiV and MeV. Our analysis revealed that contrary to NiV and MeV, the N- and C-terminal regions of the HeV alpha-MoRE maintains a low helicity also in the bound form.,��https://www.ncbi.nlm.nih.gov/pubmed/29691656­��Shang, Xu
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Surface expression���May}��Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can cause severe infections in livestock and humans. In recent years, also African bat henipaviruses were identified at the nucleic acid level. To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins required for virus entry and spread by cell-cell fusion. It has been shown that surface expression and fusion-helper function of the receptor-binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G proteins. Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER. As defects in oligomerization of viral glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern of KV G. In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively formed stable tetramers or higher oligomers. KV G also showed less stringent requirements for defined stalk cysteines to form dimers and tetramers. Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression and receptor binding was unchanged. This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/29685227Ã��Behner, Laura
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R1479���May���Ebolaviruses, marburgviruses, and henipaviruses are zoonotic pathogens belonging to the Filoviridae and Paramyxoviridae families. They exemplify viruses that continue to spill over into the human population, causing outbreaks characterized by high mortality and significant clinical sequelae in survivors of infection. There are currently no approved small molecule therapeutics for use in humans against these viruses. In this study, we evaluated the antiviral activity of the nucleoside analog 4'-azidocytidine (4'N3-C, R1479) and its 2'-monofluoro- and 2'-difluoro-modified analogs (2'F-4'N3-C and 2'diF-4'N3-C) against representative paramyxoviruses (Nipah virus, Hendra virus, measles virus, and human parainfluenza virus 3) and filoviruses (Ebola virus, Sudan virus, and Ravn virus). We observed enhanced antiviral activity against paramyxoviruses with both 2'diF-4'N3-C and 2'F-4'N3-C compared to R1479. On the other hand, while R1479 and 2'diF-4'N3-C inhibited filoviruses similarly to paramyxoviruses, we observed 10-fold lower filovirus inhibition by 2'F-4'N3-C. To our knowledge, this is the first study to compare the susceptibility of paramyxoviruses and filoviruses to R1479 and its 2'-fluoro-modified analogs. The activity of these compounds against negative-strand RNA viruses endorses the development of 4'-modified nucleoside analogs as broad-spectrum therapeutics against zoonotic viruses of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/29601894���Lo, Michael K
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*Reverse genetics���Mar 275��BACKGROUND: Hendra virus and Nipah virus are zoonotic viruses that have caused severe to fatal disease in livestock and human populations. The isolation of Cedar virus, a non-pathogenic virus species in the genus Henipavirus, closely-related to the highly pathogenic Hendra virus and Nipah virus offers an opportunity to investigate differences in pathogenesis and receptor tropism among these viruses. METHODS: We constructed full-length cDNA clones of Cedar virus from synthetic oligonucleotides and rescued two replication-competent, recombinant Cedar virus variants: a recombinant wild-type Cedar virus and a recombinant Cedar virus that expresses a green fluorescent protein from an open reading frame inserted between the phosphoprotein and matrix genes. Replication kinetics of both viruses and stimulation of the interferon pathway were characterized in vitro. Cellular tropism for ephrin-B type ligands was qualitatively investigated by microscopy and quantitatively by a split-luciferase fusion assay. RESULTS: Successful rescue of recombinant Cedar virus expressing a green fluorescent protein did not significantly affect virus replication compared to the recombinant wild-type Cedar virus. We demonstrated that recombinant Cedar virus stimulated the interferon pathway and utilized the established Hendra virus and Nipah virus receptor, ephrin-B2, but not ephrin-B3 to mediate virus entry. We further characterized virus-mediated membrane fusion kinetics of Cedar virus with the known henipavirus receptors ephrin-B2 and ephrin-B3. CONCLUSIONS: The recombinant Cedar virus platform may be utilized to characterize the determinants of pathogenesis across the henipaviruses, investigate their receptor tropisms, and identify novel pan-henipavirus antivirals. Moreover, these experiments can be conducted safely under BSL-2 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/29587789;��Laing, Eric D
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neurons���May 15 ��Horses are susceptible to a number of neurotropic viruses, including West Nile virus (WNV), which is a pathogen of global significance in both horses and humans. However, there are no in vitro models with which to study infectious neuropathic diseases in the horse. In an effort to redress this, we have generated neurons from equine induced pluripotent stem cells (equiPSCs) that express a range of cortical neuron-specific markers, in addition to the membrane-bound ligand ephrin B3, which plays an important role in axon guidance as well as functioning as the receptor through which henipaviruses, such as Hendra virus, enter mammalian neurons. EquiPSC-derived neurons spontaneously depolarize with waves of depolarization conducted unidirectionally to adjacent neurons. We sought to confirm that equiPSC-derived neurons are a possible in vitro model for viral neuropathic diseases in the horse by examining their susceptibility to infection with flaviviruses that are known to be neurotropic in horses, including WNV and Murray Valley encephalitis virus (MVEV), and to compare these to nonpathogenic flaviviruses such as Fitzroy River virus (FRV) and Bamaga virus (BgV). All three strains of WNV tested in this study grew to high titres in the equiPSC-derived neurons, inducing a strong cytopathic effect (cpe), as did MVEV. In contrast, FRV showed restricted replication, and no cpe, which is consistent with the observation that FRV infects, but does not cause disease, in horses. BgV, which is thought to infect only marsupials, did not replicate in the equiPSC-derived neurons. Hence, our equiPSC-derived neurons display virus-specific differences in terms of viral titre and cpe that are similar to observations made in vivo, thus supporting their use as an in vitro model for neurotropic viral infection in horses.,��https://www.ncbi.nlm.nih.gov/pubmed/29562867Ù��Fortuna, Patrick R J
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Viruses/classification/*growth & developmentb��The goal of this study was to evaluate survival of important viral pathogens of livestock in animal feed ingredients imported daily into the United States under simulated transboundary conditions. Eleven viruses were selected based on global significance and impact to the livestock industry, including Foot and Mouth Disease Virus (FMDV), Classical Swine Fever Virus (CSFV), African Swine Fever Virus (ASFV), Influenza A Virus of Swine (IAV-S), Pseudorabies virus (PRV), Nipah Virus (NiV), Porcine Reproductive and Respiratory Syndrome Virus (PRRSV), Swine Vesicular Disease Virus (SVDV), Vesicular Stomatitis Virus (VSV), Porcine Circovirus Type 2 (PCV2) and Vesicular Exanthema of Swine Virus (VESV). Surrogate viruses with similar genetic and physical properties were used for 6 viruses. Surrogates belonged to the same virus families as target pathogens, and included Senecavirus A (SVA) for FMDV, Bovine Viral Diarrhea Virus (BVDV) for CSFV, Bovine Herpesvirus Type 1 (BHV-1) for PRV, Canine Distemper Virus (CDV) for NiV, Porcine Sapelovirus (PSV) for SVDV and Feline Calicivirus (FCV) for VESV. For the remaining target viruses, actual pathogens were used. Virus survival was evaluated using Trans-Pacific or Trans-Atlantic transboundary models involving representative feed ingredients, transport times and environmental conditions, with samples tested by PCR, VI and/or swine bioassay. SVA (representing FMDV), FCV (representing VESV), BHV-1 (representing PRV), PRRSV, PSV (representing SVDV), ASFV and PCV2 maintained infectivity during transport, while BVDV (representing CSFV), VSV, CDV (representing NiV) and IAV-S did not. Notably, more viruses survived in conventional soybean meal, lysine hydrochloride, choline chloride, vitamin D and pork sausage casings. These results support published data on transboundary risk of PEDV in feed, demonstrate survival of certain viruses in specific feed ingredients ("high-risk combinations") under conditions simulating transport between continents and provide further evidence that contaminated feed ingredients may represent a risk for transport of pathogens at domestic and global levels.,��https://www.ncbi.nlm.nih.gov/pubmed/29558524û��Dee, Scott A
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*spillover���Sep���Disease risk mapping is important for predicting and mitigating impacts of bat-borne viruses, including Hendra virus (Paramyxoviridae:Henipavirus), that can spillover to domestic animals and thence to humans. We produced two models to estimate areas at potential risk of HeV spillover explained by the climatic suitability for its flying fox reservoir hosts, Pteropus alecto and P. conspicillatus. We included additional climatic variables that might affect spillover risk through other biological processes (such as bat or horse behaviour, plant phenology and bat foraging habitat). Models were fit with a Poisson point process model and a log-Gaussian Cox process. In response to climate change, risk expanded southwards due to an expansion of P. alecto suitable habitat, which increased the number of horses at risk by 175-260% (110,000-165,000). In the northern limits of the current distribution, spillover risk was highly uncertain because of model extrapolation to novel climatic conditions. The extent of areas at risk of spillover from P. conspicillatus was predicted shrink. Due to a likely expansion of P. alecto into these areas, it could replace P. conspicillatus as the main HeV reservoir. We recommend: (1) HeV monitoring in bats, (2) enhancing HeV prevention in horses in areas predicted to be at risk, (3) investigate and develop mitigation strategies for areas that could experience reservoir host replacements.,��https://www.ncbi.nlm.nih.gov/pubmed/29556762=��Martin, Gerardo
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Virus Shedding���Mar¾��Henipavirus infection causes severe respiratory and neurological disease in humans that can be fatal. To characterize the pathogenic mechanisms of henipavirus infection in vivo, we performed experimental infections in ferrets followed by genome-wide gene expression analysis of lung and brain tissues. The Hendra, Nipah-Bangladesh, and Nipah-Malaysia strains caused severe respiratory and neurological disease with animals succumbing around 7 days post infection. Despite the presence of abundant viral shedding, animal-to-animal transmission did not occur. The host gene expression profiles of the lung tissue showed early activation of interferon responses and subsequent expression of inflammation-related genes that coincided with the clinical deterioration. Additionally, the lung tissue showed unchanged levels of lymphocyte markers and progressive downregulation of cell cycle genes and extracellular matrix components. Infection in the brain resulted in a limited breadth of the host responses, which is in accordance with the immunoprivileged status of this organ. Finally, we propose a model of the pathogenic mechanisms of henipavirus infection that integrates multiple components of the host responses.,��https://www.ncbi.nlm.nih.gov/pubmed/295383741��Leon, Alberto J
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Virus Replication/*drug effects���MarÎ��Sosuga virus (SOSV) is a recently discovered zoonotic paramyxovirus isolated from a single human case in 2012; it has been ecologically and epidemiologically associated with transmission by the Egyptian rousette bat (Rousettus aegyptiacus). Bats have long been recognized as sources of novel zoonotic pathogens, including highly lethal paramyxoviruses like Nipah virus (NiV) and Hendra virus (HeV). The ability of SOSV to cause severe human disease supports the need for studies on SOSV pathogenesis to better understand the potential impact of this virus and to identify effective treatments. Here we describe a reverse genetics system for SOSV comprising a minigenome-based assay and a replication-competent infectious recombinant reporter SOSV that expresses the fluorescent protein ZsGreen1 in infected cells. First, we used the minigenome assay to rapidly screen for compounds inhibiting SOSV replication at biosafety level 2 (BSL-2). The antiviral activity of candidate compounds was then tested against authentic viral replication using the reporter SOSV at BSL-3. We identified several compounds with anti-SOSV activity, several of which also inhibit NiV and HeV. Alongside its utility in screening for potential SOSV therapeutics, the reverse genetics system described here is a powerful tool for analyzing mechanisms of SOSV pathogenesis, which will facilitate our understanding of how to combat the potential public health threats posed by emerging bat-borne paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/295225285��Welch, Stephen R
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tight junction.}��The blood brain barrier consisting of astrocytes, pericytes and brain microvascular endothelial cells plays a vital role in the pathogenesis of neurotropic viruses by controlling the access of circulating molecules, immune cells or viruses into the central nervous system (CNS). However, this barrier is not impenetrable and neuroviruses have evolved to disrupt and evade it. This review aims to describe the underlying entry mechanisms of several neuroviruses such as (Japanese encephalitis virus (JEV), West Nile virus (WNV), Zika virus (ZIKV), Nipah virus (NiV), Rabies virus (RABV), Herpes simplex virus (HSV) and Human immunodeficiency virus (HIV)) into the CNS through BBB disruption. The mechanisms, through which neurotropic viruses enter the BBB, are being studied and are becoming clearer, however, some aspects still remain unknown. Some of these viruses are able to invade the brain parenchyma by a 'Trojan horse' mechanism, through diapedesis of infected immune cells that either cross the BBB paracellularly or transcellularly. Important mechanisms of BBB disruption associated with paracellular entry of viruses include alterations in expression or phosphorylation of tight junction proteins, disruption of the basal lamina and disruption of the actin cytoskeleton. In the absence of such mechanisms, indirect effects of viruses on the immune system are likely causes of barrier disruption.,��https://www.ncbi.nlm.nih.gov/pubmed/29521099«��Al-Obaidi, M M Jamil
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*Henipaviruses���Mar6��Bat-borne viruses carry undeniable risks to the health of human beings and animals, and there is growing recognition of the need for a 'One Health' approach to understand their frequently complex spill-over routes. While domesticated animals can play central roles in major spill-over events of zoonotic bat-borne viruses, for example during the pig-amplified Malaysian Nipah virus outbreak of 1998-1999, the extent of their potential to act as bridging or amplifying species for these viruses has not been characterised systematically. This review aims to compile current knowledge on the role of domesticated animals as hosts of two types of bat-borne viruses, henipaviruses and filoviruses. A systematic literature search of these virus-host interactions in domesticated animals identified 72 relevant studies, which were categorised by year, location, design and type of evidence generated. The review then focusses on Africa as a case study, comparing research efforts in domesticated animals and bats with the distributions of documented human cases. Major gaps remain in our knowledge of the potential ability of domesticated animals to contract or spread these zoonoses. Closing these gaps will be necessary to fully evaluate and mitigate spill-over risks of these viruses, especially with global agricultural intensification.,��https://www.ncbi.nlm.nih.gov/pubmed/29486875(��Glennon, Emma E
Restif, Olivier
Sbarbaro, Silke Riesle
Garnier, Romain
Cunningham, Andrew A
Suu-Ire, Richard D
Osei-Amponsah, Richard
Wood, James L N
Peel, Alison J
eng
Review
Systematic Review
England
2018/03/01 06:00
Vet J. 2018 Mar;233:25-34. doi: 10.1016/j.tvjl.2017.12.024. Epub 2017 Dec 30.*��1532-2971 (Electronic)
1090-0233 (Linking)���29486875¾��Department of Veterinary Medicine, University of Cambridge, Cambridge, UK. Electronic address: eeg31@cam.ac.uk.
Department of Veterinary Medicine, University of Cambridge, Cambridge, UK.
Institute of Zoology, Zoological Society of London, Regent's Park, London, UK.
Accra National Zoo, Accra, Ghana.
Department of Animal Science, University of Ghana, Accra, Ghana.
Environmental Futures Research Institute, Griffith University, Nathan, Australia.���10.1016/j.tvjl.2017.12.024��Î��üÒ|ÿî?Z���ÿ��Colling, A.
Lunt, R.
Bergfeld, J.
McNabb, L.
Halpin, K.
Juzva, S.
Newberry, K.
Morrissy, C.
Loomes, C.
Warner, S.
Diallo, I.
Kirkland, P.
Broder, C. C.
Carlile, G.
Loh, M. H.
Waugh, C.
Wright, L.
Watson, J.
Eagles, D.
Zuelke, K.
McCullough, S.
Daniels, P.���2018���A network approach for provisional assay recognition of a Hendra virus antibody ELISA: test validation with low sample numbers from infected horses���362-369���J Vet Diagn Invest���30���3ä��Animals
Antibodies, Viral/*blood
Enzyme-Linked Immunosorbent Assay/*veterinary
Hendra Virus/*immunology
Horse Diseases/*virology
Horses
Sensitivity and Specificity
Hendra virus serology
network
sensitivity
specificity
validation���May���Obtaining statistically sound numbers of sera from Hendra virus (HeV)-infected horses is problematic because affected individuals usually die or are euthanized before developing a serum antibody response. As a consequence, test validation becomes a challenge. Our approach is an extension of OIE principles for provisional recognition and included 7 validation panels tested across multiple laboratories that provided estimates for test performance characteristics. At a 0.4 S/P cutoff, 16 of 19 sera from HeV-infected horses gave positive results in the HeV soluble G, indirect ELISA (HeVsG iELISA; DSe 84.2% [95% CI: 60.4-96.6%]); 463 of 477 non-infected horse sera tested negative (DSp 97.1% [95% CI: 95.1-98.4%]). The HeVsG iELISA eliminated almost all false-positive results from the previously used HeV iELISA, with marginally decreased relative sensitivity. Assay robustness was evaluated in inter-laboratory and proficiency testing panels. The HeVsG iELISA is considered to be fit for purpose for serosurveillance and international movement of horses when virus neutralization is used for follow-up testing of positive or inconclusive serum samples.,��https://www.ncbi.nlm.nih.gov/pubmed/29463198Þ��Colling, Axel
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�The paramyxovirus replication machinery comprises the viral large (L) protein and phosphoprotein (P-protein) in addition to the nucleocapsid (N) protein, which encapsidates the single-stranded RNA genome. Common to paramyxovirus N proteins is a C-terminal tail (Ntail). The mechanistic role and relevance for virus replication of the structurally disordered central Ntail section are unknown. Focusing initially on members of the Morbillivirus genus, a series of measles virus (MeV) and canine distemper virus (CDV) N proteins were generated with internal deletions in the unstructured tail section. N proteins with large tail truncations remained bioactive in mono- and polycistronic minireplicon assays and supported efficient replication of recombinant viruses. Bioactivity of Ntail mutants extended to N proteins derived from highly pathogenic Nipah virus. To probe an effect of Ntail truncations on viral pathogenesis, recombinant CDVs were analyzed in a lethal CDV/ferret model of morbillivirus disease. The recombinant viruses displayed different stages of attenuation ranging from ameliorated clinical symptoms to complete survival of infected animals, depending on the molecular nature of the Ntail truncation. Reinfection of surviving animals with pathogenic CDV revealed robust protection against a lethal challenge. The highly attenuated virus was genetically stable after ex vivo passaging and recovery from infected animals. Mechanistically, gradual viral attenuation coincided with stepwise altered viral transcriptase activity in infected cells. These results identify the central Ntail section as a determinant for viral pathogenesis and establish a novel platform to engineer gradual virus attenuation for next-generation paramyxovirus vaccine design.IMPORTANCE Investigating the role of the paramyxovirus N protein tail domain (Ntail) in virus replication, we demonstrated in this study that the structurally disordered central Ntail region is a determinant for viral pathogenesis. We show that internal deletions in this Ntail region of up to 55 amino acids in length are compatible with efficient replication of recombinant viruses in cell culture but result in gradual viral attenuation in a lethal canine distemper virus (CDV)/ferret model. Mechanistically, we demonstrate a role of the intact Ntail region in the regulation of viral transcriptase activity. Recombinant viruses with Ntail truncations induce protective immunity against lethal challenge of ferrets with pathogenic CDV. This identification of the unstructured central Ntail domain as a nonessential paramyxovirus pathogenesis factor establishes a foundation for harnessing Ntail truncations for vaccine engineering against emerging and reemerging members of the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/29437959���Thakkar, Vidhi D
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Virus Replication���Feb���Paramyxoviruses represent a family of RNA viruses causing significant human diseases. These include measles virus, the most infectious virus ever reported, in addition to parainfluenza virus, and other emerging viruses. Paramyxoviruses likely share common replication machinery but their mechanisms of RNA biosynthesis activities and details of their complex polymerase structures are unknown. Mechanistic and functional details of a paramyxovirus polymerase would have sweeping implications for understanding RNA virus replication and for the development of new antiviral medicines. To study paramyxovirus polymerase structure and function, we expressed an active recombinant Nipah virus (NiV) polymerase complex assembled from the multifunctional NiV L protein bound to its phosphoprotein cofactor. NiV is an emerging highly pathogenic virus that causes severe encephalitis and has been declared a global public health concern due to its high mortality rate. Using negative-stain electron microscopy, we demonstrated NiV polymerase forms ring-like particles resembling related RNA polymerases. We identified conserved sequence elements driving recognition of the 3'-terminal genomic promoter by NiV polymerase, and leading to initiation of RNA synthesis, primer extension, and transition to elongation mode. Polyadenylation resulting from NiV polymerase stuttering provides a mechanistic basis for transcription termination. It also suggests a divergent adaptation in promoter recognition between pneumo- and paramyxoviruses. The lack of available antiviral therapy for NiV prompted us to identify the triphosphate forms of R1479 and GS-5734, two clinically relevant nucleotide analogs, as substrates and inhibitors of NiV polymerase activity by delayed chain termination. Overall, these findings provide low-resolution structural details and the mechanism of an RNA polymerase from a previously uncharacterized virus family. This work illustrates important functional differences yet remarkable similarities between the polymerases of nonsegmented negative-strand RNA viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/29425244���Jordan, Paul C
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vaccination���AprO��OBJECTIVE: To evaluate the effect of Equivac(R) HeV Hendra virus vaccine on Thoroughbred racing performance. DESIGN: Retrospective pre-post intervention study. METHODS: Thoroughbreds with at least one start at one of six major south-eastern Queensland race tracks between 1 July 2012 and 31 December 2016 and with starts in the 3-month periods before and after Hendra virus vaccinations were identified. Piecewise linear mixed models compared the trends in 'Timeform rating' and 'margin to winner' before and after initial Hendra virus vaccination. Generalised linear mixed models similarly compared the odds of 'winning', 'placing' (1st-3rd) and 'winning any prize money'. Timeform rating trends were also compared before and after the second and subsequent vaccinations. RESULTS: Analysis of data from 4208 race starts by 755 horses revealed no significant difference in performance in the 3 months before versus 3 months after initial Hendra vaccination for Timeform rating (P = 0.32), 'Margin to winner' (P = 0.45), prize money won (P = 0.25), wins (P = 0.64) or placings (P = 0.77). Further analysis for Timeform rating for 7844 race starts by 928 horses failed to identify any significant change in Timeform rating trends before versus after the second and subsequent vaccinations (P = 0.16) or any evidence of a cumulative effect for the number of vaccines received (P = 0.22). CONCLUSION: No evidence of an effect of Hendra virus vaccination on racing performance was found. The findings allow owners, trainers, industry regulators and animal health authorities to make informed decisions about vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/29399777­��Schemann, K
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pathology���Decw��The importance of horse (Equus caballus) to equine practitioners and researchers cannot be ignored. An unevenly distributed population of equids harbors numerous diseases, which can affect horses of any age and breed. Among these, the affections of nervous system are potent reason for death and euthanasia in equids. Many episodes associated with the emergence of equine encephalitic conditions have also pose a threat to human population as well, which signifies their pathogenic zoonotic potential. Intensification of most of the arboviruses is associated with sophisticated interaction between vectors and hosts, which supports their transmission. The alphaviruses, bunyaviruses, and flaviviruses are the major implicated groups of viruses involved with equines/humans epizootic/epidemic. In recent years, many outbreaks of deadly zoonotic diseases such as Nipah virus, Hendra virus, and Japanese encephalitis in many parts of the globe addresses their alarming significance. The equine encephalitic viruses differ in their global distribution, transmission and main vector species involved, as discussed in this article. The current review summarizes the status, pathogenesis, pathology, and impact of equine neuro-invasive conditions of viral origin. A greater understanding of these aspects might be able to provide development of advances in neuro-protective strategies in equine population.,��https://www.ncbi.nlm.nih.gov/pubmed/29391683 ��Kumar, Rakesh
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Paramyxovirinae/genetics/immunology/*isolation & purification"��In 2011, an unusually large number of independent Hendra virus outbreaks were recorded on horse properties in Queensland and New South Wales, Australia. Urine from bat colonies adjacent to the outbreak sites were sampled and screened for Hendra and other viruses. Several novel paramyxoviruses were also isolated at different locations. Here one of the novel viruses, named Hervey virus (HerPV), is fully characterized by genome sequencing, annotation, phylogeny and in vitro host range, and its serological cross-reactivity and neutralization patterns are examined. HerPV may have ecological and spatial and temporal patterns similar to Hendra virus and could serve as a sentinel virus for the surveillance of this highly pathogenic virus. The suitability of HerPV as potential sentinel virus is further assessed by determining the serological prevalence of HerPV antibodies in fruit-eating bats from Australia, Indonesia, Papua New Guinea, Tanzania and the Gulf of Guinea, indicating the presence of similar viruses in regions beyond the Australian border.,��https://www.ncbi.nlm.nih.gov/pubmed/29390028(��Kohl, Claudia
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Water/chemistry���Dec 19ÿ��Intrinsically disordered proteins (IDPs) lack stable secondary and tertiary structure under physiological conditions in the absence of their biological partners and thus exist as dynamic ensembles of interconverting conformers, often highly soluble in water. However, in some cases, IDPs such as the ones involved in neurodegenerative diseases can form protein aggregates and their aggregation process may be triggered by the interaction with membranes. Although the interfacial behavior of globular proteins has been extensively studied, experimental data on IDPs at the air/water (A/W) and water/lipid interfaces are scarce. We studied here the intrinsically disordered C-terminal domain of the Hendra virus nucleoprotein (NTAIL) and compared its interfacial properties to those of lysozyme that is taken as a model globular protein of similar molecular mass. Adsorption of NTAIL at the A/W interface was studied in the absence and presence of phospholipids using Langmuir films, polarization modulated-infrared reflection-absorption spectroscopy, and an automated drop tensiometer for interfacial tension and elastic modulus determination with oscillating bubbles. NTAIL showed a significant surface activity, with a higher adsorption capacity at the A/W interface and penetration into egg phosphatidylcholine monolayer compared to lysozyme. Whereas lysozyme remains folded upon compression of the protein layer at the A/W interface and shows a quasi-pure elastic behavior, NTAIL shows a much higher molecular area and forms a highly viscoelastic film with a high dilational modulus. To our knowledge, a new disorder-to-order transition is thus observed for the NTAIL protein that folds into an antiparallel beta-sheet at the A/W interface and presents strong intermolecular interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/29262365è��Benarouche, Anais
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*viruses���Jan®��Nipah virus (NiV) has been transmitted from patient to caregivers in Bangladesh presumably through oral secretions. We aimed to detect whether NiV-infected patients contaminate hospital surfaces with the virus. During December 2013-April 2014, we collected 1 swab sample from 5 surfaces near NiV-infected patients and tested surface and oral swab samples by real-time reverse transcription PCR for NiV RNA. We identified 16 Nipah patients; 12 cases were laboratory-confirmed and 4 probable. Of the 12 laboratory-confirmed cases, 10 showed NiV RNA in oral swab specimens. We obtained surface swab samples for 6 Nipah patients; 5 had evidence of NiV RNA on >1 surface: 4 patients contaminated towels, 3 bed sheets, and 1 the bed rail. Patients with NiV RNA in oral swab samples were significantly more likely than other Nipah patients to die. To reduce the risk for fomite transmission of NiV, infection control should target hospital surfaces.,��https://www.ncbi.nlm.nih.gov/pubmed/29260663%��Hassan, Md Zakiul
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Sick day rules���AugÀ��Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, pp 1-22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortality and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reactive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/29188454ª��Sykes, Lynne
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Questionnaire���Dec 1°��In recent years, outbreaks of exotic as well as newly emerging infectious diseases have highlighted the importance of biosecurity for the Australian horse industry. As the first potentially fatal zoonosis transmissible from horses to humans in Australia, Hendra virus has emphasised the need to incorporate sound hygiene and general biosecurity practices into day-to-day horse management. Recommended measures are widely publicised, but implementation is at the discretion of the individual owner. This cross-sectional study aimed to determine current levels of biosecurity of horse owners and to identify factors influencing the uptake of practices utilising data from an online survey. Level of biosecurity (low, medium, high), as determined by horse owners' responses to a set of questions on the frequency of various biosecurity practices performed around healthy (9 items) and sick horses (10 items), was used as a composite outcome variable in ordinal logistic regression analyses. The majority of horse owners surveyed were female (90%), from the states of Queensland (45%) or New South Wales (37%), and were involved in either mainly competitive/equestrian sports (37%) or recreational horse activities (35%). Seventy-five percent of owners indicated that they follow at least one-third of the recommended practices regularly when handling their horses, resulting in medium to high levels of biosecurity. Main factors associated with a higher level of biosecurity were high self-rated standard of biosecurity, access to personal protective equipment, absence of flying foxes in the local area, a good sense of control over Hendra virus risk, likelihood of discussing a sick horse with a veterinarian and likelihood of suspecting Hendra virus in a sick horse. Comparison of the outcome variable with the self-rated standard of biosecurity showed that over- as well as underestimation occurred. This highlights the need for continuous communication and education to enhance awareness and understanding of what biosecurity is and how it aligns with good horsemanship. Overall, strengthened biosecurity practices will help to improve animal as well as human health and increase preparedness for future disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/29157371%��Wiethoelter, Anke K
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tricarboxylic acid cycle���Nov���We present a case of a woman in her 70 s, on cyclophosphamide for multiple myeloma, who was admitted to critical care with grade III acute kidney injury. Renal replacement therapy with regional citrate anticoagulation was commenced. Shortly thereafter her systemic-ionised calcium levels fell and remained stubbornly low until post-filter calcium return was doubled. Her total-to-ionised calcium ratio gradually increased and so, to avoid further accumulation of citrate, anticoagulation was changed to heparin. Cyclophosphamide, which accumulates in renal failure, is known to interfere with key enzymes involved in the tricarboxylic acid cycle. We postulate that cyclophosphamide interfered with her citrate metabolism, resulting in persistent systemic chelation of calcium.,��https://www.ncbi.nlm.nih.gov/pubmed/29123570¦��Hendra, Tim
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*Virus-like particles���Feb 10´��Virions are often described as virus-only entities with no cellular components with the exception of the lipids in their membranes. However, advances in proteomics are revealing substantial amounts of host proteins in the viral particles. In the case of Nipah virus (NiV), the viral components in the virion have been known for some time. Nonetheless, no information has been obtained regarding the cellular proteins in the viral particles. To address this question, we produced Virus-Like Particles (VLPs) for NiV by expressing the F, G and M proteins in human-derived cells. Next, the proteomic content in these VLPs was analyzed by LC-MS/MS. We identified 67 human proteins including soluble and membrane-bound proteins involved in vesicle sorting and transport. Interestingly, many of them have been reported to interact with other viruses. Finally, thanks to the semi-quantitative nature of our data we were able to estimate the ratio among F, G and M proteins and also the ratio between cellular and viral proteins in the VLPs. We believe our data contribute to the better understanding of NiV life cycle and might facilitate future attempts for developing antiviral agents and the design of further experimental studies for this deadly infection. BIOLOGICAL SIGNIFICANCE: Traditionally viral particles have been described as pure entities carrying only viral-derived proteins. Advances in proteomics are changing this simplified view. Host proteins have been identified in many viruses (especially in enveloped viruses). These cell-derived proteins participate in multiple steps in the viral life cycle and might be as important for the survival of the virus as any other viral-encoded protein. In this work, we analyze utilizing LC-MS/MS the cellular proteins incorporated or bound to the virions of Nipah virus (NiV), an emerging, highly pathogenic, zoonotic virus from the Paramyxoviridiae family. Furthermore, we analyzed the ratio between cellular and viral proteins and among the viral F, G and M proteins in the viral particles. The characterization of the Nipah virus-human interactions occurring in the virion might facilitate the development of new therapeutic and prophylactic therapies for this viral illness.,��https://www.ncbi.nlm.nih.gov/pubmed/29092793���Vera-Velasco, Natalia Mara
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*viral vectors���Dec 2ý��The 2014-15 Ebola outbreak in West Africa highlighted the potential for large disease outbreaks caused by emerging pathogens and has generated considerable focus on preparedness for future epidemics. Here we discuss drivers, strategies and practical considerations for developing vaccines against outbreak pathogens. Chimpanzee adenoviral (ChAd) vectors have been developed as vaccine candidates for multiple infectious diseases and prostate cancer. ChAd vectors are safe and induce antigen-specific cellular and humoral immunity in all age groups, as well as circumventing the problem of pre-existing immunity encountered with human Ad vectors. For these reasons, such viral vectors provide an attractive platform for stockpiling vaccines for emergency deployment in response to a threatened outbreak of an emerging pathogen. Work is already underway to develop vaccines against a number of other outbreak pathogens and we will also review progress on these approaches here, particularly for Lassa fever, Nipah and MERS.,��https://www.ncbi.nlm.nih.gov/pubmed/29083948å��Ewer, Katie
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de Wit, E.���2018���Transmission of henipaviruses���7-11���Curr Opin Virol���28���FebÞ��The genus Henipavirus has expanded rapidly in geographic range, number of species, and host range. Hendra and Nipah virus are two henipaviruses known to cause severe disease in humans with a high case-fatality rate. Pteropid spp. bats are the natural reservoir of Hendra and Nipah virus. From these bats, virus can be transmitted to an amplifying host, horses and pigs, and from these hosts to humans, or the virus can be transmitted directly to humans. Although the main route of shedding varies between host species, close contact is required for transmission in all hosts. Understanding the transmission routes of Hendra and Nipah virus in their respective hosts is essential for devising strategies to block zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/29035743ô��Weatherman, Sarah
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interferon lambda���Octj��Highly pathogenic Nipah virus (NiV) generally causes severe encephalitis in humans. Respiratory symptoms are infrequently observed, likely reflecting variations in infection kinetics in human airways. Supporting this idea, we recently identified individual differences in NiV replication kinetics in cultured airway epithelia from different human donors. As type III interferons (IFN-lambda) represent major players in the defence mechanism against viral infection of the respiratory mucosa, we studied IFN-lambda induction and antiviral activity in NiV-infected primary differentiated human bronchial epithelial cells (HBEpCs) cultured under air-liquid interface conditions. Our studies revealed that IFN-lambda was upregulated in airway epithelia upon NiV infection. We also show that IFN-lambda pretreatment efficiently inhibited NiV replication. Interestingly, the antiviral activity of IFN-lambda varied in HBEpCs from two different donors. Increased sensitivity to IFN-lambda was associated with higher expression levels of IFN-lambda receptors, enhanced phosphorylation of STAT1, as well as enhanced induction of interferon-stimulated gene expression. These findings suggest that individual variations in IFN-lambda receptor expression affecting IFN responsiveness can play a functional role for NiV replication kinetics in human respiratory epithelial cells of different donors.,��https://www.ncbi.nlm.nih.gov/pubmed/28984239ê��Sauerhering, Lucie
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crystal structure
cyanotrichite
merotypes
superstructure���Oct 1,��A new superstructure of the mineral camerolaite, Cu6Al3(OH)18(H2O)2[Sb(OH)6](SO4), has been refined in space group P\bar 1 with unit-cell parameters aP = 7.7660 (16), bP = 8.759 (4), cP = 11.306 (2) A, alphaP = 108.67 (4), betaP = 83.41 (3), gammaP = 126.64 (2) degrees , V = 581.6 (3) A(3) and Z = 1, with R1 = 0.0951 (all data). This is the first refined example of a cyanotrichite-group mineral in which long-range order of interlayer anions produces a superstructure along b, although diffuse scattering has previously been reported that corresponds to short-range order. Though the structure shares with other members of the cyanotrichite group a structural unit in which ribbons of edge-sharing Cu and Al octahedra form layers || (001), the superstructure arises from regular alternation of [SO4] and [Sb(OH)6] polyhedra along rods that lie between the layers, and phase coupling between rods that maximizes the distance between [SO4] groups of adjacent rods along a and c directions. This arrangement suggests an alternative nearly orthogonal choice of unit cell in F\bar 1 with parameters aF = 12.473 (26), bF = 8.759 (4), cF = 21.476 (7) A, alphaF = 85.94 (4), betaF = 95.91 (5), gammaF = 92.34 (9) degrees , which is recommended for comparing this structural variety of camerolaite with other members of the group.,��https://www.ncbi.nlm.nih.gov/pubmed/28981001ã��Mills, Stuart J
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Viral Envelope Proteins/*metabolism���Oct 3E��Nipah virus is an emergent paramyxovirus that causes deadly encephalitis and respiratory infections in humans. Two glycoproteins coordinate the infection of host cells, an attachment protein (G), which binds to cell surface receptors, and a fusion (F) protein, which carries out the process of virus-cell membrane fusion. The G protein binds to ephrin B2/3 receptors, inducing G conformational changes that trigger F protein refolding. Using an optical approach based on second harmonic generation, we show that monomeric and dimeric receptors activate distinct conformational changes in G. The monomeric receptor-induced changes are not detected by conformation-sensitive monoclonal antibodies or through electron microscopy analysis of G:ephrinB2 complexes. However, hydrogen/deuterium exchange experiments confirm the second harmonic generation observations and reveal allosteric changes in the G receptor binding and F-activating stalk domains, providing insights into the pathway of receptor-activated virus entry.Nipah virus causes encephalitis in humans. Here the authors use a multidisciplinary approach to study the binding of the viral attachment protein G to its host receptor ephrinB2 and show that monomeric and dimeric receptors activate distinct conformational changes in G and discuss implications for receptor-activated virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/28974687«��Wong, Joyce J W
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*Zinc Fingers���Oct 24���Henipaviruses are severe human pathogens within the Paramyxoviridae family. Beyond the P protein, the Henipavirus P gene also encodes the V protein which shares with P its N-terminal, intrinsically disordered region (PNT) and possesses a unique C-terminal domain predicted to be folded and to bind zinc (ZnFD). Henipavirus V proteins antagonize IFN signaling through PNT-mediated binding to STAT1, and several paramyxoviral V proteins promote STAT1 degradation through binding to DDB1. Structural and molecular information on Henipavirus V proteins is lacking, and their ability to interact with DDB1 has not been documented yet. We cloned the V genes from Nipah and Hendra viruses and purified the V proteins from E. coli and DDB1 from insect cells. Using analytical size-exclusion chromatography, CD and SAXS we characterized the V proteins and their domains. Using pull-down and MST we assessed their binding abilities towards DDB1. We show that PNT remains disordered also in the context of the V protein, while the ZnFD adopts a predominant beta conformation. We also show that the V proteins interact with DDB1 predominantly via their ZnFD. This is the first experimental characterization of the Henipavirus V proteins and the first experimental evidence of their interaction with DDB1. The DDB1-ZnFD interaction constitutes a promising target for antiviral strategies. These studies provide a conceptual asset to design new antiviral strategies expected to reduce or abrogate the ability of these viruses to escape the innate immune response. They also contribute to illuminating the conformational behaviour of proteins encompassing large intrinsically disordered domains.,��https://www.ncbi.nlm.nih.gov/pubmed/28972216���Salladini, Edoardo
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*Nipah virus���Sep5��Human Nipah virus (NiV) infection, often fatal in Bangladesh, is primarily transmitted by drinking raw date palm sap contaminated by Pteropus bats. We assessed the impact of a behavior change communication intervention on reducing consumption of potentially NiV-contaminated raw sap. During the 2012-2014 sap harvesting seasons, we implemented interventions in two areas and compared results with a control area. In one area, we disseminated a "do not drink raw sap" message and, in the other area, encouraged only drinking sap if it had been protected from bat contamination by a barrier ("only safe sap"). Post-intervention, 40% more respondents in both intervention areas reported knowing about a disease contracted through raw sap consumption compared with control. Reported raw sap consumption decreased in all areas. The reductions in the intervention areas were not significantly greater compared to the control. Respondents directly exposed to the "only safe sap" message were more likely to report consuming raw sap from a protected source than those with no exposure (25 vs. 15%, OR 2.0, 95% CI 1.5-2.6, P < 0.001). While the intervention increased knowledge in both intervention areas, the "only safe sap" intervention reduced exposure to potentially NiV-contaminated sap and should be considered for future dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/28905152G��Nahar, Nazmun
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*virus-host interactions���Dec 1P��Nipah virus is an emerging, highly pathogenic, zoonotic virus of the Paramyxoviridae family. Human transmission occurs by close contact with infected animals, the consumption of contaminated food, or, occasionally, via other infected individuals. Currently, we lack therapeutic or prophylactic treatments for Nipah virus. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. This aim led us to perform the present work, in which we identified 101 human-Nipah virus protein-protein interactions (PPIs), most of which (88) are novel. This data set provides a comprehensive view of the host complexes that are manipulated by viral proteins. Host targets include the PRP19 complex and the microRNA (miRNA) processing machinery. Furthermore, we explored the biologic consequences of the interaction with the PRP19 complex and found that the Nipah virus W protein is capable of altering p53 control and gene expression. We anticipate that these data will help in guiding the development of novel interventional strategies to counter this emerging viral threat.IMPORTANCE Nipah virus is a recently discovered virus that infects a wide range of mammals, including humans. Since its discovery there have been yearly outbreaks, and in some of them the mortality rate has reached 100% of the confirmed cases. However, the study of Nipah virus has been largely neglected, and currently we lack treatments for this infection. To develop these agents we must now improve our understanding of the host-virus interactions that underpin a productive infection. In the present work, we identified 101 human-Nipah virus protein-protein interactions using an affinity purification approach coupled with mass spectrometry. Additionally, we explored the cellular consequences of some of these interactions. Globally, this data set offers a comprehensive and detailed view of the host machinery's contribution to the Nipah virus's life cycle. Furthermore, our data present a large number of putative drug targets that could be exploited for the treatment of this infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28904190Î��Martinez-Gil, Luis
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*nucleoprotein���Nov 1õ	�Henipaviruses, such as Nipah (NiV) and Hendra (HeV) viruses, are highly pathogenic zoonotic agents within the Paramyxoviridae family. The phosphoprotein (P) gene products of the paramyxoviruses have been well characterized for their interferon (IFN) antagonist activity and their contribution to viral pathogenicity. In this study, we demonstrated that the nucleoprotein (N) of henipaviruses also prevents the host IFN signaling response. Reporter assays demonstrated that the NiV and HeV N proteins (NiV-N and HeV-N, respectively) dose-dependently suppressed both type I and type II IFN responses and that the inhibitory effect was mediated by their core domains. Additionally, NiV-N prevented the nuclear transport of signal transducer and activator of transcription 1 (STAT1) and STAT2. However, NiV-N did not associate with Impalpha5, Impbeta1, or Ran, which are members of the nuclear transport system for STATs. Although P protein is known as a binding partner of N protein and actively retains N protein in the cytoplasm, the IFN antagonist activity of N protein was not abolished by the coexpression of P protein. This suggests that the IFN inhibition by N protein occurs in the cytoplasm. Furthermore, we demonstrated that the complex formation of STATs was hampered in the N protein-expressing cells. As a result, STAT nuclear accumulation was reduced, causing a subsequent downregulation of interferon-stimulated genes (ISGs) due to low promoter occupancy by STAT complexes. This novel route for preventing host IFN responses by henipavirus N proteins provides new insight into the pathogenesis of these viruses.IMPORTANCE Paramyxoviruses are well known for suppressing interferon (IFN)-mediated innate immunity with their phosphoprotein (P) gene products, and the henipaviruses also possess P, V, W, and C proteins for evading host antiviral responses. There are numerous studies providing evidence for the relationship between viral pathogenicity and antagonistic activities against IFN responses by P gene products. Meanwhile, little attention has been paid to the influence of nucleoprotein (N) on host innate immune responses. In this study, we demonstrated that both the NiV and HeV N proteins have antagonistic activity against the JAK/STAT signaling pathway by preventing the nucleocytoplasmic trafficking of STAT1 and STAT2. This inhibitory effect is due to an impairment of the ability of STATs to form complexes. These results provide new insight into the involvement of N protein in viral pathogenicity via its IFN antagonism.,��https://www.ncbi.nlm.nih.gov/pubmed/28835499Ù��Sugai, Akihiro
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*zoonoses���Sepé��Preventing emergence of new zoonotic viruses depends on understanding determinants for human risk. Nipah virus (NiV) is a lethal zoonotic pathogen that has spilled over from bats into human populations, with limited person-to-person transmission. We examined ecologic and human behavioral drivers of geographic variation for risk of NiV infection in Bangladesh. We visited 60 villages during 2011-2013 where cases of infection with NiV were identified and 147 control villages. We compared case villages with control villages for most likely drivers for risk of infection, including number of bats, persons, and date palm sap trees, and human date palm sap consumption behavior. Case villages were similar to control villages in many ways, including number of bats, persons, and date palm sap trees, but had a higher proportion of households in which someone drank sap. Reducing human consumption of sap could reduce virus transmission and risk for emergence of a more highly transmissible NiV strain.,��https://www.ncbi.nlm.nih.gov/pubmed/28820130f��Gurley, Emily S
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Haseeb, M. A.���2017v��The impact of human population pressure on flying fox niches and the potential consequences for Hendra virus spillover���8226���Sci Rep���7���1���Aug 15���Hendra virus (HeV) is an emerging pathogen of concern in Australia given its ability to spillover from its reservoir host, pteropid bats, to horses and further on to humans, and the severe clinical presentation typical in these latter incidental hosts. Specific human pressures over recent decades, such as expanding human populations, urbanization, and forest fragmentation, may have altered the ecological niche of Pteropus species acting as natural HeV reservoirs and may modulate spillover risk. This study explored the influence of inter-decadal net human local migration between 1970 and 2000 on changes in the habitat suitability to P. alecto and P. conspicillatus from 1980 to 2015 in eastern Australia. These ecological niches were modeled using boosted regression trees and subsequently fitted, along with additional landscape factors, to HeV spillovers to explore the spatial dependency of this zoonosis. The spatial model showed that the ecological niche of these two flying fox species, the human footprint, and proximity to woody savanna were each strongly associated with HeV spillover and together explained most of the spatial dependency exhibited by this zoonosis. These findings reinforce the potential for anthropogenic pressures to shape the landscape epidemiology of HeV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28811483���Walsh, Michael G
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Stewart, C. R.���2017A��Circulating microRNA profiles of Hendra virus infection in horses���7431���Sci Rep���7���1���Aug 7I��Hendra virus (HeV) is an emerging zoonotic pathogen harbored by Australian mainland flying foxes. HeV infection can cause lethal disease in humans and horses, and to date all cases of human HeV disease have resulted from contact with infected horses. Currently, diagnosis of acute HeV infections in horses relies on the productive phase of infection when virus shedding may occur. An assay that identifies infected horses during the preclinical phase of infection would reduce the risk of zoonotic viral transmission during management of HeV outbreaks. Having previously shown that the host microRNA (miR)-146a is upregulated in the blood of HeV-infected horses days prior to the detection of viremia, we have profiled miRNAs at the transcriptome-wide level to comprehensively assess differences between infected and uninfected horses. Next-generation sequencing and the miRDeep2 algorithm identified 742 mature miRNA transcripts corresponding to 593 miRNAs in whole blood of six horses (three HeV-infected, three uninfected). Thirty seven miRNAs were differentially expressed in infected horses, two of which were validated by qRT-PCR. This study describes a methodology for the transcriptome-wide profiling of miRNAs in whole blood and supports the notion that measuring host miRNA expression levels may aid infectious disease diagnosis in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/28785041���Cowled, Christopher
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Ultraviolet Rays���Aug 25=��Ceratodon purpureus is a cosmopolitan moss that survives some of the harshest places on Earth: from frozen Antarctica to hot South Australian deserts. In a study on the survival mechanisms of the species, nine compounds were isolated from Australian and Antarctic C. purpureus. This included five biflavonoids, with complete structural elucidation of 1 and 2 reported here for the first time, as well as an additional four known phenolic compounds. Dispersion-corrected DFT calculations suggested a rotational barrier, leading to atropisomerism, resulting in the presence of diastereomers for compound 2. All isolates absorbed strongly in the ultraviolet (UV) spectrum, e.g., biflavone 1 (UV-A, 315-400 nm), which displayed the strongest radical-scavenging activity, 13% more efficient than the standard rutin; p-coumaric acid and trans-ferulic acid showed the highest UV-B (280-315 nm) absorption. The more complex and abundant 1 and 2 presumably have dual roles as both UV-screening and antioxidant compounds. They are strongly bound to Antarctic moss cell walls as well as located inside the cells of moss from both locations. The combined high stability and photoprotective abilities of these isolates may account for the known resilience of this species to UV-B radiation and its survival in some of the toughest locations in the world.,��https://www.ncbi.nlm.nih.gov/pubmed/28783339ó��Waterman, Melinda J
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Urine/virologyÿ��Pteropid bats (flying-foxes) are the natural reservoir of Hendra virus, an emergent paramyxovirus responsible for fatal infection in horses and humans in Australia. Pteropus alecto (the Black flying-fox) and the paraphyletic P. conspicillatus (the Spectacled flying-fox) appear to be the primary reservoir hosts. Previous studies have suggested that physiological and ecological factors may underpin infection dynamics in flying-foxes, and subsequent spillover to horses and in turn humans. We sought to examine temporal trends in urinary cortisol concentration in wild Australian flying-fox populations, to elucidate the putative relationship between Hendra virus infection and physiological stress. Pooled and individual urine samples were non-invasively collected from under roosting flying-foxes at two latitudinally disparate regions in the eastern Australian state of Queensland. Hendra virus detection, and (in individual urine samples) sex and species determination were PCR-based. Urinary cortisol measurement used a validated enzyme immunoassay. We found no direct correlation between increased urinary cortisol and Hendra virus excretion, but our findings do suggest a biologically plausible association between low winter temperatures and elevated cortisol levels in P. alecto in the lower latitude Southeast Queensland roosts. We hypothesize an indirect association between low winter temperatures and increased Hendra virus infection and excretion, mediated by the physiological cost of thermoregulation. Our findings and our approach are directly relevant to elaboration of the disease ecology of Nipah virus and other emerging henipaviruses in bats. More broadly, they inform investigation of emerging disease infection dynamics across the wildlife/livestock/human interface.,��https://www.ncbi.nlm.nih.gov/pubmed/28767708×��McMichael, Lee
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Nipah virus���JunA��OBJECTIVE: To explore a common B- and T-cell epitope-based vaccine that can elicit an immune response against encephalitis causing genus Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV). METHODS: Membrane proteins F, G and M of HeV and NiV were retrieved from the protein database and subjected to different bioinformatics tools to predict antigenic B-cell epitopes. Best B-cell epitopes were then analyzed to predict their T-cell antigenic potentiality. Antigenic B- and T-cell epitopes that shared maximum identity with HeV and NiV were selected. Stability of the selected epitopes was predicted. Finally, the selected epitopes were subjected to molecular docking simulation with HLA-DR to confirm their antigenic potentiality in silico. RESULTS: One epitope from G proteins, one from M proteins and none from F proteins were selected based on their antigenic potentiality. The epitope from the G proteins was stable whereas that from M was unstable. The M-epitope was made stable by adding flanking dipeptides. The 15-mer G-epitope (VDPLRVQWRNNSVIS) showed at least 66% identity with all NiV and HeV G protein sequences, while the 15-mer M-epitope (GKLEFRRNNAIAFKG) with the dipeptide flanking residues showed 73% identity with all NiV and HeV M protein sequences available in the database. Molecular docking simulation with most frequent MHC class-II (MHC II) and class-I (MHC I) molecules showed that these epitopes could bind within HLA binding grooves to elicit an immune response. CONCLUSIONS: Data in our present study revealed the notion that the epitopes from G and M proteins might be the target for peptide-based subunit vaccine design against HeV and NiV. However, the biochemical analysis is necessary to experimentally validate the interaction of epitopes individually with the MHC molecules through elucidation of immunity induction.,��https://www.ncbi.nlm.nih.gov/pubmed/28756915Õ��Saha, Chayan Kumar
Mahbub Hasan, Md
Saddam Hossain, Md
Asraful Jahan, Md
Azad, Abul Kalam
eng
India
2017/08/02 06:00
Asian Pac J Trop Med. 2017 Jun;10(6):529-538. doi: 10.1016/j.apjtm.2017.06.016. Epub 2017 Jul 1.*��2352-4146 (Electronic)
1995-7645 (Linking)���28756915���Department of Genetic Engineering & Biotechnology, Shahjalal University of Science and Technology, Sylhet 3114, Bangladesh.
Department of Genetic Engineering & Biotechnology, University of Chittagong, Chittagong 4331, Bangladesh.
Department of Genetic Engineering & Biotechnology, Shahjalal University of Science and Technology, Sylhet 3114, Bangladesh. Electronic address: dakazad-btc@sust.edu.���10.1016/j.apjtm.2017.06.016������FüÒtÿî?����A��Augusto, M. T.
Hollmann, A.
Porotto, M.
Moscona, A.
Santos, N. C.���2017R��Antiviral Lipopeptide-Cell Membrane Interaction Is Influenced by PEG Linker Length	��Molecules���22���7¿��Antiviral Agents/*chemistry/metabolism/pharmacology
Cell Membrane/*chemistry/drug effects/metabolism
Cholesterol/chemistry
Humans
Leukocytes, Mononuclear/chemistry/drug effects/metabolism/virology
Lipid Bilayers/chemistry/metabolism
Lipopeptides/*chemistry/metabolism/pharmacology
Liposomes/chemistry
Paramyxovirinae/chemistry
Polyethylene Glycols/*chemistry
Structure-Activity Relationship
antiviral
cholesterol
membranes
paramyxoviruses
peptides���Jul 15¸��A set of lipopeptides was recently reported for their broad-spectrum antiviral activity against viruses belonging to the Paramyxoviridae family, including human parainfluenza virus type 3 and Nipah virus. Among them, the peptide with a 24-unit PEG linker connecting it to a cholesterol moiety (VG-PEG24-Chol) was found to be the best membrane fusion inhibitory peptide. Here, we evaluated the interaction of the same set of peptides with biomembrane model systems and isolated human peripheral blood mononuclear cells (PBMC). VG-PEG24-Chol showed the highest insertion rate and it was among the peptides that induced a larger change on the surface pressure of cholesterol rich membranes. This peptide also displayed a high affinity towards PBMC membranes. These data provide new information about the dynamics of peptide-membrane interactions of a specific group of antiviral peptides, known for their potential as multipotent paramyxovirus antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/28714870"��Augusto, Marcelo T
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�Several infectious disease outbreaks with high mortality in humans have been attributed to viruses that are thought to have evolved from bat viruses. In this study from Luxembourg, the genetic diversity and epidemiology of paramyxoviruses and coronaviruses shed by the bat species Rhinolophus ferrumequinum and Myotis emarginatus were evaluated. Feces collection (n = 624) was performed longitudinally in a mixed-species colony in 2015 and 2016. In addition, feces (n = 254) were collected cross-sectionally from six Myotis emarginatus colonies in 2016. By use of degenerate primers in a nested format, overall prevalences of 1.1% (10/878) and 4.9% (43/878) were determined for paramyxoviruses and coronaviruses. Sequences of the partial RNA-dependent RNA polymerase and spike glycoprotein genes of coronaviruses, as well as sequences of the partial L gene of paramyxoviruses, were obtained. Novel paramyxovirus and Alphacoronavirus strains were identified in different Myotis emarginatus colonies, and severe acute respiratory syndrome (SARS)-related Betacoronavirus strains were shed by Rhinolophus ferrumequinum Logistic regression revealed that the level of Alphacoronavirus shedding was highest in July (odds ratio, 2.8; P < 0.01), probably due to periparturient stress. Phylogenetic analyses point to close virus-host coevolution, and the high genetic similarity of the study strains suggests that the Myotis emarginatus colonies in Luxembourg are socially connected. Most interestingly, we show that bats also host Betacoronavirus1 strains. The high similarity of the spike gene sequences of these viruses with mammalian Betacoronavirus 1 strains may be of concern. Both the SARS-related and Betacoronavirus 1 strains detected in bats in Luxembourg may cross the species barrier after a host adaptation process.IMPORTANCE Bats are a natural reservoir of a number of zoonotic pathogens. Several severe outbreaks in humans (e.g., a Nipah virus outbreak in Malaysia in 1998, and the almost global spread of severe acute respiratory syndrome in 2003) have been caused by bat-borne viruses that were transmitted to humans mostly after virus adaptation (e.g., in intermediate animal hosts). Despite the indigenousness of bat species that host viruses with suspected zoonotic potential and despite the zoonotic transmission of European bat 1 lyssavirus in Luxembourg, knowledge about the diversity and epidemiology of bat viruses remains limited in this country. Moreover, in contrast to other European countries, bat viruses are currently not included in the national surveillance activities of this land-locked country. We suggest that this gap in disease surveillance should be addressed, since we show here that synanthropic bats host viruses that may be able to cross the species barrier.,��https://www.ncbi.nlm.nih.gov/pubmed/28710271���Pauly, Maude
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Rhabdoviridae Infections/*epidemiology/transmission/virology���Jul 13x��Bats are natural reservoir hosts of highly virulent pathogens such as Marburg virus, Nipah virus, and SARS coronavirus. However, little is known about the role of bat ectoparasites in transmitting and maintaining such viruses. The intricate relationship between bats and their ectoparasites suggests that ectoparasites might serve as viral vectors, but evidence to date is scant. Bat flies, in particular, are highly specialized obligate hematophagous ectoparasites that incidentally bite humans. Using next-generation sequencing, we discovered a novel ledantevirus (mononegaviral family Rhabdoviridae, genus Ledantevirus) in nycteribiid bat flies infesting pteropodid bats in western Uganda. Mitochondrial DNA analyses revealed that both the bat flies and their bat hosts belong to putative new species. The coding-complete genome of the new virus, named Kanyawara virus (KYAV), is only distantly related to that of its closest known relative, Mount Elgon bat virus, and was found at high titers in bat flies but not in blood or on mucosal surfaces of host bats. Viral genome analysis indicates unusually low CpG dinucleotide depletion in KYAV compared to other ledanteviruses and rhabdovirus groups, with KYAV displaying values similar to rhabdoviruses of arthropods. Our findings highlight the possibility of a yet-to-be-discovered diversity of potentially pathogenic viruses in bat ectoparasites.,��https://www.ncbi.nlm.nih.gov/pubmed/28706276{��Goldberg, Tony L
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Phytochemicals/chemistry/isolation & purification���Jul 28 ��Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5'-O-(4-O-p-coumaryl)-O-beta-d-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5-11, 13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 muM, respectively.,��https://www.ncbi.nlm.nih.gov/pubmed/28682615Ì��Hendra, Rudi
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olfactory epithelium���May-Jun���Henipaviruses are emerging zoonotic viruses and causative agents of encephalitis in humans. However, the mechanisms of entry into the central nervous system (CNS) in humans are not known. Here, we evaluated the possible role of olfactory epithelium in virus entry into the CNS. We characterized Hendra virus (HeV) and Nipah virus (NiV) infection of primary human olfactory epithelial cultures. We show that henipaviruses can infect mature olfactory sensory neurons. Henipaviruses replicated efficiently, resulting in cytopathic effect and limited induction of host responses. These results show that human olfactory epithelium is susceptible to infection with henipaviruses, suggesting that this could be a pathway for neuroinvasion in humans. IMPORTANCE Henipaviruses are emerging zoonotic pathogens that can cause acute and severe respiratory and neurological disease in humans. The pathways by which henipaviruses enter the central nervous system (CNS) in humans are still unknown. The observation that human olfactory neurons are highly susceptible to infection with henipaviruses demonstrates that the olfactory epithelium can serve as a site of Henipavirus entry into the CNS.,��https://www.ncbi.nlm.nih.gov/pubmed/28680971Ä��Borisevich, Viktoriya
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Wang, L. F.���2018���A Functional Genomics Approach to Henipavirus Research: The Role of Nuclear Proteins, MicroRNAs and Immune Regulators in Infection and Disease���191-213���Curr Top Microbiol Immunol���419º��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are zoonotic RNA viruses that cause lethal disease in humans and are designated as Biosafety Level 4 (BSL4) agents. Moreover, henipaviruses belong to the same group of viruses that cause disease more commonly in humans such as measles, mumps and respiratory syncytial virus. Due to the relatively recent emergence of the henipaviruses and the practical constraints of performing functional genomics studies at high levels of containment, our understanding of the henipavirus infection cycle is incomplete. In this chapter we describe recent loss-of-function (i.e. RNAi) functional genomics screens that shed light on the henipavirus-host interface at a genome-wide level. Further to this, we cross-reference RNAi results with studies probing host proteins targeted by henipavirus proteins, such as nuclear proteins and immune modulators. These functional genomics studies join a growing body of evidence demonstrating that nuclear and nucleolar host proteins play a crucial role in henipavirus infection. Furthermore these studies will underpin future efforts to define the role of nucleolar host-virus interactions in infection and disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28674944·��Stewart, Cameron R
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Prevention���Jun 26"��BACKGROUND: Nipah virus infection (NiV) is a bat-borne zoonosis transmitted to humans through consumption of NiV-contaminated raw date palm sap in Bangladesh. The objective of this analysis was to measure the cost of an NiV prevention intervention and estimate the cost of scaling it up to districts where spillover had been identified. METHODS: We implemented a behavior change communication intervention in two districts, testing different approaches to reduce the risk of NiV transmission using community mobilization, interpersonal communication, posters and TV public service announcements on local television during the 2012-2014 sap harvesting seasons. In one district, we implemented a "no raw sap" approach recommending to stop drinking raw date palm sap. In another district, we implemented an "only safe sap" approach, recommending to stop drinking raw date palm sap but offering the option of drinking safe sap. This is sap covered with a barrier, locally called bana, to interrupt bats' access during collection. We conducted surveys among randomly selected respondents two months after the intervention to measure the proportion of people reached. We used an activity-based costing method to calculate the cost of the intervention. RESULTS: The implementation cost of the "no raw sap" intervention was $30,000 and the "only safe sap" intervention was $55,000. The highest cost was conducting meetings and interpersonal communication efforts. The lowest cost was broadcasting the public service announcements on local TV channels. To scale up a similar intervention in 30 districts where NiV spillover has occurred, would cost between $2.6 and $3.5 million for one season. Placing the posters would cost $96,000 and only broadcasting the public service announcement through local channels in 30 districts would cost $26,000. CONCLUSIONS: Broadcasting a TV public service announcement is a potential low cost option to advance NiV prevention. It could be supplemented with posters and targeted interpersonal communication, in districts with a high risk of NiV spillover.,��https://www.ncbi.nlm.nih.gov/pubmed/28651646	��Nahar, Nazmun
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Veterinarians/economics/psychology���Hendra virus is a zoonotic paramyxovirus, which causes severe respiratory and neurological disease in horses and humans. Since 2012, the Hendra virus sub-unit G vaccine has been available for horse vaccination in Australia. Uptake of the vaccine has been limited and spill-over events of Hendra virus infection in horses continue to occur. We conducted an online, questionnaire-based cross-sectional study of 376 horse owners belonging to a variety of different equestrian clubs in Queensland, Australia, to identify risk factors for non-vaccination against Hendra virus. A total of 43.1% (N = 162) of horse owners indicated that they currently did not vaccinate against Hendra virus infection, while 56.9% (N = 214) currently vaccinated against Hendra virus infection. A total of 52 risk factors were evaluated relating to equestrian activities, horse management, perceived risk and severity of horse and human infection with Hendra virus, side effects of Hendra vaccination, other vaccinations conducted by horse owners and horse owners' attitudes towards veterinarians. The final multivariable logistics regression model identified the following risk factors associated with increased odds of non-vaccination against Hendra virus: 1) perceived low risk (compared to high) of Hendra virus infection to horses (considering the horse owners' location and management practices) or horse owners were unsure about the risk of infection, 2) perceived moderate severity (compared to very severe or severe) of Hendra virus infection in humans, 3) horse owners non-vaccination of their pets, 4) horse owners non-vaccination against strangles disease in horses, 5) handling of more than three horses per week (compared to one horse only) and 6) perceived attitude that veterinarians had a high motivation of making money from Hendra virus vaccination (compared to veterinarians having a low motivation of making money from Hendra virus vaccination). Horse owners were more likely to vaccinate against Hendra virus if horses were used for dressage, show jumping or eventing. The study also identified horse owners' concerns about side-effects and about the lack of evidence on vaccine efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/28636633»��Goyen, Kailiea Arianna
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vinegar���Janá��BACKGROUND: Vinegar is widely used as a food additive, in food preparation and as a food supplement. This study compared the phenolic acid profiles and in vivo toxicities, and antioxidant and immunomodulatory effects of coconut, nipah and pineapple juice vinegars, which were respectively prepared via a two-step fermentation using Saccharomyces cerevisiae 7013 INRA and Acetobacter aceti vat Europeans. RESULTS: Pineapple juice vinegar, which had the highest total phenolic acid content, also exhibited the greatest in vitro antioxidant capacity compared to coconut juice and nipah juice vinegars. Following acute and sub-chronic in vivo toxicity evaluation, no toxicity and mortality were evident and there were no significant differences in the serum biochemical profiles between mice administered the vinegars versus the control group. In the sub-chronic toxicity evaluation, the highest liver antioxidant levels were found in mice fed with pineapple juice vinegar, followed by coconut juice and nipah juice vinegars. However, compared to the pineapple juice and nipah juice vinegars, the mice fed with coconut juice vinegar, exhibited a higher population of CD4(+) and CD8(+) T-lymphocytes in the spleen, which was associated with greater levels of serum interleukin-2 and interferon-gamma cytokines. CONCLUSIONS: Overall, the data suggested that not all vinegar samples cause acute and sub-chronic toxicity in vivo. Moreover, the in vivo immunity and organ antioxidant levels were enhanced, to varying extents, by the phenolic acids present in the vinegars. The results obtained in this study provide appropriate guidelines for further in vivo bioactivity studies and pre-clinical assessments of vinegar consumption. (c) 2017 Society of Chemical Industry.,��https://www.ncbi.nlm.nih.gov/pubmed/28631270<��Mohamad, Nurul Elyani
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*Nucleoside analog���Augi��The henipaviruses Nipah virus and Hendra virus are highly pathogenic zoonotic paramyxoviruses which have caused fatal outbreaks of encephalitis and respiratory disease in humans. Despite the availability of a licensed equine Hendra virus vaccine and a neutralizing monoclonal antibody shown to be efficacious against henipavirus infections in non-human primates, there remains no approved therapeutics or vaccines for human use. To explore the possibility of developing small-molecule nucleoside inhibitors against henipaviruses, we evaluated the antiviral activity of 4'-azidocytidine (R1479), a drug previously identified to inhibit flaviviruses, against henipaviruses along with other representative members of the family Paramyxoviridae. We observed similar levels of R1479 antiviral activity across the family, regardless of virus genus. Our brief study expands the documented range of viruses susceptible to R1479, and provides the basis for future investigation and development of 4'-modified nucleoside analogs as potential broad-spectrum antiviral therapeutics across both positive and negative-sense RNA virus families.,��https://www.ncbi.nlm.nih.gov/pubmed/28629988ð��Hotard, Anne L
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Spillover���Dec|��Hendra virus is a paramyxovirus of Australian flying fox bats. It was first detected in August 1994, after the death of 20 horses and one human. Since then it has occurred regularly within a portion of the geographical distribution of all Australian flying fox (fruit bat) species. There is, however, little understanding about which species are most likely responsible for spillover, or why spillover does not occur in other areas occupied by reservoir and spillover hosts. Using ecological niche models of the four flying fox species we were able to identify which species are most likely linked to spillover events using the concept of distance to the niche centroid of each species. With this novel approach we found that 20 out of 27 events occur disproportionately closer to the niche centroid of two species (P. alecto and P. conspicillatus). With linear regressions we found a negative relationship between distance to the niche centroid and abundance of these two species. Thus, we suggest that the bioclimatic niche of these two species is likely driving the spatial pattern of spillover of Hendra virus into horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28616484ô��Martin, Gerardo A
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Virus Release���Jun¢��The paramyxovirus family comprises major human and animal pathogens such as measles virus (MeV), mumps virus (MuV), the parainfluenzaviruses, Newcastle disease virus (NDV), and the highly pathogenic zoonotic hendra (HeV) and nipah (NiV) viruses. Paramyxovirus particles are pleomorphic, with a lipid envelope, nonsegmented RNA genomes of negative polarity, and densely packed glycoproteins on the virion surface. A number of crystal structures of different paramyxovirus proteins and protein fragments were solved, but the available information concerning overall virion organization remains limited. However, recent studies have reported cryo-electron tomography-based reconstructions of Sendai virus (SeV), MeV, NDV, and human parainfluenza virus type 3 (HPIV3) particles and a surface assessment of NiV-derived virus-like particles (VLPs), which have yielded innovative hypotheses concerning paramyxovirus particle assembly, budding, and organization. Following a summary of the current insight into paramyxovirus virion morphology, this review will focus on discussing the implications of these particle reconstructions on the present models of paramyxovirus assembly and infection.,��https://www.ncbi.nlm.nih.gov/pubmed/28601688ÿ��Cox, Robert M
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*Protein-protein interactions���SepË��In this review, we summarize computational and experimental data gathered so far showing that structural disorder is abundant within paramyxoviral nucleoproteins (N) and phosphoproteins (P). In particular, we focus on measles, Nipah, and Hendra viruses and highlight both commonalities and differences with respect to the closely related Sendai virus. The molecular mechanisms that control the disorder-to-order transition undergone by the intrinsically disordered C-terminal domain (NTAIL) of their N proteins upon binding to the C-terminal X domain (XD) of the homologous P proteins are described in detail. By having a significant residual disorder, NTAIL-XD complexes are illustrative examples of "fuzziness", whose possible functional significance is discussed. Finally, the relevance of N-P interactions as promising targets for innovative antiviral approaches is underscored, and the functional advantages of structural disorder for paramyxoviruses are pinpointed.,��https://www.ncbi.nlm.nih.gov/pubmed/28600653è��Longhi, Sonia
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�Nipah virus (NiV) is a zoonotic emerging paramyxovirus that can cause fatal respiratory illness or encephalitis in humans. Despite many efforts, the molecular mechanisms of NiV-induced acute lung injury (ALI) remain unclear. We previously showed that NiV replicates to high titers in human lung grafts in NOD-SCID/gamma mice, resulting in a robust inflammatory response. Interestingly, these mice can undergo human immune system reconstitution by the bone marrow, liver, and thymus (BLT) reconstitution method, in addition to lung tissue engraftment, giving altogether a realistic model to study human respiratory viral infections. Here, we characterized NiV Bangladesh strain (NiV-B) infection of human lung grafts from human immune system-reconstituted mice in order to identify the overall effect of immune cells on NiV pathogenesis of the lung. We show that NiV-B replicated to high titers in human lung grafts and caused similar cytopathic effects irrespective of the presence of human leukocytes in mice. However, the human immune system interfered with virus spread across lung grafts, responded to infection by leukocyte migration to small airways and alveoli of the lung grafts, and accelerated oxidative stress in lung grafts. In addition, the presence of human leukocytes increased the expression of cytokines and chemokines that regulate inflammatory influx to sites of infection and tissue damage. These results advance our understanding of how the immune system limits NiV dissemination and contributes to ALI and inform efforts to identify therapeutic targets.IMPORTANCE Nipah virus (NiV) is an emerging paramyxovirus that can cause a lethal respiratory and neurological disease in humans. Only limited data are available on NiV pathogenesis in the human lung, and the relative contribution of the innate immune response and NiV to acute lung injury (ALI) is still unknown. Using human lung grafts in a human immune system-reconstituted mouse model, we showed that the NiV Bangladesh strain induced cytopathic lesions in lung grafts similar to those described in patients irrespective of the donor origin or the presence of leukocytes. However, the human immune system interfered with virus spread, responded to infection by leukocyte infiltration in the small airways and alveolar area, induced oxidative stress, and triggered the production of cytokines and chemokines that regulate inflammatory influx by leukocytes in response to infection. Understanding how leukocytes interact with NiV and cause ALI in human lung xenografts is crucial for identifying therapeutic targets.,��https://www.ncbi.nlm.nih.gov/pubmed/28539439°��Escaffre, Olivier
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*Transcriptional gradient���Aug���The regulation of transcription during Nipah virus (NiV) replication is poorly understood. Using a bicistronic minigenome system, we investigated the involvement of non-coding regions (NCRs) in the transcriptional re-initiation efficiency of NiV RNA polymerase. Reporter assays revealed that attenuation of NiV gene expression was not constant at each gene junction, and that the attenuating property was controlled by the 3' NCR. However, this regulation was independent of the gene-end, gene-start and intergenic regions. Northern blot analysis indicated that regulation of viral gene expression by the phosphoprotein (P) and large protein (L) 3' NCRs occurred at the transcription level. We identified uridine-rich tracts within the L 3' NCR that are similar to gene-end signals. These gene-end-like sequences were recognized as weak transcription termination signals by the viral RNA polymerase, thereby reducing downstream gene transcription. Thus, we suggest that NiV has a unique mechanism of transcriptional regulation.,��https://www.ncbi.nlm.nih.gov/pubmed/28494343½��Sugai, Akihiro
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*virus assembly���Jul 15���Hendra virus (HeV) is a zoonotic paramyxovirus that causes deadly illness in horses and humans. An intriguing feature of HeV is the utilization of endosomal protease for activation of the viral fusion protein (F). Here we investigated how endosomal F trafficking affects HeV assembly. We found that the HeV matrix (M) and F proteins each induced particle release when they were expressed alone but that their coexpression led to coordinated assembly of virus-like particles (VLPs) that were morphologically and physically distinct from M-only or F-only VLPs. Mutations to the F protein transmembrane domain or cytoplasmic tail that disrupted endocytic trafficking led to failure of F to function with M for VLP assembly. Wild-type F functioned normally for VLP assembly even when its cleavage was prevented with a cathepsin inhibitor, indicating that it is endocytic F trafficking that is important for VLP assembly, not proteolytic F cleavage. Under specific conditions of reduced M expression, we found that M could no longer induce significant VLP release but retained the ability to be incorporated as a passenger into F-driven VLPs, provided that the F protein was competent for endocytic trafficking. The F and M proteins were both found to traffic through Rab11-positive recycling endosomes (REs), suggesting a model in which F and M trafficking pathways converge at REs, enabling these proteins to preassemble before arriving at plasma membrane budding sites.IMPORTANCE Hendra virus and Nipah virus are zoonotic paramyxoviruses that cause lethal infections in humans. Unlike that for most paramyxoviruses, activation of the henipavirus fusion protein occurs in recycling endosomal compartments. In this study, we demonstrate that the unique endocytic trafficking pathway of Hendra virus F protein is required for proper viral assembly and particle release. These results advance our basic understanding of the henipavirus assembly process and provide a novel model for the interplay between glycoprotein trafficking and paramyxovirus assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/28468881¨��Cifuentes-Munoz, Nicolas
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Qualitative study���May 1ø
�Hendra virus causes sporadic zoonotic disease in Australia following spill over from flying foxes to horses and from horses to people. Prevention and risk mitigation strategies such as vaccination of horses or biosecurity and property management measures are widely publicised, but hinge on initiative and action taken by horse owners as they mediate management, care and treatment of their animals. Hence, underlying beliefs, values and attitudes of horse owners influence their uptake of recommended risk mitigation measures. We used a qualitative approach to investigate attitudes, perceptions and self-reported practices of horse owners in response to Hendra virus to gain a deeper understanding of their decision-making around prevention measures. Data presented here derive from a series of in-depth interviews with 27 horse owners from Hendra virus 'hot spot' areas in New South Wales and Queensland. Interviews explored previous experience, perceptions and resulting behaviour as well as communication around Hendra virus. All interviews were recorded, transcribed verbatim and analysed in NVivo using thematic analysis. Analysis revealed four major themes: perception of Hendra virus as a risk and factors influencing this perception, Hendra virus risk mitigation strategies implemented by horse owners, perceived motivators and barriers of these strategies, and interaction of perceived risk, motivators and barriers in the decision-making process. Although Hendra virus disease was perceived as a serious threat to the health of horses and humans, individual risk perception diverged among horse owners. Perceived severity, likelihood and unpredictability as well as awareness and knowledge of Hendra virus, trust in information obtained and information pathways, demographic characteristics and personal experience were the main factors influencing Hendra virus risk perceptions. Other key determinants of horse owners' decision-making process were attitudes towards Hendra virus risk mitigation measures as well as perceived motivators and barriers thereof. Horse owners' awareness of the necessity to consider individual Hendra virus risk and adequate risk management strategies was described as a learning process, which changed over time. However, different perceptions of risk, barriers and motivators in combination with a weighing up of advantages and disadvantages resulted in different behaviours. These findings demonstrate the multifactorial determinants of cognitive mediating processes and facilitate a better understanding of horse owners' perspectives on preventive horse health measures. Furthermore, they provide valuable feedback to industry and government stakeholders on how to improve effective risk communication and encourage uptake of recommended risk mitigation measures.,��https://www.ncbi.nlm.nih.gov/pubmed/28460752%��Wiethoelter, Anke K
Sawford, Kate
Schembri, Nicole
Taylor, Melanie R
Dhand, Navneet K
Moloney, Barbara
Wright, Therese
Kung, Nina
Field, Hume E
Toribio, Jenny-Ann L M L
eng
Netherlands
2017/05/04 06:00
Prev Vet Med. 2017 May 1;140:67-77. doi: 10.1016/j.prevetmed.2017.03.003. Epub 2017 Mar 12.*��1873-1716 (Electronic)
0167-5877 (Linking)���28460752´��Farm Animal & Veterinary Public Health, The University of Sydney School of Veterinary Science, NSW 2006, Australia; Centre for Health Research, School of Medicine, Western Sydney University, Penrith, NSW 2751, Australia. Electronic address: anke.wiethoelter@unimelb.edu.au.
Farm Animal & Veterinary Public Health, The University of Sydney School of Veterinary Science, NSW 2006, Australia.
Centre for Health Research, School of Medicine, Western Sydney University, Penrith, NSW 2751, Australia.
Centre for Health Research, School of Medicine, Western Sydney University, Penrith, NSW 2751, Australia; Department of Psychology, Macquarie University, NSW 2109, Australia.
New South Wales Department of Primary Industries, Orange, NSW 2800, Australia.
Queensland Department of Agriculture and Fisheries, Brisbane, QLD 4001, Australia.
Queensland Department of Agriculture and Fisheries, Brisbane, QLD 4001, Australia; EcoHealth Alliance, NY 10001, USA.���10.1016/j.prevetmed.2017.03.003�	���þÖtÿî?����H��Thibault, P. A.
Watkinson, R. E.
Moreira-Soto, A.
Drexler, J. F.
Lee, B.���2017C��Zoonotic Potential of Emerging Paramyxoviruses: Knowns and Unknowns���1-55
��Adv Virus Res���98ã��Animals
Cats
Chiroptera/virology
Disease Resistance/*genetics
Disease Susceptibility/immunology
Disease Vectors
Dogs
Host-Pathogen Interactions
Humans
Paramyxoviridae Infections/*epidemiology/immunology/transmission/veterinary
Paramyxovirinae/classification/genetics/*pathogenicity
*Phylogeny
Rodentia/virology
Zoonoses/*epidemiology/immunology/transmission/virology
Ecology
Emerging viruses
Henipavirus
Morbillivirus
Paramyxovirus
Pathogenesis
Reservoir
Rubulavirus
Tropism
ZoonoticÐ��The risk of spillover of enzootic paramyxoviruses and the susceptibility of recipient human and domestic animal populations are defined by a broad collection of ecological and molecular factors that interact in ways that are not yet fully understood. Nipah and Hendra viruses were the first highly lethal zoonotic paramyxoviruses discovered in modern times, but other paramyxoviruses from multiple genera are present in bats and other reservoirs that have unknown potential to spillover into humans. We outline our current understanding of paramyxovirus reservoir hosts and the ecological factors that may drive spillover, and we explore the molecular barriers to spillover that emergent paramyxoviruses may encounter. By outlining what is known about enzootic paramyxovirus receptor usage, mechanisms of innate immune evasion, and other host-specific interactions, we highlight the breadth of unexplored avenues that may be important in understanding paramyxovirus emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/28433050â��Thibault, Patricia A
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zoonosis���Apr 133��BACKGROUND: Hendra virus is a paramyxovirus that causes periodic serious disease and fatalities in horses and humans in Australia first identified in 1994. Pteropid bats (commonly known as flying-foxes) are the natural host of the virus, and the putative route of infection in horses is by ingestion or inhalation of material contaminated by flying-fox urine or other bodily fluids. Humans become infected after close contact with infected horses. Horse owners in Australia are encouraged to vaccinate their horses against Hendra virus to reduce the risk of Hendra virus infection, and to prevent potential transmission to humans. After the vaccine was released in 2012, uptake by horse owners was slow, with some estimated 11-17% of horses in Australia vaccinated. This study was commissioned to examine barriers to vaccine uptake and potential drivers to future adoption of vaccination by horse owners. METHODS: This study examined qualitative comments from respondents to an on-line survey, reporting reasons for not vaccinating their horses. The study also investigated scenarios in which respondents felt they might consider vaccinating their horses. RESULTS: Self-reported barriers to uptake of the Hendra virus vaccine by horse owners (N = 150) included concerns about vaccine safety, cost, and effectiveness. Reduction in vaccination costs and perception of immediacy of Hendra virus risk were reported as being likely to change future behaviour. However, the data also indicated that horse owners generally would not reconsider vaccinating their horses if advised by their veterinarian. CONCLUSION: While changes to vaccine costs and the availability data supporting vaccine safety and efficacy may encourage more horse owners to vaccinate, this study highlights the importance of protecting the relationship between veterinarians and horse owners within the risk management strategies around Hendra virus. Interactions and trust between veterinarians and animal owners has important implications for management of and communication around Hendra virus and other zoonotic disease outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/28407738¢��Manyweathers, J
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*meningitis���Jul���Infections of the central nervous system (CNS) are often acute, with significant morbidity and mortality. Routine diagnosis of such infections is limited in developing countries and requires modern equipment in advanced laboratories that may be unavailable to a number of patients in sub-Saharan Africa. We developed a TaqMan array card (TAC) that detects multiple pathogens simultaneously from cerebrospinal fluid. The 21-pathogen CNS multiple-pathogen TAC (CNS-TAC) assay includes two parasites (Balamuthia mandrillaris and Acanthamoeba), six bacterial pathogens (Streptococcus pneumoniae, Haemophilus influenzae, Neisseria meningitidis, Mycoplasma pneumoniae, Mycobacterium tuberculosis, and Bartonella), and 13 viruses (parechovirus, dengue virus, Nipah virus, varicella-zoster virus, mumps virus, measles virus, lyssavirus, herpes simplex viruses 1 and 2, Epstein-Barr virus, enterovirus, cytomegalovirus, and chikungunya virus). The card also includes human RNase P as a nucleic acid extraction control and an internal manufacturer control, GAPDH (glyceraldehyde-3-phosphate dehydrogenase). This CNS-TAC assay can test up to eight samples for all 21 agents within 2.5 h following nucleic acid extraction. The assay was validated for linearity, limit of detection, sensitivity, and specificity by using either live viruses (dengue, mumps, and measles viruses) or nucleic acid material (Nipah and chikungunya viruses). Of 120 samples tested by individual real-time PCR, 35 were positive for eight different targets, whereas the CNS-TAC assay detected 37 positive samples across nine different targets. The CNS-TAC assays showed 85.6% sensitivity and 96.7% specificity. Therefore, the CNS-TAC assay may be useful for outbreak investigation and surveillance of suspected neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/28404679Å��Onyango, Clayton O
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viral haemorrhagic fever���May 26ó��Although, after an epidemic of over 28 000 cases, there are still no licensed treatments for Ebola virus disease (EVD), significant progress was made during the West Africa outbreak. The pace of pre-clinical development was exceptional and a number of therapeutic clinical trials were conducted in the face of considerable challenges. Given the on-going risk of emerging infectious disease outbreaks in an era of unprecedented population density, international travel and human impact on the environment it is pertinent to focus on improving the research and development landscape for treatments of emerging and epidemic-prone infections. This is especially the case since there are no licensed therapeutics for some of the diseases considered by the World Health Organization as most likely to cause severe outbreaks-including Middle East respiratory syndrome coronavirus, Marburg virus, Crimean Congo haemorrhagic fever and Nipah virus. EVD, therefore, provides a timely exemplar to discuss the barriers, enablers and incentives needed to find effective treatments in advance of health emergencies caused by emerging infectious diseases.This article is part of the themed issue 'The 2013-2016 West African Ebola epidemic: data, decision-making and disease control'.,��https://www.ncbi.nlm.nih.gov/pubmed/28396467¯��Rojek, Amanda M
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Tomography, X-Ray Computed���AprÈ��Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that emerged in the late 1990s in Malaysia and has since been identified as the cause of sporadic outbreaks of severe febrile disease in Bangladesh and India. NiV infection is frequently associated with severe respiratory or neurological disease in infected humans with transmission to humans through inhalation, contact or consumption of NiV contaminated foods. In the work presented here, the development of disease was investigated in the African Green Monkey (AGM) model following intratracheal (IT) and, for the first time, small-particle aerosol administration of NiV. This study utilized computed tomography (CT) and magnetic resonance imaging (MRI) to temporally assess disease progression. The host immune response and changes in immune cell populations over the course of disease were also evaluated. This study found that IT and small-particle administration of NiV caused similar disease progression, but that IT inoculation induced significant congestion in the lungs while disease following small-particle aerosol inoculation was largely confined to the lower respiratory tract. Quantitative assessment of changes in lung volume found up to a 45% loss in IT inoculated animals. None of the subjects in this study developed overt neurological disease, a finding that was supported by MRI analysis. The development of neutralizing antibodies was not apparent over the 8-10 day course of disease, but changes in cytokine response in all animals and activated CD8+ T cell numbers suggest the onset of cell-mediated immunity. These studies demonstrate that IT and small-particle aerosol infection with NiV in the AGM model leads to a severe respiratory disease devoid of neurological indications. This work also suggests that extending the disease course or minimizing the impact of the respiratory component is critical to developing a model that has a neurological component and more accurately reflects the human condition.,��https://www.ncbi.nlm.nih.gov/pubmed/28388650#��Cong, Yu
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*reassortment���Jun 15W	�Bats are natural reservoirs for many pathogenic viruses, and increasing evidence supports the notion that bats can also harbor group A rotaviruses (RVAs), important causative agents of diarrhea in children and young animals. Currently, 8 RVA strains possessing completely novel genotype constellations or genotypes possibly originating from other mammals have been identified from African and Chinese bats. However, all the data were mainly based on detection of RVA RNA, present only during acute infections, which does not permit assessment of the true exposure of a bat population to RVA. To systematically investigate the genetic diversity of RVAs, 547 bat anal swabs or gut samples along with 448 bat sera were collected from five South Chinese provinces. Specific reverse transcription-PCR (RT-PCR) screening found four RVA strains. Strain GLRL1 possessed a completely novel genotype constellation, whereas the other three possessed a constellation consistent with the MSLH14-like genotype, a newly characterized group of viruses widely prevalent in Chinese insectivorous bats. Among the latter, strain LZHP2 provided strong evidence of cross-species transmission of RVAs from bats to humans, whereas strains YSSK5 and BSTM70 were likely reassortants between typical MSLH14-like RVAs and human RVAs. RVA-specific antibodies were detected in 10.7% (48/448) of bat sera by an indirect immunofluorescence assay (IIFA). Bats in Guangxi and Yunnan had a higher RVA-specific antibody prevalence than those from Fujian and Zhejiang provinces. These observations provide evidence for cross-species transmission of MSLH14-like bat RVAs to humans, highlighting the impact of bats as reservoirs of RVAs on public health.IMPORTANCE Bat viruses, such as severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), Ebola, Hendra, and Nipah viruses, are important pathogens causing outbreaks of severe emerging infectious diseases. However, little is known about bat viruses capable of causing gastroenteritis in humans, even though 8 group A viruses (RVAs) have been identified from bats so far. In this study, another 4 RVA strains were identified, with one providing strong evidence for zoonotic transmission from bats to humans. Serological investigation has also indicated that RVA infection in bats is far more prevalent than expected based on the detection of viral RNA.,��https://www.ncbi.nlm.nih.gov/pubmed/28381569M��He, Biao
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Viral Plaque Assay���Mar 8���Human paramyxoviruses include global causes of lower respiratory disease like the parainfluenza viruses, as well as agents of lethal encephalitis like Nipah virus. Infection is initiated by viral glycoprotein-mediated fusion between viral and host cell membranes. Paramyxovirus viral fusion proteins (F) insert into the target cell membrane, and form a transient intermediate that pulls the viral and cell membranes together as two heptad-repeat regions refold to form a six-helix bundle structure that can be specifically targeted by fusion-inhibitory peptides. Antiviral potency can be improved by sequence modification and lipid conjugation, and by adding linkers between the protein and lipid components. We exploit the uniquely broad spectrum antiviral activity of a parainfluenza F-derived peptide sequence that inhibits both parainfluenza and Nipah viruses, to investigate the influence of peptide orientation and intervening linker length on the peptides' interaction with transitional states of F, solubility, membrane insertion kinetics, and protease sensitivity. We assessed the impact of these features on biodistribution and antiviral efficacy in vitro and in vivo. The engineering approach based on biophysical parameters resulted in a peptide that is a highly effective inhibitor of both paramyxoviruses and a set of criteria to be used for engineering broad spectrum antivirals for emerging paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/28344321»��Mathieu, Cyrille
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*viral assembly���May 15�	�Nipah virus (NiV), a paramyxovirus in the genus Henipavirus, has a mortality rate in humans of approximately 75%. While several studies have begun our understanding of NiV particle formation, the mechanism of this process remains to be fully elucidated. For many paramyxoviruses, M proteins drive viral assembly and egress; however, some paramyxoviral glycoproteins have been reported as important or essential in budding. For NiV the matrix protein (M), the fusion glycoprotein (F) and, to a much lesser extent, the attachment glycoprotein (G) autonomously induce the formation of virus-like particles (VLPs). However, functional interactions between these proteins during assembly and egress remain to be fully understood. Moreover, if the F-driven formation of VLPs occurs through interactions with host cell machinery, the cytoplasmic tail (CT) of F is a likely interactive domain. Therefore, we analyzed NiV F CT deletion and alanine mutants and report that several but not all regions of the F CT are necessary for efficient VLP formation. Two of these regions contain YXXO or dityrosine motifs previously shown to interact with cellular machinery involved in F endocytosis and transport. Importantly, our results showed that F-driven, M-driven, and M/F-driven viral particle formation enhanced the recruitment of G into VLPs. By identifying key motifs, specific residues, and functional viral protein interactions important for VLP formation, we improve our understanding of the viral assembly/egress process and point to potential interactions with host cell machinery.IMPORTANCE Henipaviruses can cause deadly infections of medical, veterinary, and agricultural importance. With recent discoveries of new henipa-like viruses, understanding the mechanisms by which these viruses reproduce is paramount. We have focused this study on identifying the functional interactions of three Nipah virus proteins during viral assembly and particularly on the role of one of these proteins, the fusion glycoprotein, in the incorporation of other viral proteins into viral particles. By identifying several regions in the fusion glycoprotein that drive viral assembly, we further our understanding of how these viruses assemble and egress from infected cells. The results presented will likely be useful toward designing treatments targeting this aspect of the viral life cycle and for the production of new viral particle-based vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/28250132n��Johnston, Gunner P
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�BACKGROUND: Communication skills are essential for veterinarians who need to discuss animal health related matters with their clients. When dealing with an emerging zoonosis, such as Hendra virus (HeV), veterinarians also have a legal responsibility to inform their clients about the associated risks to human health. Here we report on part of a mixed methods study that examined the preparedness of, and difficulties experienced by, veterinarians communicating about HeV-related risks with their clients. METHODS: Phase 1 was an exploratory, qualitative study that consisted of a series of face-to-face, semi-structured interviews with veterinary personnel from Queensland, Australia (2009-10) to identify the barriers to HeV management in equine practices. Phase 2a was a quantitative study that surveyed veterinarians from the same region (2011) and explored the veterinarians' preparedness and willingness to communicate about HeV-related risks, and the reactions of their clients that they experienced. The second study included both multiple choice and open-ended questions. RESULTS: The majority of the participants from Phase 2a (83.1%) declared they had access to a HeV management plan and over half (58.6%) had ready-to-use HeV information available for clients within their practice. Most (87%) reported "always or sometimes" informing clients about HeV-related risks when a horse appeared sick. When HeV was suspected, 58.1% of participants reported their clients were receptive to their safety directives and 24.9% of clients were either initially unreceptive, overwhelmed by fear, or in denial of the associated risks. The thematic analysis of the qualitative data from Phases 1 and 2a uncovered similar themes in relation to HeV-related communication issues experienced by veterinarians: "clients' intent to adhere"; "adherence deemed redundant"; "misunderstanding or denial of risk"; "cost"; "rural culture"; "fear for reputation". The theme of "emotional state of clients" was only identified during Phase 1. CONCLUSION: Warning horse owners about health and safety issues that may affect them when present in a veterinary work environment is a legal requirement for veterinarians. However, emerging zoonoses are unpredictable events that may require a different communication approach. Future training programs addressing veterinary communication skills should take into account the particular issues inherent to managing an emerging zoonosis and emphasise the importance of maintaining human safety. Veterinary communication skills and approaches required when dealing with emerging zoonoses should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/28214468¶��Mendez, Diana H
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*virus���Apr 7ü��Enveloped viruses utilize fusion (F) proteins studding the surface of the virus to facilitate membrane fusion with a target cell membrane. Fusion of the viral envelope with a cellular membrane is required for release of viral genomic material, so the virus can ultimately reproduce and spread. To drive fusion, the F protein undergoes an irreversible conformational change, transitioning from a metastable pre-fusion conformation to a more thermodynamically stable post-fusion structure. Understanding the elements that control stability of the pre-fusion state and triggering to the post-fusion conformation is important for understanding F protein function. Mutations in F protein transmembrane (TM) domains implicated the TM domain in the fusion process, but the structural and molecular details in fusion remain unclear. Previously, analytical ultracentrifugation was utilized to demonstrate that isolated TM domains of Hendra virus F protein associate in a monomer-trimer equilibrium (Smith, E. C., Smith, S. E., Carter, J. R., Webb, S. R., Gibson, K. M., Hellman, L. M., Fried, M. G., and Dutch, R. E. (2013) J. Biol. Chem. 288, 35726-35735). To determine factors driving this association, 140 paramyxovirus F protein TM domain sequences were analyzed. A heptad repeat of beta-branched residues was found, and analysis of the Hendra virus F TM domain revealed a heptad repeat leucine-isoleucine zipper motif (LIZ). Replacement of the LIZ with alanine resulted in dramatically reduced TM-TM association. Mutation of the LIZ in the whole protein resulted in decreased protein stability, including pre-fusion conformation stability. Together, our data suggest that the heptad repeat LIZ contributed to TM-TM association and is important for F protein function and pre-fusion stability.,��https://www.ncbi.nlm.nih.gov/pubmed/282135157��Webb, Stacy
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*Who���Feb 8ò��BACKGROUND: On December 8(th), 2015, World Health Organization published a priority list of eight pathogens expected to cause severe outbreaks in the near future. To better understand global research trends and characteristics of publications on these emerging pathogens, we carried out this bibliometric study hoping to contribute to global awareness and preparedness toward this topic. METHOD: Scopus database was searched for the following pathogens/infectious diseases: Ebola, Marburg, Lassa, Rift valley, Crimean-Congo, Nipah, Middle Eastern Respiratory Syndrome (MERS), and Severe Respiratory Acute Syndrome (SARS). Retrieved articles were analyzed to obtain standard bibliometric indicators. RESULTS: A total of 8619 journal articles were retrieved. Authors from 154 different countries contributed to publishing these articles. Two peaks of publications, an early one for SARS and a late one for Ebola, were observed. Retrieved articles received a total of 221,606 citations with a mean +/- standard deviation of 25.7 +/- 65.4 citations per article and an h-index of 173. International collaboration was as high as 86.9%. The Centers for Disease Control and Prevention had the highest share (344; 5.0%) followed by the University of Hong Kong with 305 (4.5%). The top leading journal was Journal of Virology with 572 (6.6%) articles while Feldmann, Heinz R. was the most productive researcher with 197 (2.3%) articles. China ranked first on SARS, Turkey ranked first on Crimean-Congo fever, while the United States of America ranked first on the remaining six diseases. Of retrieved articles, 472 (5.5%) were on vaccine - related research with Ebola vaccine being most studied. CONCLUSION: Number of publications on studied pathogens showed sudden dramatic rise in the past two decades representing severe global outbreaks. Contribution of a large number of different countries and the relatively high h-index are indicative of how international collaboration can create common health agenda among distant different countries.,��https://www.ncbi.nlm.nih.gov/pubmed/28179007���Sweileh, Waleed M
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Bryce Henderson, Juana Zamora declare no conflicts of interest���Sep���The family Paramyxoviridae includes many viruses that significantly affect human and animal health. An essential step in the paramyxovirus life cycle is viral entry into host cells, mediated by virus-cell membrane fusion. Upon viral entry, infection results in expression of the paramyxoviral glycoproteins on the infected cell surface. This can lead to cell-cell fusion (syncytia formation), often linked to pathogenesis. Thus membrane fusion is essential for both viral entry and cell-cell fusion and an attractive target for therapeutic development. While there are important differences between viral-cell and cell-cell membrane fusion, many aspects are conserved. The paramyxoviruses generally utilize two envelope glycoproteins to orchestrate membrane fusion. Here, we discuss the roles of these glycoproteins in distinct steps of the membrane fusion process. These findings can offer insights into evolutionary relationships among Paramyxoviridae genera and offer future targets for prophylactic and therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/28138419ê��Aguilar, Hector C
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dogs
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infections���Jan«��OBJECTIVE: Characterisation of experimental Hendra virus (HeV) infection in dogs and assessment of associated transmission risk. METHODS: Beagle dogs were exposed oronasally to Hendra virus/Australia/Horse/2008/Redlands or to blood collected from HeV-infected ferrets. Ferrets were exposed to oral fluids collected from dogs after canine exposure to HeV. Observations made and samples tested post-exposure were used to assess the clinical course and replication sites of HeV in dogs, the infectivity for ferrets of canine oral fluids and features of HeV infection in dogs following contact with infective blood. RESULTS: Dogs were reliably infected with HeV and were generally asymptomatic. HeV was re-isolated from the oral cavity and virus clearance was associated with development of virus neutralising antibody. Major sites of HeV replication in dogs were the tonsils, lower respiratory tract and associated lymph nodes. Virus replication was documented in canine kidney and spleen, confirming a viraemic phase for canine HeV infection and suggesting that urine may be a source of infectious virus. Infection was transmitted to ferrets via canine oral secretions, with copy numbers for the HeV N gene in canine oral swabs comparable to those reported for nasal swabs of experimentally infected horses. CONCLUSION: HeV is not highly pathogenic for dogs, but their oral secretions pose a potential transmission risk to people. The time-window for transmission risk is circumscribed and corresponds to the period of acute infection before establishment of an adaptive immune response. The likelihood of central nervous system involvement in canine HeV infection is unclear, as is any long-term consequence.,��https://www.ncbi.nlm.nih.gov/pubmed/28124415Ê��Middleton, D J
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*paramyxoviruses���Apr���Bats are reservoir hosts for many paramyxoviruses, some of which cause human and zoonotic diseases of public health importance. We developed a Nipah virus nucleoprotein enzyme-linked immunosorbent assay to detect cross-reactive antibodies in serum samples from several bat species in Brazil. Our results warrant further investigation of henipa-like virus reservoirs in the Western hemisphere.,��https://www.ncbi.nlm.nih.gov/pubmed/28103156~��de Araujo, Jansen
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*Survival���Jul¼��Infectious diseases are transmitted when susceptible hosts are exposed to pathogen particles that can replicate within them. Among factors that limit transmission, the environment is particularly important for indirectly transmitted parasites. To try and assess a pathogens' ability to be transmitted through the environment and mitigate risk, we need to quantify its decay where transmission occurs in space such as the microclimate harbouring the pathogen. Hendra virus, a Henipavirus from Australian Pteropid bats, spills-over to horses and humans, causing high mortality. While a vaccine is available, its limited uptake has reduced opportunities for adequate risk management to humans, hence the need to develop synergistic preventive measures, like disrupting its transmission pathways. Transmission likely occurs shortly after virus excretion in paddocks; however, no survival estimates to date have used real environmental conditions. Here, we recorded microclimate conditions and fitted models that predict temperatures and potential evaporation, which we used to simulate virus survival with a temperature-survival model and modification based on evaporation. Predicted survival was lower than previously estimated and likely to be even lower according to potential evaporation. Our results indicate that transmission should occur shortly after the virus is excreted, in a relatively direct way. When potential evaporation is low, and survival is more similar to temperature dependent estimates, transmission might be indirect because the virus can wait several hours until contact is made. We recommend restricting horses' access to trees during night time and reducing grass under trees to reduce virus survival.,��https://www.ncbi.nlm.nih.gov/pubmed/28091706Ù��Martin, Gerardo
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Zoonoses/epidemiology/*transmission���Feb­��Nipah virus is a recently-recognised, zoonotic paramyxovirus that causes severe disease and high fatality rates in people. Outbreaks have occurred in Malaysia, Singapore, India and Bangladesh, and a putative Nipah virus was also recently associated with human disease in the Philippines. Worryingly, human-to-human transmission is common in Bangladesh, where outbreaks occur with near-annual frequency. Onward human transmission of Nipah virus in Bangladesh is associated with close contact with clinically-unwell patients or their infectious secretions. While Nipah virus isolates associated with outbreaks of human infection have not resulted in sustained transmission to date, specific exposures carry a high risk of person-to-person transmission, an observation which is supported by recent findings in animal models. Novel paramyxoviruses continue to emerge from wildlife hosts, and represent an ongoing threat to human health globally.,��https://www.ncbi.nlm.nih.gov/pubmed/28088124¸��Clayton, Bronwyn Anne
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*Phage display���MayÔ��Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with unusual broad host tropism and is designated as a Category C pathogen by the U.S. National Institute of Allergy and Infectious Diseases. NiV infection is initiated after binding of the viral G glycoprotein to the host cell receptor. The aim of this study was to map the NiV G glycoprotein cell binding domain using a phage display system. The NiV G extracellular domain was truncated and displayed as attachment proteins on M13 phage g3p minor coat protein. The binding efficiency of recombinant phages displaying different regions of NiV G to mammalian cells was evaluated. Results showed that regions of NiV G consisting of amino acids 396-602 (recombinant phage G4) and 498-602 (recombinant phage G5) demonstrated the highest binding to both Vero (5.5x10(3) cfu/ml and 5.6x10(3) cfu/ml) and THP-1 cells (3.5x10(3) cfu/ml and 2.9x10(3) cfu/ml). However, the binding of both of these recombinant phages to THP-1 cells was significantly lower than to Vero cells, and this could be due to the lack of primary host cell receptor expression on THP-1 cells. Furthermore, the binding between these two recombinant phages was competitive suggesting that there was a common host cell attachment site. This study employed an approach that is suitable for use in a biosafety level 2 containment laboratory without the need to use live virus to show that NiV G amino acids 498-602 play an important role for attachment to host cells.,��https://www.ncbi.nlm.nih.gov/pubmed/28082163Ç��Lam, Chui-Wan
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�Recombinant vesicular stomatitis virus (VSV)-based chimeric viruses that include genes from other viruses show promise as vaccines and oncolytic viruses. However, the critical safety concern is the neurotropic nature conveyed by the VSV glycoprotein. VSVs that include the VSV glycoprotein (G) gene, even in most recombinant attenuated strains, can still show substantial adverse or lethal actions in the brain. Here, we test 4 chimeric viruses in the brain, including those in which glycoprotein genes from Nipah, chikungunya (CHIKV), and influenza H5N1 viruses were substituted for the VSV glycoprotein gene. We also test a virus-like vesicle (VLV) in which the VSV glycoprotein gene is expressed from a replicon encoding the nonstructural proteins of Semliki Forest virus. VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV were all safe in the adult mouse brain, as were VSVDeltaG viruses expressing either the Nipah F or G glycoprotein. In contrast, a complementing pair of VSVDeltaG viruses expressing Nipah G and F glycoproteins were lethal within the brain within a surprisingly short time frame of 2 days. Intranasal inoculation in postnatal day 14 mice with VSVDeltaG-CHIKV or VLV evoked no adverse response, whereas VSVDeltaG-H5N1 by this route was lethal in most mice. A key immune mechanism underlying the safety of VSVDeltaG-CHIKV, VSVDeltaG-H5N1, and VLV in the adult brain was the type I interferon response; all three viruses were lethal in the brains of adult mice lacking the interferon receptor, suggesting that the viruses can infect and replicate and spread in brain cells if not blocked by interferon-stimulated genes within the brain.IMPORTANCE Vesicular stomatitis virus (VSV) shows considerable promise both as a vaccine vector and as an oncolytic virus. The greatest limitation of VSV is that it is highly neurotropic and can be lethal within the brain. The neurotropism can be mostly attributed to the VSV G glycoprotein. Here, we test 4 chimeric viruses of VSV with glycoprotein genes from Nipah, chikungunya, and influenza viruses and nonstructural genes from Semliki Forest virus. Two of the four, VSVDeltaG-CHIKV and VLV, show substantially attenuated neurotropism and were safe in the healthy adult mouse brain. VSVDeltaG-H5N1 was safe in the adult brain but lethal in the younger brain. VSVDeltaG Nipah F+G was even more neurotropic than wild-type VSV, evoking a rapid lethal response in the adult brain. These results suggest that while chimeric VSVs show promise, each must be tested with both intranasal and intracranial administration to ensure the absence of lethal neurotropism.,��https://www.ncbi.nlm.nih.gov/pubmed/28077641b��van den Pol, Anthony N
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*innate immunity���Mar 4÷��Hendra virus and Nipah virus (NiV) are highly pathogenic zoonotic paramyxoviruses, from henipavirus genus, that have emerged in late 1990s in Australia and South-East Asia, respectively. Since their initial identification, numerous outbreaks have been reported, affecting both domestic animals and humans, and multiple rounds of person-to-person NiV transmission were observed. Widely distributed fruit bats from Pteropodidae family were found to be henipavirus natural reservoir. Numerous studies have reported henipavirus seropositivity in pteropid bats, including bats in Africa, thus expanding notably the geographic distribution of these viruses. Interestingly, henipavirus infection in bats seems to be asymptomatic, in contrast to severe disease induced in numerous other mammals. Unique among the mammals by their ability to fly, these intriguing animals are natural reservoir for many other emerging and remerging viruses highly pathogenic for humans. This feature, combined with absence of clinical symptoms, has attracted the interest of scientific community to virus-bat interactions. Therefore, several bat genomes were sequenced and particularities of the bat immune system have been intensively analyzed during the last decade to understand their coexistence with viruses in the absence of disease. The peculiarities in inflammasome activation, a constitutive expression of interferon alpha, and some differences in adaptive immunity have been recently reported in fruit bats. Studies on virus-bat interactions have thus emerged as an exciting novel area of research that should shed new light on the mechanisms that regulate viral infection and may allow development of novel therapeutic approaches to control this highly lethal emerging infectious disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/28060559¾��Enchery, Francois
Horvat, Branka
eng
Research Support, Non-U.S. Gov't
England
2017/01/07 06:00
Int Rev Immunol. 2017 Mar 4;36(2):108-121. doi: 10.1080/08830185.2016.1255883. Epub 2017 Jan 6.*��1563-5244 (Electronic)
0883-0185 (Linking)���28060559ü��a CIRI, International Center for Infectiology Research (Immunobiology of Viral Infections Team), Inserm, U1111, CNRS, UMR5308, University Claude Bernard Lyon 1, Ecole Normale Superieure de Lyon, France, Laboratoire d'Excellence ECOFECT , Lyon , France.���10.1080/08830185.2016.1255883�
8��üÒ|ÿî?§���u��McLinton, E. C.
Wagstaff, K. M.
Lee, A.
Moseley, G. W.
Marsh, G. A.
Wang, L. F.
Jans, D. A.
Lieu, K. G.
Netter, H. J.���2017]��Nuclear localization and secretion competence are conserved among henipavirus matrix proteins���563-576���J Gen Virol���98���4���*Active Transport, Cell Nucleus
Animals
Henipavirus/*genetics/isolation & purification/*physiology
Humans
Microscopy, Confocal
Microscopy, Fluorescence
Nuclear Localization Signals
Protein Transport
Viral Matrix Proteins/*genetics/*metabolism
Virosomes/genetics/metabolism���Aprw��Viruses of the genus Henipavirus of the family Paramyxoviridae are zoonotic pathogens, which have emerged in Southeast Asia, Australia and Africa. Nipah virus (NiV) and Hendra virus are highly virulent pathogens transmitted from bats to animals and humans, while the henipavirus Cedar virus seems to be non-pathogenic in infection studies. The full replication cycle of the Paramyxoviridae occurs in the host cell's cytoplasm, where viral assembly is orchestrated by the matrix (M) protein. Unexpectedly, the NiV-M protein traffics through the nucleus as an essential step to engage the plasma membrane in preparation for viral budding/release. Comparative studies were performed to assess whether M protein nuclear localization is a common feature of the henipaviruses, including the recently sequenced (although not yet isolated) Ghanaian bat henipavirus (Kumasi virus, GH-M74a virus) and Mojiang virus. Live-cell confocal microscopy revealed that nuclear translocation of GFP-fused M protein is conserved between henipaviruses in both human- and bat-derived cell lines. However, the efficiency of M protein nuclear localization and virus-like particle budding competency varied. Additionally, Cedar virus-, Kumasi virus- and Mojiang virus-M proteins were mutated in a bipartite nuclear localization signal, indicating that a key lysine residue is essential for nuclear import, export and induction of budding events, as previously reported for NiV-M. The results of this study suggest that the M proteins of henipaviruses may utilize a similar nucleocytoplasmic trafficking pathway as an essential step during viral replication in both humans and bats.,��https://www.ncbi.nlm.nih.gov/pubmed/28056216ý��McLinton, Elisabeth C
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vaccination���Dec	��Hendra virus was identified in horses and humans in 1994, in Queensland, Australia. Flying foxes are the natural host. Horses are thought to acquire infection by direct or indirect contact with infected flying fox urine. Humans are infected from close contact with infected horses. To reduce risk of infection in horses and humans, Australian horse owners are encouraged to vaccinate horses against the virus and adopt property risk mitigation practices that focus on reducing flying fox horse contact and contamination of horses' environment with flying fox bodily fluids. This study investigates uptake of four Hendra virus risk mitigation practices in a sample of non- and partially vaccinating horse owners living close to previous Hendra virus cases. Protection motivation theory was used to develop a conceptual model to investigate risk perception and coping factors associated with uptake of risk mitigation practices. An online survey was administered via Facebook pages of veterinary clinics close to previous Hendra virus cases. Factors associated with uptake of risk mitigation practices were investigated using univariate and multivariate binary logistic regression. Belief that a risk mitigation practice would be effective in reducing Hendra virus risk was significantly associated with the uptake of that practice. Issues around the practicality of implementing risk mitigation practices were found to be the greatest barrier to uptake. Factors that relate to risk immediacy, such as nearby infection, were identified as more likely to trigger uptake of risk mitigation practices. The role of veterinarians in supporting Hendra risk mitigation was identified as more influential than that of respected others or friends. Findings from this study are being used to assist stakeholders in Australia responsible for promotion of risk mitigation practice in identifying additional pathways and reliable influencing factors that could be utilized for engaging and communicating with horse owners to promote Hendra virus risk mitigation behaviour.,��https://www.ncbi.nlm.nih.gov/pubmed/28054443Â��Manyweathers, J
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genetic diversity.#��Astroviruses are emerging RNA viruses that cause enteropathogenic infections in humans and in other mammals. The identification of astroviruses in a wide range of animals highlights the zoonotic importance of these viruses. Bats can harbor many different viruses, among which some are highly pathogenic for humans (for instance, Nipah, Ebola and SARS coronavirus), and also several astroviruses. As some RNA viruses can be directly transmitted from bats to humans, it is crucial to collect data about their frequency, genetic diversity and phylogenetic characterization. In this study, we report the molecular identification of 44 new astroviruses (with a detection rate of 4.5%) in 962 apparently healthy bats that belong to five different species and that were captured in different caves in North-East Gabon, Central Africa. Our results show that bat astroviruses form a group that is genetically distinct from astroviruses infecting other mammals. Moreover, these astroviruses showed an important genetic diversity and low host restriction in bat species.,��https://www.ncbi.nlm.nih.gov/pubmed/27928918Ú��Rougeron, V
Suquet, E
Maganga, G D
Jiolle, D
Mombo, I M
Bourgarel, M
Motsch, P
Arnathau, C
Durand, P
Drexler, F
Drosten, C
Renaud, F
Prugnolle, F
Leroy, E M
eng
Slovakia
2016/12/09 06:00
Acta Virol. 2016;60(4):386-392.%��0001-723X (Print)
0001-723X (Linking)���27928918��	º��üÒ|ÿî?ª���F��Petkovic, K.
Metcalfe, G.
Chen, H.
Gao, Y.
Best, M.
Lester, D.
Zhu, Y.���2016p��Rapid detection of Hendra virus antibodies: an integrated device with nanoparticle assay and chaotic micromixing���169-177���Lab Chip���17���1Ó��Animals
Antibodies, Viral/*blood
Hendra Virus/*immunology
Henipavirus Infections/diagnosis/veterinary/virology
Horses
Immunoassay/instrumentation/*methods
Lab-On-A-Chip Devices
Magnetite Nanoparticles/*chemistry���Dec 20°��Current diagnosis of infectious diseases such as Hendra virus (HeV) relies mostly on laboratory-based tests. There is an urgent demand for rapid diagnosis technology to detect and identify these diseases in humans and animals so that disease spread can be controlled. In this study, an integrated lab-on-a-chip device using a magnetic nanoparticle immunoassay is developed. The key features of the device are the chaotic fluid mixing, achieved by magnetically driven motion of nanoparticles with the optimal mixing protocol developed using chaotic transport theory, and the automatic liquid handling system for loading reagents and samples. The device has been demonstrated to detect Hendra virus antibodies in dilute horse serum samples within a short time of 15 minutes and the limit of detection is about 0.48 ng ml(-1). The device platform can potentially be used for field detection of viruses and other biological and chemical substances.,��https://www.ncbi.nlm.nih.gov/pubmed/27921111���Petkovic, K
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��Yoneda, M.���2016*��Nipah and Hendra virus infectious diseases	��1973-1978���Nihon Rinsho���74���12���Decý��Nipah and Hendra virus were first identified in mid 1990s in Australia and Malaysia, caus- ing epidemics with high mortality rate in affected animals and humans. Since their first emer- gence, they continued to re-emerge in Australia and South East Asia almost every year. Nipah and Hendra virus were classified in the new genus Henipavirus because of their un- common features amongst Paramyxoviridae. Henipaviruses are zoonotic paramyxoviruses with a broad tropism, and cause severe acute respiratory disease and encephalitis. Their high virulence and wide host range make them to be given Biosecurity Level 4 status. This review summarizes details of Henipavirus emergence, reservoir hosts and pathology, and introduce recent progress in vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/30550652R��Yoneda, Misako
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Hendra virus
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fruit bat
henipavirus
machine learning
population dynamics
spillover
viral prevalence���Octb��Fruit bats (Pteropodidae) have received increased attention after the recent emergence of notable viral pathogens of bat origin. Their vagility hinders data collection on abundance and distribution, which constrains modeling efforts and our understanding of bat ecology, viral dynamics, and spillover. We addressed this knowledge gap with models and data on the occurrence and abundance of nectarivorous fruit bat populations at 3 day roosts in southeast Queensland. We used environmental drivers of nectar production as predictors and explored relationships between bat abundance and virus spillover. Specifically, we developed several novel modeling tools motivated by complexities of fruit bat foraging ecology, including: (1) a dataset of spatial variables comprising Eucalypt-focused vegetation indices, cumulative precipitation, and temperature anomaly; (2) an algorithm that associated bat population response with spatial covariates in a spatially and temporally relevant way given our current understanding of bat foraging behavior; and (3) a thorough statistical learning approach to finding optimal covariate combinations. We identified covariates that classify fruit bat occupancy at each of our three study roosts with 86-93% accuracy. Negative binomial models explained 43-53% of the variation in observed abundance across roosts. Our models suggest that spatiotemporal heterogeneity in Eucalypt-based food resources could drive at least 50% of bat population behavior at the landscape scale. We found that 13 spillover events were observed within the foraging range of our study roosts, and they occurred during times when models predicted low population abundance. Our results suggest that, in southeast Queensland, spillover may not be driven by large aggregations of fruit bats attracted by nectar-based resources, but rather by behavior of smaller resident subpopulations. Our models and data integrated remote sensing and statistical learning to make inferences on bat ecology and disease dynamics. This work provides a foundation for further studies on landscape-scale population movement and spatiotemporal disease dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/27891217ü��Giles, John R
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*phosphoprotein���Jan 15d��Marburg virus (MARV) is a highly pathogenic filovirus that is classified in a genus distinct from that of Ebola virus (EBOV) (genera Marburgvirus and Ebolavirus, respectively). Both viruses produce a multifunctional protein termed VP35, which acts as a polymerase cofactor, a viral protein chaperone, and an antagonist of the innate immune response. VP35 contains a central oligomerization domain with a predicted coiled-coil motif. This domain has been shown to be essential for RNA polymerase function. Here we present crystal structures of the MARV VP35 oligomerization domain. These structures and accompanying biophysical characterization suggest that MARV VP35 is a trimer. In contrast, EBOV VP35 is likely a tetramer in solution. Differences in the oligomeric state of this protein may explain mechanistic differences in replication and immune evasion observed for MARV and EBOV. IMPORTANCE: Marburg virus can cause severe disease, with up to 90% human lethality. Its genome is concise, only producing seven proteins. One of the proteins, VP35, is essential for replication of the viral genome and for evasion of host immune responses. VP35 oligomerizes (self-assembles) in order to function, yet the structure by which it assembles has not been visualized. Here we present two crystal structures of this oligomerization domain. In both structures, three copies of VP35 twist about each other to form a coiled coil. This trimeric assembly is in contrast to tetrameric predictions for VP35 of Ebola virus and to known structures of homologous proteins in the measles, mumps, and Nipah viruses. Distinct oligomeric states of the Marburg and Ebola virus VP35 proteins may explain differences between them in polymerase function and immune evasion. These findings may provide a more accurate understanding of the mechanisms governing VP35's functions and inform the design of therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/27847355¡��Bruhn, Jessica F
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Virus Replication���Novì��BACKGROUND: Nipah virus causes respiratory and neurologic disease with case fatality rates up to 100% in individual outbreaks. End stage lesions have been described in the respiratory and nervous systems, vasculature and often lymphoid organs in fatal human cases; however, the initial target organs of Nipah virus infection have not been identified. Here, we detected the initial target tissues and cells of Nipah virus and tracked virus dissemination during the early phase of infection in Syrian hamsters inoculated with a Nipah virus isolate from Malaysia (NiV-M) or Bangladesh (NiV-B). METHODOLOGY/PRINCIPAL FINDINGS: Syrian hamsters were euthanized between 4 and 48 hours post intranasal inoculation and tissues were collected and analyzed for the presence of viral RNA, viral antigen and infectious virus. Virus replication was first detected at 8 hours post inoculation (hpi). Nipah virus initially targeted type I pneumocytes, bronchiolar respiratory epithelium and alveolar macrophages in the lung and respiratory and olfactory epithelium lining the nasal turbinates. By 16 hpi, virus disseminated to epithelial cells lining the larynx and trachea. Although the pattern of viral dissemination was similar for both virus isolates, the rate of spread was slower for NiV-B. Infectious virus was not detected in the nervous system or blood and widespread vascular infection and lesions within lymphoid organs were not observed, even at 48 hpi. CONCLUSIONS/SIGNIFICANCE: Nipah virus initially targets the respiratory system. Virus replication in the brain and infection of blood vessels in non-respiratory tissues does not occur during the early phase of infection. However, virus replicates early in olfactory epithelium and may serve as the first step towards nervous system dissemination, suggesting that development of vaccines that block virus dissemination or treatments that can access the brain and spinal cord and directly inhibit virus replication may be necessary for preventing central nervous system pathology.,��https://www.ncbi.nlm.nih.gov/pubmed/27812087���Baseler, Laura
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*Stent���Dec 30°��Active ingredients of ginsenoside, Rg1 and Re, are able to inhibit the proliferation of vascular smooth muscle cells and promote the growth of vascular endothelial cells. These capabilities are of interest for developing a novel drug-eluting stent to potentially solve the current problem of late-stent thrombosis and poor endotheliazation. Therefore, this study was aimed to incorporate ginsenoside into degradable coating of poly(lactic-co-glycolic acid) (PLGA). Drug mixture composed of ginseng extract and 10% to 50% of PLGA (xPLGA/g) was coated on electropolished stainless steel 316L substrate by using a dip coating technique. The coating was characterized principally by using attenuated total reflectance-Fourier transform infrared spectroscopy, scanning electron microscopy and contact angle analysis, while the drug release profile of ginsenosides Rg1 and Re was determined by using mass spectrometry at a one month immersion period. Full and homogenous coating coverage with acceptable wettability was found on the 30PLGA/g specimen. All specimens underwent initial burst release dependent on their composition. The 30PLGA/g and 50PLGA/g specimens demonstrated a controlled drug release profile having a combination of diffusion- and swelling-controlled mechanisms of PLGA. The study suggests that the 30PLGA/g coated specimen expresses an optimum composition which is seen as practicable for developing a controlled release drug-eluting stent.,��https://www.ncbi.nlm.nih.gov/pubmed/27793709ò��Miswan, Zulaika
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subtypesÞ��The olfactory epithelium (OE) is the only body site where neurons contact directly the environment and are therefore exposed to a broad variation of substances and insults. It can serve as portal of entry for neurotropic viruses which spread via the olfactory pathway to the central nervous system. For horses, it has been proposed and concluded mainly from rodent studies that different viruses, e.g., Borna disease virus, equine herpesvirus 1 (EHV-1), hendra virus, influenza virus, rabies virus, vesicular stomatitis virus can use this route. However, little is yet known about cytoarchitecture, protein expression and the intranasal location of the equine OE. Revealing differences in cytoarchitecture or protein expression pattern in comparison to rodents, canines, or humans might help to explain varying susceptibility to certain intranasal virus infections. On the other hand, disclosing similarities especially between rodents and other species, e.g., horses would help to underscore transferability of rodent models. Analysis of the complete noses of five adult horses revealed that in the equine OE two epithelial subtypes with distinct marker expression exist, designated as types a and b which resemble those previously described in dogs. Detailed statistical analysis was carried out to confirm the results obtained on the descriptive level. The equine OE was predominantly located in caudodorsal areas of the nasal turbinates with a significant decline in rostroventral direction, especially for type a. Immunohistochemically, olfactory marker protein and doublecortin (DCX) expression was found in more cells of OE type a, whereas expression of proliferating cell nuclear antigen and tropomyosin receptor kinase A was present in more cells of type b. Accordingly, type a resembles the mature epithelium, in contrast to the more juvenile type b. Protein expression profile was comparable to canine and rodent OE but equine types a and b were located differently within the nose and revealed differences in its cytoarchitecture when compared to canine OE. Equine OE type a closely resembles rat OE. Whether the observed differences contribute to species-specific susceptibility to intranasal insults such as virus infections has to be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/27790096¸��Kupke, Alexandra
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Uncertainty���Bat-borne viruses have been linked to a number of zoonotic diseases; in 2014 there have been human cases of Nipah virus (NiV) in Bangladesh and Ebola virus in West and Central Africa. Here we describe a model designed to provide initial quantitative predictions of the risk of entry of such viruses to European Union (EU) Member States (MSs) through four routes: human travel, legal trade (e.g. fruit and animal products), live animal movements and illegal importation of bushmeat. The model utilises available datasets to assess the movement via these routes between individual countries of the world and EU MSs. These data are combined with virus specific data to assess the relative risk of entry between EU MSs. As a case study, the model was parameterised for NiV. Scenario analyses showed that the selection of exporting countries with NiV and potentially contaminated trade products were essential to the accuracy of all model outputs. Uncertainty analyses of other model parameters identified that the model expected number of years to an introduction event within the EU was highly susceptible to the prevalence of NiV in bats. The relative rankings of the MSs and routes, however, were more robust. The UK, the Netherlands and Germany were consistently the most likely points of entry and the ranking of most MSs varied by no more than three places (maximum variation five places). Legal trade was consistently the most likely route of entry, only falling below human travel when the estimate of the prevalence of NiV in bats was particularly low. Any model-based calculation is dependent on the data available to feed into the model and there are distinct gaps in our knowledge, particularly in regard to various pathogen/virus as well as host/bat characteristics. However, the strengths of this model lie in the provision of relative comparisons of risk among routes and MSs. The potential for expansion of the model to include other routes and viruses and the possibility of rapid parameterisation demonstrates its potential for use in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/27788234Î��Simons, Robin R L
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*Virus Internalization���Oct|��Hendra and Nipah viruses (family Paramyxoviridae, genus Henipavirus) are bat-borne viruses that cause fatal disease in humans and a range of other mammalian species. Gaining a deeper understanding of host pathways exploited by henipaviruses for infection may identify targets for new anti-viral therapies. Here we have performed genome-wide high-throughput agonist and antagonist screens at biosafety level 4 to identify host-encoded microRNAs (miRNAs) impacting henipavirus infection in human cells. Members of the miR-181 and miR-17~93 families strongly promoted Hendra virus infection. miR-181 also promoted Nipah virus infection, but did not affect infection by paramyxoviruses from other genera, indicating specificity in the virus-host interaction. Infection promotion was primarily mediated via the ability of miR-181 to significantly enhance henipavirus-induced membrane fusion. Cell signalling receptors of ephrins, namely EphA5 and EphA7, were identified as novel negative regulators of henipavirus fusion. The expression of these receptors, as well as EphB4, were suppressed by miR-181 overexpression, suggesting that simultaneous inhibition of several Ephs by the miRNA contributes to enhanced infection and fusion. Immune-responsive miR-181 levels was also up-regulated in the biofluids of ferrets and horses infected with Hendra virus, suggesting that the host innate immune response may promote henipavirus spread and exacerbate disease severity. This study is the first genome-wide screen of miRNAs influencing infection by a clinically significant mononegavirus and nominates select miRNAs as targets for future anti-viral therapy development.,��https://www.ncbi.nlm.nih.gov/pubmed/27783670h��Foo, Chwan Hong
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*nonresponse���Oct-Dec���BACKGROUND: Even a well-designed randomized control trial (RCT) study can produce ambiguous results. This article highlights a case in which full sample results from a large-scale RCT in the United Kingdom differ from results for a subsample of survey respondents. OBJECTIVES: Our objective is to ascertain the source of the discrepancy in inferences across data sources and, in doing so, to highlight important threats to the reliability of the causal conclusions derived from even the strongest research designs. RESEARCH DESIGN: The study analyzes administrative data to shed light on the source of the differences between the estimates. We explore the extent to which heterogeneous treatment impacts and survey nonresponse might explain these differences. We suggest checks which assess the external validity of survey measured impacts, which in turn provides an opportunity to test the effectiveness of different weighting schemes to remove bias. The subjects included 6,787 individuals who participated in a large-scale social policy experiment. RESULTS: Our results were not definitive but suggest nonresponse bias is the main source of the inconsistent findings. CONCLUSIONS: The results caution against overconfidence in drawing conclusions from RCTs and highlight the need for great care to be taken in data collection and analysis. Particularly, given the modest size of impacts expected in most RCTs, small discrepancies in data sources can alter the results. Survey data remain important as a source of information on outcomes not recorded in administrative data. However, linking survey and administrative data is strongly recommended whenever possible.,��https://www.ncbi.nlm.nih.gov/pubmed/27780905À��Dorsett, Richard
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*flying-foxes���May¸��Hendra virus (HeV) causes potentially fatal respiratory and/or neurological disease in both horses and humans. Although Australian flying-foxes of the genus Pteropus have been identified as reservoir hosts, the precise mechanism of HeV transmission has yet to be elucidated. To date, there has been limited investigation into the role of haematophagous insects as vectors of HeV. This mode of transmission is particularly relevant because Australian flying-foxes host the bat-specific blood-feeding ectoparasites of the genus Cyclopodia (Diptera: Nycteribiidae), also known as bat flies. Using molecular detection methods, we screened for HeV RNA in 183 bat flies collected from flying-foxes inhabiting a roost in Boonah, Queensland, Australia. It was subsequently demonstrated that during the study period, Pteropus alecto in this roost had a HeV RNA prevalence between 2 and 15% (95% CI [1, 6] to [8, 26], respectively). We found no evidence of HeV in any bat flies tested, including 10 bat flies collected from P. alecto in which we detected HeV RNA. Our negative findings are consistent with previous findings and provide additional evidence that bat flies do not play a primary role in HeV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/27770493Ö��Vidgen, M E
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*Tioman virus���Nov)��Bat-borne viral diseases are a major public health concern among newly emerging infectious diseases which includes severe acute respiratory syndrome, Nipah, Marburg and Ebola virus disease. During the survey for Nipah virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and confirmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be susceptible to Tioman virus. Negative electron microscopy study revealed the "herringbone" morphology of the nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.,��https://www.ncbi.nlm.nih.gov/pubmed/27619056o��Yadav, Pragya
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Queensland���Oct 20È��Australian dinosaurs have played a rare but controversial role in the debate surrounding the effect of Gondwanan break-up on Cretaceous dinosaur distribution. Major spatiotemporal gaps in the Gondwanan Cretaceous fossil record, coupled with taxon incompleteness, have hindered research on this effect, especially in Australia. Here we report on two new sauropod specimens from the early Late Cretaceous of Queensland, Australia, that have important implications for Cretaceous dinosaur palaeobiogeography. Savannasaurus elliottorum gen. et sp. nov. comprises one of the most complete Cretaceous sauropod skeletons ever found in Australia, whereas a new specimen of Diamantinasaurus matildae includes the first ever cranial remains of an Australian sauropod. The results of a new phylogenetic analysis, in which both Savannasaurus and Diamantinasaurus are recovered within Titanosauria, were used as the basis for a quantitative palaeobiogeographical analysis of macronarian sauropods. Titanosaurs achieved a worldwide distribution by at least 125 million years ago, suggesting that mid-Cretaceous Australian sauropods represent remnants of clades which were widespread during the Early Cretaceous. These lineages would have entered Australasia via dispersal from South America, presumably across Antarctica. High latitude sauropod dispersal might have been facilitated by Albian-Turonian warming that lifted a palaeoclimatic dispersal barrier between Antarctica and South America.,��https://www.ncbi.nlm.nih.gov/pubmed/277635980��Poropat, Stephen F
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*Virus Internalization���Oct 18v��Nipah is an emerging paramyxovirus that is of serious concern to human health. It invades host cells using two of its membrane proteins-G and F. G binds to host ephrins and this stimulates G to activate F. Upon activation, F mediates virus-host membrane fusion. Here we focus on mechanisms that underlie the stimulation of G by ephrins. Experiments show that G interacts with ephrin and F through separate sites located on two different domains, the receptor binding domain (RBD) and the F activation domain (FAD). No models explain this allosteric coupling. In fact, the analogous mechanisms in other paramyxoviruses also remain undetermined. The structural organization of G is such that allosteric coupling must involve at least one of the two interfaces-the RBD-FAD interface and/or the RBD-RBD interface. Here we examine using molecular dynamics the effect of ephrin binding on the RBD-RBD interface. We find that despite inducing small changes in individual RBDs, ephrin reorients the RBD-RBD interface extensively, and in a manner that will enhance solvent exposure of the FAD. While this finding supports a proposed model of G stimulation, we also find from additional simulations that ephrin induces a similar RBD-RBD reorientation in a stimulation-deficient G mutant, V209 VG --> AAA. Together, our simulations suggest that while inter-RBD reorientation may be important, it is not, by itself, a sufficient condition for G stimulation. Additionally, we find that the mutation affects the conformational ensemble of RBD globally, including the RBD-FAD interface, suggesting the latter's role in G stimulation. Because ephrin induces small changes in individual RBDs, a proper analysis of conformational ensembles required that they are compared directly-we employ a method we developed recently, which we now release at SimTK, and show that it also performs excellently for non-Gaussian distributions.,��https://www.ncbi.nlm.nih.gov/pubmed/27760350���Dutta, Priyanka
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*zoonoses���DecF��Human Nipah encephalitis outbreaks have been identified almost yearly in Bangladesh since 2001. Though raw date palm sap consumption and person-to-person contact are recognized as major transmission pathways, alternative pathways of transmission are plausible and may not have been identified due to limited statistical power in each outbreak. We conducted a risk factor analysis using all 157 cases and 632 controls surveyed in previous investigations during 2004-2012 to identify exposures independently associated with Nipah, since date palm sap was first asked about as an exposure in 2004. To further explore possible rare exposures, we also conducted in-depth interviews with all cases, or proxies, since 2001 that reported no exposure to date palm sap or contact with another case. Cases were 4.9 (95% 3.2-7.7) times more likely to consume raw date palm sap and 7.3 (95% 4.0-13.4) times more likely to have contact with a Nipah case than controls. In-depth interviews revealed that 39/182 (21%) of Nipah cases reporting neither date palm sap consumption nor contact with another case were misclassified. Prevention efforts should be focused on interventions to interrupt transmission through date palm sap consumption and person-to-person contact. Furthermore, pooling outbreak investigation data is a good method for assessing rare exposures.,��https://www.ncbi.nlm.nih.gov/pubmed/27738775H��Hegde, Sonia T
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Zoonoses/*virology���Aug���Viruses rapidly evolve and can emerge in unpredictable ways. Transmission pathways by which foodborne viruses may enter human populations and evolutionary mechanisms by which viruses can become virulent are discussed in this chapter. A majority of viruses emerge from zoonotic animal reservoirs, often by adapting and infecting intermediate hosts, such as domestic animals and livestock. Viruses that are known foodborne threats include hepatitis E virus, tick-borne encephalitis virus, enteroviruses, adenovirus, and astroviruses, among others. Viruses may potentially evolve and emerge as a result of modern agricultural practices which can concentrate livestock and bring them into contact with wild animals. Examples of viruses that have emerged in this manner are influenza, coronaviruses such as severe acute respiratory syndrome and Middle East respiratory syndrome, and the Nipah virus. The role of bats, bush meat, rodents, pigs, cattle, and poultry as reservoirs from which infectious pathogenic viruses emerge are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/27726774x��Kingsley, David H
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*risk factor���Janï��Bats of the genus Pteropus (Pteropodidae), colloquially known as flying foxes, are recognized as the natural reservoir of Hendra virus, a zoonotic paramyxovirus responsible for mortality in horses and humans. Some previous studies have suggested that physiologic and ecologic factors promote Hendra virus infection in flying foxes, and by extension, spillover to horses and humans. However, the impact of Hendra virus infection on relevant physiologic biomarkers in flying foxes has not been measured. Over 12 mo in eastern Australia, we captured and sampled 446 individual black flying foxes ( Pteropus alecto ), a putative primary reservoir host species, and measured a suite of hematologic, plasma biochemistry, and urinary biomarkers. All mean hematologic and biochemical values in both Hendra virus-positive and virus-negative cohorts were within the published reference ranges for black flying foxes. We found no association between Hendra virus infection (as indicated by PCR detection of Hendra virus RNA) and biomarkers for nutritional stress, reproductive stress, or extreme metabolic demand. However, we identified associations between several other biomarkers and Hendra virus infection, which may partly elucidate the physiologic effects of Hendra virus infection in flying foxes. Our findings highlight the need for critical evaluation of putative risk factors for infection in flying foxes and provide insights for future epidemiologic studies of Hendra virus and related viruses in the Pteropus species.,��https://www.ncbi.nlm.nih.gov/pubmed/27723384Ã��McMichael, Lee
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Pneumonia/drug therapy/virologyú��Host-derived proteases can augment or help to clear infections. This dichotomy is exemplified by cathepsin L (CTSL), which helps Hendra virus and SARS coronavirus to invade cells, but is essential for survival in mice with mycoplasma pneumonia. The present study tested the hypothesis that CTSL protects mice from serious consequences of infection by the orthomyxovirus influenza A, which is thought to be activated by host-supplied proteases other than CTSL. Ctsl-/- mice infected with influenza A/Puerto Rico/8/34(H1N1) had larger lung viral loads and higher mortality than infected Ctsl+/+ mice. Lung inflammation in surviving infected mice peaked 14 days after initial infection, accompanied marked focal distal airway bronchiolization and epithelial metaplasia followed by desquamation and fibrotic interstitial remodeling, and persisted for at least 6 weeks. Most deaths occurred during the second week of infection in both groups of mice. In contrast to mycoplasma pneumonia, infiltrating cells were predominantly mononuclear rather than polymorphonuclear. The histopathology of lung inflammation and remodeling in survivors was similar in Ctsl-/- and Ctsl+/+ mice, although Ctsl+/+ mice cleared immunoreactive virus sooner. Furthermore, Ctsl-/- mice had profound deficits in CD4+ lymphocytes before and after infection and weaker production of pathogen-specific IgG. Thus, CTSL appears to support innate as well as adaptive responses, which confer a survival advantage on mice infected with the orthomyxovirus influenza A.,��https://www.ncbi.nlm.nih.gov/pubmed/27716790ù��Xu, Xiang
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�The paramyxoviral family contains many medically important viruses, including measles virus, mumps virus, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the deadly zoonotic henipaviruses Hendra and Nipah virus (NiV). To both enter host cells and spread from cell to cell within infected hosts, the vast majority of paramyxoviruses utilize two viral envelope glycoproteins: the attachment glycoprotein (G, H, or hemagglutinin-neuraminidase [HN]) and the fusion glycoprotein (F). Binding of G/H/HN to a host cell receptor triggers structural changes in G/H/HN that in turn trigger F to undergo a series of conformational changes that result in virus-cell (viral entry) or cell-cell (syncytium formation) membrane fusion. The actual regions of G/H/HN and F that interact during the membrane fusion process remain relatively unknown though it is generally thought that the paramyxoviral G/H/HN stalk region interacts with the F head region. Studies to determine such interactive regions have relied heavily on coimmunoprecipitation approaches, whose limitations include the use of detergents and the micelle-mediated association of proteins. Here, we developed a flow-cytometric strategy capable of detecting membrane protein-protein interactions by interchangeably using the full-length form of G and a soluble form of F, or vice versa. Using both coimmunoprecipitation and flow-cytometric strategies, we found a bidentate interaction between NiV G and F, where both the stalk and head regions of NiV G interact with F. This is a new structural-biological finding for the paramyxoviruses. Additionally, our studies disclosed regions of the NiV G and F glycoproteins dispensable for the G and F interactions. IMPORTANCE: Nipah virus (NiV) is a zoonotic paramyxovirus that causes high mortality rates in humans, with no approved treatment or vaccine available for human use. Viral entry into host cells relies on two viral envelope glycoproteins: the attachment (G) and fusion (F) glycoproteins. Binding of G to the ephrinB2 or ephrinB3 cell receptors triggers conformational changes in G that in turn cause F to undergo conformational changes that result in virus-host cell membrane fusion and viral entry. It is currently unknown, however, which specific regions of G and F interact during membrane fusion. Past efforts to determine the interacting regions have relied mainly on coimmunoprecipitation, a technique with some pitfalls. We developed a flow-cytometric assay to study membrane protein-protein interactions, and using this assay we report a bidentate interaction whereby both the head and stalk regions of NiV G interact with NiV F, a new finding for the paramyxovirus family.,��https://www.ncbi.nlm.nih.gov/pubmed/27654290û��Stone, Jacquelyn A
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Viral Proteins/genetics/*immunology���Sep2��For efficient replication, viruses have developed mechanisms to evade innate immune responses, including the antiviral type-I interferon (IFN-I) system. Nipah virus (NiV), a highly pathogenic member of the Paramyxoviridae family (genus Henipavirus), is known to encode for four P gene-derived viral proteins (P/C/W/V) with IFN-I antagonist functions. Here we report that NiV matrix protein (NiV-M), which is important for virus assembly and budding, can also inhibit IFN-I responses. IFN-I production requires activation of multiple signaling components including the IkappaB kinase epsilon (IKKepsilon). We previously showed that the E3-ubiquitin ligase TRIM6 catalyzes the synthesis of unanchored K48-linked polyubiquitin chains, which are not covalently attached to any protein, and activate IKKepsilon for induction of IFN-I mediated antiviral responses. Using co-immunoprecipitation assays and confocal microscopy we show here that the NiV-M protein interacts with TRIM6 and promotes TRIM6 degradation. Consequently, NiV-M expression results in reduced levels of unanchored K48-linked polyubiquitin chains associated with IKKepsilon leading to impaired IKKepsilon oligomerization, IKKepsilon autophosphorylation and reduced IFN-mediated responses. This IFN antagonist function of NiV-M requires a conserved lysine residue (K258) in the bipartite nuclear localization signal that is found in divergent henipaviruses. Consistent with this, the matrix proteins of Ghana, Hendra and Cedar viruses were also able to inhibit IFNbeta induction. Live NiV infection, but not a recombinant NiV lacking the M protein, reduced the levels of endogenous TRIM6 protein expression. To our knowledge, matrix proteins of paramyxoviruses have never been reported to be involved in innate immune antagonism. We report here a novel mechanism of viral innate immune evasion by targeting TRIM6, IKKepsilon and unanchored polyubiquitin chains. These findings expand the universe of viral IFN antagonism strategies and provide a new potential target for development of therapeutic interventions against NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/27622505���Bharaj, Preeti
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*W protein���Oct 21b��Paramyxoviruses replicate in the cytoplasm with no obvious requirement to interact with the nucleus. Nevertheless, the W protein of the highly lethal bat-borne paramyxovirus Nipah virus (NiV) is known to undergo specific targeting to the nucleus, mediated by a single nuclear localisation signal (NLS) within the C-terminal domain. Here, we report for the first time that additional sites modulate nucleocytoplasmic localisation of W. We show that the N-terminal domain interacts with importin alpha1 and contributes to nuclear accumulation of W, indicative of a novel N-terminal NLS. We also find that W undergoes exportin-1 mediated nuclear export, dependent on a leucine at position 174. Together, these data enable significant revision of the generally accepted model of W trafficking, with implications for understanding of the mechanisms of NiV immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/27622322´��Audsley, Michelle D
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*Swine���Sep 14s��Hendra virus (HeV) and Nipah virus (NiV) are members of the genus Henipavirus, within the family Paramyxoviridae. Nipah virus has caused outbreaks of human disease in Bangladesh, Malaysia, Singapore, India and Philippines, in addition to a large outbreak in swine in Malaysia in 1998/1999. Recently, NiV was suspected to be a causative agent of an outbreak in horses in 2014 in the Philippines, while HeV has caused multiple human and equine outbreaks in Australia since 1994. A swine vaccine able to prevent shedding of infectious virus is of veterinary and human health importance, and correlates of protection against henipavirus infection in swine need to be better understood. In the present study, three groups of animals were employed. Pigs vaccinated with adjuvanted recombinant soluble HeV G protein (sGHEV) and challenged with HeV, developed antibody levels considered to be protective prior to the challenge (titers of 320). However, activation of the cell-mediated immune response was not detected, and the animals were only partially protected against challenge with 5x10(5) PFU of HeV per animal. In the second group, cross-neutralizing antibody levels against NiV in the sGHEV vaccinated animals did not reach protective levels, and with no activation of cellular immune memory, these animals were not protected against NiV. Only pigs orally infected with 5x10(4) PFU of NiV per animal were protected against nasal challenge with 5x10(5) PFU of NiV per animal. This group of pigs developed protective antibody levels, as well as cell-mediated immune memory. Peripheral blood mononuclear cells restimulated with UV-inactivated NiV upregulated IFN-gamma, IL-10 and the CD25 activation marker on CD4(+)CD8(+) T memory helper cells and to lesser extent on CD4(-)CD8(+) T cells. In conclusion, both humoral and cellular immune responses were required for protection of swine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/27544586¯��Pickering, Brad S
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*Subcellular localization���Oct ��Nipah virus (NiV) causes severe encephalitis in humans, with high mortality. NiV nonstructural C protein (NiV-C) is essential for its pathogenicity, but its functions are unclear. In this study, we focused on NiV-C trafficking in cells and found that it localizes predominantly in the cytoplasm but partly in the nucleus. An analysis of NiV-C mutants showed that amino acids 2, 21-24 and 110-139 of NiV-C are important for its localization in the cytoplasm. Inhibitor treatment indicates that the nuclear export determinant is not a classical CRM1-dependent nuclear export signal. We also determined that amino acids 60-75 and 72-75 were important for nuclear localization of NiV-C. Furthermore, NiV-C mutants that had lost their capacity for nuclear localization inhibited the interferon (IFN) response more strongly than complete NiV-C. These results indicate that the IFN-antagonist activity of NiV-C occurs in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/27501340Ë��Horie, Ryo
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Virus Assembly���Oct���Genome replication and virion production by most negative-sense RNA viruses (NSVs) occurs exclusively in the cytoplasm, but many NSV-expressed proteins undergo active nucleocytoplasmic trafficking via signals that exploit cellular nuclear transport pathways. Nuclear trafficking has been reported both for NSV accessory proteins (including isoforms of the rabies virus phosphoprotein, and V, W and C proteins of paramyxoviruses) and for structural proteins. Trafficking of the former is thought to enable accessory functions in viral modulation of antiviral responses including the type I IFN system, but the intranuclear roles of structural proteins such as nucleocapsid and matrix proteins, which have critical roles in extranuclear replication and viral assembly, are less clear. Nevertheless, nuclear trafficking of matrix protein has been reported to be critical for efficient production of Nipah virus and Respiratory syncytial virus, and nuclear localization of nucleocapsid protein of several morbilliviruses has been linked to mechanisms of immune evasion. Together, these data point to the nucleus as a significant host interface for viral proteins during infection by NSVs with otherwise cytoplasmic life cycles. Importantly, several lines of evidence now suggest that nuclear trafficking of these proteins may be critical to pathogenesis and thus could provide new targets for vaccine development and antiviral therapies.,��https://www.ncbi.nlm.nih.gov/pubmed/27498841Í��Audsley, Michelle D
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*Prevention messages���Aug 51��BACKGROUND: During a fatal Nipah virus (NiV) outbreak in Bangladesh, residents rejected biomedical explanations of NiV transmission and treatment and lost trust in the public healthcare system. Field anthropologists developed and communicated a prevention strategy to bridge the gap between the biomedical and local explanation of the outbreak. METHODS: We explored residents' beliefs and perceptions about the illness and care-seeking practices and explained prevention messages following an interactive strategy with the aid of photos showed the types of contact that can lead to NiV transmission from bats to humans by drinking raw date palm sap and from person-to-person. RESULTS: The residents initially believed that the outbreak was caused by supernatural forces and continued drinking raw date palm sap despite messages from local health authorities to stop. Participants in community meetings stated that the initial messages did not explain that bats were the source of this virus. After our intervention, participants responded that they now understood how NiV could be transmitted and would abstain from raw sap consumption and maintain safer behaviours while caring for patients. CONCLUSIONS: During outbreaks, one-way behaviour change communication without meaningful causal explanations is unlikely to be effective. Based on the cultural context, interactive communication strategies in lay language with supporting evidence can make biomedical prevention messages credible in affected communities, even among those who initially invoke supernatural causal explanations.,��https://www.ncbi.nlm.nih.gov/pubmed/27495927+��Parveen, Shahana
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Nipah Virus/*classification/*pathogenicity���Aug 3���Nipah virus (NiV) is a paramyxovirus that causes severe disease in humans and animals. There are two distinct strains of NiV, Malaysia (NiVM) and Bangladesh (NiVB). Differences in transmission patterns and mortality rates suggest that NiVB may be more pathogenic than NiVM. To investigate pathogenic differences between strains, 4 African green monkeys (AGM) were exposed to NiVM and 4 AGMs were exposed to NiVB. While NiVB was uniformly lethal, only 50% of NiVM-infected animals succumbed to infection. Histopathology of lungs and spleens from NiVB-infected AGMs was significantly more severe than NiVM-infected animals. Importantly, a second study utilizing 11 AGMs showed that the therapeutic window for human monoclonal antibody m102.4, previously shown to rescue AGMs from NiVM infection, was much shorter in NiVB-infected AGMs. Together, these data show that NiVB is more pathogenic in AGMs under identical experimental conditions and suggests that postexposure treatments may need to be NiV strain specific for optimal efficacy.,��https://www.ncbi.nlm.nih.gov/pubmed/27484128»��Mire, Chad E
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Phylogenetic analysis���JulÉ��Nipah virus (NiV) is a member of the genus Henipavirus of the family Paramyxoviridae, characterized by high pathogenicity and endemic in South Asia. It is classified as a Biosafety Level-4 (BSL-4) agent. The case-fatality varies from 40% to 70% depending on the severity of the disease and on the availability of adequate healthcare facilities. At present no antiviral drugs are available for NiV disease and the treatment is just supportive. Phylogenetic and evolutionary analyses can be used to help in understanding the epidemiology and the temporal origin of this virus. This review provides an overview of evolutionary studies performed on Nipah viruses circulating in different countries. Thirty phylogenetic studies have been published from 2000 to 2015 years, searching on pub-med using the key words 'Nipah virus AND phylogeny' and twenty-eight molecular epidemiological studies from 2006 to 2015 have been performed, typing the key words 'Nipah virus AND molecular epidemiology'. Overall data from the published study demonstrated as phylogenetic and evolutionary analysis represent promising tools to evidence NiV epidemics, to study their origin and evolution and finally to act with effective preventive measure.,��https://www.ncbi.nlm.nih.gov/pubmed/27393089Ê��Angeletti, Silvia
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*zoonosis���NovO��Hendra virus (HeV) was first described in 1994 in an outbreak of acute and highly lethal disease in horses and humans in Australia. Equine cases continue to be diagnosed periodically, yet the predisposing factors for infection remain unclear. We undertook an analysis of equine submissions tested for HeV by the Queensland government veterinary reference laboratory over a 20-year period to identify and investigate any patterns. We found a marked increase in testing from July 2008, primarily reflecting a broadening of the HeV clinical case definition. Peaks in submissions for testing, and visitations to the Government HeV website, were associated with reported equine incidents. Significantly differing between-year HeV detection rates in north and south Queensland suggest a fundamental difference in risk exposure between the two regions. The statistical association between HeV detection and stockhorse type may suggest that husbandry is a more important risk determinant than breed per se. The detection of HeV in horses with neither neurological nor respiratory signs poses a risk management challenge for attending veterinarians and laboratory staff, reinforcing animal health authority recommendations that appropriate risk management strategies be employed for all sick horses, and by anyone handling sick horses or associated biological samples.,��https://www.ncbi.nlm.nih.gov/pubmed/27357144ú��Smith, C S
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*paramyxovirus���Augt��Nipah virus (NiV, Henipavirus) is a highly lethal emergent zoonotic paramyxovirus responsible for repeated human outbreaks of encephalitis in South East Asia. There are no approved vaccines or treatments, thus improved understanding of NiV biology is imperative. NiV matrix protein recruits a plethora of cellular machinery to scaffold and coordinate virion budding. Intriguingly, matrix also hijacks cellular trafficking and ubiquitination pathways to facilitate transient nuclear localization. While the biological significance of matrix nuclear localization for an otherwise cytoplasmic virus remains enigmatic, the molecular details have begun to be characterized, and are conserved among matrix proteins from divergent paramyxoviruses. Matrix protein appropriation of cellular machinery will be discussed in terms of its early nuclear targeting and later role in virion assembly.,��https://www.ncbi.nlm.nih.gov/pubmed/27350027¶��Watkinson, Ruth E
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Virus Shedding���Jun¨��Person-to-person transmission is a key feature of human Nipah virus outbreaks in Bangladesh. In contrast, in an outbreak of Nipah virus in Malaysia, people acquired infections from pigs. It is not known whether this important epidemiological difference is driven primarily by differences between NiV Bangladesh (NiV-BD) and Malaysia (NiV-MY) at a virus level, or by environmental or host factors. In a time course study, ferrets were oronasally exposed to equivalent doses of NiV-BD or NiV-MY. More rapid onset of productive infection and higher levels of virus replication in respiratory tract tissues were seen for NiV-BD compared to NiV-MY, corroborating our previous report of increased oral shedding of NiV-BD in ferrets and suggesting a contributory mechanism for increased NiV-BD transmission between people compared to NiV-MY. However, we recognize that transmission occurs within a social and environmental framework that may have an important and differentiating role in NiV transmission rates. With this in mind, ferret-to-ferret transmission of NiV-BD and NiV-MY was assessed under differing viral exposure conditions. Transmission was not identified for either virus when naive ferrets were cohoused with experimentally-infected animals. In contrast, all naive ferrets developed acute infection following assisted and direct exposure to oronasal fluid from animals that were shedding either NiV-BD or NiV-MY. Our findings for ferrets indicate that, although NiV-BD may be shed at higher levels than NiV-MY, transmission risk may be equivalently low under exposure conditions provided by cohabitation alone. In contrast, active transfer of infected bodily fluids consistently results in transmission, regardless of the virus strain. These observations suggest that the risk of NiV transmission is underpinned by social and environmental factors, and will have practical implications for managing transmission risk during outbreaks of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/27341030���Clayton, Bronwyn A
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*Status asthmaticus
*extracorporeal membrane oxygenation (ECMO)
*mechanical ventilation
*pregnancy
*respiratory failure���Jan 2°��INTRODUCTION: Status asthmaticus can develop into a life-threatening disorder that requires mechanical ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes. Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-pregnant patients with status asthmaticus. CASE STUDY: A 25-year-old woman, who was 5 weeks pregnant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the patient's clinical condition as well as the gas exchange improved within the next few days. ECMO was removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial hematoma; the patient was diagnosed with abortus imminens and successfully treated with magnesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation. CONCLUSIONS: This is the first case report on the successful use of ECMO in a pregnant woman with severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechanical ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby, who was born without any complications.,��https://www.ncbi.nlm.nih.gov/pubmed/27340744Á��Steinack, Carolin
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One Health
Zoonoses���Junc��The appearance of novel pathogens of humans with epidemic potential and high mortality rates have threatened global health security for centuries. Over the past few decades new zoonotic infectious diseases of humans caused by pathogens arising from animal reservoirs have included West Nile virus, Yellow fever virus, Ebola virus, Nipah virus, Lassa Fever virus, Hanta virus, Dengue fever virus, Rift Valley fever virus, Crimean-Congo haemorrhagic fever virus, severe acute respiratory syndrome coronavirus, highly pathogenic avian influenza viruses, Middle East Respiratory Syndrome Coronavirus, and Zika virus. The recent Ebola Virus Disease epidemic in West Africa and the ongoing Zika Virus outbreak in South America highlight the urgent need for local, regional and international public health systems to be be more coordinated and better prepared. The One Health concept focuses on the relationship and interconnectedness between Humans, Animals and the Environment, and recognizes that the health and wellbeing of humans is intimately connected to the health of animals and their environment (and vice versa). Critical to the establishment of a One Health platform is the creation of a multidisciplinary team with a range of expertise including public health officers, physicians, veterinarians, animal husbandry specialists, agriculturalists, ecologists, vector biologists, viral phylogeneticists, and researchers to co-operate, collaborate to learn more about zoonotic spread between animals, humans and the environment and to monitor, respond to and prevent major outbreaks. We discuss the unique opportunities for Middle Eastern and African stakeholders to take leadership in building equitable and effective partnerships with all stakeholders involved in human and health systems to take forward a 'One Health' approach to control such zoonotic pathogens with epidemic potential.,��https://www.ncbi.nlm.nih.gov/pubmed/27321961���Zumla, Alimuddin
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Zoonoses/virologyÀ��Hendra virus (HeV) is an important emergent virus in Australia known to infect horses and humans in certain regions of the east coast. Whilst pteropid bats ("flying foxes") are considered the natural reservoir of HeV, which of the four mainland species is the principal reservoir has been a source of ongoing debate, particularly as shared roosting is common. To help resolve this, we sampled a colony consisting of just one of these species, the grey-headed flying fox, (Pteropus poliocephalus), at the southernmost extent of its range. Using the pooled urine sampling technique at approximately weekly intervals over a two year period, we determined the prevalence of HeV and related paramyxoviruses using a novel multiplex (Luminex) platform. Whilst all the pooled urine samples were negative for HeV nucleic acid, we successfully identified four other paramyxoviruses, including Cedar virus; a henipavirus closely related to HeV. Collection of serum from individually caught bats from the colony showed that antibodies to HeV, as estimated by a serological Luminex assay, were present in between 14.6% and 44.5% of animals. The wide range of the estimate reflects uncertainties in interpreting intermediate results. Interpreting the study in the context of HeV studies from states to the north, we add support for an arising consensus that it is the black flying fox and not the grey-headed flying fox that is the principal source of HeV in spillover events to horses.,��https://www.ncbi.nlm.nih.gov/pubmed/27304985ê��Burroughs, A L
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*Vaccine���Jun 246��Hendra virus (HeV) and Nipah virus (NiV) are zoonotic viruses that emerged in the mid to late 1990s causing disease outbreaks in livestock and people. HeV appeared in Queensland, Australia in 1994 causing a severe respiratory disease in horses along with a human case fatality. NiV emerged a few years later in Malaysia and Singapore in 1998-1999 causing a large outbreak of encephalitis with high mortality in people and also respiratory disease in pigs which served as amplifying hosts. The key pathological elements of HeV and NiV infection in several species of mammals, and also in people, are a severe systemic and often fatal neurologic and/or respiratory disease. In people, both HeV and NiV are also capable of causing relapsed encephalitis following recovery from an acute infection. The known reservoir hosts of HeV and NiV are several species of pteropid fruit bats. Spillovers of HeV into horses continue to occur in Australia and NiV has caused outbreaks in people in Bangladesh and India nearly annually since 2001, making HeV and NiV important transboundary biological threats. NiV in particular possesses several features that underscore its potential as a pandemic threat, including its ability to infect humans directly from natural reservoirs or indirectly from other susceptible animals, along with a capacity of limited human-to-human transmission. Several HeV and NiV animal challenge models have been developed which have facilitated an understanding of pathogenesis and allowed for the successful development of both active and passive immunization countermeasures.,��https://www.ncbi.nlm.nih.gov/pubmed/27154393-��Broder, Christopher C
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Viral Proteins/*immunology���Jul 15à��UNLABELLED: Nipah virus (NiV) is a highly lethal paramyxovirus that recently emerged as a causative agent of febrile encephalitis and severe respiratory disease in humans. The ferret model has emerged as the preferred small-animal model with which to study NiV disease, but much is still unknown about the viral determinants of NiV pathogenesis, including the contribution of the C protein in ferrets. Additionally, studies have yet to examine the synergistic effects of the various P gene products on pathogenesis in animal models. Using recombinant NiVs (rNiVs), we examine the sole contribution of the NiV C protein and the combined contributions of the C and W proteins in the ferret model of NiV pathogenesis. We show that an rNiV void of C expression resulted in 100% mortality, though with limited respiratory disease, like our previously reported rNiV void of W expression; this finding is in stark contrast to the attenuated phenotype observed in previous hamster studies utilizing rNiVs void of C expression. We also observed that an rNiV void of both C and W expression resulted in limited respiratory disease; however, there was severe neurological disease leading to 60% mortality, and the surviving ferrets demonstrated sequelae similar to those for human survivors of NiV encephalitis. IMPORTANCE: Nipah virus (NiV) is a human pathogen capable of causing lethal respiratory and neurological disease. Many human survivors have long-lasting neurological impairment. Using a ferret model, this study demonstrated the roles of the NiV C and W proteins in pathogenesis, where lack of either the C or the W protein independently decreased the severity of clinical respiratory disease but did not decrease lethality. Abolishing both C and W expression, however, dramatically decreased the severity of respiratory disease and the level of destruction of splenic germinal centers. These ferrets still suffered severe neurological disease: 60% succumbed to disease, and the survivors experienced long-term neurological impairment, such as that seen in human survivors. This new ferret NiV C and W knockout model may allow, for the first time, the examination of interventions to prevent or mitigate the neurological damage and sequelae experienced by human survivors.,��https://www.ncbi.nlm.nih.gov/pubmed/27147733���Satterfield, Benjamin A
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Vaccine���Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. aMPV belongs to the family Paramyxoviridae which includes many important human pathogens such as human respiratory syncytial virus (RSV), human metapneumovirus (hMPV), and human parainfluenza virus type 3 (PIV3). The family also includes highly lethal emerging pathogens such as Nipah virus and Hendra virus, as well as agriculturally important viruses such as Newcastle disease virus (NDV). For many of these viruses, there is no effective vaccine. Here, we describe a reverse genetics approach to develop live attenuated aMPV vaccines by inhibiting the viral mRNA cap methyltransferase. The viral mRNA cap methyltransferase is an excellent target for the attenuation of paramyxoviruses because it plays essential roles in mRNA stability, efficient viral protein translation and innate immunity. We have described in detail the materials and methods used to generate recombinant aMPVs that lack viral mRNA cap methyltransferase activity. We have also provided methods to evaluate the genetic stability, pathogenesis, and immunogenicity of live aMPV vaccine candidates in turkeys.,��https://www.ncbi.nlm.nih.gov/pubmed/270762932��Zhang, Yu
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Transmission���Mar 25m��BACKGROUND: Nipah virus (NiV) first emerged in Malaysia in 1998, with two bat species (Pteropus hypomelanus and P. vampyrus) as the putative natural reservoirs. In 2002, NiV IgG antibodies were detected in these species from Thailand, but viral RNA could not be detected for strain characterization. Two strains of NiV (Malaysia and Bangladesh) have been found in P. lylei in central Thailand, although Bangladesh strain, the causative strain for the outbreak in Bangladesh since 2001, was dominant. To understand the diversity of NiV in Thailand, this study identified NiV strain, using molecular characterizations, from P. hypomelanus in southern Thailand. FINDINGS: Pooled bat urine specimens were collected from plastic sheet underneath bat roosts in April 2010, and then monthly from December 2010 to May 2011 at an island in southern Thailand. Five in 184 specimens were positive for NiV, using duplex nested RT-PCR assay on partial nucleocapsid fragment (357 bp). Whole sequences of nucleocapsid gene from four bats were characterized. All 5 partial fragments and 4 whole nucleocapsid genes formed a monophyletic with NiV-MY. CONCLUSIONS: Our study showed that P. hypomelanus in southern Thailand and from Malaysia, a bordering country, harbored similar NiV. This finding indicates that NiV is not limited to central Thailand or P. lylei species, and it may be a source of inter-species transmission. This indicates a higher potential for a widespread NiV outbreak in Thailand. NiV surveillance in Pteropus bats, the major natural reservoirs, should be conducted continuously in countries or regions with high susceptibility to outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/270162376��Wacharapluesadee, Supaporn
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viruses���AprÆ��Nipah virus (NiV) is a paramyxovirus, and Pteropus spp. bats are the natural reservoir. From December 2010 through March 2014, hospital-based encephalitis surveillance in Bangladesh identified 18 clusters of NiV infection. The source of infection for case-patients in 3 clusters in 2 districts was unknown. A team of epidemiologists and anthropologists investigated these 3 clusters comprising 14 case-patients, 8 of whom died. Among the 14 case-patients, 8 drank fermented date palm sap (tari) regularly before their illness, and 6 provided care to a person infected with NiV. The process of preparing date palm trees for tari production was similar to the process of collecting date palm sap for fresh consumption. Bat excreta was reportedly found inside pots used to make tari. These findings suggest that drinking tari is a potential pathway of NiV transmission. Interventions that prevent bat access to date palm sap might prevent tari-associated NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26981928J��Islam, M Saiful
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Rig-i���MarS��The recognition of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRR) during viral infection initiates the induction of antiviral signaling pathways, including activation of the Interferon Regulator Factor 3 (IRF3). We identified small molecule compounds that activate IRF3 through MAVS, thereby inhibiting infection by viruses of the families Flaviviridae (West Nile virus, dengue virus and hepatitis C virus), Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus) and Paramyxoviridae (respiratory syncytial virus, Nipah virus) (1). In this study, we tested a lead compound along with medicinal chemistry-derived analogs to compare the gene transcriptional profiles induced by these molecules to that of other known MAVS-dependent IRF3 agonists. Transcriptional analysis of these small molecules revealed the induction of specific antiviral genes and identified a novel module of host driven immune regulated genes that suppress infection of a range of RNA viruses. Microarray data can be found in Gene Expression Omnibus (GSE74047).,��https://www.ncbi.nlm.nih.gov/pubmed/26981429æ��Green, R R
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Zoonoses/epidemiology/transmission/virology���FebO��Hendra virus causes acute and highly fatal infection in horses and humans. Pteropid bats (flying-foxes) are the natural host of the virus, with age and species being risk factors for infection. Urine is the primary route of excretion in flying-foxes, with viral RNA more frequently detected in Pteropus alecto and P. conspicillatus than other species. Infection prevalence in flying-foxes can vary between and within years, with a winter peak of excretion occurring in some regions. Vertical transmission and recrudescing infection has been reported in flying-foxes, but horizontal transmission is evidently the primary mode of transmission. The most parsimonious mode of flying-fox to horse transmission is equine contact (oro-nasal, conjunctival) with infected flying-fox urine, either directly, or via urine-contaminated pasture or surfaces. Horse to horse transmission is inefficient, requiring direct contact with infected body fluids. Flying-fox to human transmission has not been recorded; all human cases have been associated with close and direct contact with infected horses. Canine cases (subclinical) have also been limited to equine case properties. Notwithstanding the recent availability of an effective vaccine for horses, a comprehensive understanding of Hendra virus ecology and transmission is essential to limit inter-species transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26978066¹��Field, Hume E
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*Subunit vaccine���Jun 3·��Nipah virus (NiV) is a highly pathogenic, recently emerged paramyxovirus that has been responsible for sporadic outbreaks of respiratory and encephalitic disease in Southeast Asia. High case fatality rates have also been associated with recent outbreaks in Malaysia and Bangladesh. Although over two billion people currently live in regions in which NiV is endemic or in which the Pteropus fruit bat reservoir is commonly found, there is no approved vaccine to protect against NiV disease. This report examines the feasibility and current efforts to develop a NiV vaccine including potential hurdles for technical and regulatory assessment of candidate vaccines and the likelihood for financing.,��https://www.ncbi.nlm.nih.gov/pubmed/26973068µ��Satterfield, Benjamin A
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Universal vaccine���AprÚ��Nipah virus and Hendra virus, two members of the genus Henipavirus, are newly emerging zoonotic pathogens which cause acute respiratory illness and severe encephalitis in human. Lack of the effective antiviral therapy endorses the urgency for the development of vaccine against these deadly viruses. In this study, we employed various computational approaches to identify epitopes which has the potential for vaccine development. By analyzing the immune parameters of the conserved sequences of G glycoprotein using various databases and bioinformatics tools, we identified two potential epitopes which may be used as peptide vaccines. Using different B cell epitope prediction servers, four highly similar B cell epitopes were identified. Immunoinformatics analyses revealed that LAEDDTNAQKT is a highly flexible and accessible B-cell epitope to antibody. Highly similar putative CTL epitopes were analyzed for their binding with the HLA-C 12*03 molecule. Docking simulation assay revealed that LTDKIGTEI has significantly lower binding energy, which bolstered its potential as epitope-based vaccine design. Finally, cytotoxicity analysis has also justified their potential as promising epitope-based vaccine candidate. In sum, our computational analysis indicates that either LAEDDTNAQKT or LTDKIGTEI epitope holds a promise for the development of universal vaccine against all kinds of pathogenic Henipavirus. Further in vivo and in vitro studies are necessary to validate the obtained findings.,��https://www.ncbi.nlm.nih.gov/pubmed/26970211ï��Parvege, Md Masud
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Virus Replication/physiology���May
��Nipah virus (NiV) is an emerging paramyxovirus that can cause lethal respiratory illness in humans. No vaccine/therapeutic is currently licensed for humans. Human-to-human transmission was previously reported during outbreaks and NiV could be isolated from respiratory secretions, but the proportion of cases in Malaysia exhibiting respiratory symptoms was significantly lower than that in Bangladesh. Previously, we showed that primary human basal respiratory epithelial cells are susceptible to both NiV-Malaysia (M) and -Bangladesh (B) strains causing robust pro-inflammatory responses. However, the cells of the human respiratory epithelium that NiV targets are unknown and their role in NiV transmission and NiV-related lung pathogenesis is still poorly understood. Here, we characterized NiV infection of the human respiratory epithelium using a model of the human tracheal/bronchial (B-ALI) and small airway (S-ALI) epithelium cultured at an air-liquid interface. We show that NiV-M and NiV-B infect ciliated and secretory cells in B/S-ALI, and that infection of S-ALI, but not B-ALI, results in disruption of the epithelium integrity and host responses recruiting human immune cells. Interestingly, NiV-B replicated more efficiently in B-ALI than did NiV-M. These results suggest that the human tracheal/bronchial epithelium is favourable to NiV replication and shedding, while inducing a limited host response. Our data suggest that the small airways epithelium is prone to inflammation and lesions as well as constituting a point of virus entry into the pulmonary vasculature. The use of relevant models of the human respiratory tract, such as B/S-ALI, is critical for understanding NiV-related lung pathogenesis and identifying the underlying mechanisms allowing human-to-human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/269325151��Escaffre, Olivier
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Japan
*Safety
Virulenceæ��Although a globe box-type highly contained laboratory with the internationally-recognized biosafety level-4 standards has been constructed in the Murayama Annex, the National Institute of Infectious Diseases, Tokyo, Japan (NIID) in 1981, the laboratory has never been operated as BSL-4 laboratory since its construction. Furthermore, there are no other BSL-4 laboratories in operation in Japan. The evidence indicates that infectious BSL-4 pathogens such as Ebola and Marburg viruses cannot be manipulated in Japan, making it impossible to study the BSL-4 pathogens using the infectious viruses. A large-scale outbreak of ebolavirus disease (EVD) has occurred in the western Africa such as Guinea, Sierra Leone, and Liberia. Furthermore, the highly pathogenic pathogens' infectious diseases outbreaks such as SARS, Nipah encephalitis, Middle East respiratory syndrome (MERS) have emerged in the world. However, BSL-4 laboratories are not present in Japan, making it difficult to study these pathogens and infectious diseases. Because these emerging virus infections are caused by the zoonotic pathogens, the eradiation and the elimination of these infectious diseases are impossible. We need to develop the diagnostics, therapeutics, and preventive measures based on the studies of the highly pathogenic pathogens more in detail using the infectious microbes. Therefore, BSL-4 in operation in Japan is required to minimize the risk of and combat these emerging highly pathogenic pathogens' infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/26923962s��Saijo, Masayuki
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interferon���Mar 8Ú��Bats harbor many emerging and reemerging viruses, several of which are highly pathogenic in other mammals but cause no clinical signs of disease in bats. To determine the role of interferons (IFNs) in the ability of bats to coexist with viruses, we sequenced the type I IFN locus of the Australian black flying fox, Pteropus alecto, providing what is, to our knowledge, the first gene map of the IFN region of any bat species. Our results reveal a highly contracted type I IFN family consisting of only 10 IFNs, including three functional IFN-alpha loci. Furthermore, the three IFN-alpha genes are constitutively expressed in unstimulated bat tissues and cells and their expression is unaffected by viral infection. Constitutively expressed IFN-alpha results in the induction of a subset of IFN-stimulated genes associated with antiviral activity and resistance to DNA damage, providing evidence for a unique IFN system that may be linked to the ability of bats to coexist with viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26903655Ò��Zhou, Peng
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*Virus Internalization���FebÁ��O-linked glycosylation is a ubiquitous protein modification in organisms belonging to several kingdoms. Both microbial and host protein glycans are used by many pathogens for host invasion and immune evasion, yet little is known about the roles of O-glycans in viral pathogenesis. Reportedly, there is no single function attributed to O-glycans for the significant paramyxovirus family. The paramyxovirus family includes many important pathogens, such as measles, mumps, parainfluenza, metapneumo- and the deadly Henipaviruses Nipah (NiV) and Hendra (HeV) viruses. Paramyxoviral cell entry requires the coordinated actions of two viral membrane glycoproteins: the attachment (HN/H/G) and fusion (F) glycoproteins. O-glycan sites in HeV G were recently identified, facilitating use of the attachment protein of this deadly paramyxovirus as a model to study O-glycan functions. We mutated the identified HeV G O-glycosylation sites and found mutants with altered cell-cell fusion, G conformation, G/F association, viral entry in a pseudotyped viral system, and, quite unexpectedly, pseudotyped viral F protein incorporation and processing phenotypes. These are all important functions of viral glycoproteins. These phenotypes were broadly conserved for equivalent NiV mutants. Thus our results identify multiple novel and pathologically important functions of paramyxoviral O-glycans, paving the way to study O-glycan functions in other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26867212���Stone, Jacquelyn A
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*Virus Internalization���May���The amino-terminal cytoplasmic domains of paramyxovirus attachment glycoproteins include trafficking signals that influence protein processing and cell surface expression. To characterize the role of the cytoplasmic domain in protein expression, fusion support and particle assembly in more detail, we constructed chimeric Nipah virus (NiV) glycoprotein (G) and canine distemper virus (CDV) haemagglutinin (H) proteins carrying the respective heterologous cytoplasmic domain, as well as a series of mutants with progressive deletions in this domain. CDV H retained fusion function and was normally expressed on the cell surface with a heterologous cytoplasmic domain, while the expression and fusion support of NiV G was dramatically decreased when its cytoplasmic domain was replaced with that of CDV H. The cell surface expression and fusion support functions of CDV H were relatively insensitive to cytoplasmic domain deletions, while short deletions in the corresponding region of NiV G dramatically decreased both. In addition, the first 10 residues of the CDV H cytoplasmic domain strongly influence its incorporation into virus-like particles formed by the CDV matrix (M) protein, while the co-expression of NiV M with NiV G had no significant effect on incorporation of G into particles. The cytoplasmic domains of both the CDV H and NiV G proteins thus contribute differently to the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/26813519å��Sawatsky, Bevan
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Immunotherapy
Influenza���Feb 24ß��BACKGROUND: Passive immunotherapy using polyclonal antibodies (immunoglobulins) has been used for over a century in the treatment and post-exposure prophylaxis of various infections and toxins. Heterologous polyclonal antibodies are obtained from animals hyperimmunised with a pathogen or toxin. AIMS: The aims of this review are to examine the history of animal polyclonal antibody therapy use, their development into safe and effective products and the potential application to humans for emerging and neglected infectious diseases. METHODS: A literature search of OVID Medline and OVID Embase databases was undertaken to identify articles on the safety, efficacy and ongoing development of polyclonal antibodies. The search contained database-specific MeSH and EMTREE terms in combination with pertinent text-words: polyclonal antibodies and rare/neglected diseases, antivenins, immunoglobulins, serum sickness, anaphylaxis, drug safety, post marketing surveillance, rabies, human influenza, Dengue, West Nile, Nipah, Hendra, Marburg, MERS, Hemorrhagic Fever Virus, and Crimean-Congo. No language limits were applied. The final search was completed on 20.06.2015. Of 1960 articles, title searches excluded many irrelevant articles, yielding 303 articles read in full. Of these, 179 are referenced in this study. RESULTS: Serum therapy was first used in the 1890s against diphtheria. Early preparation techniques yielded products contaminated with reactogenic animal proteins. The introduction of enzymatic digestion, and purification techniques substantially improved their safety profile. The removal of the Fc fragment of antibodies further reduces hypersensitivity reactions. Clinical studies have demonstrated the efficacy of polyclonal antibodies against various infections, toxins and venoms. Products are being developed against infections for which prophylactic and therapeutic options are currently limited, such as avian influenza, Ebola and other zoonotic viruses. CONCLUSIONS: Polyclonal antibodies have been successfully applied to rabies, envenomation and intoxication. Polyclonal production provides an exciting opportunity to revolutionise the prognosis of both longstanding neglected tropical diseases as well as emerging infectious threats to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26802604Ë��Dixit, Rashmi
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Virus Release���Jan 20Ô	�UNLABELLED: Paramyxovirus particles are formed by a budding process coordinated by viral matrix (M) proteins. M proteins coalesce at sites underlying infected cell membranes and induce other viral components, including viral glycoproteins and viral ribonucleoprotein complexes (vRNPs), to assemble at these locations from which particles bud. M proteins interact with the nucleocapsid (NP or N) components of vRNPs, and these interactions enable production of infectious, genome-containing virions. For the paramyxoviruses parainfluenza virus 5 (PIV5) and mumps virus, M-NP interaction also contributes to efficient production of virus-like particles (VLPs) in transfected cells. A DLD sequence near the C-terminal end of PIV5 NP protein was previously found to be necessary for M-NP interaction and efficient VLP production. Here, we demonstrate that 15-residue-long, DLD-containing sequences derived from either the PIV5 or Nipah virus nucleocapsid protein C-terminal ends are sufficient to direct packaging of a foreign protein, Renilla luciferase, into budding VLPs. Mumps virus NP protein harbors DWD in place of the DLD sequence found in PIV5 NP protein, and consequently, PIV5 NP protein is incompatible with mumps virus M protein. A single amino acid change converting DLD to DWD within PIV5 NP protein induced compatibility between these proteins and allowed efficient production of mumps VLPs. Our data suggest a model in which paramyxoviruses share an overall common strategy for directing M-NP interactions but with important variations contained within DLD-like sequences that play key roles in defining M/NP protein compatibilities. IMPORTANCE: Paramyxoviruses are responsible for a wide range of diseases that affect both humans and animals. Paramyxovirus pathogens include measles virus, mumps virus, human respiratory syncytial virus, and the zoonotic paramyxoviruses Nipah virus and Hendra virus. Infectivity of paramyxovirus particles depends on matrix-nucleocapsid protein interactions which enable efficient packaging of encapsidated viral RNA genomes into budding virions. In this study, we have defined regions near the C-terminal ends of paramyxovirus nucleocapsid proteins that are important for matrix protein interaction and that are sufficient to direct a foreign protein into budding particles. These results advance our basic understanding of paramyxovirus genome packaging interactions and also have implications for the potential use of virus-like particles as protein delivery tools.,��https://www.ncbi.nlm.nih.gov/pubmed/26792745ä��Ray, Greeshma
Schmitt, Phuong Tieu
Schmitt, Anthony P
eng
AI057168/AI/NIAID NIH HHS/
AI070925/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2016/01/23 06:00
J Virol. 2016 Jan 20;90(7):3650-60. doi: 10.1128/JVI.02673-15.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4794684���26792745}��Department of Veterinary and Biomedical Sciences, The Pennsylvania State University, University Park, Pennsylvania, USA.
Department of Veterinary and Biomedical Sciences, The Pennsylvania State University, University Park, Pennsylvania, USA Center for Molecular Immunology and Infectious Disease, The Pennsylvania State University, University Park, Pennsylvania, USA aps13@psu.edu.���10.1128/JVI.02673-15������üÖ|ÿþ?ñ������Steffen, I.
Simmons, G.���2016@��Pseudotyping Viral Vectors With Emerging Virus Envelope Proteins���47-55���Curr Gene Ther���16���1ú��Antibodies, Neutralizing/genetics
Coronavirus/genetics
Drug Evaluation, Preclinical/*methods
Ebolavirus/genetics
Genetic Therapy/*methods
*Genetic Vectors
Nipah Virus/genetics
Viral Envelope Proteins/*genetics
Viral Tropism/*physiology
Viral Vaccines©��Previously unidentified viruses, such as Middle East respiratory syndrome coronavirus, continue to emerge and threaten populations, while powerful new techniques have identified many new human and animal viruses. Similarly, existing viruses, from Ebola virus to chikungunya virus, are reemerging and spreading to new geographical regions. These viruses often pose a challenge for researchers to study due to their highly pathogenic nature. Lentiviral and rhabdoviral pseudotypes are excellent tools for studying enveloped viruses and have contributed to many recent advances in areas such as receptor usage, viral entry and serology. In particular, pseudotypes allow the safe study of unknown or highly pathogenic viruses. They also allow the initial characterization of aspects of infection such as cellular tropism for difficult to culture viruses. In this review we will introduce various pseudotyping systems for emerging viruses, including chikungunya virus, Ebola virus, SARS and MERS coronaviruses and Nipah virus, as well as their use in diverse studies including drug screening and antibody neutralization. We will also discuss the limitations and potential caveats using pseudotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/26785737p��Steffen, Imke
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Virus Replication/genetics���AprË��Incorporation of reporter genes within virus genomes is an indispensable tool for interrogation of virus biology and pathogenesis. In previous work, we incorporated a fluorophore into a viral ORF by attaching it to the viral gene via a P2A ribosomal skipping sequence. This recombinant Nipah virus, however, was attenuated in vitro relative to WT virus. In this work, we determined that inefficient ribosomal skipping was a major contributing factor to this attenuation. Inserting a GSG linker before the P2A sequence resulted in essentially complete skipping, significantly improved growth in vitro, and WT lethality in vivo. To the best of our knowledge, this represents the first time a recombinant virus of Mononegavirales with integration of a reporter into a viral ORF has been compared with the WT virus in vivo. Incorporating the GSG linker for improved skipping efficiency whenever functionally important is a critical consideration for recombinant virus design.,��https://www.ncbi.nlm.nih.gov/pubmed/26781134¹��Park, Arnold
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Prescott, J.���2016}��Peri-exposure protection against Nipah virus disease using a single-dose recombinant vesicular stomatitis virus-based vaccine���NPJ Vaccines���1���Nipah virus is a zoonotic paramyxovirus that causes severe disease in humans and animals. Due to almost yearly outbreaks in Bangladesh, and a large outbreak in Malaysia that lead to the shutdown of swine export, Nipah virus is both a threat to public health and the economy. Infection is associated with respiratory distress, encephalitis and human-to-human transmission, resulting in high case fatality rates during outbreaks. This study aims to address the amount of time needed until protection from a recombinant vesicular stomatitis virus-based vaccine candidate expressing the Nipah virus glycoprotein (G), which we have previously shown to protect hamsters and non-human primates when administered 28 days before challenge. We found that a single-dose vaccination, when administered 1 day before challenge, reduced viral load, limited pathology and fully protected hamsters from Nipah virus infection. The vaccine was even partially protective when administered at early time points following challenge with Nipah virus. These data indicate that a single administration of this vaccine to high-risk individuals, such as family members and health-care workers of infected patients, could be protective and useful for reducing human-to-human transmission and curbing an outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/28706736Ú��DeBuysscher, Blair L
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paramyxovirus F protein���Jan 26®��Hendra virus (HeV) is one of the two prototypical members of the Henipavirus genus of paramyxoviruses, which are designated biosafety level 4 (BSL-4) organisms due to the high mortality rate of Nipah virus (NiV) and HeV in humans. Paramyxovirus cell entry is mediated by the fusion protein, F, in response to binding of a host receptor by the attachment protein. During posttranslational processing, the fusion peptide of F is released and, upon receptor-induced triggering, inserts into the host cell membrane. As F undergoes a dramatic refolding from its prefusion to postfusion conformation, the fusion peptide brings the host and viral membranes together, allowing entry of the viral RNA. Here, we present the crystal structure of the prefusion form of the HeV F ectodomain. The structure shows very high similarity to the structure of prefusion parainfluenza virus 5 (PIV5) F, with the main structural differences in the membrane distal apical loops and the fusion peptide cleavage loop. Functional assays of mutants show that the apical loop can tolerate perturbation in length and surface residues without loss of function, except for residues involved in the stability and conservation of the F protein fold. Structure-based disulfide mutants were designed to anchor the fusion peptide to conformationally invariant residues of the F head. Two mutants were identified that inhibit F-mediated fusion by stabilizing F in its prefusion conformation.,��https://www.ncbi.nlm.nih.gov/pubmed/26712026¸��Wong, Joyce J W
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Viral Proteins/genetics/*immunology���Mar���IFN-antagonist function is a major determinant of pathogenicity and cross-species infection by viruses, but remains poorly defined for many potentially zoonotic viruses resident in animal species. The paramyxovirus family contains several zoonotic viruses, including highly pathogenic viruses such as Nipah virus and Hendra virus, and an increasing number of largely uncharacterized animal viruses. Here, we report the characterization of IFN antagonism by the rodent viruses J virus (JPV) and Beilong virus (BeiPV) of the proposed genus Jeilongvirus of the paramyxoviruses. Infection of cells by JPV and BeiPV was found to inhibit IFN-activated nuclear translocation of signal transducer and activator of transcription 1 (STAT1). However, in contrast to most other paramyxoviruses, the JPV and BeiPV V proteins did not interact with or inhibit signalling by STAT1 or STAT2, suggesting that JPV/BeiPV use an atypical V protein-independent strategy to target STATs, consistent with their inclusion in a separate genus. Nevertheless, the V proteins of both viruses interacted with melanoma differentiation-associated protein 5 (MDA5) and robustly inhibited MDA5-dependent activation of the IFN-beta promoter. This supports a growing body of evidence that MDA5 is a universal target of paramyxovirus V proteins, such that the V-MDA5 interaction represents a potential target for broad-spectrum antiviral approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/26703878 ��Audsley, Michelle D
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split-GFP���Feby��Despite the partial disorder-to-order transition that intrinsically disordered proteins often undergo upon binding to their partners, a considerable amount of residual disorder may be retained in the bound form, resulting in a fuzzy complex. Fuzzy regions flanking molecular recognition elements may enable partner fishing through non-specific, transient contacts, thereby facilitating binding, but may also disfavor binding through various mechanisms. So far, few computational or experimental studies have addressed the effect of fuzzy appendages on partner recognition by intrinsically disordered proteins. In order to shed light onto this issue, we used the interaction between the intrinsically disordered C-terminal domain of the measles virus (MeV) nucleoprotein (NTAIL ) and the X domain (XD) of the viral phosphoprotein as model system. After binding to XD, the N-terminal region of NTAIL remains conspicuously disordered, with alpha-helical folding taking place only within a short molecular recognition element. To study the effect of the N-terminal fuzzy region on NTAIL /XD binding, we generated N-terminal truncation variants of NTAIL , and assessed their binding abilities towards XD. The results revealed that binding increases with shortening of the N-terminal fuzzy region, with this also being observed with hsp70 (another MeV NTAIL binding partner), and for the homologous NTAIL /XD pairs from the Nipah and Hendra viruses. Finally, similar results were obtained when the MeV NTAIL fuzzy region was replaced with a highly dissimilar artificial disordered sequence, supporting a sequence-independent inhibitory effect of the fuzzy region.,��https://www.ncbi.nlm.nih.gov/pubmed/26684000h��Gruet, Antoine
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Virosomes/*immunology���Dec 16'��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pronounced infection of brain endothelia and central nervous system (CNS) inflammation. Using primary porcine brain microvascular endothelial cells, we showed that upregulation of E-selectin precedes cytokine induction and is induced not only by infectious NiV but also by NiV-glycoprotein-containing virus-like particles. This demonstrates that very early events in NiV brain endothelial infection do not depend on NiV replication but can be triggered by the NiV glycoproteins alone.,��https://www.ncbi.nlm.nih.gov/pubmed/26676791���Freitag, Tanja C
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Virus Replication���Dec 16p��UNLABELLED: Nipah virus (NiV) causes fatal encephalitic infections in humans. To characterize the role of the matrix (M) protein in the viral life cycle, we generated a reverse genetics system based on NiV strain Malaysia. Using an enhanced green fluorescent protein (eGFP)-expressing M protein-deleted NiV, we observed a slightly increased cell-cell fusion, slow replication kinetics, and significantly reduced peak titers compared to the parental virus. While increased amounts of viral proteins were found in the supernatant of cells infected with M-deleted NiV, the infectivity-to-particle ratio was more than 100-fold reduced, and the particles were less thermostable and of more irregular morphology. Taken together, our data demonstrate that the M protein is not absolutely required for the production of cell-free NiV but is necessary for proper assembly and release of stable infectious NiV particles. IMPORTANCE: Henipaviruses cause a severe disease with high mortality in human patients. Therefore, these viruses can be studied only in biosafety level 4 (BSL-4) laboratories, making it more challenging to characterize their life cycle. Here we investigated the role of the Nipah virus matrix protein in virus-mediated cell-cell fusion and in the formation and release of newly produced particles. We found that even though low levels of infectious viruses are produced in the absence of the matrix protein, it is required for the release of highly infectious and stable particles. Fusogenicity of matrixless viruses was slightly enhanced, further demonstrating the critical role of this protein in different steps of Nipah virus spread.,��https://www.ncbi.nlm.nih.gov/pubmed/26676785A��Dietzel, Erik
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Virus Replication/*drug effects���Dec 16���UNLABELLED: The cellular response to virus infection is initiated when pathogen recognition receptors (PRR) engage viral pathogen-associated molecular patterns (PAMPs). This process results in induction of downstream signaling pathways that activate the transcription factor interferon regulatory factor 3 (IRF3). IRF3 plays a critical role in antiviral immunity to drive the expression of innate immune response genes, including those encoding antiviral factors, type 1 interferon, and immune modulatory cytokines, that act in concert to restrict virus replication. Thus, small molecule agonists that can promote IRF3 activation and induce innate immune gene expression could serve as antivirals to induce tissue-wide innate immunity for effective control of virus infection. We identified small molecule compounds that activate IRF3 to differentially induce discrete subsets of antiviral genes. We tested a lead compound and derivatives for the ability to suppress infections caused by a broad range of RNA viruses. Compound administration significantly decreased the viral RNA load in cultured cells that were infected with viruses of the family Flaviviridae, including West Nile virus, dengue virus, and hepatitis C virus, as well as viruses of the families Filoviridae (Ebola virus), Orthomyxoviridae (influenza A virus), Arenaviridae (Lassa virus), and Paramyxoviridae (respiratory syncytial virus, Nipah virus) to suppress infectious virus production. Knockdown studies mapped this response to the RIG-I-like receptor pathway. This work identifies a novel class of host-directed immune modulatory molecules that activate IRF3 to promote host antiviral responses to broadly suppress infections caused by RNA viruses of distinct genera. IMPORTANCE: Incidences of emerging and reemerging RNA viruses highlight a desperate need for broad-spectrum antiviral agents that can effectively control infections caused by viruses of distinct genera. We identified small molecule compounds that can selectively activate IRF3 for the purpose of identifying drug-like molecules that can be developed for the treatment of viral infections. Here, we report the discovery of a hydroxyquinoline family of small molecules that can activate IRF3 to promote cellular antiviral responses. These molecules can prophylactically or therapeutically control infection in cell culture by pathogenic RNA viruses, including West Nile virus, dengue virus, hepatitis C virus, influenza A virus, respiratory syncytial virus, Nipah virus, Lassa virus, and Ebola virus. Our study thus identifies a class of small molecules with a novel mechanism to enhance host immune responses for antiviral activity against a variety of RNA viruses that pose a significant health care burden and/or that are known to cause infections with high case fatality rates.,��https://www.ncbi.nlm.nih.gov/pubmed/26676770>��Pattabhi, Sowmya
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slips���AugÁ��Slip-induced falls are among the most common cause of major occupational injuries in the UK as well as being a major public health concern in the elderly population. This study aimed to determine the optimal fall indicators for fall detection models which could be used to reduce the detrimental consequences of falls. A total of 264 kinematic variables covering three-dimensional full body model translation and rotational measures were analysed during normal walking, successful recovery from slips and falls on a cross-slope. Large effect sizes were found for three kinematic variables which were able to distinguish falls from normal walking and successful recovery. Further work should consider other types of daily living activities as results show that the optimal kinematic fall indicators can vary considerably between movement types. Practitioner Summary: Fall detection models are used to minimise the adverse consequences of slip-induced falls, a major public health concern. Optimal fall indicators were derived from a comprehensive set of kinematic variables for slips on a cross-slope. Results suggest robust detection of falls is possible on a cross-slope but may be more difficult than level walking.,��https://www.ncbi.nlm.nih.gov/pubmed/26666625É��Domone, Sarah
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*Virus Internalization���Decÿ��Nipah virus (NiV) is a paramyxovirus that infects host cells through the coordinated efforts of two envelope glycoproteins. The G glycoprotein attaches to cell receptors, triggering the fusion (F) glycoprotein to execute membrane fusion. Here we report the first crystal structure of the pre-fusion form of the NiV-F glycoprotein ectodomain. Interestingly this structure also revealed a hexamer-of-trimers encircling a central axis. Electron tomography of Nipah virus-like particles supported the hexameric pre-fusion model, and biochemical analyses supported the hexamer-of-trimers F assembly in solution. Importantly, structure-assisted site-directed mutagenesis of the interfaces between F trimers highlighted the functional relevance of the hexameric assembly. Shown here, in both cell-cell fusion and virus-cell fusion systems, our results suggested that this hexamer-of-trimers assembly was important during fusion pore formation. We propose that this assembly would stabilize the pre-fusion F conformation prior to cell attachment and facilitate the coordinated transition to a post-fusion conformation of all six F trimers upon triggering of a single trimer. Together, our data reveal a novel and functional pre-fusion architecture of a paramyxoviral fusion glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/26646856���Xu, Kai
Chan, Yee-Peng
Bradel-Tretheway, Birgit
Akyol-Ataman, Zeynep
Zhu, Yongqun
Dutta, Somnath
Yan, Lianying
Feng, YanRu
Wang, Lin-Fa
Skiniotis, Georgios
Lee, Benhur
Zhou, Z Hong
Broder, Christopher C
Aguilar, Hector C
Nikolov, Dimitar B
eng
R01 AI109022/AI/NIAID NIH HHS/
AI054715/AI/NIAID NIH HHS/
AI077995/AI/NIAID NIH HHS/
NS38586/NS/NINDS NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2015/12/10 06:00
PLoS Pathog. 2015 Dec 8;11(12):e1005322. doi: 10.1371/journal.ppat.1005322. eCollection 2015 Dec.*��1553-7374 (Electronic)
1553-7366 (Linking)
��PMC4672880���26646856D��Structural Biology Program, Memorial Sloan-Kettering Cancer Center, New York, New York, United States of America.
Department of Microbiology and Immunology, Uniformed Services University, Bethesda, Maryland, United States of America.
Paul G. Allen School for Global Animal Health, Washington State University, Pullman, Washington, United States of America.
Department of Microbiology, Immunology and Molecular Genetics, University of California, Los Angeles, David Geffen School of Medicine, Los Angeles, California, United States of America.
Life Sciences Institute and Innovation Center for Cell Biology, Zhejiang University, Hangzhou, Zhejiang, China.
Life Sciences Institute, University of Michigan, Ann Arbor, Michigan, United States of America.
CSIRO Animal, Food and Health Sciences, Australian Animal Health Laboratory, Geelong, Victoria, Australia.
Program in Emerging Infectious Diseases, Duke-NUS Graduate Medical School, Singapore, Singapore.
Department of Biological Chemistry, University of Michigan Medical School, Ann Arbor, Michigan, United States of America.
Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, United States of America.
California NanoSystems Institute, University of California, Los Angeles, David Geffen School of Medicine, Los Angeles, California, United States of America.���10.1371/journal.ppat.1005322����è��üÖtÿî?ü������Field, H.
Jordan, D.
Edson, D.
Morris, S.
Melville, D.
Parry-Jones, K.
Broos, A.
Divljan, A.
McMichael, L.
Davis, R.
Kung, N.
Kirkland, P.
Smith, C.���2015e��Spatiotemporal Aspects of Hendra Virus Infection in Pteropid Bats (Flying-Foxes) in Eastern Australia���e0144055���PLoS One���10���12���Animals
Chiroptera/*virology
Hendra Virus/*genetics
Henipavirus Infections/*virology
New South Wales
Queensland
RNA, Viral/genetics
SeasonsÌ��Hendra virus (HeV) causes highly lethal disease in horses and humans in the eastern Australian states of Queensland (QLD) and New South Wales (NSW), with multiple equine cases now reported on an annual basis. Infection and excretion dynamics in pteropid bats (flying-foxes), the recognised natural reservoir, are incompletely understood. We sought to identify key spatial and temporal factors associated with excretion in flying-foxes over a 2300 km latitudinal gradient from northern QLD to southern NSW which encompassed all known equine case locations. The aim was to strengthen knowledge of Hendra virus ecology in flying-foxes to improve spillover risk prediction and exposure risk mitigation strategies, and thus better protect horses and humans. Monthly pooled urine samples were collected from under roosting flying-foxes over a three-year period and screened for HeV RNA by quantitative RT-PCR. A generalised linear model was employed to investigate spatiotemporal associations with HeV detection in 13,968 samples from 27 roosts. There was a non-linear relationship between mean HeV excretion prevalence and five latitudinal regions, with excretion moderate in northern and central QLD, highest in southern QLD/northern NSW, moderate in central NSW, and negligible in southern NSW. Highest HeV positivity occurred where black or spectacled flying-foxes were present; nil or very low positivity rates occurred in exclusive grey-headed flying-fox roosts. Similarly, little red flying-foxes are evidently not a significant source of virus, as their periodic extreme increase in numbers at some roosts was not associated with any concurrent increase in HeV detection. There was a consistent, strong winter seasonality to excretion in the southern QLD/northern NSW and central NSW regions. This new information allows risk management strategies to be refined and targeted, mindful of the potential for spatial risk profiles to shift over time with changes in flying-fox species distribution.,��https://www.ncbi.nlm.nih.gov/pubmed/26625128L��Field, Hume
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Protein expression���Feb���Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus that has caused severe morbidity and mortality in humans and horses in Australia since 1994. HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) glycoproteins, that are essential for receptor binding and fusion of viral and cellular membranes. The eukaryotic unicellular parasite Leishmania tarentolae has recently been established as a powerful tool to express recombinant proteins with mammalian-like glycosylation patterns, but only few viral proteins have been expressed in this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting the preserved antigenicity of the purified protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26585033P��Fischer, Kerstin
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viruses���Dec>��Hendra virus occasionally causes severe disease in horses and humans. In Australia in 2013, infection was detected in a dog that had been in contact with an infected horse. Abnormalities and viral RNA were found in the dog's kidney, brain, lymph nodes, spleen, and liver. Dogs should be kept away from infected horses.,��https://www.ncbi.nlm.nih.gov/pubmed/26583697���Kirkland, Peter D
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*Australia
*control
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*equine���Aug¾��Hendra virus (HeV), a potentially fatal zoonotic disease spread by flying foxes, to date has always infected humans via a spillover event from equine HeV infection. In a theoretical case study, we compared the impacts of two different HeV prevention strategies - vaccination and flying fox roost removal - using a recently developed framework that considers different stakeholder group perspectives. The perspectives of the four selected stakeholder groups regarding intangibles were inferred from public discussions and coverage in the media. For all stakeholder groups, the option to vaccinate horses was found to add value to the economic results when the intangible impacts were included in the analysis, while the option for roost removal unanimously detracted from economic analysis value when the intangible impacts were included. Both the mean and median stakeholder-adjusted value ratios (2.25 and 2.12, respectively) for vaccination were inflated when intangible impacts were included, by value-adding to the results of a traditional economic analysis. In the roost removal strategy, these ratios (1.19 and 1.16, respectively) were deflated when intangible impacts were included. Results of this theoretical study suggest that the inclusion of intangible impacts promotes the value of a two-dose initial vaccination protocol using a subunit vaccination considered to offer complete protection for horses, as a strategy to control HeV, whereas roost removal becomes an even more costly strategy. Outcome of the analysis is particularly sensitive to the intangible value placed on human health. Further evaluation - via sociological methods - of values placed on intangibles by various stakeholder groups is warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/26558882¬��Wilson, S-J
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Raw Foods/*virology.��Human Nipah virus (NiV) infection in Bangladesh is a fatal disease that can be transmitted from bats to humans who drink contaminated raw date palm sap collected overnight during the cold season. Our study aimed to understand date palm sap consumption habits of rural residents and factors associated with consumption. In November-December 2012 the field team interviewed adult respondents from randomly selected villages from Rajbari and Kushtia Districts in Bangladesh. We calculated the proportion of people who consumed raw sap and had heard about a disease from raw sap consumption. We assessed the factors associated with raw sap consumption by calculating prevalence ratios (PR) adjusted for village level clustering effects. Among the 1,777 respondents interviewed, half (50%) reported drinking raw sap during the previous sap collection season and 37% consumed raw sap at least once per month. Few respondents (5%) heard about NiV. Thirty-seven percent of respondents reported hearing about a disease transmitted through raw sap consumption, inclusive of a 10% who related it with milder illness like diarrhea, vomiting or indigestion rather than NiV. Respondents who harvested date palm trees in their household were more likely to drink sap than those who did not own date palm trees (79% vs. 65% PR 1.2, 95% CI 1.1-1.3, p<0.001). When sap was available, respondents who heard about a disease from raw sap consumption were just as likely to drink it as those who did not hear about a disease (69% vs. 67%, PR 1.0, 95% CI 0.9-1.1, p = 0.512). Respondents' knowledge of NiV was low. They might not have properly understood the risk of NiV, and were likely to drink sap when it was available. Implementing strategies to increase awareness about the risks of NiV and protect sap from bats might reduce the risk of NiV transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/26551202]��Nahar, Nazmun
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*Zoonoses/prevention & control/transmission���Sep 30ô��Hendra virus (HeV) infection is a zoonosis of importance in Australia. An outbreak of HeV occurred on the mid-north coast region of New South Wales (NSW) in June and July 2013. Four unvaccinated horses on four separate properties were confirmed to have HeV infection. A pet dog that had close contact with one of the horses was also confirmed to be infected with HeV. This paper documents the response to the canine infection and the resulting change to the public health management of HeV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/26536509Ë��Halim, Sherly
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Signal transducers and activators of transcription���Decï��Immune evasion by the lethal henipaviruses, Hendra (HeV) and Nipah virus, is mediated by its interferon (IFN) antagonist P gene products, phosphoprotein (P), and the related V and W proteins, which can target the signal transducer and activator of transcription 1 (STAT1) and STAT2 proteins to inhibit IFN/STAT signaling. However, it is not clear if the recently identified non-pathogenic Henipavirus, Cedar paramyxovirus (CedPV), is also able to antagonize the STAT proteins. We performed comparative studies between the HeV P gene products (P/V/W) and CedPV-P (CedPV does not encode V or W) and demonstrate that differences exist in their ability to engage the STAT proteins using immunoprecipitation and quantitative confocal microscopic analysis. In contrast to HeV-P gene encoded proteins, the ability of CedPV-P to interact with and relocalize STAT1 or STAT2 is compromised, correlating with a reduced capacity to inhibit the mRNA synthesis of IFN-inducible gene MxA. Furthermore, infection studies with HeV and CedPV demonstrate that HeV is more potent than CedPV in inhibiting the IFN-alpha-mediated nuclear accumulation of STAT1. These results strongly suggest that the ability of CedPV to counteract the IFN/STAT response is compromised compared to HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/26526590Ó��Lieu, Kim G
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zoonotic Infections¤��The Hendra virus (HeV) poses a significant challenge to public health in Australia. Expanding migratory patterns observed among bats and the mutation of the virus to seek and successfully infect new hosts is a significant departure from the generalized epidemiological trend. The recent discovery of equine-related infections and deaths in addition to a canine infection demonstrates the inadequacy of the current equine vaccine developed in 2012. Traditional models for controlling the spread of the vector are futile given the rapid pace at which bats' habitats are eroded. Recent ongoing zoonotic epidemics, for example, Ebola and Middle East respiratory syndrome coronavirus, demonstrate that human-to-human transmission is a distinct reality rather than an obscure possibility. The development of a human HeV vaccine is essential for the biosecurity of Australia, as part of a multipronged strategy to control HeV in Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/26519254���Zahoor, Bilal A
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purification���Jan-FebU��Nipah virus (NiV) causes fatal respiratory illness and encephalitis in humans and animals. The matrix (M) protein of NiV plays an important role in the viral assembly and budding process. Thus, an access to the NiV M protein is vital to the design of viral antigens as diagnostic reagents. In this study, recombinant DNA technology was successfully adopted in the cloning and expression of NiV M protein. A recombinant expression cassette (baculovirus expression vector) was used to encode an N-terminally His-tagged NiV M protein in insect cells. A time-course study demonstrated that the highest yield of recombinant M protein (400-500 mug) was expressed from 107 infected cells 3 days after infection. A single-step purification method based on metal ion affinity chromatography was established to purify the NiV M protein, which successfully yielded a purity level of 95.67% and a purification factor of 3.39. The Western blotting and enzyme-linked immunosorbent assay (ELISA) showed that the purified recombinant M protein (48 kDa) was antigenic and reacted strongly with the serum of a NiV infected pig.,��https://www.ncbi.nlm.nih.gov/pubmed/26519022è��Masoomi Dezfooli, Seyedehsara
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Time Factors���JanÍ��Acute febrile illness (AFI) is associated with substantial morbidity and mortality worldwide, yet an etiologic agent is often not identified. Convalescent-phase serology is impractical, blood culture is slow, and many pathogens are fastidious or impossible to cultivate. We developed a real-time PCR-based TaqMan array card (TAC) that can test six to eight samples within 2.5 h from sample to results and can simultaneously detect 26 AFI-associated organisms, including 15 viruses (chikungunya, Crimean-Congo hemorrhagic fever [CCHF] virus, dengue, Ebola virus, Bundibugyo virus, Sudan virus, hantaviruses [Hantaan and Seoul], hepatitis E, Marburg, Nipah virus, o'nyong-nyong virus, Rift Valley fever virus, West Nile virus, and yellow fever virus), 8 bacteria (Bartonella spp., Brucella spp., Coxiella burnetii, Leptospira spp., Rickettsia spp., Salmonella enterica and Salmonella enterica serovar Typhi, and Yersinia pestis), and 3 protozoa (Leishmania spp., Plasmodium spp., and Trypanosoma brucei). Two extrinsic controls (phocine herpesvirus 1 and bacteriophage MS2) were included to ensure extraction and amplification efficiency. Analytical validation was performed on spiked specimens for linearity, intra-assay precision, interassay precision, limit of detection, and specificity. The performance of the card on clinical specimens was evaluated with 1,050 blood samples by comparison to the individual real-time PCR assays, and the TAC exhibited an overall 88% (278/315; 95% confidence interval [CI], 84% to 92%) sensitivity and a 99% (5,261/5,326, 98% to 99%) specificity. This TaqMan array card can be used in field settings as a rapid screen for outbreak investigation or for the surveillance of pathogens, including Ebola virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26491176Ò��Liu, Jie
Ochieng, Caroline
Wiersma, Steve
Stroher, Ute
Towner, Jonathan S
Whitmer, Shannon
Nichol, Stuart T
Moore, Christopher C
Kersh, Gilbert J
Kato, Cecilia
Sexton, Christopher
Petersen, Jeannine
Massung, Robert
Hercik, Christine
Crump, John A
Kibiki, Gibson
Maro, Athanasia
Mujaga, Buliga
Gratz, Jean
Jacob, Shevin T
Banura, Patrick
Scheld, W Michael
Juma, Bonventure
Onyango, Clayton O
Montgomery, Joel M
Houpt, Eric
Fields, Barry
eng
K24 AI102972/AI/NIAID NIH HHS/
U01 AI062563/AI/NIAID NIH HHS/
K24AI102972/AI/NIAID NIH HHS/
Evaluation Studies
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2015/10/23 06:00
J Clin Microbiol. 2016 Jan;54(1):49-58. doi: 10.1128/JCM.02257-15. Epub 2015 Oct 21.*��1098-660X (Electronic)
0095-1137 (Linking)
��PMC4702733���26491176���Division of Infectious Diseases and International Health, University of Virginia, Charlottesville, Virginia, USA.
Center for Global Health Research, Kenya Medical Research Institute, Nairobi, Kenya.
Centers for Disease Control and Prevention, Center for Global Health, Division of Global Health Protection, Dar es Salaam, Tanzania.
Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious Diseases, Division of High Consequence Pathogens and Pathology, Atlanta, Georgia, USA.
Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious Diseases, Division of Vector Borne Diseases, Atlanta, Georgia, USA.
Georgetown University, Washington, DC, USA.
Division of Infectious Diseases and International Health, Duke University, Durham, North Carolina, USA Centre for International Health, University of Otago, Dunedin, New Zealand.
Kilimanjaro Clinical Research Institute, Moshi, Tanzania.
Division of Allergy and Infectious Diseases, University of Washington, Seattle, Washington, USA.
Masaka Regional Referral Hospital, Masaka, Uganda.
Centers for Disease Control and Prevention, Center for Global Health, Division of Global Health Protection, Nairobi, Kenya.
Centers for Disease Control and Prevention, Center for Global Health, Division of Global Health Protection, Nairobi, Kenya Centers for Disease Control and Prevention, Center for Global Health, Division of Global Health Protection, Atlanta, Georgia, USA.
Division of Infectious Diseases and International Health, University of Virginia, Charlottesville, Virginia, USA erh6k@virginia.edu bsf2@cdc.gov.
Centers for Disease Control and Prevention, Center for Global Health, Division of Global Health Protection, Nairobi, Kenya Centers for Disease Control and Prevention, Center for Global Health, Division of Global Health Protection, Atlanta, Georgia, USA erh6k@virginia.edu bsf2@cdc.gov.���10.1128/JCM.02257-15�
¯��þÒ|ÿî?�������Ren, B.
McKinstry, W. J.
Pham, T.
Newman, J.
Layton, D. S.
Bean, A. G.
Chen, Z.
Laurie, K. L.
Borg, K.
Barr, I. G.
Adams, T. E.���2016B��Structural and functional characterisation of ferret interleukin-2���32-8���Dev Comp Immunol���55³��Animals
Cell Proliferation
Cells, Cultured
Crystallography, X-Ray
Ferrets/*immunology
Granzymes/genetics/metabolism
Humans
Interferon-gamma/metabolism
Interleukin-2/genetics/*metabolism
Lymph Nodes/*immunology/pathology
Protein Conformation
Recombinant Proteins/genetics
Species Specificity
Structural Homology, Protein
Virus Diseases/*immunology
Ferret
Lymphocyte proliferation
Recombinant interleukin-2
X-ray structure
mRNA induction���Febe��While the ferret is a valuable animal model for a number of human viral infections, such as influenza, Hendra and Nipah, evaluating the cellular immune response following infection has been hampered by the lack of a number of species-specific immunological reagents. Interleukin 2 (IL-2) is one such key cytokine. Ferret recombinant IL-2 incorporating a C-terminal histidine tag was expressed and purified and the three-dimensional structure solved and refined at 1.89 A by X-ray crystallography, which represents the highest resolution and first non-human IL-2 structure. While ferret IL-2 displays the classic cytokine fold of the four-helix bundle structure, conformational flexibility was observed at the second helix and its neighbouring region in the bundle, which may result in the disruption of the spatial arrangement of residues involved in receptor binding interactions, implicating subtle differences between ferret and human IL-2 when initiating biological functions. Ferret recombinant IL-2 stimulated the proliferation of ferret lymph node cells and induced the expression of mRNA for IFN-gamma and Granzyme A.,��https://www.ncbi.nlm.nih.gov/pubmed/26472619*��Ren, Bin
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Urine/*virologyr
�Pteropid bats or flying-foxes (Chiroptera: Pteropodidae) are the natural host of Hendra virus (HeV) which sporadically causes fatal disease in horses and humans in eastern Australia. While there is strong evidence that urine is an important infectious medium that likely drives bat to bat transmission and bat to horse transmission, there is uncertainty about the relative importance of alternative routes of excretion such as nasal and oral secretions, and faeces. Identifying the potential routes of HeV excretion in flying-foxes is important to effectively mitigate equine exposure risk at the bat-horse interface, and in determining transmission rates in host-pathogen models. The aim of this study was to identify the major routes of HeV excretion in naturally infected flying-foxes, and secondarily, to identify between-species variation in excretion prevalence. A total of 2840 flying-foxes from three of the four Australian mainland species (Pteropus alecto, P. poliocephalus and P. scapulatus) were captured and sampled at multiple roost locations in the eastern states of Queensland and New South Wales between 2012 and 2014. A range of biological samples (urine and serum, and urogenital, nasal, oral and rectal swabs) were collected from anaesthetized bats, and tested for HeV RNA using a qRT-PCR assay targeting the M gene. Forty-two P. alecto (n = 1410) had HeV RNA detected in at least one sample, and yielded a total of 78 positive samples, at an overall detection rate of 1.76% across all samples tested in this species (78/4436). The rate of detection, and the amount of viral RNA, was highest in urine samples (>serum, packed haemocytes >faecal >nasal >oral), identifying urine as the most plausible source of infection for flying-foxes and for horses. Detection in a urine sample was more efficient than detection in urogenital swabs, identifying the former as the preferred diagnostic sample. The detection of HeV RNA in serum is consistent with haematogenous spread, and with hypothesised latency and recrudesence in flying-foxes. There were no detections in P. poliocephalus (n = 1168 animals; n = 2958 samples) or P. scapulatus (n = 262 animals; n = 985 samples), suggesting (consistent with other recent studies) that these species are epidemiologically less important than P. alecto in HeV infection dynamics. The study is unprecedented in terms of the individual animal approach, the large sample size, and the use of a molecular assay to directly determine infection status. These features provide a high level of confidence in the veracity of our findings, and a sound basis from which to more precisely target equine risk mitigation strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/26469523s��Edson, Daniel
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therapeutics���The lack of vaccines against several important viral diseases necessitates the development of therapeutics to save lives and control epidemics. In recent years, therapeutic antibodies have received considerable attention due to their good safety profiles and clinical success when used against viruses such as respiratory syncytial virus, Ebola virus and Hendra virus. The binding affinity of these antibodies can directly impact their therapeutic efficacy. However, we and others have also demonstrated that the subtype of Fc-gamma receptors (FcgammaRs) engaged influences the stoichiometric requirement for virus neutralization. Hence, the development of therapeutic antibodies against infectious diseases should consider the FcgammaRs engaged and Fc-effector functions involved. This review highlights the current state of knowledge about FcgammaRs and FcgammaR effector functions involved in virus neutralization, with emphasis on factors that can affect FcgammaR engagement. A better understanding of Fc-FcgammaR interactions during virus neutralization will allow development of therapeutic antibodies that are efficacious and can be administered with minimal side effects.,��https://www.ncbi.nlm.nih.gov/pubmed/26466016È��Chan, Kuan Rong
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Venous Thrombosis/etiology/mortality/*prevention & control���Sep/��BACKGROUND: Venous thromboembolism (VTE) is a common cause of death and morbidity in stroke patients. There are few data concerning the effectiveness of intermittent pneumatic compression (IPC) in treating patients with stroke. OBJECTIVES: To establish whether or not the application of IPC to the legs of immobile stroke patients reduced their risk of deep vein thrombosis (DVT). DESIGN: Clots in Legs Or sTockings after Stroke (CLOTS) 3 was a multicentre, parallel-group, randomised controlled trial which allocated patients via a central randomisation system to IPC or no IPC. A technician blinded to treatment allocation performed compression duplex ultrasound (CDU) of both legs at 7-10 days and 25-30 days after enrolment. We followed up patients for 6 months to determine survival and later symptomatic VTE. Patients were analysed according to their treatment allocation. SETTING: We enrolled 2876 patients in 94 UK hospitals between 8 December 2008 and 6 September 2012. PARTICIPANTS: INCLUSION CRITERIA: patients admitted to hospital within 3 days of acute stroke and who were immobile on the day of admission (day 0) to day 3. EXCLUSION CRITERIA: age < 16 years; subarachnoid haemorrhage; and contra-indications to IPC including dermatitis, leg ulcers, severe oedema, severe peripheral vascular disease and congestive cardiac failure. INTERVENTIONS: Participants were allocated to routine care or routine care plus IPC for 30 days, or until earlier discharge or walking independently. MAIN OUTCOME MEASURES: The primary outcome was DVT in popliteal or femoral veins, detected on a screening CDU, or any symptomatic DVT in the proximal veins, confirmed by imaging, within 30 days of randomisation. The secondary outcomes included death, any DVTs, symptomatic DVTs, pulmonary emboli, skin breaks on the legs, falls with injury or fractures and duration of IPC use occurring within 30 days of randomisation and survival, symptomatic VTE, disability (as measured by the Oxford Handicap Scale), quality of life (as measured by the European Quality of Life-5 Dimensions 3 Level questionnaire) and length of initial hospital stay measured 6 months after randomisation. RESULTS: We allocated 1438 patients to IPC and 1438 to no IPC. The primary outcome occurred in 122 (8.5%) of 1438 patients allocated to IPC and 174 (12.1%) of 1438 patients allocated to no IPC, giving an absolute reduction in risk of 3.6% [95% confidence interval (CI) 1.4% to 5.8%] and a relative risk reduction of 0.69 (95% CI 0.55 to 0.86). After excluding 323 patients who died prior to any primary outcome and 41 who had no screening CDU, the primary outcome occurred in 122 of 1267 IPC participants compared with 174 of 1245 no-IPC participants, giving an adjusted odds ratio of 0.65 (95% CI 0.51 to 0.84; p = 0.001). Secondary outcomes in IPC compared with no-IPC participants were death in the treatment period in 156 (10.8%) versus 189 (13.1%) (p = 0.058); skin breaks in 44 (3.1%) versus 20 (1.4%) (p = 0.002); and falls with injury in 33 (2.3%) versus 24 (1.7%) (p = 0.221). Among patients treated with IPC, there was a statistically significant improvement in survival to 6 months (hazard ratio 0.86, 95% CI 0.73 to 0.99; p = 0.042), but no improvement in disability. The direct cost of preventing a DVT was pound1282 per event (95% CI pound785 to pound3077). CONCLUSIONS: IPC is an effective and inexpensive method of reducing the risk of DVT and improving survival in immobile stroke patients. FUTURE RESEARCH: Further research should test whether or not IPC improves survival in other groups of high-risk hospitalised medical patients. In addition, research into methods to improve adherence to IPC might increase the benefits of IPC in stroke patients. TRIAL REGISTRATION: Current Controlled Trials ISRCTN93529999. FUNDING: The start-up phase of the trial (December 2008-March 2010) was funded by the Chief Scientist Office of the Scottish Government (reference number CZH/4/417). The main phase of the trial was funded by the National Institute for Health Research Health Technology Assessment programme (reference number 08/14/03). Covidien Ltd (Mansfield, MA, USA) lent its Kendall SCD Express sequential compression system controllers to the 105 centres involved in the trial and donated supplies of its sleeves. It also provided logistical help in keeping our centres supplied with sleeves and training materials relevant to the use of their devices. Recruitment and follow-up were supported by the National Institute for Health Research-funded UK Stroke Research Network and by the Scottish Stroke Research Network, which was supported by NHS Research Scotland.,��https://www.ncbi.nlm.nih.gov/pubmed/26418530Q��Dennis, Martin
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Slips���Octc��Falls that occur as a result of a slip are one of the leading causes of injuries, particularly in the elderly population. Previous studies have focused on slips that occur on a flat surface. Slips on a laterally sloping surface are important and may be related to different mechanisms of balance recovery. This type of slip might result in different gait adaptations to those previously described on a flat surface, but these adaptations have not been investigated. The aim of this study was to assess whether, when walking on a cross-slope, young adults adapted their gait when made aware of a potential slip, and having experienced a slip. Gait parameters were compared for three conditions--(1) Normal walking; (2) Walking after being made aware of a potential slip (participants were told that a slip may occur); (3) Walking after experiencing a slip (Participants had already experienced at least one slip induced using a soapy contaminant). Gait parameters were only analysed for trials in which there was no slippery contaminant present on the walkway. Stride length and walking velocity were significantly reduced, and stance duration was significantly greater in the awareness and experience conditions compared to normal walking, with no significant differences in any gait parameters between the awareness and experience conditions. In addition, 46.7% of the slip trials resulted in a fall. This is higher than reported for slips induced on a flat surface, suggesting slips on a cross-slope are more hazardous. This would help explain the more cautious gait patterns observed in both the awareness and experience conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/26404081ì��Lawrence, Daniel
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Landscape
Risk���MarÀ��Hendra virus causes sporadic fatal disease in horses and humans in eastern Australia. Pteropid bats (flying-foxes) are the natural host of the virus. The mode of flying-fox to horse transmission remains unclear, but oro-nasal contact with flying-fox urine, faeces or saliva is the most plausible. We used GPS data logger technology to explore the landscape utilisation of black flying-foxes and horses to gain new insight into equine exposure risk. Flying-fox foraging was repetitious, with individuals returning night after night to the same location. There was a preference for fragmented arboreal landscape and non-native plant species, resulting in increased flying-fox activity around rural infrastructure. Our preliminary equine data logger study identified significant variation between diurnal and nocturnal grazing behaviour that, combined with the observed flying-fox foraging behaviour, could contribute to Hendra virus exposure risk. While we found no significant risk-exposing difference in individual horse movement behaviour in this study, the prospect warrants further investigation, as does the broader role of animal behaviour and landscape utilisation on the transmission dynamics of Hendra virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26403793ä��Field, H E
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Viral proteins���In this review we summarize available data showing the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous P proteins. We also show that a significant flexibility persists within NTAIL-XD complexes, which therefore provide illustrative examples of "fuzziness". The functional implications of structural disorder for viral transcription and replication are discussed in light of the ability of disordered regions to establish a complex molecular partnership and to confer a considerable reach to the elements of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26387109���Erales, Jenny
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Viral Proteins/*metabolism���Dec���UNLABELLED: Paramyxoviruses include many important animal and human pathogens. The genome of parainfluenza virus 5 (PIV5), a prototypical paramyxovirus, encodes a V protein that inhibits viral RNA synthesis. In this work, the mechanism of inhibition was investigated. Using mutational analysis and a minigenome system, we identified regions in the N and C termini of the V protein that inhibit viral RNA synthesis: one at the very N terminus of V and the second at the C terminus of V. Furthermore, we determined that residues L16 and I17 are critical for the inhibitory function of the N-terminal region of the V protein. Both regions interact with the nucleocapsid protein (NP), an essential component of the viral RNA genome complex (RNP). Mutations at L16 and I17 abolished the interaction between NP and the N-terminal domain of V. This suggests that the interaction between NP and the N-terminal domain plays a critical role in V inhibition of viral RNA synthesis by the N-terminal domain. Both the N- and C-terminal regions inhibited viral RNA replication. The C terminus inhibited viral RNA transcription, while the N-terminal domain enhanced viral RNA transcription, suggesting that the two domains affect viral RNA through different mechanisms. Interestingly, V also inhibited the synthesis of the RNA of other paramyxoviruses, such as Nipah virus (NiV), human parainfluenza virus 3 (HPIV3), measles virus (MeV), mumps virus (MuV), and respiratory syncytial virus (RSV). This suggests that a common host factor may be involved in the replication of these paramyxoviruses. IMPORTANCE: We identified two regions of the V protein that interact with NP and determined that one of these regions enhances viral RNA transcription via its interaction with NP. Our data suggest that a common host factor may be involved in the regulation of paramyxovirus replication and could be a target for broad antiviral drug development. Understanding the regulation of paramyxovirus replication will enable the rational design of vaccines and potential antiviral drugs.,��https://www.ncbi.nlm.nih.gov/pubmed/26378167=��Yang, Yang
Zengel, James
Sun, Minghao
Sleeman, Katrina
Timani, Khalid Amine
Aligo, Jason
Rota, Paul
Wu, Jianguo
He, Biao
eng
R01 AI051372/AI/NIAID NIH HHS/
AI-051372/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2015/09/18 06:00
J Virol. 2015 Dec;89(23):11845-57. doi: 10.1128/JVI.01832-15. Epub 2015 Sep 16.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4645326���26378167å��State Key Laboratory of Virology, College of Life Sciences, Wuhan University, Wuhan, Hubei, China Department of Infectious Diseases, University of Georgia College of Veterinary Medicine, Athens, Georgia, USA.
Department of Infectious Diseases, University of Georgia College of Veterinary Medicine, Athens, Georgia, USA.
Graduate Program in Pathobiology, Pennsylvania State University, University Park, Pennsylvania, USA.
National Center for Immunization and Respiratory Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia, USA.
Department of Veterinary and Biomedical Sciences, Pennsylvania State University, University Park, Pennsylvania, USA.
Intercollege Graduate Program in Genetics, Pennsylvania State University, University Park, Pennsylvania, USA.
State Key Laboratory of Virology, College of Life Sciences, Wuhan University, Wuhan, Hubei, China jwu@whu.edu.cn bhe@uag.edu.
Department of Infectious Diseases, University of Georgia College of Veterinary Medicine, Athens, Georgia, USA Graduate Program in Pathobiology, Pennsylvania State University, University Park, Pennsylvania, USA Department of Veterinary and Biomedical Sciences, Pennsylvania State University, University Park, Pennsylvania, USA jwu@whu.edu.cn bhe@uag.edu.���10.1128/JVI.01832-15���ö��üÒ|ßî?�������Rodhain, F.���2015)��[Bats and Viruses: complex relationships]���272-89���Bull Soc Pathol Exot���108���4
��Animals
Chiroptera/*virology
Disease Reservoirs/*virology
Ecology
Hemorrhagic Fever, Ebola/epidemiology/virology
Humans
Male
Middle East Respiratory Syndrome Coronavirus/isolation & purification/physiology
Public Health
SARS Virus/isolation & purification/physiology
Virus Diseases/epidemiology/transmission
Viruses/classification/immunology/*isolation & purification
Zoonoses/*epidemiology/transmission/virology
Bats
Chiroptera
Emerging epidemics
Epidemiology
Immune evasion and Virus persistence
Man
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Virus���Oct���With more than 1 200 species, bats and flying foxes (Order Chiroptera) constitute the most important and diverse order of Mammals after Rodents. Many species of bats are insectivorous while others are frugivorous and few of them are hematophagous. Some of these animals fly during the night, others are crepuscular or diurnal. Some fly long distances during seasonal migrations. Many species are colonial cave-dwelling, living in a rather small home range while others are relatively solitary. However, in spite of the importance of bats for terrestrial biotic communities and ecosystem ecology, the diversity in their biology and lifestyles remain poorly known and underappreciated. More than sixty viruses have been detected or isolated in bats; these animals are therefore involved in the natural cycles of many of them. This is the case, for instance, of rabies virus and other Lyssavirus (Family Rhabdoviridae), Nipah and Hendra viruses (Paramyxoviridae), Ebola and Marburg viruses (Filoviridae), SARS-CoV and MERS-CoV (Coronaviridae). For these zoonotic viruses, a number of bat species are considered as important reservoir hosts, efficient disseminators or even directly responsible of the transmission. Some of these bat-borne viruses cause highly pathogenic diseases while others are of potential significance for humans and domestic or wild animals; so, bats are an important risk in human and animal public health. Moreover, some groups of viruses developed through different phylogenetic mechanisms of coevolution between viruses and bats. The fact that most of these viral infections are asymptomatic in bats has been observed since a long time but the mechanisms of the viral persistence are not clearly understood. The various bioecology of the different bat populations allows exchange of virus between migrating and non-migrating conspecific species. For a better understanding of the role of bats in the circulation of these viral zoonoses, epidemiologists must pay attention to some of their biologic properties which are not fully documented, like their extreme longevity, their diet, the population size and the particular densities observed in species with crowded roosting behavior, the population structure and migrations, the hibernation permitting overwintering of viruses, their particular innate and acquired immune response, probably related at least partially to their ability to fly, allowing persistent virus infections and preventing immunopathological consequences, etc. It is also necessary to get a better knowledge of the interactions between bats and ecologic changes induced by man and to attentively follow bat populations and their viruses through surveillance networks involving human and veterinary physicians, specialists of wild fauna, ecologists, etc. in order to understand the mechanisms of disease emergence, to try to foresee and, perhaps, to prevent viral emergences beforehand. Finally, a more fundamental research about immune mechanisms developed in viral infections is essential to reveal the reasons why Chiroptera are so efficient reservoir hosts. Clearly, a great deal of additional work is needed to document the roles of bats in the natural history of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26330152���Rodhain, F
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recombinant nucleocapsid¼��The recombinant viral protein-based indirect enzyme-linked immunosorbent assay (ELISA) is a cost-effective, safe, specific, and rapid tool to diagnose the viral infection. Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. The N protein was selected based on its immuno dominance and conservation among different NiV strains. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for swine sera was optimized using the recombinant NiV-N protein as an antigen along with negative and positive controls. The background reading was blocked using skim milk powder and chicken serum. A total number of 1709 swine serum samples from various states of India were tested with indirect ELISA and Western blot. The test was considered positive only when its total reactivity reading was higher than 0.2 cut-off value and the ratio of the total reactivity to the background reading was more than 2.0. Since specificity is high for Western blotting it was used as standard test for comparison of results of indirect ELISA. Sensitivity and specificity of indirect ELISA was 100% and 98.7%, respectively, in comparison with Western blotting. Recombinant N protein-based ELISA can be used in screening large number of serum samples for epidemiological investigations in developing countries where high containment laboratories are not available to handle this zoonotic virus.,��https://www.ncbi.nlm.nih.gov/pubmed/26327601���Kulkarni, Diwakar D
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Respiratory Mucosa/pathology/virology���Oct´��Nipah virus (NiV) is a zoonotic emerging pathogen that can cause severe and often fatal respiratory disease in humans. The pathogenesis of NiV infection of the human respiratory tract remains unknown. Reactive oxygen species (ROS) produced by airway epithelial cells in response to viral infections contribute to lung injury by inducing inflammation and oxidative stress; however, the role of ROS in NiV-induced respiratory disease is unknown. To investigate whether NiV induces oxidative stress in human respiratory epithelial cells, we used oxidative stress markers and monitored antioxidant gene expression. We also used ROS scavengers to assess their role in immune response modulation. Oxidative stress was confirmed in infected cells and correlated with the reduction in antioxidant enzyme gene expression. Infected cells treated by ROS scavengers resulted in a significant decrease of the (F2)-8-isoprostane marker, inflammatory responses and virus replication. In conclusion, ROS are induced during NiV infection in human respiratory epithelium and contribute to the inflammatory response. Understanding how oxidative stress contributes to NiV pathogenesis is crucial for therapeutic development.,��https://www.ncbi.nlm.nih.gov/pubmed/26297489n��Escaffre, Olivier
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pathological���Sep���The genus Henipavirus within the family Paramyxoviridae includes the Hendra virus (HeV) and Nipah virus (NiV) which were discovered in the 1990s in Australia and Malaysia, respectively, after emerging to cause severe and often fatal outbreaks in humans and animals. While HeV is confined to Australia, more recent NiV outbreaks have been reported in Bangladesh, India and the Philippines. The clinical manifestations of both henipaviruses in humans appear similar, with a predominance of an acute encephalitic syndrome. Likewise, the pathological features are similar and characterized by disseminated, multi-organ vasculopathy comprising endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, kidney and other major organs. This unique dual pathogenetic mechanism of vasculitis-induced microinfarction and neuronal infection causes severe tissue damage in the CNS. Both viruses can also cause relapsing encephalitis months and years after the acute infection. Many animal models studied to date have largely confirmed the pathology of henipavirus infection, and provided the means to test new therapeutic agents and vaccines. As the bat is the natural host of henipaviruses and has worldwide distribution, spillover events into human populations are expected to occur in the future.,��https://www.ncbi.nlm.nih.gov/pubmed/26276024¤��Ong, Kien Chai
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evolution���Marµ��Nipah virus, member of the Paramyxoviridae family, is classified as a Biosafety Level-4 agent and category C priority pathogen. Nipah virus disease is endemic in south Asia and outbreaks have been reported in Malaysia, Singapore, India, and Bangladesh. Bats of the genus Pteropus appear to be the natural reservoir of this virus. The aim of this study was to investigate the genetic diversity of Nipah virus, to estimate the date of origin and the spread of the infection. The mean value of Nipah virus N gene evolutionary rate, was 6.5 x 10(-4) substitution/site/year (95% HPD: 2.3 x 10(-4)-1.18 x 10(-3)). The time-scaled phylogenetic analysis showed that the root of the tree originated in 1947 (95% HPD: 1888-1988) as the virus entered in south eastern Asiatic regions. The segregation of sequences in two main clades (I and II) indicating that Nipah virus had two different introductions: one in 1995 (95% HPD: 1985-2002) which correspond to clade I, and the other in 1985 (95% HPD: 1971-1996) which correspond to clade II. The phylogeographic reconstruction indicated that the epidemic followed two different routes spreading to the other locations. The trade of infected pigs may have played a role in the spread of the virus. Bats of the Pteropus genus, that are able to travel to long distances, may have contributed to the spread of the infection. Negatively selected sites, statistically supported, could reflect the stability of the viral N protein.,��https://www.ncbi.nlm.nih.gov/pubmed/26252523â��Lo Presti, Alessandra
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Management
Urban
Wildlife���DecZ��The urban presence of flying-foxes (pteropid bats) in eastern Australia has increased in the last 20 years, putatively reflecting broader landscape change. The influx of large numbers often precipitates community angst, typically stemming from concerns about loss of social amenity, economic loss or negative health impacts from recently emerged bat-mediated zoonotic diseases such as Hendra virus and Australian bat lyssavirus. Local authorities and state wildlife authorities are increasingly asked to approve the dispersal or modification of flying-fox roosts to address expressed concerns, yet the scale of this concern within the community, and the veracity of the basis for concern are often unclear. We conducted an on-line survey to capture community attitudes and opinions on flying-foxes in the urban environment to inform management policy and decision-making. Analysis focused on awareness, concerns, and management options, and primarily compared responses from communities where flying-fox management was and was not topical at the time of the survey. While a majority of respondents indicated a moderate to high level of knowledge of both flying-foxes and Hendra virus, a substantial minority mistakenly believed that flying-foxes pose a direct infection risk to humans, suggesting miscommunication or misinformation, and the need for additional risk communication strategies. Secondly, a minority of community members indicated they were directly impacted by urban roosts, most plausibly those living in close proximity to the roost, suggesting that targeted management options are warranted. Thirdly, neither dispersal nor culling was seen as an appropriate management strategy by the majority of respondents, including those from postcodes where flying-fox management was topical. These findings usefully inform community debate and policy development and demonstrate the value of social analysis in defining the issues and options in this complex human-wildlife interaction. The mobile nature of flying-foxes underlines the need for a management strategy at a regional or larger scale, and independent of state borders.,��https://www.ncbi.nlm.nih.gov/pubmed/28616461Å��Kung, Nina Y
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Reservoir���Dec½��Hendra virus was first described in 1994 in Australia, causally associated with a cluster of fatal equine and human cases at a thoroughbred racing stable in the Brisbane suburb of Hendra. This year marks the twentieth anniversary of the identification of pteropid bats (flying-foxes) as the natural host of the virus, and it is timely to reflect on a pivotal meeting of an eclectic group of scientists in that process. They included animal and public health experts, environmental scientists, veterinary and horse industry representatives, and wildlife experts. The task was to review and prioritise wildlife surveillance seeking the origin of the previously unknown virus. The group determined that the likely reservoir must occur in disparate locations, and be capable of moving between locations, or exist in continuous, overlapping populations spanning multiple locations. Flying-foxes were considered to be a more probable source of the novel virus than birds. Within weeks, antibodies were detected in several species of flying-fox, and the virus was subsequently isolated. While the identification of the natural host of Hendra virus within 18 months of its description was remarkable in itself, a broader legacy followed. In the subsequent years, a suite of zoonotic viruses including Australian bat lyssavirus, Nipah virus, SARS coronavirus, and Ebola and Marburg viruses have been detected in bats. Bats are now the "go to" taxa for novel viruses. History has repeatedly demonstrated that knowledge begets knowledge. This simple notion of bringing a diverse group of people together in an environment of mutual respect reinforced this principle and proves that the sum is often so much more powerful than the parts.,��https://www.ncbi.nlm.nih.gov/pubmed/28616459���Black, Peter
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zoonoses¤	�Introduction: Zoonotic disease outbreaks have surged in the last two decades. These include severe acute respiratory syndrome (SARS), Hendra virus, Nipah virus, influenza viruses, Middle East Respiratory Syndrome (MERS) coronavirus, and ebola. One Health is the initiative of an inclusive collaboration linking human, animal, and environmental health. One Health is advocated through an intersectoral coordination to combat zoonoses, and the term has evolved over centuries. The primary aim of this literature review was to examine the change in the definition of the term One Health over time, particuarly following the the introduction of the latest definition in 2007 by the American Medical Association and the American Veterinary Medical Association. Methods: This review was conducted in four phases. The first phase consisted of a general PubMed search for the phrase "One Health" for every literature published up to December 2014. Then an advanced search was carried out using "One Health" in conjunction with the terms "zoonosis" and "zoonoses" in PubMed for the time period between January 2007 and December 2014. The articles found were then categorized based on the type of journals in which the articles were published. For the second phase, "One Health" was searched as a Medical subject heading (MeSH) term, which is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles. In the third phase, One Health advocate organizations were found using Google search engine. During the final phase, One Health was searched in Google scholar, examined by Google trends, and analyzed by Google ngram. Results: Before 2007, One Health had many connotations to health in the medical literature with an incomplete adherence to the usage of One Health linking zoonoses. The Google trends analysis shows an overal steady increase of the search of One Health from 2007 to 2014, which is consistent with the findings of articles from Pubmed. Discussion: Our results indicate that the linkage between the terms One Health and zoonoses started in 2007, which correlates with the joint declaration made by the American Medical Association and the American Veterinary Medical Association in 2007. We suggest creating a MeSH term for One Health in the PubMed database to support more specific research on zoonoses, and exploring the possibility of a patent of the term One Health to support global health and evidence based public health.,��https://www.ncbi.nlm.nih.gov/pubmed/29138713���Asokan, Govindaraj V
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Recombinant protein expression���DecE��Hendra virus (family Paramyxoviridae) is a negative sense single-stranded RNA virus (NSRV) which has been found to cause disease in humans, horses, and experimentally in other animals, e.g. pigs and cats. Pteropid bats commonly known as flying foxes have been identified as the natural host reservoir. The Hendra virus nucleocapsid protein (HeV N) represents the most abundant viral protein produced by the host cell, and is highly immunogenic with naturally infected humans and horses producing specific antibodies towards this protein. The purpose of this study was to express and purify soluble, functionally active recombinant HeV N, suitable for use as an immunodiagnostic reagent to detect antibodies against HeV. We expressed both full-length HeV N, (HeV NFL), and a C-terminal truncated form, (HeV NCORE), using a bacterial heterologous expression system. Both HeV N constructs were engineered with an N-terminal Hisx6 tag, and purified using a combination of immobilized metal affinity chromatography (IMAC) and size exclusion chromatography (SEC). Purified recombinant HeV N proteins self-assembled into soluble higher order oligomers as determined by SEC and negative-stain transmission electron microscopy. Both HeV N proteins were highly immuno-reactive with sera from animals and humans infected with either HeV or the closely related Nipah virus (NiV), but displayed no immuno-reactivity towards sera from animals infected with a non-pathogenic paramyxovirus (CedPV), or animals receiving Equivac(R) (HeV G glycoprotein subunit vaccine), using a Luminex-based multiplexed microsphere assay.,��https://www.ncbi.nlm.nih.gov/pubmed/26196500���Pearce, Lesley A
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protein-protein interactions���Jul 10¢��We herein review available computational and experimental data pointing to the abundance of structural disorder within the nucleoprotein (N) and phosphoprotein (P) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. We provide a detailed molecular description of the mechanisms governing the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (PXD) of the homologous P proteins. We also show that NTAIL-PXD complexes are "fuzzy", i.e., they possess a significant residual disorder, and discuss the possible functional significance of this fuzziness. Finally, we emphasize the relevance of N-P interactions involving intrinsically disordered proteins as promising targets for new antiviral approaches, and end up summarizing the general functional advantages of disorder for viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26184170¦��Habchi, Johnny
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Zoonosis���Sep£��BACKGROUND: Nipah virus (NiV) is a significant emerging zoonotic pathogen given its wide geographic distribution, and the severe morbidity and high mortality that accompanies infection. Moreover, the layered landscape epidemiology surrounding spillover from reservoir host species to humans is ill-defined. Identifying landscape features that contribute to NiV spillover would likely prove helpful in preventing emergence in human populations. METHODS: Using an inhomogeneous Poisson model, this study investigated the role of vegetation cover, the human footprint (HFP) and reservoir Pteropus bat distribution to identify the spatial dependence of spillover and map risk across South and Southeast Asia. RESULTS: The spatial model identified HFP (RR=1.08; 95% CI 1.05-1.11) and bat distribution (RR=19.44; 95% CI 1.92-196.7) as significant predictors of NiV risk, while vegetation cover was not significant after accounting for HFP and the presence of Pteropus bats. CONCLUSIONS: These findings further inform the landscape epidemiology of NiV and suggest specific conduits for spillover in the landscape. However, more detailed field studies will be required to validate these results.,��https://www.ncbi.nlm.nih.gov/pubmed/26179654���Walsh, Michael G
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zoonoses���AugR��Because some bats host viruses with zoonotic potential, we investigated human-bat interactions in rural Ghana during 2011-2012. Nearly half (46.6%) of respondents regularly visited bat caves; 37.4% had been bitten, scratched, or exposed to bat urine; and 45.6% ate bat meat. Human-bat interactions in rural Ghana are frequent and diverse.,��https://www.ncbi.nlm.nih.gov/pubmed/26177344+��Anti, Priscilla
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Hassan, F.���2015d��A Computational Approach for Designing a Universal Epitope-Based Peptide Vaccine Against Nipah Virus���177-85���Interdiscip Sci���7���2���Jun0��Nipah virus (NiV) is highly pathogenic single-stranded negative sense RNA virus. It can cause severe encephalitis and respiratory disease in humans. In addition, NiV infects a large range of host including mammals. As a result of its higher zoonotic potential and pathogenicity for human, it has been rated as an alert in recent days. A therapeutic treatment or vaccines has become elusive to fight against this virus. In this study, the attachment (G) and fusion (F) glycoproteins of NiV, responsible for the viral attachment and entry to the host cell, were selected to develop epitope-based vaccine against Nipah virus. Epitopes were identified from the conserved region of G and F protein of NiV. Both B-cell and T-cell immunity were checked to affirm it that these epitopes will be able to induce humoral and cellular immunity. A total of 6 T-cell epitopes and 19 significant HLA-epitope interactions were identified. Eventually it has shown an acceptable percentage in population coverage (46.45 %) and efficient binding with HLA molecule by molecular docking study.,��https://www.ncbi.nlm.nih.gov/pubmed/26156209±��Ali, Mohammad Tuhin
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Phycoerythrin���Sep 15ó��Detection of Hendra viral IgG antibody in animal sera is useful for surveillance following a virus outbreak. The commonly used enzyme-linked immunosorbent assay and fluorescence-based Luminex assay typically consist of three steps and take at least several hours to complete. We have simplified the procedure to two steps in an effort to develop a rapid procedure for IgG antibody, but not IgM antibody, detection. This is achieved by conjugating the fluorescence label R-phycoerythrin directly onto the IgG binding protein Protein G. The use of magnetic nanoparticles, due to their large specific surface area, has helped reduce each of the binding steps to 20 min. As a result, the whole assay can be completed in 60 min. We also demonstrate a method to quickly estimate IgG antibody titres by assaying the sera at only two dilutions (i.e. 1:20 and 1:1000) and using the fluorescence ratio at these dilutions as an indicator of antibody titre. The results of this approach correlated well with the well-regarded serum neutralization test in virus antibody assays. This protocol reported here can be adopted in Luminex assays, fluorescence-linked immunosorbent assays and assays on microfluidics platforms for rapid antibody surveillance of Hendra and other viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/26141730	��Gao, Yuan
Pallister, Jackie
Lapierre, Florian
Crameri, Gary
Wang, Lin-Fa
Zhu, Yonggang
eng
Evaluation Studies
Research Support, Non-U.S. Gov't
Netherlands
2015/07/05 06:00
J Virol Methods. 2015 Sep 15;222:170-7. doi: 10.1016/j.jviromet.2015.05.008. Epub 2015 Jul 2.*��1879-0984 (Electronic)
0166-0934 (Linking)���26141730Ä��CSIRO Manufacturing Flagship, Bayview Ave, Clayton, VIC 3168, Australia. Electronic address: yuan.gao@csiro.au.
CSIRO Biosecurity Flagship, East Geelong, VIC 3219, Australia.
CSIRO Manufacturing Flagship, Bayview Ave, Clayton, VIC 3168, Australia.
CSIRO Manufacturing Flagship, Bayview Ave, Clayton, VIC 3168, Australia; Melbourne Centre for Nanofabrication, 151 Wellington Road, Clayton, VIC 3169, Australia. Electronic address: yonggang.zhu@csiro.au.���10.1016/j.jviromet.2015.05.008�
ö��üÒtÿî?����¯��Chakraborty, A.
Sazzad, H. M.
Hossain, M. J.
Islam, M. S.
Parveen, S.
Husain, M.
Banu, S. S.
Podder, G.
Afroj, S.
Rollin, P. E.
Daszak, P.
Luby, S. P.
Rahman, M.
Gurley, E. S.���2016f��Evolving epidemiology of Nipah virus infection in Bangladesh: evidence from outbreaks during 2010-2011���371-80���Epidemiol Infect���144���2B��Adolescent
Adult
Bangladesh/epidemiology
Case-Control Studies
Child
Child, Preschool
*Disease Outbreaks
Henipavirus Infections/*epidemiology/mortality/*transmission/virology
Humans
Middle Aged
Nipah Virus/*isolation & purification/*physiology
Risk Factors
Young Adult
Encephalitis
Nipah virus
nosocomial infection
outbreak���Jan/��Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to people in Bangladesh; subsequent person-to-person transmission is common. During December 2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured questionnaires, in-depth interviews, and group discussions to collect clinical and exposure histories. We conducted a case-control study to identify risk factors for transmission. We identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. Drinking raw date palm sap and contact with an infected person were major risk factors; one healthcare worker was infected and for another case transmission apparently occurred through contact with a corpse. In absence of these risk factors, apparent routes of transmission included drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. Identification of new epidemiological characteristics emphasizes the importance of continued NiV surveillance and case investigation.,��https://www.ncbi.nlm.nih.gov/pubmed/26122675���Chakraborty, A
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Viral Structural Proteins/*immunology���Jun 24k��The viral determinants that contribute to Nipah virus (NiV)-mediated disease are poorly understood compared with other paramyxoviruses. Here we use recombinant NiVs (rNiVs) to examine the contributions of the NiV V and W proteins to NiV pathogenesis in a ferret model. We show that a V-deficient rNiV is susceptible to the innate immune response in vitro and behaves as a replicating non-lethal virus in vivo. Remarkably, rNiV lacking W expression results in a delayed and altered disease course with decreased respiratory disease and increased terminal neurological disease associated with altered in vitro inflammatory cytokine production. This study confirms the V protein as the major determinant of pathogenesis, also being the first in vivo study to show that the W protein modulates the inflammatory host immune response in a manner that determines the disease course.,��https://www.ncbi.nlm.nih.gov/pubmed/26105519���Satterfield, Benjamin A
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Protein-protein interaction���Sep 14g��In this review I summarize available data pointing to the abundance of structural disorder within the nucleoprotein (N) from three paramyxoviruses, namely the measles (MeV), Nipah (NiV) and Hendra (HeV) viruses. I provide a detailed description of the molecular mechanisms that govern the disorder-to-order transition that the intrinsically disordered C-terminal domain (NTAIL) of their N proteins undergoes upon binding to the C-terminal X domain (XD) of the homologous phosphoproteins. I also show that a significant flexibility persists within NTAIL-XD complexes, which makes them illustrative examples of "fuzziness". Finally, I discuss the functional implications of structural disorder for viral transcription and replication in light of the promiscuity of disordered regions and of the considerable reach they confer to the components of the replicative machinery.,��https://www.ncbi.nlm.nih.gov/pubmed/26071376µ��Longhi, Sonia
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Zoonoses/*virology6��Hendra virus (HeV) is a lethal zoonotic agent that emerged in 1994 in Australia. Pteropid bats (flying-foxes) are the natural reservoir. To date, HeV has spilled over from flying-foxes to horses on 51 known occasions, and from infected horses to close-contact humans on seven occasions. We undertook screening of archived bat tissues for HeV by reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues were tested from 310 bats including 295 Pteropodiformes and 15 Vespertilioniformes. HeV was detected in 20 individual flying-foxes (6.4%) from various tissues including spleen, kidney, liver, lung, placenta and blood components. Detection was significantly higher in Pteropus Alecto and P. conspicillatus, identifying species as a risk factor for infection. Further, our findings indicate that HeV has a predilection for the spleen, suggesting this organ plays an important role in HeV infection. The lack of detections in the foetal tissues of HeV-positive females suggests that vertical transmission is not a regular mode of transmission in naturally infected flying-foxes, and that placental and foetal tissues are not a major source of infection for horses. A better understanding of HeV tissue tropism will strengthen management of the risk of spillover from flying-foxes to horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26060997ñ��Goldspink, Lauren K
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Nipah virus���Jul-Sepê��Nipah virus (NiV) is a highly pathogenic paramyxovirus which encodes two surface glycoproteins: the receptor-binding protein G and the fusion protein F. As for all paramyxoviruses, proteolytic activation of the NiV-F protein is an indispensable prerequisite for viral infectivity. Interestingly, proteolytic activation of NiV-F differs principally from other paramyxoviruses with respect to protease usage (cathepsins instead of trypsin- or furin-like proteases), and the subcellular localization where cleavage takes place (endosomes instead of Golgi or plasma membrane). To allow efficient F protein activation needed for productive virus replication and cell-to-cell fusion, the NiV-F cytoplasmic tail contains a classical tyrosine-based endocytosis signal (Y525RSL) that we have shown earlier to be needed for F uptake and proteolytic activation. In this report, we furthermore revealed that an intact endocytosis signal alone is not sufficient for full bioactivity. The very C-terminus of the cytoplasmic tail is needed in addition. Deletions of more than four residues did not affect F uptake or endosomal cleavage but downregulated the surface expression, likely by delaying the intracellular trafficking through endosomal-recycling compartments. Given that the NiV-F cytoplasmic tail is needed for timely and correct intracellular trafficking, endosomal cleavage and fusion activity, the influence of tail truncations on NiV-mediated cell-to-cell fusion and on pseudotyping lentiviral vectors is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/26059400¼��Weis, Michael
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RNA-dependent RNA polymerase
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antiviral therapy
nucleoside analogsÈ��The paramyxovirus family includes major human and animal pathogens, including measles virus, mumps virus, and human respiratory syncytial virus (RSV), as well as the emerging zoonotic Hendra and Nipah viruses. In the U.S., RSV is the leading cause of infant hospitalizations due to viral infectious disease. Despite their clinical significance, effective drugs for the improved management of paramyxovirus disease are lacking. The development of novel anti-paramyxovirus therapeutics is therefore urgently needed. Paramyxoviruses contain RNA genomes of negative polarity, necessitating a virus-encoded RNA-dependent RNA polymerase (RdRp) complex for replication and transcription. Since an equivalent enzymatic activity is absent in host cells, the RdRp complex represents an attractive druggable target, although structure-guided drug development campaigns are hampered by the lack of high-resolution RdRp crystal structures. Here, we review the current structural and functional insight into the paramyxovirus polymerase complex in conjunction with an evaluation of the mechanism of activity and developmental status of available experimental RdRp inhibitors. Our assessment spotlights the importance of the RdRp complex as a premier target for therapeutic intervention and examines how high-resolution insight into the organization of the complex will pave the path toward the structure-guided design and optimization of much-needed next-generation paramyxovirus RdRp blockers.,��https://www.ncbi.nlm.nih.gov/pubmed/26029193Ù��Cox, Robert
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Tooth/anatomy & histology«��BACKGROUND: Living gnathostomes (jawed vertebrates) comprise two divisions, Chondrichthyes (cartilaginous fishes, including euchondrichthyans with prismatic calcified cartilage, and extinct stem chondrichthyans) and Osteichthyes (bony fishes including tetrapods). Most of the early chondrichthyan ('shark') record is based upon isolated teeth, spines, and scales, with the oldest articulated sharks that exhibit major diagnostic characters of the group--prismatic calcified cartilage and pelvic claspers in males--being from the latest Devonian, c. 360 Mya. This paucity of information about early chondrichthyan anatomy is mainly due to their lack of endoskeletal bone and consequent low preservation potential. METHODOLOGY/PRINCIPAL FINDINGS: Here we present new data from the first well-preserved chondrichthyan fossil from the early Late Devonian (ca. 380-384 Mya) Gogo Formation Lagerstatte of Western Australia. The specimen is the first Devonian shark body fossil to be acid-prepared, revealing the endoskeletal elements as three-dimensional undistorted units: Meckel's cartilages, nasal, ceratohyal, basibranchial and possible epibranchial cartilages, plus left and right scapulocoracoids, as well as teeth and scales. This unique specimen is assigned to Gogoselachus lynnbeazleyae n. gen. n. sp. CONCLUSIONS/SIGNIFICANCE: The Meckel's cartilages show a jaw articulation surface dominated by an expansive cotylus, and a small mandibular knob, an unusual condition for chondrichthyans. The scapulocoracoid of the new specimen shows evidence of two pectoral fin basal articulation facets, differing from the standard condition for early gnathostomes which have either one or three articulations. The tooth structure is intermediate between the 'primitive' ctenacanthiform and symmoriiform condition, and more derived forms with a euselachian-type base. Of special interest is the highly distinctive type of calcified cartilage forming the endoskeleton, comprising multiple layers of nonprismatic subpolygonal tesserae separated by a cellular matrix, interpreted as a transitional step toward the tessellated prismatic calcified cartilage that is recognized as the main diagnostic character of the chondrichthyans.,��https://www.ncbi.nlm.nih.gov/pubmed/26020788���Long, John A
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SeasonsC��Bats of the genus Pteropus (flying-foxes) are the natural host of Hendra virus (HeV) which periodically causes fatal disease in horses and humans in Australia. The increased urban presence of flying-foxes often provokes negative community sentiments because of reduced social amenity and concerns of HeV exposure risk, and has resulted in calls for the dispersal of urban flying-fox roosts. However, it has been hypothesised that disturbance of urban roosts may result in a stress-mediated increase in HeV infection in flying-foxes, and an increased spillover risk. We sought to examine the impact of roost modification and dispersal on HeV infection dynamics and cortisol concentration dynamics in flying-foxes. The data were analysed in generalised linear mixed models using restricted maximum likelihood (REML). The difference in mean HeV prevalence in samples collected before (4.9%), during (4.7%) and after (3.4%) roost disturbance was small and non-significant (P = 0.440). Similarly, the difference in mean urine specific gravity-corrected urinary cortisol concentrations was small and non-significant (before = 22.71 ng/mL, during = 27.17, after = 18.39) (P= 0.550). We did find an underlying association between cortisol concentration and season, and cortisol concentration and region, suggesting that other (plausibly biological or environmental) variables play a role in cortisol concentration dynamics. The effect of roost disturbance on cortisol concentration approached statistical significance for region, suggesting that the relationship is not fixed, and plausibly reflecting the nature and timing of disturbance. We also found a small positive statistical association between HeV excretion status and urinary cortisol concentration. Finally, we found that the level of flying-fox distress associated with roost disturbance reflected the nature and timing of the activity, highlighting the need for a 'best practice' approach to dispersal or roost modification activities. The findings usefully inform public discussion and policy development in relation to Hendra virus and flying-fox management.,��https://www.ncbi.nlm.nih.gov/pubmed/26016629ì��Edson, Daniel
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Viruses���Jul 2Q��In recent years severe infectious diseases have been constantly emerging, causing panic in the world. Now we know that many of these terrible diseases are caused by viruses originated from bats (Table 1), such as Ebola virus, Marburg, SARS coronavirus (SARS-CoV), MERS coronavirus (MERS-CoV), Nipah virus (NiV) and Hendra virus (HeV). These viruses have co-evolved with bats due to bats' special social, biological and immunological features. Although bats are not in close contact with humans, spillover of viruses from bats to intermediate animal hosts, such as horses, pigs, civets, or non-human primates, is thought to be the most likely mode to cause human infection. Humans may also become infected with viruses through aerosol by intruding into bat roosting caves or via direct contact with bats, such as catching bats or been bitten by bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25997928ÿ��Han, Hui-Ju
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Lassa���Aug{��Host cell kinases are important for the replication of a number of hemorrhagic fever viruses. We tested a panel of kinase inhibitors for their ability to block the replication of multiple hemorrhagic fever viruses. OSU-03012 inhibited the replication of Lassa, Ebola, Marburg and Nipah viruses, whereas BIBX 1382 dihydrochloride inhibited Lassa, Ebola and Marburg viruses. BIBX 1382 blocked both Lassa and Ebola virus glycoprotein-dependent cell entry. These compounds may be used as tools to understand conserved virus-host interactions, and implicate host cell kinases that may be targets for broad spectrum therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/25986249?��Mohr, Emma L
McMullan, Laura K
Lo, Michael K
Spengler, Jessica R
Bergeron, Eric
Albarino, Cesar G
Shrivastava-Ranjan, Punya
Chiang, Cheng-Feng
Nichol, Stuart T
Spiropoulou, Christina F
Flint, Mike
eng
Netherlands
2015/05/20 06:00
Antiviral Res. 2015 Aug;120:40-7. doi: 10.1016/j.antiviral.2015.05.003. Epub 2015 May 16.*��1872-9096 (Electronic)
0166-3542 (Linking)���25986249r��Viral Special Pathogens Branch, Division of High-Consequence Pathogens and Pathology, National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and Prevention, 1600 Clifton Road, MS G-14, Atlanta, GA 30333, USA; Emory University Department of Pediatrics, Emory-Children's Center, 2015 Uppergate Drive, Atlanta, GA 30322, USA.
Viral Special Pathogens Branch, Division of High-Consequence Pathogens and Pathology, National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and Prevention, 1600 Clifton Road, MS G-14, Atlanta, GA 30333, USA.
Viral Special Pathogens Branch, Division of High-Consequence Pathogens and Pathology, National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and Prevention, 1600 Clifton Road, MS G-14, Atlanta, GA 30333, USA. Electronic address: ccs8@cdc.gov.���10.1016/j.antiviral.2015.05.003����L��üÒtÿî?)���/��Glennon, N. B.
Jabado, O.
Lo, M. K.
Shaw, M. L.���2015���Transcriptome Profiling of the Virus-Induced Innate Immune Response in Pteropus vampyrus and Its Attenuation by Nipah Virus Interferon Antagonist Functions���7550-66���J Virol���89���15u��Animals
Chiroptera/genetics/*immunology/virology
Disease Reservoirs/*virology
*Gene Expression Profiling
Hendra Virus/genetics/immunology/physiology
Henipavirus Infections/genetics/*immunology/virology
Humans
Immune Evasion
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Newcastle disease virus/genetics/immunology/physiology
Nipah Virus/genetics/*immunology/physiology���Augf	�UNLABELLED: Bats are important reservoirs for several viruses, many of which cause lethal infections in humans but have reduced pathogenicity in bats. As the innate immune response is critical for controlling viruses, the nature of this response in bats and how it may differ from that in other mammals are of great interest. Using next-generation transcriptome sequencing (mRNA-seq), we profiled the transcriptional response of Pteropus vampyrus bat kidney (PVK) cells to Newcastle disease virus (NDV), an avian paramyxovirus known to elicit a strong innate immune response in mammalian cells. The Pteropus genus is a known reservoir of Nipah virus (NiV) and Hendra virus (HeV). Analysis of the 200 to 300 regulated genes showed that genes for interferon (IFN) and antiviral pathways are highly upregulated in NDV-infected PVK cells, including genes for beta IFN, RIG-I, MDA5, ISG15, and IRF1. NDV-infected cells also upregulated several genes not previously characterized to be antiviral, such as RND1, SERTAD1, CHAC1, and MORC3. In fact, we show that MORC3 is induced by both IFN and NDV infection in PVK cells but is not induced by either stimulus in human A549 cells. In contrast to NDV infection, HeV and NiV infection of PVK cells failed to induce these innate immune response genes. Likewise, an attenuated response was observed in PVK cells infected with recombinant NDVs expressing the NiV IFN antagonist proteins V and W. This study provides the first global profile of a robust virus-induced innate immune response in bats and indicates that henipavirus IFN antagonist mechanisms are likely active in bat cells. IMPORTANCE: Bats are the reservoir host for many highly pathogenic human viruses, including henipaviruses, lyssaviruses, severe acute respiratory syndrome coronavirus, and filoviruses, and many other viruses have also been isolated from bats. Viral infections are reportedly asymptomatic or heavily attenuated in bat populations. Despite their ecological importance to viral maintenance, research into their immune system and mechanisms for viral control has only recently begun. Nipah virus and Hendra virus are two paramyxoviruses associated with high mortality rates in humans and whose reservoir is the Pteropus genus of bats. Greater knowledge of the innate immune response of P. vampyrus bats to viral infection may elucidate how bats serve as a reservoir for so many viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25972557���Glennon, Nicole B
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Small angle X-ray scattering���Augz��The Hendra virus is a member of the Henipavirus genus within the Paramyxoviridae family. The nucleoprotein, which consists of a structured core and of a C-terminal intrinsically disordered domain (N(TAIL)), encapsidates the viral genome within a helical nucleocapsid. N(TAIL) partly protrudes from the surface of the nucleocapsid being thus capable of interacting with the C-terminal X domain (XD) of the viral phosphoprotein. Interaction with XD implies a molecular recognition element (MoRE) that is located within N(TAIL) residues 470-490, and that undergoes alpha-helical folding. The MoRE has been proposed to be embedded in the hydrophobic groove delimited by helices alpha2 and alpha3 of XD, although experimental data could not discriminate between a parallel and an antiparallel orientation of the MoRE. Previous studies also showed that if the binding interface is enriched in hydrophobic residues, charged residues located close to the interface might play a role in complex formation. Here, we targeted for site directed mutagenesis two acidic and two basic residues within XD and N(TAIL). ITC studies showed that electrostatics plays a crucial role in complex formation and pointed a parallel orientation of the MoRE as more likely. Further support for a parallel orientation was afforded by SAXS studies that made use of two chimeric constructs in which XD and the MoRE were covalently linked to each other. Altogether, these studies unveiled the multiparametric nature of the interactions established within this complex and contribute to shed light onto the molecular features of protein interfaces involving intrinsically disordered regions.,��https://www.ncbi.nlm.nih.gov/pubmed/25960280ð��Erales, Jenny
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sponge���Jul 3¥��All vertebrate inwardly rectifying potassium (Kir) channels are activated by phosphatidylinositol 4,5-bisphosphate (PIP2) (Logothetis, D. E., Petrou, V. I., Zhang, M., Mahajan, R., Meng, X. Y., Adney, S. K., Cui, M., and Baki, L. (2015) Annu. Rev. Physiol. 77, 81-104; Furst, O., Mondou, B., and D'Avanzo, N. (2014) Front. Physiol. 4, 404-404). Structural components of a PIP2-binding site are conserved in vertebrate Kir channels but not in distantly related animals such as sponges and sea anemones. To expand our understanding of the structure-function relationships of PIP2 regulation of Kir channels, we studied AqKir, which was cloned from the marine sponge Amphimedon queenslandica, an animal that represents the phylogenetically oldest metazoans. A requirement for PIP2 in the maintenance of AqKir activity was examined in intact oocytes by activation of a co-expressed voltage-sensing phosphatase, application of wortmannin (at micromolar concentrations), and activation of a co-expressed muscarinic acetylcholine receptor. All three mechanisms to reduce the availability of PIP2 resulted in inhibition of AqKir current. However, time-dependent rundown of AqKir currents in inside-out patches could not be re-activated by direct application to the inside membrane surface of water-soluble dioctanoyl PIP2, and the current was incompletely re-activated by the more hydrophobic arachidonyl stearyl PIP2. When we introduced mutations to AqKir to restore two positive charges within the vertebrate PIP2-binding site, both forms of PIP2 strongly re-activated the mutant sponge channels in inside-out patches. Molecular dynamics simulations validate the additional hydrogen bonding potential of the sponge channel mutants. Thus, nature's mutations conferred a high affinity activation of vertebrate Kir channels by PIP2, and this is a more recent evolutionary development than the structures that explain ion channel selectivity and inward rectification.,��https://www.ncbi.nlm.nih.gov/pubmed/25957411���Tang, Qiong-Yao
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zoonosis���Feb���Many wild swine populations in different parts of the World have experienced an unprecedented demographic explosion that may result in increased exposure of humans to wild swine zoonotic pathogens. Interactions between humans and wild swine leading to pathogen transmission could come from different ways, being hunters and game professionals the most exposed to acquiring infections from wild swine. However, increasing human settlements in semi-natural areas, outdoor activities, socio-economic changes and food habits may increase the rate of exposure to wild swine zoonotic pathogens and to potentially emerging pathogens from wild swine. Frequent and increasing contact rate between humans and wild swine points to an increasing chance of zoonotic pathogens arising from wild swine to be transmitted to humans. Whether this frequent contact could lead to new zoonotic pathogens emerging from wild swine to cause human epidemics or emerging disease outbreaks is difficult to predict, and assessment should be based on thorough epidemiologic surveillance. Additionally, several gaps in knowledge on wild swine global population dynamics trends and wild swine-zoonotic pathogen interactions should be addressed to correctly assess the potential role of wild swine in the emergence of diseases in humans. In this work, viruses such as hepatitis E virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. have been identified as the most prone to be transmitted from wild swine to humans on the basis of geographic spread in wild swine populations worldwide, pathogen circulation rates in wild swine populations, wild swine population trends in endemic areas, susceptibility of humans to infection, transmissibility from wild swine to humans and existing evidence of wild swine-human transmission events.,��https://www.ncbi.nlm.nih.gov/pubmed/25953392���Ruiz-Fons, F
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*Virus Internalization���Jul½	�UNLABELLED: Hendra virus (HeV) and Nipah virus (NiV) are reportedly the most deadly pathogens within the Paramyxoviridae family. These two viruses bind the cellular entry receptors ephrin B2 and/or ephrin B3 via the viral attachment glycoprotein G, and the concerted efforts of G and the viral fusion glycoprotein F result in membrane fusion. Membrane fusion is essential for viral entry into host cells and for cell-cell fusion, a hallmark of the disease pathobiology. HeV G is heavily N-glycosylated, but the functions of the N-glycans remain unknown. We disrupted eight predicted N-glycosylation sites in HeV G by conservative mutations (Asn to Gln) and found that six out of eight sites were actually glycosylated (G2 to G7); one in the stalk (G2) and five in the globular head domain (G3 to G7). We then tested the roles of individual and combined HeV G N-glycan mutants and found functions in the modulation of shielding against neutralizing antibodies, intracellular transport, G-F interactions, cell-cell fusion, and viral entry. Between the highly conserved HeV and NiV G glycoproteins, similar trends in the effects of N-glycans on protein functions were observed, with differences in the levels at which some N-glycan mutants affected such functions. While the N-glycan in the stalk domain (G2) had roles that were highly conserved between HeV and NiV G, individual N-glycans in the head affected the levels of several protein functions differently. Our findings are discussed in the context of their contributions to our understanding of HeV and NiV pathogenesis and immune responses. IMPORTANCE: Viral envelope glycoproteins are important for viral pathogenicity and immune evasion. N-glycan shielding is one mechanism by which immune evasion can be achieved. In paramyxoviruses, viral attachment and membrane fusion are governed by the close interaction of the attachment proteins H/HN/G and the fusion protein F. In this study, we show that the attachment glycoprotein G of Hendra virus (HeV), a deadly paramyxovirus, is N-glycosylated at six sites (G2 to G7) and that most of these sites have important roles in viral entry, cell-cell fusion, G-F interactions, G oligomerization, and immune evasion. Overall, we found that the N-glycan in the stalk domain (G2) had roles that were very conserved between HeV G and the closely related Nipah virus G, whereas individual N-glycans in the head quantitatively modulated several protein functions differently between the two viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25948743=��Bradel-Tretheway, Birgit G
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Vertebrates/*anatomy & histologyÉ��The origin of terrestrial tetrapods was a key event in vertebrate evolution, yet how and when it occurred remains obscure, due to scarce fossil evidence. Here, we show that the study of palaeopathologies, such as broken and healed bones, can help elucidate poorly understood behavioural transitions such as this. Using high-resolution finite element analysis, we demonstrate that the oldest known broken tetrapod bone, a radius of the primitive stem tetrapod Ossinodus pueri from the mid-Visean (333 million years ago) of Australia, fractured under a high-force, impact-type loading scenario. The nature of the fracture suggests that it most plausibly occurred during a fall on land. Augmenting this are new osteological observations, including a preferred directionality to the trabecular architecture of cancellous bone. Together, these results suggest that Ossinodus, one of the first large (>2m length) tetrapods, spent a significant proportion of its life on land. Our findings have important implications for understanding the temporal, biogeographical and physiological contexts under which terrestriality in vertebrates evolved. They push the date for the origin of terrestrial tetrapods further back into the Carboniferous by at least two million years. Moreover, they raise the possibility that terrestriality in vertebrates first evolved in large tetrapods in Gondwana rather than in small European forms, warranting a re-evaluation of this important evolutionary event.,��https://www.ncbi.nlm.nih.gov/pubmed/25938463���Bishop, Peter J
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*Nipah Virus���Augà��Nipah virus (NiV) encephalitis is endemic in Bangladesh, with yearly seasonal outbreaks occurring since 2003. NiV has a notable case fatality rate, 75-100 per cent depending on the strain. In Bangladesh, primary transmission to humans is believed to be because of consumption of bat-contaminated date palm sap (DPS). Both the disease and the virus have been investigated extensively, however efforts to implement preventive strategies have met social and cultural challenges. Here we present a variety of community approaches to control the spread of Nipah encephalitis, along with advantages and disadvantages of each. This information may be useful to health workers and policymakers in potential NiV outbreak areas in Southeast Asia.,��https://www.ncbi.nlm.nih.gov/pubmed/25925087¼��Dhillon, Jasmine
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*Tropical Medicine���Apr)	�The ten member states of the Association of Southeast Asian Nations (ASEAN) constitute an economic powerhouse, yet these countries also harbor a mostly hidden burden of poverty and neglected tropical diseases (NTDs). Almost 200 million people live in extreme poverty in ASEAN countries, mostly in the low or lower middle-income countries of Indonesia, the Philippines, Myanmar, Viet Nam, and Cambodia, and many of them are affected by at least one NTD. However, NTDs are prevalent even among upper middle-income ASEAN countries such as Malaysia and Thailand, especially among the indigenous populations. The three major intestinal helminth infections are the most common NTDs; each helminthiasis is associated with approximately 100 million infections in the region. In addition, more than 10 million people suffer from either liver or intestinal fluke infections, as well as schistosomiasis and lymphatic filariasis (LF). Intestinal protozoan infections are widespread, while leishmaniasis has emerged in Thailand, and zoonotic malaria (Plasmodium knowlesi infection) causes severe morbidity in Malaysia. Melioidosis has emerged as an important bacterial NTD, as have selected rickettsial infections, and leptospirosis. Leprosy, yaws, and trachoma are still endemic in focal areas. Almost 70 million cases of dengue fever occur annually in ASEAN countries, such that this arboviral infection is now one of the most common and economically important NTDs in the region. A number of other arboviral and zoonotic viral infections have also emerged, including Japanese encephalitis; tick-borne viral infections; Nipah virus, a zoonosis present in fruit bats; and enterovirus 71 infection. There are urgent needs to expand surveillance activities in ASEAN countries, as well as to ensure mass drug administration is provided to populations at risk for intestinal helminth and fluke infections, LF, trachoma, and yaws. An ASEAN Network for Drugs, Diagnostics, Vaccines, and Traditional Medicines Innovation provides a policy framework for the development of new control and elimination tools. Together with prominent research institutions and universities, the World Health Organization (WHO), and its regional offices, these organizations could implement important public health improvements through NTD control and elimination in the coming decade.,��https://www.ncbi.nlm.nih.gov/pubmed/25880767ú��Hotez, Peter J
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Thailand/epidemiology���Mar 28i��BACKGROUND: A major reservoir of Nipah virus is believed to be the flying fox genus Pteropus, a fruit bat distributed across many of the world's tropical and sub-tropical areas. The emergence of the virus and its zoonotic transmission to livestock and humans have been linked to losses in the bat's habitat. Nipah has been identified in a number of indigenous flying fox populations in Thailand. While no evidence of infection in domestic pigs or people has been found to date, pig farming is an active agricultural sector in Thailand and therefore could be a potential pathway for zoonotic disease transmission from the bat reservoirs. The disease, then, represents a potential zoonotic risk. To characterize the spatial habitat of flying fox populations along Thailand's Central Plain, and to map potential contact zones between flying fox habitats, pig farms and human settlements, we conducted field observation, remote sensing, and ecological niche modeling to characterize flying fox colonies and their ecological neighborhoods. A Potential Surface Analysis was applied to map contact zones among local epizootic actors. RESULTS: Flying fox colonies are found mainly on Thailand's Central Plain, particularly in locations surrounded by bodies of water, vegetation, and safe havens such as Buddhist temples. High-risk areas for Nipah zoonosis in pigs include the agricultural ring around the Bangkok metropolitan region where the density of pig farms is high. CONCLUSIONS: Passive and active surveillance programs should be prioritized around Bangkok, particularly on farms with low biosecurity, close to water, and/or on which orchards are concomitantly grown. Integration of human and animal health surveillance should be pursued in these same areas. Such proactive planning would help conserve flying fox colonies and should help prevent zoonotic transmission of Nipah and other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/25880385|��Thanapongtharm, Weerapong
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Vesicular stomatitis virus���Jun 4É��Nipah virus is a zoonotic paramyxovirus that causes severe respiratory and/or encephalitic disease in humans, often resulting in death. It is transmitted from pteropus fruit bats, which serve as the natural reservoir of the virus, and outbreaks occur on an almost annual basis in Bangladesh or India. Outbreaks are small and sporadic, and several cases of human-to-human transmission have been documented as an important feature of the epidemiology of Nipah virus disease. There are no approved countermeasures to combat infection and medical intervention is supportive. We recently generated a recombinant replication-competent vesicular stomatitis virus-based vaccine that encodes a Nipah virus glycoprotein as an antigen and is highly efficacious in the hamster model of Nipah virus disease. Herein, we show that this vaccine protects African green monkeys, a well-characterized model of Nipah virus disease, from disease one month after a single intramuscular administration of the vaccine. Vaccination resulted in a rapid and strong virus-specific immune response which inhibited virus shedding and replication. This vaccine platform provides a rapid means to afford protection from Nipah virus in an outbreak situation.,��https://www.ncbi.nlm.nih.gov/pubmed/25865472T��Prescott, Joseph
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National Institutes of Health, Hamilton, MT, USA. Electronic address: feldmannh@niaid.nih.gov.���10.1016/j.vaccine.2015.03.089����lï�|ÿï73��������2015D��Emerging Viral Diseases: The One Health Connection: Workshop Summary���Washington (DC)õ��In the past half century, deadly disease outbreaks caused by novel viruses of animal origin - Nipah virus in Malaysia, Hendra virus in Australia, Hantavirus in the United States, Ebola virus in Africa, along with HIV (human immunodeficiency virus), several influenza subtypes, and the SARS (sudden acute respiratory syndrome) and MERS (Middle East respiratory syndrome) coronaviruses - have underscored the urgency of understanding factors influencing viral disease emergence and spread. Emerging Viral Diseases is the summary of a public workshop hosted in March 2014 to examine factors driving the appearance, establishment, and spread of emerging, re-emerging and novel viral diseases; the global health and economic impacts of recently emerging and novel viral diseases in humans; and the scientific and policy approaches to improving domestic and international capacity to detect and respond to global outbreaks of infectious disease. This report is a record of the presentations and discussion of the event.,��https://www.ncbi.nlm.nih.gov/pubmed/25834866R��The National Academies Collection: Reports funded by National Institutes of Healthn��Forum on Microbial Threats
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ribonucleoprotein���Apr 7½��Parainfluenza virus 5 (PIV5) is a member of the Paramyxoviridae family of membrane-enveloped viruses with a negative-sense RNA genome that is packaged and protected by long filamentous nucleocapsid-helix structures (RNPs). These RNPs, consisting of approximately 2,600 protomers of nucleocapsid (N) protein, form the template for viral transcription and replication. We have determined the 3D X-ray crystal structure of the nucleoprotein (N)-RNA complex from PIV5 to 3.11-A resolution. The structure reveals a 13-mer nucleocapsid ring whose diameter, cavity, and pitch/height dimensions agree with EM data from early studies on the Paramyxovirinae subfamily of native RNPs, indicating that it closely represents one-turn in the building block of the RNP helices. The PIV5-N nucleocapsid ring encapsidates a nuclease resistant 78-nt RNA strand in its positively charged groove formed between the N-terminal (NTD) and C-terminal (CTD) domains of its successive N protomers. Six nucleotides precisely are associated with each N protomer, with alternating three-base-in three-base-out conformation. The binding of six nucleotides per protomer is consistent with the "rule of six" that governs the genome packaging of the Paramyxovirinae subfamily of viruses. PIV5-N protomer subdomains are very similar in structure to the previously solved Nipah-N structure, but with a difference in the angle between NTD/CTD at the RNA hinge region. Based on the Nipah-N structure we modeled a PIV5-N open conformation in which the CTD rotates away from the RNA strand into the inner spacious nucleocapsid-ring cavity. This rotation would expose the RNA for the viral polymerase activity without major disruption of the nucleocapsid structure.,��https://www.ncbi.nlm.nih.gov/pubmed/25831513F��Alayyoubi, Maher
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viral attachment���Apr 28���The discovery of African henipaviruses (HNVs) related to pathogenic Hendra virus (HeV) and Nipah virus (NiV) from Southeast Asia and Australia presents an open-ended health risk. Cell receptor use by emerging African HNVs at the stage of host-cell entry is a key parameter when considering the potential for spillover and infection of human populations. The attachment glycoprotein from a Ghanaian bat isolate (GhV-G) exhibits <30% sequence identity with Asiatic NiV-G/HeV-G. Here, through functional and structural analysis of GhV-G, we show how this African HNV targets the same human cell-surface receptor (ephrinB2) as the Asiatic HNVs. We first characterized this virus-receptor interaction crystallographically. Compared with extant HNV-G-ephrinB2 structures, there was significant structural variation in the six-bladed beta-propeller scaffold of the GhV-G receptor-binding domain, but not the Greek key fold of the bound ephrinB2. Analysis revealed a surprisingly conserved mode of ephrinB2 interaction that reflects an ongoing evolutionary constraint among geographically distal and phylogenetically divergent HNVs to maintain the functionality of ephrinB2 recognition during virus-host entry. Interestingly, unlike NiV-G/HeV-G, we could not detect binding of GhV-G to ephrinB3. Comparative structure-function analysis further revealed several distinguishing features of HNV-G function: a secondary ephrinB2 interaction site that contributes to more efficient ephrinB2-mediated entry in NiV-G relative to GhV-G and cognate residues at the very C terminus of GhV-G (absent in Asiatic HNV-Gs) that are vital for efficient receptor-induced fusion, but not receptor binding per se. These data provide molecular-level details for evaluating the likelihood of African HNVs to spill over into human populations.,��https://www.ncbi.nlm.nih.gov/pubmed/25825759\��Lee, Benhur
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RNA Viruses/*physiology���Marë��Viral hemorrhagic fevers (VHFs) are major public health problems in the South-East Asia Regional (SEAR) countries. VHFs are a group of illnesses; that are caused by four families of viruses, viz. Arenaviridae, Bunyaviridae, Filoviridae and Flaviviridae. All VHFs have common features: they affect several organs and damage the blood vessels. These symptoms are often accompanied by hemorrhage. To understand pathogenesis, genetic and environmental influence that increase the risk of VHFs, efficacy and safety studies on candidate vaccines and testing of various therapeutic agents, appropriate animal models are essential tools in public and animals health. In the current review, the suitable animal models for Flavivirus [Dengue hemorhagic fever (DHF), Kyasanur forest disease (KFD)]; Bunyavirus [Crimean-Congo hemorrhagic fever (CCHF), Hantavirus fever (HF)]; and Paramyxovirus [Nipah virus fever (NiV)] have been reviewed with specific emphasis on emerging and reemerging viruses in SEAR countries.,��https://www.ncbi.nlm.nih.gov/pubmed/25815861���Badole, Sachin L
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Viral Matrix Proteins/*metabolism���Mar=��The paramyxovirus matrix (M) protein is a molecular scaffold required for viral morphogenesis and budding at the plasma membrane. Transient nuclear residence of some M proteins hints at non-structural roles. However, little is known regarding the mechanisms that regulate the nuclear sojourn. Previously, we found that the nuclear-cytoplasmic trafficking of Nipah virus M (NiV-M) is a prerequisite for budding, and is regulated by a bipartite nuclear localization signal (NLSbp), a leucine-rich nuclear export signal (NES), and monoubiquitination of the K258 residue within the NLSbp itself (NLSbp-lysine). To define whether the sequence determinants of nuclear trafficking identified in NiV-M are common among other Paramyxovirinae M proteins, we generated the homologous NES and NLSbp-lysine mutations in M proteins from the five major Paramyxovirinae genera. Using quantitative 3D confocal microscopy, we determined that the NES and NLSbp-lysine are required for the efficient nuclear export of the M proteins of Nipah virus, Hendra virus, Sendai virus, and Mumps virus. Pharmacological depletion of free ubiquitin or mutation of the conserved NLSbp-lysine to an arginine, which inhibits M ubiquitination, also results in nuclear and nucleolar retention of these M proteins. Recombinant Sendai virus (rSeV-eGFP) bearing the NES or NLSbp-lysine M mutants rescued at similar efficiencies to wild type. However, foci of cells expressing the M mutants displayed marked fusogenicity in contrast to wild type, and infection did not spread. Recombinant Mumps virus (rMuV-eGFP) bearing the homologous mutations showed similar defects in viral morphogenesis. Finally, shotgun proteomics experiments indicated that the interactomes of Paramyxovirinae M proteins are significantly enriched for components of the nuclear pore complex, nuclear transport receptors, and nucleolar proteins. We then synthesize our functional and proteomics data to propose a working model for the ubiquitin-regulated nuclear-cytoplasmic trafficking of cognate paramyxovirus M proteins that show a consistent nuclear trafficking phenotype.,��https://www.ncbi.nlm.nih.gov/pubmed/25782006{��Pentecost, Mickey
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"gateway theory"�
�UNLABELLED: Viral cellular immune surveillance is a dynamic and fluid system that is driven by finely regulated cellular processes including cytokines and other factors locally in the microenvironment and systemically throughout the body. It is questionable as to what extent the central nervous system (CNS) is an immune-privileged organ protected by the blood-brain barrier (BBB). Recent evidence suggests converging pathways through which viral infection, and its associated immune surveillance processes, may alter the integrity of the blood-brain barrier, and lead to inflammation, swelling of the brain parenchyma and associated neurological syndromes. Here, we expand upon the recent "gateway theory", by which viral infection and other immune activation states may disrupt the specialized tight junctions of the BBB endothelium making it permeable to immune cells and factors. The model we outline here builds upon the proposition that this process may actually be initiated by cytokines of the IL-17 family, and recognizing the intimate balance between TH17 and TH9 cytokine profiles systemically. We argue that immune surveillance events, in response to viruses such as the Human Immunodeficiency Virus (HIV), cause a TH17/TH9 induced gateway through blood brain barrier, and thus lead to characteristic neuroimmune pathology. It is possible and even probable that the novel TH17/TH9 induced gateway, which we describe here, opens as a consequence of any state of immune activation and sustained chronic inflammation, whether associated with viral infection or any other cause of peripheral or central neuroinflammation. This view could lead to new, timely and critical patient-centered therapies for patients with neuroimmune pathologies across a variety of etiologies. ABBREVIATIONS: BBB - blood brain barrier, BDV - Borna disease virus, CARD - caspase activation and recruitment domains, CD - clusters of differentiation, CNS - central nervous system, DAMP - damage-associated molecular patterns, DENV - Dengue virus, EBOV - Ebola virus, ESCRT - endosomal sorting complex required for transport-I, HepC - Hepatitis C virus, HIV - human immunodeficiency virus, IFN - interferon, ILn - interleukin-n, IRF-n - interferon regulatory factor-n, MAVS - mitochondrial antiviral-signaling, MBGV - Marburg virus, M-CSF - macrophage colony-stimulating factor, MCP-1 - monocyte chemotactic protein 1 (aka CCL2), MHC - major histocompatibility complex, MIP-alpha beta - macrophage inflammatory protein-1 alpha beta (aka CCL3 & CCL4), MIF - macrophage migration inhibitory factor, NVE - Nipah virus encephalitis, NK - natural killer cell, NLR - NLR, NOD - like receptor, NOD - nucleotide oligomerization domain, PAMP - pathogen-associated molecular patterns, PtdIns - phosphoinositides, PV - Poliovirus, RIG-I - retinoic acid-inducible gene I, RIP - Receptor-interacting protein (RIP) kinase, RLR - RIG-I-like receptor, sICAM1 - soluble intracellular adhesion molecule 1, STAT-3 - signal tranducer and activator of transcription-3, sVCAM1 - soluble vascular cell adhesion molecule 1, TANK - TRAF family member-associated NF- . B activator, TBK1 - TANK-binding kinase 1, TLR - Toll-like receptor, TNF - tumor necrosis factor, TNFR - TNF receptor, TNFRSF21 - tumor necrosis factor receptor superfamily member 21, TRADD TNFR-SF1A - associated via death domain, TRAF TNFR - associated factor, Tregs - regulatory T cellsubpopulation (CD4/8+CD25+FoxP3+), VHF - viral hemorrhagic fever.,��https://www.ncbi.nlm.nih.gov/pubmed/257802816��Barkhordarian, Andre
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*Virus Attachment���Mar 10�
�UNLABELLED: Nipah virus and Hendra virus are emerging, highly pathogenic, zoonotic paramyxoviruses that belong to the genus Henipavirus. They infect humans as well as numerous mammalian species. Both viruses use ephrin-B2 and -B3 as cell entry receptors, and following initial entry into an organism, they are capable of rapid spread throughout the host. We have previously reported that Nipah virus can use another attachment receptor, different from its entry receptors, to bind to nonpermissive circulating leukocytes, thereby promoting viral dissemination within the host. Here, this attachment molecule was identified as heparan sulfate for both Nipah virus and Hendra virus. Cells devoid of heparan sulfate were not able to mediate henipavirus trans-infection and showed reduced permissivity to infection. Virus pseudotyped with Nipah virus glycoproteins bound heparan sulfate and heparin but no other glycosaminoglycans in a surface plasmon resonance assay. Furthermore, heparin was able to inhibit the interaction of the viruses with the heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin was shown to bind to ephrin-B3 and to restrain infection of permissive cells in vitro. Consequently, treatment with heparin devoid of anticoagulant activity improved the survival of Nipah virus-infected hamsters. Altogether, these results reveal heparan sulfate as a new attachment receptor for henipaviruses and as a potential therapeutic target for the development of novel approaches against these highly lethal infections. IMPORTANCE: The Henipavirus genus includes two closely related, highly pathogenic paramyxoviruses, Nipah virus and Hendra virus, which cause elevated morbidity and mortality in animals and humans. Pathogenesis of both Nipah virus and Hendra virus infection is poorly understood, and efficient antiviral treatment is still missing. Here, we identified heparan sulfate as a novel attachment receptor used by both viruses to bind host cells. We demonstrate that heparin was able to inhibit the interaction of the viruses with heparan sulfate and to block cell-mediated trans-infection of henipaviruses. Moreover, heparin also bound to the viral entry receptor and thereby restricted infection of permissive cells in vitro. Consequently, heparin treatment improved survival of Nipah virus-infected hamsters. These results uncover an important role of heparan sulfate in henipavirus infection and open novel perspectives for the development of heparan sulfate-targeting therapeutic approaches for these emerging infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25759505���Mathieu, Cyrille
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Virus Replication/drug effects���Mayµ	�UNLABELLED: Hydrogen sulfide (H2S) is an endogenous gaseous mediator that has gained increasing recognition as an important player in modulating acute and chronic inflammatory diseases. However, its role in virus-induced lung inflammation is currently unknown. Respiratory syncytial virus (RSV) is a major cause of upper and lower respiratory tract infections in children for which no vaccine or effective treatment is available. Using the slow-releasing H2S donor GYY4137 and propargylglycin (PAG), an inhibitor of cystathionine-gamma-lyase (CSE), a key enzyme that produces intracellular H2S, we found that RSV infection led to a reduced ability to generate and maintain intracellular H2S levels in airway epithelial cells (AECs). Inhibition of CSE with PAG resulted in increased viral replication and chemokine secretion. On the other hand, treatment of AECs with the H2S donor GYY4137 reduced proinflammatory mediator production and significantly reduced viral replication, even when administered several hours after viral absorption. GYY4137 also significantly reduced replication and inflammatory chemokine production induced by human metapneumovirus (hMPV) and Nipah virus (NiV), suggesting a broad inhibitory effect of H2S on paramyxovirus infections. GYY4137 treatment had no effect on RSV genome replication or viral mRNA and protein synthesis, but it inhibited syncytium formation and virus assembly/release. GYY4137 inhibition of proinflammatory gene expression occurred by modulation of the activation of the key transcription factors nuclear factor kappaB (NF-kappaB) and interferon regulatory factor 3 (IRF-3) at a step subsequent to their nuclear translocation. H2S antiviral and immunoregulatory properties could represent a novel treatment strategy for paramyxovirus infections. IMPORTANCE: RSV is a global health concern, causing significant morbidity and economic losses as well as mortality in developing countries. After decades of intensive research, no vaccine or effective treatment, with the exception of immunoprophylaxis, is available for this infection as well as for other important respiratory mucosal viruses. This study identifies hydrogen sulfide as a novel cellular mediator that can modulate viral replication and proinflammatory gene expression, both important determinants of lung injury in respiratory viral infections, with potential for rapid translation of such findings into novel therapeutic approaches for viral bronchiolitis and pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/25740991r��Li, Hui
Ma, Yinghong
Escaffre, Oliver
Ivanciuc, Teodora
Komaravelli, Narayana
Kelley, John P
Coletta, Ciro
Szabo, Csaba
Rockx, Barry
Garofalo, Roberto P
Casola, Antonella
eng
R01 AI062885/AI/NIAID NIH HHS/
P01 AI062885/AI/NIAID NIH HHS/
R21 AI111042/AI/NIAID NIH HHS/
R21 AI103565/AI/NIAID NIH HHS/
P30 ES006676/ES/NIEHS NIH HHS/
P01 AI07924602/AI/NIAID NIH HHS/
R01 GM107846/GM/NIGMS NIH HHS/
GM107846/GM/NIGMS NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
2015/03/06 06:00
J Virol. 2015 May;89(10):5557-68. doi: 10.1128/JVI.00264-15. Epub 2015 Mar 4.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC4442521���25740991Ì��Department of Pediatrics, University of Texas Medical Branch at Galveston, Galveston, Texas, USA.
Department of Pathology, University of Texas Medical Branch at Galveston, Galveston, Texas, USA.
Department of Anesthesiology, University of Texas Medical Branch at Galveston, Galveston, Texas, USA.
Department of Pathology, University of Texas Medical Branch at Galveston, Galveston, Texas, USA Department of Rare and Emerging Viral Infections and Response, Center for Infectious Disease Control, National Institute for Public Health and the Environment, Bilthoven, The Netherlands.
Department of Pediatrics, University of Texas Medical Branch at Galveston, Galveston, Texas, USA Sealy Center for Vaccine Development, University of Texas Medical Branch at Galveston, Galveston, Texas, USA Sealy Center for Molecular Medicine, University of Texas Medical Branch at Galveston, Galveston, Texas, USA.
Department of Pediatrics, University of Texas Medical Branch at Galveston, Galveston, Texas, USA Sealy Center for Vaccine Development, University of Texas Medical Branch at Galveston, Galveston, Texas, USA Sealy Center for Molecular Medicine, University of Texas Medical Branch at Galveston, Galveston, Texas, USA ancasola@utmb.edu.���10.1128/JVI.00264-15��
���þÒ|ÿî?;���E��Weis, M.
Behner, L.
Binger, T.
Drexler, J. F.
Drosten, C.
Maisner, A.���2015���Fusion activity of African henipavirus F proteins with a naturally occurring start codon directly upstream of the signal peptide���85-93	��Virus Res���201ð��Animals
Cell Line
*Codon, Initiator
Gene Expression
Henipavirus/genetics/*physiology
Protein Sorting Signals
Viral Fusion Proteins/genetics/*metabolism
*Virus Internalization
African henipavirus
Fusion protein
Start codon
Surface expression���Apr 2���Compared to the fusion proteins of pathogenic Nipah and Hendra viruses, the F protein of prototype African henipavirus GH-M74a displays a drastically reduced surface expression and fusion activity. A probable reason for limited F expression is the unusually long sequence located between the gene start and the signal peptide (SP) not present in other henipaviruses. Such a long pre-SP extension can prevent efficient ER translocation or protein maturation and processing. As its truncation can therefore enhance surface expression, the recent identification of a second in-frame start codon directly upstream of the SP in another African henipavirus F gene (GH-UP28) raised the question if such a naturally occurring minor sequence variation can lead to the synthesis of a pre-SP truncated translation product, thereby increasing the production of mature F proteins. To test this, we analyzed surface expression and biological activity of F genes carrying the second SP-proximal start codon of GH-UP28. Though we observed minor differences in the expression levels, introduction of the additional start codon did not result in an increased fusion activity, even if combined with further mutations in the pre-SP region. Thus, limited bioactivity of African henipavirus F protein is maintained even after sequence changes that alter the gene start allowing the production of F proteins without an unusually long pre-SP.,��https://www.ncbi.nlm.nih.gov/pubmed/25725148ù��Weis, Michael
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Technology, Pharmaceutical/*instrumentation���Jan-Feb´��High-throughput screening (HTS) has been integrated into the drug discovery process, and multiple assay formats have been widely used in many different disease areas but with limited focus on infectious agents. In recent years, there has been an increase in the number of HTS campaigns using infectious wild-type pathogens rather than surrogates or biochemical pathogen-derived targets. Concurrently, enhanced emerging pathogen surveillance and increased human mobility have resulted in an increase in the emergence and dissemination of infectious human pathogens with serious public health, economic, and social implications at global levels. Adapting the HTS drug discovery process to biocontainment laboratories to develop new drugs for these previously uncharacterized and highly pathogenic agents is now feasible, but HTS at higher biosafety levels (BSL) presents a number of unique challenges. HTS has been conducted with multiple bacterial and viral pathogens at both BSL-2 and BSL-3, and pilot screens have recently been extended to BSL-4 environments for both Nipah and Ebola viruses. These recent successful efforts demonstrate that HTS can be safely conducted at the highest levels of biological containment. This review outlines the specific issues that must be considered in the execution of an HTS drug discovery program for high-containment pathogens. We present an overview of the requirements for HTS in high-level biocontainment laboratories.,��https://www.ncbi.nlm.nih.gov/pubmed/25710545ë��Rasmussen, Lynn
Tigabu, Bersabeh
White, E Lucile
Bostwick, Robert
Tower, Nichole
Bukreyev, Alexander
Rockx, Barry
LeDuc, James W
Noah, James W
eng
U19AL109664/PHS HHS/
UC7 AI094660/AI/NIAID NIH HHS/
U54 HG005034/HG/NHGRI NIH HHS/
N01-AI-30047/AI/NIAID NIH HHS/
UC7 AI070083/AI/NIAID NIH HHS/
U54 HG003917/HG/NHGRI NIH HHS/
U19 AI109664/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Review
2015/02/25 06:00
Assay Drug Dev Technol. 2015 Jan-Feb;13(1):44-54. doi: 10.1089/adt.2014.617.*��1557-8127 (Electronic)
1540-658X (Linking)
��PMC4340648���25710545B��1 Drug Discovery Division, Southern Research, Birmingham, Alabama.���10.1089/adt.2014.617����±�üÒ|ÿî?=���D��Barton, A. J.
Prow, N. A.
Hall, R. A.
Kidd, L.
Bielefeldt-Ohmann, H.���2015d��A case of Murray Valley encephalitis in a 2-year-old Australian Stock Horse in south-east Queensland���53-7
��Aust Vet J���93���3���Animals
Brain/pathology
Cerebellar Ataxia/veterinary/virology
*Encephalitis Virus, Murray Valley
Encephalitis, Arbovirus/pathology/*veterinary/virology
Enzyme-Linked Immunosorbent Assay/veterinary
Facial Paralysis/veterinary/virology
Fatal Outcome
Female
Horse Diseases/pathology/*virology
Horses/virology
Queensland
Murray Valley encephalitis virus
arbovirus
horses
meningoencephalitis���Mar°��CASE REPORT: This report summarises the findings from a case of naturally-occurring Murray Valley encephalitis in a 2-year-old filly presenting with acute onset of depression and weakness. Serum samples tested at the onset of clinical signs were negative for Hendra and Kunjin virus antibodies, but positive for Murray Valley encephalitis virus (MVEV) using IgM-capture ELISA (1 : 300 dilution). A virus neutralisation assay performed 4 weeks later confirmed a titre of 1 : 160. Sera collected in the weeks preceding neurological signs returned a negative titre for MVEV 2 weeks prior followed by a titre of 1:80 in the week prior to illness. Serological surveillance conducted on 67 co-located horses returned a positive titre of 1 : 20 in one in-contact horse. There was no history of clinical disease in that horse. At 3 months after the onset of clinical signs in the index case, the filly continued to show mild facial paresis and hypermetria; the owners elected euthanasia and gave permission for necropsy. Histopathological analysis of the brain showed a mild meningoencephalitis. CONCLUSION: The progression of a naturally-occurring MVEV infection in a horse has been documented in this case.,��https://www.ncbi.nlm.nih.gov/pubmed/25708787���Barton, A J
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Nipah Virus/*pathogenicity���Henipaviruses are implicated in severe and frequently fatal pneumonia and encephalitis in humans. There are no approved vaccines or treatments available for human use, and testing of candidates requires the use of well-characterized animal models that mimic human disease. We performed a comprehensive and statistically-powered evaluation of the African green monkey model to define parameters critical to disease progression and the extent to which they correlate with human disease. African green monkeys were inoculated by the intratracheal route with 2.5 x 10(4) plaque forming units of the Malaysia strain of Nipah virus. Physiological data captured using telemetry implants and assessed in conjunction with clinical pathology were consistent with shock, and histopathology confirmed widespread tissue involvement associated with systemic vasculitis in animals that succumbed to acute disease. In addition, relapse encephalitis was identified in 100% of animals that survived beyond the acute disease phase. Our data suggest that disease progression in the African green monkey is comparable to the variable outcome of Nipah virus infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25706617C��Johnston, Sara C
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Viral Proteins/*metabolism ��Bats of different species play a major role in the emergence and transmission of highly pathogenic viruses including Ebola virus, SARS-like coronavirus and the henipaviruses. These viruses require proteolytic activation of surface envelope glycoproteins needed for entry, and cellular cathepsins have been shown to be involved in proteolysis of glycoproteins from these distinct virus families. Very little is currently known about the available proteases in bats. To determine whether the utilization of cathepsins by bat-borne viruses is related to the nature of proteases in their natural hosts, we examined proteolytic processing of several viral fusion proteins in cells derived from two fruit bat species, Pteropus alecto and Rousettus aegyptiacus. Our work shows that fruit bat cells have homologs of cathepsin and furin proteases capable of cleaving and activating both the cathepsin-dependent Hendra virus F and the furin-dependent parainfluenza virus 5 F proteins. Sequence analysis comparing Pteropus alecto furin and cathepsin L to proteases from other mammalian species showed a high degree of conservation; however significant amino acid variation occurs at the C-terminus of Pteropus alecto furin. Further analysis of furin-like proteases from fruit bats revealed that these proteases are catalytically active and resemble other mammalian furins in their response to a potent furin inhibitor. However, kinetic analysis suggests that differences may exist in the cellular localization of furin between different species. Collectively, these results indicate that the unusual role of cathepsin proteases in the life cycle of bat-borne viruses is not due to the lack of active furin-like proteases in these natural reservoir species; however, differences may exist between furin proteases present in fruit bats compared to furins in other mammalian species, and these differences may impact protease usage for viral glycoprotein processing.,��https://www.ncbi.nlm.nih.gov/pubmed/25706132���El Najjar, Farah
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Zinc���Aprr��The recent proposal of using Zn-based alloys for biodegradable implants was not supported with sufficient toxicity data. This work, for the first time, presents a thorough cytotoxicity evaluation of Zn-3Mg alloy for biodegradable bone implants. Normal human osteoblast cells were exposed to the alloy's extract and three main cell-material interaction parameters: cell health, functionality and inflammatory response, were evaluated. Results showed that at the concentration of 0.75mg/ml alloy extract, cell viability was reduced by ~50% through an induction of apoptosis at day 1; however, cells were able to recover at days 3 and 7. Cytoskeletal changes were observed but without any significant DNA damage. The downregulation of alkaline phosphatase protein levels did not significantly affect the mineralization process of the cells. Significant differences of cyclooxygenase-2 and prostaglandin E2 inflammatory biomarkers were noticed, but not interleukin 1-beta, indicating that the cells underwent a healing process after exposure to the alloy. Detailed analysis on the cell-material interaction is further discussed in this paper.,��https://www.ncbi.nlm.nih.gov/pubmed/25686984ê��Murni, N S
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Seasons���Jun§��Hendra virus (HeV) is lethal to humans and horses, and little is known about its epidemiology. Biosecurity restrictions impede advances, particularly on understanding pathways of transmission. Quantifying the environmental survival of HeV can be used for making decisions and to infer transmission pathways. We estimated HeV survival with a Weibull distribution and calculated parameters from data generated in laboratory experiments. HeV survival rates based on air temperatures 24 h after excretion ranged from 2 to 10 % in summer and from 12 to 33 % in winter. Simulated survival across the distribution of the black flying fox (Pteropus alecto), a key reservoir host, did not predict spillover events. Based on our analyses we concluded that the most likely pathways of transmission did not require long periods of virus survival and were likely to involve relatively direct contact with flying fox excreta shortly after excretion.,��https://www.ncbi.nlm.nih.gov/pubmed/25667321���Martin, Gerardo
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Rhinitis virus���Apr§��Many viral agents have been associated with respiratory disease of the horse. The most important viral causes of respiratory disease in horses are equine influenza and the equine alphaherpesviruses. Agents such as equine viral arteritis virus, African horse sickness virus, and Hendra virus establish systemic infections. Clinical signs of disease resulting from infection with these agents can manifest as respiratory disease, but the respiratory tract is not the major body system affected by these viruses. Treatment of viral respiratory disease is generally limited to supportive therapies, whereas targeted antimicrobial therapy is effective in cases of bacterial infection.,��https://www.ncbi.nlm.nih.gov/pubmed/25648568Ï��Gilkerson, James R
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Small-angle X-ray scattering���Mar���Nipah and Hendra viruses are recently emerged paramyxoviruses belonging to the Henipavirus genus. The Henipavirus phosphoprotein (P) consists of a large intrinsically disordered domain and a C-terminal domain (PCT) containing alternating disordered and ordered regions. Among these latter is the P multimerization domain (PMD). Using biochemical, analytical ultracentrifugation and small-angle X-ray scattering (SAXS) studies, we show that Hendra virus (HeV) PMD forms an elongated coiled-coil homotrimer in solution, in agreement with our previous findings on Nipah virus (NiV) PMD. However, the orientation of the N-terminal region differs from that observed in solution for NiV PMD, consistent with the ability of this region to adopt different conformations. SAXS studies provided evidence for a trimeric organization also in the case of PCT, thus extending and strengthening our findings on PMD. The present results are discussed in light of conflicting reports in the literature pointing to a tetrameric organization of paramyxoviral P proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/25637789Æ��Beltrandi, Matilde
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encephalitis���Mar���Hendra virus and Nipah virus are closely related, recently emerged zoonotic paramyxoviruses, belonging to the Henipavirus genus. Both viruses induce generalized vasculitis affecting particularly the respiratory tract and CNS. The exceptionally broad species tropism of Henipavirus, the high case fatality rate and person-to-person transmission associated with Nipah virus outbreaks emphasize the necessity of effective antiviral strategies for these intriguing threatening pathogens. Current therapeutic approaches, validated in animal models, target early steps in viral infection; they include the use of neutralizing virus-specific antibodies and blocking membrane fusion with peptides that bind the viral fusion protein. A better understanding of Henipavirus pathogenesis is critical for the further advancement of antiviral treatment, and we summarize here the recent progress in the field.,��https://www.ncbi.nlm.nih.gov/pubmed/25634624Î��Mathieu, Cyrille
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Multi-epitope peptide vaccination���Mar 3���BACKGROUND: Peptide vaccination based on multiple T-cell epitopes can be used to target well-defined ethnic populations. Because the response to T-cell epitopes is restricted by HLA proteins, the HLA specificity of T-cell epitopes becomes a major consideration for epitope-based vaccine design. We have previously shown that CD4+ T-cell epitopes restricted by 95% of human MHC class II proteins can be predicted with high-specificity. METHODS: We describe here the integration of epitope prediction with population coverage and epitope selection algorithms. The population coverage assessment makes use of the Allele Frequency Net Database. We present the computational platform Predivac-2.0 for HLA class II-restricted epitope-based vaccine design, which accounts comprehensively for human genetic diversity. RESULTS: We validated the performance of the tool on the identification of promiscuous and immunodominant CD4+ T-cell epitopes from the human immunodeficiency virus (HIV) protein Gag. We further describe an application for epitope-based vaccine design in the context of emerging infectious diseases associated with Lassa, Nipah and Hendra viruses. Putative CD4+ T-cell epitopes were mapped on the surface glycoproteins of these pathogens and are good candidates to be experimentally tested, as they hold potential to provide cognate help in vaccination settings in their respective target populations. CONCLUSION: Predivac-2.0 is a novel approach in epitope-based vaccine design, particularly suited to be applied to virus-related emerging infectious diseases, because the geographic distributions of the viruses are well defined and ethnic populations in need of vaccination can be determined ("ethnicity-oriented approach"). Predivac-2.0 is accessible through the website http://predivac.biosci.uq.edu.au/.,��https://www.ncbi.nlm.nih.gov/pubmed/25629524ö��Oyarzun, Patricio
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Young Adult���Feb)��Acute encephalitis is a severe neurologic syndrome. Determining etiology from among approximately 100 possible agents is difficult. To identify infectious etiologies of encephalitis in Thailand, we conducted surveillance in 7 hospitals during July 2003-August 2005 and selected patients with acute onset of brain dysfunction with fever or hypothermia and with abnormalities seen on neuroimages or electroencephalograms or with cerebrospinal fluid pleocytosis. Blood and cerebrospinal fluid were tested for >30 pathogens. Among 149 case-patients, median age was 12 (range 0-83) years, 84 (56%) were male, and 15 (10%) died. Etiology was confirmed or probable for 54 (36%) and possible or unknown for 95 (64%). Among confirmed or probable etiologies, the leading pathogens were Japanese encephalitis virus, enteroviruses, and Orientia tsutsugamushi. No samples were positive for chikungunya, Nipah, or West Nile viruses; Bartonella henselae; or malaria parasites. Although a broad range of infectious agents was identified, the etiology of most cases remains unknown.,��https://www.ncbi.nlm.nih.gov/pubmed/25627940"��Olsen, Sonja J
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�UNLABELLED: Nipah virus (NiV) is a deadly emerging enveloped paramyxovirus that primarily targets human endothelial cells. Endothelial cells express the innate immune effector galectin-1 that we have previously shown can bind to specific N-glycans on the NiV envelope fusion glycoprotein (F). NiV-F mediates fusion of infected endothelial cells into syncytia, resulting in endothelial disruption and hemorrhage. Galectin-1 is an endogenous carbohydrate-binding protein that binds to specific glycans on NiV-F to reduce endothelial cell fusion, an effect that may reduce pathophysiologic sequelae of NiV infection. However, galectins play multiple roles in regulating host-pathogen interactions; for example, galectins can promote attachment of HIV to T cells and macrophages and attachment of HSV-1 to keratinocytes but can also inhibit influenza entry into airway epithelial cells. Using live Nipah virus, in the present study, we demonstrate that galectin-1 can enhance NiV attachment to and infection of primary human endothelial cells by bridging glycans on the viral envelope to host cell glycoproteins. In order to exhibit an enhancing effect, galectin-1 must be present during the initial phase of virus attachment; in contrast, addition of galectin-1 postinfection results in reduced production of progeny virus and syncytium formation. Thus, galectin-1 can have dual and opposing effects on NiV infection of human endothelial cells. While various roles for galectin family members in microbial-host interactions have been described, we report opposing effects of the same galectin family member on a specific virus, with the timing of exposure during the viral life cycle determining the outcome. IMPORTANCE: Nipah virus is an emerging pathogen that targets endothelial cells lining blood vessels; the high mortality rate (up to 70%) in Nipah virus infections results from destruction of these cells and resulting catastrophic hemorrhage. Host factors that promote or prevent Nipah virus infection are not well understood. Endogenous human lectins, such as galectin-1, can function as pattern recognition receptors to reduce infection and initiate immune responses; however, lectins can also be exploited by microbes to enhance infection of host cells. We found that galectin-1, which is made by inflamed endothelial cells, can both promote Nipah virus infection of endothelial cells by "bridging" the virus to the cell, as well as reduce production of progeny virus and reduce endothelial cell fusion and damage, depending on timing of galectin-1 exposure. This is the first report of spatiotemporal opposing effects of a host lectin for a virus in one type of host cell.,��https://www.ncbi.nlm.nih.gov/pubmed/25505064���Garner, Omai B
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viral proteins���Jan 19÷��We provide an atomic-resolution description based on NMR spectroscopy, of the intrinsically disordered C-terminal domain of the Nipah virus nucleoprotein (NTAIL ), both in its isolated state and within the nucleocapsid (NC). Within the NC the second half of NTAIL retains conformational behavior similar to that of isolated NTAIL , whereas the first half of NTAIL becomes much more rigid. In spite of the mostly disordered nature of NTAIL , chemical shifts and relaxation measurements show a significant degree of alpha-helical sampling in the molecular recognition element (MoRE) involved in binding to the X domain (XD) of the phosphoprotein, with this preconfiguration being more pronounced than in the NTAIL domain from the cognate Hendra virus. Outside the MoRE, an additional region exhibiting reduced flexibility was identified within NTAIL and found to be involved in binding to the XD. (1) H- and (13) C-detected titration NMR experiments support a highly dynamic binding of NTAIL at the surface of the XD.,��https://www.ncbi.nlm.nih.gov/pubmed/25492314õ��Baronti, Lorenzo
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*Virus Internalization���Febü	�UNLABELLED: Membrane fusion is essential for paramyxovirus entry into target cells and for the cell-cell fusion (syncytia) that results from many paramyxoviral infections. The concerted efforts of two membrane-integral viral proteins, the attachment (HN, H, or G) and fusion (F) glycoproteins, mediate membrane fusion. The emergent Nipah virus (NiV) is a highly pathogenic and deadly zoonotic paramyxovirus. We recently reported that upon cell receptor ephrinB2 or ephrinB3 binding, at least two conformational changes occur in the NiV-G head, followed by one in the NiV-G stalk, that subsequently result in F triggering and F execution of membrane fusion. However, the domains and residues in NiV-G that trigger F and the specific events that link receptor binding to F triggering are unknown. In the present study, we identified a NiV-G stalk C-terminal region (amino acids 159 to 163) that is important for multiple G functions, including G tetramerization, conformational integrity, G-F interactions, receptor-induced conformational changes in G, and F triggering. On the basis of these results, we propose that this NiV-G region serves as an important structural and functional linker between the NiV-G head and the rest of the stalk and is critical in propagating the F-triggering signal via specific conformational changes that open a concealed F-triggering domain(s) in the G stalk. These findings broaden our understanding of the mechanism(s) of receptor-induced paramyxovirus F triggering during viral entry and cell-cell fusion. IMPORTANCE: The emergent deadly viruses Nipah virus (NiV) and Hendra virus belong to the Henipavirus genus in the Paramyxoviridae family. NiV infections target endothelial cells and neurons and, in humans, result in 40 to 75% mortality rates. The broad tropism of the henipaviruses and the unavailability of therapeutics threaten the health of humans and livestock. Viral entry into host cells is the first step of henipavirus infections, which ultimately cause syncytium formation. After attaching to the host cell receptor, henipaviruses enter the target cell via direct viral-cell membrane fusion mediated by two membrane glycoproteins: the attachment protein (G) and the fusion protein (F). In this study, we identified and characterized a region in the NiV-G stalk C-terminal domain that links receptor binding to fusion triggering via several important glycoprotein functions. These findings advance our understanding of the membrane fusion-triggering mechanism(s) of the henipaviruses and the paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25428863���Liu, Qian
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*Virus Assembly���Nov 27u��BACKGROUND: Hendra virus (HeV) is a pleomorphic virus belonging to the Paramyxovirus family. Our long-term aim is to understand the process of assembly of HeV virions. As a first step, we sought to determine the most appropriate cell culture system with which to study this process, and then to use this model to define the morphology of the virus and identify the site of assembly by imaging key virus encoded proteins in infected cells. METHODS: A range of primary cells and immortalised cell lines were infected with HeV, fixed at various time points post-infection, labelled for HeV proteins and imaged by confocal, super-resolution and transmission electron microscopy. RESULTS: Significant differences were noted in viral protein distribution depending on the infected cell type. At 8 hpi HeV G protein was detected in the endoplasmic reticulum and M protein was seen predominantly in the nucleus in all cells tested. At 18 hpi, HeV-infected Vero cells showed M and G proteins throughout the cell and in transmission electron microscope (TEM) sections, in pleomorphic virus-like structures. In HeV infected MDBK, A549 and HeLa cells, HeV M protein was seen predominantly in the nucleus with G protein at the membrane. In HeV-infected primary bovine and porcine aortic endothelial cells and two bat-derived cell lines, HeV M protein was not seen at such high levels in the nucleus at any time point tested (8,12, 18, 24, 48 hpi) but was observed predominantly at the cell surface in a punctate pattern co-localised with G protein. These HeV M and G positive structures were confirmed as round HeV virions by TEM and super-resolution (SR) microscopy. SR imaging demonstrated for the first time sub-virion imaging of paramyxovirus proteins and the respective localisation of HeV G, M and N proteins within virions. CONCLUSION: These findings provide novel insights into the structure of HeV and show that for HeV imaging studies the choice of tissue culture cells may affect the experimental results. The results also indicate that HeV should be considered a predominantly round virus with a mean diameter of approximately 280 nm by TEM and 310 nm by SR imaging.,��https://www.ncbi.nlm.nih.gov/pubmed/25428656ù��Monaghan, Paul
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hantavirus pulmonary syndromer��Emerging infectious diseases of zoonotic origin are shaping today's infectious disease field more than ever. In this article, we introduce and review three emerging zoonotic viruses. Novel hantaviruses emerged in the Americas in the mid-1990s as the cause of severe respiratory infections, designated hantavirus pulmonary syndrome, with case fatality rates of around 40%. Nipah virus emerged a few years later, causing respiratory infections and encephalitis in Southeast Asia, with case fatality rates ranging from 40% to more than 90%. A new coronavirus emerged in 2012 on the Arabian Peninsula with a clinical syndrome of acute respiratory infections, later designated as Middle East respiratory syndrome (MERS), and an initial case fatality rate of more than 40%. Our current state of knowledge on the pathogenicity of these three severe, emerging viral infections is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25423349á��Safronetz, David
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Water/*chemistry���Dec 26ë��The dynamical properties of water at protein-water interfaces are unlike those in the bulk. Here we utilize molecular dynamics simulations to study water dynamics in interstitial regions between two proteins. We consider two natural protein-protein complexes, one in which the Nipah virus G protein binds to cellular ephrin B2 and the other in which the same G protein binds to ephrin B3. While the two complexes are structurally similar, the two ephrins share only a modest sequence identity of approximately 50%. X-ray crystallography also suggests that these interfaces are fairly extensive and contain exceptionally large amounts of waters. We find that while the interstitial waters tend to occupy crystallographic sites, almost all waters exhibit residence times of less than hundred picoseconds in the interstitial region. We also find that while the differences in the sequence of the two ephrins result in quantitative differences in the dynamics of interstitial waters, the trends in the shifts with respect to bulk values are similar. Despite the high wetness of the protein-protein interfaces, the dynamics of interstitial waters are considerably slower compared to the bulk-the interstitial waters diffuse an order of magnitude slower and have 2-3 fold longer hydrogen bond lifetimes and 2-1000 fold slower dipole relaxation rates. To understand the role of interstitial waters, we examine how implicit solvent models compare against explicit solvent models in producing ephrin-induced shifts in the G conformational density. Ephrin-induced shifts in the G conformational density are critical to the allosteric activation of another viral protein that mediates fusion. We find that in comparison with the explicit solvent model, the implicit solvent model predicts a more compact G-B2 interface, presumably because of the absence of discrete waters at the G-B2 interface. Simultaneously, we find that the two models yield strikingly different induced changes in the G conformational density, even for those residues whose conformational densities in the apo state are unaffected by the treatment of the bulk solvent. Together, these results show that the explicit treatment of interstitial water molecules is necessary for a proper description of allosteric transitions.,��https://www.ncbi.nlm.nih.gov/pubmed/25420132»��Dutta, Priyanka
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��69 Suppl A���Augq��Between September 1998 to May 1999, Malaysia and Singapore were hit by an outbreak of fatal encephalitis caused by a novel virus from the paramyxovirus family. This virus was subsequently named as Nipah virus, after the Sungei Nipah village in Negeri Sembilan, where the virus was first isolated. The means of transmission was thought to be from bats-topigs and subsequently pigs-to-human. Since 2001, almost yearly outbreak of Nipah encephalitis has been reported from Bangladesh and West Bengal, India. These outbreaks were characterized by direct bats-to-human, and human-to-human spread of infection. Nipah virus shares many similar characteristics to Hendra virus, first isolated in an outbreak of respiratory illness involving horses in Australia in 1994. Because of their homology, a new genus called Henipavirus (Hendra + Nipah) was introduced. Henipavirus infection is a human disease manifesting most often as acute encephalitis (which may be relapsing or late-onset) or pneumonia, with a high mortality rate. Pteropus bats act as reservoir for the virus, which subsequently lead to human spread. Transmission may be from consumption of food contaminated by bats secretion, contact with infected animals, or human-to-human spread. With wide geographical distribution of Pteropus bats, Henipavirus infection has become an important emerging human infection with worldwide implication.,��https://www.ncbi.nlm.nih.gov/pubmed/25417957b��Sherrini, B A
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Swine Diseases/blood/*epidemiology/virology���Novî��BACKGROUND: Nipah virus (NiV) is an emerging disease that causes severe encephalitis and respiratory illness in humans. Pigs were identified as an intermediate host for NiV transmission in Malaysia. In Bangladesh, NiV has caused recognized human outbreaks since 2001 and three outbreak investigations identified an epidemiological association between close contact with sick or dead animals and human illness. METHODOLOGY: We examined cattle and goats reared around Pteropus bat roosts in human NiV outbreak areas. We also tested pig sera collected under another study focused on Japanese encephalitis. PRINCIPAL FINDINGS: We detected antibodies against NiV glycoprotein in 26 (6.5%) cattle, 17 (4.3%) goats and 138 (44.2%) pigs by a Luminex-based multiplexed microsphere assay; however, these antibodies did not neutralize NiV. Cattle and goats with NiVsG antibodies were more likely to have a history of feeding on fruits partially eaten by bats or birds (PR=3.1, 95% CI 1.6-5.7) and drinking palmyra palm juice (PR=3.9, 95% CI 1.5-10.2). CONCLUSIONS: This difference in test results may be due to the exposure of animals to one or more novel viruses with antigenic similarity to NiV. Further research may identify a novel organism of public health importance.,��https://www.ncbi.nlm.nih.gov/pubmed/25412358r��Chowdhury, Sukanta
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Zoonoses/blood/immunology���Nov 18X��Zoonotic transmission of lethal henipaviruses (HNVs) from their natural fruit bat reservoirs to humans has only been reported in Australia and South/Southeast Asia. However, a recent study discovered numerous HNV clades in African bat samples. To determine the potential for HNV spillover events among humans in Africa, here we examine well-curated sets of bat (Eidolon helvum, n = 44) and human (n = 497) serum samples from Cameroon for Nipah virus (NiV) cross-neutralizing antibodies (NiV-X-Nabs). Using a vesicular stomatitis virus (VSV)-based pseudoparticle seroneutralization assay, we detect NiV-X-Nabs in 48% and 3-4% of the bat and human samples, respectively. Seropositive human samples are found almost exclusively in individuals who reported butchering bats for bushmeat. Seropositive human sera also neutralize Hendra virus and Gh-M74a (an African HNV) pseudoparticles, as well as live NiV. Butchering bat meat and living in areas undergoing deforestation are the most significant risk factors associated with seropositivity. Evidence for HNV spillover events warrants increased surveillance efforts.,��https://www.ncbi.nlm.nih.gov/pubmed/25405640í��Pernet, Olivier
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Virus Replication/genetics®��BACKGROUND: Bats are a major reservoir of emerging infectious viruses. Many of these viruses are highly pathogenic to humans however bats remain asymptomatic. The mechanism by which bats control viral replication is unknown. Here we utilize an integrated approach of proteomics informed by transcriptomics to compare the response of immortalized bat and human cells following infection with the highly pathogenic bat-borne Hendra virus (HeV). RESULTS: The host response between the cell lines was significantly different at both the mRNA and protein levels. Human cells demonstrated minimal response eight hours post infection, followed by a global suppression of mRNA and protein abundance. Bat cells demonstrated a robust immune response eight hours post infection, which led to the up-regulation of apoptosis pathways, mediated through the tumor necrosis factor-related apoptosis inducing ligand (TRAIL). HeV sensitized bat cells to TRAIL-mediated apoptosis, by up-regulating death receptor transcripts. At 48 and 72 hours post infection, bat cells demonstrated a significant increase in apoptotic cell death. CONCLUSIONS: This is the first study to comprehensively compare the response of bat and human cells to a highly pathogenic zoonotic virus. An early induction of innate immune processes followed by apoptosis of virally infected bat cells highlights the possible involvement of programmed cell death in the host response. Our study shows for the first time a side-by-side high-throughput analysis of a dangerous zoonotic virus in cell lines derived from humans and the natural bat host. This enables a way to search for divergent mechanisms at a molecular level that may influence host pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/25398248���Wynne, James W
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emerging infectious diseases of bat origin
severe acute respiratory syndrome coronavirus���Jan 7ß��Viruses that originate in bats may be the most notorious emerging zoonoses that spill over from wildlife into domestic animals and humans. Understanding how these infections filter through ecological systems to cause disease in humans is of profound importance to public health. Transmission of viruses from bats to humans requires a hierarchy of enabling conditions that connect the distribution of reservoir hosts, viral infection within these hosts, and exposure and susceptibility of recipient hosts. For many emerging bat viruses, spillover also requires viral shedding from bats, and survival of the virus in the environment. Focusing on Hendra virus, but also addressing Nipah virus, Ebola virus, Marburg virus and coronaviruses, we delineate this cross-species spillover dynamic from the within-host processes that drive virus excretion to land-use changes that increase interaction among species. We describe how land-use changes may affect co-occurrence and contact between bats and recipient hosts. Two hypotheses may explain temporal and spatial pulses of virus shedding in bat populations: episodic shedding from persistently infected bats or transient epidemics that occur as virus is transmitted among bat populations. Management of livestock also may affect the probability of exposure and disease. Interventions to decrease the probability of virus spillover can be implemented at multiple levels from targeting the reservoir host to managing recipient host exposure and susceptibility.,��https://www.ncbi.nlm.nih.gov/pubmed/25392474���Plowright, Raina K
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*Virus Internalization
*Virus Release���Jan 15X��UNLABELLED: Nipah virus (NiV) and Hendra virus (HeV) are closely related henipaviruses of the Paramyxovirinae. Spillover from their fruit bat reservoirs can cause severe disease in humans and livestock. Despite their high sequence similarity, NiV and HeV exhibit apparent differences in receptor and tissue tropism, envelope-mediated fusogenicity, replicative fitness, and other pathophysiologic manifestations. To investigate the molecular basis for these differences, we first established a highly efficient reverse genetics system that increased rescue titers by >/=3 log units, which offset the difficulty of generating multiple recombinants under constraining biosafety level 4 (BSL-4) conditions. We then replaced, singly and in combination, the matrix (M), fusion (F), and attachment glycoprotein (G) genes in mCherry-expressing recombinant NiV (rNiV) with their HeV counterparts. These chimeric but isogenic rNiVs replicated well in primary human endothelial and neuronal cells, indicating efficient heterotypic complementation. The determinants of budding efficiency, fusogenicity, and replicative fitness were dissociable: HeV-M budded more efficiently than NiV-M, accounting for the higher replicative titers of HeV-M-bearing chimeras at early times, while the enhanced fusogenicity of NiV-G-bearing chimeras did not correlate with increased replicative fitness. Furthermore, to facilitate spatiotemporal studies on henipavirus pathogenesis, we generated a firefly luciferase-expressing NiV and monitored virus replication and spread in infected interferon alpha/beta receptor knockout mice via bioluminescence imaging. While intraperitoneal inoculation resulted in neuroinvasion following systemic spread and replication in the respiratory tract, intranasal inoculation resulted in confined spread to regions corresponding to olfactory bulbs and salivary glands before subsequent neuroinvasion. This optimized henipavirus reverse genetics system will facilitate future investigations into the growing numbers of novel henipavirus-like viruses. IMPORTANCE: Nipah virus (NiV) and Hendra virus (HeV) are recently emergent zoonotic and highly lethal pathogens with pandemic potential. Although differences have been observed between NiV and HeV replication and pathogenesis, the molecular basis for these differences has not been examined. In this study, we established a highly efficient system to reverse engineer changes into replication-competent NiV and HeV, which facilitated the generation of reporter-expressing viruses and recombinant NiV-HeV chimeras with substitutions in the genes responsible for viral exit (the M gene, critical for assembly and budding) and viral entry (the G [attachment] and F [fusion] genes). These chimeras revealed differences in the budding and fusogenic properties of the M and G proteins, respectively, which help explain previously observed differences between NiV and HeV. Finally, to facilitate future in vivo studies, we monitored the replication and spread of a bioluminescent reporter-expressing NiV in susceptible mice; this is the first time such in vivo imaging has been performed under BSL-4 conditions.,��https://www.ncbi.nlm.nih.gov/pubmed/25392218ì��Yun, Tatyana
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virology���Jan¶��Viruses cause a wide range of human diseases, ranging from acute self-resolving conditions to acute fatal diseases. Effects that arise long after the primary infection can also increase the propensity for chronic conditions or lead to the development of cancer. Recent advances in the fields of virology and pathology have been fundamental in improving our understanding of viral pathogenesis, in providing improved vaccination strategies and in developing newer, more effective treatments for patients worldwide. The reviews assembled here focus on the interface between virology and pathology and encompass aspects of both the clinical pathology of viral disease and the underlying disease mechanisms. Articles on emerging diseases caused by Ebola virus, Marburg virus, coronaviruses such as SARS and MERS, Nipah virus and noroviruses are followed by reviews of enteroviruses, HIV infection, measles, mumps, human respiratory syncytial virus (RSV), influenza, cytomegalovirus (CMV) and varicella zoster virus (VZV). The issue concludes with a series of articles reviewing the relationship between viruses and cancer, including the role played by Epstein-Barr virus (EBV) in the pathogenesis of lymphoma and carcinoma; how human papillomaviruses (HPVs) are involved in the development of skin cancer; the involvement of hepatitis B virus infection in hepatocellular carcinoma; and the mechanisms by which Kaposi's sarcoma-associated herpesvirus (KSHV) leads to Kaposi's sarcoma. We hope that this collection of articles will be of interest to a wide range of scientists and clinicians at a time when there is a renaissance in the appreciation of the power of pathology as virologists dissect the processes of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/25366544���Herrington, C S
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Viral Structural Proteins/*metabolism���Jan 15L��UNLABELLED: Complement is an innate immune system that most animal viruses must face during natural infections. Given that replication and dissemination of the highly pathogenic Nipah virus (NiV) include exposure to environments rich in complement factors, we tested the in vitro sensitivity of NiV to complement-mediated neutralization. Here we show that NiV was completely resistant to in vitro neutralization by normal human serum (NHS). Treatment of purified NiV with NHS activated complement pathways, but there was very little C3 deposition on virus particles. In in vitro reconstitution experiments, NiV particles provided time- and dose-dependent factor I-like protease activity capable of cleaving C3b into inactive C3b (iC3b). NiV-dependent inactivation of C3b only occurred with the cofactors factor H and soluble CR1 but not with CD46. Purified NiV particles did not support C4b cleavage. Electron microscopy of purified NiV particles showed immunogold labeling with anti-factor I antibodies. Our results suggest a novel mechanism by which NiV evades the human complement system through a unique factor I-like activity. IMPORTANCE: Viruses have evolved mechanisms to limit complement-mediated neutralization, some of which involve hijacking cellular proteins involved in control of inappropriate complement activation. Here we report a previously unknown mechanism whereby NiV provides a novel protease activity capable of in vitro cleavage and inactivation of C3b, a key component of the complement cascade. These data help to explain how an enveloped virus such as NiV can infect and disseminate through body fluids that are rich in complement activity. Disruption of the ability of NiV to recruit complement inhibitors could form the basis for the development of effective therapies and safer vaccines to combat these highly pathogenic emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25355897{��Johnson, John B
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viral���Jan���The reports for Ebola virus Zaire (EBOV), Nipah virus, and Machupo virus (MACV) pathogenesis, in this issue of Veterinary Pathology, are timely considering recent events, both nationally and internationally. EBOV, Nipah virus, and MACV cause highly lethal infections for which no Food and Drug Administration (FDA) licensed vaccines or therapies exist. Not only are there concerns that these agents could be used by those with malicious intent, but shifts in ecological distribution of viral reservoirs due to climate change or globalization could lead to more frequent infections within remote regions than previously seen as well as outbreaks in more populous areas. The current EBOV epidemic shows no sign of abating across 3 West African nations (as of October 2014), including densely populated areas, far outpacing infection rates of previous outbreaks. A limited number of cases have also arisen in the United States and Europe. With few treatment options for these deadly viruses, development of animal models reflective of human disease is paramount to combat these diseases. As an example of this potential, a new treatment compound, ZMapp, that had demonstrated efficacy against EBOV infection in nonhuman primates (NHPs) received an emergency compassionate use exception from the FDA for the treatment of 2 American medical workers infected with EBOV, and they are currently virus free and recovering.,��https://www.ncbi.nlm.nih.gov/pubmed/25352204~��Zumbrun, E E
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tropism���Jant��Nipah virus is a paramyxovirus in the genus Henipavirus, which has caused outbreaks in humans in Malaysia, India, Singapore, and Bangladesh. Whereas the human cases in Malaysia were characterized mainly by neurological symptoms and a case fatality rate of approximately 40%, cases in Bangladesh also exhibited respiratory disease and had a case fatality rate of approximately 70%. Here, we compared the histopathologic changes in the respiratory tract of Syrian hamsters, a well-established small animal disease model for Nipah virus, inoculated oronasally with Nipah virus isolates from human cases in Malaysia and Bangladesh. The Nipah virus isolate from Bangladesh caused slightly more severe rhinitis and bronchointerstitial pneumonia 2 days after inoculation in Syrian hamsters. By day 4, differences in lesion severity could no longer be detected. Immunohistochemistry demonstrated Nipah virus antigen in the nasal cavity and pulmonary lesions; the amount of Nipah virus antigen present correlated with lesion severity. Immunohistochemistry indicated that both Nipah virus isolates exhibited endotheliotropism in small- and medium-caliber arteries and arterioles, but not in veins, in the lung. This correlated with the location of ephrin B2, the main receptor for Nipah virus, in the vasculature. In conclusion, Nipah virus isolates from outbreaks in Malaysia and Bangladesh caused a similar type and severity of respiratory tract lesions in Syrian hamsters, suggesting that the differences in human disease reported in the outbreaks in Malaysia and Bangladesh are unlikely to have been caused by intrinsic differences in these 2 virus isolates.,��https://www.ncbi.nlm.nih.gov/pubmed/25352203$��Baseler, L
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surveillance���Jult��This paper explores the utility of cluster- and case-based surveillance established in government hospitals in Bangladesh to detect Nipah virus, a stage III zoonotic pathogen. Physicians listed meningo-encephalitis cases in the 10 surveillance hospitals and identified a cluster when 2 cases who lived within 30 min walking distance of one another developed symptoms within 3 weeks of each other. Physicians collected blood samples from the clustered cases. As part of case-based surveillance, blood was collected from all listed meningo-encephalitis cases in three hospitals during the Nipah season (January-March). An investigation team visited clustered cases' communities to collect epidemiological information and blood from the living cases. We tested serum using Nipah-specific IgM ELISA. Up to September 2011, in 5887 listed cases, we identified 62 clusters comprising 176 encephalitis cases. We collected blood from 127 of these cases. In 10 clusters, we identified a total of 62 Nipah cases: 18 laboratory-confirmed and 34 probable. We identified person-to-person transmission of Nipah virus in four clusters. From case-based surveillance, we identified 23 (4%) Nipah cases. Faced with thousands of encephalitis cases, integrated cluster surveillance allows targeted deployment of investigative resources to detect outbreaks by stage III zoonotic pathogens in resource-limited settings.,��https://www.ncbi.nlm.nih.gov/pubmed/25342551���Naser, A M
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Pediatrics���Encephalitis is caused by inflammation and/or infection of the brain. It is a important condition in Asian children in whom it is most frequently caused by Japanese encephalitis virus, associated with a considerable burden of disease. Other common causes in Asia include: enteroviruses (especially enterovirus 71), dengue, influenza, the herpesviruses, measles, mumps and rubella viruses. Rabies continues to result in high mortality mostly in Asian children, which represents missed opportunities for prevention. Asia has also seen a number of emerging viral encephalitides including: Nipah, chikungunya, Chandipura and Me Tri viruses. We review the aetiology, epidemiology and outcome of encephalitis in Asian children and identify priorities for public health practice and research.,��https://www.ncbi.nlm.nih.gov/pubmed/25336078���Britton, Philip N
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�UNLABELLED: The emerging zoonotic pathogens Hendra virus (HeV) and Nipah virus (NiV) are in the genus Henipavirus in the family Paramyxoviridae. HeV and NiV infections can be highly fatal to humans and livestock. The goal of this study was to develop candidate vaccines against henipaviruses utilizing two well-established rhabdoviral vaccine vector platforms, recombinant rabies virus (RABV) and recombinant vesicular stomatitis virus (VSV), expressing either the codon-optimized or the wild-type (wt) HeV glycoprotein (G) gene. The RABV vector expressing the codon-optimized HeV G showed a 2- to 3-fold increase in incorporation compared to the RABV vector expressing wt HeV G. There was no significant difference in HeV G incorporation in the VSV vectors expressing either wt or codon-optimized HeV G. Mice inoculated intranasally with any of these live recombinant viruses showed no signs of disease, including weight loss, indicating that HeV G expression and incorporation did not increase the neurotropism of the vaccine vectors. To test the immunogenicity of the vaccine candidates, we immunized mice intramuscularly with either one dose of the live vaccines or 3 doses of 10 mug chemically inactivated viral particles. Increased codon-optimized HeV G incorporation into RABV virions resulted in higher antibody titers against HeV G compared to inactivated RABV virions expressing wt HeV G. The live VSV vectors induced more HeV G-specific antibodies as well as higher levels of HeV neutralizing antibodies than the RABV vectors. In the case of killed particles, HeV neutralizing serum titers were very similar between the two platforms. These results indicated that killed RABV with codon-optimized HeV G should be the vector of choice as a dual vaccine in areas where rabies is endemic. IMPORTANCE: Scientists have been tracking two new viruses carried by the Pteropid fruit bats: Hendra virus (HeV) and Nipah virus (NiV). Both viruses can be fatal to humans and also pose a serious risk to domestic animals. A recent escalation in the frequency of outbreaks has increased the need for a vaccine that prevents HeV and NiV infections. In this study, we performed an extensive comparison of live and killed particles of two recombinant rhabdoviral vectors, rabies virus and vesicular stomatitis virus (VSV), expressing wild-type or codon-optimized HeV glycoprotein, with the goal of developing a candidate vaccine against HeV. Based on our data from the presented mouse immunogenicity studies, we conclude that a killed RABV vaccine would be highly effective against HeV infections and would make an excellent vaccine candidate in areas where both RABV and henipaviruses pose a threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/25320306^��Kurup, Drishya
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�UNLABELLED: The multidomain polymerase protein (L) of nonsegmented negative-strand (NNS) RNA viruses catalyzes transcription and replication of the virus genome. The N-terminal half of the protein forms a ring-like polymerase structure, while the C-terminal half encoding viral mRNA transcript modifications consists of a flexible appendage with three distinct globular domains. To gain insight into putative transient interactions between L domains during viral RNA synthesis, we exchanged each of the four distinct regions encompassing the appendage region of vesicular stomatitis virus (VSV) Indiana serotype L protein with their counterparts from VSV New Jersey and analyzed effects on virus polymerase activity in a minigenome system. The methyltransferase domain exchange yielded a fully active polymerase protein, which functioned as well as wild-type L in the context of a recombinant virus. Exchange of the downstream C-terminal nonconserved region abolished activity, but coexchanging it with the methyltransferase domain generated a polymerase favoring replicase over transcriptase activity, providing strong evidence of interaction between these two regions. Exchange of the capping enzyme domain or the adjacent nonconserved region thought to function as an "unstructured" linker also abrogated polymerase activity even when either domain was coexchanged with other appendage domains. Further probing of the putative linker segment using in-frame enhanced green fluorescent protein (EGFP) insertions similarly abrogated activity. We discuss the implications of these findings with regard to L protein appendage domain structure and putative domain-domain interactions required for polymerase function. IMPORTANCE: NNS viruses include many well-known human pathogens (e.g., rabies, measles, and Ebola viruses), as well as emerging viral threats (e.g., Nipah and Hendra viruses). These viruses all encode a large L polymerase protein similarly organized into multiple domains that work in concert to enable virus genome transcription and replication. But how the unique L protein carries out the multiplicity of individual steps in these two distinct processes is poorly understood. Using two different approaches, i.e., exchanging individual domains in the C-terminal appendage region of the protein between two closely related VSV serotypes and inserting unrelated protein domains, we shed light on requirements for domain-domain interactions and domain contiguity in polymerase function. These findings further our understanding of the conformational dynamics of NNS L polymerase proteins, which play an essential role in the pathogenic properties of these viruses and represent attractive targets for the development of antiviral measures.,��https://www.ncbi.nlm.nih.gov/pubmed/25297996¥��Ruedas, John B
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Zoonotic���DecÑ��Hendra virus infection of horses occurred sporadically between 1994 and 2010 as a result of spill-over from the viral reservoir in Australian mainland flying-foxes, and occasional onward transmission to people also followed from exposure to affected horses. An unprecedented number of outbreaks were recorded in 2011 leading to heightened community concern. Release of an inactivated subunit vaccine for horses against Hendra virus represents the first commercially available product that is focused on mitigating the impact of a Biosafety Level 4 pathogen. Through preventing the development of acute Hendra virus disease in horses, vaccine use is also expected to reduce the risk of transmission of infection to people.,��https://www.ncbi.nlm.nih.gov/pubmed/25281398���Middleton, Deborah
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*Virus Internalization���DecÊ��UNLABELLED: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. Drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are notably cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. NiV's attachment (G) and fusion (F) envelope glycoproteins mediate viral binding to the ephrinB2/ephrinB3 cell receptors and virus-cell membrane fusion, respectively. The NiV matrix protein (M) can autonomously induce NiV assembly and budding. Using a beta-lactamase (betaLa) reporter/NiV-M chimeric protein, we produced NiVLPs expressing NiV-G and wild-type or mutant NiV-F on their surfaces. By preloading target cells with the betaLa fluorescent substrate CCF2-AM, we obtained viral entry kinetic curves that correlated with the NiV-F fusogenic phenotypes, validating NiVLPs as suitable viral entry kinetic tools and suggesting overall relatively slower viral entry than cell-cell fusion kinetics. Additionally, the proportions of F and G on individual NiVLPs and the extent of receptor-induced conformational changes in NiV-G were measured via flow virometry, allowing the proper interpretation of the viral entry kinetic phenotypes. The significance of these findings in the viral entry field extends beyond NiV to other paramyxoviruses and enveloped viruses. IMPORTANCE: Virus-cell membrane fusion is essential for enveloped virus infections. However, mechanistic viral membrane fusion studies have predominantly focused on cell-cell fusion models, largely due to the low availability of technologies capable of characterizing actual virus-cell membrane fusion. Although cell-cell fusion assays are valuable, they do not fully recapitulate all the variables of virus-cell membrane fusion. For example, drastic differences between viral and cellular membrane lipid and protein compositions and curvatures exist. For biosafety level 4 (BSL4) pathogens such as the deadly Nipah virus (NiV), virus-cell fusion mechanistic studies are especially cumbersome. To circumvent these limitations, we used enzymatic Nipah virus-like-particles (NiVLPs) and developed new flow virometric tools. Our new tools allowed us the high-throughput measurement of viral entry kinetics, glycoprotein proportions on individual viral particles, and receptor-induced conformational changes in viral glycoproteins on viral surfaces. The significance of these findings extends beyond NiV to other paramyxoviruses and enveloped viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25275126O��Landowski, Matthew
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*Risk Management
Socioeconomic Factors���Jul-Sepö��Risk analysis is now widely accepted amongst veterinary authorities and other stakeholders around the world as a conceptual framework for integrating scientific evidence into animal health decision making. The resulting risk management for most diseases primarily involves linking epidemiological understanding with diagnostics and/or vaccines. Recent disease outbreaks such as Nipah virus, SARS, avian influenza H5N1, bluetongue serotype 8 and Schmallenberg virus have led to realising that we need to explicitly take into account the underlying complex interactions between environmental, epidemiological and social factors which are often also spatially and temporally heterogeneous as well as interconnected across affected regions and beyond. A particular challenge is to obtain adequate understanding of the influence of human behaviour and to translate this into effective mechanisms leading to appropriate behaviour change where necessary. Both, the One Health and the ecohealth approaches reflect the need for such a holistic systems perspective, however the current implementation of risk analysis frameworks for animal health and food safety is still dominated by a natural or biomedical perspective of science as is the implementation of control and prevention policies. This article proposes to integrate the risk analysis approach with a risk governance framework which explicitly adds the socio-economic context to policy development and emphasizes the need for organisational change and stakeholder engagement.,��https://www.ncbi.nlm.nih.gov/pubmed/25273958p��Pfeiffer, Dirk U
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Zoonoses/epidemiology/*virology���Oct���More than 1 240 species of bats are known; many of them are insectivorous, others are frugivorous and some american species are haematophagous. More than 100 diferent viruses are associated with these mammals, particularly Rhabdoviridae (Lyssavirus like rabies virus), Paramyxoviridae (like Nipah and Hendra viruses), Filoviridae (Ebola and Marburg viruses) and Coronavirida (viruses causing SARS and MERS). These infections are usually asymptomatic in bats but the mechanism of this tolerance is not yet understood. For those viruses, bats are efficient reservoirs and disseminators. So, they represent a significative risk for human and animal public health, that justifies to set up surveillance of bat-associated viruses and research programs about the particular immunity mechanisms of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/27120912w��Rodhain, Francois
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Zoonoses/*epidemiology/etiology���Oct¶��Important preventive measures carried out in the herds of domestic animals have found improving the health status of farms, particularly for contagious diseases subject to mandatory declaration and accompanying drastic but necessary eradication measures in infected flocks. However it is more difficult to apply these same biosecurity measures on wildlife that may have been contaminated or not by domestic animals. The growing number of emerging infectious diseases of wildlife may reflect increased vigilance, but most often the result of a change in the ecology of the host, the causative agent or both. So, wildlife may be reservoirs of pathogens that can infect domestic herds again but mostly for the majority of them contaminating humans. This is the case, for example, of West Nile virus (WNV), avian influenza virus, rabies virus, Nipah virus, diseases transmitted by ticks, tuberculosis, brucellosis, hepatitis E or some parasitic zoonoses.,��https://www.ncbi.nlm.nih.gov/pubmed/27120911���Brugere-Picoux, Jeanne
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Virus Attachmentå��Recent reports suggest that some galectins bind to enveloped viruses. They include influenza virus, human immunodeficiency virus-1 (HIV-1), human T-cell leukemia virus-1 (HTLV-1), and Nipah virus. It is also suggested that the interaction between viruses and galectins influences viral attachment to their susceptible cells, affecting the viral infectivity. Our work suggests that galectin-1 increases the infectivity of HIV-1 and HTVL-1. Indeed, galectin-1 promotes the initial adsorption of HIV-1 to CD4(+) cells through its binding to viral envelope gp120 and facilitates HIV-1 infection in a manner that is dependent on its recognition of beta-galactoside residues. Thus, as galectin-1 can be considered as a pattern recognition receptor, HIV-1 exploits this host factor to promote its transmission or replication. In this chapter, we describe methods used to investigate this potential role of galectins in HIV-1 infection as a case in point for future studies on galectin-virus interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/25253155¢��Ouellet, Michel
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zoonotic transmission���JanV��Nipah virus is an emerging virus infection that causes yearly disease outbreaks with high case fatality rates in Bangladesh. Nipah virus causes encephalitis and systemic vasculitis, sometimes in combination with respiratory disease. Pteropus species fruit bats are the natural reservoir of Nipah virus and zoonotic transmission can occur directly or via an intermediate host; human-to-human transmission occurs regularly. In this review we discuss the current state of knowledge on the pathogenesis and transmission of Nipah virus, focusing on dissemination of the virus through its host, known determinants of pathogenicity and routes of zoonotic and human-to-human transmission. Since data from human cases are sparse, this knowledge is largely based on the results of studies performed in animal models that recapitulate Nipah virus disease in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25229234Ê��de Wit, Emmie
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Zoonoses/virology���Janc��Bats have been found to harbour a number of new emerging viruses with zoonotic potential, and there has been a great deal of interest in identifying novel bat pathogens to determine the risk to human and animal health. Many groups have identified novel viruses in bats by detection of viral nucleic acid; however, virus isolation is still a challenge, and there are few reports of viral isolates from bats. In recent years, our group has developed optimized procedures for virus isolation from bat urine, including the use of primary bat cells. In previous reports, we have described the isolation of Hendra virus, Menangle virus and Cedar virus in Queensland, Australia. Here, we report the isolation of four additional novel bat paramyxoviruses from urine collected from beneath pteropid bat (flying fox) colonies in Queensland and New South Wales during 2009-2011.,��https://www.ncbi.nlm.nih.gov/pubmed/25228492E��Barr, Jennifer
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Zoonoses���Sep 17.��BACKGROUND: Veterinary infection control for the management of Hendra virus (HeV), an emerging zoonosis in Australia, remained suboptimal until 2010 despite 71.4% (5/7) of humans infected with HeV being veterinary personnel or assisting a veterinarian, three of whom died before 2009. The aim of this study was to identify the perceived barriers to veterinary infection control and HeV management in private veterinary practice in Queensland, where the majority of HeV outbreaks have occurred in Australia. RESULTS: Most participants agreed that a number of key factors had contributed to the slow uptake of adequate infection control measures for the management of HeV amongst private veterinarians: a work culture characterised by suboptimal infection control standards and misconceptions about zoonotic risks; a lack of leadership and support from government authorities; the difficulties of managing biosecurity and public health issues from a private workforce perspective; and the slow pattern of emergence of HeV. By 2010, some infection control and HeV management changes had been implemented. Participants interviewed agreed that further improvements remained necessary; but also cautioned that this was a complex process which would require time. CONCLUSION: Private veterinarians and government authorities prior to 2009 were unprepared to handle new slowly emerging zoonoses, which may explain their mismanagement of HeV. Slowly emerging zoonoses may be of low public health significance but of high significance for specialised groups such as veterinarians. Private veterinarians, who are expected to fulfil an active biosecurity and public health role in the frontline management of such emerging zoonoses, need government agencies to better recognise their contribution, to consult with the veterinary profession when devising guidelines for the management of zoonoses and to provide them with greater leadership and support. We propose that specific infection control guidelines for the management of slowly emerging zoonoses in private veterinary settings need to be developed.,��https://www.ncbi.nlm.nih.gov/pubmed/25224910È��Mendez, Diana H
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*Virus Release���NovZ	�UNLABELLED: Paramyxoviruses and other negative-strand RNA viruses encode matrix proteins that coordinate the virus assembly process. The matrix proteins link the viral glycoproteins and the viral ribonucleoproteins at virus assembly sites and often recruit host machinery that facilitates the budding process. Using a co-affinity purification strategy, we have identified the beta subunit of the AP-3 adapter protein complex, AP3B1, as a binding partner for the M proteins of the zoonotic paramyxoviruses Nipah virus and Hendra virus. Binding function was localized to the serine-rich and acidic Hinge domain of AP3B1, and a 29-amino-acid Hinge-derived polypeptide was sufficient for M protein binding in coimmunoprecipitation assays. Virus-like particle (VLP) production assays were used to assess the relationship between AP3B1 binding and M protein function. We found that for both Nipah virus and Hendra virus, M protein expression in the absence of any other viral proteins led to the efficient production of VLPs in transfected cells, and this VLP production was potently inhibited upon overexpression of short M-binding polypeptides derived from the Hinge region of AP3B1. Both human and bat (Pteropus alecto) AP3B1-derived polypeptides were highly effective at inhibiting the production of VLPs. VLP production was also impaired through small interfering RNA (siRNA)-mediated depletion of AP3B1 from cells. These findings suggest that AP-3-directed trafficking processes are important for henipavirus particle production and identify a new host protein-virus protein binding interface that could become a useful target in future efforts to develop small molecule inhibitors to combat paramyxoviral infections. IMPORTANCE: Henipaviruses cause deadly infections in humans, with a mortality rate of about 40%. Hendra virus outbreaks in Australia, all involving horses and some involving transmission to humans, have been a continuing problem. Nipah virus caused a large outbreak in Malaysia in 1998, killing 109 people, and smaller outbreaks have since occurred in Bangladesh and India. In this study, we have defined, for the first time, host factors that interact with henipavirus M proteins and contribute to viral particle assembly. We have also defined a new host protein-viral protein binding interface that can potentially be targeted for the inhibition of paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/25210190&��Sun, Weina
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*Zoonoses
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One health
Personal protective equipment���Nov 1¸��Following the emergence of Hendra virus (HeV), private veterinarians have had to adopt additional infection control strategies to manage this zoonosis. Between 1994 and 2010, seven people became infected with HeV, four fatally. All infected people were at a higher risk of exposure from contact with horses as they were either veterinary personnel, assisting veterinarians, or working in the horse industry. The management of emerging zoonoses is best approached from a One Health perspective as it benefits biosecurity as well as a public health, including the health of those most at risk, in this case private veterinarians. In 2011 we conducted a cross-sectional study of private veterinarians registered in Queensland and providing veterinary services to horses. The aim of this study was to gauge if participants had adopted recommendations for improved infection control, including the use of personal protective equipment (PPE), and the development of HeV specific management strategies during the winter of 2011. A majority of participants worked in practices that had a formal HeV management plan, mostly based on the perusal of official guidelines and an HeV field kit. The use of PPE increased as the health status of an equine patient decreased, demonstrating that many participants evaluated the risk of exposure to HeV appropriately; while others remained at risk of HeV infection by not using the appropriate PPE even when attending a sick horse. This study took place after Biosecurity Queensland had sent a comprehensive package about HeV management to all private veterinarians working in Queensland. However, those who had previous HeV experience through the management of suspected cases or had attended a HeV specific professional education programme in the previous 12 months were more likely to use PPE than those who had not. This may indicate that for private veterinarians in Queensland personal experience and face-to-face professional education sessions may be more effective in the improvement of HeV management than passive education via information packages. The role of different education pathways in the sustainable adoption of veterinary infection control measures should be further investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/25175674Ê��Mendez, Diana
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Thermally induced phase separation���OctU��This paper discusses the successful fabrication of a novel triple-layered poly(lactic-co-glycolic acid) (PLGA)-based composite membrane using only a single step that combines the techniques of solvent casting and thermally induced phase separation/solvent leaching. The resulting graded membrane consists of a small pore size layer-1 containing 10 wt% non-stoichiometric nanoapatite (NAp)+1-3 wt% lauric acid (LA) for fibroblastic cell and bacterial inhibition, an intermediate layer-2 with 20-50 wt% NAp+1 wt% LA, and a large pore size layer-3 containing 30-100 wt% NAp without LA to allow bone cell growth. The synergic effects of 10-30 wt% NAp and 1 wt% LA in the membrane demonstrated higher tensile strength (0.61 MPa) and a more elastic behavior (16.1% elongation at break) in 3 wt% LA added membrane compared with the pure PLGA (0.49 MPa, 9.1%). The addition of LA resulted in a remarkable plasticizing effect on PLGA at 3 wt% due to weak intermolecular interactions in PLGA. The pure and composite PLGA membranes had good cell viability toward human skin fibroblast, regardless of LA and NAp contents.,��https://www.ncbi.nlm.nih.gov/pubmed/25175212���Jamuna-Thevi, Kalitheertha
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Nabi, A. H.���2014���Prediction of epitope-based peptides for the utility of vaccine development from fusion and glycoprotein of nipah virus using in silico approach���402492���Adv Bioinformatics���2014H��This study aims to design epitope-based peptides for the utility of vaccine development by targeting glycoprotein G and envelope protein F of Nipah virus (NiV) that, respectively, facilitate attachment and fusion of NiV with host cells. Using various databases and tools, immune parameters of conserved sequence(s) from G and F proteins of different isolates of NiV were tested to predict probable epitope(s). Binding analyses of the peptides with MHC class-I and class-II molecules, epitope conservancy, population coverage, and linear B cell epitope prediction were analyzed. Predicted peptides interacted with seven or more MHC alleles and illustrated population coverage of more than 99% and 95%, for G and F proteins, respectively. The predicted class-I nonamers, SLIDTSSTI and EWISIVPNF, superimposed on the putative decameric B cell epitopes, were also identified as core sequences of the most probable class-II 15-mer peptides GPKVSLIDTSSTITI and EWISIVPNFILVRNT. These peptides were further validated for their binding to specific HLA alleles using in silico docking technique. Our in silico analysis suggested that the predicted epitopes, either GPKVSLIDTSSTITI or EWISIVPNFILVRNT, could be a better choice as universal vaccine component against NiV irrespective of different isolates which may elicit both humoral and cell-mediated immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/25147564³��Sakib, M Sadman
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Sequence Homology, Nucleic Acid���Aug 15t��BACKGROUND: Bats are a major source of new and emerging viral diseases. Despite the fact that bats carry and shed highly pathogenic viruses including Ebola, Nipah and SARS, they rarely display clinical symptoms of infection. Host factors influencing viral replication are poorly understood in bats and are likely to include both pre- and post-transcriptional regulatory mechanisms. MicroRNAs are a major mechanism of post-transcriptional gene regulation, however very little is known about them in bats. RESULTS: This study describes 399 microRNAs identified by deep sequencing of small RNA isolated from tissues of the Black flying fox, Pteropus alecto, a confirmed natural reservoir of the human pathogens Hendra virus and Australian bat lyssavirus. Of the microRNAs identified, more than 100 are unique amongst vertebrates, including a subset containing mutations in critical seed regions. Clusters of rapidly-evolving microRNAs were identified, as well as microRNAs predicted to target genes involved in antiviral immunity, the DNA damage response, apoptosis and autophagy. Closer inspection of the predicted targets for several highly supported novel miRNA candidates suggests putative roles in host-virus interaction. CONCLUSIONS: MicroRNAs are likely to play major roles in regulating virus-host interaction in bats, via dampening of inflammatory responses (limiting the effects of immunopathology), and directly limiting the extent of viral replication, either through restricting the availability of essential factors or by controlling apoptosis. Characterisation of the bat microRNA repertoire is an essential step towards understanding transcriptional regulation during viral infection, and will assist in the identification of mechanisms that enable bats to act as natural virus reservoirs. This in turn will facilitate the development of antiviral strategies for use in humans and other species.,��https://www.ncbi.nlm.nih.gov/pubmed/25128405V��Cowled, Christopher
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Zoonoses/transmission/*virology���Aug 132��Bats are being increasingly recognized as reservoir hosts of highly pathogenic and zoonotic emerging viruses (Marburg virus, Nipah virus, Hendra virus, Rabies virus, and coronaviruses). While numerous studies have focused on the mentioned highly human-pathogenic bat viruses in tropical regions, little is known on similar human-pathogenic viruses that may be present in European bats. Although novel viruses are being detected, their zoonotic potential remains unclear unless further studies are conducted. At present, it is assumed that the risk posed by bats to the general public is rather low. In this review, selected viruses detected and isolated in Europe are discussed from our point of view in regard to their human-pathogenic potential. All European bat species and their roosts are legally protected and some European species are even endangered. Nevertheless, the increasing public fear of bats and their viruses is an obstacle to their protection. Educating the public regarding bat lyssaviruses might result in reduced threats to both the public and the bats.,��https://www.ncbi.nlm.nih.gov/pubmed/25123684~��Kohl, Claudia
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�UNLABELLED: Avian metapneumovirus (aMPV), also known as avian pneumovirus or turkey rhinotracheitis virus, is the causative agent of turkey rhinotracheitis and is associated with swollen head syndrome in chickens. Since its discovery in the 1970s, aMPV has been recognized as an economically important pathogen in the poultry industry worldwide. The conserved region VI (CR VI) of the large (L) polymerase proteins of paramyxoviruses catalyzes methyltransferase (MTase) activities that typically methylate viral mRNAs at guanine N-7 (G-N-7) and ribose 2'-O positions. In this study, we generated a panel of recombinant aMPV (raMPV) Colorado strains carrying mutations in the S-adenosyl methionine (SAM) binding site in the CR VI of L protein. These recombinant viruses were specifically defective in ribose 2'-O, but not G-N-7 methylation and were genetically stable and highly attenuated in cell culture and viral replication in the upper and lower respiratory tracts of specific-pathogen-free (SPF) young turkeys. Importantly, turkeys vaccinated with these MTase-defective raMPVs triggered a high level of neutralizing antibody and were completely protected from challenge with homologous aMPV Colorado strain and heterologous aMPV Minnesota strain. Collectively, our results indicate (i) that aMPV lacking 2'-O methylation is highly attenuated in vitro and in vivo and (ii) that inhibition of mRNA cap MTase can serve as a novel target to rationally design live attenuated vaccines for aMPV and perhaps other paramyxoviruses. IMPORTANCE: Paramyxoviruses include many economically and agriculturally important viruses such as avian metapneumovirus (aMPV), and Newcastle disease virus (NDV), human pathogens such as human respiratory syncytial virus, human metapneumovirus, human parainfluenza virus type 3, and measles virus, and highly lethal emerging pathogens such as Nipah virus and Hendra virus. For many of them, there is no effective vaccine or antiviral drug. These viruses share common strategies for viral gene expression and replication. During transcription, paramyxoviruses produce capped, methylated, and polyadenylated mRNAs. Using aMPV as a model, we found that viral ribose 2'-O methyltransferase (MTase) is a novel approach to rationally attenuate the virus for vaccine purpose. Recombinant aMPV (raMPV) lacking 2'-O MTase were not only highly attenuated in turkeys but also provided complete protection against the challenge of homologous and heterologous aMPV strains. This novel approach can be applicable to other animal and human paramyxoviruses for rationally designing live attenuated vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/25122790¤��Sun, Jing
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*Virus Replication���Sep���Nipah virus (NiV) is a highly pathogenic emergent paramyxovirus causing deadly encephalitis in humans. Its replication requires a constant supply of unassembled nucleoprotein (N(0)) in complex with its viral chaperone, the phosphoprotein (P). To elucidate the chaperone function of P, we reconstituted NiV the N(0)-P core complex and determined its crystal structure. The binding of the N-terminal region of P blocks the polymerization of N by interfering with subdomain exchange between N protomers and keeps N(0) in an open conformation, ready to grasp an RNA molecule. We found that a peptide derived from the N-binding region of P protects cells against viral infection and demonstrated by structure-based mutagenesis that this peptide acts by inhibiting N(0)-P formation. These results provide new insights about the assembly of N along genomic RNA and validate the N(0)-P complex as a target for drug development.,��https://www.ncbi.nlm.nih.gov/pubmed/25108352C��Yabukarski, Filip
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Viral Envelope Proteins/*metabolism���Oct/	�Henipaviruses are associated with pteropodid reservoir hosts. The glycoproteins G and F of an African henipavirus (strain M74) have been reported to induce syncytium formation in kidney cells derived from a Hypsignathus monstrosus bat (HypNi/1.1) but not in nonchiropteran BHK-21 and Vero76 cells. Here, we show that syncytia are also induced in two other pteropodid cell lines from Hypsignathus monstrosus and Eidolon helvum bats upon coexpression of the M74 glycoproteins. The G protein was transported to the surface of transfected chiropteran cells, whereas surface expression in the nonchiropteran cells was detectable only in a fraction of cells. In contrast, the G protein of Nipah virus is transported efficiently to the surface of both chiropteran and nonchiropteran cells. Even in chiropteran cells, M74-G was predominantly expressed in the endoplasmic reticulum (ER), as indicated by colocalization with marker proteins. This result is consistent with the finding that all N-glycans of the M74-G proteins are of the mannose-rich type, as indicated by sensitivity to endo H treatment. These data indicate that the surface transport of M74-G is impaired in available cell culture systems, with larger amounts of viral glycoprotein present on chiropteran cells than on nonchiropteran cells. The restricted surface expression of M74-G explains the reduced fusion activity of the glycoproteins of the African henipavirus. Our results suggest strategies for the isolation of infectious viruses, which is necessary to assess the risk of zoonotic virus transmission. Importance: Henipaviruses are highly pathogenic zoonotic viruses associated with pteropodid bat hosts. Whether the recently described African bat henipaviruses have a zoonotic potential as high as that of their Asian and Australian relatives is unknown. We show that surface expression of the attachment protein G of an African henipavirus, M74, is restricted in comparison to the G protein expression of the highly pathogenic Nipah virus. Transport to the cell surface is more restricted in nonchiropteran cells than it is in chiropteran cells, explaining the differential fusion activity of the M74 surface proteins in these cells. Our results imply that surface expression of viral glycoproteins may serve as a major marker to assess the zoonotic risk of emerging henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/25100832���Kruger, Nadine
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Tropical medicine���Aug 7°��The recent onset of epidemics caused by viruses such as Ebola, Marburg, Nipah, Lassa, coronavirus, West-Nile encephalitis, Saint Louis encephalitis, human immunodeficiency virus, dengue, yellow fever and Venezuelan hemorrhagic fever alerts about the risk these agents represent for the global health. Chikungunya virus represents a new threat. Surged from remote African regions, this virus has become endemic in the Indic ocean basin, the Indian subcontinent and the southeast of Asia, causing serious epidemics in Africa, Indic Ocean Islands, Asia and Europe. Due to their epidemiological and biological features and the global presence of their vectors, chikungunya represents a serious menace and could become endemic in the Americas. Although chikungunya infection has a low mortality rate, its high attack ratio may collapse the health system during epidemics affecting a sensitive population. In this paper, we review the clinical and epidemiological features of chikungunya fever as well as the risk of its introduction into the Americas. We remark the importance of the epidemiological control and mosquitoes fighting in order to prevent this disease from being introduced into the Americas.,��https://www.ncbi.nlm.nih.gov/pubmed/25087211£��Montero, Antonio
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Virus Replication���Jul 25���Containment level 4 (CL4) laboratories studying biosafety level 4 viruses are under strict regulations to conduct nonhuman primate (NHP) studies in compliance of both animal welfare and biosafety requirements. NHPs housed in open-barred cages raise concerns about cross-contamination between animals, and accidental exposure of personnel to infectious materials. To address these concerns, two NHP experiments were performed. One examined the simultaneous infection of 6 groups of NHPs with 6 different viruses (Machupo, Junin, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, Nipah and Hendra viruses). Washing personnel between handling each NHP group, floor to ceiling biobubble with HEPA filter, and plexiglass between cages were employed for partial primary containment. The second experiment employed no primary containment around open barred cages with Ebola virus infected NHPs 0.3 meters from naive NHPs. Viral antigen-specific ELISAs, qRT-PCR and TCID50 infectious assays were utilized to determine antibody levels and viral loads. No transmission of virus to neighbouring NHPs was observed suggesting limited containment protocols are sufficient for multi-viral CL4 experiments within one room. The results support the concept that Ebola virus infection is self-contained in NHPs infected intramuscularly, at least in the present experimental conditions, and is not transmitted to naive NHPs via an airborne route.,��https://www.ncbi.nlm.nih.gov/pubmed/250594780��Alimonti, Judie
Leung, Anders
Jones, Shane
Gren, Jason
Qiu, Xiangguo
Fernando, Lisa
Balcewich, Brittany
Wong, Gary
Stroher, Ute
Grolla, Allen
Strong, James
Kobinger, Gary
eng
Evaluation Studies
Research Support, Non-U.S. Gov't
England
2014/07/26 06:00
Sci Rep. 2014 Jul 25;4:5824. doi: 10.1038/srep05824.*��2045-2322 (Electronic)
2045-2322 (Linking)
��PMC5376055���25059478ù��1] Special Pathogens Program, Public Health Agency of Canada, 1015 Arlington St., Winnipeg. Manitoba [2].
Special Pathogens Program, Public Health Agency of Canada, 1015 Arlington St., Winnipeg. Manitoba.
Containment Services, Public Health Agency of Canada, 1015 Arlington St., Winnipeg. Manitoba.
Bioforensics Assay Development and Diagnostics; Public Health Agency of Canada, 1015 Arlington St., Winnipeg. Manitoba.
1] Special Pathogens Program, Public Health Agency of Canada, 1015 Arlington St., Winnipeg. Manitoba [2] Departments of Medical Microbiology, University of Manitoba, Winnipeg, MB, Canada.
1] Special Pathogens Program, Public Health Agency of Canada, 1015 Arlington St., Winnipeg. Manitoba [2] Departments of Medical Microbiology, University of Manitoba, Winnipeg, MB, Canada [3] Departments of Pediatrics and Child Health, University of Manitoba, Winnipeg, MB, Canada.
1] Special Pathogens Program, Public Health Agency of Canada, 1015 Arlington St., Winnipeg. Manitoba [2] Departments of Medical Microbiology, University of Manitoba, Winnipeg, MB, Canada [3] Departments of Immunology, University of Manitoba, Winnipeg, MB, Canada [4] Department of Pathology and Laboratory Medicine, University of Pennsylvania School of Medicine, Philadelphia, PA, USA.���10.1038/srep05824���f��þÞ|ÿî?x������Abdullah, S.
Tan, C. T.���2014���Henipavirus encephalitis���663-70���Handb Clin Neurol���123ñ��Brain/pathology/virology
Encephalitis Viruses/*pathogenicity
*Henipavirus Infections/epidemiology/pathology/therapy
Humans
Hendra virus
Henipavirus
Nipah virus
Pteropus bats
encephalitis
paramyxovirus
pneumonia
relapsed encephalitis
zoonosis,��https://www.ncbi.nlm.nih.gov/pubmed/25015510���Abdullah, Suhailah
Tan, Chong Tin
eng
Review
Netherlands
2014/07/13 06:00
Handb Clin Neurol. 2014;123:663-70. doi: 10.1016/B978-0-444-53488-0.00032-8.%��0072-9752 (Print)
0072-9752 (Linking)���25015510å��Division of Neurology, Department of Medicine, University of Malaya, Kuala Lumpur, Malaysia.
Division of Neurology, Department of Medicine, University of Malaya, Kuala Lumpur, Malaysia. Electronic address: chongtin.tan@gmail.com."��10.1016/B978-0-444-53488-0.00032-8����U�üÒtÿî?y������Davis, M. E.
Wang, M. K.
Rennick, L. J.
Full, F.
Gableske, S.
Mesman, A. W.
Gringhuis, S. I.
Geijtenbeek, T. B.
Duprex, W. P.
Gack, M. U.���2014m��Antagonism of the phosphatase PP1 by the measles virus V protein is required for innate immune escape of MDA5���19-30���Cell Host Microbe���16���1V��Cell Line
DEAD-box RNA Helicases/*metabolism
*Host-Pathogen Interactions
Humans
*Immune Evasion
Interferon-Induced Helicase, IFIH1
Measles virus/*immunology/*physiology
Nipah Virus/immunology/physiology
Phosphoproteins/*metabolism
Protein Phosphatase 1/*antagonists & inhibitors
Viral Proteins/*metabolism
Viral Structural Proteins/metabolism���Jul 9ÿ��The cytosolic sensor MDA5 is crucial for antiviral innate immune defense against various RNA viruses including measles virus; as such, many viruses have evolved strategies to antagonize the antiviral activity of MDA5. Here, we show that measles virus escapes MDA5 detection by targeting the phosphatases PP1alpha and PP1gamma, which regulate MDA5 activity by removing an inhibitory phosphorylation mark. The V proteins of measles virus and the related paramyxovirus Nipah virus interact with PP1alpha/gamma, preventing PP1-mediated dephosphorylation of MDA5 and thereby its activation. The PP1 interaction with the measles V protein is mediated by a conserved PP1-binding motif in the C-terminal region of the V protein. A recombinant measles virus expressing a mutant V protein deficient in PP1 binding is unable to antagonize MDA5 and is growth impaired due to its inability to suppress interferon induction. This identifies PP1 antagonism as a mechanism employed by paramyxoviruses for evading innate immune recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/25011105'��Davis, Meredith E
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Urine Specimen Collection���Sep���Flying-foxes (pteropid bats) are the natural host of Hendra virus, a recently emerged zoonotic virus responsible for mortality or morbidity in horses and humans in Australia since 1994. Previous studies have suggested physiological and ecological risk factors for infection in flying-foxes, including physiological stress. However, little work has been done measuring and interpreting stress hormones in flying-foxes. Over a 12-month period, we collected pooled urine samples from underneath roosting flying-foxes, and urine and blood samples from captured individuals. Urine and plasma samples were assayed for cortisol using a commercially available enzyme immunoassay. We demonstrated a typical post-capture stress response in flying-foxes, established urine specific gravity as an attractive alternative to creatinine to correct urine concentration, and established population-level urinary cortisol ranges (and geometric means) for the four Australian species: Pteropus alecto 0.5-305.1 ng/mL (20.1 ng/mL); Pteropus conspicillatus 0.3-370.9 ng/mL (18.9 ng/mL); Pteropus poliocephalus 0.3-311.3 ng/mL (10.1 ng/mL); Pteropus scapulatus 5.2-205.4 ng/mL (40.7 ng/mL). Geometric means differed significantly except for P. alecto and P. conspicillatus. Our approach is methodologically robust, and has application both as a research or clinical tool for flying-foxes, and for other free-living colonial wildlife species.,��https://www.ncbi.nlm.nih.gov/pubmed/24990534²��McMichael, Lee A
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Zoonoses���Oct«��Evolving land use practices have led to an increase in interactions at the human/wildlife interface. The presence and poor knowledge of zoonotic pathogens in India's wildlife and the occurrence of enormous human populations interfacing with, and critically linked to, forest ecosystems warrant attention. Factors such as diverse migratory bird populations, climate change, expanding human population and shrinking wildlife habitats play a significant role in the emergence and re-emergence of zoonotic pathogens from India's wildlife. The introduction of a novel Kyasanur forest disease virus (family flaviviridae) into human populations in 1957 and subsequent occurrence of seasonal outbreaks illustrate the key role that India's wild animals play in the emergence and reemergence of zoonotic pathogens. Other high priority zoonotic diseases of wildlife origin which could affect both livestock and humans include influenza, Nipah, Japanese encephalitis, rabies, plague, leptospirosis, anthrax and leishmaniasis. Continuous monitoring of India's extensively diverse and dispersed wildlife is challenging, but their use as indicators should facilitate efficient and rapid disease-outbreak response across the region and occasionally the globe. Defining and prioritizing research on zoonotic pathogens in wildlife are essential, particularly in a multidisciplinary one-world one-health approach which includes human and veterinary medical studies at the wildlife-livestock-human interfaces. This review indicates that wild animals play an important role in the emergence and re-emergence of zoonotic pathogens and provides brief summaries of the zoonotic diseases that have occurred in wild animals in India.,��https://www.ncbi.nlm.nih.gov/pubmed/24983511���Singh, B B
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Treatment Outcome
Viral Load���Jun 25ù��Nipah virus (NiV) is an emerging zoonotic paramyxovirus that causes severe and often fatal disease in pigs and humans. There are currently no vaccines or treatments approved for human use. Studies in small-animal models of NiV infection suggest that antibody therapy may be a promising treatment. However, most studies have assessed treatment at times shortly after virus exposure before animals show signs of disease. We assessed the efficacy of a fully human monoclonal antibody, m102.4, at several time points after virus exposure including at the onset of clinical illness in a uniformly lethal nonhuman primate model of NiV disease. Sixteen African green monkeys (AGMs) were challenged intratracheally with a lethal dose of NiV, and 12 animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days after virus challenge and again about 2 days later. The presence of viral RNA, infectious virus, and/or NiV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease between days 8 and 10 after infection. AGMs in the day 5 treatment group exhibited clinical signs of disease, but all animals recovered by day 16. These results represent the successful therapeutic in vivo efficacy by an investigational drug against NiV in a nonhuman primate and highlight the potential impact that a monoclonal antibody can have on a highly pathogenic zoonotic human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24964990n��Geisbert, Thomas W
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Risk Factors���Hendra virus causes sporadic but typically fatal infection in horses and humans in eastern Australia. Fruit-bats of the genus Pteropus (commonly known as flying-foxes) are the natural host of the virus, and the putative source of infection in horses; infected horses are the source of human infection. Effective treatment is lacking in both horses and humans, and notwithstanding the recent availability of a vaccine for horses, exposure risk mitigation remains an important infection control strategy. This study sought to inform risk mitigation by identifying spatial and environmental risk factors for equine infection using multiple analytical approaches to investigate the relationship between plausible variables and reported Hendra virus infection in horses. Spatial autocorrelation (Global Moran's I) showed significant clustering of equine cases at a distance of 40 km, a distance consistent with the foraging 'footprint' of a flying-fox roost, suggesting the latter as a biologically plausible basis for the clustering. Getis-Ord Gi* analysis identified multiple equine infection hot spots along the eastern Australia coast from far north Queensland to central New South Wales, with the largest extending for nearly 300 km from southern Queensland to northern New South Wales. Geographically weighted regression (GWR) showed the density of P. alecto and P. conspicillatus to have the strongest positive correlation with equine case locations, suggesting these species are more likely a source of infection of Hendra virus for horses than P. poliocephalus or P. scapulatus. The density of horses, climate variables and vegetation variables were not found to be a significant risk factors, but the residuals from the GWR suggest that additional unidentified risk factors exist at the property level. Further investigations and comparisons between case and control properties are needed to identify these local risk factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24936789Ï��Smith, Craig
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Social sciences���Marg��This article contributes to the literature on One Health and public health ethics by expanding the principle of solidarity. We conceptualise solidarity to encompass not only practices intended to assist other people, but also practices intended to assist non-human others, including animals, plants, or places. To illustrate how manifestations of humanist and more-than-human solidarity may selectively complement one another, or collide, recent responses to Hendra virus in Australia and Rabies virus in Canada serve as case examples. Given that caring relationships are foundational to health promotion, people's efforts to care for non-human others are highly relevant to public health, even when these efforts conflict with edicts issued in the name of public health. In its most optimistic explication, One Health aims to attain optimal health for humans, non-human animals and their shared environments. As a field, public health ethics needs to move beyond an exclusive preoccupation with humans, so as to account for moral complexity arising from people's diverse connections with places, plants, and non-human animals.,��https://www.ncbi.nlm.nih.gov/pubmed/24919648´��Rock, Melanie J
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Nipah Virus/*isolation & purification���Jun 2���BACKGROUND: Nipah virus and Hendra virus are closely related and following natural or experimental exposure induce similar clinical disease. In humans, encephalitis is the most serious outcome of infection and, hitherto, research into the pathogenesis of henipavirus encephalitis has been limited by the lack of a suitable model. Recently we reported a wild-type mouse model of Hendra virus (HeV) encephalitis that should facilitate detailed investigations of its neuropathogenesis, including mechanisms of disease recrudescence. In this study we investigated the possibility of developing a similar model of Nipah virus encephalitis. FINDINGS: Aged and young adult wild type mice did not develop clinical disease including encephalitis following intranasal exposure to either the Malaysia (NiV-MY) or Bangladesh (NiV-BD) strains of Nipah virus. However viral RNA was detected in lung tissue of mice at euthanasia (21 days following exposure) accompanied by a non-neutralizing antibody response. In a subsequent time course trial this viral RNA was shown to be reflective of an earlier self-limiting and subclinical lower respiratory tract infection through successful virus re-isolation and antigen detection in lung. There was no evidence for viremia or infection of other organs, including brain. CONCLUSIONS: Mice develop a subclinical self-limiting lower respiratory tract infection but not encephalitis following intranasal exposure to NiV-BD or NiV-MY. These results contrast with those reported for HeV under similar exposure conditions in mice, demonstrating a significant biological difference in host clinical response to exposure with these viruses. This finding provides a new platform from which to explore the viral and/or host factors that determine the neuroinvasive ability of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24890603Ö��Dups, Johanna
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gag Gene Products, Human Immunodeficiency Virus/immunology���Aug���UNLABELLED: Human immunodeficiency virus type 1 (HIV-1) exploits dendritic cells (DCs) to promote its transmission to T cells. We recently reported that the capture of HIV-1 by mature dendritic cells (MDCs) is mediated by an interaction between the glycosphingolipid (GSL) GM3 on virus particles and CD169/Siglec-1 on MDCs. Since HIV-1 preferentially buds from GSL-enriched lipid microdomains on the plasma membrane, we hypothesized that the virus assembly and budding site determines the ability of HIV-1 to interact with MDCs. In support of this hypothesis, mutations in the N-terminal basic domain (29/31KE) or deletion of the membrane-targeting domain of the HIV-1 matrix (MA) protein that altered the virus assembly and budding site to CD63(+)/Lamp-1-positive intracellular compartments resulted in lower levels of virion incorporation of GM3 and attenuation of virus capture by MDCs. Furthermore, MDC-mediated capture and transmission of MA mutant viruses to T cells were decreased, suggesting that HIV-1 acquires GSLs via budding from the plasma membrane to access the MDC-dependent trans infection pathway. Interestingly, MDC-mediated capture of Nipah and Hendra virus (recently emerged zoonotic paramyxoviruses) M (matrix) protein-derived virus-like particles that bud from GSL-enriched plasma membrane microdomains was also dependent on interactions between virion-incorporated GSLs and CD169. Moreover, capture and transfer of Nipah virus envelope glycoprotein-pseudotyped lentivirus particles by MDCs were severely attenuated upon depletion of GSLs from virus particles. These results suggest that GSL incorporation into virions is critical for the interaction of diverse enveloped RNA viruses with DCs and that the GSL-CD169 recognition nexus might be a conserved viral mechanism of parasitization of DC functions for systemic virus dissemination. IMPORTANCE: Dendritic cells (DCs) can capture HIV-1 particles and transfer captured virus particles to T cells without establishing productive infection in DCs, a mechanism of HIV-1 trans infection. We have recently identified CD169-mediated recognition of GM3, a host-derived glycosphingolipid (GSL) incorporated into the virus particle membrane, as the receptor and ligand for the DC-HIV trans infection pathway. In this study, we have identified the matrix (MA) domain of Gag to be the viral determinant that governs incorporation of GM3 into HIV-1 particles, a previously unappreciated function of the HIV-1 MA. In addition, we demonstrate that the GSL-CD169-dependent trans infection pathway is also utilized as a dissemination mechanism by henipaviruses. GSL incorporation in henipaviruses was also dependent on the viral capsid (M) protein-directed assembly and budding from GSL-enriched lipid microdomains. These findings provide evidence of a conserved mechanism of retrovirus and henipavirus parasitization of cell-to-cell recognition pathways for systemic virus dissemination.,��https://www.ncbi.nlm.nih.gov/pubmed/24872578¿��Akiyama, Hisashi
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Risk Assessment
Zoonoses/epidemiology/*transmission/*virology���May 16Û��Bat-borne viruses can pose a serious threat to human health, with examples including Nipah virus (NiV) in Bangladesh and Malaysia, and Marburg virus (MARV) in Africa. To date, significant human outbreaks of such viruses have not been reported in the European Union (EU). However, EU countries have strong historical links with many of the countries where NiV and MARV are present and a corresponding high volume of commercial trade and human travel, which poses a potential risk of introduction of these viruses into the EU. In assessing the risks of introduction of these bat-borne zoonotic viruses to the EU, it is important to consider the location and range of bat species known to be susceptible to infection, together with the virus prevalence, seasonality of viral pulses, duration of infection and titre of virus in different bat tissues. In this paper, we review the current scientific knowledge of all these factors, in relation to the introduction of NiV and MARV into the EU.,��https://www.ncbi.nlm.nih.gov/pubmed/24841385Î��Simons, Robin R L
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Virus Assembly���May���Newly synthesized envelope glycoproteins of neuroinvasive viruses can be sorted in a polarized manner to the somatodendritic and/or axonal domains of neurons. Although critical for transneuronal spread of viruses, the molecular determinants and interregulation of this process are largely unknown. We studied the polarized sorting of the attachment (NiV-G) and fusion (NiV-F) glycoproteins of Nipah virus (NiV), a paramyxovirus that causes fatal human encephalitis, in rat hippocampal neurons. When expressed individually, NiV-G exhibited a non-polarized distribution, whereas NiV-F was specifically sorted to the somatodendritic domain. Polarized sorting of NiV-F was dependent on interaction of tyrosine-based signals in its cytosolic tail with the clathrin adaptor complex AP-1. Co-expression of NiV-G with NiV-F abolished somatodendritic sorting of NiV-F due to incorporation of NiV-G*NiV-F complexes into axonal transport carriers. We propose that faster biosynthetic transport of unassembled NiV-F allows for its proteolytic activation in the somatodendritic domain prior to association with NiV-G and axonal delivery of NiV-G*NiV-F complexes. Our study reveals how interactions of viral glycoproteins with the host's transport machinery and between themselves regulate their polarized sorting in neurons.,��https://www.ncbi.nlm.nih.gov/pubmed/24831812ö��Mattera, Rafael
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Viral Matrix Proteins/*metabolism���Membrane envelopment and budding of negative strand RNA viruses (NSVs) is mainly driven by viral matrix proteins (M). In addition, several M proteins are also known to be involved in host cell manipulation. Knowledge about the cellular targets and detailed molecular mechanisms, however, is poor for many M proteins. For instance, Nipah Virus (NiV) M protein trafficking through the nucleus is essential for virus release, but nuclear targets of NiV M remain unknown. To identify cellular interactors of henipavirus M proteins, tagged Hendra Virus (HeV) M proteins were expressed and M-containing protein complexes were isolated and analysed. Presence of acidic leucine-rich nuclear phosphoprotein 32 family member B (ANP32B) in the complex suggested that this protein represents a direct or indirect interactor of the viral matrix protein. Over-expression of ANP32B led to specific nuclear accumulation of HeV M, providing a functional link between ANP32B and M protein. ANP32B-dependent nuclear accumulation was observed after plasmid-driven expression of HeV and NiV matrix proteins and also in NiV infected cells. The latter indicated that an interaction of henipavirus M protein with ANP32B also occurs in the context of virus replication. From these data we conclude that ANP32B is a nuclear target of henipavirus M that may contribute to virus replication. Potential effects of ANP32B on HeV nuclear shuttling and host cell manipulation by HeV M affecting ANP32B functions in host cell survival and gene expression regulation are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/24823948B��Bauer, Anja
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zoonotic disease���Apr 1æ��1. Flying foxes Pteropus spp. play a key role in forest regeneration as seed dispersers and are also the reservoir of many viruses, including Nipah virus in Bangladesh. Little is known about their habitat requirements, particularly in South Asia. Identifying Pteropus habitat preferences could assist in understanding the risk of zoonotic disease transmission broadly, and in Bangladesh, could help explain the spatial distribution of human Nipah virus cases. 2. We analysed characteristics of Pteropus giganteus roosts and constructed an ecological niche model to identify suitable habitat in Bangladesh. We also assessed the distribution of suitable habitat in relation to the location of human Nipah virus cases. 3. Compared to non-roost trees, P. giganteus roost trees are taller with larger diameters, and are more frequently canopy trees. Colony size was larger in densely forested regions and smaller in flood-affected areas. Roosts were located in areas with lower annual precipitation and higher human population density than non-roost sites. 4. We predicted that 2-17% of Bangladesh's land area is suitable roosting habitat. Nipah virus outbreak villages were 2.6 times more likely to be located in areas predicted as highly suitable habitat for P. giganteus compared to non-outbreak villages. 5. Synthesis and applications. Habitat suitability modelling may help identify previously undocumented Nipah outbreak locations and improve our understanding of Nipah virus ecology by highlighting regions where there is suitable bat habitat but no reported human Nipah virus. Conservation and public health education is a key component of P. giganteus management in Bangladesh due to the general misunderstanding and fear of bats that are a reservoir of Nipah virus. Affiliation between Old World fruit bats (Pteropodidae) and people is common throughout their range, and in order to conserve these keystone bat species and prevent emergence of zoonotic viruses, it is imperative that we continue to improve our understanding of Pteropus resource requirements and routes of virus transmission from bats to people. Results presented here can be utilized to develop land management strategies and conservation policies that simultaneously protect fruit bats and public health.,��https://www.ncbi.nlm.nih.gov/pubmed/24778457ñ��Hahn, Micah B
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health behaviour���Decü��Drinking raw date palm sap contaminated with infected fruit bat saliva or urine is an important mode of Nipah virus transmission to humans in Bangladesh. Bamboo skirts are an effective way to interrupt bat access to the sap. We conducted a study from November 2008 to March 2009 to explore the effectiveness of higher- and lower-intensity interventions by promoting bamboo skirt preparation and use among sap harvesters (gachhis). We spent 280 person-hours in two villages for the higher-intensity intervention and half that amount of time in two other villages for the lower-intensity intervention. To evaluate the interventions we followed up all gachhis once a month for three months. A high percentage of gachhis (83% in higher-, 65% in lower-intensity interventions) prepared and used a skirt of bamboo or other materials - jute stalk, dhoincha (Sesbania aculeata), or polythene - at least once after intervention. In general, 15% of gachhis consistently used skirts throughout the sap collection season. The intensive nature of this intervention is very expensive for a large-scale programme. Future efforts should focus on developing a low-cost behaviour change intervention and evaluate if it reduces the human exposure to potentially contaminated fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/24755262y��Nahar, Nazmun
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West Nile Fever/*epidemiology���JunJ��PURPOSE OF REVIEW: This review aims to describe new features on the epidemiology of encephalitis world-wide. As this neurological presentation is most frequently related to transmitted viruses, surveillance of encephalitis is of major importance to detect their emergence or re-emergence. RECENT FINDINGS: Rabies causes one of the most severe types of encephalitis as it is lethal in all cases, and it is endemic in some countries. It was thought that the virus had been eradicated in Western Europe, but it re-emerged in Greece and Italy. Physicians should be aware of this diagnosis in the case of severe encephalitis. Some viruses (Powassan, Nipah, and Hendra) are becoming endemic in some new parts of the world (USA and Australia). Because of their severity, they are healthcare concerns in those countries and for travelers (e.g. in Asia). Finally, a concept is emerging: herpes simplex virus is suspected to be a trigger for autoimmune encephalitis. This is of major importance for the future management of patients (corticosteroids early in the course of the disease?), and the epidemiology of sequelae. SUMMARY: Encephalitis is a good marker for the detection of emerging infections. New findings about the relationship between herpes simplex virus encephalitis and autoimmune encephalitis open a new concept for a better management of patients.,��https://www.ncbi.nlm.nih.gov/pubmed/24751960���Stahl, Jean-Paul
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metabolic rate���May±��Bats are sources of high viral diversity and high-profile zoonotic viruses worldwide. Although apparently not pathogenic in their reservoir hosts, some viruses from bats severely affect other mammals, including humans. Examples include severe acute respiratory syndrome coronaviruses, Ebola and Marburg viruses, and Nipah and Hendra viruses. Factors underlying high viral diversity in bats are the subject of speculation. We hypothesize that flight, a factor common to all bats but to no other mammals, provides an intensive selective force for coexistence with viral parasites through a daily cycle that elevates metabolism and body temperature analogous to the febrile response in other mammals. On an evolutionary scale, this host-virus interaction might have resulted in the large diversity of zoonotic viruses in bats, possibly through bat viruses adapting to be more tolerant of the fever response and less virulent to their natural hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24750692���O'Shea, Thomas J
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Virus Replication/*drug effects/physiology���Apr´��Nipah virus is a biosafety level 4 (BSL-4) pathogen that causes severe respiratory illness and encephalitis in humans. To identify novel small molecules that target Nipah virus replication as potential therapeutics, Southern Research Institute and Galveston National Laboratory jointly developed an automated high-throughput screening platform that is capable of testing 10,000 compounds per day within BSL-4 biocontainment. Using this platform, we screened a 10,080-compound library using a cell-based, high-throughput screen for compounds that inhibited the virus-induced cytopathic effect. From this pilot effort, 23 compounds were identified with EC50 values ranging from 3.9 to 20.0 muM and selectivities >10. Three sulfonamide compounds with EC50 values <12 muM were further characterized for their point of intervention in the viral replication cycle and for broad antiviral efficacy. Development of HTS capability under BSL-4 containment changes the paradigm for drug discovery for highly pathogenic agents because this platform can be readily modified to identify prophylactic and postexposure therapeutic candidates against other BSL-4 pathogens, particularly Ebola, Marburg, and Lassa viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24735442,��Tigabu, Bersabeh
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flying foxes���Jun,��CASE SERIES: Between 2006 and 2012, there were 11 horses diagnosed with Hendra virus (HeV) on 9 independent premises in New South Wales (NSW). We defined a case of HeV as premises where one or more horses were confirmed to be infected with HeV by PCR. All the cases occurred in the north-eastern region of NSW. In 8 of the 9 cases, infection occurred within 2 months over the winter of 2011. With no exception, the affected horses were kept at pasture on properties visited by flying foxes. Of the 11 horses testing positive for HeV, 5 had an association with a fence, with the horses dead or dying on a fence line. In the majority of cases, disease was an acute illness leading to death within 48 h. When signs of disease were observed, neurological signs predominated. There was limited spread to in-contact horses, with only two properties having more than one horse affected. There was significant variation in the sampling strategies undertaken by veterinarians. CONCLUSION: Caution is needed to interpret a negative diagnosis when only swabs have been collected.,��https://www.ncbi.nlm.nih.gov/pubmed/24730376®��Ball, M C
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Zoonoses/virology���Apr 3���Poxviruses are important pathogens of man and numerous domestic and wild animal species. Cross species (including zoonotic) poxvirus infections can have drastic consequences for the recipient host. Bats are a diverse order of mammals known to carry lethal viral zoonoses such as Rabies, Hendra, Nipah, and SARS. Consequent targeted research is revealing bats to be infected with a rich diversity of novel viruses. Poxviruses were recently identified in bats and the settings in which they were found were dramatically different. Here, we review the natural history of poxviruses in bats and highlight the relationship of the viruses to each other and their context in the Poxviridae family. In addition to considering the zoonotic potential of these viruses, we reflect on the broader implications of these findings. Specifically, the potential to explore and exploit this newfound relationship to study coevolution and cross species transmission together with fundamental aspects of poxvirus host tropism as well as bat virology and immunology.,��https://www.ncbi.nlm.nih.gov/pubmed/24704730~��Baker, Kate S
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*Respiratory Mucosa/metabolism/pathology/virology���Apr ��Nipah virus (NiV) is a member of the genus Henipavirus (family Paramyxoviridae) that causes severe and often lethal respiratory illness and encephalitis in humans with high mortality rates (up to 92%). NiV can cause Acute Lung Injury (ALI) in humans, and human-to-human transmission has been observed in recent outbreaks of NiV. While the exact route of transmission to humans is not known, we have previously shown that NiV can efficiently infect human respiratory epithelial cells. The molecular mechanisms of NiV-associated ALI in the human respiratory tract are unknown. Thus, there is an urgent need for models of henipavirus infection of the human respiratory tract to study the pathogenesis and understand the host responses. Here, we describe a novel human lung xenograft model in mice to study the pathogenesis of NiV. Following transplantation, human fetal lung xenografts rapidly graft and develop mature structures of adult lungs including cartilage, vascular vessels, ciliated pseudostratified columnar epithelium, and primitive "air" spaces filled with mucus and lined by cuboidal to flat epithelium. Following infection, NiV grows to high titers (10(7) TCID50/gram lung tissue) as early as 3 days post infection (pi). NiV targets both the endothelium as well as respiratory epithelium in the human lung tissues, and results in syncytia formation. NiV infection in the human lung results in the production of several cytokines and chemokines including IL-6, IP-10, eotaxin, G-CSF and GM-CSF on days 5 and 7 pi. In conclusion, this study demonstrates that NiV can replicate to high titers in a novel in vivo model of the human respiratory tract, resulting in a robust inflammatory response, which is known to be associated with ALI. This model will facilitate progress in the fundamental understanding of henipavirus pathogenesis and virus-host interactions; it will also provide biologically relevant models for other respiratory viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/24699832,��Valbuena, Gustavo
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Nipah virus���Jun���Nipah virus (NiV) outbreaks have occurred in Malaysia, India, and Bangladesh, and the virus continues to cause annual outbreaks of fatal human encephalitis in Bangladesh due to spillover from its bat host reservoir. Due to its high pathogenicity, its potential use for bio/agro-terrorism, and to the current lack of approved therapeutics, NiV is designated as an overlap select agent requiring biosafety level-4 containment. Although the development of therapeutic monoclonal antibodies and soluble protein subunit vaccines have shown great promise, the paucity of effective antiviral drugs against NiV merits further exploration of compound libraries using rapid quantitative antiviral assays. As a proof-of-concept study, we evaluated the use of fluorescent and luminescent reporter NiVs for antiviral screening. We constructed and rescued NiVs expressing either Renilla luciferase or green fluorescent protein, and characterized their reporter signal kinetics in different cell types as well as in the presence of several inhibitors. The 50% effective concentrations (EC50s) derived for inhibitors against both reporter viruses are within range of EC50s derived from virus yield-based dose-response assays against wild-type NiV (within 1Log10), thus demonstrating that both reporter NiVs can serve as robust antiviral screening tools. Utilizing these live NiV-based reporter assays requires modest instrumentation, and circumvents the time and labor-intensive steps associated with cytopathic effect or viral antigen-based assays. These reporter NiVs will not only facilitate antiviral screening, but also the study of host cell components that influence the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24680955Ð��Lo, Michael K
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Vero Cells/virology���Mar���Hendra virus (HeV), a highly pathogenic zoonotic paramyxovirus recently emerged from bats, is a major concern to the horse industry in Australia. Previous research has shown that higher temperatures led to lower virus survival rates in the laboratory. We develop a model of survival of HeV in the environment as influenced by temperature. We used 20 years of daily temperature at six locations spanning the geographic range of reported HeV incidents to simulate the temporal and spatial impacts of temperature on HeV survival. At any location, simulated virus survival was greater in winter than in summer, and in any month of the year, survival was higher in higher latitudes. At any location, year-to-year variation in virus survival 24 h post-excretion was substantial and was as large as the difference between locations. Survival was higher in microhabitats with lower than ambient temperature, and when environmental exposure was shorter. The within-year pattern of virus survival mirrored the cumulative within-year occurrence of reported HeV cases, although there were no overall differences in survival in HeV case years and non-case years. The model examines the effect of temperature in isolation; actual virus survivability will reflect the effect of additional environmental factors.,��https://www.ncbi.nlm.nih.gov/pubmed/24643861¸��Scanlan, J C
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Vaccines���May 7���BACKGROUND: Nipah virus (NiV), a zoonotic pathogen causing severe respiratory illness and encephalitis in humans, emerged in Malaysia in 1998 with subsequent outbreaks on an almost annual basis since 2001 in parts of the Indian subcontinent. The high case fatality rate, human-to-human transmission, wide-ranging reservoir distribution and lack of licensed intervention options are making NiV a serious regional and potential global public health problem. The objective of this study was to develop a fast-acting, single-dose NiV vaccine that could be implemented in a ring vaccination approach during outbreaks. METHODS: In this study we have designed new live-attenuated vaccine vectors based on recombinant vesicular stomatitis viruses (rVSV) expressing NiV glycoproteins (G or F) or nucleoprotein (N) and evaluated their protective efficacy in Syrian hamsters, an established NiV animal disease model. We further characterized the humoral immune response to vaccination in hamsters using ELISA and neutralization assays and performed serum transfer studies. RESULTS: Vaccination of Syrian hamsters with a single dose of the rVSV vaccine vectors resulted in strong humoral immune responses with neutralizing activities found only in those animals vaccinated with rVSV expressing NiV G or F proteins. Vaccinated animals with neutralizing antibody responses were completely protected from lethal NiV disease, whereas animals vaccinated with rVSV expressing NiV N showed only partial protection. Protection of NiV G or F vaccinated animals was conferred by antibodies, most likely the neutralizing fraction, as demonstrated by serum transfer studies. Protection of N-vaccinated hamsters was not antibody-dependent indicating a role of adaptive cellular responses for protection. CONCLUSIONS: The rVSV vectors expressing Nipah virus G or F are prime candidates for new 'emergency vaccines' to be utilized for NiV outbreak management.,��https://www.ncbi.nlm.nih.gov/pubmed/24631094���DeBuysscher, Blair L
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Nipah Virus���Marô��Since 2001, outbreaks of Nipah virus have occurred almost every year in Bangladesh with high case-fatality rates. Epidemiological data suggest that in Bangladesh, Nipah virus is transmitted from the natural reservoir, fruit bats, to humans via consumption of date palm sap contaminated by bats, with subsequent human-to-human transmission. To experimentally investigate this epidemiological association between drinking of date palm sap and human cases of Nipah virus infection, we determined the viability of Nipah virus (strain Bangladesh/200401066) in artificial palm sap. At 22 degrees C virus titers remained stable for at least 7 days, thus potentially allowing food-borne transmission. Next, we modeled food-borne Nipah virus infection by supplying Syrian hamsters with artificial palm sap containing Nipah virus. Drinking of 5x10(8) TCID(5)(0) of Nipah virus resulted in neurological disease in 5 out of 8 hamsters, indicating that food-borne transmission of Nipah virus can indeed occur. In comparison, intranasal (i.n.) inoculation with the same dose of Nipah virus resulted in lethal respiratory disease in all animals. In animals infected with Nipah virus via drinking, virus was detected in respiratory tissues rather than in the intestinal tract. Using fluorescently labeled Nipah virus particles, we showed that during drinking, a substantial amount of virus is deposited in the lungs, explaining the replication of Nipah virus in the respiratory tract of these hamsters. Besides the ability of Nipah virus to infect hamsters via the drinking route, Syrian hamsters infected via that route transmitted the virus through direct contact with naive hamsters in 2 out of 24 transmission pairs. Although these findings do not directly prove that date palm sap contaminated with Nipah virus by bats is the origin of Nipah virus outbreaks in Bangladesh, they provide the first experimental support for this hypothesis. Understanding the Nipah virus transmission cycle is essential for preventing and mitigating future outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/24626480"��de Wit, Emmie
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viral fusion���DecÓ��The fusion of Nipah with host cells is facilitated by two of their glycoproteins, the G and the F proteins. The binding of cellular ephrins to the G head domain causes the G stalk domain to interact differently with F, which activates F to mediate virus-host fusion. To gain insight into how the ephrin-binding signal transduces from the head to the stalk domain of G, we examine quantitatively the differences between the conformational ensembles of the G head domain in its ephrin-bound and unbound states. We consider the human ephrins B2 and B3, and a double mutant of B2, all of which trigger fusion. The ensembles are generated using molecular dynamics, and the differences between them are quantified using a new machine learning method. We find that the portion of the G head domain whose conformational density is altered equivalently by the three ephrins is large, and comprises approximately 25% of the residues in the G head domain. This subspace also includes the residues that are known to be important to F activation, which suggests that it contains at least one common signaling pathway. The spatial distribution of the residues constituting this subspace supports the model of signal transduction in which the signal transduces via the G head dimer interface. This study also adds to the growing list of examples where signaling does not depend solely on backbone deviations. In general, this study provides an approach to filter out conserved patterns in protein dynamics.,��https://www.ncbi.nlm.nih.gov/pubmed/24615845Ä��Varma, Sameer
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Viral Proteins/*chemistry/genetics/*metabolism���The phosphoprotein (P) gene of most Paramyxovirinae encodes several proteins in overlapping frames: P and V, which share a common N-terminus (PNT), and C, which overlaps PNT. Overlapping genes are of particular interest because they encode proteins originated de novo, some of which have unknown structural folds, challenging the notion that nature utilizes only a limited, well-mapped area of fold space. The C proteins cluster in three groups, comprising measles, Nipah, and Sendai virus. We predicted that all C proteins have a similar organization: a variable, disordered N-terminus and a conserved, alpha-helical C-terminus. We confirmed this predicted organization by biophysically characterizing recombinant C proteins from Tupaia paramyxovirus (measles group) and human parainfluenza virus 1 (Sendai group). We also found that the C of the measles and Nipah groups have statistically significant sequence similarity, indicating a common origin. Although the C of the Sendai group lack sequence similarity with them, we speculate that they also have a common origin, given their similar genomic location and structural organization. Since C is dispensable for viral replication, unlike PNT, we hypothesize that C may have originated de novo by overprinting PNT in the ancestor of Paramyxovirinae. Intriguingly, in measles virus and Nipah virus, PNT encodes STAT1-binding sites that overlap different regions of the C-terminus of C, indicating they have probably originated independently. This arrangement, in which the same genetic region encodes simultaneously a crucial functional motif (a STAT1-binding site) and a highly constrained region (the C-terminus of C), seems paradoxical, since it should severely reduce the ability of the virus to adapt. The fact that it originated twice suggests that it must be balanced by an evolutionary advantage, perhaps from reducing the size of the genetic region vulnerable to mutations.,��https://www.ncbi.nlm.nih.gov/pubmed/24587180���Lo, Michael K
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zoonosis���JulË��Nipah virus (NiV) is a recently emerged zoonotic virus that causes severe disease in humans. The reservoir hosts for NiV, bats of the genus Pteropus (known as flying-foxes) are found across the Asia-Pacific including Australia. While NiV has not been detected in Australia, evidence for NiV infection has been found in flying-foxes in some of Australia's closest neighbours. A qualitative risk assessment was undertaken to assess the risk of NiV establishing in Australian flying-foxes through flying-fox movements from nearby regions. Events surrounding the emergence of new diseases are typically uncertain and in this study an expert opinion workshop was used to address gaps in knowledge. Given the difficulties in combining expert opinion, five different combination methods were analysed to assess their influence on the risk outcome. Under the baseline scenario where the median was used to combine opinions, the risk was estimated to be very low. However, this risk increased when the mean and linear opinion pooling combination methods were used. This assessment highlights the effects that different methods for combining expert opinion have on final risk estimates and the caution needed when interpreting these outcomes given the high degree of uncertainty in expert opinion. This work has provided a flexible model framework for assessing the risk of NiV establishment in Australian flying-foxes through bat movements which can be updated when new data become available.,��https://www.ncbi.nlm.nih.gov/pubmed/24580962Ï��Roche, S E
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Staphylococcus kloosii���Augþ��Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with lambdamax at 426, 447 and 475 nm and lambdamax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.,��https://www.ncbi.nlm.nih.gov/pubmed/24575244¢��Kamarudin, Kamarul Rahim
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zoonotic paramyxovirus���Mar£��In recent years, the emergence of several highly pathogenic zoonotic diseases in humans has led to a renewed emphasis on the interconnectedness of human, animal, and environmental health, otherwise known as One Health. For example, Hendra virus (HeV), a zoonotic paramyxovirus, was discovered in 1994, and since then, infections have occurred in 7 humans, each of whom had a strong epidemiologic link to similarly affected horses. As a consequence of these outbreaks, eradication of bat populations was discussed, despite their crucial environmental roles in pollination and reduction of the insect population. We describe the development and evaluation of a vaccine for horses with the potential for breaking the chain of HeV transmission from bats to horses to humans, thereby protecting horse, human, and environmental health. The HeV vaccine for horses is a key example of a One Health approach to the control of human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24572697M��Middleton, Deborah
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*Zoonoses/prevention & control/transmission���Feb 20®��BACKGROUND: After the 2011 cluster of Hendra virus cases in horses in Australia, public health targeted education initiatives at people in the equine industry to reduce human exposure to potentially infected horses. 'Horse owners and Hendra Virus: A Longitudinal cohort study To Evaluate Risk' aims to enhance public health measures through improved understanding of Hendra virus risk perception and risk mitigation strategies among horse owners and horse care providers. This paper describes the stakeholder consultation that was undertaken to ensure the cohort study outcomes were relevant to diverse groups who play a role in Hendra virus policy development and implementation. METHODS: A two-round modified Delphi study with online questionnaires was conducted. In round one, stakeholders identified priority research areas. In round two, stakeholders rated and ranked topics that emerged from thematic analysis of the round one responses. Round two data were analysed using logistic regression. RESULTS: Of the 255 stakeholders contacted, 101 responded to round one. Over 450 topics were proposed. These were organized into 18 themes. Approximately two thirds of the round one respondents participated in round two. 'Hendra virus-related risk awareness and perception', 'personal health and safety', 'emergency preparedness', 'risk prevention, mitigation, and biosecurity', and 'Hendra virus vaccination in horses--attitudes/uptake' were the top five areas identified according to probability of being ranked extremely important. CONCLUSIONS: In this study, a modified Delphi approach was effective in guiding research into Hendra virus, a zoonotic disease of animal and human health significance. The findings support the notion that stakeholders should be engaged in zoonotic disease research priority setting. Such consultation will help to ensure that research initiatives are relevant and useful to stakeholders in the position to make use of new findings.,��https://www.ncbi.nlm.nih.gov/pubmed/24552445Í��Sawford, Kate
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*Virus Internalization���Apr·��The paramyxoviruses represent a diverse virus family responsible for a wide range of human and animal diseases. In contrast to other viruses, such as HIV and influenza virus, which use a single glycoprotein to mediate host receptor binding and virus entry, the paramyxoviruses require two distinct proteins. One of these is an attachment glycoprotein that binds receptor, while the second is a fusion glycoprotein, which undergoes conformational changes that drive virus-cell membrane fusion and virus entry. The details of how receptor binding by one protein activates the second to undergo conformational changes have been poorly understood until recently. Over the past couple of years, structural and functional data have accumulated on representative members of this family, including parainfluenza virus 5, Newcastle disease virus, measles virus, Nipah virus and others, which suggest a mechanistic convergence of activation models. Here we review the data indicating that paramyxovirus attachment glycoproteins shield activating residues within their N-terminal stalk domains, which are then exposed upon receptor binding, leading to the activation of the fusion protein by a 'provocateur' mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/24530984���Jardetzky, Theodore S
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Viral Vaccines/administration & dosage/genetics/*immunology���Mayì��UNLABELLED: Hendra virus (HeV) is a zoonotic emerging virus belonging to the family Paramyxoviridae. HeV causes severe and often fatal respiratory and/or neurologic disease in both animals and humans. Currently, there are no licensed vaccines or antiviral drugs approved for human use. A number of animal models have been developed for studying HeV infection, with the African green monkey (AGM) appearing to most faithfully reproduce the human disease. Here, we assessed the utility of a newly developed recombinant subunit vaccine based on the HeV attachment (G) glycoprotein in the AGM model. Four AGMs were vaccinated with two doses of the HeV vaccine (sGHeV) containing Alhydrogel, four AGMs received the sGHeV with Alhydrogel and CpG, and four control animals did not receive the sGHeV vaccine. Animals were challenged with a high dose of infectious HeV 21 days after the boost vaccination. None of the eight specifically vaccinated animals showed any evidence of clinical illness and survived the challenge. All four controls became severely ill with symptoms consistent with HeV infection, and three of the four animals succumbed 8 days after exposure. Success of the recombinant subunit vaccine in AGMs provides pivotal data in supporting its further preclinical development for potential human use. IMPORTANCE: A Hendra virus attachment (G) glycoprotein subunit vaccine was tested in nonhuman primates to assess its ability to protect them from a lethal infection with Hendra virus. It was found that all vaccinated African green monkeys were completely protected against subsequent Hendra virus infection and disease. The success of this new subunit vaccine in nonhuman primates provides critical data in support of its further development for future human use.,��https://www.ncbi.nlm.nih.gov/pubmed/24522928S��Mire, Chad E
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Serology���May$��Hendra and Nipah viruses (HeV and NiV) are closely related zoonotic pathogens of the Paramyxoviridae family. Both viruses belong to the Henipavirus genus and cause fatal disease in animals and humans, though only HeV is endemic in Australia. In general and due to the acute nature of the disease, agent detection by PCR and virus isolation are the primary tools for diagnostic investigations. Assays for the detection of antibodies against HeV are fit more readily for the purpose of surveillance testing in disease epidemiology and to meet certification requirements in the international movement of horses. The first generation indirect ELISA has been affected by non-specific reactions which must be resolved using virus neutralisation serology conducted at laboratory bio-safety level 4 containment (PC4). Recent developments have enabled improvements in the available serology assays. The production of an expressed recombinant truncated HeV G protein has been utilised in ELISA and in Luminex-based multiplexed microsphere assays. In the latter format, two Luminex assays have been developed for use in henipavirus serology: a binding assay (designed for antibody detection and differentiation) and a blocking assay (designed as a surrogate for virus neutralisation). Equine and canine field sera were used to evaluate the two Luminex assays relative to ELISA and virus neutralisation serology. Results showed that Luminex assays can be effective as rapid, sensitive and specific tests for the detection of HeV antibody in horse and dog sera. The tests do not require PC4 containment and are appropriate for high throughput applications as might be required for disease investigations and other epidemiological surveillance. Also, the results show that the Luminex assays detect effectively HeV vaccine-induced antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/24508193ò��McNabb, Leanne
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Virus Diseases/enzymology/virology���AprÖ��UNLABELLED: Severe acute respiratory syndrome coronavirus (SARS-CoV) and Ebola, Hendra, and Nipah viruses are members of different viral families and are known causative agents of fatal viral diseases. These viruses depend on cathepsin L for entry into their target cells. The viral glycoproteins need to be primed by protease cleavage, rendering them active for fusion with the host cell membrane. In this study, we developed a novel high-throughput screening assay based on peptides, derived from the glycoproteins of the aforementioned viruses, which contain the cathepsin L cleavage site. We screened a library of 5,000 small molecules and discovered a small molecule that can inhibit the cathepsin L cleavage of all viral peptides with minimal inhibition of cleavage of a host protein-derived peptide (pro-neuropeptide Y). The small molecule inhibited the entry of all pseudotyped viruses in vitro and the cleavage of SARS-CoV spike glycoprotein in an in vitro cleavage assay. In addition, the Hendra and Nipah virus fusion glycoproteins were not cleaved in the presence of the small molecule in a cell-based cleavage assay. Furthermore, we demonstrate that the small molecule is a mixed inhibitor of cathepsin L. Our broad-spectrum antiviral small molecule appears to be an ideal candidate for future optimization and development into a potent antiviral against SARS-CoV and Ebola, Hendra, and Nipah viruses. IMPORTANCE: We developed a novel high-throughput screening assay to identify small molecules that can prevent cathepsin L cleavage of viral glycoproteins derived from SARS-CoV and Ebola, Hendra, and Nipah viruses that are required for their entry into the host cell. We identified a novel broad-spectrum small molecule that could block cathepsin L-mediated cleavage and thus inhibit the entry of pseudotypes bearing the glycoprotein derived from SARS-CoV or Ebola, Hendra, or Nipah virus. The small molecule can be further optimized and developed into a potent broad-spectrum antiviral drug.,��https://www.ncbi.nlm.nih.gov/pubmed/245013993��Elshabrawy, Hatem A
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pathogenesis���Jul²��Hendra (HeV) and Nipah (NiV) viruses (genus Henipavirus (HNV; family Paramyxoviridae) are emerging zoonotic agents that can cause severe respiratory distress and acute encephalitis in humans. Given the lack of effective therapeutics and vaccines for human use, these viruses are considered as public health concerns. Several experimental animal models of HNV infection have been developed in recent years. Here, we review the current status of four of the most promising experimental animal models (mice, hamsters, ferrets, and African green monkeys) and their suitability for modeling the clinical disease, transmission, pathogenesis, prevention, and treatment for HNV infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24488776���Rockx, Barry
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Zoonoses/*epidemiology/transmission���FebÑ��Zoonotic infections are important sources of human disease; most known emerging infections are zoonotic (e.g., HIV, Ebola virus, severe acute respiratory syndrome, Nipah virus, and enteropathogenic Escherichia coli) and originated as natural infections of other species that acquired opportunities to come in contact with humans. There are also serious infectious diseases classically considered zoonotic, such as influenza, rabies, bubonic plague, brucellosis, and leptospirosis. More recently, it has been recognized that wildlife constitutes a particularly important source of novel zoonoses. With all this microbial movement, surveillance is considered the first line of public health defense. The zoonotic origin of many human and livestock infections argues strongly for the synergistic value of a One Health approach, which provides the capability to identify pathogens crossing into new species and could provide earlier warning of potential epidemics. This article discusses public health surveillance and major recent surveillance initiatives and reviews progress toward implementing a One Health surveillance framework. Networks discussed include global intergovernmental organizations and recent combined efforts of these organizations; Web-based nongovernmental systems (e.g., ProMED, the Program for Monitoring Emerging Diseases); and networks of bilateral or multilateral government programs (e.g., the CDC's Global Disease Detection [GDD] platform; the U.S. Department of Defense's Global Emerging Infections Surveillance and Response System [GEIS]; regional and subregional networks; and the U.S. Agency for International Development's Emerging Pandemic Threats [EPT] program and its surveillance component, PREDICT). Syndromic surveillance also has potential to complement existing systems. New technologies are enabling revolutionary capabilities for global surveillance, but in addition to serious technical needs, both sustainability and data-sharing mechanisms remain challenges.,��https://www.ncbi.nlm.nih.gov/pubmed/26082122Æ��Morse, Stephen S
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Zoonoses���Mar 6È��The recent discovery of a wide range of henipavirus-like viruses circulating in Megabats in Africa raises the question as to the zoonotic potential of these pathogens given the high human mortality rates seen with their pathogenic relatives Nipah virus and Hendra virus. In the absence of cultured infectious African Henipavirus we have performed experiments with recombinant F and G glycoproteins from the representative African Henipavirus strain M74a aimed at estimating its cellular tropism and capacity to use similar receptors to its highly pathogenic counterparts. The ability of the M74a virus G surface protein to use the ubiquitous Ephrin B2 host cell receptor and its heterologous cross-compatibility with Nipah virus could be expected to impart upon this virus a reasonable potential for species spillover, although differences in fusion efficiency seen with the M74a virus F protein in certain cell lines could present a barrier for zoonotic transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/24452140���Lawrence, Philip
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Iron���Mar 1���Biodegradable metals such as magnesium, iron and their alloys have been known as potential materials for temporary medical implants. However, most of the studies on biodegradable metals have been focusing on optimizing their mechanical properties and degradation behavior with no emphasis on improving their bioactivity behavior. We therefore investigated the possibility of improving iron biodegradation rate and bioactivity by incorporating various bioactive bioceramics. The iron-based bioceramic (hydroxyapatite, tricalcium phosphate and biphasic calcium phosphate) composites were prepared by mechanical mixing and sintering process. Degradation studies indicated that the addition of bioceramics lowered the corrosion potential of the composites and slightly increased their corrosion rate compared to that of pure iron. In vitro cytotoxicity results showed an increase of cellular activity when rat smooth muscle cells interacted with the degrading composites compared to pure iron. X-ray radiogram analysis showed a consistent degradation progress with that found in vivo and positive tissue response up to 70 days implantation in sheep animal model. Therefore, the iron-based bioceramic composites have the potential to be used for biodegradable bone implant applications.,��https://www.ncbi.nlm.nih.gov/pubmed/24433920���Ulum, M F
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Pigs���Decë��The emergence of Nipah virus (NiV) infection into the pig population and subsequently into the human population is believed to be due to changes in ecological conditions. In Malaysia, A major NiV outbreak occurred in pigs and humans from September 1998 to April 1999 that resulted in infection of 265 and death of 105 persons. About 1.1 million pigs had to be destroyed to control the outbreak. The disease was recorded in the form of a major outbreak in India in 2001 and then a small incidence in 2007, both the outbreaks in West Bengal only in humans without any involvement of pigs. There were series of human Nipah incidences in Bangladesh from 2001 till 2013 almost every year with mortality exceeding 70 %. The disease transmission from pigs acting as an intermediate host during Malaysian and Singapore outbreaks has changed in NIV outbreaks in India and Bangladesh, transmitting the disease directly from bats to human followed by human to human. The drinking of raw date palm sap contaminated with fruit bat urine or saliva containing NiV is the only known cause of outbreak of the disease in Bangladesh outbreaks. The virus is now known to exist in various fruit bats of Pteropus as well as bats of other genera in a wider belt from Asia to Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/24426305§��Kulkarni, D D
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Virus���Dec+��Emerging and reemerging viral diseases of livestock and human beings are in sharp rise in recent years. Importantly, many of these viruses, including influenza, Hendra, Nipah and corona are of zoonotic importance. Several viral diseases of livestock such as bluetongue, peste des petits ruminants, camel pox, equine infectious anaemia, chicken anaemia and sheep-associated malignant catarrhal fever are crossing their traditional boundaries. Emergence of new serotypes and variant forms of viruses as in the case of blue tongue virus, avian infectious bronchitis virus, Newcastle disease virus adds additional level of complexity. The increased incidence of emerging and reemerging viral diseases could be attributed to several factors including deforestation and surge in direct contact of livestock and humans with wild animals and birds. This special issue of "Indian Journal of Virology" is focused on diverse aspects of above diseases: isolation and characterization of viruses, epidemiology, pathogenesis, diagnosis, prevention measures and vaccine development.,��https://www.ncbi.nlm.nih.gov/pubmed/24426290���Bayry, Jagadeesh
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Virus Replication?��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans, and incurred a high fatality rate in humans. We established a system that enabled the rescue of replicating NiVs from a cloned DNA. Using the system, we analyzed the functions of accessory proteins in infected cells and the implications in in vivo pathogenicity. Further, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins, which appeared to be an appropriate to NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/25765986u��Yoneda, Misako
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Viral Vaccines/administration & dosage/genetics/*immunology���Dec 13q��BACKGROUND: Nipah virus (NiV) is a highly pathogenic zoonotic agent in the family Paramyxoviridae that is maintained in nature by bats. Outbreaks have occurred in Malaysia, Singapore, India, and Bangladesh and have been associated with 40 to 75% case fatality rates. There are currently no vaccines or postexposure treatments licensed for combating human NiV infection. METHODS AND RESULTS: Four groups of ferrets received a single vaccination with different recombinant vesicular stomatitis virus vectors expressing: Group 1, control with no glycoprotein; Group 2, the NiV fusion protein (F); Group 3, the NiV attachment protein (G); and Group 4, a combination of the NiV F and G proteins. Animals were challenged intranasally with NiV 28 days after vaccination. Control ferrets in Group 1 showed characteristic clinical signs of NiV disease including respiratory distress, neurological disorders, viral load in blood and tissues, and gross lesions and antigen in target tissues; all animals in this group succumbed to infection by day 8. Importantly, all specifically vaccinated ferrets in Groups 2-4 showed no evidence of clinical illness and survived challenged. All animals in these groups developed anti-NiV F and/or G IgG and neutralizing antibody titers. While NiV RNA was detected in blood at day 6 post challenge in animals from Groups 2-4, the levels were orders of magnitude lower than animals from control Group 1. CONCLUSIONS: These data show protective efficacy against NiV in a relevant model of human infection. Further development of this technology has the potential to yield effective single injection vaccines for NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/24330654ì��Mire, Chad E
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Trees���FebN��Nipah virus has caused recurring outbreaks in central and northwest Bangladesh (the "Nipah Belt"). Little is known about roosting behavior of the fruit bat reservoir, Pteropus giganteus, or factors driving spillover. We compared human population density and ecological characteristics of case villages and control villages (no reported outbreaks) to understand their role in P. giganteus roosting ecology and Nipah virus spillover risk. Nipah Belt villages have a higher human population density (P < 0.0001), and forests that are more fragmented than elsewhere in Bangladesh (0.50 versus 0.32 patches/km(2), P < 0.0001). The number of roosts in a village correlates with forest fragmentation (r = 0.22, P = 0.03). Villages with a roost containing Polyalthia longifolia or Bombax ceiba trees were more likely case villages (odds ratio [OR] = 10.8, 95% confidence interval [CI] = 1.3-90.6). This study suggests that, in addition to human population density, composition and structure of the landscape shared by P. giganteus and humans may influence the geographic distribution of Nipah virus spillovers.,��https://www.ncbi.nlm.nih.gov/pubmed/24323516���Hahn, Micah B
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Zoonoses/*epidemiology/virology­��Zoonoses from wildlife threaten global public health. Hendra virus is one of several zoonotic viral diseases that have recently emerged from Pteropus species fruit-bats (flying-foxes). Most hypotheses regarding persistence of Hendra virus within flying-fox populations emphasize horizontal transmission within local populations (colonies) via urine and other secretions, and transmission among colonies via migration. As an alternative hypothesis, we explore the role of recrudescence in persistence of Hendra virus in flying-fox populations via computer simulation using a model that integrates published information on the ecology of flying-foxes, and the ecology and epidemiology of Hendra virus. Simulated infection patterns agree with infection patterns observed in the field and suggest that Hendra virus could be maintained in an isolated flying-fox population indefinitely via periodic recrudescence in a manner indistinguishable from maintenance via periodic immigration of infected individuals. Further, post-recrudescence pulses of infectious flying-foxes provide a plausible basis for the observed seasonal clustering of equine cases. Correct understanding of the infection dynamics of Hendra virus in flying-foxes is fundamental to effectively managing risk of infection in horses and humans. Given the lack of clear empirical evidence on how the virus is maintained within populations, the role of recrudescence merits increased attention.,��https://www.ncbi.nlm.nih.gov/pubmed/24312221Û��Wang, Hsiao-Hsuan
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Viral Proteins/genetics/*metabolism���Mar¨��In recent years, novel henipavirus-related sequences have been identified in bats in Africa. To evaluate the potential of African bat henipaviruses to spread in non-bat mammalian cells, we compared the biological functions of the surface glycoproteins G and F of the prototype African henipavirus GH-M74a with those of the glycoproteins of Nipah virus (NiV), a well-characterized pathogenic member of the henipavirus genus. Glycoproteins are central determinants for virus tropism, as efficient binding of henipavirus G proteins to cellular ephrin receptors and functional expression of fusion-competent F proteins are indispensable prerequisites for virus entry and cell-to-cell spread. In this study, we analysed the ability of the GH-M74a G and F proteins to cause cell-to-cell fusion in mammalian cell types readily permissive to NiV or Hendra virus infections. Except for limited syncytium formation in a bat cell line derived from Hypsignathus monstrosus, HypNi/1.1 cells, we did not observe any fusion. The highly restricted fusion activity was predominantly due to the F protein. Whilst GH-M74a G protein was found to interact with the main henipavirus receptor ephrin-B2 and induced syncytia upon co-expression with heterotypic NiV F protein, GH-M74a F protein did not cause evident fusion in the presence of heterotypic NiV G protein. Pulse-chase and surface biotinylation analyses revealed delayed F cleavage kinetics with a reduced expression of cleaved and fusion-active GH-M74a F protein on the cell surface. Thus, the F protein of GH-M74a showed a functional defect that is most likely caused by impaired trafficking leading to less efficient proteolytic activation and surface expression.,��https://www.ncbi.nlm.nih.gov/pubmed/24296468!��Weis, Michael
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Zoonoses/epidemiology/*transmission/virology���Dec���A large proportion of viral pathogens that have emerged during the last decades in humans are considered to have originated from various animal species. This is well exemplified by several recent epidemics such as those of Nipah, Severe Acute Respiratory Syndrome, Avian flu, Ebola, Monkeypox, and Hantaviruses. After the initial interspecies transmission per se, the viruses can disseminate into the human population through various and distinct mechanisms. Some of them are well characterized and understood, thus allowing a certain level of risk control and prevention. Surprisingly and in contrast, the initial steps that lead to the emergence of several viruses, and of their associated diseases, remain still poorly understood. Epidemiological field studies conducted in certain specific high-risk populations are thus necessary to obtain new insights into the early events of this emergence process. Human infections by simian viruses represent increasing public health concerns. Indeed, by virtue of their genetic andphysiological similarities, non-human primates (NHPs) are considered to be likely the sources of viruses that can infect humans and thus may pose a significant threat to human population. This is well illustrated by retroviruses, which have the ability to cross species, adapt to a new host and sometimes spread within these new species. Sequence comparison and phylogenetic studies have thus clearly showed that the emergence of human immunodeficiency virus type 1 (HIV-1) and HIV-2 in humans have resulted from several independent interspecies transmissions of different SIV types from Chimpanzees and African monkeys (including sooty mangabeys), respectively, probably during the first part of the last century. The situation for Human T cell Lymphotropic virus type 1 (HTLV-1) is, for certain aspects, quite comparable. Indeed, the origin of most HTLV-1 subtypes appears to be linked to interspecies transmission between STLV-1-infected monkeys and humans, followed by variable periods of evolution in the human host. In this review, after an introduction on emerging viruses, we will briefly present the results of a large epidemiological study performed in groups of Bantus and Pygmies living in villages and settlements located in the rain forest of the South region of Cameroon. These populations are living nearby the habitats of several monkeys and apes, often naturally infected by different retroviruses including SIV, STLV and simianfoamy virus. Most of the persons included in this study were hunters of such NHPs, thus at high risk of contact with infected body fluids (blood, saliva,...) during hunting activities. After reviewing the current available data on the discovery, cross-species transmission from monkeys and apes to humans of the simian foamy retroviruses, we will report the results of our study. Such infection is a unique natural model to study the different mechanisms of restriction of retroviral emergence in Humans.,��https://www.ncbi.nlm.nih.gov/pubmed/26137812���Gessain, Antoine
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*Virus Internalization¥��Membrane fusion is essential for entry of the biomedically-important paramyxoviruses into their host cells (viral-cell fusion), and for syncytia formation (cell-cell fusion), often induced by paramyxoviral infections [e.g. those of the deadly Nipah virus (NiV)]. For most paramyxoviruses, membrane fusion requires two viral glycoproteins. Upon receptor binding, the attachment glycoprotein (HN/H/G) triggers the fusion glycoprotein (F) to undergo conformational changes that merge viral and/or cell membranes. However, a significant knowledge gap remains on how HN/H/G couples cell receptor binding to F-triggering. Via interdisciplinary approaches we report the first comprehensive mechanism of NiV membrane fusion triggering, involving three spatiotemporally sequential cell receptor-induced conformational steps in NiV-G: two in the head and one in the stalk. Interestingly, a headless NiV-G mutant was able to trigger NiV-F, and the two head conformational steps were required for the exposure of the stalk domain. Moreover, the headless NiV-G prematurely triggered NiV-F on virions, indicating that the NiV-G head prevents premature triggering of NiV-F on virions by concealing a F-triggering stalk domain until the correct time and place: receptor-binding. Based on these and recent paramyxovirus findings, we present a comprehensive and fundamentally conserved mechanistic model of paramyxovirus membrane fusion triggering and cell entry.,��https://www.ncbi.nlm.nih.gov/pubmed/24278018¾��Liu, Qian
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tumor necrosis factor receptor-associated 6���Jan 3±��Paramyxovirus C protein targets the host interferon (IFN) system for virus immune evasion. To identify its unknown anti-IFN activity, we examined the effect of Sendai virus C protein on activation of the IFN-alpha promoter via various signaling pathways. This study uncovers a novel ability of C protein to block Toll-like receptor (TLR) 7- and TLR9-dependent IFN-alpha induction, which is specific to plasmacytoid dendritic cells. C protein interacts with a serine/threonine kinase IKKalpha and inhibits phosphorylation of IRF7. This anti-IFN activity of C protein is shared across genera of the Paramyxovirinae, and thus appears to play an important role in paramyxovirus immune evasion.,��https://www.ncbi.nlm.nih.gov/pubmed/24269682Ü��Yamaguchi, Mayu
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Surveys and QuestionnairesÈ��Hendra virus is a highly pathogenic novel paramyxovirus causing sporadic fatal infection in horses and humans in Australia. Species of fruit-bats (genus Pteropus), commonly known as flying-foxes, are the natural host of the virus. We undertook a survey of horse owners in the states of Queensland and New South Wales, Australia to assess the level of adoption of recommended risk management strategies and to identify impediments to adoption. Survey questionnaires were completed by 1431 respondents from the target states, and from a spectrum of industry sectors. Hendra virus knowledge varied with sector, but was generally limited, with only 13% of respondents rating their level of knowledge as high or very high. The majority of respondents (63%) had seen their state's Hendra virus information for horse owners, and a similar proportion found the information useful. Fifty-six percent of respondents thought it moderately, very or extremely likely that a Hendra virus case could occur in their area, yet only 37% said they would consider Hendra virus if their horse was sick. Only 13% of respondents stabled their horses overnight, although another 24% said it would be easy or very easy to do so, but hadn't done so. Only 13% and 15% of respondents respectively had horse feed bins and water points under solid cover. Responses varied significantly with state, likely reflecting different Hendra virus history. The survey identified inconsistent awareness and/or adoption of available knowledge, confusion in relation to Hendra virus risk perception, with both over-and under-estimation of true risk, and lag in the uptake of recommended risk minimisation strategies, even when these were readily implementable. However, we also identified frustration and potential alienation by horse owners who found the recommended strategies impractical, onerous and prohibitively expensive. The insights gained from this survey have broader application to other complex risk-management scenarios.,��https://www.ncbi.nlm.nih.gov/pubmed/24260503é��Kung, Nina
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Pigs���Jan 1þ��Diseases that are exotic to the pig industry in Australia were prioritised using a multi-criteria decision analysis framework that incorporated weights of importance for a range of criteria important to industry stakeholders. Measurements were collected for each disease for nine criteria that described potential disease impacts. A total score was calculated for each disease using a weighted sum value function that aggregated the nine disease criterion measurements and weights of importance for the criteria that were previously elicited from two groups of industry stakeholders. One stakeholder group placed most value on the impacts of disease on livestock, and one group placed more value on the zoonotic impacts of diseases. Prioritisation lists ordered by disease score were produced for both of these groups. Vesicular diseases were found to have the highest priority for the group valuing disease impacts on livestock, followed by acute forms of African and classical swine fever, then highly pathogenic porcine reproductive and respiratory syndrome. The group who valued zoonotic disease impacts prioritised rabies, followed by Japanese encephalitis, Eastern equine encephalitis and Nipah virus, interspersed with vesicular diseases. The multi-criteria framework used in this study systematically prioritised diseases using a multi-attribute theory based technique that provided transparency and repeatability in the process. Flexibility of the framework was demonstrated by aggregating the criterion weights from more than one stakeholder group with the disease measurements for the criteria. This technique allowed industry stakeholders to be active in resource allocation for their industry without the need to be disease experts. We believe it is the first prioritisation of livestock diseases using values provided by industry stakeholders. The prioritisation lists will be used by industry stakeholders to identify diseases for further risk analysis and disease spread modelling to understand biosecurity risks to this industry.,��https://www.ncbi.nlm.nih.gov/pubmed/24211032ã��Brookes, V J
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Vaccine���Jan���Nipah virus (NiV) continues to cause outbreaks of fatal human encephalitis due to spillover from its bat reservoir. We determined that a single dose of replication-defective vesicular stomatitis virus (VSV)-based vaccine vectors expressing either the NiV fusion (F) or attachment (G) glycoproteins protected hamsters from over 1000 times LD50 NiV challenge. This highly effective single-dose protection coupled with an enhanced safety profile makes these candidates ideal for potential use in livestock and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/24184127´��Lo, Michael K
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Virus Entry���Dec 13¤��Paramyxovirus fusion (F) proteins promote membrane fusion between the viral envelope and host cell membranes, a critical early step in viral infection. Although mutational analyses have indicated that transmembrane (TM) domain residues can affect folding or function of viral fusion proteins, direct analysis of TM-TM interactions has proved challenging. To directly assess TM interactions, the oligomeric state of purified chimeric proteins containing the Staphylococcal nuclease (SN) protein linked to the TM segments from three paramyxovirus F proteins was analyzed by sedimentation equilibrium analysis in detergent and buffer conditions that allowed density matching. A monomer-trimer equilibrium best fit was found for all three SN-TM constructs tested, and similar fits were obtained with peptides corresponding to just the TM region of two different paramyxovirus F proteins. These findings demonstrate for the first time that class I viral fusion protein TM domains can self-associate as trimeric complexes in the absence of the rest of the protein. Glycine residues have been implicated in TM helix interactions, so the effect of mutations at Hendra F Gly-508 was assessed in the context of the whole F protein. Mutations G508I or G508L resulted in decreased cell surface expression of the fusogenic form, consistent with decreased stability of the prefusion form of the protein. Sedimentation equilibrium analysis of TM domains containing these mutations gave higher relative association constants, suggesting altered TM-TM interactions. Overall, these results suggest that trimeric TM interactions are important driving forces for protein folding, stability and membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/24178297ø��Smith, Everett Clinton
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Signal transducers and activators of transcription 2���May 12Ñ��The paramyxoviruses are a family of > 30 viruses that variously infect humans, other mammals and fish to cause diverse outcomes, ranging from asymptomatic to lethal disease, with the zoonotic paramyxoviruses Nipah and Hendra showing up to 70% case-fatality rate in humans. The capacity to evade host immunity is central to viral infection, and paramyxoviruses have evolved multiple strategies to overcome the host interferon (IFN)-mediated innate immune response through the activity of their IFN-antagonist proteins. Although paramyxovirus IFN antagonists generally target common factors of the IFN system, including melanoma differentiation associated factor 5, retinoic acid-inducible gene-I, signal transducers and activators of transcription (STAT)1 and STAT2, and IFN regulatory factor 3, the mechanisms of antagonism show remarkable diversity between different genera and even individual members of the same genus; the reasons for this diversity, however, are not currently understood. Here, we review the IFN antagonism strategies of paramyxoviruses, highlighting mechanistic differences observed between individual species and genera. We also discuss potential sources of this diversity, including biological differences in the host and/or tissue specificity of different paramyxoviruses, and potential effects of experimental approaches that have largely relied on in vitro systems. Importantly, recent studies using recombinant virus systems and animal infection models are beginning to clarify the importance of certain mechanisms of IFN antagonism to in vivo infections, providing important indications not only of their critical importance to virulence, but also of their potential targeting for new therapeutic/vaccine approaches.,��https://www.ncbi.nlm.nih.gov/pubmed/24175230���Audsley, Michelle D
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Protein Conformation���Jan���The Nipah virus phosphoprotein (P) is multimeric and tethers the viral polymerase to the nucleocapsid. We present the crystal structure of the multimerization domain of Nipah virus P: a long, parallel, tetrameric, coiled coil with a small, alpha-helical cap structure. Across the paramyxoviruses, these domains share little sequence identity yet are similar in length and structural organization, suggesting a common requirement for scaffolding or spatial organization of the functions of P in the virus life cycle.,��https://www.ncbi.nlm.nih.gov/pubmed/24155387;��Bruhn, Jessica F
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Viral Fusion Proteins/*chemistry/genetics/immunologyJ��The henipaviruses, represented by Hendra (HeV) and Nipah (NiV) viruses are highly pathogenic zoonotic paramyxoviruses with uniquely broad host tropisms responsible for repeated outbreaks in Australia, Southeast Asia, India and Bangladesh. The high morbidity and mortality rates associated with infection and lack of licensed antiviral therapies make the henipaviruses a potential biological threat to humans and livestock. Henipavirus entry is initiated by the attachment of the G envelope glycoprotein to host cell membrane receptors. Previously, henipavirus-neutralizing human monoclonal antibodies (hmAb) have been isolated using the HeV-G glycoprotein and a human naive antibody library. One cross-reactive and receptor-blocking hmAb (m102.4) was recently demonstrated to be an effective post-exposure therapy in two animal models of NiV and HeV infection, has been used in several people on a compassionate use basis, and is currently in development for use in humans. Here, we report the crystal structure of the complex of HeV-G with m102.3, an m102.4 derivative, and describe NiV and HeV escape mutants. This structure provides detailed insight into the mechanism of HeV and NiV neutralization by m102.4, and serves as a blueprint for further optimization of m102.4 as a therapeutic agent and for the development of entry inhibitors and vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/241304863��Xu, Kai
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Viral dsRNA detection���Dec2��Double-stranded RNA (dsRNA) is synthesized during the course of infection by RNA viruses as a byproduct of replication and transcription and acts as a potent trigger of the host innate antiviral response. In the cytoplasm of the infected cell, recognition of the presence of viral dsRNA as a signature of "non-self" nucleic acid is carried out by RIG-I-like receptors (RLRs), a set of dedicated helicases whose activation leads to the production of type I interferon alpha/beta (IFN-alpha/beta). To overcome the innate antiviral response, RNA viruses encode suppressors of IFN-alpha/beta induction, which block RLRs recognition of dsRNA by means of different mechanisms that can be categorized into: (i) dsRNA binding and/or shielding ("hide"), (ii) dsRNA termini processing ("mask") and (iii) direct interaction with components of the RLRs pathway ("hit"). In light of recent functional, biochemical and structural findings, we review the inhibition mechanisms of RLRs recognition of dsRNA displayed by a number of highly pathogenic RNA viruses with different disease phenotypes such as haemorrhagic fever (Ebola, Marburg, Lassa fever, Lujo, Machupo, Junin, Guanarito, Crimean-Congo, Rift Valley fever, dengue), severe respiratory disease (influenza, SARS, Hendra, Hantaan, Sin Nombre, Andes) and encephalitis (Nipah, West Nile).,��https://www.ncbi.nlm.nih.gov/pubmed/24129118¥��Zinzula, Luca
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zoonosis���Marà��Bats host many viruses that are significant for human and domestic animal health, but the dynamics of these infections in their natural reservoir hosts remain poorly elucidated. In these, and other, systems, there is evidence that seasonal life-cycle events drive infection dynamics, directly impacting the risk of exposure to spillover hosts. Understanding these dynamics improves our ability to predict zoonotic spillover from the reservoir hosts. To this end, we followed henipavirus antibody levels of >100 individual E. helvum in a closed, captive, breeding population over a 30-month period, using a powerful novel antibody quantitation method. We demonstrate the presence of maternal antibodies in this system and accurately determine their longevity. We also present evidence of population-level persistence of viral infection and demonstrate periods of increased horizontal virus transmission associated with the pregnancy/lactation period. The novel findings of infection persistence and the effect of pregnancy on viral transmission, as well as an accurate quantitation of chiropteran maternal antiviral antibody half-life, provide fundamental baseline data for the continued study of viral infections in these important reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/24111634¿��Baker, Kate S
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RNA Replicase/*drug effects/metabolism���Jan\��Australia is facing a major national medical challenge with the emergence of the Hendra virus (HeV) as a medically and economically important pathogen of humans and animals. Clinical symptoms of human HeV infection can include fever, hypotension, dizziness, encephalitis, respiratory haemorrhage and edema. The window of opportunity for successful patient treatment remains unknown, but is likely to be very narrow. Currently, very few effective therapeutic options are available for the case management of severe HeV infections or the rapid silencing of local outbreaks. This underscores the need for more activity in the drug discovery arena to develop much needed therapeutics that specifically targets this deadly disease. The structural analysis of HeV is very much in its infancy, which leaves many gaps in our understanding of the biology of HeV and makes structure-guided drug design difficult. Structural studies of the viral RNAdependent- RNA polymerase (RdRp), which is the heart of the viral replication machinery, will set the stage for rational drug design and fill a major gap in our understanding of the HeV replication machinery. This review examines the current knowledge based on the multi-domain architecture of the Hendra RdRp and highlights which essential domain functions represent tangible targets for drug development against this deadly disease.,��https://www.ncbi.nlm.nih.gov/pubmed/24102407è��Velkov, Tony
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Protein Structure, Tertiary���Hendra virus (HeV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The HeV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid. Recruitment of the viral polymerase onto the nucleocapsid template relies on the interaction between the C-terminal domain, N(TAIL), of N and the C-terminal X domain, XD, of the polymerase co-factor phosphoprotein (P). Here, we provide an atomic resolution description of the intrinsically disordered N(TAIL) domain in its isolated state and in intact nucleocapsids using nuclear magnetic resonance (NMR) spectroscopy. Using electron microscopy, we show that HeV nucleocapsids form herringbone-like structures typical of paramyxoviruses. We also report the crystal structure of XD of P that consists of a three-helix bundle. We study the interaction between N(TAIL) and XD using NMR titration experiments and provide a detailed mapping of the reciprocal binding sites. We show that the interaction is accompanied by alpha-helical folding of the molecular recognition element of N(TAIL) upon binding to a hydrophobic patch on the surface of XD. Finally, using solution NMR, we investigate the interaction between intact nucleocapsids and XD. Our results indicate that monomeric XD binds to N(TAIL) without triggering an additional unwinding of the nucleocapsid template. The present results provide a structural description at the atomic level of the protein-protein interactions required for transcription and replication of HeV, and the first direct observation of the interaction between the X domain of P and intact nucleocapsids in Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/24086133f��Communie, Guillaume
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Zoonoses/epidemiology/transmission/virology���Oct 2æ	�BACKGROUND: On 31 March 2013, the first human infections with the novel influenza A/H7N9 virus were reported in Eastern China. The outbreak expanded rapidly in geographic scope and size, with a total of 132 laboratory-confirmed cases reported by 3 June 2013, in 10 Chinese provinces and Taiwan. The incidence of A/H7N9 cases has stalled in recent weeks, presumably as a consequence of live bird market closures in the most heavily affected areas. Here we compare the transmission potential of influenza A/H7N9 with that of other emerging pathogens and evaluate the impact of intervention measures in an effort to guide pandemic preparedness. METHODS: We used a Bayesian approach combined with a SEIR (Susceptible-Exposed-Infectious-Removed) transmission model fitted to daily case data to assess the reproduction number (R) of A/H7N9 by province and to evaluate the impact of live bird market closures in April and May 2013. Simulation studies helped quantify the performance of our approach in the context of an emerging pathogen, where human-to-human transmission is limited and most cases arise from spillover events. We also used alternative approaches to estimate R based on individual-level information on prior exposure and compared the transmission potential of influenza A/H7N9 with that of other recent zoonoses. RESULTS: Estimates of R for the A/H7N9 outbreak were below the epidemic threshold required for sustained human-to-human transmission and remained near 0.1 throughout the study period, with broad 95% credible intervals by the Bayesian method (0.01 to 0.49). The Bayesian estimation approach was dominated by the prior distribution, however, due to relatively little information contained in the case data. We observe a statistically significant deceleration in growth rate after 6 April 2013, which is consistent with a reduction in A/H7N9 transmission associated with the preemptive closure of live bird markets. Although confidence intervals are broad, the estimated transmission potential of A/H7N9 appears lower than that of recent zoonotic threats, including avian influenza A/H5N1, swine influenza H3N2sw and Nipah virus. CONCLUSION: Although uncertainty remains high in R estimates for H7N9 due to limited epidemiological information, all available evidence points to a low transmission potential. Continued monitoring of the transmission potential of A/H7N9 is critical in the coming months as intervention measures may be relaxed and seasonal factors could promote disease transmission in colder months.,��https://www.ncbi.nlm.nih.gov/pubmed/24083506ò��Chowell, Gerardo
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vesicular stomatitis virus���NovË��Nipah virus (NiV) is a recently emerged severe human pathogen that belongs to the Henipavirus genus within the Paramyxoviridae family. The NiV genome is encapsidated by the nucleoprotein (N) within a helical nucleocapsid that is the substrate used by the polymerase for transcription and replication. The polymerase is recruited onto the nucleocapsid via its cofactor, the phosphoprotein (P). The NiV P protein has a modular organization, with alternating disordered and ordered domains. Among these latter, is the P multimerization domain (PMD) that was predicted to adopt a coiled-coil conformation. Using both biochemical and biophysical approaches, we show that NiV PMD forms a highly stable and elongated coiled-coil trimer, a finding in striking contrast with respect to the PMDs of Paramyxoviridae members investigated so far that were all found to tetramerize. The present results therefore represent the first report of a paramyxoviral P protein forming trimers.,��https://www.ncbi.nlm.nih.gov/pubmed/24074578¼��Blocquel, David
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Viral Envelope Proteins/genetics/*metabolism���Decã��Serological screening and detection of genomic RNA indicates that members of the genus Henipavirus are present not only in Southeast Asia but also in African fruit bats. We demonstrate that the surface glycoproteins F and G of an African henipavirus (M74) induce syncytium formation in a kidney cell line derived from an African fruit bat, Hypsignathus monstrosus. Despite a less broad cell tropism, the M74 glycoproteins show functional similarities to glycoproteins of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/24067951C��Kruger, Nadine
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Zoonotic diseases���Nov 4���This review focuses on the immunization of animals as a means of preventing human diseases (zoonoses). Three frameworks for the use of vaccines in this context are described, and examples are provided of successes and failures. Framework I vaccines are used for protection of humans and economically valuable animals, where neither plays a role in the transmission cycle. The benefit of collaborations between animal health and human health industries and regulators in developing such products is discussed, and one example (West Nile vaccine) of a single product developed for use in animals and humans is described. Framework II vaccines are indicated for domesticated animals as a means of preventing disease in both animals and humans. The agents of concern are transmitted directly or indirectly (e.g. via arthropod vectors) from animals to humans. A number of examples of the use of Framework II vaccines are provided, e.g. against brucellosis, Escherichia coli O157, rabies, Rift Valley fever, Venezuelan equine encephalitis, and Hendra virus. Framework III vaccines are used to immunize wild animals as a means of preventing transmission of disease agents to humans and domesticated animals. Examples are reservoir-targeted, oral bait rabies, Mycobacterium bovis and Lyme disease vaccines. Given the speed and lost cost of veterinary vaccine development, some interventions based on the immunization of animals could lead to rapid and relatively inexpensive advances in public health. Opportunities for vaccine-based approaches to preventing zoonotic and emerging diseases that integrate veterinary and human medicine (the One Health paradigm) are emphasized.,��https://www.ncbi.nlm.nih.gov/pubmed/24060567���Monath, Thomas P
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Veterinary Medicine/*trends���Aug 31¿��Josh Slater looks back at the past 125 years of developments in equine infectious disease, including landmark discoveries in microbiology and genomics, and considers what the future may hold.,��https://www.ncbi.nlm.nih.gov/pubmed/23997164j��Slater, Josh
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Zoonosis���Nov 29é��The Henipavirus genus represents a group of paramyxoviruses that are some of the deadliest of known human and veterinary pathogens. Hendra and Nipah viruses are zoonotic pathogens that can cause respiratory and encephalitic illness in humans with mortality rates that exceed 70%. Over the past several years, we have seen an increase in the number of cases and an altered clinical presentation of Hendra virus in naturally infected horses. Recent increase in the number of cases has also been reported with human Nipah virus infections in Bangladesh. These factors, along with the recent discovery of henipa and henipa-like viruses in Africa, Asia and South and Central America adds, a truly global perspective to this group of emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/23993256¥��Croser, Emma L
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interferon���Nov 6ì��Since their first emergence in mid 1990s henipaviruses continued to re emerge in Australia and South East Asia almost every year. In total there has been more than 12 Nipah and 48 Hendra virus outbreaks reported in South East Asia and Australia, respectively. These outbreaks are associated with significant economic and health damages that most high risks countries (particularly in South East Asia) cannot bear the burden of such economical threats. Up until recently, there were no actual therapeutics available to treat or prevent these lethal infections. However, an international collaborative research has resulted in the identification of a potential equine Hendra vaccine capable of providing antibody protection against Hendra virus infections. Consequently, with the current findings and after nearly 2 decades since their first detection, are we there yet? This review recaps the chronicle of the henipavirus emergence and briefly evaluates potential anti-henipavirus vaccines and antivirals.,��https://www.ncbi.nlm.nih.gov/pubmed/23954578®��Aljofan, Mohamad
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Zoonosis���OctÝ��Nipah virus, a paramyxovirus whose wildlife reservoir is Pteropus bats, was first discovered in a large outbreak of acute encephalitis in Malaysia in 1998 among persons who had contact with sick pigs. Apparently, one or more pigs was infected from bats, and the virus then spread efficiently from pig to pig, then from pigs to people. Nipah virus outbreaks have been recognized nearly every year in Bangladesh since 2001 and occasionally in neighboring India. Outbreaks in Bangladesh and India have been characterized by frequent person-to-person transmission and the death of over 70% of infected people. Characteristics of Nipah virus that increase its risk of becoming a global pandemic include: humans are already susceptible; many strains are capable of limited person-to-person transmission; as an RNA virus, it has an exceptionally high rate of mutation: and that if a human-adapted strain were to infect communities in South Asia, high population densities and global interconnectedness would rapidly spread the infection. Appropriate steps to estimate and manage this risk include studies to explore the molecular and genetic basis of respiratory transmission of henipaviruses, improved surveillance for human infections, support from high-income countries to reduce the risk of person-to-person transmission of infectious agents in low-income health care settings, and consideration of vaccination in communities at ongoing risk of exposure to the secretions and excretions of Pteropus bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23911335���Luby, Stephen P
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Male���Old World frugivorous bats have been identified as natural hosts for emerging zoonotic viruses of significant public health concern, including henipaviruses (Nipah and Hendra virus), Ebola virus, and Marburg virus. Epidemiological studies of these viruses in bats often utilize serology to describe viral dynamics, with particular attention paid to juveniles, whose birth increases the overall susceptibility of the population to a viral outbreak once maternal immunity wanes. However, little is understood about bat immunology, including the duration of maternal antibodies in neonates. Understanding duration of maternally derived immunity is critical for characterizing viral dynamics in bat populations, which may help assess the risk of spillover to humans. We conducted two separate studies of pregnant Pteropus bat species and their offspring to measure the half-life and duration of antibodies to 1) canine distemper virus antigen in vaccinated captive Pteropus hypomelanus; and 2) Hendra virus in wild-caught, naturally infected Pteropus alecto. Both of these pteropid bat species are known reservoirs for henipaviruses. We found that in both species, antibodies were transferred from dam to pup. In P. hypomelanus pups, titers against CDV waned over a mean period of 228.6 days (95% CI: 185.4-271.8) and had a mean terminal phase half-life of 96.0 days (CI 95%: 30.7-299.7). In P. alecto pups, antibodies waned over 255.13 days (95% CI: 221.0-289.3) and had a mean terminal phase half-life of 52.24 days (CI 95%: 33.76-80.83). Each species showed a duration of transferred maternal immunity of between 7.5 and 8.5 months, which was longer than has been previously estimated. These data will allow for more accurate interpretation of age-related Henipavirus serological data collected from wild pteropid bats.,��https://www.ncbi.nlm.nih.gov/pubmed/23826322ê��Epstein, Jonathan H
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lymphocytic choriomeningitis virus���Jun¥��During outbreaks of infectious diseases or in cases of severely ill patients, it is imperative to identify the causative agent. This report describes several events in which virus isolation and identification by electron microscopy were critical to initial recognition of the etiologic agent, which was further analyzed by additional laboratory diagnostic assays. Examples include severe acute respiratory syndrome coronavirus, and Nipah, lymphocytic choriomeningitis, West Nile, Cache Valley, and Heartland viruses. These cases illustrate the importance of the techniques of cell culture and electron microscopy in pathogen identification and recognition of emerging diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/23731788���Goldsmith, Cynthia S
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Venous Thrombosis/etiology/*prevention & control���Aug 10���BACKGROUND: Venous thromboembolism is a common, potentially avoidable cause of death and morbidity in patients in hospital, including those with stroke. In surgical patients, intermittent pneumatic compression (IPC) reduces the risk of deep vein thrombosis (DVT), but no reliable evidence exists about its effectiveness in patients who have had a stroke. We assessed the effectiveness of IPC to reduce the risk of DVT in patients who have had a stroke. METHODS: The CLOTS 3 trial is a multicentre parallel group randomised trial assessing IPC in immobile patients (ie, who cannot walk to the toilet without the help of another person) with acute stroke. We enrolled patients from day 0 to day 3 of admission and allocated them via a central randomisation system (ratio 1:1) to receive either IPC or no IPC. A technician who was masked to treatment allocation did a compression duplex ultrasound (CDU) of both legs at 7-10 days and, wherever practical, at 25-30 days after enrolment. Caregivers and patients were not masked to treatment assignment. Patients were followed up for 6 months to determine survival and later symptomatic venous thromboembolism. The primary outcome was a DVT in the proximal veins detected on a screening CDU or any symptomatic DVT in the proximal veins, confirmed on imaging, within 30 days of randomisation. Patients were analysed according to their treatment allocation. TRIAL REGISTRATION: ISRCTN93529999. FINDINGS: Between Dec 8, 2008, and Sept 6, 2012, 2876 patients were enrolled in 94 centres in the UK. The included patients were broadly representative of immobile stroke patients admitted to hospital and had a median age of 76 years (IQR 67-84). The primary outcome occurred in 122 (8.5%) of 1438 patients allocated IPC and 174 (12.1%) of 1438 patients allocated no IPC; an absolute reduction in risk of 3.6% (95% CI 1.4-5.8). Excluding the 323 patients who died before any primary outcome and 41 without any screening CDU, the adjusted OR for the comparison of 122 of 1267 patients vs 174 of 1245 patients was 0.65 (95% CI 0.51-0.84; p=0.001). Deaths in the treatment period occurred in 156 (11%) patients allocated IPC and 189 (13%) patients allocated no IPC died within the 30 days of treatment period (p=0.057); skin breaks on the legs were reported in 44 (3%) patients allocated IPC and in 20 (1%) patients allocated no IPC (p=0.002); falls with injury were reported in 33 (2%) patients in the IPC group and in 24 (2%) patients in the no-IPC group (p=0.221). INTERPRETATION: IPC is an effective method of reducing the risk of DVT and possibly improving survival in a wide variety of patients who are immobile after stroke. FUNDING: National Institute of Health Research (NIHR) Health Technology Assessment (HTA) programme, UK; Chief Scientist Office of Scottish Government; Covidien (MA, USA).,��https://www.ncbi.nlm.nih.gov/pubmed/23727163Ò��(Clots in Legs Or sTockings after Stroke)
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Viral Envelope Proteins/*genetics/metabolism���OctÌ��Lentiviruses are becoming progressively more popular as gene therapy vectors due to their ability to integrate into quiescent cells and recent clinical trial successes. Directing these vectors to specific cell types and limiting off-target transduction in vivo remains a challenge. Replacing the viral envelope proteins responsible for cellular binding, or pseudotyping, remains a common method to improve lentiviral targeting. Here, we describe the development of a high titer, third generation lentiviral vector pseudotyped with Nipah virus fusion protein (NiV-F) and attachment protein (NiV-G). Critical to high titers was truncation of the cytoplasmic domains of both NiV-F and NiV-G. As known targets of wild-type Nipah virus, primary endothelial cells are shown to be effectively transduced by the Nipah pseudotype. In contrast, human CD34+ hematopoietic progenitors were not significantly transduced. Additionally, the Nipah pseudotype has increased stability in human serum compared with vesicular stomatitis virus pseudotyped lentivirus. These findings suggest that the use of Nipah virus envelope proteins in third generation lentiviral vectors would be a valuable tool for gene delivery targeted to endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/23698741ö��Witting, S R
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Viral Load/genetics/immunology`��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus that causes fatal disease in a wide range of species, including humans. HeV was first described in Australia in 1994, and has continued to re-emerge with increasing frequency. HeV is of significant concern to human health due to its high mortality rate, increasing emergence, absence of vaccines and limited post exposure therapies. Here we investigate the use of RNA interference (RNAi) based therapeutics targeting HeV in conjunction with the TLR3 agonist Poly I:C and show that they are potent inhibitors of HeV infection in vitro. We found that short interfering RNAs (siRNAs) targeting the abundantly expressed N, P and M genes of HeV caused over 95% reduction of HeV virus titre, protein and mRNA. Furthermore, we found that the combination of HeV targeting siRNA and Poly I:C had an additive effect in suppressing HeV infection. Our results demonstrate for the first time that RNAi and type I interferon stimulation are effective inhibitors of HeV replication in vitro and may provide an effective therapy for this highly lethal, zoonotic pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/23691205ç��McCaskill, Jana L
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Swine Diseases/diagnosis/virology���Hendra virus (HeV) and Nipah virus (NiV) are the causative agents of emerging transboundary animal disease in pigs and horses. They also cause fatal disease in humans. NiV has a case fatality rate of 40 - 100%. In the initial NiV outbreak in Malaysia in 1999, about 1.1 million pigs had to be culled. The economic impact was estimated to be approximately US$450 million. Worldwide, HeV has caused more than 60 deaths in horses with 7 human cases and 4 deaths. Since the initial outbreak, HeV spillovers from Pteropus bats to horses and humans continue. This article presents a brief review on the currently available diagnostic methods for henipavirus infections, including advances achieved since the initial outbreak, and a gap analysis of areas needing improvement.,��https://www.ncbi.nlm.nih.gov/pubmed/23689891���Tamin, A
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ZoonosesÌ��Hendra virus and Nipah virus are viral zoonoses first recognized in the mid and late 1990's and are now categorized as the type species of the genus Henipavirus within the family Paramyxoviridae. Their broad species tropism together with their capacity to cause severe and often fatal disease in both humans and animals make Hendra and Nipah "overlap agents" and significant biosecurity threats. The development of effective vaccination strategies to prevent or treat henipavirus infection and disease has been an important area of research. Here, henipavirus active and passive vaccination strategies that have been examined in animal challenge models of Hendra and Nipah virus disease are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/23689890Ô��Broder, C C
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Sensitivity and Specificity
*Spectrometry, Mass, Electrospray Ionization���Junì��Molecular bioforensic research is dependent on rapid and sensitive methods such as real-time PCR (qPCR) for the identification of microorganisms. The use of synthetic positive control templates containing small modifications outside the primer and probe regions is essential to ensure all aspects of the assay are functioning properly, including the primers and probes. However, a typical qPCR or reverse transcriptase qPCR (qRT-PCR) assay is limited in differentiating products generated from positive controls and biological samples because the fluorescent probe signals generated from each type of amplicon are indistinguishable. Additional methods used to differentiate amplicons, including melt curves, secondary probes, and amplicon sequencing, require significant time to implement and validate and present technical challenges that limit their use for microbial forensic applications. To solve this problem, we have developed a novel application of electrospray ionization mass spectrometry (ESI-MS) to rapidly differentiate qPCR amplicons generated with positive biological samples from those generated with synthetic positive controls. The method has sensitivity equivalent to qPCR and supports the confident and timely determination of the presence of a biothreat agent that is crucial for policymakers and law enforcement. Additionally, it eliminates the need for time-consuming methods to confirm qPCR results, including development and validation of secondary probes or sequencing of small amplicons. In this study, we demonstrate the effectiveness of this approach with microbial forensic qPCR assays targeting multiple biodefense agents (bacterial, viral, and toxin) for the ability to rapidly discriminate between a positive control and a positive sample.,��https://www.ncbi.nlm.nih.gov/pubmed/23675878&��Motley, S Timothy
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Sensitivity and Specificity���OctÞ��A specific and sensitive two-step TaqMan real-time PCR has been developed for rapid diagnosis of caprine arthritis-encephalitis virus (CAEV) infection by using a set of specific primers and a TaqMan probe targeting a highly conserved region within the gene encoding the viral capsid protein (CA). The assay successfully detected CAEV proviral DNA in total DNA extracts originating from cell culture, whole blood samples and isolated PBMCs, with a lower detection limit of 10(2) copies and a linear dynamic range of 10(5) to 10(10) copies/ml. There was no cross-reaction with other animal viruses (e.g., goat pox virus, bovine leukemia virus, bovine mucosal disease virus, swine influenza virus and Nipah virus). When applied in parallel with serological AGID and conventional PCR for detection of CAEV in field samples, this assay exhibited a higher sensitivity than these traditional methods, and 7.8 % of the 308 specimens collected in the Shanxi and Tianjin regions of China from 1993 to 2011 were found to be positive. Thus, the TaqMan qPCR assay provides a fast, specific and sensitive means for detecting CAEV proviral DNA in goat specimens and should be useful for large-scale detection in eradication programs and epidemiological studies.,��https://www.ncbi.nlm.nih.gov/pubmed/23670072ß��Li, Yi
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*Nipah Virus/genetics/immunologyE��Nipah virus (NiV) (Genus Henipavirus) is a recently emerged zoonotic virus that causes severe disease in humans and has been found in bats of the genus Pteropus. Whilst NiV has not been detected in Australia, evidence for NiV-infection has been found in pteropid bats in some of Australia's closest neighbours. The aim of this study was to determine the occurrence of henipaviruses in fruit bat (Family Pteropodidae) populations to the north of Australia. In particular we tested the hypothesis that Nipah virus is restricted to west of Wallace's Line. Fruit bats from Australia, Papua New Guinea, East Timor and Indonesia were tested for the presence of antibodies to Hendra virus (HeV) and Nipah virus, and tested for the presence of HeV, NiV or henipavirus RNA by PCR. Evidence was found for the presence of Nipah virus in both Pteropus vampyrus and Rousettus amplexicaudatus populations from East Timor. Serology and PCR also suggested the presence of a henipavirus that was neither HeV nor NiV in Pteropus alecto and Acerodon celebensis. The results demonstrate the presence of NiV in the fruit bat populations on the eastern side of Wallace's Line and within 500 km of Australia. They indicate the presence of non-NiV, non-HeV henipaviruses in fruit bat populations of Sulawesi and Sumba and possibly in Papua New Guinea. It appears that NiV is present where P. vampyrus occurs, such as in the fruit bat populations of Timor, but where this bat species is absent other henipaviruses may be present, as on Sulawesi and Sumba. Evidence was obtained for the presence henipaviruses in the non-Pteropid species R. amplexicaudatus and in A. celebensis. The findings of this work fill some gaps in knowledge in geographical and species distribution of henipaviruses in Australasia which will contribute to planning of risk management and surveillance activities.,��https://www.ncbi.nlm.nih.gov/pubmed/23637812=��Breed, Andrew C
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Virus Internalization���Apr 17w��Hendra virus (HeV) and Nipah virus (NiV) are emerging zoonotic viruses that cause severe and often lethal respiratory illness and encephalitis in humans. Henipaviruses can infect a wide range of species and human-to-human transmission has been observed for NiV. While the exact route of transmission in humans is not known, experimental infection in different animal species suggests that infection can be efficiently initiated after respiratory challenge. The limited data on histopathological changes in fatal human cases of HeV and NiV suggest that endothelial cells are an important target during the terminal stage of infection; however, it is unknown where these viruses initially establish infection and how the virus disseminates from the respiratory tract to the central nervous system and other organs. Here we review the current concepts in henipavirus pathogenesis in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23592639���Escaffre, Olivier
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West Nile virus/immunology/isolation & purification���Jun;��PURPOSE OF REVIEW: This review highlights research and development in the field of emerging viral causes of encephalitis over the past year. RECENT FINDINGS: There is new evidence for the presence of henipaviruses in African bats. There have also been promising advances in vaccine and neutralizing antibody research against Hendra and Nipah viruses. West Nile virus continues to cause large outbreaks in the United States, and long-term sequelae of the virus are increasingly appreciated. There is exciting new research regarding the variable susceptibility of different brain regions to neurotropic virus infection. Another cluster of solid organ transplant recipients developed encephalitis from organ donor-acquired lymphocytic choriomeningitis virus. The global epidemiology of Japanese encephalitis virus has been further clarified. Evidence continues to accumulate for the central nervous system involvement of dengue virus, and the recent deadly outbreak of enterovirus 71 in Cambodian children is discussed. SUMMARY: In response to complex ecological and societal dynamics, the worldwide epidemiology of viral encephalitis continues to evolve in surprising ways. The articles highlighted here include new research on virus epidemiology and spread, new outbreaks as well as progress in the development of vaccines and therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23591683���Wilson, Michael R
eng
Review
England
2013/04/18 06:00
Curr Opin Neurol. 2013 Jun;26(3):301-6. doi: 10.1097/WCO.0b013e328360dd2b.*��1473-6551 (Electronic)
1350-7540 (Linking)���23591683³��Departments of Neurology and Medicine, Boston University School of Medicine, National Emerging Infectious Diseases Laboratories, Boston, Massachusetts, USA. michaelneuro@gmail.com���10.1097/WCO.0b013e328360dd2b���¡�üÒ|ßî?Ò������San Mauro, I.
Cendon, M.
Soulas, C.
Rodriguez, D.
Grupo de Investigacion Nipah Nutricion en Inmigracion, Pobreza y Ayuda Humanitaria���2012@��[Meal planning in the elderly: nutritional and economic aspects]���2116-21	��Nutr Hosp���27���6���Aged
Costs and Cost Analysis
Developing Countries
Diet, Mediterranean/economics
Female
Food/economics
Humans
Male
Malnutrition/*diet therapy/*economics/epidemiology
Menu Planning/*economics/*methods
*Nutritional Status
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Socioeconomic Factors���Nov-DecÝ��Malnutrition in elderly people is one of the major syndromes associated to greater prevalence of chronic diseases and increased morbidity, hospital staying, and mortality. On the other hand, malnutrition in the fourth world is associated to another important risk factor, which is the poor economic status. The aim of this study was to elaborate a balanced menu for the elderly adjusting its price to the mean expense that this population dedicates to its feeding needs. Taking into account the Household expense for 2010 of the National Institute of Statistics, we established that the average price for each menu ought to be less than 5.57 euro per day. Two type menus were elaborated, both adapted to this population and to the Mediterranean diet. The economic assessment was 5.02 euro and 5.06 euro, respectively. Given the prevalence of malnutrition in this population, it is essential being able to appropriately plan their feeding needs, at both the nutritional and economic levels.,��https://www.ncbi.nlm.nih.gov/pubmed/23588465 ��San Mauro, I
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Virus Replication���Jun 20ª��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes pulmonary disease and encephalitis in humans with 40-70% fatality. Interactions between NiV and the human immune system remain poorly understood. Here, we demonstrate the effects of NiV infection on DC and T cell function. Using an in vitro system, we found that NiV infects and replicates at low levels in DCs and induces the expression of TNF-alpha, IL-1alpha, IL-1beta, IL-8, and IP-10. NiV infection activates DCs, and upregulates the expression of CD40, CD80, and CD86. Also have reduced levels of bcl2 and high levels of active caspase 3, suggesting the induction of apoptosis. DCs infected by NiV are unable to efficiently prime CD4 and CD8 T cells, but instead induce apoptosis in T cells. Interestingly, DCs treated with inactivated NiV also show signs of apoptosis. These findings indicate that NiV infected DCs could play an important role in NiV pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/23587249¢��Gupta, Manisha
Lo, Michael K
Spiropoulou, Christina F
eng
2013/04/17 06:00
Virology. 2013 Jun 20;441(1):49-56. doi: 10.1016/j.virol.2013.03.004. Epub 2013 Apr 13.*��1096-0341 (Electronic)
0042-6822 (Linking)���23587249���Viral Special Pathogens Branch, NCEZID, DHCPP, Centers for Disease Control and Prevention, Atlanta, GA 30333, USA. manishagopi@gmail.com���10.1016/j.virol.2013.03.004��E�üÒ|ÿî?Ô���F��Zhu, Z.
Prabakaran, P.
Chen, W.
Broder, C. C.
Gong, R.
Dimitrov, D. S.���2013X��Human monoclonal antibodies as candidate therapeutics against emerging viruses and HIV-1���71-80	��Virol Sin���28���2
��Animals
Antibodies, Monoclonal/*immunology/therapeutic use
HIV-1/immunology/pathogenicity
Hendra Virus/immunology/pathogenicity
Humans
Nipah Virus/immunology/pathogenicity
SARS Virus/immunology/pathogenicity
Virus Diseases/*drug therapy/immunology/*prevention & control���Apr���More than 40 monoclonal antibodies (mAbs) have been approved for a number of disease indications with only one of these (Synagis) - for a viral disease, and not for therapy but for prevention. However, in the last decade novel potent mAbs have been discovered and characterized with potential as therapeutics against viruses of major importance for public health and biosecurity including Hendra virus (HeV), Nipah virus (NiV), severe acute respiratory syndrome coronavirus (SARS-CoV), Ebola virus (EBOV), West Nile virus (WNV), influenza virus (IFV) and human immunodeficiency virus type 1 (HIV-1). Here, we review such mAbs with an emphasis on antibodies of human origin, and highlight recent results as well as technologies and mechanisms related to their potential as therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23575729P��Zhu, Zhongyu
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*Virus Internalizationq��Mannose-binding lectin (MBL) is a key soluble effector of the innate immune system that recognizes pathogen-specific surface glycans. Surprisingly, low-producing MBL genetic variants that may predispose children and immunocompromised individuals to infectious diseases are more common than would be expected in human populations. Since certain immune defense molecules, such as immunoglobulins, can be exploited by invasive pathogens, we hypothesized that MBL might also enhance infections in some circumstances. Consequently, the low and intermediate MBL levels commonly found in human populations might be the result of balancing selection. Using model infection systems with pseudotyped and authentic glycosylated viruses, we demonstrated that MBL indeed enhances infection of Ebola, Hendra, Nipah and West Nile viruses in low complement conditions. Mechanistic studies with Ebola virus (EBOV) glycoprotein pseudotyped lentiviruses confirmed that MBL binds to N-linked glycan epitopes on viral surfaces in a specific manner via the MBL carbohydrate recognition domain, which is necessary for enhanced infection. MBL mediates lipid-raft-dependent macropinocytosis of EBOV via a pathway that appears to require less actin or early endosomal processing compared with the filovirus canonical endocytic pathway. Using a validated RNA interference screen, we identified C1QBP (gC1qR) as a candidate surface receptor that mediates MBL-dependent enhancement of EBOV infection. We also identified dectin-2 (CLEC6A) as a potentially novel candidate attachment factor for EBOV. Our findings support the concept of an innate immune haplotype that represents critical interactions between MBL and complement component C4 genes and that may modify susceptibility or resistance to certain glycosylated pathogens. Therefore, higher levels of native or exogenous MBL could be deleterious in the setting of relative hypocomplementemia which can occur genetically or because of immunodepletion during active infections. Our findings confirm our hypothesis that the pressure of infectious diseases may have contributed in part to evolutionary selection of MBL mutant haplotypes.,��https://www.ncbi.nlm.nih.gov/pubmed/23573288���Brudner, Matthew
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Zoonoses/transmission/virology���Aprõ��Hendra virus, a member of the family Paramyxoviridae, was first recognized following a devastating outbreak in Queensland, Australia, in 1994. The naturally acquired symptomatic infection, characterized by a rapidly progressive illness involving the respiratory system and/or CNS, has so far only been recognized in horses and humans. However, there is potential for other species to be infected, with significant consequences for animal and human health. Prevention of infection involves efforts to interrupt the bat-to-horse and horse-to-human transmission interfaces. Education and infection-control efforts remain the key to reducing risk of transmission, particularly as no effective antiviral treatment is currently available. The recent release of an equine Hendra G glycoprotein subunit vaccine is an exciting advance that offers the opportunity to curb the recent increase in equine transmission events occurring in endemic coastal regions of Australia and thereby reduce the risk of infection in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23534359���Hazelton, Briony
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Virulence���Mar 25¾��BACKGROUND: Hendra virus (HeV) is an Australian bat-borne zoonotic paramyxovirus that repeatedly spills-over to horses causing fatal disease. Human cases have all been associated with close contact with infected horses. METHODS: A full-length antigenome clone of HeV was assembled, a reporter gene (GFP or luciferase) inserted between the P and M genes and transfected to 293T cells to generate infectious reporter gene-encoding recombinant viruses. These viruses were then assessed in vitro for expression of the reporter genes. The GFP expressing recombinant HeV was used to challenge ferrets to assess the virulence and tissue distribution by monitoring GFP expression in infected cells. RESULTS: Three recombinant HeV constructs were successfully cloned and rescued; a wild-type virus, a GFP-expressing virus and a firefly luciferase-expressing virus. In vitro characterisation demonstrated expression of the reporter genes, with levels proportional to the initial inoculum levels. Challenge of ferrets with the GFP virus demonstrated maintenance of the fatal phenotype with disease progressing to death consistent with that observed previously with the parental wild-type isolate of HeV. GFP expression could be observed in infected tissues collected from animals at euthanasia. CONCLUSIONS: Here, we report on the first successful rescue of recombinant HeV, including wild-type virus and viruses expressing two different reporter genes encoded as an additional gene cassette inserted between the P and M genes. We further demonstrate that the GFP virus retained the ability to cause fatal disease in a well-characterized ferret model of henipavirus infection despite the genome being an extra 1290 nucleotides in length.,��https://www.ncbi.nlm.nih.gov/pubmed/23521919���Marsh, Glenn A
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Virus Replication%��Nipah virus (NiV) is a member of the genus Henipavirus, which emerged in Malaysia in 1998. In pigs, infection resulted in a predominantly non-lethal respiratory disease; however, infection in humans resulted in over 100 deaths. Nipah virus has continued to re-emerge in Bangladesh and India, and person-to-person transmission appeared in the outbreak. Although a number of NiV vaccine studies have been reported, there are currently no vaccines or treatments licensed for human use. In this study, we have developed a recombinant measles virus (rMV) vaccine expressing NiV envelope glycoproteins (rMV-HL-G and rMV-Ed-G). Vaccinated hamsters were completely protected against NiV challenge, while the mortality of unvaccinated control hamsters was 90%. We trialed our vaccine in a non-human primate model, African green monkeys. Upon intraperitoneal infection with NiV, monkeys showed several clinical signs of disease including severe depression, reduced ability to move and decreased food ingestion and died at 7 days post infection (dpi). Intranasal and oral inoculation induced similar clinical illness in monkeys, evident around 9 dpi, and resulted in a moribund stage around 14 dpi. Two monkeys immunized subcutaneously with rMV-Ed-G showed no clinical illness prior to euthanasia after challenge with NiV. Viral RNA was not detected in any organ samples collected from vaccinated monkeys, and no pathological changes were found upon histopathological examination. From our findings, we propose that rMV-NiV-G is an appropriate NiV vaccine candidate for use in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/23516477���Yoneda, Misako
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RNA, Messenger/genetics/metabolism���Junå��Nipah virus (NiV) is a nonsegmented, single-stranded, negative-sense RNA virus belonging to the genus Henipavirus, family Paramyxoviridae. NiV causes acute encephalitis and respiratory disease in humans, is associated with high mortality, and poses a threat in southern Asia. The genomes of henipaviruses are about 18,246 nucleotides (nt) long, which is longer than those of other paramyxoviruses (around 15,384 nt). This difference is caused by the noncoding RNA region, particularly the 3' untranslated region (UTR), which occupies more than half of the noncoding RNA region. To determine the function(s) of the NiV noncoding RNA region, we investigated the effects of NiV 3' UTRs on reporter gene expression. The NiV N 3' UTR (nt 1 to 100) demonstrated strong repressor activity associated with hnRNP D protein binding to that region. Mutation of the hnRNP D binding site or knockdown of hnRNP D resulted in increased expression of the NiV N 3' UTR reporter. Our findings suggest that NiV N expression is repressed by hnRNP D through the NiV N 3' UTR and demonstrate the involvement of posttranscriptional regulation in the NiV life cycle. To the best of our knowledge, this provides the first report of the functions of the NiV noncoding RNA region.,��https://www.ncbi.nlm.nih.gov/pubmed/23514888·��Hino, Kimihiro
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Viral Envelope Proteins/analysis?��Microsphere suspension array systems enable the simultaneous fluorescent identification of multiple separate nucleotide targets in a single reaction. We have utilized commercially available oligo-tagged microspheres (Luminex MagPlex-TAG) to construct and evaluate multiplexed assays for the detection and differentiation of Hendra virus (HeV) and Nipah virus (NiV). Both these agents are bat-borne zoonotic paramyxoviruses of increasing concern for veterinary and human health. Assays were developed targeting multiple sites within the nucleoprotein (N) and phosphoprotein (P) encoding genes. The relative specificities and sensitivities of the assays were determined using reference isolates of each virus type, samples from experimentally infected horses, and archival veterinary diagnostic submissions. Results were assessed in direct comparison with an established qPCR. The microsphere array assays achieved unequivocal differentiation of HeV and NiV and the sensitivity of HeV detection was comparable to qPCR, indicating high analytical and diagnostic specificity and sensitivity.,��https://www.ncbi.nlm.nih.gov/pubmed/23509705���Foord, Adam J
White, John R
Colling, Axel
Heine, Hans G
eng
2013/03/20 06:00
Biomed Res Int. 2013;2013:289295. doi: 10.1155/2013/289295. Epub 2013 Feb 6.���2314-6141 (Electronic)
��PMC3581118���23509705j��Australian Animal Health Laboratory, CSIRO Animal, Food and Health Sciences, Geelong, VIC 3220, Australia.���10.1155/2013/289295��È��üÖtÿî?Û���S��Cauchemez, S.
Epperson, S.
Biggerstaff, M.
Swerdlow, D.
Finelli, L.
Ferguson, N. M.���2013 ��Using routine surveillance data to estimate the epidemic potential of emerging zoonoses: application to the emergence of US swine origin influenza A H3N2v virus���e1001399���PLoS Med���10���3���Animals
Basic Reproduction Number
Epidemics/*statistics & numerical data
Humans
Influenza A Virus, H3N2 Subtype/*physiology
Influenza, Human/*epidemiology/transmission/*virology
Orthomyxoviridae Infections/epidemiology/transmission/virology
Population Surveillance/*methods
Probability
Selection Bias
Swine/*virology
Uncertainty
United States/epidemiology
Zoonoses/*epidemiology/transmission`��BACKGROUND: Prior to emergence in human populations, zoonoses such as SARS cause occasional infections in human populations exposed to reservoir species. The risk of widespread epidemics in humans can be assessed by monitoring the reproduction number R (average number of persons infected by a human case). However, until now, estimating R required detailed outbreak investigations of human clusters, for which resources and expertise are not always available. Additionally, existing methods do not correct for important selection and under-ascertainment biases. Here, we present simple estimation methods that overcome many of these limitations. METHODS AND FINDINGS: Our approach is based on a parsimonious mathematical model of disease transmission and only requires data collected through routine surveillance and standard case investigations. We apply it to assess the transmissibility of swine-origin influenza A H3N2v-M virus in the US, Nipah virus in Malaysia and Bangladesh, and also present a non-zoonotic example (cholera in the Dominican Republic). Estimation is based on two simple summary statistics, the proportion infected by the natural reservoir among detected cases (G) and among the subset of the first detected cases in each cluster (F). If detection of a case does not affect detection of other cases from the same cluster, we find that R can be estimated by 1-G; otherwise R can be estimated by 1-F when the case detection rate is low. In more general cases, bounds on R can still be derived. CONCLUSIONS: We have developed a simple approach with limited data requirements that enables robust assessment of the risks posed by emerging zoonoses. We illustrate this by deriving transmissibility estimates for the H3N2v-M virus, an important step in evaluating the possible pandemic threat posed by this virus. Please see later in the article for the Editors' Summary.,��https://www.ncbi.nlm.nih.gov/pubmed/23472057n��Cauchemez, Simon
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Plant Extracts/chemistry���Jan 30^��Citrus plants are known to possess beneficial biological activities for human health. In addition, ethnopharmacological application of plants is a good tool to explore their bioactivities and active compounds. This research was carried out to evaluate the phenolic and flavonoid analysis, antioxidant properties, anti inflammatory and anti cancer activity of Citrus aurantium bloom. The total phenolics and flavonoids results revealed that methanolic extract contained high total phenolics and flavonoids compared to ethanolic and boiling water extracts. The obtained total phenolics value for methanolic Citrus aurantium bloom extract was 4.55 +/- 0.05 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids it was 3.83 +/- 0.05 mg rutin equivalent/g DW. In addition, the RP-HPLC analyses of phenolics and flavonoids indicated the presence of gallic acid, pyrogallol, syringic acid, caffeic acid, rutin, quercetin and naringin as bioactive compounds. The antioxidant activity of Citrus aurantium bloom were examined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the ferric reducing/antioxidant potential (FRAP). The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of Citrus aurantium bloom at a concentration of 300 mug/mL, with values of 55.3% and 51.7%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. Furthermore, the anti-inflammatory result of methanolic extract showed appreciable reduction in nitric oxide production of stimulated RAW 264.7 cells at the presence of plant extract. Apart from that, the anticancer activity of the methanolic extract was investigated in vitro against human cancer cell lines (MCF-7; MDA-MB-231), human colon adenocarcinoma (HT-29) and Chang cell as a normal human hepatocyte. The obtained result demonstrated the moderate to appreciable activities against all cell line tested and the compounds present in the extracts are non-toxic which make them suitable as potential therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23442980Õ��Karimi, Ehsan
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Zoonoses/epidemiology/*prevention & control/transmission���Aug¦��The authors discuss 'One Health' approaches for controlling newly recognised and re-emerging diseases of animal origin and contributions towards pandemic preparedness based on enhanced collaboration between Veterinary Services, Human Health Services and Environmental Services. Improved veterinary governance and cooperation with public health managers, social scientists, ecologists and many other stakeholders are important for reducing the risks of potential zoonoses--including foodborne diseases--at their source. Two case studies are presented to illustrate how One Health approaches can make a difference--Hendra disease incidents in Australia and rabies management on the African continent. This article also includes an overview of collaboration at the international level between the Food and Agriculture Organization of the United Natiorfs, the World Organisation for Animal Health, and the World Health Organization. Environmental determinants for disease emergence, anthropogenic climate change and human encroachment on shrinking wildlife habitats are considered, using highly pathogenic avian influenza A (H5N1) and Nipah virus as examples. Finally, the authors discuss the effects of livestock production on environmental change--in the light of global population growth and increasing demand for livestock and aquaculture products--with the need for future policy decisions to be based on a multidisciplinary One Health approach.,��https://www.ncbi.nlm.nih.gov/pubmed/23413734T��Landford, J
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Zoonoses���MayÄ��Bats are reservoirs for a wide range of human pathogens including Nipah, Hendra, rabies, Ebola, Marburg and severe acute respiratory syndrome coronavirus (CoV). The recent implication of a novel beta (beta)-CoV as the cause of fatal respiratory disease in the Middle East emphasizes the importance of surveillance for CoVs that have potential to move from bats into the human population. In a screen of 606 bats from 42 different species in Campeche, Chiapas and Mexico City we identified 13 distinct CoVs. Nine were alpha (alpha)-CoVs; four were beta-CoVs. Twelve were novel. Analyses of these viruses in the context of their hosts and ecological habitat indicated that host species is a strong selective driver in CoV evolution, even in allopatric populations separated by significant geographical distance; and that a single species/genus of bat can contain multiple CoVs. A beta-CoV with 96.5 % amino acid identity to the beta-CoV associated with human disease in the Middle East was found in a Nyctinomops laticaudatus bat, suggesting that efforts to identify the viral reservoir should include surveillance of the bat families Molossidae/Vespertilionidae, or the closely related Nycteridae/Emballonuridae. While it is important to investigate unknown viral diversity in bats, it is also important to remember that the majority of viruses they carry will not pose any clinical risk, and bats should not be stigmatized ubiquitously as significant threats to public health.,��https://www.ncbi.nlm.nih.gov/pubmed/23364191/��Anthony, S J
Ojeda-Flores, R
Rico-Chavez, O
Navarrete-Macias, I
Zambrana-Torrelio, C M
Rostal, M K
Epstein, J H
Tipps, T
Liang, E
Sanchez-Leon, M
Sotomayor-Bonilla, J
Aguirre, A A
Avila-Flores, R
Medellin, R A
Goldstein, T
Suzan, G
Daszak, P
Lipkin, W I
eng
U54 AI057158/AI/NIAID NIH HHS/
AI57158/AI/NIAID NIH HHS/
R01 A1079231/PHS HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
England
2013/02/01 06:00
J Gen Virol. 2013 May;94(Pt 5):1028-38. doi: 10.1099/vir.0.049759-0. Epub 2013 Jan 30.*��1465-2099 (Electronic)
0022-1317 (Linking)
��PMC3709589���23364191���Center for Infection and Immunity, Mailman School of Public Health, Columbia University, 722 West 168th Street, NY, USA. sja2127@columbia.edu���10.1099/vir.0.049759-0�
/��üÒtÿî?à���¼��Sazzad, H. M.
Hossain, M. J.
Gurley, E. S.
Ameen, K. M.
Parveen, S.
Islam, M. S.
Faruque, L. I.
Podder, G.
Banu, S. S.
Lo, M. K.
Rollin, P. E.
Rota, P. A.
Daszak, P.
Rahman, M.
Luby, S. P.���2013[��Nipah virus infection outbreak with nosocomial and corpse-to-human transmission, Bangladesh���210-7���Emerg Infect Dis���19���2Ì��Adolescent
Adult
Arecaceae
Bangladesh/epidemiology
Beverages
Burial
Cadaver
Case-Control Studies
Child
Child, Preschool
Cross Infection/mortality/*transmission/virology
*Disease Outbreaks
Encephalitis, Viral/mortality/*transmission/virology
Epidemiological Monitoring
Female
Henipavirus Infections/mortality/*transmission/virology
Humans
Infectious Disease Transmission, Patient-to-Professional
Male
Middle Aged
*Nipah Virus
Physicians
Risk Factors
Young Adult���Febå��Active Nipah virus encephalitis surveillance identified an encephalitis cluster and sporadic cases in Faridpur, Bangladesh, in January 2010. We identified 16 case-patients; 14 of these patients died. For 1 case-patient, the only known exposure was hugging a deceased patient with a probable case, while another case-patient's exposure involved preparing the same corpse for burial by removing oral secretions and anogenital excreta with a cloth and bare hands. Among 7 persons with confirmed sporadic cases, 6 died, including a physician who had physically examined encephalitis patients without gloves or a mask. Nipah virus-infected patients were more likely than community-based controls to report drinking raw date palm sap and to have had physical contact with an encephalitis patient (29% vs. 4%, matched odds ratio undefined). Efforts to prevent transmission should focus on reducing caregivers' exposure to infected patients' bodily secretions during care and traditional burial practices.,��https://www.ncbi.nlm.nih.gov/pubmed/23347678_��Sazzad, Hossain M S
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Virus CultivationÇ��Nipah virus is a zoonotic pathogen that causes severe disease in humans. The mechanisms of pathogenesis are not well described. The first Nipah virus outbreak occurred in Malaysia, where human disease had a strong neurological component. Subsequent outbreaks have occurred in Bangladesh and India and transmission and disease processes in these outbreaks appear to be different from those of the Malaysian outbreak. Until this point, virtually all Nipah virus studies in vitro and in vivo, including vaccine and pathogenesis studies, have utilized a virus isolate from the original Malaysian outbreak (NiV-M). To investigate potential differences between NiV-M and a Nipah virus isolate from Bangladesh (NiV-B), we compared NiV-M and NiV-B infection in vitro and in vivo. In hamster kidney cells, NiV-M-infection resulted in extensive syncytia formation and cytopathic effects, whereas NiV-B-infection resulted in little to no morphological changes. In vivo, NiV-M-infected Syrian hamsters had accelerated virus replication, pathology and death when compared to NiV-B-infected animals. NiV-M infection also resulted in the activation of host immune response genes at an earlier time point. Pathogenicity was not only a result of direct effects of virus replication, but likely also had an immunopathogenic component. The differences observed between NiV-M and NiV-B pathogeneis in hamsters may relate to differences observed in human cases. Characterization of the hamster model for NiV-B infection allows for further research of the strain of Nipah virus responsible for the more recent outbreaks in humans. This model can be used to study NiV-B pathogenesis, transmission, and countermeasures that could be used to control outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/23342177���DeBuysscher, Blair L
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�INTRODUCTION: Bioterrorism is a terrorist action involving the intentional release or dissemination of a biological warfare agent (BWA), which includes some bacteria, viruses, rickettsiae, fungi or biological toxins. BWA is a naturally occurring or human-modified form that may kill or incapacitate humans, animals or plants as an act of war or terrorism. BWA is a weapon of choice for mass destruction and terrorism, because of the incubation period, less effective amount than chemical warfare agents, easily distribution, odorless, colorless, difficult to detect, no need of specialized equipment for production and naturally distribution which can easily be obtained. BWA may be disseminating as an aerosol, spray, explosive device, and by food or water. CLASSIFICATION: Based on the risk for human health, BWAs have been prioritized into three categories of A, B and C. Category A includes microorganisms or toxins that easily spread, leading to intoxication with high death rates such as Anthrax, Botulism, Plague, Smallpox, Tularemia and Viral hemorrhagic fevers. Category B has lower toxicity with wider range, including Staphylococcal Entrotoxin type B (SEB), Epsilon toxin of Clostridium perfringens, Ricin, Saxotoxins, Abrin and Trichothecene mycotoxins. The C category includes emerging pathogens that could also be engineered for mass spread such as Hanta viruses, multidrug-resistant tuberculosis, Nipah virus, the tick-borne encephalitis viruses, hemorrhagic fever viruses and yellow fever. CLINICAL MANIFESTATIONS OF BIOTOXINS IN HUMAN: Clinical features and severity of intoxication depend on the agent and exposed dose, route of entry, individual variation and environmental factors. Onset of symptoms varies from 2-24 h in Ricin to 24-96 h in Botulism. Clinical manifestations also vary from irritation of the eyes, skin and mucus membranes in T2 toxin to an acute flaccid paralysis of bilateral cranial nerve impairment of descending manner in botulism. Most of the pyrogenic toxins such as SEB produce the same signs and symptoms as toxic shock syndrome including a rapid drop in blood pressure, elevated temperature, and multiple organ failure. MANAGEMENT: There is no specific antidote or effective treatment for most of the biotoxins. The clinical management is thus more supportive and symptomatic. Fortunately vaccines are now available for most of BWA. Therefore, immunization of personnel at risk of exposure is recommended. CONCLUSION: Biotoxins are very wide and bioterrorism is a heath and security threat that may induce national and international problems. Therefore, the security authorities, health professional and even public should be aware of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23339855¢��Balali-Mood, Mahdi
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Respiratory Mucosa/cytology/virology���Mar.��Hendra virus (HeV) and Nipah virus (NiV) are deadly zoonotic viruses for which no vaccines or therapeutics are licensed for human use. Henipavirus infection causes severe respiratory illness and encephalitis. Although the exact route of transmission in human is unknown, epidemiological studies and in vivo studies suggest that the respiratory tract is important for virus replication. However, the target cells in the respiratory tract are unknown, as are the mechanisms by which henipaviruses can cause disease. In this study, we characterized henipavirus pathogenesis using primary cells derived from the human respiratory tract. The growth kinetics of NiV-Malaysia, NiV-Bangladesh, and HeV were determined in bronchial/tracheal epithelial cells (NHBE) and small airway epithelial cells (SAEC). In addition, host responses to infection were assessed by gene expression analysis and immunoassays. Viruses replicated efficiently in both cell types and induced large syncytia. The host response to henipavirus infection in NHBE and SAEC highlighted a difference in the inflammatory response between HeV and NiV strains as well as intrinsic differences in the ability to mount an inflammatory response between NHBE and SAEC. These responses were highest during HeV infection in SAEC, as characterized by the levels of key cytokines (interleukin 6 [IL-6], IL-8, IL-1alpha, monocyte chemoattractant protein 1 [MCP-1], and colony-stimulating factors) responsible for immune cell recruitment. Finally, we identified virus strain-dependent variability in type I interferon antagonism in NHBE and SAEC: NiV-Malaysia counteracted this pathway more efficiently than NiV-Bangladesh and HeV. These results provide crucial new information in the understanding of henipavirus pathogenesis in the human respiratory tract at an early stage of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23302882ù��Escaffre, Olivier
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Zoonoses/*virology���Apr���Public discourses have influence on policymaking for emerging health issues. Media representations of unfolding events, scientific uncertainty, and real and perceived risks shape public acceptance of health policy and therefore policy outcomes. To characterize and track views in popular circulation on the causes, consequences and appropriate policy responses to the emergence of Hendra virus as a zoonotic risk, this study examines coverage of this issue in Australian mass media for the period 2007-2011. Results demonstrate the predominant explanation for the emergence of Hendra became the encroachment of flying fox populations on human settlement. Depictions of scientific uncertainty as to whom and what was at risk from Hendra virus promoted the view that flying foxes were a direct risk to human health. Descriptions of the best strategy to address Hendra have become polarized between recognized health authorities advocating individualized behaviour changes to limit risk exposure; versus populist calls for flying fox control and eradication. Less than a quarter of news reports describe the ecological determinants of emerging infectious disease or upstream policy solutions. Because flying foxes rather than horses were increasingly represented as the proximal source of human infection, existing policies of flying fox protection became equated with government inaction; the plight of those affected by flying foxes representative of a moral failure. These findings illustrate the potential for health communications for emerging infectious disease risks to become entangled in other political agendas, with implications for the public's likelihood of supporting public policy and risk management strategies that require behavioural change or seek to address the ecological drivers of incidence.,��https://www.ncbi.nlm.nih.gov/pubmed/23294874´��Degeling, Chris
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*Virus Internalization���Mary��The promotion of membrane fusion by most paramyxoviruses requires an interaction between the viral attachment and fusion (F) proteins to enable receptor binding by the former to trigger the activation of the latter for fusion. Numerous studies demonstrate that the F-interactive sites on the Newcastle disease virus (NDV) hemagglutinin-neuraminidase (HN) and measles virus (MV) hemagglutinin (H) proteins reside entirely within the stalk regions of those proteins. Indeed, stalk residues of NDV HN and MV H that likely mediate the F interaction have been identified. However, despite extensive efforts, the F-interactive site(s) on the Nipah virus (NiV) G attachment glycoprotein has not been identified. In this study, we have introduced individual N-linked glycosylation sites at several positions spaced at intervals along the stalk of the NiV G protein. Five of the seven introduced sites are utilized as established by a retardation of electrophoretic mobility. Despite surface expression, ephrinB2 binding, and oligomerization comparable to those of the wild-type protein, four of the five added N-glycans completely eliminate the ability of the G protein to complement the homologous F protein in the promotion of fusion. The most membrane-proximal added N-glycan reduces fusion by 80%. However, unlike similar NDV HN and MV H mutants, the NiV G glycosylation stalk mutants retain the ability to bind F, indicating that the fusion deficiency of these mutants is not due to prevention of the G-F interaction. These findings suggest that the G-F interaction is not mediated entirely by the stalk domain of G and may be more complex than that of HN/H-F.,��https://www.ncbi.nlm.nih.gov/pubmed/23283956¸��Zhu, Qiyun
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*Virus Attachment���Mar���Conformational changes in the glycoproteins of enveloped viruses are critical for membrane fusion, which enables viral entry into cells and the pathological cell-cell fusion (syncytia) associated with some viral infections. However, technological capabilities for identifying viral glycoproteins and their conformational changes on actual enveloped virus surfaces are generally scarce, challenging, and time-consuming. Our model, Nipah virus (NiV), is a syncytium-forming biosafety level 4 pathogen with a high mortality rate (40 to 75%) in humans. Once the NiV attachment glycoprotein (G) (NiV-G) binds the cell receptor ephrinB2 or -B3, G triggers conformational changes in the fusion glycoprotein (F) that result in membrane fusion and viral entry. We demonstrate that confocal micro-Raman spectroscopy can, within minutes, simultaneously identify specific G and F glycoprotein signals and receptor-induced conformational changes in NiV-F on NiV virus-like particles (VLPs). First, we identified reproducible G- and F-specific Raman spectral features on NiV VLPs containing M (assembly matrix protein), G, and/or F or on NiV/vesicular stomatitis virus (VSV) pseudotyped virions via second-derivative transformations and principal component analysis (PCA). Statistical analyses validated our PCA models. Dynamic temperature-induced conformational changes in F and G or receptor-induced target membrane-dependent conformational changes in F were monitored in NiV pseudovirions in situ in real time by confocal micro-Raman spectroscopy. Advantageously, Raman spectroscopy can identify specific protein signals in relatively impure samples. Thus, this proof-of-principle technological development has implications for the rapid identification and biostability characterization of viruses in medical, veterinary, and food samples and for the analysis of virion glycoprotein conformational changes in situ during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/23283947���Lu, Xiaonan
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*Virus Release���Mar���Highly pathogenic Nipah virus (NiV) infections are transmitted via airway secretions and urine, commonly via the respiratory route. Epithelial surfaces represent important replication sites in both primary and systemic infection phases. NiV entry and spread from polarized epithelial cells therefore determine virus entry and dissemination within a new host and influence virus shedding via mucosal surfaces in the respiratory and urinary tract. To date, there is no knowledge regarding the entry and exit sites of NiV in polarized epithelial cells. In this report, we show for the first time that NiV can infect polarized kidney epithelial cells (MDCK) from both cell surfaces, while virus release is primarily restricted to the apical plasma membrane. Substantial amounts of basolateral infectivity were detected only after infection with high virus doses, at time points when the integrity of the cell monolayer was largely disrupted as a result of cell-to-cell fusion. Confocal immunofluorescence analyses of envelope protein distribution at early and late infection stages suggested that apical virus budding is determined by the polarized sorting of the NiV matrix protein, M. Studies with stably M-expressing and with monensin-treated cells furthermore demonstrated that M protein transport is independent from the glycoproteins, implying that the M protein possesses an intrinsic apical targeting signal.,��https://www.ncbi.nlm.nih.gov/pubmed/23283941õ��Lamp, Boris
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Virus Internalization/*drug effects���Jan 24R��Interferons (IFN) are essential antiviral cytokines that establish the cellular antiviral state through upregulation of hundreds of interferon-stimulated genes (ISGs), most of which have uncharacterized functions and mechanisms. We identified cholesterol-25-hydroxylase (CH25H) as a broadly antiviral ISG. CH25H converts cholesterol to a soluble antiviral factor, 25-hydroxycholesterol (25HC). 25HC treatment in cultured cells broadly inhibited growth of enveloped viruses including VSV, HSV, HIV, and MHV68 and acutely pathogenic EBOV, RVFV, RSSEV, and Nipah viruses under BSL4 conditions. It suppressed viral growth by blocking membrane fusion between virus and cell. In animal models, Ch25h-deficient mice were more susceptible to MHV68 lytic infection. Moreover, administration of 25HC in humanized mice suppressed HIV replication and reversed T cell depletion. Thus, our studies demonstrate a unique mechanism by which IFN achieves its antiviral state through the production of a natural oxysterol to inhibit viral entry and implicate membrane-modifying oxysterols as potential antiviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/23273844���Liu, Su-Yang
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Horvat, B.���20132��Henipavirus infections: lessons from animal models���264-87	��Pathogens���2���2���Apr 9ê��The Henipavirus genus contains two highly lethal viruses, the Hendra and Nipah viruses and one, recently discovered, apparently nonpathogenic member; Cedar virus. These three, negative-sense single-stranded RNA viruses, are hosted by fruit bats and use EphrinB2 receptors for entry into cells. The Hendra and Nipah viruses are zoonotic pathogens that emerged in the middle of 90s and have caused severe, and often fatal, neurologic and/or respiratory diseases in both humans and different animals; including spillover into equine and porcine species. Development of relevant models is critical for a better understanding of viral pathogenesis, generating new diagnostic tools, and assessing anti-viral therapeutics and vaccines. This review summarizes available data on several animal models where natural and/or experimental infection has been demonstrated; including pteroid bats, horses, pigs, cats, hamsters, guinea pigs, ferrets, and nonhuman primates. It recapitulates the principal features of viral pathogenesis in these animals and current knowledge on anti-viral immune responses. Lastly it describes the recently characterized murine animal model, which provides the possibility to use numerous and powerful tools available for mice to further decipher henipaviruses immunopathogenesis, prophylaxis, and treatment. The utility of different models to analyze important aspects of henipaviruses-induced disease in humans, potential routes of transmission, and therapeutic approaches are equally discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/25437037���Dhondt, Kevin P
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public protection¨��Infectious diseases-including emerging and re-emerging diseases such as Ebola and tuberculosis-continue to be important causes of morbidity and mortality in the globalizing, contemporary world. This article discusses the ethical issues associated with protecting the rights of individuals versus the protection of the health of populations in the case of infectious diseases. The discussion uses the traditional medical ethics approach together with the public health approach presented by Faden and Shebaya.3 Infectious diseases such as Ebola hemorrhagic fever, Nipah virus and HIV/AIDS (together with tuberculosis) will be used to illustrate particular points in the discussion.,��https://www.ncbi.nlm.nih.gov/pubmed/24847171|��Phua, Kai-Lit
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*Virus Diseases/epidemiology/virologyÿ��Institute of Tropical Medicine, Nagasaki University (NEKKEN) and National Institute of Hygiene and Epidemiology, Vietnam (NIHE) jointly conducted a project from 2006 on Emerging and Re-emerging Infectious Diseases (ERID) granted by the Ministry of Education, Science, Culture and Technology (MEXT) of Japan. Fifteen independent researches have been carried out by 7 scientists who stationed in the Vietnam Research Station (VRS), and by approximately 60 visiting scientists. A wide variety of viruses have been studied in the research activities in the VRS, of those, topics of'' Nipah virus infection in bats in Vietnam'', ''Nam Dinh virus, a newly discovered insect nidovirus'', and'' Risk factors of dengue fever in southern Vietnam'' were summarized. It is important to develop a mechanism to facilitate young scientists to use the VRS in their research works, and then a scope to establish the VRS as a gateway to a successful career path for young scientists in the field of the infectious diseases would be realized.,��https://www.ncbi.nlm.nih.gov/pubmed/24769580V��Yamashiro, Tetsu
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Zoonoses/*virology���Feb���Bats are being increasingly recognized as an important reservoir of zoonotic viruses of different families, including SARS coronavirus, Nipah virus, Hendra virus and Ebola virus. Several recent studies hypothesized that bats, an ancient group of flying mammals, are the major reservoir of several important RNA virus families from which other mammalian viruses of livestock and humans were derived. Although this hypothesis needs further investigation, the premise that bats carry a large number of viruses is commonly accepted. The question of whether bats have unique biological features making them ideal reservoir hosts has been the subject of several recent reviews. In this review, we will focus on the public health implications of bat derived zoonotic viral disease outbreaks, examine the drivers and risk factors of past disease outbreaks and outline research directions for better control of future disease events.,��https://www.ncbi.nlm.nih.gov/pubmed/23265969���Smith, Ina
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Seroepidemiologic Studies���JanÜ��We conducted cross-sectional and longitudinal studies to determine the distribution of and risk factors for seropositivity to Nipah virus (NiV) among Pteropus vampyrus and P. hypomelanus bats in Peninsular Malaysia. Neutralizing antibodies against NiV were detected at most locations surveyed. We observed a consistently higher NiV risk (odds ratio 3.9) and seroprevalence (32.8%) for P. vampyrus than P. hypomelanus (11.1%) bats. A 3-year longitudinal study of P. hypomelanus bats indicated nonseasonal temporal variation in seroprevalence, evidence for viral circulation within the study period, and an overall NiV seroprevalence of 9.8%. The seroprevalence fluctuated over the study duration between 1% and 20% and generally decreased during 2004-2006. Adult bats, particularly pregnant, with dependent pup and lactating bats, had a higher prevalence of NiV antibodies than juveniles. Antibodies in juveniles 6 months-2 years of age suggested viral circulation within the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/23261015Í��Rahman, Sohayati A
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Species Specificity���Jan 257��Bats are the only mammals capable of sustained flight and are notorious reservoir hosts for some of the world's most highly pathogenic viruses, including Nipah, Hendra, Ebola, and severe acute respiratory syndrome (SARS). To identify genetic changes associated with the development of bat-specific traits, we performed whole-genome sequencing and comparative analyses of two distantly related species, fruit bat Pteropus alecto and insectivorous bat Myotis davidii. We discovered an unexpected concentration of positively selected genes in the DNA damage checkpoint and nuclear factor kappaB pathways that may be related to the origin of flight, as well as expansion and contraction of important gene families. Comparison of bat genomes with other mammalian species has provided new insights into bat biology and evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/23258410U��Zhang, Guojie
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Palladium/*chemistry���Jan 48��We report the development of a heterogeneous catalyst system on continuous flow chemistry. A palladium (Pd) coated tubular reactor was placed in line with copper (Cu) tubing using a continuous flow platform, and a Sonogashira C-C coupling reaction was used to evaluate the performance. The reactions were favorably carried out in the Cu reactor, catalyzed by the traces of leached Pd from the Pd reactor. The leached Pd and Cu were trapped with a metal scavaging resin at the back-end of the continuous flow system, affording a genuine approach toward green chemistry.,��https://www.ncbi.nlm.nih.gov/pubmed/23248977Ü��Tan, Li-Min
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Virology/*methods���Feb*��Several haemorrhagic fevers are caused by highly pathogenic viruses that must be handled in Biosafety level 4 (BSL-4) containment. These zoonotic infections have an important impact on public health and the development of a rapid and differential diagnosis in case of outbreak in risk areas represents a critical priority. We have demonstrated the potential of a DNA resequencing microarray (PathogenID v2.0) for this purpose. The microarray was first validated in vitro using supernatants of cells infected with prototype strains from five different families of BSL-4 viruses (e.g. families Arenaviridae, Bunyaviridae, Filoviridae, Flaviviridae and Paramyxoviridae). RNA was amplified based on isothermal amplification by Phi29 polymerase before hybridization. We were able to detect and characterize Nipah virus and Crimean-Congo haemorrhagic fever virus (CCHFV) in the brains of experimentally infected animals. CCHFV was finally used as a paradigm for epidemics because of recent outbreaks in Turkey, Kosovo and Iran. Viral variants present in human sera were characterized by BLASTN analysis. Sensitivity was estimated to be 10(5) -10(6) PFU/mL of hybridized cDNA. Detection specificity was limited to viral sequences having ~13-14% of global divergence with the tiled sequence, or stretches of ~20 identical nucleotides. These results highlight the benefits of using the PathogenID v2.0 resequencing microarray to characterize geographical variants in the follow-up of haemorrhagic fever epidemics; to manage patients and protect communities; and in cases of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/23240764p��Filippone, C
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Virus Internalizationø��Hendra virus and Nipah virus, comprising the genus Henipavirus, are recently emerged, highly pathogenic and often lethal zoonotic agents against which there are no approved therapeutics. Two surface glycoproteins, the attachment (G) and fusion (F), mediate host cell entry. The crystal structures of the Hendra G glycoprotein alone and in complex with the ephrin-B2 receptor reveal that henipavirus uses Tryptophan 122 on ephrin-B2/B3 as a "latch" to facilitate the G-receptor association. Structural-based mutagenesis of residues in the Hendra G glycoprotein at the receptor binding interface document their importance for viral attachments and entry, and suggest that the stability of the Hendra-G-ephrin attachment complex does not strongly correlate with the efficiency of viral entry. In addition, our data indicates that conformational rearrangements of the G glycoprotein head domain upon receptor binding may be the trigger leading to the activation of the viral F fusion glycoprotein during virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23144952N��Xu, Kai
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Virus Replication���Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus that causes fatal encephalitis in up to 75% of infected humans. Like other paramyxoviruses, NiV employs co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternative reading frame. There is evidence from both in vitro and in vivo studies to show that the P gene products play a role in NiV pathogenesis. We have developed a reverse genetic system to dissect the individual roles of the NiV P gene products in limiting the antiviral response in primary human microvascular lung endothelial cells, which represent important targets in human NiV infection. By characterizing growth curves and early antiviral responses against a number of recombinant NiVs with genetic modifications altering expression of the proteins encoded by the P gene, we observed that multiple elements encoded by the P gene have both distinct and overlapping roles in modulating virus replication as well as in limiting expression of antiviral mediators such as IFN-beta, CXCL10, and CCL5. Our findings corroborate observations from in vivo hamster infection studies, and provide molecular insights into the attenuation and the histopathology observed in hamsters infected with C, V, and W-deficient NiVs. The results of this study also provide an opportunity to verify the results of earlier artificial plasmid expression studies in the context of authentic viral infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23094089s��Lo, Michael K
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Virus Replication���Jan 1���Hendra virus (HeV) and Nipah virus (NiV) are closely related, recently emerged paramyxoviruses that form Henipavirus genus and are capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. However, in contrast to many other species and despite expression of functional virus entry receptors, mice are resistant to henipavirus infection. We report here the susceptibility of mice deleted for the type I interferon receptor (IFNAR-KO) to both HeV and NiV. Intraperitoneally infected mice developed fatal encephalitis, with pathology and immunohistochemical features similar to what was found in humans. Viral RNA was found in the majority of analyzed organs, and sublethally infected animals developed virus-specific neutralizing antibodies. Altogether, these results reveal IFNAR-KO mice as a new small animal model to study HeV and NiV pathogenesis, prophylaxis, and treatment and suggest the critical role of type I interferon signaling in the control of henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/23089589û��Dhondt, Kevin P
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Zoonoses���Oct 19���BACKGROUND: Fruit bats are known to harbor zoonotic paramyxoviruses including Nipah, Hendra, and Menangle viruses. The aim of this study was to detect the presence of paramyxovirus RNA in fruit bats from Indonesia. METHODS: RNA samples were obtained from the spleens of 110 fruit bats collected from four locations in Indonesia. All samples were screened by semi-nested broad spectrum reverse transcription PCR targeting the paramyxovirus polymerase (L) genes. RESULTS: Semi-nested reverse transcription PCR detected five previously unidentified paramyxoviruses from six fruit bats. Phylogenetic analysis showed that these virus sequences were related to henipavirus or rubulavirus. CONCLUSIONS: This study indicates the presence of novel paramyxoviruses among fruit bat populations in Indonesia.,��https://www.ncbi.nlm.nih.gov/pubmed/23082748���Sasaki, Michihito
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Viral Regulatory and Accessory Proteins/metabolism���Sep���Tetherin (also known as BST-2 or CD317) has recently been identified as a potent IFN-induced anti-viral protein that inhibits the release of diverse enveloped virus particles from infected cells. The anti-viral activity of tetherin on a number of enveloped viruses, including retroviruses, filoviruses and arenaviruses, has been examined. Here, we show that tetherin is also capable of blocking the release of virus-like particles (VLPs) driven by the matrix protein of Sendai virus. Together with inhibition of Nipah virus VLP release by tetherin, these results indicate that paramyxoviruses are to be added to the list of viruses that are susceptible to tetherin inhibition. Tetherin co-localized with Nipah virus matrix proteins and accumulated in cells, indicating that it is present at, or recruited to, sites of particle assembly. It should be noted, however, that tetherin was not effective against the release of paramyxovirus mumps VLPs, indicating that certain enveloped viruses may not be sensitive to tetherin activity.,��https://www.ncbi.nlm.nih.gov/pubmed/23077864È��Kong, Weng-Sheng
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Virus Internalizationð��Encephalitis is a hallmark of Nipah virus (NiV) infection in humans. The exact route of entry of NiV into the central nervous system (CNS) is unknown. Here, we performed a spatio-temporal analysis of NiV entry into the CNS of hamsters. NiV initially predominantly targeted the olfactory epithelium in the nasal turbinates. From there, NiV infected neurons were visible extending through the cribriform plate into the olfactory bulb, providing direct evidence of rapid CNS entry. Subsequently, NiV disseminated to the olfactory tubercle and throughout the ventral cortex. Transmission electron microscopy on brain tissue showed extravasation of plasma cells, neuronal degeneration and nucleocapsid inclusions in affected tissue and axons, providing further evidence for axonal transport of NiV. NiV entry into the CNS coincided with the occurrence of respiratory disease, suggesting that the initial entry of NiV into the CNS occurs simultaneously with, rather than as a result of, systemic virus replication.,��https://www.ncbi.nlm.nih.gov/pubmed/230719004��Munster, Vincent J
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Zoonoses/*transmission���Oct 19]��Many serious emerging zoonotic infections have recently arisen from bats, including Ebola, Marburg, SARS-coronavirus, Hendra, Nipah, and a number of rabies and rabies-related viruses, consistent with the overall observation that wildlife are an important source of emerging zoonoses for the human population. Mechanisms underlying the recognized association between ecosystem health and human health remain poorly understood and responding appropriately to the ecological, social and economic conditions that facilitate disease emergence and transmission represents a substantial societal challenge. In the context of disease emergence from wildlife, wildlife and habitat should be conserved, which in turn will preserve vital ecosystem structure and function, which has broader implications for human wellbeing and environmental sustainability, while simultaneously minimizing the spillover of pathogens from wild animals into human beings. In this review, we propose a novel framework for the holistic and interdisciplinary investigation of zoonotic disease emergence and its drivers, using the spillover of bat pathogens as a case study. This study has been developed to gain a detailed interdisciplinary understanding, and it combines cutting-edge perspectives from both natural and social sciences, linked to policy impacts on public health, land use and conservation.,��https://www.ncbi.nlm.nih.gov/pubmed/22966143®��Wood, James L N
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Public Health���Feb 26ñ��Emerging infectious diseases (EIDs) pose a significant threat to human health, economic stability, and biodiversity. Despite this, the mechanisms underlying disease emergence are still not fully understood, and control measures rely heavily on mitigating the impact of EIDs after they have emerged. Here, we highlight the emergence of a zoonotic Henipavirus, Nipah virus, to demonstrate the interdisciplinary and macroecological approaches necessary to understand EID emergence. Previous work suggests that Nipah virus emerged due to the interaction of the wildlife reservoir (Pteropus spp. fruit bats) with intensively managed livestock. The emergence of this and other henipaviruses involves interactions among a suite of anthropogenic environmental changes, socioeconomic factors, and changes in demography that overlay and interact with the distribution of these pathogens in their wildlife reservoirs. Here, we demonstrate how ecological niche modeling may be used to investigate the potential role of a changing climate on the future risk for Henipavirus emergence. We show that the distribution of Henipavirus reservoirs, and therefore henipaviruses, will likely change under climate change scenarios, a fundamental precondition for disease emergence in humans. We assess the variation among climate models to estimate where Henipavirus host distribution is most likely to expand, contract, or remain stable, presenting new risks for human health. We conclude that there is substantial potential to use this modeling framework to explore the distribution of wildlife hosts under a changing climate. These approaches may directly inform current and future management and surveillance strategies aiming to improve pathogen detection and, ultimately, reduce emergence risk.,��https://www.ncbi.nlm.nih.gov/pubmed/22936052���Daszak, Peter
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*Virus Attachment���NovH��Nipah virus (NiV) is the deadliest known paramyxovirus. Membrane fusion is essential for NiV entry into host cells and for the virus' pathological induction of cell-cell fusion (syncytia). The mechanism by which the attachment glycoprotein (G), upon binding to the cell receptors ephrinB2 or ephrinB3, triggers the fusion glycoprotein (F) to execute membrane fusion is largely unknown. N-glycans on paramyxovirus glycoproteins are generally required for proper protein conformational integrity, transport, and sometimes biological functions. We made conservative mutations (Asn to Gln) at the seven potential N-glycosylation sites in the NiV G ectodomain (G1 to G7) individually or in combination. Six of the seven N-glycosylation sites were found to be glycosylated. Moreover, pseudotyped virions carrying these N-glycan mutants had increased antibody neutralization sensitivities. Interestingly, our results revealed hyperfusogenic and hypofusogenic phenotypes for mutants that bound ephrinB2 at wild-type levels, and the mutant's cell-cell fusion phenotypes generally correlated to viral entry levels. In addition, when removing multiple N-glycans simultaneously, we observed synergistic or dominant-negative membrane fusion phenotypes. Interestingly, our data indicated that 4- to 6-fold increases in fusogenicity resulted from multiple mechanisms, including but not restricted to the increase of F triggering. Altogether, our results suggest that NiV-G N-glycans play a role in shielding virions against antibody neutralization, while modulating cell-cell fusion and viral entry via multiple mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/22915812���Biering, Scott B
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Viral Fusion Proteins/genetics/*immunology/metabolism/*ultrastructure���Noví��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are paramyxoviruses discovered in the mid- to late 1990s that possess a broad host tropism and are known to cause severe and often fatal disease in both humans and animals. HeV and NiV infect cells by a pH-independent membrane fusion mechanism facilitated by their attachment (G) and fusion (F) glycoproteins. Here, several soluble forms of henipavirus F (sF) were engineered and characterized. Recombinant sF was produced by deleting the transmembrane (TM) and cytoplasmic tail (CT) domains and appending a glycosylphosphatidylinositol (GPI) anchor signal sequence followed by GPI-phospholipase D digestion, appending a trimeric coiled-coil (GCNt) domain (sF(GCNt)), or deleting the TM, CT, and fusion peptide domain. These sF glycoproteins were produced as F(0) precursors, and all were apparent stable trimers recognized by NiV-specific antisera. Surprisingly, however, only the GCNt-appended constructs (sF(GCNt)) could elicit cross-reactive henipavirus-neutralizing antibody in mice. In addition, sF(GCNt) constructs could be triggered in vitro by protease cleavage and heat to transition from an apparent prefusion to postfusion conformation, transitioning through an intermediate that could be captured by a peptide corresponding to the C-terminal heptad repeat domain of F. The pre- and postfusion structures of sF(GCNt) and non-GCNt-appended sF could be revealed by electron microscopy and were distinguishable by F-specific monoclonal antibodies. These data suggest that only certain sF constructs could serve as potential subunit vaccine immunogens against henipaviruses and also establish important tools for further structural, functional, and diagnostic studies on these important emerging viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22915804®��Chan, Yee-Peng
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TreesD��BACKGROUND: Drinking raw date palm sap is a risk factor for human Nipah virus (NiV) infection. Fruit bats, the natural reservoir of NiV, commonly contaminate raw sap with saliva by licking date palm's sap producing surface. We evaluated four types of physical barriers that may prevent bats from contacting sap. METHODS: During 2009, we used a crossover design and randomly selected 20 date palm sap producing trees and observed each tree for 2 nights: one night with a bamboo skirt intervention applied and one night without the intervention. During 2010, we selected 120 trees and randomly assigned four types of interventions to 15 trees each: bamboo, dhoincha (local plant), jute stick and polythene skirts covering the shaved part, sap stream, tap and collection pot. We enrolled the remaining 60 trees as controls. We used motion sensor activated infrared cameras to examine bat contact with sap. RESULTS: During 2009 bats contacted date palm sap in 85% of observation nights when no intervention was used compared with 35% of nights when the intervention was used [p<0.001]. Bats were able to contact the sap when the skirt did not entirely cover the sap producing surface. Therefore, in 2010 we requested the sap harvesters to use larger skirts. During 2010 bats contacted date palm sap [2% vs. 83%, p<0.001] less frequently in trees protected with skirts compared to control trees. No bats contacted sap in trees with bamboo (p<0.001 compared to control), dhoincha skirt (p<0.001) or polythene covering (p<0.001), but bats did contact sap during one night (7%) with the jute stick skirt (p<0.001). CONCLUSION: Bamboo, dhoincha, jute stick and polythene skirts covering the sap producing areas of a tree effectively prevented bat-sap contact. Community interventions should promote applying these skirts to prevent occasional Nipah spillovers to human.,��https://www.ncbi.nlm.nih.gov/pubmed/22905160S��Khan, Salah Uddin
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Viral Proteins/*chemistry/genetics���This work aims at characterizing structural transitions within the intrinsically disordered C-terminal domain of the nucleoprotein (NTAIL) from the Nipah and Hendra viruses, two recently emerged pathogens gathered within the Henipavirus genus. To this end, we used site-directed spin labeling combined with electron paramagnetic resonance spectroscopy to investigate the alpha-helical-induced folding that Henipavirus NTAIL domains undergo in the presence of the C-terminal X domain of the phosphoprotein (PXD). For each NTAIL protein, six positions located within four previously proposed molecular recognition elements (MoREs) were targeted for spin labeling, with three of these positions (475, 481, and 487) falling within the MoRE responsible for binding to PXD (Box3). A detailed analysis of the impact of the partner protein on the labeled NTAIL variants revealed a dramatic modification in the environment of the spin labels grafted within Box3, with the observed modifications supporting the formation of an induced alpha-helix within this region. In the free state, the slightly lower mobility of the spin labels grafted within Box3 as compared to the other positions suggests the existence of a transiently populated alpha-helix, as already reported for measles virus (MeV) NTAIL. Comparison with the well-characterized MeV NTAIL-PXD system, allowed us to validate the structural models of Henipavirus NTAIL-PXD complexes that we previously proposed. In addition, this study highlighted a few notable differences between the Nipah and Hendra viruses. In particular, the observation of composite spectra for the free form of the Nipah virus NTAIL variants spin labeled in Box3 supports conformational heterogeneity of this partly pre-configured alpha-helix, with the pre-existence of stable alpha-helical segments. Altogether these results provide insights into the molecular mechanisms of the Henipavirus NTAIL-PXD binding reaction.,��https://www.ncbi.nlm.nih.gov/pubmed/22881220���Martinho, Marlene
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*Immunity, Innate���The genus Henipavirus in the family Paramyxoviridae contains two viruses, Hendra virus (HeV) and Nipah virus (NiV) for which pteropid bats act as the main natural reservoir. Each virus also causes serious and commonly lethal infection of people as well as various species of domestic animals, however little is known about the associated mechanisms of pathogenesis. Here, we report the isolation and characterization of a new paramyxovirus from pteropid bats, Cedar virus (CedPV), which shares significant features with the known henipaviruses. The genome size (18,162 nt) and organization of CedPV is very similar to that of HeV and NiV; its nucleocapsid protein displays antigenic cross-reactivity with henipaviruses; and it uses the same receptor molecule (ephrin-B2) for entry during infection. Preliminary challenge studies with CedPV in ferrets and guinea pigs, both susceptible to infection and disease with known henipaviruses, confirmed virus replication and production of neutralizing antibodies although clinical disease was not observed. In this context, it is interesting to note that the major genetic difference between CedPV and HeV or NiV lies within the coding strategy of the P gene, which is known to play an important role in evading the host innate immune system. Unlike HeV, NiV, and almost all known paramyxoviruses, the CedPV P gene lacks both RNA editing and also the coding capacity for the highly conserved V protein. Preliminary study indicated that CedPV infection of human cells induces a more robust IFN-beta response than HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/22879820n��Marsh, Glenn A
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Nipah Virus/*immunology/pathogenicity���Aug 8'��In the 1990s, Hendra virus and Nipah virus (NiV), two closely related and previously unrecognized paramyxoviruses that cause severe disease and death in humans and a variety of animals, were discovered in Australia and Malaysia, respectively. Outbreaks of disease have occurred nearly every year since NiV was first discovered, with case fatality ranging from 10 to 100%. In the African green monkey (AGM), NiV causes a severe lethal respiratory and/or neurological disease that essentially mirrors fatal human disease. Thus, the AGM represents a reliable disease model for vaccine and therapeutic efficacy testing. We show that vaccination of AGMs with a recombinant subunit vaccine based on the henipavirus attachment G glycoprotein affords complete protection against subsequent NiV infection with no evidence of clinical disease, virus replication, or pathology observed in any challenged subjects. Success of the recombinant subunit vaccine in nonhuman primates provides crucial data in supporting its further preclinical development for potential human use.,��https://www.ncbi.nlm.nih.gov/pubmed/22875827���Bossart, Katharine N
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virus���Augÿ��A number of emerging and re-emerging viruses have caused epidemics or pandemics of infectious diseases leading to major devastations throughout human history. Therefore, developing effective and safe vaccines against these viruses is clearly important for the protection of at-risk populations. Our previous studies have shown that the receptor-binding domain (RBD) in the spike protein of severe acute respiratory syndrome (SARS)-associated coronavirus (SARS-CoV) is a key target for the development of SARS vaccines. In this review, we highlight some key advances in the development of antiviral vaccines targeting the RBDs of spike proteins of emerging and re-emerging viruses, using SARS-CoV, influenza virus, Hendra virus (HeV) and Nipah virus (NiV) as examples.,��https://www.ncbi.nlm.nih.gov/pubmed/26038424Ý��Jiang, Shibo
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Virulence���Oct­��Nipah virus (NiV) is a highly pathogenic, negative-strand RNA paramyxovirus that has recently emerged from flying foxes to cause serious human disease. We have analyzed the role of the nonstructural NiV C protein in viral immunopathogenesis using recombinant virus lacking the expression of NiV C (NiVDeltaC). While wild-type NiV was highly pathogenic in the hamster animal model, NiVDeltaC was strongly attenuated. Replication of NiVDeltaC was followed by the production of NiV-specific antibodies and associated with higher recruitment of inflammatory cells and less intensive histopathological lesions in different organs than in wild-type-NiV-infected animals. To analyze the molecular basis of NiVDeltaC attenuation, we studied early changes in gene expression in infected primary human endothelial cells, a major cellular target of NiV infection. The transcriptomic approach revealed the striking difference between wild-type and mutant NiV in the expression of genes involved in immunity, with the particularly interesting differential patterns of proinflammatory cytokines. Compared to wild-type virus, NiVDeltaC induced increased expression of interleukin 1 beta (IL-1beta), IL-8, CXCL2, CXCL3, CXCL6, CCL20, and beta interferon. Furthermore, the expression of NiV C in stably transfected cells decreased the production of the same panel of cytokines, revealing a role of the C protein in the regulation of cytokine balance. Together, these results suggest that NiV C regulates expression of proinflammatory cytokines, therefore providing a signal responsible for the coordination of leukocyte recruitment and the chemokine-induced immune response and controlling the lethal outcome of the infection.,��https://www.ncbi.nlm.nih.gov/pubmed/22837207L��Mathieu, Cyrille
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Security Measures���Nov 1d��Australia is free of many diseases, pests and weeds found elsewhere in the world due to its geographical isolation and relatively good health security practices. However, its health security is under increasing pressure due to a number of ecological, climatic, demographic and behavioural changes occurring globally. North Queensland is a high risk area (a health security hot spot) for Australia, due in part to its connection to neighbouring countries via the Torres Strait and the Indo-Papuan conduit, its high diversity of wildlife reservoirs and its environmental characteristics. Major outbreaks of exotic diseases, pests and weeds in Australia can cost in excess of $1 billion; however, most expenditure on health security is reactive apart from preventive measures undertaken for a few high profile diseases, pests and weeds. Large gains in health security could therefore be made by spending more on pre-emptive approaches to reduce the risk of outbreaks, invasion/spread and establishment, despite these gains being difficult to quantify. Although biosecurity threats may initially have regional impacts (e.g. Hendra virus), a break down in security in health security hot spots can have national and international consequences, as has been seen recently in other regions with the emergence of SARS and pandemic avian influenza. Novel approaches should be driven by building research and management capacity, particularly in the regions where threats arise, a model that is applicable both in Australia and in other regions of the world that value and therefore aim to improve their strategies for maintaining health security.,��https://www.ncbi.nlm.nih.gov/pubmed/22836170ç��Murray, Kris A
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Humans"��The outbreaks of SARS, avian influenza, and Nipah virus in Asian countries clearly demonstrated that new highly infectious agents periodically emerge at the human-animal interface. The experiences of regional countries with prevention and control of avian influenza, SARS have reinforced the need for sustained, well-coordinated, multi-sector, multi-disciplinary, community-based actions to address emerging disease threats. 'One Health' is a cost-effective, sustainable, and practical approach to find solutions for problems which need holistic, multidisciplinary approaches, particularly in resource-constrained countries. While there is a growing recognition of One Health, it has to be translated from concept into actions through country level activities that are relevant for specific situations.,��https://www.ncbi.nlm.nih.gov/pubmed/22820705|��Gongal, Gyanendra
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Viremia/immunology/pathology/virology���Hendra virus (HeV) infection in humans is characterized by an influenza like illness, which may progress to pneumonia or encephalitis and lead to death. The pathogenesis of HeV infection is poorly understood, and the lack of a mouse model has limited the opportunities for pathogenetic research. In this project we reassessed the role of mice as an animal model for HeV infection and found that mice are susceptible to HeV infection after intranasal exposure, with aged mice reliably developing encephalitic disease. We propose an anterograde route of neuroinvasion to the brain, possibly along olfactory nerves. This is supported by evidence for the development of encephalitis in the absence of viremia and the sequential distribution of viral antigen along pathways of olfaction in the brain of intranasally challenged animals. In our studies mice developed transient lower respiratory tract infection without progressing to viremia and systemic vasculitis that is common to other animal models. These studies report a new animal model of HeV encephalitis that will allow more detailed studies of the neuropathogenesis of HeV infection, particularly the mode of viral spread and possible sequestration within the central nervous system; investigation of mechanisms that moderate the development of viremia and systemic disease; and inform the development of improved treatment options for human patients.,��https://www.ncbi.nlm.nih.gov/pubmed/22808132���Dups, Johanna
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Sequence Analysis, RNA���Sep|��The study deals with the survey of different bat populations (Pteropus giganteus, Cynopterus sphinx, and Megaderma lyra) in India for highly pathogenic Nipah virus (NiV), Reston Ebola virus, and Marburg virus. Bats (n = 140) from two states in India (Maharashtra and West Bengal) were tested for IgG (serum samples) against these viruses and for virus RNAs. Only NiV RNA was detected in a liver homogenate of P. giganteus captured in Myanaguri, West Bengal. Partial sequence analysis of nucleocapsid, glycoprotein, fusion, and phosphoprotein genes showed similarity with the NiV sequences from earlier outbreaks in India. A serum sample of this bat was also positive by enzyme-linked immunosorbent assay for NiV-specific IgG. This is the first report on confirmation of Nipah viral RNA in Pteropus bat from India and suggests the possible role of this species in transmission of NiV in India.,��https://www.ncbi.nlm.nih.gov/pubmed/22802440ð��Yadav, Pragya D
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Vero Cells¿��Until the Nipah outbreak in Malaysia in 1999, knowledge of human infections with the henipaviruses was limited to the small number of cases associated with the emergence of Hendra virus in Australia in 1994. The Nipah outbreak in Malaysia alerted the global public health community to the severe pathogenic potential and widespread distribution of these unique paramyxoviruses. This chapter briefly describes the initial discovery of Nipah virus and the challenges encountered during the initial identification and characterisation of the aetiological agent responsible for the outbreak of febrile encephalitis. The initial attempts to isolate Nipah virus from the bat reservoir host are also described.,��https://www.ncbi.nlm.nih.gov/pubmed/22782307o��Chua, Kaw Bing
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*Viral Fusion Proteins/chemistry/genetics/metabolism���Aug 242��Viral fusion proteins are intriguing molecular machines that undergo drastic conformational changes to facilitate virus-cell membrane fusion. During fusion a hydrophobic region of the protein, termed the fusion peptide (FP), is inserted into the target host cell membrane, with subsequent conformational changes culminating in membrane merger. Class I fusion proteins contain FPs between 20 and 30 amino acids in length that are highly conserved within viral families but not between. To examine the sequence dependence of the Hendra virus (HeV) fusion (F) protein FP, the first eight amino acids were mutated first as double, then single, alanine mutants. Mutation of highly conserved glycine residues resulted in inefficient F protein expression and processing, whereas substitution of valine residues resulted in hypofusogenic F proteins despite wild-type surface expression levels. Synthetic peptides corresponding to a portion of the HeV F FP were shown to adopt an alpha-helical secondary structure in dodecylphosphocholine micelles and small unilamellar vesicles using circular dichroism spectroscopy. Interestingly, peptides containing point mutations that promote lower levels of cell-cell fusion within the context of the whole F protein were less alpha-helical and induced less membrane disorder in model membranes. These data represent the first extensive structure-function relationship of any paramyxovirus FP and demonstrate that the HeV F FP and potentially other paramyxovirus FPs likely require an alpha-helical structure for efficient membrane disordering and fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22761418ä��Smith, Everett Clinton
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PhylogeographyO��All seven recognized human cases of Hendra virus (HeV) infection have occurred in Queensland, Australia. Recognized human infections have all resulted from a HeV infected horse that was unusually efficient in transmitting the virus and a person with a high exposure to infectious secretions. In the large outbreak in Malaysia where Nipah virus (NiV) was first identified, most human infections resulted from close contact with NiV infected pigs. Outbreak investigations in Bangladesh have identified drinking raw date palm sap as the most common pathway of NiV transmission from Pteropus bats to people, but person-to-person transmission of NiV has been repeatedly identified in Bangladesh and India. Although henipaviruses are not easily transmitted to people, these newly recognized, high mortality agents warrant continued scientific attention.,��https://www.ncbi.nlm.nih.gov/pubmed/22752412���Luby, Stephen P
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Species Specificityï��The zoonotic potential of paramyxoviruses is particularly demonstrated by their broad host range like the highly pathogenic Hendra and Nipah viruses originating from bats. But while so far all bat-borne paramyxoviruses have been identified in fruit bats across Africa, Australia, South America, and Asia, we describe the detection and characterization of the first paramyxoviruses in free-ranging European bats. Moreover, we examined the possible impact of paramyxovirus infection on individual animals by comparing histo-pathological findings and virological results. Organs from deceased insectivorous bats of various species were sampled in Germany and tested for paramyxovirus RNA in parallel to a histo-pathological examination. Nucleic acids of three novel paramyxoviruses were detected, two viruses in phylogenetic relationship to the recently proposed genus Jeilongvirus and one closely related to the genus Rubulavirus. Two infected animals revealed subclinical pathological changes within their kidneys, suggestive of a similar pathogenesis as the one described in fruit bats experimentally infected with Hendra virus.Our findings indicate the presence of bat-born paramyxoviruses in geographic areas free of fruit bat species and therefore emphasize a possible virus-host co-evolution in European bats. Since these novel viruses are related to the very distinct genera Rubulavirus and Jeilongvirus, a similarly broad genetic diversity among paramyxoviruses in other Microchiroptera compared to Megachiroptera can be assumed. Given that the infected bats were either found in close proximity to heavily populated human habitation or areas of intensive agricultural use, a potential risk of the emergence of zoonotic paramyxoviruses in Europe needs to be considered.,��https://www.ncbi.nlm.nih.gov/pubmed/22737217���Kurth, Andreas
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Viral Vaccines/genetics/*immunology���Oct 255��Nipah virus (NiV), a member of the Paramyxoviridae family, causes deadly encephalitis in humans and huge economic losses to the pig industry. Here, we generated recombinant avirulent Newcastle disease virus (NDV) LaSota strains expressing the NiV G and F proteins respectively (designated as rLa-NiVG and rLa-NiVF), and evaluated their immunogenicity in mice and pigs. Both rLa-NiVG and rLa-NiVF displayed growth properties similar to those of LaSota virus in chicken eggs. Co-infection of rLa-NiVG and rLa-NiVF caused marked syncytia formation, while intracerebral co-inoculation of these viruses in mice showed they were safe in at least one mammalian species. Animal immunization studies showed rLa-NiVG and rLa-NiVF induced NiV neutralizing antibody responses in mice and pigs, and F protein-specific CD8+ T cell responses in mice. Most importantly, rLa-NiVG and rLa-NiVF administered alone or together, induced a long-lasting neutralizing antibody response in pigs. Recombinant rLa-NiVG/F thus appear to be promising NiV vaccine candidates for pigs and potentially humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22726244���Kong, Dongni
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Zoonoses���FebÄ��The henipaviruses, Hendra virus and Nipah virus, are pathogens that have emerged from flying foxes in Australia and South-east Asia to infect both livestock and humans, often fatally. Since the emergence of Hendra virus in Australia in 1994 and the identification of Australian flying foxes as hosts to this virus, our appreciation of bats as reservoir hosts of henipaviruses has expanded globally to include much of Asia and areas of Africa. Despite this, little is currently known of the mechanisms by which bats harbour viruses capable of causing such severe disease in other terrestrial mammals. Pteropid bat ecology, henipavirus virology, therapeutic developments and features of henipavirus infection, pathology and disease in humans and other mammals are reviewed elsewhere in detail. This review focuses on bats as reservoir hosts to henipaviruses and features of transmission of Hendra virus and Nipah virus following spillover from these reservoir hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/22709528¬��Clayton, B A
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Virus Internalization2��Nipah (NiV) and Hendra (HeV) viruses are the deadliest human pathogens within the Paramyxoviridae family, which include human and animal pathogens of global biomedical importance. NiV and HeV infections cause respiratory and encephalitic illness with high mortality rates in humans. Henipaviruses (HNV) are the only Paramyxoviruses classified as biosafety level 4 (BSL4) pathogens due to their extreme pathogenicity, potential for bioterrorism, and lack of licensed vaccines and therapeutics. HNV use ephrin-B2 and ephrin-B3, highly conserved proteins, as viral entry receptors. This likely accounts for their unusually broad species tropism, and also provides opportunities to study how receptor usage, cellular tropism, and end-organ pathology relates to the pathobiology of HNV infections. The clinical and pathologic manifestations of NiV and HeV virus infections are reviewed in the chapters by Wong et al. and Geisbert et al. in this issue. Here, we will review the biology of the HNV receptors, and how receptor usage relates to HNV cell tropism in vitro and in vivo.,��https://www.ncbi.nlm.nih.gov/pubmed/22695915
��Pernet, Olivier
Wang, Yao E
Lee, Benhur
eng
R01 AI069317/AI/NIAID NIH HHS/
U01 AI070495/AI/NIAID NIH HHS/
U01 AI082100/AI/NIAID NIH HHS/
U54 AI065359/AI/NIAID NIH HHS/
Review
Germany
2012/06/15 06:00
Curr Top Microbiol Immunol. 2012;359:59-78. doi: 10.1007/82_2012_222.%��0070-217X (Print)
0070-217X (Linking)
��PMC3587688���22695915���Department of Microbiology, Immunology and Molecular Genetics, David Geffen School of Medicine at UCLA, Los Angeles, CA 90095-1489, USA.���10.1007/82_2012_222�
µ�üÒ|ÿî?����e��Nahar, N.
Mondal, U. K.
Sultana, R.
Hossain, M. J.
Khan, M. S.
Gurley, E. S.
Oliveras, E.
Luby, S. P.���2013���Piloting the use of indigenous methods to prevent Nipah virus infection by interrupting bats' access to date palm sap in Bangladesh���378-86���Health Promot Int���28���3?��Adult
Animals
Arecaceae
Bangladesh/epidemiology
Chiroptera/*virology
Cost-Benefit Analysis
Disease Reservoirs/virology
Henipavirus Infections/*prevention & control/transmission
Humans
Middle Aged
Nipah Virus/*physiology
Pilot Projects
Trees
Bangladesh
community-based intervention
public health intervention development���Sepá��People in Bangladesh frequently drink fresh date palm sap. Fruit bats (Pteropus giganteus) also drink raw sap and may contaminate the sap by shedding Nipah virus through saliva and urine. In a previous study we identified two indigenous methods to prevent bats accessing the sap, bamboo skirts and lime (calcium carbonate). We conducted a pilot study to assess the acceptability of these two methods among sap harvesters. We used interactive community meetings and group discussions to encourage all the sap harvesters (n = 12) from a village to use either bamboo skirts or lime smear that some of them (n = 4) prepared and applied. We measured the preparation and application time and calculated the cost of bamboo skirts. We conducted interviews after the use of each method. The sap harvesters found skirts effective in preventing bats from accessing sap. They were sceptical that lime would be effective as the lime was washed away by the sap flow. Preparation of the skirt took approximately 105 min. The application of each method took approximately 1 min. The cost of the bamboo skirt is minimal because bamboo is widely available and they made the skirts with pieces of used bamboo. The bamboo skirt method appeared practical and affordable to the sap harvesters. Further studies should explore its ability to prevent bats from accessing date palm sap and assess if its use produces more or better quality sap, which would provide further incentives to make it more acceptable for its regular use.,��https://www.ncbi.nlm.nih.gov/pubmed/22669914L��Nahar, Nazmun
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Zoonoses/*virology���SepÜ��Nipah virus has recently emerged as a zoonotic agent that is highly pathogenic in humans. Outbreaks have occurred regularly over the last two decades in South and Southeast Asia, where mortality rates reach as high as 100 %. The natural reservoir of Nipah virus has been identified as bats from the Pteropus family, where infection is largely asymptomatic. Human disease is characterized by both respiratory and encephalitic components, and thus far, no effective vaccine or intervention strategies are available. Little is know about how the immune response of either the reservoir host or incidental hosts responds to infection, and how this immune response is either inadequate or might contribute to disease in the dead-end host. Experimental vaccines strategies have given us some insight into the immunological requirements for protection. This review summarizes our current understanding of the immune response to Nipah virus infection and emphasizes the need for further research.,��https://www.ncbi.nlm.nih.gov/pubmed/22669317���Prescott, Joseph
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Virus Replication/drug effects���Fusion between the viral and target cell membranes is an obligatory step for the infectivity of all enveloped virus, and blocking this process is a clinically validated therapeutic strategy.Viral fusion is driven by specialized proteins which, although specific to each virus, act through a common mechanism, the formation of a complex between two heptad repeat (HR) regions. The HR regions are initially separated in an intermediate termed "prehairpin", which bridges the viral and cell membranes, and then fold onto each other to form a 6-helical bundle (6HB), driving the two membranes to fuse. HR-derived peptides can inhibit viral infectivity by binding to the prehairpin intermediate and preventing its transition to the 6HB.The antiviral activity of HR-derived peptides differs considerably among enveloped viruses. For weak inhibitors, potency can be increased by peptide engineering strategies, but sequence-specific optimization is time-consuming. In seeking ways to increase potency without changing the native sequence, we previously reported that attachment to the HR peptide of a cholesterol group ("cholesterol-tagging") dramatically increases its antiviral potency, and simultaneously increases its half-life in vivo. We show here that antiviral potency may be increased by combining cholesterol-tagging with dimerization of the HR-derived sequence, using as examples human parainfluenza virus, Nipah virus, and HIV-1. Together, cholesterol-tagging and dimerization may represent strategies to boost HR peptide potency to levels that in some cases may be compatible with in vivo use, possibly contributing to emergency responses to outbreaks of existing or novel viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22666328¸��Pessi, Antonello
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Zoonoses/*virology���Junì��We conducted a serologic survey of four high-priority pig-associated viral zoonoses, Japanese encephalitis virus (JEV), hepatitis E virus (HEV), Nipah virus (NiV), and swine influenza virus (SIV), in Laos. We collected blood from pigs at slaughter during May 2008-January 2009 in four northern provinces. Japanese encephalitis virus hemagglutination inhibition seroprevalence was 74.7% (95% confidence interval [CI] = 71.5-77.9%), JEV IgM seroprevalence was 2.3% (95% CI = 1.2-3.2%), and HEV seroprevalence was 21.1% (95% CI = 18.1-24.0%). Antibodies to SIV were detected in 1.8% (95% CI = 0.8-2.8%) of pigs by screening enzyme-linked immunosorbent assay, and only subtype H3N2 was detected by hemagglutination inhibition in two animals with an inconclusive enzyme-linked immunosorbent assay result. No NiV antibody-positive pigs were detected. Our evidence indicates that peak JEV and HEV transmission coincides with the start of the monsoonal wet season and poses the greatest risk for human infection.,��https://www.ncbi.nlm.nih.gov/pubmed/226656229��Conlan, James V
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Zoonoses/epidemiology/virology���Aug���Nipah and Hendra virus are members of a newly identified genus of emerging paramyxoviruses, the henipaviruses. Both viruses have the ability to cause severe pulmonary infection and severe acute encephalitis. Following their discovery in the 1990s, outbreaks caused by these zoonotic paramyxoviruses have been associated with high public health and especially economic threat potential. Currently, only geographic groupings in Asia and Australia have been described for the henipaviruses. However, while few viral isolates are available and more detailed characterization is necessary, there has been recent evidence that divergent henipaviruses might be present on the African continent. This review endeavours to capture recent advances in the field of henipavirus research, with a focus on genome structure and replication mechanisms, reservoir hosts, genetic diversity, pathogenesis and animal models.,��https://www.ncbi.nlm.nih.gov/pubmed/22643730â��Rockx, Barry
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*viral entry���Apr=��The paramyxovirus family contains many common human pathogenic viruses, including measles, mumps, the parainfluenza viruses, respiratory syncytial virus, human metapneumovirus, and the zoonotic henipaviruses, Hendra and Nipah. While the expression of a type 1 fusion protein and a type 2 attachment protein is common to all paramyxoviruses, there is considerable variation in viral attachment, the activation and triggering of the fusion protein, and the process of viral entry. In this review, we discuss recent advances in the understanding of paramyxovirus F protein-mediated membrane fusion, an essential process in viral infectivity. We also review the role of the other surface glycoproteins in receptor binding and viral entry, and the implications for viral infection. Throughout, we concentrate on the commonalities and differences in fusion triggering and viral entry among the members of the family. Finally, we highlight key unanswered questions and how further studies can identify novel targets for the development of therapeutic treatments against these human pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22590688m��Chang, Andres
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Viral Envelope Proteins/analysis/immunology���AugÛ��A novel antigen-capture sandwich ELISA system targeting the glycoproteins of the henipaviruses Nipah virus (NiV) and Hendra virus (HeV) was developed. Utilizing purified polyclonal antibodies derived from NiV glycoprotein-encoding DNA-immunized rabbits, we established a system that can detect the native antigenic structures of the henipavirus surface glycoproteins using simplified and inexpensive methods. The lowest detection limit against live viruses was achieved for NiV Bangladesh strain, 2.5 x 10(4) TCID(50). Considering the recent emergence of genetic variants of henipaviruses and the resultant problems that arise for PCR-based detection, this system could serve as an alternative rapid diagnostic and detection assay.,��https://www.ncbi.nlm.nih.gov/pubmed/22585045X��Kaku, Yoshihiro
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RNA, Viral/geneticsr��Surveillance work was initiated to study the presence of highly infectious diseases like Ebola-Reston, Marburg, Nipah and other possible viruses that are known to be found in the bat species and responsible for causing diseases in humans. A novel adenovirus was isolated from a common species of fruit bat (Rousettus leschenaultii) captured in Maharashtra State, India. Partial sequence analysis of the DNA polymerase gene shows this isolate to be a newly recognized member of the genus Mastadenovirus (family Adenoviridae), approximately 20% divergent at the nucleotide level from Japanese BatAdV, its closest known relative.,��https://www.ncbi.nlm.nih.gov/pubmed/22572722è��Raut, C G
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Virus ReplicationÐ��Nipah (NiV) and Hendra (HeV) viruses comprise the genus Henipavirus and are highly pathogenic paramyxoviruses, which cause fatal encephalitis and respiratory disease in humans. Since their respective initial outbreaks in 1998 and 1994, they have continued to cause sporadic outbreaks resulting in fatal disease. Due to their designation as Biosafety Level 4 pathogens, the level of containment required to work with live henipaviruses is available only to select laboratories around the world. This chapter provides an overview of the molecular virology of NiV and HeV including comparisons to other, well-characterized paramyxoviruses. This chapter also describes the sequence diversity present among the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22552699���Rota, Paul A
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*Virus Internalization���Jun	��Paramyxoviruses initiate entry through the concerted action of the tetrameric attachment glycoprotein (HN, H, or G) and the trimeric fusion glycoprotein (F). The ectodomains of HN/H/G contain a stalk region important for oligomeric stability and for the F triggering resulting in membrane fusion. Paramyxovirus HN, H, and G form a dimer-of-dimers consisting of disulfide-linked dimers through their stalk domain cysteines. The G attachment protein stalk domain of the highly pathogenic Nipah virus (NiV) contains a distinct but uncharacterized cluster of three cysteine residues (C146, C158, C162). On the basis of a panoply of assays, we report that C158 and C162 of NiV-G likely mediate covalent subunit dimerization, while C146 mediates the stability of higher-order oligomers. For HN or H, mutation of stalk cysteines attenuates but does not abrogate the ability to trigger fusion. In contrast, the NiV-G stalk cysteine mutants were completely deficient in triggering fusion, even though they could still bind the ephrinB2 receptor and associate with F. Interestingly, all cysteine stalk mutants exhibited constitutive exposure of the Mab45 receptor binding-enhanced epitope, previously implicated in F triggering. The enhanced binding of Mab45 to the cysteine mutants relative to wild-type NiV-G, without the addition of the receptor, implicates the stalk cysteines in the stabilization of a pre-receptor-bound conformation and the regulation of F triggering. Sequence alignments revealed that the stalk cysteines were adjacent to a proline-rich microdomain unique to the Henipavirus genus. Our data propose that the cysteine cluster in the NiV-G stalk functions to maintain oligomeric stability but is more importantly involved in stabilizing a unique microdomain critical for triggering fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22496210���Maar, Dianna
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Viral Proteins/*immunology/pharmacology���Nipah virus and Hendra virus are related, highly pathogenic paramyxoviruses with unusually broad host ranges. Henipaviruses encode several proteins that block innate immune responses, and these are likely to serve as virulence factors. Specfically, four virus-encoded proteins, the phosphoprotein (P), the V protein, the W protein, and the C protein have each been demonstrated to counteract aspects of the interferon (IFN)-alpha/beta response, a key component of the innate immune response to virus infection. The available data indicate that V and W can inhibit the production of IFNalpha/beta in response to various stimuli, while the P, V, and W proteins also block the ability of IFNs to signal and induce an antiviral state in cells. The C protein also inhibits the antiviral effects of IFNalpha/beta by a poorly characterized mechanism. Reverse genetics systems, which allow the generation of recombinant viruses bearing specific mutations, have demonstrated the importance of the viral IFN-antagonists for replication. With these systems in hand, the field is now poised to define how specific viral IFN-antagonist functions influence viral pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/22491899���Basler, Christopher F
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Viral Vaccines/administration & dosage/biosynthesis/*immunologyz��Hendra virus and Nipah virus are recently discovered and closely related emerging viruses that now comprise the genus henipavirus within the sub-family Paramyxoviridae and are distinguished by their broad species tropism and in addition to bats can infect and cause fatal disease in a wide variety of mammalian hosts including humans. The high mortality associated with human and animal henipavirus infections has highlighted the importance and necessity of developing effective immunization strategies. The development of suitable animal models of henipavirus infection and pathogenesis has been critical for testing the efficacy of potential therapeutic approaches. Several henipavirus challenge models have been used and recent successes in both active and passive immunization strategies against henipaviruses have been reported which have all targeted the viral envelope glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22481140É��Broder, Christopher C
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Swine/virologyî��The henipaviruses, Hendra virus (HeV), and Nipah virus (NiV), are enigmatic emerging pathogens that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75% and there are no vaccines or treatments approved for human use. A number of species of animals including guinea pigs, hamsters, cats, ferrets, pigs, and African green monkeys have been employed as animal models of human henipavirus infection. Here, we review the development of animal models for henipavirus infection, discuss the pathology and pathogenesis of these models, and assess the utility of each model to recapitulate important aspects of henipavirus-mediated disease seen in humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22476556£��Geisbert, Thomas W
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Zoonoses/*epidemiology/virology���Hendra virus, a novel and fatally zoonotic member of the family Paramyxoviridae, was first described in Australia in 1994. Periodic spillover from its natural host (fruit bats) results in catastrophic disease in horses and occasionally the subsequent infection of humans. Prior to 2011, 14 equine incidents involving seven human cases (four fatal) were recorded. The year 2011 saw a dramatic departure from the sporadic incidents of the previous 16 years, with a cluster of 18 incidents in a single 3-month period. The fundamental difference in 2011 was the total number of incidents, the geographic clustering, and the expanded geographic range. The 2011 cluster more than doubled the total number of incidents previously reported, and poses the possibility of a new HeV infection paradigm. Epidemiologic evidence suggests that compelling additional host and/or environmental factors were at play.,��https://www.ncbi.nlm.nih.gov/pubmed/22476530£��Field, Hume
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Swine Diseases/*pathology/virology¡��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level 4 pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the twentieth century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarizes our up to date understanding of pathology and pathogenesis in the natural reservoir species, the Pteropus bat, and in the equine and porcine spill over species.,��https://www.ncbi.nlm.nih.gov/pubmed/22476529���Middleton, D J
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*receptor���FebÁ��The Paramyxoviridae genus Henipavirus is presently represented by the type species Hendra and Nipah viruses which are both recently emerged zoonotic viral pathogens responsible for repeated outbreaks associated with high morbidity and mortality in Australia, Southeast Asia, India and Bangladesh. These enveloped viruses bind and enter host target cells through the coordinated activities of their attachment (G) and class I fusion (F) envelope glycoproteins. The henipavirus G glycoprotein interacts with host cellular B class ephrins, triggering conformational alterations in G that lead to the activation of the F glycoprotein, which facilitates the membrane fusion process. Using the recently published structures of HeV-G and NiV-G and other paramyxovirus glycoproteins, we review the features of the henipavirus envelope glycoproteins that appear essential for mediating the viral fusion process, including receptor binding, G-F interaction, F activation, with an emphasis on G and the mutations that disrupt viral infectivity. Finally, recent candidate therapeutics for henipavirus-mediated disease are summarized in light of their ability to inhibit HeV and NiV entry by targeting their G and F glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/22470837M��Steffen, Deborah L
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Chakraborty, A.���2012@��Nipah virus outbreaks in Bangladesh: a deadly infectious disease���208-212#��WHO South East Asia J Public Health���1���2���Apr-Jun´��During 2001-2011, multidisciplinary teams from the Institute of Epidemiology, Disease Control and Research (IEDCR) and International Centre for Diarrhoeal Disease Research, Bangladesh(icddr,b) identified sporadic cases and 11 outbreaks of Nipah encephalitis. Three outbreaks were detected through sentinel surveillance; others were identified through event-based surveillance. A total of 196 cases of Nipah encephalitis, in outbreaks, clusters and as isolated cases were detected from 20 districts of Bangladesh; out of them 150 (77%) cases died. Drinking raw date palm sap and contact with a case were identified as the major risk factors for acquiring the disease. Combination of surveillance systems and multidisciplinary outbreak investigations can be an effective strategy not only for detection of emerging infectious diseases but also for identification of novel characteristics and risk factors for these diseases in resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/28612796¥��Rahman, Mahmudur
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Virus Replication/drug effects/physiology���Nipah virus (NiV), a zoonotic paramyxovirus, is highly contagious in swine, and can cause fatal infections in humans following transmission from the swine host. The main viral targets in both species are the respiratory and central nervous systems, with viremia implicated as a mode of dissemination of NiV throughout the host. The presented work focused on the role of peripheral blood mononuclear cells (PBMC) in the viremic spread of the virus in the swine host. B lymphocytes, CD4-CD8-, as well as CD4+CD8- T lymphocytes were not permissive to NiV, and expansion of the CD4+CD8- cells early post infection was consistent with functional humoral response to NiV infection observed in swine. In contrast, significant drop in the CD4+CD8- T cell frequency was observed in piglets which succumbed to the experimental infection, supporting the hypothesis that antibody development is the critical component of the protective immune response. Productive viral replication was detected in monocytes, CD6+CD8+ T lymphocytes and NK cells by recovery of infectious virus in the cell supernatants. Virus replication was supported by detection of the structural N and the non-structural C proteins or by detection of genomic RNA increase in the infected cells. Infection of T cells carrying CD6 marker, a strong ligand for the activated leukocyte cell adhesion molecule ALCAM (CD166) highly expressed on the microvascular endothelial cell of the blood-air and the blood-brain barrier may explain NiV preferential tropism for small blood vessels of the lung and brain.,��https://www.ncbi.nlm.nih.gov/pubmed/22303463ª��Stachowiak, Beata
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Viral Fusion Proteins/genetics/*metabolism���AprÝ��Proteolytic activation of the fusion protein of the highly pathogenic Nipah virus (NiV F) is a prerequisite for the production of infectious particles and for virus spread via cell-to-cell fusion. Unlike other paramyxoviral fusion proteins, functional NiV F activation requires endocytosis and pH-dependent cleavage at a monobasic cleavage site by endosomal proteases. Using prototype Vero cells, cathepsin L was previously identified to be a cleavage enzyme. Compared to Vero cells, MDCK cells showed substantially higher F cleavage rates in both NiV-infected and NiV F-transfected cells. Surprisingly, this could not be explained either by an increased F endocytosis rate or by elevated cathepsin L activities. On the contrary, MDCK cells did not display any detectable cathepsin L activity. Though we could confirm cathepsin L to be responsible for F activation in Vero cells, inhibitor studies revealed that in MDCK cells, cathepsin B was required for F-protein cleavage and productive replication of pathogenic NiV. Supporting the idea of an efficient F cleavage in early and recycling endosomes of MDCK cells, endocytosed F proteins and cathepsin B colocalized markedly with the endosomal marker proteins early endosomal antigen 1 (EEA-1), Rab4, and Rab11, while NiV F trafficking through late endosomal compartments was not needed for F activation. In summary, this study shows for the first time that endosomal cathepsin B can play a functional role in the activation of highly pathogenic NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/22278224���Diederich, Sandra
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Mar©��While work with viral fusion proteins has demonstrated that the transmembrane domain (TMD) can affect protein folding, stability, and membrane fusion promotion, the mechanism(s) remains poorly understood. TMDs could play a role in fusion promotion through direct TMD-TMD interactions, and we have recently shown that isolated TMDs from three paramyxovirus fusion (F) proteins interact as trimers using sedimentation equilibrium (SE) analysis (E. C. Smith, et al., submitted for publication). Immediately N-terminal to the TMD is heptad repeat B (HRB), which plays critical roles in fusion. Interestingly, addition of HRB decreased the stability of the trimeric TMD-TMD interactions. This result, combined with previous findings that HRB forms a trimeric coiled coil in the prefusion form of the whole protein though HRB peptides fail to stably associate in isolation, suggests that the trimeric TMD-TMD interactions work in concert with elements in the F ectodomain head to stabilize a weak HRB interaction. Thus, changes in TMD-TMD interactions could be important in regulating F triggering and refolding. Alanine insertions between the TMD and HRB demonstrated that spacing between these two regions is important for protein stability while not affecting TMD-TMD interactions. Additional mutagenesis of the C-terminal end of the TMD suggests that beta-branched residues within the TMD play a role in membrane fusion, potentially through modulation of TMD-TMD interactions. Our results support a model whereby the C-terminal end of the Hendra virus F TMD is an important regulator of TMD-TMD interactions and show that these interactions help hold HRB in place prior to the triggering of membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/22238302Ì��Smith, Everett Clinton
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Viral Fusion Proteins/*chemistry/genetics/*metabolism���Marf��Hendra virus is a highly pathogenic paramyxovirus classified as a biosafety level four agent. The fusion (F) protein of Hendra virus is critical for promoting viral entry and cell-to-cell fusion. To be fusogenically active, Hendra virus F must undergo endocytic recycling and cleavage by the endosomal/lysosomal protease cathepsin L, but the route of Hendra virus F following internalization and the recycling signals involved are poorly understood. We examined the intracellular distribution of Hendra virus F following endocytosis and showed that it is primarily present in Rab5- and Rab4-positive endosomal compartments, suggesting that cathepsin L cleavage occurs in early endosomes. Hendra virus F transmembrane domain (TMD) residues S490 and Y498 were found to be important for correct Hendra virus F recycling, with the hydroxyl group of S490 and the aromatic ring of Y498 important for this process. In addition, changes in association of isolated Hendra virus F TMDs correlated with alterations to Hendra virus F recycling, suggesting that appropriate TMD interactions play an important role in endocytic trafficking.,��https://www.ncbi.nlm.nih.gov/pubmed/22238299Ý��Popa, Andreea
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*Virus Attachment���FebÅ��Members of the ephrin cell-surface protein family interact with the Eph receptors, the largest family of receptor tyrosine kinases, mediating bi-directional signaling during tumorogenesis and various developmental events. Surprisingly, ephrin-B2 and -B3 were recently identified as entry receptors for henipaviruses, emerging zoonotic paramyxoviruses responsible for repeated outbreaks in humans and animals in Australia, Southeast Asia, India and Bangladesh. Nipah virus (NiV) and Hendra virus (HeV) are the only two identified members in the henipavirus genus. While the initial human infection cases came from contact with infected pigs (NiV) or horses (HeV), in the more recent outbreaks of NiV both food-borne and human-to-human transmission were reported. These characteristics, together with high mortality and morbidity rates and lack of effective anti-viral therapies, make the henipaviruses a potential biological-agent threat. Viral entry is an important target for the development of anti-viral drugs. The entry of henipavirus is initiated by the attachment of the viral G envelope glycoprotein to the host cell receptors ephrin-B2 and/or -B3, followed by activation of the F fusion protein, which triggers fusion between the viral envelop and the host membrane. We review recent progress in the study of henipavirus entry, particularly the identification of ephrins as their entry receptors, and the structural characterization of the ephrin/Henipa-G interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/22227101r��Xu, Kai
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Viral Envelope Proteins/*immunology���Jan 27i��We have previously observed that all known HIV-1 broadly neutralizing antibodies (bnAbs) are highly divergent from germline antibodies in contrast to bnAbs against Hendra virus, Nipah virus and SARS coronavirus (SARS CoV). We have hypothesized that because the germline antibodies are so different from the mature HIV-1-specific bnAbs they may not bind the epitopes of the mature antibodies and provided the first evidence to support this hypothesis by using individual putative germline-like predecessor antibodies. To further validate the hypothesis and understand initial immune responses to different viruses, two phage-displayed human cord blood-derived IgM libraries were constructed which contained mostly germline antibodies or antibodies with very low level of somatic hypermutations. They were panned against different HIV-1 envelope glycoproteins (Envs), SARS CoV protein receptor-binding domain (RBD), and soluble Hendra virus G protein (sG). Despite a high sequence and combinatorial diversity observed in the cord blood-derived IgM antibody repertoire, no enrichment for binders of Envs was observed in contrast to considerable specific enrichments produced with panning against RBD and sG; one of the selected monoclonal antibodies (against the RBD) was of high (nM) affinity with only few somatic mutations. These results further support and expand our initial hypothesis for fundamental differences in immune responses leading to elicitation of bnAbs against HIV-1 compared to SARS CoV and Hendra virus. HIV-1 uses a strategy to minimize or eliminate strong binding of germline antibodies to its Env; in contrast, SARS CoV and Hendra virus, and perhaps other viruses causing acute infections, can bind germline antibody or minimally somatically mutated antibodies with relatively high affinity which could be one of the reasons for the success of sG and RBD as vaccine immunogens.,��https://www.ncbi.nlm.nih.gov/pubmed/22226962ª��Chen, Weizao
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swine hepatitis E virus���Mar­��In the past two decades or so, a number of viruses have emerged in the global swine population. Some, such as porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2), cause economically important diseases in pigs, whereas others such as porcine torque teno virus (TTV), now known as Torque teno sus virus (TTSuV), porcine bocavirus (PBoV) and related novel parvoviruses, porcine kobuvirus, porcine toroviruses (PToV) and porcine lymphotropic herpesviruses (PLHV), are mostly subclinical in swine herds. Although some emerging swine viruses such as swine hepatitis E virus (swine HEV), porcine endogenous retrovirus (PERV) and porcine sapovirus (porcine SaV) may have a limited clinical implication in swine health, they do pose a potential public health concern in humans due to zoonotic (swine HEV) or potential zoonotic (porcine SaV) and xenozoonotic (PERV, PLHV) risks. Other emerging viruses such as Nipah virus, Bungowannah virus and Menangle virus not only cause diseases in pigs but some also pose important zoonotic threat to humans. This article focuses on emerging and re-emerging swine viruses that have a limited or uncertain clinical and economic impact on pig health. The transmission, epidemiology and pathogenic potential of these viruses are discussed. In addition, the two economically important emerging viruses, PRRSV and PCV2, are also briefly discussed to identify important knowledge gaps.,��https://www.ncbi.nlm.nih.gov/pubmed/22225855@��Meng, X J
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Viral Proteins/*chemistry/genetics���Feb 24z��All enzymatic activities required for genomic replication and transcription of nonsegmented negative strand RNA viruses (or Mononegavirales) are believed to be concentrated in the viral polymerase (L) protein. However, our insight into the organization of these different enzymatic activities into a bioactive tertiary structure remains rudimentary. Fragments of Mononegavirales polymerases analyzed to date cannot restore bioactivity through trans-complementation, unlike the related L proteins of segmented NSVs. We investigated the domain organization of phylogenetically diverse Paramyxovirus L proteins derived from measles virus (MeV), Nipah virus (NiV), and respiratory syncytial virus (RSV). Through a comprehensive in silico and experimental analysis of domain intersections, we defined MeV L position 615 as an interdomain candidate in addition to the previously reported residue 1708. Only position 1708 of MeV and the homologous positions in NiV and RSV L also tolerated the insertion of epitope tags. Splitting of MeV L at residue 1708 created fragments that were unable to physically interact and trans-complement, but strikingly, these activities were reconstituted by the addition of dimerization tags to the fragments. Equivalently split fragments of NiV, RSV, and MeV L oligomerized with comparable efficiency in all homo- and heterotypic combinations, but only the homotypic pairs were able to trans-complement. These results demonstrate that synthesis as a single polypeptide is not required for the Mononegavirales polymerases to adopt a proper tertiary conformation. Paramyxovirus polymerases are composed of at least two truly independent folding domains that lack a traditional interface but require molecular compatibility for bioactivity. The functional probing of the L domain architecture through trans-complementation is anticipated to be applicable to all Mononegavirales polymerases.,��https://www.ncbi.nlm.nih.gov/pubmed/22215662���Dochow, Melanie
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Time Factors���This study investigated the seroepidemiology of Hendra virus in a spectacled flying-fox (Pteropus conspicillatus) population in northern Australia, near the location of an equine and associated human Hendra virus infection in late 2004. The pattern of infection in the population was investigated using a serial cross-sectional serological study over a 25-month period, with blood sampled from 521 individuals over six sampling sessions. Antibody titres to the virus were determined by virus neutralisation test. In contrast to the expected episodic infection pattern, we observed that seroprevalence gradually increased over the two years suggesting infection was endemic in the population over the study period. Our results suggested age, pregnancy and lactation were significant risk factors for a detectable neutralizing antibody response. Antibody titres were significantly higher in females than males, with the highest titres occurring in pregnant animals. Temporal variation in antibody titres suggests that herd immunity to the virus may wax and wane on a seasonal basis. These findings support an endemic infection pattern of henipaviruses in bat populations suggesting their infection dynamics may differ significantly from the acute, self limiting episodic pattern observed with related viruses (e.g. measles virus, phocine distemper virus, rinderpest virus) hence requiring a much smaller critical host population size to sustain the virus. These findings help inform predictive modelling of henipavirus infection in bat populations, and indicate that the life cycle of the reservoir species should be taken into account when developing risk management strategies for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/22194920!��Breed, Andrew C
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Virus Shedding���Dec'��Based on epidemiological data, it is believed that human-to-human transmission plays an important role in Nipah virus outbreaks. No experimental data are currently available on the potential routes of human-to-human transmission of Nipah virus. In a first dose-finding experiment in Syrian hamsters, it was shown that Nipah virus was predominantly shed via the respiratory tract within nasal and oropharyngeal secretions. Although Nipah viral RNA was detected in urogenital and rectal swabs, no infectious virus was recovered from these samples, suggesting no viable virus was shed via these routes. In addition, hamsters inoculated with high doses shed significantly higher amounts of viable Nipah virus particles in comparison with hamsters infected with lower inoculum doses. Using the highest inoculum dose, three potential routes of Nipah virus transmission were investigated in the hamster model: transmission via fomites, transmission via direct contact and transmission via aerosols. It was demonstrated that Nipah virus is transmitted efficiently via direct contact and inefficiently via fomites, but not via aerosols. These findings are in line with epidemiological data which suggest that direct contact with nasal and oropharyngeal secretions of Nipah virus infected individuals resulted in greater risk of Nipah virus infection. The data provide new and much-needed insights into the modes and efficiency of Nipah virus transmission and have important public health implications with regards to the risk assessment and management of future Nipah virus outbreaks.,��https://www.ncbi.nlm.nih.gov/pubmed/22180802ü��de Wit, Emmie
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Virus Diseases/urine/*virologyY��Hendra virus is a recently emerged zoonotic agent in Australia. Since first described in 1994, the virus has spilled from its wildlife reservoir (pteropid fruit bats, or 'flying foxes') on multiple occasions causing equine and human fatalities. We undertook a three-year longitudinal study to detect virus in the urine of free-living flying foxes (a putative route of excretion) to investigate Hendra virus infection dynamics. Pooled urine samples collected off plastic sheets placed beneath roosting flying foxes were screened for Hendra virus genome by quantitative RT-PCR, using a set of primers and probe derived from the matrix protein gene. A total of 1672 pooled urine samples from 67 sampling events was collected and tested between 1 July 2008 and 30 June 2011, with 25% of sampling events and 2.5% of urine samples yielding detections. The proportion of positive samples was statistically associated with year and location. The findings indicate that Hendra virus excretion occurs periodically rather than continuously, and in geographically disparate flying fox populations in the state of Queensland. The lack of any detection in the Northern Territory suggests prevalence may vary across the range of flying foxes in Australia. Finally, our findings suggest that flying foxes can excrete virus at any time of year, and that the apparent seasonal clustering of Hendra virus incidents in horses and associated humans (70% have occurred June to October) reflects factors other than the presence of virus. Identification of these factors will strengthen risk minimization strategies for horses and ultimately humans.,��https://www.ncbi.nlm.nih.gov/pubmed/22174865	��Field, Hume
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Zoonoses/transmission/virology���Dec¿��Hendra virus (HeV) is a highly pathogenic zoonotic paramyxovirus harbored by Australian flying foxes with sporadic spillovers directly to horses. Although the mode and critical control points of HeV spillover to horses from flying foxes, and the risk for transmission from infected horses to other horses and humans, are poorly understood, we successfully established systemic HeV disease in 3 horses exposed to Hendra virus/Australia/Horse/2008/Redlands by the oronasal route, a plausible route for natural infection. In 2 of the 3 animals, HeV RNA was detected continually in nasal swabs from as early as 2 days postexposure, indicating that systemic spread of the virus may be preceded by local viral replication in the nasal cavity or nasopharynx. Our data suggest that a critical factor for reducing HeV exposure risk to humans includes early consideration of HeV in the differential diagnosis and institution of appropriate infection control procedures.,��https://www.ncbi.nlm.nih.gov/pubmed/22172152F��Marsh, Glenn A
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Viral Fusion Proteins/*chemistry/*genetics/metabolism/physiology���MarV��Paramyxoviruses enter host cells by fusing the viral envelope with a host cell membrane. Fusion is mediated by the viral fusion (F) protein, and it undergoes large irreversible conformational changes to cause membrane merger. The C terminus of PIV5 F contains a membrane-proximal 7-residue external region (MPER), followed by the transmembrane (TM) domain and a 20-residue cytoplasmic tail. To study the sequence requirements of the F protein C terminus for fusion, we constructed chimeras containing the ectodomain of parainfluenza virus 5 F (PIV5 F) and either the MPER, the TM domain, or the cytoplasmic tail of the F proteins of the paramyxoviruses measles virus, mumps virus, Newcastle disease virus, human parainfluenza virus 3, and Nipah virus. The chimeras were expressed, and their ability to cause cell fusion was analyzed. The chimeric proteins were variably expressed at the cell surface. We found that chimeras containing the ectodomain of PIV5 F with the C terminus of other paramyxoviruses were unable to cause cell fusion. Fusion could be restored by decreasing the activation energy of refolding through introduction of a destabilizing mutation (S443P). Replacing individual regions, singly or doubly, in the chimeras with native PIV5 F sequences restored fusion to various degrees, but it did not have an additive effect in restoring activity. Thus, the F protein C terminus may be a specific structure that only functions with its cognate ectodomain. Alanine scanning mutagenesis of MPER indicates that it has a regulatory role in fusion since both hyperfusogenic and hypofusogenic mutations were found.,��https://www.ncbi.nlm.nih.gov/pubmed/22171273&��Zokarkar, Aarohi
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Viral Envelope Proteins/*chemistry���Apr*��Hendra virus (HeV) continues to cause morbidity and mortality in both humans and horses with a number of sporadic outbreaks. HeV has two structural membrane glycoproteins that mediate the infection of host cells: the attachment (G) and the fusion (F) glycoproteins that are essential for receptor binding and virion-host cell membrane fusion, respectively. N-linked glycosylation of viral envelope proteins are critical post-translation modifications that have been implicated in roles of structural integrity, virus replication and evasion of the host immune response. Deciphering the glycan composition and structure on these glycoproteins may assist in the development of glycan-targeted therapeutic intervention strategies. We examined the site occupancy and glycan composition of recombinant soluble G (sG) glycoproteins expressed in two different mammalian cell systems, transient human embryonic kidney 293 (HEK293) cells and vaccinia virus (VV)-HeLa cells, using a suite of biochemical and biophysical tools: electrophoresis, lectin binding and tandem mass spectrometry. The N-linked glycans of both VV and HEK293-derived sG glycoproteins carried predominantly mono- and disialylated complex-type N-glycans and a smaller population of high mannose-type glycans. All seven consensus sequences for N-linked glycosylation were definitively found to be occupied in the VV-derived protein, whereas only four sites were found and characterized in the HEK293-derived protein. We also report, for the first time, the existence of O-linked glycosylation sites in both proteins. The striking characteristic of both proteins was glycan heterogeneity in both N- and O-linked sites. The structural features of G protein glycosylation were also determined by X-ray crystallography and interactions with the ephrin-B2 receptor are discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/22171062���Colgrave, Michelle L
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Time Factors���Hendra virus is a recently emerged bat-borne zoonotic agent with high lethality in horses and humans in Australia. This is a rare disease and the determinants of bat to horse transmission, including the factors that bring these hosts together at critical times, are poorly understood. In this cross-disciplinary study climatic and vegetation primary productivity variables are compared for the dispersed and heterogenic 1994-2010 outbreak sites. The significant occurrence of spillover events within the dry season (p = 0.013, 95% CI (0.57-0.98)) suggests seasonal forcing of transmission across species, or seasonal forcing of virus excretion by the reservoir host. We explore the evidence for both. Preliminary investigations of the spatial determinants of Hendra disease locations are also presented. We find that postal areas in the Australian state of Queensland in which pteropid fruit bat (flying fox) roosts occur are approximately forty times more likely (OR = 40.5, (95% CI (5.16, 317.52)) to be the location of Hendra spillover events. This appears to be independent of density of horses at these locations. We consider issues of scale of host resource use, land use change and limitations of existing data that challenge analysis and limit further conclusive outcomes. This investigation of a broad range of potential climatic and environmental influences provides a good base for future investigations. Further understanding of cross-species Hendra virus transmission requires better understanding of flying fox resource use in the urban-rural landscape.,��https://www.ncbi.nlm.nih.gov/pubmed/22145039´��McFarlane, Rosemary
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Young Adult���MayÌ��AIM: To describe serial changes in brain magnetic resonance imaging (MRI) in acute human infection from two outbreaks of Hendra virus (HeV), relate these changes to disease prognosis, and compare HeV encephalitis to reported cases of Nipah virus encephalitis. MATERIALS AND METHODS: The MRI images of three human cases (two of which were fatal) of acute HeV meningoencephalitis were reviewed. RESULTS: Cortical selectivity early in the disease is evident in all three patients, while deep white matter involvement appears to be a late and possibly premorbid finding. This apparent early grey matter selectivity may be related to viral biology or ribavirin pharmacokinetics. Neuronal loss is evident at MRI, and the rate of progression of MRI abnormalities can predict the outcome of the infection. In both fatal cases, the serial changes in the MRI picture mirrored the clinical course. CONCLUSION: This is the first comprehensive report of serial MRI findings in acute human cerebral HeV infection from two outbreaks. The cortical selectivity appears to be an early finding while deep white matter involvement a late, and possibly premorbid, finding. In both fatal cases, the serial changes in MRI mirrored the clinical course.,��https://www.ncbi.nlm.nih.gov/pubmed/22133593¥��Nakka, P
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Virology/*methods���Jan���Nipah virus (NiV), Paramyxoviridae, Henipavirus, is classified as a biosafety level (BSL) 4 pathogen, along with the closely related Hendra virus (HeV). A novel serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing secreted alkaline phosphatase (SEAP) and pseudotyped with NiV F/G proteins (VSV-NiV-SEAP). A unique characteristic of this novel assay is the ability to obtain neutralization titers by measuring SEAP activity in supernatant using a common ELISA plate reader. This confers a remarkable advantage over the first generation of NiV-pseudotypes expressing green fluorescent protein or luciferase, which require expensive and specific measuring equipment. Using panels of NiV- and HeV-specific sera from various species, the VSV-NiV-SEAP assay demonstrated neutralizing antibody status (positive/negative) consistent with that obtained by conventional live NiV test, and gave higher antibody titers than the latter. Additionally, when screening sixty-six fruit bat sera at one dilution, the VSV-NiV-SEAP assay produced identical results to the live NiV test and only required a very small amount (2mul) of sera. The results suggest that this novel VSV-NiV-SEAP assay is safe, useful for high-throughput screening of sera using an ELISA plate reader, and has high sensitivity and specificity.,��https://www.ncbi.nlm.nih.gov/pubmed/22115786V��Kaku, Yoshihiro
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T-Lymphocytes/immunology���MarÕ��Bats are natural reservoir hosts to a variety of viruses, many of which cause morbidity and mortality in other mammals. Currently there is a paucity of information regarding the nature of the immune response to viral infections in bats, partly due to a lack of appropriate bat specific reagents. IFNgamma plays a key role in controlling viral replication and coordinating a response for long term control of viral infection. Here we describe the cloning and expression of IFNgamma from the Australian flying fox, Pteropus alecto and the generation of mouse monoclonal and chicken egg yolk antibodies specific to bat IFNgamma. Our results demonstrate that P. alecto IFNgamma is conserved with IFNgamma from other species and is induced in bat splenocytes following stimulation with T cell mitogens. P. alecto IFNgamma has antiviral activity on Semliki forest virus in cell lines from P. alecto and the microbat, Tadarida brasiliensis. Additionally recombinant bat IFNgamma was able to mitigate Hendra virus infection in P. alecto cells. These results provide the first evidence for an antiviral role for bat IFNgammain vitro in addition to the application of important immunological reagents for further studies of bat antiviral immunity.,��https://www.ncbi.nlm.nih.gov/pubmed/22093696í��Janardhana, Vijaya
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Thymelaeaceae/*chemistry���Nov 9Ù��BACKGROUND: Phaleria macrocarpa (Scheff.) Boerl (Thymelaceae) originates from Papua Island, Indonesia and grows in tropical areas. The different parts of the fruit of P. macrocarpa were evaluated for antioxidant, anti-inflammatory, and cytotoxic activities. METHODS: Phaleria macrocarpa fruit were divided into pericarp, mesocarp and seed. All parts of the fruit were reflux extracted with methanol. The antioxidant activity of the extracts were characterized in various in vitro model systems such as FTC, TBA, DPPH radical, reducing power and NO radical. Anti-inflammatory assays were done by using NO production by macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma and cytotoxic activities were determined by using several cancer cell lines and one normal cell line RESULTS: The results showed that different parts (pericarp, mesocarp, and seed) of Phaleria macrocarpa fruit contain various amount of total phenolic (59.2 +/- 0.04, 60.5 +/- 0.17, 47.7 +/- 1.04 mg gallic acid equivalent/g DW) and flavonoid compounds (161.3 +/- 1.58, 131.7 +/- 1.66, 35.9 +/- 2.47 mg rutin equivalent/g DW). Pericarp and mesocarp showed high antioxidant activities by using DPPH (71.97%, 62.41%), ferric reducing antioxidant power (92.35%, 78.78%) and NO scavenging activity (65.68%, 53.45%). Ferric thiocyanate and thiobarbituric acid tests showed appreciable antioxidant activity in the percentage hydroperoxides inhibitory activity from pericarp and mesocarp in the last day of the assay. Similarly, the pericarp and mesocarp inhibited inducible nitric oxide synthesis with values of 63.4 +/- 1.4% and 69.5 +/- 1.4% in macrophage RAW 264.7 cell lines induced by LPS/IFN-gamma indicating their notable anti-inflammatory potential. Cytotoxic activities against HT-29, MCF-7, HeLa and Chang cell lines were observed in all parts. CONCLUSIONS: These results indicated the possible application of P. macrocarpa fruit as a source of bioactive compounds, potent as an antioxidant, anti inflammatory and cytotoxic agents.,��https://www.ncbi.nlm.nih.gov/pubmed/22070850·��Hendra, Rudi
Ahmad, Syahida
Oskoueian, Ehsan
Sukari, Aspollah
Shukor, M Yunus
eng
England
2011/11/11 06:00
BMC Complement Altern Med. 2011 Nov 9;11:110. doi: 10.1186/1472-6882-11-110.*��1472-6882 (Electronic)
1472-6882 (Linking)
��PMC3354343���22070850S��Department of Biochemistry, Universiti Putra Malaysia, Serdang, Selangor, Malaysia.���10.1186/1472-6882-11-110��Ê��üÒtÿî?U���«��Halpin, K.
Hyatt, A. D.
Fogarty, R.
Middleton, D.
Bingham, J.
Epstein, J. H.
Rahman, S. A.
Hughes, T.
Smith, C.
Field, H. E.
Daszak, P.
Henipavirus Ecology Research, Group���2011}��Pteropid bats are confirmed as the reservoir hosts of henipaviruses: a comprehensive experimental study of virus transmission���946-51���Am J Trop Med Hyg���85���5���Animals
Australia
Chiroptera/*classification/*virology
Disease Reservoirs/*veterinary
Female
Genome, Viral
Hendra Virus/genetics/immunology/*isolation & purification
Henipavirus Infections/*transmission
Malaysia
Nipah Virus/genetics/immunology/*isolation & purification
Pregnancy���Nov¶��Bats of the genus Pteropus have been identified as the reservoir hosts for the henipaviruses Hendra virus (HeV) and Nipah virus (NiV). The aim of these studies was to assess likely mechanisms for henipaviruses transmission from bats. In a series of experiments, Pteropus bats from Malaysia and Australia were inoculated with NiV and HeV, respectively, by natural routes of infection. Despite an intensive sampling strategy, no NiV was recovered from the Malaysian bats and HeV was reisolated from only one Australian bat; no disease was seen. These experiments suggest that opportunities for henipavirus transmission may be limited; therefore, the probability of a spillover event is low. For spillover to occur, a range of conditions and events must coincide. An alternate assessment framework is required if we are to fully understand how this reservoir host maintains and transmits not only these but all viruses with which it has been associated.,��https://www.ncbi.nlm.nih.gov/pubmed/22049055f��Halpin, Kim
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Vancomycin/*analysis/blood/*therapeutic use���May-JunÙ��BACKGROUND: For the treatment of peritoneal dialysis-associated peritonitis (PDP), it has been suggested that serum concentrations of vancomycin be kept above 12 mg/L-15 mg/L. However, studies correlating vancomycin concentrations in serum and peritoneal dialysate effluent (PDE) during active infection are sparse. We undertook the present study to investigate this issue and to determine whether achieving the recommended serum level of vancomycin results in therapeutic levels intraperitoneally. METHODS: We studied patients treated with intraperitoneal (i.p.) vancomycin for non-gram-negative PDP. We gave a single dose (approximately 30 mg/kg) at presentation, and we subsequently measured vancomycin levels in PDE on day 5; we wanted to determine if efflux of vancomycin from serum to PDE during a 4-hour dwell was consistent and resulted in therapeutic levels. RESULTS: Of the 48 episodes of PDP studied, serum vancomycin concentrations exceeding 12 mg/L were achieved in 98% of patients, but in 11 patients (23%), a PDE vancomycin level below 4 mg/L--the minimal inhibitory concentration (MIC) of many gram-positive organisms--was observed at the end of a 4-hour dwell on day 5. The correlation between the concentrations of vancomycin in serum and PDE (from efflux of antibiotic over 4 hours) was statistically significant, but poor (R(2) = 0.18). CONCLUSIONS: Our data support the International Society for Peritoneal Dialysis statement that adequate serum vancomycin concentrations can be achieved with intermittent dosing (single dose every 5 days), but cannot guarantee therapeutic PDE levels in the treatment of PDP. Intermittent dosing of vancomycin may not consistently result in PDE concentrations markedly greater than MIC of many important pathogens. Although the clinical significance of this finding remains to be determined, it may be preferable to give smaller but more frequent doses of PDE vancomycin (continuous dosing) for adults with PDP (as is currently recommended for children).,��https://www.ncbi.nlm.nih.gov/pubmed/22045102»��Fish, Richard
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Humans���Oct 19���Hendra virus (HeV) is a recently emerged zoonotic paramyxovirus that can cause a severe and often fatal disease in horses and humans. HeV is categorized as a biosafety level 4 agent, which has made the development of animal models and testing of potential therapeutics and vaccines challenging. Infection of African green monkeys (AGMs) with HeV was recently demonstrated, and disease mirrored fatal HeV infection in humans, manifesting as a multisystemic vasculitis with widespread virus replication in vascular tissues and severe pathologic manifestations in the lung, spleen, and brain. Here, we demonstrate that m102.4, a potent HeV-neutralizing human monoclonal antibody (hmAb), can protect AGMs from disease after infection with HeV. Fourteen AGMs were challenged intratracheally with a lethal dose of HeV, and 12 subjects were infused twice with a 100-mg dose of m102.4 beginning at either 10, 24, or 72 hours after infection and again about 48 hours later. The presence of viral RNA, infectious virus, and HeV-specific immune responses demonstrated that all subjects were infected after challenge. All 12 AGMs that received m102.4 survived infection, whereas the untreated control subjects succumbed to disease on day 8 after infection. Animals in the 72-hour treatment group exhibited neurological signs of disease, but all animals started to recover by day 16 after infection. These results represent successful post-exposure in vivo efficacy by an investigational drug against HeV and highlight the potential impact a hmAb can have on human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/22013123z��Bossart, Katharine N
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Retrospective Studies���The unplanned transfer of patients from long-term acute care hospitals (LTACHs) back to acute facilities disrupts the continuity of care, delays recovery and increases the cost of care. This study was performed to better understand the unplanned transfer of patients with pulmonary disease. A retrospective analysis of data obtained for quality management in a cohort of patients admitted to an LTACH system over a 3-year period. Of the 3506 patients admitted with a pulmonary diagnosis studied, 414 (12%) underwent 526 unplanned transfers back to an acute facility after a median LTACH length of stay (LOS) of 45 days. Mechanical ventilation via tracheostomy was used in 259 (63%) patients admitted to the LTACH with a pulmonary diagnosis. The commonest reasons for unplanned transfers included acute respiratory failure, cardiac decompensation, gastrointestinal bleed and possible sepsis. Over 50% of patients had LOS at the LTACH between 4 and 30 days prior to the unplanned transfer. Patients with an LOS <3 days prior to transfer were more likely to be transferred around the weekend. In all, 32% of patients died within a median of 7 days of transfer back to the acute facility. Thirty-day mortality following unplanned transfer appeared independent of organ system involved, attending physician specialty/coverage status, nursing shift or transferring LTACH unit. Unplanned transfers disrupting continuity of care remain a significant problem in patients admitted to an LTACH with a pulmonary diagnosis and are associated with significant mortality. Strategies designed to reduce cardiopulmonary decompensation, gastrointestinal bleeding and possible sepsis in the LTACH along with additional strategies implemented throughout the health care continuum will be needed to reduce this problem.,��https://www.ncbi.nlm.nih.gov/pubmed/21990569���White, Alexander C
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Hendra Virus/classification/*genetics,��Hendra virus (HeV) causes a zoonotic disease with high mortality that is transmitted to humans from bats of the genus Pteropus (flying foxes) via an intermediary equine host. Factors promoting spillover from bats to horses are uncertain at this time, but plausibly encompass host and/or agent and/or environmental factors. There is a lack of HeV sequence information derived from the natural bat host, as previously sequences have only been obtained from horses or humans following spillover events. In order to obtain an insight into possible variants of HeV circulating in flying foxes, collection of urine was undertaken in multiple flying fox roosts in Queensland, Australia. HeV was found to be geographically widespread in flying foxes with a number of HeV variants circulating at the one time at multiple locations, while at times the same variant was found circulating at disparate locations. Sequence diversity within variants allowed differentiation on the basis of nucleotide changes, and hypervariable regions in the genome were identified that could be used to differentiate circulating variants. Further, during the study, HeV was isolated from the urine of flying foxes on four occasions from three different locations. The data indicates that spillover events do not correlate with particular HeV isolates, suggesting that host and/or environmental factors are the primary determinants of bat-horse spillover. Thus future spillover events are likely to occur, and there is an on-going need for effective risk management strategies for both human and animal health.,��https://www.ncbi.nlm.nih.gov/pubmed/21980413L��Smith, Ina
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*Virus Internalization���Dec§��During paramyxovirus entry into a host cell, receptor engagement by a specialized binding protein triggers conformational changes in the adjacent fusion protein (F), leading to fusion between the viral and cell membranes. According to the existing paradigm of paramyxovirus membrane fusion, the initial activation of F by the receptor binding protein sets off a spring-loaded mechanism whereby the F protein progresses independently through the subsequent steps in the fusion process, ending in membrane merger. For human parainfluenza virus type 3 (HPIV3), the receptor binding protein (hemagglutinin-neuraminidase [HN]) has three functions: receptor binding, receptor cleaving, and activating F. We report that continuous receptor engagement by HN activates F to advance through the series of structural rearrangements required for fusion. In contrast to the prevailing model, the role of HN-receptor engagement in the fusion process is required beyond an initiating step, i.e., it is still required even after the insertion of the fusion peptide into the target cell membrane, enabling F to mediate membrane merger. We also report that for Nipah virus, whose receptor binding protein has no receptor-cleaving activity, the continuous stimulation of the F protein by a receptor-engaged binding protein is key for fusion. We suggest a general model for paramyxovirus fusion activation in which receptor engagement plays an active role in F activation, and the continued engagement of the receptor binding protein is essential to F protein function until the onset of membrane merger. This model has broad implications for the mechanism of paramyxovirus fusion and for strategies to prevent viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/21976650P��Porotto, Matteo
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Sus scrofa{��Henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), have Pteropid bats as their known natural reservoirs. Antibodies against henipaviruses have been found in Eidolon helvum, an old world fruit bat species, and henipavirus-like nucleic acid has been detected in faecal samples from E. helvum in Ghana. The initial outbreak of NiV in Malaysia led to over 265 human encephalitis cases, including 105 deaths, with infected pigs acting as amplifier hosts for NiV during the outbreak. We detected non-neutralizing antibodies against viruses of the genus Henipavirus in approximately 5% of pig sera (N = 97) tested in Ghana, but not in a small sample of other domestic species sampled under a E. helvum roost. Although we did not detect neutralizing antibody, our results suggest prior exposure of the Ghana pig population to henipavirus(es). Because a wide diversity of henipavirus-like nucleic acid sequences have been found in Ghanaian E. helvum, we hypothesise that these pigs might have been infected by henipavirus(es) sufficiently divergent enough from HeVor NiV to produce cross-reactive, but not cross-neutralizing antibodies to HeV or NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/21966471å��Hayman, David T S
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Virus Replication���Dec���The emergence of Hendra and Nipah viruses in the 1990s has been followed by the further emergence of these viruses in the tropical Old World. The history and current knowledge of the disease, the viruses and their epidemiology is reviewed in this article. A historical aside summarizes the role that Dr. Brian W.J. Mahy played at critical junctures in the early stories of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21963678³��Ksiazek, Thomas G
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History, 20th Century
History, 21st Century���Octó��At Federation in 1901, Australia retained separate State veterinary services responsible for the control of endemic animal diseases. By 2010 the Commonwealth, State and Territory Governments and the livestock industries had coordinated a structure with supporting activities and shared finances that provides Australia's veterinary services and its livestock industries with preparedness and control programs for nominated exotic and endemic animal diseases. Animal Health Australia operates as the coordinating body for these programs. Since 1901, contagious bovine pleuropneumonia, bovine brucellosis and bovine tuberculosis have been eradicated, providing considerable industry benefits. While the entry of exotic diseases has been restricted, tick fevers, tick infestation, bluetongue infection, avirulent and velogenic Newcastle disease, Hendra virus, lyssavirus infection and Menagle virus infection have arisen from either hosts within Australia or from insect incursion from neighbouring countries. The control of endemic livestock diseases has been accompanied by the development of veterinary laboratory services by the Commonwealth, State and Territory Governments. The Australian Animal Health Laboratory operating since 1985 in Geelong has ensured Australia remains at the forefront of technological advances in veterinary diagnostic techniques. From the 1970s animal welfare has become an important component of national initiatives that remain focussed on satisfying community and international expectations.,��https://www.ncbi.nlm.nih.gov/pubmed/21933170���Turner, Aj
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Poultry/immunology/*virology���Sep 7è��BACKGROUND: Indonesia is one of the countries most severely affected by H5N1 highly pathogenic avian influenza (HPAI) virus in terms of poultry and human health. However, there is little information on the diversity of H5N1 viruses circulating in backyard farms, where chickens and ducks often intermingle. In this study, H5N1 virus infection occurring in 96 smallholder duck farms in central Java, Indonesia from 2007-2008 was investigated and the molecular and antigenic characteristics of H5N1 viruses isolated from these farms were analysed. RESULTS: All 84 characterised viruses belonged to H5N1 clade 2.1 with three virus sublineages being identified: clade 2.1.1 (1), clade 2.1.3 (80), and IDN/6/05-like viruses (3) that did not belong to any of the present clades. All three clades were found in ducks, while only clade 2.1.3 was isolated from chickens. There were no significant amino acid mutations of the hemagglutinin (HA) and neuraminidase (NA) sites of the viruses, including the receptor binding, glycosylation, antigenic and catalytic sites and NA inhibitor targets. All the viruses had polybasic amino acids at the HA cleavage site. No evidence of major antigenic variants was detected. Based on the HA gene, identical virus variants could be found on different farms across the study sites and multiple genetic variants could be isolated from HPAI outbreaks simultaneously or at different time points from single farms. HPAI virus was isolated from both ducks and chickens; however, the proportion of surviving duck cases was considerably higher than in chickens. CONCLUSIONS: The 2.1.3 clade was the most common lineage found in this study. All the viruses had sequence characteristic of HPAI, but negligible variations in other recognized amino acids at the HA and NA proteins which determine virus phenotypes. Multiple genetic variants appeared to be circulating simultaneously within poultry communities. The high proportion of live duck cases compared to chickens over the study period suggests that ducks are more likely to survive infection and they may better suit the role of long-term maintenance host for H5N1. As some viruses were isolated from dead birds, there was no clear correlation between genetic variations and pathogenicity of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21896207é��Wibawa, Hendra
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Socioeconomic Factors���SepC��OBJECTIVES: Cytochrome P450 2B6 (CYP2B6) is responsible for the metabolic clearance of efavirenz and single nucleotide polymorphisms (SNPs) in the CYP2B6 gene are associated with efavirenz pharmacokinetics. Since the constitutive androstane receptor (CAR) and the pregnane X receptor (PXR) correlate with CYP2B6 in liver, and a CAR polymorphism (rs2307424) and smoking correlate with efavirenz plasma concentrations, we investigated their association with early (<3 months) discontinuation of efavirenz therapy. METHODS: Three hundred and seventy-three patients initiating therapy with an efavirenz-based regimen were included (278 white patients and 95 black patients; 293 male). DNA was extracted from whole blood and genotyping for CYP2B6 (516G --> T, rs3745274), CAR (540C --> T, rs2307424) and PXR (44477T --> C, rs1523130; 63396C --> T, rs2472677; and 69789A --> G, rs763645) was conducted. Binary logistic regression using the backwards method was employed to assess the influence of SNPs and demographics on early discontinuation. RESULTS: Of the 373 patients, 131 withdrew from therapy within the first 3 months. Black ethnicity [odds ratio (OR) = 0.27; P = 0.0001], CYP2B6 516TT (OR = 2.81; P = 0.006), CAR rs2307424 CC (OR = 1.92; P = 0.007) and smoking status (OR = 0.45; P = 0.002) were associated with discontinuation within 3 months. CONCLUSIONS: These data indicate that genetic variability in CYP2B6 and CAR contributes to early treatment discontinuation for efavirenz-based antiretroviral regimens. Further studies are now required to define the clinical utility of these associations.,��https://www.ncbi.nlm.nih.gov/pubmed/21715435a��Wyen, Christoph
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Virus Shedding/immunology���Aug 5h��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are two deadly zoonotic viruses for which no vaccines or therapeutics have yet been approved for human or livestock use. In 14 outbreaks since 1994 HeV has been responsible for multiple fatalities in horses and humans, with all known human infections resulting from close contact with infected horses. A vaccine that prevents virus shedding in infected horses could interrupt the chain of transmission to humans and therefore prevent HeV disease in both. Here we characterise HeV infection in a ferret model and show that it closely mirrors the disease seen in humans and horses with induction of systemic vasculitis, including involvement of the pulmonary and central nervous systems. This model of HeV infection in the ferret was used to assess the immunogenicity and protective efficacy of a subunit vaccine based on a recombinant soluble version of the HeV attachment glycoprotein G (HeVsG), adjuvanted with CpG. We report that ferrets vaccinated with a 100 mug, 20 mug or 4 mug dose of HeVsG remained free of clinical signs of HeV infection following a challenge with 5000 TCID(5)(0) of HeV. In addition, and of considerable importance, no evidence of virus or viral genome was detected in any tissues or body fluids in any ferret in the 100 and 20 mug groups, while genome was detected in the nasal washes only of one animal in the 4 mug group. Together, our findings indicate that 100 mug or 20 mug doses of HeVsG vaccine can completely prevent a productive HeV infection in the ferret, suggesting that vaccination to prevent the infection and shedding of HeV is possible.,��https://www.ncbi.nlm.nih.gov/pubmed/21689706ï��Pallister, Jackie
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Trust���Jun 13�	�BACKGROUND: Post-mortem needle biopsies have been used in resource-poor settings to determine cause of death and there is interest in using them in Bangladesh. However, we did not know how families and communities would perceive this procedure or how they would decide whether or not to consent to a post-mortem needle biopsy. The goal of this study was to better understand family and community concerns and decision-making about post-mortem needle biopsies in this low-income, predominantly Muslim country in order to design an informed consent process. METHODS: We conducted 16 group discussions with family members of persons who died during an outbreak of Nipah virus illness during 2004-2008 and 11 key informant interviews with their community and religious leaders. Qualitative researchers first described the post-mortem needle biopsy procedure and asked participants whether they would have agreed to this procedure during the outbreak. Researchers probed participants about the circumstances under which the procedure would be acceptable, if any, their concerns about the procedure, and how they would decide whether or not to consent to the procedure. RESULTS: Overall, most participants agreed that post-mortem needle biopsies would be acceptable in some situations, particularly if they benefitted society. This procedure was deemed more acceptable than full autopsy because it would not require major delays in burial or remove organs, and did not require cutting or stitching of the body. It could be performed before the ritual bathing of the body in either the community or hospital setting. However, before consent would be granted for such a procedure, the research team must gain the trust of the family and community which could be difficult. Although consent may only be provided by the guardians of the body, decisions about consent for the procedure would involve extended family and community and religious leaders. CONCLUSIONS: The possible acceptability of this procedure during outbreaks represents an important opportunity to better characterize cause of death in Bangladesh which could lead to improved public health interventions to prevent these deaths. Obstacles for research teams will include engaging all major stakeholders in decision-making and quickly building a trusting relationship with the family and community, which will be difficult given the short window of time prior to the ritual bathing of the body.,��https://www.ncbi.nlm.nih.gov/pubmed/21668979J��Gurley, Emily S
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Zoonoses/*epidemiology/transmission/virology���Jan 7£��Emerging zoonoses threaten global health, yet the processes by which they emerge are complex and poorly understood. Nipah virus (NiV) is an important threat owing to its broad host and geographical range, high case fatality, potential for human-to-human transmission and lack of effective prevention or therapies. Here, we investigate the origin of the first identified outbreak of NiV encephalitis in Malaysia and Singapore. We analyse data on livestock production from the index site (a commercial pig farm in Malaysia) prior to and during the outbreak, on Malaysian agricultural production, and from surveys of NiV's wildlife reservoir (flying foxes). Our analyses suggest that repeated introduction of NiV from wildlife changed infection dynamics in pigs. Initial viral introduction produced an explosive epizootic that drove itself to extinction but primed the population for enzootic persistence upon reintroduction of the virus. The resultant within-farm persistence permitted regional spread and increased the number of human infections. This study refutes an earlier hypothesis that anomalous El Nino Southern Oscillation-related climatic conditions drove emergence and suggests that priming for persistence drove the emergence of a novel zoonotic pathogen. Thus, we provide empirical evidence for a causative mechanism previously proposed as a precursor to widespread infection with H5N1 avian influenza and other emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/21632614Ð��Pulliam, Juliet R C
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*Virus Internalization���Sepí��Nipah virus (NiV) and Hendra virus (HeV) are zoonotic paramyxoviruses classified in the genus Henipavirus of the family Paramyxoviridae. The entry of henipaviruses occurs through a pH-independent membrane-fusion mechanism mediated by the cooperation of the viral attachment (G) and fusion (F) envelope glycoproteins following virion binding to susceptible host cells. Virus attachment is mediated by the interaction of the G glycoprotein with ephrin-B2 or ephrin-B3, which were identified as the functional receptors of henipavirus. Several residues of the G glycoprotein that are important for receptor binding have been determined through mutagenesis and structural analyses; however, similar approaches have not been carried out for the viral receptor ephrin-B2. Here, an alanine-scanning mutagenesis analysis was performed to identify residues of ephrin-B2 which are critical for NiV binding and entry by using an NiV-F- and -G-glycoprotein pseudotyped lentivirus assay. Results indicated that the G-H loop of ephrin-B2 was indeed critical for the interaction between ephrin-B2 and NiV-G. Unexpectedly, however, some alanine-substitution mutants located in the G-H loop enhanced the infectivity of the NiV pseudotypes, in particular an L124A mutation enhanced entry >30-fold. Further analysis of the L124A ephrin-B2 mutant demonstrated that an increased binding affinity of the mutant receptor with NiV-G was responsible for the enhanced infectivity of both pseudovirus and infectious virus. In addition, cell lines that were stably expressing the L124A mutant receptor were able to support NiV infection more efficiently than the wild-type molecule, potentially providing a new target-cell platform for viral isolation or virus-entry inhibitor screening and discovery.,��https://www.ncbi.nlm.nih.gov/pubmed/21632558í��Yuan, Junfa
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*Virus Replication���Sep���Many viruses use their host's cellular machinery to regulate the functions of viral proteins. The phosphorylation of viral proteins is known to play a role in genome transcription and replication in paramyxoviruses. The paramyxovirus nucleoprotein (N), the most abundant protein in infected cells, is a component of the N-RNA complex and supports the transcription and replication of virus mRNA and genomic RNA. Recently, we reported that the phosphorylation of measles virus N is involved in the regulation of viral RNA synthesis. In this study, we report a rapid turnover of phosphorylation in the Nipah virus N (NiV-N). The phosphorylated NiV-N was hardly detectable in steady-state cells, but was detected after inhibition of cellular protein phosphatases. We identified a phosphorylated serine residue at Ser451 of NiV-N by peptide mass fingerprinting by electrospray ionization-quadrupole time-of-flight mass spectrometry. In the NiV minigenome assay, using luciferase as a reporter gene, the substitution of Ser451 for alanine in NiV-N resulted in a reduction in luciferase activity of approximately 45 % compared with the wild-type protein. Furthermore, the substitution of Ser451 for glutamic acid, which mimics a phosphoserine, led to a more significant decrease in luciferase activity - approximately 81 %. Northern blot analysis showed that both virus transcription and replication were reduced by these mutations. These results suggest that a rapid turnover of the phosphorylation of NiV-N plays an important role in virus transcription and replication.,��https://www.ncbi.nlm.nih.gov/pubmed/21613447+��Huang, Mingshu
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Virus Replication���AugÀ��Nipah virus (NiV) and Hendra virus (HeV) are emerging zoonotic viruses and the causative agents of severe respiratory disease and encephalitis in humans. Little is known about the mechanisms that govern the development of respiratory and neurological disease. Using a hamster model of lethal NiV and HeV infection, we describe the role of the route and dose of infection on the clinical outcome and determine virus tropism and host responses following infection. Infection of hamster with a high dose of NiV or HeV resulted in acute respiratory distress. NiV initially replicated in the upper respiratory tract epithelium, whereas HeV initiated infection primarily in the interstitium. In contrast, infection with a low dose of NiV or HeV resulted in the development of neurological signs and more systemic spread of the virus through involvement of the endothelium. The development of neurological signs coincided with disruption of the blood-brain barrier (BBB) and expression of tumor necrosis alpha (TNF-alpha) and interleukin 1 beta (IL-1beta). In addition, interferon-inducible protein 10 (IP-10) was identified as playing an important role in NiV and HeV pathogenesis. These studies reveal novel information on the development and progression of NiV and HeV clinical disease, provide a mechanism for the differences in transmission observed between NiV and HeV outbreaks, and identify specific cytokines and chemokines that serve as important targets for treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/21593160
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Virus Replication���Aug	��Nipah virus (NiV) is a recently emerged zoonotic paramyxovirus whose natural reservoirs are several species of Pteropus fruit bats. NiV provokes a widespread vasculitis often associated with severe encephalitis, with up to 75% mortality in humans. We have analyzed the pathogenesis of NiV infection, using human leukocyte cultures and the hamster animal model, which closely reproduces human NiV infection. We report that human lymphocytes and monocytes are not permissive for NiV and a low level of virus replication is detected only in dendritic cells. Interestingly, despite the absence of infection, lymphocytes could efficiently bind NiV and transfer infection to endothelial and Vero cells. This lymphocyte-mediated transinfection was inhibited after proteolytic digestion and neutralization by NiV-specific antibodies, suggesting that cells could transfer infectious virus to other permissive cells without the requirement for NiV internalization. In NiV-infected hamsters, leukocytes captured and carried NiV after intraperitoneal infection without themselves being productively infected. Such NiV-loaded mononuclear leukocytes transfer lethal NiV infection into naive animals, demonstrating efficient virus transinfection in vivo. Altogether, these results reveal a remarkable capacity of NiV to hijack leukocytes as vehicles to transinfect host cells and spread the virus throughout the organism. This mode of virus transmission represents a rapid and potent method of NiV dissemination, which may contribute to its high pathogenicity.,��https://www.ncbi.nlm.nih.gov/pubmed/215931452��Mathieu, Cyrille
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Viral Vaccines/*administration & dosage/blood/*genetics/immunology���May 2Æ��Based on their safety profile and ability to induce potent immune responses against infections, subunit vaccines have been used as candidates for a wide variety of pathogens. Since the mammalian cell system is capable of post-translational modification, thus forming properly folded and glycosylated proteins, recombinant proteins expressed in mammalian cells have shown the greatest potential to maintain high antigenicity and immunogenicity. Although no new cases of SARS have been reported since 2004, future outbreaks are a constant threat; therefore, the development of vaccines against SARS-CoV is a prudent preventive step and should be carried out. The RBD of SARS-CoV S protein plays important roles in receptor binding and induction of specific neutralizing antibodies against virus infection. Therefore, in this protocol, we describe novel methods for developing a RBD-based subunit vaccine against SARS. Briefly, the recombinant RBD protein (rRBD) was expressed in culture supernatant of mammalian 293T cells to obtain a correctly folded protein with proper conformation and high immunogenicity. The transfection of the recombinant plasmid encoding RBD to the cells was then performed using a calcium phosphate transfection method with some modifications. Compared with the lipid transfection method, this modified calcium phosphate transfection method is cheaper, easier to handle, and has the potential to reach high efficacy once a transfection complex with suitable size and shape is formed. Finally, a SARS pseudovirus neutralization assay was introduced in the protocol and used to detect the neutralizing activity of sera of mice vaccinated with rRBD protein. This assay is relatively safe, does not involve an infectious SARS-CoV, and can be performed without the requirement of a biosafety-3 laboratory. The protocol described here can also be used to design and study recombinant subunit vaccines against other viruses with class I fusion proteins, for example, HIV, respiratory syncytial virus (RSV), Ebola virus, influenza virus, as well as Nipah and Handra viruses. In addition, the methods for generating a pseudovirus and subsequently establishing a pseudovirus neutralization assay can be applied to all these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21587153÷��Du, Lanying
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Zoonoses/epidemiology/virology���Dec 22P��Anthropogenic environmental change is often implicated in the emergence of new zoonoses from wildlife; however, there is little mechanistic understanding of these causal links. Here, we examine the transmission dynamics of an emerging zoonotic paramyxovirus, Hendra virus (HeV), in its endemic host, Australian Pteropus bats (fruit bats or flying foxes). HeV is a biosecurity level 4 (BSL-4) pathogen, with a high case-fatality rate in humans and horses. With models parametrized from field and laboratory data, we explore a set of probable contributory mechanisms that explain the spatial and temporal pattern of HeV emergence; including urban habituation and decreased migration-two widely observed changes in flying fox ecology that result from anthropogenic transformation of bat habitat in Australia. Urban habituation increases the number of flying foxes in contact with human and domestic animal populations, and our models suggest that, in addition, decreased bat migratory behaviour could lead to a decline in population immunity, giving rise to more intense outbreaks after local viral reintroduction. Ten of the 14 known HeV outbreaks occurred near urbanized or sedentary flying fox populations, supporting these predictions. We also demonstrate that by incorporating waning maternal immunity into our models, the peak modelled prevalence coincides with the peak annual spill-over hazard for HeV. These results provide the first detailed mechanistic framework for understanding the sporadic temporal pattern of HeV emergence, and of the urban/peri-urban distribution of HeV outbreaks in horses and people.,��https://www.ncbi.nlm.nih.gov/pubmed/21561971���Plowright, Raina K
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Recurrence���Octø��This study aimed to describe the transmission dynamics, the serological and virus excretion patterns of Nipah virus (NiV) in Pteropus vampyrus bats. Bats in captivity were sampled every 7-21 days over a 1-year period. The data revealed five NiV serological patterns categorized as high and low positives, waning, decreasing and increasing, and negative in these individuals. The findings strongly suggest that NiV circulates in wild bat populations and that antibody could be maintained for long periods. The study also found that pup and juvenile bats from seropositive dams tested seropositive, indicating that maternal antibodies against NiV are transmitted passively, and in this study population may last up to 14 months. NiV was isolated from the urine of one bat, and within a few weeks, two other seronegative bats seroconverted. Based on the temporal cluster of seroconversion, we strongly believe that the NiV isolated was recrudesced and then transmitted horizontally between bats during the study period.,��https://www.ncbi.nlm.nih.gov/pubmed/21524339���Sohayati, A R
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Virus Internalization���Augë��Henipavirus is a new genus of Paramyxoviridae that uses protein-based receptors (ephrinB2 and ephrinB3) for virus entry. Paramyxovirus entry requires the coordinated action of the fusion (F) and attachment viral envelope glycoproteins. Receptor binding to the attachment protein triggers F to undergo a conformational cascade that results in membrane fusion. The accumulation of structural and functional studies on many paramyxoviral fusion and attachment proteins, including the recent elucidation of structures of Nipah virus (NiV) and Hendra virus (HeV) G glycoproteins bound and unbound to cognate ephrinB receptors, indicate that henipavirus entry and fusion could differ mechanistically from paramyxoviruses that use glycan-based receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/21511478j��Lee, Benhur
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Virion/*immunology/ultrastructure���Apr 6x��Nipah virus (NiV) was first recognized in 1998 in a zoonotic disease outbreak associated with highly lethal febrile encephalitis in humans and a predominantly respiratory disease in pigs. Periodic deadly outbreaks, documentation of person-to-person transmission, and the potential of this virus as an agent of agroterror reinforce the need for effective means of therapy and prevention. In this report, we describe the vaccine potential of NiV virus-like particles (NiV VLPs) composed of three NiV proteins G, F and M. Co-expression of these proteins under optimized conditions resulted in quantifiable amounts of VLPs with many virus-like/vaccine desirable properties including some not previously described for VLPs of any paramyxovirus: The particles were fusogenic, inducing syncytia formation; PCR array analysis showed NiV VLP-induced activation of innate immune defense pathways; the surface structure of NiV VLPs imaged by cryoelectron microscopy was dense, ordered, and repetitive, and consistent with similarly derived structure of paramyxovirus measles virus. The VLPs were composed of all the three viral proteins as designed, and their intracellular processing also appeared similar to NiV virions. The size, morphology and surface composition of the VLPs were consistent with the parental virus, and importantly, they retained their antigenic potential. Finally, these particles, formulated without adjuvant, were able to induce neutralizing antibody response in Balb/c mice. These findings indicate vaccine potential of these particles and will be the basis for undertaking future protective efficacy studies in animal models of NiV disease.,��https://www.ncbi.nlm.nih.gov/pubmed/21494680���Walpita, Pramila
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*Nipah Virus���Jun³��The Paramyxoviridae family comprises of several genera that contain emerging or re-emerging threats for human and animal health with no real specific effective treatment available. Hendra and Nipah virus are members of a newly identified genus of emerging paramyxoviruses, Henipavirus. Since their discovery in the 1990s, henipaviruses outbreaks have been associated with high economic and public health threat potential. When compared to other paramyxoviruses, henipaviruses appear to have unique characteristics. Henipaviruses are zoonotic paramyxoviruses with a broader tropism than most other paramyxoviruses, and can cause severe acute encephalitis with unique features among viral encephalitides. There are currently no approved effective prophylactic or therapeutic treatments for henipavirus infections. Although ribavirin was empirically used and seemed beneficial during the biggest outbreak caused by one of these viruses, the Nipah virus, its efficacy is disputed in light of its lack of efficacy in several animal models of henipavirus infection. Nevertheless, because of its highly pathogenic nature, much effort has been spent in developing anti-henipavirus therapeutics. In this review we describe the unique features of henipavirus infections and the different strategies and animal models that have been developed so far in order to identify and test potential drugs to prevent or treat henipavirus infections. Some of these components have the potential to be broad-spectrum antivirals as they target effectors of viral pathogenecity common to other viruses. We will focus on small molecules or biologics, rather than vaccine strategies, that have been developed as anti-henipaviral therapeutics.,��https://www.ncbi.nlm.nih.gov/pubmed/21488828Ç��Vigant, Frederic
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Viral Envelope Proteins/genetics/*metabolism���May 20K��The fusion (F) proteins of Newcastle disease virus (NDV) and Nipah virus (NiV) are both triggered by binding to receptors, mediated in both viruses by a second protein, the attachment protein. However, the hemagglutinin-neuraminidase (HN) attachment protein of NDV recognizes sialic acid receptors, whereas the NiV G attachment protein recognizes ephrinB2/B3 as receptors. Chimeric proteins composed of domains from the two attachment proteins have been evaluated for fusion-promoting activity with each F protein. Chimeras having NiV G-derived globular domains and NDV HN-derived stalks, transmembranes, and cytoplasmic tails are efficiently expressed, bind ephrinB2, and trigger NDV F to promote fusion in Vero cells. Thus, the NDV F protein can be triggered by binding to the NiV receptor, indicating that an aspect of the triggering cascade induced by the binding of HN to sialic acid is conserved in the binding of NiV G to ephrinB2. However, the fusion cascade for triggering NiV F by the G protein and that of triggering NDV F by the chimeras can be distinguished by differential exposure of a receptor-induced conformational epitope. The enhanced exposure of this epitope marks the triggering of NiV F by NiV G but not the triggering of NDV F by the chimeras. Thus, the triggering cascade for NiV G-F fusion may be more complex than that of NDV HN and F. This is consistent with the finding that reciprocal chimeras having NDV HN-derived heads and NiV G-derived stalks, transmembranes, and tails do not trigger either F protein for fusion, despite efficient cell surface expression and receptor binding.,��https://www.ncbi.nlm.nih.gov/pubmed/21460213���Mirza, Anne M
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Virion/immunology/*metabolism���Jun���Complement is an innate immune response system that most animal viruses encounter during natural infections. We have tested the role of human complement in the neutralization of virus particles harboring the Nipah virus (NiV) glycoproteins. A luciferase-expressing vesicular stomatitis virus (VSV) pseudotype that contained the NiV fusion (F) and attachment (G) glycoproteins (NiVpp) showed dose- and time-dependent activation of human complement through the alternative pathway. In contrast to our findings with other paramyxoviruses, normal human serum (NHS) alone did not neutralize NiVpp infectivity in vitro, and electron microscopy demonstrated no significant deposition of complement component C3 on particles. This lack of NiVpp neutralization by NHS was not due to a global inhibition of complement pathways, since complement was found to significantly enhance neutralization by antibodies specific for the NiV F and G glycoproteins. Complement components C4 and C1q were necessary but not sufficient by themselves for the enhancement of antibody neutralization. Human complement also enhanced NiVpp neutralization by a soluble version of the NiV receptor EphrinB2, and this depended on components in the classical pathway. The ability of complement to enhance neutralization fell into one of two profiles: (i) anti-F monoclonal antibodies showed enhancement only at high and not low antibody concentrations, and (ii) anti-G monoclonal antibodies and EphrinB2 showed enhancement at both high and very low levels of antibody (e.g., 3.1 ng) or EphrinB2 (e.g., 2.5 ng). Together, these data establish the importance of human complement in the neutralization of particles containing the NiV glycoproteins and will help guide the design of more effective therapeutics that harness the potency of complement pathways.,��https://www.ncbi.nlm.nih.gov/pubmed/21450814?��Johnson, John B
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*Pharmacogenetics
Young Adult���Jun���BACKGROUND: Nevirapine is metabolized by CYP2B6 and polymorphisms within the CYP2B6 gene partly explain inter-patient variability in pharmacokinetics. The aim of this study was to model the complex relationship between nevirapine exposure, weight and genetics (based on combined analysis of CYP2B6 516G > T and 983T > C single nucleotide polymorphisms). METHODS: Non-linear mixed-effects modelling was used to estimate pharmacokinetic parameters from 275 patients. Simulations of the nevirapine concentration profile were performed with dosing regimens of 200 mg twice daily and 400 mg once daily for individuals with body weights of 50, 70 and 90 kg in combination with CYP2B6 genetic variation. RESULTS: A one-compartment model with first-order absorption best described the data. Population clearance was 3.5 L/h with inter-patient variability of 24.6%. 516T homozygosity and 983C heterozygosity were associated with 37% and 40% lower clearance, respectively. Body weight was the only significant demographic factor influencing clearance, which increased by 5% for every 10 kg increase. For individuals with higher body weight, once-daily nevirapine was associated with a greater risk of sub-therapeutic drug exposure than a twice-daily regimen. This risk was offset in individuals who were 516T homozygous or 983C heterozygous in which drug exposure was optimal for > 95% of patients with body weight of </= 70 kg. CONCLUSIONS: The data suggest that a 400 mg once-daily dose could be implemented in accordance with CYP2B6 polymorphism and body weight. However, the use of nevirapine once daily (immediate release; off-label) in the absence of therapeutic drug monitoring is not recommended due to the risk of inadequate exposure to nevirapine in a high proportion of patients. There are different considerations for the extended-release formulation (nevirapine XR) that demonstrate minimal peak-to-trough fluctuations in plasma nevirapine levels.,��https://www.ncbi.nlm.nih.gov/pubmed/21441248���Schipani, Alessandro
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*Virus Inactivation���Mar 1A��We present a new antiviral strategy and research tool that could be applied to a wide range of enveloped viruses that infect human beings via membrane fusion. We test this strategy on two emerging zoonotic henipaviruses that cause fatal encephalitis in humans, Nipah (NiV) and Hendra (HeV) viruses. In the new approach, artificial cell-like particles (protocells) presenting membrane receptors in a biomimetic manner were developed and found to attract and inactivate henipavirus envelope glycoprotein pseudovirus particles, preventing infection. The protocells do not accumulate virus during the inactivation process. The use of protocells that interact with, but do not accumulate, viruses may provide significant advantages over current antiviral drugs, and this general approach may have wide potential for antiviral development.,��https://www.ncbi.nlm.nih.gov/pubmed/21390296%��Porotto, Matteo
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Zoonoses/*epidemiology���Nov-Dec���Zoonoses are at the present time more important than ever due to their magnitude and impact. The international trade in animals, products and sub products, as well as the intense travel of people around the world, represent risks of dissemination of infectious diseases, and are the reason for a new age of emerging and reemerging zoonotic diseases. Under these conditions, public health and animal health authorities are obliged to work together in order to get more efficient control programs. In this paper the actual situation of some important emerging and reemerging zoonoses is analyzed, including: anthrax, rabies, tuberculosis, brucellosis, cysticercosis, echinococcosis, hanta virus, Hendra and Nipah virus. Particular attention is given to leptospirosis, due to the fact that it is considered by WHO and OIE as the widest spread zoonotic disease in the world. Zoonoses caused by ingestion of animal food products are discussed. They are responsible for the death of almost 2.2 million people. Bacteria of genus salmonella and campylobacter are considered. Some recommendations are given for the control and prevention of zoonoses, emphasizing the "One Health" concept.,��https://www.ncbi.nlm.nih.gov/pubmed/21384639k��Flores Castro, Ricardo
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Virus Attachment���Feb 24È��In recent years, several paramyxoviruses have emerged to infect humans, including previously unidentified zoonoses. Hendra and Nipah viruses (henipaviruses within this family) were first identified in the 1990s in Australia, Malaysia and Singapore, causing epidemics with high mortality and morbidity rates in affected animals and humans. Other paramyxoviruses, such as Menangle virus, Tioman virus, human metapneumovirus and avian paramyxovirus 1, which cause less morbidity in humans, have also been recently identified. Although the Paramyxoviridae family of viruses has been previously recognised as biomedically and veterinarily important, the recent emergence of these paramyxoviruses has focused our attention on this family. Antiviral drugs can be designed to target specific important determinants of the viral life cycle. Therefore, identifying and understanding the mechanistic underpinnings of viral entry, replication, assembly and budding will be critical in the development of antiviral therapeutic agents. This review focuses on the molecular mechanisms discovered and the antiviral strategies pursued in recent years for emerging paramyxoviruses, with particular emphasis on viral entry and exit mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/21345285S��Aguilar, Hector C
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Swine Diseases/epidemiology/*prevention & control/virology���DecÕ��An outbreak of acute febrile encephalitis affecting pig-farm workers and owners was recognized in peninsular Malaysia as early as September 1998. The outbreak was initially thought to be due to Japanese encephalitis (JE) virus and thus very intensive prevention, control and communication strategies directed at JE virus were undertaken by the Ministry of Health and Ministry of Agriculture of Malaysia. There was an immediate change in the prevention, control and communication strategies with focus and strategies on infected pigs as the source of infections for humans and other animals following the discovery of Nipah virus. Information and understanding the risks of Nipah virus infections and modes of transmission strengthened the directions of prevention, control and communication strategies. A number of epidemiological surveillances and field investigations which were broadly divided into 3 groups covering human health sector, animal health sector and reservoir hosts were carried out as forms of risk assessment to determine and assess the factors and degree of risk of infections by the virus. Data showed that there was significant association between Nipah virus infection and performing activities involving close contact with pigs, such as processing of piglets, administering injection or medication to pigs, assisting in the birth of piglets, assisting in pig breeding, and handling of dead pigs in the affected farms. A complex process of anthropogenic driven deforestation, climatic changes brought on by El Nino-related drought, forest fire and severe haze, and ecological factors of mixed agro-pig farming practices and design of pig-sties led to the spillovers of the virus from its wildlife reservoir into pig population.,��https://www.ncbi.nlm.nih.gov/pubmed/21329177U��Chua, K B
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Swine Diseases/*epidemiology/transmission/virology���DecÈ��The outbreak of Nipah virus, affecting pigs and pig-farm workers, was first noted in September 1998 in the north-western part of peninsular Malaysia. By March 1999, the outbreak had spread to other pig-farming areas of the country, inclusive of the neighbouring country, Singapore. A total of 283 human cases of viral encephalitis with 109 deaths were recorded in Malaysia from 29 September 1998 to December 1999. During the outbreak period, a number of surveillances under three broad groups; Surveillance in Human Health Sector, Surveillance in Animal Health Sector, and Surveillance for the Reservoir Hosts, were carried out to determine the prevalence, risk of virus infections and transmission in human and swine populations as well as the source and reservoir hosts of Nipah virus. Surveillance data showed that the virus spread rapidly among pigs within infected farms and transmission was attributed to direct contact with infective excretions and secretions. The spread of the virus among pig farms within and between states of peninsular Malaysia was due to movement of pigs. The transmission of the virus to humans was through close contact with infected pigs. Human to human transmission was considered a rare event though the Nipah virus could be isolated from saliva, urine, nasal and pharyngeal secretions of patients. Field investigations identified fruitbats of the Pteropid species as the natural reservoir hosts of the viruses. The outbreak was effectively brought under control following the discovery of the virus and institution of correct control measures through a combined effort of multi-ministerial and multidisciplinary teams working in close co-operation and collaboration with other international agencies.,��https://www.ncbi.nlm.nih.gov/pubmed/21329176U��Chua, K B
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Zoonoses/epidemiology/virology���Jana��Hendra virus (HeV) was first isolated in 1994, from a disease outbreak involving at least 21 horses and two humans in the Brisbane suburb of Hendra, Australia. The affected horses and humans all developed a severe but unidentified respiratory disease that resulted in the deaths of one of the human cases and the deaths or putting down of 14 of the horses. The virus, isolated by culture from a horse and the kidney of the fatal human case, was initially characterised as a new member of the genus Morbillivirus in the family Paramyxoviridae. Comparative sequence analysis of part of the matrix protein gene of the virus and the discovery that the virus had an exceptionally large genome subsequently led to HeV being assigned to a new genus, Henipavirus, along with Nipah virus (a newly emergent virus in pigs). The regular outbreaks of HeV-related disease that have occurred in Australia since 1994 have all been characterised by acute respiratory and neurological manifestations, with high levels of morbidity and mortality in the affected horses and humans. The modes of transmission of HeV remain largely unknown. Although fruit bats have been identified as natural hosts of the virus, direct bat-horse, bat-human or human-human transmission has not been reported. Human infection can occur via exposure to infectious urine, saliva or nasopharyngeal fluid from horses. The treatment options and efficacy are very limited and no vaccine exists. Reports on the outbreaks of HeV in Australia are collated in this review and the available data on the biology, transmission and detection of the pathogen are summarized and discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/21294944à��Tulsiani, S M
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Public Health Practice
Seasons
Time Factors���Dec·��Pteropus bats are commonly infected with Nipah virus, but show no signs of illness. Human Nipah outbreaks in Bangladesh coincide with the date palm sap harvesting season. In epidemiologic studies, drinking raw date palm sap is a risk factor for human Nipah infection. We conducted a study to evaluate bats' access to date palm sap. We mounted infrared cameras that silently captured images upon detection of motion on date palm trees from 5:00 pm to 6:00 am. Additionally, we placed two locally used preventative techniques, bamboo skirts and lime (CaCO(3)) smeared on date palm trees to assess their effectiveness in preventing bats access to sap. Out of 20 camera-nights of observations, 14 identified 132 visits of bats around the tree, 91 to the shaved surface of the tree where the sap flow originates, 4 at the stream of sap moving toward the collection pot, and no bats at the tap or on the collection pots; the remaining 6 camera-nights recorded no visits. Of the preventative techniques, the bamboo skirt placed for four camera-nights prevented bats access to sap. This study confirmed that bats commonly visited date palm trees and physically contacted the sap collected for human consumption. This is further evidence that date palm sap is an important link between Nipah virus in bats and Nipah virus in humans. Efforts that prevent bat access to the shaved surface and the sap stream of the tree could reduce Nipah spillovers to the human population.,��https://www.ncbi.nlm.nih.gov/pubmed/212071053��Khan, M Salah Uddin
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Swine Diseases/*epidemiology/virology���Apr���The purpose of this study was to investigate the prevalence of hepatitis E virus (HEV) infection in swine and humans in different environments in Java and Bali, Indonesia. The prevalence of anti-HEV antibodies in people over 20 years old living in communities in Bali was significantly higher than that in Java. While 68.8% and 90.0% of swine in Bali were anti-HEV positive at 1 and 2 months of age, respectively, swine in Java were at significantly lower risk of HEV infection by the age of 2 months. Our present data suggest that substantial differences in swine-breeding conditions and human living environments affect the rate of HEV infection in humans and swine.,��https://www.ncbi.nlm.nih.gov/pubmed/21191625���Utsumi, Takako
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Virus Replication���MarÉ��Replication-defective vaccine vectors based on vesicular stomatitis virus (VSV) lacking its envelope glycoprotein gene (G) are highly effective in animal models. However, such DeltaG vectors are difficult to grow because they require complementation with the VSV G protein. In addition, the complementing G protein induces neutralizing antibodies in animals and thus limits multiple vector applications. In the process of generating an experimental Nipah virus (a paramyxovirus) vaccine, we generated two defective VSVDeltaG vectors, each expressing one of the two Nipah virus (NiV) glycoproteins (G and F) that are both required for virus entry to host cells. These replication-defective VSV vectors were effective at generating NiV neutralizing antibody in mice. Most interestingly, we found that these two defective viruses could be grown together and passaged in tissue culture cells in the absence of VSV G complementation. This mixture of complementing defective viruses was also highly effective at generating NiV neutralizing antibody in animals. This novel approach to growing and producing a vaccine from two defective viruses could be generally applicable to vaccine production for other paramyxoviruses or for other viruses where the expression of at least two different proteins is required for viral entry. Such an approach minimizes biosafety concerns that could apply to single, replication-competent VSV recombinants expressing all proteins required for infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21177820å��Chattopadhyay, Anasuya
Rose, John K
eng
U54 AI057158/AI/NIAID NIH HHS/
AI057158/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2010/12/24 06:00
J Virol. 2011 Mar;85(5):2004-11. doi: 10.1128/JVI.01852-10. Epub 2010 Dec 22.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC3067786���21177820V��Department of Pathology, Yale University School of Medicine, New Haven, CT 06510, USA.���10.1128/JVI.01852-10�
L��üÒtÿî?����"��Popa, A.
Pager, C. T.
Dutch, R. E.���2011\��C-terminal tyrosine residues modulate the fusion activity of the Hendra virus fusion protein���945-52���Biochemistry���50���6Ù��Amino Acid Sequence
Animals
Cell Line
Cercopithecus aethiops
Hendra Virus/*metabolism
Molecular Sequence Data
Tyrosine/genetics/*physiology
Vero Cells
Viral Fusion Proteins/*chemistry/*metabolism
Virus Internalization���Feb 15L��The paramyxovirus family includes important human pathogens such as measles, mumps, respiratory syncytial virus, and the recently emerged, highly pathogenic Hendra and Nipah viruses. The viral fusion (F) protein plays critical roles in infection, promoting both the virus-cell membrane fusion events needed for viral entry as well as cell-cell fusion events leading to syncytia formation. We describe the surprising finding that addition of the short epitope HA tag to the cytoplasmic tail (CT) of the Hendra virus F protein leads to a significant increase in the extent of cell-cell membrane fusion. This increase was not due to alterations in surface expression, cleavage state, or association with lipid microdomains. Addition of a Myc tag of similar length did not alter Hendra F protein fusion activity, indicating that the observed stimulation was not solely a result of lengthening the CT. Three tyrosine residues within the HA tag were critical for the increase in the extent of fusion, suggesting C-terminal tyrosines may modulate Hendra fusion activity. The effects of addition of the HA tag varied with other fusion proteins, as parainfluenza virus 5 F-HA showed a decreased level of surface expression and no stimulation of fusion. These results indicate that additions to the C-terminal end of the F protein CT can modulate protein function in a sequence specific manner, reinforcing the need for careful analysis of epitope-tagged glycoproteins. In addition, our results implicate C-terminal tyrosine residues in the modulation of the membrane fusion reaction promoted by these viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/21175223_��Popa, Andreea
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Virus Diseases/*history���Dec 6-20J��Names are more than just labels used to identify diseases. They can be windows into the discovery, characteristics and attributes of the disease. Toponymous diseases are diseases that are named after places. Hendra, Ross River, Bairnsdale, Murray Valley and Barmah Forest are all examples of Australian places that have had diseases named after them. They all have unique and interesting stories that provide a glimpse into their discovery, history and culture. Because of perceived negative connotations, the association of diseases with placenames has sometimes generated controversy.,��https://www.ncbi.nlm.nih.gov/pubmed/21143049���Appuhamy, Ranil D
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Seroepidemiologic Studies���Dec`��To determine seroprevalence of viruses in bats in Papua New Guinea, we sampled 66 bats at 3 locations. We found a seroprevalence of 55% for henipavirus (Hendra or Nipah virus) and 56% for rubulavirus (Tioman or Menangle virus). Notably, 36% of bats surveyed contained antibodies to both types of viruses, indicating concurrent or consecutive infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21122242Õ��Breed, Andrew C
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Swine/virology���Dec&��We isolated and characterized Nipah virus (NiV) from Pteropus vampyrus bats, the putative reservoir for the 1998 outbreak in Malaysia, and provide evidence of viral recrudescence. This isolate is monophyletic with previous NiVs in combined analysis, and the nucleocapsid gene phylogeny species.,��https://www.ncbi.nlm.nih.gov/pubmed/21122240ê��Rahman, Sohayati A
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Virus Shedding���Nov 11���Paramyxoviruses are known to replicate in the cytoplasm and bud from the plasma membrane. Matrix is the major structural protein in paramyxoviruses that mediates viral assembly and budding. Curiously, the matrix proteins of a few paramyxoviruses have been found in the nucleus, although the biological function associated with this nuclear localization remains obscure. We report here that the nuclear-cytoplasmic trafficking of the Nipah virus matrix (NiV-M) protein and associated post-translational modification play a critical role in matrix-mediated virus budding. Nipah virus (NiV) is a highly pathogenic emerging paramyxovirus that causes fatal encephalitis in humans, and is classified as a Biosafety Level 4 (BSL4) pathogen. During live NiV infection, NiV-M was first detected in the nucleus at early stages of infection before subsequent localization to the cytoplasm and the plasma membrane. Mutations in the putative bipartite nuclear localization signal (NLS) and the leucine-rich nuclear export signal (NES) found in NiV-M impaired its nuclear-cytoplasmic trafficking and also abolished NiV-M budding. A highly conserved lysine residue in the NLS served dual functions: its positive charge was important for mediating nuclear import, and it was also a potential site for monoubiquitination which regulates nuclear export of the protein. Concordantly, overexpression of ubiquitin enhanced NiV-M budding whereas depletion of free ubiquitin in the cell (via proteasome inhibitors) resulted in nuclear retention of NiV-M and blocked viral budding. Live Nipah virus budding was exquisitely sensitive to proteasome inhibitors: bortezomib, an FDA-approved proteasome inhibitor for treating multiple myeloma, reduced viral titers with an IC(50) of 2.7 nM, which is 100-fold less than the peak plasma concentration that can be achieved in humans. This opens up the possibility of using an "off-the-shelf" therapeutic against acute NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/21085610���Wang, Yao E
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Virology/*methods���Nov 12�	�BACKGROUND: Hendra virus (HeV) and Nipah virus (NiV) are newly emerged zoonotic paramyxoviruses discovered during outbreaks in Queensland, Australia in 1994 and peninsular Malaysia in 1998/9 respectively and classified within the new Henipavirus genus. Both viruses can infect a broad range of mammalian species causing severe and often-lethal disease in humans and animals, and repeated outbreaks continue to occur. Extensive laboratory studies on the host cell infection stage of HeV and NiV and the roles of their envelope glycoproteins have been hampered by their highly pathogenic nature and restriction to biosafety level-4 (BSL-4) containment. To circumvent this problem, we have developed a henipavirus envelope glycoprotein pseudotyped lentivirus assay system using either a luciferase gene or green fluorescent protein (GFP) gene encoding human immunodeficiency virus type-1 (HIV-1) genome in conjunction with the HeV and NiV fusion (F) and attachment (G) glycoproteins. RESULTS: Functional retrovirus particles pseudotyped with henipavirus F and G glycoproteins displayed proper target cell tropism and entry and infection was dependent on the presence of the HeV and NiV receptors ephrinB2 or B3 on target cells. The functional specificity of the assay was confirmed by the lack of reporter-gene signals when particles bearing either only the F or only G glycoprotein were prepared and assayed. Virus entry could be specifically blocked when infection was carried out in the presence of a fusion inhibiting C-terminal heptad (HR-2) peptide, a well-characterized, cross-reactive, neutralizing human mAb specific for the henipavirus G glycoprotein, and soluble ephrinB2 and B3 receptors. In addition, the utility of the assay was also demonstrated by an examination of the influence of the cytoplasmic tail of F in its fusion activity and incorporation into pseudotyped virus particles by generating and testing a panel of truncation mutants of NiV and HeV F. CONCLUSIONS: Together, these results demonstrate that a specific henipavirus entry assay has been developed using NiV or HeV F and G glycoprotein pseudotyped reporter-gene encoding retrovirus particles. This assay can be conducted safely under BSL-2 conditions and will be a useful tool for measuring henipavirus entry and studying F and G glycoprotein function in the context of virus entry, as well as in assaying and characterizing neutralizing antibodies and virus entry inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/21073718½��Khetawat, Dimple
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Milk/*chemistry/*microbiology���Feb`��OBJECTIVES: To investigate the microbiological quality and the presence of antibiotic residues in raw cow milk and in some indigenous milk products produced and marketed by the informal sector in the coastal savannah zone of Ghana. METHODS: Milk samples were aseptically collected from 224 kraals and samples of 26 indigenous milk products were purchased from processors and retailers. Total plate counts, total coliform counts and the presence of Escherichia coli and E. coli O157:H7 were determined in all 250 samples. Milk samples were also tested for antibiotic residues. RESULTS: Total plate counts exceeded 10(5) CFU/ml in 45.2% of the samples while coliforms exceeded 10(3) CFU/ml in 66.0% and E. coli was detected in 11.2%. E. coli was present in raw cow milk but not in the indigenous products and all E. coli isolates were negative for E. coli O157:H7. Antibiotic residues were detected in 3.1% of the raw cow milk samples. CONCLUSION: Bulk milk contains unacceptable levels of hygiene indicators and antibiotic residues and is a potential source of milk-borne infections. The detection of E. coli and antibiotic residues raises public health concerns about the safety of fresh unpasteurized cow milk in the coastal savannah zone of Ghana and calls for improved farm hygiene, the need for milk pasteurization and the sensible use of antibiotics in the milk industry.,��https://www.ncbi.nlm.nih.gov/pubmed/21070512÷��Addo, K K
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*Virus Internalization���Oct 28g��In the paramyxovirus cell entry process, receptor binding triggers conformational changes in the fusion protein (F) leading to viral and cellular membrane fusion. Peptides derived from C-terminal heptad repeat (HRC) regions in F have been shown to inhibit fusion by preventing formation of the fusogenic six-helix bundle. We recently showed that the addition of a cholesterol group to HRC peptides active against Nipah virus targets these peptides to the membrane where fusion occurs, dramatically increasing their antiviral effect. In this work, we report that unlike the untagged HRC peptides, which bind to the postulated extended intermediate state bridging the viral and cell membranes, the cholesterol tagged HRC-derived peptides interact with F before the fusion peptide inserts into the target cell membrane, thus capturing an earlier stage in the F-activation process. Furthermore, we show that cholesterol tagging renders these peptides active in vivo: the cholesterol-tagged peptides cross the blood brain barrier, and effectively prevent and treat in an established animal model what would otherwise be fatal Nipah virus encephalitis. The in vivo efficacy of cholesterol-tagged peptides, and in particular their ability to penetrate the CNS, suggests that they are promising candidates for the prevention or therapy of infection by Nipah and other lethal paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21060819���Porotto, Matteo
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Viral Envelope Proteins/*metabolism���Nov 8k��BACKGROUND: The highly pathogenic Nipah virus (NiV) causes fatal respiratory and brain infections in animals and humans. The major hallmark of the infection is a systemic endothelial infection, predominantly in the CNS. Infection of brain endothelial cells allows the virus to overcome the blood-brain-barrier (BBB) and to subsequently infect the brain parenchyma. However, the mechanisms of NiV replication in endothelial cells are poorly elucidated. We have shown recently that the bipolar or basolateral expression of the NiV surface glycoproteins F and G in polarized epithelial cell layers is involved in lateral virus spread via cell-to-cell fusion and that correct sorting depends on tyrosine-dependent targeting signals in the cytoplasmic tails of the glycoproteins. Since endothelial cells share many characteristics with epithelial cells in terms of polarization and protein sorting, we wanted to elucidate the role of the NiV glycoprotein targeting signals in endothelial cells. RESULTS: As observed in vivo, NiV infection of endothelial cells induced syncytia formation. The further finding that infection increased the transendothelial permeability supports the idea of spread of infection via cell-to-cell fusion and endothelial cell damage as a mechanism to overcome the BBB. We then revealed that both glycoproteins are expressed at lateral cell junctions (bipolar), not only in NiV-infected primary endothelial cells but also upon stable expression in immortalized endothelial cells. Interestingly, mutation of tyrosines 525 and 542/543 in the cytoplasmic tail of the F protein led to an apical redistribution of the protein in endothelial cells whereas tyrosine mutations in the G protein had no effect at all. This fully contrasts the previous results in epithelial cells where tyrosine 525 in the F, and tyrosines 28/29 in the G protein were required for correct targeting. CONCLUSION: We conclude that the NiV glycoprotein distribution is responsible for lateral virus spread in both, epithelial and endothelial cell monolayers. However, the prerequisites for correct protein targeting differ markedly in the two polarized cell types.,��https://www.ncbi.nlm.nih.gov/pubmed/21054904���Erbar, Stephanie
Maisner, Andrea
eng
Research Support, Non-U.S. Gov't
England
2010/11/09 06:00
Virol J. 2010 Nov 8;7:305. doi: 10.1186/1743-422X-7-305.*��1743-422X (Electronic)
1743-422X (Linking)
��PMC2991316���21054904?��Institute of Virology, Philipps University of Marburg, Germany.���10.1186/1743-422X-7-305��	��üÒtÿî?����<��Defang, G. N.
Khetawat, D.
Broder, C. C.
Quinnan, G. V., Jr.���2010���Induction of neutralizing antibodies to Hendra and Nipah glycoproteins using a Venezuelan equine encephalitis virus in vivo expression system���212-20���Vaccine���29���2s��Animals
Antibodies, Neutralizing/*blood
Antibodies, Viral/*blood
Encephalitis Virus, Venezuelan Equine/*genetics
Female
Gene Expression
Genetic Vectors
Hendra Virus/genetics/*immunology
Henipavirus Infections/immunology/*prevention & control
Mice
Mice, Inbred C3H
Nipah Virus/genetics/*immunology
Vaccines, Synthetic/genetics/immunology
Viral Proteins/genetics/immunology���Dec 16���The emergence of Hendra Virus (HeV) and Nipah Virus (NiV) which can cause fatal infections in both animals and humans has triggered a search for an effective vaccine. Here, we have explored the potential for generating an effective humoral immune response to these zoonotic pathogens using an alphavirus-based vaccine platform. Groups of mice were immunized with Venezuelan equine encephalitis virus replicon particles (VRPs) encoding the attachment or fusion glycoproteins of either HeV or NiV. We demonstrate the induction of highly potent cross-reactive neutralizing antibodies to both viruses using this approach. Preliminary study suggested early enhancement in the antibody response with use of a modified version of VRP. Overall, these data suggest that the use of an alphavirus-derived vaccine platform might serve as a viable approach for the development of an effective vaccine against the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/21050901"��Defang, Gabriel N
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Nipah Virus/*isolation & purification���Oct 21���OBJECTIVE: In March 2007, we investigated a cluster of Nipah encephalitis to identify risk factors for Nipah infection in Bangladesh. METHODS: We defined confirmed Nipah cases by the presence of IgM and IgG antibodies against Nipah virus in serum. Case-patients, who resided in the same village during the outbreak period but died before serum could be collected, were classified as probable cases. RESULTS: We identified three confirmed and five probable Nipah cases. There was a single index case. Five of the secondary cases came in close physical contact to the index case when she was ill. Case-patients were more likely to have physical contact with the index case (71% cases versus 0% controls, p = <0.001). The index case, on her third day of illness, and all the subsequent cases attended the same religious gathering. For three probable cases including the index case, we could not identify any known risk factors for Nipah infection such as physical contact with Nipah case-patients, consumption of raw date palm juice, or contact with sick animals or fruit bats. CONCLUSION: Though person-to-person transmission remains an important mode of transmission for Nipah infection, we could not confirm the source of infection for three of the probable Nipah case-patients. Continued surveillance and outbreak investigations will help better understand the transmission of Nipah virus and develop preventive strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/21042407¦��Homaira, Nusrat
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Sequence Analysis, DNA���Dec¾��Effective prediction of future viral zoonoses requires an in-depth understanding of the heterologous viral population in key animal species that will likely serve as reservoir hosts or intermediates during the next viral epidemic. The importance of bats as natural hosts for several important viral zoonoses, including Ebola, Marburg, Nipah, Hendra, and rabies viruses and severe acute respiratory syndrome-coronavirus (SARS-CoV), has been established; however, the large viral population diversity (virome) of bats has been partially determined for only a few of the approximately 1,200 bat species. To assess the virome of North American bats, we collected fecal, oral, urine, and tissue samples from individual bats captured at an abandoned railroad tunnel in Maryland that is cohabitated by 7 to 10 different bat species. Here, we present preliminary characterization of the virome of three common North American bat species, including big brown bats (Eptesicus fuscus), tricolored bats (Perimyotis subflavus), and little brown myotis (Myotis lucifugus). In samples derived from these bats, we identified viral sequences that were similar to at least three novel group 1 CoVs, large numbers of insect and plant virus sequences, and nearly full-length genomic sequences of two novel bacteriophages. These observations suggest that bats encounter and disseminate a large assortment of viruses capable of infecting many different animals, insects, and plants in nature.,��https://www.ncbi.nlm.nih.gov/pubmed/20926577���Donaldson, Eric F
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Plant Extracts
Solvents���Sep 6ß��Saffron (Crocus sativus L.) belongs to the Iridaceae family. The stigma of saffron has been widely used as spice, medicinal plant, and food additive in the Mediterranean and Subtropical countries. Recently, attention has been paid to the identification of new sources of safe natural antioxidants for the food industry. The antioxidant activities of spices are mainly attributed to their phenolic and flavonoid compounds. Saffron is one of the spices believed to possess antioxidant properties, but information on its antioxidant activity and phenolic, flavonoids compound are rather limited, therefore this research was carried out to evaluate the antioxidant activity of saffron stigmas extracted with different solvents. The phenolic and flavonoid compounds of saffron were also examined using reversed phase (RP)-HPLC. Results showed that saffron stigma possess antioxidant activity. The free radical scavenging and ferric reducing power activities were higher for the methanolic extract of saffron stigma at a concentration of 300 mug/mL, with values of 68.2% and 78.9%, respectively, as compared to the corresponding boiling water and ethanolic extracts, but the activities were lower than those of antioxidant standards such as BHT and alpha-tocopherol. The obtained total phenolics value for methanolic saffron extract was 6.54 +/- 0.02 mg gallic acid equivalent (GAE)/g dry weight (DW), and for total flavonoids, 5.88 +/- 0.12 mg rutin equivalent/g DW, which were also higher than values obtained from the ethanolic and boiling water extracts. In addition, the RP-HPLC analyses indicated the presence of gallic acid and pyrogallol as two bioactive compounds. In summary, saffron stigmas showed antioxidant activity and methanol appeared to be the best solvent to extract the active components, among which the presence of gallic acid and pyrogallol might contribute towards the stigma's antioxidant properties. Hence, saffron stigma could be applied as a natural antioxidant source for industrial purposes.,��https://www.ncbi.nlm.nih.gov/pubmed/20877220Ã��Karimi, Ehsan
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Viral Proteins/*chemistry/genetics/*metabolism���Octs��Members within the paramyxovirus subfamily Paramyxovirinae constitute a large number of highly virulent human and animal pathogens. The glycoproteins present on these viruses are responsible for mediating host cell attachment and fusion and are key targets for the design of antiviral entry inhibitors. In the present review, we discuss recent structural studies which have led to a better understanding of the various mechanisms by which different paramyxoviruses use their attachment glycoproteins to hijack specific protein and glycan cell-surface receptors to facilitate viral entry. It is observed that the paramyxovirus attachment glycoprotein consists of a conserved overall structure which includes an N-terminal six-bladed beta-propeller domain which is responsible for cell receptor binding. Crystal structures of this domain from different biomedically important paramyxoviruses, including measles, Nipah, Hendra, Newcastle disease and parainfluenza viruses, alone and in complex with their functional cell-surface receptors, demonstrate three contrasting mechanisms of receptor engagement that paramyxoviruses have evolved to confer discreet protein- and glycan-receptor specificity. This structural information highlights the adaptability of the paramyxovirus attachment glycoprotein surface and the potential for the emergence of new and potentially harmful viruses in human hosts.,��https://www.ncbi.nlm.nih.gov/pubmed/20863312û��Bowden, Thomas A
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Sex Offenses/prevention & control/*statistics & numerical data±��This paper discusses an innovative 3-step eHealth approach to translate research for target audiences' knowledge uptake in developing countries. The first step uses a knowledge transfer model for the identification and packaging of health content as well as the selection of appropriate Information and Communication Technologies (ICT) platforms; followed by consumer health informatics studies to evaluate the efficacy of addressing health consumers' information needs; and the final step recommends forming of strategic partnerships to strengthen and support knowledge transfer and sharing. The 3-step eHealth approach is based on a convergence of ICTs, and application of the practices and principles of informatics and knowledge management. It was refined during the development of AfroAIDSinfo, an AIDS information portal of the SA Medical Research Council (MRC). The approach was evaluated during the forming of a strategic partnership between the AfroAIDSinfo project of the MRC's Web and Media Technologies Platform and the Sexual Violence Research Initiative. The successful outcome of the eHealth approach served to collect evidence for good practice in informatics and knowledge management.,��https://www.ncbi.nlm.nih.gov/pubmed/20841731���van Zyl, Hendra
Dartnall, Liz
eng
Research Support, Non-U.S. Gov't
Netherlands
2010/09/16 06:00
Stud Health Technol Inform. 2010;160(Pt 1):471-5.%��0926-9630 (Print)
0926-9630 (Linking)���20841731���Web and Media Technologies, eHealth Research and Innovation Platform, Medical Research Council, South Africa. hendra.van.zyl@mrc.ac.za�����üÒtÿî?����N��Seto, J.
Qiao, L.
Guenzel, C. A.
Xiao, S.
Shaw, M. L.
Hayot, F.
Sealfon, S. C.���2010]��Novel Nipah virus immune-antagonism strategy revealed by experimental and computational study���10965-73���J Virol���84���21ñ��Dendritic Cells/immunology/*virology
Humans
Immune System/*virology
*Models, Theoretical
Nipah Virus/*immunology/pathogenicity
Phosphoproteins/immunology
RNA Editing
Time Factors
Viral Proteins/immunology
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Viral Proteins/*genetics���Novì��The V protein of the paramyxovirus subfamily Paramyxovirinae is an important virulence factor that can interfere with host innate immunity by inactivating the cytosolic pathogen recognition receptor MDA5. This interference is a result of a protein-protein interaction between the highly conserved carboxyl-terminal domain of the V protein and the helicase domain of MDA5. The V protein C-terminal domain (CTD) is an evolutionarily conserved 49- to 68-amino-acid region that coordinates two zinc atoms per protein chain. Site-directed mutagenesis of conserved residues in the V protein CTD has revealed both universal and virus-specific requirements for zinc coordination in MDA5 engagement and has also identified other conserved residues as critical for MDA5 interaction and interference. Mutation of these residues produces V proteins that are specifically defective for MDA5 interference and not impaired in targeting STAT1 for proteasomal degradation via the VDC ubiquitin ligase complex. Results demonstrate that mutation of conserved charged residues in the V proteins of Nipah virus, measles virus, and mumps virus also abolishes MDA5 interaction. These findings clearly define molecular determinants for MDA5 inhibition by the paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/20719949!��Ramachandran, Aparna
Horvath, Curt M
eng
R01 AI050707/AI/NIAID NIH HHS/
R01 AI073919/AI/NIAID NIH HHS/
AI073919/AI/NIAID NIH HHS/
AI50707/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
2010/08/20 06:00
J Virol. 2010 Nov;84(21):11152-63. doi: 10.1128/JVI.01375-10. Epub 2010 Aug 18.*��1098-5514 (Electronic)
0022-538X (Linking)
��PMC2953164���20719949F��Pancoe Pavilion, Rm. 4401, 2200 Campus Drive, Evanston, IL 60208, USA.���10.1128/JVI.01375-10���� ��üÒtÿî?¡������Smith, E. C.
Dutch, R. E.���2010g��Side chain packing below the fusion peptide strongly modulates triggering of the Hendra virus F protein���10928-32���J Virol���84���20¼��Amino Acid Substitution
Animals
Cercopithecus aethiops
Crystallography, X-Ray
Hendra Virus/genetics/pathogenicity/*physiology
Humans
In Vitro Techniques
Models, Molecular
Mutagenesis, Site-Directed
Mutant Proteins/chemistry/genetics/physiology
Protein Conformation
Recombinant Proteins/chemistry/genetics/metabolism
Structural Homology, Protein
Transfection
Vero Cells
Viral Fusion Proteins/*chemistry/genetics/*physiology
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Virus Release/physiology���Oct���Bone marrow stromal antigen 2 (BST-2/tetherin) is a cellular membrane protein that inhibits the release of HIV-1. We show for the first time, using infectious viruses, that BST-2 also inhibits egress of arenaviruses but has no effect on filovirus replication and spread. Specifically, infectious Lassa virus (LASV) release significantly decreased or increased in human cells in which BST-2 was either stably expressed or knocked down, respectively. In contrast, replication and spread of infectious Zaire ebolavirus (ZEBOV) and Lake Victoria marburgvirus (MARV) were not affected by these conditions. Replication of infectious Rift Valley fever virus (RVFV) and cowpox virus (CPXV) was also not affected by BST-2 expression. Elevated cellular levels of human or murine BST-2 inhibited the release of virus-like particles (VLPs) consisting of the matrix proteins of multiple highly virulent NIAID Priority Pathogens, including arenaviruses (LASV and Machupo virus [MACV]), filoviruses (ZEBOV and MARV), and paramyxoviruses (Nipah virus). Although the glycoproteins of filoviruses counteracted the antiviral activity of BST-2 in the context of VLPs, they could not rescue arenaviral (LASV and MACV) VLP release upon BST-2 overexpression. Furthermore, we did not observe colocalization of filoviral glycoproteins with BST-2 during infection with authentic viruses. None of the arenavirus-encoded proteins rescued budding of VLPs in the presence of BST-2. Our results demonstrate that BST-2 might be a broad antiviral factor with the ability to restrict release of a wide variety of human pathogens. However, at least filoviruses, RVFV, and CPXV are immune to its inhibitory effect.,��https://www.ncbi.nlm.nih.gov/pubmed/20686043s��Radoshitzky, Sheli R
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Virus Internalization/*drug effects���NovZ��Based on the structural similarity of viral fusion proteins within the family Paramyxoviridae, we tested recently described and newly synthesized acetanilide derivatives for their capacity to inhibit measles virus (MV)-, canine distemper virus (CDV)- and Nipah virus (NiV)-induced membrane fusion. We found that N-(3-cyanophenyl)-2-phenylacetamide (compound 1) has a high capacity to inhibit MV- and CDV-induced (IC(50) muM), but not NiV-induced, membrane fusion. This compound is of outstanding interest because it can be easily synthesized and its cytotoxicity is low [50 % cytotoxic concentration (CC(50)) >/= 300 muM], leading to a CC(50)/IC(50) ratio of approximately 100. In addition, primary human peripheral blood lymphocytes and primary dog brain cell cultures (DBC) also tolerate high concentrations of compound 1. Infection of human PBMC with recombinant wild-type MV is inhibited by an IC(50) of approximately 20 muM. The cell-to-cell spread of recombinant wild-type CDV in persistently infected DBC can be nearly completely inhibited by compound 1 at 50 muM, indicating that the virus spread between brain cells is dependent on the activity of the viral fusion protein. Our findings demonstrate that this compound is a most applicable inhibitor of morbillivirus-induced membrane fusion in tissue culture experiments including highly sensitive primary cells.,��https://www.ncbi.nlm.nih.gov/pubmed/20685931÷��Singethan, K
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Zoonoses/transmission/*virology���SepÁ��The genus Henipavirus contains two members-Hendra virus (HeV) and Nipah virus (NiV)-and each can cause fatal disease in humans and animals. HeV and Niv are currently classified as biosafety level 4, and NiV is classified as a category C priority pathogen. The aim of this article is to discuss the pathology of laboratory animal models of henipavirus infection and to assess their suitability as animal models for the development and testing of human therapeutics and vaccines. There has been considerable progress in the development of animal models for henipavirus disease. Suitable animal models include the golden hamster, ferrets, cats, and pigs, which develop disease resembling that observed in humans. Guinea pigs are a less reliable model for henipavirus disease, but they do develop henipavirus-induced encephalitis. Because human efficacy studies with henipaviruses are not permitted, animal studies are critical for the development of antiviral therapeutics and vaccines. Current research indicates that passive immunotherapy using monoclonal antibodies is protective of ferrets against NiV infection and that passive immunotherapy using NiV antibodies protects hamsters from HeV. Recombinant vaccines have been used to protect cats and pigs against NiV infection. Ribavirin and 6-aza-uridine were able to delay but not prevent NiV-induced mortality in hamsters. Further research is needed to develop a model and therapy for late-onset henipavirus encephalitis.,��https://www.ncbi.nlm.nih.gov/pubmed/20682803���Williamson, M M
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Virus Replication/physiology���Oct���The interaction of Nipah virus (NiV) nucleocapsid (N) protein with phosphoprotein (P) during nucleocapsid assembly is the essential process in the viral life cycle, since only the encapsidated RNA genome can be used for replication. To identify the region responsible for N-P interaction, we utilized fluorescent protein tags to visualize NiV N and P proteins in live cells and analyzed their cellular localization. N protein fused to monomeric enhanced cyan fluorescence protein (N-ECFP) exhibited a dotted pattern in transfected cells, while P protein fused to monomeric red fluorescent protein (P-mRFP) showed diffuse distribution. When the two proteins were coexpressed, P-mRFP colocalized with N-ECFP dots. N-ECFP mutants with serial amino acid deletions were generated to search for the region(s) responsible for this N-P colocalization. We found that, in addition to the 467- to 496-amino-acid (aa) region reported previously, aa 135 to 146 were responsible for the N-P colocalization. The residues crucial for N-P interaction were further investigated by introducing alanine substitutions into the untagged N protein. Alanine scanning in the region of aa 135 to 146 has revealed that there are distinct regions essential for the interaction of N-P and the function of N. This is the first study to visualize Nipah viral proteins in live cells and to assess the essential domain of N protein for the interaction with P protein.,��https://www.ncbi.nlm.nih.gov/pubmed/20668089Î��Omi-Furutani, Mio
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*Yersinia pestis���Aug 10���Highly lethal pathogens (e.g., hantaviruses, hendra virus, anthrax, or plague) pose unique public-health problems, because they seem to periodically flare into outbreaks before disappearing into long quiescent phases. A key element to their possible control and eradication is being able to understand where they persist in the latent phase and how to identify the conditions that result in sporadic epidemics or epizootics. In American grasslands, plague, caused by Yersinia pestis, exemplifies this quiescent-outbreak pattern, because it sporadically erupts in epizootics that decimate prairie dog (Cynomys ludovicianus) colonies, yet the causes of outbreaks and mechanisms for interepizootic persistence of this disease are poorly understood. Using field data on prairie community ecology, flea behavior, and plague-transmission biology, we find that plague can persist in prairie-dog colonies for prolonged periods, because host movement is highly spatially constrained. The abundance of an alternate host for disease vectors, the grasshopper mouse (Onychomys leucogaster), drives plague outbreaks by increasing the connectivity of the prairie dog hosts and therefore, permitting percolation of the disease throughout the primary host population. These results offer an alternative perspective on plague's ecology (i.e., disease transmission exacerbated by alternative hosts) and may have ramifications for plague dynamics in Asia and Africa, where a single main host has traditionally been considered to drive Yersinia ecology. Furthermore, abundance thresholds of alternate hosts may be a key phenomenon determining outbreaks of disease in many multihost-disease systems.,��https://www.ncbi.nlm.nih.gov/pubmed/20660742k��Salkeld, Daniel J
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Virus Replication���Oct2��The henipaviruses, Hendra virus (HeV) and Nipah virus (NiV), are emerging zoonotic paramyxoviruses that can cause severe and often lethal neurologic and/or respiratory disease in a wide variety of mammalian hosts, including humans. There are presently no licensed vaccines or treatment options approved for human or veterinarian use. Guinea pigs, hamsters, cats, and ferrets, have been evaluated as animal models of human HeV infection, but studies in nonhuman primates (NHP) have not been reported, and the development and approval of any vaccine or antiviral for human use will likely require efficacy studies in an NHP model. Here, we examined the pathogenesis of HeV in the African green monkey (AGM) following intratracheal inoculation. Exposure of AGMs to HeV produced a uniformly lethal infection, and the observed clinical signs and pathology were highly consistent with HeV-mediated disease seen in humans. Ribavirin has been used to treat patients infected with either HeV or NiV; however, its utility in improving outcome remains, at best, uncertain. We examined the antiviral effect of ribavirin in a cohort of nine AGMs before or after exposure to HeV. Ribavirin treatment delayed disease onset by 1 to 2 days, with no significant benefit for disease progression and outcome. Together our findings introduce a new disease model of acute HeV infection suitable for testing antiviral strategies and also demonstrate that, while ribavirin may have some antiviral activity against the henipaviruses, its use as an effective standalone therapy for HeV infection is questionable.,��https://www.ncbi.nlm.nih.gov/pubmed/20660198���Rockx, Barry
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Virus Physiological Phenomena/*drug effects���Jul 15@��Nipah virus targets human endothelial cells via NiV-F and NiV-G envelope glycoproteins, resulting in endothelial syncytia formation and vascular compromise. Endothelial cells respond to viral infection by releasing innate immune effectors, including galectins, which are secreted proteins that bind to specific glycan ligands on cell surface glycoproteins. We demonstrate that galectin-1 reduces NiV-F mediated fusion of endothelial cells, and that endogenous galectin-1 in endothelial cells is sufficient to inhibit syncytia formation. Galectin-1 regulates NiV-F mediated cell fusion at three distinct points, including retarding maturation of nascent NiV-F, reducing NiV-F lateral mobility on the plasma membrane, and directly inhibiting the conformational change in NiV-F required for triggering fusion. Characterization of the NiV-F N-glycome showed that the critical site for galectin-1 inhibition is rich in glycan structures known to bind galectin-1. These studies identify a unique set of mechanisms for regulating pathophysiology of NiV infection at the level of the target cell.,��https://www.ncbi.nlm.nih.gov/pubmed/20657665¤��Garner, Omai B
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Humans���Sep���In the last few decades, there is an increasing emergence and re-emergence of viruses, such as West Nile virus, Enterovirus 71 and henipaviruses that cause epidemic viral encephalitis and other central nervous system (CNS) manifestations. The mortality and morbidity associated with these outbreaks are significant and frequently severe. While aspects of epidemiology, basic virology, etc., may be known, the pathology and pathogenesis are often less so, partly due to a lack of interest among pathologists or because many of these infections are considered "third world" diseases. In the study of epidemic viral encephalitis, the pathologist's role in unravelling the pathology and pathogenesis is critical. The novel henipavirus infection is a good example. The newly created genus Henipavirus within the family Paramyxoviridae consists of two viruses, viz., Hendra virus and Nipah virus. These two viruses emerged in Australia and Asia, respectively, to cause severe encephalitides in humans and animals. Studies show that the pathological features of the acute encephalitis caused by henipaviruses are similar and a unique dual pathogenetic mechanism of vasculitis-induced microinfarction and parenchymal cell infection in the CNS (mainly neurons) and other organs causes severe tissue damage. Both viruses can cause relapsing encephalitis months and years after the acute infection due to a true recurrent infection as evidenced by the presence of virus in infected cells. Future emerging viral encephalitides will no doubt continue to pose considerable challenges to the neuropathologist, and as the West Nile virus outbreak demonstrates, even economically advanced nations are not spared.,��https://www.ncbi.nlm.nih.gov/pubmed/20652579���Wong, Kum Thong
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Telemetry���Jun¯��Fruit bats of the genus Pteropus (commonly known as flying-foxes) are the natural hosts of several recently emerged zoonotic viruses of animal and human health significance in Australia and Asia, including Hendra and Nipah viruses. Satellite telemetry was used on nine flying-foxes of three species (Pteropus alecto n=5, P. vampyrus n=2, and P. neohibernicus n=2) to determine the scale and pattern of their long-distance movements and their potential to transfer these viruses between countries in the region. The animals were captured and released from six different locations in Australia, Papua New Guinea, Indonesia, and Timor-Leste. Their movements were recorded for a median of 120 (range, 47-342) days with a median total distance travelled of 393 (range, 76-3011) km per individual. Pteropus alecto individuals were observed to move between Australia and Papua New Guinea (Western Province) on four occasions, between Papua New Guinea (Western Province) and Indonesia (Papua) on ten occasions, and to traverse Torres Strait on two occasions. Pteropus vampyrus was observed to move between Timor-Leste and Indonesia (West Timor) on one occasion. These findings expand upon the current literature on the potential for transfer of zoonotic viruses by flying-foxes between countries and have implications for disease risk management and for the conservation management of flying-fox populations in Australia, New Guinea, and the Lesser Sunda Islands.,��https://www.ncbi.nlm.nih.gov/pubmed/20645122\��Breed, Andrew C
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Zoonoses/transmission���Junø��Nipah virus (NiV) infection is a seasonal disease in Bangladesh that coincides with the date palm sap collection season. Raw date palm sap is a delicacy to drink in Bengali culture. If fruit bats that are infected with NiV gain access to the sap for drinking, they might occasionally contaminate the sap through saliva and urine. In February 2007, we conducted a qualitative study in six villages, interviewing 27 date palm sap collectors (gachhis) within the geographical area where NiV outbreaks have occurred since 2001. Gachhis reported that bats pose a challenge to successful collection of quality sap, because bats drink and defecate into the sap which markedly reduces its value. They know some methods to prevent access by bats and other pests but do not use them consistently, because of lack of time and resources. Further studies to explore the effectiveness of these methods and to motivate gachhis to invest their time and money to use them could reduce the risk of human Nipah infection in Bangladesh.,��https://www.ncbi.nlm.nih.gov/pubmed/20617362���Nahar, Nazmun
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*Virus Replication���Aug 15,��Nipah virus (NiV) is a highly pathogenic paramyxovirus which causes fatal encephalitis in up to 75% of infected humans. Endothelial cells and neurons are important cellular targets in the pathogenesis of this disease. In this study, viral replication and the innate immune responses to NiV in these cell types were measured. NiV infected endothelial cells generated a functionally robust IFN-beta response, which correlated with localization of the NiV W protein to the cytoplasm. There was no antiviral response detected in infected neuronal cells. NiV infection of endothelial cells induced a significant increase in secreted inflammatory chemokines, which corresponded with the increased ability of infected cell supernatants to induce monocyte and T-lymphocyte chemotaxis. These results suggest that pro-inflammatory chemokines produced by NiV infected primary endothelial cells in vitro is consistent with the prominent vasculitis observed in infections, and provide initial molecular insights into the pathogenesis of NiV in physiologically relevant cells types.,��https://www.ncbi.nlm.nih.gov/pubmed/20552729���Lo, Michael K
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Swine Diseases/immunology/*virology���Jun 3ï��BACKGROUND: Outbreaks of Hendra (HeV) and Nipah (NiV) viruses have been reported starting in 1994 and 1998, respectively. Both viruses are capable of causing fatal disease in humans and effecting great economical loss in the livestock industry. RESULTS: Through screening of hybridomas derived from mice immunized with gamma-irradiated Nipah virus, we identified two secreted antibodies; one reactive with the nucleocapsid (N) protein and the other, the phosphoprotein (P) of henipaviruses. Epitope mapping and protein sequence alignments between NiV and HeV suggest the last 14 amino acids of the carboxyl terminus of the N protein is the target of the anti-N antibody. The anti-P antibody recognizes an epitope in the amino-terminal half of P protein. These monoclonal antibodies were used to develop two antigen capture ELISAs, one for virus detection and the other for differentiation between NiV and HeV. The lower limit of detection of the capture assay with both monoclonal antibodies was 400 pfu. The anti-N antibody was used to successfully detect NiV in a lung tissue suspension from an infected pig. CONCLUSION: The antigen capture ELISA developed is potentially affordable tool to provide rapid detection and differentiation between the henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20525276á��Chiang, Cheng-Feng
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*Virus Internalization���AugT��The deadly paramyxovirus Nipah virus (NiV) contains a fusion glycoprotein (F) with canonical structural and functional features common to its class. Receptor binding to the NiV attachment glycoprotein (G) triggers F to undergo a two-phase conformational cascade: the first phase progresses from a metastable prefusion state to a prehairpin intermediate (PHI), while the second phase is marked by transition from the PHI to the six-helix-bundle hairpin. The PHI can be captured with peptides that mimic F's heptad repeat regions, and here we utilized a NiV heptad repeat peptide to quantify PHI formation and the half-lives (t(1/2)) of the first and second fusion cascade phases. We found that ephrinB2 receptor binding to G triggered approximately 2-fold more F than that triggered by ephrinB3, consistent with the increased rate and extent of fusion observed with ephrinB2- versus ephrinB3-expressing cells. In addition, for a series of hyper- and hypofusogenic F mutants, we quantified F-triggering capacities and measured the kinetics of their fusion cascade phases. Hyper- and hypofusogenicity can each be manifested through distinct stages of the fusion cascade, giving rise to vastly different half-lives for the first (t(1/2), 1.9 to 7.5 min) or second (t(1/2), 1.5 to 15.6 min) phase. While three mutants had a shorter first phase and a longer second phase than the wild-type protein, one mutant had the opposite phenotype. Thus, our results reveal multiple critical parameters that govern the paramyxovirus fusion cascade, and our assays should help efforts to elucidate other class I membrane fusion processes.,��https://www.ncbi.nlm.nih.gov/pubmed/205193837��Aguilar, Hector C
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Viral Tropism/immunology���May 18���Nipah virus (NiV) is an enigmatic emerging pathogen that causes severe and often fatal neurologic and/or respiratory disease in both animals and humans. Amongst people, case fatality rates range between 40 and 75 percent and there are no vaccines or treatments approved for human use. Guinea pigs, hamsters, cats, ferrets, pigs and most recently squirrel monkeys (New World monkey) have been evaluated as animal models of human NiV infection, and with the exception of the ferret, no model recapitulates all aspects of NiV-mediated disease seen in humans. To identify a more viable nonhuman primate (NHP) model, we examined the pathogenesis of NiV in African green monkeys (AGM). Exposure of eight monkeys to NiV produced a severe systemic infection in all eight animals with seven of the animals succumbing to infection. Viral RNA was detected in the plasma of challenged animals and occurred in two of three subjects as a peak between days 7 and 21, providing the first clear demonstration of plasma-associated viremia in NiV experimentally infected animals and suggested a progressive infection that seeded multiple organs simultaneously from the initial site of virus replication. Unlike the cat, hamster and squirrel monkey models of NiV infection, severe respiratory pathology, neurological disease and generalized vasculitis all manifested in NiV-infected AGMs, providing an accurate reflection of what is observed in NiV-infected humans. Our findings demonstrate the first consistent and highly pathogenic NHP model of NiV infection, providing a new and critical platform in the evaluation and licensure of either passive and active immunization or therapeutic strategies for human use.,��https://www.ncbi.nlm.nih.gov/pubmed/20502528ç��Geisbert, Thomas W
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*Virus Replication���Aug^��The highly pathogenic Nipah virus (NiV) is aerially transmitted and causes a systemic infection after entering the respiratory tract. Airway epithelia are thus important targets in primary infection. Furthermore, virus replication in the mucosal surfaces of the respiratory or urinary tract in later phases of infection is essential for virus shedding and transmission. So far, the mechanisms of NiV replication in epithelial cells are poorly elucidated. In the present study, we provide evidence that bipolar targeting of the two NiV surface glycoproteins G and F is of biological importance for fusion in polarized epithelia. We demonstrate that infection of polarized cells induces focus formation, with both glycoproteins located at lateral membranes of infected cells adjacent to uninfected cells. Supporting the idea of a direct spread of infection via lateral cell-to-cell fusion, we could identify basolateral targeting signals in the cytoplasmic domains of both NiV glycoproteins. Tyrosine 525 in the F protein is part of an endocytosis signal and is also responsible for basolateral sorting. Surprisingly, we identified a dityrosine motif at position 28/29 in the G protein, which mediates polarized targeting. A dileucine motif predicted to function as sorting signal is not involved. Mutation of the targeting signal in one of the NiV glycoproteins prevented the fusion of polarized cells, suggesting that basolateral or bipolar F and G expression facilitates the spread of NiV within epithelial cell monolayers, thereby contributing to efficient virus spread in mucosal surfaces in early and late phases of infection.,��https://www.ncbi.nlm.nih.gov/pubmed/20484517ß��Weise, Carolin
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*Zoonoses���Oct���Diseases transmitted from animals have assumed substantial public health importance. Avian influenza, severe acute respiratory syndrome, and Nipah virus infection are a few examples of growing number of diseases that humans can contract from animals. These diseases can cause huge economic losses in addition to mortality and morbidity. In developing countries of Asia, there is a continuous and close contact between animals and humans, especially in rural settings. The prevailing sociocultural practices and weak public health infrastructure further enhances the vulnerability of Asia as the epicenter of outbreaks due to zoonotic infections. There is a clear need of greater awareness and application of a multisectoral and multidisciplinary approach to prevent and control zoonotic infections.,��https://www.ncbi.nlm.nih.gov/pubmed/20462853 ��Bhatia, Rajesh
Narain, Jai P
eng
Review
China
2010/05/14 06:00
Asia Pac J Public Health. 2010 Oct;22(4):388-94. doi: 10.1177/1010539510370908. Epub 2010 May 11.*��1941-2479 (Electronic)
1010-5395 (Linking)���20462853R��WHO Regional Office for South-East Asia, New Delhi, India. bhatiaraj@searo.who.int���10.1177/1010539510370908���	Ö��üÒtÿî?´���,��Harrison, M. S.
Sakaguchi, T.
Schmitt, A. P.���2010O��Paramyxovirus assembly and budding: building particles that transmit infections���1416-29���Int J Biochem Cell Biol���42���9 ��Animals
Humans
Paramyxovirinae/metabolism/*physiology
Viral Proteins/genetics/*metabolism
Virus Assembly/genetics/*physiology
Virus Release/genetics/*physiology���SepO��The paramyxoviruses define a diverse group of enveloped RNA viruses that includes a number of important human and animal pathogens. Examples include human respiratory syncytial virus and the human parainfluenza viruses, which cause respiratory illnesses in young children and the elderly; measles and mumps viruses, which have caused recent resurgences of disease in developed countries; the zoonotic Hendra and Nipah viruses, which have caused several outbreaks of fatal disease in Australia and Asia; and Newcastle disease virus, which infects chickens and other avian species. Like other enveloped viruses, paramyxoviruses form particles that assemble and bud from cellular membranes, allowing the transmission of infections to new cells and hosts. Here, we review recent advances that have improved our understanding of events involved in paramyxovirus particle formation. Contributions of viral matrix proteins, glycoproteins, nucleocapsid proteins, and accessory proteins to particle formation are discussed, as well as the importance of host factor recruitment for efficient virus budding. Trafficking of viral structural components within infected cells is described, together with mechanisms that allow for the selection of specific sites on cellular membranes for the coalescence of viral proteins in preparation of bud formation and virion release.,��https://www.ncbi.nlm.nih.gov/pubmed/20398786È��Harrison, Megan S
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Risk Factors
Young Adult���Novq��In February 2007 an outbreak of Nipah virus (NiV) encephalitis in Thakurgaon District of northwest Bangladesh affected seven people, three of whom died. All subsequent cases developed illness 7-14 days after close physical contact with the index case while he was ill. Cases were more likely than controls to have been in the same room (100% vs. 9.5%, OR undefined, P<0.001) and to have touched him (83% vs. 0%, OR undefined, P<0.001). Although the source of infection for the index case was not identified, 50% of Pteropus bats sampled from near the outbreak area 1 month after the outbreak had antibodies to NiV confirming the presence of the virus in the area. The outbreak was spread by person-to-person transmission. Risk of NiV infection in family caregivers highlights the need for infection control practices to limit transmission of potentially infectious body secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/203807692��Homaira, N
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Virginia���An avian influenza outbreak in 2002 affected 197 poultry farms in Virginia and cost an estimated $130 million in losses and cleanup. In 2004-2005, researchers initiated a project to investigate the feasibility and practicality of in-house composting of turkey mortalities (heavy hens and toms) as a method of disposal and disease containment. Occurrences of low pathogenic avian influenza (LPAI) in West Virginia and Virginia in 2007 provided an opportunity for first responders to verify composting as an effective carcass disposal method. Many lessons learned from these experiences have led to improvements in the application of this technology. Market-weight turkeys, once thought too large for effective composting, were composted sufficiently for land application within 4 to 6 weeks. Additionally, fire-fighting foam, a new method of mass depopulation, proved to be compatible with composting. Knowledge gained from these incidents will be valuable not only for future responses to LPAI but also for outbreaks of highly pathogenic avian influenza such as the H5N1 virus, which currently causes disease in both animals and humans in many parts of the world. Since three-quarters of all recent emerging infectious diseases (EIDs) have arisen from animals, control of disease in animals is the principal way to reduce human exposure and prevent EIDs. Many of the general approaches and specific techniques used to eradicate the avian influenza virus can also be used to control other EIDs such as H1N1, Nipah virus, Rift Valley Fever, and plague.,��https://www.ncbi.nlm.nih.gov/pubmed/20375437T��Flory, Gary A
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*Virus Assembly���Jun<��Hendra virus is a negative-sense single-stranded RNA virus within the Paramyxoviridae family which, together with Nipah virus, forms the Henipavirus genus. Infection with bat-borne Hendra virus leads to a disease with high mortality rates in humans. We determined the crystal structure of the unliganded six-bladed beta-propeller domain and compared it to the previously reported structure of Hendra virus attachment glycoprotein (HeV-G) in complex with its cellular receptor, ephrin-B2. As observed for the related unliganded Nipah virus structure, there is plasticity in the Glu579-Pro590 and Lys236-Ala245 ephrin-binding loops prior to receptor engagement. These data reveal that henipaviral attachment glycoproteins undergo common structural transitions upon receptor binding and further define the structural template for antihenipaviral drug design. Our analysis also provides experimental evidence for a dimeric arrangement of HeV-G that exhibits striking similarity to those observed in crystal structures of related paramyxovirus receptor-binding glycoproteins. The biological relevance of this dimer is further supported by the positional analysis of glycosylation sites from across the paramyxoviruses. In HeV-G, the sites lie away from the putative dimer interface and remain accessible to alpha-mannosidase processing on oligomerization. We therefore propose that the overall mode of dimer assembly is conserved for all paramyxoviruses; however, while the geometry of dimerization is rather closely similar for those viruses that bind flexible glycan receptors, significant (up to 60 degrees ) and different reconfigurations of the subunit packing (associated with a significant decrease in the size of the dimer interface) have accompanied the independent switching to high-affinity protein receptor binding in Hendra and measles viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20375167���Bowden, Thomas A
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Parainfluenza Virus 3, Human/drug effects/*physiology
Virus Internalization/*drug effects���JulÅ��The fusion of enveloped viruses with the host cell is driven by specialized fusion proteins to initiate infection. The "class I" fusion proteins harbor two regions, typically two heptad repeat (HR) domains, which are central to the complex conformational changes leading to fusion: the first heptad repeat (HRN) is adjacent to the fusion peptide, while the second (HRC) immediately precedes the transmembrane domain. Peptides derived from the HR regions can inhibit fusion, and one HR peptide, T20 (enfuvirtide), is in clinical use for HIV-1. For paramyxoviruses, the activities of two membrane proteins, the receptor-binding protein (hemagglutinin-neuraminidase [HN] or G) and the fusion protein (F), initiate viral entry. The binding of HN or G to its receptor on a target cell triggers the activation of F, which then inserts into the target cell and mediates the membrane fusion that initiates infection. We have shown that for paramyxoviruses, the inhibitory efficacy of HR peptides is inversely proportional to the rate of F activation. For HIV-1, the antiviral potency of an HRC-derived peptide can be dramatically increased by targeting it to the membrane microdomains where fusion occurs, via the addition of a cholesterol group. We report here that for three paramyxoviruses-human parainfluenza virus type 3 (HPIV3), a major cause of lower respiratory tract diseases in infants, and the emerging zoonotic viruses Hendra virus (HeV) and Nipah virus (NiV), which cause lethal central nervous system diseases-the addition of cholesterol to a paramyxovirus HRC-derived peptide increased antiviral potency by 2 log units. Our data suggest that this enhanced activity is indeed the result of the targeting of the peptide to the plasma membrane, where fusion occurs. The cholesterol-tagged peptides on the cell surface create a protective antiviral shield, target the F protein directly at its site of action, and expand the potential utility of inhibitory peptides for paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/20357085���Porotto, Matteo
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Swine���Sepz��BACKGROUND: The severity of an outbreak is a priority in decision-making for human infection control. However, there have been no reports on how to quantify the severity of an outbreak. METHODS: We propose a simple method to measure the severity of an infectious disease outbreak. It involves scoring the severity of clinical signs, the transmission of the infection, the number of cases, and the infection source. RESULTS: The method was evaluated using the data available at the early stage of some recent outbreaks of infectious diseases, including the influenza A (H1N1) pandemic in 2009, and the evaluation supports the design idea. CONCLUSION: The method is practical for rating the severity of an infectious disease outbreak, though it should be optimized. It could also be used to judge whether an event constitutes a public health emergency of international concern (PHEIC) or not.,��https://www.ncbi.nlm.nih.gov/pubmed/20227902ç��Chen, Yue-Ying
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Slovenia/epidemiology���Apr���Bats have been identified as a natural reservoir for an increasing number of emerging zoonotic viruses, such as Hendra virus, Nipah virus, Ebola virus, Marburg virus, rabies and other lyssaviruses. Recently, a large number of viruses closely related to members of the genus Coronavirus have been associated with severe acute respiratory syndrome (SARS) and detected in bat species. In this study, samples were collected from 106 live bats of seven different bat species from 27 different locations in Slovenia. Coronaviruses were detected by RT-PCR in 14 out of 36 horseshoe bat (Rhinolophus hipposideros) fecal samples, with 38.8% virus prevalence. Sequence analysis of a 405-nucleotide region of the highly conserved RNA polymerase gene (pol) showed that all coronaviruses detected in this study are genetically closely related, with 99.5-100% nucleotide identity, and belong to group 2 of the coronaviruses. The most closely related virus sequence in GenBank was SARS bat isolate Rp3/2004 (DQ071615) within the SARS-like CoV cluster, sharing 85% nucleotide identity and 95.6% amino acid identity. The potential risk of a new group of bat coronaviruses as a reservoir for human infections is highly suspected, and further molecular epidemiologic studies of these bat coronaviruses are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/20217155»��Rihtaric, Danijela
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Saimiri/*virology���Mar}��We infected squirrel monkeys (Saimiri sciureus) with Nipah virus to determine the monkeys' suitability for use as primate models in preclinical testing of preventive and therapeutic treatments. Infection of squirrel monkeys through intravenous injection was followed by high death rates associated with acute neurologic and respiratory illness and viral RNA and antigen production.,��https://www.ncbi.nlm.nih.gov/pubmed/20202432>��Marianneau, Philippe
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Virus Internalization���MayÍ��Virus-like particles (VLPs) released from avian cells expressing the Newcastle disease virus (NDV) strain AV proteins NP, M, HN (hemagglutinin-neuraminidase), and F were characterized. The VLP-associated HN and F glycoproteins directed the attachment of VLPs to cell surfaces and fusion of VLP membranes with red blood cell membranes, indicating that they were assembled into VLPs in an authentic conformation. These particles were quantitatively prepared and used as an immunogen, without adjuvant, in BALB/c mice. The resulting immune responses, detected by enzyme-linked immunosorbent assay (ELISA), virus neutralization, and intracellular cytokine staining, were comparable to the responses to equivalent amounts of inactivated NDV vaccine virus. HN and F proteins from another strain of NDV, strain B1, could be incorporated into these VLPs. Foreign peptides were incorporated into these VLPs when fused to the NP or HN protein. The ectodomain of a foreign glycoprotein, the Nipah virus G protein, fused to the NDV HN protein cytoplasmic and transmembrane domains was incorporated into ND VLPs. Thus, ND VLPs are a potential NDV vaccine candidate. They may also serve as a platform to construct vaccines for other pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/20181713 ��McGinnes, Lori W
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Virus Shedding���May-JunÃ��Hendra virus (HeV) is a zoonotic virus from the family Paramyxoviridae causing fatal disease in humans and horses. Five-week-old Landrace pigs and 5-month-old Gottingen minipigs were inoculated with approximately 10(7) plaque forming units per animal. In addition to fever and depression exhibited in all infected pigs, one of the two Landrace pigs developed respiratory signs at 5 days post-inoculation (dpi) and one of the Gottingen minipigs developed respiratory signs at 5 dpi and mild neurological signs at 7 dpi. Virus was detected in all infected pigs at 2-5 dpi from oral, nasal, and rectal swabs and at 3-5 dpi from ocular swabs by real-time RT-PCR targeting the HeV M gene. Virus titers in nasal swab samples were as high as 10(4.6) TCID(50)/mL. The viral RNA was mainly distributed in tissues from respiratory and lymphoid systems at an early stage of infection and the presence of virus was confirmed by virus isolation. Pathological changes and immunohistochemical staining for viral antigen were consistent with the tissue distribution of the virus. This new finding indicates that pigs are susceptible to HeV infections and could potentially play a role as an intermediate host in transmission to humans.,��https://www.ncbi.nlm.nih.gov/pubmed/20167195���Li, Mingyi
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Mortality���Feb\��To determine the epidemiologic and clinical features of a 2008 outbreak of Hendra virus infection in a veterinary clinic in Australia, we investigated the equine case-series. Four of 5 infected horses died, as did 1 of 2 infected staff members. Clinical manifestation in horses was predominantly neurologic. Preclinical transmission appears likely.,��https://www.ncbi.nlm.nih.gov/pubmed/20113576&��Field, Hume
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Young Adult���Febù��A recent Hendra virus outbreak at a veterinary clinic in Brisbane, Queensland, Australia, involved 5 equine and 2 human infections. In contrast to previous outbreaks, infected horses had predominantly encephalitic, rather than respiratory, signs. After an incubation period of 9-16 days, influenza-like illnesses developed in the 2 persons before progressing to encephalitis; 1 died. Both patients were given ribavirin. Basal serum and cerebrospinal fluid levels were 10-13 mg/L after intravenous administration and 6 mg/L after oral administration (isolate 90% inhibitory concentration 64 mg/L). Both patients were exposed to infected horses, 1 during the late incubation period in a horse. The attack rate for veterinary clinic staff exposed to infected horses was 10%. An isolate from this outbreak showed genetic heterogeneity with isolates from a concurrent, but geographically remote, outbreak and from previous outbreaks. Emergence of Hendra virus is a serious medical, veterinary, and public health challenge.,��https://www.ncbi.nlm.nih.gov/pubmed/20113550õ��Playford, Elliott G
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Recombinant Proteins/*isolation & purification���Feb 19-��A direct recovery of recombinant nucleocapsid protein of Nipah virus (NCp-NiV) from crude Escherichia coli (E. coli) homogenate was developed successfully using a hydrophobic interaction expanded bed adsorption chromatography (HI-EBAC). The nucleic acids co-released with the recombinant protein have increased the viscosity of the E. coli homogenate, thus affected the axial mixing in the EBAC column. Hence, DNase was added to reduce the viscosity of feedstock prior to its loading into the EBAC column packed with the hydrophobic interaction chromatography (HIC) adsorbent. The addition of glycerol to the washing buffer has reduced the volume of washing buffer applied, and thus reduced the loss of the NCp-NiV during the washing stage. The influences of flow velocity, degree of bed expansion and viscosity of mobile phase on the adsorption efficiency of HI-EBAC were studied. The dynamic binding capacity at 10% breakthrough of 3.2mg/g adsorbent was achieved at a linear flow velocity of 178 cm/h, bed expansion of two and feedstock viscosity of 3.4 mPas. The adsorbed NCp-NiV was eluted with the buffer containing a step gradient of salt concentration. The purification of hydrophobic NCp-NiV using the HI-EBAC column has recovered 80% of NCp-NiV from unclarified E. coli homogenate with a purification factor of 12.5.,��https://www.ncbi.nlm.nih.gov/pubmed/20044094ø��Chong, Fui Chin
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Virus Replication���Jan@��Paramyxoviruses include many important human and animal pathogens such as measles virus, mumps virus, human parainfluenza viruses, and respiratory syncytial virus, as well as emerging viruses such as Nipah virus and Hendra virus. The paramyxovirus RNA-dependent RNA polymerase consists of the phosphoprotein (P) and the large protein. Both of these proteins are essential for viral RNA synthesis. The P protein is phosphorylated at multiple sites, probably by more than one host kinase. While it is thought that the phosphorylation of P is important for its role in viral RNA synthesis, the precise role of P protein phosphorylation remains an enigma. For instance, it was demonstrated that the putative CKII phosphorylation sites of the P protein of respiratory syncytial virus play a role in viral RNA synthesis using a minigenome replicon system; however, mutating these putative CKII phosphorylation sites within a viral genome had no effect on viral RNA synthesis, leading to the hypothesis that P protein phosphorylation, at least by CKII, does not play a role in viral RNA synthesis. Recently, it has been reported that the phosphorylation state of the P protein of parainfluenza virus 5, a prototypical paramyxovirus, correlates with the ability of P protein to synthesize viral RNA, indicating that P protein phosphorylation does in fact play a role in viral RNA synthesis. Furthermore, host kinases PLK1, as well as AKT1 have been found to play critical roles in paramyxovirus RNA synthesis through regulation of P protein phosphorylation status. Beyond furthering our understanding of paramyxovirus RNA replication, these recent discoveries may also result in a new paradigm in treating infections caused by these viruses, as host kinases that regulate paramyxovirus replication are investigated as potential targets of therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/20020826¼��Fuentes, Sandra M
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Simian virus 40/genetics���Dec 11l��BACKGROUND: Bats are the suspected natural reservoir hosts for a number of new and emerging zoonotic viruses including Nipah virus, Hendra virus, severe acute respiratory syndrome coronavirus and Ebola virus. Since the discovery of SARS-like coronaviruses in Chinese horseshoe bats, attempts to isolate a SL-CoV from bats have failed and attempts to isolate other bat-borne viruses in various mammalian cell lines have been similarly unsuccessful. New stable bat cell lines are needed to help with these investigations and as tools to assist in the study of bat immunology and virus-host interactions. METHODOLOGY/FINDINGS: Black flying foxes (Pteropus alecto) were captured from the wild and transported live to the laboratory for primary cell culture preparation using a variety of different methods and culture media. Primary cells were successfully cultured from 20 different organs. Cell immortalisation can occur spontaneously, however we used a retroviral system to immortalise cells via the transfer and stable production of the Simian virus 40 Large T antigen and the human telomerase reverse transcriptase protein. Initial infection experiments with both cloned and uncloned cell lines using Hendra and Nipah viruses demonstrated varying degrees of infection efficiency between the different cell lines, although it was possible to infect cells in all tissue types. CONCLUSIONS/SIGNIFICANCE: The approaches developed and optimised in this study should be applicable to bats of other species. We are in the process of generating further cell lines from a number of different bat species using the methodology established in this study.,��https://www.ncbi.nlm.nih.gov/pubmed/20011515q��Crameri, Gary
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Zoonoses���Jun´��Neurologic disease is a major cause of disability in resource-poor countries and a substantial portion of this disease is due to infections of the CNS. A wide variety of emerging and re-emerging viruses contribute to this disease burden. New emerging infections are commonly due to RNA viruses that have expanded their geographic range, spread from animal reservoirs or acquired new neurovirulence properties. Mosquito-borne viruses with expanding ranges include West Nile virus, Japanese encephalitis virus and Chikungunya virus. Zoonotic viruses that have recently crossed into humans to cause neurologic disease include the bat henipaviruses Nipah and Hendra, as well as the primate-derived human immunodeficiency virus. Viruses adapt to new hosts, or to cause more severe disease, by changing their genomes through reassortment (e.g. influenza virus), mutation (essentially all RNA viruses) and recombination (e.g. vaccine strains of poliovirus). Viruses that appear to have recently become more neurovirulent include West Nile virus, enterovirus 71 and possibly Chikungunya virus. In addition to these newer challenges, rabies, polio and measles all remain important causes of neurologic disease despite good vaccines and global efforts toward control. Control of human rabies depends on elimination of rabies in domestic dogs through regular vaccination. Poliovirus eradication is challenged by the ability of the live attenuated vaccine strains to revert to virulence during the prolonged period of gastrointestinal replication. Measles elimination depends on delivery of two doses of live virus vaccine to a high enough proportion of the population to maintain herd immunity for this highly infectious virus.,��https://www.ncbi.nlm.nih.gov/pubmed/20004230Ã��Griffin, Diane E
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Virus Replication���DecÙ��Nipah virus (NiV) is a highly pathogenic paramyxovirus that was first isolated in 1999 during an outbreak in Malaysia. In contrast to other paramyxoviruses NiV infects many mammalian species. Because of its zoonotic potential, the high pathogenicity and the lack of therapeutic treatment, NiV was classified as a biosafety level 4 pathogen. In humans NiV causes a severe acute encephalitis whereas in some animal hosts respiratory symptoms are predominantly observed. Despite the differences in the clinical outcome, microvascular endothelial cell damage predominantly underlies the pathological changes in NiV infections in all susceptible host species. NiV generally induces a pronounced vasculitis which is primarily characterised by endothelial cell necrosis and inflammatory cell infiltration. For future developments of specific antiviral therapies or vaccines, a detailed understanding of the molecular basis of NiV pathogenesis is required. This article reviews the current knowledge about natural and experimental infections in different mammals, focusing on the main organ and cell tropism in vivo, and summarises some recent studies in cell culture on the role of ephrin-B2 and -B3 receptors in NiV infection of endothelial cells.,��https://www.ncbi.nlm.nih.gov/pubmed/19967130���Maisner, Andrea
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*zoonotic virus���Dec{��Hendra and Nipah virus, which constitute the genus Henipavirus, are zoonotic paramyxoviruses that have been associated with sporadic outbreaks of severe disease and mortality in humans since their emergence in the late 1990s. Similar to other paramyxoviruses, their ability to evade the host interferon (IFN) response is conferred by the P gene. The henipavirus P gene encodes four proteins; the P, V, W and C proteins, which have all been described to inhibit the antiviral response. Further studies have revealed that these proteins have overlapping but unique properties which enable the virus to block multiple signaling pathways in the IFN response. The best characterized of these is the JAK-STAT signaling pathway which is targeted by the P, V and W proteins via an interaction with the transcription factor STAT1. In addition the V and W proteins can both limit virus-induced induction of IFN but they appear to do this via distinct mechanisms that rely on unique sequences in their C-terminal domains. The ability to generate recombinant Nipah viruses now gives us the opportunity to determine the precise role for each of these proteins and address their contribution to pathogenicity. Additionally, the question of whether these multiple anti-IFN strategies are all active in the different mammalian hosts for henipaviruses, particularly the fruit bat reservoir, warrants further exploration.,��https://www.ncbi.nlm.nih.gov/pubmed/21994589º��Shaw, Megan L
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*Virus Assembly���Feb 57��Paramyxovirus matrix (M) proteins organize virus assembly, functioning as adapters that link together viral ribonucleoprotein complexes and viral glycoproteins at infected cell plasma membranes. M proteins may also function to recruit and manipulate host factors to assist virus budding, similar to retroviral Gag proteins. By yeast two-hybrid screening, angiomotin-like 1 (AmotL1) was identified as a host factor that interacts with the M protein of parainfluenza virus 5 (PIV5). AmotL1-M protein interaction was observed in yeast, in transfected mammalian cells, and in virus-infected cells. Binding was mapped to a 83-amino acid region derived from the C-terminal portion of AmotL1. Overexpression of M-binding AmotL1-derived polypeptides potently inhibited production of PIV5 VLPs and impaired virus budding. Expression of these polypeptides moderately inhibited production of mumps VLPs, but had no effect on production of Nipah VLPs. siRNA-mediated depletion of AmotL1 protein reduced PIV5 budding, suggesting that this interaction is beneficial to paramyxovirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19932912���Pei, Zifei
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Survival Analysis
Treatment Outcome���Marî��Hendra virus (HeV) and Nipah virus (NiV) are recently emerged, closely related and highly pathogenic paramyxoviruses that cause severe disease such as encephalitis in animals and humans with fatality rates of up to 75 %. Due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy, they are classified as Biosafety Level 4 pathogens. A recent study reported that chloroquine, an anti-malarial drug, was effective in preventing NiV and HeV infection in cell culture experiments. In the present study, the antiviral efficacy of chloroquine was analysed, individually and in combination with ribavirin, in the treatment of NiV and HeV infection in in vivo experiments, using a golden hamster model. Although the results confirmed the strong antiviral activity of both drugs in inhibiting viral spread in vitro, they did not prove to be protective in the in vivo model. Ribavirin delayed death from viral disease in NiV-infected hamsters by approximately 5 days, but no significant effect in HeV-infected hamsters was observed. Chloroquine did not protect hamsters when administered either individually or in combination with ribavirin, the latter indicating the lack of a favourable drug-drug interaction.,��https://www.ncbi.nlm.nih.gov/pubmed/19889926���Freiberg, Alexander N
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Vero Cells���Nov 4þ��BACKGROUND: Using a recently described monolayer assay amenable to high throughput screening format for the identification of potential Nipah virus and Hendra virus antivirals, we have partially screened a low molecular weight compound library (>8,000 compounds) directly against live virus infection and identified twenty eight promising lead molecules. Initial single blind screens were conducted with 10 microM compound in triplicate with a minimum efficacy of 90% required for lead selection. Lead compounds were then further characterised to determine the median efficacy (IC50), cytotoxicity (CC50) and the in vitro therapeutic index in live virus and pseudotype assay formats. RESULTS: While a number of leads were identified, the current work describes three commercially available compounds: brilliant green, gentian violet and gliotoxin, identified as having potent antiviral activity against Nipah and Hendra virus. Similar efficacy was observed against pseudotyped Nipah and Hendra virus, vesicular stomatitis virus and human parainfluenza virus type 3 while only gliotoxin inhibited an influenza A virus suggesting a non-specific, broad spectrum activity for this compound. CONCLUSION: All three of these compounds have been used previously for various aspects of anti-bacterial and anti-fungal therapy and the current results suggest that while unsuitable for internal administration, they may be amenable to topical antiviral applications, or as disinfectants and provide excellent positive controls for future studies.,��https://www.ncbi.nlm.nih.gov/pubmed/19889218���Aljofan, Mohamad
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Viral Load���Oct!��Nipah virus is a broadly tropic and highly pathogenic zoonotic paramyxovirus in the genus Henipavirus whose natural reservoirs are several species of Pteropus fruit bats. Nipah virus has repeatedly caused outbreaks over the past decade associated with a severe and often fatal disease in humans and animals. Here, a new ferret model of Nipah virus pathogenesis is described where both respiratory and neurological disease are present in infected animals. Severe disease occurs with viral doses as low as 500 TCID(50) within 6 to 10 days following infection. The underlying pathology seen in the ferret closely resembles that seen in Nipah virus infected humans, characterized as a widespread multisystemic vasculitis, with virus replicating in highly vascular tissues including lung, spleen and brain, with recoverable virus from a variety of tissues. Using this ferret model a cross-reactive neutralizing human monoclonal antibody, m102.4, targeting the henipavirus G glycoprotein was evaluated in vivo as a potential therapeutic agent. All ferrets that received m102.4 ten hours following a high dose oral-nasal Nipah virus challenge were protected from disease while all controls died. This study is the first successful post-exposure passive antibody therapy for Nipah virus using a human monoclonal antibody.,��https://www.ncbi.nlm.nih.gov/pubmed/19888339R��Bossart, Katharine N
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Nipah Virus/*physiology���Dec 1÷��Nipah virus (NiV) is a paramyxovirus whose reservoir host is fruit bats of the genus Pteropus. Occasionally the virus is introduced into human populations and causes severe illness characterized by encephalitis or respiratory disease. The first outbreak of NiV was recognized in Malaysia, but 8 outbreaks have been reported from Bangladesh since 2001. The primary pathways of transmission from bats to people in Bangladesh are through contamination of raw date palm sap by bats with subsequent consumption by humans and through infection of domestic animals (cattle, pigs, and goats), presumably from consumption of food contaminated with bat saliva or urine with subsequent transmission to people. Approximately one-half of recognized Nipah case patients in Bangladesh developed their disease following person-to-person transmission of the virus. Efforts to prevent transmission should focus on decreasing bat access to date palm sap and reducing family members' and friends' exposure to infected patients' saliva.,��https://www.ncbi.nlm.nih.gov/pubmed/19886791æ��Luby, Stephen P
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Virus Attachment
*Virus Internalization���Dec´��The paramyxovirus family contains established human pathogens such as the measles virus and human respiratory syncytial virus, as well as emerging pathogens including the Hendra and Nipah viruses and the recently identified human metapneumovirus. Two major envelope glycoproteins, the attachment protein and the fusion protein, promote the processes of viral attachment and virus-cell membrane fusion required for entry. Although common mechanisms of fusion protein proteolytic activation and the mechanism of membrane fusion promotion have been shown in recent years, considerable diversity exists in the family relating to receptor binding and the potential mechanisms of fusion triggering.,��https://www.ncbi.nlm.nih.gov/pubmed/19878307¤��Smith, Everett C
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Encephalitis/*epidemiology/etiology/mortality
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Infant
Infant, Newborn
Middle Aged
Time Factors
Young Adult���Jun¥��The acute encephalitis syndrome has heralded the emergence of multiple virulent pathogens, including Murray Valley encephalitis, Hendra virus and Australian bat lyssavirus, which may result in severe morbidity and mortality. In Australia, encephalitis is not notifiable and there has been no analysis of trends in encephalitis death rates or causation. Australian Bureau of Statistics mortality and population data for the period 1979-2006 were obtained and cause of death data were extracted using ICD-9 (1979-1998) and ICD-10 (1999-2006) codes that included all relevant encephalitis related diagnoses. Encephalitis-associated deaths were analysed by cause, year, age and gender. Between 1979 and 2006 there were 1,118 encephalitis-associated deaths in Australia. The average annual death rate was 2.3 per 1 million population (range 1.3-3.6). There was a significant decline in encephalitis-associated deaths, particularly due to 'known' pathogens (4.3% decline per year, 95% CI 3.1-5.4%, P<0.0001). The aetiology of 576 deaths were unknown and the proportion of deaths due to 'unknown' encephalitis increased from 47.0% between 1979 and 1992, to 57.2% from 1993 to 2006. Downward trends in encephalitis deaths due to 'known' causes can largely be explained by changes in treatment and prevention methods, particularly for herpes encephalitis (use of acyclovir), and measles encephalitis and subacute sclerosing panencephalitis (measles vaccination). The high proportion of encephalitis deaths from 'unknown' pathogens in Australia highlights the importance of monitoring encephalitis morbidity and mortality with a view to improving pathogen diagnosis and identifying emerging infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/19877537Í��Huppatz, Clare
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alpha-Defensins/*metabolism/pharmacology���Jan 7���Chronic myelomonocytic leukemia (CMML) is a clonal hematopoietic disorder that occurs in elderly patients. One of the main diagnostic criteria is the accumulation of heterogeneous monocytes in the peripheral blood. We further explored this cellular heterogeneity and observed that part of the leukemic clone in the peripheral blood was made of immature dysplastic granulocytes with a CD14(-)/CD24(+) phenotype. The proteome profile of these cells is dramatically distinct from that of CD14(+)/CD24(-) monocytes from CMML patients or healthy donors. More specifically, CD14(-)/CD24(+) CMML cells synthesize and secrete large amounts of alpha-defensin 1-3 (HNP1-3). Recombinant HNPs inhibit macrophage colony-stimulating factor (M-CSF)-driven differentiation of human peripheral blood monocytes into macrophages. Using transwell, antibody-mediated depletion, suramin inhibition of purinergic receptors, and competitive experiments with uridine diphosphate (UDP)/uridine triphosphate (UTP), we demonstrate that HNP1-3 secreted by CD14(-)/CD24(+) cells inhibit M-CSF-induced differentiation of CD14(+)/CD24(-) cells at least in part through P2Y6, a receptor involved in macrophage differentiation. Altogether, these observations suggest that a population of immature dysplastic granulocytes contributes to the CMML phenotype through production of alpha-defensins HNP1-3 that suppress the differentiation capabilities of monocytes.,��https://www.ncbi.nlm.nih.gov/pubmed/19864642¢��Droin, Nathalie
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Virus Internalization/*drug effects���Dec 20Ç��Nipah virus (NiV) is a zoonotic biosafety level 4 paramyxovirus that emerged recently in Asia with high mortality in man. NiV is a member, with Hendra virus (HeV), of the Henipavirus genus in the Paramyxoviridae family. Although NiV entry, like that of other paramyxoviruses, is believed to occur via pH-independent fusion with the host cell's plasma membrane we present evidence that entry can occur by an endocytic pathway. The NiV receptor ephrinB2 has receptor kinase activity and we find that ephrinB2's cytoplasmic domain is required for entry but is dispensable for post-entry viral spread. The mutation of a single tyrosine residue (Y304F) in ephrinB2's cytoplasmic tail abrogates NiV entry. Moreover, our results show that NiV entry is inhibited by constructions and drugs specific for the endocytic pathway of macropinocytosis. Our findings could potentially permit the rapid development of novel low-cost antiviral treatments not only for NiV but also HeV.,��https://www.ncbi.nlm.nih.gov/pubmed/19854459ß��Pernet, Olivier
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Thymelaeaceae/*chemistry���Oct'��The first total syntheses of benzophenone glucopyranosides reported from Phaleria macrocarpa and related benzophenone glucopyranosides were successfully carried out. The alkoxy groups present ortho to the carbonyl group in polyalkoxybenzophenones were selectively deprotected by AlCl(3)-PhNMe(2) in high yields, leaving other alkoxy groups unaffected. It was concluded in the current synthetic study that all the reported benzophenone glucopyranosides possessed the same structure as 2,4',6-trihydroxy-4-methoxybenzophenone 2-O-beta-D-glucopyranoside.,��https://www.ncbi.nlm.nih.gov/pubmed/19809189­��Hendra, Phebe
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Virulence Factors/*metabolism���Sep���A number of paramyxoviruses are responsible for acute respiratory infections in children, elderly and immuno-compromised individuals, resulting in airway inflammation and exacerbation of chronic diseases like asthma. To understand the molecular pathogenesis of these infections, we searched for cellular targets of the virulence protein C of human parainfluenza virus type 3 (hPIV3-C). We found that hPIV3-C interacts directly through its C-terminal domain with STAT1 and GRB2, whereas C proteins from measles or Nipah viruses failed to do so. Binding to STAT1 explains the previously reported capacity of hPIV3-C to block type I interferon signaling, but the interaction with GRB2 was unexpected. This adaptor protein bridges Epidermal Growth Factor (EGF) receptor to MAPK/ERK pathway, a signaling cascade recently found to be involved in airway inflammatory response. We report that either hPIV3 infection or transient expression of hPIV3-C both increase cellular response to EGF, as assessed by Elk1 transactivation and phosphorylation levels of ERK1/2, 40S ribosomal subunit protein S6 and translation initiation factor 4E (eIF4E). Furthermore, inhibition of MAPK/ERK pathway with U0126 prevented viral protein expression in infected cells. Altogether, our data provide molecular basis to explain the role of hPIV3-C as a virulence factor and determinant of pathogenesis and demonstrate that Paramyxoviridae have evolved a single virulence factor to block type I interferon signaling and to boost simultaneous cellular response to growth factors.,��https://www.ncbi.nlm.nih.gov/pubmed/19806178L��Caignard, Gregory
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Zoonoses/*transmission/virology���Sep���The first part of this review ended with a discussion of new niches for known viruses as illustrated by viral central nervous system (CNS) disease associated with organ transplant and the syndrome of human herpesvirus 6-associated posttransplant acute limbic encephalitis. In this part, we begin with a continuation of this theme, reviewing the association of JC virus-associated progressive multifocal leukoencephalopathy (PML) with novel immunomodulatory agents. This part then continues with emerging viral infections associated with importation of infected animals (monkeypox virus), then spread of vectors and enhanced vector competence (chikungunya virus [CHIK]), and novel viruses causing CNS infections including Nipah and Hendra viruses and bat lyssaviruses (BLV).,��https://www.ncbi.nlm.nih.gov/pubmed/19752295���Tyler, Kenneth L
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Zoonoses/*epidemiology/*transmission���Aug8��Human Nipah outbreaks recur in a specific region and time of year in Bangladesh. Fruit bats are the reservoir host for Nipah virus. We identified 23 introductions of Nipah virus into human populations in central and northwestern Bangladesh from 2001 through 2007. Ten introductions affected multiple persons (median 10). Illness onset occurred from December through May but not every year. We identified 122 cases of human Nipah infection. The mean age of case-patients was 27 years; 87 (71%) died. In 62 (51%) Nipah virus-infected patients, illness developed 5-15 days after close contact with another Nipah case-patient. Nine (7%) Nipah case-patients transmitted virus to others. Nipah case-patients who had difficulty breathing were more likely than those without respiratory difficulty to transmit Nipah (12% vs. 0%, p = 0.03). Although a small minority of infected patients transmit Nipah virus, more than half of identified cases result from person-to-person transmission. Interventions to prevent virus transmission from bats to humans and from person to person are needed.,��https://www.ncbi.nlm.nih.gov/pubmed/19751584Ó��Luby, Stephen P
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Zoonoses/transmissionS��Recent emerging zoonoses (hemorrhagic fevers due to Ebola or Marburg virus, encephalitis due to Nipah virus, severe acute respiratory syndrome due to SRAS virus...) outline the potential of bats as vectors for transmission of infectious disease to humans. Such a potential is already known for rabies encephalitis since seven out of the eight genotypes of Lyssavirus are transmitted by bats. In addition, phylogenetic reconstructions indicate that Lyssavirus have evolved in chiropters before their emergence in carnivores. Nevertheless, carnivores remain the most critical vectors for public health, in particular dogs that are originating 55.000 rabies deaths per year, essentially in developing countries. Rabies control in carnivores by parenteral (dog) or oral (wild carnivores) vaccination is efficacious and campaigns start to be more widely applied. On the other hand, rabies control in bat still remains non realistic, particularly as the pathogenicity of bat Lyssavirus for bats is still under debate, suggesting that a "diplomatic relationship" between partners would have arisen from a long term cohabitation. While comparing the interactions that humans and bats establish with Lyssavirus, scientists try to understand the molecular basis ofpathogenicity in man, a indispensable prerequisite to identify antiviral targets in a perspective of therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/19718950���Tordo, N
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Zoonoses/epidemiology/*transmission/virology���AugË��In this 2-part review, I will focus on emerging virus infections of the central nervous system (CNS). Part 1 will introduce the basic features of emerging infections, including their definition, epidemiology, and the frequency of CNS involvement. Important mechanisms of emergence will be reviewed, including viruses spreading into new host ranges as exemplified by West Nile virus (WNV), Japanese encephalitis (JE) virus, Toscana virus, and enterovirus 71 (EV71). Emerging infections also result from opportunistic spread of viruses into known niches, often resulting from attenuated host resistance to infection. This process is exemplified by transplant-associated cases of viral CNS infection caused by WNV, rabies virus, lymphocytic choriomeningitis, and lymphocytic choriomeningitis-like viruses and by the syndrome of human herpesvirus 6 (HHV6)-associated posttransplantation acute limbic encephalitis. The second part of this review begins with a discussion of JC virus and the occurrence of progressive multifocal leukoencephalopathy in association with novel immunomodulatory therapies and then continues with an overview of the risk of infection introduced by imported animals (eg, monkeypox virus) and examples of emerging diseases caused by enhanced competence of viruses for vectors and the spread of vectors (eg, chikungunya virus) and then concludes with examples of novel viruses causing CNS infection as exemplified by Nipah and Hendra viruses and bat lyssaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19667214f��Tyler, Kenneth L
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Virus Internalization/*drug effects���Jul 23m��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes respiratory disease in pigs and severe febrile encephalitis in humans with high mortality rates. On the basis of the structural similarity of viral fusion (F) proteins within the family Paramyxoviridae, we designed and tested 18 quinolone derivatives in a NiV and measles virus (MV) envelope protein-based fusion assay beside evaluation of cytotoxicity. We found five compounds successfully inhibiting NiV envelope protein-induced cell fusion. The most active molecules (19 and 20), which also inhibit the syncytium formation induced by infectious NiV and show a low cytotoxicity in Vero cells, represent a promising lead quinolone-type compound structure. Molecular modeling indicated that compound 19 fits well into a particular protein cavity present on the NiV F protein that is important for the fusion process.,��https://www.ncbi.nlm.nih.gov/pubmed/19499921M��Niedermeier, Sabine
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*Zoonoses���Aug'��Nearly 75% of all emerging infectious diseases (EIDs) that impact or threaten human health are zoonotic. The majority have spilled from wildlife reservoirs, either directly to humans or via domestic animals. The emergence of many can be attributed to predisposing factors such as global travel, trade, agricultural expansion, deforestation/habitat fragmentation, and urbanization; such factors increase the interface and/or the rate of contact between human, domestic animal, and wildlife populations, thereby creating increased opportunities for spillover events to occur. Infectious disease emergence can be regarded as primarily an ecological process. The epidemiological investigation of EIDs associated with wildlife requires a trans-disciplinary approach that includes an understanding of the ecology of the wildlife species, and an understanding of human behaviours that increase risk of exposure. Investigations of the emergence of Nipah virus in Malaysia in 1999 and severe acute respiratory syndrome (SARS) in China in 2003 provide useful case studies. The emergence of Nipah virus was associated with the increased size and density of commercial pig farms and their encroachment into forested areas. The movement of pigs for sale and slaughter in turn led to the rapid spread of infection to southern peninsular Malaysia, where the high-density, largely urban pig populations facilitated transmission to humans. Identifying the factors associated with the emergence of SARS in southern China requires an understanding of the ecology of infection both in the natural reservoir and in secondary market reservoir species. A necessary extension of understanding the ecology of the reservoir is an understanding of the trade, and of the social and cultural context of wildlife consumption. Emerging infectious diseases originating from wildlife populations will continue to threaten public health. Mitigating and managing the risk requires an appreciation of the connectedness between human, livestock and wildlife health, and of the factors and processes that disrupt the balance.,��https://www.ncbi.nlm.nih.gov/pubmed/19497090���Field, H E
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Zoonoses/*epidemiology/*virology���Jun`��Prior to the emergence of Hendra virus in Australia in 1994, paramyxoviruses were considered to be a taxonomic group of ubiquitous pathogens, consisting primarily of Biosafety Level 2 agents, which possessed narrow host ranges and often caused only mild or preventable diseases in humans and animals. In recent years, a number of Paramyxoviridae members have emerged, including previously unrecognized human pathogens and highly pathogenic zoonoses. The recent emergence of paramyxoviruses in humans suggests that there is an increased incidence of zoonotic transmission between wildlife, livestock and human hosts. This article explores the current body of scientific knowledge, disease burden and knowledge of reservoirs of these emerging paramyxoviruses and provides a comparative review of both older and emerging viruses that have been shown to infect humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19492965���Virtue, Elena R
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Vasculitis/immunology/pathology/virology���Jun���AIM: To study the pathology of two cases of human Hendra virus infection, one with no clinical encephalitis and one with relapsing encephalitis. METHODS: Autopsy tissues were investigated by light microscopy, immunohistochemistry and in situ hybridization. RESULTS: In the patient with acute pulmonary syndrome but not clinical acute encephalitis, vasculitis was found in the brain, lung, heart and kidney. Occasionally, viral antigens were demonstrated in vascular walls but multinucleated endothelial syncytia were absent. In the lung, there was severe inflammation, necrosis and viral antigens in type II pneumocytes and macrophages. The rare kidney glomerulus showed inflammation and viral antigens in capillary walls and podocytes. Discrete necrotic/vacuolar plaques in the brain parenchyma were associated with antigens and viral RNA. Brain inflammation was mild although CD68(+) microglia/macrophages were significantly increased. Cytoplasmic viral inclusions and antigens and viral RNA in neurones and ependyma suggested viral replication. In the case of relapsing encephalitis, there was severe widespread meningoencephalitis characterized by neuronal loss, macrophages and other inflammatory cells, reactive blood vessels and perivascular cuffing. Antigens and viral RNA were mainly found in neurones. Vasculitis was absent in all the tissues examined. CONCLUSIONS: The case of acute Hendra virus infection demonstrated evidence of systemic infection and acute encephalitis. The case of relapsing Hendra virus encephalitis showed no signs of extraneural infection but in the brain, extensive inflammation and infected neurones were observed. Hendra virus can cause acute and relapsing encephalitis and the findings suggest that the pathology and pathogenesis are similar to Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/19473296���Wong, K T
Robertson, T
Ong, B B
Chong, J W
Yaiw, K C
Wang, L F
Ansford, A J
Tannenberg, A
eng
Case Reports
Research Support, Non-U.S. Gov't
England
2009/05/29 09:00
Neuropathol Appl Neurobiol. 2009 Jun;35(3):296-305. doi: 10.1111/j.1365-2990.2008.00991.x. Epub 2008 Oct 2.*��1365-2990 (Electronic)
0305-1846 (Linking)���19473296W��Department of Pathology, University of Malaya, Kuala Lumpur, Malaysia. wongkt@um.edu.my ��10.1111/j.1365-2990.2008.00991.x����%�üÓ|ÿî?ç���)��Shaikh, R.
Muttikkal, T. J.
Chavan, V. N.���2009\��Callosal holes: an unusual imaging appearance in systemic lupus erythematosus. A case report���165-8
��Neuroradiol J���22���2���May 15è��Systemic lupus erythematosus (SLE) has diverse imaging features. However, focal lesions in the corpus callosum are extremely rare in SLE with only few cases mentioned in the literature, with no mention of callosal holes in SLE. Callosal holes have been described as a characteristic finding in Susac syndrome and have been mentioned in Nipah virus encephalitis, Marchiafava Bignami disease and periventricular leukomalacia. We describe a case of SLE with callosal holes. The demonstration of callosal holes in this case brings the imaging appearance of SLE a step closer to that of Susac syndrome which is considered a clinically and radiologically close condition. It also adds to the list of imaging appearances of central nervous system SLE.,��https://www.ncbi.nlm.nih.gov/pubmed/24207034���Shaikh, R
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Viral Proteins/genetics���SepW��Nipah virus (NiV) is a new zoonotic paramyxovirus that emerged in 1998 and is now classified in the genus Henipavirus along with the closely related Hendra virus (HeV). NiV is highly pathogenic in several vertebrate species including humans, and the lack of available vaccines or specific treatment restricts it to biosafety level 4 (BSL4) containment. A serum neutralization test was developed for measuring NiV neutralizing antibodies under BSL2 conditions using a recombinant vesicular stomatitis virus (VSV) expressing green fluorescent protein (GFP) and bearing the F and G proteins of NiV (VSV-NiV-GFP). The neutralization titers were obtained by counting GFP-expressing cells or by measuring fluorescence. The performance of this new assay was compared against the conventional test using live NiV with panels of sera from several mammalian species, including sera from NiV outbreaks, experimental infections, as well as HeV-specific sera. The results obtained with the VSV-NiV-GFP based test correlated with those obtained using live NiV. Using a 50% reduction in VSV-NiV-GFP infected cells as the cut-off for neutralization, this new assay demonstrated its potential as an effective tool for detecting NiV neutralizing antibodies under BSL2 containment with greater speed, sensitivity and safety as compared to the conventional NiV serum neutralization test.,��https://www.ncbi.nlm.nih.gov/pubmed/19433112���Kaku, Yoshihiro
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Virus Replication/*drug effects���Jun²��We have recently described the development and validation of a high throughput screening assay suitable for henipavirus antiviral identification. While we are confident this assay is robust and effective, we wished to investigate assay performance in a range of alternative cell lines to determine if assay sensitivity and specificity could be improved. We evaluated ten different cell lines for their susceptibility to Hendra and Nipah virus infection and their sensitivity of detection of the effects of the broad spectrum antiviral, ribavirin and nine novel antivirals identified using our initial screening approach. Cell lines were grouped into three categories with respect to viral replication. Virus replicated best in Vero and BSR cells, followed by Hep-2, HeLa, BHK-21 and M17 cells. The lowest levels of RNA replication and viral protein expression were observed in BAEC, MMEC, A549 and ECV304 cells. Eight cell lines appeared to be similarly effective at discriminating the antiviral effects of ribavirin (<2.7-fold difference). The two cells lines most sensitive to the effect of ribavirin (ECV304 and BAEC) also displayed the lowest levels of viral replication while Vero cells were the least sensitive suggesting excess viral replication may limit drug efficacy and cell lines which limit viral replication may result in enhanced antiviral efficacy. However, there was no consistent trend observed with the other nine antivirals tested. While improvements in antiviral sensitivity in other cell lines may indicate an important role in future HTS assays, the slightly lower sensitivity to antiviral detection in Vero cells has inherent advantages in reducing the number of partially effective lead molecules identified during initial screens. Comparison of a panel of 54 novel antiviral compounds identified during routine screening of an in-house compound library in Vero, BHK-21 and BSR cells suggests no clear advantage of screening in either cell type.,��https://www.ncbi.nlm.nih.gov/pubmed/19428741���Aljofan, Mohamad
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*Viral Interference
Viral Proteins/genetics/metabolism���Jul���Diverse members of the Paramyxovirus family of negative-strand RNA viruses effectively suppress host innate immune responses through the actions of their V proteins. The V protein mediates interference with the interferon regulatory RNA helicase MDA5 to avoid cellular antiviral responses. Analysis of the interaction interface revealed the MDA5 helicase C domain as necessary and sufficient for association with V proteins from human parainfluenza virus type 2, parainfluenza virus type 5, measles virus, mumps virus, Hendra virus, and Nipah virus. The identified approximately 130-residue region is highly homologous between MDA5 and the related antiviral helicase LGP2, but not RIG-I. Results indicate that the paramyxovirus V proteins can also associate with LGP2. The V protein interaction was found to disrupt ATP hydrolysis mediated by both MDA5 and LGP2. These findings provide a potential mechanistic basis for V protein-mediated helicase interference and identify LGP2 as a second cellular RNA helicase targeted by paramyxovirus V proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/19403670���Parisien, Jean-Patrick
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Time Factors���Mar���After 12 serial Nipah virus outbreaks in humans since 1998, it has been noted that all except the initial event in Malaysia occurred during the first 5 months of the year. Increasingly higher morbidity and mortality have been observed in subsequent outbreaks in India and Bangladesh. This may have been related to different virus strains and transmission capability from bat to human without the need for an amplifying host and direct human-to-human transmission. A survey of virus strains in Pteropus lylei and seasonal preference for spillover of these viruses was completed in seven provinces of Central Thailand between May 2005 and June 2007. Nipah virus RNA sequences, which belonged to those of the Malaysian and Bangladesh strains, were detected in the urine of these bats, with the Bangladesh strain being dominant. Highest recovery of Nipah virus RNA was observed in May. Of two provincial sites where monthly surveys were done, the Bangladesh strain was almost exclusively detected during April to June. The Malaysian strain was found dispersed during December to June. Although direct contact during breeding (in December to April) was believed to be an important transmission factor, our results may not entirely support the role of breeding activities in spillage of virus. Greater virus shedding over extended periods in the case of the Malaysian strain and the highest peak of virus detection in May in the case of the Bangladesh strain when offspring started to separate may suggest that there may be responsible mechanisms other than direct contact during breeding in the same roost. Knowledge of seasonal preferences of Nipah virus shedding in P. lylei will help us to better understand the dynamics of Nipah virus transmission and have implications for disease management.,��https://www.ncbi.nlm.nih.gov/pubmed/19402762"��Wacharapluesadee, Supaporn
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Recombinant Fusion Proteins/genetics/isolation & purification/metabolism���May 152��Nucleocapsid (N) protein of Nipah virus (NiV) is a potential serological marker used in the diagnosis of NiV infections. In this study, a rapid and efficient purification system, HisTrap 6 Fast Flow packed bed column was applied to purify recombinant histidine-tagged N protein of NiV from clarified feedstock. The optimizations of binding and elution conditions of N protein of NiV onto and from Nickel Sepharose 6 Fast Flow were investigated. The optimal binding was achieved at pH 7.5, superficial velocity of 1.25 cm/min. The bound N protein was successfully recovered by a stepwise elution with different concentration of imidazole (50, 150, 300 and 500 mM). The N protein of NiV was captured and eluted from an inlet N protein concentration of 0.4 mg/ml in a scale-up immobilized metal affinity chromatography (IMAC) packed bed column of Nickel Sepharose 6 Fast Flow with the optimized condition obtained from the method scouting. The purification of histidine-tagged N protein using IMAC packed bed column has resulted a 68.3% yield and a purification factor of 7.94.,��https://www.ncbi.nlm.nih.gov/pubmed/19395325-��Chong, Fui Chin
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Receptors, Virus/metabolismÊ��Enhanced green fluorescent protein (EGFP) is a useful marker protein which enables the tracing of virus infection. Recombinant viruses expressing EGFP are useful for the investigation of the underlying mechanism of viral infection in vitro and in vivo. Using EGFP-expressing recombinant Nipah virus (NiV) and canine distemper virus (CDV), we tested the susceptibility of a variety of cells to infection. Receptor usage in CDV infection was also investigated.,��https://www.ncbi.nlm.nih.gov/pubmed/19378121³��Yoneda, Misako
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Viscera/blood supply/virology���May 10B��Hendra virus (HeV) and Nipah virus (NiV) are recently-emerged, closely related and highly pathogenic paramyxoviruses. We have analysed here the pathogenesis of the acute HeV infection using the new animal model, golden hamster (Mesocricetus auratus), which is highly susceptible to HeV infection. HeV-specific RNA and viral antigens were found in multiple organs and virus was isolated from different tissues. Dual pathogenic mechanism was observed: parenchymal infection in various organs, including the brain, with vasculitis and multinucleated syncytia in many blood vessels. Furthermore, monoclonal antibodies specific for the NiV fusion protein neutralized HeV in vitro and efficiently protected hamsters from HeV if given before infection. These results reveal the similarities between HeV and NiV pathogenesis, particularly in affecting both respiratory and neuronal system. They demonstrate that hamster presents a convenient novel animal model to study HeV infection, opening new perspectives to evaluate vaccine and therapeutic approaches against this emergent infectious disease.,��https://www.ncbi.nlm.nih.gov/pubmed/19328514���Guillaume, Vanessa
Wong, K Thong
Looi, R Y
Georges-Courbot, Marie-Claude
Barrot, Laura
Buckland, Robin
Wild, T Fabian
Horvat, Branka
eng
Research Support, Non-U.S. Gov't
2009/03/31 09:00
Virology. 2009 May 10;387(2):459-65. doi: 10.1016/j.virol.2009.03.001. Epub 2009 Mar 28.*��1096-0341 (Electronic)
0042-6822 (Linking)���19328514!��Inserm U, Human Virology, France.���10.1016/j.virol.2009.03.001��­�üÖ|ÿî?ï���M��Tu, C. C.
Chen, L. K.
Lee, Y. S.
Ko, C. F.
Chen, C. M.
Yang, H. H.
Lee, J. J.���2009c��An outbreak of human metapneumovirus infection in hospitalized psychiatric adult patients in Taiwan���363-7���Scand J Infect Dis���41���5j��Adult
Aged
Aged, 80 and over
Cross Infection/*epidemiology/mortality/virology
*Disease Outbreaks
Female
Humans
Male
Metapneumovirus/*isolation & purification
Middle Aged
Paramyxoviridae Infections/*epidemiology/mortality/virology
Psychiatric Aides
Psychiatric Department, Hospital
Respiratory Tract Infections/*epidemiology/mortality/virology
Taiwan/epidemiologyx��Human metapneumovirus (hMPV) is a paramyxovirus that is associated with respiratory tract infection (RTI) mostly in children, but these outbreaks have rarely been reported in adults. We encountered an outbreak of this disease involving 10 adults in a psychiatric ward in eastern Taiwan. The nasopharyngeal swab specimens from 13 patients with symptoms of RTI were obtained and analyzed. The RT-PCR tests were negative to influenza virus A/B, adenovirus, RSV, parainfluenza virus, coronavirus, Nipah virus and Legionella. The antigen tests were negative to Legionella, Chlamydia, and Mycoplasma. Blood culture was negative in all except patient no. 1, who was found positive for coagulase-negative staphylococci. The hMPV was identified in 10 of 13 adults (77%), but negative for the other virus. Cough was present in all (100%), fever in 90%, and X-ray evidence of pneumonia in 7 patients. One patient died of respiratory failure. We report this outbreak in a mental hospital to alert the medical profession that this unusual infection of hMPV can occur as an outbreak in an adult setting and is an occupational hazard for healthcare personnel.,��https://www.ncbi.nlm.nih.gov/pubmed/19308801ê��Tu, Chuan-Chou
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Unemployment���Mar���The authors examined the effects of Florida's Family Transition Program (FTP), one of the first welfare reform initiatives to include a time limit on the receipt of federal cash assistance with other welfare requirements, on single-mother welfare-receiving families. Using a regression-based subgroup approach, they identified a group of families who were at risk of reaching the welfare time limit and subsequently assessed the experimental effects of the time-limited welfare policy on this group as compared to an otherwise comparable group of single-mother welfare-recipient families. For the families who were at risk of reaching the welfare time limit, FTP had few effects. FTP decreased mothers' depressive symptoms, and mothers in the FTP group reported higher levels of children's school achievement. There were no effects on parenting behavior or mothers' reports of children's social-emotional outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/19271826"��Morris, Pamela A
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Virus Replication���Mayà��Nipah (NiV) and Hendra (HeV) viruses are emerging zoonotic paramyxoviruses that cause encephalitis in humans, with fatality rates of up to 75%. We designed a new high-throughput screening (HTS) assay for inhibitors of infection based on envelope glycoprotein pseudotypes. The assay simulates multicycle replication and thus identifies inhibitors that target several stages of the viral life cycle, but it still can be carried out under biosafety level 2 (BSL-2) conditions. These features permit a screen for antivirals for emerging viruses and select agents that otherwise would require BSL-4 HTS facilities. The screening of a small compound library identified several effective molecules, including the well-known compound chloroquine, as highly active inhibitors of pseudotyped virus infection. Chloroquine inhibited infection with live HeV and NiV at a concentration of 1 microM in vitro (50% inhibitory concentration, 2 microM), which is less than the plasma concentrations present in humans receiving chloroquine treatment for malaria. The mechanism for chloroquine's antiviral action likely is the inhibition of cathepsin L, a cellular enzyme that is essential for the processing of the viral fusion glycoprotein and the maturation of newly budding virions. Without this processing step, virions are not infectious. The identification of a compound that inhibits a known cellular target that is important for viral maturation but that had not previously been shown to have antiviral activity for henipaviruses highlights the validity of this new screening assay. Given the established safety profile and broad experience with chloroquine in humans, the results described here provide an option for treating individuals infected by these deadly viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/19264786À��Porotto, Matteo
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Molecular Biology/*methodsV��Interest in the potential of monoclonal antibodies (mAbs) to serve as therapeutic agents has surged in the past decade with a major emphasis on human viral diseases. There has been much attention in this area directed towards the human immunodeficiency virus type-1 (HIV-1) and promising research developments have emerged on the inhibition of HIV-1 infection by mAbs and the identification of several highly conserved neutralizing epitopes. More recently, potent fully-human neutralizing mAbs have been developed against a variety of important human viral disease agents including the paramyxoviruses Hendra virus and Nipah virus, and human or humanized mAbs have been developed against severe acute respiratory syndrome coronavirus (SARS CoV), and West Nile virus, among others. Most of these more recently developed antiviral mAbs have come from the use of antibody phage-display technologies and the implementation of simplified, inexpensive yet efficient methods, for expressing and purifying the initially selected fragment antibodies is of prime importance in further facilitating this area of research.,��https://www.ncbi.nlm.nih.gov/pubmed/19252844å��Dimitrova, Dimana
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SARS Virus/*immunology���MarÁ��BACKGROUND: Recently, several potently neutralizing fully human monoclonal antibodies (hmAbs) targeting the severe acute respiratory syndrome-associated coronavirus (SARS CoV) S glycoprotein, and the G glycoprotein of the paramyxoviruses Hendra virus (HeV) and Nipah virus (NiV) have been discovered [corrected]. OBJECTIVE: To examine, compare and contrast the functional characteristics of hmAbs with the potential for prophylaxis and treatment of diseases caused by SARS CoV, HeV and NiV. METHODS: A review of relevant literature. RESULTS/CONCLUSIONS: Structural, functional and biochemical analyses [corrected] have provided insights into the molecular mechanisms of receptor recognition and antibody neutralization, and suggested that these antibodies alone or in combination could fight the viruses' heterogeneity and mutability, which is a major problem in the development of effective therapeutic agents against viruses, including therapeutic antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/192166242��Prabakaran, Ponraj
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Viral Structural Proteins/*biosynthesis���Apri��Nipah virus (NiV) is predicted to encode four proteins from its P gene (P, V, W, and C) via mRNA editing and an alternate open reading frame. By use of specific antibodies, the expression of the V, W, and C proteins in NiV-infected cells has now been confirmed. Analysis of the P-gene transcripts shows a ratio of P:V:W mRNA of 1:1:1, but this differs over time, with greater proportions of V and W transcripts observed as the infection progresses. Eighty-two percent of transcripts are edited, with up to 11 G insertions observed. This exceptionally high editing frequency ensures expression of the V and W proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/192117542��Kulkarni, Sachin
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Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization���Aug 20V��Human defensins, which are small cationic peptides produced by neutrophils and epithelial cells, form two genetically distinct alpha and beta subfamilies. They are involved in innate immunity through killing microbial pathogens or neutralizing bacterial toxins and in adaptive immunity by serving as chemoattractants and activators of immune cells. alpha-defensins are mainly packaged in neutrophil granules (HNP1, HNP2, HNP3) or secreted by intestinal Paneth cells (HD5, HD6), while beta-defensins are expressed in mucosa and epithelial cells. Using surface enhanced laser desorption/ionisation time-of-flight (SELDI-TOF) mass spectrometry (MS), alpha-defensins were found to be expressed in a variety of human tumours, either in tumour cells or at their surface. HNP1-3 peptides are also secreted and their accumulation in biological fluids was proposed as a tumour biomarker. Conversely, beta-defensin-1 (HBD-1) is down-regulated in some tumour types in which it could behave as a tumour suppressor protein. Alpha-defensins promote tumour cell growth or, at higher concentration, provoke cell death. These peptides also inhibit angiogenesis, which, in addition to immunomodulation, indicates a complex role in tumour development. This review summarizes current knowledge of defensins to discuss their role in tumour growth, tumour monitoring and cancer treatment.,��https://www.ncbi.nlm.nih.gov/pubmed/19186224è��Droin, Nathalie
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Rural Population���Jan���Continued Nipah encephalitis outbreaks in Bangladesh highlight the need for preventative and control measures to reduce transmission from bats to humans and human-to-human spread. Qualitative research was conducted at the end of an encephalitis outbreak in Faridpur, Bangladesh in May 2004 and continued through December 2004. Methods included in-depth interviews with caretakers of cases, case survivors, neighbors of cases, and health providers. Results show contrasts between local and biomedical views on causal explanations and appropriate care. Social norms demanded that family members maintain physical contact with sick patients, potentially increasing the risk of human-to-human transmission. Initial treatment strategies by community members involved home remedies, and public health officials encouraged patient hospitalization. Over time, communities linked the outbreak to supernatural powers and sought care with spiritual healers. Differing popular and medical views of illness caused conflict and rejection of biomedical recommendations. Future investigators should consider local perceptions of disease and treatment when developing outbreak strategies.,��https://www.ncbi.nlm.nih.gov/pubmed/19141846���Blum, Lauren S
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Viral Proteins/analysis/*genetics���Febw��The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are highly pathogenic zoonotic paramyxoviruses. Like many other paramyxoviruses, henipaviruses employ a process of co-transcriptional mRNA editing during transcription of the phosphoprotein (P) gene to generate additional mRNAs encoding the V and W proteins. The C protein is translated from the P mRNA, but in an alternate reading frame. Sequence analysis of multiple, cloned mRNAs showed that the mRNA editing frequencies of the P genes of the henipaviruses are higher than those reported for other paramyxoviruses. Antisera to synthetic peptides from the P, V, W and C proteins of NiV were generated to study their expression in infected cells. All proteins were detected in both infected cells and purified virions. In infected cells, the W protein was detected in the nucleus while P, V and C were found in the cytoplasm.,��https://www.ncbi.nlm.nih.gov/pubmed/19141449���Lo, Michael K
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Sequence Deletion���Feb���The nucleocapsid protein of Nipah virus produced in Escherichia coli assembled into herringbone-like particles. The amino- and carboxy-termini of the N protein were shortened progressively to define the minimum contiguous sequence involved in capsid assembly. The first 29 aa residues of the N protein are dispensable for capsid formation. The 128 carboxy-terminal residues do not play a role in the assembly of the herringbone-like particles. A region with amino acid residues 30-32 plays a crucial role in the formation of the capsid particle. Deletion of any of the four conserved hydrophobic regions in the N protein impaired capsid formation. Replacement of the central conserved regions with the respective sequences from the Newcastle disease virus restored capsid formation.,��https://www.ncbi.nlm.nih.gov/pubmed/19141448Ò��Ong, Swee Tin
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Field, H.���2009X��Strategies for enhancing Australia's capacity to respond to emerging infectious diseases���67-78���Vet Ital���45���1���Jan-Mar���Along with many other countries, Australia faces significant threats from emerging infectious diseases that emanate from wildlife or involve a wildlife vector. A salient example of such a disease is Hendra virus. The outbreaks of Hendra virus in 2008 highlight the critical need for a 'One Health' approach to the management of emerging infectious diseases. In Australia, cross-sectoral and cross jurisdictional 'One Health' approaches to the improved management of emerging infectious disease are being undertaken. These include improved management and sharing of biosecurity information, the joint cross-sectoral development of laboratory infrastructure, 'One Health' policy initiatives and 'One Health' approaches to disease research. These initiatives are enhancing Australia's disease response capacity and capability as well as supporting efforts to better control emerging infectious disease in the region.,��https://www.ncbi.nlm.nih.gov/pubmed/20391391k��Prowse, Stephen J
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Virus Attachment
*Virus Internalization���Dec 24%��BACKGROUND: Cell entry and cell-to-cell spread of the highly pathogenic Nipah virus (NiV) requires binding of the NiV G protein to cellular ephrin receptors and subsequent NiV F-mediated fusion. Since expression levels of the main NiV entry receptor ephrin-B2 (EB2) are highly regulated in vivo to fulfill the physiological functions in axon guidance and angiogenesis, the goal of this study was to determine if changes in the EB2 expression influence NiV infection. RESULTS: Surprisingly, transfection of increasing EB2 plasmid concentrations reduced cell-to-cell fusion both in cells expressing the NiV glycoproteins and in cells infected with NiV. This effect was attributed to the downregulation of the NiV glycoproteins from the cell surface. In addition to the influence on cell-to-cell fusion, increased EB2 expression significantly reduced the total amount of NiV-infected cells, thus interfered with virus entry. To determine if the negative effect of elevated EB2 expression on virus entry is a result of an increased EB2 signaling, receptor function of a tail-truncated and therefore signaling-defective DeltacEB2 was tested. Interestingly, DeltacEB2 fully functioned as NiV entry and fusion receptor, and overexpression also interfered with virus replication. CONCLUSION: Our findings clearly show that EB2 signaling does not account for the striking negative impact of elevated receptor expression on NiV infection, but rather that the ratio between the NiV envelope glycoproteins and surface receptors critically influence cell-to-cell fusion and virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19108727Ø��Thiel, Lena
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Swine/virology���Decü��The Nipah virus outbreak in Malaysia (September 1998 to May 1999) resulted in 265 cases of acute encephalitis with 105 deaths, and near collapse of the billion-dollar pig-farming industry. Because it was initially attributed to Japanese encephalitis, early control measures were ineffective, and the outbreak spread to other parts of Malaysia and nearby Singapore. The isolation of the novel aetiological agent, the Nipah virus (NiV), from the cerebrospinal fluid of an outbreak victim was the turning point which led to outbreak control 2 months later. Together with the Hendra virus, NiV is now recognised as a new genus, Henipavirus (Hendra + Nipah), in the Paramyxoviridae family. Efforts of the local and international scientific community have since elucidated the epidemiology, clinico-pathophysiology and pathogenesis of this new disease. Humans contracted the infection from close contact with infected pigs, and formed the basis for pig-culling that eventually stopped the outbreak. NiV targeted medium-sized and small blood vessels resulting in endothelial multinucleated syncytia and fibrinoid necrosis. Autopsies revealed disseminated cerebral microinfarctions resulting from vasculitis-induced thrombosis and direct neuronal involvement. The discovery of NiV in the urine and saliva of Malaysian Island flying foxes (Pteropus hypomelanus and Petropus vampyrus) implicated these as natural reservoir hosts of NiV. It is probable that initial transmission of NiV from bats to pigs occurred in late 1997/early 1998 through contamination of pig swill by bat excretions, as a result of migration of these forest fruitbats to cultivated orchards and pig-farms, driven by fruiting failure of forest trees during the El Nino-related drought and anthropogenic fires in Indonesia in 1997-1998. This outbreak emphasizes the need for sharing information of any unusual illnesses in animals and humans, an open-minded approach and close collaboration and co-ordination between the medical profession, veterinarians and wildlife specialists in the investigation of such illnesses. Environmental mismanagement (such as deforestation and haze) has far-reaching effects, including encroachment of wildlife into human habitats and the introduction of zoonotic infections into domestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/19108397h��Looi, Lai-Meng
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*Nipah Virus���SepT��Hendra virus (HeV) and Nipah virus (NiV) form a separate genus Henipavirus within the family Paramyxoviridae, and are classified as biosafety level four pathogens due to their high case fatality rate following human infection and because of the lack of effective vaccines or therapy. Both viruses emerged from their natural reservoir during the last decade of the 20th century, causing severe disease in humans, horses and swine, and infecting a number of other mammalian species. The current review summarises current published data relating to experimental infection of small and large animals, including the natural reservoir species, the Pteropus bat, with HeV or NiV. Susceptibility to infection and virus distribution in the individual species is discussed, along with the pathogenesis, pathological changes, and potential routes of transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/19084436¦��Weingartl, Hana M
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*Virus Internalization���Nov 26²��Nipah virus (NiV) is a highly pathogenic paramyxovirus that causes severe diseases in animals and humans. Endothelial cell (EC) infection is an established hallmark of NiV infection in vivo. Despite systemic virus spread via the vascular system, EC in brain and lung are preferentially infected whereas EC in other organs are less affected. As in vivo, we found differences in the infection of EC in cell culture. Only brain-derived primary or immortalized EC were found to be permissive to NiV infection. Using a replication-independent fusion assay, we could show that the lack of infection in non-brain EC was due to a lack of receptor expression. The NiV entry receptors ephrinB2 (EB2) or ephrinB3 were only expressed in brain endothelia. The finding that EB2 expression in previously non-permissive aortic EC rendered the cells permissive to infection then demonstrated that EB2 is not only necessary but also sufficient to allow the establishment of a productive NiV infection. This strongly suggests that limitations in receptor expression restrict virus entry in certain EC subsets in vivo, and are thus responsible for the differences in EC tropism observed in human and animal NiV infections.,��https://www.ncbi.nlm.nih.gov/pubmed/19036148ª��Erbar, Stephanie
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*Virus Internalization/drug effects���Jan 16­��Cellular entry of paramyxoviruses requires the coordinated action of both the attachment (G/H/HN) and fusion (F) glycoproteins, but how receptor binding activates G to trigger F-mediated fusion during viral entry is not known. Here, we identify a receptor (ephrinB2)-induced allosteric activation site in Nipah virus (NiV) G involved in triggering F-mediated fusion. We first generated a conformational monoclonal antibody (monoclonal antibody 45 (Mab45)) whose binding to NiV-G was enhanced upon NiV-G-ephrinB2 binding. However, Mab45 also inhibited viral entry, and its receptor binding-enhanced (RBE) epitope was temperature-dependent, suggesting that the Mab45 RBE epitope on G may be involved in triggering F. The Mab45 RBE epitope was mapped to the base of the globular domain (beta6S4/beta1H1). Alanine scan mutants within this region that did not exhibit this RBE epitope were also non-fusogenic despite their ability to bind ephrinB2, oligomerize, and associate with F at wild-type (WT) levels. Although circular dichroism revealed conformational changes in the soluble ectodomain of WT NiV-G upon ephrinB2 addition, no such changes were detected with soluble RBE epitope mutants or short-stalk G mutants. Additionally, WT G, but not a RBE epitope mutant, could dissociate from F upon ephrinB2 engagement. Finally, using a biotinylated HR2 peptide to detect pre-hairpin intermediate formation, a cardinal feature of F-triggering, we showed that ephrinB2 binding to WT G, but not the RBE-epitope mutants, could trigger F. In sum, we implicate the coordinated interaction between the base of NiV-G globular head domain and the stalk domain in mediating receptor-induced F triggering during viral entry.,��https://www.ncbi.nlm.nih.gov/pubmed/19019819è��Aguilar, Hector C
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Zoonoses/epidemiology/transmission/*virology���May.��Over the past decade, a number of unique zoonotic and non-zoonotic viruses have emerged in Malaysia. Several of these viruses have resulted in significant morbidity and mortality to those affected and they have imposed a tremendous public health and economic burden on the state. Amongst the most devastating was the outbreak of Nipah virus encephalitis in 1998, which resulted in 109 deaths. The culling of more than a million pigs, identified as the amplifying host, ultimately brought the outbreak under control. A year prior to this, and subsequently again in 2000 and 2003, large outbreaks of hand-foot-and-mouth disease due to enterovirus 71, with rare cases of fatal neurological complications, were reported in young children. Three other new viruses - Tioman virus (1999), Pulau virus (1999), and Melaka virus (2006) - whose origins have all been linked to bats, have been added to the growing list of novel viruses being discovered in Malaysia. The highly pathogenic H5N1 avian influenza has also been detected in Malaysia with outbreaks in poultry in 2004, 2006, and 2007. Fortunately, no human infections were reported. Finally, the HIV/AIDS epidemic has seen the emergence of an HIV-1 recombinant form (CRF33_01B) in HIV-infected individuals from various risk groups, with evidence of ongoing and rapid expansion.,��https://www.ncbi.nlm.nih.gov/pubmed/19010076Ñ��Tee, Kok Keng
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*Virus Shedding���Nov 10�	�BACKGROUND: Nipah virus (NiV) is a recently emerged paramyxovirus capable of causing fatal disease in a broad range of mammalian hosts, including humans. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the family Paramyxoviridae. Recombinant expression systems have played a crucial role in studying the cell biology of these Biosafety Level-4 restricted viruses. Henipavirus assembly and budding occurs at the plasma membrane, although the details of this process remain poorly understood. Multivesicular body (MVB) proteins have been found to play a role in the budding of several enveloped viruses, including some paramyxoviruses, and the recruitment of MVB proteins by viral proteins possessing late budding domains (L-domains) has become an important concept in the viral budding process. Previously we developed a system for producing NiV virus-like particles (VLPs) and demonstrated that the matrix (M) protein possessed an intrinsic budding ability and played a major role in assembly. Here, we have used this system to further explore the budding process by analyzing elements within the M protein that are critical for particle release. RESULTS: Using rationally targeted site-directed mutagenesis we show that a NiV M sequence YPLGVG is required for M budding and that mutation or deletion of the sequence abrogates budding ability. Replacement of the native and overlapping Ebola VP40 L-domains with the NiV sequence failed to rescue VP40 budding; however, it did induce the cellular morphology of extensive filamentous projection consistent with wild-type VP40-expressing cells. Cells expressing wild-type NiV M also displayed this morphology, which was dependent on the YPLGVG sequence, and deletion of the sequence also resulted in nuclear localization of M. Dominant-negative VPS4 proteins had no effect on NiV M budding, suggesting that unlike other viruses such as Ebola, NiV M accomplishes budding independent of MVB cellular proteins. CONCLUSION: These data indicate that the YPLGVG motif within the NiV M protein plays an important role in M budding; however, involvement of any specific components of the cellular MVB sorting pathway in henipavirus budding remains to be demonstrated. Further investigation of henipavirus assembly and budding may yet reveal a novel mechanism(s) of viral assembly and release that could be applicable to other enveloped viruses or have therapeutic implications.,��https://www.ncbi.nlm.nih.gov/pubmed/19000317#��Patch, Jared R
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SARS Virus���Oct@��Acute respiratory viruses are a major cause of morbidity and mortality in humans worldwide and most acute respiratory infections are caused by viruses. Many of these viruses cause the highest burden of disease in specific risk groups such as young infants, the elderly, and immune-compromised individuals. Although the most important respiratory viruses of humans have been identified in the last century, in the past decade about a dozen "new" viruses have been discovered that may cause a high burden of acute respiratory disease in humans. Not only viruses were discovered that must have been with humans for many decades or centuries, such as human metapneumovirus and 2 different human coronaviruses, but also viruses that are truly new for humans and have emerged as a result of recent interspecies transmissions from other mammalian or avian reservoirs. The latter include highly pathogenic avian influenza viruses, severe acute respiratory syndrome (SARS) coronavirus, and Nipah virus. The discovery, etiologic role, and burden of disease caused by these infections are described.,��https://www.ncbi.nlm.nih.gov/pubmed/18820582£��Osterhaus, Albert D M E
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Singapore/epidemiology���Dec$��Nipah virus first emerged in Malaysia and Singapore between 1998 and 1999, causing severe febrile encephalitis in humans with a mortality rate of close to 40%. In addition, a significant portion of those recovering from acute infection had relapse encephalitis and long-term neurological defects. Since its initial outbreak, there have been numerous outbreaks in Bangladesh and India, in which the mortality rate rose to approximately 70%. These subsequent outbreaks were distinct from the initial outbreak, both in their epidemiology and in their clinical presentations. Recent developments in diagnostics may expedite disease diagnosis and outbreak containment, while progress in understanding the molecular biology of Nipah virus could lead to novel therapeutics and vaccines for this deadly pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/18835214���Lo, Michael K
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Odds Ratio
Risk Factors���Oct¨��Nipah virus (NiV) is a paramyxovirus that causes severe encephalitis in humans. During January 2004, twelve patients with NiV encephalitis (NiVE) were identified in west-central Bangladesh. A case-control study was conducted to identify factors associated with NiV infection. NiVE patients from the outbreak were enrolled in a matched case-control study. Exact odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using a matched analysis. Climbing trees (83% of cases vs. 51% of controls, OR 8.2, 95% CI 1.25-infinity) and contact with another NiVE patient (67% of cases vs. 9% of controls, OR 21.4, 95% CI 2.78-966.1) were associated with infection. We did not identify an increased risk for NiV infection among persons who had contact with a potential intermediate host. Although we cannot rule out person-to-person transmission, case-patients were likely infected from contact with fruit bats or their secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/18826814{��Montgomery, Joel M
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Viral Vaccines/*immunology���Dec[��Two members of the paramyxovirus family, Nipah virus (NiV) and Hendra virus (HeV), are recent additions to a growing number of agents of emergent diseases which use bats as a natural host. Identification of ephrin-B2 and ephrin-B3 as cellular receptors for these viruses has enabled the development of immunotherapeutic reagents which prevent virus attachment and subsequent fusion. Here we present the structural analysis of the protein and carbohydrate components of the unbound viral attachment glycoprotein of NiV glycoprotein (NiV-G) at a 2.2-A resolution. Comparison with its ephrin-B2-bound form reveals that conformational changes within the envelope glycoprotein are required to achieve viral attachment. Structural differences are particularly pronounced in the 579-590 loop, a major component of the ephrin binding surface. In addition, the 236-245 loop is rather disordered in the unbound structure. We extend our structural characterization of NiV-G with mass spectrometric analysis of the carbohydrate moieties. We demonstrate that NiV-G is largely devoid of the oligomannose-type glycans that in viruses such as human immunodeficiency virus type 1 and Ebola virus influence viral tropism and the host immune response. Nevertheless, we find putative ligands for the endothelial cell lectin, LSECtin. Finally, by mapping structural conservation and glycosylation site positions from other members of the paramyxovirus family, we suggest the molecular surface involved in oligomerization. These results suggest possible pathways of virus-host interaction and strategies for the optimization of recombinant vaccines.,��https://www.ncbi.nlm.nih.gov/pubmed/18815311Á��Bowden, Thomas A
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Viral Envelope Proteins/*chemistry/genetics/*metabolism���Novk��Hendra virus (HeV) is a member of the broadly tropic and highly pathogenic paramyxovirus genus Henipavirus. HeV is enveloped and infects cells by using membrane-anchored attachment (G) and fusion (F) glycoproteins. G possesses an N-terminal cytoplasmic tail, an external membrane-proximal stalk domain, and a C-terminal globular head that binds the recently identified receptors ephrinB2 and ephrinB3. Receptor binding is presumed to induce conformational changes in G that subsequently trigger F-mediated fusion. The stalk domains of other attachment glycoproteins appear important for oligomerization and F interaction and specificity. However, this region of G has not been functionally characterized. Here we performed a mutagenesis analysis of the HeV G stalk, targeting a series of isoleucine residues within a hydrophobic alpha-helical domain that is well conserved across several attachment glycoproteins. Nine of 12 individual HeV G alanine substitution mutants possessed a complete defect in fusion-promotion activity yet were cell surface expressed and recognized by a panel of conformation-dependent monoclonal antibodies (MAbs) and maintained their oligomeric structure. Interestingly, these G mutations also resulted in the appearance of an additional electrophoretic species corresponding to a slightly altered glycosylated form. Analysis revealed that these G mutants appeared to adopt a receptor-bound conformation in the absence of receptor, as measured with a panel of MAbs that preferentially recognize G in a receptor-bound state. Further, this phenotype also correlated with an inability to associate with F and in triggering fusion even after receptor engagement. Together, these data suggest the stalk domain of G plays an important role in the conformational stability and receptor binding-triggered changes leading to productive fusion, such as the dissociation of G and F.,��https://www.ncbi.nlm.nih.gov/pubmed/18799571<��Bishop, Kimberly A
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Recurrence���Augí��Viral encephalitis presents with seizures not only in the acute stage but also increases the risk of late unprovoked seizures and epilepsy. Acute symptomatic and late unprovoked seizures in different viral encephalitides are reviewed here. Among the sporadic viral encephalitides, Herpes simplex encephalitis (HSE) is perhaps most frequently associated with epilepsy, which may often be severe. Seizures may be the presenting feature in 50% patients with HSE because of involvement of the highly epileptogenic frontotemporal cortex. The occurrence of seizures in HSE is associated with poor prognosis. In addition, chronic and relapsing forms of HSE have been described and these may be associated with antiepileptic drug-resistant seizures. Among the epidemic (usually due to flaviviruses) viral encephalitides, Japanese encephalitis (JE) is most common and is associated with acute symptomatic seizures, especially in children. The reported frequency of acute symptomatic seizures in JE is 7-46%. Encephalitis due to other flaviviruses such as equine, St. Louis, and West Nile viruses may also manifest with acute symptomatic seizures. In Nipah virus encephalitis, seizures are more common in relapsed and late-onset encephalitis in comparison to acute encephalitis (4% vs. 1.8%). Other viruses like measles, varicella, mumps, influenza, and entero-viruses may cause seizures depending on the area of brain involved. There is no comprehensive data regarding late unprovoked seizures in different viral encephalitides. Prospective studies are required to document the risk of late unprovoked seizures and epilepsy following viral encephalitis due to different viruses as well as to determine the clinical characteristics, course, and outcome of post-encephalitic epilepsy.,��https://www.ncbi.nlm.nih.gov/pubmed/18754956���Misra, Usha Kant
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Virus Diseases/*epidemiology���Oct°��The epidemiology of several viral diseases underwent profound changes in South-East Asia and Oceania over the past decades. This was due to several factors, including the geographical distribution of vectors and the viruses they transmit; increasing traveling and trade; increasing ecological and demographic pressure. We reviewed the current state of knowledge based on published sources and available epidemiological data. The review was limited to potentially emerging viruses in Southeast Asia and the Pacific reported in human cases. Dengue, Chikungunya, and Japanese Encephalitis viruses have recurred on a yearly basis with a steady increase in these regions. Ross River and Barmah viruses now appear regularly in Australia, in an increasing number of cases. Nipah virus strikes regularly with limited but deadly epidemics in Southeast Asia. Finally, infections by lyssaviruses, Kunjin, Murray Valley, or Zika viruses were also reviewed.,��https://www.ncbi.nlm.nih.gov/pubmed/18771865Â��Barboza, P
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Chua, K. B.���2008���Nipah virus encephalitis���315-20���Curr Infect Dis Rep���10���4���Jul���Nipah virus was first discovered in 1999, after a severe outbreak of viral encephalitis among pig farm workers in Malaysia. The disease is thought to spread from Pteropus bats to pigs and then to humans following close contact. The reported mortality rate in this outbreak was 40%. The main necropsy finding in patients with Nipah virus encephalitis was disseminated microinfarction associated with vasculitis and direct neuronal involvement. Relapse of encephalitis was seen in 10% of those who survived the initial illness. Since that initial report, recurrent outbreaks of Nipah virus encephalitis have been seen in Bangladesh and West Bengal, India. These outbreaks occurred between January and May, with Pteropus giganteus as a reservoir of the virus. In Bangladesh, the virus probably spread directly from bats to humans-with human to human spread as another important mode of infection-and the mortality rate was 70%.,��https://www.ncbi.nlm.nih.gov/pubmed/18765105^��Tan, Chong-Tin
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Prevention Regimen for Effectively Avoiding Second Strokes study, group���2008=��Effects of aspirin plus extended-release dipyridamole versus clopidogrel and telmisartan on disability and cognitive function after recurrent stroke in patients with ischaemic stroke in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial: a double-blind, active and placebo-controlled study���875-84
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Ticlopidine/analogs & derivatives/therapeutic use���OctÙ	�BACKGROUND: The treatment of ischaemic stroke with neuroprotective drugs has been unsuccessful, and whether these compounds can be used to reduce disability after recurrent stroke is unknown. The putative neuroprotective effects of antiplatelet compounds and the angiotensin II receptor antagonist telmisartan were investigated in the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial. METHODS: Patients who had had an ischaemic stroke were randomly assigned in a two by two factorial design to receive either 25 mg aspirin (ASA) and 200 mg extended-release dipyridamole (ER-DP) twice a day or 75 mg clopidogrel once a day, and either 80 mg telmisartan or placebo once per day. The predefined endpoints for this substudy were disability after a recurrent stroke, assessed with the modified Rankin scale (mRS) and Barthel index at 3 months, and cognitive function, assessed with the mini-mental state examination (MMSE) score at 4 weeks after randomisation and at the penultimate visit. Analysis was by intention to treat. The study was registered with ClinicalTrials.gov, number NCT00153062. FINDINGS: 20,332 patients (mean age 66 years) were randomised and followed-up for a median of 2.4 years. Recurrent strokes occurred in 916 (9%) patients randomly assigned to ASA with ER-DP and 898 (9%) patients randomly assigned to clopidogrel; 880 (9%) patients randomly assigned to telmisartan and 934 (9%) patients given placebo had recurrent strokes. mRS scores were not statistically different in patients with recurrent stroke who were treated with ASA and ER-DP versus clopidogrel (p=0.38), or with telmisartan versus placebo (p=0.61). There was no significant difference in the proportion of patients with recurrent stroke with a good outcome, as measured with the Barthel index, across all treatment groups. Additionally, there was no significant difference in the median MMSE scores, the percentage of patients with an MMSE score of 24 points or less, the percentage of patients with a drop in MMSE score of 3 points or more between 1 month and the penultimate visit, and the number of patients with dementia among the treatment groups. There were no significant differences in the proportion of patients with cognitive impairment or dementia among the treatment groups. INTERPRETATION: Disability due to recurrent stroke and cognitive decline in patients with ischaemic stroke were not different between the two antiplatelet regimens and were not affected by the preventive use of telmisartan.,��https://www.ncbi.nlm.nih.gov/pubmed/18757238H��Diener, Hans-Christoph
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Treatment Failure���Sep 18���BACKGROUND: Prolonged lowering of blood pressure after a stroke reduces the risk of recurrent stroke. In addition, inhibition of the renin-angiotensin system in high-risk patients reduces the rate of subsequent cardiovascular events, including stroke. However, the effect of lowering of blood pressure with a renin-angiotensin system inhibitor soon after a stroke has not been clearly established. We evaluated the effects of therapy with an angiotensin-receptor blocker, telmisartan, initiated early after a stroke. METHODS: In a multicenter trial involving 20,332 patients who recently had an ischemic stroke, we randomly assigned 10,146 to receive telmisartan (80 mg daily) and 10,186 to receive placebo. The primary outcome was recurrent stroke. Secondary outcomes were major cardiovascular events (death from cardiovascular causes, recurrent stroke, myocardial infarction, or new or worsening heart failure) and new-onset diabetes. RESULTS: The median interval from stroke to randomization was 15 days. During a mean follow-up of 2.5 years, the mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group than in the placebo group. A total of 880 patients (8.7%) in the telmisartan group and 934 patients (9.2%) in the placebo group had a subsequent stroke (hazard ratio in the telmisartan group, 0.95; 95% confidence interval [CI], 0.86 to 1.04; P=0.23). Major cardiovascular events occurred in 1367 patients (13.5%) in the telmisartan group and 1463 patients (14.4%) in the placebo group (hazard ratio, 0.94; 95% CI, 0.87 to 1.01; P=0.11). New-onset diabetes occurred in 1.7% of the telmisartan group and 2.1% of the placebo group (hazard ratio, 0.82; 95% CI, 0.65 to 1.04; P=0.10). CONCLUSIONS: Therapy with telmisartan initiated soon after an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753639$��Yusuf, Salim
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Vascular Diseases/mortality���Sep 18T��BACKGROUND: Recurrent stroke is a frequent, disabling event after ischemic stroke. This study compared the efficacy and safety of two antiplatelet regimens--aspirin plus extended-release dipyridamole (ASA-ERDP) versus clopidogrel. METHODS: In this double-blind, 2-by-2 factorial trial, we randomly assigned patients to receive 25 mg of aspirin plus 200 mg of extended-release dipyridamole twice daily or to receive 75 mg of clopidogrel daily. The primary outcome was first recurrence of stroke. The secondary outcome was a composite of stroke, myocardial infarction, or death from vascular causes. Sequential statistical testing of noninferiority (margin of 1.075), followed by superiority testing, was planned. RESULTS: A total of 20,332 patients were followed for a mean of 2.5 years. Recurrent stroke occurred in 916 patients (9.0%) receiving ASA-ERDP and in 898 patients (8.8%) receiving clopidogrel (hazard ratio, 1.01; 95% confidence interval [CI], 0.92 to 1.11). The secondary outcome occurred in 1333 patients (13.1%) in each group (hazard ratio for ASA-ERDP, 0.99; 95% CI, 0.92 to 1.07). There were more major hemorrhagic events among ASA-ERDP recipients (419 [4.1%]) than among clopidogrel recipients (365 [3.6%]) (hazard ratio, 1.15; 95% CI, 1.00 to 1.32), including intracranial hemorrhage (hazard ratio, 1.42; 95% CI, 1.11 to 1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups (1194 ASA-ERDP recipients [11.7%], vs. 1156 clopidogrel recipients [11.4%]; hazard ratio, 1.03; 95% CI, 0.95 to 1.11). CONCLUSIONS: The trial did not meet the predefined criteria for noninferiority but showed similar rates of recurrent stroke with ASA-ERDP and with clopidogrel. There is no evidence that either of the two treatments was superior to the other in the prevention of recurrent stroke. (ClinicalTrials.gov number, NCT00153062.),��https://www.ncbi.nlm.nih.gov/pubmed/18753638���Sacco, Ralph L
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Vero Cells���Jun¯��In 1998, a novel paramyxovirus (order Mononegavirales, family Paramyxoviridae, subfamily Paramyxovirinae, genus Henipavirus) emerged in peninsular Malaysia causing fatal encephalitis in humans and severe respiratory illness with encephalitis in pigs. The virus was successfully isolated in cultured mammalian cells. Transmission electron microscopy of infected tissue culture cells played a crucial role in the early preliminary identification of the causative agent of the outbreak. This in turn was pivotal to determine the correct direction of control measures that subsequently brought the epidemic under control. In light of this investigation, and indeed identification of infectious agents associated with other disease episodes, electron microscopy will remain an important frontline method for rapid diagnostic virology and investigation of any future outbreak of new and unusual cases of illness suspected of an infectious aetiology.,��https://www.ncbi.nlm.nih.gov/pubmed/18705447{��Chua, K B
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Virus Replication���Decw��Nipah virus (NiV) and Hendra virus (HeV) are recently emerged zoonotic paramyxoviruses exclusively grouped within a new genus, Henipavirus. These viruses cause fatal disease in a wide range of species, including humans. Both NiV and HeV have continued to re-emerge sporadically in Bangladesh and Australia, respectively. There are currently no therapeutics or vaccines available to treat Henipavirus infection and both are classified as BSL4 pathogens. RNA interference (RNAi) is a process by which double-stranded RNA directs sequence-specific degradation of messenger RNA in animal and plant cells. Small interfering RNAs (siRNAs) mediate RNAi by inhibiting gene expression of homologous mRNA and our preliminary studies suggest RNAi may be a useful approach to developing novel therapies for these highly lethal pathogens. Eight NiV siRNA molecules (four L and four N gene specific), two HeV N gene specific, and two non-specific control siRNA molecules were designed and tested for their ability to inhibit a henipavirus minigenome replication system (which does not require the use of live virus) in addition to live virus infections in vitro. In the minigenome assay three out of the four siRNAs that targeted the L gene of NiV effectively inhibited replication. In contrast, only NiV N gene siRNAs were effective in reducing live NiV replication, suggesting inhibition of early, abundantly expressed gene transcripts may be more effective than later, less abundant transcripts. Additionally, some of the siRNAs effective against NiV infection were only partially effective inhibitors of HeV infection. An inverse correlation between the number of nucleotide mismatches and the efficacy of siRNA inhibition was observed. The demonstration that RNAi effectively inhibits henipavirus replication in vitro, is a novel approach and may provide an effective therapy for these highly lethal, zoonotic pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/18687361ß��Mungall, Bruce A
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Male���Auga��We tested 41 bats for antibodies against Nipah and Hendra viruses to determine whether henipaviruses circulate in pteropid fruit bats (Pteropus giganteus) in northern India. Twenty bats were seropositive for Nipah virus, which suggests circulation in this species, thereby extending the known distribution of henipaviruses in Asia westward by >1,000 km.,��https://www.ncbi.nlm.nih.gov/pubmed/18680665Ì��Epstein, Jonathan H
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Virus Diseases/*epidemiology���Nov´��Emerging viral diseases are nothing new. Smallpox probably reached Europe from Asia in the 5th century, and yellow fever emerged in the Americas during the 16th century as a consequence of the African slave trade. Dengue fever arose simultaneously in South-East Asia, Africa, and North America during the 18th century. In 1918-1919 the so-called Spanish flu spread like wildfire through all five continents, killing between 25 and 40 million people. The second half of the 20th century saw the emergence of HIV/AIDS (1981), among other viral diseases. Even more worrying is the fact that emerging and re-emerging viral diseases have had a tendency to spread more quickly and more widely during the last decade, invading whole countries and continents; witness the recent outbreaks of Nipah virus, West Nile, Rift Valley fever, SARS, monkeypox, avian flu (H5N1) and Chikungunya. The complex factors underlying these new trends are briefly discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/18666456���Chastel, Claude
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Species Specificity���Jul 23*��Henipaviruses are emerging RNA viruses of fruit bat origin that can cause fatal encephalitis in man. Ghanaian fruit bats (megachiroptera) were tested for antibodies to henipaviruses. Using a Luminex multiplexed microsphere assay, antibodies were detected in sera of Eidolon helvum to both Nipah (39%, 95% confidence interval: 27-51%) and Hendra (22%, 95% CI: 11-33%) viruses. Virus neutralization tests further confirmed seropositivity for 30% (7/23) of Luminex positive serum samples. Our results indicate that henipavirus is present within West Africa.,��https://www.ncbi.nlm.nih.gov/pubmed/18648649ô��Hayman, David T S
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Virulence/physiology���Jul 22I��Nipah virus (NiV) and Hendra virus are the type species of the highly pathogenic paramyxovirus genus Henipavirus, which can cause severe respiratory disease and fatal encephalitis infections in humans, with case fatality rates approaching 75%. NiV contains two envelope glycoproteins, the receptor-binding G glycoprotein (NiV-G) that facilitates attachment to host cells and the fusion (F) glycoprotein that mediates membrane merger. The henipavirus G glycoproteins lack both hemagglutinating and neuraminidase activities and, instead, engage the highly conserved ephrin-B2 and ephrin-B3 cell surface proteins as their entry receptors. Here, we report the crystal structures of the NiV-G both in its receptor-unbound state and in complex with ephrin-B3, providing, to our knowledge, the first view of a paramyxovirus attachment complex in which a cellular protein is used as the virus receptor. Complex formation generates an extensive protein-protein interface around a protruding ephrin loop, which is inserted in the central cavity of the NiV-G beta-propeller. Analysis of the structural data reveals the molecular basis for the highly specific interactions of the henipavirus G glycoproteins with only two members (ephrin-B2 and ephrin-B3) of the very large ephrin family and suggests how they mediate in a unique fashion both cell attachment and the initiation of membrane fusion during the virus infection processes. The structures further suggest that the NiV-G/ephrin interactions can be effectively targeted to disrupt viral entry and provide the foundation for structure-based antiviral drug design.,��https://www.ncbi.nlm.nih.gov/pubmed/18632560:��Xu, Kai
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Vasculitis/metabolism/pathology/*virology���Jul���Mortality rate in humans infected with Nipah virus (NiV) has been reported as high as 92%. Humans infected with NiV show a widespread multisystemic vasculitis with most severe clinical and pathologic manifestations in the brain, lungs, and spleen. The purpose of this study was to study pathologic and immunohistochemical findings in guinea pigs infected with NiV. Of 28 animals inoculated intraperitoneally, only 2 survived the infection, and most died between 4 and 8 days postinoculation (dpi). Viral antigen with minimal pathologic changes was first detected 2 dpi in lymph nodes and spleen. More severe changes were noted in these organs 4-8 dpi, where pathologic damage had a vasocentric distribution and viral antigen was abundant in vascular endothelium, tunica media, adventitia, as well as in macrophages lining sinuses. The urinary bladder, uterus, and ovaries were also affected with necrosis and acute inflammation. In these organs, immunohistochemical positive staining was intense in blood vessels, epithelial cells, and ovarian follicles. Approximately 50% of the animals that died or were euthanized in extremis had evidence of viral antigen and histopathologic changes in brain, especially involving meninges and ependymal cells, with lesser changes in the neural parenchyma. A unifying feature of the damage for all affected tissues was necrosis and inflammation of the vasculature, chiefly in arterioles, capillaries, and venules. Inoculation of guinea pigs intraperitoneally with NiV produces a disease with considerable resemblance to the disease in humans, but with reduced pulmonary involvement and marked infection of urinary bladder and the female reproductive tract.,��https://www.ncbi.nlm.nih.gov/pubmed/18587107ë��Torres-Velez, F J
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Polymerase Chain Reaction���Feb���Meningoencephalitis is a disease with many drawbacks: it is usually severe and its etiology will frequently remain unsolved even with thorough investigations. Pathogen diversities and the wide range of differential diagnosis are further limitations, while there are neither guidelines nor conferences consensus available, in France and elsewhere. However, there are many valuable data in the literature and major advances have already been obtained, the most striking being advances in imaging techniques and molecular biology, as illustrated by the significant impact of HSV PCR advent in patient management. On emergency settings, physicians have to recognize and initiate appropriate treatment for patients who may have herpes simplex meningoencephalitis, and to consider bacteria for which prompt treatment has a positive prognostic impact. At this stage, intravenous acyclovir and amoxicillin should be widely prescribed, even with limited suspicion. Then, physicians will have to collect pertinent information and diagnostic tests results, and may seek expertise from other specialties when needed. Continuous improvements in diagnostic tests should allow significant progress in pathogen identification in meningoencephalitis, thus leading to better patients management. We also have to be prepared for changes, as the recent emergence of four agents of encephalitis reminded us (West Nile, Nipah, Hendra and Japanese encephalitis).,��https://www.ncbi.nlm.nih.gov/pubmed/18585826���Tattevin, P
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Viral Envelope Proteins/genetics/*immunology���Jul 23¶��Nipah virus (NiV) and Hendra virus (HeV) are closely related deadly zoonotic paramyxoviruses that have emerged and re-emerged over the last 10 years. In this study, a subunit vaccine formulation containing only recombinant, soluble, attachment glycoprotein from HeV (sG(HeV)) and CpG adjuvant was evaluated as a potential NiV vaccine in the cat model. Different amounts of sG(HeV) were employed and sG-induced immunity was examined. Vaccinated animals demonstrated varying levels of NiV-specific Ig systemically and importantly, all vaccinated cats possessed antigen-specific IgA on the mucosa. Upon oronasal challenge with NiV (50,000TCID50), all vaccinated animals were protected from disease although virus was detected on day 21 post-challenge in one animal. The ability to elicit protective systemic and mucosal immunity in this animal model provides significant progress towards the development of a human subunit vaccine against henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18556094Á��McEachern, Jennifer A
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Zoonoses/transmission/virology���Sepi��Bats are increasingly recognized to harbor a wide range of viruses, and in most instances these viruses appear to establish long-term persistence in these animals. They are the reservoir of a number of human zoonotic diseases including Nipah, Ebola, and severe acute respiratory syndrome. We report the identification of novel groups of astroviruses in apparently healthy insectivorous bats found in Hong Kong, in particular, bats belonging to the genera Miniopterus and Myotis. Astroviruses are important causes of diarrhea in many animal species, including humans. Many of the bat astroviruses form distinct phylogenetic clusters in the genus Mamastrovirus within the family Astroviridae. Virus detection rates of 36% to 100% and 50% to 70% were found in Miniopterus magnater and Miniopterus pusillus bats, respectively, captured within a single bat habitat during four consecutive visits spanning 1 year. There was high genetic diversity of viruses in bats found within this single habitat. Some bat astroviruses may be phylogenetically related to human astroviruses, and further studies with a wider range of bat species in different geographic locations are warranted. These findings are likely to provide new insights into the ecology and evolution of astroviruses and reinforce the role of bats as a reservoir of viruses with potential to pose a zoonotic threat to human health.,��https://www.ncbi.nlm.nih.gov/pubmed/18550669���Chu, D K W
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X-Ray Microtomography���Junt��BACKGROUND: Spark discharge anodic oxidation forms a porous TiO2 film on the surface of titanium oral implants, increasing surface roughness and concentrations of calcium and phosphate ions. In this study, anodic-treated oral implants were placed in an animal model and analysed using clinical, micro-computerized tomographic (micro-CT) and histometric techniques. METHODS: Pairs of 3.5 mm x 8.5 mm long titanium implants (Osstem Implant Co., Ltd. Seoul, Korea), with blasted (control) or blasted and oxidized surfaces (test), were placed into the right femoral condyles of 10 sheep. Animals were sacrificed after 1 month unloaded healing. Resonant frequency analysis (RFA) was measured in implant stability quotient (ISQ) using the Mentor II device. Specimens were scanned using medium resolution micro-CT (Skyscan 1172). Mean percent bone-to-implant contact (%BIC) was calculated from two images per implant by three different operators, using Image J software. Inter- and intra-examiner differences were calculated. Specimens were then embedded in methacrylate and undemineralized ground sections were digitized. Mean %BIC was measured using Image J at x 20 magnification for the best-three consecutive threads from the most central section. RESULTS: Mean micro-CT %BIC was similar for control and test (57.2 +/- 0.05% versus 56.4 +/- 0.03%, p = 0.5). There was considerable inter-examiner variability (interclass correlation coefficient = 0.44). RFA showed no clinically-detectable difference between the two groups (control ISQ: 75.2 +/- 4.2; test ISQ: 76.3 +/- 1.7; p = 0.48). However, histometric analysis found a marked and highly statistically-significant difference (%BIC Test 72.5 +/- 8.6%, Control 46.2 +/- 12.1%, p = 0.01). CONCLUSIONS: The novel anodic oxidation technique increased early ossointegration of rough-surfaced implants by 157%. Neither clinical testing with resonant frequency analysis nor radiographic analysis using micro-CT had sufficient resolution to detect this improvement. Whether this gain in early bone-implant contact is clinically significant in the context of early occlusal loading is the subject of subsequent experiments.,��https://www.ncbi.nlm.nih.gov/pubmed/22073469Î��Duncan, Warwick J
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Malaysia/epidemiology���Mar»��Paramyxoviruses have been implicated in both animal and human infections. Some viruses, such as Morbilliviruses are responsible for large-scale epidemics. However, there are limited observations of these viruses crossing the host species barrier in nature. In 1994, in Australia a fatal infection in horses and humans was identified to be caused by a new Paramyxovirus, Hendra virus (HeV), and in 1998 in Malaysia, a closely related virus, Nipah virus (NiV) was responsible for fatal infections in pigs and humans. These two viruses were sufficiently different from previously described Paramyxoviruses to create a new genus, Henipaviruses. The natural reservoir of these viruses was the fruit bat (Pteropus), which is found in regions extending from the western Pacific to the eastern coast of Africa. Serological studies have established that as many as half the fruit bats in colonies throughout these regions may have antibodies against this family of viruses. The availability of diagnostic reagents for Nipah virus in humans have identified infections in several countries including, Bangladesh, India and Indonesia. In some of these epidemics, mortality in humans exceeds 75%. Deforestation is probably responsible for fruit bats leaving their ecological niches and approaching farms and villages. The infection of humans and animals may occur via contaminated foods or in certain cases by animals to man. At present, only within close families has human-to-human transmission been proposed. Henipavirus infections are probably more widespread than it is at presently known and so it is important to have an intense monitoring for these diseases, especially in countries where large-scale deforestation is happening.,��https://www.ncbi.nlm.nih.gov/pubmed/18511217���Wild, T F
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*Virus Attachment���Jun¼��Nipah and Hendra viruses are emergent paramyxoviruses, causing disease characterized by rapid onset and high mortality rates, resulting in their classification as Biosafety Level 4 pathogens. Their attachment glycoproteins are essential for the recognition of the cell-surface receptors ephrin-B2 (EFNB2) and ephrin-B3 (EFNB3). Here we report crystal structures of both Nipah and Hendra attachment glycoproteins in complex with human EFNB2. In contrast to previously solved paramyxovirus attachment complexes, which are mediated by sialic acid interactions, the Nipah and Hendra complexes are maintained by an extensive protein-protein interface, including a crucial phenylalanine side chain on EFNB2 that fits snugly into a hydrophobic pocket on the viral protein. By analogy with the development of antivirals against sialic acid binding viruses, these results provide a structural template to target antiviral inhibition of protein-protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18488039¾��Bowden, Thomas A
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*Swine Diseases/diagnosis/epidemiology/virology���Mar-Apr���Nipah encephalitis is a particular dangerous disease that affects animals and man. Fatal cases of the disease have been identified in the persons looking after pigs in the villages of Malaysia. The causative agent is presumably referred to as morbilliviruses of the Paramixoviridae family. Two hundred persons died among the ill patients with the signs of encephalitis. The principal hosts of the virus were fox-bats (Megaschiroptera) inhabiting in the surrounding forests. The present paper descries the epidemiological features of the disease, its clinical manifestations, abnormal anatomic changes, diagnosis, and implemented controlling measures.,��https://www.ncbi.nlm.nih.gov/pubmed/18450103¥��Kolomytsev, A A
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Virulence���Apr 306��Innate immunity is critically dependent on the rapid production of interferon in response to intruding viruses. The intracellular pathogen recognition receptors RIG-I and MDA5 are essential for interferon induction by viral RNAs containing 5' triphosphates or double-stranded structures, respectively. Viruses with a negative-stranded RNA genome are an important group of pathogens causing emerging and re-emerging diseases. We investigated the ability of genomic RNAs from substantial representatives of this virus group to induce interferon via RIG-I or MDA5. RNAs isolated from particles of Ebola virus, Nipah virus, Lassa virus, and Rift Valley fever virus strongly activated the interferon-beta promoter. Knockdown experiments demonstrated that interferon induction depended on RIG-I, but not MDA5, and phosphatase treatment revealed a requirement for the RNA 5' triphosphate group. In contrast, genomic RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus did not trigger interferon induction. Sensitivity of these RNAs to a 5' monophosphate-specific exonuclease indicates that the RIG-I-activating 5' triphosphate group was removed post-transcriptionally by a viral function. Consequently, RIG-I is unable to bind the RNAs of Hantaan virus, Crimean-Congo hemorrhagic fever virus and Borna disease virus. These results establish RIG-I as a major intracellular recognition receptor for the genome of most negative-strand RNA viruses and define the cleavage of triphosphates at the RNA 5' end as a strategy of viruses to evade the innate immune response.,��https://www.ncbi.nlm.nih.gov/pubmed/18446221D��Habjan, Matthias
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Time Factors���Apr 1E��BACKGROUND: In Bangladesh, 4 outbreaks of Nipah virus infection were identified during the period 2001-2004. METHODS: We characterized the clinical features of Nipah virus-infected individuals affected by these outbreaks. We classified patients as having confirmed cases of Nipah virus infection if they had antibodies reactive with Nipah virus antigen. Patients were considered to have probable cases of Nipah virus infection if they had symptoms consistent with Nipah virus infection during the same time and in the same community as patients with confirmed cases. RESULTS: We identified 92 patients with Nipah virus infection, 67 (73%) of whom died. Although all age groups were affected, 2 outbreaks principally affected young persons (median age, 12 years); 62% of the affected persons were male. Fever, altered mental status, headache, cough, respiratory difficulty, vomiting, and convulsions were the most common signs and symptoms; clinical and radiographic features of acute respiratory distress syndrome of Nipah illness were identified during the fourth outbreak. Among those who died, death occurred a median of 6 days (range, 2-36 days) after the onset of illness. Patients who died were more likely than survivors to have a temperature >37.8 degrees C, altered mental status, difficulty breathing, and abnormal plantar reflexes. Among patients with Nipah virus infection who had well-defined exposure to another patient infected with Nipah virus, the median incubation period was 9 days (range, 6-11 days). CONCLUSIONS: Nipah virus infection produced rapidly progressive severe illness affecting the central nervous and respiratory systems. Clinical characteristics of Nipah virus infection in Bangladesh, including a severe respiratory component, appear distinct from clinical characteristics reported during earlier outbreaks in other countries.,��https://www.ncbi.nlm.nih.gov/pubmed/18444812Ã��Hossain, M Jahangir
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Treatment Outcome���AprP��BACKGROUND: Telmisartan is an orally active angiotensin II receptor antagonist prescribed once daily. OBJECTIVE: To evaluate the efficacy of telmisartan on blood pressure control, and on other end points, when given as monotherapy or in combination. METHODS: Review of published literature. RESULTS: Telmisartan produces more effective control of blood pressure over 24 h, especially in the last 6 h of the dosing interval, compared with other antihypertensive agents. It also possesses pleiotrophic effects on lipid and glucose metabolism, but lacks evidence of efficacy in reducing vascular events. CONCLUSIONS: Clinical outcome trials expected to report in 2008 will provide hard end points that may demonstrate advantages of telmisartan as monotherapy, or in combination with angiotensin-converting enzyme inhibitors, for managing hypertension.,��https://www.ncbi.nlm.nih.gov/pubmed/18433350¢��Rosario, Barbara H
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Virus Replication/genetics/*physiology���MayÃ��Nipah virus (NiV) is a recently emergent, highly pathogenic, zoonotic paramyxovirus of the genus Henipavirus. Like the phosphoprotein (P) gene of other paramyxoviruses, the P gene of NiV is predicted to encode three additional proteins, C, V and W. When the C, V and W proteins of NiV were tested for their ability to inhibit expression of the chloramphenicol acetyltransferase (CAT) reporter gene in plasmid-based, minigenome replication assays, each protein inhibited CAT expression in a dose-dependent manner. The C, V and W proteins of NiV also inhibited expression of CAT from a measles virus (MV) minigenome, but not from a human parainfluenzavirus 3 (hPIV3) minigenome. Interestingly, the C and V proteins of MV, which have previously been shown to inhibit MV minigenome replication, also inhibited NiV minigenome replication; however, they were not able to inhibit hPIV3 minigenome replication. In contrast, the C protein of hPIV3 inhibited minigenome replication of hPIV3, NiV and MV. Although there is very limited amino acid sequence similarity between the C, V and W proteins within the paramyxoviruses, the heterotypic inhibition of replication suggests that these proteins may share functional properties.,��https://www.ncbi.nlm.nih.gov/pubmed/18420809ã��Sleeman, Katrina
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Viral Structural Proteins/genetics/*metabolism���Jul���Emerging viruses in the paramyxovirus genus Henipavirus evade host antiviral responses via protein interactions between the viral V and W proteins and cellular STAT1 and STAT2 and the cytosolic RNA sensor MDA5. Polo-like kinase (PLK1) is identified as being an additional cellular partner that can bind to Nipah virus P, V, and W proteins. For both Nipah virus and Hendra virus, contact between the V protein and the PLK1 polo box domain is required for V protein phosphorylation. Results indicate that PLK1 is engaged by Nipah virus V protein amino acids 100 to 160, previously identified as being the STAT1 binding domain responsible for host interferon (IFN) signaling evasion, via a Thr-Ser-Ser-Pro motif surrounding residue 130. A distinct Ser-Thr-Pro motif surrounding residue 199 mediates the PLK1 interaction with Hendra virus V protein. Select mutations in the motif surrounding residue 130 also influenced STAT1 binding and innate immune interference, and data indicate that the V:PLK1 and V:STAT complexes are V mediated yet independent of one another. The effects of STAT1/PLK1 binding motif mutations on the function the Nipah virus P protein in directing RNA synthesis were tested. Remarkably, mutations that selectively disrupt the STAT or PLK1 interaction site have no effects on Nipah virus P protein-mediated viral RNA synthesis. Therefore, mutations targeting V protein-mediated IFN evasion will not alter the RNA synthetic capacity of the virus, supporting an attenuation strategy based on disrupting host protein interactions.,��https://www.ncbi.nlm.nih.gov/pubmed/18417573���Ludlow, Louise E
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Virus Shedding���Mayä��Nipah virus (NiV; Paramyxoviridae) caused fatal encephalitis in humans during an outbreak in Malaysia in 1998/1999 after transmission from infected pigs. Our previous study demonstrated that the respiratory, lymphatic and central nervous systems are targets for virus replication in experimentally infected pigs. To continue the studies on pathogenesis of NiV in swine, six piglets were inoculated oronasally with 2.5 x 10(5) PFU per animal. Four pigs developed mild clinical signs, one exudative epidermitis, and one neurologic signs due to suppurative meningoencephalitis, and was euthanized at 11 days post-inoculation (dpi). Neutralizing antibodies reached in surviving animals titers around 1280 at 16 dpi. Nasal and oro-pharyngeal shedding of the NiV was detected between 2 and 17 dpi. Virus appeared to be cleared from the tissues of the infected animals by 23 dpi, with low amount of RNA detected in submandibular and bronchial lymph nodes of three pigs, and olfactory bulb of one animal. Despite the presence of neutralizing antibodies, virus was isolated from serum at 24 dpi, and the viral RNA was still detected in serum at 29 dpi. Our results indicate slower clearance of NiV from some of the infected pigs. Bacteria were detected in the cerebrospinal fluid of five NiV inoculated animals, with isolation of Streptococcus suis and Enterococcus faecalis. Staphylococcus hyicus was isolated from the skin lesions of the animal with exudative epidermitis. Along with the observed lymphoid depletion in the lymph nodes of all NiV-infected animals, and the demonstrated ability of NiV to infect porcine peripheral blood mononuclear cells in vitro, this finding warrants further investigation into a possible NiV-induced immunosuppression of the swine host.,��https://www.ncbi.nlm.nih.gov/pubmed/18405339ô��Berhane, Y
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Sequence Homology���May���The emergence of viruses such as severe acute respiratory syndrome coronavirus and Nipah virus has underscored the role of animal reservoirs in human disease and the need for reservoir surveillance. Here, we used a panviral DNA microarray to investigate the death of a captive beluga whale in an aquatic park. A highly divergent coronavirus, tentatively named coronavirus SW1, was identified in liver tissue from the deceased whale. Subsequently, the entire genome of SW1 was sequenced, yielding a genome of 31,686 nucleotides. Phylogenetic analysis revealed SW1 to be a novel virus distantly related to but most similar to group III coronaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/18353961¸��Mihindukulasuriya, Kathie A
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Virus Internalization���Jun 5]��The recent discovery that the Nipah virus (NiV) fusion protein (F) is activated by endosomal cathepsin L raised the question if NiV utilize pH- and protease-dependent mechanisms of entry. We show here that the NiV receptor ephrin B2, virus-like particles and infectious NiV are internalized from the cell surface. However, endocytosis, acidic pH and cathepsin-mediated cleavage are not necessary for the initiation of infection of new host cells. Our data clearly demonstrate that proteolytic activation of the NiV F protein is required before incorporation into budding virions but not after virus entry.,��https://www.ncbi.nlm.nih.gov/pubmed/18342904¼��Diederich, Sandra
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Viral Vaccines/*immunology���JanF��The two mammalian codon optimized genes, F and G genes of Nipah virus, were generated by assembly PCR, and inserted into mammalian expression vector pCAGGS under chicken beta-actin promoter to construct pCAGG-NiV-F and pCAGG-NiV-G. Syncytium formation was induced in BHK cells by plasmid pCAGG-NiV-F and pCAGG-NiV-G transfection, which indicate recombination proteins F and G were expressed in BHK cell and possessed good biologic activity. Six-week-old female BALB/c mice were intramuscularly primed with 100 microg pCAGG-NiV-F, pCAGG-NiV-G or pCAGG-NiV-F+ pCAGG-NiV-G respectively, and boosted with same dose after 4 weeks. The sera were collected at 3 weeks post second boost. The serum IgG against Nipah virus F and G proteins was detected by indirect ELISA using recombinant Baculovirus expressed Nipah F and G glycoproteins. The results showed that specific antibodies possessed good sensitivity and specificity. Furthermore, the G and F proteins' specific antibodies could neutralize the infectivity of VSVdeltaG* F/G (the NiV F and G envelope glycoproteins psudotyped recombinant vesicular stomatitis virus expressing green fluorescence protein). And, pCAGG-NiV-G also induced higher titer of neutralizing antibody response than pCAGG-NiV-F did. The result indicates that DAN immunization is an efficient vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/18320822¿��Wang, Xi-Jun
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Vero Cells���AprÇ��There are currently no antiviral drugs approved for the highly lethal Biosafety Level 4 pathogens Nipah and Hendra virus. A number of researchers are developing surrogate assays amenable to Biosafety Level 2 biocontainment but ultimately, the development of a high throughput screening method for directly quantifying these viruses in a Biosafety Level 4 environment will be critical for final evaluation of antiviral drugs identified in surrogate assays, in addition to reducing the time required for effective antiviral drug development. By adapting an existing immunoplaque assay and using enzyme linked immunodetection in a microtitre plate format, the current experiments describe a simple two step assay protocol involving an overnight virus inoculation of Vero cell monolayers (with or without antiviral drug treatment) at Biosafety Level 4, followed by cell fixation and virus inactivation enabling removal of plates from the Biosafety Level 4 laboratory and a subsequent immunodetection assay using a chemiluminescent horse radish peroxidase substrate to be performed at Biosafety Level 2. The analytical sensitivity (limit of detection) of this assay is 100 tissue culture infectious dose50/ml of either Nipah or Hendra virus. In addition this assay enables linear quantitation of virus over three orders of magnitude and is unaffected by dimethyl sulfoxide concentrations of 1% or less. Intra-assay coefficients of variation are acceptable (less than 20%) when detecting a minimum of 1000 tissue culture infectious dose50/ml of either virus although inter-assay variation is considerably greater. By an assessment of efficacies of the broad spectrum antiviral Ribavirin and an experimental fusion inhibitory peptide, this assay reveals a good correlation with previously published fluorescent immunodetection assays. The current experiments describe for the first time, a high throughput screening method amenable for direct assessment of live henipavirus antiviral drug activity.,��https://www.ncbi.nlm.nih.gov/pubmed/18313148���Aljofan, Mohamad
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Reverse Transcriptase Inhibitors/*blood/pharmacokinetics/therapeutic use���Apr���OBJECTIVES: The aim of this study was to investigate the frequency of CYP2B6 polymorphisms (according to ethnicity) and the influence of heterozygosity and homozygosity on plasma concentrations of efavirenz and nevirapine. METHODS: Following written informed consent, 225 Caucasians and 146 Blacks were recruited from the German Competence Network for HIV/AIDS. Plasma concentrations of efavirenz and nevirapine were assessed by HPLC, and genotyping for 516G>T, 983T>C and 1459T>C polymorphisms in CYP2B6 was conducted by real-time PCR-based allelic discrimination. RESULTS: The minor allele frequency for 516G>T, 983T>C and 1459T>C was 0.29, 0 and 0.08 in Caucasians and 0.34, 0.07 and 0.02 in Blacks, respectively. Two Black patients with the 983C allele receiving efavirenz were identified and both were withdrawn from therapy within 1 week of sampling due to toxicity. In multivariate analyses, efavirenz and nevirapine plasma concentrations were significantly associated with 983T>C (P < 0.0001 and P = 0.02, respectively), 516G>T (P < 0.0001 and P = 0.002, respectively) and time of drug analysis post-dose (P < 0.0001 for both). Body mass index was independently related to efavirenz (P = 0.04) but not nevirapine concentrations, and age was related to nevirapine (P = 0.05) but not efavirenz concentrations. Consistent with other studies, 1459C>T was not associated with plasma concentrations of either drug (P > 0.05 for both drugs). CONCLUSIONS: This is the first report that the 983T>C genotype (part of the CYP2B6*18 haplotype) impacts on nevirapine plasma concentrations and the first study to assess the impact of 983C homozygosity on efavirenz concentrations. These data have implications for administration of non-nucleoside reverse transcriptase inhibitors to Black patients.,��https://www.ncbi.nlm.nih.gov/pubmed/182813053��Wyen, Christoph
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Risk Factors���Jul7��An encephalitis outbreak was investigated in Faridpur District, Bangladesh, in April-May 2004 to determine the cause of the outbreak and risk factors for disease. Biologic specimens were tested for Nipah virus. Surfaces were evaluated for Nipah virus contamination by using reverse transcription-PCR (RT-PCR). Thirty-six cases of Nipah virus illness were identified; 75% of case-patients died. Multiple peaks of illness occurred, and 33 case-patients had close contact with another Nipah virus patient before their illness. Results from a case-control study showed that contact with 1 patient carried the highest risk for infection (odds ratio 6.7, 95% confidence interval 2.9-16.8, p < 0.001). RT-PCR testing of environmental samples confirmed Nipah virus contamination of hospital surfaces. This investigation provides evidence for person-to-person transmission of Nipah virus. Capacity for person-to-person transmission increases the potential for wider spread of this highly lethal pathogen and highlights the need for infection control strategies for resource-poor settings.,��https://www.ncbi.nlm.nih.gov/pubmed/18214175å��Gurley, Emily S
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Zoonoses/epidemiology/virology���Apr 7���Hendra virus (HeV) is a lethal paramyxovirus which emerged in humans in 1994. Poor understanding of HeV dynamics in Pteropus spp. (flying fox or fruit bat) reservoir hosts has limited our ability to determine factors driving its emergence. We initiated a longitudinal field study of HeV in little red flying foxes (LRFF; Pteropus scapulatus) and examined individual and population risk factors for infection, to determine probable modes of intraspecific transmission. We also investigated whether seasonal changes in host behaviour, physiology and demography affect host-pathogen dynamics. Data showed that pregnant and lactating females had significantly higher risk of infection, which may explain previously observed temporal associations between HeV outbreaks and flying fox birthing periods. Age-specific seroprevalence curves generated from field data imply that HeV is transmitted horizontally via faeces, urine or saliva. Rapidly declining seroprevalence between two field seasons suggests that immunity wanes faster in LRFF than in other flying fox species, and highlights the potentially critical role of this species in interspecific viral persistence. The highest seroprevalence was observed when animals showed evidence of nutritional stress, suggesting that environmental processes that alter flying fox food sources, such as habitat loss and climate change, may increase HeV infection and transmission. These insights into the ecology of HeV in flying fox populations suggest causal links between anthropogenic environmental change and HeV emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/18198149���Plowright, Raina K
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Zoonoses���MarY��The routes of henipavirus transmission between hosts are poorly understood. The purpose of this study was to measure the persistence of henipaviruses under various environmental conditions and thereby gain an insight into likely mechanisms of transmission. Henipaviruses survived for more than 4 days at 22 degrees C in pH-neutral fruit bat urine but were sensitive to higher temperatures and pH changes. On mango flesh, survival time varied depending on temperature and fruit pH, ranging from 2h to more than 2 days. Desiccation of viruses substantially reduced survival time to less than 2h. The sensitivity of henipaviruses to pH, temperature and desiccation indicates a need for close contact between hosts for transmission to occur, although under ideal conditions henipaviruses can persist for extended periods facilitating vehicle-borne transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/18166242a��Fogarty, Rhys
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Species Specificity���Mar 15ø��Hendra virus (HeV) and Nipah virus (NiV) are closely related paramyxoviruses that infect and cause disease in a wide range of mammalian hosts. To determine whether host receptor molecules play a role in species-specific and/or virus-specific infection we have cloned and characterized ephrin-B2 and ephrin-B3 ligands from a range of species, including human, horse, pig, cat, dog, bats (Pteropus alecto and Pteropus vampyrus) and mouse. HeV and NiV were both able to infect cells expressing any of the ephrin-B2 and ephrin-B3 molecules. There did not appear to be significant differences in receptor function from different species or receptor usage by HeV and NiV. Soluble ephrin ligands, their receptors and G-specific human monoclonal antibodies differentially blocked henipavirus infections suggesting different receptor affinities, overlapping receptor binding domains of the henipavirus attachment glycoprotein (G) and that the functional domains of the ephrin ligands may be important for henipavirus binding.,��https://www.ncbi.nlm.nih.gov/pubmed/18054977±��Bossart, Katharine N
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Humans���Oct 10���For many centuries, man is fascinated by bats, the only flying mammals. Probably because of their particular immune system, bats can be considered an important reservoir for new emerging viral diseases like SARS-Coronavirus, Marburg fever, Ebola fever and Nipah virus encephalitis. During closer contact, they can transmit rabies and probably other nonviral infectious diseases. Bats get closer to man due to ecological modifications like deforestation, so that transmission of new infectious agents might provoke dramatic epidemics.,��https://www.ncbi.nlm.nih.gov/pubmed/17985603y��Genne, Daniel
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Recombinant Proteins/immunology#��Four monoclonal antibodies (mAbs) were generated by immunizing BALB/C mice with recombinant nucleocapsid protein (N) of Nipah virus (NiV) and Hendra virus (HeV) expressed in E. coli. Two mAbs each were obtained for the HeV N and NiV N, respectively. All four mAbs displayed specific reactivity with the recombinant N proteins of both viruses by western blot, which was further confirmed by immunofluorescent antibody assay using fixed insect cells infected with recombinant baculoviruses expressing either the HeV or NiV N protein. Epitope mapping using a 12-mer random peptide phage display library revealed two linear antigenic sites of the henipavirus N proteins, KLxR (aa 17-20) and FKREM (aa 446-450), which have not been reported previously. Two of the mAbs were able to specifically recognize HeV antigens by immunohistochemical staining of lung tissue sections of a horse experimentally infected with HeV. These reagents will be a useful addition to the collection of tools essential for further research and improvement in diagnosis of henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17978885Û��Xiao, C
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Virus Replication/drug effects���Jan 5���In this study we report the development and optimization of two minigenome rescue systems for Nipah virus, a member of the Paramyxoviridae family. One is mediated by the T7 RNA polymerase supplied either by a constitutively expressing cell line or by transfection of expression plasmids and is thus independent from infection with a helper virus. The other approach is based on RNA polymerase I-driven transcription, a unique approach for paramyxovirus reverse genetics technology. Minigenome rescue was evaluated by reporter gene activities of (i) the two different minigenome transcription systems, (ii) genomic versus antigenomic-oriented minigenomes, (iii) different ratios of the viral protein expression plasmids, and (iv) time course experiments. The high efficiency and reliability of the established systems allowed for downscaling to 96-well plates. This served as a basis for the development of a high-throughput screening system for potential antivirals that target replication and transcription of Nipah virus without the need of high bio-containment. Using this system we were able to identify two compounds that reduced minigenome activity.,��https://www.ncbi.nlm.nih.gov/pubmed/17904180.��Freiberg, Alexander
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Zoonoses]��Two related, novel, zoonotic paramyxoviruses have been described recently. Hendra virus was first reported in horses and thence humans in Australia in 1994; Nipah virus was first reported in pigs and thence humans in Malaysia in 1998. Human cases of Nipah virus infection, apparently unassociated with infection in livestock, have been reported in Bangladesh since 2001. Species of fruit bats (genus Pteropus) have been identified as natural hosts of both agents. Anthropogenic changes (habitat loss, hunting) that have impacted the population dynamics of Pteropus species across much of their range are hypothesised to have facilitated emergence. Current strategies for the management of henipaviruses are directed at minimising contact with the natural hosts, monitoring identified intermediate hosts, improving biosecurity on farms, and better disease recognition and diagnosis. Investigation of the emergence and ecology of henipaviruses warrants a broad, cross-disciplinary ecosystem health approach that recognises the critical linkages between human activity, ecological change, and livestock and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/17848064ÿ��Field, H E
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Zoonoses/*transmission/virologyZ��Infection and disease in reservoir and spillover hosts determine patterns of infectious agent availability and opportunities for infection, which then govern the process of transmission between susceptible species. In this chapter, using the zoonotic agents Hendra virus and Nipah virus as examples, the pathogenesis of infection in various species including the wildlife reservoirs and domestic spillover hosts is reviewed with an emphasis on the aspects of pathogenesis which contribute to the dissemination of infection. Through these discussions, the emergence of these zoonotic agents is explored.,��https://www.ncbi.nlm.nih.gov/pubmed/17848063}��Daniels, P W
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Virus Shedding���Sep 15î��A female adult cat developed clinical disease 13 days after subcutaneous inoculation with Nipah virus (NiV) and was discovered to be pregnant at necropsy. Viral genome was detected in a variety of specimens, including blood, serum, tonsil swabs, and urine, up to 3 days before the onset of disease. Samples collected postmortem, including placenta, uterine fluid, and fetal tissues, were also positive for NiV genome, and the placenta and uterine fluid contained high levels of recoverable virus. The high levels of viral shedding in the adult combined with fetal viral replication suggests that both vertical and horizontal transmission of NiV could play a role in spillover events, an essential element in the epidemiology of Henipavirus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17703410/��Mungall, Bruce A
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Virus Replication���Sep(��Genome synthesis in paramyxoviruses, including Nipah virus (NiV), is controlled by sequence elements that reside in the non-coding nucleotides at the 5'-trailer (3'-antigenomic) end that make up the antigenomic promoter (AGP). Using a chloramphenicol acetyl transferase-based plasmid-driven minigenome system, the terminal 96 nt of NiV AGP were first mutagenized in blocks of three hexamers to enable broad mapping of the minigenome functional regions. This was followed by further dissection of these functional regions to define the cis-acting elements contained therein. Results based on RNA analysis and reporter gene activity identified a bipartite promoter structure similar to that seen in related viruses, but with some distinct differences: in NiV, each of the two discrete replication control elements was bimodal, characterized by a critical conserved region (nt 1-12 and 79-91) and a contiguous non-conserved region (nt 13-36 and 73-78), which appeared less important. The regulatory role of these less critical regions was underscored by the use of a two-step mutation strategy, which revealed the additive detrimental effect of substitutions in this part of the terminal element. The structure and sequence characteristics of the internal control element was also different: it involved four contiguous hexamers, and the region encompassing three of these (nt 79-96, corresponding to hexamers 14, 15 and 16), although analogous in position to the equivalent element in the Sendai virus AGP, was characterized by the distinct 5'-(GNNNUG)(14-15)(GNNNNN)(16) motif.,��https://www.ncbi.nlm.nih.gov/pubmed/17698665È��Walpita, Pramila
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Survivors���Sep6��OBJECTIVE: Nipah virus (NiV) is an emerging zoonosis. Central nervous system disease frequently results in high case-fatality. Long-term neurological assessments of survivors are limited. We assessed long-term neurologic and functional outcomes of 22 patients surviving NiV illness in Bangladesh. METHODS: During August 2005 and May 2006, we administered a questionnaire on persistent symptoms and functional difficulties to 22 previously identified NiV infection survivors. We performed neurologic evaluations and brain magnetic resonance imaging (MRI). RESULTS: Twelve (55%) subjects were male; median age was 14.5 years (range 6-50). Seventeen (77%) survived encephalitis, and 5 survived febrile illness. All but 1 subject had disabling fatigue, with a median duration of 5 months (range, 8 days-8 months). Seven encephalitis patients (32% overall), but none with febrile illness had persistent neurologic dysfunction, including static encephalopathy (n = 4), ocular motor palsies (2), cervical dystonia (2), focal weakness (2), and facial paralysis (1). Four cases had delayed-onset neurologic abnormalities months after acute illness. Behavioral abnormalities were reported by caregivers of over 50% of subjects under age 16. MRI abnormalities were present in 15, and included multifocal hyperintensities, cerebral atrophy, and confluent cortical and subcortical signal changes. INTERPRETATION: Although delayed progression to neurologic illness following Nipah fever was not observed, persistent fatigue and functional impairment was frequent. Neurologic sequelae were frequent following Nipah encephalitis. Neurologic dysfunction may persist for years after acute infection, and new neurologic dysfunction may develop after acute illness. Survivors of NiV infection may experience substantial long-term neurologic and functional morbidity.,��https://www.ncbi.nlm.nih.gov/pubmed/17696217z��Sejvar, James J
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Viral Envelope Proteins/genetics/*immunology���Jun©��The fusion protein (F) and attachment glycoprotein (G) of Nipah virus (NiV) are important for the virus to infect cells and induce protective immunity. In this study, the NiV F1 and G gene fragments without the sequences of signal peptide and transmembrane domain were amplified by PCR, then cloned into E. coli expression vector pGEX-6P-1 and modified baculovirus vector, respectively. After induction by IPTG, NiV F1 and G proteins were efficiently expressed in E. coli when analyzed by SDS-PAGE, both showing good reactivity with the rabbit antiserum anti-NiV serum in Western blot. The expression of NiV F1 and G in baculovirus system were also detected by indirect immunofluorescent assay (IFA) of fixed Sf9 cells monolayer infected with the recombinant baculoviruses expressing F1 and G. Furthermore the anti-F1 and anti-G hyperimmune sera were prepared by immunization of rabbits respectively with purified E. coli-expressed F1 and G proteins. Western blot and IFA as well as ELISA showed that antisera against both protein had high titers with good reactivity and specificity. The present study has provided a base for development of diagnostic reagents for detection of NiV infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17672307»��Liu, Yong-jun
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*Virus Internalization���Oct���The henipaviruses, Nipah virus (NiV) and Hendra virus (HeV), are lethal emerging paramyxoviruses. EphrinB2 and ephrinB3 have been identified as receptors for henipavirus entry. NiV and HeV share similar cellular tropisms and likely use an identical receptor set, although a quantitative comparison of receptor usage by NiV and HeV has not been reported. Here we show that (i) soluble NiV attachment protein G (sNiV-G) bound to cell surface-expressed ephrinB3 with a 30-fold higher affinity than that of sHeV-G, (ii) NiV envelope pseudotyped reporter virus (NiVpp) entered ephrinB3-expressing cells much more efficiently than did HeV pseudotyped particles (HeVpp), and (iii) NiVpp but not HeVpp entry was inhibited efficiently by soluble ephrinB3. These data underscore the finding that NiV uses ephrinB3 more efficiently than does HeV. Henipavirus G chimeric protein analysis implicated residue 507 in the G ectodomain in efficient ephrinB3 usage. Curiously, alternative versions of published HeV-G sequences show variations at residue 507 that can clearly affect ephrinB3 but not ephrinB2 usage. We further defined surrounding mutations (W504A and E505A) that diminished ephrinB3-dependent binding and viral entry without compromising ephrinB2 receptor usage and another mutation (E533Q) that abrogated both ephrinB2 and -B3 usage. Our results suggest that ephrinB2 and -B3 binding determinants on henipavirus G are distinct and dissociable. Global expression analysis showed that ephrinB3, but not ephrinB2, is expressed in the brain stem. Thus, ephrinB3-mediated viral entry and pathology may underlie the severe brain stem neuronal dysfunction seen in fatal Nipah viral encephalitis. Characterizing the determinants of ephrinB2 versus -B3 usage will further our understanding of henipavirus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/17652392t��Negrete, Oscar A
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Virus Internalization/*drug effects���Oct���Hendra virus (HeV) and Nipah virus (NiV) constitute the Henipavirus genus of paramyxoviruses, both fatal in humans and with the potential for subversion as agents of bioterrorism. Binding of the HeV/NiV attachment protein (G) to its receptor triggers a series of conformational changes in the fusion protein (F), ultimately leading to formation of a postfusion six-helix bundle (6HB) structure and fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions, the first (the N-terminal heptad repeat [HRN]) adjacent to the fusion peptide and the second (the C-terminal heptad repeat [HRC]) immediately preceding the transmembrane domain. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing activated F molecules from forming the 6HB structure that is required for fusion. We previously reported that a human parainfluenza virus 3 (HPIV3) F peptide effectively inhibits infection mediated by the HeV glycoproteins in pseudotyped-HeV entry assays more effectively than the comparable HeV-derived peptide, and we now show that this peptide inhibits live-HeV and -NiV infection. HPIV3 F peptides were also effective in inhibiting HeV pseudotype virus entry in a new assay that mimics multicycle replication. This anti-HeV/NiV efficacy can be correlated with the greater potential of the HPIV3 C peptide to interact with the HeV F N peptide coiled-coil trimer, as evaluated by thermal unfolding experiments. Furthermore, replacement of a buried glutamic acid (glutamic acid 459) in the C peptide with valine enhances antiviral potency and stabilizes the 6HB conformation. Our results strongly suggest that conserved interhelical packing interactions in the F protein fusion core are important determinants of C peptide inhibitory activity and offer a strategy for the development of more-potent analogs of F peptide inhibitors.,��https://www.ncbi.nlm.nih.gov/pubmed/17652384É��Porotto, M
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Virology/*trends���Sepù��Following the discovery of two new paramyxoviruses in the 1990s, much effort has been placed on rapidly finding the reservoir hosts, characterising the genomes, identifying the viral receptors and formulating potential vaccines and therapeutic options for these viruses, Hendra and Nipah viruses caused zoonotic disease on a scale not seen before with other paramyxoviruses. Nipah virus particularly caused high morbidity and mortality in humans and high morbidity in pig populations in the first outbreak in Malaysia. Both viruses continue to pose a threat with sporadic outbreaks continuing into the 21st century. Experimental and surveillance studies identified that pteropus bats are the reservoir hosts. Research continues in an attempt to understand events that precipitated spillover of these viruses. Discovered on the cusp of the molecular technology revolution, much progress has been made in understanding these new viruses. This review endeavours to capture the depth and breadth of these recent advances.,��https://www.ncbi.nlm.nih.gov/pubmed/17629946���Halpin, Kim
Mungall, Bruce A
eng
R01-TW05869/TW/FIC NIH HHS/
U01-AI056423-01/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Review
England
2007/07/17 09:00
Comp Immunol Microbiol Infect Dis. 2007 Sep;30(5-6):287-307. doi: 10.1016/j.cimid.2007.05.008. Epub 2007 Jul 13.%��0147-9571 (Print)
0147-9571 (Linking)���17629946n��CSIRO, Australian Animal Health Laboratory, Private Bag 24, Geelong, Vic. 3220, Australia. kim.halpin@csiro.au���10.1016/j.cimid.2007.05.008������üÚ|ÿî?=���W��Field, H. E.
Breed, A. C.
Shield, J.
Hedlefs, R. M.
Pittard, K.
Pott, B.
Summers, P. M.���2007Q��Epidemiological perspectives on Hendra virus infection in horses and flying foxes���268-70
��Aust Vet J���85���7���Animals
Chiroptera/*virology
Disease Reservoirs/*veterinary/virology
Disease Transmission, Infectious
Hendra Virus/pathogenicity
Henipavirus Infections/epidemiology/*transmission/*veterinary
Horse Diseases/*epidemiology/transmission
Horses
Humans
*Zoonoses���Jul,��https://www.ncbi.nlm.nih.gov/pubmed/17615038º��Field, H E
Breed, A C
Shield, J
Hedlefs, R M
Pittard, K
Pott, B
Summers, P M
eng
Review
England
2007/07/07 09:00
Aust Vet J. 2007 Jul;85(7):268-70. doi: 10.1111/j.1751-0813.2007.00170.x.%��0005-0423 (Print)
0005-0423 (Linking)���17615038k��Department of Primary Industries and Fisheries, Yeerongpilly QLD 4105, Australia. hume.field@dpi.qld.gov.au ��10.1111/j.1751-0813.2007.00170.x�
~��þÒtÿî?>���2��Chang, L. Y.
Ali, A. R.
Hassan, S. S.
AbuBakar, S.���2007>��Human neuronal cell protein responses to Nipah virus infection���54���Virol J���4���Apoptosis
Cell Line
Down-Regulation
Electron Transport Complex III/metabolism
Electrophoresis, Gel, Two-Dimensional
GTP-Binding Proteins/metabolism
Heterogeneous-Nuclear Ribonucleoprotein Group F-H/metabolism
Humans
Neurons/metabolism/*virology
Nipah Virus/*pathogenicity
Proteomics
Spectrometry, Mass, Matrix-Assisted Laser Desorption-Ionization
Up-Regulation
Voltage-Dependent Anion Channel 2/metabolism���Jun 7d��BACKGROUND: Nipah virus (NiV), a recently discovered zoonotic virus infects and replicates in several human cell types. Its replication in human neuronal cells, however, is less efficient in comparison to other fully susceptible cells. In the present study, the SK-N-MC human neuronal cell protein response to NiV infection is examined using proteomic approaches. RESULTS: Method for separation of the NiV-infected human neuronal cell proteins using two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) was established. At least 800 protein spots were resolved of which seven were unique, six were significantly up-regulated and eight were significantly down-regulated. Six of these altered proteins were identified using mass spectrometry (MS) and confirmed using MS/MS. The heterogenous nuclear ribonucleoprotein (hnRNP) F, guanine nucleotide binding protein (G protein), voltage-dependent anion channel 2 (VDAC2) and cytochrome bc1 were present in abundance in the NiV-infected SK-N-MC cells in contrast to hnRNPs H and H2 that were significantly down-regulated. CONCLUSION: Several human neuronal cell proteins that are differentially expressed following NiV infection are identified. The proteins are associated with various cellular functions and their abundance reflects their significance in the cytopathologic responses to the infection and the regulation of NiV replication. The potential importance of the ratio of hnRNP F, and hnRNPs H and H2 in regulation of NiV replication, the association of the mitochondrial protein with the cytopathologic responses to the infection and induction of apoptosis are highlighted.,��https://www.ncbi.nlm.nih.gov/pubmed/17553172·��Chang, Li-Yen
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Seroepidemiologic Studies���Jun=��We conducted a seroprevalence study and exposure survey of healthcare workers to assess the risk of nosocomial transmission of Nipah virus during an outbreak in Bangladesh in 2004. No evidence of recent Nipah virus infection was detected despite substantial exposures and minimal use of personal protective equipment.,��https://www.ncbi.nlm.nih.gov/pubmed/17520553¡��Gurley, Emily S
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*Virus Internalization���AugÌ��Paramyxoviruses utilize both an attachment protein and a fusion (F) protein to drive virus-cell and cell-cell fusion. F exists functionally as a trimer of two disulfide-linked subunits: F(1) and F(2). Alignment and analysis of a set of paramyxovirus F protein sequences identified three conserved blocks (CB): one in the fusion peptide/heptad repeat A domain, known to play important roles in fusion promotion, one in the region between the heptad repeats of F(1) (CBF(1)) (A. E. Gardner, K. L. Martin, and R. E. Dutch, Biochemistry 46:5094-5105, 2007), and one in the F(2) subunit (CBF(2)). To analyze the functions of CBF(2), alanine substitutions at conserved positions were created in both the simian virus 5 (SV5) and Hendra virus F proteins. A number of the CBF(2) mutations resulted in folding and expression defects. However, the CBF(2) mutants that were properly expressed and trafficked had altered fusion promotion activity. The Hendra virus CBF(2) Y79A and P89A mutants showed significantly decreased levels of fusion, whereas the SV5 CBF(2) I49A mutant exhibited greatly increased cell-cell fusion relative to that for wild-type F. Additional substitutions at SV5 F I49 suggest that both side chain volume and hydrophobicity at this position are important in the folding of the metastable, prefusion state and the subsequent triggering of membrane fusion. The recently published prefusogenic structure of parainfluenza virus 5/SV5 F (H. S. Yin et al., Nature 439:38-44, 2006) places CBF(2) in direct contact with heptad repeat A. Our data therefore indicate that this conserved region plays a critical role in stabilizing the prefusion state, likely through interactions with heptad repeat A, and in triggering membrane fusion.,��https://www.ncbi.nlm.nih.gov/pubmed/17507474%��Gardner, Amanda E
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Viruses/*isolation & purification���Apr���Newly emergent infectious diseases are a global public health problem. The population dense regions of Southeast Asia are the epicenter of many emerging diseases, as evidenced by the outbreak of Nipah, SARS, avian influenza (H5N1), Dengue, and enterovirus 71 in this region in the past decade. Rapid identification, epidemiologic surveillance, and mitigation of transmission are major challenges in ensuring public health safety. Here we describe a powerful new approach for infectious disease surveillance that is based on polymerase chain reaction (PCR) to amplify nucleic acid targets from large groupings of organisms, electrospray ionization mass spectrometry (ESI-MS) for accurate mass measurements of the PCR products, and base composition signature analysis to identify organisms in a sample. This approach is capable of automated analysis of more than 1,500 PCR reactions a day. It is applicable to the surveillance of bacterial, viral, fungal, or protozoal pathogens and will facilitate rapid characterization of known and emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/174709151��Sampath, Rangarajan
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Viral Envelope Proteins/*physiology���Apr���Nipah (NiV) and Hendra (HeV) viruses are members of the newly defined Henipavirus genus of the Paramyxoviridae. Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70% of infected patients, and there is increasing evidence of human-to-human transmission. NiV is designated a priority pathogen in the NIAID Biodefense Research Agenda, and could be a devastating agent of agrobioterrorism if used against the pig farming industry. Endothelial syncytium is a pathognomonic feature of NiV infections, and is mediated by the fusion (F) and attachment (G) envelope glycoproteins. This review summarizes what is known about the pathophysiology of NiV infections, and documents the identification of the NiV receptor. EphrinB2, the NiV and HeV receptor, is expressed on endothelial cells and neurons, consistent with the known cellular tropism for NiV. We discuss how the identification of the henipahvirus receptor sheds light on the pathobiology of NiV infection, and how it will spur the rational development of effective therapeutics. In addition, ephrinB3, a related protein, can serve as an alternative receptor, and we suggest that differential usage of ephrinB2 versus B3 may explain the variant pathogenic profiles observed between NiV and HeV. Thus, identifying the NiV receptors opens the door for a more comprehensive analysis of the envelope-receptor interactions in NiV pathobiology. Finally, we also describe how galectin-1 (an innate immune defense lectin) can interact with specific N-glycans on the Nipah envelope fusion protein, underscoring the potential role that innate immune defense mechanisms may play against emerging pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/17470911h��Lee, Benhur
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Viral Fusion Proteins/*chemistry���May 1q��Paramyxoviruses are a diverse family that utilizes a fusion (F) protein to enter cells via fusion of the viral lipid bilayer with a target cell membrane. Although certain regions of the F protein are known to play critical roles in membrane fusion, the function of much of the protein remains unclear. Sequence alignment of a set of paramyxovirus F proteins and analysis utilizing Block Maker identified a region of conserved amino acid sequence in a large domain between the heptad repeats of F1, designated CBF1. We employed site-directed mutagenesis to analyze the function of completely conserved residues of CBF1 in both the simian virus 5 (SV5) and Hendra virus F proteins. The majority of CBF1 point mutants were deficient in homotrimer formation, proteolytic processing, and transport to the cell surface. For some SV5 F mutants, proteolytic cleavage and surface expression could be restored by expression at 30 degrees C, and varying levels of fusion promotion were observed at this temperature. In addition, the mutant SV5 F V402A displayed a hyperfusogenic phenotype at both 30 and 37 degrees C, indicating that this mutation allows for efficient fusion with only an extremely small amount of cleaved, active protein. The recently published prefusogenic structure of PIV5/SV5 F (Yin, H. S., et al. (2006) Nature 439, 38-44) indicates that residues within and flanking CBF1 interact with the fusion peptide domain. Together, these data suggest that CBF1-fusion peptide interactions are critical for the initial folding of paramyxovirus F proteins from this important viral family and can also modulate subsequent membrane fusion promotion.,��https://www.ncbi.nlm.nih.gov/pubmed/17417875^��Gardner, Amanda E
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Vero Cells���Jul 20Å��J-virus (JPV), isolated from wild mice in Australia, and Beilong virus (BeiPV), originally isolated from human mesangial cells in China and subsequently detected in rat mesangial cells, represent a new group of paramyxoviruses which have exceptionally large genomes (>19 kb) and contain more than six transcriptional units. In this study, minireplicons were employed to assess the taxonomic status of JPV and BeiPV. Our results demonstrated that, whilst the genome replication machineries of JPV and BeiPV can be interchanged, they were not functional when exchanged with that of Nipah virus. These studies indicate that JPV and BeiPV are closely related to each other and support the classification of these two viruses into a separate genus. In addition, the minireplicons were also used to demonstrate that these large-genome viruses also comply with the 'rule of six' and that over-expression of the C protein has a detrimental effect on minigenome replication.,��https://www.ncbi.nlm.nih.gov/pubmed/17397895Â��Magoffin, Danielle E
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Viral Envelope Proteins/chemistry/genetics/*metabolism���Jun¯��Hendra virus (HeV) is an emerging paramyxovirus capable of infecting and causing disease in a variety of mammalian species, including humans. The virus infects its host cells through the coordinated functions of its fusion (F) and attachment (G) glycoproteins, the latter of which is responsible for binding the virus receptors ephrinB2 and ephrinB3. In order to identify the receptor binding site, a panel of G glycoprotein constructs containing mutations was generated using an alanine-scanning mutagenesis strategy. Based on a predicted G structure, charged amino acids residing in regions that could be homologous to those in the measles virus H attachment glycoprotein known to be involved in its protein receptor interaction were targeted. Using a coprecipitation-based assay, seven single-amino-acid substitutions in HeV G were identified as having significantly impaired binding to both the ephrinB2 and ephrinB3 viral receptors: D257A, D260A, G439A, K443A, G449A, K465A, and D468A. The impairment of receptor interaction conferred a concomitant diminution in their abilities to promote membrane fusion when coexpressed with F. The G glycoprotein mutants were also recognized by three or more conformation-dependent monoclonal antibodies of a panel of five, were expressed on the cell surface, and retained their abilities to bind and coprecipitate F. Interestingly, some of these mutant G glycoproteins coprecipitated with F more efficiently than wild-type G. Taken together, these data provide strong biochemical and functional evidence that some of these residues could be part of a conformation-dependent, discontinuous, and overlapping ephrinB2 and -B3 binding domain within the HeV G glycoprotein.,��https://www.ncbi.nlm.nih.gov/pubmed/17376907���Bishop, Kimberly A
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Nipah Virus/immunology/*isolation & purification���DecÅ��We investigated an outbreak of encephalitis in Tangail District, Bangladesh. We defined case-patients as persons from the outbreak area in whom fever developed with new onset of seizures or altered mental status from December 15, 2004, through January 31, 2005. Twelve persons met the definition; 11 (92%) died. Serum specimens were available from 3; 2 had immunoglobulin M antibodies against Nipah virus by capture enzyme immunoassay. We enrolled 11 case-patients and 33 neighborhood controls in a case-control study. The only exposure significantly associated with illness was drinking raw date palm sap (64% among case-patients vs. 18% among controls, odds ratio [OR] 7.9, p = 0.01). Fruit bats (Pteropus giganteus) are a nuisance to date palm sap collectors because the bats drink from the clay pots used to collect the sap at night. This investigation suggests that Nipah virus was transmitted from P. giganteus to persons through drinking fresh date palm sap.,��https://www.ncbi.nlm.nih.gov/pubmed/17326940¿��Luby, Stephen P
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Viral Proteins/genetics/immunology/*metabolism���Jun$��The genus Henipavirus in the family Paramyxoviridae compromises two newly identified dangerous pathogens, Nipah virus and Hendra virus. Phosphoprotein of the two viruses is one of the major immunodominant antigens and the most divergent protein in the viral genomes. We have now expressed two pairs of truncated phosphoproteins of the two viruses in Escherichia coli in a soluble form using a vector tailored from pET32a. The truncated recombinant phosphoproteins were purified with His-Tag affinity chromatography and their antigenicity was determined by western blotting and ELISA. The longer pair of truncated recombinant phosphoproteins, covering amino acid residues 4-550, was more antigenic than the shorter one and of potential utility in the serological differentiation of henipavirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/17322967ú��Chen, Ji-Ming
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Viral Fusion Proteins/*genetics���May®��The cytoplasmic tails of the envelope proteins from multiple viruses are known to contain determinants that affect their fusogenic capacities. Here we report that specific residues in the cytoplasmic tail of the Nipah virus fusion protein (NiV-F) modulate its fusogenic activity. Truncation of the cytoplasmic tail of NiV-F greatly inhibited cell-cell fusion. Deletion and alanine scan analysis identified a tribasic KKR motif in the membrane-adjacent region as important for modulating cell-cell fusion. The K1A mutation increased fusion 5.5-fold, while the K2A and R3A mutations decreased fusion 3- to 5-fold. These results were corroborated in a reverse-pseudotyped viral entry assay, where receptor-pseudotyped reporter virus was used to infect cells expressing wild-type or mutant NiV envelope glycoproteins. Differential monoclonal antibody binding data indicated that hyper- or hypofusogenic mutations in the KKR motif affected the ectodomain conformation of NiV-F, which in turn resulted in faster or slower six-helix bundle formation, respectively. However, we also present evidence that the hypofusogenic phenotypes of the K2A and R3A mutants were effected via distinct mechanisms. Interestingly, the K2A mutant was also markedly excluded from lipid rafts, where approximately 20% of wild-type F and the other mutants can be found. Finally, we found a strong negative correlation between the relative fusogenic capacities of these cytoplasmic-tail mutants and the avidities of NiV-F and NiV-G interactions (P = 0.007, r(2) = 0.82). In toto, our data suggest that inside-out signaling by specific residues in the cytoplasmic tail of NiV-F can modulate its fusogenicity by multiple distinct mechanisms.,��https://www.ncbi.nlm.nih.gov/pubmed/17301148?��Aguilar, Hector C
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Viral Envelope Proteins/genetics/immunology/metabolism���Juny��Hendra virus (HeV) and Nipah virus (NiV) are related emerging paramyxoviruses classified in the genus Henipavirus. Both cause fatal disease in animals and humans and are classified as biosafety level 4 pathogens. Here we detail two new multiplexed microsphere assays, one for antibody detection and differentiation and another designed as a surrogate for virus neutralization. Both assays utilize recombinant soluble attachment glycoproteins (sG) whereas the latter incorporates the cellular receptor, recombinant ephrin-B2. Spectrally distinct sG(HeV)- and sG(NiV)-coupled microspheres preferentially bound antibodies from HeV- and NiV-seropositive animals, demonstrating a simple procedure to differentiate antibodies to these closely related viruses. Soluble ephrin-B2 bound sG-coupled microspheres in a dose-dependent fashion. Specificity of binding was further evaluated with henipavirus G-specific sera and MAbs. Sera from henipavirus-seropositive animals differentially blocked ephrin-B2 binding, suggesting that detection and differentiation of HeV and NiV neutralizing antibodies can be done simultaneously in the absence of live virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17292974j��Bossart, Katharine N
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Viruses/*classification/genetics���Mar 1¸��The role that bats have played in the emergence of several new infectious diseases has been under review. Bats have been identified as the reservoir hosts of newly emergent viruses such as Nipah virus, Hendra virus, and severe acute respiratory syndrome-like coronaviruses. This article expands on recent findings about bats and viruses and their relevance to human infections. It briefly reviews the history of chiropteran viruses and discusses their emergence in the context of geography, phylogeny, and ecology. The public health and trade impacts of several outbreaks are also discussed. Finally, we attempt to predict where, when, and why we may see the emergence of new chiropteran viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17278066L��Halpin, Kim
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*Viral Interference���Feb<��Nipah virus (NiV) and Hendra virus (HeV) are newly identified members of the family Paramyxoviridae and have been classified in the new genus Henipavirus based on unique genetic characteristics distinct from other paramyxoviruses. Transgenic cell lines were generated that expressed either the attachment protein (G) or the fusion protein (F) of NiV. Functional expression of NiV F and G was verified by complementation with the corresponding glycoprotein, which resulted in the development of syncytia. When exposed to NiV and HeV, expression of NiV G in Crandall feline kidney cells resulted in a qualitative inhibition of both cytopathic effect (CPE) and cell death by both viruses. RT-PCR analysis of surviving exposed cells showed a complete absence of viral positive-sense mRNA and genomic negative-sense viral RNA. Cells expressing NiV G were also unable to fuse with cells co-expressing NiV F and G in a fluorescent fusion inhibition assay. Cell-surface staining for the cellular receptors for NiV and HeV (ephrin-B2 and ephrin-B3) indicated that they were located on the surface of cells, regardless of NiV G expression or infection by NiV. These results indicated that viral interference can be established for henipaviruses and requires only the expression of the attachment protein, G. Furthermore, it was found that this interference probably occurs at the level of virus entry, as fusion was not observed in cells expressing NiV G. Finally, expression of NiV G by either transient transfection or NiV infection did not alter the cell-surface levels of the two known viral receptors.,��https://www.ncbi.nlm.nih.gov/pubmed/17251577É��Sawatsky, Bevan
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Virus Assembly���Jan 4×��BACKGROUND: Nipah virus (NiV) is an emerging paramyxovirus distinguished by its ability to cause fatal disease in both animal and human hosts. Together with Hendra virus (HeV), they comprise the genus Henipavirus in the Paramyxoviridae family. NiV and HeV are also restricted to Biosafety Level-4 containment and this has hampered progress towards examining details of their replication and morphogenesis. Here, we have established recombinant expression systems to study NiV particle assembly and budding through the formation of virus-like particles (VLPs). RESULTS: When expressed by recombinant Modified Vaccinia virus Ankara (rMVA) or plasmid transfection, individual NiV matrix (M), fusion (F) and attachment (G) proteins were all released into culture supernatants in a membrane-associated state as determined by sucrose density gradient flotation and immunoprecipitation. However, co-expression of F and G along with M revealed a shift in their distribution across the gradient, indicating association with M in VLPs. Protein release was also altered depending on the context of viral proteins being expressed, with F, G and nucleocapsid (N) protein reducing M release, and N release dependent on the co-expression of M. Immunoelectron microscopy and density analysis revealed VLPs that were similar to authentic virus. Differences in the budding dynamics of NiV proteins were also noted between rMVA and plasmid based strategies, suggesting that over-expression by poxvirus may not be appropriate for studying the details of recombinant virus particle assembly and release. CONCLUSION: Taken together, the results indicate that NiV M, F, and G each possess some ability to bud from expressing cells, and that co-expression of these viral proteins results in a more organized budding process with M playing a central role. These findings will aid our understanding of paramyxovirus particle assembly in general and could help facilitate the development of a novel vaccine approach for henipaviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17204159b��Patch, Jared R
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Middleton, D.���20070��Targeted strategies for henipavirus therapeutics���14-25���Open Virol J���1"��Hendra and Nipah viruses are related emergent paramyxoviruses that infect and cause disease in animals and humans. Disease manifests as a generalized vasculitis affecting multiple organs, but is the most severe in the respiratory and central nervous systems. The high case fatality and person-to-person transmission associated with the most recent NiV outbreaks, and the recent re-emergence of HeV, emphasize the importance and necessity of effective therapeutics for these novel agents. In recent years henipavirus research has revealed a more complete understanding of pathogenesis and, as a consequence, viable approaches towards vaccines and therapeutics have emerged. All strategies target early steps in viral replication including receptor binding and membrane fusion. Animal models have been developed, some of which may prove more valuable than others for evaluating the efficacy of therapeutic agents and regimes. Assessments of protective host immunity and drug pharmacokinetics will be crucial to the further advancement of therapeutic compounds.,��https://www.ncbi.nlm.nih.gov/pubmed/19440455¯��Bossart, Katharine N
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*Zoonoses���Wintery��Bats classified in the order Chiroptera are the most abundant and widely distributed non-human mammalian species in the world. Several bat species are reservoir hosts of zoonotic viruses and therefore can be a public health hazard. Lyssaviruses of different genotypes have emerged from bats in America (Genotype 1 rabies virus; RABV), Europe (European bat lyssavirus; EBLV), and Australia (Australian bat lyssavirus; ABLV), whereas Nipah virus is the most important recent zoonosis of bat origin in Asia. Furthermore, some insectivorous bat species may be important reservoirs of SARS coronavirus, whereas Ebola virus has been detected in some megachiropteran fruit bats. Thus far, European bat lyssavirus (EBLV) is the only zoonotic virus that has been detected in bats in Europe. New zoonotic viruses may emerge from bat reservoirs and known ones may spread to a wider geographical range. To assess future threats posed by zoonotic viruses of bats, there is a need for accurate knowledge of the factors underlying disease emergence, for an effective surveillance programme, and for a rapid response system. In Europe, primary efforts should be focussed on the implementation of effective passive and active surveillance systems for EBLVs in the Serotine bat, Eptesicus serotinus, and Myotis species (i.e., M. daubentonii and M. dasycneme). Apart from that, detection methods for zoonotic viruses that may emerge from bats should be implemented. Analyses of data from surveillance studies can shed more light on the dynamics of bat viruses, (i.e., population persistence of viruses in bats). Subsequently, studies will have to be performed to assess the public health hazards of such viruses (i.e., infectivity and risk of infection to people). With the knowledge generated from this kind of research, a rapid response system can be set up to enhance public health awareness of emerging zoonotic viruses of bats.,��https://www.ncbi.nlm.nih.gov/pubmed/17187565¥��van der Poel, Wim H M
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Reverse Transcriptase Polymerase Chain Reaction/*methods���Apr���A method for duplex nested RT-PCR (nRT-PCR) with internal control (IC) for the detection of Nipah virus RNA is described. Incorporation of IC RNA distinguished false and true negative results. The extrinsic RNA was added directly to the PCR master mix and co-amplified with virus specific RNA in a duplex reaction to determine the presence of PCR inhibitor. Limit of detection was affected minimally when IC was added. Of 53 pooled urine samples collected from fruit bats (Pteropus lylei), 16 were validated by the presence of IC band on gel electrophoresis. Seven of these were also Nipah virus RNA positive. The remaining 37 samples were considered invalid. Twenty-two urine samples became valid after dilution of 1:5 and re-examined; two were Nipah virus RNA positive. These nine positive results were confirmed by sequencing of heminested PCR products. The result indicated that at least two different Nipah strains circulated in this bat species from Thailand. This method should be useful for surveillance for Nipah virus infection in animals in a country where a biosecurity level (BSL) 4 laboratory is not available. PCR inhibitors were present in a significant number of bat urine samples. The technique described in this study should improve reliability of surveillance statistics.,��https://www.ncbi.nlm.nih.gov/pubmed/17184850Ñ��Wacharapluesadee, Supaporn
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Virus Replicationh��Nipah virus (NiV) is an emergent zoonotic paramyxovirus. The L proteins of most paramyxoviruses contain a GDNQ motif, thought to be part of the catalytic site for polymerase activity. Conversely, NiV L has GDNE in this position. We substituted the E residue with eight different amino acid residues and examined the effect on L function in an in vitro replication assay. Our results demonstrated that NiV L functioned with similar efficiency with either GDNE or GDNQ, but polymerase activity was severely reduced or abolished when a structurally destabilising residue (such as K, P or G) was introduced at this site.,��https://www.ncbi.nlm.nih.gov/pubmed/17143779º��Magoffin, D E
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Viral Vaccines/*immunology���Oct���We investigated the antibody response of DNA immunization with two mammalian codon optimized envelope glycoprotein genes, F and G, of Nipah virus in a mouse model. The results indicated that G gene immunization elicited more significant specific serum IgG response and neutralization antibody response than F gene did, suggesting that the G gene DNA immunization is a potential vaccine strategy against Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17135518Ì��Wang, Xijun
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Virosomes/ultrastructure���MarO��Hendra and Nipah viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the family Paramyxoviridae. Currently these viruses are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genes encoding HeV and NiV nucleocapsid proteins were cloned into the yeast Saccharomyces cerevisiae expression vector pFGG3 under control of GAL7 promoter. A high level of expression of these proteins (18-20 mg l(-1) of yeast culture) was obtained. Mass spectrometric analysis confirmed the primary structure of both proteins with 92% sequence coverage obtained using MS/MS analysis. Electron microscopy demonstrated the assembly of typical herring-bone structures of purified recombinant nucleocapsid proteins, characteristic for other paramyxoviruses. The nucleocapsid proteins revealed stability in yeast and can be easily purified by cesium chloride gradient ultracentrifugation. HeV nucleocapsid protein was detected by sera derived from fruit bats, humans, horses infected with HeV, and NiV nucleocapsid protein was immunodetected with sera from, fruit bats, humans and pigs. The development of an efficient and cost-effective system for generation of henipavirus nucleocapsid proteins might help to improve reagents for diagnosis of viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17123657E��Juozapaitis, Mindaugas
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Zoonoses/transmission/virology���Nov 20Ï��A veterinarian became infected with Hendra virus (HeV) after managing a terminally ill horse and performing a limited autopsy with inadequate precautions. Although she was initially only mildly ill, serological tests suggested latent HeV infection. Nevertheless, she remains well 2 years after her initial illness. Recently emerged zoonotic viruses, such as HeV, necessitate appropriate working procedures and personal protective equipment in veterinary practice.,��https://www.ncbi.nlm.nih.gov/pubmed/17115969Ð��Hanna, Jeffrey N
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Viral Proteins/*genetics/metabolism/*physiology���Decï��The V protein of the paramyxovirus Nipah virus (NiV) has been shown to antagonize the interferon (IFN) response in human cells via sequestration of STAT1 and STAT2. This study describes a mutant of the NiV V protein, referred to as V(AAHL), that is unable to antagonize IFN signalling and demonstrates that a single amino acid substitution is responsible for its inactivity. The molecular basis for this was identified as a failure to interact with STAT1 and STAT2. It was also shown that NiV V, but not V(AAHL), was functional as an IFN antagonist in human, monkey, rabbit, dog, horse, pig and bat cells, which suggests that the ability of NiV to block IFN signalling is not a major constraint that prevents this virus from crossing species barriers.,��https://www.ncbi.nlm.nih.gov/pubmed/17098981Ñ��Hagmaier, Kathrin
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Virus Replication���Oct 31O��Nipah virus (NiV), a paramyxovirus, was first discovered in Malaysia in 1998 in an outbreak of infection in pigs and humans and incurred a high fatality rate in humans. Fruit bats, living in vast areas extending from India to the western Pacific, were identified as the natural reservoir of the virus. However, the mechanisms that resulted in severe pathogenicity in humans (up to 70% mortality) and that enabled crossing the species barrier were not known. In this study, we established a system that enabled the rescue of replicating NiVs from a cloned DNA by cotransfection of a constructed full-length cDNA clone and supporting plasmids coding virus nucleoprotein, phosphoprotein, and polymerase with the infection of the recombinant vaccinia virus, MVAGKT7, expressing T7 RNA polymerase. The rescued NiV (rNiV), by using the newly developed reverse genetics system, showed properties in vitro that were similar to the parent virus and retained the severe pathogenicity in a previously established animal model by experimental infection. A recombinant NiV was also developed, expressing enhanced green fluorescent protein (rNiV-EGFP). Using the virus, permissibility of NiV was compared with the presence of a known cellular receptor, ephrin B2, in a number of cell lines of different origins. Interestingly, two cell lines expressing ephrin B2 were not susceptible for rNiV-EGFP, indicating that additional factors are clearly required for full NiV replication. The reverse genetics for NiV will provide a powerful tool for the analysis of the molecular mechanisms of pathogenicity and cross-species infection.,��https://www.ncbi.nlm.nih.gov/pubmed/17053073���Yoneda, Misako
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Zoonoses/epidemiology/transmission/*virology���Mar-Apr(��Amongst the 60 viral species reported to be associated with bats, 59 are RNA viruses, which are potentially important in the generation of emerging and re-emerging infections in humans. The prime examples of these are the lyssaviruses and Henipavirus. The transmission of Nipah, Hendra and perhaps SARS coronavirus and Ebola virus to humans may involve intermediate amplification hosts such as pigs, horses, civets and primates, respectively. Understanding of the natural reservoir or introductory host, the amplifying host, the epidemic centre and at-risk human populations are crucial in the control of emerging zoonosis. The association between the bat coronaviruses and certain lyssaviruses with particular bat species implies co-evolution between specific viruses and bat hosts. Cross-infection between the huge number of bat species may generate new viruses which are able to jump the trans-mammalian species barrier more efficiently. The currently known viruses that have been found in bats are reviewed and the risks of transmission to humans are highlighted. Certain families of bats including the Pteropodidae, Molossidae, Phyllostomidae, and Vespertilionidae are most frequently associated with known human pathogens. A systematic survey of bats is warranted to better understand the ecology of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/17042030º��Wong, Samson
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Viral Envelope Proteins/*genetics/immunology/metabolism���Aug���The mammalian condon optimized G gene was synthesized by over-lapping PCR and used to generate recombinant vaccinia virus, rWR-NiV-G. The expression of Nipah virus G protein in rWR-NiV-G infected HeLa cells was confirmed by western-blot with NiV G protein specific mouse antiserum generated by DNA immunization.The recombinant G protein showed sensitive and specific antigenic reaction to rabbit serum anti-Nipah virus in indirect florescence. Syncytium formation was induced in BHK cells by rWR-NiV-G infection following NiV F protein expressing plasmid pCAGG-NiV-F transfection. Immunization with rWR-NiV-G elicited G protein specific antibody responses in mice. The prokaryotic expressing G protein fragment showed sensitive and specific antigenic reaction to NiV G protein specific antibody from rWR-NiV-G immunized mice serum in indirect ELISA. Furthermore, the G protein specific antibodies could neutralize the infectivity of the recombinant Vesicular Stomatitis Virus pseudotype VSVAG * F/G, in which the VSV envelope protein G gene was replaced with the green fluorescent protein gene (VSVAG * G, Whitt MA) and complemented with Nipah virus F and G glycoprotein expressed in transient (VSVAG * F/G).The results here demonstrated the G protein expressed by rWR-NiV-G keeps native immunogenicity and biological activity. The recombinant virus could be promising vaccine strategy for the prevention of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/17037071���Wang, Xi-jun
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Viral Vaccines/*immunology���Dece��Nipah virus (NiV) and Hendra virus (HeV) are paramyxoviruses capable of causing considerable morbidity and mortality in a number of mammalian species, including humans. Case reports from outbreaks and previous challenge experiments have suggested that cats were highly susceptible to NiV infection, responding with a severe respiratory disease and systemic infection. Here we have assessed the cat as a model of experimental NiV infection and use it in the evaluation of a subunit vaccine comprised of soluble G glycoprotein (sG). Two groups of two adult cats each were inoculated subcutaneously with either 500 or 5,000 50% tissue culture infective dose(s) (TCID(50)) of NiV. Animals were monitored closely for disease onset, and extensive analysis was conducted on samples and tissues taken during infection and at necropsy to determine viral load and tissue tropism. All animals developed clinical disease 6 to 9 days postinfection, a finding consistent with previous observations. In a subsequent experiment, two cats were immunized with HeV sG and two were immunized with NiV sG. Homologous serum neutralizing titers were greater than 1:20,000, and heterologous titers were greater than 1:20,000 to 16-fold lower. Immunized animals and two additional naive controls were then challenged subcutaneously with 500 TCID(50) of NiV. Naive animals developed clinical disease 6 to 13 days postinfection, whereas none of the immunized animals showed any sign of disease. TaqMan PCR analysis of samples from naive animals revealed considerable levels of NiV genome in a wide range of tissues, whereas the genome was evident in only two immunized cats in only four samples and well below the limit of accurate detection. These results indicate that the cat provides a consistent model for acute NiV infection and associated pathogenesis and an effective subunit vaccine strategy appears achievable.,��https://www.ncbi.nlm.nih.gov/pubmed/17005664ã��Mungall, Bruce A
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Virion/genetics/*physiology���Decª��Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.,��https://www.ncbi.nlm.nih.gov/pubmed/17005661Å��Ciancanelli, Michael J
Basler, Christopher F
eng
T32 AI007647/AI/NIAID NIH HHS/
5R24 CA095823-04/CA/NCI NIH HHS/
U54 AI057158/AI/NIAID NIH HHS/
1 S10 RR0 9145-01/RR/NCRR NIH HHS/
AI057158/AI/NIAID NIH HHS/
R24 CA095823/CA/NCI NIH HHS/
AI 07647/AI/NIAID NIH HHS/
Comparative Study
Research Support, N.I.H., Extramural
Research Support, U.S. Gov't, Non-P.H.S.
2006/09/29 09:00
J Virol. 2006 Dec;80(24):12070-8. doi: 10.1128/JVI.01743-06. Epub 2006 Sep 27.%��0022-538X (Print)
0022-538X (Linking)
��PMC1676283���17005661w��Department of Microbiology, Box 1124, Mount Sinai School of Medicine, 1 Gustave L. Levy Place, New York, NY 10029, USA.���10.1128/JVI.01743-06��¼��üÒ|ÿî?c���%��Pejcic, B.
De Marco, R.
Parkinson, G.���2006G��The role of biosensors in the detection of emerging infectious diseases���1079-90���Analyst���131���10¿��Biosensing Techniques/*instrumentation/methods
Communicable Diseases, Emerging/*diagnosis
Electrochemistry/instrumentation/methods
Equipment Design
Humans
Optics and Photonics/instrumentation���Oct���Global biosecurity threats such as the spread of emerging infectious diseases (i.e., avian influenza, SARS, Hendra, Nipah, etc.) and bioterrorism have generated significant interest in recent years. There is considerable effort directed towards understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool which have the potential to detect the outbreak of a virus and/or disease. Although there is a host of technologies available, either commercially or in the scientific literature, the development of biosensors for the detection of emerging infectious diseases (EIDs) is still in its infancy. There is no doubt that the glucose biosensor, the gene chip, the protein chip, etc. have all played and are still playing a significant role in monitoring various biomolecules. Can biosensors play an important role for the detection of emerging infectious diseases? What does the future hold and which biosensor technology platform is suitable for the real-time detection of infectious diseases? These and many other questions will be addressed in this review. The purpose of this review is to present an overview of biosensors particularly in relation to EIDs. It provides a synopsis of the various types of biosensor technologies that have been used to detect EIDs, and describes some of the technologies behind them in terms of transduction and bioreceptor principles.,��https://www.ncbi.nlm.nih.gov/pubmed/17003853Á��Pejcic, Bobby
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cdc42 GTP-Binding Protein/chemistry���Dec 1Â��Many proteins expressed in Escherichia coli cells form inclusion bodies that are neither refoldable nor soluble in buffers. Very surprisingly, we recently discovered that all 11 buffer-insoluble protein fragments/domains we have, with a great diversity of cellular function, location, and molecular size, could be easily solubilized in salt-free water. The circular dichroism (CD) and NMR characterization led to classification of these proteins into three groups: group 1, with no secondary structure by CD and with narrowly-dispersed but sharp (1)H-(15)N heteronuclear single quantum correlation (HSQC) peaks; group 2, with secondary structure by CD but with HSQC peaks broadened and, consequently, only a small set of peaks detectable; and group 3, with secondary structure by CD and also well-separated HSQC peaks. Intriguingly, we failed to find any protein with a tight tertiary packing. Therefore, we propose that buffer-insoluble proteins may lack intrinsic ability to reach or/and to maintain a well-packed conformation, and thus are trapped in partially-folded states with many hydrophobic side chains exposed to the bulk solvent. As such, a very low ionic strength is sufficient to screen out intrinsic repulsive interactions and, consequently, allow the hydrophobic clustering/aggregation to occur. Marvelously enough, it appears that in pure water, proteins have the potential to manifest their full spectrum of structural states by utilizing intrinsic repulsive interactions to suppress the attractive hydrophobic clustering. Our discovery not only gives a novel insight into the properties of insoluble proteins, but also sheds the first light that we know of on previously unknown regimes associated with proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16980357ø��Li, Minfen
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Virion/metabolism���Octµ��Hendra virus (HeV) is a recently identified paramyxovirus that is fatal in humans and could be used as an agent of bioterrorism. The HeV receptor-binding protein (G) is required in order for the fusion protein (F) to mediate fusion, and analysis of the triggering/activation of HeV F by G should lead to strategies for interfering with this key step in viral entry. HeV F, once triggered by the receptor-bound G, by analogy with other paramyxovirus F proteins, undergoes multistep conformational changes leading to a six-helix bundle (6HB) structure that accomplishes fusion of the viral and cellular membranes. The ectodomain of paramyxovirus F proteins contains two conserved heptad repeat regions (HRN and HRC) near the fusion peptide and the transmembrane domains, respectively. Peptides derived from the HRN and HRC regions of F are proposed to inhibit fusion by preventing F, after the initial triggering step, from forming the 6HB structure that is required for fusion. HeV peptides have previously been found to be effective at inhibiting HeV fusion. However, we found that a human parainfluenza virus 3 F-peptide is more effective at inhibiting HeV fusion than the comparable HeV-derived peptide.,��https://www.ncbi.nlm.nih.gov/pubmed/16973588v��Porotto, M
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Time Factors
Virulence���Oct´��Canine distemper virus (CDV), a member of the Morbillivirus genus that also includes measles virus, frequently causes neurologic complications, but the routes and timing of CDV invasion of the central nervous system (CNS) are poorly understood. To characterize these events, we cloned and sequenced the genome of a neurovirulent CDV (strain A75/17) and produced an infectious cDNA that expresses the green fluorescent protein. This virus fully retained its virulence in ferrets: the course and signs of disease were equivalent to those of the parental isolate. We observed CNS invasion through two distinct pathways: anterogradely via the olfactory nerve and hematogenously through the choroid plexus and cerebral blood vessels. CNS invasion only occurred after massive infection of the lymphatic system and spread to the epithelial cells throughout the body. While at early time points, mostly immune and endothelial cells were infected, the virus later spread to glial cells and neurons. Together, the results suggest similarities in the timing, target cells, and CNS invasion routes of CDV, members of the Morbillivirus genus, and even other neurovirulent paramyxoviruses like Nipah and mumps viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/16973542©��Rudd, Penny A
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Viral Fusion Proteins/*chemistry���Oct`��The Nipah and Hendra viruses are highly pathogenic paramyxoviruses that recently emerged from flying foxes to cause serious disease outbreaks in humans and livestock in Australia, Malaysia, Singapore and Bangladesh. Their unique genetic constitution, high virulence and wide host range set them apart from other paramyxoviruses. These characteristics have led to their classification into the new genus Henpavirus within the family Paramyxoviridae and to their designation as Biosafety Level 4 pathogens. The fusion protein, an enveloped glycoprotein essential for viral entry, belongs to the family of class I fusion proteins and is characterized by the presence of two heptad repeat (HR) regions, HR1 and HR2. These two regions associate to form a fusion-active hairpin conformation that juxtaposes the viral and cellular membranes to facilitate membrane fusion and enable subsequent viral entry. The Hendra and Nipah virus fusion core proteins were crystallized and their structures determined to 2.2 A resolution. The Nipah and Hendra fusion core structures are six-helix bundles with three HR2 helices packed against the hydrophobic grooves on the surface of a central coiled coil formed by three parallel HR1 helices in an oblique antiparallel manner. Because of the high level of conservation in core regions, it is proposed that the Nipah and Hendra virus fusion cores can provide a model for membrane fusion in all paramyxoviruses. The relatively deep grooves on the surface of the central coiled coil represent a good target site for drug discovery strategies aimed at inhibiting viral entry by blocking hairpin formation.,��https://www.ncbi.nlm.nih.gov/pubmed/16972940é��Lou, Zhiyong
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Yolk Sac/virology���Aug-Oct���An isolate of Nipah virus was injected into fertile eggs via the allantoic cavity or yolk sac. Allantoic inoculation resulted in considerable pathological variation and only partial mortality. Dead embryos showed severe necrosis in the brain and congestion in the kidney and the subcutis of limbs. In contrast, yolk sac inoculation led to uniform infection and mortality, the dead embryos exhibiting the same lesions as those described above but without the subcutaneous congestion. Histological lesions in dead embryos inoculated by either route were similar and particularly severe in the central nervous system. Viral antigens were detected mainly in the vasculature and neurons. The results indicated that Nipah virus is highly pathogenic to chicken embryos, and that the route of inoculation is an important determinant of the course of disease. The findings also suggested that yolk sac inoculation can be used for viral titration, and that the chicken embryo represents a useful model for studying the vascular and neuronal tropisms of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/16956618Í��Tanimura, N
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Swine Diseases/diagnosis/immunology/virology���Sepx��Nipah virus nucleocapsid (NiV-N) protein was expressed in Escherichia coli and purified by histidine tag-based affinity chromatography. An indirect immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for human and swine sera and an IgM capture ELISA for human sera were established using the recombinant NiV-N protein as an antigen. One hundred thirty-three suspected patient sera and 16 swine sera were used to evaluate the newly established ELISA systems in comparison with the CDC inactivated-virus-based ELISA systems. For the human sera, the NiV-N protein-based indirect IgG ELISA had a sensitivity of 98.6% and a specificity of 98.4%, and the NiV-N protein-based IgM capture ELISA had a sensitivity of 91.7% and a specificity of 91.8%, with reference to the CDC ELISA systems. The NiV-N-based IgM ELISA was found to be more sensitive than the inactivated-virus-based ELISA in that it captured eight additional cases. For the swine sera, the two test systems were in 100% concordance. Our data indicate that the Nipah virus nucleocapsid protein is a highly immunogenic protein in human and swine infections and a good target for serodiagnosis. Our NiV-N protein-based ELISA systems are useful, safe, and affordable tools for diagnosis of Nipah virus infection and are especially fit to be used in large-scale epidemiological investigations and to be applied in developing countries.,��https://www.ncbi.nlm.nih.gov/pubmed/16954238w��Yu, Fuxun
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Sensitivity and Specificity���Nov���Most RNA positive controls currently used for monitoring the quality of RT-PCR assays have some disadvantages, such as instability, inability to monitor the quality of the relevant primers and/or causing indifferentiable false positives. To avoid these disadvantages, a simple method to prepare stable and differentiable RNA positive controls is now demonstrated with a real-time RT-PCR assay for the detection of Nipah virus (NiV). A DNA sequence which was shorter than its counterpart in the NiV genome and contained the binding sites of the primers of the RT-PCR assay was designed, synthesized and inserted into a vector, and then amplified by PCR with two vector-specific primers both of which contained a T7 promoter at the 5' terminal. The RNA positive control was the dsRNA in vitro transcribed from the PCR amplicons flanked by two T7 promoters. The RNA positive control was stable and able to monitor the quality of the whole concerned RT-PCR assay. False positives caused by contaminations of the RNA positive control or its amplicons could be easily identified because the amplicons of the RNA positive control were obviously shorter than those of real positive samples. Thus, the RNA positive control reported in this study avoided some common disadvantages of current RNA positive controls.,��https://www.ncbi.nlm.nih.gov/pubmed/16912918?��Chen, Ji-Ming
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Ventilator Weaning/*methods���Oct£��OBJECTIVE: Weaning predictors are often incorporated in protocols to predict weaning outcome for patients on mechanical ventilation. The predictors are used as a decision point in protocols to determine whether a patient may advance to a spontaneous breathing trial. The impact of including predictors in a weaning protocol has not been previously studied. We designed a study to determine the effect of including a weaning predictor (frequency-tidal volume ratio, or f/Vt) in a weaning protocol. DESIGN: Randomized, blinded controlled trial. SETTING: Academic teaching hospitals. PATIENTS: Three hundred and four patients admitted to intensive care units at three academic teaching hospitals. INTERVENTIONS: Patients were screened daily for measures of oxygenation, cough and secretions, adequate mental status, and hemodynamic stability. Patients were randomized to two groups; in one group the f/Vt was measured but not used in the decision to wean (n = 151), but in the other group, f/Vt was measured and used, using a threshold of 105 breaths/min/L (n = 153). Patients passing the screen received a 2-hr spontaneous breathing trial. Patients passing the spontaneous breathing trial were eligible for an extubation attempt. MEASUREMENTS AND MAIN RESULTS: Groups were similar with regard to gender, age, and Acute Physiology and Chronic Health Evaluation II score. The median duration for weaning time was significantly shorter in the group where the weaning predictor was not used (2.0 vs. 3.0 days, p = .04). There was no difference with regard to the extubation failure, in-hospital mortality rate, tracheostomy, or unplanned extubation. CONCLUSIONS: Including a weaning predictor (f/Vt) in a protocol prolonged weaning time. In addition, the predictor did not confer survival benefit or reduce the incidence of extubation failure or tracheostomy. The results of this study indicate that f/Vt should not be used routinely in weaning decision making.,��https://www.ncbi.nlm.nih.gov/pubmed/16878032���Tanios, Maged A
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Virus Shedding���Aug���Nipah virus (NiV), of the family Paramyxoviridae, was isolated in 1999 in Malaysia from a human fatality in an outbreak of severe human encephalitis, when human infections were linked to transmission of the virus from pigs. Consequently, a swine vaccine able to abolish virus shedding is of veterinary and human health interest. Canarypox virus-based vaccine vectors carrying the gene for NiV glycoprotein (ALVAC-G) or the fusion protein (ALVAC-F) were used to intramuscularly immunize four pigs per group, either with 10(8) PFU each or in combination. Pigs were boosted 14 days postvaccination and challenged with 2.5 x 10(5) PFU of NiV two weeks later. The combined ALVAC-F/G vaccine induced the highest levels of neutralization antibodies (2,560); despite the low neutralizing antibody levels in the F vaccinees (160), all vaccinated animals appeared to be protected against challenge. Virus was not isolated from the tissues of any of the vaccinated pigs postchallenge, and a real-time reverse transcription (RT)-PCR assay detected only small amounts of viral RNA in several samples. In challenge control pigs, virus was isolated from a number of tissues (10(4.4) PFU/g) or detected by real-time RT-PCR. Vaccination of the ALVAC-F/G vaccinees appeared to stimulate both type 1 and type 2 cytokine responses. Histopathological findings indicated that there was no enhancement of lesions in the vaccinees. No virus shedding was detected in vaccinated animals, in contrast to challenge control pigs, from which virus was isolated from the throat and nose (10(2.9) PFU/ml). Based on the data presented, the combined ALVAC-F/G vaccine appears to be a very promising vaccine candidate for swine.,��https://www.ncbi.nlm.nih.gov/pubmed/16873250}��Weingartl, Hana M
Berhane, Yohannes
Caswell, Jeff L
Loosmore, Sheena
Audonnet, Jean-Christophe
Roth, James A
Czub, Markus
eng
R21 AI058038/AI/NIAID NIH HHS/
1 R21 AI058038-01/AI/NIAID NIH HHS/
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, Non-P.H.S.
2006/07/29 09:00
J Virol. 2006 Aug;80(16):7929-38. doi: 10.1128/JVI.00263-06.%��0022-538X (Print)
0022-538X (Linking)
��PMC1563797���16873250`��NCFAD, CFIA, 1015 Arlington St., Winnipeg, Manitoba R3E 3M4, Canada. hweingartl@inspection.gc.ca���10.1128/JVI.00263-06����Ê��üÚtÿï?m���¯��Epstein, J. H.
Abdul Rahman, S.
Zambriski, J. A.
Halpin, K.
Meehan, G.
Jamaluddin, A. A.
Hassan, S. S.
Field, H. E.
Hyatt, A. D.
Daszak, P.
Henipavirus Ecology Research, Group���20060��Feral cats and risk for Nipah virus transmission���1178-9���Emerg Infect Dis���12���7���Animals
Cats/*virology
Chiroptera/virology
Henipavirus Infections/*transmission/*virology
Malaysia
Nipah Virus/*isolation & purification���Jul,��https://www.ncbi.nlm.nih.gov/pubmed/16848051���Epstein, Jonathan H
Abdul Rahman, Sohayati
Zambriski, Jennifer A
Halpin, Kim
Meehan, Greer
Jamaluddin, Abdul Aziz
Hassan, Sharifah Syed
Field, Hume E
Hyatt, Alex D
Daszak, Peter
eng
R01 TW005869/TW/FIC NIH HHS/
R01-TW05869/TW/FIC NIH HHS/
Letter
Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't
2006/07/20 09:00
Emerg Infect Dis. 2006 Jul;12(7):1178-9. doi: 10.3201/eid1207.050799.%��1080-6040 (Print)
1080-6040 (Linking)
��PMC3291044���16848051���10.3201/eid1207.050799�������üÒtÿî?n���Z��Guillaume, V.
Aslan, H.
Ainouze, M.
Guerbois, M.
Wild, T. F.
Buckland, R.
Langedijk, J. P.���2006Ð��Evidence of a potential receptor-binding site on the Nipah virus G protein (NiV-G): identification of globular head residues with a role in fusion promotion and their localization on an NiV-G structural model���7546-54���J Virol���80���15¯��Amino Acid Sequence
Animals
Antibodies, Monoclonal/metabolism
Binding Sites
CHO Cells
Cercopithecus aethiops
Cricetinae
Cricetulus
Ephrin-B2/genetics/metabolism
Humans
Membrane Fusion/*physiology
*Models, Molecular
Molecular Sequence Data
Mutation/genetics
Nipah Virus/*physiology
Receptors, Cell Surface/chemistry/genetics/*metabolism
Sequence Homology, Amino Acid
Vero Cells
Viral Envelope Proteins/chemistry/genetics/*metabolism���Aug§��As a preliminary to the localization of the receptor-binding site(s) on the Nipah virus (NiV) glycoprotein (NiV-G), we have undertaken the identification of NiV-G residues that play a role in fusion promotion. To achieve this, we have used two strategies. First, as NiV and Hendra virus (HeV) share a common receptor and their cellular tropism is similar, we hypothesized that residues functioning in receptor attachment could be conserved between their respective G proteins. Our initial strategy was to target charged residues (which can be expected to be at the surface of the protein) conserved between the NiV-G and HeV-G globular heads. Second, we generated NiV variants that escaped neutralization by anti-NiV-G monoclonal antibodies (MAbs) that neutralize NiV both in vitro and in vivo, likely by blocking receptor attachment. The sequencing of such "escape mutants" identified NiV-G residues present in the epitopes to which the neutralizing MAbs are directed. Residues identified via these two strategies whose mutation had an effect on fusion promotion were localized on a new structural model for the NiV-G protein. Our results suggest that seven NiV-G residues, including one (E533) that was identified using both strategies, form a contiguous site on the top of the globular head that is implicated in ephrinB2 binding. This site commences near the shallow depression in the center of the top surface of the globular head and extends to the rim of the barrel-like structure on the top loops of beta-sheet 5. The topology of this site is strikingly similar to that proposed to form the SLAM receptor site on another paramyxovirus attachment protein, that of the measles virus hemagglutinin.,��https://www.ncbi.nlm.nih.gov/pubmed/16840334ï��Guillaume, Vanessa
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Virus Replication/physiology���Augì��Nipah virus infection of porcine stable kidney cells (PS), human neuronal cells (SK-N-MC), human lung fibroblasts cells (MRC-5), and human monocytes (THP-1) were examined. Rapid progression of cytopathic effects (CPE) and cell death were noted in PS cell cultures treated with Nipah virus, followed by MRC-5, SK-N-MC, and THP-1 cell cultures, in descending order of rapidity. Significant increase in the intracellular Nipah virus RNA occurred beginning at 24 hr PI in all the infected cells. Whereas, the extracellular release of Nipah virus RNA increased significantly beginning at 48 and 72 hr PI for the infected MRC-5 cells and PS cells, respectively. No significant release of extracellular Nipah virus RNA was detected from the Nipah virus-infected SK-N-MC and THP-1 cells. At its peak, approximately 6.6 log PFU/microl of extracellular Nipah virus RNA was released from the Nipah virus-infected PS cells, with at least a 100-fold less virus RNA was recorded in the Nipah virus-infected SK-N-MC and THP-1. Approximately 15.2% (+/-0.1%) of the released virus from the infected PS cell cultures was infectious in contrast to approximately 5.5% (+/-0.7%) from the infected SK-N-MC cells. The findings suggest that there are no differences in the capacity to support Nipah virus replication between pigs and humans in fully susceptible PS and MRC-5 cells. However, there are differences between these cells and human neuronal cells and monocytes in the ability to support Nipah virus replication and virus release.,��https://www.ncbi.nlm.nih.gov/pubmed/16789019µ��Chang, Li-Yen
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*Virus Replication���Jun 19;��BACKGROUND: Nipah virus is a zoonotic virus isolated from an outbreak in Malaysia in 1998. The virus causes infections in humans, pigs, and several other domestic animals. It has also been isolated from fruit bats. The pathogenesis of Nipah virus infection is still not well described. In the present study, Nipah virus replication kinetics were estimated from infection of African green monkey kidney cells (Vero) using the one-step SYBR Green I-based quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) assay. RESULTS: The qRT-PCR had a dynamic range of at least seven orders of magnitude and can detect Nipah virus from as low as one PFU/microL. Following initiation of infection, it was estimated that Nipah virus RNA doubles at every approximately 40 minutes and attained peak intracellular virus RNA level of approximately 8.4 log PFU/microL at about 32 hours post-infection (PI). Significant extracellular Nipah virus RNA release occurred only after 8 hours PI and the level peaked at approximately 7.9 log PFU/microL at 64 hours PI. The estimated rate of Nipah virus RNA released into the cell culture medium was approximately 0.07 log PFU/muL per hour and less than 10% of the released Nipah virus RNA was infectious. CONCLUSION: The SYBR Green I-based qRT-PCR assay enabled quantitative assessment of Nipah virus RNA synthesis in Vero cells. A low rate of Nipah virus extracellular RNA release and low infectious virus yield together with extensive syncytial formation during the infection support a cell-to-cell spread mechanism for Nipah virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16784519¸��Chang, Li-Yen
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*Nipah Virus���Apr_��BACKGROUND & OBJECTIVE: The viral encephalitides caused by animal or human viruses are characterized by sudden outbreaks of neurological disease in both tropical and temperate regions. An outbreak of acute encephalitis occurred in Siliguri (West Bengal) town of India between January 31 and February 23, 2001. This outbreak was investigated by a team of scientists from four major institutions, and the findings are presented here. METHODS: Detailed information about the outbreak was collected with the help of local health authorities. Limited entomological investigations were also done. Samples collected from cases and contacts were sent for analysis. RESULTS: A total of 66 probable cases and 45 deaths were reported. Epidemiological linkages between cases point towards person-to-person transmission and incubation period of around 10 days. There was neither any concurrent illness in animals nor was there any exposure of cases to animals. Centres for Disease Control and Prevention, Atlanta, USA concluded on the basis of tests carried out on serum specimen from four cases and two contacts that the causative pathogen appears to be Nipah/ Hendra or closely related virus. INTERPRETATION & CONCLUSION: This outbreak highlights the importance and urgency of establishing a strong surveillance system supported by a network of state-of-the-art laboratories equipped to handle and diagnose new pathogens and including patient isolation techniques, use of personal protective equipment, barrier nursing and safe disposal of potentially infected material in the prevention and control measures for Nipah/Hendra virus infection.,��https://www.ncbi.nlm.nih.gov/pubmed/16783047���Harit, A K
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*Zoonoses���Apr���Zoonosis is the cause of the vast majority of emerging diseases. Bats that occupy the second place in the mammal class play an important role. Whether they belong to the microchiroptera suborder or to the megachiroptera suborder, bats on all five continents have been implicated in transmission of numerous pathogens including not only viruses such as Lyssavirus (e.g. rabies), Hepanivirus (e.g. Hendra and Nipah virus) and recently coronavirus (e.g. SARS-like coronavirus and Ebola virus) but also fungus such as histoplasmosis. By modifying environmental conditions and encroaching on their biotope, human intervention has probably contributed to the introduction of chiropteras into an epidemiologic chain in which they previously had no place, thus promoting the emergence of new pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/16775933|��Hance, P
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Tryptophan���Feb���EphrinB2 was recently discovered as a functional receptor for Nipah virus (NiV), a lethal emerging paramyxovirus. Ephrins constitute a class of homologous ligands for the Eph class of receptor tyrosine kinases and exhibit overlapping expression patterns. Thus, we examined whether other ephrins might serve as alternative receptors for NiV. Here, we show that of all known ephrins (ephrinA1-A5 and ephrinB1-B3), only the soluble Fc-fusion proteins of ephrinB3, in addition to ephrinB2, bound to soluble NiV attachment protein G (NiV-G). Soluble NiV-G bound to cell surface ephrinB3 and B2 with subnanomolar affinities (Kd = 0.58 nM and 0.06 nM for ephrinB3 and B2, respectively). Surface plasmon resonance analysis indicated that the relatively lower affinity of NiV-G for ephrinB3 was largely due to a faster off-rate (K(off) = 1.94 x 10(-3) s(-1) versus 1.06 x 10(-4) s(-1) for ephrinB3 and B2, respectively). EphrinB3 was sufficient to allow for viral entry of both pseudotype and live NiV. Soluble ephrinB2 and B3 were able to compete for NiV-envelope-mediated viral entry on both ephrinB2- and B3-expressing cells, suggesting that NiV-G interacts with both ephrinB2 and B3 via an overlapping site. Mutational analysis indicated that the Leu-Trp residues in the solvent exposed G-H loop of ephrinB2 and B3 were critical determinants of NiV binding and entry. Indeed, replacement of the Tyr-Met residues in the homologous positions in ephrinB1 with Leu-Trp conferred NiV receptor activity to ephrinB1. Thus, ephrinB3 is a bona fide alternate receptor for NiV entry, and two residues in the G-H loop of the ephrin B-class ligands are critical determinants of NiV receptor activity.,��https://www.ncbi.nlm.nih.gov/pubmed/16477309~��Negrete, Oscar A
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Zoonoses/virology���Oct_��The authors review common themes in the ecology of emerging viruses that cause neurological disease. Three issues emerge. First, 49% of emerging viruses are characterized by encephalitis or serious neurological clinical symptoms. Second, all of these viruses are driven to emerge by ecological, environmental, or human demographic changes, some of which are poorly understood. Finally, the control of these viruses would be enhanced by collaborative multidisciplinary research into these drivers of emergence. The authors highlight this review with a case study of Nipah virus, which emerged in Malaysia due largely to shifts in livestock production and alterations to reservoir host habitat. Collaboration between virologists, ecologists, disease modelers and wildlife biologists has been instrumental in retracing the factors involved in this virus's emergence.,��https://www.ncbi.nlm.nih.gov/pubmed/16287685}��Olival, Kevin J
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*Virus Inactivation���Marò��Nipah virus, a zoonotic paramyxovirus which emerged recently was chemically inactivated using binary ethylenimine (BEI). The inactivated virus was concentrated and purified by sucrose gradient centrifugation. The gradient fractions were examined by electron microscopy and Western immunoblot, and gradient fraction containing mainly Nipah matrix (M) and nucleocapsid (N) proteins was used for immunizing BALB/c mice to generate hybridomas. Screening of the resultant hybridoma clones identified five strongly positive clones producing IgG monoclonal antibodies (mAbs) reactive to the Nipah virus antigen. The protein specificity of these mAbs was determined by Western immunoblot using Nipah virus and recombinant Nipah virus proteins expressed in mammalian cells. Four mAbs reacted with Nipah N protein and one reacted with Nipah M protein. None of the mAbs neutralized Nipah virus infectivity in vitro. However, all mAbs recognized Nipah virus in ELISA and immunofluorescence assay. F45G2 mAb was most suitable for immunohistochemistry on long term formalin-fixed Nipah virus infected swine tissues. Three of the anti-nucleocapsid mAbs (F45G2, F45G3 and F45G6) showed cross-reactivity with closely related Hendra virus N protein in both immunofluorescence and Western Immunoblot assays. Two of the mAbs were specific for the Nipah virus only, F45G4 (anti-N) and F45G5 (anti-M), and could be used in the primary identification of Nipah virus. The use of these immunoreagents to develop new diagnostic assays is discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/16226320���Berhane, Yohannes
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RNA, Viral/genetics���Feb¤��After the outbreak of Nipah virus (NiV) in 1998-99, which resulted in 105 human deaths and the culling of more than one million pigs, a search was initiated for the natural host reservoir of NiV on Tioman Island off the east coast of Malaysia. Three different syncytia-forming viruses were isolated from fruit bats on the island. They were Nipah virus, Tioman virus (a novel paramyxovirus related to Menangle virus), and a reovirus, named Pulau virus (PuV), which is the subject of this study. PuV displayed the typical ultra structural morphology of a reovirus and was neutralised by serum against Nelson Bay reovirus (NBV), a reovirus isolated from a fruit bat (Pteropus poliocephalus) in Australia over 30 years ago. PuV was fusogenic and formed large syncytia in Vero cells. Comparison of dsRNA segments between PuV and NBV showed distinct mobility differences for the S1 and S2 segments. Complete sequence analysis of all four S segments revealed a close relationship between PuV and NBV, with nucleotide sequence identity varying from 88% for S3 segment to 56% for the S1 segment. Similarly phylogenetic analysis of deduced protein sequences confirmed that PuV is closely related to NBV. In this paper we discuss the similarities and differences between PuV and NBV which support the classification of PuV as a novel mammalian, fusogenic reovirus within the Nelson Bay orthoreovirus species, in the genus Orthoreovirus, family Reoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/16205863¾��Pritchard, L I
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Virus Replication���OctÜ��Proteolytic processing of paramyxovirus fusion (F) proteins is essential for the generation of a mature and fusogenic form of the F protein. Although many paramyxovirus F proteins are proteolytically processed by the cellular protease furin at a multibasic cleavage motif, cleavage of the newly emerged Hendra virus F protein occurs by a previously unidentified cellular protease following a single lysine at residue 109. We demonstrate here that the cellular protease cathepsin L is involved in converting the Hendra virus precursor F protein (F(0)) to the active F(1) + F(2) disulfide-linked heterodimer. To initially identify the class of protease involved in Hendra virus F protein cleavage, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F (known to be proteolytically processed by furin) were metabolically labeled and chased in the absence or presence of serine, cysteine, aspartyl, and metalloprotease inhibitors. Nonspecific and specific protease inhibitors known to decrease cathepsin activity inhibited proteolytic processing of Hendra virus F but had no effect on simian virus 5 F processing. We next designed shRNA oligonucleotides to cathepsin L which dramatically reduced cathepsin L protein expression and enzyme activity. Cathepsin L shRNA-expressing Vero cells transfected with pCAGGS-Hendra F demonstrated a nondetectable amount of cleavage of the Hendra virus F protein and significantly decreased membrane fusion activity. Additionally, we found that purified human cathepsin L processed immunopurified Hendra virus F(0) into F(1) and F(2) fragments. These studies introduce a novel mechanism for primary proteolytic processing of viral glycoproteins and also suggest a previously unreported biological role for cathepsin L.,��https://www.ncbi.nlm.nih.gov/pubmed/16188974 ��Pager, Cara Theresia
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Virus Replication���Octu��The Hendra virus fusion (F) protein is synthesized as a precursor protein, F(0), which is proteolytically processed to the mature form, F(1) + F(2). Unlike the case for the majority of paramyxovirus F proteins, the processing event is furin independent, does not require the addition of exogenous proteases, is not affected by reductions in intracellular Ca(2+), and is strongly affected by conditions that raise the intracellular pH (C. T. Pager, M. A. Wurth, and R. E. Dutch, J. Virol. 78:9154-9163, 2004). The Hendra virus F protein cytoplasmic tail contains a consensus motif for endocytosis, YXXPhi. To analyze the potential role of endocytosis in the processing and membrane fusion promotion of the Hendra virus F protein, mutation of tyrosine 525 to alanine (Hendra virus F Y525A) or phenylalanine (Hendra virus F Y525F) was performed. The rate of endocytosis of Hendra virus F Y525A was significantly reduced compared to that of the wild-type (wt) F protein, confirming the functional importance of the endocytosis motif. An intermediate level of endocytosis was observed for Hendra virus F Y525F. Surprisingly, dramatic reductions in the rate of proteolytic processing were observed for Hendra virus F Y525A, although initial transport to the cell surface was not affected. The levels of surface expression for both Hendra virus F Y525A and Hendra virus F Y525F were higher than that of the wt protein, and these mutants displayed enhanced syncytium formation. These results suggest that endocytosis is critically important for Hendra virus F protein cleavage, representing a new paradigm for proteolytic processing of paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/16188966c��Meulendyke, Kelly Ann
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X-Rays���AugR��Measles virus is a negative-sense, single-stranded RNA virus within the Mononegavirales order,which includes several human pathogens, including rabies, Ebola, Nipah, and Hendra viruses. The measles virus nucleoprotein consists of a structured N-terminal domain, and of an intrinsically disordered C-terminal domain, N(TAIL) (aa 401-525), which undergoes induced folding in the presence of the C-terminal domain (XD, aa 459-507) of the viral phosphoprotein. With in N(TAIL), an alpha-helical molecular recognition element (alpha-MoRE, aa 488-499) involved in binding to P and in induced folding was identified and then observed in the crystal structure of XD. Using small-angle X-ray scattering, we have derived a low-resolution structural model of the complex between XD and N(TAIL), which shows that most of N(TAIL) remains disordered in the complex despite P-induced folding within the alpha-MoRE. The model consists of an extended shape accommodating the multiple conformations adopted by the disordered N-terminal region of N(TAIL), and of a bulky globular region, corresponding to XD and to the C terminus of N(TAIL) (aa 486-525). Using surface plasmon resonance, circular dichroism, fluorescence spectroscopy, and heteronuclear magnetic resonance, we show that N(TAIL) has an additional site (aa 517-525) involved in binding to XD but not in the unstructured-to-structured transition. This work provides evidence that intrinsically disordered domains can establish complex interactions with their partners, and can contact them through multiple sites that do not all necessarily gain regular secondary structure.,��https://www.ncbi.nlm.nih.gov/pubmed/16046624���Bourhis, Jean-Marie
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Virus Internalization/*drug effects���Jul 18¾��BACKGROUND: The recent emergence of four new members of the paramyxovirus family has heightened the awareness of and re-energized research on new and emerging diseases. In particular, the high mortality and person to person transmission associated with the most recent Nipah virus outbreaks, as well as the very recent re-emergence of Hendra virus, has confirmed the importance of developing effective therapeutic interventions. We have previously shown that peptides corresponding to the C-terminal heptad repeat (HR-2) of the fusion envelope glycoprotein of Hendra virus and Nipah virus were potent inhibitors of both Hendra virus and Nipah virus-mediated membrane fusion using recombinant expression systems. In the current study, we have developed shorter, second generation HR-2 peptides which include a capped peptide via amidation and acetylation and two poly(ethylene glycol)-linked (PEGylated) peptides, one with the PEG moity at the C-terminus and the other at the N-terminus. Here, we have evaluated these peptides as well as the corresponding scrambled peptide controls in Nipah virus and Hendra virus-mediated membrane fusion and against infection by live virus in vitro. RESULTS: Unlike their predecessors, the second generation HR-2 peptides exhibited high solubility and improved synthesis yields. Importantly, both Nipah virus and Hendra virus-mediated fusion as well as live virus infection were potently inhibited by both capped and PEGylated peptides with IC50 concentrations similar to the original HR-2 peptides, whereas the scrambled modified peptides had no inhibitory effect. These data also indicate that these chemical modifications did not alter the functional properties of the peptides as inhibitors. CONCLUSION: Nipah virus and Hendra virus infection in vitro can be potently blocked by specific HR-2 peptides. The improved synthesis and solubility characteristics of the second generation HR-2 peptides will facilitate peptide synthesis for pre-clinical trial application in an animal model of Henipavirus infection. The applied chemical modifications are also predicted to increase the serum half-life in vivo and should increase the chance of success in the development of an effective antiviral therapy.,��https://www.ncbi.nlm.nih.gov/pubmed/16026621���Bossart, Katharine N
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Phylogeny���Jul���We conducted a survey in Cambodia in 2000 on henipavirus infection among several bat species, including flying foxes, and persons exposed to these animals. Among 1,072 bat serum samples tested by enzyme-linked immunosorbent assay, antibodies reactive to Nipah virus (NiV) antigen were detected only in Pteropus lylei species; Cynopterus sphinx, Hipposideros larvatus, Scotophilus kuhlii, Chaerephon plicata, Taphozous melanopogon, and T. theobaldi species were negative. Seroneutralization applied on a subset of 156 serum samples confirmed these results. None of the 8 human serum samples was NiV seropositive with the seroneutralization test. One virus isolate exhibiting cytopathic effect with syncytia was obtained from 769 urine samples collected at roosts of P. lylei specimens. Partial molecular characterization of this isolate demonstrated that it was closely related to NiV. These results strengthen the hypothesis that flying foxes could be the natural host of NiV. Surveillance of human cases should be implemented.,��https://www.ncbi.nlm.nih.gov/pubmed/16022778"��Reynes, Jean-Marc
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Viral Fusion Proteins/chemistry/genetics/metabolism���Jul 215��Nipah virus (NiV) is an emergent paramyxovirus that causes fatal encephalitis in up to 70 percent of infected patients, and there is evidence of human-to-human transmission. Endothelial syncytia, comprised of multinucleated giant-endothelial cells, are frequently found in NiV infections, and are mediated by the fusion (F) and attachment (G) envelope glycoproteins. Identification of the receptor for this virus will shed light on the pathobiology of NiV infection, and spur the rational development of effective therapeutics. Here we report that ephrinB2, the membrane-bound ligand for the EphB class of receptor tyrosine kinases (RTKs), specifically binds to the attachment (G) glycoprotein of NiV. Soluble Fc-fusion proteins of ephrinB2, but not ephrinB1, effectively block NiV fusion and entry into permissive cell types. Moreover, transfection of ephrinB2 into non-permissive cells renders them permissive for NiV fusion and entry. EphrinB2 is expressed on endothelial cells and neurons, which is consistent with the known cellular tropism for NiV. Significantly, we find that NiV-envelope-mediated infection of microvascular endothelial cells and primary cortical rat neurons is inhibited by soluble ephrinB2, but not by the related ephrinB1 protein. Cumulatively, our data show that ephrinB2 is a functional receptor for NiV.,��https://www.ncbi.nlm.nih.gov/pubmed/16007075���Negrete, Oscar A
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Swine Diseases/diagnosis/virology���JulÄ��The nucleocapsid (N) protein of Nipah virus (NiV) is a major constituent of the viral proteins which play a role in encapsidation, regulating the transcription and replication of the viral genome. To investigate the use of a fusion system to aid the purification of the recombinant N protein for structural studies and potential use as a diagnostic reagent, the NiV N gene was cloned into the pFastBacHT vector and the His-tagged fusion protein was expressed in Sf9 insect cells by recombinant baculovirus. Western blot analysis of the recombinant fusion protein with anti-NiV antibodies produced a band of approximately 62 kDa. A time course study showed that the highest level of expression was achieved after 3 days of incubation. Electron microscopic analysis of the NiV recombinant N fusion protein purified on a nickel-nitrilotriacetic acid resin column revealed different types of structures, including spherical, ring-like, and herringbone-like particles. The light-scattering measurements of the recombinant N protein also confirmed the polydispersity of the sample with hyrdrodynamic radii of small and large types. The optical density spectra of the purified recombinant fusion protein revealed a high A(260)/A(280) ratio, indicating the presence of nucleic acids. Western blotting and enzyme-linked immunosorbent assay results showed that the recombinant N protein exhibited the antigenic sites and conformation necessary for specific antigen-antibody recognition.,��https://www.ncbi.nlm.nih.gov/pubmed/16000431Á��Eshaghi, Majid
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Viral Envelope Proteins/*metabolism���Jul 26���Hendra virus (HeV) and Nipah virus (NiV) belong to the genus Henipavirus of the family Paramyxoviridae and are unique in that they exhibit a broad species tropism and cause fatal disease in both animals and humans. They infect cells through a pH-independent membrane fusion process mediated by their fusion and attachment glycoproteins. Previously, we demonstrated identical cell fusion tropisms for HeV and NiV and the protease-sensitive nature of their unknown cell receptor and identified a human cell line (HeLa-USU) that was nonpermissive for fusion and virus infection. Here, a microarray analysis was performed on the HeLa-USU cells, permissive HeLa-CCL2 cells, and two other permissive human cell lines. From this analysis, we identified a list of genes encoding known and predicted plasma membrane surface-expressed proteins that were highly expressed in all permissive cells and absent from the HeLa-USU cells and rank-ordered them based on their relative levels. Available expression vectors containing the first 10 genes were obtained and individually transfected into HeLa-USU cells. One clone, encoding human ephrin-B2 (EFNB2), was found capable of rendering HeLa-USU cells permissive for HeV- and NiV-mediated cell fusion as well as infection by live virus. A soluble recombinant EFNB2 could potently block fusion and infection and bind soluble recombinant HeV and NiV attachment glycoproteins with high affinity. Together, these data indicate that EFNB2 serves as a functional receptor for both HeV and NiV. The highly conserved nature of EFNB2 in humans and animals is consistent with the broad tropism exhibited by these emerging zoonotic viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15998730Ö��Bonaparte, Matthew I
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Zoonoses/virology���Octg��All living organisms are continuously exposed to a plethora of viruses. In general, viruses tend to be restricted to the natural host species which they infect. From time to time viruses cross the host-range barrier expanding their host range. However, in very rare cases cross-species transfer is followed by the establishment and persistence of a virus in the new host species, which may result in disease. Recent examples of viruses that have crossed the species barrier from animal reservoirs to humans are hantavirus, haemorrhagic fever viruses, arboviruses, Nipah and Hendra viruses, avian influenza virus (AI), monkeypox virus, and the SARS-associated coronavirus (SARS-CoV). The opportunities for cross-species transfer of mammalian viruses have increased in recent years due to increased contact between humans and animal reservoirs. However, it is difficult to predict when such events will take place since the viral adaptation that is needed to accomplish this is multifactorial and stochastic. Against this background the intensified use of viruses and their genetically modified variants as viral gene transfer vectors for biomedical research, experimental gene therapy and for live-vector vaccines is a cause for concern. This review addresses a number of potential risk factors and their implications for activities with viral vectors from the perspective of cross-species transfer of viruses in nature, with emphasis on the occurrence of host-range mutants resulting from either cell culture or tropism engineering. The issues are raised with the intention to assist in risk assessments for activities with vector viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15986492���Louz, Derrick
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Viral Fusion Proteins/chemistry/physiology���Jul 1���Galectin-1 (gal-1), an endogenous lectin secreted by a variety of cell types, has pleiotropic immunomodulatory functions, including regulation of lymphocyte survival and cytokine secretion in autoimmune, transplant disease, and parasitic infection models. However, the role of gal-1 in viral infections is unknown. Nipah virus (NiV) is an emerging pathogen that causes severe, often fatal, febrile encephalitis. The primary targets of NiV are endothelial cells. NiV infection of endothelial cells results in cell-cell fusion and syncytia formation triggered by the fusion (F) and attachment (G) envelope glycoproteins of NiV that bear glycan structures recognized by gal-1. In the present study, we report that NiV envelope-mediated cell-cell fusion is blocked by gal-1. This inhibition is specific to the Paramyxoviridae family because gal-1 did not inhibit fusion triggered by envelope glycoproteins of other viruses, including two retroviruses and a pox virus, but inhibited fusion triggered by envelope glycoproteins of the related Hendra virus and another paramyxovirus. The physiologic dimeric form of gal-1 is required for fusion inhibition because a monomeric gal-1 mutant had no inhibitory effect on cell fusion. gal-1 binds to specific N-glycans on NiV glycoproteins and aberrantly oligomerizes NiV-F and NiV-G, indicating a mechanism for fusion inhibition. gal-1 also increases dendritic cell production of proinflammatory cytokines such as IL-6, known to be protective in the setting of other viral diseases such as Ebola infections. Thus, gal-1 may have direct antiviral effects and may also augment the innate immune response against this emerging pathogen.,��https://www.ncbi.nlm.nih.gov/pubmed/15972675P��Levroney, Ernest L
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Viral Fusion Proteins/metabolism���Aug 19���Nipah virus (NiV) is a recently emerged and highly pathogenic paramyxovirus that causes a systemic infection in animals and humans and can infect a wide range of cultured cells. Interestingly, the NiV fusion (F) protein has a single arginine at the cleavage site similar to paramyxoviruses that are activated by exogenous trypsin-like enzymes only present in specific cells and tissues and therefore only cause localized infections. We show here that NiV F activation is not mediated by an exogenous serum protease but by an endogenous ubiquitous cellular protease after endocytosis of the protein. In addition to endocytosis, acidification of the endosome is a prerequisite for F cleavage. These results show that activation of the NiV F protein depends on a type of proteolytic cleavage that is clearly different from what is known for other paramyxoviral and orthomyxoviral fusion proteins. To our knowledge, this is the first example of a viral class I fusion protein whose activation depends on clathrin-mediated constitutive endocytosis.,��https://www.ncbi.nlm.nih.gov/pubmed/15961384Ò��Diederich, Sandra
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Junl��The Hendra virus fusion (F) protein contains five potential sites for N-linked glycosylation in the ectodomain. Examination of F protein mutants with single asparagine-to-alanine mutations indicated that two sites in the F(2) subunit (N67 and N99) and two sites in the F(1) subunit (N414 and N464) normally undergo N-linked glycosylation. While N-linked modification at N414 is critical for protein folding and transport, F proteins lacking carbohydrates at N67, N99, or N464 remained fusogenically active. As N464 lies within heptad repeat B, these results contrast with those seen for several paramyxovirus F proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15919949.��Carter, James Richard
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Trigeminal Ganglion/virology���Junÿ��Nipah virus, a newly emerged zoonotic paramyxovirus, infects a number of species. Human infections were linked to direct contact with pigs, specifically with their body fluids. Clinical signs in human cases indicated primarily involvement of the central nervous system, while in pigs the respiratory system was considered the primary virus target, with only rare involvement of the central nervous system. Eleven 5-week-old piglets were infected intranasally, orally, and ocularly with 2.5 x 10(5) PFU of Nipah virus per animal and euthanized between 3 and 8 days postinoculation. Nipah virus caused neurological signs in two out of eleven inoculated pigs. The rest of the pigs remained clinically healthy. Virus was detected in the respiratory system (turbinates, nasopharynx, trachea, bronchus, and lung in titers up to 10(5.3) PFU/g) and in the lymphoreticular system (endothelial cells of blood and lymphatic vessels, submandibular and bronchiolar lymph nodes, tonsil, and spleen with titers up to 10(6) PFU/g). Virus presence was confirmed in the nervous system of both sick and apparently healthy animals (cranial nerves, trigeminal ganglion, brain, and cerebrospinal fluid, with titers up to 10(7.7) PFU/g of tissue). Nipah virus distribution was confirmed by immunohistochemistry. The study presents novel findings indicating that Nipah virus invaded the central nervous system of the porcine host via cranial nerves as well as by crossing the blood-brain barrier after initial virus replication in the upper respiratory tract.,��https://www.ncbi.nlm.nih.gov/pubmed/15919907 ��Weingartl, Hana
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Zoonoses/epidemiology���Apr���The microbes that cause infectious diseases are complex, dynamic, and constantly evolving. They reproduce rapidly, mutate frequently, breach species barriers, adapt with relative ease to new hosts and new environments, and develop resistance to the drugs used to treat them. In their article "Meeting the challenge of epidemic infectious diseases outbreaks: an agenda for research", Kai-Lit Phua and Lai Kah Lee clearly demonstrate how social, behavioural and environmental factors, linked to a host of human activities, have accelerated and amplified these natural phenomena. By reviewing published and non-published information about outbreaks of Nipah virus in Malaysia, severe acute respiratory syndrome (SARS) and avian influenza in Asia, and the HIV pandemic, they provide a series of examples that demonstrate the various social, behavioural and environmental factors of these recent infectious disease outbreaks. They then analyse some of these same determinants in important historical epidemics and pandemics such as plague in medieval Europe, and conclude that it is important to better understand the social conditions that facilitate the appearance of diseases outbreaks in order to determine why and how societies react to outbreaks and their impact on different population groups.,��https://www.ncbi.nlm.nih.gov/pubmed/15906882���Heymann, David L
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Survivors/psychology���Apr»��Challenges arising from epidemic infectious disease outbreaks can be more effectively met if traditional public health is enhanced by sociology. The focus is normally on biomedical aspects, the surveillance and sentinel systems for infectious diseases, and what needs to be done to bring outbreaks under control quickly. Social factors associated with infectious disease outbreaks are often neglected and the aftermath is ignored. These factors can affect outbreak severity, its rate and extent of spread, influencing the welfare of victims, their families, and their communities. We propose an agenda for research to meet the challenges of infectious disease outbreaks. What social factors led to the outbreak? What social factors affected its severity and rate and extent of spread? How did individuals, social groups, and the state react to it? What are the short- and long-term effects on individuals, social groups, and the larger society? What programs can be put in place to help victims, their families, and affected communities to cope with the consequences--impaired mental and physical health, economic losses, and disrupted communities? Although current research on infectious disease outbreaks pays attention to social factors related to causation, severity, rate and extent of spread, those dealing with the "social chaos" arising from outbreaks are usually neglected. Inclusion, by combining traditional public health with sociological analysis, will enrich public health theory and understanding of infectious disease outbreaks. Our approach will help develop better programs to combat outbreaks and equally important, to help survivors, their families, and their communities cope better with the aftermath.,��https://www.ncbi.nlm.nih.gov/pubmed/15906881���Phua, Kai-Lit
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Viral Proteins/genetics���Oct���Menangle virus (MenV), isolated in 1997 from stillborn piglets during an outbreak of reproductive disease at a large commercial piggery, is the only new paramyxovirus to be identified in Australia since Hendra virus in 1994. Following partial characterisation of the MenV genome, we previously showed that MenV is a novel member of the genus Rubulavirus. Here we report the characterisation of the large (L) polymerase gene and the adjacent 5' trailer region of MenV, which completes the full-length genome sequence of this novel paramyxovirus (15,516 nucleotides), and thereby confirm its taxonomic position within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/15906105���Bowden, T R
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Viral Envelope Proteins/chemistry/genetics/*immunology/*physiology���Jun���Hendra virus (HeV) and Nipah virus (NiV) are closely related emerging viruses comprising the Henipavirus genus of the Paramyxovirinae, which are distinguished by their ability to cause fatal disease in both animal and human hosts. These viruses infect cells by a pH-independent membrane fusion event mediated by their attachment (G) and fusion (F) glycoproteins. Previously, we reported on HeV- and NiV-mediated fusion activities and detailed their host-cell tropism characteristics. These studies also suggested that a common cell surface receptor, which could be destroyed by protease, was utilized by both viruses. To further characterize the G glycoprotein and its unknown receptor, soluble forms of HeV G (sG) were constructed by replacing its cytoplasmic tail and transmembrane domains with an immunoglobulin kappa leader sequence coupled to either an S-peptide tag (sG(S-tag)) or myc-epitope tag (sG(myc-tag)) to facilitate purification and detection. Expression of sG was verified in cell lysates and culture supernatants by specific affinity precipitation. Analysis of sG by size exclusion chromatography and sucrose gradient centrifugation demonstrated tetrameric, dimeric, and monomeric species, with the majority of the sG released as a disulfide-linked dimer. Immunofluorescence staining revealed that sG specifically bound to HeV and NiV infection-permissive cells but not to a nonpermissive HeLa cell line clone, suggesting that it binds to virus receptor on host cells. Preincubation of host cells with sG resulted in dose-dependent inhibition of both HeV and NiV cell fusion as well as infection by live virus. Taken together, these data indicate that sG retains important native structural features, and we further demonstrate that administration of sG to rabbits can elicit a potent cross-reactive neutralizing antibody response against infectious HeV and NiV. This HeV sG glycoprotein will be exceedingly useful for structural studies, receptor identification strategies, and vaccine development goals for these important emerging viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/15890907°��Bossart, Katharine N
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alpha Karyopherins/metabolism���May���The Nipah virus V and W proteins, which are encoded by the P gene via RNA editing, have a common N-terminal domain but unique C-terminal domains. They localize to the cytoplasm and nucleus, respectively, and have both been shown to function as inhibitors of JAK/STAT signaling. Here we report that V and W proteins also block virus activation of the beta interferon (IFN-beta) promoter and the IFN regulatory factor 3 (IRF3)-responsive IFN-stimulated gene 54 promoter. Surprisingly, only W protein shows strong inhibition of promoter activation in response to stimulation of Toll-like receptor 3 (TLR3) by extracellular double-stranded RNA. This activity is dependent on the nuclear localization of W protein. Within the unique C-terminal domain of W protein, we have identified a nuclear localization signal (NLS) that requires basic residues at positions 439, 440, and 442. This NLS is responsible for mediating the preferential interaction of W protein with karyopherin-alpha 3 and karyopherin-alpha 4. Nuclear localization of W protein therefore enables it to target both virus and TLR3 pathways, whereas the cytoplasmic V protein is restricted to inhibiting the virus pathway. We propose that this discrepancy is in part due to the V protein being less able to block signaling in response to the kinase, TBK-1, whereas both V and W can prevent promoter activation in response to IKKepsilon. We demonstrate that, when the TLR3 pathway is stimulated, the levels of phosphorylated IRF3 are reduced in the presence of W protein but not V protein, confirming the differential effects of these proteins and illustrating that W protein-mediated inhibition is due to a loss of active IRF3.,��https://www.ncbi.nlm.nih.gov/pubmed/15857993ê��Shaw, Megan L
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Zoonoses/transmission���Mar*��Some of the key features of Hendra and Nipah viruses are summarized in Table 1. The appearance of these new viruses over the last 10 years emphasizes a number of issues. (1) Epidemics of human infectious diseases can occur unexpectedly and with high impact in terms of morbidity and mortality. (2) We do not know what epidemiologic factors conspire to allow these viruses to stray out of their bat reservoirs into the two different intermediate hosts (horses and pigs) and then into humans. (3) We do not know how long these viruses have been present in the bat population, where they originated from, or if they are present in other parts of the world. (4)There may be other viruses waiting for similar opportunities to cross species.(5) It is unlikely that we have seen the last of these and related viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15763222���McCormack, Joseph G
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Zoonoses/*epidemiology/*transmission/virology���Dec¢��Nipah virus (NiV), emerged in Peninsular Malaysia, caused an outbreak of severe febrile encephalitis in humans and respiratory diseases in pigs between 1998 and 1999. By May of 1999, the death of 105 humans and the culling of about 1.1 million pigs were reported. Fruitbats of Pteropid species were identified as the natural reservoir hosts. The epidemiological studies suggested that NiV was introduced into pig farms by fruitbats, and was than transmitted to humans (mainly pig farmers) and other animals such as dogs, cats and horses. In 2004, NiV reappeared in Bangladesh with greater lethality. In contrast to the Malaysia case, epidemiologic characteristics of this outbreak suggested the possibility of fruitbats-to-person, or person-to-person transmission. In this article, the epidemiological comparison between two outbreaks in Malaysia and Bangladesh, and the new-trends of virological studies of NiV will be discussed.,��https://www.ncbi.nlm.nih.gov/pubmed/15745162a��Kaku, Yoshihiro
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Viral Fusion Proteins/chemistry/genetics/*metabolism���Mar���Nipah virus (NiV), a highly pathogenic member of the family Paramyxoviridae, encodes the surface glycoproteins F and G. Since internalization of the NiV envelope proteins from the cell surface might be of functional importance for viral pathogenesis either by regulating cytopathogenicity or by modulating recognition of infected cells by the immune system, we analyzed the endocytosis of the NiV F and G proteins. Interestingly, we found both glycoproteins to be internalized in infected and transfected cells. As endocytosis is normally mediated by tyrosine- or dileucine-dependent signals in the cytoplasmic tails of transmembrane proteins, all potential internalization signals in the NiV glycoproteins were mutated. Whereas the G protein appeared to be constitutively internalized with the bulk flow during membrane turnover, uptake of the F protein was found to be signal mediated. F endocytosis clearly depended on a membrane-proximal YXXPhi motif and was found to be of functional importance for the biological activity of the protein.,��https://www.ncbi.nlm.nih.gov/pubmed/15731282É��Vogt, Carola
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Viral Fusion Proteins/chemistry/genetics/*immunology/isolation & purification���Mar 30x��The glycoprotein (G) of Nipah virus (NiV) is important for virus infectivity and induction of the protective immunity. In this study, the extra-cellular domain of NiV G protein was fused with hexahistidine residues at its N-terminal end and expressed in Escherichia coli. The expression under transcriptional regulation of T7 promoter yielded insoluble protein aggregates in the form of inclusion bodies. The inclusion bodies were solubilized with 8 M urea and the protein was purified to homogeneity under denaturing conditions using nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatography. The denatured protein was renatured by gradual removal of the urea. Light scattering analysis of the purified protein showed primarily monodispersity. The purified protein showed significant reactivity with the antibodies present in the sera of NiV-infected swine, as demonstrated in Western blot analysis and enzyme-linked immunosorbent assay (ELISA). Taken together, the data indicate the potential usefulness of the purified G protein for structural or functional studies and the development of immunoassay for detection of the NiV antibodies.,��https://www.ncbi.nlm.nih.gov/pubmed/15707682Û��Eshaghi, Majid
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�There are huge numbers of wild animals distributed throughout the world and the diversity of wildlife species is immense. Each landscape and habitat has a kaleidoscope of niches supporting an enormous variety of vertebrate and invertebrate species, and each species or taxon supports an even more impressive array of macro- and micro-parasites. Infectious pathogens that originate in wild animals have become increasingly important throughout the world in recent decades, as they have had substantial impacts on human health, agricultural production, wildlife-based economies and wildlife conservation. The emergence of these pathogens as significant health issues is associated with a range of causal factors, most of them linked to the sharp and exponential rise of global human activity. Among these causal factors are the burgeoning human population, the increased frequency and speed of local and international travel, the increase in human-assisted movement of animals and animal products, changing agricultural practices that favour the transfer of pathogens between wild and domestic animals, and a range of environmental changes that alter the distribution of wild hosts and vectors and thus facilitate the transmission of infectious agents. Two different patterns of transmission of pathogens from wild animals to humans are evident among these emerging zoonotic diseases. In one pattern, actual transmission of the pathogen to humans is a rare event but, once it has occurred, human-to-human transmission maintains the infection for some period of time or permanently. Some examples of pathogens with this pattern of transmission are human immunodeficiency virus/acquired immune deficiency syndrome, influenza A, Ebola virus and severe acute respiratory syndrome. In the second pattern, direct or vector-mediated animal-to-human transmission is the usual source of human infection. Wild animal populations are the principal reservoirs of the pathogen and human-to-human disease transmission is rare. Examples of pathogens with this pattern of transmission include rabies and other lyssaviruses, Nipah virus, West Nile virus, Hantavirus, and the agents of Lyme borreliosis, plague, tularemia, leptospirosis and ehrlichiosis. These zoonotic diseases from wild animal sources all have trends that are rising sharply upwards. In this paper, the authors discuss the causal factors associated with the emergence or re-emergence of these zoonoses, and highlight a selection to provide a composite view of their range, variety and origins. However, most of these diseases are covered in more detail in dedicated papers elsewhere in this Review.,��https://www.ncbi.nlm.nih.gov/pubmed/15702716���Bengis, R G
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*Zoonoses���Oct1��The last three decades have seen an alarming number of high-profile outbreaks of new viruses and other pathogens, many of them emerging from wildlife. Recent outbreaks of SARS, avian influenza, and others highlight emerging zoonotic diseases as one of the key threats to global health. Similar emerging diseases have been reported in wildlife populations, resulting in mass mortalities, population declines, and even extinctions. In this paper, we highlight three examples of emerging pathogens: Nipah and Hendra virus, which emerged in Malaysia and Australia in the 1990s respectively, with recent outbreaks caused by similar viruses in India in 2000 and Bangladesh in 2004; West Nile virus, which emerged in the New World in 1999; and amphibian chytridiomycosis, which has emerged globally as a threat to amphibian populations and a major cause of amphibian population declines. We discuss a new, conservation medicine approach to emerging diseases that integrates veterinary, medical, ecologic, and other sciences in interdisciplinary teams. These teams investigate the causes of emergence, analyze the underlying drivers, and attempt to define common rules governing emergence for human, wildlife, and plant EIDs. The ultimate goal is a risk analysis that allows us to predict future emergence of known and unknown pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/15604464¬��Daszak, Peter
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Time Factors���Decí��Fifty years ago, the age-old scourge of infectious disease was receding in the developed world in response to improved public health measures, while the advent of antibiotics, better vaccines, insecticides and improved surveillance held the promise of eradicating residual problems. By the late twentieth century, however, an increase in the emergence and re-emergence of infectious diseases was evident in many parts of the world. This upturn looms as the fourth major transition in human-microbe relationships since the advent of agriculture around 10,000 years ago. About 30 new diseases have been identified, including Legionnaires' disease, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), hepatitis C, bovine spongiform encephalopathy (BSE)/variant Creutzfeldt-Jakob disease (vCJD), Nipah virus, several viral hemorrhagic fevers and, most recently, severe acute respiratory syndrome (SARS) and avian influenza. The emergence of these diseases, and resurgence of old ones like tuberculosis and cholera, reflects various changes in human ecology: rural-to-urban migration resulting in high-density peri-urban slums; increasing long-distance mobility and trade; the social disruption of war and conflict; changes in personal behavior; and, increasingly, human-induced global changes, including widespread forest clearance and climate change. Political ignorance, denial and obduracy (as with HIV/AIDS) further compound the risks. The use and misuse of medical technology also pose risks, such as drug-resistant microbes and contaminated equipment or biological medicines. A better understanding of the evolving social dynamics of emerging infectious diseases ought to help us to anticipate and hopefully ameliorate current and future risks.,��https://www.ncbi.nlm.nih.gov/pubmed/15577934s��Weiss, Robin A
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Swine���Octd��The immunohistochemical reactivity of seven clones of mouse monoclonal antibodies raised to Nipah virus antigens were investigated using formalin-fixed, paraffin embedded porcine and equine lung tissues from experimental Nipah and Hendra virus infection, respectively. Either microwave irradiation or enzymatic digestion effectively unmasked the viral antigens in formalin-fixed, paraffin-embedded tissue sections. Four clones showed positive reaction to both Nipah virus-infected porcine lung tissue and Hendra virus-infected equine lung tissue. Two clones (11F6 and 13A5) reacted with Nipah virus-infected porcine lung tissue, but not with Hendra virus-infected equine lung tissue. These Nipah virus-specific monoclonal antibodies may therefore be useful for immunohistological diagnosis of Nipah virus infection and for further research on Nipah virus pathogenesis.,��https://www.ncbi.nlm.nih.gov/pubmed/15528861���Tanimura, Nobuhiko
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Sequence Homology, Amino Acid���Dec 5é��A database search for genes encoding paramyxoviral proteins revealed sequences that were designated as human but presented strong evidence of being of viral origin. The two cDNA-derived sequences designated AngRem104 and AngRem52 were originally described as human gene products that were upregulated by angiotensin II in primary mesangial kidney cells. However, their high degree of sequence relatedness to known viral proteins suggests that they represent the P/C/V, M, and F genes of a putative new member of family Paramyxoviridae. Comparison of deduced amino acid sequences and nucleotide motifs suggests that this putative virus is a divergent relative of the Hendra and Nipah viruses; hence, we suggest henipa-like virus or HNLV as a provisional name. Compared to Nipah virus, the percentage of identical (similar) amino acids varied from 19% (42%) for the C protein to 51% (75%) for the M protein. The presence and conservation of presumptive viral transcription start and stop signals and an apparent P editing motif also indicate a relationship of this putative virus to the henipaviruses. Given the highly pathogenic nature of the henipaviruses, the origin of these sequences is enigmatic, and attempts to identify and isolate HNLV are warranted.,��https://www.ncbi.nlm.nih.gov/pubmed/15527844µ��Schomacker, Henrick
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Virus Replication���Mar[��Hendra virus is one of two virus species within the newly-formed genus Henipavirus, subfamily Paramxyovirinae. It is a designated select agent with potential biosecurity threat to both human and animal health. Quantitative real-time PCR was used to measure viral RNA synthesis in Vero cells infected by Hendra virus, and to examine the inhibitory effect of ribavirin. It was also used to determine the points of attenuation during transcription of the six viral genes N, P, M, F, G and L by targeting amplicons located towards the 3' end of each gene. Major increases in viral RNA and virus yield occurred between 4 to 8 h and 8 to 10 h post infection, respectively. The effect of ribavirin was examined at a range of concentrations up to 400 microm. At 50 microm, RNA synthesis was reduced 9 fold, and virus yield 58 fold. As expected for a member of the order Mononegavirales, a gradient of transcription was observed in Hendra virus-infected cells. There was significant attenuation at the M-F and G-L junctions, more closely resembling Sendai virus (genus Respirovirus) than measles virus (genus Morbillivirus).,��https://www.ncbi.nlm.nih.gov/pubmed/15526144���Wright, P J
Crameri, G
Eaton, B T
eng
Austria
2004/11/05 09:00
Arch Virol. 2005 Mar;150(3):521-32. doi: 10.1007/s00705-004-0417-5. Epub 2004 Oct 29.%��0304-8608 (Print)
0304-8608 (Linking)���15526144s��CSIRO Livestock Industries, Australian Animal Health Laboratory, Geelong, Australia. Peter.Wright@med.monash.edu.au���10.1007/s00705-004-0417-5����|��üÒ|ÿî?À���0��Eshaghi, M.
Tan, W. S.
Mohidin, T. B.
Yusoff, K.���2004P��Nipah virus glycoprotein: production in baculovirus and application in diagnosis���71-6	��Virus Res���106���1���Antibodies, Viral/*analysis
Antigens, Viral/chemistry/*immunology
Baculoviridae/genetics/metabolism
Cell Line
Encephalitis, Viral/*diagnosis
Enzyme-Linked Immunosorbent Assay
Genetic Vectors
*Glycoproteins/immunology
Nipah Virus/*genetics/immunology
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Viral Fusion Proteins/chemistry/genetics/*physiology���Sepï��Nipah virus (NiV), a highly pathogenic paramyxovirus, causes a systemic infection in vivo and is able to replicate in cultured cells of many species and organs. Such pantropic paramyxoviruses generally encode fusion (F) proteins with multibasic cleavage sites activated by furin or other ubiquitous intracellular host cell proteases. In contrast, NiV has an F protein with a single arginine (R109) at the cleavage site, as is the case with paramyxoviruses that are activated by trypsin-like proteases only present in specific cells or tissues and therefore only cause localized infections. Unlike these viruses, cleavage of the NiV F protein is ubiquitous and does not require the addition of exogenous proteases in cell culture. To determine the importance of the amino acid sequence at the NiV F protein cleavage site for ubiquitous activation, we generated NiV F proteins with mutations around R109. Surprisingly, neither the exchange of amino acids upstream of R109 nor replacement of the basic residue itself interfered with F cleavage. Thus, R109 is not essential for F cleavage and activation. Our data demonstrate that NiV F-protein activation depends on a novel type of proteolytic cleavage that has not yet been described for any other paramyxovirus F protein. NiV F activation is mediated by a ubiquitous protease that requires neither a monobasic nor a multibasic cleavage site and therefore differs from the furin- or trypsin-like proteases known to activate other ortho- and paramyxovirus fusion proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15331703ß��Moll, Markus
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Zoonoses/*epidemiology/transmission���Sep|��It is well recognized that most emerging diseases of humans are zoonotic, and that the forces working to create emerging diseases in humans are also operating in animal populations. However, what is often overlooked is that emerging human diseases are usually preceded by the emergence of the same pathogen in an animal population. In fact, the developing disease in animals acts as a link allowing the disease to take hold and wreck havoc in public health. Numerous examples--Rift Valley fever, monkeypox, Nipah, and Ebola--serve to underscore this linkage and to highlight the increasing interconnectedness of animal and human health.,��https://www.ncbi.nlm.nih.gov/pubmed/15325066���Torres-Velez, Fernando
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Viral Fusion Proteins/*metabolism���Sep ��Proteolytic cleavage of the Hendra virus fusion (F) protein results in the formation of disulfide-linked F1 and F2 subunits, with cleavage occurring after residue K109 in the sequence GDVK/L. This unusual cleavage site and efficient propagation of Hendra virus in a furin-deficient cell line indicate that the Hendra F protein is not cleaved by furin, the protease responsible for proteolytic activation of many viral fusion proteins. To identify the subcellular site of Hendra F processing, Vero cells transfected with pCAGGS-Hendra F or pCAGGS-SV5 F were metabolically labeled and chased in the absence and presence of inhibitors of exocytosis. The addition of carbonyl-cyanide-3-chlorophenylhydrazone, monensin, brefeldin A, or NaF-AlCl3 or incubation of cells at 20 degrees C all inhibited processing of the Hendra F protein, suggesting that cleavage of Hendra F occurs either in secretory vesicles budding from the trans-Golgi network or at the cell surface. In contrast to proteolytic cleavage of the simian virus 5 (SV5) F protein by the Ca(2+)-dependent protease furin, proteolytic cleavage of the Hendra F protein was not significantly inhibited by decreases in Ca2+ levels following incubation with EGTA or A23187. However, in the presence of weak amines and H+ V-ATPase inhibitors, known to raise intracellular pH, cleavage of Hendra F protein was inhibited while processing of the SV5 F protein was not significantly affected. The subcellular location, sensitivity to pH changes, and decreased Ca2+ requirement suggest that the protease responsible for cleavage of Hendra F protein differs from proteases previously shown to be involved in the processing of other viral glycoproteins.,��https://www.ncbi.nlm.nih.gov/pubmed/15308711ð��Pager, Cara Theresia
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Taq Polymerase���Sep 15���Nipah and Hendra viruses belong to the novel Henipavirus genus of the Paramyxoviridae family. Its zoonotic circulation in bats and recent emergence in Malaysia with fatal consequences for humans that were in close contact with infected pigs, has made the reinforcement of epidemiological and clinical surveillance systems a priority. In this study, TaqMan RT-PCR of the Nipah nucleoprotein has been developed so that Nipah virus RNA in field specimens or laboratory material can be characterized rapidly and specifically and quantitated. The linearity of the standard curve allowed quantification of 10(3) to 10(9) RNA transcripts. The sensitivity of the test was close to 1 pfu. The kinetics of Nipah virus production in Vero cells was monitored by the determination of infectious virus particles in the supernatant fluid and by quantitation of the viral RNA. Approximately, 1000 RNA molecules were detected per virion, suggesting the presence of many non-infectious particles, similar to other RNA viruses. TaqMan real-time RT-PCR failed to detect Hendra virus DNA. Importantly, the method was able to detect virus despite a similar ratio in viremic sera from hamsters infected with Nipah virus. This standardized technique is sensitive and reliable and allows rapid detection and quantitation of Nipah RNA in both field and experimental materials used for the surveillance and specific diagnosis of Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/15288966-��Guillaume, Vanessa
Lefeuvre, Annabelle
Faure, Caroline
Marianneau, Philippe
Buckland, Robin
Lam, Sai Kit
Wild, T Fabian
Deubel, Vincent
eng
Evaluation Studies
Research Support, Non-U.S. Gov't
Netherlands
2004/08/04 05:00
J Virol Methods. 2004 Sep 15;120(2):229-37. doi: 10.1016/j.jviromet.2004.05.018.%��0166-0934 (Print)
0166-0934 (Linking)���15288966R��INSERM U.404, Institut Pasteur, CERVI, IFR 128, Biosciences, Lyon-Gerland, France.���10.1016/j.jviromet.2004.05.018�������üÖ|ÿî?É������Rodriguez, J. J.
Horvath, C. M.���2004n��Host evasion by emerging paramyxoviruses: Hendra virus and Nipah virus v proteins inhibit interferon signaling���210-9
��Viral Immunol���17���2ø��Antigens, Viral/*pharmacology
DNA-Binding Proteins/metabolism
Hendra Virus/*chemistry/drug effects
Humans
Interferons/antagonists & inhibitors/*pharmacology
Nipah Virus/*chemistry/drug effects/metabolism
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Tissue Fixation���Aug-OctY��Formalin-fixed, paraffin wax-embedded tissues of three Malaysian farm pigs naturally infected with Nipah virus were used to investigate the value of anti-Nipah virus mouse monoclonal antibodies (Mabs) and rabbit polyclonal antibody for immunohistochemical diagnosis. Mabs 11F6 and 12A5 gave intense immunolabelling in lung tissue that had been fixed in 10% neutral buffered formalin for about 4 years, whereas the reactivity of Mabs 13A5 and 18C4 and polyclonal antibody was reduced significantly by long-term formalin fixation. Immunohistochemical examination of Malaysian farm pig samples with Mab 11F6 confirmed the affinity of Nipah virus for respiratory epithelium, renal glomerular and tubular epithelium, meningeal arachnoidal cells, and systemic vascular endothelium and smooth muscle. In addition, Nipah virus antigens were identified in laryngeal epithelial cells, Schwann cells of peripheral nerve fascicles in the spleen, and endothelial cells in the atrioventricular valve. The study demonstrated the value of Mabs 11F6 and 12A5 for the immunohistochemical diagnosis of Nipah virus infection in pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/15276859Ö��Tanimura, N
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Viral Fusion Proteins/chemistry/genetics/metabolism/*physiology���JulÏ��Nipah virus (NiV), a new member of the Paramyxoviridae, codes for a fusion (F) protein with five potential N-glycosylation sites. Because glycans are known to be important structural components affecting the conformation and function of viral glycoproteins, we analyzed the effect of the deletion of N-linked oligosaccharides on cell surface transport, proteolytic cleavage, and the biological activity of the NiV F protein. Each of the five potential glycosylation sites was removed either individually or in combination, revealing that four sites are actually utilized (g2 and g3 in the F(2) subunit and g4 and g5 in the F(1) subunit). While the removal of g2 and/or g3 had no or little effect on cleavage, surface transport, and fusion activity, the elimination of g4 or g5 reduced the surface expression by more than 80%. Similar to a mutant lacking all N-glycans, g4 deletion mutants in which the potential glycosylation site was destroyed by introducing a glycine residue were neither cleaved nor transported to the cell surface and consequently were not able to mediate cell-to-cell fusion. This finding indicates that in the absence of g4, the amino acid sequence around position 414 is important for folding and transport.,��https://www.ncbi.nlm.nih.gov/pubmed/15194804¬��Moll, Markus
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Viral Proteins/*chemistry���Jun#��Hendra virus (HeV) and Nipah virus (NiV) are members of a new genus, Henipavirus, in the family paramyxoviridae. Each virus encodes a phosphoprotein (P) that is significantly larger than its counterparts in other known paramyxoviruses. The interaction of this unusually large P with its nucleocapsid protein (N) was investigated in this study by using recombinant full-length and truncated proteins expressed in bacteria and a modified protein-blotting protein-overlay assay. Results from our group demonstrated that the N and P of both viruses were able to form not only homologous, but also heterologous, N-P complexes, i.e. HeV N was able to interact with NiV P and vice versa. Deletion analysis of the N and P revealed that there were at least two independent N-binding sites on P and they resided at the N and C termini, respectively. Similarly, more than one P-binding site was present on N and one of these was mapped to a 29 amino acid (aa) C-terminal region, which on its own was sufficient to interact with the extreme C-terminal 165 aa region of P.,��https://www.ncbi.nlm.nih.gov/pubmed/15166452§��Chan, Y P
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X-Ray Diffraction���Jun&��Highly conserved heptad-repeat (HR1 and HR2) regions in class I viral fusion (F) proteins, including the F protein from paramyxovirus, interact with each other post-fusion to form a six-helix bundle called a fusion core. Crystals of the fusion core of Nipah virus have been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.1 angstroms resolution at 100 K in-house. The crystals have unit-cell parameters a = 31.664, b = 31.725, c = 51.256 angstroms, alpha = 80.706, beta = 86.343, gamma = 65.812 degrees and belong to space group P1. Crystals of the fusion core of Hendra virus have also been grown at 291 K using PEG 4000 as precipitant. The diffraction pattern of the crystal extends to 2.0 angstroms resolution at 100 K in-house. A selenomethionine (SeMet) derivative of the HeV fusion core was overexpressed using the same Escherichia coli expression system and purified. The derivative crystals were obtained under similar conditions and three different wavelength data sets were collected to 2.0 angstroms resolution from the derivative crystal at BSRF (Beijing Synchrotron Radiation Facility). The crystals have unit-cell parameters a = 31.997, b = 31.970, c = 53.865 angstroms, alpha = 85.990, beta = 85.842, gamma = 68.245 degrees and belong to space group P1.,��https://www.ncbi.nlm.nih.gov/pubmed/15159588���Xu, Yanhui
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�Over the last decade, there was noted a large advancement of knowledge on living organisms and their products posing a potential occupational risk. Novel risk factors, often new to science, were identified, the role and significance of already known factors better comprehended, and occupational groups endangered by biological hazards more thoroughly recognized. Novel viruses and prions, emerging in different parts of the world, may pose a particular threat to health and life of health care workers, agriculture workers and veterinarians. A new coronavirus (SCoV) that evoked a rapid outbreak of disease described as severe acute respiratory syndrome (SARS) in the first half of 2003 may serve as an example. The disease was particularly common among health care workers. Previously discovered zoonotic viruses, Nipah virus in pigs and Hendra virus in horses, may be a cause of fatal encephalitis in animal farmers. Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and laboratory workers. Prions responsible for inducing a zoonotic variant of Creutzfeldt-Jakob disease (vCJD) are considered to be a potential cause of work-related infections in agricultural and health care workers, however, this assumption has not as yet been supported by any conclusive evidence. In many countries, blood-borne occupational infections with hepatitis C virus (HCV) is the major epidemiological problem among health care workers, mostly because no vaccine against this virus has been produced to date. Vaccinations effectively restricted the number of occupational infections with hepatitis B virus (HBV), and work-related infections with human immunodeficiency virus (HIV) causing acquired immunodeficiency syndrome (AIDS) are very rare. Hazardous bioserosols, occurring in many work environments, pose an occupational health hazard of particular importance. Many new biological factors present in organic dusts that may induce work-related allergic and immunotoxic diseases among farmers and workers of the agricultural and wood industries have been identified. Droplet aerosols, which are generated from water, oils, oil-water emulsions and other liquids in various work environments, may contain infectious agents (Legionella spp.) as well as allergic and/or toxic agents. It has been shown that allergens and endotoxins produced by Gram-negative bacteria occurring in oil mist from metalworking fluids may cause occupational respiratory diseases in workers of the metallurgic industry.,��https://www.ncbi.nlm.nih.gov/pubmed/15156765_��Dutkiewicz, Jacek
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United Kingdom���May-JunÐ��INTRODUCTION: Selected tablet-treated elderly type 2 subjects with very poor glycaemic control may experience improvements in well-being after starting twice-daily insulin. In this study, the health status, mood, and treatment satisfaction of diabetic subjects with poor control on oral medication were assessed before and after being randomised to one of two insulin regimens. METHODOLOGY: Fifty-seven type 2 subjects with poor glycaemic control (HBA(1c) 9.7%) were randomised to continue tablets (Group l), twice-daily isophane insulin (Group 2), or basal/bolus isophane/lispro insulin (Group 3). Health status, treatment satisfaction, and mood were measured at baseline, 1, 3, and 6 months. RESULTS: Mean HBA(1c) levels were lower in Groups 1 and 3 at 6 months (P<.02 and.03, respectively) but not Group 2 (P=.2). Mean health status scores did not differ between the groups at any time point. In Group 3, significant within-subject improvements occurred in six domains of the SF-36 at 1 month, four domains at 3 months, and six domains at 6 months. There were no significant within-subject changes in health status scores in the other groups. Mean anxiety scores improved in both Groups 1 and 3 over 6 months, and mean depression scores also improved in Group 3 during the study. CONCLUSIONS: Small improvements in health status and mood may be associated with basal/bolus, but not twice-daily, insulin in elderly type 2 subjects. These effects may be independent of glycaemic control.,��https://www.ncbi.nlm.nih.gov/pubmed/15145325ð��Hendra, Timothy J
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Viral Proteins/*physiology���Junc��In previous reports it was demonstrated that the Nipah virus V and W proteins have interferon (IFN) antagonist activity due to their ability to block signaling from the IFN-alpha/beta receptor (J. J. Rodriguez, J. P. Parisien, and C. M. Horvath, J. Virol. 76:11476-11483, 2002; M. S. Park et al., J. Virol. 77:1501-1511, 2003). The V, W, and P proteins are all encoded by the same viral gene and share an identical 407-amino-acid N-terminal region but have distinct C-terminal sequences. We now show that the P protein also has anti-IFN function, confirming that the common N-terminal domain is responsible for the antagonist activity. Truncation of this N-terminal domain revealed that amino acids 50 to 150 retain the ability to block IFN and to bind STAT1, a key component of the IFN signaling pathway. Subcellular localization studies demonstrate that the V and P proteins are predominantly cytoplasmic whereas the W protein is localized to the nucleus. In all cases, STAT1 colocalizes with the corresponding Nipah virus protein. These interactions are sufficient to inhibit STAT1 activation, as demonstrated by the lack of STAT1 phosphorylation on tyrosine 701 in IFN-stimulated cells expressing P, V, or W. Therefore, despite their common STAT1-binding domain, the Nipah virus V and P proteins act by retaining STAT1 in the cytoplasm while the W protein sequesters STAT1 in the nucleus, creating both a cytoplasmic and a nuclear block for STAT1. We also show that the IFN antagonist activity of the P protein is not as strong as that of V or W, perhaps explaining why Nipah virus has evolved to express these two edited products.,��https://www.ncbi.nlm.nih.gov/pubmed/15140960ë��Shaw, Megan L
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Transcription, Genetic+��Hendra virus (HENV) and Nipah virus (NIPV) are classified in the new genus Henipavirus, within the subfamily Paramyxovirinae, family Paramyxoviridae. The genetic and biological characteristics that differentiate henipaviruses from other members of the subfamily are summarized. Although they do not display neuraminidase and hemagglutination activities and in that regard resemble viruses in the genus Morbillivirus, several recent observations highlight similarities between henipaviruses and respiroviruses (genus Respirovirus) in structure and replication strategy. First, three-dimensional modeling studies suggest that the external globular head domain of the HENV G protein resembles that of respiroviruses rather than morbilliviruses. Second, the pattern of transcriptional attenuation in HENV-infected cells resembles that observed with Sendai virus, a respirovirus, and differs from that found in cells infected with measles virus, a morbillivirus. Henipaviruses have a broad host range in vitro and in vivo, indicating wide distribution of cellular receptor molecules. The extensive host range has been confirmed in a quantitative in vitro cell-fusion assay using recombinant vaccinia viruses expressing the attachment and fusion proteins of HENV and NIPV. Cell lines of diverse origin and which are permissive in the in vitro cell fusion assay have been identified and the pattern of relative susceptibilities is the same for both HENV and NIPV, implying that both viruses use the same cell receptor. Protease treatment of permissive cells destroys their ability to fuse with cells expressing viral envelope glycoproteins. Virus overlay protein binding assay (VOPBA) and radio-immune precipitation assays confirm that both HENV and NIPV bind to membrane proteins in the 35-50 kD range. Treatment of cell membrane proteins with N-glycosidase eliminates HeV binding activity in VOPBA whereas treatment with neuraminidase has no effect on binding. Thus preliminary evidence suggests that NIPV and HENV bind to the same glycoprotein receptor via a non-sialic acid-dependant mechanism.,��https://www.ncbi.nlm.nih.gov/pubmed/15119767���Eaton, B T
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Paramyxoviridae/*isolation & purification/pathogenicityq��Several novel viruses recently described in bats of the genus Pteropus (sub-order Megachiroptera) in Australia and southeast Asia cause encephalitic disease in animals and humans. These viruses include Hendra virus and Nipah virus (genus Henipavirus, family Paramyxoviridae) and Australian bat lyssavirus (ABLV; genus Lyssavirus, family Rhabdoviridae). Broadly, strategies for disease prevention and control in the spillover host are directed at minimising direct or indirect contact with the natural host, improving farm-gate and on-farm biosecurity, and better disease recognition and diagnosis. Additional strategies for ABLV include the use of rabies vaccine for effective pre- and post-exposure prophylaxis in humans. Effective management strategies in the natural host are predicated on an understanding of the ecology of the disease in the natural host, and the identification and avoidance of factors putatively associated with emergence, such as habitat loss, land use change and demographic shifts. A possible future management strategy for ABLV in reservoir populations is immunisation using bait or plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/15119766g��Field, H
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Zoonoses±��Three newly recognized encephalitogenic zoonotic viruses spread from fruit bats of the genus Pteropus (order Chiroptera, suborder Megachiroptera) have been recognised over the past decade. These are: Hendra virus, formerly named equine morbillivirus, which was responsible for an outbreak of disease in horses and humans in Brisbane, Australia, in 1994; Australian bat lyssavirus, the cause of a severe acute encephalitis, in 1996; and Nipah virus, the cause of a major outbreak of encephalitis and pulmonary disease in domestic pigs and people in peninsula Malaysia in 1999. Hendra and Nipah viruses have been shown to be the first two members of a new genus, Henipavirus, in the family Paramyxoviridae, subfamily Paramyxovirinae, whereas Australian bat lyssavirus is closely related antigenically to classical rabies virus in the genus Lyssavirus, family Rhabdoviridae, although it can be distinguished on genetic grounds. Hendra and Nipah viruses have neurological and pneumonic tropisms. The first humans and equids with Hendra virus infections died from acute respiratory disease, whereas the second human patient died from an encephalitis. With Nipah virus, the predominant clinical syndrome in humans was encephalitic rather than respiratory, whereas in pigs, the infection was characterised by acute fever with respiratory involvement with or without neurological signs. Two human infections with Australian bat lyssavirus have been reported, the clinical signs of which were consistent with classical rabies infection and included a diffuse, non-suppurative encephalitis. Many important questions remain to be answered regarding modes of transmission, pathogenesis, and geographic range of these viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15119765���Mackenzie, J S
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*Zoonoses7��The emergence of zoonotic viruses maintained by wildlife reservoir hosts is poorly understood. Recent discoveries of Hendra (HENV) and Nipah (NIPV) viruses in Australasia and the emergence of epidemic West Nile virus (WNV) in the United States have added urgency to the study of cross-species transmission. The processes by which zoonotic viruses are transmitted and infect other species are examined as four transitions. Two of these, inter-species contact and cross-species virus transmission (spillover), are essential and sufficient to cause epidemic emergence. Sustained transmission and virus adaptation within the spillover host are transitions not required for virus emergence, but determine the magnitude and scope of subsequent disease outbreaks. Ecologic, anthropogenic, and evolutionary factors modify the probability that viruses complete or move through transitions. As surveillance for wildlife diseases is rare and often outbreak-driven, targeted studies are required to elucidate the means by which important zoonotic viruses are maintained and spillover occurs.,��https://www.ncbi.nlm.nih.gov/pubmed/15119758Q��Childs, J E
eng
Review
Austria
2004/05/04 05:00
Arch Virol Suppl. 2004;(18):1-11.%��0939-1983 (Print)
0939-1983 (Linking)���15119758°��Viral and Rickettsial Zoonoses Branch, National Center for Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia 30333, USA. jameschilds@comcast.net���2��þÖ|ÿî?Ø������Bossart, K. N.
Broder, C. C.���2004K��Viral glycoprotein-mediated cell fusion assays using vaccinia virus vectors���309-32���Methods Mol Biol���269Ò��Cell Fusion/*methods
Cell Line
Genetic Vectors
Membrane Glycoproteins/biosynthesis/metabolism/*physiology
Vaccinia virus/genetics/*physiology
Viral Envelope Proteins/physiology
Viral Fusion Proteins/*physiology%��The vaccinia virus-based expression of viral envelope glycoprotein genes-derived from enveloped viruses that infect their respective host cells through a pH-independent mechanism of membrane fusion-has been a powerful tool in helping to characterize these important attachment and fusion proteins. The cellular expression of these viral envelope glycoproteins has allowed for the measurement of membrane fusion events using cell-cell fusion or syncytia formation. This method has been enhanced by the addition of a reporter-gene system to the vaccinia virus-based cell-cell fusion assay. This improvement has provided a high-throughput and quantitative aspect to this assay, which can serve as a surrogate for virus entry and is therefore ideally suited in the characterization of numerous enveloped viruses, including biological safety level-4 (BSL-4) agents. This chapter will detail the methods of the vaccinia virus-based reporter-gene fusion assay and how it may be used to characterize the fusion mediated by the BSL-4-classified Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/15114023®��Bossart, Katharine N
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Viral Proteins/*chemistry���Mayd��The V proteins of Nipah virus and Hendra virus have been demonstrated to bind to cellular STAT1 and STAT2 proteins to form high-molecular-weight complexes that inhibit interferon (IFN)-induced antiviral transcription by preventing STAT nuclear accumulation. Analysis of the Nipah virus V protein has revealed a region between amino acids 174 and 192 that functions as a CRM1-dependent nuclear export signal (NES). This peptide is sufficient to complement an export-defective human immunodeficiency virus Rev protein, and deletion and substitution mutagenesis revealed that this peptide is necessary for both V protein shuttling and cytoplasmic retention of STAT1 and STAT2 proteins. However, the NES is not required for V-dependent IFN signaling inhibition. IFN signaling is blocked primarily by interaction between Nipah virus V residues 100 to 160 and STAT1 residues 509 to 712. Interaction with STAT2 requires a larger Nipah virus V segment between amino acids 100 and 300, but deletion of residues 230 to 237 greatly reduced STAT2 coprecipitation. Further, V protein interactions with cellular STAT1 is a prerequisite for STAT2 binding, and sequential immunoprecipitations demonstrate that V, STAT1, and STAT2 can form a tripartite complex. These findings characterize essential regions for Henipavirus V proteins that represent potential targets for therapeutic intervention.,��https://www.ncbi.nlm.nih.gov/pubmed/15113915·��Rodriguez, Jason J
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Viral Structural Proteins/*chemistry/physiology���MayÅ��The paramyxovirus family includes many well-known human and animal pathogens as well as emerging viruses such as Hendra virus and Nipah virus. The V protein of simian virus 5 (SV5), a prototype of the paramyxoviruses, contains a cysteine-rich C-terminal domain which is conserved among all paramyxovirus V proteins. The V protein can block both interferon (IFN) signaling by causing degradation of STAT1 and IFN production by blocking IRF-3 nuclear import. Previously, it was reported that recombinant SV5 lacking the C terminus of the V protein (rSV5VDeltaC) induces a severe cytopathic effect (CPE) in tissue culture whereas wild-type (wt) SV5 infection does not induce CPE. In this study, the nature of the CPE and the mechanism of the induction of CPE were investigated. Through the use of DNA fragmentation, terminal deoxynucleotidyltransferase-mediated dUTP-biotin nick end labeling, and propidium iodide staining assays, it was shown that rSV5VDeltaC induced apoptosis. Expression of wt V protein prevented apoptosis induced by rSV5VDeltaC, suggesting that the V protein has an antiapoptotic function. Interestingly, rSV5VDeltaC induced apoptosis in U3A cells (a STAT1-deficient cell line) and in the presence of neutralizing antibody against IFN, suggesting that the induction of apoptosis by rSV5VDeltaC was independent of IFN and IFN-signaling pathways. Apoptosis induced by rSV5VDeltaC was blocked by a general caspase inhibitor, Z-VAD-FMK, but not by specific inhibitors against caspases 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 13, suggesting that rSV5VDeltaC-induced apoptosis can occur in a caspase 12-dependent manner. Endoplasmic reticulum stress can lead to activation of caspase 12; compared to the results seen with mock and wt SV5 infection, rSV5VDeltaC infection induced ER stress, as demonstrated by increased expression levels of known ER stress indicators GRP 78, GRP 94, and GADD153. These data suggest that rSV5VDeltaC can trigger cell death by inducing ER stress.,��https://www.ncbi.nlm.nih.gov/pubmed/15113888���Sun, Minghao
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Zoonoses���Mar¿��To study the replication of Nipah virus (NiV), a minigenome replication assay that does not require the use of infectious virus was developed. The minigenome was constructed to encode a NiV vRNA analogue containing the gene for chloramphenicol acetyltransferase (CAT) under the control of putative NiV transcription motifs and flanked by the NiV genomic termini. CAT protein was detected only when plasmids encoding the NiV minigenome, nucleocapsid protein (N), phosphoprotein (P) and polymerase protein (L) were transfected into CV1 cells. To determine whether NiV conforms to the rule of six, a series of plasmids encoding minigenomes that differed in length by a single nucleotide was tested in the replication assay. CAT production was detected only with the minigenome whose length was an even multiple of six. The replication assay was also used to show that the N, P and L proteins of NiV recognize cis-acting sequences in the genomic termini of Hendra virus (HeV) but not measles virus. While these results suggest that NiV uses a replication strategy that is similar to those of other paramyxoviruses, they also support the inclusion of NiV and HeV in a separate genus within the subfamily Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/14993656­��Halpin, Kim
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Viral Proteins/*chemistry/genetics���Nov 7s��Measles virus is a negative-sense, single-stranded RNA virus belonging to the Mononegavirales order which comprises several human pathogens such as Ebola, Nipah, and Hendra viruses. The phosphoprotein of measles virus is a modular protein consisting of an intrinsically disordered N-terminal domain (Karlin, D., Longhi, S., Receveur, V., and Canard, B. (2002) Virology 296, 251-262) and of a C-terminal moiety (PCT) composed of alternating disordered and globular regions. We report the crystal structure of the extreme C-terminal domain (XD) of measles virus phosphoprotein (aa 459-507) at 1.8 A resolution. We have previously reported that the C-terminal domain of measles virus nucleoprotein, NTAIL, is intrinsically unstructured and undergoes induced folding in the presence of PCT (Longhi, S., Receveur-Brechot, V., Karlin, D., Johansson, K., Darbon, H., Bhella, D., Yeo, R., Finet, S., and Canard, B. (2003) J. Biol. Chem. 278, 18638-18648). Using far-UV circular dichroism, we show that within PCT, XD is the region responsible for the induced folding of NTAIL. The crystal structure of XD consists of three helices, arranged in an anti-parallel triple-helix bundle. The surface of XD formed between helices alpha2 and alpha3 displays a long hydrophobic cleft that might provide a complementary hydrophobic surface to embed and promote folding of the predicted alpha-helix of NTAIL. We present a tentative model of the interaction between XD and NTAIL. These results, beyond presenting the first measles virus protein structure, shed light both on the function of the phosphoprotein at the molecular level and on the process of induced folding.,��https://www.ncbi.nlm.nih.gov/pubmed/12944395ø��Johansson, Kenth
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*Virus Diseases/drug therapy/genetics/prevention & control���Aug 15ð��Certain viruses, such as those that cause smallpox and hemorrhagic fevers, have been identified as possible bioterrorism agents by the Centers for Disease Control and Prevention. They have been designated as potential threats because large quantities can be propagated in cell culture, they are transmissible as aerosols and, for the most part, there are only limited vaccine and pharmaceutical strategies for either prevention or treatment of established infection. An additional concern is the potential to genetically modify these agents to enhance virulence or promote resistance to vaccines or identified antivirals. Although the major impact of these agents is human illness, the release of zoonotic agents, such as the Nipah virus, would have consequences for both humans and animals because infected and noninfected animals might need to be sacrificed to control the spread of infection. Continued research is necessary to develop effective strategies to limit the impact of these biological threats.,��https://www.ncbi.nlm.nih.gov/pubmed/12944096v��Bronze, Michael S
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Zoonoses/*transmissioné��Porcine organs, cells and tissues provide a viable source of transplants in humans, though there is some concern of public health risk from adaptation of swine infectious agents in humans. Limited information is available on the public health risk of many exogenous swine viruses, and reliable and rapid diagnostic tests are available for only a few of these. The ability of several porcine viruses to cause transplacental fetal infection (parvoviruses, circoviruses, and arteriviruses), emergence or recognition of several new porcine viruses during the last two decades (porcine circovirus, arterivirus, paramyxoviruses, herpesviruses, and porcine respiratory coronavirus) and the immunosuppressed state of the transplant recipients increases the xenozoonoses risk of humans to porcine viruses through transplantation. Much of this risk can be eliminated with vigilance and sustained monitoring along with a better understanding of pathogenesis and development of better diagnostic tests. In this review we present information on selected exogenous viruses, highlighting their characteristics, pathogenesis of viral infections in swine, methods for their detection, and the potential xenozoonoses risk they present. Emphasis has been given in this review to swine influenza virus, paramyxovirus (Nipah virus, Menagle virus, LaPiedad paramyxovirus, porcine paramyxovirus), arterivirus (porcine reproductive and respiratory syndrome virus) and circovirus as either they represent new swine viruses or present the greatest risk. We have also presented information on porcine parvovirus, Japanese encephalitis virus, encephalomyocarditis virus, herpesviruses (pseudorabies virus, porcine lymphotropic herpesvirus, porcine cytomegalovirus), coronaviruses (TGEV, PRCV, HEV, PEDV) and adenovirus. The potential of swine viruses to infect humans needs to be assessed in vitro and in vivo and rapid and more reliable diagnostic methods need to be developed to assure safe supply of porcine tissues and cells for xenotransplantation.,��https://www.ncbi.nlm.nih.gov/pubmed/12934944���Paul, P S
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Zoonoses���Jung��Paramyxoviruses are responsible for a wide variety of diseases both in humans and in animals. Common to many paramyxoviruses is the fact that they can cause neurological symptoms in their final host. Newly discovered paramyxoviruses, such as the Hendra and Nipah viruses, show the same pattern of pathogenesis as that of the paramyxoviruses already known. Canine distemper virus (CDV) is a well-studied member of the genus Morbillivirus. Study of the neuropathogenesis of CDV might give insight into disease mechanisms and suggest approaches for the prevention of other recently discovered paramyxovirus infections.,��https://www.ncbi.nlm.nih.gov/pubmed/12885204º��Griot, Christian
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Zoonoses���JulÞ��BACKGROUND: Viral encephalitis occurs in epidemic settings or is sporadic. New encephalitis patterns reflect the roles that biologic reservoirs and vectors play in determining virus-human interactions. "New" viral encephalitis can also result from human host modifications that increase susceptibility to neuroinvasive viral infection. REVIEW SUMMARY: Three human viruses, Nipah virus, Human Herpesvirus-6, and West Nile virus, present examples of how "new" viral encephalitides emerge in a specific geographic region or clinical setting. Nipah virus encephalitis emerged after the molecular evolution of a new zoonotic viral genus within the Paramyxovirinae family. Human herpesvirus-6 encephalitis has emerged in the immune suppressed human host harboring this ubiquitous but typically benign herpesvirus. West Nile virus encephalitis has emerged in the Western hemisphere after apparent abrupt translocation of this mosquito-borne virus to a distant geographic region with immunologically naive avian and human hosts. CONCLUSION: While the clinical features of these viral encephalitides are somewhat distinct, they each emerged as the result of human-derived factors that altered the biologic dynamic between humans and their viral pathogens.,��https://www.ncbi.nlm.nih.gov/pubmed/12864929{��McCarthy, Micheline
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West Nile virus/pathogenicity���Jun?��PURPOSE OF REVIEW: The exotic and emerging viral encephalitides are caused by animal or human viruses and characterised by sudden unexpected outbreaks of neurological disease, usually in tropical and sub-tropical regions, but sometimes spreading to temperate areas. Although a wide range of viruses come within this label, as this review highlights, there are common research questions as to the origin and spread of the viruses, the contribution of viral and host factors to the clinical presentations and outcome, and the possibilities for treatment and vaccination. RECENT FINDINGS: During 2002, North America experienced the largest ever outbreak of West Nile encephalitis; a poliomyelitis-like flaccid paralysis due to West Nile virus was recognised, and transfusion-related infections were documented. Globally, Japanese encephalitis virus is the most important emerging viral encephalitis; interferon alpha was not effective against Japanese encephalitis in a double-blind placebo-controlled trial, but new chimeric vaccines are in development. Recent work suggests Japanese encephalitis virus originated in the Indonesia-Malaysia region, and spread from there. The origin of Nipah virus, which caused an encephalitis outbreak in Malaysia in 1998, is not known, but flying foxes have been identified as a natural host. Enterovirus 71 continues to cause large outbreaks of hand foot and mouth disease across Asia, associated with neurological and systemic complications; recent work has focused on the pathogenesis of these complications. SUMMARY: Disease surveillance remains important for the early recognition and containment of encephalitis outbreaks. Detailed clinical and laboratory studies will help answer the key questions, but there is a need to ensure the results translate to real benefits for the communities affected by these diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/12858080���Solomon, Tom
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Workforce���May���The Epidemic Intelligence Service (EIS) was created in 1951 to provide epidemiologists to investigate natural and intentional disease epidemics. From an initial class of 23 U.S. citizens, the program has evolved into a globally recognized, hands-on learning experience, accepting approximately 65 to 75 new officers each year. The first U.S. military epidemic intelligence service officer (EISO) was accepted into the program in 1994. Since that time, 12 such officers have completed, or have begun, EIS training. They have comprised 2.1% of all EISOs from 1994 to 2001 and 0.47% of all EISOs. This total has included nine Air Force veterinarians, one Army veterinarian, one Army physician, and one Navy physician. Each military EISO had the opportunity to lead investigations of significant public health events (e.g., Ebola, monkeypox, malaria, Nipah virus, West Nile fever, and anthrax outbreaks). All graduates from the military returned to active duty assignments in operational medical units, research institutes, or the intelligence community.,��https://www.ncbi.nlm.nih.gov/pubmed/12775171���Noah, Donald L
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Specimen Handling/*methods���May9��During the outbreak of Nipah virus encephalitis involving pigs and humans in peninsular Malaysia in 1998/1999, a conventional approach was initially undertaken to collect specimens from fruit bats by mist-netting and shooting, as an integral part of wildlife surveillance of the natural reservoir host of Nipah virus. This study describes a novel method of collecting fruit bats' urine samples using plastic sheets for isolation of Nipah virus. This novel approach resulted in the isolation of several other known and unidentified infectious agents besides Nipah virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12758277Q��Chua, Kaw Bing
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Zoonoses/virology���Apr^��New viral infections of the nervous system have been appearing with great regularity. Some result from the evolution of new agents and others from the entry of viruses into new hosts or environments. The emergence of neurovirulent enteroviruses causing a paralytic poliomyelitis syndrome and rhomboencephalitis represent the evolution of new human viruses. Most emerging viral infections represent movement of an agent into new geographic areas or across species barriers. The transport of neurovirulent strains of West Nile virus into the Western Hemisphere and the penetration of Nipah virus, a newly recognized paramyxovirus, across species barriers from bat to pig to man are examples that are highlighted in this review. The burgeoning human population and the speed and frequency of travel favor the evolution, preservation, and spread of new viral agents.,��https://www.ncbi.nlm.nih.gov/pubmed/12707845q��Johnson, Richard T
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*Respirovirus Infections/diagnosis/epidemiology/physiopathology���Apr6��Human parainfluenza viruses (HPIV) were first discovered in the late 1950s. Over the last decade, considerable knowledge about their molecular structure and function has been accumulated. This has led to significant changes in both the nomenclature and taxonomic relationships of these viruses. HPIV is genetically and antigenically divided into types 1 to 4. Further major subtypes of HPIV-4 (A and B) and subgroups/genotypes of HPIV-1 and HPIV-3 have been described. HPIV-1 to HPIV-3 are major causes of lower respiratory infections in infants, young children, the immunocompromised, the chronically ill, and the elderly. Each subtype can cause somewhat unique clinical diseases in different hosts. HPIV are enveloped and of medium size (150 to 250 nm), and their RNA genome is in the negative sense. These viruses belong to the Paramyxoviridae family, one of the largest and most rapidly growing groups of viruses causing significant human and veterinary disease. HPIV are closely related to recently discovered megamyxoviruses (Hendra and Nipah viruses) and metapneumovirus.,��https://www.ncbi.nlm.nih.gov/pubmed/12692097Z��Henrickson, Kelly J
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*Zoonoses���Since 1994, a number of novel viruses have been described from bats in Australia and Malaysia, particularly from fruit bats belonging to the genus Pteropus (flying foxes), and it is probable that related viruses will be found in other countries across the geographical range of other members of the genus. These viruses include Hendra and Nipah viruses, members of a new genus, Henipaviruses, within the family Paramyxoviridae; Menangle and Tioman viruses, new members of the Rubulavirus genus within the Paramyxoviridae; and Australian bat lyssavirus (ABLV), a member of the Lyssavirus genus in the family Rhabdoviridae. All but Tioman virus are known to be associated with human and/or livestock diseases. The isolation, disease associations and biological properties of the viruses are described, and are used as the basis for developing management strategies for disease prevention or control. These strategies are directed largely at disease minimization through good farm management practices, reducing the potential for exposure to flying foxes, and better disease recognition and diagnosis, and for ABLV specifically, the use of rabies vaccine for pre- and post-exposure prophylaxis. Finally, an intriguing and long-term strategy is that of wildlife immunization through plant-derived vaccination.,��https://www.ncbi.nlm.nih.gov/pubmed/12675937r��Mackenzie, J S
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Swine Diseases/*epidemiology/transmission/virology���AprÔ��Nipah virus, a novel paramyxovirus, closely related to Hendra virus emerged in northern part of Peninsular Malaysia in 1998. The virus caused an outbreak of severe febrile encephalitis in humans with a high mortality rate, whereas, in pigs, encephalitis and respiratory diseases but with a relatively low mortality rate. The outbreak subsequently spread to various regions of the country and Singapore in the south due to the movement of infected pigs. Nipah virus caused systemic infections in humans, pigs and other mammals. Histopathological and radiological findings were characteristic of the disease. Fruitbats of Pteropid species were identified as the natural reservoir hosts. Evidence suggested that climatic and anthropogenic driven ecological changes coupled with the location of piggeries in orchard and the design of pigsties allowed the spill-over of this novel paramyxovirus from its reservoir host into the domestic pigs and ultimately to humans and other animals.,��https://www.ncbi.nlm.nih.gov/pubmed/12637075[��Chua, Kaw Bing
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Retrospective Studies
Swine���Jan=��INTRODUCTION: Between September 1998 and June 1999, there was a severe outbreak of viral encephalitis among the pig farm workers in Malaysia. METHODS: This is a review of the published literature related to the outbreak with the focus on human diseases. RESULTS: The encephalitis was caused by a newly discovered paramyxovirus related to Hendra virus, later named Nipah virus. There were 265 patients with acute encephalitis. The disease is thought to spread from pig to man through close contact. The risk of human-to-human spread is thought to below. The disease affected mainly adult Chinese males, half of whom had affected family members. The disease presented mainly as acute encephalitis with a short incubation period of less than two weeks, with the main symptoms of fever, headache, and giddiness followed by coma. Distinctive clinical signs include segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia. Initial cerebrospinal fluid was abnormal in 75% of patients. Serology was helpful in confirming the diagnosis. Magnetic resonance imaging showed distinctive changes of multiple, discrete, and small high signal lesions, best seen with fluid-attenuated inversion recovery (FLAIR) sequences. Mortality was high at 40% and death was probably due to severe brainstem involvement. The main necropsy finding in acute encephalitis was that of disseminated microinfarction associated with vasculitis and direct neuronal involvement. Ribavirin was able to reduce the mortality by 36%. Relapse encephalitis was seen in 7.5% of those who recovered from acute encephalitis, and late-onset encephalitis in 3.4% of those with initial non-encephalitic or asymptomatic diseases. The mean interval between initial illness and the onset of the complication was 8.4 months. The relapse and late-onset encephalitis which manifested as focal encephalitis arose from recurrent infection. CONCLUSION: Nipah virus, a recently discovered paramyxovirus, causes a unique encephalitis with high mortality as well as relapse and late-onset encephalitis. The infection is mainly spread from pigs to man.,��https://www.ncbi.nlm.nih.gov/pubmed/12625108_��Tan, C T
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Ticks/*virology���Apr¥��Hendra virus is a new virus of the family Paramyxoviridae. This virus was first detected in Queensland, Australia, in 1994; although, it seems that the virus has infected fruit-eating bats (flying-foxes) for a very long time. At least 2 humans and 15 horses have been killed by this virus since it first emerged as a virus that may infect mammals other than flying-foxes. Hendra virus is thought to have moved from flying-foxes to horses, and then from horses to people. There is a reasonably strong hypothesis for horse-to-human transmission: transmission of virus via nasal discharge, saliva and/or urine. In contrast, there is no strong hypothesis for flying-fox-to-human transmission. I present evidence that the Australian paralysis tick, Ixodes holocyclus, which has apparently only recently become a parasite of flying-foxes, may transmit Hendra virus and perhaps related viruses from flying-foxes to horses and other mammals.,��https://www.ncbi.nlm.nih.gov/pubmed/12615503F��Barker, S C
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Zoonoses/epidemiology/virology���Jan���Nipah virus, a newly emerging deadly paramyxovirus isolated during a large outbreak of viral encephalitis in Malaysia, has many of the physical attributes to serve as a potential agent of bioterrorism. The outbreak caused widespread panic and fear because of its high mortality and the inability to control the disease initially. There were considerable social disruptions and tremendous economic loss to an important pig-rearing industry. This highly virulent virus, believed to be introduced into pig farms by fruit bats, spread easily among pigs and was transmitted to humans who came into close contact with infected animals. From pigs, the virus was also transmitted to other animals such as dogs, cats, and horses. The Nipah virus has the potential to be considered an agent of bioterrorism.,��https://www.ncbi.nlm.nih.gov/pubmed/12615307|��Lam, Sai-Kit
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Tumor Necrosis Factor-alpha/*metabolism���Marí��Simian virus 5 (SV5) is a member of the paramyxovirus family, which includes emerging viruses such as Hendra virus and Nipah virus as well as many important human and animal pathogens that have been known for years. SV5 encodes eight known viral proteins, including a small hydrophobic integral membrane protein (SH) of 44 amino acids. SV5 without the SH gene (rSV5deltaSH) is viable, and growth of rSV5deltaSH in tissue culture cells and viral protein and mRNA production in rSV5deltaSH-infected cells are indistinguishable from those of the wild-type SV5 virus. However, rSV5deltaSH causes increased cytopathic effect (CPE) and apoptosis in MDBK cells and is attenuated in vivo, suggesting the SH protein plays an important role in SV5 pathogenesis. How rSV5deltaSH induces apoptosis in infected cells has been examined in this report. Tumor necrosis factor alpha (TNF-alpha), a proinflammatory cytokine, was detected in culture media of rSV5deltaSH-infected cells. Apoptosis induced by rSV5deltaSH was inhibited by neutralizing antibodies against TNF-alpha and TNF-alpha receptor 1 (TNF-R1), suggesting that TNF-alpha played an essential role in rSV5deltaSH-induced apoptosis in a TNF-R1-dependent manner. Examination of important proteins in the TNF-alpha signaling pathway showed that p65, a major NF-kappaB subunit whose activation can lead to transcription of TNF-alpha, was first translocated to the nucleus and was capable of binding to DNA and then was targeted for degradation in rSV5deltaSH-infected cells while expression levels of TNF-R1 remained relatively constant. Thus, rSV5deltaSH induced cell death by activating TNF-alpha expression, possibly through activation of the NF-kappaB subunit p65 and then targeting p65 for degradation, leading to apoptosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12610112���Lin, Yuan
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Virus Replication���Mar?��Nipah virus, which was first recognized during an outbreak of encephalitis with high mortality in Peninsular Malaysia during 1998-1999, is most closely related to Hendra virus, another emergent paramyxovirus first recognized in Australia in 1994. We have studied the morphologic features of Nipah virus in infected Vero E6 cells and human brain by using standard and immunogold electron microscopy and ultrastructural in situ hybridization. Nipah virions are enveloped particles composed of a tangle of filamentous nucleocapsids and measured as large as 1900 nm in diameter. The nucleocapsids measured up to 1.67 microm in length and had the herringbone structure characteristic for paramyxoviruses. Cellular infection was associated with multinucleation, intracytoplasmic nucleocapsid inclusions (NCIs), and long cytoplasmic tubules. Previously undescribed for other members of the family Paramyxoviridae, infected cells also contained an inclusion formed of reticular structures. Ultrastructural ISH studies suggest these inclusions play an important role in the transcription process.,��https://www.ncbi.nlm.nih.gov/pubmed/12606080Ý��Goldsmith, Cynthia S
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Viral Proteins/chemistry/genetics/*metabolism���MarS��Hendra (HeV) and Nipah (NiV) viruses are newly emerged, zoonotic viruses and their genomes have nucleotide and predicted amino acid homologies placing them in the subfamily Paramyxoviridae. The polymerase-associated phosphoproteins (P proteins) of paramyxoviruses have been shown, by direct and indirect methods, to be highly phosphorylated. In this study, a comprehensive comparison of in vivo phosphorylation of HeV and NiV P proteins, derived from virus particles, was achieved by a direct approach using electrospray ionization ion trap mass spectrometry (ESI-IT-MS). Phosphorylation sites for the P proteins were determined at Ser-224 and Thr-239 in HeV and at Ser-240 and Ser-472 in NiV. These phosphorylation patterns do not appear to be consistent with those reported for other paramyxoviruses. Protein V, a product of a frame shift in the P protein gene, was identified by specific antibodies in HeV preparations but not in NiV. HeV V protein was found to contain phosphoserine but not phosphothreonine. In addition, P proteins from both viruses were found to be modified by N-terminal acetylation.,��https://www.ncbi.nlm.nih.gov/pubmed/12606076���Shiell, Brian J
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Time���Jan���The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.,��https://www.ncbi.nlm.nih.gov/pubmed/12486285Ý��Lim, C C T
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Ventilators, Mechanical���SepÃ��Long-term MV, delivered by way of a tracheostomy or noninvasive mask, often is indicated in patients with restrictive or neuromuscular pulmonary diseases and occasionally in patients with severe obstructive hypercapnic respiratory failure. Regardless of the mode of ventilation, respiratory physiology seems to be significantly impacted in these patients. Although the effects of ventilation can be unpredictable, they often seem to be favorable. Selected patients can develop increased sensitivity to hypercapnia, with subsequent improvements in blood gas tensions and decreased pulmonary artery pressures, which result in augmented cardiac function and greater tolerance to exercise. The patient-ventilator interaction, mode of ventilation, and degree of support should be considered when managing these patients. For some patients, particularly patients with fibrotic lung disease or COPD, chronic MV likely does not alter pathophysiology or improve prognosis.,��https://www.ncbi.nlm.nih.gov/pubmed/12481966k��Hendra, Katherine
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*Zoonoses���Dec8��In 1998, an outbreak of acute encephalitis with high mortality rates among pig handlers in Malaysia led to the discovery of a novel paramyxovirus named Nipah virus. A multidisciplinary investigation that included epidemiology, microbiology, molecular biology, and pathology was pivotal in the discovery of this new human infection. Clinical and autopsy findings were derived from a series of 32 fatal human cases of Nipah virus infection. Diagnosis was established in all cases by a combination of immunohistochemistry (IHC) and serology. Routine histological stains, IHC, and electron microscopy were used to examine autopsy tissues. The main histopathological findings included a systemic vasculitis with extensive thrombosis and parenchymal necrosis, particularly in the central nervous system. Endothelial cell damage, necrosis, and syncytial giant cell formation were seen in affected vessels. Characteristic viral inclusions were seen by light and electron microscopy. IHC analysis showed widespread presence of Nipah virus antigens in endothelial and smooth muscle cells of blood vessels. Abundant viral antigens were also seen in various parenchymal cells, particularly in neurons. Infection of endothelial cells and neurons as well as vasculitis and thrombosis seem to be critical to the pathogenesis of this new human disease.,��https://www.ncbi.nlm.nih.gov/pubmed/12466131\��Wong, Kum Thong
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Viral Envelope Proteins/genetics/*metabolism���Novª��Nipah virus (NiV) and Hendra virus (HeV) are novel paramyxoviruses from pigs and horses, respectively, that are responsible for fatal zoonotic infections of humans. The unique genetic and biological characteristics of these emerging agents has led to their classification as the prototypic members of a new genus within the Paramyxovirinae subfamily called HENIPAVIRUS: These viruses are most closely related to members of the genus Morbillivirus and infect cells through a pH-independent membrane fusion event mediated by the actions of their attachment (G) and fusion (F) glycoproteins. Understanding their cell biological features and exploring the functional characteristics of the NiV and HeV glycoproteins will help define important properties of these emerging viruses and may provide new insights into paramyxovirus membrane fusion mechanisms. Using a recombinant vaccinia virus system and a quantitative assay for fusion, we demonstrate NiV glycoprotein function and the same pattern of cellular tropism recently reported for HeV-mediated fusion, suggesting that NiV likely uses the same cellular receptor for infection. Fusion specificity was verified by inhibition with a specific antiserum or peptides derived from the alpha-helical heptads of NiV or HeV F. Like that of HeV, NiV-mediated fusion also requires both F and G. Finally, interactions between the glycoproteins of the paramyxoviruses have not been well defined, but here we show that the NiV and HeV glycoproteins are capable of highly efficient heterotypic functional activity with each other. However, no heterotypic activity was observed with envelope glycoproteins of the morbilliviruses Measles virus and Canine distemper virus.,��https://www.ncbi.nlm.nih.gov/pubmed/12388678Ô��Bossart, Katharine N
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Tan, Wen Siang
Hassan, Sharifah Syed
Mohd Lila, Mohd Azmi
Yusoff, Khatijah
eng
England
2002/10/19 04:00
J Biochem Mol Biol Biophys. 2002 Oct;6(5):347-50. doi: 10.1080/1025814021000013994.%��1025-8140 (Print)
1025-8140 (Linking)���12385971���Department of Biochemistry and Microbiology, Faculty of Science and Environmental Studies, Universiti Putra Malaysia, 43400 UPM, Serdang, Selangor, Malaysia.���10.1080/1025814021000013994���®��þÒ|ÿþ?�������Guertler, L.���20029��Virus safety of human blood, plasma, and derived products���S39-45
��Thromb Res���107 Suppl 1Û��Animals
Blood/virology
Blood Transfusion/standards
Blood-Borne Pathogens/*classification
Humans
Plasma/virology
PrPSc Proteins
Sterilization/methods
*Transfusion Reaction
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Tomography, Emission-Computed, Single-Photon���Jun£��An outbreak of infection with the Nipah virus, a novel paramyxovirus, occurred among pig farmers between September 1998 and June 1999 in Malaysia, involving 265 patients with 105 fatalities. This is a follow-up study 24 months after the outbreak. Twelve survivors (7.5%) of acute encephalitis had recurrent neurological disease (relapsed encephalitis). Of those who initially had acute nonencephalitic or asymptomatic infection, 10 patients (3.4%) had late-onset encephalitis. The mean interval between the first neurological episode and the time of initial infection was 8.4 months. Three patients had a second neurological episode. The onset of the relapsed or late-onset encephalitis was usually acute. Common clinical features were fever, headache, seizures, and focal neurological signs. Four of the 22 relapsed and late-onset encephalitis patients (18%) died. Magnetic resonance imaging typically showed patchy areas of confluent cortical lesions. Serial single-photon emission computed tomography showed the evolution of focal hyperperfusion to hypoperfusion in the corresponding areas. Necropsy of 2 patients showed changes of focal encephalitis with positive immunolocalization for Nipah virus antigens but no evidence of perivenous demyelination. We concluded that a unique relapsing and remitting encephalitis or late-onset encephalitis may result as a complication of persistent Nipah virus infection in the central nervous system.,��https://www.ncbi.nlm.nih.gov/pubmed/12112075D��Tan, Chong Tin
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Swine Diseases/epidemiology/virology���Apr-Jun¾��In the interval 1994-1999, in Australia, Malaysia and Singapore, epizootic and epidemiological episodes of meningoencephalitis and severe acute respiratory syndromes were reported. Highly lethal in horses, swine and humans, the episodes were proved to be caused by the "new" viruses Hendra (HeV) and Nipah (NiV). At the same time three "new" viral agents have been isolated: Lyssavirus, Menanglevirus and Tupaia paramyxovirus. The intense contemporary circulation of people, animals and food products together with changes in human ecosystem favor new relations between humans and the "natural reservoirs" of biologic agents with a pathogenic potential for domestic and peridomestic animals and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/12089991z��Ivan, A
Indrei, L L
rum
English Abstract
Romania
2002/07/02 10:00
Rev Med Chir Soc Med Nat Iasi. 2000 Apr-Jun;104(2):51-5.%��0048-7848 (Print)
0048-7848 (Linking)���12089991r��Emergenta bolilor transmisibile, proces in continua evolutie--un nou tip de meningoencefalita cu etiologie virala.k��Facultatea de Medicina Disciplina de Epidemiologie, Universitatea de Medicina si Farmacie Gr. T. Popa Iasi.�����üÒ|ÿþ?���� ��McCormack, J. G.
Allworth, A. M.���2002&��Emerging viral infections in Australia���45-9
��Med J Aust���177���1Ê��Adult
Aged
Animals
Australia/epidemiology
Encephalitis Virus, Murray Valley
Encephalitis, Japanese/epidemiology
Female
Horse Diseases/epidemiology
Horses
Humans
Lyssavirus
Male
Middle Aged
Paramyxoviridae Infections/*epidemiology/veterinary
*Paramyxovirinae
*Respirovirus
Respirovirus Infections/*epidemiology/veterinary
Rhabdoviridae Infections/*epidemiology/veterinary
Swine
Swine Diseases/epidemiology
West Nile Fever/epidemiology
West Nile virus
Zoonoses���Jul 1s��Hendra virus infection should be suspected in someone with close association with horses or bats who presents acutely with pneumonia or encephalitis (potentially after a prolonged incubation period). Australian bat lyssavirus infection should be suspected in a patient with a progressive neurological illness and a history of exposure to a bat. Rabies vaccine and immunoglobulin should be strongly considered after a bite, scratch or mucous membrane exposure to a bat. Japanese encephalitis vaccine should be considered for people intending to reside in or visit endemic areas of southern or eastern Asia for more than 30 days.,��https://www.ncbi.nlm.nih.gov/pubmed/12088481~��McCormack, Joseph G
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Viral Vaccines/administration & dosage���Apr 25×��Nipah virus (NV) and Hendra virus (HV) are recently emergent, related viruses that can cause severe disease in humans and animals. The goal of this study was to investigate the immunogenic and functional properties of the fusion (F) and attachment (G) glycoproteins of NV. Vaccination of mice with recombinant vaccinia viruses (rVVs) expressing either the F (rVV/NV-F) or G (rVV/NV-G) proteins of NV induced neutralizing antibody responses to NV, with higher titers produced after vaccination with rVV/NV-G. When the homologous pairs of F and G proteins from either HV or NV were coexpressed in a transient expression system, fusion was detected in less than 12 h. An equivalent amount of fusion was observed when the heterologous pairs of F and G proteins from HV and NV were coexpressed. Membrane fusion was inhibited by antiserum from mice vaccinated with rVV/NV-G and rVV/NV-F. Therefore, as with other paramyxoviruses, the membrane glycoproteins of NV are the targets of neutralizing antibodies and membrane fusion mediated by NV requires the presence of both the F and the G proteins. Data from these biological assays support the taxonomic grouping of both HV and NV in the new genus, Henipavirus, within the family Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/12036330º��Tamin, Azaibi
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Trachea/pathology/virology���Feb-Apr°��A human isolate of Nipah virus from an outbreak of febrile encephalitis in Malaysia that coincided with a field outbreak of disease in pigs was used to infect eight 6-week-old pigs orally or subcutaneously and two cats oronasally. In pigs, the virus induced a respiratory and neurological syndrome consistent with that observed in the Malaysian pigs. Not all the pigs showed clinical signs, but Nipah virus was recovered from the nose and oropharynx of both clinically and sub-clinically infected animals. Natural infection of in-contact pigs, which was readily demonstrated, appeared to be acute and self-limiting. Subclinical infections occurred in both inoculated and in-contact pigs. Respiratory and neurological disease was also produced in the cats, with recovery of virus from urine as well as from the oropharynx. The clinical and pathological syndrome induced by Nipah virus in cats was comparable with that associated with Hendra virus infection in this species, except that in fatal infection with Nipah virus there was extensive inflammation of the respiratory epithelium, associated with the presence of viral antigen. Viral shedding via the nasopharynx, as observed in pigs and cats in the present study, was not a regular feature of earlier reports of experimental Hendra virus infection in cats and horses. The findings indicate the possibility of field transmission of Nipah virus between pigs via respiratory and oropharyngeal secretions.,��https://www.ncbi.nlm.nih.gov/pubmed/11945001Ç��Middleton, D J
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Vero Cells���May 1Ù��Emerging infectious diseases involving zoonosis have become important global health problems. The 1998 outbreak of severe febrile encephalitis among pig farmers in Malaysia caused by a newly emergent paramyxovirus, Nipah virus, is a good example. This disease has the potential to spread to other countries through infected animals and can cause considerable economic loss. The clinical presentation includes segmental myoclonus, areflexia, hypertension, and tachycardia, and histologic evidence includes endothelial damage and vasculitis of the brain and other major organs. Magnetic resonance imaging has demonstrated the presence of discrete high-signal-intensity lesions disseminated throughout the brain. Nipah virus causes syncytial formation in Vero cells and is antigenically related to Hendra virus. The Island flying fox (Pteropus hypomelanus; the fruit bat) is a likely reservoir of this virus. The outbreak in Malaysia was controlled through the culling of >1 million pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/11938496t��Lam, Sai Kit
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Zoonoses���Febï��Following the Nipah virus (NV) outbreak in March 1999 in Singapore, a serological survey was undertaken to screen individuals potentially exposed to NV. Blood samples were tested for NV IgM, IgG and neutralizing antibodies. Twenty-two (1.5%) of 1469 people tested had antibodies suggesting NV infection. Although 12 of the 22 infected people (54.6%) were symptomatic, the remaining 10 (45.4%) were clinically well and had no past history of compatible pulmonary or neurological disease. Clinical and serological findings suggested three people had been infected with NV before the outbreak was recognized. All those who were infected were male abattoir workers. None of the people who had contact with horses, and no healthcare workers exposed to infected patients and their specimens had detectable antibodies. This study provides evidence that NV causes asymptomatic infection. All of the antibody positive individuals had direct contact with pigs and there was no evidence of human to human transmission.,��https://www.ncbi.nlm.nih.gov/pubmed/11895096���Chan, K P
Rollin, P E
Ksiazek, T G
Leo, Y S
Goh, K T
Paton, N I
Sng, E H
Ling, A E
eng
England
2002/03/16 10:00
Epidemiol Infect. 2002 Feb;128(1):93-8.%��0950-2688 (Print)
0950-2688 (Linking)
��PMC2869800���11895096?��Department of Pathology, Singapore General Hospital, Singapore.���¨��üÒ|ÿî?����5��Bossart, K. N.
Wang, L. F.
Eaton, B. T.
Broder, C. C.���2001_��Functional expression and membrane fusion tropism of the envelope glycoproteins of Hendra virus���121-35���Virology���290���1`��3T3 Cells
Amino Acid Sequence
Animals
Cell Line
Endopeptidase K
Giant Cells
HeLa Cells
Humans
Membrane Fusion/*physiology
Membrane Glycoproteins/biosynthesis/metabolism/*physiology
Mice
Molecular Sequence Data
Paramyxovirinae/metabolism/*physiology
Trypsin
Viral Envelope Proteins/biosynthesis/*physiology
Viral Fusion Proteins/biosynthesis/*physiology���Nov 10è��Hendra virus (HeV) is an emerging paramyxovirus first isolated from cases of severe respiratory disease that fatally affected both horses and humans. Understanding the mechanisms of host cell infection and cross-species transmission is an important step in addressing the risk posed by such emerging pathogens. We have initiated studies to characterize the biological properties of the HeV envelope glycoproteins. Recombinant vaccinia viruses encoding the HeV F and G open reading frames were generated and glycoprotein expression was verified by metabolic labeling and detection using specific antisera. Glycoprotein function and cellular tropism were examined with a quantitative assay for HeV-mediated membrane fusion. Fusion specificity was verified through specific inhibition by anti-HeV antiserum and a peptide corresponding to one of the alpha-helical heptad repeats of F. HeV requires both F and G to mediate fusion. Permissive target cells have been identified, including cell lines derived from cat, bat, horse, human, monkey, mouse, and rabbit. Fusion negative cell types have also been identified. Protease treatments of the target cells abolished fusion activity, suggesting that the virus is employing a cell-surface protein as its receptor.,��https://www.ncbi.nlm.nih.gov/pubmed/11882997­��Bossart, K N
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Vero Cells���FebÏ��In late 1998, Nipah virus emerged in peninsular Malaysia and caused fatal disease in domestic pigs and humans and substantial economic loss to the local pig industry. Surveillance of wildlife species during the outbreak showed neutralizing antibodies to Nipah virus mainly in Island flying-foxes (Pteropus hypomelanus) and Malayan flying-foxes (Pteropus vampyrus) but no virus reactive with anti-Nipah virus antibodies was isolated. We adopted a novel approach of collecting urine from these Island flying-foxes and swabs of their partially eaten fruits. Three viral isolates (two from urine and one from a partially eaten fruit swab) that caused Nipah virus-like syncytial cytopathic effect in Vero cells and stained strongly with Nipah- and Hendra-specific antibodies were isolated. Molecular sequencing and analysis of the 11,200-nucleotide fragment representing the beginning of the nucleocapsid gene to the end of the glycoprotein gene of one isolate confirmed the isolate to be Nipah virus with a sequence deviation of five to six nucleotides from Nipah virus isolated from humans. The isolation of Nipah virus from the Island flying-fox corroborates the serological evidence that it is one of the natural hosts of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/11880045ç��Chua, Kaw Bing
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Vero Cells���Aprª��The recent emergence of novel viruses requires reliable methodology for their identification and confirmation both on a cellular and molecular level. Mass spectrometry offers a suitable approach for the identification and characterisation of viral proteins and its application is demonstrated in this study. Menangle virus is a previously unclassified member of the family Paramyxoviridae isolated in Australia in 1997. Menangle virus caused disease in pregnant pigs, and like the other newly emergent Hendra, Nipah and Tioman viruses, appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. The 61 kDa gel-purified protein isolated from cell-associated Menangle virus ribonucleoprotein (RNP) was identified as the nucleocapsid protein (NP) by peptide mapping, mass spectrometry and amino acid sequencing. Over 69% of the amino acid sequence was obtained and found to be identical with that derived from gene analysis (Virology, 283 (2001), 358). The first residue of the mature NP was found to be serine (second residue in the gene derived amino acid sequence). The NP was found to be acetylated at the N-terminus (at Ser-2) and appears to be not modified by phosphorylation.,��https://www.ncbi.nlm.nih.gov/pubmed/11879690|��Shiell, Brian J
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Virus Diseases/*epidemiology/therapy/transmission���Febè��Emerging viruses include known viruses that have increased in incidence or geographic range (such as enteroviruses and Japanese encephalitis virus), new viruses associated with known diseases (Australian bat lyssavirus) and new viruses associated with previously unrecognized diseases (Hendra and Nipah viruses). Some may have a predilection for children (Japanese encephalitis, influenza viruses and enterovirus 71) and vigilance is essential to ensure early recognition of these agents.,��https://www.ncbi.nlm.nih.gov/pubmed/11869391a��Daley, A J
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Prognosis
Risk���Feb¿��BACKGROUND: An outbreak of viral encephalitis occurred among pig industry workers in Malaysia in September 1998 to April 1999. The encephalitis was attributed to a new paramyxovirus, Nipah virus. This is a description of the clinical features of 103 patients treated in the Seremban Hospital with characterization of the prognostic factors. METHODS: Clinical case records and laboratory investigations were reviewed. The case definition was: patients from the outbreak area, direct contact or in close proximity with pigs, clinical or CSF features of encephalitis. RESULTS: The mean age was 38 years, 89% were male, 58% were ethnic Chinese, 78% were pig farm owners or hired workers. The mean incubation period was 10 days. The patients typically presented with nonspecific systemic symptoms of fever, headache, myalgia and sore throat. Seizures and focal neurological signs were seen in 16% and 5% respectively. In the more severe cases, this was followed by drowsiness and deteriorating consciousness requiring ventilation in 61%. Autonomic disturbances and myoclonic jerks were common features. The mortality was high at 41%. Systolic hypertension, tachycardia and high fever were associated with poor outcome. On the other hand, 40% recovered fully. As for the other 19%, the residual neurological signs were mostly mild. CONCLUSION: Nipah virus caused an encephalitis illness with short incubation period and high mortality. The prognosis for the survivors was good.,��https://www.ncbi.nlm.nih.gov/pubmed/11858542ø��Chong, Heng Thay
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Surveys and Questionnaires���Maré��The effects of insulin therapy on patient well-being, treatment satisfaction and mood, and on carer strain were studied in 30 elderly Type 2 diabetic patients (age 73 +/- 7 (SD) yr) in poor glycaemic control on tablet therapy. A comparison group of ten poorly controlled patients who remained on oral agents was also studied. After 4 weeks of insulin treatment, there were significant improvements in mental health, role-emotional, role-physical (all P<0.05) and vitality (P<0.01) domains of the short form health survey (SF-36), and also in the diabetes treatment and satisfaction questionnaire (DTSQ) and geriatric depression scale (both P<0.01) compared to baseline. After 12 weeks, the improvements in mental health, social functioning and vitality (P<0.01 for all domains), and in the DTSQ were sustained. Carer strain was lower at 4 weeks. No changes in outcomes were seen in the comparison group. In selected elderly Type 2 diabetic patients, insulin treatment is associated with significant improvements in well-being, treatment satisfaction and mood, even without significant improvements in glycaemic control and without increase in carer strain. The SF-36 and DTSQ are sensitive to the benefits of the changes in the treatment for these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11850096È��Reza, M
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Paramyxovirinae���Jan¸��PURPOSE: To report the serial magnetic resonance (MR) imaging findings of the Nipah virus. MATERIALS AND METHODS: Twelve patients underwent serial MR imaging. Eight patients were examined at the outbreak; 11, at 1 month; and seven, at 6 months. Contrast material-enhanced MR images, diffusion-weighted images, and single-voxel proton MR spectroscopic images were reviewed. Clinical and neurologic assessment, as well as analysis of the size, location, and appearance of brain lesions on MR images, were performed. RESULTS: During the outbreak, all eight patients had multiple small foci of high signal intensity within the white matter on T2-weighted images. In six patients, cortical and brain stem lesions were also detected, and five patients had diffusion-weighted MR imaging-depicted hyperintensities. One month after the outbreak, five patients had widespread tiny foci of high signal intensity on T1-weighted images, particularly in the cerebral cortex. Diffusion-weighted images showed decreased prominence or disappearance of lesions over time. There was no evidence of progression or relapse of the lesions at 6-month follow-up. MR spectroscopy depicted reduction in N-acetylaspartate-to-creatine ratio and elevation of choline-to-creatine ratios. CONCLUSION: The Nipah virus has findings unlike other viral encephalitides: small lesions that are primarily within the white matter, with transient punctate cortical hyperintensities on T1-weighted images.,��https://www.ncbi.nlm.nih.gov/pubmed/11756729���Lim, C C Tchoyoson
Lee, Kim En
Lee, Wei Ling
Tambyah, Paul A
Lee, Cheng Chuan
Sitoh, Yih Yian
Auchus, Alexandra P
Lin, B K Michael
Hui, Francis
eng
Research Support, Non-U.S. Gov't
2002/01/05 10:00
Radiology. 2002 Jan;222(1):219-26. doi: 10.1148/radiol.2221010499.%��0033-8419 (Print)
0033-8419 (Linking)���11756729���Department of Neuroradiology, National Neuroscience Institute, 11 Jalan Tan Tock Seng, Singapore 308433, Singapore. tchoyoson_lim@notes.ttsh.gov.sg���10.1148/radiol.2221010499����b��üÒ|ÿþ?����2��Garner, M. G.
Whan, I. F.
Gard, G. P.
Phillips, D.���2001Y��The expected economic impact of selected exotic diseases on the pig industry of Australia���671-85���Rev Sci Tech���20���3/��Animal Husbandry/*economics
Animals
Australia/epidemiology
Classical Swine Fever/economics/epidemiology/prevention & control
Communicable Disease Control/economics/methods
Costs and Cost Analysis
Disease Outbreaks/economics/*veterinary
Models, Biological
Models, Economic
Paramyxoviridae Infections/economics/epidemiology/prevention & control/veterinary
Paramyxovirinae
Porcine Reproductive and Respiratory Syndrome/economics/epidemiology/prevention &
control
Risk Factors
Stochastic Processes
Swine
Swine Diseases/*economics/epidemiology/prevention & control���Dec
��The authors assess the expected economic impact of three exotic diseases on the pig industry of Australia. An integrated epidemiological/economic approach was used to assess the effects of classical swine fever, Nipah virus and porcine reproductive and respiratory syndrome. Scenarios involving either an epidemic event, in which the outbreaks were confined to selected regions and were eradicated, or an endemic situation, in which the diseases became established in Australia, were studied. Based only on loss of sales and disposal costs, epidemics resulted in regional losses in income of the order of AUS$10 million-AUS$30 million (16%-37%) depending on disease and region. If any of these diseases became established, opportunity losses in gross national pig income of 5%-11% per year would occur, with classical swine fever the most serious of the three diseases. Establishment of any of the diseases would lead to rapid structural change in the pig industry, with concomitant social and economic dislocation in regional Australia.,��https://www.ncbi.nlm.nih.gov/pubmed/11732410���Garner, M G
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Swine���Oct���BACKGROUND: An outbreak of encephalitis primarily affecting pig farmers occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah virus, which infected pigs, humans, dogs, and cats. Because five abattoir workers were also affected, a survey was conducted to assess the risk of Nipah infection among abattoir workers. METHODS: Workers from all 143 registered abattoirs in 11 of 13 states in Malaysia were invited to participate in this cross-sectional study. Participants were interviewed to ascertain information on illness and activities performed at the abattoir. A serum sample was obtained to test for Nipah virus antibody. RESULTS: Seven (1.6 %) of 435 abattoir workers who slaughtered pigs versus zero (0%) of 233 workers who slaughtered ruminants showed antibody to Nipah virus (P = 0.05). All antibody-positive workers were from abattoirs in the three states that reported outbreak cases among pig farmers. Workers in these three states were more likely than those in other states to have Nipah antibody (7/144 [4.86%] versus 0/291 [0%], P < 0.001) and report symptoms suggestive of Nipah disease in pigs admitted to the abattoirs (P = 0.001). CONCLUSIONS: Nipah infection was not widespread among abattoir workers in Malaysia and was linked to exposure to pigs. Since it may be difficult to identify Nipah-infected pigs capable of transmitting virus by clinical symptoms, using personal protective equipment, conducting surveillance for Nipah infection on pig farms which supply abattoirs, and avoiding handling and processing of potentially infected pigs are presently the best strategies to prevent transmission of Nipah virus in abattoirs.,��https://www.ncbi.nlm.nih.gov/pubmed/11689513£��Sahani, M
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*Viral Plaque Assay���Jan°��Rapid immune plaque assays have been developed to quantify biohazard level 4 agents Hendra and Nipah viruses and detect neutralising antibodies to both viruses. The methods rely on the fact that both viruses rapidly generate large syncytia in monolayers of Vero cells within 24 h and that monospecific antiserum to the Hendra virus phosphoprotein (P) detects that protein in both Hendra and Nipah virus-induced syncytia after methanol fixation of virus-infected cells. The P protein is a constituent of the ribonucleoprotein core of the viruses and a component of the viral RNA-dependent RNA polymerase and is made in significant amounts in infected cells. In the immune plaque assay, anti-P antibody is localised by an alkaline phosphatase-linked second antibody and the Western blot substrates 5-bromo-4-chloro-3-indolyl phosphate and p-nitro blue tetrazolium. A modification of the rapid immune plaque assay was also used to detect antibodies to Nipah virus in a panel of porcine field sera from Malaysia and the results showed good agreement between the immune plaque assay and a traditional serum neutralisation test. After methanol fixation, plates can be stored for up to 7 months and may be used in the immune plaque assay to complement the enzyme-linked immunosorbent assay screening of sera for antibodies to Nipah virus. At present, all enzyme-linked immunosorbent assay positive sera are subject to confirmatory serum neutralisation tests. Use of the immune plaque assay may reduce the number of sera requiring confirmatory neutralisation testing for Nipah virus antibodies under biohazard level 4 conditions by identifying those that generate false positive in the enzyme-linked immunosorbent assay.,��https://www.ncbi.nlm.nih.gov/pubmed/11684302¨��Crameri, Gary
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Viral Matrix Proteins/*genetics���Oct���Phylogenetic relationships among the Paramyxoviridae, a broad family of viruses whose members cause devastating diseases of wildlife, livestock, and humans, were examined with both fusion (F) and matrix (M) protein-coding sequences. Neighbor-joining trees of F and M protein sequences showed that the Paramyxoviridae was divided into the two traditionally recognized subfamilies, the Paramyxovirinae and the Pneumovirinae. Within the Paramyxovirinae, the results also showed groups corresponding to three currently recognized genera: Respirovirus, Morbillivirus, and Rubulavirus. The relationships among the three genera of the Paramyxovirinae were resolved with M protein sequences and there was significant bootstrap support (100%) showing that members of the genus Respirovirus and the genus Morbillivirus were more closely related to each other than to members of the genus Rubulavirus. Both F and M phylogenies showed that Newcastle disease virus (NDV) was more closely related to the genus Rubulavirus than to the other two genera but were consistent with the proposal (B. S. Seal et al., 2000, Virus Res. 66, 1-11) that NDV be classified as a separate genus within the Paramyxovirinae. Both F and M phylogenies were also consistent with the proposal (L. Wang et al., 2000, J. Virol 74, 9972-9979) that Hendra virus be classified as a new genus closely related and basal to the genus Morbillivirus. Rinderpest was most closely related to measles and a more derived virus than to canine distemper virus, phocine distemper virus, or dolphin morbillivirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11603943×��Westover, K M
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Viral Proteins/genetics���Nov 28Í��Viral agents from 18 different snake species (families Colubridae, Viperidae, and Crotalidae) showing respiratory symptoms and neuronal disease were identified as paramyxoviruses by typical cytopathogenic effect (CPE), electron microscopy, and hemagglutination inhibition. Detailed molecular characterization of the viruses was performed by partial L- and F-gene-specific reverse transcription polymerase chain reaction (RT-PCR) and sequencing, nucleotide and amino acid sequence alignment, and phylogenetic analysis (PHYLIP). RT-PCR of the partial L-gene (566 nt) was successful for all 18 viruses; amplicons of the partial F-gene (918 nt) could be obtained in 16 cases. F- and L-sequence alignment revealed similarities to Fer de Lance virus (FDLV) ranging from 79 to 88% on a nucleotide basis, and 94 to 99% on an amino acid basis. Phylogenetic analysis of the ophidian paramyxoviruses resulted in three clusters for the L-gene sequence and corresponding clusters for the F-gene sequence, indicating no species specificity. We analyzed the F-protein of the snake paramyxoviruses, which proved to have an identical conserved motif of heptad repeat A and predicted a furin cleavage site. This uniformity distinguishes the snake virus group from the other type species of the subfamily Paramyxovirinae. For further classification, we aligned the sequences of the ophidian paramyxoviruses and members of the Paramyxoviridae, such as Sendai virus (genus Respirovirus), mumps virus (genus Rubulavirus), measles virus (genus Morbillivirus), human respiratory syncytial virus (genus Pneumovirus) (Van Regenmortel and 10 co-authors, 2000) and Hendra virus, which have recently been suggested as type species of the genus Henipavirus (Wang et al., 2000). Maximum sequence similarity was found to the partial L-gene of Sendai virus, with 56% nucleotide and 61% amino acid identity. The FDLV and Sendai virus cluster in the phylogenetic analysis of L- and F-protein regarding the Paramyxovirus type species and Hendra virus and show the closest relationship. Regarding the biological properties, the antigenic distance, and particularly the low homology of available sequences, we propose a new genus for the reptilian paramyxoviruses within the Paramyxoviridae.,��https://www.ncbi.nlm.nih.gov/pubmed/11597749¡��Franke, J
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Ribavirin/pharmacokinetics/*therapeutic use���Augö��Ribavirin is a very broad-spectrum virustatic antiviral agent, first synthesised in 1972. It is characterised by low toxicity apart from reversible anaemia, usually mild. Its multiple mechanisms of action mean that viral resistance rarely develops. It can be administered orally, intravenously, or via a nebuliser. It has shown varying degrees of clinical efficacy in a variety of human diseases including respiratory tract infections due to respiratory syncytial virus and influenza, measles, herpesvirus infections, HIV infection, Lassa fever, haemorrhagic fever with renal syndrome, and (in combination with IFN-alpha) chronic hepatitis C infection. It may well prove of value against other emerging exotic infections (e.g., West Nile virus, Nipah virus).,��https://www.ncbi.nlm.nih.gov/pubmed/11585000���Snell, N J
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Viral Proteins/chemistry/genetics���May 10P��Menangle virus (MenV), isolated in August 1997 following an outbreak of reproductive disease in a piggery in New South Wales, is the second previously unclassified member of the family Paramyxoviridae to be identified in Australia since 1994. Similar to Hendra virus (HeV), MenV appears to be a virus of fruit bats (flying foxes) in the genus Pteropus. No serological cross-reactivity was detected between MenV and other known paramyxoviruses and to facilitate virus classification a cDNA subtraction method was used to obtain viral-specific cDNA from MenV-infected cells. Cloning and sequencing of the products enabled the entire sequences of the NP, P/V, M, F, and HN genes to be determined. Comparison of the nucleotide and deduced amino acid sequences for each gene with members of the family Paramyxoviridae, determination of the P gene mRNA editing strategy, and phylogenetic analyses confirmed that MenV is a new member of the genus Rubulavirus. However the deduced protein sequence of MenV HN exhibited only limited sequence homology when compared with attachment proteins of other paramyxoviruses. Key differences within the amino acid residues considered important determinants of neuraminidase activity suggest MenV HN is unlikely to possess the same degree of neuraminidase activity characteristic of other rubulavirus and respirovirus HN proteins.,��https://www.ncbi.nlm.nih.gov/pubmed/11336561���Bowden, T R
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Viral Proteins/chemistry/genetics/immunology���May 10³��A search for the natural host of Nipah virus has led to the isolation of a previously unknown member of the family Paramyxoviridae. Tioman virus (TiV) was isolated from the urine of fruit bats (Pteropus hypomelanus) found on the island of the same name off the eastern coast of peninsular Malaysia. An electron microscopic study of TiV-infected cells revealed spherical and pleomorphic-enveloped viral particles (100--500 nm in size) with a single fringe of embedded peplomers. Virus morphogenesis occurred at the plasma membrane of infected cells and morphological features of negative-stained ribonucleoprotein complexes were compatible with that of viruses in the family Paramyxoviridae. Serological studies revealed no cross-reactivity with antibodies against a number of known Paramyxoviridae members except for the newly described Menangle virus (MenV), isolated in Australia in 1997. Failure of PCR amplification using MenV-specific primers suggested that this new virus is related to but different from MenV. For molecular characterization of the virus, a cDNA subtraction strategy was employed to isolate virus-specific cDNA from virus-infected cells. Complete gene sequences for the nucleocapsid protein (N) and phosphoprotein (P/V) have been determined and recombinant N and V proteins produced in baculovirus. The recombinant N and V proteins reacted with porcine anti-MenV sera in Western blot, confirming the serological cross-reactivity observed during initial virus characterization. The lack of a C protein-coding region in the P/V gene, the creation of P mRNA by insertion of 2-G residues, and the results of phylogenetic analyses all indicated that TiV is a novel member of the genus Rubulavirus.,��https://www.ncbi.nlm.nih.gov/pubmed/11336547Ì��Chua, K B
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Swine Diseases/virology���Aprg��The ultrastructure of Hendra and Nipah viruses is described in cultured cells, pigs, horses and humans. Differences in ultrastructure between the viruses are evident within infected cell cultures and lungs from infected amplifier hosts. These differences are important in viral identification and differentiation and understanding the pathogenesis of disease.,��https://www.ncbi.nlm.nih.gov/pubmed/11334747���Hyatt, A D
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Viral Proteins/chemistry/*genetics/metabolism���AprF��The structure and genetic organization of Hendra and Nipah viruses places them in the subfamily Paramyxovirinae. However, low homology with other subfamily members and several novel biological and molecular features such as genome length and F(0 )cleavage site suggest classification in a new genus within the Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/11334745���Wang, L
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West Nile virus/pathogenicity���Mar 31¼��The emergence and re-emergence of viral infections is an ongoing process. Large-scale vaccination programmes led to the eradication or control of some viral infections in the last century, but new viruses are always emerging. Increased travel is leading to a rise in the importation of exotic infections such as dengue and hepatitis E, but also of hepatitis A, which is no longer endemic. Apart from import diseases new viruses have appeared (Nipah-virus and transfusion-transmitted virus). Existing viruses may suddenly cause more severe diseases, e.g. infection by enterovirus 71. The distribution area of a virus may change, e.g. in case of West Nile virus, an Egyptian encephalitis virus that appears to have established itself in the USA. Furthermore, there is no such thing as a completely new virus; it is always an existing virus that has adapted itself to another host or that was already present in humans but has only recently been discovered. A number of factors facilitate the emergence of new infectious diseases. These include intensive animal husbandry and the transport of animals. The unexpected appearance of West Nile virus in the western hemisphere was possibly due to animal transportation.,��https://www.ncbi.nlm.nih.gov/pubmed/11305210v��Galama, J M
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Viral Fusion Proteins/*immunologyµ��The Paramyxovirinae sub-family contains viruses of major importance for humans (measles and mumps viruses) and animals (Newcastle disease virus, canine distemper virus, rinderpest virus) but also zoonotic viruses (Hendra and Nipah viruses). Newcastle disease virus, a Rubulavirus, which is specific of birds, can be used as a model for understanding the pathogenicity mechanisms of Paramyxovirinae and for the study of vaccination against the diseases they cause. The F protein of pathogenic strains of Newcastle disease virus have a polybasic cleavage site (K/R-Q-K/R-R) which is specific of furine, a cellular enzyme present in all cellular types, what allows viral multiplication in all cells of the host. Such cleavage site is also present in the F protein of measles and mumps viruses. Antibodies against the F protein are the most effective in the immune response against Newcastle disease virus. The major role played by the F protein in the immunity against Paramyxovirinae arises also from the research performed on other animal (rinderpest and canine distemper viruses) and human (measles virus) viruses. Recombinant and sub-unit vaccines as well as DNA vaccination based on the expression of viral glycoproteins allow effective vaccination of chickens against Newcastle disease. The use of a similar approach could lead to the development of new vaccines against measles or mumps and if necessary to produce vaccines against zoonotic Paramyxovirinae.,��https://www.ncbi.nlm.nih.gov/pubmed/11268674���Meulemans, G
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Virus Shedding���Janµ��OBJECTIVES: To study the excretion of Nipah virus in the upper respiratory secretions and urine of infected patients in relation to other clinical features. METHODS: Isolation of Nipah virus from the respiratory secretions and urine was made in Vero cells and identified by indirect immunofluorescence assay using anti-Hendra specific hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG. RESULTS: During the peak outbreak of Nipah virus encephalitis in Malaysia, Nipah virus was isolated from the upper respiratory secretions and urine in eight of 20 patients who were virologically and/or serologically confirmed to be infected with the virus. From these eight patients, Nipah virus was isolated from six throat swab specimens, three urine specimens and only one nasal swab specimen. The positive virus isolation rate was related to the collection of these specimens during the early phase of the illness (P = 0.068). The presence of serum anti-Nipah specific IgM appeared to reduce the chance of isolating the virus (P = 0.049). There was no significant difference in the isolation rate with respect to the age, gender, ethnic group and clinical features associated with grave prognosis and mortality outcome of the patients. CONCLUSION: This study shows that it is possible to be infected from secretions of infected patients, but epidemiological survey on close contacts so far did not suggest that human-to-human transmission is common.,��https://www.ncbi.nlm.nih.gov/pubmed/11243752Î��Chua, K B
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Zoonoses/epidemiology/etiology/microbiology���Feb 23���By using the criteria that define emerging infectious diseases (EIDs) of humans, we can identify a similar group of EIDs in wildlife. In the current review we highlight an important series of wildlife EIDs: amphibian chytridiomycosis; diseases of marine invertebrates and vertebrates and two recently-emerged viral zoonoses, Nipah virus disease and West Nile virus disease. These exemplify the varied etiology, pathogenesis, zoonotic potential and ecological impact of wildlife EIDs. Strikingly similar underlying factors drive disease emergence in both human and wildlife populations. These are predominantly ecological and almost entirely the product of human environmental change. The implications of wildlife EIDs are twofold: emerging wildlife diseases cause direct and indirect loss of biodiversity and add to the threat of zoonotic disease emergence. Since human environmental changes are largely responsible for their emergence, the threats wildlife EIDs pose to biodiversity and human health represent yet another consequence of anthropogenic influence on ecosystems. We identify key areas where existing expertise in ecology, conservation biology, wildlife biology, veterinary medicine and the impact of environmental change would augment programs to investigate emerging diseases of humans, and we comment on the need for greater medical and microbiological input into the study of wildlife diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11230820»��Daszak, P
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Zoonoses/transmission���Dec9��The most important clinical and pathological manifestation of Hendra virus infection in horses and humans is that of severe interstitial pneumonia caused by viral infection of small blood vessels. The virus is also capable of causing nervous disease. Hendra virus is not contagious in horses and is spread by close contact with body fluids, such as froth from infected lungs. Diagnosis should be based on the laboratory examination of blood, lung, kidney, spleen, and, if nervous signs are present, also of the brain. Evidence of infection with the more recently identified and related Nipah virus was found in the brain of one horse in which there was inflammation of the meningeal blood vessels. Fruit bats, especially Pteropus s., have been incriminated as the natural and reservoir hosts of both Hendra and Nipah viruses.,��https://www.ncbi.nlm.nih.gov/pubmed/11219352s��Hooper, P T
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Zoonoses/transmission/virology&��A pig-borne virus causing viral encephalitis amongst human beings in Malaysia was detected in 1997 by the Ministry of Health. Initially, the disease was considered to be Japanese encephalitis. Subsequently, it was thought to be a Hendra-like viral encephalitis, but on 10th April, 1999 the Minister of Health announced this mysterious and deadly virus to be a new virus named Nipah virus. The virus was characterized at CDC, Atlanta, Georgia. The gene sequencing of the enveloped virus revealed that one of the genes had 21% difference in the nucleotide sequence with about 8% difference in the amino acid sequence from Hendra virus isolated from horses in Australia in 1994. The virus was named after the village Nipah. In all, the Ministry of Health declared 101 human casualties, and 900,000 pigs were culled by April, 1999. The worst affected area in Malaysia was Negri Sembilan. The symptoms, incubation period in human being and pigs, animal to human transmission, threat of disease to other livestock, and control program adopted in Malaysia is described.,��https://www.ncbi.nlm.nih.gov/pubmed/11193645A��Uppal, P K
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Zoonoses/*transmission���Dec���The risk of zoonotic disease transmission when handling livestock or animal products is substantial. In industrialized countries, the classical zoonotic diseases such as tuberculosis or brucellosis are no longer in the foreground. Latent zoonoses such as salmonellosis and campylobacteriosis can cause serious disease in humans and have become a major public health problem during the past years. Since animals infected with these pathogens show only mild transient disease or no clinical signs at all, new concepts in the entire production line ("stable to table") are necessary in order to avoid human infection. Two emerging viruses with zoonotic potential--avian influenza virus and Nipah virus--have been found in Asia in 1997 and 1999. Both diseases had a major impact on disease control and public health in the countries of origin. In order to cope threats from infectious diseases, in particular those of public health relevance, a combined effort among all institutions involved will be necessary. The proposed "European Center for Infectious Diseases" and the "Swiss center for zoonotic diseases" could be a potential approach in order to achieve this goal.,��https://www.ncbi.nlm.nih.gov/pubmed/11189834���Jemmi, T
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Zoonoses/*transmission���Apr¯��The ability of infectious disease agents to cross the species barrier has long been recognised for many zoonotic diseases. New viral zoonotic diseases, such as acquired immune deficiency syndrome (AIDS), caused by human immunodeficiency viruses 1 or 2, emerged in the 1980s and 1990s, and have become established in the human population. Influenza virus continues to find new ways to move from avian species into humans. The filoviruses and the newer paramyxoviruses, Hendra and Nipah, highlight the increasing proclivity of some animal viral agents to infect human populations with devastating results. A previously unknown transmissible spongiform encephalopathy, bovine spongiform encephalopathy, has emerged in cattle in Europe and spread to humans as well as other animal species. A novel toxicosis, caused by Pfiesteria spp. dinoflagellates, has become a secondary problem in some areas where large fish kills have occurred. The increasing proximity of human and animal populations has led to the emergence of, or increase in, bacterial zoonoses such as plague, leptospirosis and ehrlichiosis. The factors which influence the ability of each infectious agent to effectively across the species barrier and infect new cells and populations are poorly understood. However, for all of these diseases, the underlying theme is the growth of the human population, the mobility of that population, and the efforts expended to keep that population nourished.,��https://www.ncbi.nlm.nih.gov/pubmed/11189724[��Mahy, B W
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*Zoonoses/epidemiology/virology���Apre��Between late 1998 and 1999, the spread of a new disease of pigs, characterized by a pronounced respiratory and neurological syndrome, sometimes accompanied by the sudden death of sows and boars, was recorded in pig farms in peninsular Malaysia. The disease appeared to have a close association with an epidemic of viral encephalitis among workers on pig farms. A previously unrecognised paramyxovirus was later identified from this outbreak; this virus was related to, but distinct from, the Hendra virus discovered in Australia in 1994. The new virus was named 'Nipah' and was confirmed by molecular characterization to be the agent responsible for the disease in both humans and pigs. The name proposed for the new pig disease was 'porcine respiratory and neurological syndrome' (also known as 'porcine respiratory and encephalitis syndrome'), or, in peninsular Malaysia, 'barking pig syndrome'. The authors describe the new disease and provide the epidemiological findings recorded among infected pigs. In addition, the control programmes which were instituted to contain the virus in the national swine herd are outlined.,��https://www.ncbi.nlm.nih.gov/pubmed/11189713f��Mohd Nor, M N
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Zoonoses/epidemiology/transmission/*virology���Apr®��The author provides an account of the discovery of a previously undescribed disease of horses and a description of the studies involved in determining the aetiology of the disease. The causative virus, now named Hendra virus (HeV), is the reference virus for a proposed new genus within the virus family Paramyxoviridae. The virus is a lethal zoonotic agent able to cause natural disease in humans and horses and experimentally induced disease in cats, guinea-pigs and mice. The virus also naturally infects species of the family Megachiroptera, mainly subclinically, and such animals are the natural host of HeV. The virus appears to transmit readily between species of Megachiroptera, but not readily between horses under natural and experimental conditions, or from horses to humans. The method of transmission from bats to horses is not known. Three incidents of HeV disease in horses have been recorded in Australia--two in 1994 which caused the death of two humans and fifteen horses and one in 1999 which involved the death of a single horse. Hendra virus is related to Nipah virus, the virus that caused disease and mortality in humans, pigs, dogs and cats in Malaysia during 1998 and 1999.,��https://www.ncbi.nlm.nih.gov/pubmed/11189712T��Westbury, H A
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Surveys and Questionnaires���Mar 1ú��During 1998-1999, an outbreak of Nipah virus encephalitis occurred in Malaysia. To assess the possibility of nosocomial transmission, 338 health care workers (HCWs) exposed and 288 HCWs unexposed to outbreak-related patients were surveyed, and their serum samples were tested for anti-Nipah virus antibody. Needlestick injuries were reported by 12 (3%) HCWs, mucosal surface exposure to body fluids by 39 (11%), and skin exposure to body fluids by 89 (25%). No encephalitis occurred in either group. Three exposed and no unexposed HCWs tested positive by EIA for IgG antibodies. It is likely that these 3 were false positives; no IgM response occurred, and the serum samples were negative for anti-Nipah virus neutralizing antibodies. The risk of nosocomial transmission of Nipah virus appears to be low; however, given the high case-fatality rate and the presence of virus in respiratory secretions and urine of some patients, standard and droplet infection-control practices should be maintained with these patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11181159Â��Mounts, A W
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*Swine���Jun���Between September 1998 and May 1999, 265 cases of encephalitis were reported from among those involved in pig rearing. A few cases were also reported among abattoir workers. This raised questions of the risk of transmission among those who handled raw pork. A serosurvey was conducted among pork sellers in Seremban town, which is about 20 km from one of the pig rearing areas which had reported cases of encephalitis. It was found that out of the 28 pork sellers tested, only one tested positive for Nipah virus antibodies and that this pork seller also worked in an abattoir in the same district, removing the urinary bladders from slaughtered pigs. Based on these findings, it was concluded that the risk of transmission of the virus from handling raw pork appeared to be low.,��https://www.ncbi.nlm.nih.gov/pubmed/11127331²��Premalatha, G D
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*Swine���Jun&��A hospital-based case-control study of viral encephalitis was carried out at Port Dickson Hospital, in the state of Negeri Sembilan, Malaysia. Between March and May 1999, 69 clinically diagnosed viral encephalitis cases and 31 controls were interviewed. Job histories on pig farming activities were assessed by a group of epidemiologists and veterinary surgeons. Results show that among clinical cases of viral encephalitis, 52 (75.4%) cases were diagnosed to have Nipah virus infection based on positive serology for antibodies to the cross-reacting Hendra virus antigen. The Nipah virus encephalitis was significantly associated with a history of working in pig farms (p < 0.001, OR = 196.0, 95% CI = 20.4-4741.6), history of contact with animals (p < 0.001, OR = 38.3, 95% CI = 8.2-209.0) and with history of direct contact with pigs (p = 0.002, OR = 34.4, 95% CI = 2.6-1,024.4). The Nipah virus infection was also significantly associated with history of feeding/cleaning pigs (p < 0.001, OR = 102, 95% CI = 11.9-2,271.5). These results provide evidence that involvement in pig farming activities is significantly associated with the risk of getting Nipah virus infection. They are potential risk factors for Nipah virus transmission in the major pig-producing area of Bukit Pelandok, Port Dickson Negeri Sembilan.,��https://www.ncbi.nlm.nih.gov/pubmed/11127330å��Amal, N M
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*Skin Diseases���Nov 30è��Infectious diseases remain a major cause of morbidity and mortality in the year 2000. 17 million deaths per year or roughly a third of all deaths are caused by infections. Infectious diseases also pose a serious economic threat. While many well-established pathogens have not been contained several new infectious agents have been discovered within the past 27 years which include rotavirus, legionella, HIV, ebola, campylobacter, helicobacter, nipah, HHV8, hepatitis C, and many others. Additionally many new pathogens have emerged as serious threats to the ever-growing number of immuno-compromised patients. Infectious etiologies have been found for many common diseases (certain leukemias, duodenal ulcers, etcetera). It is likely that infections are at least co-factors for many other diseases (transplant-associated atherosclerosis). Only specialized care and multi-disciplinary collaboration will enable us to cope with current problems and the inevitable emergence of new infectious diseases.,��https://www.ncbi.nlm.nih.gov/pubmed/11121370W��eng
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Surveys and Questionnaires���SepR��OBJECTIVE: to investigate the prevalence of known diabetes mellitus in care homes and the patterns of diabetes care in these institutions. DESIGN: a postal questionnaire sent to all 98 care homes in Sheffield. RESULTS: 70 care homes (71%) returned the questionnaire, indicating that 233 (8.8%) of 2648 residents were known to have diabetes. Of these, 76 (33%) were treated with diet alone, 105 (45%) with diet plus oral medication and 52 (22%) with insulin. Only seven registered nurses (2%) in the homes had certified diabetes training. Forty-two homes (60%) did not carry out a structured, diabetes-related assessment of residents on entry and only 29 (42%) had regular review of diabetic residents by a general practitioner or practice nurse. Most homes (89%) were visited by an optician, 56 (80%) also had a regular chiropody service, although 32 (46%) of these charged their residents for this service. CONCLUSIONS: the known prevalence of diabetes is similar to that reported previously. This study highlights the need for structured care with defined standards for care-home residents with diabetes.,��https://www.ncbi.nlm.nih.gov/pubmed/11108418W��Taylor, C D
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Paramyxovirinae/immunology/*isolation & purification/ultrastructure���DecG��BACKGROUND: between 1998 and 1999, an outbreak of potentially fatal viral encephalitis erupted among pig farm workers in West Malaysia, and later spread to Singapore where abattoir workers were afflicted. Although Japanese encephalitis virus was initially suspected, the predominant aetiologic agent was subsequently confirmed to be Nipah virus, a novel paramyxovirus related to but distinct from Hendra virus. OBJECTIVE: to describe a case of Nipah virus encephalitis in a pig farm worker from Malaysia. STUDY DESIGN: the clinical, laboratory and radiological findings of this patient were scrutinized. Special emphasis was placed on the electron microscopic analysis of the cerebrospinal fluid (CSF) specimen from this patient. RESULTS: the neurological deficits indicative of cerebellar involvement were supported by the magnetic resonance imaging that showed prominent cerebellar and brainstem lesions. CSF examination provided further evidence of viral encephalitis. Complement fixation and/or RT-PCR assays were negative for Japanese encephalitis, herpes simplex, measles and mumps viruses. ELISA for detecting IgM and IgG antibodies against Hendra viral antigens were equivocal for the CSF specimen, and tested initially negative for the first serum sample but subsequently positive for the repeat serum sample. Transmission electron microscopy of negatively-stained preparations of CSF revealed enveloped virus-like structures fringed with surface projections as well as nucleocapsids with distinctive helical and herringbone patterns, features consistent with those of other paramyxoviruses, including Hendra virus. CONCLUSION: this case report reiterates the relevant and feasible role of diagnostic electron microscopy for identifying and/or classifying novel or emerging viral pathogens for which sufficiently specific and sensitive tests are lacking.,��https://www.ncbi.nlm.nih.gov/pubmed/11090749���Chow, V T
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Paramyxovirinae/*chemistry���NovA��During the outbreak of Nipah virus encephalitis in Malaysia, stored cerebrospinal fluid (CSF) samples from 84 patients (27 fatal and 57 nonfatal cases) were cultured for the virus. The virus was isolated from 17 fatal cases and 1 nonfatal case. There were significant associations between CSF virus isolation and mortality as well as clinical features associated with poor prognosis. In addition, there was a positive linear correlation of CSF virus isolation with age. There was no significant association between CSF virus isolation and the character of the CSF, presence of Nipah-specific antibody in the serum or CSF, duration of illness before collection of samples, or sex or ethnicity of the patients. This study suggests that high viral replication in the central nervous system may be an important factor for high mortality.,��https://www.ncbi.nlm.nih.gov/pubmed/11079547���Chua, K B
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Zoonoses/epidemiology/transmission���Nov?��Hendra has been recognized in Australia as a new zoonotic disease of horses since 1994/5 and subsequent work has shown that the viral agent is endemic in certain species of fruit bat. The Hendra virus is the type species of a new genus within the sub-family Paramyxovirinae, which also contains another newly identified zoonotic bat virus, namely Nipah. It is assumed that contact with bats has led to the Hendra virus being transferred to horses on each of the three separate incidents that have been reported in the last five years. No evidence has been found for widespread subclinical infection of horses. Infected horses can develop a severe and often fatal respiratory disease characterized by dyspnoea, vascular endothelial damage and pulmonary oedema. Nervous signs may also occur. Fatal respiratory disease has been seen in cats and guinea pigs following experimentally induced infections. Transmission of the virus from horses to other horses or man seems to have taken place, but very close contact was required. Three human cases have been recognized, all in association with equine cases. There have been two human fatalities, one due to respiratory failure and the other from a delayed-onset encephalitis. A number of diagnostic methods have been developed, but great care must be taken in obtaining samples from suspected cases.,��https://www.ncbi.nlm.nih.gov/pubmed/11061954w��Barclay, A J
Paton, D J
eng
Review
England
2000/11/04 11:00
Vet J. 2000 Nov;160(3):169-76. doi: 10.1053/tvjl.2000.0508.%��1090-0233 (Print)
1090-0233 (Linking)���11061954u��Animal Health and Veterinary Group, Ministry of Agriculture, Fisheries and Food, 1A Page Street, London SW1P 4PQ, UK.���10.1053/tvjl.2000.0508��@��üÚ|ÿï?P������Westbury, H.���2000,��Hendra virus: a highly lethal zoonotic agent���165-6���Vet J���160���3Ú��Animals
Australia
Chiroptera/virology
Horse Diseases/transmission/*virology
Horses
Humans
Malaysia
Paramyxoviridae Infections/transmission/*virology
Paramyxovirinae/*growth & development
Zoonoses/transmission/*virology���Nov,��https://www.ncbi.nlm.nih.gov/pubmed/11061952u��Westbury, H
eng
Comment
Editorial
England
2000/11/04 11:00
Vet J. 2000 Nov;160(3):165-6. doi: 10.1053/tvjl.2000.0512.%��1090-0233 (Print)
1090-0233 (Linking)���11061952���10.1053/tvjl.2000.0512��b��üÖ|ÿþ?Q������Marra, C. M.���2000!��Encephalitis in the 21 st century���323-7���Semin Neurol���20���3º��Encephalitis, Viral/*diagnosis/*epidemiology
Forecasting
Humans
Malaysia/epidemiology
New York City/epidemiology
Romania/epidemiology
Singapore/epidemiology
West Nile virus/pathogenicityC��As the 21st century begins, several outbreaks of encephalitis have been reported. An examination of these outbreaks brings into focus important epidemiological developments. Specifically, urbanization and encroachment on natural environments, the ease of world travel, and global trade can lead to spread of vectors and viruses from the developing world to the developed world. This review focuses on two recent epidemics of encephalitis: West Nile virus encephalitis in the eastern United States and Nipah virus encephalitis in Malaysia and Singapore. These examples demonstrate spread of a known viral agent from an endemic area to an area in which it had not previously been found and identification of a new viral agent. Infectious diseases in the developed world once considered "exotic" are now potential threats to all patients.,��https://www.ncbi.nlm.nih.gov/pubmed/11051296?��Marra, C M
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Viral Proteins/chemistry/*genetics���Nov#��An outbreak of acute respiratory disease in Hendra, a suburb of Brisbane, Australia, in September 1994 resulted in the deaths of 14 racing horses and a horse trainer. The causative agent was a new member of the family Paramyxoviridae. The virus was originally called Equine morbillivirus but was renamed Hendra virus (HeV) when molecular characterization highlighted differences between it and members of the genus Morbillivirus. Less than 5 years later, the closely related Nipah virus (NiV) emerged in Malaysia, spread rapidly through the pig population, and caused the deaths of over 100 people. We report the characterization of the HeV L gene and protein, the genome termini, and gene boundary sequences, thus completing the HeV genome sequence. In the highly conserved region of the L protein, the HeV sequence GDNE differs from the GDNQ found in almost all other nonsegmented negative-strand (NNS) RNA viruses. HeV has an absolutely conserved intergenic trinucleotide sequence, 3'-GAA-5', and highly conserved transcription initiation and termination sequences similar to those of respiroviruses and morbilliviruses. The large genome size (18,234 nucleotides), the unique complementary genome terminal sequences of HeV, and the limited homology with other members of the Paramyxoviridae suggest that HeV, together with NiV, should be classified in a new genus in this family. The large genome of HeV also fills a gap in the spectrum of genome sizes observed with NNS RNA virus genomes. As such, it provides a further piece in the puzzle of NNS RNA virus evolution.,��https://www.ncbi.nlm.nih.gov/pubmed/11024125¤��Wang, L F
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Viral Fusion Proteins/*chemistry/genetics/isolation & purification���Sep 25Ã��Hendra virus (HeV) is an unclassified member of the Paramyxoviridae family that causes systemic infections in humans, horses, cats, guinea pigs and flying foxes. The fusion protein (F(0)) of members of the Paramyxoviridae family that cause systemic infections in vivo contains a basic amino acid-rich region at which the protein is activated by cleavage into two subunits (F(1) and F(2)). HeV F(0) lacks such a domain. We have determined the cleavage site in HeV F(0) by sequencing the amino terminus of the F(1) subunit and in view of the potential effect of glycosylation on the cleavage process have ascertained the sites at which F(0) is glycosylated. The results indicate that unlike other members of the family that replicate in cultured cells and cause systemic infections in vivo, cleavage of HeV F(0) occurs at a single lysine (reside 109) in the sequence Asp-Val-Lys- downward arrow-Leu. Although HeV genotypically resembles members of the Respirovirus and Rubulavirus genera in having potential N-linked glycosylation sites in both the F(1) and F(2) subunits, we show that phenotypically HeV may more closely resemble members of the Morbillivirus genus that contain N-linked glycans only in the F(2) subunit.,��https://www.ncbi.nlm.nih.gov/pubmed/11018278���Michalski, W P
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*Stroke Rehabilitation���Jul 20���PURPOSE: Patient mood and carer stress were assessed for stroke patients in the community following early hospital discharge. METHOD: Patients had low Barthel Indices (13.0 (mean) +/- 4.9 (SD)) with high anxiety and depression scores, and carers had high stress scores, on starting rehabilitation. On starting rehabilitation, patient Barthel Indices correlated inversely with patient depression (r = -0.33, p < 0.02) and carer stress scores (r = -0.48, p < 0.001). RESULTS: During rehabilitation improvements occurred in patient Barthel Indices, patient anxiety scores and carer stress scores, but not in patient depression scores. Incremental increases in patient Barthel Indices during rehabilitation correlated with reductions in carer stress scores (r = -0.55, R2 = 29.4%, p < 0.001). Following early hospital discharge stroke patients display mood abnormalities which do not resolve during rehabilitation. CONCLUSION: Carer stress and patients depression scores are related to the severity of stroke-related disability. Strategies to address patient mood and carer stress should be present in community services providing early stroke rehabilitation.,��https://www.ncbi.nlm.nih.gov/pubmed/10972352p��Jones, A L
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Virulence���Augõ��Two major epidemics of viral encephalitis occurred in Asia in 1997 and 1998. The first was a re-emergence of neurovirulent strains of enterovirus 71, which caused severe encephalomyelitis in children in Malaysia, Taiwan and Japan, on a background of hand, foot and mouth disease. Necropsy studies of patients who died of enterovirus 71 infection showed severe perivascular cuffing, parenchymal inflammation and neuronophagia in the spinal cord, brainstem and diencephalon, and in focal areas in the cerebellum and cerebrum. Although no viral inclusions were detected, immunohistochemistry showed viral antigen in the neuronal cytoplasm. Inflammation was often more extensive than neuronal infection, suggesting that other factors, in addition to direct viral cytolysis, may be involved in tissue damage. The second epidemic of viral encephalitis was the result of a novel paramyxovirus called Nipah, which mainly involved pig handlers in Malaysia and Singapore. Pathological evidence suggested that the endothelium of small blood vessels in the central nervous system was particularly susceptible to infection. This led to disseminated endothelial damage and syncytium formation, vasculitis, thrombosis, ischaemia and microinfarction. However, there was also evidence of neuronal infection by the virus and this may also have contributed to the neurological dysfunction in Nipah encephalitis. Some patients who seemed to recover from the acute symptoms have been re-admitted with clinical findings suggestive of relapsing encephalitis. As these two epidemics indicate, the emergence and re-emergence of viral encephalitides continue to pose considerable challenges to the neuropathologist, in establishing the diagnosis and unravelling the pathogenesis of the neurological disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10931364X��Wong, K T
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RNA, Viral/analysis���Aug���Since it was first described in Australia in 1994, Hendra virus (HeV) has caused two outbreaks of fatal disease in horses and humans, and an isolated fatal horse case. Our preliminary studies revealed a high prevalence of neutralizing antibodies to HeV in bats of the genus PTEROPUS:, but it was unclear whether this was due to infection with HeV or a related virus. We developed the hypothesis that HeV excretion from bats might be related to the birthing process and we targeted the reproductive tract for virus isolation. Three virus isolates were obtained from the uterine fluid and a pool of foetal lung and liver from one grey-headed flying-fox (Pteropus poliocephalus), and from the foetal lung of one black flying-fox (P. alecto). Antigenically, these isolates appeared to be closely related to HeV, returning positive results on immunofluorescent antibody staining and constant-serum varying-virus neutralization tests. Using an HeV-specific oligonucleotide primer pair, genomic sequences of the isolates were amplified. Sequencing of 200 nucleotides in the matrix gene identified that these three isolates were identical to HeV. Isolations were confirmed after RNA extracted from original material was positive for HeV RNA when screened on an HeV Taqman assay. The isolation of HeV from pteropid bats corroborates our earlier serological and epidemiological evidence that they are a natural reservoir host of the virus.,��https://www.ncbi.nlm.nih.gov/pubmed/10900029���Halpin, K
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Zoonoses/*epidemiology���May���An outbreak of encephalitis affecting 265 patients (105 fatally) occurred during 1998-1999 in Malaysia and was linked to a new paramyxovirus, Nipah, that infected pigs, humans, dogs, and cats. Most patients were pig farmers. Clinically undetected Nipah infection was noted in 10 (6%) of 166 community-farm controls (persons from farms without reported encephalitis patients) and 20 (11%) of 178 case-farm controls (persons from farms with encephalitis patients). Case patients (persons with Nipah infection) were more likely than community-farm controls to report increased numbers of sick/dying pigs on the farm (59% vs. 24%, P=.001) and were more likely than case-farm controls to perform activities requiring direct contact with pigs (86% vs. 50%, P=.005). Only 8% of case patients reported no contact with pigs. The outbreak stopped after pigs in the affected areas were slaughtered and buried. Direct, close contact with pigs was the primary source of human Nipah infection, but other sources, such as infected dogs and cats, cannot be excluded.,��https://www.ncbi.nlm.nih.gov/pubmed/10823779?��Parashar, U D
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Swine���Apr 27Ñ��BACKGROUND: Between September 1998 and June 1999, there was an outbreak of severe viral encephalitis due to Nipah virus, a newly discovered paramyxovirus, in Malaysia. METHODS: We studied the clinical features of the patients with Nipah virus encephalitis who were admitted to a medical center in Kuala Lumpur. The case definition was based on epidemiologic, clinical, cerebrospinal fluid, and neuroimaging findings. RESULTS: Ninety-four patients with Nipah virus infection were seen from February to June 1999 (mean age, 37 years; ratio of male patients to female patients, 4.5 to 1). Ninety-three percent had had direct contact with pigs, usually in the two weeks before the onset of illness, suggesting that there was direct viral transmission from pigs to humans and a short incubation period. The main presenting features were fever, headache, dizziness, and vomiting. Fifty-two patients (55 percent) had a reduced level of consciousness and prominent brain-stem dysfunction. Distinctive clinical signs included segmental myoclonus, areflexia and hypotonia, hypertension, and tachycardia and thus suggest the involvement of the brain stem and the upper cervical spinal cord. The initial cerebrospinal fluid findings were abnormal in 75 percent of patients. Antibodies against Hendra virus were detected in serum or cerebrospinal fluid in 76 percent of 83 patients tested. Thirty patients (32 percent) died after rapid deterioration in their condition. An abnormal doll's-eye reflex and tachycardia were factors associated with a poor prognosis. Death was probably due to severe brain-stem involvement. Neurologic relapse occurred after initially mild disease in three patients. Fifty patients (53 percent) recovered fully, and 14 (15 percent) had persistent neurologic deficits. CONCLUSIONS: Nipah virus causes a severe, rapidly progressive encephalitis with a high mortality rate and features that suggest involvement of the brain stem. The infection is associated with recent contact with pigs.,��https://www.ncbi.nlm.nih.gov/pubmed/10781618Ì��Goh, K J
Tan, C T
Chew, N K
Tan, P S
Kamarulzaman, A
Sarji, S A
Wong, K T
Abdullah, B J
Chua, K B
Lam, S K
eng
2000/04/27 09:00
N Engl J Med. 2000 Apr 27;342(17):1229-35. doi: 10.1056/NEJM200004273421701.%��0028-4793 (Print)
0028-4793 (Linking)���10781618E��Department of Medicine, University of Malaya, Kuala Lumpur, Malaysia.���10.1056/NEJM200004273421701�
~��üÒ|ÿþ?e������Lim, C. C.
Sitoh, Y. Y.
Hui, F.
Lee, K. E.
Ang, B. S.
Lim, E.
Lim, W. E.
Oh, H. M.
Tambyah, P. A.
Wong, J. S.
Tan, C. B.
Chee, T. S.���2000X��Nipah viral encephalitis or Japanese encephalitis? MR findings in a new zoonotic disease���455-61���AJNR Am J Neuroradiol���21���3¿��Abattoirs
Adult
Aged
Agricultural Workers' Diseases/diagnosis/epidemiology
Animals
Brain/pathology
Diagnosis, Differential
Disease Outbreaks
Encephalitis, Japanese/*diagnosis
Encephalitis, Viral/*diagnosis/epidemiology
Female
Humans
*Magnetic Resonance Imaging
Malaysia/epidemiology
Male
Middle Aged
Paramyxoviridae Infections/*diagnosis/epidemiology/transmission
*Paramyxovirinae
Singapore/epidemiology
Swine
Swine Diseases/transmission
*Zoonoses���Mar3��BACKGROUND AND PURPOSE: An epidemic of suspected Japanese encephalitis occurred in Malaysia in 1998-1999 among pig farmers. In neighboring Singapore, an outbreak occurred among pig slaughterhouse workers. It was subsequently established that the causative agent in the outbreak was not the Japanese encephalitis virus but a previously unknown Hendra-like paramyxovirus named Nipah virus. METHODS: The brain MR images of eight patients with Nipah virus infection were reviewed. All patients tested negative for acute Japanese encephalitis virus. Seven patients had contrast-enhanced studies and six had diffusion-weighted examinations. RESULTS: All patients had multiple small bilateral foci of T2 prolongation within the subcortical and deep white matter. The periventricular region and corpus callosum were also involved. In addition to white matter disease, five patients had cortical lesions, three had brain stem involvement, and a single thalamic lesion was detected in one patient. All lesions were less than 1 cm in maximum diameter. In five patients, diffusion-weighted images showed increased signal. Four patients had leptomeningeal enhancement and four had enhancement of parenchymal lesions. CONCLUSION: The brain MR findings in patients infected with the newly discovered Nipah paramyxovirus are different from those of patients with Japanese encephalitis. In a zoonotic epidemic, this striking difference in the appearance and distribution of lesions is useful in differentiating these diseases. Diffusion-weighted imaging was advantageous in increasing lesion conspicuity.,��https://www.ncbi.nlm.nih.gov/pubmed/10730635±��Lim, C C
Sitoh, Y Y
Hui, F
Lee, K E
Ang, B S
Lim, E
Lim, W E
Oh, H M
Tambyah, P A
Wong, J S
Tan, C B
Chee, T S
eng
2000/03/24 09:00
AJNR Am J Neuroradiol. 2000 Mar;21(3):455-61.%��0195-6108 (Print)
0195-6108 (Linking)���10730635I��Department of Neuroradiology, National Neuroscience Institute, Singapore.���	[��üÒ|ÿþ?f���>��Gedge, J.
Orme, S.
Hampton, K. K.
Channer, K. S.
Hendra, T. J.���2000n��A comparison of a low-dose warfarin induction regimen with the modified Fennerty regimen in elderly inpatients���31-4
��Age Ageing���29���1J��Aged
Aged, 80 and over
Anticoagulants/*administration & dosage/adverse effects
Dose-Response Relationship, Drug
Drug Administration Schedule
Hemorrhage/chemically induced
Humans
International Normalized Ratio
Prospective Studies
Risk Factors
Thromboembolism/*drug therapy/etiology
Warfarin/*administration & dosage/adverse effects���Jan¿��OBJECTIVES: To compare a new low-dose warfarin induction regimen with the Fennerty regimen in elderly inpatients. DESIGN: Age-stratified, randomized prospective study. SUBJECTS: 120 age-stratified elderly inpatients. INTERVENTIONS: Each patient was randomized to either the new induction regimen or to a modified Fennerty regimen. MAIN OUTCOMES MEASURES: Days to therapeutic International Normalized Ratio (INR >2); days in the therapeutic range (INR 2-3) during induction; number of patients with INR >4.5; ability of day 4 INR to predict day 8 warfarin dose. RESULTS: The mean time to therapeutic INR was longer for the new induction regimen than modified Fennerty regimen in patients aged 65-75 years [4.6 (mean) +/- 1.6 (SD) days vs 3.8 +/- 0.8 days; P = 0.03] and in patients aged >75 years (4.5 +/- 1.4 days vs 3.5 +/- 0.7 days; P = 0.003). Patients spent more time in the therapeutic INR range with the new induction regimen [3.0 +/- 1.3 days vs 2.7 +/- 1.3 days (P = 0.03) for those aged 65-75 years and 2.9 +/- 1.1 days vs 2.4 +/- 1.3 days (P = 0.04 for those aged >75 years]. Fewer patients using the new regimen had INRs >4.5 in the first 8 days [1 (3%) vs 6 (20%) for 65-75 years (P < 0.05) and 1 (3%) vs 11 (37%) for >75 years (P < 0.01)]. The ability to predict the maintenance dose to within 1 mg was 55% for both regimens. CONCLUSION: The low-dose regimen has important clinical advantages over the Fennerty regimen for anticoagulating elderly inpatients.,��https://www.ncbi.nlm.nih.gov/pubmed/10690692±��Gedge, J
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Vero Cells���Feb-Apry��Antibodies to Hendra virus (HeV) have been found in a high percentage of fruit bats (Pteropus spp.) in Australia, indicating a possible reservoir for the virus. The aim of the experiments reported here was to investigate transplacental infection as a possible mode of transmission of the virus in fruit bats and other animals. In a first experiment, 18 pregnant guinea-pigs in the mid-stage of gestation were inoculated with HeV, as an experimental model in a conventional laboratory animal. Nine developed HeV disease as confirmed by viral isolation, histopathology and immunohistochemistry. In five of the nine clinically affected guinea-pigs there was necrosis and strong positive immunostaining in the placentas in an indirect immunoperoxidase (IPX) test for HeV antigen. One of these five guinea-pigs aborted and HeV was isolated from its three fetuses, one of which was also positive to the IPX test. In three other sick guinea-pig dams, virus was isolated from fetuses, and there was positive immunostaining in two of the latter. In a second experiment, four fruit bats were inoculated with a similar dose of HeV. (A further four guinea-pigs inoculated at the same time developed severe disease, indicating adequate virulence.) Two bats were killed at 10 days post-inoculation and two were killed at 21 days. In these bats, no overt clinical disease was observed, but subclinical disease occurred, as indicated by viral isolation, seroconversion, vascular lesions and positive immunostaining. Transplacental transmission was indicated by positive immunostaining in two placentas and confirmed by isolation of virus from one of the associated fetuses.,��https://www.ncbi.nlm.nih.gov/pubmed/10684689Ë��Williamson, M M
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Swine���Oct 9P��BACKGROUND: Between February and April, 1999, an outbreak of viral encephalitis occurred among pig-farmers in Malaysia. We report findings for the first three patients who died. METHODS: Samples of tissue were taken at necropsy. Blood and cerebrospinal-fluid (CSF) samples taken before death were cultured for viruses, and tested for antibodies to viruses. FINDINGS: The three pig-farmers presented with fever, headache, and altered level of consciousness. Myoclonus was present in two patients. There were signs of brainstem dysfunction with hypertension and tachycardia. Rapid deterioration led to irreversible hypotension and death. A virus causing syncytial formation of vero cells was cultured from the CSF of two patients after 5 days; the virus stained positively with antibodies against Hendra virus by indirect immunofluorescence. IgM capture ELISA showed that all three patients had IgM antibodies in CSF against Hendra viral antigens. Necropsy showed widespread microinfarction in the central nervous system and other organs resulting from vasculitis-induced thrombosis. There was no clinical evidence of pulmonary involvement. Inclusion bodies likely to be of viral origin were noted in neurons near vasculitic blood vessels. INTERPRETATION: The causative agent was a previously undescribed paramyxovirus related to the Hendra virus. Close contact with infected pigs may be the source of the viral transmission. Clinically and epidemiologically the infection is distinct from infection by the Hendra virus. We propose that this Hendra-like virus was the cause of the outbreak of encephalitis in Malaysia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520635Ù��Chua, K B
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Singapore/epidemiology���Oct 9«��BACKGROUND: In March 1999, an outbreak of encephalitis and pneumonia occurred in workers at an abattoir in Singapore. We describe the clinical presentation and the results of investigations in these patients. METHODS: Clinical and laboratory data were collected by systemic review of the case records. Serum and cerebrospinal fluid (CSF) samples were tested for IgM antibodies to Nipah virus with an IgM capture ELISA. Reverse-transcriptase PCR was done on the CSF and tissue samples from one patient who died. FINDINGS: Eleven patients were confirmed to have acute Nipah-virus infection based on raised IgM in serum. Nipah virus was identified by reverse transcriptase PCR in the CSF and tissue of the patient who died. The patients were all men, with a median age of 44 years. The commonest presenting symptoms were fever, headache, and drowsiness. Eight patients presented with signs of encephalitis (decreased level of consciousness or focal neurological signs). Three patients presented with atypical pneumonia, but one later developed hallucinations and had evidence of encephalitis on CSF examination. Abnormal laboratory findings included a low lymphocyte count (nine patients), low platelet count, low serum sodium, and high aspartate aminostransferase concentration (each observed in five patients). The CSF protein was high in eight patients and white-blood-cell count was high in seven. Chest radiography showed mild interstitial shadowing in eight patients. Magnetic resonance imaging (MRI) showed focal areas of increased signal intensity in the cortical white marker in all eight patients who were scanned. The nine patients with encephalitis received empirical treatment with intravenous aciclovir and eight survived. INTERPRETATION: Infection with Nipah virus caused an encephalitis illness with characteristic focal areas of increased intensity seen on MRI. Lung involvement was also common, and the disease may present as an atypical pneumonia.,��https://www.ncbi.nlm.nih.gov/pubmed/10520634ü��Paton, N I
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Virus Diseases/diagnosis/*veterinary���Aug 16Ì��Immunohistochemistry plays an important part in the diagnosis of some viral diseases. Demonstration of viral antigen in a lesion is an important contribution to diagnosis, either at the time of investigation or retrospectively. At the CSIRO Australian Animal Health Laboratory, the most frequent use of immunohistochemistry has been in the diagnosis of the important avian diseases, highly pathogenic avian influenza and Newcastle disease. The technology took key roles in the diagnoses of Hendra virus infections, and, later, an immunoperoxidase test gave the first indication of the existence of Australian bat lyssavirus. The test can often confirm that a virus isolated in an animal is the actual virus causing disease and not a coincidental isolation. Good examples of that in some more new diseases were the association of Wallal virus with blindness in kangaroos, and of the new porcine Menangle virus in natural and experimental cerebral disease in foetal piglets.,��https://www.ncbi.nlm.nih.gov/pubmed/10501165ª��Hooper, P T
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Zoonoses���MayV��Eleven abattoir workers in Singapore were infected in March 1999 by an outbreak caused by the Nipah virus. This newly discovered, Hendra-like paramyxovirus causes acute infection of the CNS. We present the magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (MRS) findings in a patient suffering from acute meningoencephalitis. Multiple small white matter lesions were detected on diffusion-weighted imaging (DWI) and T2-weighted images. There were no abnormalities detected on MRS. We believe this to be the first reported MRI findings in this novel zoonotic viral disease.,��https://www.ncbi.nlm.nih.gov/pubmed/10489496���Lim, C C
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Respirovirus Infections/*pathology���Sep¥��A novel Hendra-like paramyxovirus named Nipah virus (NiV) was the cause of an outbreak among workers from one abattoir who had contact with pigs. Two patients had only respiratory symptoms, while 9 patients had encephalitis, 7 of whom are described in this report. Neurological involvement was diverse and multifocal, including aseptic meningitis, diffuse encephalitis, and focal brainstem involvement. Cerebellar signs were relatively common. Magnetic resonance imaging scans of the brain showed scattered lesions. IgM antibodies against Hendra virus (HeV) were present in the serum of all patients. Two patients recovered completely. Five had residual deficits 8 weeks later.,��https://www.ncbi.nlm.nih.gov/pubmed/10482278���Lee, K E
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*Ventilator Weaning/methods���Summerw��In this review, traditional weaning parameters, integrative indexes, and experimental methods of predicting weaning outcomes have been reviewed. All have limitations; however, judicious application of these parameters may guide clinical decisions regarding timing of weaning trials. Of the parameters reviewed, the RSBI has several advantages and may identify patients who are candidates for weaning. Likewise, application of tools such as the daily screen or implementation of multidisciplinary weaning teams may assist clinicians in weaning patients earlier in their ICU course. Most patients will be successfully extubated after a single SBT, and weaning methods that focus on sequential decrements in ventilator support appear to needlessly prolong ventilation. However, for patients who fail, identification of potential causes of continued ventilator dependence should focus on the various pathophysiological causes outlined. Although a number of patients will require prolonged ventilator support beyond the critical care setting, the growing experience with this population demonstrates that a large percentage have favorable outcomes.,��https://www.ncbi.nlm.nih.gov/pubmed/10445177b��Hendra, K P
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Viral Proteins/genetics���Jun 5»��A cytopathic infectious agent was isolated from the kidneys of an apparently healthy tree shrew (Tupaia belangeri) that had been captured in the area around Bangkok. The infectivity was propagated in Tupaia fibroblast and kidney cell cultures. Paramyxovirus-like pleomorphic enveloped particles and helical nucleocapsids were observed by electron microscopy and accordingly the infectious agent was termed Tupaia paramyxovirus (TPMV). However, no serological cross-reactions were detected between TPMV and known paramyxoviruses. For the molecular characterization of TPMV an experimental strategy that allows the random-primed synthesis of relatively large cDNA molecules from viral genomic RNA was applied. Nucleotide sequence analysis of a TPMV-specific cDNA fragment (1544 bp) revealed two nonoverlapping partial open reading frames corresponding to paramyxoviral N and P transcription units. Using modified rapid amplification of cDNA ends techniques, a substantial contiguous portion of the viral genome (4065 nt) was elucidated including the complete N and P/V/C genes. The coding strategy of TPMV as well as significant amino acid sequence homologies clearly indicates an evolutionary relationship between TPMV and members of the genus Morbillivirus. Highest homologies were detected between TPMV and Hendra virus (equine morbillivirus), which recently emerged in Australia, causing outbreaks of fatal respiratory and neurological disease in horses and humans.,��https://www.ncbi.nlm.nih.gov/pubmed/10366580¥��Tidona, C A
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Swine Diseases/transmission/virology���Apr 30!��During March 1999, health officials in Malaysia and Singapore, in collaboration with Australian researchers and CDC, investigated reports of febrile encephalitic and respiratory illnesses among workers who had exposure to pigs. A previously unrecognized paramyxovirus (formerly known as Hendra-like virus), now called Nipah virus, was implicated by laboratory testing in many of these cases. Febrile encephalitis continues to be reported in Malaysia but has decreased coincident with mass culling of pigs in outbreak areas. No new cases of febrile illness associated with Nipah virus infection have been identified in Singapore since March 19, 1999, when abattoirs were closed. This report summarizes interim findings from ongoing epidemiologic and laboratory investigations in Malaysia and Singapore.,��https://www.ncbi.nlm.nih.gov/pubmed/10366143O��(CDC)
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Swine Diseases/transmission���Apr 9���During September 29, 1998-April 4, 1999, 229 cases of febrile encephalitis (111 [48%] fatal) were reported to the Malaysian Ministry of Health (MOH). During March 13-19, 1999, nine cases of similar encephalitic illnesses (one fatal) and two cases of respiratory illness occurred among abattoir workers in Singapore. Tissue culture isolation identified a previously unknown infectious agent from ill patients. This report summarizes the preliminary epidemiologic and laboratory investigations of these cases, which indicate that a previously unrecognized paramyxovirus related to, but distinct from, the Australian Hendra virus is associated with this outbreak.,��https://www.ncbi.nlm.nih.gov/pubmed/10227800[��(CDC)
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Vero Cells���Dec1��OBJECTIVE: To determine the infectivity and transmissibility of Hendra virus (HeV). DESIGN: A disease transmission study using fruit bats, horses and cats. PROCEDURE: Eight grey-headed fruit bats (Pteropus poliocephalus) were inoculated and housed in contact with three uninfected bats and two uninfected horses. In a second experiment, four horses were inoculated by subcutaneous injection and intranasal inoculation and housed in contact with three uninfected horses and six uninfected cats. In a third experiment, 12 cats were inoculated and housed in contact with three uninfected horses. Two surviving horses were inoculated at the conclusion of the third experiment: the first orally and the second by nasal swabbing. All animals were necropsied and examined by gross and microscopic pathological methods, immunoperoxidase to detect viral antigen in formalin-fixed tissues, virus isolation was attempted on tissues and SNT and ELISA methods were used to detect HeV-specific antibody. RESULTS: Clinical disease was not observed in the fruit bats, although six of eight inoculated bats developed antibody against HeV, and two of six developed vascular lesions which contained viral antigen. The in-contact bats and horses did not seroconvert. Three of four horses that were inoculated developed acute disease, but in-contact horses and cats were not infected. In the third experiment, one of three in-contact horses contracted disease. At the time of necropsy, high titres of HeV were detected in the kidneys of six acutely infected horses, in the urine of four horses and the mouth of two, but not in the nasal cavities or tracheas. CONCLUSIONS: Grey-headed fruit bats seroconvert and develop subclinical disease when inoculated with HeV. Horses can be infected by oronasal routes and can excrete HeV in urine and saliva. It is possible to transmit HeV from cats to horses. Transmission from P poliocephalus to horses could not be proven and neither could transmission from horses to horses or horses to cats. Under the experimental conditions of the study the virus is not highly contagious.+��https://www.ncbi.nlm.nih.gov/pubmed/9972433½��Williamson, M M
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Viral Envelope Proteins���Nov 25���The complete nucleotide sequence of the attachment protein gene of Hendra virus, a new member of the subfamily Paramyxovirinae, has been determined from cDNA clones derived from viral genomic RNA. The deduced mRNA is 2565 nucleotides long with one open reading frame encoding a protein of 604 amino acids, which is similar in size to the attachment protein of the members of the subfamily. However, the mRNA transcript is >600 nucleotides longer than others in the subfamily due to the presence of long untranslated regions at both the 5' and 3' ends. The protein is designated G because it lacks both hemagglutination and neuraminidase activities. It contains a hydrophobic transmembrane domain close to the N terminus, eight potential N-linked glycosylation sites, and 18 cysteine residues. Although the HeV G protein had low sequence homology with Paramyxovirinae members, the predicted folding pattern of its extracellular globular head was very similar to that of members of the genus Paramyxovirus, with the location of seven potential pairs of sulfide bonds absolutely conserved. On the other hand, among the seven residues known to be critical for neuraminidase activity, only one was conserved in the Hendra virus G protein compared with at least six in HN proteins of paramyxoviruses and rubulaviruses and four in H proteins of morbilliviruses. The biological significance of this finding is discussed.+��https://www.ncbi.nlm.nih.gov/pubmed/9837786¾��Yu, M
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*Viral Proteins���Jul���The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3' untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58.5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.+��https://www.ncbi.nlm.nih.gov/pubmed/9680142Ø��Yu, M
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Spectrum Analysis, Raman/*standards���Nov���The reliability with which an external reference sample can be used to standardise the intensities of Raman scattering spectra is assessed. By comparing the ratios of single band intensities of Raman scatter in a two component liquid mixture with those between the mixture and an external standard it is shown that the latter is more than adequate for most quantitative Raman analysis. Coefficients of variance in repeated experiments on the same sample are approximately 1%, when comparing single band heights on spectra recorded with modest laser powers over 2 min. When using the whole spectrum, these coefficients are significantly lower.+��https://www.ncbi.nlm.nih.gov/pubmed/9477577���Paepe, A T
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Tablets���Nov]��It is customary to rotate samples in Raman spectroscopy to avoid absorption or sample heating. In FT-Raman experiments the rotation is always shown (typically 30-60 rpm) because higher speeds are thought to generate noise in the spectra. In this article we show that more rapid rotation is possible. A tablet containing maleic acid and one made up of sub-millimetre silica particles with metoprolol succinate as active ingredient were rotated at different speeds, up to 6760 rpm. The FT-Raman spectra were recorded and studied. We conclude that it is perfectly acceptable to rotate samples up to 1500 rpm.+��https://www.ncbi.nlm.nih.gov/pubmed/9477576²��De Paepe, A T
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Virulence/genetics���FebÎ��In 1994, a new member of the family Paramyxoviridae isolated from fatal cases of respiratory disease in horses and humans was shown to be distantly related to morbilliviruses and provisionally called equine morbillivirus (K. Murray et al., Science 268:94-97, 1995). To facilitate characterization and classification, the virus was purified, viral proteins were identified, and the P/V/C gene was cloned and sequenced. The coding strategy of the gene is similar to that of Sendai and measles viruses, members of the Paramyxovirus and Morbillivirus genera, respectively, in the subfamily Paramyxovirinae. The P/V/C gene contains four open reading frames, three of which, P, C, and V, have Paramyxovirinae counterparts. The P and C proteins are larger and smaller, respectively, than are cognate proteins in members of the subfamily, and the V protein is made as a result of a single G insertion during transcription. The P/V/C gene has two unique features. (i) A fourth open reading frame is located between those of the C and V proteins and potentially encodes a small basic protein similar to those found in some members of the Rhabdoviridae and Filoviridae families. (ii) There is also a long untranslated 3' sequence, a feature common in Filoviridae members. Sequence comparisons confirm that although the virus is a member of the Paramyxovirinae subfamily, it displays only low levels of homology with paramyxoviruses and morbilliviruses and negligible homologies with rubulaviruses.+��https://www.ncbi.nlm.nih.gov/pubmed/9445051¤��Wang, L F
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Stents/*adverse effects���SepÁ��Self-expanding metallic stents (SEMSs) are used to palliate malignant esophageal strictures. We describe a patient who had an extensive mediastinal tumor for which he was receiving irradiation therapy; chest pain, hemoptysis, and recurrent Gram-negative pneumonia developed in this patient after stent placement. Fiberoptic bronchoscopy revealed protrusion of the SEMS into the tracheobronchial tree, a novel complication for this new type of stent.+��https://www.ncbi.nlm.nih.gov/pubmed/8797444Z��Hendra, K P
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Rosman, A.���1995ª��Rural communities in nutritional transition: emergence of obesity, hypertension and hypercholesterolemia as public health problems in three kampungs in Bagan Datoh, Perak���129-39
��Malays J Nutr���1���2���Sepý��This paper highlights the marked presence of nutritional disorders in a sample (190 males, 237 females, aged 18-80 years) obtained from the adult population in three kampungs i.e. Pasang Api, Sungai Nipah Baroh and Sungai Balai Darat, in the Mukim of Bagan Datoh, Perak in 1992. All subjects (except pregnant females) were measured for blood pressure, weight, height, waist circumference, and hip circumference from which the body mass index (BMI) and waist-hip ratios (WHR) were calculated. A random blood sample was obtained by finger-prick from each subject and analysed for total cholesterol (TC) and glucose, using the Reflotron compact analyser. Elevated means for BMI and WHR indicated that obesity (BMI >/=30.0) was a serious public health problem in these three kampungs, affecting about 5% of males and 14% of females. Another 24% of males and 46% of females had an overweight problem (BMI 25.0-29.9), indicating that on the average, about half the adult population in these kampungs were either overweight or obese. This contrasted with the situation a decade ago in similar-type kampungs in the Peninsula where underweight was the major nutritional disorder in adults, especially males. Overall, there was a shift of an underweight problem to one of overweight, as exemplified by increments of 2.0 to 3.0 BMI units in the adult population, with the phenomenon being more marked in the females. Hypertension (21%) and hyperglycaemia (6.5%) affected the males and females approximately equally. Female adults had higher mean plasma TC compared to males (204 versus 199 mg/dl); these means were some 20 mg/dl (0.52 mmol/L) higher than the corresponding means for adults in similar rural communitites in the early eighties, and approximate the corresponding means for present-day urban adults. The above findings serve to emphasise the nutritional transition undergoing in the rural communities in the Peninsula, viz, the marked emergence in these rural communities of nutritional disorders normally associated with affluent populations.,��https://www.ncbi.nlm.nih.gov/pubmed/22692058`��Ng, T K Jr
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Serologic Tests���Jun 19���OBJECTIVE: To describe the clinical and epidemiological features of an outbreak of a viral infection affecting humans and horses. SETTING: Stables in Hendra, a suburb of Brisbane. SUBJECTS: Affected horses and humans, and at-risk human contacts. RESULTS: A pregnant mare died two days after arrival from a paddock elsewhere in Brisbane. Eight to 11 days later, illness (depression, anorexia, fever, dyspnoea, ataxia, tachycardia, tachypnoea and nasal discharge) was reported among 17 other horses from the same or an adjoining stable. Fourteen horses died or were put down. Five and six days after the index mare's death, a stable-hand and then a horse-trainer, both of whom had had close contact with the sick mare's mucous secretions, developed influenza-like illnesses. The stable-hand recovered but the trainer developed pneumonitis, respiratory failure, renal failure and arterial thrombosis, and died from a cardiac arrest seven days after admission to hospital. A morbillivirus cultured from his kidney was identical to one isolated from the lungs of five affected horses. The two affected humans and eight other horses were seropositive for the infection, which was reproduced in healthy horses following challenge by spleen/lung homogenates from infected horses. There was no serological evidence of infection in 157 humans who had had contact with the stables or the sick horses or humans. CONCLUSIONS: A previously undescribed morbillivirus infected a probable 21 horses and two humans; one human and 14 horses died. That no further cases were detected among humans suggests that the virus was of low infectivity. The source of infection remains undetermined.+��https://www.ncbi.nlm.nih.gov/pubmed/7603375Ä��Selvey, L A
Wells, R M
McCormack, J G
Ansford, A J
Murray, K
Rogers, R J
Lavercombe, P S
Selleck, P
Sheridan, J W
eng
Case Reports
Australia
1995/06/19 00:00
Med J Aust. 1995 Jun 19;162(12):642-5.%��0025-729X (Print)
0025-729X (Linking)���7603375:��Communicable Diseases Branch, Queensland Health, Brisbane.������üÚ|ÿÿ?����7��O'Neill, D.
Crosby, T.
Shaw, A.
Haigh, R.
Hendra, T. J.���1994K��Fitness to drive and the older patient: awareness among hospital physicians���1366-7���Lancet���344���8933n��*Aged
*Automobile Driving
Female
Humans
Male
Medical Staff, Hospital
Patient Education as Topic
United Kingdom���Nov 12+��https://www.ncbi.nlm.nih.gov/pubmed/7968051{��O'Neill, D
Crosby, T
Shaw, A
Haigh, R
Hendra, T J
eng
Letter
England
1994/11/12 00:00
Lancet. 1994 Nov 12;344(8933):1366-7.%��0140-6736 (Print)
0140-6736 (Linking)���7968051�	���üÒ|ÿþ?����8��Gray, R. P.
Hendra, T. J.
Patterson, D. L.
Yudkin, J. S.���1993w��"Spontaneous" platelet aggregation in whole blood in diabetic and non diabetic survivors of acute myocardial infarction���932-6���Thromb Haemost���70���6Ä��Aged
Diabetes Complications
Diabetes Mellitus/*blood/mortality
Female
Humans
Male
Middle Aged
Myocardial Infarction/*blood/complications
Platelet Aggregation/*physiology
Reference Values
Survivors���Dec 20
��There is increasing evidence that platelet thrombi play an important role in the pathogenesis of acute myocardial infarction (AMI). We compared "spontaneous" platelet aggregation in whole blood in 17 non-diabetic and 12 diabetic subjects on admission with AMI. There was no significant difference in the fall in platelet count between the two groups, expressed as platelets remaining (75.2 +/- 7.9% vs 77.3 +/- 6.9% at 10 min, 66.6 +/- 8.9% vs 68.5 +/- 6.3% at 20 min, 63.5 +/- 8.2% vs 64.9 +/- 6.7% at 30 min and 59.4 +/- 10.3% vs 61.3 +/- 7.6% at 60 min). The rate of "spontaneous" aggregation was increased in subjects with evidence of heart failure on admission compared to those without (59.9 +/- 7.9% vs 66.2 +/- 6.6% at 30 min [p = 0.05] and 55.4 +/- 9.6% vs 63.1 +/- 7.7% at 60 min [p = 0.04]). There was no correlation between the fall in platelet count and admission plasma glucose, glycated haemoglobin or peak aspartate amino-transferase. The subjects studied on admission with AMI had greater rates of "spontaneous" aggregation than 8 subjects studied between 6 and 12 months after acute myocardial infarction (75.9 +/- 7.4% vs 85.8 +/- 5.4% at 10 min; p = 0.001 and 64.3 +/- 7.5% vs 75.0 +/- 7.8% at 30 min; p = 0.006) and compared to normal controls (90.7 +/- 4.4% at 10 min; p < 0.001 and 83.4 +/- 6.5 at 30 min; p < 0.001). This study provides evidence of increased "spontaneous" platelet aggregation in subjects admitted with acute myocardial infarction but no difference between diabetic and non-diabetic subjects was observed.+��https://www.ncbi.nlm.nih.gov/pubmed/8165614���Gray, R P
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Spectrum Analysis, Raman���Dec���We analyzed binary mixtures of polymorphs A and B of chlorpropamide ((1-[4-chlorobenzenesulphonyl]-3-propyl urea)) by near-infrared Fourier transform Raman spectroscopy (FTRS). The individual polymorphs were prepared and characterized by differential scanning calorimetry (DSC), Fourier transform infrared (FT-IR) microscopy, and physical appearance. The FTR spectra of the two polymorphs showed distinct differences which result from "crystal splitting" effects. A series of 13 different mixtures of polymorph A and B was prepared by geometric mixing and their FTR spectra statistically analysed by factor analysis programming. Predictions of the A/B polymorphic composition of mixtures were made and compared with the theoretical values. The results demonstrate that FTRS combined with factor analysis programming may be successfully applied to the in situ monitoring of the A/B polymorphic nature of a chlorpropamide sample.+��https://www.ncbi.nlm.nih.gov/pubmed/8302765���Tudor, A M
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Obesity���June��An algorithm has been developed to provide predictable control of blood glucose for 48 h following acute myocardial infarction. In 29 diabetic patients intravenous infusion of soluble insulin was started upon admission to hospital and the rate adjusted hourly on the basis of bedside capillary glucose estimations. Insulin infusion rates related to glycaemia were higher in obese patients and those with severe cardiac failure. For all patients mean admission glucose levels were reduced from 18.3 +/- 5.9 mmol l-1 to 9.1 +/- 3.3 mmol l-1 at 4 h and to 8.8 +/- 2.5 mmol l-1 at 6 h. Mean glucose concentrations for 48 h after admission were 8.2 +/- 1.3 mmol l-1 for all patients. Admission glucose levels were slightly higher in patients with severe, compared to those without or mild, cardiac failure (P less than 0.1), but levels over the following 48 h were similar. Doubling insulin infusion rates before meals did not achieve tighter glycaemic control. Hypoglycaemia (glucose less than 3 mmol l-1) occurred on 11 occasions in six patients; only two episodes were symptomatic and only two episodes occurred when the insulin rates were doubled before meals. This algorithm produced tighter glycaemic control than previously published protocols, particularly in patients with severe cardiac failure. Hypoglycaemia is uncommon and the algorithm easy to administer by nursing staff.+��https://www.ncbi.nlm.nih.gov/pubmed/1425142���Hendra, T J
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Reference Values���Apr¿��Consistent abnormalities of agonist-induced platelet aggregation, in either whole blood or platelet rich plasma, have not been demonstrated in diabetic patients without microvascular disease. In the present study platelet aggregation in the absence of exogenous agonists ('spontaneous' aggregation) was compared between 22 non-diabetic subjects and 23 Type 1 diabetic patients with (n = 12) and without (n = 11) microvascular disease. 'Spontaneous' aggregation was determined by measuring the percentage fall in single platelet number in aliquots of whole blood shaken for 60 min. Diabetic patients without microvascular disease had fewer single platelets remaining (greater aggregation) than non-diabetic subjects at all time-points (69.7 +/- 6.6 vs 82.3 +/- 7.3% at 60 min p less than 0.001), but more platelets remaining than in diabetic patients with microvascular disease at all time-points (69.7 +/- 6.6 vs 61.0 +/- 7.8% at 60 min p less than 0.02). No significant correlations were observed between platelet aggregation and plasma glucose, blood cell counts, or glycated haemoglobin levels. The study suggests that platelet abnormalities antedate the appearance of microvascular disease in diabetic patients.+��https://www.ncbi.nlm.nih.gov/pubmed/1576806���Hendra, T J
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Tissue Plasminogen Activator/adverse effects/therapeutic use���Feb 15»��OBJECTIVES: To assess prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction and the incidence of side effects. DESIGN: Retrospective analysis of prescriptions during five months (first audit) followed by prospective analysis of uptake of treatment during five months after interventions in clinical management; prospective assessment of adverse events during thrombolytic treatment. SETTING: Coronary care unit of large district general hospital. PATIENTS: 110 patients aged greater than or equal to 65 with subsequently proved acute myocardial infarction admitted in first audit and 119 admitted in the second. MAIN OUTCOME MEASURES: Site of infarct, prescription of thrombolysis treatment, reasons for nonprescription, complications. RESULTS: Before intervention thrombolytic treatment was prescribed to 13/110 (12%) patients with subsequently confirmed myocardial infarction and after intervention to 55/119 (46%) patients (p less than 0.01). In the first audit no patients with angina received thrombolytic treatment whereas 13/79 (16%) were treated in the second audit. Increased prescription of thrombolytic treatment in the second audit was associated with significantly fewer exclusions owing to dyspepsia (p less than 0.05) and unstated or unsatisfactory reasons (p less than 0.01) Streptokinase infusions were completed uneventfully in 75% (48/64) and 77% (10/13) of patients with infarction and angina respectively. Side effects of treatment were more common in patients with inferior than with anterior infarcts (16/42 (30%) v 3/24 (13%), p less than 0.05). CONCLUSIONS: Low rates of prescription of thrombolytic treatment to elderly patients with suspected acute myocardial infarction were identified and corrected. Streptokinase treatment was associated with transient arrhythmias or hypotension in about a third of these patients with infarcts, particularly those with electrocardiographic changes in inferior leads.+��https://www.ncbi.nlm.nih.gov/pubmed/1547391X��Hendra, T J
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Sulfasalazine/administration & dosage/analysis/*chemistry���Octµ��FT-Raman spectroscopy (FTRS) has been used to characterize microspheres produced from the pharmaceutical polymer Eudragit RS containing a range of concentrations of the drug sulfasalazine. While pure sulfasalazine produced an intense and complex Raman spectrum, the spectrum of drug-free Eudragit RS microspheres was considerably weaker in intensity and contained only a few prominent Raman scattering peaks. In spectra of the drug-polymer microspheres, peaks arising from the individual components could be identified. This enabled a quantitative analysis to be undertaken by calculating the ratio between the area of a sulfasalazine peak and the area of a Eudragit RS peak for each microsphere spectrum. A correlation was shown between the peak area ratio and the microsphere sulfasalazine content. FTRS was then applied to a series of microsphere samples which had been dissoluted into pH 7 buffer for 1, 3, 6, 9, 12, or 24 hr. For each spectrum, the drug-polymer peak area ratio was determined and this in turn enabled calculation of the residual drug content of the microsphere sample. FTRS-calculated data showed good agreement with microsphere drug content values determined spectrophotometrically.+��https://www.ncbi.nlm.nih.gov/pubmed/1686649¤��Watts, P J
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Prognosis
beta-Thromboglobulin/analysis���Aug½��STUDY OBJECTIVE: The aim was to compare platelet function in diabetic and non-diabetic survivors of acute myocardial infarction and to relate it to an index of free radical activity in these patients. DESIGN: In vivo and in vitro indices of platelet function and diene conjugate molar ratios were measured in diabetic and non-diabetic infarct survivors on admission to hospital and sequentially for 72 h. PATIENTS: The patients were 17 diabetics (age 61.9 years, range 32-74) and 12 non-diabetics (60.8 years, range 39-75) admitted to hospital with acute myocardial infarction confirmed according to WHO criteria. MEASUREMENTS AND MAIN RESULTS: Agonist induced platelet aggregation, beta thromboglobulin levels, and linoleic acid 18:2(9,11)/18:2(9,12) molar ratios did not differ between diabetic and non-diabetic patients on admission. Concentrations of adrenaline producing 50% maximum platelet aggregation (EC50) in whole blood on admission were lower than non-infarct controls in both patient groups. The EC50 values in platelet rich plasma in both groups fell during the 72 h following admission (increases in platelet sensitivity). beta Thromboglobulin concentrations fell following admission in the diabetic group. Diene conjugate molar ratios were higher at 12 h and 24 h compared to admission in diabetic patients. Increases in diene conjugate ratios between admission and 24 h correlated with peak aspartate transaminase levels in both patient groups. No correlations were observed between platelet aggregation, beta thromboglobulin levels, or diene conjugate molar ratios. CONCLUSIONS: During 72 h following myocardial infarction there is a reduction in platelet activation in vivo and an increase in platelet sensitivity to exogenous agonists in vitro. Free radical generated isomers of linoleic acid increase in relation to infarct size, but are unrelated to platelet function. There were no differences in platelet function between diabetic and non-diabetic subjects.+��https://www.ncbi.nlm.nih.gov/pubmed/1833060©��Hendra, T J
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��Over the last decade or so, medical device manufacturers with customers in the United States and the United Kingdom should have discovered the benefits of using quality systems in their manufacturing process. Both the American GMP Regulations (21 CFR-820)--enforced by the U.S. Food and Drug Administration (FDA)--and the U.K. Department of Health Guides to Good Manufacturing Practice based upon BS 5750: Part I (1979)--enforced through the National Health Service supply chain-- have been applied with the objective of ensuring the availability of safe and effective medical devices. This article examines the design control aspects of a quality system and asks whether the medical device industry should be suspicious of third-party assessments of confidential documentation.,��https://www.ncbi.nlm.nih.gov/pubmed/10149435H��Hendra, I R
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Triglycerides/blood���Sepj��Standard radioimmunoassay for insulin may substantially overestimate levels of insulin because of cross-reaction with other insulin-like molecules. We have measured concentrations of insulin, intact proinsulin and 32-33 split proinsulin using two-site monoclonal antibody based immunoradiometric assays, and of insulin by a standard radioimmunoassay ("immunoreactive insulin") in 51 Type 2 (non-insulin-dependent) diabetic subjects in the fasting state. The relationships of these concentrations were sought with those of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride, plasminogen activator inhibitor, blood pressure, and indices of body fat distribution. Significant relationships were apparent between concentrations of "immunoreactive insulin" as measured by standard radioimmunoassay and triglyceride (rs = 0.42, p less than 0.001), total cholesterol (rs = 0.25, p = 0.038), high density lipoprotein cholesterol (rs = -0.30, p = 0.018) and body mass index (rs = 0.30, p = 0.017), but only the relationships with triglyceride (rs = 0.36, p = 0.006) and body mass index (rs = 0.26, p = 0.34) remained significant when concentrations of immunoradiometrically measured insulin were employed. Concentrations of 32-33 split proinsulin, which comprises the major insulin-like molecule in these subjects, correlated positively with triglyceride (rs = 0.33, p = 0.009), total cholesterol (rs = 0.23, p = 0.050), and plasminogen activator inhibitor (rs = 0.26, p = 0.049), and negatively with high density lipoprotein cholesterol (rs = -0.29, p = 0.021).(ABSTRACT TRUNCATED AT 250 WORDS)+��https://www.ncbi.nlm.nih.gov/pubmed/2253829Ü��Nagi, D K
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Triglycerides/blood���Aug§��The aim of this study was to evaluate the effects of a fish oil preparation (MaxEPA) on hemostatic function and fasting lipid and glucose levels in non-insulin-dependent diabetic (NIDDM) subjects. Eighty NIDDM outpatients aged 55.9 yr (mean SD 11.5 yr) participated in a prospective double-blind placebo-controlled study of MaxEPA capsules (10 g/day) or olive oil (control) treatment over 6 wk. Patients received either MaxEPA or olive oil in addition to preexisting therapy. Metabolic and hemostatic variables were measured before treatment and after 3 and 6 wk. Platelet membrane eicosapentaenoic acid (EPA) content increased in the treatment group (P less than 0.001). MaxEPA supplementation was associated with a significant fall in total triglycerides (P less than 0.001) but did not affect total cholesterol (P = 0.7) compared with control treatment. Fasting plasma glucose increased after 3 wk (P = 0.01) but not after 6 wk (P = 0.17) treatment with MaxEPA. Spontaneous platelet aggregation in whole blood fell in the MaxEPA group (P less than 0.02) after 6 wk, but there were no changes in agonist-induced platelet aggregation, thromboxane generation in platelet-rich plasma, or plasma beta-thromboglobulin and platelet factor IV levels. An increase in clotting factor VII (P = 0.02), without changes in fibrinogen or factor X levels, occurred in the MaxEPA group. Similar reductions in blood pressure were observed in both groups. Dietary supplementation with MaxEPA capsules (10 g/day) in NIDDM subjects is associated with improvement in hypertriglyceridemia but with deleterious effects in factor VII and blood glucose levels. Most indices of platelet function are unaffected by this therapy.+��https://www.ncbi.nlm.nih.gov/pubmed/2209315ê��Hendra, T J
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Vasodilator Agents/*pharmacology���Jul#��1. Dopexamine is a novel analogue of dopamine which is free of alpha-adrenoceptor activity and is of therapeutic value in chronic heart failure. The effects of dopexamine on the in vitro function of platelets from 10 healthy subjects at rest, after exercise and after in vitro addition of adrenaline and noradrenaline were investigated. 2. Dopexamine in a wide range of concentrations (10(-9)M-10(-3)M) did not appear to function as an agonist on platelets either in whole blood or in PRP preparations. 3. Dopexamine caused a dose-dependent inhibition of agonist-induced platelet aggregation in both whole blood and PRP. The inhibitory effect of dopexamine was significantly greater in PRP than in whole blood, and significantly greater to adrenaline than to collagen or ADP as agonists in whole blood. 4. After exercise or after in vitro addition of adrenaline and noradrenaline at concentrations commonly seen in myocardial infarction, dopexamine produced similar levels of inhibition seen with platelets from resting subjects. 5. Dopexamine did not affect plasma catecholamine levels but caused an increase in intraplatelet noradrenaline levels. 6. This study suggests that dopexamine is unlikely adversely to affect the hyperaggregable state found in patients with cardiogenic shock after myocardial infarction.+��https://www.ncbi.nlm.nih.gov/pubmed/2390435���Wagaine-Twabwe, D
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Sympathomimetics/analysis���Near infrared Fourier-transform (FT) Raman spectroscopy is shown to be a useful spectroscopic tool for the molecular structural analysis of drugs and biomedical polymers. The technique has been applied to the non-invasive investigation of the hydrolytic degradation of a biodegradable polymer in water over a period of 15 days and to the analysis of a drug within a polymer vehicle over a wide drug concentration range. This work demonstrates the potential value of FT Raman spectroscopy in the field of pharmaceutical science.+��https://www.ncbi.nlm.nih.gov/pubmed/2100613ª��Tudor, A M
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Risk Factors���Mar¢��Moderate (greater than 20 units) and high (greater than 80 units) IgG anticardiolipin antibody (aCL) titres are strongly predictive for recurrent thrombosis and early myocardial infarction in non-diabetic subjects. We have tested the hypothesis that the excess risk of myocardial infarction in diabetic subjects relates to the presence of aCL by measuring the frequency and titre of aCL in two groups of diabetic subjects and in 2500 healthy controls. One non-diabetic subject (0.04%) had low (5-20 units) IgG aCL titres. Seven out of 126 diabetics without cardiovascular disease (5.6%) and 9 out of 79 diabetics who were either myocardial infarction survivors or who had angiographically-proven coronary artery disease (11.4%) had low aCL titres (P less than 0.01 for comparison of either diabetic group with controls, and P less than 0.1 for comparison between diabetic groups). One subject in each diabetic group, but no non-diabetics, had moderate IgM aCL titres. No subjects had high aCL titres. Diabetics have an increased frequency of low aCL titres which may relate to macrovascular disease. Macrovascular disease in diabetics is not associated with moderate or high aCL titres.+��https://www.ncbi.nlm.nih.gov/pubmed/2813232���Hendra, T J
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Stress, Physiological/blood���Dec 1R��Studies have been performed to assess the effect of exercise on spontaneous platelet aggregation in shaken whole blood, and on agonist-induced platelet aggregation in whole blood and platelet rich plasma (PRP). Spontaneous platelet aggregation in shaken whole blood was increased following exercise compared to pre-exercise values. The increase in spontaneous aggregation after exercise correlated inversely with the increase in white cell count in whole blood. Platelet sensitivity in whole blood to adrenaline, collagen and adenosine diphosphate (ADP) was increased following exercise. Changes in platelet sensitivity to adrenaline following exercise correlated with increases in plasma noradrenaline levels but not with changes in blood cell counts. In PRP, platelet sensitivity to ADP and to collagen was increased following exercise when the pre and post-exercise PRP platelet counts were not corrected to allow for the increase in platelet count which occurred with exercise. When the PRP platelet counts were corrected, no changes in platelet sensitivity to any agonist after exercise were observed.+��https://www.ncbi.nlm.nih.gov/pubmed/3222784���Hendra, T J
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beta-Thromboglobulin/analysis���Jul(��The effect of 24 hours and 7 days treatment with nisoldipine (10 mg, twice daily) on platelet function was studied in 12 normotensive volunteers of whom six were insulin-dependent diabetics without clinical evidence of vascular complications. Platelet aggregation was assessed by platelet rich plasma (PRP) and whole blood (WB) techniques. In addition, the effect of nisoldipine on platelet hyperaggregability following exercise was assessed. After taking nisoldipine for 24 hours, in vitro platelet hypersensitivity to adenosine diphosphate was observed in PRP (p less than 0.01) and WB (p less than 0.01), to adrenaline in WB (p less than 0.03), and to collagen in PRP (p less than 0.02). After seven days treatment, platelet sensitivities to all agonists at rest in both PRP and WB showed no differences from pre-treatment values. Exercise-induced platelet hypersensitivity in WB to all three agonists was unchanged after nisoldipine treatment. Plasma noradrenaline and adrenaline concentrations increased after 24 hours treatment, although changes in agonist EC50s at 24 hours were not related to changes in plasma catecholamine levels. No effects of nisoldipine were observed on platelet thromboxane B2 release in PRP, or on plasma beta-thromboglobulin levels. No differences in the effects of nisoldipine were observed between diabetic and non-diabetic subjects. Nisoldipine treatment for seven days is not associated with altered platelet function, but platelet hypersensitivity is observed after treatment for 24 hours in both insulin-dependent diabetics and controls.+��https://www.ncbi.nlm.nih.gov/pubmed/2976336É��Hendra, T J
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beta-Thromboglobulin/analysis���Jul-Augk��There are conflicting reports of platelet function abnormalities in diabetic patients without vascular complications. We have studied in vitro platelet aggregation, using platelet rich plasma and whole blood techniques, in 18 patients with uncomplicated insulin-dependent diabetes and a matched group of 24 non-diabetic subjects. In addition we measured plasma beta-thromboglobulin levels in these groups, as an index of in vivo platelet activation, and compared the indices of in vitro and in vivo platelet function before and after maximal bicycle exercise. Before exercise plasma beta-thromboglobulin levels and platelet sensitivities to ADP, collagen or adrenaline, as assessed by both methods of platelet aggregation, were the same in diabetic and control subjects. Both groups showed similar increases in beta-thromboglobulin levels and in platelet sensitivity to all agonists in whole blood following exercise. Using platelet rich plasma there were no changes in platelet sensitivity in either group after exercise. In non-diabetic subjects, increases in noradrenaline levels after exercise correlated with increases in platelet sensitivity to adrenaline in whole blood. This was not observed in the diabetic group. Abnormalities of platelet function, using the techniques described here, are not present in diabetic patients who do not have clinical evidence of vascular disease.+��https://www.ncbi.nlm.nih.gov/pubmed/2970923¡��Hendra, T J
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Reference Values���May 19Ü��Mean platelet volume, platelet count and an estimate of platelet volume distribution were studied following acute myocardial infarction in 59 diabetics and 88 non-diabetics and were compared with values in 100 non-diabetic and 50 diabetic non-infarct subjects. In the non-diabetics mean platelet volume and platelet distribution width were similar in the non-infarcted patients and in the infarcted patients without severe cardiac failure. All diabetics with myocardial infarction had larger mean platelet volumes and platelet distribution width than the diabetic non-infarct controls. All myocardial infarction patients with severe cardiac failure had larger platelet volumes than patients with mild or no failure. Increased mean platelet volume may reflect either increased platelet activation or increased numbers of large, hyperaggregable platelets. Abnormalities of platelet function may contribute to the relatively poor prognosis of myocardial infarction in patients with diabetes.+��https://www.ncbi.nlm.nih.gov/pubmed/3402334£��Hendra, T J
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Polymorphism, Genetic���Jun 20P��The prevalence of an uncommon allelic variant (S2) of the apoprotein AI-CIII-AIV gene cluster was determined in non-insulin-dependent diabetics with or without evidence of coronary heart disease and in controls. Frequencies of the S2 allele were 14% for diabetics with coronary heart disease compared with 2% for non-diabetics with no clinical evidence of occlusive vascular disease. No subject with the S2 allele was detected among a further group of matched diabetics without clinical features of macrovascular disease. The results suggest that a genetic component contributes to the susceptibility to coronary heart disease in non-insulin-dependent diabetics. Whether the observed deoxyribonucleic acid variant is aetiological for atherosclerosis or in linkage disequilibrium with other atherogenic loci on chromosome 11 remains to be clarified.+��https://www.ncbi.nlm.nih.gov/pubmed/3113537±��Trembath, R C
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Terminology as Topic���Mar-AprH��Mobile X-ray generators vary widely in design, cost and radiographic performance and the new designs of recent years have led to the introduction of jargon. Such terms as 'capacitator discharge' and 'modicum frequency' can give rise to confusion regarding operating technique. This review classifies the mobiles into three distinct categories. Simple rules are presented to enable an operator to transfer exposure factors from one category to another, and an analysis of the relative merits of each category is provided. Part 1 provides a description of the categories available, a broad explanation of the principles involved and discusses the radiographic use. Throughout the text certain terms are given in italics when first used in that particular description and Part 2 gives full explanations of these terms in the context of Part 1.+��https://www.ncbi.nlm.nih.gov/pubmed/3991888u��Evans, S A
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Thromboxane-A Synthase/*antagonists & inhibitors���MarØ��We report the results of a double-blind study of dazoxiben in which treatment was continued for 3 weeks in patients with angiographically proven coronary artery disease who were receiving no other antiplatelet drugs.+��https://www.ncbi.nlm.nih.gov/pubmed/6538553���Hendra, T
Collins, P
Penny, W
Sheridan, D J
eng
Comparative Study
Netherlands
1984/03/01 00:00
Int J Cardiol. 1984 Mar;5(3):382-5.%��0167-5273 (Print)
0167-5273 (Linking)���6538553����üÚ|ÿÿ?¡���^��Johnston, W. L.
Allan, B. R.
Hendra, J. L.
Neff, D. R.
Rosen, M. E.
Sills, L. D.
Thomas, S. C.���1983V��Interexaminer study of palpation in detecting location of spinal segmental dysfunction���839-45���J Am Osteopath Assoc���82���11w��Adult
Cervical Vertebrae
Humans
Palpation/*methods
Pilot Projects
Posture
Spinal Diseases/*diagnosis
Thoracic Vertebrae���Jul+��https://www.ncbi.nlm.nih.gov/pubmed/6885533´��Johnston, W L
Allan, B R
Hendra, J L
Neff, D R
Rosen, M E
Sills, L D
Thomas, S C
eng
Research Support, Non-U.S. Gov't
1983/07/01 00:00
J Am Osteopath Assoc. 1983 Jul;82(11):839-45.%��0098-6151 (Print)
0098-6151 (Linking)���6885533��G��üÚ|ÿÿ?¢���-��Hendra, T.
Collins, P.
Penny, W.
Sheridan, D.���1983���Dazoxiben in stable angina���1041���Lancet���1���8332È��Angina Pectoris/*drug therapy
Clinical Trials as Topic
Double-Blind Method
Humans
Imidazoles/*therapeutic use
Oxidoreductases/*antagonists & inhibitors
Thromboxane-A Synthase/*antagonists & inhibitors���May 7+��https://www.ncbi.nlm.nih.gov/pubmed/6133076���Hendra, T
Collins, P
Penny, W
Sheridan, D
eng
Clinical Trial
Controlled Clinical Trial
Letter
England
1983/05/07 00:00
Lancet. 1983 May 7;1(8332):1041.%��0140-6736 (Print)
0140-6736 (Linking)���6133076������üÚ|ÿÿ?£���N��Johnston, W. L.
Beal, M. C.
Blum, G. A.
Hendra, J. L.
Neff, D. R.
Rosen, M. E.���1982O��Passive gross motion testing: Part III. Examiner agreement on selected subjects���309-13���J Am Osteopath Assoc���81���5µ��Adolescent
Adult
Aged
Cervical Vertebrae/physiopathology
Humans
Middle Aged
*Movement
Osteopathic Medicine/methods
Palpation/methods
Physical Examination/methods/*standards
Rotation���Jan+��https://www.ncbi.nlm.nih.gov/pubmed/6895741���Johnston, W L
Beal, M C
Blum, G A
Hendra, J L
Neff, D R
Rosen, M E
eng
1982/01/01 00:00
J Am Osteopath Assoc. 1982 Jan;81(5):309-13.%��0098-6151 (Print)
0098-6151 (Linking)���6895741���È��üÒ|ÿÿ?¤������Hendra, R.
Stebner, F. C.���1975:��Evaluation of parotid gland masses by rectilinear scanning���838-41���J Oral Surg���33���11³��Adenolymphoma/*diagnosis
Adenoma, Pleomorphic/*diagnosis
Female
Humans
Male
Middle Aged
*Parotid Gland
*Radionuclide Imaging/methods
Salivary Gland Neoplasms/*diagnosis
Technetium���Nov¿��Twelve salivary gland scans, done preoperatively for evaluation of parotid masses, included nine cases of Warthin's tumor. In addition to Warthin's tumor showing an accumulation of pertechnetate, increased activity was also present in two cases of mixed tumors. Warthin's tumor may also show decreased activity, with or without a large cystic component. Therefore, the interpretation of preoperative salivary gland scans must be made with caution.*��https://www.ncbi.nlm.nih.gov/pubmed/171356]��Hendra, R
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Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic 
goals, and prioritizing areas and activities (from basic research toward advanced development, 
licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative 
development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against 
Nipah virus infection.  

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 
infection was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks 
have occurred in that country since. NiV infection has also been identified periodically in eastern India 
and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in 
Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as 
serologic evidence for NiV has been found in the known natural reservoir (Pteropus species and several 
other bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, 
Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV 
transmission. Additionally, several other domestic animal species (including horses, cats, and dogs) were 
found to be infected with NiV on the farms involved in the outbreak. In the outbreaks in Bangladesh, 
intermediary hosts between bat and human have not played a major role, with the primary modes of 
NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent 
person-to-person transmission.  

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat; disease also occurred in healthcare workers who cared for NiV-infected 
patients. Detailed genomic information for this virus is limited.   
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NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered 
mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 
those identified in Bangladesh and India. Some differences have been noted in the clinical features of 
infection, with different strains in humans and experimentally infected non-human primates.  
 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of MCMs to enable effective and timely emergency 
response to infectious disease epidemics. NiV infection is identified in the Blueprint’s list of “priority 
diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which 
few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority 
diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic 
assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges 
from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and 
endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for 
areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These 
topics are not presented in order of public health priority.) The strategic goals and milestones identified 
in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be 
tracked over time, with periodic assessment of progress and updating as needed. 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 
include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), 
ensuring adequate hand hygiene and environmental hygiene, promoting effective community 
engagement, implementing adequate infection prevention and control practices, developing adequate 
infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce 
development and training in endemic and at-risk regions. Many of these issues are beyond the scope of 
the R&D roadmap but need to be addressed as part of a broader public health control strategy. Further 
research of NiV in animal species, including development of appropriate MCMs targeted to animal 
populations, also is needed, since disease in animals may amplify occurrence of NiV (or related 
henipavirus species) in humans and virus transmission can occur at the human-animal interface. 
 

VISION 
Ready availability and accessibility of rRobust MCMs to detect, prevent, and control human outbreaks 
of NiV infection (and other closely related henipaviruses) that are readily available and accessible for 
use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-
care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe 
and effective vaccines to prevent disease, disability, and death.  
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CROSS-CUTTING ISSUES 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Securing funding for Nipah research represents a substantial challenge, since economic 

incentives to invest in Nipah research are not readily apparent because the disease primarily 
occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been 
low with small and sporadic outbreaks. The development of a sustainable value proposition for 
industry and international philanthropic public-private partnerships is needed to secure funding 
to complete development, licensure, manufacture, and deployment of NiV MCMs. The value 
proposition should be informed by a robust assessment of the risk of future outbreaks and the 
economic, societal, and health impacts that such outbreaks could generate.  

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 
developers in the absence of a predictable demand. In addition, licensure of vaccines and 
therapeutics using alternative regulatory pathways can be very costly, given the regulatory 
requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (biosafety level 4 [BSL-4]) conditions, which can increase the cost of MCM 
development. 

• To date, NiV spillovers to human communities have been identified most commonly in rural 
communities in Bangladesh and India; the healthcare facilities that serve these communities 
have limited laboratory and clinical infrastructure for diagnosis and treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of 
clinical experience with the condition, lack of available laboratory testing, and the occurrence of 
other diseases that have similar clinical presentations.  

• While ferrets, Syrian hamsters, and interferon-alpha/beta receptor knockout (IFNAR-KO) mice 
are well-established animal models for NiV research, the African green monkey (AGM) is 
regarded as the most relevant animal model for evaluation of candidate therapeutics and 
vaccines intended for use in humans. Additionally, studies involving the AGM model may be 
required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements 
(particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV 
infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major 
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challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate 
MCM efficacy with adequate statistical power. It may be possible to address this issue by 
enhancing case detection through improved surveillance and by combining clinical trial data 
over time, including across outbreaks. While it is critical to focus on approaches that make 
ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory 
pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic 
clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

Key needs 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 
innovation and secure private-sector commitments to develop and manufacture NiV MCMs. 

• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 
for NiV prevention and control.  

• Advocacy to policy makers in affected countries and to global stakeholders to ensure they 
understand the potential health, societal, and economic benefits of devoting resources to 
improving NiV surveillance, detection, prevention, and control measures.   

• Obtaining additional prospective serosurveillance data of henipavirus exposure from susceptible 
animal species and proximate human populations in areas of predicted risk should be explored 
as a strategy to assess the potential of human spillover and to build preparedness for detection 
of human cases and for limiting exposure.  

• Standardized and well-characterized assays (to be further defined based on end use), reagents, 
antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. 
Assays that can be used at lower biosafety levels are an important priority. WHO international 
standards should be used (when available) as calibrators and reported in units/ml to harmonize 
assay results.  

• Clear criteria for downselection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research. Such criteria should align 
with desired characteristics outlined in the target product profiles (TPPs) and should address 
aspects of sustainable MCM production, stockpiling, and access. 

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) or other regulatory agencies to obtain clarity and guidance on 
clinical trial requirements, regulatory pathways and requirements, and other considerations for 
NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 
capabilities will vary between countries; therefore, early engagement, potentially with support 
from WHO, is essential to identify country-specific considerations.    

• Outreach and education to clinicians and community health workers to improve NiV awareness, 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 
prevention and control) and to ensure availability of diagnostic tools in endemic areas to 
increase the likelihood of accurate and timely diagnosis and treatment of NiV infection.  
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• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 
collaborative clinical research, including methods for collecting, standardizing, and sharing 
clinical data.   

• Collaboration between public health authorities in endemic and at-risk areas and international 
development partners to support NiV surveillance and strengthen disease prevention and 
preparedness activities. Human health, animal health, and wildlife officials should be engaged as 
part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturing to endemic and at-risk areas.  

Knowledge gaps 
• Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as 

well as other preventive measures, depend on accurate and current information on the ecology 
and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or 
dedicated prospective research with a surveillance focus) is needed to determine the true 
incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 
bats to humans or livestock in new geographic areas. Additionally, continued research is needed 
to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 
infection, in the natural reservoir of Pteropus bats and potentially other bat species.  

• Additional research is needed to optimize relevant animal challenge models (e.g., ferret, Syrian 
hamster, IFNAR-KO mouse, and AGM models) for promoting development and evaluation of 
MCMs, particularly if investigators are required to use an alternative pathway (such as the 
United States Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory 
approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for 
screening assay development; (2) standardize the challenge strain and dose, and determine the 
most appropriate lethal NiV dose for MCM development; (3) determine when after-challenge 
MCMs should be administered in animal models to best mimic realistic timing of MCM use in 
humans; (4) bridge NiV MCM data from animal models to humans, such as identifying 
thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify 
the best models for studying chronic (relapsing) infection.  

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between different NiV strains, determining the mechanisms that 
allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, 
identifying factors influencing the development of permanent neurologic sequelae, and further 
characterizing cell-mediated and humoral immune responses to NiV infection. In addition, 
identifying aspects of the immune response that are absent or counter-effective during human 
NiV infection may lead to the development of novel targeted intervention strategies.  

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of 
disease over time and thereby influence MCM development.   



January 2019 
 

6 
 

• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hosts and pathogenicity.  

• Additional studies applying whole-genome sequencing of NiV are needed to generate a 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage 
populations at high risk of exposure (such as persons who consume date palm sap, healthcare 
workers, and workers at the human-animal interface) and vulnerable populations (such as 
children, immunocompromised individuals, and pregnant women) for participation in clinical 
trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not 
consistently prevent disease.  

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Identify sources of private- and public-sector funding and develop appropriate 
incentives and competitions to promote R&D of NiV MCMs.  

Milestones: 
1. By 2019, develop a public value proposition to effectively advocate for the development and 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 
outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 
and (3) details the positive impact on the health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward 
clinical evaluation, licensure/approval, acceptance, and sustainable access. 
 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk 
and potential for global spread of NiV outbreaks.  

Milestones: 
1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying 

surveillance catchment areas, engaging key partners in those areas, generating a standardized 
protocol, and conducting training for implementation.   

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including 
the potential for spillover events), enhance case detection, and better define the disease burden 
in different geographic areas.  

 
Strategic Goal 3: Support basic science research to improve understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animal models.  

Milestones: 
1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 
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2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical 
studies of NiV MCMs and that may be necessary for licensure of MCM products (particularly 
vaccines) via non-traditional regulatory pathways. 

 
Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 
NiV infections to inform development of MCMs. 

• Determine key differences in pathogenesis for different NiV strains that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine and optimize relevant animal models to support the development and evaluation of NiV 
MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.   

• Generate research tools to promote R&D of MCMs for NiV infection (e.g., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research studies to enable a more comprehensive mapping of genetic variability of 
henipaviruses to improve understanding of their global distribution. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for downselection and prioritization of candidate MCMs that should be moved 

forward. 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection.   

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 
human or animal populations.  

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    
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• Collaborate with local government authorities (including human health, animal health, and 
wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 

NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 
and fair” price is one that can reasonably be paid by patients and health budgets and 
simultaneously sustains research and development, production, and distribution within a 
country.) 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
DIAGNOSTICS 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Initial signs and symptoms of NiV infection are nonspecific, and the diagnosis often is not 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
in outbreak detection and implementation of effective and timely infection control measures 
and outbreak response activities. Additionally, latent disease can occur months to years after 
initial infection, which can complicate epidemiologic investigation.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
limited, and investigation into the cause of infection is not always pursued; these issues can lead 
to delays in diagnosis and outbreak investigation and response.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  
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• Owing to the biosafety precautions necessary when working with NiV, diagnostic testing of 
clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with 
regard to collection, handling, transport, and laboratory analysis.  

• The time required to perform diagnostic testing using conventional laboratory methods is 
problematic, given the rapid disease progression of NiV infection.  

• Currently, no approved tests for diagnosis of NiV infection are commercially available. 
• Pteropus species (and perhaps other bat species) appear to carry other henipaviruses in addition 

to NiV and HeV, some of which may prove to be pathogenic in humans and livestock. Antibodies 
to different henipaviruses are highly cross-reactive, making it difficult to discriminate using 
serologic assays which henipaviruses are in circulation. Capacity to identify additional 
pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 
respond to future outbreaks.  

Key needs 
• Clarification regarding the use cases for different diagnostic assays, since the corresponding 

performance, validation, and regulatory approval requirements may differ depending on how 
the tests will be used. For example, it may be desirable to have a point-of-care screening test 
that is highly sensitive and a confirmatory test that is highly specific. 

• A TPP for NiV diagnostics that identifies the key use cases and optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• A virtual repository (with specimens being held and maintained in the countries of origin) of 
clinical samples to assess and validate diagnostic tests. As part of this process, a clear approach 
is needed to: (1) determine what clinical samples should be collected, based on what would be 
most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of 
sample collection; (3) determine what organizations will be responsible for the activities related 
to creating and maintaining the repositories; (4) establish standardized protocols for sample 
collection and maintenance; (5) establish an appropriate governance structure; (6) identify who 
would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) 
ensure that material transfer agreements (MTAs) are in place. (Samples obtained from 
laboratory animals also can be used to assess diagnostic assays during the timeframe when the 
virtual repository is being created.) 

• Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements 
for laboratory infrastructure, can detect disease early in the clinical course, are robust for use 
under a variety of conditions (e.g., varying humidity, temperature), and have a high sensitivity 
and specificity for different NiV strains, as needed, depending on the use cases for each test. 
Rapid diagnostic capability is needed for early case detection to promote outbreak detection, 
ensure early implementation of infection control measures, and ultimately to improve patient 
outcomes, once therapeutic options are available.  

• International reference standards to calibrate diagnostic assays.  
• Validation of promising diagnostics in endemic and at-risk geographic regions.  
• Diagnostic criteria and standardized testing for including patients in clinical trials of 

therapeutics. 
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• Improved diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent 
henipaviruses as they arise.  

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection.  

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 
performance of NiV diagnostic assays in the field.  

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 
support the business case for Nipah diagnostics, particularly given the costs of regulatory 
approval.  

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotype neutralization assays and antigen-
capture enzyme-linked immunosorbent assays [ELISAs]) and tests that are designed to detect 
more than one henipavirus. Further testing of diagnostics should be conducted in animal models 
before field trials in humans are pursued.  

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 
repository of clinical samples from NiV-infected patients. 
 

Milestones:  
1. By 2019, develop and standardize plans and protocols (including the governance structure) for 

creating a virtual reference repository of well-characterized clinical samples to be maintained in 
the two primary NiV-affected countries: Bangladesh and India.  
 

2. By 2021, identify funding and initiate creation of the virtual reference repository in Bangladesh 
and India, with samples to be collected during future outbreaks and possibly as part of future 
clinical trials.    

 
Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on 
intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the 
conditions in which they will be used and that have minimal requirements for biosafety precautions and 
staff training.  
 

Milestones:  
1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal 

and desirable characteristics to guide the development of promising NiV diagnostic assays.  
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2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization 
pathways for NiV diagnostic assays.  

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care 
or near-patient diagnostic assays that align with the TPP. 
 

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-
patient diagnostic assays that align with the TPP. 
 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover 
risk to promote early detection of NiV.  
 

Milestones:  
1. By 2021, develop national laboratory strategies for NiV detection in the primary affected 

countries that include plans for enhancing laboratory preparedness to diagnose NiV infection 
during future outbreaks.  

 
Priority Areas/Activities 

Research 
• Create a virtual repository of clinical reference samples for use in researching new diagnostic 

agents.  
• Explore new diagnostic approaches that may allow earlier detection of infection.   
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  

 Product development 
• Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and 

preferred performance characteristics for different use cases. 
• Develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV infection that 

are affordable, highly sensitive and specific (as needed, depending on their intended use), can 
capture antigenically diverse strains of the virus, and can be performed accurately and safely in 
remote areas under a variety of circumstances.   

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-

affected countries. 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  
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Policy and commercialization 
• Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available.   
 

THERAPEUTICS 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 

could reduce acceptance of NiV therapeutics.  
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 

creates an important challenge in providing early treatment of patients and PEP for exposed 
persons.  

• In NiV-endemic areas, hundreds of patients are admitted to hospitals annually with a diagnosis 
of encephalitis but do not have NiV infection. Treating all patients with encephalitis and their 
contacts for NiV infection would be costly and labor intensive, with relatively little benefit; 
therefore, accurate and rapid diagnosis is critical.  

• Studies in animals often evaluate the usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well a therapeutic agent will 
work in the field. 

• NiV can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control–
programs in place to prevent person-to-person transmission. They also lack the ability to rapidly 
identify contacts most likely to benefit from PEP therapy. 

• A limiting constraint to assessing the effectiveness of promising therapies is the number of 
patients with NiV infection who can be enrolled in clinical trials, given the small number of cases 
that are detected annually.  

Key needs 
• Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to 

be implemented in NiV-affected areas, particularly during future outbreaks. 
• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 

infection to improve survival and decrease associated morbidity and long-term disability.  
• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 

PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  



January 2019 
 

13 
 

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

• A transparent and collaborative process is needed to determine which agents are most 
appropriate for study in future clinical trials, given the limited number of cases that could 
potentially be enrolled in trials each year. 

Knowledge gaps 
• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 

challenge in animal models and has been provided under compassionate use programs for a 
small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for 
m102.4 with 40 human participants was completed in Australia. Additional animal studies using 
different NiV strains and clinical trials in endemic areas are needed to further assess the safety, 
tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir 
[an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being 
used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. 
Additionally, the therapeutic windows of each therapy should be determined for different NiV 
strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for 
m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia.  

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection and strengthen the therapeutic pipeline.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamic (PK/PD) 
relationship of promising therapeutic candidates. 

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer. This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons 
annually that could be candidates for PEP.  

• Additional information is needed regarding whether or not strain differences will affect the 
response to therapeutic candidates and results from clinical trials. 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions.  
 

Strategic Goals and Aligned Milestones 
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Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 
outbreaks.  
 

Milestones:  
1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising 

therapeutic candidates to be implemented in NiV-affected areas and develop plans for 
operationalizing the protocol.  

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to 
be implemented in NiV-affected areas and develop plans for operationalizing the protocol.  

3. By 2019, identify an approach for downselecting promising therapeutic candidates for further 
study in clinical trials, given limited annual case numbers for enrollment.   

4. By 2020, complete a broader, regional protocol for conducting clinical trials of promising 

therapeutic candidates to be implemented in NiV-affected areas and develop plans for 
operationalizing the protocol.  

5. By 2020, generate a reliable source of m102.4 (or other promising agent[s] or agent 
combinations) to be used assessed in clinical trials. 
 

Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for 
PEP to prevent NiV infection.  
 

Milestones:  
1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic 

candidates.  

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or combination therapies for the treatment of NiV 
infection.  

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) 
efficacy of at least two promising therapeutic candidates or combination therapies for the 
treatment of NiV infection.  

 
Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 

(such as m102.4 and favipiravir) for treating and preventing NiV infection, including conducting 
studies in animal models and clinical trials as appropriate and feasible. 

• Continue to expand the pipeline of new therapeutic options for treating and preventing NiV 
infection that should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
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• Develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV 
infection that are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains  and 
other pathogenic henipaviruses that may emerge. 

Key capacities 
• Ensure that clinical trial protocols are in place and are ready to be operationalized, including 

obtaining appropriate approvals and conducting necessary training. 
• Promote enhancements to the healthcare delivery systems in affected areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for further clinical testing and outbreak control.  

Policy and commercialization 
• Generate a reliable source of m102.4 to be used in clinical trials. 
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

VACCINES 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges  
• Currently, there is no candidate vaccine that is in late-stage development, and few companies 

are willing to invest in the generation of new NiV vaccines.  
• Sociocultural issues may hinder trust in the formal human and veterinary clinical and public 

health systems, which could diminish the acceptance of NiV vaccine use.  
• The absence of improved diagnostic assays for the timely diagnosis of infection creates an 

important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak 
control.  

Key needs 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 

against different NiV strains, and (3) provide rapid onset of an immune response to adequately 
prevent and control outbreaks.  

• Guidance on the use of NiV vaccines to include vaccination strategies for special populations 
(such as children, immunocompromised individuals, and pregnant women); different 
epidemiologic scenarios; and different vaccine attributes.  

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 
target populations and guidance for community sensitization to vaccine acceptation and 
promotion within the community. 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategies over time.  
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Knowledge gaps 
• Additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV. Since neutralizing antibodies are 
likely the primary mediator of protection against NiV infection, research in this area should 
focus primarily on the humoral immune response for driving vaccine development.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines.  

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac HeV from Zoetis).  

• Additional research is needed in animal models to determine if vaccine candidates are cross-
protective between different NiV strains, including recently identified strains; only a few studies 
demonstrating cross-protection have been performed to date.  

• The identification of specific correlates or surrogates of protection and standardized assays for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may 
vary by vaccine platform and antigen, and therefore multiple assays may need to be 
standardized. 

• Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse 
incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in 
non-affected countries, safety trials will also be needed involving target populations in endemic 
regions.  

• Further epidemiologic research is needed to better define at-risk populations and identify 
additional areas of potential NiV spillover.  

• Additional sociological research is needed to explore perceptions and concerns of at-risk 
populations regarding NiV vaccine implementation. 

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use 
in NiV endemic areas.  

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 
estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating 
disease risk based on risk behaviors and practices in communities or specific population groups, 
and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  

 

Strategic Goals and Aligned Milestones 
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Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 
requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure 
of a vaccine against NiV. 

Milestones:  
1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy 

trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical 
trials (if deemed feasible) and the need for licensure and future use of NiV vaccines. This 
consultation should include representatives from in-country regulators, other regulatory 
agencies (such as the FDA or the European Medicines Agency), national and international public 
health agencies and organizations, and local and international researchers. 

 
Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans.  
 

Milestones:  
1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 

least two promising NiV vaccine candidates. 
 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV 
candidate vaccines.  
 

3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a 
framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional 
protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create 
a collaborative and transparent strategy for determining which candidate vaccines will go 
forward into phase 3 trials.  

 
Priority Areas/Activities 

Research 
• Improve understanding of the humoral immune response to infection to inform development 

and evaluation of NiV vaccines. 
• Identify and standardize correlates and/or surrogates of protection, which are necessary for 

ongoing research into candidate vaccines and also may be important for vaccine licensure.  
• Generate international reference standards to calibrate serologic assays for vaccine potency 

analyses. 
• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 

efficacy in animal models (such as through serum transfer studies), correlates of protection, and 
durability. 

• Further study cross protection of various vaccine candidates against different NiV strains, and 
between NiV strains and HeV strains.  

• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 
animal studies for immune bridging to facilitate regulatory licensing. 
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• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Evaluate the feasibility of generating multivalent vaccines (i.e., that protect against more than 
one disease) and determine whether or not such vaccines would be useful in future NiV control 
efforts.    

Product development 
• Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  

Key capacities 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 

(once vaccines become available). 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 

vaccines, if clinical trials are considered feasible. 
• Identify and address issues with licensure and use of NiV vaccines in affected areas through a 

coordinated process involving key stakeholders, including in-country NRAs and public health 
authorities. 

• Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical 
evaluation and use when outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Develop guidance for community sensitization to vaccine acceptance and promotion within the 

community. 
• Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, 

if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for 
person-to-person transmission and potential for faster spread.  
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Introduction  

Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after 

an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in 

Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 

human cases of encephalitis were identified in Malaysia and most had close contact with pigs 

(Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following 

contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and 

three presented with atypical pneumonia (one of which later also had evidence of encephalitis) 

(Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, 

NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual 

outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been 

recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of 

Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV 

infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV 

in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that 

occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed 

genomic information for the virus is limited, experts agree that the causative agent was either 

NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra 

virus, which predominantly causes infection in horses in Australia and can also lead to human 

disease, usually following contact with infected horses (Ksiazek 2011).   

The most common clinical syndrome associated with NiV infection is severe, rapidly 

progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, 

headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset 
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encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 

sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory 

illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 

1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas 

case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 

100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are 

multiple strains of NiV, which may account for the differences noted in clinical features and 

outcomes between Malaysia and Bangladesh (Mire 2016).  

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In 

the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-

human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, 

several other domestic animal species in the outbreak area (including horses, cats, and dogs) 

were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts 

between bat and human have not played a major role, with the primary modes of NiV 

transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, 

Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-

person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role 

in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, 

Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory 

disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 

2018). A recent study demonstrated that hamsters could be infected when exposed to NiV via a 

small-particle aerosol; however, the epidemiologic significance of this remains unclear (Escaffre 

2018). Given the potential for respiratory transmission of NiV and the recent experience with 
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Ebola in West Africa, some have raised concerns about the possibility of larger NiV outbreaks if 

the virus takes hold in a crowded or urban area (Donaldson 2018) or about the pandemic 

potential of NiV if a more human-adapted strain emerges (Luby 2013). 

Pteropus fruit bats have a wide geographic range that stretches across much of the 

Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the 

Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of 

the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid 

detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat 

species and other bat species in geographically diverse regions, including South Asia 

(Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, 

Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa 

(Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 

2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). 

This wide potential range of the NiV natural reservoir raises concerns about the eventual 

occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may 

make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to 

lack of clinical experience with the condition, lack of available laboratory testing, and the 

occurrence of other diseases that have similar clinical presentations. 

WHO has determined that Nipah virus is a priority disease for epidemic preparedness 

(WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO 

embarked on development of a research and development (R&D) roadmap for NiV disease; this 

report provides a summary of the key elements of that roadmap, including important challenges 

and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are 
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developed, manufactured, and readily available when needed [provide link to full roadmap here 

when available]. 

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for 

areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, 

and vaccines. The strategic goals and milestones identified in each section are focused on key 

achievements for the next 5 years; the roadmap milestones will be tracked over time, with 

periodic assessment of progress and updates to the roadmap as needed. The roadmap is specific 

to R&D for disease in humans; however, further research of NiV in animal species, including 

development of appropriate medical countermeasures targeted to animal populations, also is 

needed, since disease in animals may amplify occurrence of NiV in humans and virus 

transmission can occur at the human-animal interface. 

Cross-Cutting Issues  

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is 

accessing adequate funding to support research. Economic incentives to invest in such research 

are not readily apparent because the disease primarily occurs in under-resourced areas of South 

Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. 

Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure 

they understand the potential health, societal, and economic benefits of devoting limited 

resources to improving NiV surveillance, detection, prevention, and control measures. As part of 

this process, the risk profile for NiV and related henipaviruses needs to be further defined 

through improving disease surveillance in areas of known risk and obtaining prospective 

serosurveillance data on henipavirus exposure for susceptible animal species (e.g., bats, swine, 

and equids) and proximate human populations in areas of predicted risk. Human health, animal 
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health, and wildlife officials should be engaged in these efforts as part of a long-term 

collaborative One Health approach (Chattu 2018, Kulkarni 2013). 

Another important issue is the need to optimize relevant animal challenge models for 

promoting development and evaluation of medical countermeasures for NiV infection, 

particularly if investigators are required to use an alternative pathway (such as the US Food and 

Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For 

example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay 

development; (2) standardize the challenge strain and dose, and determine the most appropriate 

lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge 

medical countermeasures should be administered in animal models to best mimic realistic timing 

of such use in humans; (4) bridge data from animal models to humans, such as identifying 

thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best 

models for studying chronic (relapsing) infection (Dhondt 2013, Johnston 2015, Mathieu 2015). 

Currently, the African green monkey is regarded as the most relevant animal model for 

evaluating candidate therapeutics and vaccines intended for use in humans (Bossart 2012, 

Geisbert 2010, Johnston 2015), and studies involving nonhuman primates may be required for 

licensure of therapeutics and vaccines via alternative regulatory pathways. Costs, space 

requirements (particularly in BSL-4 containment facilities), and ethical concerns, however, 

constrain the use of this animal model. In addition to optimizing animal models, standardized 

and well-characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains are 

needed to move R&D of medical countermeasures for NiV infection forward (Satterfield 2016). 

To inform development of optimal NiV medical countermeasures, additional research 

also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. 



January 2019 
 

8 
 

This includes issues such as evaluating the pathophysiologic differences between different NiV 

strains, determining the mechanisms that allow NiV to escape immunological clearance and 

cause delayed onset or recurrent encephalitis, identifying factors influencing the development of 

permanent neurological sequelae, and further characterizing cell-mediated and humoral immune 

responses to NiV infection. 

To respond to these challenges, the strategic goals and milestones for cross-cutting issues 

in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and 

identifying funding sources to promote R&D, availability, and accessibility of NiV medical 

countermeasures, optimizing animal models for research, and generating standardized and well-

characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains to facilitate 

R&D of NiV medical countermeasures (Table 1). 

Diagnostics 

Currently, no approved tests for diagnosis of NiV infection are commercially available. 

The most commonly used methods for diagnosing NiV infection include virus isolation, enzyme-

linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies, and 

real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus isolation requires 

biosafety level 4 (BSL-4) capabilities and is generally only performed in reference laboratories 

for specific purposes, such as to confirm a new outbreak or to identify the virus in new host 

species (Wang 2012). During the Malaysia outbreak, the US Centers for Disease Control and 

Prevention (CDC) developed a capture ELISA for detection of IgM antibodies and an indirect 

ELISA for detection of IgG antibodies (Daniels 2001); since then, additional ELISA tests have 

been developed (Wang 2012) and serologic testing is often used for case confirmation during 

outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009). RT-PCR, 
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which can be performed on throat and nasal swabs, cerebrospinal fluid, urine, and blood, is also 

often used for diagnostic testing (Chadha 2006, Guillaume 2004, Lo 2012). Quantitative RT-

qPCR tests have been developed for quantifying viral replication; such tools can be used to 

measure viral load reduction when screening vaccine candidates and potential therapeutics 

(Jensen 2018). More recently, pseudotyped-based serum neutralization assays for NiV detection 

that use vesicular stomatitis virus systems have been developed; these assays potentially can be 

used under BSL2 conditions in laboratories with limited diagnostic capabilities and appear to 

offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, Tamin 2009). Antigen-

capture ELISAs using monoclonal antibodies also have been developed, which could result in 

more rapid diagnosis (Chiang 2010). These newer technologies hold promise; however, more 

information is needed regarding their performance characteristics, particularly under field 

conditions. Development and validation of immunohistochemical staining tests can facilitate 

studies on pathogenesis of NiV infections and may also be useful for primary diagnosis in low-

resource settings. 

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation, which can delay outbreak detection 

and implementation of infection control measures. Furthermore, laboratory infrastructure and 

diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); 

thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or 

near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are 

needed to identify cases quickly, promote outbreak detection, ensure timely implementation of 

infection control measures, and ultimately improve patient outcomes, once therapeutic options 

become available.   



January 2019 
 

10 
 

Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic 

testing forward. Development of such a repository requires addressing the following: (1) 

determining what clinical samples should be collected, based on what would be most useful (e.g., 

plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; 

(3) determining what organizations will be responsible for activities related to creating and 

maintaining the repositories; (4) establishing standardized protocols for sample collection and 

maintenance; (5) establishing an appropriate governance structure; (6) identifying who would 

have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) 

ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays.  

To address these issues, the strategic goals and milestones for diagnostic testing outlined 

in the NiV R&D roadmap focus on creation of a virtual reference repository, development of 

highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement 

of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or 

potential spillover risk (Table 2).  

Therapeutics 

Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients; findings from treated patients were compared to those of 54 historical 

controls who became ill before ribavirin was available or who refused treatment (Chong 2001). 
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Results demonstrated a significantly lower mortality (36%) among treated patients; however, the 

use of historical controls may have biased this finding. No additional clinical studies using 

ribavirin have been conducted, and limited studies in animal models have not demonstrated 

efficacy of ribavirin following NiV or Hendra virus challenge (Rockx 2010, Georges-Courbot 

2006). Chloroquine also has been studied in animal models, but has not shown any therapeutic 

benefit, either alone or in combination with ribavirin (Freiberg 2010, Pallister 2009). Based on 

these findings, these approaches are not considered viable options for treatment of NiV infection.  

A more promising therapeutic option is the development of monoclonal antibodies 

(mAbs) against viral envelope proteins that can neutralize NiV via passive administration 

(Broder 2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early 

treatment and for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as 

healthcare workers, family caregivers, and persons exposed to infected livestock. Researchers 

have demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge 

in animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate 

use for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 

1 clinical trial of m102.4 with 40 human participants was completed in Australia, but results are 

not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in 

Kerala, India, but was not used because the outbreak was brought under control quickly 

(Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic 

window for m102.4 may vary by virus strain, which is a consideration for further preclinical and 

clinical study of this agent (Mire 2016). It may also be worthwhile to explore development of 

alternate mAbs against NiV or to evaluate cocktails of mAbs. 
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Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that 

inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit 

virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a 

monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated 

efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), 

supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies 

in animal models also have been conducted for fusion inhibitory peptides; for example, 

investigators recently reported that lipopeptides delivered via the respiratory route can prevent 

lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-

molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for 

treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir 

against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents 

are promising, further preclinical data are needed to assess their utility. In addition, efforts are 

needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science 

research toward discovery of additional novel agents that may be more aligned with optimal and 

desired characteristics for anti-NiV therapy.  

Key additional considerations for moving NiV therapeutics forward include: (1) obtaining 

additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, 

pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) 

ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising 

therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and 

(3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, 

and the feasibility of PEP distribution in both endemic and at-risk areas. A limiting constraint to 
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assessing the effectiveness of promising therapies is the number of patients with NiV infection 

who can be enrolled in clinical trials, given the small number of cases that are detected each 

year. To address this concern, a transparent and collaborative process is needed to determine 

which agents are most appropriate for study in future clinical trials and how to best allocate 

scarce resources. Additionally, clinicians in endemic areas need to maintain high vigilance for 

cases of acute febrile encephalitic syndrome, particularly in association with respiratory 

symptoms, to facilitate early diagnosis and case identification. Additional training of clinicians 

along with effective and appropriate risk communication strategies need to be implemented in 

endemic areas.  

To address these issues, the goals and milestones for therapeutics in the NiV R&D roadmap 

focus on continuing to move promising agents forward into clinical trials and on enhancing 

preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks (Table 

3). 

Vaccines  

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 

development include creating a subunit vaccine against one or both of the outer-membrane 

proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, 
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Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 

2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has 

been developed and is commercially available for use in horses (Middleton 2014), which 

supports this option as a promising approach for developing a human NiV vaccine. 

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of 

government agencies, industry, academia, philanthropy, and intergovernmental institutions 

aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, 

has recently provided financial support to promote the development of several NiV candidate 

vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. 

and Emergent BioSolutions Inc. to develop a human NiV vaccine that is based on the same 

technology as that used for the Hendra virus vaccine for horses (CEPI 2018). In September 2018, 

CEPI announced plans to award approximately US$ 2 million to the Jenner Institute at the 

University of Oxford and Janssen Vaccines & Prevention BV for preclinical development of a 

replication-deficient simian adenoviral-vectored vaccine, derived from an adenovirus originally 

isolated from chimpanzees (CEPI 2018). These efforts, and potentially additional future efforts 

funded by CEPI, will support preclinical and early clinical development of NiV vaccines. 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 

sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 
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conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative 

regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical 

trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.  

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be standardized. 

Second, additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, 

Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection 

against NiV infection (Satterfield 2016), research in this area should focus primarily on the 

humoral immune response for driving vaccine development. Third, further work in animal 

models is needed to determine if vaccine candidates are cross-protective between different NiV 

strains, including recently identified strains; only a few studies demonstrating cross-protection 

have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting 

may be useful in creating a current estimate of the reproductive number for NiV, gauging the 

potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap 

focus on moving vaccine candidates forward into clinical trials and promoting development of 

guidance on requirements for clinical trials, regulatory pathways, and other considerations 

relevant to licensure of a vaccine against NiV (Table 4).  

Conclusion 
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The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures forward. NiV 

infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-

of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of 

known or suspected NiV spillover will improve understanding of the true burden of NiV disease. 

These efforts, in turn, may provide information to further support the public health value 

proposition for NiV medical countermeasure development and, by increasing case detection, 

may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in 

endemic areas.    
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Tables 

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues 
 
Goals and Milestones for NiV Infection Cross-Cutting Issues 
STRATEGIC GOALS MILESTONES 
1. Identify sources of 

private- and public-
sector funding, and 
develop appropriate 
incentives and 
competitions to 
promote R&D of NiV 
MCMs. 

1. By 2019, develop a public value proposition to effectively advocate 
for the development and sustainability of NiV MCMs that: (1) 
articulates the potential global threat of NiV infection, (2) outlines 
the social and economic benefits of generating accessible and 
affordable NiV MCMs, and (3) details the positive impact on the 
health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, 
therapeutics, and vaccines toward clinical evaluation, 
licensure/approval, acceptance, and sustainable access. 

2. Improve understanding 
of NiV epidemiology 
and ecology to 
estimate the relative 
risk and potential for 
global spread of NiV 
outbreaks. 

1. By 2021, develop a plan for enhancing NiV surveillance, including 
securing funding, identifying surveillance catchment areas, engaging 
key partners in those areas, generating a standardized protocol, and 
conducting training for implementation.   

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV 
epidemiology (including the potential for spillover events), enhance 
case detection, and better define the disease burden in different 
geographic areas.  

3. Support basic science 
research to improve 
understanding of NiV 
virology, pathogenesis, 
and the immune 
response to infection 
in humans and animal 
models.  

1. By 2020, generate standardized and well-characterized assays, 
reagents, antibodies, nucleic acids, and NiV challenge strains to 
facilitate R&D of NiV MCMs. 

2. By 2021, optimize animal models that recapitulate disease in humans 
for use in preclinical studies of NiV MCMs and which may be 
necessary for licensure of MCM products (particularly vaccines) via 
non-traditional regulatory pathways. 

Abbreviations: NiV, Nipah virus; MCM, medical countermeasure; R&D, research and development. 

 

Table 2: Goals and Milestones for NiV Diagnostics 

Goals and Milestones for NiV Diagnostics 
STRATEGIC GOALS MILESTONES 
1. Support development 

of diagnostic assays 
through creation of a 
virtual reference 
repository of clinical 
samples from NiV-
infected patients.  

1. By 2019, develop and standardize plans and protocols (including the 
governance structure) for creating a virtual reference repository of 
well-characterized clinical samples to be maintained in the two 
primary NiV-affected countries (Bangladesh and India). 

2. By 2021, identify funding and initiate creation of the virtual reference 
repository in the two primary NiV-affected countries (Bangladesh and 
India), with samples to be collected during future outbreaks and 
possibly as part of future clinical trials.    
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2. Develop and assess 
affordable, highly 
sensitive and specific 
(as needed depending 
on intended use), 
point-of-care or near-
patient NiV diagnostic 
tests that are 
sufficiently robust for 
the conditions in which 
they will be used and 
that have minimal 
requirements for 
biosafety precautions 
and staff training.  

1. By 2019, generate a TPP for NiV diagnostics that identifies the 
primary use cases and optimal and desirable characteristics to guide 
the development of promising NiV diagnostic assays. 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform 
commercialization pathways for NiV diagnostic assays. 

3. By 2021, complete preclinical evaluation for at least two of the most 
promising NiV point-of-care or near-patient diagnostic assays that 
align with the TPP. 

4. By 2022, complete field studies for at least two of the most promising 
NiV point-of-care or near-patient diagnostic assays that align with the 
TPP. 

3. Enhance laboratory 
diagnostic 
preparedness in areas 
of known or potential 
spillover risk to 
promote early 
detection of NiV. 

1. By 2021, develop national laboratory strategies for NiV detection in 
the primary affected countries that include plans for enhancing 
laboratory preparedness to diagnose NiV infection during future 
outbreaks. 

Abbreviations: NiV, Nipah virus; NRA, national regulatory authority; TPP, target product profile. 
 

Table 3: Goals and Milestones for NiV Therapeutics 

Goals and Milestones for NiV Therapeutics 
STRATEGIC GOALS MILESTONES 
1. Enhance preparedness 

to conduct clinical 
trials of therapeutic 
agents during future 
NiV outbreaks. 

1. By 2019, complete a protocol for conducting safety and efficacy 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising 
therapeutic candidates to be implemented in NiV-affected areas and 
develop plans for operationalizing the protocol. 

3. By 2019, identify an approach for downselecting promising 
therapeutic candidates for further study in clinical trials, given 
limited annual case numbers for enrollment.   

4. By 2020, complete a broader, regional protocol for conducting 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

5. By 2020, generate a reliable source of m102.4 (or other promising 
agent[s] or agent combinations) to be assessed in clinical trials. 
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2. Develop and evaluate 
therapeutic agents for 
treatment of NiV 
infection and for PEP 
to prevent NiV 
infection. 

1. By 2019, create and implement a prioritization process for evaluating 
promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising therapeutic 
candidates or combination therapies for treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, 
tolerability, and (possibly) efficacy of at least two promising 
therapeutic candidates or combination therapies for treatment of 
NiV infection. 

Abbreviations: NiV, Nipah virus; PEP, post-exposure prophylaxis. 

 

Table 4: Goals and Milestones for NiV Vaccines 

Goals and Milestones for NiV Vaccines 
STRATEGIC GOALS MILESTONES 
1. Engage NRAs 

(particularly in endemic 
and at-risk areas) and 
WHO to gain guidance 
on requirements for 
clinical trials, 
regulatory pathways, 
and other 
considerations that will 
impact licensure of a 
vaccine against NiV. 

1. By 2019, convene an expert working group to assess the feasibility of 
conducting clinical efficacy trials of NiV vaccines and to determine 
the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues 
around conducting clinical trials (if deemed feasible) and the needs 
for licensure and future use of NiV vaccines. This consultation should 
include representatives from the following: in-country regulators, 
other regulatory agencies (such as the FDA or the EMA), national and 
international public health agencies and organizations, and local and 
international researchers. 

2. Develop and evaluate 
NiV vaccines for 
prevention of NiV 
disease in humans. 

1. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising NiV vaccine 
candidates. 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one 
of the most promising NiV candidate vaccines. 

3. By 2023, complete the following if phase 3 trials are considered 
feasible: (1) develop a framework for conducting phase 3 clinical 
trials of NiV vaccine candidates, (2) develop a regional protocol for 
conducting phase 3 trials and plans for operationalizing the protocol, 
and (3) create a collaborative and transparent strategy for 
determining which candidate vaccines will go forward into phase 3 
trials. 

Abbreviations: FDA, US Food and Drug Administration; EMA, European Medicines Agency; NiV, Nipah 
virus; NRA, national regulatory authority; WHO, World Health Organization. 
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against Nipah virus infection. 



INTRODUCTION  

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks have occurred in that country since. NiV infection has also been identified periodically in eastern India and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus species and several other bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, several other domestic animal species (including horses, cats, and dogs) were found to be infected with NiV on the farms involved in the outbreak. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat; disease also occurred in healthcare workers who cared for NiV-infected patients. Detailed genomic information for this virus is limited.  



NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from those identified in Bangladesh and India. Some differences have been noted in the clinical features of infection, with different strains in humans and experimentally infected non-human primates. 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of MCMs to enable effective and timely emergency response to infectious disease epidemics. NiV infection is identified in the Blueprint’s list of “priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, with periodic assessment of progress and updating as needed.

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), ensuring adequate hand hygiene and environmental hygiene, promoting effective community engagement, implementing adequate infection prevention and control practices, developing adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap but need to be addressed as part of a broader public health control strategy. Further research of NiV in animal species, including development of appropriate MCMs targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV (or related henipavirus species) in humans and virus transmission can occur at the human-animal interface.



VISION

Ready availability and accessibility of rRobust MCMs to detect, prevent, and control human outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING ISSUES

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Securing funding for Nipah research represents a substantial challenge, since economic incentives to invest in Nipah research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with small and sporadic outbreaks. The development of a sustainable value proposition for industry and international philanthropic public-private partnerships is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The value proposition should be informed by a robust assessment of the risk of future outbreaks and the economic, societal, and health impacts that such outbreaks could generate. 

· Demonstrating whether or not a product provides meaningful benefit without undue risk, which is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product developers in the absence of a predictable demand. In addition, licensure of vaccines and therapeutics using alternative regulatory pathways can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (biosafety level 4 [BSL-4]) conditions, which can increase the cost of MCM development.

· To date, NiV spillovers to human communities have been identified most commonly in rural communities in Bangladesh and India; the healthcare facilities that serve these communities have limited laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations. 

· While ferrets, Syrian hamsters, and interferon-alpha/beta receptor knockout (IFNAR-KO) mice are well-established animal models for NiV research, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs.

· Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on approaches that make ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.

Key needs

· Funding sources (such as public-private partnerships, government agencies, and philanthropic organizations) and industry incentives and competitions for non-dilutive funding to encourage innovation and secure private-sector commitments to develop and manufacture NiV MCMs.

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, surveillance, and implementation of vaccination programs for NiV prevention and control. 

· Advocacy to policy makers in affected countries and to global stakeholders to ensure they understand the potential health, societal, and economic benefits of devoting resources to improving NiV surveillance, detection, prevention, and control measures.  

· Obtaining additional prospective serosurveillance data of henipavirus exposure from susceptible animal species and proximate human populations in areas of predicted risk should be explored as a strategy to assess the potential of human spillover and to build preparedness for detection of human cases and for limiting exposure. 

· Standardized and well-characterized assays (to be further defined based on end use), reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. Assays that can be used at lower biosafety levels are an important priority. WHO international standards should be used (when available) as calibrators and reported in units/ml to harmonize assay results. 

· Clear criteria for downselection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. Such criteria should align with desired characteristics outlined in the target product profiles (TPPs) and should address aspects of sustainable MCM production, stockpiling, and access.

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) or other regulatory agencies to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities will vary between countries; therefore, early engagement, potentially with support from WHO, is essential to identify country-specific considerations.   

· Outreach and education to clinicians and community health workers to improve NiV awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection prevention and control) and to ensure availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support collaborative clinical research, including methods for collecting, standardizing, and sharing clinical data.  

· Collaboration between public health authorities in endemic and at-risk areas and international development partners to support NiV surveillance and strengthen disease prevention and preparedness activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

Knowledge gaps

· Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as well as other preventive measures, depend on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and potentially other bat species. 

· Additional research is needed to optimize relevant animal challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) for promoting development and evaluation of MCMs, particularly if investigators are required to use an alternative pathway (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development; (3) determine when after-challenge MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data from animal models to humans, such as identifying thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify the best models for studying chronic (relapsing) infection. 

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurologic sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of disease over time and thereby influence MCM development.  

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hosts and pathogenicity. 

· Additional studies applying whole-genome sequencing of NiV are needed to generate a comprehensive phylogenetic mapping of the global genetic variability among henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage populations at high risk of exposure (such as persons who consume date palm sap, healthcare workers, and workers at the human-animal interface) and vulnerable populations (such as children, immunocompromised individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Identify sources of private- and public-sector funding and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 

Milestones:

1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.



Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks. 

Milestones:

1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying surveillance catchment areas, engaging key partners in those areas, generating a standardized protocol, and conducting training for implementation.  

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), enhance case detection, and better define the disease burden in different geographic areas. 



Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

Milestones:

1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.



2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and that may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Continue to conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine key differences in pathogenesis for different NiV strains that may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine and optimize relevant animal models to support the development and evaluation of NiV MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.  

· Generate research tools to promote R&D of MCMs for NiV infection (e.g., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research studies to enable a more comprehensive mapping of genetic variability of henipaviruses to improve understanding of their global distribution.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for downselection and prioritization of candidate MCMs that should be moved forward.

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection.  

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve active and passive surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations. 

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.   

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorization from appropriate NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory approval are being determined.

· Support the development of affordable pricing mechanisms to promote accessibility of NiV MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable and fair” price is one that can reasonably be paid by patients and health budgets and simultaneously sustains research and development, production, and distribution within a country.)

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



DIAGNOSTICS

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific, and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in outbreak detection and implementation of effective and timely infection control measures and outbreak response activities. Additionally, latent disease can occur months to years after initial infection, which can complicate epidemiologic investigation. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited, and investigation into the cause of infection is not always pursued; these issues can lead to delays in diagnosis and outbreak investigation and response. 

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with NiV, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· The time required to perform diagnostic testing using conventional laboratory methods is problematic, given the rapid disease progression of NiV infection. 

· Currently, no approved tests for diagnosis of NiV infection are commercially available.

· Pteropus species (and perhaps other bat species) appear to carry other henipaviruses in addition to NiV and HeV, some of which may prove to be pathogenic in humans and livestock. Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate using serologic assays which henipaviruses are in circulation. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

Key needs

· Clarification regarding the use cases for different diagnostic assays, since the corresponding performance, validation, and regulatory approval requirements may differ depending on how the tests will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific.

· A TPP for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples to assess and validate diagnostic tests. As part of this process, a clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of sample collection; (3) determine what organizations will be responsible for the activities related to creating and maintaining the repositories; (4) establish standardized protocols for sample collection and maintenance; (5) establish an appropriate governance structure; (6) identify who would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples obtained from laboratory animals also can be used to assess diagnostic assays during the timeframe when the virtual repository is being created.)

· Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, are robust for use under a variety of conditions (e.g., varying humidity, temperature), and have a high sensitivity and specificity for different NiV strains, as needed, depending on the use cases for each test. Rapid diagnostic capability is needed for early case detection to promote outbreak detection, ensure early implementation of infection control measures, and ultimately to improve patient outcomes, once therapeutic options are available. 

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic criteria and standardized testing for including patients in clinical trials of therapeutics.

· Improved diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent henipaviruses as they arise. 

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection. 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, particularly given the costs of regulatory approval. 

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotype neutralization assays and antigen-capture enzyme-linked immunosorbent assays [ELISAs]) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients.



Milestones: 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries: Bangladesh and India. 



2. By 2021, identify funding and initiate creation of the virtual reference repository in Bangladesh and India, with samples to be collected during future outbreaks and possibly as part of future clinical trials.   



Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 



Milestones: 

1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays. 



2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays. 

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV. 



Milestones: 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnose NiV infection during future outbreaks. 



Priority Areas/Activities

Research

· Create a virtual repository of clinical reference samples for use in researching new diagnostic agents. 

· Explore new diagnostic approaches that may allow earlier detection of infection.  

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

 Product development

· Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and preferred performance characteristics for different use cases.

· Develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific (as needed, depending on their intended use), can capture antigenically diverse strains of the virus, and can be performed accurately and safely in remote areas under a variety of circumstances.  

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-affected countries.

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses as needed. 

Policy and commercialization

· Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.  



THERAPEUTICS

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· Sociocultural issues may hinder trust in the formal healthcare and public health systems, which could reduce acceptance of NiV therapeutics. 

· The absence of improved diagnostic assays for timely diagnosis and surveillance of infection creates an important challenge in providing early treatment of patients and PEP for exposed persons. 

· In NiV-endemic areas, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis but do not have NiV infection. Treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore, accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate the usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well a therapeutic agent will work in the field.

· NiV can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control–programs in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy.

· A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that are detected annually. 

Key needs

· Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas, particularly during future outbreaks.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

· A transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials, given the limited number of cases that could potentially be enrolled in trials each year.

Knowledge gaps

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided under compassionate use programs for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia. Additional animal studies using different NiV strains and clinical trials in endemic areas are needed to further assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir [an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for different NiV strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia. 

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection and strengthen the therapeutic pipeline. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamic (PK/PD) relationship of promising therapeutic candidates.

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons annually that could be candidates for PEP. 

· Additional information is needed regarding whether or not strain differences will affect the response to therapeutic candidates and results from clinical trials.

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks. 



Milestones: 

1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

3. [bookmark: _GoBack]By 2019, identify an approach for downselecting promising therapeutic candidates for further study in clinical trials, given limited annual case numbers for enrollment.  

4. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

5. By 2020, generate a reliable source of m102.4 (or other promising agent[s] or agent combinations) to be used assessed in clinical trials.



Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for PEP to prevent NiV infection. 



Milestones: 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for the treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising therapeutic candidates or combination therapies for the treatment of NiV infection. 



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of available investigational therapies (such as m102.4 and favipiravir) for treating and preventing NiV infection, including conducting studies in animal models and clinical trials as appropriate and feasible.

· Continue to expand the pipeline of new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against different NiV strains and other pathogenic henipaviruses that may emerge.

Key capacities

· Ensure that clinical trial protocols are in place and are ready to be operationalized, including obtaining appropriate approvals and conducting necessary training.

· Promote enhancements to the healthcare delivery systems in affected areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for further clinical testing and outbreak control. 

Policy and commercialization

· Generate a reliable source of m102.4 to be used in clinical trials.

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



VACCINES

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges	

· Currently, there is no candidate vaccine that is in late-stage development, and few companies are willing to invest in the generation of new NiV vaccines. 

· Sociocultural issues may hinder trust in the formal human and veterinary clinical and public health systems, which could diminish the acceptance of NiV vaccine use. 

· The absence of improved diagnostic assays for the timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs

· Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect against different NiV strains, and (3) provide rapid onset of an immune response to adequately prevent and control outbreaks. 

· Guidance on the use of NiV vaccines to include vaccination strategies for special populations (such as children, immunocompromised individuals, and pregnant women); different epidemiologic scenarios; and different vaccine attributes. 

· Public communication outreach strategies that address possible vaccine uptake hesitancy in target populations and guidance for community sensitization to vaccine acceptation and promotion within the community.

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time. 

Knowledge gaps

· Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. Since neutralizing antibodies are likely the primary mediator of protection against NiV infection, research in this area should focus primarily on the humoral immune response for driving vaccine development. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines. 

· Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG subunit vaccine (i.e., the recombinant subunit vaccine Equivac HeV from Zoetis). 

· Additional research is needed in animal models to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may vary by vaccine platform and antigen, and therefore multiple assays may need to be standardized.

· Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in non-affected countries, safety trials will also be needed involving target populations in endemic regions. 

· Further epidemiologic research is needed to better define at-risk populations and identify additional areas of potential NiV spillover. 

· Additional sociological research is needed to explore perceptions and concerns of at-risk populations regarding NiV vaccine implementation.

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use in NiV endemic areas. 

· Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating disease risk based on risk behaviors and practices in communities or specific population groups, and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure of a vaccine against NiV.

Milestones: 

1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the need for licensure and future use of NiV vaccines. This consultation should include representatives from in-country regulators, other regulatory agencies (such as the FDA or the European Medicines Agency), national and international public health agencies and organizations, and local and international researchers.



Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans. 



Milestones: 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.



2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines. 



3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a collaborative and transparent strategy for determining which candidate vaccines will go forward into phase 3 trials. 



Priority Areas/Activities

Research

· Improve understanding of the humoral immune response to infection to inform development and evaluation of NiV vaccines.

· Identify and standardize correlates and/or surrogates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure. 

· Generate international reference standards to calibrate serologic assays for vaccine potency analyses.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models (such as through serum transfer studies), correlates of protection, and durability.

· Further study cross protection of various vaccine candidates against different NiV strains, and between NiV strains and HeV strains. 

· Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake animal studies for immune bridging to facilitate regulatory licensing.

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

· Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Evaluate the feasibility of generating multivalent vaccines (i.e., that protect against more than one disease) and determine whether or not such vaccines would be useful in future NiV control efforts.   

Product development

· Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans. 

Key capacities

· Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies (once vaccines become available).

· Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV vaccines, if clinical trials are considered feasible.

· Identify and address issues with licensure and use of NiV vaccines in affected areas through a coordinated process involving key stakeholders, including in-country NRAs and public health authorities.

· Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical evaluation and use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Develop guidance for community sensitization to vaccine acceptance and promotion within the community.

· Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for person-to-person transmission and potential for faster spread. 
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Introduction 

Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 human cases of encephalitis were identified in Malaysia and most had close contact with pigs (Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and three presented with atypical pneumonia (one of which later also had evidence of encephalitis) (Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed genomic information for the virus is limited, experts agree that the causative agent was either NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra virus, which predominantly causes infection in horses in Australia and can also lead to human disease, usually following contact with infected horses (Ksiazek 2011).  

The most common clinical syndrome associated with NiV infection is severe, rapidly progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are multiple strains of NiV, which may account for the differences noted in clinical features and outcomes between Malaysia and Bangladesh (Mire 2016). 

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, several other domestic animal species in the outbreak area (including horses, cats, and dogs) were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 2018). A recent study demonstrated that hamsters could be infected when exposed to NiV via a small-particle aerosol; however, the epidemiologic significance of this remains unclear (Escaffre 2018). Given the potential for respiratory transmission of NiV and the recent experience with Ebola in West Africa, some have raised concerns about the possibility of larger NiV outbreaks if the virus takes hold in a crowded or urban area (Donaldson 2018) or about the pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013).

Pteropus fruit bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat species and other bat species in geographically diverse regions, including South Asia (Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa (Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). This wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations.

WHO has determined that Nipah virus is a priority disease for epidemic preparedness (WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO embarked on development of a research and development (R&D) roadmap for NiV disease; this report provides a summary of the key elements of that roadmap, including important challenges and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are developed, manufactured, and readily available when needed [provide link to full roadmap here when available].

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, and vaccines. The strategic goals and milestones identified in each section are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, with periodic assessment of progress and updates to the roadmap as needed. The roadmap is specific to R&D for disease in humans; however, further research of NiV in animal species, including development of appropriate medical countermeasures targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV in humans and virus transmission can occur at the human-animal interface.

Cross-Cutting Issues 

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is accessing adequate funding to support research. Economic incentives to invest in such research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure they understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control measures. As part of this process, the risk profile for NiV and related henipaviruses needs to be further defined through improving disease surveillance in areas of known risk and obtaining prospective serosurveillance data on henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate human populations in areas of predicted risk. Human health, animal health, and wildlife officials should be engaged in these efforts as part of a long-term collaborative One Health approach (Chattu 2018, Kulkarni 2013).

Another important issue is the need to optimize relevant animal challenge models for promoting development and evaluation of medical countermeasures for NiV infection, particularly if investigators are required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge medical countermeasures should be administered in animal models to best mimic realistic timing of such use in humans; (4) bridge data from animal models to humans, such as identifying thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best models for studying chronic (relapsing) infection (Dhondt 2013, Johnston 2015, Mathieu 2015). Currently, the African green monkey is regarded as the most relevant animal model for evaluating candidate therapeutics and vaccines intended for use in humans (Bossart 2012, Geisbert 2010, Johnston 2015), and studies involving nonhuman primates may be required for licensure of therapeutics and vaccines via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns, however, constrain the use of this animal model. In addition to optimizing animal models, standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains are needed to move R&D of medical countermeasures for NiV infection forward (Satterfield 2016).

To inform development of optimal NiV medical countermeasures, additional research also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. This includes issues such as evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection.

To respond to these challenges, the strategic goals and milestones for cross-cutting issues in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and identifying funding sources to promote R&D, availability, and accessibility of NiV medical countermeasures, optimizing animal models for research, and generating standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains to facilitate R&D of NiV medical countermeasures (Table 1).

Diagnostics

Currently, no approved tests for diagnosis of NiV infection are commercially available. The most commonly used methods for diagnosing NiV infection include virus isolation, enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies, and real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus isolation requires biosafety level 4 (BSL-4) capabilities and is generally only performed in reference laboratories for specific purposes, such as to confirm a new outbreak or to identify the virus in new host species (Wang 2012). During the Malaysia outbreak, the US Centers for Disease Control and Prevention (CDC) developed a capture ELISA for detection of IgM antibodies and an indirect ELISA for detection of IgG antibodies (Daniels 2001); since then, additional ELISA tests have been developed (Wang 2012) and serologic testing is often used for case confirmation during outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009). RT-PCR, which can be performed on throat and nasal swabs, cerebrospinal fluid, urine, and blood, is also often used for diagnostic testing (Chadha 2006, Guillaume 2004, Lo 2012). Quantitative RT-qPCR tests have been developed for quantifying viral replication; such tools can be used to measure viral load reduction when screening vaccine candidates and potential therapeutics (Jensen 2018). More recently, pseudotyped-based serum neutralization assays for NiV detection that use vesicular stomatitis virus systems have been developed; these assays potentially can be used under BSL2 conditions in laboratories with limited diagnostic capabilities and appear to offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, Tamin 2009). Antigen-capture ELISAs using monoclonal antibodies also have been developed, which could result in more rapid diagnosis (Chiang 2010). These newer technologies hold promise; however, more information is needed regarding their performance characteristics, particularly under field conditions. Development and validation of immunohistochemical staining tests can facilitate studies on pathogenesis of NiV infections and may also be useful for primary diagnosis in low-resource settings.

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the diagnosis often is not considered at the time of presentation, which can delay outbreak detection and implementation of infection control measures. Furthermore, laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are needed to identify cases quickly, promote outbreak detection, ensure timely implementation of infection control measures, and ultimately improve patient outcomes, once therapeutic options become available.  

Development of new diagnostics is impeded by lack of clinical samples for assay assessment and validation; therefore, a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic testing forward. Development of such a repository requires addressing the following: (1) determining what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; (3) determining what organizations will be responsible for activities related to creating and maintaining the repositories; (4) establishing standardized protocols for sample collection and maintenance; (5) establishing an appropriate governance structure; (6) identifying who would have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics also is needed to guide the development of promising new diagnostic assays. 

To address these issues, the strategic goals and milestones for diagnostic testing outlined in the NiV R&D roadmap focus on creation of a virtual reference repository, development of highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or potential spillover risk (Table 2). 

Therapeutics

Safe, well-tolerated, and effective therapeutic agents are not readily available for treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used to treat 140 patients; findings from treated patients were compared to those of 54 historical controls who became ill before ribavirin was available or who refused treatment (Chong 2001). Results demonstrated a significantly lower mortality (36%) among treated patients; however, the use of historical controls may have biased this finding. No additional clinical studies using ribavirin have been conducted, and limited studies in animal models have not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Rockx 2010, Georges-Courbot 2006). Chloroquine also has been studied in animal models, but has not shown any therapeutic benefit, either alone or in combination with ribavirin (Freiberg 2010, Pallister 2009). Based on these findings, these approaches are not considered viable options for treatment of NiV infection. 

A more promising therapeutic option is the development of monoclonal antibodies (mAbs) against viral envelope proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early treatment and for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as healthcare workers, family caregivers, and persons exposed to infected livestock. Researchers have demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate use for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 1 clinical trial of m102.4 with 40 human participants was completed in Australia, but results are not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in Kerala, India, but was not used because the outbreak was brought under control quickly (Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic window for m102.4 may vary by virus strain, which is a consideration for further preclinical and clinical study of this agent (Mire 2016). It may also be worthwhile to explore development of alternate mAbs against NiV or to evaluate cocktails of mAbs.

Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies in animal models also have been conducted for fusion inhibitory peptides; for example, investigators recently reported that lipopeptides delivered via the respiratory route can prevent lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents are promising, further preclinical data are needed to assess their utility. In addition, efforts are needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science research toward discovery of additional novel agents that may be more aligned with optimal and desired characteristics for anti-NiV therapy. 

Key additional considerations for moving NiV therapeutics forward include: (1) obtaining additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and (3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, and the feasibility of PEP distribution in both endemic and at-risk areas. A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that are detected each year. To address this concern, a transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials and how to best allocate scarce resources. Additionally, clinicians in endemic areas need to maintain high vigilance for cases of acute febrile encephalitic syndrome, particularly in association with respiratory symptoms, to facilitate early diagnosis and case identification. Additional training of clinicians along with effective and appropriate risk communication strategies need to be implemented in endemic areas. 

To address these issues, the goals and milestones for therapeutics in the NiV R&D roadmap focus on continuing to move promising agents forward into clinical trials and on enhancing preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks (Table 3).

Vaccines 

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generating new NiV vaccines, which creates an important barrier to ensuring that safe and effective NiV vaccines are made available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines are still in preclinical stages of research. The two primary approaches for NiV vaccine development include creating a subunit vaccine against one or both of the outer-membrane proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has been developed and is commercially available for use in horses (Middleton 2014), which supports this option as a promising approach for developing a human NiV vaccine.

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of government agencies, industry, academia, philanthropy, and intergovernmental institutions aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, has recently provided financial support to promote the development of several NiV candidate vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. and Emergent BioSolutions Inc. to develop a human NiV vaccine that is based on the same technology as that used for the Hendra virus vaccine for horses (CEPI 2018). In September 2018, CEPI announced plans to award approximately US$ 2 million to the Jenner Institute at the University of Oxford and Janssen Vaccines & Prevention BV for preclinical development of a replication-deficient simian adenoviral-vectored vaccine, derived from an adenovirus originally isolated from chimpanzees (CEPI 2018). These efforts, and potentially additional future efforts funded by CEPI, will support preclinical and early clinical development of NiV vaccines.

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

Additional research is needed in several areas to support development of NiV vaccines. First, identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed, particularly to expedite possible licensing through nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized. Second, additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection against NiV infection (Satterfield 2016), research in this area should focus primarily on the humoral immune response for driving vaccine development. Third, further work in animal models is needed to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be useful in creating a current estimate of the reproductive number for NiV, gauging the potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017).

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap focus on moving vaccine candidates forward into clinical trials and promoting development of guidance on requirements for clinical trials, regulatory pathways, and other considerations relevant to licensure of a vaccine against NiV (Table 4). 

Conclusion

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the next 5 years to accelerate the development of NiV medical countermeasures forward. NiV infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or suspected NiV spillover will improve understanding of the true burden of NiV disease. These efforts, in turn, may provide information to further support the public health value proposition for NiV medical countermeasure development and, by increasing case detection, may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.  
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Tables

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues



		Goals and Milestones for NiV Infection Cross-Cutting Issues



		STRATEGIC GOALS

		MILESTONES



		1. Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs.

		1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.



		2. Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks.

		1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying surveillance catchment areas, engaging key partners in those areas, generating a standardized protocol, and conducting training for implementation.  

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), enhance case detection, and better define the disease burden in different geographic areas. 



		3. Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

		1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and NiV challenge strains to facilitate R&D of NiV MCMs.

2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.



		Abbreviations: NiV, Nipah virus; MCM, medical countermeasure; R&D, research and development.







Table 2: Goals and Milestones for NiV Diagnostics

		Goals and Milestones for NiV Diagnostics



		STRATEGIC GOALS

		MILESTONES



		1. Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients. 

		1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India).

2. By 2021, identify funding and initiate creation of the virtual reference repository in the two primary NiV-affected countries (Bangladesh and India), with samples to be collected during future outbreaks and possibly as part of future clinical trials.   



		2. Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 

		1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays.

2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays.

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



		3. Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV.

		1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnose NiV infection during future outbreaks.



		Abbreviations: NiV, Nipah virus; NRA, national regulatory authority; TPP, target product profile.







Table 3: Goals and Milestones for NiV Therapeutics

		Goals and Milestones for NiV Therapeutics



		STRATEGIC GOALS

		MILESTONES



		1. Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

		1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.

3. By 2019, identify an approach for downselecting promising therapeutic candidates for further study in clinical trials, given limited annual case numbers for enrollment.  

4. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.

5. By 2020, generate a reliable source of m102.4 (or other promising agent[s] or agent combinations) to be assessed in clinical trials.



		2. Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection.

		1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates.

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.



		Abbreviations: NiV, Nipah virus; PEP, post-exposure prophylaxis.







Table 4: Goals and Milestones for NiV Vaccines

		Goals and Milestones for NiV Vaccines



		STRATEGIC GOALS

		MILESTONES



		1. Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure of a vaccine against NiV.

		1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This consultation should include representatives from the following: in-country regulators, other regulatory agencies (such as the FDA or the EMA), national and international public health agencies and organizations, and local and international researchers.



		2. Develop and evaluate NiV vaccines for prevention of NiV disease in humans.

		1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines.

3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a collaborative and transparent strategy for determining which candidate vaccines will go forward into phase 3 trials.



		[bookmark: _GoBack]Abbreviations: FDA, US Food and Drug Administration; EMA, European Medicines Agency; NiV, Nipah virus; NRA, national regulatory authority; WHO, World Health Organization.
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Introduction  

Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after 

an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in 

Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 

human cases of encephalitis were identified in Malaysia and most had close contact with pigs 

(Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following 

contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and 

three presented with atypical pneumonia (one of which later also had evidence of encephalitis) 

(Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, 

NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual 

outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been 

recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of 

Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV 

infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV 

in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that 

occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed 

genomic information for the virus is limited, experts agree that the causative agent was either 

NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra 

virus, which predominantly causes infection in horses in Australia and can also lead to human 

disease, usually following contact with infected horses (Ksiazek 2011).   

The most common clinical syndrome associated with NiV infection is severe, rapidly 

progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, 

headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset 
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encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 

sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory 

illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 

1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas 

case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 

100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are 

multiple strains of NiV, which may account for the differences noted in clinical features and 

outcomes between Malaysia and Bangladesh (Mire 2016).  

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In 

the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-

human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, 

several other domestic animal species in the outbreak area (including horses, cats, and dogs) 

were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts 

between bat and human have not played a major role, with the primary modes of NiV 

transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, 

Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-

person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role 

in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, 

Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory 

disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 

2018). The potential for droplet spread is supported by a A recent study that demonstrated that 

hamsters could be infected when exposed to NiV via a small-particle aerosol; however, the 

epidemiologic significance of this remains unclear (Escaffre 2018). Given the potential for 
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respiratory transmission of NiV and the recent experience with Ebola in West Africa, some have 

raised concerns about the possibility of larger NiV outbreaks if the virus takes hold in a crowded 

or urban area (Donaldson 2018) or about the pandemic potential of NiV if a more human-

adapted strain emerges (Luby 2013). 

Pteropus fruit bats have a wide geographic range that stretches across much of the 

Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the 

Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of 

the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid 

detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat 

species and other bat species in geographically diverse regions, including South Asia 

(Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, 

Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa 

(Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 

2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). 

This wide potential range of the NiV natural reservoir raises concerns about the eventual 

occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may 

make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to 

lack of clinical experience with the condition, lack of available laboratory testing, and the 

occurrence of other diseases that have similar clinical presentations. 

WHO has determined that Nipah virus is a priority disease for epidemic preparedness 

(WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO 

embarked on development of a research and development (R&D) roadmap for NiV disease; this 

report provides a summary of the key elements of that roadmap, including important challenges 
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and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are 

developed, manufactured, and readily available when needed [provide link to full roadmap here 

when available]. 

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for 

areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, 

and vaccines. The strategic goals and milestones identified in each section are focused on key 

achievements for the next 5 years; the roadmap milestones will be tracked over time, the 

roadmap milestones will be tracked over time, with periodic assessment of progress and updates 

to the roadmap as needed. The roadmap is specific to R&D for disease in humans; however, 

further research of NiV in animal species, including development of appropriate medical 

countermeasures targeted to animal populations, also is needed, since disease in animals may 

amplify occurrence of NiV in humans and virus transmission can occur at the human-animal 

interface. 

Cross-Cutting Issues  

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is 

accessing adequate funding to support research. Economic incentives to invest in such research 

are not readily apparent because the disease primarily occurs in under-resourced areas of South 

Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. 

Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure 

they understand the potential health, societal, and economic benefits of devoting limited 

resources to improving NiV surveillance, detection, prevention, and control measures. As part of 

this process, the risk profile for NiV and related henipaviruses needs to be further defined 

through improving disease surveillance in areas of known risk and obtaining prospective 
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serosurveillance data on henipavirus exposure for susceptible animal species (e.g., bats, swine, 

and equids) and proximate human populations in areas of predicted risk. Human health, animal 

health, and wildlife officials should be engaged in these efforts as part of a long-term 

collaborative One Health approach (Chattu 2018, Kulkarni 2013). 

Another important issue is the need to optimize relevant animal challenge models for 

promoting development and evaluation of medical countermeasures for NiV infection, 

particularly if investigators are required to use an alternative pathway (such as the US Food and 

Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For 

example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay 

development; (2) standardize the challenge strain and dose, and determine the most appropriate 

lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge 

medical countermeasures should be administered in animal models to best mimic realistic timing 

of such use in humans; (4) bridge data from animal models to humans, such as identifying 

thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best 

models for studying chronic (relapsing) infection (Bossart 2012, Debuysscher 2013, (Dhondt 

2013, Johnston 2015, Mathieu 2015, Satterfield 2016). Currently, the African green monkey is 

regarded as the most relevant animal model for evaluating candidate therapeutics and vaccines 

intended for use in humans (Bossart 2012, Geisbert 2010, Johnston 2015), and studies involving 

nonhuman primates may be required for licensure of therapeutics and vaccines via alternative 

regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 

and ethical concerns, however, constrain the use of this animal model. In addition to optimizing 

animal models, standardized and well-characterized assays, reagents, antibodies, nucleic acids, 
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and stocks of NiV challenge strains are needed to move R&D of medical countermeasures for 

NiV infection forward (Satterfield 2016). 

To inform development of optimal NiV medical countermeasures, additional research 

also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. 

This includes issues such as evaluating the pathophysiologic differences between different NiV 

strains, determining the mechanisms that allow NiV to escape immunological clearance and 

cause delayed onset or recurrent encephalitis, identifying factors influencing the development of 

permanent neurological sequelae, and further characterizing cell-mediated and humoral immune 

responses to NiV infection. 

To respond to these challenges, the strategic goals and milestones for cross-cutting issues 

in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and 

identifying funding sources to promote R&D, availability, and accessibility of NiV medical 

countermeasures, optimizing animal models for research, and generating standardized and well-

characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to 

facilitate R&D of NiV medical countermeasures (Table 1). 

Diagnostics 

Currently, no approved tests for diagnosis of NiV infection are commercially available. 

The most commonly used methods for diagnosing NiV infection include virus isolation, enzyme-

linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies, and 

real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus isolation requires 

biosafety level 4 (BSL-4) capabilities and is generally only performed in reference laboratories 

for specific purposes, such as to confirm a new outbreak or to identify the virus in new host 

species (Wang 2012). During the Malaysia outbreak, the US Centers for Disease Control and 
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Prevention (CDC) developed a capture ELISA for detection of IgM antibodies and an indirect 

ELISA for detection of IgG antibodies (Daniels 2001); since then, additional ELISA tests have 

been developed (Wang 2012) and serologic testing is often used for case confirmation during 

outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009). RT-PCR, 

which can be performed on throat and nasal swabs, cerebrospinal fluid, urine, and blood, is also 

often used for diagnostic testing (Chadha 2006, Guillaume 2004, Lo 2012). Quantitative RT-

qPCR tests have been developed for quantifying viral replication; such tools can be used to 

measure viral load reduction when screening vaccine candidates and potential therapeutics 

(Jensen 2018). More recently, pseudotyped-based serum neutralization assays for NiV detection 

that use vesicular stomatitis virus systems have been developed; these assays potentially can be 

used under BSL2 conditions in laboratories with limited diagnostic capabilities and appear to 

offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, Tamin 2009). Antigen-

capture ELISAs using monoclonal antibodies also have been developed, which could result in 

more rapid diagnosis (Chiang 2010). These newer technologies hold promise; however, more 

information is needed regarding their performance characteristics, particularly under field 

conditions. Development and validation of immunohistochemical staining tests can facilitate 

studies on pathogenesis of Nipah infections and may also be useful for primary diagnosis in low-

resource settings. 

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation, which can delay outbreak detection 

and implementation of infection control measures. Furthermore, laboratory infrastructure and 

diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); 

thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or 
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near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are 

needed to identify cases quickly, promote outbreak detection, ensure timely implementation of 

infection control measures, and ultimately improve patient outcomes, once therapeutic options 

become available.   

Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic 

testing forward. Development of such a repository requires addressing the following: (1) 

determining what clinical samples should be collected, based on what would be most useful (e.g., 

plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; 

(3) determining what organizations will be responsible for activities related to creating and 

maintaining the repositories; (4) establishing standardized protocols for sample collection and 

maintenance; (5) establishing an appropriate governance structure; (6) identifying who would 

have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) 

ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays.  

To address these issues, the strategic goals and milestones for diagnostic testing outlined 

in the NiV R&D roadmap focus on creation of a virtual reference repository, development of 

highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement 

of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or 

potential spillover risk (Table 2).  

Therapeutics 
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Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients; findings from treated patients were compared to those of 54 historical 

controls who became ill before ribavirin was available or who refused treatment (Chong 2001). 

Results demonstrated a statistically significantly lower mortality  reduction in mortality among 

treated patients (36%); however, the use of historical controls may have biased this finding. No 

additional clinical studies using ribavirin have been conducted, and limited studies in animal 

models have not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge 

(Rockx 2010, Georges-Courbot 2006). Chloroquine also has been studied in animal models, but 

has not shown any therapeutic benefit, either alone or in combination with ribavirin (Freiberg 

2010, Pallister 2009). Based on these findings, these approaches are not considered viable 

options for treatment of NiV infection.  

A more promising therapeutic option is the development of monoclonal antibodies 

(mAbs) against viral envelope proteins that can neutralize NiV via passive administration 

(Broder 2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early 

treatment and for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as 

healthcare workers, family caregivers, and persons exposed to infected livestock. Researchers 

have demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge 

in animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate 

use for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 

1 clinical trial of m102.4 with 40 human participants was completed in Australia, but results are 

not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in 

Kerala, India, but was not used because the outbreak was brought under control quickly 
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(Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic 

window for m102.4 may vary by virus strain, which is a consideration for further preclinical and 

clinical study of this agent (Mire 2016). It may also be worthwhile to explore development of 

alternate mAbs against NiV or to evaluate cocktails of mAbs. 

Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that 

inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit 

virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a 

monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated 

efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), 

supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies 

in animal models also have been conducted for fusion inhibitory peptides; for example, 

investigators recently reported that lipopeptides delivered via the respiratory route can prevent 

lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-

molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for 

treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir 

against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents 

are promising, further preclinical data are needed to assess their utility. In addition, efforts are 

needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science 

research toward discovery of additional novel agents that may be more aligned with optimal and 

desired characteristics for anti-NiV therapy.  

Key additional considerations for moving NiV therapeutics forward include: (1) obtaining 

additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, 

pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) 
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ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising 

therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and 

(3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, 

and the feasibility of PEP distribution in both endemic and at-risk areas. A limiting constraint to 

assessing the effectiveness of promising therapies is the number of patients with NiV infection 

who can be enrolled in clinical trials, given the small number of cases that are detected each 

year. To address this concern, a transparent and collaborative process is needed to determine 

which agents are most appropriate for study in future clinical trials and how to best allocate 

scarce resources. Additionally, clinicians in endemic areas need to maintain high vigilance for 

cases of acute febrile encephalitic syndrome, particularly in association with respiratory 

symptoms, to facilitate early diagnosis and case identification. Additional training of clinicians, 

along with effective and appropriate risk communication strategies need to be implemented in 

endemic areas.  

To address these issues, the goals and milestones for therapeutics in the NiV R&D roadmap 

focus on continuing to move promising agents forward into clinical trials and on enhancing 

preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks. 

Vaccines  

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 
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development include creating a subunit vaccine against one or both of the outer-membrane 

proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, 

Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 

2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has 

been developed and is commercially available for use in horses (Middleton 2014), which 

supports this option as a promising approach for developing a human NiV vaccine. 

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of 

government agencies, industry, academia, philanthropy, and intergovernmental institutions 

aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, 

has recently provided financial support to promote the development of several NiV candidate 

vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. 

and Emergent BioSolutions Inc. to develop an human NiV vaccine that is based on the same 

technology as that used for the Hendra virus vaccine for horses (CEPI 2018). In September 2018, 

CEPI announced plans to award approximately US$ 2 million to the Jenner Institute at the 

University of Oxford and Janssen Vaccines & Prevention BV for preclinical development of a 

replication-deficient simian adenoviral-vectored vaccine, derived from an adenovirus originally 

isolated from chimpanzees (CEPI 2018).  These efforts, and potentially additional future efforts 

funded by CEPI, will support preclinical and early clinical development of NiV vaccines. 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 
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sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 

conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative 

regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical 

trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.  

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be standardized. 

Second, additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, 

Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection 

against NiV infection (Satterfield 2016), research in this area should focus primarily on the 

humoral immune response for driving vaccine development. Third, further work in animal 

models is needed to determine if vaccine candidates are cross-protective between different NiV 

strains, including recently identified strains; only a few studies demonstrating cross-protection 

have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting 

may be useful in creating a current estimate of the reproductive number for NiV, gauging the 

potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap 

focus on moving vaccine candidates forward into clinical trials and promoting development of 
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guidance on requirements for clinical trials, regulatory pathways, and other considerations 

relevant to licensure of a vaccine against NiV.  

Conclusion 

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures forward. NiV 

infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-

of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of 

known or suspected NiV spillover will improve understanding of the true burden of NiV disease. 

These efforts, in turn, may provide information to further support the public health value 

proposition for NiV medical countermeasure development and, by increasing case detection, 

may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in 

endemic areas.    
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Tables 

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues 
 
Goals and Milestones for NiV Infection Cross-Cutting Issues 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Identify sources of 

private- and public-
sector funding, and 
develop appropriate 
incentives and 
competitions to 
promote R&D of NiV 
MCMs. 

1. By 2019, develop a public value proposition to effectively advocate 
for the development and sustainability of NiV MCMs that: (1) 
articulates the potential global threat of NiV infection, (2) outlines 
the social and economic benefits of generating accessible and 
affordable NiV MCMs, and (3) details the positive impact on the 
health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, 
therapeutics, and vaccines toward clinical evaluation, 
licensure/approval, acceptance, and sustainable access. 

2. Support basic science 
research to improve 
understanding of NiV 
virology, pathogenesis, 
and the immune 
response to infection 
in humans and animal 
models.  

1. By 2020, generate standardized and well-characterized assays, 
reagents, antibodies, nucleic acids, and stocks of NiV challenge 
strains to facilitate R&D of NiV MCMs. 

2. By 2021, optimize animal models that recapitulate disease in humans 
for use in preclinical studies of NiV MCMs and which may be 
necessary for licensure of MCM products (particularly vaccines) via 
non-traditional regulatory pathways. 

 

Table 2: Goals and Milestones for NiV Diagnostics 

Goals and Milestones for NiV Diagnostics 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Support development 

of diagnostic assays 
through creation of a 
virtual reference 
repository of clinical 
samples from NiV-
infected patients.  

1. By 2019, develop and standardize plans and protocols (including the 
governance structure) for creating a virtual reference repository of 
well-characterized clinical samples to be maintained in the two 
primary NiV-affected countries (Bangladesh and India). 

2. By 2021, identify funding and initiate creation of the virtual reference 
repository in the two primary NiV-affected countries (Bangladesh and 
India), with samples to be collected during future outbreaks and 
possibly as part of future clinical trials.    

2. Develop and assess 
affordable, highly 
sensitive and specific 
(as needed depending 
on intended use), 
point-of-care or near-
patient NiV diagnostic 
tests that are 

1. By 2019, generate a TPP for NiV diagnostics that identifies the 
primary use cases and optimal and desirable characteristics to guide 
the development of promising NiV diagnostic assays. 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform 
commercialization pathways for NiV diagnostic assays. 

3. By 2021, complete preclinical evaluation for at least two of the most 
promising NiV point-of-care or near-patient diagnostic assays that 
align with the TPP. 
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sufficiently robust for 
the conditions in which 
they will be used and 
that have minimal 
requirements for 
biosafety precautions 
and staff training.  

4. By 2022, complete field studies for at least two of the most promising 
NiV point-of-care or near-patient diagnostic assays that align with the 
TPP. 

3. Enhance laboratory 
diagnostic 
preparedness in areas 
of known or potential 
spillover risk to 
promote early 
detection of NiV. 

1. By 2021, develop national laboratory strategies for NiV detection in 
the primary affected countries that include plans for enhancing 
laboratory preparedness to diagnose NiV infection during future 
outbreaks. 

 

Table 3: Goals and Milestones for NiV Therapeutics 

Goals and Milestones for NiV Therapeutics 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Enhance preparedness 

to conduct clinical 
trials of therapeutic 
agents during future 
NiV outbreaks. 

1. By 2019, complete a protocol for conducting safety and efficacy 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising 
therapeutic candidates to be implemented in NiV-affected areas and 
develop plans for operationalizing the protocol. 

3. By 2020, complete a broader, regional protocol for conducting 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

3.4. By 2019, identify an approach for downselecting promising 
therapeutic candidates for further study in clinical trials, given 
limited annual case numbers for enrollment.   

4.5. By 2020, generate a reliable source of m102.4 (or other promising 
agent[s] or agent combinations) to be assessed in clinical trials. 

2. Develop and evaluate 
therapeutic agents for 
treatment of NiV 
infection and for PEP 
to prevent NiV 
infection. 

1. By 2019, create and implement a prioritization process for evaluating 
promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising therapeutic 
candidates or combination therapies for treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, 
tolerability, and (possibly) efficacy of at least two promising 
therapeutic candidates or combination therapies for treatment of 
NiV infection. 
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Table 4: Goals and Milestones for NiV Vaccines 

 

Goals and Milestones for NiV Vaccines 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Engage NRAs 

(particularly in endemic 
and at-risk areas) and 
WHO to gain guidance 
on requirements for 
clinical trials, 
regulatory pathways, 
and other 
considerations that will 
impact licensure of a 
vaccine against NiV. 

1. By 2019, convene an expert working group to assess the feasibility of 
conducting clinical efficacy trials of NiV vaccines and to determine 
the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues 
around conducting clinical trials (if deemed feasible) and the needs 
for licensure and future use of NiV vaccines. This consultation should 
include representatives from the following: in-country regulators, 
other regulatory agencies (such as the FDA or the European 
Medicines Agency [EMA]), national and international public health 
agencies and organizations, and local and international researchers. 

2. Develop and evaluate 
NiV vaccines for 
prevention of NiV 
disease in humans. 

1. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising NiV vaccine 
candidates. 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one 
of the most promising NiV candidate vaccines. 

3. By 2023, complete the following if phase 3 trials are considered 
feasible: (1) develop a framework for conducting phase 3 clinical 
trials of NiV vaccine candidates, (2) develop a regional protocol for 
conducting phase 3 trials and plans for operationalizing the protocol, 
and (3) create a collaborative and transparent strategy for 
determining which candidate vaccines will go forward into phase 3 
trials. 
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Nipah Research and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic 
goals, and prioritizing areas and activities (from basic research toward advanced development, 
licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative 
development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against 
Nipah virus infection.  
 

INTRODUCTION   

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 
infection was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks 
have occurred in that country since. NiV infection has also been identified periodically in eastern India 
and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in 
Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as 
serologic evidence for NiV has been found in the known natural reservoir (Pteropus species and several 
other bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, 
Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV 
transmission. Additionally, several other domestic animal species (including horses, cats, and dogs) were 
found to be infected with NiV on the farms involved in the outbreak. In the outbreaks in Bangladesh, 
intermediary hosts between bat and human have not played a major role, with the primary modes of 
NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent 
person-to-person transmission.  
 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat; disease also occurred in healthcare workers who cared for NiV-infected 
patients. Detailed genomic information for this virus is limited.   
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NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered 
mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 
those identified in Bangladesh and India. Some differences have been noted in the clinical features of 
infection, with different strains in humans and experimentally infected non-human primates.  
 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of MCMs to enable effective and timely emergency 
response to infectious disease epidemics. NiV infection is identified in the Blueprint’s list of “priority 
diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which 
few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority 
diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic 
assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges 
from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and 
endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for 
areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These 
topics are not presented in order of public health priority.) The strategic goals and milestones identified 
in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be 
tracked over time, with periodic assessment of progress and updating as needed. 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 
include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), 
ensuring adequate hand hygiene and environmental hygiene, promoting effective community 
engagement, implementing adequate infection prevention and control practices, developing adequate 
infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce 
development and training in endemic and at-risk regions. Many of these issues are beyond the scope of 
the R&D roadmap but need to be addressed as part of a broader public health control strategy. Further 
research of NiV in animal species, including development of appropriate MCMs targeted to animal 
populations, also is needed, since disease in animals may amplify occurrence of NiV (or related 
henipavirus species) in humans and virus transmission can occur at the human-animal interface. 
 

VISION 
Ready availability and accessibility of rRobust MCMs to detect, prevent, and control human outbreaks 
of NiV infection (and other closely related henipaviruses) that are readily available and accessible for 
use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-
care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe 
and effective vaccines to prevent disease, disability, and death.  
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CROSS-CUTTING ISSUES 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Securing funding for Nipah research represents a substantial challenge, since economic 

incentives to invest in Nipah research are not readily apparent because the disease primarily 
occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been 
low with small and sporadic outbreaks. The development of a sustainable value proposition for 
industry and international philanthropic public-private partnerships is needed to secure funding 
to complete development, licensure, manufacture, and deployment of NiV MCMs. The value 
proposition should be informed by a robust assessment of the risk of future outbreaks and the 
economic, societal, and health impacts that such outbreaks could generate.  

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 
developers in the absence of a predictable demand. In addition, licensure of vaccines and 
therapeutics using alternative regulatory pathways can be very costly, given the regulatory 
requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (biosafety level 4 [BSL-4]) conditions, which can increase the cost of MCM 
development. 

• To date, NiV spillovers to human communities have been identified most commonly in rural 
communities in Bangladesh and India; the healthcare facilities that serve these communities 
have limited laboratory and clinical infrastructure for diagnosis and treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of 
clinical experience with the condition, lack of available laboratory testing, and the occurrence of 
other diseases that have similar clinical presentations.  

• While ferrets, Syrian hamsters, and interferon-alpha/beta receptor knockout (IFNAR-KO) mice 
are well-established animal models for NiV research, the African green monkey (AGM) is 
regarded as the most relevant animal model for evaluation of candidate therapeutics and 
vaccines intended for use in humans. Additionally, studies involving the AGM model may be 
required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements 
(particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV 
infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major 
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challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate 
MCM efficacy with adequate statistical power. It may be possible to address this issue by 
enhancing case detection through improved surveillance and by combining clinical trial data 
over time, including across outbreaks. While it is critical to focus on approaches that make 
ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory 
pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic 
clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

Key needs 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 
innovation and secure private-sector commitments to develop and manufacture NiV MCMs. 

• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 
for NiV prevention and control.  

• Advocacy to policy makers in affected countries and to global stakeholders to ensure they 
understand the potential health, societal, and economic benefits of devoting resources to 
improving NiV surveillance, detection, prevention, and control measures.   

• Obtaining additional prospective serosurveillance data of henipavirus exposure from susceptible 
animal species and proximate human populations in areas of predicted risk should be explored 
as a strategy to assess the potential of human spillover and to build preparedness for detection 
of human cases and for limiting exposure.  

• Standardized and well-characterized assays (to be further defined based on end use), reagents, 
antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. 
Assays that can be used at lower biosafety levels are an important priority. WHO international 
standards should be used (when available) as calibrators and reported in units/ml to harmonize 
assay results.  

• Clear criteria for downselection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research. Such criteria should align 
with desired characteristics outlined in the target product profiles (TPPs) and should address 
aspects of sustainable MCM production, stockpiling, and access. 

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) or other regulatory agencies to obtain clarity and guidance on 
clinical trial requirements, regulatory pathways and requirements, and other considerations for 
NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 
capabilities will vary between countries; therefore, early engagement, potentially with support 
from WHO, is essential to identify country-specific considerations.    

• Outreach and education to clinicians and community health workers to improve NiV awareness, 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 
prevention and control) and to ensure availability of diagnostic tools in endemic areas to 
increase the likelihood of accurate and timely diagnosis and treatment of NiV infection.  
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• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 
collaborative clinical research, including methods for collecting, standardizing, and sharing 
clinical data.   

• Collaboration between public health authorities in endemic and at-risk areas and international 
development partners to support NiV surveillance and strengthen disease prevention and 
preparedness activities. Human health, animal health, and wildlife officials should be engaged as 
part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturing to endemic and at-risk areas.  

Knowledge gaps 
• Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as 

well as other preventive measures, depend on accurate and current information on the ecology 
and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or 
dedicated prospective research with a surveillance focus) is needed to determine the true 
incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 
bats to humans or livestock in new geographic areas. Additionally, continued research is needed 
to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 
infection, in the natural reservoir of Pteropus bats and potentially other bat species.  

• Additional research is needed to optimize relevant animal challenge models (e.g., ferret, Syrian 
hamster, IFNAR-KO mouse, and AGM models) for promoting development and evaluation of 
MCMs, particularly if investigators are required to use an alternative pathway (such as the 
United States Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory 
approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for 
screening assay development; (2) standardize the challenge strain and dose, and determine the 
most appropriate lethal NiV dose for MCM development; (3) determine when after-challenge 
MCMs should be administered in animal models to best mimic realistic timing of MCM use in 
humans; (4) bridge NiV MCM data from animal models to humans, such as identifying 
thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify 
the best models for studying chronic (relapsing) infection.  

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between different NiV strains, determining the mechanisms that 
allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, 
identifying factors influencing the development of permanent neurologic sequelae, and further 
characterizing cell-mediated and humoral immune responses to NiV infection. In addition, 
identifying aspects of the immune response that are absent or counter-effective during human 
NiV infection may lead to the development of novel targeted intervention strategies.  

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of 
disease over time and thereby influence MCM development.   
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• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hosts and pathogenicity.  

• Additional studies applying whole-genome sequencing of NiV are needed to generate a 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage 
populations at high risk of exposure (such as persons who consume date palm sap, healthcare 
workers, and workers at the human-animal interface) and vulnerable populations (such as 
children, immunocompromised individuals, and pregnant women) for participation in clinical 
trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not 
consistently prevent disease.  

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Identify sources of private- and public-sector funding and develop appropriate 
incentives and competitions to promote R&D of NiV MCMs.  

Milestones: 
1. By 2019, develop a public value proposition to effectively advocate for the development and 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 
outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 
and (3) details the positive impact on the health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward 
clinical evaluation, licensure/approval, acceptance, and sustainable access. 
 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk 
and potential for global spread of NiV outbreaks.  

Milestones: 
1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying 

surveillance catchment areas, engaging key partners in those areas, generating a standardized 
protocol, and conducting training for implementation.   

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including 
the potential for spillover events), enhance case detection, and better define the disease burden 
in different geographic areas.  

 
Strategic Goal 3: Support basic science research to improve understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animal models.  

Milestones: 
1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 
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2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical 
studies of NiV MCMs and that may be necessary for licensure of MCM products (particularly 
vaccines) via non-traditional regulatory pathways. 

 
Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 
NiV infections to inform development of MCMs. 

• Determine key differences in pathogenesis for different NiV strains that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine and optimize relevant animal models to support the development and evaluation of NiV 
MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.   

• Generate research tools to promote R&D of MCMs for NiV infection (e.g., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research studies to enable a more comprehensive mapping of genetic variability of 
henipaviruses to improve understanding of their global distribution. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for downselection and prioritization of candidate MCMs that should be moved 

forward. 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection.   

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 
human or animal populations.  

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    



December 2018 
 

8 
 

• Collaborate with local government authorities (including human health, animal health, and 
wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 

NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 
and fair” price is one that can reasonably be paid by patients and health budgets and 
simultaneously sustains research and development, production, and distribution within a 
country.) 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
DIAGNOSTICS 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Initial signs and symptoms of NiV infection are nonspecific, and the diagnosis often is not 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
in outbreak detection and implementation of effective and timely infection control measures 
and outbreak response activities. Additionally, latent disease can occur months to years after 
initial infection, which can complicate epidemiologic investigation.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
limited, and investigation into the cause of infection is not always pursued; these issues can lead 
to delays in diagnosis and outbreak investigation and response.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  
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• Owing to the biosafety precautions necessary when working with NiV, diagnostic testing of 
clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with 
regard to collection, handling, transport, and laboratory analysis.  

• The time required to perform diagnostic testing using conventional laboratory methods is 
problematic, given the rapid disease progression of NiV infection.  

• Currently, no approved tests for diagnosis of NiV infection are commercially available. 
• Pteropus species (and perhaps other bat species) appear to carry other henipaviruses in addition 

to NiV and HeV, some of which may prove to be pathogenic in humans and livestock. Antibodies 
to different henipaviruses are highly cross-reactive, making it difficult to discriminate using 
serologic assays which henipaviruses are in circulation. Capacity to identify additional 
pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 
respond to future outbreaks.  

Key needs 
• Clarification regarding the use cases for different diagnostic assays, since the corresponding 

performance, validation, and regulatory approval requirements may differ depending on how 
the tests will be used. For example, it may be desirable to have a point-of-care screening test 
that is highly sensitive and a confirmatory test that is highly specific. 

• A TPP for NiV diagnostics that identifies the key use cases and optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• A virtual repository (with specimens being held and maintained in the countries of origin) of 
clinical samples to assess and validate diagnostic tests. As part of this process, a clear approach 
is needed to: (1) determine what clinical samples should be collected, based on what would be 
most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of 
sample collection; (3) determine what organizations will be responsible for the activities related 
to creating and maintaining the repositories; (4) establish standardized protocols for sample 
collection and maintenance; (5) establish an appropriate governance structure; (6) identify who 
would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) 
ensure that material transfer agreements (MTAs) are in place. (Samples obtained from 
laboratory animals also can be used to assess diagnostic assays during the timeframe when the 
virtual repository is being created.) 

• Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements 
for laboratory infrastructure, can detect disease early in the clinical course, are robust for use 
under a variety of conditions (e.g., varying humidity, temperature), and have a high sensitivity 
and specificity for different NiV strains, as needed, depending on the use cases for each test. 
Rapid diagnostic capability is needed for early case detection to promote outbreak detection, 
ensure early implementation of infection control measures, and ultimately to improve patient 
outcomes, once therapeutic options are available.  

• International reference standards to calibrate diagnostic assays.  
• Validation of promising diagnostics in endemic and at-risk geographic regions.  
• Diagnostic criteria and standardized testing for including patients in clinical trials of 

therapeutics. 
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• Improved diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent 
henipaviruses as they arise.  

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection.  

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 
performance of NiV diagnostic assays in the field.  

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 
support the business case for Nipah diagnostics, particularly given the costs of regulatory 
approval.  

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotype neutralization assays and antigen-
capture enzyme-linked immunosorbent assays [ELISAs]) and tests that are designed to detect 
more than one henipavirus. Further testing of diagnostics should be conducted in animal models 
before field trials in humans are pursued.  

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 
repository of clinical samples from NiV-infected patients. 
 

Milestones:  
1. By 2019, develop and standardize plans and protocols (including the governance structure) for 

creating a virtual reference repository of well-characterized clinical samples to be maintained in 
the two primary NiV-affected countries: Bangladesh and India.  
 

2. By 2021, identify funding and initiate creation of the virtual reference repository in Bangladesh 
and India, with samples to be collected during future outbreaks and possibly as part of future 
clinical trials.    

 
Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on 
intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the 
conditions in which they will be used and that have minimal requirements for biosafety precautions and 
staff training.  
 

Milestones:  
1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal 

and desirable characteristics to guide the development of promising NiV diagnostic assays.  
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2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization 
pathways for NiV diagnostic assays.  

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care 
or near-patient diagnostic assays that align with the TPP. 
 

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-
patient diagnostic assays that align with the TPP. 
 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover 
risk to promote early detection of NiV.  
 

Milestones:  
1. By 2021, develop national laboratory strategies for NiV detection in the primary affected 

countries that include plans for enhancing laboratory preparedness to diagnose NiV infection 
during future outbreaks.  

 
Priority Areas/Activities 

Research 
• Create a virtual repository of clinical reference samples for use in researching new diagnostic 

agents.  
• Explore new diagnostic approaches that may allow earlier detection of infection.   
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  

 Product development 
• Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and 

preferred performance characteristics for different use cases. 
• Develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV infection that 

are affordable, highly sensitive and specific (as needed, depending on their intended use), can 
capture antigenically diverse strains of the virus, and can be performed accurately and safely in 
remote areas under a variety of circumstances.   

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-

affected countries. 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  
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Policy and commercialization 
• Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available.   
 

THERAPEUTICS 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 

could reduce acceptance of NiV therapeutics.  
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 

creates an important challenge in providing early treatment of patients and PEP for exposed 
persons.  

• In NiV-endemic areas, hundreds of patients are admitted to hospitals annually with a diagnosis 
of encephalitis but do not have NiV infection. Treating all patients with encephalitis and their 
contacts for NiV infection would be costly and labor intensive, with relatively little benefit; 
therefore, accurate and rapid diagnosis is critical.  

• Studies in animals often evaluate the usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well a therapeutic agent will 
work in the field. 

• NiV can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control–
programs in place to prevent person-to-person transmission. They also lack the ability to rapidly 
identify contacts most likely to benefit from PEP therapy. 

• A limiting constraint to assessing the effectiveness of promising therapies is the number of 
patients with NiV infection who can be enrolled in clinical trials, given the small number of cases 
that are detected annually.  

Key needs 
• Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to 

be implemented in NiV-affected areas, particularly during future outbreaks. 
• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 

infection to improve survival and decrease associated morbidity and long-term disability.  
• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 

PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  



December 2018 
 

13 
 

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

• A transparent and collaborative process is needed to determine which agents are most 
appropriate for study in future clinical trials, given the limited number of cases that could 
potentially be enrolled in trials each year. 

Knowledge gaps 
• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 

challenge in animal models and has been provided under compassionate use programs for a 
small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for 
m102.4 with 40 human participants was completed in Australia. Additional animal studies using 
different NiV strains and clinical trials in endemic areas are needed to further assess the safety, 
tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir 
[an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being 
used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. 
Additionally, the therapeutic windows of each therapy should be determined for different NiV 
strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for 
m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia.  

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection and strengthen the therapeutic pipeline.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamic (PK/PD) 
relationship of promising therapeutic candidates. 

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer. This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons 
annually that could be candidates for PEP.  

• Additional information is needed regarding whether or not strain differences will affect the 
response to therapeutic candidates and results from clinical trials. 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions.  
 

Strategic Goals and Aligned Milestones 
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Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 
outbreaks.  
 

Milestones:  
1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising 

therapeutic candidates to be implemented in NiV-affected areas and develop plans for 
operationalizing the protocol.  

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to 
be implemented in NiV-affected areas and develop plans for operationalizing the protocol.  

3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising 

therapeutic candidates to be implemented in NiV-affected areas and develop plans for 
operationalizing the protocol.  

4. By 2019, identify an approach for downselecting promising therapeutic candidates for further 
study in clinical trials, given limited annual case numbers for enrollment.   

5. By 2020, generate a reliable source of m102.4 (or other promising agent[s] or agent 
combinations) to be used assessed in clinical trials. 
 

Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for 
PEP to prevent NiV infection.  
 

Milestones:  
1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic 

candidates.  

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or combination therapies for the treatment of NiV 
infection.  

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) 
efficacy of at least two promising therapeutic candidates or combination therapies for the 
treatment of NiV infection.  

 
Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 

(such as m102.4 and favipiravir) for treating and preventing NiV infection, including conducting 
studies in animal models and clinical trials as appropriate and feasible. 

• Continue to expand the pipeline of new therapeutic options for treating and preventing NiV 
infection that should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
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• Develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV 
infection that are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains  and 
other pathogenic henipaviruses that may emerge. 

Key capacities 
• Ensure that clinical trial protocols are in place and are ready to be operationalized, including 

obtaining appropriate approvals and conducting necessary training. 
• Promote enhancements to the healthcare delivery systems in affected areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for further clinical testing and outbreak control.  

Policy and commercialization 
• Generate a reliable source of m102.4 to be used in clinical trials. 
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

VACCINES 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges  
• Currently, there is no candidate vaccine that is in late-stage development, and few companies 

are willing to invest in the generation of new NiV vaccines.  
• Sociocultural issues may hinder trust in the formal human and veterinary clinical and public 

health systems, which could diminish the acceptance of NiV vaccine use.  
• The absence of improved diagnostic assays for the timely diagnosis of infection creates an 

important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak 
control.  

Key needs 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 

against different NiV strains, and (3) provide rapid onset of an immune response to adequately 
prevent and control outbreaks.  

• Guidance on the use of NiV vaccines to include vaccination strategies for special populations 
(such as children, immunocompromised individuals, and pregnant women); different 
epidemiologic scenarios; and different vaccine attributes.  

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 
target populations and guidance for community sensitization to vaccine acceptation and 
promotion within the community. 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategies over time.  
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Knowledge gaps 
• Additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV. Since neutralizing antibodies are 
likely the primary mediator of protection against NiV infection, research in this area should 
focus primarily on the humoral immune response for driving vaccine development.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines.  

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac HeV from Zoetis).  

• Additional research is needed in animal models to determine if vaccine candidates are cross-
protective between different NiV strains, including recently identified strains; only a few studies 
demonstrating cross-protection have been performed to date.  

• The identification of specific correlates or surrogates of protection and standardized assays for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may 
vary by vaccine platform and antigen, and therefore multiple assays may need to be 
standardized. 

• Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse 
incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in 
non-affected countries, safety trials will also be needed involving target populations in endemic 
regions.  

• Further epidemiologic research is needed to better define at-risk populations and identify 
additional areas of potential NiV spillover.  

• Additional sociological research is needed to explore perceptions and concerns of at-risk 
populations regarding NiV vaccine implementation. 

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use 
in NiV endemic areas.  

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 
estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating 
disease risk based on risk behaviors and practices in communities or specific population groups, 
and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  

 

Strategic Goals and Aligned Milestones 
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Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 
requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure 
of a vaccine against NiV. 

Milestones:  
1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy 

trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical 
trials (if deemed feasible) and the need for licensure and future use of NiV vaccines. This 
consultation should include representatives from in-country regulators, other regulatory 
agencies (such as the FDA or the European Medicines Agency), national and international public 
health agencies and organizations, and local and international researchers. 

 
Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans.  
 

Milestones:  
1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 

least two promising NiV vaccine candidates. 
 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV 
candidate vaccines.  
 

3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a 
framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional 
protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create 
a collaborative and transparent strategy for determining which candidate vaccines will go 
forward into phase 3 trials.  

 
Priority Areas/Activities 

Research 
• Improve understanding of the humoral immune response to infection to inform development 

and evaluation of NiV vaccines. 
• Identify and standardize correlates and/or surrogates of protection, which are necessary for 

ongoing research into candidate vaccines and also may be important for vaccine licensure.  
• Generate international reference standards to calibrate serologic assays for vaccine potency 

analyses. 
• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 

efficacy in animal models (such as through serum transfer studies), correlates of protection, and 
durability. 

• Further study cross protection of various vaccine candidates against different NiV strains, and 
between NiV strains and HeV strains.  

• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 
animal studies for immune bridging to facilitate regulatory licensing. 
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• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Evaluate the feasibility of generating multivalent vaccines (i.e., that protect against more than 
one disease) and determine whether or not such vaccines would be useful in future NiV control 
efforts.    

Product development 
• Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  

Key capacities 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 

(once vaccines become available). 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 

vaccines, if clinical trials are considered feasible. 
• Identify and address issues with licensure and use of NiV vaccines in affected areas through a 

coordinated process involving key stakeholders, including in-country NRAs and public health 
authorities. 

• Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical 
evaluation and use when outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Develop guidance for community sensitization to vaccine acceptance and promotion within the 

community. 
• Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, 

if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for 
person-to-person transmission and potential for faster spread.  

 
BACKGROUND INFORMATION 

World Health Organization R&D Roadmap documents and guidance: 

WHO. Morbidity and mortality due to Nipah or Nipah-like virus encephalitis in WHO South-East Asia 
region, 2001-2018. May 2018 [Full text] 

WHO. Nipah baseline situational analysis. Nov 2017  

WHO. WHO target product profile for Nipah virus vaccine. Jun 2017 [Full text] 
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Introduction 

Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 human cases of encephalitis were identified in Malaysia and most had close contact with pigs (Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and three presented with atypical pneumonia (one of which later also had evidence of encephalitis) (Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed genomic information for the virus is limited, experts agree that the causative agent was either NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra virus, which predominantly causes infection in horses in Australia and can also lead to human disease, usually following contact with infected horses (Ksiazek 2011).  

The most common clinical syndrome associated with NiV infection is severe, rapidly progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are multiple strains of NiV, which may account for the differences noted in clinical features and outcomes between Malaysia and Bangladesh (Mire 2016). 

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, several other domestic animal species in the outbreak area (including horses, cats, and dogs) were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 2018). The potential for droplet spread is supported by a A recent study that demonstrated that hamsters could be infected when exposed to NiV via a small-particle aerosol; however, the epidemiologic significance of this remains unclear (Escaffre 2018). Given the potential for respiratory transmission of NiV and the recent experience with Ebola in West Africa, some have raised concerns about the possibility of larger NiV outbreaks if the virus takes hold in a crowded or urban area (Donaldson 2018) or about the pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013).

Pteropus fruit bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat species and other bat species in geographically diverse regions, including South Asia (Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa (Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). This wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations.

WHO has determined that Nipah virus is a priority disease for epidemic preparedness (WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO embarked on development of a research and development (R&D) roadmap for NiV disease; this report provides a summary of the key elements of that roadmap, including important challenges and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are developed, manufactured, and readily available when needed [provide link to full roadmap here when available].

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, and vaccines. The strategic goals and milestones identified in each section are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, the roadmap milestones will be tracked over time, with periodic assessment of progress and updates to the roadmap as needed. The roadmap is specific to R&D for disease in humans; however, further research of NiV in animal species, including development of appropriate medical countermeasures targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV in humans and virus transmission can occur at the human-animal interface.

Cross-Cutting Issues 

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is accessing adequate funding to support research. Economic incentives to invest in such research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure they understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control measures. As part of this process, the risk profile for NiV and related henipaviruses needs to be further defined through improving disease surveillance in areas of known risk and obtaining prospective serosurveillance data on henipavirus exposure for susceptible animal species (e.g., bats, swine, and equids) and proximate human populations in areas of predicted risk. Human health, animal health, and wildlife officials should be engaged in these efforts as part of a long-term collaborative One Health approach (Chattu 2018, Kulkarni 2013).

Another important issue is the need to optimize relevant animal challenge models for promoting development and evaluation of medical countermeasures for NiV infection, particularly if investigators are required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge medical countermeasures should be administered in animal models to best mimic realistic timing of such use in humans; (4) bridge data from animal models to humans, such as identifying thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best models for studying chronic (relapsing) infection (Bossart 2012, Debuysscher 2013, (Dhondt 2013, Johnston 2015, Mathieu 2015, Satterfield 2016). Currently, the African green monkey is regarded as the most relevant animal model for evaluating candidate therapeutics and vaccines intended for use in humans (Bossart 2012, Geisbert 2010, Johnston 2015), and studies involving nonhuman primates may be required for licensure of therapeutics and vaccines via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns, however, constrain the use of this animal model. In addition to optimizing animal models, standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains are needed to move R&D of medical countermeasures for NiV infection forward (Satterfield 2016).

To inform development of optimal NiV medical countermeasures, additional research also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. This includes issues such as evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection.

To respond to these challenges, the strategic goals and milestones for cross-cutting issues in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and identifying funding sources to promote R&D, availability, and accessibility of NiV medical countermeasures, optimizing animal models for research, and generating standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV medical countermeasures (Table 1).

Diagnostics

Currently, no approved tests for diagnosis of NiV infection are commercially available. The most commonly used methods for diagnosing NiV infection include virus isolation, enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies, and real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus isolation requires biosafety level 4 (BSL-4) capabilities and is generally only performed in reference laboratories for specific purposes, such as to confirm a new outbreak or to identify the virus in new host species (Wang 2012). During the Malaysia outbreak, the US Centers for Disease Control and Prevention (CDC) developed a capture ELISA for detection of IgM antibodies and an indirect ELISA for detection of IgG antibodies (Daniels 2001); since then, additional ELISA tests have been developed (Wang 2012) and serologic testing is often used for case confirmation during outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009). RT-PCR, which can be performed on throat and nasal swabs, cerebrospinal fluid, urine, and blood, is also often used for diagnostic testing (Chadha 2006, Guillaume 2004, Lo 2012). Quantitative RT-qPCR tests have been developed for quantifying viral replication; such tools can be used to measure viral load reduction when screening vaccine candidates and potential therapeutics (Jensen 2018). More recently, pseudotyped-based serum neutralization assays for NiV detection that use vesicular stomatitis virus systems have been developed; these assays potentially can be used under BSL2 conditions in laboratories with limited diagnostic capabilities and appear to offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, Tamin 2009). Antigen-capture ELISAs using monoclonal antibodies also have been developed, which could result in more rapid diagnosis (Chiang 2010). These newer technologies hold promise; however, more information is needed regarding their performance characteristics, particularly under field conditions. Development and validation of immunohistochemical staining tests can facilitate studies on pathogenesis of Nipah infections and may also be useful for primary diagnosis in low-resource settings.

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the diagnosis often is not considered at the time of presentation, which can delay outbreak detection and implementation of infection control measures. Furthermore, laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are needed to identify cases quickly, promote outbreak detection, ensure timely implementation of infection control measures, and ultimately improve patient outcomes, once therapeutic options become available.  

Development of new diagnostics is impeded by lack of clinical samples for assay assessment and validation; therefore, a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic testing forward. Development of such a repository requires addressing the following: (1) determining what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; (3) determining what organizations will be responsible for activities related to creating and maintaining the repositories; (4) establishing standardized protocols for sample collection and maintenance; (5) establishing an appropriate governance structure; (6) identifying who would have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics also is needed to guide the development of promising new diagnostic assays. 

To address these issues, the strategic goals and milestones for diagnostic testing outlined in the NiV R&D roadmap focus on creation of a virtual reference repository, development of highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or potential spillover risk (Table 2). 

Therapeutics

Safe, well-tolerated, and effective therapeutic agents are not readily available for treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used to treat 140 patients; findings from treated patients were compared to those of 54 historical controls who became ill before ribavirin was available or who refused treatment (Chong 2001). Results demonstrated a statistically significantly lower mortality  reduction in mortality among treated patients (36%); however, the use of historical controls may have biased this finding. No additional clinical studies using ribavirin have been conducted, and limited studies in animal models have not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Rockx 2010, Georges-Courbot 2006). Chloroquine also has been studied in animal models, but has not shown any therapeutic benefit, either alone or in combination with ribavirin (Freiberg 2010, Pallister 2009). Based on these findings, these approaches are not considered viable options for treatment of NiV infection. 

A more promising therapeutic option is the development of monoclonal antibodies (mAbs) against viral envelope proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early treatment and for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as healthcare workers, family caregivers, and persons exposed to infected livestock. Researchers have demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate use for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 1 clinical trial of m102.4 with 40 human participants was completed in Australia, but results are not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in Kerala, India, but was not used because the outbreak was brought under control quickly (Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic window for m102.4 may vary by virus strain, which is a consideration for further preclinical and clinical study of this agent (Mire 2016). It may also be worthwhile to explore development of alternate mAbs against NiV or to evaluate cocktails of mAbs.

Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies in animal models also have been conducted for fusion inhibitory peptides; for example, investigators recently reported that lipopeptides delivered via the respiratory route can prevent lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents are promising, further preclinical data are needed to assess their utility. In addition, efforts are needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science research toward discovery of additional novel agents that may be more aligned with optimal and desired characteristics for anti-NiV therapy. 

[bookmark: _GoBack]Key additional considerations for moving NiV therapeutics forward include: (1) obtaining additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and (3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, and the feasibility of PEP distribution in both endemic and at-risk areas. A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that are detected each year. To address this concern, a transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials and how to best allocate scarce resources. Additionally, clinicians in endemic areas need to maintain high vigilance for cases of acute febrile encephalitic syndrome, particularly in association with respiratory symptoms, to facilitate early diagnosis and case identification. Additional training of clinicians, along with effective and appropriate risk communication strategies need to be implemented in endemic areas. 

To address these issues, the goals and milestones for therapeutics in the NiV R&D roadmap focus on continuing to move promising agents forward into clinical trials and on enhancing preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

Vaccines 

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generating new NiV vaccines, which creates an important barrier to ensuring that safe and effective NiV vaccines are made available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines are still in preclinical stages of research. The two primary approaches for NiV vaccine development include creating a subunit vaccine against one or both of the outer-membrane proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has been developed and is commercially available for use in horses (Middleton 2014), which supports this option as a promising approach for developing a human NiV vaccine.

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of government agencies, industry, academia, philanthropy, and intergovernmental institutions aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, has recently provided financial support to promote the development of several NiV candidate vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. and Emergent BioSolutions Inc. to develop an human NiV vaccine that is based on the same technology as that used for the Hendra virus vaccine for horses (CEPI 2018). In September 2018, CEPI announced plans to award approximately US$ 2 million to the Jenner Institute at the University of Oxford and Janssen Vaccines & Prevention BV for preclinical development of a replication-deficient simian adenoviral-vectored vaccine, derived from an adenovirus originally isolated from chimpanzees (CEPI 2018).  These efforts, and potentially additional future efforts funded by CEPI, will support preclinical and early clinical development of NiV vaccines.

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

Additional research is needed in several areas to support development of NiV vaccines. First, identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed, particularly to expedite possible licensing through nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized. Second, additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection against NiV infection (Satterfield 2016), research in this area should focus primarily on the humoral immune response for driving vaccine development. Third, further work in animal models is needed to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be useful in creating a current estimate of the reproductive number for NiV, gauging the potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017).

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap focus on moving vaccine candidates forward into clinical trials and promoting development of guidance on requirements for clinical trials, regulatory pathways, and other considerations relevant to licensure of a vaccine against NiV. 

Conclusion

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the next 5 years to accelerate the development of NiV medical countermeasures forward. NiV infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or suspected NiV spillover will improve understanding of the true burden of NiV disease. These efforts, in turn, may provide information to further support the public health value proposition for NiV medical countermeasure development and, by increasing case detection, may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.  
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Tables

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues



		Goals and Milestones for NiV Infection Cross-Cutting Issues

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs.

		1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.



		

		2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.



		2. Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

		1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.



		

		2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.







Table 2: Goals and Milestones for NiV Diagnostics

		Goals and Milestones for NiV Diagnostics

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients. 

		1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India).



		

		2. By 2021, identify funding and initiate creation of the virtual reference repository in the two primary NiV-affected countries (Bangladesh and India), with samples to be collected during future outbreaks and possibly as part of future clinical trials.   



		2. Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 

		1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays.



		

		2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays.



		

		3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



		

		4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



		3. Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV.

		1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnose NiV infection during future outbreaks.







Table 3: Goals and Milestones for NiV Therapeutics

		Goals and Milestones for NiV Therapeutics

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

		1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.

3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.

4. By 2019, identify an approach for downselecting promising therapeutic candidates for further study in clinical trials, given limited annual case numbers for enrollment.  

5. By 2020, generate a reliable source of m102.4 (or other promising agent[s] or agent combinations) to be assessed in clinical trials.



		2. Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection.

		1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates.



		

		2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.



		

		3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.







Table 4: Goals and Milestones for NiV Vaccines



		Goals and Milestones for NiV Vaccines

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure of a vaccine against NiV.

		1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.



		

		2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This consultation should include representatives from the following: in-country regulators, other regulatory agencies (such as the FDA or the European Medicines Agency [EMA]), national and international public health agencies and organizations, and local and international researchers.



		2. Develop and evaluate NiV vaccines for prevention of NiV disease in humans.

		1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.



		

		2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines.



		

		3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a collaborative and transparent strategy for determining which candidate vaccines will go forward into phase 3 trials.
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against Nipah virus infection. 



INTRODUCTION  

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks have occurred in that country since. NiV infection has also been identified periodically in eastern India and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus species and several other bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, several other domestic animal species (including horses, cats, and dogs) were found to be infected with NiV on the farms involved in the outbreak. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat; disease also occurred in healthcare workers who cared for NiV-infected patients. Detailed genomic information for this virus is limited.  



NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from those identified in Bangladesh and India. Some differences have been noted in the clinical features of infection, with different strains in humans and experimentally infected non-human primates. 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of MCMs to enable effective and timely emergency response to infectious disease epidemics. NiV infection is identified in the Blueprint’s list of “priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, with periodic assessment of progress and updating as needed.

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), ensuring adequate hand hygiene and environmental hygiene, promoting effective community engagement, implementing adequate infection prevention and control practices, developing adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap but need to be addressed as part of a broader public health control strategy. Further research of NiV in animal species, including development of appropriate MCMs targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV (or related henipavirus species) in humans and virus transmission can occur at the human-animal interface.



VISION

Ready availability and accessibility of rRobust MCMs to detect, prevent, and control human outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING ISSUES

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Securing funding for Nipah research represents a substantial challenge, since economic incentives to invest in Nipah research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with small and sporadic outbreaks. The development of a sustainable value proposition for industry and international philanthropic public-private partnerships is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The value proposition should be informed by a robust assessment of the risk of future outbreaks and the economic, societal, and health impacts that such outbreaks could generate. 

· Demonstrating whether or not a product provides meaningful benefit without undue risk, which is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product developers in the absence of a predictable demand. In addition, licensure of vaccines and therapeutics using alternative regulatory pathways can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (biosafety level 4 [BSL-4]) conditions, which can increase the cost of MCM development.

· To date, NiV spillovers to human communities have been identified most commonly in rural communities in Bangladesh and India; the healthcare facilities that serve these communities have limited laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations. 

· While ferrets, Syrian hamsters, and interferon-alpha/beta receptor knockout (IFNAR-KO) mice are well-established animal models for NiV research, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs.

· Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on approaches that make ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.

Key needs

· Funding sources (such as public-private partnerships, government agencies, and philanthropic organizations) and industry incentives and competitions for non-dilutive funding to encourage innovation and secure private-sector commitments to develop and manufacture NiV MCMs.

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, surveillance, and implementation of vaccination programs for NiV prevention and control. 

· Advocacy to policy makers in affected countries and to global stakeholders to ensure they understand the potential health, societal, and economic benefits of devoting resources to improving NiV surveillance, detection, prevention, and control measures.  

· Obtaining additional prospective serosurveillance data of henipavirus exposure from susceptible animal species and proximate human populations in areas of predicted risk should be explored as a strategy to assess the potential of human spillover and to build preparedness for detection of human cases and for limiting exposure. 

· Standardized and well-characterized assays (to be further defined based on end use), reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. Assays that can be used at lower biosafety levels are an important priority. WHO international standards should be used (when available) as calibrators and reported in units/ml to harmonize assay results. 

· Clear criteria for downselection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. Such criteria should align with desired characteristics outlined in the target product profiles (TPPs) and should address aspects of sustainable MCM production, stockpiling, and access.

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) or other regulatory agencies to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities will vary between countries; therefore, early engagement, potentially with support from WHO, is essential to identify country-specific considerations.   

· Outreach and education to clinicians and community health workers to improve NiV awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection prevention and control) and to ensure availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support collaborative clinical research, including methods for collecting, standardizing, and sharing clinical data.  

· Collaboration between public health authorities in endemic and at-risk areas and international development partners to support NiV surveillance and strengthen disease prevention and preparedness activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

Knowledge gaps

· Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as well as other preventive measures, depend on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and potentially other bat species. 

· Additional research is needed to optimize relevant animal challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) for promoting development and evaluation of MCMs, particularly if investigators are required to use an alternative pathway (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development; (3) determine when after-challenge MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data from animal models to humans, such as identifying thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify the best models for studying chronic (relapsing) infection. 

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurologic sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of disease over time and thereby influence MCM development.  

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hosts and pathogenicity. 

· Additional studies applying whole-genome sequencing of NiV are needed to generate a comprehensive phylogenetic mapping of the global genetic variability among henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage populations at high risk of exposure (such as persons who consume date palm sap, healthcare workers, and workers at the human-animal interface) and vulnerable populations (such as children, immunocompromised individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Identify sources of private- and public-sector funding and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 

Milestones:

1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.



Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks. 

Milestones:

1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying surveillance catchment areas, engaging key partners in those areas, generating a standardized protocol, and conducting training for implementation.  

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), enhance case detection, and better define the disease burden in different geographic areas. 



Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

Milestones:

1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.



2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and that may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Continue to conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine key differences in pathogenesis for different NiV strains that may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine and optimize relevant animal models to support the development and evaluation of NiV MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.  

· Generate research tools to promote R&D of MCMs for NiV infection (e.g., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research studies to enable a more comprehensive mapping of genetic variability of henipaviruses to improve understanding of their global distribution.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for downselection and prioritization of candidate MCMs that should be moved forward.

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection.  

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve active and passive surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations. 

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.   

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorization from appropriate NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory approval are being determined.

· Support the development of affordable pricing mechanisms to promote accessibility of NiV MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable and fair” price is one that can reasonably be paid by patients and health budgets and simultaneously sustains research and development, production, and distribution within a country.)

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



DIAGNOSTICS

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific, and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in outbreak detection and implementation of effective and timely infection control measures and outbreak response activities. Additionally, latent disease can occur months to years after initial infection, which can complicate epidemiologic investigation. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited, and investigation into the cause of infection is not always pursued; these issues can lead to delays in diagnosis and outbreak investigation and response. 

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with NiV, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· The time required to perform diagnostic testing using conventional laboratory methods is problematic, given the rapid disease progression of NiV infection. 

· Currently, no approved tests for diagnosis of NiV infection are commercially available.

· Pteropus species (and perhaps other bat species) appear to carry other henipaviruses in addition to NiV and HeV, some of which may prove to be pathogenic in humans and livestock. Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate using serologic assays which henipaviruses are in circulation. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

Key needs

· Clarification regarding the use cases for different diagnostic assays, since the corresponding performance, validation, and regulatory approval requirements may differ depending on how the tests will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific.

· A TPP for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples to assess and validate diagnostic tests. As part of this process, a clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of sample collection; (3) determine what organizations will be responsible for the activities related to creating and maintaining the repositories; (4) establish standardized protocols for sample collection and maintenance; (5) establish an appropriate governance structure; (6) identify who would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples obtained from laboratory animals also can be used to assess diagnostic assays during the timeframe when the virtual repository is being created.)

· Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, are robust for use under a variety of conditions (e.g., varying humidity, temperature), and have a high sensitivity and specificity for different NiV strains, as needed, depending on the use cases for each test. Rapid diagnostic capability is needed for early case detection to promote outbreak detection, ensure early implementation of infection control measures, and ultimately to improve patient outcomes, once therapeutic options are available. 

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic criteria and standardized testing for including patients in clinical trials of therapeutics.

· Improved diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent henipaviruses as they arise. 

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection. 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, particularly given the costs of regulatory approval. 

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotype neutralization assays and antigen-capture enzyme-linked immunosorbent assays [ELISAs]) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients.



Milestones: 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries: Bangladesh and India. 



2. By 2021, identify funding and initiate creation of the virtual reference repository in Bangladesh and India, with samples to be collected during future outbreaks and possibly as part of future clinical trials.   



Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 



Milestones: 

1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays. 



2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays. 

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV. 



Milestones: 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnose NiV infection during future outbreaks. 



Priority Areas/Activities

Research

· Create a virtual repository of clinical reference samples for use in researching new diagnostic agents. 

· Explore new diagnostic approaches that may allow earlier detection of infection.  

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

 Product development

· Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and preferred performance characteristics for different use cases.

· Develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific (as needed, depending on their intended use), can capture antigenically diverse strains of the virus, and can be performed accurately and safely in remote areas under a variety of circumstances.  

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-affected countries.

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses as needed. 

Policy and commercialization

· Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.  



THERAPEUTICS

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· Sociocultural issues may hinder trust in the formal healthcare and public health systems, which could reduce acceptance of NiV therapeutics. 

· The absence of improved diagnostic assays for timely diagnosis and surveillance of infection creates an important challenge in providing early treatment of patients and PEP for exposed persons. 

· In NiV-endemic areas, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis but do not have NiV infection. Treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore, accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate the usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well a therapeutic agent will work in the field.

· NiV can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control–programs in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy.

· A limiting constraint to assessing the effectiveness of promising therapies is the number of patients with NiV infection who can be enrolled in clinical trials, given the small number of cases that are detected annually. 

Key needs

· Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas, particularly during future outbreaks.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

· A transparent and collaborative process is needed to determine which agents are most appropriate for study in future clinical trials, given the limited number of cases that could potentially be enrolled in trials each year.

Knowledge gaps

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided under compassionate use programs for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia. Additional animal studies using different NiV strains and clinical trials in endemic areas are needed to further assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir [an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for different NiV strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia. 

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection and strengthen the therapeutic pipeline. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamic (PK/PD) relationship of promising therapeutic candidates.

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons annually that could be candidates for PEP. 

· Additional information is needed regarding whether or not strain differences will affect the response to therapeutic candidates and results from clinical trials.

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks. 



Milestones: 

1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol. 

4. By 2019, identify an approach for downselecting promising therapeutic candidates for further study in clinical trials, given limited annual case numbers for enrollment.  

5. [bookmark: _GoBack]By 2020, generate a reliable source of m102.4 (or other promising agent[s] or agent combinations) to be used assessed in clinical trials.



Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for PEP to prevent NiV infection. 



Milestones: 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for the treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising therapeutic candidates or combination therapies for the treatment of NiV infection. 



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of available investigational therapies (such as m102.4 and favipiravir) for treating and preventing NiV infection, including conducting studies in animal models and clinical trials as appropriate and feasible.

· Continue to expand the pipeline of new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against different NiV strains and other pathogenic henipaviruses that may emerge.

Key capacities

· Ensure that clinical trial protocols are in place and are ready to be operationalized, including obtaining appropriate approvals and conducting necessary training.

· Promote enhancements to the healthcare delivery systems in affected areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for further clinical testing and outbreak control. 

Policy and commercialization

· Generate a reliable source of m102.4 to be used in clinical trials.

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



VACCINES

Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges	

· Currently, there is no candidate vaccine that is in late-stage development, and few companies are willing to invest in the generation of new NiV vaccines. 

· Sociocultural issues may hinder trust in the formal human and veterinary clinical and public health systems, which could diminish the acceptance of NiV vaccine use. 

· The absence of improved diagnostic assays for the timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs

· Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect against different NiV strains, and (3) provide rapid onset of an immune response to adequately prevent and control outbreaks. 

· Guidance on the use of NiV vaccines to include vaccination strategies for special populations (such as children, immunocompromised individuals, and pregnant women); different epidemiologic scenarios; and different vaccine attributes. 

· Public communication outreach strategies that address possible vaccine uptake hesitancy in target populations and guidance for community sensitization to vaccine acceptation and promotion within the community.

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time. 

Knowledge gaps

· Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. Since neutralizing antibodies are likely the primary mediator of protection against NiV infection, research in this area should focus primarily on the humoral immune response for driving vaccine development. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines. 

· Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG subunit vaccine (i.e., the recombinant subunit vaccine Equivac HeV from Zoetis). 

· Additional research is needed in animal models to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may vary by vaccine platform and antigen, and therefore multiple assays may need to be standardized.

· Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in non-affected countries, safety trials will also be needed involving target populations in endemic regions. 

· Further epidemiologic research is needed to better define at-risk populations and identify additional areas of potential NiV spillover. 

· Additional sociological research is needed to explore perceptions and concerns of at-risk populations regarding NiV vaccine implementation.

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use in NiV endemic areas. 

· Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating disease risk based on risk behaviors and practices in communities or specific population groups, and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure of a vaccine against NiV.

Milestones: 

1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the need for licensure and future use of NiV vaccines. This consultation should include representatives from in-country regulators, other regulatory agencies (such as the FDA or the European Medicines Agency), national and international public health agencies and organizations, and local and international researchers.



Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans. 



Milestones: 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.



2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines. 



3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a collaborative and transparent strategy for determining which candidate vaccines will go forward into phase 3 trials. 



Priority Areas/Activities

Research

· Improve understanding of the humoral immune response to infection to inform development and evaluation of NiV vaccines.

· Identify and standardize correlates and/or surrogates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure. 

· Generate international reference standards to calibrate serologic assays for vaccine potency analyses.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models (such as through serum transfer studies), correlates of protection, and durability.

· Further study cross protection of various vaccine candidates against different NiV strains, and between NiV strains and HeV strains. 

· Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake animal studies for immune bridging to facilitate regulatory licensing.

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

· Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Evaluate the feasibility of generating multivalent vaccines (i.e., that protect against more than one disease) and determine whether or not such vaccines would be useful in future NiV control efforts.   

Product development

· Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans. 

Key capacities

· Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies (once vaccines become available).

· Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV vaccines, if clinical trials are considered feasible.

· Identify and address issues with licensure and use of NiV vaccines in affected areas through a coordinated process involving key stakeholders, including in-country NRAs and public health authorities.

· Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical evaluation and use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Develop guidance for community sensitization to vaccine acceptance and promotion within the community.

· Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for person-to-person transmission and potential for faster spread. 
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From: John Eldridge on behalf of John Eldridge <eldridge@profectusbiosciences.com>
To: Broder, Christopher; twgeisbe@UTMB.EDU; Antony Dimitrov; Jeffrey Meshulam; Boxley, Kimberly
Subject: RE: CEPI and CETR U19
Date: Tuesday, December 18, 2018 4:26:25 PM
Attachments: CEPI Nipah Full Proposal FINAL.pdf

Hi Chris,
 
Please find attached the Final Nipah vaccine Technical Proposal submitted by Profectus to CEPI.  At
the request of our attorney I have deleted any reference to the cost of the program and have
marked the document Profectus confidential.  As you correctly point out, the Specific Aims of the
CEPI and NIAID contracts are completely different, with the exception of developing your Cedar
virus-based assay.  Let me know if this is adequate to address all overlap concerns. 
 
We will get you BioSketches with updated other support by COB tomorrow.
 
Best,
 
John
 
From: Broder, Christopher <christopher.broder@usuhs.edu> 
Sent: Thursday, December 13, 2018 1:02 PM
To: twgeisbe@UTMB.EDU; John Eldridge <eldridge@profectusbiosciences.com>; Antony Dimitrov
<dimitrov@profectusbiosciences.com>; Jeffrey Meshulam <meshulam@profectusbiosciences.com>;
Boxley, Kimberly <kimberly.boxley.ctr@usuhs.edu>
Subject: CEPI and CETR U19
 
hi Tom and John  (Jeff and Toni cc'd)
 
NIAID was satisfied with my revised SAC for the CETR U19. We are uploading today.  I will send
another msg to all partners today.
 
Kim Boxely (here) will be reaching out to our CETR partners (PIs and their POCs) for JIT other
support docs of all
key personnel today/tomorrow.
 
Micheal sent msg below this AM.  This specifically relates to only me (USU), Profectus and UTMB -  as
we are all parties to the CEPI-funded Nipah vaccine
so you both as key personnel need to put together your other support pages.  and address any
overlap more specifically.
 
Scientifically. as far as the Profecus CETR project (RP1) goes (and UTMB/GNL) (Core C) there is no
scientific overlap with CEPI project (the goals and proposed studies are totally different.   
CEPI project is just gearing up HeV-sG production as GMP material and alum vaccine formulation and
assay development, and clinical trials.
 




 


 


 Application for funding from CEPI (CEPI-CfP-001) 
 Project description template step 2 


 


 


 


1. Project  summary 


1.1. Project Title  


A Subunit Vaccine (HeV-sG) to Protect Against Nipah and Hendra Diseases 
 


1.2. Project summary (500 words) 


Please give a summary of the proposed project, including rationale, technology, vaccine candidate, objectives, expected outcomes 
and total project costs 
Nipah virus (NiV) and Hendra virus (HeV) are closely related paramyxoviruses associated with significant morbidity and mortality in 


both animals and humans.  Outbreaks of NiV (Malaysia, Bangladesh, India) and HeV (Australia) lead to death in 40 to 90% of 


infected subjects.  There are currently no approved products that prevent or treat NiV or HeV infections in humans.  A recombinant 


subunit vaccine derived from the ectodomain of HeV attachment G glycoprotein (HeV-sG) has demonstrated complete protection 


against lethal NiV and HeV disease in three animal species, including African Green Monkeys (AGM).  In addition, a horse vaccine 


composed of the same HeV-sG has been marketed in Australia by Zoetis since 2012.  We and the cooperating partners are 


currently developing the HeV-sG vaccine to protect humans against both NiV and HeV disease.  To date, a Master Cell Bank  


(MCB) has been manufactured and released, a cGMP process for vaccine manufacture has been developed, a GLP toxicology 


study is nearing completion, a study in AGMs to confirm protective efficacy against lethal challenge has been completed, and 


stability studies of the development/toxicology HeV-sG candidate vaccine are in progress. Here we propose to advance 


development of this dually protective vaccine to the point of establishing an emergency use stockpile by:  


o Producing and releasing drug substance (DS) and drug product (DP) under cGMPs.  


o Production at 1,000L scale is calculated to yield approximately 120 gm of purified product 


o 1,000 vials will be filled to support phase 1 evaluation 


o 50,000 vials at optimum dose filled to support phase 2 evaluation and investigational vaccine stockpiling 


o Submitting an IND.  


o Performing Phase 1 and 2 clinical studies to demonstrate human safety and immunogenicity. 


Total project cost to this point in the proposal is estimated to be $XXXX 


Optional activities that could be performed to accelerate licensure: 


o Performing challenge studies under the “animal rule” to bridge human immune responses to protective responses in AGMs. 


o Producing and releasing two additional at-scale Lots of vaccine to demonstrate manufacturing and clinical consistency. 
o Submitting a BLA. 


1.3. Development status   


NiV and HeV must be handled under biological safety level 4 (BSL-4) conditions due to the severe disease they cause in humans, 
and the US NIH and US CDC list them as Category C biothreat agents.  Only NiV is included in the current CEPI call for proposals, 
however, the ability of HeV-sG to protect against both NiV and HeV disease provides an additional benefit.  These emerging viruses, 
unlike other Category A biothreat viral agents such as Smallpox or Ebola virus, can easily be isolated from their natural reservoir, 
grown in cell culture to high titer (1-5), and spread in livestock that are known to transmit these viruses to humans, where subsequent 
person-to-person transmission can facilitate an outbreak (6-8).  Transmission via aerosol and a high rate of lethality heighten their 
potential as biothreat agents.   
 
Currently, there is no approved human prophylactic or therapeutic against NiV or HeV, disease. During the 2009 outbreak of HeV in 
Australia, four people exposed at a Queensland horse nursery were offered treatment with Ribavirin (The Sydney Morning Herald, 
August 12, 2009).  Unfortunately, the Ribavirin treatment had no impact on disease presentation or progression, and the infected 
veterinarian died on September 1, 2009. The other three individuals were later found negative for HeV.  Chloroquine and Ribavirin will 
delay disease progression to death in NiV infected hamsters by approximately five days, but do not show any effect in HeV-
infected hamsters (9) or AGMs (10).  Vaccination, on the other hand, offers a viable anti-henipavirus strategy (4, 11) that could provide 
significant public health benefit against natural outbreak or deliberate misuse as a bio-weapon.  A HeV-sG vaccine for veterinary use 
(Equivac® HeV), which is identical to the vaccine proposed here for human use, has been marketed by Zoetis in Australia since 
November 2012 under the authority of the Australian Pesticides and Veterinary Medicines Authority (APVMA).  This is the first 







 


 


commercialized vaccine against any BLS-4 agent. The APVMA granted full registration of Equivac® HeV in August 2015.  Of note, 
the human immune response to accidental inoculation (N=2) with the veterinary vaccine has been shown to be potent and to cross-
neutralize both NiV and HeV (I. Smith and C. Broder, unpublished).    
 
Profectus BioSciences, Inc. is a vaccine developer with the personnel and resources to manage HeV-sG vaccine manufacture, clinical 
evaluation, and regulatory approval.  The company possesses intellectual property and expertise in the fields of live replication 
competent recombinant vaccines based on attenuated vesiculoviruses, vaccines and molecular adjuvants based on plasmid DNA 
vectors, as well as soluble subunit vaccines.  Profectus performs GMP, GLP, and GCP activities through outsourcing, and has the 
personnel and key quality system policies and procedures needed to support the manufacture, testing, and conduct of human clinical 
trials utilizing GMP, GLP and GCP-compliant contract service providers.  Development of the HeV-sG vaccine as well as a human 
monoclonal anti-NiV/HeV antibody (m102.4) for post-exposure treatment have been supported by two NIAID RO1 awards under the 
Partnerships for Biodefense program that include Drs. Broder (Uniformed Services University) and Geisbert (University of Texas 
Medical Branch at Galveston) as essential personnel.  In the case of HeV-sG, the RO1 funding supports development of this vaccine 
through MCB production, upstream process development (USP), downstream process development (DSP), and toxicology testing, 
but does not support manufacture under cGMPs.  Therefore, this application proposes the manufacture of a GMP Lot of HeV-sG of 
sufficient size to support phase 1 clinical testing, phase 2 clinical testing, and the stockpiling of approximately 150,000 doses of 
investigational vaccine for emergency use.  Manufacturing will be performed with Profectus operational and quality oversight using 
Profectus-approved CMOs.  The clinical trials will be performed in partnership with PATH, using PATH clinical research, operations, 
and data management infrastructure and the Profectus clinical assay laboratory. 
 
Should CEPI choose to support the most expedient path to licensure, two additional at-scale Lots of candidate vaccine could be 
produced and released to demonstrate manufacturing and clinical consistency.  In addition, “animal rule” studies designed in 
consultation with the US FDA to bridge the human immune response to the protective response in AGMs could be conducted in 
partnership with Dr. Geisbert at the BSL-4 laboratories at UTMB. 


 


2. About the applicant organisation/consortium 


2.1. About the applicant organization and cooperating partner(s) 


Profectus BioSciences, Inc.  The Profectus Vaccines Group was spun-out of Wyeth Vaccines Research in 2008 with the mission of 
developing and commercializing vaccines to treat and prevent chronic viral diseases (HIV, HCV, HPV, HSV), and viral infections of 
biodefense and public health importance (filoviruses, arenaviruses, alphaviruses, henipaviruses), areas outside the immediate focus 
of Wyeth (now Pfizer).  To enable Profectus, Wyeth transferred:  


o A broad intellectual property (IP) portfolio in vectored and subunit vaccines.   
o The experienced senior staff essential for the research, development, and cGMP manufacture of vaccines.  These individuals 


each possess 10 or more years of experience in a major pharma environment and include: 
o John H. Eldridge, Ph.D., Chief Scientific Officer 
o David Clarke, Ph.D., Senior Director of Virology/Vector Design 
o Rong Xu, Ph.D., Director of Immunology 
o Susan Sciotto-Brown, Senior Director Regulatory Affairs 
o Tracy Chen, Ph.D., Executive Director of Outsourcing and Operations 
o Marc Tremblay, M.S., Senior Director of Quality 
o Alan Gordon, Esq., Corporate Counsel  
o Also on staff at Profectus is Dr. Antony Dimitrov, subject matter expert on NiV and HeV, and Project Leader  


o Proprietary and patented manufacturing methods, equipment, and certified cell banks needed to manufacture vaccines for 
human use. 


Profectus performs GMP, GLP, and GCP activities through outsourcing, and has the personnel, key quality systems, policies and 
procedures needed to support the manufacture, testing, and conduct of human clinical trials utilizing GMP, GLP and GCP-compliant 
contract service providers.  Over the past 8 years Profectus has successfully produced/maintained 6 vaccine components under 
cGMPs, written 8 INDs, and conducted 7 clinical trials in the US and EU.  Partners and collaborators include, the Galveston National 
Laboratory at UTMB, Yale University, the Institute of Human Virology, the Center for HIV/AIDS Vaccine Immunology, the National 
Cancer Institute, the NIH Division of AIDS, the Bill and Melinda Gates Foundation, the International AIDS Vaccine Initiative, the HIV 
Vaccines Trials Network, and the AIDS Clinical Trials Group. 
 
University of Texas Medical Branch, Galveston National Laboratory (UTMB).  Dr. Thomas Geisbert at UTMB has extensive 
experience conducting experiments utilizing small animals and nonhuman primates (NHPs) in high biocontainment, with over 28 years’ 
biosafety-level 4 (BSL-4) experience at USAMRIID and at the Galveston National Laboratory (GNL). He has experience managing 
large research programs, including a current US National Institutes of Health-funded Center of Excellence for Translational Research 
grant.  Dr. Geisbert’s research interests have focused on the study of haemorrhagic fever viruses and he has published extensively in 







 


 


this area. His research group was the first to demonstrate complete protection of NHPs against Ebola, Marburg, and Lassa viruses 
using a novel vaccine based on recombinant vesicular stomatitis virus (VSV). In addition, Dr. Geisbert has extensive experience with 
developing appropriate animal models that mimic human pathology, including the ferret and AGM models for NiV and HeV.  
 
PATH.  For more than 20 years, PATH has successfully developed and delivered lifesaving vaccines for the most vulnerable children 
and communities around the world, spanning the spectrum of discovery to development to delivery. PATH’s Center for Vaccine 
Innovation and Access (CVIA) brings together global expertise across every stage of the long and complex vaccine process, from early 
discovery and clinical testing of vaccine candidates, to regulatory approval and manufacturing, to introduction and delivery. PATH has 
led numerous global partnerships to advance vaccine development, including the Malaria Vaccine Initiative, which helped develop the 
first malaria vaccine candidate recommended for pilot implementation, and the award-winning Meningitis Vaccine Project, which 
developed the first vaccine tailor-made for use in sub-Saharan Africa. CVIA’s current portfolio encompasses more than two dozen 
vaccines either in development or already in use to protect against 16 different diseases.  
 
Catalent: Catalent Pharma Solutions (Catalent) is located at 726 Heartland Trail, Madison, WI and is a contract manufacturer of Master 
Cell Banks and Bulk Drug Substance (BDS) such as monoclonal, fusion and recombinant mammalian derived proteins for clinical 
Phase I and II use.  These proteins are produced utilizing aseptic processing to minimize bioburden and cross contamination during 
the biological manufacturing processes.   
 
GRAM: Grand Rapid Aseptic Manufacturing (GRAM) is located 140 Front Avenue SW, Suite 3, Grand Rapids, MI and is founded in 
2010.  It is a full-service parenteral contract manufacturing organization supporting new product development and cGMP 
manufacturing.  GRAM is currently approved by FDA to manufacture 4 commercial drug products with the first approval granted in 
2013.  The current portfolio is 57% biologics and 43% small molecules with 80% being sterilized by aseptic filtration and 20% by 
terminal sterilization.  GRAM manufactures drug products in vials and syringes to support clinical trial from Phase 1 to Phase 3. 
 
Uniformed Services University, Henry M. Jackson Foundation (USU-HMJF). The mission of the Uniformed Services University of 
Health Sciences is to educate, train, and comprehensively prepare uniformed services health professionals, scientists, and leaders to 
support the Military and Public Health Systems, the National Security and National Defense Strategies of the United States, and the 
readiness of our Uniformed Services.  The mission of the Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc. 
is to advance military medical research and improve health worldwide. 
 
Duke-NUS Medical School.  SingHealth Investigational Medicine Unit, Singapore General Hospital, Block 7 Level 7, Outram Road, 
Singapore 169608. & Duke-NUS Medical School, 8 College Road, Singapore 169857.  Dr. Low is a senior consultant infectious disease 
physician at the Singapore General Hospital and a Associate Professor of Emerging Infectious Diseases at the Duke-NUS Medical 
School. Her research addresses translational therapeutics and vaccinology for acute viral diseases, focusing primarily on dengue and 
influenza in the first instance. She has been the clinical PI for 5 vaccine trials, 2 of which were first-in-man trials, as well as the clinical 
PI for a therapeutic trial for acute dengue. Importantly, she co-led the trial that authenticated antibody-dependent enhancement of 
yellow fever vaccination in those with cross-reactive flaviviral antibodies, the findings of which were published last year in Nature 
Microbiology. 
         


2.2. The experience and track record of applicant organisation, principal investigator and cooperating partner(s) 


Pre-clinical studies 
In the interest of brevity, the pre-clinical R&D experience of the Profectus, UTMB, USU-HMJF collaborators relevant to this proposal 
is presented in Table 1.   
 


Table 1.  Relevant PBS, UTMB, USU-HMJF Pre-Clinical Experience 
 
Field 


 
Animal 
Model 


 
Vaccine Type 


 
Challenge 


Immune Measures 


Humoral CMI 


 
pDNA 


Viral 
Vector 


Protein 
Subunit 


 
ELISA 


 
Neut 


 
ELISpot 


 
ICS 


Arenaviruses 
(LASV, MACV, 
JUNV, GTO) 


 
Mouse 


  


√ 
   


√ 


   


NHP  √  √ √    


 


 
Nipah/Hendra 


 
   


√ 


 


 
 


   


Ferret   √     


NHP   √ √    







 


 


 


Filoviruses 
(EBOV, SUDV, 
MARV, BUDV) 


Mouse   


√ 


 


  √ √ √ √ 


GP   √     


NHP   √ √ √ √ √ 


 


Chikungunya Mouse  √  √ √ √   


 


Zika Mouse  √  √ √ √   


 


Malaria Mouse √ 


 


√ 


 


  √  √  


NHP   √  √  


 


HPV Mouse √ √  √ √  √  


 


 
HIV 


Mouse  
√ 


 
√ 


 
√ 


 √ √ √ √ 


GP   √   


NHP √ √ √ √ √ 


 


 


The UTMB Galveston National Laboratory (GNL). The GNL provides BSL-4, BSL-3 and BSL-2 laboratories designed to allow the 
safe conduct of research into emerging infectious diseases and agents of bioterrorism to develop vaccines, diagnostics, and 
therapeutics against them. The seven-story GNL and the adjacent Keiller Building together offer 14,330 square feet of BSL-4 space, 
29,713 square feet of BSL-3 facilities and 51,903 square feet for BSL-2 level laboratories. Additionally, there are BSL-3 and BSL-4 
aerobiology facilities. 


The GNL’s mission is fulfilled through a system of specialized research cores providing the following services: aerosolization studies 
of BSL-3 and BSL-4 level pathogens in small animals and NHPs; animal model development; host-pathogen studies; screening 
methodology development through in vitro studies; technical assistance in histological and tissue processing methods; and diagnostic 
expertise in the event of disease outbreaks or bioterrorism. The GNL also provides a national resource for studying and developing 
protocols against arthropod vectors; state-of-the-art equipment, particularly that available via an Imaging Core having expertise in the 
analysis of human and animal tissues and in vivo whole-animal imaging; plus, a full-service immunology core in which knockout and 
transgenic mouse models are developed for immunological studies. Other cores provide administrative and regulatory (GLP) oversight, 
as well as ensure security, safety and efficient operation of the GNL. In addition, the GNL features full-service animal care procedural 
and maintenance facilities, including laminar flow isolator caging systems, sterilization equipment, procedure rooms, cage-washing 
and autoclaving. 


The GNL BSL-4 laboratory consists of approximately 12,000 square feet of space equally divided between wet space and ABSL-4 
facilities. The BSL-4 laboratory consists of three modules that can be operated in concert or independently. Each module consists of 
a wet lab (~1,000 square feet), a necropsy room (approximately 250 square feet), a virus storage and centrifuge room (approximately 
250 square feet) and one to three animal rooms. Animal housing can accommodate rodents, ferrets, and nonhuman primates (NHPs). 
CDC inspections and select agent permits are current. The first NHP studies were performed in the GNL BSL-4 laboratories in April 
2011. Seven different viruses, including Lassa, Nipah and Hendra viruses, have been used, and Dr. Geisbert’s team is adept at 
performing procedures on animals that involve inoculating filoviruses, monitoring animals for signs of disease, collecting specimens, 
and evaluating clinical data during the disease course. 


Phase I/II clinical vaccine trials 
Profectus phase I/II clinical trials relevant to the current proposal are presented in Table 2, PATH phase I/II clinical trials are presented 
in Table 3, and Duke-NUS phase I/II clinical trials are listed in Table 4. 


Table 2.  Relevant PBS Phase I/II Clinical Vaccine Trials – High Income Countries 


 
Field 


 
IND Number 


 
Vaccine Type(s) 


 
Number 
of 
Subjects 


Immune Measures 


Humoral CMI 


pDNA Viral 
Vector 


Protein 
Subunit 


ELISA Neut ELISpot ICS 


HIV BB-IND-14116 √   120 √ √ √ √ 


HIV BB-IND-13449 √   120 √ √ √ √ 







 


 


HIV BB-IND-14665  √  60 √ √ √ √ 


HIV BB-IND-14976 √ √  100 √ √ √ √ 


HIV BB-IND-14770 √ √  120 √ √ √ √ 
HIV BB-IND-15459 √ √  30 √ √ √ √ 
HIV BB-IND-16505   √ 60 √ √ √ √ 
Ebola BB-INF-16670  √  39 √ √ √ √ 
          


 
PATH has expertise in early and late stage clinical development of vaccine candidates for use in resource-limited settings. Over the 
past 15 years, PATH has overseen the conduct of approximately 70 Phase I and II trials, including approximately 40 in high-income 
countries and approximately 30 in low- and middle-income countries. The following is an illustrative list highlighting PATH’s diverse 
early-stage clinical trial experience. 
 


Table 3.  Select PATH Phase I/II Clinical Vaccine Trials – All Countries 


Short Title Indication Phase 


Number 
of 
Subjects Population Countries 


Clinical Trial 
Registry Number 


Multivalent Inactivated 
Enterotoxigenic Escherichia Coli 
(ETEC) ETVAX (ETVAX/dmLT) 


Enterotoxigenic 
E Coli 


I 495 Adults, 
Toddlers, 
Infants 


Bangladesh NCT02531802 


Shigella Sonnei 53G Challenge Shigella II 45 Adults USA NCT02816346 


Serum Institute of India’s 10-valent 
Pneumococcal Conjugate Vaccine 
(SIILPCV10)  


Pneumococcal I 30 Adults India CTRI/2013/09/003961  


Malaria Vaccine in Healthy Adults 
(Ad35.CS.01 + RTS,S prime-boost) 


Malaria I 168 Adults USA NCT01366534 


Monovalent Live attenuated H7N3 
Influenza vaccine 
(A/17/Mallard/Netherlands/00/95 


Influenza I 40 Adults Russia NCT01511419 


Influenza A/H5N1 Vaccine Clinical 
Trial (IVACFLU-A/H5N1) - Phase 1 


Influenza I 76 Adults Vietnam NCT02171819 


Trivalent Split, Inactivated Influenza 
Vaccine 


Influenza I 60 Adults Serbia NCT02585700 


Needle-free Jet Injection of Reduced-
dose, Intradermal, Influenza Vaccine 
in >= 6 to < 24-month-old Children 


Influenza I/IIa 450 Children Dominican 
Republic 


NCT00386542 


Live Attenuated Shigella Vaccine 
(WRSS1) 


Shigella I/II 103 Toddlers Bangladesh NCT01813071 


S.Pneumoniae Whole Cell Vaccine 
(PATH-wSP)  


Pneumococcal I/II 304 Adults, 
Toddlers 


Kenya NCT02097472 


Monovalent P2VP8 Subunit 
Parenteral Rotavirus Vaccine 


Rotavirus I/II 204 Toddlers, 
infants 


South Africa NCT02109484 


10-Valent Pneumococcal Conjugate 
Vaccine (SIILPCV10) 


Pneumococcal I/II 346 Adults, 
Toddlers, 
Infants 


The Gambia NCT02308540 


Trivalent P2-VP8 Subunit Parenteral 
Rotavirus Vaccine 


Rotavirus I/II 660 Adults, 
Toddlers, 
Infants 


South Africa NCT02646891 


Live attenuated Shigella Vaccine 
(WRSS1)  


Shigella I/II 64 Toddlers Bangladesh NCT02934178 


Meningococcal A conjugate vaccine 
(MenAfriVac®) 


Meningitis II 1200 Infants Ghana ISRCTN No. 
82484612 


Polyvalent ACYW Conjugate 
Meningococcal Vaccine 


Meningitis II 601 Toddlers Mali, The Gambia ISRCTN No. 
78147026 


GSK Biologicals' Malaria Vaccine 
257049  


Malaria II 480 Infants Malawi NCT01231503 


GSK Biologicals' 2189242A Vaccine 
(Nasopharyngeal Carriage, Safety & 
Immunogenicity) 


Pneumococcal II 1320 Children The Gambia NCT01262872 


Intranasal Seasonal Trivalent Live-
Attenuated Influenza Vaccine 


Influenza II 300 Children Bangladesh NCT01625689 







 


 


Vaccine for Pneumonia in Adults and 
Toddlers in Kenya (Dose-finding) 


Pneumococcal II 147 Adults, 
Toddlers 


Kenya NCT02543892 


Inactivated Whole Cell Shigella 
Flexneri 2a Vaccine With and Without 
dmLT 


Shigella II 120 Adults USA NCT03038243 


 


Table 4.  Relevant Duke-NUS Phase I/II Clinical Vaccine Trials – Middle Income Countries 


 Study Title Publication 


1 A Phase 1 Trial to Evaluate the Safety and Immune Responses 
of a Virus-like Influenza Particle (VLP) in healthy adults (Funding 
source: Experimental Trial Centre) $200,000, 03/12-12/12, 
Clinical PI 


 


Safety and immunogenicity of a virus-like particle pandemic influenza 
A (H1N1) 2009 vaccine: Results from a double-blinded, randomized 
Phase I clinical trial in healthy Asian volunteer. 
Vaccine. 2014 Sep 3;32(39):5041-8.  Low JG, Lee LS, Ooi EE, 
Ethirajulu K, Yeo P, Matter A, Connolly JE, Skibinski DA, Saudan P, 
Bachmann M, Hanson BJ, Lu Q, Maurer-Stroh S, Lim S, Novotny-
Diermayr V 


2 Adult Dengue Platelet Study (ADEPT ) (NMRC/TCR/005) 
$413,001, 01/09-12/14, Site-PI 


 


Prophylactic platelet transfusion versus supportive care in adult 
dengue with severe thrombocytopenia: a randomised, open-label, 
superiority trial.  The Lancet 2017 Apr 22;389(10079):1611-1618 
David C Lye, Sophia Archuleta, Sharifah F Syed-Omar, Jenny G Low, 
Helen M Oh, Yuan Wei, Professor Dale Fisher, Sasheela SL 
Ponnampalavanar, Limin Wijaya, Linda K Lee, Eng-Eong Ooi, Adeeba 
Kamarulzaman, Lucy C Lum, Paul A Tambyah, Yee-Sin Leo 


3 Randomized, Double-Blind, Placebo-Controlled, Dose Exploratory 
Phase 2a Clinical Study to Evaluate the Antiviral Activity, 
Pharmacokinetics, Safety and Tolerability of Celgosivr in Adults 
with Confirmed Dengue Fever (NMRC/TCR/005), $1,493,981, 
02/12-04/13, PI  


The Current Status of Dengue Drug Therapeutics Research and 
Development Journal of Infectious Diseases (editorial) 2017 Mar 1; 
215(Suppl 2): S96–S102 Jenny GH Low, Eng Eong Ooi and Subhash 
G Vasudean  
 
Optimizing celgosivir therapy in mouse models of dengue virus 
infection of serotypes 1 and 2:      the search for a window for potential 
therapeutic efficacy.  Antiviral Res 2016 Jan 13;127:10-19. Epub 2016 
Jan 13.  Satoru Watanabe, Kitti Wing Ki Chan, Geoffrey Dow, Eng 
Eong Ooi, Jenny G. Low, and Subhash G. Vasudevan  


 
Efficacy and safety of celgosivir in patients with dengue fever 
(CELADEN): a phase 1b, randomised, double-blind, placebo-
controlled, proof-of-concept trial.  Lancet Infect Dis. 2014 
Aug;14(8):706-15. Low JG, Sung C, Wijaya L, Wei Y, Rathore AP, 
Watanabe S, Tan BH, Toh L, Chua LT, Hou Y, Chow A, Howe S, Chan 
WK, Tan KH, Chung JS, Cherng BP, Lye DC, Tambayah PA, Ng LC, 
Connolly J, Hibberd ML, Leo YS, Cheung YB, Ooi EE, Vasudevan SG.  
 
Dose- and schedule-dependent protective efficacy of celgosivir in a 
lethal mouse model for dengue virus infection informs dosing regimen 
for a proof of concept clinical trial. Antiviral Res. 2012 Oct;96 (1):32-
5. Watanabe S, Rathore AP, Sung C, Lu F, Khoo YM, Connolly J, Low 
J, Ooi EE, Lee HS, Vasudevan SG  
 
Celgosivir treatment misfolds dengue virus NS1 protein, induces 
cellular pro-survival genes and protects against lethal challenge 
mouse model. Antiviral Res; 92(3):453-60Rathore AP, Paradkar PN, 
Watanabe S, Tan KH, Sung C, Connolly JE, Low J, Ooi EE, 
Vasudevan SG.  
 


 


4 Antibiotics for Klebsiella Liver Abscess Study (A-KLASS). 
Singapore ID Initiatives. SIDI/2013/006. $199,120.00. 30 Aug 
2013- 31 Dec 2017. Co-I 


On going recruitment 


5 A multicenter open-label  randomized controlled phase 2B trial 
comparing Vancomycin versus Daptomycin for the treatment of 
Methicillin Resistant Staphylococcus aureus bacteremia due to 
isolates with high vancomycin minimum inhibitory 
concentrations. 


Vancomycin versus daptomycin for the treatment of methicillin-
resistant Staphylococcus aureus bacteremia due to isolates with high 
vancomycin minimum inhibitory concentrations: study protocol for a 
phase IIB randomized controlled trial.  Trials. 2014 Jun 19;15:233.  
Kalimuddin S, Phillips R, Gandhi M, de Souza NN, Low JG, Archuleta 
S, Lye D, Tan TT.  







 


 


Singapore ID Initiatives. SIDI/2013/007. $404,209.00. 01 Oct 
2013- Nov 2015. Co-I 


 


6 A Phase 1 study to Determine the safety and efficacy of the PIKA 
rabies vaccine using the PIKA Adjuvant. 
YiSheng Biopharma sponsor, $384,000.00. Nov 2014- Aug 
2015. Co-I  


An accelerated Rabies Vaccine Schedule Based on Toll-like Receptor 
3 (TLR3) agonist PIKA Adjuvant Augments Rabies Virus Specific 
Antibody and T cell response in Healthy Adult Volunteers 
Vaccine. 2017 Feb 22;35(8):1175-1183. Limin Wijaya, Christine Y.L. 
Tham, Yvonne F.Z. Chan, Abigail W.L. Wong, L.T. Li, Lin-Fa Wang, 
Antonio Bertoletti, Jenny G. Low   


 


7 Phase 2 single-centre, open labelled, randomized study in 
healthy naïve adult subjects aged 21 to 65 years for 
inactivated purified rabies vaccine 
MOHIAFCat1-11005. S$722,700.00. 19 Feb 2016- 28 Feb 
2018 


Completed. MS preparation. 


8 A Phase II, Double-Blind, Controlled Trial to Assess the Safety 
and Immunogenicity of Different Schedules of Takeda's 
Tetravalent Dengue Vaccine Candidate (TDV) in Healthy 
Subjects Aged Between 2 and <18 Years and Living in 
Dengue Endemic Countries in Asia and Latin America. 
$1,746,248.80, 2015-2018. Site-PI 


 


Follow up period 


9 Ketotifen as a Treatment for Vascular Leakage during Dengue 
Fever (Ketoden) NMRC CTGL13feb010. $1,597,942.62. July 
2014- July 2016 


 


On going recruitment 


 
Phase III clinical efficacy vaccine trials 
Over the past 15 years, PATH has conducted more than 30 Phase III and/or IV clinical trials, all in low- and middle-income countries, 
in support of licensure of vaccines against influenza, Japanese encephalitis, malaria, meningitis A, polio, and rotavirus. This experience 
has included establishing and managing clinical trial sites in Africa and Asia, including investments in clinical and laboratory facilities, 
as well as training in Good Clinical Practice (GCP), communications, and financial management, among other skills. Table 5 is an 
illustrative list highlighting PATH’s diverse late-stage clinical trial experience. 
 


Table 5.  Select PATH Phase III/IV Clinical Vaccine Trials – All Countries 


Short Title Indication Phase 
Number of 
Subjects Population Countries 


Clinical Trial 
Registry Number 


Efficacy of GSK Biologicals' 
Candidate Malaria Vaccine 257049  


Malaria III 15459 Infants, 
Toddlers 


Burkina Faso, Gabon, 
Ghana, Kenya, 
Malawi, Mozambique, 
Tanzania 


NCT00866619 


Immunogenicity and Safety of Beijing 
TiantanBio Liquid Bivalent Oral 
Poliomyelitis Vaccine in Comparison 
to a WHO Prequalified Comparator 


Polio III 750 Infants Kenya NCT02434770 


Efficacy Trial to Evaluate the 
Protective Efficacy of Three Doses of 
Oral Rotavirus Vaccine (ORV) 116E 
(ROTAVAC) 


Rotavirus III 6800 Infants India NCT01305109 


Efficacy and Safety of Live-Attenuated 
Influenza Vaccine (LAIV)  


Influenza III 1761 Children Bangladesh NCT01797029 


Clinical Efficacy of Trivalent Live-
Attenuated Influenza Vaccine (LAIV) 
Among Children in Senegal 


Influenza III 1761 Children Senegal NCT01854632 


Efficacy of Serum Institute of India’s 
Rotavirus Vaccine (ROTASIIL) 


Rotavirus III 7500 Infants India NCT02133690 


Safety of meningococcal A conjugate 
vaccine  


Meningitis III 6000 Adults, 
Children, 
Toddlers 


Mali PACTR 
2010030001913177 


Antibody persistence after  
MenAfriVac®  


Meningitis III/IV 950 Children Ghana ISRCTN No. 
10763234 


Long-term follow-up of children who 
participated in PsA-TT-007 in Mali 


Meningitis III/IV 825 Children Mali ISRCTN No. 
37623829 







 


 


Long-term immunogenicity of JE 
vaccine and response to a booster 


Japanese 
Encephalitis 


III/IV 561 Children Bangladesh NCT02514746 


Japanese Encephalitis Vaccine 
administered with Measles-Mumps-
Rubella Vaccine 


Japanese 
Encephalitis 


III/IV 628 Infants Philippines NCT02880865 


 
 
Technology transfer 
PATH facilitates technology transfer to developing-country manufacturers and provides ongoing support to help those manufacturers 
develop, introduce, and scale-up vaccine products that will be accessible and affordable for use in low-income countries. Table 6 is 
an illustrative list of successful technology transfer activities. 
 


Table 6.  Select PATH Vaccine Technology Transfer Experience 


Product Technology Transferred Source Recipient PATH Role 


MenAfriVac® Conjugation method US Food and Drug 
Administration, 
Center for Biologics 
Evaluation and 
Research 


Serum Institute of 
India Ltd. (SIIL) 


Identified source and recipient, provided 
technical support as a core partner in the 
Meningitis Vaccine Project. 


Polyvalent bovine 
rotavirus vaccine 


Wuhan (China), SIIL (India), 
Shanta (India) and Butantan 
(Brazil) licensed the live 
attenuated bovine-human 
reassortant rotavirus 
vaccine (BRV) from the US 
NIH, and PATH provided 
enabling technology for the 
vaccine development 
program 


US National Institutes 
of Health 


Wuhan, SIIL, Shanta, 
Butantan 


Provided funding, reagents and technical 
assistance.  


Pneumococcal 
whole cell 
vaccine 


Master cell bank and 
associated processes, 
methods and assays 


Children’s Hospital 
Boston and PATH 


PT Bio Farma 
(Indonesia) 


PATH collaborated with CHB on the 
preclinical development of this vaccine 
candidate and led the conduct of early 
stage clinical trials to demonstrate its 
potential, then transferred the technology 
for the vaccine candidate to PT Bio 
Farma for manufacturing and further 
development.  


Non-replicating 
rotavirus vaccine 
(NRRV) 


Materials and know how for 
the purification and 
characterization of NRRV 
proteins at commercial 
scale 


US National Institutes 
of Health 


SK Chemicals (South 
Korea) 


PATH developed the vaccine candidate 
and completed both  preclinical and early 
stage clinical trials for this vaccine 
candidate, then transferred the 
technology for the vaccine candidate to 
SK Chemicals for manufacturing and 
further development. PATH is also 
providing funding to SK. (Press release 
attached) 


Bringing vaccines through a regulatory pathway over the past 10 years 
Profectus.  Since the Profectus Vaccines Group was spun out of Wyeth Vaccines Research in 2008, the regulatory activities have 
been restricted to those required to initiate and conduct the phase 1 clinical trials outlined in Table 2.  However, as described above, 
the senior leadership of Profectus has extensive major pharma experience and contributed to the approval of several vaccines, 
including a series of paediatric combination vaccines, Prevnar®, Prevnar 13®, FluMist®, and Rotashield®.    
 
PATH has partners closely with manufacturers, including both multinational pharmaceutical companies and emerging-market 
manufacturers, to achieve licensure of 6 products in Africa and Asia. PATH also supports manufacturers in achieving WHO 
prequalification for their vaccines, including supporting the first vaccines from China and India to be WHO prequalified. In the field of 
malaria, our partnership with GSK has resulted in the first malaria vaccine candidate to be assessed by a stringent regulatory agency, 
which received a positive scientific opinion from the European Medicines Agency (EMA) under the agency’s Article 58 procedure. 
Table 7 is a list of products on which PATH has partnered closely with manufacturers to achieve licensure over the past 10 years: 
 







 


 


Table 7.  PATH Vaccine Regulatory Approval Experience 


Product Indication Manufacturer 
Primary regulatory 
authority 


Alternative 
pathway (if 
applicable) WHO PQ 


Additional regulatory 
authorities 


MenAfriVac® Meningitis A Serum Institute 
of India, Ltd. 


Drugs Controller General of 
India (DCGI)/ Central 
Drugs Standard Control 
Organization (CDSCO) 


N/A June 2010 Benin, Burkina Faso, 
Cameroon, Central 
African Republic, Chad, 
Côte d’Ivoire, Ethiopia, 
Ghana, Mali, Niger, 
Nigeria, Togo 


MenAfriVac® 
5 micrograms 


Meningitis A 
(pediatric) 


Serum Institute 
of India, Ltd. 


DCGI/CDSCO N/A Dec. 2014 Benin, Burkina Faso, 
Cameroon, Central 
African Republic, Chad, 
Côte d’Ivoire, Ethiopia, 
Ghana, Mali, Niger, 
Nigeria, Togo 


RTS,S 
(Mosquirix™) 


Malaria (P. 
falciparum) 


GSK European Medicines 
Agency 


Article 58 Pending  


Rotavac® Rotavirus Bharat Biotech DCGI/CDSCO N/A PQ submission 
pending review 


 


SA 14-14-2 Japanese 
encephalitis 


Chengdu 
Institute of 
Biological 
Products 


China Food and Drug 
Administration 


N/A August 2013 Cambodia, the 
Democratic People’s 
Republic of Korea 
(North Korea), India, 
Laos, Nepal, Sri Lanka 


Rotasiil® Rotavirus Serum Institute 
of India, Ltd. 


DCGI/CDSCO N/A PQ submission 
pending review 


 


 
 Infrastructures and facilities in-house,  
Profectus Research and Development Laboratories: Profectus Biosciences currently leases over 40,000 square feet of laboratory 
and office space in Building 205 on the IRG campus in Pearl River, NY. The facility is state-of-the-art, newly renovated with secure 
key-card access, central air, a newly installed purified deionized (DI) water system, centrally distributed CO2, and uninterrupted power 
provided by a 600-gallon diesel generator. Air within the laboratories is single pass and all laboratories, with one exception, are under 
negative pressure with respect to common and office areas. The Compliant Laboratory, used to rescue viral vectors under conditions 
suitable for initiating cGMP manufacture, is under positive pressure relative to the hallway.  Laboratories include a Bioreactor suite; a 
Common Equipment area; a laboratory dedicated to Molecular Biology/Virology; a Flow Cytometry/ Sequencing Room; a laboratory 
dedicated to Immunology; a laboratory dedicated to clinical assays; a self-contained keypad restricted access Compliant Rescue 
Laboratory; a walk-in 4oC cold room; a glass wash, autoclave, and drying oven area, and; other support areas such as Millipore Elix 
20 deionized water room, storage, utility, and IT rooms. 


UTMB GNL Facilities:  Dr. Thomas Geisbert has dedicated BSL-2 laboratory space in the GNL totaling over 1,500 square feet. He 
also has access to the BSL-4 facilities in the GNL and the adjacent Robert E. Shope, MD Laboratory that together offer 14,330 square 
feet of BSL-4 space. The facility is unique in that it is the only currently operational BSL-4 facility in the United States that is located 
on an academic campus. This unique location benefits the proposed studies in several ways. Regarding physical resources, the GNL 
has many specialized assets that are essential for the proposed work. In addition, being located on an academic campus, Dr. Geisbert 
is a faculty member in the Department of Microbiology and Immunology and currently supports four graduate students in his laboratory. 
Faculty from several academic Departments at UTMB are located within the GNL. This academic environment fosters creativity and 
collaboration. In particular, having many investigators with diverse areas of expertise housed within the GNL is particularly 
advantageous in promoting collaborative efforts that are invaluable to the success of many research projects. It is anticipated that this 
environment with a cadre of faculty with areas of expertise including molecular biology, immunology, pathology and pathogenesis, 
structural biology, genomics, and many other disciplines will be highly beneficial to this proposal.  


Dr. Geisbert’s BSL-2 laboratory and the BSL-4 facilities at UTMB contain sufficient cell culture incubators, laminar flow hoods, chemical 
hoods, centrifuges, and other equipment required to conduct the proposed research. Clinical pathology instruments including 
hematology, clinical chemistry, and blood coagulation analyzers are available in both the BSL-2 laboratories and in the BSL-4 facilities 
at UTMB. In addition, multiplex machines, microscopes, and an array of other equipment for monitoring and processing samples are 
available. Dedicated BSL-2 and BSL-4 animal rooms contain appropriate rodent and/or NHP cages necessary for the proposed work. 
Dedicated BSL-4 necropsy rooms contain downdraft tables and specialized equipment for performing necropsies. In addition to 
standard light and fluorescence microscopy, the GNL offers a range of specialized imaging equipment, including combined confocal 
and multiphoton microscopy imaging systems at the BSL-2 level for molecular imaging of thick specimens and intravital microscopy. 
An IVIS 200 system for in vivo small animal molecular optical imaging, a microPET/CT whole animal imaging system, digital X-ray, 







 


 


and ultrasound equipment are available in the GNL BSL-4 laboratory. The GNL also has a full complement of gel imaging capabilities 
as well as a traditional x-ray film processor.  In addition, the campus has in situ confocal microscopy and endoscopic optical coherence 
tomography equipment.  
 
The UTMB Animal Resource Center (ARC) is responsible for housing and care to all animals on campus. The ARC 
encompasses 89,694 square feet in nine facilities across the UTMB campus. UTMB is a registered Research Facility under the Animal 
Welfare Act. It has a current Letter of Assurance on file with the Office for Protection from Research Risks. The Geisbert laboratory 
and the ARC have a documented ability to conduct work in accordance with guidelines for Biosafety in Microbiological and Biomedical 
Laboratories (Fifth Edition, December 2009) and the Public Health Service Policy on Humane Care and Use of Laboratory Animals 
(Revised 2015). The Department of Defense, CDC, and USDA have approved our laboratories for work with select agents and AAALAC 
(Association for the Assessment and Accreditation of Laboratory Animal Care International) has certified our animal facilities 
(Accreditation #000870). UTMB follows the: 


• Public Health Service Policy on Humane Care and Use of Laboratory Animals (2015 reprint) 


• Guide for the Care and Use of Laboratory Animals, Eighth Edition (2011) 


• US Government Principles for the Utilization and Care of Vertebrate Animals Used in Testing, Research, and Training  


• USDA-administered Animal Welfare Act (Public Law [PL] 89-544 as amended by PL 91-579 [1970], PL 94-279 [1976], and 
PL 99-198 [1985]) and published in 9 CFR Parts 1-3 on Final Rules regarding Animal Welfare 


• Health Research Extension Act of 1985 (PL 99-158) regarding “Animals in Research”; and 


• PL 103-43 regarding the “Plan for Use of Animals in Research” (1993).  
UTMB’s ARC follows all standards for AAALAC and Institutional Animal Care and Use Committee compliance. Depending on space 
availability, animals may be housed in ARC facilities with animal care provided by the ARC staff including two full-time veterinarians. 
These facilities are capable of housing NHPs, rats, mice, hamsters and guinea pigs under BSL2/3 biohazard containment, and 
encompass 72,847 square feet. All facilities feature full-service animal care procedural and maintenance facilities, including laminar 
flow isolator caging systems, sterilization equipment, procedure rooms, cage-washing, and autoclaving. 


 
USU-HMJF Facilities.  Uniformed Services University (USU) is the medical school at which approximately half of the physicians in 
the Armed Services receive their graduate training. Research at USU is supported primarily by extramural grants, as in other medical 
schools. The PI is a tenured Professor in the Department of Microbiology and Immunology, which includes 12 full-time Faculty 
members. The overall focus of the Department is mechanisms of infectious diseases and the host response/immunology. A major 
focus of the PI’s Department is virology and viral Immunology, and the PI has many talented and productive colleagues with whom to 
interact, in addition to his multiple international collaborative research activities. Faculty interests and active research programs at USU 
are diverse, with many nationally- and internationally-known investigators, including the PI’s chair, Dr. Alison O’Brien, who was the 
2008-9 President of the American Society for Microbiology (ASM). The PI has had and is currently involved in active collaborations 
within the University, in areas of viral immunology and vaccine and antiviral therapeutics and animal model development (with Dr. 
Joseph Mattapallil and Dr. Brian Schaefer). USU is also physically located directly across from the main NIH campus in Bethesda, and 
within a short distance from Frederick, MD, and the PI maintains a very active collaboration with NCI, NIH, investigators (Dr. Dimiter 
Dimitrov and his group) which has been in place for over 27 years since the PIs postdoctoral work began at NIH in 1989. The overall 
broad scientific environment at both USU and the NIH is highly conducive to productive collaborations. The PI has often uses these 
resources to his advantage, both for his research objectives and interests, but also in his role as the Director of the Emerging Infectious 
Diseases Graduate Program (for the Ph.D.) because he has activity recruited adjunct faculty appointments within the EID graduate 
program for both on and off-campus scientists interested in participating in graduate education and graduate student training. Dr. 
Broder submits such appointments requests through the Office of Dean of the Medical School (USU). The USU/EID program can 
accept 5 fully supported student positions per academic year, for 3 years, at which time the student’s mentor begins support, and there 
is no tuition or fees associated with the EID program. The PI has been well-supported by both the Department of Microbiology and 
Immunology and the USU Office of Research. Overall, the available technical resources (and University support for continually 
improving technical resources) is exceptional.  
Laboratory: The PI’s laboratories are divided into 3 rooms totaling 1,440 sf, and are equipped with eight CO2 incubators for tissue 
culture, 4 inverted and 1 bright field microscopes, high speed and ultracentrifuges, four biological safety cabinets, 2 -20°C, 3 -80°C 
freezers, 4 liquid nitrogen freezers 6 refrigerator/freezers, 4 PCR machines, 2 ELISA plate reader, and various small equipment items 
(gel electrophoresis, circulating adjustable water baths, heat blocks). 2 complete GE-ATKA low pressure chromatography systems, 
with integrated UV detectors, fraction collectors, and pump systems, and gradient fractionator apparatus.  
Animal: Animals if applicable are maintained in the University’s laboratory animal facilities under the supervision of a full-time 
veterinarian. These facilities are a modern AAALC accredited, central animal tract of about 50,000 sq. ft. The animal care and use 
program is managed by the Department of Laboratory Animal Medicine which is directed by a veterinarian who is an ACLAM Diplomat 
and staffed with one other veterinarian, a graduate animal husbandryman, and about 30 technicians.  
Computers: A pentium computer, scanners and two laser jet printers in the PI’s office and 9 pentium computers in the 
laboratories/offices are connected to a departmental server and hardwired to the central VAXC computer.  
Office: The PI has an office separate from, but across from the laboratory. Three full-time secretaries are available to provide support 







 


 


within the department. 
 
Catalent Facilities.  Catalent is a contract manufacturer of Master Cell Banks and Bulk Drug Substance (BDS) which as monoclonal, 
fusion and recombinant mammalian derived proteins for clinical Phase I and II use.  Pharmaceutical manufacturing activities of the 
site.  GMP compliance begins with the Master Cell Bank production. BDS is manufactured following ICH Q7, Good Manufacturing 
Practice Guidance for Active Pharmaceutical Ingredients and EU GMP Annex 2, Manufacture of Biological Active Substances and 
Medicinal Products for Human Use Suitable for Phase I/II Clinical Studies.  Catalent is committed to the manufacturing, processing, 
packaging and holding of Bulk Drug Substances in full compliance with cGMPs to assure that they consistently meet the safety, identity, 
strength, quality, and purity characteristics they are purported to meet.  All procedures are clearly defined and are checked 
systematically. Protocols are created for equipment qualifications, assay qualifications, stability, and experimental design, where 
appropriate. Specifications are maintained for all raw materials and GMP product. The measures of Catalent’s systems are 
implemented by a corporate Quality Manual, a GMP Site Master File (SMF), a validation Master Plan (VMP), Standard Operating 
Procedures (SOPs), Batch Production Records (BPRs), Job Aids (JA), protocols, specifications, and forms. 
Floor Diagram:  The GMP Manufacturing layout is shown in below. 
cGMP Manufacturing System, process flow and description:  Suites for two (2) separate manufacturing trains are provide; one for 
500L and the other for 1000L of cell culture volume. Each train is comprised of three (3) separate rooms with separate air handling; 
an inoculation suite, a cell culture suite, and a purification suite. An additional suite will be fitted to accommodate a future line to 
manufacture smaller volumes of cell culture broth up to 50 L of volume. Manufacturing operations utilize single use technology where 
possible.  All primary doors separating the labs and manufacturing from the remainder of the facility and the office areas utilize card 
readers for access control as defined by Catalent. 


Inoculation Suites:  Each inoculation suite is configured to allow for scale-up of cell mass from a frozen vial to approximately 20% of 
the production scale bioreactor volume (100 L or 250L) for a 500 L or 1000 L Single Use Bioreactors (SUB), respectively.  Each 
outfitted inoculation suite is setup with a biosafety cabinet, incubator, wave bioreactor(s), appropriately sized SUB, and all supporting 
equipment to allow scale-up from amp thaw to 100 L or 250 L (as applicable). These vessels may also be used as production vessels 
as business requires.  Drains from the inoculation suites are tied to a process drain system. Any biocontaminated waste is collected 
and inactivated within the suite prior to release. 
 


Cell Culture Suites:  The 500 L and 1000 L cell culture suites are provided with a SUB capable of operating at the respective volume. 
These production bioreactors are inoculated by the final seed bioreactor in the respective inoculation suite by passing tubing through 
a wall pass-through and aseptically fusing the tubing at the other end. The production bioreactors are fed with initial media, feed media, 
and bicarbonate solution (for pH control) from corridor alcoves next to the suites. The bioreactor skids are equipped with peristaltic 
pumps to provide controlled feed of the aforementioned solutions. Load cells measure the weight of the contents of the bioreactors.  
Near each of the production single-use bioreactors, there are utility panels with process compressed air, instrument air, carbon dioxide, 
and oxygen. Two (2) additional utility panels in each suite are positioned to support product recovery and viral inactivation unit 
operations.  Process compressed air, instrument air, chilled water (supply and return) and temperature controlled water (supply and 
return) are provided at these panels.  At the end of a production run, samples are drawn from the bioreactor for quality assays and 
manufacture of End of Production Cells (EPC), as required.  Processing takes place through the use of closed bag/tubing systems and 
transferred from room to room through tube pass-throughs.  All pre-viral purification steps are also conducted in these suite with a 
complete segregation to minimize contamination.  
 







 


 


 
 
Purification Suites:  The purification processes are unit operation driven. Depending upon the process, a sequence of operational 
steps consisting of column chromatography and tangential flow filtration (TFF) is normally required. The purification suites are therefore 
flexibly configured.  The cell culture and purification suites are physically isolated to ensure separation of equipment and materials pre 
and post-viral inactivation. Procedural controls are utilized to ensure personnel fully re-gown before entering the purification suites 
after working in the inoculation or cell culture suites.  Utility panels are strategically positioned within the purification suites and are 
adjacent to the corridor alcove for buffer delivery. There are three (3) utility panels in each of the purification suites to support the 
various unit operations. Process compressed air, instrument air, and chilled water are provided at each panel. One of the panels also 
contains temperature controlled water (supply and return) for re-warming of materials. 
Cold Storage Room:  A 2-8°C cold storage room is located within the manufacturing space for storage of in-process raw materials, 







 


 


buffers, and drug substances waiting for final bulk filtration/sampling. 
Bulk Filtration:  Concentrated active drug in appropriate buffer system in bag(s) is brought to the bulk filtration suite. Under a HEPA-
filtered laminar air flow hood, the concentrate is filtered with 0.2 μm filters into either a bulk container or smaller containers. The product 
is appropriately sampled and remaining filled container(s) are taken to the product warehouse for quarantine storage at the appropriate 
temperature.  Process compressed air is provided in this processing area. 
Cell Banking/EPC:  The cell banking/EPC laboratories are provided with carbon dioxide. Two (2) airlocks at the exit of the labs are 
provided with liquid nitrogen service to fill liquid nitrogen Dewars and a controlled rate freezer. Proper ventilation and oxygen monitoring 
is provided in these rooms.  Drains from the lab are tied to the process drain system. Any biocontaminated waste is collected and 
inactivated within the suite or transferred to the waste autoclave area for treatment prior to release. 
Media Preparation Suite:  A weighing and dispensing booth, located in the warehouse, is utilized to create batch quantities of 
components for addition to the mixing bag systems prior to entry into the manufacturing area. Raw materials are brought into the suite 
through a material air lock after wipe down.  There are four (4) media preparation bag systems: one (1) at 650 L and three (3) mixtainers, 
one (1) at 200 L, one (1) at 100 L, and one (1) at 50 L. Only one (1) Lev mixer is provided, so one media preparation can be done at 
a time using the disposable bag mixing systems. Smaller scale mixing equipment is shared with the buffer preparation suite. A utility 
panel with instrument air and process air is installed between the two preparation units.  A point of use heat exchanger is provided to 
cool USP Water-for-Injection (WFI) for use in the preparation of media. The heat exchanger is a U-tube shell and tube heat exchanger 
with double tube sheet construction. Tubes and bonnet is fully drainable and constructed of polished, 316L stainless steel. Flow through 
the sub-loop and the heat exchanger is hot, except when cold WFI is requested. The heat exchanger is cooled with the HVAC chilled 
water system. The heat exchanger is insulated and has white PVC jacketing. The heat exchanger is located in the interstitial space 
above the room.  A single user drop point is provided near the utility panel.  Media prepared in the media preparation suite is transferred 
and filtered into bag systems in mobile plastic containers in the corridor alcove adjacent to the suite. 
Buffer Preparation Suite:  The buffer preparation suite operates similarly to media preparation suite described in the previous section. 
A weighing and dispensing booth, located in the warehouse, is utilized to control these operations.  Two (2) buffer preparation 
disposable bag mixing tanks systems are provided: one (1) at 1000 L and one (1) at 500 L capacity. Two (2) Lev mixers are provided. 
Therefore, two buffer preparations can take place at a given time. Smaller scale mixing equipment is shared with the media preparation 
suite. Two (2) utility panels with instrument air, and process compressed air, are installed.  As with media preparation, prepared buffers 
are transferred via peristaltic pump through inline filters to bag systems in mobile plastic containers located in the corridor alcove 
adjacent to the suite.  The same heat exchanger that supports media prep is used for the buffer prep area. Two (2) user drop points 
off of the heat exchanger sub-loop are provided near the utility panels. These user points can also be used by manufacturing personnel 
to fill bags with WFI. 
Wash Area:  The wash area is divided into two (2) distinct functions: rinsing/wash area and the cleaning and sterilization of small 
components (e.g. stir rods, flasks). Soiled mixing systems and smaller components enter the area at a common point and are staged 
in different areas.  When needed, mixing systems rinsing is done with USP purified water through a hose or a spray nozzle. 
Compressed air is used to blow excess liquid from the unit. Cleaned mixing systems are staged on the opposite side of the cleaning 
station and conveyed to the media or buffer preparation alcove for filling, or to a suite for use. Bags are placed into mixing systems 
within the Media Prep (MP) or Buffer Prep (BP) areas.  Small components are staged on a rack for cleaning. A pass-through parts 
washer is provided. It is supplied with USP purified water for initial rinse and cleaning, and USP Water-for-Injection for final rinse. Parts 
are removed from the washer on the clean side and staged. Those parts that require autoclaving are loaded into a pass-through 
autoclave. The autoclave has an integral pure steam generator. The generator is fed with purified water. A steam quality sampling 
point is included in the design. 
Standby Power Supply:  The purpose of the Standby Diesel Generator system is to provide partial facility AC power to mitigate short 
outages, and provide power to bring systems and processes to a safe shutdown condition. The standby diesel generator output is 
connected to an automatic transfer switch that signals the generator to start, and transfers the standby loads to the generator after the 
generator has started. 
UPS Power Supply:  The UPS system provides immediate / no break AC power for short periods of time. It is used to supply power 
to critical control systems. The UPS is used for equipment inside the data center, Catalent process control equipment, and existing 
building services equipment. In addition, stand- alone UPS’s are installed on critical production and analytical equipment as appropriate 
Heating, Ventilation, and Air Conditioning Systems:  The HVAC systems associated with the facility is designed in accordance 
with the International Building Code, NFPA requirements, and ASHRAE standards. Room design conditions i.e. air change rates, 
temperatures, etc. are those typically found within cGMP facilities with similar operations and in accordance with ISO guidelines where 
specified in the Design Criteria for the Catalent Madison Project.  Air Handlers and HVAC equipment is monitored and controlled via 
the Building Automation System (BAS) system. Each air handler is fitted with a dedicated controller for its respective unit. The AHU 
controller is networked on a BAS control area LAN and accessed via the BAS web portal.  Field instruments and control devices are 
hardwired utilizing discrete signals directly to the HVAC controllers.  Environmental monitoring of cGMP areas is accomplished through 
the Process Control System and Environmental Monitoring System (PCS) specifically designed to monitor temperature, humidity and 
differential pressure (DP) parameters within the production areas.  Differential Pressure sensors have their impulse tubing routed to 
static pressure probes located in the ceilings of the rooms that are monitored for DP. A common area is used as the reference for each 
static measurement.  The HVAC system also includes chilled water plant steam, hot water for reheat and heat reclaim system. 







 


 


Building Automation System (BAS):  Building Automation System (BAS) services the cGMP and R&D areas. This system monitors 
and controls utility, mechanical, electrical, HVAC and facility-related support systems not directly involved with production systems. 
The primary function of the BAS is to control cGMP & R&D noncritical equipment and systems. In addition, monitoring of R&D 
equipment and systems is performed by the BAS. 
 
GRAM Facilities.  GRAM is a new CMO for Profectus since the previous facility at Catalent to manufacture PBS's protein vaccine with 
Aluminium Phosphate has been shut down.  GRAM has qualified the unique aseptic compounding which is a critical process in making 
protein vaccine with aluminium.  Profectus QA and Outsourcing has reviewed the Media Fill Qualification Summary Report and verified 
that the established processes at GRAM will be applicable in manufacturing HeV-sG vaccines.  GRAM is qualified to fill up to 144,000 
vials at 3,000 vial/hour for 48 hours.   
 
Grand River Aseptic Manufacturing (GRAM) is a full-service parenteral contract manufacturing organization supporting new product 
development and cGMP manufacturing.  GRAM is approved by FDA to manufacture 4 commercial drug products since 2013.  Current 
portfolio is 57% biologics and 43% small molecules with 80% being sterilized by aseptic filtration and 20% by terminal sterilization.  
GRAM is approved by the FDA for aseptic manufacturing with and without terminal sterilization.  GRAM manufactures drug products 
in vials and syringes to support clinical trial from Phase 1 to Phase 3.  


 
 
Manufacturing areas 
GRAM is located in downtown Grand Rapids, Michigan.  The manufacturing space is 11,400 ft2 within a facility of 28,000 ft2.  In addition 
to the manufacturing area, other areas provides supporting functions such as analytical and microbiological testing, formulation 
development, process development/validation, labelling/packaging, warehouse, and storage  
Operation of the manufacture Process:  GRAM is equipped with a USP compliant Water for Injection system, a fully automatic filling 
machine inside an isolator, a vial washer, and a de-pyrogenation oven. The manufacturing areas have designated areas that are 
compliant to ISO standards; ISO 4.8 (Grade A under EU GMP Annex 1) for the aseptic filling suite, ISO 7 for the preparation areas, 
and ISO 8 for the general areas as schematic presented in various colors above.  Drug products are manufactured on a campaign 
basis according to applicable cGMP guidelines.  The manufacturing area is dedicated to production of only one product at any one 
time, with complete cleaning and changeover between products.  Warehouse personnel identify and label all incoming raw materials 
and packaging materials according to established standard procedures.  Samples for QC testing are selected by the QC Department.  
Materials are stored in a logical quarantine area until all required acceptance activities have been completed.  Data related to the 
status, lot numbers, material description, and location and the lot of the materials to be used are handled according to established 
standard procedures.  The concept of the facility includes high level containment control and aseptic manufacturing by the use of 
isolation systems and automated manufacturing equipment.  Flows for materials and personnel are restrictedly designed to prevent 
cross-contamination between suites and to prevent the introduction of any adventitious agents into the processes.  The HVAC (Heating, 
Ventilation and Air Conditioning) system servicing the facility are designed to provide proper control and segregation of the 
environments.  All the environmental classified rooms related to the sterile manufacturing areas are at a decreasing nominal pressure 
differential starting from the highest classified rooms down to the lower grades.  In sterile area parameters such as overpressure, 







 


 


temperature, humidity, non-viable particulate levels are continuously monitored and recorded.  Alert and action limits are described in 
a master program that ensures maintenance of proper temperature, humidity and ventilation.  All process equipment is qualified and 
validated accordingly and routine maintenance is scheduled according to established standard procedures.  Written procedures are 
designed to prevent microbiological and particle contamination of products.  A routine environmental control of viable and not viable 
particles is performed in the sterile area and the relevant trend is periodically examined.  The sterilization processes are validated and 
documented via media fill every 6 months in a rotational basis.  All manufacturing operations are performed in accordance with 
Standard Operating Procedures and process or solution batch records.  The manufacture process of HeV-sG-V Drug product with in-
process control is presented below.   
 


Process Steps (ISO 7)Incoming Materials In-process Controls (IPC)
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Duke-NUS Facilities.  SingHealth Investigational Medicine Unit, Singapore General Hospital, Block 7 Level 7, Outram Road, 
Singapore 169608. & Duke-NUS Medical School, 8 College Road, Singapore 169857.   
 
Manufacturing and scale-up for industrial suppl 







 


 


Profectus Manufacturing and Scale-Up Experience:  Profectus performs GMP, GLP, and GCP activities through outsourcing, and 
has developed and implemented the key quality system policies and procedures needed to support the manufacture, testing, and 
conduct of human clinical trials utilizing GMP, GLP and GCP contract service providers.  These standard operating procedures (SOPs) 
include systems for quality policy and quality roles and responsibilities, document control, quality agreements, batch record review and 
product disposition, deviations/investigations, employee GMP, GLP and GCP training, stability programs, contractor audits and 
qualification programs, outsourcing, and managing/investigating clinical trial product complaints. 
 
Prospective contract service providers are evaluated using established Standard Operating Procedures (SOPs) for qualifying vendors.  
Profectus utilizes qualifying audits as a mechanism for initially qualifying cGMP, GLP, and clinical (GCP) contract service providers for 
use in drug and vaccine development programs, and performs routine, directed or other audits to measure and monitor on-going GMP, 
GLP, and GCP compliance. In addition, it is the policy of Profectus to execute Quality Agreements with all GMP, GLP, and GCP 
contract service providers prior to the release of clinical trial materials (CTMs), the performance of non-clinical GLP studies at contractor 
sites, or the conduct of clinical trials by Clinical Research Organizations (CROs).  Profectus reviews and approves all master and 
executed batch records, including quality control testing and stability documentation in support of the manufacture of CTMs.  All 
investigations are thoroughly reviewed and approved by Profectus QA.  Service contracts are managed through an interdisciplinary 
Contract Management Team led by the Executive Director of Outsourcing, or designee.  The Contract Management Team is comprised 
of the appropriate individuals from both Profectus and the contract service provider.  The Contract Management Team holds regularly 
scheduled meetings with agendas, minutes and time constrained action items.  This approach has supported the successful GMP 
manufacture of 5 pDNA vaccines (pDNA-HIVgag/pol, pDNA-HIVenv/nef-tat-vif, 2 Lots of pDNA-huIL-12, and pDNA-huIL-15), and 4 
rVSV vaccines [rVSV-HIVgag, rVSV-HIVenv, rVSV-EBOV(Zaire), and rVSV-MARV(Angola)].  
 
Profectus has audited, qualified and contracted with Fisher BioServices (FBS) for GMP storage and cold chain management for 
distribution of clinical supplies. A Quality Agreement is also in place. FBS has more than 22 years providing worldwide collection, 
storage and distribution of biological materials with 26 facilities in the US, 2 in Europe, 1 in Asia, and over 240 employees. Profectus 
currently has contracts with FBS for GMP storage at +4oC, -20oC, and -80oC.  E. coli cell banks and various CTM produced under 
multiple US government contracts are presently in storage at FBS, and CDC and USDA permits are in place to allow storage of VSV 
vectors at the appropriate FBS facilities. 
 
Profectus has audited and contracted with three Charles River Laboratory (CRL) facilities for GMP and GLP testing. The CRL group 
is a widely recognized and respected GLP and GMP contract testing organization with facilities worldwide. Profectus has audited and 
qualified the facilities we propose to use for this contract effort and have a Quality Agreement in place to cover all CRL facilities.  


• CRL-Montreal, Canada provides IND enabling GLP toxicology testing. This group has already performed two successful 
toxicology studies for Profectus using pDNA and VSV vectors. Rabbits, which is the animal species proposed for toxicology 
testing under this contract, were used for both previous IND-enabling toxicology studies. CRL also has the capability to 
perform GLP toxicology studies in other species, including mice, rats, and various monkeys, should it be required. CRL-
Montreal has been granted the Health Canada and Canada Food Inspection Agency permits that are required to conduct 
toxicology studies in their facility with VSV, a BL-2 class organism. 


• CRL-Wilmington, MA provides GLP safety testing for both research and product release. This site provides murine neuro-
virulence testing by intra-thalamic inoculation of VSV vectors; in vivo adventitious agent testing in embryonated eggs, suckling 
mice and guinea pigs for MVS and CTM drug substance (DS); and General Safety Testing in guinea pigs which is required 
for release of each lot of CTM. Protocols and final reports for each of these tests are reviewed and approved by Profectus 
QA. CDC and USDA permits are in place to allow CRL-Wilmington to handle VSV vectors. 


• CRL-Malvern, PA performs in vitro adventitious agent testing (direct and indirect Mycoplasma and Tissue Culture Safety Test) 
for MVS and CTM DS as well as nucleic acid sequencing of MVS and CTM DS. These tests are required for release of MVS 
and CTM. Protocols and final reports for each of these tests are reviewed and approved by Profectus QA. CDC and USDA 
permits are in place to allow CRL-Malvern to handle VSV vectors. 


   
The two individuals within Profectus BioSciences with primary responsibility for outsourcing are Tracy Chen, Ph.D., Senior Director of 
Operations and Outsourcing, and Marc Tremblay, Director, Quality Assurance.  Each has over two decades of experience in their 
respective roles and expertise in their areas covering all phases of pharmaceutical and vaccine Development. 
 
PATH partners with emerging-market manufacturers around the world to develop, introduce, and scale-up vaccine products that will 
be accessible and affordable for use in low-income countries. Our initiatives currently support producers in India, Brazil, China, 
Indonesia, Serbia, Brazil and Vietnam, on vaccines targeting a range of infections, including influenza, Japanese encephalitis, 
rotavirus, pneumococcus, yellow fever, measles, rubella, human papillomavirus, polio, and Group B Streptococcus (GBS). 
 
We provide technical expertise, project management, financial support, and assistance in complying with national and global regulatory 
bodies for vaccine development and introduction. This includes assisting manufacturers in achieving WHO prequalification, a critical 







 


 


step in expanding vaccine access. Our support helps manufacturers improve safety and quality system compliance, conduct clinical 
trials according to international standards, and achieve efficiencies that lower costs, improve yields, and enable scale-up to meet 
national, regional, and global needs. 
 
Examples of PATH’s work to strengthen manufacturing capacity and scale up the supply of life-saving vaccines include: 


• Helping a manufacturer in Vietnam (Institute of Vaccines and Medical Biologicals; IVAC) ready its influenza vaccine production 
facility and advance pandemic and seasonal vaccine candidates in clinical studies. 


• Supporting the production of cell-culture-based influenza vaccines at a state-owned vaccine and biological production 
company in Vietnam (VABIOTECH) by helping to obtain licenses, conducting technical training, and purchasing equipment 
and supplies. 


• Providing technical and financial assistance to help a Chinese manufacturer (Chengdu Institute of Biological Products Co., 
Ltd.) build and validate a new facility to meet the international manufacturing standards required for WHO prequalification of 
its Japanese encephalitis vaccine, which was the first Chinese vaccine ever to achieve WHO prequalification. 


• Supporting technology transfer, process development and validation, and manufacturing scale-up of a meningitis A vaccine 
developed by an Indian manufacturer (Serum Institute of India, Ltd.) specifically for use in sub-Saharan Africa. 


• Partnering with the only vaccine manufacturer in South Africa (The Biovac Institute) to develop a low-cost polyvalent GBS 
conjugate vaccine that will significantly reduce neonatal mortality caused by GBS in Africa and other low-income regions of 
the world. 


 
The training and technical support that we provide to emerging-market vaccine manufacturers is helping to speed and strengthen their 
ability to sustainably supply critical vaccines for the future. 
 
Vaccine trials and associated results published by the applicants’ PI in the last 5 years 
Please list clinical trials, with trial ID hyperlink and associated results published by PI in the last 5 years 
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2.3. Stakeholder engagement strategy 


Development of the vaccine will take place under the regulatory oversight of US FDA, and the consortium will seek scientific advice 
from US FDA and other relevant regulators to ensure that the development plan is tailored to meet the requirements for stockpiling, 
emergency use, and eventual licensure as appropriate. More information on this is included in section 4.6. 
 
The consortium will work with multiple partners in countries where we conduct clinical trials, including researchers, regulators, and 
other decision-makers. We will collaborate with in-country researchers in developing the vaccines and building capacity through 
investments in clinical trial and laboratory facilities and training. As the studies progress, we will convene local trial groups and other 
experts in countries where the clinical development is taking place to confidentially share progress and preliminary findings, build 
evidence for regulatory and policy discussions, and plan for upcoming activities. We also will partner with the local trial groups in the 
dissemination of results once the in-country trials have concluded, including publication and presentation for scientific audiences, as 
well as local dissemination activities in the communities where the trials are conducted.  
 
We also will work with key decision-makers in the countries where we are conducting clinical trials, including regulators and ethics 
committees, to ensure that they have access to the information necessary to make evidence-based decisions around the testing and 
potential use of vaccines.  
 
We recognize that engagement of regulators and decision-makers at the global level (e.g., WHO) and in countries at high risk of 
Lassa feverwill be important to ensure that they have the information needed to make decisions about deployment of the vaccine in 
the event of an outbreak. It is our understanding that CEPI intends to facilitate discussions to build consensus around emergency 
use protocols and other key issues in advance of an outbreak to facilitate rapid deployment of stockpiled vaccines when an outbreak 
is identified. Our consortium is eager to engage in and support these discussions as appropriate. 
 
The consortium also will engage with WHO’s R&D Blueprint for Action to Prevent Epidemics and other global coordinating mechanisms 
that are working to establish norms and standards and ensure streamlined approaches to development of vaccines for use during 
outbreaks and epidemics. The focus of this engagement will be to ensure that our efforts are consistent with global approaches (i.e., 
target product profiles, roadmaps, clinical endpoints, etc.) and policies. We also anticipate bringing the results of our clinical trials to 
the attention of the WHO Product Development for Vaccines Advisory Committee (PDVAC) and Strategic Advisory Group of Experts 
(SAGE) and other advisory bodies to inform policy around Lassa fever vaccines.  
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3.1. The proposed vaccine candidate 


Vaccine Candidate: A recombinant subunit vaccine derived from the ectodomain of HeV attachment G glycoprotein (HeV-sG) in 


formulation with Alhydrogel™ for intra-muscular injection. 


3.2. Scientific rationale 


Scientific Rationale:  As noted above, the HeV-sG subunit vaccine is based on the currently licensed HeV-sG vaccine for veterinary 
use (Equivac® HeV, Zoetis), which has been administered to more than 300,000 horses in Australia (see 
https://www.health4horses.com.au/Documents/H4H_Factsheet_V5_WEB2.pdf.  In addition, accidental administration of the veterinary 
vaccine suggests robust immunogenicity in humans.  
 


3.3. Pre-clinical evidence to date 


 
Preliminary Data 
HeV-sG in animal vaccine studies. Several animal 


models have been used to study NiV and HeV disease, 


including: cats (12, 13), hamsters (16-18), ferrets (14, 


19), horses, and AGMs (10, 20).  To date, HeV-sG 


subunit vaccine in co-formulation with the adjuvants 


Alhydrogel™ and CpG ODM 2007 has been tested in 


four animal species: cats, ferrets, AGMs, and horses.  


Following 2 doses of vaccine separated by 21 days, all 


immunized animals were protected from lethal 


challenge with either HeV or NiV (Table 8).  


Immunization not only protected against mortality, but 


also prevented all clinical symptoms and resulted in no 


virus genetic material being detectable in any tissues 


harvested from the immunized cats, ferrets, and AGMs. 


  


Alhydrogel (Alum) as single adjuvant.  The preliminary 


data presented in Table 5 were generated using HeV-sG in co-formulation with both Alhydrogel and CpG ODN 2006 adjuvants.  To 


simplify vaccine development, subsequent studies were performed using Alhydrogel™ only.  Two studies in ferrets and one in AGM 


confirmed that HeV-sG formulated with Alhydrogel™ alone 


provides a fully protective vaccine.  Each study had a low dose 


group (10 µg HeV-sG per dose), a high dose group (30 µg for 


ferrets and 100 µg for AGMs per dose), and a control group dosed 


with Alhydrogel™ only. The ratio of HeV-sG /Alum was kept at 


1/25 as in the preliminary studies.  The results from these studies 


are summarized in Table 9.  In brief, all vaccinated animals were 


protected from lethal challenge with either NiV or HeV.  Thus, 


Alhydrogel™ alone is an effective adjuvant for HeV-sG. 


 


HeV-sG/Alum formulation.  To this point in development, all the 
animal studies utilized a HeV-sG/Alum ratio 1/25. Thus, if a 100µg 
dose HeV-sG of this formulation were to be tested in the clinic, it 
would contain 2.5 mg of Al3+, which is twice the maximum dose 
recommended by the FDA for single site administration.  To 
determine if a lower amount of alum could be used, 
absorption/desorption studies were performed at various HeV-sG/Alum ratios.  These studies demonstrated that HeV-sG is fully 
absorbed to Alhydrogel™ at a ratio as low as 1/7.  Therefore, a ratio of 1/10 HeV-sG/Alhydrogel™ provides 70% absorption saturation 
and a 100µg dose of HeV-sG will contain 1 mg Al3+, which is 80% of the maximum allowed Al3+ dose per shot.  Therefore, a rabbit 
immunogenicity study was performed that directly compared the immunogenicity of a 30µg dose of HeV-sG 


Table 8:  Summary of HeV-sG vaccine challenge protection studies 


model / virus HeV-sG dose / adjuvant 
# animals 
challenged 


# animals 
protected 


Cat / NiV (12) 
100 µg / Montanide - Quil A – DEAE dextran 2 2 


Adjuvant only (Control) 2 0 


Cat / NiV (13) 


50 µg / CpG ODN 2007 - Alum 2 2 


25 µg / CpG ODN 2007 - Alum 2 2 


5 µg / CpG ODN 2007 - Alum 2 2 


Adjuvant only (Control) 2 0 


Ferret /HeV (14)  


100 µg / CpG ODN 2007 - Alum 2 2 


20 µg / CpG ODN 2007 - Alum 2 2 


4 µg / CpG ODN 2007 - Alum 2 2 


Adjuvant only (Control) 2 0 


AGM / NiV (15) 


100 µg / CpG ODN 2006 - Alum 3 3 


50 µg / CpG ODN 2006 - Alum 3 3 


10 µg / CpG ODN 2006 - Alum 3 3 


Adjuvant only (Control) 1 0 


Horse / HeV  All immunized animals survived.  


 
Table 9. Results from the HeV-sG/Alum vaccine formulation efficacy test 
against NiV challenge in ferrets and AGMs and against HeV challenge in 
ferrets.  All vaccinated animals survived challenge, but one monkey in the low 
dose group became symptomatic and was positive of viral RNA. The same 
monkey had the lowest serum IgG anti-NiV titer, suggesting a correlation 
betweenthe  serum IgG  titer and protection. 



https://www.health4horses.com.au/Documents/H4H_Factsheet_V5_WEB2.pdf





 


 


when formulated with Alhydrogel™ at ratios of 1/10 vs 1/25.  As 


shown in Figure 1, changing the HeV-sG/Alum ratio from 1/25 


to 1/10 did not alter HeV-sG immunogenicity, and both 


formulations provided exceptionally good responses.  Thus, a 


1/10 HeV-sG/Alhydrogel™ formulation was selected for 


development and clinical evaluation. 


 
Preliminary stability data for the HeV-sG/Alum formulation.  To 
support development, a 32-week stability study of the HeV-
sG/Alhydrogel™ formulation used in the above studies was conducted.  As seen in Figure 2, unformulated HeV-sG is stable at 40C 
for 32 weeks, but undergoes degradation if stored at 210C or 370C for this period.  In contrast, Alhydrogel™ formulated HeV-sG remains 
100% bound and intact at either 40C or 210C for 32 weeks. Thus, HeV-sG/Alhydrogel™ provides a product with projected multi-year 
stability at refrigerator temperature, that can withstand extended handling at room temperature, and that will likely withstand multi-day 
handling at 370C.  
 


Cell line creation and MCB manufacture.  A HEK-293 


Research Cell Bank (RCB) expressing HeV-sG protein 


(HeV-sG-HEK-293) was prepared by Profectus, using 


multiple transductions of parent HEK-293F cells with a 


recombinant MoMuLV carrying the HeV-sG gene, followed 


by two consecutive rounds of limited dilution cloning. The 


productivity of the RCB was greater than 1 gm/L HeV-sG 


when grown in shake flasks using a preliminary optimized 


feeding schedule.  The RCB was used as a seed to 


manufacture a HeV-sG-HEK-293 master cell bank (MCB) at 


CRL – lot #5407580MCB2, December 31, 2013, 325 vials, 


1.16x107 viable cells/vial.  The MCB has passed all testing 


and has been released by Profectus QA.  


Expression and purification of HeV-sG. Under Profectus 


oversight, our CMO, Catalent, has developed a scalable 


upstream process (USP) suitable for cGMP protein 


production, in which the concentration of HeV-sG in the 


supernatant exceeds 0.6 g/L, which was judged adequate 


for further development.  A scalable downstream purification 


process (DSP) suitable for cGMP manufacture of HeV-sG 


has also been developed at Catalent.  The process consists 


of: 1) Media clarification by depth filtration (3M Zeta Plus 


60SP02A); 2) Triton-X 100 added to 0.1% v/v and incubated for one hour (for viral inactivation) followed by pH reduction to 5.0; 3) 


Capto MMC mixed-mode hydrophobic cation exchange chromatography with elution over a 20 column volume gradient starting with 


100% 25mM MES, pH 6.0 and moving to 25mM MES, pH 6.0, 0.5M NaCl followed by increase in pH to 8.0; 4) intermediate purification 


using CaptoAdhere mixed-mode hydrophobic anion exchange chromatography with elution over a 20 column volume gradient starting 


with 100% 50mM Tris, pH 8.0 and moving to 50mM Tris, pH 8.0, 1M NaCl, followed by adding an equal volume 2M ammonium sulfate, 


pH 7.5; 5) polishing purification using Phenyl HP hydrophobic interaction chromatography with elution over a 32 column volume 


gradient starting with 80% 50mM Tris, 1M ammonium sulfate, pH 7.5 and moving to 50mM Tris, pH 7.5; 6) an additional polishing 


chromatography by diafiltration with 7 volumes 50mM Tris, pH 7.5 followed by Sartobind Q membrane in flow-through mode with 50mM 


Tris, pH 7.5; 7), and viral filtration by using a Virosart 150 CPV capsule filter.  Finally, the HeV-sG solution was dialyzed against PBS 


(10 mM sodium phosphate, 150mM NaCl, pH 7.0), concentrated to 9.84 mg/mL using tangential flow filtration with a 50 kD MWCO 


PES membrane, and sterile filtered through a 0.2-µm PES filter.   This cGMP-like purification process was used to purify HeV-sG from 


the supernatant of a 10-L bioreactor run to obtain 2.5 grams HeV-sG, 2x125 mL in PETG bottles at 9.84 mg/mL in PBS.  This non-


GMP DS was used to formulate the toxicology lot of HeV-sG/Alhydrogel™ vaccine. 


Vaccine formulation, toxicology lot manufacture.  The toxicology lot of HeV-sG/Alhydrogel™, labelled as “0.1 mg/mL HeV-sG, 1.0 


mg/mL Al3+ in Aluminum Hydroxide Suspension for Injection, (Toxicology Supplies), Lot PUP05401A” from 19 July 2016 was prepared 


at Catalent Pharma. 624 of the 649 filled vials were made available for stability testing, the GLP toxicology study, and animal efficacy 


 


Figure 1.  Immunogenicity 
study to test HeV-sG/Alum ratio 
effect.  Two groups of three 
rabbits were immunized with 
formulation at 1/10 (Vac 1) and 
at 1/25 (Vac 2).  Sera were 
tittered for anti-HeV-sG 
antibodies. Vac 1 and Vac 2 
showed indistinguishable 
immune responses, measured 
in serum titers. 


 
 


Figure 2. HeV-sG/Alhydrogel™ vaccine is stable for 32 weeks when stored at 
40C and 210C.  Formulated and non-formulated HeV-sG was stored at 4oC, 
21oC, and 37oC for 32 weeks.  Samples were examined at weeks 1, 3, 6, 8, 16, 
and 32 to determine HeV-sG integrity, quantity, and percent bound to the 
Alhydrogel™ by quantitative ELISA that discriminates between intact and 
degraded HeV-sG.  Control = non-formulated HeV-sG, Sup = supernatant of 
centrifuged HeV-sG/Alhydrogel™, Pellet = HeV-sG extracted from the pellet of 
centrifuged HeV-sG/Alhydrogel™.   


 


 







 


 


testing studies.  A 36-page batch record details each step in the preparation process that basically consists of mixing 10.2 mL HeV-


sG DS with 100 mL Alhydrogel™ in 890 mL PBS with continuous stirring.   


GLP Tox Study.  A 4-cycle (1 dose every 3 weeks) toxicity study in rabbits administered HeV-sG/Alum by intramuscular injection 
initiated October 2016 at CRL (Table 10).   Three groups of 20 New Zealand White Rabbits, aged from 3 to 5 months and from 2.0 to 
4.0 kg each are being used in the study. The control group was dosed with saline, the low dose group was injected with the maximum 
intended human dose, and the high dose group was injected with 3X the maximum intended human dose.  The un-audited toxicology 
report contains no significant observations, and the final audited report will be available on or about 01-Aug-2017. 


Table 10. A 4-cycle Study in Rabbits Administered HeV-sG/Alhydrogel™ by Intramuscular Injection 
 


Group No. Test Itema 


Dose 
Level 
(mg/day) 


Dose 
Concentration 
(mg/mL) 


Dose 
Volume 


(mL) 


No. of Animals 


Main Studyb Recovery Studyc 


Males Females Males Females 
1 Saline Control 0 0 3.0 5 5 5 5 


2 HeV-sG-V 0.1 0.1 1.0 5 5 5 5 


3 HeV-sG-V 0.3 0.1 3.0 5 5 5 5 
a Dosing will be performed once every three weeks (= 1 cycle) for 4 cycles 
b Main study animals will undergo necropsy 3 days following the last dose administration. 
c Recovery study animals will undergo necropsy 28 days following the last dose administration. 


CRL is an accredited CMO for carrying out GLP toxicity studies and we do not expect procedural complications with the study. Antibody 
titers from blood samples will be determined under well documented practices at Profectus. 


Animal efficacy confirmation studies.  Two AGM challenge studies has been conducted to confirm the HeV-sG/Alhydrogel™ vaccine 
produced under GMP-like conditions will protect against lethal challenge with NiV and HeV.  Twelve AGMs were used in each study. 
In the first study, groups of AGMs were vaccinated on experimental days 0 and 28 with 100 µg (group 1, N=6) or 300 µg (Group 2, 
N=3) of the same preparation of HeV-sG/Alhydrogel™ used in the GLP toxicology study, and a control group of 3 AGMs received 
Alhydrogel™ suspension only.   On experimental day 56, all AGMs in study 1 were challenged with a lethal dose of NiV (1998-99 
Malaysian outbreak strain).  Within 13 days of challenge, all control AGMs had succumbed to lethal NiV disease, while all vaccinated 
animals remained completely healthy. Study 2 was carried out identically to the first, except that the challenge consisted of HeV (1994 
Australian outbreak strain).  As in the first study, all vaccinated AGMs remained healthy, while 2 of the 3 control animals died of 
haemorrhagic disease.    
  


3.4. Clinical evidence to date 


The HeV-sG/Alhydrogel™ vaccine candidate has not yet entered clinical evaluation.  However, the human immune response to 
accidental inoculation (N=2) with the veterinary vaccine has been shown to be potent and to cross-neutralize both NiV and HeV (I. 
Smith and C. Broder, unpublished).    


3.5. Assays, animal models and supporting relevant data developed 


The assays to be employed to support clinical evaluation are described under Task 2 in Section 4.2 Objectives (below).  
Characterization of the HeV-sG/Alhydrogel™ vaccine candidate and the animal models providing the data that support advancement 
of the vaccine into clinical evaluation are described in Section 3.3 Pre-clinical evidence to date (above).   


3.6. Evidence from other pathogens  


The HeV-sG/Alhydrogel™ vaccine candidate is a subunit vaccine specific to NiV and HeV.  However, subunit vaccines have been 
successfully developed for a number of viral pathogens, including HBV, HPV, influenza.   


3.7. Intellectual property  


Profectus BioSciences, Inc. has executed a term sheet and is finalizing the license necessary to manufacture, use, sell and sublicense 
its subunit Nipah/Hendra soluble G vaccine.  Profectus's Nipah/Hendra soluble G vaccine does not come within the scope of any valid 
third party issued patent claims.  Therefore, Profectus has freedom to operate. 


 


4. Research and Technical Objectives – Statement  of work 


4.1. Project governance/management and applicant’s and partner’s roles and responsibilities in the project 


Table 12 provides a listing of the 12 Primary and 5 Optional Tasks that make up the work proposed under this application, and the 
Cooperating Partner(s) or contracted organization(s) responsible for completion of the Task.  Each of these Tasks is described in detail 
in section 4.2 Objectives, including Task-specific Deliverables and Go/No Go criteria.  Each Task will be managed through the 
establishment of an interdisciplinary Task Management Team comprised of the appropriate individuals from both Profectus and the 
collaborating partner or contract service provider.  The Task Management Teams will hold regularly scheduled meetings with agendas, 
minutes and time constrained action items.  The overall timing of the Tasks and their relationship for decision making is illustrated in the 
Detailed Milestone Plan. 







 


 


      
 







 


 


 


CEPI NiV - Projected Project Plan


J F M A M J J A S O N D J F M A M J J A S


Task Description M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M1 M2 M3 M4 M5 M6 M7 M8 M9


Research Cell Bank Development Completed at PBS in 2013


Master Cell Bank Production, Release Completed at PBS in 2014


Non-cGMP man(10L)/Purif. of HeV-sG 10L Engineering run


Formulat w/ AlOH, F/F for Tox F/F


Rabbit Toxicology Testing (7 mon, CRL) Rabbit Tox


NHP Efficacy study (6 mon, UTMB) NHP Efficacy


Scale up Dev @ 50L (Catalent) 100L scale up


Ambr mini bioreactors 24x15mL Ambr Rx


2016 2017







 


 


 


18 19 20 21 22


Task J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D


1 1 500L Eng. Run


1a cGMP Lot#1 @500L


1b F/F, release


s


2 2 1° Clinical Assay Development


3 3 IND


PATH


4 6 Phase I Clinical Testing (US)


dose interval


5 7 Phase I Clinical Testing (SP)


6 6a Ph 1 Sample Analysis


6b Ph 1 Sample Analysis


7 7 Clinical Assay Validation


8 8a IND


8b IND


9 9a Adult Phase II Clinical Testing (Lot#1, 300/100)


9b Pediatric Phase I and II Clinical Testing (Lot#1, 160/60)


10 Adult Ph II Clininical Sample Testing (8 mon, PBS) 10a Adult Ph II Sample Analysis


Pediatric Ph I and II Clininical Sample Testing (8 mon, PBS) 10b Pediatric Ph I and II Sample Analysis


11 11 F/F, release


12 Exploratory/CoP Assay Development (12 mon, USU) 12 Exploratory/CoP Assay Development Broder


 ACTIVITIES TO SUPPORT LICENSURE


13 NHP NiV CoP Study (6 mon, UTMB) 13a NHP CoP study (NiV) UTMB


NHP HeV CoP Study (6 mon, UTMB) 13b NHP CoP study (HeV) UTMB


NHP Sample analysis (3 mon, USU) 13c NHP Spl analysis


14 NHP Sample analysis (3 mon, USU) 14 NHP Spl analysis


PhI Sample analysis (8 mon, USU) 14a Ph 1 Sample Analysis broder


15 cGMP Man/Purif/Release DS Lot#2 @500L (Catelent) 15a cGMP Lot#2 @500L


F/F/Release Ph II CTM (50,000 vials, GRAM) 15b F/F, release


cGMP Man/Purif/Release DS Lot#3 @500L (Catelent) 15c cGMP Lot#3 @500L


F/F/Release Ph II CTM (50,000 vials, GRAM) 15d F/F, release


16 IND Amendment to support Ph II lot consistency (PBS/BCG) 16a IND


Ph II Clininical Trial Lot#2/#3 Singapore (12 mon, PATH) 16b Phase II Clinical Testing (lot#2/#3, N=600/200)


17 Ph II Clinical Sample testing USA (PBS) 17 Ph II Sample Analysis


CEPI Year 1 CEPI Year 2 CEPI Year 3


Emergenccy Use Stockpile (50,000 vials, GRAM)


Task Description


non-cGMP Man/Purif/Release @500L (Catalent)


cGMP Man/Purif/Release DS Lot#1 @500L (Catelent)


Adult Ph II Clininical Trial Singapore (16 mon, PATH)


F/F/Release PhI CTM (3,000 vials @100mcg/vial, Catalent)


Clinical Assay Dev/Characterization (7mon, PBS)


Prep, submit IND (2 mon, PBS/BCG)


Ph I Clininical Trial USA, N=78 (9 mon, PATH)


Ph I Clininical Sample testing (USA Trial, PBS)


IND Amendment to support Adult Ph II (PBS/BCG)


Clinical Assay Qualification (9mon, PBS)


IND Amendment to support Pediatric Ph I and II (PBS/BCG)


Pediatric Ph I and II Clininical Trial Singapore (16 mon, PATH)


Ph I Clininical Trial Singapore N=78 (9 mon, Duke/NUS)


Ph I Clininical Sample testing (Singapore Trial, PBS)


CEPI Year 4 CEPI Year 5







 


 


4.2. Objectives 


This application proposes to advance the HeV-sG/Alhydrogel™ vaccine through Phase 2 clinical development and to produce and 
stockpile sufficient vaccine stocks to support emergency use and for potential licensure studies. To achieve these goals, the specific 
tasks outlined in Table 5 will be undertaken. The proposed timeline for these activities is outlined in the attached Detailed Milestone 
Plan. 


What follows is a brief description of each proposed task: 


Task 1: Production and Release of HeV-sG/Alhydrogel DS and DP: GMP production of HeV-sG Bulk Drug Substance (BDS) will be 
performed at Catalent Pharma Solutions, Madison, WI.  Now that the engineering run is complete, the MPR and associated GMP 
manufacturing methods have been finalized. Manufacturing runs will be produced under cGMP conditions at 1,000L working volume.  
Profectus will provide Catalent with a set of product specifications, or acceptance criteria, in writing, before GMP manufacturing 
commences.  Based on the yields obtained in pilot-scale runs, it is projected the 1,000L GMP run will provide approximately 120 gm of 
DS.  Since Catalent does not have an automated fill/finish facility (the toxicology lot was filled by hand in their cGMP suite), fill/finish of 
the Bulk Drug Product (BDP) will be performed at Grand River Aseptic Manufacturing, Inc, Grand Rapids, MI per fill requirements in 
terms of vial size and volume provided by Profectus.  Two fill/finish runs are anticipated.  The first run will supply 1,000 vials at 100µg/dose 
to support a phase 1 dose escalation study (10.0µg, 33.0µg, and 100.0µg) to establish safety and the optimally immunogenic dose.  The 
second filling run will provide approximately 50,000 vials at the optimal clinical dose to support phase 2 testing and the stockpile of 
vaccine for emergency use. The finished vials will be stored at Fisher BioServices.  Final release testing for the GMP material will be 
consistent with the General Biological Products Standards (21CFR610.11).  Master Batch Records and all testing documentation will be 
provided to Profectus for QA review and final release.  A complete listing of the testing and release criteria is provided in Section 4.7 
Chemistry, Manufacturing & Control (CMC) Development.   


Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be fully characterized Lots of HeV-
sG/Alhydrogel™ vaccine produced under full GMP compliance.  Failure of any one of the components to pass release testing would 
result in an inability to proceed to clinical evaluation. 
 


Task 2: Development of Well Characterized Clinical Assays: To support phase I clinical evaluation of the HeV-sG/Alhydrogel™ 
vaccine, Profectus will develop four well characterized assays to measure HeV and NiV GP immune responses in vaccine recipients.  
The assays will measure serum HeV and NiV GP-specific IgG antibody by direct ELISA, and serum HeV and NiV neutralizing antibody 
by plaque reduction neutralization of a green fluorescent protein (GFP)-expressing rVSV pseudo-typed with HeV or NiV GP.  Each will 
be based on assays which PBS has developed and characterized for use in clinical trials of the mono-valent and tri-valent rVSVN4CT1-
vectored filovirus vaccines.  The general process for the transition of research assays to well characterized assays for use in support of 
phase 1 clinical testing is outlined below:             
1. Research assay SOPs will be converted to DRAFT Profectus Test Methods. These Test Method documents will be the change 


control documents which outline all aspects of the assays, including: 
i. Scope 
ii. Roles and responsibilities 
iii. Safety 
iv. Abbreviations and definitions 
v. Reagents, materials and equipment 
vi. Procedures 
vii. References 


2. In addition, for each DRAFT Profectus Test Method, the conduct or preparation of all supporting assay activities and reagents will 
be documented in DRAFT Profectus “Lab Method” documents.  As an example: 


i. Preparation of clinical reagent lots 
ii. Procedures for assigning biological units to antibody reference standards 
iii. Preparation of Dulbecco’s Phosphate Buffer Saline with 0.1% Tween-20 


3. With DRAFT Test and Lab Method documents in place, the assays will be conducted over numerous days by several operators to 
confirm assay precision and reproducibility and the results of this testing compiled into “Characterization Reports”. 


i. To demonstrate reproducibility, the assay will be conducted twice on three separate occasions using the same source 
material. Reproducibility will be based on a measure of the coefficient of variance (CV) for the assay read-out.  CVs of 
<20% will be sufficient for demonstration of reproducibility. 


ii. For precision evaluations, positive control samples (reference standard and R&D antiserum for example) will be used 
as “samples”. For each sample, a combination of different plates, test days and different operators will be set up to 
evaluate precision. The assays will be performed three times by one operator, and a second operator performed the 
same assay three times. 


4. Profectus QA will review and approve the assay Characterization Reports. With the completion of the assay Characterization Report, the 
DRAFT Test and Lab Methods will also be reviewed and approved as FINAL Test and Lab Methods by PBS QA.  







 


 


Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be FINAL Test and Lab Methods.  Failure to 
qualify any of the assays would necessitate redevelopment and possibly delay the phase 1 clinical program.  
 


Task 3: Phase 1 IND/Regulatory Filings: Over the past 4 years Profectus has prepared 8 IND license applications (BB-IND-14557, 
BB-IND-14665, BB-IND-14770, BB-IND-14976, BB-IND-15459, BB-IND-15462, BB-IND-16670, and BB-IND-16783) which have all been 
successful.  The writing and assembly of the application for the US trial, the planning and execution of the communications and meetings 
with the FDA will be led by Dr. Susan Sciotto-Brown, Senior Director of Regulatory Affairs at Profectus.  Electronic submission of the IND 
will be performed under subcontract through the electronic portal maintained by Biologics Consulting Group, Rockville, MD.  The exact 
design of the trial will be determined by the guidance supplied by the FDA in response to a pre-IND briefing package.  However, it is 


anticipated this will be a randomized, double-blind, placebo-controlled, truncated dose escalation trial evaluating vaccine doses 10.0µg, 
33.0µg, and 100.0µg  administered by IM injection in 3 groups of 26 healthy adult subjects (20 active/6 placebo).  Subjects will be 
administered two doses of vaccine separated by 56 days. 
 
A second phase 1 trial is proposed at the clinical trials center of the Duke-NUS Medical School in Sigapore, an area where NiV is 
endemic.  The Profectus Regulatory Affairs group will interface with the Duke-NUS collaborators in the preparation of the necessary local 
regulatory filings.  Although the exact design of this trial will be determined in discussions with the local regulatory agency, it is anticipated 


this trial will be a randomized, double-blind, placebo-controlled trial using the 33.0µg dose to evaluate vaccine dose interval (28, 56, and 
120 days) in 3 groups of 26 healthy adult subjects (20 active/6 placebo).   


Deliverable and Go/No Go Criteria:  The deliverables for this work segment will be the safe to proceed letters from the US FDA 
and the relevant Singapore regulatory agency.  The risk in preparation of these applications is mitigated by the experience and 
demonstrated success of the Profectus team in preparing IND license applications.    


Task 4: Phase 1 Clinical Trial - US:  Two partners have been identified to conduct phase 1 clinical evaluation of the HeV-
sG/Alhydrogel™ vaccine.  The first is PATH, Seattle WA and Washington, DC, who will use their clinical trials infrastructure to conduct 
a Phase I trial to test the safety and immunogenicity of the HeV-sG/Alhydrogel™ vaccine in normal healthy adults in the US. Although 
final design will be established in consultation with US FDA, it is anticipated this will be a randomized, double-blind, placebo-controlled, 
truncated dose escalation trial evaluating vaccine doses of 20 µg, 50 µg, and 100µg HeV-sG protein in a 1/10 wt/wt formulation with 
Alhydrogel™ adjuvant administered by IM injection in 3 groups of 25 healthy adult subjects (20 vaccine5 placebo).  Subjects in this 3 
groups will be administered two doses of vaccine separated by 56 days. A fourth group of subjects (20 vaccine/5 placebo) will receive a 
single dose of HeV-sG at the highest tolerated level.  The primary objective of the study is to assess vaccine safety and tolerability by 
close clinical and laboratory follow-up of subjects after each vaccination; the secondary objective will be evaluation of the vaccine 
immunogenicity. 


Deliverables and Go/No Go Criteria:  The deliverables will be interim and final clinical trials reports demonstrating that the HeV-
sG/Alhydrogel™vaccine is safe, well tolerated and immunogenic. This will support the initiation of Task 5 (Phase I clinical testing in 
Singapore), and Task 8 (Phase 2 clinical testing). Any results which suggest the vaccine is not safe, well tolerated or immunogenic 
will trigger a review to determine if it is judged prudent to discontinue development of the vaccine.  


 Task 5: Phase 1 Clinical Trial - Singapore: The second clinical trial partner is Dr. Linfa (Lin-Fa) Wang, Ph.D. FTSE, Professor & 
Director, Programme in Emerging Infectious Disease, Duke-NUS Medical School who has independent co-funding to conduct a phase 1 
trial in Singapore where NiV is endemic. Drs. Broder and Dimitrov have had a longstanding collaboration with Dr. Wang to study 
Henipaviruses and develop an effective vaccine. The design of the Phase 1 clinical trial will be determined in collaboration with clinical 
site investigators, the funders of the trial, the Profectus development team, and the local regulatory authorities. Trial initiation is planned 
to follow demonstration in the PATH trial of vaccine safety at the dose level selected from the phase 1 study in the US This dose level 
when administered twice by IM injection to normal healthy adults at 91, 181, and 366 day intervals The primary endpoint will be safety 
with secondary endpoints consisting of immunogenicity defined by ELISA and neutralizing anti-NiV and anti-HeV antibody responses. 


Deliverables and Go/No Go Criteria:  The deliverables will be interim and final clinical trials reports demonstrating that the HeV-
sG/Alhydrogel™vaccine is safe, well tolerated and immunogenic. This will support the initiation of Task 8 (Phase 2 clinical testing). 
Any results which suggest the vaccine is not safe, well tolerated or immunogenic will trigger a review to determine if it is judged 
prudent to discontinue development of the vaccine.  


 Task 6: Clinical Sample Analysis – Phase 1 trials: In support of the phase 1 clinical evaluation of the HeV-sG/Alhydrogel™ in the US 
and Singapore, Profectus will perform the well characterized assays to measure immune responses to NiV and HeV in vaccine recipients.  
The assays will measure serum IgG antibody by direct ELISA, and serum neutralizing antibody by plaque reduction neutralization of 
GFP-expressing rVSV pseudo-typed with the relevant GPs.  


Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be interim and final clinical trial assay reports.  
The failure of these assays to remain in control would necessitate redevelopment and trigger a review to determine if further vaccine 
development is justified.    


 







 


 


Task 7: Development of Qualified Clinical Assays:  A key task will be to establish qualified assays, standard operating procedures 
(SOPs) and acceptance criteria that will establish the identity, structural integrity, purity of HeV-sG consistent with the General Biological 
Products Standards (21CFR610.11).  Currently, we have SDS-PAGE analysis and binding to anti-G MAb, m102.4, ELISA developed 
under the preclinical development as product specific release assays.  Other product specific assays may be added as deemed 
necessary by the Product Development Team.  Microbial sterility, bioburden, endotoxin and other standard release assays that are used 
to characterize protein based products to meet 21CFR610.11 will also be used.  Profectus will import an authentic henipavirus infection, 
replication and reporter system based on the non-pathogenic CedPV that is being developed by Dr. Broder’s laboratory to determine 
serum neutralization titers (Task 12 below).  Profectus will optimize and qualify the assays to be suitable for GLP practices.  We will also 
evaluate whether immunogenicity in rabbits will provide a suitable potency assay as specified in the General Biological Products 
Standards.  Induction of cross-reactive NiV serum neutralizing titers >160 after immunization will confirm the suitability of rabbits to 
evaluate the potency of the product. 
 
Task 8: Phase 2 IND/Regulatory Filings:  Phase 2 testing of the HeV-sG/Alhydrogel™ vaccine for expanded safety and immunogenicity 
will be conducted by PATH in multiple clinical sites, likely located in multiple countries.  Therefore, the regulatory filings to support Phase 
2 testing will be prepared by a working team with members from both the PATH and Profectus Regulatory Affairs groups.   


Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be the safe to proceed letters from the US FDA 
and the relevant foreign regulatory agencies.  The risk in preparation of these applications is mitigated by the experience and 
demonstrated success of the Profectus and PATH Regulatory Affairs groups in preparing the relevant applications.    


Task 9: Phase 2 Adult and Phase 1/2 Child Clinical Trials:  
Adults - It is planned that phase 2 testing of the HeV-sG/Alhydrogel™ vaccine for expanded safety and immunogenicity will be conducted 
by PATH, and that it will examine the dose level and dosing interval identified as best supporting rapid and sustained protective immunity.  
Although it is difficult to accurately predict the required phase 2 trial size until the phase 1 trial safety and immunogenicity profiles are 
known, some assumptions can be made for planning purposes.  It is anticipated that a phase 2 trial of approximately 400 (320 active/80 
placebo) will be adequate to establish human safety and immunogenicity data bases, which when viewed in the context of the completed 
and ongoing AGM protection studies, will be adequate to support clinical efficacy (phase 3) evaluation in an outbreak, and potential 
emergency use with appropriate authorization.  This trial will be conducted at established trial sites with strong infrastructure for the 
collection of adverse events, to best support emergency use authorization in the event of an outbreak.   


Deliverables and Go/No Go Criteria:  The deliverables will be interim and final clinical trials reports demonstrating that the HeV-
sG/Alhydrogel™vaccine is safe, well tolerated and immunogenic in Phase 2 testing. This will support the use of this vaccine with 
emergency use authorization and trigger Task 10 (Emergency use stockpile). Any results which suggest the vaccine is not safe, well 
tolerated or immunogenic will trigger a review to determine if it is judged prudent to stockpile or discontinue development of this 
vaccine. 
 


Children - PATH will conduct a Phase 1/2 clinical trial to test the safety and immunogenicity of the HeV-sG vaccine in healthy 3-17 year 
old children in Bangladesh, a country where several outbreaks of Nipah infection have occurred. This will be a randomized, double-blind, 
placebo-controlled, descending age study to evaluate the optimal vaccine dose/schedule determined from the Phase 2 trial in adults. 
The trial will first enrol thirty 8-17 year old subjects who will receive vaccine (20), or placebo (10). Once the safety data is analysed by 
the safety team (including independent experts), a second group of thirty 3-7 year old children will receive the vaccine (n=20) or placebo 
(n=10). Absence of safety concerns in these two group will lead to starting a third cohort of 160 subjects (120 vaccine, 40 placebo 
recipients) who will receive the same vaccine regimen. The primary objective of the study is to assess vaccine safety and tolerability by 
close clinical and laboratory follow-up of subjects after each vaccination; the secondary objective will be evaluation of the vaccine 
immunogenicity in this age group. 


Deliverables and Go/No Go Criteria:  The deliverables will be interim and final clinical trials reports demonstrating that the HeV-
sG/Alhydrogel™vaccine is safe, well tolerated and immunogenic in 3-17 year old children. This will support the use of this vaccine 
with emergency use authorization in this age group (Emergency use stockpile). Any results which suggest the vaccine is not safe, 
well tolerated or immunogenic will trigger a review to determine if it is judged prudent to use the vaccine in this age group.  
 


Task 10: Clinical Sample Analysis – Phase 2 trial: In support of the phase 2 clinical evaluation of the HeV-sG/Alhydrogel™, Profectus 
will perform qualified assays to measure immune responses to NiV and HeV in vaccine recipients.  The assays will measure serum IgG 
antibody by direct ELISA, and serum neutralizing antibody by plaque reduction neutralization of GFP-expressing rVSV pseudo-typed 
with the relevant GPs.  


Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be interim and final clinical trial assay reports.  
The failure of these assays to remain in control would necessitate redevelopment and trigger a review to determine if further vaccine 
development is justified.    
  


Task 11: Emergency Use Stockpile:   As outlined above, a single 1,000L run of HeV-sG is projected to yield more than sufficient 
vaccine to allow the stockpiling of 50,000 doses for investigational use during an outbreak, and potentially emergency use with 
appropriate authorization.  In addition, preliminary data indicate that multi-year stability of the Alhydrogel™ formulated vaccine can be 







 


 


anticipated.  Thus, it is proposed a portion of the BDS be formulated and used to fill 50,000 doses of vaccine at the dose level determined 
to be optimal in the phase 1 dose-finding trial conducted by PATH.  Further, it is proposed this be carried out as soon as practical after 
the phase 1 results are known.  
    
This vaccine would be eligible for two of FDA’s expedited development and review programs, Fast Track and Priority Review.  Fast Track 
is a process designed to facilitate the development of products that address serious conditions and fill unmet medical need by providing 
enhanced Agency support during product development.  Priority Review designation allows for accelerated BLA review and is based on 
a product’s potential to provide a significant improvement in the prevention of a disease relative to standard of care.  


Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be 50,000 doses of HeV-sG/Alhydrogel™ vaccine 
produced under full GMP compliance and released for clinical use.  Failure of the vaccine to pass release testing would result in an 
inability to proceed to stockpile. 


 
Task 12: Exploratory/CoP Assay Development:  Although assays are available to support clinical evaluation, it is believed that a more 
appropriate assay to establish a CoP should be investigated.  The assay will be enabled by the recent identification of a third henipavirus, 
Cedar virus (CedPV), that was isolated from pooled bat urine collected in Queensland, Australia1.  CedPV is closely related to HeV and 
NiV, genetically and antigenically.  A notable distinction between CedPV and HeV/NiV lies in the phosphoprotein gene (P), which contains 
the open reading frames for the V and W proteins in HeV/NiV.  The CedPV P gene does not encode the V and W proteins2, which 
contribute to HeV and NiV pathogenicity3-5, and is an important factor underlying its failure to cause disease in experimental infections of 
mice, ferrets or guinea pigs1.  Despite the pathogenic differences and low level of protein sequence homologies of CedPV G to HeV and 
NiV G (29% and 30%, respectively), CedPV infection, like both HeV and NiV, is supported by the cell surface protein ephrin-B2 as an 
entry receptor1.  The Broder lab has been studying the functional characteristics and cellular receptor use profile of CedPV and its 
interactions with host cells of varied species.  A reverse genetics system has recently been established for CedPV and this platform 
represents a new system which can be exploited in the present application that can be used safely under BSL-2 containment.  
Innovation: The difficulties faced in the quantitation and assessment of vaccine-induced neutralizing antibody responses to NiV/HeV are 
significant owing to the requirements of BSL-4 containment for use of infectious virus.  The innovation here are two-fold: First, we propose 
here a cell-based SNT that will make use of an authentic henipavirus infection and replication reporter system (a replication competent, 
reporter gene-encoding CedPV) which has never been done before.  Second, the recombinant CedPV based platform requires only BSL-
2 containment, relieving the cost and technical challenges of the high-containment environment when 100’s to 1000’s of samples will 
need to be tested. 
Approach: Develop, characterize and adapt a rCedPV luciferase reporter virus for use in SNT. 
Here, we will develop the very first cell-based, authentic henipavirus infection, replication and reporter system based on the non-
pathogenic CedPV.  We will rescue a second CedPV reporter virus encoding the Photinus pyralis luciferase gene6 (rCedPV-Luc) and 
characterize and compare it to wild-type and rCedPV-GFP viruses using cell-based infection tropism and growth kinetics assays.  The 
novelty of our approach is that the virus reporter system is an authentic henipavirus and one that may be used in the BSL-2 setting. 
Experimental Methods and Design: 
Generation of plasmids and rescue of recombinant viruses:  We have already constructed a recombinant CedPV antigenome clone by 
synthesis of several large segments of the genome into pOLTV57 between a T7 RNA promoter and hepatitis delta virus (HDV) ribozyme. 
The pOLTV5 vector was similarly used for cloning and expression of recombinant HeV8 and methods similar to those used in the rescue 
of recombinant NiV9.  The first reporter virus chosen was using Turbo-GFP, and the GFP gene was modified to be flanked by the CedPV 
intragenic P stop and M start sequences conforming to the “rule of six”. As with recombinant HeV8 the GFP gene was inserted between 
the P and M genes to maintain the levels of N and P transcripts. Helper plasmids for the N, P, and L genes from CedPV were also 
prepared (pCMV). To generate recombinant CedPV, pCMV CedPV N, pCMV CedPV P, pCMV CedPV L, and pOLTV5 full-length rCedPV-
GFP anti-genome plasmid were mixed with Lipofectamine LTX (Invitrogen) in OptiMEM, and used to transfect 5x105 BSR-T7 cells 
(Figure 1).   


Figure 1. Plasmid transfection and rescue of recombinant CedPV. Full length 
genome clone together with the N, P, and L helper plasmids are transfected 
into T7-polymerase expressing BSR-T7 cells.  Rescued virus is recovered 
from cell culture by the collection of both supernatant and freeze-thawed cells 
and amplified on Vero cell cultures. 
At day 4, GFP was observed in BSR-T7 cells transfected with the rCedPV-
GFP antigenome and N, P, and L helper plasmids. Non-adherent BSR-T7 cells 
and culture supernatant were collected and freeze-thawed 3-times. Vero cells 
at a density of 1x106 cells/well in 6-well plates were inoculated with the freeze-
thaw supernatant.  Maximal GFP signal and syncytia were observed after 6 
days, supernatant was clarified by centrifugation and 300µL of supernatant 
was passaged to fresh 1x106 Vero cells in 6-well plates.  Within 24h, GFP 
signal and syncytia were observed.  At 3 days, maximal GFP signal was 


observed and supernatant was passaged on fresh Vero cells (75cm2 flasks) for amplification of rCedPV-GFP.  Figure 2 shows rescue 







 


 


results with the pOLTV5 full-length rCedPV-GFP anti-genome plasmid.  We also plan to increase the efficiency of CedPV rescue, and 
the pOLTV5-CedPV vector has been modified to express a 5’ HDV ribozyme site anterior to the CedPV 3’ leader sequence, which has 
been demonstrated to increase the rescue efficiency of paramyxoviruses by reverse genetics10.  With this modified anti-genome two 
additional recombinant viruses will be made; a CedPV void of any reporter gene but retaining the introduced restriction site (rCedPV+6) 
which will be our wild-type CedPV, and luciferase encoding virus (rCedPV-Luc).  Figure 3 shows the planned viral genomes and the 
current GFP-encoding genome of rCedPV.  The rCedPV-GFP virus has been amplified on Vero cells, and typically 8 T-75cm2 flasks, 
after 4 days in culture, the final viral stock, after purification and resuspension, had a titer of 1x108 pfu/mL in ~3ml; and is stored aliquoted 
at-80ºC. 


Figure 2. Rescued rCedPV-GFP from the plasmid transfected BSR-T7 cells at day 10. A: an 
unsuccessful well with no rescue, bright field. B: the successful rescue well showing syncytia, bright 
field. C: the same field as in B using fluorescence. White arrows are highlighting syncytia, the darker 
circles within the syncytia are nuclei. 


Figure 3. Anti-genome clones in-
hand. All genomes adhere to the 
rule of 6. T7p: promtor; HDVrbz: 
hepatitis D virus ribozyme; Le: 
leader; Tr: trailer.  
 


We have determined that CedPV exhibits a remarkably broader ephrin receptor usage profile, and 
cells bearing CedPV G and F can also mediate fusion with cells expressing ephrin-B1 and the 
glycosylphosphatidylinositol (GPI) anchored ephrin-A proteins; ephrin-A1, A2 and A5.  Shown in 
Figure 4 is the CedPV F and G cell fusion obtained with all B and A class ephrins.  CedPV cell 
fusion also correlates with CedPV G glycoprotein binding to ephrins and this data has been 
confirmed by surface plasmon resonance experiments with soluble ephrins and CedPV soluble G.  
(C. Navaratnarajah, R. Cattaneo, and C. Broder, data not shown).   


Figure 4. CedPV (CeV) glycoprotein-mediated fusion with a panel of A-type and B-type ephrin-
expressing cells.  Target cells were prepared 
by transfecting a panel of ephrin expression 
plasmids into HeLa USU cells infected with 
vCB21R(Laz-reporter vaccinia virus) and 
allowed to fuse with CedPV F+G expressing 
HeLa USU effector cells infected with vTF7.3 
(T7-polymerase reporter vaccine virus. 
Fusion is quantitated as the rate of β-


galactosidase activity11.  CedPV mediated fusion with cells expressing ephrins-A1, 
-A2, -A5, -B1, and -B2. 


Generation of rCedPV Chimeras:  The Broder lab was the first to show the unique 
functional similarities between NiV and HeV G and F glycoproteins by 
demonstrating that they are the only paramyxoviruses that can bi-directionally functionally complement heterotypically12 perhaps owing 
to their aa identity (~83% and 89% for G and F).  Our new data with CedPV has provided a breakthrough in finally distinguishing between 
a functional vs. non-functional F-G interaction. The CedPV-F is only 42% and 43% identical with HeV-F and NiV-F respectively; and 
CedPV-G is 29% and 30% identical with HeV-G and NiV-G. Performing F and G coexpression and fusion assays using combinations of 
CedPV, HeV and NiV (Figure 5) has provided some very important observations. Ephrin-B2 and -B3 negative HeLa-USU cells are 
negative for CedPV fusion, as are ephrin-B3 bearing Hela-B3 cells. Fusion does occur with 293T and ephrin-B2 bearing HeLa-B2 cells. 
Thus, CedPV-F has heterotypic function with both HeV-G and NiV-G, but CedPV-G has heterotypic function with only HeV-F and not 
NiV-F and correlates with ephrin use.  Of significance, these data support the hypothesis that we will be able to construct and generate 
novel rCedPV isolates using our reverse genetics system, whereby the F and G genes within the rCedPV genome maybe removed and 
replaced by with NiV F and G or HeV F and G.  These new reporter gene encoding authentic henipaviruses that may be used under 
BSL-2 containment and they will be the ideal tools in establishing a robust SNT assay to assess virus neutralizing antibody responses in 
HeV-sG vaccinated subjects.  Experiments on the generation and manipulation of the non-pathogenic rCedPVs, including the proposed 
development of novel chimeric viruses using the NiV and HeV F and G glycoproteins, have been approved by the Institutional Biosafety 
Committee (IBC).  The chimeric viruses will in fact be loss-of-function recombinant viruses because of the reduced ephrin receptor use 
profiles between CedPV and either NiV or HeV. 







 


 


Figure 5. CedPV mediated cell fusion and heterotypic mixing with HeV and NiV. Various 
target cell populations are shown in the legend. 


Characterization of the recombinant CedPV viruses:  We expect the reporter gene 
encoding virus will not be hindered in any way based on the amplification results and titer 
of rCedPV-GFP, but we will analyze the replication kinetics of rCedPV-Luc and also 
compare those results to wild-type rCedPV (no reporter gene).  Each virus will be used in 
experiments to determine receptor tropism and compared to the CedPV cell fusion assays 
using CedPV F and G expression as done with HeV and NiV11-14.  


Expected Results and Data Analysis:  We are preparing the CedPV+6 and CedPV-Luc 
anti-genome plasmids and will proceed with the rescue of each of these new viruses.  The 
rescue and amplification of the rCedPV+6 and the rCedPV-Luc viruses will be carried out 
as detailed above and recombinant virus stocks prepared.  We expect that all recombinant 
viruses will have an infection profile identical to the cell-cell fusion assays using 


recombinant expressed F and G from CedPV, NiV and HeV.  Because we have rescued the GFP-encoding CedPV, we do not anticipate 
any unexpected limitations in recusing the rCedPV chimeras encoding NiV or HeV F and G.  Based on the replication results with rCedPV-
GFP, we expect that large amounts of reporter virus stocks can be prepared, providing a consistent source of material for conducting the 
number of SNT assays expected to be carried out. 


Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be FINAL Test and Lab Methods.  Failure to 
characterize this assay would remove it from consideration as the best measure of immunity.  


 


Optional Work Proposed Under the Product Development Strategy 
It is the understanding of Profectus that the development gap CEPI envisions filling extends only to the point of establishing an 
investigational vaccine emergency use stockpile, and that studies directed toward licensure are viewed as out of scope.  However, the 
collaborating partners propose that studies beyond those minimally needed to enable emergency use will enhance the likelihood that a 
pharmaceutical partner will step forward to license the vaccine and ensure stable supply.  Therefore, we propose optional work to support 
licensure, as follows. 
 
Task 13: Animal Rule Studies to Establish a Correlate of Protection Against Lethal NiV and HeV Challenge: These studies will 
seek to establish an immune response in the AGM, the most relevant model of human NiV and HeV disease.  The exact design of these 
studies will be decided in consultation with the US FDA, however, the following design has been used to successfully determine a 
preliminary correlate of immunity for Marburg virus.   In brief, Groups of 10 AGMs will be administered a single IM dose of various dose 
levels of HeV-sG/Alhydrogel™, ranging from a high of 100.0 µg to a low of 1.0 µg (Table 13).  A control group of 10 AGMs will receive 
saline control.  On day 28 all AGMs will be bled to obtain samples of sera, and on day 36 following immunization they will be administered 
a lethal challenge of NiV.  This study is designed to induce serologic responses that span the range from non-protective through 
protective. By determining the ELISA, neutralization, and fine-specificity responses outlined above, it will be possible to determine which 
immune response(s) and the level(s) that correlate with protection from challenge.  An identical study using HeV lethal challenge will be 
conducted to establish the immunologic correlate(s) of protection against this virus.  Once the most useful correlate of protection is 
established it will be possible to design assays that bridge/normalize the AGM protective response to the same response in human 
recipients of the HeV-sG vaccine.     
 


Table 13.  HeV-sG/Alhydrogel™ Dose-down Study in AGMs  


Group N Vaccine Dose Vaccination Bleed Challenge 


1 10 100.0 µg HeV-sG/Alhydrogel™  


 


Day 0 


 


 


 


Day 28 


 


 


 


Day 36 


2 10 33.3 µg HeV-sG/Alhydrogel™ 


3 10 10.0 µg HeV-sG/Alhydrogel™ 


4 10 3.3 µg HeV-sG/Alhydrogel™ 


5 10 1.0 µg HeV-sG/Alhydrogel™ 


6 10 Control (saline) 


Total     60  


Notes:  All immunizations delivered IM in the deltoid as a single 1.0mL injection. 


 
Task 14: Phase 1/NHP CoP Sample Analysis: It is anticipated that the CedPV-based neutralization assay developed under Task 12 
will provide the most appropriate measure of the protective immune response against NiV and HeV.  To establish this, it is proposed the 
Broder laboratory uses this assay to quantify the neutralizing antibody responses in subjects vaccinated in the phase 1 dose escalation 
study conducted under Task 4, and the NHP responses in the dose-down CoP study conducted under Task 13.  In this way it will be 
possible to bridge the human neutralizing antibody response to the protective response in NHP, and establish a human CoP.  







 


 


Deliverables and Go/No Go Criteria:  The deliverable for this work segment will be a final Study Report documenting the the human 
CoP against NiV and HeV morbidity and mortality.   
 


Task 15: Production and Release of Consistency Lots of DS and DP: Vaccine licensure, whether using the standard or animal rule 
route to licensure, requires the demonstration that the vaccine product can be consistently manufactured to the established release 
specifications, and that various Lots of vaccine induce an equivalent immune response in the target population.  Generally, three 
consecutive Lots of DP produced using the final process, at or near final scale, with at least two Lots produced in the final production 
facility, are judged necessary. Thus, it is proposed that successful completion and CEPI review of the phase 1 clinical trials trigger the 
manufacture and release of two additional consecutive consistency Lots of HeV-sG/Alhydrogel™ DP.   


 Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be two additional Lots of HeV-sG/Alhydrogel™ 
vaccine produced under full GMP compliance and released for clinical use.  Failure of the vaccine to pass release testing would 
result in an inability to proceed to the consistency Lots trial under Task 16. 


                       
Task 16: Phase 2 Consistency Lot Trial:  The demonstration of Lot-to-Lot immunogenic consistency generally requires testing of three 
consecutive Lots, produced as described above, each be tested in approximately 400 subjects (300 active/ 100 placebo).  Therefore, a 
Lot consistency trial in 800 subjects (600 active/ 200 placebo) with equal distribution of the two-additional consistency Lots would be 
performed by PATH.  Ideally, these studies would be conducted in areas of NiV and HeV endemicity, to evaluate immunogenicity in the 
population(s) most likely to require an outbreak response. 


Deliverables and Go/No Go Criteria:  The deliverables will be interim and final clinical trials reports demonstrating that the HeV-
sG/Alhydrogel™vaccine is safe, well tolerated, and provides Lot-to-Lot immunogenic consistency. This will support the use of this 
vaccine with emergency use authorization and support licensure under the “animal rule”. Any results which suggest the vaccine is 
not safe, well tolerated or consistently immunogenic will trigger a review to determine if it is judged prudent to continue development 
of this vaccine. 


Task 17: Clinical Sample Analysis – Consistency Lots Trial: In support of the consistency Lots trial of the HeV-sG/Alhydrogel™ 
vaccine, Profectus will perform validated assays to measure immune responses to NiV and HeV in vaccine recipients.  The assays will 
measure serum IgG antibody by direct ELISA, and serum neutralizing antibody by plaque reduction neutralization of GFP-expressing 
rVSV pseudo-typed with the relevant GPs.  It is anticipated that the CedPV-based neutralization assay developed under Task 12 will be 
available for use, successfully validated, and used in support of this trial.      


Deliverables and Go/No Go Criteria:  The deliverables for this work segment will be interim and final clinical trial assay reports.   


4.3. Endpoints 


The endpoints for the proposed work are provided as the deliverables for each of the 17 Tasks detailed in Section 4.2 Objectives 
(above). 


4.4. Non/pre-clinical product development approach 


Key immunogenicity/efficacy data in any eventual animal model used 
Establish an Immunologic CoP in a Relevant Animal Model and Bridging the Correlate to the Human Response.  Optional Work Proposed 
Under the Product Development Strategy in Section 4.2 (above) outlines the tasks required to establish a human CoP for licensure 
under the “animal rule” 
Dose-ranging/rationale for doses for clinical testing . 
The vaccine doses and adjuvant formulation selected for phase 1 clinical testing are based upon the pre-clinical animal studies outlined 


in Section 3.3 Pre-clinical evidence to date (above). 


4.4.1. Assay development  


The development and characterization of the ELISA and Neutralization assays proposed under this application are described under 
Tasks 2, 7, and 12 in Section 4.2 Objectives (above). 


4.4.2. Toxicology 


GLP Tox Study.  A 4-cycle (1 dose every 3 weeks) toxicity study in rabbits administered HeV-sG/Alum by intramuscular injection initiated 
October 2016 at CRL.   Three groups of 20 New Zealand White Rabbits, aged from 3 to 5 months and from 2.0 to 4.0 kg each are being 
used in the study. The control group was dosed with saline, the low dose group was injected with the maximum intended human dose, 
and the high dose group was injected with 3X the maximum intended human dose. The study design is presented in Table 14 below: 
Table 14. A 4-cycle Study in Rabbits Administered HeV-sG/Alhydrogel™ by Intramuscular Injection  


Group No. Test Itema 


Dose 
Level 
(mg/day) 


Dose 
Concentration 
(mg/mL) 


Dose 
Volume 


(mL) 


No. of Animals 


Main Studyb Recovery Studyc 


Males Females Males Females 
1 Saline Control 0 0 3.0 5 5 5 5 


2 HeV-sG-V 0.1 0.1 1.0 5 5 5 5 


3 HeV-sG-V 0.3 0.1 3.0 5 5 5 5 
a Dosing will be performed once every three weeks (= 1 cycle) for 4 cycles 
b Main study animals will undergo necropsy 3 days following the last dose administration. 
c Recovery study animals will undergo necropsy 28 days following the last dose administration. 







 


 


CRL is an accredited CMO for carrying out GLP toxicity studies and we do not expect procedural complications with the study. Antibody 
titers from blood samples will be determined under well documented practices at Profectus. 


4.5. Clinical Development Plan CDP 


The Clinical Development Plan (CDP) for this vaccine includes a “first-in-human” safety trials in adults (18-50 years old), a phase 2 dose 
ranging study in adults, and a phase 1/2 study in children (3-17 years old). In the event of an outbreak after the completion of the phase 
2 studies, additional pharmacovigilance and an effectiveness trial would be proposed. Additional studies to examine production lot 
consistency, duration of protection, and safety in older persons may be necessary. The regulatory strategy for the vaccine will be based 
on successful application of the “Animal Rule” requirements, namely the identification of a clear immune correlate measure of protection 
in appropriate animal models and identifying a dose of vaccine in humans that induces a “protective” level of immunity. Successful 
identification of an appropriate dose and regimen would support the stockpiling of the vaccine and potential emergency use. Additional 
safety and effectiveness studies may need to be conducted with the stockpile material depending on the observations of the phase 1/2 
studies. 
Clinical objectives  
Describe the clinical objectives of the project by including quantifiable criteria (e.g., “go/no-go” decision criteria), goals and time-lines for 
the program. Please link/match these aspects with the milestone plan 
The baseline approach we are proposing to CEPI includes four clinical trials, described briefly below. The objectives, endpoints, rationale, 
design, and other aspects of these trials is described in more detail in the abbreviated protocol synopses included at the bottom of this 
section. 
A Phase 1 randomized, placebo-controlled, double blind study to test the safety and immunogenicity of HeV-sG, a vaccine that targets 
Nipah and Hendra infections, in healthy US adults. The first study of the vaccine will evaluate the vaccine’s safety in a limited number of 
18-50 years old subjects under a typical double-blinded randomized, placebo-control dose-escalation design. The study will be conducted 
at an experienced clinical research unit in the US, under an IND to be sponsored by Profectus and will focus on closely investigating 
post-vaccination safety parameters, including solicited local (pain, tenderness, erythema, induration) and systemic (fever, 
malaise/fatigue, myalgia, arthralgia, headache, nausea, vomiting) and systemic reactogenicity, vaccine-related adverse experiences 
(AEs) and serious AEs (SAEs). The trial will be conducted in a dose escalation design in which the subjects will receive two doses of 
20ug (group 1), 50ug (group 2), or 100 ug (group 3) of vaccine 28 days apart. Immunogenicity will be tested at baseline, 3 weeks after 
each vaccination and at a late time point (90 days post final vaccination). An additional cohort of 25 subjects (20 vaccinees, 5 placebos) 
will receive a single dose of 100 ug of vaccine (group 4). This first phase 1 study will support the conduct of a phase 2 study to expand 
the safety database and refine the selection of dose/schedule, providing that the vaccine is safe and tolerable and that at least one of 
the groups under test shows an immune response rate of 50% on the assay identified as potential “Correlate of Protection” in the 
preclinical studies. 
A Phase 2 randomized, placebo-controlled, double blind, dose ranging study to test the safety and immunogenicity of HeV-sG, a vaccine 
that targets Nipah and Hendra infections, in Bangladeshi adults. If the immunogenicity bar set up for the phase 1 trial is met, the two 
highest tolerated doses observed in that study (noted as “low” and “high” hereon) will be tested at two different time intervals between 
the first and second vaccination, 7 days and 28 days. The optimal dose/schedule will be selected from this study. Five groups of healthy 
18-50 year old adults will receive: Group 1: 2 injections of “low dose” vaccine on days 1 and 8, and placebo on day 28; Group 2: 2 
injections of “low dose” vaccine on days 1 and 28 and placebo on day 8;  Group 3: 2 injections of “high dose” vaccine on days 1 and 8 
and placebo on day 28; Group 4: 2 injections of “high dose” vaccine on days 1 and 22 and placebo on day 28; Group 5: placebo on days 
1, 8 and 28. The study will be conducted in 2-3 clinical sites in, Bangladesh. Statistical analysis to select the optimal dose/schedule will 
be conducted by a “Selection Design” approach.  
A Phase 1 randomized, placebo-controlled, double-blind dose interval study to test the safety and immunogenicity of HeV-sG, a vaccine 
that targets Nipah and Hendra infections, in Singaporean adults. The safety and immunogenicity of the vaccine will also be assessed in 
a limited number of 18-45 year old subjects in Singapore in a study leading to identify the optimal interval between the priming dose of 
vaccine and a second, “booster” dose. The highest tolerated vaccine dose identified in the phase 1 will be used. The study will be 
conducted as a double-blinded randomized, placebo-control design. The general schema of the study is shown below. In summary, the 
trial will randomize subjects in three groups to receive: group (1) vaccine on days 1 and 91; group (2) vaccine on days 1 and 181; group 
(3) vaccine on days 1 and 366. Immunological testing will be conducted 28 after the day 1 vaccination, on the day of the second 
vaccination and 5 and 28 days later.  
A Phase 1-2 randomized, placebo-controlled, double blind study to test the safety and immunogenicity of HeV-sG, a vaccine that targets 
Nipah and Hendra infections, in healthy 3-17 year old children in Bangladesh. Once safety data are available from the phase 1 and phase 
2 studies in adults and the vaccine is shown to be safe and immunogenic, a phase 1-2 clinical trial will be conducted in younger 
populations (ages 3-17, inclusive) to support delivery of the vaccine to individuals of that age range in the event of an outbreak. The 
study will start out as a descending age trial in which initially children 8-17 years old will receive two doses of vaccine at the dose level 
and schedule selected from the studies in adults, or placebo (group 1), followed for a cohort (group 2) of 3-7 year old children to begin 
enrolling when and if the safety in the group 1 cohort is demonstrated. Following demonstration of safety in group 2, 60 additional children 
3-17 years old will be vaccinated along with 30 placebo recipients randomized at the same time. The study will be conducted at an 
experienced clinical research unit in a country where Nipah outbreaks have occurred (e.g., Bangladesh) and will focus on closely 







 


 


investigating post-vaccination safety parameters, including solicited reactogenicity (typical local and systemic reactions to parenteral 
vaccines), vaccine-related adverse experiences (AEs) and serious AEs (SAEs). 
 
The figure below demonstrates the overall timelines for the proposed clinical trials.  


 
 
Clinical trial planning 
Phase 1 (adults): The phase 1 study will be conducted in the US, under FDA IND. It will include 100 healthy US adults (18-50 years old, 
inclusive, at time of first vaccination). 
Phase 2 (adults): The phase 2 study is planned to be conducted in an area where outbreaks of Nipah virus have occurred (e.g., 
Bangladesh). The study will include 400 healthy adults (18-50 years old, inclusive, at time of first vaccination). The study will be conducted 
under FDA IND, and will have the approval of the local regulatory authority. We will utilize 2-3 sites to ensure sufficient availability of 
study subjects. 
Phase 1/2 (children): The Phase 1/2 study in children is planned to be conducted in Bangladesh. The study will be conducted under FDA 
IND, and will have the approval of the local regulatory authority. 
Clinical trial execution 
Please describe the intended strategy and rationale for clinical trial sites, and possible establishment of clinical trial sites; planning for 
clinical trial execution. 
Phase 1 (adults): Given that HeV-sG has never been tested in humans it will be important to select centers with high level of experience 
and associated with top medical expertise, diagnostic, and treatment facilities. The phase 1 study will be conducted in the US, under 
FDA IND, at one of the academic sites sponsored by the NIH (DMID Vaccine Evaluation Units) and with which PATH has long-standing 


Phase 1 - Adults/USA Study progression - months………………..


dose N 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14


Group 1 20 ug 20 / 5* 12 13 12 13 FV


Group 2 50 ug 20 / 5 12 13 12 13 FV


Group 3 100 ug 20 / 5 12 13 12 13 FV


Group 4 100 ug 20 / 5 12 13 FV


* vaccine / placebo n 1st vaccination (# of subjects)


n 2nd vaccination (# of subjects)


safety follow-up    phase 1 data triggers phase 2 start


FV Final visit


Phase 2 - Adults/Bangladesh schedule


N 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


FV


phase 2 data triggers start of phase 1-2 trial in 


children and phase 1 trial in adults in Singapore


Phase 1-2 - Children/Bangladesh


Vac Plac 19 20 21 22 23 24 25 26 27 28 29 30 31 32


20 10 FV


20 10 FV


120 60 FV


Phase 1 - Adults/Singapore


Study progression - months………………..


Vac Plac 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33


20 4 12 13 12 13 FV


20 5 12 13 12 13 FV


20 5 12 13 12 13 FV


Group 1


Group 2


Group 3


Study progression - months………………..


day 1


dose


100 ug


100 ug


100 ug


30


Study progression - months………………..


day 8 day 29


Group 1 Vaccine low dose 80 Vac Vac Plac


Group 2 Vaccine low dose 80 Vac Plac Vac


Group 3 Vaccine high dose 80 Vac Vac Plac


Group 4 Vaccine high dose 80 Vac Plac Vac


Group 5 Placebo 80 Plac Plac Plac


Group 3 3-17 180


Age


Group 1 8-17 30


Group 2 3-7







 


 


collaboration (e.g., U. Maryland Center for Vaccine Development, Children’s Hospital Medical Center, Cincinnati) or at Johns Hopkins 
University Center for Immunization Research. PATH has successfully conducted two to four phase 1 or phase 2 clinical trials at those 
sites, including in patient studies (for live vaccine and challenge studies). In most cases PATH sponsored the regulatory submissions.  
The Phase 1 study in Singapore will be conducted at the Duke-NUS Medical School, a center with proven experience in the conduct of 
clinical trials, under the direction of Prof. Linfa Wang.  
Phase 2 (adults): The phase 2 study is planned to be conducted in areas in which Nipah virus outbreaks have occurred, most likely in 
Bangladesh or in India. PATH has conducted several phase 1-2 trials in Bangladesh for childhood diarrhea (live shigella, killed ETEC, 
live rotavirus) and JEV vaccines, and recently a phase 3 rotavirus vaccine trial in collaboration of the BMGF’s PROVIDE consortium. 
Alternatively, the studies could be conducted in India, where PATH has conducted multi-site efficacy trials of rotavirus vaccines leading 
to the licensure of two products. Although the regulatory sponsorship for the trials in India and Bangladesh was the responsibility of the 
local partners (Serum Institute of India and Bharat manufacturers in India and the icddrb (International Center for Diarrheal Diseases 
Research in Bangladesh) PATH was directly involved in implementation and monitoring of the studies, as well as in the preparation of 
the regulatory submission (IND-equivalent, CSRs, BLAs and manuscripts). 
The phase 2 will require the engagement of a minimum of two sites in Bangladesh, or three sites If the study were to be implemented in 
India. SOPs and site/CRO selection tools are available at PATH for final evaluation and selection of the appropriate clinical trial sites for 
the phase 2 study. Preselected clinical sites will be audited unless they are currently participating in PATH studies, in which case 
documentation is available about site performance and quality. 
PATH will prepare all trial-specific documents and will use its SOPs for the implementation of the study. Selected sites and CROs (for 
data management, randomization, monitoring and statistical support, immunological laboratories) will be directly contracted by PATH, 
who will prepare the sites for the trial and monitor day to day activities, including auditing of facilities, data and procedures. 
Phase 1/2 (children): The Phase 1 study in children will be conducted at an experienced clinical research unit in Bangladesh. Most of the 
vaccine trials that PATH has conducted in India and Bangladesh (with minor exceptions) have included children (6 weeks to 10 years 
old), including testing of a live shigella vaccine, inactivated oral ETEC, several live rotaviruses and a JEV live virus vaccine candidate. 
The conduct of these studies has been impeccable (from the standpoint of GCP and protocol adherence) and has led to important steps 
on the qualification of those vaccines (e.g., the JEV Chengdu vaccine trial in Bangladesh was essential for WHO prequalification). 
Working closely with the leadership of icddrb, PATH has been able to facilitate the efficient review of the studies within the center as well 
as with the Bangladesh MOH. 
Site selection and trial implementation will follow the PATH SOPs referenced above. If possible, PATH will seek to use one of the sites 
selected to conduct the Phase 2 study. 
Target study populations 
An outbreak of Nipah virus infection will be a major public health emergency that would likely affect individuals of all ages, primarily active 
adults and school age older toddlers and children, reason why we propose to conduct the initial phase 1 and phase 2 testing of the HeV-
sG in those populations. The participants will be selected among healthy individuals, to provide for an optimal evaluation of its potential, 
and diminish the chance of observing SAEs or severe AEs due to underlying disease. 
For the Phase 1 and 2 components of the CDP that will be supported by CEPI, we will limit the studies to healthy adults and children 3-
17 years of age. These studies will provide a safety database potentially sufficient to deploy vaccine under the “Animal Rule,” providing 
that the immunogenicity results support that the vaccine is capable of inducing an immune response qualitatively and quantitatively 
similar to that observed to prevent infection from challenge in the animal models. Additional clinical studies that we are considering, 
beyond the completion of this grant, include a “lot consistency” study to test the equivalence of the immunogenicity of three different lots 
of the vaccine.  
If and when HeV-sG is submitted and approved under the “Animal Rule,” and if an outbreak of Nipah virus occurs, we will conduct a 
pharmacoivigilance / effectiveness studies to more directly evaluate the vaccine. The use of the vaccines in the elderly, pregnant women, 
and individuals with underlying disease will be fostered by post-licensure studies (post-deployment, in case of emergency use). 


 
Candidate vaccine control strategy 


The Clinical Development Plan (CDP) for this vaccine includes a “first-in-human” safety trials in adults (18-50 years old), a phase 2 
dose ranging study in adults, and a phase 1/2 study in children (3-17 years old). In the event of an outbreak after the completion of 
the phase 2 studies, additional pharmacovigilance and an effectiveness trial would be proposed. Additional studies to examine 
production lot consistency, duration of protection, and safety in older persons may be necessary. The regulatory strategy for the 
vaccine will be based on successful application of the “Animal Rule” requirements, namely the identification of a clear immune correlate 
measure of protection in appropriate animal models and identifying a dose of vaccine in humans that induces a “protective” level of 
immunity. Successful identification of an appropriate dose and regimen would support the stockpiling of the vaccine and potential 
emergency use. Additional safety and effectiveness studies may need to be conducted with the stockpile material depending on the 
observations of the phase 1/2 studies. 
Clinical objectives  
The baseline approach we are proposing to CEPI includes four clinical trials, described briefly below. The objectives, endpoints, 
rationale, design, and other aspects of these trials is described in more detail in the abbreviated protocol synopses included at the 
bottom of this section. 







 


 


A Phase 1 randomized, placebo-controlled, double blind study to test the safety and immunogenicity of HeV-sG, a vaccine that targets 
Nipah and Hendra infections, in healthy US adults. The first study of the vaccine will evaluate the vaccine’s safety in a limited number 
of 18-50 years old subjects under a typical double-blinded randomized, placebo-control dose-escalation design. The study will be 
conducted at an experienced clinical research unit in the US, under an IND to be sponsored by Profectus and will focus on closely 
investigating post-vaccination safety parameters, including solicited local (pain, tenderness, erythema, induration) and systemic (fever, 
malaise/fatigue, myalgia, arthralgia, headache, nausea, vomiting) and systemic reactogenicity, vaccine-related adverse experiences 
(AEs) and serious AEs (SAEs). The trial will be conducted in a dose escalation design in which the subjects will receive two doses of 
20ug (group 1), 50ug (group 2), or 100 ug (group 3) of vaccine 28 days apart. Immunogenicity will be tested at baseline, 3 weeks after 
each vaccination and at a late time point (90 days post final vaccination). An additional cohort of 25 subjects (20 vaccinees, 5 placebos) 
will receive a single dose of 100 ug of vaccine (group 4). This first phase 1 study will support the conduct of a phase 2 study to expand 
the safety database and refine the selection of dose/schedule, providing that the vaccine is safe and tolerable and that at least one of 
the groups under test shows an immune response rate of 50% on the assay identified as potential “Correlate of Protection” in the 
preclinical studies. 
A Phase 2 randomized, placebo-controlled, double blind, dose ranging study to test the safety and immunogenicity of HeV-sG, a 
vaccine that targets Nipah and Hendra infections, in Bangladeshi adults. If the immunogenicity bar set up for the phase 1 trial is met, 
the two highest tolerated doses observed in that study (noted as “low” and “high” hereon) will be tested at two different time intervals 
between the first and second vaccination, 7 days and 28 days. The optimal dose/schedule will be selected from this study. Five groups 
of healthy 18-50 year old adults will receive: Group 1: 2 injections of “low dose” vaccine on days 1 and 8, and placebo on day 28; 
Group 2: 2 injections of “low dose” vaccine on days 1 and 28 and placebo on day 8;  Group 3: 2 injections of “high dose” vaccine on 
days 1 and 8 and placebo on day 28; Group 4: 2 injections of “high dose” vaccine on days 1 and 22 and placebo on day 28; Group 5: 
placebo on days 1, 8 and 28. The study will be conducted in 2-3 clinical sites in, Bangladesh. Statistical analysis to select the optimal 
dose/schedule will be conducted by a “Selection Design” approach.  
A Phase 1 randomized, placebo-controlled, double-blind dose interval study to test the safety and immunogenicity of HeV-sG, a 
vaccine that targets Nipah and Hendra infections, in Singaporean adults. The safety and immunogenicity of the vaccine will also be 
assessed in a limited number of 18-45 year old subjects in Singapore in a study leading to identify the optimal interval between the 
priming dose of vaccine and a second, “booster” dose. The highest tolerated vaccine dose identified in the phase 1 will be used. The 
study will be conducted as a double-blinded randomized, placebo-control design. The general schema of the study is shown below. 
In summary, the trial will randomize subjects in three groups to receive: group (1) vaccine on days 1 and 91; group (2) vaccine on 
days 1 and 181; group (3) vaccine on days 1 and 366. Immunological testing will be conducted 28 after the day 1 vaccination, on the 
day of the second vaccination and 5 and 28 days later.  
A Phase 1-2 randomized, placebo-controlled, double blind study to test the safety and immunogenicity of HeV-sG, a vaccine that 
targets Nipah and Hendra infections, in healthy 3-17 year old children in Bangladesh. Once safety data are available from the phase 
1 and phase 2 studies in adults and the vaccine is shown to be safe and immunogenic, a phase 1-2 clinical trial will be conducted in 
younger populations (ages 3-17, inclusive) to support delivery of the vaccine to individuals of that age range in the event of an outbreak. 
The study will start out as a descending age trial in which initially children 8-17 years old will receive two doses of vaccine at the dose 
level and schedule selected from the studies in adults, or placebo (group 1), followed for a cohort (group 2) of 3-7 year old children to 
begin enrolling when and if the safety in the group 1 cohort is demonstrated. Following demonstration of safety in group 2, 60 additional 
children 3-17 years old will be vaccinated along with 30 placebo recipients randomized at the same time. The study will be conducted 
at an experienced clinical research unit in a country where Nipah outbreaks have occurred (e.g., Bangladesh) and will focus on closely 
investigating post-vaccination safety parameters, including solicited reactogenicity (typical local and systemic reactions to parenteral 
vaccines), vaccine-related adverse experiences (AEs) and serious AEs (SAEs). The figure below demonstrates the overall timelines 
for the proposed clinical trials. 







 


 


 
Clinical trial planning 
Describe the clinical trials planned for safety, immunogenicity and eventually efficacy, including assumptions related to intended 
location of studies, regulatory approval, target populations, and availability of study subjects. 
Phase 1 (adults): The phase 1 study will be conducted in the US, under FDA IND. It will include 100 healthy US adults (18-50 years 
old, inclusive, at time of first vaccination). 
Phase 2 (adults): The phase 2 study is planned to be conducted in an area where outbreaks of Nipah virus have occurred (e.g., 
Bangladesh). The study will include 400 healthy adults (18-50 years old, inclusive, at time of first vaccination). The study will be 
conducted under FDA IND, and will have the approval of the local regulatory authority. We will utilize 2-3 sites to ensure sufficient 
availability of study subjects. 
Phase 1/2 (children): The Phase 1/2 study in children is planned to be conducted in Bangladesh. The study will be conducted under 
FDA IND, and will have the approval of the local regulatory authority. 
Clinical trial execution 
Please describe the intended strategy and rationale for clinical trial sites, and possible establishment of clinical trial sites; planning for 
clinical trial execution. 
Phase 1 (adults): Given that HeV-sG has never been tested in humans it will be important to select centers with high level of experience 
and associated with top medical expertise, diagnostic, and treatment facilities. The phase 1 study will be conducted in the US, under 
FDA IND, at one of the academic sites sponsored by the NIH (DMID Vaccine Evaluation Units) and with which PATH has long-standing 
collaboration (e.g., U. Maryland Center for Vaccine Development, Children’s Hospital Medical Center, Cincinnati) or at Johns Hopkins 
University Center for Immunization Research. PATH has successfully conducted two to four phase 1 or phase 2 clinical trials at those 
sites, including in patient studies (for live vaccine and challenge studies). In most cases PATH sponsored the regulatory submissions.  
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20 10 FV


120 60 FV


Phase 1 - Adults/Singapore


Study progression - months………………..


Vac Plac 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33


20 4 12 13 12 13 FV


20 5 12 13 12 13 FV


20 5 12 13 12 13 FV


Group 1


Group 2


Group 3


Study progression - months………………..


day 1


dose


100 ug


100 ug


100 ug


30


Study progression - months………………..


day 8 day 29


Group 1 Vaccine low dose 80 Vac Vac Plac


Group 2 Vaccine low dose 80 Vac Plac Vac


Group 3 Vaccine high dose 80 Vac Vac Plac


Group 4 Vaccine high dose 80 Vac Plac Vac


Group 5 Placebo 80 Plac Plac Plac


Group 3 3-17 180


Age


Group 1 8-17 30


Group 2 3-7







 


 


The Phase 1 study in Singapore will be conducted at the Duke-NUS Medical School, a center with proven experience in the conduct 
of clinical trials, under the direction of Prof. Linfa Wang.  
Phase 2 (adults): The phase 2 study is planned to be conducted in areas in which Nipah virus outbreaks have occurred, most likely in 
Bangladesh or in India. PATH has conducted several phase 1-2 trials in Bangladesh for childhood diarrhea (live shigella, killed ETEC, 
live rotavirus) and JEV vaccines, and recently a phase 3 rotavirus vaccine trial in collaboration of the BMGF’s PROVIDE consortium. 
Alternatively, the studies could be conducted in India, where PATH has conducted multi-site efficacy trials of rotavirus vaccines leading 
to the licensure of two products. Although the regulatory sponsorship for the trials in India and Bangladesh was the responsibility of 
the local partners (Serum Institute of India and Bharat manufacturers in India and the icddrb (International Center for Diarrheal 
Diseases Research in Bangladesh) PATH was directly involved in implementation and monitoring of the studies, as well as in the 
preparation of the regulatory submission (IND-equivalent, CSRs, BLAs and manuscripts). 
The phase 2 will require the engagement of a minimum of two sites in Bangladesh, or three sites If the study were to be implemented 
in India. SOPs and site/CRO selection tools are available at PATH for final evaluation and selection of the appropriate clinical trial 
sites for the phase 2 study. Preselected clinical sites will be audited unless they are currently participating in PATH studies, in which 
case documentation is available about site performance and quality. 
PATH will prepare all trial-specific documents and will use its SOPs for the implementation of the study. Selected sites and CROs (for 
data management, randomization, monitoring and statistical support, immunological laboratories) will be directly contracted by PATH, 
who will prepare the sites for the trial and monitor day to day activities, including auditing of facilities, data and procedures. 
Phase 1/2 (children): The Phase 1 study in children will be conducted at an experienced clinical research unit in Bangladesh. Most of 
the vaccine trials that PATH has conducted in India and Bangladesh (with minor exceptions) have included children (6 weeks to 10 
years old), including testing of a live shigella vaccine, inactivated oral ETEC, several live rotaviruses and a JEV live virus vaccine 
candidate. The conduct of these studies has been impeccable (from the standpoint of GCP and protocol adherence) and has led to 
important steps on the qualification of those vaccines (e.g., the JEV Chengdu vaccine trial in Bangladesh was essential for WHO 
prequalification). Working closely with the leadership of icddrb, PATH has been able to facilitate the efficient review of the studies 
within the center as well as with the Bangladesh MOH. 
Site selection and trial implementation will follow the PATH SOPs referenced above. If possible, PATH will seek to use one of the sites 
selected to conduct the Phase 2 study. 
Target study populations 
Provide a high level summary of the targeted study population and include if and when you expect to have data on 
- Paediatric and elderly populations 
- Pregnant/lactating women 
- Populations with underlying diseases 
An outbreak of Nipah virus infection will be a major public health emergency that would likely affect individuals of all ages, primarily 
active adults and school age older toddlers and children, reason why we propose to conduct the initial phase 1 and phase 2 testing of 
the HeV-sG in those populations. The participants will be selected among healthy individuals, to provide for an optimal evaluation of 
its potential, and diminish the chance of observing SAEs or severe AEs due to underlying disease. 
For the Phase 1 and 2 components of the CDP that will be supported by CEPI, we will limit the studies to healthy adults and children 
3-17 years of age. These studies will provide a safety database potentially sufficient to deploy vaccine under the “Animal Rule,” 
providing that the immunogenicity results support that the vaccine is capable of inducing an immune response qualitatively and 
quantitatively similar to that observed to prevent infection from challenge in the animal models. Additional clinical studies that we are 
considering, beyond the completion of this grant, include a “lot consistency” study to test the equivalence of the immunogenicity of 
three different lots of the vaccine.  
If and when HeV-sG is submitted and approved under the “Animal Rule,” and if an outbreak of Nipah virus occurs, we will conduct a 
pharmacoivigilance / effectiveness studies to more directly evaluate the vaccine. The use of the vaccines in the elderly, pregnant 
women, and individuals with underlying disease will be fostered by post-licensure studies (post-deployment, in case of emergency 
use). 
Abbreviated protocol synopses 
The proposal to CEPI includes four clinical trials, described in the protocol synopses below: 


• A Phase 1 randomized, placebo-controlled, double blind study to test the safety and immunogenicity of HeV-sG, a vaccine that 
targets Nipah and Hendra infections, in healthy US adults.  


 


STUDY HYPOTHESES 
Safety: The HeV-sG vaccine will be well-tolerated and with an acceptable safety profile 
Immunogenicity: The HeV-sG vaccine is immunogenic and will induce neutralizing immune responses in 50% or more of 
participants in at least one of the study groups.  


STUDY OBJECTIVES 
Primary Objectives 
Safety: to evaluate the safety and tolerability of the HeV-sG vaccine at three escalating dose levels in healthy adults 







 


 


Immunogenicity: to evaluate the immunogenicity of two doses of the He-VsG vaccine at three different dose levels in healthy 
adults 
Secondary Objectives 
Safety: to evaluate the longer term safety (through 6 months after the last vaccination) of the HeV-sG vaccine at escalating dose 
levels. 
Immunogenicity: to evaluate the immunogenicity of two doses of the HeV-sG vaccine six months after receipt of the last 
vaccination. 
Exploratory Objectives 
Immunogenicity: to develop additional immune assays to evaluate responses to the HeV-sG vaccine 


STUDY ENDPOINTS 
Primary Endpoints 
Safety: 1) number of SAEs through 21 days after the last study injection; 2) number of AEs through 21 days after the last study 
injection; 3) number of Vaccine-induced local and systemic reactions (solicited reactions) during the 7 days after administration of 
each dose 
Immunogenicity: 1) proportion of subjects with anti-HeV-sG seroresponses by ELISA (four-fold increase in antibody titers 
between baseline and 1-week and baseline and 3-weeks post-first study injection); 2) proportion of subjects with neutralizing 
antibody responses (4-fold increase in antibody titers between baseline and 1-week and baseline and  3-weeks  post-second 
study injection) 
Secondary Endpoints 
Safety: 1) number of SAEs at any time during the study; 2) number of AEs at any time during the study  
Immunogenicity: 1) geometric mean titers (GMT) (baseline and 1 week and baseline and 3 weeks post second study injection) 
in ELISA assays; 2) geometric mean titers (GMT) (baseline and 1 week and baseline and 3 weeks post second study injection) 
in Neutralization assays 


STUDY RATIONALE 
The subunit HeV-sG vaccine developed by Profectus be studied in a series of trials starting with this proposed phase 1, first in 
humans study. The trial focuses on vaccine safety, but will be able to provide early evidence of immunogenicity, in particular the 
ability of the vaccine to induce neutralization antibody, which has been identified as a potential correlate of protection in animal 
studies.  
Subsequent to this study a phase 2 study in adults will be conducted to determine the appropriate dose and schedule. Given the 
unexpectedness of HeV, and NiV outbreaks, it will be virtually impossible to conduct a prospective double blind randomized 
efficacy trial. On the other hand, if the vaccine is demonstrated to induce the qualitative and quantitative responses associated 
with protection in non-human primates, it may be eligible for two FDAs expedited development and review programs, Fast Track 
and Priority Review. Application of the animal rule will be potentially feasible to accelerate introduction. 


STUDY DESIGN 
The trial will be a double-blind, randomized, placebo-controlled, dose-escalation study testing three different vaccine dose levels 
in separate cohorts, in which the second and third cohort will be enrolled based on assessment of safety and tolerability in the 
previous cohort. Each cohort will consist of 25 participants (20 vaccine recipients and 5 placebo recipients) per dose level, who 
will receive two intramuscular injections three weeks apart. The three dose levels of vaccine to be tested will be 20 ug, 50 ug and 
100 ug. Progression from low- to high-dose will be dependent on a positive assessment of safety and tolerability during the week 
after the first injection in the adult low-dose cohort. A fourth cohort will be enrolled once safety data from the high dose cohort is 
available. Subjects in this group will receive a single dose of the vaccine high dose.  Should all three doses be tolerated in this 
phase 1 study, a separate phase 2 will be conducted to further expand both safety and immunogenicity of the two higher dose 
levels in a Phase 2 study.  


HeV-sG vaccine


Phase 1 USA Vaccine Placebo
dose 1 


(day)


dose 2 


(day)


Group 1 20 5 20 ug 1 29


Group 2 20 5 50 ug 1 29


Group 3 20 5 100 ug 1 29


Group 4 20 5 100 ug 1 -


Vaccination schedulen subjects
Vaccine 


dose


 
Progression from group 1 to groups 2 and 3 will require review of clinical and safety lab data through 7 days after the first dose 
at the lower dose level. Safety laboratory blood specimens will be drawn at baseline for all participants (screening) and 7 days 
after first study injection in Groups A, B and C.  Blood samples for immunogenicity analysis will be obtained at baseline for and 
on Days 29, 36, 57 and 209. 


IMMUNOLOGICAL ASSESSMENTS 







 


 


• Anti-HeV-sG IgG antibodies by ELISA  


• Neutralization activity against Nipah and Hendra virus using attenuated VSV-recombinants carrying the corresponding 
glycoproteins. 


STATISTICAL CONSIDERATIONS 
Safety: With 20 vaccine recipients per dose group, this study will provide a greater than 90% chance of observing an AE that has 
an 11% rate of occurrence.  
Conversely, if no SAEs are observed among the 20 vaccine recipients per group, the study will be able to rule out SAEs occurring 
at a rate of approximately 14% based on the upper bound of the one-sided 95% confidence interval.  
Immunogenicity: Based on the results in non-human primates receiving the HeV-sG vaccine, specific seroresponse rates are 
expected to be ≥80% for the optimal dose group. For comparisons between the optimal dose group and the combined placebo 
groups, this study will provide ≥90% power to detect ≥62 percentage point difference or 80% power to detect a ≥56 percentage 
point difference. 
For the Geometric Mean Titer (GMT) endpoint, the log10 standard deviations will be descriptively estimated for each group. No 
comparison hypotheses will be applied. 


 


• A Phase 2 randomized, placebo-controlled, double blind, dose ranging study to test the safety and immunogenicity of HeV-sG, a 
vaccine that targets Nipah and Hendra infections, in Bangladeshi adults.  


 


STUDY HYPOTHESES 
Immunogenicity: The HeV-sG vaccine will be immunogenic in healthy Bangladeshi adults and will induce neutralizing antibody 
responses, the presumed correlate of protection, in >=50% (lower bound CI 20%) in at least one of the study groups. 
Safety: The HeV-sG vaccine will be well-tolerated and with an acceptable safety profile 


STUDY OBJECTIVES 
Immunogenicity: to identify a vaccine dose / schedule that induces maximal immunogenicity of rapid onset. Towards that 
objective two vaccine injections will be administered on two different schedules and the responses after each vaccination 
evaluated at various timepoints. 
Safety: to evaluate safety and tolerability of two HeV-sG vaccine injections at two different doses and two different schedules 
Secondary Objectives 
Immunogenicity: to evaluate the immunogenicity of two doses of HeV-sG vaccine 3 and 6 months after the last vaccination. 
Safety: to evaluate vaccine safety through 6 months after the last vaccination 


STUDY ENDPOINTS 
Primary Endpoints 
Immunogenicity: 1) Proportion of subjects exhibiting anti-HeV-sG neutralizing antibody responses (4-fold increase in antibody 
titers between baseline and 3-weeks post-second study injection); 2) Proportion of subjects with anti-HeV-sG seroresponses by 
ELISA (four-fold increase in antibody titers between baseline and 3-weeks post-second study injection) 
Safety: 1) Number of vaccine related SAEs through the 6 months of the study; 2) Number of vaccine related vaccine related 
grade 3 AEs through the 6 months of the study; 3) Number of vaccine-induced local and systemic reactions (solicited reactions) 
during the 7 days after administration of each dose 
Secondary Endpoints 
Immunogenicity: 1)  Proportion of subjects with anti-HeV-sG seroresponses by ELISA (four-fold increase in antibody titers 
between baseline and 3-weeks post-first study injection); 2) Proportion of subjects with neutralizing antibody responses (4-fold 
increase in antibody titers between baseline and 3-weeks post-first study injection); 3) Geometric mean titers (GMT) (baseline, 3 
weeks post first and 3 weeks post second study injection) in ELISA assays; 4) Geometric mean titers (GMT) (baseline, 3 weeks 
post first and 3 weeks post second study injection) in neutralization assays 


STUDY RATIONALE 
The phase two trial will focus on the selection of an optimal safe regimen capable to induce neutralization responses in at least 
50% of the subjects in one of the study groups (see study design below). The study will be conducted under a “selection design 
that would allow the identification of the optimal dose/schedule combination. It will be conducted in 2-3 sites in a country where 
outbreaks of Nipah virus occur with frequency (e.g., Bangladesh, India).  


STUDY DESIGN 
The trial will be a double-blind, randomized, placebo-controlled, dose/schedule selection study testing two different vaccine dose 
levels under two different schedules in separate cohorts which will be enrolled simultaneously.  Each cohort will consist of 80 
participants who will receive: Group 1: two intramuscular injections of the low dose of vaccine one week apart; Group 2: two 
intramuscular injections of the low dose of vaccine four weeks apart; Group 3: two intramuscular injections of the high dose of 
vaccine one week apart; Group 4: two intramuscular injections of the high dose of vaccine four weeks apart; Group 5: three 
intramuscular injections of placebo on days 1, 8 and 28. To maintain the blind, placebo injections will be given to subjects in 
groups 1-4 at either day 8 or day 28 (see schema below). 







 


 


Day 1 Day 8 Day 28


Group 1 80 Low Vac Vac Plac


Group 2 80 Low Vac Plac Vac


Group 3 80 High Vac Vac Plac


Group 4 80 High Vac Plac Vac


Group 5 80 None Plac Plac Plac


Phase 2
Vaccine 


dose
n subjects


Vaccination schedule


                                 
Vaccine dose will be selected from the safety data from the phase 1 trial. Blood samples for immunogenicity analysis will be 
obtained at baseline for all participants, and on Days 8, 22 and 43. 


IMMUNOLOGICAL ASSESSMENTS 


• Anti-HeV-sG  IgG ELISA  


• Neutralization activity against Nipah and Hendra virus using attenuated VSV-recombinants carrying the corresponding 
glycoproteins. 


STATISTICAL CONSIDERATIONS 
Immunogenicity: We will employ a selection design as a more efficient design for screening multiple regimens compared to 
traditional superiority or non-inferiority trials although the distinctions between these should be made clear.  With 72 evaluable 
subjects per group, the selection design will provide >90% probability of choosing the optimal regimen if there is at least a 15 
percentage point difference between the highest seroresponse rate and the 2nd highest seroresponse rate. For a two-sample 
comparison between the optimal group and the other combined vaccine groups, this study will provide ≥90% power to detect ≥ 
21 percentage point difference (assuming 0.90* 80=72 evaluable subjects per group and 80% seroresponse in optimal group). A 
traditional design is powered to compare pairs of vaccine arms and hence requires a large total sample size to detect even 
moderate sized differences when there are many vaccines. In contrast, the selection design requires a smaller sample size since 
the trial is powered to rank vaccine arms against the placebo group and then select the top ranked vaccine. The selection design 
can be used appropriately to select among various doses of a vaccine product, various product combinations or various schedules. 
The procedure ranks the response rates of N treatment groups and selects the treatment with the largest observed response rate 
regardless of the magnitude of the difference between it and the other groups. Sample size calculations are driven by the smallest 
difference of interest between the best and next best treatment, and the minimum acceptable probability of correct selection.  
Simulations are used to calculate the sample size to ensure that if the true response rate of the best vaccine exceeds all others 
by the smallest possible difference, the probability of selecting that vaccine is sufficiently high.  
For the Geometric Mean Titer (GMT) endpoint, log10 standard deviations will be descriptively estimated for each group. No 
comparison hypotheses will be applied.  
 
Safety: The large sample size of this study (n=400 subjects / 800 vaccine exposures) allows a tighter bound on the rate of 
vaccine-related SAEs; e.g., if no SAEs are observed, the upper bound of an exact one-sided 95% confidence interval is 4% for 
each arm of 80, 2% for combined (low or high dose) arms of 160, and 1% for 320 vaccine recipients overall.  Eighty vaccine 
recipients per group, or 160 recipients for combined groups will provide a greater than 90% chance of observing an AE that has 
a 3% and 1.5% chance of occurrence, respectively.  


 


• A Phase 1/2 randomized, placebo-controlled, double blind study to test the safety and immunogenicity of HeV-sG, a vaccine that 
targets Nipah and Hendra infections, in healthy 3-17 year old children in Bangladesh.  


 


STUDY HYPOTHESES 
Safety:  The HeV-sG vaccine is safe and well tolerated in healthy 3-17 year old children in Bangladesh. 
Immunogenicity: The HeV-sG vaccine is immunogenic in healthy 3-17 year old children in Bangladesh and will induce 
neutralizing immune responses in 50% or more of the participants. 


STUDY OBJECTIVES 
Primary Objectives: 
Safety: To evaluate the safety and tolerability of two doses of HeV-sG vaccine in healthy Bangladeshi children 
Immunogenicity: To evaluate the immunogenicity of two doses of the He-VsG three weeks after the second vaccination in 
healthy Bangladeshi children. 
Secondary Objectives: 
Safety: To evaluate the longer term safety (through 6 months after the last vaccination) of the HeV-sG vaccine 
Immunogenicity: To evaluate the immunogenicity of the HeV-sG one week (or four weeks, depending on the schedule chosen) 
after receipt of the first vaccination. 







 


 


STUDY ENDPOINTS 
Primary Endpoints: 
Safety: 1) Number of SAEs through 21 days after the last study injection; 2) Number of AEs through 21 days after the last study 
injection; 3) Number of vaccine-induced local and systemic reactions (solicited reactions) during the 7 days after administration 
of each dose 
Immunogenicity: 1) Proportion of subjects with anti-HeV-sG seroresponses by ELISA (four-fold increase in antibody titers 
between baseline and 3-weeks post-second study injection); 2) Proportion of subjects with neutralizing antibody responses (four-
fold increase in antibody titers between baseline and 3-weeks post-second study injection) 
Secondary Endpoints: 
Safety:  1) Number of SAEs at any time during the study; 2) Number of AEs at any time during the study  
Immunogenicity: 1) Proportion of subjects with anti-HeV-sG seroresponses by ELISA (four-fold increase in antibody titers 
between baseline and 3-weeks post-first study injection); 2) Proportion of subjects with neutralizing antibody responses (four-fold 
increase in antibody titers between baseline and 3-weeks post-first study injection); 3) Geometric mean titers (GMT) in ELISA 
assays at baseline and 3 weeks after second study injection; 4) Geometric mean titers (GMT) in neutralization assays at baseline 
and 3 weeks after second study injection 


STUDY RATIONALE 
It is imperative that the the Nipah-Hendra vaccine be tested in children, given that in the event of an outbreak they are likely to 
be the most vulnerable group. But such studies in children should only take place if the vaccine is safe and shows promise in the 
preceding adult studies. The Phase 1 study in children will be initiated as soon as the safety profile of the vaccine is supportive 
(over 300 adults would have been tested by then). The dose and schedule will be selected from the Phase 2 study results. The 
trial in children focuses on vaccine safety, but will also provide additional evidence of immunogenicity, in particular the ability of 
the vaccine to induce neutralization antibody. In order to proceed cautiously, the study will first enroll older (8-17 years old) 
children, and move down in age to 3-7 years old children only when the safety in the first group is confirmed. 


STUDY DESIGN 
The trial will be a double-blind, randomized, placebo-controlled, descending age study testing the dose and schedule of vaccine 
selected from the adult trials. The study will first enroll a cohort of 8-17 years old children and will move to a second cohort of 3-
7 years old once the safety of the vaccine in the earlier age group is proven, including laboratory data on key parameters.  If the 
safety profile of the vaccine is supportive a third cohort of children 3-17 years old will be included to complete a total of about 72 
immunized children. Placebo recipients will be included in each cohort at a ratio of 1:2 (one placebo for two vaccine recipients) 
for a total of 36.  
Each of the first two cohorts will include 30 children (20 vaccine and 10 placebo recipients). Once the safety of the first vaccine 
dose is confirmed in the first two cohorts, a third cohort of 180 3-17 years old children (120 vaccine and 60 placebo recipients) 
will be enrolled.  
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Group 1 20 10 8-17 y/o 1


Group 2 20 10 3-8 y/o 1


Group 3 120 60 3-17 y/o 1
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Blood samples for safety analysis will be obtained before (at screening) and 7 days after the vaccination in groups 1 and 2. Serum 
samples for immunogenicity analysis will be obtained at baseline, and 21 days after each vaccination for participants in groups 1 
and 2. Progression to each new cohort will require review of clinical and safety laboratory data through 7 days after study injection 
in the previous cohort(s). These determinations will be made by the Safety Review Committee (SRC). 


IMMUNOLOGY ASSESSMENTS 


• Anti-HeV-sG  IgG ELISA  


• Neutralization activity against Nipah and Hendra virus using attenuated VSV-recombinants carrying the corresponding 
glycoproteins. 


STATISTICAL CONSIDERATIONS 
Safety:  With a total of 160 vaccine recipients, this study will provide a greater than 90% chance of observing an AE that has a 
1.5% or higher rate of occurrence.  
Conversely, if no SAEs are observed among the 160 vaccine recipients, the study will be able to rule out SAEs occurring at a rate 
of approximately 2% based on the upper bound of the one-sided 95% confidence interval. 
 







 


 


Immunogenicity: Based on the results in non-human primates receiving the HeV-sG vaccine, specific seroresponse rates are 
expected to be ≥80% for the optimal dose group. For comparisons between the vaccine and the placebo arms in groups 1 and 
2, this study will provide ≥90% power to detect ≥ 48 percentage point difference. This takes into account a potential dropout rate 
of 10%.  
For the Geometric Mean Titer (GMT) endpoint, the log10 standard deviations will be descriptively estimated for each group. No 
comparison hypotheses will be applied.  


 


• A Phase 1 randomized, placebo-controlled, double-blind dose interval study to test the safety and immunogenicity of HeV-sG, a 
vaccine that targets Nipah and Hendra infections, in Singaporean adults. 


STUDY HYPOTHESES 
Safety: The HeV-sG vaccine will be well-tolerated and with an acceptable safety profile. 
Immunogenicity: The HeV-sG vaccine is immunogenic and will induce neutralizing immune responses in 50% or more of 
participants in at least one of the study groups. 
STUDY OBJECTIVES 
Primary Objectives 
Safety: to evaluate the safety and tolerability of the HeV-sG vaccine in healthy adults In Singapore.  
Immunogenicity: to evaluate the immunogenicity of He-VsG vaccine, assess the effect of a second dose of vaccine and identify 
the optimal inter-dose interval. 
Secondary Objectives 
Safety: to evaluate the longer term vaccine safety (through 12 months from vaccination). 
Immunogenicity: to evaluate the ability of HeV-sG vaccine to prime for immunological memory by assessing the ability of a 
second dose to boost the response at various time intervals. 


STUDY ENDPOINTS 
Primary Endpoints 
Safety: 1) number of SAEs through 21 days after the last study injection; 2) number of AEs through 21 days after the last study 
injection; 3) number of Vaccine-induced local and systemic reactions (solicited reactions) during the 7 days after administration of 
each dose 
Immunogenicity: 1) proportion of subjects with anti-HeV-sG seroresponses by ELISA (four-fold increase in antibody titers 
between baseline and 5 days, and baseline and  4-weeks post study injection); 2) proportion of subjects with neutralizing antibody 
responses (4-fold increase in antibody titers between baseline and 5 days, and baseline and  4-weeks  post-second study 
injection) 
Secondary Endpoints 
Safety: 1) number of SAEs at any time during the study; 2) number of AEs at any time during the study  
Immunogenicity: 1) geometric mean titers (GMT) at baseline, 5 days, and 4 weeks post first and 4 weeks post second study 
injection in ELISA assays; 2) geometric mean titers (GMT) at baseline, 5 days, and 4 weeks post first and 4 weeks post second 
study injection in Neutralization assays; 3) proportion of subjects exhibiting an anamnestic response by ELISA at 5 days post-
second injection in comparison with baseline (just before second injection); 4) proportion of subjects exhibiting an anamnestic 
response 5 days post-second injection in comparison with baseline (just before second injection. 


STUDY RATIONALE 
This trial to be conducted in Singapore focuses on demonstrating the ability of the vaccine to effectively prime for an anamnestic 
response to a booster dose administered 90, 180, or 365 days after the initial vaccination. The study will be initiated once the 
optimal vaccine schedule and dose are determined from the phase 2 trial in adults in Bangladesh. The trial will also provide data 
on antibody persistence (3, 6 and 12 months after the initial vaccination), including ELISA and neutralization titers. 


STUDY DESIGN 
The trial will be a double-blind, randomized, placebo-controlled, dose-escalation study testing the vaccine dose level selected in 
the phase 2 study in Bangladesh in three separate cohorts. All enrolled subjects will receive an initial dose (100 ug, if tolerated in 
the phase 2) on day 1, and will be boosted at either day 91, day 181 or day 365 with the same dose of vaccine. Each cohort will 
consist of 25 participants (20 vaccine recipients and 5 placebo recipients). 
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Blood samples for immunogenicity analysis will be obtained at baseline for and on Days 6, 29, 91, 96 and 119 (group 1); days 1, 
6, 29, 181, 186, and 214 (group 2), and on days 1, 6, 29, 365, 370 and 393 (group 3) 


IMMUNOLOGICAL ASSESSMENTS 


• Anti-HeV-sG IgG antibodies by ELISA  


• Neutralization activity against Nipah and Hendra virus using attenuated VSV-recombinants carrying the corresponding 
glycoproteins. 


STATISTICAL CONSIDERATIONS 
Safety: With 20 vaccine recipients per dose group, this study will provide a greater than 90% chance of observing an AE that has 
an 11% rate of occurrence. Conversely, if no SAEs are observed among the 20 vaccine recipients per group, the study will be 
able to rule out SAEs occurring at a rate of approximately 14% based on the upper bound of the one-sided 95% confidence 
interval. 
Immunogenicity: Based on the results in non-human primates receiving the HeV-sG vaccine, specific seroresponse rates are 
expected to be ≥80% for the optimal dose group. For comparisons between the optimal dose group and the combined placebo 
groups, this study will provide ≥90% power to detect ≥62 percentage point difference or 80% power to detect a ≥56 percentage 
point difference. 
For the Geometric Mean Titer (GMT) endpoint, the log10 standard deviations will be descriptively estimated for each group. No 
comparison hypotheses will be applied. 


 -  
4.6. Strategy for regulatory approval of trials and product 


Describe the proposed strategy you will take to be under review within WHO emergency use assessment and listing procedure 
(EUAL), when applicable[1]:  Profectus BioSciences has developed a vaccine that protects against disease caused by both Nipah and 
Hendra viruses. This vaccine has been designed to meet or exceed WHO’s proposed Target Product Profile (TPP) for Nipah. Prior to 
Phase 1, Profectus and PATH will meet with WHO to share our TPP and to confirm that it adequately aligns with WHO Prequalification 
requirements.  We will also share our clinical and regulatory plans for Licensure. 
While Nipah is listed on WHO’s R&D Blueprint to Action to Prevent Epidemics, it is not currently on WHO’s list of diseases which are of 
“Public Health Emergency of International Concern”.  Application will be made for listing under the EUAL (Emergency Use Assessment 
and Listing Procedure) in case it becomes appropriate to use the vaccine before it has been licensed by FDA, or another functional 
regulatory authority. The availability of early safety data and correlate of protection studies will help determine suitability of use and 
appropriate dose level prior to completion of Phase 2/3 safety and immunogenicity studies. To meet WHO’s requirements for an EUAL 
in the event of an outbreak, information submitted to the IND can be shared with WHO for review. This would include summary information 
on available preclinical and clinical data; and manufacturing, testing and stability data. The manufacturing facility would also be available 
for inspection. Early in clinical development, we would like to meet with WHO to establish acceptable wording for labeling, and put a plan 
in place for conducting pharmacovigilance and effectiveness studies under outbreak conditions if needed. 
 
Provide the plans for regulatory approval to conduct clinical trials before and during the outbreak:  Nipah is not a prevalent 
disease or endemic to any region, but outbreaks incur high mortality. Since efficacy studies are not feasible and challenge studies are 
not ethical, registration will be sought with the US FDA by the Animal Rule. Phase 1 First-in-Human safety studies assessing dose level 
and dosing interval will be conducted in adults in the US. Subsequent studies will be conducted in countries that have experienced 
outbreaks in the past (e.g. Bangladesh and Singapore) and where the vaccine is most likely to be used. CTA submissions or Ethics 
Committee contact for ex-US countries as required will be made for these studies, however, all studies will be filed to the US IND. Initial 
clinical strategy will be reviewed with FDA in a preIND meeting, and prior to the start of Phase 2/3 safety and immunogenicity studies 
once the previous study’s clinical data and subsequent study design is available. We will also seek alignment on how an ongoing clinical 
study might be adapted in the event of an outbreak to minimize delays in an emergency. 
If an outbreak occurs during Phase 1 and available clinical results indicate vaccine safety, we would aim to rapidly initiate a Phase 2/3 
study to obtain safety and efficacy data in the field setting, which would potentially support “emergency use” of the investigational vaccine.  
If the outbreak occurs during Phase 2 or 3, and adequate safety, immunogenicity, and correlate of protection data are available, the 
investigational vaccine could be considered for emergency use.  In that event, a pharmacovigilance and effectiveness study would be 
conducted.  Once dose level and dose interval have been established in adults, we propose to conduct dose escalation studies in the 
pediatric population to enable vaccination of children during an outbreak scenario. These data would be supported by the results of the 
nonclinical Correlate of Protection study that will be conducted upon completion of Phase 1 studies.  Additionally, after the vaccine has 
been demonstrated to be safe and an effective dose has been identified in adults and reproductive toxicology data is available, a Phase 
1 study may be considered in pregnant women to support vaccination of this population during an outbreak.  
  
Define the proposed strategy for regulatory approval for licensure. Include any major assumptions, including which National 
Regulatory Authority will be the target of regulatory approval applications:  The Nipah/Hendra vaccine consists of a recombinant 
surface glycoprotein in suspension with an aluminum hydroxide adjuvant. While there have been no discussions with regulatory bodies 


                                                           
[1] http://www.who.int/medicines/news/public_consult_med_prods/en/ 







 


 


to date on this specific vaccine,  Profectus has had discussions with FDA on a similar protein vaccine for HIV (FLSC-IHV01).  The 
technology platform is not novel, however, we will seek confirmation with FDA on all proposed testing in a preIND meeting. 
For the Nipah/Hendra vaccine, licensure will be sought under the Animal Rule.  After completion of Phase 2/3 clinical studies that 
demonstrate safety and immunogenicity and identify an effective dose based on the correlate of protection studies; plus lot consistency 
and nonclinical efficacy, registration will be sought with the US FDA.  After FDA approval, an official request will be made for WHO 
Prequalification. Registration can also be pursued with relevant country regulatory body such as Singapore’s Health Sciences Authority 
(HAS) or other countries that require a CPP (Certificate of Pharmaceutical Product) once FDA approval has been obtained. 
 
Our regulatory strategy targets registration of the Nipah/Hendra vaccine in the US, with global access for outbreaks through WHO 
Prequalification.  Nipah is on WHO’s 2017 Blueprint Priority List as needing urgent R&D attention. This priority list seeks to promote 
epidemic preparedness by focusing accelerated R&D on emerging pathogens likely to cause severe outbreaks in the near future, for 
which few or no medical countermeasures exist [http://www.who.int/blueprint/priority-diseases/en/]. The vaccine may also be licensed 
for use directly in countries where the disease is endemic or outbreaks are likely to occur. 
The design of initial preclinical and clinical studies for the Nipah/Hendra will based on regulatory advice previously received for other 
vaccines which consist of glycoproteins adsorbed to aluminum, however, a preIND meeting would be requested with FDA to confirm our 
strategy. As clinical development progresses, additional meetings will be sought to prepare for later stage studies and to achieve 
concurrence on a registration pathway. We will also meet with WHO to align on prequalification requirements. 
The clinical studies would be conducted under a US IND, with the First-in-Human study in the US. Phase 2 confirmation of dose and 
dosing interval, and Phase 2/3 safety and immunogenicity studies will be conducted in Bangladesh, where recurrent outbreaks of Nipah 
disease have occurred.  Countries that have experienced earlier disease outbreaks (e.g. Singapore, Malaysia, and India) may also be 
considered as clinical study sites, or for future registration.  
A Phase 1 dose ranging pediatric study should be conducted after initial safety, dose, and dose interval data are available from adult 
studies (during Adult Phase 2).  Reproductive toxicology studies will be conducted prior to the start of Phase 3, or sooner if funds are 
available and a dose and dosing interval have been identified. Preclinical correlate of protection studies will be conducted to help predict 
the protective antibody range in humans (using high titer serum harvested in Phase 1) and as a basis for registration by the Animal Rule. 
This information could also be helpful in the event of an outbreak (emergency use) that occurred prior to Phase 2/3 completion and 
vaccine registration, and will be supportive of later stage clinical design. 
Studies in pregnant or lactating women would not be conducted until after studies in healthy adults are completed. A pregnancy registry 
will be established to monitor the outcome of pregnancies that may occur during the clinical studies. Studies in other populations (e.g. 
elderly, immunocompromised, etc.) can be conducted after registration, or earlier if supported. 
In the US, a pediatric plan must be in place prior to Biologics License Application (BLA) submission. However, it is imperative that 
pediatric studies are conducted upon demonstration of safety and identification of an appropriate dose in adults to prepare for emergency 
use in children in the event of an outbreak. 
 


4.7. Chemistry, Manufacturing & Control (CMC) Development  


Although a MCB has been manufactured, tested, characterized, and release for future cGMP production, a stability study was not funded.  
The following table lists the proposed specifications of the WCB stability program for which funding is requested in the present application. 


Specification of WCB 


Test Purpose Target Specification Testing Site 


Appearance Visual Report Result Catalent 


Cell Viability MCB integrity > 70% Catalent 


Growth Rate MCB integrity Report Results Catalent 


 
Our current reference standard was manufactured at Profectus in 2014.  A new reference standard is required and will prepared using 
the drug substance produced in an Engineering Run, i.e., finalized upstream and downstream process and characterized using qualified 
test methods as specified below. 
   


Specification of Reference Standard 


Test Purpose Target Specification Testing Site 


Appearance Visual Report Result Catalent 


Protein Concentration by A280 Potency 0.9 - .1.1 mg/mL Catalent 


pH MCB integrity Doubling time Catalent 


Bioassay, ED50 Potency TBD Catalent 


SDS-PAGE 
(Reduced, Non-Reduced) 


Purity TBD Catalent 


SEC-HPLC (% Tetramer, 
Dimer, and Monomer) 


Purity TBD Catalent 







 


 


SEC-HPLC, retention times Identity TBD Catalent 


Charge distribution by HPLC or  
cIEF 


Characterization TBD Catalent 


Glycosylation profile Characterization TBD Catalent 


Peptide mapping Characterization TBD Catalent 


 


The testing strategy for in-process, release, and stability testing of DRUG SUBSTANCE is outlined in the following table.  The tests will 
be conducted at the Drug Substance Manufacturer, Catalent, or at Charles River Labs (Malvern or Wilmington).  


 
Proposed Analytical Testing of HeV-sG In-Process and Drug Substance 


Test Purpose Target Specification Testing Site 
In process Control during Cell Culture 


Viable Cell Density Monitor growth Report results Catalent 


Cell Viability Monitor growth Report results Catalent 


Metabolites Monitor growth Report results Catalent 


Productivity Monitor growth Report results Catalent 


Post-Production Cells or Unprocessed Harvest 
Sterility Safety Absence of Growth CRL 
Isoenzyme analysis Identity Human Origin CRL 


DNA Finger printing Identity Human Origin CRL 
Mycoplasma (EP, USP, PTC,JP) (with 
Mycoplasmastatsis) 


Safety No evidence of mycoplasma CRL 


In vivo Adventitious Agents Safety No evidence of virus CRL 
In vitro Adventitious Agents Safety No evidence of virus CRL 


Transmission Electron Microscopy Safety 
No viruses, mycoplasmas, fungi, 
yeasts, bacteria 


CRL 


Assays for human viruses Safety No evidence of virus CRL 


Assays for Retrovirus Safety No evidence of virus CRL 


Bovine Virus assay Safety No evidence of virus CRL 


Porcine Virus assay Safety No evidence of virus CRL 


Porcine Circovirus assay Safety No evidence of virus CRL 


In process Control during Purification 
Protein Concentration by A280 Potency Per batch record specifications Catalent 
pH General Quality Per batch record specifications Catalent 
SDS-PAGE 
(Reduced, Non-Reduced) 


Purity TBD Catalent 


Host Cell Protein (HEK-293) Safety Report results Catalent 


Drug Substance 


Appearance* Visual 
Clear, colorless solution with no 
foreign particles 


Catalent 


Protein Concentration by A280* Potency 0.9 - .1.1 mg/mL Catalent 


pH* General Quality 6.7 - 7.5  Catalent 


Bioassay, ED50* Potency TBD Catalent 
SDS-PAGE 
(Reduced, Non-Reduced)* 


Purity TBD Catalent 


SEC-HPLC (% Tetramer, Dimer, and 
Monomer)* 


Purity TBD Catalent 


SEC-HPLC, retention times* Identity TBD Catalent 


Charge distribution by HPLC or cIEF* Characterization TBD Catalent 


Glycosylation profile Characterization Report Result Catalent 


Peptide mapping Characterization Report Results Catalent 


Residual HEK DNA Safety ≤ 50 ng/dose Catalent 


Residual HEK Host Cell Protein (HCP) Safety Report Results Catalent 


Bioburden* Safety ≤ 50 CFU/mL Catalent 


Endotoxin* Safety ≤ 30 EU/mL Catalent 


* Method used in stability testing 







 


 


 


The testing strategy for in-process, release, and stability testing of DRUG PRODUCT is outlined in the following table.  The tests will be 
conducted at the Drug Product Manufacturer, GRAM, or at Charles River Labs (Malvern or Wilmington).  
 
Proposed Analytical Testing of HeV-sG Vaccine In-Process and Drug Product 


In process Control during filling 


Protein Concentration by A280 Potency Per batch record specifications GRAM 
pH General Quality Per batch record specifications GRAM 
SDS-PAGE 
(Reduced, Non-Reduced) 


Purity TBD CRL 


Bioburden (pre-filtration samples) Safety ≤ 50 CFU/mL GRAM 


Suspension homogeneity by A670 Purity Per batch record specifications GRAM 


Drug product 


Appearance* Visual 
White to off-white suspension with no 
foreign particles 


GRAM 


Protein Concentration by HPLC* Potency 0.085 - 0.115 mg/mL (85 - 115 µg/mL) GRAM 


pH* General Quality 6.7 - 7.5  GRAM 


Bioassay, ED50* Potency TBD CRL 
SDS-PAGE 
(Reduced, Non-Reduced)* 


Purity TBD CRL 


SEC-HPLC (% Tetramer, Dimer, and 
Monomer)* 


Purity TBD GRAM 


SEC-HPLC, retention times* Identity TBD GRAM 


Charge distribution by HPLC or cIEF* Characterization TBD CRL 


Withdrawable volume General Quality ≥ 1.0 mL/vial CRL 


Sterility* Safety Absence of growth CRL 


Endotoxin* Safety ≤ 30 EU/mL CRL 


* Method used in stability testing 
 


Drug product will be stored at 2-8C.  The stability program will include accelerated temperatures of 25 and 37C to definite the type of 
HEATmarker® vaccine vial monitor to be used to ensure the product quality during shipping and field use at the clinical sites.   
 
Drug product vials will be shipped in bulk to Fisher BioServices for long term storage.  Fisher BioServices will label, package, and ship 
to clinical sites to conduct Phase 1 and 2 clinical trials.  During labelling, the appropriate HEATmarker® vaccine vial monitor will be 
applied to each individual vial to ensure product quality during the entire supply chain.   
 
Profectus has supervised by man-in-plant many production runs of recombinant proteins at various scales and stages (development or 
clinical) at Catalent for two protein vaccines.  For HeV-sG, the removal of host cell protein (HCP) was the more challenging step, but 
pooling of selected fractions has been identified as an effective method to achieve low levels of residual HEK HCP.  The production of 
HeV-sG in 2x10L bioreactor and the subsequent purification steps were successful, and the resulting DP was used in a GLP toxicological 
study.  The scale up study in 100L bioreactor is currently in progress.   
 
As the HeV-sG vaccine project is in the pre-clinical stage at Profectus, there is limited processing data.  After completing the process 
development at Catalent, the potential risks can be appropriately identified and a detailed risk mitigation plan can be developed prior to 
the manufacture of CTM.  As the manufacturing processes are not defined yet and the demands (patient population and frequency of 
outbreaks) are unpredictable, it is difficult to calculate the COGS.  For HeV-sG vaccine, realistic COGS can be calculated when the vial 
quantity for stockpiling and product shelf-life are established, most likely after during or after the Phase 2 development.   
 


 


5. Timeline and decision/stage criteria  


5.1. Work breakdown Structure  


Task Task Name Start Finish 
 CEPI Nipah Virus (HeV-sG) Project Plan Mon 1/7/13 Thu 4/13/23 
  Mon 1/1/18 Mon 1/1/18 


1    Production and Release of HeV-sG/Alhydrogel DS and DP Mon 1/7/13 Tue 12/6/22 







 


 


       non-cGMP Man/Purif/Release @500L (Catalent)   


       cGMP Man/Purif/Release DS Lot#1 @500L (Catelent) Mon 1/29/18 Sat 1/8/22 
       F/F/Release PhI CTM (3,000 vials @100mcg/vial, GRAM) Mon 1/7/13 Tue 9/6/22 


2    Clinical Assay Dev/Qual (7mon, PBS) Mon 1/1/18 Fri 7/20/18 


3    Prep, submit IND (2 mon, PBS/BCG) Thu 10/4/18 Sun 12/30/18 


4    Ph I Clininical Trial USA, N=78 (9 mon, PATH) Fri 8/31/18 Wed 10/9/19 


5    Ph I Clininical Trial Singapore N=78 (9 mon, Duke/NUS) Sat 4/13/19 Thu 4/13/23 


6    Ph I Clinical Sample Analysis (PBS) Mon 1/7/13 Tue 3/31/20 
       Phase I Clinical sample analysis from USA Trial @PBS, USA Tue 4/30/19 Sun 10/27/19 


       Phase I Clinical sample analysis from Singapore Trial @PBS, 
USA 


Tue 9/3/19 Sun 3/1/20 


       Go/NoGo to Phase 2 Sun 3/1/20 Tue 3/31/20 
  Mon 1/7/13 Mon 1/7/13 


7    Clinical Assay Qualification (PBS) Tue 3/31/20 Thu 1/7/21 


8 
   Phase 2 Adult and Phase 1 and 2 Pediatric IND/Regularoty 
Filings (Amendment, PBS/BCG) 


Tue 3/31/20 Wed 2/3/21 


9 
   Adult Ph II and Pediatric Ph I and II Clininical testing Singapore 
(16 mon, PATH) 


Thu 4/2/20 Tue 5/24/22 


10 
   Clinical Sample Analysis - Adult Phase 2 and Pediatric Phase I 
and II Trial 


Wed 7/7/21 Fri 8/5/22 


11    Emergenccy Use Stockpile (50,000 vials, GRAM) Tue 3/31/20 Tue 7/7/20 
       Engineering Run, 50,000 vials Tue 3/31/20 Tue 4/28/20 
       CTM, 50,000 vials Tue 4/28/20 Tue 5/5/20 
       Release testing - Outsourced Tue 5/5/20 Tue 7/7/20 


12    Exploratory/CoP Assay Development (12 mon, USU) Mon 1/1/18 Thu 12/27/18 
    Activities to Support Licensure Mon 1/1/18 Mon 1/1/18 


13    NHP NiV Correlate of Protection Studies Thu 9/27/18 Sat 12/26/20 
       NHP NiV CoP Study (6 mon, UTMB) Thu 9/27/18 Tue 3/26/19 
       NHP HeV CoP Study (6 mon, UTMB) Tue 3/31/20 Sun 9/27/20 
       NHP Sample analysis (3 mon, USU) Sun 9/27/20 Sat 12/26/20 


14    Phase 1/NHP CoP Sample Analysis Tue 4/30/19 Thu 6/24/21 
       NHP Sample analysis (3 mon, USU) Sat 12/26/20 Thu 6/24/21 
       Ph I Sample analysis (8 mon, USU) Tue 4/30/19 Mon 7/29/19 


15    Production and Release of Consistency Lots of DS and DP Sat 11/2/19 Fri 12/4/20 
       cGMP Man/Purif/Release DS Lot#2 @500L (Catelent) Sat 11/2/19 Fri 12/4/20 
          Pre-process validation readiness Tue 3/31/20 Sat 5/30/20 
          Production - Consistency Lot #2 Sat 11/2/19 Fri 12/4/20 
    F/F/Release - Consistency Lot #2 (50,000 vials, GRAM) Tue 9/1/20 Tue 12/1/20 
       CTM, 50,000 vials Tue 9/1/20 Tue 9/8/20 
       Release testing - Outsourced Tue 9/8/20 Tue 12/1/20 
    cGMP Man/Purif/Release DS Lot#3 @500L (Catelent) Mon 6/1/20 Fri 1/29/21 


16    Phase 2 Consistency Lot Trial Fri 7/3/20 Tue 11/30/21 
       IND Amendment to support Ph II lot consistency (PBS/BCG) Fri 7/3/20 Wed 12/2/20 
       Ph II Clininical Trial Lot#2/#3 Singapore (12 mon, PATH) Tue 8/4/20 Tue 11/30/21 


17    Ph II Clinical Sample testing USA (PBS) Thu 5/6/21 Sat 1/1/22 
 


5.2. Decision/stage gate criteria 


Each of the tasks comprising this proposal, as described in Section 4, contain a listing of Deliverables and Go/No Go criteria.  Thus, 
the Go/No Go criteria provide the gate criteria for advancing the program.      


5.3.  Costs – use budget narrative and template: 







 


 


These are uploaded as separate standalone documents.  
 


 


6. Product Profile 


Target Product Profile: NIPAH VACCINE 
For reactive use in outbreak settings with rapid onset of immunity  


Vaccine 
characteristic 


Expected Rational / Argument 
Variations from WHO 
preferred TPP 


Indication for use 


For active immunization of at-
risk persons in the area of an 
on-going outbreak for the 
prevention of NiV or HeV 
disease; to be used in 
conjunction with other control 
measures to curtail or end an 
outbreak. 


Also protective against disease 
caused by Hendra virus. 


Exceeds WHO preferred 
criteria. 


Target population 


Healthy adults and children, 
excluding pregnant and 
lactating women.  
A pregnancy registry will be set 
up to monitor outcomes of any 
pregnancies that occur during 
the clinical studies. 


The addition of pregnant and 
lactating women will depend 
upon the outcome of 
reproductive toxicology studies 
and clinical studies in this 
population. 


Meets WHO critical criteria. 


Safety/Reactogenicity 


Safety and reactogenicity 
sufficient to provide a highly 
favorable benefit/risk profile in 
the context of observed vaccine 
efficacy; ideally with only mild, 
transient adverse events related 
to vaccination and no serious 
AEs related to vaccination.   


 Meets WHO preferred criteria. 


Measures of efficacy 


At least 70% efficacy in 
preventing infection or disease 
with one dose. Onset of 
immunity in less than 10 days.  
Since demonstration of clinical 
efficacy is likely not feasible, 
nonclinical immunogenicity and 
efficacy in a standardized and 
relevant animal model together 
with clinical immunogenicity will 
be considered.  
If regulatory authorization is 
provided without clinical efficacy 
data, effectiveness data are to 
be generated during use in a 
future outbreak to the extent 
possible. 


 Meets WHO preferred criteria. 


Dose regimen 


Single dose primary series.   
A second optional dose may be 
administered to enhance 
longevity of immunity 1 to 3 
months after the first dose. 


 Meets WHO preferred criteria. 


Duration of protection 
Confers protection of at least 3 
months, or of at least 1 year with 
the optional second dose. 


One year protection can be 
obtained with 2 doses.   
One year protectin may be 
feasible with a single dose, but 
that data is not yet available. 


Meets WHO critical criteria. 


Route of 
administration 


IM delivery 1mL 
 Meets WHO preferred criteria. 







 


 


Coverage 


Monovalent against both Nipah  
and Hendra viruses with 
documentation of neutralization 
of NiV Bangladesh, NiV 
Malaysia and Hendra virus. 


Also protective against Hendra 
virus. 


Exceeds WHO preferred TPP 


Product stability and 
storage 


Alhydrogel suspension with 
shelf life of at least 12 months at 
2-8°C and 24 hours at ambient 
room temperature.   
An accelerated stability study 
will be conducted to assess 
thermostability at higher 
temperatures. 
A vaccine vial monitor will be on 
each vial of vaccine. 
Preservatives are not required 
for single dose vials. 


Shelf life may be longer than 12 
months at 2-8°C but those data 
are not yet availalble. 


Meets WHO critical criteria. 


Presentation 


Vaccine will be presented as a 
liquid suspension in single dose 
presentation to provide a dose 


injection volume of 1.0 mL. 


In the first Phase 1 study, 
vaccine volume will likely be 
1mL. However, ongoing 
formulation development is 
expected to achieve a 0.5mL 
injection volume 


Meets WHO critical criteria. 


Registration and 
prequalification 


Should be WHO pre-qualified 
according to the process 
outlined in Procedures for 
assessing the acceptability, in 
principle, of vaccines for 
purchase by United Nations 
agencies (WHO/BS/10.2155).   
Nipah is on the list of Blueprint 
Priority diseases. 


 Meets WHO preferred criteria. 


 


 


7. Risk assessment 


Describe the top risks (1 minimum for each functional area) that have moderate to high impact to the development program. Consider 
risks in different functional areas (i.e. Clinical, CMC, Regulatory, Delivery, Global Access and Partner Management etc.) and how they 
inter-relate to each other). Add additional rows as needed to describe the risks 


• Group responsible for preparation indicated 
 


 
 


Functional Domain 


Risk Factor Probability Likely Impact Magnitude  Mitigation plan 


Regulatory Cannot establish correlate of 
protection in two animal 
species to predict efficacious 
dose in humans. 


Low 
 


Could not 
register by the 
animal rule 


High 
 


Align early with FDA on correlate of 
protection study design, choice of 
animal model(s), and the need for 
demonstration in two species. 


Regulatory Cannot induce immune 
response in humans correlated 
with protection in animal 
models 


Low Could not 
register by 
Animal Rule 


High Explore adequate dose range and 
dose intervals to maximize 
immune response 


Research Complete     


Clinical Vaccine is overly 
reactogenic and/or safety 
signals are detected 


Low  High Test lower vaccine dose for 
which safety signals may be 
absent 


Clinical Neutralizing antibody does not 
correlate with protection in the 
animal model 


Low  High Explore other immune functions 
that may be better markers of 







 


 


protection (B cells, T cells, non-
neutralizing antibody functions, et.) 
 


Clinical Delays due to extended 
timelines regulatory and 
ethical approval of clinical trials 


High  Medium Build extra time into study planning 
and start-up phase to allow for 
potential delays. 


Clinical Limited vaccine 
immunogenicity 


Low  High Could be compensated by the 
use of novel adjuvants (e.g., oil 
in water emulsions), higher 
doses and/or multiple dosing 


CMC Manufacturing process does 
not scale up 


Medium Cost of goods 
higher than 
desired 


Medium Several alternative DSP methods 
are available 


Partner Management Insufficient communication to 
ensure work achieved in a 
timely manner 


Low Timeline 
slippage 


Low to 
High 


The Contract Management Team 
holds regularly scheduled 
meetings with agendas, minutes 
and time constrained action items 


Product Strategy PBS     


Delivery Vaccine proves unstable at 
refrigerator temperature 


Low Vaccine would 
require cold 
chain 


High Comprehensive testing of 
stabilizers planned and preliminary 
results good 


IP Third party controls enabling 
technology 


 Would require 
license 
negotiation and 
cost 


Low to 
High 


Comprehensive review of the IP 
landscape shows freedom to 
operate 


 


 


8. Anticipated use potential  


8.1. Suitability of the vaccine candidate for use in disease outbreak settings  


Alhydrogel™ formulated HeV-sG remains 100% bound and intact at either 40C or 210C for 32 weeks. Thus, HeV-sG/Alhydrogel™ 
provides a product with projected multi-year stability at refrigerator temperature, that can withstand extended handling at room 
temperature, and that will likely withstand multi-day handling at 370C.  NHP studies have shown that a single dose of vaccine is able 
to protect against lethal NiV and HeV challenge.  In addition, the human immune response to accidental inoculation (N=2) with the 
veterinary vaccine has been shown to be potent and to cross-neutralize both NiV and HeV (I. Smith and C. Broder, unpublished).  In 
aggregate, these data indicate that this vaccine can be effectively used in an outbreak setting.  Current USP and DSP yields predict 
a 1,000L fermenter run will provide 120 gm of product.  Assuming the intermediate 33.0 µg dose proves to offer adequate 
immunogenicity, a single 1,000L run is projected to provide ~360,000 doses of vaccine.  Therefore, the most practical approach to 
providing large-scale coverage would be to produce and store bulk drug product (BDP) that could be rapidly filled upon need.  
Assuming storage stability of 5 years, a run every 3 years would provide an overlapping supply.   


8.2. Suitability of the vaccine candidate for use in endemic settings  


The HeV-sG/Alhydrogel™ vaccine could be effectively used in an expanded program on immunization that targets those regions that 
suffer regular outbreaks of NiV disease.   Available clinical data indicate that repeated boosting with this vaccine vector is effective, 
and periodic boosting can be implemented, if needed.  In addition, it is anticipated that the AE profile of this vaccine will allow paediatric 
use. 


8.3. Efficacy trials in outbreak situation  


It may be possible to use a ring vaccination strategy to demonstrate the efficacy of this vaccine candidate.  However, the sporadic 
nature and small size of the natural outbreaks to date make it more likely that licensure will need to be obtained under “animal rule” 
studies. 


8.4. Application to other pathogens 


HeV-sG/Alhydrogel™ is a subunit vaccine specific to NiV and HeV.  As such it is not applicable to other pathogens.  However, the 
subunit vaccine base technology has been successful with multiple viral pathogens, including HBV, HPV, and influenza virus.    


 


9. Communication and results  


9.1. Dissemination plan of study results 


The collaborating partners agree to the timely dissemination of study results via public meetings and publication. 


9.2. Data sharing 







 


 


At the end of each study, final clinical results will be described in a study report and submitted to the IND/CTA and to the BLA for 
licensure. Anonymized clinical data may be share in publications.  The sponsor (or the sponsor’s representatives), monitors, 
auditors, regulatory agencies and ethics committees may have access to the medical records from the study to carry out their 
obligations or as required by law.   
9.3. Comparison of results 


Acceptable to the collaborating partners. 


 


10. Other information  
10.1. Any other information of relevance for the application 


- Any critical areas where you are likely to require assistance in completing the project, indicating specific roles that CEPI could 
play to facilitate you getting this type of assistance. Include examples from R&D, manufacturing, regulatory or product delivery 
domains 


- Donations or other non-monetized contributions to the project by applicants and their partner(s) 
- Other information that may be relevant for CEPI’s consideration 


10.2. Has the applicant received funding for the proposed project from others sources to date? (tick one box below) 


√YES  NO 


Profectus has received funding from the US National Institutes of Health to advance the HeV-sG/Alhydrogel™ vaccine through scale-
up development, IND-enabling toxicology, and NHP protection studies.  These activities enable the activities proposed in this contract 
application, but do not overlap with the current proposal.    


10.3. Has the applicant applied for funding of the proposed project to others which is currently pending an award 
notification? (tick one box below) 


YES √NO 


 


10.4. Animal welfare 


The UTMB Animal Resource Center (ARC) is responsible for housing and care to all animals on campus. The ARC 
encompasses 89,694 square feet in nine facilities across the UTMB campus. UTMB is a registered Research Facility under the Animal 
Welfare Act. It has a current Letter of Assurance on file with the Office for Protection from Research Risks. The Geisbert laboratory 
and the ARC have a documented ability to conduct work in accordance with guidelines for Biosafety in Microbiological and Biomedical 
Laboratories (Fifth Edition, December 2009) and the Public Health Service Policy on Humane Care and Use of Laboratory Animals 
(Revised 2015). The Department of Defense, CDC, and USDA have approved our laboratories for work with select agents and 
AAALAC (Association for the Assessment and Accreditation of Laboratory Animal Care International) has certified our animal facilities 
(Accreditation #000870). UTMB follows the: 


• Public Health Service Policy on Humane Care and Use of Laboratory Animals (2015 reprint) 


• Guide for the Care and Use of Laboratory Animals, Eighth Edition (2011) 


• US Government Principles for the Utilization and Care of Vertebrate Animals Used in Testing, Research, and Training  


• USDA-administered Animal Welfare Act (Public Law [PL] 89-544 as amended by PL 91-579 [1970], PL 94-279 [1976], and 
PL 99-198 [1985]) and published in 9 CFR Parts 1-3 on Final Rules regarding Animal Welfare 


• Health Research Extension Act of 1985 (PL 99-158) regarding “Animals in Research”; and  


• PL 103-43 regarding the “Plan for Use of Animals in Research” (1993).  
UTMB’s ARC follows all standards for AAALAC and Institutional Animal Care and Use Committee compliance. Depending 
on space availability, animals may be housed in ARC facilities with animal care provided by the ARC staff including two full-
time veterinarians. These facilities are capable of housing NHPs, rats, mice, hamsters and guinea pigs under BSL2/3 
biohazard containment, and encompass 72,847 square feet. All facilities feature full-service animal care procedural and 
maintenance facilities, including laminar flow isolator caging systems, sterilization equipment, procedure rooms, cage-
washing, and autoclaving. 


√YES  NO 


(If no, please indicate your reasons). 


 







There is only slight overlap with USU CETR project (RP3) regards to making just two Cedar chimeric
viruses which i will address.

John, as you can see from the msg from NIAID,  I need the final funded CEPI application for
them.,  Is this possible?   ASAP.

I will be email Micheal back shortly and give him a heads up.

v/r
Chris

Hi Chris,

We are aware that you and additional key personnel of your proposed CETR are engaged in a
recently funded CEPI project to develop a Nipah virus vaccine. At this stage of CETR payplan
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Introduction  

Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after 

an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in 

Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 

human cases of encephalitis were identified in Malaysia and most had close contact with pigs 

(Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following 

contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and 

three presented with atypical pneumonia (one of which later also had evidence of encephalitis) 

(Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, 

NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual 

outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been 

recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of 

Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV 

infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV 

in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that 

occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed 

genomic information for the virus is limited, experts agree that the causative agent was either 

NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra 

virus, which predominantly causes infection in horses in Australia and can also lead to human 

disease, usually following contact with infected horses (Ksiazek 2011).   

The most common clinical syndrome associated with NiV infection is severe, rapidly 

progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, 

headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset 
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encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 

sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory 

illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 

1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas 

case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 

100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are 

multiple strains of NiV, which may account for the differences noted in clinical features and 

outcomes between Malaysia and Bangladesh (Mire 2016).  

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In 

the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-

human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, 

several other domestic animal species in the outbreak area (including horses, cats, and dogs) 

were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts 

between bat and human have not played a major role, with the primary modes of NiV 

transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, 

Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-

person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role 

in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, 

Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory 

disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 

2018). The potential for droplet spread is supported by a recent study that demonstrated hamsters 

could be infected when exposed to NiV via a small-particle aerosol (Escaffre 2018). Given the 

potential for respiratory transmission of NiV and the recent experience with Ebola in West 
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Africa, some have raised concerns about the possibility of larger NiV outbreaks if the virus takes 

hold in a crowded or urban area (Donaldson 2018) or about the pandemic potential of NiV if a 

more human-adapted strain emerges (Luby 2013). 

Pteropus fruit bats have a wide geographic range that stretches across much of the 

Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the 

Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of 

the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid 

detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat 

species and other bat species in geographically diverse regions, including South Asia 

(Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, 

Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa 

(Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 

2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). 

This wide potential range of the NiV natural reservoir raises concerns about the eventual 

occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may 

make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to 

lack of clinical experience with the condition, lack of available laboratory testing, and the 

occurrence of other diseases that have similar clinical presentations. 

WHO has determined that Nipah virus is a priority disease for epidemic preparedness 

(WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO 

embarked on development of a research and development (R&D) roadmap for NiV disease; this 

report provides a summary of the key elements of that roadmap, including important challenges 

and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are 
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developed, manufactured, and readily available when needed [provide link to full roadmap here 

when available]. 

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for 

areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, 

and vaccines. The strategic goals and milestones identified in each section are focused on key 

achievements for the next 5 years; the roadmap milestones will be tracked over time, the 

roadmap milestones will be tracked over time, with periodic assessment of progress and updates 

to the roadmap as needed. The roadmap is specific to R&D for disease in humans; however, 

further research of NiV in animal species, including development of appropriate medical 

countermeasures targeted to animal populations, also is needed, since disease in animals may 

amplify occurrence of NiV in humans and virus transmission can occur at the human-animal 

interface. 

Cross-Cutting Issues  

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is 

accessing adequate funding to support research. Economic incentives to invest in such research 

are not readily apparent because the disease primarily occurs in under-resourced areas of South 

Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. 

Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure 

they understand the potential health, societal, and economic benefits of devoting limited 

resources to improving NiV surveillance, detection, prevention, and control measures. As part of 

this process, the risk profile for NiV and related henipaviruses needs to be further defined 

through improving disease surveillance in areas of known risk and obtaining prospective 

serosurveillance data on henipavirus exposure for susceptible animal species and proximate 
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human populations in areas of predicted risk. Human health, animal health, and wildlife officials 

should be engaged in these efforts as part of a long-term collaborative One Health approach 

(Chattu 2018, Kulkarni 2013). 

Another important issue is the need to optimize relevant animal challenge models for 

promoting development and evaluation of medical countermeasures for NiV infection, 

particularly if investigators are required to use an alternative pathway (such as the US Food and 

Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For 

example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay 

development; (2) standardize the challenge strain and dose, and determine the most appropriate 

lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge 

medical countermeasures should be administered in animal models to best mimic realistic timing 

of such use in humans; (4) bridge data from animal models to humans, such as identifying 

thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best 

models for studying chronic (relapsing) infection (Bossart 2012, Debuysscher 2013, Dhondt 

2013, Johnston 2015, Mathieu 2015, Satterfield 2016). Currently, the African green monkey is 

regarded as the most relevant animal model for evaluating candidate therapeutics and vaccines 

intended for use in humans (Geisbert 2010, Johnston 2015), and studies involving nonhuman 

primates may be required for licensure of therapeutics and vaccines via alternative regulatory 

pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical 

concerns, however, constrain the use of this animal model. In addition to optimizing animal 

models, standardized and well-characterized assays, reagents, antibodies, nucleic acids, and 

stocks of NiV challenge strains are needed to move R&D of medical countermeasures for NiV 

infection forward (Satterfield 2016). 
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To inform development of optimal NiV medical countermeasures, additional research 

also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. 

This includes issues such as evaluating the pathophysiologic differences between different NiV 

strains, determining the mechanisms that allow NiV to escape immunological clearance and 

cause delayed onset or recurrent encephalitis, identifying factors influencing the development of 

permanent neurological sequelae, and further characterizing cell-mediated and humoral immune 

responses to NiV infection. 

To respond to these challenges, the strategic goals and milestones for cross-cutting issues 

in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and 

identifying funding sources to promote R&D, availability, and accessibility of NiV medical 

countermeasures, optimizing animal models for research, and generating standardized and well-

characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to 

facilitate R&D of NiV medical countermeasures (Table 1). 

Diagnostics 

The most commonly used methods for diagnosing NiV infection include virus isolation, 

enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG 

antibodies, and real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus 

isolation requires biosafety level 4 (BSL-4) capabilities and is generally only performed in 

reference laboratories for specific purposes, such as to confirm a new outbreak or to identify the 

virus in new host species (Wang 2012). During the Malaysia outbreak, the US Centers for 

Disease Control and Prevention (CDC) developed a capture ELISA for detection of IgM 

antibodies and an indirect ELISA for detection of IgG antibodies (Daniels 2001); since then, 

additional ELISA tests have been developed (Wang 2012) and serologic testing is often used for 
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case confirmation during outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 

2006, Luby 2009). RT-PCR, which can be performed on throat and nasal swabs, cerebrospinal 

fluid, urine, and blood, is also often used for diagnostic testing (Chadha 2006, Guillaume 2004, 

Lo 2012). Quantitative RT-PCR tests have been developed for quantifying viral replication; such 

tools can be used to measure viral load reduction when screening vaccine candidates and 

potential therapeutics (Jensen 2018). More recently, pseudotyped-based serum neutralization 

assays for NiV detection that use vesicular stomatitis virus systems have been developed; these 

assays potentially can be used under BSL2 conditions in laboratories with limited diagnostic 

capabilities and appear to offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, 

Tamin 2009). Antigen-capture ELISAs using monoclonal antibodies also have been developed, 

which could result in more rapid diagnosis (Chiang 2010). These newer technologies hold 

promise; however, more information is needed regarding their performance characteristics, 

particularly under field conditions .  

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation, which can delay outbreak detection 

and implementation of infection control measures. Furthermore, laboratory infrastructure and 

diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); 

thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or 

near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are 

needed to identify cases quickly, promote outbreak detection, ensure timely implementation of 

infection control measures, and ultimately improve patient outcomes, once therapeutic options 

become available.   

Commented [DTM1]: Development and validation of 
immunohistochemical staining tests can facilitate studies on 
pathogenesis of Nipah infections and might also be useful for 
primary diagnosis in low-resource settings. 

Commented [DTM2]: Where feasible, prospective surveillance 
of susceptible animal species (e.g., bats, pigs, equids) with potential 
for human spillover of Nipah infection may be implemented, in 
order to evaluate risk profiles and patterns of NiV circulation. 
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Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic 

testing forward. Development of such a repository requires addressing the following: (1) 

determining what clinical samples should be collected, based on what would be most useful (e.g., 

plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; 

(3) determining what organizations will be responsible for activities related to creating and 

maintaining the repositories; (4) establishing standardized protocols for sample collection and 

maintenance; (5) establishing an appropriate governance structure; (6) identifying who would 

have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) 

ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays.  

To address these issues, the strategic goals and milestones for diagnostic testing outlined 

in the NiV R&D roadmap focus on creation of a virtual reference repository, development of 

highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement 

of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or 

potential spillover risk (Table 2).  

Therapeutics 

Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients; findings from treated patients were compared to those of 54 historical 

controls who became ill before ribavirin was available or who refused treatment (Chong 2001). 

Commented [DTM3]: (1) Clinicians, especially in endemic 
areas, should be asked to maintain high vigilance for cases of 
acute febrile  encephalitic syndrome, in particular, with 
respiratory symptoms.  
(2) Effective and appropriate risk communication strategies 
should be implemented in endemic areas. Recommendations on 
behavioral modifications should be communicated to susceptible 
populations, wherever Nipah infections have occurred after 
indigenous practices like consumption of raw date palm sap. 
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Results demonstrated a statistically significant reduction in mortality among treated patients 

(36%); however, the use of historical controls may have biased this finding. No additional 

clinical studies using ribavirin have been conducted, and limited studies in animal models have 

not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Rockx 2010, 

Georges-Courbot 2006). Chloroquine also has been studied in animal models, but has not shown 

any therapeutic benefit, either alone or in combination with ribavirin (Freiberg 2010, Pallister 

2009). Based on these findings, these approaches are not considered viable options for treatment 

of NiV infection.  

A more promising therapeutic option is the development of monoclonal antibodies 

(mAbs) against viral envelop proteins that can neutralize NiV via passive administration (Broder 

2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early treatment and 

for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as healthcare 

workers, family caregivers, and persons exposed to infected livestock. Researchers have 

demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge in 

animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate use 

for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 1 

clinical trial of m102.4 with 40 human participants was completed in Australia, but results are 

not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in 

Kerala, India, but was not used because the outbreak was brought under control quickly 

(Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic 

window for m102.4 may vary by virus strain, which is a consideration for further preclinical and 

clinical study of this agent (Mire 2016) .  Commented [DTM4]: Given the limited availability of m102.4, 
it may also be worthwhile to explore development of alternate 
monoclonal antibodies against NiV, and to evaluate approaches like 
cocktails of monoclonal antibodies, purified convalescent human 
sera, egg yolk-derived immunoglobulins etc. for Immunoprophylaxis 
against it in humans and/or animals. 
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Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that 

inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit 

virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a 

monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated 

efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), 

supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies 

in animal models also have been conducted for fusion inhibitory peptides; for example, 

investigators recently reported that lipopeptides delivered via the respiratory route can prevent 

lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-

molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for 

treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir 

against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents 

are promising, further preclinical data are needed to assess their utility. In addition, efforts are 

needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science 

research toward discovery of additional novel agents that may be more aligned with optimal and 

desired characteristics for anti-NiV therapy.  

Key additional considerations for moving NiV therapeutics forward include: (1) obtaining 

additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, 

pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) 

ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising 

therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and 

(3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, 

and the feasibility of PEP distribution in both endemic and at-risk areas. To address these issues, 



Version 1.2 
 

13 
 

the goals and milestones for therapeutics in the NiV R&D roadmap focus on continuing to move 

promising agents forward into clinical trials and on enhancing preparedness to conduct clinical 

trials of therapeutic agents during future NiV outbreaks. 

Vaccines  

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 

development include creating a subunit vaccine against one or both of the outer-membrane 

proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, 

Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 

2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has 

been developed and is commercially available for use in horses (Middleton 2014), which 

supports this option as a promising approach for developing a human NiV vaccine. 

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of 

government agencies, industry, academia, philanthropy, and intergovernmental institutions 

aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, 

has recently provided financial support to promote the development of several NiV candidate 

vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. 

and Emergent BioSolutions Inc. to develop an NiV vaccine that is based on the same technology 
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as that used for the Hendra virus vaccine (CEPI 2018). In September 2018, CEPI announced 

plans to award approximately US$ 2 million to the Jenner Institute at the University of Oxford 

and Janssen Vaccines & Prevention BV for preclinical development of a replication-deficient 

simian adenoviral-vectored vaccine, derived from an adenovirus originally isolated from 

chimpanzees (CEPI 2018). These efforts will support preclinical and early clinical development 

of NiV vaccines. 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 

sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 

conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative 

regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical 

trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.  

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be standardized. 

Second, additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, 
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Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection 

against NiV infection (Satterfield 2016), research in this area should focus primarily on the 

humoral immune response for driving vaccine development. Third, further work in animal 

models is needed to determine if vaccine candidates are cross-protective between different NiV 

strains, including recently identified strains; only a few studies demonstrating cross-protection 

have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting 

may be useful in creating a current estimate of the reproductive number for NiV, gauging the 

potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap 

focus on moving vaccine candidates forward into clinical trials and promoting development of 

guidance on requirements for clinical trials, regulatory pathways, and other considerations 

relevant to licensure of a vaccine against NiV.  

Conclusion 

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures forward. NiV 

infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-

of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of 

known or suspected NiV spillover will improve understanding of the true burden of NiV disease. 

These efforts, in turn, may provide information to further support the public health value 

proposition for NiV medical countermeasure development and, by increasing case detection, 

may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in 

endemic areas.    
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Tables 

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues 
 

Goals and Milestones for NiV Infection Cross-Cutting Issues 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Identify sources of 

private- and public-
sector funding, and 
develop appropriate 
incentives and 
competitions to 
promote R&D of NiV 
MCMs. 

1. By 2019, develop a public value proposition to effectively advocate 
for the development and sustainability of NiV MCMs that: (1) 
articulates the potential global threat of NiV infection, (2) outlines 
the social and economic benefits of generating accessible and 
affordable NiV MCMs, and (3) details the positive impact on the 
health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, 
therapeutics, and vaccines toward clinical evaluation, 
licensure/approval, acceptance, and sustainable access. 

2. Support basic science 
research to improve 
understanding of NiV 
virology, pathogenesis, 
and the immune 
response to infection 
in humans and animal 
models.  

1. By 2020, generate standardized and well-characterized assays, 
reagents, antibodies, nucleic acids, and stocks of NiV challenge 
strains to facilitate R&D of NiV MCMs. 

2. By 2021, optimize animal models that recapitulate disease in humans 
for use in preclinical studies of NiV MCMs and which may be 
necessary for licensure of MCM products (particularly vaccines) via 
non-traditional regulatory pathways. 

 

Table 2: Goals and Milestones for NiV Diagnostics 

Goals and Milestones for NiV Diagnostics 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Support development 

of diagnostic assays 
through creation of a 
virtual reference 
repository of clinical 
samples from NiV-
infected patients.  

1. By 2019, develop and standardize plans and protocols (including the 
governance structure) for creating a virtual reference repository of 
well-characterized clinical samples to be maintained in the two 
primary NiV-affected countries (Bangladesh and India). 

2. By 2021, identify funding and initiate creation of the virtual reference 
repository in the two primary NiV-affected countries (Bangladesh and 
India), with samples to be collected during future outbreaks and 
possibly as part of future clinical trials.    

2. Develop and assess 
affordable, highly 
sensitive and specific 
(as needed depending 
on intended use), 
point-of-care or near-
patient NiV diagnostic 
tests that are 

1. By 2019, generate a TPP for NiV diagnostics that identifies the 
primary use cases and optimal and desirable characteristics to guide 
the development of promising NiV diagnostic assays. 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform 
commercialization pathways for NiV diagnostic assays. 

3. By 2021, complete preclinical evaluation for at least two of the most 
promising NiV point-of-care or near-patient diagnostic assays that 
align with the TPP. 
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sufficiently robust for 
the conditions in which 
they will be used and 
that have minimal 
requirements for 
biosafety precautions 
and staff training.  

4. By 2022, complete field studies for at least two of the most promising 
NiV point-of-care or near-patient diagnostic assays that align with the 
TPP. 

3. Enhance laboratory 
diagnostic 
preparedness in areas 
of known or potential 
spillover risk to 
promote early 
detection of NiV. 

1. By 2021, develop national laboratory strategies for NiV detection in 
the primary affected countries that include plans for enhancing 
laboratory preparedness to diagnosdiagnoseis NiV infection during 
future outbreaks. 

 

Table 3: Goals and Milestones for NiV Therapeutics 

Goals and Milestones for NiV Therapeutics 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Enhance preparedness 

to conduct clinical 
trials of therapeutic 
agents during future 
NiV outbreaks. 

1. By 2019, complete a protocol for conducting safety and efficacy 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising 
therapeutic candidates to be implemented in NiV-affected areas and 
develop plans for operationalizing the protocol. 

3. By 2020, complete a broader, regional protocol for conducting 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

4. By 2020, generate a reliable source of m102.4 to be used in clinical 
trials.  

2. Develop and evaluate 
therapeutic agents for 
treatment of NiV 
infection and for PEP 
to prevent NiV 
infection. 

1. By 2019, create and implement a prioritization process for evaluating 
promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising therapeutic 
candidates or combination therapies for treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, 
tolerability, and (possibly) efficacy of at least two promising 
therapeutic candidates or combination therapies for treatment of 
NiV infection. 

 

Table 4: Goals and Milestones for NiV Vaccines 
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Goals and Milestones for NiV Vaccines 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Engage NRAs 

(particularly in endemic 
and at-risk areas) and 
WHO to gain guidance 
on requirements for 
clinical trials, 
regulatory pathways, 
and other 
considerations that will 
impact licensure of a 
vaccine against NiV. 

1. By 2019, convene an expert working group to assess the feasibility of 
conducting clinical efficacy trials of NiV vaccines and to determine 
the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues 
around conducting clinical trials (if deemed feasible) and the needs 
for licensure and future use of NiV vaccines. This consultation should 
include representatives from the following: in-country regulators, 
other regulatory agencies (such as the FDA or the European 
Medicines Agency [EMA]), national and international public health 
agencies and organizations, and local and international researchers. 

2. Develop and evaluate 
NiV vaccines for 
prevention of NiV 
disease in humans. 

1. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising NiV vaccine 
candidates. 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one 
of the most promising NiV candidate vaccines. 

3. By 2023, complete the following if phase 3 trials are considered 
feasible: (1) develop a framework for conducting phase 3 clinical 
trials of NiV vaccine candidates, (2) develop a regional protocol for 
conducting phase 3 trials and plans for operationalizing the protocol, 
and (3) create a collaborative and transparent strategy for 
determining which candidate vaccines will go forward into phase 3 
trials. 
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Introduction  

Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after 

an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in 

Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 

human cases of encephalitis were identified in Malaysia and most had close contact with pigs 

(Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following 

contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and 

three presented with atypical pneumonia (one of which later also had evidence of encephalitis) 

(Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, 

NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual 

outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been 

recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of 

Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV 

infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV 

in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that 

occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed 

genomic information for the virus is limited, experts agree that the causative agent was either 

NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra 

virus, which predominantly causes infection in horses in Australia and can also lead to human 

disease, usually following contact with infected horses (Ksiazek 2011).   

The most common clinical syndrome associated with NiV infection is severe, rapidly 

progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, 

headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset 
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encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 

sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory 

illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 

1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas 

case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 

100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are 

multiple strains of NiV, which may account for the differences noted in clinical features and 

outcomes between Malaysia and Bangladesh (Mire 2016).  

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In 

the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-

human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, 

several other domestic animal species in the outbreak area (including horses, cats, and dogs) 

were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts 

between bat and human have not played a major role, with the primary modes of NiV 

transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, 

Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-

person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role 

in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, 

Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory 

disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 

2018). The potential for droplet spread is supported by a recent study that demonstrated hamsters 

could be infected when exposed to NiV via a small-particle aerosol (Escaffre 2018). Given the 

potential for respiratory transmission of NiV and the recent experience with Ebola in West 
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Africa, some have raised concerns about the possibility of larger NiV outbreaks if the virus takes 

hold in a crowded or urban area (Donaldson 2018) or about the pandemic potential of NiV if a 

more human-adapted strain emerges (Luby 2013). 

Pteropus fruit bats have a wide geographic range that stretches across much of the 

Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the 

Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of 

the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid 

detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat 

species and other bat species in geographically diverse regions, including South Asia 

(Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, 

Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa 

(Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 

2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). 

This wide potential range of the NiV natural reservoir raises concerns about the eventual 

occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may 

make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to 

lack of clinical experience with the condition, lack of available laboratory testing, and the 

occurrence of other diseases that have similar clinical presentations. 

WHO has determined that Nipah virus is a priority disease for epidemic preparedness 

(WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO 

embarked on development of a research and development (R&D) roadmap for NiV disease; this 

report provides a summary of the key elements of that roadmap, including important challenges 

and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are 
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developed, manufactured, and readily available when needed [provide link to full roadmap here 

when available]. 

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for 

areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, 

and vaccines. The strategic goals and milestones identified in each section are focused on key 

achievements for the next 5 years; the roadmap milestones will be tracked over time, the 

roadmap milestones will be tracked over time, with periodic assessment of progress and updates 

to the roadmap as needed. The roadmap is specific to R&D for disease in humans; however, 

further research of NiV in animal species, including development of appropriate medical 

countermeasures targeted to animal populations, also is needed, since disease in animals may 

amplify occurrence of NiV in humans and virus transmission can occur at the human-animal 

interface. 

Cross-Cutting Issues  

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is 

accessing adequate funding to support research. Economic incentives to invest in such research 

are not readily apparent because the disease primarily occurs in under-resourced areas of South 

Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. 

Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure 

they understand the potential health, societal, and economic benefits of devoting limited 

resources to improving NiV surveillance, detection, prevention, and control measures. As part of 

this process, the risk profile for NiV and related henipaviruses needs to be further defined 

through improving disease surveillance in areas of known risk and obtaining prospective 

serosurveillance data on henipavirus exposure for susceptible animal species and proximate 
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human populations in areas of predicted risk. Human health, animal health, and wildlife officials 

should be engaged in these efforts as part of a long-term collaborative One Health approach 

(Chattu 2018, Kulkarni 2013). 

Another important issue is the need to optimize relevant animal challenge models for 

promoting development and evaluation of medical countermeasures for NiV infection, 

particularly if investigators are required to use an alternative pathway (such as the US Food and 

Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For 

example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay 

development; (2) standardize the challenge strain and dose, and determine the most appropriate 

lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge 

medical countermeasures should be administered in animal models to best mimic realistic timing 

of such use in humans; (4) bridge data from animal models to humans, such as identifying 

thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best 

models for studying chronic (relapsing) infection (Bossart 2012, Debuysscher 2013, Dhondt 

2013, Johnston 2015, Mathieu 2015, Satterfield 2016). Currently, the African green monkey is 

regarded as the most relevant animal model for evaluating candidate therapeutics and vaccines 

intended for use in humans (Geisbert 2010, Johnston 2015), and studies involving nonhuman 

primates may be required for licensure of therapeutics and vaccines via alternative regulatory 

pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical 

concerns, however, constrain the use of this animal model. In addition to optimizing animal 

models, standardized and well-characterized assays, reagents, antibodies, nucleic acids, and 

stocks of NiV challenge strains are needed to move R&D of medical countermeasures for NiV 

infection forward (Satterfield 2016). 
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To inform development of optimal NiV medical countermeasures, additional research 

also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. 

This includes issues such as evaluating the pathophysiologic differences between different NiV 

strains, determining the mechanisms that allow NiV to escape immunological clearance and 

cause delayed onset or recurrent encephalitis, identifying factors influencing the development of 

permanent neurological sequelae, and further characterizing cell-mediated and humoral immune 

responses to NiV infection. 

To respond to these challenges, the strategic goals and milestones for cross-cutting issues 

in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and 

identifying funding sources to promote R&D, availability, and accessibility of NiV medical 

countermeasures, optimizing animal models for research, and generating standardized and well-

characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to 

facilitate R&D of NiV medical countermeasures (Table 1). 

Diagnostics 

The most commonly used methods for diagnosing NiV infection include virus isolation, 

enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG 

antibodies, and real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus 

isolation requires biosafety level 4 (BSL-4) capabilities and is generally only performed in 

reference laboratories for specific purposes, such as to confirm a new outbreak or to identify the 

virus in new host species (Wang 2012). During the Malaysia outbreak, the US Centers for 

Disease Control and Prevention (CDC) developed a capture ELISA for detection of IgM 

antibodies and an indirect ELISA for detection of IgG antibodies (Daniels 2001); since then, 

additional ELISA tests have been developed (Wang 2012) and serologic testing is often used for 
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case confirmation during outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 

2006, Luby 2009). RT-PCR, which can be performed on throat and nasal swabs, cerebrospinal 

fluid, urine, and blood, is also often used for diagnostic testing (Chadha 2006, Guillaume 2004, 

Lo 2012). Quantitative RT-PCR tests have been developed for quantifying viral replication; such 

tools can be used to measure viral load reduction when screening vaccine candidates and 

potential therapeutics (Jensen 2018). More recently, pseudotyped-based serum neutralization 

assays for NiV detection that use vesicular stomatitis virus systems have been developed; these 

assays potentially can be used under BSL2 conditions in laboratories with limited diagnostic 

capabilities and appear to offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, 

Tamin 2009). Antigen-capture ELISAs using monoclonal antibodies also have been developed, 

which could result in more rapid diagnosis (Chiang 2010). These newer technologies hold 

promise; however, more information is needed regarding their performance characteristics, 

particularly under field conditions.  

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation, which can delay outbreak detection 

and implementation of infection control measures. Furthermore, laboratory infrastructure and 

diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); 

thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or 

near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are 

needed to identify cases quickly, promote outbreak detection, ensure timely implementation of 

infection control measures, and ultimately improve patient outcomes, once therapeutic options 

become available.   
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Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic 

testing forward. Development of such a repository requires addressing the following: (1) 

determining what clinical samples should be collected, based on what would be most useful (e.g., 

plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; 

(3) determining what organizations will be responsible for activities related to creating and 

maintaining the repositories; (4) establishing standardized protocols for sample collection and 

maintenance; (5) establishing an appropriate governance structure; (6) identifying who would 

have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) 

ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays.  

To address these issues, the strategic goals and milestones for diagnostic testing outlined 

in the NiV R&D roadmap focus on creation of a virtual reference repository, development of 

highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement 

of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or 

potential spillover risk (Table 2).  

Therapeutics 

Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients; findings from treated patients were compared to those of 54 historical 

controls who became ill before ribavirin was available or who refused treatment (Chong 2001). 
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Results demonstrated a statistically significant reduction in mortality among treated patients 

(36%); however, the use of historical controls may have biased this finding. No additional 

clinical studies using ribavirin have been conducted, and limited studies in animal models have 

not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Rockx 2010, 

Georges-Courbot 2006). Chloroquine also has been studied in animal models, but has not shown 

any therapeutic benefit, either alone or in combination with ribavirin (Freiberg 2010, Pallister 

2009). Based on these findings, these approaches are not considered viable options for treatment 

of NiV infection.  

A more promising therapeutic option is the development of monoclonal antibodies 

(mAbs) against viral envelop proteins that can neutralize NiV via passive administration (Broder 

2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early treatment and 

for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as healthcare 

workers, family caregivers, and persons exposed to infected livestock. Researchers have 

demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge in 

animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate use 

for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 1 

clinical trial of m102.4 with 40 human participants was completed in Australia, but results are 

not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in 

Kerala, India, but was not used because the outbreak was brought under control quickly 

(Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic 

window for m102.4 may vary by virus strain, which is a consideration for further preclinical and 

clinical study of this agent (Mire 2016).  
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Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that 

inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit 

virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a 

monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated 

efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), 

supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies 

in animal models also have been conducted for fusion inhibitory peptides; for example, 

investigators recently reported that lipopeptides delivered via the respiratory route can prevent 

lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-

molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for 

treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir 

against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents 

are promising, further preclinical data are needed to assess their utility. In addition, efforts are 

needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science 

research toward discovery of additional novel agents that may be more aligned with optimal and 

desired characteristics for anti-NiV therapy.  

Key additional considerations for moving NiV therapeutics forward include: (1) obtaining 

additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, 

pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) 

ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising 

therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and 

(3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, 

and the feasibility of PEP distribution in both endemic and at-risk areas. To address these issues, 
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the goals and milestones for therapeutics in the NiV R&D roadmap focus on continuing to move 

promising agents forward into clinical trials and on enhancing preparedness to conduct clinical 

trials of therapeutic agents during future NiV outbreaks. 

Vaccines  

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 

development include creating a subunit vaccine against one or both of the outer-membrane 

proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, 

Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 

2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has 

been developed and is commercially available for use in horses (Middleton 2014), which 

supports this option as a promising approach for developing a human NiV vaccine. 

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of 

government agencies, industry, academia, philanthropy, and intergovernmental institutions 

aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, 

has recently provided financial support to promote the development of several NiV candidate 

vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. 

and Emergent BioSolutions Inc. to develop an NiV vaccine that is based on the same technology 
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as that used for the Hendra virus vaccine (CEPI 2018). In September 2018, CEPI announced 

plans to award approximately US$ 2 million to the Jenner Institute at the University of Oxford 

and Janssen Vaccines & Prevention BV for preclinical development of a replication-deficient 

simian adenoviral-vectored vaccine, derived from an adenovirus originally isolated from 

chimpanzees (CEPI 2018). These efforts will support preclinical and early clinical development 

of NiV vaccines. 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 

sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 

conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative 

regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical 

trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.  

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be standardized. 

Second, additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, 
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Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection 

against NiV infection (Satterfield 2016), research in this area should focus primarily on the 

humoral immune response for driving vaccine development. Third, further work in animal 

models is needed to determine if vaccine candidates are cross-protective between different NiV 

strains, including recently identified strains; only a few studies demonstrating cross-protection 

have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting 

may be useful in creating a current estimate of the reproductive number for NiV, gauging the 

potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap 

focus on moving vaccine candidates forward into clinical trials and promoting development of 

guidance on requirements for clinical trials, regulatory pathways, and other considerations 

relevant to licensure of a vaccine against NiV.  

Conclusion 

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures forward. NiV 

infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-

of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of 

known or suspected NiV spillover will improve understanding of the true burden of NiV disease. 

These efforts, in turn, may provide information to further support the public health value 

proposition for NiV medical countermeasure development and, by increasing case detection, 

may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in 

endemic areas.    
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Tables 

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues 
 
Goals and Milestones for NiV Infection Cross-Cutting Issues 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Identify sources of 

private- and public-
sector funding, and 
develop appropriate 
incentives and 
competitions to 
promote R&D of NiV 
MCMs. 

1. By 2019, develop a public value proposition to effectively advocate 
for the development and sustainability of NiV MCMs that: (1) 
articulates the potential global threat of NiV infection, (2) outlines 
the social and economic benefits of generating accessible and 
affordable NiV MCMs, and (3) details the positive impact on the 
health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, 
therapeutics, and vaccines toward clinical evaluation, 
licensure/approval, acceptance, and sustainable access. 

2. Support basic science 
research to improve 
understanding of NiV 
virology, pathogenesis, 
and the immune 
response to infection 
in humans and animal 
models.  

1. By 2020, generate standardized and well-characterized assays, 
reagents, antibodies, nucleic acids, and stocks of NiV challenge 
strains to facilitate R&D of NiV MCMs. 

2. By 2021, optimize animal models that recapitulate disease in humans 
for use in preclinical studies of NiV MCMs and which may be 
necessary for licensure of MCM products (particularly vaccines) via 
non-traditional regulatory pathways. 

 

Table 2: Goals and Milestones for NiV Diagnostics 

Goals and Milestones for NiV Diagnostics 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Support development 

of diagnostic assays 
through creation of a 
virtual reference 
repository of clinical 
samples from NiV-
infected patients.  

1. By 2019, develop and standardize plans and protocols (including the 
governance structure) for creating a virtual reference repository of 
well-characterized clinical samples to be maintained in the two 
primary NiV-affected countries (Bangladesh and India). 

2. By 2021, identify funding and initiate creation of the virtual reference 
repository in the two primary NiV-affected countries (Bangladesh and 
India), with samples to be collected during future outbreaks and 
possibly as part of future clinical trials.    

2. Develop and assess 
affordable, highly 
sensitive and specific 
(as needed depending 
on intended use), 
point-of-care or near-
patient NiV diagnostic 
tests that are 

1. By 2019, generate a TPP for NiV diagnostics that identifies the 
primary use cases and optimal and desirable characteristics to guide 
the development of promising NiV diagnostic assays. 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform 
commercialization pathways for NiV diagnostic assays. 

3. By 2021, complete preclinical evaluation for at least two of the most 
promising NiV point-of-care or near-patient diagnostic assays that 
align with the TPP. 
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sufficiently robust for 
the conditions in which 
they will be used and 
that have minimal 
requirements for 
biosafety precautions 
and staff training.  

4. By 2022, complete field studies for at least two of the most promising 
NiV point-of-care or near-patient diagnostic assays that align with the 
TPP. 

3. Enhance laboratory 
diagnostic 
preparedness in areas 
of known or potential 
spillover risk to 
promote early 
detection of NiV. 

1. By 2021, develop national laboratory strategies for NiV detection in 
the primary affected countries that include plans for enhancing 
laboratory preparedness to diagnosis NiV infection during future 
outbreaks. 

 

Table 3: Goals and Milestones for NiV Therapeutics 

Goals and Milestones for NiV Therapeutics 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Enhance preparedness 

to conduct clinical 
trials of therapeutic 
agents during future 
NiV outbreaks. 

1. By 2019, complete a protocol for conducting safety and efficacy 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising 
therapeutic candidates to be implemented in NiV-affected areas and 
develop plans for operationalizing the protocol. 

3. By 2020, complete a broader, regional protocol for conducting 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

4. By 2020, generate a reliable source of m102.4 to be used in clinical 
trials.  

2. Develop and evaluate 
therapeutic agents for 
treatment of NiV 
infection and for PEP 
to prevent NiV 
infection. 

1. By 2019, create and implement a prioritization process for evaluating 
promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising therapeutic 
candidates or combination therapies for treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, 
tolerability, and (possibly) efficacy of at least two promising 
therapeutic candidates or combination therapies for treatment of 
NiV infection. 

 

Table 4: Goals and Milestones for NiV Vaccines 
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Goals and Milestones for NiV Vaccines 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Engage NRAs 

(particularly in endemic 
and at-risk areas) and 
WHO to gain guidance 
on requirements for 
clinical trials, 
regulatory pathways, 
and other 
considerations that will 
impact licensure of a 
vaccine against NiV. 

1. By 2019, convene an expert working group to assess the feasibility of 
conducting clinical efficacy trials of NiV vaccines and to determine 
the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues 
around conducting clinical trials (if deemed feasible) and the needs 
for licensure and future use of NiV vaccines. This consultation should 
include representatives from the following: in-country regulators, 
other regulatory agencies (such as the FDA or the European 
Medicines Agency [EMA]), national and international public health 
agencies and organizations, and local and international researchers. 

2. Develop and evaluate 
NiV vaccines for 
prevention of NiV 
disease in humans. 

1. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising NiV vaccine 
candidates. 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one 
of the most promising NiV candidate vaccines. 

3. By 2023, complete the following if phase 3 trials are considered 
feasible: (1) develop a framework for conducting phase 3 clinical 
trials of NiV vaccine candidates, (2) develop a regional protocol for 
conducting phase 3 trials and plans for operationalizing the protocol, 
and (3) create a collaborative and transparent strategy for 
determining which candidate vaccines will go forward into phase 3 
trials. 
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Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic 
goals, and prioritizing areas and activities (from basic research toward advanced development, 
licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative 
development of medical countermeasures (MCMs)—diagnostics, therapeutics, and vaccines—against 
Nipah virus infection.  

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 
infection was subsequently recognized, however, in Bangladesh in 2001, and nearly annual outbreaks 
have occurred in that country since. NiV infection has also been identified periodically in eastern India 
and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in 
Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as 
serologic evidence for NiV has been found in the known natural reservoir (Pteropus species and several 
other bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, 
Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV 
transmission. Additionally, several other domestic animal species (including horses, cats, and dogs) were 
found to be infected with NiV on the farms involved in the outbreak. In the outbreaks in Bangladesh, 
intermediary hosts between bat and human have not played a major role, with the primary modes of 
NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent 
person-to-person transmission.  

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen—Hendra virus (HeV)—which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat; disease also occurred in healthcare workers who cared for NiV-infected 
patients. Detailed genomic information for this virus is limited.   
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NiV infection in humans results in neurologic and respiratory syndromes, with fever, headache, altered 
mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 
those identified in Bangladesh and India. Some differences have been noted in the clinical features of 
infection, with different strains in humans and experimentally infected non-human primates.  
 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of MCMs to enable effective and timely emergency 
response to infectious disease epidemics. NiV infection is identified in the Blueprint’s list of “priority 
diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which 
few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority 
diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic 
assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges 
from basic research to late-stage development of MCMs to prevent and control NiV outbreaks and 
endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for 
areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These 
topics are not presented in order of public health priority.) The strategic goals and milestones identified 
in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be 
tracked over time, with periodic assessment of progress and updating as needed. 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 
include minimizing zoonotic NiV transmission, improving use of personal protective equipment (PPE), 
ensuring adequate hand hygiene and environmental hygiene, promoting effective community 
engagement, implementing adequate infection prevention and control practices, developing adequate 
infrastructure (such as cold-chain maintenance) to deploy MCMs, and promoting workforce 
development and training in endemic and at-risk regions. Many of these issues are beyond the scope of 
the R&D roadmap but need to be addressed as part of a broader public health control strategy. Further 
research of NiV in animal species, including development of appropriate MCMs targeted to animal 
populations, also is needed, since disease in animals may amplify occurrence of NiV (or related 
henipavirus species) in humans and virus transmission can occur at the human-animal interface. 
 

VISION 
Robust MCMs to detect, prevent, and control human outbreaks of NiV infection (and other closely 
related henipaviruses) that are readily available and accessible for use in areas of known or potential 
NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and 
effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to 
prevent disease, disability, and death.  
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CROSS-CUTTING ISSUES 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Securing funding for Nipah research represents a substantial challenge, since economic 

incentives to invest in Nipah research are not readily apparent because the disease primarily 
occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been 
low with small and sporadic outbreaks. The development of a sustainable value proposition for 
industry and international philanthropic public-private partnerships is needed to secure funding 
to complete development, licensure, manufacture, and deployment of NiV MCMs. The value 
proposition should be informed by a robust assessment of the risk of future outbreaks and the 
economic, societal, and health impacts that such outbreaks could generate.  

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 
developers in the absence of a predictable demand. In addition, licensure of vaccines and 
therapeutics using alternative regulatory pathways can be very costly, given the regulatory 
requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (biosafety level 4 [BSL-4]) conditions, which can increase the cost of MCM 
development. 

• To date, NiV spillovers to human communities have been identified most commonly in rural 
communities in Bangladesh and India; the healthcare facilities that serve these communities 
have limited laboratory and clinical infrastructure for diagnosis and treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to the lack of 
clinical experience with the condition, lack of available laboratory testing, and the occurrence of 
other diseases that have similar clinical presentations.  

• While ferrets, Syrian hamsters, and interferon-alpha/beta receptor knockout (IFNAR-KO) mice 
are well-established animal models for NiV research, the African green monkey (AGM) is 
regarded as the most relevant animal model for evaluation of candidate therapeutics and 
vaccines intended for use in humans. Additionally, studies involving the AGM model may be 
required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements 
(particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV 
infection occurs in relatively small, focal outbreaks, the low disease incidence poses a major 
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challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate 
MCM efficacy with adequate statistical power. It may be possible to address this issue by 
enhancing case detection through improved surveillance and by combining clinical trial data 
over time, including across outbreaks. While it is critical to focus on approaches that make 
ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory 
pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic 
clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

Key needs 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 
innovation and secure private-sector commitments to develop and manufacture NiV MCMs. 

• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 
for NiV prevention and control.  

• Advocacy to policy makers in affected countries and to global stakeholders to ensure they 
understand the potential health, societal, and economic benefits of devoting resources to 
improving NiV surveillance, detection, prevention, and control measures.   

• Obtaining additional prospective serosurveillance data of henipavirus exposure from susceptible 
animal species and proximate human populations in areas of predicted risk should be explored 
as a strategy to assess the potential of human spillover and to build preparedness for detection 
of human cases and for limiting exposure.  

• Standardized and well-characterized assays (to be further defined based on end use), reagents, 
antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. 
Assays that can be used at lower biosafety levels are an important priority. WHO international 
standards should be used (when available) as calibrators and reported in units/ml to harmonize 
assay results.  

• Clear criteria for downselection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research. Such criteria should align 
with desired characteristics outlined in the target product profiles (TPPs) and should address 
aspects of sustainable MCM production, stockpiling, and access. 

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) or other regulatory agencies to obtain clarity and guidance on 
clinical trial requirements, regulatory pathways and requirements, and other considerations for 
NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 
capabilities will vary between countries; therefore, early engagement, potentially with support 
from WHO, is essential to identify country-specific considerations.    

• Outreach and education to clinicians and community health workers to improve NiV awareness, 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 
prevention and control) and to ensure availability of diagnostic tools in endemic areas to 
increase the likelihood of accurate and timely diagnosis and treatment of NiV infection.  
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• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 
collaborative clinical research, including methods for collecting, standardizing, and sharing 
clinical data.   

• Collaboration between public health authorities in endemic and at-risk areas and international 
development partners to support NiV surveillance and strengthen disease prevention and 
preparedness activities. Human health, animal health, and wildlife officials should be engaged as 
part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturing to endemic and at-risk areas.  

Knowledge gaps 
• Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as 

well as other preventive measures, depend on accurate and current information on the ecology 
and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or 
dedicated prospective research with a surveillance focus) is needed to determine the true 
incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 
bats to humans or livestock in new geographic areas. Additionally, continued research is needed 
to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 
infection, in the natural reservoir of Pteropus bats and potentially other bat species.  

• Additional research is needed to optimize relevant animal challenge models (e.g., ferret, Syrian 
hamster, IFNAR-KO mouse, and AGM models) for promoting development and evaluation of 
MCMs, particularly if investigators are required to use an alternative pathway (such as the 
United States Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory 
approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for 
screening assay development; (2) standardize the challenge strain and dose, and determine the 
most appropriate lethal NiV dose for MCM development; (3) determine when after-challenge 
MCMs should be administered in animal models to best mimic realistic timing of MCM use in 
humans; (4) bridge NiV MCM data from animal models to humans, such as identifying 
thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify 
the best models for studying chronic (relapsing) infection.  

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between different NiV strains, determining the mechanisms that 
allow NiV to escape immunologic clearance and cause delayed onset or recurrent encephalitis, 
identifying factors influencing the development of permanent neurologic sequelae, and further 
characterizing cell-mediated and humoral immune responses to NiV infection. In addition, 
identifying aspects of the immune response that are absent or counter-effective during human 
NiV infection may lead to the development of novel targeted intervention strategies.  

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes that may affect the epidemiologic and clinical features of 
disease over time and thereby influence MCM development.   



October 2018 
 

6 
 

• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hosts and pathogenicity.  

• Additional studies applying whole-genome sequencing of NiV are needed to generate a 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage 
populations at high risk of exposure (such as persons who consume date palm sap, healthcare 
workers, and workers at the human-animal interface) and vulnerable populations (such as 
children, immunocompromised individuals, and pregnant women) for participation in clinical 
trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not 
consistently prevent disease.  

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Identify sources of private- and public-sector funding and develop appropriate 
incentives and competitions to promote R&D of NiV MCMs.  

Milestones: 
1. By 2019, develop a public value proposition to effectively advocate for the development and 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 
outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 
and (3) details the positive impact on the health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward 
clinical evaluation, licensure/approval, acceptance, and sustainable access. 
 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk 
and potential for global spread of NiV outbreaks.  

Milestones: 
1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying 

surveillance catchment areas, engaging key partners in those areas, generating a standardized 
protocol, and conducting training for implementation.   

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including 
the potential for spillover events), enhance case detection, and better define the disease burden 
in different geographic areas.  

 
Strategic Goal 3: Support basic science research to improve understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animal models.  

Milestones: 
1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 
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2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical 
studies of NiV MCMs and that may be necessary for licensure of MCM products (particularly 
vaccines) via non-traditional regulatory pathways. 

 
Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 
NiV infections to inform development of MCMs. 

• Determine key differences in pathogenesis for different NiV strains that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine and optimize relevant animal models to support the development and evaluation of NiV 
MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.   

• Generate research tools to promote R&D of MCMs for NiV infection (e.g., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research studies to enable a more comprehensive mapping of genetic variability of 
henipaviruses to improve understanding of their global distribution. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for downselection and prioritization of candidate MCMs that should be moved 

forward. 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection.   

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 
human or animal populations.  

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    
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• Collaborate with local government authorities (including human health, animal health, and 
wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 

NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 
and fair” price is one that can reasonably be paid by patients and health budgets and 
simultaneously sustains research and development, production, and distribution within a 
country.) 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
DIAGNOSTICS 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Initial signs and symptoms of NiV infection are nonspecific, and the diagnosis often is not 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
in outbreak detection and implementation of effective and timely infection control measures 
and outbreak response activities. Additionally, latent disease can occur months to years after 
initial infection, which can complicate epidemiologic investigation.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
limited, and investigation into the cause of infection is not always pursued; these issues can lead 
to delays in diagnosis and outbreak investigation and response.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  
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• Owing to the biosafety precautions necessary when working with NiV, diagnostic testing of 
clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with 
regard to collection, handling, transport, and laboratory analysis.  

• The time required to perform diagnostic testing using conventional laboratory methods is 
problematic, given the rapid disease progression of NiV infection.  

• Pteropus species (and perhaps other bat species) appear to carry other henipaviruses in addition 
to NiV and HeV, some of which may prove to be pathogenic in humans and livestock. Antibodies 
to different henipaviruses are highly cross-reactive, making it difficult to discriminate using 
serologic assays which henipaviruses are in circulation. Capacity to identify additional 
pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 
respond to future outbreaks.  

Key needs 
• Clarification regarding the use cases for different diagnostic assays, since the corresponding 

performance, validation, and regulatory approval requirements may differ depending on how 
the tests will be used. For example, it may be desirable to have a point-of-care screening test 
that is highly sensitive and a confirmatory test that is highly specific. 

• A TPP for NiV diagnostics that identifies the key use cases and optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• A virtual repository (with specimens being held and maintained in the countries of origin) of 
clinical samples to assess and validate diagnostic tests. As part of this process, a clear approach 
is needed to: (1) determine what clinical samples should be collected, based on what would be 
most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outline the purposes of 
sample collection; (3) determine what organizations will be responsible for the activities related 
to creating and maintaining the repositories; (4) establish standardized protocols for sample 
collection and maintenance; (5) establish an appropriate governance structure; (6) identify who 
would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) 
ensure that material transfer agreements (MTAs) are in place. (Samples obtained from 
laboratory animals also can be used to assess diagnostic assays during the timeframe when the 
virtual repository is being created.) 

• Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements 
for laboratory infrastructure, can detect disease early in the clinical course, are robust for use 
under a variety of conditions (e.g., varying humidity, temperature), and have a high sensitivity 
and specificity for different NiV strains, as needed, depending on the use cases for each test. 
Rapid diagnostic capability is needed for early case detection to promote outbreak detection, 
ensure early implementation of infection control measures, and ultimately to improve patient 
outcomes, once therapeutic options are available.  

• International reference standards to calibrate diagnostic assays.  
• Validation of promising diagnostics in endemic and at-risk geographic regions.  
• Diagnostic criteria and standardized testing for including patients in clinical trials of 

therapeutics. 
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• Improved diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent 
henipaviruses as they arise.  

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection.  

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 
performance of NiV diagnostic assays in the field.  

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 
support the business case for Nipah diagnostics, particularly given the costs of regulatory 
approval.  

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotype neutralization assays and antigen-
capture enzyme-linked immunosorbent assays [ELISAs]) and tests that are designed to detect 
more than one henipavirus. Further testing of diagnostics should be conducted in animal models 
before field trials in humans are pursued.  

 
Strategic Goals and Aligned Milestones 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 
repository of clinical samples from NiV-infected patients. 
 

Milestones:  
1. By 2019, develop and standardize plans and protocols (including the governance structure) for 

creating a virtual reference repository of well-characterized clinical samples to be maintained in 
the two primary NiV-affected countries: Bangladesh and India.  
 

2. By 2021, identify funding and initiate creation of the virtual reference repository in Bangladesh 
and India, with samples to be collected during future outbreaks and possibly as part of future 
clinical trials.    

 
Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on 
intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the 
conditions in which they will be used and that have minimal requirements for biosafety precautions and 
staff training.  
 

Milestones:  
1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal 

and desirable characteristics to guide the development of promising NiV diagnostic assays.  
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2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization 
pathways for NiV diagnostic assays.  

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care 
or near-patient diagnostic assays that align with the TPP. 
 

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-
patient diagnostic assays that align with the TPP. 
 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover 
risk to promote early detection of NiV.  
 

Milestones:  
1. By 2021, develop national laboratory strategies for NiV detection in the primary affected 

countries that include plans for enhancing laboratory preparedness to diagnose NiV infection 
during future outbreaks.  

 
Priority Areas/Activities 

Research 
• Create a virtual repository of clinical reference samples for use in researching new diagnostic 

agents.  
• Explore new diagnostic approaches that may allow earlier detection of infection.   
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  

 Product development 
• Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and 

preferred performance characteristics for different use cases. 
• Develop and evaluate point-of-care or near-patient rapid diagnostic tests for NiV infection that 

are affordable, highly sensitive and specific (as needed, depending on their intended use), can 
capture antigenically diverse strains of the virus, and can be performed accurately and safely in 
remote areas under a variety of circumstances.   

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-

affected countries. 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  
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Policy and commercialization 
• Develop guidance on optimal strategies for the deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available.   
 

THERAPEUTICS 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 

could reduce acceptance of NiV therapeutics.  
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 

creates an important challenge in providing early treatment of patients and PEP for exposed 
persons.  

• In NiV-endemic areas, hundreds of patients are admitted to hospitals annually with a diagnosis 
of encephalitis but do not have NiV infection. Treating all patients with encephalitis and their 
contacts for NiV infection would be costly and labor intensive, with relatively little benefit; 
therefore, accurate and rapid diagnosis is critical.  

• Studies in animals often evaluate the usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well a therapeutic agent will 
work in the field. 

• NiV can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control–
programs in place to prevent person-to-person transmission. They also lack the ability to rapidly 
identify contacts most likely to benefit from PEP therapy.  

Key needs 
• Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to 

be implemented in NiV-affected areas, particularly during future outbreaks. 
• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 

infection to improve survival and decrease associated morbidity and long-term disability.  
• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 

PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

Knowledge gaps 
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• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided under compassionate use programs for a 
small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for 
m102.4 with 40 human participants was completed in Australia. Additional animal studies using 
different NiV strains and clinical trials in endemic areas are needed to further assess the safety, 
tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir 
[an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being 
used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. 
Additionally, the therapeutic windows of each therapy should be determined for different NiV 
strains, as highlighted by a recent study in AGMs that showed that the therapeutic window for 
m102.4 against a strain from Bangladesh/India was shorter than for a strain from Malaysia.  

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection and strengthen the therapeutic pipeline.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamic (PK/PD) 
relationship of promising therapeutic candidates. 

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer. This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons 
annually that could be candidates for PEP.  

• Additional information is needed regarding whether or not strain differences will affect the 
response to therapeutic candidates and results from clinical trials. 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials to inform best-practice guidelines and evidence-based policy decisions.  
 

Strategic Goals and Aligned Milestones 

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 
outbreaks.  
 

Milestones:  
1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising 

therapeutic candidates to be implemented in NiV-affected areas and develop plans for 
operationalizing the protocol.  
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2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to 
be implemented in NiV-affected areas and develop plans for operationalizing the protocol.  

3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising 

therapeutic candidates to be implemented in NiV-affected areas and develop plans for 
operationalizing the protocol.  

4. By 2020, generate a reliable source of m102.4 to be used in clinical trials. 
 

Strategic Goal 2: Develop and evaluate therapeutic agents for the treatment of NiV infection and for 
PEP to prevent NiV infection.  
 

Milestones:  
1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic 

candidates.  

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or combination therapies for the treatment of NiV 
infection.  

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) 
efficacy of at least two promising therapeutic candidates or combination therapies for the 
treatment of NiV infection.  

 
Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 

(such as m102.4 and favipiravir) for treating and preventing NiV infection, including conducting 
studies in animal models and clinical trials as appropriate and feasible. 

• Continue to expand the pipeline of new therapeutic options for treating and preventing NiV 
infection that should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Develop, evaluate, and license safe and effective therapeutic agents for the treatment of NiV 

infection that are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains  and 
other pathogenic henipaviruses that may emerge. 

Key capacities 
• Ensure that clinical trial protocols are in place and are ready to be operationalized, including 

obtaining appropriate approvals and conducting necessary training. 
• Promote enhancements to the healthcare delivery systems in affected areas to improve clinical 

management and supportive care of patients with NiV infection. 
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• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 
therapeutics for further clinical testing and outbreak control.  

Policy and commercialization 
• Generate a reliable source of m102.4 to be used in clinical trials. 
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

VACCINES 

Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges  
• Currently, there is no candidate vaccine that is in late-stage development, and few companies 

are willing to invest in the generation of new NiV vaccines.  
• Sociocultural issues may hinder trust in the formal human and veterinary clinical and public 

health systems, which could diminish the acceptance of NiV vaccine use.  
• The absence of improved diagnostic assays for the timely diagnosis of infection creates an 

important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak 
control.  

Key needs 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 

against different NiV strains, and (3) provide rapid onset of an immune response to adequately 
prevent and control outbreaks.  

• Guidance on the use of NiV vaccines to include vaccination strategies for special populations 
(such as children, immunocompromised individuals, and pregnant women); different 
epidemiologic scenarios; and different vaccine attributes.  

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 
target populations and guidance for community sensitization to vaccine acceptation and 
promotion within the community. 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategies over time.  

Knowledge gaps 
• Additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV. Since neutralizing antibodies are 
likely the primary mediator of protection against NiV infection, research in this area should 
focus primarily on the humoral immune response for driving vaccine development.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines.  

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac HeV from Zoetis).  
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• Additional research is needed in animal models to determine if vaccine candidates are cross-
protective between different NiV strains, including recently identified strains; only a few studies 
demonstrating cross-protection have been performed to date.  

• The identification of specific correlates or surrogates of protection and standardized assays for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may 
vary by vaccine platform and antigen, and therefore multiple assays may need to be 
standardized. 

• Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse 
incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in 
non-affected countries, safety trials will also be needed involving target populations in endemic 
regions.  

• Further epidemiologic research is needed to better define at-risk populations and identify 
additional areas of potential NiV spillover.  

• Additional sociological research is needed to explore perceptions and concerns of at-risk 
populations regarding NiV vaccine implementation. 

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use 
in NiV endemic areas.  

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 
estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating 
disease risk based on risk behaviors and practices in communities or specific population groups, 
and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  

 

Strategic Goals and Aligned Milestones 

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 
requirements for clinical trials, regulatory pathways, and other considerations that will affect licensure 
of a vaccine against NiV. 

Milestones:  
1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy 

trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical 
trials (if deemed feasible) and the need for licensure and future use of NiV vaccines. This 
consultation should include representatives from in-country regulators, other regulatory 
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agencies (such as the FDA or the European Medicines Agency), national and international public 
health agencies and organizations, and local and international researchers. 

 
Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans.  
 

Milestones:  
1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 

least two promising NiV vaccine candidates. 
 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV 
candidate vaccines.  
 

3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a 
framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional 
protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create 
a collaborative and transparent strategy for determining which candidate vaccines will go 
forward into phase 3 trials.  

 
Priority Areas/Activities 

Research 
• Improve understanding of the humoral immune response to infection to inform development 

and evaluation of NiV vaccines. 
• Identify and standardize correlates and/or surrogates of protection, which are necessary for 

ongoing research into candidate vaccines and also may be important for vaccine licensure.  
• Generate international reference standards to calibrate serologic assays for vaccine potency 

analyses. 
• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 

efficacy in animal models (such as through serum transfer studies), correlates of protection, and 
durability. 

• Further study cross protection of various vaccine candidates against different NiV strains, and 
between NiV strains and HeV strains.  

• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 
animal studies for immune bridging to facilitate regulatory licensing. 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 
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• Evaluate the feasibility of generating multivalent vaccines (i.e., that protect against more than 
one disease) and determine whether or not such vaccines would be useful in future NiV control 
efforts.    

Product development 
• Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  

Key capacities 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 

(once vaccines become available). 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 

vaccines, if clinical trials are considered feasible. 
• Identify and address issues with licensure and use of NiV vaccines in affected areas through a 

coordinated process involving key stakeholders, including in-country NRAs and public health 
authorities. 

• Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical 
evaluation and use when outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Develop guidance for community sensitization to vaccine acceptance and promotion within the 

community. 
• Consider developing a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, 

if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for 
person-to-person transmission and potential for faster spread.  
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Introduction 

[bookmark: _GoBack]Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 human cases of encephalitis were identified in Malaysia and most had close contact with pigs (Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and three presented with atypical pneumonia (one of which later also had evidence of encephalitis) (Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed genomic information for the virus is limited, experts agree that the causative agent was either NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra virus, which predominantly causes infection in horses in Australia and can also lead to human disease, usually following contact with infected horses (Ksiazek 2011).  

The most common clinical syndrome associated with NiV infection is severe, rapidly progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are multiple strains of NiV, which may account for the differences noted in clinical features and outcomes between Malaysia and Bangladesh (Mire 2016). 

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, several other domestic animal species in the outbreak area (including horses, cats, and dogs) were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 2018). The potential for droplet spread is supported by a recent study that demonstrated hamsters could be infected when exposed to NiV via a small-particle aerosol (Escaffre 2018). Given the potential for respiratory transmission of NiV and the recent experience with Ebola in West Africa, some have raised concerns about the possibility of larger NiV outbreaks if the virus takes hold in a crowded or urban area (Donaldson 2018) or about the pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013).

Pteropus fruit bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat species and other bat species in geographically diverse regions, including South Asia (Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa (Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). This wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations.

WHO has determined that Nipah virus is a priority disease for epidemic preparedness (WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO embarked on development of a research and development (R&D) roadmap for NiV disease; this report provides a summary of the key elements of that roadmap, including important challenges and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are developed, manufactured, and readily available when needed [provide link to full roadmap here when available].

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, and vaccines. The strategic goals and milestones identified in each section are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, the roadmap milestones will be tracked over time, with periodic assessment of progress and updates to the roadmap as needed. The roadmap is specific to R&D for disease in humans; however, further research of NiV in animal species, including development of appropriate medical countermeasures targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV in humans and virus transmission can occur at the human-animal interface.

Cross-Cutting Issues 

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is accessing adequate funding to support research. Economic incentives to invest in such research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure they understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control measures. As part of this process, the risk profile for NiV and related henipaviruses needs to be further defined through improving disease surveillance in areas of known risk and obtaining prospective serosurveillance data on henipavirus exposure for susceptible animal species and proximate human populations in areas of predicted risk. Human health, animal health, and wildlife officials should be engaged in these efforts as part of a long-term collaborative One Health approach (Chattu 2018, Kulkarni 2013).

Another important issue is the need to optimize relevant animal challenge models for promoting development and evaluation of medical countermeasures for NiV infection, particularly if investigators are required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge medical countermeasures should be administered in animal models to best mimic realistic timing of such use in humans; (4) bridge data from animal models to humans, such as identifying thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best models for studying chronic (relapsing) infection (Bossart 2012, Debuysscher 2013, Dhondt 2013, Johnston 2015, Mathieu 2015, Satterfield 2016). Currently, the African green monkey is regarded as the most relevant animal model for evaluating candidate therapeutics and vaccines intended for use in humans (Geisbert 2010, Johnston 2015), and studies involving nonhuman primates may be required for licensure of therapeutics and vaccines via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns, however, constrain the use of this animal model. In addition to optimizing animal models, standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains are needed to move R&D of medical countermeasures for NiV infection forward (Satterfield 2016).

To inform development of optimal NiV medical countermeasures, additional research also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. This includes issues such as evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection.

To respond to these challenges, the strategic goals and milestones for cross-cutting issues in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and identifying funding sources to promote R&D, availability, and accessibility of NiV medical countermeasures, optimizing animal models for research, and generating standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV medical countermeasures (Table 1).

Diagnostics

The most commonly used methods for diagnosing NiV infection include virus isolation, enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies, and real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus isolation requires biosafety level 4 (BSL-4) capabilities and is generally only performed in reference laboratories for specific purposes, such as to confirm a new outbreak or to identify the virus in new host species (Wang 2012). During the Malaysia outbreak, the US Centers for Disease Control and Prevention (CDC) developed a capture ELISA for detection of IgM antibodies and an indirect ELISA for detection of IgG antibodies (Daniels 2001); since then, additional ELISA tests have been developed (Wang 2012) and serologic testing is often used for case confirmation during outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009). RT-PCR, which can be performed on throat and nasal swabs, cerebrospinal fluid, urine, and blood, is also often used for diagnostic testing (Chadha 2006, Guillaume 2004, Lo 2012). Quantitative RT-PCR tests have been developed for quantifying viral replication; such tools can be used to measure viral load reduction when screening vaccine candidates and potential therapeutics (Jensen 2018). More recently, pseudotyped-based serum neutralization assays for NiV detection that use vesicular stomatitis virus systems have been developed; these assays potentially can be used under BSL2 conditions in laboratories with limited diagnostic capabilities and appear to offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, Tamin 2009). Antigen-capture ELISAs using monoclonal antibodies also have been developed, which could result in more rapid diagnosis (Chiang 2010). These newer technologies hold promise; however, more information is needed regarding their performance characteristics, particularly under field conditions . 	Comment by Devendra Mourya: Development and validation of immunohistochemical staining tests can facilitate studies on pathogenesis of Nipah infections and might also be useful for primary diagnosis in low-resource settings.

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the diagnosis often is not considered at the time of presentation, which can delay outbreak detection and implementation of infection control measures. Furthermore, laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are needed to identify cases quickly, promote outbreak detection, ensure timely implementation of infection control measures, and ultimately improve patient outcomes, once therapeutic options become available.  	Comment by Devendra Mourya: Where feasible, prospective surveillance of susceptible animal species (e.g., bats, pigs, equids) with potential for human spillover of Nipah infection may be implemented, in order to evaluate risk profiles and patterns of NiV circulation.

Development of new diagnostics is impeded by lack of clinical samples for assay assessment and validation; therefore, a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic testing forward. Development of such a repository requires addressing the following: (1) determining what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; (3) determining what organizations will be responsible for activities related to creating and maintaining the repositories; (4) establishing standardized protocols for sample collection and maintenance; (5) establishing an appropriate governance structure; (6) identifying who would have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics also is needed to guide the development of promising new diagnostic assays. 

To address these issues, the strategic goals and milestones for diagnostic testing outlined in the NiV R&D roadmap focus on creation of a virtual reference repository, development of highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or potential spillover risk (Table 2). 

Therapeutics

Safe, well-tolerated, and effective therapeutic agents are not readily available for treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used to treat 140 patients; findings from treated patients were compared to those of 54 historical controls who became ill before ribavirin was available or who refused treatment (Chong 2001). Results demonstrated a statistically significant reduction in mortality among treated patients (36%); however, the use of historical controls may have biased this finding. No additional clinical studies using ribavirin have been conducted, and limited studies in animal models have not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Rockx 2010, Georges-Courbot 2006). Chloroquine also has been studied in animal models, but has not shown any therapeutic benefit, either alone or in combination with ribavirin (Freiberg 2010, Pallister 2009). Based on these findings, these approaches are not considered viable options for treatment of NiV infection. 	Comment by Devendra Mourya:  Clinicians, especially in endemic areas, should be asked to maintain high vigilance for cases of acute febrile  encephalitic syndrome, in particular, with respiratory symptoms. 
 Effective and appropriate risk communication strategies should be implemented in endemic areas. Recommendations on behavioral modifications should be communicated to susceptible populations, wherever Nipah infections have occurred after indigenous practices like consumption of raw date palm sap.

A more promising therapeutic option is the development of monoclonal antibodies (mAbs) against viral envelop proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early treatment and for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as healthcare workers, family caregivers, and persons exposed to infected livestock. Researchers have demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate use for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 1 clinical trial of m102.4 with 40 human participants was completed in Australia, but results are not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in Kerala, India, but was not used because the outbreak was brought under control quickly (Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic window for m102.4 may vary by virus strain, which is a consideration for further preclinical and clinical study of this agent (Mire 2016) . 	Comment by Devendra Mourya: Given the limited availability of m102.4, it may also be worthwhile to explore development of alternate monoclonal antibodies against NiV, and to evaluate approaches like cocktails of monoclonal antibodies, purified convalescent human sera, egg yolk-derived immunoglobulins etc. for Immunoprophylaxis against it in humans and/or animals.

Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies in animal models also have been conducted for fusion inhibitory peptides; for example, investigators recently reported that lipopeptides delivered via the respiratory route can prevent lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents are promising, further preclinical data are needed to assess their utility. In addition, efforts are needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science research toward discovery of additional novel agents that may be more aligned with optimal and desired characteristics for anti-NiV therapy. 

Key additional considerations for moving NiV therapeutics forward include: (1) obtaining additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and (3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, and the feasibility of PEP distribution in both endemic and at-risk areas. To address these issues, the goals and milestones for therapeutics in the NiV R&D roadmap focus on continuing to move promising agents forward into clinical trials and on enhancing preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

Vaccines 

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generating new NiV vaccines, which creates an important barrier to ensuring that safe and effective NiV vaccines are made available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines are still in preclinical stages of research. The two primary approaches for NiV vaccine development include creating a subunit vaccine against one or both of the outer-membrane proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has been developed and is commercially available for use in horses (Middleton 2014), which supports this option as a promising approach for developing a human NiV vaccine.

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of government agencies, industry, academia, philanthropy, and intergovernmental institutions aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, has recently provided financial support to promote the development of several NiV candidate vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. and Emergent BioSolutions Inc. to develop an NiV vaccine that is based on the same technology as that used for the Hendra virus vaccine (CEPI 2018). In September 2018, CEPI announced plans to award approximately US$ 2 million to the Jenner Institute at the University of Oxford and Janssen Vaccines & Prevention BV for preclinical development of a replication-deficient simian adenoviral-vectored vaccine, derived from an adenovirus originally isolated from chimpanzees (CEPI 2018). These efforts will support preclinical and early clinical development of NiV vaccines.

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

Additional research is needed in several areas to support development of NiV vaccines. First, identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed, particularly to expedite possible licensing through nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized. Second, additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection against NiV infection (Satterfield 2016), research in this area should focus primarily on the humoral immune response for driving vaccine development. Third, further work in animal models is needed to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be useful in creating a current estimate of the reproductive number for NiV, gauging the potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017).

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap focus on moving vaccine candidates forward into clinical trials and promoting development of guidance on requirements for clinical trials, regulatory pathways, and other considerations relevant to licensure of a vaccine against NiV. 

Conclusion

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the next 5 years to accelerate the development of NiV medical countermeasures forward. NiV infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or suspected NiV spillover will improve understanding of the true burden of NiV disease. These efforts, in turn, may provide information to further support the public health value proposition for NiV medical countermeasure development and, by increasing case detection, may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.  
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Tables

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues



		Goals and Milestones for NiV Infection Cross-Cutting Issues

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs.

		1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.



		

		2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.



		2. Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

		1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.



		

		2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.







Table 2: Goals and Milestones for NiV Diagnostics

		Goals and Milestones for NiV Diagnostics

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients. 

		1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India).



		

		2. By 2021, identify funding and initiate creation of the virtual reference repository in the two primary NiV-affected countries (Bangladesh and India), with samples to be collected during future outbreaks and possibly as part of future clinical trials.   



		2. Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 

		1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays.



		

		2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays.



		

		3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



		

		4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



		3. Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV.

		1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnosdiagnoseis NiV infection during future outbreaks.







Table 3: Goals and Milestones for NiV Therapeutics

		Goals and Milestones for NiV Therapeutics

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

		1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.



		

		2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.



		

		3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.



		

		4. By 2020, generate a reliable source of m102.4 to be used in clinical trials. 



		2. Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection.

		1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates.



		

		2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.



		

		3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.







Table 4: Goals and Milestones for NiV Vaccines



		Goals and Milestones for NiV Vaccines

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure of a vaccine against NiV.

		1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.



		

		2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This consultation should include representatives from the following: in-country regulators, other regulatory agencies (such as the FDA or the European Medicines Agency [EMA]), national and international public health agencies and organizations, and local and international researchers.



		2. Develop and evaluate NiV vaccines for prevention of NiV disease in humans.

		1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.



		

		2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines.



		

		3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a collaborative and transparent strategy for determining which candidate vaccines will go forward into phase 3 trials.
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On 19-Nov-2018, at 11:37 PM, Kris Moore <kamoore@umn.edu> wrote:

Dear Nipah R&D Roadmap Taskforce members:
 
On behalf of CIDRAP, Wellcome, and WHO, attached please find the final version of the Nipah R&D Roadmap, a draft manuscript for publication, and a table for you to complete with personal information.
·       The roadmap is undergoing final review and clearance at WHO.
·       The draft manuscript is also being reviewed by WHO; their edits are not yet reflected in this version, so it may change. Before submission, once we have incorporated all comments, we will send a final version to you again for your approval and sign off. 
 
Here are some high-level thoughts regarding the manuscript:
·       We thought it was essential to provide some context for where things stand with the current status of diagnostics, therapeutics, and vaccines, so we added a few short paragraphs in order to provide this perspective. This was done for the MERS-CoV roadmap and we all agreed that this was the right approach.
·       We also decided to highlight some of the key challenges and barriers, as we did in each of the roadmaps—so we used our best judgement to focus on what we thought were the most critical issues. We also did quite a bit of reworking to put the material into a more readable format.
·       With regard to the roadmap itself, we decided to include tables of the goals and milestones, since it wasn’t possible to cover everything and these seem to be the most critical. We should be able to provide a link to the full roadmap once it’s posted, assuming each is posted before publication. 
·       We decided that the manuscripts should be no more than about 3,500 words, so we aimed for that length. 
 
We would very much appreciate your help by doing the following:
1.      Review the manuscript and submit your comments via track changes on the Word document.
2.      Complete the attached table, so you are cited correctly in the manuscript.
3.      If, as you review the manuscript, you find anything glaring that needs to change in the roadmap, please let us know. We still have time to make minor changes to the roadmap. Again, you can use track changes on the Word document of the roadmap.
 
Please also address the following question from Wellcome regarding the roadmap: For Nipah therapeutics we mention “By 2020 generate a reliable source of m102.4 to be used in clinical trials. We have not mentioned a specific vaccine or therapeutic for Lassa—is there a risk of promoting one candidate over others? This may be a redundant question since the Nipah field is far less advanced than other diseases.”
 
WE WOULD VERY MUCH APPRECIATE YOUR COMMENTS AND FEEDBACK BY MONDAY, DECEMBER 3. 
 
Thank you again for your support of this important effort, and thank you in advance for reviewing the manuscript. Please send any comments to me at kamoore@umn.edu. 
 
Warm regards, 
 
Kris
----------------- 
 
Kristine Moore, MD, MPH
Medical Director
Center for Infectious Disease Research and Policy (CIDRAP)
University of Minnesota
420 Delaware Street, SE
C315 Mayo Memorial Building, MMC 263
Minneapolis, MN  55455
612-626-6770 (office)
303-998-1697 (direct line)
303-818-2594 (cell)
612-626-6783 (fax)
kamoore@umn.edu
http://www.cidrap.umn.edu
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Introduction  

Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after 

an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in 

Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 

human cases of encephalitis were identified in Malaysia and most had close contact with pigs 

(Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following 

contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and 

three presented with atypical pneumonia (one of which later also had evidence of encephalitis) 

(Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, 

NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual 

outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been 

recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of 

Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV 

infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV 

in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that 

occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed 

genomic information for the virus is limited, experts agree that the causative agent was either 

NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra 

virus, which predominantly causes infection in horses in Australia and can also lead to human 

disease, usually following contact with infected horses (Ksiazek 2011).   

The most common clinical syndrome associated with NiV infection is severe, rapidly 

progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, 

headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset 
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encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 

sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory 

illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 

1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas 

case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 

100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are 

multiple strains of NiV, which may account for the differences noted in clinical features and 

outcomes between Malaysia and Bangladesh (Mire 2016).  

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In 

the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-

human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, 

several other domestic animal species in the outbreak area (including horses, cats, and dogs) 

were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts 

between bat and human have not played a major role, with the primary modes of NiV 

transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, 

Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-

person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role 

in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, 

Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory 

disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 

2018). The potential for droplet spread is supported by a recent study that demonstrated hamsters 

could be infected when exposed to NiV via a small-particle aerosol (Escaffre 2018). Given the 

potential for respiratory transmission of NiV and the recent experience with Ebola in West 
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Africa, some have raised concerns about the possibility of larger NiV outbreaks if the virus takes 

hold in a crowded or urban area (Donaldson 2018) or about the pandemic potential of NiV if a 

more human-adapted strain emerges (Luby 2013). 

Pteropus fruit bats have a wide geographic range that stretches across much of the 

Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the 

Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of 

the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid 

detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat 

species and other bat species in geographically diverse regions, including South Asia 

(Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, 

Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa 

(Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 

2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). 

This wide potential range of the NiV natural reservoir raises concerns about the eventual 

occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may 

make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to 

lack of clinical experience with the condition, lack of available laboratory testing, and the 

occurrence of other diseases that have similar clinical presentations. 

WHO has determined that Nipah virus is a priority disease for epidemic preparedness 

(WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO 

embarked on development of a research and development (R&D) roadmap for NiV disease; this 

report provides a summary of the key elements of that roadmap, including important challenges 

and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are 
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developed, manufactured, and readily available when needed [provide link to full roadmap here 

when available]. 

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for 

areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, 

and vaccines. The strategic goals and milestones identified in each section are focused on key 

achievements for the next 5 years; the roadmap milestones will be tracked over time, the 

roadmap milestones will be tracked over time, with periodic assessment of progress and updates 

to the roadmap as needed. The roadmap is specific to R&D for disease in humans; however, 

further research of NiV in animal species, including development of appropriate medical 

countermeasures targeted to animal populations, also is needed, since disease in animals may 

amplify occurrence of NiV in humans and virus transmission can occur at the human-animal 

interface. 

Cross-Cutting Issues  

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is 

accessing adequate funding to support research. Economic incentives to invest in such research 

are not readily apparent because the disease primarily occurs in under-resourced areas of South 

Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. 

Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure 

they understand the potential health, societal, and economic benefits of devoting limited 

resources to improving NiV surveillance, detection, prevention, and control measures. As part of 

this process, the risk profile for NiV and related henipaviruses needs to be further defined 

through improving disease surveillance in areas of known risk and obtaining prospective 

serosurveillance data on henipavirus exposure for susceptible animal species and proximate 
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human populations in areas of predicted risk. Human health, animal health, and wildlife officials 

should be engaged in these efforts as part of a long-term collaborative One Health approach 

(Chattu 2018, Kulkarni 2013). 

Another important issue is the need to optimize relevant animal challenge models for 

promoting development and evaluation of medical countermeasures for NiV infection, 

particularly if investigators are required to use an alternative pathway (such as the US Food and 

Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For 

example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay 

development; (2) standardize the challenge strain and dose, and determine the most appropriate 

lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge 

medical countermeasures should be administered in animal models to best mimic realistic timing 

of such use in humans; (4) bridge data from animal models to humans, such as identifying 

thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best 

models for studying chronic (relapsing) infection (Bossart 2012, Debuysscher 2013, Dhondt 

2013, Johnston 2015, Mathieu 2015, Satterfield 2016). Currently, the African green monkey is 

regarded as the most relevant animal model for evaluating candidate therapeutics and vaccines 

intended for use in humans (Geisbert 2010, Johnston 2015), and studies involving nonhuman 

primates may be required for licensure of therapeutics and vaccines via alternative regulatory 

pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical 

concerns, however, constrain the use of this animal model. In addition to optimizing animal 

models, standardized and well-characterized assays, reagents, antibodies, nucleic acids, and 

stocks of NiV challenge strains are needed to move R&D of medical countermeasures for NiV 

infection forward (Satterfield 2016). 
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To inform development of optimal NiV medical countermeasures, additional research 

also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. 

This includes issues such as evaluating the pathophysiologic differences between different NiV 

strains, determining the mechanisms that allow NiV to escape immunological clearance and 

cause delayed onset or recurrent encephalitis, identifying factors influencing the development of 

permanent neurological sequelae, and further characterizing cell-mediated and humoral immune 

responses to NiV infection. 

To respond to these challenges, the strategic goals and milestones for cross-cutting issues 

in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and 

identifying funding sources to promote R&D, availability, and accessibility of NiV medical 

countermeasures, optimizing animal models for research, and generating standardized and well-

characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to 

facilitate R&D of NiV medical countermeasures (Table 1). 

Diagnostics 

The most commonly used methods for diagnosing NiV infection include virus isolation, 

enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG 

antibodies, and real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus 

isolation requires biosafety level 4 (BSL-4) capabilities and is generally only performed in 

reference laboratories for specific purposes, such as to confirm a new outbreak or to identify the 

virus in new host species (Wang 2012). During the Malaysia outbreak, the US Centers for 

Disease Control and Prevention (CDC) developed a capture ELISA for detection of IgM 

antibodies and an indirect ELISA for detection of IgG antibodies (Daniels 2001); since then, 

additional ELISA tests have been developed (Wang 2012) and serologic testing is often used for 

Commented [EG1]: Might it be worthwhile noting that there 
are no commercially available tests? 
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case confirmation during outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 

2006, Luby 2009). RT-PCR, which can be performed on throat and nasal swabs, cerebrospinal 

fluid, urine, and blood, is also often used for diagnostic testing (Chadha 2006, Guillaume 2004, 

Lo 2012). Quantitative RT-PCR tests have been developed for quantifying viral replication; such 

tools can be used to measure viral load reduction when screening vaccine candidates and 

potential therapeutics (Jensen 2018). More recently, pseudotyped-based serum neutralization 

assays for NiV detection that use vesicular stomatitis virus systems have been developed; these 

assays potentially can be used under BSL2 conditions in laboratories with limited diagnostic 

capabilities and appear to offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, 

Tamin 2009). Antigen-capture ELISAs using monoclonal antibodies also have been developed, 

which could result in more rapid diagnosis (Chiang 2010). These newer technologies hold 

promise; however, more information is needed regarding their performance characteristics, 

particularly under field conditions.  

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the 

diagnosis often is not considered at the time of presentation, which can delay outbreak detection 

and implementation of infection control measures. Furthermore, laboratory infrastructure and 

diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); 

thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or 

near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are 

needed to identify cases quickly, promote outbreak detection, ensure timely implementation of 

infection control measures, and ultimately improve patient outcomes, once therapeutic options 

become available.   
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Development of new diagnostics is impeded by lack of clinical samples for assay 

assessment and validation; therefore, a virtual repository (with specimens being held and 

maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic 

testing forward. Development of such a repository requires addressing the following: (1) 

determining what clinical samples should be collected, based on what would be most useful (e.g., 

plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; 

(3) determining what organizations will be responsible for activities related to creating and 

maintaining the repositories; (4) establishing standardized protocols for sample collection and 

maintenance; (5) establishing an appropriate governance structure; (6) identifying who would 

have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) 

ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV 

diagnostics that identifies the key use cases and optimal and desirable characteristics also is 

needed to guide the development of promising new diagnostic assays.  

To address these issues, the strategic goals and milestones for diagnostic testing outlined 

in the NiV R&D roadmap focus on creation of a virtual reference repository, development of 

highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement 

of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or 

potential spillover risk (Table 2).  

Therapeutics 

Safe, well-tolerated, and effective therapeutic agents are not readily available for 

treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used 

to treat 140 patients; findings from treated patients were compared to those of 54 historical 

controls who became ill before ribavirin was available or who refused treatment (Chong 2001). 
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Results demonstrated a statistically significant reduction in mortality among treated patients 

(36%); however, the use of historical controls may have biased this finding. No additional 

clinical studies using ribavirin have been conducted, and limited studies in animal models have 

not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Rockx 2010, 

Georges-Courbot 2006). Chloroquine also has been studied in animal models, but has not shown 

any therapeutic benefit, either alone or in combination with ribavirin (Freiberg 2010, Pallister 

2009). Based on these findings, these approaches are not considered viable options for treatment 

of NiV infection.  

A more promising therapeutic option is the development of monoclonal antibodies 

(mAbs) against viral envelope proteins that can neutralize NiV via passive administration 

(Broder 2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early 

treatment and for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as 

healthcare workers, family caregivers, and persons exposed to infected livestock. Researchers 

have demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge 

in animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate 

use for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 

1 clinical trial of m102.4 with 40 human participants was completed in Australia, but results are 

not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in 

Kerala, India, but was not used because the outbreak was brought under control quickly 

(Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic 

window for m102.4 may vary by virus strain, which is a consideration for further preclinical and 

clinical study of this agent (Mire 2016).  

Commented [EG2]: Might be better phrased as a significantly 
lower mortality in the treated patients rather than reduction. 
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Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that 

inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit 

virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a 

monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated 

efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), 

supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies 

in animal models also have been conducted for fusion inhibitory peptides; for example, 

investigators recently reported that lipopeptides delivered via the respiratory route can prevent 

lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-

molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for 

treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir 

against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents 

are promising, further preclinical data are needed to assess their utility. In addition, efforts are 

needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science 

research toward discovery of additional novel agents that may be more aligned with optimal and 

desired characteristics for anti-NiV therapy.  

Key additional considerations for moving NiV therapeutics forward include: (1) obtaining 

additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, 

pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) 

ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising 

therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and 

(3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, 

and the feasibility of PEP distribution in both endemic and at-risk areas. To address these issues, 
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the goals and milestones for therapeutics in the NiV R&D roadmap focus on continuing to move 

promising agents forward into clinical trials and on enhancing preparedness to conduct clinical 

trials of therapeutic agents during future NiV outbreaks. 

Vaccines  

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate 

vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in 

late-stage development and few companies are willing to invest in generating new NiV vaccines, 

which creates an important barrier to ensuring that safe and effective NiV vaccines are made 

available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines 

are still in preclinical stages of research. The two primary approaches for NiV vaccine 

development include creating a subunit vaccine against one or both of the outer-membrane 

proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine 

platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, 

Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 

2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has 

been developed and is commercially available for use in horses (Middleton 2014), which 

supports this option as a promising approach for developing a human NiV vaccine. 

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of 

government agencies, industry, academia, philanthropy, and intergovernmental institutions 

aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, 

has recently provided financial support to promote the development of several NiV candidate 

vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. 

and Emergent BioSolutions Inc. to develop an NiV vaccine that is based on the same technology 
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as that used for the Hendra virus vaccine (CEPI 2018). In September 2018, CEPI announced 

plans to award approximately US$ 2 million to the Jenner Institute at the University of Oxford 

and Janssen Vaccines & Prevention BV for preclinical development of a replication-deficient 

simian adenoviral-vectored vaccine, derived from an adenovirus originally isolated from 

chimpanzees (CEPI 2018). These efforts will support preclinical and early clinical development 

of NiV vaccines. 

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-

endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 

Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease 

incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient 

sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to 

address this issue by enhancing case detection through improved surveillance and by combining 

clinical trial data over time, including across outbreaks. While it is critical to focus on 

conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative 

regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical 

trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.  

Additional research is needed in several areas to support development of NiV vaccines. 

First, identification of specific correlates or surrogates of protection and standardized assays for 

measuring immune correlates are needed, particularly to expedite possible licensing through 

nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by 

vaccine platform and antigen and, therefore, multiple assays may need to be standardized. 

Second, additional research is needed regarding the innate, cell-mediated, and humoral immune 

responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, 
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Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection 

against NiV infection (Satterfield 2016), research in this area should focus primarily on the 

humoral immune response for driving vaccine development. Third, further work in animal 

models is needed to determine if vaccine candidates are cross-protective between different NiV 

strains, including recently identified strains; only a few studies demonstrating cross-protection 

have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting 

may be useful in creating a current estimate of the reproductive number for NiV, gauging the 

potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017). 

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap 

focus on moving vaccine candidates forward into clinical trials and promoting development of 

guidance on requirements for clinical trials, regulatory pathways, and other considerations 

relevant to licensure of a vaccine against NiV.  

Conclusion 

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the 

next 5 years to accelerate the development of NiV medical countermeasures forward. NiV 

infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-

of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of 

known or suspected NiV spillover will improve understanding of the true burden of NiV disease. 

These efforts, in turn, may provide information to further support the public health value 

proposition for NiV medical countermeasure development and, by increasing case detection, 

may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in 

endemic areas.    
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Tables 

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues 
 

Goals and Milestones for NiV Infection Cross-Cutting Issues 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Identify sources of 

private- and public-
sector funding, and 
develop appropriate 
incentives and 
competitions to 
promote R&D of NiV 
MCMs. 

1. By 2019, develop a public value proposition to effectively advocate 
for the development and sustainability of NiV MCMs that: (1) 
articulates the potential global threat of NiV infection, (2) outlines 
the social and economic benefits of generating accessible and 
affordable NiV MCMs, and (3) details the positive impact on the 
health systems in affected areas. 

2. By 2019, create a funding plan for moving NiV diagnostics, 
therapeutics, and vaccines toward clinical evaluation, 
licensure/approval, acceptance, and sustainable access. 

2. Support basic science 
research to improve 
understanding of NiV 
virology, pathogenesis, 
and the immune 
response to infection 
in humans and animal 
models.  

1. By 2020, generate standardized and well-characterized assays, 
reagents, antibodies, nucleic acids, and stocks of NiV challenge 
strains to facilitate R&D of NiV MCMs. 

2. By 2021, optimize animal models that recapitulate disease in humans 
for use in preclinical studies of NiV MCMs and which may be 
necessary for licensure of MCM products (particularly vaccines) via 
non-traditional regulatory pathways. 

 

Table 2: Goals and Milestones for NiV Diagnostics 

Goals and Milestones for NiV Diagnostics 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Support development 

of diagnostic assays 
through creation of a 
virtual reference 
repository of clinical 
samples from NiV-
infected patients.  

1. By 2019, develop and standardize plans and protocols (including the 
governance structure) for creating a virtual reference repository of 
well-characterized clinical samples to be maintained in the two 
primary NiV-affected countries (Bangladesh and India). 

2. By 2021, identify funding and initiate creation of the virtual reference 
repository in the two primary NiV-affected countries (Bangladesh and 
India), with samples to be collected during future outbreaks and 
possibly as part of future clinical trials.    

2. Develop and assess 
affordable, highly 
sensitive and specific 
(as needed depending 
on intended use), 
point-of-care or near-
patient NiV diagnostic 
tests that are 

1. By 2019, generate a TPP for NiV diagnostics that identifies the 
primary use cases and optimal and desirable characteristics to guide 
the development of promising NiV diagnostic assays. 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform 
commercialization pathways for NiV diagnostic assays. 

3. By 2021, complete preclinical evaluation for at least two of the most 
promising NiV point-of-care or near-patient diagnostic assays that 
align with the TPP. 
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sufficiently robust for 
the conditions in which 
they will be used and 
that have minimal 
requirements for 
biosafety precautions 
and staff training.  

4. By 2022, complete field studies for at least two of the most promising 
NiV point-of-care or near-patient diagnostic assays that align with the 
TPP. 

3. Enhance laboratory 
diagnostic 
preparedness in areas 
of known or potential 
spillover risk to 
promote early 
detection of NiV. 

1. By 2021, develop national laboratory strategies for NiV detection in 
the primary affected countries that include plans for enhancing 
laboratory preparedness to diagnosis NiV infection during future 
outbreaks. 

 

Table 3: Goals and Milestones for NiV Therapeutics 

Goals and Milestones for NiV Therapeutics 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Enhance preparedness 

to conduct clinical 
trials of therapeutic 
agents during future 
NiV outbreaks. 

1. By 2019, complete a protocol for conducting safety and efficacy 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising 
therapeutic candidates to be implemented in NiV-affected areas and 
develop plans for operationalizing the protocol. 

3. By 2020, complete a broader, regional protocol for conducting 
clinical trials of promising therapeutic candidates to be implemented 
in NiV-affected areas and develop plans for operationalizing the 
protocol. 

4. By 2020, generate a reliable source of m102.4 to be used in clinical 
trials.  

2. Develop and evaluate 
therapeutic agents for 
treatment of NiV 
infection and for PEP 
to prevent NiV 
infection. 

1. By 2019, create and implement a prioritization process for evaluating 
promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising therapeutic 
candidates or combination therapies for treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, 
tolerability, and (possibly) efficacy of at least two promising 
therapeutic candidates or combination therapies for treatment of 
NiV infection. 

 

Table 4: Goals and Milestones for NiV Vaccines 
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Goals and Milestones for NiV Vaccines 
Nipah Virus Roadmap 
STRATEGIC GOALS MILESTONES 
1. Engage NRAs 

(particularly in endemic 
and at-risk areas) and 
WHO to gain guidance 
on requirements for 
clinical trials, 
regulatory pathways, 
and other 
considerations that will 
impact licensure of a 
vaccine against NiV. 

1. By 2019, convene an expert working group to assess the feasibility of 
conducting clinical efficacy trials of NiV vaccines and to determine 
the most appropriate regulatory pathways for licensure. 

2. By 2020, convene a regional consultation to clarify in-country issues 
around conducting clinical trials (if deemed feasible) and the needs 
for licensure and future use of NiV vaccines. This consultation should 
include representatives from the following: in-country regulators, 
other regulatory agencies (such as the FDA or the European 
Medicines Agency [EMA]), national and international public health 
agencies and organizations, and local and international researchers. 

2. Develop and evaluate 
NiV vaccines for 
prevention of NiV 
disease in humans. 

1. By 2021, complete preclinical evaluation of the preliminary safety, 
tolerability, and efficacy of at least two promising NiV vaccine 
candidates. 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one 
of the most promising NiV candidate vaccines. 

3. By 2023, complete the following if phase 3 trials are considered 
feasible: (1) develop a framework for conducting phase 3 clinical 
trials of NiV vaccine candidates, (2) develop a regional protocol for 
conducting phase 3 trials and plans for operationalizing the protocol, 
and (3) create a collaborative and transparent strategy for 
determining which candidate vaccines will go forward into phase 3 
trials. 
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Introduction 

Nipah virus (NiV), a paramyxovirus of the Henipavirus genus, was first identified after an outbreak of respiratory illness in pigs and severe encephalitic disease in humans occurred in Malaysia and Singapore in 1998-1999 (Chua 1999, Chew 2000, Parashar 2000). At least 265 human cases of encephalitis were identified in Malaysia and most had close contact with pigs (Chua 2010, Parashar 2000). In addition, 11 abattoir workers in Singapore became ill following contact with pigs imported from Malaysia; eight patients presented with signs of encephalitis and three presented with atypical pneumonia (one of which later also had evidence of encephalitis) (Paton 1999). No new outbreaks have been reported in these countries since May 1999; however, NiV infection was subsequently recognized in Bangladesh in 2001 (Hsu 2004) and nearly annual outbreaks have occurred in that country since then (WHO 2018). Outbreaks also have been recognized in eastern India and, in 2018, an outbreak occurred in the southern Indian state of Kerala (Arunkumar 2018, Sharma 2018, Chattu 2018). To date, nearly 350 cases of NiV infection have been identified in Bangladesh and India (WHO 2018). Possible emergence of NiV in a third geographic area is evidenced by an outbreak of an unidentified henipavirus that occurred among horses and humans in the Philippines in 2014 (Ching 2015). Although detailed genomic information for the virus is limited, experts agree that the causative agent was either NiV or a virus closely related to NiV. The Henipavirus genus includes another pathogen, Hendra virus, which predominantly causes infection in horses in Australia and can also lead to human disease, usually following contact with infected horses (Ksiazek 2011).  

The most common clinical syndrome associated with NiV infection is severe, rapidly progressive encephalitis (Goh 2000, Hossain 2008). The main presenting features include fever, headache, dizziness, vomiting, and altered mental status. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae (Tan 2002, Goh 2000). Some patients also have respiratory involvement or respiratory illness alone, which can progress to acute respiratory distress syndrome (Hossain 2008, Paton 1999). The overall case-fatality rate for the Malaysia outbreak was approximately 40%, whereas case-fatality rates during outbreaks in Bangladesh and India have generally ranged from 65% to 100% (Hossain 2008, WHO 2018). Genomic sequencing has demonstrated that there are multiple strains of NiV, which may account for the differences noted in clinical features and outcomes between Malaysia and Bangladesh (Mire 2016). 

Fruit bats of the Pteropus genus are considered the primary natural reservoir for NiV. In the Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and possibly limited human-to-human NiV transmission (Chua 2010). Additionally, several other domestic animal species in the outbreak area (including horses, cats, and dogs) were found to be infected with NiV (Chua 2000). In outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap (Islam 2016, Luby 2006, Rahman 2012) and subsequent person-to-person transmission. While person-to-person transmission was apparently minimal in the Malaysia outbreak, it has played a larger role in amplifying outbreaks in Bangladesh and India (Gurley 2007, Luby 2009, Chadha 2006, Arunkumar 2018). This may, in part, be related to the greater propensity toward respiratory disease in NiV strains found in South Asia and transmission via droplet spread (Spiropoulou 2018). The potential for droplet spread is supported by a recent study that demonstrated hamsters could be infected when exposed to NiV via a small-particle aerosol (Escaffre 2018). Given the potential for respiratory transmission of NiV and the recent experience with Ebola in West Africa, some have raised concerns about the possibility of larger NiV outbreaks if the virus takes hold in a crowded or urban area (Donaldson 2018) or about the pandemic potential of NiV if a more human-adapted strain emerges (Luby 2013).

Pteropus fruit bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Other fruit bats of the Pteropodidae family also may harbor NiV, and such bats can be found across Africa and parts of the Middle East. Evidence of NiV infection (via virus isolation, serologic testing, or nucleic acid detection using real-time polymerase chain reaction [RT-PCR]) has been found in Pteropus bat species and other bat species in geographically diverse regions, including South Asia (Bangladesh and India); Southeast Asia (Cambodia, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam); the Western Pacific region (Papua New Guinea); and Africa (Madagascar and Ghana) (Breed 2010, Epstein 2008, Hasebe 2012, Hayman 2008, Homaira 2010, Iehlé 2007, Reynes 2005, Sendow 2013, Wacharapluesadee 2005, WHO 2018, Yob 2001). This wide potential range of the NiV natural reservoir raises concerns about the eventual occurrence of outbreaks in new geographic areas (Deka 2018, Donaldson 2018), which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations.

WHO has determined that Nipah virus is a priority disease for epidemic preparedness (WHO 2018). To improve epidemic response for this infection, in the fall of 2017, WHO embarked on development of a research and development (R&D) roadmap for NiV disease; this report provides a summary of the key elements of that roadmap, including important challenges and barriers that need to be addressed to ensure that diagnostics, therapeutics, and vaccines are developed, manufactured, and readily available when needed [provide link to full roadmap here when available].

The NiV R&D roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one medical countermeasure category), diagnostics, therapeutics, and vaccines. The strategic goals and milestones identified in each section are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, the roadmap milestones will be tracked over time, with periodic assessment of progress and updates to the roadmap as needed. The roadmap is specific to R&D for disease in humans; however, further research of NiV in animal species, including development of appropriate medical countermeasures targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV in humans and virus transmission can occur at the human-animal interface.

Cross-Cutting Issues 

A major challenge for development of diagnostics, therapeutics, and vaccines for NiV is accessing adequate funding to support research. Economic incentives to invest in such research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, been low with only small, sporadic outbreaks. Advocacy to policy makers in affected countries and to global stakeholders is needed to ensure they understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control measures. As part of this process, the risk profile for NiV and related henipaviruses needs to be further defined through improving disease surveillance in areas of known risk and obtaining prospective serosurveillance data on henipavirus exposure for susceptible animal species and proximate human populations in areas of predicted risk. Human health, animal health, and wildlife officials should be engaged in these efforts as part of a long-term collaborative One Health approach (Chattu 2018, Kulkarni 2013).

Another important issue is the need to optimize relevant animal challenge models for promoting development and evaluation of medical countermeasures for NiV infection, particularly if investigators are required to use an alternative pathway (such as the US Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval ( Rockx 2014). For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for therapeutic or vaccine development; (3) determine when after challenge medical countermeasures should be administered in animal models to best mimic realistic timing of such use in humans; (4) bridge data from animal models to humans, such as identifying thresholds of vaccine protection to determine appropriate human doses; and (5) identify the best models for studying chronic (relapsing) infection (Bossart 2012, Debuysscher 2013, Dhondt 2013, Johnston 2015, Mathieu 2015, Satterfield 2016). Currently, the African green monkey is regarded as the most relevant animal model for evaluating candidate therapeutics and vaccines intended for use in humans (Geisbert 2010, Johnston 2015), and studies involving nonhuman primates may be required for licensure of therapeutics and vaccines via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns, however, constrain the use of this animal model. In addition to optimizing animal models, standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains are needed to move R&D of medical countermeasures for NiV infection forward (Satterfield 2016).

To inform development of optimal NiV medical countermeasures, additional research also is needed on the virology, immunology, and pathogenesis of NiV in humans and animals. This includes issues such as evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection.

To respond to these challenges, the strategic goals and milestones for cross-cutting issues in the NiV R&D roadmap focus primarily on developing a sustainable value proposition and identifying funding sources to promote R&D, availability, and accessibility of NiV medical countermeasures, optimizing animal models for research, and generating standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV medical countermeasures (Table 1).

Diagnostics	Comment by Emily Gurley: Might it be worthwhile noting that there are no commercially available tests?

The most commonly used methods for diagnosing NiV infection include virus isolation, enzyme-linked immunosorbent assays (ELISAs) for serologic detection of IgM or IgG antibodies, and real time-polymerase chain reaction (RT-PCR) nucleic acid testing. Virus isolation requires biosafety level 4 (BSL-4) capabilities and is generally only performed in reference laboratories for specific purposes, such as to confirm a new outbreak or to identify the virus in new host species (Wang 2012). During the Malaysia outbreak, the US Centers for Disease Control and Prevention (CDC) developed a capture ELISA for detection of IgM antibodies and an indirect ELISA for detection of IgG antibodies (Daniels 2001); since then, additional ELISA tests have been developed (Wang 2012) and serologic testing is often used for case confirmation during outbreaks (Chadha 2006, Gurley 2007, Islam 2016, Lo 2012, Luby 2006, Luby 2009). RT-PCR, which can be performed on throat and nasal swabs, cerebrospinal fluid, urine, and blood, is also often used for diagnostic testing (Chadha 2006, Guillaume 2004, Lo 2012). Quantitative RT-PCR tests have been developed for quantifying viral replication; such tools can be used to measure viral load reduction when screening vaccine candidates and potential therapeutics (Jensen 2018). More recently, pseudotyped-based serum neutralization assays for NiV detection that use vesicular stomatitis virus systems have been developed; these assays potentially can be used under BSL2 conditions in laboratories with limited diagnostic capabilities and appear to offer improved sensitivity and specificity (Kaku 2009, Kaku 2012, Tamin 2009). Antigen-capture ELISAs using monoclonal antibodies also have been developed, which could result in more rapid diagnosis (Chiang 2010). These newer technologies hold promise; however, more information is needed regarding their performance characteristics, particularly under field conditions. 

Initial signs and symptoms of NiV infection are nonspecific (CDC 2014) and the diagnosis often is not considered at the time of presentation, which can delay outbreak detection and implementation of infection control measures. Furthermore, laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited (Chua 2013, Wang 2012); thus, etiologic diagnosis is not always pursued. To address these issues, rapid point-of-care or near-patient diagnostic tests that involve minimal requirements for laboratory infrastructure are needed to identify cases quickly, promote outbreak detection, ensure timely implementation of infection control measures, and ultimately improve patient outcomes, once therapeutic options become available.  

Development of new diagnostics is impeded by lack of clinical samples for assay assessment and validation; therefore, a virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples is needed to move NiV diagnostic testing forward. Development of such a repository requires addressing the following: (1) determining what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid); (2) outlining the purposes of sample collection; (3) determining what organizations will be responsible for activities related to creating and maintaining the repositories; (4) establishing standardized protocols for sample collection and maintenance; (5) establishing an appropriate governance structure; (6) identifying who would have access to the samples; (7) prioritizing use of samples and sample distribution; and (8) ensuring that material transfer agreements are in place. A target product profile (TPP) for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics also is needed to guide the development of promising new diagnostic assays. 

To address these issues, the strategic goals and milestones for diagnostic testing outlined in the NiV R&D roadmap focus on creation of a virtual reference repository, development of highly sensitive and specific point-of-care or near-patient NiV diagnostic tests, and enhancement of laboratory diagnostic preparedness to promote early detection of NiV in areas of known or potential spillover risk (Table 2). 

Therapeutics

Safe, well-tolerated, and effective therapeutic agents are not readily available for treatment of NiV infection. During the 1998-1999 NiV outbreak in Malaysia, ribavirin was used to treat 140 patients; findings from treated patients were compared to those of 54 historical controls who became ill before ribavirin was available or who refused treatment (Chong 2001). Results demonstrated a statistically significant reduction in mortality among treated patients (36%); however, the use of historical controls may have biased this finding. No additional clinical studies using ribavirin have been conducted, and limited studies in animal models have not demonstrated efficacy of ribavirin following NiV or Hendra virus challenge (Rockx 2010, Georges-Courbot 2006). Chloroquine also has been studied in animal models, but has not shown any therapeutic benefit, either alone or in combination with ribavirin (Freiberg 2010, Pallister 2009). Based on these findings, these approaches are not considered viable options for treatment of NiV infection. 	Comment by Emily Gurley: Might be better phrased as a significantly lower mortality in the treated patients rather than reduction.

A more promising therapeutic option is the development of monoclonal antibodies (mAbs) against viral envelope proteins that can neutralize NiV via passive administration (Broder 2012, Guillaume 2004). Therapy with anti-NiV mAbs may be appropriate for early treatment and for post-exposure prophylaxis (PEP) to prevent illness in exposed persons, such as healthcare workers, family caregivers, and persons exposed to infected livestock. Researchers have demonstrated that the human mAb, m102.4, offers protection against lethal NiV challenge in animal models (Geisbert 2014, Bossart 2009), and it has been provided under compassionate use for a small number of individuals exposed to henipaviruses (Broder 2013). Recently, a phase 1 clinical trial of m102.4 with 40 human participants was completed in Australia, but results are not yet available (ANZCTR). M102.4 was deployed for use during the 2018 NiV outbreak in Kerala, India, but was not used because the outbreak was brought under control quickly (Spiropoulou 2018). One recent study in nonhuman primates showed that the therapeutic window for m102.4 may vary by virus strain, which is a consideration for further preclinical and clinical study of this agent (Mire 2016). 

Other potential options for NiV treatment include favipiravir (a small-molecule antiviral that inhibits RNA-dependent RNA polymerase), fusion inhibitory peptides (peptides that inhibit virus-mediated membrane fusion), and remdesivir (also known as GS-5734, which is a monophosphoramidate prodrug of an adenosine analogue). Researchers recently demonstrated efficacy of favipiravir in hamsters challenged with a lethal dose of NiV (Dawes 2018), supporting proof-of-concept for favipiravir as a possible therapy against NiV infection. Studies in animal models also have been conducted for fusion inhibitory peptides; for example, investigators recently reported that lipopeptides delivered via the respiratory route can prevent lethal NiV infection in hamsters and nonhuman primates (Mathieu 2018). Remdesivir is a small-molecule antiviral that is currently being evaluated in clinical studies as a therapeutic option for treating Ebola virus disease. Investigators recently demonstrated in vitro inhibition by remdesivir against a number of different viruses, including paramyxoviruses (Lo 2017). While these agents are promising, further preclinical data are needed to assess their utility. In addition, efforts are needed to expand the therapeutic drug pipeline for treatment of NiV by supporting basic science research toward discovery of additional novel agents that may be more aligned with optimal and desired characteristics for anti-NiV therapy. 

Key additional considerations for moving NiV therapeutics forward include: (1) obtaining additional preclinical and clinical data on the safety, tolerability, pharmacokinetics, pharmacodynamics, and efficacy of the most promising novel treatments for NiV disease; (2) ensuring that vetted and approved protocols for conducting clinical efficacy trials of promising therapeutics are in place in at-risk countries to be implemented during future NiV outbreaks; and (3) determining which agents may be appropriate for PEP, what types of exposures warrant PEP, and the feasibility of PEP distribution in both endemic and at-risk areas. To address these issues, the goals and milestones for therapeutics in the NiV R&D roadmap focus on continuing to move promising agents forward into clinical trials and on enhancing preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

Vaccines 

In June 2017, WHO released a TPP for NiV vaccine (WHO 2017) and several candidate vaccines are in the pipeline (Satterfield 2016); however, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generating new NiV vaccines, which creates an important barrier to ensuring that safe and effective NiV vaccines are made available. To date, clinical trials involving NiV vaccines have not been conducted and vaccines are still in preclinical stages of research. The two primary approaches for NiV vaccine development include creating a subunit vaccine against one or both of the outer-membrane proteins (the glycoprotein [G] or the fusion protein [F]) and using live-virus vectored vaccine platforms, including vesicular stomatitis virus, adenovirus, rabies virus, measles virus, Venezuelan equine encephalitis virus, canarypox virus, and Newcastle disease virus (Broder 2013, Satterfield 2016). A Hendra virus subunit vaccine involving soluble glycoprotein (sG) has been developed and is commercially available for use in horses (Middleton 2014), which supports this option as a promising approach for developing a human NiV vaccine.

The Coalition for Epidemic Preparedness Innovations (CEPI), which is a partnership of government agencies, industry, academia, philanthropy, and intergovernmental institutions aimed at providing funding for R&D of new vaccines against pathogens with epidemic potential, has recently provided financial support to promote the development of several NiV candidate vaccines. In May 2018, CEPI awarded a US$ 25 million contract to Profectus BioSciences, Inc. and Emergent BioSolutions Inc. to develop an NiV vaccine that is based on the same technology as that used for the Hendra virus vaccine (CEPI 2018). In September 2018, CEPI announced plans to award approximately US$ 2 million to the Jenner Institute at the University of Oxford and Janssen Vaccines & Prevention BV for preclinical development of a replication-deficient simian adenoviral-vectored vaccine, derived from an adenovirus originally isolated from chimpanzees (CEPI 2018). These efforts will support preclinical and early clinical development of NiV vaccines.

Although phase 1 and 2 clinical vaccine trials can be conducted in either endemic or non-endemic regions, phase 3 clinical efficacy trials will need to be conducted in endemic areas. Because NiV infection has, to date, occurred as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting such trials, in terms of achieving a sufficient sample size to estimate vaccine efficacy with adequate statistical power. It may be possible to address this issue by enhancing case detection through improved surveillance and by combining clinical trial data over time, including across outbreaks. While it is critical to focus on conducting ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible. 

[bookmark: _GoBack]Additional research is needed in several areas to support development of NiV vaccines. First, identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed, particularly to expedite possible licensing through nontraditional regulatory pathways (Satterfield 2016). Correlates of protection may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized. Second, additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV (Mathieu 2015, Prescott 2012, Satterfield 2016). Since neutralizing antibodies are likely the primary mediator of protection against NiV infection (Satterfield 2016), research in this area should focus primarily on the humoral immune response for driving vaccine development. Third, further work in animal models is needed to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date (Satterfield 2016). Finally, mathematical modelling and forecasting may be useful in creating a current estimate of the reproductive number for NiV, gauging the potential impact of NiV vaccines, and assessing needs for a vaccine stockpile (WHO 2017).

The immediate goals and milestones in the vaccine section of the NiV R&D roadmap focus on moving vaccine candidates forward into clinical trials and promoting development of guidance on requirements for clinical trials, regulatory pathways, and other considerations relevant to licensure of a vaccine against NiV. 

Conclusion

The NiV R&D roadmap contains a series of concrete steps to be accomplished over the next 5 years to accelerate the development of NiV medical countermeasures forward. NiV infection is likely more prevalent than currently recognized; therefore, rapid, easy to use point-of-care or near-patient diagnostic tests and enhanced case detection and surveillance in areas of known or suspected NiV spillover will improve understanding of the true burden of NiV disease. These efforts, in turn, may provide information to further support the public health value proposition for NiV medical countermeasure development and, by increasing case detection, may enhance feasibility of conducting clinical trials of promising vaccines and therapeutics in endemic areas.  
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Tables

Table 1: Goals and Milestones for NiV Infection Cross-Cutting Issues



		Goals and Milestones for NiV Infection Cross-Cutting Issues

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs.

		1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.



		

		2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.



		2. Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

		1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.



		

		2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.







Table 2: Goals and Milestones for NiV Diagnostics

		Goals and Milestones for NiV Diagnostics

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients. 

		1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India).



		

		2. By 2021, identify funding and initiate creation of the virtual reference repository in the two primary NiV-affected countries (Bangladesh and India), with samples to be collected during future outbreaks and possibly as part of future clinical trials.   



		2. Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 

		1. By 2019, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays.



		

		2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays.



		

		3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



		

		4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



		3. Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV.

		1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnosis NiV infection during future outbreaks.







Table 3: Goals and Milestones for NiV Therapeutics

		Goals and Milestones for NiV Therapeutics

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

		1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.



		

		2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.



		

		3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas and develop plans for operationalizing the protocol.



		

		4. By 2020, generate a reliable source of m102.4 to be used in clinical trials. 



		2. Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection.

		1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates.



		

		2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.



		

		3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and (possibly) efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.







Table 4: Goals and Milestones for NiV Vaccines



		Goals and Milestones for NiV Vaccines

Nipah Virus Roadmap



		STRATEGIC GOALS

		MILESTONES



		1. Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure of a vaccine against NiV.

		1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.



		

		2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This consultation should include representatives from the following: in-country regulators, other regulatory agencies (such as the FDA or the European Medicines Agency [EMA]), national and international public health agencies and organizations, and local and international researchers.



		2. Develop and evaluate NiV vaccines for prevention of NiV disease in humans.

		1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.



		

		2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines.



		

		3. By 2023, complete the following if phase 3 trials are considered feasible: (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a collaborative and transparent strategy for determining which candidate vaccines will go forward into phase 3 trials.
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trials.

I have attached my identifying information.

Steve

Kris Moore wrote on 11/20/2018 2:07 AM:

Dear Nipah R&D Roadmap Taskforce members:
 
On behalf of CIDRAP, Wellcome, and WHO, attached please find the final version
of the Nipah R&D Roadmap, a draft manuscript for publication, and a table for
you to complete with personal information.

·       The roadmap is undergoing final review and clearance at WHO.
·       The draft manuscript is also being reviewed by WHO; their edits are not

yet reflected in this version, so it may change. Before submission, once we
have incorporated all comments, we will send a final version to you again
for your approval and sign off.

 
Here are some high-level thoughts regarding the manuscript:

·       We thought it was essential to provide some context for where things
stand with the current status of diagnostics, therapeutics, and vaccines, so
we added a few short paragraphs in order to provide this perspective. This
was done for the MERS-CoV roadmap and we all agreed that this was the
right approach.

·       We also decided to highlight some of the key challenges and barriers, as
we did in each of the roadmaps—so we used our best judgement to focus
on what we thought were the most critical issues. We also did quite a bit
of reworking to put the material into a more readable format.

·       With regard to the roadmap itself, we decided to include tables of the
goals and milestones, since it wasn’t possible to cover everything and
these seem to be the most critical. We should be able to provide a link to
the full roadmap once it’s posted, assuming each is posted before
publication.

·       We decided that the manuscripts should be no more than about 3,500
words, so we aimed for that length.
 

We would very much appreciate your help by doing the following:
1.       Review the manuscript and submit your comments via track changes on

the Word document.
2.       Complete the attached table, so you are cited correctly in the manuscript.
3.       If, as you review the manuscript, you find anything glaring that needs to



change in the roadmap, please let us know. We still have time to make
minor changes to the roadmap. Again, you can use track changes on the
Word document of the roadmap.

 
Please also address the following question from Wellcome regarding the
roadmap: For Nipah therapeutics we mention “By 2020 generate a reliable source
of m102.4 to be used in clinical trials. We have not mentioned a specific vaccine
or therapeutic for Lassa—is there a risk of promoting one candidate over others?
This may be a redundant question since the Nipah field is far less advanced than
other diseases.”
 
WE WOULD VERY MUCH APPRECIATE YOUR COMMENTS AND FEEDBACK BY
MONDAY, DECEMBER 3.
 
Thank you again for your support of this important effort, and thank you in
advance for reviewing the manuscript. Please send any comments to me at
kamoore@umn.edu.
 
Warm regards,
 
Kris
-----------------
 
Kristine Moore, MD, MPH
Medical Director
Center for Infectious Disease Research and Policy (CIDRAP)
University of Minnesota
420 Delaware Street, SE
C315 Mayo Memorial Building, MMC 263
Minneapolis, MN  55455
612-626-6770 (office)
303-998-1697 (direct line)
303-818-2594 (cell)
612-626-6783 (fax)
kamoore@umn.edu
http://www.cidrap.umn.edu
 
 
Confidentiality Notice: This email communication and any attachments may
contain confidential and privileged information for the use of the designated
recipients named above.  If you are not the intended recipient, you are hereby



notified that you have received this communication in error and that any review,
disclosure, dissemination, distribution or copying of it or its contents is prohibited. 
If you have received this communication in error, please notify me immediately by
replying to this message and deleting it from your computer.  Thank You.
 

 



There is a long tradition of international cooperation 
in scientific research. Scientific networks can be 
instrumental to bridge cultural boundaries and build 
trust, addressing the global threat of emerging 
infectious diseases. Current trends in scientific 
research funding, specifically competition for 
ever-decreasing research budgets, necessitate 
international collaborations focused around specific 
and prioritized research questions.

Scientists posit that the Ebola outbreak of 2014 
began with a Guinean toddler playing in a bat roost 
amongst fruit bats that had migrated 2,500 miles 
from Central Africa. Understanding bat migration 
patterns, the effect of humans on those patterns, 
and the challenges of conducting disease 
surveillance in free-range bat populations, will 
enable relevant policy makers to better identify, 
plan, and prepare for the next pandemic.  
Additionally, research coordinated networks have 
the ability to significantly impact threat reduction by 
identifying and prioritizing coordinated approaches 
to close these and other pressing knowledge gaps.

The Defense Threat Reduction Agency (DTRA) 
Biological Threat Reduction Program (BTRP) is 
sponsoring a multi-regional disease surveillance 
research coordinated network to mitigate the threat 
of bat-associated pathogens of security concern. 
This threat reduction network will identify and 
connect interdisciplinary expertise, convening an 
agile group to adapt to a wide spectrum of arising 
challenges and threats. The Bat / One Health 
Research Network (BOHRN) will enable shared 
learning and research opportunities, establish new 
research projects, and facilitate joint applications 
for funding; thus increasing the opportunity for peer 
review, especially if a cross-regional and multi-
disciplinary team of authors are involved

The BOHRN kick-off meeting coincided with the 
2nd International Symposium on Infectious 
Diseases of Bats in Fort Collins, CO on 29 June 
2017. During this meeting, the group began 
preliminary actions to build a self-sustainable 
disease surveillance network and identified initial 
network objectives needed to develop a 
comprehensive research strategy to address bat-
associated disease threats and mitigation solutions.

Overview

Approach and Impact

Working Group 1: Host / pathogen biology 
interactions; specifically: (1) Bat physiology and 
immunology; (2) Bat pathogen community biology 
(e.g., co-infections and co-morbidities); and (3) 
Distribution of pathogens among species
Working Group 2: Pathogen surveillance, 
diagnostic capacity, and epidemiology; 
specifically: (1) Molecular epidemiology; (2) 
Distribution of pathogens geographically and 
phylogenetically; and (3) Detection, diagnosis, and 
reporting of bat-associated pathogens
Working Group 3: Ecology (bat, domesticated 
animal, and wildlife interface); specifically: (1) 
Bat behavior; (2) Domesticated animal and wildlife 
behavior, distribution, and movement impact; and 
(3) The effect of anthropogenic disturbance and
modification on pathogen dynamics and spillover
risks
Working Group 4: Human-bat interactions; 
specifically: (1) Hunting and commodity chain (e.g., 
bushmeat, guano, and pet trade); (2) Ecotourism; 
and (3) Interactions in human dwellings

BOHRN has four thematic focus areas, which were 
characterized and developed into research Working 
Groups at the kick-off meeting. These Working 
Groups (described below) will operationalize the 
network objectives by serving  as subdivisions to 
the overall network to foster multi-national and 
multidisciplinary participation and mentorship.  Each 
member of the BOHRN will identify with at least one 
Working Group based on field of research/practice.  
Working Group members will identify and prioritize 
research gaps and needs, and research project 
ideas will be solicited from BOHRN membership to 
address the identified gaps and needs.

B O H R N
The Bat / One Health Research Network

Facilitate interdisciplinary collaboration to 
identify research goals and needs for bat-borne 
disease research and broader threat reduction

Create a common action plan that yields 
collaborative and sustainable projects which: (1) 
better inform policy makers; (2) better inform 
scientific community regarding funding targets 
and gaps in areas of research and development; 
(3) better define threat to global health security
from bat-associated pathogens; and (4) improve
national, regional, and global capacity to detect
and respond to pathogens of security concern

Enable better communication, coordination, and 
outreach at the research and conservation 
interface

Network Objectives



Why Bats?

BOHRN outcomes will also support the Global Health Security 
Agenda (GHSA) Zoonotic Disease Action Package, which has 
a five-year target for countries to adopt measured behaviors, 
policies, and/or practices that minimize the spillover of 
zoonotic diseases from lower animals into human populations.

Although not directly involved in implementation, DTRA BTRP 
supports the GHSA goals and milestones, and synchronizes 
with GHSA country projects through the DoD GHSA 
Coordination Cell. DTRA BTRP is the DoD’ premier biological 
nonproliferation division protecting the United States and its 
allies from especially dangerous pathogens by collaborating 
with partner countries and the international community to 
minimize the threat of deliberate, accidental, and natural 
infectious disease outbreaks through enhanced biosafety, 
security, and surveillance measures. DTRA BTRP 
investments build capacity to detect, diagnose, and report 
disease events and help reduce the magnitude and response 
costs of biological incidents.

Additionally, DTRA BTRP promotes scientific and technical 
collaborations among partner nations and the international 
community in the disciplines of biological safety, security, and 
surveillance to build constructive and sustainable international 
partnerships that address threats posed to health security. 
These science diplomacy-based activities engage scientists in 
peaceful application of biotechnology; building partner country 
disease surveillance capabilities; promoting adherence to 
international codes of conduct, security, and safety; and 
enhancing transparency and confidence building.

Bats act as natural reservoirs for over 60 pathogens, 
including some of the world’s most deadly viruses, such as 
Nipah, Hendra, Marburg, and SARS viruses. Understanding 
the role of bats as a reservoir and the risk of pathogen 
transmission from bats to humans and other animals could be 
a key to discovering novel pathogens, mitigating the impact of 
emerging and re-emerging pathogens, and preventing future 
pandemics.

There are a number of factors which make bats unique 
disease reservoirs, including their social behavior, distinct 
physiology and metabolism, ability to travel long distances, 
nocturnal activity, species diversity, and long life span (10-20 
years). These specific bat characteristics, coupled with the 
impact of human-mediated interactions and environmental 
changes, create research challenges to understanding the 
role of bats in global zoonotic disease ecology. BOHRN will 
create opportunities for policy makers, scientists, 
conservationists, funders, and students to identify community 
challenges, develop priority research lists and implement 
associated action plans that target needs and gaps. The 
opportunities created will work at all levels to build awareness 
of bat-associated disease burden and transmission risks and 
improve the prevention, detection, diagnosis, and reporting of 
pathogens of security concern.

U.S. DoD and Health Security

Hayman, D.  2016. As the Bat Flies. Science  02 Dec 2016: Vol. 354, 
Issue 6316, pp. 1099-1100`
DOI: 10.1126/science.aaj1818 

GHSA. 2017. Global Health Security Agenda: Zoonotic Disease 
Action Package (GHSA Action Package Prevent 2).  
https://www.ghsagenda.org/packages/p2-zoonotic-disease

Kingston T., et. al. 2016. Networking networks for global bat 
conservation. Bats in the Anthropocene: Conservation of Bats in a 
Changing World. Springer Open.

Saez AM, et.al. 2014. Investigating the zoonotic origin of the West 
African Ebola epidemic. EMBO Mol Med. Vol 7, Iss 1:17-23. DOI: 
10.15252/emmm.201404792

https://www.bohrn.net

BHORN Website

Although DTRA BTRP is committed to supporting 
BOHRN, there is no guarantee or obligation for DTRA 
BTRP to fund projects resulting from the network or its 
members.

Point of Contact

Dr. Marty Stokes, DTRA BTRP
Pacific Region Science Lead 
martha.m.stokes.civ@mail.mil

Fact Sheet References

DISTRIBUTION A: This document was 
cleared by the Defense Threat 
Reduction Agency Public Affairs 
Office on 27 September 2017 for 
public release; distribution is 
unlimited
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Subject: Invitation to the Bat One Health Research Network Workshop in Vienna
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Dear Dr. Broder,
 
I wanted to follow up on your earlier discussion with Dr. Marty Stokes, the Southeast Asia Science
Manager for the Defense Threat Reduction Agency, Biological Threat Reduction Program (formerly
Cooperative Biological Engagement Program or CBEP), regarding the Bat One Health Research
(BOHRN) Workshop in Vienna. 
 

On behalf of Dr. Stokes we would like to extend an invitation for you to the BOHRN 1st Annual
Workshop in Vienna, Austria on 8-9 November 2018.  The two day meeting will be held at the
Imlauer Wien hotel.
 
Established 2016, BOHRN convenes multi-disciplinary and One Health-focused scientists, policy
makers, research scientists, and medical/veterinary practitioners with interests in bat-related
research involving pathogens of security concern.  The network builds on community standards and
best practices for research.  BOHRN identifies and shares information on research funding
opportunities offered by multiple institutions. Most importantly, this network fosters international
relationships among collaborators, agencies, and organizations, which can produce long-term,
sustainable partnerships that withstand changes in government and organization budgets, priorities,
postures, and policies.  Please see the attached fact sheet for more information on BOHRN.
 
DTRA BTRP sponsors BOHRN a global networks that aims to characterize global threats of bat-borne
pathogens and formalize community standards and conservation- conscious practices for One Health
disease research.  We hope to achieve the following objectives during the 1st
Annual BOHRN Workshop:
 

(1)   Facilitate a multi-disciplinary forum for discussion on research methods and practices to
characterize bat-borne pathogen spillover threats

(2)   Engage available funding program representatives with interests in conservation-
conscious bat-borne pathogen research

(3)   Characterize global research interests and priorities, and align them with network
research focus areas and available funding programs

(4)   Discuss upcoming planning opportunities
 
Attached you will find the network fact sheet; you can also visit www.bohrn.net for more
information.  




There is a long tradition of international cooperation 
in scientific research. Scientific networks can be 
instrumental to bridge cultural boundaries and build 
trust, addressing the global threat of emerging 
infectious diseases. Current trends in scientific 
research funding, specifically competition for 
ever-decreasing research budgets, necessitate 
international collaborations focused around specific 
and prioritized research questions.


Scientists posit that the Ebola outbreak of 2014 
began with a Guinean toddler playing in a bat roost 
amongst fruit bats that had migrated 2,500 miles 
from Central Africa. Understanding bat migration 
patterns, the effect of humans on those patterns, 
and the challenges of conducting disease 
surveillance in free-range bat populations, will 
enable relevant policy makers to better identify, 
plan, and prepare for the next pandemic.  
Additionally, research coordinated networks have 
the ability to significantly impact threat reduction by 
identifying and prioritizing coordinated approaches 
to close these and other pressing knowledge gaps.


The Defense Threat Reduction Agency (DTRA) 
Biological Threat Reduction Program (BTRP) is 
sponsoring a multi-regional disease surveillance 
research coordinated network to mitigate the threat 
of bat-associated pathogens of security concern. 
This threat reduction network will identify and 
connect interdisciplinary expertise, convening an 
agile group to adapt to a wide spectrum of arising 
challenges and threats. The Bat / One Health 
Research Network (BOHRN) will enable shared 
learning and research opportunities, establish new 
research projects, and facilitate joint applications 
for funding; thus increasing the opportunity for peer 
review, especially if a cross-regional and multi-
disciplinary team of authors are involved


The BOHRN kick-off meeting coincided with the 
2nd International Symposium on Infectious 
Diseases of Bats in Fort Collins, CO on 29 June 
2017. During this meeting, the group began 
preliminary actions to build a self-sustainable 
disease surveillance network and identified initial 
network objectives needed to develop a 
comprehensive research strategy to address bat-
associated disease threats and mitigation solutions.


Overview


Approach and Impact


Working Group 1: Host / pathogen biology 
interactions; specifically: (1) Bat physiology and 
immunology; (2) Bat pathogen community biology 
(e.g., co-infections and co-morbidities); and (3) 
Distribution of pathogens among species
Working Group 2: Pathogen surveillance, 
diagnostic capacity, and epidemiology; 
specifically: (1) Molecular epidemiology; (2) 
Distribution of pathogens geographically and 
phylogenetically; and (3) Detection, diagnosis, and 
reporting of bat-associated pathogens
Working Group 3: Ecology (bat, domesticated 
animal, and wildlife interface); specifically: (1) 
Bat behavior; (2) Domesticated animal and wildlife 
behavior, distribution, and movement impact; and 
(3) The effect of anthropogenic disturbance and
modification on pathogen dynamics and spillover
risks
Working Group 4: Human-bat interactions; 
specifically: (1) Hunting and commodity chain (e.g., 
bushmeat, guano, and pet trade); (2) Ecotourism; 
and (3) Interactions in human dwellings


BOHRN has four thematic focus areas, which were 
characterized and developed into research Working 
Groups at the kick-off meeting. These Working 
Groups (described below) will operationalize the 
network objectives by serving  as subdivisions to 
the overall network to foster multi-national and 
multidisciplinary participation and mentorship.  Each 
member of the BOHRN will identify with at least one 
Working Group based on field of research/practice.  
Working Group members will identify and prioritize 
research gaps and needs, and research project 
ideas will be solicited from BOHRN membership to 
address the identified gaps and needs.


B O H R N
The Bat / One Health Research Network


Facilitate interdisciplinary collaboration to 
identify research goals and needs for bat-borne 
disease research and broader threat reduction


Create a common action plan that yields 
collaborative and sustainable projects which: (1) 
better inform policy makers; (2) better inform 
scientific community regarding funding targets 
and gaps in areas of research and development; 
(3) better define threat to global health security
from bat-associated pathogens; and (4) improve
national, regional, and global capacity to detect
and respond to pathogens of security concern


Enable better communication, coordination, and 
outreach at the research and conservation 
interface


Network Objectives







Why Bats?


BOHRN outcomes will also support the Global Health Security 
Agenda (GHSA) Zoonotic Disease Action Package, which has 
a five-year target for countries to adopt measured behaviors, 
policies, and/or practices that minimize the spillover of 
zoonotic diseases from lower animals into human populations.


Although not directly involved in implementation, DTRA BTRP 
supports the GHSA goals and milestones, and synchronizes 
with GHSA country projects through the DoD GHSA 
Coordination Cell. DTRA BTRP is the DoD’ premier biological 
nonproliferation division protecting the United States and its 
allies from especially dangerous pathogens by collaborating 
with partner countries and the international community to 
minimize the threat of deliberate, accidental, and natural 
infectious disease outbreaks through enhanced biosafety, 
security, and surveillance measures. DTRA BTRP 
investments build capacity to detect, diagnose, and report 
disease events and help reduce the magnitude and response 
costs of biological incidents.


Additionally, DTRA BTRP promotes scientific and technical 
collaborations among partner nations and the international 
community in the disciplines of biological safety, security, and 
surveillance to build constructive and sustainable international 
partnerships that address threats posed to health security. 
These science diplomacy-based activities engage scientists in 
peaceful application of biotechnology; building partner country 
disease surveillance capabilities; promoting adherence to 
international codes of conduct, security, and safety; and 
enhancing transparency and confidence building.


Bats act as natural reservoirs for over 60 pathogens, 
including some of the world’s most deadly viruses, such as 
Nipah, Hendra, Marburg, and SARS viruses. Understanding 
the role of bats as a reservoir and the risk of pathogen 
transmission from bats to humans and other animals could be 
a key to discovering novel pathogens, mitigating the impact of 
emerging and re-emerging pathogens, and preventing future 
pandemics.


There are a number of factors which make bats unique 
disease reservoirs, including their social behavior, distinct 
physiology and metabolism, ability to travel long distances, 
nocturnal activity, species diversity, and long life span (10-20 
years). These specific bat characteristics, coupled with the 
impact of human-mediated interactions and environmental 
changes, create research challenges to understanding the 
role of bats in global zoonotic disease ecology. BOHRN will 
create opportunities for policy makers, scientists, 
conservationists, funders, and students to identify community 
challenges, develop priority research lists and implement 
associated action plans that target needs and gaps. The 
opportunities created will work at all levels to build awareness 
of bat-associated disease burden and transmission risks and 
improve the prevention, detection, diagnosis, and reporting of 
pathogens of security concern.
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Quad Chart Instructions: Please fill out all four portions of the quad chart. The chart is read in a clockwise direction starting with the technical
description, This activty i intended to provide a big picture overview and not an in-depth report of your research, Please limit the text to provide
only the most important aspects of each quad. You will be given 5 minutes to present the information within this chart. Refer to the questions in

each box for more guided assistance.

TECHNICAL DESCRIPTION AND OBJECTIVES
Briefly describe the research you are currently conducting
‘and why. What questions are you trying to answer and what
is the importance of this research to your field and the
region? What are the specific aims of your research? What is
currently known about your research? Consider the
following:

1. Objectives of research

2. Current state of understanding

KEY PARTNERS AND REGIONS OF STUDY
Briefly describe the key partners and funders in your

research. List the region(s) your research is being conducted
in and any networks you are working with formally or
informally. Consider the following:
1. Who are the key partners involved in your research?
2. Who are the key funders involved in your research?

3. What region(s) is your research being conducted in?

4. Are you working with any networks (farmally or
informally)?

MILESTONES, STATUS, AND CHALLENGES

Briefly explain the timeline of your research. When do you
anticipate your research to be completed? Are there
deliverables or steps along the way that will show
substantial progress? Identify the challenges you will face.
Consider the following:

1. Provide timeline for delivery

2. Overview on project status

List challenges or needs in your research

REGIONAL IMPACT

Describe the potential regional impact of your research.
What willthe impact be for the regional area? Willthis lead
to the need for future studies? Consider the following

Define the quantitative impact of project.

Define the regional impact.












 
We have secured a hotel room for you the nights of 7-8 November at the Imlauer hotel in Vienna
prior to the IMED meeting.  In addition, please find a quad chart attached, we ask that you please
fill in the attached quad chart and return as soon as possible. 
 
Each participant will be asked to present the attached quad chart during the workshop day 1 event
(about five minutes per chart).  The information presented will be used to aid breakout group and
large group discussions.  Along with the quad chart, we are requesting that you send a picture of
yourself.  The quad charts and pictures will be printed to display around the room during the two
day workshop.  
 
Please let us know if you have any questions regarding this meeting or the quad chart.   
 
Kind Regards,
 
Megan
 

       

Megan Hudson
Task Lead | Global Systems Engineering
6303 Little River Turnpike #208
Alexandria, VA 22312
megan.hudson@globalsyseng.com | (703)582-2640
http://globalsyseng.com

 
Note: This email and any attachments may contain confidential or proprietary information.
If you are not the intended recipient, any use or distribution is prohibited; please notify the sender and delete from your system.
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1 

NipahResearch and Development (R&D) Roadmap 1 

2 
Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic 3 
goals, and prioritizing areas and activities (from basic research toward advanced development, 4 
licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative 5 
development of medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against 6 
Nipah virus infection. 7 

8 

INTRODUCTION 9 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 10 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 11 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 12 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 13 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 14 
infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 15 
have occurred in that country since. NiV infection has also been identified periodically in eastern India 16 
and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in 17 
Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as 18 
serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and 19 
several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, 20 
Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from 21 
bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human 22 
NiV transmission. Additionally, several other domestic animal species were found to be infected with 23 
NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in 24 
Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary 25 
modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and 26 
subsequent person-to-person transmission.  27 

28 
The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 29 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 30 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 31 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 32 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 33 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 34 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 35 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 36 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 37 
contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed 38 
genomic information for this virus is limited.  39 

40 
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In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered 41 
mental state or unconsciousness, dizziness,cough, and vomiting as the primary presenting clinical 42 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 43 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 44 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 45 
those identified in Bangladesh and India; some differences have been noted in the clinical features of 46 
infection with different strains in humans and experimentally infected non-human primates. 47 
 48 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 49 
accelerating research and product development of medical countermeasures to enable effective and 50 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 51 
“priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and 52 
for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 53 
priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid 54 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in thise 55 
roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 56 
prevent and control NiV outbreaks and endemic diseasein humans. The roadmap is organized into four 57 
main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, 58 
therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The 59 
strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 60 
years; the roadmap milestones will be tracked over time, with periodic assessment of progress and 61 
updatingas needed. 62 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 63 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 64 
include enhanced surveillance systems, minimizing zoonotic NiV transmission, improved personal 65 
protective equipment (PPE), ensure hand hygiene and environmental hygiene, effective community 66 
engagement, adequate infection prevention and control practices,adequate infrastructure (such as cold-67 
chain maintenance) to deploy MCMs, and workforce development and training in endemic and at-risk 68 
regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as 69 
part of a broader public health control strategy. Further research ofNiV in animal species, including 70 
development of appropriate MCMs targeted to animal populations, also is needed, since disease in 71 
animals may amplify occurrence of NiV(or related henipavirus species)in humans and virus transmission 72 
can occur at the human-animal interface. 73 
 74 

VISION 75 

Robust MCMs to detect, prevent, and control human outbreaks of NiV infection(and other closely 76 
related henipaviruses) that are readily available and accessible for use in areas of known or potential 77 
NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and 78 
effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to 79 
prevent disease, disability, and death.  80 
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 81 

CROSS-CUTTING ISSUES 82 

Current Primary Challenges, Key Needs, and Knowledge Gaps 83 

Primary challenges 84 
• Securing funding for Nipah research respresents a substantial challenge, since eEconomic 85 

incentives to invest in Nipah research are not readily apparent because, as the disease primarily 86 
occurs in under-resourced areas of South Asia and reported disease incidence is has, so far, 87 
beenlow with small and sporadic outbreaks. ; therefore, securing funding for Nipah research 88 
represents a substantial challenge. The development of a sustainable value propositionfor 89 
industry and international philanthropic public-private partnerships are needed to secure 90 
funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The 91 
value proposition would ideallyshould be informed by a robust assessment of the risk of future 92 
outbreaksand the economic, societal,and health impacts that such outbreaks could generate. 93 
and will likely require new systematic surveillance studies in humans and susceptibleanimal 94 
hosts in affected areas to strengthen the evidence base.  95 

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 96 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 97 
developers in the absence of a predictable demand. In addition, licensure of vaccines and 98 
therapeutics using alternative regulatory pathways can be very costly, given the regulatory 99 
requirements for such approval. 100 

• High-level biocontainment requirements may pose an impediment to research on NiV 101 
pathogenesis and development of MCMs, as certain materials must be generated under the 102 
highest biosafety level (BSL-4) conditions, which increases. This raises the cost of MCM 103 
development. 104 

• To date, NiV spillovers to human communities have been identified almost exclusively most 105 
commonly in rural communities in Bangladesh andIndia; the healthcare facilities that serve 106 
these communities have limited laboratory and clinical infrastructure for diagnosis and 107 
treatment.  108 

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 109 
geographic range that stretches across much of the Western Pacific region, Southeast and South 110 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 111 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 112 
host range increases the likelihood of additional spillover events from bats to humans or 113 
livestock in new areas where the disease has not yet been detected, which may make accurate 114 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 115 
experience with the condition, lack of available laboratory testing, and the occurrence of other 116 
diseases that have similar clinical presentations.  117 

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 118 
pigs older than 4 weeks old), infection in animal herds may not be recognized until after human 119 
cases are identified. This delay in diagnosis may lead to an entire herd being infected before 120 
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livestock are tested for NiV, which could cause large financial losses forlivestock owners and 121 
increases the likelihood of NiV infection in exposed animal husbandry workers.  122 

• NiV disease occurs in both humans and animals (particularly livestock). This creates two streams 123 
of research, which complicates the overall approach for moving NiV MCMs forward. For 124 
example, animal models for human disease will have different parameters than animal models 125 
for disease in animal species.  126 

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 127 
research,  applicable to humans (and pigs and horses for research applicable to disease in 128 
animals), the African green monkey (AGM) is regarded as the most relevant animal model for 129 
evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, 130 
studies involving the AGM model may be required for licensure of MCMs via alternative 131 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 132 
and ethical concerns constrain the use of AGMs. 133 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic 134 
regions;however, phase 3 clinical efficacy trials will need to be conducted in endemic areas. 135 
However, Bbecause NiV infection occurs as relatively small, focal outbreaks, the low disease 136 
incidence in endemic areas poses a major challenge for conducting phase 3 clinical 137 
efficacysuchtrials, in terms of achieving a sufficient sample size to estimate MCM efficacy with 138 
adequate statistical power. It may be possible to address this issue by combining clinical trial 139 
data across outbreaks over time. While it is critical to focus on approaches that make ethical and 140 
scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may 141 
need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs 142 
(e.g., randomized controlled trials [RCTs]) are not applicablefeasible. 143 

Key needs 144 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 145 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 146 
innovation and secure private-sector commitments to develop anmd manufacture NiVMCMs. 147 

• Enhanced clinical, laboratory, and public healthinfrastructure in endemic and at-risk areas to 148 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 149 
for NiV prevention and control.  150 

• Advocacy to policy makers in affected countries to ensure they understand the potential health, 151 
societal, and economic benefits of devoting limited resources to improving NiV surveillance, 152 
detection, prevention, and control measures.  153 

• Additional prospective serosurveillance data from susceptible animal species and proximate 154 
human populations in areas of predicted risk to determine the level of human spillover and to 155 
build preparedness for detection of human cases and for limiting exposure. This is particularly 156 
important in areas where public health surveillance programs are not feasible.   157 

• Standardized and validated well characterized assays (to be further defined based on end use), 158 
reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV 159 
infection. (Assays that can be used at lower biosafety levels are an important priority.)WHO 160 
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international standards should be used (when available) as calibrators and reported in Units/ml 161 
to harmonize assay results. 162 

• Efforts to establish the natural history of NiV infection in animals and define the animal 163 
modelsthat are most reflective of human disease. 164 

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 165 
clinical trials versus those that need additional preclinical research. Such criteria should align 166 
with desired characteristics outlined in the target product profiles (TPPs) and should address 167 
aspects of sustainable MCM production, stockpiling, and access. 168 

• Efforts to design clinical efficacy trials in affected areas that are ethical, interpretable, and 169 
feasible. Researchers should explore the potential for conducting clinical trials before 170 
considering alternative regulatory pathways for licensure (such as the United States Food and 171 
Drug Administration’s [FDA’s] Animal Rule).  172 

• Early and recurrent communications between product developers and the appropriate national 173 
regulatory authorities (NRAs) or regulatory agencies to obtain clarity and guidance on clinical 174 
trial requirements, regulatory pathways and requirements, and other considerations for NiV 175 
MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 176 
capabilities will vary between countries; therefore, early engagement, potentially with support 177 
from WHO, is essential to identify country-specific considerations.    178 

• Outreach and education to cliniciansand community health workers to improve NiV awareness, 179 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 180 
prevention and control) and to ensure availability of diagnostic tools in endemic areas to 181 
increase the likelihood of accurate and timely diagnosis and treatment of NiV infection.  182 

• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 183 
collaborative clinical research, including methods for collecting, standardizing, and sharing 184 
clinical data. 185 

• Collaboration between public health authorities in endemic and at-risk areas and international 186 
development partners to support NiV surveillance and facilitate effective communication with 187 
communities to strengthen disease prevention and preparedness activities. Human health, 188 
animal health, and wildlife officials should be engaged as part of a long-term collaborative 189 
effort.  190 

• Clarification regarding the potential for and possible strategies to promote technology transfer 191 
for NiV MCM development and manufacturingto endemic and at-risk areas. 192 

Knowledge gaps 193 
• Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as 194 

well as other preventive measures, are dependent on accurate and current information on the 195 
ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance 196 
(or dedicated prospective research with a surveillance focus)is needed to determine the true 197 
incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 198 
bats to humans or livestock in new geographic areas. Additionally, continued research is needed 199 
to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 200 
infection, in the natural reservoir of Pteropus bats and potentially other batspecies.  201 
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• Additional research is needed torefine, standardize, and validate optimize relevant animal 202 
challenge models(e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define 203 
their role in supporting basic research on the pathogenesis and immunology of NiV infection, 204 
which is essential for to promote development and evaluation of MCMs, particularly if 205 
investigators intend to use an alternative pathway(such as the United States Food and Drug 206 
Administration’s [FDA’s] Animal Rule)to obtain regulatory approval. For example, efforts are 207 
needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) 208 
standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose 209 
for MCM development; (3)determine when after challenge MCMs should be administered in 210 
animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data 211 
between from animal models and to humans, such as identifying thresholds of vaccine 212 
protection to determine appropriate human MCM doses; and (5) identify the best models for 213 
studying chronic (relapsing) infection.  214 

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 215 
humans and animals to inform development of NiV MCMs. This includes evaluating the 216 
pathophysiologic differences between different NiV strains, determining the mechanisms that 217 
allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, 218 
identifying factors influencing the development of permanent neurological sequelae, and 219 
further characterizing cell-mediated and humoral immune responses to NiV infection. In 220 
addition, identifying aspects of the immune response that are absent or counter-effective during 221 
human NiV infection may lead to the development of novel targeted intervention strategies. 222 

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 223 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 224 
features of disease, and thereby influence MCM development.  225 

• Further research is needed to better understand viruses in the Henipavirus genus, including 226 
their reservoir hostsand pathogenicity.  227 

• Additional studies applying whole genome sequencing of NiV viruses are needed to generate a 228 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  229 

• Sociological and anthropological research is needed to understand how to best engage 230 
populations at high risk of exposure (such as persons who consume data palm sap and workers 231 
at the human-animal interface) pig farmers, hunters, abattoir workers) and vulnerable 232 
populations (such as children, immunocompromised individuals, and pregnant women) for 233 
participation in clinical trials and to ensure acceptance of new NiVMCMs, especially if 234 
therapeutics and vaccines do not consistently prevent disease.  235 

• Efforts are needed to: (1) assess potential barriers for conducting clinical trials, (2) assess MCM 236 
acceptability in at-risk populations, (3) determine culturally appropriate messaging to enhance 237 
MCM acceptance, and (4) identify public health strategies to promote vaccine use.  238 

 239 
Strategic Goals and Aligned Milestones 240 

Strategic Goal 1:Identify sources of private- and public-sector funding, and develop appropriate 241 
incentives and competitions to promote R&D of NiV MCMs.  242 
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Milestones: 243 
1. By 2019, develop a public value proposition to effectively advocate for the development and 244 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 245 
outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 246 
and (3) details the positive impact on the health systems in affected areas. 247 

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward 248 
clinical evaluation, licensure/approval, acceptance, and sustainable access. 249 
 250 

Strategic Goal 2:Improve understanding of NiV epidemiology and ecology to estimate the relative risk 251 
and potential for global spread of NiV outbreaks. 252 

Milestones: 253 
1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying 254 

surveillance catchment areas, engaging key partners in those areas, generating a standardized 255 
protocol, and conducting training for implementation.   256 

2. By 2022, initiate enhanced NiVsurveillance to better characterize NiV epidemiology (including 257 
the potential for spillover events), enhance case detection, and better define the diseaseburden 258 
in different geographic areas. 259 

 260 
Strategic Goal 3: Support basic science research to improve understanding of NiV virology, 261 
pathogenesis, and the immune response to infection in humans and animal models.  262 

Milestones: 263 
1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic 264 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 265 
 266 

2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical 267 
studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly 268 
vaccines) via non-traditional regulatory pathways. 269 

 270 
Priority Areas/Activities 271 

Research 272 
• Expand research to further understand the ecology and epidemiology of NiV and other 273 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 274 
across geographic areas, using a One Health approach. 275 

• Continue to performphylogenetic and evolutionary analyses of NiV strains to monitor antigenic 276 
changes and characterize genetic diversity over time.  277 

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 278 
NiV infections to inform development of MCMs. 279 

• Determine key differences in pathogenesis for different NiV strains that may have implications 280 
for the development of safe and effective NiV vaccines or therapies. 281 

• Refine and optimize relevant animal models to support the development and evaluation of NiV 282 
MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.   283 
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• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 284 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 285 
particularly those that can be used at lower biosafety levels. 286 

• Conduct research studies to enable a more comprehensive mapping of genetic variability 287 
henipaviruses in order to improve understanding of their global distribution. 288 

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 289 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 290 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 291 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 292 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 293 
assessment. 294 

• Conduct social science research to determine strategies for engaging communities for 295 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 296 
become available.  297 

Product development 298 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 299 

forward. 300 
• Promoteearly communication between developers and appropriate NRAs forclarity and 301 

guidance on the regulatory aspects ofMCM development for NiV infection. 302 

Key capacities 303 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 304 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 305 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 306 
control. 307 

• Improve active and passive surveillance capacityto: (1) better define the incidence of disease in 308 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 309 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 310 
human or animal populations. 311 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data. 312 
• Collaborate with local government authorities (including human health, animal health, and 313 

wildlife representatives) to support NiVsurveillance and disease prevention activities in endemic 314 
and at-risk areas.   315 

• Promote community-based outreach programs that transfer skills and knowledge for the 316 
prevention and early recognition of NiV disease in areas of known or potential NiVspillover risk. 317 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed 318 
NiVtherapeutics and vaccines. 319 

Policy and commercialization 320 
• Establish a sustainable value proposition and secure funding to complete development, 321 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 322 
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• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 323 
therapeutics, and vaccines to endemic and at-risk areas. 324 

• Ensure access to regulatory guidance, oversight, review, and authorizationfrom appropriate 325 
NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 326 
approval are being determined. 327 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 328 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 329 
and fair” price is one that can reasonably be funded by patients and health budgets and 330 
simultaneously sustains research and development, production, and distribution within a 331 
country.) 332 

• Clarifythe potential for and possible strategies to promote technology transfer for development 333 
and manufacturing of MCMs for NiV infection.  334 

 335 
Critical Path Analysis 336 

[See accompanying table.] 337 
 338 

DIAGNOSTICS 339 

Current Primary Challenges, Key Needs, and Knowledge Gaps 340 

Primary challenges 341 
• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 342 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 343 
in outbreak detection and implementation of effective and timely infection control measures 344 
and outbreak response activities. Additionally, latent disease can occur months to years after 345 
initial infection, which can complicate epidemiologic investigation. 346 

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 347 
limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in 348 
diagnosis and outbreak investigation and response.  349 

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 350 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  351 

• Various types of test methods and platforms are required to test patients at different phases of 352 
NiV infection, which can complicate diagnostic needs and capabilities.  353 

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 354 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 355 
areas with regard to collection, handling, transport, and laboratory analysis. 356 

• The time required to perform diagnostic testing using conventional laboratory methods poses 357 
challenges, given the rapid disease progression of NiV infection.  358 

• Pteropus bat species (and perhaps other bat species)appear to carry other henipaviruses (in 359 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 360 
Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate 361 
which henipaviruses are in circulation using serologic assays. Capacity to identify additional 362 
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pathogenic henipaviruses is an important challenge forensuring diagnostic preparednessto 363 
respond tofuture outbreaks.  364 

Key needs 365 
• Clarification regarding the use cases for different diagnostic assays, since the corresponding 366 

performance, validation, and regulatory approval requirements may differ depending on how 367 
the tests will be used. For example, it may be desirable to have a point-of-care screening test 368 
that is highly sensitive and a confirmatory test that is highly specific. 369 

• A TPP for NiV diagnostics,identifying  that identifies the key use cases and optimal and desirable 370 
characteristics to guide the development of promising diagnostic assays. 371 

• A biobankvirtual repository (with specimens being held and maintained in the countries of 372 
origin) of human and animalclinical samples to assess and validate diagnostic tests. and a 373 
process for how best to judiciously use the samples. As part of this process, a clear approach is 374 
needed to: (1) determine what clinical samples should be collected, based on what would be 375 
most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes 376 
of sample collection; (3) determine what organizations will be responsible for the activities 377 
related to creating and maintaining the repositories; (4) establish standardized protocols for 378 
sample collection and maintenance; (5) establish an appropriate governace structure; (63) 379 
identify who would have access to the samples; and (74) prioritize use of samples and sample 380 
distribution; and (8) ensure that material transfer agreements (MTAs) are in place.(Samples 381 
obtained from laboratory animals also can be used to assess diagnostic assays during the 382 
timeframe when the virtual repository is being created.) 383 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 384 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 385 
validation, and regulatory approval requirements may differ depending on how and in which 386 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 387 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 388 
specific.In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 389 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 390 
considered in tandem with the use of therapeutics and other interventions.  391 

• Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements 392 
for laboratory infrastructure, can detect disease early in the clinical course,are robust for use 393 
under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both 394 
human and animal populations, and have a high degree of sensitivity and specificity for different 395 
NiVstrains, as needed, depending on the use cases for each test. Rapid diagnostic capability is 396 
needed for early case detection to promote outbreak detection, ensure early implementation of 397 
infection control measures, and ultimately to improve patient outcomes, once therapeutic 398 
options are available. 399 

• International reference standards to calibrate diagnostic assays.  400 
• Validation of promising diagnostics in endemic and at-risk geographic regions.  401 
• Diagnostic criteria and standardized testing for including patients in clinical trials of 402 

therapeutics. 403 
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• Improved Ddiagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent 404 
henipaviruses in humans and animals as they arise. 405 

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 406 
and epidemiology of NiV infection. 407 

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 408 
performance of NiVdiagnostic assays in the field.  409 

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 410 
support the business case for Nipah diagnostics, given the costs of regulatory approval.  411 

• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 412 
detect NiV infection while simultaneously screening for the presence of other henipaviruses or 413 
other pathogens of public health concern that may cause similar clinical syndromes in endemic 414 
or at-risk areas. Since validation and regulatory approval of multiplex assays can prove 415 
challenging, an alternate approach would be the development of multiple single assays that can 416 
be run in parallel.  417 

• If NiV or HeV vaccines become widely used in livestock, serological testing to differentiate 418 
vaccinated animals from infected animals (such as the Differentiating Infected from Vaccinated 419 
Animals (DIVA) test) will be needed. 420 

Knowledge gaps 421 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 422 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 423 
ability to diagnose infection at different stages of disease. Additionally, further research on the 424 
kinetics of NiV in the animal reservoirs is needed.  425 

• More information is needed regarding the performance characteristics (including sensitivity, 426 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 427 
assays, particularly for newer tests (such as pseudo typed neutralization assays and antigen-428 
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 429 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  430 

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 431 
populations to allow accurate interpretation of test results, since substantive economic 432 
consequences (such as trade restriction for livestock) could be triggered by positive results.  433 

 434 
Strategic Goals and Aligned Milestones 435 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 436 
repository of clinical samples from NiV-infected patients. 437 
 438 
Milestones:  439 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for 440 
creating a virtual reference repository of well-characterized clinical samples to be maintained in 441 
the two primary NiV-affected countries (Bangladesh and India). 442 
 443 
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2. By 2020, identify funding and initiate creation ofthe virtual reference repository in the two 444 
primary NiV-affected countries (Bangladesh and India), with samples to be collected during 445 
future outbreaks and possibly as part of future clinical trials.   446 

 447 
Strategic Goal 2:Develop and assess affordable, highly sensitive and specific (as needed depending on 448 
intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the 449 
conditions in which they will be used and that have minimal requirements for biosafety precautions and 450 
staff training.  451 
 452 
Milestones:  453 

1. By 2018, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal 454 
and desirable characteristics to guide the development of promising NiV diagnostic assays.  455 
 456 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization 457 
pathways for NiV diagnostic assays. 458 
 459 

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care 460 
or near-patient diagnostic assays that align with the TPP. 461 
 462 

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-463 
patient diagnostic assays that align with the TPP. 464 
 465 

Strategic Goal 3:Enhance laboratory diagnostic preparedness in areas of known or potential spillover 466 
risk to promote early detection of NiV.  467 
 468 
Milestones:  469 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected 470 
countries that include plans for enhancing laboratory preparedness to diagnosis NiV infection 471 
during future outbreaks.For example, this may include strategies for development of mobile 472 
laboratories that can be deployed when outbreaks occur.  473 

 474 
Priority Areas/Activities 475 

Research 476 
• Create a biobank virtual repositoryof clinical human and animalreference samples for use in 477 

researching new diagnostic agents.  478 
• Explore new diagnostic approaches that may allow for earlier detection of infection.  479 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 480 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 481 
disease. 482 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 483 
and develop appropriate standards for their use in different contexts. 484 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  485 
• Continue to research cross-reactivity of diagnostic tests in animal populations.  486 
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Product development 487 
• Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and 488 

preferred performance characteristics for different use cases. 489 
• Define use cases for diagnostic assays. 490 
• Develop and , evaluate, and validatepoint-of-care or near-patient rapid diagnostic tests for 491 

NiVinfection that are affordable, highly sensitive and specific (as needed, depending on their 492 
intended use), available for use in humans and animals, and can capture antigenically diverse 493 
strains of the virus, and can be performed accurately and safely in remote areas under a variety 494 
of circumstances.  495 

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 496 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 497 
in the geographic region that cause similar clinical syndromes. 498 

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 499 
reduce the likelihood of transmission of NiV from livestock to humans.  500 

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 501 
if NiV or HeV vaccines become widely used (long-term consideration). 502 

Key capacities 503 
• Generate international reference standards to calibrate diagnostic assays.  504 
• Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-505 

affected countries. 506 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 507 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 508 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed. in humans 509 
and animals. 510 

Policy and commercialization 511 
• Develop guidance on optimal strategies for deployment and use of new NiVdiagnostic tests 512 

across different geographic areas, as such tests become available. 513 
 514 

Critical Path Analysis 515 
[See accompanying table.] 516 

 517 

THERAPEUTICS 518 

Current Primary Challenges, Key Needs, and Knowledge Gaps 519 

Primary challenges 520 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 521 

successful treatment. 522 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 523 

could reduce acceptance of NiV therapeutics.  524 
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 525 

creates an important challenge in providing early treatment and PEP to exposed persons.  526 
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• In the NiV-endemic region of Bangladeshareas, hundreds of patients are admitted to hospitals 527 
annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 528 
confirmatory testing, tTreating all patients with encephalitis and their contacts for NiV infection 529 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 530 
diagnosis is critical.  531 

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 532 
onset or early during the disease course. Patients with NiV infection often are detected later in 533 
the clinical course, which creates challenges for predicting how well an a therapeutic agent will 534 
work in the field. 535 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 536 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 537 
severe neurologic disease.  538 

• Healthcare systems in endemic countries often do not have adequate infection control systems 539 
–programs in place to prevent person-to-person transmission. They also lack the ability to 540 
rapidly identify contacts most likely to benefit from PEP therapy.  541 

Key needs 542 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 543 

development of promising treatment approaches in the context of individual and community 544 
priorities. 545 

• Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to 546 
be implemented in NiV-affected areas during future outbreaks. 547 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 548 
infection to improve survival and decrease associated morbidity and long-term disability. 549 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 550 
(relapsing) NiV infection to decrease associated long-term disability.  551 

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 552 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 553 
exposed to infected livestock.  554 

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 555 
seriously ill patients).  556 

Knowledge gaps 557 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 558 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 559 
of ribavirin for NiV infection may be warranted.  560 

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 561 
challenge in animal models and has been provided under compassionate use programs for a 562 
small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for 563 
m102.4 with 40 human participants was completed in Australia, but results are not yet available. 564 
Additional animal studies using different NiV strains and clinical trials in endemic areas are 565 
needed to assess the safety, tolerability, and efficacyof m102.4 (and possibly other mAbs) for 566 
PEP and potentially early treatment of clinical disease.  567 
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• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 568 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 569 
consider mAb cocktails.  570 

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the 571 
mostpromising novel treatments (such as fusion inhibitory peptides, antifusion peptides, 572 
favipiravir [an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum 573 
agent being used to treat Ebola virus disease survivors]), used alone or in combination with 574 
other therapies. Additionally, the therapeutic windows of each therapy should be determined 575 
for different NiV strains, as highlighted by a recent study in AGMs that showed the therapeutic 576 
window for m102.4 against a strain from Bangladesh/India to be shorter than for a strain from 577 
Malaysia. 578 

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 579 
NiV infection.  580 

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 581 
relationship of promising therapeutic candidates.  582 

• Additional studies, as needed, of therapeutic candidates in the AGM model, followed by human 583 
clinical trials for safety, feasibility, and efficacy.  584 

• Additional data are needed to determine the role of PEP and to inform development of guidance 585 
on the types of exposures that warrant such intervention and the most appropriate agents to 586 
administer.This determination should include feasibility for PEP distribution in both endemic 587 
and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons 588 
annually that could be candidates for PEP.  589 

• Additional information is needed regarding whether or not strain differences will impact 590 
response to therapeutic candidates and influence results from clinical trials. 591 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 592 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 593 
components of supportive care for NiV, such as optimal fluid and respiration management 594 
strategies,diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 595 
and/or antimalarials, to inform best-practice guidelines and evidence-based policy decisions. 596 
 597 

Strategic Goals and Aligned Milestones 598 

Strategic Goal 1:Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 599 
outbreaks. 600 
 601 
Milestones:  602 

1. By 2018, complete a protocol for conducting safety and efficacy clinical trials of promising 603 
therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and 604 
develop plans for operationalizing the protocol. 605 

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to 606 
be implemented in NiV-affected areas during future outbreaks and develop plans for 607 
operationalizing the protocol.  608 
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3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising 609 
therapeutic candidates to be implemented during future NiV outbreaks and develop plans for 610 
operationalizing the protocol.  611 

4. By 2020, generate a reliable source of m102.4 to be used in clinical trials during future NiV 612 
outbreaks. 613 
 614 

Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to 615 
prevent NiV infection.  616 
 617 
Milestones:  618 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic 619 
candidates.  620 

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 621 
least two promising therapeutic candidates or combination therapies for treatment of NiV 622 
infection. 623 

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and efficacy of at 624 
least two promising therapeutic candidates or combination therapies for treatment of NiV 625 
infection. 626 

 627 
Priority Areas/Activities 628 

Research 629 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 630 

(such as ribavirin and m102.4 and favipiravir) for treating and preventing NiV infection, including 631 
conducting animal studies in animal models andclinical trialsas appropriate and feasible. 632 

• Continue to identifyexpand the pipeline of new therapeutic options for treating and preventing 633 
NiV infection that should undergo further evaluation.  634 

• Research optimal treatment and supportive care strategies for NiV infection and determine 635 
best-practice guidelines. 636 

Product development 637 
• Generate a TPP for NiV infection therapeutics. 638 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 639 

infection that are active against different NiV strains and other henipaviruses, and that can cross 640 
the blood-brain barrier to treat or prevent CNS disease. 641 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains and 642 
other pathogenic henipaviruses that may emerge. 643 

Key capacities 644 
• Ensure that clinical trial protocols are in place and are ready to be operationalized in advance of 645 

future outbreaks, including obtaining appropriate approvals and conducting necessary training. 646 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 647 

management and supportive care of patients with NiV infection. 648 
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• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 649 
therapeutics for further clinical testing and outbreak control.  650 

Policy and commercialization 651 
• Identify a company or joint partnership to advance therapeutic use of m102.4 (including 652 

conduct of additional collaborative research) and secure financing for its manufacture,  and 653 
distribution, and post-marketing surveillance.   654 

• Generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks. 655 
• Developguidance for the use of therapeutics for disease treatment and PEP, as new therapies 656 

become available. 657 
 658 

Critical Path Analysis  659 
[See accompanying table.] 660 

 661 

VACCINES 662 

Current Primary Challenges, Key Needs, and Knowledge Gaps 663 

Primary challenges  664 
• Currently, there is no candidate vaccine that is in late-stage development and few companies 665 

are willing to invest in generation of new NiV vaccines.  666 
• Sociocultural issues may hinder trust in the formal human and veterinary clinical and public 667 

health systems, which could impact acceptance of NiV vaccine use.  668 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 669 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 670 

Key needs 671 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 672 

against different NiV strains, and (3) provide rapid onset of an immune response to adequately 673 
prevent and control outbreaks. 674 

• Guidance on use of NiV vaccines to include vaccination strategies for special populations (such 675 
as children, immunocompromised individuals, and pregnant women); different epidemiologic 676 
scenarios; and different vaccine attributes.  677 

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 678 
target populations and guidance for community sensitization to vaccine acceptation and 679 
promotion within the community. 680 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 681 
programs and to refine vaccination strategies over time.  682 

Knowledge gaps 683 
• Additional research is needed regarding the innate, cell-mediated, and humoral immune 684 

responses that constitute protective immunity against NiV. Since neutralizing antibodies are 685 
likely the primary mediator of protection against NiV infection, research in this area should 686 
focus primarily on the humoral immune response for driving vaccine development.  687 
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• Further research is needed to clarify vaccine attributes (such as time from administration to 688 
immune protection, duration of immunity, and the need for booster doses) and to determine 689 
safety profiles of candidate vaccines. 690 

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 691 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis).  692 

• Additional research is needed in animal models to determine if vaccine candidates are cross-693 
protective between different NiV strains, including recently identified strains; only a few studies 694 
demonstrating cross-protection have been performed to date.  695 

• The identification of specific correlates or surrogates of protection and standardized assays for 696 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 697 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 698 
the US FDA’s Animal Rule and accelerated approval mechanisms.These specific correlates may 699 
vary by vaccine platform and antigen and, therefore, multiple assays may need to be 700 
standardized. 701 

• Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse 702 
incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in 703 
non-affected countries, safety trials will also be needed in target populations in endemic 704 
regions.  705 

• Further epidemiologic research is needed to better define at-risk populationsand identify 706 
additional areas of potential NiV spillover.  707 

• If evidence at some point supports the need for a broader, population-based vaccination 708 
strategy (beyond reactive use for outbreak control in affected communities), additional research 709 
may be warranted on the development of multivalent vaccines that protect against more than 710 
one infection (such as a combined vaccine against NiVand HeV or NiV and measles virus [MV]) 711 
for use in NiV endemic areas. 712 

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 713 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 714 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 715 
estimating the potential impact of NiV vaccines (once vaccines become available),(4) estimating 716 
disease risk based on risk behaviors and practices in communities or specific population groups, 717 
and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  718 

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 719 
livestock populations has been suggested as a possible mitigation strategy for preventing 720 
secondary transmission to humans. Currently, one HeV vaccine is available for horses and 721 
available evidence suggests this vaccine is cross-protective against NiV. Ongoing research into 722 
developing NiV/HeV vaccines for livestock(or other animals) and the potential for their use in 723 
endemic regions is needed to further assess the merit of this potential control strategy.  724 

• Additional research is needed to determine if development of multivalent vaccines for 725 
animals(that protect against more than one disease) would increase the likelihood of vaccine 726 
uptake by food animal producers and the broader veterinary community.  727 

 728 
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Strategic Goals and Aligned Milestones 729 

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 730 
requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure 731 
of a vaccine against NiV. 732 

Milestones:  733 
1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy 734 

trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure. 735 
 736 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical 737 
trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This 738 
consultation should include representatives from the following: in-country regulators, other 739 
regulatory agencies (such as FDA or the European Medicines Agency [EMA]), national and 740 
international public health agencies and organizations, and local and international researchers. 741 

 742 
Strategic Goal 2:Develop and evaluate NiV vaccines for prevention of NiV disease in humans.  743 
 744 
Milestones:  745 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 746 
least two promising NiV vaccine candidates. 747 
 748 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV 749 
candidate vaccines. 750 
 751 

3. By 2023, complete the followingif phase 3 trials are considered feasible (per the first Strategic 752 
Goal): (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, 753 
(2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the 754 
protocol, and (3) create a strategy for determining which candidate vaccines will go forward into 755 
phase 3 trials. 756 

 757 
Priority Areas/Activities 758 

Research 759 
• Improve understanding of thehumoral immune response to infection to inform development 760 

and evaluation of NiV vaccines. 761 
• Identify and standardize correlates and/or surrogates of protection, which are necessary for 762 

ongoing research into candidate vaccines and also may be important for vaccine licensure.  763 
• Generate international reference standards to calibrate serological assays for vaccine potency 764 

analyses. 765 
• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 766 

efficacy in animal models (such as through serum transfer studies), correlates of protection, and 767 
durability. 768 

• Further study cross protection of various vaccine candidates against different NiV strains, and 769 
between NiV strains and HeV strains.  770 



August 2018—DRAFT FOR DISCUSSION ONLY—NOT FOR DISTRIBUTION 
 

20 
 

• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 771 
animal studies for immune bridging to facilitate regulatory licensing. 772 

• Explorewhether multivalent vaccines for animal populations would increase vaccine 773 
acceptability and uptake by food-animal producers and the broader veterinary community.   774 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 775 
strategies for vaccine use.  776 

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 777 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 778 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 779 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 780 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 781 
assessment. 782 

Product development 783 
• License Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  784 

and animals.  785 
• License safe and effective multivalent vaccines for use in humans that protect against more than 786 

one disease for use in human populations (e.g., vaccines that protect against both NiV and MV 787 
or HeV), if broader population-based vaccination is warranted at some point in the future.  788 

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 789 
against more than one disease for use in animal populations, if this is deemed to be a 790 
sustainable approach.  791 

Key capacities 792 
• Improvesurveillance capabilities to assess the impact of vaccine use and vaccination 793 

strategies(once vaccines become available). 794 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 795 

vaccines, if clinical trials are considered feasible. 796 
• Identify and address issues with licensure and use of NiV vaccines in affected areas through a 797 

coordinated process involving key stakeholders, including in-country NRAs and public health 798 
authorities. 799 

• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for further 800 
clinical evaluation and use when outbreaks occur. 801 

Policy and commercialization 802 
• Provideguidance on vaccination strategies for various target populations and epidemiologic 803 

scenarios that align with vaccine attributes, once vaccines are available. 804 
• Develop guidance for community sensitization to vaccine acceptation and promotion within the 805 

community. 806 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 807 

supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity 808 
for person-to-person transmission and potential for more rapid spread.  809 

 810 
Critical Path Analysis  811 
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[See accompanying table.] 812 
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Critical Path Analysis for Development of Nipah Virus Diagnostics, Therapeutics, and Vaccines 

The table below provides a high-level description of the primary risks and barriers to achieving the milestones identified in the research and 
development (R&D) roadmap for Nipah virus and also identifies other milestones that are critical dependencies, meaning that in order for the 
milestone in question to either be initiated or completed, another milestone should be completed first. The focus of this critical path analysis is on 
R&D of medical countermeasures (MCMs) and does not encompass all aspects of Nipah virus prevention and control. 

Critical Path Analysis of Milestones for Strategic GoalsIdentified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
CROSS-CUTTING ISSUES 

Strategic Goal 1: Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs.  

1. By 2019, develop a public value proposition to 
effectively advocate for the development and 
sustainability of NiV MCMs that: (1) articulates 
the potential global threat of NiV infection, (2) 
outlines the social and economic benefits of 
generating accessible and affordable NiV MCMs, 
and (3) details the positive impact on the health 
systems in affected areas. 

• Lack of resources to create a public value 
proposition (e.g., funding, availability and 
commitment of partners with the appropriate
expertise) 

• Lack of accurate data sources and information to 
support the value proposition 

-- 

2. By 2019, create a funding plan for moving NiV 
diagnostics, therapeutics, and vaccines toward
clinical evaluation, licensure/approval, 
acceptance, and sustainable access. 

• The need to identify and engage appropriate
industry partners as part of the process in 
creating a funding plan 

• Challenges with identifying funders willing to
support elements of the funding plan 

• A completed value proposition to support and 
justify the funding plan (Cross cutting: SG1, MS1)

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks.  

1. By 2021, develop a plan for enhancing NiV 
surveillance, including securing funding, 
identifying surveillance catchment areas, 
engaging key partners in those areas, generating
a standardized protocol, and conducting training 
for implementation. 

• Lack of ability to secure funding to enhance NiV 
surveillance 

• Challenges with developing consensus on the 
implementation protocol because of differing
clinical and laboratory capabilities across 
catchment areas 

• Limited information regarding which areas may be 
at high risk for NiV spillover 

-- 
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Critical Path Analysis of Milestones for Strategic GoalsIdentified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
2. By 2022, initiate enhanced NiV surveillance to 

better characterize NiV epidemiology (including 
the potential for spillover events), enhance case 
detection, and better define the disease burden 
in different geographic areas.  

• The need to educate clinicians and community 
health workers about NiV infection to increase 
their index of suspicion and improve case 
detection 

• A completed and agreed upon surveillance plan 
and related protocols(Cross cutting: SG2, MS1) 

• Improved diagnostic assays to rapidly and 
accurately identify cases (Diagnostics: SG2, MS4) 

• Adequate laboratory capacity for diagnostic 
testing (Diagnostics: SG3, MS1) 

Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and 
animal models.  

1. By 2020, generate standardized and well-
characterized assays, reagents, antibodies, 
nucleic acids, and stocks of NiV challenge strains 
to facilitate R&D of NiV MCMs. 

• Limited BSL-4 capacity  
• Lack of dedicated funding to create research tools 
• Lack of consensus on criteria for standardization 

and characterization 

• Availability of well-characterized clinical samples 
(including  representation of the different NiV 
strains)(Diagnostics: SG1, MS2) 

2. By 2021, optimize animal models that 
recapitulate disease in humans for use in 
preclinical studies of NiV MCMs and which may 
be necessary for licensure of MCM products 
(particularly vaccines) via non-traditional 
regulatory pathways. 

• Limited BSL-4 capacity  
• Regulations and restrictions applicable to animal 

research, including ethical considerations 
regarding use of NHPs  

• The need for agreed-upon benchmark parameters 
(i.e., challenge strain, route, timing, and dose) 

• Availability of standardized assays and challenge 
strains for animal research (Cross cutting: SG3, 
MS1) 

• Availability of well-characterized clinical samples 
(including  representation of the different NiV 
strains) (Diagnostics: SG1, MS2) 

DIAGNOSTICIS 
Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients. 
1. By 2019, develop and standardize plans and 

protocols (including the governance structure) 
for creating a virtual reference repository of 
well-characterized clinical samples to be 
maintained in the two primary NiV-affected 
countries (Bangladesh and India).  

• Complexities involved with creating a virtual 
reference repository 

• The need for coordination across multiple 
organizations and agencies within each of the 
primary NiV-affected countries 

• The need for international and in-country 
leadership to drive the process 

-- 

2. By 2020, identify funding and initiate creation of 
the virtual reference repository in the two 
primary NiV-affected countries (Bangladesh and 
India), with samples to be collected during future 
outbreaks and possibly as part of future clinical 
trials.   

• Lack of funding and resources to create the in-
country repositories 

• Lack of adequate case numbers for sample 
collection (in part owing to lack of surveillance 
capabilities) 

• Challenges with international regulations for 
transport of clinical samples and other biologic 

• Completion of the plans and protocols for 
creating the virtual reference repository 
(Diagnostics: SG1, MS1) 
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Critical Path Analysis of Milestones for Strategic GoalsIdentified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
materials  

• Challenges in completing the steps necessary to 
operationalize the plans (e.g., ensuring laboratory 
capacity, conducting training, having MTAs in 
place, having the governance structure in place) 

Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient-care NiV 
diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff 
training.  
1. By 2018, generate a TPP for NiV diagnostics that 

identifies the primary use cases and optimal and 
desirable characteristics to guide the 
development of promising NiV diagnostic assays.  

-- -- 

2. By 2019, engage appropriate regulatory agencies 
and NRAs to inform commercialization pathways 
for NiV diagnostic assays. 

• The need for a coordinated process and 
leadership to engage and convene the 
appropriate regulatory agencies and other key 
partners 

-- 

3. By 2021, complete preclinical evaluation for at 
least two of the most promising NiV point-of-
care or near-patient diagnostic assays that align 
with the TPP. 

• Insufficient resources and funding for R&D to 
produce promising diagnostics 

• Low engagement in diagnostic development from 
commercial manufacturers  

• Adequate supplies of clinical samples or 
experimentally generated samples from research 
animals  

• Availability of well-characterized samples from 
patients (Diagnostics: SG1, MS2)  

4. By 2022, complete field studies for at least two 
of the most promising NiV point-of-care or near-
patient diagnostic assays that align with the TPP. 

• Lack of clinical and laboratory capacity for 
conducting field studies in different geographic 
areas of NiV spillover  

• The need to ensure proper test performance 
under field conditions 

• Successful completion of preclinical evaluation of 
promising diagnostic assays (Diagnostics: SG2, 
MS3) 

• Adequate laboratory capacity to conduct the field 
studies (Diagnostics: SG3, MS1) 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV.  

1. By 2021, develop national laboratory strategies 
for NiV detection in the primary affected 
countries that include plans for enhancing 
laboratory preparedness to diagnosis NiV 
infection during future outbreaks. For example, 

• The need for international leadership and 
engagement to assist with development of the 
national laboratory strategies 

• The need to engage and obtain support from key 
in-country partners 

-- 
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Critical Path Analysis of Milestones for Strategic GoalsIdentified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
this may include strategies for development of 
mobile laboratories that can be deployed when 
outbreaks occur.  

• Lack of necessary resources to enhance 
laboratory capacity 

THERAPEUTICS 
Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.  

1. By 2019, complete a protocol for conducting 
safety and efficacy clinical trials of promising 
therapeutic candidates to be implemented in 
NiV-affected areas during future outbreaks and 
develop plans for operationalizing the protocol.  

• The challenges of engaging partners and 
completing steps necessary to the operationalize 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment 

• Prioritization of promising therapeutic candidates 
and ensuring adequate suppliesnecessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1) 

2. By 2019, complete a protocol for conducting PEP 
trials of promising therapeutic candidates to be 
implemented in NiV-affected areas during future 
outbreaks and develop plans for operationalizing 
the protocol.  

• The challenges of engaging partners and 
completing steps necessary to operationalize the 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment  

• Prioritization of promising therapeutic candidates 
and ensuring adequate supplies necessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1) 

3. By 2020, complete a broader, regional protocol 
for conducting clinical trials of 
promisingtherapeutic candidates to be 
implemented during future NiV outbreaks and 
develop plans for operationalizing the protocol.  

• The challenges of engaging partners and 
completing steps necessary to operationalize the 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• The need to develop consensus across different 
countries to generate a regional approach and 
promote adoption by member states 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment 

• Prioritization of promising therapeutic candidates 
and ensuring adequate supplies necessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1)  

4. By 2020, generate a reliable source of m102.4 to 
be used in clinical trials during future NiV 
outbreaks. 

-- -- 

Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection.  
1. By 2019, create and implement a prioritization 

process for evaluating promising NiV therapeutic 
candidates.  

• Obtaining consensus regarding prioritization of 
promising candidates 

• Lack of an adequate pipeline of promising 

-- 
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Critical Path Analysis of Milestones for Strategic GoalsIdentified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
therapeutic agents and lack of R&D resources to 
strengthen the pipeline 

2. By 2021, complete preclinical evaluation of the 
preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or 
combination therapies for treatment of NiV 
infection.  

 

• Lack of dedicated R&D funding to conduct 
preclinical evaluation of novel NiV therapeutic 
agents  

• Limited BSL-4 capacity  
• Limited understanding regarding whether or not 

genetic diversity of NiV strains will impact 
therapeutic response to new treatment options 

• Availability of standardized and well-
characterized clinical research tools (e.g., assays, 
reagents, stocks of NiV challenge strains) (Cross 
cutting: SG3, MS1) 

3. By 2023, complete clinical evaluation of the 
preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or 
combination therapies for treatment of NiV 
infection.  

• Lack of in-country capacity to conduct clinical 
trials  

• Hesitancy or opposition to clinical trials being 
conducted in at-risk populations  

• Difficulty in receiving approval from in-country 
NRAs to conduct clinical trials 

• Identifying sufficient cases to support  an 
informative evaluation, especially if there are 
multiple potential therapeutic candidates 

• Develop guidance to engage with families of 
patients to explain the need for testing 
therapeutic candidates to avoid any potential 
mistrust on heath system and healthcare workers    

• Successful completion of preclinical evaluation of 
promising therapeutic candidates (Therapeutics: 
SG2, MS2) 

• Improved diagnostic assays to rapidly and 
accurately identify cases (Diagnostics: SG2, MS4) 

• Adequate laboratory capacity for diagnostic 
testing (Diagnostics: SG3, MS1) 

VACCINES 
Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and 
other considerations that will impact licensure of a vaccine against NiV. 
1. By 2019, convene an expert working group to 

assess the feasibility of conducting clinical 
efficacy trials of NiV vaccines and to determine 
the most appropriate regulatory pathways for 
licensure. 

 Need for regulatory engagement and guidance on 
whether or not clinical efficacy trials are feasible 

 Need for better characterization of clinical trial 
capacity in areas of NiV spillover  

 Lack of accurate information on the disease 
burden caused by NiV infection, which is 
important for assessing the likelihood of 
completing clinical efficacy trials 

-- 
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Critical Path Analysis of Milestones for Strategic GoalsIdentified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
2. By 2020, convene a regional consultation to 

clarify in-country issues around conducting 
clinical trials (if deemed feasible) and the needs 
for licensure and future use of NiV vaccines. This 
consultation should include representatives from 
the following: in-country regulators, other 
regulatory agencies (such as FDA or the EMA), 
national and international public health agencies 
and organizations, and local and international 
researchers. 

 Challenges with identifying the appropriate 
regional and international partners 

 Challenges with developing consensus among 
partners 

 Determination the feasibility of conducting phase 
3 clinical efficacy trials in NIV-affected areas 
(Vaccines: SG1, MS1) 

Strategic Goal 2:Develop and evaluate NiV vaccines for prevention of NiV disease in humans. 
1. By 2021, complete preclinical evaluation of the 

preliminary safety, tolerability, and efficacy of at 
least two promising NiV vaccine candidates. 

• Insufficient R&D funding to conduct preclinical 
evaluation of promising NiV vaccines  

• Limited BSL-4 capacity for conducting preclinical 
research on potential NiV vaccines 
 

• Availability of standardized and well-characterized 
clinical research tools (e.g., assays, reagents, 
stocks of NiV challenge strains) (Cross cutting: 
SG3, MS1) 

• Availability of animal models that bridge to 
humans and can be used to demonstrate vaccine 
protection (Cross cutting: SG3, MS2) 

2. By 2023, complete phase 1 and phase 2 clinical 
trials for at least one of the most promising NiV 
candidate vaccines, including in target 
populations. 

• Hesitancy or opposition to clinical trials being 
conducted in at-risk populations  

• Lack of in-country capacity to conduct clinical 
trials  

• Difficulty Delaysin receiving approval from in-
country NRAs to conduct clinical trials  

•  

• Successful completion of preclinical evaluation of 
1 or more promising vaccine candidates 
(Vaccines: SG2, MS1) 

 

3. By 2023, complete the following if phase 3 trials 
are considered feasible (per the first Strategic 
Goal): (1) develop a framework for conducting 
phase 3 clinical trials of NiV vaccine candidates, 
(2) develop a regional protocol for conducting 
phase 3 trials and plans for operationalizing the 
protocol, and (3) create a strategy for 
determining which candidate vaccines will go 
forward into phase 3 trials.  

• The challenges of engaging partners and 
completing steps necessary to operationalize 
clinical trial protocols 

• The need to develop consensus across different 
countries 

• Lack of surveillance capacity and systemic 
estimates for NiV infection to assess vaccine 
efficacy and impact over time 

• Successful completion of early clinical trials of 1 or 
more promising vaccine candidates (Vaccines: 
SG2, MS2) 
 

Commented [SPL1]: Not really an  issue with CEPI support. 

Commented [SPL2]: This is relevant neither for Bangladesh nor 
India which each have a long history of such trials. 
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Critical Path Analysis of Milestones for Strategic GoalsIdentified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
Abbreviations: BSL-4, biosafety level 4 (highest biosafety level); EMA, European Medicines Agency; FDA, US Food and Drug Administration; MCMs, medical 
countermeasures; MS, Milestone; MTA, material transfer agreement; NHP, nonhuman primate; NiV, Nipah virus; NRA, national regulatory authority; PEP, post-
exposure prophylaxis; R&D, research and development; SG, Strategic Goal; TPP, target product profile; WHO, World Health Organization.  

*These dependencies focus only on the relationships between the milestones to show how the roadmap should be implemented over time; however, there are 
other critical dependencies for each of the milestones, such as adequate resources and funding. 
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Nipah Research and Development (R&D) Roadmap 1 

2 
Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic 3 
goals, and prioritizing areas and activities (from basic research toward advanced development, 4 
licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative 5 
development of medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against 6 
Nipah virus infection.  7 

8 

INTRODUCTION 9 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 10 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 11 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 12 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 13 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 14 
infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 15 
have occurred in that country since. NiV infection has also been identified periodically in eastern India 16 
and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in 17 
Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as 18 
serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and 19 
several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, 20 
Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from 21 
bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human 22 
NiV transmission. Additionally, several other domestic animal species were found to be infected with 23 
NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in 24 
Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary 25 
modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and 26 
subsequent person-to-person transmission.  27 

28 
The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 29 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 30 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 31 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 32 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 33 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 34 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 35 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 36 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 37 
contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed 38 
genomic information for this virus is limited. 39 

40 
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In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered 41 
mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 42 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 43 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 44 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 45 
those identified in Bangladesh and India; some differences have been noted in the clinical features of 46 
infection with different strains in humans and experimentally infected non-human primates.  47 
 48 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 49 
accelerating research and product development of medical countermeasures to enable effective and 50 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 51 
“priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and 52 
for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 53 
priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid 54 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in thise 55 
roadmap ranges from basic research to late-stage development , licensure, and early use of MCMs to 56 
prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four 57 
main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, 58 
therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The 59 
strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 60 
years; the roadmap milestones will be tracked over time, with periodic assessment of progress and 61 
updating as needed. 62 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 63 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 64 
include enhanced surveillance systems, minimizing zoonotic NiV transmission, improved personal 65 
protective equipment (PPE), effective community engagement, adequate infection prevention and 66 
control practices, adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and 67 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 68 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 69 
strategy. Further research of NiV in animal species, including development of appropriate MCMs 70 
targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV 71 
(or related henipavirus species) in humans and virus transmission can occur at the human-animal 72 
interface. 73 
 74 

VISION 75 

Robust MCMs to detect, prevent, and control human outbreaks of NiV infection (and other closely 76 
related henipaviruses) that are readily available and accessible for use in areas of known or potential 77 
NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and 78 
effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to 79 
prevent disease, disability, and death.  80 
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 81 

CROSS-CUTTING ISSUES 82 

Current Primary Challenges, Key Needs, and Knowledge Gaps 83 

Primary challenges 84 
• Securing funding for Nipah research respresents a substantial challenge, since eEconomic 85 

incentives to invest in Nipah research are not readily apparent because, as the disease primarily 86 
occurs in under-resourced areas of South Asia and disease incidence is low with small and 87 
sporadic outbreaks. ; therefore, securing funding for Nipah research represents a substantial 88 
challenge.  The development of a sustainable value proposition for industry and international 89 
philanthropic public-private partnerships are needed to secure funding to complete 90 
development, licensure, manufacture, and deployment of NiV MCMs. The value proposition 91 
would ideallyshould be informed by a robust assessment of the risk of future outbreaks and the 92 
economic, societal, and health impacts that such outbreaks could generate. and will likely 93 
require new systematic surveillance studies in humans and susceptible animal hosts in affected 94 
areas to strengthen the evidence base.   95 

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 96 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 97 
developers in the absence of a predictable demand. In addition, licensure of vaccines and 98 
therapeutics using alternative regulatory pathways can be very costly, given the regulatory 99 
requirements for such approval. 100 

• High-level biocontainment requirements may pose an impediment to research on NiV 101 
pathogenesis and development of MCMs, as certain materials must be generated under the 102 
highest biosafety level (BSL-4) conditions, which increases. This raises  the cost of MCM 103 
development. 104 

• To date, NiV spillovers to human communities have been identified almost exclusively most 105 
commonly in rural communities in Bangladesh and India; the healthcare facilities that serve 106 
these communities have limited laboratory and clinical infrastructure for diagnosis and 107 
treatment.  108 

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 109 
geographic range that stretches across much of the Western Pacific region, Southeast and South 110 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 111 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 112 
host range increases the likelihood of additional spillover events from bats to humans or 113 
livestock in new areas where the disease has not yet been detected, which may make accurate 114 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 115 
experience with the condition, lack of available laboratory testing, and the occurrence of other 116 
diseases that have similar clinical presentations.  117 

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 118 
pigs older than 4 weeks old), infection in animal herds may not be recognized until after human 119 
cases are identified. This delay in diagnosis may lead to an entire herd being infected before 120 
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livestock are tested for NiV, which could cause large financial losses for livestock owners and 121 
increases the likelihood of NiV infection in exposed animal husbandry workers.  122 

• NiV disease occurs in both humans and animals (particularly livestock). This creates two streams 123 
of research, which complicates the overall approach for moving NiV MCMs forward. For 124 
example, animal models for human disease will have different parameters than animal models 125 
for disease in animal species.  126 

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 127 
research,  applicable to humans (and pigs and horses for research applicable to disease in 128 
animals), the African green monkey (AGM) is regarded as the most relevant animal model for 129 
evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, 130 
studies involving the AGM model may be required for licensure of MCMs via alternative 131 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 132 
and ethical concerns constrain the use of AGMs. 133 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 134 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas.  However, 135 
Bbecause NiV infection occurs as relatively small, focal outbreaks, the low disease incidence in 136 
endemic areas poses a major challenge for conducting phase 3 clinical efficacysuch trials, in 137 
terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical 138 
power. It may be possible to address this issue by combining clinical trial data across outbreaks 139 
over time. While it is critical to focus on approaches that make ethical and scientifically valid 140 
clinical trials feasible whenever possible, alternative regulatory pathways may need to be 141 
considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 142 
randomized controlled trials [RCTs]) are not applicablefeasible. 143 

Key needs 144 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 145 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 146 
innovation and secure private-sector commitments to develop amd manufacture NiV MCMs. 147 

• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 148 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 149 
for NiV prevention and control.  150 

• Advocacy to policy makers in affected countries and to global stakeholder to ensure they 151 
understand the potential health, societal, and economic benefits of devoting limited resources 152 
to improving NiV surveillance, detection, prevention, and control measures.  153 

• Additional prospective serosurveillance data on henipavirus exposure from susceptible animal 154 
species and proximate human populations in areas of predicted risk should be explored as a 155 
strategy to determine assess the level risk of human spillover and to build preparedness for 156 
detection of human cases and for limiting exposure. This is particularly important in areas where 157 
public health surveillance programs are not feasible.   158 

• Standardized and validated well characterized assays (to be further defined based on end use), 159 
reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV 160 
infection. (Assays that can be used at lower biosafety levels are an important priority.) WHO 161 
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international standards should be used (when available) as calibrators and reported in Units/ml 162 
to harmonize assay results.  163 

• Efforts to establish the natural history of NiV infection in animals and define the animal models 164 
that are most reflective of human disease. 165 

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 166 
clinical trials versus those that need additional preclinical research. Such criteria should align 167 
with desired characteristics outlined in the target product profiles (TPPs) and should address 168 
aspects of sustainable MCM production, stockpiling, and access. 169 

• Efforts to design clinical efficacy trials in affected areas that are ethical, interpretable, and 170 
feasible. Researchers should explore the potential for conducting clinical trials before 171 
considering alternative regulatory pathways for licensure (such as the United States Food and 172 
Drug Administration’s [FDA’s] Animal Rule).  173 

• Early and recurrent communications between product developers and the appropriate national 174 
regulatory authorities (NRAs) or regulatory agencies to obtain clarity and guidance on clinical 175 
trial requirements, regulatory pathways and requirements, and other considerations for NiV 176 
MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 177 
capabilities will vary between countries; therefore, early engagement, potentially with support 178 
from WHO, is essential to identify country-specific considerations.    179 

• Outreach and education to clinicians and community health workers to improve NiV awareness, 180 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 181 
prevention and control) and to ensure availability of diagnostic tools in endemic areas to 182 
increase the likelihood of accurate and timely diagnosis and treatment of NiV infection.  183 

• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 184 
collaborative clinical research, including methods for collecting, standardizing, and sharing 185 
clinical data.   186 

• Collaboration between public health authorities in endemic and at-risk areas and international 187 
development partners to support NiV surveillance and facilitate effective communication with 188 
communities to strengthen disease prevention and preparedness activities. Human health, 189 
animal health, and wildlife officials should be engaged as part of a long-term collaborative 190 
effort.  191 

• Clarification regarding the potential for and possible strategies to promote technology transfer 192 
for NiV MCM development and manufacturing to endemic and at-risk areas.  193 

Knowledge gaps 194 
• Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as 195 

well as other preventive measures, are dependent on accurate and current information on the 196 
ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance 197 
(or dedicated prospective research with a surveillance focus) is needed to determine the true 198 
incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 199 
bats to humans or livestock in new geographic areas. Additionally, continued research is needed 200 
to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 201 
infection, in the natural reservoir of Pteropus bats and potentially other bat species.  202 
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• Additional research is needed to refine, standardize, and validateoptimize relevant animal 203 
challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define 204 
their role in supporting basic research on the pathogenesis and immunology of NiV infection, 205 
which is essential for to promote development and evaluation of MCMs, particularly if 206 
investigators intend to use an alternative pathway (such as the United States Food and Drug 207 
Administration’s [FDA’s] Animal Rule) to obtain regulatory approval. For example, efforts are 208 
needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) 209 
standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose 210 
for MCM development; (3) determine when after challenge MCMs should be administered in 211 
animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data 212 
between from animal models and to humans, such as identifying thresholds of vaccine 213 
protection to determine appropriate human MCM doses; and (5) identify the best models for 214 
studying chronic (relapsing) infection.  215 

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 216 
humans and animals to inform development of NiV MCMs. This includes evaluating the 217 
pathophysiologic differences between different NiV strains, determining the mechanisms that 218 
allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, 219 
identifying factors influencing the development of permanent neurological sequelae, and 220 
further characterizing cell-mediated and humoral immune responses to NiV infection. In 221 
addition, identifying aspects of the immune response that are absent or counter-effective during 222 
human NiV infection may lead to the development of novel targeted intervention strategies.  223 

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 224 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 225 
features of disease, and thereby influence MCM development.  226 

• Further research is needed to better understand viruses in the Henipavirus genus, including 227 
their reservoir hosts and pathogenicity.  228 

• Additional studies applying whole genome sequencing of NiV viruses are needed to generate a 229 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  230 

• Sociological and anthropological research is needed to understand how to best engage 231 
populations at high risk of exposure (such as persons who consume data palm sap and workers 232 
at the human-animal interface) pig farmers, hunters, abattoir workers) and vulnerable 233 
populations (such as children, immunocompromised individuals, and pregnant women) for 234 
participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if 235 
therapeutics and vaccines do not consistently prevent disease.  236 

• Efforts are needed to: (1) assess potential barriers for conducting clinical trials, (2) assess MCM 237 
acceptability in at-risk populations, (3) determine culturally appropriate messaging to enhance 238 
MCM acceptance, and (4) identify public health strategies to promote vaccine use.  239 

 240 
Strategic Goals and Aligned Milestones 241 

Strategic Goal 1: Identify sources of private- and public-sector funding, and develop appropriate 242 
incentives and competitions to promote R&D of NiV MCMs.  243 
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Milestones: 244 
1. By 2019, develop a public value proposition to effectively advocate for the development and 245 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 246 
outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 247 
and (3) details the positive impact on the health systems in affected areas. 248 

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward 249 
clinical evaluation, licensure/approval, acceptance, and sustainable access. 250 
 251 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk 252 
and potential for global spread of NiV outbreaks.  253 

Milestones: 254 
1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying 255 

surveillance catchment areas, engaging key partners in those areas, generating a standardized 256 
protocol, and conducting training for implementation.   257 

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including 258 
the potential for spillover events), enhance case detection, and better define the disease burden 259 
in different geographic areas.  260 

 261 
Strategic Goal 3: Support basic science research to improve understanding of NiV virology, 262 
pathogenesis, and the immune response to infection in humans and animal models.  263 

Milestones: 264 
1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic 265 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 266 
 267 

2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical 268 
studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly 269 
vaccines) via non-traditional regulatory pathways. 270 

 271 
Priority Areas/Activities 272 

Research 273 
• Expand research to further understand the ecology and epidemiology of NiV and other 274 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 275 
across geographic areas, using a One Health approach. 276 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 277 
changes and characterize genetic diversity over time.  278 

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 279 
NiV infections to inform development of MCMs. 280 

• Determine key differences in pathogenesis for different NiV strains that may have implications 281 
for the development of safe and effective NiV vaccines or therapies. 282 

• Refine and optimize relevant animal models to support the development and evaluation of NiV 283 
MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.   284 
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• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 285 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 286 
particularly those that can be used at lower biosafety levels. 287 

• Conduct research studies to enable a more comprehensive mapping of genetic variability 288 
henipaviruses in order to improve understanding of their global distribution. 289 

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 290 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 291 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 292 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 293 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 294 
assessment.  295 

• Conduct social science research to determine strategies for engaging communities for 296 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 297 
become available.  298 

Product development 299 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 300 

forward. 301 
• Promote early communication between developers and appropriate NRAs for clarity and 302 

guidance on the regulatory aspects of MCM development for NiV infection.   303 

Key capacities 304 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 305 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 306 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 307 
control. 308 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 309 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 310 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 311 
human or animal populations.  312 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    313 
• Collaborate with local government authorities (including human health, animal health, and 314 

wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 315 
and at-risk areas.   316 

• Promote community-based outreach programs that transfer skills and knowledge for the 317 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 318 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 319 
therapeutics and vaccines. 320 

Policy and commercialization 321 
• Establish a sustainable value proposition and secure funding to complete development, 322 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 323 
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• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 324 
therapeutics, and vaccines to endemic and at-risk areas. 325 

• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 326 
NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 327 
approval are being determined. 328 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 329 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 330 
and fair” price is one that can reasonably be funded by patients and health budgets and 331 
simultaneously sustains research and development, production, and distribution within a 332 
country.) 333 

• Clarify the potential for and possible strategies to promote technology transfer for development 334 
and manufacturing of MCMs for NiV infection.  335 

 336 
Critical Path Analysis 337 

[See accompanying table.] 338 
 339 

DIAGNOSTICS 340 

Current Primary Challenges, Key Needs, and Knowledge Gaps 341 

Primary challenges 342 
• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 343 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 344 
in outbreak detection and implementation of effective and timely infection control measures 345 
and outbreak response activities. Additionally, latent disease can occur months to years after 346 
initial infection, which can complicate epidemiologic investigation.  347 

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 348 
limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in 349 
diagnosis and outbreak investigation and response.  350 

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 351 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  352 

• Various types of test methods and platforms are required to test patients at different phases of 353 
NiV infection, which can complicate diagnostic needs and capabilities.  354 

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 355 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 356 
areas with regard to collection, handling, transport, and laboratory analysis.  357 

• The time required to perform diagnostic testing using conventional laboratory methods poses 358 
challenges, given the rapid disease progression of NiV infection.  359 

• Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in 360 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 361 
Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate 362 
which henipaviruses are in circulation using serologic assays. Capacity to identify additional 363 
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pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 364 
respond to future outbreaks.  365 

Key needs 366 
• Clarification regarding the use cases for different diagnostic assays, since the corresponding 367 

performance, validation, and regulatory approval requirements may differ depending on how 368 
the tests will be used. For example, it may be desirable to have a point-of-care screening test 369 
that is highly sensitive and a confirmatory test that is highly specific.  370 

• A TPP for NiV diagnostics, identifying that identifies the key use cases and optimal and desirable 371 
characteristics to guide the development of promising diagnostic assays. 372 

• A biobank virtual repository (with specimens being held and maintained in the countries of 373 
origin) of human and animal clinical samples to assess and validate diagnostic tests. and a 374 
process for how best to judiciously use the samples.  As part of this process, a clear approach is 375 
needed to: (1) determine what clinical samples should be collected, based on what would be 376 
most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes 377 
of sample collection; (3) determine what organizations will be responsible for the activities 378 
related to creating and maintaining the repositories; (4) establish standardized protocols for 379 
sample collection and maintenance; (5) establish an appropriate governace structure; (63) 380 
identify who would have access to the samples; and (74) prioritize use of samples and sample 381 
distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples 382 
obtained from laboratory animals also can be used to assess diagnostic assays during the 383 
timeframe when the virtual repository is being created.) 384 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 385 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 386 
validation, and regulatory approval requirements may differ depending on how and in which 387 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 388 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 389 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 390 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 391 
considered in tandem with the use of therapeutics and other interventions.  392 

• Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements 393 
for laboratory infrastructure, can detect disease early in the clinical course, are robust for use 394 
under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both 395 
human and animal populations, and have a high degree of sensitivity and specificity for different 396 
NiV strains, as needed, depending on the use cases for each test. Rapid diagnostic capability is 397 
needed for early case detection to promote outbreak detection, ensure early implementation of 398 
infection control measures, and ultimately to improve patient outcomes, once therapeutic 399 
options are available.  400 

• International reference standards to calibrate diagnostic assays.  401 
• Validation of promising diagnostics in endemic and at-risk geographic regions.  402 
• Diagnostic criteria and standardized testing for including patients in clinical trials of 403 

therapeutics. 404 
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• Improved Ddiagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent 405 
henipaviruses in humans and animals as they arise.  406 

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 407 
and epidemiology of NiV infection.  408 

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 409 
performance of NiV diagnostic assays in the field.  410 

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 411 
support the business case for Nipah diagnostics, given the costs of regulatory approval.  412 

• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 413 
detect NiV infection while simultaneously screening for the presence of other henipaviruses or 414 
other pathogens of public health concern that may cause similar clinical syndromes in endemic 415 
or at-risk areas. Since validation and regulatory approval of multiplex assays can prove 416 
challenging, an alternate approach would be the development of multiple single assays that can 417 
be run in parallel.  418 

•  If NiV or HeV vaccines become widely used in livestock, serological testing to differentiate 419 
vaccinated animals from infected animals (such as the Differentiating Infected from Vaccinated 420 
Animals (DIVA) test) will be needed.  421 

Knowledge gaps 422 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 423 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 424 
ability to diagnose infection at different stages of disease. Additionally, further research on the 425 
kinetics of NiV in the animal reservoirs is needed.  426 

• More information is needed regarding the performance characteristics (including sensitivity, 427 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 428 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-429 
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 430 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  431 

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 432 
populations to allow accurate interpretation of test results, since substantive economic 433 
consequences (such as trade restriction for livestock) could be triggered by positive results.   434 

 435 
Strategic Goals and Aligned Milestones 436 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 437 
repository of clinical samples from NiV-infected patients. 438 
 439 
Milestones:  440 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for 441 
creating a virtual reference repository of well-characterized clinical samples to be maintained in 442 
the two primary NiV-affected countries (Bangladesh and India).  443 
 444 
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repository will be the most difficult aspect. Notably, it will require 
high-level approval by the Government of India. If we say that we 
will develop a plan for the governance structure in 2019, the 
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quite optimistic. It will require focused attention and advocacy. 
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2. By 2020, identify funding and initiate creation of the virtual reference repository in the two 445 
primary NiV-affected countries (Bangladesh and India), with samples to be collected during 446 
future outbreaks and possibly as part of future clinical trials.    447 

 448 
Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on 449 
intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the 450 
conditions in which they will be used and that have minimal requirements for biosafety precautions and 451 
staff training.  452 
 453 
Milestones:  454 

1. By 2018, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal 455 
and desirable characteristics to guide the development of promising NiV diagnostic assays.  456 
 457 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization 458 
pathways for NiV diagnostic assays.  459 
 460 

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care 461 
or near-patient diagnostic assays that align with the TPP. 462 
 463 

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-464 
patient diagnostic assays that align with the TPP. 465 
 466 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover 467 
risk to promote early detection of NiV.  468 
 469 
Milestones:  470 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected 471 
countries that include plans for enhancing laboratory preparedness to diagnosis NiV infection 472 
during future outbreaks. For example, this may include strategies for development of mobile 473 
laboratories that can be deployed when outbreaks occur.  474 

 475 
Priority Areas/Activities 476 

Research 477 
• Create a biobank virtual repository of clinical human and animalreference samples for use in 478 

researching new diagnostic agents.  479 
• Explore new diagnostic approaches that may allow for earlier detection of infection.   480 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 481 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 482 
disease.  483 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 484 
and develop appropriate standards for their use in different contexts. 485 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  486 
• Continue to research cross-reactivity of diagnostic tests in animal populations.   487 

Commented [SPL14]: Are we on track to do this? Do we want 
to give ourselves a little more time, perhaps by the first quarter of 
2019? 

Commented [SPL15]: This seems to me to be less important, 
than figuring out a strategy for identifying samples with a high 
enough pretest probability for Nipah infection so that they are 
tested. The vast majority of patients with symptoms of encephalitis 
in the high risk areas do not have diagnostic tests of any type. If we 
tested all of them, Nipah would be a very low proportion, likely less 
than 1%. Thus, the key issue in terms of recognizing more Nipah, is 
figuring out whom to collect samples on and send the reference 
laboratory. 
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Product development 488 
• Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and 489 

preferred performance characteristics for different use cases. 490 
• Define use cases for diagnostic assays. 491 
• Develop and , evaluate, and validate  point-of-care or near-patient rapid diagnostic tests for 492 

NiV infection that are affordable, highly sensitive and specific (as needed, depending on their 493 
intended use), available for use in humans and animals, and can capture antigenically diverse 494 
strains of the virus, and can be performed accurately and safely in remote areas under a variety 495 
of circumstances.   496 

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 497 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 498 
in the geographic region that cause similar clinical syndromes.  499 

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 500 
reduce the likelihood of transmission of NiV from livestock to humans.  501 

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 502 
if NiV or HeV vaccines become widely used (long-term consideration). 503 

Key capacities 504 
• Generate international reference standards to calibrate diagnostic assays.  505 
• Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-506 

affected countries. 507 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 508 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 509 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  in humans 510 
and animals.   511 

Policy and commercialization 512 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 513 

across different geographic areas, as such tests become available.   514 
 515 

Critical Path Analysis 516 
[See accompanying table.] 517 

 518 

THERAPEUTICS 519 

Current Primary Challenges, Key Needs, and Knowledge Gaps 520 

Primary challenges 521 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 522 

successful treatment. 523 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 524 

could reduce acceptance of NiV therapeutics.  525 
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 526 

creates an important challenge in providing early treatment and PEP to exposed persons.  527 
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• In the NiV-endemic region of Bangladeshareas, hundreds of patients are admitted to hospitals 528 
annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 529 
confirmatory testing, tTreating all patients with encephalitis and their contacts for NiV infection 530 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 531 
diagnosis is critical.  532 

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 533 
onset or early during the disease course. Patients with NiV infection often are detected later in 534 
the clinical course, which creates challenges for predicting how well an a therapeutic agent will 535 
work in the field. 536 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 537 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 538 
severe neurologic disease.  539 

• Healthcare systems in endemic countries often do not have adequate infection control systems 540 
–programs in place to prevent person-to-person transmission. They also lack the ability to 541 
rapidly identify contacts most likely to benefit from PEP therapy.  542 

Key needs 543 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 544 

development of promising treatment approaches in the context of individual and community 545 
priorities.  546 

• Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to 547 
be implemented in NiV-affected areas during future outbreaks. 548 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 549 
infection to improve survival and decrease associated morbidity and long-term disability.  550 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 551 
(relapsing) NiV infection to decrease associated long-term disability.  552 

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 553 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 554 
exposed to infected livestock.  555 

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 556 
seriously ill patients).  557 

Knowledge gaps 558 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 559 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 560 
of ribavirin for NiV infection may be warranted.  561 

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 562 
challenge in animal models and has been provided under compassionate use programs for a 563 
small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for 564 
m102.4 with 40 human participants was completed in Australia, but results are not yet available. 565 
Additional animal studies using different NiV strains and clinical trials in endemic areas are 566 
needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for 567 
PEP and potentially early treatment of clinical disease.  568 
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• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 569 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 570 
consider mAb cocktails.  571 

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 572 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir 573 
[an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being 574 
used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. 575 
Additionally, the therapeutic windows of each therapy should be determined for different NiV 576 
strains, as highlighted by a recent study in AGMs that showed the therapeutic window for 577 
m102.4 against a strain from Bangladesh/India to be shorter than for a strain from Malaysia.  578 

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 579 
NiV infection.  580 

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 581 
relationship of promising therapeutic candidates.  582 

• Additional studies, as needed, of therapeutic candidates in the AGM model, followed by human 583 
clinical trials for safety, feasibility, and efficacy.  584 

• Additional data are needed to determine the role of PEP and to inform development of guidance 585 
on the types of exposures that warrant such intervention and the most appropriate agents to 586 
administer. This determination should include feasibility for PEP distribution in both endemic 587 
and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons 588 
annually that could be candidates for PEP.  589 

• Additional information is needed regarding whether or not strain differences will impact 590 
response to therapeutic candidates and influence results from clinical trials. 591 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 592 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 593 
components of supportive care for NiV, such as optimal fluid and respiration management 594 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 595 
and/or antimalarials, to inform best-practice guidelines and evidence-based policy decisions.  596 
 597 

Strategic Goals and Aligned Milestones 598 

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 599 
outbreaks.  600 
 601 
Milestones:  602 

1. By 2018, complete a protocol for conducting safety and efficacy clinical trials of promising 603 
therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and 604 
develop plans for operationalizing the protocol.  605 

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to 606 
be implemented in NiV-affected areas during future outbreaks and develop plans for 607 
operationalizing the protocol.  608 

Commented [KM16]: Taken out because this was redundant to 
other statements above.  

Commented [SPL17]: Outbreaks are chaotic and most are 
small. I believe that we would be better placed to evaluate 
therapeutics if we had rapid tests and embedded efficacy trials into 
our routine surveillance. 
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and respond to outbreaks that with Nipah most of them are over by 
the time we can respond. Instead, if this is part of surveillance for 
every case we diagnose, case accumulation still might be slow, but 
we could expect several cases per year, especially if we spread this 
over multiple improved surveillance sites. 
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3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising 609 
therapeutic candidates to be implemented during future NiV outbreaks and develop plans for 610 
operationalizing the protocol.  611 

4. By 2020, generate a reliable source of m102.4 to be used in clinical trials during future NiV 612 
outbreaks. 613 
 614 

Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to 615 
prevent NiV infection.  616 
 617 
Milestones:  618 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic 619 
candidates.  620 

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 621 
least two promising therapeutic candidates or combination therapies for treatment of NiV 622 
infection.  623 

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and efficacy of at 624 
least two promising therapeutic candidates or combination therapies for treatment of NiV 625 
infection.  626 

 627 
Priority Areas/Activities 628 

Research 629 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 630 

(such as ribavirin and m102.4 and favipiravir) for treating and preventing NiV infection, including 631 
conducting animal studies in animal models and clinical trials as appropriate and feasible. 632 

• Continue to identify expand the pipeline of new therapeutic options for treating and preventing 633 
NiV infection that should undergo further evaluation.  634 

• Research optimal treatment and supportive care strategies for NiV infection and determine 635 
best-practice guidelines. 636 

Product development 637 
• Generate a TPP for NiV infection therapeutics. 638 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 639 

infection that are active against different NiV strains and other henipaviruses, and that can cross 640 
the blood-brain barrier to treat or prevent CNS disease. 641 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains and 642 
other pathogenic henipaviruses that may emerge. 643 

Key capacities 644 
• Ensure that clinical trial protocols are in place and are ready to be operationalized in advance of 645 

future outbreaks, including obtaining appropriate approvals and conducting necessary training. 646 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 647 

management and supportive care of patients with NiV infection. 648 

Commented [SPL19]: As above. 
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• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 649 
therapeutics for further clinical testing and outbreak control.  650 

Policy and commercialization 651 
• Identify a company or joint partnership to advance therapeutic use of m102.4 (including 652 

conduct of additional collaborative research) and secure financing for its manufacture,  and 653 
distribution, and post-marketing surveillance.   654 

• Generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks. 655 
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 656 

become available. 657 
 658 

Critical Path Analysis  659 
[See accompanying table.] 660 

 661 

VACCINES 662 

Current Primary Challenges, Key Needs, and Knowledge Gaps 663 

Primary challenges  664 
• Currently, there is no candidate vaccine that is in late-stage development and few companies 665 

are willing to invest in generation of new NiV vaccines.  666 
• Sociocultural issues may hinder trust in the formal human and veterinary clinical and public 667 

health systems, which could impact acceptance of NiV vaccine use.  668 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 669 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.  670 

Key needs 671 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 672 

against different NiV strains, and (3) provide rapid onset of an immune response to adequately 673 
prevent and control outbreaks.  674 

• Guidance on use of NiV vaccines to include vaccination strategies for special populations (such 675 
as children, immunocompromised individuals, and pregnant women); different epidemiologic 676 
scenarios; and different vaccine attributes.  677 

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 678 
target populations and guidance for community sensitization to vaccine acceptation and 679 
promotion within the community. 680 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 681 
programs and to refine vaccination strategies over time.  682 

Knowledge gaps 683 
• Additional research is needed regarding the innate, cell-mediated, and humoral immune 684 

responses that constitute protective immunity against NiV. Since neutralizing antibodies are 685 
likely the primary mediator of protection against NiV infection, research in this area should 686 
focus primarily on the humoral immune response for driving vaccine development.  687 
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• Further research is needed to clarify vaccine attributes (such as time from administration to 688 
immune protection, duration of immunity, and the need for booster doses) and to determine 689 
safety profiles of candidate vaccines.  690 

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 691 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis).  692 

• Additional research is needed in animal models to determine if vaccine candidates are cross-693 
protective between different NiV strains, including recently identified strains; only a few studies 694 
demonstrating cross-protection have been performed to date.  695 

• The identification of specific correlates or surrogates of protection and standardized assays for 696 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 697 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 698 
the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may 699 
vary by vaccine platform and antigen and, therefore, multiple assays may need to be 700 
standardized. 701 

• Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse 702 
incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in 703 
non-affected countries, safety trials will also be needed in target populations in endemic 704 
regions.  705 

• Further epidemiologic research is needed to better define at-risk populations and identify 706 
additional areas of potential NiV spillover.  707 

• If evidence at some point supports the need for a broader, population-based vaccination 708 
strategy (beyond reactive use for outbreak control in affected communities), additional research 709 
may be warranted on the development of multivalent vaccines that protect against more than 710 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 711 
for use in NiV endemic areas.  712 

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 713 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 714 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 715 
estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating 716 
disease risk based on risk behaviors and practices in communities or specific population groups, 717 
and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  718 

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 719 
livestock populations has been suggested as a possible mitigation strategy for preventing 720 
secondary transmission to humans. Currently, one HeV vaccine is available for horses and 721 
available evidence suggests this vaccine is cross-protective against NiV. Ongoing research into 722 
developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in 723 
endemic regions is needed to further assess the merit of this potential control strategy.  724 

• Additional research is needed to determine if development of multivalent vaccines for animals 725 
(that protect against more than one disease) would increase the likelihood of vaccine uptake by 726 
food animal producers and the broader veterinary community.  727 

 728 
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Strategic Goals and Aligned Milestones 729 

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 730 
requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure 731 
of a vaccine against NiV. 732 

Milestones:  733 
1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy 734 

trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure. 735 
  736 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical 737 
trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This 738 
consultation should include representatives from the following: in-country regulators, other 739 
regulatory agencies (such as FDA or the European Medicines Agency [EMA]), national and 740 
international public health agencies and organizations, and local and international researchers. 741 

 742 
Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans.  743 
 744 
Milestones:  745 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 746 
least two promising NiV vaccine candidates. 747 
 748 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV 749 
candidate vaccines.  750 
 751 

3. By 2023, complete the following if phase 3 trials are considered feasible (per the first Strategic 752 
Goal): (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, 753 
(2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the 754 
protocol, and (3) create a strategy for determining which candidate vaccines will go forward into 755 
phase 3 trials.  756 

 757 
Priority Areas/Activities 758 

Research 759 
• Improve understanding of the humoral immune response to infection to inform development 760 

and evaluation of NiV vaccines. 761 
• Identify and standardize correlates and/or surrogates of protection, which are necessary for 762 

ongoing research into candidate vaccines and also may be important for vaccine licensure.  763 
• Generate international reference standards to calibrate serological assays for vaccine potency 764 

analyses. 765 
• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 766 

efficacy in animal models (such as through serum transfer studies), correlates of protection, and 767 
durability. 768 

• Further study cross protection of various vaccine candidates against different NiV strains, and 769 
between NiV strains and HeV strains.  770 
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• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 771 
animal studies for immune bridging to facilitate regulatory licensing. 772 

• Explore whether multivalent vaccines for animal populations would increase vaccine 773 
acceptability and uptake by food-animal producers and the broader veterinary community.   774 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 775 
strategies for vaccine use.  776 

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 777 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 778 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 779 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 780 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 781 
assessment. 782 

Product development 783 
• License Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  784 

and animals.  785 
• License safe and effective multivalent vaccines for use in humans that protect against more than 786 

one disease for use in human populations (e.g., vaccines that protect against both NiV and MV 787 
or HeV), if broader population-based vaccination is warranted at some point in the future.  788 

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 789 
against more than one disease for use in animal populations, if this is deemed to be a 790 
sustainable approach.  791 

Key capacities 792 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 793 

(once vaccines become available). 794 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 795 

vaccines, if clinical trials are considered feasible. 796 
• Identify and address issues with licensure and use of NiV vaccines in affected areas through a 797 

coordinated process involving key stakeholders, including in-country NRAs and public health 798 
authorities. 799 

• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for further 800 
clinical evaluation and use when outbreaks occur.  801 

Policy and commercialization 802 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 803 

scenarios that align with vaccine attributes, once vaccines are available. 804 
• Develop guidance for community sensitization to vaccine acceptation and promotion within the 805 

community. 806 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 807 

supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity 808 
for person-to-person transmission and potential for more rapid spread.  809 

 810 
Critical Path Analysis  811 



August 2018—DRAFT FOR DISCUSSION ONLY—NOT FOR DISTRIBUTION 
 

21 
 

[See accompanying table.] 812 
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Critical Path Analysis for Development of Nipah Virus Diagnostics, Therapeutics, and Vaccines 

The table below provides a high-level description of the primary risks and barriers to achieving the milestones identified in the research and 
development (R&D) roadmap for Nipah virus and also identifies other milestones that are critical dependencies, meaning that in order for the 
milestone in question to either be initiated or completed, another milestone should be completed first. The focus of this critical path analysis is on 
R&D of medical countermeasures (MCMs) and does not encompass all aspects of Nipah virus prevention and control. 

Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
CROSS-CUTTING ISSUES 

Strategic Goal 1: Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs.  

1. By 2019, develop a public value proposition to 
effectively advocate for the development and 
sustainability of NiV MCMs that: (1) articulates 
the potential global threat of NiV infection, (2) 
outlines the social and economic benefits of 
generating accessible and affordable NiV MCMs, 
and (3) details the positive impact on the health 
systems in affected areas. 

• Lack of resources to create a public value 
proposition (e.g., funding, availability and 
commitment of partners with the appropriate
expertise) 

• Lack of accurate data sources and information to 
support the value proposition 

-- 

2. By 2019, create a funding plan for moving NiV 
diagnostics, therapeutics, and vaccines toward
clinical evaluation, licensure/approval, 
acceptance, and sustainable access. 

• The need to identify and engage appropriate
industry partners as part of the process in 
creating a funding plan 

• Challenges with identifying funders willing to
support elements of the funding plan 

• A completed value proposition to support and 
justify the funding plan (Cross cutting: SG1, MS1)

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks.  

1. By 2021, develop a plan for enhancing NiV 
surveillance, including securing funding, 
identifying surveillance catchment areas, 
engaging key partners in those areas, generating
a standardized protocol, and conducting training 
for implementation. 

• Lack of ability to secure funding to enhance NiV 
surveillance 

• Challenges with developing consensus on the 
implementation protocol because of differing
clinical and laboratory capabilities across 
catchment areas 

• Limited information regarding which areas may be 
at high risk for NiV spillover 

-- 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
2. By 2022, initiate enhanced NiV surveillance to 

better characterize NiV epidemiology (including 
the potential for spillover events), enhance case 
detection, and better define the disease burden 
in different geographic areas.  

• The need to educate clinicians and community 
health workers about NiV infection to increase 
their index of suspicion and improve case 
detection 

• A completed and agreed upon surveillance plan 
and related protocols (Cross cutting: SG2, MS1) 

• Improved diagnostic assays to rapidly and 
accurately identify cases (Diagnostics: SG2, MS4) 

• Adequate laboratory capacity for diagnostic 
testing (Diagnostics: SG3, MS1) 

Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and 
animal models.  

1. By 2020, generate standardized and well-
characterized assays, reagents, antibodies, 
nucleic acids, and stocks of NiV challenge strains 
to facilitate R&D of NiV MCMs. 

• Limited BSL-4 capacity  
• Lack of dedicated funding to create research tools 
• Lack of consensus on criteria for standardization 

and characterization 

• Availability of well-characterized clinical samples 
(including  representation of the different NiV 
strains) (Diagnostics: SG1, MS2) 

2. By 2021, optimize animal models that 
recapitulate disease in humans for use in 
preclinical studies of NiV MCMs and which may 
be necessary for licensure of MCM products 
(particularly vaccines) via non-traditional 
regulatory pathways. 

• Limited BSL-4 capacity  
• Regulations and restrictions applicable to animal 

research, including ethical considerations 
regarding use of NHPs  

• The need for agreed-upon benchmark parameters 
(i.e., challenge strain, route, timing, and dose) 

• Availability of standardized assays and challenge 
strains for animal research (Cross cutting: SG3, 
MS1) 

• Availability of well-characterized clinical samples 
(including  representation of the different NiV 
strains) (Diagnostics: SG1, MS2) 

DIAGNOSTICIS 
Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients. 
1. By 2019, develop and standardize plans and 

protocols (including the governance structure) 
for creating a virtual reference repository of 
well-characterized clinical samples to be 
maintained in the two primary NiV-affected 
countries (Bangladesh and India).  

• Complexities involved with creating a virtual 
reference repository  

• The need for coordination across multiple 
organizations and agencies within each of the 
primary NiV-affected countries 

• The need for international and in-country 
leadership to drive the process 

-- 

2. By 2020, identify funding and initiate creation of 
the virtual reference repository in the two 
primary NiV-affected countries (Bangladesh and 
India), with samples to be collected during future 
outbreaks and possibly as part of future clinical 
trials.    

• Lack of funding and resources to create the in-
country repositories 

• Lack of adequate case numbers for sample 
collection (in part owing to lack of surveillance 
capabilities) 

• Challenges with international regulations for 
transport of clinical samples and other biologic 

• Completion of the plans and protocols for 
creating the virtual reference repository 
(Diagnostics: SG1, MS1) 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
materials  

• Challenges in completing the steps necessary to 
operationalize the plans (e.g., ensuring laboratory 
capacity, conducting training, having MTAs in 
place, having the governance structure in place) 

Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient-care NiV 
diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff 
training.  
1. By 2018, generate a TPP for NiV diagnostics that 

identifies the primary use cases and optimal and 
desirable characteristics to guide the 
development of promising NiV diagnostic assays.  

-- -- 

2. By 2019, engage appropriate regulatory agencies 
and NRAs to inform commercialization pathways 
for NiV diagnostic assays.  

• The need for a coordinated process and 
leadership to engage and convene the 
appropriate regulatory agencies and other key 
partners 

-- 

3. By 2021, complete preclinical evaluation for at 
least two of the most promising NiV point-of-
care or near-patient diagnostic assays that align 
with the TPP. 

• Insufficient resources and funding for R&D to 
produce promising diagnostics 

• Low engagement in diagnostic development from 
commercial manufacturers  

• Adequate supplies of clinical samples or 
experimentally generated samples from research 
animals  

• Availability of well-characterized samples from 
patients (Diagnostics: SG1, MS2)  

4. By 2022, complete field studies for at least two 
of the most promising NiV point-of-care or near-
patient diagnostic assays that align with the TPP. 

• Lack of clinical and laboratory capacity for 
conducting field studies in different geographic 
areas of NiV spillover  

• The need to ensure proper test performance 
under field conditions 

• Successful completion of preclinical evaluation of 
promising diagnostic assays (Diagnostics: SG2, 
MS3) 

• Adequate laboratory capacity to conduct the field 
studies (Diagnostics: SG3, MS1) 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV.  

1. By 2021, develop national laboratory strategies 
for NiV detection in the primary affected 
countries that include plans for enhancing 
laboratory preparedness to diagnosis NiV 
infection during future outbreaks. For example, 

• The need for international leadership and 
engagement to assist with development of the 
national laboratory strategies 

• The need to engage and obtain support from key 
in-country partners 

-- 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
this may include strategies for development of 
mobile laboratories that can be deployed when 
outbreaks occur.  

• Lack of necessary resources to enhance 
laboratory capacity 

THERAPEUTICS 
Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.  

1. By 2019, complete a protocol for conducting 
safety and efficacy clinical trials of promising 
therapeutic candidates to be implemented in 
NiV-affected areas during future outbreaks and 
develop plans for operationalizing the protocol.  

• The challenges of engaging partners and 
completing steps necessary to the operationalize 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment 

• Prioritization of promising therapeutic candidates 
and ensuring adequate supplies necessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1) 

2. By 2019, complete a protocol for conducting PEP 
trials of promising therapeutic candidates to be 
implemented in NiV-affected areas during future 
outbreaks and develop plans for operationalizing 
the protocol.  

• The challenges of engaging partners and 
completing steps necessary to operationalize the 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment  

• Prioritization of promising therapeutic candidates 
and ensuring adequate supplies necessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1) 

3. By 2020, complete a broader, regional protocol 
for conducting clinical trials of promising 

therapeutic candidates to be implemented 
during future NiV outbreaks and develop plans 
for operationalizing the protocol.  

• The challenges of engaging partners and 
completing steps necessary to operationalize the 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• The need to develop consensus across different 
countries to generate a regional approach and 
promote adoption by member states 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment  

• Prioritization of promising therapeutic candidates 
and ensuring adequate supplies necessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1)  

4. By 2020, generate a reliable source of m102.4 to 
be used in clinical trials during future NiV 
outbreaks. 

-- -- 

Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection.  
1. By 2019, create and implement a prioritization 

process for evaluating promising NiV therapeutic 
candidates.  

• Obtaining consensus regarding prioritization of 
promising candidates 

• Lack of an adequate pipeline of promising 

-- 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
therapeutic agents and lack of R&D resources to 
strengthen the pipeline 

2. By 2021, complete preclinical evaluation of the 
preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or 
combination therapies for treatment of NiV 
infection.  

 

• Lack of dedicated R&D funding to conduct 
preclinical evaluation of novel NiV therapeutic 
agents  

• Limited BSL-4 capacity  
• Limited understanding regarding whether or not 

genetic diversity of NiV strains will impact 
therapeutic response to new treatment options 

• Availability of standardized and well-
characterized clinical research tools (e.g., assays, 
reagents, stocks of NiV challenge strains) (Cross 
cutting: SG3, MS1) 

3. By 2023, complete clinical evaluation of the 
preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or 
combination therapies for treatment of NiV 
infection.  

• Lack of in-country capacity to conduct clinical 
trials  

• Hesitancy or opposition to clinical trials being 
conducted in at-risk populations  

• Difficulty in receiving approval from in-country 
NRAs to conduct clinical trials 

• Identifying sufficient cases to support  an 
informative evaluation, especially if there are 
multiple potential therapeutic candidates 

• Successful completion of preclinical evaluation of 
promising therapeutic candidates (Therapeutics: 
SG2, MS2)  

• Improved diagnostic assays to rapidly and 
accurately identify cases (Diagnostics: SG2, MS4) 

• Adequate laboratory capacity for diagnostic 
testing (Diagnostics: SG3, MS1) 

VACCINES 
Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and 
other considerations that will impact licensure of a vaccine against NiV. 
1. By 2019, convene an expert working group to 

assess the feasibility of conducting clinical 
efficacy trials of NiV vaccines and to determine 
the most appropriate regulatory pathways for 
licensure. 

 Need for regulatory engagement and guidance on 
whether or not clinical efficacy trials are feasible 

 Need for better characterization of clinical trial 
capacity in areas of NiV spillover  

 Lack of accurate information on the disease 
burden caused by NiV infection, which is 
important for assessing the likelihood of 
completing clinical efficacy trials 

-- 

2. By 2020, convene a regional consultation to 
clarify in-country issues around conducting 
clinical trials (if deemed feasible) and the needs 
for licensure and future use of NiV vaccines. This 
consultation should include representatives from 

 Challenges with identifying the appropriate 
regional and international partners 

 Challenges with developing consensus among 
partners 

 Determination the feasibility of conducting phase 
3 clinical efficacy trials in NIV-affected areas 
(Vaccines: SG1, MS1) 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
the following: in-country regulators, other 
regulatory agencies (such as FDA or the EMA), 
national and international public health agencies 
and organizations, and local and international 
researchers. 

Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans. 
1. By 2021, complete preclinical evaluation of the 

preliminary safety, tolerability, and efficacy of at 
least two promising NiV vaccine candidates. 

• Insufficient R&D funding to conduct preclinical 
evaluation of promising NiV vaccines  

• Limited BSL-4 capacity for conducting preclinical 
research on potential NiV vaccines  
 

• Availability of standardized and well-characterized 
clinical research tools (e.g., assays, reagents, 
stocks of NiV challenge strains) (Cross cutting: 
SG3, MS1) 

• Availability of animal models that bridge to 
humans and can be used to demonstrate vaccine 
protection (Cross cutting: SG3, MS2) 

2. By 2023, complete phase 1 and phase 2 clinical 
trials for at least one of the most promising NiV 
candidate vaccines, including in target 
populations.  

• Hesitancy or opposition to clinical trials being 
conducted in at-risk populations    

• Lack of in-country capacity to conduct clinical 
trials   

• Difficulty Delays in receiving approval from in-
country NRAs to conduct clinical trials   

•  

• Successful completion of preclinical evaluation of 
1 or more promising vaccine candidates 
(Vaccines: SG2, MS1) 

 

3. By 2023, complete the following if phase 3 trials 
are considered feasible (per the first Strategic 
Goal): (1) develop a framework for conducting 
phase 3 clinical trials of NiV vaccine candidates, 
(2) develop a regional protocol for conducting 
phase 3 trials and plans for operationalizing the 
protocol, and (3) create a strategy for 
determining which candidate vaccines will go 
forward into phase 3 trials.  

• The challenges of engaging partners and 
completing steps necessary to operationalize 
clinical trial protocols 

• The need to develop consensus across different 
countries  

• Lack of surveillance capacity and systemic 
estimates for NiV infection to assess vaccine 
efficacy and impact over time 

• Successful completion of early clinical trials of 1 or 
more promising vaccine candidates (Vaccines: 
SG2, MS2) 
 

Abbreviations: BSL-4, biosafety level 4 (highest biosafety level); EMA, European Medicines Agency; FDA, US Food and Drug Administration; MCMs, medical 
countermeasures; MS, Milestone; MTA, material transfer agreement; NHP, nonhuman primate; NiV, Nipah virus; NRA, national regulatory authority; PEP, post-
exposure prophylaxis; R&D, research and development; SG, Strategic Goal; TPP, target product profile; WHO, World Health Organization.  

*These dependencies focus only on the relationships between the milestones to show how the roadmap should be implemented over time; however, there are 

Commented [SPL1]: Not really an  issue with CEPI support. 

Commented [SPL2]: This is relevant neither for Bangladesh nor 
India which each have a long history of such trials. 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
other critical dependencies for each of the milestones, such as adequate resources and funding. 
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Nipah Research and Development (R&D) Roadmap 1 

2 
Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic 3 
goals, and prioritizing areas and activities (from basic research toward advanced development, 4 
licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative 5 
development of medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against 6 
Nipah virus infection.  7 

8 

INTRODUCTION 9 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 10 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 11 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 12 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 13 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 14 
infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 15 
have occurred in that country since. NiV infection has also been identified periodically in eastern India 16 
and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in 17 
Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as 18 
serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and 19 
several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, 20 
Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from 21 
bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human 22 
NiV transmission. Additionally, several other domestic animal species were found to be infected with 23 
NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in 24 
Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary 25 
modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and 26 
subsequent person-to-person transmission.  27 

28 
The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 29 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 30 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 31 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 32 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 33 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 34 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 35 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 36 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 37 
contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed 38 
genomic information for this virus is limited. 39 

40 
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In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered 41 
mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 42 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 43 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 44 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 45 
those identified in Bangladesh and India; some differences have been noted in the clinical features of 46 
infection with different strains in humans and experimentally infected non-human primates.  47 
 48 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 49 
accelerating research and product development of medical countermeasures to enable effective and 50 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 51 
“priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and 52 
for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 53 
priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid 54 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in thise 55 
roadmap ranges from basic research to late-stage development , licensure, and early use of MCMs to 56 
prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four 57 
main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, 58 
therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The 59 
strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 60 
years; the roadmap milestones will be tracked over time, with periodic assessment of progress and 61 
updating as needed. 62 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 63 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 64 
include enhanced surveillance systems, minimizing zoonotic NiV transmission, improved personal 65 
protective equipment (PPE), effective community engagement, adequate infection prevention and 66 
control practices, adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and 67 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 68 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 69 
strategy. Further research of NiV in animal species, including development of appropriate MCMs 70 
targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV 71 
(or related henipavirus species) in humans and virus transmission can occur at the human-animal 72 
interface. 73 
 74 

VISION 75 

Robust MCMs to detect, prevent, and control human outbreaks of NiV infection (and other closely 76 
related henipaviruses) that are readily available and accessible for use in areas of known or potential 77 
NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and 78 
effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to 79 
prevent disease, disability, and death.  80 
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 81 

CROSS-CUTTING ISSUES 82 

Current Primary Challenges, Key Needs, and Knowledge Gaps 83 

Primary challenges 84 
• Securing funding for Nipah research respresents a substantial challenge, since eEconomic 85 

incentives to invest in Nipah research are not readily apparent because, as the disease primarily 86 
occurs in under-resourced areas of South Asia and disease incidence is low with small and 87 
sporadic outbreaks. ; therefore, securing funding for Nipah research represents a substantial 88 
challenge.  The development of a sustainable value proposition for industry and international 89 
philanthropic public-private partnerships are needed to secure funding to complete 90 
development, licensure, manufacture, and deployment of NiV MCMs. The value proposition 91 
would ideallyshould be informed by a robust assessment of the risk of future outbreaks and the 92 
economic, societal, and health impacts that such outbreaks could generate. and will likely 93 
require new systematic surveillance studies in humans and susceptible animal hosts in affected 94 
areas to strengthen the evidence base.   95 

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 96 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 97 
developers in the absence of a predictable demand. In addition, licensure of vaccines and 98 
therapeutics using alternative regulatory pathways can be very costly, given the regulatory 99 
requirements for such approval. 100 

• High-level biocontainment requirements may pose an impediment to research on NiV 101 
pathogenesis and development of MCMs, as certain materials must be generated under the 102 
highest biosafety level (BSL-4) conditions, which increases. This raises  the cost of MCM 103 
development. 104 

• To date, NiV spillovers to human communities have been identified almost exclusively most 105 
commonly in rural communities in Bangladesh and India; the healthcare facilities that serve 106 
these communities have limited laboratory and clinical infrastructure for diagnosis and 107 
treatment.  108 

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 109 
geographic range that stretches across much of the Western Pacific region, Southeast and South 110 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 111 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 112 
host range increases the likelihood of additional spillover events from bats to humans or 113 
livestock in new areas where the disease has not yet been detected, which may make accurate 114 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 115 
experience with the condition, lack of available laboratory testing, and the occurrence of other 116 
diseases that have similar clinical presentations.  117 

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 118 
pigs older than 4 weeks old), infection in animal herds may not be recognized until after human 119 
cases are identified. This delay in diagnosis may lead to an entire herd being infected before 120 
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livestock are tested for NiV, which could cause large financial losses for livestock owners and 121 
increases the likelihood of NiV infection in exposed animal husbandry workers.  122 

• NiV disease occurs in both humans and animals (particularly livestock). This creates two streams 123 
of research, which complicates the overall approach for moving NiV MCMs forward. For 124 
example, animal models for human disease will have different parameters than animal models 125 
for disease in animal species.  126 

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 127 
research,  applicable to humans (and pigs and horses for research applicable to disease in 128 
animals), the African green monkey (AGM) is regarded as the most relevant animal model for 129 
evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, 130 
studies involving the AGM model may be required for licensure of MCMs via alternative 131 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 132 
and ethical concerns constrain the use of AGMs. 133 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 134 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas.  However, 135 
Bbecause NiV infection occurs as relatively small, focal outbreaks, the low disease incidence in 136 
endemic areas poses a major challenge for conducting phase 3 clinical efficacysuch trials, in 137 
terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical 138 
power. It may be possible to address this issue by combining clinical trial data across outbreaks 139 
over time. While it is critical to focus on approaches that make ethical and scientifically valid 140 
clinical trials feasible whenever possible, alternative regulatory pathways may need to be 141 
considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 142 
randomized controlled trials [RCTs]) are not applicablefeasible. 143 

Key needs 144 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 145 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 146 
innovation and secure private-sector commitments to develop amd manufacture NiV MCMs. 147 

• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 148 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 149 
for NiV prevention and control.  150 

• Advocacy to policy makers in affected countries to ensure they understand the potential health, 151 
societal, and economic benefits of devoting limited resources to improving NiV surveillance, 152 
detection, prevention, and control measures.  153 

• Additional prospective serosurveillance data from susceptible animal species and proximate 154 
human populations in areas of predicted risk to determine the level of human spillover and to 155 
build preparedness for detection of human cases and for limiting exposure. This is particularly 156 
important in areas where public health surveillance programs are not feasible.   157 

• Standardized and validated well characterized assays (to be further defined based on end use), 158 
reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV 159 
infection. (Assays that can be used at lower biosafety levels are an important priority.) WHO 160 
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international standards should be used (when available) as calibrators and reported in Units/ml 161 
to harmonize assay results.  162 

• Efforts to establish the natural history of NiV infection in animals and define the animal models 163 
that are most reflective of human disease. 164 

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 165 
clinical trials versus those that need additional preclinical research. Such criteria should align 166 
with desired characteristics outlined in the target product profiles (TPPs) and should address 167 
aspects of sustainable MCM production, stockpiling, and access. 168 

• Efforts to design clinical efficacy trials in affected areas that are ethical, interpretable, and 169 
feasible. Researchers should explore the potential for conducting clinical trials before 170 
considering alternative regulatory pathways for licensure (such as the United States Food and 171 
Drug Administration’s [FDA’s] Animal Rule).  172 

• Early and recurrent communications between product developers and the appropriate national 173 
regulatory authorities (NRAs) or regulatory agencies to obtain clarity and guidance on clinical 174 
trial requirements, regulatory pathways and requirements, and other considerations for NiV 175 
MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 176 
capabilities will vary between countries; therefore, early engagement, potentially with support 177 
from WHO, is essential to identify country-specific considerations.    178 

• Outreach and education to clinicians and community health workers to improve NiV awareness, 179 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 180 
prevention and control) and to ensure availability of diagnostic tools in endemic areas to 181 
increase the likelihood of accurate and timely diagnosis and treatment of NiV infection.  182 

• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 183 
collaborative clinical research, including methods for collecting, standardizing, and sharing 184 
clinical data.   185 

• Collaboration between public health authorities in endemic and at-risk areas and international 186 
development partners to support NiV surveillance and facilitate effective communication with 187 
communities to strengthen disease prevention and preparedness activities. Human health, 188 
animal health, and wildlife officials should be engaged as part of a long-term collaborative 189 
effort.  190 

• Clarification regarding the potential for and possible strategies to promote technology transfer 191 
for NiV MCM development and manufacturing to endemic and at-risk areas.  192 

Knowledge gaps 193 
• Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as 194 

well as other preventive measures, are dependent on accurate and current information on the 195 
ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance 196 
(or dedicated prospective research with a surveillance focus) is needed to determine the true 197 
incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 198 
bats to humans or livestock in new geographic areas. Additionally, continued research is needed 199 
to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 200 
infection, in the natural reservoir of Pteropus bats and potentially other bat species.  201 
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• Additional research is needed to refine, standardize, and validateoptimize relevant animal 202 
challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define 203 
their role in supporting basic research on the pathogenesis and immunology of NiV infection, 204 
which is essential for to promote development and evaluation of MCMs, particularly if 205 
investigators intend to use an alternative pathway (such as the United States Food and Drug 206 
Administration’s [FDA’s] Animal Rule) to obtain regulatory approval. For example, efforts are 207 
needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) 208 
standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose 209 
for MCM development; (3) determine when after challenge MCMs should be administered in 210 
animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data 211 
between from animal models and to humans, such as identifying thresholds of vaccine 212 
protection to determine appropriate human MCM doses; and (5) identify the best models for 213 
studying chronic (relapsing) infection.  214 

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 215 
humans and animals to inform development of NiV MCMs. This includes evaluating the 216 
pathophysiologic differences between different NiV strains, determining the mechanisms that 217 
allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, 218 
identifying factors influencing the development of permanent neurological sequelae, and 219 
further characterizing cell-mediated and humoral immune responses to NiV infection. In 220 
addition, identifying aspects of the immune response that are absent or counter-effective during 221 
human NiV infection may lead to the development of novel targeted intervention strategies.  222 

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 223 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 224 
features of disease, and thereby influence MCM development.  225 

• Further research is needed to better understand viruses in the Henipavirus genus, including 226 
their reservoir hosts and pathogenicity.  227 

• Additional studies applying whole genome sequencing of NiV viruses are needed to generate a 228 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  229 

• Sociological and anthropological research is needed to understand how to best engage 230 
populations at high risk of exposure (such as persons who consume data palm sap and workers 231 
at the human-animal interface) pig farmers, hunters, abattoir workers) and vulnerable 232 
populations (such as children, immunocompromised individuals, and pregnant women) for 233 
participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if 234 
therapeutics and vaccines do not consistently prevent disease.  235 

• Efforts are needed to: (1) assess potential barriers for conducting clinical trials, (2) assess MCM 236 
acceptability in at-risk populations, (3) determine culturally appropriate messaging to enhance 237 
MCM acceptance, and (4) identify public health strategies to promote vaccine use.  238 

 239 
Strategic Goals and Aligned Milestones 240 

Strategic Goal 1: Identify sources of private- and public-sector funding, and develop appropriate 241 
incentives and competitions to promote R&D of NiV MCMs.  242 
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Milestones: 243 
1. By 2019, develop a public value proposition to effectively advocate for the development and 244 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 245 
outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 246 
and (3) details the positive impact on the health systems in affected areas. 247 

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward 248 
clinical evaluation, licensure/approval, acceptance, and sustainable access. 249 
 250 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk 251 
and potential for global spread of NiV outbreaks.  252 

Milestones: 253 
1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying 254 

surveillance catchment areas, engaging key partners in those areas, generating a standardized 255 
protocol, and conducting training for implementation.   256 

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including 257 
the potential for spillover events), enhance case detection, and better define the disease burden 258 
in different geographic areas.  259 

 260 
Strategic Goal 3: Support basic science research to improve understanding of NiV virology, 261 
pathogenesis, and the immune response to infection in humans and animal models.  262 

Milestones: 263 
1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic 264 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 265 
 266 

2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical 267 
studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly 268 
vaccines) via non-traditional regulatory pathways. 269 

 270 
Priority Areas/Activities 271 

Research 272 
• Expand research to further understand the ecology and epidemiology of NiV and other 273 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 274 
across geographic areas, using a One Health approach. 275 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 276 
changes and characterize genetic diversity over time.  277 

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 278 
NiV infections to inform development of MCMs. 279 

• Determine key differences in pathogenesis for different NiV strains that may have implications 280 
for the development of safe and effective NiV vaccines or therapies. 281 

• Refine and optimize relevant animal models to support the development and evaluation of NiV 282 
MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.   283 
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• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 284 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 285 
particularly those that can be used at lower biosafety levels. 286 

• Conduct research studies to enable a more comprehensive mapping of genetic variability 287 
henipaviruses in order to improve understanding of their global distribution. 288 

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 289 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 290 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 291 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 292 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 293 
assessment.  294 

• Conduct social science research to determine strategies for engaging communities for 295 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 296 
become available.  297 

Product development 298 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 299 

forward. 300 
• Promote early communication between developers and appropriate NRAs for clarity and 301 

guidance on the regulatory aspects of MCM development for NiV infection.   302 

Key capacities 303 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 304 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 305 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 306 
control. 307 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 308 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 309 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 310 
human or animal populations.  311 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    312 
• Collaborate with local government authorities (including human health, animal health, and 313 

wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 314 
and at-risk areas.   315 

• Promote community-based outreach programs that transfer skills and knowledge for the 316 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 317 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 318 
therapeutics and vaccines. 319 

Policy and commercialization 320 
• Establish a sustainable value proposition and secure funding to complete development, 321 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 322 
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• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 323 
therapeutics, and vaccines to endemic and at-risk areas. 324 

• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 325 
NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 326 
approval are being determined. 327 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 328 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 329 
and fair” price is one that can reasonably be funded by patients and health budgets and 330 
simultaneously sustains research and development, production, and distribution within a 331 
country.) 332 

• Clarify the potential for and possible strategies to promote technology transfer for development 333 
and manufacturing of MCMs for NiV infection.  334 

 335 
Critical Path Analysis 336 

[See accompanying table.] 337 
 338 

DIAGNOSTICS 339 

Current Primary Challenges, Key Needs, and Knowledge Gaps 340 

Primary challenges 341 
• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 342 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 343 
in outbreak detection and implementation of effective and timely infection control measures 344 
and outbreak response activities. Additionally, latent disease can occur months to years after 345 
initial infection, which can complicate epidemiologic investigation.  346 

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 347 
limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in 348 
diagnosis and outbreak investigation and response.  349 

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 350 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  351 

• Various types of test methods and platforms are required to test patients at different phases of 352 
NiV infection, which can complicate diagnostic needs and capabilities.  353 

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 354 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 355 
areas with regard to collection, handling, transport, and laboratory analysis.  356 

• The time required to perform diagnostic testing using conventional laboratory methods poses 357 
challenges, given the rapid disease progression of NiV infection.  358 

• Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in 359 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 360 
Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate 361 
which henipaviruses are in circulation using serologic assays. Capacity to identify additional 362 
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pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 363 
respond to future outbreaks.  364 

Key needs 365 
• Clarification regarding the use cases for different diagnostic assays, since the corresponding 366 

performance, validation, and regulatory approval requirements may differ depending on how 367 
the tests will be used. For example, it may be desirable to have a point-of-care screening test 368 
that is highly sensitive and a confirmatory test that is highly specific.  369 

• A TPP for NiV diagnostics, identifying that identifies the key use cases and optimal and desirable 370 
characteristics to guide the development of promising diagnostic assays. 371 

• A biobank virtual repository (with specimens being held and maintained in the countries of 372 
origin) of human and animal clinical samples to assess and validate diagnostic tests. and a 373 
process for how best to judiciously use the samples.  As part of this process, a clear approach is 374 
needed to: (1) determine what clinical samples should be collected, based on what would be 375 
most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes 376 
of sample collection; (3) determine what organizations will be responsible for the activities 377 
related to creating and maintaining the repositories; (4) establish standardized protocols for 378 
sample collection and maintenance; (5) establish an appropriate governace structure; (63) 379 
identify who would have access to the samples; and (74) prioritize use of samples and sample 380 
distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples 381 
obtained from laboratory animals also can be used to assess diagnostic assays during the 382 
timeframe when the virtual repository is being created.) 383 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 384 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 385 
validation, and regulatory approval requirements may differ depending on how and in which 386 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 387 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 388 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 389 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 390 
considered in tandem with the use of therapeutics and other interventions.  391 

• Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements 392 
for laboratory infrastructure, can detect disease early in the clinical course, are robust for use 393 
under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both 394 
human and animal populations, and have a high degree of sensitivity and specificity for different 395 
NiV strains, as needed, depending on the use cases for each test. Rapid diagnostic capability is 396 
needed for early case detection to promote outbreak detection, ensure early implementation of 397 
infection control measures, and ultimately to improve patient outcomes, once therapeutic 398 
options are available.  399 

• International reference standards to calibrate diagnostic assays.  400 
• Validation of promising diagnostics in endemic and at-risk geographic regions.  401 
• Diagnostic criteria and standardized testing for including patients in clinical trials of 402 

therapeutics. 403 
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• Improved Ddiagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent 404 
henipaviruses in humans and animals as they arise.  405 

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 406 
and epidemiology of NiV infection.  407 

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 408 
performance of NiV diagnostic assays in the field.  409 

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 410 
support the business case for Nipah diagnostics, given the costs of regulatory approval.  411 

• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 412 
detect NiV infection while simultaneously screening for the presence of other henipaviruses or 413 
other pathogens of public health concern that may cause similar clinical syndromes in endemic 414 
or at-risk areas. Since validation and regulatory approval of multiplex assays can prove 415 
challenging, an alternate approach would be the development of multiple single assays that can 416 
be run in parallel.  417 

•  If NiV or HeV vaccines become widely used in livestock, serological testing to differentiate 418 
vaccinated animals from infected animals (such as the Differentiating Infected from Vaccinated 419 
Animals (DIVA) test) will be needed.  420 

Knowledge gaps 421 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 422 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 423 
ability to diagnose infection at different stages of disease. Additionally, further research on the 424 
kinetics of NiV in the animal reservoirs is needed.  425 

• More information is needed regarding the performance characteristics (including sensitivity, 426 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 427 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-428 
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 429 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  430 

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 431 
populations to allow accurate interpretation of test results, since substantive economic 432 
consequences (such as trade restriction for livestock) could be triggered by positive results.   433 

 434 
Strategic Goals and Aligned Milestones 435 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 436 
repository of clinical samples from NiV-infected patients. 437 
 438 
Milestones:  439 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for 440 
creating a virtual reference repository of well-characterized clinical samples to be maintained in 441 
the two primary NiV-affected countries (Bangladesh and India).  442 
 443 
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2. By 2020, identify funding and initiate creation of the virtual reference repository in the two 444 
primary NiV-affected countries (Bangladesh and India), with samples to be collected during 445 
future outbreaks and possibly as part of future clinical trials.    446 

 447 
Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on 448 
intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the 449 
conditions in which they will be used and that have minimal requirements for biosafety precautions and 450 
staff training.  451 
 452 
Milestones:  453 

1. By 2018, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal 454 
and desirable characteristics to guide the development of promising NiV diagnostic assays.  455 
 456 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization 457 
pathways for NiV diagnostic assays.  458 
 459 

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care 460 
or near-patient diagnostic assays that align with the TPP. 461 
 462 

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-463 
patient diagnostic assays that align with the TPP. 464 
 465 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover 466 
risk to promote early detection of NiV.  467 
 468 
Milestones:  469 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected 470 
countries that include plans for enhancing laboratory preparedness to diagnosis NiV infection 471 
during future outbreaks. For example, this may include strategies for development of mobile 472 
laboratories that can be deployed when outbreaks occur.  473 

 474 
Priority Areas/Activities 475 

Research 476 
• Create a biobank virtual repository of clinical human and animalreference samples for use in 477 

researching new diagnostic agents.  478 
• Explore new diagnostic approaches that may allow for earlier detection of infection.   479 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 480 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 481 
disease.  482 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 483 
and develop appropriate standards for their use in different contexts. 484 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  485 
• Continue to research cross-reactivity of diagnostic tests in animal populations.   486 
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Product development 487 
• Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and 488 

preferred performance characteristics for different use cases. 489 
• Define use cases for diagnostic assays. 490 
• Develop and , evaluate, and validate  point-of-care or near-patient rapid diagnostic tests for 491 

NiV infection that are affordable, highly sensitive and specific (as needed, depending on their 492 
intended use), available for use in humans and animals, and can capture antigenically diverse 493 
strains of the virus, and can be performed accurately and safely in remote areas under a variety 494 
of circumstances.   495 

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 496 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 497 
in the geographic region that cause similar clinical syndromes.  498 

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 499 
reduce the likelihood of transmission of NiV from livestock to humans.  500 

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 501 
if NiV or HeV vaccines become widely used (long-term consideration). 502 

Key capacities 503 
• Generate international reference standards to calibrate diagnostic assays.  504 
• Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-505 

affected countries. 506 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 507 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 508 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  in humans 509 
and animals.   510 

Policy and commercialization 511 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 512 

across different geographic areas, as such tests become available.   513 
 514 

Critical Path Analysis 515 
[See accompanying table.] 516 

 517 

THERAPEUTICS 518 

Current Primary Challenges, Key Needs, and Knowledge Gaps 519 

Primary challenges 520 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 521 

successful treatment. 522 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 523 

could reduce acceptance of NiV therapeutics.  524 
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 525 

creates an important challenge in providing early treatment and PEP to exposed persons.  526 
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• In the NiV-endemic region of Bangladeshareas, hundreds of patients are admitted to hospitals 527 
annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 528 
confirmatory testing, tTreating all patients with encephalitis and their contacts for NiV infection 529 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 530 
diagnosis is critical.  531 

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 532 
onset or early during the disease course. Patients with NiV infection often are detected later in 533 
the clinical course, which creates challenges for predicting how well an a therapeutic agent will 534 
work in the field. 535 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 536 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 537 
severe neurologic disease.  538 

• Healthcare systems in endemic countries often do not have adequate infection control systems 539 
–programs in place to prevent person-to-person transmission. They also lack the ability to 540 
rapidly identify contacts most likely to benefit from PEP therapy.  541 

Key needs 542 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 543 

development of promising treatment approaches in the context of individual and community 544 
priorities.  545 

• Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to 546 
be implemented in NiV-affected areas during future outbreaks. 547 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 548 
infection to improve survival and decrease associated morbidity and long-term disability.  549 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 550 
(relapsing) NiV infection to decrease associated long-term disability.  551 

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 552 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 553 
exposed to infected livestock.  554 

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 555 
seriously ill patients).  556 

Knowledge gaps 557 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 558 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 559 
of ribavirin for NiV infection may be warranted.  560 

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 561 
challenge in animal models and has been provided under compassionate use programs for a 562 
small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for 563 
m102.4 with 40 human participants was completed in Australia, but results are not yet available. 564 
Additional animal studies using different NiV strains and clinical trials in endemic areas are 565 
needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for 566 
PEP and potentially early treatment of clinical disease.  567 
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• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 568 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 569 
consider mAb cocktails.  570 

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 571 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir 572 
[an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being 573 
used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. 574 
Additionally, the therapeutic windows of each therapy should be determined for different NiV 575 
strains, as highlighted by a recent study in AGMs that showed the therapeutic window for 576 
m102.4 against a strain from Bangladesh/India to be shorter than for a strain from Malaysia.  577 

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 578 
NiV infection.  579 

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 580 
relationship of promising therapeutic candidates.  581 

• Additional studies, as needed, of therapeutic candidates in the AGM model, followed by human 582 
clinical trials for safety, feasibility, and efficacy.  583 

• Additional data are needed to determine the role of PEP and to inform development of guidance 584 
on the types of exposures that warrant such intervention and the most appropriate agents to 585 
administer. This determination should include feasibility for PEP distribution in both endemic 586 
and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons 587 
annually that could be candidates for PEP.  588 

• Additional information is needed regarding whether or not strain differences will impact 589 
response to therapeutic candidates and influence results from clinical trials. 590 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 591 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 592 
components of supportive care for NiV, such as optimal fluid and respiration management 593 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 594 
and/or antimalarials, to inform best-practice guidelines and evidence-based policy decisions.  595 
 596 

Strategic Goals and Aligned Milestones 597 

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 598 
outbreaks.  599 
 600 
Milestones:  601 

1. By 2018, complete a protocol for conducting safety and efficacy clinical trials of promising 602 
therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and 603 
develop plans for operationalizing the protocol.  604 

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to 605 
be implemented in NiV-affected areas during future outbreaks and develop plans for 606 
operationalizing the protocol.  607 

Commented [KM11]: Taken out because this was redundant to 
other statements above.  
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3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising 608 
therapeutic candidates to be implemented during future NiV outbreaks and develop plans for 609 
operationalizing the protocol.  610 

4. By 2020, generate a reliable source of m102.4 to be used in clinical trials during future NiV 611 
outbreaks. 612 
 613 

Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to 614 
prevent NiV infection.  615 
 616 
Milestones:  617 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic 618 
candidates.  619 

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 620 
least two promising therapeutic candidates or combination therapies for treatment of NiV 621 
infection.  622 

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and efficacy of at 623 
least two promising therapeutic candidates or combination therapies for treatment of NiV 624 
infection.  625 

 626 
Priority Areas/Activities 627 

Research 628 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 629 

(such as ribavirin and m102.4 and favipiravir) for treating and preventing NiV infection, including 630 
conducting animal studies in animal models and clinical trials as appropriate and feasible. 631 

• Continue to identify expand the pipeline of new therapeutic options for treating and preventing 632 
NiV infection that should undergo further evaluation.  633 

• Research optimal treatment and supportive care strategies for NiV infection and determine 634 
best-practice guidelines. 635 

Product development 636 
• Generate a TPP for NiV infection therapeutics. 637 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 638 

infection that are active against different NiV strains and other henipaviruses, and that can cross 639 
the blood-brain barrier to treat or prevent CNS disease. 640 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains and 641 
other pathogenic henipaviruses that may emerge. 642 

Key capacities 643 
• Ensure that clinical trial protocols are in place and are ready to be operationalized in advance of 644 

future outbreaks, including obtaining appropriate approvals and conducting necessary training. 645 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 646 

management and supportive care of patients with NiV infection. 647 
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• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 648 
therapeutics for further clinical testing and outbreak control.  649 

Policy and commercialization 650 
• Identify a company or joint partnership to advance therapeutic use of m102.4 (including 651 

conduct of additional collaborative research) and secure financing for its manufacture,  and 652 
distribution, and post-marketing surveillance.   653 

• Generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks. 654 
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 655 

become available. 656 
 657 

Critical Path Analysis  658 
[See accompanying table.] 659 

 660 

VACCINES 661 

Current Primary Challenges, Key Needs, and Knowledge Gaps 662 

Primary challenges  663 
• Currently, there is no candidate vaccine that is in late-stage development and few companies 664 

are willing to invest in generation of new NiV vaccines.  665 
• Sociocultural issues may hinder trust in the formal human and veterinary clinical and public 666 

health systems, which could impact acceptance of NiV vaccine use.  667 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 668 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.  669 

Key needs 670 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 671 

against different NiV strains, and (3) provide rapid onset of an immune response to adequately 672 
prevent and control outbreaks.  673 

• Guidance on use of NiV vaccines to include vaccination strategies for special populations (such 674 
as children, immunocompromised individuals, and pregnant women); different epidemiologic 675 
scenarios; and different vaccine attributes.  676 

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 677 
target populations and guidance for community sensitization to vaccine acceptation and 678 
promotion within the community. 679 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 680 
programs and to refine vaccination strategies over time.  681 

Knowledge gaps 682 
• Additional research is needed regarding the innate, cell-mediated, and humoral immune 683 

responses that constitute protective immunity against NiV. Since neutralizing antibodies are 684 
likely the primary mediator of protection against NiV infection, research in this area should 685 
focus primarily on the humoral immune response for driving vaccine development.  686 
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• Further research is needed to clarify vaccine attributes (such as time from administration to 687 
immune protection, duration of immunity, and the need for booster doses) and to determine 688 
safety profiles of candidate vaccines.  689 

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 690 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis).  691 

• Additional research is needed in animal models to determine if vaccine candidates are cross-692 
protective between different NiV strains, including recently identified strains; only a few studies 693 
demonstrating cross-protection have been performed to date.  694 

• The identification of specific correlates or surrogates of protection and standardized assays for 695 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 696 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 697 
the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may 698 
vary by vaccine platform and antigen and, therefore, multiple assays may need to be 699 
standardized. 700 

• Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse 701 
incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in 702 
non-affected countries, safety trials will also be needed in target populations in endemic 703 
regions.  704 

• Further epidemiologic research is needed to better define at-risk populations and identify 705 
additional areas of potential NiV spillover.  706 

• If evidence at some point supports the need for a broader, population-based vaccination 707 
strategy (beyond reactive use for outbreak control in affected communities), additional research 708 
may be warranted on the development of multivalent vaccines that protect against more than 709 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 710 
for use in NiV endemic areas.  711 

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 712 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 713 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 714 
estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating 715 
disease risk based on risk behaviors and practices in communities or specific population groups, 716 
and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  717 

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 718 
livestock populations has been suggested as a possible mitigation strategy for preventing 719 
secondary transmission to humans. Currently, one HeV vaccine is available for horses and 720 
available evidence suggests this vaccine is cross-protective against NiV. Ongoing research into 721 
developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in 722 
endemic regions is needed to further assess the merit of this potential control strategy.  723 

• Additional research is needed to determine if development of multivalent vaccines for animals 724 
(that protect against more than one disease) would increase the likelihood of vaccine uptake by 725 
food animal producers and the broader veterinary community.  726 

 727 
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Strategic Goals and Aligned Milestones 728 

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 729 
requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure 730 
of a vaccine against NiV. 731 

Milestones:  732 
1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy 733 

trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure. 734 
  735 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical 736 
trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This 737 
consultation should include representatives from the following: in-country regulators, other 738 
regulatory agencies (such as FDA or the European Medicines Agency [EMA]), national and 739 
international public health agencies and organizations, and local and international researchers. 740 

 741 
Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans.  742 
 743 
Milestones:  744 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 745 
least two promising NiV vaccine candidates. 746 
 747 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV 748 
candidate vaccines.  749 
 750 

3. By 2023, complete the following if phase 3 trials are considered feasible (per the first Strategic 751 
Goal): (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, 752 
(2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the 753 
protocol, and (3) create a strategy for determining which candidate vaccines will go forward into 754 
phase 3 trials.  755 

 756 
Priority Areas/Activities 757 

Research 758 
• Improve understanding of the humoral immune response to infection to inform development 759 

and evaluation of NiV vaccines. 760 
• Identify and standardize correlates and/or surrogates of protection, which are necessary for 761 

ongoing research into candidate vaccines and also may be important for vaccine licensure.  762 
• Generate international reference standards to calibrate serological assays for vaccine potency 763 

analyses. 764 
• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 765 

efficacy in animal models (such as through serum transfer studies), correlates of protection, and 766 
durability. 767 

• Further study cross protection of various vaccine candidates against different NiV strains, and 768 
between NiV strains and HeV strains.  769 
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• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 770 
animal studies for immune bridging to facilitate regulatory licensing. 771 

• Explore whether multivalent vaccines for animal populations would increase vaccine 772 
acceptability and uptake by food-animal producers and the broader veterinary community.   773 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 774 
strategies for vaccine use.  775 

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 776 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 777 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 778 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 779 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 780 
assessment. 781 

Product development 782 
• License Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  783 

and animals.  784 
• License safe and effective multivalent vaccines for use in humans that protect against more than 785 

one disease for use in human populations (e.g., vaccines that protect against both NiV and MV 786 
or HeV), if broader population-based vaccination is warranted at some point in the future.  787 

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 788 
against more than one disease for use in animal populations, if this is deemed to be a 789 
sustainable approach.  790 

Key capacities 791 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 792 

(once vaccines become available). 793 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 794 

vaccines, if clinical trials are considered feasible. 795 
• Identify and address issues with licensure and use of NiV vaccines in affected areas through a 796 

coordinated process involving key stakeholders, including in-country NRAs and public health 797 
authorities. 798 

• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for further 799 
clinical evaluation and use when outbreaks occur.  800 

Policy and commercialization 801 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 802 

scenarios that align with vaccine attributes, once vaccines are available. 803 
• Develop guidance for community sensitization to vaccine acceptation and promotion within the 804 

community. 805 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 806 

supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity 807 
for person-to-person transmission and potential for more rapid spread.  808 

 809 
Critical Path Analysis  810 
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Critical Path Analysis for Development of Nipah Virus Diagnostics, Therapeutics, and Vaccines 

The table below provides a high-level description of the primary risks and barriers to achieving the milestones identified in the research and 
development (R&D) roadmap for Nipah virus and also identifies other milestones that are critical dependencies, meaning that in order for the 
milestone in question to either be initiated or completed, another milestone should be completed first. The focus of this critical path analysis is on 
R&D of medical countermeasures (MCMs) and does not encompass all aspects of Nipah virus prevention and control.  

Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
CROSS-CUTTING ISSUES 

Strategic Goal 1: Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs.  

1. By 2019, develop a public value proposition to 
effectively advocate for the development and 
sustainability of NiV MCMs that: (1) articulates 
the potential global threat of NiV infection, (2) 
outlines the social and economic benefits of 
generating accessible and affordable NiV MCMs, 
and (3) details the positive impact on the health 
systems in affected areas. 

• Lack of resources to create a public value 
proposition (e.g., funding, availability and 
commitment of partners with the appropriate 
expertise)  

• Lack of accurate data sources and information to 
support the value proposition  

 

-- 

2. By 2019, create a funding plan for moving NiV 
diagnostics, therapeutics, and vaccines toward 
clinical evaluation, licensure/approval, 
acceptance, and sustainable access. 

• The need to identify and engage appropriate 
industry partners as part of the process in 
creating a funding plan 

• Challenges with identifying funders willing to 
support elements of the funding plan 

• A completed value proposition to support and 
justify the funding plan (Cross cutting: SG1, MS1) 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks.  

1. By 2021, develop a plan for enhancing NiV 
surveillance, including securing funding, 
identifying surveillance catchment areas, 
engaging key partners in those areas, generating 
a standardized protocol, and conducting training 
for implementation.   

• Lack of ability to secure funding to enhance NiV 
surveillance 

• Challenges with developing consensus on the 
implementation protocol because of differing 
clinical and laboratory capabilities across 
catchment areas 

• Limited information regarding which areas may be 
at high risk for NiV spillover 

-- 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
2. By 2022, initiate enhanced NiV surveillance to 

better characterize NiV epidemiology (including 
the potential for spillover events), enhance case 
detection, and better define the disease burden 
in different geographic areas.  

• The need to educate clinicians and community 
health workers about NiV infection to increase 
their index of suspicion and improve case 
detection 

• A completed and agreed upon surveillance plan 
and related protocols (Cross cutting: SG2, MS1) 

• Improved diagnostic assays to rapidly and 
accurately identify cases (Diagnostics: SG2, MS4) 

• Adequate laboratory capacity for diagnostic 
testing (Diagnostics: SG3, MS1) 

Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and 
animal models.  

1. By 2020, generate standardized and well-
characterized assays, reagents, antibodies, 
nucleic acids, and stocks of NiV challenge strains 
to facilitate R&D of NiV MCMs. 

• Limited BSL-4 capacity  
• Lack of dedicated funding to create research tools 
• Lack of consensus on criteria for standardization 

and characterization 

• Availability of well-characterized clinical samples 
(including  representation of the different NiV 
strains) (Diagnostics: SG1, MS2) 

2. By 2021, optimize animal models that 
recapitulate disease in humans for use in 
preclinical studies of NiV MCMs and which may 
be necessary for licensure of MCM products 
(particularly vaccines) via non-traditional 
regulatory pathways. 

• Limited BSL-4 capacity  
• Regulations and restrictions applicable to animal 

research, including ethical considerations 
regarding use of NHPs  

• The need for agreed-upon benchmark parameters 
(i.e., challenge strain, route, timing, and dose) 

• Availability of standardized assays and challenge 
strains for animal research (Cross cutting: SG3, 
MS1) 

• Availability of well-characterized clinical samples 
(including  representation of the different NiV 
strains) (Diagnostics: SG1, MS2) 

DIAGNOSTICIS 
Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients. 
1. By 2019, develop and standardize plans and 

protocols (including the governance structure) 
for creating a virtual reference repository of 
well-characterized clinical samples to be 
maintained in the two primary NiV-affected 
countries (Bangladesh and India).  

• Complexities involved with creating a virtual 
reference repository  

• The need for coordination across multiple 
organizations and agencies within each of the 
primary NiV-affected countries 

• The need for international and in-country 
leadership to drive the process 

-- 

2. By 2020, identify funding and initiate creation of 
the virtual reference repository in the two 
primary NiV-affected countries (Bangladesh and 
India), with samples to be collected during future 
outbreaks and possibly as part of future clinical 
trials.    

• Lack of funding and resources to create the in-
country repositories 

• Lack of adequate case numbers for sample 
collection (in part owing to lack of surveillance 
capabilities) 

• Challenges with international regulations for 
transport of clinical samples and other biologic 

• Completion of the plans and protocols for 
creating the virtual reference repository 
(Diagnostics: SG1, MS1) 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
materials  

• Challenges in completing the steps necessary to 
operationalize the plans (e.g., ensuring laboratory 
capacity, conducting training, having MTAs in 
place, having the governance structure in place) 

Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient-care NiV 
diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff 
training.  
1. By 2018, generate a TPP for NiV diagnostics that 

identifies the primary use cases and optimal and 
desirable characteristics to guide the 
development of promising NiV diagnostic assays.  

-- -- 

2. By 2019, engage appropriate regulatory agencies 
and NRAs to inform commercialization pathways 
for NiV diagnostic assays.  

• The need for a coordinated process and 
leadership to engage and convene the 
appropriate regulatory agencies and other key 
partners 

-- 

3. By 2021, complete preclinical evaluation for at 
least two of the most promising NiV point-of-
care or near-patient diagnostic assays that align 
with the TPP. 

• Insufficient resources and funding for R&D to 
produce promising diagnostics 

• Low engagement in diagnostic development from 
commercial manufacturers  

• Adequate supplies of clinical samples or 
experimentally generated samples from research 
animals  

• Availability of well-characterized samples from 
patients (Diagnostics: SG1, MS2)  

4. By 2022, complete field studies for at least two 
of the most promising NiV point-of-care or near-
patient diagnostic assays that align with the TPP. 

• Lack of clinical and laboratory capacity for 
conducting field studies in different geographic 
areas of NiV spillover  

• The need to ensure proper test performance 
under field conditions 

• Successful completion of preclinical evaluation of 
promising diagnostic assays (Diagnostics: SG2, 
MS3) 

• Adequate laboratory capacity to conduct the field 
studies (Diagnostics: SG3, MS1) 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV.  

1. By 2021, develop national laboratory strategies 
for NiV detection in the primary affected 
countries that include plans for enhancing 
laboratory preparedness to diagnosis NiV 
infection during future outbreaks. For example, 

• The need for international leadership and 
engagement to assist with development of the 
national laboratory strategies 

• The need to engage and obtain support from key 
in-country partners 

-- 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
this may include strategies for development of 
mobile laboratories that can be deployed when 
outbreaks occur.  

• Lack of necessary resources to enhance 
laboratory capacity 

THERAPEUTICS 
Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.  

1. By 2019, complete a protocol for conducting 
safety and efficacy clinical trials of promising 
therapeutic candidates to be implemented in 
NiV-affected areas during future outbreaks and 
develop plans for operationalizing the protocol.  

• The challenges of engaging partners and 
completing steps necessary to the operationalize 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment 

• Prioritization of promising therapeutic candidates 
and ensuring adequate supplies necessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1) 

2. By 2019, complete a protocol for conducting PEP 
trials of promising therapeutic candidates to be 
implemented in NiV-affected areas during future 
outbreaks and develop plans for operationalizing 
the protocol.  

• The challenges of engaging partners and 
completing steps necessary to operationalize the 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment  

• Prioritization of promising therapeutic candidates 
and ensuring adequate supplies necessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1) 

3. By 2020, complete a broader, regional protocol 
for conducting clinical trials of promising 

therapeutic candidates to be implemented 
during future NiV outbreaks and develop plans 
for operationalizing the protocol.  

• The challenges of engaging partners and 
completing steps necessary to operationalize the 
protocol (e.g., obtaining necessary reviews and 
approvals, performing training) 

• The need to develop consensus across different 
countries to generate a regional approach and 
promote adoption by member states 

• Potential issues regarding storage of candidate 
therapeutics and plans for deployment  

• Prioritization of promising therapeutic candidates 
and ensuring adequate supplies necessary to 
conduct clinical trial research (Therapeutics: SG2, 
MS1)  

4. By 2020, generate a reliable source of m102.4 to 
be used in clinical trials during future NiV 
outbreaks. 

-- -- 

Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection.  
1. By 2019, create and implement a prioritization 

process for evaluating promising NiV therapeutic 
candidates.  

• Obtaining consensus regarding prioritization of 
promising candidates 

• Lack of an adequate pipeline of promising 

-- 
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Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
therapeutic agents and lack of R&D resources to 
strengthen the pipeline 

2. By 2021, complete preclinical evaluation of the 
preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or 
combination therapies for treatment of NiV 
infection.  

 

• Lack of dedicated R&D funding to conduct 
preclinical evaluation of novel NiV therapeutic 
agents  

• Limited BSL-4 capacity  
• Limited understanding regarding whether or not 

genetic diversity of NiV strains will impact 
therapeutic response to new treatment options 

• Availability of standardized and well-
characterized clinical research tools (e.g., assays, 
reagents, stocks of NiV challenge strains) (Cross 
cutting: SG3, MS1) 

3. By 2023, complete clinical evaluation of the 
preliminary safety, tolerability, and efficacy of at 
least two promising therapeutic candidates or 
combination therapies for treatment of NiV 
infection.  

• Lack of in-country capacity to conduct clinical 
trials  

• Hesitancy or opposition to clinical trials being 
conducted in at-risk populations  

• Difficulty in receiving approval from in-country 
NRAs to conduct clinical trials 

• Successful completion of preclinical evaluation of 
promising therapeutic candidates (Therapeutics: 
SG2, MS2)  

• Improved diagnostic assays to rapidly and 
accurately identify cases (Diagnostics: SG2, MS4) 

• Adequate laboratory capacity for diagnostic 
testing (Diagnostics: SG3, MS1) 

VACCINES 
Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and 
other considerations that will impact licensure of a vaccine against NiV. 
1. By 2019, convene an expert working group to 

assess the feasibility of conducting clinical 
efficacy trials of NiV vaccines and to determine 
the most appropriate regulatory pathways for 
licensure. 

 Need for regulatory engagement and guidance on 
whether or not clinical efficacy trials are feasible 

 Need for better characterization of clinical trial 
capacity in areas of NiV spillover  

 Lack of accurate information on the disease 
burden caused by NiV infection, which is 
important for assessing the likelihood of 
completing clinical efficacy trials 

-- 

2. By 2020, convene a regional consultation to 
clarify in-country issues around conducting 
clinical trials (if deemed feasible) and the needs 
for licensure and future use of NiV vaccines. This 
consultation should include representatives from 
the following: in-country regulators, other 
regulatory agencies (such as FDA or the EMA), 

 Challenges with identifying the appropriate 
regional and international partners 

 Challenges with developing consensus among 
partners 

 Determination the feasibility of conducting phase 
3 clinical efficacy trials in NIV-affected areas 
(Vaccines: SG1, MS1) 



August 2018—DRAFT FOR DISCUSSION ONLY—NOT FOR DISTRIBUTION 
 

6 
 

Critical Path Analysis of Milestones for Strategic Goals Identified in the WHO Nipah Virus R&D Roadmap 
MILESTONES BY STRATEGIC GOAL PRIMARY RISKS/BARRIERS OTHER MILESTONES THAT ARE CRITICAL 

DEPENDENCIES* 
national and international public health agencies 
and organizations, and local and international 
researchers. 

Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans. 
1. By 2021, complete preclinical evaluation of the 

preliminary safety, tolerability, and efficacy of at 
least two promising NiV vaccine candidates. 

• Insufficient R&D funding to conduct preclinical 
evaluation of promising NiV vaccines  

• Limited BSL-4 capacity for conducting preclinical 
research on potential NiV vaccines  
 

• Availability of standardized and well-characterized 
clinical research tools (e.g., assays, reagents, 
stocks of NiV challenge strains) (Cross cutting: 
SG3, MS1) 

• Availability of animal models that bridge to 
humans and can be used to demonstrate vaccine 
protection (Cross cutting: SG3, MS2) 

2. By 2023, complete phase 1 and phase 2 clinical 
trials for at least one of the most promising NiV 
candidate vaccines, including in target 
populations.  

• Hesitancy or opposition to clinical trials being 
conducted in at-risk populations    

• Lack of in-country capacity to conduct clinical 
trials   

• Difficulty in receiving approval from in-country 
NRAs to conduct clinical trials   

• Successful completion of preclinical evaluation of 
1 or more promising vaccine candidates 
(Vaccines: SG2, MS1) 

 

3. By 2023, complete the following if phase 3 trials 
are considered feasible (per the first Strategic 
Goal): (1) develop a framework for conducting 
phase 3 clinical trials of NiV vaccine candidates, 
(2) develop a regional protocol for conducting 
phase 3 trials and plans for operationalizing the 
protocol, and (3) create a strategy for 
determining which candidate vaccines will go 
forward into phase 3 trials.  

• The challenges of engaging partners and 
completing steps necessary to operationalize 
clinical trial protocols 

• The need to develop consensus across different 
countries  

• Lack of surveillance capacity and systemic 
estimates for NiV infection to assess vaccine 
efficacy and impact over time 

• Successful completion of early clinical trials of 1 or 
more promising vaccine candidates (Vaccines: 
SG2, MS2) 
 

Abbreviations: BSL-4, biosafety level 4 (highest biosafety level); EMA, European Medicines Agency; FDA, US Food and Drug Administration; MCMs, medical 
countermeasures; MS, Milestone; MTA, material transfer agreement; NHP, nonhuman primate; NiV, Nipah virus; NRA, national regulatory authority; PEP, post-
exposure prophylaxis; R&D, research and development; SG, Strategic Goal; TPP, target product profile; WHO, World Health Organization.  

*These dependencies focus only on the relationships between the milestones to show how the roadmap should be implemented over time; however, there are 
other critical dependencies for each of the milestones, such as adequate resources and funding. 
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NipahResearch and Development (R&D) Roadmap


Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative development of medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against Nipah virus infection.

INTRODUCTION


Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since. NiV infection has also been identified periodically in eastern India and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, several other domestic animal species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed genomic information for this virus is limited. 


In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered mental state or unconsciousness, dizziness,cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from those identified in Bangladesh and India; some differences have been noted in the clinical features of infection with different strains in humans and experimentally infected non-human primates.

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of “priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in this roadmap ranges from basic research to late-stage developmentof MCMs to prevent and control NiV outbreaks and endemic diseasein humans. The roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, with periodic assessment of progress and updatingas needed.

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems
, minimizing zoonotic NiV transmission, improved personal protective equipment (PPE), ensure hand hygiene and environmental hygiene, effective community engagement, adequate infection prevention and control practices,adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. Further
 research ofNiV in animal species, including development of appropriate MCMs targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV(or related henipavirus species)in humans and virus transmission can occur at the human-animal interface.

VISION

Robust MCMs to detect, prevent, and control human outbreaks of NiV infection(and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 

CROSS-CUTTING ISSUES

Current Primary Challenges, Key Needs, and Knowledge Gaps


Primary challenges


· Securing funding for Nipah research represents a substantial challenge, since economic incentives to invest in Nipah research are not readily apparent because the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence has, so far, beenlow with small and sporadic outbreaks. The development of a sustainable value propositionfor industry and international philanthropic public-private partnerships are needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The value proposition should be informed by a robust assessment of the risk of future outbreaksand the economic, societal,and health impacts that such outbreaks could generate. 


· Demonstrating whether or not a product provides meaningful benefit without undue risk, which is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product developers in the absence of a predictable demand. In addition, licensure of vaccines and therapeutics using alternative regulatory pathways can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions, which increasesthe cost of MCM development.

· To date, NiV spillovers to human communities have been identified most commonly in rural communities in Bangladesh andIndia; the healthcare facilities that serve these communities have limited laboratory and clinical infrastructure for diagnosis and treatment. 


· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations. 

· 

· 

· While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV research,  the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs.


· Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions;however, phase 3 clinical efficacy trials will need to be conducted in endemic areas Because NiV infection occurs as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting suchtrials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical power. It may be possible to address this issue by combining clinical trial data across outbreaks over time
. While it is critical to focus on approaches that make ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not feasible.

Key needs

· Funding sources (such as public-private partnerships, government agencies, and philanthropic organizations) and industry incentives and competitions for non-dilutive funding to encourage innovation and secure private-sector commitments to develop and manufacture NiVMCMs.

· Enhanced clinical, laboratory, and public healthinfrastructure in endemic and at-risk areas to promote early diagnosis, treatment, surveillance, and implementation of vaccination programs for NiV prevention and control. 

· Advocacy to policy makers in affected countries to ensure they understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control measures. 

· Additional
 prospective serosurveillance data from susceptible animal species and proximate human populations in areas of predicted risk to determine the level of human spillover and to build preparedness for detection of human cases and for limiting exposure. This is particularly important in areas where public health surveillance programs are not feasible.  


· Standardized and well characterized assays (to be further defined based on end use), reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety levels are an important priority.)WHO international standards should be used (when available) as calibrators and reported in Units/ml to harmonize assay results.

· 

· Clear criteria for down-selection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. Such criteria should align with desired characteristics outlined in the target product profiles (TPPs) and should address aspects of sustainable MCM production, stockpiling, and access.

· 


· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) or regulatory agencies to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities will vary between countries; therefore, early engagement, potentially with support from WHO, is essential to identify country-specific considerations.   

· Outreach and education to cliniciansand community health workers to improve NiV awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection prevention and control) and to ensure availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 


· Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support collaborative clinical research, including methods for collecting, standardizing, and sharing clinical data.

· Collaboration between public health authorities in endemic and at-risk areas and international development partners to support NiV surveillance and strengthen disease prevention and preparedness activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturingto endemic and at-risk areas.


Knowledge gaps

· Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or dedicated prospective research with a surveillance focus)is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and potentially other batspecies. 

· Additional research is needed to optimize relevant animal challenge models(e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to promote development and evaluation of MCMs, particularly if investigators intend to use an alternative pathway(such as the United States Food and Drug Administration’s [FDA’s] Animal Rule)to obtain regulatory approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development; (3)determine when after challenge MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data from animal models to humans, such as identifying thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify the best models for studying chronic (relapsing) infection. 

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies.

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical features of disease, and thereby influence MCM development. 

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hostsand pathogenicity. 


· Additional studies applying whole genome sequencing of NiV viruses are needed to generate a comprehensive phylogenetic mapping of the global genetic variability among henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage populations at high risk of exposure 
(such as persons who consume data palm sap and workers at the human-animal interface) and vulnerable populations (such as children, immunocompromised individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of new NiVMCMs, especially if therapeutics and vaccines do not consistently prevent disease. 

· 


Strategic Goals and Aligned Milestones

Strategic Goal 1:Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 

Milestones:

1. By
 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.

Strategic Goal 2:Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks.

Milestones:


1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying surveillance catchment areas, engaging key partners in those areas, generating a standardized protocol, and conducting training for implementation.  


2. By 2022, initiate enhanced NiVsurveillance to better characterize NiV epidemiology (including the potential for spillover events), enhance case detection, and better define the diseaseburden in different geographic areas.

Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

Milestones:


1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.

2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.


Priority Areas/Activities

Research


· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to performphylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 


· Continue to conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine key differences in pathogenesis for different NiV strains that may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine and optimize relevant animal models to support the development and evaluation of NiV MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.  

· Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research studies to enable a more comprehensive mapping of genetic variability henipaviruses in order to improve understanding of their global distribution.

· 


· 

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 


Product development


· Define criteria for down-selection and prioritization of candidate MCMs that should be moved forward.

· Promoteearly communication between developers and appropriate NRAs forclarity and guidance on the regulatory aspects ofMCM development for NiV infection.

Key capacities


· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve active and passive surveillance capacityto: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations.

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiVsurveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiVspillover risk.


· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiVtherapeutics and vaccines.

Policy and commercialization


· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.


· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.


· Ensure access to regulatory guidance, oversight, review, and authorizationfrom appropriate NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory approval are being determined.

· Support the development of affordable pricing mechanisms to promote accessibility of NiV MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable and fair” price is one that can reasonably be funded by patients and health budgets and simultaneously sustains research and development, production, and distribution within a country.)


· Clarifythe potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 


Critical Path Analysis


[See accompanying table.]

DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps


Primary challenges


· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in outbreak detection and implementation of effective and timely infection control measures and outbreak response activities. Additionally, latent disease can occur months to years after initial infection, which can complicate epidemiologic investigation.

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in diagnosis and outbreak investigation and response. 


· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 


· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 


· Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis.


· The time required to perform diagnostic testing using conventional laboratory methods poses challenges, given the rapid disease progression of NiV infection. 


· Pteropus bat species (and perhaps other bat species)appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate which henipaviruses are in circulation using serologic assays. Capacity to identify additional pathogenic henipaviruses is an important challenge forensuring diagnostic preparednessto respond tofuture outbreaks. 


Key needs

· Clarification
 regarding the use cases for different diagnostic assays, since the corresponding performance, validation, and regulatory approval requirements may differ depending on how the tests will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific.

· A TPP for NiV diagnostics that identifies the key use cases and optimal and desirable characteristics to guide the development of promising diagnostic assays.


· A virtual repository (with specimens being held and maintained in the countries of origin) of clinical samples to assess and validate diagnostic tests.As part of this process, a clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample collection; (3) determine what organizations will be responsible for the activities related to creating and maintaining the repositories; (4) establish standardized protocols for sample collection and maintenance; (5) establish an appropriate governace structure; (6) identify who would have access to the samples; (7) prioritize use of samples and sample distribution; and (8) ensure that material transfer agreements (MTAs) are in place.(Samples obtained from laboratory animals also can be used to assess diagnostic assays during the timeframe when the virtual repository is being created.)

· 


· Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course,are robust for use under a variety of conditions (e.g., varying humidity, temperature, etc.), and have a high degree of sensitivity and specificity for different NiVstrains, as needed, depending on the use cases for each test. Rapid diagnostic capability is needed for early case detection to promote outbreak detection, ensure early implementation of infection control measures, and ultimately to improve patient outcomes, once therapeutic options are available.

· International reference standards to calibrate diagnostic assays. 


· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic criteria and standardized testing for including patients in clinical trials of therapeutics.

· Improved diagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent henipaviruses as they arise.

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection.

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiVdiagnostic assays in the field. 


· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, given the costs of regulatory approval. 


· 


· 

Knowledge gaps


· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudo typed neutralization assays and antigen-capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· 

Strategic Goals and Aligned Milestones

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients.

Milestones: 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India).

2. By 2020, identify funding and initiate creation ofthe virtual reference repository in the two primary NiV-affected countries (Bangladesh and India), with samples to be collected during future outbreaks and possibly as part of future clinical trials.  

Strategic Goal 2:Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 

Milestones: 

1. By 2018, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays. 


2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays.

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.


4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.


Strategic Goal 3:Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV. 

Milestones: 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnosis NiV infection during future outbreaks.For example, this may include strategies for development of mobile laboratories that can be deployed when outbreaks occur. 

Priority Areas/Activities

Research

· Create a virtual repositoryof clinical reference samples for use in researching new diagnostic agents. 


· Explore new diagnostic approaches that may allow for earlier detection of infection. 


· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease.


· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.


· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 


· 

Product development


· Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and preferred performance characteristics for different use cases.


· 

· Develop and evaluatepoint-of-care or near-patient rapid diagnostic tests for NiVinfection that are affordable, highly sensitive and specific (as needed, depending on their intended use), can capture antigenically diverse strains of the virus, and can be performed accurately and safely in remote areas under a variety of circumstances. 

· 

· 

· 

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 


· Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-affected countries.

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses as needed. 

Policy and commercialization

· Develop guidance on optimal strategies for deployment and use of new NiVdiagnostic tests across different geographic areas, as such tests become available.

Critical Path Analysis


[See accompanying table.]


THERAPEUTICS


Current Primary Challenges, Key Needs, and Knowledge Gaps


Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.


· Sociocultural issues may hinder trust in the formal healthcare and public health systems, which could reduce acceptance of NiV therapeutics. 

· The absence of improved diagnostic assays for timely diagnosis and surveillance of infection creates an important challenge in providing early treatment and PEP to exposed persons. 

· In NiV-endemic areas, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis, but do not have NiV infection. Treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid diagnosis is critical. 


· Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well a therapeutic agent will work in the field.


· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control –programs in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

Key needs


· 

· Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas during future outbreaks.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability.

· 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

Knowledge gaps

· 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided under compassionate use programs for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies using different NiV strains and clinical trials in endemic areas are needed to assess the safety, tolerability, and efficacyof m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the mostpromising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir [an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for different NiV strains, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against a strain from Bangladesh/India to be shorter than for a strain from Malaysia.

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection. 


· Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) relationship of promising therapeutic candidates. 


· 


· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer.This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons annually that could be candidates for PEP. 

· Additional information is needed regarding whether or not strain differences will impact response to therapeutic candidates and influence results from clinical trials.

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies,diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform best-practice guidelines and evidence-based policy decisions.

Strategic Goals and Aligned Milestones

Strategic Goal 1:Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks.

Milestones: 

1. By 2018, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and develop plans for operationalizing the protocol.


2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and develop plans for operationalizing the protocol. 

3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented during future NiV outbreaks and develop plans for operationalizing the protocol. 

4. By 2020, generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks.


Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection. 


Milestones: 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates. 


2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection.


Priority Areas/Activities


Research


· Continue to research the safety, tolerability, and efficacy of available investigational therapies (such as m102.4 and favipiravir) for treating and preventing NiV infection, including conducting studies in animal models andclinical trialsas appropriate and feasible.

· Continue to expand the pipeline of new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.


Product development


· 

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against different NiV strains and other pathogenic henipaviruses that may emerge.

Key capacities

· Ensure that clinical trial protocols are in place and are ready to be operationalized in advance of future outbreaks, including obtaining appropriate approvals and conducting necessary training.


· Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical management and supportive care of patients with NiV infection.


· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for further clinical testing and outbreak control. 

Policy and commercialization

· 

· Generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks.

· Developguidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.


Critical Path Analysis 


[See accompanying table.]

VACCINES


Current Primary Challenges, Key Needs, and Knowledge Gaps


Primary challenges


· Currently, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generation of new NiV vaccines. 

· Sociocultural issues may hinder trust in the formal human and veterinary clinical and public health systems, which could impact acceptance of NiV vaccine use. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.

Key needs


· Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect against different NiV strains, and (3) provide rapid onset of an immune response to adequately prevent and control outbreaks.

· Guidance on use of NiV vaccines to include vaccination strategies for special populations (such as children, immunocompromised individuals, and pregnant women); different epidemiologic scenarios; and different vaccine attributes. 

· Public communication outreach strategies that address possible vaccine uptake hesitancy in target populations and guidance for community sensitization to vaccine acceptation and promotion within the community.

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time. 

Knowledge gaps

· Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. Since neutralizing antibodies are likely the primary mediator of protection against NiV infection, research in this area should focus primarily on the humoral immune response for driving vaccine development. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines.

· Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis). 


· Additional research is needed in animal models to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date. 


· The identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms.These specific correlates may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized.

· Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in non-affected countries, safety trials will also be needed in target populations in endemic regions. 

· Further epidemiologic research is needed to better define at-risk populationsand identify additional areas of potential NiV spillover
. 


· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiVand HeV or NiV and measles virus [MV]) for use in NiV endemic areas.

· Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines become available),(4) estimating disease risk based on risk behaviors and practices in communities or specific population groups, and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles. 

· 

· 

Strategic Goals and Aligned Milestones

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure of a vaccine against NiV.

Milestones: 

1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This consultation should include representatives from the following: in-country regulators, other regulatory agencies (such as FDA or the European Medicines Agency [EMA]), national and international public health agencies and organizations, and local and international researchers.


Strategic Goal 2:Develop and evaluate NiV vaccines for prevention of NiV disease in humans. 

Milestones: 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines.

3. By 2023, complete the followingif phase 3 trials are considered feasible (per the first Strategic Goal): (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a strategy for determining which candidate vaccines will go forward into phase 3 trials.

Priority Areas/Activities


Research


· Improve understanding of thehumoral immune response to infection to inform development and evaluation of NiV vaccines.

· Identify and standardize correlates and/or surrogates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure. 

· Generate international reference standards to calibrate serological assays for vaccine potency analyses.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models (such as through serum transfer studies), correlates of protection, and durability.


· Further study cross protection of various vaccine candidates against different NiV strains, and between NiV strains and HeV strains. 


· Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake animal studies for immune bridging to facilitate regulatory licensing.

· 

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 


· Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.


· Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.


Product development


· Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans. 

· 

· 

Key capacities

· Improvesurveillance capabilities to assess the impact of vaccine use and vaccination strategies(once vaccines become available).

· Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV vaccines, if clinical trials are considered feasible.

· Identify and address issues with licensure and use of NiV vaccines in affected areas through a coordinated process involving key stakeholders, including in-country NRAs and public health authorities.

· Support plans for adequate manufacturing and stockpiling of NiV vaccines for further clinical evaluation and use when outbreaks occur.

Policy and commercialization


· Provideguidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Develop guidance for community sensitization to vaccine acceptation and promotion within the community.

· Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for person-to-person transmission and potential for more rapid spread. 

Critical Path Analysis 


[See accompanying table.]
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�I would argue that enhanced surveillance systems are also crucial to the goals of development of MCM. Without active and effective surveillance, we do not have a platform with which to develop and test these new technologies. In addition, expanded surveillance could have an impact on the business case for these technologies. I think it’s important to have this argument clearly articulated in the roadmap.



�Issues related to MCM development for animals have been deleted, since the decision was made at the July meeting to focus on human disease. However, further research in animals is critical, so this sentence was added. 



�Taken out because this is too long term for creating the value proposition. 



�And, possibly by expanding surveillance areas.



�Even though this bullet deals primarily with animals, I left it in, since it also deals with the human-animal interface.



�Moved to vaccines.



�May also need to include healthcare workers at hospital setting



�This is relatively redundant to the bullet above, so was deleted.



�In the Lassa taskforce meeting, we discussed the need for a value proposition document, which can help justify the funding plan, so that was added here. We also talk about the value proposition at the beginning of this document. There actually is a template for a value proposition for vaccines (created by a WHO group), so perhaps that document could be used as a starting point.



�These two bullets were moved to vaccines. 



�Moved up from further down



�Moved up and shortened.



�The group decided to take out any reference to multiplex assays, given the 5 year timeframe of the roadmap, so this was deleted.



�Taken out because this was redundant to other statements above. 



�It may also worthy to explore perceptions and/or concerns of the population/communities at risk for future vaccine implementation 
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August 2018—DRAFTFOR DISCUSSION ONLY—NOT FOR DISTRIBUTION



Critical Path Analysis for Development of Nipah Virus Diagnostics, Therapeutics, and Vaccines

The table below provides a high-level description of the primary risks and barriers to achieving the milestones identified in the research and development (R&D) roadmap for Nipah virus and also identifies other milestones that are critical dependencies, meaning that in order for the milestone in question to either be initiated or completed, another milestone should be completed first. The focus of this critical path analysis is on R&D of medical countermeasures (MCMs) and does not encompass all aspects of Nipah virus prevention and control. 

		Critical Path Analysis of Milestones for Strategic GoalsIdentified in the WHO Nipah Virus R&D Roadmap



		MILESTONES BY STRATEGIC GOAL

		PRIMARY RISKS/BARRIERS

		OTHER MILESTONES THAT ARE CRITICAL DEPENDENCIES*



		CROSS-CUTTING ISSUES



		Strategic Goal 1: Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 



		1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.

		· Lack of resources to create a public value proposition (e.g., funding, availability and commitment of partners with the appropriate expertise) 

· Lack of accurate data sources and information to support the value proposition



		--



		2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.

		· The need to identify and engage appropriate industry partners as part of the process in creating a funding plan

· Challenges with identifying funders willing to support elements of the funding plan

		· A completed value proposition to support and justify the funding plan (Cross cutting: SG1, MS1)



		Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks. 



		1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying surveillance catchment areas, engaging key partners in those areas, generating a standardized protocol, and conducting training for implementation.  

		· Lack of ability to secure funding to enhance NiV surveillance

· Challenges with developing consensus on the implementation protocol because of differing clinical and laboratory capabilities across catchment areas

· Limited information regarding which areas may be at high risk for NiV spillover

		--





		2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), enhance case detection, and better define the disease burden in different geographic areas. 

		· The need to educate clinicians and community health workers about NiV infection to increase their index of suspicion and improve case detection

		· A completed and agreed upon surveillance plan and related protocols(Cross cutting: SG2, MS1)

· Improved diagnostic assays to rapidly and accurately identify cases (Diagnostics: SG2, MS4)

· Adequate laboratory capacity for diagnostic testing (Diagnostics: SG3, MS1)



		Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 



		1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.

		· Limited BSL-4 capacity 

· Lack of dedicated funding to create research tools

· Lack of consensus on criteria for standardization and characterization

		· Availability of well-characterized clinical samples (including  representation of the different NiV strains)(Diagnostics: SG1, MS2)



		2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.

		· Limited BSL-4 capacity 

· Regulations and restrictions applicable to animal research, including ethical considerations regarding use of NHPs 

· The need for agreed-upon benchmark parameters (i.e., challenge strain, route, timing, and dose)

		· Availability of standardized assays and challenge strains for animal research (Cross cutting: SG3, MS1)

· Availability of well-characterized clinical samples (including  representation of the different NiV strains) (Diagnostics: SG1, MS2)



		DIAGNOSTICIS



		Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients.



		1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India). 

		· Complexities involved with creating a virtual reference repository

· The need for coordination across multiple organizations and agencies within each of the primary NiV-affected countries

· The need for international and in-country leadership to drive the process

		--



		2. By 2020, identify funding and initiate creation of the virtual reference repository in the two primary NiV-affected countries (Bangladesh and India), with samples to be collected during future outbreaks and possibly as part of future clinical trials.  

		· Lack of funding and resources to create the in-country repositories

· Lack of adequate case numbers for sample collection (in part owing to lack of surveillance capabilities)

· Challenges with international regulations for transport of clinical samples and other biologic materials 

· Challenges in completing the steps necessary to operationalize the plans (e.g., ensuring laboratory capacity, conducting training, having MTAs in place, having the governance structure in place)

		· Completion of the plans and protocols for creating the virtual reference repository (Diagnostics: SG1, MS1)



		Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient-care NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 



		1. By 2018, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays. 

		--

		--



		2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays.

		· The need for a coordinated process and leadership to engage and convene the appropriate regulatory agencies and other key partners

		--



		3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.

		· Insufficient resources and funding for R&D to produce promising diagnostics

· Low engagement in diagnostic development from commercial manufacturers 

· Adequate supplies of clinical samples or experimentally generated samples from research animals 

		· Availability of well-characterized samples from patients (Diagnostics: SG1, MS2) 



		4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.

		· Lack of clinical and laboratory capacity for conducting field studies in different geographic areas of NiV spillover 

· The need to ensure proper test performance under field conditions

		· Successful completion of preclinical evaluation of promising diagnostic assays (Diagnostics: SG2, MS3)

· Adequate laboratory capacity to conduct the field studies (Diagnostics: SG3, MS1)



		Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV. 



		1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnosis NiV infection during future outbreaks. For example, this may include strategies for development of mobile laboratories that can be deployed when outbreaks occur. 

		· The need for international leadership and engagement to assist with development of the national laboratory strategies

· The need to engage and obtain support from key in-country partners

· Lack of necessary resources to enhance laboratory capacity

		--



		THERAPEUTICS



		Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks. 



		1. By 2019, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and develop plans for operationalizing the protocol. 

		· The challenges of engaging partners and completing steps necessary to the operationalize protocol (e.g., obtaining necessary reviews and approvals, performing training)

· Potential issues regarding storage of candidate therapeutics and plans for deployment

		· Prioritization of promising therapeutic candidates and ensuring adequate suppliesnecessary to conduct clinical trial research (Therapeutics: SG2, MS1)



		2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and develop plans for operationalizing the protocol. 

		· The challenges of engaging partners and completing steps necessary to operationalize the protocol (e.g., obtaining necessary reviews and approvals, performing training)

· Potential issues regarding storage of candidate therapeutics and plans for deployment 

		· Prioritization of promising therapeutic candidates and ensuring adequate supplies necessary to conduct clinical trial research (Therapeutics: SG2, MS1)



		3. By 2020, complete a broader, regional protocol for conducting clinical trials of promisingtherapeutic candidates to be implemented during future NiV outbreaks and develop plans for operationalizing the protocol. 

		· The challenges of engaging partners and completing steps necessary to operationalize the protocol (e.g., obtaining necessary reviews and approvals, performing training)

· The need to develop consensus across different countries to generate a regional approach and promote adoption by member states

· Potential issues regarding storage of candidate therapeutics and plans for deployment

		· Prioritization of promising therapeutic candidates and ensuring adequate supplies necessary to conduct clinical trial research (Therapeutics: SG2, MS1) 



		4. By 2020, generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks.

		--

		--



		Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection. 



		1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates. 

		· Obtaining consensus regarding prioritization of promising candidates

· Lack of an adequate pipeline of promising therapeutic agents and lack of R&D resources to strengthen the pipeline

		--



		2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection. 



		· Lack of dedicated R&D funding to conduct preclinical evaluation of novel NiV therapeutic agents 

· Limited BSL-4 capacity 

· Limited understanding regarding whether or not genetic diversity of NiV strains will impact therapeutic response to new treatment options

		· Availability of standardized and well-characterized clinical research tools (e.g., assays, reagents, stocks of NiV challenge strains) (Cross cutting: SG3, MS1)



		3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection. 

		· Lack of in-country capacity to conduct clinical trials 

· Hesitancy or opposition to clinical trials being conducted in at-risk populations 

· Difficulty in receiving approval from in-country NRAs to conduct clinical trials

· Identifying sufficient cases to support  an informative evaluation, especially if there are multiple potential therapeutic candidates

· Develop guidance to engage with families of patients to explain the need for testing therapeutic candidates to avoid any potential mistrust on heath system and healthcare workers   

		· Successful completion of preclinical evaluation of promising therapeutic candidates (Therapeutics: SG2, MS2)

· Improved diagnostic assays to rapidly and accurately identify cases (Diagnostics: SG2, MS4)

· Adequate laboratory capacity for diagnostic testing (Diagnostics: SG3, MS1)



		VACCINES



		Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure of a vaccine against NiV.



		1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.

		· Need for regulatory engagement and guidance on whether or not clinical efficacy trials are feasible

· Need for better characterization of clinical trial capacity in areas of NiV spillover 

· Lack of accurate information on the disease burden caused by NiV infection, which is important for assessing the likelihood of completing clinical efficacy trials

		--



		2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This consultation should include representatives from the following: in-country regulators, other regulatory agencies (such as FDA or the EMA), national and international public health agencies and organizations, and local and international researchers.

		· Challenges with identifying the appropriate regional and international partners

· Challenges with developing consensus among partners

		· Determination the feasibility of conducting phase 3 clinical efficacy trials in NIV-affected areas (Vaccines: SG1, MS1)



		Strategic Goal 2:Develop and evaluate NiV vaccines for prevention of NiV disease in humans.



		1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.

		· Insufficient R&D funding to conduct preclinical evaluation of promising NiV vaccines 	Comment by Luby, Stephen P: Not really an  issue with CEPI support.

· Limited BSL-4 capacity for conducting preclinical research on potential NiV vaccines



		· Availability of standardized and well-characterized clinical research tools (e.g., assays, reagents, stocks of NiV challenge strains) (Cross cutting: SG3, MS1)

· Availability of animal models that bridge to humans and can be used to demonstrate vaccine protection (Cross cutting: SG3, MS2)



		2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines, including in target populations.

		· Hesitancy or opposition to clinical trials being conducted in at-risk populations 

· Lack of in-country capacity to conduct clinical trials 	Comment by Luby, Stephen P: This is relevant neither for Bangladesh nor India which each have a long history of such trials.

· [bookmark: _GoBack]Difficulty Delaysin receiving approval from in-country NRAs to conduct clinical trials 

· 

		· Successful completion of preclinical evaluation of 1 or more promising vaccine candidates (Vaccines: SG2, MS1)





		3. By 2023, complete the following if phase 3 trials are considered feasible (per the first Strategic Goal): (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a strategy for determining which candidate vaccines will go forward into phase 3 trials. 

		· The challenges of engaging partners and completing steps necessary to operationalize clinical trial protocols

· The need to develop consensus across different countries

· Lack of surveillance capacity and systemic estimates for NiV infection to assess vaccine efficacy and impact over time

		· Successful completion of early clinical trials of 1 or more promising vaccine candidates (Vaccines: SG2, MS2)





		Abbreviations: BSL-4, biosafety level 4 (highest biosafety level); EMA, European Medicines Agency; FDA, US Food and Drug Administration; MCMs, medical countermeasures; MS, Milestone; MTA, material transfer agreement; NHP, nonhuman primate; NiV, Nipah virus; NRA, national regulatory authority; PEP, post-exposure prophylaxis; R&D, research and development; SG, Strategic Goal; TPP, target product profile; WHO, World Health Organization. 

*These dependencies focus only on the relationships between the milestones to show how the roadmap should be implemented over time; however, there are other critical dependencies for each of the milestones, such as adequate resources and funding.
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milestones and also looks at critical dependencies among milestones, rather than
looking at possible mitigation steps. Please be aware that this version is still in
draft and the final version may not use this format.

 
To those of you who were able to attend the meeting in person, we’re very grateful for
you time and input—the meeting was extremely valuable. To those of you who could
not be there, we’re still very interested in your edits and written comments on this next
version.
 
We would very much appreciate your review of the roadmap and the current version of
the CPA table. Please send us any edits or comments that you have by AUGUST 17,
2018. If we don’t hear from you by then, we’ll assume that the current drafts are
acceptable to you.
 
Once again, thank you so much for your ongoing involvement and participation in this
important process. It’s a pleasure to work with all of you.
 
Warm regards,
 
Kris
----------------------------
Kristine Moore, MD, MPH
Medical Director
Center for Infectious Disease Research and Policy (CIDRAP)
University of Minnesota
420 Delaware Street, SE
C315 Mayo Memorial Building, MMC 263
Minneapolis, MN  55455
612-626-6770 (office)
303-998-1697 (direct line)
303-818-2594 (cell)
612-626-6783 (fax)
kamoore@umn.edu
http://www.cidrap.umn.edu
 
 
Confidentiality Notice: This email communication and any attachments may contain
confidential and privileged information for the use of the designated recipients named
above.  If you are not the intended recipient, you are hereby notified that you have
received this communication in error and that any review, disclosure, dissemination,
distribution or copying of it or its contents is prohibited.  If you have received this



communication in error, please notify me immediately by replying to this message and
deleting it from your computer.  Thank You.
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Nipah Research and Development (R&D) Roadmap 1 

2 
Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic 3 
goals, and prioritizing areas and activities (from basic research toward advanced development, 4 
licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative 5 
development of medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against 6 
Nipah virus infection.  7 

8 

INTRODUCTION 9 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 10 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 11 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 12 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 13 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 14 
infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 15 
have occurred in that country since. NiV infection has also been identified periodically in eastern India 16 
and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in 17 
Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as 18 
serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and 19 
several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, 20 
Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from 21 
bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human 22 
NiV transmission. Additionally, several other domestic animal species were found to be infected with 23 
NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in 24 
Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary 25 
modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and 26 
subsequent person-to-person transmission.  27 

28 
The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 29 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 30 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 31 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 32 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 33 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 34 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 35 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 36 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 37 
contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed 38 
genomic information for this virus is limited. 39 

40 
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In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered 41 
mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 42 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 43 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 44 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 45 
those identified in Bangladesh and India; some differences have been noted in the clinical features of 46 
infection with different strains in humans and experimentally infected non-human primates.  47 
 48 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 49 
accelerating research and product development of medical countermeasures to enable effective and 50 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 51 
“priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and 52 
for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 53 
priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid 54 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in thise 55 
roadmap ranges from basic research to late-stage development , licensure, and early use of MCMs to 56 
prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four 57 
main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, 58 
therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The 59 
strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 60 
years; the roadmap milestones will be tracked over time, with periodic assessment of progress and 61 
updating as needed. 62 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 63 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 64 
include enhanced surveillance systems, minimizing zoonotic NiV transmission, improved personal 65 
protective equipment (PPE), effective community engagement, adequate infection prevention and 66 
control practices, adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and 67 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 68 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 69 
strategy. Further research of NiV in animal species, including development of appropriate MCMs 70 
targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV 71 
(or related henipavirus species) in humans and virus transmission can occur at the human-animal 72 
interface. 73 
 74 

VISION 75 

Robust MCMs to detect, prevent, and control human outbreaks of NiV infection (and other closely 76 
related henipaviruses) that are readily available and accessible for use in areas of known or potential 77 
NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and 78 
effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to 79 
prevent disease, disability, and death.  80 
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 81 

CROSS-CUTTING ISSUES 82 

Current Primary Challenges, Key Needs, and Knowledge Gaps 83 

Primary challenges 84 
• Securing funding for Nipah research respresents a substantial challenge, since eEconomic 85 

incentives to invest in Nipah research are not readily apparent because, as the disease primarily 86 
occurs in under-resourced areas of South Asia and reported disease incidence is has, so far, 87 
been low with small and sporadic outbreaks. ; therefore, securing funding for Nipah research 88 
represents a substantial challenge.  The development of a sustainable value proposition for 89 
industry and international philanthropic public-private partnerships are needed to secure 90 
funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The 91 
value proposition would ideallyshould be informed by a robust assessment of the risk of future 92 
outbreaks and the economic, societal, and health impacts that such outbreaks could generate. 93 
and will likely require new systematic surveillance studies in humans and susceptible animal 94 
hosts in affected areas to strengthen the evidence base.   95 

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 96 
is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product 97 
developers in the absence of a predictable demand. In addition, licensure of vaccines and 98 
therapeutics using alternative regulatory pathways can be very costly, given the regulatory 99 
requirements for such approval. 100 

• High-level biocontainment requirements may pose an impediment to research on NiV 101 
pathogenesis and development of MCMs, as certain materials must be generated under the 102 
highest biosafety level (BSL-4) conditions, which increases. This raises  the cost of MCM 103 
development. 104 

• To date, NiV spillovers to human communities have been identified almost exclusively most 105 
commonly in rural communities in Bangladesh and India; the healthcare facilities that serve 106 
these communities have limited laboratory and clinical infrastructure for diagnosis and 107 
treatment.  108 

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 109 
geographic range that stretches across much of the Western Pacific region, Southeast and South 110 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 111 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 112 
host range increases the likelihood of additional spillover events from bats to humans or 113 
livestock in new areas where the disease has not yet been detected, which may make accurate 114 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 115 
experience with the condition, lack of available laboratory testing, and the occurrence of other 116 
diseases that have similar clinical presentations.  117 

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 118 
pigs older than 4 weeks old), infection in animal herds may not be recognized until after human 119 
cases are identified. This delay in diagnosis may lead to an entire herd being infected before 120 
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livestock are tested for NiV, which could cause large financial losses for livestock owners and 121 
increases the likelihood of NiV infection in exposed animal husbandry workers.  122 

• NiV disease occurs in both humans and animals (particularly livestock). This creates two streams 123 
of research, which complicates the overall approach for moving NiV MCMs forward. For 124 
example, animal models for human disease will have different parameters than animal models 125 
for disease in animal species.  126 

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 127 
research,  applicable to humans (and pigs and horses for research applicable to disease in 128 
animals), the African green monkey (AGM) is regarded as the most relevant animal model for 129 
evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, 130 
studies involving the AGM model may be required for licensure of MCMs via alternative 131 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 132 
and ethical concerns constrain the use of AGMs. 133 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; 134 
however, phase 3 clinical efficacy trials will need to be conducted in endemic areas.  However, 135 
Bbecause NiV infection occurs as relatively small, focal outbreaks, the low disease incidence in 136 
endemic areas poses a major challenge for conducting phase 3 clinical efficacysuch trials, in 137 
terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical 138 
power. It may be possible to address this issue by combining clinical trial data across outbreaks 139 
over time. While it is critical to focus on approaches that make ethical and scientifically valid 140 
clinical trials feasible whenever possible, alternative regulatory pathways may need to be 141 
considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 142 
randomized controlled trials [RCTs]) are not applicablefeasible. 143 

Key needs 144 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 145 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 146 
innovation and secure private-sector commitments to develop amd manufacture NiV MCMs. 147 

• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 148 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 149 
for NiV prevention and control.  150 

• Advocacy to policy makers in affected countries to ensure they understand the potential health, 151 
societal, and economic benefits of devoting limited resources to improving NiV surveillance, 152 
detection, prevention, and control measures.  153 

• Additional prospective serosurveillance data from susceptible animal species and proximate 154 
human populations in areas of predicted risk to determine the level of human spillover and to 155 
build preparedness for detection of human cases and for limiting exposure. This is particularly 156 
important in areas where public health surveillance programs are not feasible.   157 

• Standardized and validated well characterized assays (to be further defined based on end use), 158 
reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV 159 
infection. (Assays that can be used at lower biosafety levels are an important priority.) WHO 160 
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international standards should be used (when available) as calibrators and reported in Units/ml 161 
to harmonize assay results.  162 

• Efforts to establish the natural history of NiV infection in animals and define the animal models 163 
that are most reflective of human disease. 164 

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 165 
clinical trials versus those that need additional preclinical research. Such criteria should align 166 
with desired characteristics outlined in the target product profiles (TPPs) and should address 167 
aspects of sustainable MCM production, stockpiling, and access. 168 

• Efforts to design clinical efficacy trials in affected areas that are ethical, interpretable, and 169 
feasible. Researchers should explore the potential for conducting clinical trials before 170 
considering alternative regulatory pathways for licensure (such as the United States Food and 171 
Drug Administration’s [FDA’s] Animal Rule).  172 

• Early and recurrent communications between product developers and the appropriate national 173 
regulatory authorities (NRAs) or regulatory agencies to obtain clarity and guidance on clinical 174 
trial requirements, regulatory pathways and requirements, and other considerations for NiV 175 
MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 176 
capabilities will vary between countries; therefore, early engagement, potentially with support 177 
from WHO, is essential to identify country-specific considerations.    178 

• Outreach and education to clinicians and community health workers to improve NiV awareness, 179 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 180 
prevention and control) and to ensure availability of diagnostic tools in endemic areas to 181 
increase the likelihood of accurate and timely diagnosis and treatment of NiV infection.  182 

• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 183 
collaborative clinical research, including methods for collecting, standardizing, and sharing 184 
clinical data.   185 

• Collaboration between public health authorities in endemic and at-risk areas and international 186 
development partners to support NiV surveillance and facilitate effective communication with 187 
communities to strengthen disease prevention and preparedness activities. Human health, 188 
animal health, and wildlife officials should be engaged as part of a long-term collaborative 189 
effort.  190 

• Clarification regarding the potential for and possible strategies to promote technology transfer 191 
for NiV MCM development and manufacturing to endemic and at-risk areas.  192 

Knowledge gaps 193 
• Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as 194 

well as other preventive measures, are dependent on accurate and current information on the 195 
ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance 196 
(or dedicated prospective research with a surveillance focus) is needed to determine the true 197 
incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 198 
bats to humans or livestock in new geographic areas. Additionally, continued research is needed 199 
to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 200 
infection, in the natural reservoir of Pteropus bats and potentially other bat species.  201 
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• Additional research is needed to refine, standardize, and validateoptimize relevant animal 202 
challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define 203 
their role in supporting basic research on the pathogenesis and immunology of NiV infection, 204 
which is essential for to promote development and evaluation of MCMs, particularly if 205 
investigators intend to use an alternative pathway (such as the United States Food and Drug 206 
Administration’s [FDA’s] Animal Rule) to obtain regulatory approval. For example, efforts are 207 
needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) 208 
standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose 209 
for MCM development; (3) determine when after challenge MCMs should be administered in 210 
animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data 211 
between from animal models and to humans, such as identifying thresholds of vaccine 212 
protection to determine appropriate human MCM doses; and (5) identify the best models for 213 
studying chronic (relapsing) infection.  214 

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 215 
humans and animals to inform development of NiV MCMs. This includes evaluating the 216 
pathophysiologic differences between different NiV strains, determining the mechanisms that 217 
allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, 218 
identifying factors influencing the development of permanent neurological sequelae, and 219 
further characterizing cell-mediated and humoral immune responses to NiV infection. In 220 
addition, identifying aspects of the immune response that are absent or counter-effective during 221 
human NiV infection may lead to the development of novel targeted intervention strategies.  222 

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 223 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 224 
features of disease, and thereby influence MCM development.  225 

• Further research is needed to better understand viruses in the Henipavirus genus, including 226 
their reservoir hosts and pathogenicity.  227 

• Additional studies applying whole genome sequencing of NiV viruses are needed to generate a 228 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  229 

• Sociological and anthropological research is needed to understand how to best engage 230 
populations at high risk of exposure (such as persons who consume data palm sap and workers 231 
at the human-animal interface) pig farmers, hunters, abattoir workers) and vulnerable 232 
populations (such as children, immunocompromised individuals, and pregnant women) for 233 
participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if 234 
therapeutics and vaccines do not consistently prevent disease.  235 

• Efforts are needed to: (1) assess potential barriers for conducting clinical trials, (2) assess MCM 236 
acceptability in at-risk populations, (3) determine culturally appropriate messaging to enhance 237 
MCM acceptance, and (4) identify public health strategies to promote vaccine use.  238 

 239 
Strategic Goals and Aligned Milestones 240 

Strategic Goal 1: Identify sources of private- and public-sector funding, and develop appropriate 241 
incentives and competitions to promote R&D of NiV MCMs.  242 
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Milestones: 243 
1. By 2019, develop a public value proposition to effectively advocate for the development and 244 

sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) 245 
outlines the social and economic benefits of generating accessible and affordable NiV MCMs, 246 
and (3) details the positive impact on the health systems in affected areas. 247 

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward 248 
clinical evaluation, licensure/approval, acceptance, and sustainable access. 249 
 250 

Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk 251 
and potential for global spread of NiV outbreaks.  252 

Milestones: 253 
1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying 254 

surveillance catchment areas, engaging key partners in those areas, generating a standardized 255 
protocol, and conducting training for implementation.   256 

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including 257 
the potential for spillover events), enhance case detection, and better define the disease burden 258 
in different geographic areas.  259 

 260 
Strategic Goal 3: Support basic science research to improve understanding of NiV virology, 261 
pathogenesis, and the immune response to infection in humans and animal models.  262 

Milestones: 263 
1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic 264 

acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 265 
 266 

2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical 267 
studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly 268 
vaccines) via non-traditional regulatory pathways. 269 

 270 
Priority Areas/Activities 271 

Research 272 
• Expand research to further understand the ecology and epidemiology of NiV and other 273 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 274 
across geographic areas, using a One Health approach. 275 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 276 
changes and characterize genetic diversity over time.  277 

• Continue to conduct basic science research on the virology, pathogenesis, and immunology of 278 
NiV infections to inform development of MCMs. 279 

• Determine key differences in pathogenesis for different NiV strains that may have implications 280 
for the development of safe and effective NiV vaccines or therapies. 281 

• Refine and optimize relevant animal models to support the development and evaluation of NiV 282 
MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.   283 
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• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 284 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 285 
particularly those that can be used at lower biosafety levels. 286 

• Conduct research studies to enable a more comprehensive mapping of genetic variability 287 
henipaviruses in order to improve understanding of their global distribution. 288 

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 289 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 290 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 291 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 292 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 293 
assessment.  294 

• Conduct social science research to determine strategies for engaging communities for 295 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 296 
become available.  297 

Product development 298 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 299 

forward. 300 
• Promote early communication between developers and appropriate NRAs for clarity and 301 

guidance on the regulatory aspects of MCM development for NiV infection.   302 

Key capacities 303 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 304 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 305 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 306 
control. 307 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 308 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 309 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 310 
human or animal populations.  311 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    312 
• Collaborate with local government authorities (including human health, animal health, and 313 

wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 314 
and at-risk areas.   315 

• Promote community-based outreach programs that transfer skills and knowledge for the 316 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 317 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 318 
therapeutics and vaccines. 319 

Policy and commercialization 320 
• Establish a sustainable value proposition and secure funding to complete development, 321 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 322 
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• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 323 
therapeutics, and vaccines to endemic and at-risk areas. 324 

• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 325 
NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 326 
approval are being determined. 327 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 328 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 329 
and fair” price is one that can reasonably be funded by patients and health budgets and 330 
simultaneously sustains research and development, production, and distribution within a 331 
country.) 332 

• Clarify the potential for and possible strategies to promote technology transfer for development 333 
and manufacturing of MCMs for NiV infection.  334 

 335 
Critical Path Analysis 336 

[See accompanying table.] 337 
 338 

DIAGNOSTICS 339 

Current Primary Challenges, Key Needs, and Knowledge Gaps 340 

Primary challenges 341 
• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 342 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 343 
in outbreak detection and implementation of effective and timely infection control measures 344 
and outbreak response activities. Additionally, latent disease can occur months to years after 345 
initial infection, which can complicate epidemiologic investigation.  346 

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 347 
limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in 348 
diagnosis and outbreak investigation and response.  349 

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 350 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  351 

• Various types of test methods and platforms are required to test patients at different phases of 352 
NiV infection, which can complicate diagnostic needs and capabilities.  353 

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 354 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 355 
areas with regard to collection, handling, transport, and laboratory analysis.  356 

• The time required to perform diagnostic testing using conventional laboratory methods poses 357 
challenges, given the rapid disease progression of NiV infection.  358 

• Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in 359 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 360 
Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate 361 
which henipaviruses are in circulation using serologic assays. Capacity to identify additional 362 
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pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 363 
respond to future outbreaks.  364 

Key needs 365 
• Clarification regarding the use cases for different diagnostic assays, since the corresponding 366 

performance, validation, and regulatory approval requirements may differ depending on how 367 
the tests will be used. For example, it may be desirable to have a point-of-care screening test 368 
that is highly sensitive and a confirmatory test that is highly specific.  369 

• A TPP for NiV diagnostics, identifying that identifies the key use cases and optimal and desirable 370 
characteristics to guide the development of promising diagnostic assays. 371 

• A biobank virtual repository (with specimens being held and maintained in the countries of 372 
origin) of human and animal clinical samples to assess and validate diagnostic tests. and a 373 
process for how best to judiciously use the samples.  As part of this process, a clear approach is 374 
needed to: (1) determine what clinical samples should be collected, based on what would be 375 
most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes 376 
of sample collection; (3) determine what organizations will be responsible for the activities 377 
related to creating and maintaining the repositories; (4) establish standardized protocols for 378 
sample collection and maintenance; (5) establish an appropriate governace structure; (63) 379 
identify who would have access to the samples; and (74) prioritize use of samples and sample 380 
distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples 381 
obtained from laboratory animals also can be used to assess diagnostic assays during the 382 
timeframe when the virtual repository is being created.) 383 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 384 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 385 
validation, and regulatory approval requirements may differ depending on how and in which 386 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 387 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 388 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 389 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 390 
considered in tandem with the use of therapeutics and other interventions.  391 

• Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements 392 
for laboratory infrastructure, can detect disease early in the clinical course, are robust for use 393 
under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both 394 
human and animal populations, and have a high degree of sensitivity and specificity for different 395 
NiV strains, as needed, depending on the use cases for each test. Rapid diagnostic capability is 396 
needed for early case detection to promote outbreak detection, ensure early implementation of 397 
infection control measures, and ultimately to improve patient outcomes, once therapeutic 398 
options are available.  399 

• International reference standards to calibrate diagnostic assays.  400 
• Validation of promising diagnostics in endemic and at-risk geographic regions.  401 
• Diagnostic criteria and standardized testing for including patients in clinical trials of 402 

therapeutics. 403 
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• Improved Ddiagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent 404 
henipaviruses in humans and animals as they arise.  405 

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 406 
and epidemiology of NiV infection.  407 

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 408 
performance of NiV diagnostic assays in the field.  409 

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 410 
support the business case for Nipah diagnostics, given the costs of regulatory approval.  411 

• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 412 
detect NiV infection while simultaneously screening for the presence of other henipaviruses or 413 
other pathogens of public health concern that may cause similar clinical syndromes in endemic 414 
or at-risk areas. Since validation and regulatory approval of multiplex assays can prove 415 
challenging, an alternate approach would be the development of multiple single assays that can 416 
be run in parallel.  417 

•  If NiV or HeV vaccines become widely used in livestock, serological testing to differentiate 418 
vaccinated animals from infected animals (such as the Differentiating Infected from Vaccinated 419 
Animals (DIVA) test) will be needed.  420 

Knowledge gaps 421 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 422 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 423 
ability to diagnose infection at different stages of disease. Additionally, further research on the 424 
kinetics of NiV in the animal reservoirs is needed.  425 

• More information is needed regarding the performance characteristics (including sensitivity, 426 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 427 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-428 
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 429 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  430 

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 431 
populations to allow accurate interpretation of test results, since substantive economic 432 
consequences (such as trade restriction for livestock) could be triggered by positive results.   433 

 434 
Strategic Goals and Aligned Milestones 435 

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference 436 
repository of clinical samples from NiV-infected patients. 437 
 438 
Milestones:  439 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for 440 
creating a virtual reference repository of well-characterized clinical samples to be maintained in 441 
the two primary NiV-affected countries (Bangladesh and India).  442 
 443 

Commented [KM12]: The group decided to take out any 
reference to multiplex assays, given the 5 year timeframe of the 
roadmap, so this was deleted. 



August 2018—DRAFT FOR DISCUSSION ONLY—NOT FOR DISTRIBUTION 
 

12 
 

2. By 2020, identify funding and initiate creation of the virtual reference repository in the two 444 
primary NiV-affected countries (Bangladesh and India), with samples to be collected during 445 
future outbreaks and possibly as part of future clinical trials.    446 

 447 
Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on 448 
intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the 449 
conditions in which they will be used and that have minimal requirements for biosafety precautions and 450 
staff training.  451 
 452 
Milestones:  453 

1. By 2018, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal 454 
and desirable characteristics to guide the development of promising NiV diagnostic assays.  455 
 456 

2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization 457 
pathways for NiV diagnostic assays.  458 
 459 

3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care 460 
or near-patient diagnostic assays that align with the TPP. 461 
 462 

4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-463 
patient diagnostic assays that align with the TPP. 464 
 465 

Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover 466 
risk to promote early detection of NiV.  467 
 468 
Milestones:  469 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected 470 
countries that include plans for enhancing laboratory preparedness to diagnosis NiV infection 471 
during future outbreaks. For example, this may include strategies for development of mobile 472 
laboratories that can be deployed when outbreaks occur.  473 

 474 
Priority Areas/Activities 475 

Research 476 
• Create a biobank virtual repository of clinical human and animalreference samples for use in 477 

researching new diagnostic agents.  478 
• Explore new diagnostic approaches that may allow for earlier detection of infection.   479 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 480 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 481 
disease.  482 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 483 
and develop appropriate standards for their use in different contexts. 484 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  485 
• Continue to research cross-reactivity of diagnostic tests in animal populations.   486 
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Product development 487 
• Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and 488 

preferred performance characteristics for different use cases. 489 
• Define use cases for diagnostic assays. 490 
• Develop and , evaluate, and validate  point-of-care or near-patient rapid diagnostic tests for 491 

NiV infection that are affordable, highly sensitive and specific (as needed, depending on their 492 
intended use), available for use in humans and animals, and can capture antigenically diverse 493 
strains of the virus, and can be performed accurately and safely in remote areas under a variety 494 
of circumstances.   495 

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 496 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 497 
in the geographic region that cause similar clinical syndromes.  498 

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 499 
reduce the likelihood of transmission of NiV from livestock to humans.  500 

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 501 
if NiV or HeV vaccines become widely used (long-term consideration). 502 

Key capacities 503 
• Generate international reference standards to calibrate diagnostic assays.  504 
• Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-505 

affected countries. 506 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 507 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 508 

promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  in humans 509 
and animals.   510 

Policy and commercialization 511 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 512 

across different geographic areas, as such tests become available.   513 
 514 

Critical Path Analysis 515 
[See accompanying table.] 516 

 517 

THERAPEUTICS 518 

Current Primary Challenges, Key Needs, and Knowledge Gaps 519 

Primary challenges 520 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 521 

successful treatment. 522 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 523 

could reduce acceptance of NiV therapeutics.  524 
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 525 

creates an important challenge in providing early treatment and PEP to exposed persons.  526 
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• In the NiV-endemic region of Bangladeshareas, hundreds of patients are admitted to hospitals 527 
annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 528 
confirmatory testing, tTreating all patients with encephalitis and their contacts for NiV infection 529 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 530 
diagnosis is critical.  531 

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 532 
onset or early during the disease course. Patients with NiV infection often are detected later in 533 
the clinical course, which creates challenges for predicting how well an a therapeutic agent will 534 
work in the field. 535 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 536 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 537 
severe neurologic disease.  538 

• Healthcare systems in endemic countries often do not have adequate infection control systems 539 
–programs in place to prevent person-to-person transmission. They also lack the ability to 540 
rapidly identify contacts most likely to benefit from PEP therapy.  541 

Key needs 542 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 543 

development of promising treatment approaches in the context of individual and community 544 
priorities.  545 

• Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to 546 
be implemented in NiV-affected areas during future outbreaks. 547 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 548 
infection to improve survival and decrease associated morbidity and long-term disability.  549 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 550 
(relapsing) NiV infection to decrease associated long-term disability.  551 

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 552 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 553 
exposed to infected livestock.  554 

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 555 
seriously ill patients).  556 

Knowledge gaps 557 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 558 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 559 
of ribavirin for NiV infection may be warranted.  560 

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 561 
challenge in animal models and has been provided under compassionate use programs for a 562 
small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for 563 
m102.4 with 40 human participants was completed in Australia, but results are not yet available. 564 
Additional animal studies using different NiV strains and clinical trials in endemic areas are 565 
needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for 566 
PEP and potentially early treatment of clinical disease.  567 
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• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 568 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 569 
consider mAb cocktails.  570 

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 571 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir 572 
[an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being 573 
used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. 574 
Additionally, the therapeutic windows of each therapy should be determined for different NiV 575 
strains, as highlighted by a recent study in AGMs that showed the therapeutic window for 576 
m102.4 against a strain from Bangladesh/India to be shorter than for a strain from Malaysia.  577 

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 578 
NiV infection.  579 

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 580 
relationship of promising therapeutic candidates.  581 

• Additional studies, as needed, of therapeutic candidates in the AGM model, followed by human 582 
clinical trials for safety, feasibility, and efficacy.  583 

• Additional data are needed to determine the role of PEP and to inform development of guidance 584 
on the types of exposures that warrant such intervention and the most appropriate agents to 585 
administer. This determination should include feasibility for PEP distribution in both endemic 586 
and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons 587 
annually that could be candidates for PEP.  588 

• Additional information is needed regarding whether or not strain differences will impact 589 
response to therapeutic candidates and influence results from clinical trials. 590 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 591 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 592 
components of supportive care for NiV, such as optimal fluid and respiration management 593 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 594 
and/or antimalarials, to inform best-practice guidelines and evidence-based policy decisions.  595 
 596 

Strategic Goals and Aligned Milestones 597 

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV 598 
outbreaks.  599 
 600 
Milestones:  601 

1. By 2018, complete a protocol for conducting safety and efficacy clinical trials of promising 602 
therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and 603 
develop plans for operationalizing the protocol.  604 

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to 605 
be implemented in NiV-affected areas during future outbreaks and develop plans for 606 
operationalizing the protocol.  607 
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3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising 608 
therapeutic candidates to be implemented during future NiV outbreaks and develop plans for 609 
operationalizing the protocol.  610 

4. By 2020, generate a reliable source of m102.4 to be used in clinical trials during future NiV 611 
outbreaks. 612 
 613 

Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to 614 
prevent NiV infection.  615 
 616 
Milestones:  617 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic 618 
candidates.  619 

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 620 
least two promising therapeutic candidates or combination therapies for treatment of NiV 621 
infection.  622 

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and efficacy of at 623 
least two promising therapeutic candidates or combination therapies for treatment of NiV 624 
infection.  625 

 626 
Priority Areas/Activities 627 

Research 628 
• Continue to research the safety, tolerability, and efficacy of available investigational therapies 629 

(such as ribavirin and m102.4 and favipiravir) for treating and preventing NiV infection, including 630 
conducting animal studies in animal models and clinical trials as appropriate and feasible. 631 

• Continue to identify expand the pipeline of new therapeutic options for treating and preventing 632 
NiV infection that should undergo further evaluation.  633 

• Research optimal treatment and supportive care strategies for NiV infection and determine 634 
best-practice guidelines. 635 

Product development 636 
• Generate a TPP for NiV infection therapeutics. 637 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 638 

infection that are active against different NiV strains and other henipaviruses, and that can cross 639 
the blood-brain barrier to treat or prevent CNS disease. 640 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains and 641 
other pathogenic henipaviruses that may emerge. 642 

Key capacities 643 
• Ensure that clinical trial protocols are in place and are ready to be operationalized in advance of 644 

future outbreaks, including obtaining appropriate approvals and conducting necessary training. 645 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 646 

management and supportive care of patients with NiV infection. 647 
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• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 648 
therapeutics for further clinical testing and outbreak control.  649 

Policy and commercialization 650 
• Identify a company or joint partnership to advance therapeutic use of m102.4 (including 651 

conduct of additional collaborative research) and secure financing for its manufacture,  and 652 
distribution, and post-marketing surveillance.   653 

• Generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks. 654 
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 655 

become available. 656 
 657 

Critical Path Analysis  658 
[See accompanying table.] 659 

 660 

VACCINES 661 

Current Primary Challenges, Key Needs, and Knowledge Gaps 662 

Primary challenges  663 
• Currently, there is no candidate vaccine that is in late-stage development and few companies 664 

are willing to invest in generation of new NiV vaccines.  665 
• Sociocultural issues may hinder trust in the formal human and veterinary clinical and public 666 

health systems, which could impact acceptance of NiV vaccine use.  667 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 668 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.  669 

Key needs 670 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 671 

against different NiV strains, and (3) provide rapid onset of an immune response to adequately 672 
prevent and control outbreaks.  673 

• Guidance on use of NiV vaccines to include vaccination strategies for special populations (such 674 
as children, immunocompromised individuals, and pregnant women); different epidemiologic 675 
scenarios; and different vaccine attributes.  676 

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 677 
target populations and guidance for community sensitization to vaccine acceptation and 678 
promotion within the community. 679 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 680 
programs and to refine vaccination strategies over time.  681 

Knowledge gaps 682 
• Additional research is needed regarding the innate, cell-mediated, and humoral immune 683 

responses that constitute protective immunity against NiV. Since neutralizing antibodies are 684 
likely the primary mediator of protection against NiV infection, research in this area should 685 
focus primarily on the humoral immune response for driving vaccine development.  686 
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• Further research is needed to clarify vaccine attributes (such as time from administration to 687 
immune protection, duration of immunity, and the need for booster doses) and to determine 688 
safety profiles of candidate vaccines.  689 

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 690 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis).  691 

• Additional research is needed in animal models to determine if vaccine candidates are cross-692 
protective between different NiV strains, including recently identified strains; only a few studies 693 
demonstrating cross-protection have been performed to date.  694 

• The identification of specific correlates or surrogates of protection and standardized assays for 695 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 696 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 697 
the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may 698 
vary by vaccine platform and antigen and, therefore, multiple assays may need to be 699 
standardized. 700 

• Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse 701 
incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in 702 
non-affected countries, safety trials will also be needed in target populations in endemic 703 
regions.  704 

• Further epidemiologic research is needed to better define at-risk populations and identify 705 
additional areas of potential NiV spillover.  706 

• If evidence at some point supports the need for a broader, population-based vaccination 707 
strategy (beyond reactive use for outbreak control in affected communities), additional research 708 
may be warranted on the development of multivalent vaccines that protect against more than 709 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 710 
for use in NiV endemic areas.  711 

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 712 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 713 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 714 
estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating 715 
disease risk based on risk behaviors and practices in communities or specific population groups, 716 
and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  717 

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 718 
livestock populations has been suggested as a possible mitigation strategy for preventing 719 
secondary transmission to humans. Currently, one HeV vaccine is available for horses and 720 
available evidence suggests this vaccine is cross-protective against NiV. Ongoing research into 721 
developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in 722 
endemic regions is needed to further assess the merit of this potential control strategy.  723 

• Additional research is needed to determine if development of multivalent vaccines for animals 724 
(that protect against more than one disease) would increase the likelihood of vaccine uptake by 725 
food animal producers and the broader veterinary community.  726 

 727 



August 2018—DRAFT FOR DISCUSSION ONLY—NOT FOR DISTRIBUTION 
 

19 
 

Strategic Goals and Aligned Milestones 728 

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 729 
requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure 730 
of a vaccine against NiV. 731 

Milestones:  732 
1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy 733 

trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure. 734 
  735 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical 736 
trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This 737 
consultation should include representatives from the following: in-country regulators, other 738 
regulatory agencies (such as FDA or the European Medicines Agency [EMA]), national and 739 
international public health agencies and organizations, and local and international researchers. 740 

 741 
Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans.  742 
 743 
Milestones:  744 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 745 
least two promising NiV vaccine candidates. 746 
 747 

2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV 748 
candidate vaccines.  749 
 750 

3. By 2023, complete the following if phase 3 trials are considered feasible (per the first Strategic 751 
Goal): (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, 752 
(2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the 753 
protocol, and (3) create a strategy for determining which candidate vaccines will go forward into 754 
phase 3 trials.  755 

 756 
Priority Areas/Activities 757 

Research 758 
• Improve understanding of the humoral immune response to infection to inform development 759 

and evaluation of NiV vaccines. 760 
• Identify and standardize correlates and/or surrogates of protection, which are necessary for 761 

ongoing research into candidate vaccines and also may be important for vaccine licensure.  762 
• Generate international reference standards to calibrate serological assays for vaccine potency 763 

analyses. 764 
• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 765 

efficacy in animal models (such as through serum transfer studies), correlates of protection, and 766 
durability. 767 

• Further study cross protection of various vaccine candidates against different NiV strains, and 768 
between NiV strains and HeV strains.  769 
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• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 770 
animal studies for immune bridging to facilitate regulatory licensing. 771 

• Explore whether multivalent vaccines for animal populations would increase vaccine 772 
acceptability and uptake by food-animal producers and the broader veterinary community.   773 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 774 
strategies for vaccine use.  775 

• Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that 776 
are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy 777 
of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 778 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 779 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 780 
assessment. 781 

Product development 782 
• License Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  783 

and animals.  784 
• License safe and effective multivalent vaccines for use in humans that protect against more than 785 

one disease for use in human populations (e.g., vaccines that protect against both NiV and MV 786 
or HeV), if broader population-based vaccination is warranted at some point in the future.  787 

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 788 
against more than one disease for use in animal populations, if this is deemed to be a 789 
sustainable approach.  790 

Key capacities 791 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 792 

(once vaccines become available). 793 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 794 

vaccines, if clinical trials are considered feasible. 795 
• Identify and address issues with licensure and use of NiV vaccines in affected areas through a 796 

coordinated process involving key stakeholders, including in-country NRAs and public health 797 
authorities. 798 

• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for further 799 
clinical evaluation and use when outbreaks occur.  800 

Policy and commercialization 801 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 802 

scenarios that align with vaccine attributes, once vaccines are available. 803 
• Develop guidance for community sensitization to vaccine acceptation and promotion within the 804 

community. 805 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 806 

supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity 807 
for person-to-person transmission and potential for more rapid spread.  808 

 809 
Critical Path Analysis  810 
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[See accompanying table.] 811 
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a 5-year framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research toward advanced development, licensure, manufacture, acceptance and deployment, and assessment) for accelerating the collaborative development of medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against Nipah virus infection. 



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since. NiV infection has also been identified periodically in eastern India and, in 2018, was identified for the first time in southern India. Case-fatality rates during outbreaks in Bangladesh and India have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, several other domestic animal species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed genomic information for this virus is limited.  



In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from those identified in Bangladesh and India; some differences have been noted in the clinical features of infection with different strains in humans and experimentally infected non-human primates. 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of “priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in thise roadmap ranges from basic research to late-stage development , licensure, and early use of MCMs to prevent and control NiV outbreaks and endemic disease in humans. The roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) The strategic goals and milestones identified in the roadmap are focused on key achievements for the next 5 years; the roadmap milestones will be tracked over time, with periodic assessment of progress and updating as needed.

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing zoonotic NiV transmission, improved personal protective equipment (PPE), effective community engagement, adequate infection prevention and control practices, adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. Further research of NiV in animal species, including development of appropriate MCMs targeted to animal populations, also is needed, since disease in animals may amplify occurrence of NiV (or related henipavirus species) in humans and virus transmission can occur at the human-animal interface.	Comment by me: I would argue that enhanced surveillance systems are also crucial to the goals of development of MCM. Without active and effective surveillance, we do not have a platform with which to develop and test these new technologies. In addition, expanded surveillance could have an impact on the business case for these technologies. I think it’s important to have this argument clearly articulated in the roadmap.	Comment by Kristine Moore: Issues related to MCM development for animals have been deleted, since the decision was made at the July meeting to focus on human disease. However, further research in animals is critical, so this sentence was added. 



VISION

Robust MCMs to detect, prevent, and control human outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING ISSUES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Securing funding for Nipah research represents a substantial challenge, since eEconomic incentives to invest in Nipah research are not readily apparent because, as the disease primarily occurs in under-resourced areas of South Asia and reported disease incidence is has, so far, been low with small and sporadic outbreaks. ; therefore, securing funding for Nipah research represents a substantial challenge.  The development of a sustainable value proposition for industry and international philanthropic public-private partnerships are needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The value proposition would ideallyshould be informed by a robust assessment of the risk of future outbreaks and the economic, societal, and health impacts that such outbreaks could generate. and will likely require new systematic surveillance studies in humans and susceptible animal hosts in affected areas to strengthen the evidence base.  	Comment by Kristine Moore: Taken out because this is too long term for creating the value proposition. 

· Demonstrating whether or not a product provides meaningful benefit without undue risk, which is a key aspect of any regulatory approval pathway, can be prohibitively expensive for product developers in the absence of a predictable demand. In addition, licensure of vaccines and therapeutics using alternative regulatory pathways can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions, which increases. This raises  the cost of MCM development.

· To date, NiV spillovers to human communities have been identified almost exclusively most commonly in rural communities in Bangladesh and India; the healthcare facilities that serve these communities have limited laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations. 

· Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in pigs older than 4 weeks old), infection in animal herds may not be recognized until after human cases are identified. This delay in diagnosis may lead to an entire herd being infected before livestock are tested for NiV, which could cause large financial losses for livestock owners and increases the likelihood of NiV infection in exposed animal husbandry workers. 

· NiV disease occurs in both humans and animals (particularly livestock). This creates two streams of research, which complicates the overall approach for moving NiV MCMs forward. For example, animal models for human disease will have different parameters than animal models for disease in animal species. 

· While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV research,  applicable to humans (and pigs and horses for research applicable to disease in animals), the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs.

· Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions; however, phase 3 clinical efficacy trials will need to be conducted in endemic areas.  However, Bbecause NiV infection occurs as relatively small, focal outbreaks, the low disease incidence in endemic areas poses a major challenge for conducting phase 3 clinical efficacysuch trials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical power. It may be possible to address this issue by combining clinical trial data across outbreaks over time. While it is critical to focus on approaches that make ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not applicablefeasible.	Comment by me [2]: And, possibly by expanding surveillance areas.

Key needs

· Funding sources (such as public-private partnerships, government agencies, and philanthropic organizations) and industry incentives and competitions for non-dilutive funding to encourage innovation and secure private-sector commitments to develop amd manufacture NiV MCMs.

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, surveillance, and implementation of vaccination programs for NiV prevention and control. 

· Advocacy to policy makers in affected countries to ensure they understand the potential health, societal, and economic benefits of devoting limited resources to improving NiV surveillance, detection, prevention, and control measures. 

· Additional prospective serosurveillance data from susceptible animal species and proximate human populations in areas of predicted risk to determine the level of human spillover and to build preparedness for detection of human cases and for limiting exposure. This is particularly important in areas where public health surveillance programs are not feasible.  	Comment by Kristine Moore: Even though this bullet deals primarily with animals, I left it in, since it also deals with the human-animal interface.

· Standardized and validated well characterized assays (to be further defined based on end use), reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety levels are an important priority.) WHO international standards should be used (when available) as calibrators and reported in Units/ml to harmonize assay results. 

· Efforts to establish the natural history of NiV infection in animals and define the animal models that are most reflective of human disease.

· Clear criteria for down-selection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. Such criteria should align with desired characteristics outlined in the target product profiles (TPPs) and should address aspects of sustainable MCM production, stockpiling, and access.

· Efforts to design clinical efficacy trials in affected areas that are ethical, interpretable, and feasible. Researchers should explore the potential for conducting clinical trials before considering alternative regulatory pathways for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule). 	Comment by Kristine Moore: Moved to vaccines.

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) or regulatory agencies to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities will vary between countries; therefore, early engagement, potentially with support from WHO, is essential to identify country-specific considerations.   

· Outreach and education to clinicians and community health workers to improve NiV awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection prevention and control) and to ensure availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support collaborative clinical research, including methods for collecting, standardizing, and sharing clinical data.  

· Collaboration between public health authorities in endemic and at-risk areas and international development partners to support NiV surveillance and facilitate effective communication with communities to strengthen disease prevention and preparedness activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

Knowledge gaps

· Continued R&D, improved manufacturing processes, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and potentially other bat species. 

· Additional research is needed to refine, standardize, and validateoptimize relevant animal challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in supporting basic research on the pathogenesis and immunology of NiV infection, which is essential for to promote development and evaluation of MCMs, particularly if investigators intend to use an alternative pathway (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule) to obtain regulatory approval. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development; (3) determine when after challenge MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between from animal models and to humans, such as identifying thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify the best models for studying chronic (relapsing) infection. 

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical features of disease, and thereby influence MCM development. 

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hosts and pathogenicity. 

· Additional studies applying whole genome sequencing of NiV viruses are needed to generate a comprehensive phylogenetic mapping of the global genetic variability among henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage populations at high risk of exposure (such as persons who consume data palm sap and workers at the human-animal interface) pig farmers, hunters, abattoir workers) and vulnerable populations (such as children, immunocompromised individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 

· Efforts are needed to: (1) assess potential barriers for conducting clinical trials, (2) assess MCM acceptability in at-risk populations, (3) determine culturally appropriate messaging to enhance MCM acceptance, and (4) identify public health strategies to promote vaccine use. 	Comment by Kristine Moore: This is relatively redundant to the bullet above, so was deleted.



Strategic Goals and Aligned Milestones

Strategic Goal 1: Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 

Milestones:

1. By 2019, develop a public value proposition to effectively advocate for the development and sustainability of NiV MCMs that: (1) articulates the potential global threat of NiV infection, (2) outlines the social and economic benefits of generating accessible and affordable NiV MCMs, and (3) details the positive impact on the health systems in affected areas.	Comment by Kristine Moore: In the Lassa taskforce meeting, we discussed the need for a value proposition document, which can help justify the funding plan, so that was added here. We also talk about the value proposition at the beginning of this document. There actually is a template for a value proposition for vaccines (created by a WHO group), so perhaps that document could be used as a starting point.

2. By 2019, create a funding plan for moving NiV diagnostics, therapeutics, and vaccines toward clinical evaluation, licensure/approval, acceptance, and sustainable access.



Strategic Goal 2: Improve understanding of NiV epidemiology and ecology to estimate the relative risk and potential for global spread of NiV outbreaks. 

Milestones:

1. By 2021, develop a plan for enhancing NiV surveillance, including securing funding, identifying surveillance catchment areas, engaging key partners in those areas, generating a standardized protocol, and conducting training for implementation.  

2. By 2022, initiate enhanced NiV surveillance to better characterize NiV epidemiology (including the potential for spillover events), enhance case detection, and better define the disease burden in different geographic areas. 



Strategic Goal 3: Support basic science research to improve understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animal models. 

Milestones:

1. By 2020, generate standardized and well-characterized assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.



2. By 2021, optimize animal models that recapitulate disease in humans for use in preclinical studies of NiV MCMs and which may be necessary for licensure of MCM products (particularly vaccines) via non-traditional regulatory pathways.



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Continue to conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine key differences in pathogenesis for different NiV strains that may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine and optimize relevant animal models to support the development and evaluation of NiV MCMs, particularly as needed for licensure, if alternative regulatory pathways are considered.  

· Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research studies to enable a more comprehensive mapping of genetic variability henipaviruses in order to improve understanding of their global distribution.

· Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.	Comment by Kristine Moore: These two bullets were moved to vaccines. 

· Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment. 

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for down-selection and prioritization of candidate MCMs that should be moved forward.

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection.  

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve active and passive surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations. 

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.   

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorization from appropriate NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory approval are being determined.

· Support the development of affordable pricing mechanisms to promote accessibility of NiV MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable and fair” price is one that can reasonably be funded by patients and health budgets and simultaneously sustains research and development, production, and distribution within a country.)

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



Critical Path Analysis

[See accompanying table.]



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in outbreak detection and implementation of effective and timely infection control measures and outbreak response activities. Additionally, latent disease can occur months to years after initial infection, which can complicate epidemiologic investigation. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in diagnosis and outbreak investigation and response. 

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· The time required to perform diagnostic testing using conventional laboratory methods poses challenges, given the rapid disease progression of NiV infection. 

· Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate which henipaviruses are in circulation using serologic assays. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

Key needs

· Clarification regarding the use cases for different diagnostic assays, since the corresponding performance, validation, and regulatory approval requirements may differ depending on how the tests will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific. 	Comment by Kristine Moore: Moved up from further down

· A TPP for NiV diagnostics, identifying that identifies the key use cases and optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A biobank virtual repository (with specimens being held and maintained in the countries of origin) of human and animal clinical samples to assess and validate diagnostic tests. and a process for how best to judiciously use the samples.  As part of this process, a clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample collection; (3) determine what organizations will be responsible for the activities related to creating and maintaining the repositories; (4) establish standardized protocols for sample collection and maintenance; (5) establish an appropriate governace structure; (63) identify who would have access to the samples; and (74) prioritize use of samples and sample distribution; and (8) ensure that material transfer agreements (MTAs) are in place. (Samples obtained from laboratory animals also can be used to assess diagnostic assays during the timeframe when the virtual repository is being created.)

· Clarification regarding the use cases for different diagnostic assays and what viruses are targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, validation, and regulatory approval requirements may differ depending on how and in which population (i.e., human or animal) the test will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be considered in tandem with the use of therapeutics and other interventions. 	Comment by Kristine Moore: Moved up and shortened.

· Rapid point-of-care or near-patient diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, are robust for use under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains, as needed, depending on the use cases for each test. Rapid diagnostic capability is needed for early case detection to promote outbreak detection, ensure early implementation of infection control measures, and ultimately to improve patient outcomes, once therapeutic options are available. 

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic criteria and standardized testing for including patients in clinical trials of therapeutics.

· Improved Ddiagnostic preparedness in at-risk areas to detect NiV, HeV, and other emergent henipaviruses in humans and animals as they arise. 

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection. 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, given the costs of regulatory approval. 

· If feasible, multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of public health concern that may cause similar clinical syndromes in endemic or at-risk areas. Since validation and regulatory approval of multiplex assays can prove challenging, an alternate approach would be the development of multiple single assays that can be run in parallel. 	Comment by Kristine Moore: The group decided to take out any reference to multiplex assays, given the 5 year timeframe of the roadmap, so this was deleted.

·  If NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals (such as the Differentiating Infected from Vaccinated Animals (DIVA) test) will be needed. 

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. Additionally, further research on the kinetics of NiV in the animal reservoirs is needed. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal populations to allow accurate interpretation of test results, since substantive economic consequences (such as trade restriction for livestock) could be triggered by positive results.  



Strategic Goals and Aligned Milestones

Strategic Goal 1: Support development of diagnostic assays through creation of a virtual reference repository of clinical samples from NiV-infected patients.



Milestones: 

1. By 2019, develop and standardize plans and protocols (including the governance structure) for creating a virtual reference repository of well-characterized clinical samples to be maintained in the two primary NiV-affected countries (Bangladesh and India). 



2. By 2020, identify funding and initiate creation of the virtual reference repository in the two primary NiV-affected countries (Bangladesh and India), with samples to be collected during future outbreaks and possibly as part of future clinical trials.   



Strategic Goal 2: Develop and assess affordable, highly sensitive and specific (as needed depending on intended use), point-of-care or near-patient NiV diagnostic tests that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. 



Milestones: 

1. By 2018, generate a TPP for NiV diagnostics that identifies the primary use cases and optimal and desirable characteristics to guide the development of promising NiV diagnostic assays. 



2. By 2019, engage appropriate regulatory agencies and NRAs to inform commercialization pathways for NiV diagnostic assays. 



3. By 2021, complete preclinical evaluation for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



4. By 2022, complete field studies for at least two of the most promising NiV point-of-care or near-patient diagnostic assays that align with the TPP.



Strategic Goal 3: Enhance laboratory diagnostic preparedness in areas of known or potential spillover risk to promote early detection of NiV. 



Milestones: 

1. By 2021, develop national laboratory strategies for NiV detection in the primary affected countries that include plans for enhancing laboratory preparedness to diagnosis NiV infection during future outbreaks. For example, this may include strategies for development of mobile laboratories that can be deployed when outbreaks occur. 



Priority Areas/Activities

Research

· Create a biobank virtual repository of clinical human and animalreference samples for use in researching new diagnostic agents. 

· Explore new diagnostic approaches that may allow for earlier detection of infection.  

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Continue to research cross-reactivity of diagnostic tests in animal populations.  

Product development

· Generate a TPP for NiV diagnostics that defines the use cases and addresses the optimal and preferred performance characteristics for different use cases.

· Define use cases for diagnostic assays.

· Develop and , evaluate, and validate  point-of-care or near-patient rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific (as needed, depending on their intended use), available for use in humans and animals, and can capture antigenically diverse strains of the virus, and can be performed accurately and safely in remote areas under a variety of circumstances.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern in the geographic region that cause similar clinical syndromes. 

· Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to reduce the likelihood of transmission of NiV from livestock to humans. 

· Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), if NiV or HeV vaccines become widely used (long-term consideration).

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Develop national laboratory strategies for NiV diagnosis and detection in the primary NiV-affected countries.

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses as needed.  in humans and animals.  

Policy and commercialization

· Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.  



Critical Path Analysis

[See accompanying table.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· Sociocultural issues may hinder trust in the formal healthcare and public health systems, which could reduce acceptance of NiV therapeutics. 

· The absence of improved diagnostic assays for timely diagnosis and surveillance of infection creates an important challenge in providing early treatment and PEP to exposed persons. 

· In the NiV-endemic region of Bangladeshareas, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of confirmatory testing, tTreating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well an a therapeutic agent will work in the field.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control systems –programs in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Protocols for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas during future outbreaks.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic (relapsing) NiV infection to decrease associated long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

Knowledge gaps

· Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection may be warranted. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided under compassionate use programs for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies using different NiV strains and clinical trials in endemic areas are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir [an RNA-dependent RNA polymerase inhibitor], and GS-5734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for different NiV strains, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against a strain from Bangladesh/India to be shorter than for a strain from Malaysia. 

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) relationship of promising therapeutic candidates. 

· Additional studies, as needed, of therapeutic candidates in the AGM model, followed by human clinical trials for safety, feasibility, and efficacy. 	Comment by Kristine Moore: Taken out because this was redundant to other statements above. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially exposed persons annually that could be candidates for PEP. 

· Additional information is needed regarding whether or not strain differences will impact response to therapeutic candidates and influence results from clinical trials.

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform best-practice guidelines and evidence-based policy decisions. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Enhance preparedness to conduct clinical trials of therapeutic agents during future NiV outbreaks. 



Milestones: 

1. By 2018, complete a protocol for conducting safety and efficacy clinical trials of promising therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and develop plans for operationalizing the protocol. 

2. By 2019, complete a protocol for conducting PEP trials of promising therapeutic candidates to be implemented in NiV-affected areas during future outbreaks and develop plans for operationalizing the protocol. 

3. By 2020, complete a broader, regional protocol for conducting clinical trials of promising therapeutic candidates to be implemented during future NiV outbreaks and develop plans for operationalizing the protocol. 

4. By 2020, generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks.



Strategic Goal 2: Develop and evaluate therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection. 



Milestones: 

1. By 2019, create and implement a prioritization process for evaluating promising NiV therapeutic candidates. 

2. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection. 

3. By 2023, complete clinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising therapeutic candidates or combination therapies for treatment of NiV infection. 



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of available investigational therapies (such as ribavirin and m102.4 and favipiravir) for treating and preventing NiV infection, including conducting animal studies in animal models and clinical trials as appropriate and feasible.

· Continue to identify expand the pipeline of new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against different NiV strains and other pathogenic henipaviruses that may emerge.

Key capacities

· Ensure that clinical trial protocols are in place and are ready to be operationalized in advance of future outbreaks, including obtaining appropriate approvals and conducting necessary training.

· Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for further clinical testing and outbreak control. 

Policy and commercialization

· Identify a company to advance therapeutic use of m102.4 and secure financing for its manufacture and distribution.  

· Generate a reliable source of m102.4 to be used in clinical trials during future NiV outbreaks.

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



Critical Path Analysis 

[See accompanying table.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges	

· Currently, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generation of new NiV vaccines. 

· Sociocultural issues may hinder trust in the formal human and veterinary clinical and public health systems, which could impact acceptance of NiV vaccine use. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs

· Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect against different NiV strains, and (3) provide rapid onset of an immune response to adequately prevent and control outbreaks. 

· Guidance on use of NiV vaccines to include vaccination strategies for special populations (such as children, immunocompromised individuals, and pregnant women); different epidemiologic scenarios; and different vaccine attributes. 

· Public communication outreach strategies that address possible vaccine uptake hesitancy in target populations and guidance for community sensitization to vaccine acceptation and promotion within the community.

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time. 

Knowledge gaps

· Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. Since neutralizing antibodies are likely the primary mediator of protection against NiV infection, research in this area should focus primarily on the humoral immune response for driving vaccine development. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines. 

· Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis). 

· Additional research is needed in animal models to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates or surrogates of protection and standardized assays for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized.

· Pre-licensure evaluation of vaccine safety is needed to better understand the risk of adverse incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in non-affected countries, safety trials will also be needed in target populations in endemic regions. 

· Further epidemiologic research is needed to better define at-risk populations and identify additional areas of potential NiV spillover. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) for use in NiV endemic areas. 

· Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating disease risk based on risk behaviors and practices in communities or specific population groups, and (5) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles. 

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. Currently, one HeV vaccine is available for horses and available evidence suggests this vaccine is cross-protective against NiV. Ongoing research into developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in endemic regions is needed to further assess the merit of this potential control strategy. 

· Additional research is needed to determine if development of multivalent vaccines for animals (that protect against more than one disease) would increase the likelihood of vaccine uptake by food animal producers and the broader veterinary community. 



Strategic Goals and Aligned Milestones

Strategic Goal 1: Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact licensure of a vaccine against NiV.

Milestones: 

1. By 2019, convene an expert working group to assess the feasibility of conducting clinical efficacy trials of NiV vaccines and to determine the most appropriate regulatory pathways for licensure.

 

2. By 2020, convene a regional consultation to clarify in-country issues around conducting clinical trials (if deemed feasible) and the needs for licensure and future use of NiV vaccines. This consultation should include representatives from the following: in-country regulators, other regulatory agencies (such as FDA or the European Medicines Agency [EMA]), national and international public health agencies and organizations, and local and international researchers.



Strategic Goal 2: Develop and evaluate NiV vaccines for prevention of NiV disease in humans. 



Milestones: 

1. By 2021, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least two promising NiV vaccine candidates.



2. By 2023, complete phase 1 and phase 2 clinical trials for at least one of the most promising NiV candidate vaccines. 



3. By 2023, complete the following if phase 3 trials are considered feasible (per the first Strategic Goal): (1) develop a framework for conducting phase 3 clinical trials of NiV vaccine candidates, (2) develop a regional protocol for conducting phase 3 trials and plans for operationalizing the protocol, and (3) create a strategy for determining which candidate vaccines will go forward into phase 3 trials. 



Priority Areas/Activities

Research

· Improve understanding of the humoral immune response to infection to inform development and evaluation of NiV vaccines.

· Identify and standardize correlates and/or surrogates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure. 

· Generate international reference standards to calibrate serological assays for vaccine potency analyses.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models (such as through serum transfer studies), correlates of protection, and durability.

· Further study cross protection of various vaccine candidates against different NiV strains, and between NiV strains and HeV strains. 

· Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake animal studies for immune bridging to facilitate regulatory licensing.

· Explore whether multivalent vaccines for animal populations would increase vaccine acceptability and uptake by food-animal producers and the broader veterinary community.  

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

· Explore possible strategies for conducting clinical vaccine efficacy trials in affected areas that are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

Product development

· License Develop and clinically evaluate safe and effective monovalent NiV vaccines for humans.  and animals. 

· License safe and effective multivalent vaccines for use in humans that protect against more than one disease for use in human populations (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease for use in animal populations, if this is deemed to be a sustainable approach. 

Key capacities

· Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies (once vaccines become available).

· Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV vaccines, if clinical trials are considered feasible.

· Identify and address issues with licensure and use of NiV vaccines in affected areas through a coordinated process involving key stakeholders, including in-country NRAs and public health authorities.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for further clinical evaluation and use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Develop guidance for community sensitization to vaccine acceptation and promotion within the community.

· Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent or if an NiV strain emerges with increased capacity for person-to-person transmission and potential for more rapid spread. 



Critical Path Analysis 

[See accompanying table.]
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Nipah Research and Development (R&D) Roadmap 1 

2 
Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and 3 
prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, 4 
and  acceptance and deployment, and assessment) for accelerating the collaborative development of 5 
medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against Nipah virus 6 
infection. 7 

8 

INTRODUCTION 9 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 10 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 11 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 12 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 13 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 14 
infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 15 
have occurred in that country since, with. NiV infection disease has also been identified periodically in 16 
eastern India and, in 2018, was identified for the first time in southern India.; cCase fatality rates during 17 
outbreaks in these Bangladesh and India countries have ranged from 75% to 100%. Other regions may 18 
be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir 19 
(Pteropus bat species) and several other bat species in a number of other countries, including Cambodia, 20 
Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV 21 
spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although 22 
limited, human-to-human NiV transmission. Additionally, several other domestic animal species were 23 
found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In 24 
the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, 25 
with the primary modes of NiV transmission being human consumption of bat-contaminated raw date 26 
palm sap and subsequent person-to-person transmission. 27 

28 
The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 29 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 30 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 31 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 32 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 33 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 34 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 35 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 36 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 37 
contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed 38 
genomic information for this virus is limited. 39 

40 
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In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered 41 
mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 42 
features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 43 
may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 44 
multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 45 
those identified in Bangladesh and India; some differences have been noted in the clinical features of 46 
infection with different strains these strains provoke distinct but overlapping clinical features in both 47 
humans and experimentally infected non-human primates.  48 
 49 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 50 
accelerating research and product development of medical countermeasures to enable effective and 51 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 52 
“priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and 53 
for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 54 
priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid 55 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the 56 
roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 57 
prevent and control NiV outbreaks and endemic disease. The roadmap is organized into four main 58 
sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, 59 
therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.)  60 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, 61 
therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples 62 
include enhanced surveillance systems, minimizing zoonotic NiV transmission, improved personal 63 
protective equipment (PPE), effective community engagement, adequate infection prevention and 64 
control practices, adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and 65 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 66 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 67 
strategy.   68 
 69 

VISION 70 

Robust MCMs to detect, prevent, and control outbreaks of NiV infection (and other closely related 71 
henipaviruses) that are readily available and accessible for use in areas of known or potential NiV 72 
spillover. These MCMs include: (1) rapid and , accurate, point-of-care diagnostics; (2) safe and 73 
effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to 74 
prevent disease, disability, and death.  75 
 76 

CROSS-CUTTING TOPICS AND ISSUES 77 

Current Primary Challenges, Key Needs, and Knowledge Gaps 78 

Primary challenges 79 
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• Economic incentives to invest in Nipah research are not readily apparent, as the disease 80 
primarily occurs in under-resourced areas of South Asia and disease incidence is low with small 81 
and sporadic outbreaks; therefore, securing funding for Nipah research represents a substantial 82 
challenge. The development of a sustainable value proposition for industry and international 83 
philanthropic public-private partnerships are needed to secure funding to complete 84 
development, licensure, manufacture, and deployment of NiV MCMs. The value proposition 85 
would ideally be informed by a robust assessment of the risk of future outbreaks (with risk 86 
mapping and identification of hotspots), and will likely require new systematic surveillance 87 
studies in humans and susceptible animal hosts in affected areas to strengthen the evidence 88 
base.   89 

• Demonstrating whether or not a product provides meaningful benefit without undue risk, which 90 
is a key aspect of any regulatory approval pathways for MCMs, can be prohibitively expensive 91 
for product developers in the absence of a predictable demand. For example, obtaining 92 
regulatory approval for diagnostic tests through the premarket approval (PMA) process is costly, 93 
but may be necessary when an Emergency Use Authorization (EUA), which is associated with 94 
lower approval costs, is not applicable. FurthermoreIn addition, licensure of vaccines and 95 
therapeutics using alternative regulatory pathways also can be very costly, given the regulatory 96 
requirements for such approval. 97 

• High-level biocontainment requirements may pose an impediment to research on NiV 98 
pathogenesis and development of MCMs, as certain materials must be generated under the 99 
highest biosafety level (BSL-4) conditions. This raises the cost of MCM development. 100 

• To date, NiV spillovers to human communities have occurred been identified almost exclusively 101 
in rural communities in Bangladesh and  East India; the healthcare facilities that serve these 102 
communities have limited laboratory and clinical infrastructure for diagnosis and treatment.  103 

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 104 
geographic range that stretches across much of the Western Pacific region, Southeast and South 105 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 106 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 107 
host range increases the likelihood of additional spillover events from bats to humans or 108 
livestock in new areas where the disease has not yet been detected, which may make accurate 109 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 110 
experience with the condition, lack of available laboratory testing, and the occurrence of other 111 
diseases that have similar clinical presentations.  112 

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 113 
pigs older than 4 weeks old), infection in animal herds may not be recognized until after human 114 
cases are identified. This delay in diagnosis may lead to an entire herd being infected before 115 
livestock are tested for NiV, which could cause large financial losses for livestock owners and 116 
increases the likelihood of NiV infection in exposed animal husbandry workers.  117 

• NiV disease occurs in both humans and animals (particularly livestock). This creates two streams 118 
of research, which complicates the overall approach for moving NiV MCMs forward. For 119 
example, animal models for human disease will have different parameters than animal models 120 
for disease in animal species.  121 
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• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 122 
research applicable to humans (and pigs and horses for research applicable to disease in 123 
animals), the African green monkey (AGM) is regarded as the most relevant animal model for 124 
evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, 125 
studies involving the AGM model may be required for licensure of MCMs via alternative 126 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 127 
and ethical concerns constrain the use of AGMs.  128 

• Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions. 129 
Conducting phase 1 and phase 2 clinical trials is potentially feasible in endemic regions. 130 
However, because NiV infection occurs as relatively small, focal outbreaks, the low disease 131 
incidence in endemic areas poses a major challenge for conducting phase 3 clinical efficacy 132 
trials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate 133 
statistical power. It may be possible to address this issue by combining clinical trial data across 134 
outbreaks over time. While it is critical to focus on approaches that make ethical and 135 
scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways 136 
and/or innovative study designs (e.g., including combining clinical trial data across outbreaks 137 
over time) may need to be considered for licensure of NiV vaccines or therapeutics, if classic 138 
clinical trial designs (e.g., randomized controlled trials [RCTs]) are not applicable.  139 

Key needs 140 
• Funding sources (such as public-private partnerships, government agencies, and philanthropic 141 

organizations) and industry incentives and competitions for non-dilutive funding to encourage 142 
innovation and secure private-sector commitments to develop amd manufacture NiV MCMs. 143 

• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 144 
promote early diagnosis, treatment, surveillance, and implementation of vaccination programs 145 
for NiV prevention and control.  146 

• Additional prospective serosurveillance data from susceptible animal species and proximate 147 
human populations in areas of predicted risk to determine the level of human spillover and to 148 
build preparedness for detection of human cases and for limiting exposure. This is particularly 149 
important in areas where public health surveillance programs are not feasible or justifiable.   150 

• Standardized and validated assays (to be further defined based on end use), reagents, 151 
antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. 152 
(Assays that can be used at lower biosafety levels are an important priority.) WHO international 153 
standards should be used (when available) as calibrators and reported in Units/ml to harmonize 154 
assay results.  155 

• Efforts to establish the natural history of NiV infection in animals and define the animal models 156 
that are most reflective of human disease.  157 

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 158 
clinical trials versus those that need additional preclinical research. Such criteria should align 159 
with desired characteristics outlined in the target product profiles (TPPs) and should address 160 
aspects of sustainable MCM production, stockpiling, and access. 161 
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• A determination regarding the feasibility of conducting clinical trials of therapeutics and 162 
vaccines for NiV infection which is needed Efforts to design clinical efficacy trials in affected 163 
areas that are ethical, interpretable, and feasible. Researchers should explore the potential for 164 
conducting clinical trials before considering alternative regulatory pathways for licensure (such 165 
as the United States Food and Drug Administration’s [FDA’s] Animal Rule).  166 

• Early and recurrent communications between product developers and the appropriate national 167 
regulatory authorities (NRAs) or regulatory agencies to obtain clarity and guidance on clinical 168 
trial requirements, regulatory pathways and requirements, and other considerations for NiV 169 
MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA 170 
capabilities may will vary between countries; therefore, early engagement, potentially with 171 
support from WHO, is essential to identify country-specific considerations.    172 

• Outreach and education to clinicians and community health workers to improve NiV awareness, 173 
training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection 174 
prevention and control) and to ensure availability of diagnostic tools to improve NiV awareness 175 
and training, and to ensure availability of diagnostic tools in endemic areas to increase the 176 
likelihood of accurate and timely diagnosis and treatment of NiV infection.  177 

• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 178 
collaborative clinical research, including methods for collecting, standardizing, and sharing 179 
clinical data under the authority of local leadership.   180 

• Collaboration between public health authorities in endemic and at-risk areas and international 181 
development partners to support NiV surveillance and facilitate effective communication with 182 
communities to strengthen disease prevention and preparedness activities.  facilitate effective 183 
communication with communities regarding disease prevention Human health, animal health, 184 
and wildlife officials should be engaged as part of a long-term collaborative effort.  185 

• Clarification regarding the potential for and possible strategies to promote technology transfer 186 
for NiV MCM development and manufacturing to endemic and at-risk areas.  187 

Knowledge gaps 188 
• Continued R&D, improved manufacturing processesmanufacture, deployment, and assessment 189 

of MCMs, as well as other preventive measures, are dependent on accurate and current 190 
information on the ecology and epidemiology of NiV infection, using a One Health approach. 191 
Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to 192 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 193 
spillover incidents from bats to humans or livestock in new geographic areas. Additionally, 194 
continued research is needed to better define and assess the occurrence of NiV and other 195 
henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and 196 
potentially other bat species.  197 

• Additional research is needed to refine, standardize, and validate relevant animal challenge 198 
models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in 199 
supporting basic research on the pathogenesis and immunology of NiV infection, which is 200 
essential for development and evaluation of MCMs. For example, efforts are needed to: (1) 201 
determine the appropriate animal model(s) for screening assay development; (2) standardize 202 
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the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM 203 
development; (3) determine when after challenge MCMs should be administered in animal 204 
models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between 205 
animal models and humans, such as identifying thresholds of vaccine protection to determine 206 
appropriate human MCM doses; and (5) identify the best models for studying chronic (relapsing) 207 
infection, particularly if investigators use the US FDA’s Animal Rule to obtain regulatory 208 
approval.  209 

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 210 
humans and animals to inform development of NiV MCMs. This includes evaluating the 211 
pathophysiologic differences between different NiV strains, determining the mechanisms that 212 
allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, 213 
identifying factors influencing the development of permanent neurological sequelae, and 214 
further characterizing cell-mediated and humoral immune responses to NiV infection. In 215 
addition, identifying aspects of the immune response that are absent or counter-effective during 216 
human NiV infection may lead to the development of novel targeted intervention strategies.  217 

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 218 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 219 
features of disease, and thereby influence MCM development.  220 

• Further research is needed to better understand viruses in the Henipavirus genus, including 221 
their reservoir hosts and pathogenicity.  222 

• Additional studies applying whole genome sequencing of NiV viruses are needed to generate a 223 
comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  224 

• Sociological and anthropological research is needed to understand how to best engage at-risk 225 
populations at high risk of exposure (such as pig farmers, hunters, abattoir workers) and  226 
(including vulnerable populations (such as children, immunocompromised individuals, and 227 
pregnant women) for participation in clinical trials and to ensure acceptance of new NiV MCMs, 228 
especially if therapeutics and vaccines do not consistently prevent disease.  229 

• Efforts are needed to: (1) assess potential barriers for conducting clinical trials, (2) assess MCM 230 
acceptability in at-risk populations, (3) determine culturally appropriate messaging to enhance 231 
MCM acceptance, and (4) identify public health strategies to promote vaccine use.  232 

 233 
Strategic Goals 234 

1. Identify sources of funding and develop appropriate private-sector incentives and competitions 235 
to promote R&D of NiV MCMs.” Identify sources of private- and public-sector funding, and 236 
develop appropriate incentives and competitions to promote R&D of NiV MCMs.  237 
 238 

2. Undertake surveillance activities (including research studies) to estimate the relative risk and 239 
global spread of NiV outbreaks and public value of MCM development. 240 
 241 

3. Stimulate and support basic science research for better understanding of NiV virology, 242 
pathogenesis, and the immune response to infection in humans and animals.  243 
 244 

4. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the 245 
local and national levels in areas of known or potential NiV spillover.  246 
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 247 
5. Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on 248 

requirements for clinical trials, regulatory pathways, and other considerations that will impact 249 
MCM development, acceptance, and post-licensure surveillance.  250 
 251 

Milestones 252 

1. By 20XX, create a living biobank of human and animal reference samples for development of NiV 253 
MCMs. 254 
 255 

2. By 20XX, generate standardized and validated assays, reagents, antibodies, nucleic acids, and 256 
stocks of NiV challenge strains to facilitate R&D of NiV MCMs. 257 
 258 

3. By 20XX, standardize animal models for use in preclinical studies of NiV MCMs and for bridging 259 
data between animals and humans. 260 
 261 

4. By 20XX, complete a multi-center epidemiologic or enhanced surveillance study in areas of 262 
known or potential NiV spillover to better characterize NiV epidemiology in humans and 263 
animals, including improved understanding of reservoir species.   264 
 265 

5. By 20XX, convene an expert working group to assess feasibility of conducting clinical trials of NiV 266 
therapeutics and vaccines and to determine the most appropriate regulatory pathways for 267 
licensure.  268 

 269 
Priority Areas/Activities 270 

Research 271 
• Expand research to further understand the ecology and epidemiology of NiV and other 272 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 273 
across geographic areas, using a One Health approach. 274 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 275 
changes and characterize genetic diversity over time.  276 

• Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections 277 
to inform development of MCMs. 278 

• Determine key differences in pathogenesis for different NiV strains that may have implications 279 
for the development of safe and effective NiV vaccines or therapies. 280 

• Refine, validate (i.e., determine that an animal model resembles disease and therapeutic 281 
response in humans), and standardize relevant animal models to support the development and 282 
evaluation of NiV MCMs.   283 

• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 284 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 285 
particularly those that can be used at lower biosafety levels. 286 

• Conduct research studies to enable a more comprehensive mapping of genetic variability 287 
henipaviruses in order to improve understanding of their global distribution.  288 

• Determine the feasibility of conducting phase 3 clinical trials or identify Explore possible 289 
strategies for conducting clinical efficacy trials in affected areas that are ethical, interpretable, 290 
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and feasible or identify alternative approaches for assessing efficacy of new NiV vaccines and 291 
therapeutics, in coordination with the appropriate NRAs.  292 

• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 293 
local government agencies, if clinical trials are considered to be a feasible option for efficacy 294 
assessment. 295 

• Conduct social science research to determine strategies for engaging communities for 296 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 297 
become available.  298 

Product development 299 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 300 

forward. 301 
• Promote early communication between developers and appropriate NRAs for clarity and 302 

guidance on the regulatory aspects of MCM development for NiV infection.   303 

Key capacities 304 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 305 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 306 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 307 
control. 308 

• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 309 
NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 310 
identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 311 
human or animal populations.  312 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    313 
• Collaborate with local government authorities (including human health, animal health, and 314 

wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 315 
and at-risk areas.   316 

• Promote community-based outreach programs that transfer skills and knowledge for the 317 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 318 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 319 
therapeutics and vaccines. 320 

Policy and commercialization 321 
• Establish a sustainable value proposition and secure funding to complete development, 322 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 323 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 324 

therapeutics, and vaccines to endemic and at-risk areas. 325 
• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 326 

NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 327 
approval are being determined. 328 

• Support the development of affordable pricing mechanisms to promote accessibility of NiV 329 
MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable 330 
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and fair” price is one that can reasonably be funded by patients and health budgets and 331 
simultaneously sustains research and development, production, and distribution within a 332 
country.) 333 

• Clarify the potential for and possible strategies to promote technology transfer for development 334 
and manufacturing of MCMs for NiV infection.  335 

 336 
Critical Path Analysis 337 

[See accompanying table.] 338 
 339 

Schedule of Resources, Coordination, and Implementation 340 
[TBD; will obtain input later in the process.] 341 

 342 

DIAGNOSTICS 343 

Current Primary Challenges, Key Needs, and Knowledge Gaps 344 

Primary challenges 345 
• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 346 

suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 347 
in outbreak detection and institution of effective and timely infection control measures and 348 
outbreak response activities. Additionally, latent disease can occur months to years after initial 349 
infection.  350 

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 351 
limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in 352 
diagnosis and outbreak investigation and response.  353 

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 354 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  355 

• Various types of test methods and platforms are required to test patients at different phases of 356 
NiV infection, which can complicate diagnostic needs and capabilities.  357 

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 358 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 359 
areas with regard to collection, handling, transport, and laboratory analysis.  360 

• The time required to perform diagnostic testing using conventional laboratory methods poses 361 
challenges, given the rapid disease progression of NiV infection.  362 

• Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in 363 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 364 
Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate 365 
which henipaviruses are in circulation using serologic assays. Capacity to identify additional 366 
pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 367 
respond to future outbreaks.  368 

Key needs 369 
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• A TPP for NiV diagnostics, identifying optimal and desirable characteristics to guide the 370 
development of promising diagnostic assays. 371 

• A biobank of human and animal clinical samples to assess and validate diagnostic tests and a 372 
process for how best to judiciously use the samples. A clear approach is needed to: (1) 373 
determine what clinical samples should be collected, based on what would be most useful (e.g., 374 
plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample 375 
collection; (3) identify who would have access to the samples; and (4) prioritize use of samples 376 
and sample distribution. 377 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 378 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 379 
validation, and regulatory approval requirements may differ depending on how and in which 380 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 381 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 382 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 383 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 384 
considered in tandem with the use of therapeutics and other interventions.  385 

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 386 
infrastructure, can detect disease early in the clinical course, are robust for use under a variety 387 
of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and 388 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   389 

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 390 
and epidemiology of NiV infection.  391 

• International reference standards to calibrate diagnostic assays.  392 
• Validation of promising diagnostics in endemic and at-risk geographic regions.  393 
• Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and 394 

animals as they arise.  395 
• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 396 

performance of NiV diagnostic assays in the field.  397 
• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 398 

support the business case for Nipah diagnostics, given the costs of regulatory approval.  399 
• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 400 

detect NiV infection while simultaneously screening for the presence of other henipaviruses or 401 
other pathogens of public health concern that may cause similar clinical syndromes in endemic 402 
or at-risk areas. Since validation and regulatory approval of multiplex assays can prove 403 
challenging, an alternate approach would be the development of multiple single assays that can 404 
be run in parallel.  405 

•  If NiV or HeV vaccines become widely used in livestock, serological testing to differentiate 406 
vaccinated animals from infected animals (such as the Differentiating Infected from Vaccinated 407 
Animals (DIVA) test) will be needed.  408 

Knowledge gaps 409 
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• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 410 
other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 411 
ability to diagnose infection at different stages of disease. Additionally, further research on the 412 
kinetics of NiV in the animal reservoirs is needed.  413 

• More information is needed regarding the performance characteristics (including sensitivity, 414 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 415 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-416 
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 417 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  418 

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 419 
populations to allow accurate interpretation of test results, since substantive economic 420 
consequences (such as trade restriction for livestock) could be triggered by positive results.   421 

 422 
Strategic Goals 423 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 424 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  425 
 426 

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiV diagnostic tests 427 
for use in humans and animals that are sufficiently robust for the conditions in which they will 428 
be used and that have minimal requirements for biosafety precautions and staff training. 429 
Consideration also should be given to development of multiplex assays that can detect related 430 
henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and 431 
at-risk areas. 432 
 433 

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in 434 
areas of known or potential henipavirus spillover risk. 435 
 436 

4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 437 
promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   438 

 439 
Milestones 440 

1. By 20XX, delineate use cases for NiV diagnostic assays.  441 
 442 

2. By 20XX, generate a TPP for NiV diagnostics, identifying optimal and desirable characteristics to 443 
guide the development of promising diagnostic assays.  444 
 445 

3. By 20XX, advance at least 2 promising NiV point-of-care or near-patient-care diagnostic tests 446 
through field studies. 447 
 448 

4. By 20XX, obtain regulatory clearance/market authorization by a relevant regulatory agency or 449 
NRA for at least 1 validated NiV point-of-care or near-patient-care diagnostic assay that is aligned 450 
with the TPP.  451 

 452 
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Priority Areas/Activities 453 

Research 454 
• Explore new diagnostic approaches that may allow for earlier detection of infection.   455 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 456 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 457 
disease.  458 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 459 
and develop appropriate standards for their use in different contexts. 460 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  461 
• Create a biobank of clinical human and animal samples for use in researching new diagnostic 462 

agents.  463 
• Continue to research cross-reactivity of diagnostic tests in animal populations.  464 

Product development 465 
• Generate a TPP for NiV diagnostics. 466 
• Define use cases for diagnostic assays. 467 
• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 468 

affordable, highly sensitive and specific, available for use in humans and animals, and can 469 
capture antigenically diverse strains of the virus and be performed accurately and safely in 470 
remote areas under a variety of circumstances.   471 

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 472 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 473 
in the geographic region that cause similar clinical syndromes.  474 

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 475 
reduce the likelihood of transmission of NiV from livestock to humans.  476 

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 477 
if NiV or HeV vaccines become widely used (long-term consideration). 478 

Key capacities 479 
• Generate international reference standards to calibrate diagnostic assays.  480 
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 481 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 482 

promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   483 

Policy and commercialization 484 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 485 

across different geographic areas, as such tests become available.   486 
 487 

Critical Path Analysis 488 
[See accompanying table.] 489 
 490 

Schedule of Resources, Coordination, and Implementation 491 
[TBD; will obtain input later in the process.] 492 
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 493 

THERAPEUTICS 494 

Current Primary Challenges, Key Needs, and Knowledge Gaps 495 

Primary challenges 496 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 497 

successful treatment. 498 
• Sociocultural issues may hinder trust in the formal healthcare and public health systems, which 499 

could reduce acceptance of NiV therapeutics.  500 
• The absence of improved diagnostic assays for timely diagnosis and surveillance of infection 501 

creates an important challenge in providing early treatment and PEP to exposed persons.  502 
• In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals 503 

annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 504 
confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection 505 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 506 
diagnosis is critical.  507 

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 508 
onset or early during the disease course. Patients with NiV infection often are detected later in 509 
the clinical course, which creates challenges for predicting how well an agent will work in the 510 
field. 511 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 512 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 513 
severe neurologic disease.  514 

• Healthcare systems in endemic countries often do not have adequate infection control systems 515 
in place to prevent person-to-person transmission. They also lack the ability to rapidly identify 516 
contacts most likely to benefit from PEP therapy.  517 

Key needs 518 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 519 

development of promising treatment approaches in the context of individual and community 520 
priorities.  521 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 522 
infection to improve survival and decrease associated morbidity and long-term disability.  523 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 524 
(relapsing) NiV infection to decrease associated long-term disability.  525 

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 526 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 527 
exposed to infected livestock.  528 

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 529 
seriously ill patients).  530 

Knowledge gaps 531 
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• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 532 
AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 533 
of ribavirin for NiV infection may be warranted.  534 

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 535 
challenge in animal models and has been provided as a compassionate useunder compassionate 536 
use programs for a small number of individuals exposed to either HeV or NiV. Recently, a phase 537 
1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are 538 
not yet available. Additional animal studies using different NiV strains and clinical trials in 539 
endemic areas are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly 540 
other mAbs) for PEP and potentially early treatment of clinical disease.  541 

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 542 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 543 
consider mAb cocktails.  544 

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 545 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir 546 
[an RNA-dependent RNA polymerase inhibitor], and GS-4734 5734 [a broad-spectrum agent 547 
being used to treat Ebola virus disease survivors]), used alone or in combination with other 548 
therapies. Additionally, the therapeutic windows of each therapy should be determined for 549 
different NiV strains, as highlighted by a recent study in AGMs that showed the therapeutic 550 
window for m102.4 against a strain from Bangladesh/India to be shorter than for a strain from 551 
Malaysia.  552 

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 553 
NiV infection.  554 

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 555 
relationship of promising therapeutic candidates.  556 

• Additional studies, as needed, of therapeutic candidates in the AGM model, followed by human 557 
clinical trials for safety, feasibility, and efficacy.  558 

• Additional data are needed to determine the role of PEP and to inform development of guidance 559 
on the types of exposures that warrant such intervention and the most appropriate agents to 560 
administer. This determination should include feasibility for PEP distribution in both endemic 561 
and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons 562 
annually that could be candidates for PEP.  563 

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 564 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 565 
components of supportive care for NiV, such as optimal fluid and respiration management 566 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 567 
and/or antimalarials, to inform best-practice guidelines and evidence-based policy decisions.  568 
 569 

Strategic Goals 570 
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1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 571 
prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible 572 
in areas of known or potential NiV spillover.  573 
 574 

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies 575 
become available. 576 
 577 

Milestones 578 

1. By 20XX, generate a TPP for NiV therapeutics identifying optimal and desirable characteristics.  579 
 580 

2. By 20XX, conduct clinical trials on m102.4 for safety, tolerability, and efficacy.  581 
 582 

3. By 20XX, identify a company or joint partnerships to advance therapeutic use of m102.4 583 
(including conduct of additional collaborative research) and secure financing for its 584 
manufacture, distribution, and post-marketing surveillance.  585 
 586 

4. By 20XX, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 587 
least 2 new therapies for treatment of NiV infection. 588 
 589 

5. By 20XX, complete phase 1 and 2 clinical trials for at least 1 additional promising therapeutic 590 
agent for treatment of NiV infection.  591 
 592 

6. By 20XX, complete phase 3 clinical trials for at least 1 additional promising therapeutic agent 593 
that is aligned with the TPP. 594 
 595 

7. By 20XX, obtain regulatory approval for a new NiV therapeutic agent that is aligned with the TPP 596 
for treatment of NiV infection.  597 

 598 

Priority Areas/Activities 599 

Research 600 
• Continue to research the safety, tolerability, and efficacy of investigational therapies (such as 601 

ribavirin and m102.4 and possibly ribavirin) for treating and preventing NiV infection, including 602 
conduct of animal studies and clinical trials as appropriate and feasible. 603 

• Continue to identify new therapeutic options for treating and preventing NiV infection that 604 
should undergo further evaluation.  605 

• Research optimal treatment and supportive care strategies for NiV infection and determine 606 
best-practice guidelines. 607 

Product development 608 
• Generate a TPP for NiV infection therapeutics. 609 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 610 

infection that are active against different NiV strains and other henipaviruses, and that can cross 611 
the blood-brain barrier to treat or prevent CNS disease. 612 

• Identify therapeutic approaches for PEP that are broadly active against different NiV strains  and 613 
other pathogenic henipaviruses that may emerge. 614 
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Key capacities 615 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 616 

management and supportive care of patients with NiV infection. 617 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 618 

therapeutics for outbreak control.  619 

Policy and commercialization 620 
• Identify a company or joint partnerships to advance therapeutic use of m102.4 (including 621 

conduct of additional collaborative research) and secure financing for its manufacture,  and 622 
distribution, and post-marketing surveillance.   623 

• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 624 
become available. 625 
 626 

Critical Path Analysis  627 
[See accompanying table.] 628 
 629 

Schedule of Resources, Coordination, and Implementation  630 
[TBD; will obtain input later in the process.] 631 

 632 

VACCINES 633 

Current Primary Challenges, Key Needs, and Knowledge Gaps 634 

Primary challenges  635 
• Sociocultural issues may hinder trust in the formal human and , veterinary , clinical and public 636 

health systems, which could impact acceptance of NiV vaccines for use in humans or animals. 637 
• Currently, there is no candidate vaccine that is in late-stage development and few companies 638 

are willing to invest in generation of new NiV vaccines.  639 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 640 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.  641 

Key needs 642 
• Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect 643 

against different NiV strains in humans and animals, and (3) that provide rapid onset of an 644 
immune response to adequately prevent and control outbreaks.  645 

• Guidance on use of NiV vaccines (or broader henipavirus vaccines) to include vaccination 646 
strategies, potentially in both humans (including special populations such as children, 647 
immunocompromised individuals, and pregnant women) and animals, for different 648 
epidemiologic scenarios and different vaccine attributes.  649 

• Public communication outreach strategies that address possible vaccine uptake hesitancy in 650 
target populations and guidance for community sensitization to vaccine acceptation and 651 
promotion within the community. 652 

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 653 
programs and to refine vaccination strategies over time.  654 
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Knowledge gaps 655 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection 656 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 657 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 658 
Since While neutralizing antibodies are likely thea primary mediator of protection against NiV 659 
infection, research in this area should focus primarily on the humoral immune response for 660 
driving vaccine development.  cellular immunity appears to also play a role.  661 

• Further research is needed to clarify vaccine attributes (such as time from administration to 662 
immune protection, duration of immunity, and the need for booster doses) and to determine 663 
safety profiles of candidate vaccines.  664 

• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 665 
subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis).  666 

• Additional research is needed in animal models to determine if vaccine candidates are cross-667 
protective between different NiV strains, including recently identified strains; only a few studies 668 
demonstrating cross-protection have been performed to date.  669 

• The identification of specific correlates or surrogates of protection in humans and animals and 670 
standardized assays for measuring immune correlates are needed to facilitate research on 671 
promising NiV vaccine candidates, and expedite possible licensing through nontraditional 672 
regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 673 
These specific correlates may vary by vaccine platform and antigen and, therefore, multiple 674 
assays may need to be standardized. 675 

• Pre-licensure Eevaluation of vaccine safety in target populations is needed to better understand 676 
the risk of adverse incidents associated with vaccine use. While phase 1 and phase 2 trials can 677 
be performed in non-affected countries, safety trials will also be needed in target populations in 678 
endemic regions.  679 

• Further epidemiologic research is needed to better define at-risk populations.  680 
• If evidence at some point supports the need for a broader, population-based vaccination 681 

strategy (beyond reactive use for outbreak control in affected communities), additional research 682 
may be warranted on the development of multivalent vaccines that protect against more than 683 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 684 
for use in NiV endemic areas. (Satterfield 201 6 – status of vaccine R&D [combining NV w/ 685 
another vaccine to increase likelihood of financing])   686 

• Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease 687 
incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) 688 
simulating various epidemiologic scenarios for development of vaccination strategies, (3) 689 
estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating 690 
disease risk based on risk behaviors and practices in communities or specific population groups, 691 
and (54) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles.  692 

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 693 
livestock populations has been suggested as a possible mitigation strategy for preventing 694 
secondary transmission to humans. Currently, one HeV vaccine is available for horses and 695 
available evidence suggests this vaccine is cross-protective against NiV. Ongoing research into 696 
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developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in 697 
endemic regions is needed to further assess the merit of this potential control strategy.  698 

• Additional research is needed to determine if development of multivalent vaccines for animals 699 
(that protect against more than one disease) would increase the likelihood of vaccine uptake by 700 
food animal producers and the broader veterinary community.  701 

 702 

Strategic Goals 703 

1. Develop, evaluate, license, and prequalify, deploy, and ensure access to NiV vaccines for use in 704 
humans and potentially animals (e.g., livestock, companion animals).   705 
 706 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 707 
potentially other emergent henipaviruses as needed). 708 
 709 

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV 710 
epidemiology and takes into consideration attributes of new vaccines as they become available.  711 

 712 
Milestones 713 

1. By 20XX, identify and standardize correlates and/or surrogates of protection to facilitate NiV 714 
vaccine research. 715 
 716 

2. By 20XX, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at 717 
least 1 new NiV vaccine candidate. 718 
 719 

3. By 20XX, complete phase 1 and phase 2 clinical trials for at least 1 of the most promising NiV 720 
vaccines.  721 
 722 

4. By 20XX, complete phase 3 clinical trials for at least 1 of the most promising candidate NiV 723 
vaccines.  724 
 725 

5. By 20XX, obtain regulatory approval for least 1 vaccine for NiV via phase 3 clinical trials or an 726 
alternative regulatory pathway.  727 

 728 
Priority Areas/Activities 729 

Research 730 
• Improve understanding of the Determine the innate, cell-mediated, and humoral immune 731 

responses to infection to inform development and evaluation ofthat contribute to protective 732 
immunity against NiV infection for use in developing and evaluating NiV vaccines.. 733 

• Identify and standardize correlates and/or surrogates of protection, which are necessary for 734 
ongoing research into candidate vaccines and also may be important for vaccine licensure.  735 

• Generate international reference standards to calibrate serological assays for vaccine potency 736 
analyses. 737 
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• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 738 
efficacy in animal models (such as through serum transfer studies), correlates of protection, and 739 
durability. 740 

• Further study cross protection of various vaccine candidates against different NiV strains, and 741 
between NiV strains and HeV strains.  742 

• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 743 
animal studies for immune bridging to facilitate regulatory licensing. 744 

• Explore whether multivalent vaccines for animal populations would increase vaccine 745 
acceptability and uptake by food-animal producers and the broader veterinary community.   746 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 747 
strategies for vaccine use.  748 

Product development 749 
• License safe and effective monovalent NiV vaccines for humans and animals.  750 
• License safe and effective multivalent vaccines for use in humans that protect against more than 751 

one disease for use in human populations (e.g., vaccines that protect against both NiV and MV 752 
or HeV), if broader population-based vaccination is warranted at some point in the future.  753 

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 754 
against more than one disease for use in animal populations, if this is deemed to be a 755 
sustainable approach.  756 

Key capacities 757 
• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 758 

(once vaccines become available). 759 
• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 760 

vaccines. 761 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 762 

outbreaks occur.  763 

Policy and commercialization 764 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 765 

scenarios that align with vaccine attributes, once vaccines are available. 766 
• Develop guidance for community sensitization to vaccine acceptation and promotion within the 767 

community. 768 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 769 

supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity 770 
for person-to-person transmission, and thus more rapid spread.  771 

 772 
Critical Path Analysis  773 

[See accompanying table.] 774 
 775 

Schedule of Resources, Coordination, and Implementation  776 
[TBD; will obtain input later in the process.] 777 
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The table below provides a high-level description of the primary (or most critical) risks/barriers to achieving the milestones identified in the R&D 
roadmap for Nipah virus, along with their associated potential mitigations that may allow achievement of the milestones by the target deadlines. 
The focus of this critical path analysis is on R&D of MCMs and it does not encompass all aspects of Nipah virus prevention and control. For cross-
referencing, milestones may be related to one another and the corresponding risks/barriers and mitigations may be the same as, similar to, or 
related to those for other milestones. 

Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

CROSS-CUTTING ISSUES 
1. By 20XX, create a living biobank of 

human and animal reference 
samples for development of NiV 
MCMs. 

 Lack of dedicated funding (S3, L3)    Prioritize funding for development of a 
biobank of NiV reference samples.  

 

 Lack of policies for sample collection, 
storing, and use (S2, L3)   

 Facilitate collaborative development of 
plans for and creation of a biobank, 
including policies for ongoing sample 
collection, storage, and use.  

 

 Lack of adequate case numbers for sample 
collection (S2, L3)   

 Improve surveillance capabilities 
(including the ability to transport samples) 
in areas of NiV spillover to promote case 
detection. 

 Ensure that plans are in place to collect 
samples over multiple years.   

 

 Challenges with international regulations 
for transport of clinical samples and other 
biologic materials (S2, L3) 

 Review and harmonize all applicable 
international regulations for transport of 
biological materials. 

 Develop a process for expediting MTA 
development to promote transfer of 
materials. 

 

2. By 20XX, generate standardized and 
validated assays, reagents, 
antibodies, nucleic acids, and stocks 
of NiV challenge strains to facilitate 

 Lack of dedicated funding (S3, L2)  Prioritize funding to produce critical 
research materials. 

 

 Limited BSL-4 capacity to produce critical 
research materials (S3,L2) 

 Ensure availability of BSL-4 facilities for 
production of critical research materials. 
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Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

R&D of NiV MCMs, using WHO 
international standards, when 
available, as calibrators. 

 

 Lack of clinical samples (including  
representation of the different NiV strains 
(S3, L3)   

 Create a biobank of reference samples 
from different areas of NiV spillover. (See 
Cross-Cutting Issues: Milestone 1.) 

 

 Lack of consensus on criteria for 
standardization and validation (S3, L2) 

 Convene an expert working group to 
create a consensus document on 
standardization and validation criteria for 
critical research materials. 

 

3. By 20XX, standardize animal models 
for use in preclinical studies of NiV 
MCMs and for bridging data 
between animals and humans. 

 Lack of dedicated funding, particularly for 
high-cost NHP studies (S3, L3)  

 Prioritize funding for NiV animal studies.   

 Limited capacity of BSL-4 facilities for 
animal studies of NiV infection (S3, L2)  

 Ensure availability of BSL-4 facilities for 
animal studies of NiV infection. 

 

 Regulations and restrictions applicable to 
animal research, including ethical 
considerations regarding use of NHPs (S2, 
L3) 

 Request that the R&D Blueprint SAG 
consider the establishment of a 
workgroup or process to address this 
issue. 

 

 Lack of standardized assays for animal 
study research (S3, L3)  

 Prioritize funding to develop standardized 
immunologic assays for use in animal 
models. (See Cross-Cutting Issues: 
Milestone 2.) 

 

 Lack of benchmark parameters (i.e., 
challenge strain, route, timing, and dose) 
(S3, L3)  

 Convene an expert working group to 
establish benchmark parameters for 
animal studies of NiV infection.  

 

4. By 20XX, complete a multi-center 
epidemiologic or enhanced 
surveillance study in areas of known 
or potential NiV spillover to better 
characterize NiV epidemiology in 
humans and animals, including 
improved understanding of reservoir 

 Limited availability of funding in endemic 
and at-risk areas for epidemiologic research 
and surveillance (S2, L3)  

 Target funding for a multi-center 
epidemiologic study or enhancements of 
existing surveillance systems.  

 

 Limited capacity to conduct a coordinated 
research study on NiV epidemiology in 
humans and animals (S2, L3)  

 Conduct a capacity assessment in 
potential study sites.  

 Provide necessary training and resources 
to ensure capacity in study/surveillance 
sites. 
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Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

species.    Lack of standardized and validated NiV 
diagnostic assays available for field use in 
various conditions (S3, L3) 

 Prioritize development of standardized 
and validated diagnostic assays. (See 
Cross-Cutting Issues: Milestone 2.) 

 

5. By 20XX, convene an expert working 
group to explore options for 
designing clinical efficacy trials for 
NiV MCMs, (2) determine feasibility 
of conducting such clinical efficacy 
trials, and (3) identify the most 
appropriate regulatory pathways for 
licensure.   

 Need for regulatory involvement and 
guidance (S2, L2)  

 Ensure involvement of regulators in the 
working group. 

 

 Need for better characterization of clinical 
trial capacity in areas of NiV spillover (S2, 
L2) 

 Conduct a capacity assessment in 
potential study sites to determine ability 
to conduct clinical trials. 

 

DIAGNOSTICS 
1. By 20XX, delineate use cases for NiV 

diagnostic assays.  
 Lack of a process to determine use cases 

(S2, L2)  
 Identify partners and convene an expert 

working group to define use cases 
(including testing of at-risk animals and 
testing in animal reservoirs). 

 Use cases should clarify the viral targets 
for diagnostic assays (e.g., NiV only, NiV 
and HeV, other henipaviruses). 

 

2. By 20XX, generate a TPP for NiV 
diagnostics, identifying optimal and 
desirable characteristics to guide the 
development of promising diagnostic 
assays.  

 Lack of resources for TPP development 
(e.g., oversight from WHO, subject-matter 
expertise, and broad stakeholder input) (S3, 
L1)  

 Identify leadership and partners, establish 
the process, and prioritize development of 
a TPP for NiV diagnostics. 

 

3. By 20XX, advance at least 2 
promising NiV point-of-care or near-
patient-care diagnostic tests through 
field studies. 4 

 Lack of clinical and laboratory capacity for 
conducting field studies in different 
geographic areas of NiV spillover (S2, L3)  

 The need to ensure proper test 
performance under field conditions (S2, L3)  

 Provide necessary training and resources 
to ensure clinical and laboratory capacity 
for conducting field studies and 
monitoring test performance. 
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Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

  Insufficient resources for R&D funding to 
produce promising diagnostics (S3, L3)  

 Incentivize and provide funding streams 
for supporting R&D of diagnostics 
(including diagnostic testing in at-risk 
animals).  

 Consider development of public-private 
partnerships to foster diagnostic 
development.  

 Consider development of multiplexed 
tests for detection of multiple pathogens, 
which may have broader commercial 
appeal (particularly for testing in 
livestock). 

 

4. By 20XX, obtain regulatory 
clearance/market authorization by a 
relevant regulatory agency or NRA 
for at least 1 validated NiV point-of-
care or near-patient-care diagnostic 
assay that is aligned with the TPP. 4  

 
 

 Lack of clear guidance from regulatory 
authorities regarding information needed 
for regulatory clearance/market 
authorization (S3, L3)  

 Ensure regulatory involvement, including 
appropriate in-country NRAs, to obtain 
advance guidance on regulatory 
requirements. 

 

 Insufficient regulatory capacity in countries 
with NiV spillover (S2, L2)  

 Strengthen national regulatory capacity in 
countries with NiV spillover. 

 Through WHO-led initiatives, encourage 
collaboration between national and 
external regulatory agencies. 

 

 The cost to developers of preparing 
regulatory dossiers (S3, L3)   

 Incentivize and provide funding streams to 
support preparation and submission of 
regulatory dossiers. 

 Streamline the regulatory approval 
process as much as possible. 

 

THERAPEUTICS 
1. By 20XX, generate a TPP for NiV 

therapeutics identifying optimal and 
desirable characteristics.  

 Lack of resources for TPP development 
(e.g., oversight from WHO, subject-matter 
expertise, and broad stakeholder input) (S3, 
L1) 

 Identify leadership and partners, establish 
the process, and prioritize development of 
a TPP for Lassa fever therapeutics. 
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Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

2. By 20XX, conduct clinical trials on 
m102.4 for safety, tolerability, and 
efficacy.  

 Lack of funding to conduct clinical trials for 
m102.4 (S3, L3)   

 

 Develop a funding stream for m102.4 
clinical trials.   

 

 Hesitancy or opposition to clinical trials 
being conducted in at-risk populations (S2, 
L3)   

 Conduct social science research with at-
risk populations to elucidate appropriate 
social outreach regarding participation in 
clinical trials.  

 Work with social science experts and local 
partners to gain trust in at-risk 
communities, particularly regarding 
sensitive sociocultural issues surrounding 
clinical trials.     

 Develop locally appropriate consent 
procedures and ethical review. 

 

3. By 20XX, identify a company or joint 
partnerships to advance therapeutic 
use of m102.4 (including conduct of 
additional collaborative research) 
and secure financing for its 
manufacture, distribution, and post-
marketing surveillance.  

 Lack of business interest in producing 
m102.4 (S3, L3)  

 Explore incentives for funding m102.4 
production or create a sustainable value 
proposition, possibly through public-
private partnerships.  

 

4. By 20XX, complete preclinical 
evaluation of the preliminary safety, 
tolerability, and efficacy of at least 2 
new therapies for treatment of NiV 
infection. 

 Lack of dedicated R&D funding to conduct 
preclinical evaluation of novel NiV 
therapeutic agents (S3, L3)  

 Prioritize R&D funding to promote 
preclinical evaluation of novel NiV 
therapeutics.  

 Consider development of public-private 
partnerships to foster R&D of novel NiV 
therapeutics.  

 

 Limited capacity of BSL-4 facilities for 
conducting preclinical research on potential 

 Ensure availability of BSL-4 facilities for 
conducting preclinical research on NiV 
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Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

NiV therapeutics (S3, L2)  therapeutics.  
 Lack of promising NiV therapeutics in the 

pipeline (S3, L3)  
 Strengthen the pipeline for novel NiV 

therapeutics. 
 

 Limited understanding regarding whether 
or not genetic diversity of NiV strains will 
impact therapeutic response to new 
treatment options (S1, L2) 

 Develop a system to monitor antigenic 
changes and characterize genetic diversity 
of NiV strains over time.  

 Ensure that researchers have access to 
more recent NiV strains and opportunities 
to evaluate therapeutic responses to 
diverse strains.   

 

5. By 20XX, complete phase 1 and 2 
clinical trials for at least 1 additional 
promising therapeutic agent for 
treatment of NiV infection. 4 

 

 Lack of capacity to conduct clinical trials 
(S3, L2) 

 Provide necessary training and resources 
to ensure capacity in clinical trial sites. 

 

 Hesitancy or opposition to clinical trials 
being conducted in at-risk populations (S1, 
L3)   

 Conduct social science research with at-
risk populations to elucidate appropriate 
social outreach regarding participation in 
clinical trials.  

 Work with social science experts and local 
partners to gain trust in at-risk 
communities, particularly regarding 
sensitive sociocultural issues surrounding 
clinical trials.     

 Develop locally appropriate consent 
procedures and ethical review. 

 

 Difficulty in receiving approval from in-
country NRAs to conduct clinical trials (S2, 
L2)  

 Consult with NRAs in advance on 
preliminary trial designs. 

 

6. By 20XX, complete phase 3 clinical 
trials for at least 1 additional 
promising therapeutic agent that is 
aligned with the TPP. 4  

 Hesitancy or opposition to clinical trials 
being conducted in at-risk populations (S1, 
L3)   

 Conduct social science research with at-
risk populations to elucidate appropriate 
social outreach regarding participation in 
clinical trials.  

 Work with social science experts and local 
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Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

partners to gain trust in at-risk 
communities, particularly regarding 
sensitive sociocultural issues surrounding 
clinical trials.     

 Develop locally appropriate consent 
procedures and ethics agreements. 

 Difficulty in receiving approval from in-
country NRAs to conduct clinical trials (S2, 
L2)  

 Consult in advance with appropriate NRAs 
on preliminary trial designs. 

 

 Lack of capacity to conduct clinical trials 
(S3, L2) 

 Provide necessary training and resources 
to ensure capacity in clinical trial sites. 

 

 Lack of validated diagnostic assays formore 
rapid detection of NiV infection (S2, L2)  

 Prioritize R&D and validation of NiV 
diagnostic assays.  

 

7. By 20XX, obtain regulatory approval 
for a new NiV therapeutic agent that 
is aligned with the TPP for treatment 
of NiV infection. 4 

 National regulatory capacity in endemic 
and at-risk areas may be insufficient to 
expedite review and approval of NiV 
therapeutics (S2, L2)    

 Encourage collaboration between national 
and external regulatory agencies.  

 

 

 Lack of clarity and guidance on regulatory 
pathways and requirements (S2, L2) 

 Review recommendations of the expert 
panel convened to determine most 
appropriate pathways for regulatory 
approval. (See Cross-Cutting Issues: 
Milestone 5.) 

 Ensure early regulatory involvement, 
including appropriate NRAs, to obtain 
guidance on regulatory pathways and 
requirements. 

 

 The cost to developers of preparing 
regulatory dossiers ( S3, L2)   

 Incentivize developers and provide 
funding streams to support preparation, 
submission, and management of 
regulatory dossiers. 

 Streamline the regulatory approval 
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Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

process as much as possible. 
VACCINES 
1. By 20XX, identify and standardize 

correlates and/or surrogates of 
protection to facilitate NiV vaccine 
research. 

 Limited funding for R&D of NiV vaccines 
(S3, L3)    

 Prioritize R&D funding to promote 
preclinical research that will inform 
development of NiV vaccines, including 
identification of correlates of protection.  

 

 Lack of different NiV strain stocks for 
vaccine research (S1, L2)  

 Develop and maintain a biobank of human 
and animal NiV samples. (See Cross-
Cutting Issues: Milestone 1.) 

 

2. By 20XX, complete preclinical 
evaluation of the preliminary safety, 
tolerability, and efficacy of at least 1 
new NiV vaccine candidate. 

 Insufficient R&D funding to conduct 
preclinical evaluation of promising NiV 
vaccines (S3, L3) 

 Prioritize R&D funding to complete 
preclinical evaluation of new NiV vaccines. 

 Consider development of public-private 
partnerships to foster R&D of new 
vaccines for NiV infection. 

 

 Limited capacity of BSL-4 facilities for 
conducting preclinical research on potential 
NiV vaccines (S3, L2) 

 Ensure availability of BSL-4 facilities for 
conducting preclinical research on NiV 
vaccines. 

 Lack of standardized and validated assays 
to assess immunogenicity of vaccines (S3, 
L2) 

 Prioritize research into development of 
standardized and validated 
immunogenicity assays. (See Cross-Cutting 
Issues: Milestone 2.) 

3. By 20XX, complete phase 1 and 
phase 2 clinical trials for at least 1 of 
the most promising NiV vaccines. 4  

 Hesitancy or opposition to clinical trials 
being conducted in at-risk populations (S2, 
L2)   

 Conduct social science research with at-
risk populations to elucidate appropriate 
social outreach regarding participation in 
clinical trials.  

 Work with social science experts and local 
partners to gain trust in at-risk 
communities, particularly regarding 
sensitive sociocultural issues surrounding 
clinical trials.     

 Develop locally appropriate consent 

 

 



June 15, 2018—DRAFT FOR DISCUSSION ONLY—NOT FOR DISTRIBUTION 
 

9 
 

Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

procedures and ethics agreements. 
 Lack of capacity to conduct clinical trials 

(S3, L2)  
 Provide necessary training and resources 

to ensure capacity in clinical trial sites.  
 

 Difficulty in receiving approval from in-
country NRAs to conduct clinical trials (S3, 
L2)   

 Consult with in-country NRAs on 
preliminary trial designs.  

 

 Lack of appropriate validated diagnostic 
assays for more rapid diagnosis of NiV 
infection (S2, L2)  

 Prioritize R&D and validation of NiV 
diagnostic assays.  

 

 

4. By 20XX, complete phase 3 clinical 
trials for at least 1 of the most 
promising candidate NiV vaccines. 4 
 
 

 
 

 Lack of capacity to conduct clinical trials 
(S3, L2) 

 Provide necessary training and resources 
to ensure capacity in clinical trial sites. 

 

 Hesitancy or opposition to clinical trials 
being conducted in at-risk populations (S2, 
L2) 

 Conduct a social science project to 
determine how best to engage at-risk 
populations for participation in clinical 
trials. 

 Work with social science experts to 
develop specific strategies that will 
mitigate issues related to clinical trial 
hesitancy or opposition. 

 Develop locally appropriate consent 
procedures and ethical review. 

 

 The  incidence of NiV infection may be too 
low to assess vaccine efficacy (S2, L2) 

 Refer to recommendations of the expert 
working group convened to determine 
feasibility of clinical trials and most 
appropriate regulatory pathways. (See 
Cross-Cutting Issues: Milestone 5.) 
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Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap 

MILESTONES PRIMARY RISKS/BARRIERS 
- Severity Level (S1-3)1 
- Likelihood Level (L1-3)2 

POTENTIAL MITIGATION STEPS CRITICAL 
IMPLEMENTATION 
PARTNERS 

5. By 20XX, obtain regulatory approval 
for least 1 vaccine for NiV via phase 3 
clinical trials or an alternative 
regulatory pathway. 4 

 

 The cost to developers of preparing 
regulatory dossiers (S2, L2)   

 Incentivize developers and provide 
funding streams to support preparation, 
submission, and management of 
regulatory dossiers. 

 Streamline the regulatory approval 
process as much as possible. 

 

 Lack of surveillance capacity and systemic 
estimates for NiV infection to assess 
vaccine efficacy and impact over time (S2, 
L2)  

 Target funding to enhance surveillance 
capacity in areas of known NiV spillover.  

 

Abbreviations: BSL-4, biosafety level 4 (highest biosafety level); HeV, Hendra virus; MCMs, medical countermeasures; MTA, material transfer agreement; NHP, 
nonhuman primates; NiV, Nipah virus; NRA, national regulatory authority; R&D, research and development; SAG, scientific advisory group; NRA, national regulatory 
authority; TPP, target product profile; WHO, World Health Organization.   

1 The scale for seriousness ranges from least serious consequence (S1) to most serious consequence (S3). 
2 The scale for likelihood ranges from least likely to occur (L1) to most likely to occur (L3). 
3 In this table, the term “capacity” refers to infrastructure (including physical facilities and equipment as well as systems and processes), workforce, and/or 
capability. 
4These milestones assume that selected MCMs demonstrate adequate performance characteristics to be advanced toward licensure and use. An additional risk to 
note is that MCMs may not demonstrate adequate performance in field studies or in preclinical or clinical trials; if that occurs, then additional R&D would be needed 
to develop and advance alternative MCMs and the cycle of milestones would need to be repeated.   
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Importance: High

Dear Nipah taskforce members,
 
We have revised the Nipah R&D draft roadmap based on comments received during the public
comment period; I have attached it here for your review. The new edits are in track changes,
so you can see them easily. You will also note that we have included a set of milestones for
implementation under each main topic area (these are not in track changes). The milestones
don’t yet have dates attached to them—we need your input for that.
 
I have also attached a draft of the Critical Path Analysis (CPA) table that builds on the
milestones.
 
We have structured the upcoming taskforce meeting to be relatively informal. Our primary
goal is to walk through the roadmap and the CPA table in detail over the course of our time
together. We very much need  your input on these documents before we can move them
forward.
 
These materials will form the basis of all of our discussions during the meeting, so please
review them carefully before you come to London. I have attached a draft agenda as well,
so you can see how the time will flow.
 
If you can’t attend the meeting, we would still very much appreciate your review and hope
that you can find time to send us some written comments.
 
Again, thank you so much for your time on this important project and I look forward to seeing
you again in London!
 
Warm regards,
 
Mike

--------------------------------
Michael T. Osterholm, PhD, MPH
Regents Professor
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June 2018—with edits from public comment period

Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, and  acceptance and deployment, and assessment) for accelerating the collaborative development of medical countermeasures (MCMs) – diagnostics, therapeutics, and vaccines – against Nipah virus infection. 



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since, with. NiV infection disease has also been identified periodically in eastern India and, in 2018, was identified for the first time in southern India.; cCase fatality rates during outbreaks in these Bangladesh and India countries have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, several other domestic animal species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary modes of NiV transmission being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed genomic information for this virus is limited.  



In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from those identified in Bangladesh and India; some differences have been noted in the clinical features of infection with different strains these strains provoke distinct but overlapping clinical features in both humans and experimentally infected non-human primates. 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of “priority diseases” (defined as diseases that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority diseases to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to prevent and control NiV outbreaks and endemic disease. The roadmap is organized into four main sections: cross-cutting issues (for areas that apply to more than one MCM category), diagnostics, therapeutics, and vaccines. (Note: These topics are not presented in order of public health priority.) 

Other aspects of public health preparedness and response, in addition to R&D for diagnostics, therapeutics, and vaccines, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing zoonotic NiV transmission, improved personal protective equipment (PPE), effective community engagement, adequate infection prevention and control practices, adequate infrastructure (such as cold-chain maintenance) to deploy MCMs, and workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy.  



VISION

Robust MCMs to detect, prevent, and control outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid and , accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING TOPICS AND ISSUES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in under-resourced areas of South Asia and disease incidence is low with small and sporadic outbreaks; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition for industry and international philanthropic public-private partnerships are needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. The value proposition would ideally be informed by a robust assessment of the risk of future outbreaks (with risk mapping and identification of hotspots), and will likely require new systematic surveillance studies in humans and susceptible animal hosts in affected areas to strengthen the evidence base.  

· Demonstrating whether or not a product provides meaningful benefit without undue risk, which is a key aspect of any regulatory approval pathways for MCMs, can be prohibitively expensive for product developers in the absence of a predictable demand. For example, obtaining regulatory approval for diagnostic tests through the premarket approval (PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), which is associated with lower approval costs, is not applicable. FurthermoreIn addition, licensure of vaccines and therapeutics using alternative regulatory pathways also can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. This raises the cost of MCM development.

· To date, NiV spillovers to human communities have occurred been identified almost exclusively in rural communities in Bangladesh and  East India; the healthcare facilities that serve these communities have limited laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition, lack of available laboratory testing, and the occurrence of other diseases that have similar clinical presentations. 

· Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in pigs older than 4 weeks old), infection in animal herds may not be recognized until after human cases are identified. This delay in diagnosis may lead to an entire herd being infected before livestock are tested for NiV, which could cause large financial losses for livestock owners and increases the likelihood of NiV infection in exposed animal husbandry workers. 

· NiV disease occurs in both humans and animals (particularly livestock). This creates two streams of research, which complicates the overall approach for moving NiV MCMs forward. For example, animal models for human disease will have different parameters than animal models for disease in animal species. 

· While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV research applicable to humans (and pigs and horses for research applicable to disease in animals), the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines intended for use in humans. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

· Phase 1 and 2 clinical trials can be conducted in non-endemic regions or in endemic regions. Conducting phase 1 and phase 2 clinical trials is potentially feasible in endemic regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low disease incidence in endemic areas poses a major challenge for conducting phase 3 clinical efficacy trials, in terms of achieving a sufficient sample size to estimate MCM efficacy with adequate statistical power. It may be possible to address this issue by combining clinical trial data across outbreaks over time. While it is critical to focus on approaches that make ethical and scientifically valid clinical trials feasible whenever possible, alternative regulatory pathways and/or innovative study designs (e.g., including combining clinical trial data across outbreaks over time) may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not applicable. 

Key needs

· Funding sources (such as public-private partnerships, government agencies, and philanthropic organizations) and industry incentives and competitions for non-dilutive funding to encourage innovation and secure private-sector commitments to develop amd manufacture NiV MCMs.

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, surveillance, and implementation of vaccination programs for NiV prevention and control. 

· Additional prospective serosurveillance data from susceptible animal species and proximate human populations in areas of predicted risk to determine the level of human spillover and to build preparedness for detection of human cases and for limiting exposure. This is particularly important in areas where public health surveillance programs are not feasible or justifiable.  

· Standardized and validated assays (to be further defined based on end use), reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety levels are an important priority.) WHO international standards should be used (when available) as calibrators and reported in Units/ml to harmonize assay results. 

· Efforts to establish the natural history of NiV infection in animals and define the animal models that are most reflective of human disease. 

· Clear criteria for down-selection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. Such criteria should align with desired characteristics outlined in the target product profiles (TPPs) and should address aspects of sustainable MCM production, stockpiling, and access.

· A determination regarding the feasibility of conducting clinical trials of therapeutics and vaccines for NiV infection which is needed Efforts to design clinical efficacy trials in affected areas that are ethical, interpretable, and feasible. Researchers should explore the potential for conducting clinical trials before considering alternative regulatory pathways for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule). 

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) or regulatory agencies to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities may will vary between countries; therefore, early engagement, potentially with support from WHO, is essential to identify country-specific considerations.   

· Outreach and education to clinicians and community health workers to improve NiV awareness, training, and outbreak preparedness (e.g., disease diagnosis, clinical management, and infection prevention and control) and to ensure availability of diagnostic tools to improve NiV awareness and training, and to ensure availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support collaborative clinical research, including methods for collecting, standardizing, and sharing clinical data under the authority of local leadership.  

· Collaboration between public health authorities in endemic and at-risk areas and international development partners to support NiV surveillance and facilitate effective communication with communities to strengthen disease prevention and preparedness activities.  facilitate effective communication with communities regarding disease prevention Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

Knowledge gaps

· Continued R&D, improved manufacturing processesmanufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance (or dedicated prospective research with a surveillance focus) is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, including drivers of infection, in the natural reservoir of Pteropus bats and potentially other bat species. 

· Additional research is needed to refine, standardize, and validate relevant animal challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in supporting basic research on the pathogenesis and immunology of NiV infection, which is essential for development and evaluation of MCMs. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) standardize the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM development; (3) determine when after challenge MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between animal models and humans, such as identifying thresholds of vaccine protection to determine appropriate human MCM doses; and (5) identify the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval. 

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between different NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical features of disease, and thereby influence MCM development. 

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hosts and pathogenicity. 

· Additional studies applying whole genome sequencing of NiV viruses are needed to generate a comprehensive phylogenetic mapping of the global genetic variability among henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage at-risk populations at high risk of exposure (such as pig farmers, hunters, abattoir workers) and  (including vulnerable populations (such as children, immunocompromised individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 

· Efforts are needed to: (1) assess potential barriers for conducting clinical trials, (2) assess MCM acceptability in at-risk populations, (3) determine culturally appropriate messaging to enhance MCM acceptance, and (4) identify public health strategies to promote vaccine use. 



Strategic Goals

1. Identify sources of funding and develop appropriate private-sector incentives and competitions to promote R&D of NiV MCMs.” Identify sources of private- and public-sector funding, and develop appropriate incentives and competitions to promote R&D of NiV MCMs. 



2. Undertake surveillance activities (including research studies) to estimate the relative risk and global spread of NiV outbreaks and public value of MCM development.



3. Stimulate and support basic science research for better understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animals. 



4. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the local and national levels in areas of known or potential NiV spillover. 



5. Engage NRAs (particularly in endemic and at-risk areas) and WHO to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact MCM development, acceptance, and post-licensure surveillance. 



Milestones

1. By 20XX, create a living biobank of human and animal reference samples for development of NiV MCMs.



2. By 20XX, generate standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs.



3. By 20XX, standardize animal models for use in preclinical studies of NiV MCMs and for bridging data between animals and humans.



4. By 20XX, complete a multi-center epidemiologic or enhanced surveillance study in areas of known or potential NiV spillover to better characterize NiV epidemiology in humans and animals, including improved understanding of reservoir species.  



5. By 20XX, convene an expert working group to assess feasibility of conducting clinical trials of NiV therapeutics and vaccines and to determine the most appropriate regulatory pathways for licensure. 



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine key differences in pathogenesis for different NiV strains that may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine, validate (i.e., determine that an animal model resembles disease and therapeutic response in humans), and standardize relevant animal models to support the development and evaluation of NiV MCMs.  

· Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research studies to enable a more comprehensive mapping of genetic variability henipaviruses in order to improve understanding of their global distribution. 

· Determine the feasibility of conducting phase 3 clinical trials or identify Explore possible strategies for conducting clinical efficacy trials in affected areas that are ethical, interpretable, and feasible or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs. 

· Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for down-selection and prioritization of candidate MCMs that should be moved forward.

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection.  

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve active and passive surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations. 

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.   

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorization from appropriate NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory approval are being determined.

· Support the development of affordable pricing mechanisms to promote accessibility of NiV MCMs in low- and middle-income at-risk countries. (Note: According to WHO, an “affordable and fair” price is one that can reasonably be funded by patients and health budgets and simultaneously sustains research and development, production, and distribution within a country.)

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



Critical Path Analysis

[See accompanying table.]



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in outbreak detection and institution of effective and timely infection control measures and outbreak response activities. Additionally, latent disease can occur months to years after initial infection. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in diagnosis and outbreak investigation and response. 

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· The time required to perform diagnostic testing using conventional laboratory methods poses challenges, given the rapid disease progression of NiV infection. 

· Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate which henipaviruses are in circulation using serologic assays. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

Key needs

· A TPP for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A biobank of human and animal clinical samples to assess and validate diagnostic tests and a process for how best to judiciously use the samples. A clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample collection; (3) identify who would have access to the samples; and (4) prioritize use of samples and sample distribution.

· Clarification regarding the use cases for different diagnostic assays and what viruses are targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, validation, and regulatory approval requirements may differ depending on how and in which population (i.e., human or animal) the test will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be considered in tandem with the use of therapeutics and other interventions. 

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, are robust for use under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains.  

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection. 

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and animals as they arise. 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, given the costs of regulatory approval. 

· If feasible, multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of public health concern that may cause similar clinical syndromes in endemic or at-risk areas. Since validation and regulatory approval of multiplex assays can prove challenging, an alternate approach would be the development of multiple single assays that can be run in parallel. 

·  If NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals (such as the Differentiating Infected from Vaccinated Animals (DIVA) test) will be needed. 

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. Additionally, further research on the kinetics of NiV in the animal reservoirs is needed. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal populations to allow accurate interpretation of test results, since substantive economic consequences (such as trade restriction for livestock) could be triggered by positive results.  



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detection at various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 



2. Develop and assess affordable, highly sensitive and specific, point-of-care NiV diagnostic tests for use in humans and animals that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. Consideration also should be given to development of multiplex assays that can detect related henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and at-risk areas.



3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in areas of known or potential henipavirus spillover risk.



4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.  



Milestones

1. By 20XX, delineate use cases for NiV diagnostic assays. 



2. By 20XX, generate a TPP for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays. 



3. By 20XX, advance at least 2 promising NiV point-of-care or near-patient-care diagnostic tests through field studies.



4. By 20XX, obtain regulatory clearance/market authorization by a relevant regulatory agency or NRA for at least 1 validated NiV point-of-care or near-patient-care diagnostic assay that is aligned with the TPP. 



Priority Areas/Activities

Research

· Explore new diagnostic approaches that may allow for earlier detection of infection.  

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Create a biobank of clinical human and animal samples for use in researching new diagnostic agents. 

· Continue to research cross-reactivity of diagnostic tests in animal populations. 

Product development

· Generate a TPP for NiV diagnostics.

· Define use cases for diagnostic assays.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus and be performed accurately and safely in remote areas under a variety of circumstances.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern in the geographic region that cause similar clinical syndromes. 

· Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to reduce the likelihood of transmission of NiV from livestock to humans. 

· Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), if NiV or HeV vaccines become widely used (long-term consideration).

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.  

Policy and commercialization

· Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.  



Critical Path Analysis

[See accompanying table.]



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· [bookmark: _GoBack]Sociocultural issues may hinder trust in the formal healthcare and public health systems, which could reduce acceptance of NiV therapeutics. 

· The absence of improved diagnostic assays for timely diagnosis and surveillance of infection creates an important challenge in providing early treatment and PEP to exposed persons. 

· In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well an agent will work in the field.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control systems in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic (relapsing) NiV infection to decrease associated long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

Knowledge gaps

· Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection may be warranted. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided as a compassionate useunder compassionate use programs for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies using different NiV strains and clinical trials in endemic areas are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, favipiravir [an RNA-dependent RNA polymerase inhibitor], and GS-4734 5734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for different NiV strains, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against a strain from Bangladesh/India to be shorter than for a strain from Malaysia. 

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) relationship of promising therapeutic candidates. 

· Additional studies, as needed, of therapeutic candidates in the AGM model, followed by human clinical trials for safety, feasibility, and efficacy. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons annually that could be candidates for PEP. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform best-practice guidelines and evidence-based policy decisions. 



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible in areas of known or potential NiV spillover. 



2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies become available.



Milestones

1. By 20XX, generate a TPP for NiV therapeutics identifying optimal and desirable characteristics. 



2. By 20XX, conduct clinical trials on m102.4 for safety, tolerability, and efficacy. 



3. By 20XX, identify a company or joint partnerships to advance therapeutic use of m102.4 (including conduct of additional collaborative research) and secure financing for its manufacture, distribution, and post-marketing surveillance. 



4. By 20XX, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least 2 new therapies for treatment of NiV infection.



5. By 20XX, complete phase 1 and 2 clinical trials for at least 1 additional promising therapeutic agent for treatment of NiV infection. 



6. By 20XX, complete phase 3 clinical trials for at least 1 additional promising therapeutic agent that is aligned with the TPP.



7. By 20XX, obtain regulatory approval for a new NiV therapeutic agent that is aligned with the TPP for treatment of NiV infection. 



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of investigational therapies (such as ribavirin and m102.4 and possibly ribavirin) for treating and preventing NiV infection, including conduct of animal studies and clinical trials as appropriate and feasible.

· Continue to identify new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against different NiV strains and other pathogenic henipaviruses that may emerge.

Key capacities

· Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for outbreak control. 

Policy and commercialization

· Identify a company or joint partnerships to advance therapeutic use of m102.4 (including conduct of additional collaborative research) and secure financing for its manufacture,  and distribution, and post-marketing surveillance.  

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



Critical Path Analysis 

[See accompanying table.]



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges	

· Sociocultural issues may hinder trust in the formal human and , veterinary , clinical and public health systems, which could impact acceptance of NiV vaccines for use in humans or animals.

· Currently, there is no candidate vaccine that is in late-stage development and few companies are willing to invest in generation of new NiV vaccines. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs

· Nipah vaccines that: (1) are readily accessible with adequate supply chains, (2) can protect against different NiV strains in humans and animals, and (3) that provide rapid onset of an immune response to adequately prevent and control outbreaks. 

· Guidance on use of NiV vaccines (or broader henipavirus vaccines) to include vaccination strategies, potentially in both humans (including special populations such as children, immunocompromised individuals, and pregnant women) and animals, for different epidemiologic scenarios and different vaccine attributes. 

· Public communication outreach strategies that address possible vaccine uptake hesitancy in target populations and guidance for community sensitization to vaccine acceptation and promotion within the community.

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time. 

Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. Since neutralizing antibodies are likely the primary mediator of protection against NiV infection, research in this area should focus primarily on the humoral immune response for driving vaccine development. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines. 

· Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis). 

· Additional research is needed in animal models to determine if vaccine candidates are cross-protective between different NiV strains, including recently identified strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates or surrogates of protection in humans and animals and standardized assays for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. These specific correlates may vary by vaccine platform and antigen and, therefore, multiple assays may need to be standardized.

· Pre-licensure Eevaluation of vaccine safety in target populations is needed to better understand the risk of adverse incidents associated with vaccine use. While phase 1 and phase 2 trials can be performed in non-affected countries, safety trials will also be needed in target populations in endemic regions. 

· Further epidemiologic research is needed to better define at-risk populations. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) for use in NiV endemic areas. (Satterfield 201 6 – status of vaccine R&D [combining NV w/ another vaccine to increase likelihood of financing])  

· Mathematical modelling and forecasting may be useful in: (1) assessing whether or not disease incidence is high enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating various epidemiologic scenarios for development of vaccination strategies, (3) estimating the potential impact of NiV vaccines (once vaccines become available), (4) estimating disease risk based on risk behaviors and practices in communities or specific population groups, and (54) estimating the vaccine quantity that may be necessary to maintain vaccine stockpiles. 

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. Currently, one HeV vaccine is available for horses and available evidence suggests this vaccine is cross-protective against NiV. Ongoing research into developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in endemic regions is needed to further assess the merit of this potential control strategy. 

· Additional research is needed to determine if development of multivalent vaccines for animals (that protect against more than one disease) would increase the likelihood of vaccine uptake by food animal producers and the broader veterinary community. 



Strategic Goals

1. Develop, evaluate, license, and prequalify, deploy, and ensure access to NiV vaccines for use in humans and potentially animals (e.g., livestock, companion animals).  



2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).



3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV epidemiology and takes into consideration attributes of new vaccines as they become available. 



Milestones

1. By 20XX, identify and standardize correlates and/or surrogates of protection to facilitate NiV vaccine research.



2. By 20XX, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least 1 new NiV vaccine candidate.



3. By 20XX, complete phase 1 and phase 2 clinical trials for at least 1 of the most promising NiV vaccines. 



4. By 20XX, complete phase 3 clinical trials for at least 1 of the most promising candidate NiV vaccines. 



5. By 20XX, obtain regulatory approval for least 1 vaccine for NiV via phase 3 clinical trials or an alternative regulatory pathway. 



Priority Areas/Activities

Research

· Improve understanding of the Determine the innate, cell-mediated, and humoral immune responses to infection to inform development and evaluation ofthat contribute to protective immunity against NiV infection for use in developing and evaluating NiV vaccines..

· Identify and standardize correlates and/or surrogates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure. 

· Generate international reference standards to calibrate serological assays for vaccine potency analyses.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models (such as through serum transfer studies), correlates of protection, and durability.

· Further study cross protection of various vaccine candidates against different NiV strains, and between NiV strains and HeV strains. 

· Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake animal studies for immune bridging to facilitate regulatory licensing.

· Explore whether multivalent vaccines for animal populations would increase vaccine acceptability and uptake by food-animal producers and the broader veterinary community.  

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· License safe and effective monovalent NiV vaccines for humans and animals. 

· License safe and effective multivalent vaccines for use in humans that protect against more than one disease for use in human populations (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease for use in animal populations, if this is deemed to be a sustainable approach. 

Key capacities

· Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies (once vaccines become available).

· Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV vaccines.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Develop guidance for community sensitization to vaccine acceptation and promotion within the community.

· Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity for person-to-person transmission, and thus more rapid spread. 



Critical Path Analysis 

[See accompanying table.]



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]
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[bookmark: _GoBack]The table below provides a high-level description of the primary (or most critical) risks/barriers to achieving the milestones identified in the R&D roadmap for Nipah virus, along with their associated potential mitigations that may allow achievement of the milestones by the target deadlines. The focus of this critical path analysis is on R&D of MCMs and it does not encompass all aspects of Nipah virus prevention and control. For cross-referencing, milestones may be related to one another and the corresponding risks/barriers and mitigations may be the same as, similar to, or related to those for other milestones.

		Critical Path Analysis of Milestones Identified in the WHO Nipah Virus R&D Roadmap



		MILESTONES

		PRIMARY RISKS/BARRIERS

- Severity Level (S1-3)1

- Likelihood Level (L1-3)2

		POTENTIAL MITIGATION STEPS

		CRITICAL IMPLEMENTATION PARTNERS



		CROSS-CUTTING ISSUES



		1. By 20XX, create a living biobank of human and animal reference samples for development of NiV MCMs.

		· Lack of dedicated funding (S3, L3)  

		· Prioritize funding for development of a biobank of NiV reference samples. 

		



		2. 

		· Lack of policies for sample collection, storing, and use (S2, L3)  

		· Facilitate collaborative development of plans for and creation of a biobank, including policies for ongoing sample collection, storage, and use. 

		



		3. 

		· Lack of adequate case numbers for sample collection (S2, L3)  

		· Improve surveillance capabilities (including the ability to transport samples) in areas of NiV spillover to promote case detection.

· Ensure that plans are in place to collect samples over multiple years.  

		



		4. 

		· Challenges with international regulations for transport of clinical samples and other biologic materials (S2, L3)

		· Review and harmonize all applicable international regulations for transport of biological materials.

· Develop a process for expediting MTA development to promote transfer of materials.

		



		5. By 20XX, generate standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains to facilitate R&D of NiV MCMs, using WHO international standards, when available, as calibrators.



		· Lack of dedicated funding (S3, L2)

		· Prioritize funding to produce critical research materials.

		



		6. 

		· Limited BSL-4 capacity to produce critical research materials (S3,L2)

		· Ensure availability of BSL-4 facilities for production of critical research materials.

		



		7. 

		· Lack of clinical samples (including  representation of the different NiV strains (S3, L3)  

		· Create a biobank of reference samples from different areas of NiV spillover. (See Cross-Cutting Issues: Milestone 1.)

		



		8. 

		· Lack of consensus on criteria for standardization and validation (S3, L2)

		· Convene an expert working group to create a consensus document on standardization and validation criteria for critical research materials.

		



		9. By 20XX, standardize animal models for use in preclinical studies of NiV MCMs and for bridging data between animals and humans.

		· Lack of dedicated funding, particularly for high-cost NHP studies (S3, L3) 

		· Prioritize funding for NiV animal studies. 

		



		10. 

		· Limited capacity of BSL-4 facilities for animal studies of NiV infection (S3, L2) 

		· Ensure availability of BSL-4 facilities for animal studies of NiV infection.

		



		11. 

		· Regulations and restrictions applicable to animal research, including ethical considerations regarding use of NHPs (S2, L3)

		· Request that the R&D Blueprint SAG consider the establishment of a workgroup or process to address this issue.

		



		12. 

		· Lack of standardized assays for animal study research (S3, L3) 

		· Prioritize funding to develop standardized immunologic assays for use in animal models. (See Cross-Cutting Issues: Milestone 2.)

		



		13. 

		· Lack of benchmark parameters (i.e., challenge strain, route, timing, and dose) (S3, L3) 

		· Convene an expert working group to establish benchmark parameters for animal studies of NiV infection. 

		



		14. By 20XX, complete a multi-center epidemiologic or enhanced surveillance study in areas of known or potential NiV spillover to better characterize NiV epidemiology in humans and animals, including improved understanding of reservoir species.  

		· Limited availability of funding in endemic and at-risk areas for epidemiologic research and surveillance (S2, L3) 

		· Target funding for a multi-center epidemiologic study or enhancements of existing surveillance systems. 

		



		15. 

		· Limited capacity to conduct a coordinated research study on NiV epidemiology in humans and animals (S2, L3) 

		· Conduct a capacity assessment in potential study sites. 

· Provide necessary training and resources to ensure capacity in study/surveillance sites.

		



		16. 

		· Lack of standardized and validated NiV diagnostic assays available for field use in various conditions (S3, L3)

		· Prioritize development of standardized and validated diagnostic assays. (See Cross-Cutting Issues: Milestone 2.)

		



		17. By 20XX, convene an expert working group to explore options for designing clinical efficacy trials for NiV MCMs, (2) determine feasibility of conducting such clinical efficacy trials, and (3) identify the most appropriate regulatory pathways for licensure.  

		· Need for regulatory involvement and guidance (S2, L2) 

		· Ensure involvement of regulators in the working group.

		



		

		· Need for better characterization of clinical trial capacity in areas of NiV spillover (S2, L2)

		· Conduct a capacity assessment in potential study sites to determine ability to conduct clinical trials.

		



		DIAGNOSTICS



		1. By 20XX, delineate use cases for NiV diagnostic assays. 

		· Lack of a process to determine use cases (S2, L2) 

		· Identify partners and convene an expert working group to define use cases (including testing of at-risk animals and testing in animal reservoirs).

· Use cases should clarify the viral targets for diagnostic assays (e.g., NiV only, NiV and HeV, other henipaviruses).

		



		2. By 20XX, generate a TPP for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays. 

		· Lack of resources for TPP development (e.g., oversight from WHO, subject-matter expertise, and broad stakeholder input) (S3, L1) 

		· Identify leadership and partners, establish the process, and prioritize development of a TPP for NiV diagnostics.

		



		3. By 20XX, advance at least 2 promising NiV point-of-care or near-patient-care diagnostic tests through field studies. 4



		· Lack of clinical and laboratory capacity for conducting field studies in different geographic areas of NiV spillover (S2, L3) 

· The need to ensure proper test performance under field conditions (S2, L3) 

		· Provide necessary training and resources to ensure clinical and laboratory capacity for conducting field studies and monitoring test performance.

		



		4. 

		· Insufficient resources for R&D funding to produce promising diagnostics (S3, L3) 

		· Incentivize and provide funding streams for supporting R&D of diagnostics (including diagnostic testing in at-risk animals). 

· Consider development of public-private partnerships to foster diagnostic development. 

· Consider development of multiplexed tests for detection of multiple pathogens, which may have broader commercial appeal (particularly for testing in livestock).

		



		5. By 20XX, obtain regulatory clearance/market authorization by a relevant regulatory agency or NRA for at least 1 validated NiV point-of-care or near-patient-care diagnostic assay that is aligned with the TPP. 4 





		· Lack of clear guidance from regulatory authorities regarding information needed for regulatory clearance/market authorization (S3, L3) 

		· Ensure regulatory involvement, including appropriate in-country NRAs, to obtain advance guidance on regulatory requirements.

		



		

		· Insufficient regulatory capacity in countries with NiV spillover (S2, L2) 

		· Strengthen national regulatory capacity in countries with NiV spillover.

· Through WHO-led initiatives, encourage collaboration between national and external regulatory agencies.

		



		

		· The cost to developers of preparing regulatory dossiers (S3, L3)  

		· Incentivize and provide funding streams to support preparation and submission of regulatory dossiers.

· Streamline the regulatory approval process as much as possible.

		



		THERAPEUTICS



		1. By 20XX, generate a TPP for NiV therapeutics identifying optimal and desirable characteristics. 

		· Lack of resources for TPP development (e.g., oversight from WHO, subject-matter expertise, and broad stakeholder input) (S3, L1)

		· Identify leadership and partners, establish the process, and prioritize development of a TPP for Lassa fever therapeutics.

		



		2. By 20XX, conduct clinical trials on m102.4 for safety, tolerability, and efficacy. 

		· Lack of funding to conduct clinical trials for m102.4 (S3, L3)  



		· Develop a funding stream for m102.4 clinical trials.  

		



		3. 

		· Hesitancy or opposition to clinical trials being conducted in at-risk populations (S2, L3)  

		· Conduct social science research with at-risk populations to elucidate appropriate social outreach regarding participation in clinical trials. 

· Work with social science experts and local partners to gain trust in at-risk communities, particularly regarding sensitive sociocultural issues surrounding clinical trials.    

· Develop locally appropriate consent procedures and ethical review.

		



		4. By 20XX, identify a company or joint partnerships to advance therapeutic use of m102.4 (including conduct of additional collaborative research) and secure financing for its manufacture, distribution, and post-marketing surveillance. 

		· Lack of business interest in producing m102.4 (S3, L3) 

		· Explore incentives for funding m102.4 production or create a sustainable value proposition, possibly through public-private partnerships. 

		



		5. By 20XX, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least 2 new therapies for treatment of NiV infection.

		· Lack of dedicated R&D funding to conduct preclinical evaluation of novel NiV therapeutic agents (S3, L3) 

		· Prioritize R&D funding to promote preclinical evaluation of novel NiV therapeutics. 

· Consider development of public-private partnerships to foster R&D of novel NiV therapeutics. 

		



		

		· Limited capacity of BSL-4 facilities for conducting preclinical research on potential NiV therapeutics (S3, L2) 

		· Ensure availability of BSL-4 facilities for conducting preclinical research on NiV therapeutics. 

		



		

		· Lack of promising NiV therapeutics in the pipeline (S3, L3) 

		· Strengthen the pipeline for novel NiV therapeutics.

		



		

		· Limited understanding regarding whether or not genetic diversity of NiV strains will impact therapeutic response to new treatment options (S1, L2)

		· Develop a system to monitor antigenic changes and characterize genetic diversity of NiV strains over time. 

· Ensure that researchers have access to more recent NiV strains and opportunities to evaluate therapeutic responses to diverse strains.  

		



		6. By 20XX, complete phase 1 and 2 clinical trials for at least 1 additional promising therapeutic agent for treatment of NiV infection. 4



		· Lack of capacity to conduct clinical trials (S3, L2)

		· Provide necessary training and resources to ensure capacity in clinical trial sites.

		



		7. 

		· Hesitancy or opposition to clinical trials being conducted in at-risk populations (S1, L3)  

		· Conduct social science research with at-risk populations to elucidate appropriate social outreach regarding participation in clinical trials. 

· Work with social science experts and local partners to gain trust in at-risk communities, particularly regarding sensitive sociocultural issues surrounding clinical trials.    

· Develop locally appropriate consent procedures and ethical review.

		



		8. 

		· Difficulty in receiving approval from in-country NRAs to conduct clinical trials (S2, L2) 

		· Consult with NRAs in advance on preliminary trial designs.

		



		9. By 20XX, complete phase 3 clinical trials for at least 1 additional promising therapeutic agent that is aligned with the TPP. 4 

		· Hesitancy or opposition to clinical trials being conducted in at-risk populations (S1, L3)  

		· Conduct social science research with at-risk populations to elucidate appropriate social outreach regarding participation in clinical trials. 

· Work with social science experts and local partners to gain trust in at-risk communities, particularly regarding sensitive sociocultural issues surrounding clinical trials.    

· Develop locally appropriate consent procedures and ethics agreements.

		



		

		· Difficulty in receiving approval from in-country NRAs to conduct clinical trials (S2, L2) 

		· Consult in advance with appropriate NRAs on preliminary trial designs.

		



		

		· Lack of capacity to conduct clinical trials (S3, L2)

		· Provide necessary training and resources to ensure capacity in clinical trial sites.

		



		

		· Lack of validated diagnostic assays formore rapid detection of NiV infection (S2, L2) 

		· Prioritize R&D and validation of NiV diagnostic assays. 

		



		10. By 20XX, obtain regulatory approval for a new NiV therapeutic agent that is aligned with the TPP for treatment of NiV infection. 4

		· National regulatory capacity in endemic and at-risk areas may be insufficient to expedite review and approval of NiV therapeutics (S2, L2)   

		· Encourage collaboration between national and external regulatory agencies. 



		



		

		· Lack of clarity and guidance on regulatory pathways and requirements (S2, L2)

		· Review recommendations of the expert panel convened to determine most appropriate pathways for regulatory approval. (See Cross-Cutting Issues: Milestone 5.)

· Ensure early regulatory involvement, including appropriate NRAs, to obtain guidance on regulatory pathways and requirements.

		



		

		· The cost to developers of preparing regulatory dossiers ( S3, L2)  

		· Incentivize developers and provide funding streams to support preparation, submission, and management of regulatory dossiers.

· Streamline the regulatory approval process as much as possible.

		



		VACCINES



		1. By 20XX, identify and standardize correlates and/or surrogates of protection to facilitate NiV vaccine research.

		· Limited funding for R&D of NiV vaccines (S3, L3)   

		· Prioritize R&D funding to promote preclinical research that will inform development of NiV vaccines, including identification of correlates of protection. 

		



		2. 

		· Lack of different NiV strain stocks for vaccine research (S1, L2) 

		· Develop and maintain a biobank of human and animal NiV samples. (See Cross-Cutting Issues: Milestone 1.)

		



		3. By 20XX, complete preclinical evaluation of the preliminary safety, tolerability, and efficacy of at least 1 new NiV vaccine candidate.

		· Insufficient R&D funding to conduct preclinical evaluation of promising NiV vaccines (S3, L3)

		· Prioritize R&D funding to complete preclinical evaluation of new NiV vaccines.

· Consider development of public-private partnerships to foster R&D of new vaccines for NiV infection.

		



		4. 

		· Limited capacity of BSL-4 facilities for conducting preclinical research on potential NiV vaccines (S3, L2)

		· Ensure availability of BSL-4 facilities for conducting preclinical research on NiV vaccines.

		



		5. 

		· Lack of standardized and validated assays to assess immunogenicity of vaccines (S3, L2)

		· Prioritize research into development of standardized and validated immunogenicity assays. (See Cross-Cutting Issues: Milestone 2.)

		



		6. By 20XX, complete phase 1 and phase 2 clinical trials for at least 1 of the most promising NiV vaccines. 4 

		· Hesitancy or opposition to clinical trials being conducted in at-risk populations (S2, L2)  

		· Conduct social science research with at-risk populations to elucidate appropriate social outreach regarding participation in clinical trials. 

· Work with social science experts and local partners to gain trust in at-risk communities, particularly regarding sensitive sociocultural issues surrounding clinical trials.    

· Develop locally appropriate consent procedures and ethics agreements.

		



		7. 

		· 

		· 

		



		8. 

		· Lack of capacity to conduct clinical trials (S3, L2) 

		· Provide necessary training and resources to ensure capacity in clinical trial sites. 

		



		9. 

		· Difficulty in receiving approval from in-country NRAs to conduct clinical trials (S3, L2)  

		· Consult with in-country NRAs on preliminary trial designs. 

		



		10. 

		· Lack of appropriate validated diagnostic assays for more rapid diagnosis of NiV infection (S2, L2) 

		· Prioritize R&D and validation of NiV diagnostic assays. 



		



		11. By 20XX, complete phase 3 clinical trials for at least 1 of the most promising candidate NiV vaccines. 4









		· Lack of capacity to conduct clinical trials (S3, L2)

		· Provide necessary training and resources to ensure capacity in clinical trial sites.

		



		12. 

		· Hesitancy or opposition to clinical trials being conducted in at-risk populations (S2, L2)

		· Conduct a social science project to determine how best to engage at-risk populations for participation in clinical trials.

· Work with social science experts to develop specific strategies that will mitigate issues related to clinical trial hesitancy or opposition.

· Develop locally appropriate consent procedures and ethical review.

		



		13. 

		· The  incidence of NiV infection may be too low to assess vaccine efficacy (S2, L2)

		· Refer to recommendations of the expert working group convened to determine feasibility of clinical trials and most appropriate regulatory pathways. (See Cross-Cutting Issues: Milestone 5.)

		



		14. By 20XX, obtain regulatory approval for least 1 vaccine for NiV via phase 3 clinical trials or an alternative regulatory pathway. 4



		· The cost to developers of preparing regulatory dossiers (S2, L2)  

		· Incentivize developers and provide funding streams to support preparation, submission, and management of regulatory dossiers.

· Streamline the regulatory approval process as much as possible.

		



		

		· Lack of surveillance capacity and systemic estimates for NiV infection to assess vaccine efficacy and impact over time (S2, L2) 

		· Target funding to enhance surveillance capacity in areas of known NiV spillover. 

		



		Abbreviations: BSL-4, biosafety level 4 (highest biosafety level); HeV, Hendra virus; MCMs, medical countermeasures; MTA, material transfer agreement; NHP, nonhuman primates; NiV, Nipah virus; NRA, national regulatory authority; R&D, research and development; SAG, scientific advisory group; NRA, national regulatory authority; TPP, target product profile; WHO, World Health Organization.  

1 The scale for seriousness ranges from least serious consequence (S1) to most serious consequence (S3).

2 The scale for likelihood ranges from least likely to occur (L1) to most likely to occur (L3).

3 In this table, the term “capacity” refers to infrastructure (including physical facilities and equipment as well as systems and processes), workforce, and/or capability.

4These milestones assume that selected MCMs demonstrate adequate performance characteristics to be advanced toward licensure and use. An additional risk to note is that MCMs may not demonstrate adequate performance in field studies or in preclinical or clinical trials; if that occurs, then additional R&D would be needed to develop and advance alternative MCMs and the cycle of milestones would need to be repeated.  
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Dear All,
 
Thank you very much for your time on the call today. A special thanks to our chair, Dr Ed Cox, and to our country colleagues for their valuable
updates. 
 
As agreed, we are inviting you all for a second teleconference tomorrow, Friday 25 May 2018, at the same time (14:00-15:00 CET).  
The call will be 60 min long and will mainly focus on the development of a PEP protocol.   Dial in details below:
 
Please join my meeting from your computer, tablet or smartphone.
website). 
 
 
Many thanks and looking forward to our discussion tomorrow,
Virginia Benassi
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Nipah Research and Development (R&D) Roadmap 1 


 2 


Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and 3 


prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, 4 


and deployment) for accelerating the collaborative development of medical countermeasures (MCMs)—5 


diagnostics, therapeutics, and vaccines—against Nipah virus infection. 6 


 7 


INTRODUCTION  8 


Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 9 


involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 10 


Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 


11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 12 


fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 13 


infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 14 


have occurred in that country since, with disease also identified periodically in eastern India; case 15 


fatality rates during outbreaks in these countries have ranged from 75% to 100%. Other regions may be 16 


at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir 17 


(Pteropus bat species) and several other bat species in a number of other countries, including Cambodia, 18 


Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV 19 


spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although 20 


limited, human-to-human NiV transmission. Additionally, several other domestic animal species were 21 


found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In 22 


the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, 23 


with the primary modes of NiV transmission being human consumption of bat-contaminated raw date 24 


palm sap and subsequent person-to-person transmission.  25 
 26 
The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 27 


which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 28 


includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 29 


horses and also can lead to human disease (usually following contact with infected horses). HeV was 30 


initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 31 


and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 32 


has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 33 


related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 34 


involved spillover of NiV into horses and subsequent disease in humans following consumption of 35 


contaminated horsemeat and in healthcare workers who cared for NiV-infected patients. Detailed 36 


genomic information for this virus is limited.   37 
 38 
In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, altered 39 


mental state or unconsciousness, dizziness, cough, and vomiting as the primary presenting clinical 40 


features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors 41 
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may experience long-term neurological sequelae. Genomic sequencing has demonstrated that there are 42 


multiple strains of NiV. For example, the strain responsible for the outbreak in Malaysia is different from 43 


those identified in Bangladesh and India; these strains provoke distinct but overlapping clinical features 44 


in both humans and experimentally infected non-human primates.  45 


 46 


The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 47 


accelerating research and product development of medical countermeasures to enable effective and 48 


timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 49 


“priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future 50 


and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 51 


priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid 52 


diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the 53 


roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 54 


prevent and control NiV outbreaks and endemic disease.  55 
 56 
Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 57 


successful NiV infection prevention and control. Examples include enhanced surveillance systems, 58 


minimizing zoonotic NiV transmission, improved personal protective equipment (PPE), effective 59 


community engagement, adequate infection prevention and control practices, and workforce 60 


development and training in endemic and at-risk regions. Many of these issues are beyond the scope of 61 


the R&D roadmap, but need to be addressed as part of a broader public health control strategy.  62 


 63 


VISION 64 


Robust MCMs to detect, prevent, and control outbreaks of NiV infection (and other closely related 65 


henipaviruses) that are readily available and accessible for use in areas of known or potential NiV 66 


spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective 67 


treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent 68 


disease, disability, and death.  69 


 70 


CROSS-CUTTING TOPICS AND ISSUES 71 


Current Primary Challenges, Key Needs, and Knowledge Gaps 72 


Primary challenges 73 


• Economic incentives to invest in Nipah research are not readily apparent, as the disease 74 


primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, 75 


securing funding for Nipah research represents a substantial challenge. The development of a 76 


sustainable value proposition for industry and international philanthropic public-private 77 


partnerships are needed to secure funding to complete development, licensure, manufacture, 78 


and deployment of NiV MCMs. The value proposition would ideally be informed by a robust 79 


assessment of the risk of future outbreaks, and will likely require new systematic surveillance 80 


studies in humans and susceptible animal hosts in affected areas to strengthen the evidence 81 


base.   82 



http://www.who.int/blueprint/en/
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• Regulatory approval pathways for MCMs can be prohibitively expensive for product developers 83 


in the absence of a predictable demand. For example, obtaining regulatory approval for 84 


diagnostic tests through the premarket approval (PMA) process is costly, but may be necessary 85 


when an Emergency Use Authorization (EUA), which is associated with lower approval costs, is 86 


not applicable. Furthermore, licensure of vaccines and therapeutics using alternative regulatory 87 


pathways also can be very costly, given the regulatory requirements for such approval. 88 


• High-level biocontainment requirements may pose an impediment to research on NiV 89 


pathogenesis and development of MCMs, as certain materials must be generated under the 90 


highest biosafety level (BSL-4) conditions. This raises the cost of MCM development. 91 


• To date, NiV spillovers to human communities have occurred almost exclusively in rural 92 


communities in Bangladesh and East India; the healthcare facilities that serve these 93 


communities have limited laboratory and clinical infrastructure for diagnosis and treatment.  94 


• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 95 


geographic range that stretches across much of the Western Pacific region, Southeast and South 96 


Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 97 


may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 98 


host range increases the likelihood of additional spillover events from bats to humans or 99 


livestock in new areas where the disease has not yet been detected, which may make accurate 100 


and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 101 


experience with the condition, lack of available laboratory testing, and the occurrence of other 102 


diseases that have similar clinical presentations.  103 


• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 104 


pigs), infection in animal herds may not be recognized until after human cases are identified. 105 


This delay in diagnosis may lead to an entire herd being infected before livestock are tested for 106 


NiV, which could cause large financial losses for livestock owners and increases the likelihood of 107 


NiV infection in exposed animal husbandry workers.  108 


• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 109 


research applicable to humans, the African green monkey (AGM) is regarded as the most 110 


relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 111 


studies involving the AGM model may be required for licensure of MCMs via alternative 112 


regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 113 


and ethical concerns constrain the use of AGMs.   114 


• Conducting phase 1 and phase 2 clinical trials is potentially feasible in endemic regions. 115 


However, because NiV infection occurs as relatively small, focal outbreaks, the low disease 116 


incidence poses a major challenge for conducting phase 3 clinical trials, in terms of achieving a 117 


sufficient sample size to estimate MCM efficacy with adequate statistical power. Therefore, 118 


alternative regulatory pathways and/or innovative study designs (e.g., including combining 119 


clinical trial data across outbreaks over time) may need to be considered for licensure of NiV 120 


vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) 121 


are not applicable. 122 


 123 
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Key needs 124 


• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 125 


promote early diagnosis, treatment, and implementation of vaccination programs for NiV 126 


prevention and control.   127 


• Additional prospective serosurveillance data from susceptible animal species and proximate 128 


human populations in areas of predicted risk to determine the level of human spillover and to 129 


build preparedness for detection of human cases and for limiting exposure. This is particularly 130 


important in areas where public health surveillance programs are not feasible or justifiable.   131 


• Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV 132 


challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety 133 


levels are an important priority.)   134 


• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 135 


clinical trials versus those that need additional preclinical research. Such criteria should align 136 


with desired characteristics outlined in the target product profiles (TPPs) and should address 137 


aspects of sustainable MCM production, stockpiling, and access. 138 


• A determination regarding the feasibility of conducting clinical trials of therapeutics and 139 


vaccines for NiV infection, which is needed before considering alternative regulatory pathways 140 


for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule).  141 


• Early and recurrent communications between product developers and the appropriate national 142 


regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, 143 


regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-144 


licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary 145 


between countries; therefore, early engagement is essential to identify country-specific 146 


considerations.    147 


• Outreach and education to clinicians to improve NiV awareness and training, and to ensure 148 


availability of diagnostic tools in endemic areas to increase the likelihood of accurate and timely 149 


diagnosis and treatment of NiV infection.  150 


• Enhanced capacity for data sharing and analysis (particularly of NiV sequence data) to support 151 


collaborative clinical research, including methods for collecting, standardizing, and sharing 152 


clinical data under the authority of local leadership.   153 


• Collaboration between public health authorities in endemic and at-risk areas and international 154 


development partners to support NiV surveillance and facilitate effective communication with 155 


communities regarding disease prevention activities. Human health, animal health, and wildlife 156 


officials should be engaged as part of a long-term collaborative effort.  157 


• Clarification regarding the potential for and possible strategies to promote technology transfer 158 


for NiV MCM development and manufacturing to endemic and at-risk areas.  159 


Knowledge gaps 160 


• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 161 


preventive measures, are dependent on accurate and current information on the ecology and 162 


epidemiology of NiV infection, using a One Health approach. Improved surveillance (or 163 


dedicated prospective research with a surveillance focus) is needed to determine the true 164 







May 2018—DRAFT FOR PUBLIC COMMENT 


5 
 


incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from 165 


bats to humans or livestock in new geographic areas. Additionally, continued research is needed 166 


to better define and assess the occurrence of NiV and other henipaviruses, including drivers of 167 


infection, in the natural reservoir of Pteropus bats and potentially other bat species.  168 


• Additional research is needed to refine, standardize, and validate relevant animal challenge 169 


models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in 170 


supporting basic research on the pathogenesis and immunology of NiV infection, which is 171 


essential for development and evaluation of MCMs. For example, efforts are needed to: (1) 172 


determine the appropriate animal model(s) for screening assay development; (2) standardize 173 


the challenge strain and dose, and determine the most appropriate lethal NiV dose for MCM 174 


development; (3) determine when MCMs should be administered in animal models to best 175 


mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between animal models 176 


and humans, such as identifying thresholds of vaccine protection; and (5) identify the best 177 


models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s 178 


Animal Rule to obtain regulatory approval.  179 


• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 180 


humans and animals to inform development of NiV MCMs. This includes evaluating the 181 


pathophysiologic differences between different NiV strains, determining the mechanisms that 182 


allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, 183 


identifying factors influencing the development of permanent neurological sequelae, and 184 


further characterizing cell-mediated and humoral immune responses to NiV infection. In 185 


addition, identifying aspects of the immune response that are absent or counter-effective during 186 


human NiV infection may lead to the development of novel targeted intervention strategies.  187 


• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 188 


heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 189 


features of disease, and thereby influence MCM development.  190 


• Further research is needed to better understand viruses in the Henipavirus genus, including 191 


their reservoir hosts and pathogenicity.  192 


• Additional studies applying whole genome sequencing of NiV viruses are needed to generate a 193 


comprehensive phylogenetic mapping of the global genetic variability among henipaviruses.  194 


• Sociological and anthropological research is needed to understand how to best engage at-risk 195 


populations (including vulnerable populations such as children, immunocompromised 196 


individuals, and pregnant women) for participation in clinical trials and to ensure acceptance of 197 


new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 198 


Efforts are needed to: (1) assess potential barriers for conducting clinical trials, (2) assess MCM 199 


acceptability in at-risk populations, (3) determine culturally appropriate messaging to enhance 200 


MCM acceptance, and (4) identify public health strategies to promote vaccine use.  201 


 202 


Strategic Goals 203 


1. Identify sources of funding and develop appropriate private-sector incentives and competitions 204 


to promote R&D of NiV MCMs.   205 
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2. Undertake surveillance activities (including research studies) to estimate the relative risk and 206 


global spread of NiV outbreaks and public value of MCM development 207 


3. Stimulate and support basic science research for better understanding of NiV virology, 208 


pathogenesis, and the immune response to infection in humans and animals.  209 


4. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the 210 


local and national levels in areas of known or potential NiV spillover.  211 


5. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for 212 


clinical trials, regulatory pathways, and other considerations that will impact MCM 213 


development, acceptance, and post-licensure surveillance.  214 


 215 


Landmark Goals/Milestones 216 


[TBD once the strategic goals have been determined.] 217 
 218 


Priority Areas/Activities 219 


Research 220 


• Expand research to further understand the ecology and epidemiology of NiV and other 221 


pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 222 


across geographic areas, using a One Health approach. 223 


• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 224 


changes and characterize genetic diversity over time.  225 


• Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections 226 


to inform development of MCMs. 227 


• Determine key differences in pathogenesis for different NiV strains that may have implications 228 


for the development of safe and effective NiV vaccines or therapies. 229 


• Refine, validate, and standardize relevant animal models to support the development and 230 


evaluation of NiV MCMs.   231 


• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 232 


validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 233 


particularly those that can be used at lower biosafety levels. 234 


• Conduct research studies to enable a more comprehensive mapping of genetic variability 235 


henipaviruses in order to improve understanding of their global distribution.  236 


• Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches 237 


for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate 238 


NRAs. 239 


• Establish a plan for conducting phase 3 clinical trials in endemic regions in coordination with 240 


local government agencies, if clinical trials are considered to be a feasible option for efficacy 241 


assessment. 242 


• Conduct social science research to determine strategies for engaging communities for 243 


participation in clinical trials and to support acceptance of MCMs for NiV infection as they 244 


become available.  245 


 246 
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Product development 247 


• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 248 


forward. 249 


• Promote early communication between developers and appropriate NRAs for clarity and 250 


guidance on the regulatory aspects of MCM development for NiV infection.   251 


Key capacities 252 


• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 253 


public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 254 


early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 255 


control. 256 


• Improve active and passive surveillance capacity to: (1) better define the incidence of disease in 257 


NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to 258 


identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to 259 


human or animal populations.  260 


• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    261 


• Collaborate with local government authorities (including human health, animal health, and 262 


wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 263 


and at-risk areas.   264 


• Promote community-based outreach programs that transfer skills and knowledge for the 265 


prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 266 


• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 267 


therapeutics and vaccines. 268 


Policy and commercialization 269 


• Establish a sustainable value proposition and secure funding to complete development, 270 


licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 271 


• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 272 


therapeutics, and vaccines to endemic and at-risk areas. 273 


• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 274 


NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 275 


approval are being determined. 276 


• Clarify the potential for and possible strategies to promote technology transfer for development 277 


and manufacturing of MCMs for NiV infection.  278 


 279 


Schedule of Resources, Coordination, and Implementation 280 


[TBD; will obtain input later in the process.] 281 
 282 


Critical Path Analysis 283 


[TBD once the primary activities have been vetted by subject matter experts.] 284 


 285 


 286 
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DIAGNOSTICS 287 


Current Primary Challenges, Key Needs, and Knowledge Gaps 288 


Primary challenges 289 


• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 290 


suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 291 


in outbreak detection and institution of effective and timely infection control measures and 292 


outbreak response activities. Additionally, latent disease can occur months to years after initial 293 


infection.  294 


• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 295 


limited, and etiologic diagnosis is not always pursued; these issues can lead to delays in 296 


diagnosis and outbreak investigation and response.  297 


• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 298 


the sample from the patient to the laboratory can affect the accuracy of laboratory results.  299 


• Various types of test methods and platforms are required to test patients at different phases of 300 


NiV infection, which can complicate diagnostic needs and capabilities.  301 


• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 302 


testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 303 


areas with regard to collection, handling, transport, and laboratory analysis.  304 


• The time required to perform diagnostic testing using conventional laboratory methods poses 305 


challenges, given the rapid disease progression of NiV infection.  306 


• Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in 307 


addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 308 


Antibodies to different henipaviruses are highly cross-reactive, making it difficult to discriminate 309 


which henipaviruses are in circulation using serologic assays. Capacity to identify additional 310 


pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to 311 


respond to future outbreaks.  312 


Key needs 313 


• A TPP for NiV diagnostics, identifying optimal and desirable characteristics to guide the 314 


development of promising diagnostic assays. 315 


• A biobank of human and animal clinical samples to assess and validate diagnostic tests and a 316 


process for how best to judiciously use the samples. A clear approach is needed to: (1) 317 


determine what clinical samples should be collected, based on what would be most useful (e.g., 318 


plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample 319 


collection; (3) identify who would have access to the samples; and (4) prioritize use of samples 320 


and sample distribution. 321 


• Clarification regarding the use cases for different diagnostic assays and what viruses are 322 


targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 323 


validation, and regulatory approval requirements may differ depending on how and in which 324 


population (i.e., human or animal) the test will be used. For example, it may be desirable to have 325 


a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 326 
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specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 327 


reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 328 


considered in tandem with the use of therapeutics and other interventions.  329 


• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 330 


infrastructure, can detect disease early in the clinical course, are robust for use under a variety 331 


of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and 332 


animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   333 


• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 334 


and epidemiology of NiV infection.  335 


• International reference standards to calibrate diagnostic assays.  336 


• Validation of promising diagnostics in endemic and at-risk geographic regions.  337 


• Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and 338 


animals as they arise.  339 


• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 340 


performance of NiV diagnostic assays in the field.  341 


• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 342 


support the business case for Nipah diagnostics, given the costs of regulatory approval.  343 


• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 344 


detect NiV infection while simultaneously screening for the presence of other henipaviruses or 345 


other pathogens of public health concern that may cause similar clinical syndromes in endemic 346 


or at-risk areas. Since validation and regulatory approval of multiplex assays can prove 347 


challenging, an alternate approach would be the development of multiple single assays that can 348 


be run in parallel.  349 


• If NiV or HeV vaccines become widely used in livestock, serological testing to differentiate 350 


vaccinated animals from infected animals (such as the Differentiating Infected from Vaccinated 351 


Animals (DIVA) test) will be needed. 352 


Knowledge gaps 353 


• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 354 


other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 355 


ability to diagnose infection at different stages of disease. Additionally, further research on the 356 


kinetics of NiV in the animal reservoirs is needed.  357 


• More information is needed regarding the performance characteristics (including sensitivity, 358 


specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 359 


assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-360 


capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 361 


of diagnostics should be conducted in animal models before field trials in humans are pursued.  362 


• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 363 


populations to allow accurate interpretation of test results, since substantive economic 364 


consequences (such as trade restriction for livestock) could be triggered by positive results.   365 


 366 


 367 
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Strategic Goals 368 


1. Obtain a better understanding of the kinetics of NiV detection at various points during the 369 


clinical course of illness to allow improved diagnostic capability across the disease spectrum.  370 


2. Develop and assess affordable, highly sensitive and specific, point-of-care NiV diagnostic tests 371 


for use in humans and animals that are sufficiently robust for the conditions in which they will 372 


be used and that have minimal requirements for biosafety precautions and staff training. 373 


Consideration also should be given to development of multiplex assays that can detect related 374 


henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and 375 


at-risk areas. 376 


3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in 377 


areas of known or potential henipavirus spillover risk. 378 


4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 379 


promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   380 


 381 


Landmark Goals/Milestones 382 


[TBD once the strategic goals have been determined.] 383 
 384 


Priority Areas/Activities 385 


Research 386 


• Explore new diagnostic approaches that may allow for earlier detection of infection.   387 


• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 388 


fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 389 


disease.  390 


• Determine performance characteristics for promising new assays for diagnosis of NiV infection 391 


and develop appropriate standards for their use in different contexts. 392 


• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  393 


• Create a biobank of clinical human and animal samples for use in researching new diagnostic 394 


agents.  395 


• Continue to research cross-reactivity of diagnostic tests in animal populations.  396 


Product development 397 


• Generate a TPP for NiV diagnostics. 398 


• Define use cases for diagnostic assays. 399 


• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 400 


affordable, highly sensitive and specific, available for use in humans and animals, and can 401 


capture antigenically diverse strains of the virus and be performed accurately and safely in 402 


remote areas under a variety of circumstances.   403 


• Develop multiplex syndrome-based assay panels that can detect NiV infection while 404 


simultaneously screening for the presence of other henipaviruses or other pathogens of concern 405 


in the geographic region that cause similar clinical syndromes.  406 
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• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 407 


reduce the likelihood of transmission of NiV from livestock to humans.  408 


• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 409 


if NiV or HeV vaccines become widely used (long-term consideration). 410 


Key capacities 411 


• Generate international reference standards to calibrate diagnostic assays.  412 


• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 413 


• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 414 


promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   415 


Policy and commercialization 416 


• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 417 


across different geographic areas, as such tests become available.   418 


 419 


Schedule of Resources, Coordination, and Implementation 420 


[TBD; will obtain input later in the process.] 421 
 422 


Critical Path Analysis 423 


[TBD once the primary activities have been vetted by subject matter experts.] 424 
 425 


THERAPEUTICS 426 


Current Primary Challenges, Key Needs, and Knowledge Gaps 427 


Primary challenges 428 


• Patients typically present late in the clinical course of disease, which decreases the likelihood of 429 


successful treatment. 430 


• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 431 


challenge in providing early treatment and PEP to exposed persons.  432 


• In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals 433 


annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 434 


confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection 435 


would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 436 


diagnosis is critical.  437 


• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 438 


onset or early during the disease course. Patients with NiV infection often are detected later in 439 


the clinical course, which creates challenges for predicting how well an agent will work in the 440 


field. 441 


• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 442 


therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 443 


severe neurologic disease.  444 
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• Healthcare systems in endemic countries often do not have adequate infection control systems 445 


in place to prevent person-to-person transmission. They also lack the ability to rapidly identify 446 


contacts most likely to benefit from PEP therapy.  447 


Key needs 448 


• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 449 


development of promising treatment approaches in the context of individual and community 450 


priorities.  451 


• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 452 


infection to improve survival and decrease associated morbidity and long-term disability.  453 


• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 454 


(relapsing) NiV infection to decrease associated long-term disability.  455 


• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 456 


PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 457 


exposed to infected livestock.  458 


• Improved patient care in endemic areas (such as the ability to provide ventilator support for 459 


seriously ill patients).  460 


Knowledge gaps 461 


• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 462 


AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 463 


of ribavirin for NiV infection may be warranted.  464 


• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 465 


challenge in animal models and has been provided as a compassionate use for a small number 466 


of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 467 


human participants was completed in Australia, but results are not yet available. Additional 468 


animal studies using different NiV strains and clinical trials in endemic areas are needed to 469 


assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and 470 


potentially early treatment of clinical disease.  471 


• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 472 


evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 473 


consider mAb cocktails.  474 


• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 475 


promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-476 


4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or 477 


in combination with other therapies. Additionally, the therapeutic windows of each therapy 478 


should be determined for different NiV strains, as highlighted by a recent study in AGMs that 479 


showed the therapeutic window for m102.4 against a strain from Bangladesh/India to be 480 


shorter than for a strain from Malaysia.  481 


• Further research is needed to broaden the number of novel antiviral candidates for treatment of 482 


NiV infection.  483 


• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 484 


relationship of promising therapeutic candidates.  485 
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• Additional studies, as needed, of therapeutic candidates in the AGM model, followed by human 486 


clinical trials for safety, feasibility, and efficacy.  487 


• Additional data are needed to determine the role of PEP and to inform development of guidance 488 


on the types of exposures that warrant such intervention and the most appropriate agents to 489 


administer. This determination should include feasibility for PEP distribution in both endemic 490 


and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons 491 


annually that could be candidates for PEP.  492 


• Patients may benefit from optimal supportive care independent of treatment with specific NiV 493 


therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 494 


components of supportive care for NiV, such as optimal fluid and respiration management 495 


strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 496 


and/or antimalarials, to inform best-practice guidelines.  497 


 498 


Strategic Goals 499 


1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 500 


prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible 501 


in areas of known or potential NiV spillover.  502 


2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies 503 


become available. 504 


 505 


Landmark Goals/Milestones 506 


[TBD once the strategic goals have been determined.] 507 


 508 


Priority Areas/Activities 509 


Research 510 


• Continue to research the safety, tolerability, and efficacy of investigational therapies (such as 511 


ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal 512 


studies and clinical trials as appropriate and feasible. 513 


• Continue to identify new therapeutic options for treating and preventing NiV infection that 514 


should undergo further evaluation.  515 


• Research optimal treatment and supportive care strategies for NiV infection and determine 516 


best-practice guidelines. 517 


Product development 518 


• Generate a TPP for NiV infection therapeutics. 519 


• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 520 


infection that are active against different NiV strains and other henipaviruses, and that can cross 521 


the blood-brain barrier to treat or prevent CNS disease. 522 


• Identify therapeutic approaches for PEP that are broadly active against different NiV strains and 523 


other pathogenic henipaviruses that may emerge. 524 


Key capacities 525 
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• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 526 


management and supportive care of patients with NiV infection. 527 


• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 528 


therapeutics for outbreak control.  529 


Policy and commercialization 530 


• Identify a company to advance therapeutic use of m102.4 and secure financing for its 531 


manufacture and distribution.   532 


• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 533 


become available. 534 


 535 


Schedule of Resources, Coordination, and Implementation  536 


[TBD; will obtain input later in the process.] 537 
 538 


Critical Path Analysis  539 


[TBD once the primary activities have been vetted by subject matter experts.] 540 
 541 


VACCINES 542 


Current Primary Challenges, Key Needs, and Knowledge Gaps 543 


Primary challenges  544 


• Sociocultural issues may hinder trust in the formal human, veterinary, and public health 545 


systems, which could impact acceptance of NiV vaccines for use in humans or animals.  546 


• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 547 


challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.  548 


Key needs 549 


• Nipah vaccines that can protect against different NiV strains in humans and animals, and that 550 


provide rapid onset of an immune response to adequately prevent and control outbreaks.  551 


• Guidance on use of NiV vaccines (or broader henipavirus vaccines) to include vaccination 552 


strategies, potentially in both humans (including special populations such as children, 553 


immunocompromised individuals, and pregnant women) and animals, for different 554 


epidemiologic scenarios and different vaccine attributes.  555 


• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 556 


programs and to refine vaccination strategies over time.  557 


Knowledge gaps 558 


• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 559 


cellular immunity appears to also play a role. Additional research is needed regarding the innate, 560 


cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  561 


• Further research is needed to clarify vaccine attributes (such as time from administration to 562 


immune protection, duration of immunity, and the need for booster doses) and to determine 563 


safety profiles of candidate vaccines.  564 
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• Further research is needed to determine the cross-protection efficacy for NiV of the HeV-sG 565 


subunit vaccine (i.e., the recombinant subunit vaccine Equivac® HeV from Zoetis).  566 


• Additional research is needed to determine if vaccine candidates are cross-protective between 567 


different NiV strains, including recently identified strains; only a few studies demonstrating 568 


cross-protection have been performed to date.  569 


• The identification of specific correlates or surrogates of protection in humans and animals and 570 


standardized assays for measuring immune correlates are needed to facilitate research on 571 


promising NiV vaccine candidates, and expedite possible licensing through nontraditional 572 


regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms.  573 


• Evaluation of vaccine safety in target populations is needed to better understand the risk of 574 


adverse incidents associated with vaccine use.  575 


• If evidence at some point supports the need for a broader, population-based vaccination 576 


strategy (beyond reactive use for outbreak control in affected communities), additional research 577 


may be warranted on the development of multivalent vaccines that protect against more than 578 


one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 579 


for use in NiV endemic areas.   580 


• Mathematical modelling may be useful in: (1) assessing whether or not disease incidence is high 581 


enough in endemic areas for conducting clinical trials of candidate vaccines, (2) simulating 582 


various epidemiologic scenarios for development of vaccination strategies, (3) estimating the 583 


potential impact of NiV vaccines (once vaccines become available), and (4) estimating the 584 


vaccine quantity that may be necessary to maintain vaccine stockpiles.  585 


• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 586 


livestock populations has been suggested as a possible mitigation strategy for preventing 587 


secondary transmission to humans. Currently, one HeV vaccine is available for horses and 588 


available evidence suggests this vaccine is cross-protective against NiV. Ongoing research into 589 


developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in 590 


endemic regions is needed to further assess the merit of this potential control strategy.  591 


• Additional research is needed to determine if development of multivalent vaccines for animals 592 
(that protect against more than one disease) would increase the likelihood of vaccine uptake by 593 
food animal producers and the broader veterinary community.  594 


 595 


Strategic Goals 596 


1. Develop, evaluate, license, and deploy NiV vaccines for use in humans and potentially animals 597 


(e.g., livestock, companion animals).  598 


2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 599 


potentially other emergent henipaviruses as needed). 600 


3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV 601 


epidemiology and takes into consideration attributes of new vaccines as they become available.  602 


 603 


Landmark Goals/Milestones 604 


[TBD once the strategic goals have been determined.] 605 
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Priority Areas/Activities 606 


Research 607 


• Determine the innate, cell-mediated, and humoral immune responses that contribute to 608 


protective immunity against NiV infection for use in developing and evaluating NiV vaccines. 609 


• Identify and standardize correlates and/or surrogates of protection, which are necessary for 610 


ongoing research into candidate vaccines and also may be important for vaccine licensure.  611 


• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 612 


efficacy in animal models, correlates of protection, and durability. 613 


• Further study cross protection of various vaccine candidates against different NiV strains, and 614 


between NiV strains and HeV strains.  615 


• Perform clinical trials to assess safety and immunogenicity in phase 1 and 2 trials, and undertake 616 


animal studies for immune bridging to facilitate regulatory licensing. 617 


• Explore whether multivalent vaccines for animal populations would increase vaccine 618 


acceptability and uptake by food-animal producers and the broader veterinary community.   619 


• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 620 


strategies for vaccine use.  621 


Product development 622 


• License safe and effective monovalent NiV vaccines for humans and animals.  623 


• License safe and effective multivalent vaccines for use in humans that protect against more than 624 


one disease for use in human populations (e.g., vaccines that protect against both NiV and MV 625 


or HeV), if broader population-based vaccination is warranted at some point in the future.  626 


• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 627 


against more than one disease for use in animal populations, if this is deemed to be a 628 


sustainable approach.  629 


Key capacities 630 


• Improve surveillance capabilities to assess the impact of vaccine use and vaccination strategies 631 


(once vaccines become available). 632 


• Prepare clinical trial sites and NRAs in affected countries for future clinical trials with NiV 633 


vaccines. 634 


• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 635 


outbreaks occur.  636 


Policy and commercialization 637 


• Provide guidance on vaccination strategies for various target populations and epidemiologic 638 


scenarios that align with vaccine attributes, once vaccines are available. 639 


• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 640 


supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity 641 


for person-to-person transmission, and thus more rapid spread.  642 


 643 


Schedule of Resources, Coordination, and Implementation  644 


[TBD; will obtain input later in the process.] 645 
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Critical Path Analysis  646 


[TBD once the primary activities have been vetted by subject matter experts.] 647 


 648 


BACKGROUND INFORMATION 649 


World Health Organization R&D Roadmap documents and guidance: 650 


WHO. Nipah Baseline Situational Analysis. Nov 2017  651 


WHO. WHO target product profile for Nipah virus vaccine. Jun 2017 652 


Other Publications:  653 


Angeletti S, Presti AL, Cella E, et al. Molecular epidemiology and phylogeny of Nipah virus infection: a 654 
mini review. Asian Pac J Trop Dis 2016;9(7):630-4. doi: 10.1016/j.apjtm.2016.05.012 [Full text] 655 


ANZCTR (Australian New Zealand Clinical Trials Registry). Trial ACTRN 12615000395538. Last updated 656 
2016 Nov 29; site accessed 2017 Dec 12 [Web page]  657 


Baseler L, Scott, DP, Saturday G, et al. Identifying early target cells of Nipah virus infection in Syrian 658 
hamsters. PLoS Negl Trop Dis 2016 Nov; 10(11): e0005120. Published online 2016 Nov 3 [Full text] 659 


Bossart KN, Rockx B, Feldmann F, et al. A Hendra virus G glycoprotein subunit vaccine protects African 660 
green monkeys from Nipah virus challenge. Sci Transl Med 2012 Aug 8;4(146): 146ra107. [Full text] 661 


Broder CC. Passive immunization and active vaccination against Hendra and Nipah viruses. Dev Biol 662 
(Basel) 2013 May 14;135:125-38 [Abstract] 663 


Broder CC, Weird DL, Reid PA. Hendra virus and Nipah virus animal vaccines. Vaccine 2016 Jun 664 
24;34(30):3525-34 [Full text] 665 


Broder CC, Xu K, Nikolov DB, et al. A treatment for and vaccine against the deadly Hendra and Nipah 666 
viruses. Antivir Res 2013 Oct;100(1):8-13. doi: 10.1016/j.antiviral.2013.06.012. [Full text] 667 


CDC (Centers for Disease Control and Prevention). Nipah virus (NiV) signs and symptoms. Last updated 668 
2014 Mar 20 [Web page] 669 


Chen F, Zhao D, Jiao Z. Nipah virus encephalitis. In: Li H, ed. Radiology of Infectious Diseases: Volume 1. 670 
Springer, Dordrect; 2015. 541-7 671 


Chiang CF, Lo MK, Rota PA, et al. Use of monoclonal antibodies against Hendra and Nipah viruses in an 672 
antigen capture ELISA. Virol J 2010 Jun 3;7(115). doi: 10.1186/1743-422X-7-115. [Full text] 673 


Ching PG, de los Reyes V, Sucaldito M, et al. Outbreak of Henipavirus infection, Philippines, 2014. Emerg 674 
Infect Dis 2015;21(2):328-331. doi: 10.3201/eid2102.141433. [Full text] 675 


Chong HT, Kamarulzaman A, Tan CT, et al. Treatment of acute Nipah encephalitis with ribavirin. Ann. 676 
Neurol 2001;49:810–813. [Abstract] 677 


Chua KB, Gubler DJ. Perspectives of public health laboratories in emerging infectious diseases. Emerg 678 
Microbes Infect 2013 Jun;2(6): doi: 10.1038/emi.2013.34. [Full text] 679 



http://www.sciencedirect.com/science/article/pii/S1995764516301006?via%3Dihub

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=368110

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5094696/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3516289/

https://www.ncbi.nlm.nih.gov/pubmed/23689890

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4933500/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4418552/

https://www.cdc.gov/vhf/nipah/symptoms/index.html

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2896928/

https://wwwnc.cdc.gov/eid/article/21/2/14-1433_article

https://www.ncbi.nlm.nih.gov/pubmed/11409437

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3697305/





May 2018—DRAFT FOR PUBLIC COMMENT 


18 
 


Clayton BA. Nipah virus: transmission of a zoonotic paramyxovirus Current Opinion in Virology 2017; 680 
22:97–10 [Abstract] 681 


Daniels P, Ksiazek T, Eaton BT. Laboratory diagnosis of Nipah and Hendra virus infections. Microbes 682 
Infect 2001Apr;3(4):289-95 [Abstract] 683 


DeBuysscher BL, de Wit E, Munster VJ, et al. Comparison of the pathogenicity of Nipah virus isolates 684 
from Bangladesh and Malaysia in the Syrian hamster. PLoS Negl Trop Dis 2013 Jan 17;7(1):e0002024. 685 
[Full text] 686 


DeBuysscher BL, Scott D, Marzi A, et al. Single-dose live-attenuated Nipah virus vaccines confer 687 
complete protection by eliciting antibodies directed against surface glycoproteins. Vaccine 2014 May 688 
7;32(22):2637-44 [Full text] 689 


Dhondt KP, Horvat B. Henipavirus infections: lessons from animal models. Pathogens 2013 Apr 690 
9;2(2):264-87 [Full text]  691 


de Wit E, Munster VJ. Nipah virus emergence, transmission, and pathogenesis. In: Shapshak P, Sinnott 692 
JT, Somboonwit C, Kun JH, eds. Global Virology I – Identifying and Investigating Viral Diseases. New York, 693 
NY: Springer US; 2015. 125-46  694 


Foord AJ, White JR, Colling A, et al. Microsphere Suspension Array Assays for Detection and 695 
Differentiation of Hendra and Nipah Viruses. Biomed Res Int. 2013; 2013: 289295. Published online 2013 696 
Feb 6. doi: 10.1155/2013/289295. [Full text] 697 


Freiberg AN, Worthy MN, Lee B, et al. Combined chloroquine and ribavirin treatment does not prevent 698 
death in a hamster model of Nipah and Hendra virus infection. J Gen Virol 2010 Mar;91(Pt 3):765-72 699 
[Full text] 700 


Geisbert TW, Daddario-DiCaprio KM, Hickey AC, et al. Development of an acute and highly pathogenic 701 
nonhuman primate model of Nipah virus infection. PLoS ONE 2010 May 18;5(5):e0010690. [Full text] 702 


Geisbert TW, Mire CE, Geisbert JB, et al. Therapeutic treatment of Nipah virus infection in nonhuman 703 


primates with a neutralizing human monoclonal antibody. Sci Transl Med 2014 June 25; 6(242): 242ra82 704 


[Full text] 705 


Georges-Corbot MC, Contamin H, Faure C, et al. Poly(I)-poly(C12U) but not ribavirin prevents death in a 706 
hamster model of Nipah virus infection. Antimicrob Agents Chemother 2016 May;50(5):1768-72. doi: 707 
10.1127/AAC.50.5.1768-1772.2006. [Full text] 708 


Guillaume V, Contamin H, Loth P, et al. Nipah virus: vaccination and passive protection studies in a 709 
hamster model. J Virol 2004 Jan;78(2):834-40 [Full text] 710 


Hayman DTS, Johnson N. Nipah virus: a virus with multiple pathways of emergence. In: Johnson N, ed. 711 
The Role of Animals in Emerging Viral Diseases. Elsevier 2014; 293-315 [Abstract] 712 


Johnston SC, Briese T, Bell TM, et al. Detailed analysis of the African green monkey model of Nipah virus 713 
disease. PLoS One 2015 Feb 23;10(2)e0117817. [Full text] 714 


Ksiazek TG, Rota PA, Rollin PE. A review of Nipah and Hendra viruses with an historical aside. Virus 715 
Research 2011;162(1-2):173-83 [Abstract] 716 



https://www.ncbi.nlm.nih.gov/pubmed/28088124

https://www.ncbi.nlm.nih.gov/pubmed/11334746

http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0002024

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4829066/

http://www.mdpi.com/2076-0817/2/2/264/htm

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3581118/

https://www.hindawi.com/journals/bmri/2013/289295/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2888097/

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010690

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4467163/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1472238/

http://jvi.asm.org/content/78/2/834.full

https://www.sciencedirect.com/science/book/9780124051911

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0117817

https://www.ncbi.nlm.nih.gov/pubmed/21963678





May 2018—DRAFT FOR PUBLIC COMMENT 


19 
 


Kulkarni DD, Tosh C, Venkatesh G, et al. Nipah virus infection: current scenario. Indian J Virol 2013 717 
Dec;24(3):398-408 [Full text]  718 


Luby SP. The pandemic potential of Nipah virus. Antiviral Res 2013;100(1):38-43 [Full text]  719 


Mathieu C, Horvat B. Henipavirus pathogenesis and antiviral approaches. Expert Rev Anti Infect Ther 720 
2015;13(3):343-54 [Abstract] 721 


McEachern JA, Bingham J, Crameri G, et al. A recombinant subunit vaccine formulation protects against 722 
lethal Nipah virus challenge in cats. Vaccine 2008 Jul 23;26(31):3842-52 [Abstract] 723 


Mire CE, Satterfield BA, Geisbert JB, et al. Pathogenic differences between Nipah virus Bangladesh and 724 
Malaysia strains in primates: implications for antibody therapy. Sci Rep 2016 Aug 3;(6). doi: srep30916. 725 
[Full text] 726 


Mire CE, Versteeg KM, Cross RW, et al. Single injection recombinant vesicular stomatitis virus vaccines 727 
protect ferrets against lethal Nipah virus disease. Virol J 2013 Dec 13. pii: 1743-422X-10-353. [Full text] 728 


Pernet O, Schneider BS, Beaty SM, et al. Evidence for henipavirus spillover into human populations in 729 
Africa. Nat Commun. 2014 Nov 18;5:5342 [Full text]  730 


Prescott J, de Wit E, Feldmann H, et al. The immune response to Nipah infection. Arch Virol 2012 731 
September; 157(9): 1635–1641 [Full text] 732 


Rahman SA. National Guideline for Management, Prevention and Control of Nipah Virus Infection 733 
including Encephalitis 2011 [Full text] 734 


Satterfield BA, Geisbert TW, Mire CE. Inhibition of the host antiviral response by Nipah virus: current 735 
understanding and future perspectives. Future Virol 2016 Apr 15;11(5):331-34 [Abstract] 736 


Sazzad HM, Luby SP, Ströher U, et al. Exposure-based screening for Nipah virus encephalitis, Bangladesh. 737 
Emerg Infect Dis 2015 Feb;21(2):349-51 [Full text] 738 


Steffen DL, Xu K, Nikolov DB, Broder CC. Henipavirus mediated membrane fusion, virus entry and 739 
targeted therapeutics. Viruses 2012 Feb;4(2):280-308 [Full text] 740 


Tan KS, Tan CT, Goh KJ. Epidemiological aspects of Nipah virus infection. Neuro J Southeast Asia 741 
1999;4:77-81 [Full text]  742 


van den Pol AN, Mao G, Chattopadhyay A, et al. Chikungunya, Influenza, Nipah, and Semliki Forest 743 
Chimeric viruses with Vesicular Stomatitis Virus: actions in the brain. J Virol 2017 Feb 28;91(6). pii: 744 
02154-16. [Full text] 745 


Wang LF, Daniels P. Diagnosis of henipavirus infection: current capabilities and future directions. Curr 746 
Top Microbiol Immunol 2012;359:179-96 [Abstract] 747 


Weatherman S, Feldman H, de Wit E. Transmission of henipaviruses. Curr Opin Virol 2018 Feb;28:7-11. 748 
doi: 10.1016/j.coviro.2017.09.004 [Full text] 749 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3832692/

https://www.ncbi.nlm.nih.gov/pubmed/23911335

https://www.ncbi.nlm.nih.gov/pubmed/25634624

https://www.ncbi.nlm.nih.gov/pubmed/18556094

https://www.nature.com/articles/srep30916

https://link.springer.com/article/10.1186/1743-422X-10-353#citeas

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4237230/pdf/ncomms6342.pdf

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3432143/

https://www.medbox.org/guideline-for-management-prevention-and-control-of-nipah-virus-infection-including-encephalitis/download.pdf

https://www.futuremedicine.com/doi/abs/10.2217/fvl-2016-0027

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4313652/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3315217/

https://pdfs.semanticscholar.org/3735/f4fd0619e58b422b7621299437bcc421f62d.pdf

https://www.ncbi.nlm.nih.gov/pubmed/28077641

https://www.ncbi.nlm.nih.gov/pubmed/22481141

https://www-sciencedirect-com.ezp3.lib.umn.edu/science/article/pii/S1879625717301104?via%3Dihub






NOT F
IN


AL 
- D


RAFT u
nd


er
go


ing
 co


ns
ult


at
ion


  


NIPAH Baseline Situation Analysis 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


M. Denis, consultant 


Draft, Jan 27 2018 


 


  







NOT F
IN


AL 
- D


RAFT u
nd


er
go


ing
 co


ns
ult


at
ion


  


2 
 


Contents 
List of abbreviations ................................................................................................................................ 4 


Introduction ............................................................................................................................................. 5 


Epidemiology overview ....................................................................................................................... 5 


The virus .............................................................................................................................................. 5 


Immune Responses to NiV Infection ................................................................................................... 7 


Innate immunity .............................................................................................................................. 7 


Adaptive immunity .......................................................................................................................... 8 


Pathophysiology and clinical disease, case definition ......................................................................... 8 


Clinical disease................................................................................................................................. 8 


Case definition ................................................................................................................................. 9 


Pathophysiology of Nipah ............................................................................................................. 10 


Case detection ................................................................................................................................... 11 


Case management ............................................................................................................................. 11 


Special populations ........................................................................................................................... 11 


Animal models ................................................................................................................................... 11 


Small animal models ...................................................................................................................... 11 


Non-Human Primates .................................................................................................................... 12 


Other animals ................................................................................................................................ 13 


Comparison of models .................................................................................................................. 14 


Epidemiology, Prevention and Control ................................................................................................. 15 


Transmission and maintenance ......................................................................................................... 15 


At risk populations............................................................................................................................. 17 


Distribution ........................................................................................................................................ 18 


Current prevention and control strategies........................................................................................ 18 


Summary of epidemiology, prevention and control ......................................................................... 19 


Diagnostics ............................................................................................................................................ 20 


Diagnostic Technologies .................................................................................................................... 20 


Serological methods ...................................................................................................................... 20 


Molecular methods ....................................................................................................................... 21 


Tissue culture method ................................................................................................................... 22 


Immunohistochemistry ................................................................................................................. 22 


Summary and challenges ............................................................................................................... 22 


Gap analysis: Diagnostics .................................................................................................................. 24 







NOT F
IN


AL 
- D


RAFT u
nd


er
go


ing
 co


ns
ult


at
ion


  


3 
 


Therapeutic interventions ..................................................................................................................... 24 


Antiviral drugs ................................................................................................................................... 24 


Ribavirin and chloroquine ............................................................................................................. 24 


Other antiviral drugs ..................................................................................................................... 25 


Biologicals .......................................................................................................................................... 26 


Convalescent plasma ..................................................................................................................... 26 


Monoclonal antibodies .................................................................................................................. 26 


Host directed interventions............................................................................................................... 26 


Immunomodulators ....................................................................................................................... 26 


Adjunctive therapies ..................................................................................................................... 27 


Gap analysis: Therapeutics ................................................................................................................ 27 


Vaccines ................................................................................................................................................. 28 


Live-attenuated vaccine candidates (reassortant/recombinant) ...................................................... 28 


Vaccinia virus-derived vectors ....................................................................................................... 28 


Vesicular Stomatitis Virus Vectors ................................................................................................. 28 


Measles Virus vector ..................................................................................................................... 29 


Venezuelan Equine Encephalitis virus vector ................................................................................ 30 


Adeno-Associated Virus ................................................................................................................. 30 


Subunit vaccines ................................................................................................................................ 30 


Vaccine summary .............................................................................................................................. 31 


Gap analysis: Vaccines ....................................................................................................................... 32 


Vector Control ....................................................................................................................................... 33 


Pigs .................................................................................................................................................... 34 


Bats .................................................................................................................................................... 34 


General conclusion and recommendations .......................................................................................... 34 


REFERENCES .......................................................................................................................................... 36 


 


  







NOT F
IN


AL 
- D


RAFT u
nd


er
go


ing
 co


ns
ult


at
ion


  


4 
 


List of abbreviations 
 


AAV  Adeno-associated virus 


AGM  African green monkey 


CNS  central nervous system 


ELISA   enzyme-linked immunosorbent serologic assay 


HeV  Hendra virus 


IFN  interferon 


NK  Natural Killer 


NiV  Nipah virus 


NP  Nucleoprotein 


NHP  Non-human primates  


Poly-IC  Polyinosinic:polycytidylic acid 


R&D  research and development 


RT-PCR  real-time polymerase chain reaction 


VEE  Equine Venezuelan Encephalitis 


VLP  Virus-like particle 


VSV  Vesicular Stomatitis Virus   







NOT F
IN


AL 
- D


RAFT u
nd


er
go


ing
 co


ns
ult


at
ion


  


5 
 


Introduction  


Epidemiology overview  


Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that was first identified in 1999 in Malaysia, 


where it caused an outbreak of respiratory and neurological disease in pigs and encephalitis in 


people. Three years later, a genetically distinct NiV independently emerged in India as well as in 


Bangladesh, where human NiV outbreak events have been reported nearly every year since. A 


putative NiV also caused an outbreak of disease in horses and people in the Philippines in 2014. To 


date, there is no reported evidence of NiV outbreaks in humans emerging in any other country than 


Malaysia, Singapore, Bangladesh, India and Philippines. More than 600 cases of NiV human infections 


have been reported globally. However, given the delay in identification of the Indian outbreak and 


large distribution of bats that can carry NiV, it is possible that more human cases have occurred 


where NiV has not been detected. A total of 276 cases were reported with 106 fatalities (38%) in 


Malaysia, but case fatalities in later outbreaks in India and Bangladesh were associated with 


significantly higher case fatality rates of 43 to 100%. NiV infection in humans has a range of clinical 


presentations, from asymptomatic infection to acute respiratory syndrome and fatal encephalitis. 


The natural reservoir of the virus consists of the widely distributed fruit bats from the Pteropodidae 


family.  Virus transmission from bats to humans occurs through inhalation, contact or consumption 


of NiV contaminated foods. NiV is transmitted by zoonotic (from bats to humans, or from bats to pigs 


and then to humans) as well as human-to-human routes. Human-to-human transmission is 


particularly notable in the outbreaks in India and Bangladesh, where it has been reported to account 


for 75% and 51% of cases, respectively. At present no vaccines or antiviral drugs are available for NiV 


disease and the treatment is just supportive. Current prevention strategies focus on raising disease 


awareness in affected areas. 


 


The virus  
NiV was first isolated by Chua et al. in 1999 after a severe outbreak of viral encephalitis among pig-


farmers in Malaysia. The virus, cultured from the cerebrospinal fluid of two patients, was causing 


syncytial formation of Vero cells after 5 days, and it was found to be a previously undescribed 


paramyxovirus related to the Hendra virus (HeV). The Henipavirus genus in the subfamily 


Paramyxovirinae (family Paramyxoviridae) was then created for these two pathogenic viruses, HeV 


and NiV (Wang 2001). Subsequently, other viruses were added to this genus.  


NIV is an enveloped, negative-sense, single-stranded RNA virus. The genome is unusually large, 


comprising more than 18 000 nucleotides. Its 6 genes code for the nucleocapsid (N), phosphoprotein 


(P), matrix protein (M), fusion glycoprotein (F), attachment glycoprotein (G) and the large 


polymerase. The viral G protein attaches to the host cell ephrin B2 and/or B3 receptor, and activates 


the F protein to initiate viral envelope and host membrane fusion and viral entry (reviewed by Ong 


2015). Of note, membrane fusion is not only essential for viral entry but also for cell-cell fusion and 


the process of syncytia formation, which makes it an attractive target for therapeutic development. 


Numerous studies have been conducted to decipher the mechanisms of NiV and other 


paramyxoviruses replication.  
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The nucleotide sequence of a fair number of NiV isolates 


has been determined. A relative heterogeneity has been 


observed among nucleotide sequences obtained from 


Bangladesh/India as compared with sequences from 


samples obtained during the initial Malaysian outbreak. 


This observation led to the classification of two distinct 


lineages of NiV. Currently available sequences obtained from Malaysia and Cambodia were 


designated genotype M, while sequences obtained from Bangladesh and India were designated 


genotype B (Lo 2012, reviewed by Angeletti 2016). A 729 nucleotide region of the N protein gene of 


NiV has been proposed that can be used for such genotyping. Predicted amino acid identities 


between NiV-M and NiV-B range from 92% to 100% (reviewed by Rockx 2012). 


The variation of nucleotide and amino acid sequences within the Malaysia genotype (NiV-M) has 


been reported to range, respectively, between 0.19 and 2.21% and 0.18 and 3.67%; and within the 


Bangladesh genotype (NiV-B) between 0.28 and 1.06% and 0.28 and 0.56%. In Malaysia, very limited 


variation was observed between human NiV isolates and isolates obtained from bats years later. 


Interestingly, molecular evidence suggests that at least two major strains of NiV were circulating in 


pigs during the 1998 outbreak in Malaysia. No data are available to indicate whether these 2 strains 


represent 2 independent introductions of NiV into the pig population, or if the latter strain evolved 


from the initial NiV strain. Interestingly, the NiV diversity observed among isolates from bats in 


Malaysia and Thailand was associated with co-circulation of multiple strains within populations 


rather than co-evolutionary patterns (Angeletti 2016). 


In Bangladesh, genetic heterogeneity in human isolates 


suggests multiple introductions of NiV in the human 


population from different colonies of fruit bats.  


The NiV attachment glycoprotein G and fusion protein F are 


essential for virus binding and entry and as such are the 


primary targets for protective antibody responses. The 83% 


and 88% amino acid identity between HeV and NiV G and F, 


respectively, results in antigenic cross-reactivity between 


these viruses (Rockx 2012). The NiV-M and NiV-B strains share 95% amino acid homology in the G 


protein and 98% homology in the F protein.  


 
Other henipaviruses  


 


HeV was first isolated in 1994 in Australia from fatal cases of severe respiratory disease in horses. Since its 
first identification in 1994, it has caused 7 confirmed cases in humans and 4 deaths in Australia, all acquired 
from contact with infected horses (Broder 2013). Infection of horses results from spill-over events from the 
natural host reservoir, which has been identified as pteropid bats (Black flying-fox, Pteropus Alecto, and 
Spectacled flying-fox, Pteropus conspicillatus). In humans, HeV begins as an influenza-like illness, but the 
involvement of the lung and brain, as with Nipah, can also manifest as an acute severe respiratory syndrome, 
encephalitis or a combination of both. 
 


Other henipaviruses are not known to cause human disease, except for Mojiang paramyxovirus (MojPV), a 
henipavirus-like virus, which has been implicated in the death of three miners in China in 2012, following 
potential zoonotic transmission from rats (Wu 2014).  
 


Relatively few isolates of NiV have been 


obtained from human cases across 


different infection outbreaks 


Sequence homology at the level of 


G and F, the glycoproteins involved 


in virus binding and entry, is 


sufficient to allow for antigenic 


cross-reactivity between HeV and 


NiV, but NiV-B and NiV-M G and F 


share a much higher homology 
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Immune Responses to NiV Infection  


Innate immunity  


(adapted from Prescott 2012)  


Innate immunity generally refers to the ability of cells to detect the invasion of a microbe by the 


engagement of pathogen-associated molecular patterns (PAMPs) with host encoded pattern 


recognition receptors (PRRs). This interaction leads to the expression of several antiviral proteins, as 


well as type I and type III interferons (IFNs), which activate additional antiviral responses via the 


Jak/STAT pathway. The NiV genomic RNA is recognized by cellular cytoplasmic RNA helicases. In vitro, 


endothelial cells (an important cell type targeted in vivo) infected with NiV produce IFNβ as well as 


innate chemokines and cytokines, including IP-10 and IL-6. IP-10 is a chemokine that attracts 


activated T lymphocytes, whereas IL-6 is a cytokine that stimulates acute-phase proteins and acts as 


an inflammatory molecule. These chemokines have the ability to functionally recruit T cells. This 


mechanism likely contributes to the extensive vasculitis reported in virtually all histopathology 


studies. In vivo, little is known about the activation of the innate immune system. The expression of 


innate immune genes has been documented as a response to NiV infection in animal models of 


disease, including the upregulation of IP-10 and IL-6.  


 


Nevertheless, this innate response is balanced by the ability of NiV (as other RNA viruses causing 


disease in humans) to stimulate antagonising mechanisms. NiV has been extensively characterized in 


vitro for this ability to subvert innate immunity and several mechanisms have been identified, as 


presented below.  


Mechanisms of inhibition of innate immunity 


The P gene of NiV is transcriptionally edited to produce not only the phosphoprotein but also two 


alternate V and W proteins, and an alternate ORF expresses a C protein. These proteins possess 


multiple capabilities to inhibit IFN production, as well as downstream signalling. In addition, the 


expression of these antagonistic genes is temporally regulated during infection. Both STAT1 and 


STAT2, which are required for IFNβ signalling, are antagonized by P gene products. The antagonistic 


function of the P, V, W and C proteins has been assessed in vivo. Hamsters inoculated with 


recombinant virus lacking the ability to produce either the C or the V protein displayed no pathology, 


and the viral genome was almost undetectable in these animals, suggesting that the antagonistic 


properties for these proteins are responsible for pathogenesis. The results were subsequently 


confirmed by Satterfield (2015). A V-deficient virus was found strongly attenuated, behaving as a 


replicating non-lethal virus in ferrets.  


Bharaj (2016) also reported that the matrix protein (M), which is important for virus assembly and 


budding, can also inhibit IFN-I responses by targeting TRIM6, IKKε and unanchored polyubiquitin 


chains.  


Finally, the nucleoprotein (N) was shown to impact host innate immune responses by preventing the 


nucleocytoplasmic trafficking of STAT1 and STAT2, resulting in an antagonistic activity against the 


JAK/STAT signalling pathway (Sugai 2017). 
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Adaptive immune 


responses to NiV 


infection in 


humans have 


been very poorly 


characterized 


Adaptive immunity  


Little is known about the adaptive immune response to NiV infection in 


humans. Studies are lacking to identify protective responses. And the 


immunological mechanisms that may explain the different patterns of 


disease severity have not been better elucidated. 


Sera from infected patients contain measurable NiV-specific IgM antibodies 


as early as four days after exposure, persisting for at least 3 months 


(reviewed by Ong 2015, Mathieu 2015, Prescott 2012). Of note, no 


difference has been observed in clinical features or mortality between seropositive or seronegative 


patients. Specific IgG can also be detected by day 25 following infection and were shown to persist 


for several years. The IgG3 and IgG1 subclass distribution observed in NiV infection is similar to the 


IgG subclass responses seen in measles (Wong 2001).  


The presence of antibodies suggests that both B-cell and CD4+ T-cell responses are elicited in 


response to virus infection, but the cellular arm of the immune response has not been studied in 


convalescent subjects, and the role it may play in protection following natural infection or 


vaccination remains unknown. 


The NiV N protein is considered as a highly immunogenic protein in human infections and therefore 


has been proposed as a target for serological diagnosis (Yu 2006). Of note, using immunoblot assays, 


the serum from one patient with a relapsing NiV encephalitis complication has recently been shown 


to not react as robustly with the NiV proteins as compared to the other positive patients'sera, and to 


bind mainly to the NiV G protein (Tiong 2017).  


NiV-neutralizing antibodies have been detected in patients’ sera. Animal studies suggest that they 


are highly protective when elicited/administered before or shortly after infection.  


Complement has been reported to significantly enhance neutralization by antibodies specific for the 


NiV F and G glycoproteins (Johnson 2011). 


Pathophysiology and clinical disease, case definition  


Clinical disease  


(adapted from the reviews by Ong 2015, Kulkarni 2013, Wong 2012 and Rockx 2012) 


In the majority of cases, the incubation period of Nipah has been reported to be 5 days to 2 weeks; 


however, a maximum delay of 2 months between exposure and the onset of illness has also been 


observed during the outbreak in Malaysia (Goh 2000). The majority of patients initially develop 


influenza-like signs and symptoms, including fever, headache, myalgia and vomiting. In general, the 


more severe clinical features manifest as either an acute encephalitic syndrome or less frequently a 


pulmonary syndrome. It is also very likely that a considerable number of infections remain 


asymptomatic but the exact prevalence is unknown. 


 


Goh (2000) described the clinical features of the largest cohort of 94 patients with NiV encephalitis 


who were admitted to a single hospital during the outbreak in Malaysia. Clinical signs such as 


areflexia/hyporeflexia with hypotonia, pinpoint pupils with variable reactivity, tachycardia, 


hypertension and abnormal doll’s eye reflex were more frequently seen in patients with reduced 
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level of consciousness. Segmental myoclonus characterized by focal, rhythmic jerking of the 


diaphragm and muscles in the limbs, neck and face was present in 32% of patients, and may be 


unique to acute NiV encephalitis. Other clinical features (e.g. meningism, generalized tonic-clonic 


convulsions, nystagmus and cerebellar signs) were also observed. A pulmonary syndrome has been 


described in some patients who presented with cough, atypical pneumonia, acute respiratory 


distress syndrome and abnormal chest X-ray findings.  


 


Interestingly, a higher prevalence of respiratory disease was observed during the Bangladesh 


outbreaks with cases experiencing atypical pneumonia and developing an acute respiratory distress 


syndrome (Hossain et al., 2008). In Bangladesh, altered mental status and/or unconsciousness was 


reported in more than 70% of patients, severe weakness in 67% and areflexia/hyporeflexia in 65% of 


cases, consistent with a high prevalence of acute encephalitis.  


 


In Bangladesh, based on a review of 196 cases, the median duration from onset of illness to death 


was 6 days (ranging from 1 to 47 days) (Rahman 2012). Overall, mortality was high, ranging from 


about 40% to 100%. In a large cohort of patients who survived, the majority had no or few sequelae. 


However approximately 20% of patients were reported to have neurological deficits, 


neuropsychiatric sequelae and gait/movement disorders. The most intriguing complication of Nipah 


is probably relapsing encephalitis which may occur weeks to years after symptomatic infection and 


even after asymptomatic NiV infection. So far, more than 20 cases 


of relapsing NiV encephalitis have been reported, one of which 


occurred 11 years after an asymptomatic infection. Clinical and 


radiological findings suggest that relapsing NiV encephalitis is 


distinct from acute NiV encephalitis. The brain MRI in relapsing 


encephalitis shows more extensive and confluent hyperintense 


cortical lesions. Virus could not be cultured from samples collected 


in a series of NiV relapsing encephalitis. There are currently no 


known risk factors for relapsed encephalitis, and the mechanisms for persistent CNS infection and 


disease recrudescence have not been elucidated. 


 


Pathological features are characterized by disseminated, multi-organ vasculopathy comprising 


endothelial infection/ulceration, vasculitis, vasculitis-induced thrombosis/occlusion, parenchymal 


ischemia/microinfarction, and parenchymal cell infection in the central nervous system (CNS), lung, 


kidney and other major organs. This unique dual pathogenic mechanism of vasculitis-induced 


microinfarction and neuronal infection causes severe tissue damage in the CNS. 


Case definition  


To our best knowledge, there is no standard case definition of 


Nipah disease. Epidemiological investigations have used 


various definitions. At least a temporal association with a 


disease outbreak and the need for laboratory confirmation 


were shared across definitions. For instance, the definition 


used during the 2004 outbreak in Bangladesh is presented 


below (WHO 2004)  


Can a standard case definition of 


Nipah disease be developed and 


used widely? 


Risk factors and mechanisms 


for persistent CNS infection 


and disease recrudescence 


are unknown 
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A suspect case was any person with fever AND one or more of the following isolated neurological signs: altered mental 


state, confusion, convulsions, unconsciousness or neck stiffness, focal weakness/paralysis after 15 December 2003 OR an 


individual with fever and vomiting or respiratory symptoms or headache AND having had physical contact or shared daily 


activities with or lived near to a probable or laboratory-confirmed case after 15 December2003. 


A probable case was any patient, dead or alive, who developed fever AND one or more of the following isolated neurological 


signs: altered mental state, confusion, convulsions, unconsciousness or neck stiffness, focal weakness/paralysis after 15 


December 2003 AND who was living in the same district as a laboratory-confirmed case after 15 December 2003. 


A laboratory-confirmed case was any case positive for Nipah IgM antibody after 15 December 2003. 


 


Pathophysiology of Nipah  


Viral tropism 


Infections caused by henipaviruses are characterized by their ability to infect multiple organ systems, 


with a predominant neurological or respiratory tropism. In human cases of NiV infection, NiV can be 


detected in bronchiolar epithelial cells and is shed mainly by nasopharyngeal and tracheal secretions 


in the early phase of the illness (reviewed by Escaffre 2013). During the late stages of disease, virus 


replication spreads from the respiratory epithelium to the endothelium in the lungs. The infection 


can sometimes trigger a prominent vasculitis in small vessels and capillaries as characterized by 


endothelial syncytium and mural necrosis. Without being infected themselves, circulating leukocytes 


could transfer the virus to endothelial vascular cells (Mathieu 2015). NiV was shown indeed to not 


infect but to efficiently bind to human lymphocytes, and co-culturing with permissive endothelial 


cells resulted in virus amplification and infection of these target cells. Moreover, mononuclear 


leukocytes isolated from infected hamsters transferred lethal infection to naive animals. Leukocytes 


would thus be used as a vehicle to spread the virus to other organs by the haematogenous route. In 


addition to the lungs, important target organs are the brain, spleen and kidneys, and viremia 


following respiratory infection can lead to multi-organ failure.  


 


Entry into the brain may actually occur through two distinct pathways: i.e. via the hematogenous 


route through the choroid plexus and cerebral blood vessels, or anterogradely via the olfactory nerve. 


In animal models of infection, early virus replication was indeed observed in the olfactory epithelium 


(Baseler 2016). In addition, Borisevich (2017) showed that human olfactory neurons are highly 


susceptible to infection with henipaviruses. Nevertheless, it   is   currently unknown   whether   the   


route of virus transmission seen in animal models is relevant in human infections, since the olfactory 


epithelial surface is relatively large in these species compared to man (Escaffre 2013). 


Determinants of pathogenicity 


The determinants of NiV pathogenicity are poorly understood. Clinical observations as well as data 


generated in non-human primates (NHPs) indicate pathogenic differences between NiV-M and NiV-B 


isolates. For instance, in African green monkeys (AGM), while NiV-B was uniformly lethal, only 50% of 


NiV-M-infected animals succumbed to infection. Histopathology of lungs and spleens from NiV-B-


infected AGMs was significantly more severe than NiV-M-infected animals. These data showed that 


NiV-B is more pathogenic than NiV-M in AGMs, as observed in human subjects (Mire 2016). However, 


the mechanisms underlying these differences remain unknown. 
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Similarly experimental infections in ferrets suggest that NiV-B is shed at higher levels than NiV-M, 


which may be sufficient to enable the former virus to transmit more efficiently between humans 


(Hayman 2014). 


As presented above, several gene products of NiV have the capacity to inhibit the early 


proinflammatory response at sites of infection, thereby preventing control of the infection by the 


immune system. Immunopathology is another possible mechanism. For instance, it was shown that 


NiV infection resulted in overexpression of CXCL10 (IP-10) in endothelial cells and perivascular 


infiltrating cells in the brain of patients, as well as Syrian hamsters. CXCL10 is an important 


chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. Its 


expression likely plays a role in the accumulation of inflammatory cells in infected areas of the brain 


(reviewed by de Wit 2015).  


Case detection  
The epidemic of Nipah virus in Malaysia in 1998/1999 required more than six months before being 


effectively controlled, as a consequence of the misdiagnosis of the etiologic agent and the resulting 


implementation of incorrect control measures (Chua 2013). National systems for surveillance of 


infectious disease in countries such as Malaysia subsequently recognised Nipah as a zoonotic disease 


of interest, and included it in their list of notifiable diseases. Hospital-based surveillance was 


developed, as it is considered necessary to quickly detect NiV outbreaks and initiate appropriate 


control measures (Rahman 2011). However, surveillance in rural areas of the countries where NiV is 


endemic in bats can be expected to be of moderate quality, so that many cases likely go undetected 


(Satterfield 2016b). Veterinary surveillance of NiV encephalitis in pigs is organised as well, as the 


disease appears among the “OIE-Listed diseases, infections and infestations” in force in 2017. 


Case management  
Guidelines for the clinical management of Nipah patients have been made available in various 


countries, including affected countries such as Bangladesh (Rahman 2011) and Malaysia. Such 


management is based on general, supportive treatment (ensuring fluid and electrolyte balance, 


oxygen inhalation if required…etc.), symptomatic treatment (fever, convulsions, shock…etc), and 


procedures to prevent further spread of the disease (isolation, barrier nursing, safe handling of 


deceased bodies…etc.).  


Special populations  
To our knowledge, there has been no evidence of increased incidence or increased severity of Nipah 


in special populations such pregnant women, infants or immunocompromised subjects. However, in 


the case series reported by Goh (2000) older patients, especially those having diabetes mellitus and 


those with severe brain-stem involvement, carried a poorer prognosis than other Nipah patients. 


 


Animal models  


Small animal models  


Mice 


Standard laboratory mouse strains such as Balb/c and C57BL/6 do not develop disease upon 


intraperitoneal or intranasal inoculation with NiV (reviewed by de Wit 2015). However, intracerebral 
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inoculation of these animals results in a lethal infection. In aged mice, intranasal NiV inoculation did 


not result in clinical disease, but most animals seroconverted and vRNA and infectious virus could be 


detected between 2 and 15 days after inoculation in the lungs of most animals. In IFNAR-KO mice 


lacking the type I IFN receptor, intraperitoneal inoculation resulted in neurological disease. 


Histologically, these animals developed vasculitis, perivascular cuffing and meningeal inflammation; 


the lungs exhibited bronchointerstitial pneumonia. 


Of note, a human lung xenograft model has also been developed to study the pathogenesis of NiV 


infection in human lung in vivo (Valbuena 2014). The model uses the severely immunodeficient 


NOD/SCID/γcnull (NSG) mice as hosts to support the successful engraftment of human lung 


xenografts. 


Guinea pigs 


NiV infection in guinea pigs has been reported to be often mild and variable, ranging from an 


inapparent infection following challenge to sudden death (reviewed by Geisbert 2012). One study 


demonstrated that intraperitoneal inoculation with high doses of NiV resulted only a transient fever 


with minor weight loss after 5–7 days. Guinea pigs are thus not considered a suitable animal model 


of NiV infection. 


Hamster 


The Golden Syrian Hamster is a commonly used model to study henipaviruses pathogenesis as the 


clinical signs and pathological lesions observed following inoculation highly resemble those observed 


in humans, even though the disease course seems to be affected by the route of inoculation and the 


inoculum dose. The virus used for infection also influences the disease course, as NiV-M-infected 


Syrian hamsters show accelerated virus replication, pathology and death when compared to NiV-B-


infected animals (DeBuysscher 2013).  


Like human patients, the main histopathological finding in Syrian hamsters infected with NiV is 


systemic vasculitis. Moreover, animals develop encephalitis, with infection of neurons in the CNS. In 


hamsters that develop severe respiratory disease, usually upon intranasal inoculation with a high 


inoculum dose, rhinitis can be observed, with virus replicating in the respiratory as well as olfactory 


epithelium; bronchointerstitial pneumonia develops in the lungs of these animals (reviewed by 


Dhondt 2013 and de Wit 2015). 


Ferrets 


Ferrets inoculated oronasally with NiV develop respiratory as well as neurological signs of disease. 


Systemic vasculitis is present in infected ferrets. Histologically, the upper respiratory tract, with 


rhinitis, tonsillitis and nasopharyngitis, as well as the lower respiratory tract, with necrotizing 


bronchointerstitial pneumonia, are affected; focal necrosis has been detected in the spleen. 


Encephalitis has not been detected, but non-suppurative meningitis occurred in a subset of animals 


and viral antigen was detected in brain endothelial cells and meninges, and occasionally in neurons 


and glial cells close to infected endothelium (de Wit 2015). 


Non-Human Primates 


Preclinical tests of vaccines and therapeutic products are ideally conducted in an animal species that 


not only develops similar symptoms of the disease as observed in humans, but also shares similar 


pathophysiological and immunological mechanisms. Non-human primates typically best meet these 
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requirements. The first NHP model described for NiV infection was the Squirrel monkey. However, 


more recent studies favoured AGMs. 


African Green Monkey 


A consistent lethal infection and disease is observed in AGMs with low dose NiV challenge. Infection 


by intratracheal inoculation results in a rapid spread of the virus within 3–4 days and the 


establishment of infection in multiple organ systems (reviewed by Dhondt 2013, Geisbert 2012, 


Geisbert 2010). Severe respiratory pathology, neurological disease, endothelial syncytia, and 


generalized vasculitis all occur in AGMs infected with NiV, providing an accurate reflection of what is 


observed in infected humans. This conclusion was further confirmed by a comprehensive study 


reported in 2015 (Johnston), that captured physiological data together with clinical pathology 


information and virological testing in 4 AGMs inoculated by intra-tracheal route. Increases in heart 


rate and respiratory rate seen in most animals during acute phase suggested responses to fever, to a 


developing hypoxic state, and/or to a state of compensatory shock. Animals that succumbed 


appeared to enter a state of irreversible decompensated shock with hypothermia, azotemia, 


hyperglycemia, and signs of liver disease. Similar to NiV disease in humans, pneumonitis, systemic 


vasculitis, and coagulopathy were prominent findings in these animals, and significant 


histopathologic lesions were present in most tissues assessed, including lymphoid tissues and the 


lungs. Virus antigen was often associated with areas of necrosis and/or inflammation. Interestingly, 


in all animals that survived beyond the acute disease phase, relapse encephalitis was identified. 


Other animals 


Cats 


Cats inoculated with NiV subcutaneously or intranasally and orally develop signs of respiratory 


disease. Histologically, cats develop bronchointerstitial pneumonia and, in some animals, meningitis 


(reviewed by de Wit 2015). The virus can be found in the lungs, but also in kidneys,   spleen and 


lymph nodes. The model may be used for evaluation of vaccines or therapies, but its interest in 


limited by the poor availability of reagents and limited characterization of the pathogenic 


mechanisms in this species. 


Pigs 


Efforts have been undertaken in view of the development of a NiV veterinary vaccine for pigs, which 


explains the large number of studies conducted in this animal species. Oronasal and ocular routes of 


NiV infection mimic quite well natural infection and most infected animals remain asymptomatic 


even if viral shedding is observed following challenge (reviewed by Dhondt 2013). Sick animals 


present fever, depression, cough, shivering, and rarely, neurological signs including abnormal posture 


and seizures.  A subcutaneous route of inoculation was also tested, causing symptomatic infections in 


pigs. The disease shares a number of features with human infection. However, a number of species-


specific differences of NiV replication in porcine and human cells have been identified. Sauerhering 


(2016) found that NiV growth substantially differs in primary airway epithelial cells between pigs and 


humans, with a more rapid spread of infection in human airway epithelia. Increased replication in 


human cells correlated with higher endogenous expression levels of the main NiV entry receptor 


ephrin-B2. On the other hand, porcine monocytes, natural killer cells, and CD6+/CD8+ T cells have 


been found to support NiV replication, which may facilitate dissemination of the virus (Prescott 2012).  
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Comparison of models  


The advantages and disadvantages of the various animal models described in the literature are 


presented in Table 1 below. 


 


Table 1. Summary of advantages / disavantages of the different animal models of NiV infection 


Model Advantages Disadvantages 


Mice  


 


Low cost 


 


Intracranial challenge route not relevant to human 


infection 


IFNAR-/- mice Low cost 


Some resemblance with pathology in 


humans (vasculitis, 


bronchointerstitial pneumonia, 


meningeal inflammation but no 


encephalitis) 


Not suited to vaccine studies 


Intraperitoneal route of infection 


Syrian hamsters Low cost 


Good resemblance with infection in 


humans (extensive lesions, 


respiratory and neurological disease; 


systemic vasculitis) 


Limited availability of reagents 


Ferrets Some resemblance with infection in 


humans (respiratory disease, 


systemic vasculitis, but encephalitis 


not detected) 


Limited availability of reagents 


AGM Good resemblance with disease in 


humans (infection in multiple organ 


systems, neurological disease and 


severe respiratory pathology along 


with generalized vasculitis) 


Resemblance with immune response 


in humans 


High cost 


Small sample size 


Cats Intranasal or oral route of challenge 


Very limited  resemblance with 


disease in humans (respiratory 


disease, but no neurological signs) 


Limited availability of reagents, limited 


characterization of the model 


 


Pigs Some resemblance with disease in 


humans (respiratory disease, 


encephalitis, as well as congestion 


and haemorrhagic lesions) 


Various species-specific differences of NiV 


replication identified 


 


More detailed tables describing the disease and 


histopathological lesions in each animal model can be found 


in the reviews by Dhondt (2013) and Geisbert (2012). While 


there is today no ideal animal model to study novel vaccines 


or therapies against NiV infections, various options are 


available for preclinical testing of such candidates.  


Preclinical models are available for 


evaluation of NiV vaccine and 


therapy candidates 
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Epidemiology, Prevention and Control  


Transmission and maintenance 
The widely distributed fruit bats from Pteropodidae family are considered to form the natural 


reservoir of NiV. Serological studies demonstrated evidences of NiV infection in multiple bat species, 


including frugivorous and insectivorous bats. As summarized by Wacharapluesadee (2016), NiV-B has 


been found in Pteropus giganteus (India), and Pteropus lylei (Thailand). NiV-M has been found 


Pteropus hypomelanus (Malaysia and Thailand), Pteropus vampyrus (Malaysia and Indonesia), 


Pteropus lylei (Cambodia and Thailand), Hipposideros larvatus (Thailand), Taphozous species 


(Thailand) and Rousettus amplexicaudatus (East Timor). However, viral isolation and molecular 


characterization was usually only successful in Pteropus species (Simons 2014). Henipavirus infection 


in bats seems to be asymptomatic. Experimental infection by subcutaneous route has been followed 


by seroconversion in the majority of animals in the absence of visible clinical disease, while a range of 


histopathological changes was observed within the tissues. Nipah virus was excreted in urine. As 


suggested by Middleton (2007), this intermittent, low-level excretion may be sufficient to sustain the 


net reproductive value of the virus in a species where there is regular urine contamination of the fur, 


mutual grooming, and where urine droplets are a feature of the environment.  


Introduction of NiV infection into the human population occurs by two mechanisms of spill-over from 


bats: transmission via an intermediate animal host, which precipitated the outbreak in Malaysia; and 


bat-to-human transmission, which has occurred in Bangladesh and India (Clayton 2017). 


In Malaysia, the highest risk of human NiV infection was associated with activities involving close 


contact with and handling of pigs, and transmission to people is thought to have occurred through 


direct contact with infectious secretions or excretions of pigs. Importation of infected pigs into 


Singapore from Malaysia precipitated a cluster of infections in abattoir workers in Singapore, whose 


exposure risks were also associated with close contact with pigs or their excretions. In Malaysia, NiV 


was highly infectious for pigs, with all classes of pigs susceptible. The pattern of on-farm infection 


was consistent with respiratory transmission; between-farm spread was generally associated with 


the movement of pigs. An extensive post-outbreak surveillance program in Malaysia showed that 


farms that did not receive pigs at the time of the outbreak generally remained uninfected, even 


when neighbouring farms were infected (Breed 2006). Human infections were predominantly 


attributed to contact with live pigs. A small number of infected people had no history of contact with 


or proximity to pigs, and human-to-human transmission is suspected in a few cases. No human case 


was attributed to contact with bats. 


In Bangladesh, a most common risk factor for human NiV infection is drinking contaminated date 


palm sap or its fermented product. Date palm sap is harvested from December through to March by 


cutting into the tree trunk and allowing the sap to flow overnight into an open clay pot. Infrared 


camera studies have demonstrated that Pteropus giganteus bats frequently visit date palm sap trees 


and lick the sap during collection, potentially contaminating it with NiV from saliva and/or urine 


(Simons 2014). The other common risk factor for human infection is contact with a patient with 


Nipah encephalitis. Overall, these two risk factors reflect the two main mechanisms of human 


infection observed in Bangladesh as well as in India: bat-to-human and human-to-human 


transmission. In a small number of instances, direct contact with infectious material left by foraging 
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bats in trees or on fruit may have also played a role in bat-to-human transmission, and domesticated 


animals such as cows, goats and pigs may also pose infection risks to people.  


Person-to-person transmission has been identified as a pathway for infection of people in India and 


Bangladesh. In Siliguri, India, 75% of the patients had a history of hospital exposure, i.e. they were 


members of the hospital staff or had attended to or visited patients in the hospital (Chadha 2006). 


Similarly, a study of human NiV infections between 2001 and 2007 in Bangladesh attributed 51% of 


all cases to onward transmission from an infected person, although only 7% of people were identified 


as having transmitted their infection. In these instances, close contact between infected and naïve 


individuals appears to drive transmission, and specific risk factors for exposure are associated with 


direct contact with a clinically unwell patient or their secretions, in particular patients with severe 


illness and who later died as a result of their infection. Several studies evaluated the risk factors 


associated with transmission and suggested that the main mode of human-to-human transmission is 


via direct contact with the infectious secretions of a patient with clinical disease; this is further 


supported by isolation of NiV from respiratory secretions and urine of patients (Clayton 2017). So far, 


the basic reproductive number (R0) of the strains of NiV that have spilled over in Bangladesh has 


remained very low, averaging 0.48 (Luby 2013). 


Possible NiV outbreak in the Philippines in 2014 


(adapted from Ching 2015) 


In April 2014, 2 human deaths were reported in the municipality of Senator Ninoy Aquino, island of 


Mindanao in the Philippines. An outbreak investigation identified additional human deaths and non-


fatal infections as well as concurrent neurologic disease and sudden deaths in several horses. 


Subsequently, a human case was defined as illness in any person with an epidemiologic link to the 


municipality of Senator Ninoy Aquino and who had experienced acute encephalitis syndrome, severe 


influenza-like illness, or meningitis during the period from March 3 to May 24, 2014. This case 


definition was met by 17 persons (11 acute encephalitis syndrome, 5 influenza-like illness, 1 


meningitis). 


Of the 17 case-patients, a total of 7 (41%) had participated in horse slaughtering and horse meat 


consumption, and 3 (18%) had only consumed horse. Five (29%) case-patients had been exposed to 


other human case-patients, but not to any horses. 


Neutralizing antibodies against NiV and correspondingly lower neutralizing antibody titers against 


HeV were found for 3 patients. A serum sample from a patient was positive by real-time PCR for NiV, 


and a 71 nucleotides long sequence of the P gene of NiV was detected from another patient. This 


short segment had 99% nucleotide identity with NiV-M and 94%-96% identity with NiV-B. Further 


attempts to amplify additional genome and isolate the virus were unsuccessful.  


This outbreak led to the conclusion that ongoing surveillance is needed to help with prompt response 


to future potential additional outbreaks of Nipah, including not only diagnosis, but also investigation 


of risk factors associated with spill-over and virus transmission, implementation of control measures, 


and further characterization of the virus involved. Another important lesson from this outbreak is the 


fact that a NiV isolate not identical to the one currently circulating in Bangladesh has the potential 


to emerge and cause disease in human. 
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At risk populations  
As demonstrated by the Ebola epidemic in 2013-2016, there is potential for highly pathogenic 


emerging infections that normally cause only small, isolated and containable outbreaks to 


occasionally result in large epidemics that inflict a significant mortality and morbidity burden. In this 


regard, the number of people at risk of acquiring NiV in Bangladesh and the neighboring West Bengal 


state of India (regions that experience more frequent outbreaks) exceeds 250 million. The total 


number of people at risk, including all countries that experience NiV outbreaks and in which the 


Pteropus bats occur naturally, exceeds two billion (Satterfield 2015).  


Due to the different mode of virus transmission during the outbreaks in Malaysia and Singapore 


compared to more recent outbreaks, the definition of at risk populations has evolved. Following the 


NiV outbreak in March 1999 in Singapore, a serological survey screened individuals potentially 


exposed to NiV, and found that all of the antibody positive 


individuals had direct contact with pigs (Chan 2002). Subsequent 


observations in Bangladesh and India led to very different results.  


A review of 196 cases in Bangladesh indicated that cases were 


distributed in all age groups, with a median age of 25 years (range: 


6 months to 75 years) and 124 (63%) cases were observed in males 


(Rahman 2012). 


Human cases of Nipah were found to generally occur in areas near inland water, predominantly the 


Ganges, which provides a suitable habitat for date palm trees (Simons 2014). The disease was also 


characterized by seasonality in Bangladesh, with cases occurring only between December and April, 


roughly coinciding with the time that palm sap is collected (Simons 2014, Stone 2011). The central 


role for palm sap consumption as a risk factor was identified by a number of studies. For instance, 


Hedge (2016) analysed a large dataset of 157 cases and 632 controls over the period 2004–2012 in 


Bangladesh, and found that Nipah cases were 4.9 times more likely to consume raw date palm sap. 


Human-to-human NiV transmission is the source of additional risk factors, as illustrated by the study 


by Hedge (2016), who observed that cases in Bangladesh were 7.3 times more likely to have contact 


with a Nipah case than controls. Specific cultural practices may underlie the fact that transmission 


commonly occurs between infected patients and their caregivers. In Bangladesh, societal norms 


dictate that such care is provided by patients’ family members even in hospital settings, where 


trained health-care professionals adopt a “hands off” approach to patient management. A number of 


cases of human infection in Bangladesh were attributed to corpse-to-human transmission, through 


The risk of NiV transmission 


is underpinned by social and 


environmental factors, which 


should be taken into account 


for control measures 


What is the potential for NiV and other hendraviruses  to cause a pandemic ?  


(adapted from Luby 2013) 


Human-to-human transmission of NiV remains very limited in current outbreaks. However, humans 


are susceptible to the virus; and as an RNA virus, NiV is characterized by a high rate of mutation, 


which has the potential to lead to the emergence of a strain better adapted to spread from human 


to human. Moreover, if such adapted virus were to infect communities in South Asia, high population 


densities and global interconnectedness could be expected to rapidly spread the infection. 
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embracing the body of a loved one soon after their death, or through ritual preparation of a corpse 


for religious burial (Clayton 2017). 


 


Distribution  
Table 2 below presents the human cases of NiV that have been confirmed since first identification of 


the virus. 


Table 2. Morbidity and mortality due to Nipah or Nipah-like virus encephalitis 


(adapted from http://www.searo.who.int/entity/emerging_diseases/links/nipah_virus_outbreaks_sear/en/) 


Year(s) Country Reported number of human 
cases 


Reported number (%) of deaths among 
cases 


1998-
1999 


Malaysia 
Singapore 


276 106 (38%) 


2001 India 66 45 (68%) 


2001 Bangladesh 13 9 (69%) 


2003 Bangladesh 12 8 (67%) 


2004 Bangladesh 67 50 (75%) 


2005 Bangladesh 12 11 (92%) 


2007 Bangladesh 18 9 (50%) 


2007 India  5 5 (100%) 


2008 Bangladesh 11 9 (82%)) 


2009 Bangladesh 4 1 (25%) 


2010 Bangladesh 16 14 (88%) 


2011 Bangladesh 44 40 (91%) 


2012 Bangladesh 12 10 (83%) 


2013 Bangladesh 24 21 (88%) 


2014 Philippines 17* 9 (53%) 


2014 Bangladesh 18 9 (50%) 


2015 Bangladesh 9 6 (67%) 


* possible NiV outbreak 


Since 2001, outbreaks of Nipah have occurred almost annually in Bangladesh, affecting from 4 to 


more than 60 subjects (reviewed by Clayton 2017). 


NiV has been shown to circulate in Pteropus bats in the countries where outbreaks of human disease 


have occurred. A 3-year longitudinal study of Pteropus hypomelanus bats (Rahman 2013) in Malaysia 


indicated an overall NiV seroprevalence of 9.8%, with nonseasonal temporal variation. Viral 


circulation was demonstrated within the study period.  


Evidence of hendravirus or hendravirus-like infection was demonstrated by serological and/or 


molecular testing in bat samples collected from numerous countries (reviewed by Breed 2013), such 


as Bangladesh, India, Thailand, Cambodia, Vietnam, Indonesia or Madagascar where samples were 


found positive for NiV; China with a NiV-like virus; or Australia, Papua New Guinea and Indonesia 


with HeV. Bat infection was even detected in West African countries, with samples from Ghana and 


Equatorial Guinea found henipavirus-positive. These bat viruses may have the potential to spill-over 


into other mammalian hosts, including human. Actually, Pernet (2014) showed evidence of 


henipavirus infection in human samples from Cameroon. 


Current prevention and control strategies 
Current strategies for the management of henipaviruses are generally directed at minimising direct 


or indirect contact with the natural host (e.g. with palm sap), monitoring intermediate hosts, 
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improving biosecurity on farms, and better disease recognition and diagnosis (Breed 2006). 


Prevention efforts also focus on interventions to interrupt transmission of NiV through person-to-


person contact. 


 


In Malaysia, the central strategy has been the implementation of sound farm management practices, 


such as monitoring herd health and early recognition of disease syndromes (Breed 2006). Several 


simple on-farm measures can also be taken to reduce the likelihood of spill-over events occurring. 


They include removal of fruit tree plantations from the immediate vicinity of pig sheds, wire 


screening of open-sided pig sheds, or ensuring roof run-off does not enter pig pens to avoid contact 


with bat urine or faeces or partially eaten fruits. 


In Bangladesh, interrupting bat-to-human transmission is a main objective. People’s knowledge of 


NiV was found low in a study conducted in randomly selected villages in Bangladesh (Nahar 2015), 


indicating a need for implementing strategies to increase awareness about the risks associated with 


this virus. Research was also conducted on methods to protect palm sap from bats. Studies 


compared methods to protect sap (Khan 2012). Bamboo, dhoincha, jute stick and polythene skirts 


covering the sap producing areas of a tree effectively prevented bat-sap contact. Pasteurizing date 


palm sap is another option. Moreover, the Government of Bangladesh issued a recommendation to 


abstain from drinking raw sap. However, such prevention methods rely on behaviour modifications. 


While these approaches appear to be effective strategies of prevention, their implementation is 


often problematic due to cultural factors (Satterfield 2015). Research was then conducted on 


behaviour change communication interventions. Nahar (2017) reported for instance that a ‘do not 


drink raw sap’ message is less effective than an encouragement to only drinking sap if it has been 


protected from bat contamination, ‘safe palm only’. In addition, Parveen (2016) found that during 


outbreaks, one-way behaviour change communication without meaningful causal explanations is 


unlikely to be effective. Based on the cultural context, interactive communication strategies in lay 


language with supporting evidence may help make prevention messages credible in affected 


communities. 


Similar communication is also necessary during outbreaks to interrupt person-to-person transmission.  


The National Guideline for Management, Prevention and Control of NiV Infection developed in 


Bangladesh identified a variety of prevention messages and levels of communication, to address risks 


associated with patient to care giver/contact, patient to health care worker, touching objects used by 


patients or handling deceased bodies (Rahman 2011). Specific measures are also taken in the 


hospital setting to avoid further spread of the disease, including isolation of patients, using personal 


protective equipment and applying standard precautions such as environmental decontamination 


and safe waste disposal. Another precaution is the safe handling of corpses of suspected Nipah 


patients. 


Summary of epidemiology, prevention and control  
Because of their wide distribution and flying range that can cover huge areas of human habitat, 


pteropid bats are highly effective in NiV dissemination. Moreover, the changing climate can be 


expected to affect the distribution of this virus reservoir in the future. Hence, the likelihood of 


additional henipavirus outbreaks in new areas/countries can be considered very high (Ong 2015). In 


view of the very high case fatality associated to the disease and the lack of safe and effective vaccine 


and therapies, this is a serious source of concern. 
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To date, outbreaks have resulted from two main transmission modes, consumption of contaminated 


palm sap (Bangladesh, India) or direct contact with infected pigs (Malaysia, Singapore). Since 2001, 


outbreaks of Nipah have been observed almost annually in Bangladesh. Current prevention of 


disease essentially relies on behaviour modifications to prevent spill-over from bats, even though the 


implementation of such measures is often challenging.   


Human-to-human transmission has contributed significantly to the spread of NiV in Bangladesh and 


India, as well as during the first recognised (putative) outbreak in the Philippines. Human-to-human 


transmission is driven by close contact with patients who are clinically unwell, and factors such as 


patient care and basic infection control measures will be critical considerations for the mitigation of 


onward transmission of NiV infection in future outbreaks in people (Clayton 2017). 


Diagnostics  
Reliable detection of markers of NiV infection remains a key to establishing diagnosis both in animals 


and humans because the diagnosis may not be suspected initially, and disease manifestations can be 


rather nonspecific (Ong 2015).  


Diagnostic Technologies  
Various assays have been developed for laboratory confirmation of NiV infections. ELISA and RT-PCR 


are preferred methods. Virus isolation in cell culture is complicated by the requirement for high 


containment facilities.  


Serological methods  


ELISA 


Several ELISA systems have been developed for serological testing after the initial investigations of 


NiV outbreaks in Malaysia and Singapore. Subsequently in Bangladesh, the first NiV outbreaks were 


only suspected after these tests were found to be positive in patients. These tests have also been 


used widely for investigative field studies in bats and other animals.  ELISAs have been used both for 


detection of the viral antigen and evaluation of antibody responses (see Table 3 below). Chiang 


(2010), for instance, reported the development of monoclonal antibody-based antigen capture 


ELISAs for virus detection and for differentiation between NiV and HeV. Such viral antigen capture 


ELISAs provide a high throughput format at relatively low cost for screening of samples, and thereby 


could serve as an alternative to PCR for rapid diagnostic and virus detection (Kulkarni 2013). ELISAs 


developed for serology testing (IgM or IgG) may use infected cell lysate antigens for coating the 


plates. However, their use is limited to BSL4 laboratories. To overcome this problem, NiV 


recombinant proteins, and the N protein in particular, have been produced as an alternative antigen 


for serological detection of infection. 


The specificity and sensitivity of available ELISAs has not been often reported. One such validation 


study concluded in 92% assay sensitivity and specificity of a NiV-N protein-based IgM capture ELISA, 


but used as a reference method the ELISA developed at CDC (Yu 2006), which performance 


documentation had not been disclosed.  
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Luminex 


Two different Luminex assay formats were developed for detection of NiV-specific antibodies, a 


binding assay and a blocking or inhibition assay (reviewed by Wang 2012). The inhibition assay 


measures antibodies that block ephrin-B2 receptor binding. Such assay can be considered as a 


surrogate neutralization test. Similar Luminex assays have been used successfully for HeV diagnosis 


in human as well as veterinary settings. 


Rapid test 


From an outbreak investigation/control point of view, it is most useful in some situations to have 


access to a rapid (point-of-care) test for both human and animal applications. Rapid tests, usually 


consisting of lateral flow immunochromatographic assays, have been developed for detection of 


antigen and/or antibody corresponding to a variety of infectious diseases. However, as of today, no 


such test has been made available for Nipah serology. 


Virus neutralization 


Serum neutralization tests are considered as the reference for serology testing, and NiV 


neutralization tests were developed soon after the first outbreak in Malaysia. In a conventional NiV 


neutralization test, sera are incubated with virus in the wells of 96-cell microtiter plates prior to the 


addition of Vero cells. Those sera that completely block development of a cytopathic effect are 


designated as positive. A more rapid plaque assay neutralization procedure has also been developed 


to detect NiV-neutralizing antibodies, in which a specific number of plaque-forming units of the virus 


are incubated with dilutions of test serum prior to adsorption to the cell monolayers, and foci of 


infection detected immunologically after fixation of the cells with methanol (reviewed by Wang 2012, 


Daniels 2001). 


Neutralization testing may not be performed in many laboratories because these tests involve 


handling live viruses, which requires high containment facilities. Several pseudotyped viruses bearing 


the NiV F and G proteins have been developed to obviate this requirement, and shown to be more 


sensitive than conventional serum neutralization assays (Wang 2012). However, further validation of 


the pseudotype assays, at large scale, would be required to corroborate their high sensitivity and 


specificity before considering them as a reliable alternative to other serological assays.  


Molecular methods  


Specific and reliable PCR-based methods and sequencing to identify henipaviruses are now more 


widely available for outbreak investigations and diagnosis, and have begun to replace serological 


testing (Ong 2015). A real time RT-PCR TaqMan assay for NiV was first developed in 2004, based on 


the N gene sequence. The sensitivity of the test was close to 1 plaque forming unit, and it was 


demonstrated that the assay was able to detect NiV RNA in blood specimens from infected hamsters. 


The assay was also shown NiV-specific since it failed to detect HeV RNA. A commercial kit based on 


this technology has obtained CE marking and been made available, for the detection of NiV in serum，


plasma, infected animal tissue or secretion by using real time PCR systems. 


 


Subsequently, in another study, several consensus quantitative PCRs were developed for detection of 


both HeV and NiV. In this study, the N gene SYBR Green assay was the most useful assay for 


investigation of potentially unknown henipaviruses and the P TaqMan assay was preferred when high 


sensitivity was required to detect infection by know strains of NiV (reviewed by Wang 2012). 
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Two versions of a Taqman array card have also been recently developed for simultaneous detection 


of more than 20 pathogens (including NiV) in cerebrospinal fluid or blood samples (Onyango 2017, 


Liu 2016). The assays showed good performance when compared to standard PCR, with better 


specificity (96-99% overall) than sensitivity (< 90% overall). The TaqMan array card could be used in 


field settings with different objectives: as a rapid screen in case of suspected neurological disease, for 


outbreak investigations or for the surveillance of specific pathogens including NiV. 


Tissue culture method  


Virus culture can be used for diagnosing NiV infections. Particularly in any new case or outbreak, 


isolation of the virus is highly desirable. Brain, lung, kidney and spleen samples should be tested. A 


cytopathic effect usually develops within 3 days of culture in Vero cells. Initially after low multiplicity 


infection of cell monolayers, the cytopathic effect is manifested by the formation of syncytia that 


may contain up to 20 or more nuclei. Subsequently syncytia lift from the substrate, leaving punctate 


holes in the cell monolayer. Identification methodologies for virus isolates include immunostaining of 


fixed infected cells, neutralization with specific antisera, PCR of culture supernatants, and electron 


microscopy (Daniels 2001). 


Immunohistochemistry 


Where infected animal or human tissues are available, immunohistochemistry using specific anti-


henipavirus antibodies is sometimes useful to confirm the diagnosis (Ong 2015). In NiV infections 


there is a wide range of tissues in which viral antigen can be detected (Daniels 2001), since the 


primary pathology occurs in the vascular endothelium. However, this method has been more 


frequently reported for detection of HeV than NiV infections. 


Summary and challenges 


Table 3 provides an overview of the advantages and disadvantages of the different technologies used 


for diagnosis of NiV, and table 4 provides a summary of the techniques available in various 


laboratories for diagnosis of NiV infections. Despite the very narrow geographical distribution of the 


disease, a variety of diagnostic tools have been made available by various laboratories. 


 


Table 3. Summary of advantages / disavantages of the main NiV assays (for diagnosing human 


infections) 


 


Technique Advantages Disadvantages 
ELISA (IgM) May provide Nipah diagnosis if performed between 


4 days and 3 months after exposure  


 


   
ELISA (IgG) 
 
 
Nucleic acid-based assays 


May provide Nipah diagnosis 
 
 
Becoming the clinical diagnostic standard  
Performed rapidly 
 


Requires a second serum sample 
(convalescent serum) 
 
 
 
 


Viral culture  Virus isolation important when a new case or 
outbreak occurs 


Requires too much time to be of use in 
clinical setting 
Requires BSL4 precautions 
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Table 4. Overview of diagnostic tests developed in various laboratories 


(adapted from Kulkarni 2013) 


 


Technique Assay Laboratory 
ELISA (detection of viral 
antigen) 
 
 
 
 
ELISA (detection of IgM and 
IgG) 
 


Antigen-capture ELISA using antibodies produced by 
DNA immunization 
Antigen-capture ELISA using antibodies produced by 
DNA immunization 
Monoclonal antibody-based antigen-capture ELISA 
 
Solid-phase blocking ELISA 
Indirect ELISA based on E coli-expressed N 
 
Indirect IgG ELISA based on recombinant N 
IgM capture ELISA based on recomb. N 
 


CDC, USA 
 
Nat. Inst. Inf. Dis., Japan 
 
CDC, USA 
 
DVS, Malaysia 
Chinese Nat. Diagn. Center for Exotic 
Animal Dis. 
Institute Trop. Med., Japan 
Institute Trop. Med., Japan 


Luminex  
 
 
Neutralization 
 


Binding assay 
Receptor inhibition (blocking) assay 
 
Plaque assay 
 


CSIRO, Australia 
CSIRO, Australia 
 
CSIRO, Australia 


Pseudotype neutralization 
 
 
 
 
Immunohistochemistry 
 


VSV pseudotypes expressing NiV F /G 
VSV pseudotypes expressing NiV F /G 
VSV expressing secreted alkaline phosphatase 
pseudotyped with NiV F/G 
 
Monoclonal antibody-based immunohistochemistry 


CDC, USA 
Nat. Inst. Inf. Dis., Japan 
Nat. Inst. Inf. Dis., Japan 
 
 
Nat. Inst. of Animal Health, Japan 


PCR Real-time RT-PCR (Taqman) using primers in N gene 
Real-time RT-PCR (Taqman) using primers in P gene 
SYBR Green assay using primers in N gene 
Duplex nested RT-PCR (bat urine specimen) 
Taqman array card (multiplex) 
 


Institut Pasteur, France 
Inst. of Zoology, UK 
Inst. of Zoology, UK 
Chulalongkorn Uni. Hosp., Thailand 
CDC, USA 


Virus culture Plaque assay CSIRO, Australia 


 
  


Many countries in the South-East Asia region did not have adequate facilities for diagnosing the virus 


when the first outbreaks occurred. However, Bangladesh, India and Thailand developed laboratory 


capacity and addressed this issue. For instance, a Nipah laboratory was set up in Bangladesh (IEDCR) 


for safe specimen handling and testing by ELISA to identify IgM and IgG antibodies against NiV 


(Rahman 2012). In India, a BSL4 laboratory at National Institute of Virology (ICMR), Pune, has 


prepared to diagnose NiV in the country. The OIE Reference Laboratory for Henipaviruses in Asia–


Pacific region is located at Australian Animal Health Laboratory, Geelong, and the High Security 


Animal Disease Laboratory, in Bhopal, with BSL3 + facility caters the need for exotic animal disease 


diagnosis (Kulkarni 2013). 


 


Of note, NiV diagnostic tests have to be deployed under a range of circumstances: they are involved 


in studies of the natural history of infections, diagnosis of the disease in pigs; in special circumstances 


they may facilitate international trade in known susceptible species and they are a key to the 


diagnosis of human infection and disease. An additional constraint is that diagnostic technologies 


should be appropriate to resource-limited environments (Wang 2012).  
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NiV diagnostic validation studies are still lacking to fully characterize the performance of available 


assays. In particular, assay cross-reactivity appears as a largely unaddressed topic. The antibody 


cross-reactivity between HeV and NiV can be expected to decrease NiV assay specificity.  However, in 


some instances, assays providing wide coverage, across all henipaviruses, may be desirable. 


Surveillance studies indicated the presence of a diverse group of henipavirus or henipa-like viruses in 


bats at different geographic locations around the world, from Australia, Southeast Asia to China, 


Madagascar, and West Africa. It is highly possible that any of these bat viruses have the potential to 


spill-over into other mammalian hosts, including human, and cause diseases. These viruses may 


induce cross-reactive, but not cross-neutralizing, antibody responses against known henipaviruses 


(Wang 2012).  


 


Gap analysis: Diagnostics  
 


Due to the high case fatality rate associated with NIV infections, and the risk of human-to-human 


transmission, accurate tests, with very high levels of both sensitivity and specificity are needed.  The 


consequences of false negative or false positive assay results are indeed difficult to manage.  


Available data remain insufficient to determine whether available tests have adequate performance 


for optimal diagnosis of human NiV infections. Detection of IgM 


by ELISA has been most widely applied in the context of the 


latest outbreaks in Bangladesh. However, very limited 


information has been disclosed about the performance of these 


assays. Laboratories seem to be more concerned by a possible 


lack of assay specificity than sensitivity, as IgM ELISA positive 


results are usually reported to be confirmed by another method 


(Sazzad 2015, Homaira 2010, Gurley 2007). 


Laboratories offering henipavirus testing pay detailed attention to quality assurance issues, but NiV 


disease may occur in remote locations without ready access to sophisticated laboratory facilities, and 


therefore reproducible diagnostic test accuracy can sometimes be challenging to deliver at the point 


of care (Wang 2012). Continued efforts are therefore needed to ensure better access to suitable 


diagnostics in all areas where NiV outbreaks are likely to occur. 


Future directions for research in NiV diagnostics should include assay validation vs. international 


reference standards (RNA, antibody), point-of-care diagnostic development, and expansion of 


multiplex assays to distinguish Nipah from other diseases with similar clinical presentations. 


Therapeutic interventions  


Antiviral drugs 


Ribavirin and chloroquine 


Ribavirin is a guanosine analogue and broad spectrum nucleoside antimetabolite antiviral drug which 


features on the WHO Essential medicines list. An inhalation solution of ribavirin is also indicated for 


the treatment, in young children, of severe lower respiratory tract infections due to respiratory 


syncytial virus, another paramyxovirus. During the NiV outbreak in Malaysia in 1998/99, ribavirin was 


What are the sensitivity and 


specificity of current ELISA IgM 


assays? 







NOT F
IN


AL 
- D


RAFT u
nd


er
go


ing
 co


ns
ult


at
ion


  


25 
 


given empirically to treat 140 patients. The trial was not randomized. Patients who were managed 


prior to the availability of ribavirin or refused ribavirin were taken as controls. There were 45 deaths 


in the treated group (32%) and 29 in the controls (54%), corresponding to 36% reduction in mortality 


(Chong 2001). On Cox regression analysis, younger age and use of ribavirin were independently 


associated with better survival (p = 0.011 and 0.013, respectively).  To our knowledge, this is the only 


available report on the efficacy of ribavirin in patients. In subsequent animal studies, ribavirin was 


found to only delay NiV disease and death (reviewed by Ong 2015, Broder 2013, Steffen 2012).  


 


Ribavirin was also tested in combination with the antimalarial drug chloroquine. Chloroquine was 


indeed shown early on to block the critical proteolytic processing needed for the maturation and 


function of the HeV F glycoprotein (Pager 2004), and later shown to inhibit NiV infection in cell 


culture (Porotto 2009). However, in vivo data proved disappointing. Chloroquine did not protect 


hamsters when administered either individually or in combination with ribavirin (Freiberg 2010). 


Other antiviral drugs 


In view of the questionable efficacy of ribavirin and/or chloroquine and the severity of NiV infections 


in people, considerable effort has been spent in developing and exploring new therapeutic options 


against henipaviruses. Such research has primarily focused on targeting the fusion and entry steps of 


the virus infection process, as done by F glycoprotein-targeted peptide fusion inhibitors. A 36 amino 


acid HR2-based fusion inhibitor (NiV-Fc2), analogous to the approved HIV-specific therapeutic 


peptide enfuvirtide, has been proposed as a specific therapy 


against henipaviruses (Steffen 2012).  


Subsequent studies focused on peptide optimization, leading 


to the identification of the cholesterol tagged hPIV3-based 


HR2-derived peptide as a promising candidate (Porotto 2010). 


Such cholesterol-tagged peptides could penetrate the CNS and 


exhibited some effective therapeutic activity against NiV 


infection in the hamster model. However, relatively large 


amounts of HR2-cholesterol peptides (2 mg/kg) were needed 


to achieve 60% or less survival of hamsters infected with NiV, 


when administered simultaneously or prior to NiV inoculation. 


Additional studies were conducted more recently in view of better understanding the properties 


underlying the peptides’ potency (Mathieu 2017). The observation of direct correlation between the 


length of the linker, the antiviral effect of the molecule and its protease sensitivity (leading to 


decreased stability in vivo) illustrates the major challenges remaining to be addressed by this type of 


research. 


 


Small-molecule nucleoside inhibitors have also been evaluated against NiV. Very recently, Hotard 


(2017) evaluated 4'-Azidocytidine (R1479), an antiviral initially developed for hepatitis C therapy, 


against a range of paramyxoviruses and reported similar levels of in vitro activity against 


henipaviruses as against flaviruses. 


 


Other candidate drugs evaluated in vitro for their activity against henipavirus infections include 


cationic compounds and calcium influx inhibitors (Aguilar 2011). 


Nearly two decades of research on 


the molecular mechanisms of 


membrane fusion have not 


resulted in the identification of a 


lead candidate with successful 


proof of concept data in an animal 


model of NiV infection  
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Biologicals  


Convalescent plasma  


The recent pathogen outbreaks, such as Ebola viral disease or Middle East respiratory syndrome 


coronavirus, have renewed attention to convalescent plasma and immunoglobulins. In case of severe 


disease, when no treatment with a proven record of safety and efficacy is available, they may appear 


as the only available therapeutic option. However, convalescent plasma has not been investigated 


clinically during outbreaks of NiV infections, and research efforts are rather focused on monoclonal 


antibodies.  


Monoclonal antibodies  


Monoclonal antibodies targeting the surface glycoproteins of 


HeV have shown efficacy against both HeV and NiV as pre- and 


post-exposure prophylaxis in animal models, but since these 


antibodies must be administered before the onset of clinical 


signs, they are unlikely to be useful for treating symptomatic 


patients, while probably beneficial for post-exposure 


prophylaxis in potentially exposed individuals (Satterfield 2015). 


Presently, the only reported and most promising post-exposure 


therapy against NIV infection is a human monoclonal antibody 


known as m102.4, which was isolated from a recombinant 


human phage-displayed Fab library (reviewed by Broder 2013). 


The m102.4 mAb has exceptionally potent neutralizing and cross-neutralizing activity against both 


NiV and HeV viruses and its epitope maps to the ephrin receptor binding site. Testing of m102.4 has 


confirmed its neutralization activity against several isolates including NiV-M and NiV-B. Effective 


post-exposure efficacy with m102.4 has been demonstrated in both ferrets and NHPs (AGMs) 


infected with either HeV or NiV. Of note, a study conducted in AGMs confirmed the higher 


pathogenicity and lethality of NiV-B compared to NIV-M, and showed that the therapeutic window 


for m102.4 was much shorter with NiV-B than NiV-M, with all animals succumbing to NiV-B infection 


if treated later than on days 3 and 5 post inoculation (Mire 2016). 


Over the past years, eleven human subjects have been reported to receive high-dose m102.4 therapy 


on an emergency use basis because of high-risk exposure to HeV in Australia (10 people) or NiV in the 


United States (one person), and all have remained well with no associated adverse events (Broder 


2013). A phase 1 clinical trial has been initiated for this product in April 2015 in Australia in a total of 


40 subjects (5 groups of 8 subjects receiving 1 or 2 intravenous infusion(s) of different doses of 


m102.4) (https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=368110&isReview=true). 


Assessments include safety/tolerability, pharmacokinetics and immunogenicity parameters. To our 


knowledge, the outcome of this trial has not been disclosed yet, but the results will be essential for 


determining the feasibility of using such monoclonal antibody for pre- or post-exposure prophylaxis. 


Host directed interventions  


Immunomodulators  


The innate immune response to NiV infection is thought to alter the pathogenic process that is 


induced, offering the option of a therapeutic approach based on immunomodulation. A derivative of 


Poly-IC12U has not reached 100% 


protection in the hamster model of 


NiV infection. Can it be considered 


a promising drug candidate? 


Data from the phase 1 trial of 


m102.4 will help estimate its 


therapeutic window, and the 


future commercial cost of a 


treatment   



https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=368110&isReview=true
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synthetic polyinosinic:polycytidylic acid (poly-IC12U or Rintatolimod), an analogue of double-


stranded RNA which strongly activates IFN production, has been shown effective in limiting disease 


and increasing survival of NiV-infected hamsters. When administered at 3 mg/kg of body weight daily 


from the day of infection to 10 days post-infection, prevented mortality in 5 of 6 infected animals 


(Georges-Courbot 2006). This drug candidate is not new. It was evaluated clinically as early as in the 


1980s, and at that time associated to significant toxicity (with adverse events such as fever, arthritis, 


liver toxicity, thrombocytopenia, or neurotoxicity). Nevertheless, poly-IC12U underwent further 


clinical development for chronic fatigue syndrome, with more than 90 000 doses administered, and 


these trials concluded in an acceptable safety profile (Mitchell 2016). Poly-IC12U may thus hold 


promise for Nipah therapy. 


Another strategy, targeting the activation of IRF3-dependent signalling mechanisms with small 


molecule agonists, has been proposed more recently by Pattabhi (2016), but so far it has not 


advanced beyond a very early stage of development. 


Adjunctive therapies  


As for other severe diseases of viral origin, aggressive supportive care may help improve patient 


survival. NiV infections, especially as seen in Bangladesh, are associated to respiratory disease and 


respiratory failure. Oxygen supplementation and eventually transfer to ICU are part of the 


management guidelines of this infection. Ensuring patient access to the best medical practices in this 


area should remain a priority.  


Gap analysis: Therapeutics  
Without any other currently available therapeutic options, ribavirin is still considered today as an 


option for treatment of NiV infections in emergency settings, but its impact on disease progression is 


highly questionable. Research on alternative treatments appears therefore as critical. Numerous 


studies have uncovered determinants important for various steps in the NiV replication cycle. While 


each step of the replication process represents a potential target for the development of antiviral 


drugs, most efforts have been focused on the mechanisms leading to productive membrane fusion. 


Until now, such research has not resulted in the identification of many promising candidates, and 


none of them has been reported successful in an animal model of NiV infection.  


The most advanced alternative treatment under development is a monoclonal antibody, m102.4, 


which was identified by panning a large nonimmune antibody library against the HeV glycoprotein G. 


This monoclonal antibody was then affinity maturated, converted to IgG1 and proved highly 


neutralizing against NiV (Zhu 2008). It has now reached clinical phase 1 evaluation. Following high-


risk NiV exposure or cases of infection in India or Bangladesh in recent years, there has been an 


interest in compassionate use of the m102.4 antibody, which was found difficult to orchestrate as 


the product was still at a preclinical stage of development. A possible strategy for access to this 


therapy would be to further develop, manufacture and stockpile the antibody so as to deploy it 


rapidly when and where another outbreak occurs (Broder 2013). However, more data from clinical 


studies will be required to determine what could be the indication and usage of this monoclonal 


antibody. 


Another therapeutic approach may be based on immunomodulation, as suggested by the efficacy of 


poly-IC12U in the hamster model of NiV infection. However, for a better understanding of the 
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probability of success of this approach, poly-IC12U should be evaluated in the same AGM model as 


used for the m102.4 antibody.  


Overall, the development of therapies against NiV infections remains at a very early stage. Research 


efforts in this area should be encouraged, especially when considering the high case fatality rate 


associated to NiV infections and the risk of a large outbreak occurring in the future. One may also 


consider that antiviral drugs usually have the potential for broad virus coverage, so that progress 


made on NiV research can be expected to bring additional benefits for the management of other 


henipa- or paramyxovirus infections. 


Vaccines  
All R&D activities for NiV vaccines are in the pre-clinical stage. 


Many vaccine candidates including different live recombinant 


vaccine and subunit vaccines have been produced and tested in 


various animal models including hamsters, pigs, cats, ferrets and 


AGMs. These vaccines are based on the F and/or G glycoproteins, 


and essentially target the induction of NiV neutralizing 


antibodies, as done with other human paramyxovirus vaccines 


such as mumps or measles vaccines.   


Live-attenuated vaccine candidates (reassortant/recombinant)  
Due to the extreme lethal nature of NiV, producing a safe, live attenuated vaccine with no potential 


of reversion is generally considered a difficult approach, although recombinant-derived NiV mutants 


have been produced that are attenuated in hamster and ferret models. A live-vectored vaccine 


approach has been preferred. 


Vaccinia virus-derived vectors 


The first vaccination and challenge experiments were carried out with NiV in the hamster model 


using recombinant vaccinia viruses (Guillaume 2004). NiV F and G encoding recombinant vaccinia 


viruses (highly attenuated NYVAC strain) were examined individually and in combination. All animals 


were completely protected following intraperitoneal NiV challenge, regardless of whether they were 


immunized with the G or F or both vaccinia virus recombinants. Of note a humoral anamnestic 


response was observed following virus challenge suggesting that vaccine-induced immune responses 


did not prevent virus replication, i.e. sterile immunity was not induced. As passive transfer of antisera 


from vaccinated animals also demonstrated protection, a major role of specific neutralizing antibody 


in protection was inferred. Subsequently, a recombinant canarypox (Alvac)-based candidate, another 


highly attenuated vaccinia virus vector suited to veterinary applications, was also tested successfully 


in a pig model of NiV infection (Weingartl 2006). 


Vesicular Stomatitis Virus Vectors 


The most studied vectored vaccine candidate is the VSV vector, which uses a similar strategy to that 


being employed in the Ebola virus vaccine candidate in current clinical trials.  However, the VSV 


vector used has not been identical among studies (reviewed by Satterfield 2016). Three types of 


vaccines can be distinguished : replication-incompetent VSV pseudotypes expressing NiV G or F 


proteins (Lo 2013), VSV virions with F and G that can undergo a single round of replication  (produced 


by co-infection of two VSV pseudotypes, one expressing F and one expressing G, which generates a 


Despite the high level of 


identity between NiV-M and 


NiV-B, shouldn’t a vaccine be 


based on Niv-B sequences 


rather than NiV-M? 
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chimeric virus pair that expresses both VSV F and G on the virus surface) (Mire 2013, Chattopadhyay 


2011), and replication competent VSV recombinants, where the VSV-G is replaced in the vaccine 


vector by the Ebola GP so as to overcome the lack of a functional surface protein for virus entry 


(DeBuysscher 2014). 


 


A study tested the protective efficacy of the replication competent VSVs expressing either N, F or G 


of the Malaysian strain of NiV. Following a single dose administration, the vaccine vectors expressing 


G and F fully protected Syrian hamsters from lethal NiV challenge, whereas the N expressing vector 


conferred only partial protection (DeBuysscher 2014). Another study in AGMs confirmed the 


protective capacity of the same recombinant virus expressing the G protein of NiV (rVSV-EBOV-GP-


NiV-G) (Prescott 2015). Interestingly, in the hamster model, this candidate, when used for single-


dose vaccination 1 day before challenge, reduced viral load, limited pathology and fully protected 


hamsters from NiV infection. The vaccine was even partially protective when administered at early 


time points following challenge with NiV, suggesting the potential of the vaccine in an outbreak 


setting or for post-exposure prophylaxis. Moreover, induction of cross-protection between NiV-B and 


NiV-M has been demonstrated for another VSV-vectored vaccine (single round replication) in AGMs 


(Mire 2013). 


Hence, VSV recombinant vaccines may appear as the most promising vaccine candidates for Nipah. 


However, a recent toxicity study conducted in mice (Van Den Pol 2017) pointed to a significant safety 


concern of neurotropism for such recombinant vaccine. A combination of VSV recombinant viruses 


expressing both Nipah F and G (as described by Mire 2013 and Chattopadhyay 2011) was indeed 


found even more neurotropic than wild-type VSV after intracranial injection, evoking a rapid lethal 


response in the adult brain. The observation is in contrast with an earlier study that showed that 


both the VSV-Ebola and VSV-Lassa viruses were devoid of neurotropic actions in mice and rats, and 


suggests that a vaccine expressing a single NiV glycoprotein should be preferred over a combination 


of F and G.  


Measles Virus vector 


Live-attenuated measles vaccines have been used since the 1960’s worldwide, and have appeared as 


attractive candidates for development of vectored vaccines. In particular, measles virus induces 


strong cellular immunity and durable responses. A concern 


related to the use of a measles vector is due to the possible 


negative effect of pre-existing immunity in human populations 


on the immunogenicity of such vector vaccine. Nevertheless, 


the vaccine has been considered to offer the potential to elicit 


long-term immunity against both MV and NiV, and has been 


proposed as a way to reach general childhood vaccination 


against NiV. The pathway of clinical development for such 


combination vaccine remains largely unclear, and most likely would require too significant 


investments to appear as a feasible strategy. In any case, protection data in AGMs for this candidate 


have appeared suboptimal, as after 2 injections of the vaccine, animals were not protected against 


the brain lesions induced by NiV challenge (Yoneda 2013). 


The neurotropic nature of a VSV 


vaccine expressing both NiV F and 


G is a critical safety concern 


The neurotropic nature of a VSV 


vaccine expressing both F and G is 


a critical safety concern 
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Venezuelan Equine Encephalitis virus vector 


A replicon vaccine vector system was developed from an attenuated strain of Venezuelan equine 


encephalitis virus (VEE). Alphavirus replicon vectors offer several potential advantages as vaccine 


delivery systems. They typically express heterologous genes to high levels and induce self-limiting 


infection. Replicons expressing HIV or cancer target antigens have been evaluated in human subjects, 


and some promising data generated. A VEE-vectored NiV vaccine candidate has been evaluated in 


mice and found to induce NiV neutralizing antibodies following a 3-dose vaccination schedule 


(Defang 2010). To date, the protective potential of this vaccine candidate remains unknown. 


Adeno-Associated Virus 


Adeno-associated viruses are probably more popular as gene-therapy vectors than vaccine platforms. 


Nevertheless, a number of AAV-based vaccine candidates have been shown to induce promising data 


in animal models.  Ploquin (2013) demonstrated that a single injection of the AAV8-NiV.G vector is 


sufficient to protect the hamsters against lethal challenge with NiV. 


Subunit vaccines 
A subunit vaccine incorporating recombinant 


glycoprotein G has been approved as a veterinary 


vaccine for HeV in Australia in 2015. This vaccine is 


formulated using glycoprotein G with a proprietary 


immunostimulatory complex adjuvant. Currently, the 


vaccine is administered to horses by the intramuscular 


route as two immunizations, three to six weeks apart 


followed by boosting six months later. The 


effectiveness of this vaccine in horses suggests this 


approach may also be of interest in humans (Satterfield 


2015). Various formulations of an experimental subunit 


G vaccine against Nipah have been evaluated 


successfully in animal models, including AGMs, 


confirming the potential of this type of vaccine. Some 


of these studies, with challenge performed up to more 


than a year after vaccination, demonstrated the 


durability of protection induced by these vaccine.  


NiV virus-like particles (VLPs) have also been obtained by co-


expression of the G, F and M proteins under optimized 


conditions. They appeared as an alternative vaccine candidate, 


especially in view of their ability to induce a neutralizing 


antibody response in mice (Walpita 2011). 


  


A vaccine candidate requiring 


multiple injections does not seem 


very compatible with the targeted 


indication for at-risk persons in the 


area of an ongoing outbreak 


HeV is a zoonotic infection affecting 


horses and humans in Australia. A vaccine 


has been made available for horses in 


2012 (Broder 2013). Horse owners in 


Australia are encouraged to vaccinate 


their horses to both reduce the risk of HeV 


infection, and to prevent potential 


transmission to humans.  Vaccine uptake 


has been limited though, with an 


estimated 11-17% of horses in Australia 


vaccinated (Manyweathers 2017). Spill-


over events of HeV in horses continue to 


occur. 
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Vaccine summary  
Table 5 below presents the various vaccine candidates evaluated in preclinical models. 


Table 5. Nipah vaccine candidates with preclinical data 


 (adapted from Satterfield 2015) 


Candidate name/ 
identifier & institution 


Efficacy or immunogenicity data in animal model Developer Reference 


VV-NiV.F and/or G 100% protection in hamster model, following 2 vaccinations 
(1 month apart) starting 4 months before challenge 


INSERM Guillaume 2004 


ALVAC-F/G* 100% protection in pig model, no evidence of clinical illness, 
following 2  vaccinations (14 days apart) starting 28 days 
before challenge 
 


CFIA-NCFAD Weingartl 2006 


VSV-NiVM F and  G High neutralizing antibody titers induced in mice following 
single intranasal vaccination 


Yale 
University 


Chattopadhyay 2011 


VSV-NiVB F and/or G 100% protection in ferret model, no evidence of clinical 
illness, following single vaccination 28 days before challenge 


UTMB Mire 2013 


VSV-NiVM F or G 100% protection in hamster model, no evidence of clinical 
illness, following single vaccination 32 days before challenge 


CDC Lo 2014 


rVSV-EBOV-GP-NiV-G 100% protection in hamster model following single-dose 
vaccination 1 day before challenge 
100% protection in AGM model following single-dose 
vaccination, 29 day before challenge 
 


RML DeBuysscher 2014 
 
Prescott 2015 


rMV-Ed-G 100% protection in hamster model, no evidence of clinical 
illness, following 2  vaccinations (21 days apart) starting 28 
days before challenge 
100% protection in AGM model, but no protection against 
infection (pathological changes observed in brain), following 
2  vaccinations (28 days apart) starting 35 days before 
challenge 
 


UoT Yoneda 2013 


V-NiVG (VEE) High neutralizing antibody titers induced in mice following 3 
vaccinations at weeks 0, 5 and 18 
 


USU Defang 2010 


AAV-NiVM G 100% protection in hamster model, no evidence of clinical 
illness, following single vaccination 32 days before challenge 
 


INSERM Ploquin 2013 


rLa-NiVG and/or rLa-NiVF** High neutralizing antibody titers induced in pigs following 2 
vaccinations (4 weeks apart) 
 


CAAS-SKLVB Kong 2012 


HeV sG (subunit) + CpG 
 
 
HeV sG (subunit) + Alum + 
CpG 
 
 
 
 
HeV sG (subunit) + Quil A + 
DEAE-dextran + Montanide 
 
 
VLPs (F/G/M) 


100% protection in ferret model, no evidence of clinical 
illness, following 2  vaccinations (20 days apart) 20 or 434 
days before challenge 
100% protection in AGM model, no evidence of clinical 
illness, following 2  vaccinations (21 days apart) starting 42 
days before challenge 
100% protection in cat model, no evidence of clinical illness, 
following 2  vaccinations (21 days apart) starting 42 days 
before challenge 
100% protection in cat model, no evidence of clinical illness, 
following 3  vaccinations (14 days apart) starting 104 days 
before challenge 
 
High neutralizing antibody titers induced in mice following 3 
vaccinations at weeks 0, 2 and 4 


Zoetis, Inc. 
/USU 
 
 
 
 
 
 
 
 
 
 
 
UTMB 


Pallister 2013 
 
 
Bossart 2012 
 
 
McEachern 2008 
 
 
Mungall 2006 
 
 
 
Walpita 2011 


* Canarypox vector, suited to veterinary applications 


** Newcastle Disease Virus vector, suited to veterinary applications 
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Abbreviations: USU (Uniformed Services University of the Health Sciences); UTMB (University of Texas Medical Branch); CDC 


(Centers for Disease Control and Prevention); RML (Rocky Mountain Laboratories); TJU (Thomas Jefferson University); CFIA-


NCFAD (Canadian Food Inspection Agency – Centre for Foreign Animal Diseases); Institut national de la santé et de la 


recherché médicale (INSERM); UoT (University of Tokyo); CAAS-SKLVB (Chinese Academy of Agricultural Sciences (CAAS) – 


State Key Laboratory of Veterinary Biotechnology (SKLVB). 


 


Another summary of the present status of knowledge associated to the different vaccine candidates 


under evaluation for Nipah considers the advantages and disadvantages of these vaccines platforms, 


as shown in Table 6 below. 


Table 6. Advantages and disadvantages of the different vaccine platforms under evaluation for 


Nipah (human vaccination) 


Platform Advantages Disadvantages 
Vaccinia-based vectors Promising data in animal models of protection 


MVA strain well known in humans 
2-dose schedule 
Concerns linked to anti-vector immunity  


VSV-vectored vaccines Promising data in animal models of protection 
Efficacy in animals vaccinated 1 day prior to 
challenge 
Platform used successfully in the context of an 
Ebola outbreak 
Single dose schedule 


Neurotropism issue identified with vector 
expressing a combination of F and G 


Measles-vectored 
vaccine 


Promising data in animal models of protection 
Vector consisting of the measles vaccine strain 


2-dose schedule 
Suboptimal protection observed  in AGM 
model 
Pre-existing immunity against the vector in 
human populations 


VEE replicon Self-limiting infection 
Phase 1 clinical data available for VEE 
combined with HIV or prostate antigen 


No protection data in NiV challenge model 
available 
3-dose schedule 


Subunit vaccine Promising data in animal models of protection 
Expected safety 


Need for an adjuvant, impacting perception of 
safety and potentially complicating clinical 
development 
Need for several injections less compatible 
with use in emergency setting 


 


Gap analysis: Vaccines  
As of today, no NiV vaccine candidate has advanced to a clinical phase of development. Consequently, 


it remains difficult today to assess the likelihood that any of these candidates will demonstrate 


characteristics compatible with the Target Product Profile developed by WHO in June 2017 for a 


Nipah vaccine (http://www.who.int/blueprint/priority-diseases/key-action/nipah/en/). Nevertheless, 


the probability of success of a vaccine against Nipah is expected to be very high. Other related 


paramyxoviruses, such as measles and mumps viruses, yield long-term immunity after natural 


infection, and live attenuated vaccines have been developed that have been used safely and 


effectively against these pathogens for decades. It has also been suggested that the likelihood of 


success of viral vaccines targeting viruses with average incubation periods of at least 5–7 days, as 


seen with NiV, is higher than that of vaccines for viruses with shorter incubation periods. In addition, 


various candidate vaccine platforms have demonstrated the feasibility of using one or both of the 


NiV glycoprotein (G) and fusion (F) protein as the antigen(s) to stimulate a protective immune 


response in various preclinical challenge models including hamsters, cats, ferrets, AGMs and pigs. 


Little or no clinical signs of disease were observed in vaccinated animals after NiV challenge, and 


protection against mortality often reached 100% (Satterfield 2016). 



http://www.who.int/blueprint/priority-diseases/key-action/nipah/en/
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One of the most promising vaccine candidates is a VSV-G recombinant. In the hamster model, this 


vaccine was found protective following single-dose vaccination 1 day before challenge, suggesting 


the potential of this product for use in an emergency setting. However, despite encouraging efficacy 


data in animals, the proof of concept of such vaccine is still far from being established, as evidenced 


by the recent observation of a neurotropic effect with a VSV vector system expressing both NiV F and 


G. Another candidate of interest is a subunit vaccine containing adjuvanted recombinant G 


glycoprotein. The success of such vaccine candidate in experimental animal models of NiV infection 


and the use of Equivac HeV® as an effective subunit vaccine in horses suggest this approach may also 


be efficacious in humans (Satterfield 2016). However, the requirement for a multiple-dose schedule 


of immunization with this type of vaccine does not appear very compatible with the targeted 


indication for immunization of at-risk persons in the area of an ongoing NiV outbreak. 


 


In any case, the epidemiology and sporadic nature of NiV outbreaks will make large scale clinical 


efficacy trials very difficult to organise, so that the pathway towards licensure for a Nipah vaccine will 


most likely require creative approaches. Specific opportunities, such as the procedure for Emergency 


Use Assessment and Listing (WHO EUAL), to facilitate access to critically needed vaccines in case of 


emergency are likely to be of help. In the USA, the Food And Drug Administration’s Animal Rule 


pathway is intended to enable approval of drugs against highly lethal infections in situations where 


definitive human efficacy studies cannot be conducted (Satterfield 2016). In this instance, efficacy is 


to be demonstrated via protection in one or two experimental animal models that replicate key 


characteristics of the human disease and are predictive of the mechanism of protection in humans. 


The AGM, ferret, and hamster models are well established and accurately model human disease. 


However, no vaccines have been approved through this mechanism to date. And even with the 


Animal Rule, human clinical trials are still required for demonstrating vaccine safety. 


 


The key issues with vaccines are delivery and costs (Hayman 2014). The question of how to finance 


such product development has to be raised, as a NiV vaccine would likely find use primarily in the low 


and middle income countries where the virus is currently endemic. In view of the current low disease 


incidence, a reasonable objective may be to advance the development of a vaccine candidate to early 


phases of clinical development, which would aim at better preparing for a potential epidemic of 


larger size. In parallel, it would be important to clarify expectations for a NiV vaccine. Answering 


questions such as “what role could a NiV vaccine play in controlling the disease? with what 


cost/effectiveness?” would help define the best way forward in terms of vaccine research and 


development.  


Vector Control  
The NiV outbreaks in Malaysia in 1998-1999 have been associated with infection of pigs with 


subsequent spread to human populations, while the outbreaks in Bangladesh resulted from direct 


contamination from infected fruit bats and human-to-human transmission. Theoretically, vector 


control efforts may target these 2 species. In any case, a transdisciplinary approach will be required 


to develop appropriate host management strategies that both maximise the conservation of bat 


populations as well as minimise the risk of disease outbreaks in domestic animals and humans (Breed 


2006). 
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Pigs 
NiV was first described following the 1998-1999 outbreaks of disease in pigs and humans in 


peninsular Malaysia. Over one million pigs were culled to contain the outbreak (Breed 2006), which 


had an enormous economic and social impact. To date, no other disease outbreak has been observed 


in this animal species, but following an outbreak of NiV observed in horses in 2014, the potential for 


new spill-over into swine can be considered as threatening. Vaccinating pigs has been proposed as a 


means to prevent spread to human populations, but it is also a veterinary option, aimed at protecting 


swine herds in the event of a new outbreak. As of today, a swine vaccine against NiV is not available, 


but promising results have been obtained with the canarypox vectored vaccine candidate and R&D 


efforts targeting the development of a veterinary vaccine against Nipah are still ongoing.  


Bats 
(adapted from Breed 2006) 


Management of a bat-borne zoonotic disease has been previously attempted for rabies virus. 


Historically, population reduction was used as a control strategy for vampire bats in Latin America. 


The methods used at that time are now generally considered inhumane, unethical and ineffective 


and some of the targeted species have become endangered in their natural environment. Trap, 


vaccination and release programs using parenteral vaccination have been employed for rabies 


control of a few terrestrial wildlife species, but this approach is considered prohibitively expensive 


for large populations and logistically impossible for non-terrestrial species. An oral vaccine has been 


shown capable of inducing a protective immune response to rabies in vampire bats following oral 


vaccine delivery, and hence an oral vaccination approach may be plausible for other bat species. 


However, such program would be very ambitious. A specific vaccine would have to be developed, 


including a biomarker for discriminating between vaccinated and naturally infected individuals 


(Mackenzie 2003). Moreover, various aspects of bat ecology and behaviour would require further 


study before an oral vaccine, suitable bait and vaccination strategy can be deployed. The feasibility of 


using a NiV vaccine in wild bats for controlling outbreaks in human populations is still far from being 


established.   


 


General conclusion and recommendations 
This document gathers available data pertaining to NiV epidemiology, diagnostics, as well as vaccines, 


therapeutics and other methods for prevention and control. It identifies research and knowledge 


gaps which are meant to be used as a basis for discussion on the development of a NiV R&D roadmap.  


Nipah is one of eleven diseases considered as in urgent need of R&D attention in the revised priority 


list of pathogens issued by WHO in January 2017 (http://www.who.int/blueprint/priority-


diseases/en/). Since 2001, it has caused almost annual outbreaks in Bangladesh, and the infection 


has been associated to a case fatality rate of up to 100%. Nipah is a zoonotic disease. As its reservoir, 


the Pteropus bat, has a flying range that can cover huge areas, the risk of further spread of the 


disease is perceived as very high. 


Since the first identification of the virus in 1999, significant efforts have already been devoted to 


development of diagnostic methods, outbreak preparedness and response as well as epidemiological 
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surveillance. The outcome of research has been impressive as well, in terms of characterizing the 


virus, elucidating its mechanisms of replication, identifying strategies for development of novel 


therapies and conducting preclinical studies for an array of vaccine candidates. 


However, more progress is still needed to offer the most adequate tools for controlling Nipah. In 


terms of diagnostics, validation of methods and standardization across laboratories would improve 


currently available tests. Moreover, it would be useful to further invest in strategies that can 


facilitate access of patients to suitable diagnostics in all areas where NiV outbreaks are likely to occur.  


In terms of therapies, animal models have suggested that the m102.4 human monoclonal antibody 


can prevent NiV infection and/or disease. The antibody is being developed for human use as both a 


NiV and HeV.countermeasure. Clinical data are still required to define how m120.4 would be used in 


patients (pre- or post-exposure), and what would be the cost of a treatment. It has been suggested 


that pre-positioning of the product in NiV endemic areas would facilitate access to this therapy in the 


event of another outbreak. However, the feasibility of such stockpiling would largely depend on 


international cooperation and financial support (Broder 2013).  


Research on alternative therapeutic candidates should also be encouraged. An advantage of 


antivirals and immunomodulators compared to biologicals is their expected breadth of coverage. 


While NiV infections are the focus of this report, therapies that would also prove efficient against 


other henipaviruses appear as highly desirable. 


Among the different vaccine candidates tested in preclinical models, VSV recombinant viruses appear 


as the most promising. However, the neurotropic potential of such vaccine should be investigated in 


detail before the product can be advanced to a clinical phase of development. Alternative vaccine 


approaches may also built on the experience gained with the subunit vaccine againt HeV. 


Finally, an essential strategy for controlling Nipah should focus on preventing virus transmission from 


bats to humans. Controlling the virus in its wild reservoir does not seem a feasible approach. 


However, establishing or reinforcing surveillance systems is of utmost importance to ensure that NiV 


outbreaks can be detected quickly and appropriate control measures promptly initiated. Also 


essential are the efforts on behaviour change communication interventions, so as to increase 


awareness on the risks associated with this virus. 
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Introduction

Epidemiology overview

Nipah virus (NiV) is a paramyxovirus (genus Henipavirus) that was first identified in 1999 in Malaysia, 
where it caused an outbreak of respiratory and neurological disease in pigs and encephalitis in 
people. Three years later, a genetically distinct NiV independently emerged in India as well as in 
Bangladesh, where human NiV outbreak events have been reported nearly every year since. A 
putative NiV also caused an outbreak of disease in horses and people in the Philippines in 2014. To 
date, there is no reported evidence of NiV outbreaks in humans emerging in any other country than 
Malaysia, Singapore, Bangladesh, India and Philippines. More than 600 cases of NiV human infections
have been reported globally. However, given the delay in identification of the Indian outbreak and 
large distribution of bats that can carry NiV, it is possible that more human cases have occurred 
where NiV has not been detected. A total of 276 cases were reported with 106 fatalities (38%) in 
Malaysia, but case fatalities in later outbreaks in India and Bangladesh were associated with 
significantly higher case fatality rates of 43 to 100%. NiV infection in humans has a range of clinical 
presentations, from asymptomatic infection to acute respiratory syndrome and fatal encephalitis. 
The natural reservoir of the virus consists of the widely distributed fruit bats from the Pteropodidae 
family.  Virus transmission from bats to humans occurs through inhalation, contact or consumption 
of NiV contaminated foods. NiV is transmitted by zoonotic (from bats to humans, or from bats to pigs 
and then to humans) as well as human-to-human routes. Human-to-human transmission is 
particularly notable in the outbreaks in India and Bangladesh, where it has been reported to account
for 75% and 51% of cases, respectively. At present no vaccines or antiviral drugs are available for NiV 
disease and the treatment is just supportive. Current prevention strategies focus on raising disease 
awareness in affected areas.

The virus
NiV was first isolated by Chua et al. in 1999 after a severe outbreak of viral encephalitis among pig-
farmers in Malaysia. The virus, cultured from the cerebrospinal fluid of two patients, was causing 
syncytial formation of Vero cells after 5 days, and it was found to be a previously undescribed 
paramyxovirus related to the Hendra virus (HeV). The Henipavirus genus in the subfamily 
Paramyxovirinae (family Paramyxoviridae) was then created for these two pathogenic viruses, HeV
and NiV (Wang 2001). Subsequently, other viruses were added to this genus.

NIV is an enveloped, negative-sense, single-stranded RNA virus. The genome is unusually large, 
comprising more than 18 000 nucleotides. Its 6 genes code for the nucleocapsid (N), phosphoprotein
(P), matrix protein (M), fusion glycoprotein (F), attachment glycoprotein (G) and the large 
polymerase. The viral G protein attaches to the host cell ephrin B2 and/or B3 receptor, and activates 
the F protein to initiate viral envelope and host membrane fusion and viral entry (reviewed by Ong 
2015). Of note, membrane fusion is not only essential for viral entry but also for cell-cell fusion and
the process of syncytia formation, which makes it an attractive target for therapeutic development.
Numerous studies have been conducted to decipher the mechanisms of NiV and other 
paramyxoviruses replication. 
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Immune Responses to NiV Infection

Innate immunity
(adapted from Prescott 2012) 
Innate immunity generally refers to the ability of cells to detect the invasion of a microbe by the 
engagement of pathogen-associated molecular patterns (PAMPs) with host encoded pattern 
recognition receptors (PRRs). This interaction leads to the expression of several antiviral proteins, as 
well as type I and type III interferons (IFNs), which activate additional antiviral responses via the 
Jak/STAT pathway. The NiV genomic RNA is recognized by cellular cytoplasmic RNA helicases. In vitro, 
endothelial cells (an important cell type targeted in vivo) infected with NiV produce IFNβ as well as 
innate chemokines and cytokines, including IP-10 and IL-6. IP-10 is a chemokine that attracts 
activated T lymphocytes, whereas IL-6 is a cytokine that stimulates acute-phase proteins and acts as 
an inflammatory molecule. These chemokines have the ability to functionally recruit T cells. This 
mechanism likely contributes to the extensive vasculitis reported in virtually all histopathology 
studies. In vivo, little is known about the activation of the innate immune system. The expression of 
innate immune genes has been documented as a response to NiV infection in animal models of 
disease, including the upregulation of IP-10 and IL-6. 

Nevertheless, this innate response is balanced by the ability of NiV (as other RNA viruses causing
disease in humans) to stimulate antagonising mechanisms. NiV has been extensively characterized in 
vitro for this ability to subvert innate immunity and several mechanisms have been identified, as 
presented below.

Mechanisms of inhibition of innate immunity
The P gene of NiV is transcriptionally edited to produce not only the phosphoprotein but also two 
alternate V and W proteins, and an alternate ORF expresses a C protein. These proteins possess 
multiple capabilities to inhibit IFN production, as well as downstream signalling. In addition, the 
expression of these antagonistic genes is temporally regulated during infection. Both STAT1 and 
STAT2, which are required for IFNβ signalling, are antagonized by P gene products. The antagonistic 
function of the P, V, W and C proteins has been assessed in vivo. Hamsters inoculated with 
recombinant virus lacking the ability to produce either the C or the V protein displayed no pathology, 
and the viral genome was almost undetectable in these animals, suggesting that the antagonistic 
properties for these proteins are responsible for pathogenesis. The results were subsequently 
confirmed by Satterfield (2015). A V-deficient virus was found strongly attenuated, behaving as a 
replicating non-lethal virus in ferrets. 

Bharaj (2016) also reported that the matrix protein (M), which is important for virus assembly and 
budding, can also inhibit IFN-I responses by targeting TRIM6, IKKε and unanchored polyubiquitin 
chains. 

Finally, the nucleoprotein (N) was shown to impact host innate immune responses by preventing the 
nucleocytoplasmic trafficking of STAT1 and STAT2, resulting in an antagonistic activity against the 
JAK/STAT signalling pathway (Sugai 2017).
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A suspect case was any person with fever AND one or more of the following isolated neurological signs: altered mental 
state, confusion, convulsions, unconsciousness or neck stiffness, focal weakness/paralysis after 15 December 2003 OR an 
individual with fever and vomiting or respiratory symptoms or headache AND having had physical contact or shared daily 
activities with or lived near to a probable or laboratory-confirmed case after 15 December2003.

A probable case was any patient, dead or alive, who developed fever AND one or more of the following isolated neurological 
signs: altered mental state, confusion, convulsions, unconsciousness or neck stiffness, focal weakness/paralysis after 15 
December 2003 AND who was living in the same district as a laboratory-confirmed case after 15 December 2003.

A laboratory-confirmed case was any case positive for Nipah IgM antibody after 15 December 2003.

Pathophysiology of Nipah

Viral tropism
Infections caused by henipaviruses are characterized by their ability to infect multiple organ systems, 
with a predominant neurological or respiratory tropism. In human cases of NiV infection, NiV can be 
detected in bronchiolar epithelial cells and is shed mainly by nasopharyngeal and tracheal secretions 
in the early phase of the illness (reviewed by Escaffre 2013). During the late stages of disease, virus 
replication spreads from the respiratory epithelium to the endothelium in the lungs. The infection 
can sometimes trigger a prominent vasculitis in small vessels and capillaries as characterized by 
endothelial syncytium and mural necrosis. Without being infected themselves, circulating leukocytes 
could transfer the virus to endothelial vascular cells (Mathieu 2015). NiV was shown indeed to not 
infect but to efficiently bind to human lymphocytes, and co-culturing with permissive endothelial 
cells resulted in virus amplification and infection of these target cells. Moreover, mononuclear 
leukocytes isolated from infected hamsters transferred lethal infection to naive animals. Leukocytes 
would thus be used as a vehicle to spread the virus to other organs by the haematogenous route. In 
addition to the lungs, important target organs are the brain, spleen and kidneys, and viremia 
following respiratory infection can lead to multi-organ failure.

Entry into the brain may actually occur through two distinct pathways: i.e. via the hematogenous 
route through the choroid plexus and cerebral blood vessels, or anterogradely via the olfactory nerve. 
In animal models of infection, early virus replication was indeed observed in the olfactory epithelium
(Baseler 2016). In addition, Borisevich (2017) showed that human olfactory neurons are highly 
susceptible to infection with henipaviruses. Nevertheless, it   is   currently unknown   whether   the   
route of virus transmission seen in animal models is relevant in human infections, since the olfactory 
epithelial surface is relatively large in these species compared to man (Escaffre 2013).

Determinants of pathogenicity
The determinants of NiV pathogenicity are poorly understood. Clinical observations as well as data 
generated in non-human primates (NHPs) indicate pathogenic differences between NiV-M and NiV-B 
isolates. For instance, in African green monkeys (AGM), while NiV-B was uniformly lethal, only 50% of 
NiV-M-infected animals succumbed to infection. Histopathology of lungs and spleens from NiV-B-
infected AGMs was significantly more severe than NiV-M-infected animals. These data showed that 
NiV-B is more pathogenic than NiV-M in AGMs, as observed in human subjects (Mire 2016). However, 
the mechanisms underlying these differences remain unknown.
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Similarly experimental infections in ferrets suggest that NiV-B is shed at higher levels than NiV-M, 
which may be sufficient to enable the former virus to transmit more efficiently between humans 
(Hayman 2014).

As presented above, several gene products of NiV have the capacity to inhibit the early 
proinflammatory response at sites of infection, thereby preventing control of the infection by the 
immune system. Immunopathology is another possible mechanism. For instance, it was shown that 
NiV infection resulted in overexpression of CXCL10 (IP-10) in endothelial cells and perivascular 
infiltrating cells in the brain of patients, as well as Syrian hamsters. CXCL10 is an important 
chemoattractant involved in the generation of inflammatory immune response and neurotoxicity. Its 
expression likely plays a role in the accumulation of inflammatory cells in infected areas of the brain 
(reviewed by de Wit 2015).

Case detection
The epidemic of Nipah virus in Malaysia in 1998/1999 required more than six months before being
effectively controlled, as a consequence of the misdiagnosis of the etiologic agent and the resulting 
implementation of incorrect control measures (Chua 2013). National systems for surveillance of 
infectious disease in countries such as Malaysia subsequently recognised Nipah as a zoonotic disease 
of interest, and included it in their list of notifiable diseases. Hospital-based surveillance was 
developed, as it is considered necessary to quickly detect NiV outbreaks and initiate appropriate 
control measures (Rahman 2011). However, surveillance in rural areas of the countries where NiV is 
endemic in bats can be expected to be of moderate quality, so that many cases likely go undetected
(Satterfield 2016b). Veterinary surveillance of NiV encephalitis in pigs is organised as well, as the 
disease appears among the “OIE-Listed diseases, infections and infestations” in force in 2017.

Case management
Guidelines for the clinical management of Nipah patients have been made available in various 
countries, including affected countries such as Bangladesh (Rahman 2011) and Malaysia. Such 
management is based on general, supportive treatment (ensuring fluid and electrolyte balance, 
oxygen inhalation if required…etc.), symptomatic treatment (fever, convulsions, shock…etc), and 
procedures to prevent further spread of the disease (isolation, barrier nursing, safe handling of 
deceased bodies…etc.).

Special populations
To our knowledge, there has been no evidence of increased incidence or increased severity of Nipah 
in special populations such pregnant women, infants or immunocompromised subjects. However, in 
the case series reported by Goh (2000) older patients, especially those having diabetes mellitus and 
those with severe brain-stem involvement, carried a poorer prognosis than other Nipah patients.

Animal models

Small animal models

Mice
Standard laboratory mouse strains such as Balb/c and C57BL/6 do not develop disease upon 
intraperitoneal or intranasal inoculation with NiV (reviewed by de Wit 2015). However, intracerebral 
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inoculation of these animals results in a lethal infection. In aged mice, intranasal NiV inoculation did 
not result in clinical disease, but most animals seroconverted and vRNA and infectious virus could be 
detected between 2 and 15 days after inoculation in the lungs of most animals. In IFNAR-KO mice 
lacking the type I IFN receptor, intraperitoneal inoculation resulted in neurological disease. 
Histologically, these animals developed vasculitis, perivascular cuffing and meningeal inflammation; 
the lungs exhibited bronchointerstitial pneumonia.

Of note, a human lung xenograft model has also been developed to study the pathogenesis of NiV 
infection in human lung in vivo (Valbuena 2014). The model uses the severely immunodeficient 
NOD/SCID/γcnull (NSG) mice as hosts to support the successful engraftment of human lung 
xenografts.

Guinea pigs
NiV infection in guinea pigs has been reported to be often mild and variable, ranging from an 
inapparent infection following challenge to sudden death (reviewed by Geisbert 2012). One study 
demonstrated that intraperitoneal inoculation with high doses of NiV resulted only a transient fever 
with minor weight loss after 5–7 days. Guinea pigs are thus not considered a suitable animal model 
of NiV infection.

Hamster
The Golden Syrian Hamster is a commonly used model to study henipaviruses pathogenesis as the 
clinical signs and pathological lesions observed following inoculation highly resemble those observed 
in humans, even though the disease course seems to be affected by the route of inoculation and the 
inoculum dose. The virus used for infection also influences the disease course, as NiV-M-infected 
Syrian hamsters show accelerated virus replication, pathology and death when compared to NiV-B-
infected animals (DeBuysscher 2013). 

Like human patients, the main histopathological finding in Syrian hamsters infected with NiV is
systemic vasculitis. Moreover, animals develop encephalitis, with infection of neurons in the CNS. In 
hamsters that develop severe respiratory disease, usually upon intranasal inoculation with a high 
inoculum dose, rhinitis can be observed, with virus replicating in the respiratory as well as olfactory 
epithelium; bronchointerstitial pneumonia develops in the lungs of these animals (reviewed by 
Dhondt 2013 and de Wit 2015).

Ferrets
Ferrets inoculated oronasally with NiV develop respiratory as well as neurological signs of disease. 
Systemic vasculitis is present in infected ferrets. Histologically, the upper respiratory tract, with 
rhinitis, tonsillitis and nasopharyngitis, as well as the lower respiratory tract, with necrotizing 
bronchointerstitial pneumonia, are affected; focal necrosis has been detected in the spleen. 
Encephalitis has not been detected, but non-suppurative meningitis occurred in a subset of animals 
and viral antigen was detected in brain endothelial cells and meninges, and occasionally in neurons 
and glial cells close to infected endothelium (de Wit 2015).

Non-Human Primates
Preclinical tests of vaccines and therapeutic products are ideally conducted in an animal species that 
not only develops similar symptoms of the disease as observed in humans, but also shares similar 
pathophysiological and immunological mechanisms. Non-human primates typically best meet these 
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requirements. The first NHP model described for NiV infection was the Squirrel monkey. However, 
more recent studies favoured AGMs.

African Green Monkey
A consistent lethal infection and disease is observed in AGMs with low dose NiV challenge. Infection
by intratracheal inoculation results in a rapid spread of the virus within 3–4 days and the 
establishment of infection in multiple organ systems (reviewed by Dhondt 2013, Geisbert 2012, 
Geisbert 2010). Severe respiratory pathology, neurological disease, endothelial syncytia, and 
generalized vasculitis all occur in AGMs infected with NiV, providing an accurate reflection of what is 
observed in infected humans. This conclusion was further confirmed by a comprehensive study 
reported in 2015 (Johnston), that captured physiological data together with clinical pathology
information and virological testing in 4 AGMs inoculated by intra-tracheal route. Increases in heart 
rate and respiratory rate seen in most animals during acute phase suggested responses to fever, to a 
developing hypoxic state, and/or to a state of compensatory shock. Animals that succumbed 
appeared to enter a state of irreversible decompensated shock with hypothermia, azotemia, 
hyperglycemia, and signs of liver disease. Similar to NiV disease in humans, pneumonitis, systemic 
vasculitis, and coagulopathy were prominent findings in these animals, and significant 
histopathologic lesions were present in most tissues assessed, including lymphoid tissues and the 
lungs. Virus antigen was often associated with areas of necrosis and/or inflammation. Interestingly, 
in all animals that survived beyond the acute disease phase, relapse encephalitis was identified.

Other animals

Cats
Cats inoculated with NiV subcutaneously or intranasally and orally develop signs of respiratory 
disease. Histologically, cats develop bronchointerstitial pneumonia and, in some animals, meningitis 
(reviewed by de Wit 2015). The virus can be found in the lungs, but also in kidneys,  spleen and 
lymph nodes. The model may be used for evaluation of vaccines or therapies, but its interest in 
limited by the poor availability of reagents and limited characterization of the pathogenic 
mechanisms in this species.

Pigs
Efforts have been undertaken in view of the development of a NiV veterinary vaccine for pigs, which 
explains the large number of studies conducted in this animal species. Oronasal and ocular routes of 
NiV infection mimic quite well natural infection and most infected animals remain asymptomatic 
even if viral shedding is observed following challenge (reviewed by Dhondt 2013). Sick animals 
present fever, depression, cough, shivering, and rarely, neurological signs including abnormal posture 
and seizures. A subcutaneous route of inoculation was also tested, causing symptomatic infections in 
pigs. The disease shares a number of features with human infection. However, a number of species-
specific differences of NiV replication in porcine and human cells have been identified. Sauerhering 
(2016) found that NiV growth substantially differs in primary airway epithelial cells between pigs and 
humans, with a more rapid spread of infection in human airway epithelia. Increased replication in 
human cells correlated with higher endogenous expression levels of the main NiV entry receptor 
ephrin-B2. On the other hand, porcine monocytes, natural killer cells, and CD6+/CD8+ T cells have 
been found to support NiV replication, which may facilitate dissemination of the virus (Prescott 2012). 
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Epidemiology, Prevention and Control

Transmission and maintenance
The widely distributed fruit bats from Pteropodidae family are considered to form the natural 
reservoir of NiV. Serological studies demonstrated evidences of NiV infection in multiple bat species, 
including frugivorous and insectivorous bats. As summarized by Wacharapluesadee (2016), NiV-B has 
been found in Pteropus giganteus (India), and Pteropus lylei (Thailand). NiV-M has been found 
Pteropus hypomelanus (Malaysia and Thailand), Pteropus vampyrus (Malaysia and Indonesia), 
Pteropus lylei (Cambodia and Thailand), Hipposideros larvatus (Thailand), Taphozous species 
(Thailand) and Rousettus amplexicaudatus (East Timor). However, viral isolation and molecular 
characterization was usually only successful in Pteropus species (Simons 2014). Henipavirus infection 
in bats seems to be asymptomatic. Experimental infection by subcutaneous route has been followed 
by seroconversion in the majority of animals in the absence of visible clinical disease, while a range of 
histopathological changes was observed within the tissues. Nipah virus was excreted in urine. As 
suggested by Middleton (2007), this intermittent, low-level excretion may be sufficient to sustain the 
net reproductive value of the virus in a species where there is regular urine contamination of the fur, 
mutual grooming, and where urine droplets are a feature of the environment. 

Introduction of NiV infection into the human population occurs by two mechanisms of spill-over from 
bats: transmission via an intermediate animal host, which precipitated the outbreak in Malaysia; and 
bat-to-human transmission, which has occurred in Bangladesh and India (Clayton 2017).

In Malaysia, the highest risk of human NiV infection was associated with activities involving close 
contact with and handling of pigs, and transmission to people is thought to have occurred through 
direct contact with infectious secretions or excretions of pigs. Importation of infected pigs into 
Singapore from Malaysia precipitated a cluster of infections in abattoir workers in Singapore, whose 
exposure risks were also associated with close contact with pigs or their excretions. In Malaysia, NiV 
was highly infectious for pigs, with all classes of pigs susceptible. The pattern of on-farm infection 
was consistent with respiratory transmission; between-farm spread was generally associated with 
the movement of pigs. An extensive post-outbreak surveillance program in Malaysia showed that 
farms that did not receive pigs at the time of the outbreak generally remained uninfected, even 
when neighbouring farms were infected (Breed 2006). Human infections were predominantly 
attributed to contact with live pigs. A small number of infected people had no history of contact with 
or proximity to pigs, and human-to-human transmission is suspected in a few cases. No human case 
was attributed to contact with bats.

In Bangladesh, a most common risk factor for human NiV infection is drinking contaminated date 
palm sap or its fermented product. Date palm sap is harvested from December through to March by 
cutting into the tree trunk and allowing the sap to flow overnight into an open clay pot. Infrared 
camera studies have demonstrated that Pteropus giganteus bats frequently visit date palm sap trees 
and lick the sap during collection, potentially contaminating it with NiV from saliva and/or urine 
(Simons 2014). The other common risk factor for human infection is contact with a patient with 
Nipah encephalitis. Overall, these two risk factors reflect the two main mechanisms of human 
infection observed in Bangladesh as well as in India: bat-to-human and human-to-human 
transmission. In a small number of instances, direct contact with infectious material left by foraging
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improving biosecurity on farms, and better disease recognition and diagnosis (Breed 2006).
Prevention efforts also focus on interventions to interrupt transmission of NiV through person-to-
person contact.

In Malaysia, the central strategy has been the implementation of sound farm management practices, 
such as monitoring herd health and early recognition of disease syndromes (Breed 2006). Several 
simple on-farm measures can also be taken to reduce the likelihood of spill-over events occurring. 
They include removal of fruit tree plantations from the immediate vicinity of pig sheds, wire 
screening of open-sided pig sheds, or ensuring roof run-off does not enter pig pens to avoid contact 
with bat urine or faeces or partially eaten fruits.

In Bangladesh, interrupting bat-to-human transmission is a main objective. People’s knowledge of 
NiV was found low in a study conducted in randomly selected villages in Bangladesh (Nahar 2015),
indicating a need for implementing strategies to increase awareness about the risks associated with 
this virus. Research was also conducted on methods to protect palm sap from bats. Studies
compared methods to protect sap (Khan 2012). Bamboo, dhoincha, jute stick and polythene skirts 
covering the sap producing areas of a tree effectively prevented bat-sap contact. Pasteurizing date 
palm sap is another option. Moreover, the Government of Bangladesh issued a recommendation to 
abstain from drinking raw sap. However, such prevention methods rely on behaviour modifications. 
While these approaches appear to be effective strategies of prevention, their implementation is 
often problematic due to cultural factors (Satterfield 2015). Research was then conducted on 
behaviour change communication interventions. Nahar (2017) reported for instance that a ‘do not 
drink raw sap’ message is less effective than an encouragement to only drinking sap if it has been 
protected from bat contamination, ‘safe palm only’. In addition, Parveen (2016) found that during 
outbreaks, one-way behaviour change communication without meaningful causal explanations is 
unlikely to be effective. Based on the cultural context, interactive communication strategies in lay 
language with supporting evidence may help make prevention messages credible in affected 
communities.

Similar communication is also necessary during outbreaks to interrupt person-to-person transmission. 
The National Guideline for Management, Prevention and Control of NiV Infection developed in 
Bangladesh identified a variety of prevention messages and levels of communication, to address risks 
associated with patient to care giver/contact, patient to health care worker, touching objects used by 
patients or handling deceased bodies (Rahman 2011). Specific measures are also taken in the 
hospital setting to avoid further spread of the disease, including isolation of patients, using personal 
protective equipment and applying standard precautions such as environmental decontamination 
and safe waste disposal. Another precaution is the safe handling of corpses of suspected Nipah 
patients.

Summary of epidemiology, prevention and control
Because of their wide distribution and flying range that can cover huge areas of human habitat, 
pteropid bats are highly effective in NiV dissemination. Moreover, the changing climate can be 
expected to affect the distribution of this virus reservoir in the future. Hence, the likelihood of 
additional henipavirus outbreaks in new areas/countries can be considered very high (Ong 2015). In 
view of the very high case fatality associated to the disease and the lack of safe and effective vaccine
and therapies, this is a serious source of concern.
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To date, outbreaks have resulted from two main transmission modes, consumption of contaminated 
palm sap (Bangladesh, India) or direct contact with infected pigs (Malaysia, Singapore). Since 2001, 
outbreaks of Nipah have been observed almost annually in Bangladesh. Current prevention of 
disease essentially relies on behaviour modifications to prevent spill-over from bats, even though the 
implementation of such measures is often challenging.  

Human-to-human transmission has contributed significantly to the spread of NiV in Bangladesh and 
India, as well as during the first recognised (putative) outbreak in the Philippines. Human-to-human 
transmission is driven by close contact with patients who are clinically unwell, and factors such as 
patient care and basic infection control measures will be critical considerations for the mitigation of 
onward transmission of NiV infection in future outbreaks in people (Clayton 2017).

Diagnostics
Reliable detection of markers of NiV infection remains a key to establishing diagnosis both in animals 
and humans because the diagnosis may not be suspected initially, and disease manifestations can be 
rather nonspecific (Ong 2015). 

Diagnostic Technologies
Various assays have been developed for laboratory confirmation of NiV infections. ELISA and RT-PCR 
are preferred methods. Virus isolation in cell culture is complicated by the requirement for high 
containment facilities. 

Serological methods

ELISA
Several ELISA systems have been developed for serological testing after the initial investigations of 
NiV outbreaks in Malaysia and Singapore. Subsequently in Bangladesh, the first NiV outbreaks were 
only suspected after these tests were found to be positive in patients. These tests have also been 
used widely for investigative field studies in bats and other animals. ELISAs have been used both for 
detection of the viral antigen and evaluation of antibody responses (see Table 3 below). Chiang 
(2010), for instance, reported the development of monoclonal antibody-based antigen capture 
ELISAs for virus detection and for differentiation between NiV and HeV. Such viral antigen capture 
ELISAs provide a high throughput format at relatively low cost for screening of samples, and thereby 
could serve as an alternative to PCR for rapid diagnostic and virus detection (Kulkarni 2013). ELISAs 
developed for serology testing (IgM or IgG) may use infected cell lysate antigens for coating the 
plates. However, their use is limited to BSL4 laboratories. To overcome this problem, NiV 
recombinant proteins, and the N protein in particular, have been produced as an alternative antigen 
for serological detection of infection.

The specificity and sensitivity of available ELISAs has not been often reported. One such validation 
study concluded in 92% assay sensitivity and specificity of a NiV-N protein-based IgM capture ELISA, 
but used as a reference method the ELISA developed at CDC (Yu 2006), which performance
documentation had not been disclosed. 
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Luminex
Two different Luminex assay formats were developed for detection of NiV-specific antibodies, a 
binding assay and a blocking or inhibition assay (reviewed by Wang 2012). The inhibition assay 
measures antibodies that block ephrin-B2 receptor binding. Such assay can be considered as a 
surrogate neutralization test. Similar Luminex assays have been used successfully for HeV diagnosis 
in human as well as veterinary settings.

Rapid test
From an outbreak investigation/control point of view, it is most useful in some situations to have 
access to a rapid (point-of-care) test for both human and animal applications. Rapid tests, usually 
consisting of lateral flow immunochromatographic assays, have been developed for detection of 
antigen and/or antibody corresponding to a variety of infectious diseases. However, as of today, no 
such test has been made available for Nipah serology.

Virus neutralization
Serum neutralization tests are considered as the reference for serology testing, and NiV 
neutralization tests were developed soon after the first outbreak in Malaysia. In a conventional NiV 
neutralization test, sera are incubated with virus in the wells of 96-cell microtiter plates prior to the 
addition of Vero cells. Those sera that completely block development of a cytopathic effect are 
designated as positive. A more rapid plaque assay neutralization procedure has also been developed 
to detect NiV-neutralizing antibodies, in which a specific number of plaque-forming units of the virus 
are incubated with dilutions of test serum prior to adsorption to the cell monolayers, and foci of 
infection detected immunologically after fixation of the cells with methanol (reviewed by Wang 2012, 
Daniels 2001).

Neutralization testing may not be performed in many laboratories because these tests involve 
handling live viruses, which requires high containment facilities. Several pseudotyped viruses bearing 
the NiV F and G proteins have been developed to obviate this requirement, and shown to be more 
sensitive than conventional serum neutralization assays (Wang 2012). However, further validation of 
the pseudotype assays, at large scale, would be required to corroborate their high sensitivity and 
specificity before considering them as a reliable alternative to other serological assays. 

Molecular methods
Specific and reliable PCR-based methods and sequencing to identify henipaviruses are now more 
widely available for outbreak investigations and diagnosis, and have begun to replace serological 
testing (Ong 2015). A real time RT-PCR TaqMan assay for NiV was first developed in 2004, based on 
the N gene sequence. The sensitivity of the test was close to 1 plaque forming unit, and it was 
demonstrated that the assay was able to detect NiV RNA in blood specimens from infected hamsters. 
The assay was also shown NiV-specific since it failed to detect HeV RNA. A commercial kit based on 
this technology has obtained CE marking and been made available, for the detection of NiV in serum
plasma, infected animal tissue or secretion by using real time PCR systems.

Subsequently, in another study, several consensus quantitative PCRs were developed for detection of 
both HeV and NiV. In this study, the N gene SYBR Green assay was the most useful assay for 
investigation of potentially unknown henipaviruses and the P TaqMan assay was preferred when high 
sensitivity was required to detect infection by know strains of NiV (reviewed by Wang 2012).
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synthetic polyinosinic:polycytidylic acid (poly-IC12U or Rintatolimod), an analogue of double-
stranded RNA which strongly activates IFN production, has been shown effective in limiting disease 
and increasing survival of NiV-infected hamsters. When administered at 3 mg/kg of body weight daily 
from the day of infection to 10 days post-infection, prevented mortality in 5 of 6 infected animals
(Georges-Courbot 2006). This drug candidate is not new. It was evaluated clinically as early as in the 
1980s, and at that time associated to significant toxicity (with adverse events such as fever, arthritis, 
liver toxicity, thrombocytopenia, or neurotoxicity). Nevertheless, poly-IC12U underwent further 
clinical development for chronic fatigue syndrome, with more than 90 000 doses administered, and 
these trials concluded in an acceptable safety profile (Mitchell 2016). Poly-IC12U may thus hold 
promise for Nipah therapy.

Another strategy, targeting the activation of IRF3-dependent signalling mechanisms with small 
molecule agonists, has been proposed more recently by Pattabhi (2016), but so far it has not 
advanced beyond a very early stage of development.

Adjunctive therapies 
As for other severe diseases of viral origin, aggressive supportive care may help improve patient 
survival. NiV infections, especially as seen in Bangladesh, are associated to respiratory disease and 
respiratory failure. Oxygen supplementation and eventually transfer to ICU are part of the 
management guidelines of this infection. Ensuring patient access to the best medical practices in this 
area should remain a priority.

Gap analysis: Therapeutics
Without any other currently available therapeutic options, ribavirin is still considered today as an 
option for treatment of NiV infections in emergency settings, but its impact on disease progression is 
highly questionable. Research on alternative treatments appears therefore as critical. Numerous 
studies have uncovered determinants important for various steps in the NiV replication cycle. While 
each step of the replication process represents a potential target for the development of antiviral 
drugs, most efforts have been focused on the mechanisms leading to productive membrane fusion. 
Until now, such research has not resulted in the identification of many promising candidates, and 
none of them has been reported successful in an animal model of NiV infection. 

The most advanced alternative treatment under development is a monoclonal antibody, m102.4, 
which was identified by panning a large nonimmune antibody library against the HeV glycoprotein G. 
This monoclonal antibody was then affinity maturated, converted to IgG1 and proved highly 
neutralizing against NiV (Zhu 2008). It has now reached clinical phase 1 evaluation. Following high-
risk NiV exposure or cases of infection in India or Bangladesh in recent years, there has been an 
interest in compassionate use of the m102.4 antibody, which was found difficult to orchestrate as 
the product was still at a preclinical stage of development. A possible strategy for access to this 
therapy would be to further develop, manufacture and stockpile the antibody so as to deploy it 
rapidly when and where another outbreak occurs (Broder 2013). However, more data from clinical 
studies will be required to determine what could be the indication and usage of this monoclonal 
antibody.

Another therapeutic approach may be based on immunomodulation, as suggested by the efficacy of
poly-IC12U in the hamster model of NiV infection. However, for a better understanding of the 
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One of the most promising vaccine candidates is a VSV-G recombinant. In the hamster model, this 
vaccine was found protective following single-dose vaccination 1 day before challenge, suggesting 
the potential of this product for use in an emergency setting. However, despite encouraging efficacy 
data in animals, the proof of concept of such vaccine is still far from being established, as evidenced 
by the recent observation of a neurotropic effect with a VSV vector system expressing both NiV F and 
G. Another candidate of interest is a subunit vaccine containing adjuvanted recombinant G 
glycoprotein. The success of such vaccine candidate in experimental animal models of NiV infection 
and the use of Equivac HeV® as an effective subunit vaccine in horses suggest this approach may also 
be efficacious in humans (Satterfield 2016). However, the requirement for a multiple-dose schedule 
of immunization with this type of vaccine does not appear very compatible with the targeted 
indication for immunization of at-risk persons in the area of an ongoing NiV outbreak.

In any case, the epidemiology and sporadic nature of NiV outbreaks will make large scale clinical 
efficacy trials very difficult to organise, so that the pathway towards licensure for a Nipah vaccine will 
most likely require creative approaches. Specific opportunities, such as the procedure for Emergency 
Use Assessment and Listing (WHO EUAL), to facilitate access to critically needed vaccines in case of 
emergency are likely to be of help. In the USA, the Food And Drug Administration’s Animal Rule
pathway is intended to enable approval of drugs against highly lethal infections in situations where 
definitive human efficacy studies cannot be conducted (Satterfield 2016). In this instance, efficacy is 
to be demonstrated via protection in one or two experimental animal models that replicate key 
characteristics of the human disease and are predictive of the mechanism of protection in humans. 
The AGM, ferret, and hamster models are well established and accurately model human disease. 
However, no vaccines have been approved through this mechanism to date. And even with the 
Animal Rule, human clinical trials are still required for demonstrating vaccine safety.

The key issues with vaccines are delivery and costs (Hayman 2014). The question of how to finance 
such product development has to be raised, as a NiV vaccine would likely find use primarily in the low 
and middle income countries where the virus is currently endemic. In view of the current low disease 
incidence, a reasonable objective may be to advance the development of a vaccine candidate to early 
phases of clinical development, which would aim at better preparing for a potential epidemic of 
larger size. In parallel, it would be important to clarify expectations for a NiV vaccine. Answering 
questions such as “what role could a NiV vaccine play in controlling the disease? with what 
cost/effectiveness?” would help define the best way forward in terms of vaccine research and 
development. 

Vector Control
The NiV outbreaks in Malaysia in 1998-1999 have been associated with infection of pigs with 
subsequent spread to human populations, while the outbreaks in Bangladesh resulted from direct 
contamination from infected fruit bats and human-to-human transmission. Theoretically, vector 
control efforts may target these 2 species. In any case, a transdisciplinary approach will be required 
to develop appropriate host management strategies that both maximise the conservation of bat 
populations as well as minimise the risk of disease outbreaks in domestic animals and humans (Breed 
2006).
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Pigs
NiV was first described following the 1998-1999 outbreaks of disease in pigs and humans in 
peninsular Malaysia. Over one million pigs were culled to contain the outbreak (Breed 2006), which 
had an enormous economic and social impact. To date, no other disease outbreak has been observed 
in this animal species, but following an outbreak of NiV observed in horses in 2014, the potential for 
new spill-over into swine can be considered as threatening. Vaccinating pigs has been proposed as a 
means to prevent spread to human populations, but it is also a veterinary option, aimed at protecting 
swine herds in the event of a new outbreak. As of today, a swine vaccine against NiV is not available, 
but promising results have been obtained with the canarypox vectored vaccine candidate and R&D 
efforts targeting the development of a veterinary vaccine against Nipah are still ongoing. 

Bats
(adapted from Breed 2006)
Management of a bat-borne zoonotic disease has been previously attempted for rabies virus. 
Historically, population reduction was used as a control strategy for vampire bats in Latin America. 
The methods used at that time are now generally considered inhumane, unethical and ineffective 
and some of the targeted species have become endangered in their natural environment. Trap, 
vaccination and release programs using parenteral vaccination have been employed for rabies 
control of a few terrestrial wildlife species, but this approach is considered prohibitively expensive 
for large populations and logistically impossible for non-terrestrial species. An oral vaccine has been 
shown capable of inducing a protective immune response to rabies in vampire bats following oral 
vaccine delivery, and hence an oral vaccination approach may be plausible for other bat species.
However, such program would be very ambitious. A specific vaccine would have to be developed, 
including a biomarker for discriminating between vaccinated and naturally infected individuals
(Mackenzie 2003). Moreover, various aspects of bat ecology and behaviour would require further 
study before an oral vaccine, suitable bait and vaccination strategy can be deployed. The feasibility of
using a NiV vaccine in wild bats for controlling outbreaks in human populations is still far from being 
established.  

General conclusion and recommendations
This document gathers available data pertaining to NiV epidemiology, diagnostics, as well as vaccines, 
therapeutics and other methods for prevention and control. It identifies research and knowledge 
gaps which are meant to be used as a basis for discussion on the development of a NiV R&D roadmap. 

Nipah is one of eleven diseases considered as in urgent need of R&D attention in the revised priority 
list of pathogens issued by WHO in January 2017 (http://www.who.int/blueprint/priority-
diseases/en/). Since 2001, it has caused almost annual outbreaks in Bangladesh, and the infection 
has been associated to a case fatality rate of up to 100%. Nipah is a zoonotic disease. As its reservoir, 
the Pteropus bat, has a flying range that can cover huge areas, the risk of further spread of the 
disease is perceived as very high.

Since the first identification of the virus in 1999, significant efforts have already been devoted to
development of diagnostic methods, outbreak preparedness and response as well as epidemiological 
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surveillance. The outcome of research has been impressive as well, in terms of characterizing the 
virus, elucidating its mechanisms of replication, identifying strategies for development of novel 
therapies and conducting preclinical studies for an array of vaccine candidates.

However, more progress is still needed to offer the most adequate tools for controlling Nipah. In 
terms of diagnostics, validation of methods and standardization across laboratories would improve 
currently available tests. Moreover, it would be useful to further invest in strategies that can 
facilitate access of patients to suitable diagnostics in all areas where NiV outbreaks are likely to occur.

In terms of therapies, animal models have suggested that the m102.4 human monoclonal antibody 
can prevent NiV infection and/or disease. The antibody is being developed for human use as both a 
NiV and HeV.countermeasure. Clinical data are still required to define how m120.4 would be used in 
patients (pre- or post-exposure), and what would be the cost of a treatment. It has been suggested 
that pre-positioning of the product in NiV endemic areas would facilitate access to this therapy in the 
event of another outbreak. However, the feasibility of such stockpiling would largely depend on 
international cooperation and financial support (Broder 2013). 

Research on alternative therapeutic candidates should also be encouraged. An advantage of 
antivirals and immunomodulators compared to biologicals is their expected breadth of coverage. 
While NiV infections are the focus of this report, therapies that would also prove efficient against 
other henipaviruses appear as highly desirable.

Among the different vaccine candidates tested in preclinical models, VSV recombinant viruses appear 
as the most promising. However, the neurotropic potential of such vaccine should be investigated in 
detail before the product can be advanced to a clinical phase of development. Alternative vaccine 
approaches may also built on the experience gained with the subunit vaccine againt HeV.

Finally, an essential strategy for controlling Nipah should focus on preventing virus transmission from 
bats to humans. Controlling the virus in its wild reservoir does not seem a feasible approach. 
However, establishing or reinforcing surveillance systems is of utmost importance to ensure that NiV 
outbreaks can be detected quickly and appropriate control measures promptly initiated. Also 
essential are the efforts on behaviour change communication interventions, so as to increase 
awareness on the risks associated with this virus.



NOT F
IN

AL 
- D

RAFT u
nd

er
go

ing
 co

ns
ult

at
ion

36

REFERENCES

Aguilar HC, Lee B. Emerging paramyxoviruses: molecular mechanisms and antiviral strategies. Expert Rev Mol 
Med. 2011 Feb 24;13:e6.

Angeletti S, Lo Presti A, Cella E, Ciccozzi M. Molecular epidemiology and phylogeny of Nipah virus infection: A 
mini review. Asian Pac J Trop Med. 2016 Jul;9(7):630-4. 

Baseler L, Scott DP, Saturday G, et al. Identifying Early Target Cells of Nipah Virus Infection in Syrian Hamsters. 
PLoS Negl Trop Dis. 2016 Nov 3;10(11):e0005120. 

Bharaj P, Wang YE, Dawes BE, et al. The Matrix Protein of Nipah Virus Targets the E3-Ubiquitin Ligase TRIM6 to 
Inhibit the IKKε Kinase-Mediated Type-I IFN Antiviral Response. PLoS Pathog. 2016 Sep 13;12(9):e1005880.

Borisevich V, Ozdener MH, Malik B, Rockx B. Hendra and Nipah Virus Infection in Cultured Human Olfactory 
Epithelial Cells. mSphere. 2017 Jun 28;2(3).

Bossart KN, Rockx B, Feldmann F, et al. A Hendra virus G glycoprotein subunit vaccine protects African green 
monkeys from Nipah virus challenge. Sci Transl Med. 2012 Aug 8;4(146):146ra107. 

Breed A, Field H, Epstein JH, Daszak P. Emerging henipaviruses and flying foxes – Conservation and 
management perspectives. Biol Conservation 2006;131:211-220.

Breed AC, Meers J, Sendow I, et al. The distribution of henipaviruses in Southeast Asia and Australasia: is 
Wallace's line a barrier to Nipah virus? PLoS One. 2013 Apr 24;8(4):e61316. 

Broder CC, Xu K, Nikolov DB, Zhu Z, et al. A treatment for and vaccine against the deadly Hendra and Nipah 
viruses. Antiviral Res. 2013 Oct;100(1):8-13.

Chadha MS, Comer JA, Lowe L, et al. Nipah virus-associated encephalitis outbreak, Siliguri, India. Emerg Infect 
Dis. 2006 Feb;12(2):235-40.

Chan KP, Rollin PE, Ksiazek TG, et al. A survey of Nipah virus infection among various risk groups in Singapore. 
Epidemiol Infect. 2002 Feb;128(1):93-8. 

Chattopadhyay A, Rose JK. Complementing defective viruses that express separate paramyxovirus 
glycoproteins provide a new vaccine vector approach. J Virol. 2011 Mar;85(5):2004-11. 

Chiang CF, Lo MK, Rota PA, et al. Use of monoclonal antibodies against Hendra and Nipah viruses in an antigen 
capture ELISA. Virol J. 2010 Jun 3;7:115. 

Ching PK, de los Reyes VC, Sucaldito MN, et al. Outbreak of henipavirus infection, Philippines, 2014. Emerg 
Infect Dis. 2015 Feb;21(2):328-31.

Chong HT, Kamarulzaman A, Tan CT, et al. Treatment of acute Nipah encephalitis with ribavirin. Ann
Neurol. 2001 Jun;49(6):810-3.

Chua KB, Goh KJ, Wong KT, et al. Fatal encephalitis due to Nipah virus among pig-farmers in Malaysia. Lancet. 
1999 Oct 9;354(9186):1257-9. 

Chua KB, Gubler DJ. Perspectives of public health laboratories in emerging infectious diseases. Emerg Microbes 
Infect. 2013 Jun;2(6):e37.

Clayton BA. Nipah virus: transmission of a zoonotic paramyxovirus. Curr Opin Virol. 2017 Feb;22:97-104.



NOT F
IN

AL 
- D

RAFT u
nd

er
go

ing
 co

ns
ult

at
ion

37

Daniels P, Ksiazek T, Eaton BT. Laboratory diagnosis of Nipah and Hendra virus infections. Microbes Infect. 2001 
Apr;3(4):289-95.

DeBuysscher BL, de Wit E, Munster VJ, et al. Comparison of the pathogenicity of Nipah virus isolates from 
Bangladesh and Malaysia in the Syrian hamster. PLoS Negl Trop Dis. 2013;7(1):e2024. 

DeBuysscher BL, Scott D, Marzi A, et al. Single-dose live-attenuated Nipah virus vaccines confer complete 
protection by eliciting antibodies directed against surface glycoproteins. Vaccine. 2014 May 7;32(22):2637-44.

Defang GN, Khetawat D, Broder CC, Quinnan GV Jr. Induction of neutralizing antibodies to Hendra and Nipah 
glycoproteins using a Venezuelan equine encephalitis virus in vivo expression system. Vaccine. 2010 Dec 
16;29(2):212-20. 

de Wit E, Munster VJ. Animal models of disease shed light on Nipah virus pathogenesis and transmission. J 
Pathol. 2015 Jan;235(2):196-205.

Dhondt KP, Horvat B. Henipavirus infections: lessons from animal models. Pathogens. 2013 Apr 9;2(2):264-87. 

Escaffre O, Borisevich V, Rockx B. Pathogenesis of Hendra and Nipah virus infection in humans. J Infect Dev 
Ctries. 2013 Apr 17;7(4):308-11.

Freiberg AN, Worthy MN, Lee B, Holbrook MR. Combined chloroquine and ribavirin treatment does not prevent 
death in a hamster model of Nipah and Hendra virus infection. J Gen Virol. 2010 Mar;91(Pt 3):765-72.

Geisbert TW, Daddario-DiCaprio KM, Hickey AC, et al. Development of an acute and highly pathogenic 
nonhuman primate model of Nipah virus infection. PLoS One. 2010 May 18;5(5):e10690. 

Geisbert TW, Feldmann H, Broder CC. Animal challenge models of henipavirus infection and pathogenesis. Curr 
Top Microbiol Immunol. 2012;359:153-77.

Georges-Courbot MC, Contamin H, Faure C, Let al. Poly(I)-poly(C12U) but not ribavirin prevents death in a 
hamster model of Nipah virus infection. Antimicrob Agents Chemother. 2006 May;50(5):1768-72. 

Goh KJ, Tan CT, Chew NK, et al. Clinical features of Nipah virus encephalitis among pig farmers in Malaysia. N 
Engl J Med. 2000 Apr 27;342(17):1229-35.

Guillaume V, Contamin H, Loth P, et al. Nipah virus: vaccination and passive protection studies in a hamster 
model. J Virol. 2004 Jan;78(2):834-40.

Gurley ES, Montgomery JM, Hossain MJ, et al. Person-to-person transmission of Nipah virus in a Bangladeshi 
community. Emerg Infect Dis. 2007 Jul;13(7):1031-7. 

Hayman DTS, Johnson N. Nipah virus: a virus with multiple pathways of emergence. In: Johnson N, ed. The Role 
of Animals in Emerging Viral Diseases. Elsevier 2014; 293-315.

Hegde ST, Sazzad HM, Hossain MJ, et al. Investigating Rare Risk Factors for Nipah Virus in Bangladesh: 2001-
2012. Ecohealth. 2016 Dec;13(4):720-728. 

Homaira N, Rahman M, Hossain MJ, et al. Nipah virus outbreak with person-to-person transmission in a
district of Bangladesh, 2007. Epidemiol Infect. 2010 Nov;138(11):1630-6.

Hossain MJ, Gurley ES, Montgomery JM, et al. Clinical presentation of nipah virus infection in Bangladesh. Clin 
Infect Dis. 2008 Apr 1;46(7):977-84. 

Hotard AL, He B, Nichol ST, et al. 4'-Azidocytidine (R1479) inhibits henipaviruses and other paramyxoviruses 
with high potency. Antiviral Res. 2017 Aug;144:147-152.



NOT F
IN

AL 
- D

RAFT u
nd

er
go

ing
 co

ns
ult

at
ion

38

Johnson JB, Aguilar HC, Lee B, Parks GD. Interactions of human complement with virus particles containing the 
Nipah virus glycoproteins. J Virol. 2011 Jun;85(12):5940-8. 

Johnston SC, Briese T, Bell TM, et al. Detailed analysis of the African green monkey model of Nipah virus 
disease. PLoS One. 2015 Feb 23;10(2):e0117817. 

Khan SU, Gurley ES, Hossain MJ, et al. A randomized controlled trial of interventions to impede date palm sap 
contamination by bats to prevent nipah virus transmission in Bangladesh. PLoS One. 2012;7(8):e42689.

Kong D, Wen Z, Su H, et al. Newcastle disease virus-vectored Nipah encephalitis vaccines induce B and T cell 
responses in mice and long-lasting neutralizing antibodies in pigs. Virology. 2012 Oct 25;432(2):327-35.

Kulkarni DD, Tosh C, Venkatesh G, Senthil Kumar D. Nipah virus infection: current scenario. Indian J Virol. 2013 
Dec;24(3):398-408.

Liu J, Ochieng C, Wiersma S, et al. Development of a TaqMan Array Card for Acute-Febrile-Illness Outbreak 
Investigation and Surveillance of Emerging Pathogens, Including Ebola Virus. J Clin Microbiol. 2016 
Jan;54(1):49-58. 

Lo MK, Bird BH, Chattopadhyay A, et al. Single-dose replication-defective VSV-based Nipah virus vaccines 
provide protection from lethal challenge in Syrian hamsters. Antiviral Res. 2014 Jan;101:26-9.

Lo MK, Rota PA. Molecular virology of the henipaviruses. Curr Top Microbiol Immunol. 2012;359:41-58.

Luby SP. The pandemic potential of Nipah virus. Antiviral Res. 2013 Oct;100(1):38-43. 

Mackenzie JS, Field HE, Guyatt KJ. Managing emerging diseases borne by fruit bats (flying foxes), with particular 
reference to henipaviruses and Australian bat lyssavirus. J Appl Microbiol. 2003;94 Suppl:59S-69S.

Manyweathers J, Field H, Longnecker N, et al. "Why won't they just vaccinate?" Horse owner risk perception 
and uptake of the Hendra virus  vaccine. BMC Vet Res. 2017 Apr 13;13(1):103.

Mathieu C, Augusto MT, Niewiesk S, et al. Broad spectrum antiviral activity for paramyxoviruses is modulated 
by biophysical properties of fusion inhibitory peptides. Sci Rep. 2017 Mar 8;7:43610. 

Mathieu C, Horvat B. Henipavirus pathogenesis and antiviral approaches. Expert Rev Anti Infect Ther. 2015 
Mar;13(3):343-54.

McEachern JA, Bingham J, Crameri G, et al. A recombinant subunit vaccine formulation protects against lethal 
Nipah virus challenge in cats. Vaccine. 2008 Jul 23;26(31):3842-52. 

Middleton DJ, Morrissy CJ, van der Heide BM, et al. Experimental Nipah virus infection in pteropid bats
(Pteropus poliocephalus). J Comp Pathol. 2007 May;136(4):266-72. 

Mire CE, Satterfield BA, Geisbert JB, et al. Pathogenic Differences between Nipah Virus Bangladesh and 
Malaysia Strains in Primates: Implications for Antibody Therapy. Sci Rep. 2016 Aug 3;6:309-16. 

Mire CE, Versteeg KM, Cross RW, et al. Single injection recombinant vesicular stomatitis virus vaccines protect 
ferrets against lethal Nipah virus disease. Virol J. 2013 Dec 13;10:353.

Mitchell WM. Efficacy of rintatolimod in the treatment of chronic fatigue syndrome/myalgic encephalomyelitis 
(CFS/ME). Expert Rev Clin Pharmacol. 2016 Jun;9(6):755-70. 

Mungall BA, Middleton D, Crameri G, et al. Feline model of acute nipah virus infection and protection with a 
soluble glycoprotein-based subunit vaccine. J Virol. 2006 Dec;80(24):12293-302.



NOT F
IN

AL 
- D

RAFT u
nd

er
go

ing
 co

ns
ult

at
ion

39

Nahar N, Paul RC, Sultana R, et al. Raw Sap Consumption Habits and Its Association with Knowledge of Nipah 
Virus in Two Endemic Districts in Bangladesh. PLoS One. 2015 Nov 9;10(11):e0142292.

Nahar N, Paul RC, Sultana R, et al. A Controlled Trial to Reduce the Risk of Human Nipah Virus Exposure in 
Bangladesh. Ecohealth. 2017 Sep 13. 

Ong KC, Wong KT. Henipavirus Encephalitis: Recent Developments and Advances. Brain Pathol. 2015 
Sep;25(5):605-13.

Onyango CO, Loparev V, Lidechi S, et al. Evaluation of a TaqMan Array Card for Detection of Central Nervous
System Infections. J Clin Microbiol. 2017 Jul;55(7):2035-2044. 

Pager CT, Wurth MA, Dutch RE. Subcellular localization and calcium and pH requirements for proteolytic 
processing of the Hendra virus fusion protein. J Virol. 2004 Sep;78(17):9154-63. 

Pallister JA, Klein R, Arkinstall R, et al. Vaccination of ferrets with a recombinant G glycoprotein subunit vaccine 
provides protection against Nipah virus disease for over 12 months. Virol J. 2013 Jul 16;10:237.

Parveen S, Islam MS, Begum M, et al. It's not only what you say, it's also how you say it: communicating nipah 
virus prevention messages during an outbreak in Bangladesh. BMC Public Health. 2016 Aug 5;16:726.

Pattabhi S, Wilkins CR, Dong R, et al. Targeting Innate Immunity for Antiviral Therapy through Small Molecule 
Agonists of the RLR Pathway. J Virol. 2015 Dec 16;90(5):2372-87.

Pernet O, Schneider BS, Beaty SM, et al. Evidence for henipavirus spillover into human populations in Africa. 
Nat Commun. 2014 Nov 18;5:5342.

Ploquin A, Szécsi J, Mathieu C, Guillaume V, Barateau V, Ong KC, Wong KT, Cosset FL, Horvat B, Salvetti A. 
Protection against henipavirus infection by use of recombinant adeno-associated virus-vector vaccines. J Infect 
Dis. 2013 Feb 1;207(3):469-78.

Porotto M, Orefice G, Yokoyama CC, et al. Simulating henipavirus multicycle replication  in a screening assay 
leads to identification of a promising candidate for therapy. J Virol. 2009 May;83(10):5148-55. 

Prescott J, de Wit E, Feldmann H, Munster VJ. The immune response to Nipah virus infection. Arch Virol. 2012 
Sep;157(9):1635-41. 

Prescott J, DeBuysscher BL, Feldmann F, et al. Single-dose live-attenuated vesicular stomatitis virus-based
vaccine protects African green monkeys from Nipah virus disease. Vaccine. 2015 Jun 4;33(24):2823-9.

Rahman SA. National Guideline for Management, Prevention and Control of Nipah Virus Infection including 
Encephalitis http://www.iedcr.gov.bd/pdf/files/nipah/National Nipah.pdf. 2011

Rahman M, Chakraborty A. Nipah virus outbreaks in Bangladesh: a deadly infectious disease. WHO South East 
Asia J Public Health. 2012 Apr-Jun;1(2):208-212. 

Rahman SA, Hassan L, Epstein JH, et al. Risk Factors for Nipah virus infection among pteropid bats, Peninsular 
Malaysia. Emerg Infect Dis. 2013 Jan;19(1):51-60.

Rockx B, Winegar R, Freiberg AN. Recent progress in henipavirus research: molecular biology, genetic diversity, 
animal models. Antiviral Res. 2012 Aug;95(2):135-49.

Satterfield BA, Cross RW, Fenton KA, et al. The immunomodulating V and W proteins of Nipah virus determine 
disease course. Nat Commun. 2015 Jun 24;6:7483. 

Satterfield BA, Dawes BE, Milligan GN. Status of vaccine research and development of vaccines for Nipah virus. 
Vaccine. 2016 Jun 3;34(26):2971-2975. 



NOT F
IN

AL 
- D

RAFT u
nd

er
go

ing
 co

ns
ult

at
ion

40

Sauerhering L, Zickler M, Elvert M, et al. Species-specific and individual differences in Nipah virus replication in 
porcine and human airway epithelial cells. J Gen Virol. 2016 Jul;97(7):1511-9.

Sazzad HM, Luby SP, Ströher U, et al. Exposure-based screening for Nipah virus encephalitis, Bangladesh. Emerg
Infect Dis. 2015 Feb;21(2):349-51.

Simons RR, Gale P, Horigan V, et al. Potential for introduction of bat-borne zoonotic viruses into the EU: a 
review. Viruses. 2014 May 16;6(5):2084-121. 

Steffen DL, Xu K, Nikolov DB, Broder CC. Henipavirus mediated membrane fusion, virus entry and targeted 
therapeutics. Viruses. 2012 Feb;4(2):280-308.

Sugai A, Sato H, Takayama I, Yoneda M, Kai C. Nipah and Hendra Virus Nucleoproteins Inhibit Nuclear 
Accumulation of STAT1 and STAT2 by Interfering with Their Complex Formation. J Virol. 2017 Aug 23. pii: 
JVI.01136-17. 

Tiong V, Lam CW, Phoon WH, et al. Serum from Nipah Virus Patients Recognises Recombinant Viral Proteins 
Produced in Escherichia coli. Jpn J Infect Dis. 2017 Jan 24;70(1):26-31. 

Valbuena G, Halliday H, Borisevich V, Goez Y, Rockx B. A human lung xenograft mouse model of Nipah virus 
infection. PLoS Pathog. 2014 Apr 3;10(4):e1004063. 

van den Pol AN, Mao G, Chattopadhyay A, et al. Chikungunya, Influenza, Nipah, and Semliki Forest Chimeric 
Viruses with Vesicular Stomatitis Virus: Actions in the Brain. J Virol. 2017 Feb 28;91(6).

Wacharapluesadee S, Samseeneam P, Phermpool M, et al. Molecular characterization of Nipah virus from 
Pteropus hypomelanus in Southern Thailand. Virol J. 2016 Mar 25;13:53.

Walpita P, Barr J, Sherman M, Basler CF, Wang L. Vaccine potential of Nipah virus-like particles. PLoS One. 2011 
Apr 6;6(4):e18437. 

Wang LF, Daniels P. Diagnosis of henipavirus infection: current capabilities and future directions. Curr Top 
Microbiol Immunol. 2012;359:179-96.

Wang L, Harcourt BH, Yu M, et al. Molecular biology of Hendra and Nipah viruses. Microbes Infect. 2001 
Apr;3(4):279-87.

Weingartl HM, Berhane Y, Caswell JL, et al. Recombinant nipah virus vaccines protect pigs against challenge. J 
Virol. 2006 Aug;80(16):7929-38.

Wong SC, Ooi MH, Wong MN, et al. Late presentation of Nipah virus encephalitis and kinetics of the humoral 
immune response. J Neurol Neurosurg Psychiatry. 2001 Oct;71(4):552-4.

Wong KT, Tan CT. Clinical and pathological manifestations of human henipavirus infection. Curr Top Microbiol 
Immunol. 2012;359:95-104. 

World Health Organization. NiV outbreak(s) in Bangladesh, January-April 2004. Wkly Epidemiol Rec 
2004;79:168-71.

Wu Z, Yang L, Yang F, et al. Novel Henipa-like virus, Mojiang Paramyxovirus, in rats, China, 2012. Emerg Infect 
Dis. 2014 Jun;20(6):1064-6.

Yoneda M, Georges-Courbot MC, Ikeda F, et al. Recombinant measles virus vaccine expressing the Nipah virus
glycoprotein protects against lethal Nipah virus challenge. PLoS One. 2013;8(3):e58414.



NOT F
IN

AL 
- D

RAFT u
nd

er
go

ing
 co

ns
ult

at
ion

41

Yu F, Khairullah NS, Inoue S, et al. Serodiagnosis using recombinant nipah virus nucleocapsid protein expressed 
in Escherichia coli. J Clin Microbiol. 2006 Sep;44(9):3134-8.

Zhu Z, Bossart KN, Bishop KA, et al. Exceptionally potent cross-reactive neutralization of Nipah and Hendra 
viruses by a human monoclonal antibody. J Infect Dis. 2008 Mar 15;197(6):846-53.



April 13, 2018—DRAFT FOR WHO, WELLCOME TRUST, AND TASKFORCE COMMENT ONLY 

1 

Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and 
prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, 
and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) 
against Nipah virus infection. 

(Note: This draft roadmap is organized into the three main categories of MCMs—diagnostics, 
therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the 
roadmap components for each countermeasure. Some of the topics and issues apply to more than one 
MCM; these are highlighted as cross-cutting. This document is relatively detailed to ensure that it 
includes the most important topics and issues. As this draft is refined, the content may be reorganized 
and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, 
and priority areas and activities.) 

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 
infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 
have occurred in that country since, with disease also occurring periodically in eastern India; associated 
case fatality rates in these countries have ranged from 75% to 100%. Other regions may be at risk for 
NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat 
species) and several other bat species in a number of other countries, including Cambodia, Thailand, 
Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover 
occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected human-to-human NiV 
transmission. Additionally, several other animal species were found to be infected with NiV on the farms 
involved in the outbreak, including horses, cats, and dogs. In the outbreaks in Bangladesh, intermediary 
hosts between bat and human have not played a major role, with the primary NiV sources being human 
consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission.  

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
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involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat. Detailed genomic information for this virus is limited.   
 

In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, 
dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in 
late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 
sequelae. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for 
the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB).  
 

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 
“priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future 
and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 
priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the 
roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 
prevent and control NiV outbreaks and endemic disease.  
 

Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment 
(PPE), effective community engagement, adequate infection prevention and control practices, and 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 
strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV infection (and other closely related 
henipaviruses) that are readily available and accessible for use in areas of known or potential NiV 
spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective 
treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent 
disease, disability, and death.  
 

CROSS-CUTTING TOPICS AND ISSUES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, 
securing funding for Nipah research represents a substantial challenge. The development of a 
sustainable value proposition for industry and international philanthropic public-private 
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partnerships are needed to secure funding to complete development, licensure, manufacture, 
and deployment of NiV MCMs.  

• Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. 
For example, obtaining regulatory approval for diagnostic tests through the premarket approval 
(PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), 
which is associated with lower approval costs, is not applicable. Furthermore, licensure of 
vaccines and therapeutics using alternative regulatory pathways also can be very costly, given 
the regulatory requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (BSL-4) conditions.  

• To date, NiV spillovers to human communities have occurred almost exclusively in rural 
communities in Bangladesh and East India; the healthcare facilities that serve these 
communities have very rudimentary laboratory and clinical infrastructure for diagnosis and 
treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 
experience with the condition and lack of available laboratory testing.  

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 
pigs), infection in animal herds may not be recognized until after human cases are identified. 
This delay in diagnosis may lead to an entire herd being infected before livestock are tested for 
NiV, which could cause large financial losses for livestock owners and increases the likelihood of 
NiV infection in exposed animal husbandry workers.  

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure of MCMs via alternative 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 
and ethical concerns constrain the use of AGMs.  

• Conducting phase 1 clinical trials, and possibly phase 2 clinical trials, is likely feasible in endemic 
regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low 
disease incidence poses a major challenge for conducting phase 3 clinical trials for 
demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study 
designs (e.g., including combining clinical trial data across outbreaks over time) may need to be 
considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 
randomized controlled trials [RCTs]) are not applicable.  
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Key needs 
• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 

promote early diagnosis, treatment, and implementation of vaccination programs for NiV 
prevention and control.   

• Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV 
challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety 
levels are an important priority.)   

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research.  

• A determination regarding the feasibility of conducting clinical trials of therapeutics and 
vaccines for NiV infection, which is needed before considering alternative regulatory pathways 
for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule).  

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, 
regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-
licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary 
between countries; therefore, early engagement is essential to identify country-specific 
considerations.    

• Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and 
training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV 
infection.  

• Enhanced capabilities for data reporting in resource-limited settings to promote collaborative 
sharing of NiV sequence and strain data, which can be used to support MCM development.  

• Collaboration with local government authorities in endemic and at-risk areas to support NiV 
surveillance and facilitate effective communication with communities regarding disease 
prevention activities. Human health, animal health, and wildlife officials should be engaged as 
part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturing to endemic and at-risk areas.  

Knowledge gaps 
• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 

preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new geographic areas. Additionally, 
continued research is needed to better define and assess the occurrence of NiV and other 
henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in 
supporting basic research on the pathogenesis and immunology of NiV infection, which is 
essential for development and evaluation of MCMs. For example, efforts are needed to: (1) 
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determine the appropriate animal model(s) for screening assay development; (2) determine the 
most appropriate lethal NiV dose for MCM development; (3) determine when MCMs should be 
administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge 
NiV MCM data between animal models and humans, such as identifying thresholds of vaccine 
protection; and (5) identify the best models for studying chronic (relapsing) infection, 
particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval.  

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms 
that allow NiV to escape immunological clearance and cause delayed onset or recurrent 
encephalitis, identifying factors influencing the development of permanent neurological 
sequelae, and further characterizing cell-mediated and humoral immune responses to NiV 
infection. In addition, identifying aspects of the immune response that are absent or counter-
effective during human NiV infection may lead to the development of novel targeted 
intervention strategies.  

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 
features of disease, and thereby influence MCM development.  

• Some evidence suggests that there are differences in NiVB and NiVM pathogenesis that may have 
implications for the development of safe and effective NiV vaccines or therapies. More 
information on this issue is needed. 

• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hosts and pathogenicity.  

• Additional research is needed to develop and assess next generation sequencing (NGS) for 
whole gene analysis, which can be used to enhance understanding of the global distribution of 
henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage at-risk 
populations (including vulnerable populations such as pregnant women, children, and 
immunocompromised persons) for participation in clinical trials and to ensure acceptance of 
new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 
Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM 
acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance 
MCM acceptance; and (4) identify public health strategies to promote vaccine use.  

 
Strategic Goals 

1. Identify sources of funding and develop appropriate private-sector incentives and competitions 
to promote R&D of NiV MCMs.   

2. Stimulate and support basic science research for better understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animals.  

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the 
local and national levels in areas of known or potential NiV spillover.  
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4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for 
clinical trials, regulatory pathways, and other considerations that will impact MCM 
development, acceptance, and post-licensure surveillance.  
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections 
to inform development of MCMs. 

• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine, validate, and standardize relevant animal models to support the development and 
evaluation of NiV MCMs.   

• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research on the uses of NGS for understanding henipavirus distribution.     
• Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches 

for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate 
NRAs. 

• Establish a plan for conducting clinical trials in endemic regions in coordination with local 
government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 

forward. 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection.   

Key capacities 
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• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 
public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and 
at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of 
spillover of NiV or other related henipaviruses from the natural reservoir to human or animal 
populations. 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    
• Collaborate with local government authorities (including human health, animal health, and 

wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 

NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 
DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
in instituting effective and timely infection control measures. Additionally, latent disease can 
occur long after initial infection.  
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• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 
areas with regard to collection, handling, transport, and laboratory analysis.  

• The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, 
given the rapid disease progression of NiV infection.  

• Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 
Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring 
diagnostic preparedness to respond to future outbreaks.  

Key needs 
• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 

characteristics to guide the development of promising diagnostic assays. 
• A biobank of human and animal clinical samples to assess and validate diagnostic tests and a 

process for how best to judiciously use the samples. A clear approach is needed to: (1) 
determine what clinical samples should be collected, based on what would be most useful (e.g., 
plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample 
collection; (3) identify who would have access to the samples; and (4) prioritize use of samples 
and sample distribution. 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 
validation, and regulatory approval requirements may differ depending on how and in which 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 
considered in tandem with the use of therapeutics and other interventions.  

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, are robust for use under a variety 
of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection.  

• International reference standards to calibrate diagnostic assays.  
• Validation of promising diagnostics in endemic and at-risk geographic regions.  
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• Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and 
animals as they arise.  

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 
performance of NiV diagnostic assays in the field.  

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 
support the business case for Nipah diagnostics, given the costs of regulatory approval.  

• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 
detect NiV infection while simultaneously screening for the presence of other henipaviruses or 
other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk 
areas. Since validation and regulatory approval of multiplex assays can prove challenging, an 
alternate approach would be the development of multiple single assays that can be run in 
parallel.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the Differentiating Infected from 
Vaccinated Animals (DIVA) test. 

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease. Additionally, further research on the 
kinetics of NiV in the animal reservoirs is needed.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 
populations to allow accurate interpretation of test results, since substantive economic 
consequences (such as trade restriction for livestock) could be triggered by positive results.   

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiV diagnostic tests 
for use in humans and animals that are sufficiently robust for the conditions in which they will 
be used and that have minimal requirements for biosafety precautions and staff training. 
Consideration also should be given to development of multiplex assays that can detect related 
henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and 
at-risk areas. 

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in 
areas of known or potential henipavirus spillover risk. 
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4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 
promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Explore new diagnostic approaches that may allow for earlier detection of infection.   
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Create a biobank of clinical human and animal samples for use in researching new diagnostic 

agents.  
• Continue to research cross-reactivity of diagnostic tests in animal populations.  

Product development 
• Generate a TPP for NiV diagnostics. 
• Define use cases for diagnostic assays. 
• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 

affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus and be performed accurately and safely in 
remote areas under a variety of circumstances.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 
in the geographic region that cause similar clinical syndromes.  

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 
reduce the likelihood of transmission of NiV from livestock to humans.  

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 
if NiV or HeV vaccines become widely used (long-term consideration). 

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   

Policy and commercialization 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available.   
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Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in providing early treatment and PEP to exposed persons.  
• In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals 

annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 
confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 
diagnosis is critical.  

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well an agent will work in the 
field. 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control systems 
in place to prevent person-to-person transmission. They also lack the ability to rapidly identify 
contacts most likely to benefit from PEP therapy.  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 
infection to improve survival and decrease associated morbidity and long-term disability.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 
(relapsing) NiV infection to decrease associated long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  
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• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

Knowledge gaps 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 
human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials using both NiVM and NiVB are needed to assess the safety, 
tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-
4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or 
in combination with other therapies. Additionally, the therapeutic windows of each therapy 
should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that 
showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 
relationship of promising therapeutic candidates.  

• Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials 
for safety, feasibility, and efficacy.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer. This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons 
annually that could be candidates for PEP.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials, to inform best-practice guidelines.  
 

Strategic Goals 
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1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible 
in areas of known or potential NiV spillover.  

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies 
become available. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of investigational therapies (such as 

ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal 
studies and clinical trials as appropriate and feasible. 

• Continue to identify new therapeutic options for treating and preventing NiV infection that 
should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for outbreak control.  

Policy and commercialization 
• Identify a company to advance therapeutic use of m102.4 and secure financing for its 

manufacture and distribution.   
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  



April 13, 2018—DRAFT FOR WHO, WELLCOME TRUST, AND TASKFORCE COMMENT ONLY 
 

14 
 

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Sociocultural issues may hinder trust in the formal human, veterinary, and public health 

systems, which could impact acceptance of NiV vaccines for use in humans or animals.  
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.  

Key needs 
• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 

provide rapid onset of an immune response to adequately prevent and control outbreaks.  
• Guidance on use of NiV vaccines (or broader henipavirus vaccines) to include vaccination 

strategies, potentially in both humans and animals, for different epidemiologic scenarios and 
different vaccine attributes.  

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategies over time.  

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and 
recombinant vesicular stomatitis (rVSV) vaccine.  

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoetis).  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have 
been performed to date.  

• The identification of specific correlates of protection in humans and animals and standardized 
mechanisms for measuring immune correlates are needed to facilitate research on promising 
NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory 
pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Evaluation of vaccine safety in target populations is needed to better understand the risk of 
adverse incidents associated with vaccine use.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 

Commented [MGN1]: Perhaps needs to be changed to be 
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one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 
for use in NiV endemic areas.   

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, 
estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios 
and possible strategies for vaccine use.  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. While one HeV vaccine is available for horses, antibodies 
against HeV have not been found to be cross-reactive with NiV. Ongoing research into 
developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in 
endemic regions is needed to further assess the merit of this potential control strategy.  

• Additional research is needed to determine if development of multivalent vaccines for animals 
(that protect against more than one disease) would increase the likelihood of vaccine uptake by 
food animal producers and the broader veterinary community.  

 

Strategic Goals 

1. Develop, evaluate, license, and deploy NiV vaccines for use in humans and potentially animals 
(e.g., livestock, companion animals).  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV 
epidemiology and takes into consideration attributes of new vaccines as they become available.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection for use in developing and evaluating NiV vaccines. 
• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 

between NiV strains and HeV strains. 
• Identify and standardize correlates of protection, which are necessary for ongoing research into 

candidate vaccines and also may be important for vaccine licensure through non-traditional 
regulatory pathways. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 
efficacy in animal models, correlates of protection, and durability. 

• Determine whether multivalent vaccines for animal populations would increase vaccine 
acceptability and uptake by food-animal producers and the broader veterinary community.   

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  
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Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and animals.  
• Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in 

humans that protect against more than one disease (e.g., vaccines that protect against both NiV 
and MV or HeV), if broader population-based vaccination is warranted at some point in the 
future.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease for use in animal populations, if this is deemed to be a 
worthwhile approach.  

Key capacities 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the impact of vaccination strategies, once vaccines become available. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 

supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity 
for person-to-person transmission, and thus more rapid spread.  

 
Schedule of Resources, Coordination, and Implementation  

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 
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Nipah Research and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and 
prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, 
and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) 
against Nipah virus infection. 
 
(Note: This draft roadmap is organized into the three main categories of MCMs—diagnostics, 
therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the 
roadmap components for each countermeasure. Some of the topics and issues apply to more than one 
MCM; these are highlighted as cross-cutting. This document is relatively detailed to ensure that it 
includes the most important topics and issues. As this draft is refined, the content may be reorganized 
and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, 
and priority areas and activities.) 
 

INTRODUCTION  

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 
infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 
have occurred in that country since, with disease also occurring periodically in eastern India; associated 
case fatality rates in these countries have ranged from 75% to 100%. Other regions may be at risk for 
NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat 
species) and several other bat species in a number of other countries, including Cambodia, Thailand, 
Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover 
occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected human-to-human NiV 
transmission. Additionally, several other animal species were found to be infected with NiV on the farms 
involved in the outbreak, including horses, cats, and dogs. In the outbreaks in Bangladesh, intermediary 
hosts between bat and human have not played a major role, with the primary NiV sources being human 
consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission.  
 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
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involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat. Detailed genomic information for this virus is limited.   
 

In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, 
dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in 
late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 
sequelae. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for 
the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB).  
 

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 
“priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future 
and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 
priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the 
roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 
prevent and control NiV outbreaks and endemic disease.  
 

Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment 
(PPE), effective community engagement, adequate infection prevention and control practices, and 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 
strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV infection (and other closely related 
henipaviruses) that are readily available and accessible for use in areas of known or potential NiV 
spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective 
treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent 
disease, disability, and death.  
 

CROSS-CUTTING TOPICS AND ISSUES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, 
securing funding for Nipah research represents a substantial challenge. The development of a 
sustainable value proposition for industry and international philanthropic public-private 
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partnerships are needed to secure funding to complete development, licensure, manufacture, 
and deployment of NiV MCMs.  

• Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. 
For example, obtaining regulatory approval for diagnostic tests through the premarket approval 
(PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), 
which is associated with lower approval costs, is not applicable. Furthermore, licensure of 
vaccines and therapeutics using alternative regulatory pathways also can be very costly, given 
the regulatory requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (BSL-4) conditions.  

• To date, NiV spillovers to human communities have occurred almost exclusively in rural 
communities in Bangladesh and East India; the healthcare facilities that serve these 
communities have very rudimentary laboratory and clinical infrastructure for diagnosis and 
treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 
experience with the condition and lack of available laboratory testing.  

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 
pigs), infection in animal herds may not be recognized until after human cases are identified. 
This delay in diagnosis may lead to an entire herd being infected before livestock are tested for 
NiV, which could cause large financial losses for livestock owners and increases the likelihood of 
NiV infection in exposed animal husbandry workers.  

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure of MCMs via alternative 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 
and ethical concerns constrain the use of AGMs.  

• Conducting phase 1 clinical trials, and possibly phase 2 clinical trials, is likely feasible in endemic 
regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low 
disease incidence poses a major challenge for conducting phase 3 clinical trials for 
demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study 
designs (e.g., including combining clinical trial data across outbreaks over time) may need to be 
considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 
randomized controlled trials [RCTs]) are not applicable.  
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Key needs 
• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 

promote early diagnosis, treatment, and implementation of vaccination programs for NiV 
prevention and control.   

• Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV 
challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety 
levels are an important priority.)   

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research.  

• A determination regarding the feasibility of conducting clinical trials of therapeutics and 
vaccines for NiV infection, which is needed before considering alternative regulatory pathways 
for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule).  

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, 
regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-
licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary 
between countries; therefore, early engagement is essential to identify country-specific 
considerations.    

• Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and 
training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV 
infection.  

• Enhanced capabilities for data reporting in resource-limited settings to promote collaborative 
sharing of NiV sequence and strain data, which can be used to support MCM development.  

• Collaboration with local government authorities in endemic and at-risk areas to support NiV 
surveillance and facilitate effective communication with communities regarding disease 
prevention activities. Human health, animal health, and wildlife officials should be engaged as 
part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturing to endemic and at-risk areas.  

Knowledge gaps 
• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 

preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new geographic areas. Additionally, 
continued research is needed to better define and assess the occurrence of NiV and other 
henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in 
supporting basic research on the pathogenesis and immunology of NiV infection, which is 
essential for development and evaluation of MCMs. For example, efforts are needed to: (1) 
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determine the appropriate animal model(s) for screening assay development; (2) determine the 
most appropriate lethal NiV dose for MCM development; (3) determine when MCMs should be 
administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge 
NiV MCM data between animal models and humans, such as identifying thresholds of vaccine 
protection; and (5) identify the best models for studying chronic (relapsing) infection, 
particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval.  

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms 
that allow NiV to escape immunological clearance and cause delayed onset or recurrent 
encephalitis, identifying factors influencing the development of permanent neurological 
sequelae, and further characterizing cell-mediated and humoral immune responses to NiV 
infection. In addition, identifying aspects of the immune response that are absent or counter-
effective during human NiV infection may lead to the development of novel targeted 
intervention strategies.  

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 
features of disease, and thereby influence MCM development.  

• Some evidence suggests that there are differences in NiVB and NiVM pathogenesis that may have 
implications for the development of safe and effective NiV vaccines or therapies. More 
information on this issue is needed. 

• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hosts and pathogenicity.  

• Additional research is needed to develop and assess next generation sequencing (NGS) for 
whole gene analysis, which can be used to enhance understanding of the global distribution of 
henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage at-risk 
populations (including vulnerable populations such as pregnant women, children, and 
immunocompromised persons) for participation in clinical trials and to ensure acceptance of 
new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 
Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM 
acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance 
MCM acceptance; and (4) identify public health strategies to promote vaccine use.  

 
Strategic Goals 

1. Identify sources of funding and develop appropriate private-sector incentives and competitions 
to promote R&D of NiV MCMs.   

2. Stimulate and support basic science research for better understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animals.  

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the 
local and national levels in areas of known or potential NiV spillover.  
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4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for 
clinical trials, regulatory pathways, and other considerations that will impact MCM 
development, acceptance, and post-licensure surveillance.  
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections 
to inform development of MCMs. 

• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine, validate, and standardize relevant animal models to support the development and 
evaluation of NiV MCMs.   

• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research on the uses of NGS for understanding henipavirus distribution.     
• Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches 

for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate 
NRAs. 

• Establish a plan for conducting clinical trials in endemic regions in coordination with local 
government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 

forward. 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection.   

Key capacities 
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• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 
public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and 
at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of 
spillover of NiV or other related henipaviruses from the natural reservoir to human or animal 
populations. 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    
• Collaborate with local government authorities (including human health, animal health, and 

wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 

NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 
DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
in instituting effective and timely infection control measures. Additionally, latent disease can 
occur long after initial infection.  
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• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 
areas with regard to collection, handling, transport, and laboratory analysis.  

• The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, 
given the rapid disease progression of NiV infection.  

• Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 
Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring 
diagnostic preparedness to respond to future outbreaks.  

Key needs 
• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 

characteristics to guide the development of promising diagnostic assays. 
• A biobank of human and animal clinical samples to assess and validate diagnostic tests and a 

process for how best to judiciously use the samples. A clear approach is needed to: (1) 
determine what clinical samples should be collected, based on what would be most useful (e.g., 
plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample 
collection; (3) identify who would have access to the samples; and (4) prioritize use of samples 
and sample distribution. 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 
validation, and regulatory approval requirements may differ depending on how and in which 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 
considered in tandem with the use of therapeutics and other interventions.  

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, are robust for use under a variety 
of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection.  

• International reference standards to calibrate diagnostic assays.  
• Validation of promising diagnostics in endemic and at-risk geographic regions.  
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• Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and 
animals as they arise.  

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 
performance of NiV diagnostic assays in the field.  

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 
support the business case for Nipah diagnostics, given the costs of regulatory approval.  

• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 
detect NiV infection while simultaneously screening for the presence of other henipaviruses or 
other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk 
areas. Since validation and regulatory approval of multiplex assays can prove challenging, an 
alternate approach would be the development of multiple single assays that can be run in 
parallel.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the Differentiating Infected from 
Vaccinated Animals (DIVA) test. 

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease. Additionally, further research on the 
kinetics of NiV in the animal reservoirs is needed.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 
populations to allow accurate interpretation of test results, since substantive economic 
consequences (such as trade restriction for livestock) could be triggered by positive results.   

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiV diagnostic tests 
for use in humans and animals that are sufficiently robust for the conditions in which they will 
be used and that have minimal requirements for biosafety precautions and staff training. 
Consideration also should be given to development of multiplex assays that can detect related 
henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and 
at-risk areas. 

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in 
areas of known or potential henipavirus spillover risk. 
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4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 
promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Explore new diagnostic approaches that may allow for earlier detection of infection.   
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Create a biobank of clinical human and animal samples for use in researching new diagnostic 

agents.  
• Continue to research cross-reactivity of diagnostic tests in animal populations.  

Product development 
• Generate a TPP for NiV diagnostics. 
• Define use cases for diagnostic assays. 
• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 

affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus and be performed accurately and safely in 
remote areas under a variety of circumstances.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 
in the geographic region that cause similar clinical syndromes.  

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 
reduce the likelihood of transmission of NiV from livestock to humans.  

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 
if NiV or HeV vaccines become widely used (long-term consideration). 

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   

Policy and commercialization 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available.   
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Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in providing early treatment and PEP to exposed persons.  
• In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals 

annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 
confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 
diagnosis is critical.  

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well an agent will work in the 
field. 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control systems 
in place to prevent person-to-person transmission. They also lack the ability to rapidly identify 
contacts most likely to benefit from PEP therapy.  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 
infection to improve survival and decrease associated morbidity and long-term disability.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 
(relapsing) NiV infection to decrease associated long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  
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• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

Knowledge gaps 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 
human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials using both NiVM and NiVB are needed to assess the safety, 
tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-
4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or 
in combination with other therapies. Additionally, the therapeutic windows of each therapy 
should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that 
showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 
relationship of promising therapeutic candidates.  

• Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials 
for safety, feasibility, and efficacy.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer. This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons 
annually that could be candidates for PEP.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials, to inform best-practice guidelines.  
 

Strategic Goals 
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1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible 
in areas of known or potential NiV spillover.  

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies 
become available. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of investigational therapies (such as 

ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal 
studies and clinical trials as appropriate and feasible. 

• Continue to identify new therapeutic options for treating and preventing NiV infection that 
should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for outbreak control.  

Policy and commercialization 
• Identify a company to advance therapeutic use of m102.4 and secure financing for its 

manufacture and distribution.   
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  
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[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Sociocultural issues may hinder trust in the formal human, veterinary, and public health 

systems, which could impact acceptance of NiV vaccines for use in humans or animals.  
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.  

Key needs 
• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 

provide rapid onset of an immune response to adequately prevent and control outbreaks.  
• Guidance on use of NiV vaccines (or broader henipavirus vaccines) to include vaccination 

strategies, potentially in both humans and animals, for different epidemiologic scenarios and 
different vaccine attributes.  

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategies over time.  

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and 
recombinant vesicular stomatitis (rVSV) vaccine.  

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoetis).  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have 
been performed to date.  

• The identification of specific correlates of protection in humans and animals and standardized 
mechanisms for measuring immune correlates are needed to facilitate research on promising 
NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory 
pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Evaluation of vaccine safety in target populations is needed to better understand the risk of 
adverse incidents associated with vaccine use.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
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one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 
for use in NiV endemic areas.   

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, 
estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios 
and possible strategies for vaccine use.  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. While one HeV vaccine is available for horses, antibodies 
against HeV have not been found to be cross-reactive with NiV. Ongoing research into 
developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in 
endemic regions is needed to further assess the merit of this potential control strategy.  

• Additional research is needed to determine if development of multivalent vaccines for animals 
(that protect against more than one disease) would increase the likelihood of vaccine uptake by 
food animal producers and the broader veterinary community.  

 

Strategic Goals 

1. Develop, evaluate, license, and deploy NiV vaccines for use in humans and potentially animals 
(e.g., livestock, companion animals).  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV 
epidemiology and takes into consideration attributes of new vaccines as they become available.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection for use in developing and evaluating NiV vaccines. 
• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 

between NiV strains and HeV strains. 
• Identify and standardize correlates of protection, which are necessary for ongoing research into 

candidate vaccines and also may be important for vaccine licensure through non-traditional 
regulatory pathways. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 
efficacy in animal models, correlates of protection, and durability. 

• Determine whether multivalent vaccines for animal populations would increase vaccine 
acceptability and uptake by food-animal producers and the broader veterinary community.   

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  
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Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and animals.  
• Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in 

humans that protect against more than one disease (e.g., vaccines that protect against both NiV 
and MV or HeV), if broader population-based vaccination is warranted at some point in the 
future.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease for use in animal populations, if this is deemed to be a 
worthwhile approach.  

Key capacities 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the impact of vaccination strategies, once vaccines become available. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 

supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity 
for person-to-person transmission, and thus more rapid spread.  

 
Schedule of Resources, Coordination, and Implementation  

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus infection.



(Note: This draft roadmap is organized into the three main categories of MCMs—diagnostics, therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the roadmap components for each countermeasure. Some of the topics and issues apply to more than one MCM; these are highlighted as cross-cutting. This document is relatively detailed to ensure that it includes the most important topics and issues. As this draft is refined, the content may be reorganized and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, and priority areas and activities.)



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring periodically in eastern India; associated case fatality rates in these countries have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected human-to-human NiV transmission. Additionally, several other animal species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary NiV sources being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat. Detailed genomic information for this virus is limited.  



In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to prevent and control NiV outbreaks and endemic disease. 



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment (PPE), effective community engagement, adequate infection prevention and control practices, and workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 



VISION

Robust MCMs to detect, prevent, and control outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING TOPICS AND ISSUES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition for industry and international philanthropic public-private partnerships are needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. 

· Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. For example, obtaining regulatory approval for diagnostic tests through the premarket approval (PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), which is associated with lower approval costs, is not applicable. Furthermore, licensure of vaccines and therapeutics using alternative regulatory pathways also can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. 

· To date, NiV spillovers to human communities have occurred almost exclusively in rural communities in Bangladesh and East India; the healthcare facilities that serve these communities have very rudimentary laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in pigs), infection in animal herds may not be recognized until after human cases are identified. This delay in diagnosis may lead to an entire herd being infected before livestock are tested for NiV, which could cause large financial losses for livestock owners and increases the likelihood of NiV infection in exposed animal husbandry workers. 

· While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

· Conducting phase 1 clinical trials, and possibly phase 2 clinical trials, is likely feasible in endemic regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting phase 3 clinical trials for demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study designs (e.g., including combining clinical trial data across outbreaks over time) may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not applicable. 

Key needs

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.  

· Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety levels are an important priority.)  

· Clear criteria for down-selection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. 

· A determination regarding the feasibility of conducting clinical trials of therapeutics and vaccines for NiV infection, which is needed before considering alternative regulatory pathways for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule). 

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary between countries; therefore, early engagement is essential to identify country-specific considerations.   

· Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capabilities for data reporting in resource-limited settings to promote collaborative sharing of NiV sequence and strain data, which can be used to support MCM development. 

· Collaboration with local government authorities in endemic and at-risk areas to support NiV surveillance and facilitate effective communication with communities regarding disease prevention activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

Knowledge gaps

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. 

· Additional research is needed to refine, standardize, and validate relevant animal challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in supporting basic research on the pathogenesis and immunology of NiV infection, which is essential for development and evaluation of MCMs. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) determine the most appropriate lethal NiV dose for MCM development; (3) determine when MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between animal models and humans, such as identifying thresholds of vaccine protection; and (5) identify the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval. 

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical features of disease, and thereby influence MCM development. 

· Some evidence suggests that there are differences in NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies. More information on this issue is needed.

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hosts and pathogenicity. 

· Additional research is needed to develop and assess next generation sequencing (NGS) for whole gene analysis, which can be used to enhance understanding of the global distribution of henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage at-risk populations (including vulnerable populations such as pregnant women, children, and immunocompromised persons) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance MCM acceptance; and (4) identify public health strategies to promote vaccine use. 



Strategic Goals

1. Identify sources of funding and develop appropriate private-sector incentives and competitions to promote R&D of NiV MCMs.  

2. Stimulate and support basic science research for better understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animals. 

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the local and national levels in areas of known or potential NiV spillover. 

4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact MCM development, acceptance, and post-licensure surveillance. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine the key differences between NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine, validate, and standardize relevant animal models to support the development and evaluation of NiV MCMs.  

· Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research on the uses of NGS for understanding henipavirus distribution.    

· Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for down-selection and prioritization of candidate MCMs that should be moved forward.

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection.  

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations.

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.   

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorization from appropriate NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory approval are being determined.

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in instituting effective and timely infection control measures. Additionally, latent disease can occur long after initial infection. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, given the rapid disease progression of NiV infection. 

· Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A biobank of human and animal clinical samples to assess and validate diagnostic tests and a process for how best to judiciously use the samples. A clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample collection; (3) identify who would have access to the samples; and (4) prioritize use of samples and sample distribution.

· Clarification regarding the use cases for different diagnostic assays and what viruses are targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, validation, and regulatory approval requirements may differ depending on how and in which population (i.e., human or animal) the test will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be considered in tandem with the use of therapeutics and other interventions. 

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, are robust for use under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains.  

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection. 

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and animals as they arise. 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, given the costs of regulatory approval. 

· If feasible, multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk areas. Since validation and regulatory approval of multiplex assays can prove challenging, an alternate approach would be the development of multiple single assays that can be run in parallel. 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the Differentiating Infected from Vaccinated Animals (DIVA) test.

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. Additionally, further research on the kinetics of NiV in the animal reservoirs is needed. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal populations to allow accurate interpretation of test results, since substantive economic consequences (such as trade restriction for livestock) could be triggered by positive results.  



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detection at various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiV diagnostic tests for use in humans and animals that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. Consideration also should be given to development of multiplex assays that can detect related henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and at-risk areas.

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in areas of known or potential henipavirus spillover risk.

4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.  



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Explore new diagnostic approaches that may allow for earlier detection of infection.  

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Create a biobank of clinical human and animal samples for use in researching new diagnostic agents. 

· Continue to research cross-reactivity of diagnostic tests in animal populations. 

Product development

· Generate a TPP for NiV diagnostics.

· Define use cases for diagnostic assays.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus and be performed accurately and safely in remote areas under a variety of circumstances.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern in the geographic region that cause similar clinical syndromes. 

· Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to reduce the likelihood of transmission of NiV from livestock to humans. 

· Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), if NiV or HeV vaccines become widely used (long-term consideration).

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.  

Policy and commercialization

· Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.  



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. 

· In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well an agent will work in the field.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control systems in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic (relapsing) NiV infection to decrease associated long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

Knowledge gaps

· Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials using both NiVM and NiVB are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) relationship of promising therapeutic candidates. 

· Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials for safety, feasibility, and efficacy. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons annually that could be candidates for PEP. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform best-practice guidelines. 



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible in areas of known or potential NiV spillover. 

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies become available.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of investigational therapies (such as ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal studies and clinical trials as appropriate and feasible.

· Continue to identify new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for outbreak control. 

Policy and commercialization

· Identify a company to advance therapeutic use of m102.4 and secure financing for its manufacture and distribution.  

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Sociocultural issues may hinder trust in the formal human, veterinary, and public health systems, which could impact acceptance of NiV vaccines for use in humans or animals. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs

· Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks. 	Comment by Milligan, Gregg N.: Perhaps needs to be changed to be inclusive of all NiV strains

· Guidance on use of NiV vaccines (or broader henipavirus vaccines) to include vaccination strategies, potentially in both humans and animals, for different epidemiologic scenarios and different vaccine attributes. 	Comment by Milligan, Gregg N.: Perhaps add, “including special populations such as elderly, immune-compromised,  and pregnant individuals”

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time. 

Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and recombinant vesicular stomatitis (rVSV) vaccine. 

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoetis). 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have been performed to date. 	Comment by Milligan, Gregg N.: All NiV strains

· The identification of specific correlates of protection in humans and animals and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

· Evaluation of vaccine safety in target populations is needed to better understand the risk of adverse incidents associated with vaccine use. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) for use in NiV endemic areas.  

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios and possible strategies for vaccine use. 

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. While one HeV vaccine is available for horses, antibodies against HeV have not been found to be cross-reactive with NiV. Ongoing research into developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in endemic regions is needed to further assess the merit of this potential control strategy. 

· Additional research is needed to determine if development of multivalent vaccines for animals (that protect against more than one disease) would increase the likelihood of vaccine uptake by food animal producers and the broader veterinary community. 



Strategic Goals

1. Develop, evaluate, license, and deploy NiV vaccines for use in humans and potentially animals (e.g., livestock, companion animals). 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV epidemiology and takes into consideration attributes of new vaccines as they become available. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection for use in developing and evaluating NiV vaccines.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models, correlates of protection, and durability.

· Determine whether multivalent vaccines for animal populations would increase vaccine acceptability and uptake by food-animal producers and the broader veterinary community.  

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans and animals. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in humans that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease for use in animal populations, if this is deemed to be a worthwhile approach. 

Key capacities

· Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to assess the impact of vaccination strategies, once vaccines become available.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity for person-to-person transmission, and thus more rapid spread. 



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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1 
 

Nipah Research and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and 
prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, 
and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) 
against Nipah virus infection. 
 
(Note: This draft roadmap is organized into the three main categories of MCMs—diagnostics, 
therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the 
roadmap components for each countermeasure. Some of the topics and issues apply to more than one 
MCM; these are highlighted as cross-cutting. This document is relatively detailed to ensure that it 
includes the most important topics and issues. As this draft is refined, the content may be reorganized 
and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, 
and priority areas and activities.) 
 

INTRODUCTION  

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV 
infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks 
have occurred in that country since, with disease also occurring identified periodically in eastern India; 
associated case fatality rates during outbreaks in these countries have ranged from 75% to 100%. Other 
regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known 
natural reservoir (Pteropus bat species) and several other bat species in a number of other countries, 
including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 
Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and 
suspected, although limited, human-to-human NiV transmission. Additionally, several other animal 
species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, 
and dogs. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a 
major role, with the primary routes of human NiV sources infection being human consumption of bat-
contaminated raw date palm sap and subsequent person-to-person transmission.  
 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
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related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat. Detailed genomic information for this virus is limited.   
 

In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, 
dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in 
late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 
sequelae. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for 
the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB).  
 

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 
“priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future 
and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 
priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the 
roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 
prevent and control NiV outbreaks and endemic disease.  
 

Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment 
(PPE), effective community engagement, adequate infection prevention and control practices, and 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 
strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV infection (and other closely related 
henipaviruses) that are readily available and accessible for use in areas of known or potential NiV 
spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective 
treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent 
disease, disability, and death.  
 

CROSS-CUTTING TOPICS AND ISSUES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, 
securing funding for Nipah research represents a substantial challenge. The development of a 
sustainable value proposition for industry and international philanthropic public-private 
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partnerships are needed to secure funding to complete development, licensure, manufacture, 
and deployment of NiV MCMs.  

• Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. 
For example, obtaining regulatory approval for diagnostic tests through the premarket approval 
(PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), 
which is associated with lower approval costs, is not applicable. Furthermore, licensure of 
vaccines and therapeutics using alternative regulatory pathways also can be very costly, given 
the regulatory requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (BSL-4) conditions.  

• To date, NiV spillovers to human communities have occurred almost exclusively in rural 
communities in Bangladesh and East India; the healthcare facilities that serve these 
communities have very rudimentary laboratory and clinical infrastructure for diagnosis and 
treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 
experience with the condition and lack of available laboratory testing.  

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 
pigs), infection in animal herds may not be recognized until after human cases are identified. 
This delay in diagnosis may lead to an entire herd being infected before livestock are tested for 
NiV, which could cause large financial losses for livestock owners and increases the likelihood of 
NiV infection in exposed animal husbandry workers.  

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure of MCMs via alternative 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 
and ethical concerns constrain the use of AGMs.  

• Conducting phase 1 clinical trials, and possibly phase 2 clinical trials, is likely feasible in endemic 
regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low 
disease incidence poses a major challenge for conducting phase 3 clinical trials for 
demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study 
designs (e.g., including combining clinical trial data across outbreaks over time) may need to be 
considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 
randomized controlled trials [RCTs]) are not applicable.  
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Key needs 
• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 

promote early diagnosis, treatment, and implementation of vaccination programs for NiV 
prevention and control.   

• Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV 
challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety 
levels are an important priority.)   

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research.  

• A determination regarding the feasibility of conducting clinical trials of therapeutics and 
vaccines for NiV infection, which is needed before considering alternative regulatory pathways 
for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule).  

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, 
regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-
licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary 
between countries; therefore, early engagement is essential to identify country-specific 
considerations.    

• Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and 
training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV 
infection.  

• Enhanced capabilities for data reporting in resource-limited settings to promote collaborative 
sharing of NiV sequence and strain data, which can be used to support MCM development.  

• Collaboration with local government authorities in endemic and at-risk areas to support NiV 
surveillance and facilitate effective communication with communities regarding disease 
prevention activities. Human health, animal health, and wildlife officials should be engaged as 
part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturing to endemic and at-risk areas.  

Knowledge gaps 
• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 

preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new geographic areas. Additionally, 
continued research is needed to better define and assess the occurrence of NiV and other 
henipaviruses, and drivers of infection in the natural reservoir of Pteropus bats and potentially 
other fruit bats.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in 
supporting basic research on the pathogenesis and immunology of NiV infection, which is 
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essential for development and evaluation of MCMs. For example, efforts are needed to: (1) 
determine the appropriate animal model(s) for screening assay development; (2) determine the 
most appropriate lethal NiV dose for MCM development; (3) determine when MCMs should be 
administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge 
NiV MCM data between animal models and humans, such as identifying thresholds of vaccine 
protection; and (5) identify the best models for studying chronic (relapsing) infection, 
particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval.  

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between NiVB and NiVM infection, as well as differences between 
strains in Bangladesh, determining the mechanisms that allow NiV to escape immunological 
clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the 
development of permanent neurological sequelae, and further characterizing cell-mediated and 
humoral immune responses to NiV infection. In addition, identifying aspects of the immune 
response that are absent or counter-effective during human NiV infection may lead to the 
development of novel targeted intervention strategies.  

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 
features of disease, and thereby influence MCM development.  

• Some evidence suggests that there are differences in NiVB and NiVM pathogenesis that may have 
implications for the development of safe and effective NiV vaccines or therapies. More 
information on this issue is needed. 

• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hosts and pathogenicity.  

• Additional research is needed to develop and assess next generation sequencing (NGS) for 
whole gene analysis, which can be used to enhance understanding of the global distribution of 
henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage at-risk 
populations (including vulnerable populations such as pregnant women, children, and 
immunocompromised persons) for participation in clinical trials and to ensure acceptance of 
new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. 
Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM 
acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance 
MCM acceptance; and (4) identify public health strategies to promote vaccine use.  

 
Strategic Goals 

1. Identify sources of funding and develop appropriate private-sector incentives and competitions 
to promote R&D of NiV MCMs.   

2. Stimulate and support basic science research for better understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animals.  
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3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the 
local and national levels in areas of known or potential NiV spillover.  

4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for 
clinical trials, regulatory pathways, and other considerations that will impact MCM 
development, acceptance, and post-licensure surveillance.  
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections 
to inform development of MCMs. 

• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine, validate, and standardize relevant animal models to support the development and 
evaluation of NiV MCMs.   

• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research on the uses of NGS for understanding henipavirus distribution.     
• Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches 

for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate 
NRAs. 

• Establish a plan for conducting clinical trials in endemic regions in coordination with local 
government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 

forward. 
• Promote early communication between developers and appropriate NRAs for clarity and 

guidance on the regulatory aspects of MCM development for NiV infection.   
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Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and 
at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of 
spillover of NiV or other related henipaviruses from the natural reservoir to human or animal 
populations. 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data.    
• Collaborate with local government authorities (including human health, animal health, and 

wildlife representatives) to support NiV surveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorization from appropriate 

NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Clarify the potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 
DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
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in instituting effective and timely infection control measures and outbreak detection and 
response. Additionally, latent disease can occur long after initial infection.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis, outbreak investigation and 
response.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 
areas with regard to collection, handling, transport, and laboratory analysis.  

• The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, 
given the rapid disease progression of NiV infection.  

• Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 
Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring 
diagnostic preparedness to respond to future outbreaks.  

Key needs 
• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 

characteristics to guide the development of promising diagnostic assays. 
• A biobank of human and animal clinical samples to assess and validate diagnostic tests and a 

process for how best to judiciously use the samples. A clear approach is needed to: (1) 
determine what clinical samples should be collected, based on what would be most useful (e.g., 
plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample 
collection; (3) identify who would have access to the samples; and (4) prioritize use of samples 
and sample distribution. 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 
validation, and regulatory approval requirements may differ depending on how and in which 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 
considered in tandem with the use of therapeutics and other interventions.  

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, are robust for use under a variety 
of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection.  
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• International reference standards to calibrate diagnostic assays.  
• Validation of promising diagnostics in endemic and at-risk geographic regions.  
• Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and 

animals as they arise.  
• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 

performance of NiV diagnostic assays in the field.  
• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 

support the business case for Nipah diagnostics, given the costs of regulatory approval.  
• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 

detect NiV infection while simultaneously screening for the presence of other henipaviruses or 
other pathogens of public health concern that may cause similar clinical syndromes in endemic 
or at-risk areas. Since validation and regulatory approval of multiplex assays can prove 
challenging, an alternate approach would be the development of multiple single assays that can 
be run in parallel.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the Differentiating Infected from 
Vaccinated Animals (DIVA) test. 

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease. Additionally, further research on the 
kinetics of NiV in the animal reservoirs is needed.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 
populations to allow accurate interpretation of test results, since substantive economic 
consequences (such as trade restriction for livestock) could be triggered by positive results.   

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiV diagnostic tests 
for use in humans and animals that are sufficiently robust for the conditions in which they will 
be used and that have minimal requirements for biosafety precautions and staff training. 
Consideration also should be given to development of multiplex assays that can detect related 
henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and 
at-risk areas. 
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3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in 
areas of known or potential henipavirus spillover risk. 

4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 
promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Explore new diagnostic approaches that may allow for earlier detection of infection.   
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of 
disease.  

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Create a biobank of clinical human and animal samples for use in researching new diagnostic 

agents.  
• Continue to research cross-reactivity of diagnostic tests in animal populations.  

Product development 
• Generate a TPP for NiV diagnostics. 
• Define use cases for diagnostic assays. 
• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 

affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus and be performed accurately and safely in 
remote areas under a variety of circumstances.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 
in the geographic region that cause similar clinical syndromes.  

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 
reduce the likelihood of transmission of NiV from livestock to humans.  

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 
if NiV or HeV vaccines become widely used (long-term consideration). 

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.   

Policy and commercialization 
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• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 
across different geographic areas, as such tests become available.   

 
Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in providing early treatment and PEP to exposed persons.  
• In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals 

annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 
confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 
diagnosis is critical.  

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well an agent will work in the 
field. 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control systems 
in place to prevent person-to-person transmission. They also lack the ability to rapidly identify 
contacts most likely to benefit from PEP therapy.  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 
infection to improve survival and decrease associated morbidity and long-term disability.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 
(relapsing) NiV infection to decrease associated long-term disability.  
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• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  

• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

Knowledge gaps 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 
human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials using both NiVM and NiVB are needed to assess the safety, 
tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-
4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or 
in combination with other therapies. Additionally, the therapeutic windows of each therapy 
should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that 
showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 
relationship of promising therapeutic candidates.  

• Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials 
for safety, feasibility, and efficacy.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer. This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons 
annually that could be candidates for PEP.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials, to inform best-practice guidelines.  
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Strategic Goals 

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible 
in areas of known or potential NiV spillover.  

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies 
become available. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of investigational therapies (such as 

ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal 
studies and clinical trials as appropriate and feasible. 

• Continue to identify new therapeutic options for treating and preventing NiV infection that 
should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for outbreak control.  

Policy and commercialization 
• Identify a company to advance therapeutic use of m102.4 and secure financing for its 

manufacture and distribution.   
• Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 
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Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Sociocultural issues may hinder trust in the formal human, veterinary, and public health 

systems, which could impact acceptance of NiV vaccines for use in humans or animals.  
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.  

Key needs 
• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 

provide rapid onset of an immune response to adequately prevent and control outbreaks.  
• Guidance on use of NiV vaccines (or broader henipavirus vaccines) to include vaccination 

strategies, potentially in both humans and animals, for different epidemiologic scenarios and 
different vaccine attributes.  

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategies over time.  

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and 
recombinant vesicular stomatitis (rVSV) vaccine.  

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoetis).  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have 
been performed to date.  

• The identification of specific correlates of protection in humans and animals and standardized 
mechanisms for measuring immune correlates are needed to facilitate research on promising 
NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory 
pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Evaluation of vaccine safety in target populations is needed to better understand the risk of 
adverse incidents associated with vaccine use.  

Commented [EG10]: Enhanced surveillance may be needed to 
test such vaccines, to have enough cases to power trials. 
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• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 
for use in NiV endemic areas.   

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, 
estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios 
and possible strategies for vaccine use.  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. While one HeV vaccine is available for horses, antibodies 
against HeV have not been found to be cross-reactive with NiV. Ongoing research into 
developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in 
endemic regions is needed to further assess the merit of this potential control strategy.  

• Additional research is needed to determine if development of multivalent vaccines for animals 
(that protect against more than one disease) would increase the likelihood of vaccine uptake by 
food animal producers and the broader veterinary community.  

 

Strategic Goals 

1. Develop, evaluate, license, and deploy NiV vaccines for use in humans and potentially animals 
(e.g., livestock, companion animals).  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV 
epidemiology and takes into consideration attributes of new vaccines as they become available.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection for use in developing and evaluating NiV vaccines. 
• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 

between NiV strains and HeV strains. 
• Identify and standardize correlates of protection, which are necessary for ongoing research into 

candidate vaccines and also may be important for vaccine licensure through non-traditional 
regulatory pathways. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 
efficacy in animal models, correlates of protection, and durability. 

Commented [EG11]: And for vaccine trials. 
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• Determine whether multivalent vaccines for animal populations would increase vaccine 
acceptability and uptake by food-animal producers and the broader veterinary community.   

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and animals.  
• Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in 

humans that protect against more than one disease (e.g., vaccines that protect against both NiV 
and MV or HeV), if broader population-based vaccination is warranted at some point in the 
future.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease for use in animal populations, if this is deemed to be a 
worthwhile approach.  

Key capacities 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the impact of vaccination strategies, once vaccines become available. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur.  

Policy and commercialization 
• Provide guidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 

supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity 
for person-to-person transmission, and thus more rapid spread.  

 
Schedule of Resources, Coordination, and Implementation  

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 

 

BACKGROUND INFORMATION 
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WHO. WHO target product profile for Nipah virus vaccine. Jun 2017 
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus infection.



(Note: This draft roadmap is organized into the three main categories of MCMs—diagnostics, therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the roadmap components for each countermeasure. Some of the topics and issues apply to more than one MCM; these are highlighted as cross-cutting. This document is relatively detailed to ensure that it includes the most important topics and issues. As this draft is refined, the content may be reorganized and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, and priority areas and activities.)



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized, however, in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring identified periodically in eastern India; associated case fatality rates during outbreaks in these countries have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropus bat species) and several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected, although limited, human-to-human NiV transmission. Additionally, several other animal species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary routes of human NiV sources infection being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat. Detailed genomic information for this virus is limited.  



In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, dizziness, cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). 	Comment by Emily Gurley: Nearly all cases in Bangladesh have altered mental status or unconsciousness.	Comment by Emily Gurley: Would be good to provide the year here since there could also be variation within South Asia- which paper is this specifically?



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to prevent and control NiV outbreaks and endemic disease. 



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment (PPE), effective community engagement, adequate infection prevention and control practices, and workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 



VISION

Robust MCMs to detect, prevent, and control outbreaks of NiV infection (and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING TOPICS AND ISSUES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition for industry and international philanthropic public-private partnerships are needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. 

· Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. For example, obtaining regulatory approval for diagnostic tests through the premarket approval (PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), which is associated with lower approval costs, is not applicable. Furthermore, licensure of vaccines and therapeutics using alternative regulatory pathways also can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. 

· To date, NiV spillovers to human communities have occurred almost exclusively in rural communities in Bangladesh and East India; the healthcare facilities that serve these communities have very rudimentary laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 	Comment by Emily Gurley: True, but it is not typically clinically distinguishable from other causes of encephalitis.

· Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in pigs), infection in animal herds may not be recognized until after human cases are identified. This delay in diagnosis may lead to an entire herd being infected before livestock are tested for NiV, which could cause large financial losses for livestock owners and increases the likelihood of NiV infection in exposed animal husbandry workers. 

· While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

· Conducting phase 1 clinical trials, and possibly phase 2 clinical trials, is likely feasible in endemic regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting phase 3 clinical trials for demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study designs (e.g., including combining clinical trial data across outbreaks over time) may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not applicable. 	Comment by Emily Gurley: In Bangladesh, the greater concern from local authorities would be in conducting the phase 1 rather than the phase 2.

Key needs

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.  

· Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety levels are an important priority.)  

· Clear criteria for down-selection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. 

· A determination regarding the feasibility of conducting clinical trials of therapeutics and vaccines for NiV infection, which is needed before considering alternative regulatory pathways for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule). 

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary between countries; therefore, early engagement is essential to identify country-specific considerations.   

· Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 	Comment by Emily Gurley: This one is tricky. Nipah is rare. Heightened awareness about the dangers of Nipah lead to patients being turned away, particularly if hospital staff do not feel well trained and equipped to perform required PPE. Education itself will only create fear, unless we can also ensure supplies and ongoing training and support. Local clinics cannot currently diagnose anyway, but they could be trained on how to collect specimens.

· Enhanced capabilities for data reporting in resource-limited settings to promote collaborative sharing of NiV sequence and strain data, which can be used to support MCM development. 	Comment by Emily Gurley: Not exactly sure what this means.

· Collaboration with local government authorities in endemic and at-risk areas to support NiV surveillance and facilitate effective communication with communities regarding disease prevention activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 	Comment by Emily Gurley: Collaboration between local authorities and who? International public health stakeholders? NiV experts?

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturing to endemic and at-risk areas. 

Knowledge gaps

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses, and drivers of infection in the natural reservoir of Pteropus bats and potentially other fruit bats. 

· Additional research is needed to refine, standardize, and validate relevant animal challenge models (e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in supporting basic research on the pathogenesis and immunology of NiV infection, which is essential for development and evaluation of MCMs. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) determine the most appropriate lethal NiV dose for MCM development; (3) determine when MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between animal models and humans, such as identifying thresholds of vaccine protection; and (5) identify the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval. 

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between NiVB and NiVM infection, as well as differences between strains in Bangladesh, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical features of disease, and thereby influence MCM development. 

· Some evidence suggests that there are differences in NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies. More information on this issue is needed.

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hosts and pathogenicity. 

· Additional research is needed to develop and assess next generation sequencing (NGS) for whole gene analysis, which can be used to enhance understanding of the global distribution of henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage at-risk populations (including vulnerable populations such as pregnant women, children, and immunocompromised persons) for participation in clinical trials and to ensure acceptance of new NiV MCMs, especially if therapeutics and vaccines do not consistently prevent disease. Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance MCM acceptance; and (4) identify public health strategies to promote vaccine use. 



Strategic Goals

1. Identify sources of funding and develop appropriate private-sector incentives and competitions to promote R&D of NiV MCMs.  

2. Stimulate and support basic science research for better understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animals. 

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the local and national levels in areas of known or potential NiV spillover. 

4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact MCM development, acceptance, and post-licensure surveillance. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine the key differences between NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine, validate, and standardize relevant animal models to support the development and evaluation of NiV MCMs.  

· Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research on the uses of NGS for understanding henipavirus distribution.    

· Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for down-selection and prioritization of candidate MCMs that should be moved forward.

· Promote early communication between developers and appropriate NRAs for clarity and guidance on the regulatory aspects of MCM development for NiV infection.  

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations.

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.   

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiV surveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorization from appropriate NRAs for NiV MCMs. This should be done when clinical trials and approaches for regulatory approval are being determined.

· Clarify the potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in instituting effective and timely infection control measures and outbreak detection and response. Additionally, latent disease can occur long after initial infection. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis, outbreak investigation and response. 

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, given the rapid disease progression of NiV infection. 	Comment by Emily Gurley: There are now PCR methods that take a few hours on hand held devices. They are expensive, but quick. I think that PCR based techniques could be useful, even given the realities of timeline, but they are expensive in terms of infrastructure and are  not currently available in the facilities where patients seek care. Of course, these aren’t as easy as rapid tests could be.

· Pteropus bat species (and perhaps other bat species) appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A biobank of human and animal clinical samples to assess and validate diagnostic tests and a process for how best to judiciously use the samples. A clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample collection; (3) identify who would have access to the samples; and (4) prioritize use of samples and sample distribution.

· Clarification regarding the use cases for different diagnostic assays and what viruses are targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, validation, and regulatory approval requirements may differ depending on how and in which population (i.e., human or animal) the test will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be considered in tandem with the use of therapeutics and other interventions. 

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, are robust for use under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains.  

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection. 

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and animals as they arise. 

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, given the costs of regulatory approval. 	Comment by Emily Gurley: And, perhaps, and estimate of how many would be sufficient to make this case. Ballpark?

· If feasible, multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of public health concern that may cause similar clinical syndromes in endemic or at-risk areas. Since validation and regulatory approval of multiplex assays can prove challenging, an alternate approach would be the development of multiple single assays that can be run in parallel. 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the Differentiating Infected from Vaccinated Animals (DIVA) test.

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. Additionally, further research on the kinetics of NiV in the animal reservoirs is needed. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal populations to allow accurate interpretation of test results, since substantive economic consequences (such as trade restriction for livestock) could be triggered by positive results.  



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detection at various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiV diagnostic tests for use in humans and animals that are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. Consideration also should be given to development of multiplex assays that can detect related henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and at-risk areas.

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in areas of known or potential henipavirus spillover risk.

4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.  



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Explore new diagnostic approaches that may allow for earlier detection of infection.  

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiV infection at different stages of disease. 

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Create a biobank of clinical human and animal samples for use in researching new diagnostic agents. 

· Continue to research cross-reactivity of diagnostic tests in animal populations. 

Product development

· Generate a TPP for NiV diagnostics.

· Define use cases for diagnostic assays.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus and be performed accurately and safely in remote areas under a variety of circumstances.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern in the geographic region that cause similar clinical syndromes. 

· Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to reduce the likelihood of transmission of NiV from livestock to humans. 

· Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), if NiV or HeV vaccines become widely used (long-term consideration).

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.  

Policy and commercialization

· Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.  



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. 

· In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well an agent will work in the field.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control systems in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic (relapsing) NiV infection to decrease associated long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

Knowledge gaps

· Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials using both NiVM and NiVB are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) relationship of promising therapeutic candidates. 

· Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials for safety, feasibility, and efficacy. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer. This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons annually that could be candidates for PEP. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform best-practice guidelines. 



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible in areas of known or potential NiV spillover. 

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies become available.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of investigational therapies (such as ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal studies and clinical trials as appropriate and feasible.

· Continue to identify new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for outbreak control. 

Policy and commercialization

· Identify a company to advance therapeutic use of m102.4 and secure financing for its manufacture and distribution.  

· Develop guidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Sociocultural issues may hinder trust in the formal human, veterinary, and public health systems, which could impact acceptance of NiV vaccines for use in humans or animals. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs

· Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks. 

· Guidance on use of NiV vaccines (or broader henipavirus vaccines) to include vaccination strategies, potentially in both humans and animals, for different epidemiologic scenarios and different vaccine attributes. 

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategies over time. 	Comment by Emily Gurley: Enhanced surveillance may be needed to test such vaccines, to have enough cases to power trials.

Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and recombinant vesicular stomatitis (rVSV) vaccine. 

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoetis). 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates of protection in humans and animals and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

· Evaluation of vaccine safety in target populations is needed to better understand the risk of adverse incidents associated with vaccine use. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) for use in NiV endemic areas.  

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios and possible strategies for vaccine use. 	Comment by Emily Gurley: And for vaccine trials.

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. While one HeV vaccine is available for horses, antibodies against HeV have not been found to be cross-reactive with NiV. Ongoing research into developing NiV/HeV vaccines for livestock (or other animals) and the potential for their use in endemic regions is needed to further assess the merit of this potential control strategy. 

· Additional research is needed to determine if development of multivalent vaccines for animals (that protect against more than one disease) would increase the likelihood of vaccine uptake by food animal producers and the broader veterinary community. 



Strategic Goals

1. Develop, evaluate, license, and deploy NiV vaccines for use in humans and potentially animals (e.g., livestock, companion animals). 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV epidemiology and takes into consideration attributes of new vaccines as they become available. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection for use in developing and evaluating NiV vaccines.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models, correlates of protection, and durability.

· Determine whether multivalent vaccines for animal populations would increase vaccine acceptability and uptake by food-animal producers and the broader veterinary community.  

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans and animals. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in humans that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease for use in animal populations, if this is deemed to be a worthwhile approach. 

Key capacities

· Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to assess the impact of vaccination strategies, once vaccines become available.	Comment by Emily Gurley: And, improve our chances of being able to test vaccines.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur. 

Policy and commercialization

· Provide guidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity for person-to-person transmission, and thus more rapid spread. 



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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NipahResearch and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and 
prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, 
and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) 
against Nipah virus infection. 
 
(Note:This draft roadmap is organized into the three main categories of MCMs—diagnostics, 
therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the 
roadmap components for each countermeasure. Some of the topics and issues apply to more than one 
MCM; these are highlighted as cross-cutting.This document is relatively detailed to ensure that it 
includes the most important topics and issues. As this draft is refined, the content may be reorganized 
and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, 
and priority areas and activities.) 
 

INTRODUCTION 

Nipah virus (NiV)is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and 
Singapore in 1998and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported inthese countries since May 1999.NiV 
infection was subsequently recognized, however,in Bangladeshin 2001 and nearly annual outbreaks 
have occurred in that country since, with disease also occurring  being recognized periodically in eastern 
India; associated case fatality rates in these countries have ranged from 75% to 100%. Other regions 
may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural 
reservoir (Pteropusbatspecies)and several other bat species in a number of other countries, including 
Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia 
outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected 
human-to-human NiV transmission. Additionally, several other animal species were found to be infected 
with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In theoutbreaks in 
Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary 
NiV sources being human consumption of bat-contaminated raw date palm sap and subsequent person-
to-person transmission.  
 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
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related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat and in healthcare workers who cared for cases. Detailed genomic information 
for this virus is limited.  
 

In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, 
dizziness,cough, and vomiting as the primary presenting clinical features. NiV infection may result in 
late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 
sequelae. Genomic sequencing has demonstrated that two distinctmultiple strains of NiV. The strain 
responsible for the outbreak in Malaysia is different from the strains seen in were responsible for the 
outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). 
 

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 
“priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future 
and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 
priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the 
roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 
prevent and control NiV outbreaks and endemic disease.  
 

Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment 
(PPE), effective community engagement, adequate infection prevention and control practices, and 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 
strategy.  
 

VISION 
Robust MCMs to detect, respond, prevent, and control outbreaks of NiV infection(and other closely 
related henipaviruses) that are readily available and accessible for use in areas of known or potential 
NiV spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective 
treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent 
disease, disability, and death.  
 

CROSS-CUTTING TOPICS AND ISSUES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, 
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securing funding for Nipah research represents a substantial challenge. The development of a 
sustainable value propositionfor industry and international philanthropic public-private 
partnershipsare needed to secure funding to complete development, licensure, manufacture, 
and deployment of NiV MCMs. 

• Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. 
For example, obtaining regulatory approval for diagnostic tests through the premarket approval 
(PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), 
which is associated with lower approval costs, is not applicable. Furthermore, licensure of 
vaccines and therapeutics using alternative regulatory pathways also can be very costly, given 
the regulatory requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (BSL-4) conditions.  

• To date, NiV spillovers to human communities have occurred almost exclusively in rural 
communities in Bangladesh and East India; the healthcare facilities that serve these 
communities have very rudimentary are primary in nature in terms of laboratory and clinical 
infrastructure for diagnosis and treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 
experience with the condition and lack of available laboratory testing.  

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 
pigs), infection in animal herds may not be recognized until after human cases are identified. 
This delay in diagnosis may lead to an entire herd being infected before livestock are tested for 
NiV, which could cause large financial losses forlivestock owners and increases the likelihood of 
NiV infection in exposed animal husbandry workers.  

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure of MCMs via alternative 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 
and ethical concerns constrain the use of AGMs.  

• Conducting phase 1 clinical trials, and possibly phase 2 clinical trials,is likely feasible in endemic 
regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low 
disease incidence poses a major challenge for conducting phase 3 clinical trials for 
demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study 
designs (e.g., including combining clinical trial data across outbreaks over time) may need to be 
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considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 
randomized controlled trials [RCTs]) are not applicable.  

Key needs 
• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 

promote early diagnosis, treatment, and implementation of vaccination programs for NiV 
prevention and control.  

• Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV 
challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety 
levels are an important priority.) 

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research.  

• A determination regardingthe feasibility of conducting clinical trials of therapeutics and vaccines 
for NiV infection, which is needed before considering alternative regulatory pathways for 
licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule).  

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, 
regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-
licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary 
between countries; therefore, early engagement is essential to identify country-specific 
considerations.    

• Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and 
training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV 
infection.  

• Enhanced capabilities for data reporting in resource-limited settings to promote collaborative 
sharing of NiV sequence and strain data, which can be used to support MCM development.  

• Collaboration with local government authorities in endemic and at-risk areascountries to 
support NiV surveillance and facilitate effective communication with communities regarding 
disease prevention activities. Human health, animal health, and wildlife officials should be 
engaged as part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturingto endemic and at-risk areas. 

Knowledge gaps 
• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 

preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new geographic areas. Additionally, 
continued research is needed to better define and assess the occurrence of NiV and other 
henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats.  

• Additional research is needed torefine, standardize, and validate relevant animal challenge 
models(e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in 
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supporting basic research on the pathogenesis and immunology of NiV infection, which is 
essential for development and evaluation of MCMs. For example, efforts are needed to: (1) 
determine the appropriate animal model(s) for screening assay development; (2) determine the 
most appropriate lethal NiV dose for MCM development; (3)determine when MCMs should be 
administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge 
NiV MCM data between animal models and humans, such as identifying thresholds of vaccine 
protection; and (5) identify the best models for studying chronic (relapsing) infection, 
particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval. 

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between NiVB and NiVM infectiondifferent NiV strains, determining 
the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 
recurrent encephalitis, identifying factors influencing the development of permanent 
neurological sequelae, and further characterizing cell-mediated and humoral immune responses 
to NiV infection. In addition, identifying aspects of the immune response that are absent or 
counter-effective during human NiV infection may lead to the development of novel targeted 
intervention strategies. 

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 
features of disease, and thereby influence MCM development.  

• Some evidence suggests that there are differences in NiVB and NiVM pathogenesis  among 
different strains of NiV that may have implications for the development of safe and effective NiV 
vaccines or therapies.More information on this issue is needed. 

• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hostsand pathogenicity.  

• Additional research is needed to develop and assess next generation sequencing (NGS) for 
whole gene analysis, which can be used to enhance understanding of the global distribution of 
henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage at-risk 
populations (including vulnerable populations such as pregnant women, children, and 
immunocompromised persons) for participation in clinical trials and to ensure acceptance of 
new NiVMCMs, especially if therapeutics and vaccines do not consistently prevent disease. 
Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM 
acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance 
MCM acceptance; and (4) identify public health strategies to promote vaccine use.  

 
Strategic Goals 

1. Identify sources of funding and develop appropriate private-sector incentives and competitions 
to promote R&D of NiV MCMs.   

2. Stimulate and support basic science research for better understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animals.  



April 13, 2018—DRAFT FOR WHO, WELLCOME TRUST, AND TASKFORCE COMMENT ONLY 
 

6 
 

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the 
local and national levels in areas of known or potential NiV spillover.  

4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for 
clinical trials, regulatory pathways, and other considerations that will impact MCM 
development, acceptance, and post-licensure surveillance.  

4.5.  
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to performphylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections 
to inform development of MCMs. 

• Determine the key differences between NiVB and NiVM pathogenesisthat may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine, validate, and standardize relevant animal models to support the development and 
evaluation of NiV MCMs.   

• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research on the uses of NGS for understanding henipavirus distribution.  
• Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches 

for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate 
NRAs. 

• Establish a plan for conducting clinical trials in endemic regions in coordination with local 
government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 

forward. 
• Promoteearly communication between developers and appropriate NRAs forclarity and 

guidance on the regulatory aspects ofMCM development for NiV infection. 
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Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve surveillance capacityto: (1) better define the incidence of disease in NiV-endemic and 
at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of 
spillover of NiV or other related henipaviruses from the natural reservoir to human or animal 
populations. 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data. 
• Collaborate with local government authorities (including human health, animal health, and 

wildlife representatives) to support NiVsurveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorizationfrom appropriate 

NRAs for NiVMCMs.This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Clarifythe potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 
DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection arenonspecific and the diagnosis often is not 
suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
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in instituting effective and timely infection control measures. Additionally, latent disease can 
occur long after initial infection. 

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 
areas with regard to collection, handling, transport, and laboratory analysis. 

• The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, 
given the rapid disease progression of NiV infection.  

• Pteropus bat species (and perhaps other bat species)appear to carry other henipaviruses (in 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 
Capacity to identify additional pathogenic henipaviruses is an important challenge forensuring 
diagnostic preparednessto respond tofuture outbreaks.  

Key needs 
• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 

characteristics to guide the development of promising diagnostic assays. 
• A biobankof human and animal clinical samples to assess and validate diagnostic tests and a 

process for how best to judiciously use the samples. A clear approach is needed to: (1) 
determine what clinical samples should be collected, based on what would be most useful (e.g., 
plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample 
collection; (3) identify who would have access to the samples; and (4) prioritize use of samples 
and sample distribution. 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 
validation, and regulatory approval requirements may differ depending on how and in which 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 
considered in tandem with the use of therapeutics and other interventions.  

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course,are robust for use under a variety of 
conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal 
populations, and have a high degree of sensitivity and specificity for different NiV strains.  

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection. 

• International reference standards to calibrate diagnostic assays.  

Commented [SPL7]: A related problem is that in many of the 
contexts where these patients present, etiologic diagnosis is often 
not pursued. We need more than an inexpensive sensitive and 
specific Nipah diagnostic. For this to be used clinicians need to see 
value in conducting the tests. Having a specific therapeutic 
treatment could help motivate this. A multiplex diagnostic tool that 
provided insight on other pathogens (especially if they were 
treatable) would also encourage more frequent testing. 
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• Validation of promising diagnostics in endemic and at-risk geographic regions.  
• Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and 

animals as they arise. 
• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 

performance of NiV diagnostic assays in the field.  
• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 

support the business case for Nipah diagnostics, given the costs of regulatory approval.  
• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 

detect NiV infection while simultaneously screening for the presence of other henipaviruses or 
other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk 
areas. Since validation and regulatory approval of multiplex assays can prove challenging, an 
alternate approach would be the development of multiple single assays that can be run in 
parallel.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the Differentiating Infected from 
Vaccinated Animals (DIVA) test. 

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease. Additionally, further research on the 
kinetics of NiV in the animal reservoirs is needed.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 
populations to allow accurate interpretation of test results, since substantive economic 
consequences (such as trade restriction for livestock) could be triggered by positive results.  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detectionat various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiVdiagnostic tests for 
use in humans and animalsthat are sufficiently robust for the conditions in which they will be 
used and that have minimal requirements for biosafety precautions and staff training. 
Consideration also should be given to development of multiplex assays that can detect related 
henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and 
at-risk areas. 

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in 
areas of known or potential henipavirus spillover risk. 
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4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 
promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiVinfectionat different stages of 
disease. 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Create a biobank of clinical human and animal samples for use in researching new diagnostic 

agents.  
• Continue to research cross-reactivity of diagnostic tests in animal populations.  

Product development 
• Generate a TPP for NiV diagnostics. 
• Define use cases for diagnostic assays. 
• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 

affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus and be performed accurately and safely in 
remote areas under a variety of circumstances.  

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 
in the geographic region that cause similar clinical syndromes. 

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 
reduce the likelihood of transmission of NiV from livestock to humans.  

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 
if NiV or HeV vaccines become widely used (long-term consideration). 

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals. 

Policy and commercialization 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available. 
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Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in providing early treatment and PEP to exposed persons.  
• In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals 

annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 
confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 
diagnosis is critical.  

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well an agent will work in the 
field. 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control systems 
in place to prevent person-to-person transmission. They also lack the ability to rapidly identify 
contacts most likely to benefit from PEP therapy.  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities. 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 
infection to improve survival and decrease associated morbidity and long-term disability. 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 
(relapsing) NiV infection to decrease associated long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  
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• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

Knowledge gaps 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protectionagainst lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 
human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials using both NiVM and NiVBare needed to assess the safety, 
tolerability, and efficacyof m102.4 (and possibly other mAbs) for PEPand potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the 
mostpromising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and 
GS-4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone 
or in combination with other therapies. Additionally, the therapeutic windows of each therapy 
should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that 
showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 
relationship of promising therapeutic candidates.  

• Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials 
for safety, feasibility, and efficacy.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer.This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons 
annually that could be candidates for PEP.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies,diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials, to inform best-practice guidelines. 
 

Strategic Goals 

Commented [SPL8]: I suspect there is differences of opinion 
on this. On the one hand there is observational data from the 
Malaysian outbreak that NiV patients who received ribavirin had 
lower case fatality than NIV patients who did not. The unanswered 
question is whether this improved survival was a result of the 
ribavirin or whether it was primarily a result of ribavirin being used 
later in the outbreak once clinicians recognized the disease and 
possibly implemented better supportive care. The absence of 
impact on animal models suggests (but does not prove) that the 
improvement in human survival was due to confounding rather 
than biological effect. Given a fixed amount of resources and the 
opportunity cost of identifying patients who might benefit, I 
personally would not be particularly enthusiastic to conduct a 
phase III trial of ribavirin in Nipah patients in Bangladesh.  
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1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible 
in areas of known or potential NiV spillover.  

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies 
become available. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of investigational therapies (such as 

ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal 
studies andclinical trialsas appropriate and feasible. 

• Continue to identify new therapeutic options for treating and preventing NiV infection that 
should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infectionthat are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVMand 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for outbreak control.  

Policy and commercialization 
• Identify a company to advance therapeutic use of m102.4 and secure financing for its 

manufacture and distribution.   
• Developguidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  
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[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Sociocultural issues may hinder trust in the formal human, veterinary, and public health 

systems, which could impact acceptance of NiV vaccinesfor use in humans or animals.  
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs 
• Nipah vaccines that can protect against both NiVM and NiVBin humans and animals, and that 

provide rapid onset of an immune response to adequately prevent and control outbreaks. 
• Guidance on use of NiVvaccines (or broader henipavirus vaccines)to include vaccination 

strategies, potentially in both humans and animals, for different epidemiologic scenarios and 
different vaccine attributes.  

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategiesover time.  

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and 
recombinant vesicular stomatitis (rVSV) vaccine. 

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoetis).  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have 
been performed to date.  

• The identification of specific correlates of protection in humans and animals and standardized 
mechanisms for measuring immune correlates are needed to facilitate research on promising 
NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory 
pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

• Evaluation of vaccine safety in target populations is needed to better understand the risk of 
adverse incidents associated with vaccine use.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
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one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 
for use in NiV endemic areas. 

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, 
estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios 
and possiblestrategies for vaccine use. 

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. While one HeV vaccine is available for horses, antibodies 
against HeV have not been found to be cross-reactive with NiV. Ongoing research into 
developing NiV/HeV vaccines for livestock(or other animals) and the potential for their use in 
endemic regions is needed to further assess the merit of this potential control strategy.  

• Additional research is needed to determine if development of multivalent vaccines for 
animals(that protect against more than one disease) would increase the likelihood of vaccine 
uptake by food animal producers and the broader veterinary community.  

 

Strategic Goals 

1. Develop, evaluate, license, and deployNiV vaccines for use in humans and potentially animals 
(e.g., livestock, companion animals).  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV 
epidemiology and takes into consideration attributes of new vaccines as they become available.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection for use in developing and evaluatingNiV vaccines. 
• Further study cross protection of various vaccine candidates against NiVB and NiVM strains,and 

between NiV strains and HeV strains. 
• Identify and standardize correlates of protection, which are necessary for ongoing research into 

candidate vaccines and also may be important for vaccine licensure through non-traditional 
regulatory pathways. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 
efficacy in animal models, correlates of protection, and durability. 

• Determine whether multivalent vaccines for animal populations would increase vaccine 
acceptability and uptake by food-animal producers and the broader veterinary community.   

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  
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Product development 
• Develop, clinically evaluate, and license safe and effectivemonovalent NiV vaccines for humans 

and animals.  
• Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in 

humans that protect against more than one disease (e.g., vaccines that protect against both NiV 
and MV or HeV), if broader population-based vaccination is warranted at some point in the 
future.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease for use in animal populations, if this is deemed to be a 
worthwhile approach.  

Key capacities 
• Improvesurveillance capabilities,particularly in rural areas of resource-limited settings, to assess 

the impact of vaccination strategies, once vaccines become available. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 

Policy and commercialization 
• Provideguidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 

supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity 
for person-to-person transmission, and thus more rapid spread.  

 
Schedule of Resources, Coordination, and Implementation  

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 
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Hi Kris,

Attached are a few additional comments.

Steve

Mahmudur Rahman 
 Wednesday, April 25, 2018 8:17 AM
Dear Kris,

Greetings from Bangladesh !!!

Hope you all are doing fine.

Please find attached herewith the "Nipah Research and Development (R&D) Roadmap"
with my comments in track change mode.

Best regards,

Mahmud 

Professor Dr. Mahmudur Rahman
MBBS(Bangladesh), MPHM (Thailand), PhD (Cambridge, UK)
Former Director, Institute of Epidemiology, Disease Control and Research (IEDCR)
Tel:  +880 2 58956728 (Home)
       +880 1711 595139 (Mobile)

Kris Moore 
 Friday, April 13, 2018 3:19 PM

Dear Nipah Virus R&D Roadmap Taskforce members:
 
Attached please find a revised version of the Nipah virus R&D roadmap for
your review. This version incorporates comments made during the in-
person consultation in early March, comments we received after the
consultation, and recent literature. We also consolidated all of the cross-
cutting issues near the beginning of the roadmap.


April 13, 2018—DRAFT FOR WHO, WELLCOME TRUST, AND TASKFORCE COMMENT ONLY



NipahResearch and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus infection.



(Note:This draft roadmap is organized into the three main categories of MCMs—diagnostics, therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the roadmap components for each countermeasure. Some of the topics and issues apply to more than one MCM; these are highlighted as cross-cutting.This document is relatively detailed to ensure that it includes the most important topics and issues. As this draft is refined, the content may be reorganized and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, and priority areas and activities.)



INTRODUCTION

Nipah virus (NiV)is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving severe respiratory illness in pigs and encephalitic disease in humans occurred in Malaysia and Singapore in 1998and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported inthese countries since May 1999.NiV infection was subsequently recognized, however,in Bangladeshin 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring  being recognized periodically in eastern India; associated case fatality rates in these countries have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropusbatspecies)and several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected human-to-human NiV transmission. Additionally, several other animal species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In theoutbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary NiV sources being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat and in healthcare workers who cared for cases. Detailed genomic information for this virus is limited. 



In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, dizziness,cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that two distinctmultiple strains of NiV. The strain responsible for the outbreak in Malaysia is different from the strains seen in were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB).



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to prevent and control NiV outbreaks and endemic disease. 	Comment by Luby, Stephen P: I recommend spelling out this acronym, so that readers don't need to learn a new acronym to understand the article.



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment (PPE), effective community engagement, adequate infection prevention and control practices, and workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 



VISION

Robust MCMs to detect, respond, prevent, and control outbreaks of NiV infection(and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING TOPICS AND ISSUES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value propositionfor industry and international philanthropic public-private partnershipsare needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs.

· Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. For example, obtaining regulatory approval for diagnostic tests through the premarket approval (PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), which is associated with lower approval costs, is not applicable. Furthermore, licensure of vaccines and therapeutics using alternative regulatory pathways also can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. 

· To date, NiV spillovers to human communities have occurred almost exclusively in rural communities in Bangladesh and East India; the healthcare facilities that serve these communities have very rudimentary are primary in nature in terms of laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in pigs), infection in animal herds may not be recognized until after human cases are identified. This delay in diagnosis may lead to an entire herd being infected before livestock are tested for NiV, which could cause large financial losses forlivestock owners and increases the likelihood of NiV infection in exposed animal husbandry workers. 

· While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

· Conducting phase 1 clinical trials, and possibly phase 2 clinical trials,is likely feasible in endemic regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting phase 3 clinical trials for demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study designs (e.g., including combining clinical trial data across outbreaks over time) may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not applicable. 

Key needs

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control. 

· Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety levels are an important priority.)

· Clear criteria for down-selection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. 

· A determination regardingthe feasibility of conducting clinical trials of therapeutics and vaccines for NiV infection, which is needed before considering alternative regulatory pathways for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule). 

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary between countries; therefore, early engagement is essential to identify country-specific considerations.   

· Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capabilities for data reporting in resource-limited settings to promote collaborative sharing of NiV sequence and strain data, which can be used to support MCM development. 

· Collaboration with local government authorities in endemic and at-risk areascountries to support NiV surveillance and facilitate effective communication with communities regarding disease prevention activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 	Comment by Mahmudur Rahman: It will be necessary to involve the development partners who support the countries

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturingto endemic and at-risk areas.

Knowledge gaps

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. 

· Additional research is needed torefine, standardize, and validate relevant animal challenge models(e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in supporting basic research on the pathogenesis and immunology of NiV infection, which is essential for development and evaluation of MCMs. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) determine the most appropriate lethal NiV dose for MCM development; (3)determine when MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between animal models and humans, such as identifying thresholds of vaccine protection; and (5) identify the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval.

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between NiVB and NiVM infectiondifferent NiV strains, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies.

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical features of disease, and thereby influence MCM development. 

· Some evidence suggests that there are differences in NiVB and NiVM pathogenesis  among different strains of NiV that may have implications for the development of safe and effective NiV vaccines or therapies.More information on this issue is needed.

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hostsand pathogenicity. 

· Additional research is needed to develop and assess next generation sequencing (NGS) for whole gene analysis, which can be used to enhance understanding of the global distribution of henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage at-risk populations (including vulnerable populations such as pregnant women, children, and immunocompromised persons) for participation in clinical trials and to ensure acceptance of new NiVMCMs, especially if therapeutics and vaccines do not consistently prevent disease. Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance MCM acceptance; and (4) identify public health strategies to promote vaccine use. 



Strategic Goals

1. Identify sources of funding and develop appropriate private-sector incentives and competitions to promote R&D of NiV MCMs.  

2. Stimulate and support basic science research for better understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animals. 

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the local and national levels in areas of known or potential NiV spillover. 

4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact MCM development, acceptance, and post-licensure surveillance. 	Comment by Mahmudur Rahman: Consider adding “Enhance disease detection capabilities through active and passive surveillance”

5. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to performphylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine the key differences between NiVB and NiVM pathogenesisthat may have implications for the development of safe and effective NiV vaccines or therapies.	Comment by Luby, Stephen P: As noted above, I do not consider this dichotomous framing appropriate. It has been used in the literature, but I see this as erroneous. There is not a  single strain of NiVB, but rather multiple.

· Refine, validate, and standardize relevant animal models to support the development and evaluation of NiV MCMs.  

· Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research on the uses of NGS for understanding henipavirus distribution. 

· Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for down-selection and prioritization of candidate MCMs that should be moved forward.

· Promoteearly communication between developers and appropriate NRAs forclarity and guidance on the regulatory aspects ofMCM development for NiV infection.

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve surveillance capacityto: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations.

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiVsurveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorizationfrom appropriate NRAs for NiVMCMs.This should be done when clinical trials and approaches for regulatory approval are being determined.

· Clarifythe potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



Schedule of Resources, Coordination, and Implementation	Comment by Luby, Stephen P: This is a key component. The general description of research needs and capacity development, seem to me to be fairly complete, but a thoughtful consideration of priority in sequence could help direct development.

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection arenonspecific and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in instituting effective and timely infection control measures. Additionally, latent disease can occur long after initial infection.

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 	Comment by Luby, Stephen P: A related problem is that in many of the contexts where these patients present, etiologic diagnosis is often not pursued. We need more than an inexpensive sensitive and specific Nipah diagnostic. For this to be used clinicians need to see value in conducting the tests. Having a specific therapeutic treatment could help motivate this. A multiplex diagnostic tool that provided insight on other pathogens (especially if they were treatable) would also encourage more frequent testing.

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis.

· The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, given the rapid disease progression of NiV infection. 

· Pteropus bat species (and perhaps other bat species)appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge forensuring diagnostic preparednessto respond tofuture outbreaks. 

Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A biobankof human and animal clinical samples to assess and validate diagnostic tests and a process for how best to judiciously use the samples. A clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample collection; (3) identify who would have access to the samples; and (4) prioritize use of samples and sample distribution.

· Clarification regarding the use cases for different diagnostic assays and what viruses are targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, validation, and regulatory approval requirements may differ depending on how and in which population (i.e., human or animal) the test will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be considered in tandem with the use of therapeutics and other interventions. 

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course,are robust for use under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains. 

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection.

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and animals as they arise.

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, given the costs of regulatory approval. 

· If feasible, multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk areas. Since validation and regulatory approval of multiplex assays can prove challenging, an alternate approach would be the development of multiple single assays that can be run in parallel. 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the Differentiating Infected from Vaccinated Animals (DIVA) test.

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. Additionally, further research on the kinetics of NiV in the animal reservoirs is needed. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal populations to allow accurate interpretation of test results, since substantive economic consequences (such as trade restriction for livestock) could be triggered by positive results. 



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detectionat various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiVdiagnostic tests for use in humans and animalsthat are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. Consideration also should be given to development of multiplex assays that can detect related henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and at-risk areas.

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in areas of known or potential henipavirus spillover risk.

4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Explore new diagnostic approaches that may allow for earlier detection of infection. 

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiVinfectionat different stages of disease.

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Create a biobank of clinical human and animal samples for use in researching new diagnostic agents. 

· Continue to research cross-reactivity of diagnostic tests in animal populations. 

Product development

· Generate a TPP for NiV diagnostics.

· Define use cases for diagnostic assays.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus and be performed accurately and safely in remote areas under a variety of circumstances. 

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern in the geographic region that cause similar clinical syndromes.

· Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to reduce the likelihood of transmission of NiV from livestock to humans. 

· Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), if NiV or HeV vaccines become widely used (long-term consideration).

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.

Policy and commercialization

· Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. 

· In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well an agent will work in the field.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control systems in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic (relapsing) NiV infection to decrease associated long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

[bookmark: _GoBack]Knowledge gaps

· Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 	Comment by Luby, Stephen P: I suspect there is differences of opinion on this. On the one hand there is observational data from the Malaysian outbreak that NiV patients who received ribavirin had lower case fatality than NIV patients who did not. The unanswered question is whether this improved survival was a result of the ribavirin or whether it was primarily a result of ribavirin being used later in the outbreak once clinicians recognized the disease and possibly implemented better supportive care. The absence of impact on animal models suggests (but does not prove) that the improvement in human survival was due to confounding rather than biological effect. Given a fixed amount of resources and the opportunity cost of identifying patients who might benefit, I personally would not be particularly enthusiastic to conduct a phase III trial of ribavirin in Nipah patients in Bangladesh. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protectionagainst lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials using both NiVM and NiVBare needed to assess the safety, tolerability, and efficacyof m102.4 (and possibly other mAbs) for PEPand potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the mostpromising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM.

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) relationship of promising therapeutic candidates. 

· Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials for safety, feasibility, and efficacy. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer.This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons annually that could be candidates for PEP. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies,diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform best-practice guidelines.



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible in areas of known or potential NiV spillover. 

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies become available.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of investigational therapies (such as ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal studies andclinical trialsas appropriate and feasible.

· Continue to identify new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infectionthat are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVMand other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for outbreak control. 

Policy and commercialization

· Identify a company to advance therapeutic use of m102.4 and secure financing for its manufacture and distribution.  

· Developguidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Sociocultural issues may hinder trust in the formal human, veterinary, and public health systems, which could impact acceptance of NiV vaccinesfor use in humans or animals. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.

Key needs

· Nipah vaccines that can protect against both NiVM and NiVBin humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks.

· Guidance on use of NiVvaccines (or broader henipavirus vaccines)to include vaccination strategies, potentially in both humans and animals, for different epidemiologic scenarios and different vaccine attributes. 

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategiesover time. 

Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and recombinant vesicular stomatitis (rVSV) vaccine.

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoetis). 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates of protection in humans and animals and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms.

· Evaluation of vaccine safety in target populations is needed to better understand the risk of adverse incidents associated with vaccine use. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) for use in NiV endemic areas.

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios and possiblestrategies for vaccine use.

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. While one HeV vaccine is available for horses, antibodies against HeV have not been found to be cross-reactive with NiV. Ongoing research into developing NiV/HeV vaccines for livestock(or other animals) and the potential for their use in endemic regions is needed to further assess the merit of this potential control strategy. 

· Additional research is needed to determine if development of multivalent vaccines for animals(that protect against more than one disease) would increase the likelihood of vaccine uptake by food animal producers and the broader veterinary community. 



Strategic Goals

1. Develop, evaluate, license, and deployNiV vaccines for use in humans and potentially animals (e.g., livestock, companion animals). 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV epidemiology and takes into consideration attributes of new vaccines as they become available. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection for use in developing and evaluatingNiV vaccines.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains,and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models, correlates of protection, and durability.

· Determine whether multivalent vaccines for animal populations would increase vaccine acceptability and uptake by food-animal producers and the broader veterinary community.  

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effectivemonovalent NiV vaccines for humans and animals. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in humans that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease for use in animal populations, if this is deemed to be a worthwhile approach. 

Key capacities

· Improvesurveillance capabilities,particularly in rural areas of resource-limited settings, to assess the impact of vaccination strategies, once vaccines become available.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur.

Policy and commercialization

· Provideguidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity for person-to-person transmission, and thus more rapid spread. 



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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NipahResearch and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and 
prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, 
and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) 
against Nipah virus infection. 
 
(Note:This draft roadmap is organized into the three main categories of MCMs—diagnostics, 
therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the 
roadmap components for each countermeasure. Some of the topics and issues apply to more than one 
MCM; these are highlighted as cross-cutting.This document is relatively detailed to ensure that it 
includes the most important topics and issues. As this draft is refined, the content may be reorganized 
and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, 
and priority areas and activities.) 
 

INTRODUCTION 

Nipah virus (NiV)is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
involving severe respiratory illnessin pigs andencephalitic disease in humans occurred in Malaysia and 
Singapore in 1998and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 
11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case 
fatality rate of 40%. No new outbreaks have been reported inthese countries since May 1999.NiV 
infection was subsequently recognized, however,in Bangladeshin 2001 and nearly annual outbreaks 
have occurred in that country since, with disease also occurring periodically in eastern India; associated 
case fatality rates in these countries have ranged from 75% to 100%. Other regions may be at risk for 
NiV infection, as serologic evidence for NiV has been found in the known natural reservoir 
(Pteropusbatspecies)and several other bat species in a number of other countries, including Cambodia, 
Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV 
spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected human-to-
human NiV transmission. Additionally, several other animal species were found to be infected with NiV 
on the farms involved in the outbreak, including horses, cats, and dogs. In theoutbreaks in Bangladesh, 
intermediary hosts between bat and human have not played a major role, with the primary NiV sources 
being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person 
transmission.  
 

The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, 
which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also 
includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). HeV was 
initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses 
and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease 
has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely 
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related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely 
involved spillover of NiV into horses and subsequent disease in humans following consumption of 
contaminated horsemeat. Detailed genomic information for this virus is limited.  
 

In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, 
dizziness,cough, and vomiting as the primary presenting clinical features. NiV infection may result in 
late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological 
sequelae. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for 
the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). 
 

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of 
“priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future 
and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the 
priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid 
diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the 
roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to 
prevent and control NiV outbreaks and endemic disease.  
 

Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment 
(PPE), effective community engagement, adequate infection prevention and control practices, and 
workforce development and training in endemic and at-risk regions. Many of these issues are beyond 
the scope of the R&D roadmap, but need to be addressed as part of a broader public health control 
strategy.  
 

VISION 
Robust MCMs to detect, respond, prevent, and control outbreaks of NiV infection(and other closely 
related henipaviruses) that are readily available and accessible for use in areas of known or potential 
NiV spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective 
treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent 
disease, disability, and death.  
 

CROSS-CUTTING TOPICS AND ISSUES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, 
securing funding for Nipah research represents a substantial challenge. The development of a 
sustainable value propositionfor industry and international philanthropic public-private 
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partnershipsare needed to secure funding to complete development, licensure, manufacture, 
and deployment of NiV MCMs. 

• Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. 
For example, obtaining regulatory approval for diagnostic tests through the premarket approval 
(PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), 
which is associated with lower approval costs, is not applicable. Furthermore, licensure of 
vaccines and therapeutics using alternative regulatory pathways also can be very costly, given 
the regulatory requirements for such approval. 

• High-level biocontainment requirements may pose an impediment to research on NiV 
pathogenesis and development of MCMs, as certain materials must be generated under the 
highest biosafety level (BSL-4) conditions.  

• To date, NiV spillovers to human communities have occurred almost exclusively in rural 
communities in Bangladesh and East India; the healthcare facilities that serve these 
communities have very rudimentary are primary in nature in terms of laboratory and clinical 
infrastructure for diagnosis and treatment.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide 
geographic range that stretches across much of the Western Pacific region, Southeast and South 
Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family 
may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad 
host range increases the likelihood of additional spillover events from bats to humans or 
livestock in new areas where the disease has not yet been detected, which may make accurate 
and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical 
experience with the condition and lack of available laboratory testing.  

• Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in 
pigs), infection in animal herds may not be recognized until after human cases are identified. 
This delay in diagnosis may lead to an entire herd being infected before livestock are tested for 
NiV, which could cause large financial losses forlivestock owners and increases the likelihood of 
NiV infection in exposed animal husbandry workers.  

• While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure of MCMs via alternative 
regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), 
and ethical concerns constrain the use of AGMs.  

• Conducting phase 1 clinical trials, and possibly phase 2 clinical trials,is likely feasible in endemic 
regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low 
disease incidence poses a major challenge for conducting phase 3 clinical trials for 
demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study 
designs (e.g., including combining clinical trial data across outbreaks over time) may need to be 
considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., 
randomized controlled trials [RCTs]) are not applicable.  
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Key needs 
• Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to 

promote early diagnosis, treatment, and implementation of vaccination programs for NiV 
prevention and control.  

• Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV 
challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety 
levels are an important priority.) 

• Clear criteria for down-selection and prioritization of candidate MCMs to move forward into 
clinical trials versus those that need additional preclinical research.  

• A determination regardingthe feasibility of conducting clinical trials of therapeutics and vaccines 
for NiV infection, which is needed before considering alternative regulatory pathways for 
licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule).  

• Early and recurrent communications between product developers and the appropriate national 
regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, 
regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-
licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary 
between countries; therefore, early engagement is essential to identify country-specific 
considerations.    

• Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and 
training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV 
infection.  

• Enhanced capabilities for data reporting in resource-limited settings to promote collaborative 
sharing of NiV sequence and strain data, which can be used to support MCM development.  

• Collaboration with local government authorities in endemic and at-risk areascountries to 
support NiV surveillance and facilitate effective communication with communities regarding 
disease prevention activities. Human health, animal health, and wildlife officials should be 
engaged as part of a long-term collaborative effort.  

• Clarification regarding the potential for and possible strategies to promote technology transfer 
for NiV MCM development and manufacturingto endemic and at-risk areas. 

Knowledge gaps 
• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 

preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new geographic areas. Additionally, 
continued research is needed to better define and assess the occurrence of NiV and other 
henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats.  

• Additional research is needed torefine, standardize, and validate relevant animal challenge 
models(e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in 
supporting basic research on the pathogenesis and immunology of NiV infection, which is 
essential for development and evaluation of MCMs. For example, efforts are needed to: (1) 
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determine the appropriate animal model(s) for screening assay development; (2) determine the 
most appropriate lethal NiV dose for MCM development; (3)determine when MCMs should be 
administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge 
NiV MCM data between animal models and humans, such as identifying thresholds of vaccine 
protection; and (5) identify the best models for studying chronic (relapsing) infection, 
particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval. 

• Additional information is needed on the virology, immunology, and pathogenesis of NiV in 
humans and animals to inform development of NiV MCMs. This includes evaluating the 
pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms 
that allow NiV to escape immunological clearance and cause delayed onset or recurrent 
encephalitis, identifying factors influencing the development of permanent neurological 
sequelae, and further characterizing cell-mediated and humoral immune responses to NiV 
infection. In addition, identifying aspects of the immune response that are absent or counter-
effective during human NiV infection may lead to the development of novel targeted 
intervention strategies. 

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral 
heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical 
features of disease, and thereby influence MCM development.  

• Some evidence suggests that there are differences in NiVB and NiVM pathogenesisthat may have 
implications for the development of safe and effective NiV vaccines or therapies.More 
information on this issue is needed. 

• Further research is needed to better understand viruses in the Henipavirus genus, including 
their reservoir hostsand pathogenicity.  

• Additional research is needed to develop and assess next generation sequencing (NGS) for 
whole gene analysis, which can be used to enhance understanding of the global distribution of 
henipaviruses.  

• Sociological and anthropological research is needed to understand how to best engage at-risk 
populations (including vulnerable populations such as pregnant women, children, and 
immunocompromised persons) for participation in clinical trials and to ensure acceptance of 
new NiVMCMs, especially if therapeutics and vaccines do not consistently prevent disease. 
Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM 
acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance 
MCM acceptance; and (4) identify public health strategies to promote vaccine use.  

 
Strategic Goals 

1. Identify sources of funding and develop appropriate private-sector incentives and competitions 
to promote R&D of NiV MCMs.   

2. Stimulate and support basic science research for better understanding of NiV virology, 
pathogenesis, and the immune response to infection in humans and animals.  

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the 
local and national levels in areas of known or potential NiV spillover.  
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4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for 
clinical trials, regulatory pathways, and other considerations that will impact MCM 
development, acceptance, and post-licensure surveillance.  

4.5.  
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Expand research to further understand the ecology and epidemiology of NiV and other 

pathogenic henipaviruses in human and animal populations (wild and domestic) over time and 
across geographic areas, using a One Health approach. 

• Continue to performphylogenetic and evolutionary analyses of NiV strains to monitor antigenic 
changes and characterize genetic diversity over time.  

• Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections 
to inform development of MCMs. 

• Determine the key differences between NiVB and NiVM pathogenesisthat may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Refine, validate, and standardize relevant animal models to support the development and 
evaluation of NiV MCMs.   

• Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and 
validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), 
particularly those that can be used at lower biosafety levels. 

• Conduct research on the uses of NGS for understanding henipavirus distribution.  
• Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches 

for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate 
NRAs. 

• Establish a plan for conducting clinical trials in endemic regions in coordination with local 
government agencies, if clinical trials are considered to be a feasible option for efficacy 
assessment. 

• Conduct social science research to determine strategies for engaging communities for 
participation in clinical trials and to support acceptance of MCMs for NiV infection as they 
become available.  

Product development 
• Define criteria for down-selection and prioritization of candidate MCMs that should be moved 

forward. 
• Promoteearly communication between developers and appropriate NRAs forclarity and 

guidance on the regulatory aspects ofMCM development for NiV infection. 

Key capacities 
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• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 
public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote 
early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and 
control. 

• Improve surveillance capacityto: (1) better define the incidence of disease in NiV-endemic and 
at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of 
spillover of NiV or other related henipaviruses from the natural reservoir to human or animal 
populations. 

• Develop a shared data platform to facilitate sharing of NiV sequence and strain data. 
• Collaborate with local government authorities (including human health, animal health, and 

wildlife representatives) to support NiVsurveillance and disease prevention activities in endemic 
and at-risk areas.   

• Promote community-based outreach programs that transfer skills and knowledge for the 
prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk. 

• Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV 
therapeutics and vaccines. 

Policy and commercialization 
• Establish a sustainable value proposition and secure funding to complete development, 

licensure, manufacture, deployment, and use of affordable MCMs for NiV infection. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, 

therapeutics, and vaccines to endemic and at-risk areas. 
• Ensure access to regulatory guidance, oversight, review, and authorizationfrom appropriate 

NRAs for NiVMCMs.This should be done when clinical trials and approaches for regulatory 
approval are being determined. 

• Clarifythe potential for and possible strategies to promote technology transfer for development 
and manufacturing of MCMs for NiV infection.  

 
Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 
DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection arenonspecific and the diagnosis often is not 
suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges 
in instituting effective and timely infection control measures. Additionally, latent disease can 
occur long after initial infection. 
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• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer 
the sample from the patient to the laboratory can affect the accuracy of laboratory results.  

• Various types of test methods and platforms are required to test patients at different phases of 
NiV infection, which can complicate diagnostic needs and capabilities.  

• Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic 
testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced 
areas with regard to collection, handling, transport, and laboratory analysis. 

• The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, 
given the rapid disease progression of NiV infection.  

• Pteropus bat species (and perhaps other bat species)appear to carry other henipaviruses (in 
addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. 
Capacity to identify additional pathogenic henipaviruses is an important challenge forensuring 
diagnostic preparednessto respond tofuture outbreaks.  

Key needs 
• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 

characteristics to guide the development of promising diagnostic assays. 
• A biobankof human and animal clinical samples to assess and validate diagnostic tests and a 

process for how best to judiciously use the samples. A clear approach is needed to: (1) 
determine what clinical samples should be collected, based on what would be most useful (e.g., 
plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample 
collection; (3) identify who would have access to the samples; and (4) prioritize use of samples 
and sample distribution. 

• Clarification regarding the use cases for different diagnostic assays and what viruses are 
targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, 
validation, and regulatory approval requirements may differ depending on how and in which 
population (i.e., human or animal) the test will be used. For example, it may be desirable to have 
a point-of-care screening test that is highly sensitive and a confirmatory test that is highly 
specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen 
reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be 
considered in tandem with the use of therapeutics and other interventions.  

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course,are robust for use under a variety of 
conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal 
populations, and have a high degree of sensitivity and specificity for different NiV strains.  

• Optimal deployment strategies for diagnostics in different geographic areas based on the risk 
and epidemiology of NiV infection. 

• International reference standards to calibrate diagnostic assays.  
• Validation of promising diagnostics in endemic and at-risk geographic regions.  
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• Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and 
animals as they arise. 

• In-country laboratories able to conduct proficiency testing to monitor reproducibility and 
performance of NiV diagnostic assays in the field.  

• A sufficient number of laboratories committed to using the diagnostics on a regular basis to 
support the business case for Nipah diagnostics, given the costs of regulatory approval.  

• If feasible, multiplex syndrome-based assay panels for use in humans and animals that can 
detect NiV infection while simultaneously screening for the presence of other henipaviruses or 
other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk 
areas. Since validation and regulatory approval of multiplex assays can prove challenging, an 
alternate approach would be the development of multiple single assays that can be run in 
parallel.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the Differentiating Infected from 
Vaccinated Animals (DIVA) test. 

Knowledge gaps 
• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, 

other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the 
ability to diagnose infection at different stages of disease. Additionally, further research on the 
kinetics of NiV in the animal reservoirs is needed.  

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV 
assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-
capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing 
of diagnostics should be conducted in animal models before field trials in humans are pursued.  

• A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal 
populations to allow accurate interpretation of test results, since substantive economic 
consequences (such as trade restriction for livestock) could be triggered by positive results.  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detectionat various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiVdiagnostic tests for 
use in humans and animalsthat are sufficiently robust for the conditions in which they will be 
used and that have minimal requirements for biosafety precautions and staff training. 
Consideration also should be given to development of multiplex assays that can detect related 
henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and 
at-risk areas. 

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in 
areas of known or potential henipavirus spillover risk. 
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4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 
promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose NiVinfectionat different stages of 
disease. 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Create a biobank of clinical human and animal samples for use in researching new diagnostic 

agents.  
• Continue to research cross-reactivity of diagnostic tests in animal populations.  

Product development 
• Generate a TPP for NiV diagnostics. 
• Define use cases for diagnostic assays. 
• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 

affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus and be performed accurately and safely in 
remote areas under a variety of circumstances.  

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other pathogens of concern 
in the geographic region that cause similar clinical syndromes. 

• Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to 
reduce the likelihood of transmission of NiV from livestock to humans.  

• Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), 
if NiV or HeV vaccines become widely used (long-term consideration). 

Key capacities 
• Generate international reference standards to calibrate diagnostic assays.  
• Support in-country laboratories in monitoring performance of NiV diagnostics in the field. 
• Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to 

promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals. 

Policy and commercialization 
• Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests 

across different geographic areas, as such tests become available. 
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Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis 
[TBD once the primary activities have been vetted by subject matter experts.] 

 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Patients typically present late in the clinical course of disease, which decreases the likelihood of 

successful treatment. 
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in providing early treatment and PEP to exposed persons.  
• In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals 

annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of 
confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection 
would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid 
diagnosis is critical.  

• Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease 
onset or early during the disease course. Patients with NiV infection often are detected later in 
the clinical course, which creates challenges for predicting how well an agent will work in the 
field. 

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent 
severe neurologic disease.  

• Healthcare systems in endemic countries often do not have adequate infection control systems 
in place to prevent person-to-person transmission. They also lack the ability to rapidly identify 
contacts most likely to benefit from PEP therapy.  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities. 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV 
infection to improve survival and decrease associated morbidity and long-term disability. 

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic 
(relapsing) NiV infection to decrease associated long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock.  
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• Improved patient care in endemic areas (such as the ability to provide ventilator support for 
seriously ill patients).  

Knowledge gaps 
• Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and 

AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protectionagainst lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 
human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials using both NiVM and NiVBare needed to assess the safety, 
tolerability, and efficacyof m102.4 (and possibly other mAbs) for PEPand potentially early 
treatment of clinical disease.  

• Additional research is needed regarding the likelihood of escape mutants with mAb use. While 
evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to 
consider mAb cocktails.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the 
mostpromising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and 
GS-4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone 
or in combination with other therapies. Additionally, the therapeutic windows of each therapy 
should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that 
showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

• Further research is needed to broaden the number of novel antiviral candidates for treatment of 
NiV infection.  

• Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) 
relationship of promising therapeutic candidates.  

• Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials 
for safety, feasibility, and efficacy.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the types of exposures that warrant such intervention and the most appropriate agents to 
administer.This determination should include feasibility for PEP distribution in both endemic 
and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons 
annually that could be candidates for PEP.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
components of supportive care for NiV, such as optimal fluid and respiration management 
strategies,diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics 
and/or antimalarials, to inform best-practice guidelines. 
 

Strategic Goals 
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1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible 
in areas of known or potential NiV spillover.  

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies 
become available. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Continue to research the safety, tolerability, and efficacy of investigational therapies (such as 

ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal 
studies andclinical trialsas appropriate and feasible. 

• Continue to identify new therapeutic options for treating and preventing NiV infection that 
should undergo further evaluation.  

• Research optimal treatment and supportive care strategies for NiV infection and determine 
best-practice guidelines. 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infectionthat are active against different NiV strains and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVMand 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical 

management and supportive care of patients with NiV infection. 
• Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV 

therapeutics for outbreak control.  

Policy and commercialization 
• Identify a company to advance therapeutic use of m102.4 and secure financing for its 

manufacture and distribution.   
• Developguidance for the use of therapeutics for disease treatment and PEP, as new therapies 

become available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  



April 13, 2018—DRAFT FOR WHO, WELLCOME TRUST, AND TASKFORCE COMMENT ONLY 
 

14 
 

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Sociocultural issues may hinder trust in the formal human, veterinary, and public health 

systems, which could impact acceptance of NiV vaccinesfor use in humans or animals.  
• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 

challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control. 

Key needs 
• Nipah vaccines that can protect against both NiVM and NiVBin humans and animals, and that 

provide rapid onset of an immune response to adequately prevent and control outbreaks. 
• Guidance on use of NiVvaccines (or broader henipavirus vaccines)to include vaccination 

strategies, potentially in both humans and animals, for different epidemiologic scenarios and 
different vaccine attributes.  

• Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination 
programs and to refine vaccination strategiesover time.  

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• Further research is needed to clarify vaccine attributes (such as time from administration to 
immune protection, duration of immunity, and the need for booster doses) and to determine 
safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and 
recombinant vesicular stomatitis (rVSV) vaccine. 

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoetis).  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have 
been performed to date.  

• The identification of specific correlates of protection in humans and animals and standardized 
mechanisms for measuring immune correlates are needed to facilitate research on promising 
NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory 
pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

• Evaluation of vaccine safety in target populations is needed to better understand the risk of 
adverse incidents associated with vaccine use.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy (beyond reactive use for outbreak control in affected communities), additional research 
may be warranted on the development of multivalent vaccines that protect against more than 
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one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) 
for use in NiV endemic areas. 

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, 
estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios 
and possiblestrategies for vaccine use. 

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. While one HeV vaccine is available for horses, antibodies 
against HeV have not been found to be cross-reactive with NiV. Ongoing research into 
developing NiV/HeV vaccines for livestock(or other animals) and the potential for their use in 
endemic regions is needed to further assess the merit of this potential control strategy.  

• Additional research is needed to determine if development of multivalent vaccines for 
animals(that protect against more than one disease) would increase the likelihood of vaccine 
uptake by food animal producers and the broader veterinary community.  

 

Strategic Goals 

1. Develop, evaluate, license, and deployNiV vaccines for use in humans and potentially animals 
(e.g., livestock, companion animals).  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV 
epidemiology and takes into consideration attributes of new vaccines as they become available.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection for use in developing and evaluatingNiV vaccines. 
• Further study cross protection of various vaccine candidates against NiVB and NiVM strains,and 

between NiV strains and HeV strains. 
• Identify and standardize correlates of protection, which are necessary for ongoing research into 

candidate vaccines and also may be important for vaccine licensure through non-traditional 
regulatory pathways. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, 
efficacy in animal models, correlates of protection, and durability. 

• Determine whether multivalent vaccines for animal populations would increase vaccine 
acceptability and uptake by food-animal producers and the broader veterinary community.   

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  
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Product development 
• Develop, clinically evaluate, and license safe and effectivemonovalent NiV vaccines for humans 

and animals.  
• Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in 

humans that protect against more than one disease (e.g., vaccines that protect against both NiV 
and MV or HeV), if broader population-based vaccination is warranted at some point in the 
future.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease for use in animal populations, if this is deemed to be a 
worthwhile approach.  

Key capacities 
• Improvesurveillance capabilities,particularly in rural areas of resource-limited settings, to assess 

the impact of vaccination strategies, once vaccines become available. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 

Policy and commercialization 
• Provideguidance on vaccination strategies for various target populations and epidemiologic 

scenarios that align with vaccine attributes, once vaccines are available. 
• Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine 

supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity 
for person-to-person transmission, and thus more rapid spread.  

 
Schedule of Resources, Coordination, and Implementation  

[TBD; will obtain input later in the process.] 
 

Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 
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[bookmark: _GoBack]NipahResearch and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, underpinning strategic goals, and prioritizing areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus infection.



(Note:This draft roadmap is organized into the three main categories of MCMs—diagnostics, therapeutics, and vaccines—to allow reviewers an opportunity to examine the development of the roadmap components for each countermeasure. Some of the topics and issues apply to more than one MCM; these are highlighted as cross-cutting.This document is relatively detailed to ensure that it includes the most important topics and issues. As this draft is refined, the content may be reorganized and certain items may be “rolled up” into a smaller number of broader topics and issues, strategic goals, and priority areas and activities.)



INTRODUCTION

Nipah virus (NiV)is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak involving severe respiratory illnessin pigs andencephalitic disease in humans occurred in Malaysia and Singapore in 1998and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs, with an overall case fatality rate of 40%. No new outbreaks have been reported inthese countries since May 1999.NiV infection was subsequently recognized, however,in Bangladeshin 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring periodically in eastern India; associated case fatality rates in these countries have ranged from 75% to 100%. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the known natural reservoir (Pteropusbatspecies)and several other bat species in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, Ghana, and the Philippines. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and suspected human-to-human NiV transmission. Additionally, several other animal species were found to be infected with NiV on the farms involved in the outbreak, including horses, cats, and dogs. In theoutbreaks in Bangladesh, intermediary hosts between bat and human have not played a major role, with the primary NiV sources being human consumption of bat-contaminated raw date palm sap and subsequent person-to-person transmission. 



The zoonotic potential of NiV is significant, particularly because of its ability to amplify in livestock, which can serve as a source of exposure to humans. NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). HeV was initially recognized in 1994, following an outbreak of fatal cases of severe respiratory disease in horses and humans in the Brisbane suburb of Hendra in Queensland, Australia. To date, confirmed HeV disease has been confined to Australia. An outbreak of an unidentified henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2014. This outbreak likely involved spillover of NiV into horses and subsequent disease in humans following consumption of contaminated horsemeat. Detailed genomic information for this virus is limited. 



In humans, NiV infection results in neurologic and respiratory syndromes, with fever, headache, dizziness,cough, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and relapsing encephalitis, and survivors may experience long-term neurological sequelae. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB).



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no MCMs exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and effective vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of MCMs to prevent and control NiV outbreaks and endemic disease. 



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment (PPE), effective community engagement, adequate infection prevention and control practices, and workforce development and training in endemic and at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 



VISION

Robust MCMs to detect, respond, prevent, and control outbreaks of NiV infection(and other closely related henipaviruses) that are readily available and accessible for use in areas of known or potential NiV spillover. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



CROSS-CUTTING TOPICS AND ISSUES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value propositionfor industry and international philanthropic public-private partnershipsare needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs.

· Regulatory approval pathways for MCMs can be prohibitively expensive for product developers. For example, obtaining regulatory approval for diagnostic tests through the premarket approval (PMA) process is costly, but may be necessary when an Emergency Use Authorization (EUA), which is associated with lower approval costs, is not applicable. Furthermore, licensure of vaccines and therapeutics using alternative regulatory pathways also can be very costly, given the regulatory requirements for such approval.

· High-level biocontainment requirements may pose an impediment to research on NiV pathogenesis and development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. 

· To date, NiV spillovers to human communities have occurred almost exclusively in rural communities in Bangladesh and East India; the healthcare facilities that serve these communities have very rudimentary are primary in nature in terms of laboratory and clinical infrastructure for diagnosis and treatment. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus; these bats have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover events from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis, disease recognition, and treatment more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Because NiV infection results in low mortality rates in livestock (e.g., approximately 1% to 5% in pigs), infection in animal herds may not be recognized until after human cases are identified. This delay in diagnosis may lead to an entire herd being infected before livestock are tested for NiV, which could cause large financial losses forlivestock owners and increases the likelihood of NiV infection in exposed animal husbandry workers. 

· While ferrets, Syrian hamsters, and IFNAR-KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure of MCMs via alternative regulatory pathways. Costs, space requirements (particularly in BSL-4 containment facilities), and ethical concerns constrain the use of AGMs. 

· Conducting phase 1 clinical trials, and possibly phase 2 clinical trials,is likely feasible in endemic regions. However, because NiV infection occurs as relatively small, focal outbreaks, the low disease incidence poses a major challenge for conducting phase 3 clinical trials for demonstrating efficacy. Therefore, alternative regulatory pathways and/or innovative study designs (e.g., including combining clinical trial data across outbreaks over time) may need to be considered for licensure of NiV vaccines or therapeutics, if classic clinical trial designs (e.g., randomized controlled trials [RCTs]) are not applicable. 

Key needs

· Enhanced clinical, laboratory, and public health infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control. 

· Standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains for R&D of MCMs for NiV infection. (Assays that can be used at lower biosafety levels are an important priority.)

· Clear criteria for down-selection and prioritization of candidate MCMs to move forward into clinical trials versus those that need additional preclinical research. 

· A determination regardingthe feasibility of conducting clinical trials of therapeutics and vaccines for NiV infection, which is needed before considering alternative regulatory pathways for licensure (such as the United States Food and Drug Administration’s [FDA’s] Animal Rule). 

· Early and recurrent communications between product developers and the appropriate national regulatory authorities (NRAs) to obtain clarity and guidance on clinical trial requirements, regulatory pathways and requirements, and other considerations for NiV MCMs during the pre-licensure and post-licensure periods. Regulatory pathways and NRA capabilities may vary between countries; therefore, early engagement is essential to identify country-specific considerations.   

· Outreach and education to clinicians in endemic and at-risk areas to improve NiV awareness and training, and increase the likelihood of accurate and timely diagnosis and treatment of NiV infection. 

· Enhanced capabilities for data reporting in resource-limited settings to promote collaborative sharing of NiV sequence and strain data, which can be used to support MCM development. 

· Collaboration with local government authorities in endemic and at-risk areascountries to support NiV surveillance and facilitate effective communication with communities regarding disease prevention activities. Human health, animal health, and wildlife officials should be engaged as part of a long-term collaborative effort. 	Comment by Mahmudur Rahman: It will be necessary to involve the development partners who support the countries

· Clarification regarding the potential for and possible strategies to promote technology transfer for NiV MCM development and manufacturingto endemic and at-risk areas.

Knowledge gaps

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new geographic areas. Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. 

· Additional research is needed torefine, standardize, and validate relevant animal challenge models(e.g., ferret, Syrian hamster, IFNAR-KO mouse, and AGM models) to define their role in supporting basic research on the pathogenesis and immunology of NiV infection, which is essential for development and evaluation of MCMs. For example, efforts are needed to: (1) determine the appropriate animal model(s) for screening assay development; (2) determine the most appropriate lethal NiV dose for MCM development; (3)determine when MCMs should be administered in animal models to best mimic realistic timing of MCM use in humans; (4) bridge NiV MCM data between animal models and humans, such as identifying thresholds of vaccine protection; and (5) identify the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain regulatory approval.

· Additional information is needed on the virology, immunology, and pathogenesis of NiV in humans and animals to inform development of NiV MCMs. This includes evaluating the pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis, identifying factors influencing the development of permanent neurological sequelae, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies.

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor viral heterogeneity and antigenic changes over time that may impact the epidemiologic and clinical features of disease, and thereby influence MCM development. 

· Some evidence suggests that there are differences in NiVB and NiVM pathogenesisthat may have implications for the development of safe and effective NiV vaccines or therapies.More information on this issue is needed.

· Further research is needed to better understand viruses in the Henipavirus genus, including their reservoir hostsand pathogenicity. 

· Additional research is needed to develop and assess next generation sequencing (NGS) for whole gene analysis, which can be used to enhance understanding of the global distribution of henipaviruses. 

· Sociological and anthropological research is needed to understand how to best engage at-risk populations (including vulnerable populations such as pregnant women, children, and immunocompromised persons) for participation in clinical trials and to ensure acceptance of new NiVMCMs, especially if therapeutics and vaccines do not consistently prevent disease. Efforts are needed to: (1) assess potential barriers for conducting clinical trials; (2) assess MCM acceptability in at-risk populations; (3) determine culturally appropriate messaging to enhance MCM acceptance; and (4) identify public health strategies to promote vaccine use. 



Strategic Goals

1. Identify sources of funding and develop appropriate private-sector incentives and competitions to promote R&D of NiV MCMs.  

2. Stimulate and support basic science research for better understanding of NiV virology, pathogenesis, and the immune response to infection in humans and animals. 

3. Strategically strengthen laboratory, clinical, and public health infrastructure and capacity at the local and national levels in areas of known or potential NiV spillover. 

4. Engage NRAs (particularly in endemic and at-risk areas) to gain guidance on requirements for clinical trials, regulatory pathways, and other considerations that will impact MCM development, acceptance, and post-licensure surveillance. 	Comment by Mahmudur Rahman: Consider adding “Enhance disease detection capabilities through active and passive surveillance”

5. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Expand research to further understand the ecology and epidemiology of NiV and other pathogenic henipaviruses in human and animal populations (wild and domestic) over time and across geographic areas, using a One Health approach.

· Continue to performphylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Conduct basic science research on the virology, pathogenesis, and immunology of NiV infections to inform development of MCMs.

· Determine the key differences between NiVB and NiVM pathogenesisthat may have implications for the development of safe and effective NiV vaccines or therapies.

· Refine, validate, and standardize relevant animal models to support the development and evaluation of NiV MCMs.  

· Generate research tools to promote R&D of MCMs for NiV infection (i.e., standardized and validated assays, reagents, antibodies, nucleic acids, and stocks of NiV challenge strains), particularly those that can be used at lower biosafety levels.

· Conduct research on the uses of NGS for understanding henipavirus distribution. 

· Determine the feasibility of conducting phase 3 clinical trials or identify alternative approaches for assessing efficacy of new NiV vaccines and therapeutics, in coordination with the appropriate NRAs.

· Establish a plan for conducting clinical trials in endemic regions in coordination with local government agencies, if clinical trials are considered to be a feasible option for efficacy assessment.

· Conduct social science research to determine strategies for engaging communities for participation in clinical trials and to support acceptance of MCMs for NiV infection as they become available. 

Product development

· Define criteria for down-selection and prioritization of candidate MCMs that should be moved forward.

· Promoteearly communication between developers and appropriate NRAs forclarity and guidance on the regulatory aspects ofMCM development for NiV infection.

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure in endemic and at-risk areas to promote early diagnosis, treatment, and implementation of vaccination programs for NiV prevention and control.

· Improve surveillance capacityto: (1) better define the incidence of disease in NiV-endemic and at-risk areas and (2) promote targeted research in non-endemic areas to identify evidence of spillover of NiV or other related henipaviruses from the natural reservoir to human or animal populations.

· Develop a shared data platform to facilitate sharing of NiV sequence and strain data.

· Collaborate with local government authorities (including human health, animal health, and wildlife representatives) to support NiVsurveillance and disease prevention activities in endemic and at-risk areas.  

· Promote community-based outreach programs that transfer skills and knowledge for the prevention and early recognition of NiV disease in areas of known or potential NiV spillover risk.

· Strengthen infrastructure and capacity for post-marketing pharmacovigilance of licensed NiV therapeutics and vaccines.

Policy and commercialization

· Establish a sustainable value proposition and secure funding to complete development, licensure, manufacture, deployment, and use of affordable MCMs for NiV infection.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostics, therapeutics, and vaccines to endemic and at-risk areas.

· Ensure access to regulatory guidance, oversight, review, and authorizationfrom appropriate NRAs for NiVMCMs.This should be done when clinical trials and approaches for regulatory approval are being determined.

· Clarifythe potential for and possible strategies to promote technology transfer for development and manufacturing of MCMs for NiV infection. 



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection arenonspecific and the diagnosis often is not suspected at the time of presentation. This can hinder accurate diagnosis and creates challenges in instituting effective and timely infection control measures. Additionally, latent disease can occur long after initial infection.

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 

· Clinical sample quality, quantity, type, timing of collection, and the time necessary to transfer the sample from the patient to the laboratory can affect the accuracy of laboratory results. 

· Various types of test methods and platforms are required to test patients at different phases of NiV infection, which can complicate diagnostic needs and capabilities. 

· Owing to the biosafety precautions necessary when working with the NiV virus, diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis.

· The time required to perform diagnostic testing using PCR and ELISA methods poses challenges, given the rapid disease progression of NiV infection. 

· Pteropus bat species (and perhaps other bat species)appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge forensuring diagnostic preparednessto respond tofuture outbreaks. 

Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· A biobankof human and animal clinical samples to assess and validate diagnostic tests and a process for how best to judiciously use the samples. A clear approach is needed to: (1) determine what clinical samples should be collected, based on what would be most useful (e.g., plasma, whole blood, urine, cerebrospinal fluid, etc.); (2) outline the purposes of sample collection; (3) identify who would have access to the samples; and (4) prioritize use of samples and sample distribution.

· Clarification regarding the use cases for different diagnostic assays and what viruses are targeted (i.e., NiV, NiV and HeV, or all henipaviruses), since the corresponding performance, validation, and regulatory approval requirements may differ depending on how and in which population (i.e., human or animal) the test will be used. For example, it may be desirable to have a point-of-care screening test that is highly sensitive and a confirmatory test that is highly specific. In animals, it may be desirable to have a diagnostic test with high sensitivity to screen reservoir populations and a highly specific test for livestock. Diagnostic use cases need to be considered in tandem with the use of therapeutics and other interventions. 

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course,are robust for use under a variety of conditions (e.g., varying humidity, temperature, etc.), can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains. 

· Optimal deployment strategies for diagnostics in different geographic areas based on the risk and epidemiology of NiV infection.

· International reference standards to calibrate diagnostic assays. 

· Validation of promising diagnostics in endemic and at-risk geographic regions. 

· Diagnostic preparedness to detect NiV, HeV, and other emergent henipaviruses in humans and animals as they arise.

· In-country laboratories able to conduct proficiency testing to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· A sufficient number of laboratories committed to using the diagnostics on a regular basis to support the business case for Nipah diagnostics, given the costs of regulatory approval. 

· If feasible, multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern that may cause similar clinical syndromes in endemic or at-risk areas. Since validation and regulatory approval of multiplex assays can prove challenging, an alternate approach would be the development of multiple single assays that can be run in parallel. 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the Differentiating Infected from Vaccinated Animals (DIVA) test.

Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids (e.g., urine and respiratory secretions), and tissue samples to enhance the ability to diagnose infection at different stages of disease. Additionally, further research on the kinetics of NiV in the animal reservoirs is needed. 

· More information is needed regarding the performance characteristics (including sensitivity, specificity, limits of detection, cross-reactivity, and quantitative vs. qualitative data) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs) and tests that are designed to detect more than one henipavirus. Further testing of diagnostics should be conducted in animal models before field trials in humans are pursued. 

· A clear understanding is needed of the potential for cross-reactivity of diagnostic tests in animal populations to allow accurate interpretation of test results, since substantive economic consequences (such as trade restriction for livestock) could be triggered by positive results. 



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detectionat various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Develop and assess affordable, highly sensitive and specific, point-of-care NiVdiagnostic tests for use in humans and animalsthat are sufficiently robust for the conditions in which they will be used and that have minimal requirements for biosafety precautions and staff training. Consideration also should be given to development of multiplex assays that can detect related henipaviruses, in addition to NiV, or that can detect other pathogens of concern in endemic and at-risk areas.

3. Generate guidance on deployment strategies and use of diagnostic tests for NiV detection in areas of known or potential henipavirus spillover risk.

4. Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Explore new diagnostic approaches that may allow for earlier detection of infection. 

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose NiVinfectionat different stages of disease.

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Create a biobank of clinical human and animal samples for use in researching new diagnostic agents. 

· Continue to research cross-reactivity of diagnostic tests in animal populations. 

Product development

· Generate a TPP for NiV diagnostics.

· Define use cases for diagnostic assays.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus and be performed accurately and safely in remote areas under a variety of circumstances. 

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other pathogens of concern in the geographic region that cause similar clinical syndromes.

· Develop diagnostics applicable to mass testing in livestock to identify NiV infection early and to reduce the likelihood of transmission of NiV from livestock to humans. 

· Develop serologic testing to differentiate vaccinated from infected animals (such as a DIVA test), if NiV or HeV vaccines become widely used (long-term consideration).

Key capacities

· Generate international reference standards to calibrate diagnostic assays. 

· Support in-country laboratories in monitoring performance of NiV diagnostics in the field.

· Enhance diagnostic preparedness in areas of known or potential henipavirus spillover risk to promote early detection of NiV, HeV, and other emergent henipaviruses in humans and animals.

Policy and commercialization

· Develop guidance on optimal strategies for deployment and use of new NiV diagnostic tests across different geographic areas, as such tests become available.



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Patients typically present late in the clinical course of disease, which decreases the likelihood of successful treatment.

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. 

· In the NiV-endemic region of Bangladesh, hundreds of patients are admitted to hospitals annually with a diagnosis of encephalitis, but do not have NiV infection. In the absence of confirmatory testing, treating all patients with encephalitis and their contacts for NiV infection would be costly and labor intensive, with relatively little benefit; therefore accurate and rapid diagnosis is critical. 

· Studies in animals often evaluate usefulness of therapeutics when delivered prior to disease onset or early during the disease course. Patients with NiV infection often are detected later in the clinical course, which creates challenges for predicting how well an agent will work in the field.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier to inhibit viral replication and prevent severe neurologic disease. 

· Healthcare systems in endemic countries often do not have adequate infection control systems in place to prevent person-to-person transmission. They also lack the ability to rapidly identify contacts most likely to benefit from PEP therapy. 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat acute NiV infection to improve survival and decrease associated morbidity and long-term disability.

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat chronic (relapsing) NiV infection to decrease associated long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. 

· Improved patient care in endemic areas (such as the ability to provide ventilator support for seriously ill patients). 

Knowledge gaps

· Ribavirin may be an option for treatment of NiV infection, but animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protectionagainst lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to either HeV or NiV. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials using both NiVM and NiVBare needed to assess the safety, tolerability, and efficacyof m102.4 (and possibly other mAbs) for PEPand potentially early treatment of clinical disease. 

· Additional research is needed regarding the likelihood of escape mutants with mAb use. While evidence of escape mutants has not been found to date with mAb 102.4, it may be necessary to consider mAb cocktails. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the mostpromising novel treatments (such as fusion inhibitory peptides, antifusion peptides, and GS-4734 [a broad-spectrum agent being used to treat Ebola virus disease survivors]), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM.

· Further research is needed to broaden the number of novel antiviral candidates for treatment of NiV infection. 

· Additional data are needed to establish the pharmacokinetic/pharmacodynamics (PK/PD) relationship of promising therapeutic candidates. 

· Additional studies of therapeutic candidates in the AGM model, followed by human clinical trials for safety, feasibility, and efficacy. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the types of exposures that warrant such intervention and the most appropriate agents to administer.This determination should include feasibility for PEP distribution in both endemic and at-risk areas, including Bangladesh, which has hundreds of potentially-exposed persons annually that could be candidates for PEP. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of components of supportive care for NiV, such as optimal fluid and respiration management strategies,diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform best-practice guidelines.



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection, and ensure that therapies are readily available, affordable, and accessible in areas of known or potential NiV spillover. 

2. Develop guidance for the use of therapeutics for disease treatment and PEP as new therapies become available.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Continue to research the safety, tolerability, and efficacy of investigational therapies (such as ribavirin and m102.4) for treating and preventing NiV infection, including conduct of animal studies andclinical trialsas appropriate and feasible.

· Continue to identify new therapeutic options for treating and preventing NiV infection that should undergo further evaluation. 

· Research optimal treatment and supportive care strategies for NiV infection and determine best-practice guidelines.

Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infectionthat are active against different NiV strains and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVMand other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Promote enhancements to the healthcare delivery systems in impacted areas to improve clinical management and supportive care of patients with NiV infection.

· Ensure that mechanisms are in place to finance, generate, and maintain stockpiles of NiV therapeutics for outbreak control. 

Policy and commercialization

· Identify a company to advance therapeutic use of m102.4 and secure financing for its manufacture and distribution.  

· Developguidance for the use of therapeutics for disease treatment and PEP, as new therapies become available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Sociocultural issues may hinder trust in the formal human, veterinary, and public health systems, which could impact acceptance of NiV vaccinesfor use in humans or animals. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control.

Key needs

· Nipah vaccines that can protect against both NiVM and NiVBin humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks.

· Guidance on use of NiVvaccines (or broader henipavirus vaccines)to include vaccination strategies, potentially in both humans and animals, for different epidemiologic scenarios and different vaccine attributes. 

· Once vaccines are available, enhanced surveillance capacity to assess the impact of vaccination programs and to refine vaccination strategiesover time. 

Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· Further research is needed to clarify vaccine attributes (such as time from administration to immune protection, duration of immunity, and the need for booster doses) and to determine safety profiles of candidate vaccines, such as the soluble G glycoprotein subunit (sG) and recombinant vesicular stomatitis (rVSV) vaccine.

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoetis). 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB, including recent strains; only a few studies demonstrating cross-protection have been performed to date. 

· The identification of specific correlates of protection in humans and animals and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms.

· Evaluation of vaccine safety in target populations is needed to better understand the risk of adverse incidents associated with vaccine use. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy (beyond reactive use for outbreak control in affected communities), additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus [MV]) for use in NiV endemic areas.

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines, estimating the vaccine quantity for stockpiles, and in simulating various epidemiologic scenarios and possiblestrategies for vaccine use.

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. While one HeV vaccine is available for horses, antibodies against HeV have not been found to be cross-reactive with NiV. Ongoing research into developing NiV/HeV vaccines for livestock(or other animals) and the potential for their use in endemic regions is needed to further assess the merit of this potential control strategy. 

· Additional research is needed to determine if development of multivalent vaccines for animals(that protect against more than one disease) would increase the likelihood of vaccine uptake by food animal producers and the broader veterinary community. 



Strategic Goals

1. Develop, evaluate, license, and deployNiV vaccines for use in humans and potentially animals (e.g., livestock, companion animals). 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Develop and refine guidance on vaccine use in humans and animals that aligns with current NiV epidemiology and takes into consideration attributes of new vaccines as they become available. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection for use in developing and evaluatingNiV vaccines.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains,and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research into candidate vaccines and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy in animal models, correlates of protection, and durability.

· Determine whether multivalent vaccines for animal populations would increase vaccine acceptability and uptake by food-animal producers and the broader veterinary community.  

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effectivemonovalent NiV vaccines for humans and animals. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines for use in humans that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease for use in animal populations, if this is deemed to be a worthwhile approach. 

Key capacities

· Improvesurveillance capabilities,particularly in rural areas of resource-limited settings, to assess the impact of vaccination strategies, once vaccines become available.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur.

Policy and commercialization

· Provideguidance on vaccination strategies for various target populations and epidemiologic scenarios that align with vaccine attributes, once vaccines are available.

· Consider development of a strategy for vaccine surge capacity to rapidly ramp up the vaccine supply, if NiV is used as a bioterrorism agent, or if an NiV strain emerges with increased capacity for person-to-person transmission, and thus more rapid spread. 



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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public comment. We also plan to begin working on a set of measurable and achievable
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NIPAH R&D ROADMAP DEVELOPMENT TASKFORCE 

Call Date: January 9, 2018 

Taskforce Members on the Call: Christopher Broder, Kaw Bing Chua, Stephen Luby, Gregg Milligan, Pierre Rollin, and 
Mahmudur Rahman 

Taskforce Members Unable to be on the Call: Emily Gurley and Lin-Fa Wang 

R&D Roadmap Technical Team: Michael Osterholm, Kristine Moore, Julie Ostrowsky, Becky Johnson, and Anje Mehr 
(CIDRAP) 

CONFERENCE CALL SUMMARY 
Topic Key Discussion Points 

R&D roadmap 
architecture 

 The WHO generic methodology for developing R&D roadmaps for priority pathogens
(draft dated Aug 30, 2017) provides the basis for developing R&D roadmaps, as part of
the global R&D Blueprint initiative.

 Specific resources for guiding R&D roadmap development include the 2013 Malaria
vaccine technology roadmap, the 2016 MERS-CoV roadmap report in Nature Medicine,
and the 2016 MERS-CoV summary roadmap.

 The Nipah R&D roadmap will provide a framework for identifying the vision,
underpinning strategic goals, and prioritizing research areas and activities for
accelerating the collaborative development of diagnostics, therapeutic agents, and
vaccines against Nipah virus (NiV). The scope of R&D for medical countermeasures
(MCMs), as put forward in the WHO roadmap generic methodology, includes basic
research through to late-stage development, licensure, and early use of products.

Role of taskforce (TF) 
members 

 TF members will be actively involved in reviewing draft roadmap documents and
providing feedback; participating in the March 1-2, 2018 consultation at the Wellcome
Trust offices in London; and assisting with ongoing review, development, and
dissemination of the Nipah R&D roadmap over the next 6 months.

Roadmap 
development and 
timeline 

 The draft Nipah R&D roadmap will provide the basis for discussion at the consultation in
March.

 The final roadmap product may include a summarized outline format as well as a text
version similar to the MERS-CoV roadmap report in Nature Medicine.

 The CIDRAP technical team will distribute a revised version of the draft roadmap in mid-
February 2018, prior to the consultation, along with relevant background information.

 Following the consultation, the team will further revise the draft roadmap based on
information obtained during the consultation and will seek additional feedback from TF
members and others before posting a new draft online for public comment. After
further review from WHO and other key stakeholders, the final roadmap document will
be available for publication by the end of August 2018.

Feedback on draft 
roadmap document: 
General 

 Taskforce members generally agreed with the content in the introductory section, but
indicated that the section could be improved by incorporating additional critical Nipah
considerations, such as a description of the virus, the zoonotic potential, and the
geographic location in which NiV and Hendra virus (HeV) are found. In addition to
human health implications, NiV has the potential to impact trade and travel.

 Consider subcategorizing Primary Challenges to group topical elements (e.g., clinical
aspects, laboratory aspects, financial constraints).

Feedback on draft 
roadmap document: 
Cross Cutting 

 Laboratory biosafety level (BSL) is primarily an issue when working with animal models
and/or neutralization assays, which require the use of a BSL4 facility. Much of the NiV
work is done at a lower level (e.g., serological tests are conducted in BSL2 conditions in
Bangladesh).
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 NiV and HeV have multiple appropriate animal models for human disease. African green 
monkeys (AGMs) best replicate human disease, and hamsters and ferrets also serve as 
good animal models. The current animal models may provide sufficient data for the US 
Food and Drug Administration (FDA) Animal Rule regulatory pathway for approval for 
diagnostics, therapeutics, and vaccines. However, the US FDA may require additional 
data on correlates of protection in the animal models as compared to humans when 
evaluating MCMs under the US FDA Animal Rule.  

 While animal models for NiV are well-developed, taskforce members expressed concern 
that they might not be deemed sufficient for evaluation under the US FDA Animal Rule.  

Feedback on draft 
roadmap document: 
Diagnostics 

Primary challenges: 
 Strain variability (i.e., NiVM and NiVB) has not been recognized to cause problems for 

diagnostics or MCMs. In fact, HeV reagents have been effectively used for NiV. Strain 
variability should not be emphasized in the Diagnostics or Therapeutics section.   

Key needs: 
 Point-of-care rapid diagnostic tests (RDTs) applicable under a variety of circumstances 

are necessary for NiV surveillance and to ensure appropriate therapeutic 
distribution/use. Different use cases may be necessary, given the variety of 
circumstances under which NiV diagnostics may be needed.  

 Improved infrastructure is needed in relation to RDTs to ensure that health 
professionals responsible for diagnostic testing know that RDTs are available and how to 
use them accurately and safely.  

 To increase the likelihood of RDT use, consider combining NiV detection with another 
more-common disease for the geographic region (e.g., the strategy of developing a 
combined RDT for malaria and NiV was discussed). 

Priority Areas/Activities:  
 The ideal sample(s) are those that easy to collect. In the field, saliva and respiratory 

secretions have been used for diagnostic work. Urine may also be a suitable sample 
type for diagnostics. Research is needed to better understand the most practical sample 
type(s) for different situations.  

Other: 
 The group discussed clinical manifestations of NiV and implications for the sample type 

that should be collected for making the diagnosis. Of note, unpublished data show low 
rates of asymptomatic infection, with NiV spread generally occurring via saliva or 
respiratory secretions. To better direct development of diagnostics, understanding viral 
load in different sample types (e.g., saliva, respiratory secretions, urine) would be 
beneficial.  

Feedback on draft 
roadmap document: 
Therapeutics 
 

Primary challenges: 
 Patients typically present late in the clinical course, which decreases the likelihood of 

successful treatment.  
 BSL4 laboratories are required for high-throughput screening.   
Other:  
 One team has explored the effectiveness of therapeutics at point-of-fever in an animal 

model.  
 The human monoclonal antibody m102.4 has shown protection in nonhuman primates 

(NHPs), has been used effectively as a compassionate use therapeutic for 14 humans, 
and recently underwent a Phase 1 study involving 40 adults. Taskforce members 
discussed sharing the safety data from the Phase 1 study, which has not yet been 
published.   

Feedback on draft 
roadmap document: 
Vaccines 

Primary challenges: 
 Due to the fact that NiV generally occurs as small, focal outbreaks, conducting Phase 3 

studies are probably unrealistic. However, Phase 1 studies are very plausible, and Phase 
2 studies may be possible in endemic regions.  

Key needs: 
 To conduct clinical trials in the endemic regions at risk for NiV infection, additional 

information is needed regarding what the government (e.g., Ministry of Health) 
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requirements for conducting such studies would be. Additionally, a strategy is needed 
to address vaccine acceptability in the at-risk population.  

Other: 
 Anti-vaccine sentiments in the general public are currently an issue for HeV vaccine use 

in horses, and are expected to be a hurdle for NiV vaccine acceptability as well. 
Incorporating effective communication strategies for communities that would benefit 
from an NiV vaccine will be paramount to vaccine success.    

Other comments  The CIDRAP Team requested that taskforce members provide written comments on the 
draft roadmap document by January 19, if possible. 

 CIDRAP staff may follow-up with certain individual members of the taskforce, as 
necessary. 
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Nipah Research and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning 
strategic goals, and prioritizing research areas and activities (from basic research to advanced 
development, licensure, manufacture, and deployment) for accelerating the collaborative development 
of medical countermeasures (MCMs) against Nipah virus (NiV) infection. 
 
(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, 
therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each 
category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the 
content may be reorganized to create one over all roadmap and to group cross-cutting issues together. 
In addition, this document is relatively detailed to ensure that the most important issues are identified 
and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of 
broader issues, strategic goals, and primary activities.) 
 

INTRODUCTION  

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 
human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following 
contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. 
NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have 
occurred in that country since, with disease also occurring periodically in eastern India. Other regions 
may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for 
NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, 
Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in 
Bangladesh, intermediary hosts between bat and human have not played a role, with human 
consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV 
infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as 
the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or 
relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic 
sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in 
Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus 
also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). To date, HeV 
disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a 
closely related virus) occurred among horses and humans in the Philippines in 2015.  
 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
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timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list 
of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near 
future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the 
development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or 
improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope 
of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and 
early use of medical countermeasures to prevent and control LF outbreaks and endemic disease.  
 
Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment, 
effective community engagement, and workforce development and training in at-risk regions. Many of 
these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader 
public health control strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) 
that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, 
point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) 
safe and effective vaccines to prevent disease, disability, and death.  
 

DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. Additionally, latent disease can occur long after initial 
infection. Both of these factors can hinder accurate diagnosis.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-
resourced areas with regard to collection, handling, transport, and laboratory analysis.  

• NiV appears to have the potential for strain heterogeneity and antigenic variability, which could 
potentially influence accuracy of diagnostic testing over time.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic 
range that stretches across much of the Western Pacific region, Southeast and South Asia, and 
Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor 
NiV; such bats can be found across Africa and parts of the Middle East. This broad host range 
increases the likelihood of additional spillover from bats to humans or livestock in new areas 
where the disease has not yet been detected, which may make accurate and timely diagnosis 
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more difficult owing to lack of clinical experience with the condition and lack of available 
laboratory testing.  

• Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), 
some of which may prove to be pathogenic in humans and livestock. Capacity to identify 
additional pathogenic henipaviruses is an important challenge for ensuring diagnostic 
preparedness to respond to future outbreaks.  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• High-level biocontainment requirements may pose an impediment to development of MCMs, as 
certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross 
cutting) 

 
Key needs 

• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   

• Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and 
animals as they arise.  

• Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the 
field.  

• Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional 
and national laboratory capacity for case and outbreak confirmation.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the DIVA test. 

• Long-term need: multiplex syndrome-based assay panels for use in humans and animals that 
can detect NiV infection while simultaneously screening for the presence of other henipaviruses 
or additional high-consequence pathogens.  

 
Knowledge gaps 

• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, other 
body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of 
disease.   

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, and limits of detection) for NiV assays, particularly for newer tests (such as 
pseudotyped neutralization assays and antigen-capture ELISAs).  

• Additional validation data are needed to assess performance characteristics of NiV diagnostic 
assays against the various strains of NiV.  
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• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic 
changes over time that may impact diagnostic testing and the epidemiologic and clinical 
features of disease.  

• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 
preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new areas.  Additionally, continued 
research is needed to better define and assess the occurrence of NiV and other henipaviruses in 
the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting)  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-
care diagnostic tests for use in humans and animals that have minimal requirements for 
biosafety precautions and staff training and that can detect NiV and other related henipaviruses.  

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve 
early diagnostic capabilities.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, other body fluids, 

and tissue samples to enhance the ability to diagnose infection at different stages of disease. 
• Determine performance characteristics for promising new assays for diagnosis of NiV infection 

and develop appropriate standards for their use. 
• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Expand research to further understand the ecologic and epidemiology of NiV and other 

henipaviruses in human and animal populations over time, using a One Health approach. 
• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 

changes and characterize genetic diversity over time.  
• Continue to research development of serologic tests to distinguish vaccinated from infected 

animals, if henipavirus vaccines are to be widely used in livestock populations. 
 

Product development 
• Generate a TPP for NiV diagnostics. 
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• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 
affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other high-consequence 
pathogens in humans and animals.  

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk 
areas, particularly in support of enhanced national and regional diagnostic capabilities. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic 
areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV 
disease or disease caused by other related henipaviruses.    

Policy and commercialization 
• Establish a sustainable value proposition for NiV point-of-care diagnostics. 
• Ensure access to regulatory review and authorization of NiV diagnostic assays. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic 

products to endemic and at risk areas. 
 

Schedule of Resources, Coordination, and Implementation 
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.] 
 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease 

poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory 
pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting)  

• Differences between the NiVM and NiVB strains may impact the effectiveness of developed 
MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting)  

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to 
inhibit viral replication. This is particularly important for preventing late-onset CNS disease.  

• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 
challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare 
systems in endemic areas are not able to rapidly identify contacts most likely to benefit from 
PEP. (*cross cutting)  
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• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute 
and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and 
long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock. (*cross cutting)  

Knowledge gaps 
• Additional information is needed on the immunology and pathogenesis of NiV in order to 

develop appropriate treatment options. This includes evaluating the pathophysiologic 
differences between NiVB and NiVM infection, determining the mechanisms of late-onset and 
relapsing NiV encephalitis, identifying factors influencing the development of permanent 
neurological sequela, and further characterizing cell-mediated and humoral immune responses 
to NiV infection. In addition, identifying aspects of the immune response that are absent or 
counter-effective during human NiV infection may lead to the development of novel targeted 
intervention strategies.  

• Ribavirin was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and 
is considered an option for treatment of NiV infection. However, animal studies in hamsters and 
AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 
40 human participants was completed in Australia, but results are not yet available. Additional 
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animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of 
m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides), used alone or in combination 
with other therapies. Additionally, the therapeutic windows of each therapy should be 
determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the 
therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the type of exposures that warrant such intervention and the most appropriate agents to 
administer.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
individual components of supportive care for NiV, such as optimal fluid and respiration 
management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric 
antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), such as determining the most appropriate lethal NiV dose for MCM development and 
identifying the best models for studying chronic (relapsing) infection, particularly if investigators 
use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  
 

Strategic Goals 

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as 
needed. 

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune 
response to infection.  

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early 
diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered.  

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Conduct basic science research on the immunology and pathogenesis of NiV infections to inform 

development of new therapeutic agents. 
• Determine the key differences between NiVB and NiVM that may have implications for the 

development of safe and effective NiV therapeutics.  
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• Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV 
infection, including animal studies and clinical trials as appropriate and feasible. 

• Research optimal treatment and supportive care strategies for NiV infection and determine best 
practice guidelines. 
 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Refine, standardize, and validate animal challenge models for future assessment of promising 

therapeutic candidates. 
• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 

deployment and monitoring. 
 

Policy and commercialization 
• Establish a sustainable value proposition for NiV therapeutics.  
• Support plans for licensure/registration, adequate manufacturing, and subsequent distribution 

of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis 
for outbreak control. 

• Secure financing for procurement and deployment of NiV therapeutics for outbreak control 
once treatment agents are available. 

• Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a 

major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, 
alternative regulatory pathways may need to be considered for licensure of NiV vaccines or 
therapeutics. (*cross cutting) 
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• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge 
in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines 
are available for use. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, African green monkeys (AGMs) are regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  
 

Key needs 
• Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following 

exposure to NiV and guidance on their use. Such countermeasures are important tools to 
protect healthcare workers, family caregivers, and livestock workers. (*cross cutting)  

• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 
provide rapid onset of an immune response to adequately prevent and control outbreaks. 
Research tools, such as standardized neutralization assays, to compare immunogenicity of 
different vaccines.  

• Enhanced surveillance capacity to provide more accurate information on the current incidence 
and geographic distribution of NiV in endemic and at-risk areas in order to refine potential 
vaccination strategies, particularly over time. 
 

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 
recurrent encephalitis are unknown. Further research to better understand viral clearance has 
important implications for development of vaccines and therapeutics.  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date.  

• Further research is needed to determine durability and safety profiles of candidate vaccines, 
such as VSV recombinants, where concerns regarding potential neurotropism have been raised.  
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• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoestis).  

• The identification of specific correlates of protection and standardized mechanisms for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in 
simulating various epidemiologic scenarios that may impact strategies for vaccine use.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), including determining the most appropriate NiV dose for MCM development (Johnston 
2015) and identifying the best models for studying chronic (relapsing) infection, particularly if 
investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing 
research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of 
this potential control strategy.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy, additional research may be warranted on the development of multivalent vaccines that 
protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV 
and measles virus) for use in NiV endemic areas.   

 
Strategic Goals 

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, 
primarily for reactive/outbreak use in endemic and at-risk areas.  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection. 
• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 

for the development of safe and effective NiV vaccines or therapies. 
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• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 
between NiV strains and HeV strains. 

• Identify and standardize correlates of protection, which are necessary for ongoing research 
efforts and also may be important for vaccine licensure through non-traditional regulatory 
pathways. 

• Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity 
of different vaccines. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, 
immunogenicity, efficacy, correlates of protection, and durability. 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and livestock, primarily for reactive use during outbreaks.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if 
broader population-based vaccination is warranted at some point in the future.  

Key capacities 
• Refine and validate relevant animal challenge models for NiV infection. 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the true burden and incidence of NiV disease, which may in turn, inform vaccination 
strategies. 

• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 
deployment and monitoring. 

Policy and commercialization 
• Establish a sustainable value proposition for NiV vaccines. 
• Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-

traditional pathways are needed for licensure. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 
• Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles 

over time; mathematical modelling may be used to contribute to this assessment.   
• Continue to provide guidance on vaccination strategies for various target populations and 

epidemiologic scenarios, once vaccines are available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
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Nipah R&D Roadmap Development Taskforce

Call Date: January 9, 2018

Taskforce Members on the Call: Christopher Broder, Kaw Bing Chua, Stephen Luby, Gregg Milligan, Pierre Rollin, and Mahmudur Rahman

Taskforce Members Unable to be on the Call: Emily Gurley and Lin-Fa Wang

R&D Roadmap Technical Team: Michael Osterholm, Kristine Moore, Julie Ostrowsky, Becky Johnson, and Anje Mehr (CIDRAP)

CONFERENCE CALL SUMMARY

		Topic

		Key Discussion Points



		R&D roadmap architecture

		· The WHO generic methodology for developing R&D roadmaps for priority pathogens (draft dated Aug 30, 2017) provides the basis for developing R&D roadmaps, as part of the global R&D Blueprint initiative.

· Specific resources for guiding R&D roadmap development include the 2013 Malaria vaccine technology roadmap, the 2016 MERS-CoV roadmap report in Nature Medicine, and the 2016 MERS-CoV summary roadmap.

· The Nipah R&D roadmap will provide a framework for identifying the vision, underpinning strategic goals, and prioritizing research areas and activities for accelerating the collaborative development of diagnostics, therapeutic agents, and vaccines against Nipah virus (NiV). The scope of R&D for medical countermeasures (MCMs), as put forward in the WHO roadmap generic methodology, includes basic research through to late-stage development, licensure, and early use of products.



		Role of taskforce (TF) members

		· TF members will be actively involved in reviewing draft roadmap documents and providing feedback; participating in the March 1-2, 2018 consultation at the Wellcome Trust offices in London; and assisting with ongoing review, development, and dissemination of the Nipah R&D roadmap over the next 6 months.



		Roadmap development and timeline

		· The draft Nipah R&D roadmap will provide the basis for discussion at the consultation in March. 

· The final roadmap product may include a summarized outline format as well as a text version similar to the MERS-CoV roadmap report in Nature Medicine.


· The CIDRAP technical team will distribute a revised version of the draft roadmap in mid-February 2018, prior to the consultation, along with relevant background information.


· Following the consultation, the team will further revise the draft roadmap based on information obtained during the consultation and will seek additional feedback from TF members and others before posting a new draft online for public comment. After further review from WHO and other key stakeholders, the final roadmap document will be available for publication by the end of August 2018.



		Feedback on draft roadmap document:


General

		· Taskforce members generally agreed with the content in the introductory section, but indicated that the section could be improved by incorporating additional critical Nipah considerations, such as a description of the virus, the zoonotic potential, and the geographic location in which NiV and Hendra virus (HeV) are found. In addition to human health implications, NiV has the potential to impact trade and travel. 

· Consider subcategorizing Primary Challenges to group topical elements (e.g., clinical aspects, laboratory aspects, financial constraints). 



		Feedback on draft roadmap document:


Cross Cutting

		· Laboratory biosafety level (BSL) is primarily an issue when working with animal models and/or neutralization assays, which require the use of a BSL4 facility. Much of the NiV work is done at a lower level (e.g., serological tests are conducted in BSL2 conditions in Bangladesh). 

· NiV and HeV have multiple appropriate animal models for human disease. African green monkeys (AGMs) best replicate human disease, and hamsters and ferrets also serve as good animal models. The current animal models may provide sufficient data for the US Food and Drug Administration (FDA) Animal Rule regulatory pathway for approval for diagnostics, therapeutics, and vaccines. However, the US FDA may require additional data on correlates of protection in the animal models as compared to humans when evaluating MCMs under the US FDA Animal Rule. 

· While animal models for NiV are well-developed, taskforce members expressed concern that they might not be deemed sufficient for evaluation under the US FDA Animal Rule. 



		Feedback on draft roadmap document:


Diagnostics

		Primary challenges:


· Strain variability (i.e., NiVM and NiVB) has not been recognized to cause problems for diagnostics or MCMs. In fact, HeV reagents have been effectively used for NiV. Strain variability should not be emphasized in the Diagnostics or Therapeutics section.  

Key needs:


· Point-of-care rapid diagnostic tests (RDTs) applicable under a variety of circumstances are necessary for NiV surveillance and to ensure appropriate therapeutic distribution/use. Different use cases may be necessary, given the variety of circumstances under which NiV diagnostics may be needed. 

· Improved infrastructure is needed in relation to RDTs to ensure that health professionals responsible for diagnostic testing know that RDTs are available and how to use them accurately and safely. 


· To increase the likelihood of RDT use, consider combining NiV detection with another more-common disease for the geographic region (e.g., the strategy of developing a combined RDT for malaria and NiV was discussed).

Priority Areas/Activities: 


· The ideal sample(s) are those that easy to collect. In the field, saliva and respiratory secretions have been used for diagnostic work. Urine may also be a suitable sample type for diagnostics. Research is needed to better understand the most practical sample type(s) for different situations. 

Other:


· The group discussed clinical manifestations of NiV and implications for the sample type that should be collected for making the diagnosis. Of note, unpublished data show low rates of asymptomatic infection, with NiV spread generally occurring via saliva or respiratory secretions. To better direct development of diagnostics, understanding viral load in different sample types (e.g., saliva, respiratory secretions, urine) would be beneficial. 



		Feedback on draft roadmap document:


Therapeutics




		Primary challenges:


· Patients typically present late in the clinical course, which decreases the likelihood of successful treatment. 


· BSL4 laboratories are required for high-throughput screening.  


Other: 

· One team has explored the effectiveness of therapeutics at point-of-fever in an animal model. 

· The human monoclonal antibody m102.4 has shown protection in nonhuman primates (NHPs), has been used effectively as a compassionate use therapeutic for 14 humans, and recently underwent a Phase 1 study involving 40 adults. Taskforce members discussed sharing the safety data from the Phase 1 study, which has not yet been published.  



		Feedback on draft roadmap document:


Vaccines

		Primary challenges:


· Due to the fact that NiV generally occurs as small, focal outbreaks, conducting Phase 3 studies are probably unrealistic. However, Phase 1 studies are very plausible, and Phase 2 studies may be possible in endemic regions. 

Key needs:


· To conduct clinical trials in the endemic regions at risk for NiV infection, additional information is needed regarding what the government (e.g., Ministry of Health) requirements for conducting such studies would be. Additionally, a strategy is needed to address vaccine acceptability in the at-risk population. 

Other:


· Anti-vaccine sentiments in the general public are currently an issue for HeV vaccine use in horses, and are expected to be a hurdle for NiV vaccine acceptability as well. Incorporating effective communication strategies for communities that would benefit from an NiV vaccine will be paramount to vaccine success.   



		Other comments

		· The CIDRAP Team requested that taskforce members provide written comments on the draft roadmap document by January 19, if possible.


· CIDRAP staff may follow-up with certain individual members of the taskforce, as necessary.
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning strategic goals, and prioritizing research areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus (NiV) infection.



(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the content may be reorganized to create one over all roadmap and to group cross-cutting issues together. In addition, this document is relatively detailed to ensure that the most important issues are identified and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of broader issues, strategic goals, and primary activities.)



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring periodically in eastern India. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a role, with human consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). To date, HeV disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2015. 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of medical countermeasures to prevent and control LF outbreaks and endemic disease. 



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment, effective community engagement, and workforce development and training in at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 



VISION

Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. Additionally, latent disease can occur long after initial infection. Both of these factors can hinder accurate diagnosis. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 

· Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· NiV appears to have the potential for strain heterogeneity and antigenic variability, which could potentially influence accuracy of diagnostic testing over time. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· High-level biocontainment requirements may pose an impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting)



Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains.  

· Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and animals as they arise. 

· Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional and national laboratory capacity for case and outbreak confirmation. 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the DIVA test.

· Long-term need: multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or additional high-consequence pathogens. 



Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, other body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of disease.  

· More information is needed regarding the performance characteristics (including sensitivity, specificity, and limits of detection) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs). 

· Additional validation data are needed to assess performance characteristics of NiV diagnostic assays against the various strains of NiV. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic changes over time that may impact diagnostic testing and the epidemiologic and clinical features of disease. 

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new areas.  Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting) 



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detection at various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-care diagnostic tests for use in humans and animals that have minimal requirements for biosafety precautions and staff training and that can detect NiV and other related henipaviruses. 

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve early diagnostic capabilities. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, other body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of disease.

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Explore new diagnostic approaches that may allow for earlier detection of infection. 

· Expand research to further understand the ecologic and epidemiology of NiV and other henipaviruses in human and animal populations over time, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Continue to research development of serologic tests to distinguish vaccinated from infected animals, if henipavirus vaccines are to be widely used in livestock populations.



Product development

· Generate a TPP for NiV diagnostics.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other high-consequence pathogens in humans and animals. 

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk areas, particularly in support of enhanced national and regional diagnostic capabilities.

· Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV disease or disease caused by other related henipaviruses.   

Policy and commercialization

· Establish a sustainable value proposition for NiV point-of-care diagnostics.

· Ensure access to regulatory review and authorization of NiV diagnostic assays.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic products to endemic and at risk areas.



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting) 

· Differences between the NiVM and NiVB strains may impact the effectiveness of developed MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting) 

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to inhibit viral replication. This is particularly important for preventing late-onset CNS disease. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare systems in endemic areas are not able to rapidly identify contacts most likely to benefit from PEP. (*cross cutting) 

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. (*cross cutting) 

Knowledge gaps

· Additional information is needed on the immunology and pathogenesis of NiV in order to develop appropriate treatment options. This includes evaluating the pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms of late-onset and relapsing NiV encephalitis, identifying factors influencing the development of permanent neurological sequela, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ribavirin was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and is considered an option for treatment of NiV infection. However, animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the type of exposures that warrant such intervention and the most appropriate agents to administer. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of individual components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines. 

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), such as determining the most appropriate lethal NiV dose for MCM development and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as needed.

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune response to infection. 

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered. 

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Conduct basic science research on the immunology and pathogenesis of NiV infections to inform development of new therapeutic agents.

· Determine the key differences between NiVB and NiVM that may have implications for the development of safe and effective NiV therapeutics. 

· Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV infection, including animal studies and clinical trials as appropriate and feasible.

· Research optimal treatment and supportive care strategies for NiV infection and determine best practice guidelines.



Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Refine, standardize, and validate animal challenge models for future assessment of promising therapeutic candidates.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.



Policy and commercialization

· Establish a sustainable value proposition for NiV therapeutics. 

· Support plans for licensure/registration, adequate manufacturing, and subsequent distribution of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis for outbreak control.

· Secure financing for procurement and deployment of NiV therapeutics for outbreak control once treatment agents are available.

· Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics. (*cross cutting)

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines are available for use. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, African green monkeys (AGMs) are regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 



Key needs

· Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following exposure to NiV and guidance on their use. Such countermeasures are important tools to protect healthcare workers, family caregivers, and livestock workers. (*cross cutting) 

· Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks. Research tools, such as standardized neutralization assays, to compare immunogenicity of different vaccines. 

· Enhanced surveillance capacity to provide more accurate information on the current incidence and geographic distribution of NiV in endemic and at-risk areas in order to refine potential vaccination strategies, particularly over time.



Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis are unknown. Further research to better understand viral clearance has important implications for development of vaccines and therapeutics. 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date. 

· Further research is needed to determine durability and safety profiles of candidate vaccines, such as VSV recombinants, where concerns regarding potential neurotropism have been raised. 

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoestis). 

· The identification of specific correlates of protection and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in simulating various epidemiologic scenarios that may impact strategies for vaccine use. 

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), including determining the most appropriate NiV dose for MCM development (Johnston 2015) and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 

· [bookmark: _GoBack]Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of this potential control strategy. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy, additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use in NiV endemic areas.  



Strategic Goals

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, primarily for reactive/outbreak use in endemic and at-risk areas. 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection.

· Determine the key differences between NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research efforts and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity of different vaccines.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy, correlates of protection, and durability.

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans and livestock, primarily for reactive use during outbreaks. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

Key capacities

· Refine and validate relevant animal challenge models for NiV infection.

· Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to assess the true burden and incidence of NiV disease, which may in turn, inform vaccination strategies.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.

Policy and commercialization

· Establish a sustainable value proposition for NiV vaccines.

· Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-traditional pathways are needed for licensure.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur.

· Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles over time; mathematical modelling may be used to contribute to this assessment.  

· Continue to provide guidance on vaccination strategies for various target populations and epidemiologic scenarios, once vaccines are available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning 
strategic goals, and prioritizing research areas and activities (from basic research to advanced 
development, licensure, manufacture, and deployment) for accelerating the collaborative development 
of medical countermeasures (MCMs) against Nipah virus (NiV) infection. 

(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, 
therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each 
category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the 
content may be reorganized to create one over all roadmap and to group cross-cutting issues together. 
In addition, this document is relatively detailed to ensure that the most important issues are identified 
and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of 
broader issues, strategic goals, and primary activities.) 

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 
human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following 
contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. 
NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have 
occurred in that country since, with disease also occurring periodically in eastern India. Other regions 
may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for 
NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, 
Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in 
Bangladesh, intermediary hosts between bat and human have not played a role, with human 
consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV 
infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as 
the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or 
relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic 
sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in 
Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus 
also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). To date, HeV 
disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a 
closely related virus) occurred among horses and humans in the Philippines in 2015.  

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
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timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list 
of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near 
future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the 
development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or 
improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope 
of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and 
early use of medical countermeasures to prevent and control LF outbreaks and endemic disease.  
 
Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment, 
effective community engagement, and workforce development and training in at-risk regions. Many of 
these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader 
public health control strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) 
that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, 
point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) 
safe and effective vaccines to prevent disease, disability, and death.  
 

DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. Additionally, latent disease can occur long after initial 
infection. Both of these factors can hinder accurate diagnosis.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-
resourced areas with regard to collection, handling, transport, and laboratory analysis.  

• NiV appears to have the potential for strain heterogeneity and antigenic variability, which could 
potentially influence accuracy of diagnostic testing over time.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic 
range that stretches across much of the Western Pacific region, Southeast and South Asia, and 
Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor 
NiV; such bats can be found across Africa and parts of the Middle East. This broad host range 
increases the likelihood of additional spillover from bats to humans or livestock in new areas 
where the disease has not yet been detected, which may make accurate and timely diagnosis 
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more difficult owing to lack of clinical experience with the condition and lack of available 
laboratory testing.  

• Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), 
some of which may prove to be pathogenic in humans and livestock. Capacity to identify 
additional pathogenic henipaviruses is an important challenge for ensuring diagnostic 
preparedness to respond to future outbreaks.  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• High-level biocontainment requirements may pose an impediment to development of MCMs, as 
certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross 
cutting) 

 
Key needs 

• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   

• Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and 
animals as they arise.  

• Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the 
field.  

• Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional 
and national laboratory capacity for case and outbreak confirmation.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the DIVA test. 

• Long-term need: multiplex syndrome-based assay panels for use in humans and animals that 
can detect NiV infection while simultaneously screening for the presence of other henipaviruses 
or additional high-consequence pathogens.  

 
Knowledge gaps 

• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva 
other body fluids, and tissue samples to enhance the ability to diagnose infection at different 
stages of disease.   

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, and limits of detection) for NiV assays, particularly for newer tests (such as 
pseudotyped neutralization assays and antigen-capture ELISAs).  

• Additional validation data are needed to assess performance characteristics of NiV diagnostic 
assays against the various strains of NiV.  
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• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic 
changes over time that may impact diagnostic testing and the epidemiologic and clinical 
features of disease.  

• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 
preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new areas.  Additionally, continued 
research is needed to better define and assess the occurrence of NiV and other henipaviruses in 
the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting)  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-
care diagnostic tests for use in humans and animals that have minimal requirements for 
biosafety precautions and staff training and that can detect NiV and other related henipaviruses.  

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve 
early diagnostic capabilities.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose infection at different stages of 
disease. 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Expand research to further understand the ecologyic and epidemiology of NiV and other 

henipaviruses in human and animal populations over time, using a One Health approach. 
• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 

changes and characterize genetic diversity over time.  
• Continue to research development of serologic tests to distinguish vaccinated from infected 

animals, if henipavirus vaccines are to be widely used in livestock populations. 
 

Product development 
• Generate a TPP for NiV diagnostics. 
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• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 
affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other high-consequence 
pathogens in humans and animals.  

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk 
areas, particularly in support of enhanced national and regional diagnostic capabilities. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic 
areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV 
disease or disease caused by other related henipaviruses.    

Policy and commercialization 
• Establish a sustainable value proposition for NiV point-of-care diagnostics. 
• Ensure access to regulatory review and authorization of NiV diagnostic assays. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic 

products to endemic and at risk areas. 
 

Schedule of Resources, Coordination, and Implementation 
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.] 
 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease 

poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory 
pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting)  

• Differences between the NiVM and NiVB strains may impact the effectiveness of developed 
MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting)  

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to 
inhibit viral replication. This is particularly important for preventing late-onset CNS disease.  

• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 
challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare 
systems in endemic areas are not able to rapidly identify contacts most likely to benefit from 
PEP. (*cross cutting)  
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• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute 
and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and 
long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock. (*cross cutting)  

Knowledge gaps 
• Additional information is needed on the immunology and pathogenesis of NiV in order to 

develop appropriate treatment options. This includes evaluating the pathophysiologic 
differences between NiVB and NiVM infection, determining the mechanisms of late-onset and 
relapsing NiV encephalitis, identifying factors influencing the development of permanent 
neurological sequela, and further characterizing cell-mediated and humoral immune responses 
to NiV infection. In addition, identifying aspects of the immune response that are absent or 
counter-effective during human NiV infection may lead to the development of novel targeted 
intervention strategies.  

• Patients treated with Ribavirin late in the 1998-1999 NiV outbreak in Malaysia experienced 36% 
lower mortality than persons from earlier in the outbreak who were not treated with 
Ribavirin.was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and 
is consideredRibaviran may be an option for treatment of NiV infection. However, animal 
studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into 
the potential effectiveness of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
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of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 
40 human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of 
m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides), used alone or in combination 
with other therapies. Additionally, the therapeutic windows of each therapy should be 
determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the 
therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the type of exposures that warrant such intervention and the most appropriate agents to 
administer.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
individual components of supportive care for NiV, such as optimal fluid and respiration 
management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric 
antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), such as determining the most appropriate lethal NiV dose for MCM development and 
identifying the best models for studying chronic (relapsing) infection, particularly if investigators 
use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  
 

Strategic Goals 

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as 
needed. 

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune 
response to infection.  

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early 
diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered.  

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Conduct basic science research on the immunology and pathogenesis of NiV infections to inform 

development of new therapeutic agents. 
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• Determine the key differences between NiVB and NiVM that may have implications for the 
development of safe and effective NiV therapeutics.  

• Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV 
infection, including animal studies and clinical trials as appropriate and feasible. 

• Research optimal treatment and supportive care strategies for NiV infection and determine best 
practice guidelines. 
 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Refine, standardize, and validate animal challenge models for future assessment of promising 

therapeutic candidates. 
• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 

deployment and monitoring. 
 

Policy and commercialization 
• Establish a sustainable value proposition for NiV therapeutics.  
• Support plans for licensure/registration, adequate manufacturing, and subsequent distribution 

of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis 
for outbreak control. 

• Secure financing for procurement and deployment of NiV therapeutics for outbreak control 
once treatment agents are available. 

• Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a 

major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, 
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alternative regulatory pathways may need to be considered for licensure of NiV vaccines or 
therapeutics. (*cross cutting) 

• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge 
in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines 
are available for use. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, African green monkeys (AGMs) are regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  
 

Key needs 
• Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following 

exposure to NiV and guidance on their use. Such countermeasures are important tools to 
protect healthcare workers, family caregivers, and livestock workers. (*cross cutting)  

• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 
provide rapid onset of an immune response to adequately prevent and control outbreaks. 
Research tools, such as standardized neutralization assays, to compare immunogenicity of 
different vaccines.  

• Enhanced surveillance capacity to provide more accurate information on the current incidence 
and geographic distribution of NiV in endemic and at-risk areas in order to refine potential 
vaccination strategies, particularly over time. 
 

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 
recurrent encephalitis are unknown. Further research to better understand viral clearance has 
important implications for development of vaccines and therapeutics.  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date.  
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• Further research is needed to determine durability and safety profiles of candidate vaccines, 
such as VSV recombinants, where concerns regarding potential neurotropism have been raised.  

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoestis).  

• The identification of specific correlates of protection and standardized mechanisms for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in 
simulating various epidemiologic scenarios that may impact strategies for vaccine use.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), including determining the most appropriate NiV dose for MCM development (Johnston 
2015) and identifying the best models for studying chronic (relapsing) infection, particularly if 
investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing 
research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of 
this potential control strategy.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy, additional research may be warranted on the development of multivalent vaccines that 
protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV 
and measles virus) for use in NiV endemic areas.   

 
Strategic Goals 

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, 
primarily for reactive/outbreak use in endemic and at-risk areas.  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection. 
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• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 
between NiV strains and HeV strains. 

• Identify and standardize correlates of protection, which are necessary for ongoing research 
efforts and also may be important for vaccine licensure through non-traditional regulatory 
pathways. 

• Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity 
of different vaccines. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, 
immunogenicity, efficacy, correlates of protection, and durability. 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and livestock, primarily for reactive use during outbreaks.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if 
broader population-based vaccination is warranted at some point in the future.  

Key capacities 
• Refine and validate relevant animal challenge models for NiV infection. 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the true burden and incidence of NiV disease, which may in turn, inform vaccination 
strategies. 

• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 
deployment and monitoring. 

Policy and commercialization 
• Establish a sustainable value proposition for NiV vaccines. 
• Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-

traditional pathways are needed for licensure. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 
• Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles 

over time; mathematical modelling may be used to contribute to this assessment.   
• Continue to provide guidance on vaccination strategies for various target populations and 

epidemiologic scenarios, once vaccines are available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 
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Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning strategic goals, and prioritizing research areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus (NiV) infection.



(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the content may be reorganized to create one over all roadmap and to group cross-cutting issues together. In addition, this document is relatively detailed to ensure that the most important issues are identified and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of broader issues, strategic goals, and primary activities.)



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring periodically in eastern India. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a role, with human consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). To date, HeV disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2015. 	Comment by Emily Gurley: There were a couple of suspect cases of this in Malaysia, but this has been a prominent feature of the outbreaks in India and Bangladesh.	Comment by pyr3: Mostly Bangladesh, not seen in Malaysia. Not occurring in healthcare facilities, only at home, certainly due to lack of basic precaution	Comment by Emily Gurley: Cough has been more common than vomiting in the Bangladesh case series.



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of medical countermeasures to prevent and control LF outbreaks and endemic disease. 



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment, effective community engagement, and workforce development and training in at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 	Comment by pyr3: Basic hand washing!	Comment by Luby, Stephen P: I consider this paragraph as essential framing and urge that it be retained, even as we work towards a more focused document. It is difficult, because medical countermeasures do not stand alone. They need to interface with a system that constructively deploys them. At a minimum we should strive for countermeasures that are fit for purpose for the contexts where they are needed.	Comment by Emily Gurley: Complete agree with Steve on this.



VISION

Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. Additionally, latent disease can occur long after initial infection. Both of these factors can hinder accurate diagnosis. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 	Comment by pyr3: Rapid test, lateral flow. Better if multivalent. A single Nipah test is unlikely to be widely used	Comment by Emily Gurley: While this is true, even when testing is nearby, it can still take days to get back a PCR or ELISA result as these are not rapid tests as current used. Within the context of very quick progression to death, we need a bedside rapid diagnostic.

· Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· NiV appears to have the potential for strain heterogeneity and antigenic variability, which could potentially influence accuracy of diagnostic testing over time. 	Comment by pyr3: So far, virus quite stable, no impact on diagnostic tests. Need to be vigilant but “so far so good”

· The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 	Comment by pyr3: What going on in Malaysia? No data since the outbreak in 1999

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· High-level biocontainment requirements may pose an impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting)	Comment by pyr3: Not really a problem for diagnostic, but it is one for pathogenesis and vaccine studies



Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains.  	Comment by pyr3: Nipah test would be more likely used if combined with something else. In addition to increase the “market, wuld be good if it is Nipah/hendra

· Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and animals as they arise. 

· Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional and national laboratory capacity for case and outbreak confirmation. 	Comment by Luby, Stephen P: Given the wide range of Pteropus bats this needs to be defined. Clearly, we need low cost accurate diagnostics, but we also need to consider the system that needs to be in place in order to make use of the diagnostics. We risk mission creep if we include development of global surveillance as part of medical countermeasures, but there is a difference between how we would optimally deploy point of care diagnostics in Bangladesh and West Bengal, India, compared with the Philipines or Cameroon. We should consider the different needs in these different contexts, to assure that we have an approach that is fit for purpose.	Comment by Emily Gurley: Agree 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the DIVA test.

· Long-term need: multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or additional high-consequence pathogens. 	Comment by Emily Gurley: Or, other pathogens on a differential diagnosis for humans? 



Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva other body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of disease.  	Comment by Luby, Stephen P: Salivary pcr is often positive in Bangladesh before antibodies are detectable.

· More information is needed regarding the performance characteristics (including sensitivity, specificity, and limits of detection) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs). 

· Additional validation data are needed to assess performance characteristics of NiV diagnostic assays against the various strains of NiV. 	Comment by pyr3: On going for ELISA assays

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic changes over time that may impact diagnostic testing and the epidemiologic and clinical features of disease. 

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new areas.  Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting) 



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detection at various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-care diagnostic tests for use in humans and animals that have minimal requirements for biosafety precautions and staff training and that can detect NiV and other related henipaviruses. 

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve early diagnostic capabilities. 	Comment by Luby, Stephen P: Because this is a wildlife shed virus and these creatures live near food sources, spillovers to human communities have occurred almost exclusively in rural communities in Bangladesh. The health care facilities that serve these communities not only have very rudimentary laboratory infrastructure, they also do not have the routine practice of using diagnostic tests to manage patients. Thus, achieving the stated strategic goals requires a much broader, deeper effort, than providing reagents and testing for proficiency at national labs. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of disease.

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 	Comment by pyr3: For Malaysia, pig surveillance could be an important surveillance project

· Explore new diagnostic approaches that may allow for earlier detection of infection. 

· Expand research to further understand the ecologyic and epidemiology of NiV and other henipaviruses in human and animal populations over time, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 	Comment by Luby, Stephen P: Consider whether efforts to promote sharing of sequence and strains would benefit from attention.

· Continue to research development of serologic tests to distinguish vaccinated from infected animals, if henipavirus vaccines are to be widely used in livestock populations.



Product development

· Generate a TPP for NiV diagnostics.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other high-consequence pathogens in humans and animals. 

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk areas, particularly in support of enhanced national and regional diagnostic capabilities.

· Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV disease or disease caused by other related henipaviruses.   	Comment by Emily Gurley: Perhaps targeted research to identify evidence of spillover and human risk might come before investments in broader surveillance efforts.

Policy and commercialization

· Establish a sustainable value proposition for NiV point-of-care diagnostics.

· Ensure access to regulatory review and authorization of NiV diagnostic assays.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic products to endemic and at risk areas.



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps	Comment by pyr3: Serotherapies studies in Nipah patient are past-dues

Primary challenges

· Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting) 

· Differences between the NiVM and NiVB strains may impact the effectiveness of developed MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting) 	Comment by Luby, Stephen P: Moreover, if we actually had more strains we may identify more heterogeneity than is currently apparent.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to inhibit viral replication. This is particularly important for preventing late-onset CNS disease. 	Comment by Emily Gurley: And can pose a dilemma if therapeutics prolong life and improve survival but are unable to prevent severe neurologic damage.

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare systems in endemic areas are not able to rapidly identify contacts most likely to benefit from PEP. (*cross cutting) 	Comment by Emily Gurley: Or, infection control measures which are not standard practice in many at-risk countries.

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 	Comment by pyr3: 	Comment by pyr3: Impact on pathogenesis studies and vaccine trials

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 	Comment by Emily Gurley: Studies in animals often test usefulness of therapeutics when delivered prior to disease onset or very early during the disease course. Since humans with Nipah virus are often only detected once they are ill, the findings are less useful for understanding how the drug might work in humans.

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and long-term disability. 	Comment by Luby, Stephen P: Would be ideal, but, given the biology, may be much more difficult than an acute countermeasure. Might separate these into 2, so that the ideal does not become the enemy of the good.	Comment by Emily Gurley: Patients in Malaysia were much more likely to survive than patients in Bangladesh. One hypothesis is that this is because patients in Malaysia had access to ventilator support, which is typically unavailable in Bangladesh. There may be health systems approaches that could improve survival.

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. (*cross cutting) 

Knowledge gaps	Comment by pyr3: Anthropological studies to insure that vaccine trials are accepted

· Additional information is needed on the immunology and pathogenesis of NiV in order to develop appropriate treatment options. This includes evaluating the pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms of late-onset and relapsing NiV encephalitis, identifying factors influencing the development of permanent neurological sequela, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Patients treated with Ribavirin late in the 1998-1999 NiV outbreak in Malaysia experienced 36% lower mortality than persons from earlier in the outbreak who were not treated with Ribavirin.was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and is consideredRibaviran may be an option for treatment of NiV infection. However, animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the type of exposures that warrant such intervention and the most appropriate agents to administer. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of individual components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines. 	Comment by Luby, Stephen P: An important related issue is how we protect the health care workers and fellow patients in these settings. Part of this is covered in the vaccine section, but the capacity to protect health care workers and other patients is extremely limited in the contexts where we see recurrant NiV outbreaks. A clear eyed understanding of the context, and piloting approaches within these contexts is essential to develop and refine medical counter measures to that they can reduce pandemic risk. To be effective these countermeasures need to work, not only in idealized trial conditions, but in the everyday setting where high risk patients present.

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), such as determining the most appropriate lethal NiV dose for MCM development and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as needed.

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune response to infection. 

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered. 	Comment by Emily Gurley: Median days from onset to death for patients in Bangladesh who die from Nipah virus is 6 days. Typically, they present unconscious on around day 3. So, there is little time to act but even less when healthcare seeking is delayed, because progression is so fast. This is a worthy goal, but the limited access to healthcare will reduce the number patients we can find in time to treat and will have an impact on field trials.

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Conduct basic science research on the immunology and pathogenesis of NiV infections to inform development of new therapeutic agents.

· Determine the key differences between NiVB and NiVM that may have implications for the development of safe and effective NiV therapeutics. 

· Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV infection, including animal studies and clinical trials as appropriate and feasible.

· Research optimal treatment and supportive care strategies for NiV infection and determine best practice guidelines.



Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Refine, standardize, and validate animal challenge models for future assessment of promising therapeutic candidates.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.



Policy and commercialization

· Establish a sustainable value proposition for NiV therapeutics. 

· Support plans for licensure/registration, adequate manufacturing, and subsequent distribution of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis for outbreak control.

· Secure financing for procurement and deployment of NiV therapeutics for outbreak control once treatment agents are available.

· Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges	Comment by pyr3: Combination vaccine for better acceptability from population and will be more useful

· Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics. (*cross cutting)

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines are available for use. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, African green monkeys (AGMs) are regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 



Key needs

· Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following exposure to NiV and guidance on their use. Such countermeasures are important tools to protect healthcare workers, family caregivers, and livestock workers. (*cross cutting) 

· Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks. Research tools, such as standardized neutralization assays, to compare immunogenicity of different vaccines. 

· Enhanced surveillance capacity to provide more accurate information on the current incidence and geographic distribution of NiV in endemic and at-risk areas in order to refine potential vaccination strategies, particularly over time.



Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis are unknown. Further research to better understand viral clearance has important implications for development of vaccines and therapeutics. 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date. 

· Further research is needed to determine durability and safety profiles of candidate vaccines, such as VSV recombinants, where concerns regarding potential neurotropism have been raised. 

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoestis). 

· The identification of specific correlates of protection and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in simulating various epidemiologic scenarios that may impact strategies for vaccine use. 	Comment by Emily Gurley: And for the estimation of stockpiles that would be required to effectively respond to outbreaks, under various transmission assumptions.

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), including determining the most appropriate NiV dose for MCM development (Johnston 2015) and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of this potential control strategy. 	Comment by Luby, Stephen P: I suspect that this is an easier technical problem than it is an economic problem. Only 15% of Australian horses are vaccinated against HeV. Pigs in low income countries are rarely protected against swine cholera or Japanese Encepahlitis. The incentives for livestock raisers are not well aligned for deployment as a human public health tool.	Comment by Emily Gurley: Indeed, even when we offered free JE vaccine to pig raisers in northern Bangladesh, many refused due to lack of trust in the formal vet care system.

· If evidence at some point supports the need for a broader, population-based vaccination strategy, additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use in NiV endemic areas.  	Comment by Luby, Stephen P: Should consider surge capacity to rapidly ramp up vaccine supply in case NiV is used as a bioterror agent, or we face a strain that naturally develops increased capacity for person to person transmission.



Strategic Goals

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, primarily for reactive/outbreak use in endemic and at-risk areas. 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection.

· Determine the key differences between NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research efforts and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity of different vaccines.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy, correlates of protection, and durability.

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans and livestock, primarily for reactive use during outbreaks. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

Key capacities

· Refine and validate relevant animal challenge models for NiV infection.

· Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to assess the true burden and incidence of NiV disease, which may in turn, inform vaccination strategies.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.

Policy and commercialization

· Establish a sustainable value proposition for NiV vaccines.

· Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-traditional pathways are needed for licensure.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur.

· Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles over time; mathematical modelling may be used to contribute to this assessment.  

· Continue to provide guidance on vaccination strategies for various target populations and epidemiologic scenarios, once vaccines are available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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o   Switzerland Toll Free: 0800 5537 12
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·         For Bangladesh, we do not have a toll free line; we will contact you separately to make
logistical arrangements. 

·         As a BACKUP: International callers may use the following conference call information:
Conference Line 205-254-8650 Conference Code: 998-3378#. However, please note
that this is NOT a toll-free number.

                                        
An agenda and other meeting materials will be shared closer to the conference call date. A
meeting summary will be developed and shared with the group after the call. As we
anticipated, we were unable to accommodate everyone’s schedules, so we apologize if you
are not able to participate. If you are unable to participate, we still very much want your input,
and we will look at either obtaining input via email or possibly through an individual call, if
time allows.
 
We deeply appreciate your ongoing support and value your expertise and involvement. Please
do not hesitate to contact me with any questions.
 
Mike
--------------------------- 
 
Michael T. Osterholm, PhD, MPH
Regents Professor
McKnight Endowed Presidential Chair in Public Health
Director, Center for Infectious Disease Research and Policy
Distinguished University Teaching Professor
     Environmental Health Sciences, School of Public Health
Professor, Technological Leadership Institute College of Science and Engineering
Adjunct Professor, Medical School
University of Minnesota
 



RESEARCH STRATEGY 
A. BACKGROUND AND SIGNIFICANCE
 A1. Henipaviruses are a critical threat to public health. 

Over the past 40 years the majority of the major etiological agents of emerged or identified infectious 
diseases in humans have been viruses1, and most have been zoonoses caused by RNA viruses2. The 
emergence or reemergence of pathogenic viruses are continuous threats to public health. Among these, the 
paramyxoviruses, which include many important human and animal pathogens, also include two emerged, 
zoonotic viral pathogens of importance: the henipaviruses; Hendra virus (HeV) and Nipah virus (NiV)3,4. 
Recently, a third isolate Cedar virus (CedPV) has been added to the Henipavirus genus5. Pteropid bats appear 
to be the major reservoir hosts for henipaviruses6,7. HeV and NiV have a uniquely broad host tropism capable 
of infecting at least 18 animal species across 6 orders of mammals, including their natural bats hosts. Among 
these animals, HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at 
least 11 mammalian species including humans, with fatality rates ranging from 40-100%8,9. There are no 
vaccines or therapeutics licensed for these viruses, highlighting an important public health unmet need. 

Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane 
anchored glycoproteins involved in virus entry, one of which mediates host cell receptor attachment (G 
glycoprotein) and the other,  is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane 
fusion. Both HeV and NiV use the cell surface protein ephrin-B2 as a functional entry receptor5. The viral G 
and F glycoproteins are the major antigenic targets of neutralizing Abs and also the main focus of several 
vaccine strategies10. The focus of this proposal is developing human Abs to the G protein. 

NiV and HeV remain significant biothreats to humans and economically important livestock in Australia 
and throughout South East Asia, and there are no vaccines or antivirals approved for human use9. Surveillance 
research has detected henipavirus reactive sera and homologous RNA across a wide geographic area and in a 
number of bat species. Henipavirus seropositive samples have been reported in Malaysia, Indonesia, Papua 
New Guinea, Thailand, India, Ghana and Madagascar among both fruit and insectivorous bats and domestic 
pigs, suggesting that the range of NiV and/or HeV and the risk of potential outbreaks is widespread11-22. 

 Further Ab discovery for HeV and NiV has been significantly hampered because of the burdensome 
requirements of biosafety level-4 (BSL-4) containment. However, whereas HeV and NiV are bat-borne 
disease-causing zoonoses, CedPV is not known to be zoonotic and has been shown to be nonpathogenic in 
animals susceptible to HeV and NiV disease, and resides in nature in the same bat host species as HeV5,23. 
Nucleic acid based detection studies have identified related henipavirus species, including complete genomic 
sequences20,24, but HeV, NiV, and CedPV are the only virus isolates reported. We have recently rescued 
recombinant CedPV encoding turboGFP (rCedPV-GFP) using reverse genetics, and this platform is a new 
system that can be used to study henipavirus cell biology safely under BSL-2 containment. But of further 
significance, it is an authentic henipavirus infection and replication reporter system that is now suitable for 
high-throughput screening (HTS) applications for the purposes of drug discovery of potentially pan-anti-
henipavirus antiviral molecules. Recently, Marsh and colleagues described the isolation of CedPV from pooled 
bat urine collected in Queensland, Australia5. CedPV is closely related to HeV and NiV, genetically and 
antigenically, and is the first new Henipavirus isolate, but the virus does not cause disease in experimental 
infections of mice, ferrets or guinea pigs5.  
A2. Human Abs are a feasible strategy for the prevention or treatment of henipavirus infections. There is 
proof-of-principle for the approach we propose here as post-exposure human monoclonal Ab (mAb) therapy 
(anti-NiV/HeV G glycoprotein mAb m102.4) has been examined4,25-28. Humanized mAb, hu5B3-1, is a potent 
cross-reactive anti-NiV/HeV F specific neutralizing mAb. The mAb was derived from murine 5B3 29 which 
recognizes a conformational epitope in the pre-fusion form of the F glycoprotein, and binding of 5B3 prevents 
fusion triggering. The mAb hu5B3-1 has been shown to provide protection against NiV and HeV challenge in 
the ferret model when administered single dose at days 3 and 5 post virus challenge (Mire, Geisbert and 
Broder, unpublished). In addition, a human mAb, m102.4, recognizes the NiV/HeV G glycoprotein and is a 
potent cross-reactive neutralizing mAb. MAb m102.4 blocks ephrin receptor binding and the crystal structure of 
the mAb-G complex has been determined27,30. Further, m102.4 has been shown to provide post-exposure 
protection against NiV and HeV challenge in both the ferret28 and nonhuman primate models4,25,26. m102.4 has 
been successfully administered to 14 individuals on emergency protocol because of HeV or NiV exposure31, 
and has already completed Phase I randomized, double blind, placebo controlled study, dose escalation trial in 
Australia. This therapy can beis administered within several days following lethal infection in animal challenge 
models. This molecule establishes the feasibility of the concept, but it is not a naturally occurring human mAb 
(it was derived from a library) and has  some limitations in terms of breadth and potency. This work points the 
way, however, to an opportunity for a fully human broad and ultra-potent neutralizing Ab to serve as a next-
generation biologic with improved properties. As shown below, we already have in handidentified 10 new fully 
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human neutralizing human mAbs, including a putative lead molecule that is ultra-potent and neutralizes both 
HeV and NiV. In addition, And we have the capacity to generate many more, potentially some with even better 
activity. Development of new human mAbs for henipavirus infections is of practical utility and also will be of 
interest to the infectious disease, viral pathogenesis, and immunology communities. Developing and deploying 
a new ultrahigh-throughput Ab discovery platform capable of rapidly isolating and characterizing hundreds of 
members of naturally-occurring human Ab clonal lineages at a time could revolutionize the approach to 
therapeutic Ab science. 
 
B. INNOVATION. We bring several innovative features of research to this proposal.  
 First, we will refine and deploy one of the highest yield Ab discovery platform for infectious diseases 
ever described. We already use what is likely the highest efficiency method for isolation of fully human mAbs to 
date, based on high-efficiency B cell transformation followed by formation of human hybridomas. The 
methodology is state-of-the-art, and it is a robust procedure in our hands, with high yields of human mAbs from 
donor specimens. The current yield of discovery efforts with this technology is on the order of several dozen 
high-affinity human mAbs from the typical 5-10 mL)?) blood specimen studied. In the current proposal, we will 
leverage this foundation to achieve efficiencies that are ~ two orders of magnitude higher. We will accomplish 
this goal by coupling the established biological cell cloning and screening procedure with next-generation 
immune repertoire sequencing, followed by massively parallel DNA synthesis of entire antigen-specific 
repertoires, using emerging synthesis technologies from Synthetic Genomics and Twist Bioscience. The goal is 
to isolate and characterize the largest panels of human Abs to any infectious agent ever attempted.  
 Second, we have a high level of expertise in the biology of henipavirus pathogens, especially HeV 
and NiV, and we have recombinant proteins for novel henipavirus protein targets. Our scientists have identified 
novel mechanisms pertaining to the pathogenesis of henipavirus infection that involve the surface G proteins 
(references?), and we have defined the impact of blocking attachment of viruses to cells on henipavirus 
virulence in large and small animal models of infection and disease (references?). We have elucidated the 
complex biology of these molecules, and demonstrated that their function is critical to replication and 
pathogenesis of these viruses (references?). Our work reveals that attachment to receptor represents a 
vulnerability in the viral lifecycle, and therefore providinge a promising class of drug target that has not yet 
been fully exploited. We have already have established a fundamental portfolio of research in our laboratories 
that is focused on identifying factors and processes involved in viral replication of these pathogens and disease 
in their hosts. We will use this fundamental knowledge to further develop best-in-class human mAb 
therapeutics.  
 Third, there are several innovations in the present application regarding the henipavirus field. In this 
application, we will develop the very first cell-based HTS assay using an authentic henipavirus infection and 
replication reporter system based on the non-pathogenic CedPV for identifying inhibitors of henipavirus entry 
and replication. The basic screening protocol is based on the following two main principles: (1). Using the 
recombinant CedPV platform (an authentic henipavirus) all stages of virus replication are targeted in the 
screening assay; binding via henipavirus receptors (ephrins), membrane fusion and nucleocapsid entry, 
genome transcription and protein synthesis (reporter gene signal). (2). The CedPV F and G envelope 
glycoproteins could also be replaced within the rCedPV genome with F and G glycoproteins of HeV or NiV and 
replication competent chimeric viruses based on CedPV can be generated. This will allow for a HTS assay 
focused only HeV or NiV entry step dependent on the ephrin-B2 and B3 receptors. The proposed cell-based, 
HTS assay will make use of an authentic henipavirus infection and replication reporter system, which has 
never been done before. Thus, this assay will provide a HTS platform for antiviral drug discovery that targets 
all stages of the virus lifecycle. The recombinant CedPV based platform requires only BSL-2 containment, 
relieving the physical and economic burden of HTS screening in a high-containment environment. Because of 
the close phylogenic relatedness of CedPV to HeV and NiV, including the use of the same principle cell-
surface receptor for entry (ephrin-B2) and replication strategies, there is good potential that identified inhibitory 
mAbss may have activity across the henipavirus genus. Indeed, this area of research is both timely and 
needed because there is a complete lack of any effective and approved antiviral therapeutics against 
henipavirus infection suitable for human use, certainly in the case of human NiV or HeV symptomatic 
infections. 
 
C. APPROACH 
C1. PRELIMINARY DATA 
C1.1. Advanced Ab Technologies. We have developed what is arguably the highest yield system ever 
described for isolation of naturally-occruring human mAbs that inhibit microorganisms. The effectiveness of our 
pipeline can be measured by the quality of the mAbs we isolate and the rapidity with which we can develop 
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them. For instance, we have participated as leaders in the international response to the three most recent 
international outbreaks of emerging infections, contributing rapid and seminal contributions to the response to 
these emergent events, as shown below: 
 

 
Agent 

Result of 
discovery 
campaign 

 
Representative publications 

 
Status of human mAb development for clinical testing 

Ebola, 
Marburg 

Best-in-class 
neutralizing 
human mAbs 

Cell Host Microbe 2018 23(1): 101 - 
109.e4 
Science Translational Medicine 
2017; 9(384).  
Nature Microbiology 2016; 1:16128.  
Science 2016; 354:350-354.  
Cell 2016; 164:392-405.  
Cell 2015; 160:904-12.  
Cell 2015; 160:893-903.  

Abs for Ebola and Marburg have been licensed from 
Vanderbilt (the prime site in this application), to Mapp Bio, 
the commercial partner, and prepared as cGMP material. 
One Ab (MR191) was administered to a human in 2017 
under emergency IND.  
 
BARDA invested over $30M in 2017 in the Mapp Bio 
program through the Emergent ADM to develop filovirus 
Abs, including MR191. 

Zika Best-in-class 
neutralizing 
human mAbs 

Nature 2016; 540:443-447.  
Nature Communications 2017; 
8:14722.  

Abs have been licensed to one biotech, and a second 
biotech is negotiating for exclusive rights. GMP CHO lines 
are being prepared by Batavia, in preparation for IND 
submission by Vanderbilt. 

Chikungunya Best-in-class 
neutralizing 
human mAbs 

Cell Host Microbe 2015; 18:86-95.  
PNAS USA 2015; 112:13898-903.  
Cell Reports 2016; 16:1326 -38. 
Science Translational Medicine 
2017; 9:375. 
PLoS Neglected Tropical Disease 
2017; 19;11:e0005637. 

1. One set of human mAbs licensed to a big pharma, NHP 
studies are completed, and GMP material has been 
prepared for human trials. IND in preparation. 
 
2. A second set is in manufacture as mRNA delivery for 
clinical trials by a large biotech. 

 
We have already shown that we can isolate potently neutralizing Abs to HeV and NiV, in preliminary 
experiments, and will continue this Ab 
discovery campaign in the first 2 years of 
this proposal. Targeting G protein of 
henipaviruses for mAb isolation using our 
hybridoma technology should be 
straightforward, but the yield will be 
uncertain until the discovery campaigns 
are launched in full. Typically, we have 
used a method based on EBV 
transformation followed by human 
hybridoma formation to isolate 
antimicrobial human mAbs (Figure 2). 
 
The hybridoma process uses 
electrofusion of B cell lines with myeloma 
cells to create hybrids at high-efficiency32. 
This process has enabled us to isolate 
Abs to a vast array of human viruses. 
There are many advantages of this 
system. First, since the protocol uses 
human memory B cells, the timing after 
infection is not critical, and unlike mAbs derived from immunization related technologies, isolated mAbs are 
from a successful human immune response to the pathogen. In fact, we have isolated high potency 
neutralizing Abs to viruses ≥ 60 years after exposure to 1918 influenza33,34 after several decades following 
infection with dengue virus acquired during foreign travel35-39. This protocol has been optimized to isolate high 
potency naturally-occurring Abs, but we also have a number of other techniques that can be used. 
 
Alternative approaches to mAb development. We also have developed or deployed about a dozen additional 
methods for isolation of human mAbs. We will use each of our memory B cell techniques here. We also 

Figure 2. General workflow for generation of human mAbs by hybridoma. 
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pioneered and used single-cell sorting of antigen-specific B cells to isolate virus-specific mAbs as early as the 
late 1990s40. This approach can be performed by sorting antigen-specific cells, followed by isolation of Ab 
variable genes and expression as recombinant IgG. Alternatively, cells can be expanded on feeder layers 
expressing CD40 ligand, IL-21, and BAFF. The advantage of this approach is that it can be quite quick, and 
also uses memory cells, so the timing of blood collection after 
infection is not critical. However, the challenge of this 
approach is to obtain a conformationally correct protective 
antigen for sorting. Sorting with an antigen that does not 
recapitulate the presentation of the antigen on the surface of 
the virion leads to sorting of B cells secreting Abs that are not 
of the right specificity or potency. The Crowe laboratory 
(Vanderbilt) and the Broder laboratory (USUHS) have 
prepared and validated the recombinant G protein antigens for 
this approach. One variation of the technique that we will 
explore is generation of small Ab variable gene libraries from 
oligoclonal antigen-specific EBV transformed B cell lines. We 
can express these gene libraries on the surface of yeast, and 
then select individual yeast clones for binding to the G protein 
of interest, using flow cytometric sorting. We have experience 
with this procedure for successful isolation of human Abs, 
which is particularly successful when the libraries are small 
due to enrichment for antigen-specific variable genes, 
accomplished by prescreening for B cell lines as we described 
above. This multi-pronged approach will give us "more shots 
on goal" from a technical standpoint, a risk mitigation strategy. 
 
C1.2. Generation of human mAbs that neutralize 
henipaviruses.  
 
We already have demonstrated the feasibility of the Ab 
discovery work for henipaviruses, and identified a potential 
lead Ab, HENV-26. We identified an Australian equine veterinary professional who had had an inadvertent 
exposure to the HeV equine vaccine (Equivac HeV), a product produced by Zoetis. The vaccine contains a non-
infectious G protein component of the virus. We later determined that this individual’s serum contains high levels 
of HeV and NiV neutralizing Abs. The subject flew to 
Vanderbilt where we obtained ~40 billion PBMCs by 
leukoapheresis, yielding hundreds of cryovials with millions of 
cells each (Figure 3).  
 
Human mAbs with high potency. In preliminary experiments 
with one 10 million cell aliquot of these cells, we made a 
panel of 10 human mAbs that bound to recombinant HeV G 
protein. All of the Abs neutralized HeV (Figure 4A), with one 
that was designated HENV-26 being especially potent. This 
mAb exhibited nearly 100% neutralization activity even at 390 
ng/mL Its IC50 value is therefore very low. We need to do 
additional BSL4 experiments with further dilution to determine 
the final IC50. This finding suggests that HeV is remarkably 
susceptible to neutralization, when the right naturally 
occurring human IgG clone is identified.  
 
Human mAbs with breadth for both HeV and NiV. We also 
found that 5 of the 10 Abs also neutralized NiV, with HENV-
26 again being the most potent, with near complete 
neutralization measured still at 195 ng/mL (Figure 4B). It is 
interesting that the activity is apparently even higher for the 
HENV-26 mAb isolated from a HeV G exposed person. This 
finding does suggest that NiV also is remarkably susceptible 

Figure 3. Large-scale collection of human PBMCs 
from henipavirus immune donor. A) Leukopack. 
Approximately 40 billion human PBMCs were 
collected from an immune Australian immune donor 
by leukoapheresis (ungloved hand is that of the 
donor, who observed laboratory processing). B. 
Further purification of PBMCs by dozens of density 
gradients. C. Large team required to rapidly process 
billions of cells. D. Hundreds of cryovials of immune 
donor cells were cryopreserved, enabling repetitive 
antibody discovery campaigns. 

A

B

Hendra virus 

Nipah virus 

Figure 4. Percent neutralization of henipaviruses mediated 
by each of 10 new human mAbs, tested in a dilution series 
(high to low concentration of mAb left to right). A. Hendra 
virus. B. Nipah virus Bangladesh 
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to neutralization, when the right B cell clone is selected.  
 
We performed competition-binding assays on an Octet biolayer interferometry instrument and demonstrated that 
the panel of 10 mAbs has members that recognize at least 4 different major antigenic sites (Figure 5; next 
page).  
  
Finally, we obtained a crystal structure of the ultra-
potent HENV-26 Fab in complex with HeV G protein 
(Figure 6). The structure reveals that this mAb binds 
to the receptor binding site on HeV G, thus its 
mechanism of action is to block receptor binding. 
However, close inspection of the structure in 
comparison with that of the receptor bound to G 
revealed that the Ab and the receptor use different 
critical contact residues to engage the receptor (Fig 
6B). 
 
These experiments, while preliminary in nature and 
performed using a single vial of donor cells (with 
hundreds more available), clearly demonstrates the 
high feasibility probability of obtaining a large number 
of broad and potent henipavirus neutralizing Abs. In 
addition,And, the HENV-26 already identified is a very 
promising lead for further development, even if no 
additional Abs are obtained in future screens. We will 
use our nextgen sequencing techniques to identify 
somatic variants of HENV-26 for recombinant 
expression and determine if any exhibvits an increase 
in inhibitory activity. Also, our industrial partner, Mapp, 
will begin manufacturability assessments at the start of 
the work using HENV-26. At the beginning of the 
proposal (prior to new Ab discovery campaigns) we 
can combine mAbs from each of the other competition-
binding groups (i.e., mAbs to other antigenic sites) to see if any cocktail achieves a cooperative or synergistic 
effect. Monotherapy (with a broad and ultra-potent mAb like HENV-26) is simpler from a manufacturing and 

regulatory perspective. But cocktails sometimes exhibit cooperative effects and they are more likely to resist 
viral escape. 

    

Figure 6. Crystal structure of the complex of Hendra G protein and human mAb HENV-26 reveals this potent antibody blocks 
receptor engagement. Left) The Hendra virus G protein is shown in green, the Fab light chain in yellow, the Fab heavy chain variable 
domain in magenta and the Fab heavy chain CH1 domain in cyan. For comparison, the receptor structure is shown in grey color in the 
position was found in the complex of receptor and Hendra G protein. Center) Close-up view of the antibody and ephrin-B2 receptor 
reveals the antibody blocks receptor binding, but the residues on Hendra G protein with which the antibody and receptor interact differ 
greatly. Right) Hendra G protein surface showing binding sites of ephrin B2 and Fab HENV-26. Residues interacting with both HENV-
26 and ephrin B2 are shown in green, with only HENV-26 shown in blue, with only ephrin B2 in yellow. 

 

 

Figure 5. Competition binding experiments reveal the ten 
new human mAbs, each of which is neutralizing, fall into 4 
competition-binding groups, suggesting they recognize 
diverse major antigenic sites. Hendra G protein was used to 
coat an Octet biosensor tip, then a mAb was interacted (to 
determine 100% binding level). Then we measured binding of 
a second mAb. Reduction of binding (from 100%) of the 2nd in 
the presence of the 1st was considered full (black), 
intermediate (grey) or no (white) competition. 
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The goal of the proposed discovery efforts here is to identify the most potent neutralizing mAbs possible, with 
the greatest breadth against henipaviruses possible. Given the excellent potency of HENV-26, the cross-
neutralization of NiV and HeV, and the known mechanism of action, HENV-26 appears optimal as a lead 
candidate. However, we may be able to find a clone with an even better profile. We will conduct discovery 
campaigns for about 18 months, then choose a lead by the end of Year 2 years. Even finding additional clones 
with the identical specificity, mode of action, potency and breadth would help us when we transition the project 
to product development and manufacturing. Mapp will perform manufacturing assessments on lead compounds, 
as discussed in detail below. Having more clones to work with at that stage enhances the likelihood of finding a 
clone with desirable biologic activity and manufacturability. 
 
C2. SPECIFIC AIMS 
Specific Aim 1. Isolation of human mAbs from patients previously infected with henipavirus or 
exposed to henipavirus vaccine antigens 
Rationale: We have several powerful B cell technologies that can be brought to bear on this project. The 
principal approach is to generate human hybridomas from circulating B cells using an electrofusion technique 
we developed under a previous NIH Bioengineering grant. This approach is the highest efficiency technique for 
isolating human clones with naturally-matched heavy and light chain genes ever reported. Using this approach, 
we have generated thousands of virus-specific B cell lines and mAbs to RSV41-49, MPV49-51, rotavirus40,52-59, 
norovirus60,61, influenza NA H1/2/3/5/7 and NA933,34,62-70, dengue viruses35-39,71-76, Zika virus60,77, hepatitis C 
virus78, HIV79-83, chikungunya virus76,84-87, Ebola viruses88-91, Marburg virus92-94, poxviruses95, S. aureus96 and 
many others (unpublished). The method is efficient enough, for example, that we were able to generate human 
hybridomas to the 1918 H1N1 pandemic influenza virus from ~ 100-year-old survivors, in whom the average 
frequency of B cells specific for that early 20th century HA was only 1 in 4 x 106 cells (or 0.000025%)33.  
 PBMC samples from human subjects with henipavirus immunity. Fortunately, we have an 
ongoing donor identification and sample acquisition program in the Vanderbilt Vaccine Center, which obtains 
serum, plasma and peripheral blood mononuclear cells (PBMC) for isolation and cryopreservation. These 
materials are processed and stored in a de-identified manner in the Vanderbilt Vaccine Center Biorepository, 
which is a de-identified sample archive. The acquisition of samples does not use federal funds, as this is an 
institutionally supported service. The use of these materials by VVC investigators is Not Human Subjects 
Research category activity. The current proposal does not propose to support acquisition of new human 
subjects. Nevertheless, we are aware that the program is enrolling a survivor of natural HeV infection in early 
2018. If that occurs, we would obtain some of those de-identified cells for use in the current proposal if funded. 
If any NiV immune subject materials are deposited in the Biorepository, we also would request use of those. 

Recombinant HeV and NiV glycoproteins. The Crowe laboratory produced the soluble forms of HeV 
and NiV G proteins that were used in the preliminary Ab screens shown above. The proteins bind to human 
Abs in human immune serum, and they facilitated isolation of ultra-potent neutralizing antibvodies already, 
validating their utility in the proposed work. The Broder laboratory also has extensive experience in the 
development and characterization of human cell line expressed soluble, oligomeric forms of viral envelope 
glycoproteins which have been used in a variety of applications in vaccine development, viral entry 
mechanisms and receptor discovery, and as antigens in biosurveillance 8,9,97-106. Specifically, we have prepared 
the NiV and HeV soluble tetrameric G glycoproteins (sG), as well as other henipavirus sG (Kumasi, Cedar, 
Mojang) that are available to perform various human mAb selections, including multiple antigen selections to 
identify cross-reactive, pan-henipavirus G mAbs.  
Cell isolation and fusion: The specific technique is as follows. We will use cells isolated from cryopreserved 
PBMCs with Ficoll-Hypaque following an established density gradient method. Transforming EBV (substrain 
B95.8), and the TLR agonist CpG ODN 2006 (2.5 µg/mL; Invivogen), 10 µM of Chk2 inhibitor II (Sigma C3742), 
and 1 µg/mL cyclosporine A (Sigma) will be used to stimulate human lymphocytes for transformation. Cells are 
plated in 384-well tissue culture plates and monitored visually for transformation.  
 Screening for virus-specific Ab lines: Supernatants from wells containing EBV-transformed 
lymphoblastoid cell lines (LCL) will be screened for binding activity in several ELISAs against the recombinant 
G proteins described above. Up to 10 antigens can be used in each screen, facilitating the search for pan-
henipavirus mAbs. Positive wells in any of these assays will be selected for cell fusion. EBV-transformed LCLs 
do secrete human Abs, but these lines are quite unstable and difficult to clone biologically. LCLs secreting 
antigen-specific Abs will be fused with HMMA 2.5 myeloma cells to form human hybridomas, which are much 
more stable. The system used is a programmable electrofusion source (BTX). The fusion volume is 500 µL. 
HMMA2.5 myeloma cells and EBV-transformed human B cells are washed with RPMI-1640 and cytofusion 
medium. Large volume fusion chambers are commercially available and interface well with this unit. The key to 
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the fusion is bringing the two cell types into close physical contact using dielectrophoresis in a low-voltage AC 
field (in which cells developed a dipole, essentially becoming like little magnets stuck together in long linear 
chains). After fusion, cells will be allowed to recover in the fusion electrode for 30 min, harvested, and then 
washed with medium prior to plating for selection. Hybridoma selection and cloning: After fusion, fused cells 
are seeded into 384-well plates in complete medium containing HAT and ouabain. After five days of culture, 
cells are fed by removing 100 μL of the culture medium and adding an equal volume of fresh medium 
containing hypoxanthine/thymidine or HT. We use a series of STEMCELL Technologies media for these 
procedures, most importantly the ClonaCell®-HY Medium E for growth and expansion. After initial screening for 
human Ig production by ELISA, the hybridoma cells from positive wells are expanded into 96- and then 24-well 
plates and cultured in complete medium, and then hybridoma cells are seeded in 96-well plates at 0.3 cell-per-
well density. Finally, we single-cell sort the lines on a FACSAria III flow cytometer or with a ClonePix. 
 Ab sequences: After clonal hybridomas are obtained that secrete mAbs, we will determine the 
genetic basis for development of high-potency Abs to henipaviruses by sequence analysis and interpretation of 
Ab variable gene regions from HeV G protein-reactive human mAbs. Prioritization scheme: We are likely to 
isolate very large numbers of mAbs from these samples. If we isolate hundreds (or more likely thousands), we 
can retain the mAbs but we will not be able to perform complete characterization of all of these mAbs in the 
scale of this application. We will use several criteria to determine the highest priority clones to study. First, we 
will focus on Abs that neutralize with high potency (<0.1 µg/mL IC50). Second, if there is still a large number, 
we will perform competitive binding assays by ELISA, Wasatch SPR and Octet biosensors to determine groups 
of mAbs with a similar binding pattern. We will make sure to characterize mAbs from each competition group, 
and within those groups, focus the most effort on the mAbs with the highest inhibitory potency. Third, we will 
focus on clones that neutralize both HeV and NiV, or, when identified, on pan-henipavirus clones. Nextgen 
library preparation and sequencing: PBMCs isolated from subjects also will also either be sequenced 
directly or enriched for specific B cell populations of interest such as antigen-specific memory B cells. We will 
extract total RNA and construct bulk B cell libraries as previously described. Sequencing will be performed 
according to standard Illumina 2 x 250 amplicon sequencing protocols that are well-established in the Crowe 
laboratory. In some cases, we will perform single-cell sequencing according to the 10X Genomics Single Cell 
VDJ B cell protocol and sequencing on an Illumina HiSeq 2500 to capture heavy-chain and light-chain linked 
information. Finally, we will perform an alternate single-cell approach in which single B cell are sequestered 
into water-in-oil emersions using a Dolomite µencapsulator system and full-length VH or VL sequences are 
physically linked via overlap extension PCR in the final form of a single-chain fragment variable region (scFv). 
These scFv libraries will be sequenced on a PacBio Sequel sequencing platform and used in a yeast display 
assay to test for additional functionality aspects. Following collection of raw data, we will analyze heavy and 
light chain variable region sequences using the proprietary PyIR software that we developed for large-scale 
immune repertoire studies. These differing approaches eliminate common bottlenecks related to B cell 
repertoire sequencing. 
 Recombinant Ab cloning and expression: Following sequencing of clones from hybridomas, yeast 
display, or repertoire studies, we will synthesize heavy and light chain variable region sequences of interest to 
the project for recombinant cloning and expression and downstream functional assays. Due to the potentially 
large number of interesting Ab sequences we are likely to discover, we will perform high-throughput synthesis 
of Ab genes using our 3 BioXP synthesizers (Synthetic Genomics) and Twist Bio custom synthesis, which can 
provide unrivaled scalability and throughput for synthesizing DNA at a high-quality level and low associated 
cost. Twist Bio and SGI DNA offer DNA synthesis services with the ability to produce large, small, and complex 
DNA constructs using the Gibson assembly method and error correction technology. Using in-house SGI DNA 
BioXP 3200 DNA synthesizers, we are able to synthesize and clone up to 1,400 genes between 300bp and 1.8 
kbp in length per week at a cost of $0.11/base. Alternatively, for larger scale gene synthesis efforts Twist Bio 
has the capacity to synthesize and clone up to 10,000 genes between 300 and 3.2 kb in length per month at a 
cost of $0.09/base. Following synthesis, Ab genes will be Gibson-cloned in a 96-well format using a gateway-
based Ig cloning platform to allow for rapid recombinant subcloning between different Fc variant expression 
vectors that are well established with the Crowe laboratory (70 Fc variant expression vectors are available). 
This high-throughput and modular recombinant Ab system allows for not only rapid expression of Ab genes of 
interest, but also rapid functional testing of different Fc-mediated Ab effects. This entire recombinant Ab 
cloning platform can be scaled from a low-throughput and manual-based preparation to a high-throughput and 
automated preparation on Tecan liquid handlers in the Crowe laboratory.  

Parallelized micro-scale Ab expression: We achieved a recent expansion in capabilities for micro-
scale Ab expression and purification. Methods are now in place to express Abs either as hybridomas or 
recombinantly in a CHO cell transient transfection system across a broad range of scales from 96-well plates 
to multi-liter bioreactors. The lower volume end of this range allows parallelized expression of 100s to 1,000s 
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of lead Abs, which will feed into the automated Ab purification on our Tecan automation platforms. This 
approach will allow early-stage assays to identify leads definitively that can then be iteratively produced, 
purified, and screened across our wide range of volume options (6-well plates, small volume shake flasks, 
large-volume shake flasks, and bioreactors). This approach will allow us to broadly screen entire panels of 
purified Abs at micro-scales, and then specifically tailor our time and reagent investment to prioritization of the 
clone. Ab preparations: Hybridoma cell lines will be adapted to serum-free medium. Supernatants of high-
density cultures will be produced in CELLine Devices (BD Biosciences). Purified and concentrated 
preparations of each of the Abs will be prepared by FPLC using protein G resin on an AKTA followed by buffer 
exchange using ultracentrifugal filter devices, followed by quantitative ELISAs to define concentration.  
 Potential Pitfalls and Alternative Approaches. There are a number of technical challenges in the 
work that we propose. First, the frequency of human B cells in human subjects with immunity to viruses is 
uncertain. The occurrence of such circulating cells could be rare in some individuals. Therefore, our method 
must be capable of isolating rare B cell clones in a comprehensive manner. This risk is mitigated however 
because we have identified a donor with high frequency of HeV and NiV cross reactive B cells, and we have 
billions of PBMCs stored in the VVC Repository. We also will address this challenge in several experimental 
ways. First, our Ab discovery platform will incorporate not only state-of-the-art antigen-specific B cell isolations, 
but also, we will couple this with comprehensive sequencing of all Ab genes in the donor specimen. This 
repertoire sequencing approach will define billions of Ab variable gene sequences (likely reduced to about 20 
million circulating clonotypes), allowing us to examine the entire lineage of somatic variants for any Ab isolated. 
This information is fascinating in terms of shining a light on the extreme diversity of the human immune 
response. However, in this proposal, we will turn that data into actionable information for the first time by large-
scale synthesis of entire antigen-specific immune repertoires. To our knowledge, no group has ever attempted 
to synthesize Ab gene repertoires of the scale, much less expressed and characterized every member of a 
clonal lineage in this way for hundreds of lineages. This massive and comprehensive survey of Ab specificity 
and function in individuals with recent infection should allow us to identify the optimal functional members 
amongst large clonal lineages. This approach should allow us to find the rarest of clones with high therapeutic 
potential. In the past, contemplating such a large-scale Ab discovery campaign was unthinkable. However, the 
high-efficiency technique that we propose, using biological isolation coupled with next-generation sequencing 
and high-throughput gene synthesis and expression, makes such a survey possible.  
 The purification of membrane proteins can pose challenges that can affect the ability to prepare 
relevant microbial antigens. We have significant experience in purification of these surface proteins and have 
confidence in our ability to purify these proteins using our established protocols. 

In vitro functional screens to test human Ab efficacy and specificity: Once candidate Abs are 
identified, they will be screened using in vitro assays to identify the most functional molecules. We will target 
henipavirus G proteins, as described above. First, Abs generated against HeV and other viruses will be 
evaluated for the ability to neutralize HeV and NiV. Initially, we will use wt viruses, in the BSL4 laboratories at 
UTMB, but in the first year of the proposed studies we also will test using BSL2 surrogate virus systems 
developed by the Broder laboratory (described below). Abs will be used alone or in combination to determine 
the most effective cocktails that inhibit virus replication. With Abs that block the receptor binding domain (such 
as the HENV-26 mAb described in preliminary data above) we expect to achieve near complete blockade of 
henipavirus attachment to receptor. Considering that attachment is required for viral replication, these mAbs 
will represent powerful therapeutics to protect against infection by henipaviruses. The most active Ab and Ab 
combinations will be advanced to in vivo protection studies to define their therapeutic efficacy.  

Cedar virus-based neutralization assay development: The ability to carry-out serum neutralization 
tests (SNTs) against infectious NiV or HeV is challenging because of the requirements for BSL-4 containment. 
The development of a robust surrogate assay for NiV and HeV SNTs that could be conducted at BSL-2 lab 
conditions would be a significant advancement for this proposed project but also to the henipavirus research 
field as a whole. Cedar virus (CedPV) was isolated from pooled bat urine collected in Queensland, Australia 
and is the only other authentic henipavirus isolate to date5. CedPV is closely related to HeV and NiV, 
genetically and antigenically. The Broder lab has been studying the functional characteristics and cellular 
receptor use profile of CedPV and its interactions with host cells of varied species. A reverse genetics system 
has recently been established for CedPV and this platform represents a new system which can be exploited in 
the present application that can be used safely under BSL-2 containment. Rationale: An authentic henipavirus 
CedPV-based neutralization assay will provide a long-term henipavirus neutralization testing platform that will 
alleviate the requirement for costly high-containment BSL-4 testing against NiV and HeV. This assay will 
facilitate the extensive combination (multiple mAbs) neutralization testing in vitro to identify the most potent 
antiviral combinations of mAbs, prior to conducting initial testing in vivo in hamsters. Innovation: The 
difficulties faced in the quantitation and assessment of vaccine-induced neutralizing Ab responses to NiV/HeV 
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are significant owing to the requirements of BSL-4 containment for use of infectious virus. Typically, all SNT 
assays using mAbs or polyclonal sera derived from animals, humans, or from experimental vaccine protocols 
are carried using infectious wild-type NiV and/HeV isolates. A classical plaque reduction neutralization test 
(PRNT) to evaluate neutralizing polyclonal sera or mAbs (Abs reactive to the NiV/HeV G and F envelope 
glycoproteins) is wildly used, and PRNT titers will give an indication of protective immunity. PRNT using live 
NiV has been developed 107. However, for NiV and HeV, PRNT assays must be performed in BSL-4 
containment and takes 5–7 days to complete. Alternatives to assessing neutralization of NiV/HeV by Abs have 
been explored such as recombinant VSV-based pseudotyped reporter-gene virions bearing NiV or HeV F and 
G 108, however this assay is not as sensitive as the PRNT using authentic NiV. Other reporter virus platforms 
using VSV and HIV-1 have described as well but again, consistent production of quality pseudotyped virus 
stocks is difficult and neither have offered real improvements over the classical PRNT with infectious NiV 
and/or HeV109,110. Finally, because of the known details of NiV and HeV host cell infection process and receptor 
use, cell-free systems have also been explored. Bossart et al.,111 developed a Luminex-based NiV/HeV sG and 
ephrin receptor Ab blocking assay, and although in general it can assess relative potency of neutralizing Abs 
as a surrogate assay, it cannot assess all types of neutralizing Abs reactive to G. Indeed, the ephrin-B2/B3 
receptor binding site on G is only one of 7 known virus neutralizing determinants (Broder et al, unpublished). 
The innovation here is two-fold: First, we propose here a cell-based SNT that will make use of an authentic 
henipavirus infection and replication reporter system (a replication competent, reporter gene-encoding CedPV) 
which has never been done before. Second, the recombinant CedPV-based platform requires only BSL-2 
containment, relieving the cost and technical challenges of the high-containment environment when high 
numbers of samples are to be tested. Approach: Develop, characterize and adapt a rCedPV luciferase 
reporter virus for use in SNT. Here, we will develop the very first cell-based, authentic henipavirus infection, 
replication and reporter system based on the non-pathogenic CedPV. We will rescue a second pair of rCedPV 
chimeras, bearing the HeV and NiV F and G glycoproteins, as reporter viruses encoding luciferase. These 
novel viruses will serve as authentic replication competent henipaviruses with the same tropism and biology of 
HeV and NiV but that can be grown and employed in virus infection assays outside of BSL-4 containment. We 
will provide these reagents to the Geisbert lab to characterize and compare them to wild-type NiV and HeV in 
cell-based infection tropism and growth kinetics assays and validate their use as surrogates in neutralization 
assays. The novelty of our approach is that the virus reporter system is an authentic henipavirus and one that 
may be used in the BSL-2 setting. Experimental Methods and Design: Generation of plasmids and rescue of 
recombinant viruses: We have already constructed a recombinant CedPV antigenome clone by synthesis of 
several large segments of the genome into pOLTV5112 between a T7 RNA promoter and hepatitis delta virus 
(HDV) ribozyme. The pOLTV5 vector was similarly used for cloning and expression of recombinant HeV113 and 
methods similar to those used in the rescue of recombinant NiV114. The first reporter virus chosen was using 
Turbo-GFP, and the GFP gene was modified to be flanked by the CedPV intragenic P stop and M start 
sequences conforming to the “rule of six”. As with recombinant HeV113 the GFP gene was inserted between the 
P and M genes to maintain the levels of N and P transcripts. Helper plasmids for the N, P, and L genes from 
CedPV were also prepared (pCMV). To generate recombinant CedPV, pCMV CedPV N, pCMV CedPV P, 
pCMV CedPV L, and pOLTV5 full-length rCedPV-GFP anti-genome plasmid were mixed with Lipofectamine 
LTX (Invitrogen) in OptiMEM, and used to transfect 5 x 105 BSR-T7 cells. At day 4, GFP was observed in BSR-
T7 cells transfected with the rCedPV-GFP antigenome and N, P, and L helper plasmids. Non-adherent BSR-T7 
cells and culture supernatant were collected and freeze-thawed 3-times. Vero cells at a density of 1 x 106 
cells/well in 6-well plates were inoculated with the freeze-thaw supernatant. Maximal GFP signal and syncytia 
were observed after 6 days, supernatant was clarified by centrifugation and 300µL of supernatant was 
passaged to fresh 1 x 106 Vero cells in 6-well plates. Within 24h, GFP signal and syncytia were observed. At 3 
days, maximal GFP signal was observed and supernatant was passaged on fresh Vero cells (75 cm2 flasks) 
for amplification of rCedPV-GFP. We also plan to increase the efficiency of CedPV rescue, and the pOLTV5-
CedPV vector has been modified to express a 5 HDV ribozyme site anterior to the CedPV 3 leader 
sequence115. With this modified anti-genome two additional recombinant viruses have already been made; a 
CedPV void of any reporter gene but retaining the introduced restriction site (rCedPV+6) which is our wild-type 
CedPV, and luciferase encoding virus. We chose nanoluciferase (NanoLuc) a newly developed small 
luciferase reporter (brightest bioluminescence reported to date), which is a small luciferase subunit (19 kDa) 
from the deep-sea shrimp Oplophorus gracilirostris116. The rCedPV-GFP virus and wild-type rCedPV are 
amplified in Vero cells, and typically 8 T-75 cm2 flasks, after 4 days in culture yield viral stocks of 1 x 108 



 

pfu/mL in ~3 mL after purification and resuspension and can be stored aliquoted at -80ºC. We have also 
determined that CedPV exhibits a remarkably broader ephrin receptor usage profile, and cells bearing CedPV 
G and F can also mediate fusion with cells expressing ephrin-B1 and the glycosylphosphatidylinositol (GPI) 
anchored ephrin-A proteins; ephrin-A1, A2 and A5. Shown in Figure 7 is the CedPV F and G cell fusion 
obtained with all B and A class ephrins.  
Figure 7. CedPV (CeV) glycoprotein-mediated fusion with a panel of A-type and B-type ephrin-expressing cells. Target cells were 
prepared by transfecting a panel of ephrin expression plasmids into HeLa USU cells infected with vCB21R(Laz-reporter vaccinia virus) 
and allowed to fuse with CedPV F+G expressing HeLa USU effector cells infected with vTF7.3 (T7-polymerase reporter vaccine virus. 
Fusion is quantitated as the rate of β-galactosidase activity117. CedPV mediated fusion with cells expressing ephrins-A1, -A2, -A5, -B1, 
and -B2. 
CedPV cell fusion also correlates with CedPV G glycoprotein binding to ephrins and this data has been 
confirmed by surface plasmon resonance experiments with soluble ephrins and CedPV soluble G. (C. 
Navaratnarajah, R. Cattaneo, and C. Broder, data not shown).  
Generation of rCedPV Chimeras: The Broder lab was the first to show the unique functional similarities 
between NiV and HeV G and F glycoproteins by demonstrating that they are the only paramyxoviruses that 
can bi-directionally functionally complement heterotypically118 perhaps owing to their aa identity (~83% and 
89% for G and F). Our new data with CedPV has provided a breakthrough in finally distinguishing between a 
functional vs. non-functional F-G interaction. The CedPV-F is only 42% and 43% identical with HeV-F and NiV-
F respectively; and CedPV-G is 29% and 30% identical with HeV-G and NiV-G. Performing F and G co-
expression and fusion assays using combinations of CedPV, HeV and NiV (Figure 8) has provided some very 
important observations. Ephrin-B2 and -B3 negative HeLa-USU cells are negative for CedPV fusion, as are 
ephrin-B3 bearing Hela-B3 cells. Fusion does occur with 293T and ephrin-B2 bearing HeLa-B2 cells. Thus, 
CedPV-F has heterotypic function with both HeV-G and NiV-G, but CedPV-G has heterotypic function with only 
HeV-F and not NiV-F and correlates with ephrin use. Of significance, these data support the hypothesis that 
we will be able to construct and generate novel rCedPV isolates using our reverse genetics system, whereby 
the F and G genes within the rCedPV genome maybe removed and 
replaced by with NiV F and G or HeV F and G. These new reporter 
gene encoding authentic henipaviruses that may be used under BSL-
2 containment and they will be the ideal tools in establishing a robust 
SNT assay to assess virus neutralizing Ab responses in HeV-sG 
vaccinated subjects. Experiments on the generation and manipulation 
of the non-pathogenic rCedPVs, including the proposed development 
of novel chimeric viruses using the NiV and HeV F and G 
glycoproteins, have been approved by the Institutional Biosafety 
Committee (IBC). The chimeric viruses will in fact be loss-of-function 
recombinant viruses because of the reduced ephrin receptor use 
profiles between CedPV and either NiV or HeV. 
Figure 8. CedPV mediated cell fusion and heterotypic mixing with HeV and NiV. 
Various target cell populations are shown in the legend. 
Characterization of the recombinant CedPV viruses: We expect the 
reporter gene encoding virus will not be hindered in any way based on the amplification results and titer of 
rCedPV-GFP, but we will analyze the replication kinetics of rCedPV-Luc and also compare those results to 
wild-type rCedPV (no reporter gene). Each virus will be used in experiments to determine receptor tropism and 
compared to the CedPV cell fusion assays using CedPV F and G expression as done with HeV and NiV105,117-

119. Expected Results and Data Analysis: Based on the preliminary data in hand, we do not expect any 
unforeseen difficulties in generating the novel rCedPV/NiV-HeV chimeric viruses. We expect that all 
recombinant viruses will have an infection profile identical to the cell-cell fusion assays using recombinant 
expressed F and G from CedPV, NiV and HeV. Because we have 
rescued the GFP-encoding CedPV, we do not anticipate any 
unexpected limitations in recusing the rCedPV chimeras encoding NiV 
or HeV F and G. Based on the replication results with rCedPV-GFP, we 
expect that large amounts of reporter virus stocks can be prepared, 
providing a consistent source of material for conducting the number of 
SNT assays expected to be carried out. 
 
Specific Aim 2: Develop immuno-therapeutics for the treatment of 
henipavirus infections.  
Rationale: In Specific Aim 1 we will isolate human mAbs targeting 



 

conserved G protein domains. Experiments in Aim 2 will evaluate the therapeutic value of these Abs in animal 
models of viral infection. The goal is to create broadly reactive Abs that both inhibit viral replication, while 
simultaneously promoting immune-mediated clearance. Considering the conservation of the selected target 
across henipavirus strains, mAbs developed through this campaign have the potential to be valuable for 
treatment of a variety of diseases.  

In vivo protective effect of Abs against invasive infection caused by henipaviruses: This project 
will employ golden Syrian hamsters as the small animal model of NiV and HeV disease since they develop late 
stage lesions similar to those in humans and because they are more suitable than other small animals for 
screening large numbers of MAbs. Using hamsters will allow us to select optimal MAb formulations and 
regimens prior to efficacy testing in NHPs.  African Green Monkeys (AGMs) are the gold standard animal 
models for henipaviruses and can provide a model of immunogenicity and efficacy that has some predictive 
value for therapeutic interventions. The AGM model was developed by Dr. Geisbert for HeV and NiV infection 
[2, 3]. The AGM model results in neurological disease and severe respiratory pathology along with generalized 
vasculitis that provides an accurate reflection of what is observed in henipavirus-infected humans [1-3]. The 
model yields a consistent lethal infection and disease with low dose challenge (less than 5000 pfu for Nipah 
virus, Bangladesh strain) given by the intratracheal (i.t) and/or intranasal (i.n.) route (TW Geisbert, unpublished 
data). The virus spreads rapidly within 3-4 days and the infection is established in multiple organ systems. 
Animals develop a severe ARDS-like disease, associated with copious amounts of sanginous fluid and froth. 
Death usually occurs within 7-9 days after infection. Evidence of endothelial syncytia are prominent in most of 
the tissues and vasculitis is systemic. Virus can be found in virtually every organ system at the time of death in 
the AGM, and most infected AGMs show evidence of henipavirus-induced neurological disease with 
congestion of the brain and evidence of meningeal hemorrhage and edema. The cynomolgus macaque model 
is not useful for demonstrating the effectiveness of therapeutic interventions or vaccines because the virus is 
not lethal in cynomolgus macaques when given by the combined i.n. and i.t. routes at a dose that is lethal in 
AGMs (TW Geisbert, unpublished data) and animals universally recover. Therefore, AGMs will be used as the 
NHP species of choice for the proposed research. 

The Geisbert laboratory will test the in vivo efficacy of human mAbs using the (Syrian golden hamster 
(Mesocricetus auratus) and AGM primate model of infection. This laboratory is one of the most experienced 
groups in the world in the use of animal models of henipavirus infection. Once Abs are demonstrated to 
recognize and block virus attachment to receptor, or other functions in the life cycle, they will be assessed for 
protection in the appropriate infection model. Varying concentrations of specific Abs, used alone or in 
combination, as well as control Abs will be tested in Syrian golden hamsters aged 5 to 8 weeks of age, 
weighing 50-150 grams with equal numbers of males and females. The total number of animals that will be 
used over the course of these studies is 240. Once the number of candidate mAbs/mAb cocktails is reduced to 
x from the hamster testing, The lead mAbs alsothey will be tested in African green monkeys (Chlorocebus 
aethiops) using adult animals 3 to 12 years of age, weighing 2.5-9 kg, and using equal numbers of males and 
females. The total number of monkeys that will be used over the course of these studies is 36. Animals will be 
obtained from a commercial vendor. In years 1 and 2 of the project, hamsters will be exposed to HeV or NiV by 
the intranasal (i.n.) administration of up to 1 x 106 pfu of virus and treated at various times or with varying 
doses after henipavirus exposure by i.p. administration of mAbs to establish the therapeutic window and dose 
response,, respectively. In years 3 to 5, work will focus on assessing the protective efficacy of the most 
promising mAbs identified from the hamster studies. African green monkeys (AGMs) will be challenged by the 
intratracheal (i.t.) and/or i.n. routes using up to 1 x 106 PFU of HeV or NiV and treated at various times after 
exposure by intravenous (i.v.) administration of mAbs. Blood collection will be done as described in Section 3 
of the Vertebrate Animals document. 

Manufacturability. To augment the measures of biological activity, we will design and execute a 
manufacturability assessment (MA) study with desired product quality attributes and ensure the lead 
molecule(s) demonstrate adequate expression, process yield, processing and storage stability. We will 
continue to refine the Target Product Profile (TPP; see Product Development Strategy) since some 
components of the MA study design will be dependent on the TPP. This will allow us to focus on the most 
critical biophysical properties for the indication, route of administration and target concentration resulting in an 
optimized MA study design to rank the candidate molecules. We will take a tiered approach to maximize the 
use of resources and material. The first step, in-silico assessment of potential liabilities will include identifying 
unpaired Cys and exposed Trp/Met in variable regions and either re-engineer or de-prioritize, accordingly. 
Expression levels will be evaluated using Octet RED96 (Pall) with Protein A/anti-Fc biosensors. The top 10-20 
candidates will then be subjected to protein A elution and low pH hold steps to evaluate the propensity to 
aggregate by SEC, form fragments by CE-SDS, intact mass by LC-MS and total yield by UV spectroscopy. 
Candidates will be ranked based on purity assessed by the methods mentioned above and the total yield. The 
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top 3-5 candidates that result will then be subjected to biophysical analysis determined by the TPP. For 
example, thermal stability will be evaluated by pH ranging studies (pH 5 – 8) in 2 platform buffers and if target 
concentration is ≥ 50 mg/mL, viscosity and solubility as a function of pH will be investigated to determine the 
optimal pH range. The top 2-3 candidates will be advanced with the chosen formulation buffers into stress 
assessments such as accelerated temperature at 40oC for 4 weeks, 3X Freeze-Thaw and Agitation studies 
with and without surfactants. Readouts will be aggregation, fragmentation, particulate formation and protein 
concentration. Evaluation of binding to GP will be included. At this stage, charge heterogeneity and 
glycosylation analysis of the top candidates will be performed in chosen formulation buffers. Detailed 
biophysical profiling with material from the final host cell platform and process conditions will be performed 
later during development to understand the behavior of representative material for scale up and manufacturing.   
 Generation of the CHO line. CHO cells are the standard of choice for manufacturing complex 
biomolecules like IgG fusion proteins for therapeutic purposes. Due to its robust nature and track record as a 
proven host for biologics manufacturing, there is substantial infrastructure within the US to assure GMP 
production of CHO material at virtually any scale. Figure 9 shows Mapp’s approach to producing the material 
to be used in the later stages of the proposal as well as the CHO cell line to support advanced development of 
the product. The sequence of the lead mAb(s) will be optimized in silico for expression in CHO cells and 
synthesized by DNA2.0. The synthesized sequences will be inserted into DNA2.0’s IP-free plasmid DNA 
expression vector for stable integration in CHO (CHOZN; Sigma; fucosylated N-glycans) or Mapp’s CHOK1-
AF (afucosylated N-glycans) host cell line depending upon the preliminary results. Following transfection of the 
CHO host with the mAb vectors, stable pools will be generated. Following selection, the pools will be 
fractionated into mini-pools for analysis using a Molecular Devices Clonepix™ 2 automated high-throughput 
colony picker in use at Mapp. Approximately 100 high expressing single-cell clones will be selected using the 
ClonePix 2 system, expanded, and screened for production by ELISA. Productive subclones will be screened 
and a Research Cell Bank (RCB) for up to 5 of the best subclones will be created. The RCBs will be tested for 
Mycoplasma, sterility, and relevant viruses. These banks will contain several vials of each subclone and safely 
stored under appropriate conditions. 

Production of mAbs. 
Mapp will perform early 
manufacturing using the 
polyclonal mini-pools in advance of a clonal cell line in order to develop the manufacturing process and 
prepare for production of material to support IND-enabling NHP testing and GLP tissue cross reactivity (TCR) 
testing. MAbs for the NHP and TCR study will be generated using the clonal cell lines identified. 
Manufacturability is critical to the success of any potential biotherapeutic. Therefore, to ensure the cell lines 
and product meet the requirements necessary for a successful clinical campaign, Mapp will employ commonly 
accepted industry practices for evaluating and selecting a CHO cell line suitable for this task. Polyclonal mini-
pools and clonal cell lines will be subjected to a standard platform fed-batch process for determination of the 
cell line most suitable for manufacturing purposes. Cells will be grown in shake flasks or larger systems (e.g., 
Wave bioreactor; 50L) as appropriate.  Supernatant from the bioreactors will be harvested via filtration and 
subsequently processed using a 2-step purification process. The first chromatography step will be Protein-A 
affinity. The subsequent chromatography step will likely be an ion exchange step similar to the current platform 
process in use at Mapp (Q-sepharose). Bulk drug substance will be formulated and stored at an appropriate 
temperature for future use. The resulting product will be tested using a set of assays typical for mAbs as well 
as those specific to the NiV/HeV mAbs. Research-grade material for use in biochemical characterization and in 
vivo efficacy testing will be generated from polyclonal pools of transfectants; material to support future 
toxicology studies will be generated from the clinical cell line using bioreactor and/or shake-flask vessels. 

Evaluation of cross-reactivity to human tissues under Good Laboratory Practices (GLP). These 
studies are conducted by Charles River Laboratories in accordance with FDA guidelines in compliance with 
GLP regulations. Biotinylated mAb will be incubated with frozen normal human-tissue specimens (all major 
organs, including adrenal, brain, eye, kidney, bone marrow, liver, lung) for measurement of cross-reactivity. 
Tissues from three adults and one neonate donor are used and Synagis® (MedImmune) serves as a control 
mAb. All slides are examined and scored by a board-certified veterinary pathologist. 

Submission of pre-IND to FDA (Final Milestone). Upon conclusion of the work effort, a pre-IND will 
be submitted to the FDA. This regulatory filing will outline the data accumulated to date including the in vitro 
and in vivo efficacy data. In addition, our proposed pharmacology/toxicology studies and Phase 1 clinical 
safety trial design will be presented.  The purpose of this submission is to solicit feedback on the current set of 
data as well as the future plans to best prepare a future IND submission to support the Phase 1 trial. 
 
Potential Pitfalls and Alternative Approaches. We do not anticipate any challenges with the viral G protein  

Figure 9.  Strategy for production of mAbs and generation of stable CHO cell lines. 
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binding assays, virus neutralizing assays or hamster infection models as we have considerable experience in 
each of these techniques and these assays are established in our laboratory. The studies described above aim 
to generate human Abs that recognize important viral protein epitopes expressed on the surface of the virus 
during infection. Production of high concentrations of human Abs can be challenging for some clones. We have 
described the approach above to enhance manufacturability of the Abs. Also, we anticipate having hundreds of 
mAbs from which to choose, with similar potency and mechanism of action, but diverse expression profiles. We 
will focus on development of ultra-potent neutralizing Abs that produce well in CHO cells early in the process. 
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RESEARCH STRATEGY

  A. BACKGROUND AND SIGNIFICANCE

    A1. Henipaviruses are a critical threat to public health.

Over the past 40 years the majority of the major etiological agents of emerged or identified infectious diseases in humans have been viruses1, and most have been zoonoses caused by RNA viruses2. The emergence or reemergence of pathogenic viruses are continuous threats to public health. Among these, the paramyxoviruses, which include many important human and animal pathogens, also include two emerged, zoonotic viral pathogens of importance: the henipaviruses; Hendra virus (HeV) and Nipah virus (NiV)3,4. Recently, a third isolate Cedar virus (CedPV) has been added to the Henipavirus genus5. Pteropid bats appear to be the major reservoir hosts for henipaviruses6,7. HeV and NiV have a uniquely broad host tropism capable of infecting at least 18 animal species across 6 orders of mammals, including their natural bats hosts. Among these animals, HeV and NiV can cause a systemic and often fatal respiratory and/or neurological disease in at least 11 mammalian species including humans, with fatality rates ranging from 40-100%8,9. There are no vaccines or therapeutics licensed for these viruses, highlighting an important public health unmet need.

Henipaviruses are single-stranded, negative sense, enveloped RNA viruses with two membrane anchored glycoproteins involved in virus entry, one of which mediates host cell receptor attachment (G glycoprotein) and the other,  is a Class I fusion (F) glycoprotein, which facilitates virion and host cell membrane fusion. Both HeV and NiV use the cell surface protein ephrin-B2 as a functional entry receptor5. The viral G and F glycoproteins are the major antigenic targets of neutralizing Abs and also the main focus of several vaccine strategies10. The focus of this proposal is developing human Abs to the G protein.

NiV and HeV remain significant biothreats to humans and economically important livestock in Australia and throughout South East Asia, and there are no vaccines or antivirals approved for human use9. Surveillance research has detected henipavirus reactive sera and homologous RNA across a wide geographic area and in a number of bat species. Henipavirus seropositive samples have been reported in Malaysia, Indonesia, Papua New Guinea, Thailand, India, Ghana and Madagascar among both fruit and insectivorous bats and domestic pigs, suggesting that the range of NiV and/or HeV and the risk of potential outbreaks is widespread11-22.

 Further Ab discovery for HeV and NiV has been significantly hampered because of the burdensome requirements of biosafety level-4 (BSL-4) containment. However, whereas HeV and NiV are bat-borne disease-causing zoonoses, CedPV is not known to be zoonotic and has been shown to be nonpathogenic in animals susceptible to HeV and NiV disease, and resides in nature in the same bat host species as HeV5,23. Nucleic acid based detection studies have identified related henipavirus species, including complete genomic sequences20,24, but HeV, NiV, and CedPV are the only virus isolates reported. We have recently rescued recombinant CedPV encoding turboGFP (rCedPV-GFP) using reverse genetics, and this platform is a new system that can be used to study henipavirus cell biology safely under BSL-2 containment. But of further significance, it is an authentic henipavirus infection and replication reporter system that is now suitable for high-throughput screening (HTS) applications for the purposes of drug discovery of potentially pan-anti-henipavirus antiviral molecules. Recently, Marsh and colleagues described the isolation of CedPV from pooled bat urine collected in Queensland, Australia5. CedPV is closely related to HeV and NiV, genetically and antigenically, and is the first new Henipavirus isolate, but the virus does not cause disease in experimental infections of mice, ferrets or guinea pigs5. 

A2. Human Abs are a feasible strategy for the prevention or treatment of henipavirus infections. There is proof-of-principle for the approach we propose here as post-exposure human monoclonal Ab (mAb) therapy (anti-NiV/HeV G glycoprotein mAb m102.4) has been examined4,25-28. Humanized mAb, hu5B3-1, is a potent cross-reactive anti-NiV/HeV F specific neutralizing mAb. The mAb was derived from murine 5B3 29 which recognizes a conformational epitope in the pre-fusion form of the F glycoprotein, and binding of 5B3 prevents fusion triggering. The mAb hu5B3-1 has been shown to provide protection against NiV and HeV challenge in the ferret model when administered single dose at days 3 and 5 post virus challenge (Mire, Geisbert and Broder, unpublished). In addition, a human mAb, m102.4, recognizes the NiV/HeV G glycoprotein and is a potent cross-reactive neutralizing mAb. MAb m102.4 blocks ephrin receptor binding and the crystal structure of the mAb-G complex has been determined27,30. Further, m102.4 has been shown to provide post-exposure protection against NiV and HeV challenge in both the ferret28 and nonhuman primate models4,25,26. m102.4 has been successfully administered to 14 individuals on emergency protocol because of HeV or NiV exposure31, and has already completed Phase I randomized, double blind, placebo controlled study, dose escalation trial in Australia. This therapy can beis administered within several days following lethal infection in animal challenge models. This molecule establishes the feasibility of the concept, but it is not a naturally occurring human mAb (it was derived from a library) and has  some limitations in terms of breadth and potency. This work points the way, however, to an opportunity for a fully human broad and ultra-potent neutralizing Ab to serve as a next-generation biologic with improved properties. As shown below, we already have in handidentified 10 new fully human neutralizing human mAbs, including a putative lead molecule that is ultra-potent and neutralizes both HeV and NiV. In addition, And we have the capacity to generate many more, potentially some with even better activity. Development of new human mAbs for henipavirus infections is of practical utility and also will be of interest to the infectious disease, viral pathogenesis, and immunology communities. Developing and deploying a new ultrahigh-throughput Ab discovery platform capable of rapidly isolating and characterizing hundreds of members of naturally-occurring human Ab clonal lineages at a time could revolutionize the approach to therapeutic Ab science.	Comment by Larry Zeitlin: Can we say anything about the likelihood of this continuing to advance? Is there a company developing it, or is it languishing?



B. INNOVATION. We bring several innovative features of research to this proposal. 

	First, we will refine and deploy one of the highest yield Ab discovery platform for infectious diseases ever described. We already use what is likely the highest efficiency method for isolation of fully human mAbs to date, based on high-efficiency B cell transformation followed by formation of human hybridomas. The methodology is state-of-the-art, and it is a robust procedure in our hands, with high yields of human mAbs from donor specimens. The current yield of discovery efforts with this technology is on the order of several dozen high-affinity human mAbs from the typical 5-10 mL)?) blood specimen studied. In the current proposal, we will leverage this foundation to achieve efficiencies that are ~ two orders of magnitude higher. We will accomplish this goal by coupling the established biological cell cloning and screening procedure with next-generation immune repertoire sequencing, followed by massively parallel DNA synthesis of entire antigen-specific repertoires, using emerging synthesis technologies from Synthetic Genomics and Twist Bioscience. The goal is to isolate and characterize the largest panels of human Abs to any infectious agent ever attempted. 	Comment by Larry Zeitlin: Just worried about alienating reviewers…

	Second, we have a high level of expertise in the biology of henipavirus pathogens, especially HeV and NiV, and we have recombinant proteins for novel henipavirus protein targets. Our scientists have identified novel mechanisms pertaining to the pathogenesis of henipavirus infection that involve the surface G proteins (references?), and we have defined the impact of blocking attachment of viruses to cells on henipavirus virulence in large and small animal models of infection and disease (references?). We have elucidated the complex biology of these molecules, and demonstrated that their function is critical to replication and pathogenesis of these viruses (references?). Our work reveals that attachment to receptor represents a vulnerability in the viral lifecycle, and therefore providinge a promising class of drug target that has not yet been fully exploited. We have already have established a fundamental portfolio of research in our laboratories that is focused on identifying factors and processes involved in viral replication of these pathogens and disease in their hosts. We will use this fundamental knowledge to further develop best-in-class human mAb therapeutics. 

	Third, there are several innovations in the present application regarding the henipavirus field. In this application, we will develop the very first cell-based HTS assay using an authentic henipavirus infection and replication reporter system based on the non-pathogenic CedPV for identifying inhibitors of henipavirus entry and replication. The basic screening protocol is based on the following two main principles: (1). Using the recombinant CedPV platform (an authentic henipavirus) all stages of virus replication are targeted in the screening assay; binding via henipavirus receptors (ephrins), membrane fusion and nucleocapsid entry, genome transcription and protein synthesis (reporter gene signal). (2). The CedPV F and G envelope glycoproteins could also be replaced within the rCedPV genome with F and G glycoproteins of HeV or NiV and replication competent chimeric viruses based on CedPV can be generated. This will allow for a HTS assay focused only HeV or NiV entry step dependent on the ephrin-B2 and B3 receptors. The proposed cell-based, HTS assay will make use of an authentic henipavirus infection and replication reporter system, which has never been done before. Thus, this assay will provide a HTS platform for antiviral drug discovery that targets all stages of the virus lifecycle. The recombinant CedPV based platform requires only BSL-2 containment, relieving the physical and economic burden of HTS screening in a high-containment environment. Because of the close phylogenic relatedness of CedPV to HeV and NiV, including the use of the same principle cell-surface receptor for entry (ephrin-B2) and replication strategies, there is good potential that identified inhibitory mAbss may have activity across the henipavirus genus. Indeed, this area of research is both timely and needed because there is a complete lack of any effective and approved antiviral therapeutics against henipavirus infection suitable for human use, certainly in the case of human NiV or HeV symptomatic infections.



C. APPROACH

C1. PRELIMINARY DATA

C1.1. Advanced Ab Technologies. We have developed what is arguably the highest yield system ever described for isolation of naturally-occruring human mAbs that inhibit microorganisms. The effectiveness of our pipeline can be measured by the quality of the mAbs we isolate and the rapidity with which we can develop them. For instance, we have participated as leaders in the international response to the three most recent international outbreaks of emerging infections, contributing rapid and seminal contributions to the response to these emergent events, as shown below:



		

Agent

		Result of discovery campaign

		

Representative publications

		

Status of human mAb development for clinical testing



		Ebola, Marburg

		Best-in-class neutralizing human mAbs

		Cell Host Microbe 2018 23(1): 101 - 109.e4

Science Translational Medicine 2017; 9(384). 

Nature Microbiology 2016; 1:16128. 

Science 2016; 354:350-354. 

Cell 2016; 164:392-405. 

Cell 2015; 160:904-12. 

Cell 2015; 160:893-903. 

		Abs for Ebola and Marburg have been licensed from Vanderbilt (the prime site in this application), to Mapp Bio, the commercial partner, and prepared as cGMP material. One Ab (MR191) was administered to a human in 2017 under emergency IND. 



BARDA invested over $30M in 2017 in the Mapp Bio program through the Emergent ADM to develop filovirus Abs, including MR191.
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		Abs have been licensed to one biotech, and a second biotech is negotiating for exclusive rights. GMP CHO lines are being prepared by Batavia, in preparation for IND submission by Vanderbilt.
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		1. One set of human mAbs licensed to a big pharma, NHP studies are completed, and GMP material has been prepared for human trials. IND in preparation.



2. A second set is in manufacture as mRNA delivery for clinical trials by a large biotech.







[image: ]We have already shown that we can isolate potently neutralizing Abs to HeV and NiV, in preliminary experiments, and will continue this Ab discovery campaign in the first 2 years of this proposal. Targeting G protein of henipaviruses for mAb isolation using our hybridoma technology should be straightforward, but the yield will be uncertain until the discovery campaigns are launched in full. Typically, we have used a method based on EBV transformation followed by human hybridoma formation to isolate antimicrobial human mAbs (Figure 2).Figure 2. General workflow for generation of human mAbs by hybridoma.





The hybridoma process uses electrofusion of B cell lines with myeloma cells to create hybrids at high-efficiency32. This process has enabled us to isolate Abs to a vast array of human viruses. There are many advantages of this system. First, since the protocol uses human memory B cells, the timing after infection is not critical, and unlike mAbs derived from immunization related technologies, isolated mAbs are from a successful human immune response to the pathogen. In fact, we have isolated high potency neutralizing Abs to viruses ≥ 60 years after exposure to 1918 influenza33,34 after several decades following infection with dengue virus acquired during foreign travel35-39. This protocol has been optimized to isolate high potency naturally-occurring Abs, but we also have a number of other techniques that can be used.



Alternative approaches to mAb development. We also have developed or deployed about a dozen additional methods for isolation of human mAbs. We will use each of our memory B cell techniques here. We also pioneered and used single-cell sorting of antigen-specific B cells to isolate virus-specific mAbs as early as the late 1990s40. This approach can be performed by sorting antigen-specific cells, followed by isolation of Ab variable genes and expression as recombinant IgG. Alternatively, cells can be expanded on feeder layers expressing CD40 ligand, IL-21, and BAFF. The advantage of this approach is that it can be quite quick, and also uses memory cells, so the timing of blood collection after infection is not critical. However, the challenge of this approach is to obtain a conformationally correct protective antigen for sorting. Sorting with an antigen that does not recapitulate the presentation of the antigen on the surface of the virion leads to sorting of B cells secreting Abs that are not of the right specificity or potency. The Crowe laboratory (Vanderbilt) and the Broder laboratory (USUHS) have prepared and validated the recombinant G protein antigens for this approach. One variation of the technique that we will explore is generation of small Ab variable gene libraries from oligoclonal antigen-specific EBV transformed B cell lines. We can express these gene libraries on the surface of yeast, and then select individual yeast clones for binding to the G protein of interest, using flow cytometric sorting. We have experience with this procedure for successful isolation of human Abs, which is particularly successful when the libraries are small due to enrichment for antigen-specific variable genes, accomplished by prescreening for B cell lines as we described above. This multi-pronged approach will give us "more shots on goal" from a technical standpoint, a risk mitigation strategy.Figure 3. Large-scale collection of human PBMCs from henipavirus immune donor. A) Leukopack. Approximately 40 billion human PBMCs were collected from an immune Australian immune donor by leukoapheresis (ungloved hand is that of the donor, who observed laboratory processing). B. Further purification of PBMCs by dozens of density gradients. C. Large team required to rapidly process billions of cells. D. Hundreds of cryovials of immune donor cells were cryopreserved, enabling repetitive antibody discovery campaigns.





C1.2. Generation of human mAbs that neutralize henipaviruses. 



We already have demonstrated the feasibility of the Ab discovery work for henipaviruses, and identified a potential lead Ab, HENV-26. We identified an Australian equine veterinary professional who had had an inadvertent exposure to the HeV equine vaccine (Equivac HeV), a product produced by Zoetis. The vaccine contains a non-infectious G protein component of the virus. We later determined that this individual’s serum contains high levels of HeV and NiV neutralizing Abs. The subject flew to Vanderbilt where we obtained ~40 billion PBMCs by leukoapheresis, yielding hundreds of cryovials with millions of cells each (Figure 3). 

A.

B.

Hendra virus

Nipah virus

Figure 4. Percent neutralization of henipaviruses mediated by each of 10 new human mAbs, tested in a dilution series (high to low concentration of mAb left to right). A. Hendra virus. B. Nipah virus Bangladesh



Human mAbs with high potency. In preliminary experiments with one 10 million cell aliquot of these cells, we made a panel of 10 human mAbs that bound to recombinant HeV G protein. All of the Abs neutralized HeV (Figure 4A), with one that was designated HENV-26 being especially potent. This mAb exhibited nearly 100% neutralization activity even at 390 ng/mL Its IC50 value is therefore very low. We need to do additional BSL4 experiments with further dilution to determine the final IC50. This finding suggests that HeV is remarkably susceptible to neutralization, when the right naturally occurring human IgG clone is identified. 



Human mAbs with breadth for both HeV and NiV. We also found that 5 of the 10 Abs also neutralized NiV, with HENV-26 again being the most potent, with near complete neutralization measured still at 195 ng/mL (Figure 4B). It is interesting that the activity is apparently even higher for the HENV-26 mAb isolated from a HeV G exposed person. This finding does suggest that NiV also is remarkably susceptible to neutralization, when the right B cell clone is selected. 



We performed competition-binding assays on an Octet biolayer interferometry instrument and demonstrated that the panel of 10 mAbs has members that recognize at least 4 different major antigenic sites (Figure 5; next page). 

 

Finally, we obtained a crystal structure of the ultra-potent HENV-26 Fab in complex with HeV G protein (Figure 6). The structure reveals that this mAb binds to the receptor binding site on HeV G, thus its mechanism of action is to block receptor binding. However, close inspection of the structure in comparison with that of the receptor bound to G revealed that the Ab and the receptor use different critical contact residues to engage the receptor (Fig 6B).	Comment by Larry Zeitlin: Worth addressing escape mutants some where? If binding the receptor binding domain, escape is less likely; anything known about mutation rate in these viruses?

Figure 5. Competition binding experiments reveal the ten new human mAbs, each of which is neutralizing, fall into 4 competition-binding groups, suggesting they recognize diverse major antigenic sites. Hendra G protein was used to coat an Octet biosensor tip, then a mAb was interacted (to determine 100% binding level). Then we measured binding of a second mAb. Reduction of binding (from 100%) of the 2nd in the presence of the 1st was considered full (black), intermediate (grey) or no (white) competition.





These experiments, while preliminary in nature and performed using a single vial of donor cells (with hundreds more available), clearly demonstrates the high feasibility probability of obtaining a large number of broad and potent henipavirus neutralizing Abs. In addition,And, the HENV-26 already identified is a very promising lead for further development, even if no additional Abs are obtained in future screens. We will use our nextgen sequencing techniques to identify somatic variants of HENV-26 for recombinant expression and determine if any exhibvits an increase in inhibitory activity. Also, our industrial partner, Mapp, will begin manufacturability assessments at the start of the work using HENV-26. At the beginning of the proposal (prior to new Ab discovery campaigns) we can combine mAbs from each of the other competition-binding groups (i.e., mAbs to other antigenic sites) to see if any cocktail achieves a cooperative or synergistic effect. Monotherapy (with a broad and ultra-potent mAb like HENV-26) is simpler from a manufacturing and regulatory perspective. But cocktails sometimes exhibit cooperative effects and they are more likely to resist viral escape.	  

Figure 6. Crystal structure of the complex of Hendra G protein and human mAb HENV-26 reveals this potent antibody blocks receptor engagement. Left) The Hendra virus G protein is shown in green, the Fab light chain in yellow, the Fab heavy chain variable domain in magenta and the Fab heavy chain CH1 domain in cyan. For comparison, the receptor structure is shown in grey color in the position was found in the complex of receptor and Hendra G protein. Center) Close-up view of the antibody and ephrin-B2 receptor reveals the antibody blocks receptor binding, but the residues on Hendra G protein with which the antibody and receptor interact differ greatly. Right) Hendra G protein surface showing binding sites of ephrin B2 and Fab HENV-26. Residues interacting with both HENV-26 and ephrin B2 are shown in green, with only HENV-26 shown in blue, with only ephrin B2 in yellow.







The goal of the proposed discovery efforts here is to identify the most potent neutralizing mAbs possible, with the greatest breadth against henipaviruses possible. Given the excellent potency of HENV-26, the cross-neutralization of NiV and HeV, and the known mechanism of action, HENV-26 appears optimal as a lead candidate. However, we may be able to find a clone with an even better profile. We will conduct discovery campaigns for about 18 months, then choose a lead by the end of Year 2 years. Even finding additional clones with the identical specificity, mode of action, potency and breadth would help us when we transition the project to product development and manufacturing. Mapp will perform manufacturing assessments on lead compounds, as discussed in detail below. Having more clones to work with at that stage enhances the likelihood of finding a clone with desirable biologic activity and manufacturability.



C2. SPECIFIC AIMS

Specific Aim 1. Isolation of human mAbs from patients previously infected with henipavirus or exposed to henipavirus vaccine antigens

Rationale: We have several powerful B cell technologies that can be brought to bear on this project. The principal approach is to generate human hybridomas from circulating B cells using an electrofusion technique we developed under a previous NIH Bioengineering grant. This approach is the highest efficiency technique for isolating human clones with naturally-matched heavy and light chain genes ever reported. Using this approach, we have generated thousands of virus-specific B cell lines and mAbs to RSV41-49, MPV49-51, rotavirus40,52-59, norovirus60,61, influenza NA H1/2/3/5/7 and NA933,34,62-70, dengue viruses35-39,71-76, Zika virus60,77, hepatitis C virus78, HIV79-83, chikungunya virus76,84-87, Ebola viruses88-91, Marburg virus92-94, poxviruses95, S. aureus96 and many others (unpublished). The method is efficient enough, for example, that we were able to generate human hybridomas to the 1918 H1N1 pandemic influenza virus from ~ 100-year-old survivors, in whom the average frequency of B cells specific for that early 20th century HA was only 1 in 4 x 106 cells (or 0.000025%)33. 	Comment by Larry Zeitlin: Off-putting to reviewers?

	PBMC samples from human subjects with henipavirus immunity. Fortunately, we have an ongoing donor identification and sample acquisition program in the Vanderbilt Vaccine Center, which obtains serum, plasma and peripheral blood mononuclear cells (PBMC) for isolation and cryopreservation. These materials are processed and stored in a de-identified manner in the Vanderbilt Vaccine Center Biorepository, which is a de-identified sample archive. The acquisition of samples does not use federal funds, as this is an institutionally supported service. The use of these materials by VVC investigators is Not Human Subjects Research category activity. The current proposal does not propose to support acquisition of new human subjects. Nevertheless, we are aware that the program is enrolling a survivor of natural HeV infection in early 2018. If that occurs, we would obtain some of those de-identified cells for use in the current proposal if funded. If any NiV immune subject materials are deposited in the Biorepository, we also would request use of those.

Recombinant HeV and NiV glycoproteins. The Crowe laboratory produced the soluble forms of HeV and NiV G proteins that were used in the preliminary Ab screens shown above. The proteins bind to human Abs in human immune serum, and they facilitated isolation of ultra-potent neutralizing antibvodies already, validating their utility in the proposed work. The Broder laboratory also has extensive experience in the development and characterization of human cell line expressed soluble, oligomeric forms of viral envelope glycoproteins which have been used in a variety of applications in vaccine development, viral entry mechanisms and receptor discovery, and as antigens in biosurveillance 8,9,97-106. Specifically, we have prepared the NiV and HeV soluble tetrameric G glycoproteins (sG), as well as other henipavirus sG (Kumasi, Cedar, Mojang) that are available to perform various human mAb selections, including multiple antigen selections to identify cross-reactive, pan-henipavirus G mAbs.	

Cell isolation and fusion: The specific technique is as follows. We will use cells isolated from cryopreserved PBMCs with Ficoll-Hypaque following an established density gradient method. Transforming EBV (substrain B95.8), and the TLR agonist CpG ODN 2006 (2.5 µg/mL; Invivogen), 10 µM of Chk2 inhibitor II (Sigma C3742), and 1 µg/mL cyclosporine A (Sigma) will be used to stimulate human lymphocytes for transformation. Cells are plated in 384-well tissue culture plates and monitored visually for transformation. 

	Screening for virus-specific Ab lines: Supernatants from wells containing EBV-transformed lymphoblastoid cell lines (LCL) will be screened for binding activity in several ELISAs against the recombinant G proteins described above. Up to 10 antigens can be used in each screen, facilitating the search for pan-henipavirus mAbs. Positive wells in any of these assays will be selected for cell fusion. EBV-transformed LCLs do secrete human Abs, but these lines are quite unstable and difficult to clone biologically. LCLs secreting antigen-specific Abs will be fused with HMMA 2.5 myeloma cells to form human hybridomas, which are much more stable. The system used is a programmable electrofusion source (BTX). The fusion volume is 500 µL. HMMA2.5 myeloma cells and EBV-transformed human B cells are washed with RPMI-1640 and cytofusion medium. Large volume fusion chambers are commercially available and interface well with this unit. The key to the fusion is bringing the two cell types into close physical contact using dielectrophoresis in a low-voltage AC field (in which cells developed a dipole, essentially becoming like little magnets stuck together in long linear chains). After fusion, cells will be allowed to recover in the fusion electrode for 30 min, harvested, and then washed with medium prior to plating for selection. Hybridoma selection and cloning: After fusion, fused cells are seeded into 384-well plates in complete medium containing HAT and ouabain. After five days of culture, cells are fed by removing 100 μL of the culture medium and adding an equal volume of fresh medium containing hypoxanthine/thymidine or HT. We use a series of STEMCELL Technologies media for these procedures, most importantly the ClonaCell®-HY Medium E for growth and expansion. After initial screening for human Ig production by ELISA, the hybridoma cells from positive wells are expanded into 96- and then 24-well plates and cultured in complete medium, and then hybridoma cells are seeded in 96-well plates at 0.3 cell-per-well density. Finally, we single-cell sort the lines on a FACSAria III flow cytometer or with a ClonePix.

	Ab sequences: After clonal hybridomas are obtained that secrete mAbs, we will determine the genetic basis for development of high-potency Abs to henipaviruses by sequence analysis and interpretation of Ab variable gene regions from HeV G protein-reactive human mAbs. Prioritization scheme: We are likely to isolate very large numbers of mAbs from these samples. If we isolate hundreds (or more likely thousands), we can retain the mAbs but we will not be able to perform complete characterization of all of these mAbs in the scale of this application. We will use several criteria to determine the highest priority clones to study. First, we will focus on Abs that neutralize with high potency (<0.1 µg/mL IC50). Second, if there is still a large number, we will perform competitive binding assays by ELISA, Wasatch SPR and Octet biosensors to determine groups of mAbs with a similar binding pattern. We will make sure to characterize mAbs from each competition group, and within those groups, focus the most effort on the mAbs with the highest inhibitory potency. Third, we will focus on clones that neutralize both HeV and NiV, or, when identified, on pan-henipavirus clones. Nextgen library preparation and sequencing: PBMCs isolated from subjects also will also either be sequenced directly or enriched for specific B cell populations of interest such as antigen-specific memory B cells. We will extract total RNA and construct bulk B cell libraries as previously described. Sequencing will be performed according to standard Illumina 2 x 250 amplicon sequencing protocols that are well-established in the Crowe laboratory. In some cases, we will perform single-cell sequencing according to the 10X Genomics Single Cell VDJ B cell protocol and sequencing on an Illumina HiSeq 2500 to capture heavy-chain and light-chain linked information. Finally, we will perform an alternate single-cell approach in which single B cell are sequestered into water-in-oil emersions using a Dolomite µencapsulator system and full-length VH or VL sequences are physically linked via overlap extension PCR in the final form of a single-chain fragment variable region (scFv). These scFv libraries will be sequenced on a PacBio Sequel sequencing platform and used in a yeast display assay to test for additional functionality aspects. Following collection of raw data, we will analyze heavy and light chain variable region sequences using the proprietary PyIR software that we developed for large-scale immune repertoire studies. These differing approaches eliminate common bottlenecks related to B cell repertoire sequencing.

	Recombinant Ab cloning and expression: Following sequencing of clones from hybridomas, yeast display, or repertoire studies, we will synthesize heavy and light chain variable region sequences of interest to the project for recombinant cloning and expression and downstream functional assays. Due to the potentially large number of interesting Ab sequences we are likely to discover, we will perform high-throughput synthesis of Ab genes using our 3 BioXP synthesizers (Synthetic Genomics) and Twist Bio custom synthesis, which can provide unrivaled scalability and throughput for synthesizing DNA at a high-quality level and low associated cost. Twist Bio and SGI DNA offer DNA synthesis services with the ability to produce large, small, and complex DNA constructs using the Gibson assembly method and error correction technology. Using in-house SGI DNA BioXP 3200 DNA synthesizers, we are able to synthesize and clone up to 1,400 genes between 300bp and 1.8 kbp in length per week at a cost of $0.11/base. Alternatively, for larger scale gene synthesis efforts Twist Bio has the capacity to synthesize and clone up to 10,000 genes between 300 and 3.2 kb in length per month at a cost of $0.09/base. Following synthesis, Ab genes will be Gibson-cloned in a 96-well format using a gateway-based Ig cloning platform to allow for rapid recombinant subcloning between different Fc variant expression vectors that are well established with the Crowe laboratory (70 Fc variant expression vectors are available). This high-throughput and modular recombinant Ab system allows for not only rapid expression of Ab genes of interest, but also rapid functional testing of different Fc-mediated Ab effects. This entire recombinant Ab cloning platform can be scaled from a low-throughput and manual-based preparation to a high-throughput and automated preparation on Tecan liquid handlers in the Crowe laboratory. 	Comment by Larry Zeitlin: Might want to elaborate here – the hamster model could potentially be used to dissect the importance of effector function activity for in vivo protection…

Parallelized micro-scale Ab expression: We achieved a recent expansion in capabilities for micro-scale Ab expression and purification. Methods are now in place to express Abs either as hybridomas or recombinantly in a CHO cell transient transfection system across a broad range of scales from 96-well plates to multi-liter bioreactors. The lower volume end of this range allows parallelized expression of 100s to 1,000s of lead Abs, which will feed into the automated Ab purification on our Tecan automation platforms. This approach will allow early-stage assays to identify leads definitively that can then be iteratively produced, purified, and screened across our wide range of volume options (6-well plates, small volume shake flasks, large-volume shake flasks, and bioreactors). This approach will allow us to broadly screen entire panels of purified Abs at micro-scales, and then specifically tailor our time and reagent investment to prioritization of the clone. Ab preparations: Hybridoma cell lines will be adapted to serum-free medium. Supernatants of high-density cultures will be produced in CELLine Devices (BD Biosciences). Purified and concentrated preparations of each of the Abs will be prepared by FPLC using protein G resin on an AKTA followed by buffer exchange using ultracentrifugal filter devices, followed by quantitative ELISAs to define concentration. 

	Potential Pitfalls and Alternative Approaches. There are a number of technical challenges in the work that we propose. First, the frequency of human B cells in human subjects with immunity to viruses is uncertain. The occurrence of such circulating cells could be rare in some individuals. Therefore, our method must be capable of isolating rare B cell clones in a comprehensive manner. This risk is mitigated however because we have identified a donor with high frequency of HeV and NiV cross reactive B cells, and we have billions of PBMCs stored in the VVC Repository. We also will address this challenge in several experimental ways. First, our Ab discovery platform will incorporate not only state-of-the-art antigen-specific B cell isolations, but also, we will couple this with comprehensive sequencing of all Ab genes in the donor specimen. This repertoire sequencing approach will define billions of Ab variable gene sequences (likely reduced to about 20 million circulating clonotypes), allowing us to examine the entire lineage of somatic variants for any Ab isolated. This information is fascinating in terms of shining a light on the extreme diversity of the human immune response. However, in this proposal, we will turn that data into actionable information for the first time by large-scale synthesis of entire antigen-specific immune repertoires. To our knowledge, no group has ever attempted to synthesize Ab gene repertoires of the scale, much less expressed and characterized every member of a clonal lineage in this way for hundreds of lineages. This massive and comprehensive survey of Ab specificity and function in individuals with recent infection should allow us to identify the optimal functional members amongst large clonal lineages. This approach should allow us to find the rarest of clones with high therapeutic potential. In the past, contemplating such a large-scale Ab discovery campaign was unthinkable. However, the high-efficiency technique that we propose, using biological isolation coupled with next-generation sequencing and high-throughput gene synthesis and expression, makes such a survey possible. 

	The purification of membrane proteins can pose challenges that can affect the ability to prepare relevant microbial antigens. We have significant experience in purification of these surface proteins and have confidence in our ability to purify these proteins using our established protocols.	Comment by Larry Zeitlin: Perhaps delete? You’ve already established that you and Chris can make the proteins.

In vitro functional screens to test human Ab efficacy and specificity: Once candidate Abs are identified, they will be screened using in vitro assays to identify the most functional molecules. We will target henipavirus G proteins, as described above. First, Abs generated against HeV and other viruses will be evaluated for the ability to neutralize HeV and NiV. Initially, we will use wt viruses, in the BSL4 laboratories at UTMB, but in the first year of the proposed studies we also will test using BSL2 surrogate virus systems developed by the Broder laboratory (described below). Abs will be used alone or in combination to determine the most effective cocktails that inhibit virus replication. With Abs that block the receptor binding domain (such as the HENV-26 mAb described in preliminary data above) we expect to achieve near complete blockade of henipavirus attachment to receptor. Considering that attachment is required for viral replication, these mAbs will represent powerful therapeutics to protect against infection by henipaviruses. The most active Ab and Ab combinations will be advanced to in vivo protection studies to define their therapeutic efficacy. 

Cedar virus-based neutralization assay development: The ability to carry-out serum neutralization tests (SNTs) against infectious NiV or HeV is challenging because of the requirements for BSL-4 containment. The development of a robust surrogate assay for NiV and HeV SNTs that could be conducted at BSL-2 lab conditions would be a significant advancement for this proposed project but also to the henipavirus research field as a whole. Cedar virus (CedPV) was isolated from pooled bat urine collected in Queensland, Australia and is the only other authentic henipavirus isolate to date5. CedPV is closely related to HeV and NiV, genetically and antigenically. The Broder lab has been studying the functional characteristics and cellular receptor use profile of CedPV and its interactions with host cells of varied species. A reverse genetics system has recently been established for CedPV and this platform represents a new system which can be exploited in the present application that can be used safely under BSL-2 containment. Rationale: An authentic henipavirus CedPV-based neutralization assay will provide a long-term henipavirus neutralization testing platform that will alleviate the requirement for costly high-containment BSL-4 testing against NiV and HeV. This assay will facilitate the extensive combination (multiple mAbs) neutralization testing in vitro to identify the most potent antiviral combinations of mAbs, prior to conducting initial testing in vivo in hamsters. Innovation: The difficulties faced in the quantitation and assessment of vaccine-induced neutralizing Ab responses to NiV/HeV are significant owing to the requirements of BSL-4 containment for use of infectious virus. Typically, all SNT assays using mAbs or polyclonal sera derived from animals, humans, or from experimental vaccine protocols are carried using infectious wild-type NiV and/HeV isolates. A classical plaque reduction neutralization test (PRNT) to evaluate neutralizing polyclonal sera or mAbs (Abs reactive to the NiV/HeV G and F envelope glycoproteins) is wildly used, and PRNT titers will give an indication of protective immunity. PRNT using live NiV has been developed 107. However, for NiV and HeV, PRNT assays must be performed in BSL-4 containment and takes 5–7 days to complete. Alternatives to assessing neutralization of NiV/HeV by Abs have been explored such as recombinant VSV-based pseudotyped reporter-gene virions bearing NiV or HeV F and G 108, however this assay is not as sensitive as the PRNT using authentic NiV. Other reporter virus platforms using VSV and HIV-1 have described as well but again, consistent production of quality pseudotyped virus stocks is difficult and neither have offered real improvements over the classical PRNT with infectious NiV and/or HeV109,110. Finally, because of the known details of NiV and HeV host cell infection process and receptor use, cell-free systems have also been explored. Bossart et al.,111 developed a Luminex-based NiV/HeV sG and ephrin receptor Ab blocking assay, and although in general it can assess relative potency of neutralizing Abs as a surrogate assay, it cannot assess all types of neutralizing Abs reactive to G. Indeed, the ephrin-B2/B3 receptor binding site on G is only one of 7 known virus neutralizing determinants (Broder et al, unpublished). The innovation here is two-fold: First, we propose here a cell-based SNT that will make use of an authentic henipavirus infection and replication reporter system (a replication competent, reporter gene-encoding CedPV) which has never been done before. Second, the recombinant CedPV-based platform requires only BSL-2 containment, relieving the cost and technical challenges of the high-containment environment when high numbers of samples are to be tested. Approach: Develop, characterize and adapt a rCedPV luciferase reporter virus for use in SNT. Here, we will develop the very first cell-based, authentic henipavirus infection, replication and reporter system based on the non-pathogenic CedPV. We will rescue a second pair of rCedPV chimeras, bearing the HeV and NiV F and G glycoproteins, as reporter viruses encoding luciferase. These novel viruses will serve as authentic replication competent henipaviruses with the same tropism and biology of HeV and NiV but that can be grown and employed in virus infection assays outside of BSL-4 containment. We will provide these reagents to the Geisbert lab to characterize and compare them to wild-type NiV and HeV in cell-based infection tropism and growth kinetics assays and validate their use as surrogates in neutralization assays. The novelty of our approach is that the virus reporter system is an authentic henipavirus and one that may be used in the BSL-2 setting. Experimental Methods and Design: Generation of plasmids and rescue of recombinant viruses: We have already constructed a recombinant CedPV antigenome clone by synthesis of several large segments of the genome into pOLTV5112 between a T7 RNA promoter and hepatitis delta virus (HDV) ribozyme. The pOLTV5 vector was similarly used for cloning and expression of recombinant HeV113 and methods similar to those used in the rescue of recombinant NiV114. The first reporter virus chosen was using Turbo-GFP, and the GFP gene was modified to be flanked by the CedPV intragenic P stop and M start sequences conforming to the “rule of six”. As with recombinant HeV113 the GFP gene was inserted between the P and M genes to maintain the levels of N and P transcripts. Helper plasmids for the N, P, and L genes from CedPV were also prepared (pCMV). To generate recombinant CedPV, pCMV CedPV N, pCMV CedPV P, pCMV CedPV L, and pOLTV5 full-length rCedPV-GFP anti-genome plasmid were mixed with Lipofectamine LTX (Invitrogen) in OptiMEM, and used to transfect 5 x 105 BSR-T7 cells. At day 4, GFP was observed in BSR-T7 cells transfected with the rCedPV-GFP antigenome and N, P, and L helper plasmids. Non-adherent BSR-T7 cells and culture supernatant were collected and freeze-thawed 3-times. Vero cells at a density of 1 x 106 cells/well in 6-well plates were inoculated with the freeze-thaw supernatant. Maximal GFP signal and syncytia were observed after 6 days, supernatant was clarified by centrifugation and 300µL of supernatant was passaged to fresh 1 x 106 Vero cells in 6-well plates. Within 24h, GFP signal and syncytia were observed. At 3 days, maximal GFP signal was observed and supernatant was passaged on fresh Vero cells (75 cm2 flasks) for amplification of rCedPV-GFP. We also plan to increase the efficiency of CedPV rescue, and the pOLTV5-CedPV vector has been modified to express a 5 HDV ribozyme site anterior to the CedPV 3 leader sequence115. With this modified anti-genome two additional recombinant viruses have already been made; a CedPV void of any reporter gene but retaining the introduced restriction site (rCedPV+6) which is our wild-type CedPV, and luciferase encoding virus. We chose nanoluciferase (NanoLuc) a newly developed small luciferase reporter (brightest bioluminescence reported to date), which is a small luciferase subunit (19 kDa) from the deep-sea shrimp Oplophorus gracilirostris116. The rCedPV-GFP virus and wild-type rCedPV are amplified in Vero cells, and typically 8 T-75 cm2 flasks, after 4 days in culture yield viral stocks of 1 x 108 pfu/mL in ~3 mL after purification and resuspension and can be stored aliquoted at -80ºC. We have also determined that CedPV exhibits a remarkably broader ephrin receptor usage profile, and cells bearing CedPV [image: C:\Users\cbroder\Google Drive\MyDesktop-Mar-2017\Grants\A-CEPI-NipahVaccine\CedPV-tropism.jpg]G and F can also mediate fusion with cells expressing ephrin-B1 and the glycosylphosphatidylinositol (GPI) anchored ephrin-A proteins; ephrin-A1, A2 and A5. Shown in Figure 7 is the CedPV F and G cell fusion obtained with all B and A class ephrins. 

Figure 7. CedPV (CeV) glycoprotein-mediated fusion with a panel of A-type and B-type ephrin-expressing cells. Target cells were prepared by transfecting a panel of ephrin expression plasmids into HeLa USU cells infected with vCB21R(Laz-reporter vaccinia virus) and allowed to fuse with CedPV F+G expressing HeLa USU effector cells infected with vTF7.3 (T7-polymerase reporter vaccine virus. Fusion is quantitated as the rate of β-galactosidase activity117. CedPV mediated fusion with cells expressing ephrins-A1, -A2, -A5, -B1, and -B2.

CedPV cell fusion also correlates with CedPV G glycoprotein binding to ephrins and this data has been confirmed by surface plasmon resonance experiments with soluble ephrins and CedPV soluble G. (C. Navaratnarajah, R. Cattaneo, and C. Broder, data not shown). 

[image: ]Generation of rCedPV Chimeras: The Broder lab was the first to show the unique functional similarities between NiV and HeV G and F glycoproteins by demonstrating that they are the only paramyxoviruses that can bi-directionally functionally complement heterotypically118 perhaps owing to their aa identity (~83% and 89% for G and F). Our new data with CedPV has provided a breakthrough in finally distinguishing between a functional vs. non-functional F-G interaction. The CedPV-F is only 42% and 43% identical with HeV-F and NiV-F respectively; and CedPV-G is 29% and 30% identical with HeV-G and NiV-G. Performing F and G co-expression and fusion assays using combinations of CedPV, HeV and NiV (Figure 8) has provided some very important observations. Ephrin-B2 and -B3 negative HeLa-USU cells are negative for CedPV fusion, as are ephrin-B3 bearing Hela-B3 cells. Fusion does occur with 293T and ephrin-B2 bearing HeLa-B2 cells. Thus, CedPV-F has heterotypic function with both HeV-G and NiV-G, but CedPV-G has heterotypic function with only HeV-F and not NiV-F and correlates with ephrin use. Of significance, these data support the hypothesis that we will be able to construct and generate novel rCedPV isolates using our reverse genetics system, whereby the F and G genes within the rCedPV genome maybe removed and replaced by with NiV F and G or HeV F and G. These new reporter gene encoding authentic henipaviruses that may be used under BSL-2 containment and they will be the ideal tools in establishing a robust SNT assay to assess virus neutralizing Ab responses in HeV-sG vaccinated subjects. Experiments on the generation and manipulation of the non-pathogenic rCedPVs, including the proposed development of novel chimeric viruses using the NiV and HeV F and G glycoproteins, have been approved by the Institutional Biosafety Committee (IBC). The chimeric viruses will in fact be loss-of-function recombinant viruses because of the reduced ephrin receptor use profiles between CedPV and either NiV or HeV.

Figure 8. CedPV mediated cell fusion and heterotypic mixing with HeV and NiV. Various target cell populations are shown in the legend.

Characterization of the recombinant CedPV viruses: We expect the reporter gene encoding virus will not be hindered in any way based on the amplification results and titer of rCedPV-GFP, but we will analyze the replication kinetics of rCedPV-Luc and also compare those results to wild-type rCedPV (no reporter gene). Each virus will be used in experiments to determine receptor tropism and compared to the CedPV cell fusion assays using CedPV F and G expression as done with HeV and NiV105,117-119. Expected Results and Data Analysis: Based on the preliminary data in hand, we do not expect any unforeseen difficulties in generating the novel rCedPV/NiV-HeV chimeric viruses. We expect that all recombinant viruses will have an infection profile identical to the cell-cell fusion assays using recombinant expressed F and G from CedPV, NiV and HeV. Because we have rescued the GFP-encoding CedPV, we do not anticipate any unexpected limitations in recusing the rCedPV chimeras encoding NiV or HeV F and G. Based on the replication results with rCedPV-GFP, we expect that large amounts of reporter virus stocks can be prepared, providing a consistent source of material for conducting the number of SNT assays expected to be carried out.



Specific Aim 2: Develop immuno-therapeutics for the treatment of henipavirus infections. 

Rationale: In Specific Aim 1 we will isolate human mAbs targeting conserved G protein domains. Experiments in Aim 2 will evaluate the therapeutic value of these Abs in animal models of viral infection. The goal is to create broadly reactive Abs that both inhibit viral replication, while simultaneously promoting immune-mediated clearance. Considering the conservation of the selected target across henipavirus strains, mAbs developed through this campaign have the potential to be valuable for treatment of a variety of diseases. 

In vivo protective effect of Abs against invasive infection caused by henipaviruses: This project will employ golden Syrian hamsters as the small animal model of NiV and HeV disease since they develop late stage lesions similar to those in humans and because they are more suitable than other small animals for screening large numbers of MAbs. Using hamsters will allow us to select optimal MAb formulations and regimens prior to efficacy testing in NHPs.  African Green Monkeys (AGMs) are the gold standard animal models for henipaviruses and can provide a model of immunogenicity and efficacy that has some predictive value for therapeutic interventions. The AGM model was developed by Dr. Geisbert for HeV and NiV infection [2, 3]. The AGM model results in neurological disease and severe respiratory pathology along with generalized vasculitis that provides an accurate reflection of what is observed in henipavirus-infected humans [1-3]. The model yields a consistent lethal infection and disease with low dose challenge (less than 5000 pfu for Nipah virus, Bangladesh strain) given by the intratracheal (i.t) and/or intranasal (i.n.) route (TW Geisbert, unpublished data). The virus spreads rapidly within 3-4 days and the infection is established in multiple organ systems. Animals develop a severe ARDS-like disease, associated with copious amounts of sanginous fluid and froth. Death usually occurs within 7-9 days after infection. Evidence of endothelial syncytia are prominent in most of the tissues and vasculitis is systemic. Virus can be found in virtually every organ system at the time of death in the AGM, and most infected AGMs show evidence of henipavirus-induced neurological disease with congestion of the brain and evidence of meningeal hemorrhage and edema. The cynomolgus macaque model is not useful for demonstrating the effectiveness of therapeutic interventions or vaccines because the virus is not lethal in cynomolgus macaques when given by the combined i.n. and i.t. routes at a dose that is lethal in AGMs (TW Geisbert, unpublished data) and animals universally recover. Therefore, AGMs will be used as the NHP species of choice for the proposed research.

The Geisbert laboratory will test the in vivo efficacy of human mAbs using the (Syrian golden hamster (Mesocricetus auratus) and AGM primate model of infection. This laboratory is one of the most experienced groups in the world in the use of animal models of henipavirus infection. Once Abs are demonstrated to recognize and block virus attachment to receptor, or other functions in the life cycle, they will be assessed for protection in the appropriate infection model. Varying concentrations of specific Abs, used alone or in combination, as well as control Abs will be tested in Syrian golden hamsters aged 5 to 8 weeks of age, weighing 50-150 grams with equal numbers of males and females. The total number of animals that will be used over the course of these studies is 240. Once the number of candidate mAbs/mAb cocktails is reduced to x from the hamster testing, The lead mAbs alsothey will be tested in African green monkeys (Chlorocebus aethiops) using adult animals 3 to 12 years of age, weighing 2.5-9 kg, and using equal numbers of males and females. The total number of monkeys that will be used over the course of these studies is 36. Animals will be obtained from a commercial vendor. In years 1 and 2 of the project, hamsters will be exposed to HeV or NiV by the intranasal (i.n.) administration of up to 1 x 106 pfu of virus and treated at various times or with varying doses after henipavirus exposure by i.p. administration of mAbs to establish the therapeutic window and dose response,, respectively. In years 3 to 5, work will focus on assessing the protective efficacy of the most promising mAbs identified from the hamster studies. African green monkeys (AGMs) will be challenged by the intratracheal (i.t.) and/or i.n. routes using up to 1 x 106 PFU of HeV or NiV and treated at various times after exposure by intravenous (i.v.) administration of mAbs. Blood collection will be done as described in Section 3 of the Vertebrate Animals document.

[bookmark: _Hlk500884777]Manufacturability. To augment the measures of biological activity, we will design and execute a manufacturability assessment (MA) study with desired product quality attributes and ensure the lead molecule(s) demonstrate adequate expression, process yield, processing and storage stability. We will continue to refine the Target Product Profile (TPP; see Product Development Strategy) since some components of the MA study design will be dependent on the TPP. This will allow us to focus on the most critical biophysical properties for the indication, route of administration and target concentration resulting in an optimized MA study design to rank the candidate molecules. We will take a tiered approach to maximize the use of resources and material. The first step, in-silico assessment of potential liabilities will include identifying unpaired Cys and exposed Trp/Met in variable regions and either re-engineer or de-prioritize, accordingly. Expression levels will be evaluated using Octet RED96 (Pall) with Protein A/anti-Fc biosensors. The top 10-20 candidates will then be subjected to protein A elution and low pH hold steps to evaluate the propensity to aggregate by SEC, form fragments by CE-SDS, intact mass by LC-MS and total yield by UV spectroscopy. Candidates will be ranked based on purity assessed by the methods mentioned above and the total yield. The top 3-5 candidates that result will then be subjected to biophysical analysis determined by the TPP. For example, thermal stability will be evaluated by pH ranging studies (pH 5 – 8) in 2 platform buffers and if target concentration is ≥ 50 mg/mL, viscosity and solubility as a function of pH will be investigated to determine the optimal pH range. The top 2-3 candidates will be advanced with the chosen formulation buffers into stress assessments such as accelerated temperature at 40oC for 4 weeks, 3X Freeze-Thaw and Agitation studies with and without surfactants. Readouts will be aggregation, fragmentation, particulate formation and protein concentration. Evaluation of binding to GP will be included. At this stage, charge heterogeneity and glycosylation analysis of the top candidates will be performed in chosen formulation buffers. Detailed biophysical profiling with material from the final host cell platform and process conditions will be performed later during development to understand the behavior of representative material for scale up and manufacturing.  

[bookmark: _GoBack]	Generation of the CHO line. CHO cells are the standard of choice for manufacturing complex biomolecules like IgG fusion proteins for therapeutic purposes. Due to its robust nature and track record as a proven host for biologics manufacturing, there is substantial infrastructure within the US to assure GMP production of CHO material at virtually any scale. Figure 9 shows Mapp’s approach to producing the material to be used in the later stages of the proposal as well as the CHO cell line to support advanced development of the product. The sequence of the lead mAb(s) will be optimized in silico for expression in CHO cells and synthesized by DNA2.0. The synthesized sequences will be inserted into DNA2.0’s IP-free plasmid DNA expression vector for stable integration in CHO (CHOZN; Sigma; fucosylated N-glycans) or Mapp’s CHOK1-AF (afucosylated N-glycans) host cell line depending upon the preliminary results. Following transfection of the CHO host with the mAb vectors, stable pools will be generated. Following selection, the pools will be fractionated into mini-pools for analysis using a Molecular Devices Clonepix™ 2 automated high-throughput colony picker in use at Mapp. Approximately 100 high expressing single-cell clones will be selected using the ClonePix 2 system, expanded, and screened for production by ELISA. Productive subclones will be screened and a Research Cell Bank (RCB) for up to 5 of the best subclones will be created. The RCBs will be tested for Mycoplasma, sterility, and relevant viruses. These banks will contain several vials of each subclone and safely stored under appropriate conditions.Figure 9.  Strategy for production of mAbs and generation of stable CHO cell lines.





Production of mAbs. Mapp will perform early manufacturing using the polyclonal mini-pools in advance of a clonal cell line in order to develop the manufacturing process and prepare for production of material to support IND-enabling NHP testing and GLP tissue cross reactivity (TCR) testing. MAbs for the NHP and TCR study will be generated using the clonal cell lines identified. Manufacturability is critical to the success of any potential biotherapeutic. Therefore, to ensure the cell lines and product meet the requirements necessary for a successful clinical campaign, Mapp will employ commonly accepted industry practices for evaluating and selecting a CHO cell line suitable for this task. Polyclonal mini-pools and clonal cell lines will be subjected to a standard platform fed-batch process for determination of the cell line most suitable for manufacturing purposes. Cells will be grown in shake flasks or larger systems (e.g., Wave bioreactor; 50L) as appropriate.  Supernatant from the bioreactors will be harvested via filtration and subsequently processed using a 2-step purification process. The first chromatography step will be Protein-A affinity. The subsequent chromatography step will likely be an ion exchange step similar to the current platform process in use at Mapp (Q-sepharose). Bulk drug substance will be formulated and stored at an appropriate temperature for future use. The resulting product will be tested using a set of assays typical for mAbs as well as those specific to the NiV/HeV mAbs. Research-grade material for use in biochemical characterization and in vivo efficacy testing will be generated from polyclonal pools of transfectants; material to support future toxicology studies will be generated from the clinical cell line using bioreactor and/or shake-flask vessels.

Evaluation of cross-reactivity to human tissues under Good Laboratory Practices (GLP). These studies are conducted by Charles River Laboratories in accordance with FDA guidelines in compliance with GLP regulations. Biotinylated mAb will be incubated with frozen normal human-tissue specimens (all major organs, including adrenal, brain, eye, kidney, bone marrow, liver, lung) for measurement of cross-reactivity. Tissues from three adults and one neonate donor are used and Synagis® (MedImmune) serves as a control mAb. All slides are examined and scored by a board-certified veterinary pathologist.	Comment by Larry Zeitlin: Jim, not in our budget…you can say that Mapp will be responsible for funding this activity here or in the budget justification

Submission of pre-IND to FDA (Final Milestone). Upon conclusion of the work effort, a pre-IND will be submitted to the FDA. This regulatory filing will outline the data accumulated to date including the in vitro and in vivo efficacy data. In addition, our proposed pharmacology/toxicology studies and Phase 1 clinical safety trial design will be presented.  The purpose of this submission is to solicit feedback on the current set of data as well as the future plans to best prepare a future IND submission to support the Phase 1 trial.



Potential Pitfalls and Alternative Approaches. We do not anticipate any challenges with the viral G protein 	Comment by Larry Zeitlin: Perhaps something about PK not being a problem? i.e. mAbs have a long half-life and the course of disease is short,,,

binding assays, virus neutralizing assays or hamster infection models as we have considerable experience in each of these techniques and these assays are established in our laboratory. The studies described above aim to generate human Abs that recognize important viral protein epitopes expressed on the surface of the virus during infection. Production of high concentrations of human Abs can be challenging for some clones. We have described the approach above to enhance manufacturability of the Abs. Also, we anticipate having hundreds of mAbs from which to choose, with similar potency and mechanism of action, but diverse expression profiles. We will focus on development of ultra-potent neutralizing Abs that produce well in CHO cells early in the process.
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Sorry!!!! Embarrassed
 

From: Chris Broder <christopher.broder@usuhs.edu>
Date: Thursday, January 11, 2018 at 1:44 PM
To: Thomas Geisbert <twgeisbe@utmb.edu>
Cc: "Larry Zeitlin, Ph.D." <Larry.Zeitlin@mappbio.com>, "James Crowe, Jr." 
<james.crowe@Vanderbilt.Edu>
Subject: Re: nipah
 
yup,  on board as well
 
On Thu, Jan 11, 2018 at 2:18 PM, Geisbert, Thomas W. <twgeisbe@utmb.edu> wrote:

Me too

From: Larry Zeitlin [Larry.Zeitlin@mappbio.com]
Sent: Thursday, January 11, 2018 1:02 PM
To: Crowe, James; Geisbert, Thomas W.
Cc: Broder, Christopher
Subject: Re: nipah

I’ll be available this afternoon and in the morning for any edits you need from me.
 
Safe travels
LZ
 
From: James Crowe <james.crowe@vanderbilt.edu>
Date: Thursday, January 11, 2018 at 10:57 AM
To: Thomas Geisbert <twgeisbe@utmb.edu>
Cc: Christopher Broder <christopher.broder@usuhs.edu>, Larry Zeitlin 
<Larry.Zeitlin@mappbio.com>
Subject: Re: nipah
 
Not really. I’m struggling. I am boarding a plane for 4 hours so hope to make some progress 
if my battery lasts
 
If I can get WiFi on plane I will send you all he current draft 
 
The places that each of you would be responsible for need help. But hey are not long and 
you’ll be able to fix them quickly 
 
 

Sent from my iPhone

On Jan 11, 2018, at 12:12 PM, Geisbert, Thomas W. <twgeisbe@UTMB.EDU> wrote:



Jim,

Are you OK on everything?
 
Tom
 

From: Crowe, James [james.crowe@Vanderbilt.Edu]
Sent: Tuesday, January 09, 2018 11:55 AM
To: Broder, Christopher; Geisbert, Thomas W.
Cc: Larry Zeitlin
Subject: Re: nipah

Thanks Chris!
 

From: Chris Broder <christopher.broder@usuhs.edu>
Date: Tuesday, January 9, 2018 at 10:56 AM
To: Thomas Geisbert <twgeisbe@utmb.edu>
Cc: "James Crowe, Jr." <james.crowe@Vanderbilt.Edu>, "Larry Zeitlin, Ph.D." 
<Larry.Zeitlin@mappbio.com>
Subject: Re: nipah
 
Jim.
 
for pt #4 to Tom,   here is an additional section of grant text.  Also., you can capture 
the issue of new SNT idea from the document i sent before xmas.
I highlighted in blue. and added some red text.
 
Chris
 
On Tue, Jan 9, 2018 at 10:02 AM, Geisbert, Thomas W. <twgeisbe@utmb.edu> 
wrote:

Chris,
 
See below.  Larry and I are providing the requested info.  Do you have any 
time to help Jim with this?  On number 4 to me below I sent him a few of our 
pubs.  Not sure if you have anything from grants that could be co-opted here.
 
Many thanks!
 
Tom

From: Crowe, James [james.crowe@Vanderbilt.Edu]
Sent: Monday, January 08, 2018 9:42 PM
To: Geisbert, Thomas W.; Larry Zeitlin



Subject: Re: nipah

I’m kinda hurting bad on this. I made the mistake/choice/blessing of taking ~ 8 
days off at the end of the year, and have been completely underwater ever since. I 
still want to submit this, but it’s going to be a scramble. A lot (but not all) of the 
admin stuff is done. But the science is still in shambles. I need to put it together 
over the next day.
 
What I need, or could benefit from, from you guys:
TOM

1. Select agent section, since there is Hendra and Nipah
2. Biosafety section
3. Vertebrate Animals section

 

4. Any basic (even extended) text or old grant sections on “HeV and NiV 
are xxx viruses”, “bad for you”, and “neut test is done by x, with these 
strains:  yy”,  “animal models are . . . “

 
 
Larry

1. Anything you would do for characterizing manufacturability or 
development of the lead mabs, for the science section

2. A “product development plan section” on human mAbs for these 
viruses. Kinda boilerplate, which i am guessing you have already

 
 

From: Thomas Geisbert <twgeisbe@UTMB.EDU>
Date: Sunday, January 7, 2018 at 3:57 PM
To: "Larry Zeitlin, Ph.D." <Larry.Zeitlin@mappbio.com>, "James 
Crowe, Jr." <james.crowe@Vanderbilt.Edu>
Subject: RE: nipah
 
Jim,
 
Likewise.  Please let me know if you need anything on the proposal.
 
Best,
 
Tom
 

From: Larry Zeitlin [Larry.Zeitlin@mappbio.com]



Sent: Thursday, January 04, 2018 1:40 PM
To: James Crowe
Cc: Geisbert, Thomas W.
Subject: nipah

Hi Jim,
 
Just checking on what you’ll need from me for the proposal.
 
Best wishes for 2018
 
LZ

 
--
Christopher C. Broder, Ph.D.
Professor of Microbiology and Immunology
and Emerging Infectious Diseases
Director, Emerging Infectious Diseases Graduate Program

Department of Microbiology and Immunology, B4106
Uniformed Services University
4301 Jones Bridge Rd,  Bethesda, MD  20814-4799

USU is “America’s Medical School”
Email: christopher.broder@usuhs.edu
http://www.usuhs.mil/eid/
TEL:    301-295-3401
FAX:    301-295-1545/3773

  
Confidentiality Notice: This email message, including any attachments, is for the sole use 
of the intended recipient(s) and may contain confidential and privileged information. Any 
unauthorized use, disclosure or distribution is prohibited. If you are not the intended 
recipient, please contact the sender by replying to this e-mail and destroy all copies of 
the original message. (Uniformed Services University)

 
--
Christopher C. Broder, Ph.D.
Professor of Microbiology and Immunology
and Emerging Infectious Diseases
Director, Emerging Infectious Diseases Graduate Program

Department of Microbiology and Immunology, B4106
Uniformed Services University
4301 Jones Bridge Rd,  Bethesda, MD  20814-4799

USU is “America’s Medical School”

(b) (6)



Email: christopher.broder@usuhs.edu
http://www.usuhs.mil/eid/
TEL:    301-295-3401
FAX:    301-295-1545/3773

   
Confidentiality Notice: This email message, including any attachments, is for the sole use of the 
intended recipient(s) and may contain confidential and privileged information. Any unauthorized use, 
disclosure or distribution is prohibited. If you are not the intended recipient, please contact the 
sender by replying to this e-mail and destroy all copies of the original message. (Uniformed 
Services University)
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Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning 
strategic goals, and prioritizing research areas and activities (from basic research to advanced 
development, licensure, manufacture, and deployment) for accelerating the collaborative development 
of medical countermeasures (MCMs) against Nipah virus (NiV) infection. 

(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, 
therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each 
category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the 
content may be reorganized to create one over all roadmap and to group cross-cutting issues together. 
In addition, this document is relatively detailed to ensure that the most important issues are identified 
and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of 
broader issues, strategic goals, and primary activities.) 

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 
human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following 
contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. 
NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have 
occurred in that country since, with disease also occurring periodically in eastern India. Other regions 
may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for 
NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, 
Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in 
Bangladesh, intermediary hosts between bat and human have not played a role, with human 
consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV 
infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as 
the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or 
relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic 
sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in 
Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus 
also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). To date, HeV 
disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a 
closely related virus) occurred among horses and humans in the Philippines in 2015.  

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
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timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list 
of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near 
future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the 
development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or 
improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope 
of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and 
early use of medical countermeasures to prevent and control LF outbreaks and endemic disease.  
 
Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment, 
effective community engagement, and workforce development and training in at-risk regions. Many of 
these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader 
public health control strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) 
that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, 
point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) 
safe and effective vaccines to prevent disease, disability, and death.  
 

DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 
Clinical aspects: 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. Additionally, latent disease can occur long after initial 
infection. Both of these factors can hinder accurate diagnosis.  

• Quality, quantity, types and timing of collection of clinical samples can greatly affect the 
accuracy of laboratory test results. 
 

• Laboratory aspects: 
• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 

lacking or inadequate, which can lead to delays in diagnosis.  
• High-level biocontainment requirements may pose an impediment to development of MCMs, as 

certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross 
cutting) 

• Various types of test methods/platforms are required to cover testing at different phases of 
Nipah virus infections. As diagnostic capabilities and resources are often inadequate in endemic 
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and at risk areas, test platforms/types to be developed for these areas need to be cheap, simple 
to perform and require minimum instrumentation. 
 

• Virus aspects: 
• As Nipah virus is PC4 virus, Ddiagnostic testing of clinical specimens for NiV poses safety and 

logistical challenges in under-resourced areas with regard to collection, handling, transport, and 
laboratory analysis.  

• NiV appears to have the potential for strain heterogeneity and antigenic variability, which could 
potentially influence accuracy of diagnostic testing over time.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic 
range that stretches across much of the Western Pacific region, Southeast and South Asia, and 
Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor 
NiV; such bats can be found across Africa and parts of the Middle East. This broad host range 
increases the likelihood of additional spillover from bats to humans or livestock in new areas 
where the disease has not yet been detected, which may make accurate and timely diagnosis 
more difficult owing to lack of clinical experience with the condition and lack of available 
laboratory testing.  

• Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), 
some of which may prove to be pathogenic in humans and livestock. Capacity to identify 
additional pathogenic henipaviruses is an important challenge for ensuring diagnostic 
preparedness to respond to future outbreaks.  
 

• Financial constraints: 
• Economic incentives to invest in Nipah research are not readily apparent, as the disease 

primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• High-level biocontainment requirements may pose an impediment to development of MCMs, as 
certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross 
cutting) 

 
Key needs 

• A WHO clinical guideline on early diagnosis and management of Nipah virus infection need to be 
developed to guide clinicians/epidemiologists on early detection of cases (based on clinical and 
epidemiological data), samples collection/transport and management of cases. 

• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   
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• Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and 
animals as they arise.  

• Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the 
field.  

• Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional 
and national laboratory capacity for case and outbreak confirmation.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the DIVA test. 

• Long-term need: multiplex syndrome-based assay panels for use in humans and animals that 
can detect NiV infection while simultaneously screening for the presence of other henipaviruses 
or additional high-consequence pathogens.  

 
Knowledge gaps 

• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, other 
body fluids such as saliva, urine and respiratory fluid, and tissue samples to enhance the ability 
to diagnose infection at different stages of disease.   

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, and limits of detection) for NiV assays, particularly for newer tests (such as 
pseudotyped neutralization assays and antigen-capture ELISAs).  

• Additional validation data are needed to assess performance characteristics of NiV diagnostic 
assays against the various strains of NiV.  

• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic 
changes over time that may impact diagnostic testing and the epidemiologic and clinical 
features of disease.  

• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 
preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new areas.  Additionally, continued 
research is needed to better define and assess the occurrence of NiV and other henipaviruses in 
the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting)  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-
care diagnostic tests for use in humans and animals that have minimal requirements for 
biosafety precautions and staff training and that can detect NiV and other related henipaviruses.  

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve 
early diagnostic capabilities.  
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Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, other body fluids 

such as saliva, urine and respiratory fluid, and tissue samples to enhance the ability to diagnose 
infection at different stages of disease. 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Expand research to further understand the ecologic and epidemiology of NiV and other 

henipaviruses in human and animal populations over time, using a One Health approach. 
• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 

changes and characterize genetic diversity over time.  
• Continue to research development of serologic tests to distinguish vaccinated from infected 

animals, if henipavirus vaccines are to be widely used in livestock populations. 
 

Product development 
• Generate a TPP for NiV diagnostics. 
• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 

affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other high-consequence 
pathogens in humans and animals.  

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk 
areas, particularly in support of enhanced national and regional diagnostic capabilities. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic 
areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV 
disease or disease caused by other related henipaviruses.    

Policy and commercialization 
• Establish a sustainable value proposition for NiV point-of-care diagnostics. 
• Ensure access to regulatory review and authorization of NiV diagnostic assays. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic 

products to endemic and at risk areas. 
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Schedule of Resources, Coordination, and Implementation 
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.] 
 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease 

poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory 
pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting)  

• Differences between the NiVM and NiVB strains may impact the effectiveness of developed 
MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting)  

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to 
inhibit viral replication. This is particularly important for preventing late-onset CNS disease.  

• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 
challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare 
systems in endemic areas are not able to rapidly identify contacts most likely to benefit from 
PEP. (*cross cutting)  

• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  
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• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute 
and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and 
long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock. (*cross cutting)  

Knowledge gaps 
• Additional information is needed on the immunology and pathogenesis of NiV in order to 

develop appropriate treatment options. This includes evaluating the pathophysiologic 
differences between NiVB and NiVM infection, determining the mechanisms of late-onset and 
relapsing NiV encephalitis, identifying factors influencing the development of permanent 
neurological sequela, and further characterizing cell-mediated and humoral immune responses 
to NiV infection. In addition, identifying aspects of the immune response that are absent or 
counter-effective during human NiV infection may lead to the development of novel targeted 
intervention strategies.  

• Ribavirin was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and 
is considered an option for treatment of NiV infection. However, animal studies in hamsters and 
AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 
40 human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of 
m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides), used alone or in combination 
with other therapies. Additionally, the therapeutic windows of each therapy should be 
determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the 
therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the type of exposures that warrant such intervention and the most appropriate agents to 
administer.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
individual components of supportive care for NiV, such as optimal fluid and respiration 
management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric 
antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), such as determining the most appropriate lethal NiV dose for MCM development and 
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identifying the best models for studying chronic (relapsing) infection, particularly if investigators 
use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  
 

Strategic Goals 

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as 
needed. 

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune 
response to infection.  

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early 
diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered.  

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Conduct basic science research on the immunology and pathogenesis of NiV infections to inform 

development of new therapeutic agents. 
• Determine the key differences between NiVB and NiVM that may have implications for the 

development of safe and effective NiV therapeutics.  
• Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV 

infection, including animal studies and clinical trials as appropriate and feasible. 
• Research optimal treatment and supportive care strategies for NiV infection and determine best 

practice guidelines. 
 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Refine, standardize, and validate animal challenge models for future assessment of promising 

therapeutic candidates. 
• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 

deployment and monitoring. 
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Policy and commercialization 
• Establish a sustainable value proposition for NiV therapeutics.  
• Support plans for licensure/registration, adequate manufacturing, and subsequent distribution 

of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis 
for outbreak control. 

• Secure financing for procurement and deployment of NiV therapeutics for outbreak control 
once treatment agents are available. 

• Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a 

major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, 
alternative regulatory pathways may need to be considered for licensure of NiV vaccines or 
therapeutics. (*cross cutting) 

• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge 
in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines 
are available for use. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, African green monkeys (AGMs) are regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  
 

Key needs 
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• Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following 
exposure to NiV and guidance on their use. Such countermeasures are important tools to 
protect healthcare workers, family caregivers, and livestock workers. (*cross cutting)  

• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 
provide rapid onset of an immune response to adequately prevent and control outbreaks. 
Research tools, such as standardized neutralization assays, to compare immunogenicity of 
different vaccines.  

• Enhanced surveillance capacity to provide more accurate information on the current incidence 
and geographic distribution of NiV in endemic and at-risk areas in order to refine potential 
vaccination strategies, particularly over time. 
 

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 
recurrent encephalitis are unknown. Further research to better understand viral clearance has 
important implications for development of vaccines and therapeutics.  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date.  

• Further research is needed to determine durability and safety profiles of candidate vaccines, 
such as VSV recombinants, where concerns regarding potential neurotropism have been raised.  

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoestis).  

• The identification of specific correlates of protection and standardized mechanisms for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in 
simulating various epidemiologic scenarios that may impact strategies for vaccine use.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), including determining the most appropriate NiV dose for MCM development (Johnston 
2015) and identifying the best models for studying chronic (relapsing) infection, particularly if 
investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing 
research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of 
this potential control strategy.  
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• If evidence at some point supports the need for a broader, population-based vaccination 
strategy, additional research may be warranted on the development of multivalent vaccines that 
protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV 
and measles virus) for use in NiV endemic areas.   

 
Strategic Goals 

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, 
primarily for reactive/outbreak use in endemic and at-risk areas.  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection. 
• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 

for the development of safe and effective NiV vaccines or therapies. 
• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 

between NiV strains and HeV strains. 
• Identify and standardize correlates of protection, which are necessary for ongoing research 

efforts and also may be important for vaccine licensure through non-traditional regulatory 
pathways. 

• Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity 
of different vaccines. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, 
immunogenicity, efficacy, correlates of protection, and durability. 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and livestock, primarily for reactive use during outbreaks.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if 
broader population-based vaccination is warranted at some point in the future.  

Key capacities 
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• Refine and validate relevant animal challenge models for NiV infection. 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the true burden and incidence of NiV disease, which may in turn, inform vaccination 
strategies. 

• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 
deployment and monitoring. 

Policy and commercialization 
• Establish a sustainable value proposition for NiV vaccines. 
• Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-

traditional pathways are needed for licensure. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 
• Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles 

over time; mathematical modelling may be used to contribute to this assessment.   
• Continue to provide guidance on vaccination strategies for various target populations and 

epidemiologic scenarios, once vaccines are available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
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Nipah Research and Development (R&D) Roadmap 
 

Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning 
strategic goals, and prioritizing research areas and activities (from basic research to advanced 
development, licensure, manufacture, and deployment) for accelerating the collaborative development 
of medical countermeasures (MCMs) against Nipah virus (NiV) infection. 
 
(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, 
therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each 
category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the 
content may be reorganized to create one over all roadmap and to group cross-cutting issues together. 
In addition, this document is relatively detailed to ensure that the most important issues are identified 
and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of 
broader issues, strategic goals, and primary activities.) 
 

INTRODUCTION  

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 
human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following 
contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. 
NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have 
occurred in that country since, with disease also occurring periodically in eastern India. Other regions 
may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for 
NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, 
Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in 
Bangladesh, intermediary hosts between bat and human have not played a role, with human 
consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV 
infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as 
the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or 
relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic 
sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in 
Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus 
also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). To date, HeV 
disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a 
closely related virus) occurred among horses and humans in the Philippines in 2015.  
 
The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
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timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list 
of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near 
future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the 
development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or 
improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope 
of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and 
early use of medical countermeasures to prevent and control LF outbreaks and endemic disease.  
 
Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment, 
effective community engagement, and workforce development and training in at-risk regions. Many of 
these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader 
public health control strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) 
that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, 
point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) 
safe and effective vaccines to prevent disease, disability, and death.  
 

DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. Additionally, latent disease can occur long after initial 
infection. Both of these factors can hinder accurate diagnosis.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-
resourced areas with regard to collection, handling, transport, and laboratory analysis.  

• NiV appears to have the potential for strain heterogeneity and antigenic variability, which could 
potentially influence accuracy of diagnostic testing over time.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic 
range that stretches across much of the Western Pacific region, Southeast and South Asia, and 
Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor 
NiV; such bats can be found across Africa and parts of the Middle East. This broad host range 
increases the likelihood of additional spillover from bats to humans or livestock in new areas 
where the disease has not yet been detected, which may make accurate and timely diagnosis 
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more difficult owing to lack of clinical experience with the condition and lack of available 
laboratory testing.  

• Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), 
some of which may prove to be pathogenic in humans and livestock. Capacity to identify 
additional pathogenic henipaviruses is an important challenge for ensuring diagnostic 
preparedness to respond to future outbreaks.  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• High-level biocontainment requirements may pose an impediment to development of MCMs, as 
certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross 
cutting) 

 
Key needs 

• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   

• Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and 
animals as they arise.  

• Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the 
field.  

• Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional 
and national laboratory capacity for case and outbreak confirmation.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the DIVA test. 

• Long-term need: multiplex syndrome-based assay panels for use in humans and animals that 
can detect NiV infection while simultaneously screening for the presence of other henipaviruses 
or additional high-consequence pathogens.  

 
Knowledge gaps 

• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, other 
body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of 
disease.   

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, and limits of detection) for NiV assays, particularly for newer tests (such as 
pseudotyped neutralization assays and antigen-capture ELISAs).  

• Additional validation data are needed to assess performance characteristics of NiV diagnostic 
assays against the various strains of NiV.  
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• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic 
changes over time that may impact diagnostic testing and the epidemiologic and clinical 
features of disease.  

• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 
preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new areas.  Additionally, continued 
research is needed to better define and assess the occurrence of NiV and other henipaviruses in 
the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting)  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-
care diagnostic tests for use in humans and animals that have minimal requirements for 
biosafety precautions and staff training and that can detect NiV and other related henipaviruses.  

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve 
early diagnostic capabilities.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, other body fluids, 

and tissue samples to enhance the ability to diagnose infection at different stages of disease. 
• Determine performance characteristics for promising new assays for diagnosis of NiV infection 

and develop appropriate standards for their use. 
• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Expand research to further understand the ecologic and epidemiology of NiV and other 

henipaviruses in human and animal populations over time, using a One Health approach. 
• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 

changes and characterize genetic diversity over time.  
• Continue to research development of serologic tests to distinguish vaccinated from infected 

animals, if henipavirus vaccines are to be widely used in livestock populations. 
 

Product development 
• Generate a TPP for NiV diagnostics. 
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• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 
affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other high-consequence 
pathogens in humans and animals.  

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk 
areas, particularly in support of enhanced national and regional diagnostic capabilities. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic 
areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV 
disease or disease caused by other related henipaviruses.    

Policy and commercialization 
• Establish a sustainable value proposition for NiV point-of-care diagnostics. 
• Ensure access to regulatory review and authorization of NiV diagnostic assays. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic 

products to endemic and at risk areas. 
 

Schedule of Resources, Coordination, and Implementation 
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.] 
 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease 

poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory 
pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting)  

• Differences between the NiVM and NiVB strains may impact the effectiveness of developed 
MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting)  

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to 
inhibit viral replication. This is particularly important for preventing late-onset CNS disease.  

• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 
challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare 
systems in endemic areas are not able to rapidly identify contacts most likely to benefit from 
PEP. (*cross cutting)  
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• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute 
and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and 
long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock. (*cross cutting)  

Knowledge gaps 
• Additional information is needed on the immunology and pathogenesis of NiV in order to 

develop appropriate treatment options. This includes evaluating the pathophysiologic 
differences between NiVB and NiVM infection, determining the mechanisms of late-onset and 
relapsing NiV encephalitis, identifying factors influencing the development of permanent 
neurological sequela, and further characterizing cell-mediated and humoral immune responses 
to NiV infection. In addition, identifying aspects of the immune response that are absent or 
counter-effective during human NiV infection may lead to the development of novel targeted 
intervention strategies.  

• Ribavirin was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and 
is considered an option for treatment of NiV infection. However, animal studies in hamsters and 
AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness 
of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 
40 human participants was completed in Australia, but results are not yet available. Additional 



DRAFT V5 —NOT FOR DISTRIBUTION— January 1, 2018 

7 
 

animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of 
m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides), used alone or in combination 
with other therapies. Additionally, the therapeutic windows of each therapy should be 
determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the 
therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the type of exposures that warrant such intervention and the most appropriate agents to 
administer.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
individual components of supportive care for NiV, such as optimal fluid and respiration 
management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric 
antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), such as determining the most appropriate lethal NiV dose for MCM development and 
identifying the best models for studying chronic (relapsing) infection, particularly if investigators 
use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  
 

Strategic Goals 

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as 
needed. 

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune 
response to infection.  

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early 
diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered.  

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Conduct basic science research on the immunology and pathogenesis of NiV infections to inform 

development of new therapeutic agents. 
• Determine the key differences between NiVB and NiVM that may have implications for the 

development of safe and effective NiV therapeutics.  
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• Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV 
infection, including animal studies and clinical trials as appropriate and feasible. 

• Research optimal treatment and supportive care strategies for NiV infection and determine best 
practice guidelines. 
 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Refine, standardize, and validate animal challenge models for future assessment of promising 

therapeutic candidates. 
• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 

deployment and monitoring. 
 

Policy and commercialization 
• Establish a sustainable value proposition for NiV therapeutics.  
• Support plans for licensure/registration, adequate manufacturing, and subsequent distribution 

of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis 
for outbreak control. 

• Secure financing for procurement and deployment of NiV therapeutics for outbreak control 
once treatment agents are available. 

• Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a 

major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, 
alternative regulatory pathways may need to be considered for licensure of NiV vaccines or 
therapeutics. (*cross cutting) 
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• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge 
in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines 
are available for use. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, African green monkeys (AGMs) are regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  
 

Key needs 
• Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following 

exposure to NiV and guidance on their use. Such countermeasures are important tools to 
protect healthcare workers, family caregivers, and livestock workers. (*cross cutting)  

• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 
provide rapid onset of an immune response to adequately prevent and control outbreaks. 
Research tools, such as standardized neutralization assays, to compare immunogenicity of 
different vaccines.  

• Enhanced surveillance capacity to provide more accurate information on the current incidence 
and geographic distribution of NiV in endemic and at-risk areas in order to refine potential 
vaccination strategies, particularly over time. 
 

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 
recurrent encephalitis are unknown. Further research to better understand viral clearance has 
important implications for development of vaccines and therapeutics.  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date.  

• Further research is needed to determine durability and safety profiles of candidate vaccines, 
such as VSV recombinants, where concerns regarding potential neurotropism have been raised.  
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• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoestis).  

• The identification of specific correlates of protection and standardized mechanisms for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in 
simulating various epidemiologic scenarios that may impact strategies for vaccine use.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), including determining the most appropriate NiV dose for MCM development (Johnston 
2015) and identifying the best models for studying chronic (relapsing) infection, particularly if 
investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing 
research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of 
this potential control strategy.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy, additional research may be warranted on the development of multivalent vaccines that 
protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV 
and measles virus) for use in NiV endemic areas.   

 
Strategic Goals 

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, 
primarily for reactive/outbreak use in endemic and at-risk areas.  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection. 
• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 

for the development of safe and effective NiV vaccines or therapies. 
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• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 
between NiV strains and HeV strains. 

• Identify and standardize correlates of protection, which are necessary for ongoing research 
efforts and also may be important for vaccine licensure through non-traditional regulatory 
pathways. 

• Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity 
of different vaccines. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, 
immunogenicity, efficacy, correlates of protection, and durability. 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and livestock, primarily for reactive use during outbreaks.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if 
broader population-based vaccination is warranted at some point in the future.  

Key capacities 
• Refine and validate relevant animal challenge models for NiV infection. 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the true burden and incidence of NiV disease, which may in turn, inform vaccination 
strategies. 

• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 
deployment and monitoring. 

Policy and commercialization 
• Establish a sustainable value proposition for NiV vaccines. 
• Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-

traditional pathways are needed for licensure. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 
• Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles 

over time; mathematical modelling may be used to contribute to this assessment.   
• Continue to provide guidance on vaccination strategies for various target populations and 

epidemiologic scenarios, once vaccines are available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
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1. Welcome and roll call
2. R&D roadmap architecture
3. Role of roadmap taskforce members
4. Roadmap development and timeline
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virus 
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Nipah Virus Taskforce Members

• Christopher Broder
• Kaw Bing Chua 
• Emily Gurley 
• Stephen Luby
• Gregg Milligan
• Mahmudur Rahman 
• Pierre Rollin
• Lin-Fa Wang 
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Role of Taskforce Members

• Contribute to the initial development of the draft 
roadmap  outline (via early document review and a 
conference call prior to the in-person consultation).

• Participate in the in-person consultation (if 
available): March 1-2, 2018.

• Review subsequent roadmap drafts and provide 
ongoing input.

• Provide assistance with dissemination of the 
roadmaps.
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Timeline for Nipah Virus Roadmap 
Development 

Pre-consultation conference call with TF 
members to review draft outline 

January 9/10

Obtain written feedback from TF members on 
outline (if feasible)

By January 19

Revise outline and send out to SMEs who will 
be participating in the in-person consultation  

Mid-February

Hold in-person SME consultation on Nipah
roadmap 

March 1-2

Incorporate feedback from SMEs and create 
new draft (text format) 

March/April

Seek additional input from TF members on the 
new version

April
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Timeline for Nipah Virus Roadmap 
Development (cont.)

Post draft roadmap online for public comment April/May*

Incorporate feedback, adjudicate comments, 
and create final draft

May*

Send final draft to TF members for review (if 
necessary)

June*

Continue to review and revise final draft with 
input from WHO and others

July/August*

Publish final roadmap document Late August

Begin dissemination process September

*Tentative
10



Considerations for Roadmap Review

• Organizational approach 
• Level of detail
• Questions

–Are the right issues covered?
–What is missing?
– Is anything inaccurate? 
–What should be removed?
–Other comments, questions, or concerns
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Discussion of Draft Roadmap Outline 

• Diagnostics
–Background: primary challenges, key needs, 

knowledge gaps
– Strategic goals
–Priority activities

• Research
• Product development
• Key capacities
• Policy and commercialization
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Discussion of Draft Roadmap Outline (cont.)

• Therapeutics
–Background: primary challenges, key needs, 

knowledge gaps
– Strategic goals
–Priority activities

• Research
• Product development
• Key capacities
• Policy and commercialization
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Discussion of Draft Roadmap Outline (cont.)

• Vaccines
–Background: primary challenges, key needs, 

knowledge gaps
– Strategic goals
–Priority activities

• Research
• Product development
• Key capacities
• Policy and commercialization
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Next steps . . .

Thank you!!!!
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The emergence and persistence of MERS-
CoV as a cause of severe respiratory dis-
ease 10 years after the outbreak of severe 
acute respiratory syndrome coronavirus 
(SARS-CoV) highlights the need for the 
rapid development of effective interventions 
against highly pathogenic human coro-
naviruses. As MERS-CoV grows in global 
importance—causing disease and death in 
more than 1,700 and 600 people, respec-
tively, across 27 countries1—research and 
development (R&D) efforts to design diag-
nostic, prophylactic and therapeutic products 
are gaining momentum. In the aftermath of 
the 2014–16 Ebola epidemic in West Africa 
and the current Zika virus outbreak, it has 
become clear that more strategic investments 
are needed in the early development of diag-
nostics, therapeutics and preventives against 
pathogens of pandemic potential2. The ulti-
mate goal is to reduce delays between the 
identification of a public-health emergency 
and the deployment of effective medical 
interventions that will save lives and mini-
mize socioeconomic disruption. Toward this 
objective, the WHO is developing a blue-

print for emergency R&D to prevent, or 
at least mitigate, the impact of infectious-
disease outbreaks. MERS-CoV is one of 
eight pathogens prioritized in the WHO 
blueprint (http://www.who.int/medicines/ 
e b o l a - t r e a t m e nt / W H O - l i s t - o f - t o p -
emerging-diseases/en/), and it was selected 
as a case study to demonstrate how acceler-
ated basic and applied research, as well as 
product development, could be better sup-
ported and coordinated. The WHO therefore 
convened a consultation of leading experts 
(Supplementary Note 1) on 10–11 December 
2015 to develop a roadmap for MERS-CoV 
activities as part of the blueprint agenda.

Baseline assessment and epidemiology
The WHO’s assistant director-general for 
health systems and innovation, Marie-Paule 
Kieny, opened the consultation by framing 
the meeting in the context of the broader 
blueprint for R&D preparedness and emer-
gency response for known priority patho-
gens. The first author of this report then 
presented a landscape analysis of MERS-CoV 
diagnostics, preventives and therapeutics, 
highlighting the major gaps and advances in 
ongoing research and product-development 
activities. This baseline analysis summarized 
a report that was written for the consultation 
and that can be accessed on the WHO web-
site (http://www.who.int/csr/research-and-
development/mers-landscape.pdf ?ua=1). 
After these overviews, a series of presenta-
tions described current knowledge about 
MERS-CoV epidemiology.

There is already broad consensus within the 

scientific community that dromedary camels 
are the main animal reservoir and source of 
zoonotic transmission to human popula-
tions3. However, the dynamics of transmis-
sion events from dromedaries to humans 
and between humans are poorly understood. 
Although studies have demonstrated that indi-
viduals with close and frequent contact (i.e., 
occupationally exposed) with dromedaries 
are at much higher risk for MERS-CoV infec-
tion than the general population4, it remains 
unclear what routes of exposure mediate 
viral transmission most efficiently. Since 
the recognized introduction and entrench-
ment of MERS-CoV in human populations, 
the majority of MERS-CoV outbreaks have 
occurred in the nosocomial setting5. Although 
surveillance programs, observational stud-
ies and enhanced infection-control systems 
are now being prioritized and implemented 
throughout the Middle East, there is still wide 
variability across the region in the reach of 
surveillance efforts, the depth of case inves-
tigations and adherence to infection-control 
protocols. Improvements in these efforts will 
require political will, coordination across mul-
tiple sectors within countries at highest risk for 
future outbreaks, more streamlined communi-
cation, engagement with affected communities 
and cross-validation of diagnostics already in 
use and in development.

Diagnostic-assay development and 
standardization
During the early stages of infection, MERS-
CoV cannot be clinically distinguished from 
other types of respiratory infections. Thus, 
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A roadmap for MERS-CoV research and 
product development: report from a World 
Health Organization consultation
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As part of the World Health Organization (WHO) R&D Blueprint initiative, leading stakeholders on Middle East 
respiratory syndrome coronavirus (MERS-CoV) convened to agree on strategic public-health goals and global priority 
research activities that are needed to combat MERS-CoV.
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MERS-CoV replication in vitro and a few 
that improve survival in marmoset models10. 
Investigational agents are also being repur-
posed from other infectious diseases, such as 
Ebola virus disease, for potential use against 
MERS-CoV. Data were presented on the anti-
viral furthest along in development: GS-5734, 
an adenine analog that incorporates into viral 
RNA to disrupt replication. It has been shown 
to protect NHPs from Ebola virus disease and 
is now advancing through a phase 1 dose-
escalation trial11. So far, its activity against 
MERS-CoV has been tested only in cell lines.

Antibodies, both monoclonal and poly-
clonal, have eclipsed antivirals as the focus 
of MERS-CoV therapeutic R&D. Initially, 
convalescent plasma administration, which 
had been used in other emerging infection 
outbreaks, was seen as a potentially expedi-
tious and effective means of post-exposure 
prophylaxis in the setting of cluster out-
breaks12. A regional protocol was developed, 
but ultimately could not be implemented, 
owing to a lack of sufficient convalescent 
donors13. Meanwhile, a different formula-
tion of polyclonal antibodies, derived from a 
transchromosomal humanized bovine model, 
has been moving forward in development. 
Both prophylactic and therapeutic use of this 
polyclonal preparation significantly reduces 
viral lung titers in mice that were intrana-
sally transduced with adenoviral vectors that 
expressed the human MERS-CoV cognate 
protein receptor, DPP4 (ref. 14). However, it 
was noted by several experts that therapeu-
tic studies conducted thus far in animals may 
not be relevant to human outbreaks, given 
that products are administered only hours 
after challenge, probably before symptoms 
in humans would appear.

Among products being researched for pre- 
or post-exposure prophylaxis, monoclonal 
antibodies (mAbs) targeting the receptor-
binding domain (RBD) of S are furthest 

for rapid, point-of-care diagnostics for both 
human and animal populations. The sug-
gestion was made to develop commercially 
available—or at least adequately validated—
simple, dipstick immunochromatographic 
assays that are suitable for use on livestock 
and humans (before confirmatory testing of 
positive results in humans). It was also rec-
ommended that more-advanced diagnostics, 
such as real-time reverse-transcriptase poly-
merase chain reaction (rRT–PCR) assays, be 
developed as part of a multivalent respiratory 
panel. There is also a need for more coordi-
nated efforts to sequence circulating viruses 
and to correlate those data with phenotypic 
outcomes, such as viral fitness, virulence and 
structure–function relationships of the sur-
face Spike (S) and other MERS-CoV proteins. 
There was a general call for the development 
of commercial tests and quality assurance of 
existing assays, although some of this work 
has already been started7. The validation of 
diagnostic tests will be essential for the exe-
cution and interpretation of epidemiologic 
studies that can better define viral reservoirs, 
transmission dynamics and correlates of pro-
tection.

Therapeutics
There are currently no licensed treatments 
for MERS-CoV. The discovery of antivirals 
for MERS-CoV has been limited to the repur-
posing of compounds already licensed or in 
development for other diseases. Some of the 
experimental treatments used sporadically 
during this outbreak are the same as those 
used for SARS-CoV. As in the SARS-CoV 
epidemic, however, the use of treatments 
such as ribavirin, interferons and corticoste-
roids have yielded little to no clinical benefit, 
despite showing efficacy in nonhuman pri-
mates (NHPs)9. High-throughput screens of 
large libraries have uncovered pharmaceutical  
agents across several classes that inhibit 

as the current case definition of MERS-CoV 
infection is based on laboratory confirma-
tion6, the development and harmonization 
of sensitive, specific and easily administered 
diagnostic assays are crucial to the success 
of surveillance systems, epidemiologic stud-
ies and efficacy assessments in clinical trials. 
One of the principal challenges of develop-
ing useful diagnostic assays is that they are 
dependent on high levels of virus replication 
and thus cannot detect infection until sev-
eral days after viral exposure. During this 
time, the individual is infectious and poses 
great risk to others. Speaking to these issues, 
several participants surveyed the diagnostics 
in use and commented on their current util-
ity and future viability for both clinical and 
research purposes.

Nucleic acid–amplification tests (NAATs) 
are currently the gold standard of MERS-CoV 
diagnostic platforms7. Although these tests 
have become substantially easier to imple-
ment, their performance is still dependent 
on specimen quality and technician train-
ing, because environmental contamination 
can easily confound accurate interpretation 
of results. Serologic assays—such as those 
based on immunofluorescence, immuno-
chromatography, enzyme-linked immu-
nosorbence and live-virus or pseudovirus 
neutralization—vary in their performance 
characteristics, but provide benefits over 
NAATs in the form of easier implementation 
and more functionally relevant readouts8. 
The performance of any assay, particularly 
with respect to MERS-CoV, depends on when 
it is administered during the natural history 
of disease. A more detailed understanding 
of the key features of the clinical course of 
MERS-CoV infection is, therefore, needed to 
inform the optimization of existing assays and 
the development of next-generation diagnos-
tics. It was generally agreed that, even in the 
absence of these data, there is an urgent need 

Table 1  MERS-CoV monoclonal antibodies in development. Several groups have identified monoclonal antibodies that have at least shown potent  
neutralization against MERS-CoV, and in some cases, that have protected transgenic mice and NHPs from MERS-CoV disease after viral challenge. 

Institution Name Source Target R&D
Chinese Academy of Sciences, China 4C2, 2E6 RBD-immunized mouse RBD Mouse efficacy

Dana-Farber Cancer Institute, USA; 
Abviro, USA

3B11 (AV-3) Human-antibody library RBD Mouse and NHP efficacy

HUMABS Biomed, Switzerland LCA60 Human survivor RBD Mouse and NHP efficacy

New York Blood Center, USA;  
Fudan University, China

Mersmab1 S1 immunized mouse RBD In vitro

Organic Vaccines, USA m336, m337, m338 Human-antibody library RBD
Mouse, rabbit, and NHP  
efficacy

National Institutes of Health, USA D12, F11, G2, G4 S/S1 immunized mouse RBD, S1, S2 NHP efficacy

Regeneron, USA REGN3048/REGN3051 Humanized mouse RBD Mouse and NHP efficacy

Tsinghua University, China MERS-4, MERS-27 Human-antibody library RBD In vitro

S1, spike-domain-containing RBD; S2, spike-domain-containing fusion machinery.
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cines have been tested in camels, which, if 
effective, would interrupt transmission of 
the virus to humans. A successful example of 
this “OneHealth” strategy—in which human, 
animal and environmental concerns are all 
considered—was described for the vaccine 
against Hendra virus in horses18. One of 
the lessons learned from the Hendra expe-
rience is that preclinical development and 
animal-model testing in relevant smaller 
animal models should be extensive before 
efficacy trials are commenced in larger-ani-
mal target populations, such as horses, or in 
the case of MERS-CoV, dromedary camels.  
Downselection of vaccine candidates in 
smaller animals increases the likelihood of 
success in large animals, which is crucial 
because the costs are much higher and logis-
tical challenges much greater in the latter 
models. An additional lesson to take from 
previous experiences with animal vaccines 
for human health is to engage affected popu-
lations and educate them on the potential 
benefits and risks of a vaccine for their ani-
mals (i.e., camels) and communities.

One of the difficulties facing the develop-
ment of effective vaccines for MERS-CoV is 
the absence of an animal model that recapitu-
lates the pathogenesis and natural history of 
severe human disease. Two presentations and 

pipelines and stressed that most vaccines fail 
to advance beyond phase 1 testing because 
of a lack of interest from funders and limited 
industrial support. In the realm of emerging 
infectious diseases with suspected or known 
pandemic potential, governmental agencies 
and nongovernmental organizations might 
have a key role in the development of inter-
ventions against diseases that do not provide 
a strong incentive for private-sector invest-
ments, but that are still relevant to public 
health and global security.

There are currently a dozen vaccine can-
didates in preclinical development (Table 2).  
Seven of the groups presented their products 
at the meeting. All developers are basing 
their immunogen designs on the S surface 
glycoprotein, the primary target for neutral-
izing antibodies during natural MERS-CoV 
infection16. Multiple platforms can be used 
to produce S, including but not limited to 
those presented at the meeting, such as live- 
attenuated viruses, DNA vectors, protein 
subunits and viral vectors (i.e., adenovirus, 
modified vaccinia virus Ankara and measles 
virus)17. Several of the products presented 
have demonstrated protection in at least 
one animal model. Although most of the 
vaccine candidates in the pipeline are being 
developed for human use, two of the vac-

along in the product-development pipeline15 
(Table 1), some of which were presented at 
the meeting. Although representatives from 
each of the groups developing MERS-CoV 
mAbs presented data on the origin, potency, 
breadth and animal efficacy of their respec-
tive mAbs, some common themes emerged 
from the session as a whole and from the 
discussion that followed. Because most of 
the antibodies that have been developed 
target the RBD, there is a potential for viral 
escape from any one mAb. Thus, there should 
be greater efforts to (i) monitor circulating 
strains to assess viral evolution; (ii) define 
and measure phenotypic correlates of viral 
sequences; (iii) investigate the use of combi-
nation mAbs or polyclonal sera to overcome 
the potential emergence of therapeutic resis-
tance; and (iv) study the serum of human 
survivors to better understand the response 
to natural infection and to develop reference 
reagents.

Vaccines
The global will to develop a coronavirus 
vaccine faded in the aftermath of the SARS-
CoV pandemic, but has since gained renewed 
momentum in the face of the current MERS-
CoV outbreak. This session started with a 
broad overview of vaccine-development 

Table 2  MERS-CoV vaccine candidates in development. There are five general vaccine platforms in development for MERS-CoV. At the time of 
this report, all candidates are still in different preclinical stages of development.
Vaccine platform Institution Product Stage of preclinical development Stage of clinical development

      In vitro Immunogenicity Efficacy Phase 1 Phase 2 Phase 3

Live attenuated Universidad Autonoma  
de Madrid, Spain

Recombinant 
MERS-CoV            

Subunit Novavax, USA Full-length  
S trimers            

Central South University, 
China

RBD fused with 
human Fc            

New York Blood Center, USA 
Fudan University, China

RBD fused with 
human Fc            

Chinese CDC, China Truncated RBD            

DNA GeneOne Life Sciences, 
South Korea

Full-length S
           

Prime-boost National Institutes  
of Health, USA

Full length S DNA 
prime, S1 subunit 
protein boost            

Recombinant vector Greffex, USA Ad5 S            
Chinese CDC, China Ad5 S or S1            

University of Pittsburgh,  
USA Erasmus Medical  
Center, the Netherlands

Ad5 or Ad41

           
University of Oxford, UK ChAd5 S            
Paul Ehrlich Institute, 
Germany

Measles S
           

Ludwig Maximilian University 
of Munich, Germany

MVA S
           

Fc, crystallizeable fraction of a human antibody; RBD, receptor-binding domain of the spike glycoprotein; Ad, adenovirus; Ad41, adenovirus serotype 41; 
MVA, modified vaccinia Ankara virus.
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(i) basic, translational, epidemiological and 
social research; (ii) cross-cutting product 
development that includes refining more rel-
evant animal models, developing reference 
reagents and designing tools and methods 
for rational prioritization between products;  
(iii) improved diagnostics; (iv) thera-
peutics, mAbs and polyclonal-antibody 
preparations; (v) vaccines for humans and 
camels; (vi) capacity development; and 
(vii) policy and commercialization. These 
will be further developed in consultation 
with potential funding stakeholders such 
as the Biomedical Advanced Research and 
Development Authority (BARDA), the US 
National Institutes of Health (NIH), the 
Wellcome Trust, the European Commission 
and the International Vaccine Initiative, 
among others, and with the broader MERS-
CoV research community, to include public-
health officials, manufacturers, regulators 
and product-development partnerships. 
The draft roadmap was posted for public 
consultation on WHO’s website through-
out the month of February 2016 and was 
finalized in May 2016 (http://www.who.int/
csr/research-and-development/roadmap- 
consultation/en/).

Summary
The 2014 Ebola epidemic in West Africa 
revealed both great potential and pernicious 
deficiencies within existing mechanisms for 
rapid medical-product development and 
deployment. In the aftermath of the epidemic, 
global health communities coalesced around 
the realization that a multifaceted plan was 
required to respond quickly and efficiently 
to the next outbreak. The WHO is currently 
developing an R&D blueprint by which such 
preparation and response can follow, high-
lighting MERS-CoV as a case study. Although 
global coordination has resulted in the matu-
ration of the preclinical pipeline for novel 
interventions for MERS-CoV, products will 
have to be developed along faster than normal 
timelines, with greater investments by multiple 
agencies for development, manufacturing and 
preclinical and clinical testing, as well as prep-
arations for timely efficacy testing in affected 
populations if the incidence of disease rises 
sharply. As the global community takes les-
sons from the recent Ebola crisis, applies them 
to the current Zika virus outbreak and pre-
pares for the potential of another regional epi-
demic or broader pandemic, stakeholders in 
research and product development on emerg-
ing pathogens must set out a sound strategy 
now for where to best target their investments 
in anticipation of future outbreaks. The cur-
rent consultation is a first step toward that end, 

funds for a camel vaccination option, as this 
may be the fastest developmental and regu-
latory route toward licensing a product that 
can prevent human MERS-CoV infections 
and deaths.

Drafting a research and product 
development roadmap for MERS-CoV
R&D roadmaps have been used successfully in 
many sectors in which large-scale, collabora-
tive efforts are required to deliver outcomes 
related to the innovation and development 
of new products. In all such processes, it is 
essential to start by clearly articulating and 
understanding the goals and markets for 
these products. High-level priority areas are 
first identified, after which an agreement on 
specific activities is decided. It is also crucial 
to first map out the baseline knowledge gaps 
and then to develop a strategic plan to address 
those deficiencies. This also requires an assess-
ment of capacity needs that can support these 
activities. Project management and implemen-
tation structures are subsequently established 
to pursue agreed-upon activities to reach these 
goals. An example of this process can be found 
in the WHO Malaria Vaccine Technology 
Roadmap, which has culminated in a first-
generation malaria vaccine and catalyzed the 
development of second-generation products 
(http://www.who.int/immunization/topics/
malaria/vaccine_roadmap/en/).

At the meeting, four strategic goals were 
agreed upon in principle. The first is to 
establish a surveillance network of coronavi-
rus laboratories as an early warning system 
to identify circulating species and strains 
in animal populations, new outbreaks in 
human populations and emerging strains in 
all populations. The second is to acquire a 
better understanding of MERS-CoV patho-
genesis, natural history and veterinary and 
human epidemiology. The third is to develop, 
manufacture, test, license and use improved 
diagnostics, preventives and therapeutics 
that enable the interruption of transmission 
between humans and from dromedary cam-
els to humans. The fourth, and perhaps most 
important, is for the global donor community 
to establish a mechanism that provides a line-
of-sight for manufacturers from preclinical 
proof-of-concept studies to post-licensing 
procurement of MERS-CoV products, by 
initiating a public-health financial model for 
emerging pathogens prioritized by the WHO 
blueprint process.

Priority activities to be pursued through 
the MERS-CoV roadmap
A series of activities was prioritized and 
divided into the following categories:  

a robust discussion centered on this limita-
tion in the field. Several mouse models that 
are transgenic for the human DPP4 protein 
receptor have now been developed19. Despite 
their manifestation of clinical disease, data 
from these transgenic mice might need to be 
supplemented with that of other, larger ani-
mal models for clinical advancement and ulti-
mate licensing. Semi-permissive NHPs have 
been used as an animal surrogate in vaccine-
efficacy testing thus far20, but it is not clear 
whether either the rhesus or marmoset NHP 
models will serve as an accurate proxy for 
human disease, given that knowledge of the 
human pathology of MERS-CoV infection is 
limited to a single autopsy21. The develop-
ment of more relevant animal models requires 
parallel investigation and elucidation of the 
virus’s pathogenesis in humans. Additionally, 
there is some concern that a vaccine devel-
oped against a new coronavirus may induce 
antibody-dependent enhancement of infec-
tivity and eosinophilic pulmonary infiltrates, 
as was observed among mice vaccinated with 
a virus-like particle (VLP) or killed–inacti-
vated SARS-CoV vaccine22. However, none 
of the vaccines currently being developed 
for MERS-CoV includes the VLP or killed- 
inactivated platforms.

The roadmap for MERS-CoV R&D 
(Supplementary Note 2) will focus on vac-
cines that are indicated for populations and 
purposes of priority to the WHO perspective. 
Three broad indications for vaccination were 
discussed. The first two indications are for 
human use. They include a single-dose vac-
cine to be deployed for individuals at acute 
risk during outbreaks and a two-dose vac-
cine to induce durable protection for those 
at continual risk, such as camel handlers 
and health-care workers. The third vaccine 
indication proposed is for dromedaries, 
particularly juvenile camels, which pose a 
greater risk than older camels of transmit-
ting virus to humans. The endpoint for a 
veterinary vaccine is likely to be the reduc-
tion or prevention of viral shedding, rather 
than sterilizing immunity. Despite the great 
potential for a camel vaccine to interrupt the 
epidemic, there has been a gap in funding 
for the development of a camel vaccine from 
conventional sources that support veterinary 
vaccines. One reason may be that a MERS-
CoV vaccine for camels would be used differ-
ently than conventional veterinary vaccines. 
Usually, animals are vaccinated to prevent 
illness and death within veterinary popula-
tions. In the case of a MERS-CoV camel vac-
cine campaign, however, the primary intent 
is to prevent infection and disease in human 
populations. It will be important to shore up 
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having opened a forum for global dialogue 
between public-health agencies, scientists, 
product developers and funders to engage in 
joint planning of MERS-CoV R&D activities.

Note: Supplementary Information and Source Data files 
are available in the online version of the paper.
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A Roadmap for Research and Product Development against 

Middle East Respiratory Syndrome-Coronavirus (MERS-CoV) 

Background on Technology Roadmaps 
Technology roadmaps have been successfully used in several sectors where large-scale, collaborative 

efforts are required to deliver outcomes related to innovation including product development. In all 

such processes, it is critical to understand and articulate the goals and markets for innovative 

products. High-level priority objectives are identified, followed by agreement on specific activities to 

reach the objectives. It is critical to map baseline knowledge gaps and then develop a strategic plan 

to address those deficiencies. This also requires an assessment of capacity needs that can support 

these activities. Project management and implementation structures are subsequently established 

to pursue agreed activities to reach the goals. An example of this process can be found in the WHO 

Malaria Vaccine Technology Roadmap. 

Introduction 
The Scientific Advisory Group convened by WHO to advise the Blueprint included MERS CoV as one 

of the disease priorities, and this document was prepared for MERS as a prototype. It represents the 

results of a consultation process facilitated by WHO, working with international stakeholders, to 

develop a MERS-CoV Research and Product Development Technology Roadmap.  

Middle East Respiratory Syndrome-Coronavirus (MERS-CoV) is an emerging pathogen of growing 

importance. As of May 2016, MERS-CoV has been confirmed as cause of severe acute respiratory 

disease in 1728 people, resulting in 624 deaths. The high case fatality rate, growing geographic 

distribution, and poorly defined epidemiology have created an urgent need for applied research and 

product development in order to better characterise epidemiology, diagnose, treat and prevent 

transmission and disease related to MERS-CoV.  

Since the identification of MERS-CoV in the Kingdom of Saudi Arabia in 2012, human cases have 

been confirmed in 27 countries, including a large outbreak in the Republic of Korea. It is generally 

believed that dromedary camels are the intermediate animal reservoir; a high prevalence of MERS 

binding or inhibitory antibodies has been reported in camels across the Middle East, North Africa, 

and in sub-Saharan Africa. Outbreak investigation reports are strongly suggestive of a link between 

contact with camels and human cases of MERS-CoV. However many gaps remain in understanding of 

epidemiology and transmission of MERS-CoV.  

Strategic Goals 
 A strengthened network of laboratories able to act as an early warning system for emerging

highly pathogenic viruses with the potential to cause public health emergencies

 Stimulate basic research for better understanding of the MERS-CoV pathogen, pathogenesis,

immunity, epidemiology, transmission including the intermediate animal reservoir as well as

person to person transmission

 Development, testing, manufacturing, licensure and use for improved diagnostics,

therapeutics and preventives, including preventives for dromedary camels.



 Enabling environment strategic goal: Establish line of sight for manufacturers from pre-

clinical proof-of-concept to procurement of MERS products once licensed, by establishing 

public health-oriented financing model for MERS products, and other products for emerging 

pathogens prioritized by WHO blueprint process 

Priority Areas 

Research 

 Acquire understanding of naturally  acquired immunity, and immunity acquired through 

vaccination 

 Explore social and cultural questions related to camel vaccination in most affected 

countries  

 Develop an immune correlate of protection during pre-clinical and clinical efficacy trials 

 Urgently define and address epidemiological, biological, behavioural and environmental 

knowledge gaps  related to the definitive host, the intermediate animal reservoir, 

transmission to humans, person to person transmission, and characterisation of target 

groups for deployment of preventives 

 Characterise pathogen diversity of MERS-CoV isolates in different outbreaks as basis for 

diagnostics, therapeutics and preventives development 

 Model possible progression of outbreaks of MERS-CoV in various countries, and model 

impact of alternate approaches to vaccination in camels and humans 

 Research improved infection control strategies, including appropriate models for triage in 

healthcare facilities 

Cross-Cutting Product Development Related Priority Areas 

 Improved animal models more representative of human disease for evaluation of different 

classes of products, including an animal model for enhanced disease. It is expected that 

animal model data evaluating enhanced disease will be available before licensure of MERS 

products 

 Develop and endorse an international standard panel of calibration reagents to allow for 

comparability between different operators, labs, and assays, for nucleic acid, binding 

antibody and inhibitory assays 

 Prioritization for potential products through use of Target Product Profiles, head-to-head 

testing and use of comparable assays with reference reagents 

Diagnostic 

 Develop quality assured, point of care diagnostics for MERS-CoV. 

 Preferred diagnostic goal: Multivalent MERS-CoV point of care diagnostic as part of a 

panel, including RSV, influenza, and other respiratory infections.    

Treatment 

 Develop quality assured therapeutics with acceptable safety and proven efficacy against 

MERS-CoV in those at high risk of mortality without treatment 

 Pursue evaluations of GMP grade therapeutics in parallel on an urgent basis with at 

least 2 products to be tested during 2016 



o Phase 1 selection based on pre-clinical proof of concept data, time of GMP 

availability and regulatory/ethics approvals 

o Timings for Phase 1 start, and go/no go to Phase 2-3 is critical factor in 

decision-making 

o Proceed into phase 2-3 evaluations in MERS affected countries and patients, once 

supportive phase 1 data is available. 

 Assess the most effective approaches for supportive care, including  for  low technology 

settings. 

Preventive 

 Human vaccine 1: Develop and license single dose MERS-CoV vaccine suitable for reactive 

use in outbreak settings with rapid onset of immunity 

 Human vaccine 2: Develop and license two dose vaccine with durable protection for 

administration to those at high ongoing risk of MERS-CoV such as healthcare workers, and 

those working with potentially infected animals 

o At least 2 different MERS vaccine approaches to be tested in Phase 1 during 2016, 

with contingency planning to proceed to Phase 2-3 if Phase 1 data supportive  

 Dromedary camel vaccine: Develop and license a vaccine suitable for administration to 

camels to prevent transmission of MERS-CoV from animal reservoir to humans  

o Note that recombinant viral vectors and DNA vaccines are already licensed and in 

use as veterinary vaccines 

o Evaluation in camels of promising approaches to be conducted during 2016 

Key capacities 

 Support regulatory and ethics capacity strengthening in MERS-CoV most affected countries 

for oversight of clinical trials 

 Build GCP Clinical Trial Capacity for product evaluation 

 Establish and coordinate GCLP Laboratory Testing Capacity for product evaluation 

Policy and commercialization 

 Define scale-up needs and develop GMP Manufacturing capacity to meet these needs 

 Develop and encourage responsible stewardship and support for MERS-CoV research and 

product development and implementation through appropriate project management and 

investment strategies (supported by Target Product Profiles vetted by key stakeholders). 

 Establish regulatory pathways for MERS-CoV products 

 Secure financing for procurement and deployment of MERS-CoV products once available 

 Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support 

product deployment and monitoring 

The Stakeholders Group for the WHO Blueprint 
Starting in 2015, WHO convened a group of key stakeholders in R&D preparedness for emergencies. 

These include the following funding agencies: BARDA, NIAID, IVI, Wellcome Trust, European 

Commission Directorate-General Research & Innovation, the GLOPID-R network of funders 

coordinated via the European Commission and the Bill and Melinda Gates Foundation. It is envisaged 



that this group will meet by teleconference on a regular basis with WHO to review gaps in key 

activities at the global level, minimize unhelpful overlaps, and stimulate priority activities to 

maintain momentum. The roadmap can also be updated at the annual meetings if necessary. Other 

stakeholders include public health agencies particularly in affected countries, academia, the biotech 

sector, industry, regulators and ethics committees amongst others. A mechanism will be developed 

to implement the MERS R&D Roadmap by agreeing which activities should be carried out by the 

different stakeholders. 
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DRAFT V5 —NOT FOR DISTRIBUTION— January 1, 2018

Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning strategic goals, and prioritizing research areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus (NiV) infection.



(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the content may be reorganized to create one over all roadmap and to group cross-cutting issues together. In addition, this document is relatively detailed to ensure that the most important issues are identified and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of broader issues, strategic goals, and primary activities.)



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring periodically in eastern India. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a role, with human consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). To date, HeV disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2015. 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of medical countermeasures to prevent and control LF outbreaks and endemic disease. 



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment, effective community engagement, and workforce development and training in at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 



VISION

Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

Clinical aspects:

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. Additionally, latent disease can occur long after initial infection. Both of these factors can hinder accurate diagnosis. 

· Quality, quantity, types and timing of collection of clinical samples can greatly affect the accuracy of laboratory test results.



Laboratory aspects:

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 

· High-level biocontainment requirements may pose an impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting)

· Various types of test methods/platforms are required to cover testing at different phases of Nipah virus infections. As diagnostic capabilities and resources are often inadequate in endemic and at risk areas, test platforms/types to be developed for these areas need to be cheap, simple to perform and require minimum instrumentation.



Virus aspects:

· As Nipah virus is PC4 virus, Ddiagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· NiV appears to have the potential for strain heterogeneity and antigenic variability, which could potentially influence accuracy of diagnostic testing over time. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 



Financial constraints:

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· High-level biocontainment requirements may pose an impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting)



Key needs

· A WHO clinical guideline on early diagnosis and management of Nipah virus infection need to be developed to guide clinicians/epidemiologists on early detection of cases (based on clinical and epidemiological data), samples collection/transport and management of cases.

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains.  

· Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and animals as they arise. 

· Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional and national laboratory capacity for case and outbreak confirmation. 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the DIVA test.

· Long-term need: multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or additional high-consequence pathogens. 



Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, other body fluids such as saliva, urine and respiratory fluid, and tissue samples to enhance the ability to diagnose infection at different stages of disease.  

· More information is needed regarding the performance characteristics (including sensitivity, specificity, and limits of detection) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs). 

· Additional validation data are needed to assess performance characteristics of NiV diagnostic assays against the various strains of NiV. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic changes over time that may impact diagnostic testing and the epidemiologic and clinical features of disease. 

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new areas.  Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting) 



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detection at various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-care diagnostic tests for use in humans and animals that have minimal requirements for biosafety precautions and staff training and that can detect NiV and other related henipaviruses. 

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve early diagnostic capabilities. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, other body fluids such as saliva, urine and respiratory fluid, and tissue samples to enhance the ability to diagnose infection at different stages of disease.

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Explore new diagnostic approaches that may allow for earlier detection of infection. 

· Expand research to further understand the ecologic and epidemiology of NiV and other henipaviruses in human and animal populations over time, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 

· Continue to research development of serologic tests to distinguish vaccinated from infected animals, if henipavirus vaccines are to be widely used in livestock populations.



Product development

· Generate a TPP for NiV diagnostics.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other high-consequence pathogens in humans and animals. 

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk areas, particularly in support of enhanced national and regional diagnostic capabilities.

· Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV disease or disease caused by other related henipaviruses.   

Policy and commercialization

· Establish a sustainable value proposition for NiV point-of-care diagnostics.

· Ensure access to regulatory review and authorization of NiV diagnostic assays.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic products to endemic and at risk areas.



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting) 

· Differences between the NiVM and NiVB strains may impact the effectiveness of developed MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting) 

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to inhibit viral replication. This is particularly important for preventing late-onset CNS disease. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare systems in endemic areas are not able to rapidly identify contacts most likely to benefit from PEP. (*cross cutting) 

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and long-term disability. 

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. (*cross cutting) 

Knowledge gaps

· Additional information is needed on the immunology and pathogenesis of NiV in order to develop appropriate treatment options. This includes evaluating the pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms of late-onset and relapsing NiV encephalitis, identifying factors influencing the development of permanent neurological sequela, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Ribavirin was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and is considered an option for treatment of NiV infection. However, animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the type of exposures that warrant such intervention and the most appropriate agents to administer. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of individual components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines. 

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), such as determining the most appropriate lethal NiV dose for MCM development and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as needed.

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune response to infection. 

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered. 

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Conduct basic science research on the immunology and pathogenesis of NiV infections to inform development of new therapeutic agents.

· Determine the key differences between NiVB and NiVM that may have implications for the development of safe and effective NiV therapeutics. 

· Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV infection, including animal studies and clinical trials as appropriate and feasible.

· Research optimal treatment and supportive care strategies for NiV infection and determine best practice guidelines.



Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Refine, standardize, and validate animal challenge models for future assessment of promising therapeutic candidates.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.



Policy and commercialization

· Establish a sustainable value proposition for NiV therapeutics. 

· Support plans for licensure/registration, adequate manufacturing, and subsequent distribution of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis for outbreak control.

· Secure financing for procurement and deployment of NiV therapeutics for outbreak control once treatment agents are available.

· Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics. (*cross cutting)

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines are available for use. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, African green monkeys (AGMs) are regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 



Key needs

· Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following exposure to NiV and guidance on their use. Such countermeasures are important tools to protect healthcare workers, family caregivers, and livestock workers. (*cross cutting) 

· Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks. Research tools, such as standardized neutralization assays, to compare immunogenicity of different vaccines. 

· Enhanced surveillance capacity to provide more accurate information on the current incidence and geographic distribution of NiV in endemic and at-risk areas in order to refine potential vaccination strategies, particularly over time.



Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis are unknown. Further research to better understand viral clearance has important implications for development of vaccines and therapeutics. 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date. 

· Further research is needed to determine durability and safety profiles of candidate vaccines, such as VSV recombinants, where concerns regarding potential neurotropism have been raised. 

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoestis). 

· The identification of specific correlates of protection and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in simulating various epidemiologic scenarios that may impact strategies for vaccine use. 

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), including determining the most appropriate NiV dose for MCM development (Johnston 2015) and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of this potential control strategy. 

· If evidence at some point supports the need for a broader, population-based vaccination strategy, additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use in NiV endemic areas.  



Strategic Goals

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, primarily for reactive/outbreak use in endemic and at-risk areas. 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection.

· Determine the key differences between NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research efforts and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity of different vaccines.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy, correlates of protection, and durability.

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans and livestock, primarily for reactive use during outbreaks. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

Key capacities

· Refine and validate relevant animal challenge models for NiV infection.

· Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to assess the true burden and incidence of NiV disease, which may in turn, inform vaccination strategies.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.

Policy and commercialization

· Establish a sustainable value proposition for NiV vaccines.

· Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-traditional pathways are needed for licensure.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur.

· Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles over time; mathematical modelling may be used to contribute to this assessment.  

· Continue to provide guidance on vaccination strategies for various target populations and epidemiologic scenarios, once vaccines are available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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·         The Nipah draft roadmap outline. Please review this document before the call
because most of our call will be devoted to discussing the document. Also, we would
very much appreciate any written edits or comments that you have on the document,
particularly if you are not able to participate in the call. In order to keep to our
development timeline, we need to receive any written comments from you no later
than Friday, January 19. Please send comments directly to kamoore@umn.edu.

·         A short slide deck for our call on Tuesday.
·         Supplemental materials on the MERS-CoV Roadmap as examples, including a Nature

Medicine article on that Roadmap and an outline of the roadmap, similar to the outline
we have developed for the Nipah Roadmap.
 

The agenda for the call is as follows (most of the time will be devoted to discussing the draft
Nipah Roadmap outline):

1. Welcome and roll call
2. R&D roadmap architecture
3. Role of roadmap taskforce members
4. Roadmap development and timeline
5. Discussion of draft R&D roadmap for Nipah
6. Next steps

 
Thank you again for agreeing to be part of this important work. We look forward to speaking
with you next week and to receiving your comments on the draft Roadmap outline by January
19.
 
Warm regards,
 
Mike
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Adjunct Professor, Medical School
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1 

Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning 
strategic goals, and prioritizing research areas and activities (from basic research to advanced 
development, licensure, manufacture, and deployment) for accelerating the collaborative development 
of medical countermeasures (MCMs) against Nipah virus (NiV) infection. 

(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, 
therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each 
category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the 
content may be reorganized to create one over all roadmap and to group cross-cutting issues together. 
In addition, this document is relatively detailed to ensure that the most important issues are identified 
and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of 
broader issues, strategic goals, and primary activities.) 

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 
human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following 
contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. 
NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have 
occurred in that country since, with disease also occurring periodically in eastern India. Other regions 
may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for 
NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, 
Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in 
Bangladesh, intermediary hosts between bat and human have not played a role, with human 
consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV 
infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as 
the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or 
relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic 
sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in 
Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus 
also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). To date, HeV 
disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a 
closely related virus) occurred among horses and humans in the Philippines in 2015.  

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
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timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list 
of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near 
future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the 
development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or 
improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope 
of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and 
early use of medical countermeasures to prevent and control LF outbreaks and endemic disease.  
 
Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment, 
effective community engagement, and workforce development and training in at-risk regions. Many of 
these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader 
public health control strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) 
that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, 
point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) 
safe and effective vaccines to prevent disease, disability, and death.  
 

DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. Additionally, latent disease can occur long after initial 
infection. Both of these factors can hinder accurate diagnosis.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-
resourced areas with regard to collection, handling, transport, and laboratory analysis.  

• NiV appears to have the potential for strain heterogeneity and antigenic variability, which could 
potentially influence accuracy of diagnostic testing over time.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic 
range that stretches across much of the Western Pacific region, Southeast and South Asia, and 
Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor 
NiV; such bats can be found across Africa and parts of the Middle East. This broad host range 
increases the likelihood of additional spillover from bats to humans or livestock in new areas 
where the disease has not yet been detected, which may make accurate and timely diagnosis 
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more difficult owing to lack of clinical experience with the condition and lack of available 
laboratory testing.  

• Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), 
some of which may prove to be pathogenic in humans and livestock. Capacity to identify 
additional pathogenic henipaviruses is an important challenge for ensuring diagnostic 
preparedness to respond to future outbreaks.  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• High-level biocontainment requirements may pose an impediment to development of MCMs, as 
certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross 
cutting) 

 
Key needs 

• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   

• Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and 
animals as they arise.  

• Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the 
field.  

• Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional 
and national laboratory capacity for case and outbreak confirmation.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the DIVA test. 

• Long-term need: multiplex syndrome-based assay panels for use in humans and animals that 
can detect NiV infection while simultaneously screening for the presence of other henipaviruses 
or additional high-consequence pathogens.  

 
Knowledge gaps 

• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva 
other body fluids, and tissue samples to enhance the ability to diagnose infection at different 
stages of disease.   

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, and limits of detection) for NiV assays, particularly for newer tests (such as 
pseudotyped neutralization assays and antigen-capture ELISAs).  

• Additional validation data are needed to assess performance characteristics of NiV diagnostic 
assays against the various strains of NiV.  
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• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic 
changes over time that may impact diagnostic testing and the epidemiologic and clinical 
features of disease.  

• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 
preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new areas.  Additionally, continued 
research is needed to better define and assess the occurrence of NiV and other henipaviruses in 
the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting)  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-
care diagnostic tests for use in humans and animals that have minimal requirements for 
biosafety precautions and staff training and that can detect NiV and other related henipaviruses.  

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve 
early diagnostic capabilities.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose infection at different stages of 
disease. 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Expand research to further understand the ecologyic and epidemiology of NiV and other 

henipaviruses in human and animal populations over time, using a One Health approach. 
• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 

changes and characterize genetic diversity over time.  
• Continue to research development of serologic tests to distinguish vaccinated from infected 

animals, if henipavirus vaccines are to be widely used in livestock populations. 
 

Product development 
• Generate a TPP for NiV diagnostics. 
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• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 
affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other high-consequence 
pathogens in humans and animals.  

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk 
areas, particularly in support of enhanced national and regional diagnostic capabilities. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic 
areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV 
disease or disease caused by other related henipaviruses.    

Policy and commercialization 
• Establish a sustainable value proposition for NiV point-of-care diagnostics. 
• Ensure access to regulatory review and authorization of NiV diagnostic assays. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic 

products to endemic and at risk areas. 
 

Schedule of Resources, Coordination, and Implementation 
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.] 
 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease 

poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory 
pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting)  

• Differences between the NiVM and NiVB strains may impact the effectiveness of developed 
MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting)  

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to 
inhibit viral replication. This is particularly important for preventing late-onset CNS disease.  

• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 
challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare 
systems in endemic areas are not able to rapidly identify contacts most likely to benefit from 
PEP. (*cross cutting)  
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• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute 
and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and 
long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock. (*cross cutting)  

Knowledge gaps 
• Additional information is needed on the immunology and pathogenesis of NiV in order to 

develop appropriate treatment options. This includes evaluating the pathophysiologic 
differences between NiVB and NiVM infection, determining the mechanisms of late-onset and 
relapsing NiV encephalitis, identifying factors influencing the development of permanent 
neurological sequela, and further characterizing cell-mediated and humoral immune responses 
to NiV infection. In addition, identifying aspects of the immune response that are absent or 
counter-effective during human NiV infection may lead to the development of novel targeted 
intervention strategies.  

• Patients treated with Ribavirin late in the 1998-1999 NiV outbreak in Malaysia experienced 36% 
lower mortality than persons from earlier in the outbreak who were not treated with 
Ribavirin.was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and 
is consideredRibaviran may be an option for treatment of NiV infection. However, animal 
studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into 
the potential effectiveness of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
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of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 
40 human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of 
m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides), used alone or in combination 
with other therapies. Additionally, the therapeutic windows of each therapy should be 
determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the 
therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the type of exposures that warrant such intervention and the most appropriate agents to 
administer.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
individual components of supportive care for NiV, such as optimal fluid and respiration 
management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric 
antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), such as determining the most appropriate lethal NiV dose for MCM development and 
identifying the best models for studying chronic (relapsing) infection, particularly if investigators 
use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  
 

Strategic Goals 

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as 
needed. 

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune 
response to infection.  

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early 
diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered.  

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Conduct basic science research on the immunology and pathogenesis of NiV infections to inform 

development of new therapeutic agents. 
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• Determine the key differences between NiVB and NiVM that may have implications for the 
development of safe and effective NiV therapeutics.  

• Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV 
infection, including animal studies and clinical trials as appropriate and feasible. 

• Research optimal treatment and supportive care strategies for NiV infection and determine best 
practice guidelines. 
 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Refine, standardize, and validate animal challenge models for future assessment of promising 

therapeutic candidates. 
• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 

deployment and monitoring. 
 

Policy and commercialization 
• Establish a sustainable value proposition for NiV therapeutics.  
• Support plans for licensure/registration, adequate manufacturing, and subsequent distribution 

of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis 
for outbreak control. 

• Secure financing for procurement and deployment of NiV therapeutics for outbreak control 
once treatment agents are available. 

• Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a 

major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, 
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alternative regulatory pathways may need to be considered for licensure of NiV vaccines or 
therapeutics. (*cross cutting) 

• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge 
in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines 
are available for use. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, African green monkeys (AGMs) are regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  
 

Key needs 
• Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following 

exposure to NiV and guidance on their use. Such countermeasures are important tools to 
protect healthcare workers, family caregivers, and livestock workers. (*cross cutting)  

• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 
provide rapid onset of an immune response to adequately prevent and control outbreaks. 
Research tools, such as standardized neutralization assays, to compare immunogenicity of 
different vaccines.  

• Enhanced surveillance capacity to provide more accurate information on the current incidence 
and geographic distribution of NiV in endemic and at-risk areas in order to refine potential 
vaccination strategies, particularly over time. 
 

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 
recurrent encephalitis are unknown. Further research to better understand viral clearance has 
important implications for development of vaccines and therapeutics.  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date.  
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• Further research is needed to determine durability and safety profiles of candidate vaccines, 
such as VSV recombinants, where concerns regarding potential neurotropism have been raised.  

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoestis).  

• The identification of specific correlates of protection and standardized mechanisms for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in 
simulating various epidemiologic scenarios that may impact strategies for vaccine use.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), including determining the most appropriate NiV dose for MCM development (Johnston 
2015) and identifying the best models for studying chronic (relapsing) infection, particularly if 
investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing 
research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of 
this potential control strategy.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy, additional research may be warranted on the development of multivalent vaccines that 
protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV 
and measles virus) for use in NiV endemic areas.   

 
Strategic Goals 

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, 
primarily for reactive/outbreak use in endemic and at-risk areas.  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection. 
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• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 
between NiV strains and HeV strains. 

• Identify and standardize correlates of protection, which are necessary for ongoing research 
efforts and also may be important for vaccine licensure through non-traditional regulatory 
pathways. 

• Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity 
of different vaccines. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, 
immunogenicity, efficacy, correlates of protection, and durability. 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and livestock, primarily for reactive use during outbreaks.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if 
broader population-based vaccination is warranted at some point in the future.  

Key capacities 
• Refine and validate relevant animal challenge models for NiV infection. 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the true burden and incidence of NiV disease, which may in turn, inform vaccination 
strategies. 

• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 
deployment and monitoring. 

Policy and commercialization 
• Establish a sustainable value proposition for NiV vaccines. 
• Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-

traditional pathways are needed for licensure. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 
• Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles 

over time; mathematical modelling may be used to contribute to this assessment.   
• Continue to provide guidance on vaccination strategies for various target populations and 

epidemiologic scenarios, once vaccines are available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 



DRAFT V5 —NOT FOR DISTRIBUTION— January 1, 2018 

12 
 

Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning strategic goals, and prioritizing research areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus (NiV) infection.



(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the content may be reorganized to create one over all roadmap and to group cross-cutting issues together. In addition, this document is relatively detailed to ensure that the most important issues are identified and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of broader issues, strategic goals, and primary activities.)



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring periodically in eastern India. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a role, with human consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). To date, HeV disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2015. 	Comment by Emily Gurley: There were a couple of suspect cases of this in Malaysia, but this has been a prominent feature of the outbreaks in India and Bangladesh.	Comment by Emily Gurley: Cough has been more common than vomiting in the Bangladesh case series.



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of medical countermeasures to prevent and control LF outbreaks and endemic disease. 



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment, effective community engagement, and workforce development and training in at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 	Comment by Luby, Stephen P: I consider this paragraph as essential framing and urge that it be retained, even as we work towards a more focused document. It is difficult, because medical countermeasures do not stand alone. They need to interface with a system that constructively deploys them. At a minimum we should strive for countermeasures that are fit for purpose for the contexts where they are needed.	Comment by Emily Gurley: Complete agree with Steve on this.



VISION

Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. Additionally, latent disease can occur long after initial infection. Both of these factors can hinder accurate diagnosis. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 	Comment by Emily Gurley: While this is true, even when testing is nearby, it can still take days to get back a PCR or ELISA result as these are not rapid tests as current used. Within the context of very quick progression to death, we need a bedside rapid diagnostic.

· Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· NiV appears to have the potential for strain heterogeneity and antigenic variability, which could potentially influence accuracy of diagnostic testing over time. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· High-level biocontainment requirements may pose an impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting)



Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains.  

· Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and animals as they arise. 

· Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional and national laboratory capacity for case and outbreak confirmation. 	Comment by Luby, Stephen P: Given the wide range of Pteropus bats this needs to be defined. Clearly, we need low cost accurate diagnostics, but we also need to consider the system that needs to be in place in order to make use of the diagnostics. We risk mission creep if we include development of global surveillance as part of medical countermeasures, but there is a difference between how we would optimally deploy point of care diagnostics in Bangladesh and West Bengal, India, compared with the Philipines or Cameroon. We should consider the different needs in these different contexts, to assure that we have an approach that is fit for purpose.	Comment by Emily Gurley: Agree 

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the DIVA test.

· Long-term need: multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or additional high-consequence pathogens. 	Comment by Emily Gurley: Or, other pathogens on a differential diagnosis for humans? 



Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva other body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of disease.  	Comment by Luby, Stephen P: Salivary pcr is often positive in Bangladesh before antibodies are detectable.

· More information is needed regarding the performance characteristics (including sensitivity, specificity, and limits of detection) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs). 

· Additional validation data are needed to assess performance characteristics of NiV diagnostic assays against the various strains of NiV. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic changes over time that may impact diagnostic testing and the epidemiologic and clinical features of disease. 

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new areas.  Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting) 



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detection at various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-care diagnostic tests for use in humans and animals that have minimal requirements for biosafety precautions and staff training and that can detect NiV and other related henipaviruses. 

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve early diagnostic capabilities. 	Comment by Luby, Stephen P: Because this is a wildlife shed virus and these creatures live near food sources, spillovers to human communities have occurred almost exclusively in rural communities in Bangladesh. The health care facilities that serve these communities not only have very rudimentary laboratory infrastructure, they also do not have the routine practice of using diagnostic tests to manage patients. Thus, achieving the stated strategic goals requires a much broader, deeper effort, than providing reagents and testing for proficiency at national labs. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of disease.

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Explore new diagnostic approaches that may allow for earlier detection of infection. 

· Expand research to further understand the ecologyic and epidemiology of NiV and other henipaviruses in human and animal populations over time, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 	Comment by Luby, Stephen P: Consider whether efforts to promote sharing of sequence and strains would benefit from attention.

· Continue to research development of serologic tests to distinguish vaccinated from infected animals, if henipavirus vaccines are to be widely used in livestock populations.



Product development

· Generate a TPP for NiV diagnostics.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other high-consequence pathogens in humans and animals. 

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk areas, particularly in support of enhanced national and regional diagnostic capabilities.

· Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV disease or disease caused by other related henipaviruses.   	Comment by Emily Gurley: Perhaps targeted research to identify evidence of spillover and human risk might come before investments in broader surveillance efforts.

Policy and commercialization

· Establish a sustainable value proposition for NiV point-of-care diagnostics.

· Ensure access to regulatory review and authorization of NiV diagnostic assays.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic products to endemic and at risk areas.



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting) 

· Differences between the NiVM and NiVB strains may impact the effectiveness of developed MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting) 	Comment by Luby, Stephen P: Moreover, if we actually had more strains we may identify more heterogeneity than is currently apparent.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to inhibit viral replication. This is particularly important for preventing late-onset CNS disease. 	Comment by Emily Gurley: And can pose a dilemma if therapeutics prolong life and improve survival but are unable to prevent severe neurologic damage.

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare systems in endemic areas are not able to rapidly identify contacts most likely to benefit from PEP. (*cross cutting) 	Comment by Emily Gurley: Or, infection control measures which are not standard practice in many at-risk countries.

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 	Comment by Emily Gurley: Studies in animals often test usefulness of therapeutics when delivered prior to disease onset or very early during the disease course. Since humans with Nipah virus are often only detected once they are ill, the findings are less useful for understanding how the drug might work in humans.

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and long-term disability. 	Comment by Luby, Stephen P: Would be ideal, but, given the biology, may be much more difficult than an acute countermeasure. Might separate these into 2, so that the ideal does not become the enemy of the good.	Comment by Emily Gurley: Patients in Malaysia were much more likely to survive than patients in Bangladesh. One hypothesis is that this is because patients in Malaysia had access to ventilator support, which is typically unavailable in Bangladesh. There may be health systems approaches that could improve survival.

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. (*cross cutting) 

Knowledge gaps

· Additional information is needed on the immunology and pathogenesis of NiV in order to develop appropriate treatment options. This includes evaluating the pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms of late-onset and relapsing NiV encephalitis, identifying factors influencing the development of permanent neurological sequela, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Patients treated with Ribavirin late in the 1998-1999 NiV outbreak in Malaysia experienced 36% lower mortality than persons from earlier in the outbreak who were not treated with Ribavirin.was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and is consideredRibaviran may be an option for treatment of NiV infection. However, animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the type of exposures that warrant such intervention and the most appropriate agents to administer. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of individual components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines. 	Comment by Luby, Stephen P: An important related issue is how we protect the health care workers and fellow patients in these settings. Part of this is covered in the vaccine section, but the capacity to protect health care workers and other patients is extremely limited in the contexts where we see recurrant NiV outbreaks. A clear eyed understanding of the context, and piloting approaches within these contexts is essential to develop and refine medical counter measures to that they can reduce pandemic risk. To be effective these countermeasures need to work, not only in idealized trial conditions, but in the everyday setting where high risk patients present.

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), such as determining the most appropriate lethal NiV dose for MCM development and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as needed.

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune response to infection. 

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered. 	Comment by Emily Gurley: Median days from onset to death for patients in Bangladesh who die from Nipah virus is 6 days. Typically, they present unconscious on around day 3. So, there is little time to act but even less when healthcare seeking is delayed, because progression is so fast. This is a worthy goal, but the limited access to healthcare will reduce the number patients we can find in time to treat and will have an impact on field trials.

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Conduct basic science research on the immunology and pathogenesis of NiV infections to inform development of new therapeutic agents.

· Determine the key differences between NiVB and NiVM that may have implications for the development of safe and effective NiV therapeutics. 

· Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV infection, including animal studies and clinical trials as appropriate and feasible.

· Research optimal treatment and supportive care strategies for NiV infection and determine best practice guidelines.



Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Refine, standardize, and validate animal challenge models for future assessment of promising therapeutic candidates.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.



Policy and commercialization

· Establish a sustainable value proposition for NiV therapeutics. 

· Support plans for licensure/registration, adequate manufacturing, and subsequent distribution of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis for outbreak control.

· Secure financing for procurement and deployment of NiV therapeutics for outbreak control once treatment agents are available.

· Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics. (*cross cutting)

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines are available for use. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, African green monkeys (AGMs) are regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 



Key needs

· Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following exposure to NiV and guidance on their use. Such countermeasures are important tools to protect healthcare workers, family caregivers, and livestock workers. (*cross cutting) 

· Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks. Research tools, such as standardized neutralization assays, to compare immunogenicity of different vaccines. 

· Enhanced surveillance capacity to provide more accurate information on the current incidence and geographic distribution of NiV in endemic and at-risk areas in order to refine potential vaccination strategies, particularly over time.



Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis are unknown. Further research to better understand viral clearance has important implications for development of vaccines and therapeutics. 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date. 

· Further research is needed to determine durability and safety profiles of candidate vaccines, such as VSV recombinants, where concerns regarding potential neurotropism have been raised. 

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoestis). 

· The identification of specific correlates of protection and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in simulating various epidemiologic scenarios that may impact strategies for vaccine use. 	Comment by Emily Gurley: And for the estimation of stockpiles that would be required to effectively respond to outbreaks, under various transmission assumptions.

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), including determining the most appropriate NiV dose for MCM development (Johnston 2015) and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of this potential control strategy. 	Comment by Luby, Stephen P: I suspect that this is an easier technical problem than it is an economic problem. Only 15% of Australian horses are vaccinated against HeV. Pigs in low income countries are rarely protected against swine cholera or Japanese Encepahlitis. The incentives for livestock raisers are not well aligned for deployment as a human public health tool.	Comment by Emily Gurley: Indeed, even when we offered free JE vaccine to pig raisers in northern Bangladesh, many refused due to lack of trust in the formal vet care system.

· If evidence at some point supports the need for a broader, population-based vaccination strategy, additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use in NiV endemic areas.  	Comment by Luby, Stephen P: Should consider surge capacity to rapidly ramp up vaccine supply in case NiV is used as a bioterror agent, or we face a strain that naturally develops increased capacity for person to person transmission.



Strategic Goals

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, primarily for reactive/outbreak use in endemic and at-risk areas. 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection.

· Determine the key differences between NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research efforts and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity of different vaccines.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy, correlates of protection, and durability.

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans and livestock, primarily for reactive use during outbreaks. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

Key capacities

· Refine and validate relevant animal challenge models for NiV infection.

· Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to assess the true burden and incidence of NiV disease, which may in turn, inform vaccination strategies.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.

Policy and commercialization

· Establish a sustainable value proposition for NiV vaccines.

· Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-traditional pathways are needed for licensure.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur.

· Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles over time; mathematical modelling may be used to contribute to this assessment.  

· Continue to provide guidance on vaccination strategies for various target populations and epidemiologic scenarios, once vaccines are available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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Thursday, January 04, 2018 8:50 AM

Dear Colleagues:
 
I am writing to remind you of our Nipah Roadmap Taskforce conference
call on Tuesday, January 9 at 5:00 pm PST, 7:00 pm CST, 8:00 pm EST,
and Wednesday, January 10 at 1:00 am GMT, 2:00 am CET, 7:00 am BST,
and 9:00 am SGT.
 
Each of you should have received a calendar invite with the call-in
information and I have repeated that information below:

·       Conference code: 998-3378#
o   USA Toll Free: 866-767-9978
o   UK Toll Free: 0808 1017 535
o   Switzerland Toll Free: 0800 5537 12
o   Singapore Toll Free: 800 101 2395

·       For Bangladesh, we do not have a toll free line; we will contact you
separately to make logistical arrangements.

·       As a BACKUP: International callers may use the following
conference call information: Conference Line 205-254-8650
Conference Code: 998-3378#. However, please note that this is
NOT a toll-free number.

 
This email includes the following attachments:

·       The Nipah draft roadmap outline. Please review this document
before the call because most of our call will be devoted to
discussing the document. Also, we would very much appreciate
any written edits or comments that you have on the document,
particularly if you are not able to participate in the call. In order to
keep to our development timeline, we need to receive any written
comments from you no later than Friday, January 19. Please send
comments directly to kamoore@umn.edu.

·       A short slide deck for our call on Tuesday.
·       Supplemental materials on the MERS-CoV Roadmap as examples,

including a Nature Medicine article on that Roadmap and an
outline of the roadmap, similar to the outline we have developed
for the Nipah Roadmap.
 

The agenda for the call is as follows (most of the time will be devoted to
discussing the draft Nipah Roadmap outline):

1. Welcome and roll call
2. R&D roadmap architecture



3. Role of roadmap taskforce members
4. Roadmap development and timeline
5. Discussion of draft R&D roadmap for Nipah
6. Next steps

 
Thank you again for agreeing to be part of this important work. We look
forward to speaking with you next week and to receiving your comments
on the draft Roadmap outline by January 19.
 
Warm regards,
 
Mike
 
-------------------------------------
 
Michael T. Osterholm, PhD, MPH
Regents Professor
McKnight Endowed Presidential Chair in Public Health
Director, Center for Infectious Disease Research and Policy
Distinguished University Teaching Professor
     Environmental Health Sciences, School of Public Health
Professor, Technological Leadership Institute College of Science and
Engineering
Adjunct Professor, Medical School
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Nipah Research and Development (R&D) Roadmap 

Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning 
strategic goals, and prioritizing research areas and activities (from basic research to advanced 
development, licensure, manufacture, and deployment) for accelerating the collaborative development 
of medical countermeasures (MCMs) against Nipah virus (NiV) infection. 

(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, 
therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each 
category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the 
content may be reorganized to create one over all roadmap and to group cross-cutting issues together. 
In addition, this document is relatively detailed to ensure that the most important issues are identified 
and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of 
broader issues, strategic goals, and primary activities.) 

INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak 
occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 
human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following 
contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. 
NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have 
occurred in that country since, with disease also occurring periodically in eastern India. Other regions 
may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for 
NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, 
Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, 
which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in 
Bangladesh, intermediary hosts between bat and human have not played a role, with human 
consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV 
infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as 
the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or 
relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic 
sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in 
Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus 
also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in 
horses and also can lead to human disease (usually following contact with infected horses). To date, HeV 
disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a 
closely related virus) occurred among horses and humans in the Philippines in 2015.  

The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for 
accelerating research and product development of medical countermeasures to enable effective and 
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timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list 
of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near 
future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the 
development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or 
improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope 
of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and 
early use of medical countermeasures to prevent and control LF outbreaks and endemic disease.  
 
Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to 
successful NiV infection prevention and control. Examples include enhanced surveillance systems, 
minimizing NiV transmission at the human-animal interface, improved personal protective equipment, 
effective community engagement, and workforce development and training in at-risk regions. Many of 
these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader 
public health control strategy.  
 

VISION 
Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) 
that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, 
point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) 
safe and effective vaccines to prevent disease, disability, and death.  
 

DIAGNOSTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 
Primary challenges 

• Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not 
suspected at the time of presentation. Additionally, latent disease can occur long after initial 
infection. Both of these factors can hinder accurate diagnosis.  

• Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often 
lacking or inadequate, which can lead to delays in diagnosis.  

• Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-
resourced areas with regard to collection, handling, transport, and laboratory analysis.  

• NiV appears to have the potential for strain heterogeneity and antigenic variability, which could 
potentially influence accuracy of diagnostic testing over time.  

• The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic 
range that stretches across much of the Western Pacific region, Southeast and South Asia, and 
Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor 
NiV; such bats can be found across Africa and parts of the Middle East. This broad host range 
increases the likelihood of additional spillover from bats to humans or livestock in new areas 
where the disease has not yet been detected, which may make accurate and timely diagnosis 

Commented [SPL1]: I consider this paragraph as essential 
framing and urge that it be retained, even as we work towards a 
more focused document. It is difficult, because medical 
countermeasures do not stand alone. They need to interface with a 
system that constructively deploys them. At a minimum we should 
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more difficult owing to lack of clinical experience with the condition and lack of available 
laboratory testing.  

• Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), 
some of which may prove to be pathogenic in humans and livestock. Capacity to identify 
additional pathogenic henipaviruses is an important challenge for ensuring diagnostic 
preparedness to respond to future outbreaks.  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• High-level biocontainment requirements may pose an impediment to development of MCMs, as 
certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross 
cutting) 

 
Key needs 

• A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable 
characteristics to guide the development of promising diagnostic assays. 

• Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory 
infrastructure, can detect disease early in the clinical course, can be applied in both human and 
animal populations, and have a high degree of sensitivity and specificity for different NiV strains.   

• Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and 
animals as they arise.  

• Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the 
field.  

• Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional 
and national laboratory capacity for case and outbreak confirmation.  

• Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to 
differentiate vaccinated animals from infected animals, such as the DIVA test. 

• Long-term need: multiplex syndrome-based assay panels for use in humans and animals that 
can detect NiV infection while simultaneously screening for the presence of other henipaviruses 
or additional high-consequence pathogens.  

 
Knowledge gaps 

• Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva 
other body fluids, and tissue samples to enhance the ability to diagnose infection at different 
stages of disease.   

• More information is needed regarding the performance characteristics (including sensitivity, 
specificity, and limits of detection) for NiV assays, particularly for newer tests (such as 
pseudotyped neutralization assays and antigen-capture ELISAs).  

• Additional validation data are needed to assess performance characteristics of NiV diagnostic 
assays against the various strains of NiV.  
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• Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic 
changes over time that may impact diagnostic testing and the epidemiologic and clinical 
features of disease.  

• Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other 
preventive measures, are dependent on accurate and current information on the ecology and 
epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to 
determine the true incidence of disease in endemic areas and to monitor the occurrence of 
spillover incidents from bats to humans or livestock in new areas.  Additionally, continued 
research is needed to better define and assess the occurrence of NiV and other henipaviruses in 
the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting)  

 
Strategic Goals 

1. Obtain a better understanding of the kinetics of NiV detection at various points during the 
clinical course of illness to allow improved diagnostic capability across the disease spectrum.  

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-
care diagnostic tests for use in humans and animals that have minimal requirements for 
biosafety precautions and staff training and that can detect NiV and other related henipaviruses.  

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve 
early diagnostic capabilities.  

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body 

fluids, and tissue samples to enhance the ability to diagnose infection at different stages of 
disease. 

• Determine performance characteristics for promising new assays for diagnosis of NiV infection 
and develop appropriate standards for their use in different contexts. 

• Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection.  
• Explore new diagnostic approaches that may allow for earlier detection of infection.  
• Expand research to further understand the ecologic and epidemiology of NiV and other 

henipaviruses in human and animal populations over time, using a One Health approach. 
• Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic 

changes and characterize genetic diversity over time.  
• Continue to research development of serologic tests to distinguish vaccinated from infected 

animals, if henipavirus vaccines are to be widely used in livestock populations. 
 

Product development 
• Generate a TPP for NiV diagnostics. 
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• Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are 
affordable, highly sensitive and specific, available for use in humans and animals, and can 
capture antigenically diverse strains of the virus.   

• Develop multiplex syndrome-based assay panels that can detect NiV infection while 
simultaneously screening for the presence of other henipaviruses or other high-consequence 
pathogens in humans and animals.  

Key capacities 
• Create international partnerships to fund, support, and promote enhanced laboratory capacity, 

public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk 
areas, particularly in support of enhanced national and regional diagnostic capabilities. 

• Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic 
areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV 
disease or disease caused by other related henipaviruses.    

Policy and commercialization 
• Establish a sustainable value proposition for NiV point-of-care diagnostics. 
• Ensure access to regulatory review and authorization of NiV diagnostic assays. 
• Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic 

products to endemic and at risk areas. 
 

Schedule of Resources, Coordination, and Implementation 
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.] 
 

THERAPEUTICS 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease 

poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory 
pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting)  

• Differences between the NiVM and NiVB strains may impact the effectiveness of developed 
MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting)  

• Nipah virus can infect the central nervous system (CNS), which creates challenges for generating 
therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to 
inhibit viral replication. This is particularly important for preventing late-onset CNS disease.  

• The absence of improved diagnostic assays for timely diagnosis of infection creates an important 
challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare 
systems in endemic areas are not able to rapidly identify contacts most likely to benefit from 
PEP. (*cross cutting)  
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• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, the African green monkey (AGM) is regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

Key needs 
• A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the 

development of promising treatment approaches in the context of individual and community 
priorities.  

• Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute 
and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and 
long-term disability.  

• Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. 
PEP could be used to prevent illness in healthcare workers, family caregivers, and persons 
exposed to infected livestock. (*cross cutting)  

Knowledge gaps 
• Additional information is needed on the immunology and pathogenesis of NiV in order to 

develop appropriate treatment options. This includes evaluating the pathophysiologic 
differences between NiVB and NiVM infection, determining the mechanisms of late-onset and 
relapsing NiV encephalitis, identifying factors influencing the development of permanent 
neurological sequela, and further characterizing cell-mediated and humoral immune responses 
to NiV infection. In addition, identifying aspects of the immune response that are absent or 
counter-effective during human NiV infection may lead to the development of novel targeted 
intervention strategies.  

• Patients treated with Ribavirin late in the 1998-1999 NiV outbreak in Malaysia experienced 36% 
lower mortality than persons from earlier in the outbreak who were not treated with 
Ribavirin.was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and 
is consideredRibaviran may be an option for treatment of NiV infection. However, animal 
studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into 
the potential effectiveness of ribavirin for NiV infection is needed.  

• The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV 
challenge in animal models and has been provided as a compassionate use for a small number 
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of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 
40 human participants was completed in Australia, but results are not yet available. Additional 
animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of 
m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease.  

• Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most 
promising novel treatments (such as fusion inhibitory peptides), used alone or in combination 
with other therapies. Additionally, the therapeutic windows of each therapy should be 
determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the 
therapeutic window for m102.4 against NiVB to be shorter than for NiVM.  

• Additional data are needed to determine the role of PEP and to inform development of guidance 
on the type of exposures that warrant such intervention and the most appropriate agents to 
administer.  

• Patients may benefit from optimal supportive care independent of treatment with specific NiV 
therapeutic agents. Key research areas include obtaining data on the safety and efficacy of 
individual components of supportive care for NiV, such as optimal fluid and respiration 
management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric 
antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), such as determining the most appropriate lethal NiV dose for MCM development and 
identifying the best models for studying chronic (relapsing) infection, particularly if investigators 
use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  
 

Strategic Goals 

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to 
prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as 
needed. 

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune 
response to infection.  

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early 
diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered.  

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 
 

Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Conduct basic science research on the immunology and pathogenesis of NiV infections to inform 

development of new therapeutic agents. 
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• Determine the key differences between NiVB and NiVM that may have implications for the 
development of safe and effective NiV therapeutics.  

• Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV 
infection, including animal studies and clinical trials as appropriate and feasible. 

• Research optimal treatment and supportive care strategies for NiV infection and determine best 
practice guidelines. 
 

Product development 
• Generate a TPP for NiV infection therapeutics. 
• Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV 

infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross 
the blood-brain barrier to treat or prevent CNS disease. 

• Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and 
other NiV strains or pathogenic henipaviruses that may emerge. 

Key capacities 
• Refine, standardize, and validate animal challenge models for future assessment of promising 

therapeutic candidates. 
• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 

deployment and monitoring. 
 

Policy and commercialization 
• Establish a sustainable value proposition for NiV therapeutics.  
• Support plans for licensure/registration, adequate manufacturing, and subsequent distribution 

of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis 
for outbreak control. 

• Secure financing for procurement and deployment of NiV therapeutics for outbreak control 
once treatment agents are available. 

• Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 

 
Critical Path Analysis  

[TBD once the primary activities have been vetted by subject matter experts.] 
 

VACCINES 

Current Primary Challenges, Key Needs, and Knowledge Gaps 

Primary challenges 
• Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a 

major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, 
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alternative regulatory pathways may need to be considered for licensure of NiV vaccines or 
therapeutics. (*cross cutting) 

• High-level biocontainment requirements pose a significant impediment to development of 
MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) 
conditions. (*cross cutting)  

• Economic incentives to invest in Nipah research are not readily apparent, as the disease 
primarily occurs in the under-resourced areas of South Asia and disease incidence is low; 
therefore, securing funding for Nipah research represents a substantial challenge. The 
development of a sustainable value proposition is needed to secure funding to complete 
development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting)  

• The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge 
in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines 
are available for use. (*cross cutting)  

• While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV 
research applicable to humans, African green monkeys (AGMs) are regarded as the most 
relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, 
studies involving the AGM model may be required for licensure involving alternative regulatory 
pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical 
concerns constrain the use of AGMs. (*cross cutting)  
 

Key needs 
• Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following 

exposure to NiV and guidance on their use. Such countermeasures are important tools to 
protect healthcare workers, family caregivers, and livestock workers. (*cross cutting)  

• Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that 
provide rapid onset of an immune response to adequately prevent and control outbreaks. 
Research tools, such as standardized neutralization assays, to compare immunogenicity of 
different vaccines.  

• Enhanced surveillance capacity to provide more accurate information on the current incidence 
and geographic distribution of NiV in endemic and at-risk areas in order to refine potential 
vaccination strategies, particularly over time. 
 

Knowledge gaps 
• While neutralizing antibodies are likely a primary mediator of protection against NiV infection, 

cellular immunity appears to also play a role. Additional research is needed regarding the innate, 
cell-mediated, and humoral immune responses that constitute protective immunity against NiV.  

• The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or 
recurrent encephalitis are unknown. Further research to better understand viral clearance has 
important implications for development of vaccines and therapeutics.  

• Additional research is needed to determine if vaccine candidates are cross-protective between 
NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date.  
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• Further research is needed to determine durability and safety profiles of candidate vaccines, 
such as VSV recombinants, where concerns regarding potential neurotropism have been raised.  

• Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the 
HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, 
Zoestis).  

• The identification of specific correlates of protection and standardized mechanisms for 
measuring immune correlates are needed to facilitate research on promising NiV vaccine 
candidates, and expedite possible licensing through nontraditional regulatory pathways, such as 
the US FDA’s Animal Rule and accelerated approval mechanisms.  

• Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in 
simulating various epidemiologic scenarios that may impact strategies for vaccine use.  

• Additional research is needed to refine, standardize, and validate relevant animal challenge 
models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM 
models), including determining the most appropriate NiV dose for MCM development (Johnston 
2015) and identifying the best models for studying chronic (relapsing) infection, particularly if 
investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting)  

• Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of 
livestock populations has been suggested as a possible mitigation strategy for preventing 
secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing 
research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of 
this potential control strategy.  

• If evidence at some point supports the need for a broader, population-based vaccination 
strategy, additional research may be warranted on the development of multivalent vaccines that 
protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV 
and measles virus) for use in NiV endemic areas.   

 
Strategic Goals 

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, 
primarily for reactive/outbreak use in endemic and at-risk areas.  

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and 
potentially other emergent henipaviruses as needed). 

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and 
monitoring. 

 
Landmark Goals/Milestones 

[TBD once the strategic goals have been determined.] 
 

Priority Areas/Activities 

Research 
• Determine the innate, cell-mediated, and humoral immune responses that contribute to 

protective immunity against NiV infection. 
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• Determine the key differences between NiVB and NiVM pathogenesis that may have implications 
for the development of safe and effective NiV vaccines or therapies. 

• Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and 
between NiV strains and HeV strains. 

• Identify and standardize correlates of protection, which are necessary for ongoing research 
efforts and also may be important for vaccine licensure through non-traditional regulatory 
pathways. 

• Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity 
of different vaccines. 

• Complete preclinical evaluation of promising candidate NiV vaccines for safety, 
immunogenicity, efficacy, correlates of protection, and durability. 

• Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform 
strategies for vaccine use.  

Product development 
• Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans 

and livestock, primarily for reactive use during outbreaks.  

• Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect 
against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if 
broader population-based vaccination is warranted at some point in the future.  

Key capacities 
• Refine and validate relevant animal challenge models for NiV infection. 
• Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to 

assess the true burden and incidence of NiV disease, which may in turn, inform vaccination 
strategies. 

• Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product 
deployment and monitoring. 

Policy and commercialization 
• Establish a sustainable value proposition for NiV vaccines. 
• Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-

traditional pathways are needed for licensure. 
• Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when 

outbreaks occur. 
• Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles 

over time; mathematical modelling may be used to contribute to this assessment.   
• Continue to provide guidance on vaccination strategies for various target populations and 

epidemiologic scenarios, once vaccines are available. 
 

Schedule of Resources, Coordination, and Implementation  
[TBD; will obtain input later in the process.] 
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Critical Path Analysis  
[TBD once the primary activities have been vetted by subject matter experts.] 
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January 9 or Wednesday January 10, depending on time zone
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Mike,

Thanks so much for moving this forward. I am looking forward to the call. 

I will be in Bangladesh, but I should be able to connect.

Attached are some comments on the roadmap outline.

Steve

Michael Osterholm 
 Thursday, January 04, 2018 8:50 AM

Dear Colleagues:
ï¿½
I am writing to remind you of our Nipah Roadmap Taskforce conference
call on Tuesday, January 9 at 5:00 pm PST, 7:00 pm CST, 8:00 pm EST,
and Wednesday, January 10 at 1:00 am GMT, 2:00 am CET, 7:00 am BST,
and 9:00 am SGT.
ï¿½
Each of you should have received a calendar invite with the call-in
information and I have repeated that information below:

<!--[if !supportLists]-->ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ <!--[endif]--
>Conference code: 998-3378#

<!--[if !supportLists]-->oï¿½ï¿½ <!--[endif]-->USA Toll Free:
866-767-9978

<!--[if !supportLists]-->oï¿½ï¿½ <!--[endif]-->UK Toll Free:
0808 1017 535

<!--[if !supportLists]-->oï¿½ï¿½ <!--[endif]-->Switzerland Toll
Free: 0800 5537 12

<!--[if !supportLists]-->oï¿½ï¿½ <!--[endif]-->Singapore Toll
Free: 800 101 2395

<!--[if !supportLists]-->ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ <!--[endif]-->For
Bangladesh, we do not have a toll free line; we will contact you
separately to make logistical arrangements.
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Nipah Research and Development (R&D) Roadmap



Roadmap purpose: To provide a framework for identifying the vision, outlining the underpinning strategic goals, and prioritizing research areas and activities (from basic research to advanced development, licensure, manufacture, and deployment) for accelerating the collaborative development of medical countermeasures (MCMs) against Nipah virus (NiV) infection.



(Note: The content below is organized into the three main categories for R&D of MCMs [diagnostics, therapeutics, and vaccines] to allow reviewers an opportunity to follow the lines of thinking for each category. Some issues are cross cutting and apply to more than one category. As this draft is refined, the content may be reorganized to create one over all roadmap and to group cross-cutting issues together. In addition, this document is relatively detailed to ensure that the most important issues are identified and discussed. As the document evolves, certain items may be “rolled up” into a smaller number of broader issues, strategic goals, and primary activities.)



INTRODUCTION 

Nipah virus (NiV) is a paramyxovirus that was first identified as a zoonotic pathogen after an outbreak occurred in pigs and humans in Malaysia and Singapore in 1998 and 1999. As part of that outbreak, 265 human cases were identified in Malaysia, and 11 abattoir workers in Singapore became ill following contact with imported pigs. No new outbreaks have been reported in these countries since May 1999. NiV infection was subsequently recognized in Bangladesh in 2001 and nearly annual outbreaks have occurred in that country since, with disease also occurring periodically in eastern India. Other regions may be at risk for NiV infection, as serologic evidence for NiV has been found in the natural reservoir for NiV (Pteropus bat species) in a number of other countries, including Cambodia, Thailand, Indonesia, Madagascar, and Ghana. In the 1998-99 Malaysia outbreak, NiV spillover occurred from bats to pigs, which led to pig-to-pig, pig-to-human, and human-to-human NiV transmission. In the outbreaks in Bangladesh, intermediary hosts between bat and human have not played a role, with human consumption of bat-contaminated raw date palm sap serving as the primary NiV source. In humans, NiV infection has neurological and respiratory syndromes, with fever, headache, dizziness, and vomiting as the primary presenting clinical features. NiV infection may result in late-onset encephalitis and/or relapsing encephalitis, and survivors may experience long-term neurological deficits. Genomic sequencing has demonstrated that two distinct strains of NiV were responsible for the outbreaks in Southeast Asia (NiVM) and in Bangladesh/India (NiVB). NiV is part of the Henipavirus genus; this genus also includes another zoonotic pathogen (Hendra virus [HeV]), which predominantly causes infection in horses and also can lead to human disease (usually following contact with infected horses). To date, HeV disease has been confined to Australia.  An outbreak of an unidentified Henipavirus (possibly NiV or a closely related virus) occurred among horses and humans in the Philippines in 2015. 



The R&D roadmap for NiV infection is a key component of the WHO R&D Blueprint initiative for accelerating research and product development of medical countermeasures to enable effective and timely emergency response to infectious disease epidemics. NiV is identified in the Blueprint’s initial list of “priority pathogens” (defined as pathogens that are likely to cause severe outbreaks in the near future and for which few or no medical countermeasures [MCMs] exist). The Blueprint calls for the development of R&D roadmaps for the priority pathogens to align and stimulate R&D of new or improved countermeasures, such as rapid diagnostic assays, novel therapeutics, and vaccines. The scope of R&D addressed in the roadmap ranges from basic research to late-stage development, licensure, and early use of medical countermeasures to prevent and control LF outbreaks and endemic disease. 



Other aspects of public health preparedness and response, in addition to R&D for MCMs, are critical to successful NiV infection prevention and control. Examples include enhanced surveillance systems, minimizing NiV transmission at the human-animal interface, improved personal protective equipment, effective community engagement, and workforce development and training in at-risk regions. Many of these issues are beyond the scope of the R&D roadmap, but need to be addressed as part of a broader public health control strategy. 	Comment by Luby, Stephen P: I consider this paragraph as essential framing and urge that it be retained, even as we work towards a more focused document. It is difficult, because medical countermeasures do not stand alone. They need to interface with a system that constructively deploys them. At a minimum we should strive for countermeasures that are fit for purpose for the contexts where they are needed.



VISION

Robust MCMs to detect, prevent, and control outbreaks of NiV (and other closely related henipaviruses) that are available and readily deployable for use when needed. These MCMs include: (1) rapid, accurate, point-of-care diagnostics; (2) safe and effective treatment and post-exposure prophylaxis (PEP); and (3) safe and effective vaccines to prevent disease, disability, and death. 



DIAGNOSTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Initial signs and symptoms of NiV infection are nonspecific and the diagnosis often is not suspected at the time of presentation. Additionally, latent disease can occur long after initial infection. Both of these factors can hinder accurate diagnosis. 

· Laboratory infrastructure and diagnostic capabilities in endemic and at-risk areas are often lacking or inadequate, which can lead to delays in diagnosis. 

· Diagnostic testing of clinical specimens for NiV poses safety and logistical challenges in under-resourced areas with regard to collection, handling, transport, and laboratory analysis. 

· NiV appears to have the potential for strain heterogeneity and antigenic variability, which could potentially influence accuracy of diagnostic testing over time. 

· The natural reservoir for NiV is fruit bats of the Pteropus genus, which have a wide geographic range that stretches across much of the Western Pacific region, Southeast and South Asia, and Madagascar. Evidence also suggests that other fruit bats of the Pteropodidae family may harbor NiV; such bats can be found across Africa and parts of the Middle East. This broad host range increases the likelihood of additional spillover from bats to humans or livestock in new areas where the disease has not yet been detected, which may make accurate and timely diagnosis more difficult owing to lack of clinical experience with the condition and lack of available laboratory testing. 

· Pteropus bat species also appear to carry other henipaviruses (in addition to NiV and HeV), some of which may prove to be pathogenic in humans and livestock. Capacity to identify additional pathogenic henipaviruses is an important challenge for ensuring diagnostic preparedness to respond to future outbreaks. 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· High-level biocontainment requirements may pose an impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting)



Key needs

· A target product profile (TPP) for NiV diagnostics, identifying optimal and desirable characteristics to guide the development of promising diagnostic assays.

· Rapid point-of-care diagnostic tests for NiV that involve minimal requirements for laboratory infrastructure, can detect disease early in the clinical course, can be applied in both human and animal populations, and have a high degree of sensitivity and specificity for different NiV strains.  

· Diagnostic preparedness to detect HeV and other emergent henipaviruses in humans and animals as they arise. 

· Proficiency testing, to monitor reproducibility and performance of NiV diagnostic assays in the field. 

· Enhanced laboratory infrastructure in at-risk areas, with a particular focus on improving regional and national laboratory capacity for case and outbreak confirmation. 	Comment by Luby, Stephen P: Given the wide range of Pteropus bats this needs to be defined. Clearly, we need low cost accurate diagnostics, but we also need to consider the system that needs to be in place in order to make use of the diagnostics. We risk mission creep if we include development of global surveillance as part of medical countermeasures, but there is a difference between how we would optimally deploy point of care diagnostics in Bangladesh and West Bengal, India, compared with the Philipines or Cameroon. We should consider the different needs in these different contexts, to assure that we have an approach that is fit for purpose.

· Long-term need: if NiV or HeV vaccines become widely used in livestock, serological testing to differentiate vaccinated animals from infected animals, such as the DIVA test.

· Long-term need: multiplex syndrome-based assay panels for use in humans and animals that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or additional high-consequence pathogens. 



Knowledge gaps

· Further research is needed on the kinetics of NiV detection in cerebrospinal fluid, blood, saliva other body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of disease.  	Comment by Luby, Stephen P: Salivary pcr is often positive in Bangladesh before antibodies are detectable.

· More information is needed regarding the performance characteristics (including sensitivity, specificity, and limits of detection) for NiV assays, particularly for newer tests (such as pseudotyped neutralization assays and antigen-capture ELISAs). 

· Additional validation data are needed to assess performance characteristics of NiV diagnostic assays against the various strains of NiV. 

· Ongoing phylogenetic and evolutionary analyses of NiV strains are needed to monitor antigenic changes over time that may impact diagnostic testing and the epidemiologic and clinical features of disease. 

· Continued R&D, manufacture, deployment, and assessment of MCMs, as well as other preventive measures, are dependent on accurate and current information on the ecology and epidemiology of NiV infection, using a One Health approach. Improved surveillance is needed to determine the true incidence of disease in endemic areas and to monitor the occurrence of spillover incidents from bats to humans or livestock in new areas.  Additionally, continued research is needed to better define and assess the occurrence of NiV and other henipaviruses in the natural reservoir of Pteropus bats and potentially other fruit bats. (*cross cutting) 



Strategic Goals

1. Obtain a better understanding of the kinetics of NiV detection at various points during the clinical course of illness to allow improved diagnostic capability across the disease spectrum. 

2. Promote the development and assessment of affordable, highly sensitive and specific, point-of-care diagnostic tests for use in humans and animals that have minimal requirements for biosafety precautions and staff training and that can detect NiV and other related henipaviruses. 

3. Strengthen laboratory infrastructure and capacity in the endemic and at-risk areas to improve early diagnostic capabilities. 	Comment by Luby, Stephen P: Because this is a wildlife shed virus and these creatures live near food sources, spillovers to human communities have occurred almost exclusively in rural communities in Bangladesh. The health care facilities that serve these communities not only have very rudimentary laboratory infrastructure, they also do not have the routine practice of using diagnostic tests to manage patients. Thus, achieving the stated strategic goals requires a much broader, deeper effort, than providing reagents and testing for proficiency at national labs. 



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Further evaluate the kinetics of NiV detection in cerebrospinal fluid, blood, saliva, other body fluids, and tissue samples to enhance the ability to diagnose infection at different stages of disease.

· Determine performance characteristics for promising new assays for diagnosis of NiV infection and develop appropriate standards for their use in different contexts.

· Conduct field evaluation studies to assess and validate new diagnostic tests for NiV infection. 

· Explore new diagnostic approaches that may allow for earlier detection of infection. 

· Expand research to further understand the ecologic and epidemiology of NiV and other henipaviruses in human and animal populations over time, using a One Health approach.

· Continue to perform phylogenetic and evolutionary analyses of NiV strains to monitor antigenic changes and characterize genetic diversity over time. 	Comment by Luby, Stephen P: Consider whether efforts to promote sharing of sequence and strains would benefit from attention.

· Continue to research development of serologic tests to distinguish vaccinated from infected animals, if henipavirus vaccines are to be widely used in livestock populations.



Product development

· Generate a TPP for NiV diagnostics.

· Develop, evaluate, and validate point-of-care rapid diagnostic tests for NiV infection that are affordable, highly sensitive and specific, available for use in humans and animals, and can capture antigenically diverse strains of the virus.  

· Develop multiplex syndrome-based assay panels that can detect NiV infection while simultaneously screening for the presence of other henipaviruses or other high-consequence pathogens in humans and animals. 

Key capacities

· Create international partnerships to fund, support, and promote enhanced laboratory capacity, public health surveillance capacity, and infrastructure for detection of NiV in endemic and at-risk areas, particularly in support of enhanced national and regional diagnostic capabilities.

· Improve surveillance capacity to: (1) better define the incidence of disease in NiV-endemic areas and (2) promote surveillance in non-endemic areas to enhance detection of emergent NiV disease or disease caused by other related henipaviruses.   

Policy and commercialization

· Establish a sustainable value proposition for NiV point-of-care diagnostics.

· Ensure access to regulatory review and authorization of NiV diagnostic assays.

· Support plans for adequate manufacturing and subsequent distribution of NiV diagnostic products to endemic and at risk areas.



Schedule of Resources, Coordination, and Implementation

[TBD; will obtain input later in the process.]



Critical Path Analysis

[TBD once the primary activities have been vetted by subject matter experts.]



THERAPEUTICS

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Because NiV disease occurs in relatively small outbreak settings, the low incidence of disease poses a major challenge for conducting phase 3 clinical trials; therefore, alternative regulatory pathways will need to be considered for licensure of vaccines or therapeutics. (*cross cutting) 

· Differences between the NiVM and NiVB strains may impact the effectiveness of developed MCMs, yet NiVM has been used significantly more often than NiVB in research. (*cross cutting) 	Comment by Luby, Stephen P: Moreover, if we actually had more strains we may identify more heterogeneity than is currently apparent.

· Nipah virus can infect the central nervous system (CNS), which creates challenges for generating therapeutic agents that cross the blood-brain barrier and can access the brain and spinal cord to inhibit viral replication. This is particularly important for preventing late-onset CNS disease. 

· The absence of improved diagnostic assays for timely diagnosis of infection creates an important challenge in providing early treatment and PEP to exposed persons. In addition, the healthcare systems in endemic areas are not able to rapidly identify contacts most likely to benefit from PEP. (*cross cutting) 

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, the African green monkey (AGM) is regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

Key needs

· A TPP for NiV therapeutic agents, identifying optimal and desirable characteristics to guide the development of promising treatment approaches in the context of individual and community priorities. 

· Safe, easily administered, well-tolerated, and effective therapeutic agents that treat both acute and chronic (relapsing) NiV infection to improve survival and decrease associated morbidity and long-term disability. 	Comment by Luby, Stephen P: Would be ideal, but, given the biology, may be much more difficult than an acute countermeasure. Might separate these into 2, so that the ideal does not become the enemy of the good.

· Safe and effective PEP to prevent infection following exposure to NiV and guidance on PEP use. PEP could be used to prevent illness in healthcare workers, family caregivers, and persons exposed to infected livestock. (*cross cutting) 

Knowledge gaps

· Additional information is needed on the immunology and pathogenesis of NiV in order to develop appropriate treatment options. This includes evaluating the pathophysiologic differences between NiVB and NiVM infection, determining the mechanisms of late-onset and relapsing NiV encephalitis, identifying factors influencing the development of permanent neurological sequela, and further characterizing cell-mediated and humoral immune responses to NiV infection. In addition, identifying aspects of the immune response that are absent or counter-effective during human NiV infection may lead to the development of novel targeted intervention strategies. 

· Patients treated with Ribavirin late in the 1998-1999 NiV outbreak in Malaysia experienced 36% lower mortality than persons from earlier in the outbreak who were not treated with Ribavirin.was found to reduce mortality by 36% in the 1998-1999 NiV outbreak in Malaysia and is consideredRibaviran may be an option for treatment of NiV infection. However, animal studies in hamsters and AGMs have not supported efficacy for ribavirin. Further research into the potential effectiveness of ribavirin for NiV infection is needed. 

· The human monoclonal antibody (mAb) m102.4 has demonstrated protection against lethal NiV challenge in animal models and has been provided as a compassionate use for a small number of individuals exposed to HeV-infected horses. Recently, a phase 1 clinical trial for m102.4 with 40 human participants was completed in Australia, but results are not yet available. Additional animal studies and clinical trials are needed to assess the safety, tolerability, and efficacy of m102.4 (and possibly other mAbs) for PEP and potentially early treatment of clinical disease. 

· Preclinical and clinical data are needed on the safety, tolerability, and efficacy of the most promising novel treatments (such as fusion inhibitory peptides), used alone or in combination with other therapies. Additionally, the therapeutic windows of each therapy should be determined for both NiVB and NiVM, as highlighted by a recent study in AGMs that showed the therapeutic window for m102.4 against NiVB to be shorter than for NiVM. 

· Additional data are needed to determine the role of PEP and to inform development of guidance on the type of exposures that warrant such intervention and the most appropriate agents to administer. 

· Patients may benefit from optimal supportive care independent of treatment with specific NiV therapeutic agents. Key research areas include obtaining data on the safety and efficacy of individual components of supportive care for NiV, such as optimal fluid and respiration management strategies, diagnosis and treatment of organ dysfunction, and the use of empiric antibiotics and/or antimalarials, to inform supportive care and best-practice guidelines. 	Comment by Luby, Stephen P: An important related issue is how we protect the health care workers and fellow patients in these settings. Part of this is covered in the vaccine section, but the capacity to protect health care workers and other patients is extremely limited in the contexts where we see recurrant NiV outbreaks. A clear eyed understanding of the context, and piloting approaches within these contexts is essential to develop and refine medical counter measures to that they can reduce pandemic risk. To be effective these countermeasures need to work, not only in idealized trial conditions, but in the everyday setting where high risk patients present.

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), such as determining the most appropriate lethal NiV dose for MCM development and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 



Strategic Goals

1. Develop, evaluate, and license therapeutic agents for treatment of NiV infection and for PEP to prevent NiV infection and ensure that therapies are prepositioned in endemic areas for use as needed.

2. Stimulate basic research for better understanding of NiV pathogenesis and the immune response to infection. 

3. Strengthen clinical and laboratory infrastructure in endemic and at-risk areas to promote early diagnosis of NiV cases so that effective treatment and PEP can be rapidly administered. 

4. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Conduct basic science research on the immunology and pathogenesis of NiV infections to inform development of new therapeutic agents.

· Determine the key differences between NiVB and NiVM that may have implications for the development of safe and effective NiV therapeutics. 

· Continue to research the safety, tolerability, and efficacy of investigational therapies for NiV infection, including animal studies and clinical trials as appropriate and feasible.

· Research optimal treatment and supportive care strategies for NiV infection and determine best practice guidelines.



Product development

· Generate a TPP for NiV infection therapeutics.

· Develop, evaluate, and license safe and effective therapeutic agents for treatment of NiV infection that are active against both NiVB and NiVM and other henipaviruses, and that can cross the blood-brain barrier to treat or prevent CNS disease.

· Identify therapeutic approaches for PEP that are broadly active against both NiVB and NiVM and other NiV strains or pathogenic henipaviruses that may emerge.

Key capacities

· Refine, standardize, and validate animal challenge models for future assessment of promising therapeutic candidates.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.



Policy and commercialization

· Establish a sustainable value proposition for NiV therapeutics. 

· Support plans for licensure/registration, adequate manufacturing, and subsequent distribution of safe and effective therapies to endemic areas and to other at-risk areas on an as-needed basis for outbreak control.

· Secure financing for procurement and deployment of NiV therapeutics for outbreak control once treatment agents are available.

· Develop treatment and PEP guidance as new therapies demonstrate safety and efficacy.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]



VACCINES

Current Primary Challenges, Key Needs, and Knowledge Gaps

Primary challenges

· Because NiV occurs as relatively small, focal outbreaks, the low incidence of infection poses a major challenge for conducting phase 3 clinical trials for efficacy demonstration; therefore, alternative regulatory pathways may need to be considered for licensure of NiV vaccines or therapeutics. (*cross cutting)

· High-level biocontainment requirements pose a significant impediment to development of MCMs, as certain materials must be generated under the highest biosafety level (BSL-4) conditions. (*cross cutting) 

· Economic incentives to invest in Nipah research are not readily apparent, as the disease primarily occurs in the under-resourced areas of South Asia and disease incidence is low; therefore, securing funding for Nipah research represents a substantial challenge. The development of a sustainable value proposition is needed to secure funding to complete development, licensure, manufacture, and deployment of NiV MCMs. (*cross cutting) 

· The absence of improved diagnostic assays for timely diagnosis of infection creates a challenge in implementing a rapid reactive vaccination strategy for NiV outbreak control, once vaccines are available for use. (*cross cutting) 

· While ferrets, Syrian hamsters, and INFO KO mice are well-established animal models for NiV research applicable to humans, African green monkeys (AGMs) are regarded as the most relevant animal model for evaluation of candidate therapeutics and vaccines. Additionally, studies involving the AGM model may be required for licensure involving alternative regulatory pathways. Costs, space requirements (particularly in BLS-4 containment facilities), and ethical concerns constrain the use of AGMs. (*cross cutting) 



Key needs

· Safe and effective PEP (either vaccines or therapeutic agents) to prevent infection following exposure to NiV and guidance on their use. Such countermeasures are important tools to protect healthcare workers, family caregivers, and livestock workers. (*cross cutting) 

· Nipah vaccines that can protect against both NiVM and NiVB in humans and animals, and that provide rapid onset of an immune response to adequately prevent and control outbreaks. Research tools, such as standardized neutralization assays, to compare immunogenicity of different vaccines. 

· Enhanced surveillance capacity to provide more accurate information on the current incidence and geographic distribution of NiV in endemic and at-risk areas in order to refine potential vaccination strategies, particularly over time.



Knowledge gaps

· While neutralizing antibodies are likely a primary mediator of protection against NiV infection, cellular immunity appears to also play a role. Additional research is needed regarding the innate, cell-mediated, and humoral immune responses that constitute protective immunity against NiV. 

· The mechanisms that allow NiV to escape immunological clearance and cause delayed onset or recurrent encephalitis are unknown. Further research to better understand viral clearance has important implications for development of vaccines and therapeutics. 

· Additional research is needed to determine if vaccine candidates are cross-protective between NiVM and NiVB; only a few studies demonstrating cross-protection have been performed to date. 

· Further research is needed to determine durability and safety profiles of candidate vaccines, such as VSV recombinants, where concerns regarding potential neurotropism have been raised. 

· Further research is needed to determine the henipavirus cross-protection efficacy for NiV of the HeV-sG subunit vaccines, such as the recombinant subunit vaccine HeV-sG (Equivac® HeV, Zoestis). 

· The identification of specific correlates of protection and standardized mechanisms for measuring immune correlates are needed to facilitate research on promising NiV vaccine candidates, and expedite possible licensing through nontraditional regulatory pathways, such as the US FDA’s Animal Rule and accelerated approval mechanisms. 

· Mathematical modelling may be useful in estimating the potential impact of NiV vaccines and in simulating various epidemiologic scenarios that may impact strategies for vaccine use. 

· Additional research is needed to refine, standardize, and validate relevant animal challenge models for NiV infection in humans (e.g., INFAR KO mouse, ferret, Syrian hamster, and AGM models), including determining the most appropriate NiV dose for MCM development (Johnston 2015) and identifying the best models for studying chronic (relapsing) infection, particularly if investigators use the US FDA’s Animal Rule to obtain licensing. (*cross cutting) 

· Because livestock (e.g., pigs and horses) are intermediary hosts for NiV and HeV, vaccination of livestock populations has been suggested as a possible mitigation strategy for preventing secondary transmission to humans. Currently, one HeV vaccine is available for horses. Ongoing research into developing NiV/HeV vaccines for livestock is needed to further assess the merit of this potential control strategy. 	Comment by Luby, Stephen P: I suspect that this is an easier technical problem than it is an economic problem. Only 15% of Australian horses are vaccinated against HeV. Pigs in low income countries are rarely protected against swine cholera or Japanese Encepahlitis. The incentives for livestock raisers are not well aligned for deployment as a human public health tool.

· If evidence at some point supports the need for a broader, population-based vaccination strategy, additional research may be warranted on the development of multivalent vaccines that protect against more than one infection (such as a combined vaccine against NiV and HeV or NiV and measles virus) for use in NiV endemic areas.  	Comment by Luby, Stephen P: Should consider surge capacity to rapidly ramp up vaccine supply in case NiV is used as a bioterror agent, or we face a strain that naturally develops increased capacity for person to person transmission.



Strategic Goals

1. Develop, evaluate, and license NiV vaccines for use in humans and potentially livestock, primarily for reactive/outbreak use in endemic and at-risk areas. 

2. Continue to research cross-protection of candidate vaccines against NiV and HeV (and potentially other emergent henipaviruses as needed).

3. Ensure that post-approval pharmacovigilance is in place to support product deployment and monitoring.



Landmark Goals/Milestones

[TBD once the strategic goals have been determined.]



Priority Areas/Activities

Research

· Determine the innate, cell-mediated, and humoral immune responses that contribute to protective immunity against NiV infection.

· Determine the key differences between NiVB and NiVM pathogenesis that may have implications for the development of safe and effective NiV vaccines or therapies.

· Further study cross protection of various vaccine candidates against NiVB and NiVM strains, and between NiV strains and HeV strains.

· Identify and standardize correlates of protection, which are necessary for ongoing research efforts and also may be important for vaccine licensure through non-traditional regulatory pathways.

· Generate research tools (e.g., standardized neutralization assays) to compare immunogenicity of different vaccines.

· Complete preclinical evaluation of promising candidate NiV vaccines for safety, immunogenicity, efficacy, correlates of protection, and durability.

· Conduct mathematical modelling to estimate the potential impact of NiV vaccines and inform strategies for vaccine use. 

Product development

· Develop, clinically evaluate, and license safe and effective monovalent NiV vaccines for humans and livestock, primarily for reactive use during outbreaks. 

· Develop, clinically evaluate, and license safe and effective multivalent vaccines that protect against more than one disease (e.g., vaccines that protect against both NiV and MV or HeV), if broader population-based vaccination is warranted at some point in the future. 

Key capacities

· Refine and validate relevant animal challenge models for NiV infection.

· Improve surveillance capabilities, particularly in rural areas of resource-limited settings, to assess the true burden and incidence of NiV disease, which may in turn, inform vaccination strategies.

· Ensure post-approval pharmacovigilance and effectiveness evaluations occur to support product deployment and monitoring.

Policy and commercialization

· Establish a sustainable value proposition for NiV vaccines.

· Ensure access to regulatory review and authorization of NiV vaccines, particularly if non-traditional pathways are needed for licensure.

· Support plans for adequate manufacturing and stockpiling of licensed NiV vaccines for use when outbreaks occur.

· Provide ongoing assessment to inform development and maintenance of NiV vaccine stockpiles over time; mathematical modelling may be used to contribute to this assessment.  

· Continue to provide guidance on vaccination strategies for various target populations and epidemiologic scenarios, once vaccines are available.



Schedule of Resources, Coordination, and Implementation 

[TBD; will obtain input later in the process.]



Critical Path Analysis 

[TBD once the primary activities have been vetted by subject matter experts.]
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998-3378#. However, please note that this is NOT a toll-free
number.

ï¿½
This email includes the following attachments:

<!--[if !supportLists]-->ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ <!--[endif]-->The Nipah
draft roadmap outline. Please review this document before the
call because most of our call will be devoted to discussing the
document. Also, we would very much appreciate any written edits
or comments that you have on the document, particularly if you
are not able to participate in the call. In order to keep to our
development timeline, we need to receive any written comments
from you no later than Friday, January 19. Please send comments
directly to kamoore@umn.edu.

<!--[if !supportLists]-->ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ <!--[endif]-->A short
slide deck for our call on Tuesday.

<!--[if !supportLists]-->ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ï¿½ <!--[endif]--
>Supplemental materials on the MERS-CoV Roadmap as examples,
including a Nature Medicine article on that Roadmap and an
outline of the roadmap, similar to the outline we have developed
for the Nipah Roadmap.
ï¿½

The agenda for the call is as follows (most of the time will be devoted to
discussing the draft Nipah Roadmap outline):

1. Welcome and roll call
2. R&D roadmap architecture
3. Role of roadmap taskforce members
4. Roadmap development and timeline
5. Discussion of draft R&D roadmap for Nipah
6. Next steps

ï¿½
Thank you again for agreeing to be part of this important work. We look
forward to speaking with you next week and to receiving your comments
on the draft Roadmap outline by January 19.
ï¿½
Warm regards,
ï¿½
Mike
ï¿½



-------------------------------------
ï¿½
Michael T. Osterholm, PhD, MPH
Regents Professor
McKnight Endowed Presidential Chair in Public Health
Director, Center for Infectious Disease Research and Policy
Distinguished University Teaching Professor
ï¿½ï¿½ï¿½ï¿½ Environmental Health Sciences, School of Public Health
Professor, Technological Leadership Institute College of Science and
Engineering
Adjunct Professor, Medical School
ï¿½
ï¿½
ï¿½
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CBEP Mission   

 
The Defense Threat Reduction Agency's Cooperative Biological Engagement Program is the 
Department of Defense’s premier biological nonproliferation division protecting the United 
States and its allies from especially dangerous pathogens by collaborating with partner 
countries and the international community to minimize the threat of deliberate, accidental, and 
natural infectious disease outbreaks through enhanced biosafety, security, and surveillance 
measures. 
 
The Defense Threat Reduction Agency's Cooperative Biological Engagement Program utilizes 
Science Diplomacy to promote scientific and technical collaborations among partner nations and 
the international community in [the disciplines of] biological safety, security and surveillance to 
build constructive and sustainable international partnerships that address threats posed to 
health security from deliberate, accidental, and natural infectious disease outbreaks. 
 

 

General Information 

 
• Posters may be displayed on the available poster boards in the Foyer area. An informal 

networking and poster session will be held following the “Doing Science in Difficult 
Places” session.  

o Posters displayed in the Foyer area must be removed by 1:00 PM on Friday, 
February 10, 2017. Posters that are not removed by this time will not be kept by 
DTRA.  

 

• A designated Prayer Room is available next to the Registration area in the Dogwood 
Room. Please see attendants at the Registration desk for additional information.  
 

• If temporary luggage storage is required, please see the hotel Front Desk.   
 

• Meeting space is available during the event for collaborative discussions. Please see the 
Registration desk for more information.  

 

• Please see the Registration Desk for any questions or concerns during the event.  
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crisis. Previously, she was a member of the Chemical and Biological Defense Division of 
Department of Homeland Security’s Science and Technology Directorate, where she provided 
subject matter expertise and strategic vision for existing and planned biosurveillance programs. 
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Marco De Nardi, DVM, has 15 years working experience in the field of 
animal health and epidemiology in both developed and less developed 
countries. He received a Degree in Veterinary Medicine (DVM) from 
Bologna University (IT) in 2002 and a MSc degree in Veterinary 
Epidemiology from the Royal Veterinary College and the London 
School of Hygiene and Tropical Medicine, UK in 2008. He is currently 
enrolled in the residency training (Population Medicine) of the 
European College of Veterinary Public Health. Following his DVM he 
practiced as a veterinary clinician in dairy farms in Italy. He then 
worked as a veterinary consultant and project coordinator for 
international organizations (non-governmental organizations and the 
Food and Agriculture Organization (FAO)) in East Africa from 2004 to 
2007.  In 2009-2013, he worked on research and capacity building 

programs at the “World Organization for Animal Health (OIE) and FAO Reference Laboratory for 
Avian Influenza” and the “FAO Reference Centre for Rabies” at Istituto Zooprofilattico 
Sperimentale delle Venezie (IZSVe) in Italy. In 2011, he coordinated the European Food Safety 
Authority (EFSA)-funded project “Flurisk,” assessing the pandemic risk posed by animal 
influenza viruses.  
In 2013 he joined the private veterinary consultancy company SAFOSO (www.safoso.com), 
where he is responsible for the development and implementation of consultancy, research 
projects and capacity building programs in the area of risk assessment, surveillance, veterinary 
epidemiology, animal health and food safety. As a SAFOSO consultant he worked in different 
projects in Europe, U.S., Ukraine, Armenia, Georgia, Kazakhstan, Mongolia and Vietnam. 

 
Sam Howerton, PhD, is as a Senior Executive at the National 
Science Foundation. Hearing the call to service in 2001, he 
escaped the bounds of a traditional scientific career by seeking out 
organizations undergoing change. He oversaw the development of 
new drugs, negotiated new international agreements, and provided 
entrepreneurs training on transforming their ideas into business 
ventures. 
With a healthy appetite for risk, Sam is known for his ‘first unto the 
breach’ leadership and willingness to try most any food. 
Possessed of a strong imagination and an inquisitive mind, he 
earned a Ph.D. in Chemistry-Environmental Toxicology and completed Air War College. Sam’s 
most important job is raising his sons to be good Southern gentlemen. 

 
Paul Keim, PhD, is the executive director of The Pathogen and 
Microbiome Institute, which uses genomic tools for understanding 
infectious diseases and the microbiome. This is a joint institute 
between TGen and Northern Arizona University, where Dr. Keim 
holds the Cowden Endowed Chair in Microbiology. His work has 
employed genetic and genomic analyses for understanding bacterial 
pathogen population structure and evolution for more than 30 years. 
Linking populations to their ecology has also been a critical part of his 
program. His laboratory served as the evidence repository and 
genetic analysis lab for the Federal Bureau of Investigation during the 
2001 anthrax-letter investigation. He has been a leader in the field of 
microbial forensics which uses evolutionary analysis to understand 

close relationships among pathogen isolates. This work was foundational for his pursuit in public 
health investigations and the development of novel clinical diagnostic tests.  He is an elected 
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fellow of both the American Association for the Advancement of Science and the American 
Academy for Microbiology. The National Institutes of Health appointed him to the National 
Science Advisory Board for Biosecurity in 2004 and served as its chairman for two years. He 
has published over 400 scientific research articles that have been cited over 20,000 times. 

 
Jennifer Nuzzo, DrPh, SM, is a Senior Associate at the 
Johns Hopkins Center for Health Security (formerly the 
University of Pittsburgh Medical Center for Health 
Security), Visiting Faculty in the Department of 
Environmental Health and Engineering and Associate in 
the Department of Epidemiology at the Johns Hopkins 
Bloomberg School of Public Health. An epidemiologist by 
training, her work focuses on international and domestic 
biosurveillance, infectious disease diagnostics, and 
disease mitigation strategies. She also has worked on 

issues related to the Affordable Care Act, tuberculosis control, foodborne outbreaks, and water 
security. Dr. Nuzzo is an Associate Editor of the peer-reviewed journal Health Security (formerly 
Biosecurity and Bioterrorism). 
In addition to her work at the Center, Dr. Nuzzo has advised national governments and nonprofit 
organizations. She has served as a consultant to the National Biosurveillance Advisory 
Subcommittee, as a member of the US Environmental Protection Agency’s National Drinking 
Water Advisory Council (NDWAC), and as a member of the NDWAC’s Water Security Working 
Group. She has also served as a project advisor for the American Water Works Association 
Research Foundation (now called the Water Research Foundation), a primary funding 
organization for drinking water research in the United States. She has also been consulted on 
pandemic planning efforts in the Republic of Indonesia and Taiwan. 
Dr. Nuzzo received a Doctor of Public Health degree (DrPH) in epidemiology from the Johns 
Hopkins Bloomberg School of Public Health, an SM in environmental health from Harvard 
University, and a BS in environmental sciences from Rutgers University. 

 
Martina Siwek, PhD, a native of the Czech Republic, obtained a Bachelor of Arts (BA) in 
Biological Science from Goucher College and a Doctorate of Philosophy in Molecular 
Microbiology and Immunology from the Johns Hopkins Bloomberg School of Public Health.  She 
has extensive research experience in HIV vaccine research and human immunity and infectious 
diseases, especially viral pathogens.  Dr. Siwek has worked in support of the Department of 
Defense since 2010.  She started at the Joint Program Executive Office (JPEO) as the 
Technical Director for the Critical Reagents Program (CRP) and as a subject matter expert in 
infectious diseases and especially dangerous pathogens. Dr. Siwek eventually transitioned to 
serving as the Liaison Officer coordinating various inter- and intra-agency efforts and 
organizations, including the Armed Forces Health Surveillance Branch (AFHSB), the Centers for 
Disease Control and Prevention (CDC), the Defense Threat Reduction Agency (DTRA), and 
many others.  She assumed her role as the Chief Scientist for the Global Emerging Infections 
Surveillance (GEIS) Section at the AFHSB in 2014.  There she provides scientific guidance and 
oversight for emerging infectious disease surveillance projects conducted by or in conjunction 
with US military research laboratories in continental United States (CONUS) as well as outside 
of the continental United States (OCONUS) settings.   
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Program Agenda 

 

Wednesday, February 8, 2017 

Time Session Notes 

1:30 PM - 
2:00 PM CBEP EUCOM Overview 

Overview Briefs by 
DTRA/CBEP for Review 

Panel                                 
(Note: Closed Session for 

US Government Personnel 
and Review Panelists only) 

2:00 PM - 
2:30 PM CBEP AFRICOM Overview 

2:30 PM - 
3:00 PM CBEP CENTCOM Overview 

3:00 PM - 
3:30 PM CBEP PACOM Overview 

3:30 PM - 
4:00 PM  Coffee Break  Open to all Attendees 

4:00 PM - 
5:00 PM 

Session 1: Special Presentation   

“Doing Science in Difficult Places” 
Open to all Attendees 

5:00 PM - 
6:30 PM Poster Session & Networking Event Open to all Attendees 
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Thursday, February 9, 2017 

Time Speaker Country Project 

8:30 AM -
8:50 AM Opening Remarks 

8:50 AM -
10:10 AM 

Session 2: Chiroptera (Bats) -  Important Reservoirs Hosts of Emerging Viruses 

Olival, Sidamonidze, 
& Al-Hmoud 

Georgia & 
Jordan 

(BAA) Understanding the Risk of Bat-Borne Zoonotic Disease Emergence 
in Western Asia 

Smith  Cambodia (BAA) Investigating the Risk of Human Disease from Parasites of Small 
Mammals and Bats  

Kityo Uganda (Call) Arthropod-borne Viruses Associated with the Chiroptera of Uganda: 
Isolation and Characterization 

Mendenhall  India (BAA) Bat Harvesting in India: Detection, Characterization and Mitigation 
of Emerging Infectious Disease Risk 

Ekiri Tanzania (BAA) Evaluating Zoonotic Viral Sharing Among Bats, Primates and People 
in High Risk Transmission Interface in Southern Tanzania. 

10:10 AM- 
10:30 AM Coffee Break  

10:30 AM- 
11:40 AM 

Session 3: Epidemiology & Biosurveillance - Group 1 

Chanturia Georgia GG-19: Epidemiology and Ecology of Human Tularemia in Georgia 

Jacobs  Azerbaijan 
TAP-10: Ecological and Epidemiological Study of Yersinia pestis and 
Francisella tularensis in the Northern Part of Azerbaijan Regions of Gusar 
and Khachmaz 

Kilonzo Tanzania (BAA) One Health Approach to Brucellosis and Rift Valley Fever 
Surveillance in Tanzania 

Bhengsri Thailand (Call) Acute Febrile Illness Study Among Patients in Nakhon Phanom and 
Tak Province, Thailand 

Orynbayev Kazakhstan TAP-8: Especially Dangerous Pathogen Differential/Rule-Out Elimination 
Assays & Modeling (EDP-DREAM) of the Saiga Antelope Mortality 
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Thursday, February 9, 2017 (Continued) 

Time Speaker Country Project 

11:40 AM- 
12:30 PM 

Session 4: Viral Pathogens of Security Concern 

Babuadze Georgia (Call) Assessing the Seroprevalence and Genetic Diversity of CCHFV and 
Hantaviruses in Georgia 

Eyangoh Cameroon Epidemiology of Emerging Viruses  

Karesh & Van 
Vuren South Africa (BAA) Understanding Rift Valley Fever in South Africa.  

Epstein Malaysia (BAA) Biosurveillance for Henipaviruses and Filoviruses at the Agricultural 
Animal-Human Interface in Malaysia 

12:30 PM - 
1:30 PM Lunch 

1:30 PM - 
2:20 PM 

Session 5: Community Outreach to Combat African Swine Fever 

De Nardi  Implementer ASF Public Outreach Project Overview 

Niazyan  Armenia 
TAP-A1: Community Outreach to Support Understanding of ASF Ecology 
and Epidemiology in Eastern Europe: Training and Implementation for 
Methods and Strategies for Control and Prevention 

Ninidze Georgia 
TAP-9: Community Outreach to Support Understanding of ASF Ecology 
and Epidemiology in Eastern Europe: Training and Implementation for 
Methods and Strategies for Control and Prevention 

Datsenko Ukraine TAP-4: Community Outreach to Support Understanding of African Swine 
Fever (ASF) Ecology and Epidemiology in Eastern Europe  
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Thursday, February 9, 2017 (Continued) 

Time Speaker Country Project 

2:20 PM - 
3:20 PM 

Session 6: Transboundary Animal Diseases 

Dung Vietnam (Call) Foot-and-Mouth Disease Virus Surveillance and Ecology in Vietnam 

Okoth Kenya (BAA) Whole Genome Sequencing of African Swine Fever Virus in Kenya.  

Nevolko Ukraine 
TAP-6: Analysis of the Threat of Spread of African Swine Fever and 
Classical Swine Fever in Wild Boar Populations in Ukraine: Improving 
Diagnosis, Surveillance, and Prevention  

Mwiine Uganda UG-2: Research and Development of Countermeasures to Support the 
Control of FMDV in Uganda 

Filatov Ukraine (USDA ARS) African Swine Fever Threat Reduction Through Surveillance in 
Ukraine 

3:20 PM - 
3:40 PM Coffee Break  

3:40 PM - 
5:00 PM 

Session 7: Bacterial Pathogens of Security Concern - Group 1 

Motin & 
Shikhaliyeva 

Georgia & 
Azerbaijan 

(BAA) Molecular Epidemiology and Ecology of Yersinia spp. in the 
Transboundary Plague Endemic Territory in Georgia and Azerbaijan 

Sansyzbayev Kazakhstan KZ-31: Effect of Rickettsia spp. upon Fitness of Yersinia pestis in Fleas that 
Vector Plague in the Republic of Kazakhstan 

Tarasov Ukraine UP-2: Development of the Epidemiological Forecasting System for 
Zoonotic Diseases Employing GIS Technology 

Solomonia Georgia GG-23: Creation of Sustainable Immunodiagnostics 

Avetisyan Armenia AM-1: Medical/Biological Mapping of Tularemia Natural Foci and 
Epidemiology using GIS in Armenia 

5:00 PM - 
5:10 PM Break 
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Thursday, February 9, 2017 (Continued) 

Time Speaker Country Project 

5:00 PM - 
6:20 PM 

Session 8: Avian Transmissible  Diseases  

Goraychuk Ukraine (USDA ARS) Genomic, Epidemiological, and Biological Characterization of 
Newcastle Disease Virus Isolates from Ukraine 

Ateya Kenya (Call) Newcastle Disease: Surveillance, Molecular Epidemiology, and 
Control of NDV in Kenya 

Strochkov Kazakhstan TAP-11: Molecular Characterization and Complete Genome Sequence of 
Newcastle Disease Virus Isolated in Kazakhstan 

Muzyka Ukraine UP-4: Risk Assessment of Selected Especially Dangerous Pathogens 
Potentially Carried By Migratory Birds Over Ukraine 

Kapur India 
(BAA) Detection and Molecular Epidemiologic Analysis of Especially 
Dangerous Pathogens in Backyard Poultry, Commercial Broilers and 
Waterfowl in India 

6:20 PM - 
6:30 PM Day 1 Wrap-up 
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Friday, February 10, 2017 

Time Speaker Country Project 

8:30 AM - 
8:40 AM Opening Remarks 

8:40 AM - 
10:20 AM 

Session 9: Bacterial Pathogens of Security Concern - Group 2 

Chanturia Georgia (BAA) Characterization of NCDC Strain Repository by Next Generation 
Sequencing (NGS) 

Shah Pakistan 
(BAA) High Resolution Chemical Characterization of Yersinia pestis Cells 
Within Soil Matrices: Implications for Understanding Natural Foci and 
Telluric Reservoirs of Plague 

Bitek Kenya (CDC IACRO) Estimating Incidence and Socio-economic Impact of Brucellosis 
in Humans and Animals in Kajiado County, Kenya 

Sidamonidze  Georgia TAP-10: Molecular Epidemiology of B. anthracis and Brucella spp. in Turkey 
and Georgia  

Malania Georgia GG-27: Regional Study of the Ecology of Anthrax Foci in Georgia and 
Azerbaijan 

Ismayilova Azerbaijan AJ TAP-11: Regional Study of the Ecology of Anthrax Foci in Georgia and 
Azerbaijan 

Zimmerman Lao PDR Environmental Surveillance of Bukholderia pseudomallei, Pilot Study in Lao 
PDR 

Limmathurotsakul Thailand Melioidosis Regional Coordination Network 

10:20 AM- 
10:40 AM Coffee Break  

10:40 AM 
- 12:00 PM 

Session 10: Emerging Infectious Diseases 

Reynolds Georgia (Call) Enhancing Capacity for Case Detection and Diagnosis of Febrile 
Zoonotic-related Cutaneous Lesions in Georgia 

Gulbani Georgia (BAA) Enhancing Capacity for Case Detection and Diagnosis of Febrile 
Zoonotic-related Cutaneous Lesions in Georgia 

Abubakar Malaysia (Call) Multi-Year Prospective Cohort Study to Evaluation the Risk Potential of 
MERS-CoV 

Orynbayev Kazakhstan KZ-33: Middle East Respiratory Syndrome Coronavirus (MERS-CoV): 
Surveillance for Distribution  and Prevalence in Kazakhstan 

Buza Tanzania (BAA) Global Health, Emerging Infectious Diseases and Food Safety 
Implications of Bushmeat in Tanzania  

Sam Malaysia (BAA) Etiology of Severe Acute Respiratory  Infections in Kuala Lumpur, 
Malaysia 



 

 12 

 

Friday, February 10, 2017 (Continued) 

Time Speaker Country Project 

12:00 PM - 
1:00 PM Lunch 

1:00 PM - 
2:40 PM 

Session 11: Epidemiology & Biosurveillance - Group 2 

Ragan Armenia AM-4: One Health Surveillance for Brucellosis in Armenia 

Byarugaba Uganda (BAA) Acute Febrile Illness in Uganda.  

Mammadov Azerbaijan (Call) Infectious Etiologies of Acute Febrile Illness Among Members of the 
Azerbaijan Military 

Gulbani Georgia GG-20: Prevalence, Epidemiological Surveillance, and Laboratory Analysis of 
Coxiella burnetii in Georgia 

Sandybayev Kazakhstan KZ-32: Prevalence of Brucella Species and Bluetongue Virus Serotypes 
Among Domestic Livestock or Ruminants in Southern Kazakhstan 

Avetisyan  Armenia TAP-H1: Identification of Etiology, Clinical Outcomes, Incidence, and 
Epidemiological Patterns of Hospitalized Febrile Patients in Armenia 

Burjanadze Georgia GG-21: Human Disease Epidemiology and Surveillance of Especially 
Dangerous Pathogens in Georgia 

Godbold  Armenia AM-3: The Epidemiological Status of African Swine Fever in Domestic Swine 
Herds in the Tavush Marz Region, Republic of Armenia 

2:40 PM - 
2:50 PM Break  

2:50 PM - 
3:30 PM 

Session 12: Arthropods and Arboviruses 

Ismayilova Azerbaijan AJ TAP-13: Investigation of Mosquito and Tick-Borne Arboviruses in 
Southeastern Azerbaijan 

Sukhaishvili Georgia TAP-12: Analysis of Previously Identified Rickettsia Positive Georgian Ticks by 
Multi-locus Sequence Typing 

Khan Pakistan (BAA) The Role of Arboviruses as a Cause of Undifferentiated Febrile Illness 
in Sind, Pakistan  

3:30 PM - 
3:50 PM Closing Remarks 
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Presentation Summaries 

February 8, 2017 

Session 1 

Doing Science in Difficult Places 

PRESENTERS: Valerie DeThomas (CRDF)/ Jeffrey Skowera (CRDF)/ Robert Esler (CRDF)/ 

Matthew Bouton (Univ. of Michigan)/ Amir Abdulmawjood (Univ. of Veterinary Medicine 

Hannover – Germany) 

Since 1995, CRDF Global has worked in over 40 countries using science to address priority 

issues in support of U.S. and foreign government agencies, foundations, and private sector 

organizations. Many of these countries may be considered difficult places to work due to past or 

ongoing war or other conflicts, political or economic instability, resource constraints, or 

significant differences in research capabilities, scientific norms and practices. 

Application of tailored programming approaches, genuine commitment to understanding the 

environments in which partner country scientists operate, and flexibility form the foundation for 

effective science collaboration in difficult places. Ultimately, scientists are eager to engage and 

work together in search of solutions to the world’s problems. 

In 2013-2016, CRDF Global’s work with scientists and researchers from Iraq and Afghanistan in 

support of CBEP included a research grant competition, science fellowships and network 

building and exposure programs. CRDF Global’s ability to meet program objectives required 

building trust and rapport with Iraqi and Afghan participants, regular communication, 

engagement of all necessary stakeholders, adaptability, flexibility, and creative solutions. The 

programs’ success is, in large part, attributed to participation of scientists in the U.S., Germany, 

Italy, India, Australia, Switzerland, Jordan and Malaysia, who hosted Iraqi and Afghan 

researchers at their labs for trainings, lab tours, exposure visits and fellowships. 
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Presentation Summaries  

February 9, 2017 

Session 2: Chiroptera (Bats) – Important Reservoir Hosts of Emerging Viruses 

Understanding the Risk of Bat-Borne Zoonotic Disease Emergence in 

Western Asia 

PRESENTERS: Kevin Olival/Ketevan Sidamonidze/Nisreen Al-Hmoud 

COUNTRY: United States/Georgia/Jordan 

Bats are natural reservoir hosts to several emerging viruses with pandemic potential, including 

Ebola, Marburg, Nipah, and SARS and MERS-coronaviruses, but current research on the 

distribution of bats, diversity of their viruses, and potential for zoonotic disease emergence in 

Western Asia is severely limited. To fill this gap and contribute to biological threat reduction, we 

propose a hypothesis-driven One Health research project focused on characterizing bat 

coronavirus diversity and the risk of bat-borne zoonotic disease emergence. This will include 

extensive non-lethal field sampling of bats, screening and characterization of viruses from bat 

specimens with two regional partner laboratories currently operating within the region, the Lugar 

Center in Georgia and RSS in Jordan, and modeling emerging disease risk by combining viral 

data with host, geographic, and ecological data. Data for risk modeling will be collated across a 

larger region than our field sampling will allow through the creation of a collaborative Western 

Asia Bat Research Network (WAB-Net) – including key researchers and public health 

representatives from >12 countries. Research activities will be strengthened via laboratory 

exchanges and annual data sharing and capacity building workshops. This integrated, multi-

disciplinary approach presents a coordinated strategy to advance scientific knowledge around 

transboundary zoonotic disease emergence risk in Western Asia to inform early detection, 

diagnosis, and response to support the Global Health Security Agenda and CBEP goals. 

  



 

 15 

 

Investigating the Risk of Human Disease from Parasites of Small 

Mammals and Bats  

PRESENTER: Gavin Smith  

COUNTRY: Cambodia 

Emerging and re-emerging infectious diseases pose a significant public health challenge 

globally, with severe economic, social, and health consequences. It is estimated that the SARS 

outbreak alone cost over $50 billion dollars in lost global economic activity. The frequency of 

epidemics caused by newly emerging and re-emerging pathogens and the likelihood of rapid 

global spread have increased dramatically in recent decades, with Southeast Asia considered a 

hot spot for future emergence events. Small mammals and bats play an important role in the 

maintenance and transmission of select agents that infect humans such as Brucella species, 

coronaviruses, filoviruses, henipaviruses, hantaviruses/bunyaviruses, plague, rabies 

(lyssaviruses) and Rickettsia species. The global distribution of several species of small 

mammals and bats, in addition to the ever-increasing interface between humans and wildlife, 

ensures that cross-species transmission events will continue to occur, often with devastating 

effects. By proactively sampling animal populations in Cambodia to discern circulating parasitic 

genotypes and screening human sera for evidence of exposure, we can determine which 

parasites have human pathogenic potential. A standardized trapping regimen will allow us to 

understand which ecological and environmental variables are associated with host and parasite 

presence-absence, facilitating the creation of ecological niche maps and models to determine 

risk and inform future surveillance efforts across Southeast Asia.  
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Arthropod-Borne Viruses Associated with the Chiroptera of Uganda: 

Isolation and Characterization 

PRESENTER: Robert Kityo  

COUNTRY: Uganda 

This project aimed to achieve a better understanding of bats, their ecology and their potential 

roles in virus ecology. This has been done through graduate training and research, training in 

field techniques of capture and processing of bats for virus detection and characterization, and a 

compilation of reference calls of micro-chiropteran bats for Uganda. Field biosurveillance 

training was held with participants from NADDEC, UVRI and Makerere University at Zika forest. 

A graduate student was recruited and completed an ecological study on bats in the Kaptum 

cave. We conducted bat surveys from around Uganda and have collected voucher calls from 28 

microchiropteran bats from over 10 localities in Uganda.  

From our graduate student’s research, we now know there are 6 bat species (Nycteris thebaica, 
Rhinolophus landeri, Rhinolophus hildebrandtii, Hipposideros caffer, Hipposideros ruber, and 
Myotis bocagei) in Kaptum cave.  Although they may mix up, these seem to have preferred 

roosting corners in the cave defined by slight differences in temperature and relative humidity. 

Besides Kaptum Cave, we have documented the existence of many other caves around the 

country with bats. These caves are frequently visited by local people for various reasons. This 

could inevitably expose such members of the local communities to aerosols in the caves. 

Collectively, this project has advanced our knowledge of bat ecology in Uganda and enhanced 

collaborative research between US and Ugandan institutions which will promote cooperation 

during future biosurveillance and outbreak events. 
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Bat Harvesting in India: Detection, Characterization and Mitigation of 

Emerging Infectious Diseases Risk 

 
PRESENTER: Ian Mendenhall  
 
COUNTRY: India 

Emerging infectious diseases pose a continual risk for humans, imparting major health and 

economic challenges. It is estimated that greater than 70% of these diseases originate in 

wildlife, which demonstrates the importance of understanding the diversity of parasites that 

circulate in animals. Bats are important reservoirs of several medically important viruses that 

have high case fatality rates, including rabies/lyssaviruses, the henipaviruses, SARS-like 

coronaviruses, and Ebola virus and the related filoviruses. India is one of the most biologically 

diverse countries in the world, however there are currently few reports of viruses detected in 

bats. Outbreaks will often begin from point source origins, as phylogenetic data from the recent 

Ebola outbreak in West Africa indicates. Therefore, studying specific interfaces where humans 

are exposed more frequently due to their proximity and heightened interactions with wildlife can 

provide critical information on exposure. Bat harvesting is a common practice across India, as 

concentrated efforts can yield high numbers of bats. This contact and processing of bushmeat is 

an opportune place for cross-species transmission to occur. By sampling the bat populations 

where harvesting occurs before, during and after the trapping, we can determine if bat harvests 

increase the shedding of viruses and what medically important viruses are circulating in these 

bat populations. This will allow us to generate risk models and understand which species may 

be natural virus reservoirs in India. 

  



 

 18 

 

Evaluating Zoonotic Viral Sharing Among Bats, Primates, and People in 

a High-risk Transmission Interface in Southern Tanzania (VISHA Project) 

PRESENTER: Abel Ekiri 

COUNTRY: Tanzania 

Through project partners, including Metabiota, University of California Davis, Sokoine University 

of Agriculture, and the Ifakara Health Institute, we are evaluating: 1) the risk of zoonotic virus 

transmission among bats, non-human primates (NHP), and people sharing a forest interface 

with high human-wildlife contact in Southern Tanzania; 2) the impact of bat and primate 

community composition on virus diversity; and 3) exposure to zoonotic viruses in high-risk 

human populations living at the forest interface. By investigating cross-species viral sharing at 

this high-risk interface, our team will increase the understanding of pathogen emergence risk 

and transmission between human and wildlife hosts, strengthen Tanzanian surveillance and 

diagnostic capacity for pathogens of pandemic and biosecurity concern, and identify key 

intervention points to reduce local viral spillover from wildlife into human populations. The 

VISHA project team is investigating the epidemiology of known and novel zoonotic viruses 

(including filoviruses) in bats, NHPs, and humans by: 1) characterizing forest field sites; 2) 

collecting bat and NHP specimens during wet and dry seasons; 3) collecting specimens from 

high-risk human groups near forest areas during wet and dry seasons; 4) testing wildlife and 

human specimens for potential zoonotic viral pathogens using virus family-level RT-PCR; 5) 

performing phylogenetic and other genomic analyses on all detected viruses; 6) identifying risk 

factors for human exposure to bat and NHP viral pathogens using spatial analyses and 

epidemiologic modeling; and 7) training Tanzanian scientists in surveillance, molecular 

diagnostics, genomic analyses, and field and laboratory biosecurity practices.  
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Session 3: Epidemiology & Biosurveillance – Group 1  

Epidemiology and Ecology of Tularemia in Georgia 

PRESENTER: Gvantsa Chanturia 

COUNTRY: Georgia 

Our study investigated the epidemiology of human and animal tularemia in Georgia. The project 

included (1) the study of seroprevalence of tularemia among individuals living in geographic 

areas with tularemia, and healthy individuals; and (2) estimate risk factors for seropositive 

humans and animals. We also established active surveillance for human tularemia clinical cases 

with the goal of increasing the efficiency and tularemia diagnostic capability. Isolates from 

human cases (900 volunteers) for comparison to both current environmental and historical 

isolates (National Center for Disease Control and Public Health). From an environmental 

prevalence emphasis, we will establish active surveillance for F. tularensis in the environment, 

including a study of small rodents and associated vectors and identification of the sources of 

outbreaks among humans. Field sampling for active surveillance for F. tularensis in the 

environment included small rodents and associated vectors, linking with human cases and 

seroprevalence study among the population living in foci area. More than 60,000 vectors were 

collected and pooled into 6,000 collections. All strains were isolated, evaluated, and monitor 

patterns of antimicrobial resistance. A bacteriophage component of this project examined 

isolated F. tularensis strains by genomic sequencing, proteomics analysis (Ilia State University), 

and phage discovery (the Eliava Institute). Geographic information systems and genetic 

algorithm for rule-set production were used for pathogenic distribution. Ecological niche models 

were created for ectoparasite species and primary rodent vectors. Consistent differences were 

found by the expression of some proteins between the isolates. Real-Time PCR and Western 

immunoblotting further validated these differences.  
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Ecological and Epidemiological Study of Yersinia pestis and Francisella 
tularensis in the Northern Part of Azerbaijan Regions of Gusar and 

Khachmaz 

PRESENTER:  Jolanta Jacobs  

COUNTRY: Azerbaijan 

Robust surveillance of Y. pestis and F. tularensis was once carried out routinely, however since 

the collapse of the Soviet Union little funding has been allocated to such efforts, and thus almost 

no data are available on the current distribution of plague and tularemia foci and vectors in 

Azerbaijan.  

TAP-10 project proposes to conduct surveillance of ectoparasite vectors of plague and 

tularemia in northern Azerbaijan, in an area with a historical presence of those diseases and 

located near known natural foci of plague and tularemia.   

The project started in April 2015 and is being implemented by Khachmaz Anti-Plague Division 

(APD). Sample collection (arthropods: fleas and ticks) field activities were carried out over six 

months in spring, summer, and autumn of 2015. Sample collection was completed in total of 13 

villages of Gusar and Khachmaz regions in September 2015. Collected ticks and fleas were 

sorted, counted, identified, pooled, homogenized and their nucleic acids were extracted. The 

extracted nucleic acid samples have been tested by PCR (Bio-Rad 96 instrument) for two 

targets for each of the pathogens. 8,216 ticks and 154 fleas have been counted, identified, and 

sorted. 1,269 tick pools and 55 flea pools have been created and homogenized and their DNA 

extracted. Primer and probe sets were optimized and testing is ongoing.  
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A One Health Approach to Brucellosis and Rift Valley Fever Surveillance 

in Tanzania 

PRESENTER: Chris Kilonzo  

COUNTRY: Tanzania 

Our One Health team, including partners from Metabiota, the University of California, Davis, 

Sokoine University of Agriculture, and Ifakara Health Institute is utilizing a transdisciplinary 

approach to investigate the epidemiology and genomic diversity of the zoonotic pathogens Rift 

Valley fever virus (RVFV) and Brucella in south-central Tanzania. The primary objectives of the 

project are to evaluate the influence of risk factors such as animal contact and climatic 

conditions on increased RVFV and Brucella infection among livestock, wildlife, and humans, 

and to enhance in-country capacity for RVF and brucellosis surveillance, prevention, and 

control. To attain these goals, the team is engaged in: 1) characterization of sites with historical 

RVFV and Brucella activity in humans and animals that represent diverse climatic and animal 

density variables; 2) concurrent pathogen surveillance for acute and convalescent infections 

among humans, livestock, conspecific wildlife, and RVFV mosquito vectors to elucidate key 

disease transmission pathways, 3) identification of climatic conditions and temporal patterns 

that increase disease risk among vector and host species; 4) characterization of the RVFV and 

Brucella spp. diversity detected in mosquitos, animals, and humans; 5) identification of potential 

cryptic wildlife maintenance hosts using serologic evidence of prior infection, or in the case of 

RVFV by using blood-meal analysis of recently fed virus-infected mosquitoes, and 6) the 

development of integrated models to predict geographic areas of increased pathogen 

maintenance and transmission to identify locations for targeted intervention strategies and 

enhanced disease surveillance. 
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Acute Febrile Illness Study among Patients in Nakhon Phanom and Tak 

Province, Thailand 

PRESENTER: Saithip Bhengsri  

COUNTRY: Thailand 

There are many causes of acute febrile illness (AFI) including various emerging infectious 

diseases in Southeast Asia and Thailand. Such diseases can be difficult to differentiate by 

clinical signs and symptoms, leading to misdiagnosis and possibly serious consequences for 

patient care. Therefore, laboratory testing is necessary to establish an accurate diagnosis. The 

objectives of this study are to: 1) describe the etiologies for patients hospitalized with AFI, 2) 

estimate incidence of specific pathogens and monitor trends over time, 3) evaluate the 

performance of rapid diagnostic tests (RDTs), and 4) assess laboratory diagnostic accuracy 

based on specimen types and testing methods for disease surveillance and outbreak 

identification. The study is being conducted in two Thai border provinces, Nakhon Phanom in 

the northwest and Tak in the east. The project is divided into 3 phases: pilot, surveillance and 

research phase. In the pilot phase, demographic data, clinical information and routine laboratory 

results will be collected from eligible patients. During the surveillance phase, patients 

hospitalized with undifferentiated fever will be tested for bacteremia and dengue. If dengue is 

not diagnosed, samples will be tested for chikungunya, Leptospira, Rickettsia species, O. 
tsutsugamushi, and Zika virus. During the research phase, new RDTs for B. pseudomallei, O. 
tsutsugamushi, Zika and chikungunya viruses will be evaluated. Additional testing will be 

performed on an expanded range of bacterial and viral pathogens. This project will provide an 

increased spectrum of pathogen detection, improve the timeliness of pathogen characterization, 

and assess promising new advanced diagnostic tests for surveillance and clinical management 

in the region.  
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Differential Diagnostics Performed by Eliminating Especially Dangerous 

Pathogens and Simulation (EDP-DREAM) in Cases of Saiga Antelope 

Mortality 

PRESNTER: Mukhit Orynbayev  

COUNTRY: Kazakhstan 

Though several large die-offs in saiga antelope (Saiga tatarica) herds in Kazakhstan have been 

reported in the past decade, the intensity, and absolute threat to the species of the ongoing die-

off in the Kostanay oblast of Kazakhstan is unprecedented. The loss of reproductive females 

and calves represents long-term impacts on herd recovery and may indicate an eminent threat 

to regional livestock health. Reports have suggested the saiga die-off may be related to 

pollution or plant toxins, yet it is unclear how such toxicity would result in 100% mortality of 

nursing calves. Such a rapid die-off could be explained by viral (or viral/bacterial) infection. Even 

though Foot and Mouth Disease Virus (FMDV) has been reported in saiga, relatively few viruses 

result in 100% mortality, particularly in calves. However, FMDV could potentially play a role in a 

multiple pathogen infection. This study will implement a differential diagnostic work flow to 

diagnose anthrax and other Especially Dangerous Pathogens (EDPs) that may be involved in 

the saiga die-off. The project will use high resolution GPS collar data from animals at-large 

during the die-off. The first field expedition began in September 2016, and experts from the lead 

KZ partner, the Research Institute for Biological Safety Problems (RIBSP), pursued saiga 

individuals of Ural population in West Kazakhstan and Atyrau Oblasts to take samples and fit 

them with collars. Fifty-four individuals were captured from the Ural population: fifty-two 

individuals in West Kazakhstan oblast, and two individuals in Atyrau Oblast. During the field 

expedition, the five available animal collars were placed on animals and found to provide a 

stable signal. All samples have been delivered to RIBSP and are being stored at the BSL-3 

laboratory. Currently materials and reagents are bring procured. Dr. Jason Blackburn from 

University of Florida is the collaborator for the study.  
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Session 4: Viral Pathogens of Security Concern 

Assessing the Seroprevalence and Genetic Diversity of CCHFV and 

Hantaviruses in Georgia 

PRESENTER: Giorgi Babuadze  

COUNTRY: Georgia 

The proposed collaborative research project will assess the seroprevalence and genetic 

diversity of highly pathogenic bunyaviruses circulating in Georgia to include Crimean-Congo 

hemorrhagic fever virus (CCHFV) and hantaviruses causing hemorrhagic fever with renal 

syndrome (HFRS), such as Puumala (PUUV), Dobrava (DOBV), or Seoul (SEOV) viruses. 

Specific aims of the project are to: (1) Determine the prevalence and serological diversity of 

CCHFV and hantaviruses in patient populations using samples collected from previously funded 

CBEP projects, human samples (GG-21) and  environmental samples (GG-19); (2) Establish 

multiplexed immunological and molecular diagnostic assays for detecting circulating strains of 

pathogenic bunyaviruses, and provide suitable training for sustainment of these assays and 

capabilities within Georgia; (3) Initiate active surveillance for CCHFV, and hantaviruses in the 

environment to include small rodents and ticks; (4) Identify and characterize the genetic 

diversity of CCHFV and hantaviruses detected in rodents and ticks; (5) Establish a DNA 

barcode reference library for local tick species, to facilitate future identification and incrimination 

of tick-borne disease in Georgia. 

These studies will provide a baseline assessment of the potential for future outbreaks of CCHF 

and HFRS in this region. Rodent and tick samples will be tested by ELISA and RT-PCR for 

evidence of CCHFV or hantavirus infections. Selected samples will be sent to the USAMRIID for 

virus-specific neutralization tests in BSL-3 or BSL-4 containment laboratories. 
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Epidemiology of Emerging Viruses in Cameroon  

PRESNTER: Sara Eyangoh  

COUNTRY: Cameroon 

The geographical and socio-cultural diversity of Cameroon makes it vulnerable to many 

emerging tropical viral infections like, Ebola, Zika, Dengue, Lassa, etc. While some studies have 

been done on the epidemiology of some of these viruses, these dispersed studies remain 

insufficient as a basis for the implementation of effective public health measures in this regard. 

Our objective was to assess the circulation of certain emerging viruses in the Cameroonian 

population in order to make recommendations to strengthen their surveillance and reinforce the 

rapid detection of any eventual epidemic. 

In this respect, different samples were collected from 6 sites of Cameroon in different regions. 

These samples were serum/whole blood from 1500 blood donors, blood/oral swabs from 500 

febrile patients susceptible of carrying a potential viral infection, and samples from bats to look 

for potential viral reservoirs. Collection of samples is complete, but analysis is ongoing at 

French Arbovirus National Reference Centre (Marseille, France). Preliminary data are available 

from blood donors. All donor blood samples were analyzed by ELISA. Positive samples 

underwent seroneutralisation analysis, RT-PCR (for DENV) and serotyping and phylogeny 

subsequently. Blood donor sample preliminary ELISA positive results were as follows: 

WNV(61.6%),TBE(39,9%), DENV(56,9% with 7.6% positive on RT-PCR, serotyping in 

progress), TOSV(7%), RIFTV(0%), ZIKV(10,4%). 

Our definitive findings hope to build a framework upon which public health decisions can be 

made to increase preparedness for an eventual epidemic of an emerging viral infection and 

improve laboratory detection capabilities at the national level. 
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Understanding Rift Valley Fever in the Republic of South Africa 

PRESENTERS: Billy Karesh & Petrus Van Vuren  

COUNTRY: South Africa 

Rift Valley fever virus (RVFV) is a vector-borne pathogen causing significant livestock, wildlife 

and human morbidity and mortality, and results in significant economic damages and food 

security concerns.  RVFV has spread from Africa to the Arabian Peninsula, has the potential to 

spread to the Americas, and is considered a potential bioweapon. In South Africa, we have a 

multi-disciplinary team working to correlate environmental factors with vector succession and 

abundance, understand the role herd immunity may play in the occurrence of outbreaks and 

characterize the risk to people working in high-risk occupations.  Initial analyses indicate that 

there are several vegetation and soil characteristics associated with locations of animal cases of 

RVF during the 2010-2011 outbreak.  The baseline seroprevalence (representing herd 

immunity) in livestock have been established and experiments are running to understand how 

this may change. In people, the seroprevalence against RVFV is 0.1.  Each year we hold 

national-level and local stakeholders’ meetings to disseminate the data to national and 

provincial departments of agriculture, health and wildlife, as well as to farmers and workers, 

animal production groups and the weather service.  Through this collaborative, One Health 

approach the project has become more robust and has strong support locally.  The resultant 

data represents a significant step toward improving prediction of outbreaks and understanding 

how RVFV might spread, what effect climate change may have on the virus, how vaccination 

strategies may affect the risk of an epizootic and the risk of translocation to naïve countries, 

such as the United States. 
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Biosurveillance for Henipaviruses and Filoviruses at the Agricultural 

Animal-Human Interface in Malaysia  

PRESENTER: Jonathan Epstein  

COUNTRY: Malaysia 

The henipaviruses and filoviruses include Hendra virus (HeV) and Nipah virus (NiV), and 

several species of Ebola (EBOV) and Marburg virus (MARV), respectively, which are highly 

pathogenic viruses and select agents capable of causing public health emergencies of 

international concern. Bats are recognized as reservoirs for both henipa- and filoviruses, and 

zoonotic transmission of these viruses from bats to humans via domestic animals has occurred 

in Southeast Asia. The full diversity of henipa- and filoviruses in bats and their potential to infect 

livestock and people is unknown. This project will enhance early detection and surveillance 

capacity in Malaysia by: 1) transferring Luminex-based technology with validated reagents to 

detect IgG antibodies against henipa- and filoviruses to Government of Malaysia partner labs in 

wildlife, livestock and human health sectors; 2) training laboratory personnel to develop and 

utilize Luminex-based assays to identify exposure to henipa- and filoviruses; 3) conduct 

biological surveillance in wildlife (esp. bats), livestock and people around indigenous 

communities that hunt wildlife and on farms in Peninsular Malaysia, where there are high levels 

of contact among people and animals. Based on building local capacity for hypothesis driven 

research and improved use of technology, this project will help characterize the distribution and 

spillover potential from bats of henipa- and filoviruses in Peninsular Malaysia. Activities will be 

coordinated with and complimentary to the USAID Emerging Pandemic Threats: PREDICT 

program and surveillance data will be shared with the Govt. of Malaysia (GoM). The proposed 

project is closely aligned with the aims of the Cooperative Biological Engagement Program in 

that it will support biosurveillance and capability building, engages partner-country scientists, 

and promotes a One-Health approach to threat reduction. 
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Session 5: Community Outreach to Combat African Swine Fever 

ASF Public Outreach Project Overview 

PRESENTER: Marco De Nardi  

The Defense Threat Reduction Agency (DTRA) sponsored a four-country regional public 

outreach project to combat African Swine Fever (ASF). The primary objective of the project was 

to develop a comprehensive and sustainable regional network of knowledge, expertise, and 

know‐how for the control and prevention of ASF emerging events through a joint‐effort based 

Threat Agent Detection and Response (TADR) Activity Project (TAP) that combines four 

countries (Armenia, Georgia, Kazakhstan, and Ukraine) in a common activity‐based Science 

plan. To achieve this goal, delegates from each country worked with project implementers to 

identify gaps in knowledge, legislative framework, and outbreak preparedness. As a pathogen of 

high bioterrorism potential, veterinary health importance, and/or responsible for major economic 

instability, it is of critical importance that ASF‐threatened and ASF‐affected countries have 

appropriate infrastructure to accurately and rapidly identify and report ASF activity and types to 

international veterinary health agencies, as well as provide follow‐up concerning the spread of 

the virus. This project sought to identify key human resources and veterinary health systems in 

order to initiate implementation of solutions to address recognized gaps, thereby enhancing the 

capacity by which to mitigate the risk of ASF. The project used a “train-the-trainer” approach to 

successfully reach over 10,000 farmers, veterinarians, pig traders, rangers, and hunters among 

others, teaching the signs and symptoms to identify ASF along with the proper reporting 

measures. This project was the first four-country public outreach project sponsored by DTRA 

and is considered a monumental success due to the large numbers reached. The project also 

improved collaboration among regional partners with the hopes of additional similar outreach 

efforts on other pathogens and diseases of public health importance in the years to come.  

  



 

 29 

 

Community Outreach to Support Understanding of ASF Ecology and 

Epidemiology in Eastern Europe: Training and Implementation for 

Methods and Strategies for Control and Prevention  

PRESENTER: Lyudmila Niazyan  

COUNTRY: Armenia 

African swine fever (ASF) is a highly contagious viral disease of swine populations that can 

have significant economic consequence. It was successfully eradicated from most of the 

Eurasian continent almost 30 years ago, but was re-introduced in Georgia in 2007. Since then 

ASF has spread widely affecting swine in Georgia, Azerbaijan, Armenia, Ukraine, and Russia.  

The primary goal of this project was to develop a comprehensive and sustainable regional 

network of expertise for the control and prevention of ASF through a joint-effort-based project 

combining four countries: Armenia, Georgia, Kazakhstan, and Ukraine. The project aims to 

identify and then educate persons working in the pig production chain (e.g., pig keepers, 

butchers, community veterinarians) to recognize clinical and epidemiological patterns of ASF. 

The training will allow these workers to understand (1) common routes of exposure, (2) 

preventative measures, (3) how to recognize clinical signs, (4) the importance of reporting to 

veterinary authorities, and (5) how to respond to suspected ASF cases. 

In Armenia, a Knowledge and Attitude survey was implemented through veterinary authorities to 

assess the knowledge of the chosen target groups in ASF. For the public outreach campaign 

ten inspectors and ten epidemiologists were selected to train target groups, but due to the short 

time just 301/603 veterinarians, 1000/2412 farmers and 100/2670 hunters have been trained to 

date (Map 1). An additional 1000 farmers were subsequently educated by community vets 

during their routine work after the public outreach campaign ended. Over the course of the 

project and its aftermath, 3000 booklets and 150 posters were distributed and 2401 total 

persons informed. 

This project facilitated the development of a sustainable capacity to implement outreach 

campaigns for future disease outbreaks in the region. Countries receiving training were taught 

how to run an outreach campaign including how to identify the target audience, how to produce 

effective educational materials, and how to effectively distribute those materials. 
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Community Outreach to Support Understanding of ASF Ecology and 

Epidemiology in Eastern Europe: Training and Implementation for 

Methods and Strategies for Control and Prevention  

PRESENTER: Lena Ninidze  

COUNTRY: Georgia 

In 2007, Georgia was affected by a nationwide outbreak of African swine fever (ASF), and 

outbreaks were simultaneously reported in three different locations across the country. 

Monitoring ASFV in Eastern European countries is a top priority for the U.S. Defense Threat 

Reduction Agency (DTRA). The primary objective of the project was to develop a 

comprehensive and sustainable regional network of expertise for the control and prevention of 

ASF events through a collaborative project that united four countries (Armenia, Georgia, 

Kazakhstan, and Ukraine). Gaps in knowledge, legislative framework, and outbreak 

preparedness in the partner countries were identified. Additionally, this project contributed to 

long-term sustainability by conducting outreach campaigns for future disease outbreaks. 

Georgian directors were taught to lead and implement outreach campaigns, including how to 

identify target audiences (e.g. local farmers, veterinarians, and members of the pork industry) 

and efficiently create and disseminate educational materials. Over 450 veterinarians and 

farmers were trained, and 20,000 educational materials were distributed. Pre and post ASF 

campaign tests were developed to track progress; post-test scores were 16% higher than pre-

test scores, which indicates that the outreach program was successful. Regional and state 

veterinarians, along with government agencies will be responsible for measuring the long-term 

success of these programs through laboratory results, monthly disease reports, and veterinarian 

updates. The number of ASF outbreaks are an indicator of the long-term success of the 

outreach program. 
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Community Outreach to Support Understanding of African Swine Fever 

(ASF) Ecology and Epidemiology in Eastern Europe 

PRESENTER: Roman Datsenko  

COUNTRY: Armenia 

In 2015, the State Scientific and Research Institute of Laboratory Diagnostics and Veterinary 

and Sanitary Expertise (SSRILDVSE) and Institute of Veterinary Medicine (IVM) of the National 

Academy of Agrarian Sciences took part in an ASF outreach activity implemented within the 

Defense Threat Reduction Agency (DTRA) Cooperative Biological Engagement Program 

(CBEP) in Ukraine. The project aimed at establishing a regional alliance between Armenia, 

Georgia, Kazakhstan, and Ukraine to exchange experience, raise awareness, and provide 

education on ASF. Specialists from SSRILDVSE and IVM were trained as trainers before 

implementing their own outreach program in Ukraine. During in-country workshops and 14 

training sessions in 14 Oblasts of Ukraine, veterinarians from 307 rayons, 531 epizootologists of 

state regional veterinary administrations and 4482 veterinary doctors of district animal hospitals 

were educated in the country. Additionally, information materials (flyer and poster) were 

developed. They included information about the clinical and epidemiological patterns of ASF, 

common sources and routes of exposure, preventative measures, how to recognize symptoms, 

and how to respond to suspected ASF cases. 100,000 flyers were printed and distributed 

among farmers and populations, as well as 1,500 posters for veterinarians in 24 Oblasts. Due to 

these efforts, necessary information was brought to the attention of veterinary doctors at district 

animal hospitals who communicate directly with farmers and persons that work with swine. This 

project demonstrated an approach for conducting and applying a public outreach program in 

Ukraine that can be used to raise awareness and help mitigate future outbreaks of ASF and 

other diseases. 
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Session 6: Transboundary Animal Diseases 

Foot-and-Mouth Disease Virus Surveillance and Ecology in Vietnam 

PRESENTER: Do Huu Dung  

COUNTRY: Vietnam 

The purpose of this project is to improve understanding of the epidemiology of foot-and-mouth 

disease virus (FMDV) in the Vietnamese setting using state of the art tools for genetic 

characterization of the virus in this endemic context. The intended goal is to mitigate the impact 

of this disease on local agriculture and improve preparedness for potential disease incursions in 

the US homeland with awareness of emerging virus strains.   

Foot-and-mouth disease (FMD) is a contagious viral disease of domestic and wild cloven-hoofed 

animals, most notably cattle, pigs, sheep, buffalo and goats. Despite recent successes in 

controlling the disease in Europe and some parts of South America, FMD remains one of the most 

important infectious diseases of livestock due to the potential impact of an outbreak on trade in 

animals and animal products.   

The project is currently operating in the second year of the (expected) four year period of 

performance. Five of the seven defined project objectives are either completed or well-

underway. Two objectives are still in the planning phase. Current and ongoing activities in the 

field consist of passive surveillance of all FMDV outbreaks reported to the Vietnam Department 

of Animal Health and active surveillance of healthy livestock in six provinces spanning northern, 

central and southern Vietnam.  

This collaborative endeavor has already resulted in two published, peer-reviewed scientific 

papers and two more papers have been submitted for peer review. Specific accomplishments 

achieved within the project include 1) genetic characterization of over 160 novel strains of 

FMDV, 2) enhanced understanding of risk factors for FMDV infection, 3) unique analyses of 

movement of FMDV strains across regions of Vietnam, and 4) improved understanding of the 

role of asymptomatic carriers in FMD epidemiology in Vietnam.  
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Whole Genome Sequencing of African Swine Fever Virus in Kenya 

PRESENTER: Edward Okoth  

COUNTRY: Kenya 

African swine fever (ASF) is a lethal disease of domestic pigs caused by a large DNA virus. In 

endemic areas ASF virus (ASFV) circulates in asymptomatic wild pigs and ticks and can remain 

stable in pork products for several months. ASF is endemic to Africa and was restricted only to 

that continent until 1957. Since then it has spread to Europe, Latin America and Asia. It is 

currently endemic in Russia and the Caucasus. There is a real risk of accidental or deliberate 

introduction of ASF to the United States of America (US), which would be devastating to the US 

$1.25 billion/year pig industry. There are at present no control measures other than test and 

slaughter. The objective of the proposed research is to determine the genome sequences of at 

least 60 ASFV isolates, selected so as to include as many as possible of the major genotypes 

for which genome sequences are currently lacking. These will be made available to veterinary 

and biosecurity authorities in the US and endemic countries through GenBank. This knowledge 

will enable more precise identification of the source of future ASF outbreaks, both within and 

outside Africa. It will also underpin development of future ASF control tools including diagnostic 

products and vaccines. The project will build ASFV research and surveillance capacity in Africa 

to support future disease control efforts. 

  



 

 34 

 

Analysis of the Threat of Spread of African Swine Fever and Classical 

Swine Fever in Wild Boar Populations in Ukraine: Improving Diagnosis, 

Surveillance, and Prevention 

PRESENTER: Oleg Nevolko  

COUNTRY: Ukraine 

Listed as high priority pathogens by the World Organization for Animal Health (OIE), African 

swine fever virus (ASFV) and classical swine fever virus (CSFV) cause epizootically and 

economically significant animal diseases. Since 2012, the number of reported ASF outbreaks in 

Ukraine has increased, with 148 confirmed ASF incidents registered in 18 Oblasts of Ukraine 

(households - 123; wild boar populations – 24; infected object - 1) including 91 in 2016 (84 in 

the households and 7 in wild boar population). In order to strengthen the accuracy and 

effectiveness of ASF/CSF diagnostics in the country and to provide Ukrainian scientists with the 

ability and infrastructure to quickly and accurately monitor ASF and CSF movement, DTRA 

supported TAP-6 project that commenced on 1 September 2016. The aims of this project are (1) 

to analyze the distribution of ASFV and CSFV among wild boar populations inhabiting regions of 

Ukraine, which border the Russian Federation, Belarus, and Poland, and (2) to evaluate the risk 

of transmission to domestic pigs in the country. In addition to ELISA and PCR, monitoring 

targeted wild boar populations in Ukraine for ASF and CSF will be accomplished by using 

genomic-based biosurveillance methods and trainings on real-time PCR, molecular analysis, 

phylogenetic analysis, and complex sequence data analysis. This will provide an improved 

scientific basis to optimize current interventions and develop new tools and strategies to reduce 

the risk of ASFV transmission to domestic pigs. These biosurveillance efforts will facilitate 

development of ASF and CSF control strategies, which will contribute to limiting the spread of 

both infectious agents. 
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Research and Development of Countermeasures to Support the Control 

of Foot and Mouth Disease Virus (FMDV) in Uganda 

PRESENTER: Frank Mwiine 

COUNTRY: Uganda 

Foot and Mouth Disease (FMD) virus causes an acute and the most contagious vesicular 

disease of livestock. The causative agent is a virus of the Aphthovirus genus in the 

Picornaviridae family. This disease in endemic in Uganda. Here, we report on a cross-sectional 

surveillance study designed to monitor and isolate FMDV serotype(s) circulating in the country 

divided into four regions: Northern, Western, Central and Eastern. A total of 38 representative 

districts from all the regions of Uganda were selected where 10,321 cattle sera and 1,300 oral-

pharyngeal fluid samples were collected. All sera were analysed by the presence of antibodies 

directed against the virus non-structural proteins (NSP) using commercially-available kits at 

Makerere University.  In addition, all oral-pharyngeal fluid samples were tested by rRT-PCR and 

virus isolation (VI) tissue culture followed by virus capsid sequencing to determine the FMDV 

serotypes by ARS, USDA at Plum Island Animal Disease Center. From samples collected 

during 2014-2015, thirty two percent of the serum samples were positive towards NSP 

antibodies. FMDV serotype O was isolated from Northern and Eastern regions while serotype 

SAT 2 was isolated from Western region of Uganda during samples collected in 2014. However, 

FMDV serotype SAT 1 (from the same region) and O were isolated in oral-pharyngeal fluid 

samples collected in 2015. The phylogenetic analysis of the P1 sequences for the viruses 

isolated in relation to geographical distribution of FMDV serotypes isolated during 2014-2015 in 

Uganda will be discussed. This information is of great importance for the improvement of 

disease control strategies and for vaccine strain selection for Uganda in the future. 
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African Swine Fever Threat Reduction Through Surveillance in Ukraine: 

Surveillance of Potential Arthropod Vectors 

PRESENTER: Sergiy Filatov 

COUNTRY: Ukraine 

African swine fever (ASF) is a high-consequence viral disease threatening the pig industry in 

Western Europe. In its native range, ASF virus (ASFV) is transmitted to pigs and maintained in 

Nature by soft ticks. Eastern European nations, including Ukraine, are considered to be 

endemic with ASF outbreaks occurring in pigs and wild boar. However, the factors underlying 

ASF westward expansion and reoccurrence on the affected territories remain to be fully 

understood.  

Because certain soft tick species of the genus Ornithodoros can serve as biological vectors and 

reservoirs of ASFV, our research group focused on the development and implementation of 

vector surveillance in selected regions of Ukraine to establish methods that could be scaled up 

to the national level. The surveys conducted updated known soft tick distribution patterns. Field 

samples were identified morphologically as Ornithodoros verrucosus, and live specimens used 

to establish a laboratory colony of this suspected ASFV vector at the NSC IECVM. The O. 

verrucosus colony is a valuable resource to assess the risk of soft tick involvement in the 

epidemiology of ASF in Eastern Europe.  

Ukrainian scientists developed research capacity in soft tick biology, collection methods, rearing 

and colonization techniques, and vector-host-pathogen interactions at USDA-ARS locations, 

and collaborating universities in Texas. Results of the project were presented at five scientific 

national and international conferences, summarized in a book published in Ukrainian and 

English, and two research papers published in international peer-reviewed journals. 
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Session 7: Bacterial Pathogens of Security Concern – Group 1 

Molecular Epidemiology and Ecology of Yersinia spp in the 

Transboundary Plague Endemic Territory in Georgia and Azerbaijan 

PRESENTER: Vladimir Motin & Sheyda Shikhaliyeva  

COUNTRY: United States, Georgia, and Azerbaijan 

Plague has been known in Caucasus region for many centuries, with the reports in Georgia 

dated back to the XI century and in Azerbaijan to VII century. The absence of recent reports can 

be partially explained by reduced surveillance, but also by the possibility of existence of atypical 

strains of Y. pestis, which can be missed by the testing laboratory due to presence of non-

culturable strains as well as an absence of some genetic loci which would render the use of 

common molecular markers ineffective. The investigations of natural foci of plague in both 

Georgia and Azerbaijan have resulted in numerous cases of isolation of Yersinia species other 

than Y. pestis. The exchange of genetic material between Yersinia strains can challenge the 

detection of the strains of Y. pestis. We hypothesize that: 1) diverse Yersinia species, including 

Y. pestis and Y. pseudotuberculosis coexist; 2) Yersinia diversification is driven by host ecology; 

3) Yersinia diversification is driven by exchange of genes within rodent populations; and 4) 

novel genetic methodology can improve identification of Yersinia species. To test these 

hypotheses, we propose: 1) ecological surveys targeting rodent populations in the 

transboundary focus located in both Georgia and Azerbaijan; 2) development of culturing and 

PCR-based procedures for detection of multiple strains of Yersinia; 3) molecular screening of 

the collected rodent and ectoparasite samples; 4) comparative analysis of genomes of obtained 

strains of Yersinia spp; 5) spatial analysis of distribution of strains of Yersinia spp. This project 

will result in enhancement of the plague biosurveillance capacities in the endemic regions of 

Georgia and Azerbaijan. This will be the first comprehensive project investigating and modeling 

plague foci in the South Caucasian region, which will foster improvements in national and 

international public health, surveillance, and biodefense efforts. This project will not overlap with 

national surveillance efforts. 
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Effect of Rickettsia spp. upon Fitness of Yersinia pestis in Fleas that Vector Plague 

in the Republic of Kazakhstan 

 
PRESENTER: Yerlan Sansyzbayev 
 
COUNTRY: Kazakhstan 

The goal of this study is to strengthen surveillance of important flea-borne human infectious 

diseases (plague and rickettsioses) in the context of vertebrate reservoirs, invertebrate vectors 

(e.g. ectoparasites), and infectious disease agents. Plague and certain rickettsiae are flea-borne 

diseases that share similar characteristics in disease symptoms, case definitions, and 

association with co-infections. These data will be very important to health authorities and 

government agencies in Kazakhstan and the US, where they will support important DTRA 

objectives including: enabling a partner country to detect/identify/report disease outbreak 

(naturally occurring or intentional) and providing a system that is sustainable by that partner 

country’s budget and infrastructure. From a public health standpoint, it is important to know 

which vertebrate species are reservoirs for particular infectious agent(s) and if they are infested 

with ectoparasites. The Kazakh Science Center for Quarantine & Zoonotic Diseases (KSCQZD) 

is the lead institute in the implementation of the project, while the anti-plague stations will be 

involved in providing samples for research. This project will study the effect of flea-borne 

rickettsial infections upon the fitness of Yersinia pestis (causative agent of plague) within plague 

vector fleas obtained from small mammals in various environmental settings of Kazakhstan. 

Specifically, the study hypothesizes that in austere environments, rickettsiae and Y. pestis will 

compete for limited resources within the invertebrate host, allowing one species to out compete 

the other.  
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Development of the Epidemiological Forecasting System for Zoonotic 

Diseases Employing GIS Technology 

PRESENTER: Oleksandr Tarasov  

COUNTRY: Ukraine 

The project was a multi-year study focused on surveillance, mapping, and modeling the spatio-

temporal and ecological patterns of Francisella tularensis and Bacillus anthracis in Ukraine. 

Collaborative efforts of researchers from the institutes of the Ministry of Health of Ukraine and 

National Academy of Agrarian Sciences of Ukraine included: 

• analyses of historical tularemia and anthrax data sets; 

• active surveillance for Francisella tularensis in small mammals and ticks and validated 

integration of these collections with appropriate culture and PCR-based analyses at the 

laboratory; 

• surveillance and environmental sampling for Bacillus anthracis, with the integration of 

appropriate PCR-based detection assays in the laboratory; 

• serological (ELISA) tests of sera sampled from wild boars; 

• forecast pathogen outbreak using advanced spatial analyses, analyses with Geographic 

Information Systems (GIS) and Remote Sensing (RS) approaches to define the 

geographic extent of the pathogens and landscape dynamics that effect those 

distributions. 

Throughout the period of performance, databases related to the epidemiological situation of 

tularemia and anthrax in Ukraine and geospatial data were developed and analyzed and areas 

historically at risk were determined for each disease. Ukrainians obtained extensive training in a 

variety of GIS and spatial analytical techniques, as well as research support at the sites and at 

the University of Florida. GIS and laboratory capacity at UCDCM and IVM were established. 

The GIS sector at IVM is now capable of sustaining basic GIS data development. Much of the 

work from the UP-2 project has been or will be published in the peer-reviewed literature. 
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Creation of Sustainable Immunodiagnostics  

PRESENTER: Revaz Solomonia  

COUNTRY: Georgia 

The primary goal of this project was to provide Georgian scientists with critical educational tools 

that will help detect biological threats using immunological assays developed within their own 

laboratories. This included training on developing and validating immunoassays for proteins and 

antibodies (monoclonal [mAbs] and polyclonal). The project also provided the tools necessary to 

develop novel diagnostic measures against new or re-emerging biological threats. Antigenic 

material from Francisella tularensis and Brucella species (both endemic in Georgia) were used 

for the development of antibodies and subsequently for immunoassay development and testing. 

Collaborators from the Naval Medical Research Center (NMRC), helped develop and validate 

antigen production, antibody production and purification, ELISA development, optimization, and 

validation. Polyclonal antibodies and mAbs were raised against F. tularensis and Brucella spp. 

whole cell extracts. Antibodies of interest were selected by affinity, and were purified; 

corresponding ELISA procedures were optimized and validated. In addition, the antibodies were 

characterized by Western immunoblotting. Antibodies protein targets were examined on 

polyacrylamide gels, in-gel digestion, and liquid chromatography-mass spectrometry. Using this 

approach, chaperone protein DnaK and GroEL/ES from F. tularensis were identified as a 

candidate targets of MAB 3.2 and MAB 8.2. As a result, this project yielded a comprehensive 

suite of protocols that can be used by Georgian scientists to develop assays and scale up 

production of reagents for commercial production and distribution. 
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Medical/Biological Mapping of Tularemia Natural Foci Cases, 

Reservoirs, and Vectors Using GIS in Armenia 

PRESENTER: Lilit Avetisyan  

COUNTRY: Armenia 

Background: Past studies have reported over 95% of Armenia is endemic for tularemia. The 

development of a Geographic Information System (GIS) database and mapping system will 

provide a tool for tularemia data management and introduce a sustainable technology for 

continued surveillance in Armenia.  

Methods: A retrospective study using the archives of NCDCP centers across Armenia. For GIS 

data processing we used the ArcGIS 10.1. The extensions Spatial Analyst and Geostatistical 

Analyst from ArcView GIS were utilized to process data.  

Results: In the period 1981-2012, tularemia epizootics were recorded in 27 of the 38 

administrative regions of Armenia. These cases involved five species of rodents, one type of 

insectivore, ticks of the Ixodidae and Gamasidae genera, and three species of flea. The optimal 

habitat was characterized by middle mountain steppe landscape zone at 2,065 to 2,407 meters 

above sea level, receiving 600-800 mm yearly precipitation, and moderate climates with short 

cool summer and cold winters or dry warm summers with cold winters. A total of 266 human 

cases of tularemia were recorded in Armenia from 1996-2012. GIS mapping showed that 199 

tularemia human cases were registered in the steppe vegetation zone, 224 cases- in a zone 

with moderate, relatively dry warm summers and cold winters (1400-2300m), 206 cases in a 

middle mountain steppe zone.  

Discussion: The developed model showed an association (p <0.05) between number of human 

cases and the number of epizootic sites, number of isolates, and percent of samples with 

positive cultures. The analysis conducted using GIS methodology delineated the risk zones with 

a high probability of tularemia occurrence. Identification of high-risk areas will serve public 

health officials in focusing surveillance efforts. 
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Session 8: Avian Transmissible Diseases 

Genomic, Epidemiological, and Biological Characterization of Newcastle 

Disease Virus Isolates from Ukraine 

PRESENTER: Iryna Goraychuk  

COUNTRY: Ukraine 

The genetic diversity of Newcastle Disease virus (NDV) in Ukraine was studied for the first time. 

Newcastle disease (ND) is caused by the virulent forms of this virus that affects a wide range of 

wild and domestic bird species. At least 15 genotypes cause periodic large-scale outbreaks with 

extensive morbidity and mortality in avian species worldwide. 

We conducted passive surveillance in poultry and active surveillance in wild birds in the 

Southern-Eastern territories of Ukraine and bordering regions with Russia. These studies 

characterized viral distribution and identification of predominant circulating strains from 1967 to 

2016, including the characterization of repository viruses. Genotype identification and pathotype 

of NDV were determined by direct sequencing of the complete F-gene and full genome using 

next-generation sequencing. Based on the sequence of the fusion protein cleavage site a more 

precise pathotyping in eggs and chickens was conducted using isolates that represent the most 

typical isolates of each of the geno-groups. 

Migratory birds in Ukraine are part of east-to-west and north-to-south migration routes. The 

phylogenetic study allowed to determine the relationship of Ukrainian isolates with other viruses 

from Eastern Europe, Asia and Africa and a better understanding the transcontinental 

movement of NDV. 

In addition, training programs on standard operation procedures for BSL3 laboratories, 

biosecurity and biosafety practices were implemented for Ukrainian scientists. Results from this 

collaboration were presented at three conferences and summarized in six publications in an 

international journal. 
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Newcastle Disease: Surveillance, Molecular Epidemiology, and Control 

of NDV in Kenya 

PRESENTER: Leonard Ateya  

COUNTRY: Kenya 

Although Newcastle disease (ND) is a notifiable disease in Kenya, the disease is under-

reported. Current ND control measures include vaccinations after hatching and outbreaks. 

Currently, there is no active surveillance for ND. Project objectives are to: (1) improve ND 

surveillance, detection, and diagnosis and reporting of pandemics and (re-) emerging 

pathogens; (2) facilitate & improve collaborative research amongst Kenyan institutions 

employing modern methods; and (3) characterize NDV strains, assess ND socio-economic 

impacts and identify risk factors contributing to NDV spread in Kenya. The project hypothesis is 

that virulent NDV reservoirs are asymptomatically maintained in wild birds and pet avian species 

that reside in the proximity of domestic poultry. Samples will be collected in four agro-ecological 

zones: (1) Zone II (tropical highlands) with poultry markets and where poultry is culturally 

significant; (2) Zone III (Kenyan food basket with crop-livestock farming system); (3) Zone IV 

(part of seasonal wild bird migratory and poultry trade routes); and (4) Zone V (free-range small-

scale poultry farming). Sampling will be mainly on case-based and passive and active response 

surveillance. Positive samples identified by antigen detection, hemagglutination of allantoic 

fluids, or RT-PCR will be used to characterize and define viral strains circulating in Kenya. Ten-

year (2005-2015) historical data on ND incidence and outbreaks have been analyzed and used 

to validate the project’s sampling sites. Some of the sites have been visited and samples 

collected. Four MSc students, the key players in transfer of acquired technologies, have been 

recruited. 
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Molecular Characterization and Complete Genome Sequence of 

Newcastle Disease Virus Isolated in Kazakhstan 

PRESENTER: Vitalyi Strochkov 

COUNTRY: Kazakhstan 

Newcastle disease virus (NDV) is a highly contagious viral infection of birds, characterized by 

pneumonia, encephalitis, multi-site hemorrhages and destruction of internal organs. It is 

considered one of the two most devastating diseases in poultry and wild birds, similar to avian 

influenza. Since Kazakhstan is on the main pathways of transcontinental migratory routes of 

many wild birds, genomic analysis of circulating NDV strains in Kazakhstan can potentially 

provide insights to its genetic evolution and add insight to pathogenic characteristics. Only 

limited studies on the genetic variability of NDV strains in Kazakhstan have been conducted. 

The project aims to perform full genome sequencing of five (5) isolates, conduct phylogenic 

analysis, and develop correlation between genotypic features and pathogenicity of five isolates 

from chicken flocks of previous outbreak during a one-year period. The team will retrieve full 

genome sequence of representative isolates from open source genomic sequence repository 

(GenBank), design primer sets for sequencing, and conduct sequencing using the ABI 3130xl 

platform at the Research Institute for Biological Safety Problems (RIBSP). Bioinformatic analysis 

will be performed to determine phylogenetic placement of these isolates among those in 

Genbank, and analyze the likelihood of introduction to and spread from Kazakhstan. The 

sequence data will be deposited to the National Center for Biotechnology Information (NCBI) 

database.  
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Risk Assessment of Selected Especially Dangerous Pathogens 

Potentially Carried By Migratory Birds over Ukraine 

PRESENTER: Denys Muzyka  

COUNTRY: Ukraine 

Highly pathogenic avian influenza (HPAI) and Newcastle disease viruses (NDV) cause serious 

diseases in domestic and wild birds, and also pose additional risk due to the potential for 

spillover into human populations. Monitoring of orthomyxoviruses and paramyxoviruses 

conducted by NSC IECVM in 2010-2015 within the USDA/ARS projects revealed 168 avian 

influenza virus (AIV) and ND viruses, 23 antigenic combinations, and new serotypes (APMV-

13). The extreme variability of AIV can lead to new genetic variants of the virus with pandemic 

potential that could damage people. The geographical position, natural conditions, large amount 

of birds and several transcontinental migration routes contribute to the re-emergence of those 

pathogens that was confirmed by outbreaks of HPAIV H5N1 and NDV in 2005-2008 and HPAIV 

H5N8 in poultry in 2016-2017. Commencing on December 1, 2016 the project aims to survey 

areas of Ukraine for AIV and NDV that may be harbored by wild birds associated with major 

northern and southern migratory flyways in the country. The project will assess the ecologic, 

epizootic, and epidemiologic risk of disease transmission. Bird observations, viral detection 

data, and Geographic Information System will be used to analyze and predict the anthropogenic 

impact on viral prevalence and type. The project will support local capacity building through 

enhancement of diagnostic capability, data management and analysis, and reporting. The 

project supports a One Health approach through linkage of researchers from the Institutes of the 

Ministry of Health, National Academy of Agrarian Sciences, and State Service for Food Safety 

and Consumer Protection of Ukraine. 
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Detection and Molecular Epidemiologic Analysis of Especially Dangerous 

Pathogens in Backyard Poultry, Commercial Broilers and Waterfowl in India 

PRESENTER: Vivek Kapur 

COUNTRY: India 

Emerging and re-emerging respiratory diseases in poultry, especially velogenic viscerotropic 

Newcastle disease (vvNDV) and highly pathogenic avian influenza (HPAI), present a major 

threat to animal and public health worldwide, particularly in rapidly developing nations such as 

India. The core viral pathogens of human and animal concern involved in Respiratory Disease 

Complex of poultry have not been studied. To fill this knowledge gap, we propose to test three 

hypotheses. Hypothesis 1. The respiratory tract viromes from commercial and backyard flocks 

(herein referred to as domestic poultry) and waterfowl in Haryana, Odisha and Kerala are a 

potential source of especially dangerous pathogens (EDPs); Hypothesis 2.  Molecular 

genotyping approaches will identify host- and region-specific fingerprint profiles of select 

agents including vvNDV and HPAI; Hypothesis 3.  Next generation sequencing will help 

identify nucleic acid signatures of novel / emerging viruses in domestic poultry and waterfowl. 

The overall goal of this project is to discover novel viruses and enable the development of 

genomics-based strain-typing capability of EDPs and emerging viral pathogens from avian 

sources in academic research settings in India.  Molecular epidemiologic analysis and 

comparative metagenomics investigation of respiratory viromes of domestic poultry and 

migratory birds, using a comprehensive and statistically robust stratified random sampling 

approach, will provide a strong foundation for the development of evidence-based approaches 

for implementing sustainable measures to control EDP. This investigation will also help 

generate data and tools, build sustainable capabilities, and enhance domestic and international 

academic partnerships critical to characterizing the zoonotic pathogens associated with 

domestic poultry and waterfowl in India. 
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Presentation Summaries  

February 10, 2017 

Session 9: Bacterial Pathogens of Security Concern – Group 2 

Characterization of NCDC Strain Repository by Next Generation 

Sequencing 

PRESENTER: Gvantsa Chanturia  

COUNTRY: Georgia 

The three year project was launched in March 2016. It is a collaborative effort of the Los Alamos 

National Laboratory (LANL), NM, USA and National Center for Disease Control and Public 

Health of Georgia (NCDC), Tbilisi, Georgia.  LANL has been working alongside the Georgia 

National Center for Disease Control and Public Health (NCDC) Genome Center Facility at the 

R. G. Lugar Center for Public Heath Research in developing Next Generation Sequencing 

(NGS) and analytic capabilities. The proposed project leverages the technical capabilities at 

both institutes to complete sequencing and characterization of the especially dangerous 

pathogens stored in the freezer archive at the NCDC. Up to 100 isolates of Yersinia pestis, 
Bacillus anthracis, Brucella spp., and Francisella tularensis from the NCDC pathogens 

collections will be selected for draft sequencing on the Illumina MiSeq. The draft genomes will 

be comparatively analyzed against strains from worldwide databases, SNPs will be discovered 

and subjected to phylogenetic analysis.  

During the past year, ten Brucella spp. and twelve F. tularensis were have been sequenced. F. 
tularensis strains were processed for genome assembly and phylogenetic analysis on CLC-Bio, 

EDGE and PHAME software. Two draft genome announcement manuscripts have been drafted. 

A two week training for one bioinformatician from the NCDC team was held at LANL in 

November 2016. The sequencing of the rest of the samples is in process at NCDC. Ten isolates 

will be chosen to forward to LANL for PacBio sequencing. NCDC staff, as well as students 

involved in the project, will exercise their sequencing and bioinformatics skills on the samples 

and data from this project.  Additional skills will be acquired through advanced training on data 

generated by this project. Completion of this research project will provide novel genomic 

characterization of the NCDC’s extensive pathogen archive, cement the collaborative network 

between the NCDC and US collaborators, and ensure the NCDC’s ability to utilize advanced 

sequencing technologies as independent researchers.   
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High Resolution Chemical Characterization of Yersinia pestis Cells 

within Soil Matrices: Implications for Understanding Natural Foci and 

Telluric Reservoirs of Plague 

PRESENTER: Muhammad Reza Shah  

COUNTRY: Pakistan 

The persistence of Yersinia pestis in soil matrices suggests a novel, yet completely 

uncharacterized, environmental reservoir for plague organisms. This has critical implications for 

understanding natural plague foci,non-traditional transmission routes between hostsand its 

changing risks for humans, and finally, the detection of Y. pestis in environmental samples.To 

address this challenge, we have constructed a multidisciplinary project to examine the chemical 

and physical response of Y. pestis cells after exposure to soil habitats. The project includes 

high-resolution, single cell analytics to characterize the metabolism, surface chemistry, and 

structural changes in individual Y. pestis cells within this unique growth environment. Results 

from this work will increase basic understanding of pathogen ecology and the molecular 

mechanisms by whichY. pestis functions in environmental reservoirs outside of traditional 

transmission vectors. 

This project is a collaboration between Virginia Commonwealth University (Richmond, VA, USA) 

and the HEJ Research Institute of Chemistry at the University of Karachi (Karachi, Pakistan). 

VCU is leading culturing efforts and surface characterization of Y. pestis cells using a range of 

high resolution microscopy and mass spectrometry techniques and the University of Karachi is 

developing novel techniques for chemical analysis of cell surfaces and in situ assays with 

nanoparticle-based probes. Training in Biosafety practices and microbiological characterization 

will facilitate collaborative pathogen research and build new capabilities at the University of 

Karachi that will complement its existing analytical strengths and create a new center in 

Pakistan capable of identifying unknown bacterial samples and conducting basic research on 

endemic pathogens. 
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Estimating Incidence and Socio-economic Impact of Brucellosis in 

Humans and Animals in Kajiado County, Kenya 

PRESENTER: Austine Bitek 

COUNTRY: Kenya 

Brucellosis is a common bacterial zoonotic infection, but there is limited data on burden of the 

disease in Kenya for humans and animals. To generate data to inform prevention and control 

strategies, we conducted a longitudinal study to determine incidence of brucellosis in humans 

and animals and estimate its socio-economic impact at the household level among a pastoralist 

community in Kajiado. 

All households and their livestock in four sub-locations in Kajiado County were enrolled for 

follow-up for 12 months from 2015 to 2016. A subset of their livestock were recruited in to the 

study after screening for Brucella using RBPT, and sera was collected every four months and 

tested for Brucella IgG antibodies using ELISA. Incidence in humans was calculated from the 

number who were determined to be acutely ill with brucellosis from among those who presented 

at study health facilities, while incidence in livestock was the number of livestock that sero-

converted for brucella antibodies between two sampling points. To calculate economic losses, 

direct losses in livestock were calculated using parameters derived from the incidence study 

and literature, and the results were analyzed in an analytical economic model. 

801 households with a total of 4,729 humans and their 5,746 livestock were recruited in the 

study. Of the household members enrolled, 52% (n=2475) were males. The mean household 

(HH) size was 6 persons (range 1 – 19). Average HH income over a 3 months period was $ 820 

(range $100 - $ 16,000). Overall incidence rate of brucellosis in livestock on ELISA sero-

positivity between the first and the second visit was 0.0076 (8/1,000) cases per animal; 3 

months at-risk equivalent to 0.0304 (30 animals per 1,000 animal-year at risk). Total direct 

losses due to brucellosis in livestock was estimated to be KES 6.6 Million (USD 66,000). The 

losses due to abortion accounted for 54% of the total losses in livestock. Estimated out of 

pocket expenditures incurred by HHs was $12.2 per human case (range $2 -$100). This study 

reports a high burden of brucellosis in humans in a pastoral community in Kajiado with 

substantial economic losses arising from brucella infection in livestock at the household level. 
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Lugar Center Regional Integration: Kafkas University Partnering for 

Molecular Epidemiology of Bacillus anthracis and Brucella species in 

Turkey 

PRESENTER: Ketevan Sidamonidze  

COUNTRY: Georgia 

It is vital that effective collaborative links are built between the National Center for Disease Control 

and Public Health (NCDC), Richard G. Lugar Center for Public Health and institutions in 

neighboring countries to tackle shared common bacterial threats. Kafkas University’s veterinary 

school, located in the northeastern Turkish city of Kars, serves a primarily agricultural region 

adjacent to the Georgian/Turkish border; diseases including anthrax and brucellosis, are endemic 

in these regions. Molecular typing tools were outdated at Kafkas. A study using the high-resolution 

molecular tools available at NCDC Lugar Center on common bacterial strains (Bacillus anthracis 

and Brucella spp.) on both sides of the border was developed. To achieve this aim, a team at the 

Lugar Center supported by WRAIR provided training to researchers from Kafkas University in the 

use of the state-of-the-art capabilities available at the Center. The project consisted of three main 

technical elements: bacterial DNA extraction; molecular analysis of B. anthracis; and molecular 

analysis of Brucella spp. Overall, 60 bacterial isolates including B. anthracis (n=30) and Brucella 

spp. (n=30) from Turkey were analyzed at the Lugar Center using multiple locus variable number 

tandem repeat analysis (MLVA) and single nucleotide polymorphisms SNP. MLVA and SNP 

typing results show genetic homogeneity of Georgian and Turkish B. anthracis strains, which may 

be caused by migration of the pathogens across the Georgia-Turkey border over time. This study 

also resulted in successful capacity-building efforts for pathogen typing for the Turkish 

researchers from Kafkas University.  
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Regional Study of the Ecology of Anthrax Foci in Georgia and 

Azerbaijan  

 
PRESENTER: Lile Malania  
 
COUNTRY: Azerbaijan 

Anthrax is a livestock-borne zoonotic disease that is endemic in the South Caucasus region. It is 

hypothesized that both human and environmental factors affect the migration of Bacillus 
anthracis strains across borders and throughout regions. This study evaluates the following: (1) 

identify regional foci and spatial risk factors of anthrax to improve surveillance and 

documentation of the disease; (2) assess the genetic relationships of environmental B. anthracis 
isolates to better understand the organism’s ability to persist in the environment and to allow for 

improved epidemiologic “trace-back” of human and livestock infections; and 3) collaborate on 

regional issues related to the control and management of a re-emerging infectious disease by 

sharing local/regional predictions of risk and molecular profiles of the pathogen. Collaborators 

from both Georgia and Azerbaijan have collected and tested soil samples for the presence of B 
anthracis. Positive samples were molecularly characterized and were examined using 

multilocus variable number tandem repeat analysis (MLVA), as well as global and regional 

single nucleotide polymorphisms (SNPs), including a well-established Georgian SNP typing 

panel. Spatial genetic pattern analysis and risk factor mapping were conducted using 

geographic information system. In turn, this regional collaboration will provide the potential for 

the cooperative development of strategies for the control and trans-boundary management of 

this disease. 
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Regional Study of the Ecology of Anthrax Foci in Georgia and 

Azerbaijan 

PRESENTER: Rita Ismayilova 

COUNTRY: Azerbaijan 

Anthrax is a livestock-borne zoonotic disease that is endemic in the South Caucasus region. Not 

much is known about the regional epidemiology of this pathogen nor the transboundary factors 

related to its persistence. The aim of this collaborative (Azerbaijan and Georgia) effort was to 

ascertain both human and environmental factors that may affect migration of Bacillus anthracis 

strains across borders and through regions. There are seven Azerbaijan rayons (Gazakh, 

Agstafa, Tovuz, Samukh, Gakh, Zagatala, and Balakan) bordering Georgia with recurring cases 

of both human and animal anthrax; from those, 30 villages were selected for sample collection. 

Samples were to be collected from known animal burial sites and areas of previous 

contamination, as evidenced by livestock outbreaks or human case records. Organisms isolated 

from the collected soil samples were to be characterized by biochemical methods (Gram stain, 

motility, Trypticase Soya Broth) and then by gamma phage. The nucleic acids extracted from 

presumptive positive samples were to be tested by PCR using Amplisense kits on BioRad.   

A total of 804 soil samples have been collected from five rayons Nov 2015 - Sept 2016. From 

the 768 processed, over 200 samples exhibited colony morphology suggestive of B. anthracis; 

10 were deemed positive by gamma phage. DNA extractions from 60 presumptives (by 

biochemistry and gamma phage) have been sent to Georgia Lugar Center for genotyping in 

April 2016 and were negative for B. anthracis.  The samples should be retested by Tetracore 

PCR kit.  
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Environmental Surveillance of Burkholderia pseudomallei, Pilot Study in 

Lao PDR 

PRESENTER: Rosalie Zimmerman  

COUNTRY: Lao PDR 

The environmental bacterium Burkholderia pseudomallei (Bp) is the causative agent of 

melioidosis and a Tier 1 Select Agent. Bp is endemic in tropical soils and has been found in 

surface waters. To investigate the distribution of this pathogen in Lao PDR, its occurrence in 

rivers, and associated environmental factors, we studied 23 rivers (including the Mekong) in the 

South, Center and North of the country, applying culture-based methods and a specific 

quantitative real-time PCR assay to water filters and streambed sediments. Geochemical 

measurements included turbidity, a proxy for suspended sediment load which was measured 

on-site using a turbidity meter and confirmed in the laboratory by dry weight measurements. Bp 
was present in 9% of the rivers in the dry season. In contrast, we found Bp in the water of 57% 

of the rivers in the rainy season, 35% of them with associated Bp-positive sediments. Turbidity 

correlated positively with Bp presence (p=0.01). All Bp positive rivers were situated in the South 

and Center of the country. Our preliminary results provide evidence for a heterogeneous spatial 

and temporal distribution of Bp in Lao PDR. The seasonal dynamics and predominant 

occurrence of Bp in particle-rich water and the lower yield in sediments suggest that Bp is 

washed out with eroded soil during periods of heavy rainfall and transported by rivers. These 

findings will contribute to improved Bp risk modelling and health management strategies. 

Further laboratory and statistical analyses, including additional geochemical factors, and land-

cover data analyses using geographic information systems, are in progress. 
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Melioidosis Research Coordination Network 

PRESENTER: Direk Limmathurotsakul  

COUNTRY: Thailand 

Melioidosis is caused by Burkholderia pseudomallei, a Tier 1 select agent and an environmental 

bacterium commonly found in tropical countries. It is estimated that 89,000 deaths were caused 

by melioidosis per year worldwide. However, melioidosis remains under-reported due to its 

diverse clinical manifestation, incapacity of bacterial isolation and identification in low-resource 

settings, and limitation of national notifiable diseases surveillance systems in low and middle-

income countries (LMICs). The unawareness of the disease becomes problematic for policy 

makers, clinicians and researchers in many LMICs because melioidosis is not perceived as a 

threat.  

To solve the problems, the Melioidosis Research Coordination Network (RCN) was developed. 

The RCN aims (1) to make data of total number of culture-confirmed melioidosis cases and 

deaths worldwide openly available for policy makers, clinicians, funders and researchers 

worldwide, and (2) to support connections and communications among those stakeholders.  

The RCN working group will call for information from clinicians and researchers at any hospitals 

or institutions worldwide for the total number of culture-confirmed melioidosis cases and deaths 

they observed yearly from 2012 to 2016. We will curate and make those data openly available 

on www.melioidosis.info. The system will be quite similar to PROMED but better curation and 

better supports from funders and melioidosis research community. The RCN will make the 

information of data contributors clearly available so that funders and other researchers know 

where they can fund melioidosis research and find collaborators, respectively. The RCN will 

also make information about potential support from contributors available, including bacterial 

identification and biosafety support.   

  



 

 55 

 

Session 10: Emerging Infectious Diseases 

Enhancing Capacity for Case Detection and Diagnosis of Febrile 

Zoonotic-related Cutaneous Lesions in Georgia 

PRESENTER: Mary Reynolds  

COUNTRY: Georgia 

In the summer of 2013 an outbreak of febrile rash illness in herders in the Akhmeta region of 

Georgia was linked to a novel Orthopoxvirus (OPXV). The unique genetic profile of this 

emerging zoonotic disease made it difficult to identify using the existing molecular assays for 

OPXV species. Two other OPXV isolates have been identified in Georgia. One was found in 

1986 in a rodent in the southeastern part of the country; the other was recently identified by the 

National Center for Disease Control and Public Health of Georgia (NCDC) and the Centers for 

Disease Control and Prevention (CDC) Poxvirus laboratory in a retrospective analysis of a 

suspected anthrax case that occurred in 2010. Activities undertaken by CDC Headquarters in 

conjunction with the CDC South Caucasus Office are part of a collaborative effort comprising 

three complementary proposals. The goal of these combined efforts is to: 1) identify the 

geographic distribution and natural hosts of the known virus, 2) determine if any other such 

viruses occur in this region, 3) investigate the impact of OPXV infection on dairy production and 

to at-risk individuals, and 4) increase in-country capacity to detect, identify, and respond to 

future outbreaks. Activities are approached through a One Health framework, promoting timely, 

actionable communication among in-country counterparts representing the animal and human 

health sectors.  
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Enhancing Capacity for Case Detection and Diagnosis of Febrile 

Zoonotic-related Cutaneous Lesions in Georgia 

PRESENTER: Ana Gulbani  

COUNTRY: Georgia 

The discovery of a new Orthopoxvirus demonstrates the need for poxvirus detection and 

diagnosis capacity in Georgia (country). Human illness caused by this virus has implications for 

differential diagnosis of cutaneous lesion-producing zoonotic infections, principally anthrax. 

Simultaneously, animal infection may impact agricultural productivity and food safety. Therefore, 

accurate detection and case diagnosis is important for both humans and domestic animals. In 

collaboration with the CDC Atlanta, we are working to enhance capacity to detect, diagnose and 

report Orthopoxvirus infections. Health-care workers will be trained to recognize zoonotic-

related cutaneous lesions to detect human cases; NCDC personnel will be trained to collect 

clinical specimens from patients with such lesions and from the rodents; NFA and regional 

veterinarians will be trained to recognize lesions associated with orthopoxviruses among 

domestic and wild animals as well as field collection of pertinent animal specimens. Emphasis 

will be placed on field and laboratory biosafety. Additionally, CDC Atlanta Poxvirus Team 

members will provide training for animal (LMA) and human sample (NCDC) processing with 

rapid qPCR-based diagnostic tests and serologic assays for case diagnosis. Retrospective case 

diagnosis is needed as testing by rapid qPCR on anthrax-negative samples has already 

identified an orthopox positive sample, thus warranting further investigation on stored samples. 

New assays will be developed and assessed for detecting any new orthopoxvirus variants in 

humans, rodents, domestic and wild animals found in Georgia.  Activities will result in improved 

capacity for efficient identification of emerging orthopoxviruses, as well as biosurveillance 

capacity for orthopoxviruses in human and animal populations.  
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Multi-Year Prospective Cohort Study to Evaluate the Risk Potential of 

MERS-CoV  

PRESENTER: Sazaly Abubakar  

COUNTRY: Malaysia 

Since its first appearance in 2012, the Middle East respiratory syndrome coronavirus (MERS-

CoV) has emerged as a serious public health threat of global concern. As of December 2016, 

the World Health Organization has been notified of 1,879 laboratory confirmed cases and the 

case fatality rate is estimated at 35%. Beyond its high fatality rate, significant concern lies in the 

potential for MERS-CoV to spread beyond the Middle East, as was recently witnessed in the 

South Korea. In collaboration with the Ministry of Health Malaysia (MoHM) and the Malaysia 

Hajj Pilgrims Fund Board (MHPFB), a multi-year cohort of pilgrims departing for Hajj from 

Malaysia has been established to assess the risk that MERS-CoV infection poses to travellers 

to the Middle East. Pre- and post-pilgrimage blood specimens were collected for serologic 

analysis to estimate MERS-CoV exposure rates, while survey data will be used to stratify the 

risk of exposure by factors such as age, gender, geographic regions visited during the 

pilgrimage. For the 2016 Hajj cohort, a total of 568 participants were enrolled and 367 (65%) 

submitted to post-pilgrimage blood draws and data collection upon their return from the Hajj. To 

date, paired blood samples (pre- and post- pilgrimage) from 318 participants have been 

analyzed by ELISA for the presence of IgG antibodies to MERS-CoV. Preliminary findings 

suggest at least three individuals showed increases in MERS-CoV specific IgG titers post-Hajj. 

Confirmatory microneutralization assay is ongoing and planning has started for the 2017 Hajj 

cohort studies. 
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Middle East Respiratory Syndrome Coronavirus (MERS-CoV): 

Surveillance for Distribution and Prevalence in Kazakhstan 

PRESENTER: Mukhit Orynbayev 

COUNTRY: Kazakhstan 

Middle East Respiratory Syndrome (MERS) is a viral respiratory illness caused by a recently 

identified zoonotic coronavirus, MERS-CoV, which is transmitted from camels to humans. The 

southern border regions of Kazakhstan contain more than 150,000 camels, which creates the 

potential for endemic circulation of the virus. Bats have also been associated with presence of 

the MERS-CoV, and there are 24 species of bats which may carry related coronaviruses. Due to 

camel trade with MERS-CoV endemic areas, the project hypothesizes that MERS-CoV is likely 

present in the Kazakhstani camel population. One of the objectives is to determine the sero-

prevalence and epidemiology of MERS-CoV in adult and juvenile camels in seven regions of 

Kazakhstan to verify the prediction that camel populations in Kazakhstan have been exposed to 

and generated antibodies against MERS-CoV. Also, the MERS-CoV genetic diversity in camels 

across Kazakhstan will be determined as will the identity of coronaviruses in Kazakh bats. The 

project has been approved by DTRA and kick-off was held on 14 October 2016. The lead 

institute for the study, KZ’s Research Institute for Biological Safety Problems (RIBSP), has 

submitted paperwork requesting permit from Ministry of Agriculture for sample collection for the 

study. RIBSP also reported that they have a small group of pre-existing samples from camels 

and bats in storage that may be of use to the project. RIBSP is currently seeking to identify the 

location of camel farms that have interaction with camels from the Middle East. Drs. Ian 

Mendenhall and Gavin Smith from Duke-NUS Medical School are collaborators for the study. 

Currently materials and reagents are being procured.  
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Global Health, Emerging Infectious Diseases, and Food Safety 

Implications of Bushmeat Consumption In Tanzania 

PRESENTER: Joram Buza  

COUNTRY: Tanzania 

“Bushmeat”, the meat and organs derived from wildlife species, is a major source of protein in 

many parts of Africa, and is often hunted illegally and transported to markets in unsanitary 

conditions, thereby representing an important conduit for the transmission of zoonotic 

pathogens. Despite considerable evidence that select agents, including Bacillus anthracis, 

Brucella and Coxiella, are frequently found in animals harvested for consumption in Tanzania, 

their distribution in bushmeat and the related human health risks are not known.  To fill this 

critical knowledge gap, we have initiated a program to map the distribution of especially 

dangerous pathogens in bushmeat from three major ecosystems in Tanzania (Serengeti, 

Ruaha-Rungwa, Selous-Mikumi) during wet and dry seasons to capture spatial and seasonal 

variation in pathogen prevalence.   

Preliminary PCR based-analyses of more than 500 fresh and dried bushmeat samples collected 

from 25 villages in the Western Serengeti revealed nucleic acid signatures of Bacillus anthracis 

and Brucella species in bushmeat.  Further, host species identification with PCR sequencing of 

the cytochrome B gene suggests initial misclassification by bushmeat traders in a significant 

fraction (~ 40%) of the samples.  Together with 16S rDNA based microbiome profiling, our 

preliminary investigations reveal the presence of major zoonotic pathogens, in bushmeat in 

Tanzania, and provide an opportunity to discover novel emerging pathogens.  In the long-term, 

our research is positioned to provide a rational basis for defining and mitigating the public health 

risk associated with the harvesting, trade, and consumption of bushmeat in Tanzania. 
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Etiology of Severe Acute Respiratory Infections in Kuala Lumpur, 

Malaysia 

PRESENTER: Jamal I-Ching Sam 

COUNTRY: Malaysia 

The epidemiology of severe acute respiratory infections (SARI) in adults in Asia is relatively 

understudied, but of critical global importance. This is because of the potential emergence from 

this region of rare/new pathogens posing a pandemic threat or a danger as potential weapons of 

mass destruction. Malaysia, situated in Southeast Asia, a known hotspot for emerging diseases, 

has had previous imported human cases of SARS-CoV, MERS-CoV, and H7N9, and H5N1 in 

birds. Melioidosis, caused by Burkholderia pseudomallei, is also endemic in Malaysia. Kuala 

Lumpur, the capital, is a major travel hub for immigrants and tourists. We hypothesize that 

potential biological threats do cause SARI in Malaysia, but that these remain largely 

undiagnosed due to lack of awareness and laboratory diagnostic capacity. Therefore, we 

propose to study the etiology of SARI in adults admitted to a teaching hospital in Kuala Lumpur 

over 3 years. We will establish a comprehensive panel of molecular assays to detect respiratory 

viruses and bacterial select agents, supplementing existing diagnostics for bacteria and 

mycology. This will enable our centre to detect sporadic cases and outbreaks of respiratory 

agents which are potential global threats. We propose a workshop for biosafety practices in 

diagnostic microbiology laboratories, and a practical workshop to teach these newly established 

assays to other laboratories in the country, thereby enhancing national capacity to safely 

diagnose these agents, and contribute to threat reduction. In addition, a number of samples 

testing negative to known viral agents will be analysed by next-generation sequencing for 

potential viral pathogen discovery.  
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Session 11: Epidemiology & Biosurveillance – Group 2 

One Health Surveillance for Brucellosis in Armenia 

 
PRESENTER: Valerie Ragan 
 
COUNTRY: Armenia 

Brucellosis is a highly infectious zoonotic disease caused by bacteria of the genus Brucella.  It is 

reported to be the most common zoonotic disease worldwide.  The disease causes abortion, 

infertility and reduction in milk production in animals and a serious, recurring febrile condition in 

man which may become chronic and may affect any organ of the body. Successful treatment of 

the chronic form is very difficult.  No effective treatment for brucellosis in animals has been 

described.  The incidence of brucellosis in humans in unknown, but is suspected to be between 

10 and 25 times larger than indicated by the number of cases reported to public health 

agencies. 

Prevalence of brucellosis in humans and animals in Armenia and neighboring countries is 

known to be significant.  However, due to the fact that comprehensive surveillance for the 

disease is lacking in both the human and animal populations, and the lack of shared data 

between human and animal health authorities, little can be said with certainty about how 

widespread the disease is in either population.   

A “One Health Surveillance for Brucellosis in Armenia” project has just been initiated whose 

objective is to strengthen coordination and collaboration between the Ministry of Health and the 

Ministry of Agriculture during epidemiological and outbreak investigations of brucellosis, and 

increase the understanding of the disease burden in Armenia.  A project outcome will be a draft 

document outlining a comprehensive surveillance and control system for brucellosis in Armenia.   
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Acute Febrile Illness in Uganda 

PRESENTER: Denis Byarugaba  

COUNTRY: Uganda 

Acute febrile illness (AFI) causes significant morbidity and mortality in the tropical countries 

including Uganda. While part of it is caused by malaria and other common treatable infections, a 

significant part is caused by unknown agents. VHFs have particularly occurred recently with 

more frequency in Uganda and the region.  This study is undertaking systematic investigations 

to determine the occurrence of the select agents and other previously unknown highly 

pathogenic pathogens with potential for causing pandemic threats. The work leverages upon 

existing field and laboratory research capabilities within Makerere University Walter Reed 

Project (MUWRP) in the country. The project does sampling from already existing sentinel 

surveillance sites. We collect and test at least 26 samples from AFI patients per month from at 

least five geographically diverse hospital sentinel sites (Gulu, Mulago, Jinja, Bwera and Bombo 

Hospitals). In addition, disease vector distribution and mapping is being undertaken through 

vector collection and identification and climate data analysis for ecological niche modeling and 

risk assessment. The study is expected to generate data that contributes to create in-country 

capabilities for more robust systems for early detection and prediction of outbreaks and rapid 

response and to define risk factors and vector distributions important for long-term surveillance, 

early detection and rapid response, and intervention strategies in contribution to global 

biological threat reduction. 
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Infectious Etiologies of Acute Febrile Illness in the Azerbaijan Military 

PRESENTER: Surkhay Mammadov 

COUNTRY: Azerbaijan 

Mortality rate attributable to infectious and parasitic diseases in Azerbaijan is 16.4 deaths per 

100,000 population.  After the collapse of Soviet Union, healthcare and public health 

deterioration created severe gaps in accessibility and allowed for emergence/re-emergence of 

infectious diseases.  Epidemiological information about infectious syndromes in Azerbaijan is 

very limited, compounded by the lack of appropriate diagnostic assays and febrile illness 

knowledge, precipitating unconfirmed clinical diagnoses for most febrile illnesses.  Infectious 

etiologies of acute febrile illness (AFI) among Azerbaijan military members have not been 

studied, thus causative etiologies are unknown. In the proposed study serum samples from 

patients with undifferentiated febrile syndrome will be tested for Brucella spp., Dengue, WNV, F. 
tularensis, rickettsia, Q fever, hantaviruses, CCHF and TBE using standard ELISA assays.  

Positive or indeterminate ELISA results will be confirmed using PCR or IFA.  All laboratory 

analyses will be done at the Epidemiological Monitoring Station of the Ministry of Defense in 

Baku City.  Most etiologies to be targeted are considered potential biological weapon agents.  

Identification of these along with incidence and probable transmission pathway will significantly 

increase preparedness of the Azerbaijan military medical system, develop sustainable biological 

agent detection capabilities, and contribute health surveillance data for Ministry of Defense 

(MoD) force health protection policy.  This study will significantly improve laboratory skills for 

diagnosis to improve clinical management of AFI.  In addition, findings will improve the 

capability to differentiate between infections with similar nonspecific clinical syndromes that are 

not currently diagnosed or are presumably underreported among military personnel in 

Azerbaijan.                                                                                    
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Prevalence, Epidemiological Surveillance, and Laboratory Analysis of 

Coxiella burnetii in Georgia 

PRESENTER: Ana Gulbani 

COUNTRY: Georgia 

Q fever is a zoonotic bacterial disease resulting from infection by the bacteria Coxiella burnetii. 
The goal of this study is to (1) investigate the seroprevalence of C. burnetii among exposed 

cattle and small ruminants across Georgia, (2) establish active surveillance and detection of 

cases of Q fever across Georgia, (3) collect isolates from veterinary cases, (4) implement and 

evaluate new diagnostic methods, and (5) study C. burnetii using GIS and DNA sequencing and 

genotyping. Samples were collected from nine regions by the National Food Agency (NFA) of 

the Ministry of Agriculture (MoA): 16,343 blood, 15,269 serum, 3,970 milk, and 5,156 swab 

samples were collected from these animals. Samples were tested by immunofluorescent assay 

(IFA), polymerase chain reaction (PCR), and bacteriology to detect C. burnetii. For IFA, 8,688 

samples were tested: 218 were Phase I positive and 42 Phase I susceptive samples; and for 

Phase II 40 samples were positive, and 34 susceptive. In total, 1,311 samples were tested on 

ELISA: 1,218 were negatives, 76 positives, and 17 susceptive. We have tested 10,310 PCR 

samples and seven were positive.  Bacteriological tests were performed on serologically 

positive/ susceptive samples, and PCR positive samples (n=340). Currently, we have isolated 

two cultures (confirmed by PCR).  Due to the amount of sample processing, the project has 

been extended, and research is going. 
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Prevalence of Brucella Species and Bluetongue Virus Serotypes among 

Domestic Livestock or Ruminants in Southern Kazakhstan 

PRESENTER: Nurlan Sandybayev  

COUNTRY: Kazakhstan 

Brucellosis and Bluetongue (BT) are high consequence infectious diseases that affect domestic 

animals in Kazakhstan and worldwide. Brucella spp. and an array of Bluetongue virus (BTV) 

serotypes are considered endemic in Southern Kazakhstan where the largest concentration of 

cattle, sheep and goat herds in the country are located. Southern Kazakhstan is thought to be at 

high risk for these two diseases. The project will determine the prevalence of circulating Brucella 

spp. and BTV serotypes over a period of two years in domestic cattle, sheep and goat holdings 

in Southern Kazakhstan. A disease survey is the first step to link distribution of brucellosis and 

bluetongue with potential risk factors. The project has been approved by DTRA and kick-off was 

held on 14 October 2016. The lead KZ partner, the Research Institute for Biological Safety 

Problems (RIBSP), has submitted paperwork requesting permit from Ministry of Agriculture for 

sample collection for the study. RIBSP has reported the BSL-3 laboratory has been validated 

and BSL-3 staff and KZ-32 participants received BSL-3 facility training. RIBSP has developed 

13 SOPs focused on sample collection and transport which are currently being reviewed by the 

collaborators. RIBSP is working closely with collaborators and CBEP’s BTRIC (CH2M) to 

prioritize items for procurement of laboratory supplies. Dr. Risatti (University of Connecticut), 

Drs. Elzer and Hagius (Louisiana State University Agricultural Center) are collaborators for the 

study.  
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Identification of Etiology, Clinical Outcomes, Incidence, and 

Epidemiological Patterns of Hospitalized Febrile Patients in Armenia 

PRESENTER: Lilit Avetisyan  

COUNTRY: Armenia 

Background: Hospitalized patients with fever represent a diagnostic challenge for physicians. 

Scant information is available on identification of etiology, clinical outcomes, and 

epidemiological patterns of hospitalized patients with fever in “Nork” Infectious Clinical Hospital. 

The goal of this study was to describe the most common causes, with a focus on zoonotic and 

arboviral infections.  

Methods: Medical records of hospitalized patients with fever were retrospectively reviewed in 

2014. Data were abstracted from medical charts of adults (≥ 18 years) with a fever (≥ 38°C), 
who were hospitalized (for ≥ 24 hours) in 2010–2012.  

Results: Of the 600 patients whose charts were analyzed, 76% were from Yerevan and 51% 

were male; the mean age was 35.5 (± 16) years. Livestock exposure was recorded in 5% of 

charts. Consumption of undercooked meat and unpasteurized dairy products were reported in 

11% and 8% of charts, respectively. The most common signs or symptoms reported were 

fatigue (97%), diarrhea (56%), nausea/vomiting (54%), shaking (52%), and abdominal pain 

(46%). The mean duration of hospitalization was 5.5 days. The most common physical 

examination findings reported were: pallor (64%), abdominal tenderness (52%), pharyngeal 

injection (43%), and lymphadenopathy (35%). Twenty-four percent of patients received 

antibiotics prior to hospital admission. Intestinal infections of known (30%) and unknown (21%) 

etiology were the most frequently reported final medical diagnoses, followed by diseases of the 

respiratory system (11%), infectious mononucleosis (9.5%), chickenpox (8.3%), brucellosis 

(8.3%), viral hepatitis (3.2%), and erysipelas (1.5%).  

Conclusions: Half of the patients were diagnosed with enteric infections, nearly half of these had 

no clear etiologic agent. Brucellosis was the most frequently reported zoonotic disease. Solitary 

cases of anthrax, leptospirosis, FUO, imported malaria, rickettsiosis, and rat-bite fever were also 

reported. Further prospective studies are required to identify risk factors associated with febrile 

illnesses, as well as to estimate the burden of selected arthropod-borne and zoonotic infections.  

  



 

 67 

 

Human Disease Epidemiology and Surveillance of Especially Dangerous 

Pathogens in Georgia 

PRESENTER: Irma Burjanadze  

COUNTRY: Georgia 

Especially Dangerous Pathogens (EDPs), or select agents, represent a major concern for global 

public health. These highly pathogenic agents have the potential to be weaponized. Our project 

was designed to expand on the successes of the Cooperative Biological Engagement Program 

Collaborative Biological Research and TADR surveillance efforts, and examine the human 

disease incidence and prevalence of pathogens of public health and biodefense in Georgia. 

This project has three aims: (1) to study the epidemiology and clinical manifestations of selected 

pathogens among patients with undifferentiated fever and hemorrhagic fever/septic shock; (2) 

study the seroprevalence of selected pathogens in humans in Georgia; and (3) implement and 

evaluate diagnostic methods for selected pathogens and monitor patterns of antimicrobial 

resistance in identified bacterial infections. Laboratory surveillance for acute undifferentiated 

febrile illness (AUFI) was established in three major Georgian hospitals by the National Center 

for Disease Control and Public Health in collaboration with the U.S. Navy Medical Research 

Unit-3 and USAMRIID. Pathogens that are studied in the seroprevalence protocol include 

Bacillus anthracis, Brucella species, Crimean-Congo hemorrhagic fever virus, Coxiella burnetii, 
Francisella tularensis, Hantavirus, Rickettsia species, and tick-borne encephalitis virus.  

Furthermore, several other pathogens were tested to develop a comprehensive differential 

diagnostic algorithm and antibody prevalence of similar diseases. In patients treated at 

participating hospitals with an undifferentiated febrile illness were tested and involved in the 

developing process for a comprehensive diagnostic algorithm. Currently, 98.9% of 

seroprevalence tests and 69.4% of febrile studies are completed. These are preliminary results 

of screening trial; confirmatory testing continues. 
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The Epidemiological Status of African Swine Fever in Domestic Swine 

Herds in the Tavush Marz Region, Republic of Armenia 

PRESENTER: Gene Godbold  

COUNTRY: Armenia 

The factors associated with the spread and persistence of African Swine Fever (ASF) in the 

Caucasus Region remain to be fully identified. It is assumed that large naïve domestic, free-

ranging, and wild pig populations are critical to disease transmission and maintenance. 

Nonetheless, nine years since its epidemic introduction in the region in 2007, the virus that 

causes ASF is still circulating suggesting that an endemic cycle is established where contact 

between free ranging domestic pigs, wild pigs, and probably native Ornithodoros ticks serve as 

reservoirs. Thus, research is required to gather information on the epidemiological status of ASF 

in the Caucasus Region focusing on understanding modes of ASFV spread and persistence in 

the area  

An active surveillance program was established in Armenia to determine the epidemiological 

status of ASF focusing on an area at high risk, Tavush marz. This region was the first to report 

the presence of ASF in Armenia in 2007 and 2010-2011. It is the main terrestrial point of entry 

for traffic into Armenia and it shares a border with Georgia where the disease was introduced. 

Most pigs in Tavush are kept in backyard operations and allowed to free-forage, providing 

contact with wild pigs and ticks. 

A total of 1,506 pigs were sampled from small-scale farms clustered in 30 communities across 

the marz. Samples were taken from the sera, complete blood, and nasal swabs tested by 

ELISA, IPA, and qPCR. Fifty nine ticks were collected, but the Ornithodoros was not found 

among them. All samples were negative for ASFV and ASFV antibodies suggesting that AFSV 

is not circulating in the sampled population.  

Since sporadic ASFV outbreaks in domestic pigs have continued to occur in the Caucasus, the 

capacity for long-term environmental survival should be investigated. Further research is 

required on the epidemiological status of ASF in ticks and swine populations deemed at high 

risk for ASF.  
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Session 12: Arthropods and Arboviruses 

Investigation of Mosquito and Tick-Borne Arboviruses in Southeastern 

Azerbaijan 

PRESENTER: Rita Ismayilova  
 
COUNTRY: Azerbaijan 

Twelve different arboviruses were identified between 1967 and 1980 in humans and animals in 

Azerbaijan. Despite the known presence of arboviruses, very little vector-borne pathogen 

research has been conducted within Azerbaijan since then. TAP-13 project is designed to 

identify selected arboviruses and their arthropod vectors in southeastern Azerbaijan (Lankaran, 

Masalli and Gizil-Aghaj State Reserve). The aim of the project was to facilitate the development 

of effective strategies for the biosurveillance, control, and mitigation of four arboviral pathogens 

(CCHF, TBE, Sindbis and WNV) and their arthropod vectors.  

The project was initiated in August 2016 and is being implemented at Lankaran Anti-Plague 

Division (APD) with mentorship of the Republican Anti-Plague Station (RAPS). The UK Public 

Health collaborators provided two PCR trainings in Lankaran APD (November and April, 2016). 

Arthropods were collected from three regions in October 2015, April and May, 2016 using cloth 

dragging and livestock collection of ticks, as well as mosquito collection using CDC-light and 

BG-sentinel traps. Coordinates were recorded via GPS.  

Out of 1,777 collected ticks, 1,606 ticks have been counted, identified, and sorted.  590 tick 

pools have been prepared; 46 pools have been homogenized, extracted, and tested for TBE, 

Tamdy and West Nile viruses, and all were negative. Out of 5,217 collected  mosquitoes, 

1,152  have been counted, identified, and sorted. 96 pools have been prepared. 37 mosquito 

pools were tested for West Nile and Sindbis viruses, and all were negative.  

The project was temporarily halted, but will resume February 2017.  
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Analysis of Previously Identified Rickettsia Positive Georgian Ticks by 

Multi-locus Sequence Typing  

PRESENTER: Roena Sukhiashvili  

COUNTRY: Georgia 

Preliminary studies have shown the presence of three spotted fever group rickettsiae (SFGR) 

species among ticks in Georgia: R. aeschlimanii, R. raoultii, and R. slovaca. The identity and 

prevalence of other Rickettsia species in ticks have not been determined. The overall goal of 

this project was to improve the surveillance of tick-borne pathogens in Georgia in the context of 

rickettsial diseases. This project used the Rickettsia-positive tick samples collected in Georgia 

from GG TAP-4 project. All tick samples were previously entered into a database, and pertinent 

sample information and GPS location data were recorded. The tick DNA preparations from the 

tick samples were tested using multi-locus sequence typing (MLST) to identify which Rickettsia 

species were present. Tick samples were not collected from the field; only tick DNA 

preparations already tested for Rickettsia were utilized. Overall, nine species were found among 

12 different tick species from five different genera: Ixodes, Hyalomma, Haemaphysalis, 
Dermacentor, and Rhipicephalus. Geographical distribution maps of Rickettsia –infected ticks 

that were developed in eight regions eastern and western Georgia showed that the most 

common Rickettsia species were: R. raoultii, R. slovaca-also, R. aeschlimannii, and R. 
monacensis. For the first time the SFGR species R. massiliae, R. monacensis, R. conorii subsp. 

conorii, R. hoogstraalii, R. helvetica and Ca. R. barbariae were detected in ticks from Georgia.  

High prevalence and wide distribution of Rickettsia species among ticks make rickettsiosis a 

potential public health problem in Georgia. 
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The Role of Arboviruses as a Cause of Undifferentiated Febrile Illness in 

Sindh, Pakistan 

PRESENTER: Erum Khan 

COUNTRY: Pakistan 

The objective of this study was to develop training in arboviral diagnostics and surveillance, to 

determine the burden of mosquito-borne viruses that can be used as biological agents of 

warfare. The Pakistani collaborators then trained other public health practitioners in Pakistan to 

expand arboviral diagnostics and surveillance capabilities. We recorded the presence of several 

co-circulating arboviruses in Pakistan. Our data show that a significant percentage of patients 

presenting with undifferentiated fever are afflicted with at least one arbovirus with 14.2% of 

patients infected with dengue or West Nile virus, 3% with chikungunya virus, and 10.7% with 

Japanese encephalitis virus. Diagnostic techniques developed through this project helped in the 

early diagnosis of Chikungunya during the Nov-Dec 2016 outbreak in Karachi. We published 

one paper disseminating preliminary project data and are currently drafting several more papers 

for publication in the coming year. Additionally, based on data from this project, a team member 

was awarded a 12-month Fellowship in One-Health by the National Academy of Science for 

2016-2017.  

During the next reporting period, we will complete validation via PRNT for all samples. In light of 

the global outbreak of Zika virus, we will screen our samples for Zika virus. We will present data 

at several conferences this year. 
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Event Logistics and Local Information 

Venue Information 

 

2017 Science Program Review Meeting Site 

 

Hilton Alexandria Mark Center 

5000 Seminary Road 

Alexandria, Virginia 22311 

(703) 845-1010 

 

 

 

Hilton Alexandria Mark Center Shuttle Services 

National Airport/Pentagon City Mall & Metro 

The Hilton Alexandria Mark Center offers a complimentary shuttle service 

seven days a week from 6:00 AM to 10:30 PM.  

The vans depart from the front of the Hotel on the hour and half hour (i.e. 

6:00 AM, 6:30 AM, 7:00 AM, 7:30 AM) with the last departure at 10:00 PM. 

The shuttle arrives at Pentagon City Mall/Metro (Blue and Yellow Lines) at 

approximately 10 minutes and 40 minutes after the hour. The shuttle then 

continues on to Ronald Reagan Washington National Airport and returns to 

the hotel. 

The last pick up at Pentagon City is at approximately 10:40 PM and the last 

van arrives to the airport at approximately 20 minutes and 50 minutes after 

the hour.  

Ronald Reagan Washington National Airport pick-up occurs on the arrival 

level at the “Hotel Shuttle” pick up locations in Terminal A, Terminal B (Door 

5) and Terminal C (Door 9). Our last pick up at Ronald Reagan Washington 

National Airport is at approximately 10:50 PM. Please make sure to mention 

the shuttle to the Hilton Alexandria Mark Center, as there are several Hilton 

Hotels in the area. 
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King Street Shuttle 

The Hilton Alexandria Mark Center offers a complimentary shuttle service 

Monday through Friday that departs from the front of the hotel each hour from 

3:15 PM to 9:15 PM. This shuttle is direct to the King Street Metro station in 

Old Town Alexandria. Last pickup from Old Town Alexandria back to the hotel 

is at 9:30 PM. 

The drop off  is the location to board the Old Town Alexandria complimentary 

trolley service that runs the length of King Street from the King Street Metro 

station to the Waterfront. 
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Embassy Contact Information 

 
Embassy of Armenia 

2225 R St NW 
Washington, DC 20008 
Phone:  (202) 319-1976 

 
Embassy of Azerbaijan 

2741 34th St NW 
Washington, DC 20008 
Phone:  (202) 337-3500 

 
Embassy of Cambodia 

4530 16th St NW 
Washington, DC 20011 
Phone:  (202) 726-7742 

 
Embassy of Cameroon 

3400 International Dr NW 
Washington, DC 20008 
Phone:  (202) 244-4911 

 
Embassy of Georgia 

2209 Massachusetts Ave NW 
Washington, DC 20008 
Phone:  (202) 387-2390 

 
Embassy of India 

2107 Massachusetts Ave NW 
Washington, DC 20008 
Phone:  (202) 939-7000 

 
Embassy of Jordan 

3504 International Dr NW 
Washington, DC 20008 
Phone:  (202) 966-1009 

 
Embassy of Kazakhstan 

1401 16th St NW 
Washington, DC 20036 
Phone:  (202) 232-5488 

 
Embassy of Kenya 

2249 R St NW 
Washington, DC 20036 
Phone:  (202) 387-6101 

 
Embassy of Lao PDR 

2222 S St NW 
Washington, DC 20008 
Phone:  (202) 332-6416 

 
Embassy of Malaysia 

3516 International Ct NW 
Washington, DC 20008 
Phone:  (202) 572-9700 

 
Embassy of Pakistan 

3517 International Ct NW 
Washington, DC 20008 
Phone:  (202) 243-6500 

 
Embassy of South Africa 

3051 Massachusetts Ave NW 
Washington, DC 20008 
Phone:  (202) 232-4400 

 
Embassy of Tanzania 

1232 22nd St NW 
Washington, DC 20037 
Phone:  (202) 939-612 

 
Embassy of Thailand 

1024 Wisconsin Ave NW, Ste 401 
Washington, DC 20007 
Phone:  (202) 944-3600 

 
Embassy of Uganda 

5911 16th St NW 
Washington, DC 20011 
Phone:  (202) 726-7100 

 
Embassy of Ukraine 

3350 M St NW 
Washington, DC 20007 
Phone:  (202) 333-0600 

 
Embassy of Vietnam 

1233 20th St NW, Ste 400 
Washington, DC 20036 
Phone:  (202) 861-0737 
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Local Information 
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Presenter Index 

 

Country Project Speaker Session Day/Time 
Summary 

Page 
Number 

Eastern 
Europe 
Regional 

ASF Public Outreach Session Overview De Nardi 

Session 5: 
Community Outreach 

to Combat African 
Swine Fever 

Thursday 
1:30 PM  28 

Armenia 

TAP-A1: Community outreach to support 
understanding of ASF ecology and 
epidemiology in Eastern Europe: Training 
and implementation for methods and 
strategies for control and prevention 

Niazyan  

Session 5: 
Community Outreach 

to Combat African 
Swine Fever 

Thursday 
1:30 PM  29 

Armenia 
AM-1: Medical/Biological Mapping of 
Tularemia Natural Foci and Epidemiology 
using GIS in Armenia 

Avetisyan 

Session 7: Bacterial 
Pathogens of 

Security Concern - 
Group 1 

Thursday  
3:40 PM  41 

Armenia AM-4: One Health Surveillance for 
Brucellosis in Armenia Ragan 

Session 11: 
Epidemiology & 
Biosurveillance - 

Group 2 

Friday   
1:00 PM  61 

Armenia 

TAP-H1: Identification of Etiology, Clinical 
Outcomes, Incidence, and Epidemiological 
Patterns of Hospitalized Febrile Patients in 
Armenia 

Avetisyan  

Session 11: 
Epidemiology & 
Biosurveillance - 

Group 2 

Friday   
1:00 PM  66 

Armenia 

AM-3: The Epidemiological Status of 
African Swine Fever in Domestic Swine 
Herds in the Tavush Marz Region, 
Republic of Armenia 

Godbold 

Session 11: 
Epidemiology & 
Biosurveillance - 

Group 2 

Friday   
1:00 PM  68 

Azerbaijan 

TAP-10: Ecological and epidemiological 
study of Yersinia pestis and Francisella 
tularensis in the Northern part of 
Azerbaijan regions of Gusar and 
Khachmaz 

Jacobs 

Session 3: 
Epidemiology & 
Biosurveillance - 

Group 1 

Thursday 
10:30 AM  20 

Azerbaijan 

Molecular Epidemiology and Ecology of 
Yersinia spp. in the Transboundary Plague 
Endemic Territory in Georgia and 
Azerbaijan (BAA) 

Shikhaliyeva 

Session 7: Bacterial 
Pathogens of 

Security Concern - 
Group 1 

Thursday 
3:40 PM 37 

Azerbaijan AJ TAP-11: Regional Study of the Ecology 
of Anthrax Foci in Georgia and Azerbaijan Ismayilova 

Session 9: Bacterial 
Pathogens of 

Security Concern - 
Group 2 

Friday   
8:40 AM 52 
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Country Project Speaker Session Day/Time 
Summary 

Page 
Number 

Azerbaijan 
Infectious Etiologies of Acute Febrile 
Illness Among Members of the Azerbaijan 
Military (Call) 

Mammadov 

Session 11: 
Epidemiology & 
Biosurveillance - 

Group 2 

Friday   
1:00 PM  63 

Azerbaijan 
AJ TAP-13: Investigation of Mosquito and 
Tick-Borne Arboviruses in Southeastern 
Azerbaijan 

Ismayilova 
Session 12: 

Arthropods and 
Arboviruses 

Friday   
2:50 PM  69 

Cambodia 
Investigating the Risk of Human Disease 
from Parasites of Small Mammals and 
Bats (BAA) 

Smith 

Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 

Thursday 
8:50 AM  15 

Cameroon Epidemiology of Emerging Viruses  Eyangoh 
Session 4: Viral 
Pathogens of 

Security Concern 

Thursday 
11:40 AM  25 

Georgia 
Understanding the Risk of Bat-Borne 
Zoonotic Disease Emergence in Western 
Asia (BAA) 

Sidamonidze 

Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 

Thursday 
8:50 AM  14 

Georgia GG-19: Epidemiology of Human Tularemia 
in Georgia Chanturia 

Session 3: 
Epidemiology & 
Biosurveillance - 

Group 1 

Thursday 
10:30 AM  19 

Georgia 
Assessing the Seroprevalence and Genetic 
Diversity of CCHFV and Hantaviruses in 
Georgia (Call) 

Babuadze 
Session 4: Viral 
Pathogens of 

Security Concern 

Thursday 
11:40 AM  24 

Georgia 

GG TAP-9: Community Outreach to 
Support Understanding of ASF Ecology 
and Epidemiology in Eastern Europe: 
Training and Implementation for Methods 
and Strategies for Control and Prevention 

Ninidze 

Session 5: 
Community Outreach 

to Combat African 
Swine Fever 

Thursday 
1:30 PM  30 

Georgia 

Molecular Epidemiology and Ecology of 
Yersinia spp. in the Transboundary Plague 
Endemic Territory in Georgia and 
Azerbaijan (BAA) 

Motin 

Session 7: Bacterial 
Pathogens of 

Security Concern - 
Group 1 

Thursday 
3:40 PM  37 

Georgia GG-23: Creation of Sustainable 
Immunodiagnostics Solomonia 

Session 7: Bacterial 
Pathogens of 

Security Concern - 
Group 1 

Thursday 
3:40 PM  40 

Georgia 
Characterization of NCDC Strain 
Repository by Next Generation 
Sequencing (BAA) 

Chanturia 

Session 9: Bacterial 
Pathogens of 

Security Concern - 
Group 2 

Friday    
8:40 AM  47 
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Page 
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Georgia GG-27: Regional Study of the Ecology of 
Anthrax Foci in Georgia and Azerbaijan Malania 

Session 9: Bacterial 
Pathogens of 

Security Concern - 
Group 2 

Friday   
8:40 AM  51 

Georgia 
TAP-10: Molecular Epidemiology of B. 
anthracis and Brucella spp. in Turkey (GG 
and Turkey) 

Sidamonidze 

Session 9: Bacterial 
Pathogens of 

Security Concern - 
Group 2 

Friday   
8:40 AM  50 

Georgia 
Enhancing Capacity for Case Detection 
and Diagnosis of Febrile Zoonotic-related 
Cutaneous Lesions in Georgia (BAA) 

Gulbani Session 10: Emerging 
Infectious Diseases 

Friday 
10:40 AM  56 

Georgia 
Enhancing Capacity for Case Detection 
and Diagnosis of Febrile Zoonotic-related 
Cutaneous Lesions in Georgia (Call & BAA) 

Reynolds Session 10: Emerging 
Infectious Diseases 

Friday 
10:40 AM  55 

Georgia 
GG-20: Prevalence, Epidemiological 
Surveillance, and Laboratory Analysis of 
Coxiella burnetii in Georgia 

Gulbani 

Session 11: 
Epidemiology & 
Biosurveillance - 

Group 2 

Friday   
1:00 PM  64 

Georgia 
GG-21: Human Disease Epidemiology and 
Surveillance of Especially Dangerous 
Pathogens in Georgia 

Burjanadze 

Session 11: 
Epidemiology & 
Biosurveillance - 

Group 2 

Friday   
1:00 PM  67 

Georgia 
TAP-12: Analysis of Previously Identified 
Rickettsia Positive Georgian Ticks by 
Multi-locus Sequence Typing 

Sukhaishvili 
Session 12: 

Arthropods and 
Arboviruses 

Friday   
2:50 PM  70 

India 
Bat Harvesting in India: Detection, 
Characterization and Mitigation of 
Emerging Infectious Diseases Risk (BAA) 

Mendenhall  

Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 

Thursday 
8:50 AM  17 

India 

Detection and Molecular Epidemiologic 
Analysis of Especially Dangerous 
Pathogens in Backyard Poultry, 
Commercial Broilers and Waterfowl in 
India (BAA) 

Kapur 
Session 8: Avian 

Transmissible  
Diseases  

Thursday 
5:00 PM  46 

Jordan 
Understanding the Risk of Bat-Borne 
Zoonotic Disease Emergence in Western 
Asia (BAA) 

Al-Hmoud 

Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 

Thursday 
8:50 AM  14 

Kazakhstan 

TAP-8: Especially Dangerous Pathogen 
Differential/Rule-Out Elimination Assays & 
Modeling (EDP-DREAM) of the Saiga 
Antelope Mortality 

Orynbayev 

Session 3: 
Epidemiology & 
Biosurveillance - 

Group 1 

Thursday 
10:30 AM  23 
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Page 
Number 

Kazakhstan 

KZ-31: Effect of Rickettsia spp. upon 
fitness of Yersinia pestis in fleas that 
vector plague in the Republic of 
Kazakhstan 

Sansyzbayev 

Session 7: Bacterial 
Pathogens of 

Security Concern - 
Group 1 

Thursday 
3:40 PM  38 

Kazakhstan 

TAP-11: Molecular Characterization and 
Complete Genome Sequence of 
Newcastle Disease Virus Isolated in 
Kazakhstan 

Strochkov 
Session 8: Avian 

Transmissible  
Diseases  

Thursday 
5:00 PM  44 

Kazakhstan 
KZ-33: Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV): Surveillance for 
Distribution  and Prevalence in Kazakhstan 

Orynbayev Session 10: Emerging 
Infectious Diseases 

Friday 
10:40 AM 58 

Kazakhstan 

KZ-32: Prevalence of Brucella Species and 
Bluetongue Virus Serotypes Among 
Domestic Livestock or Ruminants in 
Southern Kazakhstan 

Sandybayev 

Session 11: 
Epidemiology & 
Biosurveillance - 

Group 2 

Friday   
1:00 PM  65 

Kenya Whole Genome Sequencing of African 
Swine Fever Virus in Kenya (BAA) Okoth 

Session 6: 
Transboundary 
Animal Diseases 

Thursday 
2:20 PM  33 

Kenya 
Newcastle Disease: Surveillance, 
Molecular Epidemiology, and Control of 
NDV in Kenya (Call) 

Ateya 
Session 8: Avian 

Transmissible  
Diseases  

Thursday 
5:00 PM 43 

Kenya 
Estimating Incidence and Socio-economic 
Impact of Brucellosis in Humans and 
Animals in Kajiado County, Kenya 

Bitek 

Session 9: Bacterial 
Pathogens of 

Security Concern - 
Group 2 

Friday   
8:40 AM  49 

Lao PDR 
Environmental Surveillance of 
Burkholderia pseudomallei, Pilot Study in 
Lao PDR 

Zimmerman 

Session 9: Bacterial 
Pathogens of 

Security Concern - 
Group 2 

Friday   
8:40 AM  53 

Malaysia 
Biosurveillance for Henipaviruses and 
Filoviruses at the Agricultural Animal-
Human Interface in Malaysia (BAA) 

Epstein 
Session 4: Viral 
Pathogens of 

Security Concern 

Thursday 
11:40 AM  27 

Malaysia 
Multi-Year Prospective Cohort Study to 
Evaluation the Risk Potential of MERS-CoV 
(Call) 

Abubakar Session 10: Emerging 
Infectious Diseases 

Friday 
10:40 AM  57 

Malaysia 
Etiology of Severe Acute Respiratory  
Infections in Kuala Lumpur, Malaysia 
(BAA) 

Sams Session 10: Emerging 
Infectious Diseases 

Friday 
10:40 AM  60 
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Country Project Speaker Session Day/Time 
Summary 

Page 
Number 

Pakistan 

High Resolution Chemical Characterization 
of Yersinia pestis Cells within Soil 
Matrices: Implications for Understanding 
Natural Foci and Telluric Reservoirs of 
Plague (BAA) 

Shah 

Session 9: Bacterial 
Pathogens of 

Security Concern - 
Group 2 

Friday   
8:40 AM  48 

Pakistan 
The Role of Arboviruses as a Cause of 
Undifferentiated Febrile Illness in Sind, 
Pakistan (BAA) 

Khan 
Session 12: 

Arthropods and 
Arboviruses 

Friday   
2:50 PM  71 

South 
Africa 

Understanding Rift Valley Fever in the 
Republic of South Africa (BAA)  

Karesh &    
Van Vuren 

Session 4: Viral 
Pathogens of 

Security Concern 

Thursday 
11:40 AM  26 

Tanzania 

Evaluating Zoonotic Viral Sharing Among 
Bats, Primates and People in High Risk 
Transmission Interface in Southern 
Tanzania (BAA) 

Ekiri 

Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 

Thursday 
8:50 AM  18 

Tanzania 
A One Health Approach to Brucellosis and 
Rift Valley Fever Surveillance in Tanzania 
(BAA) 

Kilonzo 

Session 3: 
Epidemiology & 
Biosurveillance - 

Group 1 

Thursday 
10:30 AM  21 

Tanzania 
Global Health, Emerging Infectious 
Diseases and Food Safety Implications of 
Bushmeat in Tanzania (BAA) 

Buza Session 10: Emerging 
Infectious Diseases 

Friday 
10:40 AM  59 

Thailand 
Acute Febrile Illness Study Among 
Patients in Nakhon Phanom and Tak 
Province, Thailand (Call) 

Bhengsri 

Session 3: 
Epidemiology & 
Biosurveillance - 

Group 1 

Thursday 
10:30 AM  22 

Thailand Melioidosis Research Coordination 
Network 

Limmathurot-
sakul 

Session 9: Bacterial 
Pathogens of 

Security Concern - 
Group 2 

Friday   
8:40 AM  54 

Uganda 
Arthropod-borne Viruses Associated with 
the Chiroptera of Uganda: Isolation and 
Characterization (Call) 

Kityo 

Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 

Thursday 
8:50 AM  16 

Uganda 
UG-2: Research and Development of 
Countermeasures to Support the Control 
of FMDV in Uganda 

Mwiine 
Session 6: 

Transboundary 
Animal Diseases 

Thursday 
2:20 PM  35 

Uganda Acute Febrile Illness in Uganda (BAA) Byarugaba 

Session 11: 
Epidemiology & 
Biosurveillance - 

Group 2 

Friday   
1:00 PM  62 
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Country Project Speaker Session Day/Time 
Summary 

Page 
Number 

Ukraine 

TAP-4: Community Outreach to Support 
Understanding of African Swine Fever 
(ASF) Ecology and Epidemiology in Eastern 
Europe (EE) 

Datsenko 

Session 5: 
Community Outreach 

to Combat African 
Swine Fever 

Thursday 
1:30 PM  31 

Ukraine 

TAP-6: Analysis of the Threat of Spread of 
African Swine Fever and Classical Swine 
Fever in Wild Boar Populations in Ukraine: 
Improving Diagnosis, Surveillance, and 
Prevention 

Nevolko 
Session 6: 

Transboundary 
Animal Diseases 

Thursday 
2:20 PM  34 

Ukraine 
African Swine Fever Threat Reduction 
Through Surveillance in Ukraine (USDA 
ARS) 

Filatov 
Session 6: 

Transboundary 
Animal Diseases 

Thursday 
2:20 PM  36 

Ukraine 
UP-2: Development of the Epidemiological 
Forecasting System for Zoonotic Diseases 
Employing GIS Technology 

Tarasov 

Session 7: Bacterial 
Pathogens of 

Security Concern - 
Group 1 

Thursday 
3:40 PM  39 

Ukraine 
Genomic, Epidemiological, and Biological 
Characterization of Newcastle Disease 
Virus Isolates from Ukraine (USDA ARS) 

Goraychuk 
Session 8: Avian 

Transmissible  
Diseases  

Thursday 
5:00 PM  42 

Ukraine 

UP-4: Risk Assessment of Selected 
Especially Dangerous Pathogens 
Potentially Carried By Migratory Birds 
Over Ukraine 

Muzyka 
Session 8: Avian 

Transmissible  
Diseases  

Thursday 
5:00 PM  45 

Vietnam Foot-and-Mouth Disease Virus 
Surveillance and Ecology in Vietnam (Call) Dung 

Session 6: 
Transboundary 
Animal Diseases 

Thursday 
2:20 PM  32 

 

 

 

 



CURRENT ENGAGEMENTSCURRENT ENGAGEMENTS  FOR MORE INFORMATIONFOR MORE INFORMATION  

COOPERATIVECOOPERATIVE  

BIOLOGICALBIOLOGICAL  

ENGAGEMENTENGAGEMENT  

PROGRAMPROGRAM  

Lance Brooks
Division Chief

lance.r.brooks6.civ@mail.mil
703-767-5980

Ian Watson
Deputy Division Chief

ian.d.watson.civ@mail.mil
703-767-4807

Dr. Carl Newman
Chief Scientist

carl.i.newman.civ@mail.mil
703-767-7789

Luke Kluchko
Branch Chief

Europe, Middle East, and South Asia
luke.j.kluchko.civ@mail.mil

703-767-2620

Douglas Gorsline
Branch Chief

Africa and South East Asia
douglas.h.gorsline.civ@mail.mil

703-767-5971

Defense Threat Reduction AgencyDefense Threat Reduction AgencyDefense Threat Reduction Agency   
USSTRATCOM Center for Combating WMDUSSTRATCOM Center for Combating WMDUSSTRATCOM Center for Combating WMD   

8725 John J. Kingman Road, MSC 62018725 John J. Kingman Road, MSC 62018725 John J. Kingman Road, MSC 6201   
Fort Belvoir, VA 22060Fort Belvoir, VA 22060Fort Belvoir, VA 22060   
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PROGRAM MISSION 
The Cooperative Biological Engagement Program (CBEP) 
recognizes the danger to U.S. and global health security 
posed by the risk of outbreaks of dangerous infectious 
diseases.  Whether natural or manmade, disease 
outbreaks pose a risk to the global community.  CBEP 
strives to address this risk by promoting best practices in 
biological safety and security, improving partner 
countries’ capacities to safely and rapidly detect and 
report dangerous infections, and establishing and 
enhancing international research partnerships. 
 

PROGRAM OBJECTIVES 
1. Secure and consolidate collections of especially 

dangerous pathogens (EDPs) and their associated 
research at a minimum number of secure facilities 

2. Enhance partner country/region’s capability to 
prevent the sale, theft, diversion, or accidental 
release of biological weapons (BW)-related materials, 
technology, and expertise by improving biological 
safety and security standards 

3. Enhance partner country/region’s capability to 
detect, diagnose, and report endemic and epidemic, 
man-made or natural EDPs, bio-terror attacks, and 
potential pandemics 

4. Ensure the developed capabilities are designed to be 
sustainable 

5. Facilitate engagement of partner country/region’s 
scientific and technical personnel in research areas of 
interest to both the partner country/region and the 
United States 

6. Eliminate any BW-related infrastructure and 
technologies encountered 

CORE PROGRAM AREAS 
Two core program areas  contribute to CBEP mission 
success:  Biosafety and Biosecurity, and Biosurveillance.  
 

BIOSAFETY AND BIOSECURITY 
Strengthen biosafety and 
biosecurity standards and 
practices.  CBEP activities 
improve the capability of 
global partners to handle, 
store, and account for 
EDPs safely and securely in 
accordance with U.S. and international standards, 
guidelines, and best practices. 
 
Objectives 

 Assess existing biosafety and biosecurity capabilities 
for facilities, procedures, and personnel involved 
with EDPs 

 Provide sustainable solutions to increase biosafety 
and consolidate and secure pathogens, to include:  
facility upgrades, engineering controls, training and 
mentorship, and personal protective equipment 

 Facilitate collaborative development of country-
specific biosafety and biosecurity standards and 
guidelines that are sustainable and promote 
international scientific cooperation 

 

BIOSURVEILLANCE 
Enhance Country Disease Surveillance, Detection, 
Diagnostics, and Reporting Capacity.  CBEP works with 
partner countries across human and clinical, veterinary, 

epidemiological, and laboratory communities to 
enhance partner country disease surveillance, detection, 
diagnostics, and reporting capabilities related to EDPs. 

Objectives 

 Develop disease surveillance and diagnostic 
laboratory networks at the national, regional, and 
district levels to facilitate near real-time reporting 
of outbreak data to national authorities 

 Survey suspicious disease outbreaks, analyze 
epidemics, and collect disease reports from 
veterinarians, clinicians, and epidemiologists 

 Aid partner capability to comply with the World 
Health Organization’s International Health 
Regulations and World Organization for Animal 
Health’s reporting guidelines 

PROGRAM ENABLERS 
CBEP-sponsored research is an important enabling tool.  
CBEP funds and conducts research that involves partner-
country scientists and directly advances strategic policy 
objectives. 
 

RESEARCH 
Facilitate strategic research partnerships. CBEP 
establishes international research partnerships and 
engages scientists to enhance epidemiological and 
diagnostic capacities related to EDPs.  Engagement 
focuses on research areas of interest to both the partner 
country and the United States. 
 

Objectives 

 Prevent the proliferation of dual-use expertise 

 Increase transparency and encourage high standards 
of openness, ethics, and conduct 

 Integrate scientists and institutes into the 
international scientific community 

 Improve partner’s understanding of endemic and 
emerging diseases 

 Share unique pathogen strains/data with the 
scientific community for joint research 

 Pathogen Asset Control System Workstation 
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RESEARCH PROGRAM MISSION AND VISION: 
The Cooperative Biological Engagement Program (CBEP) 
seeks to use cooperative international research 
partnerships to support its mission to reduce the threat to 
the U.S. and to global health security from the spread of 
pathogens of security concern, which includes U.S. 
Biological Select Agents and pathogens of pandemic 
potential, emerging, and reemerging infectious diseases. 
CBEP aims to establish and maintain these partnerships to 
inform and enhance operational biosurveillance systems, 
enhance global health security, and foster safe, secure, 
and sustainable bioscience capability with partner 
countries.  

COOPERATIVE BIOLOGICAL RESEARCH 
The CBEP uses Cooperative Biological Research (CBR) 
projects to support, enhance, and inform biosurveillance 
(BSV) and biosafety and biosecurity (BS&S) capabilities 
that reduce the threat of pathogens of security concern, 
while sustainably addressing infectious disease priorities 
of the CBEP and its partner countries.  

RESEARCH FIELDS AND PRIORITIES 

CBR supports and informs operational biosurveillance 
through an improved understanding of pathogens and 
their risk to global health security. In order to remain 
relevant, agile, and sustainable, the scope of the CBEP’s 
research priorities include: 
1. Understanding the ecology and epidemiology of

pathogens of security concern
2. Differentiating pathogens of security concern

RESEARCH GOALS 

The CBEP is committed to fair and open competition of 
research topics that enhance biosurveillance, mutually 
benefit the U.S. and global partner institutes, and achieve 
the goals outlined below: 
1. Support biosurveillance and biosafety and security

(BS&S) capability building efforts
2. Engage partner country scientists in ethical

hypothesis-driven research resulting in high-quality
data and active participation in professional societies

3. Foster sustainable partnerships with key national
and international stakeholders, as well as advance
partner country sustainment of global health security
and one-health initiatives.

PROJECT SCOPE 

The CBEP is most likely to fund projects demonstrating: 
 Clear relationships to pathogens of security concern
 Links to the CBEP’s threat reduction mission
 Support of BS&S and BSV capabilities
 Alignment with the CBEP and partner country

priorities
 Use of sustainable techniques for partner countries

in appropriate facilities
 Ethical, Hypothesis-Driven research aims

Projects focusing on or likely to result in Dual Use 
Research of Concern (DURC) will not be supported. 
Additionally, the CBEP research objectives do not 
include diagnostic assay development, medical 
countermeasures, or research focused on non-
infectious diseases.  

APPLYING FOR FUNDING 
Research projects supported by the CBEP must align with 
the CBEP’s mission and vision and are expected to 
produce results suitable for scientific publication. The 
CBEP welcomes research funding applications from the 
following domestic and foreign entities: 

 Academic institutions, NGOs, industry, foreign
laboratories, and private sector members through
the Broad Agency Announcement (BAA)

 U.S. government partners and federally funded
Research and Development Centers through the
Government Service Call (Call).

ROADMAP FOR APPLICATIONS 
Submitting your proposal to the BAA or the Call involves 
three key steps: Pre-coordination, Phase I, and Phase II. 
Note, each step has its own rules and requirements. A 
summary of each step is provided as follows: 
1. Pre-coordination: This phase involves discussion and

coordination between proposal offerors and the
CBEP Country/Regional Manager and/or a Science
Manager to ensure the proposed work is within the
CBEP scope and meets CBEP priorities. Abstracts are
to be emailed to the appropriate administrative
email listed below. The abstract must be reviewed
favorably by the CBEP prior to continuing on to a
Phase I white paper. Prior to the official white paper
request from CBEP, direct contact and
communication is allowed. Following an invitation to
submit a Phase 1 white paper, all communications
must be conducted through the appropriate
administrative email address listed below.

2. Phase I: Upload the Phase 1 submission with
application package to www.grants.gov (BAA) or
www.dtrasubmission.net (Call). Following favorable
review by the CBEP, a Phase II full proposal may be
requested.

3. Phase II: If invited to submit a full proposal, develop
the proposal incorporating any comments from the
Phase I debrief summary. Submit completed Phase II
information and attachments to www.grants.gov or
www.dtrasubmission.net as appropriate. Applicants
must complete additional appropriate documents for
BS&S review as well as documentation if research
involves human or animal use.

More detailed instructions and requirements can be 
found through the solicitation links at  www.grants.gov. 

WHERE TO APPLY 
For abstract submission to the BAA (HDTRA1-14-24-
FRCWMD-BAA) or Service Call (HDTRA1-12-17-FRCWMD-
Call) please use:  HDTRA1-FRCWMD-TA6@mail.mil 

For administrative questions for the BAA, please use: 
HDTRA1-FRCWMD-A@mail.mil 

For administrative questions for the Service Call , please 
use: HDTRA1-FRCWMD-C@mail.mil 



Navigating the Defense Threat Reduction Agency and United States 
Strategic Command Center for Combating Weapons of Mass Destruction 
Cooperative Biological Engagement Program Proposal Submission 
Process 
 

Thank you for your interest in working with the Defense Threat Reduction Agency and United States 
Strategic Command Center for Combating Weapons of Mass Destruction’s (DTRA/SCC-WMD) 
Cooperative Biological Engagement Program (CBEP).  CBEP often works with universities, U.S.  
Government agencies, non-profit organizations, foreign laboratory equivalent entities, and many other 
organizations to implement the biological threat reduction mission through research projects.  

This correspondence is intended to assist offerors in applying for DTRA/SCC-WMD CBEP funding.  
Information contained herein is intended to supplement, not replace, official documents including: 

• DTRA/SCC-WMD’s Broad Agency Announcement (BAA):  HDTRA1-14-24-FRCWMD-BAA (BAA) 
• DTRA/SCC-WMD’s Government Service Call (Call):  HDTRA1-12-17-FRCWMD-Call (Call) 

These documents can be found through the solicitation links at www.dtrasubmission.net/portal/.  
 
CBEP recommends all offerors read the applicable official document, but frequent references and 
citations are provided below in red to facilitate understanding of the process.  Information here will help 
offerors answer specific questions and ease the initial stages of project/proposal development and 
application submission. 
 

Frequently Asked Questions: 

Question One:  Is my project appropriate for the BAA or the Call? 

The BAA and the Call both enable the same types of projects; the differentiating factor is the 
applying entity. 
 
Eligible applicants under the BAA include:  accredited degree-granting colleges, universities, and 
academic institutions; industrial and commercial entities, including small businesses with a portfolio 
predominantly in research; non-government organizations; not-for-profit entities with a portfolio 
predominantly in research; and foreign government laboratories.  BAA Section 3, pp 12- 13. 
 
Eligible applicants under the Call include:  Federal laboratories to include Department of Defense 
(DoD), Department of Energy (National Labs), Department of Homeland Security (National 
Biodefense Analysis and Countermeasures Center, Plum Island Animal Disease Center), Health and 
Human Services (Centers for Disease Control and Prevention, National Institutes of Health), and U.S. 
Department of Agriculture (Agriculture Research Service, Animal Plant and Health Inspection 
Service); and DoD sponsored Federally Funded Research and Development Centers as specified in  
 



 
 
 
Defense Federal Acquisition Regulation Supplement 235.017-1 and Federal Acquisition Regulation 
35.017-1.  Call Section 4, pp 9. 

Question Two:  Is my project appropriate for Thrust Area 6?  

Thrust Area 6 (TA6) is intended to receive exploratory basic and applied research project abstracts, 
white papers, and proposals.  Projects that are hypothesis driven and involve data generation in a 
laboratory or field environment are considered research projects and are applicable to TA6.  This 
also includes projects that plan to display or present an analysis of data in a peer-reviewed 
publication or presentation.  BAA Section 1.5.6, pp 7-9; Call Section 2.1.6, pp 5-7. 

 
Question Three:  How can I ensure my proposal is aligned with CBEP’s mission?  

At its highest level, CBEP strives to address the risk of outbreaks of dangerous infectious diseases by 
promoting biological safety and security, improving partner country capacity to detect and report 
dangerous diseases, and establishing and enhancing international research partnerships.  The 
contribution to threat reduction is critically important to a successful white paper/proposal.  
Applicants have the opportunity, and are encouraged, to reach out to CBEP and coordinate project 
scope through submission of an abstract or concept note before applying to the BAA or Call.  BAA 
Section 1.5.6, pp 7-9, Section 4.2.1, pp 14; Call Section 2.1.6, pp 5-7, Section 9.2, pp 27.  
 

Understanding the process:  
 
Question Four:  How long should I expect the review and award process to take? 

Receiving an award through the BAA or Service Call requires a number of key steps.  Each step 
involves a number of factors that can influence the timeline from initial submission to award. 
Generally, the average length of time between an official white paper submission and project award 
is 12 months for both BAA and Service Call submissions.  Factors influencing the process include: 
internal review processes, external interagency review processes, offeror submission of revised 
proposal documents, and contract/grant award processes.  The specific timelines and deadlines for 
submission of documents related to each application phase will be provided in the official 
correspondence during the submission process.  
 

Question Five:  What is the application process? 

Submitting your proposal to the BAA or the Service Call involves three key steps:  Pre-coordination, 
Phase I, and Phase II.  Note each step has its own rules and requirements.  A summary of each step 
is provided in the chart on the following page. 

  



Thrust Area 6 

Pre-
Coordination 

• Initiate direct communication with the Regional/Country Lead and Science Manager to
determine project viability and align proposed research scope with CBEP’s objectives.
o BAA Section 1.5.6, pp 7-9
o Call Section 2.1.6, pp 5-7

• Develop an abstract of the research project and submit in the body of an email to HDTRA1-
FRCWMD-TA6@mail.mil.
o BAA Section 4.2.1, pp 14; Section 7, pg 37
o Call Section 5.1, pp 9; Section 9.2, pg 27

• Abstract must be reviewed favorably by CBEP prior to the submission of the Phase I white
paper.  Applicant must receive an invitation to continue on to Phase I white paper.
o BAA Section 4.2.1, pp 14-15
o Call Section 5.1, pp 9

Phase I – 

Pre-
Application 
White Paper 

• Please note, following an invitation to submit a Phase I pre-application white paper (white
paper), communications must be conducted via the appropriate administrative email address:
o BAA: HDTRA1-FRCWMD-A@mail.mil
o Call: HDTRA1-FRCWMD-C@mail.mil

• Develop a Phase I white paper.
o BAA Section 4.2.4, pp 14-16
o Call Section 5.1.4, pp 10; 5.3, pp 11-12

• BAA only
o Register at www.grants.gov.
o Submit a completed application to www.grants.gov.
o BAA Section 4.2.4, pp 14-16

• Call only
o Ensure to register with the DTRA/SCC-WMD submission website www.dtrasubmission.net.
o Submit the completed application to www.dtrasubmission.net.
o Call Section 5.1-5.2, pp 9-11

Phase II –  

Full Proposal 

• Upon receipt of an invitation for a Phase II full proposal, develop a proposal and incorporate
any comments from DTRA/SCC-WMD’s Phase I debrief summary.
o BAA Section 4.2.6., pp 16-22
o Call Section 5.5, pp 12-18

• All proposals involving infectious or potentially infectious materials must include a completed
and signed Protocol Risk Assessment Tool (PRAT).  The purpose of this form is to ensure
laboratory work sponsored by CBEP is conducted safely, securely, and responsibly.  The PRAT
should be completed and signed by the Principal Investigator.  A blank form is available via the
www.dtrasubmission.net Document and Template library.

• All TA6 research Phase II proposals (BAA and Call) that involve human or animal use must
provide Institutional Review Board (IRB) and/or Institutional Animal Care and Use Committee
(IACUC) protocols and provide provisional protocol numbers as well as IRB/IACUC point of
contact information.  No human/animal is permitted until BOTH the institutional review and
U.S. Department of Defense approval authorities grant approval.  DTRA/SCC-WMD sends all
proposals through its internal Research Oversight Board and an interagency review to ensure
use of best practices and a safe and secure research environment for all participants.
Awardees will be notified via email when permission to begin human/animal work has been
granted.  This process may increase the timeline between Phase II review, funding approval,
and project start.

• Submit completed Phase II information including all attachments to www.grants.gov (BAA), or
www.dtrasubmission.net (Call), as applicable and instructed in BAA and Call instructions.  Note
that Protocol Risk Assessment Tool attachments must be emailed to HDTRA1-FRCWMD-
A@mail.mil (BAA) or HDTRA1-FRCWMD-C@mail.mil (Call) and NOT attached to the
www.grants.gov (BAA) or www.dtrasubmission.net (Call) submission.
o BAA Section 4.2.6, pp 22
o Call Section 5.5.3, pp 17



 
----------------------------------------------------------------------------------------------------------------------------- 
 

CBEP Points of Contact 
For clarifications or concerns, please reach out to the following CBEP representatives: 

Dr. Carl Newman, Chief Scientist – carl.i.newman.civ@mail.mil 
Mrs. Janet Weir, Acting Deputy Chief Scientist – janet.c.weir.civ@mail.mil  
Dr. Mary Lancaster, Africa Science Manager – mary.j.lancaster5.civ@mail.mil 
Dr. Gavin Braunstein, Europe & Middle East South Asia Science Manager – gavin.m.braunstein.civ@mail.mil 
Dr. Marty Stokes, Southeast Asia Science Manager – martha.m.stokes.civ@mail.mil 
 
 

 
 



From: Lancaster, Mary J CIV (US) on behalf of Lancaster, Mary J CIV (US) <mary.j.lancaster5.civ@mail.mil>
To: Brett, David M CIV (US); Tuttle, R Emerson CIV DTRA J3-7 (US); Marles, Jarrad M CIV (US); Stokes, Martha M

CIV (US)
Cc: Christopher Broder; Laing, Eric D CTR (US); Lancaster, Mary J CIV (US)
Subject: RE: [Non-DoD Source] USU and biothreat reduction
Date: Thursday, January 4, 2018 8:18:09 AM
Attachments: 2017 CBEP SPR Program Book_Final.pdf

CBEP_Trifold_Brochure-PAO_Approved.pdf
CBEP Research Trifold Dec 2017.pdf
CBEP RD-BA Roadmap_OCT2016_PAO approved.pdf

Hi David,
Thanks for arranging everything and taking the time to meet with us and provide an overview of the work you've
been doing.

Attached are the updated tri-fold brochures that I handed out yesterday. I'm also attaching the Roadmap document
Jarrad mentioned and the book of abstracts from the 2017 CBEP Science Program Review. The abstracts will give
you an idea of the kinds of projects we currently have underway.

If you or any of your colleagues have questions, feel free to give any of us a shout and we can get the inquiry sent on
to the right folks.

Cheers,
Mary

Mary Lancaster, PhD 
Cooperative Biological Engagement Program  
Defense Threat Reduction Agency 
Ft. Belvoir, VA   
Phone: +1-703-767-6625  
Mobile: +1-571-329-5691
Mary.j.lancaster5.civ@mail.mil 

**NOTICE: Nothing in this email is intended to constitute contractual direction or impact currently negotiated cost,
price, or schedule contained within the contract.  If the contractor believes there is an impact, the contractor must
disregard that portion of the communication and contact the contracting officer for direction.

-----Original Message-----
From: 
Sent: Wednesday, January 3, 2018 4:10 PM
To: Lancaster, Mary J CIV (US) <mary.j.lancaster5.civ@mail.mil>; Tuttle, R Emerson CIV DTRA J3-7 (US)
<robert.e.tuttle37.civ@mail.mil>; Marles, Jarrad M CIV (US) <jarrad.m.marles.civ@mail.mil>; Stokes, Martha M
CIV (US) <martha.m.stokes.civ@mail.mil>
Cc: Christopher Broder <christopher.broder@usuhs.edu>; Laing, Eric D CTR (US) <eric.laing.ctr@usuhs.edu>
Subject: [Non-DoD Source] USU and biothreat reduction

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

________________________________

Many thanks for making the drive and your time! I attach a PDF of the slide set I used today. Best wishes 

(b) (6)

(b) (6)
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CBEP Mission   
 
The Defense Threat Reduction Agency's Cooperative Biological Engagement Program is the 
Department of Defense’s premier biological nonproliferation division protecting the United 
States and its allies from especially dangerous pathogens by collaborating with partner 
countries and the international community to minimize the threat of deliberate, accidental, and 
natural infectious disease outbreaks through enhanced biosafety, security, and surveillance 
measures. 
 
The Defense Threat Reduction Agency's Cooperative Biological Engagement Program utilizes 
Science Diplomacy to promote scientific and technical collaborations among partner nations and 
the international community in [the disciplines of] biological safety, security and surveillance to 
build constructive and sustainable international partnerships that address threats posed to 
health security from deliberate, accidental, and natural infectious disease outbreaks. 
 


 


General Information 
 


• Posters may be displayed on the available poster boards in the Foyer area. An informal 
networking and poster session will be held following the “Doing Science in Difficult 
Places” session.  


o Posters displayed in the Foyer area must be removed by 1:00 PM on Friday, 
February 10, 2017. Posters that are not removed by this time will not be kept by 
DTRA.  


 
• A designated Prayer Room is available next to the Registration area in the Dogwood 


Room. Please see attendants at the Registration desk for additional information.  
 


• If temporary luggage storage is required, please see the hotel Front Desk.   
 


• Meeting space is available during the event for collaborative discussions. Please see the 
Registration desk for more information.  


 
• Please see the Registration Desk for any questions or concerns during the event.  
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Science Program Review Panel 
 
CBEP would like to acknowledge the following individuals for serving on the Review Panel for 
the 2017 CBEP Science Program Review. The Review Panel is comprised of experts with 
varied backgrounds in a broad range of scientific disciplines and expertise in public health 
security and program implementation. The Review Panel will provide CBEP with an external 
technical and programmatic evaluation of the CBEP-sponsored research portfolios to identify 
strengths and weaknesses in CBEP research engagements, along with recommendations for 
improving how the portfolios are designed and implemented. 
 


Jessica Appler, PhD, is the Associate Director, Portfolio 
Development for the Biomedical Advanced Research and 
Development Authority (BARDA) Modeling and Visualization Hub 
within BARDA’s Division of Analytic Decision Support at the U.S. 
Department of Health and Human Services (HHS).  She oversees the 
development of a portfolio focused on assessing the public health 
and medical consequences for chemical, biological, radiological, and 
nuclear (CBRN) incidents, emerging infectious diseases, and 
pandemic influenza events. Prior to joining HHS, she was at the 
Deputy Undersecretary of the Army for Test and Evaluation CBRN 
Defense Division, where her portfolio included oversight of CBRN test 
and evaluation programs, as well as the testing and standards 


development for the Transport Isolation Systems during the 2014-2015 West African Ebola 
crisis. Previously, she was a member of the Chemical and Biological Defense Division of 
Department of Homeland Security’s Science and Technology Directorate, where she provided 
subject matter expertise and strategic vision for existing and planned biosurveillance programs. 
She was part of the interagency team that identified critical needs and gaps across the 
government in biological detection and diagnostic technology for the National Biosurveillance 
Science & Technology Roadmap. Dr. Appler earned her Ph.D. in Neurobiology from Harvard 
University, and her B.S. in biochemistry from the University of Southern California. 
 


Hillary H. Carter, PhD, is the Director for Countering Biological 
Threats on the National Security Council (NSC) staff. Dr. Carter's 
portfolio includes the Global Health Security Agenda, domestic and 
international biosecurity issues, implementation of the President's 
Strategy for Countering Biological Threats, biological threat 
reduction, and policies related to Dual Use Research of Concern. Dr. 
Carter is also an adjunct Professor at the George Washington 
University where she lectures on Global Health Diplomacy. Prior to 
joining NSC staff, Dr. Carter was the Senior Advisor for Biosecurity 
and a Team Chief in the Office of Cooperative Threat Reduction 
(CTR) at the U.S. Department of State.  In this role, Dr. Carter led 


CTR's special project and management teams to develop policy and implement programs to 
combat global biological, chemical, and nuclear threats.  Prior to this role, Dr. Carter served as 
the Acting Deputy Team Chief for the Biosecurity Engagement Program where she oversaw 
health security programs to reduce global biological risks. Dr. Carter received a Ph.D. in Cell and 
Developmental Biology from Vanderbilt University, where she studied intracellular transport 
during early development. Dr. Carter holds a B.S. in Neuroscience with a minor in Spanish from 
Vanderbilt University. 
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Marco De Nardi, DVM, has 15 years working experience in the field of 
animal health and epidemiology in both developed and less developed 
countries. He received a Degree in Veterinary Medicine (DVM) from 
Bologna University (IT) in 2002 and a MSc degree in Veterinary 
Epidemiology from the Royal Veterinary College and the London 
School of Hygiene and Tropical Medicine, UK in 2008. He is currently 
enrolled in the residency training (Population Medicine) of the 
European College of Veterinary Public Health. Following his DVM he 
practiced as a veterinary clinician in dairy farms in Italy. He then 
worked as a veterinary consultant and project coordinator for 
international organizations (non-governmental organizations and the 
Food and Agriculture Organization (FAO)) in East Africa from 2004 to 
2007.  In 2009-2013, he worked on research and capacity building 


programs at the “World Organization for Animal Health (OIE) and FAO Reference Laboratory for 
Avian Influenza” and the “FAO Reference Centre for Rabies” at Istituto Zooprofilattico 
Sperimentale delle Venezie (IZSVe) in Italy. In 2011, he coordinated the European Food Safety 
Authority (EFSA)-funded project “Flurisk,” assessing the pandemic risk posed by animal 
influenza viruses.  
In 2013 he joined the private veterinary consultancy company SAFOSO (www.safoso.com), 
where he is responsible for the development and implementation of consultancy, research 
projects and capacity building programs in the area of risk assessment, surveillance, veterinary 
epidemiology, animal health and food safety. As a SAFOSO consultant he worked in different 
projects in Europe, U.S., Ukraine, Armenia, Georgia, Kazakhstan, Mongolia and Vietnam. 
 
Sam Howerton, PhD, is as a Senior Executive at the National 
Science Foundation. Hearing the call to service in 2001, he 
escaped the bounds of a traditional scientific career by seeking out 
organizations undergoing change. He oversaw the development of 
new drugs, negotiated new international agreements, and provided 
entrepreneurs training on transforming their ideas into business 
ventures. 
With a healthy appetite for risk, Sam is known for his ‘first unto the 
breach’ leadership and willingness to try most any food. 
Possessed of a strong imagination and an inquisitive mind, he 
earned a Ph.D. in Chemistry-Environmental Toxicology and completed Air War College. Sam’s 
most important job is raising his sons to be good Southern gentlemen. 
 


Paul Keim, PhD, is the executive director of The Pathogen and 
Microbiome Institute, which uses genomic tools for understanding 
infectious diseases and the microbiome. This is a joint institute 
between TGen and Northern Arizona University, where Dr. Keim 
holds the Cowden Endowed Chair in Microbiology. His work has 
employed genetic and genomic analyses for understanding bacterial 
pathogen population structure and evolution for more than 30 years. 
Linking populations to their ecology has also been a critical part of his 
program. His laboratory served as the evidence repository and 
genetic analysis lab for the Federal Bureau of Investigation during the 
2001 anthrax-letter investigation. He has been a leader in the field of 
microbial forensics which uses evolutionary analysis to understand 


close relationships among pathogen isolates. This work was foundational for his pursuit in public 
health investigations and the development of novel clinical diagnostic tests.  He is an elected 



http://www.safoso.com/
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fellow of both the American Association for the Advancement of Science and the American 
Academy for Microbiology. The National Institutes of Health appointed him to the National 
Science Advisory Board for Biosecurity in 2004 and served as its chairman for two years. He 
has published over 400 scientific research articles that have been cited over 20,000 times. 
 


Jennifer Nuzzo, DrPh, SM, is a Senior Associate at the 
Johns Hopkins Center for Health Security (formerly the 
University of Pittsburgh Medical Center for Health 
Security), Visiting Faculty in the Department of 
Environmental Health and Engineering and Associate in 
the Department of Epidemiology at the Johns Hopkins 
Bloomberg School of Public Health. An epidemiologist by 
training, her work focuses on international and domestic 
biosurveillance, infectious disease diagnostics, and 
disease mitigation strategies. She also has worked on 


issues related to the Affordable Care Act, tuberculosis control, foodborne outbreaks, and water 
security. Dr. Nuzzo is an Associate Editor of the peer-reviewed journal Health Security (formerly 
Biosecurity and Bioterrorism). 
In addition to her work at the Center, Dr. Nuzzo has advised national governments and nonprofit 
organizations. She has served as a consultant to the National Biosurveillance Advisory 
Subcommittee, as a member of the US Environmental Protection Agency’s National Drinking 
Water Advisory Council (NDWAC), and as a member of the NDWAC’s Water Security Working 
Group. She has also served as a project advisor for the American Water Works Association 
Research Foundation (now called the Water Research Foundation), a primary funding 
organization for drinking water research in the United States. She has also been consulted on 
pandemic planning efforts in the Republic of Indonesia and Taiwan. 
Dr. Nuzzo received a Doctor of Public Health degree (DrPH) in epidemiology from the Johns 
Hopkins Bloomberg School of Public Health, an SM in environmental health from Harvard 
University, and a BS in environmental sciences from Rutgers University. 
 
Martina Siwek, PhD, a native of the Czech Republic, obtained a Bachelor of Arts (BA) in 
Biological Science from Goucher College and a Doctorate of Philosophy in Molecular 
Microbiology and Immunology from the Johns Hopkins Bloomberg School of Public Health.  She 
has extensive research experience in HIV vaccine research and human immunity and infectious 
diseases, especially viral pathogens.  Dr. Siwek has worked in support of the Department of 
Defense since 2010.  She started at the Joint Program Executive Office (JPEO) as the 
Technical Director for the Critical Reagents Program (CRP) and as a subject matter expert in 
infectious diseases and especially dangerous pathogens. Dr. Siwek eventually transitioned to 
serving as the Liaison Officer coordinating various inter- and intra-agency efforts and 
organizations, including the Armed Forces Health Surveillance Branch (AFHSB), the Centers for 
Disease Control and Prevention (CDC), the Defense Threat Reduction Agency (DTRA), and 
many others.  She assumed her role as the Chief Scientist for the Global Emerging Infections 
Surveillance (GEIS) Section at the AFHSB in 2014.  There she provides scientific guidance and 
oversight for emerging infectious disease surveillance projects conducted by or in conjunction 
with US military research laboratories in continental United States (CONUS) as well as outside 
of the continental United States (OCONUS) settings.   
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Program Agenda 


 


Wednesday, February 8, 2017 


Time Session Notes 


1:30 PM - 
2:00 PM CBEP EUCOM Overview 


Overview Briefs by 
DTRA/CBEP for Review 


Panel                                 
(Note: Closed Session for 


US Government Personnel 
and Review Panelists only) 


2:00 PM - 
2:30 PM CBEP AFRICOM Overview 


2:30 PM - 
3:00 PM CBEP CENTCOM Overview 


3:00 PM - 
3:30 PM CBEP PACOM Overview 


3:30 PM - 
4:00 PM  Coffee Break  Open to all Attendees 


4:00 PM - 
5:00 PM 


Session 1: Special Presentation   


“Doing Science in Difficult Places” 
Open to all Attendees 


5:00 PM - 
6:30 PM Poster Session & Networking Event Open to all Attendees 
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Thursday, February 9, 2017 


Time Speaker Country Project 


8:30 AM -
8:50 AM Opening Remarks 


8:50 AM -
10:10 AM 


Session 2: Chiroptera (Bats) -  Important Reservoirs Hosts of Emerging Viruses 


Olival, Sidamonidze, 
& Al-Hmoud 


Georgia & 
Jordan 


(BAA) Understanding the Risk of Bat-Borne Zoonotic Disease Emergence 
in Western Asia 


Smith  Cambodia (BAA) Investigating the Risk of Human Disease from Parasites of Small 
Mammals and Bats  


Kityo Uganda (Call) Arthropod-borne Viruses Associated with the Chiroptera of Uganda: 
Isolation and Characterization 


Mendenhall  India (BAA) Bat Harvesting in India: Detection, Characterization and Mitigation 
of Emerging Infectious Disease Risk 


Ekiri Tanzania (BAA) Evaluating Zoonotic Viral Sharing Among Bats, Primates and People 
in High Risk Transmission Interface in Southern Tanzania. 


10:10 AM- 
10:30 AM Coffee Break  


10:30 AM- 
11:40 AM 


Session 3: Epidemiology & Biosurveillance - Group 1 


Chanturia Georgia GG-19: Epidemiology and Ecology of Human Tularemia in Georgia 


Jacobs  Azerbaijan 
TAP-10: Ecological and Epidemiological Study of Yersinia pestis and 
Francisella tularensis in the Northern Part of Azerbaijan Regions of Gusar 
and Khachmaz 


Kilonzo Tanzania (BAA) One Health Approach to Brucellosis and Rift Valley Fever 
Surveillance in Tanzania 


Bhengsri Thailand (Call) Acute Febrile Illness Study Among Patients in Nakhon Phanom and 
Tak Province, Thailand 


Orynbayev Kazakhstan TAP-8: Especially Dangerous Pathogen Differential/Rule-Out Elimination 
Assays & Modeling (EDP-DREAM) of the Saiga Antelope Mortality 
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Thursday, February 9, 2017 (Continued) 


Time Speaker Country Project 


11:40 AM- 
12:30 PM 


Session 4: Viral Pathogens of Security Concern 


Babuadze Georgia (Call) Assessing the Seroprevalence and Genetic Diversity of CCHFV and 
Hantaviruses in Georgia 


Eyangoh Cameroon Epidemiology of Emerging Viruses  


Karesh & Van 
Vuren South Africa (BAA) Understanding Rift Valley Fever in South Africa.  


Epstein Malaysia (BAA) Biosurveillance for Henipaviruses and Filoviruses at the Agricultural 
Animal-Human Interface in Malaysia 


12:30 PM - 
1:30 PM Lunch 


1:30 PM - 
2:20 PM 


Session 5: Community Outreach to Combat African Swine Fever 


De Nardi  Implementer ASF Public Outreach Project Overview 


Niazyan  Armenia 
TAP-A1: Community Outreach to Support Understanding of ASF Ecology 
and Epidemiology in Eastern Europe: Training and Implementation for 
Methods and Strategies for Control and Prevention 


Ninidze Georgia 
TAP-9: Community Outreach to Support Understanding of ASF Ecology 
and Epidemiology in Eastern Europe: Training and Implementation for 
Methods and Strategies for Control and Prevention 


Datsenko Ukraine TAP-4: Community Outreach to Support Understanding of African Swine 
Fever (ASF) Ecology and Epidemiology in Eastern Europe  
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Thursday, February 9, 2017 (Continued) 


Time Speaker Country Project 


2:20 PM - 
3:20 PM 


Session 6: Transboundary Animal Diseases 


Dung Vietnam (Call) Foot-and-Mouth Disease Virus Surveillance and Ecology in Vietnam 


Okoth Kenya (BAA) Whole Genome Sequencing of African Swine Fever Virus in Kenya.  


Nevolko Ukraine 
TAP-6: Analysis of the Threat of Spread of African Swine Fever and 
Classical Swine Fever in Wild Boar Populations in Ukraine: Improving 
Diagnosis, Surveillance, and Prevention  


Mwiine Uganda UG-2: Research and Development of Countermeasures to Support the 
Control of FMDV in Uganda 


Filatov Ukraine (USDA ARS) African Swine Fever Threat Reduction Through Surveillance in 
Ukraine 


3:20 PM - 
3:40 PM Coffee Break  


3:40 PM - 
5:00 PM 


Session 7: Bacterial Pathogens of Security Concern - Group 1 


Motin & 
Shikhaliyeva 


Georgia & 
Azerbaijan 


(BAA) Molecular Epidemiology and Ecology of Yersinia spp. in the 
Transboundary Plague Endemic Territory in Georgia and Azerbaijan 


Sansyzbayev Kazakhstan KZ-31: Effect of Rickettsia spp. upon Fitness of Yersinia pestis in Fleas that 
Vector Plague in the Republic of Kazakhstan 


Tarasov Ukraine UP-2: Development of the Epidemiological Forecasting System for 
Zoonotic Diseases Employing GIS Technology 


Solomonia Georgia GG-23: Creation of Sustainable Immunodiagnostics 


Avetisyan Armenia AM-1: Medical/Biological Mapping of Tularemia Natural Foci and 
Epidemiology using GIS in Armenia 


5:00 PM - 
5:10 PM Break 
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Thursday, February 9, 2017 (Continued) 


Time Speaker Country Project 


5:00 PM - 
6:20 PM 


Session 8: Avian Transmissible  Diseases  


Goraychuk Ukraine (USDA ARS) Genomic, Epidemiological, and Biological Characterization of 
Newcastle Disease Virus Isolates from Ukraine 


Ateya Kenya (Call) Newcastle Disease: Surveillance, Molecular Epidemiology, and 
Control of NDV in Kenya 


Strochkov Kazakhstan TAP-11: Molecular Characterization and Complete Genome Sequence of 
Newcastle Disease Virus Isolated in Kazakhstan 


Muzyka Ukraine UP-4: Risk Assessment of Selected Especially Dangerous Pathogens 
Potentially Carried By Migratory Birds Over Ukraine 


Kapur India 
(BAA) Detection and Molecular Epidemiologic Analysis of Especially 
Dangerous Pathogens in Backyard Poultry, Commercial Broilers and 
Waterfowl in India 


6:20 PM - 
6:30 PM Day 1 Wrap-up 
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Friday, February 10, 2017 


Time Speaker Country Project 


8:30 AM - 
8:40 AM Opening Remarks 


8:40 AM - 
10:20 AM 


Session 9: Bacterial Pathogens of Security Concern - Group 2 


Chanturia Georgia (BAA) Characterization of NCDC Strain Repository by Next Generation 
Sequencing (NGS) 


Shah Pakistan 
(BAA) High Resolution Chemical Characterization of Yersinia pestis Cells 
Within Soil Matrices: Implications for Understanding Natural Foci and 
Telluric Reservoirs of Plague 


Bitek Kenya (CDC IACRO) Estimating Incidence and Socio-economic Impact of Brucellosis 
in Humans and Animals in Kajiado County, Kenya 


Sidamonidze  Georgia TAP-10: Molecular Epidemiology of B. anthracis and Brucella spp. in Turkey 
and Georgia  


Malania Georgia GG-27: Regional Study of the Ecology of Anthrax Foci in Georgia and 
Azerbaijan 


Ismayilova Azerbaijan AJ TAP-11: Regional Study of the Ecology of Anthrax Foci in Georgia and 
Azerbaijan 


Zimmerman Lao PDR Environmental Surveillance of Bukholderia pseudomallei, Pilot Study in Lao 
PDR 


Limmathurotsakul Thailand Melioidosis Regional Coordination Network 


10:20 AM- 
10:40 AM Coffee Break  


10:40 AM 
- 12:00 PM 


Session 10: Emerging Infectious Diseases 


Reynolds Georgia (Call) Enhancing Capacity for Case Detection and Diagnosis of Febrile 
Zoonotic-related Cutaneous Lesions in Georgia 


Gulbani Georgia (BAA) Enhancing Capacity for Case Detection and Diagnosis of Febrile 
Zoonotic-related Cutaneous Lesions in Georgia 


Abubakar Malaysia (Call) Multi-Year Prospective Cohort Study to Evaluation the Risk Potential of 
MERS-CoV 


Orynbayev Kazakhstan KZ-33: Middle East Respiratory Syndrome Coronavirus (MERS-CoV): 
Surveillance for Distribution  and Prevalence in Kazakhstan 


Buza Tanzania (BAA) Global Health, Emerging Infectious Diseases and Food Safety 
Implications of Bushmeat in Tanzania  


Sam Malaysia (BAA) Etiology of Severe Acute Respiratory  Infections in Kuala Lumpur, 
Malaysia 
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Friday, February 10, 2017 (Continued) 


Time Speaker Country Project 


12:00 PM - 
1:00 PM Lunch 


1:00 PM - 
2:40 PM 


Session 11: Epidemiology & Biosurveillance - Group 2 


Ragan Armenia AM-4: One Health Surveillance for Brucellosis in Armenia 


Byarugaba Uganda (BAA) Acute Febrile Illness in Uganda.  


Mammadov Azerbaijan (Call) Infectious Etiologies of Acute Febrile Illness Among Members of the 
Azerbaijan Military 


Gulbani Georgia GG-20: Prevalence, Epidemiological Surveillance, and Laboratory Analysis of 
Coxiella burnetii in Georgia 


Sandybayev Kazakhstan KZ-32: Prevalence of Brucella Species and Bluetongue Virus Serotypes 
Among Domestic Livestock or Ruminants in Southern Kazakhstan 


Avetisyan  Armenia TAP-H1: Identification of Etiology, Clinical Outcomes, Incidence, and 
Epidemiological Patterns of Hospitalized Febrile Patients in Armenia 


Burjanadze Georgia GG-21: Human Disease Epidemiology and Surveillance of Especially 
Dangerous Pathogens in Georgia 


Godbold  Armenia AM-3: The Epidemiological Status of African Swine Fever in Domestic Swine 
Herds in the Tavush Marz Region, Republic of Armenia 


2:40 PM - 
2:50 PM Break  


2:50 PM - 
3:30 PM 


Session 12: Arthropods and Arboviruses 


Ismayilova Azerbaijan AJ TAP-13: Investigation of Mosquito and Tick-Borne Arboviruses in 
Southeastern Azerbaijan 


Sukhaishvili Georgia TAP-12: Analysis of Previously Identified Rickettsia Positive Georgian Ticks by 
Multi-locus Sequence Typing 


Khan Pakistan (BAA) The Role of Arboviruses as a Cause of Undifferentiated Febrile Illness 
in Sind, Pakistan  


3:30 PM - 
3:50 PM Closing Remarks 
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Presentation Summaries 


February 8, 2017 


Session 1 


Doing Science in Difficult Places 


PRESENTERS: Valerie DeThomas (CRDF)/ Jeffrey Skowera (CRDF)/ Robert Esler (CRDF)/ 
Matthew Bouton (Univ. of Michigan)/ Amir Abdulmawjood (Univ. of Veterinary Medicine 
Hannover – Germany) 


Since 1995, CRDF Global has worked in over 40 countries using science to address priority 
issues in support of U.S. and foreign government agencies, foundations, and private sector 
organizations. Many of these countries may be considered difficult places to work due to past or 
ongoing war or other conflicts, political or economic instability, resource constraints, or 
significant differences in research capabilities, scientific norms and practices. 


Application of tailored programming approaches, genuine commitment to understanding the 
environments in which partner country scientists operate, and flexibility form the foundation for 
effective science collaboration in difficult places. Ultimately, scientists are eager to engage and 
work together in search of solutions to the world’s problems. 


In 2013-2016, CRDF Global’s work with scientists and researchers from Iraq and Afghanistan in 
support of CBEP included a research grant competition, science fellowships and network 
building and exposure programs. CRDF Global’s ability to meet program objectives required 
building trust and rapport with Iraqi and Afghan participants, regular communication, 
engagement of all necessary stakeholders, adaptability, flexibility, and creative solutions. The 
programs’ success is, in large part, attributed to participation of scientists in the U.S., Germany, 
Italy, India, Australia, Switzerland, Jordan and Malaysia, who hosted Iraqi and Afghan 
researchers at their labs for trainings, lab tours, exposure visits and fellowships. 
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Presentation Summaries  


February 9, 2017 


Session 2: Chiroptera (Bats) – Important Reservoir Hosts of Emerging Viruses 


Understanding the Risk of Bat-Borne Zoonotic Disease Emergence in 
Western Asia 


PRESENTERS: Kevin Olival/Ketevan Sidamonidze/Nisreen Al-Hmoud 


COUNTRY: United States/Georgia/Jordan 


Bats are natural reservoir hosts to several emerging viruses with pandemic potential, including 
Ebola, Marburg, Nipah, and SARS and MERS-coronaviruses, but current research on the 
distribution of bats, diversity of their viruses, and potential for zoonotic disease emergence in 
Western Asia is severely limited. To fill this gap and contribute to biological threat reduction, we 
propose a hypothesis-driven One Health research project focused on characterizing bat 
coronavirus diversity and the risk of bat-borne zoonotic disease emergence. This will include 
extensive non-lethal field sampling of bats, screening and characterization of viruses from bat 
specimens with two regional partner laboratories currently operating within the region, the Lugar 
Center in Georgia and RSS in Jordan, and modeling emerging disease risk by combining viral 
data with host, geographic, and ecological data. Data for risk modeling will be collated across a 
larger region than our field sampling will allow through the creation of a collaborative Western 
Asia Bat Research Network (WAB-Net) – including key researchers and public health 
representatives from >12 countries. Research activities will be strengthened via laboratory 
exchanges and annual data sharing and capacity building workshops. This integrated, multi-
disciplinary approach presents a coordinated strategy to advance scientific knowledge around 
transboundary zoonotic disease emergence risk in Western Asia to inform early detection, 
diagnosis, and response to support the Global Health Security Agenda and CBEP goals. 
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Investigating the Risk of Human Disease from Parasites of Small 
Mammals and Bats  


PRESENTER: Gavin Smith  


COUNTRY: Cambodia 


Emerging and re-emerging infectious diseases pose a significant public health challenge 
globally, with severe economic, social, and health consequences. It is estimated that the SARS 
outbreak alone cost over $50 billion dollars in lost global economic activity. The frequency of 
epidemics caused by newly emerging and re-emerging pathogens and the likelihood of rapid 
global spread have increased dramatically in recent decades, with Southeast Asia considered a 
hot spot for future emergence events. Small mammals and bats play an important role in the 
maintenance and transmission of select agents that infect humans such as Brucella species, 
coronaviruses, filoviruses, henipaviruses, hantaviruses/bunyaviruses, plague, rabies 
(lyssaviruses) and Rickettsia species. The global distribution of several species of small 
mammals and bats, in addition to the ever-increasing interface between humans and wildlife, 
ensures that cross-species transmission events will continue to occur, often with devastating 
effects. By proactively sampling animal populations in Cambodia to discern circulating parasitic 
genotypes and screening human sera for evidence of exposure, we can determine which 
parasites have human pathogenic potential. A standardized trapping regimen will allow us to 
understand which ecological and environmental variables are associated with host and parasite 
presence-absence, facilitating the creation of ecological niche maps and models to determine 
risk and inform future surveillance efforts across Southeast Asia.  
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Arthropod-Borne Viruses Associated with the Chiroptera of Uganda: 
Isolation and Characterization 


PRESENTER: Robert Kityo  


COUNTRY: Uganda 


This project aimed to achieve a better understanding of bats, their ecology and their potential 
roles in virus ecology. This has been done through graduate training and research, training in 
field techniques of capture and processing of bats for virus detection and characterization, and a 
compilation of reference calls of micro-chiropteran bats for Uganda. Field biosurveillance 
training was held with participants from NADDEC, UVRI and Makerere University at Zika forest. 
A graduate student was recruited and completed an ecological study on bats in the Kaptum 
cave. We conducted bat surveys from around Uganda and have collected voucher calls from 28 
microchiropteran bats from over 10 localities in Uganda.  


From our graduate student’s research, we now know there are 6 bat species (Nycteris thebaica, 
Rhinolophus landeri, Rhinolophus hildebrandtii, Hipposideros caffer, Hipposideros ruber, and 
Myotis bocagei) in Kaptum cave.  Although they may mix up, these seem to have preferred 
roosting corners in the cave defined by slight differences in temperature and relative humidity. 


Besides Kaptum Cave, we have documented the existence of many other caves around the 
country with bats. These caves are frequently visited by local people for various reasons. This 
could inevitably expose such members of the local communities to aerosols in the caves. 
Collectively, this project has advanced our knowledge of bat ecology in Uganda and enhanced 
collaborative research between US and Ugandan institutions which will promote cooperation 
during future biosurveillance and outbreak events. 
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Bat Harvesting in India: Detection, Characterization and Mitigation of 
Emerging Infectious Diseases Risk 
 
PRESENTER: Ian Mendenhall  
 
COUNTRY: India 


Emerging infectious diseases pose a continual risk for humans, imparting major health and 
economic challenges. It is estimated that greater than 70% of these diseases originate in 
wildlife, which demonstrates the importance of understanding the diversity of parasites that 
circulate in animals. Bats are important reservoirs of several medically important viruses that 
have high case fatality rates, including rabies/lyssaviruses, the henipaviruses, SARS-like 
coronaviruses, and Ebola virus and the related filoviruses. India is one of the most biologically 
diverse countries in the world, however there are currently few reports of viruses detected in 
bats. Outbreaks will often begin from point source origins, as phylogenetic data from the recent 
Ebola outbreak in West Africa indicates. Therefore, studying specific interfaces where humans 
are exposed more frequently due to their proximity and heightened interactions with wildlife can 
provide critical information on exposure. Bat harvesting is a common practice across India, as 
concentrated efforts can yield high numbers of bats. This contact and processing of bushmeat is 
an opportune place for cross-species transmission to occur. By sampling the bat populations 
where harvesting occurs before, during and after the trapping, we can determine if bat harvests 
increase the shedding of viruses and what medically important viruses are circulating in these 
bat populations. This will allow us to generate risk models and understand which species may 
be natural virus reservoirs in India. 
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Evaluating Zoonotic Viral Sharing Among Bats, Primates, and People in 
a High-risk Transmission Interface in Southern Tanzania (VISHA Project) 


PRESENTER: Abel Ekiri 


COUNTRY: Tanzania 


Through project partners, including Metabiota, University of California Davis, Sokoine University 
of Agriculture, and the Ifakara Health Institute, we are evaluating: 1) the risk of zoonotic virus 
transmission among bats, non-human primates (NHP), and people sharing a forest interface 
with high human-wildlife contact in Southern Tanzania; 2) the impact of bat and primate 
community composition on virus diversity; and 3) exposure to zoonotic viruses in high-risk 
human populations living at the forest interface. By investigating cross-species viral sharing at 
this high-risk interface, our team will increase the understanding of pathogen emergence risk 
and transmission between human and wildlife hosts, strengthen Tanzanian surveillance and 
diagnostic capacity for pathogens of pandemic and biosecurity concern, and identify key 
intervention points to reduce local viral spillover from wildlife into human populations. The 
VISHA project team is investigating the epidemiology of known and novel zoonotic viruses 
(including filoviruses) in bats, NHPs, and humans by: 1) characterizing forest field sites; 2) 
collecting bat and NHP specimens during wet and dry seasons; 3) collecting specimens from 
high-risk human groups near forest areas during wet and dry seasons; 4) testing wildlife and 
human specimens for potential zoonotic viral pathogens using virus family-level RT-PCR; 5) 
performing phylogenetic and other genomic analyses on all detected viruses; 6) identifying risk 
factors for human exposure to bat and NHP viral pathogens using spatial analyses and 
epidemiologic modeling; and 7) training Tanzanian scientists in surveillance, molecular 
diagnostics, genomic analyses, and field and laboratory biosecurity practices.  
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Session 3: Epidemiology & Biosurveillance – Group 1  


Epidemiology and Ecology of Tularemia in Georgia 


PRESENTER: Gvantsa Chanturia 


COUNTRY: Georgia 


Our study investigated the epidemiology of human and animal tularemia in Georgia. The project 
included (1) the study of seroprevalence of tularemia among individuals living in geographic 
areas with tularemia, and healthy individuals; and (2) estimate risk factors for seropositive 
humans and animals. We also established active surveillance for human tularemia clinical cases 
with the goal of increasing the efficiency and tularemia diagnostic capability. Isolates from 
human cases (900 volunteers) for comparison to both current environmental and historical 
isolates (National Center for Disease Control and Public Health). From an environmental 
prevalence emphasis, we will establish active surveillance for F. tularensis in the environment, 
including a study of small rodents and associated vectors and identification of the sources of 
outbreaks among humans. Field sampling for active surveillance for F. tularensis in the 
environment included small rodents and associated vectors, linking with human cases and 
seroprevalence study among the population living in foci area. More than 60,000 vectors were 
collected and pooled into 6,000 collections. All strains were isolated, evaluated, and monitor 
patterns of antimicrobial resistance. A bacteriophage component of this project examined 
isolated F. tularensis strains by genomic sequencing, proteomics analysis (Ilia State University), 
and phage discovery (the Eliava Institute). Geographic information systems and genetic 
algorithm for rule-set production were used for pathogenic distribution. Ecological niche models 
were created for ectoparasite species and primary rodent vectors. Consistent differences were 
found by the expression of some proteins between the isolates. Real-Time PCR and Western 
immunoblotting further validated these differences.  
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Ecological and Epidemiological Study of Yersinia pestis and Francisella 
tularensis in the Northern Part of Azerbaijan Regions of Gusar and 
Khachmaz 


PRESENTER:  Jolanta Jacobs  


COUNTRY: Azerbaijan 


Robust surveillance of Y. pestis and F. tularensis was once carried out routinely, however since 
the collapse of the Soviet Union little funding has been allocated to such efforts, and thus almost 
no data are available on the current distribution of plague and tularemia foci and vectors in 
Azerbaijan.  


TAP-10 project proposes to conduct surveillance of ectoparasite vectors of plague and 
tularemia in northern Azerbaijan, in an area with a historical presence of those diseases and 
located near known natural foci of plague and tularemia.   


The project started in April 2015 and is being implemented by Khachmaz Anti-Plague Division 
(APD). Sample collection (arthropods: fleas and ticks) field activities were carried out over six 
months in spring, summer, and autumn of 2015. Sample collection was completed in total of 13 
villages of Gusar and Khachmaz regions in September 2015. Collected ticks and fleas were 
sorted, counted, identified, pooled, homogenized and their nucleic acids were extracted. The 
extracted nucleic acid samples have been tested by PCR (Bio-Rad 96 instrument) for two 
targets for each of the pathogens. 8,216 ticks and 154 fleas have been counted, identified, and 
sorted. 1,269 tick pools and 55 flea pools have been created and homogenized and their DNA 
extracted. Primer and probe sets were optimized and testing is ongoing.  
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A One Health Approach to Brucellosis and Rift Valley Fever Surveillance 
in Tanzania 


PRESENTER: Chris Kilonzo  


COUNTRY: Tanzania 


Our One Health team, including partners from Metabiota, the University of California, Davis, 
Sokoine University of Agriculture, and Ifakara Health Institute is utilizing a transdisciplinary 
approach to investigate the epidemiology and genomic diversity of the zoonotic pathogens Rift 
Valley fever virus (RVFV) and Brucella in south-central Tanzania. The primary objectives of the 
project are to evaluate the influence of risk factors such as animal contact and climatic 
conditions on increased RVFV and Brucella infection among livestock, wildlife, and humans, 
and to enhance in-country capacity for RVF and brucellosis surveillance, prevention, and 
control. To attain these goals, the team is engaged in: 1) characterization of sites with historical 
RVFV and Brucella activity in humans and animals that represent diverse climatic and animal 
density variables; 2) concurrent pathogen surveillance for acute and convalescent infections 
among humans, livestock, conspecific wildlife, and RVFV mosquito vectors to elucidate key 
disease transmission pathways, 3) identification of climatic conditions and temporal patterns 
that increase disease risk among vector and host species; 4) characterization of the RVFV and 
Brucella spp. diversity detected in mosquitos, animals, and humans; 5) identification of potential 
cryptic wildlife maintenance hosts using serologic evidence of prior infection, or in the case of 
RVFV by using blood-meal analysis of recently fed virus-infected mosquitoes, and 6) the 
development of integrated models to predict geographic areas of increased pathogen 
maintenance and transmission to identify locations for targeted intervention strategies and 
enhanced disease surveillance. 
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Acute Febrile Illness Study among Patients in Nakhon Phanom and Tak 
Province, Thailand 


PRESENTER: Saithip Bhengsri  


COUNTRY: Thailand 


There are many causes of acute febrile illness (AFI) including various emerging infectious 
diseases in Southeast Asia and Thailand. Such diseases can be difficult to differentiate by 
clinical signs and symptoms, leading to misdiagnosis and possibly serious consequences for 
patient care. Therefore, laboratory testing is necessary to establish an accurate diagnosis. The 
objectives of this study are to: 1) describe the etiologies for patients hospitalized with AFI, 2) 
estimate incidence of specific pathogens and monitor trends over time, 3) evaluate the 
performance of rapid diagnostic tests (RDTs), and 4) assess laboratory diagnostic accuracy 
based on specimen types and testing methods for disease surveillance and outbreak 
identification. The study is being conducted in two Thai border provinces, Nakhon Phanom in 
the northwest and Tak in the east. The project is divided into 3 phases: pilot, surveillance and 
research phase. In the pilot phase, demographic data, clinical information and routine laboratory 
results will be collected from eligible patients. During the surveillance phase, patients 
hospitalized with undifferentiated fever will be tested for bacteremia and dengue. If dengue is 
not diagnosed, samples will be tested for chikungunya, Leptospira, Rickettsia species, O. 
tsutsugamushi, and Zika virus. During the research phase, new RDTs for B. pseudomallei, O. 
tsutsugamushi, Zika and chikungunya viruses will be evaluated. Additional testing will be 
performed on an expanded range of bacterial and viral pathogens. This project will provide an 
increased spectrum of pathogen detection, improve the timeliness of pathogen characterization, 
and assess promising new advanced diagnostic tests for surveillance and clinical management 
in the region.  
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Differential Diagnostics Performed by Eliminating Especially Dangerous 
Pathogens and Simulation (EDP-DREAM) in Cases of Saiga Antelope 
Mortality 


PRESNTER: Mukhit Orynbayev  


COUNTRY: Kazakhstan 


Though several large die-offs in saiga antelope (Saiga tatarica) herds in Kazakhstan have been 
reported in the past decade, the intensity, and absolute threat to the species of the ongoing die-
off in the Kostanay oblast of Kazakhstan is unprecedented. The loss of reproductive females 
and calves represents long-term impacts on herd recovery and may indicate an eminent threat 
to regional livestock health. Reports have suggested the saiga die-off may be related to 
pollution or plant toxins, yet it is unclear how such toxicity would result in 100% mortality of 
nursing calves. Such a rapid die-off could be explained by viral (or viral/bacterial) infection. Even 
though Foot and Mouth Disease Virus (FMDV) has been reported in saiga, relatively few viruses 
result in 100% mortality, particularly in calves. However, FMDV could potentially play a role in a 
multiple pathogen infection. This study will implement a differential diagnostic work flow to 
diagnose anthrax and other Especially Dangerous Pathogens (EDPs) that may be involved in 
the saiga die-off. The project will use high resolution GPS collar data from animals at-large 
during the die-off. The first field expedition began in September 2016, and experts from the lead 
KZ partner, the Research Institute for Biological Safety Problems (RIBSP), pursued saiga 
individuals of Ural population in West Kazakhstan and Atyrau Oblasts to take samples and fit 
them with collars. Fifty-four individuals were captured from the Ural population: fifty-two 
individuals in West Kazakhstan oblast, and two individuals in Atyrau Oblast. During the field 
expedition, the five available animal collars were placed on animals and found to provide a 
stable signal. All samples have been delivered to RIBSP and are being stored at the BSL-3 
laboratory. Currently materials and reagents are bring procured. Dr. Jason Blackburn from 
University of Florida is the collaborator for the study.  
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Session 4: Viral Pathogens of Security Concern 


Assessing the Seroprevalence and Genetic Diversity of CCHFV and 
Hantaviruses in Georgia 


PRESENTER: Giorgi Babuadze  


COUNTRY: Georgia 


The proposed collaborative research project will assess the seroprevalence and genetic 
diversity of highly pathogenic bunyaviruses circulating in Georgia to include Crimean-Congo 
hemorrhagic fever virus (CCHFV) and hantaviruses causing hemorrhagic fever with renal 
syndrome (HFRS), such as Puumala (PUUV), Dobrava (DOBV), or Seoul (SEOV) viruses. 
Specific aims of the project are to: (1) Determine the prevalence and serological diversity of 
CCHFV and hantaviruses in patient populations using samples collected from previously funded 
CBEP projects, human samples (GG-21) and  environmental samples (GG-19); (2) Establish 
multiplexed immunological and molecular diagnostic assays for detecting circulating strains of 
pathogenic bunyaviruses, and provide suitable training for sustainment of these assays and 
capabilities within Georgia; (3) Initiate active surveillance for CCHFV, and hantaviruses in the 
environment to include small rodents and ticks; (4) Identify and characterize the genetic 
diversity of CCHFV and hantaviruses detected in rodents and ticks; (5) Establish a DNA 
barcode reference library for local tick species, to facilitate future identification and incrimination 
of tick-borne disease in Georgia. 


These studies will provide a baseline assessment of the potential for future outbreaks of CCHF 
and HFRS in this region. Rodent and tick samples will be tested by ELISA and RT-PCR for 
evidence of CCHFV or hantavirus infections. Selected samples will be sent to the USAMRIID for 
virus-specific neutralization tests in BSL-3 or BSL-4 containment laboratories. 
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Epidemiology of Emerging Viruses in Cameroon  


PRESNTER: Sara Eyangoh  


COUNTRY: Cameroon 


The geographical and socio-cultural diversity of Cameroon makes it vulnerable to many 
emerging tropical viral infections like, Ebola, Zika, Dengue, Lassa, etc. While some studies have 
been done on the epidemiology of some of these viruses, these dispersed studies remain 
insufficient as a basis for the implementation of effective public health measures in this regard. 
Our objective was to assess the circulation of certain emerging viruses in the Cameroonian 
population in order to make recommendations to strengthen their surveillance and reinforce the 
rapid detection of any eventual epidemic. 


In this respect, different samples were collected from 6 sites of Cameroon in different regions. 
These samples were serum/whole blood from 1500 blood donors, blood/oral swabs from 500 
febrile patients susceptible of carrying a potential viral infection, and samples from bats to look 
for potential viral reservoirs. Collection of samples is complete, but analysis is ongoing at 
French Arbovirus National Reference Centre (Marseille, France). Preliminary data are available 
from blood donors. All donor blood samples were analyzed by ELISA. Positive samples 
underwent seroneutralisation analysis, RT-PCR (for DENV) and serotyping and phylogeny 
subsequently. Blood donor sample preliminary ELISA positive results were as follows: 
WNV(61.6%),TBE(39,9%), DENV(56,9% with 7.6% positive on RT-PCR, serotyping in 
progress), TOSV(7%), RIFTV(0%), ZIKV(10,4%). 


Our definitive findings hope to build a framework upon which public health decisions can be 
made to increase preparedness for an eventual epidemic of an emerging viral infection and 
improve laboratory detection capabilities at the national level. 
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Understanding Rift Valley Fever in the Republic of South Africa 


PRESENTERS: Billy Karesh & Petrus Van Vuren  


COUNTRY: South Africa 


Rift Valley fever virus (RVFV) is a vector-borne pathogen causing significant livestock, wildlife 
and human morbidity and mortality, and results in significant economic damages and food 
security concerns.  RVFV has spread from Africa to the Arabian Peninsula, has the potential to 
spread to the Americas, and is considered a potential bioweapon. In South Africa, we have a 
multi-disciplinary team working to correlate environmental factors with vector succession and 
abundance, understand the role herd immunity may play in the occurrence of outbreaks and 
characterize the risk to people working in high-risk occupations.  Initial analyses indicate that 
there are several vegetation and soil characteristics associated with locations of animal cases of 
RVF during the 2010-2011 outbreak.  The baseline seroprevalence (representing herd 
immunity) in livestock have been established and experiments are running to understand how 
this may change. In people, the seroprevalence against RVFV is 0.1.  Each year we hold 
national-level and local stakeholders’ meetings to disseminate the data to national and 
provincial departments of agriculture, health and wildlife, as well as to farmers and workers, 
animal production groups and the weather service.  Through this collaborative, One Health 
approach the project has become more robust and has strong support locally.  The resultant 
data represents a significant step toward improving prediction of outbreaks and understanding 
how RVFV might spread, what effect climate change may have on the virus, how vaccination 
strategies may affect the risk of an epizootic and the risk of translocation to naïve countries, 
such as the United States. 
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Biosurveillance for Henipaviruses and Filoviruses at the Agricultural 
Animal-Human Interface in Malaysia  


PRESENTER: Jonathan Epstein  


COUNTRY: Malaysia 


The henipaviruses and filoviruses include Hendra virus (HeV) and Nipah virus (NiV), and 
several species of Ebola (EBOV) and Marburg virus (MARV), respectively, which are highly 
pathogenic viruses and select agents capable of causing public health emergencies of 
international concern. Bats are recognized as reservoirs for both henipa- and filoviruses, and 
zoonotic transmission of these viruses from bats to humans via domestic animals has occurred 
in Southeast Asia. The full diversity of henipa- and filoviruses in bats and their potential to infect 
livestock and people is unknown. This project will enhance early detection and surveillance 
capacity in Malaysia by: 1) transferring Luminex-based technology with validated reagents to 
detect IgG antibodies against henipa- and filoviruses to Government of Malaysia partner labs in 
wildlife, livestock and human health sectors; 2) training laboratory personnel to develop and 
utilize Luminex-based assays to identify exposure to henipa- and filoviruses; 3) conduct 
biological surveillance in wildlife (esp. bats), livestock and people around indigenous 
communities that hunt wildlife and on farms in Peninsular Malaysia, where there are high levels 
of contact among people and animals. Based on building local capacity for hypothesis driven 
research and improved use of technology, this project will help characterize the distribution and 
spillover potential from bats of henipa- and filoviruses in Peninsular Malaysia. Activities will be 
coordinated with and complimentary to the USAID Emerging Pandemic Threats: PREDICT 
program and surveillance data will be shared with the Govt. of Malaysia (GoM). The proposed 
project is closely aligned with the aims of the Cooperative Biological Engagement Program in 
that it will support biosurveillance and capability building, engages partner-country scientists, 
and promotes a One-Health approach to threat reduction. 
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Session 5: Community Outreach to Combat African Swine Fever 


ASF Public Outreach Project Overview 


PRESENTER: Marco De Nardi  


The Defense Threat Reduction Agency (DTRA) sponsored a four-country regional public 
outreach project to combat African Swine Fever (ASF). The primary objective of the project was 
to develop a comprehensive and sustainable regional network of knowledge, expertise, and 
know‐how for the control and prevention of ASF emerging events through a joint‐effort based 
Threat Agent Detection and Response (TADR) Activity Project (TAP) that combines four 
countries (Armenia, Georgia, Kazakhstan, and Ukraine) in a common activity‐based Science 
plan. To achieve this goal, delegates from each country worked with project implementers to 
identify gaps in knowledge, legislative framework, and outbreak preparedness. As a pathogen of 
high bioterrorism potential, veterinary health importance, and/or responsible for major economic 
instability, it is of critical importance that ASF‐threatened and ASF‐affected countries have 
appropriate infrastructure to accurately and rapidly identify and report ASF activity and types to 
international veterinary health agencies, as well as provide follow‐up concerning the spread of 
the virus. This project sought to identify key human resources and veterinary health systems in 
order to initiate implementation of solutions to address recognized gaps, thereby enhancing the 
capacity by which to mitigate the risk of ASF. The project used a “train-the-trainer” approach to 
successfully reach over 10,000 farmers, veterinarians, pig traders, rangers, and hunters among 
others, teaching the signs and symptoms to identify ASF along with the proper reporting 
measures. This project was the first four-country public outreach project sponsored by DTRA 
and is considered a monumental success due to the large numbers reached. The project also 
improved collaboration among regional partners with the hopes of additional similar outreach 
efforts on other pathogens and diseases of public health importance in the years to come.  
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Community Outreach to Support Understanding of ASF Ecology and 
Epidemiology in Eastern Europe: Training and Implementation for 
Methods and Strategies for Control and Prevention  


PRESENTER: Lyudmila Niazyan  


COUNTRY: Armenia 


African swine fever (ASF) is a highly contagious viral disease of swine populations that can 
have significant economic consequence. It was successfully eradicated from most of the 
Eurasian continent almost 30 years ago, but was re-introduced in Georgia in 2007. Since then 
ASF has spread widely affecting swine in Georgia, Azerbaijan, Armenia, Ukraine, and Russia.  


The primary goal of this project was to develop a comprehensive and sustainable regional 
network of expertise for the control and prevention of ASF through a joint-effort-based project 
combining four countries: Armenia, Georgia, Kazakhstan, and Ukraine. The project aims to 
identify and then educate persons working in the pig production chain (e.g., pig keepers, 
butchers, community veterinarians) to recognize clinical and epidemiological patterns of ASF. 
The training will allow these workers to understand (1) common routes of exposure, (2) 
preventative measures, (3) how to recognize clinical signs, (4) the importance of reporting to 
veterinary authorities, and (5) how to respond to suspected ASF cases. 


In Armenia, a Knowledge and Attitude survey was implemented through veterinary authorities to 
assess the knowledge of the chosen target groups in ASF. For the public outreach campaign 
ten inspectors and ten epidemiologists were selected to train target groups, but due to the short 
time just 301/603 veterinarians, 1000/2412 farmers and 100/2670 hunters have been trained to 
date (Map 1). An additional 1000 farmers were subsequently educated by community vets 
during their routine work after the public outreach campaign ended. Over the course of the 
project and its aftermath, 3000 booklets and 150 posters were distributed and 2401 total 
persons informed. 


This project facilitated the development of a sustainable capacity to implement outreach 
campaigns for future disease outbreaks in the region. Countries receiving training were taught 
how to run an outreach campaign including how to identify the target audience, how to produce 
effective educational materials, and how to effectively distribute those materials. 
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Community Outreach to Support Understanding of ASF Ecology and 
Epidemiology in Eastern Europe: Training and Implementation for 
Methods and Strategies for Control and Prevention  


PRESENTER: Lena Ninidze  


COUNTRY: Georgia 


In 2007, Georgia was affected by a nationwide outbreak of African swine fever (ASF), and 
outbreaks were simultaneously reported in three different locations across the country. 
Monitoring ASFV in Eastern European countries is a top priority for the U.S. Defense Threat 
Reduction Agency (DTRA). The primary objective of the project was to develop a 
comprehensive and sustainable regional network of expertise for the control and prevention of 
ASF events through a collaborative project that united four countries (Armenia, Georgia, 
Kazakhstan, and Ukraine). Gaps in knowledge, legislative framework, and outbreak 
preparedness in the partner countries were identified. Additionally, this project contributed to 
long-term sustainability by conducting outreach campaigns for future disease outbreaks. 
Georgian directors were taught to lead and implement outreach campaigns, including how to 
identify target audiences (e.g. local farmers, veterinarians, and members of the pork industry) 
and efficiently create and disseminate educational materials. Over 450 veterinarians and 
farmers were trained, and 20,000 educational materials were distributed. Pre and post ASF 
campaign tests were developed to track progress; post-test scores were 16% higher than pre-
test scores, which indicates that the outreach program was successful. Regional and state 
veterinarians, along with government agencies will be responsible for measuring the long-term 
success of these programs through laboratory results, monthly disease reports, and veterinarian 
updates. The number of ASF outbreaks are an indicator of the long-term success of the 
outreach program. 
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Community Outreach to Support Understanding of African Swine Fever 
(ASF) Ecology and Epidemiology in Eastern Europe 


PRESENTER: Roman Datsenko  


COUNTRY: Armenia 


In 2015, the State Scientific and Research Institute of Laboratory Diagnostics and Veterinary 
and Sanitary Expertise (SSRILDVSE) and Institute of Veterinary Medicine (IVM) of the National 
Academy of Agrarian Sciences took part in an ASF outreach activity implemented within the 
Defense Threat Reduction Agency (DTRA) Cooperative Biological Engagement Program 
(CBEP) in Ukraine. The project aimed at establishing a regional alliance between Armenia, 
Georgia, Kazakhstan, and Ukraine to exchange experience, raise awareness, and provide 
education on ASF. Specialists from SSRILDVSE and IVM were trained as trainers before 
implementing their own outreach program in Ukraine. During in-country workshops and 14 
training sessions in 14 Oblasts of Ukraine, veterinarians from 307 rayons, 531 epizootologists of 
state regional veterinary administrations and 4482 veterinary doctors of district animal hospitals 
were educated in the country. Additionally, information materials (flyer and poster) were 
developed. They included information about the clinical and epidemiological patterns of ASF, 
common sources and routes of exposure, preventative measures, how to recognize symptoms, 
and how to respond to suspected ASF cases. 100,000 flyers were printed and distributed 
among farmers and populations, as well as 1,500 posters for veterinarians in 24 Oblasts. Due to 
these efforts, necessary information was brought to the attention of veterinary doctors at district 
animal hospitals who communicate directly with farmers and persons that work with swine. This 
project demonstrated an approach for conducting and applying a public outreach program in 
Ukraine that can be used to raise awareness and help mitigate future outbreaks of ASF and 
other diseases. 
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Session 6: Transboundary Animal Diseases 


Foot-and-Mouth Disease Virus Surveillance and Ecology in Vietnam 


PRESENTER: Do Huu Dung  


COUNTRY: Vietnam 


The purpose of this project is to improve understanding of the epidemiology of foot-and-mouth 
disease virus (FMDV) in the Vietnamese setting using state of the art tools for genetic 
characterization of the virus in this endemic context. The intended goal is to mitigate the impact 
of this disease on local agriculture and improve preparedness for potential disease incursions in 
the US homeland with awareness of emerging virus strains.   


Foot-and-mouth disease (FMD) is a contagious viral disease of domestic and wild cloven-hoofed 
animals, most notably cattle, pigs, sheep, buffalo and goats. Despite recent successes in 
controlling the disease in Europe and some parts of South America, FMD remains one of the most 
important infectious diseases of livestock due to the potential impact of an outbreak on trade in 
animals and animal products.   


The project is currently operating in the second year of the (expected) four year period of 
performance. Five of the seven defined project objectives are either completed or well-
underway. Two objectives are still in the planning phase. Current and ongoing activities in the 
field consist of passive surveillance of all FMDV outbreaks reported to the Vietnam Department 
of Animal Health and active surveillance of healthy livestock in six provinces spanning northern, 
central and southern Vietnam.  


This collaborative endeavor has already resulted in two published, peer-reviewed scientific 
papers and two more papers have been submitted for peer review. Specific accomplishments 
achieved within the project include 1) genetic characterization of over 160 novel strains of 
FMDV, 2) enhanced understanding of risk factors for FMDV infection, 3) unique analyses of 
movement of FMDV strains across regions of Vietnam, and 4) improved understanding of the 
role of asymptomatic carriers in FMD epidemiology in Vietnam.  


  







 


 33 


 


Whole Genome Sequencing of African Swine Fever Virus in Kenya 


PRESENTER: Edward Okoth  


COUNTRY: Kenya 


African swine fever (ASF) is a lethal disease of domestic pigs caused by a large DNA virus. In 
endemic areas ASF virus (ASFV) circulates in asymptomatic wild pigs and ticks and can remain 
stable in pork products for several months. ASF is endemic to Africa and was restricted only to 
that continent until 1957. Since then it has spread to Europe, Latin America and Asia. It is 
currently endemic in Russia and the Caucasus. There is a real risk of accidental or deliberate 
introduction of ASF to the United States of America (US), which would be devastating to the US 
$1.25 billion/year pig industry. There are at present no control measures other than test and 
slaughter. The objective of the proposed research is to determine the genome sequences of at 
least 60 ASFV isolates, selected so as to include as many as possible of the major genotypes 
for which genome sequences are currently lacking. These will be made available to veterinary 
and biosecurity authorities in the US and endemic countries through GenBank. This knowledge 
will enable more precise identification of the source of future ASF outbreaks, both within and 
outside Africa. It will also underpin development of future ASF control tools including diagnostic 
products and vaccines. The project will build ASFV research and surveillance capacity in Africa 
to support future disease control efforts. 
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Analysis of the Threat of Spread of African Swine Fever and Classical 
Swine Fever in Wild Boar Populations in Ukraine: Improving Diagnosis, 
Surveillance, and Prevention 


PRESENTER: Oleg Nevolko  


COUNTRY: Ukraine 


Listed as high priority pathogens by the World Organization for Animal Health (OIE), African 
swine fever virus (ASFV) and classical swine fever virus (CSFV) cause epizootically and 
economically significant animal diseases. Since 2012, the number of reported ASF outbreaks in 
Ukraine has increased, with 148 confirmed ASF incidents registered in 18 Oblasts of Ukraine 
(households - 123; wild boar populations – 24; infected object - 1) including 91 in 2016 (84 in 
the households and 7 in wild boar population). In order to strengthen the accuracy and 
effectiveness of ASF/CSF diagnostics in the country and to provide Ukrainian scientists with the 
ability and infrastructure to quickly and accurately monitor ASF and CSF movement, DTRA 
supported TAP-6 project that commenced on 1 September 2016. The aims of this project are (1) 
to analyze the distribution of ASFV and CSFV among wild boar populations inhabiting regions of 
Ukraine, which border the Russian Federation, Belarus, and Poland, and (2) to evaluate the risk 
of transmission to domestic pigs in the country. In addition to ELISA and PCR, monitoring 
targeted wild boar populations in Ukraine for ASF and CSF will be accomplished by using 
genomic-based biosurveillance methods and trainings on real-time PCR, molecular analysis, 
phylogenetic analysis, and complex sequence data analysis. This will provide an improved 
scientific basis to optimize current interventions and develop new tools and strategies to reduce 
the risk of ASFV transmission to domestic pigs. These biosurveillance efforts will facilitate 
development of ASF and CSF control strategies, which will contribute to limiting the spread of 
both infectious agents. 
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Research and Development of Countermeasures to Support the Control 
of Foot and Mouth Disease Virus (FMDV) in Uganda 


PRESENTER: Frank Mwiine 


COUNTRY: Uganda 


Foot and Mouth Disease (FMD) virus causes an acute and the most contagious vesicular 
disease of livestock. The causative agent is a virus of the Aphthovirus genus in the 
Picornaviridae family. This disease in endemic in Uganda. Here, we report on a cross-sectional 
surveillance study designed to monitor and isolate FMDV serotype(s) circulating in the country 
divided into four regions: Northern, Western, Central and Eastern. A total of 38 representative 
districts from all the regions of Uganda were selected where 10,321 cattle sera and 1,300 oral-
pharyngeal fluid samples were collected. All sera were analysed by the presence of antibodies 
directed against the virus non-structural proteins (NSP) using commercially-available kits at 
Makerere University.  In addition, all oral-pharyngeal fluid samples were tested by rRT-PCR and 
virus isolation (VI) tissue culture followed by virus capsid sequencing to determine the FMDV 
serotypes by ARS, USDA at Plum Island Animal Disease Center. From samples collected 
during 2014-2015, thirty two percent of the serum samples were positive towards NSP 
antibodies. FMDV serotype O was isolated from Northern and Eastern regions while serotype 
SAT 2 was isolated from Western region of Uganda during samples collected in 2014. However, 
FMDV serotype SAT 1 (from the same region) and O were isolated in oral-pharyngeal fluid 
samples collected in 2015. The phylogenetic analysis of the P1 sequences for the viruses 
isolated in relation to geographical distribution of FMDV serotypes isolated during 2014-2015 in 
Uganda will be discussed. This information is of great importance for the improvement of 
disease control strategies and for vaccine strain selection for Uganda in the future. 
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African Swine Fever Threat Reduction Through Surveillance in Ukraine: 
Surveillance of Potential Arthropod Vectors 


PRESENTER: Sergiy Filatov 


COUNTRY: Ukraine 


African swine fever (ASF) is a high-consequence viral disease threatening the pig industry in 
Western Europe. In its native range, ASF virus (ASFV) is transmitted to pigs and maintained in 
Nature by soft ticks. Eastern European nations, including Ukraine, are considered to be 
endemic with ASF outbreaks occurring in pigs and wild boar. However, the factors underlying 
ASF westward expansion and reoccurrence on the affected territories remain to be fully 
understood.  


Because certain soft tick species of the genus Ornithodoros can serve as biological vectors and 
reservoirs of ASFV, our research group focused on the development and implementation of 
vector surveillance in selected regions of Ukraine to establish methods that could be scaled up 
to the national level. The surveys conducted updated known soft tick distribution patterns. Field 
samples were identified morphologically as Ornithodoros verrucosus, and live specimens used 
to establish a laboratory colony of this suspected ASFV vector at the NSC IECVM. The O. 
verrucosus colony is a valuable resource to assess the risk of soft tick involvement in the 
epidemiology of ASF in Eastern Europe.  


Ukrainian scientists developed research capacity in soft tick biology, collection methods, rearing 
and colonization techniques, and vector-host-pathogen interactions at USDA-ARS locations, 
and collaborating universities in Texas. Results of the project were presented at five scientific 
national and international conferences, summarized in a book published in Ukrainian and 
English, and two research papers published in international peer-reviewed journals. 
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Session 7: Bacterial Pathogens of Security Concern – Group 1 


Molecular Epidemiology and Ecology of Yersinia spp in the 
Transboundary Plague Endemic Territory in Georgia and Azerbaijan 


PRESENTER: Vladimir Motin & Sheyda Shikhaliyeva  


COUNTRY: United States, Georgia, and Azerbaijan 


Plague has been known in Caucasus region for many centuries, with the reports in Georgia 
dated back to the XI century and in Azerbaijan to VII century. The absence of recent reports can 
be partially explained by reduced surveillance, but also by the possibility of existence of atypical 
strains of Y. pestis, which can be missed by the testing laboratory due to presence of non-
culturable strains as well as an absence of some genetic loci which would render the use of 
common molecular markers ineffective. The investigations of natural foci of plague in both 
Georgia and Azerbaijan have resulted in numerous cases of isolation of Yersinia species other 
than Y. pestis. The exchange of genetic material between Yersinia strains can challenge the 
detection of the strains of Y. pestis. We hypothesize that: 1) diverse Yersinia species, including 
Y. pestis and Y. pseudotuberculosis coexist; 2) Yersinia diversification is driven by host ecology; 
3) Yersinia diversification is driven by exchange of genes within rodent populations; and 4) 
novel genetic methodology can improve identification of Yersinia species. To test these 
hypotheses, we propose: 1) ecological surveys targeting rodent populations in the 
transboundary focus located in both Georgia and Azerbaijan; 2) development of culturing and 
PCR-based procedures for detection of multiple strains of Yersinia; 3) molecular screening of 
the collected rodent and ectoparasite samples; 4) comparative analysis of genomes of obtained 
strains of Yersinia spp; 5) spatial analysis of distribution of strains of Yersinia spp. This project 
will result in enhancement of the plague biosurveillance capacities in the endemic regions of 
Georgia and Azerbaijan. This will be the first comprehensive project investigating and modeling 
plague foci in the South Caucasian region, which will foster improvements in national and 
international public health, surveillance, and biodefense efforts. This project will not overlap with 
national surveillance efforts. 
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Effect of Rickettsia spp. upon Fitness of Yersinia pestis in Fleas that Vector Plague 
in the Republic of Kazakhstan 
 
PRESENTER: Yerlan Sansyzbayev 
 
COUNTRY: Kazakhstan 


The goal of this study is to strengthen surveillance of important flea-borne human infectious 
diseases (plague and rickettsioses) in the context of vertebrate reservoirs, invertebrate vectors 
(e.g. ectoparasites), and infectious disease agents. Plague and certain rickettsiae are flea-borne 
diseases that share similar characteristics in disease symptoms, case definitions, and 
association with co-infections. These data will be very important to health authorities and 
government agencies in Kazakhstan and the US, where they will support important DTRA 
objectives including: enabling a partner country to detect/identify/report disease outbreak 
(naturally occurring or intentional) and providing a system that is sustainable by that partner 
country’s budget and infrastructure. From a public health standpoint, it is important to know 
which vertebrate species are reservoirs for particular infectious agent(s) and if they are infested 
with ectoparasites. The Kazakh Science Center for Quarantine & Zoonotic Diseases (KSCQZD) 
is the lead institute in the implementation of the project, while the anti-plague stations will be 
involved in providing samples for research. This project will study the effect of flea-borne 
rickettsial infections upon the fitness of Yersinia pestis (causative agent of plague) within plague 
vector fleas obtained from small mammals in various environmental settings of Kazakhstan. 
Specifically, the study hypothesizes that in austere environments, rickettsiae and Y. pestis will 
compete for limited resources within the invertebrate host, allowing one species to out compete 
the other.  
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Development of the Epidemiological Forecasting System for Zoonotic 
Diseases Employing GIS Technology 


PRESENTER: Oleksandr Tarasov  


COUNTRY: Ukraine 


The project was a multi-year study focused on surveillance, mapping, and modeling the spatio-
temporal and ecological patterns of Francisella tularensis and Bacillus anthracis in Ukraine. 
Collaborative efforts of researchers from the institutes of the Ministry of Health of Ukraine and 
National Academy of Agrarian Sciences of Ukraine included: 


• analyses of historical tularemia and anthrax data sets; 
• active surveillance for Francisella tularensis in small mammals and ticks and validated 


integration of these collections with appropriate culture and PCR-based analyses at the 
laboratory; 


• surveillance and environmental sampling for Bacillus anthracis, with the integration of 
appropriate PCR-based detection assays in the laboratory; 


• serological (ELISA) tests of sera sampled from wild boars; 
• forecast pathogen outbreak using advanced spatial analyses, analyses with Geographic 


Information Systems (GIS) and Remote Sensing (RS) approaches to define the 
geographic extent of the pathogens and landscape dynamics that effect those 
distributions. 


Throughout the period of performance, databases related to the epidemiological situation of 
tularemia and anthrax in Ukraine and geospatial data were developed and analyzed and areas 
historically at risk were determined for each disease. Ukrainians obtained extensive training in a 
variety of GIS and spatial analytical techniques, as well as research support at the sites and at 
the University of Florida. GIS and laboratory capacity at UCDCM and IVM were established. 
The GIS sector at IVM is now capable of sustaining basic GIS data development. Much of the 
work from the UP-2 project has been or will be published in the peer-reviewed literature. 
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Creation of Sustainable Immunodiagnostics  


PRESENTER: Revaz Solomonia  


COUNTRY: Georgia 


The primary goal of this project was to provide Georgian scientists with critical educational tools 
that will help detect biological threats using immunological assays developed within their own 
laboratories. This included training on developing and validating immunoassays for proteins and 
antibodies (monoclonal [mAbs] and polyclonal). The project also provided the tools necessary to 
develop novel diagnostic measures against new or re-emerging biological threats. Antigenic 
material from Francisella tularensis and Brucella species (both endemic in Georgia) were used 
for the development of antibodies and subsequently for immunoassay development and testing. 
Collaborators from the Naval Medical Research Center (NMRC), helped develop and validate 
antigen production, antibody production and purification, ELISA development, optimization, and 
validation. Polyclonal antibodies and mAbs were raised against F. tularensis and Brucella spp. 
whole cell extracts. Antibodies of interest were selected by affinity, and were purified; 
corresponding ELISA procedures were optimized and validated. In addition, the antibodies were 
characterized by Western immunoblotting. Antibodies protein targets were examined on 
polyacrylamide gels, in-gel digestion, and liquid chromatography-mass spectrometry. Using this 
approach, chaperone protein DnaK and GroEL/ES from F. tularensis were identified as a 
candidate targets of MAB 3.2 and MAB 8.2. As a result, this project yielded a comprehensive 
suite of protocols that can be used by Georgian scientists to develop assays and scale up 
production of reagents for commercial production and distribution. 
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Medical/Biological Mapping of Tularemia Natural Foci Cases, 
Reservoirs, and Vectors Using GIS in Armenia 


PRESENTER: Lilit Avetisyan  


COUNTRY: Armenia 


Background: Past studies have reported over 95% of Armenia is endemic for tularemia. The 
development of a Geographic Information System (GIS) database and mapping system will 
provide a tool for tularemia data management and introduce a sustainable technology for 
continued surveillance in Armenia.  


Methods: A retrospective study using the archives of NCDCP centers across Armenia. For GIS 
data processing we used the ArcGIS 10.1. The extensions Spatial Analyst and Geostatistical 
Analyst from ArcView GIS were utilized to process data.  


Results: In the period 1981-2012, tularemia epizootics were recorded in 27 of the 38 
administrative regions of Armenia. These cases involved five species of rodents, one type of 
insectivore, ticks of the Ixodidae and Gamasidae genera, and three species of flea. The optimal 
habitat was characterized by middle mountain steppe landscape zone at 2,065 to 2,407 meters 
above sea level, receiving 600-800 mm yearly precipitation, and moderate climates with short 
cool summer and cold winters or dry warm summers with cold winters. A total of 266 human 
cases of tularemia were recorded in Armenia from 1996-2012. GIS mapping showed that 199 
tularemia human cases were registered in the steppe vegetation zone, 224 cases- in a zone 
with moderate, relatively dry warm summers and cold winters (1400-2300m), 206 cases in a 
middle mountain steppe zone.  


Discussion: The developed model showed an association (p <0.05) between number of human 
cases and the number of epizootic sites, number of isolates, and percent of samples with 
positive cultures. The analysis conducted using GIS methodology delineated the risk zones with 
a high probability of tularemia occurrence. Identification of high-risk areas will serve public 
health officials in focusing surveillance efforts. 
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Session 8: Avian Transmissible Diseases 


Genomic, Epidemiological, and Biological Characterization of Newcastle 
Disease Virus Isolates from Ukraine 


PRESENTER: Iryna Goraychuk  


COUNTRY: Ukraine 


The genetic diversity of Newcastle Disease virus (NDV) in Ukraine was studied for the first time. 
Newcastle disease (ND) is caused by the virulent forms of this virus that affects a wide range of 
wild and domestic bird species. At least 15 genotypes cause periodic large-scale outbreaks with 
extensive morbidity and mortality in avian species worldwide. 


We conducted passive surveillance in poultry and active surveillance in wild birds in the 
Southern-Eastern territories of Ukraine and bordering regions with Russia. These studies 
characterized viral distribution and identification of predominant circulating strains from 1967 to 
2016, including the characterization of repository viruses. Genotype identification and pathotype 
of NDV were determined by direct sequencing of the complete F-gene and full genome using 
next-generation sequencing. Based on the sequence of the fusion protein cleavage site a more 
precise pathotyping in eggs and chickens was conducted using isolates that represent the most 
typical isolates of each of the geno-groups. 


Migratory birds in Ukraine are part of east-to-west and north-to-south migration routes. The 
phylogenetic study allowed to determine the relationship of Ukrainian isolates with other viruses 
from Eastern Europe, Asia and Africa and a better understanding the transcontinental 
movement of NDV. 


In addition, training programs on standard operation procedures for BSL3 laboratories, 
biosecurity and biosafety practices were implemented for Ukrainian scientists. Results from this 
collaboration were presented at three conferences and summarized in six publications in an 
international journal. 
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Newcastle Disease: Surveillance, Molecular Epidemiology, and Control 
of NDV in Kenya 


PRESENTER: Leonard Ateya  


COUNTRY: Kenya 


Although Newcastle disease (ND) is a notifiable disease in Kenya, the disease is under-
reported. Current ND control measures include vaccinations after hatching and outbreaks. 
Currently, there is no active surveillance for ND. Project objectives are to: (1) improve ND 
surveillance, detection, and diagnosis and reporting of pandemics and (re-) emerging 
pathogens; (2) facilitate & improve collaborative research amongst Kenyan institutions 
employing modern methods; and (3) characterize NDV strains, assess ND socio-economic 
impacts and identify risk factors contributing to NDV spread in Kenya. The project hypothesis is 
that virulent NDV reservoirs are asymptomatically maintained in wild birds and pet avian species 
that reside in the proximity of domestic poultry. Samples will be collected in four agro-ecological 
zones: (1) Zone II (tropical highlands) with poultry markets and where poultry is culturally 
significant; (2) Zone III (Kenyan food basket with crop-livestock farming system); (3) Zone IV 
(part of seasonal wild bird migratory and poultry trade routes); and (4) Zone V (free-range small-
scale poultry farming). Sampling will be mainly on case-based and passive and active response 
surveillance. Positive samples identified by antigen detection, hemagglutination of allantoic 
fluids, or RT-PCR will be used to characterize and define viral strains circulating in Kenya. Ten-
year (2005-2015) historical data on ND incidence and outbreaks have been analyzed and used 
to validate the project’s sampling sites. Some of the sites have been visited and samples 
collected. Four MSc students, the key players in transfer of acquired technologies, have been 
recruited. 
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Molecular Characterization and Complete Genome Sequence of 
Newcastle Disease Virus Isolated in Kazakhstan 


PRESENTER: Vitalyi Strochkov 


COUNTRY: Kazakhstan 


Newcastle disease virus (NDV) is a highly contagious viral infection of birds, characterized by 
pneumonia, encephalitis, multi-site hemorrhages and destruction of internal organs. It is 
considered one of the two most devastating diseases in poultry and wild birds, similar to avian 
influenza. Since Kazakhstan is on the main pathways of transcontinental migratory routes of 
many wild birds, genomic analysis of circulating NDV strains in Kazakhstan can potentially 
provide insights to its genetic evolution and add insight to pathogenic characteristics. Only 
limited studies on the genetic variability of NDV strains in Kazakhstan have been conducted. 
The project aims to perform full genome sequencing of five (5) isolates, conduct phylogenic 
analysis, and develop correlation between genotypic features and pathogenicity of five isolates 
from chicken flocks of previous outbreak during a one-year period. The team will retrieve full 
genome sequence of representative isolates from open source genomic sequence repository 
(GenBank), design primer sets for sequencing, and conduct sequencing using the ABI 3130xl 
platform at the Research Institute for Biological Safety Problems (RIBSP). Bioinformatic analysis 
will be performed to determine phylogenetic placement of these isolates among those in 
Genbank, and analyze the likelihood of introduction to and spread from Kazakhstan. The 
sequence data will be deposited to the National Center for Biotechnology Information (NCBI) 
database.  
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Risk Assessment of Selected Especially Dangerous Pathogens 
Potentially Carried By Migratory Birds over Ukraine 


PRESENTER: Denys Muzyka  


COUNTRY: Ukraine 


Highly pathogenic avian influenza (HPAI) and Newcastle disease viruses (NDV) cause serious 
diseases in domestic and wild birds, and also pose additional risk due to the potential for 
spillover into human populations. Monitoring of orthomyxoviruses and paramyxoviruses 
conducted by NSC IECVM in 2010-2015 within the USDA/ARS projects revealed 168 avian 
influenza virus (AIV) and ND viruses, 23 antigenic combinations, and new serotypes (APMV-
13). The extreme variability of AIV can lead to new genetic variants of the virus with pandemic 
potential that could damage people. The geographical position, natural conditions, large amount 
of birds and several transcontinental migration routes contribute to the re-emergence of those 
pathogens that was confirmed by outbreaks of HPAIV H5N1 and NDV in 2005-2008 and HPAIV 
H5N8 in poultry in 2016-2017. Commencing on December 1, 2016 the project aims to survey 
areas of Ukraine for AIV and NDV that may be harbored by wild birds associated with major 
northern and southern migratory flyways in the country. The project will assess the ecologic, 
epizootic, and epidemiologic risk of disease transmission. Bird observations, viral detection 
data, and Geographic Information System will be used to analyze and predict the anthropogenic 
impact on viral prevalence and type. The project will support local capacity building through 
enhancement of diagnostic capability, data management and analysis, and reporting. The 
project supports a One Health approach through linkage of researchers from the Institutes of the 
Ministry of Health, National Academy of Agrarian Sciences, and State Service for Food Safety 
and Consumer Protection of Ukraine. 
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Detection and Molecular Epidemiologic Analysis of Especially Dangerous 
Pathogens in Backyard Poultry, Commercial Broilers and Waterfowl in India 


PRESENTER: Vivek Kapur 


COUNTRY: India 


Emerging and re-emerging respiratory diseases in poultry, especially velogenic viscerotropic 
Newcastle disease (vvNDV) and highly pathogenic avian influenza (HPAI), present a major 
threat to animal and public health worldwide, particularly in rapidly developing nations such as 
India. The core viral pathogens of human and animal concern involved in Respiratory Disease 
Complex of poultry have not been studied. To fill this knowledge gap, we propose to test three 
hypotheses. Hypothesis 1. The respiratory tract viromes from commercial and backyard flocks 
(herein referred to as domestic poultry) and waterfowl in Haryana, Odisha and Kerala are a 
potential source of especially dangerous pathogens (EDPs); Hypothesis 2.  Molecular 
genotyping approaches will identify host- and region-specific fingerprint profiles of select 
agents including vvNDV and HPAI; Hypothesis 3.  Next generation sequencing will help 
identify nucleic acid signatures of novel / emerging viruses in domestic poultry and waterfowl. 
The overall goal of this project is to discover novel viruses and enable the development of 
genomics-based strain-typing capability of EDPs and emerging viral pathogens from avian 
sources in academic research settings in India.  Molecular epidemiologic analysis and 
comparative metagenomics investigation of respiratory viromes of domestic poultry and 
migratory birds, using a comprehensive and statistically robust stratified random sampling 
approach, will provide a strong foundation for the development of evidence-based approaches 
for implementing sustainable measures to control EDP. This investigation will also help 
generate data and tools, build sustainable capabilities, and enhance domestic and international 
academic partnerships critical to characterizing the zoonotic pathogens associated with 
domestic poultry and waterfowl in India. 
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Presentation Summaries  


February 10, 2017 


Session 9: Bacterial Pathogens of Security Concern – Group 2 


Characterization of NCDC Strain Repository by Next Generation 
Sequencing 


PRESENTER: Gvantsa Chanturia  


COUNTRY: Georgia 


The three year project was launched in March 2016. It is a collaborative effort of the Los Alamos 
National Laboratory (LANL), NM, USA and National Center for Disease Control and Public 
Health of Georgia (NCDC), Tbilisi, Georgia.  LANL has been working alongside the Georgia 
National Center for Disease Control and Public Health (NCDC) Genome Center Facility at the 
R. G. Lugar Center for Public Heath Research in developing Next Generation Sequencing 
(NGS) and analytic capabilities. The proposed project leverages the technical capabilities at 
both institutes to complete sequencing and characterization of the especially dangerous 
pathogens stored in the freezer archive at the NCDC. Up to 100 isolates of Yersinia pestis, 
Bacillus anthracis, Brucella spp., and Francisella tularensis from the NCDC pathogens 
collections will be selected for draft sequencing on the Illumina MiSeq. The draft genomes will 
be comparatively analyzed against strains from worldwide databases, SNPs will be discovered 
and subjected to phylogenetic analysis.  


During the past year, ten Brucella spp. and twelve F. tularensis were have been sequenced. F. 
tularensis strains were processed for genome assembly and phylogenetic analysis on CLC-Bio, 
EDGE and PHAME software. Two draft genome announcement manuscripts have been drafted. 
A two week training for one bioinformatician from the NCDC team was held at LANL in 
November 2016. The sequencing of the rest of the samples is in process at NCDC. Ten isolates 
will be chosen to forward to LANL for PacBio sequencing. NCDC staff, as well as students 
involved in the project, will exercise their sequencing and bioinformatics skills on the samples 
and data from this project.  Additional skills will be acquired through advanced training on data 
generated by this project. Completion of this research project will provide novel genomic 
characterization of the NCDC’s extensive pathogen archive, cement the collaborative network 
between the NCDC and US collaborators, and ensure the NCDC’s ability to utilize advanced 
sequencing technologies as independent researchers.   
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High Resolution Chemical Characterization of Yersinia pestis Cells 
within Soil Matrices: Implications for Understanding Natural Foci and 
Telluric Reservoirs of Plague 


PRESENTER: Muhammad Reza Shah  


COUNTRY: Pakistan 


The persistence of Yersinia pestis in soil matrices suggests a novel, yet completely 
uncharacterized, environmental reservoir for plague organisms. This has critical implications for 
understanding natural plague foci,non-traditional transmission routes between hostsand its 
changing risks for humans, and finally, the detection of Y. pestis in environmental samples.To 
address this challenge, we have constructed a multidisciplinary project to examine the chemical 
and physical response of Y. pestis cells after exposure to soil habitats. The project includes 
high-resolution, single cell analytics to characterize the metabolism, surface chemistry, and 
structural changes in individual Y. pestis cells within this unique growth environment. Results 
from this work will increase basic understanding of pathogen ecology and the molecular 
mechanisms by whichY. pestis functions in environmental reservoirs outside of traditional 
transmission vectors. 


This project is a collaboration between Virginia Commonwealth University (Richmond, VA, USA) 
and the HEJ Research Institute of Chemistry at the University of Karachi (Karachi, Pakistan). 
VCU is leading culturing efforts and surface characterization of Y. pestis cells using a range of 
high resolution microscopy and mass spectrometry techniques and the University of Karachi is 
developing novel techniques for chemical analysis of cell surfaces and in situ assays with 
nanoparticle-based probes. Training in Biosafety practices and microbiological characterization 
will facilitate collaborative pathogen research and build new capabilities at the University of 
Karachi that will complement its existing analytical strengths and create a new center in 
Pakistan capable of identifying unknown bacterial samples and conducting basic research on 
endemic pathogens. 
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Estimating Incidence and Socio-economic Impact of Brucellosis in 
Humans and Animals in Kajiado County, Kenya 


PRESENTER: Austine Bitek 


COUNTRY: Kenya 


Brucellosis is a common bacterial zoonotic infection, but there is limited data on burden of the 
disease in Kenya for humans and animals. To generate data to inform prevention and control 
strategies, we conducted a longitudinal study to determine incidence of brucellosis in humans 
and animals and estimate its socio-economic impact at the household level among a pastoralist 
community in Kajiado. 


All households and their livestock in four sub-locations in Kajiado County were enrolled for 
follow-up for 12 months from 2015 to 2016. A subset of their livestock were recruited in to the 
study after screening for Brucella using RBPT, and sera was collected every four months and 
tested for Brucella IgG antibodies using ELISA. Incidence in humans was calculated from the 
number who were determined to be acutely ill with brucellosis from among those who presented 
at study health facilities, while incidence in livestock was the number of livestock that sero-
converted for brucella antibodies between two sampling points. To calculate economic losses, 
direct losses in livestock were calculated using parameters derived from the incidence study 
and literature, and the results were analyzed in an analytical economic model. 


801 households with a total of 4,729 humans and their 5,746 livestock were recruited in the 
study. Of the household members enrolled, 52% (n=2475) were males. The mean household 
(HH) size was 6 persons (range 1 – 19). Average HH income over a 3 months period was $ 820 
(range $100 - $ 16,000). Overall incidence rate of brucellosis in livestock on ELISA sero-
positivity between the first and the second visit was 0.0076 (8/1,000) cases per animal; 3 
months at-risk equivalent to 0.0304 (30 animals per 1,000 animal-year at risk). Total direct 
losses due to brucellosis in livestock was estimated to be KES 6.6 Million (USD 66,000). The 
losses due to abortion accounted for 54% of the total losses in livestock. Estimated out of 
pocket expenditures incurred by HHs was $12.2 per human case (range $2 -$100). This study 
reports a high burden of brucellosis in humans in a pastoral community in Kajiado with 
substantial economic losses arising from brucella infection in livestock at the household level. 
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Lugar Center Regional Integration: Kafkas University Partnering for 
Molecular Epidemiology of Bacillus anthracis and Brucella species in 
Turkey 


PRESENTER: Ketevan Sidamonidze  


COUNTRY: Georgia 


It is vital that effective collaborative links are built between the National Center for Disease Control 
and Public Health (NCDC), Richard G. Lugar Center for Public Health and institutions in 
neighboring countries to tackle shared common bacterial threats. Kafkas University’s veterinary 
school, located in the northeastern Turkish city of Kars, serves a primarily agricultural region 
adjacent to the Georgian/Turkish border; diseases including anthrax and brucellosis, are endemic 
in these regions. Molecular typing tools were outdated at Kafkas. A study using the high-resolution 
molecular tools available at NCDC Lugar Center on common bacterial strains (Bacillus anthracis 
and Brucella spp.) on both sides of the border was developed. To achieve this aim, a team at the 
Lugar Center supported by WRAIR provided training to researchers from Kafkas University in the 
use of the state-of-the-art capabilities available at the Center. The project consisted of three main 
technical elements: bacterial DNA extraction; molecular analysis of B. anthracis; and molecular 
analysis of Brucella spp. Overall, 60 bacterial isolates including B. anthracis (n=30) and Brucella 
spp. (n=30) from Turkey were analyzed at the Lugar Center using multiple locus variable number 
tandem repeat analysis (MLVA) and single nucleotide polymorphisms SNP. MLVA and SNP 
typing results show genetic homogeneity of Georgian and Turkish B. anthracis strains, which may 
be caused by migration of the pathogens across the Georgia-Turkey border over time. This study 
also resulted in successful capacity-building efforts for pathogen typing for the Turkish 
researchers from Kafkas University.  
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Regional Study of the Ecology of Anthrax Foci in Georgia and 
Azerbaijan  
 
PRESENTER: Lile Malania  
 
COUNTRY: Azerbaijan 


Anthrax is a livestock-borne zoonotic disease that is endemic in the South Caucasus region. It is 
hypothesized that both human and environmental factors affect the migration of Bacillus 
anthracis strains across borders and throughout regions. This study evaluates the following: (1) 
identify regional foci and spatial risk factors of anthrax to improve surveillance and 
documentation of the disease; (2) assess the genetic relationships of environmental B. anthracis 
isolates to better understand the organism’s ability to persist in the environment and to allow for 
improved epidemiologic “trace-back” of human and livestock infections; and 3) collaborate on 
regional issues related to the control and management of a re-emerging infectious disease by 
sharing local/regional predictions of risk and molecular profiles of the pathogen. Collaborators 
from both Georgia and Azerbaijan have collected and tested soil samples for the presence of B 
anthracis. Positive samples were molecularly characterized and were examined using 
multilocus variable number tandem repeat analysis (MLVA), as well as global and regional 
single nucleotide polymorphisms (SNPs), including a well-established Georgian SNP typing 
panel. Spatial genetic pattern analysis and risk factor mapping were conducted using 
geographic information system. In turn, this regional collaboration will provide the potential for 
the cooperative development of strategies for the control and trans-boundary management of 
this disease. 
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Regional Study of the Ecology of Anthrax Foci in Georgia and 
Azerbaijan 


PRESENTER: Rita Ismayilova 


COUNTRY: Azerbaijan 


Anthrax is a livestock-borne zoonotic disease that is endemic in the South Caucasus region. Not 
much is known about the regional epidemiology of this pathogen nor the transboundary factors 
related to its persistence. The aim of this collaborative (Azerbaijan and Georgia) effort was to 
ascertain both human and environmental factors that may affect migration of Bacillus anthracis 
strains across borders and through regions. There are seven Azerbaijan rayons (Gazakh, 
Agstafa, Tovuz, Samukh, Gakh, Zagatala, and Balakan) bordering Georgia with recurring cases 
of both human and animal anthrax; from those, 30 villages were selected for sample collection. 
Samples were to be collected from known animal burial sites and areas of previous 
contamination, as evidenced by livestock outbreaks or human case records. Organisms isolated 
from the collected soil samples were to be characterized by biochemical methods (Gram stain, 
motility, Trypticase Soya Broth) and then by gamma phage. The nucleic acids extracted from 
presumptive positive samples were to be tested by PCR using Amplisense kits on BioRad.   


A total of 804 soil samples have been collected from five rayons Nov 2015 - Sept 2016. From 
the 768 processed, over 200 samples exhibited colony morphology suggestive of B. anthracis; 
10 were deemed positive by gamma phage. DNA extractions from 60 presumptives (by 
biochemistry and gamma phage) have been sent to Georgia Lugar Center for genotyping in 
April 2016 and were negative for B. anthracis.  The samples should be retested by Tetracore 
PCR kit.  
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Environmental Surveillance of Burkholderia pseudomallei, Pilot Study in 
Lao PDR 


PRESENTER: Rosalie Zimmerman  


COUNTRY: Lao PDR 


The environmental bacterium Burkholderia pseudomallei (Bp) is the causative agent of 
melioidosis and a Tier 1 Select Agent. Bp is endemic in tropical soils and has been found in 
surface waters. To investigate the distribution of this pathogen in Lao PDR, its occurrence in 
rivers, and associated environmental factors, we studied 23 rivers (including the Mekong) in the 
South, Center and North of the country, applying culture-based methods and a specific 
quantitative real-time PCR assay to water filters and streambed sediments. Geochemical 
measurements included turbidity, a proxy for suspended sediment load which was measured 
on-site using a turbidity meter and confirmed in the laboratory by dry weight measurements. Bp 
was present in 9% of the rivers in the dry season. In contrast, we found Bp in the water of 57% 
of the rivers in the rainy season, 35% of them with associated Bp-positive sediments. Turbidity 
correlated positively with Bp presence (p=0.01). All Bp positive rivers were situated in the South 
and Center of the country. Our preliminary results provide evidence for a heterogeneous spatial 
and temporal distribution of Bp in Lao PDR. The seasonal dynamics and predominant 
occurrence of Bp in particle-rich water and the lower yield in sediments suggest that Bp is 
washed out with eroded soil during periods of heavy rainfall and transported by rivers. These 
findings will contribute to improved Bp risk modelling and health management strategies. 
Further laboratory and statistical analyses, including additional geochemical factors, and land-
cover data analyses using geographic information systems, are in progress. 
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Melioidosis Research Coordination Network 


PRESENTER: Direk Limmathurotsakul  


COUNTRY: Thailand 


Melioidosis is caused by Burkholderia pseudomallei, a Tier 1 select agent and an environmental 
bacterium commonly found in tropical countries. It is estimated that 89,000 deaths were caused 
by melioidosis per year worldwide. However, melioidosis remains under-reported due to its 
diverse clinical manifestation, incapacity of bacterial isolation and identification in low-resource 
settings, and limitation of national notifiable diseases surveillance systems in low and middle-
income countries (LMICs). The unawareness of the disease becomes problematic for policy 
makers, clinicians and researchers in many LMICs because melioidosis is not perceived as a 
threat.  


To solve the problems, the Melioidosis Research Coordination Network (RCN) was developed. 
The RCN aims (1) to make data of total number of culture-confirmed melioidosis cases and 
deaths worldwide openly available for policy makers, clinicians, funders and researchers 
worldwide, and (2) to support connections and communications among those stakeholders.  


The RCN working group will call for information from clinicians and researchers at any hospitals 
or institutions worldwide for the total number of culture-confirmed melioidosis cases and deaths 
they observed yearly from 2012 to 2016. We will curate and make those data openly available 
on www.melioidosis.info. The system will be quite similar to PROMED but better curation and 
better supports from funders and melioidosis research community. The RCN will make the 
information of data contributors clearly available so that funders and other researchers know 
where they can fund melioidosis research and find collaborators, respectively. The RCN will 
also make information about potential support from contributors available, including bacterial 
identification and biosafety support.   
  



http://www.melioidosis.info/
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Session 10: Emerging Infectious Diseases 


Enhancing Capacity for Case Detection and Diagnosis of Febrile 
Zoonotic-related Cutaneous Lesions in Georgia 


PRESENTER: Mary Reynolds  


COUNTRY: Georgia 


In the summer of 2013 an outbreak of febrile rash illness in herders in the Akhmeta region of 
Georgia was linked to a novel Orthopoxvirus (OPXV). The unique genetic profile of this 
emerging zoonotic disease made it difficult to identify using the existing molecular assays for 
OPXV species. Two other OPXV isolates have been identified in Georgia. One was found in 
1986 in a rodent in the southeastern part of the country; the other was recently identified by the 
National Center for Disease Control and Public Health of Georgia (NCDC) and the Centers for 
Disease Control and Prevention (CDC) Poxvirus laboratory in a retrospective analysis of a 
suspected anthrax case that occurred in 2010. Activities undertaken by CDC Headquarters in 
conjunction with the CDC South Caucasus Office are part of a collaborative effort comprising 
three complementary proposals. The goal of these combined efforts is to: 1) identify the 
geographic distribution and natural hosts of the known virus, 2) determine if any other such 
viruses occur in this region, 3) investigate the impact of OPXV infection on dairy production and 
to at-risk individuals, and 4) increase in-country capacity to detect, identify, and respond to 
future outbreaks. Activities are approached through a One Health framework, promoting timely, 
actionable communication among in-country counterparts representing the animal and human 
health sectors.  
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Enhancing Capacity for Case Detection and Diagnosis of Febrile 
Zoonotic-related Cutaneous Lesions in Georgia 


PRESENTER: Ana Gulbani  


COUNTRY: Georgia 


The discovery of a new Orthopoxvirus demonstrates the need for poxvirus detection and 
diagnosis capacity in Georgia (country). Human illness caused by this virus has implications for 
differential diagnosis of cutaneous lesion-producing zoonotic infections, principally anthrax. 
Simultaneously, animal infection may impact agricultural productivity and food safety. Therefore, 
accurate detection and case diagnosis is important for both humans and domestic animals. In 
collaboration with the CDC Atlanta, we are working to enhance capacity to detect, diagnose and 
report Orthopoxvirus infections. Health-care workers will be trained to recognize zoonotic-
related cutaneous lesions to detect human cases; NCDC personnel will be trained to collect 
clinical specimens from patients with such lesions and from the rodents; NFA and regional 
veterinarians will be trained to recognize lesions associated with orthopoxviruses among 
domestic and wild animals as well as field collection of pertinent animal specimens. Emphasis 
will be placed on field and laboratory biosafety. Additionally, CDC Atlanta Poxvirus Team 
members will provide training for animal (LMA) and human sample (NCDC) processing with 
rapid qPCR-based diagnostic tests and serologic assays for case diagnosis. Retrospective case 
diagnosis is needed as testing by rapid qPCR on anthrax-negative samples has already 
identified an orthopox positive sample, thus warranting further investigation on stored samples. 
New assays will be developed and assessed for detecting any new orthopoxvirus variants in 
humans, rodents, domestic and wild animals found in Georgia.  Activities will result in improved 
capacity for efficient identification of emerging orthopoxviruses, as well as biosurveillance 
capacity for orthopoxviruses in human and animal populations.  
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Multi-Year Prospective Cohort Study to Evaluate the Risk Potential of 
MERS-CoV  


PRESENTER: Sazaly Abubakar  


COUNTRY: Malaysia 


Since its first appearance in 2012, the Middle East respiratory syndrome coronavirus (MERS-
CoV) has emerged as a serious public health threat of global concern. As of December 2016, 
the World Health Organization has been notified of 1,879 laboratory confirmed cases and the 
case fatality rate is estimated at 35%. Beyond its high fatality rate, significant concern lies in the 
potential for MERS-CoV to spread beyond the Middle East, as was recently witnessed in the 
South Korea. In collaboration with the Ministry of Health Malaysia (MoHM) and the Malaysia 
Hajj Pilgrims Fund Board (MHPFB), a multi-year cohort of pilgrims departing for Hajj from 
Malaysia has been established to assess the risk that MERS-CoV infection poses to travellers 
to the Middle East. Pre- and post-pilgrimage blood specimens were collected for serologic 
analysis to estimate MERS-CoV exposure rates, while survey data will be used to stratify the 
risk of exposure by factors such as age, gender, geographic regions visited during the 
pilgrimage. For the 2016 Hajj cohort, a total of 568 participants were enrolled and 367 (65%) 
submitted to post-pilgrimage blood draws and data collection upon their return from the Hajj. To 
date, paired blood samples (pre- and post- pilgrimage) from 318 participants have been 
analyzed by ELISA for the presence of IgG antibodies to MERS-CoV. Preliminary findings 
suggest at least three individuals showed increases in MERS-CoV specific IgG titers post-Hajj. 
Confirmatory microneutralization assay is ongoing and planning has started for the 2017 Hajj 
cohort studies. 
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Middle East Respiratory Syndrome Coronavirus (MERS-CoV): 
Surveillance for Distribution and Prevalence in Kazakhstan 


PRESENTER: Mukhit Orynbayev 


COUNTRY: Kazakhstan 


Middle East Respiratory Syndrome (MERS) is a viral respiratory illness caused by a recently 
identified zoonotic coronavirus, MERS-CoV, which is transmitted from camels to humans. The 
southern border regions of Kazakhstan contain more than 150,000 camels, which creates the 
potential for endemic circulation of the virus. Bats have also been associated with presence of 
the MERS-CoV, and there are 24 species of bats which may carry related coronaviruses. Due to 
camel trade with MERS-CoV endemic areas, the project hypothesizes that MERS-CoV is likely 
present in the Kazakhstani camel population. One of the objectives is to determine the sero-
prevalence and epidemiology of MERS-CoV in adult and juvenile camels in seven regions of 
Kazakhstan to verify the prediction that camel populations in Kazakhstan have been exposed to 
and generated antibodies against MERS-CoV. Also, the MERS-CoV genetic diversity in camels 
across Kazakhstan will be determined as will the identity of coronaviruses in Kazakh bats. The 
project has been approved by DTRA and kick-off was held on 14 October 2016. The lead 
institute for the study, KZ’s Research Institute for Biological Safety Problems (RIBSP), has 
submitted paperwork requesting permit from Ministry of Agriculture for sample collection for the 
study. RIBSP also reported that they have a small group of pre-existing samples from camels 
and bats in storage that may be of use to the project. RIBSP is currently seeking to identify the 
location of camel farms that have interaction with camels from the Middle East. Drs. Ian 
Mendenhall and Gavin Smith from Duke-NUS Medical School are collaborators for the study. 
Currently materials and reagents are being procured.  
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Global Health, Emerging Infectious Diseases, and Food Safety 
Implications of Bushmeat Consumption In Tanzania 


PRESENTER: Joram Buza  


COUNTRY: Tanzania 


“Bushmeat”, the meat and organs derived from wildlife species, is a major source of protein in 
many parts of Africa, and is often hunted illegally and transported to markets in unsanitary 
conditions, thereby representing an important conduit for the transmission of zoonotic 
pathogens. Despite considerable evidence that select agents, including Bacillus anthracis, 
Brucella and Coxiella, are frequently found in animals harvested for consumption in Tanzania, 
their distribution in bushmeat and the related human health risks are not known.  To fill this 
critical knowledge gap, we have initiated a program to map the distribution of especially 
dangerous pathogens in bushmeat from three major ecosystems in Tanzania (Serengeti, 
Ruaha-Rungwa, Selous-Mikumi) during wet and dry seasons to capture spatial and seasonal 
variation in pathogen prevalence.   


Preliminary PCR based-analyses of more than 500 fresh and dried bushmeat samples collected 
from 25 villages in the Western Serengeti revealed nucleic acid signatures of Bacillus anthracis 
and Brucella species in bushmeat.  Further, host species identification with PCR sequencing of 
the cytochrome B gene suggests initial misclassification by bushmeat traders in a significant 
fraction (~ 40%) of the samples.  Together with 16S rDNA based microbiome profiling, our 
preliminary investigations reveal the presence of major zoonotic pathogens, in bushmeat in 
Tanzania, and provide an opportunity to discover novel emerging pathogens.  In the long-term, 
our research is positioned to provide a rational basis for defining and mitigating the public health 
risk associated with the harvesting, trade, and consumption of bushmeat in Tanzania. 
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Etiology of Severe Acute Respiratory Infections in Kuala Lumpur, 
Malaysia 


PRESENTER: Jamal I-Ching Sam 


COUNTRY: Malaysia 


The epidemiology of severe acute respiratory infections (SARI) in adults in Asia is relatively 
understudied, but of critical global importance. This is because of the potential emergence from 
this region of rare/new pathogens posing a pandemic threat or a danger as potential weapons of 
mass destruction. Malaysia, situated in Southeast Asia, a known hotspot for emerging diseases, 
has had previous imported human cases of SARS-CoV, MERS-CoV, and H7N9, and H5N1 in 
birds. Melioidosis, caused by Burkholderia pseudomallei, is also endemic in Malaysia. Kuala 
Lumpur, the capital, is a major travel hub for immigrants and tourists. We hypothesize that 
potential biological threats do cause SARI in Malaysia, but that these remain largely 
undiagnosed due to lack of awareness and laboratory diagnostic capacity. Therefore, we 
propose to study the etiology of SARI in adults admitted to a teaching hospital in Kuala Lumpur 
over 3 years. We will establish a comprehensive panel of molecular assays to detect respiratory 
viruses and bacterial select agents, supplementing existing diagnostics for bacteria and 
mycology. This will enable our centre to detect sporadic cases and outbreaks of respiratory 
agents which are potential global threats. We propose a workshop for biosafety practices in 
diagnostic microbiology laboratories, and a practical workshop to teach these newly established 
assays to other laboratories in the country, thereby enhancing national capacity to safely 
diagnose these agents, and contribute to threat reduction. In addition, a number of samples 
testing negative to known viral agents will be analysed by next-generation sequencing for 
potential viral pathogen discovery.  
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Session 11: Epidemiology & Biosurveillance – Group 2 


One Health Surveillance for Brucellosis in Armenia 
 
PRESENTER: Valerie Ragan 
 
COUNTRY: Armenia 


Brucellosis is a highly infectious zoonotic disease caused by bacteria of the genus Brucella.  It is 
reported to be the most common zoonotic disease worldwide.  The disease causes abortion, 
infertility and reduction in milk production in animals and a serious, recurring febrile condition in 
man which may become chronic and may affect any organ of the body. Successful treatment of 
the chronic form is very difficult.  No effective treatment for brucellosis in animals has been 
described.  The incidence of brucellosis in humans in unknown, but is suspected to be between 
10 and 25 times larger than indicated by the number of cases reported to public health 
agencies. 


Prevalence of brucellosis in humans and animals in Armenia and neighboring countries is 
known to be significant.  However, due to the fact that comprehensive surveillance for the 
disease is lacking in both the human and animal populations, and the lack of shared data 
between human and animal health authorities, little can be said with certainty about how 
widespread the disease is in either population.   


A “One Health Surveillance for Brucellosis in Armenia” project has just been initiated whose 
objective is to strengthen coordination and collaboration between the Ministry of Health and the 
Ministry of Agriculture during epidemiological and outbreak investigations of brucellosis, and 
increase the understanding of the disease burden in Armenia.  A project outcome will be a draft 
document outlining a comprehensive surveillance and control system for brucellosis in Armenia.   


  







 


 62 


 


Acute Febrile Illness in Uganda 


PRESENTER: Denis Byarugaba  


COUNTRY: Uganda 


Acute febrile illness (AFI) causes significant morbidity and mortality in the tropical countries 
including Uganda. While part of it is caused by malaria and other common treatable infections, a 
significant part is caused by unknown agents. VHFs have particularly occurred recently with 
more frequency in Uganda and the region.  This study is undertaking systematic investigations 
to determine the occurrence of the select agents and other previously unknown highly 
pathogenic pathogens with potential for causing pandemic threats. The work leverages upon 
existing field and laboratory research capabilities within Makerere University Walter Reed 
Project (MUWRP) in the country. The project does sampling from already existing sentinel 
surveillance sites. We collect and test at least 26 samples from AFI patients per month from at 
least five geographically diverse hospital sentinel sites (Gulu, Mulago, Jinja, Bwera and Bombo 
Hospitals). In addition, disease vector distribution and mapping is being undertaken through 
vector collection and identification and climate data analysis for ecological niche modeling and 
risk assessment. The study is expected to generate data that contributes to create in-country 
capabilities for more robust systems for early detection and prediction of outbreaks and rapid 
response and to define risk factors and vector distributions important for long-term surveillance, 
early detection and rapid response, and intervention strategies in contribution to global 
biological threat reduction. 
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Infectious Etiologies of Acute Febrile Illness in the Azerbaijan Military 


PRESENTER: Surkhay Mammadov 


COUNTRY: Azerbaijan 


Mortality rate attributable to infectious and parasitic diseases in Azerbaijan is 16.4 deaths per 
100,000 population.  After the collapse of Soviet Union, healthcare and public health 
deterioration created severe gaps in accessibility and allowed for emergence/re-emergence of 
infectious diseases.  Epidemiological information about infectious syndromes in Azerbaijan is 
very limited, compounded by the lack of appropriate diagnostic assays and febrile illness 
knowledge, precipitating unconfirmed clinical diagnoses for most febrile illnesses.  Infectious 
etiologies of acute febrile illness (AFI) among Azerbaijan military members have not been 
studied, thus causative etiologies are unknown. In the proposed study serum samples from 
patients with undifferentiated febrile syndrome will be tested for Brucella spp., Dengue, WNV, F. 
tularensis, rickettsia, Q fever, hantaviruses, CCHF and TBE using standard ELISA assays.  
Positive or indeterminate ELISA results will be confirmed using PCR or IFA.  All laboratory 
analyses will be done at the Epidemiological Monitoring Station of the Ministry of Defense in 
Baku City.  Most etiologies to be targeted are considered potential biological weapon agents.  
Identification of these along with incidence and probable transmission pathway will significantly 
increase preparedness of the Azerbaijan military medical system, develop sustainable biological 
agent detection capabilities, and contribute health surveillance data for Ministry of Defense 
(MoD) force health protection policy.  This study will significantly improve laboratory skills for 
diagnosis to improve clinical management of AFI.  In addition, findings will improve the 
capability to differentiate between infections with similar nonspecific clinical syndromes that are 
not currently diagnosed or are presumably underreported among military personnel in 
Azerbaijan.                                                                                    
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Prevalence, Epidemiological Surveillance, and Laboratory Analysis of 
Coxiella burnetii in Georgia 


PRESENTER: Ana Gulbani 


COUNTRY: Georgia 


Q fever is a zoonotic bacterial disease resulting from infection by the bacteria Coxiella burnetii. 
The goal of this study is to (1) investigate the seroprevalence of C. burnetii among exposed 
cattle and small ruminants across Georgia, (2) establish active surveillance and detection of 
cases of Q fever across Georgia, (3) collect isolates from veterinary cases, (4) implement and 
evaluate new diagnostic methods, and (5) study C. burnetii using GIS and DNA sequencing and 
genotyping. Samples were collected from nine regions by the National Food Agency (NFA) of 
the Ministry of Agriculture (MoA): 16,343 blood, 15,269 serum, 3,970 milk, and 5,156 swab 
samples were collected from these animals. Samples were tested by immunofluorescent assay 
(IFA), polymerase chain reaction (PCR), and bacteriology to detect C. burnetii. For IFA, 8,688 
samples were tested: 218 were Phase I positive and 42 Phase I susceptive samples; and for 
Phase II 40 samples were positive, and 34 susceptive. In total, 1,311 samples were tested on 
ELISA: 1,218 were negatives, 76 positives, and 17 susceptive. We have tested 10,310 PCR 
samples and seven were positive.  Bacteriological tests were performed on serologically 
positive/ susceptive samples, and PCR positive samples (n=340). Currently, we have isolated 
two cultures (confirmed by PCR).  Due to the amount of sample processing, the project has 
been extended, and research is going. 


  







 


 65 


 


Prevalence of Brucella Species and Bluetongue Virus Serotypes among 
Domestic Livestock or Ruminants in Southern Kazakhstan 


PRESENTER: Nurlan Sandybayev  


COUNTRY: Kazakhstan 


Brucellosis and Bluetongue (BT) are high consequence infectious diseases that affect domestic 
animals in Kazakhstan and worldwide. Brucella spp. and an array of Bluetongue virus (BTV) 
serotypes are considered endemic in Southern Kazakhstan where the largest concentration of 
cattle, sheep and goat herds in the country are located. Southern Kazakhstan is thought to be at 
high risk for these two diseases. The project will determine the prevalence of circulating Brucella 
spp. and BTV serotypes over a period of two years in domestic cattle, sheep and goat holdings 
in Southern Kazakhstan. A disease survey is the first step to link distribution of brucellosis and 
bluetongue with potential risk factors. The project has been approved by DTRA and kick-off was 
held on 14 October 2016. The lead KZ partner, the Research Institute for Biological Safety 
Problems (RIBSP), has submitted paperwork requesting permit from Ministry of Agriculture for 
sample collection for the study. RIBSP has reported the BSL-3 laboratory has been validated 
and BSL-3 staff and KZ-32 participants received BSL-3 facility training. RIBSP has developed 
13 SOPs focused on sample collection and transport which are currently being reviewed by the 
collaborators. RIBSP is working closely with collaborators and CBEP’s BTRIC (CH2M) to 
prioritize items for procurement of laboratory supplies. Dr. Risatti (University of Connecticut), 
Drs. Elzer and Hagius (Louisiana State University Agricultural Center) are collaborators for the 
study.  
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Identification of Etiology, Clinical Outcomes, Incidence, and 
Epidemiological Patterns of Hospitalized Febrile Patients in Armenia 


PRESENTER: Lilit Avetisyan  


COUNTRY: Armenia 


Background: Hospitalized patients with fever represent a diagnostic challenge for physicians. 
Scant information is available on identification of etiology, clinical outcomes, and 
epidemiological patterns of hospitalized patients with fever in “Nork” Infectious Clinical Hospital. 
The goal of this study was to describe the most common causes, with a focus on zoonotic and 
arboviral infections.  


Methods: Medical records of hospitalized patients with fever were retrospectively reviewed in 
2014. Data were abstracted from medical charts of adults (≥ 18 years) with a fever (≥ 38°C), 
who were hospitalized (for ≥ 24 hours) in 2010–2012.  


Results: Of the 600 patients whose charts were analyzed, 76% were from Yerevan and 51% 
were male; the mean age was 35.5 (± 16) years. Livestock exposure was recorded in 5% of 
charts. Consumption of undercooked meat and unpasteurized dairy products were reported in 
11% and 8% of charts, respectively. The most common signs or symptoms reported were 
fatigue (97%), diarrhea (56%), nausea/vomiting (54%), shaking (52%), and abdominal pain 
(46%). The mean duration of hospitalization was 5.5 days. The most common physical 
examination findings reported were: pallor (64%), abdominal tenderness (52%), pharyngeal 
injection (43%), and lymphadenopathy (35%). Twenty-four percent of patients received 
antibiotics prior to hospital admission. Intestinal infections of known (30%) and unknown (21%) 
etiology were the most frequently reported final medical diagnoses, followed by diseases of the 
respiratory system (11%), infectious mononucleosis (9.5%), chickenpox (8.3%), brucellosis 
(8.3%), viral hepatitis (3.2%), and erysipelas (1.5%).  


Conclusions: Half of the patients were diagnosed with enteric infections, nearly half of these had 
no clear etiologic agent. Brucellosis was the most frequently reported zoonotic disease. Solitary 
cases of anthrax, leptospirosis, FUO, imported malaria, rickettsiosis, and rat-bite fever were also 
reported. Further prospective studies are required to identify risk factors associated with febrile 
illnesses, as well as to estimate the burden of selected arthropod-borne and zoonotic infections.  
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Human Disease Epidemiology and Surveillance of Especially Dangerous 
Pathogens in Georgia 


PRESENTER: Irma Burjanadze  


COUNTRY: Georgia 


Especially Dangerous Pathogens (EDPs), or select agents, represent a major concern for global 
public health. These highly pathogenic agents have the potential to be weaponized. Our project 
was designed to expand on the successes of the Cooperative Biological Engagement Program 
Collaborative Biological Research and TADR surveillance efforts, and examine the human 
disease incidence and prevalence of pathogens of public health and biodefense in Georgia. 
This project has three aims: (1) to study the epidemiology and clinical manifestations of selected 
pathogens among patients with undifferentiated fever and hemorrhagic fever/septic shock; (2) 
study the seroprevalence of selected pathogens in humans in Georgia; and (3) implement and 
evaluate diagnostic methods for selected pathogens and monitor patterns of antimicrobial 
resistance in identified bacterial infections. Laboratory surveillance for acute undifferentiated 
febrile illness (AUFI) was established in three major Georgian hospitals by the National Center 
for Disease Control and Public Health in collaboration with the U.S. Navy Medical Research 
Unit-3 and USAMRIID. Pathogens that are studied in the seroprevalence protocol include 
Bacillus anthracis, Brucella species, Crimean-Congo hemorrhagic fever virus, Coxiella burnetii, 
Francisella tularensis, Hantavirus, Rickettsia species, and tick-borne encephalitis virus.  
Furthermore, several other pathogens were tested to develop a comprehensive differential 
diagnostic algorithm and antibody prevalence of similar diseases. In patients treated at 
participating hospitals with an undifferentiated febrile illness were tested and involved in the 
developing process for a comprehensive diagnostic algorithm. Currently, 98.9% of 
seroprevalence tests and 69.4% of febrile studies are completed. These are preliminary results 
of screening trial; confirmatory testing continues. 
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The Epidemiological Status of African Swine Fever in Domestic Swine 
Herds in the Tavush Marz Region, Republic of Armenia 


PRESENTER: Gene Godbold  


COUNTRY: Armenia 


The factors associated with the spread and persistence of African Swine Fever (ASF) in the 
Caucasus Region remain to be fully identified. It is assumed that large naïve domestic, free-
ranging, and wild pig populations are critical to disease transmission and maintenance. 
Nonetheless, nine years since its epidemic introduction in the region in 2007, the virus that 
causes ASF is still circulating suggesting that an endemic cycle is established where contact 
between free ranging domestic pigs, wild pigs, and probably native Ornithodoros ticks serve as 
reservoirs. Thus, research is required to gather information on the epidemiological status of ASF 
in the Caucasus Region focusing on understanding modes of ASFV spread and persistence in 
the area  


An active surveillance program was established in Armenia to determine the epidemiological 
status of ASF focusing on an area at high risk, Tavush marz. This region was the first to report 
the presence of ASF in Armenia in 2007 and 2010-2011. It is the main terrestrial point of entry 
for traffic into Armenia and it shares a border with Georgia where the disease was introduced. 
Most pigs in Tavush are kept in backyard operations and allowed to free-forage, providing 
contact with wild pigs and ticks. 


A total of 1,506 pigs were sampled from small-scale farms clustered in 30 communities across 
the marz. Samples were taken from the sera, complete blood, and nasal swabs tested by 
ELISA, IPA, and qPCR. Fifty nine ticks were collected, but the Ornithodoros was not found 
among them. All samples were negative for ASFV and ASFV antibodies suggesting that AFSV 
is not circulating in the sampled population.  


Since sporadic ASFV outbreaks in domestic pigs have continued to occur in the Caucasus, the 
capacity for long-term environmental survival should be investigated. Further research is 
required on the epidemiological status of ASF in ticks and swine populations deemed at high 
risk for ASF.  
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Session 12: Arthropods and Arboviruses 


Investigation of Mosquito and Tick-Borne Arboviruses in Southeastern 
Azerbaijan 


PRESENTER: Rita Ismayilova  
 
COUNTRY: Azerbaijan 


Twelve different arboviruses were identified between 1967 and 1980 in humans and animals in 
Azerbaijan. Despite the known presence of arboviruses, very little vector-borne pathogen 
research has been conducted within Azerbaijan since then. TAP-13 project is designed to 
identify selected arboviruses and their arthropod vectors in southeastern Azerbaijan (Lankaran, 
Masalli and Gizil-Aghaj State Reserve). The aim of the project was to facilitate the development 
of effective strategies for the biosurveillance, control, and mitigation of four arboviral pathogens 
(CCHF, TBE, Sindbis and WNV) and their arthropod vectors.  


The project was initiated in August 2016 and is being implemented at Lankaran Anti-Plague 
Division (APD) with mentorship of the Republican Anti-Plague Station (RAPS). The UK Public 
Health collaborators provided two PCR trainings in Lankaran APD (November and April, 2016). 
Arthropods were collected from three regions in October 2015, April and May, 2016 using cloth 
dragging and livestock collection of ticks, as well as mosquito collection using CDC-light and 
BG-sentinel traps. Coordinates were recorded via GPS.  


Out of 1,777 collected ticks, 1,606 ticks have been counted, identified, and sorted.  590 tick 
pools have been prepared; 46 pools have been homogenized, extracted, and tested for TBE, 
Tamdy and West Nile viruses, and all were negative. Out of 5,217 collected  mosquitoes, 
1,152  have been counted, identified, and sorted. 96 pools have been prepared. 37 mosquito 
pools were tested for West Nile and Sindbis viruses, and all were negative.  


The project was temporarily halted, but will resume February 2017.  
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Analysis of Previously Identified Rickettsia Positive Georgian Ticks by 
Multi-locus Sequence Typing  


PRESENTER: Roena Sukhiashvili  


COUNTRY: Georgia 


Preliminary studies have shown the presence of three spotted fever group rickettsiae (SFGR) 
species among ticks in Georgia: R. aeschlimanii, R. raoultii, and R. slovaca. The identity and 
prevalence of other Rickettsia species in ticks have not been determined. The overall goal of 
this project was to improve the surveillance of tick-borne pathogens in Georgia in the context of 
rickettsial diseases. This project used the Rickettsia-positive tick samples collected in Georgia 
from GG TAP-4 project. All tick samples were previously entered into a database, and pertinent 
sample information and GPS location data were recorded. The tick DNA preparations from the 
tick samples were tested using multi-locus sequence typing (MLST) to identify which Rickettsia 
species were present. Tick samples were not collected from the field; only tick DNA 
preparations already tested for Rickettsia were utilized. Overall, nine species were found among 
12 different tick species from five different genera: Ixodes, Hyalomma, Haemaphysalis, 
Dermacentor, and Rhipicephalus. Geographical distribution maps of Rickettsia –infected ticks 
that were developed in eight regions eastern and western Georgia showed that the most 
common Rickettsia species were: R. raoultii, R. slovaca-also, R. aeschlimannii, and R. 
monacensis. For the first time the SFGR species R. massiliae, R. monacensis, R. conorii subsp. 
conorii, R. hoogstraalii, R. helvetica and Ca. R. barbariae were detected in ticks from Georgia.  
High prevalence and wide distribution of Rickettsia species among ticks make rickettsiosis a 
potential public health problem in Georgia. 
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The Role of Arboviruses as a Cause of Undifferentiated Febrile Illness in 
Sindh, Pakistan 


PRESENTER: Erum Khan 


COUNTRY: Pakistan 


The objective of this study was to develop training in arboviral diagnostics and surveillance, to 
determine the burden of mosquito-borne viruses that can be used as biological agents of 
warfare. The Pakistani collaborators then trained other public health practitioners in Pakistan to 
expand arboviral diagnostics and surveillance capabilities. We recorded the presence of several 
co-circulating arboviruses in Pakistan. Our data show that a significant percentage of patients 
presenting with undifferentiated fever are afflicted with at least one arbovirus with 14.2% of 
patients infected with dengue or West Nile virus, 3% with chikungunya virus, and 10.7% with 
Japanese encephalitis virus. Diagnostic techniques developed through this project helped in the 
early diagnosis of Chikungunya during the Nov-Dec 2016 outbreak in Karachi. We published 
one paper disseminating preliminary project data and are currently drafting several more papers 
for publication in the coming year. Additionally, based on data from this project, a team member 
was awarded a 12-month Fellowship in One-Health by the National Academy of Science for 
2016-2017.  


During the next reporting period, we will complete validation via PRNT for all samples. In light of 
the global outbreak of Zika virus, we will screen our samples for Zika virus. We will present data 
at several conferences this year. 
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Event Logistics and Local Information 


Venue Information 


 
2017 Science Program Review Meeting Site 


 
Hilton Alexandria Mark Center 


5000 Seminary Road 
Alexandria, Virginia 22311 


(703) 845-1010 
 
 
 


Hilton Alexandria Mark Center Shuttle Services 


National Airport/Pentagon City Mall & Metro 


The Hilton Alexandria Mark Center offers a complimentary shuttle service 
seven days a week from 6:00 AM to 10:30 PM.  


The vans depart from the front of the Hotel on the hour and half hour (i.e. 
6:00 AM, 6:30 AM, 7:00 AM, 7:30 AM) with the last departure at 10:00 PM. 


The shuttle arrives at Pentagon City Mall/Metro (Blue and Yellow Lines) at 
approximately 10 minutes and 40 minutes after the hour. The shuttle then 
continues on to Ronald Reagan Washington National Airport and returns to 
the hotel. 


The last pick up at Pentagon City is at approximately 10:40 PM and the last 
van arrives to the airport at approximately 20 minutes and 50 minutes after 
the hour.  


Ronald Reagan Washington National Airport pick-up occurs on the arrival 
level at the “Hotel Shuttle” pick up locations in Terminal A, Terminal B (Door 
5) and Terminal C (Door 9). Our last pick up at Ronald Reagan Washington 
National Airport is at approximately 10:50 PM. Please make sure to mention 
the shuttle to the Hilton Alexandria Mark Center, as there are several Hilton 
Hotels in the area. 
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King Street Shuttle 


The Hilton Alexandria Mark Center offers a complimentary shuttle service 
Monday through Friday that departs from the front of the hotel each hour from 
3:15 PM to 9:15 PM. This shuttle is direct to the King Street Metro station in 
Old Town Alexandria. Last pickup from Old Town Alexandria back to the hotel 
is at 9:30 PM. 


The drop off  is the location to board the Old Town Alexandria complimentary 
trolley service that runs the length of King Street from the King Street Metro 
station to the Waterfront. 
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Embassy Contact Information 
 


Embassy of Armenia 
2225 R St NW 


Washington, DC 20008 
Phone:  (202) 319-1976 


 
Embassy of Azerbaijan 


2741 34th St NW 
Washington, DC 20008 
Phone:  (202) 337-3500 


 
Embassy of Cambodia 


4530 16th St NW 
Washington, DC 20011 
Phone:  (202) 726-7742 


 
Embassy of Cameroon 


3400 International Dr NW 
Washington, DC 20008 
Phone:  (202) 244-4911 


 
Embassy of Georgia 


2209 Massachusetts Ave NW 
Washington, DC 20008 
Phone:  (202) 387-2390 


 
Embassy of India 


2107 Massachusetts Ave NW 
Washington, DC 20008 
Phone:  (202) 939-7000 


 
Embassy of Jordan 


3504 International Dr NW 
Washington, DC 20008 
Phone:  (202) 966-1009 


 
Embassy of Kazakhstan 


1401 16th St NW 
Washington, DC 20036 
Phone:  (202) 232-5488 


 
Embassy of Kenya 


2249 R St NW 
Washington, DC 20036 
Phone:  (202) 387-6101 


 
Embassy of Lao PDR 


2222 S St NW 
Washington, DC 20008 
Phone:  (202) 332-6416 


 
Embassy of Malaysia 


3516 International Ct NW 
Washington, DC 20008 
Phone:  (202) 572-9700 


 
Embassy of Pakistan 


3517 International Ct NW 
Washington, DC 20008 
Phone:  (202) 243-6500 


 
Embassy of South Africa 


3051 Massachusetts Ave NW 
Washington, DC 20008 
Phone:  (202) 232-4400 


 
Embassy of Tanzania 


1232 22nd St NW 
Washington, DC 20037 
Phone:  (202) 939-612 


 
Embassy of Thailand 


1024 Wisconsin Ave NW, Ste 401 
Washington, DC 20007 
Phone:  (202) 944-3600 


 
Embassy of Uganda 


5911 16th St NW 
Washington, DC 20011 
Phone:  (202) 726-7100 


 
Embassy of Ukraine 


3350 M St NW 
Washington, DC 20007 
Phone:  (202) 333-0600 


 
Embassy of Vietnam 


1233 20th St NW, Ste 400 
Washington, DC 20036 
Phone:  (202) 861-0737 
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Local Information 
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Presenter Index 


 


Country Project Speaker Session Day/Time 
Summary 


Page 
Number 


Eastern 
Europe 
Regional 


ASF Public Outreach Session Overview De Nardi 


Session 5: 
Community Outreach 


to Combat African 
Swine Fever 


Thursday 
1:30 PM  28 


Armenia 


TAP-A1: Community outreach to support 
understanding of ASF ecology and 
epidemiology in Eastern Europe: Training 
and implementation for methods and 
strategies for control and prevention 


Niazyan  


Session 5: 
Community Outreach 


to Combat African 
Swine Fever 


Thursday 
1:30 PM  29 


Armenia 
AM-1: Medical/Biological Mapping of 
Tularemia Natural Foci and Epidemiology 
using GIS in Armenia 


Avetisyan 


Session 7: Bacterial 
Pathogens of 


Security Concern - 
Group 1 


Thursday  
3:40 PM  41 


Armenia AM-4: One Health Surveillance for 
Brucellosis in Armenia Ragan 


Session 11: 
Epidemiology & 
Biosurveillance - 


Group 2 


Friday   
1:00 PM  61 


Armenia 


TAP-H1: Identification of Etiology, Clinical 
Outcomes, Incidence, and Epidemiological 
Patterns of Hospitalized Febrile Patients in 
Armenia 


Avetisyan  


Session 11: 
Epidemiology & 
Biosurveillance - 


Group 2 


Friday   
1:00 PM  66 


Armenia 


AM-3: The Epidemiological Status of 
African Swine Fever in Domestic Swine 
Herds in the Tavush Marz Region, 
Republic of Armenia 


Godbold 


Session 11: 
Epidemiology & 
Biosurveillance - 


Group 2 


Friday   
1:00 PM  68 


Azerbaijan 


TAP-10: Ecological and epidemiological 
study of Yersinia pestis and Francisella 
tularensis in the Northern part of 
Azerbaijan regions of Gusar and 
Khachmaz 


Jacobs 


Session 3: 
Epidemiology & 
Biosurveillance - 


Group 1 


Thursday 
10:30 AM  20 


Azerbaijan 


Molecular Epidemiology and Ecology of 
Yersinia spp. in the Transboundary Plague 
Endemic Territory in Georgia and 
Azerbaijan (BAA) 


Shikhaliyeva 


Session 7: Bacterial 
Pathogens of 


Security Concern - 
Group 1 


Thursday 
3:40 PM 37 


Azerbaijan AJ TAP-11: Regional Study of the Ecology 
of Anthrax Foci in Georgia and Azerbaijan Ismayilova 


Session 9: Bacterial 
Pathogens of 


Security Concern - 
Group 2 


Friday   
8:40 AM 52 
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Country Project Speaker Session Day/Time 
Summary 


Page 
Number 


Azerbaijan 
Infectious Etiologies of Acute Febrile 
Illness Among Members of the Azerbaijan 
Military (Call) 


Mammadov 


Session 11: 
Epidemiology & 
Biosurveillance - 


Group 2 


Friday   
1:00 PM  63 


Azerbaijan 
AJ TAP-13: Investigation of Mosquito and 
Tick-Borne Arboviruses in Southeastern 
Azerbaijan 


Ismayilova 
Session 12: 


Arthropods and 
Arboviruses 


Friday   
2:50 PM  69 


Cambodia 
Investigating the Risk of Human Disease 
from Parasites of Small Mammals and 
Bats (BAA) 


Smith 


Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 


Thursday 
8:50 AM  15 


Cameroon Epidemiology of Emerging Viruses  Eyangoh 
Session 4: Viral 
Pathogens of 


Security Concern 


Thursday 
11:40 AM  25 


Georgia 
Understanding the Risk of Bat-Borne 
Zoonotic Disease Emergence in Western 
Asia (BAA) 


Sidamonidze 


Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 


Thursday 
8:50 AM  14 


Georgia GG-19: Epidemiology of Human Tularemia 
in Georgia Chanturia 


Session 3: 
Epidemiology & 
Biosurveillance - 


Group 1 


Thursday 
10:30 AM  19 


Georgia 
Assessing the Seroprevalence and Genetic 
Diversity of CCHFV and Hantaviruses in 
Georgia (Call) 


Babuadze 
Session 4: Viral 
Pathogens of 


Security Concern 


Thursday 
11:40 AM  24 


Georgia 


GG TAP-9: Community Outreach to 
Support Understanding of ASF Ecology 
and Epidemiology in Eastern Europe: 
Training and Implementation for Methods 
and Strategies for Control and Prevention 


Ninidze 


Session 5: 
Community Outreach 


to Combat African 
Swine Fever 


Thursday 
1:30 PM  30 


Georgia 


Molecular Epidemiology and Ecology of 
Yersinia spp. in the Transboundary Plague 
Endemic Territory in Georgia and 
Azerbaijan (BAA) 


Motin 


Session 7: Bacterial 
Pathogens of 


Security Concern - 
Group 1 


Thursday 
3:40 PM  37 


Georgia GG-23: Creation of Sustainable 
Immunodiagnostics Solomonia 


Session 7: Bacterial 
Pathogens of 


Security Concern - 
Group 1 


Thursday 
3:40 PM  40 


Georgia 
Characterization of NCDC Strain 
Repository by Next Generation 
Sequencing (BAA) 


Chanturia 


Session 9: Bacterial 
Pathogens of 


Security Concern - 
Group 2 


Friday    
8:40 AM  47 
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Country Project Speaker Session Day/Time 
Summary 


Page 
Number 


Georgia GG-27: Regional Study of the Ecology of 
Anthrax Foci in Georgia and Azerbaijan Malania 


Session 9: Bacterial 
Pathogens of 


Security Concern - 
Group 2 


Friday   
8:40 AM  51 


Georgia 
TAP-10: Molecular Epidemiology of B. 
anthracis and Brucella spp. in Turkey (GG 
and Turkey) 


Sidamonidze 


Session 9: Bacterial 
Pathogens of 


Security Concern - 
Group 2 


Friday   
8:40 AM  50 


Georgia 
Enhancing Capacity for Case Detection 
and Diagnosis of Febrile Zoonotic-related 
Cutaneous Lesions in Georgia (BAA) 


Gulbani Session 10: Emerging 
Infectious Diseases 


Friday 
10:40 AM  56 


Georgia 
Enhancing Capacity for Case Detection 
and Diagnosis of Febrile Zoonotic-related 
Cutaneous Lesions in Georgia (Call & BAA) 


Reynolds Session 10: Emerging 
Infectious Diseases 


Friday 
10:40 AM  55 


Georgia 
GG-20: Prevalence, Epidemiological 
Surveillance, and Laboratory Analysis of 
Coxiella burnetii in Georgia 


Gulbani 


Session 11: 
Epidemiology & 
Biosurveillance - 


Group 2 


Friday   
1:00 PM  64 


Georgia 
GG-21: Human Disease Epidemiology and 
Surveillance of Especially Dangerous 
Pathogens in Georgia 


Burjanadze 


Session 11: 
Epidemiology & 
Biosurveillance - 


Group 2 


Friday   
1:00 PM  67 


Georgia 
TAP-12: Analysis of Previously Identified 
Rickettsia Positive Georgian Ticks by 
Multi-locus Sequence Typing 


Sukhaishvili 
Session 12: 


Arthropods and 
Arboviruses 


Friday   
2:50 PM  70 


India 
Bat Harvesting in India: Detection, 
Characterization and Mitigation of 
Emerging Infectious Diseases Risk (BAA) 


Mendenhall  


Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 


Thursday 
8:50 AM  17 


India 


Detection and Molecular Epidemiologic 
Analysis of Especially Dangerous 
Pathogens in Backyard Poultry, 
Commercial Broilers and Waterfowl in 
India (BAA) 


Kapur 
Session 8: Avian 


Transmissible  
Diseases  


Thursday 
5:00 PM  46 


Jordan 
Understanding the Risk of Bat-Borne 
Zoonotic Disease Emergence in Western 
Asia (BAA) 


Al-Hmoud 


Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 


Thursday 
8:50 AM  14 


Kazakhstan 


TAP-8: Especially Dangerous Pathogen 
Differential/Rule-Out Elimination Assays & 
Modeling (EDP-DREAM) of the Saiga 
Antelope Mortality 


Orynbayev 


Session 3: 
Epidemiology & 
Biosurveillance - 


Group 1 


Thursday 
10:30 AM  23 
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Country Project Speaker Session Day/Time 
Summary 


Page 
Number 


Kazakhstan 


KZ-31: Effect of Rickettsia spp. upon 
fitness of Yersinia pestis in fleas that 
vector plague in the Republic of 
Kazakhstan 


Sansyzbayev 


Session 7: Bacterial 
Pathogens of 


Security Concern - 
Group 1 


Thursday 
3:40 PM  38 


Kazakhstan 


TAP-11: Molecular Characterization and 
Complete Genome Sequence of 
Newcastle Disease Virus Isolated in 
Kazakhstan 


Strochkov 
Session 8: Avian 


Transmissible  
Diseases  


Thursday 
5:00 PM  44 


Kazakhstan 
KZ-33: Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV): Surveillance for 
Distribution  and Prevalence in Kazakhstan 


Orynbayev Session 10: Emerging 
Infectious Diseases 


Friday 
10:40 AM 58 


Kazakhstan 


KZ-32: Prevalence of Brucella Species and 
Bluetongue Virus Serotypes Among 
Domestic Livestock or Ruminants in 
Southern Kazakhstan 


Sandybayev 


Session 11: 
Epidemiology & 
Biosurveillance - 


Group 2 


Friday   
1:00 PM  65 


Kenya Whole Genome Sequencing of African 
Swine Fever Virus in Kenya (BAA) Okoth 


Session 6: 
Transboundary 
Animal Diseases 


Thursday 
2:20 PM  33 


Kenya 
Newcastle Disease: Surveillance, 
Molecular Epidemiology, and Control of 
NDV in Kenya (Call) 


Ateya 
Session 8: Avian 


Transmissible  
Diseases  


Thursday 
5:00 PM 43 


Kenya 
Estimating Incidence and Socio-economic 
Impact of Brucellosis in Humans and 
Animals in Kajiado County, Kenya 


Bitek 


Session 9: Bacterial 
Pathogens of 


Security Concern - 
Group 2 


Friday   
8:40 AM  49 


Lao PDR 
Environmental Surveillance of 
Burkholderia pseudomallei, Pilot Study in 
Lao PDR 


Zimmerman 


Session 9: Bacterial 
Pathogens of 


Security Concern - 
Group 2 


Friday   
8:40 AM  53 


Malaysia 
Biosurveillance for Henipaviruses and 
Filoviruses at the Agricultural Animal-
Human Interface in Malaysia (BAA) 


Epstein 
Session 4: Viral 
Pathogens of 


Security Concern 


Thursday 
11:40 AM  27 


Malaysia 
Multi-Year Prospective Cohort Study to 
Evaluation the Risk Potential of MERS-CoV 
(Call) 


Abubakar Session 10: Emerging 
Infectious Diseases 


Friday 
10:40 AM  57 


Malaysia 
Etiology of Severe Acute Respiratory  
Infections in Kuala Lumpur, Malaysia 
(BAA) 


Sams Session 10: Emerging 
Infectious Diseases 


Friday 
10:40 AM  60 
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Country Project Speaker Session Day/Time 
Summary 


Page 
Number 


Pakistan 


High Resolution Chemical Characterization 
of Yersinia pestis Cells within Soil 
Matrices: Implications for Understanding 
Natural Foci and Telluric Reservoirs of 
Plague (BAA) 


Shah 


Session 9: Bacterial 
Pathogens of 


Security Concern - 
Group 2 


Friday   
8:40 AM  48 


Pakistan 
The Role of Arboviruses as a Cause of 
Undifferentiated Febrile Illness in Sind, 
Pakistan (BAA) 


Khan 
Session 12: 


Arthropods and 
Arboviruses 


Friday   
2:50 PM  71 


South 
Africa 


Understanding Rift Valley Fever in the 
Republic of South Africa (BAA)  


Karesh &    
Van Vuren 


Session 4: Viral 
Pathogens of 


Security Concern 


Thursday 
11:40 AM  26 


Tanzania 


Evaluating Zoonotic Viral Sharing Among 
Bats, Primates and People in High Risk 
Transmission Interface in Southern 
Tanzania (BAA) 


Ekiri 


Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 


Thursday 
8:50 AM  18 


Tanzania 
A One Health Approach to Brucellosis and 
Rift Valley Fever Surveillance in Tanzania 
(BAA) 


Kilonzo 


Session 3: 
Epidemiology & 
Biosurveillance - 


Group 1 


Thursday 
10:30 AM  21 


Tanzania 
Global Health, Emerging Infectious 
Diseases and Food Safety Implications of 
Bushmeat in Tanzania (BAA) 


Buza Session 10: Emerging 
Infectious Diseases 


Friday 
10:40 AM  59 


Thailand 
Acute Febrile Illness Study Among 
Patients in Nakhon Phanom and Tak 
Province, Thailand (Call) 


Bhengsri 


Session 3: 
Epidemiology & 
Biosurveillance - 


Group 1 


Thursday 
10:30 AM  22 


Thailand Melioidosis Research Coordination 
Network 


Limmathurot-
sakul 


Session 9: Bacterial 
Pathogens of 


Security Concern - 
Group 2 


Friday   
8:40 AM  54 


Uganda 
Arthropod-borne Viruses Associated with 
the Chiroptera of Uganda: Isolation and 
Characterization (Call) 


Kityo 


Session 2: Chiroptera 
(Bats) -  Important 
Reservoirs Hosts of 
Emerging Viruses 


Thursday 
8:50 AM  16 


Uganda 
UG-2: Research and Development of 
Countermeasures to Support the Control 
of FMDV in Uganda 


Mwiine 
Session 6: 


Transboundary 
Animal Diseases 


Thursday 
2:20 PM  35 


Uganda Acute Febrile Illness in Uganda (BAA) Byarugaba 


Session 11: 
Epidemiology & 
Biosurveillance - 


Group 2 


Friday   
1:00 PM  62 
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Country Project Speaker Session Day/Time 
Summary 


Page 
Number 


Ukraine 


TAP-4: Community Outreach to Support 
Understanding of African Swine Fever 
(ASF) Ecology and Epidemiology in Eastern 
Europe (EE) 


Datsenko 


Session 5: 
Community Outreach 


to Combat African 
Swine Fever 


Thursday 
1:30 PM  31 


Ukraine 


TAP-6: Analysis of the Threat of Spread of 
African Swine Fever and Classical Swine 
Fever in Wild Boar Populations in Ukraine: 
Improving Diagnosis, Surveillance, and 
Prevention 


Nevolko 
Session 6: 


Transboundary 
Animal Diseases 


Thursday 
2:20 PM  34 


Ukraine 
African Swine Fever Threat Reduction 
Through Surveillance in Ukraine (USDA 
ARS) 


Filatov 
Session 6: 


Transboundary 
Animal Diseases 


Thursday 
2:20 PM  36 


Ukraine 
UP-2: Development of the Epidemiological 
Forecasting System for Zoonotic Diseases 
Employing GIS Technology 


Tarasov 


Session 7: Bacterial 
Pathogens of 


Security Concern - 
Group 1 


Thursday 
3:40 PM  39 


Ukraine 
Genomic, Epidemiological, and Biological 
Characterization of Newcastle Disease 
Virus Isolates from Ukraine (USDA ARS) 


Goraychuk 
Session 8: Avian 


Transmissible  
Diseases  


Thursday 
5:00 PM  42 


Ukraine 


UP-4: Risk Assessment of Selected 
Especially Dangerous Pathogens 
Potentially Carried By Migratory Birds 
Over Ukraine 


Muzyka 
Session 8: Avian 


Transmissible  
Diseases  


Thursday 
5:00 PM  45 


Vietnam Foot-and-Mouth Disease Virus 
Surveillance and Ecology in Vietnam (Call) Dung 


Session 6: 
Transboundary 
Animal Diseases 


Thursday 
2:20 PM  32 
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PROGRAM MISSION 
The Cooperative Biological Engagement Program (CBEP) 
recognizes the danger to U.S. and global health security 
posed by the risk of outbreaks of dangerous infectious 
diseases.  Whether natural or manmade, disease 
outbreaks pose a risk to the global community.  CBEP 
strives to address this risk by promoting best practices in 
biological safety and security, improving partner 
countries’ capacities to safely and rapidly detect and 
report dangerous infections, and establishing and 
enhancing international research partnerships. 
 


PROGRAM OBJECTIVES 
1. Secure and consolidate collections of especially 


dangerous pathogens (EDPs) and their associated 
research at a minimum number of secure facilities 


2. Enhance partner country/region’s capability to 
prevent the sale, theft, diversion, or accidental 
release of biological weapons (BW)-related materials, 
technology, and expertise by improving biological 
safety and security standards 


3. Enhance partner country/region’s capability to 
detect, diagnose, and report endemic and epidemic, 
man-made or natural EDPs, bio-terror attacks, and 
potential pandemics 


4. Ensure the developed capabilities are designed to be 
sustainable 


5. Facilitate engagement of partner country/region’s 
scientific and technical personnel in research areas of 
interest to both the partner country/region and the 
United States 


6. Eliminate any BW-related infrastructure and 
technologies encountered 


CORE PROGRAM AREAS 
Two core program areas  contribute to CBEP mission 
success:  Biosafety and Biosecurity, and Biosurveillance.  
 


BIOSAFETY AND BIOSECURITY 
Strengthen biosafety and 
biosecurity standards and 
practices.  CBEP activities 
improve the capability of 
global partners to handle, 
store, and account for 
EDPs safely and securely in 
accordance with U.S. and international standards, 
guidelines, and best practices. 
 
Objectives 


 Assess existing biosafety and biosecurity capabilities 
for facilities, procedures, and personnel involved 
with EDPs 


 Provide sustainable solutions to increase biosafety 
and consolidate and secure pathogens, to include:  
facility upgrades, engineering controls, training and 
mentorship, and personal protective equipment 


 Facilitate collaborative development of country-
specific biosafety and biosecurity standards and 
guidelines that are sustainable and promote 
international scientific cooperation 


 


BIOSURVEILLANCE 
Enhance Country Disease Surveillance, Detection, 
Diagnostics, and Reporting Capacity.  CBEP works with 
partner countries across human and clinical, veterinary, 


epidemiological, and laboratory communities to 
enhance partner country disease surveillance, detection, 
diagnostics, and reporting capabilities related to EDPs. 


Objectives 


 Develop disease surveillance and diagnostic 
laboratory networks at the national, regional, and 
district levels to facilitate near real-time reporting 
of outbreak data to national authorities 


 Survey suspicious disease outbreaks, analyze 
epidemics, and collect disease reports from 
veterinarians, clinicians, and epidemiologists 


 Aid partner capability to comply with the World 
Health Organization’s International Health 
Regulations and World Organization for Animal 
Health’s reporting guidelines 


PROGRAM ENABLERS 
CBEP-sponsored research is an important enabling tool.  
CBEP funds and conducts research that involves partner-
country scientists and directly advances strategic policy 
objectives. 
 


RESEARCH 
Facilitate strategic research partnerships. CBEP 
establishes international research partnerships and 
engages scientists to enhance epidemiological and 
diagnostic capacities related to EDPs.  Engagement 
focuses on research areas of interest to both the partner 
country and the United States. 
 


Objectives 


 Prevent the proliferation of dual-use expertise 


 Increase transparency and encourage high standards 
of openness, ethics, and conduct 


 Integrate scientists and institutes into the 
international scientific community 


 Improve partner’s understanding of endemic and 
emerging diseases 


 Share unique pathogen strains/data with the 
scientific community for joint research 


 Pathogen Asset Control System Workstation 
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RESEARCH PROGRAM MISSION AND VISION: 
The Cooperative Biological Engagement Program (CBEP) 
seeks to use cooperative international research 
partnerships to support its mission to reduce the threat to 
the U.S. and to global health security from the spread of 
pathogens of security concern, which includes U.S. 
Biological Select Agents and pathogens of pandemic 
potential, emerging, and reemerging infectious diseases. 
CBEP aims to establish and maintain these partnerships to 
inform and enhance operational biosurveillance systems, 
enhance global health security, and foster safe, secure, 
and sustainable bioscience capability with partner 
countries.  


COOPERATIVE BIOLOGICAL RESEARCH 
The CBEP uses Cooperative Biological Research (CBR) 
projects to support, enhance, and inform biosurveillance 
(BSV) and biosafety and biosecurity (BS&S) capabilities 
that reduce the threat of pathogens of security concern, 
while sustainably addressing infectious disease priorities 
of the CBEP and its partner countries.  


RESEARCH FIELDS AND PRIORITIES 


CBR supports and informs operational biosurveillance 
through an improved understanding of pathogens and 
their risk to global health security. In order to remain 
relevant, agile, and sustainable, the scope of the CBEP’s 
research priorities include: 
1. Understanding the ecology and epidemiology of


pathogens of security concern
2. Differentiating pathogens of security concern


RESEARCH GOALS 


The CBEP is committed to fair and open competition of 
research topics that enhance biosurveillance, mutually 
benefit the U.S. and global partner institutes, and achieve 
the goals outlined below: 
1. Support biosurveillance and biosafety and security


(BS&S) capability building efforts
2. Engage partner country scientists in ethical


hypothesis-driven research resulting in high-quality
data and active participation in professional societies


3. Foster sustainable partnerships with key national
and international stakeholders, as well as advance
partner country sustainment of global health security
and one-health initiatives.


PROJECT SCOPE 


The CBEP is most likely to fund projects demonstrating: 
 Clear relationships to pathogens of security concern
 Links to the CBEP’s threat reduction mission
 Support of BS&S and BSV capabilities
 Alignment with the CBEP and partner country


priorities
 Use of sustainable techniques for partner countries


in appropriate facilities
 Ethical, Hypothesis-Driven research aims


Projects focusing on or likely to result in Dual Use 
Research of Concern (DURC) will not be supported. 
Additionally, the CBEP research objectives do not 
include diagnostic assay development, medical 
countermeasures, or research focused on non-
infectious diseases.  


APPLYING FOR FUNDING 
Research projects supported by the CBEP must align with 
the CBEP’s mission and vision and are expected to 
produce results suitable for scientific publication. The 
CBEP welcomes research funding applications from the 
following domestic and foreign entities: 


 Academic institutions, NGOs, industry, foreign
laboratories, and private sector members through
the Broad Agency Announcement (BAA)


 U.S. government partners and federally funded
Research and Development Centers through the
Government Service Call (Call).


ROADMAP FOR APPLICATIONS 
Submitting your proposal to the BAA or the Call involves 
three key steps: Pre-coordination, Phase I, and Phase II. 
Note, each step has its own rules and requirements. A 
summary of each step is provided as follows: 
1. Pre-coordination: This phase involves discussion and


coordination between proposal offerors and the
CBEP Country/Regional Manager and/or a Science
Manager to ensure the proposed work is within the
CBEP scope and meets CBEP priorities. Abstracts are
to be emailed to the appropriate administrative
email listed below. The abstract must be reviewed
favorably by the CBEP prior to continuing on to a
Phase I white paper. Prior to the official white paper
request from CBEP, direct contact and
communication is allowed. Following an invitation to
submit a Phase 1 white paper, all communications
must be conducted through the appropriate
administrative email address listed below.


2. Phase I: Upload the Phase 1 submission with
application package to www.grants.gov (BAA) or
www.dtrasubmission.net (Call). Following favorable
review by the CBEP, a Phase II full proposal may be
requested.


3. Phase II: If invited to submit a full proposal, develop
the proposal incorporating any comments from the
Phase I debrief summary. Submit completed Phase II
information and attachments to www.grants.gov or
www.dtrasubmission.net as appropriate. Applicants
must complete additional appropriate documents for
BS&S review as well as documentation if research
involves human or animal use.


More detailed instructions and requirements can be 
found through the solicitation links at  www.grants.gov. 


WHERE TO APPLY 
For abstract submission to the BAA (HDTRA1-14-24-
FRCWMD-BAA) or Service Call (HDTRA1-12-17-FRCWMD-
Call) please use:  HDTRA1-FRCWMD-TA6@mail.mil 


For administrative questions for the BAA, please use: 
HDTRA1-FRCWMD-A@mail.mil 


For administrative questions for the Service Call , please 
use: HDTRA1-FRCWMD-C@mail.mil 












Navigating the Defense Threat Reduction Agency and United States 
Strategic Command Center for Combating Weapons of Mass Destruction 
Cooperative Biological Engagement Program Proposal Submission 
Process 
 


Thank you for your interest in working with the Defense Threat Reduction Agency and United States 
Strategic Command Center for Combating Weapons of Mass Destruction’s (DTRA/SCC-WMD) 
Cooperative Biological Engagement Program (CBEP).  CBEP often works with universities, U.S.  
Government agencies, non-profit organizations, foreign laboratory equivalent entities, and many other 
organizations to implement the biological threat reduction mission through research projects.  


This correspondence is intended to assist offerors in applying for DTRA/SCC-WMD CBEP funding.  
Information contained herein is intended to supplement, not replace, official documents including: 


• DTRA/SCC-WMD’s Broad Agency Announcement (BAA):  HDTRA1-14-24-FRCWMD-BAA (BAA) 
• DTRA/SCC-WMD’s Government Service Call (Call):  HDTRA1-12-17-FRCWMD-Call (Call) 


These documents can be found through the solicitation links at www.dtrasubmission.net/portal/.  
 
CBEP recommends all offerors read the applicable official document, but frequent references and 
citations are provided below in red to facilitate understanding of the process.  Information here will help 
offerors answer specific questions and ease the initial stages of project/proposal development and 
application submission. 
 


Frequently Asked Questions: 


Question One:  Is my project appropriate for the BAA or the Call? 


The BAA and the Call both enable the same types of projects; the differentiating factor is the 
applying entity. 
 
Eligible applicants under the BAA include:  accredited degree-granting colleges, universities, and 
academic institutions; industrial and commercial entities, including small businesses with a portfolio 
predominantly in research; non-government organizations; not-for-profit entities with a portfolio 
predominantly in research; and foreign government laboratories.  BAA Section 3, pp 12- 13. 
 
Eligible applicants under the Call include:  Federal laboratories to include Department of Defense 
(DoD), Department of Energy (National Labs), Department of Homeland Security (National 
Biodefense Analysis and Countermeasures Center, Plum Island Animal Disease Center), Health and 
Human Services (Centers for Disease Control and Prevention, National Institutes of Health), and U.S. 
Department of Agriculture (Agriculture Research Service, Animal Plant and Health Inspection 
Service); and DoD sponsored Federally Funded Research and Development Centers as specified in  
 



http://www.dtrasubmission.net/portal/





 
 
 
Defense Federal Acquisition Regulation Supplement 235.017-1 and Federal Acquisition Regulation 
35.017-1.  Call Section 4, pp 9. 


Question Two:  Is my project appropriate for Thrust Area 6?  


Thrust Area 6 (TA6) is intended to receive exploratory basic and applied research project abstracts, 
white papers, and proposals.  Projects that are hypothesis driven and involve data generation in a 
laboratory or field environment are considered research projects and are applicable to TA6.  This 
also includes projects that plan to display or present an analysis of data in a peer-reviewed 
publication or presentation.  BAA Section 1.5.6, pp 7-9; Call Section 2.1.6, pp 5-7. 


 
Question Three:  How can I ensure my proposal is aligned with CBEP’s mission?  


At its highest level, CBEP strives to address the risk of outbreaks of dangerous infectious diseases by 
promoting biological safety and security, improving partner country capacity to detect and report 
dangerous diseases, and establishing and enhancing international research partnerships.  The 
contribution to threat reduction is critically important to a successful white paper/proposal.  
Applicants have the opportunity, and are encouraged, to reach out to CBEP and coordinate project 
scope through submission of an abstract or concept note before applying to the BAA or Call.  BAA 
Section 1.5.6, pp 7-9, Section 4.2.1, pp 14; Call Section 2.1.6, pp 5-7, Section 9.2, pp 27.  
 


Understanding the process:  
 
Question Four:  How long should I expect the review and award process to take? 


Receiving an award through the BAA or Service Call requires a number of key steps.  Each step 
involves a number of factors that can influence the timeline from initial submission to award. 
Generally, the average length of time between an official white paper submission and project award 
is 12 months for both BAA and Service Call submissions.  Factors influencing the process include: 
internal review processes, external interagency review processes, offeror submission of revised 
proposal documents, and contract/grant award processes.  The specific timelines and deadlines for 
submission of documents related to each application phase will be provided in the official 
correspondence during the submission process.  
 


Question Five:  What is the application process? 


Submitting your proposal to the BAA or the Service Call involves three key steps:  Pre-coordination, 
Phase I, and Phase II.  Note each step has its own rules and requirements.  A summary of each step 
is provided in the chart on the following page. 


  







 Thrust Area 6 


Pre-
Coordination 


• Initiate direct communication with the Regional/Country Lead and Science Manager to 
determine project viability and align proposed research scope with CBEP’s objectives. 
o BAA Section 1.5.6, pp 7-9 
o Call Section 2.1.6, pp 5-7 


• Develop an abstract of the research project and submit in the body of an email to HDTRA1-
FRCWMD-TA6@mail.mil.  
o BAA Section 4.2.1, pp 14; Section 7, pg 37  
o Call Section 5.1, pp 9; Section 9.2, pg 27 


• Abstract must be reviewed favorably by CBEP prior to the submission of the Phase I white 
paper.  Applicant must receive an invitation to continue on to Phase I white paper. 
o BAA Section 4.2.1, pp 14-15 
o Call Section 5.1, pp 9 


Phase I – 


Pre-
Application 
White Paper 


• Please note, following an invitation to submit a Phase I pre-application white paper (white 
paper), communications must be conducted via the appropriate administrative email address: 
o BAA: HDTRA1-FRCWMD-A@mail.mil 
o Call: HDTRA1-FRCWMD-C@mail.mil  


• Develop a Phase I white paper.  
o BAA Section 4.2.4, pp 14-16 
o Call Section 5.1.4, pp 10; 5.3, pp 11-12 


• BAA only  
o Register at www.grants.gov. 
o Submit a completed application to www.grants.gov. 
o BAA Section 4.2.4, pp 14-16 


• Call only  
o Ensure to register with the DTRA/SCC-WMD submission website www.dtrasubmission.net. 
o Submit the completed application to www.dtrasubmission.net. 
o Call Section 5.1-5.2, pp 9-11 


Phase II –  


Full Proposal 


• Upon receipt of an invitation for a Phase II full proposal, develop a proposal and incorporate 
any comments from DTRA/SCC-WMD’s Phase I debrief summary. 
o BAA Section 4.2.6., pp 16-22 
o Call Section 5.5, pp 12-18 


• All proposals involving infectious or potentially infectious materials must include a completed 
and signed Protocol Risk Assessment Tool (PRAT).  The purpose of this form is to ensure 
laboratory work sponsored by CBEP is conducted safely, securely, and responsibly.  The PRAT 
should be completed and signed by the Principal Investigator.  A blank form is available via the 
www.dtrasubmission.net Document and Template library.  


• All TA6 research Phase II proposals (BAA and Call) that involve human or animal use must 
provide Institutional Review Board (IRB) and/or Institutional Animal Care and Use Committee 
(IACUC) protocols and provide provisional protocol numbers as well as IRB/IACUC point of 
contact information.  No human/animal is permitted until BOTH the institutional review and 
U.S. Department of Defense approval authorities grant approval.  DTRA/SCC-WMD sends all 
proposals through its internal Research Oversight Board and an interagency review to ensure 
use of best practices and a safe and secure research environment for all participants. 
Awardees will be notified via email when permission to begin human/animal work has been 
granted.  This process may increase the timeline between Phase II review, funding approval, 
and project start. 


• Submit completed Phase II information including all attachments to www.grants.gov (BAA), or 
www.dtrasubmission.net (Call), as applicable and instructed in BAA and Call instructions.  Note 
that Protocol Risk Assessment Tool attachments must be emailed to HDTRA1-FRCWMD-
A@mail.mil (BAA) or HDTRA1-FRCWMD-C@mail.mil (Call) and NOT attached to the 
www.grants.gov (BAA) or www.dtrasubmission.net (Call) submission. 
o BAA Section 4.2.6, pp 22 
o Call Section 5.5.3, pp 17 
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----------------------------------------------------------------------------------------------------------------------------- 
 


CBEP Points of Contact 
For clarifications or concerns, please reach out to the following CBEP representatives: 


Dr. Carl Newman, Chief Scientist – carl.i.newman.civ@mail.mil 
Mrs. Janet Weir, Acting Deputy Chief Scientist – janet.c.weir.civ@mail.mil  
Dr. Mary Lancaster, Africa Science Manager – mary.j.lancaster5.civ@mail.mil 
Dr. Gavin Braunstein, Europe & Middle East South Asia Science Manager – gavin.m.braunstein.civ@mail.mil 
Dr. Marty Stokes, Southeast Asia Science Manager – martha.m.stokes.civ@mail.mil 
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